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Abstract

Chapter-1

Introduction to Unusual Sugars: Simple Glycals, Carbon branched
Glycals and Deoxy Glycals

This chapter mainly deals as the introduction to the thesis. It is mainly divided into two
parts. In the first part of the chapter, a detailed description of the importance of unusual sugars
in synthetic carbohydrate chemistry is presented. Appropriately, collective literature reports for
the synthesis of simple glycals, 1-C-branched glycals, 2-C-branched glycals, 3-C-branched
glycals, 4-C-branched glycals and deoxy glycals from the carbohydrate sources are presented
in detail.

In the second part of the chapter, a detailed collection of literature reports available in
the area of synthetic applications of simple glycals, 1-C-branched glycals, 2-C-branched
glycals, 3-C-branched glycals, 4-C-branched glycals and deoxy glycals are covered. In the

conclusion of the chapter, motivation for the research work carried out is encompassed.

Chapter-2

Synthesis of Carbon-Branched Sugars Involving an Unprecedented
1,5- or 1,6-Alkyl Transposition Reaction

This chapter mainly describes the discovery of a novel C-C bond formation method
for the synthesis of 2-C- branched acetal derivatives by 1,5 or 1,6-alkyl migration by using p-
methoxy benzyl (PMB) protected 3-deoxy glycals . The extension of the developed
methodology in the synthesis of 2-C- branched acetal derivatives from the prenyl protected 3-

deoxy glycals is also incorporated.

viii



Chapter-3

Sythesis of Cis- and Trans-fused Bicyclic Iridoid Frame Works from
Glucal

In this chapter, a concise approach to synthesize the cis- and trans-fused bicyclic
frameworks of the monoterpenoid glycoiridoids is described. Starting from commerceally
available 3,4,6-triacetyl-D-glucal, a highly stereoselective cyclopropanation reaction was used
to construct bicycle. Later, a couple of transformations involving Wittig olefination and
cyclopropane ring opening were established to commence the essential di-carboxylate moiety.
The distinct 6-oxo-cyclopenta[c]pyran carboxylate motif was successfully forged via a late-

stage Dieckmann reaction.

Chapter-4

Stereo selective synthesis of 3-C-branched glycals involving [2,3] Wittig
rearrangement

This chapter describes exclusively the synthesis of 3-C-branched glycals with retention
of configuration from the a-O-glycoside derivatives via [2,3]-Wittig rearrangement. Using the
same methodology, the stereo selective synthesis of 3-C-branched glycals from the
corresponding B-O-glycoside derivatives via [2,3]-Wittig rearrangement are also incorporated.
Influence of the protecting groups in this novel methodology for the synthesis of C-3 glycals

is included.
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“Once a molecule is asymmetric, its extension
proceeds also in an asymmetrical sense. This
concept completely eliminates the difference
between natural and artificial synthesis.

The advance of science has removed the last
chemical hiding place for the once so highly
esteemed vis vitalis.”

-Emil Fischer

1.1 Introduction

Carbohydrates often serve biosynthetic precursors and structural elements required to sustain
all living organisms. They are found to be the most abundant ubiquitous organic molecules in
nature, some are playing important roles as energy supply and storage vehicles. They exist in
simpler forms such as monosaccharides and disaccharides, or in more complex glycosides of type
glycolipids, glycoproteins, peptidoglycans, proteoglycans, nucleic acids, poly and
lipopolysaccharides.! Many scientists in Organic chemistry considered that among the
biomolecules (nucleic acids, carbohydrates, lipids, and proteins), the study of natural
carbohydrates was very complex to handle due to availability of more chiral centers with a high
abundance of hydrophilic functionalities, so it had been on track lately. In the recent past, this
failure had been rectified exponentially by savvy their veiled precedence in chemical synthesis,
with the mounting admiration for the function of carbohydrate compounds in disease, biological

processes, human health, and their applications in the progress of medicinal targets.



Chapter 1 Introduction to Unusual sugars...

Emil Fisher? (Figure 1.1) (1852-1990), the father of Carbohydrate chemistry and he was one
of the pioneering scientists from the area of organic chemistry in his time.
In the carbohydrate chemistry, the first milestone was laid by this eminent
scientist in the decade of the 1880s. Emil fisher had elucidated the
stereochemistry of all simple carbohydrates with the less analytical facility
of his research period, which had imparted the irrefutable proof for the Le

Bel-Van’t Hoff theory of stereoisomerism,® of which He was the chemist

received the 1902 Noble Prize as the first in organic chemistry and second Figure 1.1

ever awarded. The impact of this study had on the further development of Bl Hele

not only carbohydrate chemistry but also organic chemistry has been treated extensively.

Synthetic Carbohydrate chemistry is one of the fast-developing and most significant field
in the area of organic-chemistry due to ample structural miscellany of carbohydrates and polygonal
applications of them in glycobiology, microbiology, medicinal chemistry and biochemistry.! Many
scientists have been attracted by the embellishment of this area due to availability of the sugars
with low price by their high abundance in nature, and their accessibility in enantiomeric pure forms
with direct stereocenters.* Also, sugars have been utilized as the starting materials for the synthesis
of biologically active natural and synthetic molecules with the perception of expending them in the

study of possible biological phenomena undergoing in the living organisms.

1.2 Diversity-Oriented Syntheses (D0OS)

Historically, Diversity-oriented synthesis (DOS) (Figure 1.2) has focused on the generation
of small-molecule gathering with the significant scaffold, stereochemical and appendage diversity
rather than being directed to a single biological target.® Recently, it has shifted to the production
of small-molecule libraries with diverse biological activities. Recent years have witnessed

significant achievements in the field, which help to validate the usefulness of DOS as a tool for the
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discovery of novel, biologically interesting small molecules. It is currently not clear which
properties and structural features of molecules are predictive of diverse performance in biological
assays, and a better understanding of this relationship is critical for the development of
performance-diverse small-molecule libraries for the discovery of novel probes for challenging
targets. Here, diversity refers to the change in the attached groups, functional groups,
stereochemistry, and molecular frameworks. Certainly, nature has been using the diversity-
oriented approach from the existence of life and carbohydrates are one of nature’s best raw
materials for the neat presentation of DOS. The number of organic molecules that one can
synthesize is around 10°92-10%° put, nearly 10°! molecules are only present on earth. So,
synthesizing every possible molecule is not imaginable and one cannot even come closer to it. So,
one should be selective as there are many solutions available for a single biological problem (for
example, reverse transcriptase inhibitors: zidovudine, abacavir, emtricitabine, lamivudine,
tenofovir, etc...). For diversity-oriented synthesis to be a success, however, identification of
substrates that can be derivatised and transformed into various novel scaffolds is essential. Owing
to the presence of the ring oxygen among others and the different conformations they can adopt,
glycals have shown great potential as suitable substrates in DOS and in a Chiron approach to the

synthesis of natural products and their analogues.

- L @
@
a <»-
Target oriented synthesis Diversity oriented synthesis(DOS)

Figure 1.2 Target oriented syntheses and diversity oriented syntheses.
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1.3 Unusual sugars

Normal sugars whose are certain hydroxyl groups substituted by other atom or group called
unusual sugars. These are mainly classified into three modifications (Figure 1.3),
1. Deoxygenation
2. Amino group substitution

3. Branch chain modification

HO OH
y Ho
op O oH
// Normal sugar \
(Glucose)
HO OH l HO OH §
i Ho H ©
on | OH HO OH oron
Deoxygenation H g o ?nrzzi‘;'i‘c::]izi:
NH, Ofon

Amino substitution

Figure 1.3 General modifications of normal sugars to unusual sugars.

Deoxysugars, aminosugars, and carbon branched sugars are very frequently seen in the
secondary metabolites, which generated by microorganisms and plants, such as antibiotics, cardio
glycosides, and anticancer agents, in cell signaling pathways, immune responses, like targets for
antibodies, toxins, and defines mechanisms.® These sugar residues play key roles in conferring to
the optimal biological activity of many natural products. Their removal might result in the total
loss of biological activity of the parent molecule. It is very difficult to estimate the activity
relevance’s of the unusual sugars as nature produces them in a complex manner’ and sometimes

replacing the natural-sugars with unusual-sugars expose the biological contribution of
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ey NM62

w0/
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o "0 OMe
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HN O
7 OH! _HO NH

0 0]
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HO™
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Figure 1.4 Biologically active natural compounds possessing unusual sugars.
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before the parent molecule. Few natural substances provided by the living organisms which are
majorly utilized in defense their mechanism, cell-cell interactions, as antibiotics, toxins, and
antibodies are displayed in Figure 1.4. In all these compounds, an unusual sugar molecule/s is
attached to the parent molecule which differs from the natural sugar molecule by at least one of
the above-mentioned modifications. Synthesis of biologically active unusual-sugar skeletons and
natural products by employing natural sugars is challenging and is the recent trend in synthetic
sugar chemistry. Since the major part of the thesis is generalized on the syntheses and synthetic
use of unusual sugars namely 3-C-branched glycals and 3deoxy glycals, a brief summary of simple
glycals, carbon branched glycals and deoxy sugar glycals would be more appropriate and so, such

emphasis is done in the remaining part of the introduction.

1.4 Glycals

1, 2-Unsaturated cyclic sugar derivatives are called as glycals (Figure 1.5). Glycal is a
name created by mistake (as the molecule does not having an aldehyde functionality) to
carbohydrate substrates, which possess a double bond between C1 and C2 positions of the furan
or pyran moieties of the carbohydrate compound. While glycal is a general name, while specific
derivatives originate from glucose are called as glucals, while those derived from galactose are
called as galactals commonly. Many advantages of the unsaturated sugars like glycals have been
explored due to ample increase in the varied synthesis and applications such as epoxidation,
halogenation and also cyclopropanation reactions like simple olefins in organic synthesis.
Moreover, Glycals are transformed into stereoselective and regioselective molecular scaffolds,
which is due to the oxygen present in-ring as well as size and electronic of the substituents in
glycals. Glycals were played an important role for the synthesis of different kinds of sugar
derivatives like O-glycosides, S-glycosides, N-glycosides, C-glycosides, and biologically

relevant natural products® by employing as starting material.
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Figure 1.5 Examples of glycals.

4 5 Syntheses of simple glycals, carbon branched glycals and
deoxy glycals

1.5.1 Syntheses of simple glycals

The first efficient synthesis of 3,4,6-tri-O-acetyl D-glucal 3 (trivial name glucal was
anomalous due to the incorrect observation of aldehydic properties by Fehling’s test) has been
reported by Emil Fischer and Zach® from D-glucose 1 via 2,3,4,6-tetra-O-acetyl glucopyranosyl
bromide 2 (Scheme 1.1). It has been using as traditional method for the synthesis of glycals on
bulk scale since 1913. This synthetic methodology is failed for the synthesis of furanoid glycals
by performing under similar reaction conditions and a laborious workup to neutralize the acidic

nature of the reaction. It is the major drawback of this methodology.
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OH OAc

OAc
HO 0 i Acy0, HCIO, > ACO O  Zn-CuSOy, ACOH= o o
HO ii. 33% HBr/AcOH  AcO % o
OH " AcO c —
Br 3
D-Glucose (1) 2

Preferred conformation

Scheme 1.1 Fischer-Zach method for the synthesis of glucal.

Over a century of time, several other methods have been developed by various research
groups for the syntheses of glycals from all over the world. few of the most important methods
include reductive elimination of phenyl thioglycosides,’® Danishefsky’s hetero Diels-Alder
approach,! from glycosyl sulfoxides,*? glycosyl sulfones,'® by electrochemical approach,** ring
closing metathesis,® via tungsten and molybdenum-promoted alkynol endo-cycloisomerization,®
and transformation of glycosyl halides using reducing agents like sodium and potassium metal,*’
sodium naphthalide,*’ zinc/silver graphite,*® aluminum amalgam,® samarium iodide,?® potassium

graphite,?! lithium/ammonia,?? chromium(I1),23 cobalt(11)?* and titanium(I11).%

1.5.2 Syntheses of carbon branched glycals
1.5.2.1 Syntheses of 1-C-Branched glycals

K. C. Nicolaou? and J-M. Beau?’ had reported the first synthesis of C-1 carbon branched
glycals from C-1 lithiated glycal species, which was formed by direct proton abstraction at
anomeric position of glycals. Initially, C-1 lithiated glucal 5 was generated by treatment of TBS

protected glucal 4 with tert-butyl lithium, followed by treatment with different electrophiles like
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CHzal, allyl iodide, CO, and DMF to produce the corresponding C-1 carbon branched glycals such
as 6 (Scheme 1.2).

0] O Li (0] E
TBSO || t-BuLi/Et,0 TBSO \ Electrophile TBSO |
- —_— - —_— .
TBSO' -78°C TBSO' TBSO'
OTBS OTBS OTBS
4 5 6a: E=CH, 86%

6b: E=CH,CHCH,, 70%
6¢: E=COCH, 60%

6d: E=CHO, 80%

from Mel, allyl iodide, CO,,
DMF respectively

Scheme 1.2 Beau’s syntheses of 1-C-branched glycals by lithiation.

Later, S. Hanessian?® and coworkers had reported the synthesis of 1-C-branched glycals
from fully protected glycals via C-1 tributylstannyl glycal. A tri TBS protected glucal 4 had treated
with potassium tert-butoxide and BuL.i, followed by reaction with tributyltin chloride to obtain C-
1 tributylstannyl glucal 7, then converted to benzyl protected C-1 tributylstannyl glucal 8, which
was transmetalated with butyllithium followed by treatment with various electrophiles to achieve
1-C-branched glucal of type 9 (Scheme 1.3). This synthetic methodology was applied to furanoid
glycals?® also and attempted with various electrophiles like alkyl halides,?® aldehydes,?® ketones®

and quinones.®!

i. BU'OK, BulLi
7q0 SnB BulLi, THF, -78 °C o _E
- o THF, -78 °C RO O -SnBus | 1o BnO
U (Schlosser's base) | Electrophile |
- o —_— W
. o RO\‘ BnO®
TBSO -

| S ii. BusSnClI OR OBn

i: TBAF, THF, rt 7,R = TBS 9a: E= CH,, 88%

4 ii. BnBr, KH, THF 8 R=Bn 9b: E=PhCH(OH), 95%
0, i ’ -
55% overall yield 9c: E=SiMe,, 92%

from Mel, Benzaldehyde,
TMSCI

Scheme 1.3 Hanessian’s synthesis of 1-C-branched glycals by transmetalation.
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The synthesis of lithiated alkenyl intermediates is straightforward and challenging®?, the good
results were not observed with 3,4,6-tri-O-benzyl- D-glucal 10. To overcome these problems,
Schmidt and coworkers had used the phenylsulfinyl group at the C-2 position by treating with
phenylsulfinyl chloride and DBU, the resulted 2-phenylsulfinyl-D-glucal 1133 was treated with
butyl lithium to achieve lithiated species®*" by inductive effects of sulfinyl group and followed by
reaction with various aldehydic electrophiles to obtain a-hydroxy glucals of type 12. Finally,
phenylsulfinyl group was removed by using raney-nickel to produce o-hydroxy-1-C-branched

glucals such as 13 and 9b (Scheme 1.4).

OH
o
|PhSCI BnO | LDA/fBuLl BnO R Ra Ni  BnO
i DBU BnO“ SP RCHO
OBn
10 1 12
13: R=Et
R=Ph, Et 9b: R=Ph

Scheme 1.4 Schmidt’s syntheses of 1-C-branched glucals from 2-phenylsulfinyl-D-glucal.

Due to the massive improvements in the C-H activation through Pd mediated coupling reactions,
1-C-branched glycals were synthesised by using the methodologies with palladium were
noteworthy.

T Ishiyama and N Miyaura® had reported that Ir catalyzed vinylic C-H borylation by using
Bis(pinacolato)diboron to produce the C-1-borylated glycals of type 16, then which was
transformed to C-glycosides such as 15 (Scheme 1.5¢) by Pd mediated coupling reaction with allyl,
benzyl and aryl halides. 1-C-pyranoid glycals of type 15 (Scheme 1.5a) were synthesized from C-
1-stannyl glycals® such as 14 under Pd catalyzed coupling reaction (Stille cross-coupling reaction)
with alkyl, allyl, benzyl, aryl, acyl halides and O-triflates. C-1-stannyl furanoid glycals were also
utilized for the synthesis of 1-C-furanoid glycals® in good yield with Pd(OAc).. C-1-iodo glycals
such as 17 are the next most exerted starting materials for the syntheses of 1-C-branched glycals.

D. S. Tan®” and coworkers had carried out the hydroboration of olefines by using 9-BBN, then

11
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0

PO |
PO™

oP

18

RSnBus | [Pd]

RX, R=acyl, RBr,
SnBuj, allyl, benzyl, o R R= benzyl,
aryl (or) ROTf  pgo | aryl, allyl 0
- R — <« PO
PO’ [Pd] po" [Pd] U
oP PO op
14 15 16

P = protective group, mostly| R\B (or) [Pd]

silyl based protective group
|
PO © ‘
PO"

had been used
oP

17

(b)

Scheme 1.5 palladium catalysed syntheses of 1-C-branched glucals.

treated them with iodo glycals under Suzuki-miyaura coupling reaction conditions (Scheme 1.5b).
Martin and coworkers®® had also employed the C-1-iodo glycals such as 17 to ring open the
dimethoxy oxabenzonorbornadiene to produce the corresponding dihydro-naphthol derivatives
such as 15. Later, Werz*® and co-workers have employed Sonogashira-Hagihara coupling reaction
conditions to C-1-iodo glycals and alkynes to provide the C-1- carbon branched glycal derivatives
of type 15 (Scheme 1.5b). K. C. Nicolaou*® and coworkers had performed Electrophilic coupling
reagents such as glycal phosphates of type 18 in Stille cross coupling to produce the C-1 glycals
such as 15 (Scheme 1.5d).

12



Chapter 1 Introduction to Unusual sugars...

Also ring closing metathesis has been applied for the synthesis of C-1 carbon branched
glucals by Postema®!. In this approach, initially, 3,4,6-tri-O-benzyl-D-glucal 10 was converted to
anomeric mixture of lactol 20 through ozonolysis performed with ozone, followed by de-
esterification with sodium methoxide. Lactol 20 was transformed to hydroxy olefin 21 by Wittig
olefination reaction, then the hydroxyl group was coupled with different kind of carboxylic acids
like aliphatic,**2 sugar based mono®® 1543 di* and tri*® acids under DCC mediated reaction to
obtain the esters such as 22, which was treated with Takai reagent to provide the acyclic enol ethers
of type 23. Schrock catalyst (some methods also involved the use of Grubb’s 2™ generation
catalyst) was employed to the acyclic enol ethers 23 to obtain 1-C branched glucals which, include

mono, di, tri and tetra saccharide derivatives of type 24 in moderated to good yield (Scheme 1.6).

OBn OBn i oBn
Bno/@ O3, CH,Cl, BnO 0 y NaOMe, MeOH BnO o]
BnO —> .78 °C, PPh, BnO CHO 91% 8o OH
10 71% 19 20

Ph3P=CHR'L THF, 73%

oBn OBn OBn
Bno@ RCM BnO OW/R ‘_RCOOH, DCC BnO OH
BnO _\ R - BnO - B0
WX DMAP N
24 R 21 R

TiCly, Zn dust, 22: X=0 R' = alkyl
TMEDA, CH,Br»,
PbCly(cat) 23: X=CH,

Scheme 1.6 Postema RCM approach of the syntheses of 1-C-branched glucals.

Mootoo*® and coworkers had employed the lactol 25 firstly into (diacetoxyiodo)benzene
(DIAB)/12 (Suarez procedure) to obtain the acetate 26, which on reaction with thiophenol/boron
trifluoride etherate at low temperature, followed by basic hydrolysis produced the 1-thio-1,2-O-
isopropylidine derivative 27. The resulted hydroxyl group was esterified with various carboxylic
acids (use of both glycone and aglycone carboxylic acids were reported) using DCC/DMAP. The

acetate and enol ether system in a single molecule. Finally, the oxocarbenium ion was successfully

13
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0OTBDPS 0OTBDPS i. PhSH, CH,Cl,, 0OTBDPS
o oAl X O BFs O, 78°C X OH
—_— —
o) 95% o o ii. NaOMe/MeOH O
OH OAc 90% SPh
25 26 27
RCOOH, DCC
DMAP
oOTBDPS OQTBDPS
f7< N ~MeOTY, DTBMP oj/R
0 /:,X R CHyCl; © X
: SPh
30

28: X=0
Tebbe reagent
29: X=CH2

Scheme 1.7 Mootoo’s approach for the synthesis of 1-C-branched glycals.

generated and performed the intramolecular oxocarbenium ion-alkene cyclization using
MeOTfT/2,6-di-tert-butyl-4-methylpyride (DTBMP) to obtain the required 1-C-branched glycals
such as 30 (Scheme 1.7).

Somsak had reported the first Syntheses of 1-cyanoglycals by performing the reaction with
1-bromo-D-glycosylcyanides and zinc (Scheme 1.8).4 1-bromo-D-glycosylcyanides 34-36 were
prepared from the corresponding acetylated sugar substrates 31-33 by employing N-
bromosuccinimide (NBS) and benzoyl peroxide in nonpolar aprotic solvents like carbon
tetrachloride, dichloromethane and benzene. The resulted 1-Bromo sugars were treated with
zinc/pyridine to obtain the 1-cyanoglycals 37-39. The observed overall yield was 60% in two steps.
Later, they had attempted with DBU for the synthesis of 1-cyanoglycals from acetylated sugar
derivatives 31-33 by direct elimination of the acetic acid (Scheme 1.8).*8 But this attempt was
unsatisfied in terms of yield, they had reasoned that the poor yield was resulted due to applying the
basic reaction conditions for direct elimination of the O-acetyl group. In other few reports,
elimination strategies were applied for the synthesis of 1-C-branched glycal derivatives such as 2-
deoxy-2, 3-dihydro-N-acetylneuraminic acid methyl ester 43. Various reaction conditions like

14



Chapter 1 Introduction to Unusual sugars...

DBU/PhH,* Flash vacuum pyrolysis,®® PPhsHBr/CHsCN>®! and dimethyl(methylthio)sulfonium
triflate (DMTST)/DBU®2 were utilized for the synthesis of 1-C-branched glycals such as 43 based
on the leaving group present at the 2" position of N-acetylneuraminic acid methyl ester derivatives
40-42 in good yield.

DBU/CH,Cl,
Yield: 37-40%, 38,39-51%

R? R? 2
R3 R3 o R
(o) NBS/Bz,0, 0 Zn/pyridine R3
R A —— R 0
AcO CN  ccl AcO CN  Benzene aco
OAc AcO ——CN

Br

31: R'=H, R2=0Ac, R*=CH,0Ac 34: R'=H, R?=0Ac, R*=CH,0Ac, 80% 37: R'=H, R2=0Ac, R®>=CH,0Ac, 75%
2 2

32: R'=0Ac, R2=H, R3=H 35: R'=0Ac, R?=H, R%=H, 70% 38: R'=0Ac, R?=H, R3=H, 51%
33: R'=H, R%=0Ac, R%=H 36: R'=H, R*=0OAc, R%=H, 72% 39: R'=H, R?=0Ac, R®=H, 78%
ACO OAc X ACO OAc
C OAc see below tabel ¢ OAc_o
> 0 COOMe > : / COOMe
AcHN AcHN
AcO AcO
40: X=Cl 43
41: X=
42: X=SPh
Reaction
X conditions Yield
Cl DBU, Benzene, rt 81%
Flash vacuum
pyrolysis, 390-420 °C 93%
PPh3HBr, CH;CN 96%
SPh DMTST, DBU, -20 °C 95%

Scheme 1.8 Syntheses of 1-C-branched glycals by base facilitated elimination.
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Synthesis of 1-C branched pyranoid and furanoid glycals from the corresponding glycosyl
chlorides using organolithium reagents was reported by Cristobal Lopez and co-workers.>® The
glycosyl chlorides such as 45 and 47 were obtained by employing oxalyl chloride or PPh3/CCls
into protected acetals, the resulted glycosyl chlorides were further treated with organo lithium
reagent to provide required 1-C-branched glycals 46 and 48 (Scheme 1.9). In this protocol, lithium
reagent abstracts the proton from the anomeric carbon, which leads to form 1-chloroglycal by the
elimination of the hydroxy group present at C-2. The nucleophilic part like alkyl/aryl group in
organo lithium reagent attacks at anomeric position to provide the 1-C-branched glycals by the

elimination of LiCI.

OR OR
R
o cicococl o R'Li 0
R% > R%O - RO (e}
o] DMF, CH,Cl, o] THF.-78 °C-0°C RO RN
OR "OH
Cl
R=aryl/alkyl R, R'=aryl/alkyl
44 45 46
o}
\o O .Cl o o
o" RLi % R
> () /
OXO THF, 0°C - rt d
R=aryl/alkyl
47 48

Scheme 1.9 Syntheses of 1-C-branched pyranoid/furanoid glycals from glycosyl chlorides.

Ireland-Claisen rearrangement is one of the best approaches for the syntheses of 1-C-
branched glycals from allylic esters. 1-C-branched glycals 53-56 and 60-62 were synthesised from
the allylic esters namely exo-glycals of type 49-52 and 57-59 by [3,3] sigmatropic rearrangement
and it was reported by Langlois® and coworkers. In this protocol, KHMDS and MesSiCl were
employed to generate the silyl-stabilized enolate at low temperature, further on refluxing to
obtained 1-C-branched glycals and then immediately esterified using diazomethane (Scheme

1.10). They had observed better results with the glucose series than the galactose series.
16
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i. KHMDS/Me;SiCl oBn
N €35l o) COOMe
Toulene, -78°C |
ii. CH,N, BnO R
OBn R OBn
49: R=H 53: R=H, 13%
50: R=NHBoc 54: R=NHBoc, 38%
51: R=Me 55: R=Me, 91%
52: R=NPht 56: R=NPht, 32%

i. KHMDS/Me,;SiCl

COOMe
Toulene, -78°C
ii. CH,N,
OBn R OBn
57: R=NHBoc 60: R=NHBoc, 81%
58: R=Me 61: R=Me, 72%
59: R=NPht 62: R=NPht, 93%

Scheme 1.10 Ireland-Claisen rearrangement approach for Syntheses of 1-C-branched glycals.

QTBDPS OTBDPS ™S
o .0 i BrMg———TMS
THF .
TBDPSO™ ii. POCs, Py, TBDPSO"
oTBDPs  CH2Cly, 43% (two steps) STBDPS
63 64
i. TMS——=—TMsS OAc H OBn H
SnCly, 62% i. K2CO3, MeOH
i v i. NaH, DMSO,
ii. TBAF, 90% ACO™ Bl 42% Bo”
3 65 66

Scheme 1.11 Syntheses of 1-C-branched glycals from C-1-alkynyl derivatives.
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McDonald®® and Pulley®® had utilized C-1-alkynyl substrates as synthetic precursors for the
syntheses of 1-C-branched glycals. the glycal such as 64 was synthesised by performing the
reaction on 2-deoxy-D-glucanolactone 63 with 2-(trimethylsilyl)ethynyl magnesium bromide to
generate cyclic lactol and dehydrated in one pot using POCIz. In an alternative way, 3,4,6-tri-O-
acetyl-D-glucal 3 was treated with bis(trimethylsilyl)acetylene in the presence of Lewis acid like
SnCls to produce the a,B-unsaturated sugar substrate 65, which was on further deacetylation and
protection of alcohols with benzyl group in the basic medium led to form the 1-C-branched glycals
such as 66 by the migration of double bond (Scheme 1.11).

C-1-iodo glycals of type 67 are the most exploited substrates for the syntheses of C-1
carbon branched glycals. Recently, Ye and coworkers had developed direct regio-selective method
for the synthesis of 1-C-branched hetero aryl glucal 68 from 1-iodo glucal 67 with indoles in the
C-H activation strategy by using Pd(OAc)2/Cul cocatalysed cross coupling reaction condition

(Scheme 1.12a).°” Also, this method has been applied to various heterocycle substrates like

imidazoles,
NHAQ
(0]
o) % o I = o__R
TIPSO | RH.R= <L\VIX\>> TIPSO | RH, R =T ,\le> TIPSO |
TIPSO [Pd] TIPSO (Pd] TIPSO
OTIPS OTIPS OTIPS
68 67 (c) 70
X=S,00rN
Y=CorN RH
R' O
Pd] (b
R Nmmo) Pl (o)
NPhth
R' = Alkyl, Aryl Y
Oo__R
TIPSO |
TIPSO™
OTIPS
69

Scheme 1.12 Palladium catalysed syntheses of 1-C-branched glucals.
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thiazoles, benzimidazoles, benzothiazoles, and benzoxazoles. 1-lodo glucal has been used again to
employ in the reaction of N-phthalonyl alanine, Pd(OAc). and Ag>COs to obtain C-1 glucal 69
(Scheme 1.12b).°8 Y-F Wu and X-S Ye* had performed the reaction of N-quinolyl benzamides
with various 1-iodoglucal 67 via palladium mediated C—H functionalization to obtain 1-C-
branched aryl glycals such as 70 in a straightforward and environmentally friendly (Scheme 1.12c).

Niu®® and coworkers have synthesised the 1-C aryl glucal 72 under Ni-mediated
Suzuki—Miyaura cross-coupling reaction conditions with readily available a-0x0-vinylsulfones 71,

which are electrophilic partners competently in this strategy (Scheme 1.13).

0] Ar
o Ar—B(OH
BnO r (OH), NI BnO |
| e T
W n
BnO Ar—BPin

OBn OBn

71 72

Scheme 1.13 Nickel catalysed syntheses of 1-C-branched aryl glucals.
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1.5.2.2 Syntheses of 2-C-Branched glycals
The first synthesis of 2-C-branched glycals has been reported by Ramesh and Balasubramanian®!
by using Vilsmeier-Haack reaction conditions by direct formylation. 2-C-formyl glycals are the

most exerted substrates in the synthesis of sugar derivatives among the 2-C-branched glycals. it is

R3 Rk
R4 , POCl3 R2 o)
R 0 0C-n RN

Entry Glycal R’ R? R R* Product Yield

1 73 OMe OMe H CH,OMe 74 60%
2 10 0OBn OBn H CH,0Bn 75 55%
3 76 OBn H OBn CH,0Bn 77 85%
4 78 OMe H OMe CH,OMe 79 80%
5 80 OAllyl OAllyl H CH,O0Allyl 81 61%
6 82 OMe H OMe CH,OTr 83 72%
7 84 OBn H OBn CH,OTr 85 54%
8 86 OBn OBn H H 87 44%
9 88 OBn H OBn H 89 73%
10 90 OBn Me OBn CH,CgH13 91 93%
1 92 OBn N3 H CH,0Bn 93 44%
12 94 OBn H N3 CH,0Bn 95 71%
13 96 OMe N3 H CH,OMe 97 42%
14 98 0Bn H OBn CHj 99 50%
15 100 H OBn H CH,0Bn 101 93%
16 102 H H OBn CH,0Bn 103 86%
17 104 OPMB OPMB H CH,OTr 105 63%
18 106 OPMB H OPMB CH,OTr 107 64%
19 108 OAllyl H OAllyl CH,O0Allyl 109 7%
20 110 OPMB OPMB H CH,OPMB 111 70%

Bn = benzyl, Tr = triphenylmethyl, PMB = p-methoxybenzyl
Table 1.1 Syntheses of 1-C-formyl glycals by Vilsmeier-Haack reaction.
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the easiest and widely used method out of all the methods®? available in the literature survey. They
had attempted with various protecting groups with good yields (Table 1.1)%. But in the case of
TBS protected glycals, Ce- formylated instead of at C-position. Which is a drawback to this
methodology.

The scope of palladium mediated coupling reactions is also extended to the syntheses of
2C-branched glycals. M. Hayashi® and coworkers had developed palladium mediated synthesis
of 2-vinyl glucal 112 from 2-bromo glucal 113 and vinyltributylstannane/ethylene under
Stille/Heck reaction conditions respectively. They found that the suitable condition for Stille
coupling reaction with 2-bromo glucal and vinyltributylstannane for the synthesis of 2-vinyl glucal
is the combination of bis(dibenzylideneacetone)Pd(0) (Pd(dba)z2) and tri(o-tolyl)phosphine (P(o-

tol)s) in CH3CN by screening various conditions.

OAcC OAc
Pd(dba),, P(o-tol)s (e}
0 2
AcO N + 7 R > AcO D
AcO CHsCN, base AcO
R=SnBugz, no base, 86% N\
R=H, base=DIPEA, 76%
112 113
Stille and Heck coupling
OAc
OAc Pd(COA(gi_,f;ngol% Ao o
u 2, U2 C
o + y R > AcO —
AcO DMA/AcOH (1:1)
AcO™ ~= N\
3 Direct cross coupling of activated alkenes R

114: R=COOEt, 82% 115: R=COOBu, 84%
116: R=CONMe,, 62% 117: R=PO(OEt),, 74%
118: R=CN, 64% 119: R=Ph, 54%
120: R=SO,Ph, 72%
Scheme 1.14 Palladium catalysed vinylation of glycals to form 2-C-branched glycals.

Heck coupling reaction had also performed with the same catalytic condition by using
ethelene and Diisopropylethylamine (DIPEA) base to achieve 2-C-branched sugar derivatives
(Scheme 1.14) in good yield. In another report, Liu®® and coworkers had performed the direct
cross-coupling of activated alkenes with glycals for the synthesis of 2-C-branched glycals 114-120
| the presence of Pd(OAc),, Cu(OTf), and oxygen gas (Scheme 1.14). Later, Davis®® and
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coworkers had reported the phosphine free Suzuki coupling reaction for the synthesis of 2-C-aryl
glycals 122 from 2-iodo glycals 121 by using palladium complex and different aryl substituted

boronic acids and microwave conditions (Scheme 1.15).

NaO._ _N. _NH,

[T
L= /N
ONa
BnO OB" BnO O°"
BnOA— (OH): CHaCN/H,O (1:1), ww . BnO
95% Ph
121 122

Suzuki coupling

Scheme 1.15 Suzuki coupling of 2-iodo glycals to form 2-C-aryl glycals.

Jayaraman®” and coworkers had developed the syntheses of 2-C-branched glycals from 2-
hydroxy glycal ester such as 123 by using Cope rearrangement conditions. They were first treated
2-hydroxy glycal ester with allyl bromide and sodium hydride for C- allylation to produce the
inseparable mixture of C-glycosides 124and allyl vinyl ether 125, later which was converted to C-
glycoside 124 by applying Claisen rearrangement conditions. The mixture of o and -

PhMe, 165 °C

/ 45 min

0]
BnO O .
| )]\ Allyl bromide o
BnO" 0 NaH, DMF BnO"’ BnO"’

OBn 0°c OBn OBn
123 124 125

i PPh3CHsl, "BuLi

THF, 0°C
0y x
BnO | tho 240°c BnO ﬁ |
BnO' 45 min, 72%
OBn OBn
128 126

no reaction with

Scheme 1.16 Syntheses of 2-C-alkyl glycals from 2-hydroxy glycal ester.
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diastereomers were performed under Wittig olefination reaction conditions to obtain the C-2
methylene glycosides 126 and 127, which were further performed under cope rearrangement
conditions to obtained 2-C-branched glycals. But [-anomer 126 could not go forward by ring-
flipping to initiate the reaction for the formation of 2-C-branched glycals such as 128 (Scheme
1.16).

Heathcock®® and coworkers were reported the syntheses of tri benzyl protected 2-C-
branched glucal 131 from tribenzyl glucal 10 via cyclopropane ring opening in regioselective
fasion, stereoselective cyclo propanation of tri benzyl glucal was done by using Simmons-smith
reaction conditions to provide cyclopropane diastereomers 129 as major. 2-C-methyl lactol 130
was obtained by treatment of mercury complex of sugar derivative with BusSnH and AIBN,
which formed by cyclopropane ring-opening of cyclopropane ring of the compound 129 by regio
selectively using mercuric trifluoroacetate Hg(CF3COO). and water. Anomeric hydroxyl group
was activated with mesyl group y treating with Ms»O and EtsN, followed by the elimination of
mesylate by treatment of EtsN to provide the 2-C-branched glycal 131 in 65% yield on overall
(Scheme 1.17).

OBn OBn
Et,Zn, CH,l )
BnO 2 z 22 S BnO
BnO 96% BnO
112 129
i HQ(CF3C02)2
THF, H,0; NaCl
ii. BuzSnH, AIBN
81%
OBn
OBn CH3
MSzO, EtzN _O
o) - BnO
BnO s 84% BnO
BnO
131 130

Scheme 1.17 Syntheses of 2-C-methyl glycals by Hg mediated ring opening of cyclopropane.
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Schmidt®® and coworkers had reported the synthesis of 2-C-branched glycals through p-
lithiation of phenyl sulfoxide group, which is present at anomeric position. Phenyl sulfoxide sugar
derivative 132 had performed the reaction with LDA at -80 °C for direct lithiation at C position
to form lithiated sugar derivative 133, which is treated with different types of electrophiles like
aldehydes and methyl chloroformate provided 2-C-branched glycals type 134-137. Further treated
with Raney Ni to remove phenylsulfoxide group to obtained 2-C-branched sugar derivatives such
as 138-141 (Scheme 1.18). Later Hall et al’® had reported the synthesis of 2-cyano glycals by

treating with chlorosulphonyl isocyanate for direct cyanation at C; position with very poor yield.

OBn
o} ,-80 °C &3\ CICOOMe
—_— —_—
apo S S BN T B0
n oBn Ph bh ° MeOOC ‘
132 133 134
R-CHO Ra-Ni,
THF, 83%
OBn OBn OBn
o) Ra-Ni
BrO BrO .0 Q
BIYO — THE, 85% B0 — S‘/ BIQQO )
HO . HO L P MeOOC
138
139: R=Me 135: R=Me, 48%
140: R=Et 136: R=Et, 52%
141: R=Ph 137: R=Ph, 68%

Scheme 1.18 Syntheses of 2-C-branched glycals by direct lithiation of glycals.
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1.5.2.3 Syntheses of 3-C-Branched glycals
Till today, 3-C-branched glycals are synthetically less explored, due to difficulty in the
formation of carbon branch at the C-3 position in a stereoselective fashion.

The first synthesis of 3-C- branched glycals had reported from the sugar derived allyl vinyl
ethers by [3,3]-sigma tropic rearrangement and it became as a traditional method for the synthesis
of 3-C-branched glycals. G. Descotes’ and coworkers had achieved the allyl vinyl ether sugar
derivative 144 from (4-oxopentyl)-D-glycoside 143 by photolysis, obtained by Ferrier
rearrangement of D-glucal 3 with 5-hydroxy-2-pentanone, in very less yield. The allyl vinyl ether
derivative in p-nitrobenzene on heating at 150-170 °C for obtaining 3-C-branched glycal derivative
via [3,3]-sigma tropic rearrangement, in 50% yield. Later, Sinay’? had reported 3-C-branched
glycals from the oxidation of 2-(phenylselenenyl) ethyl etherl42 by using sodium periodate,
followed by the elimination of resulted selenoxide group on heating, obtained allyl vinyl
ether144in good vyield, performed allylic rearrangements under similar reaction conditions to
obtained 3-C-branched sugar derivative145 (Scheme 1.19). Balasubramanian’® and coworkers had
synthesized 3-C-aryl glycals by aromatic Claisen rearrangement in a stereoselective fashion under

the same reaction conditions.

o} 0
AcO HO\/\)J\
| 0_ .0
W »  AcO '
AcO CH,Cl,, CaS0O,
O NF

OAc A
3 143
HOCH,CH,SePh hv
BF5.OEt,, PhH 15 h, 20%

85%

0.0 i. NalO4, NaHCO3 AcO ©
\ : 0 .0 c
ACO/\LJ I MeOH/H,0 (6:1) AcO o W A |
. R ? N
ACO\\ o K — | ACO\ M
cO =

$e ii. DIPEA, PhH A p-nitrobenzene :
Ph reflux N,N-dimethylaniline -
83% (two Y OHC

150 - 170 °C, 50%

142 steps) 144 145

Scheme 1.19 Syntheses of 3-C-branched glycals using claisen rearrangement.
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Mitsunobu™ and coworkers were reported 1-C and 3-C-branched glycals in regio-selective
fashion by using a Grignard reagent. The free hydroxyl group was activated with a mesyl group
under basic mediation. The mesylate produced 3-C- branched glycal derivatives of type 149 in the
presence of additives such as Cul/CuBr-S(CHzs); or Gilman reagent, produced 1-C- branched
glycals such as 148 in absence of additives. Regioselectivity of the carbon branch formation was
explained based on Hard and soft acids and bases concept. C-3 position in 147 is softer than the
C-1 position. So, organic cuprates are softer nucleophiles than the Grignard reagents, which attack

the C-3 position than the C-1 position to produce 3-C-branched glycals 149 (Scheme 1.20).

% | LDA, MsCl o | 148 149
o )\o\‘ - )\o\’ R-Metal | Yield (c:p) Yield
-78°C
1%4 . OMs CoHsMgBr | 61% (1:10) 14%
C2H5MgBI'/ _
R-Metal Cul 24%
-78 °C
CH3MgBr 65% (12) —
CH3MgBr/ _ 42%
(o) | o o.__R Cul
A + CHMgBr/
\ . 3Migbr o,
PR O A Ph)\O\ 7 CuBr- - 63%
149 148 MeaCuld - 62%

Scheme 1.20 3-C-branched glycals by regioselective alkylation.

Similarly, P. Crotti’® reported the synthesis of 3-C-branched furanoid glycals 152 and 153
from hydroxy mesylate 150, by the direct addition of Grignard reagent to the intermediate epoxide
151 formed under basic reaction conditions through the isomerization and ring contraction of
epoxide 151. On the other hand, treating the epoxide 151 with (CH3)2CuLi or CoHsMgBr in
presence of cuprous cyanide produced the 3-C-methyl glycals 154 and 3-C-ethyl glycal 155 in

moderate yield (Scheme 1.21). Gallagher’® and coworkers also had reported the syntheses of 3-
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C-branched Sugar derivatives from glycals by treating with NCCH2CH>Cu(CN)Znl in the
presence of BFsOEts in good yield.

OH 0O
Me,CuLi or
RMgX, 2
Et;0 R=l\%e, Ph Etz0 EtMgBr, CuCN

(0] (0]

BnO / Bno/j/\J
R HO -
H OH R

152: R=Me, 95% 154: R=Me, 59%

153: R=Ph, 84% 155: R=Et, 55%

Scheme 1.21 Syntheses of 3-C-furanoid/pyranoid glycals by Grignard and Cuprate reagents.

)
Rz”\@
. —_—
A
R Smly, THF, rt

OCOOEt
156: R'=0Bn, R>=0Bn 160: R'=0Bn, R?>=0Bn, 33%
157: R',R?=0,(C)HPh 161: R",R?=0,(C)HPh, 63%
158: R',R?=0,(C)H(CHs), 162: R',R?=0,(C)H(CHj3),, 60%
159: R' R?=0,(Si)('Bu), 163: R',R?=0,(Si)('Bu),, 56%

Scheme 1.22 umpolung syntheses of 3-C-branched sugars with Smly.

Later, Beau’’ and coworkers had treated allylic carbonated glycals 156-159 with cyclohexanone
and samarium iodide to obtain the 3-C-glycals of type 160-163 by allylic radical intermediation.
The carbon chain was formed from the less hindered side. One more synthesis of 3-C-branched

glycals was discussed in the detail in the later chapter of this thesis. They are not shown here.
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1.5.2.4 Syntheses of 4-C-Branched glycals

4-C-branched glycals were not synthesised by simple and direct methods, the reported

methods are available in a multistep synthetic approach and very less in number.

(@) 0 o)
(6] 0 0
i. TsCl, Py MeMgClI
—> %
- /o4 ii. NaOMe, MeOH . CuBr-SMe; S IOT:
"o S ‘OTs  THF 86% °
OH OH
164 165 166
LiBHEts,
THF, 95%
(0] (0]
(0] )
Me3SiO Me;Sil, PhCH o "BuLi o
- -
W DBU, 75% CH4CH,COCI
N 97%
OCOEt OCOEt OH
169 168 167

Scheme 1.23 Syntheses of 4-C-branched sugar from levoglucosan.

Ley’® and coworkers had synthesised the 4-C-branched glycal 169 from 1,6-andydro-p-D-glucose
(levoglucosan) 164 in six steps. In this synthesis, key steps are epoxide ring opening with Methyl
magnesium chloride and anhydro-bridge opening with MesSil to produce 4-C-glycal such as 169
by employing DBU for the elimination of anomeric iodide (Scheme 1.23). Similarly, the other few
methods’® were also reported in multistep synthetic approach, these are not appropriate to describe

in detail.

1.5.3 Syntheses of deoxy glycals

Fraser-Reid® had reported the first an obvious synthetic path for the syntheses of 3-deoxy
glycals employing Lithium Aluminium-Hydride (LAH). Due to acetals stability towards LAH and
the absence of acid catalyst, A single step reaction with the allylic acetals of type 170-175 reductive

rearrangement has been reported to obtain vinyl ethers such as 176-178 employing LiAlH4
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(Scheme 1.24). The acetals 170-175 could be prepared easily from simple glycals by applying
Ferrier rearrangement reaction conditions. These resulted B,y-unsaturated systems were treated
with LiAIH4 in refluxing ether or dioxane to obtain the expected 3-deoxy glycals via generating

pentacoordinate complex with LAH.

R’ o)
O~
R3 g2 LiAlH, R |
R3\\‘ = Dioxane/Et,O R"

H H
170: R'=0CHjs, R?>=H, R3=0,(C)HPh 176: R=0,(C)HPh, 95%
171: R'=H, R?=0CH,3, R3=0,(C)HPh 176: R=0,(C)HPh
172: R'=0C,Hs, R?=H, R3=0OH 177: R=OH
173: R1=002H5, R2=H, R3®=0Ac 177: R=0OH
174: R'=0C,Hs, R?=H, R®=0CH, 178: R=0CH,
175: R'=H, R2=0CH;, R3=0CHj 178: R=0CH,

Scheme 1.24 LAH mediated Syntheses of 3-deoxy glycals.

The next significant approach towards 3-deoxy glycals is with transition metal-mediated
isomerization or cyclization of unsaturated compounds. Van Boom?®! had synthesised cyclic vinyl
ethers 183 by the isomerization of allyl ether 179, using Wilkinson’s catalyst. This allyl ether 179
was prepared by employing glycal with triethyl silane in the presence of lewis acid (Scheme 1.25).

Later, Schmidt®? had also reported the one pot synthesis of 3-deoxy glycals by ring closing-

AcO © | ., o
AcO" OLO;K
OAc t
3 182 180
i ICE)tI:SICHI\,I 57230-/0'32 (N) a i. DIBAL-H, then
o éo i (;H CpRu(PR3),Cl o\v\jo CH,CHMgCI, 80%
ii. K2CO3, Me (C4Hg)sNPFg ii. Benzyl protection/
then NaH, BnBr, DMF. 85 °C s i
THE. 90% , 9 TBS protection
’ 70%
o e} Grubbs-1%'gen /, O
BnO/\|/\) RCI(PPhs)y Q PrOH, NaOH j\
_— - N
BhO' N7 DBU, EtOH ; PhCH3, 76% RO’ | ~
60 °C, 83% H
179 183 181

Scheme 1.25 Syntheses of 3-deoxy glycals by RCM and isomerization.
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metathesis (RCM)and isomerization® in sequence, treating Grubb’s 1% generation catalyst. Firstly,
the diene 181 was prepared from the ester compound 180 by a sequence of reactions, then RCM
catalyst was employed to produce cyclic allyl ether intermediate. Once the reaction goes to end,
due to using NaOH and propanol the Grubb’s catalyst is further transformed to isomerization
catalyst (in situ) to produce the required 3-deoxy glycal 183 (Scheme 1.25). Likewise, Trost®
had reported dihydropyran such as 183 by probing the strategy of cyclo-isomerization of ynediol
of type 182 using Ru catalyst (Scheme 1.23). The compound 182 was obtained by Barbier addition
of propargyl bromide to (R)-glyceraldehyde using zinc in diastereo-selective manner.

In 1988, Keinan®® performed the deoxygenation of allylic-ester in regioselective manner
by treating with Pd(0)/Ph,SiH2/ZnCl> system. But, the moderate yields only were observed. Later,
B.Yin®® and co-workers explored the same reaction with various reagents in order to enhance the
yield. They were found successfully NiClo/NaBH4/MeOH system as the better choice for the

reductive cleavage of allylic esters in a regio-selective manner to achieve good yields. Sodium

3 O . .
R NiCl, (0.2 eqiv) o
R3 ‘ . R3
K NaBH, (10 eqiv) R2 ‘
R 0o MeOH, rt, 5 min S
hd R'H H
R1
184: R'=CH,3, R?=H, R3=0Ac, R*=0Ac 189: R'=H, R?=0Ac, R3=0Ac, 88%
003: R'=CHj3, R?=0Ac, R3=H, R*=0Ac 190: R'=0Ac, R?=H, R3=0Ac, 93%
185: R'=Ph, R?>=0Bz, R3=H, R*=0Bz 191: R'=0Bz, R?=H, R3=0Bz, 84%

186: R'=CHj3, R?=OAc, R®=H, R*=0OTBDPS  192: R'=0Ac, R?=H, R3=OTBDPS, 89%
187: R'=Ph, R?=0Bz, R3=H, R*=0TBDPS 193: R'=0Bz, R?=H, R3=0TBDPS, 83%
188: R'=CHj3, R?=0Ac, R%=H, R*=0Bn 194: R'=0Ac, R?=H, R3®=0Bn, 92%

Scheme 1.26 Syntheses of 3-deoxy glycals by regioselective deoxygenation of allylic esters.
borohydride with Nickel(ll)chloride forms (Ni2B)..Hs as active species, which generates a 7-
allylnickel complex by releasing of AcOH, then the hydride ion attacks at C-3 position to produce
the 3-deoxy glycal. 3-O-acetyl esters and 3-O-benzoyl esters of type 3, 184-188 were examined in

the same reaction conditions with different 4,6-O-protective groups such as acetyl (Ac), benzoyl
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(Bz), benzyl (Bn), TBDPS and TBS to achieve 3-deoxy glycals of type 189-194 (Scheme 1.26),
and all the 3-deoxy compounds were recorded to be achieved in good yield.

4-deoxy glycals were obtained by applying Barton-McCombie deoxygenation®’ reaction
condition over glycals such as 195 with a free hydroxyl group at C-4 position. C-3 and C-6
hydroxyl groups could be protected with a stable O-protective group in the reaction condition. In
this strategy, the free C-4 hydroxy group is transformed to thiocarbonyl/xanthate derivative, then
it is further performed with BusSnH and AIBN to provide glycals such as 196 (Scheme 1.27) in
good yield.

o i. NaH, CS,, Mel o
RO P2 RO
| THF, rt _ /Hp
HO ii. BugSnH, AIBN H
OR PhCHa, 120 °C OR
195 196

R=Bn, TBS, Ac, BZ

Scheme 1.27 Barton-McCombie deoxygenation of Syntheses of 4-deoxy glycals.

1.6 Synthetic applications of simple glycals, carbon branched
glycals and deoxy glycals

1.6.1 Few synthetic applications of simple glycals

Glycals are well known to be one of the excellent merchandises in synthetic sugar
chemistry as they provide several synthetic applications (Scheme 1.28). Due to the presence of a
double bond in glycals, various functional groups have been introduced in mono and disaccharides
with good stereo and regioselectivity. The enol-ether possesses nucleophilic substitution and
electrophilic addition reactions because of the intervention of endo-cyclic oxygen to generate
products, which include synthesis of polysaccharides from the modified monosaccharide
derivatives. Ferrier rearrangement® is being used as one of the highly exerted reactions of glycals

to produce 2,3-unsaturated glycosides using allylic rearrangement of nucleophilic substitution.
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which was first reported by Ferrier. However, Emil Fischer®® had investigated a similar kind of
reaction with water as the nucleophile much before Ferrier reported. Ferrier had investigated with
various nucleophiles like O, C, N, S-nucleophiles to generate the corresponding 2,3-unsaturated
glycosides in good stereoselective®® manner (Scheme 1.28a). Glycal derivatives have been
explored as glycosyl donors to attain O-glycosides, which are generally found in living-organisms
(Scheme 1.28¢).%! The stability of the C-Glycosides® in metabolic processing had drawn the
attention of scientists to develop novel methodologies for C-Glycosides synthesis. Such C-
glycosides also could be synthesized employing glycals (Scheme 1.28i). 2-Deoxy glycosides,®
are a most important category of glycosides, which take place in several natural products,
anticancer agents (doxorubicin), antibiotics (erythromycin), insecticides (avermectins) and
antiparasite agents (amphotericin), have been mainly synthesized utilizing glycals as glycosyl
donors in acidic condition (Scheme 1.28d). Haloglycosylation®® °* is one of the earliest methods
among glycosylations reported by Lemieux, by employing glycals as glycosyl-donors to generate
halo-glycosides (Scheme 1.28m). Various biologically active oligosaccharides, natural products
(ciclamycin®?, avermectins, etc.) have been synthesised by using halo glycosides. Danishefsky®®
has developed a systematic protocol for the synthesis of 1,2-Anhydro sugars (or 1,2-epoxy sugars)
by oxidation of glycals using DMDO. Afterward, these glycals have been using as extraordinary
glycosyl donors in the synthesis of different higher ordered general glycosides of glucose,
mannose, and galactose(Scheme 1.28n).%! 2-Deoxy-2-amino glycosides are widely occur in living
organisms as glycoproteins, glycolipids, many naturally occurring antibiotics and blood- group
oligosaccharides and this type of amino sugars also could be simply produced through the nitrogen
attacked to glycals (Scheme 1.28g, 1.28k).°% ° Glycals are also used to generate modified
carbohydrate residues like 2-halo anhydro sugars®’ (Scheme 1.28l), 1,2-cyclopropanated sugars®
(Scheme 1.28c), Perlin aldehydes® (Scheme 1.280), allylic ketones® (Scheme 1.28f), 1,2diazido
sugars® (Scheme 1.28Db), allylic lactones!®? (Scheme 1.28h), imino sugars®® (Scheme 1.28p), and

carbasugars!®* (Scheme 1.28j) , these are used for the syntheses of revised sugar molecules, natural
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products, their advanced intermediates, and secondary metabolites generated by the living-

organismes.
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Scheme 1.28 Few synthetic applications of simple glycals in sugar chemistry.
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1.6.2 Few synthetic applications of carbon branched glycals

1.6.2.1 Synthetic applications of 1-C-Branched glycals

Over the past three decades, C-glycosides are emerged to be main targets for
methodologists and medicinal chemists due to the stability of C-glycosides to numerous
glycosidase enzymes which usually cleave the corresponding counterparts, O-glycosides.'% In this
case, 1-C-branched glycals are become as the finest materials for the syntheses of C-glycosides
due to more retrosynthetic correlation of C-1 glycals with numerous biological targets and because
of the availability of previously adorned carbon branch at the compatible position along with the
enol-ether function for furthermore addition of needed functionalities to obtain the attached
carbohydrate moiety.1% Thus, the 1-C-branched carbohydrates are converted to various significant
carbohydrate skeletons, employing various synthetic transformations.

K. C. Nicolaou required 1,1-dialkyl glycosides of type 198 as an intermediate to obtain the
natural product brevitoxin B.1%” He took the 1-C-branched glucal such as 197 (see Scheme 1.2 for
syntheses) for the syntheses of tertiary anomeric centers in a stereospecific manner by Ferrier
rearrangement employing AlMes-TiCl, system at low temperature in good yield (Scheme 1.29).2
and also attempted with various nucleophiles for the stereospecific-synthesis of different 1,1-

dialkyl glycosides such as 198 moderate to good yield.

O =
RO | | AlMes-TiCly  aco O |
At 4’
RO CH,Cl,, -78 °C AcO™
OR 93%
. TBAF. THF < 6b: R=TBS 198
ii. Ac,O/Py 197: R=Ac

Scheme 1.29 Syntheses of 1,1-dialkylglucosides to synthesise brevitoxin B.

Similarly, Echavarren!®® had synthesized the same kind of 1,1-dialkyl glycosides by

isomerization Claisen rearrangement-strategy e Pd catalysis. The functionalized-C-glycosides
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were synthesized successfully by treating with various catalysts like PdCl,, AuCls and IrCls.
Among them, Palladium (I1) chloride was produced a good yield. Firstly, the secondary hydroxyl
group in compound 199 (see Scheme 1.4 for syntheses) was protected by employing allyl bromide

to achieve compound 200, which further treated with PdCI; to generate the C-glycoside 201.

OH X0 o pr
TIPSO OI Ph BT e N0 pp, PACI, (15 M%) O
TIPSO NaH, THF TIPSO PhCHj3, 110 °C R m
OTIPS OTIPS 73% TIPSO
199 200 201

Scheme 1.30 Claisen rearrangement of 1-C-branched sugars

initially, PdCl, has generated the allyl-vinyl ether by isomerization of 1,2-H migration, which
further converted to a-ketones such as 201 by sustaining the claisen-rearrangement (Scheme 1.30).

Leblanc'® and coworkers had employed the 1-C-branched sugars of type 6a (see Scheme
1.2 for syntheses) in the Hetero-Diels-Alder reaction to generate bicyclic-sugar derivatives such
as 202. These substrates were further used for the syntheses of 2-amino-C-glycoside-spiroketals,
which are possessing the biologically importance. They have treated the 1-methyl glycal derivative
such as 6a with bis(2,2,2trichloroethyl)azodicarboxylate (BTCEAD) at 40W and 350nm to attain

Diels-Alder product 202, which was utilized later for the syntheses of amino sugars (Scheme 1.31).

TBSO | BTCEAD
TBSO™ cyclohexane
OTBS AcOH, hv, 40W
350nm
6a

Scheme 1.31 Diels-Alder reaction of 1-C-branched sugars.

The spiroketal structural skeletons are widely spread in several natural products, steroids,

antibiotics, secondary metabolites and insect pheromones.!® These skeletons of spiroketal are
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mainly synthesized using 1-C-branched sugar derivatives of type 203. Quayle!!! and Sasaki'!? had
employed camphorsulfonic acid (CSA) in the reaction of the sugar derivative 203 to attain
spiroketal such as 204 in good yield (Scheme 1.32), the resulted spiroketals were further used for

the syntheses of biologically important compounds such as milbemycins and avermectins.

o /—\__ "
BnO | \ CSA (0.3 equiv) BnO
BnO“ CH,Cl,, 20 °C BnO“
OBn 70% OBn
203 204

Scheme 1.32 Syntheses of spiroketal from 1-C-branched sugar.

1-C-glycoside of type 205 was used in the synthesis of gambierol subunit 207, which marine
ladder toxin. Instead of using ferrier rearrangement, glucal derivative 205 (see Scheme 1.2 for
syntheses) was treated with dimethyldioxirane(DMDO) to obtain the epoxide derivative, later
which was opened with different nucleophiles which Grignard reagent based to attain the C-
glycoside such as 206. The intermediate 206 was utilized in the formal total syntheses of gambierol
with different groups (Scheme 1.33).1*3 The other significant synthetic conversions of 1-C-
branched glycals are functionalized C-glycosides, natural products and their intermediates
including epoxidation,'** hydroboration,*°® hydrogenation,'*® azidoselenation,''® mercuration,**’

dihydroxylation!® and electrophilic radical addition reaction.!®

B (BBu),Si /\Q\
0 i

‘ (.') | 0-0 OTBS
( Bu)28|\o\\~ :
OTBS aer S ’
80% 207
208 (‘Bu) ZS| Gambierol subunit
OTBS
206 (2:1)

Scheme 1.33 Syntheses of gambierol subunit from 1-C-branched sugars.
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1.6.2.2 Synthetic applications of 2-C-Branched glycals
2-C- Formyl glycals and their oxidised/reduced substrates use for the synthetic applications®
of 2-C-branched sugar derivatives preferably, due to no difficulty in their production. The 2-C-
formyl glycal derivatives were involved in various transformations to synthesise O-glycosides, C-
glycosides, amino sugars, bicyclic to polycyclic skeletons etc.
Balasubramanian et. al had reported the first synthesis of 2-C-methylene-O-glycosides
from 2-C-acetoxymethyl glycals.?® Later, various methods applied for the synthesis of 2-C-
methylene-O-glycosides of types 210-212 by using the corresponding 2-C-formyl glycals of type
69, upon reduction to the corresponding alcohol of type 208, due to their importance in the
synthesis of many natural and unnatural carbohydrate analogs.® Srinivas Hotha et. al had reported
the alkynophilicity of AuCls for synthesis of O-glycosides by using 2-C-propargyloxy- methyl

glycals (Scheme 1.34a).? Similarly, N.G Ramesh and coworkers were used InCls for the

OBn
OBn .0
AuCl3 (5 mol%)
o | =%
B CHO
215 209 O 210
Br
4 | PhCHg, = a
180 °C NaH, THF OBn
OBn c .0
EtOCHCH2 BnO O InCl3 (20 mol%) BEpr%Sl
BnO = o]
J Hg(OAc)2
BnO
208 o BnO o{e)
NaH, OBn
BnBr | b 213
OB
: OBn
BnO O InCl; (20 mol%) .0
BnO _— —_—
o
OCH,Ph OCHPh
211 212

Scheme 1.34 Syntheses of 2-C-methylene-O/C-glycosides from 2-C-formyl glycals.
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syntheses of 2-C-methylene-O-glycosides by 1,3-alkoxy migration (Scheme 1.34b),'?? the
intermolecular O-glycosylation reaction through the direct allylic substitution of nucleophile
(Scheme 1.34c¢).12® Later, the synthesis of 2-C-methylene-C-glycosides have been reported by our
group by [3,3]-sigmatropic shift of the allyl vinyl ethers by using the 2-C-hydroxymethyl glycal
of type 208 (Scheme 1.34d).1%

Ghosh and co-workers had extended the research in methodology by using InClz and
naphthol substrates to produce pyranonaphthopyrans such as 218 (Scheme 1.35),}%° after
Balasubramanian report with BF3.OEt> , due to bezopyrans wide importance in natural products
as the core structure. Later, Bhagavathy et. al had reported the synthesis of pyranopyran
derivatives such as 219 by using phenolic derivatives and triflic acid in less time with good

yield(Scheme 1.35).1%

OH
0 0 O
MeO | Ac,0/Py MeO | “/ Me
OH ———>

OAc >
MeO 74% MeO InCl3 (30 mol%)

OMe OMe CH,Cl,, 91%

216 217

TFA (1-3 min)
Hom

\©\ (@] H ()

MeO Z

e

219 (major)

Scheme 1.35 Syntheses of chiral pyranopyrans from 2-C-hydroxymethyl-glycal.

The wide range importance of azasugars as drugs and glycosidase inhibitors have been
drawn the attention towards their synthesis. In this sinario, Vankar et. al had tried to obtain the
trichloroacetamidates such as 221 by using 2-C-hydroxymethyl glycal derivative such as 220. In
this process interestingly, insitu aza-claisen rearrangement took place to obtain directly 2-C-

methylene N-glycosides type 222 under the used same reaction condition for the synthesis of
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trichloroacetamidates (Scheme 1.36). the same group of aza-sugars such as 223-226 had

synthesised by using same methodology (Scheme 1.36).1%7

v\/O
X9 N CHCh RO NH -
(RO); CI,CCN (RO NHCOCCl,
72 - 85% 0" “ccly
OH
220 221 222
OH OH OH OH OH OH OH
\h’OH HO\ﬁj’oH |/uh\\\OH \ﬁj‘\\oH
HO"
N "//OH N "//OH N N
H H H H
223 224 225 226
C-5-(hydroxymethyl) L-allo-deoxynojirimycin isofagomine 5-epi-isofagomine

-L-altro-deoxynojirimycin

Scheme 1.36 Syntheses of aza-sugars by using aza-Claisen rearrangement.

C-glycosyl amino acids have been synthesised using Diels-alder reaction. Lukacs?® and

coworkers had reported the first Diels-Alder carbocyclic adducts with 2-C-branched derivatives.

MeOOC, NO, Bno OBn —_NO, NO2

H
o} HCHO, AcOH A~
BnO THF o0 Et0OC BnO 0 COOEt
~<~———— Bn0 ) .
BnO ozNngﬁ;OOMe PhCHs, heat BnO
O8n ~ OBn
228 227 230
i. Zn/HCl
i. Raney-Ni [ ii. Ac,0O, Py !
0 ii. Boc,0, Et3N
H,, EtOH 92% \ O
MeOOC, \NHAc ., NHBoc
BnO © BnO i. 0s04, NMO g0 - \COOEt
BnO BnO ii. LAH, 95% BnO
OBn OBn
229 232 231

Scheme 1.37 Syntheses of C-glycosyl amino acids by Diels-Alder reaction.
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Later, Y D Vakar and coworkers had applied the Diels-alder reaction condition with 2-C-
vinylglycals to produce a and -C-glycosyl amino acids of type 229 and 231 (Scheme 1.37), due
to more advantages than the O-glycosides. These amino acid substrates are further transformed to
the fully carbocyclic sugar hybrids such as 232 (Scheme 1.37).1%° few more important synthetic
applications of 2-C-branched sugar derivatives had found in the syntheses of GABA analogs,
isoxazoline analogs, chiral benzimidazoles derivatives, , heterocyclic compounds and natural

products.®

1.6.2.3 Synthetic applications of 3 and 4-C-Branched glycals

3-C-branched glycals are the less explored glycals due to the multistep protocols involved
in their syntheses. Few straight synthetic applications of C-3 glycals were disclosed in detail from
our research group. Our research group had reported few synthetic applications of 3-C-branched
glycals, cis fused pehydrofuro[2,3,b]furanes of type 234 synthesized from 3-C-branched glycals
such as 145, aldehyde reduced to alcohol followed by ozonolysis and cyclization with
CH3COOH:MeOH, in good yield (Scheme 1.38). Also, cis fused pehydro-5-oxo-furo[2,3,b]-
furanes such as 236 could be synthesised using C-3 glycals, 3-C-branched aldehyde 145

ACQ/\C’J i NaBH,, EtOH, 5°C, [ a.q Oscho | CHsCOOH:MeOH AcO 0 .0
30 min, 95% 3:2), reflux, 3 hr
AcO"" —> wNcro| 22 > ‘O,)
: ii. O3, Me,S,CH,Cly, AcO H 62% over two steps s
- .78 °C HO\/_ AcO

145 233 234

AcO 0 NaH,P0,.2H,0, ACO o i. 03, Me;S,CH,Cl,, AcO  O— .0
Lo NaCIO, | -78°C w /\:o
AcO" ™ AcO™ = "1

2-methyl-2-butene H ii. p-TsOH,:CH,Cl,, =
- 'BUOH, rt, 30 min reflux, 10 hr, AcO

-
HOOC
48% over steps
145 235 236

Scheme 1.38 Synthesis of cis-fused perhydrofuro and 5-oxofuro[2, 3-b]furans from C-3 glycals.
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converted to acid by Pinnick oxidation, which further converted to pehydro-5-oxo-
furo[2,3,b]furanes 236 using ozonolysis followed by cyclization with a cat. p-TsOH in a
moderate yield (Scheme 1.38).1%

Our research group had again reported the one more synthetic application of C-3 glycals
to the synthesis of 2,8-dioxabicyclo[3,3,1]nonane derivatives of type 239 and 240. It was obtained
by trapping of oxonium ion intermediate in intramolecularly by silyl vinyl ethers, which formed
by treatment of TMOTHT, in good yield (Scheme 1.39).13! On the other hand, bridged bicyclic
acetals 240 were synthesized by treatment of TMSOTT to alcohols of 3-C-branched sugars, which

were obtained by reduction of aldehyde such as 238 with a NaBHj4, in good yield (Scheme

TMSOTf, CH,Cl,  BnO © ‘0,
> O
. o 84% A
0. O Claisen BnO BnO n,/)
BnO " Rearrangement |
| “ | 239
L —— > BnO Y
BnO' -
0]
OHC i. NaBH,, EtOH Bno/\ij"’o
237 238 " . v
ii. TMSOTf, CH,Cl, BnO' ',,//
78%
240

1.39).13¢

Scheme 1.39 Synthesis of 2,8-dioxabicyclo[3,3,1]nonane system from C-3 glycals

By using this mathodology, the same research group had reported the total synthesis of
Isoneosemburine 246 and neosemburine from allyl vinyl ether via a 3-C-branched glycal
derivative. Allyl vinyl ether 241 were deacetylated, then oxidation and olefination by using DMP
and Wittig reagent in sequence. Later converted to 3-C-aldehyde 244 by Claisen rearrangement
reaction conditions. Finally, isoneosemburine 246 obtained from aldehyde 244 by NaBH.

reduction and TMSOTT catalyzed Acetylysation, in a better yield (Scheme 1.40).13!
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AcO™ U W

(0]
ey,
=

246

Isoneosemburine

i K2C03, MeOH
rt, 96%

ii. DMP, NaHCOg3,
CH,Cl,, 25 °C

TMSOTf
(15 mol%)

CH,Cly, MS
0°C, 85%

Ph3PCH2CH3Br

M j n-BuLi, THF, -78 °C W
NS

7

NaBH4 EtOH

0°C, 96%

243
N,N-dimethyl aniline,
nitrobenzene, 160 °C,
3 hr, 62% (three steps)

A

244

Scheme 1.40 Synthesis of isoneosemburine from 3-C- branched glycal.
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Scheme 1.41 Synthesis of Neosemburine from 3-C- branched glycal.
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On the other hand, neosemburine was synthesised from &-hydroxy ketone 27, through
dynamic Kkinetic asymmetric transformation, Wittig olefination and TMSOTTf catalytic
acetalysation, which could be synthesised from 3-C-branched alcohol 5 by acetylation,
acetalysation with methanol, selective TBS protection of 1°alcohol, oxidation of 2° alcohol to
ketone and TBS deprotection with TBAF, in good yield (Scheme 1.41).13
Recently, Sridhar et al.®2 reported a stereoselective synthesis of p-C-disaccharides of type
256 from the 3-C-branched and 3-deoxy glycals such as 255 by treatment of TMSOTT, in good to

better yield (Scheme 1.42). The resulted p-C-disaccharides 257-259 converted into hemiketals of

OBn
Bno OBn TMSOTf (0.3 equiv.) o OBn
o0  CHyCl, 4 A"MS OBn
> (@) OBn
= .78 °C, 85% \ 0
BnO BnO
255 256
1
R20Bn R? i. O3, DMS, R20Bn BnO_ 2 EtsSiH, R20BnN BnO_ 2
CH,Cl,, -78 °C BF;.OFEt
. o R oBn —=>2 - 00 R $OF o 00 »
R \ 5 ii. NaHCO3, MeOH R CH,Cl, R
R3 R® R® R3 H R®
257:R'=0Bn, R?, R%=H 260:R'=0Bn, R, R%=H 91% 263:R'=0Bn, R%, R%=H 98%
258:R", R%=H, R?=0Bn 261:R', R%=H, R?>=0Bn 80% 264:R", R®=H, R>=0Bn 92%
259:R'=0Bn, R%=H, 262:R'=0Bn, R?=H, 265:R'=0Bn, R?=H,
R3=CH,CH,0Bn R3=CH,CH,OBn  85% R3=CH,CH,OBn  90%
BnO 2OB
R20Bn R20Bn R? NaBH OH OBn
o © LI w/v\/\
CH2C|2 OBn
266:R'=0Bn, R?>=H 93% 260:R'=0Bn, R?=H
) ) 268:R'= 2_ 0
267:R'=H, R%=0Bn 92% 261:R'=H, R2=0Bn 68:R'=H, R™=0Bn 80%

Scheme 1.42 Synthesis and applications of f-C-disaccharides using C-3 glycals.
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type 260-262 by ozonolysis and deformylation. B-C-disaccharide derived adjacent THP-THF ring
systems such as 263-265 were obtained by treating with triethyl silane in the presence of
BFs.OEt,. The natural product mucosine possesses the same framework (Scheme 1.42). Later, -
C-glycosyl furans 266 and 267 had been synthesised by using trifluoroacetic acid, and B-C-
glycosides such as 268 had also been sythesised with NaBH4 from the corresponding hemiacetals

formed from B-C-disaccharides (Scheme 1.42).

Similarly, 4-C-branched glycals are also found as the intermediates in the syntheses of natural

products and one such example is given below (Scheme 1.42).78 79¢. 133

o) o
Me3SiO |
- /4, ., (@)
o — ' o” "~
OCOEt COOMe
169 269

Advanced Intermediate
in the synthesis of
antibiotic X-14547A

Scheme 1.42 4-C-branched glycal in the syntheses of natural products.
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1.6.3 Few synthetic applications of deoxy glycals

Deoxy sugars are observed in several natural products usually in toxins called ladder toxins,
because of their structure, generated majorly by marine organisms.'3* In this context, deoxy glycals
are plenteous starting material in their syntheses.

Torst had proposed an iterative procedure for the syntheses of trans-fused polycyclic
tetrahydro-pyrans by using 3-deoxy glycals to synthesis the ring skeletons of prymnesin and
yossotoxin. Firstly, The 3-deoxy glucal 270 was transformed to propargylic alcohol such as 271,
then the stereochemistry at C-2 hydroxyl group was later inverted using a series of reagents PCC,
DBU and LAH in sequence. Using Ruthenium catalysis, the propargyl glycoside 272 was
transformed to the bicyclic-dihydropyran derivative 273. They had successfully converted the
compound 273 to tricyclic tetranydropyaran derivative 274 (Scheme 1.43),% which was utilized
for the synthesis of biologically active molecules. Later days, Oguri had reported the same kind of
tricyclic ether of type 275 by using samarium iodide catalyzed coupling reaction (Scheme 1.43).1%¢

i. PCC, CHyCl, CpRu(PR3):Cl

BnO 0 \ ii. DBU, CH,Cl, Ar\j/\ (C4H9 ANPFg
Bno\“ OH iii. LAH THF Bno\ ‘, \

62%

271 v

DMF, 85 °C

i. DMDO | ii. —\ 70% repeat

CH,Cl,, MgBr steps 1,2,3
-78 °C Et,0, 78%
(0]
NG & e
K BnO |
BnO' A A -
BnO 0
H H
270 275

Scheme 1.43 3-deoxy-glucal based iterative approach to polycyclic tetrahydropyrans.

2,3-dideoxy-O-glycosides are found in various glycosidase inhibitors as most vital O-glycosidic
skeletons and 3-deoxy-glucals provide as the sugar platform to construct such O-glycosides.®!

Trost and coworkers constructed narbosine 279 (Scheme 1.44) by employing ruthenium mediated
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cyclo isomerization as an important step from the deoxy glycal 276.13" Along with all these reports,
3-deoxy glycals provided as starting-materials in the synthesis of several natural products.

., OTBS

/1, oTBS /1, (@]
/7, O M = = ‘
. HO . ~~"  Ru catalyst .
| > ’/,' (o] O\ o > ’/,' (o] O\
PMBO TSOH7, thH3 U 65% U
0% PMBO PMBO

276 277 278
i. CSA, MeOH

ii. DDQ, H,0
CH,Cly, 60%

/

III'KOJ/OCHS
HO

Narbosine B, 279

Scheme 1.44 Syntheses of O-glycoside from 3-deoxy-glucal.

Similarly, 4-deoxy-glycals also are utilized as starting material in the syntheses of various natural
compounds. Such an example is the syntheses of centrolobine 281 by using 4-deoxy-glycal which

shown below (Scheme 1.45).1%8

MeO

MeO OBn
(@]
| R (0]
4»

OH
280 Centrolobine, 281

Scheme 1.45 Syntheses of centrolobine from 4-deoxy-glucal.
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1.7 Motivation for the work presented in the thesis

With these confined reports of literature accessible over the simple-glycals, Carbon-
branched glycals, and deoxy glycals, we were attracted more towards the 3-C-branched-glycals
because of they possess undermined status among the all-carbon branchedglycals. We strongly
trusted the 3-C-branched skeleton can be used to obtain the significant skeletons possessing
biological and medicinal applications or can be involved in the syntheses of natural products. In
the next chapters of this thesis, we have reported the reasonable work to explore the synthesis of
3-C-branched glycals, their direct synthetic applications, and the synthetic application of deoxy

glycals from the different sugars available.
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2.1 Introduction

The structural reorganizational “shifts” in carbocation intermediates has received
immense importance in the development of novel methodologies and innovative protocols for
the total synthesis of several natural products.® The study of such intermediates form the basis
of fundamental and practical chemistry.2 A couple of named reactions have been evolved based
on the skeletal reorganization of this reactive species.® In this context, the oxocarbenium ion
rearrangement reactions in carbohydrate derivatives have been immensely studied for a long
time.* By virtue of the presence of the endocyclic oxygen in these substrates stabilize the
carbocation at the anomeric position by forming the oxocarbenium ion.°> Glycals, the 1,2-
unsaturated cyclic sugar derivatives, have been one of the primary sources for the generation of
oxocarbenium ion, in the presence of an acid catalyst, to study various glycosylation reactions.®
Appropriately functionalized glycals undergo rearrangement reactions in the presence of a
Lewis acid catalyst.” Apart from the Ferrier type rearrangement of glycals, dimerization of
glycals® and Gin’s® hypervalent iodine mediated oxidative ring contraction of 6-deoxy-gulal are
noteworthy. Recently, Steel et al. showed that 3,4,6-tri-O-benzyl D-glucal 1 in the presence of
catalytic amount of acetyl perchlorate converts into a bicyclic acetal 3 through an unusual 1,7-
hydrogen shift.X® While carrying out this transformation using 3-deoxy 4,6-di-O-benzyl glycal
2 we have observed a stereoselective dimerization reaction which led to the formation of 2-(j-
C-glycosyl)-glycal 4 (Scheme 2.1).

Scheme 2.1 Lewis acid catalysed 1,7-hydrogen shift and glycal dimerization reactions.

AcClO,4 (0.5 eq), O= H

0
BnO | CHiCl, -78°C, 20 h Ph o
Bno\\\“ = OBn
40%
OBn OBn
1 3
TMSOTf (0.3 eq), OBn OBn
BnO o CH,Cl,, -78 °C, 15 min OBn
U > BnO (e}
86%
BnO o \ o
2 4
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This typical reactivity of 3-deoxy glycals under Lewis acid conditions prompted us to
investigate further on the fate of oxocarbenium ion generated using these scaffolds. Thus,
herein we report an unusual 1,6 or 1,5 alkyl transposition reaction of 3-deoxy glycals providing

carbon branched 1,6-anhydrosugar derivatives.

2.2 Results and Discussion

On To study the influence of the protecting groups in the C-disaccharide formation using
3-deoxy glycals, we have attempted to carry out the dimerization reaction of 3-deoxy 4,6-di-O-
(p-methoxybenzyl) glucal 5. However, to our surprise, glycal 5 upon treatment with TMSOTf
(0.1 eq) at -78 °C in dichloromethane did not provided the expected dimer 7. Instead, the major
product was found to be the 1,6-anhydro 2-C-branched levoglucosan derivatives 6a and 6b. The
structure and stereochemistry of the products were fully established by 'H, *C, COSY and
NOESY NMR experiments (Scheme 2). In the proton NMR spectra of 6a the axial hydrogen at
C2 position appeared as a multiplet at 62.19-2.27 whereas in compound 6b the equatorial
hydrogen at C2 appeared at 61.90. This is apparent due to the 1,3-diaxial interactions of the
axial oxygen at C4 which deshield the C2 axial hydrogen to a lower 6 value in 6a. Similarly,
the protons on the benzyl carbon at C2 in compound 6a appeared & 2.39 and 6 2.57 whereas in

6b they have 6 2.87 and 6 2.94.

OPMB

kloj TMSOTF 6\/@/ EI
W CH,CI , /@r
PMBO o PMBO" PMBO"

Observed

OPMB PMBO H NOE §82.57 and §2.39
OPMB 4 o ,\g H
(o] H
e " (noE) H->5 1.90
! Lo H PMBO ¢
Expected PMBO i f ¥
0219-227 OMe 52.94 and 5 2.87 OMe

Scheme 2.2. An unprecedented 1,6-alkyl shift in 3-deoxy glucal derivative
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This again provide the ample evidence for the assigned stereochemistry at the C2 position for
compound 6a and 6b (Scheme 2).

However, in view of obtaining the crystal structure various methods to crystalize either
compound 6a or 6b were unsuccessful. Then, we planned to synthesize derivatives of the
compounds 6a or 6b expecting to get a crystal. Towards this, compound 6b was subjected to
the hydrogenolysis to get alcohol 8 which was esterified with 4-bromobenzoyl chloride and 4-
nitrobenzoyl chloridel to give the benzoate derivatives 9 and 10, respectively (Scheme 3). To
our fortune, compound 9 was found to be a solid and we were able to crystalize this using

ethylacetae and hexane. The ORTEP diagram of ester 9 is provided in the figure 1.2

o)
Q 0.__Cl
PMBO o)
0
OMe
6b L 0. 0
Pd/C, H, e
' M2 | 9go,
MeOH l & DIPEA, OMe
CH,Cly, 95%
o 9
0
0.__Cl Br
HO o)
0
8 OMe !
NO, 0
L
Et:N, OMe
CH,Cl,, 98%
NO, 40

Scheme 2.3. Synthesis of the derivatives of compound 6b.
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Figure 2.1. The ORTEP diagram of compound 9.2

The unprecedented formation of the C2-branched bicyclic acetals 6a and 6b and the
importance of levoglucosan (1,6-anhydrosugar) derivatives in the total synthesis of natural
products made us curious to study the generality of various orthogonally protected 3-deoxy
glycal derivatives. Thus, 3-deoxy 4-O-benzyl 6-O-(p-methoxybenzyl) glucal 12'% was
synthesized from 3-deoxy 4-O-benzyl glucal 11'* and subjected to TMSOTT (0.1 eq) at -78 °C.
Interestingly, this reaction also provided the 2-C- branched levoglucosans 13a and 13b, as 1:1
mixture of diastereomers and no isolable amount of the corresponding 2-(p-C-glycosyl)-glycal
derivative was observed. Application of the similar method on 3-deoxygalactal derivative 15,
synthesized from 14, provided the corresponding 1,6-anhydro 2-(p-methoxybenzyl) 3-deoxy
galactose derivative 16 as a single diastereomer in moderate yield (Table 1, entry 2).
Interestingly, 6-O-(p-methoxybenzyl)-3,4-dideoxy glucal 18, obtained by the p-
methoxybenzylation of 17, upon treating with TMSOTT provided a 1:1 diastereomeric mixture
of 2-C-branched levoglucosan derivatives 19a and 19b via an unprecedented 1,6-migration of
the p-methoxybenzyl (PMB) group. We assumed that the possible reason for the migration of
the PMB group from C6-oxygen to the C2 might be due to its higher carbocation stabilization

than the unsubstituted benzyl group.
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Table 2.1. Synthesis of 2-C-branched levoglycosan derivatives by 1,6-alkyl transposition.

Gy

R=H, OBn, OPMB = PMB, Pre”Y'
Fully protected 6,8-dioxabicyclo[3.2.1]
Entry 3-d lycal
ntry eoxy glycal 4 -deoxyglycals (%)? octane (%)?
OH PMB
I
BnO BnO Bn
—
OMe
11 12 (95) 13a:13b (90) (1:1 mIX
o
OH OH PMBO OPMB  PMBO 2

2%%

15 (98) 16 (55)° OMe
OH OPMB
3 o o
—
17 18 (95) 19a:19b (60) (1:1 m|x)°
O\/\(
4 1 B
Bn O
OBn
20(80) 21a:21b (50) (1:1 mix)>°
~3,4-DMB
5 11 %
—
OBn
22(80) 23 (50)
O—geranyl
“geranyl
6 11 o &
—
24(90) 25 (52)°
OPMBz OPMBz BnO OPMBz
7 1
_—— \ 5
26 (85) 27 (51)°

[a] Yield refers to pure and isolated products. [b] the major byproduct was found to be the corresponding 2-(4-
alkyloxy)6,8-dioxabicyclo[3.2.1] octane derivative. [c] the diasteriomericratio was calculated based on the H
NMR spectra of crude product. [d] the stereochemistry at the anomeric position was assigned based on H-'H
NOESY experiment.

Keeping this in mind, we further investigated the alkyl groups which could stabilize the
carbocation. In this process, we have chosen to use the prenyl group in place of PMB. Thus,

prenylation of glucal 11 provided the 3-deoxy 6-O-prenyl glucal derivative 20, and it was
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subjected to the acid catalyzed 1,6-migration reaction. To our delight, under the similar
reaction conditions, prenyl group underwent the 1,6-migration and provided the 2-C-prenyl
levoglucosan derivatives 21a and 21b in 50% vyield. To evaluate the feasibility of dimethoxy
substituted benzyl migration the C-6 position of the glycal 11 was alkylated with 3,4-
dimethoxy benzyl bromide to give compound 22 and subjected to catalytic TMSOTf at -78 °C.
However, this reaction did not yield the expected 2-C-branched glycal. Instead, the reaction
provided only the 2,3-dideoxy levoglucosan derivative 23. Later, a C-6 geranylated glycal 24
was synthesized and subjected to the migration reaction conditions. Surprisingly, it was found
that the geranyl group was very stable under the reaction conditions and no reaction was
observed at -78 °C. When the reaction mixture was allowed to 0 °C, hydration of the glycal
was observed and the product 25 was isolated in 52% yield. These results suggest that only
some typical carbocation stabilizing groups could be allowed to this novel unprecendented
migration reaction. Further, to investigate the migratory aptitude of the p-methoxybenzoyl
group, 3-deoxy 4-O-benzyl 6-O-benzoyl glucal 26 was synthesized by p-methoxybenzoylation
of 11, and subjected to TMSOTT. However, the reaction provided the 2-(B-C-glycosyl)-glycal
derivative 27 as the only isolable product in 51% yield (Table 1, entry 7).

Based on the product formation, a possible mechanism is proposed for the
formation of the 2-C-branched levoglucosan derivative. Accordingly, glycal 5 upon reaction
with TMSOTf might form the corresponding oxo-carbenium ion intermediate 5a. This
oxocarbenium ion can further undergo deprotonation to give the 2-trimethylsilyl glycal
derivative 5b and triflic acid. On the other hand, intermediate 5a can have the resonance
structure 5c¢ by the participation of the lone pair of electrons present on the C6-oxygen which
further will have the extended resonance structures 5d and 5e. Finally, regeneration of the
catalyst, TMSQOTHT, by reaction of the triflate anion on to the trimethylsilyl group which could
help in the formation of a new C-C bond between C2 and the p-methoxybenzyl carbon will

lead to the formation of the 1,6-migrated products 6a and 6b (Figure 2).
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Figure 2.2. Proposed mechanism for the 1,6-alkyl transposition reaction; synthesis of 2-C-

branched levoglycosan derivatives.

Having synthesized, a series of 2-C-branched levoglycosan derivatives involving 1,6-
transposition reaction, we focused our attention on incorporating the p-methoxy benzyl or
prenyl group on another oxygen atom, apart from the C6 position. Thus, p-methoxy benzyl
protected 3-deoxy 3-C-branched glycal 29 was synthesized from glycal 281" and subjected to
TMSOTf mediated 1,6-transposition reaction. Interestingly, this reaction also proceeded
smoothly and gave the expected 2,3-dideoxy carbon-branched bicyclic acetal 30 as a 1:1
mixture of diastereomers in 60% yield (Table 2, entry 1). Extending the methodology to other
PMB protected 3-C-branched galactal derivative 32, synthesized from 31, also led to the
formation of the 1,5-alkyl migrated carbon-branched bicyclic acetal 33 (table 2, entry 2).
Further, we proceeded to investigate the generality of this 1,5- alkyl transposition reaction
using prenyl protected 3-C-branched glycals. Thus, the hydroxyl group in 3-C-branched
glycals 28 and 31 were treated with prenyl bromide in the presence of NaH in THF to obtain
prenyl ether containing 3-C-branched glycals 34 and 36. Subjecting these glycals to TMSOTT
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Table 2. Synthesis of 2,3-dideoxy 2- and 3-C-branched bicyclic acetal derivatives by 1,5-alkyl

transposition reaction.

BnO BnO R’
O O
BnO B > BnO B .
OH R’ Bno °
BnO o
Entry 3-C-Branched Protected-3-C-Branched 2,8-dioxabicyclo[3.3.1]
alcohol glycal (%)? nonane derivative (%)@
BnO BnO
(@) (@)
1 BnO B BnO B MeO A
OH OPMB Bngno o
28 29 (96) 30a:30b (60) (1:1)2°
BnO OBn BnO OBn Meo@
(0] (@)
2 %\ %\ B
O
OH OPMB o
BnO
3 32 (95) 33a:33b (50) (1:1)P°
BnO )\/
BnO (0] N
(e} BnO
3 BnO B %
O
AN O
OH W BnO o
BnO
28 34 (95) 35a:35b (50) (1:1)P°
BnO _OBn )\/
BnO _OBn
n S 0 .
4 — BnO
—
O 0]
X
OH \/Y BnO 0
31 36 (95) 37a:37b (50) (1:1)2°
OPMBz
BnO BnO
BnO ° BnO °
n n
5 = = BnO
OH OPMBz
28 38 (70) 39 (80)¢

[a] Yield refers to pure and isolated products. [b] the diasteriomeric ratio was calculated based on the *H NMR spectra of crude product.
[c] the major byproduct was found to be the corresponding 4-(benzyloxy)-3-((benzyloxy)methyl)-2,8-dioxabicyclo[3.3.1]Jnona ne
derivative. [d] the stereochemistry at the anomeric position was assigned based on *H-'H NOESY experiment.

at -78 °C provided the 2-C-prenyl substituted 3-C-branched bicyclic acetals 35 and 37,

respectively, as a 1:1 mixture of diastereomers. However, 1,5-alkyl transposition of the p-
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methoxybenzoyl group in glycal derivative 38 was again unsuccessful. Instead, this reaction

provided the C-disaccharide 39 as a single diastereomer (table 2, entry 5).

2.3 Conclusions

In conclusion, we have reported an unprecedented 1,5- and 1,6-alkyl transposition
reaction of 3-deoxy glycals. The methodology provides access to the synthesis of various 2-C-
branched levoglycosan derivatives as well as 2,8-dioxabicyclo[3.3.1]nonane systems. To the
best of knowledge, this is the first of its kind in the literature. The application of the developed
methodology in the total synthesis of natural products and novel sugar derived scaffolds is in

progress.

2.4 Experimental Section

2.4.1 General Methods

All the reactions were carried out under nitrogen or argon atmosphere and monitored by thin
layer chromatography (TLC) using silica gel GF2s4 plates with detection by charring with 5%
(v/v) H2SOg4 in methanol or by phosphomolybdic acid (PMA) stain or by ultra violet (UV)
detection. All the chemicals were purchased from local suppliers and Sigma-Aldrich
Chemicals Company. Solvents used in the reactions were distilled over dehydrated agents.
Silica-gel (100-200 mesh) was used for column chromatography. 'H, 3C, DEPT, COSY,
NOESY spectra were recorded on Bruker 400 MHz and 500 MHz spectrometer in CDCls. 'H
NMR chemical shifts were reported in ppm (8) with TMS as internal standard (5 0.00) and *C
NMR were reported in chemical shifts with solvent reference (CDCls, & 77.00). High resolution

mass spectra (HRMS) were obtained in the ESI mode.
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2.4.2 Experimental procedures and spectral data

2.1 (2R,3S)-3-((4-methoxybenzyl)oxy)-2-(((4-methoxybenzyl)oxy)methyl)-3,4-dihydro-2H
-pyran (5)

NaH, PMBCI, OPMB

TBAI, THF
0 - 0
HO% 0°C to RT PMBO&

12 hr's, 98% 5

A stirred solution of 3-deoxy D-glucal (1.7 g, 13.0 mmol) in anhydrous THF (20 mL) under
inert atmosphere was cooled to 0 °C. NaH (60%, 1.56 g, 39.0 mmol) was added portion wise to
the solution with stirring over a period of 20 min. After continuous stirring for further 1 h at 0
°C, p-methoxy benzyl chloride (5.12 g, 32.67 mmol), TBAI (cat) were added and stirring was
continued for overnight at 25 °C. The reaction was quenched with slow addition of cold water
and extracted with ethyl acetate. The combined organic layers were dried over anhydrous
Na>SO4 and concentrated under reduced pressure to obtain crude product. Purification of the
crude product by column chromatography over silica gel using hexanes and ethyl acetate
provided pure (2R,3S)-3-((4-methoxybenzyl)oxy)-2-(((4-methoxybenzyl)oxy)methyl)-3,4-
dihydro-2H-pyran 5 (4.94 g) in 98% yield. Ry 0.8 (20% EtOAc/hexanes). [a]3> 70.2 (c 1.0,
CHCI3); IR (neat): 3070, 2992, 2910, 2863, 1653, 1612, 1513 cm™. 'H NMR (500 MHz,
CDCls): § 7.30 (d, 2H, J = 8.5 Hz), 7.20 (d, 2H, J = 8.5 Hz), 6.89 (d, 2H, J = 8.5 Hz), 6.87 (d,
2H, J = 8.5 Hz), 6.38 (dt, 1H, J = 2.0 Hz, J = 6.0 Hz), 4.64-4.66 (m, 1H), 4.59 (d, 1H, J = 12.0
Hz), 4.58 (d, 1H, J = 11.0 Hz), 4.53 (d, 1H, J = 11.5 Hz), 4.46 (d, 1H, J = 11.0 Hz), 3.88-3.91
(m, 1H), 3.82 (s, 3H), 3.81 (s, 3H), 3.76-3.79 (m, 3H), 2.35-2.41 (m, 1H), 2.08 (ddt, 1H, J =
2.5 Hz, J =85 Hz, J = 16.5 Hz. 3C NMR (125 MHz, CDCls): & 159.13, 159.11, 143.01,
130.21, 130.11, 129.41, 129.26, 113.68, 113.66, 97.58, 76.71,

73.08, 70.70, 70.03, 68.54, 55.17, 55.16, 26.52. HRMS (ESI) calcd for Cz2H2605+NHa
388.2124, found 388.2124.
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2.2 (1R,2S,4S,5R)-4-(4-methoxybenzyl)-2-((4-methoxybenzyl)oxy)-6,8-dioxabicyclo[3. 2.1]
octane(6a); (1R,2S,4R,5R)-4-(4-methoxybenzyl)-2-((4-methoxybenzyl)oxy)-6,8-
dioxabicyclo [3.2.1]octane (6b)

0]

OPMB  1MsOTY, CH,C, EO%
() ’
PMBO/% 78 °C, 15 min Soms” @\
95% OMe
5 6a =1,2-cis
6b =1,2-trans

A stirred solution of compound 5 (700 mg, 1.9 mmol) in dry dichloromethane (20 mL) under
inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTT (34
pL, 0.19 mmol) was added dropwise and continued stirring at the same temperature. After 15
min the reaction was quenched by the addition of EtsN (~60 L) and allowed it to come to room
temperature. The reaction mixture was filtered through a small pad of Celite and the filter cake
was washed with dichloromethane (20 mL). Evaporation of the solvent under reduced pressure
follow by column chromatography of the obtained crude product provided the mixture of 2-C-
branced levoglucosan derivatives 6a and 6b (1:1) (666 mg) as a colorless gum in 95% yield.
Rr. 0.75 (20% EtOAc/hexanes). 6a: IR (neat): 2934, 2892, 2835, 1610, 1509 cm™. *H NMR
(400 MHz, CDCl3): & 7.27 (d, 2H, J = 8.4 Hz), 7.08 (d, 2H, J = 8.8 Hz), 6.88 (d, 2H, J = 8.8
Hz), 6.83 (d, 2H, J = 8.4 Hz), 5.26 (s, 1H), 4.56-4.58 (m, 1H), 4.50-4.54 (m, 2H), 3.82 (s, 3H),
3.81 (s, 3H), 3.77-3.79 (m, 1H), 3.71-3.73 (m, 1H), 3.35-3.36 (m, 1H), 2.57 (dd, 1H, J = 8.0
Hz, J = 13.6 Hz), 2.39 (dd, 1H, J = 6.8 Hz, J = 13.6 Hz), 2.19-2.27 (m, 1H), 1.74-1.79 (m, 1H),
1.44-1.49 (m, 1H). 3C NMR (100 MHz, CDCls): § 159.19, 157.90, 131.07, 130.23, 129.90,
129.22, 113.79, 113.75, 103.36, 74.58, 72.58, 70.07, 66.41, 55.25, 55.21, 39.12, 37.30, 27.64.
HRMS (ESI) calcd for C22H260s+Na* 393.1672, found 393.1672. 6b: [a]3® -50.4 (¢ 0.63,
CHCls); IR (neat): 2956, 2920, 2853, 1608, 1510 cm™. *H NMR (400 MHz, CDCls): § 7.33
(d, 2H, J = 8.8 Hz), 7.14 (d, 2H, J = 8.8 Hz), 6.91 (d, 2H, J = 8.8 Hz), 6.84 (d, 2H, J = 8.8 Hz),
5.37 (s, 1H), 4.61-4.64 (m, 2H), 4.54 (d, 1H, J = 12.0 Hz), 3.83 (s, 3H), 3.80 (s, 3H), 3.75-3.79
(m, 2H), 3.32-3.33 (M, 1H), 2.94 (dd, 1H, J = 7.2 Hz, J = 13.6 Hz), 2.87 (dd, 1H, J = 9.2 Hz,
J =14.0 Hz), 1.90 (dd, 1H, J = 7.6 Hz, J = 15.6 Hz), 1.78-1.84 (m, 1H), 1.67 (d, 1H, J = 14.8
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Hz). ®°C NMR (100 MHz, CDCls): § 159.18, 157.84, 132.76, 130.46, 130.16, 129.05, 113.83,
113.74, 104.09, 75.33, 73.17, 70.12, 66.03, 55.28, 55.24, 40.48, 36.40, 23.17. HRMS (ESI)
calcd for C22H260s+Na* 393.1672, found 393.1671.

2.3 (1R,2S,4R,5R)-4-(4-methoxybenzyl)-6,8-dioxabicyclo[3.2.1]octan-2-ol (8)

0 0
Q Pd/C, H, Q
OPMB MeOH, 12 hr OH
95 %
OMe OMe
6b 8

A stirred solution of compound 6b (200 mg, 0.27 mmol) in dry methanol (10 mL) under inert
atmosphere was added Pd/C (10 mol %) at RT. The reaction mixture was degasified followed
by purged hydrogen gas and continued stirring at the same temperature under hydrogen
atmosphere for 12 hrs. The reaction mixture was filtered through a small pad of Celite and the
filter cake was washed with methanol (5 mL). Evaporation of the solvent under reduced
pressure follow by column chromatography of the obtained crude product provided the pure
(1R,2S,4R,5R)-4-(4-methoxybenzyl)-6,8-dioxabicyclo[3.2.1]octan-2-0l 8 (128 mg) in 95%
yield. Rr: 0.35 (50% EtOAc/hexanes). IR (neat): 3407, 2926, 1652, 1610, 1582, 1510 cm™. 1H
NMR (400 MHz, CDCls): 6 7.15 (d, 2H, J = 4.4 Hz), 6.85 (d, 2H, J = 8.4 Hz), 5.36 (s, 1H),
4.53 (d, 1H, J = 1.8 Hz), 3.83 (m, 2H), 3.80 (s, 3H), 3.70 (s,1H), 2.91(dd, 1H, J = 7.2 Hz, J =
13.6 Hz), 2.79 (dd, 1H, J = 8.4 Hz, J = 13.6 Hz), 2.19 (bs, 1H), 1.88-1.98 (m, 2H), 1.59 (d, 1H,
J =13.2 Hz). ®C NMR (100 MHz, CDCls): § 157.89, 132.01, 130.05, 113.79, 103.99, 77.65,
67.59, 65.95, 55.21, 40.34, 37.45, 26.67. HRMS (ESI) calcd for Ci4H1804+Na* 273.1097,
found 273.1092.
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2.4 (1R,2S,4R,5R)-4-(4-methoxybenzyl)-6,8-dioxabicyclo[3.2.1]octan-2-yl 4-bromoben -

zoate (9)
o)
o) 0
0 p-BrBzCl, DIPEA
DMAP, dry THE OO
OH RT, 12 hr's
95%, OMe
OMe

To asolution of 8 (60 mg, 0.24 mmol) in anhydrous tetrahydrofuran (1 mL) cooled at 0 °C were
added N,N-diisopropylethylamine (100 pL, 0.574 mmol) and 4-(dimethylamino)pyridine (12
mg, 0.1 mmol) followed by p-bromobenzoyl chloride (94 mg, 0.48 mmol), and the resulting
mixture was stirred at 60 °C for 6 h. The mixture was cooled to room temperature, ethyl acetate
and water were added, and the organic phase was successively washed with 0.5 M aqueous
hydrochloric acid solution and brine. The organic phase was dried over anhydrous Na>SOa,
concentrated and the crude material was purified by column chromatography over silica gel
using hexane and ethyl acetate provided pure (1R,2S,4R,5R)-4-(4-methoxybenzyl)-6,8-
dioxabicyclo[3.2.1]octan-2-yl 4-bromobenzoate 9 (99 mg) in 95% vyield. Rs 0.37 (20%
EtOAc/hexane). IR (neat): 2949, 2894, 2830, 1712, 1610, 1588, 1510 cm™. *H NMR (400
MHz, CDCl3): & 8.04 (d, 2H, J = 8.5 Hz), 7.66 (d, 2H, J = 8.5 Hz), 7.06 (d, 2H, J = 8.5 Hz),
6.81 (d, 2H, J = 8.5 Hz), 5.42 (s, 1H), 4.98-4.99 (m, 1H), 4.71-4.73 (m, 1H), 3.96 (d, 1H, J =
7.6 Hz), 3.84-3.88 (m, 1H), 3.78 (s, 3H), 3.01 (dd, 1H, J = 7.2 Hz, J = 13.6 Hz), 2.85 (dd, 1H,
J=8.4Hz,J=13.6 Hz), 2.14-2.21 (m, 1H), 1.95-2.01 (m, 1H), 1.73 (d, 1H, J = 15.6 Hz). 3C
NMR (100 MHz, CDCls): 6 165.29, 157.96, 131.90, 131.85, 131.17, 129.87, 129.02, 128.40,
113.89, 103.85, 74.95, 70.00, 65.98, 55.19, 40.01, 36.51, 24.26. HRMS (ESI) calcd for
Co1H21BrOs+NH4" 450.0911, found 450.0910.
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2.5 (1R,2S,4R,5R)-4-(4-methoxybenzyl)-6,8-dioxabicyclo[3.2.1]octan-2-yl 4-nitrobenz -

oate (10)
o
0o 0
o p-NO,BzCl, DIPEA
DMAP, dry THF _ Ox 0
OH 0 °C to 60 °C oMo
6 h, 98%
OMe
8 NO, 10

To a solution of 8 (60 mg, 0.24 mmol) in anhydrous tetrahydrofuran (1 mL) cooled at 0 °C
were added N,N-diisopropylethylamine (100 puL, 0.574 mmol) and 4-(dimethylamino) pyridine
(12 mg, 0.1 mmol) followed by p-nitrobenzoyl chloride (94 mg, 0.48 mmol), and the resulting
mixture was stirred at 60 °C for 6 h. The mixture was cooled to room temperature, ethyl acetate
and water were added, and the organic phase was successively washed with 0.5 M aqueous
hydrochloric acid solution and brine. The organic phase was dried over anhydrous Na>SOa,
concentrated and the crude material was purified by column chromatography over silica gel
using hexane and ethyl acetate provided pure (1R,2S,4R,5R)-4-(4-methoxybenzyl)-6,8-
dioxabicyclo[3.2.1]octan-2-yl 4-nitrobenzoate 10 (94 mg) in 98% vyield. Ry 0.4 (20%
EtOAc/hexane). IR (neat): 2917, 2849, 1718, 1608, 1526, 1511 cm™. *H NMR (400 MHz,
CDCls): 6 8.24-8.38 (m, 4H), 7.06 (d, 2H, J = 8.4 Hz), 6.81 (d, 2H, J = 12 Hz), 5.44 (s, 1H),
5.04(s, 1H), 4.75 (d, 1H, J = 4.8 Hz), 3.99 (d, 1H, J = 8.0 Hz), 3.89 (d, 1H, J = 5.8 Hz), 3.78
(s, 3H), 3.03 (dd, 1H, J = 7.5 Hz, J = 13.7 Hz), 2.85 (dd, 1H, J = 8.6 Hz, J = 13.7 Hz), 2.22
(dt, 1H, J = 6.0 Hz, J = 15.5 Hz), 2.01-2.06 (m,1H), 1.76 (d,1H, J = 16.1 Hz). 3C NMR (100
MHz, CDClIs): 6 164.13, 158.00, 150.66, 135.44, 131.61, 130.75, 129.78, 123.69, 113.90,
103.79, 74.78, 70.81, 65.94, 55.17, 39.86, 36.56, 24.32. HRMS (ESI) calcd for
Co1H21NO7+Na* 422.1210, found 422.12086.
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2.6 (2R,3S)-3-(benzyloxy)-2-(((4-methoxybenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (12)

NaH, PMBCI,
OH TBAI, THF OPMB
0 > 0
Bnoﬁ 0°C to RT B”O{»
1 12 hr's 12

95%

A stirred solution of 3-deoxy-4-benzyl D-glucal 11 (0.507 g, 2.3 mmol) in anhydrous
THF (10 mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 0.14 g, 3.5 mmol) was
added portion wise to the solution with stirring over a period of 20 min. After continuous stirring
for further 1 h at 0 °C, p-methoxy benzyl chloride (0.47 g, 3 mmol), TBAI (cat) were added and
stirring was continued for overnight at 25 °C. The reaction was quenched with slow addition of
cold water and extracted with ethyl acetate. The combined organic layers were dried over
anhydrous Na;SOs; and concentrated under reduced pressure to obtain crude product.
Purification of the crude product by column chromatography over silica gel using hexanes and
ethyl acetate provided pure (2R,3S)-3-(benzyloxy)-2-(((4-methoxybenzyl)oxy)methyl)-3,4-
dihydro-2H-pyran 12 (0.78 g) in 95% yield. Rt: 0.5 (10% EtOAc/hexanes). [a]3® +44.3 (c 1.1,
CHCL); IR (neat): 3407, 3063, 3031, 2909, 2865, 1653, 1611, 1586, 1513 cm™. *H NMR (500
MHz, CDCl3): 6 7.30 - 7.38 (m, 7H), 6.90 (d, 2H, J = 8.5 Hz), 6.40 (d, 1H, J = 6.0 Hz), 4.66-
4.70 (m, 2H), 4.54-4.62 (m, 3H), 3.92-3.96 (m, 1H), 3.82 (s, 3H), 3.80-3.82 (m, 3H), 2.43 (dt,
1H, J =5.5Hz, J = 16.5 Hz), 2.12 (dd, 1H, J = 8.0 Hz, J = 16.5 Hz). ®°C NMR (125 MHz,
CDCl3): & 159.11, 143.01, 138.17, 130.12, 129.33, 128.24, 127.57, 127.54, 113.65, 97.47,
76.70, 73.05, 70.99, 70.44, 68.54, 55.11, 26.44. HRMS (ESI) calcd for C1H2404+NHs"
358.2013, found 358.2012.
2.7 (1R,2S,4S,5R)-2-(benzyloxy)-4-(4-methoxybenzyl)-6,8-dioxabicyclo[3.2.1]octane
(133); (1R,2S,4R,5R)-2-(benzyloxy)-4-(4-methoxybenzyl)-6,8-dioxabicyclo[3.2.1]Joctan e
(13b)
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o)
OPMB  1\MSOTY, CH,Cl, 1
o) > QY/, OMe
BnO B -78 °C, 15 min
90% OBn
13a =1,2-cis

12 13b = 1,2-trans
A stirred solution of compound 12 (116 mg, 0.34 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf
(6.2 pL, 0.034 mmol) was added dropwise and continued stirring at the same temperature. After
15 min the reaction was quenched by the addition of EtsN (~15 pL) and allowed it to come to
room temperature. The reaction mixture was filtered through a small pad of Celite and the filter
cake was washed with dichloromethane (10 mL). Evaporation of the solvent under reduced
pressure follow by column chromatography of the obtained crude product provided the mixture
of 2-C-branced levoglucosan derivatives 13a and 13b (1:1) (105 mg) as a colorless gum in 90%
yield. Rf: 0.45 (10% EtOAc/hexane). 13a: IR (neat): 2934, 2889, 1610, 1582, 1510 cm™. 'H
NMR (400 MHz, CDCls): § 7.30 - 7.40 (m, 5H), 7.10 (d, 2H, J = 8.8 Hz), 6.85 (d, 2H, J = 8.8
Hz), 5.28 (s, 1H), 4.58-4.65 (m, 3H), 3.81 (s, 3H), 3.72-3.79 (m, 2H), 3.38-3.39 (m, 1H), 2.59
(dd, 1H, J = 8.0 Hz, J = 13.6 Hz), 2.41 (dd, 1H, J = 7.6 Hz, J = 13.6 Hz), 2.22-2.30 (m, 1H),
1.78-1.84 (m, 1H), 1.44-1.51 (m, 1H). 3C NMR (100 MHz, CDCls): § 157.86, 138.16, 131.00,
129.85, 128.38, 127.63, 127.58, 113.72, 103.31, 74.50, 72.93, 70.38, 66.35, 55.17, 39.08, 37.24,
27.57. HRMS (ESI) calcd for Ca1H2404+NH,* 358.2013, found 358.2014. 13b: [a]3® -26.72
(c 0.3, CHCI3); IR (neat): 2915, 2853, 1655, 1608, 1515 cm™. 'H NMR (400 MHz, CDCl3): &
7.31 - 7.40 (m, 5H), 7.14 (d, 2H, J = 8.8 Hz), 6.84 (d, 2H, J = 8.8 Hz), 5.88 (s, 1H), 4.68 (d,
1H, J = 12.4 Hz), 4.64-4.66 (m, 1H), 4.62 (d, 1H, J = 12.4 Hz), 3.80 (s, 3H), 3.78-3.79 (m,
2H), 3.35 (m, 1H), 2.95 (dd, 1H, J = 6.8 Hz, J = 13.6 Hz), 2.88 (dd, 1H, J = 8.8 Hz, J = 14.0
Hz), 1.88-1.94 (m, 1H), 1.79-1.86 (m, 1H), 1.67-1.71 (m, 1H). 3C NMR (100 MHz, CDCls):
0 157.85, 138.41, 132.73, 130.17, 128.43, 127.61, 127.48, 113.75, 104.13, 75.22, 73.58, 70.50,
66.03, 55.25, 40.47, 36.41, 23.22. HRMS (ESI) calcd for C1H2404+Na* 363.1567, found
363.1568.
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2.8 (2R,3R)-3-((4-methoxybenzyl)oxy)-2-(((4-methoxybenzyl)oxy)methyl)-3,4-dihydro -
2H-pyran (15)

NaH, PMBCI,
OH OH TBAI, THF PMBO OPMB
o) — o
_— 0 OC to RT _—
12 hr's
14 98% 15

A stirred solution of 3-deoxy D-glucal 14 (0.85 g, 6.5 mmol) in anhydrous THF (10 mL)
under inert atmosphere was cooled to 0 °C. NaH (60%, 0.78 g, 19.5 mmol) was added portion
wise to the solution with stirring over a period of 20 min. After continuous stirring for further
1 hat 0°C, p-methoxy benzyl chloride (2.56 g, 16.33 mmol), TBAI (cat) were added and stirring
was continued for overnight at 25 °C. The reaction was quenched with slow addition of cold
water and extracted with ethyl acetate. The combined organic layers were dried over anhydrous
Na>SO4 and concentrated under reduced pressure to obtain crude product. Purification of the
crude product by column chromatography over silica gel using hexanes and ethyl acetate
provided pure (2R,3R)-3-((4-methoxybenzyl)oxy)-2-(((4-methoxybenzyl)oxy)methyl)-3,4-
dihydro-2H-pyran 15 (2.47 g) in 98% yield. R 0.65 (30% EtOAc/hexanes). [a]4>-1.44 (c 0.28,
CHCls); IR (neat): 3009, 2909, 2863, 1651, 1611, 1511 cm™. *H NMR (500 MHz, CDCls): §
7.25 (d, 2H, J = 9.0 Hz), 7.24 (d, 2H, J = 8.5 Hz), 6.89 (d, 2H, J = 9.0 Hz), 6.88 (d, 2H, J =
9.5 Hz), 6.41 (dt, 1H, J = 2.0 Hz, J = 6.5 Hz), 4.64-4.67 (m, 1H), 4.61 (d, 1H, J = 12.0 Hz),
451 (d, 1H, J = 11.5 Hz), 4.42 (d, 1H, J = 12.0 Hz), 4.41 (d, 1H, J = 11.5 Hz), 4.07-4.09 (m,
1H), 3.81-3.82 (m, 7H), 3.68 (dd, 1H, J = 7.0 Hz, J = 10.0 Hz), 3.58 (dd, 1H, J=5.0 Hz, J =
10.0 Hz), 2.16-2.22 (m, 1H), 2.09-2.14 (m, 1H). 3C NMR (125 MHz, CDCls): § 159.23,
159.20, 142.93, 130.28, 130.16, 129.48, 129.42, 113.73, 97.81, 75.24, 73.05, 70.62, 69.38,
68.39, 55.23, 55.22, 24.20. HRMS (ESI) calcd for C22H2605+NH4* 388.2118, found 388.2119.

2.9 (1R,2R,4R,5R)-4-(4-methoxybenzyl)-2-((4-methoxybenzyl)oxy)-6,8-dioxabicyclo
[3.2.1] octane (16)
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0
0
PMBO OPMB  ryioori cHcl, T MBO
O ?
_ -78 oC, 15 min
55%
15 16 OMe

A stirred solution of compound 15 (100 mg, 0.27 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf
(5 pL, 0.027 mmol) was added dropwise and continued stirring at the same temperature. After
15 min the reaction was quenched by the addition of EtsN (~10 pL) and allowed it to come to
room temperature. The reaction mixture was filtered through a small pad of Celite and the filter
cake was washed with dichloromethane (10 mL). Evaporation of the solvent under reduced
pressure follow by column chromatography of the obtained crude product provided the pure
(1R,2R,4R,5R)-4-(4-methoxybenzyl)-2-((4-methoxybenzyl)oxy)-6,8-dioxabicyclo[3.2.1]octa-
-ne 16 (55 mg) as a colorless gum in 55% yield. Ry: 0.6 (5% EtOAc/Toluene). [a]Z® -0.144 (c
0.91, CHCIs); IR (neat): 2947, 2893, 2832, 2361, 1610, 1583, 1517 cm™. *H NMR (500 MHz,
CDCls): § 7.23 (d, 2H, J = 8.5 Hz), 7.07 (d, 2H, J = 8.5 Hz), 6.89 (d, 2H, J = 9.0 Hz), 6.84 (d,
2H, J = 8.5 Hz), 4.51 (d, 1H, J = 11.5 Hz), 4.42-4.47 (m, 2H), 4.16 (d, 1H, J = 7.5 Hz), 3.83-
3.84 (m, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 3.71 (dd, 1H, J = 5.0 Hz, J = 7.0 Hz), 3.65-3.69 (m,
1H), 2.63 (dd, 1H, J= 7.0 Hz, J = 14.0 Hz), 2.40 (dd, 1H, J = 7.5 Hz, J = 13.5 Hz), 1.91-1.95
(m, 2H), 1.26-1.34 (m, 1H). 3C NMR (125 MHz, CDCl): § 159.23, 157.92, 131.26, 130.24,
129.86, 129.15, 113.82, 113.76, 102.73, 73.58, 72.60, 70.33, 65.03, 55.24, 55.20, 42.99, 37.08,
29.61. HRMS (ESI) calcd for C22H260s+NH,*™ 388.2118, found 388.2118.

2.10 (S)-2-(((4-methoxybenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (18)

NaH, PMBCI,

OH TBAI, THF OPMB
&i\ g &3\
B 0 oC to RT B
12 hr's
17 95% 18
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A stirred solution of 3,4-dideoxy D-glucal 17 (0.07 g, 0.613 mmol) in anhydrous THF (5
mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 0.098 g, 2.45 mmol) was added
portion wise to the solution with stirring over a period of 20 min. After continuous stirring for
further 1 h at 0 °C, p-methoxy benzyl chloride (0.288 g, 1.84 mmol), TBAI (cat) were added
and stirring was continued for overnight at 25 °C. The reaction was quenched with slow addition
of cold water and extracted with ethyl acetate. The combined organic layers were dried over
anhydrous Na»SOs; and concentrated under reduced pressure to obtain crude product.
Purification of the crude product by column chromatography over silica gel using hexanes and
ethyl acetate provided pure (S)-2-(((4-methoxybenzyl)oxy)methyl)-3,4-dihydro-2H-pyran 18
(0.137 g) in 95% vyield. R¢: 0.6 (10% EtOAc/hexanes). *H NMR (500 MHz, CDCls): § 7.29 (d,
2H, J = 8.5 Hz), 6.89 (d, 2H, J = 8.5 Hz), 6.41 (d, 1H, J = 6.5 Hz), 4.68-4.71 (m, 1H), 4.56 (d,
1H, J = 12.0 Hz), 4.51 (d, 1H, J = 12.0 Hz), 4.00-4.05 (m, 1H), 3.82 (s, 3H), 3.57 (dd, 1H, J =
6.0 Hz, J = 10.0 Hz), 3.50 (dd, 1H, J = 4.5 Hz, J = 10.0 Hz), 2.07-2.10 (m, 1H), 1.96-2.00 (m,
1H), 1.83-1.87 (m, 1H), 1.65-1.73 (m, 1H). 3C NMR (125 MHz, CDCls): § 159.17, 143.54,
130.17, 129.28, 113.72, 100.37, 74.02, 73.00, 72.09, 55.17, 24.56, 19.29. HRMS (ESI) calcd
for C14H1803+Na* 257.1148, found 257.1149.

2.11 (1S,5R)-4-(4-methoxybenzyl)-6,8-dioxabicyclo[3.2.1]octane (19a and 19b)

0
OPMB  1y150Tf, CH,C, Eo_j
(@) ’
&4\ -78 oC, 15 min \©\
60% OMe

18 19a:19b (1:1)

A stirred solution of compound 18 (70 mg, 0.298 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf
(5.4 pL, 0.0298 mmol) was added dropwise and continued stirring at the same temperature.
After 15 min the reaction was quenched by the addition of EtsN (~10 pL) and allowed it to
come to room temperature. The reaction mixture was filtered through a small pad of Celite and

the filter cake was washed with dichloromethane (5 mL). Evaporation of the solvent under
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reduced pressure follow by column chromatography of the obtained crude product provided
compounds 19a and 19b (42 mg) as an inseparable mixture of diastereomers in 1:1 ratio, as a
colorless gum in 60% vyield. Ry: 0.40 (10% EtOAc/hexanes); IR (neat): 2937, 2888, 1611, 1511
cm™. 'H NMR (500 MHz, CDCls): § 7.05 - 7.10 (m, 4H), 6.81-6.83 (m, 4H), 5.25 (s, 1H), 5.22
(s, 1H), 4.49-4.52 (m, 2H), 3.92 (d, 1H, J = 6.5 Hz), 3.87 (d, 1H, J = 7.0 Hz), 3.74-3.79 (m,
8H), 2.78 (dd, 1H, J = 7.0 Hz, J = 13.5 Hz), 2.60 (dd, 1H, J = 8.5 Hz, J = 14.0 Hz), 2.56 (dd,
1H, J = 7.5 Hz, J = 13.5 Hz), 2.37 (dd, 1H, J = 8.0 Hz, J = 13.5 Hz), 2.04-2.10 (m, 1H), 1.80-
1.93 (m, 4H), 1.53-1.58 (m, 1H), 1.48-1.52 (m, 1H), 1.42-1.47 (m, 1H), 1.35-1.40 (m, 2H). 3C
NMR (125 MHz, CDClz): 6 157.92, 132.46, 131.64, 129.89, 129.86, 113.82, 113.77, 104.03,
103.65, 73.86, 73.31, 68.14, 67.27, 55.24, 42.73, 41.05, 37.76, 35.22, 28.50, 25.36, 22.67,
19.04. HRMS (ESI) calcd for C14H1803+Na* 257.1148, found 257.1147.

2.12 (2R,3S)-3-(benzyloxy)-2-(((3-methylbut-2-en-1-yl)oxy)methyl)-3,4-dihydro-2H-

pyran (20)

OH prenyl bromide,

NaH, TBAI, THF OJ\(
BnO © o g 0
n ) 0°C to RT BnO >
12 hr's, 80%
1 20

A stirred solution of 3-deoxy-4-benzyl D-glucal 11 (0.55 g, 2.5 mmol) in anhydrous THF
(10 mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 0.2 g, 5.0 mmol) was added
portion wise to the solution with stirring over a period of 20 min. After continuous stirring for
further 1 h at 0 °C, 3,3-dimethylallyl bromide (0.56 g, 3.7 mmol), TBAI (cat) were added and
stirring was continued for overnight at 25 °C. The reaction was quenched with slow addition of
cold water and extracted with ethyl acetate. The combined organic layers were dried over
anhydrous Na»SO4 and concentrated under reduced pressure to obtain crude product.
Purification of the crude product by column chromatography over silica gel using hexanes and
ethyl acetate provided pure (2R,3S)-3-(benzyloxy)-2-(((3-methylbut-2-en-1-yl)oxy)methyl)-
3,4-dihydro-2H-pyran 20 (0.574 g) in 80% yield. Ry 0.8 (20% EtOAc/hexanes). [a]Z®> 75.86
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(c 0.788, CHCls); IR (neat): 3063, 3023, 2919, 2860, 1742, 1654 cm™. *H NMR (500 MHz,
CDCl3): 6 7.29 - 7.38 (m, 5H), 6.37(dt, 1H, J = 2.0 Hz, J = 6.0 Hz), 5.38-5.41 (m, 1H), 4.68
(d, 1H, J = 12.0 Hz), 4.62-4.67 (m, 1H), 4.59 (d, 1H, J = 11.5 Hz), 3.99-4.15 (m, 2H), 3.90
(ddd, 1H, J = 3.0 Hz, J = 5.5 Hz, J = 8.5 Hz), 3.75-3.80 (m, 2H), 3.73 (dd, 1H, J = 5.5 Hz, J
= 10.5Hz), 2.40 (dtd, 1H, J =1.5Hz,J =5.5Hz,J = 155 Hz), 2.11 (dtd, 1H, J=2.5Hz,J =
8.5 Hz, J = 16.5 Hz), 1.76 (s, 3H), 1.69 (s, 3H). *C NMR (100 MHz, CDCls): § 143.07,
138.22, 136.76, 128.31, 127.63, 127.60, 121.05, 97.47, 76.68, 71.06, 70.53, 68.64, 67.79, 26.52,
25.72,17.97. HRMS (ESI) calcd for C1sH2403+Na* 311.1618, found 311.1618.

2.13 (1R,2S,5R)-2-(benzyloxy)-4-(3-methylbut-2-en-1-yl)-6,8-dioxabicyclo[3.2.1]octa- -ne

0
ON TMSOTF, CH,Cl, o
B © ° n =
nO ) -78 °C, 15 min

50%
20 21a:21b (1:1)

(21a and 21b)

A stirred solution of compound 20 (0.14 g, 0.0.48 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf
(8.8 uL, 0.048 mmol) was added dropwise and continued stirring at the same temperature. After
15 min the reaction was quenched by the addition of EtsN (~20 pL) and allowed it to come to
room temperature. The reaction mixture was filtered through a small pad of Celite and the filter
cake was washed with dichloromethane (10 mL). Evaporation of the solvent under reduced
pressure follow by column chromatography of the obtained crude product provided compounds
21a and 21b (70 mg) as an inseparable mixture of diastereomers in 1:1 ratio, as a colorless gum
in 50% yield. R 0.65 (20% EtOAc/hexanes). IR (neat): 3029, 2927, 2888 cm™. *H NMR (500
MHz, CDCl3): & 7.28-7.40 (m, 12H), 5.38 (s, 1H), 5.32 (s, 1H), 5.07-5.13 (m, 2H), 4.57-4.68
(m, 5H), 3.75-3.79 (m, 2H), 3.68 (d, 1H, J = 7.5 Hz), 3.72-3.80 (m, 1H), 3.33-3.34 (m, 1H),
2.29-2.41 (m, 2H), 1.94-2.06 (m, 3H), 1.83-1.91 (m, 2H), 1.79 (dd, 1H, J = 7.0 Hz, J = 135
Hz), 1.73 (s, 3H), 1.71 (s, 3H), 1.65 (s, 3H), 1.62 (s, 3H), 1.37-1.44 (m, 2H). 3C NMR (125
MHz, CDCls): & 138.44, 138.37, 133.34, 133.17, 128.43, 128.36, 127.66, 127.63, 127.52,
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122.88, 121.25, 104.35, 103.88, 75.14, 74.53, 73.54, 73.25, 70.46, 70.36, 66.38, 65.97, 39.04,
37.97, 30.39, 30.02, 27.65, 25.80, 25.75, 23.87, 17.89, 17.79. HRMS (ESI) calcd for
C18H2403+Na* 311.1618, found 311.1615.

2.14 (2R,3S)-3-(benzyloxy)-2-(((3,4-dimethoxybenzyl)oxy)methyl)-3,4-dihydro-2H-pyran
(22)

NaH, 3,4-DMBBr,

OH  TBAl THF 0-3,4-DMB
0 > 0
B”Oﬁ 0°C to RT B”O%
1 12 hr's 22

80%

A stirred solution of 3-deoxy-4-benzyl D-glucal 11 (0.57 g, 2.588 mmol) in anhydrous
THF (10 mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 0.207 g, 5.176 mmol) was
added portion wise to the solution with stirring over a period of 20 m in. After continuous
stirring for further 1 h at 0 °C, 3,4-dimethoxy benzyl bromide (0.897 g, 3.88 mmol), TBAI (cat)
were added and stirring was continued for overnight at 25 °C. The reaction was quenched with
slow addition of cold water and extracted with ethyl acetate. The combined organic layers were
dried over anhydrous Na SOsand concentrated under reduced pressure to obtain crude product.
Purification of the crude product by column chromatography over silica gel using hexanes and
ethyl acetate provided pure (2R,3S)-3-(benzyloxy)-2-(((3,4-dimethoxybenzyl)oxy)methyl)-3,4-
dihydro-2H-pyran 22 (0.767 g) in 80% yield. Rr: 0.45 (20% EtOAc/hexanes). [a]3® +72.13 (c
1.0, CHCL); IR (neat): 2930, 2863, 1587, 1510 cm™. 'H NMR (500 MHz, CDCls): § 7.32 -
7.36 (m, 2H), 7.28 — 7.31 (m, 3H), 6.93 (d, 1H, J = 2.0 Hz), 6.90 (dd, 1H, J = 2.0 Hz, J = 8.0
Hz), 6.82 (d, 1H, J = 8.0 Hz ), 6.38 (dt, 1H, J = 2.0 Hz, J = 4.0 Hz), 4.64-4.67 (m, 2H), 4.52-
4.59 (m, 3H), 3.91-3.94 (m, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.75-3.82 (m, 3H), 2.37-2.43 (m,
1H), 2.08-2.14 (m, 1H). 3C NMR (125 MHz, CDCls): & 148.98, 148.58, 143.02, 138.18,
130.68, 128.31, 127.62, 127.56, 120.35, 111.23, 110.90, 97.54, 76.77, 73.37, 71.04, 70.58,
68.76, 55.85, 55.76, 26.50. HRMS (ESI) calcd for C22H260s+Na* 393.1672, found 393..1671.
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2.15 (1R,2S,5R)-2-(benzyloxy)-6,8-dioxabicyclo[3.2.1] octane (23)

(0]
0'2’4'DMB TMSOTf, CH,Cl, o
BnO ) -78 °C, 15 min
50% OBn
22 23

A stirred solution of compound 22 (125 mg, 0.34 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf
(6.1 pL, 0.034 mmol) was added dropwise and continued stirring at the same temperature. After
15 min the reaction was quenched by the addition of EtsN (~15 pL) and allowed it to come to
room temperature. The reaction mixture was filtered through a small pad of Celite and the filter
cake was washed with dichloromethane (10 mL). Evaporation of the solvent under reduced
pressure follow by column chromatography of the obtained crude product provided the pure
(1R,2S,5R)-2-(benzyloxy)-6,8-dioxabicyclo[3.2.1]octane 23 (37 mg) as a colourless gum in
60% vyield. Ry 0.3 (20% EtOAc/hexanes). IR (neat): 3463, 3028, 2947, 2887, 1715 cm™. 'H
NMR (400 MHz, CDCls): & 7.35 - 7.41 (m, 4H), 7.28-7.33 (m, 1H), 5.57 (s, 1H), 4.67 (d, 1H,
J=12.4Hz), 4.63 (d, 1H, J = 12.4 Hz), 4.59-4.60 (m, 1H), 3.76-3.81 (m, 2H), 3.37 (d, 1H, J =
2.0 Hz), 1.92-2.02 (m, 1H), 1.78-1.91 (m, 2H), 1.56-1.61 (m, 1H). 3C NMR (100 MHz,
CDClg): 6 138.30, 128.41, 127.65, 127.61, 101.74, 74.84, 72.92, 70.43, 66.31, 27.95, 20.24.
HRMS (ESI) calcd for C13H1603+Na* 243.0992, found 243.0990.

2.16 (2R,3S)-3-(benzyloxy)-2-((((E)-3,7-dimethylocta-2,6-dien-1-yl)oxy)methyl)-3,4-
dihydro-2H-pyran (24)

Geranyl bromide, S
OH " NaH, TBAI THF 0\/\(\/\(
0 T om o 0
BnO ) 0°Cto RT BnO B

12 hr's

1 90%
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A stirred solution of 3-deoxy-4-benzyl D-glucal 11 (0.364 g, 1.652 mmol) in anhydrous
THF (10 mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 0.132 g, 3.3 mmol) was
added portion wise to the solution with stirring over a period of 20 min. After continuous stirring
for further 1 h at 0 °C, geranyl bromide (0.54 g, 2.5 mmol), TBAI (cat) were added and stirring
was continued for overnight at 25 °C. The reaction was quenched with slow addition of cold
water and extracted with ethyl acetate. The combined organic layers were dried over anhydrous
Na>SO4 and concentrated under reduced pressure to obtain crude product. Purification of the
crude product by column chromatography over silica gel using hexanes and ethyl acetate
provided pure (2R,3S)-3-(benzyloxy)-2-((((E)-3,7-dimethylocta-2,6-dien-1-yl)oxy)methyl)-
3,4-dihydro-2H-pyran 24 (0.530 g) in 90% yield. R 0.7 (10% EtOAc/hexanes). [a]3® 67.51
(c 1.0, CHCL); IR (neat): 3420, 3028, 2920, 1719, 1654 cm™. *H NMR (400 MHz, CDCls): &
7.35 (d, 4H, J = 3.2 Hz), 7.27-7.33(m, 1H), 6.36 (dt, 1H, J = 2.0 Hz, J = 6.0 Hz), 5.39 (td, 1H,
J=12Hz, J=6.8Hz),5.10(tt, 1H, J=1.2 Hz, J = 6.8 Hz), 4.68 (d, 1H, J = 11.6 Hz), 4.62-
4.65 (m, 1H), 4.58 (d, 1H, J = 11.6 Hz), 4.04-4.13 (m, 2H), 3.88-3.92 (m, 1H), 3.70-3.79 (m,
3H), 2.35-2.42 (m, 1H), 2.07-2.14 (m, 3H), 2.02-2.06 (m, 2H), 1.68 (s, 3H), 1.67 (s, 3H), 1.60
(s, 3H). ®C NMR (100 MHz, CDCl3): & 143.08, 139.91, 138.23, 131.55, 128.32, 127.65,
127.62, 123.93, 120.81, 97.49, 76.68, 71.06, 70.52, 68.70, 67.90, 39.55, 26.53, 26.30, 25.63,
17.62, 16.42. HRMS (ESI) calcd for C2sH3203+Na* 379.2244, found 379.2243.

2.17 (2S,5S,6R)-5-(benzyloxy)-6-((((E)-3,7-dimethylocta-2,6-dien-1-yl)oxy)methyl)

S
~ 0 ~=
(0] X TMSOTf, CH,Cl,
n
— 52%

24 25 OH

tetrahydro -2H-pyran-2-ol (25)

A stirred solution of compound 24 (0.1 g, 0.28 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf

(5.1 pL, 0.028 mmol) was added dropwise and continued stirring at the same temperature. After
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15 min the reaction was quenched by the addition of EtsN (~20 pL) and allowed it to come to
room temperature. The reaction mixture was filtered through a small pad of Celite and the filter
cake was washed with dichloromethane (10 mL). Evaporation of the solvent under reduced
pressure follow by column chromatography of the obtained crude product provided (2R,3S,6R)-
6-(benzyloxy)-2-((((E)-3,7-dimethylocta-2,6-dien-1-yl)oxy)methyl)tetrahydro-2H-pyran-3-ol
25 (56 mg) as a colourless gum in 52% vyield. Ry 0.4 (15% EtOAc/hexanes). *H NMR (400
MHz, CDCLs): § 7.35 (d, 4H, J = 4.2 Hz), 7.29-7.32(m, 1H), 5.37 (t, 1H, J = 6.4 Hz), 5.16 (5,
1H), 5.10 (t, 1H, J = 6.8 Hz), 4.65 (d, 1H, J = 11.2 Hz), 4.52 (d, 1H, J = 11.2 Hz), 4.00-4.12
(m, 2H), 3.69-3.75 (m, 2H), 3.53-3.61 (m, 2H), 2.08-2.13 (m, 2H), 2.01-2.05 (m, 3H), 1.75-
1.89 (m, 3H), 1.69 (s, 3H), 1.66 (s, 3H), 1.61 (m, 3H). 13C NMR (100 MHz, CDCls): & 139.50,
138.53, 131.57, 128.35, 127.76, 127.61, 124.04, 121.22, 91.79, 72.86, 71.85, 71.06, 68.90,
67.92, 39.61, 28.81, 26.39, 25.68, 23.89, 17.68, 16.46. HRMS (ESI) calcd for C23H3404+Na*
397.2349, found 397.2347.

2.18 ((2R,3S)-3-(benzyloxy)-3,4-dihydro-2H-pyran-2-yl)methyl 4-methoxy benzoate (26)

p-Methoxy benzoyl
bromide,

OH EGN, GOl OPMBz
0 > 0
3”0&4\ 0°C, 1 hr Bnoﬁ
85%
11 26

A stirred solution of 3-deoxy-4-benzyl D-glucal 11 (0.24 g, 1.1 mmol) in anhydrous
DCM (20 mL) under inert atmosphere was cooled to 0 °C.EtsN (0.456 mL, 3.3 mmol) was
added drop wise to the solution with stirring over a period of 5 min. After continuous stirring
for further 20 min at 0 °C, p-methoxy benzoyl chloride (0.28 g, 1.64 mmol) was added and
stirring was continued for 1 h at 0 °C. The reaction was quenched with slow addition of cold
water and extracted with ethyl acetate. The combined organic layers were dried over anhydrous
Na>SO4 and concentrated under reduced pressure to obtain crude product. Purification of the
crude product by column chromatography over silica gel using hexanes and ethyl acetate
provided pure ((2R,3S)-3-(benzyloxy)-3,4-dihydro-2H-pyran-2-yl)methyl 4-methoxy benzoate
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26 (328 mg) in 85% yield. Rt: 0.3 (10% EtOAc/hexanes). [a]3° 116.0 (¢ 1.0, CHCIs); IR (neat):
3066, 2902, 1714, 1654, 1606, 1511 cm™. *H NMR (400 MHz, CDCls): § 7.98 (d, 2H, J = 9.2
Hz), 7.24-7.35 (m, 5H), 6.92 (d, 2H, J = 9.2 Hz), 6.37 (d, 1H, J = 4.0 Hz), 4.55-4.73 (m, 5H),
4.05-4.09 (m, 1H), 3.88 (s, 3H), 3.80-3.85 (M, 1H), 2.46-2.53 (m, 1H), 2.13-2.21 (m, 1H). 3°C
NMR (100 MHz, CDCls): 6 166.1, 163.4, 143.0, 137.7, 131.7, 128.4, 127.9, 127.8, 122.4,
113.5, 97.7, 75.4, 70.9, 70.0, 63.3, 55.4, 26.4. HRMS (ESI) calcd for C21H2205+H 355.1545,
found 355.1547.

2.19  ((2R,3S)-3-(benzyloxy)-5-((2R,5S,6R)-5-(benzyloxy)-6-(((4-methoxy benzoyl)oxy)
methyl)tetrahydro-2H-pyran-2-yl)-3,4-dihydro-2H-pyran-2-yl)methyl 4-methoxy ben -

zoate (27)

B OPMBz BnQ
z

OPMBZ  1MsOTH, CH,Cly o

o > BnO
BnO . -78 °C, 15 min \
0
51%
26 27

A stirred solution of compound 26 (100 mg, 0.28 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf
(5 pL, 0.028 mmol) was added dropwise and continued stirring at the same temperature. After
15 min the reaction was quenched by the addition of EtsN (~10 pL) and allowed it to come to
room temperature. The reaction mixture was filtered through a small pad of Celite and the filter
cake was washed with dichloromethane (10 mL). Evaporation of the solvent under reduced
pressure follow by column chromatography of the obtained crude product provided the pure
((2R,3S)-3-(benzyloxy)-5-((2R,5S,6R)-5-(benzyloxy)-6-(((4-methoxybenzoyl)oxy)methyl)
tetrahydro-2H-pyran-2-yl)-3,4-dihydro-2H-pyran-2-yl)methyl 4-methoxy benzoate 27 (51 mg)
as a colorless gum in 51% yield. Rr. 0.6 (30% EtOAc/hexanes). [a]3® +78.50 (¢ 1.0, CHCls);
IR (neat): 3015, 2934, 2854, 1709, 1673, 1605, 1510 cm™. *H NMR (400 MHz, CDCls): §
8.02(d, 2H, J = 8.8 Hz), 7.96 (d, 2H, J = 8.8 Hz), 7.25-7.35 (m, 10H), 6.90-6.92 (m, 4H), 6.48
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(s, 1H), 4.61-4.69 (m, 4H), 4.49 -4.57 (m, 3H), 4.46 (d, 1H, J = 11.6 Hz), 4.00-4.04 (m, 1H),
3.87 (s, 3H), 3.81-3.83 (m, 5H), 3.67-3.71 (m, 1H), 3.41-3.47 (m, 1H), 2.61 (dd, 1H, J = 6.0
Hz, J = 16.4 Hz), 2.41-2.42(m, 1H), 2.08-2.19 (m, 1H), 1.85-1.88 (m, 1H), 1.56-1.66 (m, 2H).
13C NMR (100 MHz, CDCls): § 166.14, 166.03, 163.31, 163.19, 139.70, 137.88, 137.55,
131.69, 131.59, 128.38, 128.36, 127.80, 127.72, 122.70, 122.26, 113.47, 110.65, 78.85, 77.15,
75.33,73.09, 70.72, 70.54, 69.52, 64.28, 63.00, 55.35, 55.29, 29.03, 28.63, 26.75. HRMS (ESI)
calcd for Cs2Has010+Na* 731.2827, found 731.2832.

2.20 (2R,3S,4S)-3-(benzyloxy)-2-((benzyloxy)methyl)-4-(2-((4-methoxybenzyl) oxy) ethyl)-
3,4-dihydro-2H-pyran (29)

BnO NaH, PMBCI, BnO
o) 0
BnO 9 TBALTHE o 9
0°C to RT
OH OPMB

12 hr's
28 96% 29

A stirred solution of 3-deoxy-3-C-branched D-glucal 28 (0.26 g, 0.734 mmol) in
anhydrous THF (10 mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 44 mg, 1.1
mmol) was added portion wise to the solution with stirring over a period of 2 min. After
continuous stirring for further 1 h at 0 °C, p-methoxy benzyl chloride (0.15 g, 0.95 mmol),
TBAI (cat) were added and stirring was continued for overnight at 25 °C. The reaction was
quenched with slow addition of cold water and extracted with ethyl acetate. The combined
organic layers were dried over anhydrous Na,SO4and concentrated under reduced pressure to
obtain crude product. Purification of the crude product by column chromatography over silica
gel using hexanes and ethyl acetate provided pure (2R,3S,4S)-3-(benzyloxy)-2-
((benzyloxy)methyl)-4-(2-((4-methoxybenzyl) oxy) ethyl)-3,4-dihydro-2H-pyran 29 (334 mg)
in 96% yield. R 0.3 (10% EtOAc/hexanes). [a]Z® 2.304 (c 1.0, CHCL); IR (neat): 3406, 3065,
3030, 2932, 2861, 1611, 1512 cm™. *H NMR (500 MHz, CDCls): § 7.26 - 7.36 (m, 12H), 6.89
(d, 2H, J = 9.0 Hz), 6.33 (dd, 1H, J = 1.0 Hz, J = 6.0 Hz), 4.68 (dd, 1H, J = 4.5 Hz, J = 6.0
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Hz), 4.58-4.63 (m, 3H), 4.51 (d, 1H, J = 11.5 Hz), 4.44 (bs, 2H), 4.09-4.12 (m, 1H), 3.82 (s,
3H), 3.78-3.81 (m, 1H), 3.74-3.75 (m, 2H), 3.52-3.55 (m, 2H), 2.59-2.64 (m, 1H), 2.03-2.09
(m, 1H), 1.49-1.55 (m, 1H). *C NMR (125 MHz, CDCls): § 159.15, 142.13, 138.16, 138.10,
130.69, 129.17, 128.32, 127.79, 127.72, 127.62, 127.57, 113.77, 101.73, 73.56, 73.11, 73.00,
72.53, 71.14, 69.51, 67.65, 55.25, 30.94, 29.69. HRMS (ESI) calcd for C3oH340s+H 475.2484,
found 475.2482.

2.21  4-(benzyloxy)-3-((benzyloxy)methyl)-9-(4-methoxybenzyl)-2,8-dioxabicyclo[3.3.1]
nonane (30a and 30b)

B0 0 TMSOTF, CH,CI
Bno/%\ e MeO
-78 °C, 15 min ONee
OPMB BnO 0

60% BnO

29 30a:30b (1:1)

A stirred solution of compound 29 (110 mg, 0.23 mmol) in dry dichloromethane (10
mL) under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C.
TMSOTf (4 pL, 0.023 mmol) was added dropwise and continued stirring at the same
temperature. After 15 min the reaction was quenched by the addition of EtsN (~8 pL) and
allowed it to come to room temperature. The reaction mixture was filtered through a small pad
of Celite and the filter cake was washed with dichloromethane (10 mL). Evaporation of the
solvent under reduced pressure follow by column chromatography of the obtained crude
product provided an inseparable diastereomeric mixture, 1:1 ratio, of bicyclic acetals 30a and
30b (66 mg) as a colorless gum. Yield 60%. Rs: 0.5 (10% EtOAc/Toluene). IR (neat): 3030,
2908, 2861, 2359, 1611, 1511 cm™. 'H NMR (400 MHz, CDCls): § 7.26 - 7.40 (m, 16H), 7.18-
7.22 (m, 4H), 7.13 (d, 2H, J = 8.5 Hz), 7.04 (d, 2H, J = 8.5 Hz), 6.87 (d, 2H, J = 8.5 Hz), 6.84
(d, 2H, J = 8.5 Hz), 5.01 (s, 1H), 4.87 (s, 1H), 4.71 (d, 1H, J = 12.0 Hz), 4.63 (d, 1H, J = 12.0
Hz), 4.44-4.56 (M, 4H), 4.26-4.28 (m, 2H), 4.14-4.21 (m, 2H), 4.03-4.10 (m, 2H), 3.96 (dd, 1H,
J=8.5Hz, J =115 Hz), 3.82 (bs, 6H), 3.71-3.78 (m, 5H), 3.65 (dd, 1H, J = 2.0 Hz, J = 10.5
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Hz), 3.55 (dd, 1H, J = 4.) Hz, J = 10.5 Hz), 2.95 (dd, 1H, J = 7.5 Hz, J = 14.0 Hz), 2.74-2.78
(m, 2H), 2.69 (dd, 1H, J = 8.5 Hz, J = 14.0 Hz), 2.12-2.31 (m, 5H), 1.90 (dd, 1H, J = 5.5 Hz,
J = 14.5 Hz), 1.73-1.82(m, 2H). *C NMR (100 MHz, CDCls): § 158.05, 158.00, 138.49,
138.26, 138.02, 137.91, 131.30, 129.87, 129.82, 128.35, 128.30, 128.28, 127.86, 127.84,
127.73, 127.68, 127.56, 127.48, 113.92, 113.89, 94.80, 93.75, 76.17, 73.38, 73.17, 70.72, 70.60,
70.26, 70.10, 61.98, 61.25, 55.27, 40.33, 40.06, 34.85, 34.10, 28.36, 26.79, 23.81, 18.22.
HRMS (ESI) calcd for CaoHz40s+Na* 497.2298, found 497.2297.

2.22  (2R,3R,4S)-3-(benzyloxy)-2-((benzyloxy)methyl)-4-(2-((4-methoxybenzyl)  oxy)
ethyl)-3,4-dihydro-2H-pyran (32)

BnO OBn NaH, PMBCI, BnO OBn
0 TBAI, THF 0
_— - _—
0°C to RT
OH 12 hr's OPMB
95%
31 32

A stirred solution of 3-deoxy-3-C-branched-D-galactal 31 (400 mg, 1.13 mmol) in
anhydrous THF (10 mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 70 mg, 1.7
mmol) was added portion wise to the solution with stirring over a period of 20 min. After
continuous stirring for further 1 h at 0 °C, p-methoxy benzyl chloride (230 mg, 1.467 mmol),
TBAI (cat) were added and stirring was continued for overnight at 25 °C. The reaction was
quenched with slow addition of cold water and extracted with ethyl acetate. The combined
organic layers were dried over anhydrous Na,SO4and concentrated under reduced pressure to
obtain crude product. Purification of the crude product by column chromatography over silica
gel using hexanes and ethyl acetate provided pure (2R,3R,4S)-3-(benzyloxy)-2-
((benzyloxy)methyl)-4-(2-((4-methoxybenzyl)oxy) ethyl)-3,4-dihydro-2H-pyran 32 (509.5
mg) in 95% yield. R 0.45 (10% EtOAc/hexanes). [a]3’ 27.557 (¢ 1.0, CHCIs); IR (neat): 3054,
3030, 2912, 2863, 1722, 1648, 1611, 1512 cm™. *H NMR (400 MHz, CDCls): § 7.28 - 7.39
(m, 12H), 6.91 (d, 2H, J = 8.4 Hz), 6.45 (d, 1H, J = 6.4 Hz), 4.72 (t, 1H, J = 5.2 Hz), 4.64 (d,
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1H,J =12.0 Hz), 4.59 (d, 1H, J = 12.4 Hz), 4.43-4.51 (m, 4H), 4.04 (t, 1H, J = 5.6 Hz), 3.82
(s, 3H), 3.78 (dd, 1H, J = 11.2 Hz), 3.60 (dd, 1H, J = 4.8 Hz, J = 10.0 Hz), 3.51-3.55 (m, 3H),
2.41-2.43 (m, 1H), 1.55-1.71(m, 2H). 3C NMR (100 MHz, CDCls): § 159.14, 142.51, 138.08,
138.00, 130.36, 129.25, 128.30, 128.27, 128.05, 127.77, 127.67, 127.59, 113.74, 102.50, 74.45,
73.41, 72.67, 72.62, 71.22, 69.25, 67.11, 55.19, 35.35, 31.25. HRMS (ESI) calcd for
C3oH340s+Na* 497.2298, found 497.2297.

2.23 (1S,3R,4R,5S,9R)-4-(benzyloxy)-3-((benzyloxy)methyl)-9-(4-methoxybenzyl)-2,8-
dioxabi cyclo[3.3.1]nonane (33a) and (1S,3R,4R,5S,9S5)-4-(benzyloxy)-3-((benzyloxy)
methyl)-9-(4-methoxybenzyl)-2,8-dioxabicyclo[3.3.1]nonane (33b)

BnO _OBn MeO@
(o) TMSOTHT, CHZCIQ‘

BnO
= -78°C, 15 min \
OPMB ) "
50% BnO o
33a =1,2-cis
32 33b =1,2-trans

A stirred solution of compound 32 (104 mg, 0.22 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf
(4 pL, 0.022 mmol) was added dropwise and continued stirring at the same temperature. After
15 min the reaction was quenched by the addition of EtsN (~8 pL) and allowed it to come to
room temperature. The reaction mixture was filtered through a small pad of Celite and the filter
cake was washed with dichloromethane (10 mL). Evaporation of the solvent under reduced
pressure followed by column chromatography of the obtained crude product provided the 1:1
diastereomeric mixture of 2-C-branced bicyclic acetal derivatives 33a and 33b (52 mg) as a
colorless gum in 50% yield. Rs: 0.4 (20% EtOAc/Hexane). 33a: [a]3® -14.00 (¢ 0.1, CHCls);
IR (neat): 3061, 3030, 2951, 2921, 2853, 1720, 1611, 1511 cm™. *H NMR (500 MHz, CDCls):
§7.28 - 7.34 (m, 8H), 7.16 (dd, 2H, J = 2.0 Hz, J = 5.5 Hz), 7.14 (d, 2H, J = 8.5 Hz), 6.85 (d,
2H, J = 8.5 Hz), 4.91 (s, 1H), 4.60 (d, 1H, J = 12.0 Hz), 4.56 (dt, 1H, J = 3.5 Hz, J = 6.0 Hz),
4.2 (d, 1H, J = 12.0 Hz), 4.38 (d, 1H, J = 11.5 Hz), 4.31 (d, 1H, J = 11.5 Hz), 4.20 (dt, 1H, J
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=6.5Hz, J=12.0 Hz), 4.04-4.09 (m, 1H), 3.81 (s, 3H), 3.72 (dd, 1H, J = 6.5 Hz, J = 9.5 Hz),
3.61-3.64 (m, 2H), 2.86 (dd, 1H, J = 7.0 Hz, J = 14.0 Hz), 2.69 (dd, 1H, J = 10..0 Hz, J = 14.0
Hz), 2.51-2.53 (m, 1H), 2.34-2.43 (m, 1H), 2.11-2.16 (m, 1H), 1.44 (dd, 1H, J = 6.5 Hz, J =
14.5 Hz). 3C NMR (125 MHz, CDCls): & 158.07, 138.24, 131.39, 129.78, 128.35, 128.25,
127.87,127.65, 127.61, 127.55, 113.88, 94.78, 77.81, 74.17, 73.61, 71.51, 70.50, 61.48, 55.27,
34.95, 34.50, 28.08, 20.84. HRMS (ESI) calcd for CaoHz40s+Na* 497.2298, found 497.2302.
33b: [«]3° -13.00 (c 0.5, CHCls); IR (neat): 2954, 2923, 2853, 1610, 1511 cm™. *H NMR (500
MHz, CDCls): 6 7.29 - 7.36 (m, 10H), 7.09 (d, 2H, J = 8.5 Hz), 6.79 (d, 2H, J = 8.5 Hz), 5.11
(bs, 1H), 4.66 (d, 1H, J = 12.0 Hz), 4.63 (d, 1H, J = 12.5 Hz), 4.58 (dt, 1H, J = 3.0 Hz, J = 6.0
Hz), 4.53 (d, 1H, J = 12.0 Hz), 4.40 (d, 1H, J = 11.5 Hz), 3.95 (ddd, 1H, J =3.5Hz, J =8.0
Hz, J = 11.5 Hz), 3.73-3.83 (m, 6H), 3.32 (bs, 1H), 3.04 (dd, 1H, J = 8.5 Hz, J = 14.0 Hz),
2.95 (dd, 1H, J = 7.0 Hz, J = 14.0 Hz), 2.41 (bd, 1H, 10.0 Hz), 2.16 (t, 1H, J = 8.0 Hz), 2.01-
2.08 (m, 1H), 1.67-1.73 (m, 1H). *C NMR (125 MHz, CDCls): § 157.83, 138.50, 138.29,
132.87, 130.11, 128.32, 128.30, 127.88, 127.56, 127.49, 113.67, 95.79, 78.86, 73.53, 72.15,
70.05, 67.83, 59.89, 55.25, 37.24, 35.22, 27.73, 27.29. HRMS (ESI) calcd for C3oHz405+Na*
497.2298, found 497.2299.

2.24 (2R,3S,4S)-3-(benzyloxy)-2-((benzyloxy)methyl)-4-(2-((3-methylbut-2-ene-1-
yl)oxy)ethyl )-3,4-dihydro-2H-pyran (34)
BnO

BnO prenyl bromide, 0
(0] BnO
Bno%\ NaH, TBAI, THi B
0°Cto RT (0]
X
OH 12 hr's \/ﬁ/

0,
28 95% 34

A stirred solution of 3-deoxy-3-C-branched-D-glucal 28 (252 mg, 0.71 mmol) in
anhydrous THF (10 mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 57 mg, 1.42
mmol) was added portion wise to the solution with stirring over a period of 20 min. After

continuous stirring for further 1 h at 0 °C, 3,3-dimethyl allyl bromide (159 mg, 1.07 mmol),
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TBAI (cat) were added and stirring was continued for overnight at 25 °C. The reaction was
quenched with slow addition of cold water and extracted with ethyl acetate. The combined
organic layers were dried over anhydrous Na.SO4and concentrated under reduced pressure to
obtain crude product. Purification of the crude product by column chromatography over silica
gel wusing hexanes and ethyl acetate provided pure (2R,3S,4S)-3-(benzyloxy)-2-
((benzyloxy)methyl)-4-(2-((3-methylbut-2-ene-1-yl)oxy)ethyl)-3,4-dihydro-2H-pyran 34 (285
mg) in 95% yield. R 0.45 (10% EtOAc/hexanes). [a]2® 39.78 (¢ 1.82, CHCls); IR (neat): 3385,
3063, 3030, 2928, 2862, 1722, 1603 cm™. *H NMR (400 MHz, CDCls): § 7.30 - 7.36 (m, 10H),
6.35(dd, 1H, J = 1.2 Hz, J = 6.0 Hz), 5.35-5.39 (m, 1H), 4.72 (dd, 1H, J = 4.8 Hz, J = 6.0 Hz),
4.61-4.66 (m, 3H), 4.53 (d, 1H, J = 11.6 Hz), 4.10-4.14 (m, 1H), 3.96 (d, 2H, J = 6.8 Hz), 3.81
(dd, 1H, J = 5.6 Hz, J = 8.0 Hz), 3.74-3.75 (m, 2H), 3.49-3.53 (m, 2H), 2.58-2.63 (m, 1H),
1.99-2.08 (m, 1H), 1.77 (s, 3H), 1.69 (s, 3H), 1.47-1.56 (m, 1H). 1*C NMR (100 MHz, CDCl5):
o 142.09, 138.06, 138.02, 136.66, 128.30, 127.77, 127.71, 127.61, 127.56, 121.24, 101.67,
73.51, 73.02, 72.91, 71.07, 69.42, 67.67, 67.22, 30.88, 29.61, 25.76, 17.99. HRMS (ESI) calcd
for C27H3404+Na* 445.2349, found 445.2361.

2.25 Diastereomeric mixture of (1S,3R,4S,5S)-4-(benzyloxy)-3-((benzyloxy)methyl)-9-(3-
methylbut-2-en-1-yl)-2,8-dioxabicyclo[3.3.1]nonane (35a and 35b)

BnO o
BnO ) TMSOTf, CH,Cl,
o -

\/Y -78 °C, 15 min
50%

34 35a:35b (1:1)

A stirred solution of compound 34 (150 mg, 0.35 mmol) in dry dichloromethane (10
mL) under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C.
TMSOTf (6.4 pL, 0.035 mmol) was added dropwise and continued stirring at the same
temperature. After 15 min the reaction was quenched by the addition of EtsN (~15 uL) and

allowed it to come to room temperature. The reaction mixture was filtered through a small pad
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of Celite and the filter cake was washed with dichloromethane (10 mL). Evaporation of the
solvent under reduced pressure follow by column chromatography of the obtained crude
product provided an inseparable diastereomeric mixture of 35a and 35b (75 mg) as a colorless
gum in 50% yield. Rr. 0.35 (10% EtOAc/hexanes).IR (neat): 3031, 2923, 1720, 1512 cm™. 'H
NMR (400 MHz, CDCls): § 7.22 - 7.36 (m, 10H), 5.11 (t, 0.5H, 7.6 Hz), 5.06 (t, 0.5H, J = 6.8
Hz), 5.00 (s, 0.5H), 4.88 (s, 0.5H), 4.67 (d, 0.5H, J = 12.0 Hz), 4.65 (d, 0.5H, J = 12.0 Hz),
4.58 (d, 0.5H, J = 11.2 Hz), 4.53 (d, 0.5H, J = 12.0 Hz), 4.51 (d, 0.5H, J = 12.0 Hz), 4.50 (d,
0.5H, J = 12.0 Hz), 4.33 (d, 0.5H, J = 11.2 Hz), 4.31 (d, 0.5H, J = 11.6 Hz), 4.27 (dd, 0.5H,
2.4 Hz, J = 6.0 Hz), 4.25 (dd, 0.5H, J = 2.4 Hz, J = 4.0 Hz), 4.10-4.18 (m, 1H), 4.06 (t, 0.5H,
J = 6.8 Hz), 4.03 (t, 0.5H, J = 6.8 Hz), 3.89 — 3.95 (m, 1H), 3.79-3.87 (m, 1H), 3.65-3.76 (m,
1.5H), 3.58 (dd, 0.5H, J = 4.0 Hz, J = 10.6 Hz), 2.34-2.41 (m, 1H), 2.19-2.28 (m, 2H), 1.99-
2.09 (m, 1H), 1.80-1.91 (m, 1H), 1.73 (s, 1.5H), 1.72 (s, 1.5H), 1.67 (s, 1.5H), 1.57 (s, 1.5H).
13C NMR (100 MHz, CDCls): § 138.46, 138.33, 138.19, 138.04, 133.71, 128.38, 128.34,
128.30, 128.21, 127.85, 127.75, 127.54, 127.42, 121.41, 121.33, 95.03, 94.02, 76.27, 73.37,
72.78,70.77,70.69, 70.63, 70.44, 70.05, 61.92, 61.14, 38.58, 28.76, 28.12, 27.60, 27.49, 25.81,
23.73,18.34,17.90, 17.87. HRMS (ESI) calcd for C27H3404+NH4* 440.2795, found 440.2799.

2.26 (2R,3R,4S)-3-(benzyloxy)-2-((benzyloxy)methyl)-4-(2-((3-methylbut-2-ene-1-yl)oxy)
ethyl )-3,4-dihydro-2H-pyran (36)

BnO _OBn prenyl bromide, BnO _OBn
0 NaH, TBAI, THF 0
’ _—
= 0°C to RT o
OH 12 hr's \/ﬁ/
95%
31 36

A stirred solution of 3-deoxy-3-C-branched-D-galactal 31 (320 mg, 0.90 mmol) in
anhydrous THF (10 mL) under inert atmosphere was cooled to 0 °C. NaH (60%, 73 mg, 1.80

mmol) was added portion wise to the solution with stirring over a period of 20 min. After
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continuous stirring for further 1 h at 0 °C, 3,3-dimethyl allyl bromide (202 mg, 1.35 mmol),
TBAI (cat) were added and stirring was continued for overnight at 25 °C. The reaction was
quenched with slow addition of cold water and extracted with ethyl acetate. The combined
organic layers were dried over anhydrous Na>SO4and concentrated under reduced pressure to
obtain crude product. Purification of the crude product by column chromatography over silica
gel using hexanes and ethyl acetate provided pure (2R,3R,4S)-3-(benzyloxy)-2-
((benzyloxy)methyl)-4-(2-((3-methylbut-2-ene-1-yl)oxy)ethyl)-3,4-dihydro-2H-pyran 36 (363
mg) in 95% yield. R 0.65 (20% EtOAc/hexanes). [a]Z® 28.6 (¢ 0.622, CHCls); IR (neat): 3428,
3062, 3029, 2922, 2854, 1648 cm™. *H NMR (400 MHz, CDCls): § 7.28 - 7.38 (m, 10H), 6.45
(d, 1H, J = 6.0 Hz), 5.35-5.39 (m, 1H), 4.73 (t, 1H, J = 5.2 Hz), 4.67 (d, 1H, J = 12.0 Hz), 4.58
(d, 1H, J = 12.0 Hz), 4.48 (d, 1H, J = 12.4 Hz), 4.47 (d, 1H, J = 12.4 Hz), 4.01-4.04 (m, 1H),
3.97 (d, 2H, J = 6.8 Hz), 3.77 (dd, 1H, J = 7.2 Hz, = 10.0 Hz), 3.59 (dd, 1H, J = 4.4 Hz, J =
10.0 Hz), 3.54 (bs, 1H), 3.48 (t, 2H, J = 6.0 Hz), 2.40 (bs, 1H), 1.77 (s, 3H), 1.70 (s, 3H), 1.54-
1.67 (m, 2H). 3C NMR (125 MHz, CDCls): & 142.5, 138.1, 138.0, 136.8, 128.3, 128.1, 127.8,
127.7,127.6,121.1,102.6, 74.5,73.5,72.7,71.2,69.3,67.3, 67.2,35.4, 31.2, 25.8, 18.0. HRMS
(ESI) calcd for Co7H3404+Na* 445.2349, found 445.2348.

2.27 (1S,3R,4R,5S,9R)-4-(benzyloxy)-3-((benzyloxy)methyl)-9-(3-methylbut-2-en-1-yl) -
2,8-dioxabicyclo[3.3.1]nonane (37a) and (1S,3R,4R,5S,9S5)-4-(benzyloxy)-3-((benzyl
oxy)methyl)-9-(3-methylbut-2-en-1-yl)-2,8-dioxabicyclo[3.3.1]Jnonane (37b)

BnO OBn
0 TMSOTF, CH,Cl,
— >
O\/ﬁ/ -78 °C, 15 min

50%

(1:1)
37a =1,2-cis
37b =1,2-trans

36

A stirred solution of compound 36 (120 mg, 0.28 mmol) in dry dichloromethane (10 mL)
under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C. TMSOTf

(5.2 pL, 0.028 mmol) was added dropwise and continued stirring at the same temperature. After
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15 min the reaction was quenched by the addition of EtsN (~12 pL) and allowed it to come to
room temperature. The reaction mixture was filtered through a small pad of Celite and the filter
cake was washed with dichloromethane (10 mL). Evaporation of the solvent under reduced
pressure follow by column chromatography of the obtained crude product provided the mixture
of 2-C-branched bicyclic acetal derivatives 37a and 37b (60 mg) as a colorless gum in 50%
yield. Rr. 0.55 (20% EtOAc/hexanes). 37a: [a]3° -3.00 (c 0.1, CHCL); IR (neat): 3087, 3063,
3029, 2953, 2922, 2854, 1510 cm™. *H NMR (500 MHz, CDCls): § 7.29 - 7.35 (m, 10H), 5.10
(t, 1H, J = 6.5 Hz), 4.89 (s, 1H), 4.61 (d, 1H, J = 12.0 Hz), 4.60 (d, 1H, J = 12.0 Hz), 4.51-4.56
(m, 2H), 4.47 (d, 1H, J = 12.0 Hz), 4.13-4.19 (m, 1H), 3.97-4.01 (m, 1H), 3.73 (dd, 1H, J = 6.5
Hz, J = 9.5 Hz), 3.62-3.65 (m, 2H), 2.22-2.32 (m, 4H), 2.10-2.16 (m, 1H), 1.72 (s, 3H), 1.66
(s, 3H). 1.44 (dd, 1H, J = 7.5 Hz, J = 14.5 Hz). 3C NMR (125 MHz, CDCls): § 138.53, 138.30,
133.51, 128.35, 128.32, 127.87, 127.60, 127.58, 121.55, 94.85, 78.11, 73.85, 73.62, 71.71,
70.55, 61.40, 33.71, 29.06, 27.95, 25.77, 21.12, 17.87. HRMS (ESI) calcd for C27H3404+Na*
445.2349, found 445.2350. 37b: [a]3° -11.00 (c 0.1, CHCL); IR (neat): 3087, 3062, 3029,
2922, 2854, 1510 cm™. *H NMR (500 MHz, CDCls): & 7.29 - 7.34 (m, 10H), 5.12-5.13 (m,
2H), 4.69 (d, 1H, J = 11.5 Hz), 4.60 (d, 1H, J = 12.0 Hz), 4.54 (td, 1H, J = 3.0 Hz, J = 6.0 Hz),
451 (d, 1H, J = 12.0 Hz), 4.40 (d, 1H, J = 12.0 Hz), 3.96 (ddd, 1H, J =3.5Hz, J = 8.0 Hz, J
= 12.0 Hz), 3.82 (ddd, 1H, J = 6.5 Hz, J = 10.0 Hz, J = 12.0 Hz), 3.73-3.80 (m, 2H), 3.69 (dd,
1H, J = 6.5 Hz, J = 9.5 Hz), 3.30 (s, 1H), 2.56 (dt, 1H, J = 8.0 Hz, J = 15.0 Hz), 2.43 (d, 1H,
J =10.0 Hz), 2.34 (dt, 1H, J = 6.5 Hz, J = 14.5 Hz), 2.02-2.09 (m, 1H), 1.90 (t, 1H, J = 8.0
Hz), 1.69 (s, 3H), 1.58 (s, 3H). 13C NMR (125 MHz, CDCls): & 138.69, 138.40, 133.10,
128.30, 128.22, 127.82, 127.51, 127.38, 127.36, 122.94, 96.11, 78.70, 73.48, 71.81, 70.09,
67.80, 59.86, 35.70, 28.70, 27.64, 27.19, 25.73, 17.93. HRMS (ESI) calcd for C27H3404+Na*
445.2349, found 445.2345.
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2.28 2-((2R,3S,4S)-3-(benzyloxy)-2-((benzyloxy)methyl)-3,4-dihydro-2H-pyran-4-yl)
ethyl 4-methoxy benzoate (38)

p-Methoxy benzoyl
bromide, Et3N, BnO

BnO o o
BnO ) CH2Cl - BnO B
o]
on 0°C, 1 hr OPMBs

70%

\

28 38

A stirred solution of 3-deoxy-3-C-branched D-glucal 28 (0.25 g, 0.7 mmol) in
anhydrous DCM (15 mL) under inert atmosphere was cooled to 0 °C.EtsN (0.293 mL, 2.1
mmol) was added drop wise to the solution with stirring over a period of 5 min. After continuous
stirring for further 20 min at 0 °C, p-methoxy benzoyl chloride (0.18 g, 1.05 mmol) was added
and stirring was continued for 1 h at 0 °C. The reaction was quenched with slow addition of
cold water and extracted with ethyl acetate. The combined organic layers were dried over
anhydrous Na;SO4 and concentrated under reduced pressure to obtain crude product.
Purification of the crude product by column chromatography over silica gel using hexanes and
ethyl acetate provided the pure 3-C-branched glycal 38 (239 mg) in 70% vyield. Rs: 0.7 (30%
EtOAc/hexanes). [a]Z® 99.30 (c 1.0, CHCIls); IR (neat): 3013, 2923, 2864, 1707, 1649, 1605,
1510 cm. *H NMR (400 MHz, CDCls): & 8.02 (d, 2H, J = 8.8 Hz), 7.28-7.37 (m, 10H), 6.94
(d, 2H, J = 8.8 Hz), 6.39 (dd, 1H, J = 1.2 Hz, J = 6.0 Hz), 4.78 (dd, 1H, J = 0.8 Hz, J = 6.0
Hz), 4.64 (d, 1H, J = 11.6 Hz), 4.62 (d, 1H, J = 5.2 Hz), 4.60 (d, 1H, J = 12.0 Hz), 4.56 (d, 1H,
J=11.6 Hz), 4.40-4.44 (m, 2H), 4.11-4.15 (m, 1H), 3.90 (dd, 1H, J = 5.6 Hz, J = 8.4 Hz), 3.88
(s, 3H), 3.79 (m, 2H), 2.59-2.66 (m, 1H), 2.19-2.28 (m, 1H), 1.66-1.75 (m, 1H). 3C NMR (100
MHz, CDCls): 6 166.23, 163.28, 142.61, 138.03, 137.83, 131.48, 128.35, 128.30, 127.80,
127.72,127.68, 127.56, 122.71, 113.56, 101.08, 73.54, 72.94, 72.90, 71.39, 69.30, 62.71, 55.34,
30.22, 30.00. HRMS (ESI) calcd for CsoH320e+Na™ 511.2091, found 511.2095.
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2.29 2-((2R,3S,4S)-3-(benzyloxy)-5-((2R,4S,5S,6R)-5-(benzyloxy)-6-((benzyloxy)meth yl)-
4-(2-((4-methoxybenzoyl)oxy)ethyl)tetrahydro-2H-pyran-2-yl)-2-((benzyloxy)met  -hyl)-
3,4-dihydro-2H-pyran-4-yl)ethyl 4-methoxybenzoate (39)

BnO o .
TMSOT H,ClI
BnO 9 SOTf, CH,C 2>
OPMBz -78 °C, 15 min

80%

38 39

A stirred solution of compound 38 (150 mg, 0.31 mmol) in dry dichloromethane (10
mL) under inert atmosphere was added 4 A MS and the suspension was cooled to -78 °C.
TMSOTf (5.6 pL, 0.031 mmol) was added dropwise and continued stirring at the same
temperature. After 15 min the reaction was quenched by the addition of EtsN (~11 pL) and
allowed it to come to room temperature. The reaction mixture was filtered through a small pad
of Celite and the filter cake was washed with dichloromethane (10 mL). Evaporation of the
solvent under reduced pressure follow by column chromatography of the obtained crude
product provided the pure 2-(B-C-glycosyl)-glycal 39 (120 mg) as a colorless gum in 80%
yield. Rr: 0.45 (30% EtOAc/hexanes). [a]d®> +61.30 (c 1.0, CHCls); IR (neat): 2955, 2923,
2854, 1708, 1605, 1510 cm™. *H NMR (500 MHz, CDCls): § 7.98 (d, 2H, J = 9.0 Hz), 7.97
(d, 2H, J = 9.0 Hz), 7.23-7.35 (m, 20H), 6.92 (d, 2H, J = 9.0 Hz), 6.86 (d, 2H, J = 9.0 Hz),
6.44, (s, 1H), 4.70 (d, 1H, J = 11.5 Hz), 4.62 (d, 1H, J = 12.0 Hz), 4.58 (d, 1H, J = 12.5 Hz),
4.57 (d, 1H, J = 12.0 Hz), 4.56 (d, 1H, J = 11.5 Hz), 4.49-4.53 (m, 3H), 4.43-4.48 (m, 2H),
4.34-4.38 (m, 2H), 4.14 (d, 1H, J = 9.5 Hz), 4.05-4.08 (m, 1H), 3.86 (s, 3H), 3.79-3.85 (m,
5H), 3.73 (dd, 1H, J = 4.5 Hz, J = 10.5 Hz), 3.60-3.69 (m, 3H), 3.56 (dd, 1H, J=5.0 Hz, J =
9.5 Hz), 2.92 (g, 1H, J = 5.5 Hz), 2.43 (bs, 1H), 2.20 — 2.26 (m, 1H), 2.12-2.18 (m, 1H), 1.94-
2.01 (m, 1H), 1.83-1.92 (m, 2H), 1.78-1.81 (m, 1H). 2*C NMR (125 MHz, CDCls): & 166.28,
166.15, 163.32, 163.20, 141.01, 138.58, 138.17, 138.10, 137.81, 131.50, 131.49, 128.36,
128.30, 128.19, 127.86, 127.71, 127.61, 127.56, 127.55, 127.32, 122.96, 122.67, 113.94,
113.61, 113.52,
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77.20, 75.49, 75.37,73.64, 73.51, 73.34, 73.10, 71.63, 71.17, 70.76, 70.32, 69.54, 64.01, 63.58,

55.36, 55.33, 32.08, 31.48, 30.86, 29.83, 24.57 cm™ HRMS (ESI) calcd for CeoHssO12+Na*

999.4290, found 999.429
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Current Data Parameters

NAME BUR 400
EXPNO 126712
PROCHNO 1

F2 - Acguisition Parameters

Date_ 50113

Time 9.21
INSTRUM spect
PROBHD 5 mm PABBO BE-
PULPROG

TD

SOLVENT

NS

s 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 575

=1 20.800 usec
DE £.50 usec
TE 297.9 K

Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL 1

10.00 usec

2.00 dB
49.44866943 W
100.6130223 MHz

======= CHANNEL f2 ========

CPDPRG[2

T
2 1 0 ppm
BRRE @ B ENEE e
b b B b < ] SNI=I=2 |2 ==
NN NN -— o |- N — o~ |-
0 = v WO WY "M - o
~ [l = «w r~ o NO@MmMmM~NM@T w o (4
o~ Noo® ®mn o mMevYmHaHoNA - -
w W Mm oMM — o ~r~-YnmoYnwn = L]
[N Y NV ) A |
o
0
PMBO
OMe
6b = 1,2-trans
13C, 100 MHz, CDClj4
T I T I T T \V : T I T
200 180 160 140 120 100 80 60 40 20 0 ppm

100

waltzlé
NUC2 1
PCPD2 $0.00 usec
PLZ 1.50 dB
PL12 17.18 dB
PL13 20.18 dB
PL2W 15.18650627 W
PL12W 0.41063678 W
PL13W 0.20580591 W
SFO2 400.0926004 MHz
Processing parameters
32768
100.6029630 MHz
EM
0
1.00 Hz
0
1.40




PMBO

OMe

6b = 1,2-trans
( COSY, 400MHz )

PMBO

OMe

6b = 1,2-trans
( NOESY, 400MHz)
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OH

8

OMe

"H, 400 MHz, CDCl,4

102

10 9 8 6 5 3 1 0 ppm
g8 g 23z fs.’a g||=
N~ - oNled|— -l IR
o — o o
w oo ~ o NN o oo n - = -~
e 8o L engeae o  a=w©
9 92 o S RERESS 8 SR8
o]
@)
OH
OMe
8
3C, 100 MHz, CDClg
N 1 " o o oing o
| T T T T I T T T T T
200 180 160 140 120 100 80 60 40 20 1] ppm

(>

Current Data Parameters

NAME BUR student NMR
EXPNO 204111
PROCNO 1
F2 - Acguisition Parameters
Date 20181218
Time 17.40
INSTRUM spect
PROBHD 5 mm BBI 1H/D—
PULPROG zg30
TD 65536
SOLVENT [ad ] eh Bc)
NS 18
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 =ec
RG 71.8
DW 60.400 usec
DE 6.50 usec
TE 673.2 K
D1 1.00000000 sec
TDO
CHANNEL f1 =
1H
9.20 usec
-1.00 dB

10.720121328 W
400.1324710 MH=z

F2 - Processing parameters
SI 32768

5F 400.1300022 MH=z
WDW EM

88B [o]

LB 0.30 Hz
GB 8]

BC 1l.00

Current Data Paramsters
NAME BUR 400
EXPNC 204112
PROCNO 1
F2 - Acguisition Parameters
Date_ 20181218
Time 17.46
INSTRUM spect
PROBHD 5 mm BBI 1H/D-
PULFPROG zgpg 30
TD 65536
SOLVENT cpol3
N3 226
o3 4
SWH 23980.814 Hz
FIDRES
AQ 1
RG
D
DE
TE
D1 2.00000000 sec
D1l 03000000 sec
TDO 1
———————— CHANNEL £l ==mmmm==
NUC1 13¢
1 30.00 usee
PLL -4.50 dB
PLIW 94.86473846 W
SFOl 100.6228298 MHz
CHANNEL f2 ========
waltzlé
18
90.00 usec
-1.00 dE
18.81 dB

120.00 dB
10.72012138 W
0.11199529 W

400.,1316005 MHz

F2 - Processing parameters

sI 32768

SE 100.6127756 MHz
WoW EM

SSB o

LB 1.00 Hz

GB ]

PC 1.40
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OMe

Br

T T
10 9 8 7 6 5 4 3 2

C <)
BRUKER
(. ><

Current Data Parameters

1
T (g (g]= g =[] [BEE =8 (s=R
| el o~ - (=l o5 -l ===
- -] oQunrE~FNO O w
N W OO T © = NOWWOoOW O - o
W~ Ao ® M o mowvaoa o e b
i ETT T T
(0]
O
(@) (0]
OMe
Br
9
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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NAME
EXPNO
PROCNG

BUR student NMR

204711
1

F2 - Acquisition Parameters

Date_ 20181120
Time 7.38
INSTRUM spect
PROBHD 5 mm BBI 1H/D
PULPRCG

TD

SOLVENT

N3

DS

SWH 8278.14% Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 45.3

DwW 60.400 usec
DE 6,50 usec
TE 673.2 K

D1 1.00000000 sec
TDO 1

CHANNEL £1 =

1H
Pl 2.20 usec
PL1 -1.00 dB
PL1W 10.72012138 W
5701 400.1324710 MHz
F2 - Processing paramsters
ST 32768
s 400.1300022 MHz
WDW EM
S5B 0
LB 0.30 Hz
GB 0
BC 1.00
Current Data Parameters
NAME BUR student NMR
EXPNO 204712
PROCNO 1
F2 — Acquisition Parametars
Date z0lsglizo
Time 7.44
INSTRUM spect
PROBED 5 mm BBI 1H/D-
PULPROG zgpg 30
TD 65536
SOLVENT CcDCl3
e 503
DS 4
SWH 23980,.814 Hz
FIDRES 0.365918 Hz
RO 1.3664256 szec
EG 181
oW 20.850 usec
DE 5.50 usec
TE 673.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
———————— CHANNEL fl ========
NUCl 13¢
Pl 30.00 ussc
PL1 -4.50 dB
PL1W 94.86473846 W
sFo1 100.6228298 MHz
= CHANNEL f2
PRG[2 walt
nucZ
PCPD2 90.00 usec
PLZ -1.00 dB
PL12 18.81 dB
PL13 120.00 dB
PLZW 10.72012138 W
PL12W 0.11199529 W
FL13W 0w
sFOZ 400.1316005 MHz
F2 - Processing parameters
E 32768
i 100.6127756 MHz
WDW EM
33B 0
LB 1.00 Hz
GB o
FC 1.40
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o e o Fe oM AN A NYROOIFEHONDODNNDY ~MNm
©° 0N O NMFOCNOCVONDOVWITNOCININNLTINHODWINO ®T
@ NOoO®m® FOFRFODANMROOOORPEAINNNNNAOOOC SN~
w N SRR NI TOMNANO MO NNEINNN NN NNN NN BRUKER
(@] Current Data Parameters
HAME BUR student NMR
EXPNO 204021
O PROCHO 1
F2 - Acquisition Parameters
Date_ 20181101
(@] (0] Time 13.28
INSTRUM spect
PROBHD 5 mm BBI 1H/D-
PULPROG zg30
oM D 65536
e SOLVENT CDC13
Hs 16
DS 2
SWH 862768.14¢6 Hz
FIDRES 0.126314 Hz
NO AQ 3,9583745 =zec
2 RG 35.9
DW ©0.400 usec
10 DE €.50 usec
TE 673.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f£1 =
1H
9.20 usec
-1.00 4B
10.72012138 W
400.1324710 MHz
F2 - Processing parameters
SI 32768
SF 400.1300000 MHz
WDW EM
SSB a
LB 0.30 Hz
GB a
L.__,ALJ_AJJJ“\_A_—J— e o
T T T T T T I T T T T
10 9 8 7 6 5 a 3 2 1 0 ppm
8|5 g.kri'-l S IRI2] [BBE| B8 5=
< |- olled = [=ll= ~l=lm -l =l
m o W THNON O a m
- & W TOr~~©O O ~ N O 0w o~
+ ® o wHdonm @ @ mewrnea o @ “
%82 8 935839 3 3 REeZegs 2 28 3 BRUKER
Current Data Parameters
NAME BUR student NMR
EXPNO 204022
o PROCNG 1
F2 - Acquisition Parameters
Date_ 20181101
0 Time
INSTRUM
PROBHD
PULPRCG

TD
O O SOLVENT
]

[=E]

l.J(JQQZ“:D sac
161.3
20.850 usec

OMe

mmor‘nﬁn sec
0.03000000 szec

NO,

CHANMEL £1

10

13C
30.00 usec
—4.50 4B
94.86473846 W
100.6228298 MHz

7777777 CHANNEL £2 ========

CPDPEG [2 waltz16
NUCZ 1H
PCPD2 90.00 usec
PL2 -1.00 dB
FL12 18.81 dB
FL13 120.00 4B
PLZW 10.72012138 W
PL1ZW 0.11199529 W
PL13W O W
sro2 400.1316005 MHz
F2 - Processing paramstsrs
5T 32768
sF 100.6127777 MHz
] WO EM
L I SSB o
LB 1.00 He
T T T T T T cB o
FC 1.40

T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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BnO

—
12
Ll\ u A
T T T | T T T T T T
10 -] 8 7 6 5 4 3 2 0 ppm
2g8|@ (8 ﬁﬁjﬁﬁﬁa 2|3
G - cilrlcil—led|en -
- - NS o n
il S H - MAN NN w0 [l Vomomnmdhag T =
. e . - NOoOMr~OOSTW o -
o Mmoohwoi~r~ o . e e e e e e e .
w TOMONN NN - - ~rH~Ywmnmoown w0
- HeA A A A A o ~r~r~r~r~r~~oain ~
OPMB
O
BnO B
12
1 |
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

HAME BUR 500
EXPNO 129711
PROCNOC 1
F2 - Acquisition Parameters
Date_ 20160729
Time 21.54
INSTRUM spect
PROBHD 5 mm PABBC BB
PULPROG zg30
TD 65536
SOLVENT CDCL3
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 36
oW 48.400 uzec
DE 6.50 use
TE 296.5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
4.90 usec
2.00 dB

12.85348415 W
500.1830888 MH=z

F2 - Processing parameters
sI 32768

SF 500.1800000 MHz
WDW EM

55B 0

LB 0.30 Hz
GB 0

PC 1.00

Current Data Parameters

NAME BUR 500
EXPNO 129712
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160722
Time 22.01
INSTROM spect
PROBHD 5 mm PABEC BB-
PULBROG Zgpg 30

TD 65536
SOLVENT CDCl3

He 88

Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 2050

oW 16.800 usec
DE 6.50 usec
TE 297.8 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f£1 =
13C
2.60 usec
0 dB
76.36135101 W
125.7829381 MHz

CHANNEL £2 =

CPDPRG[2 waltzl6
Nuc2 1H
BCED2Z 80.00 usec
PL2 2.00 dB
PL12 16.50 4B
BL13 16.50 dB
PL2W 12.85248415 w
PL12W 0.45605880 W
PL13W 0.45605880 W
SFO2 500.1820007 MHz
F2 - Processing parameters
ST 32768

SF 125,7703807 MHz
WDW EM

S8B 4]

LE 1.00 Hz
GB o]

2C 1.40
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OBn
OMe
13a =1,2-cis

Current Data Parameters

NAME

BUR student NMR

EXPNO 1299211
PROCHO 1
F2 — Acguisition Parameters
Date_ 20181231
Time 86.13
THMSTRUM spect
PROBHD 5 mm BBI 1H/D-
PULPROG zg30
TD 65536
SOLVENT cpel3
NS 16
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
Ft 3.9583745 sec
RG 35.2
DwW 60.400 usec
DE 6.50 usec
TE 673.2 K
D1 1.00000000 =sec
TDO 1
CHANNEL f1
1H
2.20 usec
—-1.00 dB

10.72012138 W
400.1324710 MHz

F2 - Processing parameters

4 3 2 0 ppm
2[5 9 [ EEEE EEgp
w ey - © CAL R ==l =l
o wouwm Mmoo N -
o - O Wwmwn -~ m No®Wo ™Mo -~ w0 = ~
> . MOoOWwWwm MM o ™~ 0
r~ w-Nhor-r~ m m . .. . - . . . . . -
0 MmO NN A =1 ~~OsNO YN o~ -~
N R Ny ) RV
(0]
O
OBn
OMe
13a =1,2-cis
T T T T | T T | T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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SI 32768

SF 400.1300000 MHz
WDW EM

55B o

LB 0.30 Hz
GB o]

PC 1.00

(SR

NAME BUR student NMR
EXPNO lzg9221
PROCNO 1
F2 - Acquisition Parameters
Date_ 20181231
Time g.21
INSTRUM spect
PROBHD 5 mm BBI 1H/D
PULPROG Zgpg 30
TD 65536
SOLVENT [Siatsb it
308
D3 q
SWH 23980.814 Hz
FIDRES 0.365918 Hz
nQ 1.3664256 sec
RG 322.5
DW 20.850 usec
DE 6.50 usec
TE 673.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f£1
13C
30.00 usec
-4.50 dB
94.86473846 W
100.6228298 MHz

CPDPRG

CHANNEL £2

2 waltzlé
NUCZ 1H
PCPD2 20.00 usec
PLZ -1.00 dB
PL12 18.81 <B
PL13 120.00 4B
PL2W 10.72012138 W
PL12W 0.11199529 W
PL13W
sFoz2 400.1316005 MHz
F2 - Processing parameters
sI 32768
= 100.612778% MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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OBn

OMe
13b = 1,2-trans

(<O

Current Data Parameters

NAME BUR 400
EXPNO 129811
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160417
Time 22.19
TNSTRUM spect
PROBHD 5 mm PABBC BB-—
PULEPROG zg30
TD 65536
SOLVENT cDels
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0,125483 Hz
AQ 3.984588% sec
RG 512
DwW 60.800 use
DE 6,50 usec
TE 296.8 K
D1 1.00000000 sec
TDO 1
———————— CHANNEL £l m=m===m=——
NOC1 1H
P1 14.90 usec
PL1 1.50 4B
PL1W 15.18650627 W
SFO1 400.09234707 MHz
F2 - Processing parameters
51 32768
SF 400.0910000 MHz
WOW EM
S5B ]

LB 0.30 Hz
GB o
PC l1.00

N

9 8 7 6 5 4 3 1 PPmM
g3 3 B EREERE EERE
= |vleNiieN - o |- o o™ |- -
wn s“nor~m-o wn ™
o ST — NOoOONwOoMm ~ - [
- L . MOVNWO o - - o~
~ [ Bl lu) - e s e e e . . .
5 98888 09 32 FREenmo w o - BRUKER
- oA - - - [l ol ol ol - T - ™M ~
Current Data Parameters
NAME BUR 400
EXPNO 129812
PROCNO 1
F2 - Acguisition Parameters
Date_ 20160417
Time 12.03
O INSTRUM spect
PROBHD 5 mm PABBO BBE-
PULPROG Zgpg 30
D £5536
O SOLVENT CcDC13
s &024
Ds 4
SWH 24038.461 Hz
OBnN FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG
DW
DE
OMe rs
D1 2.00000000 sec
= - D11 0.03000000 sec
13b = 1,2-trans o1l 2
________ CHANNEL fl ========
3C
10.00 usec
2.00 dB
49.44866243 W
100.6130223 MHz
= CHANNEL f2
CPDPRG([2 W
NUC2
PCPD2
PL2
PL12
PL13 20.18 oB
PLEW 15.18650627 W
PL12W 0.41063678 W
PL13W 0.20580591 W
sFo2 400.0926004 MHz
F2 - Processing parameters
ST 32768
s¥ 100.6029624 MHz
WDW EM
SSB o]
T T T T T T T T T T T LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm oh o a0
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OBn

OMe
13b = 1,2- trans
(COSY, 400MHz)

OBn

OMe
13b = 1,2-trans
(NOESY, 400MHz)

F1 [ppm]
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C><)
BRUKER
(<

Current Data Parameters

NAME BUR 500
EXPNO 315711
PMBO OPMB PROCHNO 1
F2 - Acguisition Parameters
O Date 20160126
Time 7.25
INSTRUM spect
= PROBHD 5 mm TXI 1H/D-
PULPROG zg30
TD 65636
SOLVENT CDC13
N 16
15 DS 2
SWH 10330.576 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 128
DW 48.400 usec
DE 6.50 usec
TE 294.1
D1l 1.00000000
TDO 1

-------- CHANNEL f1 =====———

NUC1 1H
Pl 7.00 usec
PL1 1.20 dB
PL1W 15.45328617 W
sFO1 500.1830888 MHz
F2 - Processing parameters
SI 32768
SF 500,1800000 MHz
WDW EM
S8B a
LB 0.30 Hz
GB a
AL PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
N( (8 HEEEREE =
| = - rlolrlal-Isi-r— o
m o m w o 0N m™
RS N NHT ~ o NOoOWTILN®ORNMN =)
N - o - N =] NOMFNOWMMmNN ™~
58 S R83% I £ rresssssss : BRUKER
n 0 - Mmoo — [ ~r-wnmo o oW wn =
) o HAHA — o M~~~ 0 0Wnn ~
Current Data Parameters
NAME BUR 500
>NO 145012
PROCNC 1
F2 - Acquisition Parameters
20171018
7.15
spect
5 mm PABBC BE-
2gpg 30
PMBO OPMB 65536
SOLVENT CcDC13
O NS 341
Ds 4
SWH 29761.904 Hz
—— FIDRES 0.454131 Hz
AQ 1.1010048 =sec
RG 2050
DW 16.800 usec
DE 6.50 usec
TE 2926.4 K
15 D1 2.00000000 sec
D11l 0.03000000 sec
TDO 1
= CHANNEL f£1
13C
9.60 usec
0 dB
76.36135101 W
125.7829381 MHz
CHANNEL £2
waltzl6
1H
80.00 usec
B
16 dB
PL13 16.50 dB
PL2W 12.85348415 W
PL12W 0.45605860 W
PL13W 0.45605880 W
SFO2 500.1820007 MH=z
F2 - Processing parameters
sI 32768
l J SF 125.7703656 MHz
. k. Lo WDW EM
S8B 0
T T T T T T T T T T T ég . 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm pC 1.40
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Current Data Paramsters
HAME madhu (PRS)

EXPNG 315911

PROCNG 1

(0] F2 - Acquisition Parame
20160127

18.16

RUM ect
PM BO O PROBHD T/

mm TXI 1H/D-
PULPROG 3

30
TD
SOLVENT
NS

o

OMe ;30
16 bE

TE

o1l

TDO

———————— CHANNEL f1 ========
NUCl 1H

Pl 7.00 usec
PL1 1.20 dB
PL1W 15.,45328617 W
sFol 500.1830888 MHz
F2 - Processing parameters
s1 32768

SF 500.1800000 MHz
WDW =M

3SE o

LE 0.30 Hz
GB o

PC 1.00

i Il
T T T T T T T T T
8 7 6 5 4 3 2 1 0 ppm
gelRis g EEEERSE 2@ (8 (&
oo - o=l ei]| | - o —
™ o WO O ¢
oo NNOH o~ I~ mMom@oOmm=o o o M
o~ Ao mm o NoOrWmVWMOoONN @ o W
0 0 MmoaN HH o © 0 o
55 REA% O3 8 rSrdodegan g5 3 BRUKER
Current Data Parameters
NAME madhu (PRS)
EXPNO 315912
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160127
Time 18.20
(0] INSTRUM spect
PROEHD 5 mm TXI 1H/D-
PULPROG 2gpg 30
0 D 65536
PMBO SOLVENT CDC13
Hs 128
DS 4
SWH 28761.904 Hz
FIDRES 0.454131 Hz
no .1010048 sec
RG 645
DW 16.800 usec
DE 6.50 usec
OMe TE 284.4 K
Dl 2.00000000 sec
16 D11 0.03000000 sec
TDO 1
== CHANNEL f1
229.02009583 W
125.7829381 MHz
15.45328617 W
0.118320982 W
0.0470229% W
500.1820007 MHz
F2 - Processing parameters
E3 32768
SF 125.7703697 MHz
EM
T T T T T I T T T T T = 0
LB 1.00 H
200 180 160 140 120 100 80 60 40 20 0 ppm B 0 ‘
PC 1.40
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PMBO o

oM
16 ( COSY, 500MHz )

=

-

PMBO o

OMe
16 ( NOESY, 500MHz )

-

T
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I
F1 lepmi

5 4 3 2 F2 [ppm
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(<O

Current Data Parameters

NAME BUR 500
EXPHO 134211
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160819
Time 20.35
OPMB INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
(o) TD 65536
SOLVENT cpels
NS 16
— Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
18 20 3.1719425 sec
RG 45.2
oW 48.400 usec
DE 6.50 usec
TE 296.6 K
D1 1.00000000 sec
TDO 1

CHANNEL f1

14.90 usec

2.00 dB
12.85348415 W
500.1830668 MHz

F2 - Processing paramsters
SI 32768

SF 500,1800000 MHz
WDW EM

SSE 0

LB 0.30 Hez
GB o

BC 1.00

5 4 3 2
ERECE I
~lail [=lesle=l+ ===

1 ppm

~ 3 r~ ™~ ~

- ] o ~ ] Nownaon -~ o 0

. . o - . NOoM~Oo OO — n o

a ] o o L] =3 c e e e - . e

5 % 83 5 8  ffeips s E BRUKER

— - — — — Ll ol 2l ol ol ol w o~ o %
Current Data Parameters
NAME BUR 500
EXPNO 134212
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160819
Time 20.38
INSTRUM spect

PROBHD 5 mm PAEBC BE-

OPMB PULPROG zgpg 30

™ 65536
SOLVENT cpels
(0] NS a8
DS 4
_— SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
18 RG 2050
DW 16.800 usec
DE ©.50 usec
TE 287.6 K
Dl 2.00000000 sec
D1l 0.03000000 sec
DO 1

CHANNEL f1 =
13¢C
9.60 usec

0 dB
76.38135101 W
125.7829381 MHz

=: = CHANNEL f2 =
CPDPRG[2 waltzlé

NucCz 1H
PCPD2 80.00 usec
PLZ 2.00 dB
PL12 16.50 dB
PL13 16.50 4
PLZW 12.85348415 W
PL12W 0.45605880 W
PL13W 0.45605880 W
S5F02 500.1820007 MHz
F2 - Processing parameters
J i sT 32768
) B 125.7703719 MHz
WoW EM
T T N T T T T T T T T T T T T T T T T N 238 9
LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm GB 5
PC 1.40
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OMe
19 (mix 1:1)

~ -

T T
10 9 8 6 5 4 2 1 ppm
8|8 28 & Wﬂsﬁ 88.‘23[]‘5:828*
<lle3 sle -l lsl=lale Slail=lsl<le=l=lal=
o~ 0 T 0w N~ Mo
o = © o wr- oW WO WWw AT - MW NOo W
. .. s NoOoM~om-AN & ~Or~oWmMme o
- N mm =M e S e e s s s e
) MmN - OO -~ Wwmmor 0 N[0 @I NS
PN VYV NVA T ST
@)
(@)
OMe
19 (mix 1:1)
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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(><

Current Data Parameters

NAME BUR 500
EXPNO 134811
PROCNG 1
F2 - Acquisition Parameters
Date_ 20160826
Time 12.06
INSTRUM spect
PROBHD 5 mm PABBCQ BB
PULPRCG zg30
TD 65536
SOLVENT CDCL3
NS 16
S 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 203
DW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1

= CHANNEL £l =
NUC1 1H
Pl 14.90 usec
PL1 2.00 dB
PL1W 12.65348415 W
SFO1 500.1830888 MHz
F2 - Processing parameters
ST 32768
SF 500.1800102 MHz
WDW EM
S5B a
LB 0.30 Hz
GB o]

PC 1.00

Current Data Parameters

NAME BUR 500
EXPNO 134812
PROCNO 1

Fz Acquisition Parameters
Date_ 20160826
Time 19.10
INSTRUM spect
PROBHD 5 mm PABEC BB
PULPROG zgpg30

D 65536
SOLVENT €DCl3

NS 256

D3 4

SWH 29761.204 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 2050

oW 16.800 usec
DE 6.50 usec
TE 297.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f£1

13C
9.60 usec

0 4B
76.36135101 W
125.7829381 MH=z

= CHANNEL f2

CPDPRG [2 waltzl6
NuCz 10
PCPD2 80.00 usec
PL2 2.00 dB
PL12 16.50 dB
PL13 16.50 dB
PL2W 12.85348415 W
PL12W 0.45605880 W
PL13W 0,45605880 W
aFo2 500.1820007 MHz
F2 - Processing parameters
ST 32768

SF 125.7703626 MHz
WOW EM

55B 0

LB 1.00 Hz
GH 0

BPC 1.40
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BnO
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10 9 8 7 [3 5 4 3 1 ppm
8 g glg|8]|8|8|s 8|[=[=
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ramare= - MmMor~wYwowmwr nr o
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TOMNNN NN ~ ~-YWHOo ©~ o~
T T W VT
(0] ~
o)
BnO )
20
I M N
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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(<O

Current Data Parameters

HAME BUR 500
EXPNO 136511
PROCNC 1
F2 - Acquisition Parameters
Date 20161010
Time 18.50
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zg30
TD 65536
SOLVENT CDCLl3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 =ec
RG 50.6
DW 48.400 usec
DE 6.50 usec
TE 295.6 K
D1 1.00000000 =ec
TDO 1
CHANNEL f1 =
1H
14,20 usec
2.00 dB

12.85348415 W
500.18306888 MH=z

F2 - Proces=lng paramsters
ST 32768

SF 500.1800000 MHz
WDW EM

55B o}

LB 0,30 Hz
GB [s)

PC 1.00

C><)
BRUKER
(><)

Current Data Parameters

NAME BUR 400
EXPNO 136512
PROCNO 1
F2 - Acqguisition Parameters
Date_ 20161018
Time 18.34
INSTRUM spect
PROBHD & mm PAEEO BB/
PULPROG Zgpg 30
TD 65536
SOLVENT CDC13
LES 265
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664256 sec
RG 812.7
DwW 20.850
DE &.50
TE 295.0
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
———————— CHANNEL fl ========
NOC1 13C
Pl 13.50 usec
PL1 0 dB
PL1W 33.65927887 W
SFO1 100.6228298 MHz
CHANNEL f2 =
CPDEBRG[2 waltzlée
NUC2 1H
PCPD2 80.00 usec
PLZ2 -1.30 dB
PL12 13.24 dB
PL13 13.24 dB
PL2W 11.48681641 W
PL1Z2W 0.40383106 W
PLL3W 0.40383106 W
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
SE 100.6127800 MHz
WoW EM
SSB ]
LB 1.00 Hz
GB Q
PC 1.40
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OBn
21 (mix 1:1)

10 9 8

138.44
138.37

OBn
21 (mix 1:1)
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|
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T T T
200 180 160
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T
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<)
BRUKER
(<)

Current Data Parameters

NAME BUR 500

EXPNC 136811

PROCNO 1

F2 - Acgulisition Parameters

Date_ 20161022

Time 13.27

INSTRUM spect

PROBHD 5 mm PABBO BB

PULPROG zg30
65536

SOLVENT cpcl3

NS 16

D5 2

SWH 10330.578 Hz

FIDRES 57632 Hz

AQ 9425 sec

RG 256

DW 48.400 usec

DE 6.50 usec
295.% K

1.00000000 sec
1

PL1W 12.85348415 W

SFO1 500.1830888 MHz
F2 - Processling parameters
sI 32768

SF 500.1800000 MHz
wow EM

33 e]

LB 0.30 Hz
GB o]

PC 1.00

Current Data Parameters

HNAME BUR 500
EXPNO 136812
PROCNO 1

F2 Acquisition Parameters
Date_ 20161022
Time 13.35
INSTRUM spect
PROBHD 5 mm PABEC BE-
PULPROG 2gpg 30

D 65536
SOLVENT

ns

DS

SWH 29761.904 Hz
FIDRES 0.454131 Hz
aQ 1.1010048 sec
RG 2050

bW 16.800

DE 6.50

TE 297,

Dl 2.00000000

D11 0.03000000

TDO 1
———————— CHANNEL f1l ========
NOC1 13C

Pl 2.560 usec
PL1 0 4B

PL1W 76.36135101 W
SFOL 125.7829381 MHz

PL2W 12.85348415 W

PL12W 0.45605880 W
PL13W 0.45605880 W
SFOZ 500.1820007 MHz
F2 - Processing parameters
sI 32768

SF 125.7703624 MHEz
wow EM

SSB Q

LB 1.00 Hz
GB Q

PC 1.40
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OMe

OMe

(@)
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T
10 ) 8 7 6 5 4 3 1 0 ppm
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200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME BUR 500
EXPNO 136411
PROCNO 1

F'2 — Acgqulslitlion Parameters
Date_ 20161010
Time 21.21
INSTROM specht
PROBHD 5 mm PABBC BB-—
PULPROG zg30

TD 655386
SO0LVENT CDC13

S 186

Ds 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 57

DW 48.400 ussc
DE 6.50 usec
TE 294.2 K

D1 1.00000000 sec
TDO 1

CHANNEL f1 =

1H
14.90 usec
2.00 dB
12.85348415 W
500.1830888 MHz

F2 - Processing parameters
sI 32768

SF 500.1800000 MHz
WoW EM

SSE 0

LB 0.30 Hz
GB 0

BC 1.00

<)
BRUKER
(><)

Current Data Parameters

NAME BUR 500
EXPNG 136412
PROCHO 1
F2 - Rcguisition Parameters
Date_ 20161010
Time 21.24
INSTRUM spact

PROBHD 5 mm FABBC BB-
PULPROG Zgpg30
TD
SOLVENT
NS

Ds 4

SWH 29761.904 Hz
FIDRES 0.454131 Hz
pXa] 1.1010048 sec
RG 2050

oW 16.800 usec
DE 6.50 usec
TE 295.6 K

Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1

13C
9.60 usec

0 dB
76.36135101 W
125.7822381 MHz

CHANNEL f2 =m=ssssw==
waltzlé

16.50 dB
12.85348415 W
0.45605880 W
0.45605880 W

500.1820007 MHz

F2 - Processing parameters
ST 32768

SF 125.7703703 MHz
WDW EM
EES] o

LB 1.00 Hz
GB 0

PC 1.40
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OBn
23

Current Data Parameters

HAME BUR 400 BY 20-02-2018

EXPNO 12382125

PROCNG 1

F2 - Aeguisition Parameters

Date_ 20161015

Time 4.48

NSTRUM spect

PROBHD 5 mm BBI 1H/D-

PULFROG zg30

TD 65536

SOLVENT CDCL3

NS 16

D8 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

O 3.9845889 sec

RG 80.6

DW 60.800 usec

DE 6.50 useec

E 297.0 K

D1 1.00000000 sec

TDO 1
CHANNEL £1

NuCl 1H

Pl £2.00 usec

PL1 1.20 dB

PL1W 16.27263451 W

SFO1 400.0934707 MHz

F2 — Processing paramsters

sI 32768

SF 400.0909%80 MHz

WDW EM

SSB o

LB 0.30 Hz

GB o

FC 1.00

10 9 8 7 6 5 4 3 2 1 0 ppm
ﬁ“-r’oﬁ 2|8 g 8 q|8(8
| i~ i e ~lail—
o =HwH - M
mn = 0w - NO N g Nm n o
oo - MOV o o
© o -~ — e e e -y
5855 5 rressps s s BRUKER
T N I (<O
Current Data Parameters
NAME BUR 400 BY 20-02-2018
EXPNO 123821246
PROCHO 1
F2 - Acquisition Parameters
Data_ 20161015
O Time 5.38
INSTRUM spact
PROBHD 5 mm EBI 1H/D-
O PULPROG zgpg 30
65536
SOLVENT cpels
3 844
DS 1
OBn SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 ssc
RG o12
23 oW 20.800 usec
DE 6.50 usec
TE 297.2 K
D1 2.00000000 se=c
D11 0.03000000 =zec
TDO 1
———————— CHANNEL fl ========
NuCl 13C
Pl 15.00 usec
PL1 -1.60 dB
PL1W 113.28035736 W
SFO1 100.6130223 MHz
———————— CHANNEL f2 ==s=s===
waltzlé
18
80.00 us=c
1.20 dB
21.20 dB
21.20 dB
16.27263451 W
0.16272631 W
0.16272631 W
SFOZ 400.0526004 MHz
F2 - Processing parameters
ST 32768
SF 100.6029664 MHz
1 WDW EM
L ssB 0
LB 1.00 Hz
T T T T T T T T T T T T ce o
PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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~ BRUKER

O ~
O
Current Data Parameters
Bno — NAME BUR 400
EXPNC 137711
PROCHNC 1
F2 - Acquisition Parameters
24 Date, 20161112
Time 12.13
INSTRUM spect
5 mm PABBO BB/
zg30
65536
CDC13
16
z
8278.146 Hz
0.126314
3.9583745
40.3
60.400 usec
6.50 usec
294.2 K
1.00000000 sec
1
———————— CHANNEL f1 ========
NUCL 11
Pl 15.00 usec
PL1 -1.30 dBb
PL1W 11.48681641 W
S5FO1 400.1324710 MH=z
F2 - Processing parameters
5T 32768
SF 400.,13000768 MHz
WDW EM
55B 4}
LB 0.30 Hz
GBE a
Jll A h PC 1.00
W I
T T T T T T T T T T
9 8 7 6 5 a4 3 2 1 0 ppm
g[8 8 SSBSEIFSS?- |§8.‘I$88
|- - =l =lledl—=led —lenlailedledles

@M NN N0 (:‘1::>‘::—'i>
SO MNINMWY YO © o NOM@®WOUNOOC n Mo mao N
R <+ MOrWwOowmrOo n Womwvwew
MO H®N~ MO . rerneenn A i
SN MNNN NN ~ FROWAHO O~ o wwwnr~e IEI;I‘{IL'I":IEEIE!
[ i Pl e ke 6O ~RRRRFOO o NN (:J;::><::-;)
Current Data Parameters
FAME BUR 400
EXPNO 137712
PROCNO 1
F2 - Acguisition Parameters
X Date_ 20161112
Time 12.21
0] ~ INSTRUM =pect
PROEHD 5 mm PABEC EB/
() PULPROG zgpg30
™ 65536
BnO ) SOLVENT cpels
NS 117
D= 4
SWH 23980.814 Hz
FIDRES 0.365018 Hz
ag 1.3664256 sec
24 RG 812.7
DW 20,850 usec
DE 5.50 usec
TE 295.0 K
D1 2.00000000 sec
D1l 0.03000000 sec
DO 1
- CHBNNEL £1 — -
wucl 13c
Fl 13.50 usec
FLL1 0 dB
PL1W 33.65027887 W
SFO1 100.62282%8 MHz
= = CHANNEL £2
CPDPRG (2 walt
wucz
PCPD2 80
PLZ -1.30 dB
PL12 13.24 dB
PLL3 13.24 dB
PLZW 11.48681641 W
PL1ZW 0.40383106 W
PL13W 0.40383106 W
sFOZ 400.1316005 MHz
F2 — Processing parameters
51 32768
53 100.6127782 MHz
WD EM
4 sSBE 0
LB 1.00 Hz
T T T T T T T T T T T GB 0
pC 1.40
200 180 160 140 120 100 80 60 40 20 1] ppm
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O
BnO o
OH
25
T T T T T T T T T T T
10 9 7 6 5 a 3 2 1 0 ppm
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Data Parameters
BUR 400

13 1

1

20161117
3.43
spect
PABBO BB/
zZg30
65536
cpols

32

s
8278.146 Hz
0.126314 Hz
3.92583745
322.5
€0.400
6.50
225.4 K
1.00000000

5 mm

1H
15.00 usec
-1.30 dB

11.48681641 W

400.1324710 MH=z

CHANNEL £1

Processing parameters

32768
400,1300000 MHEz
EM

Current Data Parameters

HEME BUR 400
EXPNO 137922
PROCNO 1
F2 - hequisitien Parameters
Date_ 20161117
Tima 3.47
TINSTRUM spect
PROBHD 5 mm PABEC BB/
PULER Zgpg 30
65536
SOLVENT €DCls
] 2048

SWH
FIDRES

DPRG[2
nNUC2
FPCFD2Z
FLZ

PL1Z
PL13
PLZW
PL12W
PL13W
SFOZ

FZz
8T
SF
WDW
S5B
LB
GB
PC

4
23980.814
0.365918 Hz
1.3664256
574.7
20.850
6.50

295.6 K
2.00000000 sec

0.03000000 sec
1

CHANNEL f] =ssssm==
13c

13.50 usec

CHANNEL f2
raltzlé

400.1316005 MHz

- Processing parameters

32768
100.6127705 MHz
EM
o]
1.00 Hz
o
1.40
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OPMBz

BnO

26

Current Data Parameters

NAME

EXPNO

PROCHNO

F2 - Acguisition Parameters

Date 20161214

Time 17.51

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG zg30

D 65536
CDC13

16

4
8278.146 Hz
0.126314 Hz
3.9583745 sec
128
60.400 usec
6.50 usec
295.2 K
1.00000000 sec
1

CHANNEL f1

1H
15.00 usec
—1.30 dB
11.48681641 W
400.1324710 MH=z

10 9 8
© ~
< ©
o~ w

—166.12
T—163.37

OPMBz

BnO

26

- -

211
1.00
2.07
212
1.00

131.73
122.42
—113.54
—97.67
77.32
77.00

< ~128.43

_——142.99
_~137.73

=

-175.42
—55.40

X
N

T T T
200 180 160

120

(<O

F2 - Processing parameters
51 32768
SF 400.1300000 MHz
WDW EM
SSB [s]
LB 0.30 Hz
GB 4]
l PC 1.00
‘ .
T T T T
3 2 1 0 ppm
- S| =
- - |-
29525 9 Co><)
<«
iz=gr : BRUKER

Current Data Parameters
NAME BUR 400
EXPNO 138112
PROCNO 1

F2 - Acguisition Parameters
Date_ 20161214

ime 17.57
INSTRUM spect
PROBHD 5 mm PABBO HE/
PULPROG Zgpg 30

D 65536
SOLVENT CDC13
NS 135

Ds 4

SWH 23980.814 Hz
FIDRES 0.365918 Hz
p-te) 1.3664256 sec
RG 812.7

DW 20.850 usec
DE 5.50 usec
TE 295.8 K
D1 2.00000000 sec
D11l 0.03000000 sec
TDO 1

CHANNEL f1

Pl 13.

PL1 0 daB

PL1W 33.65927887 W
SFO1 100.6228298 MH=z

= CHANNEL f2 =

CPDPRG[2 waltzle
Noc?2 1H
PCPD2 80.00 usec
PL2 -1.30 dB
PL1Z2 13.24 dB
PL13 13.24 dB
PL2W 11.48681641 W
PL12W 0.40383106 W
PL13W 0.40383106 W
SFO02 400.1316005 MH=z
F2 - Processing parameters
SI )

SF 100.6127735 MH=z
WoW EM

T T T T SSB 0
LE 1.00 Hz
80 60 40 20 0 ppm B )
PC 1.40
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OPMBz

BnO 0

BnO

OPMBz

Lo

27

121

10 9 8 7 6 5 4 3 2 1 ppm
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O
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\ o
27
m:‘ml..m|-l-tj U“ ‘.JLWH
T T I T T I T T T I T
200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME bur student NMR
EXPNO 145121
PROCNO 1

- Acguisition Parameters
ate_ 20171114
Time 8.43
INSTRUM spect
PROBHD 5 1H/D—
PULPROG a
65536
CDC13
16
2
8278.146 Hz
S 0.126314 Hz
3.98583745 sec
22.6
60.400 usec
6.50 usec
673.2 K
1.00000000 sec
1

mm BBI

TD
SOLVENT

1H
9.20 usec
-1.00 dB
10.72012138 W
400.1324710 MHz

CHANNEL f1

Processing parameters
3276

400.1300000 MHz
EM

0.30 Hz

Current Data Parameters

NAME bur student NMR
EXPNO 45122
PROCHO 1

F2 - RAcquisition Parameters
Date_ 20171114
Time 8.51
INSTRUM spect
PROBHD 5 mm BBI 1H/D-
PULPROG Zopg 30

TD 65536
SOLVENT cDC13

NS l4dg

Ds 4

SWH 23980.8614 Hz
FIDRES 0.36591¢8 Hz
AD 1.3664256 sec
RG 57

DW

DE

TE 673.2 K
ol 2.00000000 sec
D11 0.03000000 sec
TDO 1
———————— CHANNEL fl ========
NUC1 13C

Pl 30.00 usec
PL1 -4.50 4B
PL1W 94.88473846 W
SFO1 100.6228298 MHz

CHANNEL £2

waltzl

CPDPRG [2 16
NuC2 1H
PCPD2 90.00 usec
PLZ -1.00 dB
PL12 lg.81 db
PL13 120.00 dB
PLZ 10.72012138 W
PL12W 0.11199529 W
PL13W 0w

SFO2 400.1316005 MHz
F2 - Processing parameters
sI 32768

SF 100.6127797 MHz
WDW EM
55B 0

LB 1.00 Hz
GH 0

PC 1.40
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OPMBz BnO
0]

OPMBz
BnO
\ o

27 ( COSY, 500MHz )

OPMBz  BnO
OPMBz
(0]
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\ o

27 ( NOESY, 500MHz )
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BnO
BnO
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Current Data Parameters

WAME BUR 500
EXPNC 138711
FPROCNO 1
F2 - Acquisition Parameters
Date 20170110
Time 21.29
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG Zg30
TD 65536
SOLVENT cbcl3
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.1576322 Hz
AQ 3.171%9425 sec
RG 144
DwW 48.400 usec
DE 6,50 usec
TE 299.6 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
14.90 usec
2.00 dB

12.85348415 W
500.16830888 MHz

F2 - Processling parameters
S1 32768

SF 500.1800000 MH=z
WDW EM

SSB o

LB 0.30 Hz
GB a

EBC 1.00

Current Data Parameters

NAME BUR 500
EXPNO 138712
PROCHO 1
F2 - Acguisition Parameters
Date 24170110
Time 21.32
IMSTRUM spect
PROBHD 5 mm PABEC BE-
PULPROG zgpg 30
65536
SOLVENT cpCl3
NS 256
Cs 4
SWH 29761.9204 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 2050
=1 16.800 usec
DE 6.50 usec
TE 300.6 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL 1
1
9.60 usec
0 db

76.36135101 W

125.7829381 MHz
,,,,,,,, f2 =====—===
CPDPRG[2 waltzls
NUC2 1H
PCPD2 60.00 usec
PLZ 2.00 dB
PL12 16.50 dB
PL13 15.50 dB
PL2W 12.85348415 W
PL12W 0.45605880 W
PL13W 0.45605880 W
SFO2 500.1820007 MHz
F2 - Processing parameters
sI 32768
SF 125.7703642 MHz
WDW EM
2S8B 0
LE 1.00 Hz
GH 0
BC 1.40
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<)
BRUKER
(. ><

Current Data Parameters

NAME BOUR 400
EXPNO 132411
PROCHO 1
Meo F2 — BAcguisition Parameters
Date_ 20170114
Time
nO THSTRUM
Bn PROBHD 5

PULPROG

30 (1:1)

256
60.400 usec
&.50 usec
294.2 K
1.00000000 sec
1

——— CHANNEL £1 ========

J 1H

Pl 15.00 usec
PL1 -1.30 dB
PL1W 11.48681641 W
SFOL1 400.,1324710 MHz

Processing parameters

10 9 8 7 1 0 ppm

F =454 o™

g8 5|82 2

O=F| NN o™

=
NOMVWN-HOENINO DWW MO®DMDOANM
COTNOMNMMDOBIMNONOANDOM~EDVDNTISOADONNOXFTOFNOWVWODUMEMWOINOWHAWN
oo s s s s s r s sttt O MOoOYAM AN Y NADNANMO® A MM 0N
WO~~~ mMm - - L S
WNMMNNOMANNNTNNNNNNNAALFSFO-EF00ONNO000CO0 OO T OWMD
i B B B I e I e B B e B B T B B B B T B T B BT T o ol ol e ol ol Sl S ol - I B e T B B B ]

HAME BUR 400
EXPNO 139412
PROCNG 1
F2 Acguisition Parameters
Date_ 20170114
Time 17.13
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG Zgpg 30
D 65536
SOLVENT CDC13
Meo NS 1444
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
%o} 1.3664256 sec
RG 8l2.7
DW 20.850 usec
30 11 DE 6.50 usec
( . ) TE 294.9 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1

======== CHANNEL fl ========
NUC1 13¢C
o1

PL1 0 dB

PLIW 33.65927687 W
sFO1 100.6228298 MHz
= CHANNEL f2 ==
[z waltzl6
1H
g80.00
-1.30 &
13.24 dB
.24 dB

11.48681641 W
0.40383106 W
0.40383108 W
400.1316005 MHz

Processing parameters
327e8
100.6127720 MHz
EM

1.00 Hz

T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

1.40
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Current Data Parameters

OBn NAME BUR 400
EXPNO 140911
BnO PROCNO 1
O F2 - Acquisition Parameters
Date_ 20170407
Time 14.26
— THSTRUM spect
PROEHD 5 mm PAEBO BE/
PULPROG zg30
OPMB TD 65536
SOLVENT CDCL3
NS 16
DS 2
32 SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 71.8
bW 60.400 usec
DE 6.50 usec
TE 296.8 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
15.00 usec
~1.60 dB

12.30834579 W
400.1324710 MHz

F2 - Processing parameters

51 32768

5F 400,1300000 MHz
WDW EM

55B 0

LB 0.30 Hz
GB o

EBC 1.00

T
9 8 7 6 5 4 3 2 1 ppm

| [~ oo | =To(e~]r=~ @ ~
- |- old|=|S|®|—|r|— =3 w
I G T ||| |33 - o
-
T dwoVWNOr-WVE-Ow O
W mSemNmNcRYNR A nNoRedLYYROE 2%
2 9883288858808 Crldvnanrate o BRUKER
H o HHA A A A A A [l ol ol SR ™ m
NAME BUR 400
EXPNO 140912
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170407
Time 14.32
NSTRUM spect
BnO OBn PROBHD 5 mm PABEC BB/
PULPROG zgpg 30
D 65536
(@] SOLVENT €DCl3
NS 2786
DS 4
— SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664256 sec
OPMB RG 574.7
DW 20.850 usec
DE 6.50 usec
TE 297.4 K
32 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1
13C
13.50 usec
0 dB
33.65927887 W
100.5228298 MHz
CHANNEL £2 ========
waltzle
18
80.00 usec
-1.60 dB
12.94 dB
13.24 dB
12.30834579 W
0.43271279 W
0.40383106 W
400.1316005 MHz
F2 - Processing parameters
s1 32768
SF 100.6127785 MHz
- - - i WDW EM
SSB 0
T T T T T T T T T T T LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm &2 0 e
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B. U. Rao (Thesis)

OMe

BnO
O \
BnO 0
33a =1,2-cis

N

10 9 8 2 1 0 ppm
™[ o|wn|e @
-S S|=(N| |
<< =il e
-~ < W W~ o
o N M- mo DY WYINn o W HYownrdHo® no o =
™ @ O W e R il B awe 2
] M NN N NN N T -~ o L0 O
— o o o L ] MmN o
OMe
BnO
O \
BnO 0
33a =1,2-cis
[ l JI o '
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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<)
BRUKER
(>

Current Data Parameters

HAME BUR 500
EXPNO 145831
PROCNC 1

F2 - Acgquisition Parameters
Date 20180117

Time 22.53
INSTRUM spect
PROBHD 5 mm PABBO BBE-
PULPRCG zg30
TD 65536
SOLVENT cDC13
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 z
hXe} 3.1719425 sec
G 322
DW 48.400 usec
DE 6.50 usec
TE 299.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
14.90 usec
2.00 dB

12.85348415 W
500,1830888 MHz

F2 - Processing parameters
31 32768

5F 500.1800000 MHzZ
WDW EM

S55B o]

LE 0.30 Hz
cB 0

PC 1.00

Current Data Parameters

NAME BUR 500
EXPNC 145832
PROCNG 1
F2 - Acquisition Parameters
Date_ 20180121
Time 16.17
INSTRUM spect
PROBHD S mm PABBO BB-
PULPROG zgpg 30
TD 65536
SOLVENT [SisTeh i}
NS 8000
D& 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 2050
DW 16.800 usec
DE &.50 usec
TE 295.5 K
ol 2.,00000000 sec
D11 0.03000000 sec
TDO 1
77777777 CHANNEL f1
NUCL
Pl
PL1 0 dB
PL1W 76.36135101 W
SFOl 125.7829381 MHz
NNEL £2
waltzlé
1H
80.00 usec
2.00 dB
16 dB

15.50
12.85348415 W
0.45605880 W
0.45605880 W
500.1820007 MH=z

F2 - Processing parameters
sI 32768

SF 125.7703622 MHz
WOW M
53B 0

B 1.00 Hz
GB o

PC 1.40



BnO
O
BnO e
33a =1,2-cis
( COSY, 500 MHz )

OMe

BnO
)
BnO 0
33a =1,2-cis
( NOESY, 500 MHz)
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F1 [ppm]

2

F2 [ppm]

F1 [ppm]

I
2

F2 [ppm]
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B. U. Rao (Thesis)

MeO

BnO

)

BnO

33b = 1,2-trans

10 9 8 7 6 5 a4 1 0 ppm
37)33. g8[=[=|8]|8|=|g|8|e|g] [&]3|=]=
S|l L R L R R T R R PR M P ] B
e
m OO - NO ©WYWO ™
o NN AMMOn T WY oMW N MmN - oM
. s v s ror v x e ~oNo~n o ®oN NN~
~ oNo@OM~M~M~MmM T e st e r . r v . e e
uw MO MMNNNNN A N oY NNO>On ~uw r~r~
NS TN UV
MeO
BnO
O
BnO O
33b =1,2-trans
I l I ‘J“ L N
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME BUR 500
EXPNC 145841
PROCNC 1
F2 - Acquisition Parameters
Date_ 20180122
Time 16.10
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG z2g30
65536
SOLVENT CDC13
N3 16
DS 2
SWH 10330,.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 287
DW 48.400 usec
DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
TDO 1

CHANNEL f1 =

1H
14.90 usec
2,00 dB
12.85348415 W
500.1830888 MH=z

F2 - Processing parameters
51 32768

SF 500.1800000 MHz
WDwW EM

S3B o]

LB 0.30 Hz
GB a

PC 1.00

(<O

Current Data Parameters

NAME BUR 500
EXPNO 145842
FPROCNO 1

Fz — Acquisition Paramsters
Data_ 20180122
Time 17.16
INSTRUM spect
PROBHD 5 mm PABBG BE—
PULPROG Zgpg 30

D 65536
SOLVENT cpcl3

e 4400

Ds 4

SWH 29761.904
FIDRES 0.454131

RO 1.1010048 sec
RG 2050

DW 16.800 usec
DE 6.50

TE 295.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1

13

9,60 usec

0 4B
76.36135101 W
125.7829381 MH=z

CHANNEL

£2

CPDPRG [2

NUCz

PCPDZ2 80.00 usec
PLZ 2,00 dB
FL12 16.50 ds
PL13 16.50 dB
PLZW 12.85348415 W
PL1ZW 0.45605880 W
PL13W 0.45605880 W
SFO2 500.1820007 MHz
FZ - Processing parameters
ST 32768

aF 125.7703620 MHz
WDW EM

SSB o

LB 1.00 Hz
GB Q

PC 1.40



MeO

BnO

BnO o
33b =1,2-trans
( COSY, 500MHz )

MeO

BnO

BnO O
33b =1,2-trans
( NOESY, 500MHz )
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F1 [ppm]

I
2

5 4 3 2 F2 [ppm]

F1 [ppm]

I
2

I
5 4 3 2 F2 [ppm]
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B. U. Rao (Thesis)

BnO
BnO

34

Current Data Paramsters

10 9 8 7 6 5 4 3 2 1 ppm
3 g g ﬁfsrsjév?ﬁﬁ g (3[52)e
=] - - o - o3| on |-
v NVOoOrr-HA WS ~
cooWwMrrWIn N w NO NN~ w-w o
- MOYWOoOMOoTON 0OV~ o
oW~~~ - P . e s s
MM NNNNNN o FEOYMOONAD o ~
e I e R ] - [l ol ol ol ol ol T BT+ Y ] m NN -
BnO
BnO B
(0]
X
34
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME BUR 400

EXPNCG 138811

PROCHO 1

F2 - Acguisition Paramsters

Date_ 20170104

Time 2.05

THSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 16

DS 2

SWH 5278.146 Hz

FIDRES 0.126314 Hz

AD 3.9583745 =ec

RG 20.5

DW 60,400 usesc

DE 6.50 usec

TE 294.3 K

D1 1.00000000 see

TDO 1
CHANNEL f1 =

NUC1 1H

Pl 15.00 usec

PL1 -1.30 dB

PL1W 11.48681641 W

SFO1 400.1324710 MH=z

F2 - Processing parameters
=

SF

WDW

58B o]
LB

GB o]
PC

32768
400.1300000 MHz
EM
0.30 Hz

1.00

<)
BRUKER
(<)

Current Data Parameters

NAME BUR 400
EXPNO 138812
PROCNO 1
F2 - Acguisition Parameters
Date_ 20170104
Time 2.16
INSTROM spect
PROBHD 5 mm PABBO BB/
PULPROG Zgpg30
65536
SOLVENT CDC13
Ng 226
DS 4
SWH 23280.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664256 sec
RG 12.7
DwW 20.850 usec
DE £.50 usec
TE 235.1 K
D1 2.00000000 sec
D11l 0.03000000 sec
TDO 1

CHANNEL f1

13.50 usec

0 dB

33.65927887 W
100.62282928 MHz

====———= CHANNEL f2 ========
CPDPRG[2 waltzls

Nucz 1H
BCPD2 80.00 usec
PL2 -1.30 dB
PL12 13.24 dB
PL13 13.24 dB
PL2ZW 1.48681641 W
FL12W 0,40383106 W
PL13W 0.40383106 W
SFO2 400.1316005 MHZ
F2 - Processing parameters
s8I 32768

SF 100.6127761 MHz
WDW EM

58B ]

B 1.00 Hz
GB a

BC l.40



Chapter 2 Synthesis of Carbon-Branched Sugars ......

‘urrent. Data Paramsters
NAME BUR 400

EXPNO 139111
PROCNOC 1

B %nO F2 - Acquisition Parameters
n Date,
Time

. INSTRUM o
35 (le 11) PROBHD 5 mm PARBO BB/
PULPROG zg30
D 65536
SOLVENT cDC13

HS

Cs

SWH
FIDRES

DW 60.400

DE 6.50

TE 295.0

D1 1.00000000 sec
1

PL1W 11.48681641 W
SFOL 400.,1324710 MHz

F2 — Proce

o -
- -
(2]
(4]
B
W
[
-

10 9 Ppm
o
8|8
o=
-
O g Ao To AN wn TN M
OO AHOFOMNOMNONOENTSIFONNNO O D @~ M=y NP WNOOH M O~
s e s e e e e e e e e e s s OOMOOYN FYYs oA ~HWYsor~ Mmoo
e L L L T e RN S SRt S Bt e B e S i BRUKER
MOMMOOONNNNNNNNNNNDS--DOO NOOOOO - @ @~ [~ ™o~ -
HeAdd A A A A A A A A A A AR YOO NNNNNNS A

——T73.37
_-~—38.58

|
|
|

e

Current Data Parameters

NAME BUR 400
EXPNO 139112
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170109
Time 7.01
INSTRUM spect
PROBHD 5 mm PABEBO BE/
zgpg 30
65536

35 (mix 1:1)

2.00000000 sec
0,03000000 sec

usec
dB
dB
dB
681641 W
PL12W 0.40383106 W
PL13W 0.40383106 W
SFO2 400.1316005 MHz
F2 - Processing parameters
51 32768
SF 100.6127717 MHz
WDW EM
SSB 0
T T T T T T T T T T LB 1.00 Hz
L
180 160 140 120 100 80 60 40 20 ppm os o a0

131



B. U. Rao (Thesis)

)

——

o)

36

o -

w

10 9 8 7 5 1 0 ppm
g 8 gle[=2=2(5(8(81818] |3 [B[E|E
= - bl Eal B o= | | == | e - CIGIG
MM O M0 N M -
N =owmMm—dwrrWw [} Lol B N el s s s B N o -
=+ s = 5 = = = = 8 . MO~ NMmaA =+ N A=
o 00 0 W~~~ o~ N e s
;MMM NN NN NN o [l b L Al e 0 o= «
SN TSN TTT T
Bno _©OBn
o
_—
O
N
36
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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C <)
BRUKER
(L ><

Current Data Parameters

NAME BUR 400
EXPNO 141411
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170808
Time 5.46
INSTRUM spect
PROBHD 5 mm BBI 1H/D-
PULPROG zg30

o 65536
SOLVENT CDCL3

uS 16

DS 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 35.9

DW 60.400 usec
DE 6.50 usec
TE 673.2 K

D1 1.00000000 sec
TDO 1

CHANNEL £1 =

1H

9.20

-1.00
10.72012138 W

usec
dB

400,1324710 MHz

F2 - Processing parameters
5T 32768

SE 400,1300000 MHz
WDW EM

33B 0

LB 0.30 Hz
GB )

PC 1.00

(<O

Current Data Parameters

NAME BUR PRS 500 By 17-02-18
EXPNO 141412
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170807
Time 20.5%
INSTRUM spe

PROBHD S5 mm PREBO EBB-
PULPROG Zapg 30
TD 65536
SOLVENT <DCl3

£ 88
D8 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 2050
DwW 16.800 usec
DE 6.50 usec
TE 295.1 K
Dl 2,00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL fl =

13C
Fl 2.60 usec
PLL1 0 dB
PL1W 76.36135101 W
SFOl 125.7829381 MHz

CHANNEL f2

0.45605880 W
0.45605880 W
500.1820007 MHz

F2 - Processing parameters

SI 312768

SF 125,7703641 MHz

WDW EM

88SHB 0

LB 1.00 Hz

GB 0

PC 1.40



Chapter 2 Synthesis of Carbon-Branched Sugars ......

C><)
BRUKER
(>

Current Data Parameters

HAME BUR 500
EXPNG 145911
PROCHO 1
F2 - Acquisition Parameters
e_ 20180116
Time 21.28
INSTRUM spect
PROBHD 5 mm PABBC BB
PULPROG zg30
TD 65536
SOLVENT CcDC13

2
10330.578 Hz
0.157632 Hz
3.171%425 sec
406
48.400 usec
6.50

37a =1,2-cis

7]
o

298.1 K
1.00000000 sec
1

CHANNEL f£1

1H
14.90 usec
2.00 dB
12.85348415 W
500.1830888 MHz

— Processing parameters

32768
500.1800000 MHz
EM
55 o
LB 0.30 Hz
GB o]
PC 1.00

[=} o [ r~ [} o
& oq"o”_?—:_g_qg_q SE[EI1Z1=
= e I G B BN I B O |||
=]

29.06
95
77
12
87

S BRUKER
A CN

N
N\
3371
e
tzs
~

Current Data Parameters

WAME BUE 500
EXPNO 145912
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180116
Time 21,37
INSTRUM spect
PROBHD 5 mm FAEBO EB-
PULPROG 2gpg30
™ 55536
SOLVENT cpel3
BnQO ns 10000
Ds 4
SWH 29761.504 Hz
FIDRES 0.454131 Hz
a0 1.1010048 ssc
BnO RG 2050
DW 16.800 usec
DE 6.50 usec
. TE 295.5 K
37a= 1,2-CIS Dl 2,00000000 see
D11l 0.03000000 aac
TDO 1

CHANNEL f1

13¢C
9.60 uzec
0 dB
76.36135101 W
125.7829381 MH=z
ffffffff CHANNEL f2 ========
CPDPRG[2 waltzle
NUC2 1H
PCFD2 80.00 usec
FL2 2.00 dB
FL12 16.50 dB
PL13 16.50 dB
PLZ2 12.85348415 W
PL1zZwW 0.45605880 w
PL13W 0.45605880 W
SFO2 500.1820007 MHz
F2 - Processing parameters
SI 32768
SF 125.7703602 MH=z
WDwW EM
W 3sm °
LB 1.00 H=z
r T r T T T T T T ’ T T T T T T GB 0
180 160 140 120 100 80 60 40 20 0 ppm 140
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BnO

BnO

37a=1,2-cis

( COSY, 500MHz )

BnO

BnO

37a=1,2-cis

( NOESY, 500MHz )

A

W

F2 [ppm]

T
5 4 3 2 F2 [ppm]
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BnO
0

BnO O

37b = 1,2-trans

10 9 8 7 6 0 ppm
&
=
hooodNN-A®O T
W HMADI OO D o owoWmoHOOoWw cowTH MM
coe e s e e e e o ~CNOM~ 0O ®® ~r~WOe~a
@ mOoaowrr~r~Mr~~N . P e e e e .
MM MANNNNNNN W or~-r~wn-Ho~O w -0 e
oA A A A A A S - oan MmN
A
BnO
O N
BnO o
37b = 1,2-trans
T T T T T T r T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters
NAME BUR 500
EXPNC 145%21
PROCNO 1

Fz -
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
2O

Acgulsition Parameters
20180117
12.12
spect
5 mm PABEBO BB-—

1.00000000 sec
1

CHANNEL f1

NUC1

Pl 14.90 usec
PL1 2.00 dB
PL1W 12.85348415 W
SFO1 500.1830888 MHz
F2 - Processing parameters
51 32768

S5F 500.1800000 MHz
wWDwW EM

58B o

LB 0.30 Hz
GEBE o]

PC 1.00

C><)
BRUKER
(><

Current Data Parameters

NAME BUR 500

145922
1

Fz Accuisition Parameters

Date_ 20180117

Time 21.06

INSTRUM spect

PROBHD 5 mm PABEC B

PULPROG

TD

SOLVENT

29761.904 Hz
0.454131 H=z
1.10100

0.03000000 szec
1

CHANNEL £1 =
13¢
9.60 usec

0 dB
76.36135101 W
125.7825381 MHz

£2
CPDPRG[2 waltzlé
Nucz2 1H
PCFD2 80.00 usec
2.00 dB
16.50 dB
16.50 dB

12.85348415 W
0.45605880 W
0.45605880 W

500.1820007 MHEz

F2 - Processing parameters
32768
125.7703598 MHz
EM
0
1.00 Hz
o
1.40




B. U. Rao (Thesis)

AN

BnO
o \
BnO 0
37b = 1,2-trans
( COSY, 500MHz )

AN

BnO
O N
BnO 0
37b = 1,2-trans
( NOESY, 500MHz )

ko b e

F2 [ppm]

F2 [ppm]
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Chapter 2 Synthesis of Carbon-Branched Sugars ......

Current Data Paramaters

NAME BUR 400 BY 20-02-2013
EXFNG 130011
PROCHO 1
BnO
F2 - Acquisition Parameters
Date_ 20180224
BnO Time 5.53
— INSTRUM spect
PROBHD 5 mm PABBC BB
PULPROG
OPMBz o
SOLVENT
NS
DS
SWH
FIDRES 0.125483 Hz
38 AQ 3.9845880 sec
RG 57
DwW 60,800 usec
DE 6.50 usec
TE 300.0 K
ol 1.00000000 sec
TDO 1
CHANNEL fl ========
1H
14.20 usec
1.50 dB

15.18650627
400.0934707 MHz

2 - Processing parametsrs
32768
400.0910000 MHz
EM
(s]
0.30 Hz
o
1.00

L

o -
~
(4]
(4]
B
w
N
-

10 9 0 ppm
o™ o™ @ =3 Ao |N|N[O| D] g I~ =g
< @ (2 < se(2=2(2=1Z2(2 = -
o S| | - Ll R B N R R | |~ -
™ HMMONOON®MWYWHW®
NN YOoONTMMOEDVNG-NG NONYTOAO - ~ o
= e s v % 8 8 s s s &8 8 u @ MmowVwInoaammMPem S =]
VM N H@ONSES SO .=
WO TOMONANNNNNNNHS FHROOMEN- NN oo BRUKER
M HrddAAAdd A dd R RRSO 00 @™ @
WSS TSN Y
NAME BUR 400 BY 20-02-2018
EXPNO 139012
PROCNO 1
F2 - Requisition Parameters
Date_ 20180224
Time 6.00
INSTRUM spect
PROBHD 5 mm PABEC BB-
PULFROG Zapg30
D 65536
SOLVENT
Bno NS
O D3
SWH
BnO _— FIDRES
aQ 488 zec
RG 912
OPMBz oW 20.800 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 szec
DO 1

38

CHANNEL f1

1
10.00 usec
2.00 dB

49.44866243 W

100.6130223 MHz

CHANNEL f£2
waltzlé

.50 dB

0.41063678 W

0.20580591 W
400.0226004 MHz

F2 - Processing paramsters
E 32768

SF 100.6029724 MHz
WOwW EM

SSB o

LB 1.00 Hz

T T T T T T T T T T GB o

T T T T T T T T &
100 80 60 40 20 0 ppm Fe e

T
200 180 160 140 120
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B. U. Rao (Thesis)

BnO

T T
10 9 8 7
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A A A A A A A A A A A A AAAAAAAAAAD SRRV O9 SO0 MM O NN

B e N

BnO

Current Data Parameters

NAME BUR PRE 500 By 17-02-18
EXFNO 1452111
PROCNC 1

F2 - ARcquisition Parameters
Date_ 20171122
Time 22.47
INSTRUM spect
FROBHD 5 mm PABEO BB-
PULPROG zg30

TD 65536
SOLVENT cDC1l3

NS 16

D2 2

SWH 10330.57& Hz
FIDRES 0.157632 Hz
AQ 3.171%425 sec
RG 90.5

oW 48.400 ussc
DE 6.50 usec
TE 296.5

D1 1.00000000

TDO 1

CHANNEL f1 =

14.90 usec

2.00 dB
2.85348415 W
500.1830888 MHz

F2 - sing parameters
ST 32768

SF 500.1800000 MEz
WDW EM
535 o

LE 0.20 Hz
GB ]

PC 1.00

Current Data Parameters
N

AME BUR PRS By 17-02-18
EXPNO 1333130
PROCNO 1
F2 Acquisition Parameters
Date_ 20171121
Time 21.42
INSTRUM spect
PROBHD 5 mm PABBO BB-
FPULFROG zgpg 30
TD 65536
SOLVENT cpCl13
NS 4096
Ds 4
SWH 29761.%04 Hz
FIDRES
D 1.

RG
DW
DE
TE 299.2 R
D1 2.00000000 ==c
D11 0.03000000 sec
TDO 1
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3.1 Introduction

Iridoids are a class of monoterpenoids that made up of the cyclopentan[c]-pyran

system.? Iridoids are the compounds, which widely exist in the plant kingdom, and have
been extracted from numerous plant families (like Rubiaceae, Scrophulariaceae,
Plantaginaceae, and Verbenaceae....cetc). This kind of compounds are shown to exhibit a
broad range of biological activities such as anticancer, antileishmanial, antiplasmodial,
Hsp90 inhibition, DNA polymerase inhibition, and NF-«kB mediated anti-inflammatory
potency and divulged their therapeutic potentiality as drug candidates.® Furthermore, some
of the isolated cytotoxic iridoids would be very important in treating various cancers, namely,
breast, ovarian, liver, lung, osteosarcoma, rectum/colon, leukemia, gastric cancer cell, and
pancreatic cancer. Most of the patents claiming the biological evaluation of iridoids are
reported as anticancer agents present only in vitro evaluation, especially on different cancer
cell lines.* A novel iridoid i (Figure 1) was isolated from Gardenia jasminoides, and which
was shown strong in vitro anti-cancer effects towards the renal cancer cell line (RC-2).°
Another novel iridoid ii, Which was extracted from Swertia mussotii Franch and was acted
as a good anti-cancer agent towards ovarian cancer (SKOV3).® A new iridoid iii was isolated
from Swertia mussotii Franch , which enhanced the cell viability of human umbilical vein
endothelial cells injured by oxidized low-density lipoprotein (ox-LDL).” The isolated new
iridoid iv from the bark of Eucommia ulmoides was inherently increased the survival rate of
myocardial cells of hydrogen peroxide stress injury. In cell culture, the effect of LDH is
reduced considerably by iridoid iv.®

On the other hand, genipin-1-p-gentiobioside (v) has been revealed significant results for the
treatment of acute influenza, hepatitis B, respiratory infection, Epstein Barr virus, Herpes
zoster infection, pneumonia, viral myocarditis, retroviral, simplex keratitis, and bacterial
infection diseases.® Further, genipin ether B (vi) (isolated from Gardenia jasminoides Ellis.)
was shown good results for the treatment of diabetes mellitus, Parkinson’s disease,
scleroderma, depression, periodontal disease, systemic lupus erythematosus, and asthma.°

Tetracyclic iridoids vii—-ix were isolated from Morinda lucida. These three iridoids are
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revealed strong anti-trypanosomal effects as well as good anti-cancer activity.!! Many
chemists have been reporting over the isolation and synthesis of iridoids for many decades
continuously, because of their numerous biological activities and therapeutic

potentiality.121314

OHC
GlcO OH
OH
OH
3 (0] OMe
| H
(0] (@) MeOOC
| H H OH
MeOOC .
H OH Vi vii : R= Me
viii: R=H
v ix : R=Et

Figure 3.1 Few natural products possessing cis-fused cyclopentan[c]-pyran unit.

OAc

Figure 3.2 Few natural products possessing trans-fused cyclopentan[c]-pyran unit.

143



B. U. Rao (Thesis)

Therapeutic applications of iridoids

Bacterial infection

Inflammation

Neuroprotection
Alzheimer’s disease

Parkinson’s disease

Diabetes

Leishmanial

Iridoids

Yy 11 steps
_—
—_
_
OH
Xii
(-)-citronellol

XV
(-)-littoralisone

Figure 3.3 Total Synthesis of brasoside and littoralisone.

The total synthesis of brasoside xiv and littoralisone xv has been reported by
MacMillan.®® These natural products were synthesised from citronellol xii in 13 steps via
tricyclic lactone xiii (Figure 3.3). However, the synthesis of diverse iridoids have not yet been
discovered, and they are still challenging targets for organic chemists. Interestingly, the above
mentioned iridoids i-ix commonly possess a cis fused cyclopenta[c]pyran backbone, which
consists of carbon atoms in different oxidation states. By noticing the importance of iridoids
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with cis-fused cyclopentan[c]pyran backbone and their therapeutic potential,® we envisioned
a facile retrosynthetic route for the synthesis of cis-fused cyclopenta[c]pyran framework from
the commercially available and inexpensive carbohydrate derived starting material, D-glucal.
In addition, we also envisioned a stereoselective synthetic protocol for the construction of
trans-fused cyclopentan[c]pyran skeleton, which is present in the core unit of the biologically
active  trans-fused iridoids namely, 7-O-acetyl-10-O-acetoxyloganin x  and
Methoxygaertneroside xi (figure 3.2). Very interestingly, to date, the synthesis of trans-fused
iridoids has not yet been reported from the carbohydrate precursors. The only report in the
literature found to synthesize the trans-fused iridoid framework was using the natural product

limonene®®,

3.2 Results and Discussion

In the initial retrosynthetic strategy, we planned to introduce the new C-C bond to
construct the cyclopentane ring for cis-fused cyclopenta[c]pyran unit by Dieckmann
condensation of pyran diester 4, which could be obtained by deiodination of a-iodo ester
derivative 4 as shown in figure 3.3. The synthesis of the sugar derived a-iodo ester 5 could be

achieved by the stereoselective ring-opening of fused cyclopropane[b]pyran derivative 6 using

OH
Dieckmann O »OMe OMe
Condensation . g /COOMe De-iodination COOMG
_ TB8SO" - ! TBSO
YOMe S OM
O

4

cyclopropane
ring opening

o
)LOMe
YOMG

0]
6

(:u.o

OTBS

el

O
OMe  Hydrogenation Kij_fk)LOMe TBS protection
——— HOV - ——— TBS

__OMe
K

o
8
wittig
olefination

OTBS

0
0
:f(<)\

) OMe
BnO"

Figure 3.4 Retrosynthetic approach towards cis-fused cyclopentan[c]-pyran unit of iridoids.

145



B. U. Rao (Thesis)

N-iodo succinamide. The bicyclic sugar derivative 6 would be obtained by TBS protection of
diol 7, which could be systematically achieved by hydrogenation of conjugated ester 8. The
conjugated ester 8 was expected to be synthesized by Wittig olefination of known y-keto ester
derivative 9 (figure 3.4).

Our synthesis started off with the preparation of the common intermediate 9, as
indicated in Scheme 3.1. To introduce a keto function at the y-position to the ester group of
the cyclopropa[b]pyran unit, 3,4,6-tri-O-acetyl-D-glucal 1 was converted to fully protected
glucal 10 via sequential reactions involving Zemplén deacetylation using NaOMe solution,
region-selective protection of 3-OH and 6-OH with TBS, by employing TBSCl and Imidazole,
and benzylation reaction.!” The differentially protected glucal 10 was transformed to 1,2-
cyclopropane carboxylate derivative 11 by cyclopropanation of compound 10 with methyl
diazoacetate (MDA) in the presence of Rha(OAC)s catalyst. Later, the cyclopropane derived

sugar 11 was transformed to the desired intermediate 9 by applying known protocols.!®

1) NaOMe, MeOH

OAc RT, 30 min OTBS OTBS
2) TBSCI, Imi, DMF Rh2(OAc), 0
RT 12 hr N,CHCOOMe . A
’ e ot 7 OMe 1) TBAF, THF
3) BnBr, NaH, TBAl  BnO"" DCM, RJ, s5hr gpho™ 0°C 3(’) min
73% ,
THF, 0 °C-RT, 12 h .
OAc o T r OTBS OTBS 2) TBSCI, Imi
1 b (over 3 steps) 10 1 DMFRT12 hr
3) DMP, DCM
0°C-RT, 5 hr
OR
0 Q OTBS
o\, A A
[« TOMe  pd/C, Hy, MeOH X "OMe (OMe),P(0)CH,COOMe )L
RO\" - o _\\( OMe
- 0 \\.
S oMe RT, 12 hr OMe NaH, THF, 0 °C, 99%pgn0
Y inseparale mixture O
o] o)
R=H, 7 ~ TBSCI, Imi, DMF 8 0 iy
RT. 12 hr 80% (over 3 steps)
R=TBS, 6
inseparale mixture
NIS, MeOH
DCM, RT,
12 hr
OH OH
O OMe Na,S,0, (0] OMe
. . <COOMe NaHCOj sol . 3 /COOME t-BuO™ K*, THF
TBSO" Y —— > T1BSO" Y "
SO % ! DMF, RT, 5hr 1050 RT, 4 hr, 80%
WOMB 90% YOMG
o] o]
5 4 2
35% over 3 steps (12.96% over all)
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Scheme 3.1 Synthesis of cis-fused cyclopentan[c]-pyran unit of cytotoxic iridoids.
Satisfyingly, Reaction of 9 under Wittig olefination reaction conditions® (Trimethyl
phosphono acetate, NaH) led to formation of o,B-unsaturated ester derivative 8 with 99%
yield. Immediately, the resulted unsaturated ester 8 produced the saturated ester derivative 7
as an inseparable mixture via diastereoselective hydrogenation along with double deprotection
of O-benzyl and O-tert-butyl dimethylsilyl groups under hydrogenation conditions (Pd/C, Hy).
Afterward, to reduce the nucleophilicity of oxygen for convenience of further transformations,
the hydroxyls in the obtained inseparable mixture 7 were protected with TBS groups using
known protocol!’ (TBSCI, Imidazole) to obtaine 6 as inseparable mixture. Subsequently, the
electrophilic ring-opening of cyclopropane in the resulted di-O-TBS protected
cyclopropan[b]pyran derivative 6 was commenced by subjecting it to N-iodo succinamide and
methanol in dry dichloromethane solution,?® to produce the a-iodo ester derivative 5 in 35%
yield over 3 steps. Later, deiodination of 5 using sodium dithionite (Na2S204) produced the
carbohydrate derived diester 4 with 90% yield. Finally, subjecting compound 4 to Dieckmann
condensation reaction conditions (t-BuO'K* in THF, RT)? for cyclization via formation of
new C-C bond to produce the targeted cyclopenta[c]pyran skeleton 2 in 80% yield. The overall

yield of the targeted compound 2 was obtained as 12.9% over 13 steps.

|
COOMe

13

OBn
Dieckmann O. .OMe
condensatlon COOMe de|od|nat|on a
COOMe
BnO ;
O
2

cyclopropane
ring opening

OBn OBn

(0]
Kl/\oj cyclopropanation Kl/\o>“‘\IJ\OMe
BnO" ™ BnO" ™
\COOMe \COOMe
15 14

Figure 3.5 Retrosynthetic approach towards trans-fused cyclopentan[c]-pyran unit of iridoid.
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We next turned our attention towards a retro synthetic strategy of trans-fused
cyclopetan[c]pyran 3 unit of trans-iridoids. As shown in figure 3.5. we envisaged that the
trans-fused cyclopetan[c]pyran 3 could be constructed via new C-C bond formation of sugar
derived diester 12, which would be obtained by deiodination of a-iodo ester derivative 13. The
iodo sugar 13 could be diastereoselectively achieved via ring-opening of cyclopropane
derivative 14, which was anticipated to be prepared by stereoselective cyclopropanation of 3-
C-branched glucal 15.

The commercially available tri-acetyl glucal 1 was converted to the 3-C-branched
aldehyde 16 involving a [3,3] sigmatropic Claisen rearrangement reaction that was reported

previously from our research group (scheme 3.2).%

o] ref...21 \Cj
— |
| \
AcO™ BnO"™ ™
OAc “CcHO
1 16

Scheme 3.2 Synthesis of 3-C-branched glycal from 3,4,6-triacetyl-D-glucal.

The aldehyde group in 3-C-branched glycal 16 was transformed into the corresponding methyl
ester 15 by pinnic-oxidation? followed by methylation?* of the resulted carboxylic acid with
diazomethane. Then, Rh2(OAc). catalyzed cyclopropanation of the resulted glucal 15 with
methyl diazo acetate (MDA) produced the ester derived cyclopropane 14 in moderate yield.*®
In the next reaction, the cyclopropane ring in 14 was subjected to electrophilic ring opening
by using N-iodo succinamide (NIS) and methanol to provide a-iodo ester derivative 13 in 89%
good yield.?® Subsequently, the iodo group of 13 was removed by treatment with sodium
dithionite and NaHCO3 solution to afford diester compound 12 in 90% good yield. Finally,
the resulted sugar-derived diester 12 was subjected to Dieckmann condensation reaction to
obtain trans-fused bicyclic iridoid skeleton 3 with 78% vyield.?! The overall yield of the
targeted compound 3 was obtained as 22.9 % over 6 steps. The formation of fused bicyclic

derivatives were confirmed by *H, $3C, and COSY spectral analysis.
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1) aq.NaClO,, aq.NaH,P Oy,

OBn OBn

o 2-methyl-2-butene, t-BuOH, Rhy(OAc)y o (|)J\
| 5 °C-RT, 30 min, 79% _N2CHCOOMe ~“NoMe
BnO" ™ 2) CH,N,, insitu, Et,0, DCM,RT, 5hr ~ BnO" ™
2 oc. i 50% B
“cHo 0 °C-RT, 30 min, 93% “CoOMe ’ “CoOMe
16 15 14
NIS, MeOH
DCM, RT,
12 hr, 89%
OBn
O ..OMe Na,S,0,
-t
t-BuO™ K™, THF SO COOMe NaHCOj; sol
Ve RT, 4 hr, 78% H OMe DMF, RT, 5 hr
}( 90%
o}
3 12 13

(22.9% over all)

Scheme 3.3 Synthesis of trans-fused bicyclic iridoid skeleton from 3-C-branched glucal.

3.3 Conclusions

In summary, we have successfully reported a stereoselective pathway for the synthesis
of cis-and trans-fused bicyclic iridoid skeletons from the commercially inexpensive material
3,4,6-triacetyl-D-glucal. The successful synthesis involves the cyclopropanation, Wittig
olefination, Dieckmann condensation and electrophilic ring opening of cyclopropane reactions
as the key functional group transformation for the C-C bond formation reactions. We look
forward to further developing the novel route for the total synthesis of biologically important

iridoid natural products from this type of frameworks using the same pathway.

3.4 Experimental section

3.4.1 General Methods

All reactions were carried out under an inert atmosphere with dry solvents under
anhydrous conditions unless otherwise mentioned. Dichloromethane, methanol, and benzene
were intially dried and stored over molecular sieves (4 A). TLC was run on silica gel 60 F254

(Merck) plates, and the spots were detected by staining with H>SO4 in methanol (5%, V/V) or

149



B. U. Rao (Thesis)
phosphomolybdic acid in ethanol (5%, W/V) and heating. Silica gel (100-200 mesh) was used
as a stationary phase for column chromatography. NMR spectra were recorded at 25 °C on a
Bruker Avance I11 400 (400 MHz for *H and 100 MHz for *3C) or 500 (500 MHz for *H and
125 MHz for *3C) instrument in CDCls, using residual CHCIls (8H = 7.26 ppm)as internal
standard for *H, and CDCls (8C = 77.0 ppm) as internal standard for *3C. Chemical shifts are
given in & (ppm) and coupling constants (J) in Hz. IR spectra were recorded with a JASCO
FTIR-5300 instrument. High resolution mass spectra were recorded on Bruker maXis ESI-TOF

spectrometer.

3.4.2 Experimental procedures and spectral data

2.1 General procedure for deiodination of a-iodo esters 5 and 13 : (for the preparation 4
and 12)

The iodo compound (0.124 mmol, 1eq) was dissolved in 1.24 mL of DMF and 1.24 mL
of a solution of H,O/NaHCO3z (10 mol eq) was added followed by solid sodium dithionite (4
eq). The reaction was allowed to proceed under stirring for 5 hours at room temperature. Then,
the reaction mixture was diluted with EtOAc (50 mL) and washed with water 4 times (50 mL
each), followed by brine (50 mL). The organic layer was dried over anhydrous Na,SO4 and
concentrated under reduced pressure to obtain crude product. Purification of the crude product
by column chromatography over silica gel using hexanes and ethyl acetate provided pure di

carboxylate sugar derivative in 90% vyield.

2.2 General procedure for Dieckmann Cyclization of Diester :(for the synthesis of 2 and
3):

The diester (0.15 mmol, leq) was dissolved in dry THF ( or dry Benzene) (15 mL),
potassium tert-butoxide (1.5 mmol, 10 eq) was added under argon, and the solution was stirred
at room temperature for 4 h, at which time TLC indicated the complete disappearance of starting
material and the formation of a new product. The reaction mixture was diluted with diethyl

ether (20 mL), and 5% hydrochloric acid was added until the aqueous layer remained acidic.
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The organic fraction was collected, dried over anhydrous Na>SOs, and evaporated to yield as

an amber oil (78%-80%).

2.3 methyl (1S,3R,4S,6R)-4-(benzyloxy)-3-(((tert-butyldimethylsilyl)oxy)methyl)-5-(2-
methoxy-2-oxoethylidene)-2-oxabicyclo[4.1.0]heptane-7-carboxylate (8)

OTBS

(mix 1:2)

Yield: 99%, Ry 0.45 (10% EtOAc/hexane). 8: IR (neat): 2951, 2859, 1720, 1645, 1438 cm™. 'H
NMR (500 MHz, CDCls): & 7.31-7.38 (m, 10H), 5.95 (s, 1H), 4.97 (d, 1H, J = 12.0 Hz), 4.66
(d, 1H, J = 12.0 Hz), 4.58 (d, 1H, J = 12.0 Hz), 4.43 (d, 1H, J = 12.0 Hz), 4.31 (dd, 1H, J= 2.5
Hz, J = 7.0 Hz), 4.06 (dd, 2H, J = 2.5 Hz, J = 7.0 Hz), 3.90 (s, 3H), 3.86-3.92 (M, 2H), 3.78 (s,
3H), 3.72 (s, 3H), 3.73-3.75 (m, 2H), 3.70 (s, 3H), 3.51-3.56 (m, 2H), 2.64 (dd, 1H, J = 2.5 Hz,
J=5.5Hz), 251 (t, 1H, J = 6.0 Hz), 2.33 (dd, 1H, J = 2.0 Hz, J = 5.5 Hz), 1.68 (d, 1H, J = 2.5
Hz), 0.91 (s, 9H), 0.84 (s, 9H), 0.08 (s, 6H), 0.03 (s, 3H). 0.02 (s, 3H). 3°C NMR (125 MHz,
CDClg): 6 199.01, 171.28, 169.32, 165.96, 146.12, 137.23, 137.10, 128.53, 128.47, 128.03,
127.91, 127.88, 127.79, 121.99, 80.72, 76.95, 76.12, 75.50, 73.17, 70.44, 61.98, 61.60, 61.44,
59.04, 52.31, 52.00, 51.47, 35.05, 33.51, 30.45, 25.83, 25.69, 25.04, 18.40, 18.05, -5.53, -5.56,
-5.75, -5.79. HRMS (ESI) calcd for C2sH3sO7Si+Na* 499.2123, found 499.2134.

2.4 methyl (S)-2-((2R,3R,4S,5S,6R)-5-((tert-butyldimethylsilyl)oxy)-6-(hydroxymethyl)-2-
methoxy-4-(2-methoxy-2-oxoethyl)tetrahydro-2H-pyran-3-yl)-2-iodoacetate (5)

OH
kLOJ,OMe
COOMe
TBSO" ™ e

OMe
by
5
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Yield: 85%, Rs. 0.5 (30% EtOAc/hexane). 8: IR (neat): 3498, 2951, 2858, 1731, 1435, 1381,
1251 cm™. 'H NMR (500 MHz, CDCls): § 5.13 (s, 1H), 4.21 (d, 1H, J = 8.0 Hz), 3.91 (dd, 1H,
J=45Hz,J=10.0 Hz), 3.86 (t, 1H, J = 9.5 Hz), 3.79 (dd, 1H, J= 7.5 Hz, J = 10.0 Hz), 3.72
(s, 3H), 3.65 (s, 3H), 3.47-3.52 (m, 1H), 3.49 (s, 3H), 3.36-3.41 (m, 1H), 2.66 (dd, 1H, J = 3.5
Hz, J = 17.0 Hz), 2.40 (dd, 1H, J = 6.5 Hz, J = 17.0 Hz), 2.06-2.13 (m, 1H), 1.78 (t, 1H, J =
9.0 Hz), 0.89 (s, 9H), 0.09 (s, 6H). *C NMR (125 MHz, CDCls): § 172.63, 169.64, 103.48,
76.42,72.20, 65.61, 56.72, 53.52, 51.43, 44.33, 43.97, 32.01, 25.75, 25.10, 18.12, -5.59. HRMS
(ESI) calcd for C19H3508ISi+Na* 569.1038, found 569.1046.

2.5 dimethyl 2,2'-((2R,3R,4S,5S,6R)-5-((tert-butyldimethylsilyl)oxy)-6-(hydroxymethyl) -
2-methoxytetrahydro-2H-pyran-3,4-diyl)diacetate (4)

OH
kLOJ,OI\/Ie
COOMe
TBSO" N
'\H/OMe
(@]
4

Yield: 90%, Rr: 0.45 (30% EtOAc/hexane). 8: IR (neat): 3495, 2951, 2880, 2857, 1733, 1436,
1360, 1251 cm™. *H NMR (500 MHz, CDCls): § 4.33 (d, 1H, J = 8.0 Hz), 3.93 (dd, 1H, J =
4.5 Hz, J = 10.0 Hz), 3.78 (dd, 1H, J = 7.5 Hz, J = 10.0 Hz), 3.67 (s, 3H), 3.66 (s, 3H), 3.64
(d, 1H, J = 2.0 Hz), 3.47-3.51 (m, 1H), 3.4 (s, 3H), 3.35-3.40 (m, 1H), 2.55-2.61 (m, 2H), 2.52
(dd, 1H, J = 4.5 Hz, J = 16.0 Hz), 2.37 (dd, 1H, J = 6.5 Hz, J = 16.0 Hz), 1.96-2.02 (m, 1H),
1.88-1.94 (m, 1H), 0.90 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H). *C NMR (125 MHz, CDCls): &
173.18, 172.46, 104.64, 75.90, 73.23, 66.01, 56.76, 51.67, 51.51, 41.97, 41.60, 33.72, 32.91,
25.78, 18.14, -5.59, -5.61. HRMS (ESI) calcd for C19H360sSi+Na* 443.2072, found 443.2075.
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2.6 methyl (1R,3R,4S,4aS,7R,7aS)-4-((tert-butyldimethylsilyl)oxy)-3-(hydroxymethyl)-1-

methoxy-6-oxooctahydrocyclopenta[c]pyran-7-carboxylate (2)

Yield: 80%, Rs: 0.43 (30% Acetone/hexane). 2: IR (neat): 3494, 2950, 2931, 2886, 2857, 1758,
1725, 1438, 1399, 1254 cm. 'H NMR (500 MHz, CDCl3): § 4.42 (d, 1H, J = 8.0 Hz), 4.00
(dd, 1H, J = 4.5 Hz, J = 10.0 Hz), 3.85 (dd, 1H, J = 7.5 Hz, J = 10.5 Hz), 3.81 (s, 3H), 3.65-
3.69 (m, 1H), 3.51-3.55 (m, 1H), 3.48-3.51 (m, 1H), 3.50 (s, 3H), 3.13 (d, 1H, J = 12.5 Hz),
2.55 (dd, 1H, J = 7.0 Hz, J = 18.0 Hz), 2.45-2.50 (m, 1H), 2.19 (t, 1H, J = 18.0 Hz), 1.90-1.98
(m, 1H), 0.92 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H). ¥C NMR (125 MHz, CDCls): § 207.64,
169.72, 104.91, 77.74, 74.17, 65.68, 59.62, 56.50, 52.75, 49.19, 42.21, 39.96, 25.85, 18.26, -
5.51, -5.56. HRMS (ESI) calcd for C1gH3207Si+Na* 411.1810, found 411.1811.

2.7 methyl 2-((2R,3S,4S)-3-(benzyloxy)-2-((benzyloxy)methyl)-3,4-dihydro-2H-pyran-4-
yl)acetate (15)

OBn

(0]
L
BnO"

COoOMe
15

Yield: 93%, Rt 0.5 (20% EtOAc/hexane). 15: *H NMR (400 MHz, CDCls): § 7.27-7.36 (m,
10H), 6.37 (dd, 1H, J = 0.8 Hz, J = 6.0 Hz), 4.72 (t, 1H, J = 1.2 Hz), 4.57-4.65 (m, 3H), 4.52
(d, 1H, J = 11.6 Hz), 3.99-4.03 (m, 1H), 3.91 (dd, 1H, J = 5.6 Hz, J = 8.8 Hz), 3.78 (d, 2H, J
= 4.0 Hz), 3.57 (s, 3H), 3.05-3.11 (m, 1H), 2.64 (dd, 1H, J = 6.8 Hz, J = 16.0 Hz), 2.27 (dd,
1H,J=7.2 Hz, J = 16.0 Hz). *C NMR (100 MHz, CDCl3): § 173.04, 143.08, 137.92, 137.71,
128.34,128.28,127.77,127.68, 127.62, 101.25, 73.57, 72.86, 72.65, 71.88, 69.05, 51.44, 36.19,
30.14. HRMS (ESI) calcd for C23H2s0s+H™ 383.1853, found 383.1850.
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2.8 methyl (1R,3R,4S,5S,6R)-4-(benzyloxy)-3-((benzyloxy)methyl)-5-(2-methoxy-2-
oxoethyl)-2-oxabicyclo[4.1.0]heptane-7-carboxylate (14)
OBn

o 1
BnO"

COOMe
14

Yield: 50%, Rs: 0.5 (30% EtOAc/hexane). 14: IR (neat): 2951, 2850, 1738, 1493, 1435 cm™™.
IH NMR (500 MHz, CDCl3 § 7.24-7.37 (m, 10H), 4.56 (dd, 2H, J = 9.6 Hz, J = 13.6 Hz), 4.51
(d, 1H, J = 9.2 Hz), 4.44 (d, 1H, J = 9.6 Hz), 3.91 (dd, 1H, J = 1.2 Hz, J = 5.6 Hz), 3.84 (q,
1H, J = 4.0 Hz), 3.66 (s, 3H), 3.61 (s, 3H), 3.56 (t, 1H, J = 3.6 Hz), 3.49 (d, 2H, J = 3.6 Hz),
2.75 (dd, 1H, J = 5.2 Hz, J = 12.8 Hz), 2.59 (dd, 1H, J = 6.0 Hz, J = 12.8 Hz), 2.36-2.41 (m,
1H), 1.77 (dd, 1H, J = 1.2 Hz, J = 4.0 Hz), 1.64-1.67 (m,1H). 3C NMR (100 MHz, CDCls):
0 172.64, 171.88, 137.80, 137.63, 128.28, 128.24, 127.78, 127.66, 127.59, 76.32, 75.04, 73.47,
71.46, 70.08, 57.55, 51.66, 51.52, 34.54, 32.56, 28.21, 25.87. HRMS (ESI) calcd for
Co6H3007+Na* 477.1884, found 477.1881.

2.9 methyl (R)-2-((2S,3S,4S,5S,6R)-5-(benzyloxy)-6-((benzyloxy)methyl)-2-methoxy-4-(2-
methoxy-2-oxoethyl)tetrahydro-2H-pyran-3-yl)-2-iodoacetate (13)

OBn

Yield: 89%, Rs: 0.55 (30% EtOAc/hexane). 13: IR (neat): 2923, 2361, 1733, 1495, 1359, 1258
cmt. 'H NMR (400 MHz, CDCla): § 7.22-7.34 (m, 10H), 4.58-4.62 (m, 2H), 4.55 (d, 1H, J =
3.6 Hz) 4.50-4.53 (m, 2H), 4.34 (d, 1H, J = 11.2 Hz), 3.85 (ddd, 1H, J = 2.0 Hz, J = 4.4 Hz, J
= 10.0 Hz), 3.76 (s, 3H), 3.64-3.71 (m, 2H), 3.59 (dd, 1H, J = 5.6 Hz, J = 15.6 Hz), 3.59 (s,
3H), 3.34 (s, 3H), 3.31-3.33 (m, 1H), 2.91 (dd, 1H, J = 6.4 Hz, J = 16.8 Hz), 2.79 (dd, 1H, J =
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7.2 Hz, J = 16.8 Hz), 2.50 (d, 1H, J = 11.6 Hz). 3C NMR (100 MHz, CDCls): § 173.69,
171.68, 138.05, 137.51, 128.31, 128.28, 127.98, 127.72, 127.70, 127.57, 97.25, 73.47, 71.12,
69.68, 69.24, 67.24, 55.37, 53.03, 51.52, 45.35, 35.63, 33.17, 23.50. HRMS (ESI) calcd for
Co7H330gl+Na* 635.1112, found 635.1114.

2.10 dimethyl 2,2'-((2S,3S,4S,5S,6R)-5-(benzyloxy)-6-((benzyloxy)methyl)-2-methoxy
tetrahydro-2H-pyran-3,4-diyl)diacetate (12)

Yield: 90%, Rr 0.5 (30% EtOAc/hexane). 12: IR (neat): 2911, 1731, 1495, 1435 cm™. 'H
NMR (500 MHz, CDCls): § 7.20-7.36 (m, 10H), 4.65 (d, 1H, J = 12.5 Hz), 4.56 (s, 1H), 4.54
(d, 1H, J = 7.5 Hz), 4.51 (d, 1H, J = 7.0 Hz), 4.32 (d, 1H, J = 11.0 Hz), 3.85-3.88 (m, 1H),
3.79 (dd, 1H, J = 5.0 Hz, J = 10.0 Hz), 3.70-3.76 (m, 2H), 3.71 (s, 3H), 3.54 (s, 3H), 3.36 (s,
3H), 2.82-2.88 (m, 1H), 2.68-2.75 (m, 2H), 2.65 (dd, 1H, J = 8.5 Hz, J = 15.5 Hz), 2.47 (dd,
1H, J=6.0 Hz, J = 16.0 Hz), 2.42 (t, 1H, J = 7.0 Hz). 3C NMR (125 MHz, CDCl5): § 173.90,
172.32, 138.16, 137.76, 128.21, 128.14, 127.67, 127.58, 127.51, 127.43, 101.10, 73.42, 71.19,
70.81, 69.42, 66.98, 54.98, 51.64, 51.31, 39.27, 36.51, 35.10, 33.41. HRMS (ESI) calcd for
Co7H3408+NH4* 504.2592, found 504.2592.

2.11 methyl (1S,3R,4S,4aS,7S,7aR)-4-(benzyloxy)-3-((benzyloxy)methyl)-1-methoxy-6-

oxooctahydrocyclopenta[c]pyran-7-carboxylate (3)
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Yield: 78%, Rr. 0.35 (30% EtOAc/hexane). 3: IR (neat): 2911, 1758, 1731, 1494, 1435 cm™™.
'H NMR (400 MHz, CDCls): & 7.28-7.39 (m, 8H), 7.21-7.24 (m, 2H), 4.70 (d, 1H, J = 7.6

Hz), 458 (d, 1H, J = 12.4 Hz), 4.47 (d, 1H, J = 12.4 Hz), 4.43 (d, 1H, J = 11.6 Hz), 4.35 (d,

1H, J = 11.6 Hz), 3.99-4.02 (m, 1H), 3.83-3.89 (m, 1H), 3.76 (s, 3H), 3.63 (dd, 1H, J = 3.2

Hz, J = 10.4 Hz), 3.53 (dd, 1H, J = 3.2 Hz, J = 10.8 Hz), 3.40 (s, 3H), 3.00 (d, 1H, J = 12.0

Hz), 2.78 (td, 1H, J = 7.2 Hz, J = 12.8 Hz), 2.54 (dd, 1H, J = 12.8 Hz, J = 17.6 Hz), 2.38 (dd,

1H, J = 7.2 Hz, J = 18.0 Hz), 2.13-2.16 (m, 1H). 3C NMR (125 MHz, CDCls): § 208.71,

168.79, 137.83, 137.58, 128.44, 128.40, 127.96, 127.92, 127.87, 127.83, 127.79, 103.72,

73.27,73.13,72.97,72.81, 69.89, 59.12, 55.42, 52.56, 42.97, 38.66, 36.93. HRMS (ESI) calcd

for CosH3007+Na* 477.1884, found 477.1887.
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SPOALS 0.500
SPOFFS5 0 Hz

SPWS 17.57200050 W
SFO2 500,3710015 MHz
Nucz 18
CPDPRG[2 waltzlé

F3 10.00 usec
P4 20.00 usec
PCPDZ 80.00 =
PLWZ 23.23100090
PLW12 0.36298999 W
F2 - Processing parameters
s8I 32768

SF 125.8178851 MHz
WDW EM

88B 0

1B 1.00 Hz
GH a

FC 1.40
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ppm

Current Data Parameters

NAME BUR 400
EXPNC 123511
PROCNO 1

F2 — Acguisition Parameters
Date_ 20151023
Time 17.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

Ds 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 22.6

DW 60.400 usec
DE 6.50 usec
TE 294.,7 K
D1 1.00000000 sec
TDO 1

- = CHANNEL f1 =

NOC1 1H

Pl 15.00 usec
PLL -2,50 dB
PL1W 15.14257338 W
SFOL 400.1324710 MHz
F2 - Processlng parameters
S1 32768

SF 400.1300000 MHz
WDW EM

55B 0

LB 0.30 Hz
GB Q

PC 1.00

Current Data Parameters

NAME EUR 400
EXPNO 123512
PROCNO 1
FZ - A uisition Parameters
Date_ 20151023
Time 17.05
INSTRUM spect
PROBHAD 5 mm PABBO BB/
PULPROG zgpg 30
TD 65536
SOLVENT €Dels

121
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
20 1.3664256 sec
RG 9195.2
DW 20.850 usec
DE 6.50 usec
TE 294.9 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
———————— CHANNEL fl =s===s==
Nuel 3c
Pl 11.00 usee
PL1 0 dB
PLIW 33.65927887 W
SFOL 100.62282598 MHz

= = CHANNEL f2 =
CPDPRG [2
HNUCZ
PCFD2
PL2

PL1Z
PL13
FL2W
PL12W 0.53235298 W
PL13W 0.338909929 W
SFOZ 400.1316005 MHz

F2 - Processing parameters
ST 32768

SF 100.6127764 MHz
WDW EM

SSB 0

LB 1.00 Hz

PC 1.40
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Current Data Parameters

NAME EBUR 500
EXPRO 123711
PROCHNC 1
F2 - Acquisition Parameters
Date_ 20151108
Time 1.139
INSTRUM spect
PROBED 5 mm PABBO BB
PULPROG zg30
TR 65536
SOLVENT cDC13
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 36
DW 48,400 usec
DE 6.50 usec
TE 296.3 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
1H
14.90 usec
2.00 dB
PL1W 12.85348415 W
SFO1 500.1830888 MHz
F2 - Processing parameters
51 32768
SF 500,1800000 MHz
WOW EM
SSB a
LB 0.30 Hz
GB o]
PC 1.00

EXFNO

FROCNO 1

F2 - Acquisition Paramsters
Date_ 20151028
Time 12.49%
INSTRUM spect.
PROBHD 5 mm PABBO BB/
PULPROG zgpy 30

D 65536
SOLVENT CDC13

NS 405

DS 4

EWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664256 sec
RG 20642.5

DW 20.850 usec
DE 6.50 usec
TE 295.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1

13c
11.00 usec

0 dB
33.65027887 W
100.622829%8 MHz

CPDPRG [2 waltzlé
nucz 1H
PCPD2 80.00 usec
PLZ -2.50 dB
PL12 12.04 dB
PL13 14.00 dB
PLZW 15.14257336 W
PL1ZW 0.53235298 W
PL13W 0.33899999 W
sFoz 400.1316005 MHz
F2 - Processing paramsters
s1 3276

sF 100.6127836 MHz
WDW EM

ssB 0

LB 1.00 Hz
GB ]

PC 1.40
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DW 20.800 usec
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D1 2.00000000 sec
D11 0.03000000 ssc
TDO 1
CHANNEL f1 ==
NUC1 13C
Pl 10.00 usec
PL1 2.00 dB
PL1W 49.44866943 W
sFol 100.6130223 MHz
———————— CHANNEL £2 ========
CPDPEG([2 waltzl6
NUCZ 1H
PCFD2 20.00 usec
PL2 1.50 dB
PL12 17.18 dB
PL13 20.18 dB
PLZW 15.18650627 W
PL12W 0,41063678 W
PL13W 0.20580591 W
sFoz 400.0926004 MHz
F2 - Processing parameters
sI 32768
SF 100.6029673 MHz
I |IJ l WoW EM
u H S5B 0
LB 1.00 Hz
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Current Data Parameters

WAME BUR 2 (500MHz)
EXPNQ 124211
PROCHO 1
F2 - Acquisition Parameters
Date_ 20180802
Time 17.45
INSTRUM spect
PROBHD 5 mm PABBQ BB-
PULPROG zg30
TD 65536
SC0LVENT CDC13
Hs 18
D3 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3,1719425 sec
RG 36
bW 48.400 usec
DE 6.50 usec
TE 285.8 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
14.90 usec
2.00 dB

12,85348415 W
500.1830888 MHz

F2 - Processing parameters
51 32768

SF 500.1800000 MHz
WDW EM

55B 0

LE 0.30 Hz
GB 0

PC 1.00
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Current Data Parameters
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-------- CHANNEL f2 ===s====
CPDPRG[2 waltzlé

NucC, 1H
PCPD2 80.00 usec
PLZ 2.00 dB
PL1Z 16.50 dB
PL13 16.50 dB
PLZW £5348415 W
PLIZW 0.45605880 W
PL13W 0.45605880 W
sFoz 500.1820007 MHz
F2 - Processing parameters
ST 32768

SF .770375% MHz
woW EM

SSB o

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters

NAME BUR 500

EXPNO 124811

PROCHC 1

F2 - Acquisition Paramsters

Date_ 20151201

Time 11.21

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG

TD

SOLVENT

NS

DS

SWH 8223.685 Hz

FIDRES 0.125483 Hz

pite] 3.9845889 sec

RG 362

DW 60.800 usec

DE 6.50 usec

TE 295.1 K

D1 1.00000000 sec

TDO 1

———————— CHANNEL f£1 ========

NUC1 1H

Pl 14.90 usec

PL1 1.50 dB

PL1W 15.18650627 W

SFC1 400.0934707 MHz

F2 - Processing parameters

sI 32768

SF 400.0910000 MHz

WDW EM

55B o

LB 0.30 Hz

GB 5}

BC 1.00
L ,
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Currsnt Data Paramsters
NAME BUR 500
EXPNO 124812
PROCNO 1
FZ - Acguisition Parameters
Date_ 20151129
Time 7.19
INSTRUM spect
PROBHD 5 mm PABEQ BB—
BULPROG zgpg 30
D 65536
SOLVENT cDCl3
10240
4
29761.204 Hz
0.454131 Hz
1.1010048 sec
724
16.800 usec
6.50 usec
294.5 K
2.00000000 sec
0.03000000 sec
1
———————— CHANNEL f1 m=======
3 HUC1 13¢
Pl 9.60 usec
PL1 0 dp
PL1W 76.36135101 W
sFO1 125.7829381 MHz
= CHANNEL f2 =
CPDPRG [2 waltzlé
NUC2 1H
PCEDZ £0.00 usec
PL2 2.00 dB
PL12 16.50 dB
PL13 16.50 dB
PL2W 12.85348415 W
PL12W 0.45605880 W
PL13W 0.45605880 W
SFO2 500.1820007 MHz
F2 - Processing parameters
fhs 32768
SF 125.7703657 MHz
WDW EM
I | i T . o
LB 1.00 Hz
T T T T T T T T T T T GE o
200 180 160 140 120 100 80 60 40 20 0 ppm e Loa0
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Current Data Parameters
NAME

BUR 500
EXPNO 124813
PROCNO 1
F2 - Boquisition Parameters
Date_ 20151129
Time 11.42
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG dept 135
TD 65536
SOLVENT CDC13
5000
4

29761.%04 Hz

0.4541321 Hz

1.1010048 ==c
36

3
16.800 usec
6,50 usec
292.7 K
145. 0000000
2.00000000 sec
0.00344828 sec
0.00002000 sec

1

———————— CHANNEL fl ===mmm==
NUC1 C
Pl 9.60 usec
P2 19.20 usec
PLL 0 dB
PL1W 76,36135101 W
SFO1 125.7829381 MHz
******** CHANNEL f2 =s=ss===
CPDPRG (2 waltzlé

c2 18
P32 14.90 usec
P4 29.80 usec
PCPD2Z 80.00 usec
PLZ2 2.00 dB
PL1Z 16.50 dB
PL2ZW 12.85348415 W
PL1ZW 0.45605880 W
SFO2 500,1820007 MHZz
F2 - Processing parameters
SI 32768
SF 125.7703610 MHz
WDW EM
88B ]
LB 1.00 Hz
GB 0
PC 1.40
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Chapter-4

Stereoselective synthesis of 3-C-branched
olycals involving 12,3] Wittig rearrangement

path A
1
1,2]-shift
0.1.0 [ /U
Ro/\ij‘ JZ n-BuLi, TMEDA
RO" 3/ 27 THE -78°C
path B /U

[2 3]-shift

4.1 Introduction 4.4 Experimental section
4.2 Results and Discussions 4.5 References

4.3 Conclusions
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4.1 Introduction

The rearrangement of a-ethereal carbanion, stabilised by phenyl or vinyl, to the

corresponding alkoxide known as Wittig rearrangement is one the finest method for the
stereoselective formation of C-C bond. Out of different variants of this classic sigmatropic
rearrangement, the [1,2]- and [2,3]- were the most synthetically useful techniques. The
mechanistic investigations revealed that the [1,2]-Wittig rearrangement involves a radical pair
dissociation-recombination mechanism, whereas the [2,3]-Wittig rearrangement follows the
Woodward-Hoffmann rule that proceeds through a concerted thermally allowed sigmatropic
process. In many such type of rearrangements, depending on the structure and temperature it
was observed that the [1,2]-shift competes with the [2,3]-shift in an appreciable extent. Despite
these difficulties, [2,3]-Wittig rearrangement has been used as a key step in achieving the total
synthesis of several natural products. Whereas, due the formation of various by-products in
[1,2]-Wittig rearrangement, it was not very successful. In this context, the reports on the
execution of Wittig rearrangement on a carbohydrate derived framework are very limited. Thus,
in view of investigating the Witting rearrangement in carbohydrate derived scaffolds, the [1,2]-
13 or [2,3]-*°Wittig rearrangement of carbohydrate acetals was studied to convert the O-
glycosides into C-glycosides. On the other hand, few studies on the use of Wittig rearrangement
of pyranose derived allyl propargyl ethers was revealed recently.

In continuation of our research towards the synthesis of carbon-branched sugars!*°
involving Claisen rearrangement*® we were prompted investigate the Wittig rearrangement on
a carbohydrate frame work. We reasoned that the five membered cyclic transition state of [2,3]-
sigma tropic rearrangement, when compared to the six-membered transition state in [3,3]-
sigmatropic rearrangemet, will be more susceptible to the effects of stereochemical control by
substituents. Moreover, Wittig rearrangement is frequently carried out at low temperature than
the Claisen the rearrangement. These important characteristics of Wittig rearrangement
prompted us to investigate Wittig rearrangement on a carbohydrate scaffold. Previously, a
reaction of 3H-3,4-en-2-O-propargyl ether under Wittig reaction conditions [n-BuLi, THF, =78
°C, 1 h] has been reported by Isobe, Yu and their groups, and which was provided [2,3]-and
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[1,2]- Wittig rearranged products with 4:1 ratio in 72% yield, respectively (figure 4.1, eq.1).
And They could observe the no reaction with the terminal acetylenic 4a-ether under similar
reaction conditions. By raising the temperature to -40 °C for 3.5 h, [2,3]-and [1,2]-Wittig

rearranged products were obtained with 10:1ratio in 46% yield, respectively (figure 4.1, eq.2).

Oi-P
TBSO O O

&

-

s o n-BuLi, THF

: >
2 -78°C, 1h, 72%
= [2,3]-wittig:[1,2]-wittig
4:1

T™MS

\Oi-P
TBSO/\KOJ‘\OI r
oM s n-BulLi, THF
2

-78°C, 3.5 h, 46%

/ 2 [2,3]-wittig:[1,2]-wittig
10:1

\

Figure 4.1 Wittig rearrangement of sugar derived 2a-and 4a-Propargyl ethers.
We envisaged that the acetal systems derived by Ferrier rearrangement of glycals could be
excellent precursors to study. In general, these substrates would undergo either [1,2]-shift
owing to the higher stability of the alkoxy radical which is further stabilised by the ring-allyl
group to form the C-glycosides or [2,3]-shift to form the 3-C-branched glycals (scheme 4.1).
However, both the rearrangement reaction are expected to provide retention of stereochemistry

at the newly forming C-C bond.

path A

1 — ROA(OJNV
1,2]-shift ,
ou \\O [ ’ \ =
RO/\|/\j‘ Jz n-BuLi, TMEDA RO
RO\\‘ / 2 /

_78° (0]
5 THF, -78 °C RO
path B |
—_— N
RO

[2,3]-shift

Scheme 4.1 Synthesis of C-3-branched glycals from sugar derived acetals.
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4.2 Results and Discussion

At the outset, we examined the rearrangement of D-glucal derived diene 1 under Wittig
reaction conditions [n-BuLi (2-3 equiv), TMEDA, THF, -78 °C]. This reaction revealed that
the rearrangement proceeded with complete transfer of stereochemistry from the anomeric
position to the C-3 position to give [2,3]-wittig product 2 in 60% vyield, as a single stereo
isomer. Surprisingly, no [1,2]-Wittig rearrangement product was observed. However, under
the similar reaction conditions, with proparglyl, benzyl, cinnamyl and tolyl acetals provided
the C-3-branched glycals, via [2,3]-Wittig rearrangement, 3-6 as single diastereomers.

Replacing the TBS protecting group

Table 4.1. Synthesis of 3-C-branched glycal derivatives via [2,3]-Wittig rearrangement.

TBSO
nBuU TMEDA

THF, 78°C
15 min, 60%

TBSO
]—‘»" TBSO'
AT
4,55% 5,60%
0 o
TBSO | TBSO |
TBSO TBSO”,
HO™ N HO™
6, 45% 7,72% 8a:8b, 70% (1:1) 9, 50%
L.
e
TBSO”, TBSO”, |
P
HO ~—
10, 66% 11a:11b, 80% (1:1) 12a12b 78% 12b

with methyl provided compound 7 in good yield. A similar kind of products were observed
even with D-galactal derived diene which upon rearrangement provided the 3-C-branched
galactal derivatives 8a and 8b, in 1:1 ratio, Whereas the propargyl acetal provided the single
diastereomer 9. Interestingly, D-rahmnose derived allyl acetal also provided the corresponding

3-C- branched rhamnal 10 as single diastereomer with 66% yield.
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Extending the methodology to pentopyranoses, D-arabinose derived allyl and benzyl
acetals gave the 3-C-branched glycals 11a, 11b and 12a, 12b, respectively, in 1:1 ratio (Table
1). These results suggest Wittig precursors derived from Ferrier rarrangement of glycasl with
appropriate O-nucleophiles undergo a stereoselective [2,3]-Wittig rearrangement. In addition,
the substituents on the pyranose as well as the migrating alkyl group does influence the
stereochemistry at the hydroxyl carbon. Finally, the 3-C-branched glycals 2, 6 and 10 were
cyclised to the corresponding bicyclic acetals catalysed by PTSA to obtain bridged bicycles 2a,
6a and 10a, respectively (Figure 4.2). These compounds were used to assign the
stereochemistry at the newly formed stereocenters. The exact stereochemistry was assigned by
using 2D-COSY and 2D-NOESY NMR spectral analysis of 2a, 6a and 10a. The
stereochemistry of the formation of 3-C-branched glycals all the other compounds were
confirmed by 'H, *C, COSY and NOESY spectral analysis along with few single crystal X-ray

diffraction studies.

Figure 4.2 Wittig rearrangement of sugar derived 2a-and 4a-Propargyl ethers.

With these information in hand, we further investigated the influence of stereochemistry
at the anomeric position. Thus, the B-O-glycoside 13 was synthesized and subjected to Wittig
rearrangement conditions. Interestingly, 13 also underwent the [2,3]-Wittig rearrangement
leading the formation of 3-C-branched glycals 14a and 14b (Table 4.2), however, as a 1:1
mixture of diastereomers. Applying the methodology to benzyl glycoside, derived from
triacetyl glucal, provide the compound 15. The methodology was found to be equally
applicable to other appropriate B-O-glycoside derivatives that was tested in the case of
galactose, which led to the formation of 3-C-branched glycals 16 and 17 (Table 2). It is
interesting to note that, incorporating a more bulky protecting group could increase the yield
of the rearrangement product. Finally, we planned to investigate the p-methoxy benzylidene
acetylated B-O-glycoside derivative under similar reaction conditions, which also produced the
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3-C-branched glycal 18. As all the above glycosides upon Wittig rearrangement provided

exclusively the 3-C-branched glycals.

Table 4.2. Synthesis of 3-C-branched glycal derivatives from B-O-glycoside derivatives via
[2,3]-Wittig rearrangement.

TBSO
TBSOUJ n-BuLi, TMEDA
IBSO" TTHE 78°C

15 min, 62%

18, 58%

In view of assigning the stereochemistry at the newly formed stereo-centres, compound
16 was acetylated using acetic anhydride and pyridine and subjected to crystallization. To our
fortunate, compound 16a, formed the crystals in EtOAc/Hexane solvent system. Based on the
single crystal X-ray diffraction studies of 16a (Figure 4.3), 2D and 3D NMR spectral analysis,

the stereochemistry of the 3-C-branched glycals as shown in table 4.2 were confirmed.

Figure 4.3 Crystal structure of 16a

4.3 Conclusions

In conclusion, exclusively 3-C-branched glycals have been synthesised with retention
of configuration from the a-O-glycoside derivatives via [2,3]-Wittig rearrangement. Using the
same methodology, 3-C-branched glycals are synthesised from the B-O-glycoside derivatives
also via [2,3]-Wittig rearrangement with retention of configuration. Influence of the protecting
groups has been observed to produce the yields in the [2,3]-Wittig rearrangement.
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4.4 Experimental section

4.4.1 General Methods

All the reactions were carried out under nitrogen or argon atmosphere and monitored by thin
layer chromatography (TLC) using silica gel GF2s4 plates with detection by charring with 5%
(v/v) H2SO4 in methanol or by phosphomolybdic acid (PMA) stain or by ultra violet (UV)
detection. All the chemicals were purchased from local suppliers and Sigma-Aldrich
Chemicals Company. Solvents used in the reactions were distilled over dehydrated agents.
Silica-gel (100-200 mesh) was used for column chromatography. 'H, *C, DEPT, COSY,
NOESY spectra were recorded on Bruker 400 MHz and 500 MHz spectrometer in CDCls. *H
NMR chemical shifts were reported in ppm (8) with TMS as internal standard (5 0.00) and **C
NMR were reported in chemical shifts with solvent reference (CDClIs, & 77.00). High resolution
mass spectra (HRMS) were obtained in the ESI mode. IR spectra were recorded with a JASCO
FTIR-5300 instrument. High resolution mass spectra were recorded on Bruker maXis ESI-TOF

spectrometer.

4.4.2 Experimental procedures and spectral data

2.1 General procedure for TBS Protection of alcohol: (for the synthesis of S2, S3, S4,
S5, S6, S7, S8, S9, S10, S11, S12, 13, S15, S16, and S17)

Imidazole, TBSCI
O. .OR DMF O. .OR

7 - o
HO \) RT, 12 hr's, 98% TBSO \)

To a stirred solution of alcohol (1eq) in anhydrous DMF (10 mL/gr) under inert

atmosphere was added imidazole (3 eq) followed by TBSCI (3 eq) at RT and stirred for
overnight at RT. The reaction was quenched with slow addition of cold water and extracted
with diethyl ether and washed with aqueous cupric sulphate. The combined organic layers

were dried over anhydrous Na>SO4and concentrated under reduced pressure to obtain crude
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product. Purification of the crude product by column chromatography over silica gel using

hexanes and ethyl acetate provided pure di TBS protected sugar derivative in 98% yield.

2.2 General procedure for Wittig Rearrangement reaction: (for the synthesis of 2, 3, 4,

56,7809, 10, 11, 12, 14, 15, 16, 17 and 18)

1 (0]
RO
Ro/\ioj,\\ojz n-BuLi, TMEDA /U
, g RO" ™
Ro\\ 3/ 2 / ,

THF, -78 °C

H OM
[2,3]-shift

A solution of cyclic allyl ether (1eq) in anhydrous THF (5 mL/100 mg) under argon
was cooled to -78 °C and 1 eq of TMEDA were added and stirred for 5 minutes. Then a
solution of n-BuL.i (5 eq) was added and stirred at -78 °C for 30 minutes. Then the temperature
was allowed to rise to 0 °C over a period of 45 minutes. The reaction was quenched with
water and the product was extracted with ethyl acetate, washed with brine solution. The

solvent was removed in vacuum, purification by silica gel chromatography.

2.3 (S)-1-((2R,3S,4R)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)prop-2-en-1-ol (2)

Yield: 50%, Rs: 0.45 (5% EtOAc/hexane). 2: IR (neat): 2929, 2856, 2165, 1737, 1362, 1254,
1113 cm. 'H NMR (400 MHz, CDCls): 8 6.53 (dd, 1H, J = 1.6 Hz, J = 6.0 Hz), 5.85-5.93
(m, 1H), 5.32 (dt, 1H, J = 1.6 Hz, J = 17.2 Hz), 5.18 (dt, 1H, J = 1.6 Hz, J = 10.8 Hz), 4.56-
4.60 (m, 1H), 4.51 (dd, 1H, J = 4.4 Hz, J = 6.0 Hz), 4.11-4.19 (m, 2H), 3.78 (t, 2H, J = 4.0
Hz), 2.34-2.38 (m, 1H), 2.24 (d, 1H, J = 6.8 Hz), 0.94 (s, 9H), 0.91 (s, 9H), 0.16 (s, 3H), 0.14
(s, 3H), 0.08 (s, 3H), 0.07 (s, 3H). *C NMR (100 MHz, CDCls): & 145.74, 139.99, 114.27,
93.80, 77.16, 69.34, 66.68, 62.25, 40.26, 25.92, 25.78, 18.41, 18.03, -4.41, -4.85, -5.18, -5.34
HRMS (ESI) calcd for Ca1Ha204Six+H* 415.2694, found 415.2693.
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2.4 tert-butyl(((1S,3R,4S,5R,6S)-4-((tert-butyldimethylsilyl)oxy)-6-vinyl-2,7-dioxabi
cyclo[3.2.1]octan-3-yl)methoxy)dimethylsilane (2a)

Yield: 90%, Ry. 0.6 (5% EtOAc/hexane). 2a: IR (neat): 2952, 2928, 2887, 2855, 1461, 1388,
1360, 1251 cm™. *H NMR (500 MHz, CDCls): 6 5.80 (ddd, 1H, J = 5.5 Hz, J = 10.5 Hz, J
=17.0 Hz), 5.42 (d, 1H, J = 3.0 Hz), 5.27 (dt, 1H, J = 1.5 Hz, J = 17.0 Hz), 5.13 (dt, 1H, J
=1.5Hz, J = 10.5 Hz), 4.85 (d, 1H, J = 5.5 Hz), 3.89 (dd, 1H, J = 3.5 Hz, J = 8.5 Hz), 3.72-
3.78 (m, 2H), 3.52 (dt, 1H, J = 2.0 Hz, J = 8.5 Hz), 2.28 (dd, 1H, J = 3.5 Hz, J = 5.5 Hz),
1.84 (ddd, 1H, J = 3.0 Hz, J = 5.5 Hz, J = 11.5 Hz), 1.58 (d, 1H, J = 11.5 Hz), 0.91 (s, 9H),
0.90 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H), 0.07 (s, 3H), 0.06 (s, 3H). 3C NMR (125 MHz,
CDCls): 6 137.78, 115.21, 98.91, 78.71, 76.19, 66.35, 61.89, 45.17, 33.68, 25.90, 25.66,
18.33, 17.84, -4.38, -4.98, -5.04, -5.43. HRMS (ESI) calcd for Co1H4204Six+H" 415.2694,
found 415.2691.

2.5 tert-butyl(((2R,3S,6S)-3-((tert-butyldimethylsilyl)oxy)-6-(prop-2-yn-1-yloxy)-3,6-di
hydro-2H-pyran-2-yl)methoxy)dimethylsilane (S3)

Yield: 98%, Ry 0.55 (5% EtOAc/hexane). 3s: IR (neat): 3311, 2952, 2928, 2892, 2856, 2359,
2339, 1738 cm™. 'H NMR (500 MHz, CDCls): § 5.88 (d, 1H, J = 10 Hz), 5.70 (dt, 1H, J =
2.5 Hz, J = 10.5 Hz), 5.16 (s, 1H), 4.31 (d, 2H, J = 2.5 Hz), 4.17 (dg, 1H, J = 1.5 Hz, J = 9.0
Hz ), 3.87 (dd, 1H, J = 2.0 Hz, J = 11.0 Hz), 3.73 (dd, 1H, J = 6.0 Hz, J = 11.0 Hz), 3.66-
3.70 (m, 1H), 2.43 (t, 1H, J = 2.5 Hz ), 0.92 (s, 9H), 0.89 (s, 9H), 0.10 (s, 3H), 0.09 (s, 9H).
13C NMR (125 MHz, CDCls): § 134.98, 124.94, 92.30, 79.49, 74.29, 72.82, 64.00, 62.51,
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54.34, 2590, 25.64, 18.38, 17.86, -4.31, -4.91, -5.17, -5.36 HRMS (ESI) calcd for
C21H4004Si>+Na* 435.2357, found 435.2356.

2.6 (R)-1-((2R,3S,4R)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl) -3,4-dihydro-2H-pyran-4-yl)prop-2-yn-1-ol (3)

X ¥
55
-

~
PN

=

Yield: 60%, Ry. 0.4 (5% EtOAc/hexane). 3: IR (neat): 3309, 2953, 2928, 2856, 1972, 1648,
1469, 1389, 1360, 1254, 1105, 1023 cm™. 'H NMR (500 MHz, CDCls): & 6.59 (dd, 1H, J
=1.5Hz, J = 6.0 Hz), 4.77 (dd, 1H, J = 5.0 Hz, J = 6.0 Hz), 4.74 (dt, 1H, J= 25 Hz, J =
9.0 Hz), 4.16 (dd, 1H, J = 5.5 Hz, J = 8.0 Hz), 4.07-4.10 (m, 1H), 3.78 (t, 2H, J = 3.5 Hz),
2.51-2.55 (m, 1H), 2.45 (d, 1H, J = 2.0 Hz), 2.13 (d, 1H, J = 9.0 Hz), 0.93 (s, 9H), 0.91 (s,
9H), 0.14 (s, 3H), 0.13 (s, 3H), 0.08 (s, 3H), 0.07(s, 3H). 3C NMR (125 MHz, CDCl3): §
146.39, 93.67, 84.45, 76.99, 72.51, 65.59, 62.05, 59.87, 42.26, 25.91, 25.75, 18.42, 18.02, -
4.48, -4.98, -5.14, -5.36 HRMS (ESI) calcd for C21H4004Si>+H™ 413.2538, found 413.2538.
2.7  (((2R,3S,6S)-6-(benzyloxy)-2-(((tert-butyldimethylsilyl)oxy)methyl)-3,6-dihydro-
2H-pyran -3-yl)oxy)(tert-butyl)dimethylsilane (S4)

O._Ph
TBSO/\(OJ\\ N
TBSO" N

S4

Yield: 98%, Ry 0.55 (5% EtOAc/hexane). S4: IR (neat): 2952, 2928, 2885, 2855, 2359, 2339,
1738 cm™. *H NMR (500 MHz, CDCls): § 7.29-7.43 (m, 5H), 5.90 (d, 1H, J = 10.5 Hz),
5.75 (d, 1H, J = 10 Hz), 5.10 (s, 1H), 4.87 (d, J = 11.5 Hz), 4.62 (d, 1H, J = 12.0 Hz), 4.22-
4.23 (m, 1H), 3.88 (d, 1H, J = 9.5 Hz), 3.78-3.83 (m, 2H), 0.97 (s, 9H), 0.95 (s, 9H), 0.14-
0.15 (M, 12H). C NMR (125 MHz, CDCls):  138.07, 134.55, 128.30, 128.08, 127.54,
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125.44, 93.31, 72.69, 69.65, 64.11, 62.68, 25.97, 25.68, 18.44, 17.89, -4.30, -4.88, -5.09, -
5.29 HRMS (ESI) calcd for CosHa204Sio+NH4" 482.3116, found 482.3116.
2.8  (R)-((2R,3S,4R)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)(phenyl)methanol (4)

Yield: 55%, R 0.45 (5% EtOAc/hexane). 4: IR (neat): 2952, 2928, 2855, 1736 cm™. H
NMR (500 MHz, CDCls): § 7.27-7.39 (m, 5H), 6.50 (dd, 1H, J = 1.5 Hz, J = 6.0 Hz ), 5.19
(dd, 1H, J = 1.5 Hz, J = 5.0 Hz), 4.38 (dd, 1H, J = 4.0 Hz, J = 6.5 Hz), 4.29 (t, 1H, J = 6.0
Hz), 4.18-4.21 (m, 1H), 3.75-3.83 (m, 2H), 2.85 (d, 1H, J = 5.5 Hz), 2.56-2.58 (m, 1H), 1.00
(s, 9H), 0.93 (s, 9H), 0.23 (s, 3H), 0.21 (s, 3H), 0.10 (s, 3H), 0.09 (s, 3H). 3C NMR (125
MHz, CDClz): 8 145.26, 143.57, 128.18, 126.92, 125.58, 93.89, 77.30, 71.02, 67.32, 62.19,
42.02, 25.91, 25.85, 18.37, 18.07, -4.24, -4.71, -5.22, -5.34. HRMS (ESI) calcd for
C25H4404Si+NH4" 482.3116, found 482.3116.

2.9 tert-butyl(((2R,3S,6S)-3-((tert-butyldimethylsilyl)oxy)-6-(cinnamyloxy)-3,6-dihydro-
2H-pyran-2-yl)methoxy)dimethylsilane (S5)

X Ph
TBSO/\O-‘ O X
TBSO" N

S5

Yield: 98%, Rr: 0.65 (5% EtOAc/hexane). S5: IR (neat): 2952, 2927, 2887, 2855 cm™. H
NMR (500 MHz, CDCls): & 7.32-7.42 (m, 4H), 7.25-7.28 (m, 1H), 6.66 (d, 1H, J = 10.5
Hz), 6.35 (dt, 1H, J = 6.0 Hz, J = 16.0 Hz), 5.90 (d, 1H, J = 10.0 Hz), 5.75 (dt, 1H, J = 2.5
Hz, J = 10.0 Hz), 5.10 (s, 1H), 4.48 (ddd, 1H, J = 1.5 Hz, J = 6.0 Hz, J = 13.0 Hz), 4.20-
4.27 (m, 2H), 3.90-3.93 (M, 1H), 3.77-3.81 (m, 2H), 0.96 (s, 9H), 0.93 (s, 9H), 0.13-0.12 (m,
12H). ¥C NMR (125 MHz, CDCls): § 136.78, 134.61, 132.69, 128.48, 127.59, 126.47,
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125.79, 125.46, 93.26, 72.68, 68.26, 64.14, 62.72, 25.97, 25.69, 18.44, 17.90, -4.28, -4.86, -
5.09, -5.29. HRMS (ESI) calcd for C27H1604Si+NH4* 508.3273, found 508.3272.
2.10  (S,E)-1-((2R,3S,4R)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)
oxy)methyl)-3,4-dihydro-2H-pyran-4-yl)-3-phenylprop-2-en-1-ol (5)

Yield: 60%, Ry: 0.45 (5% EtOAc/hexane). 5: IR (neat): 3438, 2952, 2928, 2856, 1736, 1649
cm™. IH NMR (500 MHz, CDCls): § 7.40-7.42 (m, 2H), 7.31-7.35 (m, 3H), 6.68 (dd, 1H, J
= 1.5 Hz, J = 16.0 Hz), 6.54 (dd, 1H, J = 1.5 Hz, J = 6.5 Hz), 6.24 (dd, 1H, J = 5.0 Hz, J =
15.5 Hz), 4.75 (bd, 1H, J = 4.5 Hz), 4.58 (dd, 1H, J = 4.0 Hz, J = 6.0 Hz), 4.23 (dd, 1H, J =
5.5 Hz, J = 6.5 Hz), 4.14-4.17 (m, 1H), 3.78-3.81 (m, 3H), 2.45-2.47 (m, 1H), 0.97 (s, 9H),
0.92 (s, 9H), 0.18 (s, 6H), 0.09 (s, 3H), 0.08 (s, 3H). 3C NMR (125 MHz, CDCl5): 5 145.62,
136.96, 131.45, 129.70, 128.54, 127.43, 126.42, 94.16, 77.33, 69.56, 66.91, 62.26, 40.57,
25.93, 25.83, 18.40, 18.07, -4.33, -4.76, -5.19, -5.32. HRMS (ESI) calcd for
C27H4604Si>+NH4" 508.3273, found 508.3275.

2.11 tert-butyl(((2R,3S,6S)-3-((tert-butyldimethylsilyl)oxy)-6-((4-methylbenzyl)oxy)-3,6-
dihydro-2H-pyran-2-yl)methoxy)dimethylsilane (S6)

TBSO/\(OJ-\\O\/Q/
TBSO" N

S6
Yield: 98%, Ry 0.65 (5% EtOAc/hexane). S6: IR (neat): 2952, 2927, 2885, 2855, 2359, 2339,
1516 cm. *H NMR (500 MHz, CDCls): § 7.31 (d, 2H, J = 8.0 Hz), 7.18 (d, 2H, J = 8.0 H2),
5.88 (d, 1H, J = 10.0 Hz), 5.72 (dt, 1H, J = 2.5 Hz, J = 10.0 Hz), 5.07-5.08 (m, 1H), 4.82 (d,
1H, J = 11.5 Hz), 4.58 (d, 1H, J = 11.5 Hz), 4.21 (dd, 1H, J = 1.5 Hz, J = 8.5 Hz), 3.86-3.89
(m, 1H), 3.78-3.82 (m, 2H), 2.38 (s, 3H), 0.97 (5, 9H), 0.93 (s, 9H), 0.15 (s, 3H), 0.14 (s, 3H),
0.13 (s, 3H), 0.13 (s, 3H). 1*C NMR (125 MHz, CDCls): & 137.21, 135.01, 134.46, 128.98,
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128.23, 125.55, 93.11, 72.66, 69.48, 64.14, 62.71, 25.98, 25.68, 21.14, 18.46, 17.89, -4.30, -
4.87,-5.09, -5.29. HRMS (ESI) calcd for C2H1604Si2+H* 479.3007, found 479.3008.

212 (R)-((2R,3S,4R)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)(p-tolyl)methanol (6)

Yield: 45%, Rs: 0.35 (5% EtOAc/hexane). 6: IR (neat): 2952, 2927, 2855, 1736, 1649, 1513
cm™. *H NMR (400 MHz, CDCls): § 7.25 (d, 2H, J = 8.0 Hz), 7.17 (d, 2H, J = 8.0 Hz), 6.49
(dd, 1H, J = 2.0 Hz, J = 16.0 Hz), 5.15 (d, 1H, J = 4.4 Hz), 4.39 (dd, 1H, J = 4.0 Hz, J = 6.4
Hz, H2), 4.25-4.28 (m, 1H), 4.17-4.21 (m, 1H), 3.73-3.82 (m, 2H), 2.80 (d, 1H, J = 5.2 Hz),
2.53-2.56 (m, 1H), 2.36 (s, 3H), 0.99 (s, 9H), 0.92 (s, 9H), 0.22 (s, 3H), 0.20 (s, 3H), 0.09 (s,
3H), 0.08 (s, 3H). *C NMR (100 MHz, CDCls): & 145.16, 140.61, 136.46, 128.86, 125.50,
94.04, 77.32, 70.89, 67.33, 62.22, 42.03, 25.91, 25.85, 21.04, 18.37, 18.07, -4.25, -4.71, -
5.22, -5.34. HRMS (ESI) calcd for C2sH4604Si+H* 479.3007, found 479.3008.

2.13 tert-butyl(((1S,3R,4S,5R,6R)-4-((tert-butyldimethylsilyl)oxy)-6-(p-tolyl)-2,7-dioxabi
cyclo[3.2.1]octan-3-yl)methoxy)dimethylsilane (6a)

Tol
6a

Yield: 95%, Ry 0.65 (5% EtOAc/hexane). 6a: IR (neat): 2952, 2927, 2891, 2855, 2359, 2328,
1725, 1513 cm. *H NMR (500 MHz, CDCls): & 7.17 (s, 4H), 5.60 (d, 1H, J = 3.0 Hz), 5.48
(s, 1H), 3.95 (dd, 1H, J = 3.5 Hz, J = 8.5 Hz),3.77-3.83 (m, 2H), 3.63 (dt, 1H, J = 1.5 Hz, J
= 8.5 Hz), 2.41 (dd, 1H, J = 3.5 Hz, J = 5.0 Hz), 2.35 (s, 3H), 1.85 (ddd, 1H, J = 3.5 Hz, J =
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5.5 Hz, J = 12.0 Hz), 1.54 (d, 1H, J = 11.5 Hz), 0.98 (s, 9H), 0.92 (s, 9H), 0.15 (s, 3H), 0.14
(s, 3H), 0.09 (s, 3H), 0.08 (s, 3H). ®*C NMR (125 MHz, CDCls): § 139.43, 136.44, 128.86,
124.96, 99.30, 79.19, 76.44, 66.59, 61.81, 48.21, 33.12, 25.92, 25.78, 21.01, 18.36, 17.90, -
4.12,-5.00, -5.10, -5.41. HRMS (ESI) calcd for CosH4604Si>+H™ 479.3007, found 479.3008.
2.14 (2R,3S,6S)-6-(allyloxy)-3-methoxy-2-(methoxymethyl)-3,6-dihydro-2H-pyran (S7)

Meo/\i)j"\o\/\
MeO™ N

S7

Yield: 99%, Ry: 0.25 (10% EtOAc/hexane). S7: IR (neat): 2934, 2892, 2835, 1647 cm™. 1H
NMR (500 MHz, CDCls): & 6.07 (d, 1H, J = 10.5 Hz), 5.88-5.96 (m, 1H), 5.76-5.78 (m,
1H), 5.26-5.30 (m, 1H), 5.15-5.17 (m, 1H), 5.03 (bs, 1H), 4.24-4.28 (m, 1H), 4.03-4.07 (m,
1H), 3.88-3.90 (m, 1H), 3.83-3.86 (M, 1H), 3.59-3.65 (m, 2H), 3.42 (s, 3H), 3.39 (s, 3H). 13C
NMR (125 MHz, CDCls): & 134.41, 130.23, 126.50, 116.99, 93.79, 71.79, 71.52, 68.90,
68.73, 59.23, 56.36. HRMS (ESI) calcd for C11H1804+Na* 237.1097, found 237.1099.

2.15 (S)-1-((2R,3S,4R)-3-methoxy-2-(methoxymethyl)-3,4-dihydro-2H-pyran-4-yl)prop
-2-en-1-ol (7)

Yield: 72%, Rt. 0.25 (20% EtOAc/hexane). 7: IR (neat): 3068, 2934, 2892, 2835, 1647 cm"
1. 14 NMR (500 MHz, CDCls): § 6.48 (dd, 1H, J = 1.5 Hz, J = 6.0 Hz), 5.90 (ddd, 1H, J
=5.0Hz, J=10.5Hz, J=17.0 Hz), 5.33 (dt, 1H, J = 1.5 Hz, J = 17.0 Hz), 5.20 (dt, 1H, J
= 1.5 Hz, J = 10.5 Hz), 4.63 (dd, 1H, J = 3.5 Hz, J = 6.0 Hz), 4.44 (bs, 1H), 4.37-4.40 (m,
1H), 3.64 (t, 1H, J = 4.0 Hz), 3.58-3.61 (m, 1H), 3.49-3.52 (m, 1H), 3.46 (s, 3H), 3.40 (s,
3H), 2.52 (bs, 1H), 2.44-2.47 (m, 1H). 3C NMR (125 MHz, CDCls): & 144.48, 139.41,
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114.98, 95.45, 75.75, 72.80, 71.51, 70.69, 59.32, 57.33, 37.59. HRMS (ESI) calcd for
C11H1804+Na* 237.1097, found 237.1099.

2.16 (((2R,3R,6S)-6-(allyloxy)-2-(((tert-butyldimethylsilyl)oxy)methyl)-3,6-dihydro-2H-
pyran-3-yl)oxy)(tert-butyl)dimethylsilane (S8)

Yield: 98%, Rs: 0.5 (5% EtOAc/hexane). S8: IR (neat): 2952, 2928, 2885, 2856 cm™. 'H
NMR (500 MHz, CDCls): § 6.00-6.04 (m, 1H), 5.92-5.99 (m, 1H), 5.89 (dd, 1H, J = 3.0 Hz,
J=10.0Hz),5.29 (dg, 1H, J=15Hz,J=17.5Hz), 5.18 (dq, 1H, J =15 Hz, J = 10.5 Hz),
5.08 (d, 1H, J = 2.5 Hz), 4.29 (tdd, 1H, J = 1.5 Hz, J = 5.5 Hz, J = 12.5 Hz), 4.07 (tdd, 1H,
J=15Hz,J=6.5Hz,J=13.0 Hz), 3.98-4.01 (m, 1H), 3.91 (dd, 1H, J =2.5Hz, J=5.0
Hz), 3.83 (dd, 1H, J = 5.5 Hz, J = 10.5 Hz), 3.77 (dd, 1H, J = 7.0 Hz, J = 10.5 Hz), 0.92 (s,
9H), 0.90 (s, 9H), 0.10 (s, 3H), 0.09 (s, 6H), 0.08 (s, 3H). 3C NMR (125 MHz, CDCls): &
134.55, 129.77,127.79, 117.28, 93.21, 71.84, 68.42, 62.76, 62.00, 25.88, 25.80, 18.28, 18.16,
-4.04,-4.73,-5.32, -5.42. HRMS (ESI) calcd for C21H4204Si+K* 453.2253, found 453.2250.
2.17 (R)-1-((2R,3R,4R)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)prop-2-en-1-ol (8a)

TBSO |
TBSO
H

HO =

8a
Yield: 35%, Rr. 0.4 (5% EtOAc/hexane). 8a: IR (neat): 2953, 2928, 2885, 2856, 1647 cm™.

IH NMR (500 MHz, CDCl): § 6.48 (dd, 1H, J = 1.5 Hz, J = 6.0 Hz), 5.87-5.93 (m, 1H),
5.30 (dt, 1H, J = 1.5 Hz, J = 17.0 Hz), 5.25 (dt, 1H, J = 1.5 Hz, J = 10.5 Hz), 4.56 (dd, 1H,
J =35 Hz, J = 6.0 Hz), 4.14-4.15 (m, 1H), 4.06 (dd, 1H, J = 3.5 Hz, J = 5.0 Hz), 3.95-3.98
(m, 1H), 3.78-3.80 (m, 2H), 2.15-2.18 (m, 1H), 1.64 (d, 1H, J = 7.0 Hz), 0.91 (s, 18H), 0.17
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(s, 3H), 0.15 (s, 3H), 0.08 (s, 3H), 0.07 (s, 3H). ¥C NMR (125 MHz, CDCls): & 144.90,
139.36, 115.50, 95.79, 77.32, 72.78, 66.03, 60.68, 43.61, 25.91, 25.75, 18.31, 17.95, -4.53, -
4.72,-5.24, -5.36. HRMS (ESI) calcd for C21H1204Si>+H* 415.2694, found 415.2695.
2.18 (S)-1-((2R,3R,4R)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)prop-2-en-1-ol (8b)

Yield: 35%, Ry 0.37 (5% EtOAc/hexane). 8b: IR (neat): 2954, 2928, 2886, 2856, 2158, 2036,
1737, 1648 cm™. 'H NMR (500 MHz, CDCls): § 6.46 (dd, 1H, J = 1.5 Hz, J = 6.0 Hz), 5.87-
5.94 (m, 1H), 5.31 (dt, 1H, J = 1.5 Hz, J = 17.5 Hz), 5.24 (dt, 1H, J = 1.0 Hz, J = 10.0 Hz),
4.52-4.55 (m, 1H), 4.15-4.16 (m, 1H), 3.98 (t, 1H, J = 6.5 Hz), 3.82-3.86 (m, 1H), 3.76-3.80
(m, 2H), 2.10-2.14 (m, 1H), 1.83 (s, 1H), 0.91 (s, 9H), 0.90 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H),
0.08 (s, 6H), 3C NMR (125 MHz, CDCls): § 144.18, 138.31, 116.57, 97.82, 76.26, 75.20,
65.31, 61.76, 44.56, 25.91, 25.76, 18.32, 17.98, -4.51, -4.55, -5.23, -5.35. HRMS (ESI) calcd
for Ca1H4204Siz+H* 415.2694, found415.2695.

2.19 tert-butyl (((2R,3S,6S)-3-((tert-butyldimethylsilyl)oxy)-6-(prop-2-yn-1-yloxy)-3,6-di
hydro-2H-pyran-2-yl)methoxy)dimethylsilane (S9)

Yield: 97%, Rt. 0.55 (5% EtOAc/hexane). S9: IR (neat): 3310, 2953, 2928, 2886, 2856 cm"
! 'H NMR (500 MHz, CDCls): § 6.05 (ddd, 1H, J=1.0 Hz, J=5.5 Hz J = 10.0 Hz), 5.89
(dd, 1H, J = 2.5 Hz, J = 10.0 Hz), 5.25 (d, 1H, J = 3.0 Hz), 4.31 (t, 2H, J = 2.0 Hz), 3.93-
3.96 (M, 1H), 3.90-3.92 (m, 1H), 3.75-3.83 (m, 2H), 2.43 (t, 1H, J = 2.5 Hz), 0.91 (s, 9H),
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0.89 (s, 9H), 0.09 (s, 6H), 0.08 (s, 6H). *C NMR (125 MHz, CDCls): § 130.18, 127.37,
92.16, 79.47, 74.33, 72.14, 62.66, 61.88, 53.98, 25.87, 25.78, 18.26, 18.15, -4.01, -4.72, -
5.32, -5.42 HRMS (ESI) calcd for Co1Ha004Si>+K* 451.2097, found 451.2092.

2.20 (S)-1-((2R,3R,4R)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)prop-2-yn-1-ol (5)

TBSO © |

TBSO
H

HO %
9

Yield: 60%, Ry: 0.45 (5% EtOAc/hexane). 9: IR (neat): 3308, 2953, 2928, 2856, 1972, 1648
cm™. 'H NMR (400 MHz, CDCls): & 6.50 (dd, 1H, J = 1.6 Hz, J = 6.0 Hz), 4.72 (ddd, 1H,
J=0.8 Hz, J = 4.0 Hz, J = 6.0 Hz), 4.31-4.32 (m, 1H) , 4.20 (t, 1H, J = 2.8 Hz), 3.88 (td,
1H,J=2.4H,J=6.0Hz), 3.81 (dd, 2H, J = 2.4 Hz, J = 6.0 Hz), 2.55 (d, 1H, J = 2.0 Hz),
2.29-2.33 (m, 1H), 2.02 (d, 1H, J = 3.2 Hz), 0.92 (s, 9H), 0.91 (s, 9H), 0.13 (s, 3H), 0.13 (s,
3H), 0.09 (s, 3H), 0.09(s, 3H). 3C NMR (100 MHz, CDCls): & 144.60, 96.80, 82.63, 76.51,
74.74,65.43,64.42,61.38, 44.60, 25.92, 25.73, 18.34, 17.95, -4.59, -4.62, -5.21, -5.33 HRMS
(ESI) calcd for C21H4004Six+Na* 435.2357, found 435.2357.

2.21 (((2S,3R,6R)-6-(allyloxy)-2-methyl-3,6-dihydro-2H-pyran-3-yl)oxy)(tert-butyl)

dimethy-I silane (S10)
TBSO =

S10

Yield: 98%, Rt 0.65 (5% EtOAc/hexane). S10: IR (neat): 2953, 2929, 2857, 1728 cm™. 'H
NMR (500 MHz, CDCl3): & 5.90-5.98 (m, 1H), 5.84 (d, 1H, J = 10.0 Hz), 5.68 (dt, 1H, J =
2.5 Hz, J = 10.5 Hz), 5.30 (dg, 1H, J = 1.5 Hz, J = 17.5 Hz), 5.18 (dg, 1H, J = 1.5 Hz, J =
10.5 Hz), 4.96 (s, 1H), 4.25 (ddt, 1H, J = 1.5 Hz, J = 5.5 Hz, J = 13.0 Hz ), 4.04 (ddt, 1H, J
= 1.5 Hz, J=6.5 Hz, J = 13.0 Hz), 3.87 (dg, 1H, J = 1.5 Hz, J = 9.0 Hz), 3.75-3.80 (m, 1H),
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1.25 (d, 3H, J = 6.5 Hz), 0.90 (s, 9H), 0.09 (s, 3H), 0.08 (s, 3H). *C NMR (125 MHz,
CDClg): 8 134.66, 134.61, 125.40, 116.96, 93.68, 70.15, 68.81, 67.66, 25.66, 18.10, 17.89, -
4.27, -4.78. HRMS (ESI) calcd for C15H2s03Si+Na*™ 307.1700, found 307.1692.
2.22 (R)-1-((2S,3R,4S)-3-((tert-butyldimethylsilyl)oxy)-2-methyl-3,4-dihydro-2H-pyran-
4-yl) prop-2-en-1-ol (10)

Yield: 66%, Ry 0.3 (5% EtOAc/hexane). 10: IR (neat): 3445, 2953, 2929, 2857, 1728 cm™.
'H NMR (400 MHz, CDCls): & 6.50 (dd, 1H, J = 1.6 Hz, J = 6.0 Hz), 5.89 (ddd, 1H, J =
4.8 Hz, J =10.4 Hz, J=17.2 Hz), 5.31 (dt, 1H, J=1.6 Hz, J = 17.2 Hz), 5.18 (dt, 1H, J =
1.6 Hz, J = 10.8 Hz), 4.56-4.60 (m, 1H), 4.53 (dd, 1H, J = 4.0 Hz, J = 6.4 Hz), 4.18-4.25
(m, 1H), 3.79 (dd,1H, J = 5.6 Hz, J = 7.6 Hz), 2.35-2.38 (m, 1H), 2.18 (d, 1H, J = 6.0 Hz),
1.25 (d, 3H, J = 6.4 Hz) 0.94 (s, 9H), 0.14 (s, 3H), 0.13 (s, 3H). 3C NMR (100 MHz,
CDCl3): 6 145.61, 139.99, 114.22, 94.34, 72.94, 72.25, 69.27, 40.79, 25.75, 18.12, 18.00, -
4.31, -4.75. HRMS (ESI) calcd for C1sH2803Si+Na* 307.1700, found 307.1690.

2.23 tert-butyldimethyl(((1R,3S,4R,5S,6R)-3-methyl-6-vinyl-2,7-dioxabicyclo[3.2.1]
octan-4-yl)oxy)silane (10a)

Yield: 95%, Ry 0.6 (5% EtOAc/hexane). 10a: IR (neat): 2953, 2929, 2896, 2857, 1730 cm™™,
'H NMR (500 MHz, CDCls): § 5.79 (ddd, 1H, J = 5.5 Hz, J = 10.5 Hz, J = 16.0 Hz), 5.37
(t, 1H, J=2.5Hz), 5.26 (dt, 1H, J=15Hz, J=17.0 Hz), 5.12 (dt, 1H, J=1.5Hz, J =105
Hz), 4.83 (d, 1H, J = 5.0 Hz), 3.61-3.66 (m, 1H), 3.36 (dt, 1H, J = 2.5 Hz, J = 8.0 Hz), 2.25
(t,1H, J = 3.0 Hz), 1.87 (dg, 1H, J = 2.5 Hz, J = 12.0 Hz), 1.62 (d, 1H, J = 11.5 Hz), 1.22 (d,
3H, J = 6.5 Hz), 0.90 (s, 9H), 0.08 (s, 6H). 3C NMR (125 MHz, CDCls): & 137.57, 115.28,
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98.69, 78.94,73.77, 71.29, 45.36, 34.13, 25.61, 18.43, 17.81, -4.28, -4.82. HRMS (ESI) calcd
for C1sH2803Si+Na* 307.1700, found 307.1691.
2.24  (((3R,6S)-6-(allyloxy)-3,6-dihydro-2H-pyran-3-yl)oxy)(tert-butyl)dimethylsilane
(S11)

Yield: 98%, Rt 0.47 (5% EtOAc/hexane). S11: IR (neat): 2952, 2928, 2885, 2856 cm™. 'H
NMR (500 MHz, CDCls): & 5.96-6.00 (m, 1H), 5.91-5.94 (m, 1H), 5.85 (ddd, 1H, J = 0.5
Hz, J = 3.0 Hz, J = 10.0 Hz), 5.29 (dg, 1H, J = 1.5 Hz, J = 17.0 Hz), 5.19 (dg, 1H, J = 1.5
Hz, J =10.5 Hz), 5.04 (d, 1H, J = 2.5 Hz), 4.25 (ddt, 1H, J =1.5Hz,J=5.0Hz,J =125
Hz), 4.04-4.10 (m, 2H), 3.98-4.00 (m, 1H), 3.68(dq, 1H, J = 1.5 Hz, J = 12.0 Hz), 0.91 (s,
9H), 0.10 (s, 6H). 3C NMR (125 MHz, CDCls): & 134.33, 130.05, 127.66, 117.28, 92.90,
68.62, 65.30, 62.31, 25.82, 18.22, -4.54, -4.63. HRMS (ESI) calcd for C14H2603Si+Na*
293.1543, found 293.1540.

2.25 (R)-1-((3R,4R)-3-((tert-butyldimethylsilyl)oxy)-3,4-dihydro-2H-pyran-4-yl)prop-2-
en-1-ol (11a)

TBSO
H

HO =

11a

Yield: 40%, Rt. 0.25 (5% EtOAc/hexane). 11a: IR (neat): 3451, 2926, 2854, 1740, 1641cm
1. IH NMR (500 MHz, CDCls): § 6.47 (dd, 1H, J = 2.5 Hz, J = 6.0 Hz), 5.91 (ddd, 1H, J =
4.0Hz,J=11.0Hz, J=17.5Hz),5.36 (dt, 1H, J = 1.5 Hz, J =17.0 Hz), 5.25 (dt, 1H, J =
1.5 Hz, J = 10.5 Hz), 4.50 (dd, 1H, J = 2.5 Hz, J = 6.0 Hz), 4.36-4.39 (m, 1H), 4.06 (ddd,
1H,J=45Hz,J=8.0Hz,J=12.0 Hz), 4.00 (dd, 1H, J = 4.0 Hz, J = 10.0 Hz), 3.61 (t, 1H,
J =10.0 Hz), 2.36-2.39 (m, 1H), 1.68 (d, 1H, J = 8.5 Hz), 0.92 (s, 9H), 0.15 (s, 3H), 0.13 (s,
3H). 13C NMR (100 MHz, CDCls): § 146.36, 139.36, 114.83, 96.07, 70.43, 69.02, 65.37,
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46.07, 25.73, 17.92, -4.28, -4.83. HRMS (ESI) calcd for C14H2603Si+Na* 293.1543, found
293.1540.
2.26 (S)-1-((3R,4R)-3-((tert-butyldimethylsilyl)oxy)-3,4-dihydro-2H-pyran-4-yl)prop-2-
en-1-ol (11b)

Yield: 40%, Rr: 0.25 (5% EtOAc/hexane). 11b: IR (neat): 3452, 3070, 2954, 2929, 2888,
2857, 1738, 1649 cm™. *H NMR (500 MHz, CDCl): § 6.39 (dd, 1H, J = 2.0 Hz, J = 6.0
Hz), 5.83-5.90 (m, 1H), 5.30 (dt, 1H, J = 1.5 Hz, J = 17.5 Hz), 5.24 (dt, 1H, J = 1.0 Hz, J =
10.5 Hz), 4.61 (dd, 1H, J = 2.5 Hz, J = 6.0 Hz), 4.13 (t, 1H, J = 6.5 Hz), 3.90-3.96 (M, 2H),
3.62-3.67 (m, 1H), 2.35-2.38 (M, 2H), 0.91 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H). 3C NMR (125
MHz, CDCls): & 144.39, 137.90, 117.40, 98.33, 75.10, 68.47, 67.08, 45.78, 25.72, 17.90, -
3.99, -4.67. HRMS (ESI) calcd for C1aH2603Si+Na* 293.1543, found 293.1540.

2.27 (((3R,6S)-6-(benzyloxy)-3,6-dihydro-2H-pyran-3-yl)oxy)(tert-butyl)dimethylsilane
(S12)

)

O
TBSO” N7

S12

Ph

Yield: 98%, Ry 0.45 (5% EtOAc/hexane). S12: IR (neat): 2952, 2927, 2856 cm™. 'H NMR
(400 MHz, CDCls): § 7.28-7.40 (m, 5H), 5.99-6.03 (m, 1H), 5.87-5.90 (m, 1H), 5.12 (d, 1H,
J=2.8Hz),4.82(d, 1H J = 11.6 Hz), 4.60 (d, 1H, J = 12.0 Hz), 4.15 (dd, 1H, J = 3.2 Hz, J
= 8.0 Hz), 4.00-4.02 (m, 1H), 3.72-3.76 (m, 1H), 0.93 (s, 9H), 0.13 (m, 3H), 0.12 (m, 3H).
13C NMR (100 MHz, CDCls): § 137.82, 130.00, 128.37, 128.05, 127.69, 127.67, 92.80,
69.56, 65.34, 62.32, 25.86, 18.27, -4.51, -4.60. HRMS (ESI) calcd for CigH2s03Si+K"
359.1439, found 359.1439.
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2.28 (R)-((3R,4R)-3-((tert-butyldimethylsilyl)oxy)-3,4-dihydro-2H-pyran-4-yl)(phenyl)
methanol (12a)

Yield: 39%, Rr: 0.25 (5% EtOAc/hexane). 12a: IR (neat): 3455, 3063, 3029, 2953, 2927,
2855, 1738, 1648 cm™. 'H NMR (500 MHz, CDCls): § 7.34-7.40 (m, 4H), 7.28-7.33 (m,
1H), 6.33 (dd, 1H, J = 2.0 Hz, J = 6.0 Hz), 4.54 (dd, 1H, J = 1.5 Hz, J = 8.5 Hz), 4.17 (dd,
1H, J = 3.0 Hz, J = 6.0 Hz), 4.12-4.15 (m, 1H), 3.99 (dd, 1H, J = 3.0 Hz, J = 10.5 Hz), 3.74-
3.77 (m, 1H), 3.11 (d, 1H, J = 2.0 Hz), 2.51-2.54 (m, 1H), 0.94 (s, 9H), 0.16 (s, 3H), 0.14 (s,
3H).2*C NMR (125 MHz, CDCls): & 144.41, 141.67, 128.31, 127.85, 127.02, 98.43, 78.01,
68.50, 68.24, 46.75, 25.75, 17.95, -4.01, -4.76 HRMS (ESI) calcd for CigHzs03Si+Na*
343.1700, found 343.1705.

2.29 (5)-((3R,4R)-3-((tert-butyldimethylsilyl)oxy)-3,4-dihydro-2H-pyran-4-yl)(phenyl)
methanol (12b)

.

Lo \ I
TBSO” | ,\ﬂ\ﬁ

HO Ph
12b
Yield: 39%, Rr: 0.24 (5% EtOAc/hexane). 12b: IR (neat): 3467, 2952, 2927, 2855, 1737,
1647 cmr. 'H NMR (500 MHz, CDCls): § 7.35-7.41 (m, 4H), 7.28-7.31 (m, 1H), 6.46 (dd,
1H, J = 2.0 Hz, J = 6.0 Hz), 5.02 (dd, 1H, J = 2.5 Hz, J = 7.0 Hz), 4.40 (dd, 1H, J = 2.5 Hz,
J=6.0 Hz), 4.11-4.16 (m, 1H), 4.02 (dd, 1H, J = 4.0 Hz, J = 10.5 Hz), 3.63 (t, 1H, J = 10.0
Hz), 2.55-2.58 (m, 1H), 1.96 (d, 1H, J = 7.0 Hz), 0.96 (s, 9H), 0.18 (s, 3H), 0.15 (s, 3H).1*C
NMR (125 MHz, CDCl): § 146.57, 142.90, 128.30, 127.13, 125.44, 95.67, 71.17, 68.99,
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65.45, 48.46, 25.76, 17.98, -4.31, -4.92 HRMS (ESI) calcd for C1gH2803Si+Na* 343.1700,
found 343.1701.
2.30 (R)-1-((2R,3S,4S)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl) -3,4-dihydro-2H-pyran-4-yl)prop-2-en-1-ol (14a)

Yield: 31%, Rs: 0.45 (5% EtOAc/hexane). 14a: IR (neat): 3068, 2953, 2928, 2885, 2856,
2359, 2339, 1736, 1646 cm™. *H NMR (400 MHz, CDCls): 6 6.42 (dd, 1H, J=2.0 Hz, J =
6.0 Hz), 5.88 (ddd, 1H, J = 6.8 Hz, J = 10.4 Hz, J = 17.2 Hz), 5.34 (dt, 1H, J = 1.2 Hz, J =
17.2 Hz), 5.27 (dt, 1H, J = 1.2 Hz, J = 10.2 Hz), 4.73 (dd, 1H, J = 2.4 Hz, J = 6.0 Hz), 4.42-
4.45 (m, 1H), 3.84-3.92 (m, 2H), 3.79 (t, 1H, J = 8.0 Hz), 3.59 (dt, 1H, J = 3.2 Hz, J = 8.4
Hz), 2.52-2.56 (m, 1H), 1.66 (bs, 1H), 0.93 (s, 9H), 0.91 (s, 9H), 0.16 (s, 3H), 0.14 (s, 3H),
0.09 (s, 3H), 0.07 (s, 3H). 3C NMR (125 MHz, CDCl3): & 143.96, 137.28, 117.73, 98.48,
79.20, 72.41, 65.72, 61.93, 46.98, 26.04, 25.91, 18.38, 18.32, -4.01, -4.03, -4.99, -5.35.
HRMS (ESI) calcd for C21H4204Si>+H* 415.2694, found415.2693.

2.31 (S)-1-((2R,3S,4S)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)prop-2-en-1-ol (14b)

Yield: 31%, Ry 0.4 (5% EtOAc/hexane). 14b: IR (neat): 3068, 2953, 2928, 2885, 2856, 2359,
2339, 1736, 1646 cm™. 'H NMR (500 MHz, CDCl3): § 6.53 (dd, 1H, J = 2.0 Hz, J = 6.0
Hz), 5.89 (ddd, 1H, J = 4.0 Hz, J = 11.0 Hz, J = 17.5 Hz), 5.33 (dt, 1H, J = 1.5 Hz, J = 17.5
Hz), 5.24 (dt, 1H, J = 1.5 Hz, J = 11.0 Hz), 4.45-4.47 (m, 2H), 4.06 (t, 1H, J = 3.5 Hz), 3.86-
3.94 (m, 2H), 3.59-3.62 (m, 1H), 2.35 (dg, 1H, J = 2.0 Hz, J = 8.0 Hz), 1.41 (d, 1H, J = 8.5
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Hz), 0.92 (s, 9H), 0.91 (s, 9H), 0.18 (s, 3H), 0.17 (s, 3H), 0.09 (s, 3H), 0.08 (s, 3H). °C NMR
(125 MHz, CDCl3): & 147.05, 139.90, 114.53, 95.28, 79.80, 68.71, 64.89, 62.31, 46.97,
26.02, 25.96, 18.48, 18.29, -4.14, -4.88, -4.94, -5.30. HRMS (ESI) calcd for C21H4204Si>+H*
415.2694, found415.2693.

2.32  (((2R,3S,6R)-6-(benzyloxy)-2-(((tert-butyldimethylsilyl)oxy)methyl)-3,6-dihydro-
2H-pyran-3-yl)oxy)(tert-butyl)dimethylsilane (S15)

Ph
TBSOALOJ/O\/
TBSO" N

S15
Yield: 98%, Ry 0.55(5% EtOAc/hexane). S15: IR (neat): 2957, 2929, 2881, 2856 cm™. 'H

NMR (400 MHz, CDCls): § 7.29-7.41 (m, 5H), 5.93 (dg, 1H, J = 1.6 Hz, J = 10.0 Hz), 5.78
(dt, 1H, J = 1.6 Hz, J = 10 Hz), 5.24-5.26 (m, 1H), 4.88 (d, 1H, J = 11.6 Hz), 4.64 (d, 1H, J
= 11.6 Hz), 4.31-4.34 (m, 1H), 3.82-3.92 (m, 2H), 3.61-3.65 (M, 1H), 0.96 (s, 9H), 0.94 (s,
9H), 0.14-0.15 (m, 12H). 23C NMR (100 MHz, CDCls): & 137.73, 132.90, 128.33, 128.11,
127.65, 127.47, 95.45, 79.31, 69.02, 63.21, 62.77, 25.93, 25.78, 18.41, 18.02, -4.40, -4.82, -
5.16, -5.26. HRMS (ESI) calcd for CasHsO4Sir+NH4* 482.3116, found 482.3116.

2.33  (R)-((2R,3S,4S)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)(phenyl)methanol (15a)

Yield: 32%, Rs. 0.4 (5% Acetone/hexane). 15a: IR (neat): 3531, 2926, 2855, 2020, 1732,
1652 cm™. 'H NMR (400 MHz, CDCl3): & 7.35-7.41 (m, 4H), 7.27-7.31 (m, 1H), 6.50 (dd,
1H,J=2.4Hz,J=6.0Hz),5.14 (dd, 1H, J= 1.6 Hz, J = 8.0 Hz), 4.26 (dd, 1H, J = 2.0 Hz,
J = 6.0 Hz), 4.18-4.22 (m, 1H), 3.91-3.98 (m, 2H), 3.61-3.65 (m,1H), 2.63 (dg, 1H, J = 2.4
Hz, J = 8.4 Hz), 1.85 (d, 1H, J = 8.0 Hz), 1.0 (s, 9H), 0.95 (s, 9H), 0.26 (s, 3H), 0.24 (s, 3H),
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0.12 (s, 6H). ®°C NMR (100 MHz, CDCls): § 147.07, 143.24, 128.29, 126.91, 125.23, 95.13,
79.87, 69.67, 65.24, 49.45, 26.15, 25.99, 18.51, 18.33, -4.13, -4.75, -4.90, -5.27. HRMS
(ESI) calcd for C2sHas04Si+NH4*™ 482.3116, found 482.3114.

2.34  (5)-((2R,3S,4S)-3-((tert-butyldimethylsilyl)oxy)-2-(((tert-butyldimethylsilyl)oxy)
methyl)-3,4-dihydro-2H-pyran-4-yl)(phenyl)methanol (15b)

Yield: 51%, Rt 0.4 (5% EtOAc/hexane). 15b: IR (neat): 3532, 2953, 2927, 2855, 1736 cm"
1 IH NMR (400 MHz, CDCls): § 7.29-7.39 (m, 5H), 6.28 (dd, 1H, J = 2.0 Hz, J = 6.4 Hz),
4.69 (dd, 1H, J = 2.4 Hz, J = 7.6 Hz), 4.36 (dd, 1H, J = 3.6 Hz, J = 6.4 Hz), 4.25-4.28 (m,
1H), 3.83-3.89 (m, 3H), 2.55-2.60 (m, 1H), 2.42 (d, 1H, J = 2.4 Hz), 0.95 (s, 9H), 0.91 (s,
9H), 0.21 (s, 3H), 0.20 (s, 3H), 0.09 (s, 3H), 0.05 (s, 3H).23C NMR (100 MHz, CDCls): &
143.02, 142.06, 128.22, 127.80, 127.02, 98.85, 79.02, 75.84, 66.78, 61.70, 47.20, 26.02,
25.86, 18.31, 18.28, -3.79, -3.92, -5.28, -5.34. HRMS (ESI) calcd for Cz5Has04Si+NH.*
482.3116, found 482.3116.

2.35 (2R,3R,6R)-6-(allyloxy)-2-((trityloxy)methyl)-3,6-dihydro-2H-pyran-3-ol (SS16)

(@] (@)
Tro/U ~ X
HO Z

SS16

Yield: 85%, Rr: 0.25 (20% EtOAc/hexane). SS16: IR (neat): 3430, 3056, 3020, 2926, 2871,
2359, 2342, 1961, 1711, 1644, 1596 cm™. *H NMR (500 MHz, CDCls): § 7.48-7.52 (m, 6H),
7.24-7.34 (m, 9H), 6.15 (ddd, 1H, J = 1.5 Hz, J = 5.0 Hz, J = 10.0 Hz), 5.94-6.02 (m, 1H),
5.88 (d, 1H, J = 10.0 Hz), 5.33-5.37 (m, 1H), 5.23-5.25 (m, 1H), 5.17 (d, 1H, J = 1.0 Hz),
4.43 (ddt, 1H, J = 1.0 Hz, J = 5.0 Hz, J = 12.5 Hz), 4.21 (dd, 1H, J = 6.5 Hz, J = 13.0 Hz),
3.95 (bs, 1H), 3.83 (td, 1H, J = 2.0 Hz, J = 6.5 Hz), 3.51 (dd, 1H, J = 6.5 Hz, J = 10.0 Hz),
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3.31 (dd, 1H, J = 5.5 Hz, J = 10.0 Hz), 1.87 (d, 1H, J = 5.5 Hz). *C NMR (125 MHz,
CDClz): 6 143.91, 134.10, 130.89, 130.87, 128.70, 127.82, 127.03, 117.60, 97.11, 86.73,
74.87,69.14, 63.35, 62.89. HRMS (ESI) calcd for C2sH2804+Na* 451.1880, found 451.1883.

2.36  (((2R,3R,6R)-6-(allyloxy)-2-((trityloxy)methyl)-3,6-dihydro-2H-pyran-3-yl)oxy)
(tert-butyl )dimethylsilane (S16)

Yield: 98%, Ry. 0.75 (20% EtOAc/hexane). S16: IR (neat): 3091, 3057, 2953, 2927, 2876,
2854, 1596 cm™. 'H NMR (400 MHz, CDCl3): & 7.53-7.55 (m, 6H), 7.32-7.35 (m, 6H), 7.25-
7.29 (m, 3H), 5.99-6.09 (m, 1H), 5.93-5.97 (m, 1H), 5.86 (d, 1H, J = 10.0 Hz), 5.36-5.40 (m,
1H), 5.26 (dd, 1H, J = 1.6 Hz, J = 10.4 Hz), 5.22 (s, 1H), 4.47-4.51 (m, 1H), 4.29-4.34 (m,
1H), 3.97 (bs, 1H), 3.86-3.89 (m, 1H), 3.59-3.64 (m, 1H), 3.13 (dd, 1H, J = 3.6 Hz, J = 6.0
Hz), 0.76 (s, 9H), -0.01 (s, 3H), -0.12 (s, 3H). 3C NMR (100 MHz, CDCl): § 144.21,
134.51, 130.89, 129.95, 128.73, 127.72, 126.84, 117.40, 96.18, 86.57, 75.42, 68.46, 64.53,
63.63, 25.72, 17.99, -4.27, -4.93. HRMS (ESI) calcd for C3sH4204Si+Na* 565.2745, found
565.2750.

2.37 (R)-1-((2R,3R,4S)-3-((tert-butyldimethylsilyl)oxy)-2-((trityloxy)methyl)-3,4-di
hydro-2H-pyran-4-yl)prop-2-en-1-ol (16)

Yield: 90%, Ry 0.65 (20% EtOAc/hexane). 16: IR (neat): 3554, 3060, 3023, 2950, 2928,
2886, 2855, 2359, 2339, 1646, 1596 cm™. 'H NMR (500 MHz, CDCls): & 7.48-7.50 (m,
6H), 7.31-7.34 (m, 6H), 7.25-7.28 (m, 3H), 6.62 (dd, 1H, J = 2.0 Hz, J = 6.0 Hz), 5.87 (ddd,
1H, J = 4.0 Hz, J = 11.0 Hz, J = 17.0 Hz), 5.39 (dt, 1H, J = 1.5 Hz, J = 17.0 Hz), 5.22 (dt,
1H, J = 1.5 Hz, J = 10.5 Hz), 4.67 (dt, 1H, J = 1.5 Hz, J = 6.0 Hz), 4.38-4.39 (m, 1H), 4.11
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(d, 1H, J=4.5Hz), 3.99 (dd, 1H, J = 4.5 Hz, J = 7.5 Hz), 3.53 (dd, 1H, J=7.5Hz, J =10.0
Hz), 3.06 (dd, 1H, J = 4.5 Hz, J = 10.0 Hz), 2.75 (s, 1H), 2.53-2.54 (m, 1H), 0.77 (s, 9H),
0.12 (s, 3H), -0.21 (s, 3H). 3.C NMR (125 MHz, CDCls): § 145.65, 143.84, 138.63, 128.70,
127.82, 127.02, 114.89, 96.21, 86.96, 77.65, 71.18, 68.79, 64.46, 42.66, 25.75, 18.09, -3.86,
-4.41. HRMS (ESI) calcd for C3sH1204Si+Na* 565.2745, found 565.2750.

2.38 (((2R,3R,6R)-6-(benzyloxy)-2-((trityloxy)methyl)-3,6-dihydro-2H-pyran-3-yl)oxy)
(tert-butyl)dimethylsilane (S17)

Tro/j/\oj,o\/Ph
TBSO”

817
Yield: 97%, Rt 0.75 (20% EtOAc/hexane). S17: IR (neat): 3084, 3058, 3030, 2951, 2927,
2883, 2855, 2359, 2339, 1738, 1596 cm™. 'H NMR (400 MHz, CDCls): & 7.54-7.56 (m,
6H), 7.31-7.337.47 (m, 11H), 7.24-7.29 (m, 3H), 5.94 (ddd, 1H, J= 1.2 Hz, J= 4.4 Hz, J =
10.0 Hz), 5.87 (d, 1H, J = 10.4 Hz), 5.20-5.21 (m, 1H), 4.99 (d, J = 12.0 Hz), 4.87 (d, 1H, J
= 12.0 Hz), 3.96-3.98 (m, 1H), 3.85-3.89 (m, 1H), 3.64 (dd, 1H, J = 8.0 Hz, J = 10.4 Hz),
3.13 (dd, 1H, J = 3.2 Hz, J = 10.0 Hz), 0.76 (s, 9H), -0.01 (s, 3H), -0.12 (s, 3H). 3C NMR
(100 MHz, CDCls): 6 144.23, 137.75, 130.88, 130.02, 128.75, 128.34, 128.29, 127.75,
127.64, 126.87, 95.63, 86.61, 75.49, 68.91, 64.64, 63.72, 25.74, 18.01, -4.23, -4.89. HRMS
(ESI) calcd for CagH2404Si+Na* 615.2901, found 615.2908.

2.39 (9)-((2R,3R,45)-3-((tert-butyldimethylsilyl)oxy)-2-((trityloxy)methyl)-3,4-dihydro-
2H-pyran-4-yl)(phenyl)methanol (17)
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Yield: 80%, Ry 0.7 (20% EtOAc/hexane). 17: IR (neat): 3544, 3059, 3027, 2953, 2929, 2886,
2855, 2359, 2332, 1650, 1598 cm™. 'H NMR (500 MHz, CDCls): & 7.48-7.50 (m, 6H), 7.25-
7.41 (m, 14H), 6.61 (dd, 1H, J = 2.5 Hz, J = 6.5 Hz), 5.01 (s, 1H) , 4.56 (dt, 1H, J = 1.5 Hz,
J=6.0 Hz), 4.25 (d, 1H, J = 4.0 Hz), 3.98 (dd, 1H, J = 4.5 Hz, J = 8.0 Hz), 3.55 (dd, 1H, J
= 8.0 Hz, J = 10.0 Hz), 3.18 (s, 1H), 3.08 (dd, 1H, J = 4.0 Hz, J = 10.0 Hz), 2.75-2.76 (m,
1H), 0.80 (s, 9H), 0.17(s, 3H), -0.17 (5, 3H). 3C NMR (125 MHz, CDCls): & 145.87, 143.85,
142.69, 128.72, 128.20, 127.91, 127.85, 127.05, 125.72, 95.67, 87.00, 77.66, 72.73, 69.54,
64.51, 45.03, 25.78, 18.12, -3.89, -4.35. HRMS (ESI) calcd for C3sHa404Si+Na* 615.2901,
found 615.2908.

2.40 (4aR,6R,8aS)-6-(allyloxy)-2-(4-methoxyphenyl)-4,4a,6,8a-tetrahydropyrano[3,2-

d][1,3]di oxine (S18)
o

PMP)\O\“ Z

S18

Yield: 62%, Rr. 0.6 (20% EtOAc/hexane). S18: IR (neat): 3006, 2954, 2872, 1615, 1589,
1515 cm™. 'H NMR (500 MHz, CDCl3): & 7.44 (d, 1H, J = 8.5 Hz), 6.91 (d, 1H, J = 85
Hz), 6.16 (d, 1H, J = 10.5 Hz), 5.92-6.00 (m, 1H), 5.72 (d, 1H, J = 10.5 Hz), 5.58 (s, 1H),
5.40 (s, 1H), 5.33 (dd, 1H, J = 1.5 Hz, J = 17.0 Hz), 5.23 (d, 1H, J = 10.5 Hz), 3.81 (s, 3H),
3.74-3.79 (m, 1H). *C NMR (125 MHz, CDCls): 5 160.19, 134.01, 131.46, 129.86, 128.21,
127.50, 117.50, 113.69, 102.04, 97.87, 74.98, 70.55, 69.04, 68.67, 55.28. HRMS (ESI) calcd
for C17H200s+Na* 327.1203, found 327.1201.

2.41 1-((4aR,8S,8aS)-2-(4-methoxyphenyl)-4,4a,8,8a-tetrahydropyrano[3,2-d][1,3]di
oxin-8-yl) prop-2-en-1-ol (18)

HO
18a:18b (2.3:1)
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Yield: 58%, Ry. 0.5 (30% EtOAc/hexane). 18a and 18b: IR (neat): 3503, 3091, 3072, 3005,
2968, 2897, 2866, 1686, 1637, 1613, 1588, 1516 cm™. 18a: *H NMR (400 MHz, CDCls): §
7.42 (d, 2H, J=8.4Hz), 6.91 (d, 2H, J = 8.8 Hz), 6.39 (dd, 1H, J = 2.4 Hz, J = 6.0 Hz), 5.88
(ddd, 1H, J=7.2 Hz, J = 10.0 Hz, J = 17.2 Hz), 5.60 (s, 1H), 5.31 (dt, 1H, J = 1.2 Hz,J =
17.2 Hz), 5.26 (dq, 1H, J = 0.8 Hz, J = 10.4 Hz), 4.69 (dd, 1H, J = 2.0 Hz, J = 6.0 Hz), 4.40
(dd, 1H, J = 4.0 Hz, J = 10.0 Hz), 4.22 (t, 1H, J = 6.8 Hz), 3.85-3.87 (m, 2H), 3.82 (s, 3H),
3.80-3.81 (m, 1H), 2.67-2.72 (m, 1H), 1.94 (bs, 1H). 3C NMR (100 MHz, CDCls): § 160.14,
143.96, 137.62, 129.46, 127.32, 117.62, 113.65, 101.39, 99.27, 77.98, 75.60, 68.70, 55.26,
42.57. HRMS (ESI) calcd for C17H200s+Na* 327.1203, found 327.1201. 18b: *H NMR (400
MHz, CDCls): 6 7.43 (d, 2H, J = 9.6 Hz), 6.93 (d, 2H, J = 11.7 Hz), 6.46 (dd, 1H, J =24
Hz, J=6.0 Hz), 5.93 (ddd, 1H, J = 4.0 Hz, J = 10.8 Hz, J = 17.2 Hz), 5.60 (s, 1H), 5.38 (dt,
1H,J=1.6 Hz,J=17.2 Hz), 5.26 (t, 1H, J = 1.6 Hz), 4.62 (dd, 1H, J = 2.0 Hz, J = 6.0 Hz),
4.40 (dd, 1H, J =4.0 Hz, J = 10.0 Hz), 4.01 (t, 1H, J = 9.2 Hz), 3.86-3.92 (m, 2H), 3.82 (s,
3H), 3.77-3.78 (m, 1H), 2.67-2.72 (m, 1H), 1.75 (bs, 1H). *C NMR (100 MHz, CDCls): &
160.09, 145.47, 138.61, 129.74, 127.36, 115.20, 113.65, 101.44, 97.65, 75.23, 70.11, 69.14,
55.26, 42.42. HRMS (ESI) calcd for C17H200s+Na* 327.1203, found 327.1201.
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Current Data Parameters
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F2 - Acquisition Parameters
Date_ 20181201
Time 5.45
INSTRUM spect
PROBHD 5 mm PRBEC BB
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PROCNO 1
F2 - Acquisition Parameters
Date_ 20181201
Time 6.04
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SOLVENT cpels
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4
24038.461 Hz
0.366798 He
1.3631488 s=c
724
20.800 usec
6.50 usec
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1
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F2 - Processing parameters
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" " " WDW EM
. r o SSB [
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Current Data Parameters
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WDOW
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LB 1.00 Hz
GB 0
L T
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME BUR ASCEND 500

EXPNC 17

PROCNO 1

F2 - Acquisition Parameters

Date_ 20181204

Time 17.00 h

INSTRUM spect

PROBHD £125331_0034 (

PULPROG zg30
65536

SOLVENT C¢DC13

NS 16

D3 2

SWH 10000.000 Hz

FIDRES 0.305176 Hz

RO 3.276799% sec

RG 15.

DW 50.000 usec

DE 6.50 usec

TE -2.8 K

D1 1.00000000 sec

TDO 1

SFO1 500.3720898 MHz

NOC1

Bl 8.00 usec

PLW1 12.18000031 W

F2 - Processing parameters

s3I 65536

SF 500.36%0021 MHz

WDW EM

SSB o

LB 0.30 Hz

GB 0

BC 1.00

Current Data Parameters
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F2 Acguisition Parameters
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Time 17.28 h
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Pl 12.00 usec
PLW1 172.669992817 W
SFO2 500.3710015 MH=z
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CPDPRG [2 waltzlé
PCPD2 80.00 usec
PLW2 12.18000031 W
PLW12 0.12180000 W
PLW13 0.06126500 W
F2 - Processing parameters
SI 32768

SF 125.8178903 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB o]

PC 1.40
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Current Data Parameters
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Current Data Parameters
NAME BUR ASCEND 500
EXPNO 22
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F2 - Acquisition Parameters
Date_ 20l18lz208
Time 18.07 h
INSTRUM spect
PRCBHD 2125331_0034 (
PULPROG zgpg30
TD 65536
SOLVENT CDCL3
NS 25600
DS 4
SWH 29761.904 Hz
FIDRES 0.2908261 Hz
AQ 1.1010048 sec
RG 12.7¢
DW 16.800 usec
DE 6.50 usec
TE 294,1 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
5F01 125.8304662 MHz
WUC1 13C
Pl 12.00 usec
PLW1 172.66999817 W
sF02 500.3710015 MHz
Nucz 1H
CPDPRG [2 waltzlé
PCPD2 80.00 usec
PLW2 12.18000031 W
PLW12 0.12180000 W
PLW13 0,06126500 W
F2 - Processing parameters
SI 32768
SF 125.8178892 MHz
WDW EM
SEB o]
LB 1.00 Hz
GB 0
) X | ‘ . A BC 1.40
T I T T T T T I T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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B. U. Rao (Thesis)

<)
BRUKER
(><)

Current Data Parameters

0 0 Ph NAME BUR 2 (500MHz)
N ~— EXPNO 205911
TBSO PROCNO 1
N F2 - Aocquisition Parameters
TBSO\\ = Date 20181204
Time 17.38
S4 INSTRUM spect
PROBHD 5 mm PABEO BB-
PULPROG zg30
D 65536
CDCl3
16
D3 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
20 3.1719425 sec
RG 20.2
oW 48.400 usec
DE 6.50 usec
TE 295.1 K
D1 1.00000000 sec
TDO 1
F1l 14.%0 usec
PL1 2.00 dB
PL1W 12.85348415 W
5F01 500.1830888 MHz
F2 - Processing parameters
51 32768
5P 500.1800000 MHz
WDW EM
‘J l lLJ | ‘n k 558 0
LB 0.30 Hz
~ o L GB o
T T T T T T T T T T T 1 BC 1.00
10 9 8 7 6 5 4 3 2 1 0 ppm
25 g5 582 [8]g8 s|2 -
22 2= 212(2] |2]2(2 2= 3
|- I B I I P P P o|a o
~ oW
onmmow - VomAnH® ~ow o (:Tﬂf:;>‘::f'-:)
= NOOVWHW 60 < @
maaNQ ) Foaoso 0w o~
BRSANY 5 Ersgzd S99y BRUKER
Current Data Parameters
NAME BUR 2 (500MHZ)
EXPNO 205912
PROCNO 1
F2 - Boquisition Parameters
Date 20181204
Time 17.40
INSTRUM spect
PROBHD 5 mm PABBO EBE-
PULFROG 2gpg30
0._.O._Ph cocis
TBSO TN NS 22
Ds 4
SwH 29761.904 Hz
TBSO\“ = FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 2050
S4 oW 16.800 usea
DE 6.50 usec
TE 296.0 K
Dl 2.00000000 sec
D11l 0.03000000 sec
TD0 1
CHANNEL fl =
13C
9.60 usec
0 dB
76.36135101 W
125.7829381 MHz
CHANNEL f2 =
CPDPRG[2 waltzlé
Nucz 10
PCPD2 80,00 usec
PL2 2.00 dB
PL12 16.50 dB
FPL13 16.50 dB
PL2ZW 12.85348415 W
PLL2W 0.45605880 W
PLL3W 0.45605880 W
SFOZ 500,1520007 MAz
F2 - Processing parameters
sI 32768
SF 125.7703710 MEz
WDW EM
3 S8B 0
T T T T T T T T T y T T T T T T o 5 100 B
200 180 160 140 120 100 80 60 40 ppm rC 1.40
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Chapter 4 Stereoselective Synthesis of 3-C-branch......
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Current Data Parameters

NAME BUR ASCEND 500
EXPNO 149
PROCNC 1

F2 - Acquisition Parameters
Date_ 2020021%

Ti 13.53 h
INSTRUM spect
PRCGBHD 4125331_0034 |
PULPRCG zg30

TD 65536
SOLVENT CDC13

NS 16

Ds

SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.27679%9 sec
RG 31.25

DW 50.000 usec
DE 6.50 usec
TE 298.8 K
Dl 1.00000000 sec
TDO 1

SFO1 500.37208%8 MHz
NUC1 1H

Pl 8,00 usec
PLW1 12.18000031 W

F2 - Processing parameters

51 65536

SF 500.3650000 MHz
WDOW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

Current Data Parameters

NAME BUR ASCEND 500
EXPNC 151
PROCNO 1

F2 - Acquisition Parameters

Date_ 20200212
Time 14.06 h
INSTRUM spect
PROBHD Z125331_0034 (
PULPROG Zgpg30

D 65536
SOLVENT CcDC13

NS 187

Ds 4

SWH 29761.904 Hz
FIDRES 0.208261 Hz
AQ 1.1010048 sec
RG 192.83

DwW 16.800 usec
DE 6.50 usec
TE 228.8 K
D1 2.00000000 sec
D11l 0.03000000 sec
TDO

SFO1 125.830466% MHz
NUCL 13C

P1 12.00 usec
PLW1 172.66992817 W
SFO2 500.3710015 MHz
nNucza 1H
CPDPRG[2 waltzl6
PCFD2 80.00 usec
PLW2 12,18000031 W
PLW12 0.12180000 W
PLW13 0.06126500 W
F2 - Processing parameters
51 32788

SE 125.8178885 Miz
WDW M

55B ]

LB 1.00 Hz
GB o

BC 1.40



B. U. Rao (Thesis)

\ Ph
850" N OO

L

TBSO" N
S5
J‘l |
T T T T T
10 9 8 7 6
geigl 58 Bz
cifai|=| =[] [+~

136.78
134.61
132.69
128.48
127.59
126.47

y;
\

TBSO OO _ X Ph

TBSO"
S5

-]

1.01
1.00
2.03
1.06
2.04
9.04

9.00

125.79
125.46
77.25
77.00
76.75
64.14
62.72
25.97
25.69
-4,28
-4.86
-5.09
-5.29

—93.26

£

T~17.90

<

T72.68
T—68.26
~

—18.44

e

\ \
200 180 160 140 120

Current Data Parameters

NAME BUR 500
EXPNO 1459345
PROCHO 1

F2 - Acquisition Parameters
Date_ 20200312
Time 14.32
INSTRUM spect
PROBHD 5 mm PABBC BB
PULPROG z2g30

TD 65536
SOLVENT CcDCL3

NS 16

Ds 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1712425 sec
RG 28.5

DW 48.400 usec
DE 6.50 usec
TE 297.3 K
D1 1.00000000 sec
TDO 1

= CHANNEL f1

12.85348415 W
500.1830888 MHz

F2 - Processling parameters
51 32768

SE 500.1800000 MHz
WDW EM

55B a

LB 0.30 Hz
GB o

BC 1.00

NAME BUR 500
EXPNO 1459347
PROCNO 1
FZ - Acguisition Parameters
Date_ 20200312
Time 14.42
INSTRUM spect
PROBHD 5 mm PAEBO BB-
PULPROG zgpg30
D 65536
SOLVENT cpCl3
NS 145
DS 4
SWH 29761.9204 Hz
FIDRES 0.454131 Hz
AD 1.1010048 sec
RG 2050
DW 16,800 usec
DE 6.50 usec
TE 299.0 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
ffffffff CHANNEL fl ========
nucl 13¢
Pl 9.60 usec
FLL 0 dB
PL1W 76.36135101 W
SFol 125.7828381 MHz
CHANNEL f2 =
CPDPRG [2 waltzl6
NUCZ 1H
FCPD2 80.00 usec
FL2 2.00 dB
PL1Z 16.50 dB
PL13 16.50 dB
PL2W 12.85348415 W
PL12W 0.45605880 W
PLL3W 0.45605880 W
SFO2 500.1820007 MHz
FZ - Processing parameters
51 32768
SF 125.7703660 MHz
WDW EM
558 0
LB 1.00 Hz
GB 0
PC 1.40



Chapter 4 Stereoselective Synthesis of 3-C-branch......
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Current Data Parameters

HAME BUR PRS 500
EXPNO 1459260
PROCNG 1

F2 - Acquisition P

Date_ 20190
Time
N5STROM
PROBHD 5 mm PABBCQ BB-
PULPROG s
TD
SOLVENT
NS
DS
SWH 10330.578 Hz
FIDRES 0.157632 Hz
RO 3.1719425 sec
RG 144
DW 48.400 usec
DE 6,50 usec
TE 297.5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
14,90 usec
2.00 dB

12.85348415 W
500.18308868 MHz

F2 - Processing parameters
51 32768

SF 500.1800000 MHz
WDW EM

SSB [s]

LB 0.30 Hz
GB a

PC 1.40

Current Data Parameters

NAME EUR PRS 500

EXPNO 1459262

PROCNO 1

F2 - Acquisitien Parameters

20120501

13.34
spect

PROBHED 5 mm PREBEO BB—

PULPRGG zgpg30

™ 65536

SOLVENT CDC13

NS 485

D3 4

SWH 29761.904 Hz

FIDRES 0.454131 Hz

20 1.1010048 &

RG 2050

DW 16.800 usec

DE 6.50 us=c

TE 297.6 K

D1 2.00000000 sec

D11 £.03000000 sec

TDO 1

CHANNEL fl1 =
1

9.60 usec

PL1 0 dB

PL1W 76.36135101 W

SFOl 125.7829381 MHz
CHANNEL f2

CPDPRG [2 waltzlé

NuCz 1H

PCPD2 £0.00

PL2 2.00

PL1Z 16.50

PL13 16.50

PL2W 12.85348415

PL12W 0.45605880 W

PL13W 0.45605880 W

SFO2 500.1820007 MHz

F2 sing parameters

s1 32768

SF 125.7703602 MHz

WDW EM

55B o

LB 1.00 Hz

GE o

PC 1.40



B. U. Rao (Thesis)

TBSO

VNS
TBSO'

S6
li ] | ﬂ A d J L
T T T T T T T T T T T

10 9 8 7 6 5 4 3 2 1 0 ppm

g2 g8 (838522 g 5 2
oi|oi |- ||| ||| ] oo o

= w0 mMwn

NO = NWn — N om0 o w o =
e e e . H NOMW ™ o e
M~ %o oW N L T .
mmemoN NN M PRV NO TN 0w
Ar A A O R YOY NN

18.46

17.89

<

TBSO
TBSO"

(0]

S6

\O._Tol

-4.30
-4.87
-5.09
-5.29

Current Data Parameters
NAME BUR ASCEND 500
EXPNOC 157
PROCNO 1

F2 - Acquisition Parameters
Date 20200302
Time 12.07 h
INSTRUM spect
PROBHD £125331_0034
PULPROG zg30

TD 6553
SCLVENT cDC13

ns 16

Ds 2

SWR 10000.000 Hz
FIDRES 0.305176 Hz
BQ 3.2767999 sec
RG 12.76

DW 50.000 usec
DE 6.50 usec
TE 297.5 K
D1 1.00000000 sec
TDO

SFCl 500.37208%8 MHz
NuCl

1 8.00 usec
PLW1 12.16000031 W
F2 - Processing parameters
51 65536

5F 500.36%0000 MHz
WDW EM

558 Q

LB 0.30 Hz
GB [¢]

BEC 1.00

Co><)

(>

T
200

T
180

\
160

\
140

T
120

T
100

LI |

80 60 40 20

210

0 ppm

Current Data

Parameters

NAME BUR ASCEND 500
EXPNC 153
PROCHNO 1

F2 - Acquisition Parameters
Date_ 20200309
Time 12.25 h
INSTRUM spect
PROBHD 2125331_0034 (
PULPROG zgpg30

TD 65536
SCLVENT CcDC13

NS 291

D3 4

SWH 29761.904 Hz
FIDRES 0.908261 Hz
e 1.1010048 sec
RG 122.83

ow 16.800 usec
DE 6.50 usec
TE 298,00 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.8304669 MHz
NUC1 13C

Pl 12.00 usec
PLW1 172.66999817 W
5F02 500.3710015 MHz
Nocz 1H
CPDPRG[2 waltzl6
BCPD2 80.00 usec
PLW2 12.,18000031 W
PLW12 0.12180000 W
PLW13 0.06126500 W
F2 - Processing parameters
51 32768

5F 125.8178928 MHz
WDW EM

55B o

LB 1.00 Hz
GB a

BC 1.40



Chapter 4 Stereoselective Synthesis of 3-C-branch......
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C><)
BROKER
(>

Current Data Parameters

NAME BUR FRS 400
EXPHNC 12382200
PROCNO 1

F2 - Acqulsition Parameters

Date_ 201920507
Time 4.21
INSTRUM speckt
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 18
Ds 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
RO 3.9845889 sec
RG 114
OW 60.800 usec
DE 6.50 usec
TE 299.2 K
D1 1.00000000 sec
TDO 1

= CHANNEL £l =
NUC1 1H
Pl 14.90 usec
PL1 1.50 db
PL1W 15.18650627 W
SFOL 400,0934707 MHz
F2 - Processing parameters
SI 3z768
SF' 400.0910000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB Q
PC l.00

C><)

(L ><

Current Data Parameters

NAME BUR PRS 400
EXENG 12382202
PROCNO 1
F2 - Acquisition Paramsters
Date_ 20120507
Time 4.53
NSTRUM spect
PROBED 5 mm FABBO BE-
PULPROG zgpg30
65536
SOLVENT cDels
NS 414
DS 4
SHWH 24038.461 Hz
FIDRES 0.366798 Hz
20 1.3631488 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 300.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL fl =
13¢
10.00 usec
2.00 dB

49.44866943 W
100.6130223 MHz

= CHANNEL £2 =
CFDPRG [ waltzl6
Nucz H
PCEDZ 90.00 usec
PLZ 1.50 dB
PL12 17.18 dB
PL13 20.18 dB
PLEZW 15,18650627 W
PL1ZW 0.41063678 W
PL13W 0.20580591 W
sFo2 400.0926004 MHz
FZ - Processing parameters
a1 32768

SF 100. 6029635 MHz
WDW EM
5SB 0

B 1.00 Hz
GB 0

PC 1.40



B. U. Rao (Thesis)

<)
BRUKER
(><I

Current Data Parameters

HAME BUR PRS UPDATED 500

EXPNO 1

PROCNG 1

F2 Acquisition Parameters

Date_ 20200820

Time 14.24 h

INSTRUM spect

PROBHD 2109128_0042 (

PULPROG zg30

TD 65536

SOLVENT CcDC13

R 16

D3 2

SWH 10000.000 Hz

FIDRES 0.305176 Hz

AQ 3.2767999 sec
6a RG 50,5

D 50.000 usec

DE 13.04 usec

TE 295,2 K

D1 1.00000000 sec

TDO 1

SFCOL 500.18308686 MHz

mocl 1H

PO 5.00 usec

Pl 15.00 usec

PLWL 4.84679985 W

F2 - sing parameters

51 65536

5F 500.1800000 MHz

WDwW EM

55B o

LB 0.30 Hz

GB o}

PC 1.00

10

T
8 7 6 5 4
o™ f=31=) || N (=15 g“l o N [
] = o bl N = 12 (=es
- -l -l ol [l |lolel |leolelo
M W
< 0o =3 oo wnw o - NN oH Yo No oo
v . m HaNo R n® o HO~OMmO o Hdw
oW o . LN e . . e e . e e
mm NN ] A~ 00w @ Mmoo =0 0 N
He oA o N~~~ ~0e - MmN NN AA [

(C><)

(<O

Current Data Parameters

NAME BUR PRS UPDATED 500
EXPNO 2
PROCHO 1
F2 - Aoquisition Parameters
Date_ 20200820
Time 6.13 h
INSTRUM spect
PROBHD
PULPROG
TD
SOLVENT
NS
Ds
SWH 29761.904 Hz
FIDRES 0.908261 Hz
AQ 1.1010048 sec
RG 203
bW 16.800 usec

Ga DE 6.50 usec
TE 295.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7829381 MHz
NOUC1 130
PO 3.33 usec
Pl 10.00 usec
PLW1 64.00399780 W
S5FQ2 500.1520007 MHz
NuUc2 1H
CPDPRG (2 waltz6s
PCPD2 80.00 usec
PLWZ2 4.84679985 W
PLW12 0.1703%992 W
PLW13 0.08570800 W
F2 - Processing parameters
sI 32768
SF 125.7703637 MHz
WDW EM
55B a
LB 1.00 Hz

1[ l G 0
. PC 1.40
T

T T T
200 180 160

T T T T T T T

140 120 100 80
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Chapter 4 Stereoselective Synthesis of 3-C-branch......

,J-J e __}LJ‘_—';_J-.J‘ML ) ll/ML\IJ\_JIw ppm

2.0

25

3.0

3.5

6a
(COSY, 500MHz)

4.5

5.0

S

6.0

6.5

70 65 60 55 50 45 40 35 30 25 20 ppm

6a 4.5
(NOESY, 500MHz)

5.0

6.0

6.5

75 70 65 60 55 50 45 40 35 3.0 25 20 ppm
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B. U. Rao (Thesis)

C><)
BRUKER

0 \O\/\
W Current Data Parameters
MeO N MAME BUR 500
EXPNO 1459321
NS PROCNC 1
MeO
F2 - Acquisition Parameters
S7 Date_ 20200217
Time 10,01
INSTROM spect
PROBHD 5 mm PABBO BB—
PULPROG z2g30
TD 65536
SOLVENT CDCL3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
G 45.2
DW 48.400 usec
DE 6.50 usec
TE 295.8 K
D1 1.00000000 ==c
TDO 1
77777777 CHANNEL fl ========
NUC1 1H
Pl 14.90 usec
PL1 2.00 dB
PLIW 12.85348415 W
SFC1 500.1830888 MHz
F2 - Processing parameters
s1 32768
SF 500.1800000 MHz
WDOW EM
SSB 0
LB 0.30 Hz
GB 0
Y C o
1 Ill ul i PR A~ 1
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
an-gmo FQNNéhO
S12eleee] [e=eeiz e
lel=llel=l=] ===l e
Hmo o
TN0n O N NoONONOMMWY
ioe e R ZRRRANIN <)
29 o 2 FERRABEAR BRUKER
NAME BUR 500
EXPNO 1459323
PROCNG 1
F2 - Bequisition Parameters
Date_ 20200217
Time 10.10
INSTRUM spect
O \O\/\ PROBHD 5 mm PABEO Egs;
N PULPROG 2 gpg
Meo TD 65536
SOLVENT cDCl3
NP ws 101
MeO DS 4
SYWH 29761.904 Hz
S7 FIDRES 0.454131 Hz
a0 1.1010048 sec
RG 2050
oW 16.800 usec
DE 6.50 usec
TE 287.4 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL fl mmmmmmm=
13C
2.60 ussc
0 dp
76.36135101 W
125.7829381 MHz
———————— CHANNEL £2 ========
CPDFRG([2 waltzlé
NUCZ 1H
PCEDZ 80.00 usec
FLZ 2.00 dB
PL12 16.50 dB
FL13 16.50 dB
PL2W 12.85348415 W
PL1ZW 0.45605880 W
PL13W 0.45605880 W
SFOZ 500.1820007 MHz
F2 - Processing parameters
ST 32768
SF 125.7703688 MHz
J I WDW EM
S8B 8]
1B 1.00 Hz
T T T T T T T T T T T GB o
200 180 160 140 120 100 80 60 40 20 0 ppm e .40
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Chapter 4 Stereoselective Synthesis of 3-C-branch......
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C><)
BROKER

Current Data Parameters

HAME BUR 500
EXPHNO 1459324
PROCHO 1

F2 - Acquisition Parameters
Date_ 20200219
Time 10.00
INSTRUM spect
PROBHD 5 mm PABBQ BB—
PULPROG zg30

TD 65536
SOLVENT CDCL3

NS 16

D3 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
2O 3.1719425 sec
RG 128

DW 48,400 usec
DE 6.50 usec
TE 298.4 K
D1 1.00000000 =ec
TDO 1

CHANNEL f1 =

1H
14,90 usec
2.00 dB
12.85348415 W
500.1830888 MHz

F2 - Processing parameters
sI 32768

Sr 500,1800000 MHz
WDW EM

SSB 4]

LB 0.30 Hz
G o]

PC 1.00

Current Data Parameters

NAME BUR 500
EXPNO 1459326
PROCNO 1
F2 - Requisition Parameters
Date_ 20200219
Time 10.04
INSTRUM spect
PROBED 5 mm PABBO EB
PULFROG Zgpg 30
TD 65536
SOLVENT cpels
NS 427
DS
SWH 29761.904 Bz
FIDRES 0.454131 Bz
AD 1.1010048 sec
RG 2050
DW 16.800 usec
DE 6.50 usec
TE 298.5 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
———————— CHANNEL £l mmmmmmem=
nucl 13c
Fl 9.60 usec
PL1 0 4B
PLLW 76.36135101 W
sFol 125.7829381 MHz
CHANNEL 2 =
waltzlé
1H
80.00 usec
2.00 dB
16.50 dB

16.
12.85348415 W

PL12W 0.45605880 W
FL13W 0,45605880 W
SFOZ 500.1820007 MHzZ
F2 - Processing paramsters
s1 32768

SF 125.7703635 MEz
WDW EM
S8B 0

LB 1.00 Bz
GB 0

PC 1.40



B. U. Rao (Thesis)

o_ .0
TBSO NN
TB8S0”
S8
. Wl |Jdn A A
T T T T T | T T T
9 8 7 6 5 4 3 2 1 0 ppm
SEEIEEE @fﬁf&ss SRR
el ==l =l olo mlolm
n M~ o ©
wn M~~~ ~ - NownTNYo o ww =+ M NN
o~ - N eMor®mwr o @ oo era=
M NN il m Y A0 NN ) W@ = = )
T TN VYAV
o_ .0
TBSO X
2
TBSO
S8
T T T T T T T -I T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

216

Current Data Parameters

NAME BUR ASCEHND 500
EXPNO 26
PROCHO 1

F2 - Acquisition Parameters
Date_ 20150111
Time 15.43 h
WSTRUM spect
PROBHD Z125331_0034
PULPROG zg30

TD 65536
SOLVENT CDCL13

NS 16

Ds 2

SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 15.92

DW 0.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
SEOL 500.37208%28 MHz

NUC1

Pl 8.00 usec
PLW1 12.18000031 W
F2 - Processing parameters
s1 65536

SF 500.36%0019 MHz

WOW EM

S3B a

LB 0.30 Hz
GB 0

PC 1.00

Current Data Parameters

NAME BUR ASCEND 500
EXPNO 28
PROCHNO 1

F2 - Acquisition Parameters
Date_ 20190111
Time 16.00 h
INSTRUM spect
PROBHD Z125331_0034 (
PULFRCG zgpg30

D 65536
SOLVENT CDC13

NS 55

Ds 4

SWH & Hz
FIDRES 0.908261 Hz
AQ 1.1010048 =ec
RG 1z.76

DW 16,800 usec
DE 8.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFOl 125.8304669% MHz
NOUC1 13C

P1 12.00 usec
PLW1 172.66999817 W
SF02 500.3710015 MH=z
Nucz2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 12.18000031 W
PLW12 0.12180000 W
PLW1Z 0.06126500 W
F2 - Processing parameters
21 32768

SF 125.8178901 MHz
WDW EM

33B a

LB 1.00 Hz
GB o

PC 1.40



Chapter 4 Stereoselective Synthesis of 3-C-branch......

C><)
BRUKER
(<)

Current Data Parameters

NAME BUR 500
EXPNC 1459222
PROCNO 1
F2 - Rcquisition Parameters
O Date_ 20190122
TBSO Time 15.15
| INSTRUM spect
PROBED 5 mm PABBO BB-
TBSO PULPROG zg30
H TD 65536
_— SOLVENT D13
NS 16
HO DS z
SWE 10330.578 Hz
8a FIDRES 0.157632 Hz
AQ 3,1719435 sec
RG 45.2
oW 48,400 usec
DE 6.50 usec
TE 294.9 K
D1 1.00000000 sec
TDO 1
CHANNEL f£1 =
1E
4.90 usec
2.00 dB

12.85346415 W
500.1830888 MHz

F2 - Processing parameters
s 32768

5F 500.1800000 MHz
WDW EM

55B 0

LE 0.30 Hz

10 9 8 7 6 5 4 3 2 1 ppm

o 0 | NEICARE b ] g =1

3 (8] s8] |8|e|elele I > &S

- - - === - - © oS

-

o w o
o M n o NN oW oMo — o0 Mmoo
N - ~ MNO~-OW 0 - m o n~-Nm (:ﬁf:>~<:——:>
- - s . (R . .
38 % 2 reresyz 3 ogian 7777 BRUKER
— - o Dl ol i NN A [ | (:-‘::>‘::-:)

Current Data Farameters

NAME BUR 500
EXFNO 1459224
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150122
Time 15.24
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg 30
o ™ 65536
SOLVENT CcDC13
TBSO NS 143
| Ds 4
SWH 29761.904 Hz
TBSO FIDRES 0.454131 Hz
H AQ 1.1010048 =ec
RG 2050
/ bW 16.800 usec
HO DE 6.50 usec
TE 295.7 K
o1 2.00000000 sec
8a D11 ).03000000 sec
TDO 1
CHANNEL f1
130
9.60 usec
0 de
T6.36135101 W
125.7829381 MH=z
= CHANNEL f2
CFDPRG [2 waltzlé
NUC: 1H
PCPD2 80,00 usec
PL2 2 0 dB
PL1Z 16.50 dB
PL13 16.50 dB
PLZW 12.85348415 W
PL1ZW 0.45605880 W
PL13W 0.45605880 W
sFoz2 500.1820007 MHz
F2 — Processing parameters
51 32768
5F 125.7703626 MH=z
| J WowW EM
A SSB o
LB 1.00 Hz
T T T T T T T T T T T = ]
PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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B. U. Rao (Thesis)

Current Data Parameters

NAME BUR 500
EXPNO 1459225
PROCNO 1
F2 - Acqulsition Parameters
Date_ 20190122
Time 15.34
INSTRUM spect
PROBHD 5 mm PAEEO BE-—
PULPROG 2g30
bS] 65536
SOLVENT cpeLs
NS 16
pE] 2
SWH 10330.576 Hz
FIDRES 0.157632 Hz
20 3.1719425 ssc
RG 101
DW 48.400 usec
DE 6,50 uszec
TE 295.1 K
D1 1.00000000 sec
TDO 1
CHANMEL f1
1H
14,90 usec
2,00 dB
12.85348415 W
500.1830888 MHz
F2 - Processing parameters
51 5276
SE 500.1800002 MHz
WDW EM
SSB 0
LB 0.30 Hz
GR 0
BC 1.00
| & 1] [ ) JA |A [N Ai_djl_ L
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
=) o) (2|9 vaEi%i oG oo Fﬁqcn D[~
< < QU= c=e==|= <= Ni=| Q|
- - -l lel=lelo = olel |elvle
w -
- m n o~ nomvodw w = O N i Man
3w % & R8R&RAR 3 ARAs 223N o)
- ™M — ~ w o wn o~ W W~
30 3 5 ERggEgg 3 2835 777 BRUKER
Current Data Parameters
NAME BUR 500
EXFNC 1459227
PROCHNO 1
F2 - Rcquisiticon Paramseters
Date_ 20190122
Time 16.04
INSTRUM zpect
PROBHD 5 mm FABBC BB-
PULPROG zgpg 30
D 65536
SOLVENT cDC13
na a77
Ds 4
SWH 29761.904 z
FIDRES 0.454131 Hz
RO 1.1010048 sec
RG Z050
DW 16.800 usec
DE 6.50 usec
TE 296.9 K
D1 2.00000000 sec
D11 0.03000000 =ec
8b TDO 1
CHANNEL f1 =
usec
W
MH=z
= CHANNEL f£2
CPDPRG[2Z waltzlé
Nucz 1H
PCPDZ 80.00 usec
PLZ 2.00 dB
PL1Z 16.50 dB
PL13 16.50 dB
PLZW 85348415 W
PL1ZW .456058280 W
PL13W 0.45605880 W
sFO2 500.1820007 MHz
F2 - Processing parameters
ST 32768
8F 125.7703615 MHz
WDW EM
l | N i 3SB a
LE 1.00 Hz
T T T T T T T T T T T GB 0
200 180 160 140 120 100 80 60 40 20 0 ppm bea0
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Chapter 4 Stereoselective Synthesis of 3-C-branch......

Current Data Parameters

NAME BUR 500
EXPNC 1459219
PROCNO 1

F2 - Acquisition Parameters

Date_ 20190122
(0] \O\/ Time 14.26
TBSO " THSTRUM spect
PROBHD 5 mm PABEQ EB-
PULPROG
= ™
TBSO SOLVENT
NS

S9 DS

SWiH Hz
FIDRES Hz
AQ sec
RG
DwW usec
DE usec
TE 284.6 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
14.90 usec
2.00 dB

2.85348415 W
500.1830888 MHz

F2 - Processing parameters

51 32768

SF 500,1800000 MHz
WDw M

SEB 1]

LB 0.30 Hz

-
i
-
F.

10 9 8 7 5 3 2 1 0 ppm
gTrﬁ ) ISR f) ©|o o |
4 < c(ele 2 22 c(e
= - ailelela - olo olo
@ ~
oM CrvwoMmTY oo ~ @ - oo
. HEISERALER BEIA IR8S C><)
M N N~ OTNNHM 0N 0w = 0
i O o S S NN A P BRUKER
Currant Data Paramsters
NAME BUR 500
EXPNO 1459221
PROCNO 1
F2 - Acquisition Parametars
Date_ 20190122
Time 15.02
INSTRUM spect
/ FROBHD 5 mm PABBO BB-
PULPROG zgpe30
o \\O\// D 65536
TBSO ' SOLVENT cpel3
NS 131
P> DS 4
TBSO SWH 29761.904 Hz
FIDRES 0.454131 He
20 1.1010048 sec
S9 RG 2050
DW 16.800 usec
DE 6.50 usec
TE 295.1 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
———————— CHANNEL f1l ========
nuCl 13¢
Pl 9.60 usec
PLL 0 dB
PLLW 76.36135101 W
sFol 125,7829381 MHz
———————— CHANNEL £2 ========
CPDPRG[2 waltzlé
nucz 1H
ECPD2 20.00 usec
P12 2.00 dB
PL1Z 16.50 dB
PL13 16.50 dB
PL2W 12.85348415 W
PL12W 0.45605880 W
PL13W 0.45605880 W
sFOZ 500.1820007 MHz
F2 - Processing parameters
sI 32768
SF 125.7703642 MHz
WDW EM
| 8B o
LB 1.00 Hz
T T T T T T T T T T T GB a
200 180 160 140 120 100 80 60 40 20 0 ppm Fe ee
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B. U. Rao (Thesis)

Co><)
RUOKE

Current Data Parameters

NAME BUR PRS 400
EXPNO 12382188
PROCHC 1
TBSO @) F2 - Acquisition Parameters
Date_ 20190413
| Tim 6.01
INSTRUM spect
TBSO PROBHD 5 mm BABBO BE—
PULPROG zg30
D 65536
HO NN SOLVENT cDCl3
\ N3 16
DS z
9 SWH B8B223.685 Hz
FIDRES 0.125483 Hz
AQ 3.98458869 sec
G 256
Dw 60.800 usec
DE 6.50 usec
TE 299.7 K
D1 1.00000000 sec
TDO 1

CHANNEL f1

1H
14.90 usec

1.5
15.18650627
400,0934707 MHz

F2 - Processing parameters

51 32768

SF 400.0210000 MHz
WDW EM

S55B 0

LE 0.30 Hz
GB 0

c 1.00

B
w
N -
-
(=]

10 9 8 7 6 5 ppm
=3 N[~ v —|wn|le O |=r 8 ™
=} =A== L=1L=11k= N = -
- P | P PR P Y] -l @l oo
o
w0 S MNO O MmN © b=J N MmN N - m
< ® emovr TSN @ oMo 0 e o m (—.><7
- W N~ W O - 0 W@ r~ o =0 i IE'IF‘!IJ"‘:IEEIH!
- O ol ol S AN - NN [ |
Current Data Parameters
NAME BUR PRS 400
EXPNO 12382190
PROCNO 1
F2 - Roeuisition Parameters
Data_ 20150413
O Time 23.09
TBSO INSTRUM spect
PROBHD 5 mm PABBEO BE-
| FULFPROG zgpy 30
TD 65536
TBSO SOLVENT cDC13
H NS 14936
DS 4
SWH 24038.461 Hz
HO N FIDRES 0.366798 Hz
\ AD 1.3631488 sec
RG 2050
9 oW 20.800 usec
DE 6.50 usec
TE 299.4 K
Dl 2.00000000 =ec
D11l 0.03000000 sec
TDO 1
= CHANNEL fl =
13c
10.00 usec
.00 dB
49.44866943 W
100.6130223 MHz
= = CHANNEL f2 =
CPDPRG([2 waltzlé
NUCZ 1H
FCPD2 90.00 usec
FLZ2 1.50 dB
PL12 17.18 dB
PL13 20.18 dB
PL2W 15.18650627 W
FLLZW 0.41063678 W
FL13W 0.205805%1 W
SFroz 400.0926004 MHz
F2 - Processing parameters
sI 32768
SF 100.6029630 MHz
WDwW EM
n, N S o
LB 1.00 Hz
T T T T T T T T T T T GB 1]
;
200 180 160 140 120 100 80 60 40 20 0 ppm ¢ beae
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Chapter 4 Stereoselective Synthesis of 3-C-branch......

C><)
BRUKER

Current Data Parameters

NAME BUR ASCEND 500
EXPNO 160
PROCHC 1
", ) ()\\,//CQQ} F2 - Acgulsition Parameters
Date_ 20200311
Time 11.10 b
= INSTRUM spect
TBSO PROBHD 21253310034 {
PULPROG zg30
S10 D 65536
SOLVENT cDC13
NS 16
DS 2
SWH 10000.000 Hz
FIDRES 0.305176 Hz
20 3.2767999 sec
RG 11.34
Dw 50.000 usec
DE 6.50 usec
TE 206.9 K
D1 1.00000000 sec
TDO 1
sFol 500,3720898 MHz
NUCL 1H
Pl 8.00 usec
PLWL 12.18000031 W
F2 - Processing parameters
sI 65536
SF 500.3690000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB o
PC 1.00
L _J__LJL.L ..JLI..
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SeEERENEEEE @ E
LI P P P P B P P P P ol lo oo
ed o @
wo - o ©® wowmwmdw © oo ~ @ m
S - © NoOmH®W © o o~
238 3 0 rrecwr W @ 5
29 9 4 S ERERES sa85 T BRUKER
Current Data Parameters
NAME BUR ASCEND 500
EXPNO 162
PROCHNC 1
F2 - Acquisition Parameters
Date_ 20200311
Time 11.25 h
INSTRUM spect
PROBHD  2125331_0034 (
PULPROG Zgpg30
D 65536
7, O ()‘\¢//A\\\ SOLVENT cDC13
X s 129
DS 4
= SWH 29761.904 Hz
TBSO FIDRES 0.908261 Hz
0 1.1010048 sec
RG 192.83
S10 DW 16.800 usec
DE 6.50 usec
TE 297.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.8304669 MHz
NUCL 13C
Pl 12.00 usec
PLWL 172.66999817 W
SFo2 500.3710015 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80,00 usec
PLWZ2 12.18000031 W
PLW1Z 0.12180000 W
PLW13 0.06126500 W
F2 - Processing parameters
sI 32768
SF 125.8178904 MHz
WDW EM
SSB a
1B 1.00 Hz
GB o
BC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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B. U. Rao (Thesis)

A

Y

T
6 5

10 9 8 7 4 3 1 0 ppm

S EEEE B BR o
- - ==l I=l=l=] = -l oo oiles
- & N
o o ™ - N O @~ o n N o ™
n o < noaquaad = Tl “on
38 5 3 £peddss $ &=% 77

T T T T T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm
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C><)
BRUKER
(L ><

Current Data Parameters

WAME BUR student HNMR
EXPNO 210411
PROCHC 1

F2 - Acquisition Parameters
Date 201920310
Time 9.22
INSTRUM spect
PROBHD 5 mm BBI 1H/D-
PULPROG zg30

TD 65536
SCLVENT cDCl3

w3 16

Ds 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 35.9

bW 60.400 usec
DE #.50 usec
TE 673.2 K
D1 1.00000000 sec
TDO 1

CHANNEL f1

18
9.20 usec
-1.00 dB
10.72012138 W
400.1324710 MHz

F2 - Processing parameters
51 32768

SF 400.1300000 MHz
WDW EM

S55B 0

LE 0.30 Hz
GB a

BC 1.00

Current Data Parameters
NAME BUR student NMR
EXFNO 2 12
PROCNC 1

F2z - hequisition Parameters
Date_ 20120310
Time 9.28
INSTRUM spect
PROBHD 5 mm BBI 1H/D-
PULPROG zgpg 30

D 65536
SOLVENT cDCl3

NS 538

D& 4

SWH 23980,814 Hz
FIDRES 0.365%18 Hz
AQ 1.3664256 sec
RG 256

DW 20.850 usec
DE 6.50 usec
TE 673.2 K
D1 2.00000000 sec
D11 0.03000000 =ec
TDO 1

CHANNEL f1 =

13cC
30.00 usec

4.50 dB
94.86473846 W
100.62282%8 MHz

CHANNEL f2

CPDPRG (2

walt
NUC2 1H
PCPD2 90.00 usec
PL2 -1.00 dB
PL12 18.81 dB
PL13 120.00 dB
PLZW 10.72012138 W
PL12W 0.1112852% W
PL13W a
SFo2 400,1316005 MHz
F2z - Processing parameters
sT 32768
sF 100.6127731 MHz
WDW EM
SSE o
LB 1.00 Hz
B o
PC 1.40



Chapter 4 Stereoselective Synthesis of 3-C-branch......

=

S

C><)
ROKE

o

Current Data Parameters
NAME BUR ASCEND 500
EXPNC 163
PROCNC 1

F2 - Acquisition Parameters
Date_ 20200820
Time 15.28 h
INSTRUM spect
PROBHD £119470_0291 ¢
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

Ds 2

SWH 10000.000 Hz
FIDRES 0.305176 Hz
jate] 3.2767929 sec
RG 31.25

DW 50.000 usec
DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
TDOD 1
SFO1 500,3720898 MHz
NUC1

Pl 10,00 usec
PLW1 23.231000%0 W
F2 - Processing parameters
ST 65536

SF 500.3690000 MHz
WDW EM

3SB Q

LB 0.30 Hz
GB 0

PC 1.00

o -

.
W
N
—h

10 9 8 0 ppm
al(2(~]2]g 25 123 m$h ) [t~ (")
JEEEE 2|2 g (2|2 2| &
===l - -~ lolo LAt ©o
~ @
] o o = o w0 =3 m oo @ o
£ . & @NEERN @ o esm S @ (‘><7
g 58 EfEgfd 8 % 885 77 BRUKER
Current Data Parameters
HAME BUR ASCEND 500
EXPNO 165
PROCNG 1
F2 Acquisition Parameters
Date_ 20200820
Time 17.25 h
INSTROM spect
PROBHD 2119470_0291 |
PULPROG zgpg30
TD 65536
SOLVENT cDC13
Hs 2048
Ds 4
SWH 29761.904 Hz
FIDRES 0.908261 Hz
AQ 1.1010048 sec
RG 192.83
bW 16,800 usec
DE 6.50 usec
TE 295.9 K
D1 2.00000000 sec
Dll 0.03000000 sec
TDO 1
SFOL1 125.8304669 MHz
NOC1 13C
Pl 10.00 usec
PLW1 115.01000214 W
SFO2 500.3710015 MHz
nucz2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 23.,231000920 W
PLW1Z 0.3629899% W
PLW13 0.1825799% W
F2 - Processing parameters
51 32768
SF 125.8178907 MHz
WDW EM
558 0
LB 1.00 Hz
J GB o]
g PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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B. U. Rao (Thesis)
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Chapter 4 Stereoselective Synthesis of 3-C-branch......

Current Data Parameters

NAME BUR ASCEND 500
EXPNO a1
PROCHO 1
O \O\/\ F2 - Acquisition Parameters
B X Date_ 20190211
Time 15.20 h
INSTRUM spect
= PROBED  Z125331_0034 (
TBSO PULPROG zg30
D 65536
S11 SOLVENT CDC13
NS 16
DS 2
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 31.25
D 50.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
5FO1 500,37208%8 MHz
Nuc1 1H
Pl 8.00 usec
PLW1 12.18000031 W
F2 - Processing parameters
s1 65536
SF 500,3690000 Miz
WDW EM
5SB 0
LB 0.30 Hz
GB 0
PC 1.00
. Al L‘A_l ) .JU

-
)
-}
°
3

9 8 7 6 5 4 3 2
s(ggg(gls = g1w @ =) =]
21212222 2222 - <
~lal=ll~l=l+ el =3 ™
M e ©
Mmow o o wowNod o o - m
4 " . o NO M~ WwMmm © o w e m
naa o 8 rreewd w @ T
L § FE288% g s & BRUKER
Current Data Parameters
HNAME BUR ASCEND 500
EXPNO 43
PROCNC 1
F2 - Acgulsitlon Parameters
Date_ 20190211
Time 15.57 h
INSTRUM spect
21253231_0034 |
o ~‘\O\/\ Zgpg30
65536
CDC13
= 430
TBSO 4
29761.904 Hz
311 0.208261 Hz
1.1010048 sec
192.83
16.800 usec
6.50 usec
29%8.1 K
2.00000000 sec
0.03000000 sec
TDO 1
SEOL 125.8304669 MHz
NOC1 13C
Pl 12,00 usec
PLWL 172.66999817 W
SFC2 500.3710015 MHz
Nocz 1H
CPDPRG([2 waltzlé
PCPD2 80.00 usec
PLW2 12.18000031 W
PLWl2 0.12180000 W
PLW13 0.06126500 W
F2 - Processing parameters
ST 32768
SF 125.8178924 MHz
WDW EM
55B o
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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B. U. Rao (Thesis)

C <)
BRUKER
(<

Current Data Parameters

(6]
TBSO
H =
HO
11a
| L el P | N |
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
gl |¥ F‘i"a 88\|{‘21'§|?- 5 g 2 23
Bac B ] O | Y o | o - - & oiles
w W "
™m ™ <« - ™NO OWmAN~ -~ ” ™ @ m
© o - ° moWYwam < oo N ®
- m - w0 ~r~woohn o wn ~ - =
T TNy T IT v
(0]
TBSO
H =
HO
11a
| |
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME BUR PRS 500
EXPNO 1459234
PROCHNO 1

F2 - Acquisition Parameters
Date_ 20190206
Time 17.24
INSTRUM spect
PROBHD 5 mm PABBC BB-—
PULPROG zg30

TR 65536
SOLVENT CDC1l3

NS 16

Ds 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 144

DW 48.400 usec
DE 6.50 usec
TE 295.6 K
D1 1.00000000 sec
TDO 1
-------- CHANNEL £1 ====mm—=
NUC1 1H

P1 14.90 usec
PL1 2.00 dB
PL1W 12.85348415 W
SFO1 500.1830888 MHz
F2 - Processing parameters
51 32768

SF 500.1800000 MHz
WDOW EM

S55B a

LB 0.30 Hz
GB o0

BC 1.00

Co<)
BRUKER
(<

Current Data Parameters

NAME BUR PRS 400
EXPNO 12382161
PROCNO 1
F2 - Acguisition Parameters
Datae_ 20120209
Time 6.20
INSTRUM spect
PROBHD 5 mm PABEQ BE—
PULPROG zgpg 30

D 65536
SOLVENT cDC13
Ns 543
D3 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
2O 1.3631488 sac
RG 25.4
oW 20.800 usec
DE 6.50 usec
TE 297.6 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1

= CHANNEL fl =
1

3C

10.00

.00 dB
49,44866243 W

MHz

usec

100.6130223

CHANNEL f2

CPDPRG [2 waltzlé
NUCZ iH
PCPDZ 90.00 usec
PL2 1.50 de
PL12 17.18 dB
PLL3 20.18 dB
FL2W 15.18650627 W
FL1ZW 0.41063678 W
PL13W 0.20580591 W
SFO2 400.0926004 MHzZ
F2 - Processing parameters
s1 32768

SF 100.8029640 MHz
WDW EM

SEB 0

1B 1.00 Hz
GB o

PC 1.40



Chapter 4 Stereoselective Synthesis of 3-C-branch......

TBSO
P{

11b

T T \ T T T
10 9 8 7 6 5 4 3 2

o B R e

aae = A
9.25=

—144.39
—137.90
—117.40
——98.33
77.26
77.00
76.75
75.10
68.47
67.08
—45.78
—25.72
—17.90

£
~
X

TBSO
P{

11b

| |- |

o -

PPm

2.96
3.00

T~—-4.67

_—-3.99

T T T T T T T \ T
200 180 160 140 120 100 80 60 40 20
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0 ppm

o><)
BRUKER
(. ><J)

Current Data Parameters

NAME BUR PRS 500
EXPNO 1459228
PROCHO 1

F2 - Acquisitlion Parameters
Date_ 20190204
Time 16.51
INSTRUM spect
PROBHD 5 mm FABBO BB-
PULPROG zg30

D 65536
SOLVENT CDC13

N3 16

Ds 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 45.2

DW 48.400 usec
DE 6.50 usec
TE 295.8 K
D1 1.00000000 sec
TDO 1

- ~ CHANMEL f1 ==

NOC1 1

Bl 14.90 usec
PL1 2.00 dB
PL1W 12.85348415 W
SFO1 500.1830888 MHz
F2 - Processing parameters
51 32768

SF 500.1800000 MHz
WOW EM

53SB o]

LE 0.30 Hz
GB 0

PC 1.00

<)
BRUKER
(>

Current Data Parameters

NAME BUR PRS 500

EXPNO 1459230

PROCNO 1

F2 - Acquisition Parameters

Date_ 20190204

Time 17.06

INSTRUM spect

PROBED 5 mm PABEO BE-

PULPROG zgpg30

TD 65536

SOLVENT cDels

NS 151

e 4

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 2050

oW 16.800 usec

DE 6.50 usec

TE 297.3 K

=51 2.00000000 ssc

D11 £.03000000 sec

TDO 1
CHANNEL £1

NUCl 13¢

Pl 9.60 usec

PL1 0 dB

PLIW 76.36135101 W

SFOl 125.7829381 MHz

== CHANNEL £2
CPDPRG[Z waltzlé

NuczZ 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 16.50 dB
PL13 16.50 dB
PLZW 12.85348415 W
PL12W 0.45605880 W
PL13W 0.45605880 W
SFOZ 500.1820007 MHz
F2 - Processing parameters
8T 32768

SF 125.7703636 MHz
WOW EM

88B g

1B 1.00 Hz
GB a

PC 1.40



B. U. Rao (Thesis)

=
=

Ak U n M
T T T T T T T T T T T
10 9 8 7 6 5 a 3 2 1 0 ppm
) Q\rr NN?ﬂ ﬁ\r-.-n rm h-bI
- cl<e <=2l |1eele < S|e
w3 -l ===l === @ iles
NO [~ o
WO Mo WYw =} NOo W™ w oo~ - O
R S @ mowinmMm ©w o n 90
~ O WM~ I~ . A M M [
MM ANNNN o~ ~e-0w oA ['s] w o o
o a [l SRR ] L)
0._.O._Ph
=
TBSO
S12
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

228

Co><)
BRUKER
(L ><D

Current Data Parameters
NAME BUR 400
EXPNC 12382185
PROCHO 1
F2 — Acquisition Parameters
Date_ 20190411
Time 4.51
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG zg30
TD 65536
SOLVENT cDCl3
NS 16
DS 2
SWH B8223.685 Hz
FIDRES 0.125483 Hz
A 3.9845889 sec
RG 7l.8
oW 60.800 usec
DE 6.50 usec
TE 295.8 K
D1 1.00000000 sec
TDO 1
= CHANNEL £l =

18
Pl 14.90 usec
PL1 1.50 dB
PL1W 15.18650627 W
5FO1 400.09234707 MHz
F2 - Processing parameters
51 32788
sSE 400,0910000 MHz
WDW EM
SSB [s]
LB Q.30 Hz
GB a
PC 1.00

<)

(>

Current Data Paramsters

NAME
EXPNO
PROCNO

F2 - Acquisition

Date_
Time
INSTRUM
PROBHD

PULPROG
TD

CHANNEL f1 =

BUR 400
lz382187
1

Parameters
20190411
5.06
spect
5 mm FABBO BE—
zape 30
65536
CDC13
256

4
24038.461 Hz
0.3667%8 Hz
1.3631488 sec
2050
20.800 usec
6.50 usec
296.5 K
Z.00000000 s=ec
0.03000000 sec
1

13c
10.00 usec
2.00 dB
49,44866943 W
100.6130223 MHz

CHANNEL £2

CPDPRG [2 waltzlé
NUCZ 18
PCPDZ 90.00 usec
PL2 1.50 dB
FL1Z 17.18 dB
PL13 20.18 dp
PL2W 15.18650627 W
PL1ZW 0.41063678 W
PL13W 0.20580581 W
SFOZ 400.0926004 MHz
F2Z - Processing parameters
S5I 32768

SF 100.6029680 MHz
wWoW EM

s8B o

LE 1.00 Hz
GB ]

PC 1.40



Chapter 4 Stereoselective Synthesis of 3-C-branch......

(<O

Current Data Parameters

NAME BUR PRS ASCEND 500
EXPNO 32
PROCNO 1
F2 - Acquisition Parameters
20190207
16.42 h
INSTRUM spect
PRCBHD 2125331 _0034 (
PULPROG zg30
TD 65536
SOLVENT cDC13
NS 16
Ds 2
SWH 10000.000 Hz
FIDRES 0.305176 Hz
yilo] 3.276799% sec
RG 76.68
DW 50.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFO1 500.3720898 MH=z
NUC1 1H
Pl 8.00 usec
PLW1 12.18000031 W
F2 - Processlng parameters
51 65536
SF 500.3690000 MHz
WDW EM
55B o
LB 0.30 Hz
GB 0
PC 1.00
W Y I Lo
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
-|S = S|e|e S < < =] =18
|- - el - - =3 e
s Ao
9 Mmoo « —H0oWwo W n w0 w0
- [ - oNOM~IAN ~ ~ o o~
3% dan @ @ 0o e © woo~ - (—.><7
T T NP T TV BRUERR
Current Data Parameters
NAME BUR PRS ASCEND 500
EXPNO 34
PROCHNC 1
F2 - Acqulsition Parameters
Date_ 20190207
Time 16.55 h
INSTRUM spect
PRCEBHD Z125331_0034 (
PULPROG Zgpa30
TD 65536
SOLVENT CDC13
Hs 180
Ds 4
SWH 29761.904 Hz
FIDRES 0.908261 Hz
AQ 1.1010048 sec
RG 192.83
DW 16.800 usec
DE 6.50 usec
TE 298.1 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.8304669 MHz
NUCl 13¢
Pl 12.00 usec
PLW1 172.66999817 W
SF02 500.3710015 MHz
nucz 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 12.18000031 W
PLW12 0.12180000 W
PLW13 0.06126500 W
T2 - Processing parameters
51 32768
SF 125.8178900 MHz
WDW EM
25B 0
LE 1.00 Hz
GB 0
| PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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C><)
BRUKER

Current Data Parameters
NAME BUR PRS ASCEND 500
EXPNC 35
PROCNO 1
O F2 - Acgulisition Parameters
| Date_ 20120207
Time 17.04 h
TBSO INSTRUM - spect
PROBHD 2125331_0034 (
H PULPROG zg30
TD 65536
HO Ph SOLVENT CDC13
NS 16
12b i 2
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AD 3.2767299 sec
RG 95.6
DW 50.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
SFO1 500.3720898 MHz
NUC1 1H
Pl 5,00 usec
PLW1 12.18000031 W
F2 - Processing parameters
51 65536
SE 500.3690000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
I C Ll I .
T T T T T T T I
9 8 5 4 3 2 1 0 ppm
G 2 (@ s_aﬁ ] Y s 2 52
|- - - === - - o !
~ o o M = ‘:‘1::>‘::_-)
[ M oo ~ nowme 0in w0 0 © - N
v - o NOM~HoO - ~ o m o
=5 &89 n EEwd©n o oo~ <<
33 oo o MR~ YY - N o [ IE'IF‘!IJ"‘:IE:IR!
Current Data Parameters
HNAME BUR PRS ASCEND 500
EXPNC 37
PROCHNO 1
F2 - Acguisition Parameters
Date_ 20190207
O Time 17.25 h
INSTRUM spect
| PROBHD 2125331_0034 |
PULPROG zgpg30
TBSO TD B 65536
H SOLVENT CDC13
NS 262
D3 4
HO Ph SWH 29761.904 Hz
FIDRES 0.208261 Hz
12b AQ 1.1010048 sec
RG 152.83
DW 16.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.8304669 MHz
NoC1 13¢
Pl 12.00 usec
PLW1 172.66999817 W
SF02 500.3710015 MHz
wocz 1H
CPDPRG [2 waltzlé
PCPD2 80.00 usec
PLW2 12.18000031 W
PLW1Z 0.12180000 W
PLW13 0.06126500 W
F2 - Processing parameters
51 32768
SF 125.8178895 MHz
WDW EM
I | 1] | oo
LB 1.00 Hz
GB
T T T T T T T T BC 1.40
200 180 160 140 100 80 40 20 0 ppm
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Chapter 4 Stereoselective Synthesis of 3-C-branch......

Current Data Parameters

NAME BUR PR3 UPDATED 400
EXPNO 20
PROCNG 1
F2 - Acgulsition Parameters
Date_ 20200818
Time 10.2% h
INSTRUM spect
PROBHD 2108618_0098 |{
PULPROG
TD
SOLVENT
NS
Ds
SWH 86012.820 Hz
FIDRES 0.244532 Hz
p.te] 4.0894465 sec
RG 228
DW 62.400 usec
DE 16.93 usec
TE 299.6 K
D1 1.00000000 sec
TDO 1
SFC1 400.0934706 MHz
NUCl
PO 4.
Pl 14.90 usec
PLW1 15.18599987 W
F2 - Processing paramsters
51 65536
5F 400.0910000 MHz
WDW EM
55B
LB 0.30 Hz
GB
PC 1.00

P | Ln A

10 9 8 7
& F?."o’ g|[(8| (&[8|8 5
Rl B E P B B P B N P B -

& & 2 o © o ] - o o

a8 g 2  338INR & 3488 3228

M o & 2preNgd g g3z 7777 BRUKER
Current Data Parameters
NAME BUR PR3 UPDATED 400
EXPNO i
PROCHO 1
F2 — Acquisition Parameters
Date_ 20201125
Time 12.27 h
INSTRUM spect
PROBHD Z108618_0098 (
PULPROG zZgpyg30
TD 65536
SCLVENT CDCL13
NS 1388
Ds 4
SWH 24038,461 Hz
FIDRES 0.733596 Hz
pate] 1.3631488 sec
RG 203
Dw 20.800 usec
DE 6.50 usec
TE 311.7 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
S5FC1 100.6130223 MHz
wNoc1
EO usec
Pl usec
PLW1 49 W
SFC2 400.0926004 MHz
Nocz2 1H
CPDPRG[2 waltzéb
PCPD2 90,00 usec
PLW2 15.185%99987 W
PLW12 0.41622999 W
PLW13 0.20936000 W
F2 — Processing parameters
51 32768
5F 100.6029623 MHz
WDW EM
S5B
LB 1.00 Hz

|| | | | | .JII
PC 1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current a Parameters
NAME BUR PRS ASCEND 500
EXPNO 100
PROCHNO 1

F2 - Acquisition Parameters
Date_ 20191028
Time 15.28 h
INSTRUM spect
PROBHD Z125331_0034 {
PULPROG zg30

TD 65536
SOLVENT CDCL13

NS 16

DS 2

SWH 10000.000 Hz
FIDRES 0.305176 Hz
jte] 3.2767992 sec
RG 54.81

Dw 50.000 usec
DE 6.50 usec
TE 294.8 K

D1 1.00000000 sec
TDO 1

5Pl 500.3720898 MHz
NOC1 1H

Pl 8.00 usec
PLW1 12.18000031 W

F2 - Processing parameters

51 65536

F 500.369%0022 MHz
WDW EM

55B o

LE 0.30 Hz
GB a

BC 1.00

-
o
@0
]
~
& -
(4]
w
N
- ]
o

ppm
8l (3| (&|3] [3]|[8|&l= 2 3| 12 [B[s[=]a
- - |~ ol | [eif= - - eg' EIGIGIG
(2 o bl
o w0 wn « oo ~ N W - wm T o
£ o < § BSSERERN o sasa  ARAJ <)
? ? ? T %jgjif T 7;? f Eif i;; E;IQZ;? |JI IE:
Current Data Parameters
NAME BUR PR3 ASCEND 500
EXPHO 102
PROCHNO 1
F2 - Recgulsition Parameters
Date_ 201921028
Time 15.58 h
INSTRUM spect
PROBHD 2125331_0034 ¢
PULPROG Zgpg30
TD 65536
SOLVENT CDCL13
NS 295
Ds 4
SWH 29761.904 Hz
FIDRES 0.208261 Hz
AQ 1.1010048 sec
RG 192.83
bW 16,800 usec
DE 6.50 usec
TE 295.2 K
D1 2.00000000 =sec
D11 0.03000000 sec
TDO 1
SFOL 125.8304669 MHz
NUC1 13C
Pl 12.00 usec
PLW1 172.66999817 W
SF02 500.3710015 MHz
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 860.00 usec
PLWZ2 12.18000031 W
PLW12 0.12180000 W
PLW13 0.06126500 W
F2 — Processing parameters
51 32768
SF 125.8176691 MHz
WDW EM
S5B 0
LB 1.00 Hz
N | T -
" BC 1.40
I I I T I T T T T I T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Chapter 4 Stereoselective Synthesis of 3-C-branch......

<)
BRUKER
(><

Current Data Parameters

HAME BUR FRS UFDATED 400
EXPHNO 47
o) 0 Ph PROCNG 1
TBSO ~ F2 - Acquisit! -
2 cquisition Parameters
Date_ 20z00828
R~ Time 19.17 h
TBSO' INSTRUM spect
PROBHD  Z108618_0098 |
PULPRCG zg30
S15 ™ 655365
SOLVENT cDC13
s 16
DS 2
SwWH 8012.820 Hz
FIDRES 0.244532 Hz
RO 4.0894465 sec
RG 54
DWW 82.400 usec
DE 6.93 usec
TE 295.0 K
D1 1.00000000 sec
TDO
SFO1 400.0934706 MHz
Hucl 1H
PO 4,97 usec
Pl 14.920 usec
PLW1 15.185999%87 W
F2 - Processing parameters
sI 65536
SF 400.0210000 MHz
WDW
SSB 0
LB 0.30 Hz
GB o
PC 1.00
" I Ll oa A . JL JL
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
& =R E I ERE I8 8
; 22 2 2[=2]|= 2|12 hae] B 4
I P P I P P | e PN oo o
-
m oM~
R ™ HN OO oA~ Mmoo ocNww m
T Mmowowmr O~ w o T o~
"R888a 0 RSB0 MmN 00w © T 900
A A A A o [l el ol - NN A e BRUKER
Current Data Parameters
HAME BUR PRS UPDATED 400
EXPNO 53
PROCNO 1
F2 - Acgulsitlion Parameters
(0] (0] Ph Date_ 20200829
TBSO ~ Time 9.26 h
INSTRUM spect
PRCBHD Z108618_00%8 (
TBSO\“ = PULPROG zgpg30
TD 65536
SOLVENT CcDCL3
S15 1S 140009
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
2O 1.3631488 sec
RG 203
DwW 20.800 usec
DE 6.50 usec
TE 294.9 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6130223 MHz
HUCl 3C
PO 3,33 usec
Pl 10.00 usec
PLW1 49,43999863 W
SFOZ 400.0926004 MHz
nocz 1H
CPDPRG [2 waltz65
PCPD2 90.00 usec
PLWZ 15.18599987 W
PLW12 0.41622999 W
PLW13 0.20936000 W
F2 - Processing parameters
sI 32768
SF 100.6029662 MHz
WDW EM
5SB ]
LB 1.00 Hz
GEB aQ
] \ pC 1.40
T T T T T T T | T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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8

%

Current Data Parameters

NAME Drisya updated 400
EXPNO 4
PROCNC 1
F2 - Acgulsitlicen Parameters
Date 20201113
Time 17.41 h
INSTRUM spect
PROBHD 2108618_0098 (
PULPRCG zg30
TD 65536
SOLVENT CDCLl3
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.244532 Hz
O 4.0894465 sec
RG 90.5
DW 62,400 usec
DE 16.93 usec
TE 308.2 K
D1 1.00000000 sec
TDO 1
SFO1 400.0934706 MHz
wocl 1H
PO 4.97 usec
Pl 14.90 usec
PLW1 15.18599987 W
F2 - Processing parameters
S1 65536
SF 400.0910000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB o}

PC 1.00

wl . x ' N L

T
8

T
10 -] 7 6 3 2 1 0 ppm
B g EERRE @ @ EEE
<l - - -l - - - olol |enlale
-~ = m
oo LK o] ~NO®M TN w 0 o m Mo~
R 7 5888L3IT % ASR8 R8s Co><)
o o
5% 8388 2 frresgy 3 gess  YTTY BRUKER
Current Data Parameters
HAME Drisya updated 400
EXPHO [3
PROCNO 1
F2 - Acquisition Paramsters
Date_ 20201116
Time 11.20 h
INSTRUM spect
PROBHD  2Z108618_0098 (
PULPROG zgpg30
™ 65536
SOLVENT cDCLl3
1S 334
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.36314688 sec
RG 203
bW 20.800 usec
DE &.50 usec
TE 310.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6130223 MHz
HUC1 13¢C
PO 3.33 usec
Pl 10.00 usec
PLW1 49,43999663 W
SFO2 400.09226004 MH=z
HUCz 18
CPDPRG[2 waltz65
PCPDZ 90.00 usec
PLW2 15,16599987 W
PLW12 0.41622999 W
PLW13 0.20936000 W
F2 - Processing parameters
51 32768
SF 100.6029643 MHz
WpW EM
S5B [4]
‘ | LB 1.00 Hz
[ | | [ A | , | I o © Lo
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1 PEY L
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
o o WD~ [~ oo mmg
& S 2(2(8||= 8|8 2|2
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Current Data Parameters

NAME BUR PRS 400
EXPNOQ 12382230
PROCHOC 1
F2 - Acguisition Parameters
Date_ 20191113
Time 16.30
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG
TD
SOLVENT
NS
Ds
SWHE 8223.685 Hz
FIDRES 0.125483 Hz
Fte] 3.9845889 sec
RG lg1l
oW 60.800 usec
DE 65.50 usec
TE 296.7 K
D1 1.00000000 sec
TDO 1
CHANNEL f£1 =
1H
4.20 usec
1.50 dB

15.18650627 W
400.,0934707 MHz

F2 — Processing parameters
SI 3276

SF 400.0910000 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB o

EC 1.00

Current Data Parameters

NAME BUR PR3 400
EXPNO 12382232
PROCNC 1
F2 - Bcguisition Parameters
Date_ 20191113
Time 16.51
INSTRUM spect
PROBHD 5 mm PRBBO BB-
FULPROG Zgpy 30
D 65536
SOLVENT CDCl3
E) 287
Ds 4
SWH 24038.461 Hz
FIDRES 0.2667%8 Hz
a0 1.3631488 sec
RG 2050
oW 20.800 usec
DE 6.50 usec
TE 297.8 K
Dl 2.00000000 sec
Dll 0.03000000 sec
TDO 1
CHANNEL £1
13c
10.00 useec
2.00 dB
49.44866943 W
100.6130223 MHz

CHANNEL f2

CPDERG [2

waltzlé
NuC2 1H
PCPDZ 90.00 usec
PLZ 1.50 dB
FL12 17.18 dB
FL13 0.18 dB
PLZW 15.18650627 W
PL12W 0.41063678 W
PL13W 0.205805%1 W
SFO2 400,0926004 MHz
FZ - Processing parameters
ST 2768
8F 100.6029640 MHz
WDW EM
SSB 0
LB 1.00 Hz
CB 0
PC 1.40



B. U. Rao (Thesis)

(6] (0]
TrO RN
HO”
SS16
—
T T T
10 9 8
3 8
P -

TrO
HO
SS16

1.05
1.06

J— L

—143.91
134.10
130.89
130.87
128.70
127.82
127.03

T™~117.60

—97.11

_—86.73
77.25
77.00
74.87

T~69.14
63.35
62.89

Ya
N
£
<

O
(e}
)

200 180 160

C><)
BROKER

EXPNO 1452306
PROCNC 1
Fz Acquisition Parameters
Date_ 20200103
Time 16.27
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG zg30
TD 65536
SOLVENT cbcls
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.157832 Hz
AQD 3.1712425 =ec
RG 181
DwW 48,400
DE 6.50
TE 297.1
D1 1.00000000 sec
TDO 1
CHANWEL f1 =
1H
14.90 usec
2.00 dB

12.85348415 W
500.1830888 MHz

F2 - Processing parameters
51 32768

SF 500.1800000 MHz
WDW EM

S55B a

LE 0.30 Hz
GB 0

PC 1.00

Current Data Parameters

NAME BUR 500
EXPHO 1458308
PROCNO 1

F2 - Aoquisition Parameters
Date_ 20200103
Time 16.41
INSTRUM spect
PRCEHC 5 mm PABEO BB-
BULPROG Zypg30

jus) 65536
SOLVENT CDC13

NS 304

Ds 4

SWH 29761.904 Hz
FIDRES 0.454131 Hz
RO 1.1010048 =ec
RG 2050

DwW 16.800 usec
DE 6.50 usec
TE 228.9 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1

———————— CHANNEL fl ========
13

NUC1 C

Pl 2.60 usec
PLL 0 dB

PLLW 76.36135101 W
sFoOl 125.7829381 MHz
77777777 CHANNEL f2 ========
CPDPRG (2 waltzlé

NUCZ 1H
PCPD2 80.00 usec
FLZ 2,00 dp
PL1Z 16.50 dB
PL13 16.50 dB
PL2W 12.85348415 W
PLLZW 0.45605880 W
PLL3W 0.45605880 W
SFOZ 500,1820007 MHz
F2 - Processing parameters
£ 32768

SF 125.7703632 MHz
WDW EM

8SB ]

LE 1.00 Hz
GB 0

PC 1.40



Chapter 4 Stereoselective Synthesis of 3-C-branch......

C><)
BRUKER

Current Data Parameters

NAME BUR PRS 400 NEW
EXPNO 1
PROCHC 1

F2z - Acquisition Parameters

Date_ 20121224
Time 16.12 h
c) C)\\///\\\ INSTRUM spect
PROBHD 72108618_00%8 (
TrO N PULPROG zg30
D 65536
= SOLVENT CDCL3
TBSO NS 16
D5 2
316 SWH 8012.820 Hz
FIDRES 0.244532 Hz
BQ 4.0894465 sec
RG 7l.8
bW 62,400 usec
DE 16.93 usec
TE 293.8 K
D1 1.00000000 sec
TDO 1
SFOL 400.0934706 MHz
Noc1 1H
EO 4.97 usec
P1 14.90 usec
PLW1 15.18599987 W
¥F2 - Processing parameters
51 65536
5F 400.0910000 MHz
WDW EM
55B a
LB 0.30 Hz
GB o]
PC 1.00
dh_ﬂﬂ_u A a2 | i..lh.th )
T T T T T T T T T T T
10 9 8 7 6 5 a4 3 2 1 0 ppm
gRE  EEEERE EeEe R | ER
=10=15 =A=1=10=1=0 1= =1=11=1=11-] (=] (=] =11=]
ololon P E P PN P P B P P P P P P @ oo
HoAdaWwmnNTOo
N @O~ o ® ~NOONOMM o o -~
H Mo W w0 ~ o K-
InodNaan v SrrenE s P s
Saa83330 O WDV WOY o o [ IE'IF‘!.J"‘:IEEI:!
Current Data Parameters
NAME BUR PRS 400 NEW
EXPNC 3
PROCHC 1
F2 - Acquisition Parameters
Date_ 20191224
O O Time 16.32 h
INSTRUM spect
TrO \/\ PROBHD  Z108618_0098 |
PULFPROG Zgpg30
TD 65536
TBSO / SOLVENT CDC13
NS 132
S16 o 1
SWH 24038.461 Hz
FIDRES 0.7335926 Hz
ate] 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 294.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6130223 MHz
NUC1 13C
PO 3.33 usec
Pl 10.00 usec
PLW1 49,43999863 W
3Fo2 400.0926004 MHz
NOCz2 1E
CPDPRG [2 waltzb
BCPD2 90.00 usec
PLW2 15.18599987 W
PLW1Z2 0.41622992 W
PLW13 0.20936000 W
F2 - Processing parameters
sI 32768
SF 100.6029701 MHz
WD A
35B o
LB 1.00 Hz
| I I [ oLl i ca 0
PC 1.40
T T T T T T T T T T I
200 180 160 140 120 100 80 60 40 20 0 ppm
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TrO Ol
TBSO”,
HO” N7
16
o e N
10 9 8 7 6 5 a 3 2 1 o ppm
&s\8 8 gl (88| [|g[gg] [g] (5|8 = (&8
wlolml |+~ | =l el =l =l o | |en
. s . N OO NG ™~ 3 ~ o =
228 888 3 P o w @ o<
A A - o o~~~ M~M~YW = ™~ - [
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Ll I N
2(;0 1 éO 1 |60 1 JIO 1 éO 1 (I)O BID GIO 4I0 2|0 (IJ ppm
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Current Data Parameters

NAME BUR PRS ASCEND 500
EXPNO 109
PROCNC 1

F2 - Acgulsition Parameters
Date_ 20191226
Time 15.05 h
INSTRUM spect
PROEHD 2125331_0034 {
PULPROG zg30

TD 65536
SOLVENT CDCL13

NS 16

bs 2

SWH 10000,000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 31.25

DW 50,000 usec
DE 6.50 usec
TE 296.2 K
D1 1.00000000 sec
TDO 1
SFO1 500.3720898 MHz
nNoc1 1H

Pl 8.00 usec
PLW1 12.18000031 W

F2 - Processing parameters

51 65536

SE 500.3690000 MHz
WDW EM

S5B a

LB 0.30 Hz
GB ]

PC 1.00

Current Data Parameters

NAME BUR PRS ASCEND 500
EXPNC 111
PROCHC 1

F2 - Acquisition Parameters

Date 20191228
Time 5.33 h
INSTRUM spect
PROBHD Z2125331_0034 |
PULPROG zgpg30

TD 85536
SCLVENT cDC13

NS 378

Ds 4

SWH 29761.204 Hz
FIDRES 0.908261 Hz
AQ 1.1010048 sec
RG 192.83

DW 16.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFOL 125.8304669 MHz
NOC1 13C

Pl 12.00 usec
PLW1 172.66999817 W
EF02 500.3710015 MHz
Hucz 1H
CPDPRG [2 waltzlé
PCPD2 80.00 usec
PLW2 12.18000031 W
PLW1z2 0.12180000 W
PLW13 0.06126500 W

— Processing parameters

32768
125.8178917 MHz
WDW EM
S5B 1]
LB 1.00 Hz
GB [s]
BC 1.40
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Current Data Parameters

NAME BUR PR3 400 NEW
EXPNO 4
PROCHC 1

F2 - Acquisition Parameters
Date_ 20191224
Time 16.36 h
INSTRUM spect
PROBHD Z108618_0098 (
PULPROG zg30

TD 65536
SCLVENT CDC13

nNs 16

DS 2

SWH 8012,820 Hz
FIDRES 0.244532 Hz
pite] 4,0894465 sec
RG 128

Dw 62.400 usec
DE 16.93 usec
TE 293.7 K
D1 1.00000000 sec
TDO 1
5FC1 400.0934706 MHz
NoCcl 1H

PO 4.97 usec
Pl 14.920 usec
PLW1 15.18529987 W
F2 - Processing parameters
51 ®65536

SF 400,0910000 MHz
WDW EM

S5SB o

LB 0.30 Hz
GB o

BC 1.00

Co><)

(<O

Current Data Parameters
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NAME BUR PRS 400 MEW
EXPNO [
PROCHO 1

F2 - Acquisition Parameters
Date_ 20191224
Time 17.05 h
INSTRUM spect
PROBHD Z2108618_0098 (
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 412

Ds 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 203

DwW 20.800 usec
DE é.50 usec
TE 294.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

SFOl 100.,6130223 MHz
NUC1 13C

PO 3,33 usec
P1 10.00 usec
PLW1 49.43999863 W
SFQ2 400.0226004 MHz
NUC2 1H
CPDPRG[2 waltzbs
PCPD2 90.00 usec
PLW2 15.18599987 W
PLW12 0.41622999 W
PLW132 0.20936000 W

F2 - Processing parameters

5 32768

SF 100.6029681 MHz
WDOW

58B 1]

LB 1.00 Hz
GB 0

PC 1.40
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<)
BRUKER
(>

Current Data Parameters

NAME BUR ASCEND 500
EXPNO 115
PROCNOC 1

F2 - Acquisition Parameters

Date_ 20191227
Time 16.34 h
INSTRUM spect
PROBHD 2125331_0034 (
PULPROG zg30

TD 65536
SOLVENT cDC13

NS

D3

SWH

FIDRES

Fte] 3.27679929 sec
RG 69.79

DW 50.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1

SFO1 500.3720828 MHz

NOC1 1H

Pl 8,00 usec
PLW1 12.18000031 W
F2 - Processing parameters
E1 65536

SF 500.3690000 MHz
WDW EM

SEB 0

LB 0.30 Hz
GB 0

PC 1.00

Current Data Paramesters

NAME BUR ASCEND 500
EXPHNC 117
PROCNO 1

F2 - Acgulsition Parameters
Date_ 20191227
Time 16.56 h
INSTRUM spect
PROBHD Z2125331_0034 |
PULPROG Zgpyg30

TD 65536
SOLVENT CDCL3

NS 336

Ds 4

EWH 29761.904 Hz
FIDRES 0.208261 Hz
it 1.1010048 sec
RG 192.83

DwW 16.800 usec
DE 6.50 usec
TE 298.1 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
S5FO1L 125.8304662 MHz
nuc1 13c

Pl 12,00 usec
PLW1 172.669299817 W
SF02 500.3710015 MHz
nNocz2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 12.18000031 W
PLW12 0.12180000 W
PLW13 0.06126500 W
F2 - Processing parameters
51 32768

5F 125.8178899 MHz
WDW EM

S5B [¢]

LB 1.00 Hz
GB 8]

PC 1.40
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<)
BRUKER
(>

Current Data Parameters

NAME BUR PRS 500
EXPNO 1459286
PROCHO 1
F2 - Acquisition Parameters
Date_ 20190716
Time 17.15
INSTRUM spect
PROBHD 5 mm PABBC BEBE-
PULPROG zg30
TD 65536
SOLVENT cbcls
NS 186
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1712425 sec
RG 128
DWW 48.400 usec
DE 6.50 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
CHANNEL f1l =
1H
4.90 usec
2.00 dB

12.85348415 W
500.1830888 MHz

F2 - Processing parameters
51 32768

SF 500,1800000 MHz
WDW EM

55B a

LB 0,30 Hz
GB 0

BC 1.00

<)
BRUKER
(>

Current Data Parameters

NAME BUR PRS 500
EXFPNO 1459288
PROCNO 1

F2 - Acguisition Paramsters
Date_ 20120716
Time 17.2
INSTRUM spect
PROBED 5 mm PABBO BE-
PULFROG zgpy30

™D 65536
SOLVENT cDels

NS 112

DS 4

SWH 292761.204 Hz
FIDRES 0.454131 Hz
RO 1.1010048 sec
RG 2050

DW 16,800 usec
DE 6.50 usec
TE 300.% K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL f

dB
76.36135101 W
125.7829381 MHz

CHANNEL f2
waltzlé
1H
£0.00 usec
2.00 dB
16.50 dB
16.50 dB
12.85348415 W
0.45605880 W
0.45605880 W
500.1820007 MHz

F2 - Processing parameters
ST 32768

SF 125.7703641 MHz
WDW EM

S8B o

LB 1.00 Bz
GB o]

PC 1.40
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WAME
EXPNQ
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F2
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INSTRUM
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PULEROG
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D3
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FIDRES
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e

||~
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e

160.14
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145.47
143.96
138.61

N

PMP

~

6

5 4

127.32
115.20
113.65

_—117.62

Z
X
%
N
<

101.44

101.39
99.27
97.65
77.98

0 ppm

3.52

77.32
77.00
76.68
75.60
75.23
70.11
69.14
68.70
55.26
42 .57
42.42

C><)
BRUKER
(L ><)

Current Data Parameters
18]

400
12382222

- Acguisition Parameters

20190921
5.28
spect

5 mm PABBO BB-

CHANNEL f£1

zg30
65536
CDCL3
16
2
8223,6385
0.125483
3.98456889
114
60.800
6.50
297.4
1.00000000

Hz
Hz
sec

usec
usec
K

sec

14.90 usec

1.50 dB
15.18650627 W
400.0934707 MHz

— Processing parameters

32768
400.0210000
EM

MHz

0.30 Hz

1.00

<)
BRUKER
(>

Current Data Parameters

NAME
EXPNO
PROCNO

F2
Date_
Time
INETRUM
PROBED
PULPROG

TD
SOLVENT
NS

CPDPRG[2
Nuc2
PCPDZ
PLZ
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PL13
PL2W
PL12W
PL13W
3F02

F2
ST
SF

WOW
SSB

| Jl‘

1B
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BUR 400
12382224
1

- Acquisition Parameters

20190921
5.42

spect
5 mm PABBO BB-

CHANNEL

CHANNEL f2

[s]

24038.461 Hz
0.366798 Hz
1.3631488 sec
2050

20.800 usec
6.50 usec
295.2 K
2.,00000000 sec
0.03000000 sec

13c
10.00 usec
2.00 dB
49.44866943 W
100.61320223 MHzZ

waltzlé
1H
90.00 usec
1.50 dB

20.18 dB
15.18650627 W
0.41062678 W
0580521 W

0926004 MHz

- Processing parameters
327

100.6022689 MHz
EM
1.00 Hz

1.40
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