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Abstract



This thesis deals with synthetic studies towards

Quassinoids and some aspects of the Chemstry of wunsaturated

sugar. The thesis consists of tw chapters. In chapter I,
approaches towards the synthesis quassinoids in general
bruceantin, in particular are presented, while chapter [II
contains the chem stry of unsaturated sugars. Each chapter is

subdivided into three sections, conprising introduction, results
and di scussion and experinents, respectively.

The introductory section of chapter | briefly covers the
biological activity of quassinoids and synthetic strategies
culmnating in the synthesis of bruceantin.

Quassinoids are a group of diterpenes isolated from the
bitter principles of Simaronbaceae famly. They have been shown
to possess antitumour and many other nedicinal properties.
Bruceantin (1) is one of the nbst active nenber of the group and
has been the subject of extensive synthetic and pharmacol ogical
investigations.

We conducted nodel studies towards the construction of
BCD rings of the Quassinoids and towards this end, envisaged a
strategy in which an intranolecular hetero Diels - Alder reaction
find the key step. After a retrosynthetic analysis, we selected

4- (2-nmet hyl - 2-cycl ohexen-1-yl) butyral dehyde (42) as the starting

material . Conpounds 42, when subjected to tandem Knoevanegal -
hetero Diels - Alder reaction, failed to give any cycloadduct,
but furnished only a condensation products. Several attenpts to

prepare the cycl oadduct 53 were not fruitful.



I'n another approach, the BCD ring system was proposed to
be synthesized by the nucleophilic ring opening of an
appropriately substituted cycl opr opane. Ve chose t he

di azosul fone ester 56 prepared from 2-nethyl-2-cycl ohexenol (43)

as the substrate for this investigation. This conpound, under
sever al condi tions tried, did not under go intranol ecul ar
cycl opropanati on. Anot her compound 62, prepared from 43,

furnished the cyclopropane 64 in low yields when heated wth
excess of Cu powder in xylene. However, 64 could not be
reproduci ble made and further studies in this direction could not
carried out. Prelimnary studies ~carried out using an
intramol ecular M chael reaction were also unsuccessful. In the
light of these failures, further studies towards the synthesis of
Quassi noi ds were not pursued.

Introduction to chapter |1 covers the various reactions
glycals and 2,3-unsaturated sugars. Sone of the general nmnethods
available for the synthesis of nedium sized oxygen containing
rings are also discussed.

W envisaged an insertion homologation strategy for the
construction of functionalized seven membered oxygen
het erocycl es. Qut strategy consi st ed of addi tion of
di hal ocarbenes to glycals and solvolyzing the resultant strained
di hal o cyclopropanes. To this end, we investigated the addition
of dibrome and dichloro carbenes to glycals 31, 32, 33 and 34.
Wth dichlorocarbene, only a single adduct was furnished in each

case. Gycals 31, 32 and 34 gave single dibronmo cyclopropanes



with dibromocarbene while, 33 gave two adducts 41 and 42 in a 7
1 ratio.

We conducted solvolysis experinents with adducts 34 and
39 under several conditions. Sol vol ysi s under basic conditions
produced ring expanded products. Reacti ons of t he
di hal ocycl opr opanes with tributyl tinhydride and I'i t hium
aluminium hydride were examned next. Conpound 34 gave
cycl opropane 57 upon reduction LAH. \Wile 39 produced a m xture
of 35, 57 and 59. Direct cyclopropanation of glycals was also

attenmpted and this produced cyclopropane having an opposite

stereochem stry conpar ed to the products of reductive
dehal ogenati on. The wutility of cyclopropanated sugars in the
synthesis of glycosides has been examned with 57. NBS and
Hg (OAC) have been used as electrophiles in these reactions,

| eading to 2-deoxy gl ucopyranosides 67 and 75, respectively.
Partially protected 1,5-anhydroalditols  have been
prepared by hydroboranation of glycals. Finally, the third
section in both chapters | and II contains all the relevant
experinmental details, followed in each <case by appropriate

references.



Chapter |

Synthetic Studies towards Quassinoids



I ntroduction



Organic synthesis can be classified into tw broad
categories: (i) Natural product synthesis and (ii) synthesis of
non-natural conpounds. The distinction between the two has been
very clearly spelt out by Professor D J. Cam in one of his
articles. He observed : "Synthetic organic chemists fall into two
groups: those who prepare old naturally occurring conmpounds and
those who prepare new conpounds. The synthetic targets of the
former group are provided by the evolutionary chemstry of
Nature. The synthetic targets of the latter group are designed by
the investigator” . Synthetic organic chem sts all over the world
are pursuing the synthesis of both classes of conpounds very
actively. In the first category, sone of the notable achievenents

in recent tinmes include the synthesis of erythromycin ,
3 14 5

pal ytoxin , calicheamicin 7 and taxol . On the other hand, sone
of t he interesting non-natural products that have been
synt hesi zed over t he past decade are pentaprismane

dodecahedr ane and a host of new supramolecules |ike the
dendritic hydrocarbon ¢, ,..H, ... . Al these have been nade
possible by the availability of sophi sticated synthetic,
anal ytical, spectroscopic and chromatographic techniques. The

presence of computers has given a new dinmension to synthetic
g

pl anni ng

Among the natural products, synthesis of steroids,
al kal oi ds, prostaglandins and terpenes have been the subject of
several investigations. In recent years, conpounds having diverse

physi ol ogi cal and phar macol ogi cal activity have recei ved
1



considerable attention from synthetic chem sts worldwi de. Sone
typical exanples are the ene-diyne antibi otics!®  taxol' and
| nununosuppresants such as rapamycin and FK-506

Quassi noi ds, like nmany other group of naturally
occurring conmpounds, have also been the subject of nmany synthetic
endeavours.

The quassinoids are a broad group of bitter principles
isolated from the botanical famly of simaroubaceae. Extracts
from the Sinmaroubaceae plants have been used in the folk nedicine
of Asia and Africa for centuries in the treatnent of various
ailments . Although the structure of the first quassinoid
quassin (1) was established in 1962 “, there was no systenatic

investigation of these substances before the discovery in 1970

t hat hal ocant hone, a  nmenber of this famly, possessed
antineoplastic activity . Later, in 1973, Kupchan reported an
investigation of Brucea antidysenterica . Eight new quassinoids

were isolated and several of them were found to have significant
antitumour and antileukemic activity . Kupchan’s disclosure

about the antineoplastic activity of bruceantin 2 generated

OMe

Quassin(1)



it
considerable interest in quassinoids . A brief discussion of the
bi ol ogi cal activity of quassinoids is presented in the follow ng

paragraphs.

Bruceantin(2) Simalikalactone D(3)

R= CCCH=C(Me)CH(Me), R COCH(Me)(E)

Bruceantinol(4)

R- COCH=C(Me)C(Me),(0Ac)

Most of the quassinoids are biologically active.
Bruceantin (2), simalikalactone D (3) and bruceantinol(4) are
nost active against P - 388 lymphocytic |eukenia 19 g uceantin

shows activity over a wi de dose range and, in addition, is active

against solid tumpurs. It was also found that bruceantin was
active against L - 1210 lymphoid |eukem a, Lewis lung carcinona
and B - 16 melanocarcinoma, resulting in it being selected for

clinical trials by the US National Cancer Institute

Structure - activity studies reveal sone of the
structural requi rements essential for optinmal antineoplastic
activity. They are a) ring Awith either an a,8-unsaturated ketol

at positions c¢1 and C2 or a diosphenol group at positions C2 and



C3 (structures a and b of chart 1) b) ring Cwith an epoxynmethano
bridge between C8 and c11 or between C8 and Cl3 (structures c¢ and
d) and c) a free hydroxyl group in ring C at Cl2 in addition to

an ester group at C15.

OH

-

f H

a b c d
Among ot her pharnacol ogi cal properties, the growth of

chloroquine resistant blood parasite Plasmodium falciparum was
markedly inhibited in vitro by certain quassinoids . Bruceantin
(2) and simalikalactone (3) and sone other quasssinoids displayed
activity against the parasite Entanpbeba histolytica in Gllin's
and Reiner's extensive study

The highly oxygenated carbon skeleton and w de ranging
bi ol ogi cal activity of quassinoids have attracted the attention

of synthetic chemists in a big way. As a result, total syntheses
24 2 5

of tetracyclic quassinoids Ilike quassin , castal anolide ,
amarolide and kl ei neanone have been achieved. Besides this,
there was also a great interest in the synthesis of pentacyclic
quassi noids |ike bruceantin. Bruceantin has a conplex structure
with several different functional groups and has ten asymetric
centres. Despite its failure in phase Il of the clinical trials
at the National Cancer Institute, bruceantin still attracts

intensive synthetic efforts from chemsts all over the world

4



To date, only two total syntheses of bruceantin have been
achieved, despite intensive efforts by several research groups29
A short summary of the efforts that culmnated in the total
synthesis of bruceantin is presented in the following paragraphs.
In a sustained effort lasting several steps, Murae and
co - workers achieved a relay total synthesis of bruceantin
Based on the previous experience gained during the synthesis of a
pentacyclic intermediate , compound 5 was chosen as the starting
material for the total synthesis.
C?TgDMS
CH;OMOM

o-d

Reagents and conditios: a) thexylborane, THF, 0 ; NaOH, H.O.;b)

MOMC1, (iPr) NEt, CHZCIZ, 0°; c) CrOJZPy, CHZCIZ; d) Li. NH .,

Conpound 5 was transformed into the tetracyclic ketone

6 by routine functional group manipul ations. Selective reduction



of the ketone 6 to the desired la alcohol 7 was achieved under
chelation controlled conditions enploying 1 eq. of LiBr along
with the reducing agent LiEt BH

Efforts were then directed to the introduction of C11 - Cl2 diol
unit via the dIl - Cl2 double bond. For this, alcohol 7 was
converted to the ketone 8 in 3 steps. The tosylhydrazone of
ketone 8 when subjected to the Shapiro reaction afforded the

hydroxy olefin 9 in 92% yield.

eagents and conditions: a) Ac 0, DMAP, Py, CHcCIl

THF, 50 ; c¢) OrO.2Py.

Reagents and conditions: a) TsNHNH,, TsOH, Mgso,, THF;, b) MeLi,
THF. 0°->rt
The A1l - Cl2 olefin was osmylated after protecting the

hydroxy group in 9 as trichloroethylcarbonate (TCCQ to give the



diol 10. Next, efforts were concentrated on building the S
lactone noiety. To achieve this, the diol 10 was protected as its
diacetate and the methoxymethyl protecting groups were cleaved
using ethanedithiol and BF .Et 0. This resulted in concomittant
transt hi oketal i zati on of the C3 carbonyl group. The thioketal 11
was then converted to the pentacyclic lactone 12 in several

steps.

.« CH,OMOM

Py, THF, NaHSO,; C) Ac,0, DMAP, CH,Cl; d) (CH,SH), BF,Et O,

CH.Cl., 0°->rt.

Reagents and conditions: a) NBS, €aCO,4, H,0-CH,CN; b) (coc1) ,

DMSO, EtJN, CHZCIZ, -78°->rt; c) CrOB, H2504. acet one d)

CHZ,NZ,.ECZO, EtOAc, 0°; e) (CLL,OH}‘., TSOH, gt}é‘, reflux; f)
Zn-AcOH-THF (1:9), Py.



I nversion of the hydroxy group at c11 in 12 was brought

about by routine reactions. Functionalization of the A ring was

Reagent s and condi tions: a) KOMe, MeOH; b) (cocl),,
DMSO, (iPr)NEt, CH Cl , -78°->rt; c) nBu,NBH, EtOAc, 0°; d)

ACZO, DMAP, CHZCIZ.

Reagents and conditions: a) 2M HCI, THF; b) TMSOTf, Bt N, CH.CI.,
-10° c¢) mCPBA, NaHCO.,, CH.Cl.; 2M HCl; d) Bi,0,, AcOH; e)
TBDMSC1, imidazole, DMF.

taken up next. This was accomplished in a 5 step sequence from
lactone 13. Lactone 14 thus obtained was converted to the Cl15-C16
enol ether 15 by reducing the lactone carbonyl selectively with
NaBH and dehydrating the lactol with pocl . This enol ether 15
was converted to a-hydroxy lactol 16 in one step by epoxidation

with mCPBA and in situ ring opening of the reactive 15,16 epoxide



with water. The 3,4 epoxide was also obtained as an inseparable
by-product in this reaction. The lactol 16 was oxidized wth
silver oxide to furnish the a-hydroxy |actone 17. Total synthesis
of bruceantin was achieved by acylating the Cl5 hydroxyl group in
17 with 3,4-dimethyl-2- pentenoic acid and deacetylating the
product, 11,12-di-O~acetyl- 3-0O-(tert.butyldimethylsilyloxy)-

bruceantin.

Reagents and conditions: a) NaBH4, EtOH, cyzclz,o: b) Poczg,

Py, 100° c¢) mCPBA, NaHCOJ, CH ZCIZ—HZO;d) Agzo, CHJCN,reflux; e)
DCC, DMAP, (Me ) ,CH(Me )C=CHCOOH, CHZCIZ;f) 3M H,SO,, MeOH (1:1),
reflux.

Gieco's synthesis starts from tricyclic ketone 18,
whi ch was recognized by many groups as the logical starting point

for the synthesis of bruceantin ! . Conpound 18 was trans-



formed into an activated tricyclic a, B-unsaturated ketoester 19

by routine reactions.

Reagents and conditions: a) 2-methoxypropene, PPTS, 0 b) NaH,
(HeO)ZCO, MeOH(cat. ), THF, reflux; c) NaH Phsecl, THF, 0°; d)
mCPBA, THF, -78°->0°.

g-Alkylation of the a,B-unsaturated ketoester 19 was
achieved with excess of 1-methoxy-1l-(tert-butyldimethylsilyloxy)
ethylene at 40°in the presence of 1M LiCl0 -1,2-dimethoxyethane
as promoter when other nethods failed to give the desired
results. This was followed by deprotection of the hydroxyl group
to give 20. The C8 - Cl3 epoxymethano bridge was constructed
based on a previous observation nmade in connection wth
quassinoid nodel studies . Thus, on bromination (NBS, THF, 0 ) 20
gave bromosilylated hemiketal 21 whi ch upon heati ng
(DMF,collidine,130°) rearranged to 22. Introduction of the
Cl1-Cl2 trans diaxial unit into ring C was acconplished in 9

steps starting from 22. This is shown in the acconpanying schene.

10



21 22

1-methoxy-1-(tert.butyldimethyl-

and conditions: a)
40°; b) MeoH,

Reagent s
1M LiClO -1,2-dimethoxyethane,

silyloxy) ethyl ene

PPTS, 0°; c) NBS. THF, 0° d) collidine, DMF, 130°.

THOMSO
=P

{,Da CO;Me NP i

22

a) KF-MeOH; b) LAH, THF, c) TBDPSCI,

cuzclz,cellte; e) TSNHNH,,,
NaHSO,; h)

Reagents and conditions:

imidazole, DMF; d) PCC, NaOAc,
-78°->0"->rt 9) 0504, Py,

Mgso

THF; f) LDA, DIPA, THF,
(COC1),,DVBO, CH,Cl,,-78° -> rt; i) NaBH,, MeOH-THF.

1



Wth all the C ring functionality in place, attention
was focussed on the construction of the D ring 6 |actone, which

was accomplished in several steps from 23 as outlined bel ow

OMOM

TBOPS MOMO 0;Me

23 24

Reagents and conditions: a) MoMCl, iPr NEt, (CHcl) ; b) COO.
3,5-dimethylpyrazole, -25°; «c¢) Li, NH,, t-BuOH, THF, -78"; d)
1.0M Superhydride, THF, -78°; e) n-Bu NF, THF; f) (cocl),, DHsO,
Et N, -78°->rt; g) Jones' reagent, 0°; h) CH,N,, ET,0.

In the next stage of the synthesis, the C15 hydroxyl
group was introduced into 24 by a) reduction of the lactone to
lactol, b)dehydration with Poclj to di hydropyran, c¢) osmylation
of the 15,16 double bond which took place from the desired g
face, and d) oxidation with a periodi nane reagent.

At this stage the tasks needed to be accomplished for
the total synthesis of bruceantin are: a) acylation of the C15
hydroxyl group with 3,4-dimethyl-2-pentenoic acid b) introduction
of the diosphenol wunit into ring A and c) deprotection of the
hydroxyl groups at c11 and Cl12. These were done in 6 steps from
the pentacyclic lactone 25. Thus, the total synthesis of

bruceantin was achieved.



24 25

Reagents and conditions: a) NaBH,, EtOH-CH,Cl, (2:1); b) POCI1 4,

d) HBTBO, CH,CI..

Py. 85°; c¢) 0s0,, Py, 0°, NaHSO Lot

3,’

25

Reagents and conditions: a) 1M HCl. THF, b) 3, 4-dimethyl-2-

pentenoi c acid, bDcc, DMAP, THF;, c) TMSOTE, EE3N, CHZCJZ,—10°; d)

G her noteworthy efforts towards the pentacyclic

34

skel eton of bruceantin are those by Kametania, éanem ,

Zi egl er and Fuchs . Recently, Fuchs and co-workers have

published their work on the synthesis of 15-deoxy,l6~ethoxy

In our laboratory, we have been engaged in nodel

studies towards the synthesis of quassinoids in general and

13



bruceantin in particular. In a study related to the npodel BCD
ring system of quassinoi dsgs, tertiary alcohol 26 was synthesized
as a precursor for an intranolecul ar Diels - Alder reaction. This
conpound, however, could not be converted to the tricyclic
compound 28 in satisfactory yields. The tertiary alcohol 26 could
not be dehydrated to the diene 27 under several conditions tried.
Under drastic conditions, the tricyclic conpound 28 was obtained
in very low yields presumably via the diene 27. It was then
believed that the methyl group at C2 was providing steric
hindrance to the reaction as, the unmethylated conpound underwent
smooth intranolecular Diels - Alder reaction under dehydrating

condi tions.

g

26 27

0.R COR

U



In another approach 39, a nodel AB ring system was
constructed starting from the Weland - Miesher ketone (31) in
several steps which included stereoselective osmylation of the
olefin 32. This is shown schematically bel ow

Compound 32 was transforned into 34 via the enone 33 in
sever al st eps. Meanwhi | e, difficulties surfaced in t he
dehydration of 26. Anticipating that a simlar fate m ght befall
the tertiary alcohol 34, further studies in this direction were

not carried out.

It was at this stage that we decided to synthesize a
nodel system conprising the BCD rings and the results of this

approach are presented in the next section.



Results and Discussion



Structures as conplex as those of the quassinocids call
for a carefully planned synthetic strategy. W planned a general
strategy for the synthesis of quassinoids as there are only m nor
variations in the structures anong the quassinoids. W chose
bruceantin as our first target as this has the npst promsing
bi ol ogi cal activity and also because once the total synthesis of
bruceantin is achieved, other sinpler quassinoids could be
readily synthesized following the sane strategy.

Accordingly, we proposed a retrosynthetic schene that
enpl oyed an intranolecular hetero Diels - Alder reaction as the
key step, to sinmultaneously set up the BCD ring systenms. W
planned to put the E ring last using the Barton reaction or one
of its variants, as many quassinoids do not have the E ring.
Further analysis of the structure led to the selection of Weland

- Mescher ketone as the appropriate starting material .

OR
0
Quassinoids = r:_;'bdj
0
31

A brief discussion about the Diels - Alder reaction
would be appropriate at this juncture. The Diels - Alder
reaction, first discovered in 1928, has beconme one of the npst
inmportant reactions for the construction of six membered rings.

In this reaction, an olefin and a 1,3 diene undergo thernal



cycloaddition to give a six nenbered ring. In general, the
reaction takes place readily, sinmply by mxing the conponents at
room tenperature or by heating in a suitable solvent, although in

sone cases drastic conditions have been used.

£ sli—==]

The rate of the Diels - Alder reaction is significantly
altered by the presence of electron donating or wthdraw ng

49 Based on the

substituents on either the diene or dienophile
substituent attached, the reaction can be classified as type | or
the normal node, in which the diene has electron donating groups
and is therefore electron rich, and the olefin (also called the
di enophile) has electron withdrawing groups and hence, electron
deficient. In type Il or the inverse node, the diene is electron
deficient and the dienophile electron rich. The essential
feature, therefore, is that the two conponents have conpl ementary
el ectronic character.

Frontier nolecular orbital calculations reveal that for
the type | reaction, HOMO-diene-LUMO-dienophile interactions are
the nobst inportant. For the type |l reactions, HOMO-dienophile -
LUMO-diene energy separation is the domnating factor. These
cal cul ations al so show that electron donating groups increase the
energy level of the orbital concerned and electron withdraw ng

groups decrease it. The ease with which the reaction takes place



is determined by the HOMO-LUMO energy separation

For the normal mode reaction, electron donating groups
increase the HOMO energy of the diene and electron withdrawi ng
groups decrease the LUMO energy of the dienophile. In the case of
the inverse electron demand reactions, favourable conditions can
be created either by increasing the HOMO energy |evel of the
di enophile by putting electron donating groups or by decreasing
the LUMO energy level of the diene with electron withdrawing
groups. Some typical examples of the inverse electron demand

Diels - Alder reactions are given below424344

C-1
- —
Qg ~OEt 0~ ™ 0Et ref-42
UmMe
0 0 MWeQ OMe 0 0.
& MeO ref-43
o R R ©

As is evident from the above exanples, enol ethers,
ketene acetals and enamines all react with «,8 unsaturated

carbonyl conpounds to give dihydropyrans. |In the intranolecular



version, both diene and the dienophile are in the same nplecule

thus formng two or nore rings in one single operation.

Tietze and coworkers in their work on tandem
Knoevenegal - hetero Diels - Alder reacti 0ns45, have rationalized
the formation of different ring fusions by examning the four
possible transition states that lead to products. These

transition states are shown bel ow

exo—2Z—syn endo—E—syn exo—E—anti endo—Z—anti

— trans

cis —=— trans

—CiE

They observed that aromatic al dehydes such as 35 gave

cis cycloadducts via an endo-E-syn transition state.

On the other hand, aliphatic w-unsaturated al dehydes,
for exanple 37, gave trans annelated products passing through a

exo-E-anti transition state.
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Based on the above observations, we anticipated that
the hetero Diels - Alder reaction envisaged in the retrosynthetic
analysis could give a trans fused product which would have to be
epimerized to the desired cis stereomer during the course of the
synthesis.

We thought it would be better to work on a nodel system
before embarking on the total synthesis itself, and for this
purpose, onmtted the A ring. The retrosynthetic analysis for the
model BCD rings is shown below. We envisaged a tandem Knoevenegal
- hetero Diels - Alder reaction as key the step. This would

furnish the BCD rings in one step.

BOD rings :—:.[) &5 ::1} (g\l:ﬂo

4-(2-methyl-2-cyclohexen-1-yl)-butyraldehyde 42 was
arrived at as the suitable starting material. This aldehyde
could, in principle, be transformed into a suitable Diels - Alder

reaction substrate following Tietze's protocol . It has been



reported in the literature that «, B - unsaturated carbonyl

compounds having an additional electron withdrawi ng group behave

as excel |l ent substrates for the hetero Diels - Alder
reaction43—4'.r7 In the intramolecular version, the heterodiene
moi ety was appended to the w - unsaturated aldehydes by a
Knoevenegal reaction. In nost cases, the condensation product
underwent spontaneous Diels - Alder reaction to furnish the

cycl oadducts. This methodol ogy has been advantageously wused in
the construction of cannabinoids by Tietze and coworkers

Our synthesis of al dehyde 42 began from 2-methyl-
2-cyclohexen—-1-ol (43) 4 7. Al cohol 43 was converted to (2-methyl-
2-cyclohexen-1-yl)-acetaldehyde (45) via the Claisen rearrange-

ment of its enol ether 44 in excellent yields . Aldehyde 45 was

OH Of% CHO

&y —& —&

43 44 45
reagents and conditions: a) Hg(OAc)z, ethyl vinyl ether, reflux;
b) heat, 190-195°.
hormol ogated to al dehyde 42 by two different routes. In the first
route, aldehyde 45 was subjected to a Knoevenegal condensation
with dinmethyl malonate in the presence of piperidine and acetic
acid as catalysts. The reaction proceeded well giving the
alkylidene nmlonate 46 in good yields (75-80% . The product was

characterized from its IR and H NMR spectral data. |In the IR

spectrum the carbonyl group absorption was observed at 1740 cm

21



and the characteristic al dehyde GH absorption at 2750 cm~ of 45
was absent. In the H NMR spectrum apart from other signals, a
triplet at 7.0 ppm was seen. This was assigned to the (3 proton of
the alkylidene malonate. The activated double bond in 46 was
reduced with sodium borohydride to furnish the malonate 47, in
very good yield. Conpound 47 did not have 7.0 ppm signal in its
H NWR spectrum This indicated the absence of the activated
doubl e bond. A triplet at 3.32 ppmwas attributed to the proton

of the mal onate group.

CO;Me COzMe

T COgMe CO;Me
c \(@%m d 6LOH e \6&::40

reagents and conditions: a) CHZ(COZHe)z,piperidine, ACOH, c6H6

reflux; b) NaBH ., MeOH, 0°; c) NaCl, H,0-DMSO, reflux, d) LaH,

ether, 0°; e) PCC, cH2C12,0°.

Decar boxyl ati on of 47 was effected follow ng Krapcho's
protocol *® and a good yield of the butyrate 48 was obtained.
Characterization of 48 was done based on its H NWR spectrum The

1

triplet at 3.32 ppm in the “H NWR spectrum of the starting
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material was shifted upfield and now nerged with other high field
signals. The methoxyl signal now integrated only for three
protons indicating |oss of one nethoxycarbonyl group. Next, ester
48 was transforned into aldehyde 42 in two steps by reduction
with [lithium aluminum hydride followed by oxidation of the
resultant al cohol 49 with pyridinium chlorochromate to the
al dehyde  42. The structural identity of 40 was readily
established from its spectral dat a. The aldehydic proton
resonated at 9.74 ppm and in the C nmr, the carbonyl carbon
appeared at 207.8 ppm

The second route to 42 had one step less. In this
route, al dehyde 45 was honologated by a Wittig reaction.
Surprisingly, 45 did not react efficiently wth (carbethoxy
methylene) triphenyl phosphorane. However, it underwent a clean
Horner - Wadsworth - Emmons reaction wth triethyl phosphono-
acetate. Thus, when treated with triethyl phosphonoacetate and

sodi um hydride, aldehyde 45 furnished the «,B-unsaturated ester

HO 0,Et

45 50

reagents and conditions: a) triethylphosphonoacetate, NaH, ether,
0° -> reflux.
50 in about 80% yield. Conpound 50 was identified from its

spectral characteristics. The C NMR spectrum has 13 lines of
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which 5 are in the 100 - 170 ppm region. The signal at 166.6 ppm
was assigned to the carbonyl carbon and the other four lines to
the olefinic carbons. The « hydrogen of the a,8 - unsaturated
ester was seen as a doublet at 5.84 ppmwth a coupling constant
of 16 Hz. This indicated that the double bond has the trans
geonmetry. The g proton of the «,8 - unsaturated ester was
observed at 6.82 ppm and was consistent wth its nature.
Following the report by Narisada and co-workers on the
selective reduction of a, B-unsaturated carbonyl conmpounds using
sodium borohydride and cuprous chloride, we reduced the
a, (3-unsaturated ester 50 to the saturated ester 51. Best yields
wer e obtained when the solvents (MeOH, THF) were renoved before
work up. The compound was characterized from its spectral
properties. The signals due to the protons of the activated
double bond in 50 at 6.82 and 5.84 ppm were absent in the H NMR
spectrum of 51. This conpound was converted to aldehyde 42 as

descri bed above for 48.

CO,Et CO4Et HO

a b,e

50 51 2
reagents and conditions: a) NaBH,, CuCl. MeOH-THF (5:2), rt; b)
LAH, ether, 0°; c) PCC, CH2612,0°.
Wth the target aldehyde 42 available, we now set out
to perform the crucial hetero Diels - Alder reaction follow ng

the conditions reported by Tietze and Kiedrowski . \When treated
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With Meldrum’s acid (34), in the presence of ethylenediammonium
di acetate, our aldehyde 42 furnished only the Knoevenegal product
52 and none of the cycloadduct 53. However, the yield of 52 was
very good (90-95% . The structure of 52 rests on its IR and H
NWR data. In the IR spectrum carbonyl groups in 52 showed
absorptions at 1740 cm . The alkylidene proton showed up at 7.92
ppm in H NVR as expected for B olefinic proton on an electron
deficient alkene. Also, it was observed that there was no signal
corresponding to the aldehyde proton in the H NWR spectrum
Longer reaction times also gave only the condensation product,

with no evidence for the formation of the hetero Diels-Alder

HO o
é?ﬂ
0P~

reacti on adduct.

*2 52
o]
_.% )
) 0 ‘DJ[/
53

reagents and conditions: a) ethylenedi anmoni um diacetate, CH.CI.,
rt.

Proceeding on the assunption that the hetero bDiels -
Alder reaction may require a higher tenperature, the condensation

product was dissolved in benzene and heated at 140° in a sealed
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tube for 3h. At this tenperature also no cycloaddition was
observed. At 160°, the naterial deconposed to many intractable
products and no efforts were made to purify this mxture. Under
cl assical Knoevenegal conditions enploying piperidine and acetic
acid, 42 and Meldrum’s acid gave only a conplex m xture. Wth the
failure of these nethods to yield the cycloadducts, further
studi es based on this strategy were not carried out.

It is not clear to us at the nonent the reasons for the
failure of this reaction. The present system is unique because
both the diene and dienophile are cyclic systems linked by a
carbon chain. One ring may sterically inpede the approach of the
other, ~creating unfavorable conditions for the reaction. I'n
literature exanples of this reaction, the dienophile conponent
was al ways acyclic, though highly substituted double bonds have
al so been used. To the best of our know edge, no cyclic olefin
has been used as a dienophile in hetero Diel-Alder reaction.
Since, cyclic olefins do not have the conformational flexibility
of the acyclic ones this could be one of the reasons for the
failure. In the present case, the nethyl group on the cycl ohexene
ring could also be the cause of failure as past experience in our
| aboratory has indicated that highly substituted ol efins were not
good substrates for intranolecular Diels-Alder reactions
The presence of the nethyl group is essential for the
construction of E ring in the later stages of the synthesis and
it would be of very little use trying to experinent w thout the

nethyl group. Therefore, alternative approaches have to be found
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by changing the diene noiety suitably.

Wth the failure of the intranolecular hetero Diels -
Alder approach, an entirely different strategy was planned. The
BCD rings were proposed to be constructed by i ntranol ecul ar
cycl opropanation of an appropriate substrate followed by ring
opening of the cyclopropane with suitable nucl eophiles. This is
presented schematically below. This |eads to 2-nethyl-2-cycl ohex-
en-1-0l as the appropriate starting material. This would have to

be esterified with a suitable acid to perform this sequence of

OH
e
43

reactions.

e = (JO2 O

W elected to use cyclopropanes that are geminally

EWG

substituted with two electron w thdrawing groups for two reasons.

i) the nucleophilic ring opening of the cyclopropane was expected

to be facile with double activation and ii) further function-
alization of the conpound would be acconplished easily. It is
known in the literature that cyclopropanes having geminal

electron withdrawing groups undergo ring opening reaction in a

homo - Mchael 1,5 fashion wth nucl eophiles
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Di fferent nucl eophiles have been used to open electron
deficient cyclopropanes and these include amines, mercaptans,
enamines, cuprates and nmal onate anion. Except for organometallic
nucl eophil es, the reaction conditions for others are quite
drastic. Wen there is double activation , the ring opening
reaction is very facile and takes place under mild conditions. A
hi gh degree of stereoselectivity has been observed in these ring
openi ngs. Thi s has been  expl ai ned by i nvoki ng or bi tal
interactions. It has been shown that the bond which is cleaved is
the one best situated for simultanaeous overlap wth both
car bonyl groups

In order to experinmentally test our strategy, we
sel ected 2-methyl-2-cyclohexen-1-o0l as the starting material. The
necessary side chain was built by acylating this alcohol wth
phenyl sul fonyl acetic acid. This furnished the phenylsulfonyl
acetate 55 in good yields. 55 was characterized fromits spectral
data. The carbonyl group showed an absorption at 1720 cm in the
IR spectrum and a singlet at 4.12 ppm in the H NWR spectrum was
assigned to the active nethylene group. It is to be noticed that
conmpound 55 has two different electron withdrawing groups. This
has t wo advant ages. 1) This enabl es functional group

differentiation between the two electron withdrawing groups and
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2) sulfones can be removed, if necessary, under nild conditions

during the course of the synthesis.

a

OH OJ\/ SO,Ph D)L(u,
O == =
43

55 56

o

reagents and conditions: a) PhSO,CH,COH, DCC, DMAP, CH,CIl,,

0°->rt. b) TsNj, DBU, CH,Cl,,O0-5°

3

The active methylene group of 55 was converted into a
diazo group following a procedure developed in our |aboratory
Thus, conpound 55, when treated with tosyl azide and DBU in
dichloromethane, underwent facile diazo group transfer giving
rise to the diazo compound 56 in very good yields. The reaction
product was identified from its spectral characteristics. A very
strong IR absorption at 2150 cm indicated the presence of the
diazo group and the carbonyl group absorption was seen at 1700
cm” . Also, the 4.12 ppm signal in H NMR of 55 was absent.

The stage was now set for the deconposition of the
diazo sulfone ester 56 and intranolecular capture of the
resulting carbene by the alkene to give a doubly activated
cycl opropane. No reaction was observed when 56 was heated in
benzene at 130° for 5 min. At 150°, only a conplex mxture was
obtained. It is to be noted here that Kuwajima reported that

di azosul fones when heated in n-decane, underwent deconposition to
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give products, which were explained based on the formation of
carbene and ketene internediates. Wth the uncatalyzed therno-
lysis not being useful, we felt the need to use catalysts for the
deconposition of 56. A search in the literature revealed that
many transition netal salts and conplexes catalyze the
deconposition of diazo conpounds

O the many nmetals that catalyze the deconposition of
di azo conpounds, we used copper and its salts because they are
cheap and readily available and are reported to give good yields.
Wth cu(acac) and at room tenperature in benzene, no reaction
was observed. At higher tenperatures and with varying reaction
times, only a conplex mxture was obtained. No attenpts were nmade
to separate and identify the products.

During the course of his prostaglandin synthesis, Corey

o]
I B

N2 Cupowder M St
Q=== LT

xylane, :
‘:‘JR reflux ‘DR
57 58
reported the use of copper powder for the deconposition of

di azo conmpound 57 to the corresponding cyclopropane 58. Under
simlar conditions, when 56 was heated in chlorobenzene as the

solvent, only an intractable mxture was obtained. The sane was
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the result when the decompostion was carried out in cyclohexane.

Later, in 1984, Corey reported another catalyst, bis
(salicylaldiminato) copper(ll) and he showed it to be a superior
catalyst than copper powder for the deconposition of diazo
compounds . We performed the experinent by adding a toluene
solution of the diazo conpound 56 over a period of 12h to a
refluxing solution of this catalyst in toluene and obtained a
m xture of products which also contained sone starting material.
Apart from the recovery of about 10% starting material, no other

wel | defined products were isolable.

Wth copper and its salts failing to give any useful
reaction, we turned our attention to the nore expensive
Rh_. (QAc) . This has been widely used in the deconposition of

diazo carbonyl conpounds 58.

Unfortunately, t here was no
deconposition of 56 at room tenperature in ether. In refluxing
chloroform, extensive deconposition of the diazo conpound was
observed. This is surprising in the light of observations nade
by Mnteiro on the deconposition of 59. Good yields of
cycl opropane 60 were obtained when 59 was treated with Rh,(OAc)

in dichloronethane at room tenperature
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61 40% 25%

50,Ph

However, 61 gave allylic CH insertion as the major

product along with minor amounts of the cycl opropane. The results

of our deconposition experinments on 56 are collectively presented

in the follow ng table.

Table |
entry condi ti ons resul t
1 0.05M C.H.;150°; conpl ex mixture
o 6
2 0.05M C,.H,.; 130°; 5mn; no reaction
o ©
3 0.05M C_H,; Cu(acac).,;reflux, rt. no reaction
b 6 <
4 0.056M C_H.M; Cu(acac).,,reflux,8h conpl ex m xture
O © P4
5 0.01M C_H,; Cu{acac),,reflux,5h conpl ex m xture
o © <
6 0. 05M CEHY’;CU powder, reflux conpl ex m xture
2 .
7 0.05M C H cl1;Cu powder:;reflux90min conpl ex mxture
8 0.01M Corey's cat.:reflux 12h conpl ex m xture
9 0.01M ether; ha(OAC)4 no reaction
10 0.01M CHCL,; Rh.(0OAc) ; reflux conpl ex m xture

Wth the diazosulfone ester 56 failing conpletely to
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nmeet our expectations, we chose to use a diazo malonate which has
been wused extensively for intranolecular cyclopropanation

Therefore, we prepared the nmlonate ester 62 by acylating
2-net hyl - 2-cycl ohexen-1-ol with the half ester of malonic acid

Good yields of the ester 62 were obtained (77% . Conpound 62
showed a carbonyl absorption at 1720 cm in the IR spectrum In
the nmr spectrum the active methylene protons were observed at
3.32 ppm. The diazo transfer reation of 62 proceeded uneventfully
and in quantitative yields to provide 63. In the IR spectrum
compound 63 showed a very strong absorption at 2150 cm

indicative of the presence of a diazo group. Now, we were ready
for the cycl opropanation reaction. Thermolysis of 63 in benzene
w thout any catalyst was not useful once again and an intractable

m xture was the result.

OH D,U\/ CO,Et OJ\(NI
b

reagents and conditions: a) EtO ccH CO H, DCC, bDMAP, CHCl, 0°->
rt; b) TsN,, DBU, cH,cl, 0°.
We then followed Corey's conditions, and used copper

powder as the pronoter of Cyclopropanationsza.

To our relief,
this provided the cyclopropane 64 in low yields (<40% . However,

this happiness was short lived as the yield of the product 64
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could not be inproved in subsequent trials and was also non -

reproduci ble, presunably due to the heterogeneity of the reaction

L

COqEt
COEt — dﬁzo

63 64

reagents and conditions: a) cu powder, xylene, reflux.

conditions. Wen the deconposition of 63 was carried out wth
Rh., (OAc) as the catalyst in chloroform at room tenperature for
32h, (the time required for the conplete disappearence of the
starting material), no well defined product could be isolated.
Further studies were not be carried out as the cyclopropanation

could not be optimzed.

G:Fh Cﬁgi!

We hoped that the carbenes 65 and 66 generated by the
deconposition of 56 and 63 would be nore stable because of the
el ectron w thdrawing substituents attached to them and therefore
nore selective in their reactions than alkyl carbenes. It appears
that these carbenes are also non-selective as evidenced by the

formation of several products. W believe that the nethyl group
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on the double bond provides steric hindrance for the reaction to
proceed in the case of these carbenes. Wth the methyl group
bl ocking the approach of the carbene to the double bond and thus
decreasing the rate of cyclopropanation, other side reactions
becone predomi nant, giving rise to a mxture of products. This
argunment finds support from the work of Ziegler, who reported
that the diazomalonate 67 underwent intranolecular cyclopropa-

nation in the presence of Cul.P(OMe) conplex in 65%

g 0

OJ\( % P CO,Et

Cul-P(OMe)s
COqEY

65%

67 68

yield. Another reason to believe that the nethyl group is
probably the culprit is based on some findings in our |aboratory.
As it was pointed out in the introduction, alcohol 26 gave a very
low vyield of the «cycloadduct 28 while its unmethylated
counterpart gave good yields of the cycloadducts?’a I'n anot her
instance, conpound 69 did not undergo intra- nolecular Pauson -
Khand reaction wunder several conditions tried, while its
unmethylated counterpart 70 gave good yields of the

cycl opent enone 7139.

Further experinents have to be perforned to
hit wupon the right set of conditions for the cyclopropanation
reaction in synthe- tically useful yields with the vinylic nethyl

group intact.

35



OTHOMS OTBDMS

Cog(CO0)e
it
69 &
OTBOMS OTBDMS
0
70 n

Once again, we had to revise our strategy for the
construction of BCD rings. This tinme, we chose to use an intra-
nmol ecul ar M chael reaction as the key step for the formation of
the BD rings. The C ring was proposed to be forned l|ater by
alkylative cyclization on the aldehyde functionality. The

retrosynthetic analysis on these lines is shown bel ow

CHO CO.R CHO
CO.R
ome =0 K I XX
s OH
73
72

Li  and wu have applied the intranolecular M chael
addition strategy for the synthesis of a forskolin inter-
nedi ate . 3-Hydroxy-a-cyclocitral (73) when treated wth
di ketene furnished an unstable product 74 which on reaction with
sodi um hydride in DWMF underwent intramolecular Mchael addition

to produce 75 in 60% yield.



CHO CHO CHO \T/o
0 (5— /go

OH oo

73 Fa 75 o

We carried out prelimnary studies using 3-hydroxy-a-
cyclocitral as the starting material. W planned to use a side
chain that would lead to six membered ring upon the M chael
reaction. W chose 3-carbethoxysuccinic acid 4-ethyl ester as a
suitable side chain. Thus, 73 on acylation with 3-carbethoxy
succinic acid 4-ethyl ester gave 76 in 80% yield. It is to be
noticed that this substrate would provide the D ring & |actone
noi ety that lacks only the a hydroxy group, if the M chael
reaction is successful. First, we attenpted the M chael reaction
under mld conditions enploying DBU as the base at room
tenperature. However, no reaction was observed. Next, we used a
stronger base sodium hydride and performed the reaction in a
polar aprotic solvent DMF. Unfortunately, no reaction was
observed in this case also. Probably the malonate anion was not
nucl eophilic enough to add to the o,B-unsaturated al dehyde to

furnish the 5 lactone 77.
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CHO CO,E CHO CO,Et

CHO
COEL
COgEL
—_— : b/c gi
OH [0}
3 76

7 77

reagents and conditions: a) (ECO,C)CHCH ,CO H, DCC, DMAP, CH,CI,.

W did nct pursue the synthesis of quassinoids further,

in the light of all these failures.
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General techniques:

Al reactions were conducted under nitrogen atnosphere
unl ess otherwi se nentioned. Reagents were transferred using
standard septa-syringe techniques. Al solvents were distilled
from appropriate drying agents just before use. Al the reagents
were purified by appropriate nethods before use. Al the organic
extracts after workup were dried wusing anhydrous nmagnesium
sul fate, unless otherw se mentioned.

Solvents wused for chromatography were of commercial
grade and were fractionally distilled before use. Hexane refers

o

to the petroleum fraction boiling between 60 - 70°. Colum
chronat ogr aphy was perforned using ACME 100 - 200 nesh silica gel
using appropriate mxtures of hexane and ethyl acetate for
elution. Analytical thin layer chronatography (tlc) was perfornmed
on honme nmede plates using ACME silica gel GF254 grade containing
13% cal cium sulfate as binder and were developed in appropriate
solvent systens. Developed plates were visualized by shining
ultraviolet light and/or by exposure to iodine vapours.

Infrared spectra were recorded on Perkin - Elner
infrared spectrophotoneters nodels 1310 or 297. Solid sanples
were recorded as KBr wafers and liquid sanples as thin filns
between Nacl plates. The spectra are calibrated against
pol ystyrene absorption at 1601 cm . NMR spectra were recorded on
a JEOL FXx-100 fourier transform spectroneter operating at 23.5
Tesla magnetic field strength in chloroform - d as solvent with

tetramethylsilane (TM5) as internal reference unless otherw se

39



mentioned. Cheni cal shifts are given downfield of
tetramethylsilane in parts per mllion (ppm). Coupling constants
are neasured in Hertz. The nmultiplicity of the signals are
denoted by the following synmbols: s = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet and br = broad. Elenental
anal yses were perforned on a Perkin - El ner nodel 240C el emental

anal yzer.

2-Methyl-2-cyclohexen-1-ol vinyl ether (44):

To a stirred solution of mercuric acetate (11.2 g, 35.1
mmol) in ethyl vinyl ether (150 nl) was added a solution of
2-met hyl - 2-cycl ohexen-1-ol (43) (5.0 g, 44.6 mmol) in ethyl vinyl
ether (30 m) and the solution was heated under reflux for 40h.
The solution was concentrated, diluted with ether, washed with 5%
aqueous potassium hydroxide (4x25 nm) and dried over anhydrous
potassi um carbonate. The residue after solvent evaporation was
distilled under reduced pressure to yield the vinyl ether 44 as a
col ourless volatile ligquid.
yield : 6.050 (98%

b. p. : 60° (oil bath)/I m Hg.

IR (neat) : 2950, 1620, 1240, 1180, 1140, 1040, 920, 820 cni'®.

(2-Methyl-2-cyclohexen-1-yl) acet al dehyde (45):
The vinyl ether 44 (6.0 g) was taken in a thick walled
gl ass tube, sealed under nitrogen and maintained at 190-195° for

1h. The tube was cooled to room tenperature and the contents were
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distilled under reduced pressure to give pure 45 as a colourless
volatile liquid.

yield : 5.6g9 (93%

b. p. : 60° (o0il bath)/lmm/Hg.

IR (neat) : 2900, 2800, 2750, 1720, 1440, 1020, 800 cni'®.

Di met hyl 2-(2-methyl-2-cyclohexen-1-yl) ethylidene malonate (46):
A solution of 45 (303 mg, 2.2 mmol), dinethyl malonate

(264 my, 2.0 mml), piperidine (7 ng, 0.08 mmol) and acetic acid

(24 myg, 0.4 mmol) in benzene (2mM) was heated under reflux for

2h, cooled to room tenperature, diluted with ether, washed

several times with water and dried. The residue was purified by

silica gel colum chromatography. This furnished 46 as a

colourless oil.

yield © 454 ngy (82% .

IR (Neat) : 2900, 1720, 1440, 1260, 1240, 1060 cni .

Iy R © 8 120 - 260 (m, 12H), 3.8 (s, 3H OCH;), 3.84 (s,
3H, OCHJ), 5.40 (br, 1H olefinic), 7.0 (t, J = 8 HZ,
1H, ol efinic).

Di nethyl 2-(2-methyl-2-cyclohexen-1-yl)ethyl nalonate (47):

To a stirred solution of the alkylidene nmlonate 46
(226 my, 0.9 mmol) in methanol (1 nl) at 0° was added sodium
bor ohydride (60 nmg, 1.5 mmol)in portions and the reaction mxture
was stirred at 0° for 90 min, diluted with water (5 m) , acidifed

to pH 1 with dilute hydrochloric acid and extracted several tines



with ether. The organic layer was dried and concentrated to

furnish the product 47 as an oil.

yield © 218 ng (95%

IR (neat) : 2900, 2850, 1740, 1420, 1340 cm .

1y NMR © & 1.20 - 2.12 (m, 14H , 3.32 (t, J = 8HZ, 1H, CH
(COOMe) ,) , 3.72 (s, 6H, OCH,), 540  (br, 1H,

olefinic).

Met hyl 4-(2-methyl-2-cyclohexen-1-yl)-butancate (48):

The malonate ester 47 (190 mg, 0.75 mmol) was dissol ved
in dimethyl sulfoxide (1.5 m) and water (13 ul) and sodium
chloride (8 ng, 1.5 mml) were added. The mxture was heated
under reflux for 2h, cooled to room tenperature, diluted wth
water (15 nm) and the solution extracted with ether (4x10 m ).
The solution was concentrated, the residue was dissolved in
hexanes (15 m) and washed several tinmes with water. The hexane
solution was dried and concentrated to give the product 48 as an
oi l.
yield ;110 ng (749
IR (neat) : 2900, 2850, 1740, 1440, 1180cm™ 1.

Ih NR & 1.20 -2.40 (m, 16H , 3.64 (s, 3H OCH,), 5.40 (br,

1H olefinic).
4-(2-Methyl-2-cyclohexen-1-yl)-butan-1-ol (49):
To a stirred suspension of [lithium alum num hydride

(100 mg, 2.5 mml) in ether (2 m) was added a solution of the
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ester 48 (380 mg, 1.94 mml) in ether (2 ml). The reaction

mixture was stirred for 10h at room tenperature, then cooled in

ice and quenched with saturated aqueous sodium sulfate solution.

The solids were filtered and washed several times wth ethyl

acetate. The filtrate was dried and concentrated. The residue was

purified by chromatography.

yield : 307 mg (949%.

IR (neat) : 3340, 2920, 2840, 1450, 1060, 800 cmi'®.

liNMr ;& 0.80 - 2.08 (m, 16H), 3.64 (t, CcH OH) , 5.40 (br,
1H olefinic).

L3¢ MR : 19.65, 22.12, 23.41, 25.53, 27.30, 32.41, 33.00,

38.47, 62.70, 122.42, 137.30 ppm..

4-(2-Methyl-2-cyclohexen-1-yl)-butan-1-al (42):

A solution of the alcohol 49 (307 mg, 1.83 mmol) in
dichloromethane (3 nml) was added to a stirred suspension of
pyridinium chlorochromate (595 mg, 2.75 mmol) in dichloronethane
(3 m). After 1h, the reaction mxture was diluted with ether (20
m) and filtered through a short colum of fluorisil. The ether
sol ution was concentrated to obtain the al dehyde 42.
yield : 207mg
IR (neat) : 2910, 2860, 2720, 1720, 1440, 800 cmi'?’.

IHNVR ;5 1.40 - 2.20 (m, 14H), 2.52 (m, 2H) , 5.40 (m, 1H,
olefinic), 9.74 (t, 1H CHO).

3¢ MR 15.53, 22.00, 21.35, 27.12, 32.00, 38.18, 44.06,
122.72, 134.59, 207.77 ppm
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Ethyl 4-(2-methyl-2-cyclohexen-1-yl) crotonate (50):

To a stirred suspension of sodium hydride (washed with
hexanes to renove oil) (156 mg, 6.5 mmol) in dry ether (5 m) at
0° was added triethyl phosphonoacetate (1.23 g, 5.5 mmol). After
15 min, aldehyde 42 (690 ng, 5 mpl) was added. The reaction
m xture was stirred at 0° for 15 min and then heated under reflux
for 15 min. The reaction mxture was cool ed, quenched with water

and extracted with ether (3x20 m ). The ether solution was dried

and concentrat ed. The product was purified by col um
chromatography.
yield : 910 ng (889 .

IR (neat) : 2980, 2920, 2860, 1720, 1650, 1450, 1370, 1260, 1180,
1040, 800 cni't.

HMR  : 6 10 -2.20 (m, 15H , 3.20 (q 2H OCH,CHy), 5.40
(br, 1H olefinic) 584 (d, J=16 Hz, 1H H-2), 6.82
(m, 1H, H-3).

3¢ \WR: 14.18, 15.41, 19.29, 22.00, 25.30, 27.53, 36.65,

60.06, 122.59, 123.77, 135.48, 148.42, 166.60 ppm.

Et hyl 4-(2-methyl-2-cyclohexen-1-yl) butanoate (51):

To a stirred solution of the unsaturated ester 50 (750
my, 3.7 mmol) in 5:2 methanol-tetrahydrofuran (70 m) was added
cuprous chloride (527 ng, 5.32 mmol) and sodi um borohydride (1.37
g, 36 mmmol). After 30mn, the solvent was renpved under reduced
pressure and the residue was taken up in water and extracted with

ether (4x15 m ). The organic layervwas dried, concentrated and
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the residue was purified by chromatography.

yield : 500 rag (669% .

IR (neat) : 2950, 1740, 1440, 1380, 1160, 1040, 800 cmi'?l.
1y NMr © & 10 - 240 (m, 16H), 124 (t, 3H CH,CH;),4.12 (q,

2H, OCH,CH,), 5.40 (br, 1H, olefinic).

Condensation of aldehyde 42 with Meldrum’s acid:
Ethylenediammonium diacetate (32 mg, 0.18 mmol) was
added to a stirred solution of Meldrumis acid (52 mg, 0.36 mmol)
in dichloromethane (0.4 m ). After 5nmin, a solution of the
al dehyde 42 (60 nmy, 0.36 mmol) in dichloromethane (0.4 nl) was
added. After 15 min, the reaction nmixture was diluted with
di chl oronethane (5 m ), washed with water (2x5 m) and dried. The
condensation product was obtained on evaporating the solvent.
yield : 97my (92%
IR (neat) : 3000, 2920, 2860, 1740, 1630, 1450, 1400, 1380, 1280,
1210, 810, 740 cni'®
H NMR : S 1.20 - 2.04 (m, 14H , 3.0 (br, 2H) , 5.40 (br, 1H
olefinic), 7.92 (t, J=8Hz, 1H olefinic).

Attenpted Diels - Alder reaction of 52:
trial 1:

A solution of the conpound 52 (20 ng, 0.07 mmol) in
benzene (1 m) was heated in a sealed tube at 140° for 3h. The
reaction mxture was cooled to room tenperature and the sovlent

evaporated. Tlc of the reaction mxture showed the presence of



mainly the starting material. The material recovery was 17 mg.

trial 2:

A solution of the conpound 52 (70 nmg, 0.24 mmol) in
toluene (2 m) was heated in a sealed tube at 160° for 2h. The
reaction mixture was cool ed, solvent evaporated and the residue
anal yzed by tlc. Tlc of this mixture was very conplex. No

attempts were made to purify this m xture.

Attenpted tandem Knoevenegal - hetero Diels - Alder reaction of
al dehyde 42 :

The reaction mxture containing aldehyde 42 (23 nyg,
0.14 mmol) , Meldrum’s acid (20 mg, 0.14 mmol), piperidine (1
drop) and acetic acid (1 drop) in benzene (0.5 m) was heated
under reflux for 2h. Tlc analysis of the reaction mxture at this
stage showed the presence of a conplex m xture. No attenpts were

made to isolate the products.

2-Methyl-2-cyclohexen-1-yl phenylsulfonylacetate (55):

To a stirred solution of 2-nethyl-2-cyclohexen-I-ol
(43) (336 ng, 3 mmol) in dichloromethane (20 ml) at 0° was added
sequentially phenylsulfonylacetic acid (900 ng, 4.5 mmol), DCC
(927 ng, 4.5 mmol) and 4-dimethylaminopyridine (37 mg, 0.3 mmol).
The reaction mixture was stirred overnight at room tenperature.
It was then poured into water (25 m ), |layers separated and the

aqueous phase extracted with dichloromethane (3x20 m'). The
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conbined organic layers were washed with aqueous sodium

bi carbonate solution and dried. The residue after solvent

evaporation was purified by silica gel colum chromatography.

yield : 747 mg (859

IR (neat) : 2900, 1720, 1440, 1380, 1320, 1280, 1100, 1080, 980,
920, 800, 720, 680 cni?.

H NWVR © 6 120 - 208 (m, 9H , 412 (s, 2H CH,S0,Ph), 5.20
(m,OCH), 5.64 (m, 1H olefinic), 7.44 - 8.0 (m, 5H,
Ar) .

3¢ NWR : 17.70, 20.29, 24.82, 28.35 60.94, 73.06, 128.41,

128.89, 129.18, 130.48, 134.18, 138.89, 162.24 ppm.
Elemental anal ysis:
Cal cul ated for C,5H1g0,5 : C=61.20, H 6.16.
Found . C= 61.18, H 6.13.

The diazo transfer reaction:

To a stirred solution of the sulfone ester 55 (320 nmg,
1.0 mmol) in dichloromethane (1.5 ml) at 0-5 , was added DBU (228
my, 1.5 mmol) followed by dropwise addition of a solution of
tosyl azide (197 nmg, 1 mmol) in dichloromethane (1 m). After
15min, the reaction mixture was diluted wth dichloronethane,
washed with 5% aqueous HCL (3x5 m ), dried and concentrated. The
residue was purified by silica gel colum chromatography to
furnish the diazo conpound 56 as a pale yellow oil.
yield © 275mg (79%
IR (neat) : 2900, 2150, 1700, 1440, 1340, 1280, 1140, 1100, 960,
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900, 740, 600 cm 1.

H NMR :60.60-2.0(m 9H), 5.20 (m, 1H, OCH), 5.64 (m, 1H,
olefinic), 7.60 - 80 (m, 5H Ar).

El enental anal ysi s:

calcd for C H NO4S . C=056.23, H- 503 N= 8.76.

Found : C- 56.22, H=4.99, N 8.71.
Deconposi tion experinents on the diazo conpound 56:

Al solvents used in these experinents were dried using
appropriate drying agents and were degassed by bubbling nitrogen
through them
1.Thermolysis in benzene:

A solution of the diazo compound 56 (56 ng, 0.18 nmol)
in benzene (3 m) was heated at 150° in a sealed tube for 2h. The
reaction mxture was cooled and analyzed by tlc. A conplex tlc
pattern was observed. No attenpts were made to separate and

identify the individual conponents.

2. A solution of the diazo compound 56 (50 mg, 0.16
mol) in benzene (3 m) was heated in a sealed tube at 130° for 5
rin. The cooled reaction mxture was analyzed by tlc. Only the

starting material was seen. No other products were observed.

Deconpositions in the presence of Cu(acac)z:
3. The benzene solution (2 m) of 56 (35 mg, 0.11 mmol)

and Cu(acac)2 (4 no) was stirred at room tenperature for 10h.
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Tlc of the reaction mxture at the end of this period showed only
the starting material. Thus, no reaction was observed under these

condi tions.

4. A solution of 56 (447 mg, 1.29 mmol) and cCu(acac)
(45 nmg) in benzene (25 m) was heated under reflux for 8h. Only a
complex m xture was seen on the tlc plate. Therefore, no attenpts

were made to analyze the products.

5. A 0.01M solution of 56 (30 mg, 0.09 nmmol) and
Cu(acac) (3 ng) in benzene was heated under reflux for 5h. At
this stage the tlc indicated the absence of the starting
material. However, several other spots were also seen meking the
separation difficult. No characterizable product was isolated

fromthis mxture.

Deconposition experinents wth copper powder:

6. A solution of 56 (100 nyg, 0.31 mmol) in
chl orobenzene (7 m) was heated at 160° in the presence of copper
powder (electrolytic grade, 992 ng, 15.5 mml) in a sealed tube
for 90 min. The cooled reaction mixture was analyzed by tlc. A
conplex mxture was noticed. However, no attenpts were nede to

separate and identify the conponents of the m xture.

7. A solution of the diazo conmpound 56 (115 ng, 0.36

mmol) in cyclohexane (0.5 m) was slowy added to a refluxing
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slurry of copper powder (0.912 g, 14.4 mmol) in cycl ohexane (6
ml) . Heating was continued for 6h and the reaction mxture was
cooled, filtered and concentrated. Tlc of the reaction mxture

reveal ed many spots which could not be separated.

Decomposition experinent with Corey's catalyst:

8. To a refluxing solution of bi s (tert-butyl-
salicylaldiminato) copper(ll) (3 mg) in toluene (5 ml) was added
a solution of 56 (45 ng, 0.14 mmol) in toluene (4 m) over a
period of 12h. The reaction mixture was allowed to cool to room
tenmperature. The solvent was evaporated under reduced pressure
and the residue was chromatographed on a silica gel colum. The

only isolable material was the starting diazo conmpound in 8%

yi el d.
Experi ments with rhodi um acetate as catal yst for
cyclopropanation:

9. A 0.01M solution of 56 (100 mg, 0.31 mmol) and
rhodi um acetate (2 ng) in ether was stirred at room tenperature
for 24h. No reaction was observed as indicated by tlc analysis.

10. To a refluxing solution of rhodium acetate (2 nyg,
0.0033 mml) in alcohol free chloroform (1 m) was added a
solution of the diazo compound 56 (107 nmgy, 0.33 mml) in
chloroform (2 nl) over a period of 5 min. Heating was continued
for 48h. At this stage tlc indicated the presence of starting

material along with many other products.
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Et hyl 2-methyl-2-cyclohexen-1-yl malonate (62):

To a stirred solution of 2-methyl-2-cyclohexen-1-ol
(45) (112 mg, 1.0 mmol) in dichloromethane (1 m) at 0° was added
a solution of monoethyl nmmlonate (198 nmg, 1.5 nmol) in
dichl oronethane (1 nm) followed by DCC (309 mg, 1.5 mmpol) and
4-dimethylaminopyridine (12 ny, 0.1 nmmol). After stirring
overni ght at roomtenperature, the reaction m xture was worked up
as described for 55.
yield ;173 ng (77%
IR (neat) : 2900, 1720, 1300, 1160, 1040, 1000, 940 cni'®
14 NMR © 8 1.28 (t, 3H CH,CHy), 140 - 2.08 (m 9H), 3.32 (s

2H, CH,COOEt), 4.20 (g, 2H, OCH,CHj), 520 (m, 1H

2
OCH), 5.64 (m, 1H olefinic).

Di azo transfer reaction of 62:
The diazo transfer reaction of 62 was conducted as
described for 55 to provide the diazomalonate 63.
yield : 100%
IR (neat) : 2950, 2150, 1760, 1720, 1680, 1380, 1300, 1260, 1100,

920, 760 cmi't.

Cycl opropanati on experiments of 63:
1. Wth copper powder

To a boiling suspension of copper powder (500 ng, 7.8
nmmol) in xylene (1 ml) was addded a solution of the diazonal onate

63 (50 my, 0.2 mmol) in xylene (1 m ). The reaction mxture was
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heat ed under reflux for 6h, cooled and filtered. The filtrate was
concentrated and chronat ographed on a silica gel colum. The only
i sol abl e product was that of the cyclopropane 64.

yield ;17 mg (399

IR (neat) : 2950, 1740, 1440, 1240, 1060, 720 cmi'®.

1

H NMR : 5 040 - 240 (m, 13H , 4.24 (g, 2H OCH,CH;), 4.60

2
(br s, 1H, OCH) .

2. Wth Cu(acac)zz

A solution consisting of the diazo conpound 63 (40 mg,
0.16 mmol) , Cu(acac) (4 ng) in benzene (2 nm) was heated in a
sealed tube for 30 min. The cooled reaction mxture was filtered
and concentrated. Tlc of this revealed an intractable mixture.

Therefore no purification was attenpted.

3. Wth rhodi um acet at e:

To a stirring solution of 63 (33 ng, 0.13 mmol) in
al cohol free chloroform (1 m) at room tenperature was added
rhodi um acetate (2 ng) and the m xture was stirred for 32h, by
which time the starting material was conpletely consuned. The
reaction mxture was concentrated and anal yzed by tlc. A conplex

mixture was seen.

Esterification of 3-hydroxy-a-cyclocitral (73) w th 3-carbetheoxy
succinic acid 4-ethyl ester.

To a stirred solution of the alcohol 73 (100 ng, 0.6
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mmol) in dichloromethane (2 nl) at 0° was added dropwi se a
sol ution of 3-carbethoxysuccinic acid 4-ethyl ester (195 mg, 0.9
mmol) followed by DCC (184 mg, 0.9 nmmol) and 4-dimethyl-~
aminopyridine (7 ng, 0.06 mmol). The resulting mixture was
stirred overnight at room tenperature. Water (5 nl) was added,
layers separated and the aqueous |ayer extracted w th hexanes
(3x10 m). The organic extracts were conbined, dried and
concentrated. The product was purified by chromatography to
furnish 76 as an oil.

yield ;180 ng (82%

IR (neat) : 3000, 2950, 2800, 1720, 1700, 1440, 1380, 1280, 1180,

1040, 860, 740 cni't.

Attenpted M chael reactions of 76:
1. Wth pBu:

The substrate 76 (100 ng, 0.27 mmol) in benzene (1.5
m) was treated with DBU (2 drops) and stirred at room

tenperature for 24h. No reaction was noticeable by tlc analysis.

2. With sodium hydri de:

A solution of the substrate 76 (72 nmg, 0.2 mml) in

=

dimethylformamide (0.5 ml) was added to an oil free suspension o
sodi um hydride (6 ng, 0.25 mmol) in dimethylformamide (0.5 nl) at
room tenperature. The reaction was nonitored by tlc and no

observabl e change was noticed even after 24h.
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Chapter Il

Some Reactions of Unsaturated Sugars



Inireduction



Car bohydrates are one of the npbst inportant classes of
naturally occurring conpounds. Their inportance in our lives
cannot be over enphasized. Despite having such an exalted
position in Nature, carbohydrates have not received nuch
attention from mainstream organic chenmists until recently. This
negligence is surprising because our understanding of the
relevance of conformation and stereoelectronic effects on
chemical reactivity was derived from studying the reactions of
carbohydrates. Additionally, the pioneering work of Lemieux in
applying nmr as a tool for the structure elucidation of
carbohydrates led to a better understanding of the interpretive
power of nnr spectroscopy.

Due to the pioneering efforts of nany distinguished
carbohydrate chemi sts, sugars are now recognized as valuable
starting materials. In sugars one finds a wealth of attributes
that fulfill the reguirements sought by organic chenmist in the
quest for conquering enantionerically pure synthetic targets
Many of the total syntheses that have been achieved using
carbohydrates as starting materials have been expertly summarized
by Hanessi an

Car bohydrates are a cheap and replenishable source of
chiral conmpounds, available in a variety of cyclic and acyclic
forms, chain lengths and oxidation states. They are endowed with
a plethora of functional, stereochemical and conformational
features that are not matched by other classes of conpounds.

These features also ensure a fair degree of regio- and stereo
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control in bond formng reactions. Wth carbohydrates as starting
materials, one has the option of using a cyclic or acyclic carbon
atom framework consisting of 3-7 carbon atons, to nodify either
extremity and create or destroy chiral centres at wll by
chemi cal manipulation of existing functionality. The chemcial
diversity of carbohydrates is illustrated below by taking

D-glucose as an exanple.

Xo
OH OH
o1 o
OH SEL
HO

o :

A OH OH  SE
DIACETONIDE DITHIOACETAL
acetone,

ZnCly EtSH, H+
D—GLUCOQOSE
1)Ac,0 1)BzCI
2)Bry/P 2)Br, /P
MeOH, H+ 3)Zn/AcOH | I)ELNH
HO
0. 0
0 AcO Bz0
H !
Aco” Bz0"" 0Bz
OH | OMe
OH OAc 0Bz
GLUCOSIDE GLUCAL HYDROXYGLUCAL

On the industrial front, carbohydrates are beng



recogni zed as valuable organic raw materials . The production of
ethanol by fermentation of sucrose is well known. This process is
gaining inmportance as ethanol is an efficient alternative to
petrol eum based fuels whose availability is on the decline.
Sucrose based building blocks are being used as intermediates for
the production of new surfactants and polymers. Also, fatty acid
esters of sucrose, known as sucrose polyesters, have energed as
potential non-adsorbable substitutes for fats and oils in food.
The biotransformation of D-glucose to aromatics and adipic acid,
reported by Frost and coworkers is a notable achievenent because
they are  basic f eedst ocks for chemi cal i ndustry. Thi s
bi ocatal ytic process is environnent friendly and involves the use
of non-toxic and renewable raw materils.

Modern carbohydrate chenmistry deals extensively wth
the devel opment of synthetic nmethods for the preparation of
optically active conpounds. This area of research has been
necesitated by the discovery of several conplex naturally
occurring compounds.Many of them contain nodified sugar wunits
with nore than the traditionally encountered 5 or 6 carbon atons
and some of them also have chain branching like in hikizimycin
and calditol . In synthesizing these conplex natural products,
one finds that the normal or conventional sugars are not useful
as these are devoid of functional groups like double bonds and
carbonyl groups about which npbst of the organic transformations
revol ve. Therefore the study of unsaturated sugars becones

important.
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Introduction of specific carbonyl or olefinic unsatura-
tion needs careful synthetic planning. As the hydroxyl groups in
a sugar framework are of similar reactivity, this demands
protecting groups capable of distinguishing the subtle reactivity
differences anpng the hydroxyl groups. Fortunately, earlier
generation of carbohydrate chenists have done wonderful work on
the chemistry of protecting groups. This |egacy, conbined wth
the availability of nodern synthetic reagents capable of
effecting transformations under nild conditions, has led to new
and exciting discoveries in the area of unsaturated sugars.

Several unsaturated sugars are known in the literature,
cont ai ni ng doubl e bonds al nbst anywhere in the chain or ring. O
all these sugars, the 1,2 and 2,3 unsaturated sugars are the nost
common ones, because of their easy accessibility. Since this part
of the thesis deals with the reaction of unsaturated sugars, a
di scussion of sonme recent and inportant nmethods for their
preparation follows.

Historically, the first reported unsaturated sugar was
3,4,6~tri-O-acetyl-D-glucal (1). This was accidentally prepared
by the |egendary Emil Fischer. He named it glucal, having been
msled by the positive fuchsin so test on the crude nmterial.

However, this wong nonenclature continues even today and all 1,2

unsaturated sugars go by the trivial nane of glycal. The
systemmtic nonenclature, however, is 1,5-anhydro-2-deoxy- alken-
l-enitol.

Many net hods of glycal synthesis are available, but the



one reported by Fischer is still the best method . In the Fischer
met hod, a peracetylated glycosyl halide is treated with zinc dust
in acetic acid to elimnate the halide and the adjacent acetate
to furnish a glycal. A mgjor disadvantage of the Fischer method
is the instability of glycosyl halides and some of them are too
unstable to be isolated. Several variations of this nethod have
been proposed and have net wth success in the synthesis of

glycals.

AcO AcO
Zn/AcOH

-

AC

AcO | Br AcQ
DAc
RO RO

Sinay and coworkers reported that reductive elimnation
of phenylthio glycosides leads to glycal formation . Base induced

rearrangement of 2,3-anhydrosugars also produces glycals
AcQ AcO

m;} ROH/BF 0
(p —

Otc OAc  OR
2



The 2,3-unsaturated sugars have been synthesized by
several different methods. The easiest of themis by the Ferrier
rearrangenment of glycal 59.

2,3-Unsaturated sugars are also produced by 1)
elimnation of 2,3 hydroxyl groups or their derivatives, 2) base
catal yzed elimination of deoxy sugars. These are discussed in the
foll owi ng paragraphs.

1. Direct elinmnation of a 2,3 diol:

In this method the diol is treated with a phosphine, an

iodinating agent and imidazole in a solvent |ike toluene under

reflux conditions. Good yields of unsaturated sugars have been

reported.
Ph Ph
HO ] 9
H = H
e OMe 0 T DMe
OH
Reagents and conditions: a) PPh, inidazole, X [X = iodine,

triiodoimidazole or iodoform]

The iodinating agents that have been used are iodine |,
triiodoimidazole and iodoform
2. The Tipson - Cohen reaction:

In this versatile reaction, the sulfonate ester of a

Ph Ph
0, a 0,
HA ™ H
o OMe 0= OMe
NTa

Reagents and conditions: a) NaI, Zn dust, DMF retlux.
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vicinal diol is treated with sodium iodide and zinc dust in

boi ling pMF3,

Moderate to good yields of olefins have been obtained in this
reaction. Variations in this procedure involve the use of zinc -

copper couple and potassium iodi del?® rather than sodium iodide

and zinc.

Vicinal diol nono tosylates can also be converted to

ol efins under slightly nodified Tipson - Cohen conditions

XL

as

Reagents and conditions: a) Zn-Cu, NaI. DME - DMF,130°

3. From anhydrosugars:

In a procedure devel oped by Lemieux , the anhydrosugar
3 was first converted to an iodohydrin and then treated with p-

toluenesul fonic acid in pyridine to give the olefin 4.

Wy,

Reagents and conditions: a) NaI, NaOAc, acetic acid, acetone,
reflux; b) TsOH, Py, heat.

Several unsaturated sugars have been prepared by this procedure.



4. By elimnation of HX from deoxy sugars:

When sul fonates of deoxy sugars are treated with strong
bases, elimnation of the sulfonyloxy group takes place and
unsaturated sugars are fornmed. Epimeric sulfonates such as 5 and

6 give different olefins

ph, P phy
KO'Bu ’X
H
e
Q OMe OMe
5 owms
0 Ph O
=]
KOtBu
H MsO —_—— (8]
Oa OMe OMe

Many of the 4,5-unsaturated sugars have been prepared from

18
hexuronates . The following exanple illustrates this reaction.
HO L Me0,C.
0,M
e ®  NaOMe Br
MeOH
OMe OMe
0Bn OBn

The reactions  of unsaturated sugars have  been
extensively reviewed by Ferrier and in 1965 and 1969 19 The
coverage given here is to reactions of nore recent vintage.
Emphasis has been laid on the chemistry of glycals and
2,3-unsaturated sugars because of their ready availability.

Several of the general reactions that give rise to routine or
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expected products have been onitted.
Electrophilic addition reactions of glycals:

Gycals display some unusual chenical properties which
are not observed with other unsaturated sugars. The chenistry of
the glycal double bond is domnated by the presence of the
adj acent oxygen atom The pyranoid oxygen atom makes this double
bond electron rich and nost of its reactions are therefore

el ectrophilic in nature.

H— &

From the above canonical structures it can be seen that
the (3 carbon has excess electron density and hence el ectrophiles
attack this carbon exclusively. Several electrophiles have been
added to glycals and sone of the nore interesting ones are
di scussed bel ow.

In the presence of protic acids, alcohols and phenols
add across the glycal double bond to give 2-deoxyglycosides. Many
catal ysts have been used and these include strongly acidic ones
like nineral acids'® to the very mnildly acidic triphenyl-
phosphoni um bromi de . Heterogeneous catalysts like ion exchange
resins have also been enployed . Many different al cohols
i ncludi ng sugar al cohols have been used and excellent yields of

Act AcO
ROH,H+

R

AcO™ AcO ™

OAc
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glycosides are obtained. Wwen a sugar alcohol is used as a
nucl eophil e, deoxy oligosaccharides are formed.

In many cases, the a anomer predomi nates in the product
m xture. References 20 and 21 sunmarize the nethods available for
2-deoxyglycoside synthesis.

Some of the other electrophiles used in this reaction
are nercuric salts, el ectrophilic hal ogen reagents l'i ke
N-haloamides/imides, and phenyl sel enenyl hali des.

Mercuric salts (especial ly nmercuric acetate and
trifluoroacetate) give 2-deoxy-2-nercurio sugars which are very
versatile conpounds . These organomercury conpounds when treated

with thiourea undergo elimnation to give unsaturated sugars.

Ac o} Ac 0 OR
HgXy
AcO™” ROH AcO™ HgX
: OAc OAc
AcO W /

Reductive demercuration with sodium borohydride gives 2-deoxy-
sugars in high yields. When this reaction is conducted in the

presence of suitable olefins, C2 branched sugars are obtained?3



AcO OR

A0 Hgx

OAc

Reagents and conditions: a )NaBH or Ph SnH, acrylonitrile, MeOH.
2-Deoxysugars have also been synthesized by adding

phenyl sel enenyl chloride to glycals in the presence of alcohols

followed by reductive renoval of the phenyl sel enenyl group

Ac AcO JOR
a,b

—_—

Ao A0

OAc OAc

Reagents and conditions: a) PhSeCl, collidine, ROH; b) Ph SnH,

tol uene, heat.

Bn PhSeCl BnO
SR s
Bno™ 9 Bno™"
mCPBA
o TI(NOs);
—
80" CH3CN

BnC OBn

0Bn

On the other hand, ring contraction was observed when
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the phenyl sel eno sugar was oxidized with MCPBA . This reaction
provides a very convenient nethod for the synthesis of chiral
tetrahydrofurans. It inportant to note that all the carbon atons
of the thus produced tetrahydrofuran are chiral. Ring contraction
of glycals are also observed when they are treated with thallium
(I1'1) nitrate in acetonitrile

Addition of electrophilic halogen reagents in the
presence of nucleophiles produces 2-deoxy-2-halosugars . These
hal osugars on reductive removal of halogens provide 2-deoxy

28

gl ycosi des” -, whi ch are i mport ant constituents of many

anti biotics.
BnO

Bno™"

0Bn

Reagents and conditions: a) NXS (NISor NBS), ROH.

OH
0)}—0
+ o}
OBn f\ 0Bn
0
/
CHyCN OBz
OR 0Bz
iterate
Oligosaccharides
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Danishefsky has wused this nmethodology for the synthesis of
ol i gosaccharides. He directed the growth of the sugar chain by
choosing partially protected glycal esters as glycosyl acceptors
and glycal ethers are glycosyl donors. Because of the presence of
esters the corresponding glycal becomes electron deficient
conpared to the glycal ether and the added electrophile
selectively attacks the nore electron rich double bond
Rearragement reactions:

In his experinents wth hydroxyglycals, Ferrier found
that when 7 was heated in acetic acid, 8 was produced as an
anomeric mxture in very good yields. Subsequent experiments
revealed that 7 when heated in an inert solvent like nitro-
benzene, produced the (3 anomer 9 exclusively. Anonerization was

found to be very slow under these conditions.

AcO ACOH AcO DAc
RS- =3
aco”” OAc AcO OAc
8
7
Ac OAc
PhNO;
—— 4
OAc Heat ACO\N OAc
8
Mo—mom
AcO OAc AcO OAc
OAc 1"
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It was also found that tetraacetyl-D-galactal (10) did
not wundergo this reaction under identical <conditions. This
difference in reactivity was explained by invoking participation
of the trans G4 acetoxy group in the rearrangenment of 7
The Ferrier Rearrangenent:

In the presence of Lewis acids, the reaction of glycals
with al cohols takes an entirely different course. It was observed
that when triacetyl glucal was treated with Lewis acids like
BF .Et.0 in an inert solvent like benzene in the presence of
nucl eophilic solvents like alcohols, rearrangenent of the double
bond took place with concomittant loss of one acetoxy group and
addition of the nucleophile. This resulted in the formation a
2,3-unsaturated sugar . This reaction has been studied in detail
by Ferrier and the followi ng mechanism involving the four centre

cation 12 is now widely accepted

ACO AcO AcO AcD
ROH
A BFy j) 2
/ &/ b
OAc

OAc OAC gF,0Ac

0Az OR
12
Several alcohols including sugar alcohols have been
used and good yields of a anomers of 2,3-unsaturated sugars
obt ai ned.
During the course of time, the intermediate 12 has been
trapped wth several nucl eophiles like hydride (Et,siﬂ)?’?’

cyani de (Et2A1CN)34, enol silanes®, allyl silanes® and



Ac AcO

Q o}
DAc  CN Il
E4,AICN R
AcO AcO AcO
BFy EtySiH 0,
OhAc MRS
+
QAc OAc OAc
1 12
OTEIDMS
stannanes and silyl acetylenes . These modifications of the

original reaction have given rise to new and versatile syntheses
of C-glycosides from glycals. c¢-Glycosides have been used in the
synthesis of many conplex natural products !

This reaction has also been used for the synthesis of
some other glycals. For exanple, D-allal and D-gulal derivatives
13 and 15 have been synthesized from triacetyl-D-glucal (1) and

triacetyl-D-galactal (14), respectively®®
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AcO.

AcO
@ PhSH mCPBA
BFy
OAc
i

OAc  SPh
AcO, AC
base 0
LS
= HO
OAc  S(O)Ph OAe
13

AcO AcO
A‘% Mb
14 SPh
AcO Ohz
Aco| AO) o
S

S(Q)Ph
(0) i

Conpetitive Ferrier rearrangenent:

Tribenzyl glucal undergoes fornylation under Vilsmeier

condi ti ons4o, and the product 2-formyl glucal has been used to
RO 0 WOR'
RO
oR OR
17
Reagents and conditions: a) DMF,poCl ; b) NaBH,; c) Ac 0; d)

R‘OH, BF .Et 0.
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study competitive Ferrier rearrangement. Thus, when 16, prepared
from a 2-formyl glucal by reduction of the aldehyde group
followed by acetylation, is subjected to the Ferrier
rearrangement, only an exo olefin 17 is formed and none of the
2,3 dideoxy sugar is seen

I'n synthesizing spiroannel ated sugars, Paquette
observed that steric factors could override the normal Ferrier
rearrangement pat hway in acid catalyzed reactions of
Cl-substituted glycals containing tertiary hydroxy groups42
Compound 18, when treated with catalytic amounts of acid,

furnished 19, a product of Ferrier rearrangement followed by

OTBOMS 5
: OTBOMS
OTBOMS (g
——d (e R
' CHIClz
19

OTBOMS

OTBDMS

al kyl mgration. On the other hand, 20 gave a different product
21 resulting from alkyl mgration wthout Ferrier rearrange-
ment. In the case of 20, relief of the inherent strain in the 4-
membered ring directs the course of rearrangenent.
Si gnatropi c rearrangenents:

Si gnatropic rearrangenents such as the Cl ai sen

rearrangenent provide a convenient route to the synthesis of
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novel sugar derivatives. Since the Caisen rearragement provides
stereospecificity, this nethodology based on sugars is an
attractive way to chiral starting materials. Thus, the Caisen
rearrangenment of glycals furnish c-glycosides. Some exanples of

this kind of reaction are given bel ow43

OR OAc COzH
kgfji>
TBOMS
R
\
OTBDMS

o £:2Iaous ! i ;
CO,H
) — X

Oxi dation of glycals:
When treated with pyridinium chlorochromate, glycals
undergo oxidation wth rearrangement of the double bond to

44. A nore efficient method of

furnish lactones in good vyields
oxi dation of glycals was reported by Lichtenthaler 45 e observed
that glycal esters on treatment with mCPBA in the presence of
Lewis acids like BF .Et 0 at -20°, were oxidized to ene |actones
in high yields. This reaction has been found to be general and
several glycals have been oxidized to the corres- ponding ene
lactones in high yields. Tenperature control is very essential

for the success of the oxidation reaction. Best yields are

obtained at -20°. Wen the reaction mxture is allowed to warm



upto to room tenperature, ring cleavage is observed along with
the loss of one carbon atom This produces «, B-unsaturated

al dehydes as products.

ACO AcO
= mCPBA/BFy A
/ - 200 —
OAc AcO
it | 0CHO
mCPBA/BF AED\/L/
Ac 8 ZtHo
/' —20->2%
DA

1
Chenmistry of 2,3-unsaturated sugars:

2,3-Unsaturated sugars are of less inportance. They are
useful chiral starting naterials and have been enployed in the
synthesis of natural products. The fact that they are readily
obtained from glycals mmkes them even nore attractive. The
chem stry of 2, 3-unsaturated sugars has been reviewed by
Fraser-Reid . Sone of the interesting reactions of 2,3- unsatu-
rated sugars are discussed in the next few pages.

Al lylic displacenment reactions:

In 1970, Fraser-Reid observed that 2,3-unsaturated
sugars can be converted to 3-deoxy glycals by treatnent wth
l'ithium al um num hydride. This is an inportant finding because it
offers an easy way to label specific carbons in the sugar

chai n*’.
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Phy £ Ph, P
0 LaH/LAD L}
H
oM ’

H/D
6 Al > o
DY e — s ()
OMs OMe OMe
22 23

In a similar reaction, the exo glycal 22 was converted
to a 4,5 unsaturated sugar 23 with allylic displacenent of the

48
ACO AcO
—]—O R,Culi F‘,O
—
h\

mesylate group
DAc  OMe OMe

Wth organocuprates, 2,3-unsaturated sugars undergo

49 This

di spl acenent reaction and provide G2 branched sugars
reaction is illustrated by taking 24 as an exanple.
Sigmatropic rearrangenents:

Sigmatropic rearrangenent reactions are anongst the
important reactions of 2,3-unsaturated sugars. As early as 1970,
Ferrier found that 2,3-unsaturated sugars suitably substituted at
G4 undergo rearrangenents to furnish 2-deoxy-2-amino or G2

branched sugars . Exanples of these types of reactions are

illustrated bel ow.
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NCS
e OMe
Ms MsO
0 (o]
Ny OMe OMe

M
OMe
OMe
CHO

and co-workers studied another possibility in

OMs
]
]

3
o
=
&

Heyns

these rearrangements. Thus, alkenyl glycosides bearing vinyloxy

substituents at c¢-1, rearrange, furnishing G3 branched sugars
A typical exanple is shown bel ow.
RO RO

RO.
0
10  BuOK 0
L S——
DMSO 4

Ri = i\/“ OR NN RO
CHO

Recently, a synthesis of 2-deoxy-2-amino sugars was

reported based on the 3,3 sigmatropic rearrangement of 4-tri-

chloroacetimidate 25 of a 2,3-unsaturated sugar

o. . DOEt

TBOMSO 0. OEt TBDMSO
—l—

D Ilw

C|_,c»/L NH 07> CChy



Free radical cyclizations:

Free radical cyclization reactions are gaining inpor-
tance in organic synthesis. Unsaturated carbohydrates provide
ideal substrates for the study of these reactions. Various fused
ring systems have been prepared by radical cyclization of
suitabl e unsaturated sugars. Sonme exanples of these cyclizations

are given belouSJ

H

RO—\[O)_,.-O R C. o]
RO /Brj ROW b

Tro. 0

o
I\/Kogt

RO—\[O)_‘.OJ WSHBUa R
e e—
RO Br AIBN

Qur primary interest in the chemistry of unsaturated

sugars was to develop a general nmethod for the construction of
functionalized nedium sized ring systens especially oxepanes,
from glycals. In recent years, several marine natural products
da54

have been isolate Many of them are substituted medium ring
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oxygen heterocycles either monocyclic or nore commonly fused.
Exanples include the toxins belonging to the brevetoxin and
ciguatoxin famlies.

There are not many general methods for the synthesis of
nedi um sized oxacycles. Sonme of the available methods for the
construction of oxepanes are discussed bel ow.

1) Cyclization of epoxy alcohols:

During their work on the syntheses of marine toxins,
Ni col aou and co-workers discovered that the course of acid
catal yzed cyclization of epoxy alcohols could be altered by
suitable substituents . They found that epoxides having alkyl
substituents followed an exo cyclization pathway and those having

vinylic substituents followed an endo cyclization pathway.

I-IG,"H_/ N\, H j
+ HO._:
—= 4 °
B OH
R H o R

R = CH,CH,CO;Me 0 100
R = E—CH=CHCO;Me 22 78
R = =CH=CH, 82 18
R = E—CH=CH, 92 8

I'n epoxides having vinylic substituents, endo npde of
cyclization was preferred owing to the stabilization of the
devel oping positive charge by the adjacent double bond.

2) Insertion of carbenes into o-H bonds:
When carbenes derived from diazo conpounds such as 26

insert into appropriately placed O0-H bonds intramolecularly,

B2



oxepanes are formed . This is currently being used by Mody in

the synthesis of hemibrevetoxin.

(L (X
P — —_—
§he z . 07Nz
H 2§ l'|1

3) Cyclization of w-trialkylstannyl ether acetals:

The reaction of acetals wth allylstannanes in the
presence of Lewis acids has been nade use of by vamamoto for the
construction of nedium sized ring systems. Thus, when treated

with Lewis acids, 27 underwent cyclization to furnish oxepanes

————

TiCly 0 '

C H\/\ R (CHa)sOH
o]

It occurred to us that it should be possible to effect
an insertion honologation of glycals by adding a suitable carbene
and solvolyzing the resultant strained cycl opropane. This
met hodol ogy would provide access to functionalized oxepanes
containing several asymetric centres. W anticipated that the
sol vol ysi s

0 0
O—0

woul d be accelerated by the participation of the adjacent

pyranoi d oxygen atom The results of this study are discussed in

the next section.
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Synt hesis of functionalized sSeven memebered oOxygen
heterocycles is a topic of current interest. This interest is due
to the isolation of several marine natural products having very
conplex structures containing several fused ring systems of
vari ous sizes including seven membered ones . Many of these are
highly toxic and are active even at nanogram |evels. However,
their scarce availability has hanper ed phar macol ogi cal
investigations. Therefore their syntheses becone inportant.

Qur entry into this field was pronpted by the lack of
general nethods for the synthesis of nedium sized rings, sone of
whi ch have been described in the previous section. W envisaged a
strategy by which glycals were to be honpl ogated by insertion of
a suitable one carbon wunit. Qur strategy consisted of the
addition of dihalocarbenes to glycals and solvolysis of the

resultant dihalocyclopropanes. This is schematically shown bel ow.

A search in the literature revealed that there are very
few reports concerni ng sugar derived dihal ocycl opropanes.
Brimacombe was the first to report the addition of dichloro-
carbene to glycals . He successfully added dichlorocarbene to
3,4,6-tri-0o-methyl-D-glucal (29) to give 3,4,6-tri-O-methyl-1,5
anhydro-2deoxy-1,2-C-dichloromethylene-D-glycero-D-gulo~hexitol

(30) in very good yields. The stereochenmistry of the addition of



dichlorocarbene was assigned by analogy with the epoxidation of
glycals with McpBA, which are known to form a epoxides 59. Later
in 1979, G oss reported the addition of dibromo- and

di chl orocarbenes to several unsaturated sugars
MeO

Mo

OMe OMe
29 30

We decided to investigate this reaction in greater
detail and also extend it to other glycals. W used the now
standard phase transfer <catalysis for the generation of
di hal ocarbenes. Four representative glycals, nanely 3,4,6- tri-O
benzyl-D-glucal (31), 3,4,6-tri-O-benzyl-D-galactal (32), 3,4-di-
O-benzyl-L-rhamnal (33) and 3,4-di-O-benzyl-D-xylal (34) were
chosen as substrates. We  used bot h dibromocarbene and

di chl orocarbene for our studies.

BnO 0 w, O Q
OO0
Bn0"" BnO Bn0” Y BnO“"'Q
OBn 0Bn 0OBn 0Bn
1 a2 33 34

SYNTHESI S OF DIHALOCYCLOPROPANES FROM GLYCALS:
We chose to wuse the benzylated glycals in our
investigations because they are stable to the strongly alkaline

condi tions of the dihalocarbene generation and also as they are
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relatively non polar which nakes their chronmatographic puri-
fication easier. The benzylated glycals were prepared from free
gl ycal s enploying standard benzylation conditions (sodium hydride
and benzyl chloride). The glycals thenselves were prepared by the
wel | established procedure of Fischer . The identities of the
benzylated glycals were established by conparing their spectral

and physical data with that reported in the literature
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Reagents and condi tions: CHC1,,50% aq. NaOH., BnEtNCl (cat. )
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The dichl orocycl opropanes were synthesized by treating chloroform
solutions of the glycals containing a small anpunt of benzyl
triethylammonium chloride as the phase transfer catalyst, wth
50% aqueous sodium hydroxide. Wth all the four substrates, we
obtained only a single adduct in fair to excellent yields . The
individual results are tabulated bel ow.

TABLE |

substrate product yield
31 35 84%
32 36 92%
33 37 95%
34 38 55%

When we perforned the reaction replacing chloroform by
bromoform under otherw se identical conditions, no product could
be isolated. The reaction mxture turned black within a few
mnutes and also becanme very viscous. Decreasing the
concentration of sodium hydroxide solution did not offer any
useful results. Either the starting material was destroyed or
there was no reaction. Fortunately, when we used a nodified
procedure enploying a large excess of potassium fluoride and
smal l er anmounts of alkali®, the addition of dibromocarbene to0k
place cleanly and the dibronocycl opropanes were obtained in good

yields. Barring dibenzyl-L-rhamnal (33), which gave two adducts



H
Q
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BnO" n H
OBn 0Bn
34 43

Reagents and condi tions: CHBr,. KF - 15% NaOH, BnEt NCI (cat. )
41 and 42 in a 7:1 ratio, the other glycals gave only single

adducts. These results are presented in table I1.
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TABLE |1

gl ycal product yield
31 39 79%
32 40 71%
33 41,42 81%
34 43 64%

We established the stereochemstry of the products of
addition of dihalocarbenes to glycals 31, 32, 33 and 34 by nmr
spectroscopy. The chemical shift and splitting of the G2 proton
were the starting points for structure determnation. The G2
hydr ogen, in all the adducts, resonated around 2.0 ppm and
appeared as a doublet of doublet with the sole of exception of 42

in which it was an apparent triplet.

Jig = BHZ J33 = 4Hz Jig = Jpy = BHz

41 42

The 4 line pattern of the G2 hydrogen had coupling
constants of around 8 and 4 Hz. The |arger value was assigned to

312 coupling aseyjdenced from the H-1 signal (a doublet with 8
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Hz coupling constant). The snaller value of the coupling between
G2 and G3 protons suggests a quasi axi al - equatorial
arrangenent. |In adduct 42, the H2 proton appears as an apparent
triplet with a coupling constant of 8 Hz. This is possible only
if the concerned protons H-1, H2 and H3 are all on the sane
face of the nolecule. Therefore, it is reasonable to assune that
J. is around 4 Hz when H2 and H3 are trans to one another and
is around 8 Hz when they are cis to one another. Qur assignnents
were confirmed by 2D COSY experinments on adducts 41 (mmjor) and
42 (mnor) derived fromdi benzyl rhamnal (33) (figures 1 and 2).
In the COSY spectrum of adduct 41, the signal at 1.88
ppm showed two cross peaks with signals at 3.50 and 3.80 ppm,
respectively. Since the doublet at 3.80 ppm did not show cross
peaks wth any other signal, it was assigned as HI.
Consequently, the 1.88 ppm signal has to be H-2. It is now
obvious that the 3.50 ppm signal corresponds to H 3. The CO8Y
spectrum of 42 also showed similar cross peaks, thus assigning
H 2 unanbi guously. The nagnitude of Jyyr @S mentioned above,
indicates the stereochemstry of the adduct to be «. These
experiments conclusively prove that Brimacombe’s assignment was
correct. Thus, the products of dihal ocyclopropanation are either
exclusively or predomnantly formed on the face of the double
bond away fromthe G3 substitutent, as can be expected on steric
grounds. A table showing the chenmical shifts and different
coupling constants of H2 is given below The table also gives

t he 13c chem cal shifts of the G2 and G7 carbons.
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TABLE 111

conpound H- 2(6) Jip(Hz)  J,5(Hz) C-2(ppm) C 7(ppm
35 1.78 7.9 4.4 34,41 61.62
36 1.96 8.9 4.3 31. 09 61.81
37 1.80 8.2 4.2 33.92 57. 86
38 1.77 7.9 3.8 33.08 51. 86
39 1.86 7.8 4.6 35.00 34. 06
40 2.06 8.8 4.3 32. 16 35. 15
41 1.88 7.9 4.2 35.71 33.73
42 2.28 8. 0 7.9 33. 92 31. 19
43 1.89 7.8 3.9 34.06 32.81

It is of interest to note that the chemcal shifts of
the carbon carrying chlorines are higher than their bromnine
containing counterparts. The G2 chemical shifts remain nore or
less constant in both the series. These observations are in
agreenment with published values for 7,7-dibronp- and 7,7-dichloro
nor car anes &4
SOLVOLYSIS OF THE DI HALOCYCLOPROPANES:

Wth the structure of the adducts secure, we set out to

perform their solvolysis. Before explaining our results, a brief

di scussion on the solvolysis of cyclopropyl halides is presented.
Ag* SOH
X —— 9 e — ;"”\\/OS
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Under solvolytic conditions, cyclopropyl halides give
rise to cyclopropyl cations. These cations undergo electrocyclic
ring opening to furnish the corresponding allyl cations, which
are then captured by nucleophiles. In one of the early
experinents on the solvolysis of cyclopropyl halides, skell and
Sandi er observed that epimeric halides 44 and 45 give different
solvolysis products . The results are readily explained by the
principle of conservation of orbital symmetry . The cyclopropyl
cations being two electron systems undergo thermal disrotatory
ring opening. It is also known that the direction of ring opening

is always opposite to the direction of hal ogen departure.

45

In bicyclic systems, of the two possible ring opening
pat hways, the one in which the endo halogen is lost is preferred
over the pathway involving exo hal ogen |oss.

During the disrotatory ring opening involving exo
hal ogen | oss, the cycl opropyl protons experience severe

transannul ar interactions. Thus, exo-halogen |oss is strongly
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di sfavoured. During the departure of endo halogen no such
unfavourable interactions are present. Therefore, this becones
the favoured reaction pathway. The results of Skell and Sandier

are readily explained on the basis of these argunents.

We anticipated that in our system the cyclopropyl
cation 46 resulting from the 1loss of endo halogen, woul d
rearrange in such a way that the positive charge of the resultant
allyl cation is placed at c-1. The driving force for this comes
from the stabilization of the positive charge by the adjacent
oxygen atom Capture by a nucleophilic solvent |ike nethanol
woul d then provide a seven membered gl ycoside.

W attenpted the solvolysis experiments on the



di chl orocycl opropane 35 derived from 31 because of its ready
availability. Wen heated in acetic acid for 16h, no reaction was
observed and only the starting material was recovered

Lewis acids such as boron trifluoride and aluminum
chloride are known to pronote ionisation of GX bonds and
therefore should be useful as catalysts in solvolysis reactions.
When the dichlorocyclopropane 35 was treated with boron
trifluoride in acetic acid, no reaction was observed even after
one week at room tenperature, while after refluxing for 24h a
conpl ex m xture was obtained. We thought the reaction conditions
were too vigourous and repeated the experinment under |ess
vigourous conditions. This time, the reaction mxture was heated
for only one hour. But under these conditions, no reaction was
observed. W conducted these experinments to see if the use of
expensive silver salts, which could be avoided.Which have been
known for a long time to be good catalysts for the solvolysis of
G X bonds . In such cases, reaction is driven to conpletion by
the precipitation of silver halides. Since our attenpts at
solvolyzing the dichlorocyclopropane (35 in the absence of
silver salts were unsuccessful, we next turned our attention to
silver ion assisted solvolysis. |In our experinments, we used
silver salts of varying reactivities and our results are

presented bel ow.

When the solvolysis was conducted in refluxing methanol
with silver nitrate as catalyst, no reaction was observed. The

same was the result when silver acetate was used as catalyst in

9%



refluxing acetic acid. W next used silver tetrafluoroborate as
the catalyst. At room tenperature in acetic acid, no solvolysis
was observed. At higher tenperatures also no reaction was seen.
We suspected that acetic acid alone was not sufficiently
nucl eophilic and wused its sodium salt along wth silver

tetrafluoroborate. But in this case also, no solvolysis was

observed.

Silver perchlorate is known to be an effective catalyst
in the solvolysis of cyclopropyl halides ' . It is soluble in
many organic solvents thus i ncreasi ng its effectiveness.

Unfortunately, our solvolysis experiments with silver perchlorate
in methanolic solutions were not fruitful. Wien the reaction was
conducted in aqueous acetone, no solvolysis took place.

Wth the failure of silver salts to effect solvolysis,

we |ooked for alternate nethods to achieve the same. A search in

the literature revealed that dihal ocyclopropanes are cleaved
under alkaline conditions also . Potassium t-butoxide was the
base nost often used in these reeactions. When the

di chl orocycl opropane 35 was refluxed with potassium t-butoxide
(prepared in situ by di ssol ution of t he et al in
excesst-butanol) , solvolysis took place as indicated by the
presence of t-butyl and olefinic signals in the H nmr spectrum

However, the reaction could not be reproduced due to the
sensitive nature of potassium netal. Commer ci al pot assi um
t-butoxide was not useful in this reaction. This forced us to

look for other bases. W opted to use sodium methoxide first.
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Wth sodium nmethoxide in methanol the reaction was very sluggish
and only an insigificant amount of product was formed after
heating for 48h. W did not conduct any additional experinents in
the light of these failures. A conplete listing of the above
experinments is provided in table IV.

TABLE 1V

Solvolysis experinments on 35

Entry Reaction Conditions Resul t

1. AcOH, reflux, 16h. no reaction
2. BF .Et20, AcOH, rt, 1lweek no reaction
3. BFJ.EtZO, AcOH, reflux, 24h conpl ex m xture
4. BF .Et 0, AcOH reflux, 1h no reaction
5. AgNO , MeOH, reflux, 2h no reaction
6. AgOAc, AcOH, reflux, 4h no reaction
7. AgBF , AcOH, rt, 22h no reaction
8. AgBF , AcOH, 807, 24h no reaction
9. AgBF , NaOAc, AcOH, 80°, 24h no reaction
10. AgCl O , MeOH, reflux, 16h no reaction
11. AgClO , ag. acetone, rt no reaction
12. t-BuOK, t=-BuOH, reflux sol vol ysi s
13. NaOVe, MeCH, reflux, 2days no reaction

We attribute the failure of the solvolysis experinents
to the lower reactivity of the C-Cl bond. Generally, the bromo

conpounds are nore reactive than their <chloro counterparts.
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Therefore, we expected the dibronmocycl opropanes to solvolyze nore
readily and subjected the dibronocyclopropane 39 to silverion
catal yzed solvolytic reactions. The results are discussed in the
fol |l owi ng paragraphs.

First, we used relatively inexpensive silver salts like
silver acetate. In refluxing acetic acid, silver acetate did not
bring about any reaction. Silver trifluorocacetate also did not
effect any solvolysis. No reaction was observed when an aqueous
acetone solution of the dibronmocyclopropane 39 was treated with
silver triflate at room tenperature or at reflux tenperature. The
same reaction conducted in methanolic tetrahydrofuran failed to
effect any solvolysis. A higher boiling solvent 1ike aqueous
di oxane also failed to bring about solvolysis. The solvolysis was
now attenpted under vigorous conditions. Thus, a solution of
39and silver triflate in acetic acid was heated under reflux for
16h. Under these conditions no solvolysis product could be
isolated, although the H nmr spectrum of the crude product
showed acetate signals. Only benzyl acetate was isolable by
chromatography. This was identified by its pleasant snell and by
conparison of its nm spectrum wth that reported in the
literature.

As the above conditions proved to be too drastic, we
repeated the reaction for only one hour under otherw se identical
conditions. Again, except for benzyl acetate, no other product
could be isolated. The same was the result when the reaction was

run at a lower tenperature of around 80°. It was not clear how
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benzyl acetate was fornmed in these reactions. W did not
investigate its nmobde of formation as our main interest was in the
sol vol ysis reaction.

We next used silver tetrafluoroborate as silver
triflate did not offer a clean reaction. Unfortunately, silver
tetrafluoroborate did not effect any reaction. Silver perchlorate

has been known to effect solvolysis of dibroraocycl opropanes under

mild conditions and this was wused next. In acetic acid
solutions at 60-70 , silver perchlorate did not bring about
solvolysis. |In aqueous acetonitrile, under reflux conditions,

only a conplex mxture with sone starting material was obtained.
However, we did not attenmpt to purify this mxture. Qur
experinmental results on the solvolysis of 39 are collected in the
acconpanyi ng table.

We suspected that the benzyloxy nethyl substituent at
C5 m ght be blocking the approach trajectory of silver ion toward
the endo bromine, and, as a consequence of this, no solvolysis
was taking place. In the dibronmocycl opropane 43 derived from 34,
no such possiblity exists as it contains no substituent at G5
and therefore, no steric hindrance should exist for the approach
of silver ion. When we solvolyzed 43, with silver perchlorate in

refluxi ng methanol, again no reaction was observed.
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TABLE V

Sol vol ysi s experinments on 39

Entry Reaction Conditions Resul t

1. AgOAc, AcOH, reflux no reaction

2. AgOCOCFa, CF3C02H, rt, 2h no reaction

3. AgOTf, MeOH~THF, rt, 2d no reaction

4, AgOTf, MeOH THF, reflux, 4h no reaction

5. AgOTf, aq. acetone, rt, 2h no reaction

6. AgOTf, ag. acetone, reflux, 8h no reaction

7. AgOTf, aq. dioxane, reflux, 4h no reaction

8. AgOTf, AcOH, reflux, 16h conpl ex m xture

9. AgOTf, AcOH, reflux, 1h conpl ex m xture

10. AgOTf, AcOH, 80°, 3h conpl ex mxture

11. AgBF,, AcOH rt, 1h no reaction

12. AgClo,, AcOH, 60-70° no reaction

13. AgCl0,, ag. CH,CN, reflux, 24h conpl ex mi xture
With the failure of the silver ion catalyzed solvolysis

reaction, we turned our attention to alkaline solvolysis.

Recently, Banwel | and coworkers reported t hat dibromo-

cycl opropanes of enol ethers undergo solvolysis in methanol in

OMe

MeO
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the presence of excess potassium carbonate furnishing ring
expanded products . Ve wer e el ated to find t hat
dibromocyclopropane 39 underwent snooth solvolysis under these
conditions. Only two products were formed and they were separable
by careful colum chromatography. The total yield of the products
was about 65% The structures of these products were established

by extensive nmr studies.

7
BnO BnO ¢ 0! OMe
D
3 BrO " A
Bno ™ " 3 “Br
3
OBn BnO
39 47 & 48

The H and C nmr spectra of the products were simlar
and this hinted that the products may have simlar structures.
The 1.88 ppm signal corresponding to H2 of the starting conpound
was conspicuously absent in the products. In C nnr spectrum
also, the signals at 34.06 and 35.0 ppm were absent. In the H
nnr spectra of the products 47 and 48, a sharp singlet at 3.50
ppm integrating for 3 protons of a methoxyl group indicated that
the solvolysis had indeed taken place. Additionally, in the H
nnt spectrum of the mmjor product 47, two narrow doublets at 5.15
and 6.80 ppm having a coupling constant of 1.7 Hz, each
integrating for one proton were seen. In the H nnr spectrum of
m nor product 48, the doublets at 5.15 and 6.80 ppm had a
coupling of 3.3 Hz.

In order to establish the connectivity network, a 2D
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COSY experinent was perfornmed. In the COSY spectrum of the mgjor
product 47, cross peaks were between signals at 5.15 and 6.80 ppm
indicating coupling between them The 6.80 ppm signal was further
coupled to a signal at 4.80 ppm Oher couplings of the 4.80 ppm
signal could not be established unanbiguously because of the
cl oseness of signals. As the 5.15 ppm signal showed no other
cross peaks, it was assigned to H~1. The 6.80 ppm doublet was
assigned to G3 hydrogen based on the observation that solvolysis
of dihal ocycl opropanes produces an allylic system wth the
hal ogen on the niddle carbon. The small value of J13 al so
supports this assignnent (figures 3 and 4).

Further structural information was obtained from an
anal ysis of the C nmr spectrum of 47. W used the results of
DEPT experinments to establish the nature of the carbon atoms. The
four signals around 138 ppm were identified as quarternary
carbons due to their absence in the DEPT spectra. Three of these
belong to the phenyl rings and the remaining one was assigned to
the olefinic carbon carrying bromne. Furthernore, the DEPT
experiments showed that there are five methine carbons, four
net hyl ene carbons and one nmethyl carbon in the nolecule. The
nmet hyl carbon obviously belongs to the methoxyl group. Three of
the four nethylene signals were assigned to benzylic carbons and
the remaining one to C-7. The nethine carbons were assigned to
carbons 1,3,4,5 and 6. The signals at 112.5 ppm of the major
product 47 and 114.7 ppm of the minor product 48 being olefinic

in nature, were assigned to C-3. The signals at 99.9 ppm in 47
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Figure 3: HH QOSY spectrum of 47
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and 101.1 ppm in 48 were assigned to c-1. These assignments were
confirmed by GH COSY spectra. In the GH COSY spectrum of the
mej or product 47, the 5.15 ppm signal (proton) correlated to 99.9
ppm signal (carbon), and 6.80 ppm (proton) signal correlated to
112.5 ppm (carbon). Likewi se, correlations were found for the
corresponding signals of the mnor product 48. Unfortunately, we
could not assign the anomeric stereochenmistry of the products on
the basis of the above information but the skeletal structure was

established to be a seven membered ring (figures 5 and 6).

TABLE VI
Substrate Products Yield
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Encouraged by the success of the above reaction, we
extended this procedure to other dibromocyclopropanes 40, 41 and
43. Al of them underwent solvolysis to produce
ring expanded systems. Unlike with 47 and 48, these products
could not be satisfactorily separated by chromatography and al so
they were not very stable, deconposing over a period of 2 days.
The results of these experinents are presented Table VI.

The failure of the silver ion catalyzed solvolysis
proved to be a blessing in disguise as this nethod wusing
potassium carbonate is definitely nore economcal. Thus, a
general and versatile method has been devel oped for the synthesis
of functionalized oxepanes, fulfilling one of our objectives as
stated earlier in the beginning of this chapter.

Recent devel opnent s in t he synt hesi s of
oligosaccharides from strained three membered rings fused to
pyranoses pronpted us to examine the possibility of wusing
cycl opropanes derived from glycals as substrates for a simlar
reaction as they can be readily obtained by reduction of the
correspondi ng dihalocyclopropanes. W tried some of the available
dehal ogenation nethods and our results are discussed in the
follow ng pages.

Trial kyltin hydrides have been known for a long tine as
effective dehalogenating agents . They have been used in the
dehal ogenation of gem-dihalocyclopropanes also . In 1963,
Seyferth reported the use of tributyltin hydride in reductive

dehal ogenati on of cycl opropyl halides. He f ound t hat



7,7-dibromonorcarane react ed al nost i nst ant aneousl y W th
tributyltin hydride at room tenperature and furnished in good
yi el ds 7-bromonorcarane. The corresponding dichloro conpound did
not react under these conditions and had to be heated to 140° for
a successful reaction. Seyferth also reported that on further
treatment with tributyltin hydride, the npnohal ocycl opropanes

were reduced to cyclopropanes.

% BusSnH -7 % BusSnH H
X l H H

When heated with tributyltin hydride in chlorobenzene

at 120° for 10h, the dichlorocycl opropane 35 underwent reduction
and provided the nonochl orocycl opropane. However, the yield of
the pure product was not satisfactory because the tin inpurities
could not be renoved conpletely by fluoride wash or by
chromatography. The identity of the product was established from

its nmr spectral data.

BussnH  BnO
—_——

PhCI/heat

Ten signals were seen in the C nnr spectrum of 52 in
addition to the aromatic signals. O these, three signals were

assigned to the benzylic carbons. The signal at 56.5 ppm was
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assigned to c-1. Literature data for the C chem cal shifts of
cycl opropyl halides are available. The chlorine containing carbon
resonates at a lower field compared to carbon atonms not having
chlorine . Al so, the exo and endo isomers have different
chem cal shifts. Based on the above information, we assigned the
resonances at 26.4 and 34.1 ppm to C and C7 respectively.

In the H nmr spectrum of 52, the G2 proton shifted
upfield to 1.50 ppm from 1.78 ppm in 35. As expected, its
multiplicity also increased. There was an additional signal, a
doubl et of doublet with coupling constants of 4.2 and 1.6 Hz at
3.10 ppm This signal was assigned to the C7 proton (for further
confirmation see the nnr analysis of the bronocycl opropane 59).
In cyclopropyl systems, the cis hydrogens have a coupling
constant of around 8 Hz and the trans hydrogens show snaller
coupling and are usually around 5 Hz . On the basis of these
values it was determined that H-1 and H2 are trans to H7 and
therefore the chlorine atom is exo in 52. |Initially, we were
puzzlied to find that J and J were quite different from one

17 27
another. This suggested that sone

H  OR
H H
¢l Nel
OBn
Jeg = 79 Hz H= = 4:2ppm

Jpane = 5'3 Hz H=2 = 1:5ppm

Jgem = B4 Hz H=7 = 3-1ppm
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other factors might be involved in determ ning the magnitude of J
in such systens. After a search in the literature, we found that
in fused cyclopropyl systems containing electron withdraw ng
atons |like fluorine and oxygen near the ring fusion, the coupling

constants were no longer the same. The values were different for

0 e F 53 (cis) = Jyy = #3Hz
[\_j><H 54 (trons) = Jig = OHz
J and J in both cis and trans fluorides as exenplified in 53
and 54. This conveniently explains the different coupling
constants observed in our system and confirms our earlier
assignnent of the structure of 52.

Mechanistically, the exo product can arise by tw
pat hways. In one route, the loss of endo chlorine gives an endo
radi cal 55, which subsequently gets reduced. On the other hand,
exo chlorine could be lost first leading to an exo radical 56,
which inverts to an endo radical 55 prior to reduction. It is not
known which nmechanism is operative here. The reductive
debrom nation of 39 was not attenpted in the light of the
difficulties observed in renpbving the tin inpurities during

wor kup |eading to 52

112



Li t hi um al um num hydride (LAH is also known to reduce
78

hal ides, including cyclopropyl halides . W opted to use this
reagent because of the sinplicity of product isolation. The
di chl orocycl opropane 35 reacted snoothly and rapidly with excess
LAH in tetrahydrofuran to furnish the fully reduced cycl opropane

57 in ver% good yield. Although this reaction was reported by
Brimacombe 8, no nmr spectral details of the product were given.
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We fully characterized the product from its analytical and

spectral data.

BnC'-\/O i
|
BnO H
OBn
57

In the H nmr spectrum the multiplicity of H2 signal
increased and also noved further wupfield conpared to both
dichloro and monochloro cyclopropanes and lay centred at 0.90
ppm. The additional multiplets at 0.70 ppm integrating for two
protons were assigned to the protons attached to c-7. |In the C
nnt  spectrum ten resonances were present in addition to the
aromatic signals. The DEPT-135 experinent identified them to be
methylene and methine carbons (5 each) The resonances at 11.6 and
14.9 ppm were assigned to cyclopropyl carbons G7 and c-2,
respectively. The remaining four nmethylene signals were assigned
to G6 and the three benzylic carbons.

We found this dehal ogenation procedure to be highly
dependent on the guality of LAH used. Wen aged sanples of LAH
were used, the reduction was slow and also gave a mxture of
products. W isolated two products from the mixture by
chromatography. The fast noving product was identical with the
dehal ogenation product 52 obtained by tin hydride reduction. The
sl ow noving product was found to be a mixture of two products by

nnr spectroscopy. In addition to the signals attributable to the

14



cycl opropane 57, we also observed signals at 1.40 and 3.20 ppn.
The signal at 1.40 ppm was assigned to H2, by conparison with
chl orocycl opropane 52. The 3.20 ppm signal was a doublet of a
doublet with coupling constants of 8 and 4 Hz. This was in
contrast to the values observed for the exo chloride. A coupling
of 8Hz indicated that the concerned hydrogens were cis to each
other and this inplied that the product has endo stereochem stry.
The smaller coupling was now readily explained. Efforts to
separate this endo isomer from the cyclopropane 57 were not

successful.

Jiy - 16 He Jyy - 40 H

Jyy - 42 H Jpy - 80 H

The dichlorocycl opropane 37 derived from dibenzyl-L-
rhamnal also underwent clean dechlorination with ©rLAH providing
the corresponding cyclopropane 58 in good yields. The product was

characterized once again by nmr spectroscopy.

H " o
—_—
’ | :
BnO ‘H BnO EH

EBn 0Bn
37 58
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Encouraged by the clean reaction of 35 with LAH, we
next attenpted the debromination of 39. Surprisingly, this gave
rise to three products under the same conditions as were enployed
for 35. The products were separable by careful col um
chromatography. The fastest noving conponent was isolated in 32%
yield and was characterized by nmr spectroscopy as well as by
el emental analysis. The H nnr spectrum of this conpound was very
simlar to that of the exo-chloride 52. It showed signals at 1.50
and 3.0 ppm in addition to other signals. However, the 3.50 - 4.0
ppm region was nore resolved conpared to that of 52. W performed
a 2D COSY experinment on the bronocyclopropane 59 in order to
establish the coupling network (figure 7). The signals at 1.50,
3.0 and 3.80 ppm showed cross peaks with one another, indicating
coupling between them Further connectivities could not be
established because of overlapping of nultiplets. The 3.80 ppm
signal was a doublet of doublet with coupling constants of 7.7
and 1.6 Hz. As observed previously in t he case of
di hal ocycl opropanes, a coupling with negnitude of about 8 Hz
arises due to the protons being cis to one another, which in this
case are H-1 and H-2. On this basis, we assigned the 3.80 ppm
signal to H-1. Therefore the 1.6 Hz coupling was assigned to J17‘
The small J,, value indicated a trans arrangenent of protons
inplying an exo bromde and it follows that the 3.0 ppm doubl et

of doublet belongs to H7. It is now obvious that the 1.50 ppm
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signal is from H2. |In the c nmr spectrum the signals at
20.52, 26.39 and 56.67 were assigned to the cyclopropyl carbons.
The second product isolated in about 5% yield was
identified as 3,4,6-tri-O-benzyl-D-glucal (31) by conparison of
its physical data with that of an authentic sanple.
The slowest noving conponent was the major product
obtained in 42% yield. This material was identical with the

cycl opropane 57 obtained by LAH reduction of 35.

59 31 57
Reaction time = 1:5h 2% 5% 42%
Reaction time = 48h - 15% 23%

In order to completely convert all the monobromocyclo-
propane into the fully reduced one, longer reaction tinmes were
used. After 48h, the monobromide 59 was conpletely consuned.
Surprisingly, however the yield of cyclopropane 57 did not
increase but the amount of glycal 31 produced increased to about
15% A change in work up procedure from aqueous sodium sulfate
quench to ethyl acetate quench did not change the product ratio.
This indicated that the glycal fornmation took place before

wor kup.
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It is hard to find a suitable mechanism that would
explain this unusual phenonmenon, because the dehal ogenation by
LAH has been shown to proceed by nucleophilic substitution as
well as by electron transfer processes . W did not undertake
any investigations of this process as we were nore interested in
the synthetic applications of the cyclopropanes.

We were curious to examne the solvolytic behaviour of
the bromocycloproane 59. W subjected 59 to silver ion catalyzed

as well as alkaine solvolysis. In both cases, solvolysis did not

DerMe
74

take pl ace.

Cycl opropanes can also be obtained by reaction of
olefins with diazomethane or wunder Simmpbns - Smth reaction

conditions involving diiodomethanes and zinc 79

There are very
few reports on the direct cyclopropanation of unsaturated sugars
and none of them deal wth glycals. Therefore, we decided to
attenpt direct cyclopropanation of glycals. W elected to follow
Simmons-Smith conditions and avoided using diazomethane because
of its hazardous nature.

In recent years, there have been several modifications

of the original Simmons - Smith procedure. Lewis acids |ike Ticl.

and acid halides have been used as activators . W preferred



activation by acetyl chloride as glycals are sensitive to Lewis

aci ds. Thus, when tribenzyl-D-glucal 31 was subj ected to
Friedrich's ~conditions wusing diiodomethane, zinc and cuprous
chloride as reagents along with acetyl chloride as activator, a

cycl opropane 60 was obtained in excellent yields. Therefore, we
subjected two nmore glycals, tribenzyl-D-galactal (32) and
dibenzyl~L-rhamnal (33) to the above reaction conditions. Both of

them provided cycl opropanes once again in excellent yields.

H
Zncuct B0 OT:>
S
AcCl,CHylp Bn0 g
0Bn
60
H
0 Bn0 0.:
Bn —— \D
Bn BnO f
Bn
32
i 0 -
e
BHO/U BnO
6Bn
33 62

The products of the Simmons-Smith reaction wer e
characterized by spectral methods. It was immediately obvious

from the nmr spectra that these cyclopropanes were different from



the ones obtained by LAH reduction of 35 and 37. The striking
difference between the two was that in the Simmmons - Smith
product 60, the signals were spread out. The G2 hydrogen in this
product has noved downfield by about 0.4 ppm when conpared to
that in 57. A multiplet centred around 0.80 ppm integrating for
two protons was assigned to G7 hydrogens. From an analysis of
the 2D COSY spectrum we assigned the other signals. A nmultiplet
at 3.75 ppm showed cross peaks to signals at 1.30 and 0.80 ppm
and therefore was assigned as H-1. An apparent triplet at 4.07
ppm was assigned as H3 from its coupling to H-2. Further
assignnments were not possible due to overlapping of signals. The
stereochenmi stry of the new cyclopropane 60 was established from
the coupling behaviour of the G2 and G3 hydrogens. The H3
proton at 4.07 ppm was an apparent triplet with coupling constant
of 6.8 Hz. This value of J is possible only if the concerned
protons are on the sane side of the mpolecule as the coupling
constant due to trans coupling in cyclopropanes is small. It may
be recalled that 42 also shows a similar coupling pattern. In the
C nmr spectrum the cyclo- propyl carbons c-1, G2 and G7 were
observed at 53.96, 14.45 and 10.99 ppm respectively. Sinmlarly,
the structures of 61 and 62 were assigned from their nmr data.

It is known in the literature that in allylic alcohols
and ethers, cyclopropanation under Simmons - Smith conditions
takes place from the side of the hydroxy or alkoxy substituent.
This is explained by invoking coordination of the organozinc

reagent with the oxygen atom of the substituent
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In our case, it neant that cyclopropanation nust have
taken place from the @ face in D-glucal and D-galactal
derivatives 31 and 32 and from the a face in the case of
L-rhamnal derivative 33. We have shown that addition of
di hal ocarbenes proceeded from the a face in D-sugars and since
reductive dehal ogenation does not change the stereochem stry of
the cycl opropane, we conclude that the Simmobns - Snmith reaction
gives us a cyclopropane of opposite stereochemistry to the ones

obt ai ned by dehal ogenation/reducti on sequence.

H Zn/CuCl Bn0O

BnO 0 1):CXy ]
2)LAH CHylz  Bno""

8o
o~
Bn H

0Bn

BnD

Thus, we have devel oped nethods for the synthesis of
cycl opropanated sugars of either « or (3 stereochem stry from
glycals. with the cyclopropanes in hand, we were now ready to

study sone of their reactions.



REACTI ONS OF SUGAR DERI VED CYCLOPROPANES:

Cycl opropanes are a unique class of conmpounds. In nany
cases, their reactivity resenbles that of a double bond. They
undergo hydrogenation, halogenation and electrophilic additions
just like double bonds . |In fact, electrophilic additions are
anongst the nost inportant reactions of cyclopropanes . Sone of
the commonly used electrophiles are the proton, nercuric and
thallic salts and N-haloamides/imides.

The electrophilic addi tion to cycl opr opanes is
illustrated schenatically below The regio- and stereochem stry

of the addition depends on the nature of the substituents X and
84

o X B2
{ \(\+
Y
E

We anticipated that cyclopropane 57 would open in such
a way that the positive charge would reside at c-1, because of
the stabilization provided by the adjacent ring oxygen. This
still leaves two possibilities for the opening. Cl eavage of bond
nmarked ‘*a‘’ would provide a pyranosyl cation 64 whereas cleavage
of bond ‘b’ would lead to a septanosyl cation 65. An apriori
prediction of which would prevail is difficult.

If alcohols are used as solvents, glycosides would
result as a consequence of solvent capture at C-1. Wen sugar

al cohol s are used as nucl eophiles, one would obtain di-/oligo
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64 66
saccharides having a G2 branching. Thus this nethodol ogy has

potential for the synthesis of oligosaccharides.

We tested the above propositions by employing N-bronp
succinimide and nercuric salts as el ectrophiles.

When treated with 1.2 equival ents of N-bronpsuccinim de
in methanol, cycl opropane 57 underwent a clean reaction
furnishing the glycoside 61 as the only product in good yields

(~60%). The product was readily characterized from its spectral

H OMe
. NBS,/MeOH
BnO™" H l
0Bn Br
57 67

data. The nass spectrum of 67 showed the molecularion peak at mz
540 and this suggested that bronmine had reacted wth the

cycl opropane. In the C nmr spectrum there were 11 lines in
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addition to the aromatic signals. The signal at 57.2 ppm was
assigned to the methoxide group. The high field signals at 31.6
and 47.7 ppm were assigned to G7 and C-2, respectively. The
anomeric carbon resonated at 102.3 ppm which is in the normal
range for anomeric carbons. This was a clear indication that the
cycl opropane had opened to give a C1 cation.

In the !

H nmr spectrum, there was only one high field
signal integrating for one proton. This indicated that the ring
opening had taken place to give a pyranoside and not a
septanoside, since in the septanoside, the G2 protons would each
have appeared as a multiplet. The broad triplet at 1.70 ppm
integrating for one proton, was therefore assigned to H-2. The
anomeric signal was a doublet at 4.25 ppm with J = 8 Hz,
suggestive of a trans coupling. Since an a cycl opropane was used,
the node of addition of methanol, by necessity, had to be B,
unless a free cation was involved, in which case, mxture of a
and B glycosides would have been produced. However, both H and
C nnt clearly indicated that the product was a single anomer.

Thus, this nmethod provides an interesting way to

prepare 2-deoxy-2-bromomethyl-B-glycosides. The primary advantage

of this method is that the branched chain glycosides are produced

in just three steps from the readily available glycals. It is
i npor t ant to notice t hat this reaction produces a
stereochemcally well defined 1,2 trans-g-glycoside. Thi s

stereochem cal arrangenent is not easily attainable by other

nmet hods. For exanple, hydrogenation of the exo olefin 71 produced
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the g~manno isomer 72 exclusively, while 68 produced a m xture of
a-gluco and a-manno isomers 69 and 70 respectively . In any

case, these conpounds are not easily synthesized. |In another

instance, Hanessian has used a nultiple step sequence to attain
ft fi

this stereochem stry . Another advantage is that presence of
bromine in the side chain enables further functionalization.
Efforts are now underway to use this met hodol ogy  for

ol i gosacchari de synthesis using sugar alcohols as trapping agents

for the pyranosyl cation.
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We next studied the reaction of mercuric salts with
cycl opropane 57. Mercuration of the cycl opropane was achi eved by
treating it with nercuric acetate in methanol. The reaction was
rapid and the resultant mercurio sugar was demercurated by
treatnent with excess sodium borohydride. After chromatographic
separation, two products were obtained. Once again, nmr
spectroscopy was used in structure determ nations. The fast

noving fraction obtained in about 30% yield, showed a doublet

OMe

Hg(OAc), + dimer

—_—

MeOH

with a coupling constant of 6 Hz at 1.05 ppm in the H nnr
spectrum indicating the presence of a nmethyl group. This signal
was assigned to a branched methyl group. A multiplet at 1.90 ppm
was assigned to G2 hydrogen from the analysis of the 2D COSY
spectrum (figure 8). This signal showed cross peaks with signals
at 1.05, 3.20 and 4.0 ppm The 4.0 ppm signal was assigned to the
anomeric proton as this did not show any other cross peaks. The
1.05ppm signal also did not show any cross peaks other than the
one already described. Consequently, the 3.20 ppm signal was
assigned to H-3. Al these observations taken together strongly
indicated the product was a 2-deoxy-2C nethyl glycoside 75. The
stereochenmi stry of the glycosidic bond was established from the

coupling constant values. The anoneric proton showed a coupling
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of 8 Hz to H-2. Oher couplings could not be determ ned because
of several overlapping signals. In six membered rings, a coupling
of this nagnitude is nornally associated with trans diaxial
bonds. The trans coupling demands that H-1 be axial resulting in
the glycoside having a (3 configuration.

Mechani stically, this product can arise by the attack
of mercuric ion on the 1,7-edge of the cyclopropane followed by
attack by the solvent fromthe g side, since the solvent will not
be able to approach c¢~1 from the a face. Subsequent reductive

denercuration by sodium borohydride leads to 75.

Bnl

Since this compound is not reported in the literature,
no direct comparison was possible. However, we found a nearly
identical modd in 1,6-anhydro -3-Osbenzyl - 2-deoxy - 2,4-di-
C-methyl-4-0O-mesyl-g-D-galactopyranose . The C rar values for
the modd compound and our compound are given below and these

further substantiate our assignment.

0Bn
OM o
BnO | o © o
OBn Y105-68 ppm ‘0Bn M} 104-2 opm
47-79 ppm 4o 37-4 ppm
CHy 12:62 pPM CH, 16:8 ppm
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The other product was isolated in 23% yield. This
conpound showed in its FAB mass spectrum a cluster of peaks at
mz 1120-1125. As the carbohydrate unit accounts only for 461
mass  units, it is likely that the product is a bis

(glycosyl)mercury conpound 76, whose M = 1121 (for Hg) .

OMe MeO#, O .
6”\/ ' ““\ogn
Bn

Bnd” gy : 0Bn
BnO f:JB"
76

NMR evi dence also supports this structure. The C nmr
spectrum showed only 11 signals apart from the aromatic signals,
strongly indicating a symmetrical structure. In the high field
region of the H nmr spectrum multiplets each integrating for
one proton, were seen at 0.80, 1.10 and 2.10 ppm. In order to
assign these signals, a 2D COSY experinment was performed on this
conmpound (figure 9) . The 2.10 ppm multiplet showed four cross
peaks corresponding to signals at 0.80, 1.10, 3.20 and 4.0 ppm
As the 4.0 ppm signal (a doublet) did not show any other cross
peak, it was assigned as H-1, and therefore, by correlation,
2.10, 0.80 and 1.10 ppm signals were assigned H-2, H-7, H-7',
respectively. The triplet at 3.20 ppm was assigned as H- 3.
Further connectivities could not be established because of signal
overlapping. The 37.7 and 47.9 ppm signals in the C nmr
spectrum were shown to be methylene and methine carbons,

respectively, by a DEPT-135 experiment. A CH COSY experinent was
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per for med in order to establish the CH connectivities
unambigously. However, no cross peaks were observed between 37.7
(carbon) and 0.80 and 1.10 ppm (proton) signals. Al other carbon
signals were paired to their respective proton counterparts. As a
result of this, we could establish the correlation between 37.7
ppm (carbon) and 0.80 and 1.10 ppm (proton) signals only
indirectly. On the basis of the above experimental results, we
assigned the structure 76 to this product.

There are isolated reports about the formation of
dialkyl mercury compounds in the reaction of enol ethers wth

nercuric sart's88

OR Hg

N OF—————
DEtJ2

Ferrier reported that enolic sugar derivatives with an
exocyclic doubl e bond such as 77 when refluxed with phenylmercury
acetate gave the organomercury conpound 78. However, when
mercurated with mercuric acetate, nornal monomeric products were

obtained.

ogf PhHgOAc
reflux

0Bz | OMe
OTs

77
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In another instance, exocyclic olefinic sugars were

reported to form bis organomercury conpounds when treated with
90

excess of nercuric acetate at room tenperature

Ac
0 Hg(OAc),
() )
MeOH
OAc
OAc
79 80

The formation of 78 was concluded to have taken place
by a second alkylation with the sugar olefin cleaving the labile
phenyl-Hg bond. In the present case, however, it is not clear
enough which nechanism is operating. Further studies are
necessary to provide a suitable explanation for this process.
HYDROBORATION OF GLYCALS:

The hydroboration reaction invented, and devel oped by
H.C. Brown, has beconme one of the nbst inportant nethods for the

hydroxyl ati on of olefins o1

Many hydroborating agents are now
avail abl e that stereospecifically hydroborate ol efins.

Several types of olefins have been hydroborated in the
past. It is known that electron rich olefins like enol ethers
undergo hydroboration exclusively at the g carbon atom producing
B-hydroxy et hers?2. In one of the earliest exanples of
hydroboration of unsaturated sugars, the furanoid glycal A gave

the gal actofuranose with high stereoselectivity®. Surprisingly,

no reports are available on the hydroboration of sinple glycals.
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W anticipated that hydrokoration of glycals would
produce 1,5-anhydroalditols, based on the regiochemistry of
hydroboration of enol ethers. The literature methods for the
preparation of 1,5-anhydroalditols i nvol ve the reductive

dehal ogenation of gl ycosyl halides with either tributyltin

94 9 5
hydri de or l'ithium al umi num hydri de and reductive

desulfurization of thioglycosides using Raney Nickel

RO RO
OR LAH or oR
BU3SnH
OR X OR
OR OR
81 82

Qur mein interest was to see the directing influence of
the adjacent chiral centre on the hydroboration reaction. W
performed the hydroboration reaction using excess diborane on
four representative glycals nanely, 31, 32, 33 and 34. W thout
exception, all of them gave good yields of the corresponding
al cohols. In the IR spectra, the 0-H stretching vibration was

observed at 3450 cm and in the H nmr spectra, olefinic signals
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of the glycals were absent. Direct conparison of the spectral
data of these conpounds was not possible as these partially
benzyl ated anhydro alditols are not reported in the literature.
Therefore, the benzyl protecting groups were renoved by

hydrogenol ysi s.

BnO BnO HO
%:(j 0 0,
Bn 2 — Bn —b___ H
HO
g4 H

OBn 0Bn
31 g3 OH
BnO BrO HO
BnO, BnO, o HO | o
Bn @ Bn b H
32 a50H 86 OH
OBn 0Bn OH "
/ q HO ——bA—~—-—- L HO )
BnO 34 BnOg7 OH B8
0 0
Bn e i Bn —P—l—— H
BnO BnO OH H
34 89 OH 90

Reagents and conditions: a) BHJ.THF,O°; H,0,, NaOH; b) 20%
Pd(OH),/C, H



The product 83, from tribenzyl gl ucal , after
debenzylation was identified as 1 ,5-anhydroglucitol 84 by
conparison of its properties with literature data . Sinmilarly,
the xylal derivative 89 produced 1, 5-anhydroxylitol 90. The
rhamal derivative 87 gave a compound whose physical data did not
match with those of 1,5—anhydrorhamnit0195. A very good match was
found in 1,5-anhydro-6-deoxy~D-glucitol 88A99. The nelting point
and the nagnitude of optical rotation of our conmpound were nearly
identical with the values for 88A but the signs of rotation were
opposi te. Therefore, our conmpound is 1, 5-anhydro-6-deoxy-
L-glucitol (88). Surprisingly, the  product 86 obt ai ned
debenzylating 85 did not crystallize. Therefore, we acetylated
the material and obtained a tetraacetate whose optical rotation
was very close to that reported for 2,3,4,6-tetra-0O-acetyl

1,5-anhydro-D-galactitol (86A).

HO AcO
HO AcO
0 Ac,0, 0
H 20/ py OAc
H OAc
86 BEA

We find that the hydroboration of glycals takes place
from the opposite side of the C3 substituent, giving rise to an
equatorial alcohol after oxidative work up. This is in contrast
to the observation of Stevens who reported that 91 undergoes
hydr oboration by the axial attack leading to 92 . However, our

results are in agreement with the observations nade by Hanessian

136



on a related system . Further aspects of the chenistry of
organoboranes derived from glycals are currently being pursued in

our |aboratory. Sone of these include the possibility of

dan
93 94

asymmetric hydroboration with these chiral organoboranes as well
as conversion of the organoboranes into other functional groups.
CONCLUSI ONS:

Qur experinents with glycals have only reinforced the
versatility of unsaturated sugars. W have been successful in our
attenpts to synthesize functionalized oxepins from glycals via
di hal ocarbene addition followed by solvolysis. Sugar derived
cycl opropanes of either stereochem stry have been prepared using
i nexpensive reagents starting from glycals. Electrophile nediated
solvolysis of these cyclopropanes has been shown to be a
convenient nmethod for the synthesis of G2 branched sugars.
Finally, hydroboration of glycals give differentially protected
1,5-anhydroalditols. It is our hope that the methods described in

this work find use in organic synthesis.
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Al reagents were purified by appropriate nethods just
before use. Solvents used for chromatography were of conmercial
grade and were fractionally distilled before use. Col um
chromat ography was performed using ACME silica gel (100-200 mesh)
and eluted with appropriate mxtures of hexane and ethyl acetate.
Hexane refers to the petroleum fraction boiling between 60-70°.
Thin layer chronatography (tlc) was performed on home made plates
coated with ACME silica gel GF254 and were visualized by shining
uv light or exposing to iodine vapours. Melting points were
determined on a SUPERFIT nelting point apparatus and are
uncorrected. Opti cal rotations were neasured on a AUTOPOL
polarimeter or on a SH MADZU polarimeter at 25°. Infrared spectra
were recorded on PERKIN - ELMER nodel 1310 spectrophotoneter or
on a JASCO FrT-IR 5300 instrument and were calibrated against
pol ystyrene absorption at 11 cm . H and C NWR spectra were
recorded on a BRUKER AF 200 NWMR Spectroneter operating at 4.7
Tesla magnetic field strength in chloroform-d solutions wth
tetranethylsilane (TM5) as internal standard unless otherw se
stated. DEPT and 2D NWR data were processed using standard
software provided with the instrunent. The H NWR spectral data
are listed as follows: signals are reported in parts per mllion
(ppm) downfield of TMS; signal multiplicity is denoted as
s=singl et, d=doublet, dd = doublet of a doublet, dt = doublet of
a triplet, t = triplet, q = quartet, and m e« multiplet; br =
broad; coupling constants (J) neasured in Hertz; nunber of

protons i ntegrated for; assi gnnent s (wher ever possi bl e).
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El emrent al anal yses were obtained using PERKIN-ELMER nodel
240C-CHN anal yzer. Wor k up refers to extraction with
dichloromethane and drying the organic extracts over anhydrous

magnesi um sul f ate.

Gycals 31, 32, 33 and 34 were prepared by benzylating
the free glycals with sodium hydride and benzyl chloride and were
identified by conparison of their properties with literature

dat a®t.

Di chl orocarbene addition to tribenzyl-D-glucal (31):

Aqueous sodium hydroxide (5.0 g in 10 m) was added to
a vigorously stirred solution of tribenzyl-D-glucal (31)(1.60 g,
3.84 mmol) in chloroform (10 nl) containing benzyltriethyl
ammonium chloride (20 mg) . The reaction mxture was stirred at
35° for 4h, and then diluted with water (25 m) and then worked
up. The residue was purified by chromatography followed by
crystallization from methanol to furnish 3,4,6~tri-0-benzyl 1,5-

anhydro-2-deoxy-1,2-C-dichloromethylene-D-glycero-D~gulo-hexitol

(35).

yield : 1.60 g (84%

m.p. © 62-63°

"R (KBr) : 3034, 3870, 1497, 1453, 1364, 1208, 1167, 1130, 1084,
1045, 733, 696 cm'’.

lJH4NMR ;6 1.78 (dd, J = 4.4, 7.9 Hz, 1H H-2), 3.53 (m 2H),

3.74 - 3.81 (m, 3H , 3.88 (d, J = 7. 9Hz, 1H, H-1)



4.40 - 4.92 (m, 6H OCHZPh), 7.25 - 7.40 (m, 15H
ArH) .

Benmr 34.41, 59.05, 61.62, 70.30, 71.96, 73.44, 74.63
75.33, 77.53, 80.01, 127.73, 127.81, 127.98, 128.20,
128.43, 128.51, 138.09, 138.34 ppm.

lalp : +78°%(c1, CHCl,)

Elemental anal ysis:

Calcd. for C_ H.,Cl O4 : C=67.33, H= 5.65.

208 P 6 2
Found . C- 67.13, H

5. 66.

Di chl orocarbene addition to tri-o-benzyl-D-galactal (32):

Agqueous sodium hydroxide (1.50 g in 3 nl) was added to
a vigourously stirred solution of 32 (315 mg, 0.76 mmol) and
benzyltriethylammonium chloride (10 ng) in chloroform (3 m). The
bi phasic reaction nmixture was vigourously stirred for 24h at room
tenperature, diluted with water (10 nl) and worked up. The
residue was purified by chromatography to obtain 3,4,6- tri-O
benzyl-1, 5-anhydro-2-deoxy-1,2-C-dichloromethylene-D-glycero-L-
manno-hexitol (36) as a syrup.
yield © 347 mg (92% .
IR (neat) : 1495, 1454, 1364, 1229, 1173, 1128, 1090, 1069, 1026,

737, 698 cm™l.

IJ4NVR  : S 1.96 (dd, J = 8.9, 4.2 Hz, 1H H-2), 3.5 - 3.6 (m,
3H), 3.75 - 39 (m, 3H), 43 - 50 (m, 6H, OCH Ph),
7.25 - 7.38 (m, 15H ArH).

3¢ \VR  : 31.09, 58.69, 61.81, 69.16, 71.21, 71.70, 73.55,
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74.58, 75.32. 78.05, 127.72, 127.86, 127.98, 128. 38,
128.50, 128.63, 137.65, 138.0, 138.68 ppm.

[a) © +13.5° (cl.2, CHCl,).

El enental anal ysis:

Calcd. for €, . H,,C1,0, : C- 67.34, H= 5.65.

Found : C=68.06, H= 5.67.

Di chl orocarbene addition to di-O-benzyl-L-rhamnal 33:

To a vigourously stirred chloroform solution of 33 (257
mg, 0.83 mmol) containing benzyltriethylammonium chloride (10 ng)
was added aqueous sodium hydroxide (1.50 g in 3 m ). The biphasic
reaction mxture was vigourously stirred for 18h, diluted with
water (15 m) and extracted with chloroform (4x15 m). The
conbi ned organic extracts was dried, concentrated and purified by
chromatography to give 3,4-di-O-benzyl-1,5-anhydro- 2,6-dideoxy-
1,2-C-dichloromethylene-L-glycero-L-gulo-hexitol (37) as a
col ourl ess syrup.
yield : 310 ng (95%

IR(neat) : 3032, 2976, 2868, 1497, 1454, 1368, 1246, 1208, 1100,
1028, 909, 878, 829, 735, 698 cm l*

H NMR : 5 1.28 (d, J = 6.4 Hz, 3H, H6), 1.8 (dd, J = 8.2,
4.2 Hz, 1H, H-2), 3.29 (t, J = 7.4 Hz, 1H, H-4), 3.56
(d, J = 8.2 Hz, 1H H-1), 3.76 (dd, 1H, H-3), 3.88
(m 1H HB5), 4.57 - 494 (m, 4H OCH,Ph), 7.32 (m
10H, ArH).



Lewmr @ 10 84, 33.92, 57.86, 61.42, 71.99, 74.49, 76.06,

77.04, 81.07, 127.75, 127.92, 127.99, 128.36, 128.52
137.73, 138.33 ppn.

[cx]D ©-40° (cl.2, CHC13)

El emental Anal ysis:

Caled for C_.H C1203 : C=64.13, H= 5.64

21722
Found : C- 63.92, H= 5.62.

Di chl orocarbene addition to di-O-benzyl-D-xylal 34:
Aqueous sodi um hydroxide (500 mg in 1 nl) was added to
a vigourously stirred solution of 34 (45 ng, 0.15 mmol) in
chloroform (1 m) containing benzyltriethylammonium chloride (5
mg) . The biphasic reaction mxture was stirred at room
temperarture for 18h, diluted with water (10 nml) and worked up.
3,4-Di-0O-benzyl-1,5-anhydro-2~deoxy~-1,2-C-dichlorcmethylene-
D-gulo- pentitol (38) was obtained as a syrup after chromatographic
purification.
yield : 31 my (55%
IR(neat) : 3063, 3032, 2870, 1497, 1454, 1368, 1208, 1100, 1026,
843, 737, 698 cnl'l.
IH4NVR ;6 1.77 (dd, J = 7.9, 3.8 Hz, 1H H-2), 3.75 (m, 5H) ,
4.6 - 48 (m, 4H OCHzPh), 7.30 - 7.37 (m, 10H ArH).
3:NvR : 33.08, 59.86, 60.87, 68.98, 72.02, 72.83, 75.39,
76.04, 127.78, 128.01, 128.46, 128.60, 137.64, 138.20

ppm.

[a) : +17.3° (cl.1, CHCl,).
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Elemental anal ysis:
caled. for ¢, M, cl,0, : C=63.33 H=532
Found : C=63.25, H=529

bibromocarbene addition to tribenzyl-D-glucal (31):

A solution of sodium hydroxide (2.0 g) and potassium
fluoride (15.0 g) in water (15 m) was added to a vigourously
e+irred solution of 31 (2.50 g, 6 mmol) in bromoform (10 m)
containing benzyltriethylammonium chloride (20 mg) . The biphasic
mixture was stirred for 2 days at room tenperature and then
diluted with water (40 m) and extracted with ether (4x40 nml) .
The combined ether extracts were washed with brine, dried and
concentrated. The residue was purified by chromatography followed
by crystallization from metharol-ethyl acetate to give 3,4,6-tri-
O-benzyl-1, 5-anhydro-2-deoxy-1,2~-C-dibromomethylene-D-glycero~

D-gulo~-hexitol (39).

yield : 2.80 g (79%

m.p. . 58-60°.

IR (KBr) : 1500, 1460, 1360, 1200, 1120, 1080, 740, 700 cni'l.
JBHNVR ;6 1.86 (dd, J = 4.56, 7.8Hz, 1H, H-2); 3.58 (m, 2H):

3.60- 3.80 (m, 3H : 3.94 (d, J = 7.8HZ, 1H H-1);
4.40-4.80 (m, 6H, OCH,Ph); 7.25-7.40 (m, 15H, ArH).

CNWR : 34.06, 35.00, 59.06, 70.00, 71.53, 73.06, 74.30,
74.83, 79.71, 80.06, 127.59, 127.77, 128.07, 128.24,
128.36, 137.71, 137.89, 138.18 ppm.

[alp 1 +72° (c1, CHC1,) .
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El emental anal ysis:
caled. for ¢, H,,Br,o, : C=57.16, H = 4.80.
Found : C=57.00, H= 4.73.

Di bronocar bene addition to tribenzyl-D-galactal (32):

To a stirred solution of 32 (308 mg, 0.74 mmol) and
benzyltriethylammonium chloride (10 ng) in bromoform (2 ml) was
added an aqueous solution (2.5 m) of sodium hydroxide (350 mg)
and potassium fluoride (2.5 g). The biphasic mixture was
vigourously stirred at room tenperature for 24h, diluted wth
water (10 m) and extracted with ether (4x15 m) . The combined
ether extracts were washed with water, dried and concentrated.
3,4,6-Tri-0O-benzyl-1,5-anhydro-2-deoxy-1,2-C-dibromomethylene - D-
glycero-L- manno-hexitol (40) was obtained as a pale yellow syrup
after chromatography.
yield ;311 ng (71%.

IR(neat) : 3050, 2900, 1510, 1460, 1370, 1240, 1180, 1100, 760,
710 cmi'l.

1y AR : 5 206 (dd, J = 8.8, 4.0 Hz, 1H H-3), 3.55 (m, 3H),
3.88 (m, 2H), 3.97 (d, J = 8.8 Hz, H-1), 4.44 - 4.97

(m, 6H, OCH,Ph),
13

C NMR © 32.16, 35.15, 59.13, 69.08, 71.13, 71.89, 73.52,
74.61, 77.70, 78.5, 127.69, 127.85, 128.35, 128.47,
128.61, 129.23, 137.63, 137.93, 138.62 ppm.

[«) © +20° (cl, CHCl,).



Hi gh Resol ution Mass data:

calcd. for C28H233r2°4 ¢ 589.0415
Found : 589.0414

Dibromocarbene addition to dibenzyl-L-rhamnal (33):
Dibenzyl-L-rhamnal (33) (540 mg, 1.74 mmol) and benzyl
triethyl ammoni um chloride (10 mg) were dissolved in bromoform (3
m) and treated with an aqueous solution (3 m) of sodium
hydroxi de (420 ng) and potassium fluoride (3.0 g) . The biphasic
m xture was stirred vigourously for 2 days at room tenperature,
diluted with water (30 ml) and extracted with ether (4x20 m ).
The conbined organic extracts were washed with water, dried and

concentrated. The products were separated by chronatography.

Maj or product:
3,4-Di-0O-benzyl-1,5-anhydro-2-deoxy-1,2-C-dibromomethylene-L~

glycero-L-qgulo-hexitol (41):

yield : 580 ng (69%
IR(neat) 2850, 1440, 1360, 1200, 1100, 740, 720, 690 cni’,
1y Mg 6 1.27 (d, J= 6.4 Hz, 3H H-6), 1.88 (dd, J 7.9, 4.2

Hz, 1H, H-2), 3.30 (dd, J = 9.1, 7.3 Hz, 1H H-4),
3.65 (dd, J = 9.1, 4.3 Hz, 1H H-3), 3.88 (m, 2H, H1,

13¢ nMr 20.06, 33.73, 35.11, 58.33, 72.02, 74.58, 76.66,
79.66, 81.13, 127.83, 127.97, 128.08, 128.43, 128.60,
137.86, 138.34 ppm.



(x]p ©-49° (cl, CHC1,)
Hi gh Resol ution Mass data:

Calcd. for C,qH,,Br,0, : 480.9838

Found . 480. 9842

M nor product:
3,4~Di-0- benzyl - 1,5-anhydro- 2-deoxy- 1,2~C-dibromomethylene-L-

glycero-L-talo-hexitol (42):

yield 97 mg (129 .

m.p. © 104-106" (MeOH).

IR (KBr) : 1440, 1380, 1180, 1060, 1020, 900, 760, 700 cni'?.

1y NMR 6 1.29 (d, J =6 Hz, 3H H-6), 2.27 (t, J = 8 Hz, 1H

H-2), 3.43 (m, 1H, H5), 3.56 (dd, J = 7.2, 9.9 Hz,
1H, H-4), 4.00 (d, J 7.9 Hz, 1H, H-1), 4.12 (dd, J =
8.2, 7.2 Hz, 1H, H-3), 4.64 (dd, J = 11.7, 17.7 Hz,
2H, OCH,Ph), 4.90 (dd, J = 9.8, 11.7 Hz, 2H OCH,Ph),
7.26 - 7.36 (m, 10H, ArH) .

3e R : 17.61, 31.19, 33.92, 62.68, 71.03, 74.86, 74.095,
78.46, 81.43, 127.79, 128.01, 128.13, 128.42, 128.65,
137.95, 138.38 ppm.

(a)p © +48° (cl, CHCl,).

El emental analysis

calcd. for ¢, H,  Br,0, : C=+ 52.30, H= 4.60.

21722
Found : C=52.30, H= 4.59.
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Dibromocarbene addition to di-O-benzyl-D-xylal (34):

An aqueous solution (2.5 m) of sodium hydroxide (350
mg) and potassium fluoride (2.5 g) was added to a vigourously
stirred solution of 34 (296 mg, 1 mmol) and benzyltriethyl
ammonium chloride (5 nmg) in bromoform (2 m ). Vigourous stirring
was continued for 2 days, then the reaction mxture was diluted
with water (30 nml) and extracted with ether (3x25 m). The
conbined organic extracts were washed with water, dried and
concentrated. The residue was purified by chromatography to
furni sh 3,4-di~-0-benzyl-2-deoxy-1,2-C-dibromomethylene-D~gulo-
pentitol (43) as a pale yellow syrup.
yield : 300 ng (649
14 aMr : 5 1.88 (dd, J = 7.8, 3.8 Hz, 1H, H-3), 3.70 - 4.0 (m,

5H , 4.60 - 4.90 (m, 4H OCH,Ph), 7.26 - 7.42 (m,

10H, Ar H)
3¢ NMr  : 32.81, 34.06, 60.37, 69.47, 71.97, 72.91, 75.40
78.71, 127.78, 128.04, 128.22, 128.46, 128.58
137.72, 138.24 ppm.
lalp © +13.7 (c0.7, CHCl,)

Mass spectral data: mz 467 (M+-1), 377, 325, 263, 182, 101, 91.

Sol vol ysl's experinments with the dichlorocycl opropane 35
W thout any catal ysts:

1) A solution of the dichlorocyclopropane 35 (98 ng) in
acetic acid (5 m) was heated under reflux for 16h. The cool ed

reaction mxture was poured into water (20 m) and extracted with
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ether. The ether extracts were washed with sodium bicarbonate
solution and dried. The starting material was recovered unchanged

as indicated by tlc and H NMR analysis.

Wth boron trifluoride etherate:

2) To a stirred solution of the substrate 35 (49 mg,
0.1 mmol) in acetic acid (1 m) was added a few drops of boron
trifluoride etherate. No reaction was observed even after 1 week
at room tenmperature.

3) To a solution containing the dichlorocycl opropane 35
(200 mg, 0.4 nmol) in acetic acid (5 ml), boron trifluoride
etherate (0.5 m) was addded and the solution was heated under
reflux for 24h. Only a conplex m xture was obtained as indicated
by tlc.

4) A reaction mxture of the substrate (50 nyg, 0.4
mmol ) and boron trifluoride etherate (0.1 m) in acetic acid (1

m ) was heated under reflux for 1h. No reaction was observed.

Wth silver nitrate:

5) A solution of the dichlorocyclopropane 35 (50 mg,
0.1 mmol) and silver nitrate (51 mg, 0.3 mmol) in methanol (1 m)
was heated under reflux for 2h. No reaction was observed and the

starting material was recovered unchanged.

Wth silver acetate catalysis:

6) A solution containing the substrate 35 (15 mg, 0.03
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mmol) and silver acetate (10 mg, 0.06 mmol) in acetic acid (0.2
m) was heated under reflux for 4h. Tic of the reaction mxture

indicated that no reaction had taken place.

Wth silver tetrafluoroborate:

7) A solution containing 35 (10 mg, 0.02 mpl) and
silver tetrafluoroborate (10 mg, 0.05 mmol) in acetic acid (0.2
m) was stirred at room tenmperature for 22h. It was then diluted
with water (5 m) and extracted with dichloromethane (3x5 m) .
The organic |layer was washed with sodium bicarbonate solution and
dried. Tlc of the residual material was identical wth the
starting material.

8) A mixture containing the substrate 35 (10 ng, 0.02
mml ) and silver tetrafluoroborate (10 mg, 0.05 mmol) in acetic
acid (0.2 nl) was maintained at 75-80°. Tlc of the reaction
m xture was identical to that of the starting material after 24h.

9) The substrate 35 (110 mg, 0.22 mmol), silver
tetrafluoroborate (64 ng, 0.33 nmml) and sodium acetate (27 mg,
0.33 mml) in acetic acid (1 m) was heated to 75-80° and
meintained at that tenperature for 24h. No reaction was observed

as indicated by tlc analysis.

Wth silver perchlorate:
10) The substrate 35 (50 mg, 0.1 mmol) and silver
perchlorate (25 mg, 0.11 nmml) were dissolved in methanol (2 m)

and heated to reflux. No reaction was observed as indicated by
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tlc analysis after 16h.

11) Water (0.1m) was added to a stirred solution of
the substrate 35 (125ng, 0.25mmol) and silver perchlorate (63ng,
0.3mmol) in acetone (5m) at room tenperature and stirring was

continued for 24h. Tlc showed that no reaction was taking place.

Wth potassium t-butoxide:

12) To a stirred solution of the dichlorocycl opropane
35 (52 mg, 0.1 mmol) in t-butanol (1 nm) was added a snull piece
of potassium netal and the solution was refluxed overnight. The
solution was poured into water (5nm) and extracted with ether
(3xI0m). The ether extracts were dried and concentrated. H NMR
of the crude product and tlc indicated that solvolysis had taken
pl ace. Thi s reaction, however, could not be reproduced.

Commercial potassiumt-butoxide was not useful in this reaction.

Wth sodi um methoxide:

13) The dichl orocycl opropane 35 (50 ng, 0.1 mmol) was
added to a solution of sodium nethoxide (32 mg, 0.6 mml) in
methanol (1 nl) and the mixture was heated under reflux. The
reaction was very sluggish and no appreciable anmount of product

was formed even after 48h of heating.
Sol vol ysis experinments with the di bronpcycl opropane 39:
Wth silver acetate:

1) A solution containing the substrate 39 (84 mg, 0.14
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mmol) and silver carbonate (40 mg, 0.14 mmol) in acetic acid (1
m) was heated under reflux overnight. No reaction was observed

and the starting material was recovered.

Wth silver trifluoroacetate:

2) The substrate 39 (30 mg, 0.05 mmol) and silver
carbonate (17 mg, ©0.06 mmol) were dissolved in trifluorocacetic
acid (0.5 m) and stirred at room temperature for 2h. The
solution was diluted with water (5 m) and extracted with ether
(38x5 m) . The ether solution was dried and concentrated. The H
NMR spectrum of the crude material showed that only the starting

mat eri al was present.

Wth silver triflate:

3) A solution of the dibromocyclopropane 39 (194 mg,
0.33 mmol) and silver triflate (85 mg, 0.33 mmol) in acetic acid
(5 ml) was heated under reflux for 16h. The reaction m xture
turned black and became very thick, and extraction with ether was
very difficult. The ether extracts were washed with water, sodium
bi carbonate solution, dried and concentrated. From the residue
only benzyl acetate was isolable by chromatography although the
'"H NMR spectrum of the crude reaction m xture showed the presence
of acetate signals. Benzyl acetate was identified by its charac-
teristic smell and by comparison of its H NMR spectrum with

literature data.
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4) The substrate 39 (46 my, 0.08 mmol) and silver
triflate (20 mg, 0.08 mml) in acetic acid (1 m) was heated
under reflux for 1n. Again only benzyl acetate was detected. No
other products could be isolated.

5) A solution of the dibromocyclopropane 39 (84 mg,
0.14 mmol) and silver triflate (35 my, 0.14 mml) in acetic acid
(2 m) was maintained at 80° for 3h. It was then poured into
water (5 m) and extracted with ether (3x5 m) . The conbined
ether extracts were washed with sodium bicarbonate solution,
dried and concentrated. No solvolysis product could be isolated
from the residue although as many as five spots were seen in the
tlc. Some benzyl acetate was isolated and identified by H NMR
and by its characteristic smell.

6) A few drops of water were added to a stirred
solution of the dibromocyclopropane 39 (34 ng, 0.06 mmol) and
silver triflate (15 mg, 0.06 mml) in acetone (1 m) and the
reaction mxture was stirred at room tenperature for 24h. No
reaction was observed at this tenperature. The same solution was
then heated at reflux for 8h. Again no reaction was observed.

7) A few drops of water were added to a solution of the
substrate 39 (22 mg, 0.04 mmol) and silver triflate (15 mg, 0.06
mol) in dioxane (1 m) and the mixture was heated under reflux
overnight. No reaction was observed as indicated by tlc analysis
of the reaction mxture.

8) The dibromocycl opropane 39 (105 mg, 0.18 mmol) and

silver triflate (50 mg, 0.20 mml) were dissolved in 3:1
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methanol:tetrahydrofuran (2 ml) and stirred at room tenperature.
Since, no reaction was observed at room tenperature after 2 days,
the solution was heated under reflux . After 4h, no reaction was

observed as shown by tlc analysis.

Wth silver tetrafluoroborate :

9) The dibronmocycl opropane 39 (12 mg, 0.02 mmol) and
silver tetrafluoroborate (10 my, 0.05 mmol) in acetic acid (0.1
m) was stirred at room tenperature for 1h, then poured into
water (5 m) and extracted with ether (3x5 ml). The ether
extracts were washed with sodium bicarbonate solution, dried and
then concentrated. The residual material was identical with the

starting di bromocycl opropane 39 by tlc analysis.

Wth silver perchlorate:

10) The dibromocycl opropane 39 (34 nmg, 0.06 nmmol) and
silver perchlorate (18 mg, 0.09 mmpl) were dissolved in acetic
acid (1 m) and maintained at 60-70° for 8h. Tlc showed absence
of any product. Only the starting material was recovered.

11) The reactants, 39 (78 ng, 0.13 mml) and silver
~erchlorate (82 mg, 0.40 mml) were dissolved in 4:1 acetonitrile
- water (2 m) and heated under reflux for 24h. Tlc analysis at
this stage showed the presence of a conplex mixture with starting
di bromocycl opropane being the nmajor conponent. However, no

attenpts were made to purify this m xture.
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Sol vol ysi s experinent with dibromocyclopropane 43:

A mxture containing tie dibronocyclopropane 43 (120
mg, 0.26 mmol), silver perchlorate (108 mg, 0.52 nmol) and sodium
carbonate (165 mg, 1.56 nmol) in methanol (5 m) was heated under

reflux. No noticeable change was seen in the tlc after 12h.

Sol vol ysis experinents with dibromocyclopropanes 39, 40, 41 and
43 under basic conditions:

The reaction mxture containing the dibronocycl opropane
(1 eq.) and anhydrous potassium carbonate (6 eqg.) in nmethanol (10
ml/mmol of substrate) was refluxed for 12h wunder a nitrogen
atnosphere. The reaction mxture was cooled to room tenperature,
diluted with water and extracted with dichloromethane (4x). The
conbi ned organic extracts were dried, concentrated under reduced
pressure and the products were separated by chromatography. The
products derived from 40, 41, and 43 were found to be unstable
and therefore their elemental analyses were not attenpted. The

di bronocycl opropane 39 gave the follow ng products:

Maj or product 47:

yield 1 38.4%

IR(neat) : 2850, 1440, 1340, 1200, 1160, 800, 730, 700 cnmi'®.

‘4 NMR : 6 3.45 (s, 3H OCH,), 859 - 372 (m, 4H H5, HS6
H7, H7)« 425 - 4.66 (m, 6H OCH,Ph), 473 (s, 1H
H-4), 5.17 (s, 1H H-1), 6.79 (s, 1H H-3), 7.14 -

7.34 (m, 15H, ArH).
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13 R

{alp

El ement al

Calcd.
Found

55.19  (OCH ), 69.73 (C-7), 70.86 (OCH,Ph), 71.60
(OCH,Ph, C-6), 73.21 (OCH,Ph), 76.30 (C-4), T79.42
(C-5), 98.98 (C-1), 112.56 (C-3), 127.53, 127.73,

127.91, 128.06, 128.37, 137.64 (C-2), 137.78, 138.20,
138.44 ppm.

+69° (c2, CHCl3)

anal ysi s:

C,gH4,Brog C = 64.56, H- 5.79.

29731
C = 64.75, H = 5.84.

M nor product 48:

yield

I R(neat)

14 AR

13

laly,

29. 3%

2850, 1620, 1440, 1340, 1200, 1100, 1020, 900, 800,
730, 690 cni't.

6 3.52 (s, 3H, OCH3) , 3.85 - 4.00 (m, 4H H5, H-6,
H-7, H-7'), 450 - 4.80 (m, 7H OCH,Ph, H-4), 5.09
(s, 1H H-1), 6.80 (s, 1H H-3), 7.27 - 7.34 (m, 15H,
ArH) .

55.80 (OCH,), 70.65 (C-7), 70.95 (OCH,Ph), 72.25
(OCH,Ph), 73.35 (OCH,Ph), 74.73 (C-4), 74.97 (C-6),
76.11 (C-5), 101.20 (C-1), 114.70 (C-3), 127.63
127.79, 128.00, 128.32, 128.41, 128.48, 137.10 (C-2),
137.87, 138.37, 138.46 ppm

+26.7 (cl, CHCl,).



The dibronocycl opropane 40 gave an inseparable mxture of

products 49.

yield : 55%

14 MR © 5 346 (s, 3H OCK,), 3.49 (s, 3H OCH;), 3.7 - 3.79
(m 3H , 44 - 49 (m, 84 , 4.86 (s, 1H H1), 6.67
(s, H-3), 7.32 - 7.41 (m, ArH).

Bemr 55.56, 55.70. 68.46, 70.69, 70.76, 71.39, 72.23,
72.66, 73.47, 73.28, 73.39, 74.67, 75.95, 100.26,
101.52, 107.53, 112.65, 127.31, 127.63, 127.77,
128.06, 128.17, 128.32, 137.03, 137.16, 137.96,

138.19, 138.27, 138.35, 138.69 ppm

The di bronocycl opropane 41 gave the follow ng products:

yield © 60%

IR(neat) : 3032, 2934, 1684, 1628, 1454, 1358, 1146, 1090, 735,
698 cni't.

1y MR 6 1.43 (d, J =63 Hz, 34 H-7), 3.50 (s, 3H OCH) ,

3.52 - 3.8 (m, 4H), 4.50 - 4.80 (m, 4H OCH Ph), 5.06
(S, 1H H-1), 6.81 (s, 1H H-3), 7.30 - 7.43 (m, 10H,

ArH) .
3¢ NVR @ 19.35, 55.57, 70.97, 71.33, 72.43, 76.04, 81.66,
101.49, 114.02, 127.18, 127.54, 127.79, 127.92,

128.25, 128.40, 128.77, 137.68, 137.88, 138.46 ppm
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The dibronocycl opropane 43 gave an inseparable mxture of

products.

yield : 50%

M MR @ 5 345 (s, 34 OCH,), 3.62 (br, 2H), 426 - 472 (m,
5H 4.78 (d, J = 2.9 Hz, xH), 5.00 (s, 1H H-1), 6.77
(S, 1H H-3), 7.26 - 7.39 (m, 10H ArH)

3¢ MR 55.26, 58.59, 70.13, 71.23, 71.35, 74.94, 100.94,

114.90, 127.68, 127.70, 127.83, 127.94, 128.30,
128.45, 128.69, 135.73, 137.88, 138.46 ppm.

Reaction of dichlorocycl opropane 35 with Bu,SnH:

To a stirred solution of the dichlorocyclopropane 35
(499 mg, 1.0 mmol) in degassed chlorobenzene (6 m) was added
tributyltin hydride (640 ng, 2.2 nmml) and the solution was
nmaintained at 120° for 10h. The reaction mixture was cooled,
concentrated under reduced pressure and the product, 3,4, 6-
tri-O-benzyl-2-deoxy-1,2-chloromethylene-D-glycero-D-gulo-hexitol
(52) was obtained as a colourless syrup after chromatographic

purification of the residue.

yield © 139 my (309

IR(neat) : 3030, 2865, 1497, 1454, 1366, 1206, 1096, 1028, 737,
698 cnt'l.

HNVR  : i 1.48 (m, 1H H-2), 3.14 (dd, J = 4, 1.3 Hz, 1H

H-7), 3.50 - 3.90 (m, 6H), 4.50 - 4.80 (m, 6H,

OCHZPh), 7.26 - 7.35 (m, 15H,ArH).
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13:NMR  : 26.40, 34.08, 56.51, 69.45, 71.49, 73.08, 73.39,
74.88, 75.45, 75.51, 127.76, 127.95, 128.46, 128.55,
137.77, 138. 11 ppn.

(alp © +22.7° (cl.2, CHCl,).

El enental anal ysis:

caled. for C,gH,,Clo, @ C=72.32, H= 6.29.

28729
Found : C=72.25, H = 6.28.

LAH reduction of dichlorocycl opropane 35:

To a stirred suspension of [lithium alum num hydride
(277 mg, 7.29 mmol), in dry tetrahydrofuran (4 nl) was added, a
solution of the dichlorocyclopropane 35 (400 mg, 0.80 mml) in
tetrahydrofuran (10 m ). After stirring for 2h at room tenpera-
ture, the reaction mixture was cooled in ice and quenched by
careful addition of saturated aqueous sodium sulfate. The salts
were filtered and washed several times with ethyl acetate. The
filtrate was dried and concentrated. The residue on chromato-
graphic purification furnished 3,4,6-tri-0-benzyl-l,5-anhydro-2-

deoxy-1,2-C-methylene-D-glycero-D-gulo-hexitol (57) as a col our-

| ess syrup.

yield : 270 ng (789 .

1}{ NWVR : 6 0.67 - 0.75 (m, 2H, H-7), 0.80 - 1.0 (m, 1H H-2),
3.55 - 3.72 (m, 6H , 4.53 - 4.82 (m, 6H,  OCH.Ph) ,
7.25 - 7.37 (m, 15H, ArH).

3¢ MR 11.60, 14.93, 49.73, 70.21, 71.20, 73.36, 73.51,

76.90, 77.17, 80.17, 127.66, 127.76, 128.00, 128.45,
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138.41, 138.55, 138.71.
lalp : +62° (cl, CHCl,).
El emental anal ysi s:
Calcd. for C28H3004 : C=178.11, H= 7.02.
Found . C=78.00, H=+ 7.05.

LAH reduction of dichlorocycl opropane 37:
To a stirred suspension of [|ithium alum num hydride
(171 mg, 4.50 mmol) in tetrahydrofuran (4 nm) was added dropwi se
a solution of the dichlorocycl opropane 37 (177 mg, 0.45 mmol) in
tetrahydrofuran (6 m ). After stirring at room tenperature for
4h, the reaction mxture was cooled in ice and carefully quenched
by adding saturated aqueous sodium sulfate. The salts were
filtered, washed several tinmes with ethyl acetate. The filtrate
was dried and concentrated. 3,4-Di-O-benzyl-1,5-anhydro=-2, 6-
dideoxy-1,2-C-methylene-L-glycero-L-gulo-hexitol (58) was
obtained as a colourless syrup after chromatography.
yield : 98 mg (67%
IR(neat) : 3065, 3030, 2973, 2870, 1605, 1497, 1454, 1370, 1312,
1213, 1100, 1028, 910, 812, 737, 698 cm'’.
1y mr © $0.61 (m, 2H, H-7), 0.97 (m, 1H, H-2), 1.29 (d, J =
6.5 Hz, 3H, H-6), 3.24 (t, J = 6.6 Hz, H-4), 3.46 (m,
1H, H-1), 3.67 (m, 2H H-3, H-5), 453 (m, 2H,
OCH,Ph), 4.70 (d, 2H OCH,Ph), 7.33 (m, 10H ArH).
1:‘C NMR :10.15, 14.33, 18.91, 49.34, 71.21, 71.99, 73.63,

79.93, 81.83, 127.68, 127.79, 127.96, 128.42, 128.29,
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138.57, 138.74 ppm.

©

(alp : =11° (c1, CHCl,) .

El enental anal ysis:
Calcd. for

H C=77.75 H

C,qH,,04 7.46.

Found : C=77.56, H= 7.50.

LAH reduction of dibronocycl opropane 39:

To a stirred suspension of 1lithium alum num hydride
(100 mg, 2.60 mmol) in dry tetrahydrofuran (2 m) was added
dropwi se a solution of the dibronmocycl opropane 39 (188 mg, 0.32
mmol) in tetrahydrofuran (4 m ). After 90mn, the reaction
m xture was cooled in ice and quenched by careful addition of
saturated aqueous sodium sulfate. The salts were filtered and
washed several times with ethyl acetate. The filtrate was dried,

concentrated, and the products were separated by chromatography.

Product 1:

3,4,6-tri-0O-benzyl- 1,5-anhydro-2-deoxy- 1,2-C-bromomethylene-D-

glycero-D-gulo-hexitol (59):

yield : 53 ng (32.5%

I R(neat) : 3000, 2850, 1450, 1360, 1200, 1100, 750, 700 em™1,

1y NWR : 6 1.50 (m, 1H H-2), 3.0 (dd, J = 4.5, 1.6 Hz, 1H
H-7), 3.50 - 3.75 (m 5H), 3.80 (dd, J =7.7, 1.6 Hz,
1H  H-1), 4.50 - 4.77 (m, 6H OCH,Ph), 7.25 - 7.34
(m 15H, ArH).
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13cNMr @ 20.52, 26.39, 56.67, 69.39, 71.47,, 73.12, 73.36,
74.87, 75.36, 75.96, 127.73, 127.91, 128.41, 128.51,
137.71, 138.06 ppm.

[a] © +16° (c0.5, CHC13).

El emental anal ysis:

Calecd. for C,gH,gBro, : C=66.01, H= 5 74.

Found . C=66.12, H = 5.75.

Product 2:

Thi s product was found to be identical W th 3,4, 6-

tri-O-benzyl-D-glucal (31) by conparison with authentic sample.
yield: 9 mg (5.5%

Product 3:

This product was identified as 3,4,6-tri-O-benzyl-1,5-anhydro-
2-deoxy-1,2-C-methylene-D-glycero-D-gulo-hexitol (57) by conparison
wi th authentic sanple.

yi el d: 59 mg (42.8%

LAH reduction of dibronocycl opropane 39 for |onger tines:

To a stirred suspension of [lithium alumnum hydride
(208 mg, 5.47 mmol) in tetrahydrofuran (3nm) at room tenperature
was added dropwi se a solution of the dibronmocycl opropane 39 (536
mg, 0.91 mmol) in tetrahydrofuran (5 m ). The reaction mixture
was stirred at room tenperature for 48h, then cooled in ice and
carefully quenched with saturated aqueous sodium sulfate. The

salts were filtered, washed several times with ethyl acetate and
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the filtrate was dried. The product m xture after solvent evapo-
ration was separated by chromatography.

M nor Product:

yield: 71 mg (15.3%

The mnor product was found to be identical with tribenzyl-

D-glucal 31 in all respects.

Maj or product:
The major product was found to be the fully reduced cyclopropane
57 and was identical with the product obtained by LAH reduction

of dichlorocycl opropane 35.

Sol vol ysis experiments with bronocycl opropane 59:
Wth silver perchlorate:

1) To a stirred solution of bromocyclopropane 59 (42
mg, 0.08 mml) in methanol (2 m) were added silver perchlorate
(48 mg, 0.25 mmol) and sodium carbonate (49 mg, 0.50 mmol). The
reaction mxture was heated under reflux for 24h. No reaction was

observed and the starting material was recovered.

Under basic conditions:

2) The substrate 59 (25 mg, 0.05 nmmol) was heated in
methanol (1 m) in the presence of potassium carbonate (36 nmg,
0.27 mml) for 24h. No noticeable reaction was observed as

indicated by tlc analysis.
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3) The substrate 59 (51 mg, 0.10 raraol) and sodium
methoxide (56 ng, 1.04 mmol) were heated in nethanol (3 nl) at
reflux tenperature. No reaction was observed after 24h and the

starting material was recovered unchanged.

Simmons - Smith reaction of glycals:
Cycl opropanation of the (31):

To a stirred suspension of zinc dust (765my, 11.7mmml)
and cuprous chloride (250mg, 2.5mmol) in dry ether (iml) at room
tenperature was added 1 equval ent of diiodomethane. After b5mn,
acetyl chloride (20ul) was added and the mixture heated for 5
min, and then a solution of tribenzylglucal 31 (1.10g, 2.65mmvl)
in ether (4m) was added. Five minutes after the addition of the
glucal, an additional 2 equivalents of diiodonmethane were added
and the heating was continued for 90m n. The reaction mxture was
diluted with ether (30 m), washed wth 5% aqueous sodium
hydroxi de solution, brine and then dried. The residue after
solvent evaporation was purified by chromatography to furnish
3,4,6-tri-0-benzyl-1,5~anhydro-2-deoxy-1,2-C-methylene-D-glycero

-D-talo- hexitol (60) as a low nelting solid.

yield 1.0 g (89%.
IR(neat) : 3063, 3029, 2866, 1497, 1454, 1094, 737, 698 cmi'®.
H NMR : & 0.60 - 0.77 (m, 2H, H-7), 1.24 - 1.33 (m, 1H, H-2),

3.25 - 3.48 (m 3H H4, H5 H-6), 3.5 (d J =
9.1HZ, 1H H-6'), 3.69 - 3.77 (m, 1H H-1), 4.10 (t,
J e+ 6.8 Hz, 1H H-3), 4.45 (t, 4H OCH Ph), 4.71 (dd,
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J = 11.7, 2.5 Hz, 2H OCHzPh), 7.10 - 7.28 (m, 15H

ArH) .

Pewmr @ 1231 (G7), 15.8 (C2), 55.29 (c-1), 69.73, 69.95,
73.71, 74.29 (CH,’s), 77.78, 78.72, 78.93 (CH's),
127.75, 128.03, 128.54, 138.62, 138.92 ppnm.

[cx]D ©-49° (c0.9, CHCIB).

El emental anal ysis:
Calcd. for CZBHBOod : C=78.11, H= 7.02.

Found : C=78.15, H=7.12.

Cycl opropanati on of tribenzyl-D-galactal 32:
The procedure described for 31 was followed and
3,4,6-tri-O-benzyl-1,5-anhydro-2-deoxy-1,2-C-methylene-D-glycero-

L-allo~hexitol (61) was obtained as a col ourless syrup.

yield . 80%

IR(neat) : 3000, 2800, 1440, 1360, 1100, 720, 680 cm"'.

14 nur . 6 0.60 - 0.80 (m, 1H), 1.20 - 1.30 (m, 1H), 1.40
1.60 (m, 1H), 3.45 - 3.51 (m, 3H), 3.82 - 3.9 (m,
2H) , 4.04 (t, J = 5.5HZ, 1H), 4.41 - 4.99 (m, G6H,

OCH Ph), 7.31 (m, 15H, ArH).

13CNMR : 12,09, 14.13, 53.90, 69.26, 69.54, 73.31, 73.76,
74.24, 74.59, 76.01, 127.28, 127.55, 127.77, 127.93,
127.99, 128.25, 137.91, 138.66, 138.83 ppm.

[a]D : -73.3° (CO.Q,CHCLJ).
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El enental anal ysis:
calcd. for CogH309 C=78.11, H= 7.02.
Found C=177.97, H= 7.10.

Cycl opropanation of dibenzyl-L-rhamnal 33

The procedure described for

31 was followed and 3,4-di-

O-benzyl-1,5-anhydro-2-deoxy-1,2-C-methylene-L-glycero-L-talo-

hexitol (62) was obtained as a colourless syrup.

yield 87%

IR(neat) 2950, 2800, 1500, 1440, 1370, 1220, 1080, 720, 680
cmi't,

14 R 6 0.75 - 0.80 (m, 2H H-7), 1.21 (d, J - 6.6HZ 3H
H-6), 1.27 - 1.40 (m, 1H H-2), 3.02 (dd, J = 9.7, 7
Hz, 1H, H-4), 3.36 (m, 1H H-5), 3.79 (m, 1H, H-1),
4.14 (t, J - 6.9HZ, 1H H-3), 4.60 (dd, J = 11.2, 3.3
Hz, 2H, OCHZPh), 4.85 (dd, J = 11.6, 5.5 Hz, 2H
OCHZPh), 7.32 (m, 10H, ArH).

e R 11.61, 15.30, 17.51, 54.42, 69.26, 73.63, 73.82,
78.24, 83.06, 127.11, 127.41, 127.86, 127.95, 138.41
ppm.

[m]D +89° (cil.1, CHC13).

El enental anal ysis:

Calcd. for C,,H,,04 C=77.75, B 7.46.

Found C=77.79, H = 7.48.



Reaction of cyclopropane 57 with N-bromosuccinimide:
N-Bromosuccinimide (30 mg, 0.17 mmol) was added to a
stirred solution of 57 (60 ng, O0.14 mmol) in methanol (1 m).
After 12h at room tenperature, the solvent was renoved under
reduced pressure and the residue purified by chromatography to
furnish net hyl 3,4,6-tri-O~benzyl-2-deoxy-2-bromomethyl-g-D-

gl ucopyranosi de (67) as a syrup.

yield : 52 my (69%
IR(neat) : 3000, 2850, 1460, 1360, 1200, 1100, 1040, 740, 700
-1
cm .
4 NMR : 6 1.70 (br t, 1H, H-2), 3.30 - 3.70 (m, 10H , 4.26
(d, J = 81 Hz, 1H H-1), 4.38 - 4.84 (m, 6H,

OCH,Ph), 7.02 - 7.18 (m, 15H ArH).
13

CNWR : 31.65 47.70, 57.25 69.04, 73.62, 74.84, 75.14,
79.85, 80.01, 102.29, 127.66, 127.86, 128.42, 128.52,
138.16, 138.30, 138.44 ppm.

lalp D 422" (cl, CHC,) .

Mass spectral data: mz 540 (M*), 449, 417, 401, 311, 295, 231,
91.

Solvomercuration of cycl opropane 57

Mercuric acetate (330 ng, 1.04 mml) was added to a
stirred solution of the cyclopropane 57 (296 ng, 0.69 mmol) in
methanol (3 ml). After stirring at room tenperature for 9h, the
solution was cooled in ice and quenched with an excess of sodium

borohydride. After 15 min, the reaction mxture was poured into
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water (10 m) and extracted with chloroform (4x10 m ). The
conbined organic extracts were dried, concentrated and the
products separated by chromatography.

Product 1:

Met hyl 3,4, 6- tri-O-benzyl -2-deoxy- 2C- net hyl - B-D- gluco-

pyranosi de (75) :

yield : 96 mg (30%
m.p. : 104-105°
IR(KBr) : 3065, 3030, 2928, 2866, 1647, 1497, 1454, 1362, 1092,

1026, 736, 698 cnil.

HNMR : & 1.05 (d, J = 6.4 Hz, 3H H-7), 1.80 (m, 1H H-2),
3.25 (t, J = 9 Hz, H1, H-3), 3.40 - 3.80 (m, 7H) ,
4.01 (d, J = 8 Hz, 1H, H-1), 4.50 - 50 (m, 6H,
OCH,Ph), 7.26 - 7.35 (m, 15H ArH).

3¢ MR : 12.62, 47.79, 56.85, 70.75, 73.62, 74.a83, 75.32,
79.55, 85.37, 105.68, 127.71, 127.87, 127.96, 128. 20,
128.49, 138.42 ppm.

Product 2:

yield : 150 ng (23%

1y MR © 6 0.70 - 0.80 (m, 1H H-7), 1.0 - 115 (m, 1H H-7'),
2.10 - 2.30 (m, 1H H-2), 3.20 (t, J = 9Hz, 1H H-3),
3.35 - 3.80 (m, 7H OCH,, H-4, H5 H6, H-6’), 3.94
(d, J = 8HZ, 1H, H-1), 4.50 - 5.0 (m 6H OCH Ph),
7.27 - 7.30 (m, 15H, ArH).

Cnmr : 37.71 (C-7), 47.53 (C-2), 56.71 (OCH ), 69.44, 73.54,

74.63, 75.87, 79.92, 87.76 (C-3), 107.31 (c-1),
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127.85, 128.37, 138.38, 138.70, 138.92 ppm.
FAB mass spectral data: Custer at mz 1119-1125.

Hydroboration of glycals:
General procedure:

To a stirred solution of the glycal in tetrahydrofuran
cooled in an ice bath was added an excess of borane: tetra-
hydrofuran conplex in tetrahydrofuran. After stirring for 2h at
0°, excess borane was destroyed by careful addition of water (0.5
m) . 3M Sodium hydroxide solution was then added all at once,
followed by dropwi se addition of 30% aqueous hydrogen peroxide.
After 1h, the solution was diluted with ether, the layers
separated and the aqueous l|ayer extracted with ether (3x) . The
conbined organic extracts were washed with brine, dried and

concentrated. The product was purified by chromatography.

3,4, 6-tri-0-benzyl 1,5-anhydro-D-glucitol (83):

yield © 69%

IR (neat) : 3449, 3030, 2865, 1497, 1454, 1362, 1209, 1092, 739,
698 cm *.

I4yNvR @ 5 1.60 (br, 1H OH), 3.11 (t, J - 11 Hz, 1H H-1a),
3.27 - 3.64 (m, 6H H2, H-3, H-4, H5 H6, HG6"),
3.91 (dd, J = 11.0, 55 Hz, 1H H-le), 4.38 - 4.88
(m, 6H oOCH,Ph), 7.0 - 7.24 (m, 15H ArH) .

13

CNMR : 68.94, 69.59, 70.22, 73.62, 74.86, 75.18, 78.03,
79.49, 86.93, 127.85, 127.93, 128.43, 128.65, 137.92,



138.05, 138.63 ppm.

[a]n : +53° (c1, CHCIJ).

3, 4,6-tri-0-benzyl 1,5-anhydro-D-galactitol (85):

yield T 65%

IR(neat) : 3449, 2865, 1497, 1454, 1364, 1209, 1088, 1028, 737,
698 cnt?

I MR : 6 2.20 (br, 1H OH), 3.10 (t, J - 10.2 Hz, 1H H-1la),

3.26 (ad, J = 9, 2.5 Hz, 1H H-le), 3.41 - 3.51 (m,

3H), 3.89 - 4.06 (m, 3H), 4.36 - 4.79 (m, 6H,
OCH,Ph), 7.10 - 7.25 (m, 15H ArH).

3¢ MR 66.75, 69.08, 69.92, 71.86, 73.15 73.59, 74.60,
77.99, 84.46, 127.74, 127.97, 128.12, 128.28, 128.43,
128.61, 137.92, 138.45 ppn.

(*]p © +22° (cl,CHCL,).

3,4-di-0-benzyl 1,S5-anhydro-é6-deoxy-L-glucitol (87):

yield T 64%

m.p. : 75-76° (hexane)

IR (KBr) : 3291, 3030, 2917, 1497, 1454, 1377, 1358, 1098, 1036,
752, 692, 660 cm'l.

H NWR 8 1.20 (d, J = 6.4 Hz, 3H H6), 2.0 (br, 1H OH),
3.08 (m, 2H Hla, H-4), 3.27 (m, 2H H-3, H-5), 3.60
(m, 1H H-2), 3.82 (dd, J = 11, 5 Hz, 1H H-le), 4.75
(m, 4H OCH,Ph), 7.24 (m, 10H Ar H) .

B¢ mR : 18.24, 69.43, 70.65, 75.27, 76.34, 83.91, 86.88,



127.93, 128.01, 128.56, 138.73, 138.20, 138.74 ppm.

lalp : -44.5° (cl.6, CHCL,).

3,4-di-0O-benzyl 1,5-anhydro-D-xylitol (89):

yield : 60%

m.p. : 50-52° (hexane/ethyl acetate).

IR (KBr) : 3439, 3063, 2861, 1497, 1454, 1069, 739, 698 cmi'l.
l4yNMrR ;6 3.20 (br, 1H, OH), 3.50 - 3.70 (m, 5H , 3.80 - 4.0

(m, 2H , 464 - 474 (m, 4H OCH,Ph), 7.35 (m, 10H
AH) .

3¢ NWR O 66.70, 68.31, 69.45, 72.01, 73.38, 76.03, 78.28,
127.79, 127.96, 128.55, 137.71, 138.32 ppm.

CIN © -9.2 (cl.3, CHCl,).

Debenzyl ation of partially benzylated 1,5-anhydroalditols:
General procedure:

The partially benzylated 1,5-anhydroalditols were
dissolved in methanol and hydrogenated in a Parr hydrogenator
with 20% Pd (OH) ,/C for 4h. The catalyst was filtered off and the

filtrate concentrated to furnish the 1,5-anhydro- alditols.

1,5-anhydro-D-glucitol (84)°":

yield (819

m p. : 138-140°

1l-ll\l\/R (D.O) : & 3.04 - 3.26 (m 4H), 3.36 - 3.54 (m, 2H), 3.68
- 3.85 (m, 2H).
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13¢ NMR : 61.75, 69.56, 70.15, 70.53, 78.29, 81.03.

[a]lp ;o +40° (c1, H,0).

1,5-anhydro D-galactitol (86) '°%:

yield © 90%

“WNVR (D,0) : 6 3.06 (t, J = 10.3 Hz, 1H), 3.41 - 3.46 (m,
2H) , 3.56 - 3.71 (m,3H) , 3.82 - 3.91 (m, 2H) .

2,3,4,6-tetra~0O-acetyl-1,5-anhydro-D~-galactitol (86A):

A solution of 86 (329 ng, 2.0 mmol) in dry pyridine (5
m) was treated with excess acetic anhydride and the reaction
m xture was kept at room tenperature for 2 days. The reaction
m xture was poured into ice and extracted with chloroform (3x20
m ), dried and evaporated. The product 2,3, 4,6~tetra-O-acetyl-
1,5-anhydro-D-galactitol (86A) was obtained after purification.

However, the product could not be crystallized.

H R S & 2.01, 2.05, 2.06, 2.15 (4s, 12H, =OCOCH.), 3.34 (1,
J o= 10.2HZ, 1H), 3.85 (t, J = 5.9HZ, 1H), 4.11 (d, I
= 11.6HZ, 2H), 4.19 (dd, J = 11.1, 5.3HZ, 1H), 5.08
(dd, 3 = 10.2, 3.3HZ, 1H), 5.21 (m, 1H), 5.44 (0,
1H).
o o Q4
lalp © %43 (cl, CHCly). Lit.: +49.1 (c0.82, CHCl,)

1,5-anhydro-6-deoxy-L-glucitol (88):
yield : 85 mg (94%) .

m.p. : 144-146° (lit. 149-150°)".
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IR (KBr)

14 NMR (D.O)

3343, 2901, 2853, 1100, 1069, 1030, 858 cm .
3H H-6), 3.00 (t, J =
H-1a), 3.05 - 3.27 (m, 3H , 3.35
-3.5 (m, 14, 3.78 (dd, J = 11.0, 52 Hz, 1H
H-le).

6 1.11 (d, J = 6.1 Hz,

9.2 Hz, 1H

e mR 17.70, 69.48, 70.39, 75.79,

[a]D -18.6° (c0.97, HZO).

77.20, 77.99 ppm

aQ
1,5-anhydro xylitol

yield 30 mg (81%)
m.p.

90-91"
H NMR (D.O) 6 3.09 (t, J » 10.6 Hz,

2H, H-la, H-5a), 3.27
(d, J = 8.7 Hz, 1H, H-3), 3.46 (m, 1H, H-2,
H-4), 3.80 (dd, J = 11, 5 HZ, H-le, H-5e).
136 nvR 56.76, 59.55, 59.70 ppm.
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