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ABSTRACT

This thesis deals wth synthetic and nechanistic investigations
on the hydroboration of olefins with various borane Lewi s base conpl exes.
It conprises of three chapters. Each chapter is subdivided into three

parts; Introduction, Results and Discussion and Experimental Sections.

The first chapter describes the studies on the hydroboration
of olefins wth Hg(OAc) 2/NaBH_q and RCOOH/NaB!-l4 systens. It was found
t hat Hg(OAc)2 /NaBH4 and CH3COOH/NaBH4 systens hydroborate olefins. The
hydroboration: of olefins wth these systens are relatively slow and
only one equivalent of olefin reacted after 12 h at r.t. Although the
hydroboration of olefins wth CH3COOH/NaBH4 system has been reported
earlier, the system has not been extensively studied. Utilization of
t he CH3 COOH/NaBH4 system for selective hydroborations and controlled
hydroborations was studied. The slow hydroborating nature of the CH3COG—|/
NaBH‘El system was exploited in the selective hydroboration of olefins
in the presence of other reducible functional groups. Selective hydro-
boration of olefinic noiety when it is present along with a carboxylic
group in a molecule is difficult with BH3 .THF as the reduction of carbo-
xylic group by this reagent is faster than hydroboration. This objective
has been achieved in the past by protecting the carboxylic group as
an ester or by wutilizing tw equivalents of hindered disiamylborane
as the hydroborating agent. During the present studies, it was observed
that the hydroboration of olefinic noiety present in a nolecule along
with a carboxylic acid group can be readily achieved by adding NaBH4

to the olefinic acid (Schene 1).
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Scheme 1
NaBH4
CH = CH-(CH.) -COOL____~ » CH. = CH-(CH.) -CO_,BH-Na + H-
2 2 8 2 THF 2 2 8 2 3 Z
4
H  H.O
HOCH - (CH.) -CO.He—<_ 2% Y§ cH -(cH.) -ca BZ
2 2'97¢0; T Emtah T ey

‘Hydroboration of olefins wth CHBCOOH/NaBH4 system followed by
carbenoidation using the sinple CHC13/thLb reagent and oxidation wth
H202/NaOH give symmetrical dialkylketones (Schene 2). This transformation
was earlier carried out under relatively nore exotic reaction conditions.
In addition to providing a sinple synthetic nethod for the conversion
of olefins to dialkyl ketones, the present transformations also throw

sone light on the nature of the species involved in the processes.

Scheme 2

2RCH=CH2 . 1.CHCl3/Na0CH3
CH COOH+NaBH, > (R-CH —CH_.) B’ » RCH -CH.) .C=0

3 4 2 22 N 2 2 2

= a
2.H202/Na0H

Hydroborati on of terminal al kenes with C}BCOOH/NaBH4 system fol | oned
by oxidation with C}v'/(CHB)BCIH reagent give the correspondi ng carboxylic
acids in 30% to 75% yields. Athough the yields are very npdest in sone
cases, this method serves as a sinple one pot procedure for the conversion

of terminal alkenes into the correspondi ng carboxylic acids.

In the 2nd chapter, the studies on the synthesis and application
of borane and iodoborane N,N-dialkylaniline conplexes are described.

Various nmnethods reported for the generation of diborane were reviewed



Vil

in order to select a sinple nmethod for the generation of diborane for
utilization in the synthesis of amine-borane conpl exes. The nethod reported
by Freeguard and Long in 1965 involving the wutilization of NaBH4/I_7
system in diglyme appeared to be sinmple (eqg.1,2). These authors trapped
the liberated diborane in a series of liquid nitrogen traps using vacuum
line technique. However, this sinple system has not been extensively
utilized for diborane generation, despite the facts that the starting
materials are relatively sinple to handle and the advantage over the

di borane generated utilizing BF3(]Et 2/NaBH4 system has been denonstrated.

diglyme _ oy + 2NaQ + H, + B.H

ZNaBH4 + Hg2C12 ey 2 SHe (1)
dialvme
2NaBH. + 1. — % » 2Nal + H + B_H (2)
4 Z TsT Z Z b

During the present studies, it has been observed that the diborane
can be readily generated utilizing the NaBH, /1, system using the equi pment
simlar to that wutilized for the NaBH./BF..OEt. system The diborane
generated by the above method was utilized for the synthesis of NN
dialkylaniline borane conplexes, for hydroboration of olefins, reduction
of amides, imines and carboxylic acid groups. The N, N-diethylaniline
borane conplex was wutilized for symetrical dialkyl ketone synthesis
from olefins via hydroboration-carbenoi dation-oxidation and synthesis
of unsymmetrical dialkyl ketones via sequential hydroborations of two

different olefins was also attenpted.

Mono iodoborane-N, N-di ethylaniline conplex was prepared in benzene

by the reaction of I, with the corresponding amne borane conplex and

its synthetic utility was explored (Scheme 3).
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Scheme 3
NaBH, (diglyme) + I, (diglyme)
J N,N-diethyl aniline/benzene
BH3
NN
|
J Iz/benzenc
BH,I
NN
l R-C=CH
R
: cH air H/-CZC\ ' 1.CH30Na R—CHE-CHO
-CH»5 - 0 +——vorrr . B - >
‘ Oxidatian  o—r. 2H,02/Na0AC R-CH- CHO
R | o '

I

l NaOH/1,/THF

R /1
//C=:C,\ /,R
H H

+
R\\__ /F1
H/C:: C\I

In chapter 3, the mechanistic studies on the hydroboration of
prochiral olefins with wvarious borane-chiral Lewis base conplexes are
described. In the introductory section, contributions by various research
groups to the nechanistic studies on the hydroboration reaction are
reviewed. Three different nechanistic proposals can be visualised from

these reports (Schene 4).
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Schene 4

1. SNl like mechanism Involving free ‘BI—|3' nononmer formation in an

equi librium step.

BH3LB BHy + LB

:*:
H2B~---H

CHy=CH—R + BH3—| CH3“CH-R|—— R-CHj; -CH;~BH3

2 5N2 like mechanism: Without any intermediate.
LB i
HpBe---H

CHy=CH—R + BH3LB—= | CH;~CH—R | —> R-CHy-CH,-BH;

3. Mechanism with T-complex intermediate.

CHy= CH—R + BH3LB

R-CHZ—CHz‘BHz""— CHy—~CH—R

The obvious difference between the S 1 Ilike nmechanism and S 2
N N

like nechanismis the absence or presence of the Lewis base in the transi-
tion state of the ”B-H addition to the olefin. Although it is not clear
whether the Lewis base wll have any influence during >B-H addition in

the nechanism involving TT -conplex internmediate, the influence (if any)



will be only little since

rearrangenent. Accordingly, it

the Lewis base is present or absent

-chiral

exam ned by utilizing BH3

tion of prochiral ol efins.

The

chiral Lewis base auxili

following nodified literature

acid (1) was also utilized.
CHj3
1
CH—COOH

H3CO

o)

H

©-ov

A 5

Hydroboration of prochiral

with these chiral RCOOH/NaBH, systens

4

The corresponding alcohols wth

were isolated after oxidation of the

the >B-H addition

was thought

Lewi s base conplexes for

procedur es.

N— C— CH3

ol efins

opti cal

here is an intranolecul ar

that the problem (i.e. whether

in the transition state) can be

the hydrobor a-

aries (2,3,4,5 were synthesized

The

commercially available

3

gele

7

@

g8 8

(6 to 9) were carried out

and chiral am ne borane conpl exes.

i nductions 0.3%ee

to 19.2%ee

resulting organoborane with I}C}A/

NaOH. These results were considered in the context of mechani sns (Schenme 4)

proposed by various workers for the h

results along with the existing data

ydr oboration reaction.

The present

in the literature indicate that



there is a spectrum of mechanisms possible for the hydroboration reaction,
depending on the reactivity of the substrates. The results are discussed by taking

into account of the frontier orbital interactions and steric factors involved.
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GENERAL I NTRODUCTI ON

! . . . 1
Di borane was isolated and characterised as early as in 1912.
The observation that it slowy reacts wth ethylenc at 100°C in the
-2
gas phase to give triethyl borane was made in 1948.° However, the observa-

tion that the addition of the }B-H bond in diborane to olefins is facile

3 4 5

in ether solvents was made only in 1956. The historical account

reveals that this discovery of the powerful catalysis by ether solvents
was delayed as diborane was not generated in ether solvents in the pre-
sence of olefins prior to 1956. It is now well established that the

di borane reacts with Lewis bases (eg, ether solvents, dinethyl sulfide,

3
am nes, etc.) to give the corresponding BH -Lewis base conplexes which

hydroborate olefins nore readily than the parent diborane. Many such

3
BH -Lewi s base conplexes are now commercially available (eqg.1).

B,H, + : LB » 2BH :LB (1)

LB = THF, I\/EZS, RBN(R=11 or al kyl) etc.

Qur prelimnary experinments revealed that the Hg(OOCCH 3) 2/NaBH£}

system or the CH3COOH/NaBH system in THF hydroborates olefins at room

4

tenperature. The reaction is relatively slow conpared to BH3.THF and

only one equivalent of 1-alkene reacts in 12 h at room tenperature.

Many literature reports indicate that the stronger the Lew s-base borane
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conplex, the slower is the hydroboration. In some instances, the stronger
complexing ability of Lew s bases can be utilized for achieving controlled
hydroboration. For exanple, @ Hﬁ -OEt, gives the corresponding dialkyl
chl oroborane with 1-butene in diethylether but in the presence of 1

to 2 equivalents of THF the hydroboration can be stopped at the monoalkyl-

chl or obor ane stage7 (eq.2,3).

C,H: CH=CH,,
C1BH, OEt, = » C.H.CH.CH.).BCl (2)
zZ Z Et 20 c> ¢ 27
C,H CH=CH,
d BH.0Et e > C_H_CH.CH_BHC1 (3)

Z Z utzu Zs> Z 7
1 to 2 eq.THF @

It has been suggested that stronger conplexation by THF prevents
further hydroboration.7 It was of interest to investigate the utilization

of the RCOOH/NaBH, system for selective and controlled hydroborations.

4

As nentioned above, diborane reacts with ether solvents and other
Lews bases to form BH. Lewis base coqplexes which then hydroborate
olefins. The reactivity is dependent on the stability of such conpl exes
However, the nechanism of this inportant reaction and the role of the
Lewis base in the transition state of the reaction are not clearly under-
stood and differences of opinion exist. It was also of interest to investi-
gate this problem

?,8—11 12-14

Since several' nonograph and ~detailfed revlews

‘have

been published covering hydroboration and other reactions of BH3-Lemjs

g
base conplexes and also the reactions of organoboranes, only the reports
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closely related to the present investigations will be discussed under

t he

10.

11.

12.

13.

'introduction and results and discussion' sections in Chapters 1-3.
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CHAPTER 1

Studies on the hydroboration of olefins wth

Hg(OAc),/NaBH, and RCOOH/NaBH, systems



I NTRODUCTI ON

An excellent review on the nature of the species produced in

the reaction of ROOOH with NaBH, and their reactions towards various

4
1

organic functional groups has been published recently. However, it
is helpful to briefly survey various original reports published in this

area before and during the course of the present studies.

VWhereas aqueous acids conpletely hydrolyse NaBH pure m neral

4!
acids give diborane. Treatnent of NaBH4 with neat carboxylic acids gives
hydrogen and acyl oxyborohydride species. Even in neat carboxylic acids,
the triacyl oxyborohydride Na(RCOO) ?_BH is relatively stable and the |ast

hydride is lost only upon heating or prolonged exposure to RCOG—L1 The

23
sodium triacyl oxyborohydride has been characterised by IR studies. '
The mono and diacyl oxyborohydrides will be expected util | sing requisite
anount of the RCOOH (eq.1).

NaBH. + x RCOOH_____»  NaBH, (OOCR) + xH. (1)
4 4-x X 2
x=11to3

Oiginally it was observed that wupon reaction of NaBH4 (eq.1)
Wi th CHBCCIH (1 eq) a material analysed for 'NaBI—EOAc' crystallizes

4
out of THF. The reaction of this material wth H[O liberates three



nol es of hydrogen (H_) (eq. 2).

“OH
Vl" NI

B-0<C-R —_» /B- 0+ H2+ ROOOH (2)

Hzo
No diborane was detected on heating this material at 55°C for

10 m nutes. However, the material gives (RO)QPBHB in good yields on
4

treatment with trialkyl phosphites. Accordingly, even if the nmaterial
3 3
at hand is not exactly 'NaBHOAc', it is able to supply 'BH ' noiety

on reaction with trial kyl phosphites.

The related propionic acid derivative was reported to have been
fornmed from the reaction of NaBH4 in diglyme with an equivalent of pro-
pionic acid and also by the reaction of sodium propionate with diborane.”

However no evidence was presented to support its structure.

Later, it has been observed that the reaction of isobutric acid
(1 eq) and NaBH4 (1 eq) in THF actually gives a suspension in which
NaBHL1 is in equilibrium with the nono-, di-, tri and tetra-acyloxyboro-

hydri de speci es.

NaBH z=——» NaBH_OAC s——* NaBH. (OAc)s——» NaBH(OAc).=——= NaB( OAc)
4 3 2 2 3 4

Very recently it has been reported7 that the solution obtained

from the LiBH4(1 eq)/CH3COOH (1 eq) system in THF, NaBH él eq)/CHBCOOH

(1 eq) system in diglyme, BH3.THF(1 eq)/Na(OAc)4( 1 eq) system



in diglyme at 25°C give ”,B—NMR signals corresponding to the presence

of only MBH , and MB(OAc) It has been concluded that either the reaction

4
of alkali metal borohydrides with an equivalent of acetic acid does
not produce nonoacetoxyborohydrides or the nonoacetoxyborohydrides,
if first produced, are very labile in solution and undergo rapid dispro-

: ) . . . .,
portionation to give a mxture of borohydride and tetra acetoxyborohydride

(eq.3,4).
CH,000H + MBH,__ = [MBH.OAc] + H, (3)
a ft E- | <
4 MBH OAc m—= 3 MBH, + MB(OAC). (4)
3 4 4

It has been observed that the reaction of LiBH4 and an equival ent

of CH30(I}| in diethylether gives diborane and H2.7 The diborane can
be trapped as BH,-sMe, conplex if the reaction is carried out in the

presence of IVEZS (eq.5).

Etzoi_> 1/2 BQH,G +I-|2 + Li CAc

O—|3coou + LiBH4 (5
Et 2O + MaZS

. + Li
BH3 .SMe2 Li QAc

On the basis of these observations, the reaction in the case of LiBH,
4
may be represented as follows (eq.6,7).

4 LiBH, + 4 HAC —=% 4 BH,.LB + 4 LiOAC + 4 H, (6)



4 BH_.LB + 4 LiOAc + 3 LiBH, + LiB(OAc). (7)
3 4 4
LB = Sol vent

I n non-coordi nating solvents such as Etzo, the internedi ate BH3 'OF‘té‘
will not be stable and deconposes to B'[H6 as the LiQAc precipitates
out of the solution. In THF, the reaction gives only the LiBH4 and LiB(OA<~)4.

However, the mixture of LiBH and LiB(OAc), obtained from LiBH and

4 4 L 4

an equivalent of acetic acid was found to hydroborate ol efins. Si nce
t he LiBH4 itself does not hydroborate olefins, the hydroborating species

must be produced in situ fromthis on reaction with LiB(OAc) 4.

11 7
The B~NMR studi es were carried out in solvents where both

the l\/BH4 and I\/B(OA\C)4 arc soluble and it is not clear what will be the

species formed in the reaction of NaBH4 with an equival ent of CH?C(IJ-|
in THF from which the NaBHBOAc speci es has been reported to have crystal -

lized out.

Among various acyl oxyborohydride species that wll be expected
to be formed by the reaction of RCOOH wth NaBH4, the follow ng hydride

delivering ability order was suggested. 1

BHBCECR > BH (oc0R>2 > BH(OCOR)

2 3

It was noted that under the conditions where the triacyloxyborohydride

will be fornmed using 3 equivalents of RCOOH, no hydroboration was observed. |

Formation of gaseous acetal dehyde was observed in the reaction



4
of NaBH w th excess acetic acid. The reagents obtained by the reaction

4
of NaBH and an equivalent of RCOOH or two equivalents of RCOOH in THF

were found to be stable at r.t. and the acyloxy group was not reduced

4

9
even after 24 h. The reagent prepared using LiBH (1 eq) and caproic

acid (1 eqg) is not stable and the acyloxy group is reduced in 24 h at
10

room tenperature in diethyl ether solvent to give n-hexanol in 60% vyield.
However, the NaBHd/RCOOH system in THF also gives the corresponding

RCHZ-OH in 50% yield along with 50% of the unreacted RCOOH after refluxing
9

the reaction mxture for several hours. This observation was explained
2
by the mechanism involving the formation of RCOOBH intermediate which

has been reported to wundergo reduction even at -80°C. (Scheme 1).
Schene 1
R-COOH + NaBH, —25% o R_COOBH Na + H.
4 3 2
RCOOBH2 + RCOONa <—(RCOO)2BH2Na + NaBH4
RCH.0-B{—_» R-CH,CH

The reaction was exploited for the selective reduction of aliphatic

acids in the presence of aromatic acids by utilizing NaBH, and one equiva-

4

lent each of aliphatic acid and aromatic acid in THF and refluxing the

9
m xture for 3 to 6 h (Scheme 2).



Scheme 2
Na[-l}i‘1
ArCOOH + RCOOH ———7——» (ArC.OL’J)B}]2(U()CR)Na
- Fast l ; ;
R—CH2—OH -— R-C}I2-—O—B\ - HZBOOCR + ArCOONa

The RCOOH/NaBHq system prepared in neat carboxylic acids or in
solvents such as benzene, THF, dioxane, DM, dichloroethane, dichlorome-
thane, etc. have been utilized for several useful synthetic transfornmations

. 1
and an excellent review has appeared recently. The reagent system has

2,12-15 16-23

and rel ated subst' at'es,

2 24 24-29

reductions of imines, indole and substituted indol.es, N-alkylation
= ) 2, 30-37 . ; 2,34,38-42
of am nes, reductive N-al kyl ation of nitrogen heterocycles,

been utilifzed for reducti on of enamines,

: ) : 43- 45 .
reductive N-alkylation of oxines and related substrates, reduction

off ‘'hyd? azones, . nitriles, - am des, 4 and carbamat es?e’ 48 reduction
49- 53 49 54-56
of al kenes, al cohol s and ket ones whi ch give stable carbonium
ions in acid nedia, acylation of alcohols, phenols and am nes, ™' selec-
A e E I 08759 I =N 60- 62
tive reduction of aldehydes 6 51 1n-dée presence of ketones, asygy

metricededucti on ofsgketones, reductive cleavage of acetals,

ketal s and ethers and for many other applications.

Hydroboration of alkenes by the RCOOH/NaBH4 system was first

reported in 1963. e Al though this nethod has not been extensively utilized

several exanples are known (Table 1).



Table 1 : Hydroboration of Al kenes
Substrate Product Condition Yi el d
1. NaBH4/H0Ac 75%
\\,/ﬂ\v/ﬂ§¥ \\”/ﬁ\“/’\ﬁ
OH .
H 2 H202/OH
' 1. NaBH _ /HOAc 79%
OH 4
A N0z 2. H.O./OH
H - E - oT2T2

[::j [:::T,OH 1. NaBH,/HOAc 10-20°C 85%

2. H202/OH
(others)
CH,OH
NaBH4/HOAc, 20° 73%
E!j Zn HZOZ/OH

(others)
; ; .OH 1. LiBH,/HOAc 95%
24 HZOE/OH

The conditions for the hydroboration were optimsed in 1974,

T, 72

It was observed that 3 equivalents of 1-alkenes or 2 equivalents of
internal alkenes react when they were taken in THF along with NaBH,
(1 eq) and CH3COOH (1 eq) was added slowly at 0°c, and stirred further
for 2 h at r.t. The yields of the alcohols obtained after oxidation
with H202/NaOH indicate the formation of trialkylborane from 1-alkenes

and dialkylborane from internal alkenes. These observations indicate

that the reactivity of the species generated in situ is simlar to BH3,THF



as the latter also gives dialkylborane from internal alkenes such as

cycl ohexene and trial kyl borane from 1-alkenes.

W became interested in studying the utilization of this sinple

RCOOH/NaBH, reagent system for selective and controlled hydroborations.

4



RESULTS AND DI SCUSSI ON

Hydroboration of alkenes wth Hg(OAc)2 /NaBHJI and RCOOH/NaBH4 system

In continuation with our previous studies on the carbonylation
of radicals produced in the reaction of organomercurials wth NaBH
in THF, g we becane interested in the reaction of Hg(OAc) 2/NaBH4 system
W have observed that the reaction of Hg(OAc)2 with two equivalents
of NaBH‘;l in THF at 0°C gives a gas and elenental nmercury. The contents
hydroborates olefins. The reaction is slow and only one equivalent of

1-decene reacts in 12 h at room tenmperature. Several other olefins were

hydroborated by this system and the results are summarized in Table 2.

It was reported74 in 1965 that I-|g2Cl2 and HgCl2 |'i berate diborane

on treatnment with NaBHq in diglyme at roomtenperature (eq.8).

H9_c1. * onaBy, —OLOIYOB fc onacl + 2He BH. + H, (8)
Z a4t rs:lts 2. 6 .

L

Conmparison of the present I~1g(OAc)2/NaBH‘; system with the above

reacti on woul d suggest the following stoichiometry (eqg.9).

THp
Hg(OAc), + 2NaBH

5 s TrE-> 2NaBH DAC + H2 + Hg (9)
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Table 2
Hydr obor ati on- Oxi dati on of al kenes with FQ(CAC)Z/NaBH4 system
Substrate Product vield® m.p./bap: (1it. m.p/b.p}b
(%) [°C or °C/mm Hg]
- = c 75
CHE(CH2]7 CH=CH,, CH3{CH2)8 CH ,OH 70 107/7 (231/760)
= [ -4
@/\ mH g2° 98/20 (219-220/760) °
H 75
O O/j 80 60/20 (160/760)
Eb Eh 79° 125 (126)'°
oH

OH
@ @ 70 98/10 {217/?60)76

a)

b)

d)

e)

Yields are of isolated and distilled products. The products were
identified by spectral data (IR NMR) and conparison with the data
reported in the literature. The spectral data are given in the experi-

ment al section.

Literature mp/b.p. are given in parentheses along with the corres-

ponding literature reference.

Signals corresponding to the isomeric secondary al cohol is not present
13

in the C-NMR spectrum of the al cohol. However, chrom c acid oxida-
tion of the organoborane gives 3% of 2-decanone (see later in the
text). This indicates that the secondary alkyl boron species is

present at least to the extent of 3%

1

The isonmeric 1-phenylethanol is present to the extent of 8% ( HNMR).

Isolated by colum chronmatography using hexane/chloroform (50 v/v)

as el uent.



1

Treat ment of Ph3P with the contents of this reaction mxture

gave PhBPBH conplex in quantitative yield confirmng the stoichionetry.

3
: . 1-4 . .

As nentioned previously, several reports indicate the formation

of 'NaBHBOOCR' species in the reaction of NaBH4 with an equival ent of

RCOOH although nore recent studies showed that these species undergoes

disproportionation in solution. In order to conpare the reactivities

of the Hg(OAc)z/NaBHq and RCOOH/NaBH4 systens, we have carried out the

reacti on of NaBH4 with an eguivalent of CH3COOH in THF at 0°C, stirred

the reaction mxture for 1 h and then carried out the hydroboration
with 1-decene. W have observed that in this case also the reaction
is slow and only one equivalent of 1-decene reacts in 12 h at room tenpe-
rature indicating that the hydroborating species obtained in both the
cases are sanme. The hydroboration was carried out wth several other

olefins and the results are sunmari zed in Table.3.

As outlined earlier, it was report ed71 in 1974 that when the
1-alkene (3 eq) was taken in THF along with Na‘BH4 and an equival ent
of acetic acid was added at 0°C and further stirred for 2 h, all the
three equivalents of olefin reacted. W have also reproduced this obser-
vation by taking 1-decene (3 eq) along wth NaBH4 and then carrying
out the reaction as reported. i Apparently, the reaction of RCOOH with
NaBH‘q in THF gives nore reactive species which can be successfully trapped

by the olefin if it is present. Oherwise, the species is converted

into less reactive species with tine.
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o

Table 3

Hydr oborati on- Oxi dati on of al kenes with C|-|3C00H/NaBH‘4 system.

Substrate Product vield® m.p./b.p. (lit.m.p/b.p,‘f
C

(%)

or °C/mm Hg]

2

CH3(CH2}?CH=CH 5

CH3ICH2)8—CH OH

CH3(CH2)3CH=CH CHB{CHZ)q—CHEOH

o
o

OH
H

2

A3,
o

@@%Q@

CH2=CH-(CH2)B~COOCH3 HOCH2CH2(CH2)BC02CH3

.
[:f:THOH

iHZOH

agesese,

?Gb

80

89

85

84

72

80

73

85

83

84

106/7 [23'1/760}75

155/760 [157/760}?5

79
98/20 (219-220/760)

60/20 (160/760]75

125 [126}?6

98/10 {217/760)77'76

88-90/2 {65—67/0.2176'77
122/0.5 (156/4.5) ¢
75/0.5 (129-131/6}76

78/20 (166/760)

95/10 (213/760)?9




a)

b)

c)

d)

e)

13

Yields are of isolated and distilled products. The products were
identified by physical constants and spectral data (IR NWMR) and
conparison with the data reported in the literature. The spectral

data are given in the experinental section.

Signals corresponding to the isomeric secondary alcohol is not present
. 13 ; ; .

in the C-NWR spectrum of the alcohol. However, chromc acid oxida-
tion of the organoborane gives 4% 2-decanone indicating the formation

of secondary al kyl boron at least to the extent of 4%
The isoneric 1-phenylethanol is present to the extent of 8% ( 1H NMR) .

Isolated by colum chronmatography using hexane/chloroform (50 v/v)

as eluent.
Oxidation with H202/NaOAc.

literature mp/b.p are given in parentheses along with the correspond-

ing literature reference.
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As described in the introductory section, L recent studies indicate

the following stages in the reaction of CH.COOH with MH, when both
3 4
these reagents are soluble in the solvent (diglyne or THF) utilized.

c|-|3(:oo|-| + MBH,_____ > CH3000M+ BH S + H, (10)
MOOCCH. + BH :S__ » MBH. + MB (OOCCH.) (11)
3 3 4 3 4

S = THF or diglyne

The greater reactivity (i.e. reaction of 3 eq. of 1-decene) can
be readily explained by considering the above sequences since the 1-decene
would react in a fast manner if it is present when the BHj.'l‘HF is genera-

t ed.

VWhen the CH3C(I]—| and NaBH4 reagents are mixed and stirred for
1 h at r.t. only a suspension is obtained after the reaction. It has

been reported6 that in the case of NaBH4/isobutric acid in THF the precipi-

tate corresponds to the presence of NaBH4 and NaBH 3 (OOCR) as mmjor
conponents and the solution contains the NaBH2 (OOCR)2 and NaBH(OOCR)3
species as nmjor conmponents. In the present case also the suspension
in THF will nobst probably contain simlar species. However, the suspension

on treatnment wth Ph3P gi ves Ph.jPBH in essentially quantitative yield

3

Ll

3 noi ety. The follow ng

indicating the ability of the systemto supply 'BH

equilibria my operate.
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NaBH ——= NaBHB(OAC) —_— NaBHZ(OAC)2'.__'_" NaBH (OAc) z=———=NaB( C)AC)4
< oy

Ph_jP

F”h3PBH3

Simlar equilibria had been suggested for the NaBqu i sobutric

acid system in THF. <

As indicated by the present results, the reactivity of the CI-|3COOH/
NaBHd system towards olefins is lowered by stirring the system for 1 h
after mixing the conponents in THF. It was of interest to examine the
hydroboration of olefins in the presence of functional groups utilizing
t he C|-|3COOH/NaBH4 system W have carried out the hydroboration of 1-decene
(1 eq) with the CI-ECOOH/NaBHq system for 12 h at room tenperature in
the presence of an equivalent amunt of cyclohexanone, benzonitrile,
ethyl benzoate and benzamide in individual runs. The results are summ-
rised in Table 4. The results indicate that hydroboration of 1-decene
takes place without the reduction of ethylbenzoate and benzami de. Cyclo-
hexanone is conpletely reduced to cycl ohexanol and benzonitrile is partly
reduced to benzylamine along wth conplete hydroboration of 1-decene.
We have also observed that methyl-10-undecenoate gives methyl 11-hydroxy-
undecanoate after oxidation wth CI-|3COO\la/ H202 and the corresponding

1,11-diol is not forned.
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Table 4 : Selective hydroboration of I1-decene with CI—|1C(I]-VI\IaBH‘q system

in the presence of other

reduci bl e functi onal

Substrate Product(s] Yield (%)
- =CH ~C H,_ -
n CBH”CH 2 n BHHCHB CH,OH 80
o8 o8
95°
n*CBI'I,I_)',CH:CHZ n-C,H._CH_-CH_CH 79
ol / 2 A
o] 0
I I 4
@tw  Ortm, :
n-C_H,,CH=CH, n—CGHTTCHz—CHZ,OH 80
0] 0]
n—C8H17CH=f{2 n-C_H,,CH_ -CH_OH 78
0]
[ a
@ @ .
@CHz—NHz 45

a) In each run
mmol of 1-decene and 10 mmol of other substrate containing

functional group. 12 h at

t enperature.

b) Yields are of

of CH3 COOH/NaBH

the products

4

reactions were carried out

or chromat ography on a silica gel colum.

c) Oxidation with Hzo_?/NaOH.

d) Oxidation with H202/NaOAc.

utilized along with 10
reduci bl e

room

isolated and separated by distillation
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Simlar reactivites have been also observed wth BHB.THF. The
results indicate that the sinple CH_j COOH/NaBH4 system which utilizes
very sinple bench top chenicals for hydroboration should be a good reagent

for organi c syntheses where hydroboration oxidation is desired.

The BH,.THF reagent has the following reactivity order :81

RCOOH > R—CH=CH2 > RCGR > RCN > R—C_C—R2 > R-COOR > R-COC1
and no reaction with RCOO .

If the olefinic noiety is present in the same nolecule along
with a carboxylic acid group (eg. 10-undecenoic acid), the selective
hydroboration of the olefinic group wth BH3 .THF can be achieved only

after protecting the carboxylic group by esterification?7 (Scheme 3).

The alternate method”" recommended for the direct selective hydro-
boration of olefinic nmoiety in the presence of carboxylic acid requires
two equivalents of disiamylborane which serves as both the protecting

and hydroborating agent because of steric hindrance (Schene 3).

Schene 3
BH.. THF &
CH,=CH-(CH, ) ,~CO B M =CH (CH. ). -CQ R 3 . » HOCH - (CH ) ~CO,H
2 2'8 2 CI—E C'-E 8 (I% H OZ/E)H 9 2
-
sig,BH
1 Sia,BH gt
CH2 = CH(CH ) -0O lea2 > > HOCHZ—(CHz) 9-002H
2 8 2 -
2. H,0,/0H

The carboxylic acids do not get reduced by NaBH? in THF at room
tenmperature even after 24 h although reduction occurs at refluxing condi-

9 N
tions. Also, RCOO species has been reported to coordinate wth BH3.THF
without any reduction of the carboxylic group. > However, the RCOOH/NaBH4
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system hydroborates olefins at room tenperature as indicated by the

71,72

present observations and previous findings by others. Accordi ngly,

it should be possible to achieve hydroboration of the olefinic miety
in 10-undecenoic acid utilizing NaBH in THF without the reduction of

the carboxylic group as envisioned in Schene 4.

Scheme 4

NaBH4
CH,=CH-(CH,,) ,. ~COOH > CH,=CH-(CH,), -COOBH_Na + H
2

TH

H+ H.O H.O

N — \ -
HO- CH.- OH.,) , - OOOH o go_'z 2 >B-CH,- (CH,) , ~COOBg

It was observed that addition of 10-undecenoic acid to an equiva-

| ent of NaBH4 in THF at 0°C for 1 h and further stirring the reaction

m xture for 12 h followed by oxidation with H202/Na0-| and neutralization

with 2N HC1 gave 1 1-hydroxy undecanoic acid in 85% yield and the corres-
ponding diol was not formed. This is an interesting observation as it
sinplifies the problems involved in the hydroboration of olefinic noiety

in the presence of a carboxylic acid group.

Synt hesis of Dialkyl ketones via Hydroboration with CH,COOH/NaBH, system

3 4

and Carbenoi dation with NaOCHB/CHC1 system

3

As outlined in the introductory section, even if the CH3COOBH3

species is fornmed from RCOOH/NaBH4, it disproportionates into the borohy-
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dride and various acyloxyborate species. However, it has been found

that the conbination of MBH. and MB(OAc). also hydroborates ol efins.6

4 4

Si nce MBHQ itself does not hydroborate ol efins, the hydroborating species

must be produced from the reaction of MBH, and MB(OAc),. W have observed
4 4

that both the RCOOH/NaBH? and I-lg(C)A\c)E/NaBH‘:l systens in THF on reaction
with Ph3P gi ve Ph3PBH3 adduct in gquantitative vyield. Clearly, these
systens are able to give species containing 'BH3'  noi ety which can be
trapped as unreactive Ph->PBH3 conplex. As mentioned earlier, the CH>COOH
NaBH4 system may give nono, di-, tri-, tetra-acetoxyborohydride in equi-
libria with NaBH4. The slow hydroboration of the system may be due to
the heterogenous nature of the reagent system |In addition, complexation
of the BH3 with the acetate anion also would reduce the hydroborating

ability of the system

In order to examne whether the CH_jCOOH/NaBH4 system gives tri-
al kyl borane species, we carried out an experinent with 3 equivalents
of 1-decene at 50-55°C (bath tenperature) for 3 h. It was observed that
1 equivalent of 1-decene remained unreacted. Increasing the reaction

time or tenperature did not increase the olefin uptake.

In order to examine the fate of the remaining hydride, we carried
out an experinment wth NaBH4 and 1-decanoic acid in THF and cycl ohexene
(2 equivalents) at 50-55°C. Oxidation of the reaction mixture with }.]5“(3“/
NaCH and acidification with 2N HC1l gave 1-decanol (10% besides cycl ohexa-
nol (85% and 1-decanoic acid (90% . Consequently, at |east 20% of the
hydride has been utilized for the reduction of the carboxylic group.

Simlar concomtant reduction during hydroboration utilising CH3COOH/NaBH4
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system at 50-55°C would account for the failure of the system to react
with 3 equival ents of 1-decene.

The observation that the C|-|3COOH/NaBH system has difficulty

4
in forming trialkylborane species is interesting as it indicates that

the species formed may be dial kyl borane speci es.

D al kyl borane species such as RZBOVE prepared by hydroboration
of alkenes with chloroborane followed by reaction with nethanol react
with the carbenoid reagent prepared from dichloronethyl methyl ether and
lithium triethylcarboxide to give the corresponding dialkylketone after

oxi dati on. eE The foll ow ng mechani sm has been proposed (Schene 5).

Schene 5
. R"CH'CHZ CH30H
ClBH: OE%; > R-CHy=CHp)2=BCl — " R-CH= CHp~B-0CH3
CHz-CH2-R
LiOC(CaHg)y *HCICOCHy—:——>| TCl,0CH,
Y
H3co g H4CO z‘uc“z”c'ﬂR R-CH,-CH /*E OCH
I Hy0 ] \Y | e Ry o3
R—C"R'ﬁ%—Nu—B—?-R*ﬂu— B~C=0CHy \B/él

I
OCHj R-CHZ—CHZ‘"\
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The above reaction, which is generally referred to as the 'DCME'

reaction gives trialkylcarbinol from trial kyl borane after oxidati on 83 84
(eq.12).
. R R
CH, OCHC1, /LiOC(C H ) . H.Q |
R_B 2 £ £3 g R-€-B{ —2 » R -C-H (12)
3 0°c 1O r.t. { N _OH .
R R

The DCME reaction conditions were originally standardised for

the reaction wth RBB' G The reaction works under mld conditions and

gives the tertiary alcohols in yields in the range of 80-85% The reaction

gives poor results when less hindered al koxide bases such as potassium
84

t-butoxide (30% carbinol) is utilised. It was suggested that a steri-

cally hindered base like [lithium triethylcarboxide is necessary since
3

the use of less hindered base would lead to conplexation of the R B

by the Lewis base itself and hence would nake the reaction less efficiegy

3
since the free unconplexed R B is the species required for the reaction.

’cc120cn3 A
R_B > R B-CCl OCH, - » R-C-Bf (13)

.3 3 2 3 oot
(unconpl exed)

The ' DCMVE' reaction condition utilizing dichloronethylnethyl
ether and lithium triethylcarboxide was latter found to give good vyields

of dial kyl ketone with REB*OCH obt ai ned from the hydroboration of alkenes

3

, .83
with ClBHZOEt2 followed by methanolysis.

If the hydroboration of 1-decene (2 eq) wth NaBH , (1 eq) and
CH3OCI]—| (1 eq) in THF gives dialkylboron species, carbenoidation and

oxidation of this species will also give the correspondi ng dial kyl ket ones.

84



22

It was of interest to us to examne whether relatively sinple carbenoid
reagents can be wutilized for this transformation. W first attenpted
the carbenoidation of the organoboron species obtained in the hydrobora-
tion of 1-decene (2 eq) wth NaBH , (1 eq) and CH3CC12H (1 eq) in THF,
utilizing ag. NaCH and CHCIL3 under several conditions of tinme and tenpera-
ture. However, in all cases only small anount (maxi num 5% of di-1-decyl
ket one Ms obt ai ned, besides 1-decanol arising from oxidation of unreacted
boron conpound. It was thought that the CCl3 anion or the :Ccl2 speci es

produced may not be stable enough to react with the organoboron conpound

at hand under aqueous conditions.

VW have found that carbenoidation experinments utilizing 10 mL
of CHCl3 and 40 mmol of CH3CN1 gave dialkyl Kketones in good vyields.
The reaction was also performed utilizing various acids and it was found

t hat 0430004 gives good results (Table 5).
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Table 5

Ef fect of acid on hydroboration-carbenoidati on reaction.

RCOOH/NaBH Olefinic substrate” _ Yi-ehg—
4 di—n—hexgl ketone 1-hexanol
(%) (%)
R = CH3- 1-hexene 70 20
C|:3- 1-hexene 60 35
Ph- 1-hexene 10 60
CH
|3
H_. C-C 1-hexene 20 50
3
H
<53
a) The hydroborating species was prepared by adding 10 nmol of RCOOH
in THF to 10 mml of NaBH, in THF at 0°C and further stirring it
4
for 1 h at anbient tenperature.
b) Hydr oborati on was carried out with 20 mmol of olefin and for carbe-
noi dation 125 nmmol of CHC13 and 40 mmol of NaOCH3 were utilized.
c) Yields are of the isolated and distilled products
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Hydr obor at i on- car benoi dati on  of 1-decene gave di-l1-decylketone
in 80% yield. The reaction conditions tolerate the presence of an ester
group in the substrate as indicated by the conversion of methyl-10-

undecenoate to the correspondi ng di ketone (Table 6).

In the case of norbornene, ethylene glycol (1 eq) was added prior
to oxidation step. Qherwise, the yield of the bis-exo-norbornyl ketone
was less (only 40% and a product mixture containing boron was also

obtai ned. Presumably, ethylene glycol facilitates the oxidation of the

organoborane internediate by fornming the corresponding cyclic boronate. 80
X
R-f-B\O/ o > R-C-R (14)

X = OCH3 or OAc

Al though 5-10% of alcohols were also fornmed, the desired dial kyl -
ketones can be readily isolated by crystallization, distillation or

chromatography.

The dial kyl borane species formed in the present case may be R2T3(OA<:)2
or R._B(OC _H,)(OAc) [CC,H_., noiety fornmed by reduction of the acetoxy
group] or Rz'BH(OAc) speci es. Assuning that the methanolysis of RzéHOAc
may be required before carbenoidation, in our prelimnary experiments,
we methanolysed the hydroboration product. Later, we found that the
nmet hanolysis is not necessary. Perhaps, nethanol produced in the reaction
of NaOCH, and CHCL | is sufficient for nethanolysis even if this is required.

2

There is also a possibility that the R2T3H QAc species may di sproportionate



Table 6
Conversion of al kenes to symmetrical dial kyl ket ones. a
vi el d” mp/b.p
SHRSHESS RROgtcr ket one alcohol [°C or °C m’ri—lg]C
C_H..CH=CH C.H._CH.-CH.).C=0 80 8 64 (62)7°
g 17 2 B 17 2 2712
C H CH=CH C H _CH.-CH_)C=0 70° g 125/10 (261/760) '
gVorr g e T - S ( )

C=0
2 a .
67 10 64/0.4 (96/1.2)

m 59%'f ¢ 53 (53-54) 8
C=0

3

H_CO_C(CH,) CH=CHZ HAjO.éZ(CH.Z)a-CH

2

E €.9
CHZ)ZC—O 78 5 72

z 28 z

a)

b)

c)

d)

f)

9)

The reactions were carried out wusing 20 mmol of alkene, 10 mmol
of NaBH,, 10 mmol of CH_COOH, 10 m of cHC1l _and 40 mmol of Na OCH..
The reaction tinme and tenperature for all the substrates for hydro-
borati on and carbenoidation are the same as the tine and tenperature
given in the representative procedure (See Experinmental section).
Yields are of isolated products after distillation or recrystalliza-
tion and are based on the amount of the alkene utilized.

Literature m.p/b.p. of Kketones are given in parentheses along wth
the corresponding literature reference.

Products isolated by distillation.

Products isolated by chronmatography on silica gel colum using chloro-
form hexane (1:9) as eluent.

Et hyl ene glycol (10 mml) was added and the contents were stirred
at r.t. for 30 mnutes before oxidation.

Oxi dation with H_O./NaOOCCH,.

5
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to NaBH, and R.B(OAc) .. The NaBH, thus produced nmay not affect the carbe-
- r'4 r'4 @

noi dation reaction or may get methanolysed by the nethanol produced
in the reaction as it readily reacts with nethanol. The ultinate dialkyl -
boron species present after the reaction with NaOCH3 will be nost probably
the NaBR;(Q0H3), species since the NaOCH; can readily displace QAc from

bor on.

Assuming that the carbenoid reagent ("CCl3 or EClzoCH3 f or med

by reaction of :CCl, generated with NaOCH_.) requires trivalent boron
species such as RZBCIZHB, the reaction can be tentatively visualized
by postulating disproportionation of the NaBR _(OCH ) , into R BOCH,

(Schene 6) . Disproportionation of LiBR (GCH ), to (GCH )BR in ether
'3 & o L A i 4
87

has been postul ated previously.

Scheme6
o R Cl
NaBR32(0CH3); T R,BOCH3; _Cgl:"_._, R—é'—IC—OCH3
=NaOCHj or CCl0CH; 1o
H3C01Cl
H R R
S Hpo, O (1
R- C-R = B-C-R H3C0-B-C—0CH;
NaOH .. C@/ | | Al
H3 OCHy Hyco (C1

An alternate possibility is the insertion of the dichlorocarbene,
generated in situ, into the >B-R bond of the NaBRZ(CI]—|3) or R2}30CH3
species followed by further reactions. It should be pointed out that
the :CCl, species generated in the absence of al koxy bases using PhHgCO 2Br

2
reagent does react wth R3B through insertion into >B-R bonds. i

Al though the nature of the dial kyl boron species and the mechani sm
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of the carbenoid reaction are not clearly understood, the present nethod
serves as a sinmple alternate method to the nethods available in the
literature for the conversion of alkenes into symmetrical ketones via

hydr oborati on (equation 15-19).

CO/H_0O HZO

R,B —i (R - cr,) —Z2, R,C=0 (15) 89
100°C I Na OH
H O
1. NaCN 2 2 90
-
e, — T 7 Traot Ryt=a (16)
2RCH=CH, CH.OH H_O
CLBH : . (RCH,CH,)) ,BC1 —3 e ] 22, R CO
Et_ 0O DCME Na OH
2 83
..... ( 17)
0 (33 |
~ 7/
O o
o0 el
H,0,
RyB e el I Naon = B =0
..... (18"
CH.CO_C_H H BT ,O » RCH.CH.). B(OC.H.) i 722 R_C=0
i ROH-CH, (260) %8505 R o 2
..... (19) 87

It is known that the sinple boronic esters such as R—B(OCH3)2

do not react wth carbenoid reagents such as C'cl3 or EClZOCH3.80’86

As outlined previously, hydroboration of alkenes with the CHBCOOH/NaBHq
system is relatively slow and one equivalent of 1-decene takes 12 h

for hydroboration at r.t. It was of interest to know whether the system

gives the monoalkylborane species cleanly. In order to examne this,
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we carried out the reaction of 1-decene (1 eq) wth the CH3m-Vl\b.BH4
systemfor 12 h. Methanolysis and carbenoi dation with CHC13 /NaOCH3 fol | oned
by oxidation with H202/NaCH gave 48% of di-1-decylketone besides 44%
of 1-decanol. This indicates that the reaction utilising one equival ent
of 1-decene also gives dialkylborane to some extent. Presunmably, there
is not nuch difference in reactivity between the conplexed BH, and RBH_

speci es ‘under the present reaction conditions (Schene 7).

Schene 7
(1) CgHy7CH =CH,
r.t,12h
(2) CH;30H CgHy7 CHy- CHy=OH (44°/,)
CH-COOH +«NaBH -
3 4 ) CHCly/CHi0Na 5 5 +
(1ommol) (10mmol) (3 3/ EhgBHa, SOC CgHy7 CHLC 0 (48°/)

(4) Hy05 /NaOH Hp)pC

It is known that the hydroboration of cyclohexene (2 eq) wth

7. 80 It was of interest

BH3 .THF can be controlled to give dialkyl borane.
to examine the reactivity of the species formed in the reaction of cyclo-
hexene (1 eq) wth CH3COOH(1 eq)/NaBH4(1 eq) at room tenperature. |If
this leads to the fornation of nonocycl ohexyl boron species, the reagent
system can be utilized for further hydroboration of 1-decene to synthe-

size mxed dial kyl borane which can be converted into mixed dialkylketone.

In order to examine this possibility, we have carried out an
experinment involving hydroboration of 1-decene (1 eq) by the organoborane
speci es prepared by the reaction of cyclohexene (1 eq) with CH3COOH/NaBHq

(1:1) in THF. The reaction mxture was stirred further for 1 h at r.t.
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and 3 h at 50-55°C. Carbenoidation with CHCIB/NaOMe system followed
by oxidation wth H202/I\hCH gave dicycl ohexyl ketone and di-1-decylketone

and no cycl ohexyl decyl ket one was obtai ned (Schere 8) .

Scheme 8

I: 1 CgH17CH=CH, 1
CH3COOH/NaBH, —> J o SR
r.t,12h rt, 1h

55°C. 3h CH30Na/CHCl3
OH 0
T
G 2 O)b =H202/NCIOH _ [ :l
+

n
CigH21-C-CygH21

The signals corresponding to cyclohexyldecylketone are not found
13

in the C-NMR spectrum of the mixture of ketones. Presunably, the reac-
tion utilizing one equivalent of cyclohexene yields mainly dicyclohexyl-
boron species and the remaining unreacted hydroborating species on addi-
tion of 1-decene (1 eq) gives the didecylboron species as indicated

in the formation of only these diketones.

Conversion of Termnal Al kenes into carboxylic acids via Hydroboration

with CH3COOH/NaBH4 system

In connection with our studies on the hydroboration of olefins
with chiral Lewi s base-borane conplexes, we required an optically active
carboxylic acid. It was thought that the hydroboration of commercially

avail abl e optically active B-pinene followed by oxidation of the resulting
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organoborane wll provide, in principle the desired transformation in

a single pot operation.

1 H " R R
R\C—CH -B\> R-C- ™ - e, g. ¢ 20
Lo T e Uy By—— - C- CQH (20)
R H H

A survey of the literature indicated that several reagents are

779293 94
avai l able for the conversion of alkenes into alcohols, ' ' al dehydes

and ketone395 via hydroboration but no method is available for the direct
conversion of alkenes into the corresponding carboxylic acids via hydro-
boration. It was nentioned that the conversion of primary alkylborane
into the corresponding al dehyde was not successful using aqueous chromc
aci d reagent.94 Since the aldehydes are readily oxidised in the acid
nmedi um by oVl reagent, oxidation of the prinmary al kylboranes with aqueous
chromc acid would nost probably result in the formation of the correspond-
ing carboxylic acids. W have observed that the hydroboration of 1-decene
in THF using the CH3COOH/NaBH4 system followed by hydrolysis, renoval
of the THF and oxidation of the residue using the I\'hEOr 207/dil stoql Et20
reagent give n-decyl decanoate (30% besides the desired 1-decanocic acid
(409 . The ester is fornmed via condensation of the starting alcohol
with the aldehyde internediate produced in the course of the oxidation

(Scheme 9).
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Scherre 9
i a! e’ RoooH
- + RCHoOH——> RCHO .
RCHo B 1.2 I 40%
| on
1

RCH20 — C-R

It was thought that the formation of the ester can be suppressed
by carrying out the oxidation in the presence of excess t-butanol which
would mnimse the formation of the hemiacetal derived from the prinmary
al cohol. Since the t-butyl ester group would readily undergo elimnation

in acid nedium the final product would be the desired carboxylic acid

(Schenme 10).
Schene 10
Vi Vi \
RCHy-B X reHpon S ROHOST.. ROOOH
N 4 (H (excess)
j--i‘-OH
Ht
0 0 CHj3 qV! H CH3
R-C-OH «___R-Cx0y C- CH3*——.R- ¢ — 0 -'C—CH
T l : 3
CHy“H CH CH3

VW have observed that the hydroboration of termnal alkenes using
t he C|-|3COOH/NaBH4 reagent systemin THF followed by oxidation with H2Cr 207/
dgil. H2804/acet one in the presence of excess t-butanol give the correspond-
ing carboxylic acids in noderate to good yields (Table 7). The acids

can be readily isolated since all the side products are neutral in nature.
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Table 7

; , . . ,a
Conversion of alkenes into carboxylic acids.

Substrate Pr oduct Yieldb b.p/m.p.(lit.b.p/m.p)g
°C or °C/mm Hg

= - H 76
CBH?C“ .CH2 CBH 1 /CH 7 COZ 60 170/ 10 (268/760)

o~ _ 75
Cq}-IQCl-lr(_}*I2 C4H9CH2 COZH 58 180/ 20 (205/760)

¢

CH=CH, @—CHZ—COZH 55 104-105/1.5 (266/760)"°

c 75
<:::>—~CH2-CH= CH> CHz-CHz-COZH 59 136/ 2.5 (285/760)
/COZH d ,e 6
CH.=CH-(CH.) .- CO.H (CH,) 75 101-102 (111-112)
2 2’8 T2 29~
CO_H
2
503 f 65-68"
0,H
COzH
® 30° 109-110 (111-112)88
a) The reactions were carried out using 20 mmol of NaBH y 20 mmol of
CH3CII}1 and 20 nmmol of alkenes in THF (70 mL) . The oxidations were

carried out under the same conditions as given in the representative
procedure (see Experinental section). Hydroboration conditions are
given in the foot notes (c¢) and (d).

b) Yields are of the products isolated by distillation or recrystalliza-

tion.
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c) Hydroboration conditions: After the addition of the alkene 2 h at
r.t. and 2 h at 50°C.

d) Hydroboration conditions: After the addition of the alkene, 2 h
at r.t. and 4 h at 50-55°C.

e) The hydroboration was carried out w thout using C|-|3COOH. The | ower
nelting point may be due to the presence of the corresponding 10-keto-
undecanoi ¢ acid fesulting from the secondary alkylborane. However,
t he HC NMR spectrum do not show signals due to any mnor product.
Accor di ngly, the keto acid (if any) cannot be present in nore than
5%

f) The product is a 4:1 mxture of the endo and exo acids. The mixture
was converted into the exo acid (mp.114°C) by treatnment with p-toluene

sulfonic acid following a literature procedure. e

g) Literature m.p/b.p. are given in parentheses along with the correspond-

ing literature reference.

In these experinents, we utilized acetone since it has been reported
that the oxidation of primary alcohol to carboxylic acids by oVt reagents
under Jones oxidation conditions L gave best results in which acetone
was used as solvent. Later, we have found that simlar results (yields

within £ 5% can be also obtained without the addition of acetone.

In order to examne the neutral products formed in the reaction,
we separated the neutral product mxture by colunm chronmatography in
a run with 1-decene. The products were identified as n-decane (7% forned
fromthe protonolysis of organoborane under acidic conditions,98 2- decanone
(3% formed from the oxidation of the secondary alkylborane formed in
the hydroboration step and n-decyl decanoate (5% fornmed by the reaction
between the intermediate aldehyde and the starting decanol. The vyields

of the acids isolated following the present nethod are conparable with
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the yields of the ketone oproducts (65-85% realised in the oxidation
of the secondary al kyl boranes using aqueous chromic acid reagent system 95
Unfortunately, the nyrtanic acid which we required for our nechanistic
studies (Chapter 3) was obtained only in 30% yield. This my be due
to problemin the oxidation step as we have isolated 80% of the-cis—rryrta—
nol in the hydroboration of B-pinene followed by H_0/CH oxidation.
The neutral product in this case was found to be a conplex mixture (several
spots in TLC/silica gel). cis-Myrtanol itself on oxidation under Jones
conditions gave only low yields (20% of cis-myrtanic acid beside a

m xture of neutral side products. Presumably, the myrtanyl substrate

is too labile under the present oxidation conditions.
SUMMARY

The reagent generated by the reaction of CHBO(I]-l (1 eq) and NaBH,
(1 eq) was utilized for hydroboration of olefins. The utility of the
reagent system for selective hydroboration of olefins in the presence
of other reducible functional groups was explored. It was denonstrated
that the selective hydroboration of olefinic nmoiety in 11-undecenoic
acid can be readily achieved by the addition of NaBHq to the acid in
THF. It has been observed that hydroboration of olefins (2 eq) wth
CH}OOO—I/ NaBH4 system followed by carbenocidation using very sinple bench
top chemcals such as CHCl3 /NaOCH3 give symmetrical dialkyl ketones
in good yields. Conditions were standardised for the conversion of term-
nal olefins into carboxylic acid via hydroboration wth CH}COOH/NaBHq

system foll owed by oxidation with chromic acid in the presence of t-butanol,
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EXPERIMENTAL

General Information

Melting points reported in this thesis are uncorrected and were
determ ned using a Buchi 510 capillary point apparatus. Infrared spectra
were recorded on Perkin-Elner Mdel 1310 or 297 Spectrophotometers.
Al the spectra were calibrated against polystyrene absorption at 1601
cm . Protonmagnetic spectra (100 MHz) and Carbon-13-magnetic resonance
spectra (25.0 Miz) were run on JEOL-FX-100 Spectroneter. Spectra for
all the sanples were nmeasured in chloroform-d solution with tetramethyl-

silane (8 = o ppm) as internal standard unl ess otherw se stated.

Optical rotations were nmeasured with an Autopol II-automatic
polarimeter at 20°C. E enental analysis were performed on a Perkin E ner
El enental anal yser Mdel 240C. Catalytic hydrogenations were carried
out on Parr hydrogenation apparatus in 250 mL pressure bottle. Gas chro-
mat ography analysis was carried out on a Packard Model-42 instrument
equi pped with a flame ionization detector on an SE-30 or Carbowax colum
using nitrogen as carrier gas. Analytical thin Ilayer chromatographic
tests were carried out on glass plates (3x10 cm) coated with (250 mu)
Acne's silica gel G or GF 254 containing 13% cal cium Sulfate as binder.
The spots were visualized by short exposure to |odine vapour or UV |ight.
Colum chronat ography was carried ou wusing Acme's silica gel (100-200

mesh) .
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Al the glasswares were predried at 140°C for at least 4 h, assenbled
hot and cool ed under a stream of prepurified dry nitrogen. Unless other-
wi se nentioned all the operations/transformations of organoborane reagents/
reactions were carried out wusing standard syringe, septum techniques

as recomended for handling organoboranes. (e

‘In all the hydroboration experinents, unless-otherw se mentioned,
a 250 mL RB flask with a side arm and a side septum a magnetic stirring
bar, a condensor and a connecting tube attached to a nercury bubbler
were used. Al dry solvents were distilled from appropriate drying agents
just before use. Hexane refers to the fraction boiling between 60-80°C.
As a routine, all organic extracts were washed with saturated sodium
chloride solution (brine) and dried over anhydrous Mgso4 and concentrated
on a Buchi-EL rotary evaporator (at reduced pressure). Al yields reported
are isolated yields of material judged honogeneous by TLC and IR NWR

spect roscopy.

Benzene, toluene, THF and diglyme were distilled over benzophenone-
sodium. Sodiumborohydride (97% 100 g sanples supplied by LOBA-Chemie
I ndi a and Fluka Switzerland were utilised and were kept under N, in
a dessicator after opening of the bottles. Hg(OAc)2 used was of Reagent
Grade. Acetic acid was distilled after adding cal cul ated amount of acetic-
anhydride to renove water traces. A standard solution of acetic acid
was made in dry THF in a standard flask (50 mL) and kept under nitrogen
atnosphere for utilization. The olefins utilised were conmmercial sanples
supplied by Fluka, Switzerland except 1-phenyl-1-cyclopentene which

was prepared following a literature procedure. 99 1-Methyl-1-cyclohexene
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utilised in most of the experiments was a commercial sanple. Wenever

necessary it was also prepared following a Iliterature procedure.m3
Hydroboration-oxidation of ol efins with Hg(OAc)/NaBH, system
4
The procedure for the hydroboration-oxidation of 1-decene is
representative. To a stirred slurry of NaBH , (0.8 g, 20 mmol) in dry

THF (60 mL) was added Hg(OAc)2 (3.19 g, 10 nmmol) at 0°C, over a period
of 1 h froma solid addition flask.?? It was further stirred for 1 h
at room tenperature and 1-decene (2.8 g, 20 mmol) was added. The contents
were stirred for 12 h at r.t. and the excess hydride was carefully des-
troyed with water (2 mL) while cooling the flask externally with cold
water. The oxidation was carried out by the addition of 3N NaCH (15 nlL)
foll owed by dropw se addition of H202(25 mL, 169 . The reaction mxture
was stirred further at r.t. for 2 h and at 35-40°C for 1 h. It was cool ed
to room tenperature. The organic layer was separated and the aqueous
layer was extracted with ether (3x25 mL) . The conbined organic |ayer
was washed with brine, dried _(Mg,soq) and the solvent was renoved on
a rotary evaporator. Distillation of the residue under reduced pressure
yielded 1-decanol (2.2 g, 70% b.p. 107°C7 mmHg. lit.” b.p. 231°C/760

mm Hg). The IR spectrum was superinposable with reported spectrumm0

T30 NWR (25.0 Mz, cpel ) 6ppm 62.4 (C-OH), 32.8, 31.8, 29.6, 29.4,

29.2, 25.7, 22.6, 13.9.

The above procedure utilizing the Hg(OAc)2/NaBH4 system for hydro-

boration was followed for the conversion of several other olefins into
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the corresponding alcohols and the results are presented below and al so

in Table 2.

Cycl ohexene—__ = cycl ohexanol
Yield: 16 g, 80%
B.p: 60°C/20 mm lit b.p. 160°C/760 nm "™

"JCNVR (25.0 Mz, CDO ): Sppm 70.2, 35.5, 25.7, 243.3.

Nor bornene________» Exo-norborneol
Yield: 1.77 g, 79%
Mp: 125°C, lit. np. 126°C'®

"CNWR (25.0 MMz, CDQ ): Sppm74.2, 43.7, 41.7, 35.8, 34.2, 28.1, 24.3

Styrene________» 2.phenylethanol
Yield: 29, 22%
B.p: 98°C20 mm lit. b.p. 219°C 760 mm ’°

'"HNWR (100 M4, OO0 ) : 6ppm2.72(t,2H), 3.08(S 1H), 3.68(t,3H, 7.16

(m5H).
0-Pinene— = Isopinocampheol
Yield: 2.16 g, 70%B.p: 98°C/10 mm . lit. b.p. 217°C/760 mm76

11
3C NMR (25.0 MHz, CDC13):6 ppm 71.5, 47.9, 47.7, 41.8, 39.0, 38.2,

34.3,27.7,23.7,20.8.

Hydroboration-oxidation of olefins (20 mmol) wth CH,COOH/NaBH, (20
3 4

mol each) system

To a slurry of NaBH , (0.8 g, 20 mmol) in dry THF (60 mL) at 0°C,

under nitrogen atnosphere, acetic acid (20 mmol) in THF (10 mL) was
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added during 15 minutes. The contents of the flask wore stirred for
further 1 h at r.t. until the evolution of the gases (H2) had ceased.
1-Decene (2.8 g, 20 mmol) was added and the contents were stirred for
12 h at r.t. The excess hydride was carefully destroyed with HZO (2 mL)

and the organoborane species was oxidised with H O2 (25 mL, 16% and

2
3N NaCH (15 mL) , following the procedure reconmended for oxidation of

or ganobor anes. Gy

The organic |ayer was separated and the aqueous |ayer
was extracted with ether (3x30 mL). The conbi ned organic |ayer was washed
with brine, dried over anhydrous Mgso4 and the residue renained after
evoporation of the solvent on distillation under reduced pressure afforded
1-decanol, 2.4 g, 76% bp.108°C/7 mmHg. IR and 13C NVR spectra of the
1-decanol were identical with that of the alcohol obtained using the

Hg(OAc)2 /NaBH4 system for hydroborati on.
Several other olefins were also converted into the corresponding
al cohol s through hydroboration with the C|-|3COOH/NaBH4 system The results

are sumari zed below and also in Table 3.

1-hexene » 1-hexanol

Yield: 1.63 g, 80%
B.p: 155°C/760 nm lit bp. 157°/760 mm -

CNWR (250 Mz, 0O ): Sppm62.4, 326, 316, 257, 22.7, 14.0.

Cycl ohexene_______»  cycl ohexanol
Yield: 1.7 g, 85%
B.p: 60°C/20 mm it bp. 160°C/760 mm'®

?BC NWVR (25.0 MHz, CDClB): Sppm 70.1, 35.5, 25.7, 24.3



Nor bor nene_______ = exonor bor neol
vield:1.Sg,8 4%

M p: 125°C, lit. np. 126°C’®

13
C NWR (25.0 MHz, CDCl,): 6 ppm 74.2, 43.7, 41.7, 35.8,

24. 3.

0-Pinene——»  isopinocampheol

Yield: 2.2 g, 726

B.p: 98°C/10 mm Ilit bp. 217/760 mm’°

1

3
C NVR (25.0 MHz, CDd 6 ppm71.5, 45.9, 47.7, 41.8,

3"
34.3, 27.7, 23.7, 20. 8.

3-Pinene——» cis-myrtanol

Yield: 2.46 g, 8%

5.p: 88-90°C/2 mm lit bp. 65°C/0.2 mm'®

1:3
C NMR (25.0 MHz, CDCl 6 ppm 66. 1, 43.7, 42.3, 41.1,

Uk
27.7, 25.8, 22.9, 18. 5.

Methyl-10-undecenoate —> nmethyl 1 1-hydroxyundecanoate
Yield: 3.15 g, 73%

- : 78

B.p: 122°C/0.5mm 1lit. bp. 156°C/ 4.5 mm

-
’C NWR (25.0 Mz, CDC

3): 6 ppm 173.8, 62.1, 50.8i, 33.6,
28.8, 25.5, 24.5.
T-Phenyl-cyclopentene  »  2-phenylcyclopentanol

Yield: 2.5 g, 85%

B.p: 75°C/0.5 nm lit bp.129°C/6 mm’®

1

3C NMR (25.0 MHz, CDCI 3): 6 ppm 142.5, 128. 3, 127. 3, 126.1,

33. 9.

34. 2,

32. 3,

80.1,

28.1,

29.1,

54.1,
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1-Methylcyclohexene  » trans-2-methyl cycl ohcxanol

yield: 1.89 g, 83%

B.p: 78°C/20 mm it bp. 166°C/760 nm

"PCNVR (25.0 MMz, CDC1,):8ppm 76.2, 40.2, 35.1, 33.7, 25.7, 25.2,

18.6.

Canphene—_»  Campheol
Yield: 2.59 g, 84%

3 7
B.p: 95°C/10 mm lit. bp. 213"(3/760n’m9

13C NMR (25.0 MHz, CDCl 3): S ppm61.1, 57. 2, 49. 2, 39. 8, 37. 2, 36. 9,
32.7, 24.7, 20.6, 20.4.

Exami nation of the NaBH4/CH COOH system to release 'BH.' nmoiety: Trapping

3 3

of the "BH_.' as Ph3PBH

A 3

To freshly prepared acetoxyborohydride species from NaBH4 (10
mmol) and 0430004 (10 mmol) in THF (50 mL) was added triphenyl phosphine
(2.62 g, 10 mmol) and the mixture was stirred for 12 h at r.t. Wter
(10 nL) was added and the mxture was extracted with ether (2x20 mL) .
The conbined organic layer was washed with NaHCO 5 solution, dried over
anhydr ous MgSO4 and the residue obtained after renoving the solvent
was subjected to colum chromatography (Hexane/chloroform as el uent)
to afford pure triphenyl phosphine-borane 2.59 g, 94% np. 185°C, lit.
mp. 188°C. 102

IR (KBr) Vv . : 3350 (broad), 1490, 1450, 1120, 1060, 740, 700 cm .

13
C NVR (25.0 MHz, CDCI3): 8 ppm 133.5, 133.2, 131.5, 129.1, 128.7°
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Sel ective hydroboration of 1-decene with CH_COOH/NaBH system in the
3 4

presence of other functional groups

The procedure for the hydroboration oxidation of 1-decene in

the presence of cycl ohexanone is representative.

To a suspension of acetoxyborohydride prepared using 10 mol
of NaBH4 and 10 mmol of CI-|3COO-| in THF 10 mml each of 1-decene (1.40 @)
and cycl ohexanone (0.98 g) were added and stirred at r.t. for 12 h.
The flask was cooled and 2N HC1 (5 mL) was carefully added and stirred
for 1 h at r.t. It was neutralized with 3N NaOH and oxidi sed by H202/NaOH.
The organic |layer was separated and aqueous l|ayer was extracted wth
ether (3x30 mL). The combined organic |ayer was washed with brine, dried
(Mgsoq), evaporated on a rotary evaporator and the residue was distilled.
The fraction distilled at 60°C/20 mmHg was identified as cyclohexanol
(0.95 g, 95% and the fraction distilled at 107°C/7 mmHg was identified

as T-decanol (1.26 g, 80% by conparison with IR spectra and GC r.f.

val ues of the authentic sanples.

Simlar experiments were carried out by taking 1-decene along
with benzamide, ethyl benzoate and benzonitrile and the results are

sunmari sed in Table 4.

Sel ective hydroboration of olefinic moiety in the presence of carboxylic

acid group: Hydroboration oxidation of 10-undecenoic acid with NaBHd

To a stirred suspension of NaBH4 (0.4 g, 10 nml) in dry THF

(60 mL) at 0°C, 10-undecenoic acid (1.843g, 10 mmol) in THF (10 mL)
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was added during 30 minutes under nitrogen atmosphere. 1t Was stirred
at r.t. for 12 h, cooled and 2N HC1 (5 nL) was carefully added to destroy
the excess hydride. After the evolution of the gases had ceased, the
reaction mixture was neutralised with 3N NaCH wusing pheno]phthalein

as indicator. The organoborane was oxidised with H Oz/NaOH. The contents

2
were acidified with 2N HJ and extracted with ether (3x40 m ). The com
bined ‘organic layer was washed with brine, dried over anhydrous Mgsorl
and the solvent was renoved. The crude product was recrystallized from
acetonitrile to yield 11-hydroxyundecanoic acid, 1.7 g, 85% mp.65°C,

. 1
lit. mp.66—67°C.10

IR (nujol) V__ : 3500-3050, 1708, 1180, 1050, 910 cmi' L,

"H NVR (100 MHz, C€DCl.): 8 ppm 7.25 (s, 1H), 5.56 (s, 1H), 3.63 (t,2H),

3
2.33 (q,2H), 1.29 (m16H).

13C NVR (25..0 MHz, CDC1.): €mpm 160.0 (-COOH), 63.2 (-AHOH), 32.9 (CH -CH_.OH),
3 — —2 —2 2
29.5, 29.3, 25.9, 24.9.

Exam nation of the nature of the organoborane species present in the
reaction of C|-|3COOH/NaBH4 (1:1 equivalent) 1-decene (10 mmol) at room
temperature utilising the carbenoidation reaction wth NaOCI—|3/CHC13

To the acetoxyborohydride species (10 mol) prepared from NaBH ,
(10 mmol) and G—|3COO-I (10 mmol) in dry THF (60 mL) 1-decene (1.4 g,
10 mmol) was added and the mixture was stirred at r.t. for 12 h. The

excess hydride was destroyed carefully with nethanol (1 mL). To the

reaction mixture chloroform (10 mL) was added NaOwve (2.16 g, 40 mol)
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was added from a solid addition flask during 1 h and the contents were
further stirred at 55°C for 2 h. It was brought to r.t. and water (2 mL)
was added. The organoborane was oxidised using H202/Na(]-|. The contents
were neutralized with 2N HC1L (phcnol phthalein indicator) and extracted
with ether (3x30 mL)I- The ether layer was washed with saturated NaC
solution, dried (I\/gSOq) and the solvent was renoved. The residue was
chromatographed on a silica gel colum (Hexane-chloroform as el uent)
75

to yield di-l-decylketone (0.73 g, 48% np.64°C, lit. nmp. 64°Cc'”) and

1-decanol (0.63 g, 449%.

Synthesis of symmetrical dialkylketones through hydroboration-carbenoi da-

tion of al kenes

The procedure for the conversion of 1-decene into di-l-decyl
ketone is representative. To the acetoxyborohydride species prepared
utilising NaBH‘4 (10 mmol) and CHBC(ﬂﬂ (10 mmol) in THF (60 mL) 1-decene
(2.8 g, 20 mmol) was added and the reaction mxture was stirred at r.t.
for 1 h and at 55°C for 2.5 h. The contents were brought to r.t. under
nitrogen and chloroform (125 nmml) was injected followed by addition.
of NaOMe (2.16 g, 40 mol) from a solid addition flask during 1 h. The
m xture was further stirred at 55°C for 2.5 h and brought to r.t. and
water (2 mL) was added. The reaction m xture was oxidised using %—%/ NaOH.
The contents were neutralized with 3N HCl using phenol phthal ein as indica-
tor and extracted with ether (3x30 mL). The conbined organic |ayer was
washed with saturated NaC solution, dried over anhydrous Mg804 and

the solvent was evaporated. The residue was subjected to colum chromato-

graphy using hexane-chloroform as eluent (4:1) to yield di-1-decyl ketone,
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(o] . -0 75
2.28 g, 809% mp.64°C, |it. mp.62°C, and 1-decanol, 0.240 g, 8% based

on the starting ol efin.

Spectral data for di-l1-decylketone:

IR (KBr) V. : 1710 cit® ( ScC=0).
max -
"H NMR (100 MHz, CDCL): §ppm 3.4 (t,4H), 175 (m8H), 15 (m,10H),

1.25 (m,4H), 0.9 (m 6H).

C R (25.0 Mz, ©DO ): Sppm 21l (C=0), 42.9 (@4;C0), 321, 29.4,

24.1, 22.8, 141 (-®H).

The above procedure was followed for the conversion of several
other olefins into the corresponding dialky ketones and the results

are summari sed below and also in Table 6.

1-hexene_ » di-1-hexylketone.
Yield: 1.4 g, 70%

- . R 75
B.p: 125°C/10mm lit. bp. 216°C/ 780 mm

13
C NWR (CDA 3}: 6 ppm 211.1, 42.9, 31.6, 28.9, 23.9, 22.4, 13.8.

Cycl ohexene —» di-cyclohexylketone

Yield: 1.29 g, 67%
Q3
B.p: 64°C/0.4 mm lit. bp. 96°C/1.2 mm

1
3C NVR (25.0 MHz, CDC 2: 6 ppm 215.5, 49.1, 28.6, 25.9, 25.7.

Nor bornene________» bis-exonorbornyl ketone

Yield: 1.28 g, 59%
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. . Y c,0. 83
Mp: 53°C, lit. np. 53-54 C.8

13
C NVMR (25.0 MHz, CDCl,):© ppm 213.4, 52.8, 39.9, 36.0, 33.3, 29.7,

28. 7.

0

]
CH.=CH (CH.),COOMe________ > MeOOC(CH ) -C(CH) COOMve
2 Z 8 , 210 210

Yield: 3.3 g, 78%
Mp: 72°C

13C NMR: 6 211.5, 174.5, 51.3, 42.8, 34.1, 29.4, 29.2, 25.0, 24.9, 24.0

(spectrum no.1).

+
Mass, me, % MH 427 (1009, (M-OCH,)' or (M+H-CHOH) 395 (40% .

i . Q.
Anal ysis cal cul ated for C2§-|460 5 C,70.45, H,10.89;

Found: C,70.3; H,10.9.

Examination of Trialkylborane formation: Hydroboration—-Oxidation oOf
1-decene (30 mmol) with CH§COOH/NaBH21 (10 mmol each)

To acetoxyborohydride species prepared using NaBHq (10 mmol)
and Cl—|3COO-| (10 mmol) in THF (60 mL) 1-decene (4.2 g, 30 mml) was added
at r.t. under nitrogen atnmosphere. The mixture was stirred at 55°C for
3 h, brought to r.t. and oxidised wth H202/Na0-|. The organic |ayer
was separated and the aqueous layer was extracted with ether (2x25 mL) .
The conmbined organic layer was washed with saturated NaCl sol ution,
dried over anhydrous MgSOq and the solvent was renoved. Distillation
of the residue afforded 1-decene (1.3 g, 9.3 mmol, bp. 54.3°C/10 nm

and 1-decanol (2.7 g, 17 mmol, bp.108°C/ 7 mmHg) .
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Exami nati on of the question whether a portion of the hydride is utilised
for reduction of carboxylic acid at higher tenperature (55°C): Hydrobora-
tion oxidation of cyclohexene (20 mmol) with decanoic acid-NaBH system

4
at 55°C

To a stirred suspension of NaBH4 (0.4 g, 10 mol) in dry THF (60 mL)
at 0°C, 1-decanoic acid (1.72 g, 10 mmol) in dry THF (10 mL) was added
during 20 mnutes wunder nitrogen atnosphere. The reaction mxture was
further stirred until the evolution of the gases had ceased. Cycl ohexene
(1.6 g0 20 m nmol) was added and the contents were stirred for 1 h at
r.t. and 2.5 h at 55°C. It was brought to room tenperature under nitrogen
and oxidised wth H202/NaOH. The organic layer was separated and the
aqueous layer was extracted with ether (2x30 mL). The conbined organic
| ayer was washed with brine, dried over anhydrous MgSO‘;l and the solvent
was evaporated. GC (SE-30 columm) analysis of the residue indicated
the presence of 1-decanol. The residue was distilled under reduced pressure
to afford cycl ohexanol (1.7 g, 85% bp. 60°C 20 mmHg and 1-decanol (0.16 g,

10% bp.107°C/7 mmHg). Yield based on the starting 1-decanoic acid).

The aqueous layer was acidified with 3N HCL and extracted with
ether (3x50 mL) . The conmbined organic extract was washed with brine,
dried over anhydrous Mgso4 and the solvent was evaporated. The residue
was distilled to recover back 1-decanoic acid (1.52 g, 87% bp . 170°C/ 10

mmHg) .
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Examination of sequential hydroborating ability of the CH_COOH-NaBH .
3

system Attenpted unsymmetrical-ketone synthesis

To acetoxyborohydride (10 mmol) reagent in dry THF (50 nlL) cyclo-
hcxene (0.8 g, 10 mmol) was added and the mixture was stirred at r.t.
for 12 h. 1-Decene (1.4 g, 10 mml) was added and the contents were
stirred‘at r.t. for 1 h and at 50°C 2.5 h. The mixture was cooled to
30°C and carbenoidation reaction was carried with CHC1 3 (125 mmol) and
CH30\1a (40 mmol ). The contents were cooled to 0°C and oxidised wth
H2 02 /NaOH. The crude residue was chronmatographed on a silica gel colum
using hexane/chlorof orm (4:1) as eluent. The ketones (1.3 g) had very
close r.f. values and were collected together besides cyclohexanol (0.4 @)
and 1-decene (0.3 g). The IBC NVR spectral signals of the ketone m xture
correspond to a mxture of dicyclohexylketone (-CO 216.0 ppm, -CH CO

49.2 pm) and di-1-decylketone (-C=0 211 ppm -§H2- CO 42.9 ppm).

Chromic acid oxidation of organoborane obtained from the hydroboration
of 1-decene with CH_,COOH/NaBH, system
3 4

To the freshly prepared CH3COOH/NaBH4 reagent system from NaBH4
(20 mmol) and CH3C00-| (20 mmol) in dry THF, 1-decene (20 mmol, 2.8 Q)
was added and the mixture was stirred at r.t. for 2 h and at 55°C for
another 2 h. It was cooled and water (2 mL) was carefully added. THF
was distilled out wunder nitrogen atnmosphere. The organoborane residue
was cooled to 0°C and ether (75 nmL) was added. The oxidation was carried
out by adding pre-cooled chromc acid solution (prepared using CrO

3

(5.2 g), water (36 mL), conc.I—Lzso4 (10 mL) during 15 m nutes. The reaction
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m xture was stirred at r.t. for 10 h. The organic |ayer was separated
and the aqueous |ayer was extracted with ether (3x25 mL). The conbined
organic layer was treated with 2N NaOH (3x20 mL). The solvent was renoved
from the dried (I\/gSOQ) organic layer and the residue was chromatographed
on a silica gel colum to yield 2-decanone (0.1, 4%, n-decyldecanoate

(0.99,30% .

The conbi ned aqueous extract was acidified with conc. HC1 (phenol -
pht hal ein indicator), extracted with ether (3x30 mL), dried (lvgso4)
and distilled under reduced pressure to yield 1-decanoic acid, 1.7 g,

40% bp.170°C/10 mmHg, |it. bp.268°C/ 760 mmHg. °

The IR and NWR spectra of sanples obtained in this experiment

were identical with the spectra of the authentic sanples.

Chromic acid oxidation of organoboranes obtained from Hydroboration
of term nal alkenes by the CH.COOH/NaBH. system in the presence of ter-

J 4
tiary butanol: Conversion of termnal alkénes into carboxylic acids

The procedure for the conversion of 1-decene into 1-decanoic
acid is representative. To a suspension of acyl oxyborohydride species,
prepared from 0430004 (20 mmol) and NaBH, (20 mmol), 1-decene (2.8 g,
20 nml) was added and the mixture was stirred at r.t. for 1 h and at
55°C for 2.5 h. It was brought to r.t. and the excess hydride was destroyed
carefully with Hzo (2 mL). To this acetone (60 mL) and t-butanol (10 mL)

were added. Precooled (0 to 5°C) chromic acid solution [prepared using

CrO, (6 g)., water (10 mL) and Conc. H,S50, (10 mL)] was added at
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0°C during 15 mnutes. The reaction nixture was stirred at r.t. for
10 h. The organic layer was separated and the aqueous |ayer was extracted
with ether (2x50 mL) and the solvent was renoved from the conbined organic
extracts. The residue was dissolved in ether (50 mL) and extracted with
2N NaOH (3x20 mL) . The solvent was renmoved from the dried (MgSOd) or gani c
| ayer and the residue was chromatographed to isolate the neutral conponents,

decane.(0.2 g, 7%, 2-decanone (0.12g, 4% and n-decyl decanoate (59%.

The conbined al kaline extract was acidified with conc. HCL (phe-
nol phthalein indicator) and extracted with ether (3x25 mL). The conbined
ether extract was dried (Mgsoq) and the solvent was evaporated. The
residue was distilled under reduced pressure to afford 1-decanoic acid,

2.06 g, 60% bp.170°C/10 mm |lit. bp.268°/760 mm ’°
Spectral data for 1-decanoic acid:

-1
IR (neat) V __: 3500, 2900 (-OH), 1700 (-C=0), 1410, 1280, 920 cm .

3¢ NWR (25.0 MHz, cpcl,) : 6ppm 180.0  (COOH), 33.5 (-CH,-CO), 31.3,

28.7, 28.5, 24.0, 23.1, 13.6.

IR spectra for decane and 2-decanone show 1: 1 correspondence

° L 100
with the reported spectra.

1
3C Spectrum of 2-decanone: 6 ppm 209. 1, 43. 8, 31.9, 29.6, 29. 4, 29. 2,

23.9, 22.7, 14.1.
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Decyldecanoate:
IR (neat) V__ . 1735 ( C=0), 1450, 1160 cm"".
max
"H NMR (100 MHz, CDC13); Sppm 0.8 (t,2H), 126 (m,16H),  2.26 (LK),

2.9 (1,2H).

0 0
I I
*C NMR (25.0 MHz, cDCI,): Sppm 173.8 (C=0), 64.4 (C-0-CH, ), 34.5 (CH -C),

32.0, 29.7, 29. 4, 28. 8, 26. 1, 25.1,

22.8, 14.2.

The above procedure was followed for the conversion of several
other terminal alkenes into the corresponding carboxylic acids and the

results are summmari sed below and also in Table 7.

1-hexene _ » 1-hexanoic acid
Yield: 1.35¢9g, 58%
B.p: 180°C/20 mm lit. bp. 205/760 mm. ’°

13
C NMR (25.0 MHz, CDCl § ppm 180.4, 34.2, 31.4, 24.5  24.4, 13.8.

9

Styrene______» phenyl acetic acid
Yield: 1.5 9, 55%
B.p: 104°C/1.5 mm lit. bp. 266°C/760 mm ’°

1
HNVMR (100 MMz, CDO_): 6ppm9.79 (s, 1H), 7.28 (m5H, 3.63 (s,2H).

Al'lyl benzene_______» 3-phenylpropionic acid

Yield: 1.89 g, 59%

B.p: 136°C/2.5mm lit. bp. 285°C/760 mm. '’

1H NVR (100 MHz, CDCl 3’): § ppm 11.87 (s,1H), 7.4 (m5H), 2.81 (t,2H),

2.65 (t,2H).



1 0-undecenoic acid —— 1, 1 1-undecane di oi ¢ aci d.
Yield: 3.3 g, 75%
M.p: 101°C, lit. np. 111-112°c.76

13C NVR (25.0 MHz, CDC 9: 6 ppm 186.0, 34.2, 29.2, 29.1, 24.8.

Canphene—______*~ Canphani ¢ aci d/i socanphani c acid m xture.
yield: 1 .65 g, 50%
M p: 65-68°C.

13c MR (25.0 MHz, cpal )¢ 6ppm180.8, 52.2, 49.1, 40.9, 38.6,

52

37. 6,

31.9, 24.6, 22.8, 21.5, in addition

signals corresponding to 12% of

canphanic acid were also present.

| socanphani ¢ aci d:

13
C NMR (25.0 MHz, CDd 3) . 6 ppm 180.8, 59.0, 48.1, 42.6, 40.9,
28.6, 27.7, 25.6, 24.1.
(e - . . .
P-pinene_____» cis- Myrtanic acid.

Yield: 1.01 g, 30%

Mp: 109-110°C, lit. mp.111°C. 52

13
CNWR (25.0 Mz, CDO ,): 6 ppm183.6, 43.9, 43.0, 40.5, 38.9,

27.0, 24.7, 21.7, 15.2.

i so-

29.
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CHAPTER 2

Studies on the synthesis and applications of

borane and iodoborane N,N-dialkylaniline conplexes



I NTRODUCTI ON

Organoboranes are one of the nost versatile organometallic reagents
which are useful in carbon-carbon bond formation reaction and also in
generatxon of new functional groups. e Di borane is the starting raw
material for nost of the organoborane reagents. Initially researchers
used to avoid utilising diborane as it was thought that it is a dangerous
reagent to handle, even it nmeant adding nore steps to the synthesis
or reducing overall vyields. 3 But over the years a growi ng nunber of
borane reagents which can be easily handled were developed and used
in organic synthesis. Still there exists a need for developnment of new

reagents and inprovenent of the existing organoborane reagents.

Di borane itself is difficult to handle and relatively inert towards
olefins.E"'7 So it is nornmally utilized in the form of its conplexes
(eg. BH, .THF, BH, .SMe, and BH_.NR,). g Several BH, -Lewi s base conpl exes

are comercially available. Although diborane is commercially avail able

in cylinders, it 1is still <convenient to generate it for wutilization
in bench-top preparations. |In connection with our work on the studies
on the nechanism of the hydroboration reaction (Chapter 3), we were

seeking a convenient nethod for the generation of diborane which can
be ytilized in the synthesis of amne borane conplexes. A brief survey
of various methods for the synthesis of diborane will be helpful for

the dj scussi on.

8
In 1912, Stock prepared the diborane gas from magnesi um bori des-



In 1912, Stock prepared the diborane gas from magnesium borides.

. . 2 . .
Later, Schlessinger and Burg prepared it from,H and BCl3 using el ectr|1c

9
di scharge nmethod in a high vacuum apparatus. Schl essinger and Brown °
prepared diborane wutilising lithium hydride in a wvacuum line (eq.1).
EtZO
6LiH + BBF~ .OEt> » B H + 6LiBF, (1)
3 z Z fo 4

Reaction of MBHQ with BCl3 or BF3 also yields diborane (eq.2,3).

MNBH, + BCl. G1ILYMe - op L L 3Nac 2)

4 J Z 6
3NaBH, + 4BF OEt, —diglyme , 3yapp, + 2B_m. (3)

; . A . } . 14-17
Reaction of MBH4 with mneral acids also yields diborane (eqg.4-6).

"+ H diglyme + + 4
2NaBH, S0, » Na,SO,* 2H,* B H/ (4)
2KBH, + 2H_PO——* 2KH_ PO, + 2H, + B_H, (5)

4 34 - 24 226
2NeBH + Me SO—»* Na,SO, + 2CH. + B H, (6)

4 24 24 426

It has been reported in 1965 that the reaction of ngCl2 with NaBH4

and 12 with NaBH4 give diborane in 88 to 90% yield (eq.7,8). %

2NaB diglyme _ H
aBH, + Hg,Cl, r.t. 2t + 2had+ By + By (1)
aBH, + | — G219V _, 2Nal + H + B,H,_ (8)

4 2 r.t. 2 2 6
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The authors utilized a vacuum line technique and isolated the diborane

using a series of liquid nitrogen traps.'® ¢ uas reported that the
di borane generated in this wav °; <

his way 1S free of any detectable inpurities.

Di borane generated utilizing BF OBt /Naru moth A

Y _ Bry.Umt,/NaBH, method wusually contains

2 .
smal | amounts of EtZQ and BF3- It has been denonstrated that the reacti-

vity of diborane generated utilizing NaBH, K /BF .0gt, @Rd | ./NaBH, are

18

different (Scheme 1). The wundesirable side reaction utilizing 52,*;’5
generated from the BF3-OEt2 nethod can be prevented by performing the

reaction with the B.H. generated utilizing the 1 /Napy System

Z b 2 4
Scheme 1
0
BF30Et,y om0 : : 0CH,
diglyme Mg + BFy 5 + H;3CO 0CH,
NUBHJ,—‘—" (traces)

1 . HyCO 0CH
L2 '8y - @ ' ©
HCO 0CH,

Clearly, the side reaction due to the presence of 'BF3' is preven-
ted using the B_H generated utilizing the I,/NaBH, system In addition,
2 b 2 4

since it is nmore convenient to handle iodine than BF.OEt :, the I_/NaBH

3 2 2 4
system should be nore attractive for the generation of diborane for
utilization in organic synthesis. The system has not been utilized for
organic synthesis but for the application illustrated above (Schene 1)-19
This may have been, as suggested by Lane in a review article, 20 due
to the non-availability of a detailed procedure for diborane generation
utilizing the IZ/NaBH4 system It was of interest to us to exam ne whet her
the di borane can be generated in this way for utilization in the prepara-

tion of _hine-borane conplexes in hydrocabron solvents required for

our mechani stic studies (Chapter 3).
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i : . . : 3,21,22
Di borane reacts with amnes to give the corresponding 1:1 conpl exes ’

which are relatively nmore stable than the ether and thioether conplexes

(eq.9).

BH + 2R = 2R_N:BH (9)
< b 3 3 3

Am ne borane conpl exes have been extensively utilized as reducing

+ 23
agents. The reducing ability depends on the nature of the complexed

am ne. Less basic and nore hindered anines formed nore reactive conpl exes.

In the case of aliphatic amine-boranes, the reducing ability

decreases with alkyl substitution in the order HN BH,> RH N BH, » R /HN BH, >
2 2

3/
& 2 L o)

R3N. BH3. Anong aryl and heteroaryl am nes, the reducing ability depends
on the base strength of the anmine i.e. the lower the pKa value of the
am ne the stronger the reducing agent. e The reduction of functional

. . . 23
groups Py various am ne-borane conplexes has been reviewed. Sever al

efficient synthetic methods involving reduction of carbonyls, e 20 imines, #9: 27
iminium sakt 5?8’ 29 enémlnes?,G’ I ihdo’les,:go_ = oxi mes,35 tosyl hydrazones

37 38 23
and carbon-carbon double bonds Py amine boranes were devel oped.

The anmine-borane conplexes were also utilized for hydroboration

39-44,76

of ol efins. However, nmany ami ne-borane conplexes hydroborate

only at above 100°C. Thernal isomerizations of the resulting organoboranes

. 23
are al so observed at higher tenperatures.

1-hexene— |, FEt 3N .BH 3
tri-n-hexylborane.

2-hexene 100°C

The temperature required for hydroboration of 2-hexene is so
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45

to Eg%j%inal Alka .
inal glkene also takes place.

The |ow

dehydr obor ati on
reactivity of anine boran%sS hag oo s 0

as been {gken
hydroboration of dienes and trienes*® 52

Et3N-BH,
130- 140°C
+
i
H

cyclic

hi gh,
1nto advant age for

(Scheme 2) -

Schene 2

200°C, 2h
H H H H
Et3NBH; Hj ,Et3N

200°C

I D

1. CO,(CH OH),
2. Hy07,NaOH.

Utilization of BH3 .THF gives polyneric organoboranes in this case.
if the stability

Amine-borane conpl exes readily hydroborate al kenes
. 53, 54
el ectronic effects. (Table 2.1)

of the complex is weakened by steric or



Table 2.1 : Data for aromatic amine-boraneconpl exes. °°
Amine.borane ]J'B A y
(ppm) Toun (100% Hyd)” % HB of 1-octene®

- 6 a
©

6.0 15 56
NN

\

-11.6 2 93

NN

a. Related to BF,-OEt,

b. Hydrolysis with 3N HO/glyccrol / THF, 25°C.
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The amine-boranes have not been extensively utilized for hydrobora-
tions. However, N,N-diethylaniline borane and N-phenylmorpholine borane

53
complexes have been reported to hydroborate at room temperature (eg.10,11).

H,B.PhNEt, + 3C_H..CH=CH. —“2’;‘2':—’ (CH ..), B+ PhNEt. (10)
I\ 1h _ / N\
5 -+ = - = 3+ )
H,B.Ph N 0 W OHCH, “=Ste—s  [CH).B & Ph NN (11)

It has been reported that the thexyl borane-N, N-diethylaniline

conmpl ex can be utilized for controlled hydroboration (Schene 3). 26

Schenme 3
H_BHZNEtzPh - HyB NEt2Ph
THF, 0°C, 2 Ny
1-Octene
0 1KCN BQ
FA
< > 2.TFAA NcgHyy -
3.H02 /NaOH
It was of interest to exanmine whether the N,N-diethylaniline

borane conplex itself can be utilized for such controlled hydroborations.

Several reports indicate that ClBHz-Lewis base conplex gives

more controlled hydroboration (eg.reaction with termnal al kynes) than

the BH;-Lewi s base conplexes (Fig.1).2 o



Fig.1
JRC’- CH RC = CH
. By
R- CH., - cH’
2 b7 R _H
. \ ,C=¢C
H \
B-d4
H\ /
_.Cc=¢C
R H
However, preparation of ClBHzOEt2 is somewhat difficult.2'57

Several reports indicate that the nmonohal oborane-amne conplexes can

be readily prepared (eq.12-16).°° 02
(CH.).B.NH + HC1 > (CH.).B+ NH C1 (12)
33 3 33 4
(CH3}3N.BH3 + HX =t (C]—|3)3N BHZX + H, (13)
X = FC,Br
2(CH3)3N.BH3 F Ty 2(CH,) N.BH,I + H, (14)
(CH3)3N.BH3+ I, + C, H NH, —* (CH3]3N.BH2I + H + C,HNH, (15)
— > .BH_X + (CH_.CO)_NH
RoN.BH, + (CH,CO) ,NX T R,N.BH, (CH, )5 ( 16)
X=da, Br.

It was of interest to examne the preparation of IBHZ-N,N-di—

ethylaniline conplex and also to explore its synthetic possibilities.
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RESULTS AND DI SCUSSION

Synthesis of N,N-diethylaniline-BH. complexes utilizing B_H generated
3 2 6

using the I2/NaBH system

4

In connection with our mechanistic studies (Chapter 3) we were
seeking a sinple nethod for the generation of diborane for wutilization
in the preparation of various am ne borane conplexes. As outlined earlier,

the reaction utilizing the I2/NaBH4 system following a vacuum line tech-
(o]
ni que has been reported to give diborane in 90%yield (eqg.8).

diglyme
I + o+
I2 2NaBH4 .. 2Nal + H2 BZHB (8)

The diborane generated in this way was found to be free of any
detectable inmpurities. 18 Al 't hough the advantage of the diborane generated
in this way over the diborane generated utilizing the BFB.OEtz/NaBﬂq
system has been denonstrated, 19 t he I2/NaBH4 system has not been utilized
further in organic synthesis. This may be, as suggested by Lane in a
revi ew article,20 due to the lack of a detailed experinmental procedure

for the generation of diborane utilizing the I2/NaBH‘1 system

We have observed that the di borane can be readily generated utiliz-
ing the I2/NaBH4 system using the equipments similar to those used wth

2
the NaBH,/BF,.OEt, system The liberated diborane can be readily trapped
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as a BH3-Levvis base conpllex by bubbling the gases evolved through a
flask containing the solution of the Lewis base. W have observed that
the diborane generated utilizing 12 (10 mmol) and NaBH‘1 (20 mmol) can
be trapped as N, N-diethylaniline —BH3 conplex utilizing N, N-diethylaniline
(10 mmol) in benzene (40 mL) at 5-10°C. The solution of N,N-diethylaniline~
borane conplex prepared in this way gives 10 mmol of Ph3PBH3 compl ex
on tréatment with Ph3P (15 mmol) which confirns the formation of 10
mmol of the N N-diethylaniline-borane conplex. The 12 /NaBH4 reagent
has been utilised in 100% excess in order to ensure conplete formation
of ami ne-borane conplex. W have also found that a 25% excess of the
IZ/NaBH reagent is sufficient for the quantitative formation of am ne-
borane conplex. However, we have utilized 100% excess of the I2/NaBH4
reagent in all cases in order to ensure that the complexation of BH3
with the amine is conplete since presence of a desired quantity of borane

is inmportant for utilization in controlled hydroborations.

The IR spectrum of the N, N~diethylaniline borane in benzene sol u-
tion exhibits strong bands due to >BH stretchings at ( v ) 2235,

_ 4 . nax
2280 and 2340 cm 1, simlar to the absorptions reported for am ne-borane

conmpl exes.

The N, N-diethylaniline-borane conplex in benzene prepared as
above readily hydroborates 3 equivalents of termnal al kenes and 2 equiva-

lents of internal alkenes. The results are summarised in Table 2.2.

The ester function was uneffected under the present reaction

conditions. The amne can be easily removed as its hydrochloride salt
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duri ng workup and can be recovered back if requi red. Wien 1-decanol
obtained following this method was oxidised with aqueous chronmic acid
4% of 2-decanone was fornmed along wWith 1-decanoic acid and 1-decyldecano-
ate. The hydroboration-oxidation product with styrenc was found to contain
20% of 1-phenylethanol (Spectrum No.2). These regioselectivities are

conparable to the selectivities observed with BH3 .THF.

W have prepared the BH,.THF solution following the I2/NaBH

3 4

met hod and wutilised it for the reduction of tertiary am des, imines
and carboxylic acids wthout any difficulty (Scheme 4). However, we
have observed some racemization in the case of reduction of the anide
(see Chapter 3 for discussion of this racem zation). Also, in the case

of canphor-anil the product is a 3:2 nmixture of exo and endo products.

Scheme 4

Iz*NOBHL

COH Y
I:Q:( >-N-C-CH;  Ph
CHig Ui CO2H Y

0
@ < BH3: THF "~ >—N=-CHy-CHj
CH,0H

NH

©

exo/endo= 3:2.



Table 2.2 : Hydroboration-Oxidation of

a
borane complex.

al kenes jth N-N-diethylaniline

70

Substrate Product Yieldb (%)
n-C_H__CH=CH = o <
817 2 n CBHITCHZ CH.,OH 82
-C H_CH=CH » =
n-C,Hy 2 n C4H9CH2 CH,OH 78
C_H_CH=CH C_H_CH._-CH_OH 729
65 2 65 2 2
CH.=CH-(CH.)_ -CO_CH HOCH.-(CH,.) .-CO..CH Boe’f
Hy= 27579, 5~ Wl 400 CRLy
H
@ o8 72
I:E:? Z:f:]Lon 67°
OH
68
: i 75
| .OH
? é,.ou 76
JOH
699
()

|
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For all the substrates 10 mmol of N, N-diethylaniline borane complex
in benzene (30 mL) was used. Hydroborations were carried out wth
30 mmol of terminal alkenes and 20 mmol of internal alkenes, at
room tenperature for 3 h and then at 50°C for 1 h to ensure conplete
hydroboration. After addition of methanol (2 mL) and THF (20 mL) ,
oxi dati ons were garried out with NaOH/Hzoz, following the procedure

reported in Chapter 1.

Yields are of the products isolated after distillation/recrystalliza-
tion. Purity of the alcohol was tested by conparison of the spectral

data (IR and NMR) with the data reported in Chapter 1.

The crude product obtained on oxidation with chromc acid gave 2-deca-

none in 4% yield.

Product contains 20% of 1-phenylethanol (1H NVR) see spectrum No.2.
Isolated by colum chronatography using hexane/chloroform as el uent.

Oxi dation was carried out with NaOAc/H202.

After oxidation the aqueous |layer was saturated with excess of anhy-

dr ous K2CO3 and the al cohol was extracted with ether.
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The N,N-diethylaniline-borane conplex reacts wth 3 equivalents
of 1-decene and the resulting organoborane species will be tridecyl borane.
It is known that such trialkylboranes on DCME reaction (Chapter 1) with

CHC1 ,O0CH., and LiOC(C H,) followed by oxidation give R, COH 64 It was of

interest to examine the reaction of the NaOCH3/CHCl3 system with tridecyl -
borane prepared utilizing the N,N-diethylaniline—BH3 conmpl ex. We have observed
t hat iﬁ this case no tridecylcarbinol was formed and the products after
car benoi dati on and oxidation were found to be di-1-decylketone (1.6 g, 34%,

1-decanol (2.1 g, 47% and n-decane (0.19g, 3% (the % yields are based

on the olefin utilized). The formation of n-decane can be explained by

2

3 3
protonolysis of R B by CH OH produced during carbenoidation. The metha-

nolysis would give an equivalent anount of RBBOCHB whi ch on carbenoi dati on-
oxi dation would give cho (Chapter 1). However, the yield of the di-1-decyl-
ketone is nmuch nore than the yield of 1-decane. This indicates that at
| east part of the didecylketone would have forned from R3B itself. It has
been reported that RBB gives up to 20%gof dialkylketone on treatment wth
LiOC(CzH5 )3 and dichlorofluoromethane. Presumably, the reaction stops
after two migrations in the present case (eq.17). The reason for this is

not understood since the nmechanism of this carbenoidation reaction has
. 2 . . . .
not been conpl etely established. (for a tentative mechani sm of carbenoidation

reacti on see Chapter 1).

(IILzon% ? lf

R,B > » R-B-C-R____»)B-C-R (17)
- | | |
or CCE, HC=O  OCH, R

Hydr oboration of tw equivalents of 1-decene”with one equivalent

of N, N-diethylaniline borane followed by carbenoidation using the NaOCH3/CHC13

system and oxidation wth H20 2/ NaCH gave di-1-decylketone in 82% vyield.
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The result indicates that this is a good alternate nmethod to the procedure

utilizing the CH3COOH/NaBH4 system for hydroboration, described in Chapter 1.

As outlined previously, complexing abilities of Lewis bases have
been successfully utilized for controlled hydroboration in sone cases (Schene

3).56 For exanple, presence of one to two equivalents of THF along wth

C1BH :OEt2 in diethylether gives monoalkylboranes even with termnal al kenes63
and thexyl borane-N, N-di ethylaniline conplex can be utilized for unsynmetri cal
ketone synthesis via sequential hydroboration of an internal and ternnal
alkene.56 It was of interest to exam ne whether the N, N-diethylaniline-borane
can be wutilized for mxed alkylketone synthesis. W have carried out the

hydroboration wutilizing N,N—dialkylaniline-BH1 complex by addition of 1-

decene and cycl ohexene sequentially wunder various conditions (Table 2.3).

In all cases, the di-1-decyl ketone was isolated as the nmmjor product
after carbenoi dation-oxidation and the cyclohexyl-decyl ketone was forned

only in small amounts (Table 2.3). The sequential hydroborations with diffe-

rent olefins will work only if the reactivity order of the amine borane
conpl exes present will be as given below (Fig.2).
NN il Tk NN\
BH3 BH2R BHRZ
B MB DB
Fig. 2

The formation of di-1-decyl ketone in good yields in the hydroboration-
car benoi dati on-oxidation of 2 ed. of 1-decene indicates that the reactivity

of the DB conplex (Fig.2) is low but the failure to get mxed alkylketones
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here indicates that MB reacts as fast as or faster than the B under the

present reaction conditions.
Synt hesis and Reactions of Mno iodoborane-N,N-diethylaniline complex (MIBDA)

The hal oborane etherates or dinet hyl sul phi de conpl exes possess reac-
26RLFL LR

) 2

tivities very nuch different from BH -I.THF or BH .SMe . ' ' Synt heses
of chloroboranes and bromoboranes from the corresponding BH3— Lewi s base
conpl exes require standardised solutions of HCl, BCl : or BBr., whi ch nake
the synthesis and handling of such conplexes sonmewhat difficult. However,
many interesting aspects of the chemstry of such complexes have been un-

2
covered. 77

The mono-iodoborane Lewis base conplexes have been readily prepared

. . : : 5 9,70
fromthe reaction of I?V\Ath the corresponding BH 4 Lewi s base conpl exes. A% B9
cs,
2BH, .SMe,, + X, " » 2H.BX.SMe, + H, (18)
E] Z Z Z e P
X =Br, |
(CH3)3N.BH3 + 12.—> (O—I3)N.BH21 " (14)
(CH3)3N.BH3+ I, + C,HNH, > (CH3)3N.BH2I+ H + C,HgNH, (15)

It was of interest to examine the possibility of the synthesis of
IBH,- N, N-di et hyl aniline conplex by the reaction of 1, with N, N-diethylaniline-
borane complex in benzene. W have observed that addition of iodine (10
mmol) in benzene into a benzene solution of N, Ndiethylaniline-borane (10
mmol) at 5-10°C gives a dark colour solution initially which discharges in
30-45 minutes to give a colourless solution with the evolution of a gas

(H2 ). The IR spectrumof the solution exhibits 7, B-H absorption as a symmetri-
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cal doublet at 2400 and 2450 cm '. It has been reported®® ° that Me,NBH.d
exhibits }B-H absorption as a symmtrical doublet at 2500 and 2450 cm_1

Conparison of the >B-H stretching absorptions indicate that the species
present in the present case is nost probably the nono iodoborane N, N-di-
ethylaniline conplex -(abbreviated as MIBDA) but presence of other species
to a small extent cannot be conpletely ruled out. W have briefly investiga-

ted the reactions of this MBDA conplex with sone alkenes and alkynes.

Hydroboration of 3 equivalents of 1-decene with the MBDA in benzene
prepared as above at 25°C for 14 h followed by oxidation gave 1-decanol
(88% and one equivalent of 1-decene was recovered. This indicates that
One of the TB-H bonds in the N,N-diethylaniline -BH3 complex is lost on

reaction with iodine.

Hydroboration of 2-equivalents of 1-decene with the MBDA followed

PY car benoi dati on- oxi dati on gave di-l1-decylketone in 84% vyield.

The mxed alkyl ketone synthesis was also attenpted using the M BDA
reagent by sequential hydroboration of 1-decene and cYClohexene. Carbe-

noi dation wth CHCl./NaOMe system and oxidation with H,92/NaOH gave di-1-
3 £

decyl ket one (65% based on the starting 1-decene) and a small anbunt (270 ng)
of cyclohexanol. 1In order to examine the reactivity of the MBDA with cyclo-
hexene, we have «carried out the hydroboration/carbenoidation/oxidation
reactions utilizing 2 equivalents of cyclohexene and isolated 32% of cyclo-
hexanol and no dicycl ohexyl ketone was forned. This indicates that the M BDA

has difficulty in reacting wth cycl ohexene.

When two equivalents of 1-decyne was hydroborated with M BDA at

25°C for 14 h and protonol ysed72 with acetic acid at room tenperature for
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4 h, no 1l-decene was forned. Chromatography of the reaction product gave
1-decanal in 58% yield. Presumably, the aldehyde is forned by air oxidation
of the intermediate vinylic boron species. However, when the protonolysis
with Cl—|3COO-I was carried out wunder refluxing condition for 6 h, 1-decene
was isolated in 57% yield. The results indicate that the vinyl borane forned
is somewhat |ess reactive towards CH}C@H under the present reaction condi-
tions.' Oxidation of the internmediate vinyl boron species wth H202/NaOAc
af ter adding NaOCH3 and THF gave 1-decanal (32% and 2-iodo-l1-decanal (35%.

Since the iodoal dehyde has not been formed in the above experiment involving

air oxidation, this result indicates that iodination takes place after

the 1-decanal is forned. (2

Schene 5 BH3 BH>1
benzene NN\ P NN

NaBH, + 1, ———— —
o NN @ benzene

©

CgHy7—C=CH

H17Ca\ /H cha\ /H
air “, \ ~0CH; NaOCH H \
_ .. 3 3
H17C8CH2 CHO oxidation H / “Nol \C /
H,,C Q\ / \
17 8 H|7CB

H17C-8—CH2_CH0
+
Hy;Cg~CH=-CHO
|

If hydroboration of two equivalents of 1-alkyne gives divinyliodo-
borane, it should be possible to achieve the cis, trans-diene synthesis

by treatment with I2/NaO—i as envisaged in Scheme 6. Simlar transfornation
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has been reported utilizing ClBHZOEt2 for the hydroboration of 1-alkynes
73
followed by reaction with | 2/NaOH- Such a nethod will be interesting

in the present case as the iodine will be utilized in three steps (Schene 6) .

Schene 6
BH BHy1
benzene /\N)\ 2 /\N,Z
NaBH, + I, NN @ benzene @
HinSey "™ HiCe, /M
H17Cg H NaOH/I, W B VOCH i =C\
OCH
CoHyy <m—— M / 3 NaOCHy H B-1
/ \ / . THF \. =Nal H /
H c=C /"_—-C\ . =C
wWooH H7C8  TH HoCd M
+
Hi7Ce\ M
C=¢C
H/ M

W have observed that when the experiment was carried out utilizing
1-decyne as outlined in Scheme 6, a product wth M peak at m/e 278 has
been isol ated. Unfortunat ely, the product is not the pure cis, trans-diene.
Al though the major signals in the 13C NMR spectrum correspond to the cis,

trans-di ene sone additional signals are also present in the spectrum (see

spectrum No.3). The signal at 74.2 ppm due to the mnor product corresponds

74
to the olefinic carbon atom substituted with iodine indi cating the possi-
bility that the mnor product is a vinyl iodide. Further standardi sation
of conditions is necessary to direct the reaction to obtain monovinylborane

and divi nyl borane cleanly.
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SUMMARY

Conditions were standardised for the generation pf diborane utilizing
the simple Iz/NaBH4 system. The generated diborane can be readily utilized
for the Preparation of N,N-diethylaniline-borane complex in hydrocarbon
solvents (benzene, toluene). The utility of this complex in the hydroboration
of oléfins was studied. The diborane generated utilizing the |2/|\l€BI—|4 system
was used for reduction of some representative amide, imine and carboxylic
acid. Hydroboration of olefins (2 eq.) utilizing the N,N-diethylaniline-
borane complex followed by carbenoidation with the CI—CILB/NaOMe system gave
symmetrical dialkylketones in good yields. Monoiodoborane-N,N-diethylaniline
complex (MIBDA) was prepared by the reaction of 1, with borane-N,N-diethyl-
aniline complex. Utilityl of this MHEDA in the hydroboration of alkenes

and alkynes was studied.
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EXPERIMENTAL
General details

Several items given in the experinental section of Chapter 1
are also applicable for the experiments outlined here. The N, N-diethyl-
aniline was distilled over anhydrous KOH in small quantities (10 m,)
and kept wunder nitrogen for utilization. 1-Héptyne utilized was a conmer-
cial sanple. 1-Octyne and 71-decyne were prepared following a reported
procedure. 73 The N-acetyl-N-isopropyl-Q-methylbenzylamine and canphor -

anil were prepared following closely related literature procedures and

will be described in detail in Chapter 3.

Generation of Diborane utilizing the I _/NaBH, system and preparation
2 4

of N,N-diethylaniline-borane complex

A solution of iodine (2.54 g, 10 mmol) in diglyme (100 mL) was
introduced dropwise during 20 mnutes from an addition funnel into a
generation flask (100nL RB flask with a side arm and side septum contain-
ing NaBH4 (0.8 g, 20 mml) in diglyne (10 mL) at r.t. (tap water cooling)
under a static nitrogen atnosphere. The generated diborane and hydrogen
were carried off through a side tube and bubbled through a solution
of N, Ndiethylaniline (1.49 g, 10 mmol) in benzene (40 mL) in another

flask at 5 to 10°C (250 mL RB flask with a side septum side arm and



a condensor). The outlet from the latter flask was vented through a
mercury bubbler and a trap containing adequate amount of acetone to
destroy excess diborane. Wen the bubbling of the gases in the reaction
flask had ceased, the bubbler was renoved under nitrogen and replaced
by a glass stopper. ' The bubbler was connected to an acetone trap and
the traces of diborane remained in the generation flask was driven away
by a étream of dry nitrogen. The diborane in the gas phase above the
benzene solution in the reaction flask was also flushed out with a stream
of nitrogen. The N N-diethylaniline-borane conplex thus prepared was

utilized for further reactions.

-1
IR (benzene) v . 2235, 2280, 2340 cm . The Me NBH conplex has “~B-H
max 3 3 s

st ret chi r%% absorption in the same region which appear as a symetrical

triplet.

Reacti on of BH3—N,N—diethy1aniline conplex with triphenyl phosphine

82

The N,N-diethylaniline-borane conplex (10 mmol) in benzene (35-40 mL)

was prepared as above and PPh3 (3.93 g, 15 nml) in dry benzene (10 nL)
was added. The reaction mixture was stirred for 4 h at r.t. Benzene
was distilled out from the reaction mixture and the residue was chronmato-
graphed on a silica gel colum. Hexane eluted triphenylphosphine and
hexane/chloroform (4:1) eluted triphenylphosphine borane. Yield, 27 g
(95% , np.186°C. lit. mnp.189°C."® The spectral data for the the PPhBBH

3

obtained in this way are identical with the data of PPhBBI—i3 obt ai ned

utilizing the CH 3COOH/NaBH‘1 system (Chapter 1).
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Hydroboration-Oxidation of olefins with N,N-diethylaniline-borane complex

For all the reactions, N,N-diethylaniline-borane (10 mmol) and
benzene (40 mL) were wutilised. Hydroborations were carried out wth
30 mol of terminal al kenes and 20 mmol of internal alkenes. The foll ow ng
procedure for the conversion of 1-decene into 1-decanol is representative.
To thé N,N-diethylaniline borane conplex (10 mmol) prepared in benzene
(40 mL) , 1-decene (4.2 g, 30 mml) was added and stirred at r.t. for
3 h and at 50°C for 1 h. The organoborane was cooled and CH3O—| (2 mL)
was added and stirred for 30 mnutes. THF (30 ML) was added and oxi dation
of the organoborane was carried out using HZOZ ( 16%, 25 mL) and 3N NaCH
(15 mL) . The organic |ayer was separated and the aqueous |ayer was extrac-
ted with ether (3x30 mL)  The conbined organic |layer was washed wth
2N HC1 (3x15mL) to renove the amine. The organic layer was washed with
saturated NaC solution (15 mL), dried over anhydrous MgSO4 and the
sol vent was evaporated. Distillation of the residue under reduced pressure
afforded 1-decanol (3.88 g, 83% bp. 107°C/7 nm Hg) . The IR and NWR

spectral data were identical with the data reported in Chapter 1.

Several other olefins were converted in to the corresponding

al cohols in this way and the results are summarised in Table 2.2.

Reduction of a tertiary amide with B_H generated using I./NaBH. system

Preparati on of N-ethyl-N-isopropyl- @ -nethyl benzyl ani ne: Di borane genera-

ted utilizing I, (12.5 mmol) and NaBH, (25 mmol) was bubbled through

L ft

the reaction flask containing N-acyl-N-isopropyl-O-methylbenzylamine
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(10 mmol) in dry THF (50 mL) for 45 min. The stirring of the contents
of the reaction flask was continued under nitrogen atnosphere for 2 h
at r.t. and 1 h at refluxing tenperature (70°C bath tenperature). The
reaction mxture was cooled to 0°C and 6N HC1 (10 mL) was carefully
added. THF was distilled out and the residue was neutralized with 6N
KOH. The amine was extracted with ether (3x25 mL), washed with saturated
NaCl s;ol ution (15 mL), dried over anhydrous MgSO‘si and the solvent was
evaporated. The residue was distilled under reduced pressure to yield

N-ethyl-N-isopropyl-0-methylbenzylamine (1.53 g, 80% bp.72°/2 mm).

IR (neat) V___: 1590, 1360, 1356 cm .
max

"H NVR (100 Mz, chA ): & ppm 7.28  (t,5H), 384 (g, 1H, 248 (q,2H),

1.3 (d,3H), 0.92 (m9H).

13C NVR (25.0 MHz, CDO ): S ppm 146.7, 128.0, 127.5, 126.2, 58.4, 48.2,

39.0, 20.0, 19.7, 19.2, 16.9.

[a ];0 = 5.26 (C4.1824, EtOH).

Reduction of canphor-anil wth B,H, generated using I.,/NaBH, system
2 6 2 4

(12.5 mmol) and NaBH, (25 mmol)

Di borane generated utilizing I 4

2
was bubbled through the flask containing canmphor-anil (1.2 g, 10 mmol)
in dry THF (50 mL) for 45 minutes. The bubbler was renoved and the mi xture
was stirred for 2 h at r.t. and 1 h at refluxing tenperature (70°C,

oil bath tenperature) wunder nitrogen atnosphere. The reaction mxture

was cooled to 0°C and acidified with 6N HC1 (10 nL) . THF was distilled
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out and the amine was regenerated using 6N KOH (phenol phthal ein indicator)
and extracted with ether (3x25 mL). The conbined ether extract was washed
with saturated NaC solution, dried over anhydrous Mgso4 and the solvent
was renoved. The residue was distilled under reduced pressure to yield

a (2:3) mixture of bornyl and isobornyl aniline, 1.87 g, 82% bp.114°C/

1 mmHg, lit. bp.173-174/14 mmHg. ’’

= 1
IR (neat) v : 3375, 1595, 1360, 1356 cm
max

3 NWR (25.0 Mz, cDC1 ) : 6 ppm 148.4, 129.4, 116.8, 112.9, 61.7, 48.9,
47.3, 45.3, 40.9, 36.9, 27.6, 20.6,

12. 57.

In addition, the following signals corresponding to the presence

of bornyl aniline (~ 40% are also present.

6 ppm 148.0, 129.0, 116.4, 112.4, 58.0, 48.5, 46.9, 44.8, 38.5, 28.1,

27.2, 19.6, 18.4, 14.1.

Reduction of a carboxylic acid with B_.H_ generated using I./NaBH, system
2 6 2 4

Di borane generated utilizing 12 (12.5 mmol) and NaBHq (25 mmol)
was bubbled into the flask containing phthalic acid (1.67 g, 10 nmol)
in dry THF (50 nmL) at 0°C for 45 nin. The contents were stirred for
5h at r.t. and 1 h at refluxing tenperature. It was cooled to 0°C and
the excess hydride was destroyed with 1.1 THF-water mixture (10 mL) .
The reaction mxture was saturated with anhydrous K2CO3 (10 g) and extrac-

ted with ether (3x30mL). The conbined ether extract was washed wth
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saturated NaC solution (15 mL), dried over anhydrous M9504 and the
solvent was renoved. The crude residue was recrystallized from ethanol

8
to yield phthalylalcohol (1.18¢g, 85% np.64°C, Iit.7 nmp. 65°C).

IR (Nujol) VmiX: 3500- 3350, 3050, 1520, 1090, 975 cmi'’.

The IR spectrum was superimposable with the spectrum reported

in the literature. e

Car benoi dation of R3B prepared by the hydroboration of 1-decene (30

mmol) with BH3N( Et) 2Ph conpl ex

To a freshly prepared N,N-diethylaniline borane (10 nmol) solution
in benzene (40 ML), 1-decene (4.2 g, 30 nmol) was added and the nixture
was stirred at r.t. for 2 h and at 50°C for further 2 h to ensure conplete
hydroboration. The contents were brought to 30°C and THF (30 mL) was
added. Carbenoidation was carried out using NaOwe (2.16 g, 40 muol)
and CHCl3 (10 mL, 125 mmmol) at 50-55°C following the procedure outlined
in Chapter 1. The resultring organoborane was oxidised wth H202 (16%,
25 mL) and 3N NaOH (15 mL). The contents were extracted with ether (3x25 mL).
The conbined ether extract was washed with 2N HC1 (3x10 mL), saturated
NaCl solution (2x15mL) and dried over anhydrous lvgsoq. The residue
was chromatographed on a silica gel colum wusing hexane/chloroform as
eluent to isolate decane (0.1 g, 3%, di-l-decylketone (1.6 g, 34.3%
mp.64°C, Iit.80 62°C) and 1-decanol (2.1 g, 47% (yields are based

on the starting 1-decene). The spectra of these products were superinpos-

able with the spectra of sanples obtained previously (Chapter 1).
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Hydroboration-Carbenoidation of 1-decene using N,N-diethylaniline-borane

conpl ex: Synthesis of di-1-decylketone

To the N Ndiethylaniline-borane (10 mmol) in benzene (40 mL)
1-decene (2.8 g, 20 mmol) was added and the contents were stirred at
f£.t. for 4 h undér nitrogen atmosphere. Excess hydride was destroyed
PV careful addition of C|—|3C1—| (2 mL) . After the evolution of gases had
ceased, THF (30 m.) was added and carbenoidation was carried out by
the addition of CHCl3 (125 mml) and NaOwe (40 nmol) at 50-60°C follow ng
the procedure outlined in Chapter 1. The organoborane was oxidised wth
H::]O2 (16% 25 mL) and 3N NaOH (15 mL). The organic |ayer was separated
and the aqueous layer was extracted with ether (3x25 mL) . From the com
bi ned organic extract, t'he am ne was renmoved by washing with 2N HC1
(3x10 mL) . The organic layer was washed with saturated NaC sol ution,
dried over anhydrous MgSO4 and the solvent was evaporated. The crude
ket one residue was chromatographed on a silica gel colum (hexane/chl oro-
form as eluent) to isolate di-1-decylketone (2.54 g, 82% np.64°C) and
1-decanol (0.38 g, 12% based on the starting 1-decene). The IR and NWR

spectra of the ketone and 1-decanol were superimposable with the spectra

of the correspondi ng sanpl es obtained previously (Chapter 1).

Attenpt ed unsymmetrical ketone synthesis via hydroboration of cyclohexene

and 1-decene with N,N-diethylaniline-borane conpl ex

The N, N-diethylaniline-borane (10 mmol) was prepared in benzene
(40 mL) as outlined previously and cyclohexene (0.82 g, 10 nmml) was

added. The contents were stirred at r.t. for 2 h under nitrogen atmos-



phere. 1-Decene (1.4 g, 10.mml) was added and the mxture was further
stirred at r.t. for 2 h. Mthanol (2 nmL) was injected to destroy the
excess hydride and THF (30 mL) was added. Carbenoidation was carried
out using CHC13 (125 mmol) and NaOwve (40 mmol) following the procedure
given in Chapter 1. The or ganoborane was oxidised with Hzo2 (16% 25 mL)
and 3N.Na0-| (15 mL). After workup, the crude product ni xture was chromato-
graphed on a silica gel colum wusing hexane/chloroform as eluent. The
product which eluted first was identified as di-1-decyl ketone (1.1 g,
70% np.63°C, lit.mp.62°C) and the fraction (0.5 g) which eluted next
was identified as a mxture of di-1-decylketone and cycl ohexyldecyl -

ketone fromthe 1?’C NVR spectral data.

Fraction 1

) - W e
IR (KBr)V - 1705 cm  ( 3§=0) .

136 NVR (25.0 MHz, O ): 6 ppm13.8, 22.4, 29.1, 29.4, 317, 36.7,

39.1, 42.6, 50.8, 214.2 ( )_C=O).
Fraction 2
1 N
IR (neat)V : 1710 ¢ ( C=0).
max ’
13(: NVMR (25.0 WMHz, CDd 3): 6 ppm 13.8, 22. 4, 23.5, 25.5, 28.2, 29.1,

29. 3, 31.7, 40. 3, 50. 5, 213. 4 ( C=0).



Reacti on of 1, with N,N-diethylaniline-borane conplex: Preparation of

nono i odobor ane N,N-diethylaniline conpl ex (MIBDA)

To the N Ndiethylaniline-borane conmplex (10 mmol) in benzene
(40 nmL) iodine (1.27'g, 10 mmol) in dry benzene (20 mL) was added with
the aid of a double ended needle at 15°C (the evolution of H, gas can
be obsérved). The contents of the flask were stirred at r.t. till the
reaction mxture becomes colourless (30 nminutes to 1 h) . The nono iodo-

borane-N N-di ethylaniline conplex thus prepared was utilised for further

reacti ons.

I R (benzene) \)max: 2450, 2400 cm_1. Reported IR absorption (B-H stretch-

ing) for MeNBH,Cl:v _: 2500, 2450 cm '.’”®’

Reaction of 1 eq. of MBDAwith 3 eq. of 1-decene

To the MBDA conplex (10 mmol) in benzene (40 mL) was added 1-
decene (4.2 g, 30 mmol) and stirred for 14 h at r.t. NaOwe (0.54 g,
10 mmol) was 'added and the reaction nixture was stirred for 1 h. THF
(30 mL) was added and the organoborane was oxidised wth Hzoz (16%
25 mL) and 3N NaCH (10 mL) and extracted with ether (3x30 mL) . The com
bined ether extract was washed with 2N HCL (2x15 mL) , saturated Nad
solution (15 mL) and dried over anhydrous I\@SOq. The sol vent was renoved
and the residue was distilled to isolate 1-decene (1.5 g, 10.7 mmol)

and 1-decanol (2.8 g, 17.7 mmol). The IR spectra of these products are

identical to the spectra of sanples obtained previously (Chapter 1).

89



Symmetrical dialkylketone synthesis utilising mono-iodoborane-N,N-diethyl-

ani I i ne conpl ex (MIBDA)

To MBDA (10 nmol) in dry benzene, 1-decene (2.8 g, 20 mmol)
was added and the mixture was stirred at r.t. for 14 h. NaOw (0.54 g,
10 mmol) was added and carbenoidation was carried out utilizing CHCl3
(125 rmol) and NaOve (40 mmol) at 50-55°C as outlined in Chapter 1.
The contents were brought to r.t. and ethylene glycol (10 mmol) was added
(in order to facilitate oxidation) and oxidised wth Hzogl\bCH The
mxture was extracted with ether (3x30 mL) and the conbined organic
extract was dried over anhydrous wgsod. The solvent was distilled out
and the residue was chromatographed on a silica gel colum (hexane/chl oro-
form as eluent) to isolate 1-decene (100 ng, 3%, di-l1-decylketone
(2.6 g, 84% mp.64°C) and 1-decanol (100 my, 59 . The yields are based
on the starting olefin. The IR spectra of the products were superimposable

with the spectra of the sanples obtained previously (Chapter 1).

Attenpted unsymmetrical ketone synthesis utilizing MBDA complex, cyclo-

hexene and 1-decene

To a freshly prepared MBDA complex (10 nmol) in benzene (40 mL)
cycl ohexene (0.82 g, 10 mmol) was added and stirred for 12 h at r.t.
1-Decene (1.4 g, 10 nmmol) was added and the reaction mxture was stirred
for 12 h at r.t. and 2 h at 40°C (warmwater bath). After the carbenoi da-
tion using CHCl3 (125 mol) and NaOwe (40 mmol) as outlined in previous
experiments, ethylene glycol (10 mmol) was added and the oxidation was

carried out using H, O, (16% 25 mL) and 3N NaCH (15 nl) . The reaction

0
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m xture was extracted with' ether (3x3 mL). The conbined ether extract
was washed with 2N HC1 (2x10 mL), saturated NaCl solution and dried
over Mgsoq. The solvent was distilled out and the residue was chromato-
graphed on a silicagel colum (hexane/chloroform as eluent) to isolate
di-1-decylketone (1 g, 65% np.64°C Iit.80 62°C) and 500 ng of (a 40:60)

m xture of cyclohexanol and 1-decanol. Dicyclohexyl ketone and cycl ohexyl

decyl ket one were not forned.

The above reaction was carried out wutilizing only cyclohexene
(1.64 g, 20 mmol) in the hydroboration step. The mixture was stirred
for 14 h at r.t. and the carbenoidation was carried out as in the above
experiment. Workup and distillation of the residue yielded only cyclo-

hexanol (0.64 g, 32% and no ketone was forned.

Protonol ysis of the Hydroboration product of 1-decyne w th MIBDA

To M BDA complex (2.5 mmol) in benzene (35 mL) 1-decyne (0.69 g,
5 mml) was added and the contents were stirred for 14 h at r.t. and
30 minutes at 30-35°C. The reaction mixture was brought to 20°C and
anhydrous AcOH (7 mL) was added and stirred for 4 h at r.t. The contents
were poured into ice water (30 g) and extracted with ether (3x30 mL) .
The residue did not contain any 1-decene (IR spectrum . Colum chromato-
graphy (hexane eluent) of the residue gave 1-decanal (0.450 g, 58%.
Presumably, the acetic acid does not protonolyse the vinylborane under
the present reaction conditions and the aldehyde may be resulting from
air oxidation of the vinylboron species during workup and chromatographic

separati on.
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: 1715 ¢ :
IR (neat) v = 2750, m

"H NVR (100 MHz, cocl,) : 6 ppm9.67 (t,1H, 2.8 (dt,2H), 225 (m4H)

1.95 (m4H), 1.65 (m4H 0.8 (t,3H).

""CWR (25.0 MHz, cDCl,): 6ppm 202.7 (=CHO), 43.8 (-G1;CHO, 317,

29.7, 29.5, 29.2, 22.5, 22.0, 13.9.

In another run the protonolysis was carried out by stirring the
organoborane with acetic acid (10 mnL) at r.t. for 1 h and at refluxing
tenperature for 4 h. The products were isolated by colum chromatography
on a silica gel colum using hexane as eluent. The fraction eluted first
was identified as 1-decyne (200 ng, 1.45 mmol) and the fraction eluted

next was 1-decene (400 ng, 57% based on the reacted 1-decyne).
Hydroboration-oxidation of 1-alkynes wi t h MIBDA

The procedure for the reaction of 1-decyne is representative:
To MBDA (2.5 mmol) in dry benzene (35 mL) , 1-decyne (0.67 g, 5 mol)
was added and the reaction mxture was stirred at r.t. for 24 h. NaOw
(0.135 g, 25 mmol) was added and the contents were stirred at r.t.
for 1 h. THF (35 mL) was added and the organoborane was oxidised wth
H,O0, (16% 15 mL) and 3N NaCAc (10 mi) . The organic layer was separated
and the aqueous |ayer was extracted with ether (2x30 mL) . The conbi ned
organic extract was washed wth saturated Nazsz_o3 solution (2x10 mL)
and dried over anhydrous Ngsoq. The solvent was distilled out and the
resi due was chromatographed (hexane as eluent) to isolate 2-Iodo-1-decanal

(0.5 9, 35% and 1-decanal (0.25 g, 329%.
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2-Iodo-1-decanal: |R (neat) V  : 2750, 1710, 720 cm .
nmax

"3 NVR (25.0 MHz, CDC1,): 6 ppm 191.1(-CHO), 36.3(CH-CHO) , 31.5, 31.2,

28.7, 28.5, 28.2, 22.0, 13.5.

The IR and NWR spectra of the 1-decanal were identical with the
spect ra reported in the previous experinment. The above procedure was
followed for the reaction of 1-octyne and the results are sunmarised

bel ow.

2-Iodo-1-octanal: Yield 0.5 g, 39.2%

IR (neat) v ; 2750, 1710, 740 cm_1.
max

"H NVR (100 M, cpcl, ): § ppm 9.95  (d,1H), 515 (dt,2H, 265 (m2H),

215 (m8H), L55 (t,3H).
T3¢ VR (25.0 MHz, CDC1 ): 6 ppm191.8(-CHO), 36.9(CHI-CHO), 32.1, 3L.5,
29.4, 28.5, 22.5, 14.0.
1-Octanal: Yield 0.2 g, 22%
IR (neat) V__: 2750, 1720 cm .
nmax

136 NVR (25.0 Mz, CDC1,): 6ppm 202.0(-CHO), 49.9(CH,=CHO), 39.2, 3.6,

29.1, 22.6, 22.1, 14.0.
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Reaction of the hydroboration product of 1-decyne with MIBDA with I2/ NaOH

system Attenpted synthesis of cis-trans diene

To MBDA (5 mmol) in dry benzene (40 mL) 1-decyne (1.38g, 10
mmol) was added and stirred for 24 h at r.t. It was cooled to 0°C under
nitrogen atnosphere and THF (25 mL) was added followed by 6N NaOH (8 mL) .
The co.ntents were stirred for 30 nminutes at anbient tenperature. To
the reaction mxture, iodine (2.74 g0 in THF (15 mL) was added at 0°C
until a slight iodine colour persisted in the reaction flask. The stirring
was continued further for 15 minutes. The excess iodine was decolourised
by adding saturated Nazszo3 solution. The organic layer was separated
and the aqueous |ayer was extracted with hexane (2x25 mL) . The conbined
organic extract was vvasﬁed with saturated Nad solution, dried over
anhydr ous M9504 and the solvent was distilled out. The residue was chro-
mat ographed on a silicagel colum (hexane as eluent) to yield 11 ¢

of product in which the eicosa-9,10-(E), 11,12(Z)-diene was the mgjor
conponent.
IR (neat) v . 3050, 1600, 1465, 1050 cm-1

max
1
3C NMR (25.0 MHz, CDCl:): 6 ppm 147.7, 132.3, 130.5, 129.8, 36.1, 31.8,

29.5, 29.4, 28.9, 28.4, 22.6, 14. 0.

In addition, signals due to the presence of another product,

nost probably a vinyliodide, are also present (see Spectrum No.3).

+
Mass me (%: M' 278 (20%, 139 (100% M H-decene), 127 (60%, 111 (40%,

97 (80%.
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CHAPTER _3

Mechani stic studies of the hydroboration reaction
utilizing borane chiral Lews base conplexes

for hydroboration of prochiral olefins.
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I NTRODUCTI ON

The hydroboration takes place by cis-addition of ~ B-H bond to

7
1,2

carbon-carbon nultiple bonds. The addition takes place from |ess

hi ndered side of the nmultiple bond. L2 The di borane reacts very sluggishly
3 4

with olefins in the gas phase and in hydrocarbon, solvents but the
presence of weak Lewis bases make the reaction fast. For the hydrobora-
tions with diborane in ether solvents, a four-centre transition state
(eg.1) with direction of the addition controlled by polarisation of

the boron hydrogen bond, 3B - H , has been proposed.

H 6+ 6- . i
' 3B - H o 6=
H2-C —CH = cH2 —__ »  CH3 - CH.===.CHZ2 (1)
. '\
I-] EEEEEN \
6- 6 +
However, it remains to be established whether the Lewis base

noi ety in the BH3-Levw's base conplexes is present or absent in the transi-
tion state of the >B-H addition to olefins and differences of opinion

. [SIPAV]
exl st.

A review of the literature reports on the mechanistic studies
of the hydroboration of olefins wth BH3-Lewi s base conplexes will facili-
tate the discussion of the present results. The kinetic and mechanistic
studies on the hydroboration of olefins with dialkylborane conplexes

and di bronoborane conpl exes have been recently reviewed” and only rel evant

details will be reviewed here.
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The hydroboration of substituted styrenes by diborane in various
solvents (eg. diglyme, THF, diethylether) gives products with essentially
no significant difference in regioselectivities. g It was suggested that
since the solvents do not influence the regioselectivities, they my
not be intimately associated in the transition state of the >BH addition
to the olefin. The mechanism given in eqg.2-4 involving free 'BH3' nonomer

. 6
as internedi ate was suggest ed.

R R
BBH +2 0 > 2BHO (2)
26 \R 3 \R
R
BH30—\ > BH3 + OR2 (3)
R
Lo
BH > -C -C - (4)
3 Nc= cf bl
P e S

It was suggested that the hydroboration is very fast in ether

solvents as they provide an alternate pathway to the reactive species,

t he 'BHB' m)norrer.6 /" Formation of BY directly from B-} is highly

prohibitive since the B.H would |o0se dimerization energy of 36 Kcal/nole
Z6 :

. 14

in the process.

The kinetic studies of hydroboration of sinple olefins with BH3 . THF
conplex in solution are conplicated by three successive > B-H addition
reactions (eq.5-7), three redistribution equilibria (eg.8-10) and five

nmononer dimer equilibria” (eq.11-15).

Al kene + BH; > RBH, (5)



Al kene + RBH24444447’ RzBH.

Al kene + R2BH4444444) R3B

+ RBH, =——
BH, + RBH, === H,BH BHR

BH3 + R.BH f/———» H,_BH,BR

2RBH2 ) RHBH2 BHR

RBH2 + R,BH _——— RHBH_BR
2R.BH Z————= R_BH_BR

BH3 + R3B S — RBH2 + RZBH

2RBH2 7e———> R_BH + BH

2R2BH__,_=' RBB + RBH2

However, kinetic studies had been carried out

102

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

t he hydroboration

of tetramethylethylene in BHB'THF which is known to give nonoal kyl borane

. 11
speci es.

H.C

3 \ /CHB
c=¢C + BH ;@——-ﬁ H—BH + @
" \ 3 2

HC

3 CHs

(16)
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The rate of formation of thexylborane was found to be first order

in both BH3 .THF and tetramethylethylene with an activation energy of

9.2 Kcal/noble and entropy of activation of -27 e.u.” The hydrogen-

deuterium ( )B-H(D)) kinetic isotopic effect (k/k ) was found to be

11 H D

1.18. On the basis of these results, the reaction was considered to

3 .THF and al kene

involve the direct reaction between a nolecule of BH
with partial displacement of THF by the olefin in a very early transition
state in vvhich”the mol ecule of THF is still rather tightly coordinated

with boron atom (Schene 1).

Scheme 1

H H H‘“ /.H — BH,

It was noted that these .studies do not provide any information
regarding the possible formation of an internediate BH3-o|efin T conpl ex

for the reaction.

It has been reported that the asymmetric hydroboration of cis-1-
butene-d by diisopinocanpheyl borane can be rationalised considering
the formation of a triangular m -conplex and that the transition state

1
]

involves a relatively small perturbation fromthis triangular structure.

Co

It was shown that the four centred rectangular transition state proposed

earlier gave incorrect prediction in this case (Fig.1,2).18



_ .
- .“\\ ‘-o M/C-. C/
P AT /f 79
W -
3 D/ HC H
"-Q..‘M 5 \
L _

L]

\‘f'-‘M CH1
°

L
S,M,L arc small medium, large groups in

diisopinocampheylborane

The kinetic data obtained for the hydroboration of olefins wth

several dial kyl borane conplexes have been reviewed recently. 8.7 The

data were interpreted by considering the mechanism outlined

@Bzzf B
“fast
@B/Q\/ fast @g H + O
\
H
CB_H slow C 8- R

On the basis of these studies, a simlar

in Scheme 2.

B/

mechani sm was proposed

for the hydroboration of olefins with diborane in ether solvents (Scheme 3).

Schene 3

R R
BH, + :0< ,*_f_“—s‘—t——-»_- 2 H3B"0/
R R
AR tast "BH. + -%/R
H.B:0 e '
37 N\R 3 \R

‘ BHB' slow . \|L BH,
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As pointed out earlier, it was suggested that since the ether
solvents provide the alternate pathway (Schene 3) for the formation

of the reactive species (i.e. BH3 monomer), the catalytic effect of

ether solvents can be readily explained on the basis of this mechani sm

This mechanistic proposal involving free 'BHB' nonomer formation

. 14 . .
was questioned. It was pointed out that since the complexation energy

of BH3 mononmer with the solvent nust be strong enough to overcone the

-36 Kcal/mol), spontaneous disso-

di neri zation energy (ZBHj e S B2H6’
ciation of BH3 .THF into free BH3 mononmer visualized in Scheme 3, is
energetically inplausible. ok On the basi's of ab initio calculations

for the reaction of ethylenc wth H3B:OH2 conplex (a nodel for hydro-

boration in ether solvents), it was concluded that the reaction resenbles
an SN 2 displacenment of the solvent by the olefin and the solvent plays
essentially no role in the transition state but BH, never becones free

3

during the reaction14 (Schenme 4).

Scheme 4
" i 9 1%
H--.‘b H
H’ '
| 1 )_‘ B/H
/ \ -n '!f, \ M
H H i A H .
+ ' v O H “H
R P ool i) 22ty H-==C(1) —C{2)---H
H H L H H h l V

H H

It was contended that the vacant p-orbital of BHB must al ways

be engaged; in B,H., in the BH -solvent conplex and in the hydroboration
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o 9 | .
transition state. It was also suggested that the solvent in BH3-soI vent

conpl exes provides a better leaving group than the second BH, in B_H
2 2 b

and hence the catalytic effect of ether solvents on the hydroboration

of al kenes with di borane can be easily expl ai ned. N

.However, strong kinetic evidence for an internediate formation

310 For exanple, it

in the hydroboration reaction has been presented.
was observed that the addition of Lewis bases suppresses the rate of
hydroboration of olefins wth BH3-Lewis base conplexes and the second
order rate constants decrease as the reaction progresses. S These
findings indicate that the formation of Lew s-base along with the reactive
internediate in an equilibrium step from the BH3- Lewis base conplex

prior to >B-H addition to the olefin (i.e. an 8¢ li ke nmechanism Schene

10 9
5). It was proposed that the internmediate is the free 'BH3' nononer.
Schenme 5

k,
BH3Z LBq"_';=.> BH3 i+ LB
2
DU s 4 k3 |'3H2 l?
BH3+-/C-:_C\ — "ﬁ'_’f"
Steady state treatnment will give the following rate law for this

di ssoci ati on mechanism (eq.17).

dp k k 3[BI—|3LB] [Aefin]
: N (17)
dt k2[LB] + k3[(]efin]
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It was pointed out that this rate law will reduce to eqg. 18 in

the presence of excess LB, k2[LB] >>k3[ol efin]

dp k.k,[BH,LB] [Oefin]
E 14315 (18)

dt k2[LB]

It was argued that the kinetic data obtained previously for the
reaction of BH3.THF with tetranethylethylene in THF” can be also rationa-

lised by this rate law (eq.18) as the LB (i.e. THF) wll be in large

excess.

Although the rate retardation effect observed «clearly points
out a reactive intermediate formation in an equilibrium step along with
the Lewi s-base prior to _BH addition, it is still not clear that such
an internediate is the free 'BH3' mononer. It should be pointed out
that the data can be readily explained by considering the nechanism
(Schenme 6) involving the formation of a Dewar type olefin —BH3 m conpl ex
along with the Lewis base in an equilibrium step prior to rearrangenment

to al kyl bor ane.

Schenme 6

l + H38=0<j ;-_t_;'—_:' I#'BHJ
Ih_% ——53—* T

ZH
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steady state treatnment for this nechanism wll give the rate

law gi ven in eq. 19 and 20.

dp k k [BH.LB] [defin]
. (19)
dt '
k3 + k2[LB]
dp i k .[BH_.LB] [Olefin]
3 = i 3 )
(20)
dt
1 + k./k [LB]
This rate law (eqg.20) wll also explain the rate retardation
effect fc>y the addition of excess Lewis bases and also it wll reduce

to the rate law given in equation 18 in the presence of excess Lew s
k2
base, if —— [LB] >>1.
k
3
Surprisingly, the mechanism involving T-complex formation outlined
in Scheme 6 was not considered for explaining the rate retardation effect
- , 9 10
observed by the addition of Lewis bases. However, alnost all other
contributors to the nechanistic studies of the hydroboration reaction
considered the possibility of olefin-BH T-complex internmediate for

3
the reactHion. L

As outlined previously, the TT-conplex intermediate was proposed

to account for the stereochem cal outcone in the asymmetric hydroboration
18

of cis-1-butene-d by diisopinocampheylborane. The T -conplex inter-
medi ate was later considered as an alternate pathway to the apparent

symmetry forbidden process of the concerted )E’rH 0 bond addition to

17 . . . .
the CGC m bond. However, it was soon pointed out that if the invol venent
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of vacant p-orbital on boron in BH, monomer or the back |obe of the

3
BH3-Levvis base bond are taken into account, the process wll be allowed
by orbital symmetry considerations. n
By [
=13
/6 \
Fig. 3 Fig- 4

Gas phase reaction of BH3 monomer generated from H3 BPF3 with
. . 21

ethylene was found to have an activation energy of 2+3 Kcal/nole.
A | oose BH3- olefin m conplex formation prior to hydroboration was sugges~

t ed. 21

Theoretical studies of the hydroboration reaction involving BH3
mononer have lead to the suggestion of a BH3-oI efin T conplex as an
energy mnimm with varying energy relationships to the ground state

15

and transition state. It was predicted that it might be possible to

. . . 1
i sol ate BH3—acetyI ene T-complex in matrices at |ow tenperature. ¢

On the basis of ab initio calculations, it was pointed out that
the domi nant interaction in the early stages of the hydroboration reaction

is between the ethylene T-HOMO and the vacant p-orbital (LUMO) of the



BH3 nononmer |leading to the formation of the T -conplex. N It was also
reported that the interaction of the ethylene .rn* LUMO with one of the
degener at ed BH3 HOMO's is initially weak but becones progressively nore
important as the reaction proceeds and eventually leads to the delivery

of hydrogen from boron to carbon. 15

: % @>B@ BH3 HOMO
BH; LUMO 6\

s

\C _Cz
/% @j’ 7 \" T LUMO
TT HOMO

. ) 14 . o .
As outlined previously, on the basis of ab initio calculations

for the reaction of ethylene with BH_OH_, (nodel for BH_.THF), it was

32 3
concluded that the reaction resenbles an S 2 |like nechanism (Schene
N
6).14 It was also suggested that the nolecular orbital changes in such

a reaction are analogous to those outlined above for the BH3 nononer
reaction with ethylene (Fig.5 and Fig.6) except that the initial donor-

acceptor interactions between olefin HOMO and BH3 LUMO has been replaced

* 14

] -

Py the interaction with the 0 MO of the BH :0H conplex. It was also

veported that the displacenent of water is essentially conplete before
3

the delivery of hydrogen from BH HOMO to the ethylene LUMO becones

i nportant. However, no comrent was nade regarding the possibility of
a BH3-olefin WM-complex formation in this case.

Theoreti cal calculations have been reported to indicate that

110



the T-complexes formed in the reaction of substituted ehtylene are un-
symetrical . . For exanple, cyanoethylene prefers to form Markovnikov
T-complex leading to placenment of boron on the internal position in
the al kyl borane product and propylene gives anti-Markovnikov T-complex
leading to placenent of boron on the termnal position. e It was suggested
that the presence of solvent nplecule during )B-H addition to the olefin
i s not 'necessary to account for the observed regioselectivity of hydrobora-
tion involving sinple nonosubstituted alkenes such as propylene wth
bor ane. 13

Two conpil ati ons appeared sumrarising the data available in 197922

and in ‘|982.23

In the conpilation published in 1979, 22 it was concluded that
the reaction of BH3 .THF in solution can be considered as involving partial
nucl eophilic displacement of the THF by interaction of one of the p-
orbitals of the T7-electron system with the back |obe of the sp3 orbital
on boron involved in the bonding with the oxygen atom of THF. At the
same time there is devel opnent of bonding between the hydrogen 1s orbital
with the other p-orbital of the TT system This view is essentially sane
as that proposed for the SNZ-like mechani sm . It was also suggested
that such a transition state nmay be preceded by T-complex formation
and the nmolecule of THF must wultimtely either beconme dissociated as
the transition state proceeds beyond the point of maximum energy or

it nust nmigrate to the boron orbital vacated by the hydrogen atomH

In the 1982 conpil ati on,23 it was concluded that the data avail able

111
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in 1982 for hydroborations with borane in solution are nore consistant
with a concerted [2+2] cycloaddition involving a BH3 .THF compl ex rather
than with a rate deternmining T-conplex formation and in the gas phase,

a loose TT conplex is probably forned early along the reaction coordi nate.23

It is interesting to note that both these conpilations did not

consi dér the possibility of dissociation of BH3 .THF into free BH3 nmonormer

0027

P e |

b
before addition of ,B-H noiety to the olefin.

A convincing evidence for mT-complex formation in the dehydrobora-
tion reaction has been presented. . It has been observed that the hydro-
borati on/ rearrangenent/oxi dati on of 1,2-dimethylcyclohexene gave the

products 2/3in the ratio > 99:1 which indicates substantial suprafacial

selectivity (Schenme 7).

Schene 7

' CH3 1. BH3: THF, 12h CH3 W\ CHy other
= - -~ + products
CH3 2. 100°C,05 to 2h CH0H CH,0H

3. Hy03/ NaOH

2 3

=

> 99 ®/a <_1 %%

It was denobnstrated that the hydroboration-rearrangement does
not take place through dissociation of the internediate alkylborane
to the 2-methyl-l-methylene cyclohexene and H-BZ (Scheme 8) followed
by re-hydroboration since this olefin on reaction with either BH3.THF

or B.H_ followed by oxidation gives only a 70:30 mxture of 2 and 3
4 0
(Schene 8) . 2°



Scheme 8

CH3 .
BHy:
CHy orBaHg CHA CH,O0H

4 : 2 3

It was concluded that the observed stereoselectivity provides
strong support for an intranmolecular process, nmost likely involving
an internediate T-complex, which nmust give rearranged al kyl borane faster

than di ssociated entities (Schene 9).

Schene 9

I~

O

I
w

v
o

kr »kd 4

It was observed that the stereochemcal results are the sane
both in the presence or absence of THF, indicating that the solvent

B The

plays no critical role in the above intranolecular mgration.
rearrangenent results were considered in the context of the nechanism
of hydroboration and it was suggested that principle of nicroscopic

reversibility would predict a Tm-complex internmediate for the reverse

reaction (i.e. hydroboration) but it was concluded that such an inter-

113
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medi ate nmust be different from that involved in the rearrangenent process
as the two reactions differ in conditions (tenperature, possibly structure
of reactants). The authors noted that this conclusion is surprising
considering close sinmlarities of the two processes. In any case, this
excellent piece of work necessitates that the nechanism involving inter-

mediacy of T-complex should be also considered in the interpretation

of dat é\.

From the foregoing survey, three general nechanistic pictures

can be deduced for the hydroboration of alkenes with BH3:LB conpl exes.

(1) S 1-1like nechanism Involving free 'BH,' nononer formation in an
—N _ ]
equilibrium step (Schene 10).

Schene 10

f

HoB—tf

CH2= CH=—R+ BH3— C}:‘li-:-.tH—R — R-CHj -CHZ_.BHZ

(2) § 2-like mechani smwithout any intermediate (Scheme 11).

N

Scheme 11

— LB y:
HzB;_-—-H

CHy=CH—R+ BH3LB— | CHy~CH—R | — R-CHy-CH,~BH;

(3) Mechanism with m-complex Internmediate: The LB may or nay not be

present in the transition state of the ;B—H-addition (Schene 12).
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Schene 12

':BH3
cH,==CHR| + LB
|

HyB  H

CHy= CH- R+ BH3LB =—=

R-CHy=CHy= BHy =— | CH3=CH—R

From these nechanistic pictures, it is clear that in the Syl-like
mechani sm the Lewis base is absent in the transition state while the
‘}B—H addition to GC double bond takes place (Schene 10). It is also
clear that in the case of SNZ—like mechani sm (w thout any internediate),
the Lewis base is present in the transition state while the 7 B-H noiety
is added to the olefin (Schene 11). It is not understood whether the
Lewis base will be present or absent in the transition state of the
3B-H addition to the olefin in the mechanism with T -conpl ex internediate
(Scheme 12). The possibility of the Lewis base interacting with the
boron while the hydrogen is delivered from boron to carbon in the m-com-
pl ex cannot be conpletely ruled out. However, any such interaction nay
not influence the stereochenical outcome very much since the ;BH addi tion

here is an intranmol ecul ar rearrangenent.

o~ LMG @)@@1@

\\Q %.-
TT* HOMO ’% »

Fig-7
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Answer to the questidn whet her the Lewis base is present or absent
in the transition state will facilitate the understanding of the mechanism

of this inmportant and interesting reaction.

In a typical 'SNZ displacement reaction, a chiral |eaving group
is known to give asymretric induction upto 8.4%e. This indicates that
the presence of a chiral leaving group in the transition state |[eads

to asymmetric induction y (Schene 13).

Schene 13
(=]
OH D) X 0
H3G CHy HAC CHy H4C 7z
NaH CH
e 3
CH3 CHy CH3

X = Canphor - 10 - Sul phonat e

Chiral amine-borane conplexes are known to give asymetric reduc-
tions of prochiral ketones into the corresponding alcohols to the extent

L0

of 42% in the presence of F B:OEt Even in the absence of F_B.CEt _,
chiral N—methyl-OL-methylbenzylamine-BH3 and N,N-dimethyl-O~-methylbenzyl-

amine-—BH3 conpl exes reduce acetophenone into 1-phenylethanol with 3.5

27 25

to 5%e. ) It was suggested that the observations of optical induc-

tions in these cases are not in accord with dissociation of the amine-

borane conpl exes foll owed by reduction of the ketone by BH3'25

It occurred to us that the question whether the Lewis base is

present or absent in the hydroboration transition state can be exam ned
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by utilizing chiral Lewis ' base-borane complexes for hyaroboration ©Of

prochiral olefins.
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RESULTS AND DI SCUSSI ON
Synthesis of Chiral Lewi s base precursors

The RCOOH/NaBH4 system hydroborates al kenes (Chapter 1). It was
t hought that the hydroboration of prochiral olefins with a chiral carboxy-

lic acid/NaBH, systemwill throw some light on the nature of the hydrobora-

4

ting species and al so on the nechani sm of the reaction.

For the present studies, we have selected the comercially avail -
able (+)-2-(6-methoxy-2'naphthalene) propionic acid (11), supplied by

Sigma, USA and (-) cis-nyrtanic acid (12) which can be prepared from

the commercially available (-)B-pinene via hydroboration (Scheme 14).
CH3
|
CH—COOH COOH
H3CO
1 12
20
[OL]D=61.2(C1,CHC13) [01]D = -41.26 (C3.98, EtOH)

lit.[a], = 65.5 (C1, cucl,)®® lit.[a] = + 483 (C4, EtoH)*
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Scheme 14
T CH,0H CO2H

1. CH,COOH/NaBH, THF _ @1' KMn, /H, SO, /H.0 .
2. H,0/ NaCH

14 12
. 20 20
[ap = -21(Neat) [@]j= -19.0(C11,CHC13) [a) = -41.26C39,EtOH)

25 : 1 :
lit.[a]D=—22.8°(Neat)30 lit. [(x]D=—19.44(C1 1,CHCl3 )3 Lit, [Q]D=+48.3(C4,EtOH)

S (b

Hydr oboration of $-pinene with CH_COOH/NaBH, followed by oxidation

3 4
with Hzoﬁ NaOH gave (-) cis-nmyrtanol (14). W have carried out the conver-
sion of cis-myrtanol to cis-nyrtanic acid (12) utilizing several oxidising

, . 32 33
reagents following related literature procedures (eg. PDC DMF ™7 SeO2
followed by oxidation of the aldehyde by Ag 2O 34; chrom c acid/ acetone
(Jones) 23 i KMnQ,/ Na(]—l36 i sodium bromate/HBrw i  KMIQ /H SO, in water

= k1 L =
systeng) . The vyields were not satisfactory in all these cases. The

met hod utilizing KI\/hO/H2804 in water w thout any solvent has been reported

4
to give cis-nyrtanic acid. S Following this nethod, we have obtained
pure cis-nyrtanic acid (12) in 23% yield wth [a]D: -41.26 (C3.98,

EtOH). W have followed this nethod for accunmulating myrtanic acid for

utilization in the present studies.

Al t hough hydroborations utilizing chiral car boxylic acid/NaBH‘;l
system will certainly throw some |light on the nechanism of the hydrobora-
tion reaction, as indicated in Chapter 1, there are sone anbiguities
about the precise structure of the hydroborating species in this system

since the initially forned RCOOﬁH3 speci es disproportionates into NaBH‘1

3839

and NaB(OOCR) 2
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The amine bases form stable 1.1 conplexes wth BH3. 22 Al t hough

many am ne- borane conpl exes hydroborate al kenes only at elevated tenpera-
tures ( >100°C), sone sterically hindered amine-borane conplexes such

as (15) and N, N-dial kyl aniline derivatives (16) give rapid hydroborations. .42

Y

1_§
Reaction with 1-octene Reaction with 1-octene
in toluene at 75°, t1/2:5m'n. in toluene at 25°C t1/2:26 mn.

In addition, the hydroboration of alkenes with these ani ne-borane
conpl exes can be carried out in hydrocarbon solvents in the absence

of any other Lewis base which is very nmuch desirable for the present

studies.

It appeared that the tertiary amne-borane conplexes (17) and
(18) which have structural features simlar to (15) and (16) w Il hydro-

borate ol efins at anbient tenperature.

H

[
<i :)—C—CH3 BH3 R
i, N7
RZ—N—R @
BH; H

A7

s

The synthesis of N-ethyl-N-isopropyl-0O-methylbenzyl amnine was

envi saged as given in Schenme 15.
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Schene 15
H
@24 ©-Lron gy
i m @—(I:"'CH:; [4,]0 =62.0(C1.83, EtOH)
NHZ >=N—H
LI 20
[&]20 :
=302
= 2(C10,EtOH) Aczo/@
N
H
I H
_ H
Ori= B @l
>—N—-CH2—CH }
3 —C—
>—~N—C—CHjy
22 0

| sopropyl ation of R(+)-0-methylbenzylamine (19) gave isopropyl-0-
methylbenzylamine (20) in 85% yield with [a] A = 62.0 (CL.83, EtOH which

on acylation with acetic anhydride/pyridine gave the amide (21) in 78%
41 42

Ycix?l d. Reduction of the amide with LAH gave the t-amne (22A) with
D= 13.78 (C 3.434, EtOH). BI—? .THF reduction of the amide gave
the t-anine (223) wth [OL]D = 5,26 (C4.1824, EtOH). The results indicate
that at least in the case of BH3 .THF reduction racemization takes place

during the reaction. It is also possible that LAH reduction also may

give sone racem zation since the mechanism of reduction in both cases
are simlar, involving the intermediacy of 1minium ions,, 43 (Scheme 16).
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Scheme 16
- u-
ﬂ BH3.THF ~ 2 B\ i CH3 _ =
oot 3 il - ————e = - > + -
/N Cc CH3 N ? CH3 ’,N C\“\H 0 B\‘
H
) o= AlHBLl = ',CH3
— S~
’,N = I3 == CH ——— N:::(;\
| H
H
If the iminium ion undergoes the following equilibration, then

racemization will result (eg.21). Although mechanism of such an equilibrium

is not clearly understood, it 1is possible that it may proceed by the

removal of the benzylic proton by the hydride reagent.

H H
, . H Ph + ) _H

Ph—C—N=C o C=N—C (21)
I
cH, CH, H,C CH,

Direct ethylation of the secondary amine (20) with n-Buli and

CZHSI was not successful. The reaction gave elimination of ethylene

from CZHSI (gas eveolution) and the starting secondary amine was recovered.

Direct benzylation gave the corresponding tertiary amine (23) and it

was utilized for the present studies.

Scheme 17

H @—CHz—Br/KOH H
‘ d=cn
| Nal,100°C |
s e

0 23
20 20
[@]”) = +62.0 (C1.83, EtOH) [a]®y = 17.29 (c3.932, cHCL,)
Similarly, N,N-dibenzyl-a-methylbenzylamine was also prepared

(Scheme 18).



scheme 18

il H

p (O)orayeor |

O-lorae @t
| Nal,100°C |
@

[a;EU = 30t2 (C10, EtOH) [@]. = 100.5 (C2.54, CHC1,)

Il

The N-methyl-N-isobornylaniline (30) was prepared by following

closely related literature procedures as outlined in Scheme 19.

Scheme 19
5}:( @
Toluene, N N-@
27
= = |1.NiCl3.6H20/CH30H
20 . :
[“]D = 43521 2.NaBH,
Buli
_CHy M3t ,CH31 y u !
N/' Ether
20 2 ¢
20 20 .
[oL]D = -22.0°(C6, EXOH) ["L]D *=71.5°(CILS: E10H)

(+) Camphor (25) {a)D = +43.5%1° supplied by Fluka, Switzerland

was condensed with aniline in toluene in the presence of 'I‘iCl4 at 125°C



to give camphor-~anil (27) 'in 65% yield. a4 It is known that catalytic
hydrogenati on of canphor-anil (27) wusing Pt/C gives N-isobornylaniline
(28) .45 W have observed that the Pt/C reduction of canphor-anil (27)
gives N-isobornylaniline in 82% vyield and the signals corresponding
to the endo isoner are not found in the 13C NMR spectrum of the product.
W have tried several other nethods for this conversion. Utilization
of Pd—‘C/H2 did not give any reduction. 46 Formic acid which is known
to reduce enam nes derived from canphor, all did not affect the conversion
with the canphor-anil. However, Ni C;b. BI—&O’ NaBH4/CI—|3(}| syst em"'18 and
cd 2/ NaBHQ/ CH3(J-I syst ems49 gave the desired Nisobornylaniline in 75%
and 82% yield respectively. W have utilized the Ni Cl, 6H,0/NaBH, CH,CH

reagent system for accunulating the amne required for the present studies.

Initially we have carried out the methylation of the N-isobornyl

50,51

aniline (28) wth the HCHO HCOEH;HC02H/ H2 SO4 /NaBH4 nmet hod but the
yield was poor. Methylation with CI—|3I after preparation of the am de
(29) from N-isobornylaniline gave better results. 40 The N-methyl-N-

i sobornylaniline (30) obtained in this way was chromatographed on a
silica gel colum using hexane/chloroform as eluent. The chromatographed
tertiary amine was distilled under reduced pressure before wutilization

in the preparation of the corresponding BH3 conpl ex.

Hydr oborati on of prochiral olefins with BH3- chiral Lewis base conpl exes
The hydroboration of 1-methyl-1-cyclohexene with the cis-nyrtanic

acid/NaBﬁq in THF for 24 h at room tenperature followed by oxidation

124
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with H202/ NaOH gave the trans-2-nethylcyclohexanol in 60% yield wth
an enantioneric excess of 4.2% (Table 3.1). Hydroboration of 1-methyl-1-
cycl ohexene utilizing cis-myrtanic acid/LiBH4 system foll owed by oxidation
gave the trans-2-nethylcyclohexanol in 53% yield with 4.8%e. Both the

cis-nyrtanic acid/NaBH, and cis-nyrtanic acid/LiBH

4 systenms failed to

4
hydr oborate 1-phenyl-1-cyclopentene even after 72 h at room tenperature.
Ve ha\}e found that wunder the same conditions CH3COOH/NaBH4 system does
not have any problem in reacting with 1-phenyl-l1-cyclopentene and 68%
of trans-2-phenylcyclopentanol can be isolated after oxidation (Schene

20). Hydroboration-oxidation of 2,3-dihydrofuran with this system gave

3-hydroxytetrahydrofuran in 68% yield with 10.2%e.

rd
S B~ OH
AN H 0 \\\\\
+ MeH,THE [ ]—__;é 2% @
OH
Q M=Na, 4.2% ece
v M=Li, 4.8%ece

HzOz/GH

Scheme 20

CO2H

No reaction

M =Na, 10.2 °/c ce

Hydr oborati on of 1-methyl-l1-cyclohexene with the (+)2-(6'-methoxy-

2'-naphthalene)propionicacid/NaBH system followed by oxidation gave

4
trans-2-met hyl - 1- cycl ohexanol in 68% vyield with 2 4%e (Table 3.1).
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Hydr oborati on of 2,3-dihydrofuran followed by oxidation gave the 3-hydroxy-

tetrahydrofuran in 70% yield with 9.2%e (Table 3.1) (Scherme 21).

Schenme 21

CIIH3

CH—CozH + NGBH‘__* : ‘_]___,.O/.__Z,

OH

1 Q 5 I

1 H202/6H
OH

92 %ee

Al t hough the alcohols obtained after distillation were essentially
pure (no additional signals in 13C NVR spectra) they were further purified
by chromatography on a silica gel colum and again distilled under reduced

pressure before optical rotations were neasured.

Asymmetric induction of 2.4%e to 10.2%ee observed in the above
experinments indicate that the acyloxy groups do have sone influence
on the hydroboration of alkenes. However, there is anbiguity about the
structure of the hydroborating species here. As outlined in Chapter

1, it has been found that the mxing of RCOOH/MBH, system does not

q
s 38
give cleanly CH3COOBH3. The resulting species are MBH4 and MB(OCOR)4

or I\/BH,4 in equilibrium with MBH.3(OOCR), MBHZ(OCOR).Z, MBH(OCOR)3 and

MB(OCOR)4.39 However, the fact is that the RCOC]—VI\/BH4 system is able

to hydroborate alkenes. Both the chiral carboxylic acid/MBH, systens

4



130

studied here on treatment with Ph 3P gave Ph3PBH in essentially quanti -

3
tative yields. Clearly, the RCOOH/MBH4 system is able to supply ‘BH3'
moiety. It is known that anong the three acyl oxyborohydride species,
t he NaBH3OAc is the nost reactive species in reductions (i.e. NaBH3OAc >
Na131—12(OAc)2 > NaBH(OAC)3 and under the conditions where the NaBH(OAc)3
will be the species present (neat carboxylic acid/NaBH‘q) no hydroboration

is observed. 55 Accordi ngly, nost probably NaBHgm will be the hydrobora-

ting species in the RCOOH/NaBHq systens.

Observation of asymetric inductions in the hydroboration/oxidation

of prochiral alkenes with the above RCOOH/NaBH, systens points out that

4
the acyloxy groups in these cases do have some influence in the transition
state of the hydroborati'on reaction. However, since there is anbiguity
about the precise structure of the reactive species in the RCOOH/NaBH4
systens, we have decided to study the nechanism of hydroboration reaction

further utilizing chiral am ne-borane conpl exes for hydroboration.

The anine-borane conplexes (31), (32) and (33) can be readily

prepared in benzene utilizing the I2/NaBH4 reagent system for diborane

generation as outlined in Chapter 2.

| |
BH; @—C-—CH3 @—C*CHz
N— CH3 | \
BH3

© k]

fiw

The am ne-borane conmplex prepared in benzene wutilizing 10 mmol
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of the amine gives 10 mmol of Ph3PBH3 on treatnent with 15 mmols of

Ph3P, confirming the formation of a 1:1 amine borane conpl ex.

The hydroborations were carried out using 10 mmol of chiral anine
borane conmplex in benzene (40 mL) wth 10 mol of prochiral olefins
and the reactions were perforned for the tine indicated in Table 3.1.
The reaction mixture was hydrol ysed by careful addition of 3N HC1 (2 mL) .
Oxi dation of the organoborane with H202/6H was carried out after adding
40 mL of dry THF in order to facilitate the oxidation. In runs wth
1-methyl-1-cyclohexene and 1 -phenyl-1-cyclopentene, the alkaline reaction
m xture obtained after oxidation wth HZOJSH was extracted with ether
several times and the conbined ether |ayer was washed with 6N HCl (3x10 mL)
to recover the chiral am he. In runs with 2,3-dihydrofuran and 3, 4-di hydro-
pyran, since the alcohols are water soluble, the alkaline reaction m xtures
obtained after oxidation were saturated with solid anhydrous K2CO3 and
extracted several times wth ether. From the conbined amine-alcohol
residue obtained after evaporation of solvent, the alcohol <could be
readily distilled out under reduced pressure..Alternativer, the al kaline
reaction mxture after oxidation wth HZOZ/O-| was first extracted with
ether (3x30 mL) to isolate the amne and the aqueous |layer was then
saturated with solid K2CO3 and the alcohol was isolated by extraction
with ether. W have found that both these procedures gave conparable

results but we find the latter nmethod is nobre convenient. The optical

rotation of the recovered am nes remained unchanged.

The alcohols obtained in the hydroboration of prochiral olefins

with chiral amine borane conplexes (31, 32 and 33) were distilled under
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reduced pressure, further purified by eluting through a silica gel colum
and distilled again under reduced pressure before optical rotations

wer e neasured. The data are summarised in Table 3.1.

As indicated in Chapters 1 and 2, the resulting organoboron species

after hydroborations may not be nonoal kyl boron species and considerable

armunté of dial kyl boron species nay also be present. |In any case, the
formation of dialkyl and trialkylboron species will not conplicate the
interpretation of the results because absence of Lewis base in the
hydroboration transition state with either BH3:LB or RBHE:LB will not

gi ve any asymmetric induction.

The results obt ai. ned in the hydroborations utilizing various
borane-chiral Lewis base conplexes can be summarised as follows. The
hydr obor ati on-oxi dation of 1-phenyl-l1-cyclopentene gives trans-2-phenyl
cyclopentanol in 0.3% to 1.2%e. Hydroboration-oxidation of 1-methyl-1-
cycl ohexene results in the formation of trans-2-methyl-cyclohexanol
in 2.5 to 4.8%ee. The reaction with 2,3-dihydrofuran yields 3-hydroxy-

tetrahydrofuran in 9.2 to 19.2%ece.

Let us now consider these results in terns of the three mechanistic

Pictures outlined earlier (Schene 10-12).

The S 1-1ike nechanism (Schene 10) involves the dissociation
N

Of BH3-Levvis base complex into free 'BH3‘ and Lewis base followed by

addition of the )BH bond of the free 'BH3' into the olefin through

8-10 ) ; .
a four centred transition state. The proposed mechanism inplies



(Scheme 10) that the Lewis base is not bonded to boron during the actual
hydr oborati on step and hence this mechani sm cannot explain the asynmetric

i nductions obtained in the hydroboration of 1 -methyl-l-cyclohexene and

2, 3-di hydrofuran. |In the case of 1-phenyl-l-cyclopentene, the observed
inductions are alnost negligible. However, it is doubtful that the nmecha-
nism involving free BH3‘ intermediate would operate even here. For

exanple, as nentioned previously, we have found that the cis-myrtanic
acid/MBH4 (M= Na or Li) system failed to react with 1-phenyl-1-cyclo-
pentene even after 72 h at r.t. However, the CI-|3 COOH/NaBH‘1 system does
hydroborate 1-phenyl-1-cyclopentene under the same conditions. Thi s
difference in reactivity of the two RCOOH/NaBH4 system cannot be expl ai ned

assunming free 'BH3' speci es as the hydroborating speci es.

The SNZ—Iike mechani sm (Scherme 11) i nvolving displacenent of
the Lewis base by the olefin during the addition of >B-H moiety to olefin
can explain the asymetric inductions observed in the case of 2,3-dihydro-
furan and 1-methyl-1-cyclohexene. The results with 71-phenyl-1-cyclopentene
may inmply that the Lewis base does not have nmuch influence in the stereo-
chemni -cal outcome in this case. However, it is possible that the nechani sm
may still be SN2-Iike but the transition state nmay be 'late'14 (i.e.
the Lewis base departs to nore extent before ~“BH addition) in this case
and 'early' in the case of 2,3—dihydrofuran11 with the transition state
for 1-methyl-1-cyclohexene being in between the two extremes. It is
of interest to note that enol ethers undergo faster hydroboration than
al kyl substituted al kenes which in turn reacts faster than styrene deriva-

: 2 .
tives. 3 It may be relevant to point out here that a referee of our

prelimnary communication on the topic suggested that the present data



134

can be interpreted in terns of ‘'early' transition state for the enol
ethers and 'late' transition state for other olefins and the question

of SNT-like mechani sm does not arise because free 'BH3' formation is

. . - . 57
not possible in the hydrocarbon solvents utilized for the present studies.

However, as outlined wearlier, there are strong evidences for

the formation of an internediate in the hydroboration of olefins in

9 10

sonme cases. ' As pointed out in the introductory section, the inter-
medi ate may very well be a BH3 olefin m conplex, formed in an equilibrium
step from olefin and BH3.LB conpl ex as1agi2Y]en in the mechani sm involving
a TT-conplex internmediate (Scheme 12). ' As pointed out earlier, it
is not clear whether the Lewis base will be present in the transition
state while the rearrangenent of the Tm-complex to alkylborane takes
pl ace. However, even if the Lewis base gets attached during rearrangenent,
its influence on the stereochemcal outcone nmay not be very nuch as
the >B-H addition here is an intranolecular rearrangenent. It seens
likely that the asymetric inductions will be higher only if the reaction
goes through w thout such a m-complex internediate (Scheme 11 and 12).
The present results can be explained by considering a spectrum of mecha-

nismse between S 2-like nechanism without internmediate and the nechani sm

N
with a TT-conplex internediate. Consideration of the interactions of
the frontier orbitals of the reactants wll further illustrate this

p 14-17
poi nt .

As outlined in the introductory section, the frontier orbital
interactions in the hydroboration reaction utilizing BH3LB complex are

the interaction of the olefin T-HOMO with the O LUMO of the borane-
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Lewis base bond and interaction of the olefin 71* LUMO with the 0-HOMO
of the one of the degenerate ; B-H bonds. 1o For enol ethers, the T -HOMO
of the olefin will be higher in energy and will have larger coefficient
in the B-carbon atom and hence the interaction between the B-carbon
atom of the olefin and the O LUMO of the boron-LB bond will be very

much energy lowering and hence the carbon-boron bond formation will

be facile (Fig.8). In addition, the delivery of the hydrogen from boron
to the oa-carbon atom of the enol ether will be also facile as the LUMO
of enol ethers will have larger coefficient at the a-carbon atom (Fig. 9).

Hence, it is likely that the hydroboration of enol ethers may take place

in a concerted manner without the intervention of an internedi ate.

—* LUMO
N o)
/O i ! o— HOMO
() y
T- HOMO 8 e d T LUMO
Olefin

Fig. 8 Fg 9

Al kyl substitution affects the IT-HOMD of the olefin in a simlar
way and polarizes the HOMO to I|esser extent conpared to enol ethers.
But the coefficients of LUMO of alkyl substituted olefins at O - and

11) .58

B-carbon atoms are the sane (Fig. 10 and Phenyl substitution

on ethylene affects the TT-HOMD of the olefin in the same way with pol ariza-

tion to lesser extent conpared to enol ethers (Fig. 12 and 13) but the
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LUMO will be polarised so that the coefficient is smaller at the & -carbon

atom. This will make the delivery of the hydrogen from boron to@ -carbon

atomrelatively difficult and hence in the case of 1-phenyl-l-cyclopentene

the reaction is likely to go through stages.

i

T
o~ LUMO > —H """@@ o HOVD

Q/d | @? /d‘.CH3TF* LUMD

A\
™ HOWO € @\CH3

S

Fig1o

o LMD > —H %@ o HOMO
- § O%/ »
TT HOMO @é Ph ei} \Q:ph Lo

Fig12 Fig-13

In the above discussion considering the interactions of the fron-

tier orbitals, the steric effects of the reagents which will certainly

play a major role in determining the differences in the diastereoneric
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transition states in each case are ignored. However, in the case of
1-phenyl-1-cyclopentene consideration of steric effects wll also |ead
to same conclusion. The reaction in the case of sterically hindered
ol efins such as 1-phenyl-1-cyclopentene with borane Lewi s base conplexes
will lead to a highly crowded transition state if the reaction goes
through a concerted SNZ—Iike mechani sm in which the Lewis base is present
in the transition state. Accordingly, steric effects would also shift
the mechanism away from the SN 2-1i ke mechani sm involving concerted forma-

tion of carbon-boron bond and carbon-hydrogen bond.

The present data along with the existing - data in the literature
indicate that there is a spectrum of mechanisns possible for the hydrobora-
tion reaction, depending on the reactivity of the substrate. However,
it should be pointed out that parallel operation of nobre than one nmecha-

nismin each case cannot be also ruled out.

CONCLUSI ON

Hydroboration of prochiral olefins were <carried out utilising
five chiral Lewi s base-borane systems. xidation of the resulting organo-
boranes gave alcohols with 0.3 to 19.2% enantioneric excess. The results
were considered in the context of nechanisns proposed by various workers
for the hydroboration reaction. The results indicate that there is a

spectrum of mechani sns possible for the hydroboration reaction.



138

EXPERIMENTAL

General details:

Several of the general experinental details outlined in Chapter
1 and 2 are also applicable here. +6-methoxy-f -naphthalene-2-propionic

aci d, [oz]D = +65.5° (1 ,CHC13) supplied by Sigma, USA was utilized. B-pin-

ene, [0L]n = -21° (neat) supplied by Tokyo Kesai, Japan was used for
the synthesis of (-) cis-myrtanic acid, [a]io= -41.26°(C3.98, FEtOH).

R(+)o-methylbenzylamine, [oc]éoz +30+2°(Cl0, EtOH) and canphor [cx]r:io:

+43.5 +1° supplied by Fluka, Switzerland was used for the synthesis
of the corresponding tertiary amines. Optical rotations were nmeasured
on a Autopol Il automatic polarimeter. The hydroboration reaction was
repeated several tines in each case and the neasured observed rotations
al ways fell within +0.01° which is also the accuracy limt of the polari-
meter used. |In each case, the condition of the polarinmter was checked
Py measuring a standard solution of camphene, [OL]D = +17+1°(C4, ether)
or O-methylbenzylamine, [ Otgo = 30+2°(C10, EtOH) supplied by Fluka. The
differences in the observed rotations of standard solutions in different
runs also fall wthin +0.01°. The polarimeter was set to zero reading
using the solvent wused. Same concentration of racemc conmpounds were
also run and in all cases the reading of racenic conpounds also fall
with in +0.01°. |In each case the optical rotations were nmeasured in

two concentrations and concentrations closer to the concentration utilized



inthe literature [on]D val ues are given in the Table 3.1.

The [a]  values were calculated by substituting the length of

the Cell in decimeter (1) and concentration of the solvent per one mlli

litre (c) in the follow ng equation.

(bserved rotation
ixc

el =

The conc. of the solute per 100 millilitre of the solvent utilized

are given along with the [0‘]Dval ues.
Synt hesi s of cis-Myrtanic acid (12)

cis-Myrtanol (14) was prepared through hydroboration of B-pinene
with acetoxyborohydride followed by H202/ NaOH oxidation as described
in Chapter 1. The product, bp. 80°C/1.5 mm Ii t.31 bp. 68°C/0.2 mm had

an [a]IZ)S value of -19.0 (C11, CHCl3) corresponding to 90.5% optical

purity.

The conversion of the alcohol into the acid was carried out follow
ing a literature procedure. - cis-Myrtanol (6.25 g, 40 mmol) was dispersed
in a mxture of 95% HZSO‘q (25 mL) and water (200 mL) at room tenperature.
Fi nely powdered I(Mnot;l (11.5 g) was added in small portions with stirring
as fast as purple colour was discharged. The precipitated Mno2 was reduced
by the addition of sodium metabisulfite and the mxture was extracted
with ether (3x30 mL) . The conbined ether extract was washed with 2N KOH

(3x30 m.) , dried (Mgsg) and concentrated to yield myrtanic acid (12).
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29
It was recrystallized from acetonitrile (1.5 g, 23% mp.109°Cc, Ilit.

mp.111°C; [0]55: -41.26 (C3,98, EtOH), corresponding to 85.4% optical

HES 29
purity.

IR (KBr) Vv : 3600-2700 (-OH), 1700 cnt'' (JC=0).
max !

1
3¢ NMR (25.0 MHz, cDCl ): 6ppm 183.6, 43.9, 43.0, 40.5, 38.9, 29.1,

27.0, 24.7, 21.7, 15.2.
Synt hesi s of N,N dibenzyl-0-methylbenzylamine (24)

A mxture of OQ-methylbenzylamine (12.1 g, 100 mmol), KOH powder
(32.0 g, 500 mmol), benzyl bromde (25 mL, 250 mmol) and Nal (3.0 g,
20 mmol) was refluxed for 20 h. The contents were brought to r.t. and
extracted with ether (3x50 mL) . The ether layer was treated with 5N HC1
(30 mL) to precipitate the amine as hydrochloride salt which was found
to be insoluble in water. The anmine hydrochloride was once washed with
ether (30 mL) and the amine was regenerated with 5N KOH (phenol phthal ein
i ndicator). The amine was extracted into ether (3x25 mL), dried (I\/gSO4)
and the solvent was evaporated. The residue was recrystallized from
benzene- hexane mxture to yield white crystalline N,N-dibenzyl-O-methyl-

benzylamine (24) 24 g, 80% np.72°C, [(}]55 = +100.5° (C2.54, CHC1 :2 .

IR (KBr)V __: 1610, 1400, 1220, 1025 Cm-1
max

1
3C NVR (25.0 MHz, CDCl § ppm 143.0, 140. 4, 129. 3, 128.4, 128.3,

3):
127.0, 56.3, 53.7, 13.09.
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Analysis: Calculated for C, H,;N: C,87.7;H7.6; N,4.7;

Found: ¢C,88.0; H,7.7; N,5.0.

Synt hesi s of N-Ethyl-N-isopropyl-G-methylbenzylamine (22)

(a) Preparation of N-isopropyl-O-methylbenzylamine (20): A mxture of

O-methylbenzylamine (6.5 g, 50 mmol), KOH powder (22.4 g, 400 mmol)
and isopropyl iodide (51¢g, 300 mml) was refluxed for 14 h. The contents
were brought to room tenperature and extracted with ether (4x25 mL).
The ether layer was washed with water (2x20 nL) , brine (15mL), dried
(l\/gSO4) and the solvent was renoved. The residue was distilled under
reduced pressure to vyield N-isopropyl-OG-methylbenzylamine (20) 6.9 g,

85% bp.65°C/3 mm. [aE" = +62.0° (C1.83, CH OH) .
IR (neat) V _ : 3275, 1600, 1460 cm
max

1
HNWR (100 Miz, CDC1 ) : 8 ppm 7.2 (s,5H), 3.8 (q,1H, 2.5 (p,1H, 128

(d,3H), 0.92 (q,6H).

13
C NVR (25.0 MHz, CDCl 3): 6 ppm 146.0, 128.1, 126.5, 126.2, 54.8, 45.1,

24.5, 23.7, 21.8.

(b) Acylation of N-isopropyl-O-methylbenzylamine: An equal volune of

freshly distilled acetic anhydride was added to N-isopropyl-O-methyl
benzylamine (3.26 g, 20 mmol) and the residue was stirred for 14 h at
r.t. 6N HC1 (15mL) was added and the mxture was extracted with ether
(3x20 mL) . The conbined organic extract was washed with NaHCO3 sol uti on,

dried (IngO4) and evaporated to yield N-acetyl-N-isopropyl-O-methyl
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benzylamine (21), 3.2 g, 78%, mp.112°C, [OLLES = +53.7°(C1.42, EtOH).
IR (KBr) V . 1625, 1460, 760, 700 cm"'"’
max
1H NMR (100 MHz, CDClB):Gppm 7.08 (s,5H), 4.6 (S,1H), 2.42 (p,1H),
1.84 (s,3H), 1.32 (d,3H), 1.08 (d,3H),

0.72  (d,3H).

"3CNMR (25.0 MHz, CDC1 ) : & ppm 169.4 (-N-CO-CH.), 140.1, 127.8, 126.8,

126. 4, 54.4, 46.4, 23.4, 20.3, 19. 2,

17. 2.
Reduction of N-acyl-N-isopropyl-G-methylbenzylamine (21) with BH3- THF

The amide (21) (2.06 g, 10 mmol) was dissolved in 50 mM of dry
THF and di borane generated (Chapter 2) using I2 (12.5 mmol) and NaBHa
(25 mml) was bubbled at 0°C and stirred at r.t. for 1 h. The mxture
was then refluxed for 6 h. It was brought to r.t. and 6N HC1l (15 mL)
was added. THF was distilled out and NaOH pellets were added to neutra-
lize ami ne hydrochloride. The reaction mixture was extracted with ether
(3x25 mL) , dried (MgSQ) and the solvent was evaporated. The residue
was distilled under reduced pressure to isolate N-ethyl-N-isopropyl-Q-
methyl benzylam ne (22B), 1.53 g, 80% bp.72°/25 mm [Otb = +5.26 (C4.1824,
EtOH) .
IR (neat) V . 1625, 1440, 740, 700 i
'y NVR (100 MHz, CDO 3):6 ppm 7.28 (t,5H) | 3.84 (qg,1H), 2.92 (p,1H),

2.48  (g,2H), 1.3 (d4,3H), 0.92 (m,9H).



13C NVR (25.0 MHz, CDCl 3 . 6 ppm 146.7, 128.0, 127.5, 126.2, 58.4, 48.2,

39.0, 20.0, 19.7, 19.2, 16.9.

Reducti on of N-acyl-N-isopropyl-Q-methylbenzylamine wi th LAH Et her

To the amde (21) (1 g, 5 mmol) in dry ether (30 mL), LAH (6 Q)
was ad'ded in portion from a solid addition flask and the contents were
stirred for 14 h at r.t. The mixture was cooled and ethylacetate (5 mL)
was added followed by 6N NaCH (10 niL) . The reaction mixture was extracted
with ether (3x20 mL), washed with saturated Nadl solution and dried
over anhydrous I\/gSOq. The solvent was renoved and the residue was dis-
tilled to isolate N-ethyl-N-isopropyl-O-methylbenzylamine (22A), 0.57 g,

75% bp.85°C/3.5 mm [a]l): = +13.78 (C3.99, EtOH) .

1 13
The IR, H NVR and C-NWR spectra were identical with the sanple

obt ai ned by the BH3 .THF reduction in the previous experinent.

Synthesis of N-Benzyl-N-isopropyl @a-methylbenzylamine (23) by benzyla-

tion of N-isopropyl-QG-methyl benzylamine (20)

A mxture of N-isopropyl O-methylbenzylamine (20) (16.3 g, 100
mmol ), NaI (3 g, 20 mmol), powdered KOH (40 g, 625 mmol) and benzyl
bromide (21.3 g, 125 mmol) was refluxed for 14 h at 100°C. The mixture
was cooled and extracted with ether (3x50 mL) and the conbined ether
extracts were treated with 5N HC1 (3x10 mL). The conbi ned aqueous extract
was once again extracted with ether (15 mL) and the am ne was regenerated

from the am ne hydrochloride solution by the addition of 5N KOH (phenol ph-

143
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thalein indicator). It was extracted with ether (3x25 mL), dried (|vgso4)
and the solvent was rempved. The residue was distilled to obtain N-benzyl-
N-isopropyl-Q-methylbenzylamine (20.3 9, 80% bp.124°C/1 mmHg). The
amine thus obtained was purified Py colum chronmatography on a silica
gel colum (hexane/chloroform as eluent) and distilled Under reduced
pressure to isolate and N-benzyl-N-isopropyl-G-methylbenzylamine (23),

20

[0-]D = 17.29°(C3.932, CHCl) .

IR (neat) V __. 3095, 3075, 1600, 1350, 1145, 690 cnt™.

"H VR (100 MHz, CDO 6 ppm 7.4 (m,5H), 7.2 (m5H), 3.88 (g, 1H),

3):
3.64 (d,2H, 29 (p,1H), 128 (d, 3H),

0.96 (p,6H).

1
3C NMR (25.0 MHz, CDC 3) : 6 ppm 145.9, 143. 3, 128.2, 128.0, 127. 7,
126.6, 126.4, 58.2, 49.4, 48.0, 20.7,

19.1, 18.7.

Anal ysis: Calculated for ¢, H _N: C85.41 H,9.1; N,5.5;

G o L T

lo23
Found: C,85.1; H,9.0; N, 5.09.

Synt hesi s of N-methyl-N-isobornyl aniline (30)

(a) Preparation of canphor-anil (27): To a stirred solution of canphor

(20.4 g, 150 mmol) and aniline (41.85 g, 450 mmol) in dry toluene (200 nL) ,
TiC14 (10 mL) was added carefully and the reaction mxture was refluxed
for 14 h wunder nitrogen atnosphere. The mxture was brought to room
tenperature. Tio, was filtered off and washed with petrol eum ether (150 ni).

2
The combined organic layer was dried (Mgso4) and the solvent was renoved.
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The residue was distilled under reduced pressure to isolate canphor-anil

g, (0 jo C/0.6 mm It. p- C mm) .
22 65% bp.110°C/0.6 Ii 59 pp.118°C/1 )
IR (neat) V___: 1680, 1600 cni'!

max

"H NVR (100 MHz, CDC1,): Sppm 7.16-6.68 (m5H), 2.08 (m,1H), 1.72 (m 6H),

3
.08 (s,3H), 0.92 (s,3H), 0.84 (s,3H).

3¢ MR (25.0 MHz, cbcl ) : 6 ppm 184.1, 152.2, 128.8, 122.7, 119.7,

53.6, 46.7, 43.4, 35.8, 31.7, 27.1,

19.2, 18.7, 10.9.

(b) Conversion of canmphor-anil (27) into isobornyl aniline (28) wusing

system ,Canphor-anil (2.27 g, 10 mmol) and NiClZ.GHZO

NiCl.. 6H2O/NaBH

2 4

(5.7 g, 20 mml) were taken in nethanol (100 mL) and cooled to =-30°C.
NaBH , (3.8 g, 100 mml) was added in portions from a solid addition
flask over a period of 1 h and stirred further for 1 h at -30°C and
4 h at r.t. 3N NaOH (15 nL) was added followed by ether (100mL) and
the black precipitate was filtered off and the layers were separated.
The organic layer was washed with saturated Nad solution, dried (I\/gSOq)

and distilled to yield N-isobornyl aniline (28). 1.72 g, 75% bp.134°C/
5

45 20 19..5%
1 mm, lit. bp.131°C/1 mm [&]p = -71.5° (C11.6, EtOH), lit. [a} =

-89.1 (unverified).*

-1
IR (neat) v __:; 3350, 1685, 1600 cm .
max

3¢ MR (25.0 Mz, cpa )i 6 ppm148.4, 129.4, 116.8, 112.0, 61.7, 48.4,

47. 3, 45.3, 40.9, 36.9, 27.6, 20.6,

12.5.
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The above secondary amine on acylation with A020 or acetyl chloride

gave the correspondi ng anmide mp.124°C, lit.mp.123°C.45

IR (KBr) V__ : 1650, 1590 em
max

13C NMR (25.0 MHz, CDC1 3) 6 ppm 172.12, 140. 3, 132.1, 130. 8, 128. 8,

127.9, 62.9, 50.9, 45.9, 44.7, 37.8,

34.4, 26.3, 24.3, 21.2, 20.7, 11. 6.

(c) Conversion of isobornyl aniline (28) into N-isobornyl-N-methyl aniline

(30) ; To the isobornyl aniline (2.29 g, 10 mmol) in dry ether (30 m) ,
butyllithium (12 nmol, 12 mL) was added at 10-15°C and the mxture was
stirred further for 1 h at r.t. The reaction mxture was refluxed for
2 h, cooled to 0°C. Methyl iodide (3 mL, 50 mmol) was added and the
contents were stirred further for 4 h at r.t. Excess BuLi was destroyed
with water-methanol (10 mL V/V) and extracted with ether (2x30 L) . The
conmbi ned organic layer was washed with saturated Nad solution, dried
(Mgsoq) and the solvent was evaporated. The residue was distilled to
i sol ate N-methyl-N-isobornyl aniline. The product was purified by colum
chromat ography on a silica gel colum (hexane as eluent) and distilled
to yield pure anmne (30), (1.82g, 75% bp.120°C/1.5 mm) , ['(xjso = -22
(C6, EtOH).

IR (neat) V _ :; 1590, 1480 em !
max

1
H NVR (100 MMz, CDCL,) : Sppm 7.88-8.6 (m5H), 4.4 (t,1H), 3.72 (s, 3H),

2.64 (m,1H), 228 (m6H), 20 (s, 3H),

1.88 (s, 6H).
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13
C NWR (25.0 MHz, CDCl)): 6 ppm 153.5, 128.7, 120.1, 114.0, 68.2, 50.4,
46.8, 44.8, 40.4, 37.2, 35.9, 27.3,

21.3, 20.4, 13.5.

Anal ysis: Cal culated for C17H25N:C,84.0, H,10.3, N,5.8;

Found: C,83.7; H,10.3; N, 5. 8.

Hydroboration of 1-Methyl-1-cyclohexene with NaBH4/2—-(6'—methoxy—2'—naph—

t hal ene) propionic acid (11) system

To a stirred suspension of NaBH4 (0.8 g, 20 mmol) in dry THF
(40 mL) the carboxylic acid (11) (4.6 g, 20 mmol) in THF (20 mL) was
slowy added at 0°C under nitrogen atnosphere. The mixture was stirred
at r.t. for 1 h and 1-methyl-1-cyclohexene (1.92 g, 20 mmpl) was added.
The contents were stirred for 14 h at r.t. The excess hydride was destroyed
fryadding water (2 mL) and the organoborane was oxidised with HZ_Q_’2 (16%
25 mL) and 3N NaCH (20 mL) . The organic layer was separated and the
aqueous |layer was extracted with ether (2x30 mL). The conbined organic
ext.ract was washed with brine, dried (NgSO‘q) and the solvent was renoved.
The residue was chromatographed on a silica gel colum using hexane/chl oro-
form as eluent to isolate pure trans-2-methylcyclohexanol. The product
was further purified by distillation wunder reduced pressure. Yield:
1.52 g, 68% bp.65°C/10mm 1it.%, bp.166°C/760 nm [a]go= -1.06 (C2.83,

CH3OH) [0‘112)0 = +43.1 (Cl, MeOH) (maximumreported val ue).

IR (neat) V __ :3500-3200, 1440, 1050, 900, 790 cm V.

3¢ NVR (25.0 MHz, cDO ): 6ppm76.2, 40.2, 35.1, 33.7, 25.7, 25.2, 18.6.
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Hydroboration of 2,3-dihydrofuran with NaBH 4 /2-(6"'-methoxy 2'-naphthalene)-

propi onic acid system

The acyl oxyborohydride species was prepared at 0°C by addition
of carboxylic acid CH) (4.6 g, 20 mmol) in THF (20 mL) to a stirred
suspensi on of NaBH4 (0.8 g, 20 mmol) in dry THF (40 mL) . The reaction
m'xturé was stirred at r.t. for 1 h. 2,3-Dihydrof uran (1.4 g, 20 nmmol)
was added and the contents were further stirred for 12 h at r.t. The
excess hydride was destroyed with water ( 1 mL) and oxidation was carried
out wth HzojNaO-L The reaction mixture was adjusted to pH 5, wth
6N HC1 and extracted with ether (3x30 mL). The organic extract was washed
with water (2x10 mL) and the conbined aqueous layer was neutralized
to pH 8 with 5N NaOH. Fromthe organic |ayer carboxylic acid was recovered.
The aqueous layer was saturated wi th anhydrous K2CO3 (~ 40-50 gms) and
extracted with ether (3x40 mL) . It was dried over anhydrous Mgsoq, t he
solvent was evaporated and the residue was chromatographed on a silica
gel columm (hexane/ether as eluent) to isolate 3-hydroxytetrahydrofuran.
The chromatographed alcohol was distilled under reduced pressure to
afford pure 3-hydroxy tetrahydrofuran, yield, 1.23 g, 70% bp.70°C/10 mm

lit.”" bp.80°C/15 nm  [®] = -1.6 (C2.5, CH,OH), lit.~ [O‘]S= -17.3

(C2. 4, CI—|30H) (maxi mum reported val ue).
IR (neat) V B 3450, 2940, 2878, 1441, 1272, 1120, 1065 cm—1

1
H NVR (100 MHz, CDC 6 ppm 4.3 (m,1H), 40 (m2H, 3.75 (d,2H),

3
1.92 (m2H).

3¢ NMR (25.0 MHz, CDO ): 8 ppm 75.3, 71.3, 66.8, 55.3.
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Hydr oboration of 1 -methyl-1-cyclohexene with cis-nyrtanic acid/NaBH4

system

To a stirred suspension of ITIaBH‘q (0.4 g, 10 mmol) in THF (35 mL)
nyrtanic acid (12) (1.6 g, 10 mml) in THF (10 mL) was slowy added
at 0°C under nitrogen atnosphere. The mxture was stirred for 1 h at
r.t. aﬁd 1-methyl-1-cyclohexane (0.96 g, 10 nmol) was added. The contents
were stirred for 24 h at r.t. The excess hydride was destroyed by addition
of water (2 mL) and it was oxidised with H202/NaOH. The organic |ayer
was separated and the aqueous |layer was extracted with ether. The conbi ned
organic extract was washed with brine, dried (MgSO4) and the solvent
was evaporated. The residue was chromatographed on a silica gel colum

usi ng hexane/chloroform as eluent to isolate pure trans-2-methyl cyclo-

hexanol (0.68, 60% . It was further purified by distillation under reduced

pressure, bp.78°C/20 mm lit.®, bp. 166°C/760 mm [a]go =+1.819(C2. 748,
CH3OH) o it.52 [OLES = +43.1(C1. CH3(J—|) (maxi mum reported val ue).

The spectral data were identical with the data reported in the

earlier experinent.

The above experinent was carried out by replacing 1-methyl-l1-cyclo-
hexene wth 1-phenyl-1-cyclopentene but there was no hydroboration in
this case even after 72 h at room t enper at ure.

flydroboration of 1-methyl cycl ohexene with Li BH4 /cis-myrtanic acid system

Lithiumborohydride was prepared in situ in THF following a reported
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procedure by refluxing a mixture of Ilithium bromide (1.1g, 11 mmol)
and NaBH‘1 (0.440 g, 11 mmol) in THF for 16 h in nitrogen at n’osphere.sj
cis-Myrtanic acid (12) (1.6 g, 10 mmol) in THF (10 mL) was carefully
added at 0°C and stirred further for 1 h at r.t. 1 -Methyl-l-cyclohexene
(0.96 g, 10 mml) was added and the mxture was stirred for 24 h at
r.t. The excess hydride was destroyed with water (1.5 mL) and the organo-
borane was oxidised with H202/ NaOH. The organic layer was separated
and the aqueous layer was extracted with ether (3x25 mL). The conbined
organic extract was washed with brine, dried (I\/gSOa) and the solvent
was removed. The residue was chromatographed on a silica gel colum
using hexane/chloroform as eluent to isolate pure trans-2-methylcyclo-

hexanol (0.6 g, 53% . The product was further purified by distillation

under reduced pressure, bp.64°C/10 mm Iit.60 bp.166°C/60 mm [a]go =
+2. 08( C2. 4, CHBOH), Rift N5 [a]éo = 43.1(C1, CHBOH). The spectral data

were identical with the data reported previously.

The above experinment was carried out by replacing 1-methyl-l1-cyclo-
hexene wi th 1-phenyl-1-cyclopentene but there was no hydroboration in

this case even after 72 h at room tenperature.

Hydroboration of 2,3-dihydrofuran wth cis-myrtanic acid/NaBH4 system

To a stirred suspension of NaBH‘tl (0.8 g, 20 mmol) in dry THF
(40 mL) , nyrtanic acid (3.36 g, 20 mmol) was slowy added at 0°C under
nitrogen atnosphere and the mixture was stirred for 1 h at r.t. 2,3-D-
hydrofuran (1,4 g, 20 mmol) was added and the m xture was stirred further

for 12 h. The excess hydride was destroyed by careful addition of water



(1 mL) and the organoborane was oxidised wth H202/NaOH. It was acidified
to pH 5 with 6N HCl and extracted with ether (3x30 mL). The ether extract
was washed with water (2x10 mL) and the conbi ned aqueous |ayer was neutra-
lized to pH 8 with 5N NaOH and saturated w th anhydrous KZCO3 (50 g)

It was extracted with ether (3x40 mL), dried (Mgsoq) and the solvent
was evaporated. The residue was chromatographed on a silica gel colum
(hexané/ether as eluent) and the product was distilled under reduced

pressure to isolate pure 3-hydroxytetrahydrofuran, vyield: 1.18 g, 68%

54 25 54
bp.70°C/10 nm lit.  pp.80°/15 mm, [alp = -1 .762(C2.832, CHOH), lit.

[a]?%= -17.3(C2.4, MeOH).

The spectral data were identical to the data for the sanple obtained

previously.

Reaction of NaBH.4 (10 mmol)/cis-myrtanic acid (10 mmol) with Ph3P

To a freshly prepared suspension of NaBH4 (2.5 mmol) and myrtanic
acid (2.5 mmol) in THF (25 mL) Ph3P (3.5 mmwl) in THF (5 mL) was added
and the mxture was stirred for 24 h at r.t. To the reaction mxture
water (5 mL) was added. Work up (Chapter 1) and chromatography of the
residue over a silica gel colum (hexane/chloroform as eluent) gave
0.65 g (95% of triphenyl phosphi neborane. The spectral data of this
prodUct were identical to the data reported in Chapter 1. Mp.186°C,

lit.% mp.189°C.
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Hydroborati on of 1 -methyl-1l-cyclohexene wi th borane-N,N-dibenzyl-Q-methyl-

benzylamine conpl ex (33)

Di borane (12.5 mmol) generated using I2 (12.5 mmol) and NaBHq
in diglyme (25 mmol) was bubbled through N, Ndibenzyl O-methylbenzyl
amine (3.07 g, 10 mml) in dry benzene (40 mL) at 5 to 10°C. The am ne
borane slurry was brought to r.t. and flushed with dry nitrogen to renpve
traces of diborane gas above the benzene solution. 1-Methyl-1-cyclohexene
(0.96 g, 10 mml) was injected and the m xture was stirred at r.t. for
24 . The contents were brought to 0°C and ethanol (2 mL) and THF (35 mL)
were added. The nixture was oxidised with H202 (16%, 20 mL) and 3N NaCH
(10 mL) . The organic layer was separated and the aqueous |ayer was extrac-
ted with ether (3x25 mL). The conbined organic extract was washed with
3N HCl1 (3x10mL) to separate the am ne. The organic extract was washed
with NaHCO3 (10% solution, brine solution, dried (I\/gSOq) and the sol vent
was removed. The residue was chromatographed on a silica gel column
usi ng hexane/chloroform as eluent to isolate pure trans-2-methylcyclo-
hexanol. The product was distilled under reduced pressure 0.62 g, 55%
bp.70°C/10 mm Iit.E’0 bp. 166°C/ 760 nm and optical rotation was neasured,
[a]25: +1.08(C3. 7, CH3OH), 1it.[0L][2)5 = §3.1(C1, CHBOH).52 The spectral

D

data were identical to the data for the sanple obtained previously.

Hydr bborati on of 2,3-dihydrofuran with borane-N,N-dibenzyl-0-methyl

benzyl am ne conpl ex (33)

Am ne borane (20 mml) in benzene was prepared as described above

and 2,3-dihydrofuran (1.4 g, 20 nmol) was injected. It was stirred at
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r.t. for 12 h, cooled to 0°C and ethanol (2 mL) and THF (35 mL) were
added. The organoborane was oxidised wth H?O2 (16% 25 nL) and 3N NaCH
(15 mL). The organic layer was separated and the aqueous |ayer was extrac-
ted with ether (3x25 mL). The conbined organic extract was washed with
water (2x10mL) and the conbined aqueous |ayer was saturated with an-
hydr ous K2CO3 and extracted with ether (3x40 mL). It was dried (lvgsoq)
and the solvent was renoved. The residue was chromatographed on a silica
gel colum (hexane/ether as eluent) to isolate pure 3-hydroxy tetrahydro-

furan. The alcohol was distilled under reduced pressure and optical

54

rotati on was neasured. Yield, 1.18 g, 67% bp.68°/10 mm lit. bp.80°C/
15 mm) , [a]éoz -1.6(C2.5, CHBOH), lit.>* [a]DZO: -17.3{C2.4, CH,OH).

-

The spectral data were identical to the data of the sanple obtained

previously with other borane Lewis base systens.

Hydr oboration of 1-methyl-1-cyclohexene W th borane N-benzyl-N-isopropyl--¢"

met hyl benzyl am ne conpl ex (32)

Di borane (12.5 mmol), generated using I2 (12.5 mmol) and NaBH
(25 mml) system was bubbled through N-benzyl-N-isopropyl-O0-methylbenzyl”
amine (2.53 g, 10 mmol) in dry benzene (40 mL) at 5-10°C. The mixtur#
was stirred for 30 minutes at r.t. and diborane gas (if any) presen?
above the solution was driven off by a streamof dry nitrogen and 1-methyl”
1-cyclohexene (0.96 g, 10 mmol) was added. The mixture was stirred av
r.t. for 24 h. The contents were brought to 0°C and 2N HCl (1.5 mL)
was carefully added and stirred for 30 minutes at r.t. 3N NaOH (10 mL)

and THF (35 mL) were added and the organoborane was oxidised wth H202

(16% 25 mL) . The aqueous and organic |layers were separated and the
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aqueous layer was extracted with ether (3x25 mL). The conbined organic
layer was treated with 6N HClL (3x10 mL) and the amine was regenerated
from the aqueous layer after neutralization with 5N NaOH (phenol phthal ein
indicator). The ether layer was washed wth saturated aqueous NaHCO3
(10 mL) solution, brine solution (10 mL), dried (l\/gSOq) and the sol vent
was renmoved. The residue was chromatographed on a silica gel colum

usi ng hexane/chloroform as eluent to isolate trans-2-methylcyclohexanol.

The alcohol was purified further by distillation under reduced pressure

yield. 0.7 g, 62% bp.68°C/15 mm 1it.%, bp.166°C/760 mm [@) 7 =-1.5
., 52 20
(C3.33, CHOH), Ilit. [@]” = +43.1(C1,CH OH). The spectral data were
S ) v )

identical to the data for the sanple obtained previously.

Hydroboration of 1 -phenyl-1-cyclopentene wi th borane-N-benzyl-N-isopropyl-

a-methylbenzylamine conpl ex ( 32)

Di borane prepared using 12 (12.5 mmol) and NaBH4 (25 mmol) in
diglyne was passed through the anmne (2.53 g, 10 mmol) in dry benzene
at 5-10°C. The contents were flushed with dry nitrogen. 1-Phenyl-1-cyclo-
pentene (1.44 g, 10 mmol) was injected and the contents were stirred
at r.t. for 48 h. The nixture was cooled to 0°C and 2N HCl (2 nmL) was
carefully added and stirred at r.t. for 30 mnutes. 3N NaOH (15 mL)
THF (35 mL) were added and the organoborane was oxidised wth H202 (16%,
25 nmL) . The aqueous and organic |ayers were separated and the aqueous
| ayer was extracted with ether (3x25 mL). The conbined organic |ayer
was treated with 6N HO (3x10mL) and the amine was recovered from am ne

hydrochl ori de. The ether layer was washed with saturated aqueous sodium

bi carbonate (10 mL), brine (15 mL) and dried over anhydrous NgSOq. The
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solvent was renoved and the residue was chromatographed on a silica
gel colum (hexane/chloroform as eluent) to isolate trans-2-phenylcyclo-

pentanol. The alcohol was purified further by distillation under reduced

pressure. Yield. 0.97 g, 60%, bp.87°C/1 mMm lit.”” bp.129-131°/6 nm
2 . .
[OL]D0 = -0.84(C8.33, « EtOH), lit.>® [CXL}EO =+ 71.1(C11.9, EtOH) (nmaxinum

reported val ue).

13C NMR (25.0 MHz, CDCl1 9 : 6 ppm 144.1, 128.7, 127.8, 126.5, 80.3, 54.4,

34.3, 33.2, 32.1.

Hydroboration of 2,3-dihydrof uran with borane-N-benzyl-N-isopropyl-a-

methylbenzylamine complex (32)

Borane-N-benzyl-N-isopropyl-0O-methylbenzylamine conplex (20 mmol)
was prepared as given in the above experinent. 2,3-Dihydrofuran (1.4 g,
20 nunol) was added and the nmixture was stirred at r.t. for 12 h. Water
(1 mM) and 2N HC1 (1 mL) were added followed by the addition of 3N NaCOH
(10 mL) and THF (35 mL) . Oxidation was carried out using H[% (16%
20 mL). As the 3-hydroxytetrahydrofuran is highly soluble in water,
the work up was carried out after saturation of the contents w th anhydrous
K2C03. The contents were extracted with ether (4x30 mL) . The conbined
organi ¢ extract was dried (Mgsoq) and the solvent was renpved. The al cohol
was distilled out under reduced pressure leaving the amne residue.
The distilled alcohol was chromatographed on a silica gel colum using
hexane/ether as eluent to isolate pure 3-hydroxytetrahydrofuran. The

chromat ographed al cohol was distilled once again under reduced pressure

to isolate pure 3-hydroxytetrahydrofuran, yield: 1.2 g, 69% bp.70°C/8 mm
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54 20 54
D
lit. bp.80°C/15 mm, [a] = +2(C2.5, MeOH), 1lit. [a] = -17.3(C2.4,

3
CH OH). The spectral data were identical with the data of the sanple

o N
(=}

obtai ned previously with other borane-Lewi s base systens.

Hydroboration of 1-methyl-1-cyclohexene usi ng borane-N-isobornyl-N-methyl -

ani line conplex (31)

Di borane generated using 2 (12.5 mmol) and NaBH4 (25 mmol) was
bubbl ed through N-methyl-N-isoborhylaniline (2.43 g, 10 mmol) in dry
benzene (40 mL) at 5-10°C. The diborane gas (if any) present above the
benzene solution was driven off by a stream of dry nitrogen. 1-Methyl-1-
cycl ohexene (0.96 g, 10 mml) was added and the nmixture was stirred
for 24 h at r.t. Excesls hydri de was deconposed by addition of water
(1 m) and 2N HCL (2 mL) . The mixture was further stirred for 30 m nutes
at r.t. 3N NaCOH (10 mL) and THF (30 m_L) were added and the organoborane
was oxidised wth H"202 (16% 20 mL) . The organic |ayer was separated
and the aqueous layer was extracted with ether (3x25 mL). The conbined
organi c extract was washed with 5N HCL (3x10 mL) to separate' the ami ne
as its hydrochloride salt from which the amine was regenerated using
3N NaCH (phenol phthalein indicator). The ether extract was washed wth
sat urat ed NaHCO3 (15 mL) , brine (15 mL) and dried over anhydrous I\/gSOq.
The solvent was renoved and the residue was chromatographed on a silica
gel colum (hexane/chloroform as eluent) to isolate trans-2-methylcyclo-
hexanol. The alcohol was distilled under reduced pressure to isolate
pure trans-2-methylcyclohexanol, yield; 0.8 g, 70% bp.65°C/ 10 nm 1it.%0

bp. 166°C/ 760 nm [a]

= -1. lit.-[a] S-= +43.1°
i 1. 66( C3, CH30H), ito~=[ ]D) 43.1°(C1,CH _94)

The spectral data were identical to the data of the sanple obtained

previously in reactions with other BH -Lewis base conpl exes.
3
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Hydroboration of 1 -phenyl-1-cyclopentene usi ng borane-N-isobornyl-N-methyl

aniline complex (31)

The amine borane conplex (10 mmol) in benzene (40 nlL) was prepared
as outlined in the previous experinment. 1-Phenyl-l-cyclopentene (1.44 g,
10 mmol) was added and the stirring was continued for 48 h. The reaction
m xture was oxidised and worked up following the procedure described
in the previous experinment and the alcohol was chromatographed on a

slicagel colum (hexane/chloroformeluent) to isolate trans-2-phenylcyclo~

pentanol, which was again distilled, wunder reduced pressure to isolate
62 B
pure alcohol. Yield. 1.02 9, 63% bp.84°C1 mm |Iit. bp. 129°C/6 nm
20 _ . 20 _ o 53 )
[a]D = -0.22(c9, EtOH), [lit. [a]7" = +71.17(C11.9, EtOH) (maxi mum

reported value). The spectral data were identical to the data of the

sanpl e obtai ned previously-

Hydr oboration of 2,3 dihydrofuran with borane-N-isobornyl-N-methylaniline

conplex (31)

Di borane generated using 12 (25 mml) and NaBH4 (50 mmol) was
bubbleq through N-isobornyl-N-methylaniline (4.86 g, 20 mmol) in dry
benzene (40 nL) at 5-10°C. The diborane gas (if any) present above the
benzene solution was driven off by a stream of dry nitrogen- 2, 3-Di hydro-
furan (1.4 g, 20 mol) was added and the mxture was stirred for 4 h
at r.t. 2N HCl1l (2 nmL) was carefully added and the contents were stirred
for 30 pmin at r.t. 3N NaCH (15 mL) and THF (35 nmL) were added and oxi da-
(16%, 20 mL). The contents Werg . act ed

tion was carried out using H202

with ether (3x25 ;) and the combined ether extract was washed with
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water (10 mL) and the conbined aqueous |ayer was saturated wi th anhydrous
K2CO3 (50-60 g). The contents were extracted with ether (3x40 m.) , dried
(Ngsx%) and the solvent was renoved. The alcohol was distilled under
reduced pressure and passed throgh a silica gel colum (hexane/ether
eluent) to isolate pure 3-hydroxytetrahydrofuran. The chromatographed
al cohol was again distilled under reduced pressure to isolate pure al cohol.
Yield: 1.3 g, 76% bp.70°C/10 mMm lit.>* bp.80°C/ 15 nm [a]éo = -3.3(C3,

MeOH), lit.>%* [a]DzO = -17.3(C2. 4, CﬂgoH). The spectral data were identica

to the data obtained previously in reactions with other borane-Lew s

base conpl exes.

Hydroboration of 3,4-dihydro-2H-pyran w th borane-N-isoboranyl-N-methyl

aniline conplex (31)

The am ne borane conplex (20 mmol) was prepared following the
procedure outlined in the previous experinent. 3, 4- Di hydr o- 2H- pyr an
(1.68 g, 20 mmol) was added and the reaction mxture was stirred for
4 h at r.t. The oxidation and workup were carried as in the above experi -
ment and the alcohol isolated was distilled wunder reduced pressure,
chromat ographed on a silica gel colum (hexane/ether eluent) and again
distilled under reduced pressure to isolate pure 3-hydroxytetrahydropyran.
Yield: 1.4 g, 68% bp.70°C/8 nmmHg, lit.% bp.90°C/20 nm [a]éo = -1.24
(C4, MeOH), Iit.55 [alo = ~11.8 (neat) (maxinumreported val ue).

IR (neat) V . 3380, 2930, 2840, 1441, 1048 cm |,

"HNMR (100 MHz, ODC1.): 63.25-3.9 (m5H), 3.1 (s,1H), 1.65-2.15 (m 4H).

3

13
CNMWR (25.0 MHz, CDC1 ): 6ppm 72.9, 67.9, 65.7, 31.5, 23.3
3
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