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This thesis deals with the investigations on the development of
organic synthetic methods from catecholborane and aryloxyborane
derivatives. It comprises of four chapters. The (first chapter
constitutes a review on the synthesis and salient features of wvarious
monofunctional hydroborating agents (RZBH). The other three chapters
describe the results of the present studies. They are subdivided into
three parts: Introduction, Results and Discussion and Experimental

Section. The references are given at the end of each chapter.

The second chapter describes the studies on the syntheses and
applications of aryloxyboranes. A new method of preparation of
catecholborane in hydrocarbon solvents has been developed by passing
BZHS’ generated using'I2 and NaBH4 in diglyme through a solution of

catechol in benzene.

The formation of catecholborane was confirmed by IR studies and
hydride analysis. The catecholborane prepared in this way hydroborates
alkenes and alkynes in benzene at refluxing conditions. The alkyl and
alkenylcatecholboranes formed were oxidized to give the corresponding
alcohols and aldehydes in good yields (88-91%). The alkenyl-

catecholboranes on treatment with NaOH/I2 gave E-1-iodo—-1-alkenes.

The higher temperatures used for hydroboration is not suitable
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for hydroboration of alkenes and alkynes in the presence of functional
groups such as esters. We have undertaken an investigation to find a
heans to increase the reactivity of catecholborane, B8O that
hydroboration of l-alkenes and 1-alkynes can be achieved at lower

temperatures.

It has been observed that l-alkynes are hydroborated by catechol-
borane at 25°C in the presence of catalytic amount of N,N-
diethylaniline-borane complex, prepared from N,N-diethylaniline and
BZHB' following a procedure reported from this laboratory. The attempts
to prepare alkylcatecholborane following this procedure were unsuccess—
ful. Presumably, the hydroboration of alkynes followed by the exchange
of the alkenyl group with catecholborane takes place (Scheme 1).

SCHEME 1:

CL

RC=CH _ RN _ H o _ O\B g 0

HB:lB ——> _<B/H - o ‘c=< + B
! H’ R i

The alkenylcatecholboranes on oxidation and iodination with
NaOH/I2 gave aldehydes and E-l1-iodo—-1-alkenes, respectively in good
yields. Selective hydroboration of 1-decyne over 1-decene was
examined. Also, selective hydroboration 6f an alkyne when it is

present along with an ester moiety was achieved under these
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conditions.

The preparation of other aryloxyboranes such as phenoxy and
binaphthol boranes was attempted. It was found that the reaction
mixture did not exhibit —OH and >BH absorptions when excess B2H6 was
passed through a solution of phenol or binaphthol in benzene.
Hydroboration of 1-decyne using the phenol/BZHSIN,N—diethylaniline
system gave similar results although the yield of the aldehyde obtained

after NaOAc/H202 oxidation was somewhat low (55%).

Attempts were also made for the preparation and utilization of
iodocatecholborane. It was used as a Lewis acid catalyst 1in the

Diels—-Alder reaction of cyclopentadiene with cinnamaldehyde.

In the third chﬁpter, the studies on the reduction and hydro-
boration with reagents prepared using catechol and NaBH4 are described.
Interesting reactivities have beén observed for the RCOOH/N&BH4 system.
The NaBH4 reduces acids to the corresponding alcohols under THF reflux

conditions to an extent of about 50%. We have investigated the effect

of catechol in such reductions.

Reduction of capric acid using NaBH4/catechol system under
various conditions was carried out. 1-Decanol was obtained in only

~about 50% yield. Reduction of 10—undecenoic acid with the
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NaBH4/cuLechol system gave the corresponding olefinic alcohol. In all
cases, one half equivalent of the acids remained unreacted. It was
thought that if a mixture of two carboxylic acids is used and if one of
them could readily dissociate to give ROOO , then the reduction of the
other acid can be achieved to more extent. Since CFSCOO_ species is
expected to be relatively stable, good leaving and poorly coordinating
group, CF3COOH was chosen for this purpose (Scheme 2). It has been
observed that aliphatic acids give the corresponding alcohols in good

yields (87-94%).

SCHEME 2:

OH
_B_ 0._
@ + Nap, —RGOOH @ >EK0 é cr3

—-C)

0 _ H |: ]
@: -0+ C[O)a—o :c R< ‘(: @ B-0-t-r + CF5C00
0 0

H

Aromatic acids were found to be reduced to a lesser extent. This
property was made use of in selective reduction of capric acid in the
presence of benzoic acid. Selective reduction of an acid in the
presence of an ester group was also achieved. An attempt to reduce an
acid in the presence of an olefinic moiety feg. 10—undecenoic acid),

gave the competitive hydroborated product. This is surprising, since



catecholborane does not hydroborate olefins al room temperature.

As mentioned previously, acyloxyborohydride in refluxing THF
gives reduction to an extent of 50%. It was of interest to examine
whether the use of CFSCOOH instead of CHSCOOH would help in carrying
out such reductions to more extent at ambient conditions. If this is
the case, then the hydride can be utilized in a more efficient manner.
It was indeed observed that NhBH4/CF5CDOH reduces aliphatic - acids to
the corresponding alcohols in quantitative yields. Again, the yields

with aromatic acids are poor. Selectivities similar to that observed

using the NaBH4/catechoI/CFBCOOH reagent system have been obtained.

As outlined earlier, it was found that the olefinic moiety
underwent hydroboration in the reduction of 10-undecenoic acid with
NaBH4/catechoI/CF3000H reagent system. This observation prompted us to
further explore the reactivity of this system. It was found that
1-decene is hydroborated by this reagent and the resulting organoborane
on oxidation gives 1-decanol in good yield. The generality of the
reaction was examined with several other olefins. It was found that
whereas the yields of the hydroboration-oxidation products obtained in
the case of terminal olefins are good, with the internal olefins the
vields are low. The selective hydroboration of 1-decene over a-pinene

with this reagent system was examined.
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Surprisingly, the hydroboration of 1-decyne using NaBH4/catecho]/
CFSCIIXi reagent Bsystem was somewhat slow compared to 1—decene.
Hydroboration of enynes were carried out in order to examine the
possibility of achieving hydroboration of a terminal alkene over
alkyne. Although, the yield of the product was lower in these éases,

the results indicate that there is some preference for the

hydroboration of alkene over alkyne.

Hydroboration . using the NB.BH4/CF3CX)OH system, has also been
examined. The reaction with this reagent system was found to be faster
compared to the NaBH4/cateCh01/CF3CDOH system, Hydroboration of
l-decyne with this reagent gave l1-decanol, after NaOAc/HZO oxidation
through the gem—diboron intermediate. Although the nature of the
intermediate species involved in these reagent systems is not clearly

understood, the synthetic methods developed utilizing these readily

accessible reagents should be useful.

The fourth chapter deals with the studies on the development of
C-C bond formation reactions using alkyl and alkenylcatecholboranes.
Attempts haﬁe been made to transfer alkyl and alkenyl groups to copper
and carry out C-C bond formations. It has been observed that the alkyl
and alkenylcatecholboranes fail to undergo intermolecular transfer
reaction through the reaction with the NaOCﬁS/CuX reagent. Utilization

+
of alkyl free radicals, generated from organoboranes using Ag /KOH in
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the addition reaction with o,f3-unsaturated compounds has been

attempted.

Alkenylcatecholboranes have been successfully applied in the
Grignard addition-intramolecular rearrangement using IZ/NaCH to obtain
Z-olefins in good yields. The generality of the transformation was
examined with various alkynes. The transformation may be visualized
through the sequence of reactions outlined in Scheme 3.

SCHEME 3:

0
OO o

R-C=C=H g s @[W
0

2R MgX
1
R\c-c R l,/NaOH o R
P - \H i ~ B q
R

This method is a good alternative to Zwiefel’s cis-olefin
systhesis, since alkyl and aryl groups not available through
hydroboration reaction (eg. B-phenyl, B-isopropyl) can also be utilized
here. The Z-1-phenyl-1-decene was isomerized to the E-1-phenyl-1-decene
using the CoCiszaBH4/Ph3P reagent following a procedure reported from

this laboratory.
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Syntheses and applications of monofunctional hydroborating agents

(Rzlil) - A review.



CHAPTER - 1

Syntheses and Applications of Monofunctional Hydroborating Agents

(Rzﬂﬂ) - A Review:

Organoboranes (RSB) were originally synthesized by the reaction
of an organometallic derivative (eg. RLi or RMgX) with a boron ester or
halide.1 These alkylboranes (RQB) are relatively less reactive
compared to RLi or RMgX and hence the chemistry of these compounds
received little attention.2 The discovery of hydroboration of alkenes
and alkynes (eq. 1 and 2)° in ether solvents using BH-Lewis base
complexes made a number of organoboranes available which resulted in

the development of the organoborane chemistry during the last 35 years.

Sl 1wk > wip — O

—-C=C- + H—< —_— >C=C<B/ == 1id)
H : i
In the hydroboration reactions, the boron-hydrogen bond adds to
alkenes and alkynes fast in a quantitative manner. Many new reactions
of major significance in synthetic organic chemistry have been
discovered using these organoboranes. The chemistry of these reactions

. . -6
has been extensively revzewed.‘
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The pioneering efforts of Brown and co-workers made available a
number of borane reagents such as BHS:THF, BH3:DMS, BHS:NR34_? etc.,
for the preparation of trialkylboranes. The polyfunctional nature of
borane (BHSJ. the relatively low selectivity, and its low steric
requirements often lead to complications. For example, the powerful
directive influence of chlorine in alkyl chloride leads to
approximately 50:50 distribution of the boron at the terminal positions

when BHS:THF is used as the hydroborating agent (Scheme 1).

SCHEME 1:

BHy:THF
CHp=CHCHCl  ————> CHCHCHCI  + CH3CHCH,CI
]

R z;l\
/"
507% 50%
The hydroboration of cis—-4-methyl-2-pentene results in little
selectivity between the two positions (Scheme 2).
SCHEME 2:

BH5:THF
(CHshOH~ ol 75 (CH3);CHCHCHZCH3 + (CH3);CHCH;CHCHs
~ L]

'.'/
" 2 A
LN
43% 57%
The hydroboration of terminal alkynes using BHS—Lcwis base
complexes proceeds past the vinylborane stage (Scheme 3) and the
hydroboration of dienes is complicated by the formation of cyclic

intermediates (Scheme 4).



SCHEME 3:

BHyTHF R H \
R-—CE:-'H—i——> >C=C<B/ —_— R—CHz-CH
; | L4

SCHEME 4:

CH=CH,  BHy:THF
el —> CFL: v+ ( pH
“\\CH=CH,
62% 38%

Some of these complications can be alleviated using partially
substituted boranes for the hydroboration reaction. We have decided to
investigate the development of new routes for the synthesis and
utilization of aryloxyboranes, catecholborane in particular. It will
be helpful here to briefly review the synthesis and applications of
some disubstituted monofunctional hydroborating agents such as
disiamylborane, diisopinocamphevlborane, 9-BBN, dicyclohexylborane,
dibromoborane, thexylchloroborane and catecholborane which have some

unique applications.
Disiamylborane:

Disiamylborane can be prepared by the reaction of 2-methyl-

2-butene with borane which proceeds rapidly to the dialkylborane stage,



but only slowly beyond (Scheme 5).e

SCHEME 5
CH
HC._ _CHs e WG US
2 c=c "7 + WBTHF  ——> H-C-C—),8H + THF
H;C/ H . 7 2
HyC H

Disiamylborane is highly sensitive to the structure of
olefin.vo It hydroborates terminal olefins much faster than internal

olefins (Scheme 6). Also, cis—alkenes react faster than trans-alkenes.

o . . . _ 10
These characteristics make certain selective hydroborations possible.

SCHEME 6:
CH=CHy CH,CH,BSig, CH,CH,OH
THF 3H,0,/NaOH
+ Sig,BH —> > + NaB(OH), + 2SiaOH
0t THF | 40-50°C

1-Alkynes react with disiamylborane to give the corresponding
vinylboron derivatives which upon alkaline peroxide oxidation give the

corresponding aldehyde (Scheme 7).11

SCHEME 7:

SieBH g

R-C=C _ c=c ﬂ>Rc CHO
e H™ \BSig, He



Dicyclohexylborane:

In many cases, disiamylborane can be replaced by dicyclo-
hexylborane which can be readily prepared by the reaction of BHS:THT
with 2 equivalents of cyclohexene. Due to powerful directive effects
of these reagents, it is possible to achieve interesting Byntheses.12
Dicyclohexylborane offers advantages in some transformations of
dialkylalkenylboranes as exemplified in the synthesis of 1,4-
disubstituted-(E,Z)-1,3—dienes from lithium dicyclohexyl-trans-1-

alkenyl-1-alkynylborates (Scheme 8).13

SCHEME 8:
R - LIC=CR
THF N >
R-CEC-H + OpBH —o=> | C c<BCy2 555 10 —10°C

- . R
R RySNCI >C=<‘<4 P
: T:BCYZ AcOH H \\H
i /040 | (0] 68%
& (EA)

9-Borabicyclo[3.3.1]nonane:

The reaction of 1,5-cyclooctadiene with borane in THF can be
controlled to provide the bicyclic borane, 9—borabicyc10[3.3.1]nonanei‘

(Scheme 9) which shows remarkable thermal and air stability.



SCHEME 9:

H ¥ )
B

THF THF

+ BHy:THF ———> + _ = H-

0oC A

1,4 1.5
9-BBN hydroborates olefins slower than disiamylborane. Because

of its thermal stability, reactions can be carried out in refluxing
THF. At this condition, all olefins including 2,3-dimethyl-2-butene,
which fails to react with disiamylborane can be hydroborated. Several
useful reactions have been reported with B-alkyl-9-BBN derivatives

(Scheme 10).7

R
R H‘@ *H-Cl
]
l'ou

R
)

H-CI
A/R <& |U ~
OH

SCHEME 10:

R= H, Ph
Alkynes are converted to the corresponding 1,1-dibora

derivatives (Scheme 11). ¥

SCHEME 11:

R-C=C-H  + 2 H- —> R—CH,—CH

J
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Such gem—dibora compounds react with n-Buli to give the

corresponding 1-bora-1-lithio derivatives which are useful synthetic
; ; 15
intermediates (Scheme 12).

SCHEME 12:

)!3 o Yy
R—CH,—CH pBl R—CHz-CH@
Y,

CzHsBr ?’H"’ 1- NaOH ?H
—> R-CH,—CH- —é_HO___) R—CH,—CH—C,Hs
* NV
Di isopinocampheylborane:

Di i sopinocamphey 1 borane (IPCZBH) can be prepared by the
hydroboration of ct-pinene. Since a—pinene is available from natural
sources in both optically active forms (+) and (-), the optically
active diisopinocampheylborane can be used for asymmetric synthesis.
For example, cis—-2-butene on hydroboration using (+)—IPC213H fol lowed by
oxidation gives (-)-2-butanol in 87% ee (Scheme 13).“s
SCHEME 13:

I
CHsCH=CHCH; '"C2B H [0] i I
IPC,BH > CHyCH-CHCHy ——  CHyCH—CHCH,
»
L
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The IPC2BH gives good optical inductions in the hydroborations of
17,18 ,1

o __ .
cis-olefins (Figure 1), but gives poor inductions in the case of

more hindered olefins.

FIGURE 1:
CC.Ah. 0.0 .0
ee 92.3% 93% 83% 99% 99% 99%

IPCZBH has been successfully utilized to achieve asymmetric
g ; : 0O ; ;
synthesis of a prostaglandin mtermedlate.z This reagent is also

useful for asymmetric reductions (Scheme 14).‘

SCHEME 14:
CH,CO,CHs ‘;"‘20020“3
(+)—-1PC,BH - [0] _ HO\O
92%e-e

Masamune et 3121 have developed an enantiomeric pair of borane

reagents 1 and 2 which have 02 symmetry. This reagent hydroborates

prochiral olefins with upto 98% ee in most cases.

FIGURE 2:

'H . ‘H S
. . g )
1, ‘\ 4 ‘\
.
\\\ i Y P
H'l \H'J
2

1
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These boranes (1 and 2) were found to be superior over existing
chiral boranes such as IPCZBH in terms of chiral inductions and also
provide information about the transition state geometry of the
reaction. However, preparation of these reagents involve several

steps.
Dihaloborane:

Dichloroborane, Cl 2Hi is unstable and disproportionates
spontaneously into diborane and boron trichloride. However in ether
solvents, dichloroborane ethyl etherates are formed by the reaction of
boron trichloride with lithium borohydride which appear more

favourable (eq. 3). e

LiBH, + 3BCly + 4Et,0 £ 5 Lo l+ 4CLBH:0Et; — (3)

The dichloroborane-ethyl etherate fails to react spontaneously

: 24
with olefins or acetylenes at any convenient rate.

The dihaloborane—-dimethyl sulfide reagents are readily prepared
in high yield and purity by the exchange reaction between the
commercially available borane-dimethyl sulfide (H3B:&!e2, BMS) and the
respective boron trihalide-dimethyl sulfide (X = Cl or Br) (eq. 4).2°



10

Dichloroborane-dimethyl sulfide (HBC1 2 3 SMez) hydroborates
representative olefins relatively slow and require the presence of a
strong Lewis acid such as boron trichloride, to complete the hydro—
boration reaction rapidly. Unexpectedly, diboromoborane—dimethyl
sulfide (HBBrz:SMez) and diiodoborane—dimethyl sulfide (HBIZ:SMez)

react rapidly with olefins, even in the absence of such Lewis acids.z'ts

The syntheses of mixed dialkylhaloboranes (RIRZBBI‘) and

) 1.2 3 . .
trialkylboranes (R R R B) expand the applications of the versatile
organoboranes to a large extent. Such mixed organoborane derivatives
are prepared via the controlled hydridation of alkyldihaloboranes

(RlBBr2:SMf32)27 followed by sequential hydroboration (Scheme 15) by

taking required quantity of LiAlH4 in ether.ze
o 1/4 LAH
Alkene 1 1 4 1
: > R BBr;:SM > R BHBr-SMe,
HBBry:SMe, o 2:oM€2 Et,0
Alkene 2
Alkene 3 NaOMe 1 2
RRRB < R'RBOMe €——— R R'BBr-SMe,
1/3LiAIH, MeOH

This reaction sequence was used to obtain cis-alkenes (Scheme

16).%°
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SCHEME 16:
R 'BBr H MeOBR | M
Alkyne 1 yd NaOMe _
R' BHBr-SMe; Y = —> =
H R H g2
NaOMe /

It has been extended successfully to the synthesis of
n'nuscalur'e,30 a sex pheromone of the housefly (Musca domestica), from
1-tridecene and 1-decyne (Scheme 17).

SCHEME 17:
~

>

CH;(CH:),ZBHBr-SMez

Br

H NaOMe
CH3(CH,),,CH, =~ —_—

\CHz(CHz)oCHs
CH3(CH,),1CH;, ’->“<

muscalure

H

CHz(CH,)sCH3

Thexylchloroborane:

H
Thexylchloroborane, H_B< can be prepared by treating
Cl

thexylborane with an ethereal solution containing an equimolar amounts

of dry hydrogen chloride (eq. 5).“
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rd —_— (5
| l v v H_B\u L

Thexylborane itself can be wused for the preparation of

monoalkylborane aminates through a hydroboration-elimination sequence

(Scheme IBJ.E‘z

SCHEME 18:

HB<: Q HB/H OB:!,:NE&

+ Et,N —>
O (CH3)2=C(CHs),

Thexylchloroborane has been used in the synthesis of

dihydrojasmone > (Scheme 19), which is an important perfume ingredient

and is a constituent of bargamot oil.

SCHEME 19:
_H n—C4Hg—CH=CH, _CeHis
: S(CH > B
HB\CI S(CHs)2 > S
KBH(OC3H,—1)s/ CeHis 1-CO
N

/
i > HB\/YCHS —>

: 2-[0]
HgC=CH—CH—CH OAc
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O — + —
HJCV\/\)\/YCHJ \C)u-pICroa
>
OH

0
0

I
| /C,HsOH CH,)4CH
HSKN\)\/\(CHs OH /02 5 S Q( 2)4 3
CHy

0o

An useful application of thexylchloroborane (eq. 6) 1is in the

reduction of RCOOH into RCHO. Other borane reagents generally lead to

over reduction to the corbesponding al»::ohols.a4

/Cl
H‘B\H : S(CHy),
RCOOH > RCHO — (6)

Catecholborane:

Preparation and applications of catecholborane (1,3,2-benzodioxo—

borole) in the hydroboration of alkenes and alkynes:

Although many interesting transformations can be achieved using
partially alkylated hydroborating agents, there is always =a
disadvantage of the need of separation of a side product formed during
oxidation. Use of haloboranes X BH (X = Cl or Br) has advantages in

2
this aspect. However, preparation and hydroboration using haloboranes
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of this type require BCl_ or BBr3 reagents which are relatively strong

3
acids and are not readily accessible. Alkoxy and aryloxyboranes of the

type (RO)EBH or (ArO)ZBH should be also useful and catecholborane has
been proved to be a very useful reagent.85 Since the present work has
been undertaken for developing synthetic methods based on
catecholborane, it will be helpful to review the synthesis and

applications of catecholborane in detail.

Alcohols such as methanol and glycols readily react with diborane

S a7 .
to give dialkoxyboranes 33 and 4 respectively (eq. 7 and 8).

4CHsOH + ByHg ——> 2(CHs0),BH + 4H, — (7)

3
(CHy) Ktain
2 /N + BH —> 20 0 + 4 — (8
HO  OH k-
4 H

Unfortunately, these alkoxyboranes cannot be used for

hydroboration, since they are unstable and rapidly undergo

disproportionation (eq. 9 and 10).

N . _ (g)

6(CHs0),BH ——— 4(CH;0)B + BpHe

(CHo)n (©n
7 + Bt

g Ng” 03/0 — (10)
I

’ .
0—(CHp) ,—
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However, more hindered analogue of these dialkoxyboranes such as
4,4,6-trimethyl-1,3,2-dioxaborinane, 5 is reported to be stable towards
disproportionation and hence can be used for the hydroboration of

38 39
alkenes and allenes

0

BH
d

5

This reagent was found to be less reactive than borane which can
be attributed to the M-bonding between boron and oxygen.'° It was
prepared from 2-chloro-4,4,6-trimethyl-1,3,2—-dioxaborinane by reduction

with sodium borohydride in tetraglyme in 50% yield (eq. 11).
0 0
BCI + NoBH, —> o)au + 1/2BHg + NaCl — (11)
0

The hydroboration of 1-octene with this reagent takes place at
100° to give the addition of boron at the terminal position as the only
observable product, in 20% yield. Hydroboration of alkynes and allenes

have also been carried out with this reagent.

The diaryloxy analogue, such as catecholborane has been found to

40 .
be a more reactive hydroborating agent. In this case, since the
oxygen 2p electrons can be delocalized into the benzene ring, the

[M-bonding between boron and oxygen gets weakened. This makes
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catecholborane a versatile hydroborating and reducing agent. The

chemistry of catecholborane was extensively studied by various groups.

Catecholborane can be readily prepared by the reaction of

41,42

catechol dissolved in THF with borane-THF (eq. 12) Catechol-

borane has been also prepared by the reduction of 2—chloro—
43

1,3,2-benzodioxaborole with tributyltin hydride (eq. 13). Catechol-

borane formed in these cases was isolated by distillation.

H 0
THF
+ BHyTHF ———> @: BH + 2H, — (12)
. 0-25% o

0 0
C[O)m + (C4Hg)sSAH ——> @iol‘aﬁ + (CqHg)sSnCI  — (13)

Catecholborane has remarkable stability compared to other

. 36 37 , . .
dialkoxyboranes such as 3 and 4 , which undergo rapid dispropor-
tionation (eq. 9 and 10). It shows no decomposition for 4h in
refluxing THF solution or for 2h at 120°C as a neat reagent.“

Catecholborane can be stored even for 1 yr. at 0-5C without any

detectable loss in hydride activity.

Hydroboration of alkenes with catecholborane is sluggish at 25°C.

Since catecholborane is thermally stable, these hydroborations can be
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carried out at higher temperatures. For example, 1-pentene and
cyclohexene were hydroborated at 100°C (eq. 14 and 15) giving

quantitative yields with 10¥ excess of the reagent.

0
CL» o

CH3CH,CH,CH=CH, > @: :B(CH,).;CHS =14
0
90%

100%, 2h
o)
O o
100, 4h > @0)3‘@ — (15)
95%

We have investigated the possibility of performing hydroborations

using catecholborane in the presence of BHS—Lewis base complexes

(Chapter-2).

A study of directive effects in the hydroboration of alkenes
showed that catecholborane is more sensitive to the structure of the
alkene than BH,:THF (Scheme 20).>>  Boron addition is exclusively
observed at the less hindered C-atom of the alkene. With BHS:THF as a
hydroborating agent, monosubstituted terminal alkenes proceed to place

the boron atom preferentially at the terminal position.

SCHEME 20: -
CHs(CH;),CH=CH, ———> CHy(CH),CH,CH,  + CHy(CH,),CHCH;
]

A

BH3:THF 94% 6%

0
O:GPH 98% 2%
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Disubstituted terminal alkene places the boron atom exclusively
at the terminal position (Scheme 21).
SCHEME 21:

CH3 CH3 CHS CH3 CH3 CH;

| 1 [ I | |
CHy—C—CHy—C=CH, ————— CH3—C—CH,—CH—CH,+ CH3—C—CH,—CH—CH;
I |

1
CHs CHs A CH;

BH:THF 99% 1%

0
@ B 99% 1%
0

The hydroboration of styrene with BHs:THF results in only 81% of
2-phenyl-1-ethyl boron compound due to the powerful electronic effect
of the phenyl substituent (Scheme 22).

SCHEME 22:

OCH=CH2 e @-cm—cm + @—?H—CHa
!
| /}i\ /)i\

BHyTHF  81% 19%

0
@: B 98% 2%
0

Stereoselectivity observed in the hydroboration of alkenes with

catecholborane is comparable to that observed for BHS:THF. For
example, hydroboration-oxidation of norbornene with catecholborane

gives predominantly exo-norboneol (Scheme 23).
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SCHEME 23:

0
- O ot
0 S E .y
2. NaOH, H,0, OH
H HO

995 % 0-5%

The B-alkylcatecholboronic esters undergo rapid hydrolysis upon
stirring with excess water at 25°C to yield water insoluble crystalline
boronic acids (eq. 16) which can be easily separated from highly water
soluble catechol. These boronic acids have been found to be useful
synthetic intermediates. This is where, catecholborane wins over the

partially alkylated boranes.

0b H.O
R ————> —
@: o 25, 1h RB(OH), + @:;: (16)

One of the important features of these B-alkylcatecholborane
derivatives is their use in the preparation of mixed trialkylboranes

(RBRZI), which are generally not possible via direct hydroboration with

BH3:THF. These mixed trialkylboranes can be prepared by the direct

reaction of B-alkylcatecholborane with alkylmagnesium reagent (eq.

0
1 1
@: BR + 2RMgr —> ReR, — (17)
0

where R= Et, Pr, Bu

17)‘44

R'=Et, Pr, Bu, Ph, PhCH,
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These mixed trialkylboranes can be utilized in the wvarious
synthetic transformations that are possible with organoboranes.‘- We

have utilized this reactivity pattern for the synthesis of alkyl and

aryl olefins from alkenylcatecholborane (Chapter-4).

Catecholborane hydroborates alkynes only at elevated temperature.
Terminal alkynes are hydroborated at 70°C in 1h (Scheme 24) and
internal alkynes get hydroborated in 2-4h at 700C. Quantitative yields
of alkenylcatecholborane are obtained without any dihydroboration.‘i

SCHEME 24:

0

@:0:9” | 0
RCH,C=CH > O: B M
70%C 0/H /C=<

CH,R

The B-alkenylcatecholboranes undergo rapid hydrolysis upon
41
stirring with excess of water at 25°C (eq. 18), to give crystalline

solids of low solubility in water.These can be conveniently isolated

5 45
and handled in air, without significant deterioration.

H

R
R H - H0 — (8)
Ne_ o O —_ e-
H/ 0—0<5<0:© 25°C, 1h 4 c<'E'(O'")z

Protonolysis of these alkenylcatecholboranes give stereo-
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s 41
specific alkenes (eq.19). The terminal alkenylcatecholboranes upon
oxidation with alkaline peroxide give aldehydes (eq. 20) and the
internal alkenylcatecholboranes give the corresponding ketones (eq. 21)

in good yields.‘l

CHy R CH
c=c< CH;,COOH \C C/ . ft6)
e \OD 100, 20 W N
R H
\ NOOH, "lez
C=C<B/° > RCH,CHO (20)
%
s 0
B R NaOH, H,0, I — @

Alkenylcatecholborane reagents can be converted selectively to

cis or trans halo-alkenes depending on halogen used (Scheme 25).‘6AJ

SCHEME 25
1- Bry, 0°C R Br
> -

. H

R H 2- NaOC 3 H H
=P
= B/ D —
H 1- H0 R H
L > H)=c/

2- NaOH, |, N

The F-alkenyl-1-iodides thus prepared, were utilized in

8-50
the syntheses of prostaglandins (Scheme 26).4
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SCHEME 26:

R'O
Mercury(I1I) compounds react with alkenylboronic acids to yield
organomercurials (Scheme 27). This provides a convenient route for the
preparation of other alkenylmetallics stereospecifically. For example,
alkenylcopper reagent can be prepared from alkenylmercurial which are

5
used in the synthesis of a prostaglandin analogue ! (Scheme 27).

SCHEME 27:
e
H HgCl, H HgCl
\C=C}b _—0% >C=C/
Hucu/ Y oc Hi3Cs Sy
H Cu H MgCl
Cul
\C=C/ <« " C-C/
W™ % H —50°C  Hy3Ce Nh
6
g 0
CH
(CH;)sCOOCH; 1- 6 # (CH;)6COOCH;
2 al H
THPO AcOH, H,0, THF HO"“‘ W

C=C
7 ‘ H; \CsHu
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The alkenylcopper reagent 6 can be added stereospecifically to 7

which upon O-deprotection gives (+)-15-deoxy PGE, methyl ester 8.

We have investigated the transfer of alkyl and alkenyl groups

from catecholborane to copper (Chapter-4).

As mentioned earlier, catecholborane hydroboration of alkenes and
alkynes is sluggish at 25°C. Manning and Noth > in 1985 reported that
the activity of catecholborane could be increased catalytically using
certain metal catalysts such as Wilkinson’s complex, ICth(PPha)sl.
Alkynes and alkenes were hydroborated without difficulty at room
temperature in the presence of this catalyst. It was found that CC
double bonds of olefins were preferentially hyroborated even in the
presence of reactive keto group using Wilkinson's complex as a
catalyst. 1In the absence of the catalyst, keto group was attacked

preferentially over olefin group (Scheme 28).

©:0\3'0</\/
> 0/ P

SCHEME 28:

O -

RhCI(PPhy)s O:o 0
= o)?"\/\/k
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Several other rhodium complexes such as [RhCl(CD)(P(CSHS)s]z]

[RhCl(CD){As(CBHS)alzl and [RhCl(cod)zl (cod = 1,5 cyclooctadiene)
were also suitable as catalysts for the hydroboration with

catecholborane.

Manning and Noth suggested a mechanism for olefin hydroboration
(Scheme 29), which is analogous to that proposed for more thoroughly

investigated reactions such as hydrogenation (Scheme 29), hydrosilation

and hydroformylat ion.s'o'

Scheme 29:
RhL5Cl
L=PPhs l"— C[O)BH
0 "r __a‘
RhL,Cl > h @
@ >/\/ reductive Hzc=CH2
lehmmutlon olefin binding

J:-"' H
hydnde /R . :@
mrgrotlon

Evans et 31.54 were the first to report that the stereochemical

consequences of the catalyzed and uncatalyzed processes are different.

For example, in the hydroboration of cyclic 1,2-disubstituted

allylic alcohol derivatives, it was found that the regioselectivity of
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the catalyzed reaction is opposite to that of the uncatalyzed reaction
(Scheme 30). The hydroboration reaction using 9-BBN, without a
catalyst is dominated by electronic effects favouring the anti 1,2-diol
9, while the catalyzed reaction of catecholborane favours the anti 1,3-
diol 11.

SCHEME 30:

OR OR .
‘_OH OH
Uncatalyzed .
OR
OR OR
RhCI(PPhy)s
o N
L "o o
0 11 12

The uncatalyzed reactions with 9-BBN show only marginal levels of

\

Y/

stereo control in the hydroboration of exocyclic cycloalkenes whereas
the catalyzed hydroboration provides the Z-isomer 13, with excellent

diastereoselectivity (eq. 22).

OR OR OR

RhCI(PPh3)5 CHZOH -IP“CH20H

C[ngH =3 + — (22)

13 14

Burgess et al?s found that the enantioselective hydroboration of
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alkenes by catecholborane is facilitated by using homochiral
Rh-phosphine complexes and the oxidation of these products were found
to afford optically active alcohols. For example, treatment of
norbornene with catecholborane in the presence of rhodium-DIOP or
rodium—BINAP catalysts gave after oxidation, exo-norbornol (eq. 23) in
near quantitative yield. The optical purity of the norborneol produced
was found to be inversely proportional to the reaction temperature.
The Rh-BINAP catalyst gives slightly more enantioselective product than
the Rh-DIOP catalyst.

1- [RuCI(BINAP), ]

0
@ ‘BH, 100°C
0 - — (23)

OH

2. NaOH, H,0,

The hydroboration of several other prochiral olefins were

56
studied (eq. 24 and 25).

CH=CH, HO. CH; H
©: P ko,
— -
[Rn(coD), ]BF, NaOH — (24)

(+)—-BINAP

i 0 HC °H " o
CHs—C=CH, @:JJH
1mol% [RhCI(COD),] BF,
: — (25)
2mol% ligand

2. H0,, NaOH_(aq). 0-25 °c

1-Phenyl-1,3-butadiene gives optically active (1S, 3R)-1-phenyl-
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1,3-butanediol upto B7% ee (eq. 26).°°

CH=CH-CH=CH, . HQ,, HO
H
©:0P S Hz0; OH, OH — (26)
[Rh(COD),]BF, NaOH
(+)—BINAP (15,3R) (=) (ont)) (1R,3R) (+) (syn)

Catecholborane as a reducing agent:

Catecholborane is also an useful reducing agent (Table 1). In
addition to being used in the reduction of common functional groups
such as aldehydes and ketones, it is advantageous in the reduction of
certain functional groups and also in selective reductions.

Catecholborane in conjunction with Corey’s omalzabvorolia:line!se—‘;‘3
has been used for the reduction of a-chloro substituted ketones (Scheme
31)64 which are used for the enantioselective synthesis of
aminoacids .

SCHEME 31:

1-NaN;—NaOH  H_ . NHY
h

H
""r N
/< > >\c
R ccly 2 H—Pd/C R 00"

0
R/KCI,
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Table 1.1: Relative reactivity of catecholborane towards various

functional groups.

S.No. Functional Product Rate
Groups
1. >C = NNHTS )CH2 Fast
25 -l‘r‘ =0 —CHZOH Fast
H
3 >S =0 -5- Fast
4. >C =0 >CHOH Moderate
B -C=0 -—CH20H Moderate
|
OH
6. -C = —CH_NR Moderate
I 2 2
NRZ
7 /O\ !
: —Q—(;— _(EH_?OH Moderate
0O O
I Il
8. -C-0-C- 2-CH 2OH Moderate
9. —C=C- Alkenyl-B« Moderate
10. —(|J=O -CHZOH Slow
OR
11. -C=0 ~CH20H Slow
|
€l
12. —C=N —CH2NH2 Slow
19, _G=Cs Alkyl-B«< Slow
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Reduction of trifluoroacetylmesitylene with catecholborane
produces mesityl-2,2,2-trifluoroethanol as a single pure enantiomer in

100% yield (Scheme 32).%

SCHEME 32:
H
i h
CHy O

’ Negl HCh o

Fs <Bun - "

~ 3

HsC Hy Toluene, —78°C, 24h i

0
@:():BH 100% e-e

Catecholborane can be used as a mild alternative to the

Wolff-Kishner process. For example, tosylhydrazones are readily
reduced with catecholborane (Scheme 33).66'67
SCHEME 33:
/NHTs
0 N
i H,NNHTs I
CH3(CH)sCCHs  —————  CHy(CH,)sCCH,
A
CL
:
0
2- NaOAc, H,0, A
CH;,(CH;)_-,CH,CH;

81%
Similarly 2-octanone N,N—-dimethylhydrazone is also very reactive

with catecholborane and produces the corresponding hydrazinoborane

derivative, in nearly quantitative yields (Scheme 34).



SCHEME 34:

0 HC
HyC Q:OBH H""V R

/
= NNR, > N—N
S
Hi;? _-/ R

R=CHy, CHy; H, Ts

Hydrazones derived from olefinic aldehydes and ketones also yield
hydrocarbon products (Scheme 35). Hydrazones derived from a;
{3—~unsaturated derivatives lead to double bond migration (Scheme
66,68,69

36)

SCHEME 35:

0]
o5,
0

N

2- NaOAc-3D,0

CHs
/\/><
H D
/\ /Y 1 .
NNHTS 1- ‘B D
o] WCHJ
D D
CHs

A4

2. NaOAc-3D,0

SCHEME 36:

NNHTs

o)
- OO
0 —_

=3 H:C
HC

HyC \\ 2- NaOAc-3H,0
HsC CH;,

Aliphatic and aromatic acids react rapidly with 1 equivalent of

catecholborane liberating H2 gas to form the corresponding
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, ) , , 70,7 ,
acyloxyborane in quantitative yield ¢ (Scheme 37), which on reaction
with two mole eq. of catecholborane yields the corresponding alcohol
after hydrolysis.

SCHEME 37: o o
0 FB:OD I
i c 0
S5 &N + H T
C - R 2
R// \\OH © '\3::[:::]

2H§§D

RCH,OH

Catecholborane reacts at different rates with aliphatic and

aromatic carboxylic acids. For example, propionic acid reacts at a
moderate rate, but benzoic acid gets reduced slowly. Presumably, this
difference is due to the weaker lLewis basicity of the carbonyl group in

the latter compound.

The most interesting feature about the reduction of
catecholborane, is the reduction of sodium salt of stearic acid.67 It
1s interesting to note that R[IIj- just complexes with BH3 to give
lﬁlljﬁﬂ3, without undergoing reduction at room temperature.7z We

investigated this aspect to understand this difference in reactivity

(Chapter-3).

Anhydrides require 4 equivalents of catecholborane for complete



32

reduction. Presumably, the first equivalent of hydride produces the
corresponding aldehyde and an acyloxyborane (Scheme 38).67

SCHEME 38:
.S OIS ;
PN )0 >~ - /\/‘KM(
< 10 2 1

/\/\CH /\/\OH

Trace amounts of aldehyde have been isolated in this reaction.
This indicates that the reduction of anhydride by catecholborane is
slow compared to the reduction of the aldehyde, produced from the

initial addition of catecholborane to the anhydride.

Functional groups such as nitriles, esters and acid chlorides
react slowly with catecholborane. Rate of reduction is comparable to
the hydroboration of alkenes and alkynes. Hencq’when these functional
groups are present along with alkenes and alkynes, a modest amount of

concurrent reduction occurs.

Functional groups such as aldehydes, imines and sulfoxides are

35,60
readily reduced by catecholborane anq would not be expected to

survive a hydroboration reaction. Thus, citronellal is reduced to the
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unsaturated alcohol with catecholborane in 87% yield (eq.27).‘5

0

I CHCl; H0'

(CH3)2C=CH(CH;),CHCH,C —H p—es >—> (CH,),C=CH(CH,),(.;:HCH, — CH,0H
CH3 CH3

== (27)

Although various methods are available for the preparation of
catecholborane, it was of interest to us to develop simple and
convenient method for the preparation of aryloxyboranes, in general and
catecholborane, in particular. In this laboratory, simple method of
preparation of diborane using Iz/NaBH4 was developed through

7
modification of a method reported in 1965. ? The B2H6 generated in

this way has been used for the preparation of BH_-Lewis base complexes

3
for synthetic applications (Scheme 39).7‘-77
SCHEME 39:
diglyme
>  2Nal + + 1/2H
2NaBH, + L S BoHg /2H,
2B
ZLB:BHS

We have decided to investigate the preparation of aryloxyboranes
by the reaction of BZHS with appropriate phenolic derivatives and
examine their reactivities. The results obtained in these

investigations are discussed in Chapters 2, 3 and 4.
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CHAPTER - 2

Studies on the syntheses and applications of aryloxyboranes.



CHAPTER-2

INTRODUCTION

Selective hydroboration is achieved with a number of partially
alkylated borane (Rzﬂﬂ, RBH2 etc.) complexes.1 Some disubstituted
monofunctional reagents such as isopinocampheylborane, 9-borabicyclo—
nonane, dicyclohexylborane have been extensively used as mono—
hydroborating agents. This property has been used for carrying out
various useful transformations as discussed in Chapter-1. However, the

side products obtained in the oxidation of alkyl boranes may pose

problems in the isolation of products. Use of haloboranes is

2-4
advantageous in this respect.

Unfortunately, these haloboranes are strong Lewis acids and are
not very stable and are not readily accessible. There are a number of
stable heterosubstituted borolanes and borinanes available (Figure 1).
All these reagents show reduced reactivity compared to BH3 or

5-8

dialkylboranes due to additional [1-bonding between oxygen and boron.

FIGURE 1:
CHs

C[z)an C[Z)BH ::BH E}H <::)BH Hy :)3”
Hs



41

As outlined in Chapter-1, catecholborane hydroborates alkenes at

100°C and &alkynes at 70°C.°J0AJ

The chemoselectivity of
catecholborane in the reaction of functionalized alkenes is8 not well
established, but moderately reactive functional groups like esters,
might be reduced competitively at higher temperatures used for
hydroboration. Hence, there is a need for finding means to increase

the reactivity, so that hydroboration of alkenes and alkynes can be

achieved at lower temperature.

a - 12 - -
Manning and Noth  in 1985 successfully hydroborated olefins, in
the presence of ketone functionality at room temperature using a
transition metal complex as catalyst (Scheme 1).

SCHEME 1:

RhCI(PPhs)s

Ol AT O K

Later, many groups were successful in their attempts of

hydroborating olefins using various transition metal complexes as

cataalysts.“"“'115 We have undertaken this investigation in order to

develop new routes of syntheses and utilization of catecholborane and

other aryloxyboranes.
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RESULTS AND DISCUSSION

Synthesis and Utilization of catecholborane:

Recently, a convenient method has been developed in this
laboratory for the generation of diborane through a slight modification

of a reported procedure, using NaBH4 and 1 The diborane generated in

2"
this way can be complexed with lLewis bases in a solvent of interest

(eq. 2).1°

2NaBHy + I ——> ByHg + 2Nal + H, —— (1)
in DG in DG

BHg + LB ——> HB:lB —(2)

Generally, catecholborane (1,3,2-benzodioxaborole) is prepared in

THF solvent by the reaction of catechol with BH3:THF.947 The

catecholborane is isolated by prior distillation of THF solvent,

followed by distillation of the residue under vacuum. Since excess BH3

is generally used for preparation in THF, the distillation is necessary.
It was thought that catecholborane could be prepared in non-polar

solvents such as benzene and toluene by passing B2H6 through a

suspension of catechol. Since BZHS is not soluble in these solvents,

there will not be any other borane species present. Indeed, this was
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observed. The catecholborane prepared in this way showed a sharp »>BH
absorption at 2680 cm_l. similar to that reported for catecholborane.1a
Hydride analysis data were in accordance with the presence of a single

hydride.
Since some polymeric aryloxyboranes could also be formed along

with catecholborane, excess diborane was utilized (Scheme 2).

SCHEME 2:

O YN

The catecholborane thus prepared was used for the hydroboration
of alkenes and 1-alkynes (Scheme 3).

SCHEME 3:
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Table 2.1: Hydroboration of representative alkenes using catecholborane

prepared in benzene e

Entry Substrate Productb Yield(%)d
No.
1. n-C_H__CH=CH
817 2 e s 68
Z OH
2 80°
OH
»
3 85

a) Reactions were carried out under N2 atmosphere using catecholborane
(10.5 mmol) and substrate (10 mmol) in benzene (40 mL) at 80°C for
12h (see experimental section).

b) Oxidation was carried out using IN NaOH/HZOZ.

c) 1H NMR spectrum indicated the presence of isomeric 1-phenylethanol
upto 8%.

d) Yields are of products isolated by distillation under reduced
pressure and/or by column chromatography on silica gel. The

1 13
products were identified by spectral data (IR, Hand C NMR) and

comparison with the data of authentic samples.
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Alkenes such as l1-decene, styrene and a-pinene were hydroborated

by refluxing in benzene solvent in 12h in individual runs. The regio

and stereoselectivites obtained in the hydroboration of representative

alkenes are same as those observed in the hydroboration of
catecholborane, prepared using BH :THP.19

3

Table 2.2: Hydroboration of alkynes using catecholborane prepared in

benzene.a
Entry Substrate Product Yie[d(%)d
No.
1 n—C _H, _—C=CH —C_H_ _-CH_-CHO 90b
: - v g 2
b
2 n—Cloﬂzl—CECH Q—CIOHZI—CHZ—CHO 91
(&)
3. n—C 8H1 7—C‘£CH n—C 8H 17 \=\ 70
|
c
4. - = H 72
G Ty g 21\&:;\
|

a) Reactions were carried out under N2 atmosphere using catecholborane
(10.5 mmol) and substrate (10 mmol) in benzene (40 mL) at 80°C for
12h (see experimental section).

b) Oxidation was carried out using 3N NaOAc/Hzoz.

¢) Iodination was carried out using 3N NaOH and 12.
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d) Yields are of products isolated by column chromatography on silica
gel. The products were identified by spectral data (IR, 1H and 13C

NMR) and comparison with the data of authentic samples.

In a similar manner, l-decyne and 1-dodecyne were hydroborated to
give alkenylboron derivatives, which on oxidation with NaOAc/H202 gave
the corresponding aldehydes in 90-91%¥ yields (Table 2.2). The
alkenylboronic acids obtained through the addition of water to
alkenylcatecholborane intermediates are readily converted to the
corresponding E-1-iodo-1-alkenes on reaction with excess of NaOH and 12

(entry nos. 3 and 4, Table 2.2) in 70-72¥ yield following the reported

2
procedure.

E-1-iodo—-1-alkenes are useful compounds as discussed in Chapter-1
and the present synthesis from alkynes using the readily accessible
starting materials should make this synthetic method attractive. The
mechanism of the formation of the iodoalkene can be visualized as shown
in Scheme 4.

SCHEME 4:
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OH 4§

R I
N
C= O i =0 - OH —> 5 . C—C==B(0H),
ST T WG T
\OH H o

l

OH B(0OH),

R N H
/C=< 6_— R c—C ‘s,
G ! / N\ H
|

l""

H

The hydroborations using catecholborane can be carried out only

19
at elevated temperatures, At these temperatures other functional
groups such as ketones, acids, esters, amides, nitriles, etc., will be

21

z
reduced competitively. For example, the ester group is reduced by
o 21
catecholborane at 65 C (Scheme 5).

SCHEME 5:

e 2CB, THF
/\)\001'45 A T N NoH

Since competitive reduction is possible at higher temperatures
along with hydroboration, it is of interest to examine the possibility

of performing the hydroboration at room temperature so as to keep the

other functional groups intact.

As described in Chapter-1, Manning and NGth successfully

hydroborated olefins with catecholborane at room temperature using
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transition metal complexes such as Wilkinson's oatalyst.12 Later,
13,14,15

several other groups employed various transition metal

complexes as catalysts. Enantioselective hydroborations were also

carried out using homochiral transition metal complexes. (For details,
see Chapter-1). Unfortunately most of these complexes used are
expensive. In continuation of our studies on the development of new
) 23,24 ! :
hydroborating agents, we were looking for a convenient means for
the catalysis of catecholborane hydroboration. In 1971, Brown and
coworkers reported that triaryloxyboranes exchange with trialkyl-
boranes in the presence of catalytic amount of BHé:THF at 100°C to give

25
the corresponding alkyl aryloxyborane derivatives (eq. 3).

cat HsB:THF
2R,B + (Ar0)sB > 3R,BOAr —— (3)
100%

It was anticipated that such disproportionation reactions would

most probably go through intermediates such as (ArO)zBH and/or RZEH

species (eq. 4-6).

cat HsB:THF
RsB > RyBH + RBH, —— (4)

(ar0)sB cat HATY > (Ar0),BH + ArOBH, —(5)

R,BH + (Ar0),BH ———> R;BOAr + ArOBH, — (6)
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This suggested the possibility of achieving hydroboration and
exchanging alkenyl/alkyl group with diaryloxyborane such as

catecholborane as envisaged in Scheme 6.

SCHEME 6:

CL»

RC=CH _ R\,
HsB:LB ————3’ W —<B/H )3~ +

o /, \‘R
H

ED—-I

Since catecholborane does not react with alkynes at room
temperature, the HBB:LB catalyst is expected to hydroborate the alkyne
first followed by the exchange with catecholborane, giving

alkenylcatecholborane, there by regenerating the catalyst.

As outlined previously, we have convenient methods for the
generation of borane-Lewis base complexes such as N,N-diethylaniline
—BH3. We decided to study the exchange phenomenon using N,N—diethyl-
aniline—EHS. Catecholborane (10 mmol) was prepared and the reaction
with 1-decene (16 mmol) was performed at 25°C for 24h in the presence
of N,N-diethylaniline-borane complex (1 mmol). Only 7.5% of 1-decanol
was isolated after oxidation of the resulting organoborane. This could
have resulted from the hydroboration of 1-decene with the N,N—diethyl-

s.niline—-BH3 complex. This shows that the alkyl group does not transfer



from alkylborane to catecholborane as envisaged in Scheme 7.

SCHEME 7:

0
H
RCH=CH, H (::I:ap 0
HsB:LB —————> RCH,CH, i /%CH,CH,R
H 0

However, when l-alkene in the above experiment was replaced by
1-alkynes (16 mmol), 1-alkanals were obtained in 65-81% yields after
the oxidation with NaOAc/HO . (Table 2.3).°°  The formation of
alkenylborane derivatives under the present conditions was further
confirmed by carrying out the iodination reaction with NaOH/Iz. The
benzene solvent was distilled out after hydrolysis and the

alkenylboronic acid was isolated free of catechol. The crude

alkenylboronic acid was iodinated with NaOH/Iz. following the reported
20 _ .

procedure. The corresponding isomerically pure E-1-iodo-1-alkenes were

obtained in 65-67% yield (entry nos 5 and 6, Table 2.3).

These results indicate that the exchange process envisaged above
(Scheme 6) takes place in the reaction with l-alkynes. The absence of
1fdecan01 in this reaction rules out the formation of gemdibora
derivative, i.e, further hydroboration of alkenylcatecholborane does

not take place with either BH3:LB or catecholborane present (Scheme 8).
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SCHEME 8:

We have also found that the catecholborane does not hydroborate
1-alkynes at 25°C even after 24h in the absence of the borane catalyst.
The reaction of 1-decyne with N,N—diethylaniline-borane complex
followed by NaOAc/H202 oxidation gave 1-decanol and not i-decanal.

Presumably, the hydroboration leading to the formation of gem—dibora

derivative (Scheme 9) takes place in the absence of catecholborane.

SCHEME 9:
HsB:N(Et),Ph H\ C/g"-- AcO - M
R-C=C-H > R-C- ? — RCH;-C\B v
/ H,0 1
/

R—CH;—CH,—~OH €———  RCH,CH,—BL_
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Table 2.3: Hydroboration of alkynes wusing catecholborane and

a
H3B.N(C2H5)2Ph complex.

Entry Substrate Product Yjeld(x)d
No.
1 n—C H _-C=CH n—-C H _—CH_-CHO 65b
' 6 13 6 13 2
b
2 n—CBH 1 7—C:CH n~—CSH 1 7—CHZ—CHO 76
b
3. n—CMH29—CECH n—CMHzg—CHz—CHO 81
b
4. H3000C—(CH2 ) B—CECH HaCX)OC—(CH2 ) Q—CHO 68
c
5, n—CBH”—CECH n—CBH”\:\ 65
! o
6.
n—CMHzg-CECH n—C1 4112 9\__:\ 67
|

a) Reactions were carried out under Nz atmosphere using catecholborane
(10 mmol) and substrate (16 mmol) in the ©presence of
N,N—-diethylaniline-borane complex (1 mmol) as catalyst.

b) Products obtained after oxidation using 3N NaOAc/Hzoz.

c) Products obtained after iodination using 3N NaOH and 12.

d) Yields are of isolated and purified products calculated on the basis
of catechol utilized. The products were identified by spectral data

(IR, ]Ha.nd l:']C NMR) and comparison with the data of authentic

samples.
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The experiments of catecholborane and N,N—diethy]aniline-BH3 with

1-alkynes indicate that alkenyl transfer reaction, to give alkenyl-
catecholborane is faster than the formation of gem—dibora compounds.

SCHEME 10:

o
o 0
fost @(}3 ”

HsB:LB A L
N
B

<
ot

R-C=C-H _ R
H3B:THF > Je=c(__H —
l
H

A > R..-C—

T

/

Similar results were observed with the reagent prepared by

passing excess BZHS through a mixture of N,N—diethylaniline (1 mmol)

and catechol (10 mmol) in benzene at 25 C.

Selective hydroborations were also achieved using this reagent
system, as expected. For example, methyl 10-undecynoate was converted
to the corresponding aldehyde (Table 2.3). The ester group is not

o
affected, since the experiment is carried out at 25 C.

In order to examine whether alkynes <can be selectively

hydroborated in the presence of alkenes, 1-decyne (16 mmol) and

I-decene (16 mmol) in a reaction with catecholborane (10 mmol) and
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N.N—diethylaniline-BH3 (1 mmol) were employed. In this case, only 4.5
mmol of 1-decanal was formed besides 2 mmol of 1-decanol (Scheme 11).
The decanol formed most probably results from the hydroboration of
1-decene by N.N—diethylaniline“BHs. The low yield of I-decanal
obtained in this case when compared to the reaction carried out using
1—decyne alone, implies that the BH3 species to some extent is used up
in the hydroboration of 1-decene. Hence, an equivalent amount of
catecholborane remained unreacted even after 24h. This rate
retardation is not unexpected, since the formation of trialkylborane
would remove the “BHs“ species.

SCHEME 11:

H

cot HyBiLB 0>
RC=CH + RCH=CH, —_— 5 \C=<
©: BH H R
o +

RCH CH_) B
£ 2 2)3
Similar exchange results were also observed using 10 mol % of

BHS:THF (Scheme 12).

SCHEME 12:

0
BH 0
R—-C=C-H CEO' +
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27
Recently, Corey et al. reported the reaction of RSB with

B(OCH CFS)B in the presence of BH_:THF (2 mol%) (eqg. 7).

2 3
CF3CH,0H RyB, & , 3h
H3B:THF >  B(OCH,CF3)s > RB(OCH,CF3)
—H, BHy:THF (2mol%) e
— {7)
They suggested the mechanism shown in Scheme 13.
SCHEME 13:
CFsCH0\_ " ™ M
B(OCH,CF3)s + BHx(cat) _ \B B
: PP
CFsCH,0 0~
|
CH,CFy |
I
cr,cu,o\e,f’ " R
L._ ’
RB(OCH,CFs); = A
CF:CHzo R"

Presumably, the hydroboration with catecholborane/N,N-diethyl-
El.niline—-l?li[3 combination may also go through a similar process. (Scheme

14).



SCHEME 14:
0h q
H ALIN
R-C=C-H R _H @:0’ 0 .7 M
: > = S ——_— -8
H3B:LB - H/c C\B/H O:E“ /B\H
| N s
H Y R

@ZZ);?C:C(:. +,_; L7

Very recently, Arase and co—wcu-l[cers,ZB reported that the

hydroboration of alkenes using catecholborane takes place at room
temperature with Li]ElH4 as catalyst (Scheme 15).

SCHEME 15:

1

0 R‘ LiBH,(cat) H0/ OH R N
BH + > C= > > R—c-c—r*
©:o’ = L o

A wide variety of alkenes were hydroborated in quantitative

yvields. Dialkoxyboranes in the presence of 1% LiBEtsH hydroborate

alkenes under mild oonditions.zp It was found that in the absence of

LiBEt3H, the hydroboration of 1-hexene with dibutoxyborane (BuO)zBH are

very sluggish compared to that in the presence of a catalytic amount of
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LiBEtGH (less than 1X). They also found that addition of LiBEt3H in
the dibutoxyborane formation stage, also promoted the hydroboration as
well as the formation of dibutoxyborane, providing a quantitative yield
of hexanols (eq. B). These methods add another interesting useful
reagent system to the pool of hydroborating agents available to the

organic chemists.

LEESH{1%) 2ROH alkene Hy0,/ OH 1
H,B > > (RO),BH——> > R'OH

— (&)

Hydroboration of Alkenes and Alkynes using PhOH/HSB:N(CZHS)zPh System:

As discussed previously, ArOzBH and RZEH species may be the
intermediates in exchange reactions of trialkoxyboranes with
trialkylboranes, in the presence of catalytic amount of BH3:THF. It was

of interest to examine the possibility of preparing diphenoxyborane by

passing B2H6 through a suspension of phenol in benzene. However, in

these cases the solution IR spectrum of the reaction mixture showed the
absence of -OH and >BH absorptions, indicating the formation of
aryloxyboranes without >BH bonds. This may be due to the instability

(=]
of >BH bonds in alkoxy and aryloxy boranes (eq. 9).1
6(RO)BH — BHs T  +4(ROB  — (9)

However, it was of interest to examine whether dialkylmono—

phenoxyborane can be prepared by adding appropriate amounts of phenol
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to HsB:N(CZHS)ZPh in benzene, followed by 1-decene. Several
experiments were carried out in order to examine this possibility
(Scheme 16).

SCHEME 16:

HsB:N(CHg)Ph  + PhOH  ——> B(OPh)s + HgB:N(CyHs),Ph

ZC'H-|7_CH-CH2

(CgHy7CH,CH, ),C=0
el NaOH/  NaOCH; I CHa=CHa
< < _B—0Ph
* Hz0, R—CH,—CH,
CgHy7CH,CHOH
65%

The experiment was carried out under several conditions of
temperature and time. However, there was no change observed in the
product ratio. The formation of dialkylketone in low yields in the
reaction with NaOCHa/CHCl3 followed by oxidation,30 indicates that the

reaction does not give clearly dialkylborane species.

In order to examine whether alkenyldiphenoxyborane can be

prepared using phenol in a similar way, an experiment by taking

appropriate amounts of phenol, H3B:N(02H5)2Ph and l-decyne (Scheme 17)

. 31
was carried out.
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SCHEME 17:

HsB:N(CzHs),Ph + 2PhOH —> B(OPh); + H3B:N(C,Hs),Ph

CgHy7—C=C-H

NoOAc/ Ry
Hy7CH,CHO C=
CgHy7CH, 13-—;;6;———- . C:::_{th

Ph

The aldehyde was obtained only in 55% yield and the alkyne (32%)

was recovered. The experimental conditions were altered in several
ways, for example, taking more of the substrate, heating the reaction
mixture to allow the exchange to be complete, changing the solvent from

benzene to toluene, but no variation in the product ratio was
observed. However, l-decanol was not formed. This indicates that the
gem—dibora derivative is not formed although the yield of the aldehyde

. 31
1s relatively less compared to the experiments with catecholborane.

Attempted preparation of binaphtholborane:

Efficient creation of optically active organic molecules from
prochiral compounds by chemical means is a challenging task. Numerous

efforts by synthetic organic chemists led to the discovery of a number

of chiral auxiliaries (Figure 2). Binaphthol moiety based ligands have
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been found to be effective in chiral ll‘ﬂ.ﬂSfOl"ll‘ﬂtiOﬂS.gz For example,
BINAP complexes are used in asymmetric hydrogenation, hydroboration,
33,34

etc

FIGURE 2:

@@ P(Cets); ©© (ts;/g%
©© P(CeHs); @O (;5 )2\3CH"'

+
(R)—BINAP (S)—BINAP—Rh Complex

(S)—BINAL—H

The chiral reducing agent BINAL-H, exhibits exceptionally high

enantioface differentiating ability in the stoichiometric reduction of

prochiral ketones having an aromatic, olefinic, or acetylenic

substitution.>>>®%"  Titanium complex of binaphthol is used in
i 38
asymmetric Diels-Alder reactions.

In view of the synthetic importance of the binaphthyl reagents,
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we attempted the preparation of binaphtholborane by bubbling excess of
BZHG through a benzene solution of binaphthol (Scheme 18).

SCHEME 18:

” . By ©© pr
QO™ QO

Unfortunately, no »>B-H absorption was observed in solution IR
spectroscopic studies.

FIGURE 3:

We anticipated the formation of a polymer (Figure 3) and hence
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attempted to depolymerize it through complexation with Lewis bases such
as amines. It has been observed that precipitation occurs when the
reaction mixture was treated with triethylamine. The precipitate did

not melt even at 250°C.

In order to examine whether such precipitation could be helpful
in resolving binaphthol by complexing with chiral Lewis bases, chiral
amines such as a-methyl benzyl amine, ephidrine and cinchonine were
added in individual runs to the solution of the aryloxy polymer in
benzene. In all these cases, we obtained a white precipitate which did
not melt even at 250°C. The precipitate was decomposed with dil. HCI.
The resulting binaphthol was found to be racemic. Presumably, the

amine complexes are still polymeric in nature.

Attempted Hydroboration of Alkenes and Alkynes with Catecholborane in

benzene in the presence of added Lewis bases:

It has been reported that there is a large variation in the rate of
hydroboration reactions utilizing catecholborane in different solvents.

For example, 1-octene in chloroform does not react with catecholborane,

19 . A
whereas in THF it undergoes hydroboration. There is a possibility

that complexation of the catecholborane .with THF may increase its

reactivity towards alkenes. We have carried out the hydroboration of
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1-decene by catecholborane in benzene adding THF, (CHS)ZS' and N(Et)zph
in individual runs. However, we found that the catecholborane does not

react with 1-decene at room temperature even after 48h.

Very recently Knochel et 31.39 have prepared a new hydroborating
agent, pinacolborane, by the addition of borane—dimethyl sulfide to a
solution of pinacol in dry dichloromethane. The pinacolborane can be
isolated by distillation or used in situ for hydroboration of alkyne at
25°C in CH,Cl,, (Scheme 19). Two equivalents of pinacolborane are
required and the reaction is complete in 2Zh at ZSDC.

SCHEME 19:

0
HO\C _OH HsB:SMe; iO\BH RC=CH (2eq) . N .
y =, o /N
HyC ‘7 \" CHy CH, Cly, 2h o CH,Clp, 2h OH/C=C/
HyC CHy 0-25% 0-25% R

o .
It is suprising that this reagent hydroborates alkynes at 25 C in

2h. The greater stability and reactivity of this reagent compared to

the borane heterocycles given in Fig.1 (p~40) is not understood.

Presumably, the hindered nature of pinacolborane prevents the formation

of alkoxyborane polymers. However, greater reactivity of this borane

1s unexpected.
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Attempted preparation and utilization of iodocatecholborane:

40

Recently, Kelly et al. have prepared bromocatecholborane41

which has structurally and conformationally defined site of Lewis
acidity (Figure 4).

FIGURE 4:

0
CLo
0

The potential of bromocatecholborane to function as a Lewis acid

: ; < 8 42,43 :
catalyst was suggested by its ability to cleave ethers. It 18
also very effective as a catalyst with a wide variety of dienophiles in
the Diels-Alder reaction. Unfortunately, preparation of bromo-—

catecholborane involves the use of BBrB, which is difficult to handle

0
and also is not readily accessible (eq.lo).‘

H 0
+ BBry —> ©z >Br + 2HBr — (10)
H 0

It was thought that iodocatecholborane would have similar
properties. We envisaged the preparation of the iodocatecholborane by

the reaction of iodine with catecholborane in benzene (eq. 11).
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0 0
2@:0)3'” p —> z@r}u + W — (1)

Catecholborane (10 mmol) was prepared in dry benzene (40 mL) from
catechol and BZHB' Iodine in dry benzene (20 mL) was added under NZ
atmosphere. It was found that iodine reacts very slowly at 25°C. In
order to examine whether iodocatecholborane is formed, the Diels-Alder
reaction (Scheme 20) of cyclopentadiene and cinnamaldehyde at —780C was
carried out in the presence of iodocatecholborane, prepared in this
way. It has been observed that the corresponding Diels—Alder adduct is

obtained in 29% yield.

SCHEME 20:
CHO Pn
O 0
P CHO

1t has been reported that cyclopentadiene does not react with

o_ 40 )
cinnamaldehyde without the catalyst even for 24h at 25 C. Certainly,

the iodocatecholborane formed, catalyzes this reaction. However, the

vield is poor. So, we have decided to look into other types of

reactivity of the >BI moiety. It is well known that, haloboration of

alkynes can be achieved using B-halo-9-BBN. They react with acyclic
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a,f3-unsaturated ketones to give Z-5-halo-y,&-unsaturated ketones

44 ;
(Scheme 21) In stereochemically pure form ( > 98%).

SCHEME 21:

R‘\
RCSCH + B —> ,/C=<j<)>
0

1
R1CH=CHCR2

R (0]
:>C=C<:ﬁ )
| CHCH,CR

&1

An experiment was carried out in order to examine whether
iodocatecholborane prepared under the present conditions could
lodoborate alkynes. It was found that the only product obtained after
oxidation was 2—-iodo-1—decene and the 2-i1odo-aldehyde was not formed.
This may be due to the instability of the corresponding
10doa l keny 1 borane . Also, as mentioned previously, catecholborane

reacts slowly with iodine. It is possible that HI may be 1nitially

formed by the reaction of 12 with catecholborane. So, the

2-10do-1-decene may result from the addition of some left out HI to

lI-decyne. Very recently, 1t has been found in this laboratory, that
the Hl generated using Bl /Cﬁdtxx}lsystem is useful for hvdroiodination
3 .

of alkenes and alkynes.45
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We have also attempted the preparation of iodocatecholborane in
different ways. N.N—Diethylamline—lﬂ3 complex was prepared from
N.N—diethylaniline—BH3 and iodine*® and was treated with catechol 1n
order to get iodocatecholborane. Excess of triethylamine was added to
eliminate HI in the form of quaternary salt. ‘The {formation of 1odo-
catecholborane was examined by the solution lK spectrum (No >BH and —OH
absorptions). Attempted 1odoboration of 1-decyne at Zboc using this
reagent system, gave only 9% of the expected Z-1odo—-l1-decanal along
with the starting material (72%). Heating the reaction mixture to 80°C
after the addition of Il-decyne did not mprove the vield of the
Z-10do—-1—-decanal. However, the 1odocatecholborane prepared in this way

gave reasonable yield (74%) of the adduct in the Iiels—Alder reaction

between cyclopentadiene and cinnamaldehyde.



68

CONCLUSIONS

A simple method for preparation of catecholborane by passing BZHS
through a suspension of catechol in benzene has been developed. The
reagent prepared in this way is used for hydroboration-oxidation of
representative alkenes and alkynes at 80°C. The preparation of
alkenylcatecholboranes can be achieved at 25°C by performing the
reaction in the presence of 10 mol ¥ of H B: N(C2H5)2Ph or H B THF .
Alkenylcatecholboranes on iodination with IZ/NaOH give the
corresponding E-1-iodo-1-alkenes in good yields. Attempts have been
made to prepare monophenoxydialkylborane and diphenoxyalkylborane using
appropriate amounts of phenol and H3B:N(C2H5)2Ph. Attempts were also

made to prepare iodocatecholborane for use as a lLewis—acid catalyst in

Diels-Alder reactions and also in iodoboration of alkynes.
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EXPERIMENTAL SECTION

General Information:

All melting points reported are uncorrected and were determined
using a Buchi-510 capillary point apparatus. Infrared spectra were
recorded on Perkin—Elmer IR Spectrophotometer Model-3010 with

1 13
polystyrene as reference. H NMR and C NMR spectra were recorded on
a JEOL-FX-100 spectrometer with chloroform—d as a solvent and TMS as
reference (& = 0 ppm). Gas chromatography analyses were carried out on

a Packard model-42 instrument equipped with a flame ionisation detector

on a SE-30 or carbovax column using nitrogen as carrier gas.
Analytical thin layer chromatographic tests were carried out on glass
plates (3 x 10 em) coated with (250 mu) Acme’s silica gel G or GF254
containing 13% calcium sulphate as binder. The spots were visualized

by short exposure to iodine vapour or UV light. Column chromatography

was carried out using Acme’s silica gel (100-200 mesh).

Al]l glassware was pre-dried in an air oven, assembled at hot
conditions and cooled under a stream of dry nitrogen. Unless otherwise
mentioned, all operations/transformations of reagents/ reactions were

carried out using standard syringe, septum techniques, recommended for
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, g
handling organoboranes. Reagents prepared in situ in solvents were
transformed using double-ended stainless steel (Aldrich) needle under a

stream of nitrogen whenever required.

In all experiments, round bottom flask of appropriate size with a
side arm, a side septum, a magnetic stirring bar, a condenser and a
connecting tube attached to a mercury bubbler were used. The outlet of
the mercury bubbler was connected to an acetone bubbler whose outlet

was connected by a long tube to the atmosphere.

All dry solvents were distilled from appropriate drying agents

just before use. As a routine, all organic extracts were washed with
saturated sodium chloride solution and dried over anhydrous MgSO4 and
concentrated on a Buchi-El-rotary evaporator (at reduced pressure).

All yeilds reported are isolated yields of materials judged homogenous

by TLC, IR and NMR spectroscopy.

Benzene, toluene, diglyme and THF were distilled over benzo-
phenone-sodium. DCM was distilled over PZOS' All alkenes utilized
were commercial samples, supplied by Fluka, Switzerland. All alkynes

except 1-heptyne were prépared by bromination followed Dby

dehydrobromination of the corresponding olefins following the procedure
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reported in the literature.*’ 1-Heptyne utilized was supplied by
Fluka, Switzerland. Sodium borohydride (97%, 100 g) supplied by
LOBA-Cheme, India and Fluka, Switzerland were utilized and kept under
nitrogen in a dessicator, after opening the bottle. Resublimed iodine
was used. N,N-Diethylaniline and triethylamine were distilled over
anhydrous KOH in small quantities (10 mL) and kept under nitrogen for

utilization.

Catechol supplied by SD’s, India was sublimed to obtain in white
crystalline form, which was utilized in all the experiments.
Binaphthol was prepared starting from {3-naphthol, using the reported
procedure.‘a It was recrystallized two times from water to get white
crystalline solid which was then utilized for experiments. Freshly
distilled phenol utilized was supplied by SD’s, India. Dicyclopentadiene
was supplied by Fluka, Switzerland. Cinnamaldehyde utilized was

supplied by E.Merck, India.

Diborane was generated by dropwise addition of iodine in diglyme
to sodium borohydride in diglyme at 10°C using apparatus recommended

i6
for utilization in the hydroboration of organoboranes.
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Generation of diborane utilizing the IZ/NaBH‘l system and preparation of

catecholborane:

A solution of iodine (6.35 g, 25 mmol) in diglyme (20 mlL) was
introduced dropwise during 3h from an addition funnel into a generation
flask (100 mL RB flask with a side arm and a side septum) containing
NaEH4 (2.0 g, 50 mmol) in diglyme (10 mL) at room temperature (tap
water cooling) under a static nitrogen atmosphere. The generated
diborane and hydrogen were carried off through a side tube and bubbled
through a solution of catechol (1.1 g, 10 mmol) in benzene (40 mlL) in
another flask at room temperature (250 mL RB flask with a side septum,
side arm and a condenser). The outlet from the latter flask was vented
through a mercury bubbler and a trap containing adequate amount of
acetone to destroy excess diborane. When the bubbling of the gases in
the reaction flask had ceased, the bubbler was removed 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 stream 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 catecholborane solution
thus prepared was utilized for further reactions. IR (benzene)vmax:
2680 cm_l. The »>B-H stretching absorption of that reported for

-1 18
catecholborane is 2680 cm .
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Hydroboration-Oxidation of 1-decene using catecholborane prepared in

benzene:

The procedure followed for the hydroboration -oxidation of 1-

decene with catecholborane is representative.

Catecholborane (10.5 mmol) was prepared by passing diborane
through a solution of catechol in benzene over 3h at ZSOC. 1-Decene
(10 mmol, 1.4 g) was added and temperature was raised to 80°C. The

mixture was refluxed for 12h. The contents were brought back to room

temperature and the excess hydride (if any) was carefully destroyed by
adding water (2 mL) while cooling the flask externally with cold water.
THF (20 mL) was added and the organoborane was oxidized by the addition
of 3N NaOH (15 mL) followed by dropwise addition of H202 (16%, 25 mL).
The organic layer was separated and the agueous layer was extracted
with ether (3 x 20 mL). The combined organic extract was washed with
IN NaOH solution (3 x 20 mL) to remove catechol followed by water and
saturated NaCl solution (15 mL). It was then dried over anhydrous
MSSO4, the solvent was removed on a rotary evaporator and the residue
was distilled under reduced pressure to obtain 1-decanol (1.39 g, 88%).

IR spectrum of this product showed 1:1 correspondence with the spectrum

49
reported in the literature.
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CHy(CH;),CH=CH, ———>  CH;(CH,)sCH,0H

1

IR (neat)v : 3350, 1080 cm

max
B.P. : 106°c/7 mm, Lit.*® 120°C/12 mm
13

C NMR (25.0 MHz, CIIIIS) : & ppm 13.9, 22.6, 25.8, 29.3, 29.8, 31.9,

32.5, 62.5

The above procedure for hydroboration was followed for the

conversion of a few other olefins into corresponding alcohols and the

results are presented below and also in Table 2.1.

C— &

Yield . 80% (0.98 g)
B.P. . 90-91°C/10 mm, Lit.>° 100-103°C/12 mm
=y
IR (neat)v . 3300, 1020 cm
max
1y NMR(100 MHz, CDC1) ¢ 6 ppm 1.4 (d, ~CHp), 2.7 (t, ~CH,), 2.8 (br

s, —OH), 3.6 (t, _CHZ_O)' 4.7 (q, CH-O),

7.2 (m, aromatic hydrogens).

13(: NMR (25.0 MHz, CDCIS) : & ppm 35.1, 63.3, 125.3, 127.1, 128.8,

138.7.

113[ NMR spectrum indicated the presence of isomeric 1-phenyl-
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ethanol upto 8%.

,OH
——
Yield . 85% (1.31 )
B.P. : 98°C/10 mm, Lit. "% 217°C/760 mm
IR (neat)v : 3350, 1120 om *
max

13
C NMR (25.0 MHz, CDC13) : & ppm 20.8, 23.8, 27.9, 34.1, 38.3, 42.1,

47.8, 48.0, 48.2, T1.7.

The data of the compound are identical to that reported in the

. 50
literature.

Hydroboration-Oxidation of 1-decyne using catecholborane in

benzene:

Catecholborane (10.5 mmol) was prepared by passing B-ZH6 through a
solution of catechol in benzene (40 mL). 1-Decyne (1.38 g, 10 mmol)
was added and the temperature was raised to 80°C. The mixture was

stirred for 12h to obtain the catechol ester of 1-decenylboronic

acid.i0 The contents were brought back tp room temperature and the

excess hydride (if any) was destroyed by adding water (2 mL). THF (20
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mL) was added and oxidation of the organoborane was carried out using
3N NaOAc (15 mL) and H202 (16%, 25 mL) following the procedure
recommended for oxidation of orgambora.nea.’ The organic layer was
separated and the aqueous layer was extracted with ether (3 x 20 mL).
The combined organic exiract was washed with IN NaOH (3 x 20 mL) to
remove catechol, followed by water and saturated NaCl solution (15 mL).

It was then dried over anhydrous MgSO4. The solvent was evaporated and

the residue was chromatographed on a silica gel column. The product

eluted with hexane/ethyl acetate (95:5) was identified as 1-decanal

(1.4 g, 90%).

CH3(CH;);,C=CH ——>  CH3(CHy)g—CHO

B.P. . 85°C/10 mm, Lit.>> 208-9°C/760 mm
IR (neat)v . 2700, 1720 cm .
max

IHNMR (100 MHz, CDCIS) : & ppm 0.8 (t, -CH3). 1.2 (m, -CHZ), 1.5

(m, _CHZ_ ), 2.3 (m, —CHZ—CHO). 9.2 (br s,
—CHO) .
13C NMR (25.0 MHz, CII!IS) : & ppm 14.0, 22.0, 22.7, 29.1, 29.4, 29.7,

31.9, 43.9, 202.8.

The reaction with 1-dodecyne (1.64 g, 10 mmol) was also carried

out following the procedure outlined above, to obtain l-dodecanal.
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CH3(CH),C=CH  ——>  CH3(CHy)40—CHO

Yield . 91% (1.67 g)
B.P. : 108°C/5mm, Lit. > 185/100 mm
=1
IR (neat) vmax : 2700, 1720 cm
1
HNMR (100 MBz, COCI.)  : & ppm 0.8 (t, <CH), 1.2 (m, ~a), 1.5

(m, -CHZ— ), 2.3 (m, —CH2~CHO). 9.2 (br
s, —CHO).
13
C NMR (25.0 MHz, CDCls) : & ppm 14.2, 22.1, 22.9, 29.1, 29.3, 29.5,

29.7, 29.9, 31.9, 43.9, 202.86.
Hydroboration-Iodination of 1-decyne using catecholborane in benzene:

Catecholborane (10.5 mmol) was prepared from catechol and 32H6 in
benzene (40 mL). 1-Decyne (1.38 g, 10 mmol) was added under nitrogen
atmosphere and the temperature was raised tO'BODC. The mixture was
stirred for 12h to obtain the catechol ester of 1-decenylboronic
acid.10 The mixture was cooled to room temperature and stirred with
water (10 mL) for 1h, to effect the hydrolysis of the ester. The
benzene solvent was distilled out under nitrogen to afford a white
solid which was washed with ice-cold water (3 x 10 mL), to obtain
boronic acid free of catechol. The boronic acid was then dissolved in

ether (20 mL) and cooled to 0°C. 3N NaOH (10 mL) was then added
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followed by iodine (1.52 g, 12 mmol) in ether (30 mL), while stirring
at 0°c over 15 min. The mixture was stirred for 1h at 0°C. The excess
iodine was then destroyed with agueous sodium thiosulphate solution.
The ether layer was separated, washed with IN NaOH (2 x 20mL), water,
and dried over anhydrous HgSO4. The solvent was evaporated and the
residue was chromatographed on a silica gel column. The product eluted

with hexane was identified as E-1-iodo—1—-decene (1.86 g, T0%).

CH3(CH,);C =CH — 5 CHs(CH), \=.\
[

IR (neat)v . 1620, 940, 720 cm
max

IHN}{R (100 MHz, Clxlla) : & ppm 0.8 (t, —CHS), 1.2 (m, —CHz ), 1.4

(m, _CH2— ), 1.9 (m, —CH2 adjacent to
olefin), 5.8-6.6 (m, olefinic hydrogens)

13C NMR (25.0 MHz, CDC13) : 6 ppm 14.1, 22.7, 28.5, 29.0, 29.5, 29.8,

32.1, 36.2, T4.4, 146.5

Mass (m/e) . 266 (M, 40%),83 (100%).

s . 55
The F-1-iodo-1-decene has been reported in the literature.

However the data are not given.

Similarly, when 1-dodecyne was hydroborated with catecholborane

followed by iodonolysis with NaOﬂ/Iz, F-1-iodo—1—-dodecene was



obtained.

CH3(CHz)e
CHy(CHp)gC=CH ——>
:
Yield L 72% (2.1 g)
IR (neat)v . 1620, 940, 720 cm |
max

1
HNMR (100 MHz, CDCl))  : & ppm 0.8 (t, —CH), 1.2 m, ~CH,,

hydrogens), 1.4 (m, —CHz— ), 1.9 (m, —CH2
ad jacent to olefin), 5.8-6.6 (m, olefinic

hydrogens) (Spectrum no. 1).
13C NMR (25.0 MHz, CDCIS) : & ppm 14.1, 22.7, 28.4, 28.9, 29.1, 29.3,
29.5, 31.9, 36.1, 74.4, 146.7 (Spectrum

no. 2).

Mass (m/e) 204 (M, 22%), 97(100%).

5
The E-l1-deuterio-1-iodo—1-dodecene has been reported. . The JlH

NMR data of this compound is similar to the data reported here but for

the difference in the signals for olefinic protons.

Preparation of N,N-diethylanil ine-borane complex:

To a solution of N,N—diethylaniline (1.49 g, 10 mmol) in dry

O
benzene (40 mlL), diborane was passed over 1h at 10 C. The

N,N--f:i:ietm'lanil1‘ne—BH3 complex thus prepared was utilized for further
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. =]
reactions. IR (benzene)v : 2235, 2280, 23 . The 2

- 40 cm (C2H5)3N BH3
complex has >B-H stretching absorption in the same region are appears

as a symmetrical triplet.57
Hydroboration of 1-decyne using N,N—-diethylanil ine-borane complex:

N,N-Diethylaniline-borane complex (10 mmol) was prepared from

N,N—diethylaniline and BZHS' 1-Decyne (1.38 g, 10 mmol) was added and
stirred for 24h at 25°C. The reaction was quenched with water (2 mL).
THF (10 mL) was added and oxidized with NaOAc/HZOZ. The organic layer
was separated and the agqueous layer was extracted with ether (2 x 20
mlL). The combined organic extract was washed with IN HCl (3 x 10 mL)
followed by water and brine. It was dried over anhydrous MgSO4 and the
solvent was evaporated. The residue was purified on a silica gel
column, to obtained Il-decanol (0.74 g, 47%). No 1-decanal was

obtained. The spectral data are superimposable with the spectrum of

the authentic sample.

Reaction of 1-decyne with catecholborane in the presence of catalytic

amount of N,N-diethylaniline-borane complex (0.1 eq):

Catecholborane (10 mmol) was prepared from catechol and B2H6 in

dry benzene (40 mL). N,N—-diethylaniline-borane complex (1 mmol) in
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benzene was transferred to the flask under nitrogen atmosphere with the
help of a double-ended needle at 25°C. 1-Decyne (2.21 g, 16 mmol) was
added and stirred for 24h at room temperature. The excess hydride (if
any) was destroyed by adding water (2 mL). THF (20 mL) was added and
oxidalion of the organoborane was carried out using 3N NaOAc (15 mL)
and HZOZ (16%, 25 mL). The organic layer was separated and the aqueous
layer was extracted with ether (3 x 20 mL). The combined organic
extract was washed with IN HCl (2 x 15 mL) and IN NaOH (3 x 20 mL), to
remove the amine and catechol respectively followed by water and
saturated NaCl solution (15 mL). It was then dried over anhydrous
MgSO4 and the solvent was evaporated. The residue was chromatographed
on a silica gel column. The product eluted with hexane/chloroform
(60:40) was identified as 1-decanal (1.19 g, 76X yield, based on
catecholborane). IR spectrum of the product showed 1:1 correspondence

with the samples obtained previously. The l1-decanol was not formed and

the excess alkyne was recovered (0.97 g).

In order to examine the generality of the reaction, the reaction
with wvarious other alkynes was carried out following the above

procedure and the organoborane was oxidized using NaOAc/HZOZ.
CHy(CH;)13C=CH  ——>  CHy(CH;),4—CHO

Yield : 81% (1.94 &)



B.P.
IR (neat)v
max

1H NMR (100 MHz, CDCIS)

1

CH3(CH,)sC=CH

Yield

B.P.

IR (neat)v
max

1
H NMR (100 MHz, CDC]B)

13C NMR (25.0 MHz, CDCl,) :

3

H3COOC(CH, )sC=CH

Yield

3C NMR (25.0 MHz, CDC13) !
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. 150°C/5 mm , Lit.>? 200-202°C/29 mm

. 2700, 1720 om

& ppm 0.8 (t, —CHS)' 1.2 (m, —CH2
hydrogens), 1.5 (m, _CHZ- ), 2.3 (m,
—CHE—CHO), 9.2 (br s, -CHO) (Spectrum no.
3).

$ ppm 14.0, 22.0, 22.7, 29.1, 29.4, 29.7,

31.9, 43.9, 202.8 (Spectrum no. 4).

——>  CH3(CH,)s—CHO

. 65% (0.83 g)
. 70°C/25 mm , Lit.>> 171°C/760 mm

. 2700, 1720 om

& ppm 0.8 (t, —CHS), 1.2 (m, ~CH2

hydrogens), 1.5 (m, —CHz— ), 2.3 (m,
CH2—CHO), 9.2 (br s, —-CHO).
& ppm 14.0, 22.7, 24.8, 29.0, 29.1, 31.7,

34.2, 202.6.

———>  H3CO0C(CH,)g—CHO

1 68% (1.45 g)
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IR (neat)v : 2700, 1740, 1720 cm *
max

1H NMR (100 MHz, CDCla) : & ppm 1.2 (m, -CH2 hydrogens), 1.5 (m,
-CHZ—OOOCHS), 2.3 (m, —CHé~CHO), 3.75 (s,
—OCH3), 9.8 (br s, —CHO).

13C NMR (25.0 MHz, CDCIS) : & ppm 18.0, 24.5, 28.2, 28.4, 28.6, 28.8,

33.6, 50.9, 173.3, 201.5.

Hydroboration-Iodination of 1-decyne with catecholborane in the

presence of catalytic amount of N,N—-diethylaniline-borane complex (0.1

eq):

Catecholborane (10 mmol) was prepared from catechol and
BEHB.N,N-Diethylaniline-borane complex (1 mmol) in benzene was
transferred under nitrogen atmosphere with the help of a double ended
needle at 25°C. 1-Decyne (2.21 g, 16 mmol) was added and stirred at
250C for 24h, to obtain the catechol ester of 1-decenylboronic acid.
The mixture was stirred with water (10 mL) for 1h, to effect the
hydrolysis of the ester. The benzene solvent was distilled out under
nitrogen atmosphere to afford a white solid which was washed with
ice-cold water (3 x 10 mL) to obtain boronic acid free of the catechol.

The boronic acid was then dissolved in ether (20 mL) in a 100 mL

2-necked RB flask and cooled to OOC. 3N NaOH (10 mL) was then added
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followed by iodine (1.52 g, 12 mmol) in ether (30 mL), while stirring
at 0°C over 15 min. The mixture was stirred for 1h at 0°C. The excess
iodine was then destroyed with aqueous sodium thiosulphate solution.
The organic layer was separated and washed with IN HCl (2 x 15 mL) and
IN NaOH (3 x 20 mL) to remove the amine and catechol, respectively
followed by water (20 mL) and saturated NaCl solution (15 mL) and dried
over anhydrous MgSO4. The solvent was evaporated and the residue was
chromatographed on a silica gel column. The product eluted with hexane
was identified as E-1-iodo—1-decene (1.73 g, 65%). The spectral data

were in accordance with the sample obtained previously.

Similarly, when 1-hexadecyne was hydroborated with catechol-

borane, followed by iodonolysis with NaOH/Iz, E-1-iodo—-1-hexadecene

was obtained.

CH3(CHyz )45
CH3(CH,),3C=CH e
|
Yield . 87% (2.35 &)
IR (neat)v . 1620, 940, 720 cm
max

1
H NMR (100 MHz, CDCl) & ppm 0.8 (t, —CH), 1.2 (m, —CH,

hydrogens), 1.4 (m, _CHZ- ), 1.9 (m, —CH2
adjacent to olefin), 5.8-6.6 (m, olefinic

hydrogens) .
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13
C NR (25.0 MHz, CDC1,) : & ppm 14.1, 22.7, 28.5, 29.0, 2.5, 29.8,

32.1, 36.2, 74.4, 148.5.

Mass (m/e) 1350 (M, 18%), 43 (100%) (Spectrum no 5).

Reaction of l1-decyne with catecholborane in the presence of catalytic

amount of borane-tetrahydrofuran complex (0.1 eq):

Catecholborane (10 mmol) was prepared from catechol and BZHS'
Borane—-tetrahydrofuran complex (1 mmol) in THF was transferred under
nitrogen atmosphere with the help of a double-ended needle at 250C.
1-Decyne (2.21 g, 16 mmol) was added and stirred at 250C for 24h. The
excess hydride was destroyved by adding water (2 ml) and oxidation of
the organoborane was carried out using 3N NaOAc (15 mL) and H202 (16%,
25 mL). The érganic layer was separated and the agueous layer was
extracted with ether (3 x 20 mL). The combined organic extract was
washed with IN NaOH (3 x 20 mL), to remove catechol followed by water
and saturated NaCl solution (15 mL). It was then dried over anhydrous
MESO4 and the solvent was evaporated. The residue was chromatographed
on a silica gel column. The product eluted with hexane/chloroform
(60:40) was identified as 1-decanal (1.13 g, 72%) yield. Spectral data
of the 1-decanal obtained in this experiment were identical with the

data in the earlier experiments.
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Reaction of 1-decyne with the borane reagent prepared by passing BEHS

through catechol and N,N—-diethylaniline in benzene:

Catechol (1.1 g, 10 mmol) was taken in benzene (40 mlL) and
N,N—diethylaniline (0.15 g, 1 mmol) was added. Diborane (25 mmol) was
bubbled into the benzene solution. 1-Decyne (2.21 g, 16 mmol) was
added and stirred at 250C for 24h. The excess hydride was destroyed by

adding water (2 ml.). THF (20 mL) was added and oxidation of the

organoborane was carried out using 3N NaOAc (15 mL) and H202 (1e%, 25
mlL). The organic layer was separated and the aqueous layer was
extracted with ether (3 x 20 mL). The combined organic extract was
washed with IN HCl (2 x 15 mL) followed by IN NaCH (3 x 20 mL) to
remove the amine and catechol respectively. It was further washed with
water, saturated NaCl solution (15 mL) and was dried over anhydrous
MgSO4. The solvent was evaporated and the residue was chromatographed
on a silica gel column. The product eluted with hexane/chloroform
(60:40) was identified as 1-decanal (1.16 g, 74%). Spectral data were

identical with the data obtained for this product in the earlier

experiments.

Attempted selective hydroboration of 1-decyne over 1-decene using
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catecholborane in the presence of catalytic amount of N,N—diethyl-

aniline-borane complex (0.1 eq.):

Catecholborane (10 mmol) was prepared from catechol and B2H6 in
dry benzene (40 mlL). N,N-diethylaniline-borane complex (1 mmol) in
benzene was transferred under nitrogen with the help of a double—ended
needle at 25°C. 1-Decyne (2.21 g, 16 mmol) and i-decene (2.24 g, 16
mmol) were added and stirred at 250C for 24h. The excess hydride was
destroyed by adding water (2 mL). THF (20 mL) was added and oxidation
of the organoborane was carried out using 3N NaOAc (15 mL) and H202
(16%, 25 mL). The organic layer was separated and the aqueous layer
was washed with IN HCl (2 x 15 mL) and IN NaOH (3 x 20 mL) to remove
the amine and catechol respectively, followed by water and saturated
NaCl solution.(15 mL). The solution was then dried over anhydrous
Mg‘SO4 and the solvent was evaporated. The residue was chromotagraphed

on a silica gel column. The products obtained were identified as

1-decanal (0.70 g, 45%) and 1-decanol (0.32 g, 20%).

The spectral data of 1-decanal and 1-decanol showed 1:1

correspondence with those obtained earlier.
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L
Attempted preparation of binaphtholborane from binaphthol wusing

diborane:

Binaphthol was prepared by the coupling of [3-naphthol with FeCl3
following the reported procedure.*® Binaphthol (2.88 g, 10 mmol) was
taken in dry benzene (40 mL) in an RB flask with a side septum and
bubbled excess diborane at 2500 over 3-4h under nitrogen atmosphere.
The bubbler was replaced by a stopper and solution IR spectrum of the
contents was recorded which indicated the absence of >B-H and -OH

absorptions.

An attempt towards the preparation of PhOzBH and/or PhOEH2 by

passing B.?HS through a solution of phenol in benzene also gave similar

results.

Hydroboration of 1-decene with the borane reagent prepared from

N,N—diethylanil ine-borane complex and phenol:

N,N—diethylaniline-borane (10 mmol) complex was prepared using
N,N-diethylaniline and BH_ in dry benzene (40 mL) at 10°C.  Phenol
(0.94 g, 10 mmol) in benzene (20 mL) was added under nitrogen

atmosphere with the help of a double ended needle. Evolution of H2 gas
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was observed. After the evolution ceased, 1-decene (2.8 g, 20 mmol)
was added and the contents were stirred for 12h at 25°C and for 2h at
80°C . THF (10 mL) was added and the excess hydride (if any) was
destroyed using water (2 mL). The organoborane species was oxidized
using H202INM]L The organic layer was separated and the aqueous layer
was extracted with ether (3 x 10 mL). The combined organic extract was
washed with IN HCI (2 x 20 mL), followed by water and brine solution.

The residue was chromatographed using hexane/ethyl acetate (95:5) as

eluent, to yield l-decanol (1.52 g, 96%).

Reaction of CHClafNaOCH3 with alkylborane reagent prepared using phenol

(1 eq.), BHS:N,N—diethylamine complex (leq.) and 1-decene (2 eq.):

N,N—diethylaniline-borane complex (10 mmol) was prepared in-
benzene (40 mL) at 10°C. Phenol (0.94 g, 10 mmol) in benzene (20 mL)
was added under nitrogen atmosphere. After the evolution of H2 gas
ceased, l-decene (2.8 g, 20 mmol) was added and the contents were
stirred for 12h at 25°C and for 2h at 80°C. The contents were brought
to 25°C and THF (30 mL) was added. The excess hydride was destroyed
carefully with methanol (1 mL). To the reaction mixture, chloroform

(10 mL) was added. NaOMe (2.16 g, 40 mmol) was added from a solid

: o
addition flask during 1h and the contents were further stirred at 55 C
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for 2h. It was brought to 25°C and water (2 mL) was added.  The
organoborane species was oxidized using HZOZ/NaOH. The contents were
neutralized with 2N HC1 (phenophthalein indicator) and extracted with
ether (3 x 30 mL). The ether layer was washed with saturated NaCl

solution and dried over anhydrous HgSO4.

The solvent was evaporated and the residue was chromatographed on
a silica gel column using hexane/chloroform as eluent to obtain

di-1-decylketone (0.76 g, 30%) and 1-decanol (1.03 g, 65%).

The above experiment was repeated taking 40 mmol of 1-decene

instead of 20 mmol. No improvement in the yield of di-1-decylketone

was observed.

0
CHy(CHp)/CH=CH,  ——>  CH5(CHy)e™ * N(CHy)oCHs

M.P. . 64°c, Lit.%® 62°C
-4
IR(KBr)v : 1710 com
max

1H NMR (100 MHz, CDCla) : 6 ppm 0.8 (t, -'Cﬂa), 1.2 (m, -CHz), 1.5

(m, -CHZ), 2.3 (m, —CH2—00).

13C NMR (25.0 MHz, C[IT13) : & ppm 14.1, 22.6, 23.9, 29.3, 29.5, 29.6,

31.9, 42.8, 211.9.



a1
Reaction of the borane reagent prepared using BHa:N(Czﬂs)zPh (1 eq.)

and phenol (2 eq.) with 1-decyne (1 eq.):

N,N-diethylanil ine-borane complex (10 mmol) was prepared in
benzene (40 mL) at 10°C. Phenol (1.88 g, 20 mmol) in benzene (20 mL)
was added under nitrogen atmosphere. After the evolution of gas
ceased, l-decyne (1.38 g, 10 mmol) was added and the contents were
stirred for 12h at 25°C. THF (10 mL) was added and the excess hydride
was quenched with water (2 mL). The organoborane species was oxidized
using H202/Na0Ac. The organic layer was separated and the aqueous
layer was extracted with ether (3 x 10 mL). The combined organic
extract was washed with INHCI (2 x 20 mL), IN NaOH (3x 20 ml),
followed by water and brine solution. The layer was dried over
anhydrous MgSO4. The solvent was evaporated and the compound was
separated on ﬁ silica gel column using hexane/chloroform (60:40) as

eluent to obtain 1-decanal (0.86 g, 55%). Some amount of the starting

material was recovered (0.44 g, 34%).

Changing the reaction conditions in several ways like heating the
reaction mixture to BOOC after the addition of i—-decyne, increasing the
amount of the substrate added, changing the solvent to toluene, did not

help in improving the yield of the product.
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Attempted Diels-Alder reaction of iodocatecholborane:

Catecholborane (10 mmol) was prepared from catechol and diborane.
Iodine (1.27 g, 5 mmol) was added in benzene (20 mL) and stirred for
3h. Dry DCM (20 mL) was added and the system was cooled to —78°C.

Cinnamaldehyde (1.32 g, 10 mmol) was added, followed by cyclopentadiene
(1.98 g, 30 mmol) and stirred for 4h. Water was added followed by
hexane (10 mL). Saturated sodium bicarbonate solution was added and
extracted with ether (2 x 20 mL). The organic layer was washed with
N&28203 solution (2 x 20 mL), IN NaOH solution (3 x 20 mL), water (10
mlL) and saturated NaCl solution. The organic layer was dried over HgSO4
and the solvent was evaporated. The residue was separated on a silica

gel column using hexane/ethy]l acetate (95:5) as eluent to yield the

40
Diels-Alder product (0.57 g, 29%).

CHO
Ph
O f —
Ph HO
=1
IR (neat)v 11720, 1620, 1600 cm
max

1H NMR (100 MHz, CDCla) : S ppm 1.1 (q, _CHZ)’ 3.3-3.8 (m, -CH),
6.5-6.9 (m, olefinic hydrogens), 7.7 (m,

aromatic hydrogens), 9.2 (br s, -CHO)

(Spectrum no. 6).
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3
13. MR (25.0 MHz, CDCl,) : & ppm 41.9, 45.5, 46.9, 48.2, 60.7, 126.2,
127.3, 128.6, 133.8, 139.2, 143.6, 203.4

(Spectrum no. 7).
The product has been reported in the literature.‘o

The above reaction was tried in dry toluene also, but there was
no improvement in the yield of the product obtained. Raising the

reaction temperature conditions also did not help.

Attempted iodoboration-protonolysis of 1-decyne using iodocatechol-

borane:

Iodo-catecholborane was prepared from catecholborane (10 mmol)
and iodine (5 mmol). 1-Decyne (1.38 g, 10 mmol) was added and stirred
for 24h at 250C. Acetic acid (1.2 g, 20 mmol) was added and stirred
for 1h. Sodium bicarbonate solution was added slowly and stirred for
10 mts. Hexane was added and the organic layer was separated. It was
washed successively with saturated Nazszo3 solution (2 x 20 mL), 1IN HCI
solution (20 mL), IN NaOH solution (3 x 20 mL), water (20 mlL) and
saturated NaCl solution. It was dried over anhydrous MgSo4 and the

solvent was evaporated. The residue was separated on a silica gel

column using hexane as eluent to obtain 2-iododecene.
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nCgHy7 H
CHs(CH),CSCH ——> | >c-<
H

Yield D T2% (1.9 &)
IR (neat)v . 3020, 1620 om |
max

1
H NMR (100 MHz, CDCIS) : & ppm 0.9 (t, —CH3). 1.3 (m, —CH2 ),

2.0-2.5 (m, —C=C—CH2), 5.7 (8, olefinic
hydrogen), 6.0 (s, olefinic hydrogen).
13
C NMR (25.0 MHz, CDC13) : & ppm 13.8, 22.3, 27.8, 28.8, 28.9, 31.5,

45.0, 112.8, 124.8.

13
Comparison of the C NMR with that reported previously‘s

confirms the structural assignment.

Attempted iodoboration-oxidation of 1-decyne using iodo—catechol-

borane:

Iodo—catecholborane was prepared from catecholborane (10 mmol)
and iodine (5 mmol). 1-Decyne (1.38 g, 10 mmol) was added and stirred
for 24h at 25°C. THF (20 mL) was added and quenched with water (2 mL).
The organoborane species was oxidized with IN NaOH solution followed by
dropwise addition of H O . The organic layer was separated, washed

22

with saturated Nazszo3 (20 mL) and IN HCl1 (2 x 20 mL). It was further
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washed with IN NaOH (3 x 20 mL), to remove catechol and saturated NaCl
solution. The organic layer was dried over anhydrous MgSO4 and the
solvent was evaporated. The residue was chromatographed on a silica
gel column using hexane/ethyl acetate as on eluent. The only product
isolated was 2-iodo-1-decene (1.85 g, 70%). No iodo-aldehyde was
obtained. The spectral data were identical with the data obtained in

the previous experiment.

Attempted iodoboration of 1-decyne using iodocatecholborane:

N,N—-diethylanil ine-borane was prepared from BZHG and N,N—diethyl-
aniline (0.75 g, 5 mmol) in dry benzene (40 mL) at 10°C. To the above
solution, iodine (3.81 g, 15 mmol) in dry benzene (30 mL) was added at
25°C and stirred for 12h followed by catechol (0.55 g, 5 mmol). The
contents were further stirred for 10h. The solution IR spectrum of the
mixture showed the absence of the —OH and »B-H absorption. Excess of
triethylamine was added to arrest the reaction due to HI. 1-Decyne
(0.69 g, 5 mmol) was added and stirred for 24h at 25C. To the
reaction mixture, water (10 mL) was added followed by oxidation using
NaOAc/Hzoz, following the reported procedure.1 The organic layer was
separated and washed with 3N NaOH solution (3 x 10 mL), 3N HCI (3 x 10

mL), water and brine solution. It was dried over anhydrous HgSO4 and

evaporated. The residue was chromatographed on a silica gel column to
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obtain the 2-iodo-1-decanal (0.26 g, 9%). The starting material was

recovered (0.49 g, 72%).

I
CHs(CHs,C=CH ~ ———>  CHs(CHy);—CH—-CHO

IR (neat)v . 2750, 1710, 720 om .
max
1
H NMR (100 MHz, CDCla) : & ppm 0.9 (t, _CHB)’ 1.2 (m, _CHZ)' 1.8 (m,
~CH,), 4.4 (m,~CH), 9.2 (d, ~CHO).
3
15c WR (25.0 MHz, CDC1,) : & ppm 14.1, 22.6, 28.8, 20.1, 31.8,

31.8, 36.8, 191.9.

The spectral data of the product showed 1:1 correspondence with

46
the data of the sample reported previously.

The above reaction was tried by heating the reaction mixture at
TOGC for 24h after the addition of 1—-decyne. No improvement in the

yield of the product was observed.

Diels-Alder reaction of cyclopentadiene and cinnamaldehyde using

iodo-catecholborane as a catalyst:

B-Iodocatecholborane (5 mmol) was prepared using N,N-

diethy]aniline-BI3 complex and catechol. Cinnamaldehyde (0.66 g, 5
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mmol) in dry DOM (20 mL) was added to the reagent at -20°C.
Cyclopentadiene (0.66 g, 10 mmol) was added and further stirred for 6h.
The reaction was quenched with water. The organic layer was separated
and washed with 3N HCI (3 x 10 mL), followed by water (10 mL), 3N NaOH

(3 x 10 mL), brine and dried over anhydrous MgSD4. The solvent was

evaporated and the residue was chromatographed on a silica gel column
using hexane/ethyl acetate (95:5) as eluent to yield the Diels—-Alder
product (1.48 g, 74%). The spectral data showed 1:1 correspondence

with the compound obtained earlier.
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CHAPTER - 3
studies on the reductions and hydroborations with reagents prepared using

catechol and NaBH4.



INTRODUCTION

Sodium borohydride is a convenient and useful reducing agent
because it is easy to handle and it is readily accessible. Part of the
convenience associated with sodium borohydride lies in the fact that
unl ike most other complex hydrides, it is not affected by moisture and
atmospheric oxygen under ambient conditions. Generally, reductions can
be carried out in solvents like water and alcohols. Various functional
groups such as aldehydes,1 ketones,z acid chlorides,8 oximes,‘
iactones,5 imines6 can be reduced by sodium borohydride. However, it

fails to reduce functional groups such as carboxylic acids, carboxylic

salts, esters, amides, imides, nitriles, halides, nitro compounds and

olefins under ambient conditions.

The reactivity of sodium borohydride can be enhanced using Lewis
acids in which case, diborane is generated (eq. 1-4).

diglyme
3NoBH, + BCl, —3Y"° 5 3NaCl + 2BHg —— (1)

3NoBH, + 4BF5-OEt, M——) 3NaBF, + 2BHg — (2)

'
2NaBH, + Hg,Cly -ﬂ—"g——:» 2Hg + 2NaCl + Hy+BHg —— (3)
25
2NoBH, + b -iig%r%—) INal + H; + BHg —— (4)

In ethereal solvents, diborane gas dissolved to give lﬂs:etherate
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complexes. These complexes reduce functionalities such as acids,

esters, amides, imides, nitriles and olefins.a'p

The reaction of MBH, with mineral acids also yields diborane

4
(eq. 5-7). 1071
diglyme
2NaBH, + H,SO, ——— > Na,S0, + 2H; + BoHg —— (5)
2KBH, + 2H;PO, ——> 2KH,PO, + 2H, + BHg —— (6)

The diborane generated using the above methods can be used to
prepare BHS:TI-]}‘, which 18 now commercialized and widely used for the

reduction of a variety of functionalities (Chart 1)."

CHART 1:
RCH;NH, RCH,NHOH
g
R-C—C—R'
RCN —CH=NOH _ RCHOHR
&
R—CH=NR' RCHO
RCH,—NHR' & BHy:THF > RCH,0H
RCONR, —
RCH,NR, RCOOH RCOONa
RCH,OH
RCH,OH No reaction

Carboxylic acids are normally not reduced by sodium borohydride
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in protolytic solvents. However, a number of aromatic and aliphatic
carboxylic acids are reduced to alcohols using sodium borohydride at
300°C. Hydroboration of 1-alkenes using sodium borohydride and acetic
acid givesan organoborane, which on alkaline peroxide oxidation gives
good yield of the corresponding alcohol (eq.8).

1- NaBH,/AcOH

n—C.,H,CH-"-*C S ne
e o Jrno, > " CeHeCHZCH;OH (8)

This can be explained by the formation of the following

acyloxyborohydride species (eq. 9).

NaBH, + X RCOOH ——————> NaBH, _,(0OCR) , + XH, —— (9)
X=1to 3

Originally, it was observed that upon reaction of sodium boro-
hydride (1 eq) with CHSOOOH (1 eq), a material analyzed for 'NaBHSOAc’
crystallizes out of THF.15 The reaction of this material with water
liberates 3 moles of hydrogen. The material gives (RO)SPBH3 in good

15
yvields on treatment with trialkylphosphates.

It has been observed that the reaction of isobutyric acid (1 eq)

and sodium borohydride (1 eg) in THF actually gives a suspension, in

which NaBH is in equilibrium with the mono-, di-, tri- and

16
tetra-acyloxyborohydride species (eq. 10).
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IR
NaBH, T—— NaBH;0Ac —— NaBH,(0OAc), ——

— (10)

NaB(OAc)y, —— NaBH(OAc)s

Among the above acyloxyborohydride species, the fol lowing hydride

delivering ability order was observed (eq. ll).17

" BH3;0COR > ~ BH,(OCOR), > ~ BH(OCOR) 3 —— (11)

The RCOOH/N&BH4 system prepared in neat carboxylic acids or in
solvents such as benzene, THF, dioxane, DMF, dichloroethane,
dichloromethane etc. have been utilized for several useful synthetic

; : 17
transformations. An excellent review has appeared recently. The

) . 18-21
reagent system has been utilized for reduction of enamines, and

T 2 g i8 F ao
related substrates,zz a» reductions of imines, indoles,

18,31-38 : - 18,35,39-43 ) 44-46
amines, reductive nitrogen heterocycles, oximes

47 - 4
and related substrates, reduction of hydrazones, nitriles,

7,49 . 50-54 30
amides,48 ca.rbamates,3 reduction of alkenes, alcohols,

358,59

55-57 . ;
ketones, selective reduction of aldehydes in the presence of

o0-62 16152.63-66
ketones, asymmetric reduction of ketones, and for many

other applications.

In recent years, there is an increased interest in enhancing the
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reactivity of Na.BH4 using various additives and by partial substitution
of borohydride. For example, Zn(m4);7a:)d benzyltriethylammonium

., o8
borohydride were used for selective reductions of different
functional groups. In this laboratory, it was found that the
ic-dim:/NaE!l-l4 system can be used for obtaining interesting
L. oo . .
applications. As discussed previously, interesting reactivities were
observed for the RCOOH/N&BH4 systems. We have decided to examine the

reactivity of the reagent generated utilizing the PKDO!UN&.BIi4/catechol

system and undertoock the investigation discussed in this chapter.
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RESULTS AND DISCUSSION

Reduction of carboxylic acids using oateclnl/NaI!H4 system:

It has been reported that the NaBH4 reduces carboxylic acids to
the corresponding alcohols under THF reflux conditions.?o However, the

VORI vy o suggested that the reaction

yield is only about 50%.
may involve the formation of acyloxyborane intermediate (Scheme 1).73

SCHEME 1:
fast
RCOOH + NaBHy ——> RCOOBH3Na + H,
RCOOBH3Na ——> (RC00),BH,Na + NaBH,

(RCOO),BH,Na ——> RCOOBH, + RCOONa

lfost
RCH20—<

Kabalka et aI.u have found that the sodium salt of stearic acid
is reduced by catecholborane to the corresponding alcohol in THF at
room temperature in 6.5h. This result 1is surprising because borane

] .
itself is inert towards the sodium salt of an acid. The facile
o]
reduction of the carboxylate anion by catecholborane at 25 C must go
through the initial formation of the ate complex, i.e. ROOO could form
a coordination complex with catecholborane, which might then react with

another molecule of catecholborane to give the reduced product.
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The sequence of reactions shown in Scheme 2 can be considered on

the basis of the results obtained.

SCHEME 2:

L= OO Ot O

0

O~
0 o N @: Bi: o 9
- I o) -
(L o+ Clpobre (X pro-ters nooo
0 o | /
H o)

The reaction went to completion, since Kabalka utilized 2 mole

equivalents of catecholborane per mole of the carboxylate anion.

It occured to us that if the above reaction sequences are true,
it could be possible to reduce carboxylic acids using catechol and
sodium borohydride at room temperature. In order to examine this, we
performed a reaction by adding I-decancic acid (10 mmol) to the
suspension of NaBH4 (20 mmol) and catechol (20 mmol) in dry THF at 0°c
(scheme 3). It was further stirred for 4h at 25°C. After work up (see

experimental section), l1-decanol was i1solated (48%) besides the

unreacted acid. No improvement in the yield of the product was

observed by increasing the amounts of NaBH4 and/or catechol.
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Increasing the reaction time or the reaction temperature did not help.

There was no improvement in the product on increasing the amount of the

substrate.
SCHEME 3:
Q::H RCOOH +
NaBH, e > Hs0
T T —> RCH,0H + RCOOH

The reaction was carried out by changing the sequence of
addition.?o For example, NaBH4 (20 mmol) was taken in dry THF and
1-decancic acid (10 mmol) was added followed by the addition of
catechol (20 mmol) at 0°C (Scheme 4). The mixture was stirred for 4h
at 25°C. Again, l-decanol was obtained only in 47% yield, besides the
unreacted 1-decanoic acid. There was no improvement in the yield of

the product formed when the experiment was carried out under wvarious
reaction conditions similar to those discussed above. Although the
conversion is only upto 50%, the yield is high if the recovered acid is
taken into account. When catechol was replaced by phenol (2 eq), no
reduced product was obtained.

SCHEME 4:

NaoBH,
THF

RCH,0H + RCOOH

H
RCOOH aH [ ] HyO'
> > s
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The reagent system was used for the reduction of few other acids

(Table 3.1). 1In all cases, the yield obtained was only about 50%.

Table 3.1: Reduction of carboxylic acids using NaBH4/catechol system.a

Entry Substrate Time[h] Product Yield(%)b
No. [ROOOH]

1z CH3(CH2)7-CDOH 4 CHB(CH2)7—CH20H 47

2. CHS(CHZ)S-{IIXI 4 CHS(CHZ)S-CHZOH 48

3. CH3(CH2)14-COOH 4 CH3(CH2)14—CH20H 49

4, H3COOC(CH2)8-UOOH 4 HBCOOC(CH2)8-CH20H 47

5. 7N (CH,) ;~C00H 4 Z\(CH) ~CH OH 49

a) Reactions were carried out using NaBH4 (20 mmol), catechol (20
mmol) and RCOOH (10 mmol) in THF (40 mL) under N2 atmosphere.

b) Yields are of products isolated by distillation and/or by column
chromatography on silica gel using hexane/ethyl acetate as eluent.
The products were identified by spectral data (IR, 1H NMR, 130 NMR)

and comparison with the data of authentic samples.
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However, the procedure is useful for reduction of molecules which

have other functional groups such as an olefin or an ester along with
the carboxylic acid moiety. For example, the half ester of sebacic acid
is converted to the corresponding alcohol in 47%¥ yield besides the
unreacted starting material <(entry no. 4, Table 3.1). Also,
10—undecenoic acid was converted to 10-undecenol in 49% yield (entry no.
5, Table 3.1) leaving the olefinic group intact. Benzoic acid gave

very low yields (9%) of benzyl alcohol under these conditions.

Assuming that the reaction conditions outlined in Scheme 3 and 4
would lead to the same intermediates as outlined in Scheme 2, the

results can be tentatively explained. Since there is no free
catecholborane present in our reaction conditions, one half equivalent
of ROOO will remain unreacted (Scheme 1). It occured to us that if a
mixture of two carboxylic acids are used and if one of them could

readily dissociate to give RCOOh, then the reduction of the other acid

can be achieved to more extent.

It was thought that CF3CUOH would serve our purpose, since the
CFSCOO- species is expected to be relatively stable, good leaving and
poorly coordinating group. A 1:1 mixture of ROCOOH and CF3000H was

utilized for this purpose (Scheme 5).
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SCHEME 5:

OH
C[ + NoBH, ———> —E_CF’ %
cr,cooH _ﬁ._ .

0
0 o H C['}Q 0 .
g l (o) I -
O (Lo e O e o-Lon en
0 |
o o

It was indeed found that the conversion of carboxylic acid into
alcohol is more efficient in this case. The generality of the reaction
was tested with a number of acids. It was found that the aliphatic
acids are reduced to the corresponding alcohols in good yields (B7-94%,

Table 3.2).

When the reduction of benzoic acid was attempted, it was found

that benzyl alcohol is obtained in low yield (20%). However, the result
is better with p—chlorobenzoic acid. The reduction of phenylacetic
acid, diphenylacetic acid and 3,5-dimethylbenzoic acid also gave poor

yvields of the corresponding alcohols (see the experimental section).

The low yield of benzyl alcohol obtained suggdested the

possibility of reducing aliphatic acids in the presence of benzoic
o) =

acid. An experiment was carried out for 4h at 25 C, using 0.5 eq. of

benzoic acid and 0.5 eq. of capric acid,to examine this possibility as
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described in Table 3.2. 1-Decanol was isolated in 72X yield. GC

analysis of the crude product revealed the absence of benzyl alcohol.

Table 3.2: Reduction of carboxylic acids using lhmdlmtecmu CF,_COCH

3
a;ysteln.Il
Entry  Substrate 'I'ime(h)b Product Yield(%)e
No. [RCOOH ]
1. CHS(CHZ)TCIDH E: CH3(CH2)7CEZOH 87
2- CHs(Cﬁz)BOOOH 4 CH (CHZ)BCHZOH 88
3. CH3(CH2)10000H 4 CH3(CH2)10CHZCH 91
4, CHa(CH2)12000H 4 CH (CH2)IZCH20H 91
5. CH3(CH2)14(DOH 4 CHS(CHZ)HCHZOH 92
6. CH (Cﬂz)ISOOOH 4 CH (CHZ)IGCHZOH 94

0
olo
: g
o
Q0.
2 8
2 '8

C

9. H(I]S-(CHZJB—CIDH 12 HC)H2C (CHZ)B-CHZ(E 68
d

10 H CXIXJ((]IZ)B—CDIJH 12 Haum(aiz)s—mzm 89

a) Reactions were carried out using RCOOH (10 mmol), Na.BE[4 (20 mmol),
catechol (20 mmol) and CFSCDCE (10 mmol) in THF (40 mL) under N2

atmosphere, (see experimental section).
..contd.
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b) Time teken after adding CFSOOOH (see experimental section).
c) 5 mmol of the carboxylic acid was utilized.

d) In this case, CF,O00H (10 mmol) was added 10 h after stirring the

3
R[ECB/N&BH4/catechol mixture.

e) Yields are of products isolated by distillation and/or by column
chromatography on silica gel using hexane/ethyl acetate as eluent.
The products were identified by spectral data (IR, 1H NMR, 13C NMR)

and comparison with the data of authentic samples.

In order to further examine the selectivity of the reagent, the

reduction of half ester of sebacic acid was carried out.

In this case, selective reduction of the carboxylic group in the

presence of the ester moiety was achieved (entry no. 10, Table 3.2).
The yield of the 1,10-decanediol (entry na, 8, Table 3.2) formed in the
reduction of sebacic acid is somewhat low. However, it has been
reported that dicarboxylic and hydroxycarboxylic acids, occasionally
. . 14
react with borane reagent to give insoluble, polymeric intermediates.
The formation of these insoluble polymers leads to incomplete

reduction.

In the reduction of 10-undecenoic acid, the olefinic group also

underwent hydroboration. This is surprising, since catecholborane does
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not hydroborate olefins at room temperature.

Reduction of ROOOH to RCH_OH using NaBH /CF

2 4 3(II)H system:

As mentioned previously, it has been reported that acyloxvboro-
hydride in refluxing THF gives reduction to an extent of 50% (Scheme

70,71,72

1) It was of interest to examine whether use of 0.5 eq. of

CFSOOOH would help in carrying out such reductions to more extent at

ambient conditions. If this is the case, then the use of catechol can

be avoided and the hydride can be utilized in a more efficient manner
(Scheme 6).

SCHEME 6:

CFsCOOH RCOOH -
NoBH, —3——9 I:CFJCOOBHS___I Nt ——> CF3COOBH,00CR

l

RCH,OH €—— RCOOBH; + CF3CO0

This was indeed observed when CFacOOH (10 mmol) was added to RCOOH

(10 mmol) and Na]EIH4 (10 mmol) and stirred for 4h at 25°C (Table 3.3).

The results obtained are similar to those obtained wusing
catechol. In this case also the yield of benzyl alcohol obtained after

the reduction of benzoic acid was somewhat low (30%). These results
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Teble 3.3: Reduction of carboxylic acids using W4/CF3CXIB systen.a

d

Entry Substrate Time(h)b Product Yield(%X)
No. [RCOOH ]

; CH

1 CH3( 2)7COOH 4 CH3(CH2)7CH20H 93

i CH_(CH
2 3( 2)BOOOH 4 CH3(CH2)8CH20H 95
3. @—oom 12 @—CHZOH 30

c

; HOOC- -
4 (CHz)B—COOH 12 HOHZC (CHZ)B_CHEOH 65

; H
5 3OOOC(CHZ)B—COOH 12 HacOOC(CHZ)a—C:HZOH 78

a)

b)

c)

d)

Reactions were carried out using RCOOH (10 mmol), Na.BH4 (10 mmol)

and CF3000H (10 mmol) in THF (40 mL) under N_ atmosphere (see

2

experimental section).

Time taken after the addition of CF3CXDH.

5 mmol of acid was utilized.

Yields are of products isolated by distillation and/or by column

chromatography on silica gel using hexane/ethyl acetate as eluent.
1 13

The products were identified by spectral data (IR, H NMR, C NMR)

and comparison with the data of authentic samples.
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again indicate the possibility of achieving selective reduction of an

aliphatic carboxylic acid over an aromatic acid.

In order to examine this, an experiment using capric acid (5
mmol) and benzoic acid (5 mmol) was carried out. In this case, the
i—-decanol was obtained in 72% yield and the benzyl alcohol was not
formed. GC analysis of the crude product also indicated the absence
of benzyl alcohol. This result is similar to that observed by Cho and
Yoon.7? in the reduction of aliphatic acid over aromatic acid by NaBH4

in THF at reflux temperature (Scheme 7).

SCHEME 7:
NUBH4 —
ArCOOH + RCOOH ——> ArCOO BH, OOCR Na

!

fast
RCH,0H <— RCHzo—B<<——— H,BOOCR + ArCOONa

Hydroboration of alkenes and alkynes using NaBH4/catechol/CF3000H:

We have found that in the case of I10-undecenoic acid, the
olefinic moiety was also hydroborated when the reagent system

NaBH4/catechoI/CFBCOOH was used. This observation prompted us to

further explore the reactivity of this system.

To a mixture of catechol (10 mmol) and NaBH4 (10 mmol) in THF at
5 _
0°C, 1-decene (10 mmol), and CFSCOOH (10 mmol) were added. The mixture

was further stirred at 25°C for 12h and was oxidized using 3202/0H-, to
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give l1-decanol in 92X yield.

The generality of the reaction was examined with several other
olefins such as l-octene, 1-dodecene, norbornene, styrene, o—pinene,

(3-pinene and cyclohexene. The results are summarized in Table 3.4. It

was found that, whereas the yields of the hydroborated product obtained
in the case of terminal olefins are reasonable (77-92%), the internal
olefins give lesser yields. However, in the case of norbornene, the

yield was good as expected.

¥hen the reaction was carried out in the absence of CFSC[KII, no
hydroborated product was obtained and the starting material was
recovered quantitatively. When benzoic acid was used instead of
CF3COOH, under the same conditions, in the hydroboration of I1—-decene,
l-decanol was obtained in only 46% yield. Similar reaction was
attempted by taking phenol (2 eq) instead of catechol, in which case
only the starting material was recovered. The low reactivity of the
NaBH4/catechol/CF3000H system towards internal olefins when compared
with the terminal olefins prompted us to carry out a reaction using
I-decene and a-pinene. 1-Decanol was obtained in 84X yield in this
case. The GC analysis of the mixture showed that isopinocampheol is

present in less than 5%. 13C NMR also 'showed the absence of the

isopinocampheol-
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Table 3.4: Hydroboration of olefins using Phﬂi4/catectbl/CFm

3
a
system.
: b c _ d

Entry Substirate Time(h) Product Yield(%)

No. (olefin)

I CHB(CH2)5—CH=CH2 12 CH3(CH2)6CH20H 88
FAG CHB(CHZ)?—CH=CH2 12 CH3(CH2)8-CH20H 92
3. ('JHS(Clilz)g-CH=CH2 12 CH3(CH2)10—CH20H 85

>
4, 12 71
OH
5. @ 12 i g
OH
7. @ 12 i #
OH

8. O 12 46

....contd.
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a) Reactions were carried out using NaBH4 (10 mmol), catechol (10

mmo}), CFSOOOH (10 mmol) and olefin (10 mmol) in THF (40 mL) under
Nz atmosphere (see experimental section).

b) Time taken after the addition of CF_OOOH (see experimental section).

3

¢) Oxidation was carried out using NaOH/HZOZ'
d) Yields are of products isolated by distillation and/or column
chromatography on silica gel using hexane/ethyl acetate as eluent.
. . 1 13
The products were identified by spectral data (IR, H NMR and B

NMR) and comparison with the data of authentic samples.

It is surprising to note that when 1-decene was replaced by
1-decyne under the same reaction conditions, only 15% of 1-decanal was
obtained. The starting material was recovered in 81% yield. It is
apparent that the reagent system is somewhat different from
catecholborane, which hydroborates alkynes much faster than alkenes.
This reverse reactivity was used in the selective reduction of 1-decene
(10 mmol) in the presence of I1-decyne (10 mmol ). In this case,

1-decano] was obtained as the major product in 78% yield. 1-Decanal

was obtained in 9% yield.

It appeared that it may be possible to hydroborate 1-alkene in

the presence of a terminal alkyne. ‘In order to examine this,

undeca-1-en-10-yne was prepared from 10-undecanoic acid in 4 steps
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(Scheme 8, for details see experimental section).opﬂa
SCHEME 8:
OOH Bry H H NoB
¢5$>\\f0*& LS kh:;b_qs‘(CFb}g’/ccx)H ____EEf:;,
I
Br Br

el HoH _HBr \ z{ H,Br
”7°"/§(CH2) R s StcHe) ’

Br r Br

alc: KOH

> HC=CH—(CH,),—CH=CH,

When this terminal enyne (10 mmol) was added to catechol/NaBH4
system (10 mmol), the acetylenic alcohol was obtained in 45%, along
with 9% of the olefinic aldehyde and the starting material was
recovered in 36% yield. There was not much improvement in the amount
or the ratio of the product, when the reaction time was increased to
36h.

CH=CH, + H—-C=C—(CH;)g—CH,OH
H=C ZC~(CHy); —CH=cH—> OHON (on, ) '™ v

In order to examine the reactivity of an internal alkyne-
terminal alkene combination, an enyne from l-decyne and allyl bromide

79
(Scheme 9) was prepared.
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SCHEME 9:
CHIIK2003
=C=C-= H,C= = =
R-CSC-H + H,C=CH___Br s RS cH=ch,

In this case,the acetylenic alcohol was obtained in 15% yield and
the olefinic ketonesin 10% yield. The starting material was recovered
in 66% yield. Again, increasing the reaction time did not improve the

yield.

0 (]
NoBH, g I
R—C=C—_ CH=CH;——>R-C—CH,__CH=CH, + R—CH,—C—~___CH=CH,

R
@0'* 10%
OH +
CFSCOOH R_CE£F5\\”,\\V/0H
15%

The hydroboration withthis reagent system in the absence of
catechol was then examined. To a mixture of NaBH4 (1 eq) and CFSOOOH
(1 eq) in dry THF at ODC, 1—decene (3 eq) was added and stirred for 4h
at 25°C. 1-Decanol was obtained in 97% yield. In order to examine the

general ity of the reaction, the hydroboration of styrene, and o-pinene

was examined (see Table 3.5). In all the cases, the alcohols were

obtained in good yields. Hence, from these results it 1is clear that

this reagent is more reactive than the NaBH4/catechol/ CF3000H system.

This is obvious from the reactivity observed using a-pinene.
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Table 3.5: Hydroboration of olefins using mm4/cpaoom aystem.a

Entry Substrate Time(h) Product® Yield(%)P
No. (olefin)
. CH
i 4 (CH,)=CH=CH, 4 CH, (CH,,) ~CH, OH 97
2
2 4 95
3 4 OH 91

a) Reactions were carried out using NaBH4 (5 mmol), CFSOOOH (5 mmol) in
and olefin (15 mmol, 10 mmol in the case of a—pinene)in THF (40 mL).

b) Yields are of products isolated by distillation and/or by column
chromatography on silica gel using hexane/ethyl acetate as eluent.

. a 1 13

The products were identified by spectral data (IR, H NMR and C

NMR) and comparison with the data of the authentic samples.

c) Oxidation was carried out using NaOH/HZOZ'

The hydroboration of ¢—pinene with -NaEi4/CF3CIDH gave l isopino-

campheol in 91% yield. But with thEi4/catechol/CFSOOOH, the alcohol



124
was obtained in only 45X yield even after 12h. The reactivity of this
reagent was further examined using 1-decyne (3 eq). It was found that
the reaction gave only 1-decanol after oxidation with NaOAc/Hzoz.
indicating that the reaction does not stop at the mono- hydroboration
stage and gives gem—dibora compound, which is known to give 1-decanol

(Scheme 10). The product was obtained in 47% yield. The starting

material was recovered in 44% yield.

SCHEME 10:
NaBH, e de AcO ™ — M
R-C=C-H > R-"C"CLH ——— (RO
CF3COOH \)3—— ,
Ho0
/

R-CH:*CH:-OH €—_ RCH:CH:‘- B\
This is the major difference between the NaBH4/catechol/CF3C00H

and NaBH4/CF3000H systems.

The reactivity of the NaBH4/catech01/CF3OOOH is interesting. The
hydroboration by this system may be due to the presence of small amount
of BH3:THF or CFSCOOﬁH3 species in the reaction mixture which may
hydroborate alkenes and alkynes. The alkyl and alkenyl groups could
then be transfered to the catecholborane species in ways similar to

that discussed in Chapter-2. However, precise nature of the species

involved in these transformations is not clearly understood.
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CONCLUSIONS

The reagent systems NaBH4/catechol. NaBH4/catechoI/CF30003 and
NaBH4/CFSOOOH in THF are useful in the reduction of carboxylic acids to
the corresponding alcohol with some selectivities. The systems
NaBH4/catechol/CF3000H and NaBH4/CF3000H are also useful in the
hydroboration of olefins again with certain selectivities. Although the

nature of the intermediate species is not clear, the synthetic methods

developed utilizing these readily accessible reagents should be useful.
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EXPERIMENTAL SECTION

General Details:

Several items given in the experimental section of Chapter 2 are

also applicable for the experiments outlined here.

All carboxylic acids utilized are commercial materials.

Trifluoroacetic acid utilized was supplied by Fluka, Switzerland.
Half-ester acid of sebacic acid was prepared from sebacic acid
following literature procedure.m Cobalt naphthenate supplied by

Fluka, Switzerland was utilized for the oxidation of mesitylene to

3,5-dimethylbenzoic acid.™

Undeca-1-en—-10-yne was prepared starting from 10—undecanoic acid
. 69,78 )
in 4 steps. Trideca-1-en—-4-yne was prepared from 1-decyne and
79 ] ’
allyl bromide following a reported procedure. Sodium borohydride was
purified by dissolving it in dry DME and collecting the precipitate at
0°c by the addition of dry ether. The precipitate was dried under

nitrogen atmosphere and used immediately.
Reduotion of capric acid (1 eq) using Naﬂi4/catecm1 (1:1 eq):

Sodium borohydride (0.4 g, 10 mmol) in dry THF (20 mL) was taken
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in a 2 necked RB flask. To the slurry, catechol (1.1 g, 10 mmol) in
dry THF (20 mL) was added slowly under N2 atmosphere over 15 min at 0°c
with the help of a double-ended needle. After the evolution of H2 gas

ceased, capric acid (1.72 g, 10 mmol) dissolved in dry THF (20 mL) was
added slowly under N2 atmosphere at 0°C. Evolution of H2 gas was again
observed. The reaction mixture was stirred at 25°C for 4h and quenched
carefully with 3N HCl (5 mL). The aqueous layer was extracted with
ether (3 x 10 mL). The combined organic extract was succesively washed
with IN NaOH solution (3 x 20 mL), water (20 mlL) and saturated NaCl
solution (20 mL). The organic layer was dried over anhydrous MgSO4 and
the solvent was evaporated. The residue was chromatographed on a
silica gel column using hexane/ethyl acetate (895:5) as eluent.
1-Decanol was isolated (0.74 g, 47%). IR spectrum of the product
showed 1:1 correspondence with the authentic sample obtained earlier

(Chapter-2).

The aqueous layer was neutralized using 3N HCl and extracted with

ether (3 x 20 mL). The combined organic extract was washed with brine
and dried over anhydrous HgSO4. The solvent was evaporated to yield

the unreacted capric acid in 40% yield.

Similar results were obtained when catechol was added after the

addition of capric acid.
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Reduction of capric acid (1 eq) using NnBH4/oatechol (2:2 eq):

Sodium borohydride (0.8 g, 20 mmol) was taken in dry THF (20 mL)
and catechol (2.2 g, 20 mmol) in dry THF (20 mlL) was added slowly under
N2 atmosphere over 15 min. at 0°c. After H2 gas evolution ceased,
capric acid (1.72 g, 10 mmol) in dry THF (20 mL) was added slowly under
Né atmosphere at 0°C. The reaction mixture was stirred at 25°C for 4h
and was quenched carefully with 3N HCl solution (5 mlL). The aqueous
layer was extracted with ether (3 x 10 mL). The combined organic
extract was washed successively with IN NaOH solution (3 x 20 mL),
water (20 mL) and saturated NaCl solution (20 mL). The organic layer
was dried over anhydrous HgSO4 and the solvent was evaporated. The
residue was chromatographed on a silica gel column wusing hexane/ethyl
acetate (95:5) as eluent to yield 1-decanol (0.76 g, 48%). The IR

spectrum showed 1:1 correspondence with that of the product obtained

earlier.

When the reaction was carried out by adding catechol after the
addition of capric acid, the result obtained was almost the same as

obtained in the previous experiment.

o
There was no improvement in the yield even at 80 C. The

Procedure of reduction using carboxylic acid (1 eq), NaBI:I4 (2 eq) and
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catechol (2 eq) was followed for the conversion of several other acids

into the corresponding alcohols and the results are summarized below

and also in Table 3.1.

CHy(CH,),COOH

Yield
B.P.

IR (neat)v
max

l]5[ NMR (100 MHz, C[X:ls)

13C NMR (25.0 MHz, CDCIS)

CH3(CH;);4COOH

Yield

M.P.

IR (neat)v
max

1
H NMR (100 MHz, CDCIS)

13

: 3350, 1080 cm

. 48-49°C, Lit.?® 50°C

C MR (25.0 MHz, CII.TISJ :

——>  CHy(CH,),CO0H

: 47% (0.70 g)

. 117°c/15 mm , Lit.® 213°C,760 mm

1

é ppm 0.9 (t, —CH3). 1.2 (m, —CI-I2

hydrogens), 3.6 (t, _CHZ)' 4.2 (br s, —0H).

: & ppm 14.1, 22,7, 25.7, 29.3, 29.6, 31.9,

32.8, 63.1.

—>  CH3(CH,),4CH,0H

: 49% (1.18 g)

=]

: 3350, 1060 o

6 pm 0.8 (t, —CH), 1.2 (m, —CH,

hydrogens), 3.6 (t, —(112). 4.2 (br s, -0H).
& ppm 14.1, 22.7, 25.7, 29.3, 29.6, 31.9,

32.8, 63.1.
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PNCHJCO0H  ——5 2\ (CHy)yCH,OH

Yield

B.P.
IR (neat)v
max

lg NMR (100 MHZ, cocl )

1
3

HsCOOC(CH, )g—COOH

Yield

B.P.

IR (neat)v
max

1
H NMR (100 MHz, CDC13)

13
C NMR (25.0 MHz, CDC]S) :

: 3350, 1620, 1060 cm

3C NMR (25.0 MHz, CDCl) :

: 49% (0.84 @)

: 130°C/15 mm , Lit.%* 132-133°C/15 mm

1

: & ppm 1.2 (m, —Cﬂz hydrogens), 1.5 (br s,

-0H), 1.9 (m, —CH2 attached to olefin), 3.6
CEs -CH2—0), 4.8-5.9 (m, olefinic
hydrogens) .

é ppm 25.7, 28.8, 29.0, 29.3, 29.4, 32.5,

33.6, 62.4, 114.0, 139.0 (Spectrum no. 8).

i H3COOC(CH2 )a— CHzOH

. 47% (0.95 g)

. 121°c/0.5 mm, Lit.?> 156°C/45 mm
-1

: 3375, 1730, 1060 cm

: & ppm 1.2 (m, -(Z:H2 hydrogens), 1.5 (br -s,

-0f), 2.1 (m, —CH, attached to -OOOCH,),
3.4 (t, -CH,-0), 3.6 (s, -OCH,).
& ppm 24.4, 25.3, 28.7, 28.8, 32.1, 33.5,

33.7, 50.9, 61.9, 173.6 (Spectrum no. 9).
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Attempted reduction of benzoic acid (1 eq) using th4 (2 eq) and

catechol (2 eq):

Sodium borohydride (0.8 g, 20 mmol) was taken in dry THF (20 mL)
and catechol (2.2 g, 20 mmol) in dry THF (20 ml) was added over 15 min.
The mixture was stirred for 1h and benzoic acid (1.22 g, 10 mmol) in
dry THF (20 mL) was added at 0°C. The reaction mixture was stirred for
4h at 25°C and was carefully quenched with 3N HCl solution (5 mL). The
organic layer was extracted with ether (3 x 10 mL) and the combined

extract was successively washed with IN NaOH solution (3 x 20 mlL),

water (20 mL), saturated NaCl solution and dried over anhydrous MgSO4.
The solvent was evaporated and the residue was chromatographed on a
silica gel column using hexane/ethyl acetate (85:5) as eluent to
obtain benzyl alcohol in 9% yield. The aqueous extract was neutralized
using 3N HCl and extracted with ether (3 x 10 mL). The combined
organic layer was successively washed with brine, dried over anhydrous

l‘tﬂi_{SO4 and evaporated to isolate unreacted benzoic acid (1.04 g, 85%).

O-COOH — @—cH,OH

B.P. . 92°c/10 mm, Lit.®® 205°C/760 mn

=1
IR (neat)y ¢ 3010, 1600, 1060 cm
max
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Reduction of capric acid using NaBH 4/oatectnl system in the presence of

CFsﬁm .

To a suspension of sodium borohydride (0.8 g, 20 mmol) in dry THF

(20 mL), catechol (2.2 g, 20 mmol) in dry THF (20 ml)was added at 0°c

over 15 min. Evolution of H2 gas was observed. The mixture was
stirred for 1h and capric acid (1.72 g, 10 mmol) in dry THF was added
followed by CF,CO0H (1.14 g, 10 mmol) at 0°C. The mixture was stirred
for 4h at 25°C, careful ly quenched with 3N HCI (5 mL) and extracted
with ether (3 x 10 mL). The combined organic extract was washed with
IN NaOH solution (3 x 20 mL). It was further washed with water (20
mL), saturated NaCl solution (20 mL) and dried over anhydrous HgSO4.
The solvent was evaporated to obtain i1-decanol (13.9 g, 88%). The

spectral data showed 1:1 correspondence with the data of the authentic

sample.

The above procedure was followed for the conversion of several
other acids into the corresponding alcohols and the results are

summarized below and also in Table 3.2.

With 1-nonanoic acid, the 1-nonanol was obtained (1.25 g, 87X).

The spectral data showed 1:1 correspondence with the data of the

product obtained earlier.
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CHy(CH;)1gCO0H ~ ———>>  CHy(CHy),oCH,OH

Yield . 91X (1.69 g)
B.P. : 188°C/15 mm, Lit.% 256°C/760 mm
-
IR (neat)vmx : 3350, 1060 cm
' NMR (100 MHZ, COCl) 6 pem 0.8 (t, -GH), 1.2 -cu,

hydrogens), 2.2 (br -s, -OH), 3.6 (t,
_CHZ)'
13C NMR (25.0 MHz, CDC]B) : & ppm 14.1, 22.7, 25.8, 29.4, 29.7, 32.0,

32.8, 83.1.

CHy(CH,),,CO0H —> CH;(CH,),,CH,0H

Yield . 91% (1.94 &)
B
M.P. . 39%, Lit.% 38%
4
IR (neat)y : 3350, 1060 cm
max
' MR (100 Mz, ) ;6 pm 0.9 (t, ~CH), 1.2 (m, -CH,

hydrogens), 2.4 (br -s, -0OH), 3.6 (t,
—CHZ)'
13C NMR (25.0 MHz, C[Illa) : & ppm 13.9, 22.6, 25.7, 28.8, 29.5, 29.6,

31.9, 32.6, 62.5.
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CHy(CH,),4COOH —> CHy(CH,)4CH,0H

With l-hexadecanoic acid, the I1-hexadecanol was obtained (2.22 g,

92%¥). The spectra were superimposable with the spectra obtained

earlier.
CH3(CH;),6COOH > CHy(CH,),6CH,0H
Yield : 94% (2.53 g)
M.P. . 58°c, Lit.®® 50.9°C
IR (neat)v . 3350, 1060 cm |
max
1HNMR(lOO MHz, CII'JIS) : & ppm 0.9 (t, _CHS)’ 1.2 (m, —C.’Hz

hydrogens), 2.3 (br -s, -OH), 3.6 (t,
—Cﬂz).
13
C NMR (25.0 MHz, CIEls) : & ppm 14.0, 22.7, 25.8, 28.9, 29.4, 29.5,

31.8, 32.4, 62.8.

Reduction of sebacic acid using mm4/cateohol system in the presence

of CF3(Im:

To a suspension of sodium borohydride (0.8 g, 20 mmol) in dry THF
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(20 mL), catechol (2.2 g, 20 mmol) in dry THF (20 mL) was added at 0°C.
After the evolution of gas ceased, sebacic acid (1.01 g, 5 mmol) in dry

THF (20 mL) was added followed by CF_COOH (1.14 g, 10 mmol) at 0°C and

3
stirred for 12h at 25°C. The mixture was quenched with 3N HCl (5 mL)

carefully and extracted with ether (3 x 10 mL). The oombined organic
extract was washed with IN NaOH solution (3 x 20 mL.). It was further
washed with water (20 mL), saturated NaCl solution (20 mL) and dried
over anhydrous MgSO4. The Bsolvent was evaporated to obtain the

corresponding diol, which was purified by column chromatography.

HOOC—(CHp)g—COOH ——> HOCH;—(CHg)s—CH,0H

Yield . 68% (0.59 g)
M.P. . 72°c, Lit.®® 72-75°%C
IR . 3350, 1080 i

1 :
H NMR (100 MHz, le.’i) : é ppm 1.2 (m, all -CH2 hydrogens), 3.2 (t,
—Cﬂz—OH), 3.8 (br -s, -0H).

13C NMR (25.0 MHz, CII!la) : 6 ppm 25.5, 29.1, 32.4, 62.6.

Reduction of half ester of sebacic acid using NaBH4/catecml system in

the presence of CFSCDCH:

Sodium borohydride (0.8 g, 20 mmol) was taken in dry THF (20 mL)

and catechol (2.2 g, 20 mmol) in dry THF (20 mL) was added at 0°C over
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15 min. The mixture was stirred for 1h and the ester acid (2.16 g, 10
mmol) was added to dry THF (20 mL) at OOC. The reaction mixture was

stirred for 10h, CF,C00H (1.14 g, 10 mmol) was added at 0°C and stirred

for 2h at 25°C. The mixture was quenched with 3N HCl (5 mL) carefully
and extracted with ether (3 x 10 mL). The combined organic extract was
washed successively with IN NaOH (3 x 20 mL), water (20 mL), saturated
NaCl and dried over anhydrous MgSO4. The solvent was evaporated and
the residue was chromatographed on a silica gel column using hexane/
ethyl acetate (95:5) as eluent to obtain methyl-10-hydroxydecanoate
(1.8 g, 89%). The spectral data showed 1:1 correspondence with the

data obtained earlier.

when the aliphatic acid was replaced by an aromatic acid (benzoic
acid) in the above experiment, the benzyl alcohol was obtained (0.22 g,

20%). The yields are relatively low with most of the aromatic acids.

cl Qcom — O —@—cn,on

Yield . 62X (0.89 g)
M.P. . 73%c, Lit.”° 15°%
-1
IR (neat)v : 3350, 1600, 1060 cm
max

13C NMR (25.0 MHz, CDCla) : & ppm 64.1, 128.2, 128.5, 133.2, 139.2.
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PhCH,—COOH ————> PhCH,~CH,0H

Yield . 39% (0.48 g)
B.P. : 97°C/10 mm, Lit.®* 120°C/12 mm
. -1
IR (neat)vmx : 3360, 1600, 1050 cm
i
HNMR (100 MHz, CIC1,) : & ppm 1.9 (br s, ~OH), 2.9 (t, —CH,), 3.9

L, —CHE), 7.3 (m, aromatic hydrogens).

13C NMR (25.0 MHz, CIX:ls) : 6 ppm 38.9, 63.3, 125.3, 128.2, 128.8,

138.7.
Ph Ph |
“ \C
CH-COOH —> H—CH,OH
Ph”” phs o e
Yield . 41% (0.77 &)
M.P. . 51%¢, Lit.%% 52°C
IR (neat)v . 3350, 1610, 1040 om .
max

13C NMR (25.0 MHz, CI'XJES) : & ppm 53.5, 66.3, 126.8, 127.1, 128.4,

128.8, 139.0, 141.5.

COOH

G5

Yield : 34X (0.46 g)

B.P. .104%¢/7 mm, Lit °° 220°C/760 mm
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. g |
IR (m“umx ¢ 3350, 1620, 10680 cm

IHM{R (100 MHz, les) : $ppm 2.3 (br -s, -CH), 2.4 (s, —(Ea

attached to phenyl), 4.6 (s, Cﬂz—O), 7.0

(s, aromatic).
130 NMR (25.0 Mz, CDCl) : & ppm 21.2, 65.1, 125.0, 129.2, 138.1,

141.2.

Selective reduction of ocapric acid over benzoic acid using
bhm4/catecm1 system in the presence of CFSCD(H:

To a suspension of sodium borohydride (0.8 g, 20 mmol) in dry THF
(20 mL), catechol (2.2 g, 20 mmol) in dry THF (20 mL) was added slowly
over 15 min. at 0°C. The mixture was stirred for 1h. Capric acid
(0.86 g, 5 mmol) and benzoic acid (0.61 g, 5 mmol) in dry THF (20 mL)
were added at 0°C, followed by CF,CO0H (1.14 g, 10 mmol). The reaction
mixture was stirred for 4h at 25°C. The mixture was quenched with 3N
HC]l (5 mL) carefully and extracted with ether (3 x 10 mL). The
combined organic extract was washed with 1IN NaOH solution (3 x 20 mL).
It was further washed with water (20 mL), saturated NaCl solution (20
mlL) and dried over anhydrous MgSO 4 The solvent was evaporated and the
residue was chromatographed on a silica gel column. 1-Decanol was

obtained (1.14 g, 72%). GC analysis of the crude reaction mixture

revealed the absence of benzyl alcohol.
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Reduction of capric acid with !hBH4 in the presence of cr-"aoom:
To a suspension of sodium borohydride (0.4 g, 10 mmol) in dry THF
(20 mL), capric acid (1.72 g, 10 mmol) was added. After the evolution

of gas ceased, CF_COOH (1.14 g, 10 mmol) was added slowly over 15 min.

3
at 0°C and stirred for 4h at 25°C. The mixture was quenched with 3N
HC1 (5 mL) carefully and extracted with ether (3 x 10 mL). The
combined organic extract was washed with IN NaOH (3 x 20 mL), water (20
mL), saturated NaCl solution (20 mL) and dried over anhydrous HgSO4.
The solvent was evaporated and the residue was chromatographed on a
silica gel column using n-hexane/ethyl acetate (95:5) as eluent to

yield 1-decanol (1.5 g, 95%). IR spectrum of the product showed 1:1

correspondence with that obtained earlier.

The reduction of pelargonic acid (10 mmol) also occured in good
amounts giving the corresponding alcohol (1.34 g, 93%). Sebacic acid (5
mmol) was reduced in 65% (0.56 g) yield. With the NaEH4/CF3CXI]1 system
also, the conversion of benzoic acid (10 mmol) to benzyl alcohol was
only 30% (0.32 g). The spectira of all the products were superimposable

with that of the spectra reported earlier.

Similar procedure was followed for the monomethyl ester of

sebacic acid, to observe the selectivity of Na.BH4/CFSGDH system
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towards esters. The alcoholic ester of sebacic acid was obtained (1.58
g, 78%). The spectral data showed 1:1 correspondence with the data of

the product obtained earlier.

Hydroboration of 1-decene using NaBH 4/ca.teychol system in the presence

of CF301IIEI ~

Sodium borohydride (0.4 g, 10 mmol) was taken in dry THF (20 mL)
and catechol (1.1 g, 10 mmol) in dry THF (20 mL) was added at 0°C under
N2 atmosphere. The mixture was stirred for 1h at 25°C. 1-Decene (1.4
g, 10 mmol) was added at 0°c followed by CFSCOOH (1.14 g, 10 mmol) and
stirred for 12h at 25°C. The reaction mixture was quenched with water
(2 mL) while externally cooling with cold water.The organoborane was
oxidized by adding 3N NaOH (15 mL) followed by dropwise addition of
H202 (16%, 25 mL). The organic layer was separated and the agueous
layer was extracted with ether (3 x 20 mL). The combined organic
extract was washed with IN NaOH solution (3 x 10 mL), to remove
catechol followed by water (20 mL) and saturated NaCl solution (20 mL).
It was then dried over anhydrous MgSO 4 and the solvent was evaporated.

The residue was chromatographed on a sgilica gel column using

hexane/ethyl acetate (95:5) as eluent to obtain I1-decanol (1.45 g,

92%) .
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The hydroboration of I1-octene and I1-dodecene also gave good
yields of the corresponding alcohols. The results are summarized below

and also in Table 3.4.

Yield . 88% (1.14 &)
B.P. . 100°C/20 mm, Lit °* 194°C/760 mm
TR (neat)v . 3350, 1060 om ©
max
1
HNMR (100 MAz, CDC1,) ¢ & ppm 0.8 (t, —CH), 1.2 (m, —CH,

hydrogens), 2.4 (br -s, —-0OH), 3.6 (t,—CBz).

130 NMR (25.0 MHz, CII?IS) : & ppm 14.1, 22.8, 25.9, 20.5, 31.8, 32.7,

63.3.

CH3(CHz)gCH=CH, ———>  CHy(CHy);oCH,OH

Yield : 85 % (1.58 &)

The spectral data of the product showed 1:1 correspondence with

the data obtained earlier.

Several other olefins were hydroborated using the hhm4/CF3m
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reagent and the resulting organoborane species were oxidized with

HZOZ/OH .

Yield

M.P.

IR (neat)v
max

e dh,OH

: 83% (1.41 g)

126°c, Lit.”” 125°%C

. 3350, 1060 om *

13
C NMR (25.0 MHz, CDCla) : 6 ppm 24.3, 28.1, 34.2, 35.8, 41.7, 43.7,

Yield

B.P,

IR (neat)y
max

74.2.
= H
.._.___%
: T1% (0.87 g)

: 90°C/10 mm, Lit.”? 100-103°C/12 mm

: 3300, 1020 &

1
H NMR (100 MHz, CDC1,_) : & ppm 1.4 (d, —CHS)' 2.7 &, _CHZ)' 2.8 (br

3
s, —0H), 3.6 (t, —CHé-O), 4.7 (q, CH-O-).

7.2 (m, aromatic hydrogens).

13
C NMR (25.0 MHz, CDC1_) : & ppm 24.9, 35.1, 63.3, 65.9, 125.3, 126.1,

3
127.1, 128.2, 128.8, 138.7.
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1 .
H NMR signal showed the presence of isomeric 1-phenylethanol

upto 20%.

~OH

Yield : 45% (0.69 g)

The data were identical to the data obtained earlier in Chapter-2.

OH
—_%
Yield CTT% (1.19 g)
B.P. . 88-89°C/2 mm, Lit."° 65°C/0.2 mm
wf
IR (neat)v : 3360, 1600, 1050 cm
max

IH NMR (100 MHz, CDC[S) : & ppm 1.1 (s, —Cﬂa). 2.0 (m, —CHz’s), 2.3

(m, -OH), 3.6 (d, CHZ—OH).

13C NMR (25.0 MHz, CDC13) : & ppm 18.2, 22.7, 25.4, 27.3, 32.86, 37.9,

40.9, 42.3, 43.6, 66.7.

O — O

Yield : 46% (0.46 g)
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B.P. : 80°C/20 mm, Lit.%” 160°C/760 mm
-1
IR (neat)vmx : 3350, 1050
lg MR (100 MHZ, COCl)  : & ppm 1.4 (m, ~CH,’s), 2.8 (br -5, —OH),

3.3 (m, —CH).

13

C NMR (25.0 MHz, CDCls) : & ppm 24.3, 25.7, 35.5, 70.1.
Preparation of undeca-1-en-10-yne:
i) Preparation of 10,11-dibromoundecanoic a.cit:l:7El

10-Undecanoic acid (9.4 g, 50 mmol) was taken in {}Cl4 (50 mL) and
cooled to 0°C. Bromine (11.1 g, 70 mmol) in CCl, (20 mL) was added in
portions over lh and was stirred for lh. Excess bromine was destroyed
using saturated I~laH£~}03 solution. The organic layer was separated and
washed with water (20 mL) and brine solution. It was then dried over
anhydrous MgSO 7 and the solvent was evaporated under reduced pressure.

IR spectrum of the crude showed the absence of olefinic peaks.
6o
ii) Reduction of 10,11-dibromoundecancic acid using th4/12:

Sodium borohydride (2.4 g, 60 mmol) in dry THF (120 mlL) was taken
in a 2 necked RB flask and iodine (6.4 g, 25 mmol) in THF (80 mlL) was

added slowly during 2.5h through a pressure equilizer at 0°C. To this
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10, 11-dibromoundecanoic acid (17.2 g, 50 mmol) in THF (30 mL) was added
with the help of a double—ended needle. The contents were further
gstirred for 1h at 25°C. 3N HCl (20 mL) was added carefully and the

aqueous layer was extracted with ether (3 x 20 mL). The combined

organic layer was washed with 3N NaOH solution (3 x 10 mL) and
saturated NaCl solution. The organic layer was dried over anhydrous

MgSO4 and the solvent was evaporated to yield essentially pure

10,11—dibromodecanol . The compound was wused without further
purification,

Yield : 80% (15 g)

IR (neat)v . 3325, 2900, 2850, 1450, 1050 cm

13
C NMR (25.0 MHz, C[X?la) : & ppm 62.1, 58.2, 36.1, 35.7, 32.2, 29.1,
28.5, 26.4, 25.4.

78
iii) Preparation of 1,10,11-tribromoundecane.

10, 11-Dibromoundecanol was stirred with excess of HBr (50%, 60
ml) for 2h at 25°C and extracted with hexane. The hexane layer was

washed with brine and dried over anhydrous MgSO4. The =solvent was

evaporated to yield 1,10,11-tribromoundecane (16.8 g, 95%).
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iv) Preparation of undeca-1-en-10-yne:

The 1,10,11-tribromo undecane obtained above was subjected to

dehydrobromination as reported in the literature.n

Yield : 20% (1.27 g)

IR (neat)v : 3300, 2300, 3020, 1620, 900 cm -

1H NMR (100 MHz, CDC13) : & ppm 1.3 (m, CHZ'B), 1.8-2.3 (m, CHZ'B
attached to unsaturation), 4.8-5.1 (m,
=CH2,'-_'-CH), 5.5-6 (m, olefinic hydrogens).

laChNR (25.0 MHz, CI]:la) : & ppm 18.3, 28.4, 28.7, 28.9, 33.8, 68.1,

84.6, 114.3, 139.2.

Hydroboration of undeca-l1—-en—-10-yne (1 eq) using Ih.m4/catecm1 (1:1

eq) to the presence of CF300CJH:

To a suspension of sodium borohydride (0.4 g, 10 mmol) in dry THF
(20 mL), catechol (1.1 g, 10 mmol) in dry THF (20 mL) was added at 0°C
under N2 atmosphere and the mixture was stirred for 1h at 25°C. The
terminal enyne (1.5 g, 10 mmol) was added followed by CFS(DOH (1.14 ¢,
10 mmol) at 0°C N L T ——
quenched with water (2 mL) while externally cooling with cold water and

the organoborane species was oxidized by adding 3N NeOAc (15 mlL) and

dropwise addition of H202 (16%, 25 mL). The organic layer was
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separated and the aqueous layer was extracted with ether (3 x 10 mL).
The combined organic extract was washed with IN NaOH solution (3 x 20
mlL) to remove catechol followed by water (20 mL) and saturated NaCl
solution (20 mL). The layer was then dried over anhydrous MgSO4 and
the solvent was evaporated. The residue was chromatographed on a
silica gel column using hexane/ethyl acetate as eluent. The starting
material (0.54 g, 36%) was recovered using hexane.The product which
eluted next was identified as undeca-10-en—-1-al (0.15 g, 9%) and the

fraction which followed was identified as undeca-11-yn—-1-ol (0.75 ¢4,

45%) .
HC CH=CH,
_0 S (CHy)¢”
Fraction - 1:
IR (neat)v : 3020, 2700, 1720, 1620 o
max

13
C NMR (25.0 MHz, CDCIS) : & ppm 22.1, 28.9, 29.0, 29.1, 28.2, 33.8,

43.9, 114.2, 139.2, 203.0.

Mass (m/e) . 168 (M, 3%), 55 (100%).

H-CZ= C—(CH,)s—CH,0H

Fraction - 2:

-1
IR (neat)v : 3350 (broad), 3300 (sharp), 2300, 1050 cm
max

13C NMR (25.0 MHz, CIIJIS) : & ppm 18.0, 25.4, 28.1, 28.3, 28.7, 29.0,

32.8, 62.5, 87.9, 84.5, (Spectrum no. 10).
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Hydroboration of trideca-i1-en—4-yne (1 eq) using NaBH4/catechol (1:1
eq) in the presence of CFSCOOH:

To a suspension of sodium borohydride (0.4 g, 10 mmol) in dry THF
(20 mL), catechol (1.1 g, 10 mmol) in dry THF (20 mL) was added at 0°C
under N2 atmosphere and the mixture was stirred for 1h at 25°C. The

internal enyne (1.78 g, 10 mmol) was added followed by CFSOOOH (1.14 g,

10 mmol) at 0°C and stirred for 12h at 25°C. The reaction mixture was
quenched with water (2 mL) while externally cooling with cold water and
the organoborane species was oxidized by adding 3N NaOAc (15 mL) and
H202 (16%, 25 mL).

The organic layer was separated and the aqueous layer was
extracted with ether (3 x 10 mL). The combined organic extract was
washed with IN NaOH solution (3 x 20 mlL) to remove catechol followed by
water (20 mL) and saturated NaCl solution (20 mL). The layer was then
dried over anhydrous MgSO4 and the solvent was evaporated. The residue
was chromatography on a silica gel column using hexane/ethyl acetate as
eluent. Starting material was recovered using hexane (1.17 g, 66%).
The product which eluted next was identified as a mixture of
trideca-1-en-5-one and trideca-l-en-4-one (0.2 g, 10%) and the fraction

which followed was identified as trideca—4-yn-1-ol (0.29 g, 15%).
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0 0
R-E—CHQ\/CH-CHQ + R—CHZ—E\/CH-CHZ

Fraction - 1:
IR (neat)v : 3010, 1720, 1620 cm .
max ’ ’
13
C NMR (25.0 Mz, CDCl,) : & ppm 14.1, 22.7, 29.2, 29.4, 31.9, 41.7,
42.3, 42.8, 47.7, 115.0, 118.4, 130.7,

137.1, 200.0, 202.0.

CH3(CH;)7—C= C— CH, —CH,OH

Fraction - 2:
IR (neat)v . 3300, 2300, 1060 cm
max
1
H NMR (100 MHz, CDCl,) : & ppm 0.7-0.9(t, 3H), 1.1-1.8 (m, 15H),
2.0-2.3 (m, 4H), 3.6-3.7 (t, 2H)

13

C NMR (25.0 MHz, CDCl,) : & ppm 13.9, 15.2, 18.5, 28.5, 29.0, 29.4,

31.7, 61.6, 79.2, 80.8.

Mass (m/e) : 195 (M-1, 1%), 97 (100%).

Hydroboration of 1-decene using NaBﬂ4 and CFSCUOH:

Sodium borohydride (0.2 g, 5 mmol) in dry THF (40 mL) was taken

and CF,COOH (0.57 g, 5 mmol) was added dropwise at 0°C.  The mixture
(o]

was stirred for 10 mts. 1-Decene (2.1 g, 15 mmol) was added at 0 C and

stirred for 4h at 25°C. The reaction mixture was quenched with water
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(2 mL) while externally species was oxidized using 3N NaOAc/Hzoz. The
organic layer was separated and the aqueous layer was extracted with
ether (3 x 10 mL). The combined organic extract was washed with water
(20 mL) and saturated NaCl solution (20 mlL). It was then dried over
anhydrous MgSO4 and the solvent was evaporated. The residue was
chromotographed on a silica gel column using hexane/ethyl acetate

(95:5) as eluent to obtain 1-decanol (2.3 g, 97%). The IR and NMR

spectra are superimposable with the spectra obtained previously.

In order to examine the generality of the reaction, the reaction
with a few other olefins was also tried and the products were obtained

in quantitative yields. The results are summarized in Table 3.5.
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CHAPTER - 4

Studies on the development of C—C bond forming reactions

using alkyl and alkenylcatecholboranes



INTRODUCTION

The alkenylcatecholboranes differ from the alkenyldialkylboranes
in that, they can be easily hydrolyzed to the corresponding
alkenylboronic acids, which are stable and important intermediates in
several organic transformations. In recent years, there is an
increasing interest in utilizing these alkenylcatecholboranes in the
formation of stereospecific C-C bond forming reactions. A most
promising use of alkenylcatecholboranes is in the preparation of
conjugated dienes (Scheme 1) and enynes in a stereospecific manner upon
cross coupling reaction with haloalkenes or haloalkynes with the aid of

1
catalytic amount of a transition metal complex.

SCHEME 1:
0 R
~
R-C=C-H + HE —> C=
\0 |_/ 0
3
Br R
Ne=cZ" |Pd(PPhs)e/
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The alkenylboronic acids react with methyl acrylate in the
presence of Pd(OAc)2 and triethylamine to produce conjugated dienes.
Even though the role of Pd(OAc)2 is not clear, it is believed that an

alkenylpalladium intermediate is involved (Scheme 2).*

SCHEME 2:
M PdOAc
R B(OH)z Pd(0Ac), R PAOAC CH,=CHCO,CH; R CHCHCO,CH
Soncg X PR o " L
H H H/ H
, CO5CH

EtN S \c c\ %:C% | b + NEtsHOAC

\c c/ H

Se=

H H

The alkyl and alkenyl groups in boranes can also be made to

achieve reactivities similar to the more reactive organocopper species
; 22 4 ; 5
under appropriate conditions as shown in Scheme 3.

SCHEME 3:

CuX
RB + CHLi —> [R,BCH,,JCu + Lix

CH,=CHCO,Et
> RCH,CH,CO.Et + RCH,CHCO,Et
|
CH,CH,CO,Et
[R,BCH,]CU — 44% 28%
O
- Oy

The alkenylcopper derivatives are very useful synthetic
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intermediates (Chart 1) .6

CHART 1:
R H
>C=C/ : H
=C H \ CH;Cu R\ H C-< H
BHCly, ——> |, B0l e - HZ e
Ref. 6a N Seq- H” _C=
R H
1 o R H
R\c c/ Excess 3V or >C- C/
& N\CH,0H __ HCHO D,0 R “H(D)
1
1 R H
R H
oo RX/HMPT b >c=c<
Z O\ P(OEt)s | H R |
| N R\ =
R H CH,=CHCH,X| R Cu | mHe=cH c=c/ H
Ne=c/ - >H7 Moo/
C= Ref. 6b g+ c=
RT CHCH=CH, o ME
1 H HgX,/HMPT R1\ o
R . CuBr-SMe, 2 ” /C=c/
/C= N 1 < R \) Hg
R BR,(OMe)Na ~

The alkenylcatecholboranes on pr‘otonolysis? give cis—alkenes and
hence provide an alternative to the catalytic cis hydrogenation of
alkynes. When these alkenylcatecholboranes are treated with alkyl
halides in presence of catalytic amount of [Pd(PPh3)4] and NaOCZHS'

8,9
trans-alkenes are formed in good yields (Scheme 4).

SCHEME 4:
! Cat Pd(PPh R H
H” (<B_.o NaOEt H R
6 80%
Ri= alkenyl, aryl,

alkynyl
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The corresponding cis-olefins can be prepared by hydroborating
alkynes with dialkylborane followed by NaOH/I, treatment.'®

As outlined in Chapter-1, we have an easy access to alkyl and
alkenylcatecholboranes through hydroboration of alkenes and alkynes
using catecholborane prepared in benzene. We  have undertaken
investigations described in this chapter in order to examine the inter-
and intramolecular transfer reactions of the alkyl and alkenyl groups

from these derivatives.
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RESULTS AND DISCUSSION

Alkyl and alkenyl transfer reactions using alkyl and alkenylcatechol-

boranes:

As discussed in the introductory section, vinylcopper is a
versatile intermediate for several transformations. Since we have a
simple method of preparing alkyl and alkenylcatecholboranes, it is of
interest to examine whether these reagents can be transformed to alkyl

and alkenylcopper respectively, which are more reactive species.

We have examined the reactivity of the borate complexes, formed
by the reaction of NaOCH3 with the alkyl and alkenylcatecholboranes,
with methyl acrylate in the presence of CuCl (Scheme 5).

SCHEME 5:

R NGOCH3 O
CLy~ O
o oCH,

CuCl

,\))\xﬁk““’@
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If such a transformation occurs, there is an advantage over the
tetraalkyl borate complexes utilized for this purpose by Suzuki and
co-workers,5 since 2 equivalents of alkyl groups will not be utilized.
In order to examine this, we have carried out, several experiments
utilizing alkyl or alkenylcatecholboranes, NaOCHS. CuCl, and methyl
ecrylate under wvarious conditions. Unfortunately, in all these
conditions, only the alcohols (RCHZCHZOH) or aldehydes (RCHZCBO)
derived from the organoboron were formed (upto 78%), besides small
amounts of unidentified mixture of carbonyl compounds. Use of

CuBr.SMe2 complex and CuCN.2LiCl in the place of CuCl did not help.

Also, use of NaOPh instead of NaOCH3 was not helpful.

Since we were unsuccessful in our attempts to transfer alkyl
groups to a,f3-unsaturated compounds as envisaged in Scheme 5, we turned

our attention to examine whether alkyl free radicals would serve this

purpose.

+
Generation of free radicals from organoboranes using Ag /KOH, for

utilization in reactions with ¢,/3-unsaturated compounds:

Alkyl free radicals can be readily generated from organoboranes

. 11
in the presence of oxygen.
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B % By ~—=5 g
R +0 —> ROz.
RO, + RyYB ——> RO,BR, + R etc

The radical produced in this way reacts with a,3-unsaturated
compounds when the reaction is carried out in the presence of water to
give the 1,4-addition product (Scheme 6).12

SCHEME 6:
R

0 .
0 Q*B<:R
H
02 u/u\ " H —
R«B 5 BR;
- R —
R R

e
OH
CHO /7
= H
/”[//' ,/’[”’
R R

However, in this case only one of the alkyl group of the

organoborane is transferred. Also, the transfer reaction does not
proceed with less reactive a,f3-unsaturated compounds such as methyl

acrylate.

It has been reported that the reaction of R3B with alkaline AgNO3
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gives R-R (Scheme 7).13 It was suggested that this reaction goes
through the intermediacy of R-Ag and R radicals and that all alkyl
groups take part in the reaction.

SCHEME T7:

KOH/ .
- R— —> R —> R-R
Tl

We decided to examine the utilization of the radicals produced in

this way, in the addition reaction with a,f3-unsaturated ester (Scheme

8).
SCHEME 8: 0 B
OCH .
o KOH/ ﬁ)k\ * OCHj
R- \ ——N—> R-Ag —> R s
R I
0 OH o
—
R ? R R

We have performed several experiments utilizing organoborane

compounds prepared through hydroboration of 1-decene in THF using

CHSOOOH/NaBH4.1445 and in benzene using BSB:N(CZHS)ZPn‘d through

addition of alkaline Agno3 solution in H20 to the organoborane and

methyl acrylate.
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However, in all cases, in addition to small amounts of the R-R
product, only a polymeric mixture of carbonyl (ester) compounds were
isolated. When the experiment was carried out using methyl crotonate
or methyl cinnamate, the hydrocarbon product was obtained as the ma jor

product, besides the unreacted starting ester.

We have then undertaken efforts to avoid the formation of
polymeric products in reactions using methyl acrylate. It was thought
that the presence of a reducing agent such as EtaN:HH3 would help in
intercepting the enolic radical obtained by the addition of R radical

to methyl acrylate.

We have carried out several experiments under various conditions

using excess EtSN:BH3 to trap the radical formed after R radical

addition to methyl acrylate (Scheme 9).

SCHEME 9: o
0’ OH
. K\OCH’ 5> [Z ocHs _EE’N_:EE'_’_) 7 N 0CH;,
R |
0
OCH
R 2

However, in all cases the reaction was found to be incomplete
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since some amount of organoborane was also isolated. Presumably, the

+
Ag attacks the amine borane to some extent.

After we have turned our attention to other topics, Laatsch and
co-workers reported that the R radicals generated under gslightly
different conditions, add to 1,4-naphthoquinone to give some useful

alkylated products (Scheme 10).'"

SCHEME 10:
1-RsB/THF
0 3B/T 0 0
H,0 /0,
A, 1h R R
> -
2- MeOH/Ag,0 "
0 RT, 15 min 0 0
12—-94% 3—-68%

It is interesting to note that alkenyldisiamylboranes and

alkenylcatecholboranes give only trace amounts of diene with aqueous

alkaline silver nitrate which is an effective reagent for generating

18
radicals from trialkylboranes.

Intramolecular rearrangement reactions using alkenylcatecholboranes:

The reaction of E-1-alkenyldialkylboranes with iodine and base
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give Bstereochemically pure cis—alkenes.19 The reaction is believed to
go through the mechanism shown in Scheme 11,

SCHEME 11:

1 + -

R H | R /N .H l H OH
-__ 2 .: [\ g OH . s
—— —_— : X R i}——ﬁu.

2
R

¥

lnternul 1
;_v“ R\—-—’ J + I+ R’Z—B/OH
I H” ™

rotahon
I

R?

It was also found that the use of cyanogen iodide or bromide in
place of iodine and sodium hydroxide, leads to elimination in the final
step, resulting in the formation of trans-alkene.zo The major
limitation of this approach is the requirement of dialkylborane for

the hydroboration of alkynes.

Stepwise hydroborations using HBBrz.SMezlLiAlH4 followed Dby

12/NaOMe treatment also lead to formation of cis-olefin from alkynes

(Scheme 12).%!
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SCHEME 12:
HBBr, -SMe R
R-C=C-H s A \%\B/B’
\‘Br
1
R CH,CH,R! l,/ NaOMe R
Moo’ <’ \ZA__ CHiCHR'
H”~ H B

\‘Br

Matteson and co-workers gave an interesting method for the
2
preparation of alkenylboronic esters (Scheme 13).2

SCHEME 13:
R

0 1+ CHyli . A
HC j —ti =C
Y 2 RCHO H/C \f-o
3

The reaction of the E-1-(ethylenedioxyboryl)propene obtained in

this way with two equivalents of butyllithium followed by IZ/NaOH in

22
THF gives Z-2-heptene (Scheme 14).

SCHEME 14:
HsC H
; Npue G
HsC H 2C,Hgli c=cC - ,Ca
onech 28, ot
f—o C;/H, OCH,CHyLi
\) l/NaOH
O\ o
e
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Similarly, E-2-heptene can be prepared starting from the Z-isomer
of the boronic ester. Surprisingly, alkenylcatecholboranes readily
available through hydroboration of alkynes have not been utilized in

such applications.

We have decided to investigate the application of the alkenyl
borane compounds prepared using catecholborane and Grignard reagents

(Scheme 15) for this purpose.

SCHEME 15: o
O s
o)
R-C=C-H > @ W
O
1
2R MgX
1
I,/ NaOH 1
R\ omc _R & 2/ Rag R
H-”  H g

The advantage in such a procedure over those outlined in Schemes
11 and 12, is that it should also be possible to utilize the B-alkyl

groups which are not available through hydroborations (ex. B-phenyl,

B-isopropyl). Also, we have decided to utilize the more readily

accessible Grignard reagents for this purpose.

1-Decenylcatecholborane (5 mmol) was prepared by refluxing

I-decyne with catecholborane (for details see experimental section of
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Chapter-2) in benzene (40 ml) for 12h (We have followed this procedure
instead of the procedure utilizing HaB:LB as a catalyst, since there
will always be some BHS:LB present in this procedure). Freshly
prepared phenylmagnesium bromide (6 mmol) in THF (40 mlL) was added at
0°C and stirred at 25°C for 8h. The iodine induced rearrangement
(Scheme 11) was carried out at —10°C. following the reported
procedure.10 Z-1-Phenyl- 1-decene was obtained in 65% yield besides
1-decanal (22%¥). The yield of the cis-olefin increased to 89%, when
10 mmols of phenylmagnesium bromide was used in the above experiment.
In order to examine the generality of this transformation, a few other
i-alkynes such as 1-dodecyne, 1-heptyne were utilized in combination
with Grignard reagents such as m—trifluoromethylphenylmagnesium bromide

and p-chlorophenylmagnesium bromide. The results are summarised in

Table 4-1

When PhMgBr was replaced by isopropylmagnesium bromide (2 eq),
Z-1-isopropyl-1-decene was obtained in only 32%¥ yield. With
n-butylmagnesium bromide also, the yield was low (30X). However, when
the reaction was carried out under reflux conditions for 8h after the
isopropyl Grignard addition, (see experimental section for details),
the yield of Z-1-isopropyl-1-decene improved to 68% and that of

Z-1-n-butyl-1-decene to 62X. Similarly, starting from 1-dodecyl-

catecholborane (5 mmol), 67% of Z-1-isopropyl-1-dodecene was obtained.
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Table 4.1: Cis-olefination of 1-alkynes with alkyl and aryl

Grignards: 2
. - c . d
Entry Alkyne Grignard Product Yield(%)
No Reagent K
nCahyy
1. CaHyyC=CH Q_ MgBr >c= 89
H H
CFy
CFs
86
’ Qv oo,
H H

H

nCgHy7 82

Yo H > H
nCioHas 82
6 CyoH21C=CH @. MaBr -
10H21 9 H>C ,
CFy
CFy

~

nCyoHazy 87
N
MgBr Cm
C e H

....contd.
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Ci
nCyoHyy g
c MgBr - 52
L <

8.
nCloH:i\C %
9' - 67
>— MgBr H " s H
nGCsHy,
! - MgBr N
10 CsHyyC=CH Q L= 78
H H
CF
5}
nCsHy,
1 MgBr Ne= 83
H/ H
a) Reactions were carried out under N2 atmosphere using catecholborane
(5.2 mmol) and 1-alkyne (5 mmol) in benzene (40 mL) at 80°C for 12h
(see experimental section).
b) Grignard reagent (10 mmol) in THF (40 mL) was used.
c) Jodination was carried out using 6N NaOH and 12.
d) Yields are of products isolated by column chromatography on silica

1 13
gel. The products were identified by spectral data (IR, H and (&

NMR) and comparison with the data of the authentic samples.
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When p-methoxyphenylmagnesium bromide (2 eq) was added to
i—decenylcatecholborane, only p-iodoanisole was obtained (81%) besides
I-decanal (20%). Refluxing the reaction mixture after adding the
p—-methoxyphenylmagnesium bromide, also did not help. Presumably, in

this case the anisole group attached to boron reacts preferentially

over the alkenyl group.

The stereochemistry of these olefins is expected to be Z- from
the mechanism outlined in Scheme 16.

SCHEME 16:

0 R H  2R'mgBr
R-C=C-H + HE — 5 V! —> e/ R
\0 H/ i* \B

Ng-0 H

|
Y
L
R R 1 R’ I H
B! J OH  R-_/A\
/C=°< € %’ C’HR /CI_C< R
H H H \B" H ?

Several of these derivatives have been reported in the literature

and spectral data for some of them are also available. Comparison of

the spectral data of these derivatives also confirm the stereochemical

assignment.
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The stereochemistry of Z-1-phenyl-1-decene obtained was further
confirmed by converting it to the corresponding E-olefin by a procedure
developed in this la.boratory,za using CoCiszPhafNaBH4 (Bee experi-
mental section for details). The corresponding E-olefin is also a

. 1
known compound and comparison of the H NMR data again confirms the

" . 24
stereochemical assignment.

In addition to confirming the stereochemical assignments, the
isomerization using CoClz/PhSP/NaBH4 should also be useful in the
conversion of 1-alkynes to E-olefins through hydroboration using
catecholborane—Grignard addition- Iz/NaOH rearrangement and isomeriza-

tion sequence.
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CONCLUSIONS

The alkyl and alkenylcatecholboranes failed to undergo
intermolecular transfer reaction through reaction with NaOCHa/CuX
system. Alkenylcatecholboranes were successfully applied in the
Grignard addition-intramolecular rearrangement using szNaOH, an
alternative to Zwefiel's Z-olefin synthesis. Alkyl and aryl groups

which are not available through hydroboration reaction can also be

utilized here.
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EXPERIMENTAL SECTION

General Details:

Several of the general experimental details outlined in Chapters

2 and 3 are also applicable here.

1,2-Dibromoethane supplied by BDH, England was utilized.
Commercial Grignard grade magnesium, supplied by Fluka, Switzerland was
utilized. Bromobenzene, methyl acrylate, methyl methacrylate, methyl
crotonate, ethyl fumarate and 1,4-napthoquinone supplied by E.Merck,
India were utilized. m—-Bromobenzotrifluoride :, p—bromochloro benzene,
p-bromoanisole, n-butyl bromide and isopropyl bromide supplied by

Fluka, Switzerland were utilized.

Attempted reaction of methyl acrylate with 1-decylcatecholborane in the

presence of NnﬂCHé/CbCl:

Catecholborane was prepared from catechol (0.57 g, 5.2 mmol) and

B2H6 in benzene (40 mlL) as mentioned in Chapter-2. 1-Decyne (0.68 g, 5

mmol) was added and heated at 80 C for 12h. NeOCH, (0.54 g, 10 mmol)
o .

was added with the help of a solid addition flask at 25 C and stirred

O
for 2h. Methyl acrylate (0.76 g, 10 mmol) was added at 0 C followed by
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CuCl (0.98 g, 10 mmol) and stirred for 6h. The reaction was quenched
with water and the organic layer was separated. The aqueous layer was

extracted with ether (2 x 20 mL). The combined organic layer was
washed with 3N NaOH (3 x 20 mL) and the solvent was evaporated. THF
(30 mL) was added and the mixture was oxidized with 3N NaOH/HZOZ.ThB
organic layer was extracted with ether and washed with brine solution.
The solvent was evaporated and the residue was chromatographed on a

gsilica gel column to yield l-decanol (1.23 g, 78%). Only trace amounts

of an unidentified carbonyl compound was obtained.

There was no improvement 1in the formation of the carbonyl
compound by replacing CuCl with CuBr.SMez. Use of NaOPh in the place

of NaOCH3 also gave similar results.

Use of 1—-decenylcatecholborane in the place of I1-decylcatechol-

borane also gave similar results (i.e, unidentified polar carbonyl

compound besides l1-decanol),

Dimerization of alkyl radical generated from trialkylborane in aqueous

medium:

N,N-Diethylaniline-borane (5 mmol) was prepared and l1-decene (15

mmol) was added. It was stirred for 2h at 25°C. The temperature was
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raised to 50°C and further stirred for 2h. The excess hydride was
destroyed with absolute MeOH (2 mL) at 0°C. 2N KOH (18 mL) in MeOH was
added, followed by slow addition of 5M AgNO3 (3.6 mL) over 30 min at
0°C. The mixture was stirred for 2h and quenched with IN HCI (10 mL)
and the organic layer was separated. The aqueous layer was extracted
with ether (2 x 20 mL). The combined organic extract was washed with
IN HCl (2 x 20 mL), followed by water (10 mL) and brine. The mixture
was dried over anhydrous MgSO4 and the solvent was evaporated to obtain

25
Ficosane (1.7 g, 82%). 1-Decanol was obtained in trace amounts.

(8]
M.P. . 36%c, 1it.% 36.8°C.

—1
I.R (neat)v : 2960, 2870, 1460, 720 cm
max

Attempted reaction of trialkylborane with methyl acrylate in the

presence of aq. AgNoalkﬂH:

The procedure followed was exactly same as the above experiment
except that methyl acrylate (1.7 g, 20 mmol) was added before the
addition of AgNOS. The product obtained after purification on a silica

gel column was found to be polymeric, besides 1-decanol (18%, 0.30 g).
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Similar results were obtained with methyl methacrylate, ethyl
fumarate and 1,4-naphthoquinone. With methyl crotonate, only l-decanol

was obtained. No addition product was formed.

Preparation of 1-decenylcatecholborane followed by the reaction with

phenyImagnesium bromide and Iz/Na.OH treatment:

1-Decenylcatecholborane was prepared from 1-decyne (0.69 g, 5
mmol) and catecholborane (5.2 mmol) as mentioned previously. Freshly
prepared phenylmagnesium bromide (10 mmol) in THF (40 mL) was added at
0°C and stirred for 8h at 25°C. The reaction mixture was cooled to
-10°C and 6N NaOH (10 mL) was added, followed by dropwise addition of
iodine (2.54 g, 10 mmol) in THF (10 mL) over 30 min.10 The contents
were stirred for 4h. The reaction was quenched with saturated sodium
thiosulphate éolution and filtered over celite pad. The organic layer

was separated and the aqueous layer was extracted with ether (2 x 20

ml). The combined organic extract was washed with IN NaOH (3 x 20 mL)
followed by water (10 mL) and brine. It was dried over anhydrous MgSO4
and the solvent was evaporated. The residue was chromatographed on a

silica gel column. The product eluted with hexane, was identified as

Z-1-phenyl-1-decene (0.96 g, 89%). The same experiment when carried
out with 6 mmol of the Grignard reagent, gave only 65X¥ of

Z-1-pheny1-1-decene besides lI-decanal (0.17g, 22%).



nCaHy7—C=C-H

Yield

IR (neat)v
max

1H NMR (100 MHz, CDCIS)

13(3 NMR (25.0 MHz, CDCIS)

Mass (m/e):
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nCgH,;

XA
(9]
I

. 89% (0.96 g)
. 3020, 3010, 1620-1600 (broad) cm .

: & ppm 0.9 (t, =CH_), 1.2 (m, —Cﬂz), 2.3,

3
(m, -CHZ), 5.5 (m, olefinic H), 6.25 (m,

olefinic H), 7.2 (m, aromatic H) (Spectrum

no. 11).

: & ppm 14.0, 22.6, 28.6, 29.2, 29.6, 29.9,

31.8, 126.5, 128.2, 129.8, 133.4, 137.9

(Spectrum no. 12).

216 (M', 15%), 104 (100%)(Spectrum no. 13).

The Z-1-phenyl-1—-decene has been reported in the literature.

1
Comparison of the reported H NMR data confirms the stereochemical

26

assignment of the product obtained here.

The procedure was

followed forafew other 1-alkynes and the

results are summarized below and also in Table 4.1.
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nCsHyy
nCsHyy—C=C—H S o
" H
Yield : 78% (0.68 g)
IR (neat)v . 3020, 3010, 1620, 1600 cm .
1
H NYR (100 MHz, CDC1,)  : & ppm 0.9 (t, ~CH,), 1.3 (m, ~CH,). 2.3 (m,

-CHZ). 5.6 (m, olefinic H), 6.3 (m,
olefinic H), 7.3 (m, aromatic H).
13
C NMR (25.0 MHz, CDCls) : & ppm 14.1, 22.8, 29.5, 29.6, 32.8, 126.6,

128.7, 128.9, 132.4, 139.0.

The Z-1-phenyl-1-heptene has been reported in the literature.

1 )
Comparison of the reported H NMR data confirms the stereochemical

assignment of the product obtained here.z7
nCyoHzy
NCyoHz;—C=C-H Em— >C=
H H
Yield : 82% (1.0 g)
IR (neat)y . 3020, 3010, 1620, 1600 om

1H NMR (100 MHz, CDC13) : & ppm 0.9 (t, —CH3), 1.2 (m, —CHZ), 2.0,

(m, -CH), 5.5 (m, olefinic H), 6.2 (m,

olefinic H), 7.0-7.8 (m, unsaturated H).
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13
C NMR (25.0 MHz, CDCIB) : & ppm 14.2, 22.8, 29.3, 29.5, 29.8, 32.1,

127.6, 130.1, 130.4, 130.5, 137.7, 139.3.
This compound has been reported in the literature.za

Formation of 1-decenylcatecholborane followed by m—trifluorophenyl-

magnesium bromide addition and szNaOH treatment.

1-Decenylcatecholborane was prepared from 1-decyne (0.69 g, 5
mmol) and catecholborane (5.2 mmol). The procedure followed was as
outlined previously, except that freshly prepared mtrifluorophenyl-

magnesium bromide (10 mmol) in THF (40 mL) was added.

Z-1-m-Trif luoromethylphenyl-1-decene was obtained in 86% (1.21 g)

vield.

CF5

nCaH
nCaH‘-,—CEC-H ___9 ca 7 \C=
7
H H
-1
IR (neat)v : 3020, 3010, 1620, 1600 cm
max

1HNMR (100 MHz, CII]SJ : & ppm 0.9 (t, ~CH3). 1.3 (m, -CH2). 2.9

(m, —CH2), 5.8 (m, olefinic H), 6.4 (m,

olefinic H), 7.4 (m, aromatic H).

13C NMR (25.0 MHz, CDC]S) : & ppm 13.7, 22.4, 28.3, 29.1, 28.2, 29.6,
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31.6, 122.8, 125.4, 127.4, 128.3, 131.7,
134.8, 138.5 (Signals due to the CF3
groups were not seen).

Mass (m/e) 1 284 (M+, 2X), 43 (100%)

The transformation was carried out with few other 1-alkynes.

CF3
nCsHy,
ﬂCSH"-CE C—H —_— \C=
H’/ H

Yield : 83% (1.0 g8)

=]
IR (neat)y : 3020, 3010, 1620, 1600 cm

max

4 MR (100 Mz, COCl)  : & ppm 0.9 (t, —CH), 1.4 (m, ~CH)), 2.3 (m,

—CHZJ, 5.8 (m, olefinic H), 6.4 (m,
olefinic H), 7.5 (m, aromatic H).

13C NMR (25.0 MHz, CDC13) : & ppm 14.0, 22.6, 28.6, 29.6, 31.6, 123.4,
125.4, 127.7, 128.7, 132.1, 135.0, 138.8
(Spectrum no. 14).

CFy

nCyoHz4
RC|0H21 —C=C-H e >C=

Yield : 87% (1.35 &)



IR (neat)v
max

1H NMR (100 MHz, CDCla)

13C NMR (25.0 MHz, CDC13)
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: 3020, 3010, 1620, 1600 cm . ‘

: & ppm 0.9 (t, —Cﬁia). 1.3 (m, -CHZ)' 2.3 (m,

—Cﬂz), 5.7 (m, olefinic H), 6.3 (m,

olefinic H), 7.2-7.5 (m, aromatic H).

: & ppm 14,1, 22.8, 28.6, 28.9, 29.5, 29.7,

29.9, 32.0, 122.7, 125.7, 127.7, 128.7,

132.1, 135.1, 138.8.

Formation of I|—-dodecenylcatecholborane fcllowed by p—chlorophenyl-

magnesium bromide addition and IZINaOH treatment:

1-Dodecenylcatecholborane was prepared from catecholborane (5.2

mmol) and 1-dodecyne (0.83 g, 5 mmol). Freshly prepared p—chloro—

pheny lmagnesium bromide (10 mmol) in THF (40 mlL) was added and rest of

the procedure followed was same as described previously.

NCyoHyy—C=C-H

Yield
IR (neat) »
max

1
H NMR (100 MHz, ClXIla)

: 3020, 3010, 1620, 1600 (broad) cm

Cl

: 52% (0.72 g)

1

: & ppm 0.9 (t, —CH)), 1.3 (m, —CH,), 3.2 (m,

-—Cﬂz), 5.3 (m, olefinic H), 6.3 (m,
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olefinic H), 7.4 (m, aromatic H).

13
C NYR (25.0 MHz, CDC1,) : & ppm 14.0, 22.6, 20.3, 28.6, 31.9, 128.2,
128.6, 129.1, 130.6, 138.8.
Mass (m/e) : 280 (M+2, 3%X), 278 (M', 10%), 57 (100%).

In this case, 1-dodecanal was also obtained (0.23 g, 29%).

Cl
nCgHy7
H,;—C=(C-—
nCgH;7—C=C—H W >C=
H H
Yield : 56% (0.70 &)
-1

IR (neat) vmax : 3020, 3010, 1620, 1600 cm
1H NMR (100 MHz, CDCla) : & ppm 0.9 (t, —CH3), 1.2 (m, —CHZ), 3.2 Cm,

——CH2), 5.3 (m, olefinic H), 6.3 (m,
olefinic H), 7.3 (m, aromatic H).

13C NMR (25.0 MHz, CDC]a) : & ppm 14.1, 22.6, 29.2, 29.4, 31.8, 126.9,

128.2, 128.6, 129.1, 130.5, 138.8 (Spectrum

no« 15):

Preparation of 1-decenylcatecholborane followed by isopropylmagnesium

bromide addition and IZINa.CH treatment:

1-Decenylcatecholborane (5 mmol) was prepared following the
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procedure mentioned previously. Freshly prepared isopropylmagnesium
bromide (10 mmol) in THF (40 mL) was added at 0°C and the rest of the
procedure was similar to the previous experiment. Z—-1-isopropyl-
l1-decene was obtained in only 32% (0.29 g) yield, besides wunidentified

polar compounds, presumably organoboron compounds.

"CGHW\
nCgHy—C=C-H ——>  3C=
H H
IR (neat) v . 3020, 1620 cm |
max
1
H NMR (100 MHz, CDCl,) : & ppm 1.0 (m, —CH,), 1.3 (m, —CH,), 1.7

(m, —CHZ), 3.2 (m, —=CH), 5.3 (m, olefinic
H).
13c WR (25.0 MHz, cnc13) : & ppm 14.1, 22.2, 29.4, 29.6, 30.9, 32.0,

127.7, 137.6.

29
This compound has been reported in the literature. However, the

data has not been given.

When n-butylmagnesium bromide was used in the place of

isopropylmagnesium bromide, Z-1-n-butyl-1-decene was obtained in 30%

(0.25 g) yield.
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“CuHrr\\
nCaHyy—C=C-H ——> Some
H H

IR (neat) v . 3020, 1620 om |
max
1
H NMR (100 MHz, CDC1)  : & ppm 0.9 (t, ~CH), 1.3 (m, CH,), 2.0 (m,

—CH2), 3.1 (m, —CH2). 5.3 (m, olefinic H).

13
C NMR (25.0 MHz, CDC13) : 6 ppm 14.1, 22.8, 29.4, 29.7, 32.0, 32.7,

130.0, 130.5.

3
This compound has been reported in the literature. 9

When the above reaction mixtures were heated at 80 C for 8h after
the alkyl Grignard addition, the yield of the product improved to 62%
(0.51 g) and 68% (0.62 g) for Z-1-n-butyl-1-decene and Z-1-isopropyl-1-
decene, respectively. The IR and NMR spectra showed 1:1 correspondence
The above reaction was carried out

with the spectra obtained earlier.

with 1-dodecyne also.

nCyoH24

nC1oH2|-cEC‘-H — >C=
H

Yield : 67% (0.70 &)
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IR (neat) v_ : 3020, 1620 om |

'H NR (100 Mz, CDCl,) @ 6 ppm 1.0 (m, all CH,'s), 1.3 (m, -CH),
1.6 (m, —CH2), 3.2 (m, -CH), 5.3 (m,
olefinic H).

B¢ R (25.0 Mz, CDCl,) : & ppm 14.1, 22.7, 23.3, 29.5, 29.7, 30.0,

32.0, 127.7, 137.6 (Spectrum no. 186).

Mass (m/e) : 210 (M+. 3%), 57 (100%).
Isomerization of Z-1-phenyl-1-decene to E-1-phenyl-1-decene:

A procedure similar to the one reported from this laboratory for

23
the conversion of allylbenzene to E-f3-methylstyrene was fol lowed.

CoCl2 (0.21 g, 2 mmol) and PPh3 (1.57 g, 6 mmol) were taken in
dry THF (30 mL). To the magnetically stirred suspension, NaBH4 (0.02
g€, 2 mmol) was added under nitrogen atmosphere during 15 min. at -10°C
and the contents were further stirred for 30 min. The Z-1-phenyl-
l1-decene (0.43 g, 2 mmol) in THF (10 mL) was added under nitrogen
atmosphere with the help of a double ended needle and the mixture was

stirred at —IOOC for 8h. Hexane (20 mL) was added at -10°C followed by

2N HCl (3 mL). The organic layer was separated and the aqueous layer
was extracted with hexane (2 x 20 mL). The combined organic extract

was washed with saturated sodium chloride solution (20 mlL) and dried
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over anhydrous MgSO4. The solvent was evaporated and hexane (10 mL)
was added to the residue to precipitate the Ph3P:HH3 complex and most
of the PhaP. The filtrate was evaporated and the residue was purified

on a silica gel column using hexane as eluent.

CHs(CH,), CH3(CHz)» H
>C= SR S >C=C/
Yield : 81% (0.34 g)
IR (neat) v ¢ 3020, 1610, 1600, 960 Cﬂ'l._1
max
1H NMR (100 MHz, CDC]S) : & ppm 0.9 (t, —CHB), 1.3 (m,—CHz), 2.3 (m,

—CHZ), 6.4 (m, olefinic H), 7.4 (m,

aromatic H) (Spectrum no. 17).

Although the lH NMR spectral resolution is poor (spectrum no. 17),

26
the data are comparable with the data reported for E-phenyl-1-decene.
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