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SYNOPSIS

This thesis describes studies on the, Development of New Organic

Synthetic Methods Based on Borane, Catechol borane Reagents and Resolution

of Racemic Diols. It comprises three chapters. Each chapter is subdivi-

ded into three parts, namely, Background and Objectives , Results and

Discussions and Experimental Sections . The work described in this

thesis is exploratory in nature and the chapters are arranged in the order

the investigations were executed.

The first chapter describes the synthetic methods developed for

reductions and hydroborations. An operationally simple procedure has been

developed for the generation of diborane in THF using the I_/NaBH.

combination. The H_B:THF complex obtained in this way was used for the

reduction of an imide, primary, secondary and tertiary amides and nitriles.

This reagent system was also utilized for the synthesis of N-alkylamino

alcohols through the reduction of the corresponding Schiff bases or N-acyl-

amino acids. The I_/NaBH. combination was also employed for the hydrobo-

ration of olefins.

RCH2NH2

R-C = N

H

RCH=CH2

I2/NC1BH4
RCONR,

RCH2NR2

H

H

It was found in this laboratory that the Itsuno-Corey oxazaborolidine

system can be readily prepared in situ using the H B:N(C H ) Ph complex.
3 2 5 2



V l l

Ph Ph 1)B2H

I
H

2) N(C2H5)2Ph

3) A . 4 h H

(S)-1 (S)-2

We have examined the synthesis of this reagent using the easily

accessible I_/NaBH. reagent system.
£ 4

A ,3-4 h
H

PhCOCH, OH

65-82% eeL- (?)

Several experiments were carried out using this combination of

reagents for the enantioselective reduction of acetophenone. The

corresponding 1-phenylethanol was obtained in 65-82% e.e. When the CBS

catalyst, synthesized using diborane and N,N-diethylaniline, was used in

combination with H«B:THF (prepared separately by bubbling diborane into

THF) better enantioselectivies were realized (95.5% e.e).

Diglyme

l2 25°C
B2H6

THF 0) (S) -2
- BH3:THF

25OC ,^\™(2)PhCOCH3
 P h

95-5% ee

We have also synthesized various (S)-valine derived amino alcohols and

the corresponding borane:oxazaborolidine derivatives in order to examine

the utility of these reagents in the reduction and hydroboration of

acetophenone and the isoelectronic cr-methylstyrene. These results are

discussed.

Ph Ph >vj Ph Ph ^ / Ph Ph

H

(S)-3

H

(S)-4

H

(S)-5

H

(S)-6

H

(S)-7



Chapter 2 describes studies on the carbon-carbon bond formatior

reactions using 1-alkenylcatecholborane derivatives. It was found in thiv

laboratory that (Z)-l-phenyl-l-decene can be prepared using 1-decenyl

catecholborane and phenylmagnesium bromide followed by 1,/NaOH treatment

We have optimized conditions for the synthesis of (Z)-l-cyclohexyl-l

heptene and (Z)-2-methyl-7-octadecene) using the corresponding alkenylcate-

cholborane and the Grignard reagents. The use of diorganomagnesiuc

derivatives followed by iodine treatment and oxidation provided tht

corresponding (Z)-olefinic alcohols in 30-47% yields.

n
n=5 Or 6

R

0)n

1) 12/NaOH

2) H2

These methodologies were employed for the synthesis of precursors of

some naturally occurring insect pheromones.

We have also investigated the alkenyl transfer reactions from

1-alkenylcatecholborane using Grignard reagents and CuX treatment.

Ri 3RMgX Ri ̂  ( + , ) M ,9* CuX

X=CI. Br Or I

Unfortunately, only a mixture of (E)-l-phenyl-l-decene and (E,E)-9,11-

eicosadiene were obtained in low yields (23-29%).

Chapter 3 describes exploratory studies on the development of

convenient methods for the resolution of racemic diols using readily acces-

sible reagents. The C -symmetric chiral diols such as 2,2'-dihydroxy-



ix

1, T -binaphthyl and 1,2-diphenylethanediol are useful in several stoichio-

metric and catalytic asymmetric transformations. We have selected these

representative diols for our studies.

Ph OH

8

H
HO Ph

9

Efforts were undertaken towards the development of a boron—based

methodology for the resolution of racemic diols via synthesis and

separation of the corresponding diastereomeric complexes.

OH
BX,

X=H Or OH
- X

dil-HCI

X—OH

(R)

(Chirol)

dil-HCI

Separation of

Diastereomeric
Complexes

(S)

The following chiral amino alcohols were used for the resolution of

the racemic 2,2'-dihydroxy-l,l'-binaphthyl.

PhPh

I
H

H CT"



X

However, the racemic mixture 8 was only partially resolved using these

derivatives. We have also utilized the following readily available amino

acids for the resolution studies. Again, the racemic mixture 8 was only

partially resolved.

X X i*
H2N ̂ ^ COOH H2N ̂ ^ COOH |

2 H

The resolution studies of racemic 1,2-diphenylethanediol gave more

fruitful results when (S)-proline and boric acid were used. Highly

enriched (S,S)-(-)-l,2-diphenylethanediol (83.4-91.4% e.e) can be prepared

in this way. The other isomer (R,R)-(+)-9 was obtained in 22-39% e.e.

Efforts were also made to examine the structure of the complexes involved.

Similar efforts on the resolution of enantiomers of 8 using B(OH)_ and

chiral amino acids were not successful. Fortunately, however, it was found

that the racemic 8 can be readily resolved using (S)-proline alone by

refluxing in benzene.

[—— Precipitate ——

65% ee , (43%)

(t)-8 (S)-15 4 4 % e .e > ( 5 1 % )

Using this procedure, the enantiomerically pure (S)-(-) and (R>-(+)

isomers of 2,2'-dihydroxy-l,l'-binaphthyl were obtained in three successive

operations. Efforts were also made to delineate the structures of species

involved in this process of resolution/enrichment.



Chapter 1

Studies on the Development of New Organic Synthetic Methods

using L/NaBH. Combination for Reductions and Hydroborations



1.1. BACKGROUND AND OBJECTIVES

The sodium borohydride reagent is one of the most widely used reagents

in synthetic organic chemistry. This relatively inexpensive, widely

available reagent readily reduces the functional groups such as aldehydes,

ketones, acid chlorides, oximes, lactones, and imines. However, it

does not reduce functional groups such as carboxylic acids, carboxylic

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

olefins under ambient conditions. The efforts to increase the reactivity

of NaBH. towards esters using A1C1« lead to the discovery of hydroboration
7

of olefins in ether solvents.

Although various Lewis acid additives were employed for this purpose,

efforts are still continuing for developing more convenient methods. In

this laboratory, there have been efforts to develop new convenient methods

for reductions and hydroborations.

The RCOOH/NaBEL reagent combination has been shown to be useful in
8—10selective hydroboration (eqns. 1 and 2).

NaBH4 + CH3COOH - R^CHaOH — (1)
2) H ^ / NoOH

1) H^/NaOH HO . ^. . COOH - — (2)

n 2) HCI

Diborane has been generated using the Ig/NaBH. combination in diglyme

through a slight modification of a reported method. Stable hydroborating

agents such as amine boranes have been prepared for synthetic utilization



using diborane generated in this way (eqn. 3). 12

Diglyme
* 7

25° C

BH3

I
Ph

— (3)

Catecholborane can be readily prepared in benzene for synthetic

applications (eqns. 4-7).

12 + NaBH4

Diglyme

OH

OH
(4)

1) H3B:f

(10 moIX)

2) RC ^= CH

at 25 o C

(5)

A • 12h

A • 12h RCH2CH2 B

— (6)

— (7)

Various iodoborane complexes have been prepared for applications in
15-17

some useful transformations (eqns. 8-10).

1/2 12

-1/2 Hj

h

- H i

— (8)

— 0)



3/2 t
IBN^H^Ph — - (10)

-3 /2 Hj

It appeared desirable to further examine the development of new

reduction procedures using the L/NaBH. combination.



1.2. RESULTS AND DISCUSSION

1.2.1. Reduction of organic functional groups using L^/NaB^ combination in

THF:

Recently, Yamakawa et al reported that the carboxylic acid esters and

amides are reduced to alcohols and amines using NaBHVZnCl2 in THF in the
18presence of a tertiary amine under refluxing conditions. Akabori et al

used a novel NaBH4/R2SeBr2 system for the reduction of tertiary amides and

nitriles and the corresponding amines are obtained in moderate to good
19yields. It was reported that the reagent generated in this way has

19reactivity characteristic of H3B:THF.

As outlined earlier, the diborane can be generated by dropwise

12addition of L, in diglyme to NaBH. in diglyme. The above report

describing the R2SeBr2/NaBH4 system prompted us to examine the more readily

accessible, safer to handle I2/NaBH4 combination in THF. So, we have

decided to investigate the synthetic utility of the reagent prepared using

this combination (eqn. 11).

2 H3B:THF + 2 Nol + ^ — (11)2 NoBH4

(in THF)
(in THF)

The side product of this reaction is sodium iodide which should not

interfere in several transformations utilizing this reagent. In order to

examine this, we have carried out an experiment by adding I_ (1 eq.VTHF

slowly (2.5h) into NaBH (2.4 eq.) in dry THF at 0°C. Addition of PPh to

this mixture afforded >95% of Ph P:BH_. This clearly indicates that the
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diborane generated in situ is present as the HgBrTHF complex in the

reaction mixture. Later, we have also found that the iodine addition to

NaBH. for 0.5h, also give similar results. However, sodium borohydride was
4

used in small excess (20%) over the stoichiometric amount because further

reaction of borane with iodine would produce iodoboranes which are known to

20cleave ethers.

Applications of this 1,,/NaBH, combination for hydroborations and

reductions were then examined. The reagent prepared in THF readily hydro-

borates olefins (eqn. 12).

THF
l2 + 2 NaBH4 BzHg 2 H3B:THF

I 3 RCH=CH2

(RCH2CH2)3B — — ( 1 2 )

The borane reagent prepared using sodium borohydride (2.4 eq.) and

iodine (1 eq.) in dry THF, hydroborates 1-decene (3 eq.) during 2h at room

temperature to give the organoborane species which was oxidized using

alkaline hydrogen peroxide to obtain 1-decanol in 92% yield. Reaction with

several other olefins was examined. These results are summarized in Table

1.

It is interesting to note that the olefin moiety was selectively

hydroborated in the presence of an ester group (entry 5, Table 1). This

reactivity pattern is similar to that observed with H.B:THF.21

3



Table 1: Hydroboration of alkenes using in THF*

S.No. Substrate Conditions Product Yield (%)

Temp. (Time)

1. PhCH=CH2 25°C (2h) b PhCH2CH2OHf 90

2. 25°C (2h)b 92

3. 0 25°C (4h)C aOH
85

4. 25°C (4h)C
, * 0H

81

5. COOCH3

10
78

a) The experiments were carried out using NaBH. (7 mH) and 1^ (2.8 mM).

Products were purified by column chromatography.

b) 15 mM alkene was utilized and the organoborane was oxidized using H 0 o /

NaOH.

c) 10 mM alkene was used and the organoborane was oxidized using H O, /

NaOH.

d) The olefinic ester was utilized in 15 mM and the organoborane species

was oxidized using H20_/Na0Ac.

e) The products were identified by spectral data (IR, *H NMR and 13C NMR)

and also by comparison with the data reported in the literature.

f) Contains the isomeric 1-phenylethanol up to 20% (*H NMR analysis).



The Î /NaBH reagent combination has been also useful in the reduction

of amides. The corresponding amines are obtained in 70-74% yields. These

results are summarized in Table 2. The d,l-imide 3 prepared through the

sequence of reactions shown in Scheme 1 following closely related reported
22procedures, on reduction with L/NaBH. gave the corresponding N-benzyl-

3,4-diphenylpyrrolidine 4 in 76% yield (entry 1, Table 2).

Scheme 1:

1)

PhCH2COOEt

2)«2

P h

Ph ^

COOEt

COOEt

K 0H

oq- ethonol

P h

Ph

COOH

COOH

!2/NaBH«

Ph

(neat)

Ph

AX

Reduction of N-benzoylvaline using the L/NaBH combination gave

N-benzylvalinol in 57% yield (entry 5, Table 2) (Scheme 2).

Scheme 2:

X 1) 2 NoOH

2) PhCOCI X
I I2/N0BH4

Ph
OH

(S)-7



Table 2. Reduction of amides using in THFa

8

S.NO. Substrate Conditions

Temp. (Time)

Product Yield (%)

1.

Ph - ^P

0 ANX
-Ph

2. PhN(CH3)COCH3

70°C (6h)b

Ph . Ph

b'
N

k,Ph

70°C (3h) C PhN(CH3)C2H5

76

74

3. PhN(H)COCH, 70°C (3h)C PhN(H)C2H5 75

4. PhCONH, 70°C (3h) C PhCH2NH2 70

5. .XX
H

(36h) u
 P h

H
57

a) All the experiments were carried out by the addition of I into a mix-

ture containing NaBH4 and the substrate in THF at 0°C for 2.5h followed

by stirring at the temperature given in Table 2.

(12 mM) and imide (5 mM) were used.

(10 mM) and amide (10 mM) were utilized.

b

c)

d)

f )

NaBH4 (27 mM),

NaBH4 (23 mM),

(25 mM) and N-benzoylval ine (20 mM) were used .NaBH4 (55 mM), ^

e) The products were identified by spectral data OR, *H NMR and 1 3 C NMR).

Yields are of products isolated by e i ther column chromatography or

distillation under reduced pressure .
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The LVNaBH. reagent is also useful for the reduction of nitriles and

the corresponding amines were obtained in 70-75% yields. These results are

summarized in Table 3.

Table 3. Reduction of nitriles and imines using in THF

S.NO. Substrate Conditions Product0 Yield (%)d

Temp. (Time)

1. PhCN 70°C (3h)a PhCH2NH2 70

2. CH3(CH2)7CN 70°C (3h)a
C H3 ( C H2 )8N H2 75

3.

4.

10

OH

25°C (6h)b

25°C (6h)b

H Ph P

(S)-9

H
(S)-7

OH

85

83

a) All the experiments were carried out by adding L (10 mM) to a mixture

of the substrate (10 mM) and NaBH4 (25 mM) in THF (25 mL) for 2.5h at

0°C followed by heating at the temperature mentioned in Table 3.

b) Borane reagent was prepared using NaBH4 (15 mM) and L, (6 mM) in THF

(45 mL). The imine (10 mM) was taken in THF (15 mL) and added to the

reagent at 0°C.

c) The products were identified by spectral data OR, *H NMR and 13C NMR).

d) Yields are of products isolated either by column chromatography or

distillation under reduced pressure.
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This reagent system was also successfully utilized for the reduction
23 24

of esters and selective reduction of acids (eqns.13 and 14).

RCHjCOOR

I 2 / N O B H 4

Subsequent to initial reports on the system from this labora-

tory, Meyers et al have found that this reagent combination is excellent
25for the reduction of amino acids to amino alcohols (eqn. 15).

X
1) l2/N0BH4

COOH

OH
— 05)

11

Meyers et al have also reduced various N-benzoyl amino acids to obtain
25the corresponding N-benzyl amino alcohols (eqn. 16).

Ph
H

13

COOH
24h , r-t-

14

— (16)

1.2.2. Enantioselective synthesis of chiral alcohols from prochiral subs-

trates:

There have been several reports describing asymmetric synthesis of

chiral alcohols from prochiral substrates using stoichiometric amounts of

chiral auxiliaries/hydride reagent combinations (Scheme 3).
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Scheme 3:

(BINAP) 15

(lpc2BH) 18
29

Et

(BINAL-H) 16

(NB-Enantride) 19

Li

30

Ph Et

17 28

(lpc2BCl)
31

Itsuno and co-workers utilized an amino alcohol modified reagent for

the stoichiometric asymmetric reduction of prochiral ketones (eqn. 17).33

Ph

Ph
2 HjB.THF

HjN OH
22

Using this reagent system, aryl alkyl ketones were reduced to the

corresponding alcohols in 94-100% ee. However, less selectivities were
34observed in the case of dialkyl ketones (55-78% ee).

Later, Corey and co-workers prepared the proline analogue of the above

reagent for the enantioselective reduction of prochiral ketones. Moreover,
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they have established that the reaction is catalytic with the chiral

reagent (Scheme 4). Also, better selectivities were obtained in the

reduction of several aryl alkyl and dialkyl ketones.35"37

Scheme 4:

H3B:THF
OH

2) II

— (18)

H Ph Ph Ph Ph

H3B:THF

R«COR'

H Ph Ph

R'

O B H J

BH,

R» R1

/ \
R» R'

Corey et al prepared this catalyst by heating 3 equivalents of H.BcTHF

and (S)-cc,a-diphenylpyrrolidinemethanol in THF at reflux under argon-

diborane atmosphere (total pressure 1.7 bar). Removal of solvent, sublima-

tion at 15O°C-16O°C (0.1 torr) and resublimation at 145°C-160°C (0.05 torr)

gave the catalyst (eqn. 19).

Ph
Ph

OH

3 H3B:THF

— (19)

H
24 23

Even though this catalyst gives excellent results in asymmetric
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reduction of several ketones, the corresponding B-methylated oxazaboroli-

dine is generally employed for the reductions since the unsubstituted

reagent is air and moisture sensitive. Recently, Mathre and co-workers

reported that they have obtained erratic results when the B-alkyl oxazabo-

rolidine derivatives prepared using alkylboronic acids were used for the

catalytic reduction of a ketone-intermediate in the synthesis of MK-0417

(eqn. 20).38

— (20)

It was reported that 1 mg of water present in 1 g of ketone reduction
38lowers the enantiomeric excess from 95% to 50%.

The preparation of oxazaborolidine 23 using (S)-24 and borane does not

involve the water formation. It appeared that this reagent was not

extensively utilized because of the air and moisture sensitivity of the

reagent and also complicated method of preparation. We have decided to

explore the synthesis of this reagent in situ for synthetic applications,

using the readily accessible I2/NaBH4 combination as envisioned in scheme

5.

Scheme 5:

THF 24
H3B:THF

23 (?)
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The required chiral synthon a,a-diphenylpyrrolidinemethanol (S>-24 was

prepared from (S)-proline following a modified procedure developed in this

laboratory (Scheme 6).'

Scheme 6:

39

COOH

K2CO3 . H20

H

27

COOH SOCI2/CH3OH

28

H
(S)-24

KOH/CH3OH

COOCH3

COOC2H5

29

4 PhMgBr

Ph
p h

30

In order to examine the synthesis of the oxazaborolidine 235 we have

carried out the following experiment. H3B:THF (2 eq.) was prepared in THF

using NaBH4 (20 mM) and 1^ (10 mM). (S)-24 (1 eq.) in dry THF was added

and the contents were refluxed for 3h. Acetophenone (1 eq.) was added and

the contents were stirred for 10 min. at room temperature. 1-Phenylethanol

was obtained in 69.7% ee (entry 1, Table 4) (Scheme 7).



Scheme 7:

15

THF 24
NaBH4 H3B:THF

A ' 3h

Ph ' ^ CH3

69-7%

In a separate experiment, H3B:THF (1.2 eq.) generated using NaBH4 (12

(6 mM) and (S)-24 (0.2 eq.) were used. Reduction of acetophenone (1

eq.) using this combination gave 1-phenylethanol in 65% ee (entry 2, Table

4). It was thought that the enantioselectivities obtained were somewhat

low in these cases due to the incomplete formation of the catalyst.

Recently, it was found in this laboratory that the use of a tertiary

amine such as N,N-diethylaniline in the oxazaborolidine formation gives

40better results (eqn. 21).

BHj

Ph

(S)-24

A • 4h

Ph Ph

N-^p/ 2) PhC0CH3

\ t

23

H OH

A r u
(21)

Ph ' ^ CH3

90-1% ee

Accordingly, we have carried out an experiment using N,N-diethyl-

aniline to facilitate the catalyst formation (Scheme 8).



Scheme 8:

16

NoBH4 H3B:THF
(S)-24

2)

A •

Ph ' ^ CH3
69% ee

However, the 1-phenylethanol was obtained only in 69% ee (entry 3,

Table 4). In order to further examine this problem, the catalyst prepared

in benzene solvent was used in combination with L/NaBH. combination (entry

4, Table 4) (Scheme 9).

Scheme 9:

Ph Ph

OH
N

H

24 (0-2 eq)

A

Ph Ph

23(?:

1)

2) PhCOCHj

OH

Ph ' ^ CH,
72% ee
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As reported above, the reagent prepared in benzene solvent (0.25 eq.)

in combination with borane:N,N-diethylaniline (1 eq.) reduces acetophenone

upto 90. IX ee in contrast to lower selectivities (72% ee) obtained using

the I2/NaBH4 system (entry 4, Table 4). It was thought that the 'NaP

present along with the reducing agent may be responsible for the complica-

tions.

In order to avoid such a problem, we have carried the following

experiment. To the borane solution prepared using L/NaBH. system, dry

benzene (10 mL) was added and the contents were refluxed for 0.5h. The

supernatent borane solution in THF/benzene mixture was used for the

reduction (entry 5, Table 4) (Scheme 10). However, there is only slight

improvement.

Scheme 10:

P P h

Ph Ph 1) I 2 / N Q B H 4

(THF/Benzene)

° H

A
2) PhCOCH3

P h

OH

8 2 % e e

H

24 (0-2 eq)

In order to further improve the results, we have prepared pure H3B:THF

by bubbling diborane, generated using I^NaB^ in diglyme, into the THF

solvent. When this reducing system was used for the reduction of

acetophenone along with the oxazaborolidine (20 mol%) prepared in benzene
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Table 4: Reduction of acetophenone us ing oxazaborolidine 23 prepared along

with var ious borane systems*1

S.No. Catalyst

Catalyst

quantity Reducing Yield*5 [<xjj?5 ee (%)c

(in molar eq.) agent (X)

L. (S)-24 + (NaBH4/I2) 1.0 NaBH 90 + 3 1 . 0 69.7

2. (S)-24 + 0.2 85 + 29.6 65.0

3. (S)-24 0.2 80 +31.4 69.0

4. (S>-24 +
2 a 6 0.2 82 32.3 72.0

5. (S)-24 + BOH 0.2 80 + 37.3 82.0

6. (S)-24 0.2 91 + 42.1 95.5~

7. (S)-24 + BOH_ 0.1 I^BiTHF1 90 + 42.0 94.7 j

a) To the catalyst prepared, reducing agent (10 mM) was added followed by

acetophenone (10 mM) and the contents were stirred for 10 min. at 30 C.

b) Yields are of isolated, purified and distilled products. Products

were identified by spectral data (IR, XH NMR and 13C NMR).

c) Based on the maximum [aJ^5 = -45.5 (C3, CH3<DH).

d) To the H3B:THF prepared in situ using NaBH4 (20 mM) and 1^ (10 mM),

amino alcohol (10 mM) was added and the contents were heated for 3h.

e) To the BLBrTHF prepared in situ using NaBH4 (12 mM) and ^ (6 mM),

amino alcohol (2 mM) was added and the contents were refluxed for 3h.

f) To the H.jB.THF (12 mM) prepared amino alcohol (2 mM), N.N-diethylani-

line (2 mM) were added and refluxed for 4h.

g) To the benzene solution (15 mL) of amino alcohol (2 mM) excess diborane

was bubbled, N,N-diethylaniline (2 mM) was added and heated for 4h.
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h) To the H3B:THF prepared using NaBH4 (10 mM) and I 2 (5 mM), dry benzene

(10 mL) was added and refluxed for 0.5h. The supernatent solution was

transferred into the reaction flask under nitrogen atmosphere.

i) Diborane prepared using NaBH4 (10 mM) and L (5 mM) was bubbled into

THF (15 mL) at 0°C for 3h.

j) Enantiomeric excess was determined using chiral HPLC on chiralcel 0D

column using 95:5/hexane:isopropanol solvent.

using 24, 1-phenylethanol was obtained in 95.5% ee (entry 6, Table 4)

(Scheme 11).

Scheme 11:

Diglyme ,. ,. THF
NaBH4

Ph Ph

H

2)

A . 4h
Benzene

H3B:THF

H OH

V
2) PhCOCH3

24 (0-2 e q )

When 10 mol% of the oxazaborolidine catalyst was used, the 1-phenyl-

ethanol was obtained in 94.7% ee (entry 7, Table 4). This modified

procedure compares well with the in situ procedure reported recently by

41Quallich et al.

1.2.3. Synthesis and utilization of various amino alcohols derived from

(S)-valine:

1.2.3.1. Hydroboration of olefins using borane-amino alcohol complexes:

The hydroboration of olefins with H B-Lewis base complexes is a very
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useful reaction in synthetic organic chemistry. However, the mechanism of

this important reaction is not clearly understood. This problem has been

debated by various groups of people and several mechanistic pathways were
42—57

proposed. Three mechanistic pictures can be deduced for the

hydroboration of olefins using borane-Lewis base complexes from various

reports.

i) SHl-like mechanism:

The H-B-Lewis base dissociates prior to the borane addition to

olefins. Kinetic data were presented in support of this mechanism (Scheme

12>.47

Scheme 12:

H3B:LB BH3 LB

H2B H

ii) Sn2-like mechanism:

This mechanism involves the presence of Lewis base in the transition

state during the >B-H addition to olefins (Scheme 13).

Scheme 13:

BH

LB

HjB—-H
I

Kinetic data and theoretical calculations have been presented in

48-52
support of this mechanism.
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iii) Formation of n-complex intermediate:

Lewis base may or may not be present in the transition state during

the >B-H addition to olefins (Scheme 14). This mechanism was considered to

explain the dehydroboration (i.e. the reverse) reaction in certain cases.57

The n-complex intermediates were also considered for the gas phase

53reaction of 'BH3' with olefins and also for explaining the asymmetric

hydroboration results using Ipc2BH. This mechanistic picture was not

considered for explaining the kinetic data although the available data

Scheme 14:

H3B:LB
RCH=CH2

+ LB

H 2 B - ~ - H

RCH- "CH2

47
cannot distinguish this mechanism from the Snl like mechanism.

In an SN2-displacement reaction, a chiral leaving group has been

reported to give asymmetric induction up to 8.4% ee as shown in Scheme

15.58

Scheme 15:

OH

H,C CH3 NaH H,C

CH3

34 (8-4% ee)

X = Camphor-10-Sulphonate
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Mandal and co-workers used an amino alcohol modified borane reagent

for the asymmetric hydroboration of prochiral olefins (eqn. 22).59

2 H3B:SMc2

Ph

H,C

0 C H3 2) H^/NoOH

37% ee

— (22)

Using this reagent, oc-methylstyrene was hydroborated and the

corresponding alcohol was obtained in 37% ee after oxidation. However, the

authors did not specify the structure of the hydroborating agent. The

intermediate species involved may be similar to the oxazaborolid ine

35reported by Corey et al..

From this laboratory, the following chiral am ine borane complexes

36-40 were synthesized and used for the hydroboration of prochiral olefins.

The corresponding alcohols were obtained in 3-19.2% ee after oxidation

(Scheme 16).60,61

Ph

36

Ph

CH,

Ph

39

Ph

CH3

H

37

Ph
40

Ph
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H3B:LB

2)

HO H

X — (23)

The obtention of relatively higher ee using the Mandal'a amino alcohol

prompted us to synthesize various (S)-valine derived amino alcohols for the

hydroboration studies. It was thought that in an N-substituted borane-

oxazaborolidine the borane moiety will be cis to the isopropyl group and

hence better enantioselectivities can be realized (eqn. 24).

H,B
— (24)

With this idea in mind, we have decided to prepare the following amino

alcohols (eqn. 25).

Ph Ph Ph Ph

— (25)

The syntheses of amino alcohols (S)-9 and (S>-43 were carried out

using (S)-2-amino-3-methyl-l,l'-diphenylbutan-l-ol (i.e. diphenylvalinol)

(S)-22, which in turn was prepared following a reported procedure (eqn.

26X34
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X SOCI2/CH3OH 8 PhMgB

v j Ph Ph

< V V/ \
HjN OH

(26)

Cl
5 44 (S)-22

However, this sequence (eqn. 26) gave the product (S)-22 only in 28%

overall yield.

We have developed an alternate procedure for the synthesis of

diphenylvalinol (S)-22 in the lines of the method reported for the
4

synthesis of <x,oc- diphenylpyrrolidinemethanol 24 (Scheme 17).*

Scheme 17:

39

X 1) CICOOCHj XX
43CO ^ ^ N ^ ^ COOCH3

H
45

Ph Ph

4 PhMgBr

KOH/CH3OH

H3CO - ^ ^ N
OH

46
Ph

Following this method, the diphenylvalinol (S)-22 was obtained in 46%

overall yield.

The diphenylvalinol (S)-22 was converted to (S)-2-(N-benzylamino)-3-

methyl-1,1' -diphenylbutan-1-ol, (S)-9 and (S)-2-(N-isopropylamino>-3-

methyl-l,l'-diphenylbutan-l-ol, (S)-43 using benzaldehyde and acetone
61

following a closely reported procedure (Scheme 18).



Scheme 16:

Ph Ph

OH

22

PhCHO

EtOH

Ph

HN

Y
Ph

NoBH4

0 o c

H

OH

Ph Ph

(S)-9

25

Ph Ph

HjN OH

22

EtOH

Ph
Ph

OH

Ph Ph

NoBH4

O« C

OH

H Ph Ph

(S)-4J

The amino alcohol (S)-7 was prepared from (S>-valine as outlined in

Scheme 19.



Scheme 19:

26

X COOH

)C

12/NoBKi

(ret- 25)

PhCHO

OH EtOH "

47

HjN

HN

47

OH

X

0 • C

OH

OH

H (S)-7

The synthesis of borane-oxazaborolidine complexes was then examin-

ed. The amino alcohol (S)-9 was taken in dry benzene and excess diborane

generated by drop wise addition of I_ in diglyme to NaBH4 in diglyme was

bubbled for 3-4h. The reaction mixture was refluxed for 6h and the

solution IR spectra was recorded. A sharp absorption at 2550 cm

corresponding to >B-H stretching was noted, indicating the formation of the

oxazaborolidine. Diborane (1 eq.) was again bubbled through this reagent

and the IR spectra of this mixture was recorded. It was found that there

was no change in the spectrum and the *BH' absorptions characteristic of

'BH ' moiety (2200-2400 cm ) were absent. Presumably, this Lewis base is

too sterically hindered to form the corresponding borane complex.
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v \ Ph Ph

n
OH

Ph Ph Ph Ph

H
48

27

— (27)

The absence of "BH " complex was further confirmed by the reaction

with ot-methylstyrene (1 eq.) which was quantitatively recovered.

-1

A similar reaction using amino alcohol (S)-43 also did not give the

*BH3
J complex. However, the reaction using (S)-N-benzylvalinol 7 gave the

borane complex. The solution IR spectrum in this case showed strong

absorptions corresponding to 'BH ' moiety at 2260, 2300 and 2450 cm

indicating the formation of the required borane complex (eqn. 28).

— (28)

This borane-Lewis base complex was used for the hydroboration of

or-methylstyrene. Unfortunately, the product 2-phenyl-l-propanol was

obtained only in 2.3% ee after oxidation (eqn. 29).

H3B

P h '

1)
Ph

H3C

2) H J O J / N O O H

— (29)

H
51
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The borane-oxazaborohdine complexes prepared from the amino alcohols

(S)-22 and (S)-valinol were also used for the hydroboration of «-methyl-

styrene (eqns. 30 and 31).

HO

H,C y
2) H2O2/NoOH

8-5% ee

Ph
1)

H3C

— (30)
Ph

2)

— (31)

53

Again, the asymmetric inductions are only poor. However, it should be

noted that even if the Sn2 type mechanism (Scheme 13) operates, the

inductions may not be very high as the Lewis base partially gets detached

in the transition state even in this mechanism. Also, operation of more

than one mechanistic pathways cannot be ruled out. Hence, the mechanistic

question is not completely settled.

1.2.3.2. Reduction of acetophenone using borane-amino alcohol complexes:

Asymmetric reduction of acetophenone using the borane complexes

prepared using (S)-valine derived amino alcohols was also examined. The

complexes prepared using the amino alcohols (S)-9 and (S)-43 did not reduce

acetophenone. It is not surprising since, as discussed above, these

complexes failed to form 'BH3' adducts.
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Ph Ph

PhC0CH3

X

H OH

PhX CH3

— (32)

Ph Ph

PhCOCH5

X

H OH

V
Ph ^ ^ CH3

H
49

The reduction of acetophenone was also examined using the amino

alcohols (S)-22 and (S)-7. The results outlined in equations 34 and 35

were obtained.

^ \ PhPh

H
^ N OH

22
(0-2 eq)

rt- , 16h

v \ Ph Ph

H
HN. ,0

I
H

54

1) H3B:THF

2) PhCOCHj

H OH

— (34)
Ph v,n3

82% ee

H,B
PhCOCH,

H OH

Ph
(35)

1 -5% ee

The results obtained using N-benzylvalinol derivative is somewhat

unexpected since the oxazaborolidine derived from (S)-valinol itself was
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reported to reduce acetophenone to 1-phenylethanol in 49% ee.33 However,

this poor result is close to that obtained in reductions using chiral amine

borane complexes without F3B:OEt2 catalysis.63'64 Presumably, presence of

N-benzyl group prevents coordination of ketone with the boron of the

oxazaborolidine ring.

Very recently, Buono and co-workers reported that the p hosp hine-borane

complex (55) reduces acetophenone at refluxing conditions to give 1-phenyl-
nr

ethanol in 99% ee (eqn. 36).

0

H

H . OH

H3B:THF - _ / \ ,u — <36)

u
110 C . 5mirv 9 g % e e

They have also found that (S)-proline itself gives good results in the

66
asymmetric reduction of acetophenone at refluxing conditions (eqn. 37).

A

•COOH

7 H _ OH
H 27

H3B:THF P h S \ CH3

>95% ee

Since, these more readily accessible reagents also give good results,

we did not pursue studies on the structural modification of the amino

alcohols for use in asymmetric reductions further.
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1.3. CONCLUSIONS

An operationally simple procedure has been developed for the in aitu

generation of diborane in THF using l̂ /NaBH system. This reagent system

has been used for the hydroboration of olefins (78-92%), reduction of

amides (57-76%), nitriles (70-75%) and imines (83-85%). Alternate routes

have been developed for the synthesis of (S)-2-amino-3-methyl-l,l'-diphe-

nylbutan-1-ol, and its derivatives (S)-2-(N-benzylamino)-3-methy 1-1,1'-

diphenylbutan-1-ol, (S)-2-(N-isopropylamino)-3-methy 1-1,1' -diphenylbutan-1-

ol and (S)-2-(N-benzylamino)-3-methylbutan-l-ol. Various borane reagents

prepared using the I^/NaBH. system in combination with a,or-diphenylpyrro-

lidinemethanol and other amino alcohols were utilized for the asymmetric

reduction and hydroboration studies.
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General Information:

Melting points reported in this thesis are uncorrected and were

determined using a Buchi 510 capillary point apparatus. Infrared spectra

were recorded on Perkin-Elmer Model 1310 and Jasco FT-IR Model 5300

spectrophotometers with polystyrene as reference. lH NMR and 13C NMR were

recorded on JEOL-FX-100 and BRUCKER-AC-200 spectrometers. Spectra for all

the samples were measured in deuterated chloroform using tetramethylsilane

as internal standard. The chemical shifts (6) are expressed in 6 down

field from the signal for internal Me .Si.
4

Optical rotations were measured on a AUTOPOL-n automatic polarimeter

(accuracy ± 0.01°). The condition of the polarimeter was checked by

measuring optical rotation of a standard solution of (+)-or-methylbenzyl-

amine, fa]~ = + 30.2 (C10, EtOH) supplied by Fluka. The polarimeter was

set to zero reading using the solvent used. Elemental analyses were

performed on Perkin-Elmer elemental analyzer model 240C. Analytical thin

layer chromatographic tests were carried out on glass plates (3X10 cm)

coated with (250 m/j) Acme's silica gel G or GF 254 containing 13% calcium

sulphate as binder. The spots were visualized by short exposure to iodine

vapor or UV light.

Column chromatography was carried out using Acme's silica gel (100-200

mesh).

All the glassware were predried at 140°C for atleast 4h, assembled hot
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and cooled under a stream of purified dry nitrogen. Unless otherwise

mentioned, all the operations/transformations were carried out using

standard syringe, septum techniques as recommended for handling organo-
21

boranes. In general, all the reactions were carried out in a RB flask

with a side arm and a side septum, a magnetic stirring bar, a condenser and

a connecting tube attached to a mercury bubbler. All dry solvents were

distilled from appropriate drying agents just before use. Hexane refers to

the fraction boiling between 60-80°C. As a routine, all the organic

extracts were washed with saturated sodium chloride solution (brine) and

dried over anhydrous MgSCL and concentrated on a Buchi-EL rotary evaporator

(at reduced pressure). All yields reported are yields of isolated

materials, judged homogeneous by TLC, IR, and NMR spectroscopy.

Benzene, toluene, THF, ether and diglyme were distilled over benzophe-

none-sodium ketyl. NaBH. (97%) and I_ supplied by SD fine chemicals,

(S)-proline and (S)-valine supplied by Sisco-Chem, India and ethyl

chloroformate and methyl chloroformate supplied by Spectrochem, India were

used. Acetophenone, cr-methylstyrene, benzaldehyde and N,N-diethylaniline

supplied by SD fine chemicals were distilled prior to utilization. Diglyme

supplied by Aldrich, USA was used.

Generation of diborane in THF solvent using ^ /NaB^ system and preparation

of H3B:THF complex:

NaBH (0.45 g, 12 mM) was taken in dry THF (25 mL) under nitrogen

atmosphere. The flask was cooled to 0°C and iodine (1.25 g, 5 mM) dissol-

ved in dry THF (15 mL) was added drop wise for 2.5h at 0°C using a pressure

equalizer. *¥he diborane generated in situ was quantitatively trapped as
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H3B:THF complex. The H3B:THF complex thus prepared was used for further

reactions.

Estimation of H3B:THF prepared using triphenylphosphine:

Diborane was generated in THF using NaBH (0.45 g, 12 mM) and L, (1.25

g, 5 mM) as mentioned above. PPh3 (2.62 g, 10 mM) dissolved In dry THF (10

mL) was added through cannula under nitrogen atmosphere. The contents were

stirred for 2h at room temperature. On evaporation of the solvent and

purification by chromatography on silica gel column using hexanerethyl

acetate (95:5), PhgP.-BHg was isolated.

Yield : 2.62 g (95%)

M.P. : 187°C; Lit.67 189°C

-1IR (KBr) i>max : 2350 (b), 750, 700 cm

Hydroboration of styrene using I^/HaBE. system in THF solvent:

Diborane was generated using NaBH4 (0.27 g, 7 mM) and I2 (0.71 g, 2.8

mM) in dry THF (40 mL) as mentioned above. Styrene (1.56 g, 15 mM) was

added and the reaction mixture was stirred for 2h at room temperature. It

was quenched with water (2 mL) and oxidized using 3N NaOH ( 30 mL) and ^.2°2

(30%, 30 mL). The contents were further stirred for 3h at room tempera-

ture. 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, brine and dried over anhydrous MgSO4< On evaporation of the solvent

and purification by chromatography on silica gel column using hexanerethyl

acetate (90:10), a mixture of 2-phenylethanol and 1-phenylethanol was

isolated.



Yield : 1.65 g (90%)

B P - : 96°C/10 mm; Lit.6 8 219°C/760 mm

IR (neat) p ^ . 3 3 0 0 16Q0 W5Q cm~l

H NMR (100 MHz, CDC13) 6 ppm: 1.44 (d, 3H), 2.44 (bs, 1H), 2.78 (t, 2H),

3.70 (t, 2H), 4.72 (q, 1H), 7.01-7.32 (m,

5H)

The signals at 6 1.44 ppm and 4.72 ppm corresponding to the presence

of 1-phenylethanol to the extent of 20%.

This procedure was followed for the hydroboration of a few other

olefins.

Yield : 2.18 g (92%)

B.P. : 110°C/10 mm; Lit.68 231°C/760 mm

IR (neat) v : 3350, 1060 cm"
max

*H NMR (100 MHz, CDClg) 6 ppm: 0.90 (t, 3H), 1.20 (m, 16H), 2.41 (bs,

1H), 3.60 (t, 2H)

13C NMR (25 MHz, CDCy 6 ppm: 14.23, 22.25, 25.95, 29.47, 29.77, 32.35,

32.83, 62.83

In the case of internal olefins, 10 mM of olefin was used instead of

15 mM and the hydroboration was carried out for 4h at room temperature.
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O OH

: 0.85 g (85%)

6 8

Yield

IR (neat) i>m&x ; 3350, 1060 cm

*H NMR (100 MHz, CDC13) 6 ppm: 1.20-1.40 (m, 10H), 2.80 (bs, 1H), 3.21

(m, 1H)

: 56-58°C/25 mm; Lit.6 8 160-161°C/760 mm

"1

1 3 C NMR (25 MHz, CDClg) 6ppm: 24.25, 25.49, 35.39, 69.96

,* OH

Yield

B.P.

IR (neat) v

lE NMR (200 MHz, CDClg) 6ppm

1 3 C NMR (25 MHz, CDClg) 6ppm

1.25 g (81%)

94-96°C/10 mm; Lit.69 217°C/760 mm

3350, 1120 cm"1

0.87-1.90 (m, 16H), 2.35 (bs, 1H), 3.90

(m, 1H)

20.91, 23.84, 27.83, 34.51, 38.32, 39.14

41.85, 47.75, 47.92, 71.50

COOCHj

"1

Yield : 2.53 g (78%)

IR (neat) v : 3250, 1720 1040 cm
max

XE NMR (100 MHz, CDCU) 6 ppm: 1.28-1.64 (m, 18H), 2.2-2.38 (m, 3H),

3.52-3.64 (m, 5H)

13C NMR (25 MHz, CDC1O) 6 ppm: 24.40, 25.30, 28.60, 28.70, 28.90, 32.11,
o

33.40, 50.82, 61.71, 173.90
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Preparation of N-benzyl-3,4-diphenylsucciniaide 3:

Ethyl diphenylsuccinate was prepared using ethyl phenylacetate (35 g,

210 mM) sodium ethoxide (obtained from sodium (5.7 g)) and iodine (27.3 g,
22

210 mM). It was hydrolyzed to the cr-diphenylsuccinic acid following a

reported procedure. A mixture of <x-diphenylsuccinic acid (5.4 g, 20 mM)

and N-benzylamine (2.14 g, 20 mM) was heated at 220°C for 0.5h. The

contents were cooled to room temperature and extracted with chloroform.

The chloroform layer was washed with brine, and dried over anhydrous MgSO
4

On evaporation of the solvent and purification by column chromatography on

silica gel (hexanerethyl acetate/90:10), the imide 3 was isolated.

Yield : 6.2 g (91%)

IR (KBr) t> : 1680, 1600 cm"1

max
*H NMR (100 MHz, CDC13) 6 ppm: 2.04-2.08 (d, 2H), 4.40-4.44 (d, 2H),

7.20-7.40 (m, 15H)

Reduction of imide 3 using L/NaBH. system:

Diborane was generated using NaBH4 (1 g, 27 mM) and I 2 (3 g, 12 mM) in

dry THF (45 mL) as described earlier. Imide 3 (1.7 g, 5 mM) dissolved in

dry THF (15 mL) was added through cannula and the reaction mixture was

refluxed for 6h. The contents were cooled to 0°C and the excess hydride

was carefully destroyed using water (2 mL) and 3N HC1 (5 mL). After the

gas evolution ceased, the mixture was neutralized using 3N NaOH (8 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 water,

brine and dried over anhydrous MgS04- After evaporation of the solvent,

the residue was treated with F3B:OEt2 followed by aq. NaOH (3N, 5 mL) to
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obtain the amine. The product was purified by column chromatography on

silica gel using hexanerethyl acetate (85:15).

Y i e l d : 1.2 g, (76%)

IR (neat) y ^ ^ . 3050, 3025, 2900, 2850, 1600, 1450. 730,

690 cm1

*H NMR (100 MHz, CDClg) 6 ppm: 3.08-3.60 (m, 6H), 3.96 (s, 2H), 7.16-7.68

(m, 15H)

1 3C NMR (25 MHz, CDCIJ 6 ppm: 53.80, 60.81, 63.10, 126.10, 127.60,

128.00, 129.00, 129.80, 139.80, 144.90

Reduction of N-methylacetanilide using L/NaBH. system:

N-methylacetanilide (1.49 g, 10 mM) and NaBH (0.88 g, 23 mM) were

taken in dry THF (25 mL) under a static nitrogen atmosphere. Iodine (2.54

g, 10 mM) in dry THF (25 mL) was added dropwise at 0°C and the reaction

mixture was refluxed for 3h. The contents were brought to 0°C and excess

hydride was destroyed carefully using HC1 (3N, 6 mL). After the gas

evolution was ceased, it was neutralized using NaOH (3N, 8 mL). After work

up as described above, the solvent was removed and the product N-ethyl-

N-methylaniline was isolated by column chromatography on silica gel

(hexane:ethyl acetate/95:5).

Yield : 1.0 g (74%)

B.p. : 84°C/10 mm; Lit.68 2O3-2O5°C/76O mm

IR (neat) v • 3020 , 2950, 2800, 1600, 740, 690 cm"1

max
*H NMR (100 MHz, CDCI3) 6 ppm: 1.12 U, 3H), 2.84 (s, 3H), 3.24-3.44 (q,

2H), 6.62-7.24 (m, 5H)

13
U NMK UK> MUZ, UL>Ul_; O ppm:

129.12, 149.10

C NMR (25 MHz, CDCI3) 6 ppm: 11.00, 37.20, 46.61, 112.40, 116.00,
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The spectral data of this product exhibited 1:1 correspondence with

the data of the product reported.19

PhNHCOCHj

Yield : o.9O g (75%)

B-P- : 100°C/25 mm; Lit.68 205°C/760 mm

IR (neat) t?m&x : 3350 (s), 2950, 2800, 1600, 740, 690 cm"1

lE NMR (100 MHz, CDC13) 8 ppm: 1.23 (t, 3H), 3.01-4.19 (q, 2H), 3.55 (bs,

1H), 6.51-7.22 (m, 5H)

13C NMR (25 MHz, CDCy 6 ppm: 15.00, 38.60, 113.00, 117.00, 129.50,

148.80

PhC0NH2 PhCH2NH2

Yield : 0.75 g (70%)

B.P. : 72-74°C/25 mm; Lit.68 184-185°C/76O mm

IR (neat) v : 3300 (b), 1600, 740, 690 cm"1

max

*H NMR (100 MHz, CQCIJ 6 ppm: 1.54 (bs, 2H), 3.80 (s, 2H), 7.24 (s, 5H)

13C NMR (25 MHz, CDC13) 6 ppm: 46.10, 126.50, 126.80, 127.90, 128.30

Reduction of benzonitrile using L^/NaB^ system:

Benzonitrile ( 1.00 g, 10 mM) and NaBH4 (0.88 g, 23 mM) were taken in

dry THF (30 mL) under nitrogen atmosphere. The reaction flask was cooled

to 0°C and iodine (2.54 g, 10 mM) dissolved in dry THF (20 mL) was added

dropwise for 2.5h. The contents were refluxed for 3h. The reaction

mixture was brought to 0°C and 6N HC1 (8 mL) was added carefully and the
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contents were further refluxed for 0.5h. The reaction flask was brought to

0°C and neutralized using solid NaOH (3 g). After usual work up,

evaporation of solvent and distillation under reduced pressure, N-benzyl-

amine was isolated.

Yield : 0.75 g (70%)

B.P- : 72-74°C/25 mm; Lit.68 184-185°C/760 mm

The spectral data of the product is in 1:1 correspondence with the

data reported in the earlier experiment.

Yield : 1.10 g (77%)

B.P. : 76°C/10 mm; Ut.6 8 201°C/760 mm

NMR (100 MHz, CDC13) 6 ppm: 0.86 (t, 3H), 1.26 (m, 14H), 2.80 (dist.

t, 2H), 5.41 (bs, 2H)

Preparation of inline 8 using (S)-2-amino-3-methyl-l,r-diphenylbutan-l-ol

22 and benzaldehyde:

(S)-2-Amino-3-methyl-l,r-diphenylbutan-l-ol 22 (2.55 g, 10 mM),

benzaldehyde (1.27 g, 12 mM) and anhydrous Na2SO4 (2.2 g, 15 mM) were taken

in dry methanol (20 mL) and refluxed for 6h. The reaction mixture was

cooled to room temperature and filtered. Methanol was evaporated and the

crude imine 8 was used further.

IR (KBr) v ' 3350, 1645, 1600, 1030 cm"1

max



Preparation of imine 10 using (S>-valinol and benzaldehyde:

(S)-Valinol (1.03 g, 10 mM), benzaldehyde (1.27 g, 12 mM) and Na SO
2 4

(2.2 g, 15 mM) were taken in dry methanol (20 mL) and refluxed for 6h. The

crude imine 10 obtained was used further.

IR (neat) i>max : 3373, 1645, 1599, 1026 cm"1

Reduction of imine 8 using I^/NaBH. system:

Diborane in dry THF (45 mL) was generated using NaBH (0.46 g, 12 mM)

and 1^ (1.5 g, 6 mM) as above. The imine 8 (3.43 g, 10 mM) in dry THF (15

mL) was added to the above reagent at 0°C. The contents were stirred for

6h at room temperature, excess hydride was quenched with 3N HC1 (5 mL) and

neutralized using 3N NaOH (8 mL). The organic layer was separated and the

aqueous layer was extracted with ether (3 x 10 mL). The combined orga-

nic extract was washed with water, brine and dried over MgSCL. After

evaporation of solvent and purification by column chromatography on silica

gel (hexane.ethyl acetate/95:5), (S)-2-(N-benzylamino-l,r-diphenyl-3-

methyl-1-butanol 9 was isolated.

Yield : 2.95 g (85%)

M.P. : 103°C

IR (KBr) v : 3450 (b), 3341 (s), 2957, 1600, 1074, 754,
max

636 cm"

*H NMR (200 MHz, CDC1Q) 6 ppm: 0.66-0.98 (dd, 6H), 1.50 (bs, OH), 1.90-
2.10 (m, 1H), 3.20-3.50 (dd, 2H), 3.65 (d,

1H), 5.10 (bs, -NH), 7.11-7.80 (•», 15H)

13C NMR (50 MHz, CDCI3) 6 ppm: 16.02, 22.72, 28.82, 55.09, 68.60, 78.73,
125.89, 126.17, 126.51, 127.24, 127.94,
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128.09, 128.33, 128.44, 140.24, 145.41,

148.00

r i 2 5

I«1D = -39.0 (Cl, CHC1J

Analysis: Calculated: C: 83.443; H: 7.873; N: 4.050

Found: C: 83.580; H: 7.930; N: 3.858

Reduction of imine 10 using I/NaBH system:

Diborane in dry THF (45 mL) was generated using NaBH (0.46 g, 12 mM)

and Lg (1.5 g, 6 mM) as mentioned earlier. The imine 10 (1.9 g, 10 mM)

dissolved in dry THF (15 mL) was added at 0°C and stirred for 6h at 25°C.

After work up as described in the previous experiment, N-benzylvalinol 7

was isolated by distillation under reduced pressure.

Yield : 1.60 g (83%)

B.P. : 203°C/25 mm; Lit. 105-110 C/0.3 mm

IR (neat) v : 3300, 1600, 1050, 750, 690 cm"1

max
*H NMR (100 MHz, CDCLJ 6 ppm: 0.91-1.00 (dd, 6H), 1.86-1.94 (m, 1H),

o
2.20 (bs, 1H), 2.42-2.58 (m, 1H), 3.36-
3.48 (m, 2H), 3.65-3.74 (dd, 2H), 3.80 (d,

1H)

13C NMR (25 MHz, CDClg) 6 ppm: 18.35, 19.41, 28.71, 51.36, 60.42, 63.83,

127.19, 128.25, 128.54, 140.48

Cot!*5 = +15 (Cl, CHC13) : Lit.70 la]* 5 = +1.6 (Cl, MeOH)

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

data reported earlier.
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Preparation of (S)-N-benzoylvaline 6 using (S)-valine and benzoyl chloride:

(S)-Valine (2.34 g, 20 mM) was taken in water (20 mL) and NaOH (1.6 g,

40 mM) was added at 0°C. Benzoyl chloride (2.8 g, 20 mM) was added drop-

wise for 15 min. The reaction mixture was further stirred for lh at 0°C.

It was acidified with 3N HC1 and neutralized to pH 7. The reaction mixture

was extracted with ether (2 x 20 mL). The ether layer was washed with

water, brine and dried over anhydrous MgSO4- The crude (S)-N-benzoyl-

valine 6 was used without further purification.

Yield : 4.0 g (90%)

IR (KBr) u : 3350, 1699, 1641, 1600 cm"1

Reduction of (S)-N-benzoylvaline 6 using L/NaBH. system:

NaBH4 (1.9 g, 55 mM) was taken in dry THF (25 mL) and N-benzoylvaline

6 (4.42 g, 20 mM) dissolved in dry THF (30 mL) was added at 0°C. The

contents were stirred for 0.5h and L (6.4 g, 25 mM) dissolved in dry THF

(50 mL) was added to the reaction mixture at 0°C. The mixture was further

stirred for 36h at room temperature. Excess hydride was carefully

destroyed using water (2 mL) and 3N HC1 (5 mL) and neutralized using 3N

NaOH (8 mL). The organic layer was separated and the aqueous layer was

extracted with ether (2 x 15 mL). The combined organic extract after usual

work up gave a residue which was purified by column chromatography on

silica gel (hexane.-ethyl acetate/70:30) to obtain N-benzylvalinol 7. It

was further purified by distillation under reduced pressure.

Yield : 2.2 g (57%)

B.p. : 203°C/25 mm; Lit. 105-110°C/0.3 mm

IR (neat) o - 3350, 1600, 1020 cm1

max
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l«\f = +15.0 (Cl, CHCI3) L i t - 7 ° M™ = +l-6 <C1, MeOH)

The spectral data of this product is in 1:1 correspondence with the

data reported in the earlier experiment.

Preparation of a,cr-diphenylpyrrolidinemethanol 24:39

a) Preparation of (S)-proline-N-ethylcarbamate 28:

(S)-Proline-N-ethylcarbamate 28 was prepared using (S)-proline (1.15

g, 10 mM), anhydrous K2CO3 (1.32 g, 10 mM) and ethyl chloroformate (1.1 g,
3910 mM) following a reported procedure.

Yield : 1.76 g (96%)

IR (neat) i>max : 1720, 1670 cm"1

lH NMR (100 MHz, CDClg) 6 ppm: 1.20 (t, 3H), 2.11 (m, 4H), 3.50 (m, 2H),

4.11 (m, 2H), 4.41 (t, 1H), 9.00 (bs, 1H)

13C NMR (25 MHz, CDClg) 6 ppm: 14.01, 20.20, 23.00, 23.70, 29.30, 30.30,

46.11, 46.30, 58.00, 61.31, 154.90,

155.50, 175.80, 176.21 (more number of

signals are due to the slower inversion

of nitrogen lone pair)

b) Preparation of (S)-proline-N-ethylcarbamate methyl ester 29:

The methyl ester of (S)-proline-N-ethylcarbamate was prepared using

(S)-proline-N-ethylcarbamate 28 (1.87 g, 10 mM) and thionyl chloride (1.77
39g, 15 mM) following a reported procedure. After work up, the required

product was purified by column chromatography on silica gel column (hexane:
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ethyl acetate/90:10).

Yield : 1.9 (95%)

IR (neat) i>max : i 7 4 0 j 1700 cm"1

*H NMR (100 MHz, CDClg) 6 ppm: 1.20 (t, 3H), 2.01 (m, 4H), 3.50 (a, 2H),

3.71 (s, 3H), 4.10 (bs, 3H)

13C NMR (25 MHz, CDC13) 6 ppm: 14.10, 22.91, 23.70, 29.30, 30.31, 45.51,

46.20, 51.50, 58.50, 60.60, 150.21,

153.50, 172.40, 172.90

c) Preparation of N-ethylcarbamato-a,cr-diphenylpyrrolidinemethanol 30:

N-Ethylcarbamato-a,or-diphenylpyrrolidinemethanol 30 was prepared using

(S)-proline-N-ethylcarbamate methyl ester 29 (2.01 g, 10 mM) and phenyl-

magnesium bromide (prepared using magnesium turnings (1.94 g, 80 mM),

39bromobenzene (6.28 g, 40 mM)) following a reported procedure. After work

up, it was purified by column chromatography on silica gel (hexanerethyl

acetate/90:10).

Yield : 2.53 g (78%)

IR (KBr) i> ' 3375, 1680 cm"
max

lE NMR (200 MHz, CVCIJ 6 ppm: 1.20 (t, 3H), 1.61 (s, 1H), 2.01 (m, 2H),

3.00 (m, 2H), 3.40 (m, 2H), 4.10 (m, 2H),

5.01 (m, 1H), 7.20-7.60 (m, 10H)

13C NMR (25 MHz, CDC1-) 6 ppm: 14.41, 22.70, 29.40, 47.60, 61.70, 65.80,
o

81.40, 127.10, 127.40, 127.60, 127.80,

128.01, 143.70, 146.30, 158.20
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d) N-Deprotection of N-ethylcarbamato-«,cf-diphenylpyrrolidinemethanol 30:

N-Deprotection was carried out using N-ethylcarbamato-ct.ordiphenyl-

pyrrolidinemethanol 30 (3.26 g, 10 mM) and KOH (5.6 g). The g,«-diphenyl-

pyrrolidinemethanol 24 was obtained as a gummy liquid which upon standing

crystallized.

Yield : 2.3 g (90%)

M.P. : 73°C; Lit.37 74.0-74.8°C

IR (neat) u : 3350, 1600 cm"1

mcLX
1H NMR (200 MHz, CDC13) 6 ppm: 1.25-1.70 (m, 5H), 2.90 (m, 2H), 4.21 (t,

1H), 4.81 (s, 1H), 7.10-7.60 (m, 10H)

13C NMR (25 MHz, CDClg) 6 ppm: 25.41, 26.20, 46.70, 64.50, 77.10, 125.60,

126.01, 126.40, 126.50, 128.00, 128.72,

145.60, 148.30

30H) : Lit.37 [a]*= -68° (C3, CH30H) : Lit.37 [a]* 0 = -68.1 (C3.17,

Preparation of (S)-2-amino-3-methyl-l,l'-diphenylbutan-l-ol 22:

71
a) Preparation of (S)-valine methyl ester hydrochloride 44:

(S)-Valine methyl ester hydrochloride 44 was prepared using (S)-valine

(10.54 g, 90 mM), double distilled thionyl chloride (12 mL, 165 mM) follow-

ing a reported procedure.71 The crude (S)-valine methyl ester hydrochlo-

ride 44 obtained was recrystallized from dry methanol/ether (1:10) at 0°C.

Yield : 13.5 g (90%)

M.P. : 166°C; Lit.71 167-168°C

IR (KBr) v ' 3300-2900 (b), 1960, 1720, 1680
max

{«]
2 5 +23° (C2, CH OH) : Lit.34 [a]*5 = +23.5° (C2, C^OH)
D 3 » *
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b) Preparation of <S)-2-amino-3-methyl-l,l'-diphenylbutan-l-ol 22I34

(S)-2-Amino-3-methyl-l,l'-diphenylbutan-l-ol 22 was prepared using

(S)-valine methyl ester hydrochloride 44 (4.2 g, 25 mM) and phenylmagnesium

bromide (prepared from bromobenzene (34.6 g, 220 mM) and magnesium (6.0 g,

250 mM)) following a reported procedure. It was purified by column

chromatography on silica gel column using hexane:ethyl acetate (85:15) as

eluent.

Yield : 2.0 g (31%)

M.P. : 94°C; Lit.34 94-95°C

IR (KBr) v : 3125, 1630 cm"1

IflffX

*H NMR (200 MHz, CDCy 6 ppm: 0.90 (dd, 6H), 1.61 (bs, 3H, -NH, OH),

1.80 (m, 1H), 3.85 (d, 1H), 7.20-7.70 (m,

10H)

13C NMR (25 MHz, CDC13) 5 ppm: 14.06, 22.94, 27.83, 60.18, 75.89, 125.56,

126.01, 126.36, 128.13, 128.22, 128.48,

145.07, 148.19

[«J^5 = -125° (Cl, CHC1O) Lit.34 [ccli?5 = -127.7° (C 0.639, CHC1.J
D 3 D 3

An alternate procedure was developed for the synthesis of 22 following

39a closely reported procedure.

a) Preparation of (S)-valine-N-methylcarbamate methyl ester 45:

(S)-Valine (1.15 g, 10 mM) and dry K2
CO3 (1.32 g, 10 mM) were taken in

dry methanol (20 mL) and methyl chloroformate (2.1 g, 22 mM) was slowly

added at 25°C. The reaction mixture was stirred for 12h and methanol was

evaporated. Distilled water (10 mL) was added and the product was extract-
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ed with chloroform (3 x 15 mL). After work up and purification by chroma-

tography on silica gel (hexanerethyl acetate/95:5), (S^valine-N-methyl-

carbamate methyl ester 45 was isolated.

Y i e l d : 1.6 g (84%)

IR (neat) i>max : 3350 ( b ) > 1 7 2 0 ) 1680 cm"1

lE NMR (100 MHz, CDC13) 6 ppm: 0.86-0.97 (dd, 6H), 1.67 (d, 1H), 2.13-

2.15 (m, 1H), 3.68 (s, 3H), 3.73 (s, 3H),

4.23-4.30 (m, 1H)

13C NMR (25 MHz, CDCy 6 ppm: 17.47, 18.88, 31.80, 58.12, 58.40, 58.06,

157.06, 172.83

b) Preparation of (S)-(N-methylcarbamato)-l,r-diphenylbutan-l-ol 46:

Phenylmagnesium bromide was prepared using bromobenzene (6.28 g, 40

mM) and magnesium turnings (1.2 g, 50 mM) in THF (50 mL). In the reaction

flask (S)-valine-N-methylcarbamate methyl ester 45 (1.89 g, 10 mM) was

taken in dry THF (20 mL) and cooled to 0°C. Phenylmagnesium bromide

prepared as above was added through a cannula under nitrogen atmosphere.

The reaction mixture was further stirred for 3h at 0°C and quenched with

saturated ammonium chloride solution (2 mL). The organic layer was decant-

ed from the magnesium salts and it was extracted with chloroform (2 x 10

mL). The combined organic extract was washed with water, brine and dried

over anhydrous MgSO . After evaporation of the solvent and purification by

chromatography on silica gel column using hexane:ethyl acetate (90:10), the

diphenyl carbinol 46 was isolated.

Yield : 2.3 g (74%)

IR (KBr) v • 3350, 1660, 1600, 1060 cm"
max

*H NMR (100 MHz, CDCLJ 6 ppm: 0.78-0.88 (dd, 6H), 1.50 (s, 1H), 1.68-
o
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1.86 (m, 1H), 2.50 (bs, 1H), 3.50 (s, 3H>,

4.56 (d, 1H), 7.10-7.50 (m, 10H)
13

C NMR (25 MHz, CDClg) 6 ppm: 17.30, 22.70, 28.82, 52.11, 59.80, 82.20,

125.50, 125.70, 126.90, 129.41, 145.51,

146.50, 157.80

c) N-Deprotection of (SMN-methylcarbamato)-l,r-diphenylbutan-l-ol 46:

In an round-bottom flask, (S)-(N-methylcarbamato)-l,l'-diphenyl-

butan-1-ol 46 (3.15 g, 10 mM) was taken in dry methanol (20 mL). KOH (5.6

g, 100 mM) was added and the contents were refluxed for 4h. Methanol was

evaporated and water (15 mL) was added. The reaction mixture was extracted

with chloroform (3 x 20 mL). After work up, the product (S)-2-amino-3-

methyl-l,l'-diphenylbutan-l-ol 22 obtained was purified on silica gel

column using hexanerethyl acetate (85:15).

Yield : 1.90 g (74X)

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

data of the product obtained in the earlier experiment.

Preparation of (S)-2-(N-benzylamino)-3-methyl-l,r-diphenylbutan-l-ol 9:

(S)-2-Amino-3-methyl-l,l'-diphenylbutan-l-ol 22 (2.55 g, 10 mM) was

taken in dry ethanol (20 mL) and the reaction flask was flushed with

nitrogen gas. Benzaldehyde (1.6 g, 15 mM) was added and the mixture was

stirred for 12h. The contents were cooled to 0°C and sodium borohydride

(0.8 g, 20 mM) was added and the reaction mixture was further stirred for

6h. Excess hydride was destroyed using 3N HC1 (5 mL) and neutralized using
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3N NaOH (7 mL). The reaction mixture was extracted with ethyl acetate (3 x

15 mL). After usual work up, (S)-2-(N-benzylamino)-3-methyl-l,l'-diphenyl-

butan-1-ol 9 obtained was purified on silica gel column using hexanerethyl

acetate (98:2) as eluent.

Yield : 2.6 g (75X)

M.P. : 102°C

[a]?5 : -39.0° (Cl, CHC1_)

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

data of the product obtained in an earlier experiment.

Preparation of (S)-2-(N-isopropylamino)-3-methyl-l,r-diphenylbutan-l-ol

43:

The experimental procedure described above was followed except that

acetone was used instead of benzaldehyde. The required product (S)-2-(N-

isopropylamino)-3-methyl-l,l'-diphenylbutan-l-ol 43 was purified on silica

gel column using hexane:ethyl acetate (98:2).

Yield : 2.1 g (70%)

M.P. : 121°C

IR (KBr) v : 3341, 3175, 2964, 1597, 1055, 758, 632
max

cm

lE NMR (200 MHz, CDC1Q) 6 ppm: 0.65 (d, 3H), 0.85 (d, 3H), 0.96-1.06 (dd,
6H), 1.40 (bs, OH), 1.90-2.30 (m, 2H),

3.65 (d, 1H), 5.21 (bs, -NH), 7.10-7.80

(m, 10H)

13C NMR (50 MHz, CDClg) 6 ppm: 15.85, 22.97, 23.07, 23.93, 28.54, 47.26,

65.14, 78.07, 126.18, 126.38, 127.77,
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127.93, 145.80, 149.09
r i 2 5 o
l«JD : -51.0 (Cl, CHCl_)
Analysis: Calculated: C: 83.443; H: 7.873; N: 4.05

Found: C: 83.580; H: 7.90; N: 3.858

Reduction of (S)-valine using the L/NaBH. system:25

(S)-Valine (8.8 g, 75 mM) and sodium borohydride (6.8 g, 170 mM) were

taken in dry THF (200 mL). 1^ (18.8 g, 75 mM) dissolved in dry THF (50 mL)

was added dropwise to the above slurry at 0°C for lh. The reaction mixture

was refluxed for 20h. The contents were cooled to 10°C and excess hydride

was quenched carefully by dropwise addition of methanol until the solution

becomes clear. The reaction mixture was concentrated and to the paste

obtained, ION KOH solution (100 mL) was added and the contents were reflux-

ed for 4h. The reaction flask was brought to room temperature and extract-

ed with ether (3 x 50 mL). The ether layer was washed with water, brine

and dried over anhydrous MgSO.. After evaporation of the solvent and dis-

tillation of the residue, (S)-valinol was obtained.

Yield : 5.4 g (70%)

B.P. : 80°C/7 »m; Lit.25 75°C/ 6 mm

IR (neat) v : 3350, 1050 cm"1

max
*H NMR (200 MHz, CDClg) 6 ppm: 0.82-1.02 (dd, 6H), 1.42-1.68 (m, 1H),

2.43 (bs, 1H), 3.30 (dist. t, 2H), 3.52-

3.76 (m, 1H), 5.05 (bs, -NH2)

[ a l 2 5 = +17° (C10, EtOH) : Lit.25 l a ] 2 5 = +17° (C10, EtOH)
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Preparation of (S)-2-(N-benzylamino)-3-inethylbutan-l-ol 7 using (S)-valinol

and benzaldehyde:62

(S)-2-(N-benzylamino)-3-methylbutan-l-ol 7 was prepared using

(S)-valinol (1.03 g, 10 mM) , benzaldehyde (1.6 g, 1.5 mM) and sodium boro-

hydride (0.8 g, 20 mM) following a reported procedure.6 2 After work up,

the required product was purified by distillation under reduced pressure.

Yield : 1.35 g (70%)

B.P. : 203°C/25 mm; Lit. 105-110°C/0.3 mm

la]2 ,5 = +15° (Cl, CHC13) : Lit.69 [ a ] 2 / = +1.6° (Cl, MeOH)

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

data obtained in the earlier experiment.

Reduction of acetophenone (1 eq.) using NaBH. (2 e q J / L (1 eq.) system in

the presence of a,or-diphenylpyrrolidinemethanol 24 (1 eq.):

In a two-necked side-arm flask, NaBH. (0.76 g, 20 mM) was taken in dry

THF (30 mL). Iodine (2.54 g, 10 mM) dissolved in dry THF (20 mL) was added

dropwise for 0.5h at 0°C. a,or-Diphenylpyrrolidinemethanol 24 (2.54 g, 10

mM) dissolved in dry THF (20 mL) was added through cannula at 0°C. The

contents were refluxed for 3h. The reaction flask was brought to room

temperature and acetophenone (1.2 g, 10 mM) was added and the contents were

further stirred for 10 min. at room temperature. Excess hydride was

destroyed carefully using water (2 mL) and a,cr-diphenylpyrrolidinemethanol

24 was removed as hydrochloride salt using 3N HC1 (3 x 15 mL). The organic

layer was washed with water, saturated sodium thiosulphate solution, brine

and dried over anhydrous MgSO . After evaporation of solvent and distil-
4
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lation under reduced pressure, 1-phenylethanol was isolated.
Y i e l d : 1.1 g (90%)

B 'P- : 108°C/25 mm, Lit.72 203°C/760 am

IR (neat) v ^ . 3350, 3026, 1600 cm"1

*H NMR (100 MHz, CDClg) 6 ppm: 1.40 (d, 3H), 2.90 (bs, 1H), 4.80 (q, 1H),

7.30 (m, 5H)

l a ! 2 5 = +31° (C3, CH3OH) : Lit.72 [«J25 = -45.5° (C3, CH3OH)

Reduction of acetophenone (1 eq.) using NaBH (1.2 eq.)/L (0.6 eq.) system

in the presence of a.ot-diphenylpyrrolidinemethanol 24 (0.2 eq.):

In a two-necked round-bottom flask, NaBH. (0.46 g, 12 mM) was taken in

dry THF (20 mL). Iodine (1.5 g, 6 mM) dissolved in dry THF (15 mL) was

added dropwise at 0°C for 0.5h. a,cc-Diphenylpyrrolidinemethanol 24 (0.51

g, 2 mM) dissolved in dry THF (10 mL) was added through cannula at 0°C.

The contents were refluxed for 3h. The reaction mixture was brought to

room temperature and acetophenone (1.2 g, 10 mM) was added and the contents

were further stirred for 10 min. Excess hydride was destroyed using water

(2 mL) and a.or-diphenylpyrrolidinemethanol 24 was removed as hydrochloride

salt using 3N HC1 (2 x 10 mL). The organic layer was washed with water,

sodium thiosulphate solution, brine and dried over anhydrous MgSO4> On

evaporation of solvent and distillation under reduced pressure, 1-phenyl-

ethanol was isolated.

Yield : 1.04 g (85%)

toe]25 = +29.6° (C3, CH3OH) : Lit.72 [<x]25 = -45.5° (C3, CH3OH)
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Reduction of aoetophenone (1 eq.) using NaBH4 (1.2 e q . ) / ^ (0.6 eq.) system

in the presence of a,cr-diphenylpyrrolidinemethanol 24 (0.2 eq.) and

N,N-diethylaniline (0.2 eq.):

In a two-necked round-bottom flask, NaBH (0.46 g, 12 mM) was taken in

dry THF (20 mL). Iodine (1.5 g, 6 mM) dissolved in dry THF (15 mL) was

added dropwise at 0°C for 0.5h. a.cc-Diphenylpyrrolidinemethanol 24 (0.51

g, 2 mM) dissolved in dry THF (10 mL) was added followed by N.N-diethyl-

aniline (0.31 g, 2 mM). The contents were refluxed for 4h and then cooled

to room temperature. Acetophenone (1.2 g, 10 mM) was added . The reaction

mixture was stirred for 10 min. at room temperature. Excess hydride was

carefully quenched with water (2 mL) and both the amines were removed as

hydrochloride salts using 3N HC1 (3 x 10 mL). The organic layer was fur-

ther washed with water, sodium thiosulphate, brine and dried over anhydrous

MgSCL. After evaporation of solvent and distillation under reduced

pressure, 1-phenylethanol was obtained.

Yield : 0.98 g (80%)

[alp5 = +31.4° (C3, CH3OH) : Lit.72 la]2,5 = -45.5° (C3, CH3OH)

Reduction of acetophenone (1 eq.) using NaBH4 (1 eq.VL^ (0.5 eq.) and

oxazaborolidine catalyst 23 (0.2 eq.) prepared in benzene:

In a two-necked round-bottom flask, H3B:THF complex (10 mM) was

prepared using NaBH4 (0.38 g, 10 mM) and 1^ (1.27 g, 5 mM) as described

above. In another two-necked round-bottom flask, a.cr-diphenylpyrrolidine-

methanol 24 (0.51 g, 2 mM) was taken in dry benzene (30 mL). Diborane (2.5

mM) generated, using iodine (0.65 g, 2.5 mM) and NaBH4 (0.2 g, 5 mM) in

diglyme, was bubbled through the above solution for 2h at 10°C. N,N-di-
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ethylaniline (0.31 g, 2mM) was added and the contents were refluxed for 4h.

The reaction mixture was brought to room temperature HQB:THF complex

prepared above was transferred through cannula. Acetophenone (1.2 g, 10

mM) was added and the contents were further stirred for 10 min. The

excess hydride was destroyed carefully with water (2 mL) and the amines

were removed as hydrochloride salts using 3N HC1 (3 x 10 mL). The organic

layer was washed with water, sodium thiosulphate, brine and dried over

anhydrous MgSCL. After evaporation of the solvent and distillation under

reduced pressure, 1-phenylethanol was isolated.

Yield : 1.0 g (82%)

[alp5 = +32.3° (C3, CH3OH) : Lit.72 [<xJ25 = -45.5° (C3, CHgOH)

This experiment was repeated except that dry benzene (10 mL) was added

to borane solution prepared in THF. The contents were refluxed for 0.5h

and the supernatant borane solution in THF/benzene mixture was utilized.

After work up, the product was purified by distillation under reduced

pressure and the optical rotation was measured.

Yield : 0.98 g (80%)

[ a ] 2 5 = +37.30° (C3, CB̂ OH) : Lit.72 [ a ] 2 5 = -45.5° (C3, CHgOH)

Preparation of ELB:THF complex by bubbling diborane generated using

system in diglyme into THF solvent:

In a two-necked generation flask, NaBH4 (0.38 g, 10 mM) was placed in

diglyme (10 mL) and iodine (1.27 g, 5 mM) dissolved in diglyme (10 mL) was

added dropwise for 3h. Thus generated diborane and hydrogen gas was

bubbled through a side tube into reaction flask containing dry THF (15 mL)

at 0°C. H BrTHF complex C80%, reaction with Ph P) thus prepared was used
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for reduction in the next experiments.

Reduction of acetophenone (1 eq.) using HOB:THF complex (0.8 ©q.) in the
o

presence of oxazaborolidine 23 (0.2 eq.) prepared in benzene:

The H_B:THF complex (~8 mM) was prepared as mentioned above. In

another two-necked round-bottom flask, oxazaborolidine 23 catalyst (0.2

eq.) was prepared by bubbling diborane (2.5 mM) through benzene solution of

a,or-diphenylpyrrolidinemethanol 24 (0.51 g, 2 mM) as outlined earlier. The

H3B:THF complex prepared as above was transferred into this reaction flask

through cannula under nitrogen atmosphere. Acetophenone (1.2 g, 10 mM) was

added and the contents were stirred for 10 min. at 30°C. Excess hydride

was carefully destroyed using water (2 mL) and the amines were removed as

hydrochloride salts using 3N HC1 (3 x 15 mL). The organic layer was washed

with water, brine and dried over anhydrous MgSO.. After evaporation of

solvent and distillation under reduced pressure, 1-phenylethanol was

isolated.

Yield : 1.12 g (91%)

[a]25 = + 42.!° (C3, CH3OH) : Lit.72 [ a ] 2 5 = -45.5° (C3, CHgOH)

Enantiomeric excess was found to be 95.5% (HPLC chart No. 2) using

HPLC on chiral column, chiralcel OD using hexanerisopropanol (95:5)

solvent.

Reduction of acetophenone (2 eq.) using H3B:THF complex (1.6 eq.) in the

presence of oxazaborolidine 23 (0.2 eq.) prepared in benzene:

The reduction was carried out in the same way as described in the
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previous experiment. After work up and distillation under reduced

pressure, 1-phenylethanol was obtained.
Y i e l d : 2.2 g (90%)

[«JD5 = + 4 2 ° (C3'CH30H> : Lit 7 2 [aJ25 = -45.5° (C3, CHgOH)

Enantiomeric excess was also determined using chiral HPLC on chiral

column, chiralcel OD using hexanerisopropanol (95:5) solvent and was found

to be 94.7% (R) (HPLC chart No. 3).

Reduction of acetophenone (1 eq.) using ELB:THF complex (0.8 eq.) in the

presence of diphenylvalinol 22 derived oxazaborolidine 54 (0.2 eq.)

prepared in benzene:

The H3B:THF complex was prepared using NaBH4 (0.4 g, 10 mM) and L

(1.27 g, 5 mM) in THF (10 mL) as described earlier.

In another reaction flask, oxazaborolidine catalyst 54 (0.2 eq.) was

prepared by bubbling diborane (2.5 mM) through benzene solution of (S)-2-

amino-3-methyl-l,r-diphenyibutan-l-ol 22 (0.51 g, 2mM) at 10°C. The

contents were stirred for 16h at room temperature. The H-BJTHF complex

prepared was transferred into the reaction flask through cannula.

Acetophenone (1.2 g, 10 mM) was added and the contents were further stirred

for 0.5h at room temperature. Rest of the procedure mentioned as above was

followed and the product 1-phenylethanol was purified by distillation under

reduced pressure.

Yield : 1.05 g (86%)

[«J25 = +37.67° (C3, CH3OH) : Lit.72 CaJ25 = -45.5° (C3, C
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The spectral data of the product showed 1:1 correspondence with the

authentic sample.

Reduction of aoetophenone (1 eq.) using borane:oxazaborolidine complex

prepared from (S)-N-benzylvalinol 7 (1 eq.):

Diborane gas (20 mM) was bubbled through the benzene solution of

(S)-N-benzylvalinol 7 (1.93 g, 10 mM) for 4h at 10°C. The bubbler was

replaced by a glass stopper and the contents were refluxed for 6h. The

reaction mixture was brought to 10°C and again diborane (20 mM) was

bubbled. The reaction flask was flushed with nitrogen gas. Aoetophenone

(1.2 g, 10 mM) was added at room temperature and stirred for 2h. The

mixture was quenched with water (2 mL). After usual work up, the product

1-phenylethanol, was isolated by distillation under reduced pressure.

Yield : 1.04 g (85%)

[alp5 = +0.67° (C3, CH30H) : Lit.72 [aJ2 5 = -45.5° (C3, CHgOH)

Attempted reduction of aoetophenone (1 eq.) using oxazaborolidine prepared

from (S)-2-(N-benzylamino)-l,l '-diphenylbutan-l-ol 9:

Diborane gas (20 mM) was bubbled through the benzene solution of

(S)-2-(N-benzylamino)-l,l '-diphenylbutan-l-ol 9 (3.45 g, 10 mM) for 4h at

0°C. The contents were refluxed for 6h. The reaction mixture was brought

to 10°C. Diborane (20 mM) was bubbled again. Acetophenone (1.2 g, 10 mM)

was added and the mixture was stirred for 24h at room temperature. The

reaction mixture was quenched with water (2 mL) and the amino alcohol was

removed as hydrochloride salt using 3N HC1 (3 x 10 mL). After work up,

acetophenone was recovered.
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: 1.1 g (91%)

IR (neat) » m a x . 1 6 8 0 j 1 6 0 0 c m ~ l

In the reduction of acetophenone (1 eq.) using oxazaborolidine

prepared from (S)-2-(N-isopropylamino)-l,r-diphenylbutan-l-ol 43, the

acetophenone was quantitatively recovered.

Hydroboration of cr-methylstyrene (1 eq.) using borane: oxazaborolidine

complex 53 prepared using (S)-valinol (1 eq.):

Diborane gas (20 mM) was bubbled through the benzene solution of

(S)-valinol (1.0 g, 10 mM) for 4h at 10°C. The contents were further

stirred for 16h at room temperature. The reaction mixture was brought to

10°C and again diborane (20 mM) was bubbled. The reaction flask was

flushed with nitrogen gas and cr-methylstyrene (1.2 g, 10 mM) was added at

10°C and the mixture was further stirred for 12h at room temperature. The

mixture was quenched with water (2 mL), THF (10 mL) was added and oxidized

using 3N NaOH (15 mL)/H202 (30%, 15 mL) at 10°C. The contents were stirred

for 4h. The organic layer was separated and the aqueous layer was

extracted with ether (2 x 10 mL). The combined organic extract was treated

with 3N HC1 (2 x 10 mL) to remove valinol and washed with water, brine and

dried over anhydrous MgSCL. After evaporation of the solvent and

purification by chromatography on silica gel column using hexane:ethyl

acetate (85:15) as eluent , 2-phenylpropan-l-ol was isolated. It was fur-

ther purified by distillation under reduced pressure.

Yield : 112 g (82%)

B.p. : 136°C/25 mm; Lit.68 110-lll°C/10 mm

IR (neat) v : 3375, 3050, 2900, 1600, 1080 cm"
* max
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*H NMR (200 MHz, CDCy 6 p p m : i .28 (d, 3H), 1.55 (s, -OH), 2.90-3.10 (m,

1H), 3.72 (d, 2H), 7.20-7.60 (m, 5H)
13

C NMR (25 MHz, CDC13) 6 ppm: 25.20, 70.35, 125.27, 127.29, 128.31,

145.66
.25

[<xlD = +0.33° (C3, CH3OH) Lit .7 2 [OJ2 5 - -12.0° (C3.76, CH3OH), 85% ee

Hydroboration of a-methylstyrene (1 eq.) using borane-oxazaborolidine

complex prepared using (S)-2-amino-3-methyl-l,l'-diphenylbutan-l-ol 22 (1

eq.):

The above mentioned experimental procedure was followed except that

the (S)-diphenylvalinol 22 was used instead of (S)-valinol. After work up,

the product was purified by distillation under reduced pressure.

Yield : 1.0 g (73%)

[or]p5 = -1.2° (C3, CH3OH); Lit.72 [ a ] 2 5 = -12.0° (3.76, CH3OH) for 85% ee

Hydroboration of ot-methylstyrene (1 eq.) using boraneroxazaborolidine

complex prepared using (S)-2-(N-benzylamino)-3-methylbutan-l-ol 7 (1 eq.)

was carried out following the procedure outlined for reduction of

acetophenone. After work up, the product 2-phenylpropan-l-ol was purified

by distillation under reduced pressure.

Yield : 1.05 g (77%)

M 2 5 = +1.0° (C3, CH3OH) Lit.72 led25 = -12.0° (C3.76, CHgOH) for 85% ee
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Attempted hydroboration of oc-methylstyrene (1 eq.) using boranetoxazaboro-

lidine complex prepared using (S)-2-(N-benzylamino)-3-methyl-l,l'-diphenyl-

butan-1-ol 9 (1 eq.):

The above mentioned experimental procedure was followed except that

(S)-N-benzyldiphenylvalinol 9 was used instead of N-benzylvalinol 7.

o-Methylstyrene (1.2 g, 10 mM) was added and the contents were stirred for

24h at room temperature. After H2O_/NaOH oxidation and work up, only

unreacted oc-methylstyrene (90%) was recovered.

In a similar hydroboration experiment, using (S)-N-isopropyldiphenyl-

valinol 43 in the place of (S)-N-benzyldiphenylvalinol 7 also only

o-methylstyrene (80%) was recovered.
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Chapter 2

Studies on the Development of Carbon-Carbon Bond Formation

Reactions Using Alkenylcatecholborane Derivatives
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2.1. BACKGROUND AND OBJECTIVES

Alkenylboranes can be synthesized using several monohydroborating

agents. For example, the dialkylboranes such as disiamylborane,

dicyclohexylborane, 9-BBN and monoalkylborane such as thexylborane3 wer

used for the preparation of alkenylborane intermediates (eqns 1-4).

R - C = c-H

R-C

C-H

C-H

C-H

HBSio2

HBCy2

H-B:

BSio2

BCy2

-H

— (i)

— (2)

— (3)

(4)

However, there are disadvantages in the use of these alkyl substituted

alkylboranes as the alkyl group also participate in the transfer reactions.

The dihaloboranes are more useful since the halo groups can be replaced by

other alkyl groups later. Also, they can be readily converted to the

corresponding boronic acid derivatives (Scheme 1).
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Scheme 1:

- C ^ C-H
HBBr2:SMe2 R

(CH3)2CHOH R

BBr,
2)

HjO
OCH(CHj)a

B(OH)2

The alkenyl boronic ester derivatives can be also readily prepared by

hydroboration of alkynes using catecholborane. Generally, catecholborane

is prepared in THF solvent by the reaction of catechoi with H^BrTHF5

Catecholborane prepared in this manner needs prior distillation before

usage as excess of H-BrTHF is generally used for preparation of the

reagent. From this laboratory, it was reported that catecholborane can be

readily prepared by bubbling B2HR generated by dropwise addition of I ? in

diglyme to NaBH., through a suspension of catechoi in benzene. It was

found that this reagent can be used for the hydroboration of alkynes and

alkenes at refluxing conditions. It was also observed that H3B:N,N-di-

ethylaniline complex (10 mol%) catalyzes the formation of 1-alkenylborane

derivatives at ambient temperature (Scheme 2).

Scheme 2:

NaBH,

diglyme

1) HjBi

(10 mol%)

2) RC = CH , rt-
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R-C
H3B:LB

H R

H

In continuation of this study, we became interested in developing C-C

bond formation reactions using alkenyl catecholborane. We have decided to

investigate both inter- and intramolecular alkyl transfer reactions using

1-alkenylcatecholborane and various Grignard reagents in order to synthe-

size (Z)- and (E)-olefins.

Highly stereospecific syntheses of (Z)- and (E)-disubsituted alkenes

via organoboranes are well documented in the literature. ' It may be

helpful to briefly review the reports on the synthesis of (Z)- and (E)-

alkenes from alkenylboranes.

The (E)-(l-alkenyldialkyDborane derivatives on protonolysis gives

8,9
(Z)-alkenes (eqns. 5 and 6).

i

R2BH
H

I R-C^C-Br

NoOH

BR2 or [ 0 H - ]

BR(OH)

— (5)
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However, the limitation of this method is the requirement of hindered

alkenes for the preparation of the hydroborating agent.

Brown and co-workers developed several methods for the synthesis of

both (Z)- and (E)-alkenes. Some of these important methods are outlined

here. It was reported that disubstituted alkynes on hydroboration and

protonolysis sequence afforded the corresponding (Z)-alkenes (eqns. 7 I

8). " - 1 3

SidjBH R

H ' ^ BSi

R

BSio2

Pd(OAc)2

Or

nBuLi/NoOH

_ R — (7)

R - C = C-R

AcOH
_ R

Various haloborane reagents were also utilized to prepare the desired
4,14

(Z)-alkenes through a stepwise process (Scheme 3).

Scheme 3:

RCH=CH2
1/4 LAH i

R2BH

R-C ^ = C-H
R2BH

~or

NoOMe

NoOMe/l2 R

BR2

BR(OMe) ^0H R

R1
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The drawback of this method is requirement of two equivalents of

1-alkene, especially when the 1-alkene is precious or difficult to synthe-

size. This problem was surmounted by using dibromoboranerdimethylsulfide
4 15complex (Scheme 4). '

Scheme 4:

HBBr2:SMe2

RCH=CH2

R'BBrjrSMej
1/4 LAH

R - C = = C-H

R-C = = C-Br

NoOMe

BR'Br

B(OMe)2

R'

NoOMe

AcOH

The method outlined above (Scheme 4) provides a convenient procedure

for the synthesis of stereochemically pure olefins. The only disadvantage

is that the alkyl groups which are not available through hydroboration

cannot be synthesized following this method.

Brown and co-workers also employed various Grignard and lithium
4

reagents for this purpose (Schemes 5 and 6).
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Scheme 5:

R-C = CH
BHBr2SMe2 R

OH

OH

BBr2SMe2

8 O
1) R'Li

or

R'MgX

2)

R1

An interesting (E)-olefin synthesis was developed using 1-bromoalkynes

for hydroboration (Scheme 6).

Scheme 6:

R-C=C-Br
HBBr2:SMe2 Br ^ > OH

BBr2SMe2

Br

/V

•R"

1) R'Li/R'MgX R

2)

OH

OH

KIPBH

H ' ^ H \

11 10

Evans et al have reported the synthesis of (Z>- and (E)-olefin8 as

16outlined in Scheme 7.
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RiB(OMe)2

•Li

)
BR'(OMe)2

R . Ij/NoOH

^ B ( O M e ) 2

R ( /

12

I2/N0OH R

13

Suzuki et al have reported the cross-coupling of 1-alkenylborane der i -

vat ives with aryl halides, alkenyl halides and alkynyl halides in the

17—23presence of palladium complexes.

Scheme 8:

* ATX

3 ) 4

X=Br, I, OTf

Br

where R2 = (Sio)2

Very recently, they have developed a cis-diboration and cross-coupling

sequence using transition metal catalysts for the synthesis of tri and

tetra substituted olefins (Scheme 9).
24
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14

w - c = c - * Pt(PPh^
R'

R'

Ph

n5
15

1) Ph-I

2) Pd(PPh3)4

R2

Ph

Sometime back, Matteson and co-workers briefly reported the synthesis

of (Z>-alkenes using tris[ethylenedioxyboryl]methane 16 as synthon (Scheme

10).10

Scheme 10:

HC
CH3Li

2) CHjCHO

16

H,C

12/NoOH

18

In this laboratory, utilization of alkenylcatecholboranes obtained

through hydroboration was briefly explored for the synthesis of alkenes
25through reaction with RMgX followed by 1^ induced rearrangement. We have

decided to further examine this process and also investigate the

application of this methodology for certain naturally occurring (Z>-olefins

and (Z)-olefinic alcohols.
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2.2. RESULTS AND DISCUSSION

2.2.1. Synthesis of (Z>-olefins and (Z>-olefinio alcohols:

As outlined earlier, a convenient procedure has been developed for the

preparation of catecholborane in this laboratory which can be used for the

synthesis of alkyicatecholborane and 1-alkenylcatecholborane. It was

briefly reported that (Z)-l-phenyl-l-decene can be prepared using 1-deoe-

nylcatecholborane and phenylmagnesium bromide followed by iodine-induced

24rearrangement (Scheme 11).

Scheme 11:

-OH
\

- ^

19

2 PhMgBr

25° C

H, 7CB y ^

89%

However, in the case of alkylmagnesium bromides, the corresponding

(Z)-olefins were obtained in low yields (30%). We have further explored

the synthesis of (Z)-olefins using various mono and di-Grignard reagents as

envisaged in Schemes 12 and 13.

Scheme 12:

RMgBr R* Ij/NoOH Ri

B:
23 " R

where R=olkyl



Scheme 13:

where n = 5 or 6

24 (?)
o

I2/N00H

2 6 25

It was found that the reaction of 1-heptenylcatecholborane with

cyclohexylmagnesium bromide under refluxing conditions followed by L/NaOH

treatment at -10 C, gave the corresponding (Z)-l-cyclohexyl-l-heptene in

62% yield (entry 1, Table 1). Following this methodology, the natural

product disparlure precursor olefin, (Z)-2-methyl-7-octadecene, was obtain-

ed in 59% yield, starting from 1-dodecenyicatecholborane and 5-methylhexyl-

magnesium bromide (entry 2, Table 1). Small amount (~ 10%) of the aldehyde

produced by the oxidation of the 1-dodecenylboronic acid was also obtained

in this reaction. Fortunately, the desired hydrocarbon product could be

readily separated.

We have also used various di-Grignard reagents, prepared from the

corresponding dibromides for the synthesis of the corresponding (Z)-olefi-

nic alcohols. As outlined in Scheme 13, the formation of 1-alkenylbori-

nane and 1-alkenylborepane intermediates 24 were envisaged in the reaction

of the 1,5- and 1,6-di-Grignard reagents with 1-alkenylcatecholboranes.

These intermediates on NaOH/^ treatment followed by H2O2/ OH oxidation

produced the corresponding unsaturated olefinic alcohols 26.
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Table 1. Synthesis of (Z)-olefins and (Z)-olefinic alcohols using various

Grignard reagents

Entry No. Alkynea Grignard reagentb Product0 Yield (X)e

2 C10H21C==CH ( C H ^ C H > ^ M g B r C10H21 ̂ _ ^ (CH2)4CH(CH3)2

3 C,0H21C==CH BrMg^^MgBr C,OH2 1 V = = = ( ( X (CH2)5-OH

(CH2)5-OH 44

(CH2)5-OH 40

(CH2)6-0H 40

7 CtsH13C==CH BrMg^^MgBr CgH.j \ _ _ _ / (CH2)6^0H 35

8 C^CSEECH BrMg^^MgBr ^Hg \ _ _ / (CH2)6-OH 30

a) All the reactions were carried out using 5.2 mM of catechol borane and

5 mM of 1-alkyne.

b) RMgBr prepared using RBr (10 mM) and Mg (15 mM) and BrMg(CH2)nMgBr

prepared using Br(CEL) Br (7.5 mM) and Mg (20 mM) were utilized.
1 13

c) All the products were identified by IR, H NMR and C NMR data.
d) Analytical data were also obtained.
e) Yields are of isolated and purified products.



77

A series of (Z)-olefinic alcohols were prepared in moderate yields

(30-47%) and these results are summarized in Table 1. A major side product

identified in these reactions is the aldehyde (13-19%) derived from the

oxidation of the starting 1-alkenylboron compound 6. A mixture of

(Z)-olefin and vinyl iodide formed by the protonolysis of the intermediate

(25) and iodinolysis of vinylboronic acid was isolated in low yields. We

have also carried out several experiments using sodium methoxide and sodium

methoxide in methanol instead of 3N aqueous sodium hydroxide to avoid the

formation of these side products. However, these attempts to get the

required (Z)-olefinic alcoholic products in higher yields were

unsuccessful. However, this required products can be readily separated

from the side products.

Some of these unsaturated olefinic alcohols synthesized as described

above have been reported to be biologically active and are insect phero-

mones. The product (Z)-7-hexadecenol (entry 6, Table 1) is the pre-

33cursor of the aldehydic insect pheromone Iridomyrex humilis. The acetate

of the product (Z)-7-tetradecenol (entry 7, Table 1) is pheromone Amathes

C-nigum. The product (Z)-7-dodecenol (entry 8, Table 1) is the insect

31pheromone Raphia frater Grt. Although the yields are somewhat poor, this

method of preparation may compare well with the procedures available for

such transformations.

For example, Brown and co-workers reported various methods for the

synthesis of these pheromones.35 '36 Some of these methods are outlined in

the Schemes 14 and 15.
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- 78 o C
(12-fold excess)

Oxidation

o
24

1) NoOMe/MeOH

2) fe/THF

(CH2)nB(OMe)2

28

It should be noted that this procedure requires the use of the

1-alkyne in large excess in addition to requiring the cyclic borane 27 for

hydroboration.

Scheme 15:

0B'

I
OMe
29

Q
R-C^=C-(CH2 )5 -OH

(22%)

MeO

R
O C ^

30

(65X)

Cy2BH R

H X
(CH2)5O-BCy2

BCy2
31

I Protonolysis

Again, the method outlined in Scheme 15 starts from more complex

starting materials.
Q/J



79

2.2.2. Attempted alkenyl transfer reactions using alkenyloatecholboranes:

It was of Interest to us to investigate the transmetallation of the

alkenyl group from 1-alkenylborane to copper in order to obtain alkenyl

copper since such derivatives have been found to be valuable synthetic

intermediates. There have been some efforts by several workers to achieve

this transformation. Organoborane derivatives, normally, do not undergo

transmetallation reactions with other metal salts. The actual reactive

species in all these reactions is most probably the corresponding tetra-

borate complexes. Various borane reagents were used for this purpose

(Schemes 16 and 17).38"43

Scheme 16:

2 R-C=-C-H
BH2CI Cl

32

3 CHjCu

rt-

Cu-Ln

33
1) RM

2) P(0Et)3

Alkenylcatecholborane derivatives were also used for this purpose
44

through initial preparation of a mercury derivative.

Scheme 17:

HgCI2

35
HgCI

34
1) Mg

2) Cul

CHj(CH2)5

Cu

36
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It was of interest to examine the synthesis of trialkylalkenylborate

derivatives using 3 eq. of Grignard reagents in the reaction with

alkenylcatecholboranes so as to explore the transmetallation reactions of

such species (Scheme 18).

Scheme 18:

3 RMgBr Ri
(+) MgBr

( - ) R
CuX

Generally, boron likes to get its valency satisfied by like groups.

Ve have anticipated the extrusion of alkenylcopper derivatives 40 from such

tetraborate derivatives (Scheme 19) and hence carried out experiments to

utilize them for the synthesis. It was decided to explore this problem

using various Grignard reagents and copper halides. The (E)-olefin synthe-

sis as envisaged in the scheme 19 was first attempted.

Scheme 19:

4 PhMgBr CuCl

We have used 1-decenylcatecholborane for this purpose and freshly

prepared phenylmagnesium bromide was added followed by CuCl. The expected

(E)-l-phenyl-l-decene was obtained only in 23% yield besides (E,E)-9,11-

eicosadiene, 43 the dimerized product, in 14% yield. Ve have also isolated
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1-decanal (29%) after oxidation of the reaction mixture.

A similar experiment using three equivalents of phenyimagneBium

bromide was also carried out (Scheme 20).

Scheme 20:

19

3 PhMgBr H17Cs

41

(+) MgBr

(-)

Ph
CuCI

43 17

Cu
42 (?)

It was anticipated that the (E,E)-diene would be the sole product in

this reaction. Unfortunately, however, (E,E)-9,11-eioosadiene 43 was again

formed in low yields (29%) besides (E)-l-phenyl-l-decene (14%) and

1-decanal (26%).

As outlined in Scheme 16, methylcopper was used to synthesize the
45

(E.E)-dienes. Ve have carried out an experiment using phenylcopper.

However, there was no improvement in the formation of (E,E)-diene (Scheme

21).

Scheme 21:

f~ PhCu J

(3 eq)
CuCI + PhMgBr

(4 eq) (3 eq)

(1 eq)

L 40 (?) -
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In order to further examine the reactivity of the supposed

alkenylcopper intermediates in the above mentioned transformations, we have

used various Michael acceptors such as methyl acrylate, acrylonitrile and

electrophiles such as benzoyl chloride before work up in the experiments

using various Grignard reagents, such as phenylmagnesium bromide,

ethylmagnesium bromide, isopropylmagnesium bromide and also in the presence

of different copper salts, such as CuCl, CuBr or CuBr.DMS. However, in all

cases, only small amounts of unidentified, polymeric carbonyl products were

obtained.

It has been reported that the tetraborate complexes prepared from

1-alkenyldialkylborane derivatives and sodium methoxide decompose in the

42presence of CuBr (eqn. 9).

R-C
9-BBN

C-H-
NaOCH3

2) CuBrDMS
— (9)

In order to examine this possibility, we have carried out an

experiment using 1-decenylcatecholborane, finely powdered sodium methoxide

and CuBr.DMS (eqn. 10).

1) NoOCHj

2) CuBrDMS
-(10)

However, in this case the corresponding (E,E)-diene was formed only in

trace amount and 1-decanal was isolated as the major product. Presumably,

the tetraborate complex 44 is unstable and it decomposes to give the
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-ONo

44

tricoordinated boron derivative 45 (eqn. 11), which on oxidation gives the

aldehyde.

Hence, our research efforts on the development of synthetic method

based on C-C bond formation using catechol boranes are only partly

successful. Fortunately, this experience led us to investigate the use of

cyclic borate complexes for optical resolution of racemic diols which gave

more fruitful results (Chapter 3).
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2.3. CONCLUSIONS

(Z)-Olefins and (Z)-olefinic alcohols were prepared in moderate to

good yields using 1-alkenylcatecholborane, mono-Grignard and di-Grignard

reagents. Using this methodology, some naturally occurring insect

pheromones or their precursors were synthesized. Transmetallation of

1-alkenyl group from boron to copper were attempted using 1-alkenylcate-

cholborane and various Grignard reagents in the presence of different

copper(I) salts. The supposed alkenylcopper intermediates gave the

(E)-olefins and (E,E)-dienes only in low yields (23-29%) under various

conditions.
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2.4. EXPERIMENTAL SECTION

General Details:

Several items given in the experimental section of Chapter 1 are also

applicable for the experiments outlined here.

Sodium borohydride, and iodine supplied by SD fine chemicals, India

were utilized. Catechol supplied by SD fine chemicals, India was twice

sublimed and stored under nitrogen atmosphere was used. All the bromides

supplied by Sisco-Chem, India and Aldrich, USA were distilled prior to

utilization. Methyl acrylate and benzoyl chloride were supplied by

E-Merck, India. The copper halides supplied by Aldrich, USA were purified

and utilized. Sodium methoxide was prepared from sodium and methanol.

l-Alkynes were prepared from 1-alkenes following a reported procedure.

1-Heptyne and 1-hexyne were supplied by Fluka, Switzerland.

Generation of diborane utilizing the L̂ /NaBEL system and preparation of

catecholborane:

Iodine (3.2 g, 12.5 mM) dissolved in diglyme (15 mL) was added

drop wise for 3h into a generation flask (two-neck RB flask) containing

NaBH. (1.0 g, 25 mM) in diglyme (5 mL) at room temperature under a static

nitrogen atmosphere. The generated diborane was carried off through a aide

tube and bubbled into reaction flask containing catechol (0.55 g, 5 mM) in

benzene (30 mL). When the bubbling of diborane is ceased, the bubbler was

removed under nitrogen atmosphere and replaced by a glass stopper. The

excess diborane above the benzene solution was flushed out with a stream of
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nitrogen. The catecholborane solution thus prepared was utilized for

further reactions.

Preparation of (Z)-l-cyclohexyl-l-heptene:

Catecholborane (5.2 mM) was prepared as described previously.

1-Heptyne (0.48 g, 5 mM) was added and the contents were refluxed for
25

12h. The reaction mixture was brought to 0°C and cyclohexyl magnesium

bromide prepared using cyclohexyl bromide (1.65 g, 10 mM) and magnesium

(0.36 g, 15 mM) in THF (25 mL) was added through cannula under nitrogen

atmosphere. The contents were further stirred for 3h at 10°C and refluxed

for 12h. The reaction mixture was brought to -10°C and 3N NaOH (5 mL) was

added followed by drop wise addition of L (1.25 g, 5 mM) dissolved in THF

(15 mL). The contents were further stirred for 4h at -10°C. The reaction

was quenched with sodium thiosulphate solution and filtered over celite

pad. The filtrate was oxidized using 3N NaOAc (5 mL) and ^2°2 (30%J 5 mL)*

The organic extract was washed with 3N NaOH (3 x 20 mL), water, brine and

dried over anhydrous MgSO.. After evaporation of the solvent and purifica-

tion on silica gel column using hexane as eluent, (Z)-1 -cyclohexyl- 1-hep-

tene was isolated.

Yield : 0.56 g (62%)

B.p. : 88-90°C/5 mm

IR (KBr) i>max : 1650, 725 cm"1

1H NMR (200 MHz, CDC1O) 6 ppm: 0.85-1.73 (m, 19H), 2.01 (m, 3H), 5.23 (m,

2H)

13C NMR (25 MHz, CDCI3) 6 PP»: 14-06, 22.65, 26.12, 27.00, 29.47, 29.86,

30.30, 31.53, 31.65, 36.41, 43.60, 128.25,

136.13
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Analysis: Calculated C: 86.57, H: 13.41;

Found C: 86.75, H: 13.48.

This product has been reported in the literature.47

The product eluted with hexane:ethyl acetate/98:2 was identified as

1-heptanal.

Yield : 0.10 g (17%)

IR (KBr) y m a x : 2700, 1726 cm"1

Preparation of (Z)-2-methyl-7-octadeoene:

1-Dodeceny lcatechol borane was prepared from 1-dodecyne (0.83 g, 5 mM)

and catecholborane as mentioned earlier. 5-methylhexylmagnesium bromide

prepared using 5-methylhexyl bromide (1.79 g, 10 mM) and magnesium (0.36 g,

15 mM) was added to the alkenylcatecholborane solution at 0°C. The

contents were stirred for 3h at 10°C and refluxed for 12h. The reaction

mixture was brought to -10°C and 3N NaOH (5 mL) was added followed by

dropwise addition of L (1.25 g, 5 mM) dissolved in THF (15 mL). The

contents were further stirred for 4h at -10°C. The reaction mixture was

quenched with sodium thiosulphate solution and filtered over oolite pad.

The organic layer was separated and the aqueous layer was extracted with

ether (2 x 20 mL). The combined organic extract was oxidized using 3N

NaOAc (5 mL) and R~QO (30%, 5 mL). After usual work up and purification by

silica gel column using hexane as eluent solvent, (Z)-2-raethyl-7-octadecene

was isolated.

Yield : 0.79 g (59%)

B p : 162-164°C/2 mm; Lit.48 125-129°C/0.2 mm
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IR (neat) i ^ . 1 6 5 0 ? 2 5 ^-l

lE NMR (100 MHz, CDCy 6 ppm: 0.76-0.94 (m, 9H), 1.21-1.38 (m, 23H )

1.80-1.96 (m, 4H), 5.40 (m, 2H)

l 3C NMR (50 MHz, CDC13) 6 ppm: 14.21, 22.49, 22.85, 27.46, 28.85, 29.35,

29.53, 29.76, 29.86, 32.10, 36.53, 128.59,

130.74

This product has been reported in the literature.

The product eluted with hexane:ethyl acetate (98:2) was identified as

1-dodecanal.

Yield : 0.12 g (13%)

IR (neat) i> v : 2700, 1726 cm"1

max
*H NMR (100 MHz, CDC13) 6 ppm: 0.80 (t, 3H), 1.20-1.51 (m, 18H), 2.30 (m,

2H), 9.20 (bs, 1H)

49Preparation of diorganomagnesium derivatives:

In a two-necked RB flask, magnesium (0.48 g, 20 mM) was taken in dry

THF (15 mL). The dibromide (7.5 mM) in dry THF (15 mL) was added drop wise

for lh. The contents were further stirred for 6h at room temperature. The

diorganomagnesium derivatives thus prepared were used for further

reactions.

Preparation of (Z)-6-pentadecene-l-ol:

1-Decenylcatecholborane was prepared using 1-decyne (0.69 g, 5 mM) and

catecholborane (5.2 mM) as mentioned earlier. The BrMg^H^MgBr deriva-
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tive prepared using BKCH^Br (1.73 g, 7.5 mM) and magnesium (0.48 g, 20

mM) in dry THF (30 mL) was added at 0°C, stirred for 3h at this tempera-

ture and refluxed for 12h. The reaction mixture was cooled to -10°C and 3N

NaOH (5 mL) was added. Iodine (1.5 g, 6 mM) dissolved in THF (10 mL) was

added over 0.5h. The contents were further stirred for 4h at this tempera-

ture. Saturated sodium thiosulphate solution (5 mL) was added and the

reaction mixture was filtered over celite pad. The filtrate was oxidized

using 3N NaOH (10 mL) and ^2°2 <30%$ 1 0 m L ) ' T h e o r £ a n i c extract was

washed with 3N NaOH solution (2 x 10 mL), water, brine and dried over

anhydrous MgSO.. After evaporation of the solvent and purification by

chromatography on silica gel column, the product which eluted first with

hexane as solvent was identified as a mixture of (E)-l-decenyl iodide and

(Z)-6-pentadecene, the fraction eluted with hexanerethyl acetate (98:2) was

identified as 1-decanal and the fraction eluted with hexane:ethyl acetate

(90:10) was identified as (Z)-6-pentadecene-l-ol.

Fraction 1: [(E)-l- iodo-l-decene + (Z)-6-pentadecene]

Yield : 0.10 g

IR (neat) v : 1650, 1610, 720 cm"1

max
13C NMR (25 MHz, CDClg) 5 ppm: 14.06, 22.71, 29.00, 29.36, 29.53, 31.99,

32.65, 74.38, 129.90, 130.50, 146.77

Fraction 2: (1-decanal)

Yield : 0.11 g (14%)

IR (neat) v ' 2700, 1726 cm"1

max
XH NMR (100 MHz, CDC13) 6 ppm: 0.80 (t, 3H), 1.20-1.50 (m, 14H), 2.31 (m,

2H), 9.20 (bs, 1H)

Fraction 3: ((Z)-6-pentadecene-l-ol)

Yield : 0-5 0 * ( 4 4 % )

B p : 163-165°C/1 mm
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IR (neat) i>mBx : 3300, 1650, 1050, 725 cm"1

*H NMR (100 MHz, CDCI3) a PPm: 0 9 0 <t> 3H), 1.10-1.60 (m, 18H), 2.02 (m,

4H), 2.95 (br, exchanges with DO), 3.6

(t, 2H), 5.31 (m, 2H)

1 3
C NMR (25 MHz, CDCy 6 ppm: 13.90, 22.59, 25.41, 25.83, 27.12, 29.29,

29.59, 31.88, 32.59, 62.29, 129.54, 130.00

35The olefinic alcohol product has been reported.

The above procedure using Br(CHo)cBr was followed for the conversion

of a few other 1-alkynes into the corresponding (Z)-olefinic alcohol.

n - C 1 0 H 2 1

CH

Yield : 0.60 g (47%)

B.P. : 184-185°C/1 mm

IR (neat) v : 3300 (b), 1650, 1050, 725 cm"1

max

*H NMR (200 MHz, CDClg) 6 ppm: 0.90 (t, 3H), 1.20-1.70 (m, 22H), 2.05 (m,

4H), 3.64 (t, 3H, 1H exchanges with D2
0)>

5.35 (m, 2H)

13C NMR (50 MHz, CDClg) 6 ppm: 14.17, 22.76, 25.48, 25.83, 27.23, 27.31,
29.42, 29.72, 31.40, 32.79, 63.08, 129.58,

130.28

Analys i s : Calculated: C: 80.39, H: 13.49;

Found: C: 80.15, H: 13.50

* , 35
This product has been reported.
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Yield . o.34 g (40%)

B P - : 160-162°C/4 mm; Lit.36 78-80°C/0.01 mm

IR (neat) i>m&x : 33Oo, 1650, 1050, 725 cm"1

*H NMR (200 MHz, CDC13) 6 ppm: 0.88 (dist. t, 3H), 1.20-1.70 (m, 10H),

2.0 (m, 4H), 3.60 (t, 3H, 1H exchanges

with D20), 5.35 Cm, 2H)
13C NMR (50 MHz, CDCLj) 6 ppm: 13.77, 22.24, 25.41, 26.86, 27.16, 29.53,

31.88, 32.59, 62.59, 129.60, 130.12

This product has been reported.

Preparation of (Z)-7-hexadecene-l-ol:

1-Deceny Icatechol borane was prepared from 1-decyne (0.69 g, 5 mM) and

catechol borane (5.2 mM) as mentioned earlier. The BrMg(CH_)_MgBr deriva-

tive prepared using Br(CH2)gBr (1.85 g, 7.5 mM) and magnesium (0.48 g, 20

mM) in THF (30 mL) was added at 0°C, stirred for 3h and refluxed for 12h.

The reaction mixture was cooled to -10°C and 3N NaOH (5 mL) was added.

Iodine (1.5 g, 6 mM) in THF (10 mL) was added over 0.5h. The contents were

further stirred for 4h at that temperature. Saturated sodium thiosulphate

solution (5 mL) was added and the reaction mixture was filtered over celite

pad. The filtrate was oxidized using 3N NaOH (10 mL) and H202 (30X, 10

mL). The organic layer was separated and the aqueous layer was extracted
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with ether (2 x 15 mL). The oombined organic extract was washed with 3N

NaOH solution (2 x 10 mL), water, brine and dried over anhydrous MgSO .

After evaporation of the solvent and purification by chromatography on

silica gel column, the product which eluted first with hexane as solvent

was identified as a mixture of trans- 1-decenyl iodide and cis-7-hexadecene,

the fraction eluted with hexane.ethyl acetate (98:2) was identified as

1-decanal and the product eluted with hexanerethyl acetate (90:10) was

identified as (Z)-7-hexadeoene-l-ol.

Fraction 1: [(E)-l-iodo-l-decene + (Z)-7-hexadecene]

Yield : 0.08 g

IR (neat) v : 1650, 1610, 720 cm1

IHSLX

Fraction 2: (1-decanal)

Yield : 0.15 g (19%)

IR (neat) v : 2700, 1726 cm"1

max
Fraction 3: ((Z)-7-hexadecene-l-ol)
Yield : 0.48 g (40%)

B.p. : 180-82°C/l mm; Lit.35 135-36°C/0.01 mm

IB (neat) v ' 3300, 1650, 1050, 725 cm"1

max
lE NMR (200 MHz, CDClg) 6 ppm: 0.88 (dist. t, 3H), 1.20-1.70 (m, 20H),

2.01 (m, 4H), 3.65 (t, 3H, 1H exchanges

with D20), 5.35 (m, 2H)

13C NMR (25 MHz, CDC13) 6 ppm: 13.88, 22.53, 25.65, 27.06. 29.24, 29.41,

31.83, 32.53, 62.34, 129.66, 129.95

This product was converted into the natural product aldehyde using PCC

51
following a reported procedure.
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Preparation of (Z)-7-hexadecene-l-al:

Pyridinium chlorochromate (0.86g, 4 mM) and sodium acetate (0.07 g,

0.8 mM) were taken in DCM (5 mL) and (Z)-hexadecene-ol (0.48g, 2 mM) in DCM

(5 mL) was added in one portion to the above reagent. After 2h dry ether

(25 mL) was added and the supernatent solution was decanted. It was

purified by column chromatography on silica gel using hexane:ethyl acetate

(98:2) as eluent solvent.

Yield : 0.38 g (80%)

IR (neat) i>m&x : 2700, 1726, 1650, 723 cm"1

1H NMR (200 MHz, CDClg) 6 ppm: 0.86 (t, 3H), 1.10-1.70 (m, 18H), 1.81-

2.52 (m, 6H), 5.30 (m, 2H), 9.80 (s, 1H)

1 3C NMR (50 MHz, CDClg) 6 ppm: 14.13, 22.10, 22.78, 27.04, 27.31, 28.86,

29.40, 29.57, 29.82, 31.96, 43.95, 129.40,

130.37, 202.75

35This product has been reported.

The above procedure using BKCH^gBr was followed for the conversion

of few other 1-alkynes into the corresponding (Z)-olefinic alcohols.

Yield : 0-37 g (35%)

B p : 168-70°C/l mm; Ut.3 6 94-96°C/0.01 mm

IR (neat) v ' 3 3 0 0 ' 1 6 5 0 ' l050« 7 2 5 c m l

max
lE NMR (200 MHz, CDC13) 6 ppm: 0.88 (dist. t, 3H), 1.21-1.60 (m, 16H),

2.01 (m, 4H), 3.65 (t, 3H), 5.30 (m, 2H)



13C NMR (25 MHz, CDCLj) 6 ppm: 14.00, 22.60, 25.81, 29.40, 29.70, 31.50,

31.90, 32.91, 63.12, 127.70, 128.80

36This product has reported.

CH

Yield : 0.28 g (30%)

B.P. : 175-76°C/4 mm; Lit.36 74-76°C/0.01 mm

IR (neat) IJ _ : 3329, 1650, 1050, 725 cm"1

max
*H NMR (200 MHz, CDC13) 6 ppm: 0.90 (dist. t, 3H), 1.21-1.70 (m, 12H),

2.01 (m, 4H), 3.65 (t, 3H, 1H exchanges

with Do0), 5.35 (m, 2H)

I3C NMR (50 MHz, CDClg) 6 ppm: 13.94, 22.35, 25.70, 27.01, 27.20, 29.12,

29.77, 32.06, 32.88, 63.06, 129.7, 130.30

The spectral data of the product showed 1:1 correspondence with the
36spectral data of the product reported.

Attempted (E)-olefin synthesis using 1-decenylcatecholborane (1 eq.),

phenylmagnesium bromide (5 eq.) and CuCl (3 eq.):

1-Decenylcatecholborane was prepared from 1-decyne (0.69 g, 5 mM) and

catecholborane (5.2 mM) as described earlier. Phenylmagnesium bromide

prepared using bromobenzene (4.7 g, 30 mM) and magnesium (0.84 g, 35 mM) in

THF (40 mL) was added through cannula to the reaction mixture at 0°C under

nitrogen atmosphere and the contents were stirred for 12h at 25°C. The

reaction mixture was cooled to -10 C and CuCl (1.5 g, 15 mM) was added
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through solid addition flask. The contents were further stirred for 3h at

-22°C and then 12h at room temperature. The reaction mixture was quenched

with water (2 mL) and oxidized using 3N NaOAc (10 mL) and HO (30%, 10

mL). The reaction mixture was filtered through celite pad. The organic

layer was separated and the aqueous layer was extracted with ether (2 X 15

mL). The combined organic extract was washed with 3N NaOH (3 x 20 mL),

water, brine and dried over anhydrous MgSO . After evaporation of the

solvent and purification by silica gel column, the products isolated with

hexane as eluent were identified as (E,E)-9,1 l-eicosadiene and ( E ) - l -

phenyl-1-decene and the product isolated using hexane:ethyl acetate (98:2)

was identified as 1-decanal.

Fraction 1: (E,E)-9,1 l-eicosadiene

Yield . : 0.10 g (14%)

IR (neat) i> : 2910, 2840, 950 cm"1

max

*H NMR (100 MHz, CDClg) 6 ppm: 0.99 (t, 6H), 1.31 (m, 24H), 2.01 (m, 4H),

5.30-6.21 (m, 4H)

13C NMR (25 MHz, CDCU) 6 ppm: 14.20, 22.81, 29.30, 29.52, 29.70, 32.10,

32.80, 130.60, 132.20

52
This product has been reported in the literature.

Fraction 2: (E)- l -phenyl- l -decene

Yield : 0-25 g (23%)

IR (neat) x> ' 3020, 1610, 1600, 960 cm"1

XH NMR (100 MHz, CDCI3) 6 ppm: 0.90 (t, 3H), 1.30 (m, 12H), 2.31 (m, 2H),

6.4 (m, 2H), 7.4 (m, 5H)

52
This product has been reported in the literature.
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Fraction 3: 1-decanal

Yield : 0.23 g (29%)

IR (neat) i>max : 2700, 1720 cm"1

The H NMR spectra data of this product showed 1:1 correspondence with

the data obtained for the sample in earlier experiments.

Attempted (E,E)-diene synthesis using 1-decenylcatecholborane phenylmagne-

sium bromide (3 eq.) and CuCl (3 eq.):

1-Decenylcatecholborane was prepared from 1-decyne (0.69 g, 5 mM) and

catecholborane (5.2 mM) as described earlier. Phenylmagnesium bromide

prepared using bromobenzene (2.80 g, 18 mM) and magnesium (0.60 g, 25 mM)

in THF (30 mL) was added and rest of the procedure mentioned in the

previous experiment was followed. The products eluted with hexane as

solvent were identified as (E,E)-eicosadiene and (E)-l-phenyl-l-decene and

the product isolated using hexane:ethyl acetate (98:2) was identified as

1-decanal.

Fraction 1: (E,E)-eicosadiene

Yield : 0.2 g (29%)

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

data obtained in the earlier experiment.

Fraction 2: (E)-l-phenyl-l-decene

Yield : 0.15 g (14%)

The spectral data of this compound showed 1:1 accordance with the data
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of the product obtained earlier.

Fraction 3: 1-decanal

Y i e l d : 0.20 g (26%)

Attempted (E.E)-diene synthesis by the reaction of phenyloopper with

1-decenylcatecholborane:

1-Decenylcatecholborane was prepared from 1-decyne and catecholborane

as described earlier. In a two-necked flask CuCl (2.0 g, 20 mM) in THF (15

mL) was taken and phenylmagnesium bromide (18 mM) prepared as above was

added dropwise for lh at 0°C. At the same temperature 1-decenylcatechol-

borane prepared earlier was added and further stirred for 2h. The reaction

mixture was quenched with water and oxidized with 3N NaOAc (10 mL) and H_0_

(30%, 10 mL). The reaction mixture was worked up as described earlier and

the product obtained was purified by column chromatography using hexane as

eluent solvent. The expected (E,E)-diene was obtained in low yields (20%)

besides 1-decanal as the major product (26%).

Attempted 1,4-addition of methyl acrylate with 1-decenylcatecholborane in

the presence of methylmagnesium iodide (3 eq.) and CuCl (3 eq.):

1-Decenylcatecholborane (5 mM) was prepared as described previously.

Methylmagnesium iodide was prepared using methyl iodide (2.6 g, 18 mM) and

magnesium (0.6 g, 25 mM) in ether (30 mL). The Grignard reagent was added

to 1-decenylcatecholborane at 0°C and stirred for 12h at 25°C. The react-

ion mixture was brought to -22°C and CuCl (1.5 g, 15 mM) was added followed

by the addition of methyl acrylate (0.86 g, 10 mM). It was further stirred
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for 3h at -22°C and 12h at 25°C. The reaction mixture was worked up as

described previously. A small amount of unidentified polymeric carbonyl

compound was isolated.
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Chapter 3

Studies on the Optical Resolution of Racemic Diols
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3.1. BACKGROUND AND OBJECTIVES

It has been recognized that biological activities of enantiomeric

compounds could be very much different. Thus one may act as a therapeutic

drug, whereas the other may be toxic in some cases. Hence, there is

immense interest in the development of methods to obtain enantiomerically

pure chiral compounds.

There are several methods to obtain enantiomerically pure materials

which include optical resolution via formation of dlastereomers, chromato-

graphic separation of enantiomers, enzymatic resolutions, kinetic resolu-

tions and asymmetric synthesis.

The importance of asymmetric synthesis to obtain pure molecules has

been acknowledged by synthetic organic chemists. In the last two decades,

several important developments of newer and more efficient methods were

made. With these developments, the enantiomerically pure precursors requi-

red for the synthesis of natural products, Pharmaceuticals and agricultural

agents could be synthesized very efficiently.

Among the various types of asymmetric reactions, the most challenging

one is catalytic asymmetric synthesis since one chiral catalyst molecule

can produce multiple of products just as enzymes do in biological systems.

As discussed in chapter 1, the Itsuno-Corey oxazaborolidine systems and

other related reagent systems have been found to be very useful for asym-

metric synthesis.

Among various reagents developed as chiral auxiliaries, the systems
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possessing C~ symmetry were found to be better in obtaining high levels of

2—9asymmetric induction. The following C2 symmetric chiral auxiliaries

were utilized for various chemical transformations (Scheme 1).

Scheme 1:

PPh,

PPh2

h
PPh2

H H

10

Ph

Ph Ph

7

OH

OH

11

MOMOHjC ^ / \ %o%oCH20M0M

I

H
14

ROjC CO2R

VHO OH

8

Me2N NMe2

12

Ph

'"' Ph

15
16

HO Ph

H
Ph OH

17

HO

OH
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^ )2BH

19

H

20

Ph

21

The synthetic methods developed using such derivatives have been

reviewed. A very rich chemistry has been uncovered, especially using

chiral auxiliary 1. ' Since our objective is to develop new methods of

resolution of racemic diols, a brief review on the utilization of 1 and 17

in various transformations will be helpful.

Noyori et al reported the chiral aluminum reagent 22 for asymmetric

reductions.

HO H

R
(R)

( 100% ee )

(R)-22

OR

R'
(S)

(100% ee)

— (1)

The Lewis acids 23-27 derived from chiral binaphthol 1 were used for

asymmetric Diels-Alder reactions.
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Scheme 2:

AI-CI ''Sc(0Tf)3

17
23 24 18

25
19

CHO
(2)

Van der Meer et al used the catalyst 23 for the enantioselective
22glyoxylate ene reactions (eq. 3).

23 (10 mol%)

+
0

COJCHJ

00
L - CO2CH3

OH
28 (94% ee)

— (3)

Costa et al prepared the essentially pure allylic alcohols using the

23catalyst 23 (eqn. 4).



106

RCHO + SnBu3

(S) -23 (20 mol%)
OH

— (4)

29 (97-4% ee)

Mikami et al used the same catalyst for enantioselective and

24diastereoselective Mukaiyama aldol-ene reaction (eqn. 5)/

(Me)jSiO OH

0Si(Me)3 (S)-23 (5 mol%)
—(5)

30 (99% ee)

Yamamoto et al used the catalyst 31 for aza-Diels-Alder reaction (eqn.

6) .
25

Ph

H
N-Bn +

MeO

-OPh

31

Ph
H

Bn

32 (90% ee)

— (6)

Kobayashi and co-workers used the catalyst 33 for asymmetric Michael

reaction (eqn. 7).
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0Si«BuMe2

S«Bu

33 (20 moIX)
(7)

S«8u

34 (59X ee)

Very recently, Yamamoto and co-workers prepared a chiral tin deriva-

tive 35 for use in the enantioselective protonation of enol ethers (eqn.

27
6). '

35

Ar
35

— (B)

>95% ee

Shibasaki et al prepared various rare earth binaphthol catalysts 36

and 37 which act as chiral bases in the enantioselective nitroaldol and

. 4M 28-30
Michael reactions (eqns. 9 and 10).
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L

37

-0

0
( = BINOL

36

CH3NO2 + RCHO

0 0

BnO OBn (10)

39 (92% ee)

The other chiral diol 17, which is of interest to us, has been also

used in several transformations. For example, the trans-(R,R)-stilbene

31diamine 42 (Scheme 3) can be readily prepared from this chiral diol 17.

Scheme 3:

K l -
HO TsO

TsCl/Pyr- NoN,
Ph

Ph Ph

OTs

Ph

40
41

HjN

Ph

N,

LAH/Et2O

Ph

42
NHj

Tomioka et al used the dimethyl ether of 17 for the enantioselective

igate
4

(eqn. 11).'

conjugate addition of organolithium reagents to a^-unsaturated aldimines

32
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(S.S)-43, PhLi
CHO

45

(12)

Hoffmann and co-workers utilized the (R,R)- and (S.S)-dicyclohexyl-

ethanediol 18 derived compound 46 for allylboration (eqn. 14). This diol

18 has been prepared by the hydrogenation of 17 (eqn. 13).33

HO OH

H
Ph Ph

17

0

46

5% Rh/AI2O3

H2

HO OH

18

HO

— 03)

Stoddart et al used the crown ethers 48-50 derived from the diol 17

for asymmetric Michael reaction, acylcyanation of benzaldehyde and also for

34—36
the reduction of prochiral ketones (eqns. 15-17).
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rat. ^^^"it

48

(S.S)-DP18C6

OMe

no

Ph .„ 0 0 > Ph

'" Ph

49
(S.S,S.S)-TP18C6

OMe 1) 48

2) <BuOK

Ph ^x

50

(R,R.R,R)-TP18C6

COjMe

OMe

51 (79% ee)

— (15)

PhCOO

1) 49-KCN

2) PhCOCl

1) 50
<Pr

— 06)

— (17)
2) Et3N:BH3

67X ee

Mash et al reported Simmon-Smith cyclopropanation reaction on hydro-

37
benzoin modified ene-ketals (eqn. 18).*

Ph Ph Ph Ph

H — (18)

53 54 (13:1)

Devine and co-workers prepared the titanium reagent 55 for asymmetric

Diels-Alder reactions (eqn. 19).
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P h »xX*x

55

CO2CH3 55
— (19)

56 (92X ee)

Hasegawa and co-workers prepared a diol modified precursor 57 and

38subjected it towards diastereomeric reduction (eqn. 20).'

Ph

Ph

LAH , MgBr2

57

— (20)

Alexakis and co-workers reported the asymmetric alkylcopper and

39Grignard addition on diol 17 modified synthons (eqn. 21).

Cu/BF3 + — (21)
CHO

59 60

Obviously, there has been immense interest to prepare the enantiomers

of this important chiral auxiliaries. The chiral diol 17 can be readily

prepared through Sharpless catalytic asymmetric dihydroxylation of trans-

stilbene (Scheme 4).
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Scheme 4:

Ph

40
61 (> 99* ee)

42
6 2 (99% ee)

Diamine

0s04

Ph Ph

[OX" BJQ

Ph „„

16 (98% ee)

HO Ph

Ph

15 (95% ee)

H
Ph OH

— (22)

A brief review on the synthesis of chiral 1 will be helpful for the

discussion.

Several reports on the asymmetric synthesis of 1 starting from

2-naphthol have appeared. Brusee and co-workers utilized various

copper(II) amines and amino alcohol complexes for the asymmetric coupling

44 45of 2-naphthol. ' Using (S)-(+)-amphetamine complex, they have obtained

(S)-(-)-binaphthol in 89% ee. They also found that in these reactions

racemic binaphthol formed initially was 'deracemized' to the optically

active binaphthol (Scheme 5).



Scheme 5:
113

RACEMIC BINAPHTHOL

(S)-(+)-AMPHETAMINE

CuCl2

B

A

PRECIPITATE

CA(-B) —

SOLUTION

CA(-B) — CA(+B)

(-)-BINAPHTHOL (87%, 89% ee)

(+)-BINAPHTHOL (13%. 11% ee)

Using CuCl2-(-)-sparteine complex, (S)-(-)-binaphthol was obtained in

enantiomerically pure form in 36% yield.46

An electrochemical coupling of 2-naphthol and 2-naphthol methyl ether

63 in the presence of (-)-sparteine gave the corresponding coupling
47products in high ee (eqns. 23 and 24).

— (23)

1 (99-7% ee)

OMe

63

— (24)

64 (93-6% ee)
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For the large scale preparation of optically active binaphthols,

generally, the resolution methods developed using the phosphoric acid based

derivatives were utilized. Cinchonine was used to resolve the racemic

phosphoric acid derivative 65 (Scheme 6) . 4 8 " 5 1

Scheme 6:

POCl3/Et3N

2) H20

(R)-65

1) LAH

2) HCI

1) Cinchonine. MeOH/H2O

2) Separation of

Diastereomers

3) EtOH/HCI

(S)-65

1) LAH

2) HCI

Very recently, Hu et al utilized oc-methylbenzylamine and the diaste-

reomeric phosphoramides obtained were separated by fractional crystalli-

52zation (Scheme 7).
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Scheme 7:

POCI3

2) Et3N
P(CI)

1) (S)-PhCH(CH3)NH2

2) Et3N

Diastereomeric

complex

By Fractional

crystallization

LAH LAH

Buono et al utilized 1-menthol and the diastereomeric phosphites were
53separated by recrystallization from diethyl ether (Scheme 8).

Scheme 8:

PCU

THF

67
NEt,

Omenthyl

THF

0 H2O2

P-Omenthyl

OPCIj

^P-Omenthyl

(R)-68 (R)-69
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(S)-69

or

(R)-69

LAH

or

Kawashima and co-workers utilized chiral amines such as (1R, 2R)-1,2-

diaminocyclohexane 70 and threo-l,2-diamino-l,2-diphenylethane for the

direct resolution of racemic binaphthol. The diastereomeric inclusion

complexes obtained were separated by repeated crystallizations (Scheme

9X54

Scheme 9:

From Precipitate

OH 70

0 H 2) Recrystallization

3) HCI

(R) -1 94% ee

From Filtrote

They have also developed an epimerization-recrystallization procedure

using the above diamines and the racemic binaphthol (1:1). The required

enantiomerically pure 2,2'-binaphthols were obtained in 154-160% chemical

yields.
55

Kazlauskas used bovine pancreas acetone powder (BPAP) for the enzyma-

tic hydrolysis of the corresponding binaphthol esters on a 100 Kg scale

56
(Scheme 10).
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Scheme 10:

OCOBu BPAP

OCOBu

71 (S)-1 (98X ee) (R)-71 (98% ee)

Very recently, Toda and co-workers employed commercially available

cylcinchonidium halide 72 for the i

biphenanthryldiol derivatives (eqn. 25).'

N-alkylcinchonidium halide 72 for the resolution of various binaphthol and

57

72 73

— (25)

Following this method, the (R)-(+)-l was obtained in 95% ee with 72%

chemical yield.

Our interest in the synthesis and utilization of catecholborane

derivatives (Chapter 2) led us to investigate the development of methods

based on aryloxyborate complexes for the development of new, more conveni-

ent resolution procedures using readily accessible reagents.
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3.2. RESULTS AND DISCUSSION

3.2.1. Resolution of raoemic diols through cyclic bo rate a:

As outlined earlier, the cyclic phosphate method is more widely

utilized for the resolution of racemic binaphthol. However, in addition to

requiring several steps, this procedure is severely handicapped by the use

of LiAlH for the cleavage of the cyclic phosphate derivative 75 (eqn. 26).

1) LAH

2) oq-NoOH

3) H30
 +

— (26)
OH

Ve envisaged the synthesis of the diastereomeric cyclic borates for

the separation of the enantiomers of diols using various amino acid

derivatives (Scheme 11).

Scheme 11: OH

OH

Rocemic

BX,

X=H or OH

OH

•OH

(R)

OH

dil-HCI

c OH

N<

(Chirol)

(R)-76

dil-HCI

•OH

(S)-76

Seporotion of

Diastereomeric

Complexes

(S)
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Although, the synthesis of diastereomeric borate complexes of this

type has not been reported (to our knowledge), resolution of racemic di-

alkylboranes through such complexes using amino alcohols are known. For

example, Masamune et al resolved the trans-2,5-dimethylborolane 20 using

58(S)-prolinol (eqn. 27). Also, Reetz et al resolved the diphenyl deriva-

tive 21 using (S)-prolinol (eqn. 28).59

-Cl — (27)

— (28)

It is also of interest to note that Brown and co-workers used (S)-pro-

linol for the upgradation of the optical purity of exo-norbornyl boron

derivative 79 obtained through asymmetric hydroboration of norbornene with

60
Ipc^BH (eqn. 29).

79 (83% ee)
Ipc 2- Crystollizotion I

Ipc

81 (100X ee)
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We have decided to investigate the resolution of the racemic diols as

envisaged in Scheme 11. We have selected a representative phenolic diol

(i.e., binaphthol 1) and an alkoxy diol (i.e., 1,2-diphenylethanediol 17)

for this investigation.

As discussed in Chapter 1, we have prepared various oxazaborolid ines

derived from (S)-proline and (S)-valine for asymmetric reductions and

hydroborations (eqn.30).

— (30)

H
83

We have carried out the synthesis of diastereomeric borate complexes

for the resolution of binaphthol 1 using these reagents 82 and 83 (Scheme

12 and 14). Initially, we tried to isolate and characterize such

complexes. However, it was found that in no case the complex obtained was

pure (see discussion later). So, we have proceeded with the optical

resolution studies.

Scheme 12:
Ph Ph

OH

H 84

Ph Ph

85 —J

1

benzene

Diastereomeric

mixture

Flosh chromotogrophy

( R ) - 1 . 82% ee ( R ) - 1 . 35% ee ( s ) - 1 . 73% ee

(30%) (40%) (20%)



121

This experiment was also carried out using inexpensive boric acid in

the place of diborane (Scheme 13).

Scheme 13:

I
H 84

B(0H)3

OH

Ph Ph

86 (?)

1

A
benzene

Diostereomeric

mixture

Flosh chromotogrophy

The results obtained were found to be comparable.

The use of N-benzylvalinol 87 and boric acid combination also gave

similar results (Scheme 14). However, in this case the contents could be

separated by crystallization.

Scheme 14:

Ph-

87

B(0H)3

OH i 2 h

1

A
benzene

Diostereomeric

mixture

Seporoted by

recrystollization

I I
Precipitate Filtrote

Idil-HCl IdilHCl

(R)-1 (28% ee) ( S ) - 1 (35% ee)

It was of interest to examine the use of amino alcohols which contain

tertiary amine moiety. In order to examine this, the following tertiary

amino alcohols have been prepared (eqn. 31).
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OH

89

The amino alcohol 89 was prepared from (S)-proline (Scheme 15).

Scheme 15:

H PhCH2Br
vT \ N ^ - V ^ N0H
| | K2CO3 . A
H H Toluene ^
9. 80

The amino alcohol 90 was synthesized following the sequence of trans-

formations outlined in Scheme 16.

Scheme 16:

0 H

B'^rB' O
THF H 2 N ' - K C Q A

Q T « J i. i Lin

go 3 J HO
Toluene

90

Resolution of racemic binaphthol 1 was examined using the amino

alcohol 89 (Scheme 17).
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Scheme 17:

OH

89
Ph

94

1

A
Diostereomeric

mixture

benzene Seporoted by

recrystollizotion

1 1
Precipitote Filtrate

(S ) -1 (1 1% ee) (R)-1 (9% ee)

When boric acid was used in the place of diborane, (S)-(-)-l was

obtained in 6% ee from the precipitate. From the filtrate, (R)-(+)-l was

obtained in 9% ee. Repetition of this experiment using amino alcohol 90

gave (R)-(+)-l (10% ee) from precipitate and (SM-)- l (15% ee) from the

filtrate.

We have also examined the synthesis of diastereomeric borate complexes

for the resolution using chiral amino acids themselves. Surprisingly, as

will be discussed later, the (S)-proline itself gave more fruitful results.

We have selected the following readily accessible amino acids for this

purpose (eqn. 32).

Ph

XCOOH X COOH
— (32)

*N
COOH

95 92 H

91

The following experiment was performed to resolve racemic 1 (Scheme

18).
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Scheme 18:

B(OH)j

COOH A •

1
benzene

A • 12h

Diastereomeric

complexes

Separated by

recry.ftallization

I I I
Precipitate Precipitate Filtrate

(12h) (24h)

IdilHCl I dil-HCI I dil-HCI

(R)-1 (19% ee) (± ) -1 (S)-1 (19% ee)

This experiment was also carried out using (S)-valine instead of

(S)-phenylalanine (Scheme 19) and comparable results were obtained.

Scheme 19:

B(OH)j

COOH A • 1 2 h

1

benzene

A •

Precipitote

dil-HCI

Filtrate

dil-HCI

(S) -1 (13% ee) (R) -1 (26% ee)

When (S)-proline was used in these reactions, (S)-(-)-l (13% ee) was

obtained from precipitate and (R)-(+)-l (26% ee) from filtrate.

We have then turned our attention towards the resolution of racemic

1,2-diphenylethanediol 17. The d,l-mixture 17 was prepared following a
fit

reported procedure (eqns. 33 and 34).
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Ph

Ph Ph

A

Ph Ph

H
HO OH

17 (meso + d,l)

KOH/CH3OH (poste)

vacuum

H
HO OH

17 (meso + d.l)

Ph ^ Ph

H
HO OH
17 (d.l)
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(33)

— (34)

Synthesis of the diastereomeric complexes for the resolution of 17 was

carried out as envisaged in Scheme 20.

Scheme 20:
THF/H20

r— Precipitote • (S.S)-17

>
N
I
I
H
91

^ COOH B(OH)3

A • 12 h

17

A . 12 h
benzene THF/H2O

Filtrate — (R.R)-17

To examine this, we have carried out the following experiment. A

mixture of (S)-proline (1.1 eq.) and boric acid (1.1 eq.) was taken in dry

benzene and refluxed. The diol 17 (1 eq.) in hot benzene was added and

refluxed. The precipitate obtained was decomposed and (S,S)-17 was

isolated in 91.4% ee (25% yield). From the benzene solution (R,R)-17 was

isolated in 37.4% ee (54% yield) (entry 1, Table 1).

Several experiments were carried out in order to optimize the condi-

tions and the results are summarized in Table 1.
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Table 1: Optical resolution of Racemic 1,2-Diphenylethanediol (Scheme 20)

S.No. Procedure 1,2-Diphenylethanediol isolated1

From Precipitate From Filtrate

(% ee) g (Yield) (% ee)g (Yield)

1. (S)-Proline + B(0H)

2. (S)-Proline + B(0H)'

3. Diol 17 + B(OH),

4. Diol 17 + B(OH);

5. (S)-Proline + B(0H)

6. (S)-Proline + B(OH)

(-) 91.4 (25%) (•) 37.4 (54%)

(-) 83.8 (24%) (+) 30.8 (56%)

(-) 90.6 (27%) (+) 39.6 (45%)

(-) 83.4 (23%) (+) 22.4 (50%)

(-) 99.0 (71%) (+) 26.5 (10%)

(-) 6.8 (32%) (+) 63.9 (54%)

a) A mixture of (S)-proline (5.5 mM) and boric acid (5.5 mM) were taken in

dry benzene (40 mL) and refluxed for 12h. Racemic 1,2-diphenylethane-

diol (5 mM) dissolved in hot benzene (40 mL) was added and refluxed for

12h in a Dean-Stark set up.

b) (S)-Proline (5 mM), boric acid (5 mM) and racemic 1,2-diol (5 mM) were

taken in dry benzene (80 mL) and refluxed for 24h in a Dean-Stark set

up.

c) 1,2-Diol (5 mM) and boric acid (5 mM) were taken in dry benzene (40 mL)

and refluxed for I2h in a Dean-Stark set up. (S)-Proline (5 mM) and

dry benzene (40 mL) were added and refluxed again for 12h.

d) 1,2-Diol (10 mM) and boric acid (5 mM) were taken in dry benzene (40

mL) and refluxed for 12h. (S)-Proline (5 mM) and dry benzene (40 mL)

were added and refluxed for 12h in a Dean-Stark set up.

e) (S)-Proline (5.5 mM) and boric acid (5.5 mM) were taken in dry benzene

(40 mL) and refluxed for 12h. (-)-l,2-Diol (5 mM, 73% ee) dissolved in
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hot benzene (40 mL) was added and refluxed again for 12h in a Dean-
Stark set up.

f) (S)-Proline (5.5 mM), boric acid (5.5 mM) and (+>-l,2-diol (5 mM, 30%
ee) were used.

g) Optical rotations were determined on an Autopol-n polarimeter using

ethanol as solvent. All %ee reported here are based on reported

maximum [«]D = -94 (C2.5, EtOH)60 for (-)-17 and +93 (C2.5, EtOH) for

h) Yields are of diols isolated by column chromatography on silica gel

using hexane/ethyl acetate (70:30) as eluent.

In an experiment, (S)-proiine (1.1 eq.), boric acid (1.1 eq.) and 1,2-

diol (1 eq.), were taken in dry benzene and refluxed. From the precipi-

tate, (S,S)-(-)-isomer (83.8% ee, 24%) was obtained. From the filtrate,

(R,R)-(+)-isomer (30.8% ee, 56%) was obtained (entry 2, Table 1).

In a different experiment, 1,2-diol (1 eq.) and boric acid (1 eq.)

were taken in dry benzene and refluxed for 12h. (S)-Proline (1 eq.) was

added and refluxed again for 12h. From the precipitate, (S,S)-(-)-isomer

(90.6% ee, 27%) was obtained. From the filtrate, (R,R)-(+)-isomer (39.6%

ee, 45%) was obtained (entry 3, Table 1).

In another experiment, 1,2-diol (2 eq.), boric acid (1 eq.) and

(S)-proline (1 eq.) were utilized. From the precipitate, (S,S)-(-)-isomer

(83.4% ee, 23%) was isolated. From the filtrate, (R,R)-(+)-isomer (22.4%

ee, 50%) was isolated (entry 4, Table 1).

This method of resolution was also found to be useful in enriching a

mixture of partially resolved 1,2-diols 17. The chiral reagent prepared

using (S>-proline (1.1 eq.) and boric acid (1.1 eq.) was used to enrich the
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(S,S)-(-)-diol (73% ee). From the precipitate, enantiomer icall y pure

(S,S)-(-)-l,2-diphenylethanediol (71%) was obtained (entry 5, Table 1). We

have also attempted to enrich (R,R)-(+)-diol (30% ee) using the same

reagent. In this case, from the precipitate, (S,S)-(-)-isomer (6.8% ee,

32%) was obtained and from the filtrate, (R,R)-(+)-isomer (63.9% ee, 54%)

was isolated.

Efforts were also undertaken to characterize the precipitate obtained

in the experiment using pure (S,S)-(-)-17 in order to determine the nature

of the complexes involved. The following cyclic borate complex 96 was

anticipated. _L

P h ^

96

The complex has been prepared according to the procedure reported for

the entry 1 in Table 1. It was found to be sparingly soluble in

chloroform. It was crystallized from chloroform for analyses. However,

the H NMR (200 MHz) spectrum indicated the presence of unidentified impu-

rities. Combustion analysis data also did not correspond to this structu-

ral formula. Presumably, the precipitate may also contain small amounts
Ph

. Ph

rPh

Ph * ^ ° ' Ph

97

of borate complexes (eg. of the type 97) which are not separable from the

complex 96. Further efforts to characterize these complexes are underway

in this laboratory.
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3.2.2. Resolution of racemic diols 1 and 17 using (S)-proline:

As outlined earlier, there has been some recent reports describing

resolution of 1 using diamines 4 and some quartenary salts.5 7 So, we have

carried out an experiment to examine whether boric acid is necessary in

these reactions. It was found that refluxing of a mixture of (S)-proline

and racemic 1,2-diphenylethanediol 17, led to small amount of precipitate

which was found to be (S)-proline. The racemic diol was isolated from the

filtrate quantitatively, indicating that the boric acid is necessary for

the resolution of the diol 17.

As discussed earlier, the borate complex method did not gi^e fruitful

results in the case of racemic binaphthol 1. Fortunately, however, it was

found that the racemic binaphthol 1 could be readily resolved into enan-

tiomers using (S)-proline alone. Refluxing of a 1:1 mixture of raoemic

binaphthol and (S)-proline in dry benzene led to a precipitate and a

solution. The precipitate obtained was filtered off from the solution.

The binaphthol was isolated from the precipitate by extracting with anhy-

drous ether. The binaphthol thus obtained was found to be enriched in (S)-

(-)-isomer (65% ee, 43%). The insoluble portion of precipitate contains

essentially (S)-proline. From the filtrate, (R)-(+)-isomer (44% ee, 51%)

was obtained. Only a small portion of (S)-proline (2-3%) was found in the

filtrate.
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Scheme 21:

1

Precipitate — - (S)-1

(65% ee)

H L_^ Filtrate _ _ (R)-i
91

(44% ee)

I \ ^ C00H Benzene

OH N A • 1 8 - 2 4 h

Similar results were obtained when 1:1 proportion of (5-20 mM) of

(S)-proline and binaphthol (5-20 mM) were refluxed in benzene for 18-24h.

This method of resolution of binaphthol using (S)-proline was found to be

useful for enriching a mixture of partially resolved binaphthols. We have

carried out several experiments using various mixtures partially resolved

binaphthols with (S)-proline and the results are summarized in Table 2.

To study this phenomenon of resolution, we have used a binaphthol

enriched in (S)-(-)-isomer (10% ee). A 1:1 mixture with (S)-proline was

taken in dry benzene and refluxed. From the precipitate, (S)-(-)-i8omer

enriched in up to 64% ee (65%) was obtained. From the filtrate, (R)-(+)-

isomer enriched in up to 70% ee (25%) was obtained (entry 2, Table 2). Ve

have also carried out a similar experiment using binaphthol enriched in

(R)-(+)-isomer (10% ee) and found that this phenomenon is not as effective

as was found with (S)-(-)-isomer. From the precipitate, (R)-(-)-isomer (6%

ee, 56%) and from filtrate, (S)-(-)-isomer (18% ee, 30%) were obtained

(entry 3, Table 2).
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Table 2: Separation of enantiomers of binaphthol using (S)-proline

S.No. Substrate 1

config., ee %

Binaphthols obtained from

Precipitate Solution

Conf. % ee X Yield Conf. X ee X Yield

1.

2.

3.

4.

5.

6.

7.

(H,SHt), 0b

(SM-), 10C

(R)-(+), 10d

(S)-(-), 65e

(R)-(+), 44f

(S)-(-), 87 g

(R)-(+), 90 h

S

S

R

S

R

S

R

65

64

06

87

90

1001

98j

43

65

56

66

45

77

70

R

R

S

S

R

S

R

44

70

18

06

06

35

28

51

25

31

22

41

11

18

a) Experiments were carried out using 1:1 mixtures of binaphthol and

(S)-proline in dry benzene and refluxed for 24h.

b) (R,S)-(±)-l (5.72 g, 20 mM), (S)-(-)-91 (2.3 g, 20 mM) and 240 ml of

benzene were used.

c) (S)-(-)-l (1.0 g), (S)-(-)-91 (0.4 g) and 50 ml of benzene were

utilized.

d) (R)-(+)-l (1.0 g), (S)-(-)-91 (0.4 g) and 50 ml of benzene were used.

e) (g)-(-)-i (2.5 g), (S)-(-)-91 (1.0 g) and 105 ml of benzene were

utilized.

f) (H)_(+)_I (2.9 g), (S)-(-)-91 (1.2 g) and 120 ml of benzene were used.

g) <g)_(_)_i (0.9 g), (S)-(-)-91 (0.37 g) and 50 ml of benzene were used.

n ) (R)_(+)_i (o.96 g), (S)-(-)-91 (0.39 g) and 45 ml of benzene were

utilized,
i) Enantiomeric excess was determined by HPLC analysis on chiralcel OP
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column using methanol as solvent. All other % ee values reported here
are based on [«]25 v a l u e s > m a x i m u m {aj25 _ ^ o ( C 1 T H p )

j) 100% ee based on [aJD value. However, presence of 1-2% of the (S)-(-)
enantiomer was determined in the HPLC analysis (Chart 6).

However, the results are better when binaphthol with 44%-90% ee were

utilized. When a mixture of (SM-)-binaphthol (65% ee) and (S)-proline

were refluxed in benzene, the (SM-)-isomer (87% ee, 66%) was obtained

from the precipitate (entry 4, Table 2). When a mixture of (R)-(+)-bi-

naphthol (44% ee) and (S)-proline were refluxed in benzene, significantly

enriched (R)-(+)-isomer (90% ee, 45%) was obtained from precipitate (entry

5, Table 2). The later result indicates that when the (R)-(+)-isomer is

present in larger quantity, it has comes out in the precipitate fraction.

The binaphthols obtained in ~ 90% ee through different Methods can be

57made essentially pure by recrystallization from methanol. However, we

have decided to employ our method of resolution for the enrichment of such

binaphthols. Essentially pure binaphthols were isolated in this way. As

may be seen in Table 2, the third repetition of the above process using

(S)-proline gives essentially pure binaphthols (entries 6 and 7, Table 2).

The enantiomeric purities in these cases were determined using chiral HPLC

analysis on chiral column using methanol as solvent (Table 2).

It should be pointed out that although this method of resolution/

enrichment requires three cycles to get enantiomerically pure binaphthols

from a racemic mixture, essentially all of the binaphthol can be resolved

into its antipodes. The solvent used can be recycled and the reagent

(S)-proline can be readily recovered (> 70%) and reused after recrystalli-
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zation from ethanol.

When this method of resolution was performed in toluene solvent at

80-90°C using racemic binaphthol and (S)-proline, low enantioselectivities

were obtained. From the precipitate, (SM-)-binaphthol was obtained in

38% ee and from filtrate, (R)-(+)-binaphthol was obtained in 11% ee.

It is also of interest to understand this resolution process and the

nature of the complexes involved. Efforts were made to delineate the

structures involved in these complexes. IR spectral analysis of the

precipitate indicated the presence of a complex of binaphthol and

(S)-proline and some free (S)-proline. This complex was found to be

insoluble in chloroform and dichloromethane and dissociates when stirred

with anhydrous ether or THF. The precipitate obtained on evaporation the

benzene solution (Scheme 21) is essentially pure binaphthol containing

small amount of a complex. Unfortunately, our efforts to obtain the

complex free of 'free' binaphthol or 'free' proline were not successful.

However, the method should be attractive for synthetic applications.

As mentioned in the earlier section, resolution of binaphthol was

reported using diamines such as cyclohexyldiamine 70 and 1,2-diphenyl-

ethanediamine. The crystalline derivatives obtained were found to be

products containing both the diamine and diol. However, the authors have
54

not specified anything about the structure of the complexes.

Recently, Toda et al have used N-alkylcinchonidium halides for the

resolution of racemic binaphthol.57 They have also performed X-ray studies

and found that these complexes are the inclusion complexes formed through
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weak hydrogen bonding.

H

57

OH
Inclusion Complex — (35)

It is of interest to note the report by Hanessian that the trans-

1,2-diaminocyclohexane and the diol, (S.S)-trans-l,2-cyclohexanediol form a

supramolecular helicate structures through hydrogen bonding.63

'NH2

(S,S)-70

NH2

^ °H

e x +
'' NH2

(R.R)-70

'OH

(S,S)-98

..,.. OH

NH2 HO

(S,S/S,S)-99

— (36)

a
(S,S)-98

NH2 H

(R,R/S.S)-99

~(37)

X-ray crystallographic analysis of these adducts showed a 1:1 complex

between one molecule of diol and one of diamine linked by a pair of

interactions well within the distance of a definite hydrogen bond.

Recently, Dobashi et al have reported a complex formation between

(R,R)-4,4'-bis[5-(2)-N-isopropylimino)]-l,3-dioxolane 100 and (S)-2,2'-bi-

.64
naphthol, through tf H O bonding.

.A
occeptor sites

donor sites

100
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Crystallographic data of this complex is in accordance with a dual
N~H ° bonding between the diamine and (S)-binaphthol.64

Apparently, as remarked by Lehn in a different context,65'66 the

diamine/diol motif consists of mutually complementary partners possessing

encoded stereochemical and functional information that is read by the

recognition process.

Presumably, in the present case in our hands, the complex might have

formed between (S)-proline and binaphthol through ion-dipole hydrogen

bonding as envisaged in structure 101.

0

0H---0-C

101

Recently, it was found in this laboratory that the resolution does not

work in slightly acidic (i.e. addition of p-toluene sulphonic acid) or

basic medium (i.e. addition of a tertiary amine). Also, the N-carbamate of

(S)-proline 102 failed to give the resolution.

coo

M H
^ H

102 1 W

These results may further indicate the necessity of the zwitter ionic

form of the proline 103 for complexation and resolution.
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3.3. CONCLUSIONS

A boron-based methodology was developed for the resolution of racemic

diols. Various amino alcohols and natural amino acids were used for this

purpose. Racemic 2,2'-binaphthol was partially resolved using the amino

alcohol/amino acid and d iborane/boric acid combinations. However, enantio-

merically pure (S,S)-l,2-diphenylethanediol was obtained when (S)-proline

and boric acid combination was used. (S)-Proline itself was found to be

useful for the direct resolution of 2,2'-binaphthol by refluxing in

benzene. Essentially pure (R)- and (S)-isomers were obtained in three suc-

cessive operations in this way.
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3.4. EXPERIMENTAL SECTION

General details:

Several items given in the experimental section of Chapter 1 are also

applicable for the experiments outlined here. The resolution procedures

reported here were carried out at least twice in each case. In each case,

the optical rotations were measured at two concentrations. (S)-Proline and

(S)-valine supplied by Aldrich (USA), (S)-phenylalanine supplied by

LOBA-chem., India were utilized. Boric acid, p-naphthol, and benzil were

supplied by Sisco-chem, India.

Preparation of 2,2-binaphthol 1 using 0-naphthol and ferric chloride:

B7
A reported procedure was followed. £-Naphthol (14.4 g, 100 mM) was

taken in water (600 mL) and the contents were refluxed. To the oily

suspension obtained, ferric chloride (28 g, 100 mM) dissolved in water (60

mL) was added dropwise. The reaction mixture was refluxed for 0.5h and

filtered at hot. The precipitate obtained was washed with hot water (50

mL). The crude binaphthol obtained was recrystallized from benzene.

Yield : 6.5 g (45%)

M .p. : 217°C; Lit.67 218°C

IR (KBr) ymax • : 3487, 3404, 1618, 1595, 1174 cm"1

*H NMR (200 MHz, CDClg) 6 ppm: 5.1 (bs, 2H), 7.1-8.0 (m, 12H)
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Preparation of d, 1-1,2-diphenylethanediol 17:61

a) Reduction of benzil using sodium borohydride in methanol:

Benzil (21 g, 100 mM) was taken in methanol (150 mL) and cooled to

0°C. Sodium borohydride (4.6 g, 120 mM) was added portion-wise to the

reaction mixture. The contents were refluxed for 12h. Methanol was evapo-

rated and it was extracted with ethyl acetate (3 x 30 mL). The organic

extracts were washed with 3N HC1 (5 mL), water, brine and dried over

MgSO^. On evaporation of the solvent, a mixture of meso and d,l-l,2-di-

phenylethanediol, 17 was obtained.

M.P : 138°C

HKKBr) u : 3381, 3030, 3020, 2899, 1600, 1033, 754,
DictX

698 cm"1

*H NMR (200 MHz, CDC1 ) 8 ppm: 2.93 (s, 2H), 4.71-4.83 (d, 2H) 7.25-7.30

(m, 10H).

b) Conversion of the meso—d,l mixture to d,l-diol 17:

Finely powdered mixture of 1,2-diphenylethanediol 17 (16.6 g, 30 mM)

and potassium hydroxide (60 g) were taken in a round bottom flask.

Methanol (15 mL) was added to make a paste. The flask was connected to a

vacuum pump through a Claisen condenser. The reaction mixture was rapidly

heated to 100-110°C. The pressure was gradually reduced to 15-20 mm of Eg.

These conditions (110-115°C/15-20 mm Eg) were maintained for 0.5h. The

temperature was then raised to 170-180°C and heating was continued for

another lh. The reaction mixture was cooled under vacuum to room tempera-

ture and water (30 mL) was added. It was extracted with ether (3 x 20 mL)
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and the combined ether extract was washed successively with 3N HC1 (5 mL),

water, brine and dried over MgSO^ On evaporation of the solvent and recry-

stallization from water/methanol mixture (4:1), pure d,l-l.2-diphenyl-

ethanediol 17 was isolated.

Y i e I d : 5.3 g (80%)

M P - : 121°C; Li t 6 1 121°C

IR (KBr) y m a x . 3 3 8 1 ) 3 0 3 0 )

698 cm - 1

H NMR (200 MHz, CDCy 6 ppm: 2.93 (s, 2H), 4.71 (s, 2fl), 7.25-7.30 (m,

10H)

C NMR (50 MHz, CDCO 6 ppm: 77.86, 79.25, 127.16, 128.03, 128.30,

140.14

Resolution of racemic 2,2-binaphthol 1 (1 eq.) using (S)-N-benzylvalinol 7

(1.1 eq.) and boric acid (1.1 eq.):

(S)-N-benzylvalinol 7 (0.97 g, 5 mM) and boric acid (0.31 g, 5 DM)

were taken in dry benzene (40 mL) and the contents were refluxed for 6h.

Water produced was removed using a Dean-Stark apparatus. Racemic

binaphthol (1.43 g, 5 mM) was dissolved in hot benzene (40 mL) and was

added at once to the reaction mixture under nitrogen atmosphere. The con-

tents were further refluxed for 12h. The reaction mixture was cooled to

room temperature and hexane (20 mL) was added and the contents were kept

for crystallization. After 24h, the precipitate "A* formed was filtered

and the benzene, hexane mixture was concentrated. The solid obtained was

taken in ether and decomposed using 3N HC1 (10 mL). The ether layer was

washed successively with water, brine and dried over anhydrous MgSO .̂

After evaporation of the solvent and purification by chromatography on
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silica gel column using hexane:ethyl acetate (80:20), (SM-)-binaphthol

was isolated. The precipitate 'A' after work up as above gave (R)-(+)-

binaphthol.

From precipitate:

After decom plexation:

(R)-(+)-2,2'-binaphthol : 0.69 g (42%)

HP- : 214°C

IR (KBr) "max : 3051, 1589, 1068 cm"1

fotl25 = +9.5° (Cl, THF) L i t 6 2 [ a ] 2 5 = +34° (Cl, THF)

From filtrate:

After decomplexation:

(S)-(-)-2,2'-binaphthol : 0.5 g (35%)

M.P. : 214°C

IR (KBr) "max : 3034, 1616, 1070 cm"1

taJ 2 5 = -12.0° (Cl, THF) Lit.62 [aJ25 = -34° (Cl, THF)

Spectral data of the product obtained was in accordance with the data

reported in the earlier experiment.

Resolution of racemic 2,2-binaphthol 1 (1 eq.) using phenylalanine (1.1

eq.) and boric acid (1.1 eq.):

(S)-Phenylalanine (0.9 g, 5.5 mM) and boric acid (0.34 g, 5.5 mM) were

taken in dry benzene (40 mL) and refluxed for 12h. Vater produced was

removed using Dean-Stark apparatus. Racemic binaphthol 1 (1.43 g, 5 «M)

dissolved in hot benzene (40 mL) was added to the reaction mixture under

nitrogen atmosphere. The contents were further refluxed for 12h. The

homogeneous solution obtained was kept for crystallization. The precipi-
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tate obtained after 12h and 24h were collected, taken in ether and decom-

posed individually using 3N HC1. The ether solution was washed with water,

brine and dried over anhydrous MgSO . On evaporation of the solvent and

purification by chromatography on silica gel column using hexane:ethyl

acetate (80:20), binaphthol was isolated. The benzene mother liquor was

concentrated. After work up as above, the third fraction of binaphthol was

obtained.

From first precipitate:

After decom plexation:

(R)-(+)-2,2' -binaphthol : 0.26 g (18%)

M.P. : 214°C

[alp5 = +6.0° (Cl, THF) Lit.62 l a ] 2 5 = +34° (Cl, THF)

From second precipitate:

After decom plexation:

(R)-(+)-2,2' -binaphthol

M.P.

[ a ] 2 5 = +0.2° (Cl, THF)

From filtrate:

After decom Dlexation:

(S)-(-)-2,2' -binaphthol

M.P.

: 0.65 g

: 216°C

T 4 6 2
Lit.

: 0.29 g

: 214°C

(45%)

, 2 5

(20%)

= +34° (Cl, THF)

= -6-0° (Cl, THF) Li t 6 2 [a]2/5 = -34° (Cl, THF)

Resolution of racemic 2,2'-binaphthol 1 using (S>-proline (1 eq.) and boric

acid (1.1 eq.):

(S)-Proline (0.64 g, 5.5 mM) and boric acid (0.34 g, 5.5. mM) were

taken in dry benzene (40 mL) and the contents were refluxed for 12h. Water
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produced was removed with Dean-Stark apparatus. Racemic binaphthol (1.43

g, 5 mM) dissolved in hot benzene (40 mL) was added to the reaction mixture

under nitrogen atmosphere and refluxed. The slurry becomes homogeneous

after lh and precipitation starts after 4h. The refluxing was continued

for 24h and the contents were brought to room temperature. The precipitate

was filtered off and decomposed using 1:1 mixture of THF and ethylene

glycol (15 mL). Water was added and it was extracted with ether (2 x 25

mL), washed with 3N HC1 ( 2 x 5 mL), water, brine and dried over anhydrous

MgSO . After evaporation of the solvent and purification by chromatography

on silica gel column using hexane:ethyl acetate (80:20) as solvent,

(S)-binaphthol was isolated. The benzene solution was concentrated, worked

up as above to obtain (R)-binaphthol.

From precipitate:

After decom plexation:

(S)-(-)-2,2'-binaphthol : 0.45 g (31%)

M.P. : 214°C

l a ] 2 5 = "6° (Cl, THF) Lit.62 [ a ] 2 5 = -34° (Cl, THF)

From filtrate:

After decomplexation:

(RM+)-2,2' -binaphthol : 0.65 g (45%)

M.P. : 2 1 5 c

= +3° (Cl, THF) Lit.62 [« ] 2 5 = +34° (Cl, THF)

Resolution of racemic 1,2-diphenylethanediol 17 (1 eq.) using (S)-proline

(1.1 eq.) and boric acid (1.1 eq.):

(S)-Proline (0.64 g, 5.5 mM) and boric acid (0.34 g, 5.5 mM) were

taken in dry benzene (40 mL) and refluxed for 12h. Water produced was
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removed using Dean-Stark apparatus. 1,2-Diphenylethanediol (1.1 g, 5 mM)

dissolved in hot benzene (40 mL) was added to the reaction mixture under

nitrogen atmosphere. The slurry becomes homogeneous and precipitation

starts after 6h. The contents were further refluxed for 6h and cooled to

room temperature and the precipitate 'A' was filtered off. The organic

solution was concentrated and the residue obtained was decomposed using a

1:1 mixture of THF and water (10 mL). It was extracted with ethyl acetate

(2 x 25 mL) and the organic extract was washed successively with water,

brine and dried over anhydrous MgSO . After evaporation of the solvent and

purification by chromatography on silica gel column using hexane:ethyl

acetate (70:30) solvent, (R,R)-(+)-l,2-diphenylethanediol 17 was isolated.

The precipitate 'A' was decomposed with 1:1 mixture of THF and water (15

mL). After work up and purification by column chromatography (S,S)-(-)-

1,2-diphenylethanediol 17 was obtained.

From precipitate 'A':

Wt. : 0.7 g

M.P. : >225°C

After decom plexation:

(S,S)-l,2-diphenylethanediol : 0.28 g (25%)

M.P. : 145°C

[ a ] 2 5 = -85.88° (C2.5, EtOH) Lit.62 [ a ] 2 5 = -94.0° (C2.5, EtOH)

From filtrate: (Complex obtained after evaporation of benzene solution)

Vt. : 1.2 *

M.P. : 1 7 6 ° C

*H NMR (200 MHz, CDClg) 5 ppm: 1.7-2.5 (•, 5H), 3.24-4.6 (m, 2H), 3.96-

4.14 (m, 1H), 4.78 (s, 1H), 7.08-7.36 (m,

10H) (Septrum No. 13) (more signals due

to impurities)
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C NMR (50 MHz, CDCLj) 6 ppm: 25.65, 28.98, 47.36, 62.54, 85.85, 125.95,

126.31, 126.96, 127.94, 128.43, 128.73,

128.94, 139.91, 172.77 (Septrum No. 14)

(more signals due to impurities)

After decom plexation;

(R,R)-1,2-diphenylethanediol : 0.6 g (54%)

M.P. : 130°C

fa ] 2 5 = +34.80° (C2.5, EtOH) Lit.62 lot]25 = +93.0° (C2.5, EtOH)

Resolution of racemic 1,2-diphenylethanediol 17 (1 eq.) using (S)-proline

(1.1 eq.) and boric acid (1.1 eq.): Single step procedure:

(S)-Proline (0.64 g, 5 mM), boric acid (0.34 g, 5 mM) and racemic

1,2-diphenylethanediol 17 (1.1 g, 5 mM) were taken in dry benzene (80 mL)

and the contents were refluxed for 24h. Water produced was removed using

Dean-Stark apparatus. After work up as described in earlier experiments,

(R,R)-(+) and (S,S)-(-)-diphenylethanediols were isolated.

From precipitate:

After decom plexation:

(S,S)-1,2-diphenylethanediol

M.P.

[ a ] 2 5 = -78.8° (C2.5, EtOH)

From filtrate:

After decom Dlexation:

: 0.27 g

: 144°C

Li t 6 2

(24%)

[ J2 5 -94.0° (C2.5, EtOH)

(R,R)-1,2-diphenylethanediol : 0.62 g (56%)

M.P. : 1 2 6 ° c

[ a l 2 5 = +28.63° (C2.5, EtOH) Lit.62 l a ] 2 5 = +93.0° (C2.5, EtOH)
D
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Resolution of raoemic 1,2-diphenylethanediol 17 (1 eq.) using (S)-proline

(1 eq.) and boric acid (1 eq.):

(±)-l,2-Diphenylethanediol 17 (1.1 g, 5 mM) and boric acid (0.30 g, 5

mM) were taken in dry benzene (40 mL) and refluxed for 12h. Water produced

was removed using Dean-Stark apparatus. The contents were cooled to room

temperature and (S)-proline (0.58 g, 5 mM) and benzene (40 mL) were added

and the contents were further refluxed for 12h. After work up as described

in earlier experiments, from precipitate and filtrate 1,2-diphenylethane-

diols 17 were obtained.

From precipitate:

After decomplexation:

(S,S)-1,2-diphenylethanediol

M.P.

[ a ] 2 5 = -85.20° (C2.5, EtOH)

From filtrate:

After decomplexation:

(R,R)-1,2-diphenylethanediol

M.P.

: 0.30 g

: 145°C

Li t 6 2

: 0.5 g

: 131°C

; (27%)

l a ] 2 5

(45%)

= -94.0u (C2.5, EtOH)

= +36.86° (C2.5, EtOH) Ut . 6 2 [ a ] 2 5 = +93.0° (C2.5, EtOH)

Resolution of raoemic 1,2-diphenylethanediol 17 (2 eq.) using (S)-proline

(1 eq.) and boric acid (1 eq.):

(±)-l,2-Diphenylethanediol (2.2 g, 10 mM) and boric acid (0.30 g, 5

mM) were taken in dry benzene (40 mL) and refluxed for 12h. The slurry

becomes homogeneous in 2h and water was removed using Dean-Stark apparatus.

After 12h, the reaction mixture was brought to room temperature and
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(S)-proline (0.58 g, 5 mM) and dry benzene (40 mM) were added. The conten-

ts were refluxed for I2h. After work up as described in earlier

experiments, diphenylethanediols were isolated from the precipitate and

benzene solution.

From precipitate:

After decom plexation:

(S,S)-1,2-diphenylethanediol

M.P.

[ a ] 2 5 = -78.4° (C2.5, EtOH)

From filtrate:

After decom plexation:

(R,R)-l,2-diphenylethanediol : 1.1 g

: 125°C

0.5 g

144°C

Li t 6 2
J = -94.0° (C2.5, EtOH)

M.P.

= +20.8° (2.5, EtOH) Lit.6 2 +93.0° (C2.5, EtOH)

Enrichment of (S,S)-(-)-l,2-diphenylethanediol 17 (1 eq.) using (S)-proline

(1.1 eq.) and boric acid (1.1 eq.):

(S)-Proline (0.64 g, 5.5 mM) and boric acid (0.34 g, 5.5 mM) were

taken in dry benzene (30 mL) and refluxed for 12h. (S,S)-l,2-diphenyletha-

nediol 17 (1.1 g, 5 mM, 73% ee) dissolved in hot benzene (30 mL) was added

under nitrogen atmosphere. The contents were refluxed for 12h. After work

up as described in earlier experiments, the diol 17 was obtained from the

precipitate and benzene solution.

Precipitate:

M.P.

IR (KBr) v
max

: 165°C (crystallized from CHC13)

: 3050 (b), 1624, 1590, 700 cm"1

!H NMR (200 MHz, CDCLJ $ ppm: 1.70-2.51 (m, 5H), 3.24-4.61 (m, 2H),
5



After decom plexation:

[ a ] 2 5 = +24.62° (C2.5, EtOH)
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3.96-4.14 (m, 1H), 4.78 (s, 2H), 7.08-7.36

(m, 10H)

(S,S)-1,2-diphenylethanediol

M.P.

fa ] 2 5 = -94.0° (C2.5, EtOH)

Filtrate:

After decom plexation:

(R,R)-1,2-diphenylethanediol

M.P.

: 0.78 g

: 148°C

Lit.62

: 0.10 g

: 126°C

(71%)

l a } 2 5

(10%)

= -94.0° (C2.5, EtOH)

Lit.62 l a ] 2 5 = +93.0° (C2.5, EtOH)

Enrichment of (R,RM+)-l,2-diphenylethanediol 17 using (S)-proline (1.1

eq.) and boric acid (1.1 eq.):

(S)-Proline (0.64 g, 5.5 mM) and boric acid (0.34 g, 5.5 mM) were

taken in dry benzene (40 mL) and refluxed for I2h. (R,R)-(+)-l,2-diphenyl-

ethanediol (1.1 g, 5 mM, 32% ee) dissolved in hot benzene (40 mL) was added

under nitrogen atmosphere. The contents were refluxed for 12h. The slurry

becomes homogeneous solution as reaction goes on. The reaction mixture was

cooled to room temperature and kept for recrystallization for 48h. The

precipitate obtained was filtered off. After usual work up, diol 17 was

obtained from the precipitate and the benzene solution.

From precipitate:

After decom plexation:

(S,S)-1,2-diphenylethanediol

M.P.

[ a ] 2 5 = -6.4° (C2.5, EtOH)

0.35 g (32%)

124°C

Lit.
62 25 o

JD = -94.0 (C2.5, EtOH)
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From filtrate:

After decom pleration:

(R,R)-l,2-diphenylethanediol : 0.6 g (54%)

M.P. .- 140°C

M * 5 = +59.4° (C2.5, EtOH) Lit.62 [ a ] 2 5 = +93.0° (C2.5, EtOH)

Control experiment to examine the necessity of boric acid:

A mixture of (S)-proline (0.58 g, 5 mM) and (±)-l,2-diphenylethanediol

17 (1.1 g, 5 mM) were taken in dry benzene (80 mL) and refluxed for 24h.

The contents were cooled to room temperature and the precipitate obtained

was filtered off. The precipitate and filtrate were separated and subjec-

ted to the usual work up procedure. From precipitate no, 1,2-diphenyl-

ethanediol was isolated. The 1,2-diol was quantitatively recovered from

the filtrate (1.0 g, 90%).

Resolution of Racemic 2,2'-binaphthol 1 (1 eq.) using (S)-proline:

Racemic binaphthol (5.72 g, 20 mM) and (S)-proline (2.3 g, 20 mM) were

taken in dry benzene (240 mL) and the contents were refluxed. The slurry

becomes homogeneous in lh and precipitation starts in 3h. After 24h, the

reaction mixture was brought to room temperature and the precipitate 'A'

was filtered off. It was washed with dry benzene (20 mL) and the combined

benzene solution was concentrated. The residue obtained was extracted with

anhydrous ether (2 X 40 mL), leaving behind small amount of (S)-proline

(0.2 g). The ether extracts were concentrated and the residue obtained was

purified by column chromatography on silica gel using hexane:ethyl acetate

(80:20) as eluent to obtain (RM+)-binaphthol. The precipitate 'A'
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obtained was extracted with ether (4 x 50 mL), leaving behind insoluble

(S)-proline (1.78 g). The ether extracts were concentrated and the residue

obtained was purified by column chromatography on silica gel column using

hexanerethyl acetate (80:20) as eluent to obtain (S)-(-)-binaphthol.

Precipitate:

Vt. : 5.0 g

M.P. : 2O2°C

IR (KBr) v : 3450 (b), 3063, 1622, 1450, 1084, 750,
111 ex X

665 cm

After work up:

(S)-(-)-2,2'-binaphthol : 2.50 g (43%)

M.P. : 207°C

[ a ] 2 5 = -22° (Cl, THF) Lit.6 2 l a ] 2 5 = -34° (Cl, THF)

The spectral data of this product is in 1:1 correspondence with the

data reported in the earlier experiment.

From filtrate: (Residue obtained after evaporation of benzene solution)

Weight of the residue : 3.1 g

M.P. •' 203°C

[ a ] 2 5 = +13° (Cl, THF)

IR (KBr) v ' 3487 (s), 3404 (s), 1618, 1595, 1462,
max

750, 665 cm"1

After work up:

(R)-(+)-2,2'-binaphthol : 2.9 g (50%)

M.P. : 209°C

[ a ] * 5 = +15° (Cl, THF) Lit.6 2 [aJ2 5 = +34° (Cl, THF)
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The spectral data of this product showed 1:1 correspondence with the

data of an authentic sample.

Enrichment of (S)-(-)-2J2'-binaphthol 1 using (S)-proline (1 eq.):

(S)-(-)-2,2'-Binaphthol 1 (1.0 g, 3.5 mM, 11% ee) and (S)-proline (0.4

g, 3.5 mM) were taken in dry benzene (50 mL) and refluxed for 24h. The

precipitate obtained was separated and both precipitate and filtrate after

work up as described above gave 2,2'-binaphthol 1.

From precipitate:

After work up:

(S)-(-)-2,2' -binaphthol

M.P.

[<x]25 = -21° (Cl, THF)

From filtrate:

After work up:

(R)-(+)-2,2' -binaphthol

M.P.

l a ] 2 5 = +24° (Cl, THF)

: 0.65 g

: 207°C

T • 62Lit.

: 0.25 g

: 207°C

T + 6 2Lit.

(65%)

r i 2 5

(25%)

r i 2 5

= +34° (Cl, THF)

= +34° (Cl, THF)

Attempted enrichment of R-(+)-2,2'-binaphthol 1 (1 eq.) using (S)-proline

(1 eq.):

(R)_(+)_2,2' -Binaphthol 1 (1.43 g, 5 mM, 11% ee) and (S)-proline

(0.575 g, 5 mM) were taken in dry benzene (45 mL) and the contents were

refluxed for 24h. After work up as described earlier, binaphthol was

obtained.
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From precipitate:

After work up:

(R)-(+)-2,2' -binaphthol

M.P.

let]25 = +2° (Cl, THF)

From filtrate:

After work up:

(S)-(-)-2,2'-binaphthol

M.P.

[ a ] 2 5 = -6° (Cl, THF)

0.8 g (56%)

214°C

Lit62
l = +34° (Cl, THF)

0.45 g (31%)

213°C

Lit.62 [ a ] 2 5 = -34° (Cl, THF)

Enrichment of (SM->-2,2' -binaphthol 1 (1 eq.) using (S)-proline (1 eq.):

(S)-(-)-2,2'-Binaphthol (2.5 g, 9.2 mM, 65% ee) and (S)-proline (1.0

g, 9.2 mM) were taken in dry benzene (105 mL) and refluxed for 24h. After

usual work up, (R)-(+) and (S)-(-)-binaphthols were isolated.

From precipitate:

After work up:

(S)-(-)-2,2'-binaphthol

M.P.

[<x]25 = -29.7° (Cl, THF)

From filtrate:

After work up_i

(RM+)-2,2' -binaphthol

M.P.

feel25 = -2° (Cl, THF)

1.65 g (65%)

208° C

Lit.62 [ a ] 2 5 = -34° (Cl, THF)

0.55 g ( 22%)

214°C

Lit.62 IaJ2 5 = -34° (Cl, THF)
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Enrichment of (R)-(+>-2,2'-binaphthol 1 (1 oq.) using (S)-proline (1 eq.):

(R)-(+)-2,2'-Binaphthol 1 (2.9 g, 10 mM, 44% ee) and (S)-proline (1.17

g, 10 mM) were taken in dry benzene (120 mL) and refluxed for 24h. After

usual work up, enriched binaphthols were isolated.

From precipitate:

After work up:

(R)-(+)-2,2' -binaphthol

M.P.

M * ° = +30.6° (Cl, THF)

From filtrate:

After work up:

(R)-(+)-2,2'-binaphthol

M.P.

: 1.30 g

: 208°C

Lit.62

: 1.20 g

: 215°C

(45%)

{ J2 5

(41%)

= +34° (Cl, THF)

l 2 5 = +2° (Cl, THF) Lit .6 2[a]2 5 = +34° (Cl, THF)

Enrichment of (SM-)-2,2'-binaphthol 1 (1 eq.) using (S)-proline (1 eq.):

(S)-(-)-2,2'-Binaphthol (0.9 g, 3.2 mM, 87% ee) and (S)-proline (0.37

g, 3.2 mM) were taken in dry benzene (50 mL) and the contents were refluxed

for 24h. After usual work up, the enriched binaphthols were isolated.

From precipitate:

After work up:

(S)-(-)-2,2' -binaphthol : 0.7 g (77%)

M.P. : 2 °9° c

Lit.62 l a ] 2 5 = -34° (Cl.THF)

The enantiomeric excess was also determined on chiral HPLC on chiral
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eel OP column using methanol as solvent and was found to be 100% (see Chart

Nos. 4 and 5).

From filtrate:

( S )-(->-2,2' -binaphthol

M.P.

lot]2 5 = -12° (Cl, THF)

: 0.1 g (11%)

207° C

Lit.62 [ ft]2 5 = -34° (Cl.THF)

Enrichment of (R)-(+)-2,2 -binaphthol 1 (1 eq.) using (S)-proline (1 eq.):

(R)-(+)-2,2'-Binaphthol 1 (0.96 g, 3.4 mM, 90% ee) and (S)-proline

(0.39 g, 3.4 mM) were taken in dry benzene (45 mL) and refluxed for 24h.

After usual work up, enriched binaphthols were isolated.

From precipitate:

After work up:

(R)-(+)-2,2' -binaphthol : 0.67 g (70%)

M.P.

l a ) 2 5 = +34° (Cl, THF)

: 209°C

Lit.62 l a ] 2 5 = +34° (Cl, THF)

The enantiomeric excess also determined on chiral HPLC using chiralcel

OP column with methanol as solvent and was found to be 98-99% (see Chart

No. 4 and 6).

From filtrate:

After work up:

(RM+)-2,2' -binaphthol

M.P.

: 0.17

: 207°

g (18%)

C

= +9.5° (Cl, THF) Lit.62 IaJ25 = +34° (Cl, THF)
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Resolution of Racemic 2,2'-binaphthol 1 (1 eq.) using (S)-proline (1 eq.)

in toluene solvent:

Racemic binaphthol (1.43 g, 5 mM) and (S)-proline (0.575 g, 5 mM) were

taken in dry toluene (60 mL) and the contents were heated for 24h at

80-90°C. After usual work up, enriched binaphthols were isolated.

From precipitate:

After work up:

(S)-(-)-2,2'-binaphthol : 0.26 g (18%)

M.P. : 2O7°C

[«]p5 = -13° (Cl, THF) Lit.62 taJ 2 5 = -34° (Cl, THF)

From filtrate:

After work up:

(R)-(+)-2,2/ -binaphthol : 1.3 g (66%)

M.P. : 213°C
62 [ ] 2 5

= + 4 ( c l j T H F ) u t [ a ]
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Spectrum Number 1 *H NMR Spectrum (200 MHz,

9.0 1.0 7.0 (.0 5.0 4.0 3-0 2.0 1.0 0.0

Spectrum Number 2 13C NMR Spectrum decoupled (25 MHz,
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2. 22.94
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Spectrum Number 3 H NMR Spectrum (200 MHz, CDC1,)

Spectrum Number 4 13C NMR Spectrum decoupled (50 MHz, CDC1.)

Y M1. 16.02
2. 22.72
3. 28.62
4. 55.09
S. 68.60
6. 78.73
7.125.89
8.126.17
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12.128.09
13.128.33
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17.148.30 | |
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Spectrum Number 5 H NMR Spectrum (200 MHz, CDC1_)
3
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7 5 7.0 6-5 6JO 5-5 50 4.5 4-0 3.5 3 0 25 20 1.5 1-0 0-5 0.0

13
Spectrum Number 6 C NMR Spectrum decoupled (25 MHz,

Y
1. 15.85 g_ l 2 ^ - K K ^ N ^ 0 "

2. 22.97
3. 23.07
4. 23.93
5. 28.54
6. 47.26
7. 65.14
8. 78.07
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Spectrum Number 7 H NMR Spectrum (100 MHz,

Spectrum Number 8
L

13C NMR Spectrum decoupled (50 MHz, CDC1_)
3

1. 14.21
2. 22.49
3. 22.85
4. 27.46
5. 28.85
6. 29.35
7. 29.53
8. 29.76
9. 29.86

10. 32.10
11. 36.53
12.128.59
13.130.74

6-8
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12,13 11

2,3

4,5



Spectrum Number 9 H NMR Spectrum (100 MHz,
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13.Spectrum Number 10 C NMR Spectrum (25 MHz,

t. 13.90
2. 22.59
3. 25.41
4. 25.83
5. 27.12
6. 29.29
7. 29.59
8. 31.88
9. 32.59

10. 62.29
11.129.54
12.130.00
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6.7

10
3-5
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Spectrum Number 11 *H NMR Spectrum (200 MHz, CDC1 )

9.0 |J> 7.0 6.0 &.0 4.0 3.0 2.0 1.0 0.0

13Spectrum Number 12 C NMR Spectrum (25 MHz,

1. 13.88
2. 22.53
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4. 27.06
5. 29.94
6. 29.41
7. 31.83
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Spectrum Number 13 H NMR Spectrum (200 MHz, CDC1 )

«5

3.0 2.5 2.0 1.5

Spectrum Number 14 C NMR Spectrum (50 MHz, CDC1.,)

1. 25.65
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5. 85.85
6.125.95
7.126.31
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HPLC Chart No. 1
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