This article was downloaded by: [University of Pennsylvania]

On: 18 July 2013, At: 12:17

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An International Journal
for Rapid Communication of Synthetic Organic
Chemistry

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Speedy and Regioselective 1,2-Reduction of
Conjugated a,p-Unsaturated Aldehydes and Ketones
Using NaBH,/I,

Jasvinder Singh ®° | Irvinder Kaur @, Jasamrit Kaur @ , Aman Bhalla @ & Goverdhan L. Kad ?

& Department of Chemistry, Panjab University, Chandigarh, India

b Department of Chemistry, Panjab University, Chandigarh, 160 014, India
Published online: 21 Aug 2006.

To cite this article: Jasvinder Singh , Irvinder Kaur , Jasamrit Kaur , Aman Bhalla & Goverdhan L. Kad (2003) Speedy
and Regioselective 1,2-Reduction of Conjugated a,pB-Unsaturated Aldehydes and Ketones Using NaBH,/1, , Synthetic
Communications: An International Journal for Rapid Communication of Synthetic Organic Chemistry, 33:2, 191-197, DOI:
10.1081/SCC-120015699

To link to this article: http://dx.doi.org/10.1081/SCC-120015699

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained

in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any

form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1081/SCC-120015699
http://dx.doi.org/10.1081/SCC-120015699
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Pennsylvania] at 12:17 18 July 2013

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE  NEW YORK, NY 10016

™
©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

SYNTHETIC COMMUNICATIONS®
Vol. 33, No. 2, pp. 191-197, 2003
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ABSTRACT

Synthesis of allylic alcohols from o,B-unsaturated aldehydes/ketones
has been achieved in excellent yields utilizing NaBH, and iodine.
This reducing agent is mild and tolerant to a number of functional
groups.
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The reduction of unsaturated carbonyl compounds (both 1,2- and
1,4-) has attracted a great deal of interest especially those employing
metal hydrides. Reduction of such systems involving sodium borohydride,
most widely used reducing agent, is highly solvent dependent and does
not lead to high regioselectivity. It has already been known that
treatment of borohydride with a controlled amount of acetic acid
affords a weaker and hence more selective reducing agent. Sodium
monoacetoxyborohydride!"! and Sodium triacetoxyborohydride® has
been found to be highly regioselective reagents, leads to the formation
of corresponding allylic alcohols (Sch. 1). A variety of other selective
reducing agents such as NaBHy in the presence of lanthanoid chlorides,
NaBH;CN,"  NaBH,/LnCpClL(THF);,”)  9-BBN.[¥  NiCRA,”
(EtO);SiH, Me(EtO),SiH,"® are available for 1,2-reduction of carbonyl
functionality of aldehydes and ketones to the corresponding alcohol.

In continuation with our work on the regioselective 1,2-reduction of
o,B-unsaturated carbonyl compounds,'” we report herein the use of a
highly versatile, selective and cheap reagent namely NaBH,/I,"”) for this
purpose. This reagent is very effective as regioselective reduction of the
conjugated aldehydes and ketones have been brought about in the pre-
sence of a number of different functionalities like carbon—carbon double
bond, hydroxy, ester, alkoxy, ketal, acetoxy, halide, tosyl, and mesyl
groups. This selective addition of borane to the carbonyl moiety may
be attributed due to the slow release of borane by controlled addition
of iodine to sodium borohydride. The reaction proceeds with excellent
yield of the products (as shown in the Table 1), which do not
require further purification. Interestingly this reagent is known to
bring about the reduction!?! of amides, nitriles, esters, carboxylic acids
and hydroboration of alkenes. However we have observed that in
the presence of an isolated carbon—carbon double bond (Entry 3) or
an estereal functionality (Entry 2) the reagent preferentially attacks the
carbonyl group of conjugated enone. Reduction of neither the isolated
(or conjugated double bond), nor of the estereal carbonyl group
takes place.

o] OH
NaBHy4/l> H
R/\/U\R. THF(dry) R/\/QR.
15',stirring

R=aliphatic, aromatic
R'=H,CHg3,aromatic

Scheme 1.
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Table 1. Reduction of conjugated carbonyl compounds using NaBHy/I».

Entry Reactant (a) Product (b) Yield (%)

| Y <I 95
0S0,CH3 0S0,CH3
2 i\A 0 S\VA 94
CHa CHa

&0

94

4 osoz<;>c”3 éroso CHg 93
CHO
o
5 > ;’j 92
cHO o

6 IL:,[LCHO IS oH 91
7 Q" "CHO |O VOH 91

10 Stﬁ 88
OCHCH3 OCH,CH3
CHO OH
OH OH
CHO o

(continued)
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Table 1. Continued.

Entry Reactant (a) Product (b) Yield (%)

13 i 85
Br Br
CHO OH

[o] OH
14 H3CO. HaCO SN, %
\QA U\ ¢
15 9 @/\/‘t 95
16 - j\o < 85
2 =
jopae o0
HaCO > H3CO
17 it oH 82
~d -’ <
OPh
ST A, ST,
19 2 oM 79
~ s ~

EXPERIMENTAL PROCEDURE

A typical procedure of reduction is as follows. To a stirred suspen-
sion of NaBH,4 (0.45g, 12mmol) in dry THF (10mL) was added slowly
a solution of aldehyde (2.48 g, 10 mmol) taken in dry THF (15mL). The
reaction mixture was cooled in an ice-bath and to it was slowly added
iodine (1.27g, Smmol) in dry THF (15mL) in a period of 30min.
Stirring was continued further for 15min and quenched with 3N HCI
(2 x 5mL), followed by extraction with diethyl ether (3 x 10mL). The
combined organic extracts were washed with 3N NaOH (3 x SmL),
brine and dried over anhyd. Na,SO,. Evaporation of the solvent
in vacuo afforded the pure alcohol (2.37g, 95%) (as given in Table 1).
The products were identified on the basis of IR and 'HNMR
spectral data.



Downloaded by [University of Pennsylvania] at 12:17 18 July 2013

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE  NEW YORK, NY 10016
™

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

o,3-Unsaturated Aldehydes and Ketones 195

In conclusion, the high yields, purity, simplicity alongwith a short
reaction time and tolerance towards a number of functional groups,
renders this a very attractive procedure for reduction of conjugated
aldehydes and ketones.

1b: '"H-NMR (8/ppm): 1.0 (d, J=6Hz, 3H, -CHCH,), 1.3 (m, 5H,
-CH,CH(CH;)CH>-), 1.7 (s, 3H, CH;3-C=C-), 2.2 (m, 2H, -CH,-C=), 2.9
(s, 3H, -OSO,CH3), 3.3 (bs, 1H, -OH, D,0O exchangeable), 3.8 (s, 2H, -
CH,OH), 4.2 (t,/=7Hz, 2H, -CH,0S0,-), 5.2 (t, /=6 Hz, 1H, -CH=C-).

2b: 'H-NMR (8/ppm): 1.0 (d, J=6Hz, 3H, -CHCH3;), 1.3 (m, 5H,
-CH,CH(CH;)CH>»-), 1.8 (s, 3H, CH3-C=C-), 2.2 (m, 5H, -CH,-C= and
-COCHj;), 3.0 (bs, 1H, -OH, D,O exchangeable), 4.1 (s, 4H,
-CH,OCOCH; and -CH,OH), 5.2 (t, J=6Hz, 1H, -CH=C-).

3b: 'TH-NMR (8/ppm): 1.6 and 1.7 (2s, 9H, =CCH; and =C(CHs),),
2.0 (m, 4H, =C(CH,),-), 3.5 (bs, 1H, -OH, D,0 exchangeable), 4.1 (d,
J=17.5Hz, 2H, -CH,OH), 5.1 (t, J=6Hz, 1H, =CHCH,OH), 5.5 (t,
J=6Hz, 1H, -CH,CH=C-).

4b: 'H-NMR (8/ppm): 1.0 (d, J=6Hz, 3H, -CHCHj), 1.3 (m, SH,
-CH,CH(CH;)CH,»-), 1.7 (s, 3H, CH;3-C=C-), 2.3 (m, 2H, -CH,-C=), 2.5
(s, 3H, ArCHs), 4.0 (s, 4H, -CH,OTs and -CH,OH), 4.1 (bs, 1H, -OH,
D,0 exchangeable), 5.2 (t, J=6Hz, 1H, -CH=C-), 7.3 (d, /=6Hz, 2H,
ArH), 7.6 (d, J=6Hz, 2H, ArH).

5b: '"H-NMR (8/ppm): 1.2 (s, J=6Hz, 3H, 40—( ) 1.6 (s, 3H,
CH;-C=C-), 2.3 (m, 4H, -CH,C(CH3;)- and -CH,C= )0_3 0 (bs, 1H, -
OH, D,O exchangeable), 4.0 (s, 6H, -OCH,CH,O- and -CH,OH), 5.2
(t, J=6Hz, 1H, -CH=C-).

6b: '"H-NMR (§/ppm): 3. 5 (bs, 1H -OH, D,O exchangeable), 4.5

(s, 2H, -CH,OH), 6.1 (m, 2H, }\—/L)ﬂ(dj 6Hz, IH,, | l)

7b: "H-NMR (8/ppm): 3. 5 (bs 1H -OH, D>O exchangeable) 4.5

(s, 2H, -CH,OH), 6.1 (m, 2H, ]:Qﬂ(dJ 6Hz, 1H, I 1)

8b: "H-NMR (8/ppm): 3.5 (bs 1H, -OH, D,O exchangeable) 4.8
(d, J=6Hz, 2H, -CH,OH), 6.8 (m, 2H, -CH=CH-), 7.1 (s, SH, ArH).

9b: 1H-NMR (6/ppm): 1.0 (d, J=6Hz, 3H, -CHCHs), 1.5 (bs, 14H,
-CH,CH(CH3;)CH,-, ring protons and CH;C=C-), 2.3 (m, 2H, -CH,-C=),
3.3 (bs, 1H, -OH, D,O exchangeable) 3.5(m,4H, 2 x -OCH,-), 3.8 (s, 2H,
-CH,OH), 4.9 (s, 1H, —o-¢cH~ ), 5.2 (t, J=6Hz, 1H, -CH=C-).

10b: '"H-NMR (8/ppm)’ 1.0 (t, J=6Hz, 3H, OCH2CH3), 1.2
(d, J=6Hz, 3H, -CHCH;), 1.4 (m, 5H, -CH,CH(CH;)CH»-), 1.7 (s,
3H, CH;-C=C-), 2.2 (m, 2H, -CH,-C=), 3.4 (m, 4H, -CH,OCH,CH3),
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3.8 (s, 2H, -CH,OH), 4.0 (bs, 1H, -OH, D,0O exchangeable), 5.2 (t,
J=6Hz, 1H, -CH=C-).

11b: "H-NMR (8/ppm): 1.2 (d, J=7Hz, 3H, -CH(OH)CH3), 1.6 (s,
3H, CH;3;-C=C-), 2.2 (m, 4H, -CH,-C=, CH,C(CH;)-), 2.2 (bs, 2H,
2 x-OH, D,O exchangeable), 3.7 (m, 1H, -CHOH), 3.8 (s, 2H,
-CH,0OH), 5.2 (t, J=6Hz, 1H, -CH=C-).

12b: "H-NMR (8/ppm): 1.0 (d, /=6 Hz, 3H, -CHCH3), 1.3 (m, 5H,
-CH,CH(CH3;)CH>-), 1.7 (s, 3H, CH3-C=C-), 2.2 (m, 2H, -CH,-C=), 3.5
(t, J=7THz, 2H, -CH,CH,0OH), 3.8 (s, 2H, =C(CH3)CH,OH), 3.9 (bs,
2H, 2 x -OH, D,0O exchangeable), 5.2 (t, J=6Hz, 1H, -CH=C-).

13b: "H-NMR (8/ppm): 1.0 (d, /=6 Hz, 3H, -CHCHs), 1.3 (m, 5H,
-CH,CH(CH;)CH>-), 1.7 (s, 3H, CH3-C=C-), 2.2 (m, 2H, -CH,-C=), 3.0
(bs, 1H, -OH, D,O exchangeable), 3.3 (t, 2H, -CH,Br), 3.9 (s, 2H,
-CH,0OH), 5.2 (t, J=6Hz, 1H, -CH=C-).

14b: '"H-NMR (8/ppm): 3.5 (bs, 1H, -OH, D,O exchangeable), 3.7 (s,
6H, 2 x -OCH,;), 5.1 (d, J=6Hz, 1H, -CHOH), 6.3 (m, 2H, -CH=CH-),
7.3 (m, 8H, ArH).

15b: 'H-NMR (8/ppm): 1.2 (d, J=6Hz, 3H, -CHs3), 3.5 (bs, 1H, -
OH, D,O exchangeable), 4.3 (m, 1H, -CHOH), 6.3 (m, 2H, -CH=CH-),
7.3 (m, 5H, ArH).

16b: '"H-NMR (8/ppm): 3.7 (s, 3H, -OCHs), 4.4 (bs, 1H, -OH, D,O
exchangeable), 5.1 (d, /J=6Hz, 1H, -CHOH), 6.3 (m, 2H, -CH=CH-),
7.2 (m, 9H, ArH).

17b: 'TH-NMR (8/ppm): 2.5 (bs, 1H, -OH, D,O exchangeable), 5.2
(d, J=6Hz, 1H, -CHOH), 6.3 (m, 2H, -CH=CH-), 7.3 (m, 14H, ArH).

18b: '"H-NMR (8/ppm): 3.3 (bs, 1H, -OH, D,O exchangeable), 4.6
(d, J=6Hz, 1H, -CHOH), 6.3 (m, 2H, -CH=CH-), 7.3 (m, 8H, ArH).

19b: 'H-NMR (8/ppm): 3.4 (bs, 1H, -OH, D,O exchangeable), 5.1
(d, J=6Hz, 1H, -CHOH), 6.3 (m, 2H, -CH=CH-), 7.3 (m, 9H, ArH).
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