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a,-Unsaturated aldehydes and ketones are regioselectively reduced to the corresponding allylic alcohols with
NaBHs/Dowex1-x8 system in THF at room temperature. This system is also efficient for the convegsion of
diketones and acyloins to the vicinal diols in refluxing THF.
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Introduction Now we wish to report an efficient method for the
regioselective reduction afr,3-unsaturated aldehydes and

Reduction of a,f-unsaturated carbonyl compounds by ketones with NaBHDowex1-x8 system.
metal hydrides can follow two pathways: addition to carbonyl

. . . - le) OH
group (1,2-reduction) to give allylic alcohols or addition to PN NaBH,, Dowex1-x8 /\/\
the conjugated double bond (1,4-addition) to give saturate RTN R THF, RT RTS R
carbonyl compounds. Due to importance of synthetic pre-
cursors of allylic alcohols, the regioselective reduction of Results and Discussion
a,Funsaturated aldehydes and ketones seems to be a
convenient and easy way to obtain these compounds. So, thisRegioselective 1,2-reduction ofr,f-unsaturated carbonyl
achievement is synthetically very importanin spite of compounds Selective 1,2-reduction ofy,B-unsaturated
substantial evidence, the reduction pattern of sodium borcearbonyl compounds is usually achieved by using modified
hydride for conjugated carbonyl compounds is highlytetrahydroborate agents, which are formed: a) by the
solvent dependent and generally the regioselectivity in theseeplacement of hydride(s) with sterically bulky substituents
reductions is not usefétt The regioselective reduction of or electron-withdrawing/releasing groups in order to discri-
this system has stimulated considerable interest, leading tminate between the structural and electronic environments
the development of new reducing systems for selectivef the carbonyl groupst?222) combination with Lewis
1,4°° or 1,2-reductiorfg®*® of a,B-unsaturated aldehydes acid$'?%?” and mixed solvents}?® ¢) using of transition
and ketones. metal tetrahydroborates and its new modificafiofig-33d)

In this context and continuation of our studies for theusing of quaternary ammonium and phosphonium tetrahydro-
reduction of functional groups in organic synth&mnd  borates***and finally €) immobilization on polymeric sup-
application of Dowex1-x8, a highly basic anion exchangeports and anion exchange re¥id’ Herewith, our system,
resin?! we have decided to prepare a new polymeric reducNaBHy/Dowex1-x8 system, showed an excellent selectivity.
ing agent by replacing chlorine anions in Dowex1-x8 with Thus regioselective reductions af3-unsaturated carbonyl
BH,". Unfortunately all attempts for such purpose have beewompounds were easily achieved to give the corresponding
failed, but we have found that the presence of small quantitgllylic alcohols. The reduction proceeds at an efficient rate in
of Dowex1-x8 enhances the reducing power of NaBH THF and room temperature (NaBgH-2 mmols per 1 mmol
THF and this system can efficiently reduce cinnamaldehyd®f compound; Dowex1-x8, 10-20 mg) (Table 1). As shown
with excellent regioselectivity (Scheme 1). Accordingly, we in Table 1, the regioselectivity achieved by this system is
decided to apply this new reducing system for reduction ofssentially perfect and the yields of allylic alcohols are in
a,-unsaturated carbonyl compounds. high to excellent. In the next attempt, we examined its

NaBH, (1 mmol)

- CH,OH CHO
o THF, RT, 3 h, 100% PN oY
o /VJ\H (95%) (5%)
NaBH, (1 mmol), Dowex1-x8 (10 mg) g
(1 mmol) Ph/\/u-lz()l-l

THF, RT, 42 min.,100%

Scheme 1
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Table 1. Reduction ofx,3-Unsaturated Carbonyl Compounds with NaBddwex1-x8 Systef?

Ratio Molar Ratio Dowex1-x8 Time Yield
Entry Substrate Product 1214 NaBH/Sub. (mg) ) (%)
0
1 100:0 11 10 0.7 96
Ph/\)J\H Ph/\/CHZOH

o) OH

2 o PPN e, Ph/\/\ cH, 100:0 11 10 1.4 98
o] OH

3 phMPh Ph/\/kPh 100:0 11 10 0.7 95

4 QO QOH 100:0 11 10 0.8 89

5 Me\go MC\O/OH 100:0 1:1 10 0.8 90
6 )\/\u M 100:0 1:1 10 13 94
N X H Y - CH,OH

(0] OH
7 é?\/ka—l} WCHS 100:0 11 10 2.2 91
€

MeO MeO

100:0 2:1 10 2.7 87

e} /OHO
(4

H
MeO MeO
3l reactions were performed in THF at room temperafidewex1-x8 which was used as a pow@€elds referred to isolated products.

[0}
oAy opSCHOH 0%
+ NaBH, (1 mmol), Dowex1-x8 (10 mg)
O OH
THF, RT
on S Ph/\/\CHS 40%

3

Scheme 2

chemoselectivity toward the reduction af-unsaturated known and their reductions to vicinal diols and/or acyloins
aldehydes over ketones. For example, an equimolar amouate the subject of interests in organic synth@gReduction
of cinnamaldehyde and benzalacetone was reacted withf a-diketones usually gives a mixtureafydroxy ketones
NaBH,/Dowex1-x8 system. Due to easily reduction of theseand vicinal diols. In spite of this, using of some chemical or
substrates at room temperature, all attempts to full clarifyindiochemical reagents can undergo selective reductien of
of aldehydes over ketones were unsatisfactory and give diketones to only one of the mentioned products. For
mixture of the corresponding allylic alcohols with low example Zn/aq.DME® Zn/H,SO,,*° TiCl; or VCL/THF*
chemoselectivity (Scheme 2). (C:H50)sP*2 H,S/piperidine/DME® and heating with benz-
However, in general, the reaction of unsaturated aldehydgsinacof* performed reduction of-diketones to acyloins,
is relatively faster than that of ketones of bulk hindrancewhereasCryptococcus macerafsdid this reduction to
This is due to really activity of aldehydes relative to thevicinal diols. Reduction ofr-diketones with modified tetra-
ketones and may be also attributed to the bulkiness andlydroborate agents is also subject of the int€rastl easily
polymeric nature of the resin which induces a special steriachieved by NaBHDowex1-x8 system. This system effici-
selectivity in the reduction of carbonyl groups. ently reducesr-diketones to their vicinal diols in refluxing
To highlight the efficiency of our system, we compared THF (Table 3).
our results with those achieved by other reported reagents Our attempts for reduction ofdiketones to acyloins were
such as NaBl NaBHy(OAc),* NaBHCN 28 Li-n-BuBH;,'>  unsatisfactory and only vicinal diols were identified as the
(i-PrO)TiBH,® PhPMeBH,* It's clear that in most sole products (93-98%). In addition to reduction cof
cases, our new system is more efficient or comparabléiketones, reduction of acyloins to vicinal diols is also
(Table 2). important in organic synthesis. For this transformation using
Reduction of a-diketones and acyloinsSynthetic appli-  H,/CuCrO,4,*® Saccharomyces cerevisidbaker's yeast)
cations of a-hydroxy ketones andr-diketones are well and modified tetrahydroborate agéhtsave been reported.



Reduction of Enoneg:-Diketones and Acyloins with NaBBowex1-x8 Bull. Korean Chem. S@003 Vol. 24, No. 3 297

Table 2 Comparison of Regioselective 1,2-Reductioarg#Unsaturated Carbonyl Compounds with NaB}dwex1-x8 System and Other
Reported Reagents

Molar Ratio? Time (h) and Yield (%)

Entry Substrate

I b n Iv?28 viz VIt Vi34

L 0 1(0.7)(96)  1(3)(93) 1.67(20)(70) 2(1.5)(80) ~ 1(5%(90)  1(°)(95)

ph/ka (100:0¥ (95:5f (99:1¥ (100:0¥ (>99:<1¥ (100:0¥

) /\/Ok 1(1.4)(98) 1(2.8)(96) 1.67(20)(70) 2(1.5)(77)  1(2)(98)  1(59%(97)  1(3.5)(90)

Ph CH, (100:0¥ (95:5¥ (96:4f (100:0¥ (100:0¥ (>99:<1¥ (100:0¥

3 1(0.7)(95)  1(1.7)(95) 1(2)(99) 1.2(6)(90)

3 ) (100:0f  (90:10F 39O (100.0f - (100:0f
o P! 1(1.3)(94) 1(2.8)(90) 1.67(20)(86) 1(5%(95)

4 )\/\)\O/L T (100:05 (99:1¥ (99:1¥ - - (>99:<1} -

5 é;\vkcﬁs 1(2.2)(91)  1(3)(80) _ 2(2)(88)  1(2)(98) _ 1(6)(71)
(100:0¥ (95:5f (100:0¥ (100:0¥ (100:0¥
1(0.8)(89)  1(1)(85) 1.67(20)(32) _ 1(2)(84) _ _

6 QO (100:0f  (80:20F  (99:1f (92:8F

'NaBHy/Dowex1-x8;'NaBHs; " NaBHs(OAC); "YNaBH:CN; VLi-n-BuBHs; V' (i-PrOXTiBH4; V" PhePMeBHs; 2Reducing agent/Substrat@resent work
and the reactions were performed in THF at room temper&Rato of 1,2:1,4%Time in minuteimmediate reaction.

Table 3. Reductions ofr-Diketones and Acyloins with NaBHDowex1-x8 Systef?

Molar Ratio Time Yield
NaBH«/Subs. (min) (%)°

2 10 96
OH

Entry Substrate Product

0 oH
3 g @ O;’H ) 2 6 97
4 3 @/&g@ u @ OH 2 6 98
OMe oMe
5 o @ Oo © MeO © OI:)H 2 6 94
OMe OMe
6 . @ Oz @ - @ OI({)H 2 6 93
7 [} OO L) Qﬁ%l@ 2 7 95

3l reactions were performed with 20 mg of Dowex1-x8 in THF under reflux condifibesvex1-x8 which was usd as a powd¥ields referred to
isolated products.

We also found that this goal easily achieved by this systensystem is also efficient for the reductionmfliketones and

we observed that benzoin is efficiently reduced to hydro-acyloins to its corresponding vicinal diols. Excellent regio-

benzoin in refluxing THF (NaBE 2 mmols; Dowex1-x8, selectivity, convenient procedure, mild reaction condition,

20 mg) (Table 3). high yields of the products and also easy work-up of the
In conclusion, we have shown that Nafibbwex1-x8  reaction mixture could be make this system as an attractive

system reducesy,-unsaturated aldehydes and ketonesmethod and a synthetically useful addition to the present

regioselectively to its corresponding allylic alcohols. This methodologies.
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Experimental Section 7.

General The products were characterized by a comparisons'
with authentic samples (mp or bp) and tHeirfNMR or IR
spectra. All yields referred to isolated products. TLC accom-,
plished the purity determination of the substrates, product$l.
and reactions monitoring over silica gel PolyGram SILG/12:
UV 254 plates. 1

Regioselective 1,2-reduction ofr,8-unsaturated carbonyl
compounds with NaBH/Dowex1-x8 system.A Typical
Procedure.In a round-bottom flask (15 mL) equipped with 15.
magnetic stirrer a solution of cinnamaldehyde (0.132 g, 16
mmol) and Dowex1-x8 (10 mg) in THF (8 mL) was intro-
duced. To this mixture NaB#1(0.037 g, 1 mmol) was added
and the resulting mixture was stirred at room temperatureig.
TLC monitored the progress of the reaction (eluent;+/CCl
Et,O: 5/2). After 42 min reaction, methanol (3 mL) was 19
added to the mixture and stirred for 10 min. The solvent wa
evaporated and the resulting crude material was purified by,
silica gel column chromatography using QELO: 5/2 as 22,
the eluent. Evaporation of the solvent affords pure liquid23.
cinnamyl alcohol (0.127 g, 95% yield, Table 1).

Reduction of a-diketones with NaBH/Dowex1-x8 system.
A Typical Procedureln a round-bottom flask (15 mL)
equipped with magnetic stirrer and condenser, a solution ofs.
benzil (0.21 g, | mmol) and Dowex1-x8 (20 mg) in THF (8 27.
mL) was introduced. To this mixture NagH0.075 g, 2 28
mmol) was added and the reaction mixture was stirred for 1
min under reflux. TLC monitored the progress of the reactiony;
(eluent; CCIELO: 5/2). After completion of the reduction,
methanol (3 mL) was added to the reaction mixture and wa32.
stirred for 10 min. The solvent was evaporated and thé3-
resulting crude material was purified by a silica gel column
chromatography using C£E,O: 5/2 as the eluent. Evaporation
of the solvent affords hydrobenzoin as pure crystals (0.20 g,
96% vyield, Table 3). 35.

14.

24.
25.
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	1(2)(98) (100:0)c
	1(5d)(97) (>99:<1)c
	1(3.5)(90) (100:0)c
	3
	1(0.7)(95) (100:0)c
	1(1.7)(95) (90:10)c
	-
	3(2.5)(0)
	1(2)(99) (100:0)c
	-
	1.2(6)(90) (100:0)c
	4
	1(1.3)(94) (100:0)c
	1(2.8)(90) (99:1)c
	1.67(20)(86) (99:1)c
	-
	-
	1(5d)(95) (>99:<1)c
	-
	5
	1(2.2)(91) (100:0)c
	1(3)(80) (95:5)c
	-
	2(2)(88) (100:0)c
	1(2)(98) (100:0)c
	-
	1(6)(71) (100:0)c
	6
	1(0.8)(89) (100:0)c
	1(1)(85) (80:20)c
	1.67(20)(32) (99:1)c
	-
	1(2)(84) (92:8)c
	-
	-
	Entry
	Substrate
	Product
	Molar Ratio NaBH4/Subs.
	Time (min)
	Yield (%)c
	1
	2
	10
	96
	2
	2
	7
	95
	3
	2
	6
	97
	4
	2
	6
	98
	5
	2
	6
	94
	6
	2
	6
	93
	7
	2
	7
	95
	8
	2
	7
	90






