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ABSTRACT

During the past decades, sodium borohydride as a key reagent has played
an important role in the reduction of organofunctional groups in modern
organic synthesis. This reagent is a relatively mild reducing agent and

mostly used for the reduction of aldehydes and ketones in protic solvents. Copper(11);
It is also know that the reducing capability of NaBH, greatly could be Carbonyl compounds;
accelerated by using many of additives. Therefore, controlling the reducing Alcohol.

power of sodium borohydride hasbeen one of the main interestsfor organic
chemists in many years. In this context, we wish to introduce a new
combination system of NaBH, and Cu(dmg), for fast and efficient readuction
of carbonyl compounds such as aldehydes, ketones, a-diketones and
conjugated enones to their corresponding alcohols in high to excellent

yields. © 2013 TradeSciencelnc. - INDIA

INTRODUCTION

During the past decades, sodium borohydrideasa
key reagent has played animportant rolein the reduc-
tion of organofunctional groupsin modern organic syn-
thesis. Thisreagent isare atively mild reducing agent
and mostly used for the reduction of aldehydes and
ketones in proticsolvents*. In order to control the
reducing power of NaBH,, hundreds of substituted
boron hydrides have been made and introduced in
chemicd literatureand many of them arenow commer-
cialy available>9, Infact, advancesin suchfield have
been redlized by: a) substitution of the hydride(s) with
other constituentswhich may exert marked steric or
electronicinfluencesuponthereactivity of substituted
complex ion™, b) variation of alkali-metd cationand
metal cation inthe hydride complex™2, ¢) aconcurrent

cation and hydrideexchange, d) useof amin or phosphin
ligandsto dter behaviour of themetal hydroborates™,
€) combination of tetrahydroborateswith Lewisacids,
additivesand mixed solvent systems*, f) changingthe
cation to quaternary ammonium and phosphonium
tetrahydroborates®®, g) and findly use of polymersor
solid supportsfor supporting the hydride species®.
M odification of borohydrideagentsand their applica
tionsinorganic synthesishavebeenextensvely reviewed.

Inlineof the outlined strategies, athough there-
ducing properties of sodium borohydrideinthe pres-
ence of metal borides have beenintensively investi-
gated*”¥ in our literature survey we could not find
any report for thecombination of NaBH, with Cu(dmg).,.
Therefore, in continuation of our effortstowardsthe
development of new borohydride systems?*2, we de-
cided toinvestigate thereducing propertiesof NaBH,
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inthe presence of Cu(dmg), for thereduction of avari-
ety of carbonyl compoundswith the hopethat thissys-
tem shows efficiencies. Now wewish toreport amild
and efficient method for reduction of al dehydes, ke-
tones, a-diketones, acyloinsand o, 3-unsaturated car-
bonyl compoundsto the corresponding alcoholswitha
NaBH,/Cu(dmg), system.

EXPERIMENTAL

General

All reagents and substrates were purchased from
commercid sourceswiththebest quality and wereused
without further purification. IR and *H NMR spectra
wererecorded on Thermo Nicolet Nexus670 FT-IR
and 300 MHz BrukerAvance spectrometers, respec-
tively. The productswere characterized by acompari-
son with authentic samples (melting or boiling points)
and their 'H NMR or IR spectra. All yields refer to
isolated pure products. TLC wasapplied for the purity
determination of subgtrates, productsand reaction moni-
toringover silicagel 60 F254 a uminum sheet.

Preparation of catalyst (dimethylglyoximato) cop-
per (I1)

Dimethylglyoximeand Cu(OAc),.H,O wereadded
into absolute ethanol to get brown precipitates of
Cu(dmg),“.

A typical procedurefor reduction of aldehydesto
alcoholswith NaBH ,/Cu(dmg), system

In around-bottom flask (15 mL) equipped with
magnetic stirrer, charged with asol ution of benzalde-
hyde (0.106 g, 1 mmol) in CH,CN (2mL), NaBH,
(0.0389, Immol) wasadded. Tothismixture, Cu(dmg),
(0.058 g, 0.02mmol) was added immediately and the
resulting brown mixturewas stirred at room tempera-
turefor 5min. TLC monitored the progressof there-
action (eluent; CCl /Et,O : 5/2). After completion of
thereaction, distilled water (5 mL) wasadded to the
mixtureand stirred for additiona 5 min. The mixture
wasextracted with CH,Cl.(3 * 10 mL) and dried over
anhydrous sodium sulfate. Evaporation of the solvent
and short column chromatography of theresulting crude
material over silicagel by eluent of CCl /Et,O: 5/2
affordsthe pureliquid benzyl alcohol (0.104 g, 95%
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yield, TABLE 2).

A typical procedure for reduction of ketonesto
alcoholswith NaBH /Cu(dmg), system

Inaround-bottom flask (15 mL) equipped witha
magnetic stirrer and acondenser, to asol ution of ac-
etophenone(0.12g,I mmol) inCH_CN (2mL), NaBH,
(0.076 g, 2mmol) was added. Tothismixture, Cu(dmg),
(0.029 g, 0.01 mmol) was added immediately and the
resulting brown mixturewashesated to gentlereflux with
stirring. TLC monitored the progress of thereaction
(eluent; CCl /EL,O : 5/2). After completion of thereac-
tion, distilled water (5 mL) was added to the reaction
mixtureand stirred for additional 5min. Themixture
wasextracted with CH,Cl, (3x 10 mL) and dried over
anhydrous sodium sulfate. Evaporation of the solvent
and short column chromatography of theresulting crude
materia over silicagel by eluent of CCl /Et,O: 5/2
affordsthepurecrystasof 1-phenyletanol (0.122 9, 97%
yield, TABLE 4).

A typical procedure for reduction of a -
diketonesand acyloinswith NaBH /Cu(dmg), sys-
tem

In around-bottom flask (15 mL) equipped with
magnetic stirrer, toasolution of benzil (0.21g, 1 mmol)
in CH,CN (2 mL), NaBH, (0.076 g, 2 mmol) was
added. Tothismixture, Cu(dmg), (0.029g, 0.01 mmol)
was added immedi atel y and the resulting brown mix-
turewasstirred at refluxconditionfor 8 min. TLC moni-
tored the progress of the reaction (eluent; CCI /Et,O
5/2). After completion of thereaction, distilled water (5
mL) wasadded to themixture and tirred foradditional
5 min. Themixturewas extracted with CH_CI (3 < 10
mL) and dried over anhydrous sodium sulfate. Evapo-
ration of dl thevolailematerid sand short column chro-
matography of theresulting crudematerial over silica
gel by eluent of CCl /Et,O: 5/3 affordsthe pure crys-
talsof hydrobenzoin (0.212 g, 91%yield, TABLE6).

A typical procedurefor regioselectivel,2-reduc-
tion of conjugated enoneswith NaBH /Cu(dmg),

In around-bottom flask (15 mL) equipped witha
magnetic stirrer and a condenser, to a solution of
cinnamaldehyde (0.132g, 1 mmol) inCH,CN (5mL),
NaBH,(0.038 g, Immol) was added. Tothismixture,
Cu(dmg),(0.058 g, 0.02mmol) wasadded immediately
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and theresulting brown mixturewaswasstirred at room
temperaturefor 7 min. TLC monitored the progress of
thereaction (eluent; CCl /Et,O: 5/2). After thecomple-
tion of thereaction, distilled water (5 mL) was added
to thereaction mixture and stirred for additional 5min.
The mixture was extracted with CH,CI(3 x 10 mL)
and dried over anhydrous sodium sulfate. Evaporation
of thesolvent and short column chromatography of the
resulting crudematerid over silicagel by duent of CCl /
Et,O : 5/2 affordsthe pure cinnamylalcohol (0.134 g,
97%yvyield, TABLE 8).

RESULT AND DISCUTION

Reduction of aldehydesand ketones

Sodium borohydrideisusualy used for thereduc-
tion of aldehydesand ketonesto their corresponding
alcoholsin protic solvents, especially ethanol or iso-
propyl alcohol. Inour preliminary experiment we ob-
served that by NaBH, in the presence of catalytic
amount of Cu(dmg), accel erated remarkably therate
of reduction of benzal dehyde under aprotic condition
at room temperature (Scheme 1). Although NaBH,
doneisvery dightly solublein CH.CN, butinthepres-
enceof Cu(dmg), itssolubility increasestremendoudly
accompanied by the color changeto deep brown.

These results prompted us to investigate the
optimumreaction conditionsfor thereduction of avari-
ety of carbonyl compounds. For the selection of ap-
propriate solventsin suchreactions, weexamined Et.,O,
CHCI,, CH,Cl,, CH,CN and THF in which 3-
chlorobenzal dehyde and benzophenonewere adopted
asmode compounds. Our observationsreved that THF
and CH,CN aresuitablefor thereduction, but there-
ductionsin CH,CN providesfaster and moreefficient
thanin THE. In addition, wefound that addition order
of reaction componentsplaysarolein thesereactions.

NaBH, (1 mmol), Cu(dmg), (0.02 mmol)
CH3CN, r.t., 5 min, 100%

(IZHZOH
NaBH, (0.5 mmol), Cu(dmg), (0.02 mmol)

H,0, r.t., Inmediate, 100%

Scheme 1

Reduction of a variety of structurally different
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aromati cand diphatic aldehydesto their corresponding
acoholsisperformed efficiently with thisreducing sys-
tem (TABLE 2). Aldehydesarereduced rapidly with 1
molar equivaent of NaBH, andin the presence of 0.02
mole% of Cu(dmg),in CH,CN and 0.5molar equiva-
lent of NaBH, and in the presence of 0.02 mole % of
Cu(dmg),inH,O at room temperature. Theyieldsare
highto excellent (91-99%). In genera, thereduction of
aromatic aldehydesbearing an e ectron-withdrawing
groupisfasterthan that of bearing an electron-rleasing
group. Thereduction of ketonesrequiresmoredrastic
conditions: alarger amount of NaBH (2 molar equiva-
lents) inrefluxing acetonitrile or at room temperature
arerequired (TABLE 4). Theyiddsaregenerdly higher
than 90%. Thework-up procedureissimple: distilled
water was added to thereaction mixtureand theresult-
ing mixturewasextracted with CH,Cl.. Thecrude prod-
uctswerefurther purified by ashort column chroma-
tography onsllicagd.

AsshowninTABLES1and 2, ddehydesaregen-
erdly muchreactivethan ketoneswith NaBH,/Cu(dmg),
system and weinvestigated achemosd ectivereduction
of adehydesover ketones.

NaBH, (2 mmol), Cu(dmg), (0.01 mmol)

?OCH3 / CH3CN, reflux, 35 min, 100%,

NaBH, (2 mmol), Cu(dmg), (0.01 mmol)
H,0, r.t., Inmediate min, 100%

Scheme 2

GH(OH)CH,

O

Reduction of a-diketonesand acyloins

Reduction of a-hydroxy ketones and a-diketones
tovicina diolsand/or acyloinshasattracted agreat ded
of attention in organic synthesis. Reduction of a-
diketonesusudly givesamixtureof a-hydroxy ketones
andvicind diols. Sdlectivereduction of a-diketones to
acyloinsor vicind diolscan undergo with some chemi-
ca or biochemical reagents. Reduction of a-diketones
with modified borohydride agentsisa so the subject of
interests and can be easily achieved by NaBH,/
Cu(dmg), system. Sodium borohydridein the presence
of catalytic amount of Cu(dmg), reduces readily a-

NaBH, (2 mmol), Cu(dmg), (0.01 mmol)
CH3CN, reflux, 8 min,100%

(e} e} OH OH
oo T T
Q_C_C_O Q_CH_CH_Q

NaBH, (2 mmol), Cu(dmg), (0.01 mmol
H,0, r.t., 5 min, 100%

Scheme3
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TABLE 1: Reduction of aldehydeswith NaBH /Cu(dmg),/H20 system?

Entry Substrate Product M olar ratio® Time (min) Yield (%)°¢
1 ©—CH0 ©—CH20H 1:0.5:0.02 Immediate 93
2 QCHO QCHZOH 1:0.5:0.02 2 94
OCHj, OCH,
3 QCHO QCHZOH 1:0.5:0.02 Immediate 93
H4CO H3CO
4 02N—©—CHO OZN—©—CHZOH 1:0.5:0.02 4 91
5 @—CHO @—CHZOH 1:0.5:0.02 Immediate 96
NO, NO,
6 QCHO QCHZOH 1:0.5:0.02 2 98
0,N O,N
7 CIQCHO CIQCHZOH 1:0.5:0.02 2 98
Cl Cl
8 C|—©—0Ho c|—©—CH20H 1:0.5:0.02 2 94
9 QCHO QCHZOH 1:0.5:0.02 Immediate 97
Cl Cl
10 HO—@—CHO HO—@—CHZOH 1:0.5:0.02 Immediate 91
11 @—CHO QCHZOH 1:0.5:0.02 Immediate 94
HO HO
12 QCHO QCHZOH 1:0.5:0.02 Immediate 91
OH OH
13 OHC—@—CHO HOH2C—©—CHZOH 1:0.5:0.02 Immediate 93
14 HO—@—CHO HO—Q—CHZOH 1:0.5:0.02 4 96
H3CO H;CO
CHO CH,OH
15 1:0.5:0.02 2 94
16 >=/_?< >=/_2< 1:0.5:0.02 3 96

CHO

CH-OH

2 All reactions were carried out in H,O (2 ml) at room temperature; ® Molar ratio as Subs./NaBH /Cu(dmg),; ¢ I solated yields.
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TABLE 2: Reduction of aldehydeswith NaBH /Cu(dmg)./CH ,CN system?

Entry Substrate Product M olar ratio® Time (min) Yield (% )¢

CHO CH,OH 1:1:0.02 5 95

CHO CH,OH 1:1:0.02 4 93

QO
00

O

(@)

T
w

OCH,

CHO CH,0OH 1:1:0.02 14 96

Q
0

H,CO H;CO
CH,OH 1:1:0.02 8 %

0O
T
o

CH,OH 1:1:0.02 8 98

20
o

2
o
)
2
O
N

CH,OH 1:1:0.02 3 99

o
Z |

9

T

o
Z |

O
N

O
N

CHO CH,OH 1:1:0.02 2 99

:
:

[e0]

2,
2,
2,

ol

CH,OH 1:1:0.02 6 95

CH,OH 1:1:0.02 2 96

00

Cl of]
10 HO-@—CHO HO—@—CHZOH 1:1:0.02 18 94
11 QCHO QCHZOH 1:1:0.02 5 99
HO HO
12 QCHO QCHZOH 1:1:0.02 3 95
OH OH
13 OH c—©—0Ho HOHZC—©—CH20H 1:1:0.02 14 98
14 HOOCHO Ho—QCHZOH 1:1:0.02 5 95
H3CO CHO H3CO CH,OH
16 >=/_2< >=/_2< 1:1:0.02 30 96

CHO CH,OH

aAll reactions were carried out in CH_CN (2 ml) at room temperature; ®* Molar ratio as Subs/NaBH ,/Cu(dmg),; © Isolated yields.
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TABLE 3: Reduction of ketoneswith NaBH /Cu(dmg)./H,O system?

Entry Subdrate Product Molar ratioc® Time(min)  Condition Yied (%

1 @—COCH3 @—CH(OH)CH3 1:2:0.01 Immediate rt. o

2 OZN—©—COCH3 OZN—©>—CH(OH)CH3 1:2:0.01 Immediate rt. 97
3 H3CO©—COCH3 H3CO—©—CH(OH)CH3 1:2:0.01 Immediate rt. %
4 COCH, CH(OH)CH; 12001 Immediate rt. o1
H,N H,N
Ph Ph
5 >=o >—OH 1:2.001 15 reflux %
PH PH

<:>—OH 1:2:0.01 Immediate r.t. 95
7 @—GO ©-<:>—OH 1:2:0.01 Immediate r.t. 96
(0]

OH

8 @'@ Q. 12001 Immedige  rt. o1
0 OH
9 @j:‘} ©I> 1:2:0.01 Immediate rt. (7]

COCHs Ph-@-CH(OH)CH3 1:2:001 Immediate rt. 95

Y

10 Ph

1 Cl

QO

COCH; CI@CH(OH)CHg 1:2:0.01 Immediate rt. 93

o) O—OH 1:2:001 Immedige It ”

o]

OH
| |

2 All reactions were carried out in H,O (2 ml); ® Molar ratio as Subs/NaBH /Cu(dmg).; © Isolated yields.
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TABLE 4: Reduction of ketoneswith NaBH /Cu(dmg),/CH,CN system?

Entry Substrate Product Molar ratic®  Time(min)  Condition Yield (%)°

COCH;, @—CH(OH)CH3 1:2:001 35 reflux 97
COCH; OZN—©—CH(OH)CH3 1:2.001 10 rt. %8
COCH; HgCO-©—CH(OH)CH3 1:2.001 25 reflux %8

O

2 ON

0

3 HCO

O

4 QCOCH3 CH(OH)CHs 1:2:0.01 10 reflux %
H,N H,N
Ph Ph
5 >=o >—OH 1:2:001 25 reflux 97
Ph Ph
6 <:>=O <:>—OH 1:2.0.01 15 r.t. 9%
7 ©—<:>=o ©-<:>—OH 1:2:0.01 15 reflux o7
o OH
8 @.@ 1:2001 25 reflux 97

O

OH
9 ©:‘> ©:> 1:2:001 25 reflux %
10 Ph—@—COCH3 Ph—@—CH(OH)CH3 1:2:001 15 reflux %

1 CI‘@‘COCHg CI-@-CH(OH)CHS 1:2:0.01 15 reflux 97

Q=o Q—OH 12001 10 rt %

0 oH

13 H3CO—©—C—©> H3CO—©—C—© 1:2:0.01 70 reflux 95
H

2 All reactions were carried out in CH,CN (2 ml); * Molar ratio as Subs./NaBH /Cu(dmg),; © Isolated yields.
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TABLE 5: Reduction of a-diketonesand acyloinswith NaBH /Cu(dmg),/H O system?

Entry Substrate Product Molar ratio® Time(min) Yield (%)°
T 0 QH oH

1 @C—C @CH-CH@ 1:2:0.01 5 96
§ ¢ QH @H

2 QC-CH@ QCH‘CH@ 1:2:0.01 10 93

O OH

@)

i"n 1 |
3 H3COQC—CHOOCH3 cho@—H

H (I)H
C—EOOCH:; 1:2:0.01 20 91

g% ¢H QH
4 H3COOC—COOCH3 H3COOE_EOOCH3 1:2:0.01 35 95

2 All reactions were carried out in H,O (2 ml) at room temperature; ® Molar ratio as Subs/NaBH, /Cu(dmg),; © Isolated yields.

TABLE 6: Reduction of a-diketonesand acyloinswith NaBH /Cu(dmg),/CH,CN system®

Entry Substrate Product Molar ratic®  Time(min) Yield (%)
7% @H @H

1 Q—C—C—Q ©—CH—CH—© 1:2:0.01 8 91
0 or oH on

2 C-CH-@ @-CH—CH—Q 1:2:0.01 15 95
o o oHon

3 H3CO—©—C—CH—©—OCH3 H3CO—©—(H:—(H:—©—OCH3 1:2:0.01 25 93
2 9 onor

4 H3CO—©—C—C—©—OCH3 H3co—©—ﬁ—ﬁ—©—00H3 1:2:001 35 o4

2 All reactions were carried out in CH,CN (2 ml) under reflux conditions; ® Molar ratio as Subs./NaBH, /Cu(dmg),; ° Isolated

yields.

diketonestotheir vicind diolsin CH,CN inreflux con-
dition (TABLE1).

Our atemptsto reduction of a-diketones to acyloins
wereunsatisfactory and only vicinal diolswereidenti-
fied as the sole products. In addition, the reduction
ofacyloinstovicind diolsisasothesubject of interests.
The using of non-hydridicreductantsand modified
borohydrideagents hasbeen reported for thisachieve-
ment. We a so applied our system to thisgoa . We ob-

served that benzoin was efficiently reduced to
hydrobenzoininreflux condition. A variety of acyloins
werereadily reduced to their corresponding vicina di-
olsinexcellent yields (91-95%) (TABLE6). There-
sultsin Table 6 show that the rate of reductions for
acyloin compounds is generally slower than a-
diketonesunder the sameconditions. Thehydrogenevo-
lution from the reaction of hydroxy group of acyloin
and sodium borohydride, and hence theformation of

Onganic CHEMISTRY o
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TABLE 7: Reduction of conjugated car bonyl compoundswith NaBH /Cu(dmg), systemin H,0*

Entry Substrate Products Molar ratioP F;";“/izf Time (min)  Yield (%)
0
x._CH,OH
1 Ph/\)LH ph” X2 1:0.5:0.02 100:0 3 91
0 OH

2 Ph/\)I\CH3 Ph/\)\cH3 1:2:0.01 100:0 13 92
3 == = 1:2:0.01 100:0 3 %
>—/_?/< >—/_?/<

0O OH
ég\/u\mg NN N, 1:2:0.01 100:0 10 93
4
0
AN X _CH,OH
5 1:2:0.01 100:0 23 9%
NO, NO,

3 All reactions were carried out in H,O (2 ml) at room temperature; ® Molar ratio as Subs./NaBH /Cu(dmg),; ¢ I solated yields.

TABLE 8: Reduction of conjugated car bonyl compoundswith NaBH /Cu(dmg), systemin CH,CN?

Entry Substrate Products Molar ratic® R80T Time(min)  vidd (%)°
1,2/1,4
0
CH,OH
1 Ph/\)LH ph CM2 1:1:002  100:0 7 97
0 OH
2 Ph/\)I\CH3 Ph/\)\CHg 1:2001  100:0 25 97
o OH
3 Ph/\)l\ph Ph/\)\ph 1:2:0.01 100:0 33 92
N s
CH,OH 1:2:001  100:0 14 94
CHO
0 OH
NN e, NN e,
5 1:2:0.01 100:0 16 95
0
AN x_CH,OH
6 @l\/\/ 1:2001  100:0 35 o1
NO, NO,

2 All reactions were carried out in CH,CN (2 ml) at room temperature; ® Molar ratio as Subs/NaBH ,/Cu(dmg),; © Isolated yields.

e, Onganic CHEMISTRY
Au Tudian Yournal




478

Fast and convenient method for reduction of carbonyl compounds

OCAIJ, 9(12) 2013

FPull Paper ==

alkoxy moiety bound to boron atom may play arolein
part to therate being diminished.

Regiosdlective 1,2-reduction of conjugated enones

Aregiosdl ectivereduction of a,f-unsaturated alde-
hydes and ketones is an easy way to obtain allylic
a coholswhichareimportant synthetic materialsin or-
ganicsynthesis. Such achievement with NaBH, ishighly
solvent-dependent andgenerally the results does not
show auseful regioselectivity. Regioselective 1,2-re-
duction of conjugated enonesisusudly achieved using
modified borohydride agents, which areformed a) by
the replacement of hydridewith sterically bulky sub-
stituents or el ectron-withdrawing/rel easing groupsin
order to discriminate between the structural and elec-
tronic environmentsof thecarbonyl groups, b) by chang-
ing themetd cation, ¢) by combination with metd sdts
and mixed solvents, and d) findly immobilization on poly-
meric supports. Recently, non-free hydride reducing
systems achieved aperfect conversion. For thispur-
pose, NaBH,in combination with catal ytic amount of
Cu(dmg).isaso efficient to providethe corresponding
dlylicacoholsat roomtemperaturein highto excdlent
yields (91-97%) (TABLE 8)(Scheme4).

NaBH,4 (1 mmol), Cu(dmg), (0.02 mmol)
CH3CN, r.t., 7 min, 100%

o
Ph/\)LH ph” - CHOH
NaBH4(0.5 mmol), Cu(dmg), (0.02 mmol
H,0, r.t., 3 min, 100%
Scheme4
CONCLUSION

In conclusion, we have shown that NaBH,/
Cu(dmg),system reduces a dehydesand ketonesto their
corresponding acohols, and o, -unsaturated carbonyl
compoundstotheir corresponding alylicacohols. This
reducing system isa so efficient for thereduction of a-
diketonesand acyloinstotheir corresponding vicina di-
ols Excdlent regiosd ettivity, convenient procedure, mild
reection conditions, highyid dsof theproductsaswell as
asimplework-up procedureaffordsthissystemtobean
atractivemethod for asyntheticaly useful methodol ogy.

ACKNOWLEDGEMENTS

Theauthorsgratefully acknowledgethefinancid sup-

port of thiswork by the research council of UrmiaUni-
versity (RCUU).

REFERENCES

[1] (&) M.Hudlicky; Reductionsin Organic Chemistry,
Ellis Horwood Ltd., Chichester, (1984); (b)
J.Seyden-Penne; Reductions by the Alumino and
Borohydrides in Organic Synthesis, Wiley-V CH,
New York, Edition 2, (1997); (c) R.C.Larock; Com-
prehensive Organic Transformations: A Guide to
Functional Group Preparations, Wiley-VCH, New
York, Edition 2, (1999); (d) H.O.House; Modern
Synthetic Reactions, Benjamine, Menlo Park, Edi-
tion 2, (1972).

(a) J.M.Lalancette, A.Freche, J.R.Brindle,
M.Laliberte; Synthesis, 526 (1972); (b) C.Narayana,
M .Periasamy; Tetrahedron Lett., 26, 1757, 6361
(1985); (c) C.H.Rao, R.T.Chakrasali, H.lla,
H.Junjappa; Tetrahedron, 46, 2195 (1990); (d)
R.Koster, G.Seidel, R.Boses, B.Wrackmeyer;
Chem.Ber., 121, 1955 (1988); (e) C.F.Lane; Syn-
thesis, 135 (1975).

(a) B.C.Ranu; Synlett, 885 (1993); (b) SNarasimhan,
A.Baakumar; Aldrichim.Acta, 31, 19 (1998); (c)
J.A.Cowan; Tetrahedron Lett., 27, 1205 (1986);
(d) K.Soaiand, A.Ookawa; J.Org.Chem., 51, 4000
(1986); (e) M.E.Osborn, J.F.Pegues, L.A.Paguette;
J.Org.Chem., 45, 167 (1980).

A.Chahid, R.L.Mcgreevy; Physics B, 234, 87
(1997).

(a) H.Firouzabadi, M .Adibi, M.Ghadami; Phospho-
rus, Sulfur, Silicon Rel .Elem., 142, 191 (1998); (b)
H.Firouzabadi, M.Adibi, B.Zeynizadeh; Synth.
Commun., 28, 1257 (1998); (c) H.Firouzabadi,
B.Zeynizadeh; Bull.Chem.Soc. (Japan), 70, 155
(1997); (d) B.Zeynizadeh; Bull.Chem.Soc.(Japan),
76, 317 (2003); (e) B.Zeynizadeh, F.Fargji;
Bull.Korean Chem.Soc., 24, 453 (2003); (f)
B.Zeynizadehand, K.Zahmatkesh; J.Chin.Chem.
Soc., 50, 267 (2003); (g) B.Zeynizadeh,
K.Zahmatkesh; J.Chin.Chem.Soc., 51, 801 (2004).
(a) A.Giannis, K.Sandhoff; Angew.Chem.Int.Ed.
Eng., 28, 218 (1989); (b) B.Ganem, J.0.0sby;
Chem.Rev., 86, 763 (1986); (c) B.Zeynizadeh,
S.Yahyaei; Bull.Korean Chem.Soc., 24, 11 (2003);
(d) B.Zeynizadeh; Naturforsch, 58b, 1 (2003); ()
J.D.Armstrong, C.N.Wolfe, J.L.Keller, J.Lynch,
M.Bhupathy, R.PVolante, R.Devita; Tetrahedron

[2]

(3]

[4]
[5]

[6]

Onganic CHEMISTRY o
Au Tudian Yournal



OCAIJ, 9(12) 2013

Saviz Zarrin et al.

479

Lett., 38, 153 (1997).

[7] (@) H.Firouzabadi, GR.Afsharifar; Bull.Chem.Soc.
(Japan), 68, 2595 (1995); (b) H.Firouzabadi,
GR.Afsharifar; Synth.Commun., 22, 497 (1992);
(c) H.Firouzabadiand, M.Adibi; Synth.Commun.,
26, 2429 (1996); (d) H.Firouzabadi, M.Adibi; Phos-
phorus, Sulfur, Silicon Rel.Elem., 142, 125 (1998).

[8] (a) H.Firouzabadi, B.Tamami, N.Goudarzian;
Synth.Commun., 21, 2275 (1991); (b) N.M.Yoon,
J.Choi; Synlett, 135 (1993); (c) T.B.Sim, JH.Ahn,
N.M.Yoon; Synthesis, 324 (1996); (d) J.W.Chen,
C.Q.Qin; React.Polym., 16, 287 (1991).

[9] H.Firouzabadi, B.Zeynizadeh; Iran.J.Sci.Tech.
Trans. A, 19, 103 (1995).

[10] (a) B.Zeynizadeh, F.Shirini; J.Chem.Res., 335
(2003); (b) B.Zeynizadeh, F.Shirini; Bull.Korean
Chem.Soc., and the references cited therein, 24,
295 (2003) .

[11] (&) J.Seyden-Penne; Reductions by the Alumino
and Borohydrides in Organic Synthesis, 2nd Edi-
tion; Wiley-V CH, (1997); (b) M.Hudlicky; Reduc-
tions in Organic Chemistry; Ellis Horwood
Ltd.:Chichester, (1984); (c) A.Hajos;, Complex
Hydrides and Related Reducing Agentsin Organic
Chemistry; Elsevier: Amsterdam., (1979).

[12] (&) W.Kreiser; Ann.Chem., 745, 164 (1971); (b)
V.H.Pechmann, F.Dahl; Chem.Ber., 23, 2421
(1890); (c) T.L.Ho, G.A.Olah; Synthesis, 815
(1976); (d) T.Mori, T.Nakahara, H. Nozaki; Can.J.
Chem., 47, 3266 (1969); (e) R.Mayer, GHiller,
M .Nitzschke, J.Jentzsch; Angew.Chem., 75, 1011
(1963); (f) M.B.Rubin, J.M.Ben- Bassat; Tetra-
hedron Lett., 3403 (1971).

—= Py/] Peper

[13] M.Imuta, H.Ziffer; J.0rg. Chem., 43, 3530 (1978).

[14] (&) A.T.Blomquist, A.Goldstein; Org.Synth.Call.,
216, (1963); (b) J.P.Guette, N.Spassky,
D.Boucherot; Bull.Chem.Soc.Fr., 4217 (1972).

[15] (&) M.R.Johnson, B.Rickborn; J.Org.Chem., 35,
1041 (1970); (b) R.S.Varma, GW.Kabalka; Synth.
Commun., 15, 985 (1985); (c¢) C.F.Nutaitis,
J.E.Bernardo; J.Org.Chem., 54, 5629 (1989).

[16] (a) J.S.Cha, O.0.Kwon, S.Y.Kwon; Org.Prep.
Proced.Int., 28, 355 (1996); (b) J.S.Cha,
0.0.Kwon, S.Y.Kwon; Bull.Korean Chem.Soc.,
16, 1009 (1995); (c) J.S.Cha, E.J.Kim, O.0.Kwon;
Bull.Korean Chem.Soc., 15, 1033 (1994).

[17] SKim, Y.C.Moon, K.H.Ahn; J.Org.Chem., 47,
3311 (1982).

[18] K.S.Ravikumar, S.Baskaran, S.Chandrasekaran;
J.Org.Chem., 58, 5981 (1993).

[19] M.Imuta, H.Ziffer; J.Org.Chem., 43, 3530 (1978).

[20] A.T.Blomquist, A.Goldstein; Org.Syn.Call., 4,216
(1963).

[21] J.PGuette, N.Spassky, D.Boucherot; Bull.Chem.
Soc.(France), 4217 (1972).

e, Onganic CHEMISTRY
Au Tudian Yournal



