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(Pyndine)(tetrahy droborato)zine conples, [Zn(BHi(py)]. ax a stable while solid. was prepared quantitatively
by complenation of an cquinolar amount of zine tetrahy droborate and pyridine at room temperature. This

reagent can casily reduce variety of carbonyl compounds such ax aldehy des, ketones, acyloms, g-diketones and
o, B-unsaturated carbonyl conpounds 1o their corresponding aleohols in good o exeellent vields. Reduction
reactions were performed in cther or THIE at roont temperature or under reflux conditions. ITn addition, the
chemoscelective reduction ol aldehydes over ketones was accomplished successully with this reducing agent.
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Introduction

Reduction is onc of the most fundamental and usclul
rcactions in organic svnthesis. The discoverics of sodium
borohvdride and lithium aluminum hydride in [940s have
provided an cfficicnt route for the reduction of [unction-
alized molccules and they are commonly uscd in organic
laboratory nowadavs.” In spile of their cfficiency and
convenience. these (wo hydride reagents stand at (he extreme
ends: lithium aluminum hydride being capable for reducing
ncarly all of the funcitionalized groups and sodium boro-
hvdride being very weak reducing agent only for aldchydes.
ketones and acid chlorides.” So. controlling (he reducing
power of such rcagents has been one of the main interests for
organic chemists in many vears. In fact. advances in such a
ficld have been realized by: a) substitution of the hvdride(s)
with other groups which may cxert marked sieric and
clectronic influences upon (he reactivity of the substituicd
complex ion. b) variation in (he alkali metal cation and metal
cation in the complex hvdride which would alter the
reducing power of the reagent. ¢) by concurrent cation and
hvdride exchange. d) usc of ligands 1o alicr behavior of the
metal hydrides. ¢) combination of borohvdrides with metal.
melal salts. Lewis acids. mixed solvent systems and some
other agents. ) changing the cation to qualcrnary and
phosphonium borohvdrides. and g) finally usc of the
polvmers and solid beds for supporting the hydride specics.
Preparation of modificd hvdroborates reagents and their uses
in organic synthesis has been reviewed recently.”

Zinc tetrahvdroborate. Zn{BHs)-. as a non-corventional
hvdride transferring agent. has been reported to cffect very
cfficicnt chemo-. regio- and stercosclective reductions in
several compelex substrates.* This potential reducing agent
is a ncutral and can b¢ used in a range of aprotic solvents
such as cther. THF and DME. High coordination ability of
zinc makes zinc (ctrahydroborate more sclective in its hvdride
trangferring reactions. Tn spite of this. zinc tetrahvdroborate
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has been used less than regular reducing agents in laboratory
for the reduction of organic compounds. probably because of
non-availability as a commercial rcagent. being freshly
prepared solution just prior (o usc and limitation to handling
and storage. The reducing abilitics of zinc (ctrahydroborate
have been reviewed recently.” Tn addition 1o using zine
ictrahydroboralc alonc as a mild reducing agent. ils
combination systems e.g.. Zn(BH.,)-TMEDA. ™ Zn(BH,)y/
MesSiCl™ and Zn(BH)»/TFA/DME™ are of interest and
have been used lor difTerent reduction purposcs.

Along (he outlined stratcgics some modifications of zinc
ictrahydroborale such as poly[(tctrahydroborato)(n-pyra-
zing)zinc] complex. [Zn(BHy)x(py2)]a” (1.4-diazabicyclo-
[2.2.2]octanc)(tctrahy droborato)zinc  complex.  [Zn(BH.)»-
(dabco)]™® and  bis(tetrahy droborato)(tripheny [phosphing)
zinc. [Zn(BH)~(PhiP)] (X=1 & 2) have been made by our
rescarch group and used for reduction of organic compounds.
In continuation of our intcrest for preparation of new
modilicd tctrahyvdroborates. we now wish to reporl the
preparation of new stable ligand-ine tctrabydroborate such
as (pyvridine)(tctrahydroborato)zinc complex. [Zn(BH.)-(py)]
and its reducing ability in the reduction of carbonyl com-
pounds such as aldchydes. ketones. acvloins. a-dikciones
and o.f-unsaturatcd carbony! compounds (o their corre-
sponding alcohols.

Results and Discussion

(Pyridinc)(tetrahydroborato)zinc.  [Zn(BH.)»(py)]. is a
stablc white solid which can be readily prepared by com-
plexation of 1 : 1 cthereal solution of zinc (ctrahydroborate
and pyrdine at room {emperature. The complex is readily
formed quantitatively to give a while solid. Filtration and
cvaporation of the solvent result in a while Muffy powder
which could be stored in a scaled bottle for months without
losing its activity. The Zn content in (he complex is
determined by both gravimetric and atomic absorption
techniques. The measurements data are in good agrecment
with the proposed structure of the reagent as [Zn(BH.)-(py)]
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Figure 1. (Pvridine)tetrahy droborato)zine complex.

(Figure 1).

The solubility behavior of [Zn{BI)xpy)| in various
aprotic solvents such as ELQ, CH.Cla, CHCly, CHACN and
THF was studied and observed that this reagent is slightly
soluble in these solvents. [Zn{BEL):(py)| in protic solvents
such as methanol and ethanol is unstable and decomposed

with the evolution of hydrogen gas. For the sclection of

appropriate solvent in reduction reactions, 4-chlorobenz-
aldehyde and acctophenone as model compounds was
adopted in dry Et20, CH;CN, CHCI: and THE. Our obser-
vation reveals that all these solvents are suitable for

Table 1. Reduetion of Aldehydes to Aleohols with [Zn{BHy)(py)]”

Molar Ratio Timed Yield/

Erodust Reag/Subs.  h %!

Entry  Substratc

1 @CHO @—CHZOH 1 0.5 91
2 @CHO @CHZOH 1 025 98
ON o,N
3 QCHO @—CHZOH 1 045 97
No, No,
4 c1@cm CI@CHZOH 1 0.2 99
3 MeO@CHO Meo@cmm 1 1.3 96
6 Me@CHO Me @L H.OH 1 0.7 94
7 Ho@cm) I]()@CHZ()H 1 0.3 9]
CHO CH,0H
; 108 e
9 HOZC@CHO HOZC@CH OH 1 1.7 94
CHO CH,0H
10 Br@c’" B’@C’H 13 04 90
CHO CH,OH
NO, NO,
I @ M@ | 05 92
HO HO
12 HO@CHO HO@CHZOH 1 16 98
HO HO
1 OHC CHO HOH,C CH,OH , 39 95
ph@Ph Ph’@\Ph h ‘
14 035 85
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reduction. but especially the reduction of aldchydes in E.O
and ketones in THF provided a fast reaction rate and
clliciency. The required molar ratio of the reducing agent
varics between -4 molar equivalents according to the nature
of carbonyl group in a molccule.

Reduction of Aldchydes and Ketones. Transformation ol
aldchydes and ketones to their aleohols is one of the most
important rcactions in organic synthesis. NaBLHls is usually
used for the reduction of aldehydes and ketones 1o their
corresponding aleohols in protic solvents such as ethanol or
isopropy! alcohol. This goal could be easily achicved by
[Zn(Bls):(py)| in aprotic solvents such as ether and THE.
Reduction of a varicty of structurally different aromatic and
aliphatic aldchydes (o their corresponding  aleohols is
performed efficiently with this reducing agent (Table ).

Table 2, Reduction of Ketones to Alcohols with [Zn{BI13)x(py)]
Molar Ratio Time! Yicld!

Lntry Substrate Product o b
’ Reag./Subs. h %"
™ ['l\\
1 =0 OH 2 43 97
'h I*h
2 H(’)‘@[’(}I’h ll()@'( HeIH #h 2 24 92

2 42 96

OH

@—CH(OH)CHz 2 2 04
{ )on 2 289

89

‘wd

. CH(OH)Ph

12 Ph- X>:[ Ph— N 4 2 92
X CH(OH)Ph
e

45 90

TS 2 23 83

16 - e 2 280
[¢] Ol

, . . - -
“All reactions were performed in cther at room temperature. “Yields

relerred to isolated products.

“All reactions were performed in THF under reflux conditions. "Yields
refemred to isolated products.
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Table 3. Comparison of Reduction of Aldehydes and Ketones 1o Aleohols with | Zn(BL L ):(pyv)] and Other Reported Reagents

Molar Ratio (Reag. Subs.). Timeh and Yield®o

Substrate

Entrv

I g v’ 4 VI¥ VI VI X" Xt
] @cuo H(0.3)O1) 0.75(0.7)90) 1(2.5)(73) - - LOSXT00P 1EYEM TUAm)OM 1(0.23)90) 4(0.67)(96)
2 CI©CHO 1(0.2)(99) 0.750.4X97) 1(3)935) - 1(ImX88)  1O.5H100Y 1(3X95) 1ImX86) 1(0.23)90) -
3 .\1et‘}©ﬂ"m‘r 1(1.3)(96) 0.75(12)(96) 2(1.5)(96) - 1((L17)(89) - 1(12)X73) 1{(Im)83) 2(0.8)X85) -

. CHO
@ 1(0.8)X95) ~ )
5 (Orcom, 220D 1254X92) 4G0X85) 2(1.25(75)
6 ::>=0 24O L8O - i
2(2)(89) S 4I8K8S) 2000

O
o]

8 2 205.3)98)  1.5(2.3)95) -

9 24594
g (4.3)(94)

20.3)(88)
2.4(72)(70) - -

(e}
10 m«"‘g:]‘ 0.5(0.3)97) 1(0.17)92)  3(3)85) -

2(0.3)00)  1.3(Im)(100) -

LR)EA) LLm)(L00) 1(0.25)90) -

20580 1OSOF  2A15X0) 2(12)96)  2(17X80)  H10)98)
- - 2048 - 22150 -
I(1X93)  LEOORY100Y 224X 1(10)93) - 4(9.2)(98)
20.33X83) - N ROAE .0 R—— -
- - - 14XTT) - -

JLZn(BH.. 2(ps }: | Zni BHa)(dabeo)]: M| Zn(BH ) pvz) | V1Zn(BHa(Phal’) ] ¥|Zn(BH )x(Phsl™: |2 'Zn|BHs = " [Zn(BH )=-XPy | ¥ PhaPMe[BH.|:
~[PhCTTy{dabco) =By gL L —=10C T L. —78°C: Tm means immediately.
X[PhCITy(dabeo))BIy: *BuyN[BIL]. “THE. —10°C. ‘DM, 78 °C: 1 immediatel

Aldehvdes are reduced with 1-2 molar amounts of the
reagent in ether at room temperature in high to excellent
vields (83-99%). In Table 1. the reduction of aromatic
aldehyvdes substituted with electron-withdrawing groups is
generally faster than that of those substituted with electron-
releasing groups. Reduction of ketones is also performed
well with 2-4 molar amounts of the reagent in refluxing
THF. The efficiency of these reactions were also excellent
(80-99%) (Table 2). The work-up procedure of the reaction
mixture is easy: employing dilute mineral acid (5% HCI)
affects the procedure to afford the crude product for further
purification by a column chromatography packed with silica
gel

In order to show the efficiency of the reagent. we compar-
ed our results with those of reported in the literature for
|Zn(BH.1)x(dabco)].™ | Zn(BH)x(py 2)]». " [Zn(BH)~(Ph:P)].
|Zn(BH.)~(PhsP)s].” Zn|BH.]-* |Zn(BH;):-XP4|.” Ph;PMe
[BH,)."” 4-aza-N-benzyIbicvclo|2.2.2 Joctylammonium tetra-
hydroborate’ and tetrabutylammonium tetrahvdroborate'
{Table 3).

Chemoselective Reduction of Aldehydes and Ketones.
It is often necessarv in organic synthesis to reduce one
particular carbonvl group without affecting other carbonyl
group in a molecule. In the case of hvdridic agents with
respect to both steric and electronic influence. aldehvdes
generally are more susceptible to reduction than ketones.
NaBH.. LiAlH; and BHa. as usually emploved reagents for
reduction reactions. are too reactive under normal conditions
to take advantage of the inherent difference in reactivity
between aldehvdes and ketones. Thus most of the reported
chemoselective methods irmvolve the modification of one of

the above reagents in order to attenuate reactivity. A numer-
ous modified tetrahydroborate reagents have been reported
to show the discrimination ability between aldehydes and
ketones."?

Along the outlined strategy and showing the chemoselec-
tivity of |Zn(BH.j):(py)] for discrimination of aldehydes over
ketones. we underwent competition experiments of a variety
of structurally different aldehydes and ketones. In the
preceding section. we notified that. reduction of aldehydes
and ketones were both temperature and solvent dependent
(Tables 1 and 2). Therefore. this goal could be easily achiev-
ed by reduction of acetophenone in the presence of an
equimolar amount of benzaldehyvde with [Zn(BH.):(py)] at
room temperature. [n Scheme 1 we see that this reducing
agent discriminates exclusively between aldehyde and
ketone. [n Table 4. we see the general trend of this discri-
mination ability for reduction of aldehydes in the presence of
ketones by [Zn(BH.)-(pv)]. The bulky nature of reagent
induces special steric selectivity for the reduction of sterically
hindered carbonvl groups vs non-hindered ones (Entry 6)
(Table 4).

Regioselective 1,2-Reduction of o,f-Unsaturated Carbonyl
Compounds. Reduction of . f-unsaturated carbonvl com-
pounds by metal hvdrides can follow two pathways: addition

@cm . @CHZOH
Et,O, RT, 30 min.
Reag./Ald./Ket.
@'COCHB 1 :1 1 @CH(OH)CHB 0%

Scheme 1

100%
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Table 4. Competitive Reduction of Aldehydes and Ketones to Aleohols with | Zn(B1 L ):(pyv)]

Molar Ratio n . Cony. | Conv. 2
: S stratc S strate 2 R Solve: ! ?
Entry Substrate | Substrate Reag. Subs. 1Subs. 2 olvent  Condition Time:h y 0,
1 @CHO @coa—g 111 Et:O RT 0.5 100 0
o 0
2 S e 1:1:1 Et:O RT 1.85 100 3
0
3 o X, 1:1:1 O RT 1.9 100 3
N NS H -
4 NS % 2001 THY Rellux 26 100 7
0
0
5 @cm <:><o 1 ELO RT 07 100 5
0
6 ©i> 211 THF Retlux 21 100 13
0

\

“Conversions referred to TILC monitoring and isolated products.

to carbonyvl group (1.2-reduction) to give allvlic alcohols or
addition to the conjugated double bond (1.4-addition) to give
saturated carbonyl compounds.

In spite of substantial evidence. the tendency for sodium
borohvdride to reduce conjugated enones is highly solvent
dependent and generally does mot result in a nseful regio-
selectivity.'** On the other hand. the need for reduction of
conjugated enones to the corresponding allylic alcohols has
led to the development of several new specific reagents.'*"
Selective 1.2-reduction is usually achieved by using modi-
fied tetrahydroborate agents. which are formed: a) by the
replacement of hydride(s) with sterically bulky substituents
or electron-withdrawing/releasing groups in order to discri-
minate between the structural and electronic emviromments
of the carbonyl groups.'” b) combination with Lewis acids
and mixed solvents.'® ¢} using of transition metal tetrahydro-
borates and its new modifications.'” d) using of quaternary
ammonium and phosphonium tetrahvdroborates' and e)
finally. immobilization on polymeric supports and anion
exchange resins.'”

Reduction of . S-unsaturated aldehvdes and ketones by

|Zn(BH.):(py)] proceeds with excellent regioselectivity and
final allylic alcohol products are obtained in high yields.
Aldehvdes were readily reduced with equimolar amount of
the reagent in ether at room temperature (93-97%) (Table 5),
but the reduction of ketones required drastic reaction
conditions of higher molar ratios of the reagent and refluxing
THF. The efficiency of the reactions was also excellent to
provide the corresponding secondary allylic alcohols in 89-
96% (Table 3).

Previously. we recognized that reduction of ¢.fS-unsatu-
rated aldehvdes and ketones is solvent and temperature
dependent. so we take this advantage for chemo- and
regioselective reduction of o.f-unsaturated aldehydes over
ketones. This goal is demonstrated by competitive reduction
of cinmamaldehvde in the presence of an equimolar amount
of benzylideneacetone in ether at room temperature by the
reagent. Scheme 2 shows such a reduction which reveals that
aldehyde is reduced to alcohol in excellent selectivity in the
presence of ketone. Table 4 shows the general trend of
chemoselectivity for reduction of ex.S-unsaturated aldehydes
over ketones.

Table §. Reduction of &, B-Unsaturated Carbonyl Compounds to Allvl Alcohols with [Zn(BEL)(pv))?

Iintry Substrate Product Molar Ratio (Reag :Subs.)  Ratio of 1.2:1.4 Time‘h Yield o

(0]

1 - Ay o CHOH 1 1000 L5 97
@] OH

2 oA o Apy 2 100:0 3 9y
0 OH

3 o S CH, Ph/\/\CH3 2 1060 l 97

Me (0] Me OH
4 \G \©/ 2 10020 1.3 89
0
w )\/\)\VCH,«OH
S H ’ 1 1k 1.8 93
0 OH
S, e,
6 ’ 2 100:0 1.3 a2

“All reactions of aldehvdes were perlormed in ether at room temperature and ketones in THF under reflux conditions. "Yields referred to isolated

products.
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S CHOH - 100%

O
Subs 2 Ph/\\/lk(‘u:

Molar Ratio OH
Reag./Subs1/Subs2
1

phMCH‘ 3%,

Scheme 2

Table 6. Comparison ot Reduction of o.f-Unsaturated Carbonyl Compounds to Their Aleohols with [ Zn(BHi)(py)] and Other Reported

Reagents

Molar Ratio (Reag.#Subs.). Time/h and Yield/%

niny Subsltrale

Ve WUk VII® Vi X" X"

I e T8 V7
[¢]
]’h/\/)l-\”
0
D S New 21N97) 1.2(2292) KHE)9S)  2(2.5K87)
0
30 20X9) 137.5495) 4(30X90) -

[s]
4 )b/\.vl-vlkHl(l.x)(l).?) 1.5(2.7093) 3(6K8T) -

0
5 L)jf%*“h 215092) 1303)95) -

2003090

2(1.3) 100y 1(0.08)80) -

TLS)OT) 0.75(.5)94) 3(6)(93) 1.5(0.4)(100) 1(0.25)90) 1(0.HH00F  1(9)(90) 1(Im)95) 1(0.33)90) 1.5(17)73)

105315 2015)10) 1(3.5590) 1{0.4)85) 1(0.4)80)
224)0)  L2(6)(90) 2(3.2%85) 1(3.3)(75)

- 1O.25)100) 1(18)(80) - - -

2015)10)  16)T1) - -

'LanBI Lktpyy]: "[ZneB1 Latdabeod]: M[Zn(BHDpy7 ) V[Z0(BI L PhsPY]: Y[Zn(B1 1x(PhsPy: Y7n[B1 L2 Y [Z0(BI 1)2-XP4]: YPhsPMe[BI]:
XPhCTa(dabeo B Lz *BusN[BEL] “THE. —10°C: “DME. =78 °C: Im means immiediately.

For showing the efficiency of |Zn(BHa)(py)| for 1.2-
regioselective reduction of o B-unsaturated carbonyl com-
pounds, we compared our results with those of reported by
|Zn(BH:s)(dabeo)|.? | Zn(BEL)x(py2)|n.” | Zn(BEL)x(PhsP)|,]
|Zn(B13)2(PhsP)|,” Zn|BEL|»,? |Zn(BI1):-XP4|,” PhyPMe-
|BHL]™ 4-aza-N-benzylbicyclo|2.2.2 |octylammonium  tetra-
hydroborate!’ and tetrabutylammonium tetrahydroborate'
(Table 6). A comparison shows that this rcagent is also morte
efficient than the other reagents.

Reduction of Acyloins and ¢-Diketones. Synthetic ap-
plications of o-hydroxy ketones and a-diketones are well

Table 7. Reduction of o-Diketones and Acyloins (0 Their Alcohols
with |[Zn( BH,):(py)]”

MolarRatio Timed Yield!

e "
Fradict Reag./Subs. h  %°

Entry Substrate

Q OH 5
1 0o " O:H . 1.5 2 98
2 HO © 0 o HO © ou - 2 | 91
g OH
’ MeO © © © o McO © OH o 2 15 89
! HOC © 00 © | HOC © OI:JH 1.3 | 84
Cl cl
" O e pe ROT 2 e
¢ O f OH ® OZH 05 05 97

“All reactions were performed in THF under reflux conditions. *Yields
reterred to isolated products. “This reaction was performed at room
temperature.

known and their reductions (o vicinal diols and/or acyloins
arc the subject of interests in organic synthesis. Reduction of
o-diketones usually gives a mixture of orhydroxy ketones
and vicinal diols. In spite of this. some chemical or bio-
chemical reagents can undergo sclective reduction ol -
diketones 1o only onc of the mentioned products. For
example; Znfaq.DMFE Zn/11:S04,%" TiCls or VCITIIF
(C21150%PF 11:S/piperidine/DMF* and heating with benz-
pinacol®™ performed reduction of a-diketones to acyloins,
whereas Cryprococcus macerans™ did this reduction to
vicinal diols. Reduction of o-dikelones with modilicd
tetrahydroborate agents is also subject of the interest™ and
casily achieved by |Zn(BlL)a(py)|. This rcagent with 1-2
molar equivalents cfficiently reduces o-diketones to their
vicinal diols in THF under reflux condition (Table 7). Our
atlempts for reduction of a-diketones to acyloins were
unsatisfactory and only vicinal diols were detected as
products (Table 7) (84-98%). In addition to the reduction of
o-diketones, reduction of acyloins to vicinal diols is also
important in organic synthesis. For this transformation using
:/CuCe:04.7" Saccharomyces cerevisiae (bakers yeast)™
and modified (etrahydroborate agents™ have been reported.
[n continuation of our study. this goal also casily achicved by
| Zn(BI,»(py)| and we observed that benzoin is reduced to
hydrobenzoin efficiently in refluxing TIIF by utilizing 0.5
molar cquivalent of the reagent (Table 7). [n Table 3, we sce
a comparison for reduction of this compound with
| Zn(BI,%(py)| and other reported reagents.

Conclusion

In this study, we prepared (pyridine)(tetrahydroborato)-
zinc complex, [Zn(Blly)(py)]. as a new stable ligand-metal
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tetrahyvdroborate and utilized it as an efficient reducing
agent. Preparation of this complex reagent is cairied out
simply and quantitatively by complexation of Zn(BH.+): and
pyridine at room temperature. Our observation shows that
pyridine has a good ligand behavior for stabilizing of
Zn(BH.): at room or higher temperature. Furthenmore, the
reducing ability of Zn(BH.): appears almost constant.
[Zn(BH.1):(py)] appears a suitable reagent for the reduction
of a variety of carbonvl compounds such as aldehvdes,
ketones. q-diketones and acyloins to their corresponding
alcohols at room temperature or under reflux conditions. A
high regioselectivity has been observed for the 1.2- v 1.4-
reduction of @.f-unsaturated carbonyl compounds. Chemo-
selective reduction of aldehvdes over ketones was also
achieved successfully. Comparison of the obtained results
with [Zn(BH.):(pv)] and Zn(BH,)- or other reported reagents
shows that the reduction reaction with |Zn(BH):(pv)| in
most cases was very efficient. Easy work-up procedure as
well as the previous advantages makes this new modified
tetrahydroborate agent as an attractive practical bench-top
reagent and a synthetically useful metal tetrahvdroborate
complex.

Experimental Section

All products were characterized by a comparison with
those of authentic samples (mp or bp) and their [R. "H-NMR
spectral. All vields referred to isolated products. TLC
accomplished the purity determination of the substrates,
products and reactions monitoring over silica gel Poly Gram
SILG/UV 234 plates.

Preparation of (Pyridine)(tetrahydroborato)zinc Complex;
[Zn(BH.):(p¥)]. An ethereal solution of Zn(BH.))- (0.16 M.
250 mL) (1 M=1 mol dm™) was prepared from ZnCl:
(3452 g. 0.04 mol) and NaBH, (3.177 g. 0.084 mol)
according to an available procedure in the literature.™ Then.
pyridine (3.164 g. 0.04 mol) in ether (50 mL) was added
dropwise to the ethereal solution of Zn(BH.)- and stirred for
30 min. Evaporation of the solvent under vacunm at room
temperature gave |Zn(BHq)x(pv)| as a white powder in a
quantitative vield (6.83 g. 98%) which decomposes to dark
material at 106-108 °C.

A Typical Procedure for Reduction of Aldehydes to
Alcohols with [Zn(BH,):(p¥)]. In a round-bottomed flask
(15 mL). equipped with a magnetic stirrer. a solution of p-
tolualdehyde (0.12 g. 1 mmol) in ether (8 mL) was prepared.
The complex reducing agent (0.174 g. 1 mmol) was then
added as a solid and the mixture was stirred at room
temperature. TLC monitored the progress of the reaction
(eluent; CCI/Et-O : 5/2). After completion of the reaction in
42 min. a solution of 3% HCI (7 mL) was added to the
reaction mixture and stirred for 30 min. The mixture was
extracted with CH-Cls (3 x 15 mL) and dried over the
anhyvdrous sodium sulfate. Evaporation of the solvent and
short column chromatography of the resulting crude material
over silica gel by eluent of CCL/Et-O :5/2 affords pure
crystals of p-methyvlbenzyl alcohol (0.114 g. 94% yield.
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Table 1).

A Typical Procedure for Reduction of Ketones to
Alcohols with [Zn(BHy)(py)]. In a round-bottomed flask
(15 mL) equipped with a magnetic stirrer and a condenser. a
solution of l-indanone (0.132 g. | nunol) in THF (8 mL) was
prepared. The reducing agent (0.35 g, 2 mmol) was then
added as a solid and the mixture was heated to gentle reflux
with stirming. TLC monitored the progress of the reaction
(eluent; CCIL/Et-O : 5/2). After completion of the reuction in
a | h. a solution of 3% HC1 (7 mL) was added to the reaction
mixture and stirred for 30 min. The mixture was extracted
with CH:Cl: (3 x 15 mL) and dried over the anhydrous
sodium sulfate. Evaporation of the solvent and short column
chromatography of the resulting crude material over silica
gel by eluent of CCL/Et;O :35/2 affords pure l-indanol
(0.133 g. 99% vield. Table 2).

A Typical Procedure for Regioselective 1,2-Reduction
of a,FUnsaturated Aldehydes to Their Alcohols with
[Zn(BH4)2(py¥}]. [n a round-bottomed flask (15 mL) equipp-
ed with a magnetic stirrer. a solution of cinnamaldehyde
(0.132 g. 1 mmol) in ether (8 mL) was prepared. The
reducing agent (0.174 g. 1 mmol) was then added as a solid
and the mixture was stirred at room temperature. TLC
monitored the progress of the reaction (eluent. CCLy/
Et:0 : 5/2). After completion of the reaction in 1.3 h, a
solution of 3% HCI (7 mL) was added to the reaction
mixture and stirred for 30 min. The mixture was extracted
with CH:Clz: (3 x I35 mL) and dried over the anhydrous
sodium sulfate. Evaporation of the solvent and short column
chromatography of the resulting crude material over silica
gel by eluent of CCl/Et-O : 5/2 affords pure liquid cinnamy1
alcohol (0.129 g. 97% vield. Table 5).

A Typical Procedure for Selective 1,2-Reduction of onf3
Unsaturated Ketones to Their Alcohols with [Za(BH):(py)].
[n a round-bottomed flask (15 mL) equipped with a mag-
netic stirrer and a condenser. a solution of benzylidene-
acetone (0.146 g. | mmol) in THF (8 mL) was prepared. The
reducing agent (0.35 g. 2 mmol) was then added as a solid
and the mixture was heated to gentle reflux with stirring.
TLC monitored the progress of the reaction (eluent; CCly/
Et-O : 5/2). After completion of the reaction in 1 h, a
solution of 3% HCI (7 mL) was added to the reaction
mixtre and stirred for 30 min. The mixture was extracted
with CH-Cl- (3 x I35 mL) and dried over the anhydrous
sodinm sulfate. Evaporation of the solvent and short column
chromatography of the resulting crude material over silica
gel by eluent of CCI/Et-O : 5/2 affords pure 4-phenyl-3-
buten-2-ol (0.143 g. 97% vield. Table 3).

A Typical Procedure for the Competitive Reduction of
Aldehydes and Ketones with [Zn(BH,)(py)]. In a round-
bottomed flask (15 mL) equipped with a magnetic stirrer. a
solution of benzaldehvde (0.106 g, | mmol) and acetophenone
(0.12 g. | mmol) in ether (8 mL) was prepared. The reducing
agent (0.174 g. | mmol) was then added as a solid and the
mixmre was stirred at room temperature. TLC monitored the
progress of the reaction. After 0.5 h. the reaction is quenched
by addition of a solution of 5% HCI (7 mL) and stirred for
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30 min. The mixture was extracted with CH-Cl- (3 x 13 mL)
and dried over the anhydrous sodium sulfate. Evaporation of
the solvent and short column chromatography of the
resulting crude material over silica gel by eluent of CCL/
Et-O : 5/2 affords pure liquid benzyl alcohol as a sole
product of reduction (Table 4).

Acknowledgement. The anthors gratefully acknowledge
partial support of this work by research council of Urmia
University.

11.

12.
13

. Firouzabadi. H.:

References

. (@) Sevden-Penne. ). Reductions by the Alumino and Borohvdrides

in Organic Synthesis. 2nd Ed.. Wilev-VCH: 1997, (b) Hudlicky.
M. Reductions in Orgamric Chenisiv. Ellis Horwood  Lid.:
Chichester, 1984, (¢) Hajos. A. Complex Iivdrides and Related
Reducing Agents in Organic Chenristrye, Tlsevier: Amsterdam.
1979. (d) Tlousc, 1. O. Modern Svntheric Reactions. 2nd Tid.:
Benjumine: Menlo Park. CA. 1972. (¢) Forest. W. Newer Afethods
of Preparative Organic Chemistrv. Verlag Chemie. Gmbh. Aca.
Press: 1968 Vol. IV,

. (a) Firouzabadi. 11 Zevmizadeh. B. franian J. Sci & Tech., Trans.

A 1995, 19,103, (b) Fivouzabadi. [1.; Zevnizadeh, 3. Bull. Chem.
Soc. Jpn. 199770, 155_(c) Tirouzabadi. 11. The . tlembic 1998, 58.

. (a) Ranu. B. C. Svafei 1993, 885 and (he relerences cited therein:

(b} Narasimhan. $.. Balakumar. A, Afdrichimica Acta 1998, 31,19,

. (&) Kotsuki. H.. Ushio. Y.. Yoshimura. N.: Ochi. M. Bufl. Chem.

Soc. Jpr. 1988 64, 2684 (b) Kotsuki. T1.: Ushio, Y. Yoshimura,
N.. Ochi, M..J Org. Chem. 198752, 2594, (¢) Ranu, I3. C.: Das.
AR Chem. Soc. Perkin Trans. 1 1992, 1561,

. Tamami. B.: Lakouraj. M. M. Syath. Contmun. 1995, 25. 3089,
. Firouzabadi. H.. Adibi. M.: Zevnizadeh. B. Synth. Commun. 1998,

28.1257.

. Frouzabadi. 11 Aditn, M. Ghadami. M. Phosphorus, Sulfur

Silicon Refat. Flem. 1998, 142191,

. (a) Ranu, 3. C.. Chakrabortv. R. Tetrahiedron Leit. 1990. 31,7663,

(b) Sarkar. D. C.: Das. A. R.: Ranu. B. C. J Org. Chem. 1990 55.
3799,

Tamami. B.: Goudarzian. N. Syath. Conmnm.
1991, 24 2275,

. (2) Tivouzabadi. T1.. Adibi. M. Systh. Commun. 1996, 26, 2429.

() Firouzabadi. [T Aditn. M. Phosphorus, Sulfur Silicon Relat.
Elem. 1998, 142,125,

(a) Firouzabadi. H.. Alsharilar. G. R. Svarth, Commun. 1992, 22.
497, (b} Firouzabadi. H: Alsharilar. G. R. Bufl. Chem. Soc. Jpn.
1995, 68. 2595,

Raber, D. L: Guida, W. C..J Ong. Chem. 1976_ 41,690,

(2) (NaBITyethanol:CT1.CI1:-78 “C): Ward. D). . Rhee, C. K.
Svath. Commnm. 1988, 18,1927 and (he relerences cited (herein.
(b) (Zn(BHzTHF:-10 “C): see rel. 8a. (¢) (Zn(BH,)~DMF:-15
or -78 "C): see rel. &b. (d) (Zine modilied cvanoborohvdride):
Kim, S Kim, Y. I Oh, C. 11 Abn, K T Badl Korean Cheme
Soc. 1984, 5. 202, (¢) (Cross-lmked polv(d-vinvipvridine) sup-
ported zime tetrahvdroborate): sce ret. 9. (1) (d-aza-N-benzyl-
bicyelo]2.2.2Joctylammonium tetrahvdroboerate): see rell 11. (g

14.

16.

20.
21.
22.
23.
24,

23.
26.
27.
28.

29.

Bull. Korean Chem. Soc. 2003 Vol. 24 No. 4 4359
[7-BuuNBH(OAC):|: Nutaiis, C. F. Gnbble. G, W, Yefrahedron
Ler, 1983, 2.4, 4287,

(a) Johnson. M. R Rickbom. B. /. Org. Chem, 1970, 35, 1041,
(b) Varma. R. S.: Kabalka, G. W. Svath. Comnnur. 1985, 15, 985,
(¢) Nutaitis. C. I.: Bemardo, 1. E.J Org. Chem. 1989 54,5629,
(d) Cha. I. 8 Kim. E. I: Kwon. Q. Q. Bull. Korean Chem. Soc.
1994, 73, 1033, (¢) Cha. J. 8. Kwon. O. O Kwon. 8. Y. Buff
Korean Chem. Soc. 1998, 16, 1009, (1) Cha. I. 8. Kwon. O, Q.
Kwon. 8. Y. Org. Prep. Proced, Inf. 1996, 28, 333, (g) Cha. J. 8.
Kwon, O. O Kwon. 8. Yz Kim. J. M. Sco. W, W Chang. 8. W.
Bull Korean Chenm. Soc. 1996, 17221 (h)Cha. J. S: Kin T, It
Kwon. Q. Q. Kim, 1. M. Bull. Korean Chem. Soc. 1996, 17.50.(1)
Cha. J. 8§ Kwen. O, O Kim. [, M. Bufl. Korer Chem. Soc.
1996, 17,725,

. (a) (9-BBN): Krishnamurthy. S Brown. H. C. /4 Org. Chem,

1975, 40, 1864, (b) (I. & K-Selcetride): Corev. T2 I: Beeker. K.
B.: Varma, R. K..J Am. Chem Soc. 1972, 94, 8616: Fortunato, 1.
M. Ganem. B..J Org Chem 1976_ 41 2194 (c) [NaBIL{OAc)]:
see rel. lde. (d) [LiBHa(n-butyl)]: Kini. 8.: Moon. Y. C.. Aln. K.
H. J. Org. Chen, 1982, 47. 3311 and the references cited therein.
(e) |ILi(PvmBH:|: Fuller. J. C.: Stangeland. E. L. Goralski. C. '
Singaram. B. Tetrahedron Leit. 1993, 34, 257 and the reterences
cited therein.

(a) (NaBlL:Lanthanide salts): Tuche. 1-1.. J -t Chem. Soc.
1978, 100, 2226: Gemal. A. L.. Luche. 1-L. J An. Chem. Soc.
1981, 103, 5454, (b) (NaBH.:CaCly): Fujii. Hi Oshima. K.
Utimoto. K. Chewr. Lett. 19910 1847, (©) (NaBHACN ‘acidic
media): Tlutehing. R, 2 Kandasamy:. D.J Org. Chen 1975, 40,
2330. (d) (NaBI I protic and aprotic solvents): sce ret. [Ha-c.

(@) (Zn(BIDDME:- 15 and -78 °C): sce ret. 8b and the reterences

cited therein. (b) (Zn(BH,):'S10:): Ranu. B. C.: Das. A. R.J. Org.
Chem. 1991, 56, 4796 and references cited therein. (¢) (Zinc
modilied cvanoborohydride): Kini. 8.: Oh. €. H.: Ko. 1. 8.0 Ahn.
K. 1L Kim. Y. I J Org. Chene. 198550 1927_(d) [{(-PrO):TiBIL]:
Ravikumar. K. S.: Baskaran, 8.: Chandrasckaran. S..J Org. Chent.
1993_58. 3981 and the references cited therein. () [Zn(BI 1y)x{dabeo)):
see rel. 2b. (1) |Zn(BHy)a(py2)lw see rel. 5. (g) |Zn(BH )a(haP)|
& |Zn(BHy):(PhaP);|: see rell 7.

. (a) (PhaPMeBH.): see rel. 10, (b) |[PhCH:(dabco)BH,|: see refl

. (a) {Cross-linked polv{d-vinvipvridine) supported zine tetrabhvdro-

borate): see ret. 9. (b) (Borohvdride exchange resin): Sandle. A.
R.: Jagadale. M. H.: Mane. R. B.: Salunkhe. M. M. Yetrahedron
Lett. 1984, 25, 3501,

Kreiser. W, Do, Chen 1971, 745, 164,

Pechmann, V. T1: Dahl. F. Chen. Ber 189023 2421,

To, T-1.: Olah. G. A, Swithesis 1976815

Mori. T.: Nakahara. T.: Nozaki. 1. Ceane. [ Chea. 1969, 47, 3266.
Maver. R.. Hiller. G.: Nitzschke. M.: Jentzsch. 1. dngew. Chem.
1963, 75. 1011.

Rubin. M. B.: Ben-Bassat. J. M. Tetrafiedron Lett, 1971, 3303,
Tmuta, M.: Zitter, I Qg Chen 1978 43, 3530.
Blomauist. A. T.: Goldstein, A. Org. Sy Coll. Tol 41963, 216.
Guette, I. Pz Spasskyv. N.o Boucherot, 1. Budl Chem. Soc. Fr
19724217,

() Gensler. W, I.: Johnson. F.. Sloan. A. D. B, J. Am. Chem. Soc.
1960. 52. 6074, (b) Crabbe. P Garcia. G. A Rius. C. J Chem.
Soc., Perkin Trans. 11973 810,




