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(1,4-Diazabicyclo[2.2.2]octane)(tetrahydroborato)zinc complex is a stable compound which has been used for the
selective reduction of aldehydes, ketones, «,3-unsaturated carbonyl compounds, a-diketones, acyloins and acyl chlorides
to their alcohols and aldehydes in THF or CH,Cl,/hexane at room temperature or under reflux conditions.

Zinc, iron, and hydrogen sulfide are among the oldest
reducing agents, having been used since the forties of the
last century.” Catalytic hydrogenation® by Paul Sebatier in
1912 and reduction with metal hydrides,** especially sodium
borohydride in 1943, by a research group headed by H. L
Schlesinger and including H. C. Brown, brought about a rev-
olutionary change in the methodology for the reduction of
functional groups in organic molecules.

The inability for a selective reduction of the carbonyl func-
tion of acids, amides, esters, and ketones in the presence of
carbon double bonds by catalytic hydrogenation, has led to
the wide-spread use of certain complex metal hydrides for
reducing carbonyl groups.

Sodium borohydride (NaBH,) and lithium aluminum hy-
dride (LiAlH,) are commonly used hydride transfer agents,
which provide simple and convenient routes for the reduc-
tion of many organic functional groups, and are invariably
used in organic synthesis.!*> However, in spite of their great
convenience they suffer from certain limitations. Lithium
aluminum hydride is an exceedingly powerful reducing agent
capable of reducing practically all organic functional groups.
Consequently, it is quite difficult to apply this reagent or the
selective reduction of multifunctional molecules.” On the
other hand, sodium borohydride is a remarkably mild reduc-
ing agent, and consequently is useful primarily for selective
reductions of a few organic functional groups.>

These reagents represent two extremes of a possible broad
spectrum. This situation made it desirable to develop means
for controlling the reducting power of such reagents; such
control could be achieved either by decreasing the reduc-
ing power of LiAlHy or by increasing that of NaBHy. In
fact, this has been achieved by different types of modifica-
tions, as summarized: (1) The substitution of one or more
hydrides with other substituents to either increase (electron
supplying group, i.e., alkyl, alkoxy) or temper (withdrawing

group, i.e., CN, CO,R) the hydride-delivering ability has at-
tracted considerable interest over the years, and has supplied
a wide range of boron hydride choices. Some examples are:
Na[(OAc);BH],*” Na[(OMe);BH],'*'" sodium (dimethyl-
amido) and (z-butylamido)trihydroborates,>*? Na[(OAc)-
BH;],*'¥ Na[Et;BH],' and Na[CNBH;3].'>'® (2) The vari-
ation in the alkali-metal cation and metal cation in the com-
plex hydride would alter the reducing power of the resulting
borohydrides. Some examples are: LiBHy4,' ™' KBH,4,?”
Ca(BHy),,'"?" copper borohydride,”> 2 Zn(BHy),,” Zi-
(BH.)4, Ti(BH4)s;, and the others.?® (3) A concurrent
cation and hydride exchange has attracted increasing inter-
est as an approach towards modifying the reducing abil-
ity of NaBH,, and has played a key for further mod-
ifications.  Some of these modified hydride reducing
agents are: K[(OAc);BHL®” Li[(OAc);BH],*” Li[Et;BH]
(superhydride),?®—% Li[{BuBH;],’Y lithium isopinocam-
pheyl-9-borabicyclo[3.3.1]nonyl hydride (an optically ac-
tive reagent)®? (Fig. 1), lithium aminoborohydride (which is
comparable in power to LiAlH, without having the danger-
ous properties of LAH,* lithium pyrolidinoborohydride,*¥
lithium tri-s-butylborohydride (L-selectride)**?% and potas-
sium tri-s-butylborohydride (K-selectride).*” (4) The synthe-
sis and structural studies of a few ligand-metal borohydrides
[L.M(BH,),] have been reported in the literature.?*?0-3¥—4D
The use of the ligand (L,) can induce considerable rela-
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tive stabilities in these compounds compared to the par-
ent metal borohydrides. The reactivity of the B-H bond
can also be varied by the choice of the ligands on the
metal ion.?**® Therefore, such modified tetrahydroborate
complexes can constitute a class of reducing agents which
could be useful for performing selective reductions of or-
ganic compounds. There are, however, very few reports
in the literature on the use of such compounds as reduc-
ing agents in organic synthesis. Bis(triphenylphosphine)-
(tetrahydroborato)copper(I) [Cu(BH4)(Ph3P),] is an exam-
ple of one such reagent. It has been found that the BH,~
moiety in this complex is deactivated to the extent that
it only reduces acyl chlorides to the aldehydes, whereas
NaBH, reduces them to their alcohols.?®*" The other re-
ported reagents in this category of compounds are u-bis(cy-
anotrihydroborato)- tetrakis(triphenylphosphine)dicopper(I)
[Cu2(BH3;CN)»(Ph3P)41*? and chlorobis(cyclopentadienyl)-
(tetrahydroborato)zirconium(IV) [Zr(BH,)(Cp)>(CDH1.*
They reflect the effects of the ligands and the type of cations.
They show their own characteristic reactions with advan-
tages over traditional hydride transfer agents. (5) By com-
bining borohydrides with metals, metal salts, Lewis acids,”
supports,*? and mixed solvent systems, especially those con-
taining methanol,*” many different hydride transfer reduc-
tants have been introduced. With these new systems, chemo,
regio, and stereoselective transformations have been suc-
cessfully performed. (6) The first preparation of quaternary
ammonium borohydrides was reported 40 years ago. Some
of them show properties similar to alkali metal borohydrides,
which offer no advantage as a synthetic reagent. Quaternary
ammonium borohydrides with long-chain alkyl groups are
suitable for different types of reductions in nonpolar solvents.
Recently, we reported on the preparation of a new bulky qua-
ternary ammonium borohydride (Fig. 2) which shows more
selectivity than does its long-chain analogs for the reduction
of different functional groups.**

Zinc tetrahydroborate (Zn(BH,),) is a potential reducing
agent, which has attracted much attention in the last decade.
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Modified Borohydride Agents, [Zn(BH,),(dabco)]

This reagent suffers from being unstable at room temper-
ature and should always be used as its freshly prepared
ethereal solution, even when it is supported on silica gel,
it should be used on the same day of its preparation.*s*”
Zn(BHy), hydrolyzes vigorously when allowed to come into
contact with water.?® This compound is neutral*” with a high
coordination ability.*® This reagent has effected very effi-
cient chemo, regio, and stereoselective reductions.*® Com-
bination systems of Zn(BHy), e.g., Zn(BH4),/N,N,N',N'-
tetramethylethylenediamine, Zn(BH,),/Me3SiCl, and Zn-
(BH,),/(CF;CO),/DME*’ have also been used for different
reduction purposes. Recently, we reported on the prepa-
ration and use of polyvinylpyridine-supported zinc tetra-
hydroborate as a stable polymeric transition-metal borohy-
dride reducing agent.®® Even though this reagent is very
stable it suffers from long reaction times and sometimes
low yields of products. The other recently reported mod-
ified borohydrides are polyvinylpyridine-supported zirco-
nium tetrahydroborate’” and poly [tetrahydro{(1,4-7)pyra-
zinelboratozinc]’? [Zn(BHy),(pyz)l. (Fig. 3). The latter is
stable to heat and light, but explodes violently into flames
when in contact with water.>®

Recently, the preparation of tetrahydroboratozinc com-
plexes with one and two molar ratios of 1,4-diazabicyclo-
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Table 1. Reduction of Aldehydes with [Zn(BH4),(dabco)]”

157

Red/Subs Time (h) Conversion (%) Yield (%)  Mp or bp (°C)*”

Entry Substrate Product
1 (@ (@ 0.75 0.7 100 90 205
2 CI-O-CHO C1©-CH20H 0.75 0.4 100 97 70—72
3 O‘ CHO Q CHOH 075 1.3 100 97 250/723 mmHg
H,CO HyCO
4 LOQ CHO LOQ CH,OH 0.75 6.5 100 96 53—55
o 0
5 CHO CH,OH 0.75 0.04 100 95 69—71
al a
6 nco{D-cro meo-CHOH 075 12 100 9 2325
7 w0 we)-cmon o157 100 94 59—61
H HO
8 H,CO CHO H;coQCHZOH 0.75 0.03 100 93 —
NO, 0,
PhCH,O, PhCH,0
9 H4CO CHO gy 3CO‘©‘ CH,0H 0.75 11 100 95 —
10 O’CHO Q CH,OH 0.75 0.03 100 94 30—32
NO; NO,
1 ( ( 0.75 025 100 1007 170
CHO CH,OH : :
OHC, HOHC,
12 ] ] 0.75 0.25 100 100" 154/28 mmHg
3 \3
N N
13 O- CH,CHO ©—CH2CHZOH 075 27 100 95  219—221/750 mmHg
CHO CH,OH 7
14 O@{ @@ 0.75 1.7 100 9% 79—81
CHO CH,OH
CHO CH,OH
16 @ @ 1.5 24 100 95 56—60
CHO CH,OH
Q CHOH
17 C* L/ 0.75 0.08 100 100" 136—138
9 CH,OH
18 /))‘\H /)/ 0.75 17 100 100" 146
a) All reactions were performed in THF at room temperature. b) GC yield.
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Table 2. Competitive Reduction of Aldehydes and Ketones with [Zn(BHa)2(dabco)]

Entry Substrate 1 Substrate 2 Molar ratio Condition Time (h) Yield (%) 1% Yield (%) 29
0
1 /:(”\H N\rO( 0.75:1:1 RT 2.7 95 9
Y 0
2 /:KKH © 075:1: RT 3.7 91 5
3 O—CHO O—COCH3 075:1: 1 RT 15 99 1
0
4 O—CHO é 075:1: 1 RT 2 95 3
0
5 N\rof (;r 12:1: Reflux 35 08 <1
Y 0
6 @i) (y 12:1: Reflux 6.5 99 <1
CHO o
7 @/ @%cgs 075:1:1 RT 35 97 3
)
d\)\CHa 15:1: RT 1 100 10

a) GC yield.
CHO CH,OH
@\, 97%
[Zn(BHy),(dabco)]
o r,lh, THF OH

3%

molar ratio 1:1:0.75

Scheme 3.

[2.2.2]octane (dabco) for studying their thermal and hydro-
lytic stabilities has been reported. The structures of the two
complexes have been established as [Zn(BH4),(dabco)] and
[Zn(BH,),(dabco),] by IR studies.>® The heat and hydro-
lytic stabilities of these complexes encouraged us to investi-
gate their reducing abilities for different types of functional
groups in organic molecules.

Results and Discussion

(1,4- Diazabicyclo[2.2.2] octane) (tetrahydroborato)zinc
[Zn(BH,4),(dabco)] is a white stable compound which is pre-
pared by the dropwise addition of one molar ethereal solution
of 1,4-diazabicyclo[2.2.2]octane (dabco) to one molar ethe-
real solution of Zn(BHy),*> at room temperature. The forma-
tion of the complex is very fast and the reagent is formed al-
most quantitatively. Filtration and drying of the precipitates
resulted in a white fluffy powder which could be stored for

months. The zinc percentage in the complex is determined
by both gravimetric and atomic-absorption methods. The
amount of [BH4]™ in this complex has been determined by
an iodometric titration method.>” The measurements are con-
sistent with the [Zn(BH4),(dabco)] formula. The addition of
two molar ratios of an ethereal solution of dabco in ether
to a one molar ethereal solution of Zn(BH4), resulted in a
compound with the molecular formula [Zn(BH,),(dabco);].
Our preliminary studies concerning the reduction of carbonyl
compounds with both regents show that [Zn(BH,4),(dabco)]
is more reactive than [Zn(BH4),(dabco),]. Therefore, we fo-
cused our attention on the former reagent during this study.

The solubility behavior of [Zn(BHy4),(dabco)] in various
solvents such as THF, Et,0, MeOH, EtOH, 2-propanol,
t-BuOH, CH,Cl,, CH;CN, and CHCI; was studied. The
insolubility of this compound in these solvents may also of-
fer the formation of a polymeric transition metal complex™
in which dabco acts as a metal-metal bridging ligand (Fig. 4).
[Zn(BH4),(dabco)] works efficiently as a reducing agent in
aprotic solvents such as THF, CH3CN, Et,O, CHCl;, and
CH,Cl,. We have performed reactions in THF, which has
a reasonable boiling point (when it is neccessary) and also
a good solubilizing ability for structurally different organic
molecules. The molar ratio of the reducing agent varies
between 0.75—3 according to the nature of the carbonyl
functional group in the molecules.

1. Reduction of Aldehydes and Ketones.  The trans-
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Table 3. Reduction of Ketones with [Zn(BHs),(dabco)]¥

Entry Substrate Product Red/Subs Time (h) Conversion (%) Yield (%) Mp or bp (°C)*
0 H .
1 dCH3 @}c};3 1.2 54 100 92 204/745 mmHg
CH, CH,
2 ©/\( @Y 12 14 100 9% 219221
[¢] OH
0 OH
3 @j ©:> 12 6 100 95 50—54
[e) OH
4 @@ @ 12 14 100 923 —
CHs CH,
H,CO H,C
5 @Q 1.5 16 100 96 —
0 OH
6 -».z.© | {Q.Q LS 23 100 95 153—154
(0] OH
7 )Ok /O\H 1.5 8.5 100 94 65—67
Py~ “Ph ph~ “Ph ’ ’
s OO [ 12 75 100 95
COCH . 7. _
3 CHCH,
9 OO‘O ©—O— oH 12 0.08 100 9% —
0
10 @ @OH 24 72 70 65 206—208
11 add AN 12 35 100 100 136
o] OH
v )
12 >—>(O >_>~OH 12 12 100 100 132
0 OH
13 dgi§ (:6)‘:§ 18 12 100 95 —
a) All reactions were performed in THF under reflux condition. b) GCyield.

formation of aldehydes and ketones to their alcohols is one
of the most encountered reactions in the total synthesis of or-
ganic molecules. This goal could be easily achieved by [Zn-
(BH4),(dabco)] in THF either at room temperature or under
reflux conditions. The selectivity of the reaction is tempera-
ture dependent. Aldehydes are reduced at room temperature
in high yields (Table 1). In order to show the chemose-
lectivity of the reagent towards various carbonyl groups we
performed the reduction of acetophenone in the presence of
an equimolar amount of benzaldehyde with a reducing agent

(0.75 mol) at room temperature. .The selectivity ratio for
the reaction of the aldehyde with respect to ketone is 99%
(Scheme 1). This is a general trend for the reduction of var-
ious aldehydes in the presence of ketones with this reagent
(Table 2).

Ketones can be reduced in refluxing THF in 65—100%
yields (Table 3). A higher molar ratio of the reducing agent
is required for this reduction (1.2—1.5 mol) in compari-
son with that required for the reduction of aldehydes (0.75
mol). The bulky nature of the reagent induces a special steric
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Table 4. Comparison of Reduction of Carbonyl Compounds to Their Corresponding Alcohols with [Zn(BH4),(dabco)], [XP4-

Zn(BH,4):1,° Zn(BHy),, BAAOTB, and TBATB®

[Zn(BH)2(dabco)]  [XP4-Zn(BHs )"

Entry Substrate

Zn(BH4),*™

BAAOTB*® TBATB*®

Molar Yield (%) Molar Yield (%) Molar Yield (%)

Molar Yield (%) Molar Yield (%)

ratio (h) ratio (h) ratio (h) ratio (h) ratio (h)
1 @-cno 075 100(0.07) 1 80 (8) 1 100—) 1 90(D 4 96(0.6)
2 CI-OCHO 075 97(033) 1 95 (5) 1 100—) 1 9002 — —
3 CH;O—O—CHO 075  96(12) 1 75(12) — — 2 85(08) — —
4 CH’@C‘*O 075  95(11) 1 nE  — _ 2 9005 — —
PhCH,
5 ano 075 100025 1 83(8)  — — 15 9005 — —
CHO
6 ©© 075  96(1.7) 1 84 (8) — — 1 90 (0.25) — —
0
7 ©)\C33 12 9264 2 0(15) 1 0(— 2 8077 4 98(10)
?
2 0(48)  — — 2 90215 — —

8 © @ 1.5 94 (8.5)

a) Cross-linked poly(4-vinylpyridine) supported zinc tetrahydroborate.

¢) Tetrabutylammonium tetrahydroborate.

b) 1-Benzyl-4-aza-1-azoniabicyclo[2.2.2]octane tetrahydroborate.

Table 5. Reduction of a-Diketones and Acyloin Compounds with [Zn(BH)2(dabco)]”

Entry Substrate Product Red/Subs Time (min) Conversion (%) Yield (%) Mp or bp )
9 H
1 P Ph p.,/?\(Ph 2 30 100 90 149—150
H H
2 ph&Ph Phj\(Ph 1 10 100 92 149—150
0 OH
ASYA ASA 130—135
3 M ZOQ\IOS 2 6 100 — Pty
) OH
0 H
4 p-CHy-CgHy ~yy CsHa=0CHs-p p-cu,-c.n.j\(c-"""c”rp 2 40 100 90 125—126
o OH
OH OH
5 p-CHy-CgHe Ny CeHa-0CH3-p o CH;-CgHE N\ ~CoHe-OCH;-p 1 25 100 91 125—126
0 OH
0 H
6 p-Br-C;H}I\IrCGH"B"P p-ar-c,u‘g\/csﬂvﬁr-l’ 2 10 100 94 242243
0 OH
0 OH
7 p-CI-CeHE N OMICI-D  p_c1.cypgny Cobla-Clop 2 10 100 93 —
o OH
0 0 HO, OH
8 2 20 100 92 203—208

a) All reactions were performed in THF under reflux condition.
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Table 6. Selective 1,2-Reduction of @,-Unsaturated Aldehydes and Ketones with [Zn(BHa) (dabco)]?

Entry Substrate Product Red/Subs Time (h) Conversion (%) Yield (%) Mp or bp (°C)*

CHO CH,0H
1 @\’ @(\/ 075 45 100 94 3335
OH

13 75 100 95 —

OH
3 @(\\)‘CH3 @(\\)*Cﬁs 1.2 22 100 92 144/21 mmHg
0 OH
4 @f}cﬂ_% ©j=CH-Ph LS 6 100 85 —

| CHO |\ CH:OH
5 1.5 2.7 100 93 229-230
| |
OH

(o]
6 (ECVKCI-Q @(/\/Lcm 1.3 3 ) 100 95 —
CH, CH,
7 ? C} L5 8 100 100" —
OH
CHO CHZOH
r~ — 0.75 17 100 100V 158—160

CHy(CHy), CH;(CHyp),

a) All reactions of aldehydes were performed at room temperature and for ketones under reflux conditions. b) GC yield.

Table 7. Comparison of 1,2-Reduction of a,f-Unsaturated Carbonyl Compounds to Their Corresponding Allylic Alcohols with
[Zn(BH,);(dabco)], [XP4-Zn(BHs),],** Zn(BHs):, BAAOTB,” and TBATB?

[Zn(BH,)s(dabco)] [XP4-Zn(BH.),1*® Zn(BH,),*® BAAOTB*® TBATB*?
Entry Substrate

Molar Yield (%) Molar Yield (%) Molar Yield (%) Molar Yield (%) Molar Yield (%)

ratio (h) ratio (h) ratio (h) ratio (h) ratio (h)

1 ©/" 075 9445 1 90 (9) 1100005 1 90033 1  90(0.13)

(0]
2 @Nkc}h 12 92 (2.2) 2 10 (15) 1 15 (30) 2 85(0.4) 04 80(04)
(0]
3 ©/\/kph 1.3 95 (7.5) 2 0(24) 1 0(—) 2 853.2) 1 75 (3.3)

A\ CHO
4 1.5 93 (2.7) 1 80 (18) — — — —_ _ _
|

[0)
5 @\A CH; 13 95(3) 2 0as)  — — — _ — _

a) Unpublished results. b) Cross-linked poly(4-vinylpyridine) supported zinc tetrahydroborate. c¢) 1-Benzyl-4-aza-1-azoniabicyclo[2.2.2]-
octane tetrahydroborate. d) Tetrabutylammonium tetrahydroborate.
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Table 8. Reduction of Acyl Chlorides to Alcohols with [Zn(BHs)2(dabco)

Entry Substrate Product Red/Subs  Time (h)  Conversion (%)  Yield (%)  Mp or bp (°C)%*
1 @cocu @mzou 3 1 100 85 205
2 c1~©-co<:| cx—@»cnz(m 3 0.25 100 93 70—72
3 @“C' @CH:W 3 0.25 100 90 69—71
Cl Cl
4 H,co-©—c00| H;CO@CHzOH 3 3.7 100 88 23—25
5 H,c@—coct H,c@CHon 3 25 100 9 50— 61
6 @COC' QCH:OH 3 0.25 100 90 7982
Br r
7 @CW @CHM 3 0.08 100 90 30—32
NO, NO,
8 @ﬂc' @*”NH 3 0.08 100 87 70—72
NO, NO,
9 ozn@coc. ozN—Q—CHZOH 3 20 95 88" 9294
COCI CH,0H
10 ©/\\ @ : 3 0.08 100 91 3335
X ~C0CI X_-CH;O0H
11 @ m 3 0.08 100 89 -
: NO, NO,
12 @cnzcocl @cuzcuzou 3 05 100 91 219--221
750 mmHg

a) All reactions were performed in THF at room temperature.

selectivity for the reduction of sterically hindered carbonyl
groups. This effect has been demonstrated by a competitive
reaction between two ketones, which is indicated by the fol-
lowing reactions (Scheme 2). This is also a general trend
for the reduction of ketones with this reagent (Table 2). [Zn-
(BH.4),(dabco)] is advantageous over our previously reported
reagent, cross-linked poly(4-vinylpyridine)-supported zinc
tetrahydroborate [XP4-Zn(BH,),1,°® which is very sluggish
for the reduction of ketones. In order to show both the advan-
tages and limitations of the reagent, we compared our results
with those reported with [XP4-Zn(BH,),],°” Zn(BHy4),,* 1-
benzyl-4-aza-1-azoniabicyclo[2.2.2]octane tetrahydroborate
(BAAOTB),*? and tetrabutylammonium tetrahydroborate
(TBATB)*® (Table 4).

2. Reduction of a-Diketones, and Acyloins. The
reduction of a-diketones to their diols usually gives a mixture
of the diol and the corresponding acyloin. With this reagent
a-diketones are reduced very easily to their corresponding
vicinal diols with excellent yields (Table 5). Attempts to

b) This reaction was performed under reflux condition.

reduce a-diketones to their corresponding acyloins have been
unsatisfactory, and only the corresponding vicinal diols have
been isolated from a mixture with high yields.

Acyloins are also reduced very easily to their vicinal diols
in excellent yields with this reagent (Table 5).

3. Reduction of a,f-Unsaturated Aldehydes and Ke-
tones. Allyl alcohols are important synthetic precursors. A
regioselective reduction of «,f-unsaturated aldehydes and
ketones is an easy way to obtain these compounds. There-
fore, this achievement is synthetically very important.' #3657
The reduction of @,f-unsaturated carbonyl compounds with
NaBH, is highly solvent dependent and generally does not
result in a useful regioselectivity.”®

The selective reduction of these systems has stimulated
considerable interest, leading to the development of new
reagents for selective 1,4-% and 1,2-reductions’*"*=3140 of
a,f3-unsaturated aldehydes and ketones. Selective 1,2-re-
duction is usually achieved using modified hydride reagents,
which are formed by the replacement of hydride with ster-
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Table 9. Comparison of Reduction of Acyl Chlorides to the Alcohols with [Zn(BHa),(dabco)], [XP4-Zn(BHs)],¥ Zn(BHa)/TMEDA, [Zn(BHa):(pyz)ls,” BAAOTB,® and TBATB®
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a) Cross-linked poly(4-vinylpyridine) supported zinc tetrahydroborate.
d) 1-Benzyl-4-aza-1-azoniabicyclo[2.2.2]octane tetrahydroborate.
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H3C

93 (2.5) 2 60 (18) 30 1.4

3

c¢) Poly[tetrahydro[(1,4-7)pyrazine]boratozinc].

b) Zinc teterahydroborate and N,N, N', N'-tetramethylethylenediamine.

e) Tetrabutylammonium tetrahydroborate.
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ically bulky substituents or electron-withdrawing groups in
order to discriminate between the structural or electron en-
vironments of the carbonyl groups.'*%2!23:3%60)

Whereas the reduction of aldehydes is achieved by [Zn-
(BH4);(dabco)] in THF at room temperature, the reduction
of ketones requires a higher temperature, and should be per-
formed in refluxing THF. The chemo and regioselectivity
of the reagent is demonstrated by the following compet-
itive reaction (Scheme 3) and (Table 2). The selectivity
ratio for the 1,2-reduction of the aldehyde with respect to
the ketone is 32. The polymeric analogue of the reagent,
cross-linked poly(4-vinylpyridine)-supported zinc tetrahy-
droborate [XP4-Zn(BH,),], even in refluxing EtOH, is not
able to transform the «,f-unsaturated ketones to alcohols
(Table 6).

We have compared our results with those obtained by
[XP4-Zn(BHy),], Zn(BHy),, 1-benzyl-4-aza-1-azoniabicy-
clo[2.2.2]octane tetrahydroborate (BAAOTB), and tetrabu-
tylammonium tetrahydroborate (TBATB), as are shown in
Table 7. A comparison of the results shows that this reagent
is more efficient than those mentioned above.

4. Reduction of Acyl Chlorides. Primary stud-
ies concerning the reduction of acyl chlorides with NaBHy
involve vigorous conditions, and only alcohols have been
obtained.®” However, this method is less effective for poly-
functional and conjugated acyl chlorides, and produce dif-
ferent products.®%? In order to surmount this disadvantage,
several modified procedures have been introduced in the
literature #4249 7n(BH,), in the presence of N,N,N',N'-
tetramethylethylenediamine (TMEDA) is reported to be a re-
markably mild method for the reduction of acyl chlorides to
the corresponding alcohols at 0—40 °C.#924%

We have studied the reduction of a series of acyl chlorides
with [Zn(BHy),(dabco)] in THF at room temperature. The
reaction performs very well in 0.08—3.4 h, and produces the
corresponding alcohols in high yields (85—93%). 4-Nitro-
benzoyl chloride is an exception, and the reduction proceeds
with a longer reaction time (20 h). [Zn(BH4),(dabco)] in
THF is a highly chemoselective reagent for the 1,2-reduc-
tion of @, /5 -unsaturated acyl chlorides to their corresponding
allyl alcohols (Table 8). Aldehydes are not detected in the
reaction mixture. We have compared the results of our exper-
iments with some of those reported with cross-linked poly-
(4-vinylpyridine)-supported zinc tetrahydroborate: [XP4-
Zn(BHy),1,%¥ poly[tetrahydro[(1,4-77)pyrazine]boratozinc] ;
[Zn(BHy), (pyz)l,, Zn(BHy)o/ TMEDA,**#* (Bu),NBH ;
(TBATB),* and 1-benzyl-4-aza-1-azoniabicyclo[2.2.2]oc-
tane tetrahydroborate (BAAOTB) a very recently reported
reagent.*** [XP4-Zn(BH,),] as a modified borohydride
reagent is not able to produce alcohols from acyl chlorides
as the sole product, and the reaction mixture is always con-
taminated with appreciable amounts of aldehydes (Table 9).

The conversion of acyl chlorides to their corresponding
aldehydes is an important transformation in organic synthe-
sis. Methods, such as catalytic hydrogenation (Rosenmund
reduction)® and lithium tri(z-butoxy)aluminum hydride,
have been used for a long time with difficulty. Amberlyst
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Modified Borohydride Agents, [Zn(BH),(dabco)]

Table 10. Reduction of Acyl Chlorides to Aldehydes with [Zn(BH.)»(dabco)]”

Entry Substrate Product Red/Subs  Time (h) Conversion (%)  Yield (%) Mporbp (° )%
1 @-cocn @cuo 15 3.5 100 90 178179
2 aOreoar a(Domo L5 24 100 90 4750
3 @COC‘ @““0 L5 0.16 100 89 209—215

Ci Cl
4 H,co@coc& n,co-@cuo 1.5 6.4 100 86 248
5 ne(Deosr meA(D)rovo 1.5 45 100 89 205207
6 @COC' @C“" L5 0.16 100 87 230
8r Br
7 ©°°°' @“° 15 0.25 100 90 57—59
No, No,
8 @COC' @C’“ L5 0.13 100 90 4346
NO, NO,
9 ozN-@cocn ozN-@CHo 15 48 0 — 105—108
COCI CHO

10 @ m L5 0.25 100 89 248

0T xCHO

11 Q\ m 15 0.16 100 90 —

NO, NO,
12 @cnzcocn @-mzcm) 15 1.8 100 85 195

a) All reactions were performed in CH,Cl; : hexane/7 : 1 at room temperature.

Table 11. Comparison of Reduction of Acyl Chlorides to the Aldehydes with [Zn(BH4),(dabco)], [XP4-Zn(BH4):]," BAAOTBY

, § 54) 45)

Bnry  Substrate [Zn(BHa)s(dabco)] [XP4-Zn(BH,),] BAAOTB
Molar  Yield (%) (h)  Yield (%) Molar  Yield (%) (h)  Yield (%) Molar  Yield (%) (h)
ratio alcohol aldehyde ratio alcohol aldehyde ratio aldehyde

1 @—cﬂzcocl 1.5 <7(1.8) 85 2 25(7) 65 2 70 (1)

2 0:N-©—coct 2 0 (24) 0 2 10 (5) 87 2 75 (1.5)

3 H;C~©-cocl 15 <7 (4.5) 89 — — — 2 95 (10)

€00

4 ©/\’ 15 <7(0.25) 89 2 20 (7) 70 2 60 (4)

5 H;CO—@COCI 15 <7 (6.4) 86 2 30 (18) 60 — —

6 c1—©—coct 15 <7 2.4) 90 2 15 (12) 75 — —

a) Cross-linked poly(4-vinylpyridine) supported zinc tetrahydroborate.

b) 1-Benzyl-4-aza-1-azoniabicyclo[2.2.2]octane tetrahydroborate.
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A-26 supported borohydride,*” [Cu(BH4)(Ph3P),],%4" and
[Cua(BH3CN), (Ph3P)41*? under controlled conditions have
also been used for this purpose. In recent years, several other
reducing agents have also been developed for this purpose.®

We have studied the possibility of reducing acyl chlorides
to aldehydes with [Zn(BHy4),(dabco)]. We have found that
the behavior and the reducing ability of this reagent is very
solvent dependent, and in a mixture of CH,Cly/hexane (7: 1)
is able to transform acyl chlorides to their corresponding
aldehydes with high chemoselectivity (Table 10). This con-
version usually takes place easily (0.13—4.3 h) with high
yields (87—92%). a,f-Unsaturated acyl chlorides produce
their aldehydes without affecting their C—C double bonds.
4-Nitrobenzoyl chloride remains intact, and even after 48 h
the starting material can be isolated from the mixture. The
alcohol contamination in the reaction mixtures, under our
studies, is less than 7%. We have compared our results with
some of those reported concerning [XP4-Zn(BHy4),1%® and
BAAOTB* in (Table 11).

[Zn(BH,),(dabco)] shows a different behavior than its
analogue cross-linked poly(4-vinylpyridine)-supported zinc
tetrahydroborate [XP4-Zn(BH,),] and a mixture of Zn-
(BH4),/TMEDA, but is very similar to BAAOTB, which
also has the dabco moiety in its structure. This observation
reflects the importance of the structural effect upon the chem-
ical and physical properties of the compounds, e.g. stability,
selectivity, solubility behavior, and reduction ability.

Conclusion

In this article we have shown that dabco is a good ligand
for stabilizing Zn(BHj),, and does not also affect the reduc-
ing ability of the reagent. Comparatively, the rate of the
reactions is usually, more or less, the same as those reported
for Zn(BH,),. The stability, high yields of the products, ease
of preparation from commercially available materials, high
chemoselectivity of the reagent, and also easy work-up of the
mixture makes this new modified borohydride compound an
attractive practical bench-top reagent and a synthetically use-
ful addition to transition-metal tetrahydroborate complexes.

Experimental

General: Yields refer to isolated products. Reactions pro-
ceeded in THE. The products were characterized by a comparison
with authentic samples (IR, '"HNMR, GLC, and TLC)

Preparation of (1,4-Diazabicyclo[2.2.2]octane)(tetrahydro-
borato)zinc [Zn(BHy):(dabco)]. An ethereal solution of Zn-
(BHa4)2 (0.16 M, 500 ml, 1 M =1 moldm ~*) was prepared accord-
ing to an available procedure in the literature;*> then dabco (8.97
g, 0.08 mol) in ether (200 ml) was added dropwise to a Zn(BH,),
solution and stirred for 2 h. The resulting precipitate was filtered
and washed with ether (100 ml), and dried in a vacuum to afford a
white solid (15.5 g, 97% yield), which was decomposed at 255 °C
to a dark-grayish material.

A Typical Procedure for the Reduction of Aldehyde to Alco-
hol with [Zn(BH,4)2(dabco)].  In around-bottomed flask (25 ml),
equipped with a magnetic stirrer, a solution of 4-chlorobenzalde-
hyde (0.14 g, 1 mmol) in THF (8 ml) was prepared. The reducing
agent (0.166 g, 0.75 mmol) was added and the resulting mixture was
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stirred magnetically at room temperature for 0.5 h. The progress of
the reaction was monitored by TLC (eluent; CCL/Et,O: 5/1). After
completion of the reaction, methanol (2 ml) was added to the reac-
tion mixture and was magnetically stirred for 2h. The solvent was
then evaporated and the resulting crude material was purified by sil-
ica-gel column chromatography using CCLi/Et;O: 5/2 as the eluent.
Evaporation of the solvent afforded pure crystals of 4-chlorobenzyl
alcohol (0.13 g, 92% yield, Table 1).

A Typical Procedure for the Reduction of Ketone to Alcohol
with [Zn(BH4):(dabco)]. In a round-bottomed flask (25 ml)
equipped with a magnetic stirrer and a condenser, a solution of
benzophenone (0.182 g, 1 mmol) in THF (8 ml) was prepared.
A reducing agent (0.31g,1.5 mmol) was added and the reaction
mixture was magnetically stirred under reflux conditions for 8.3
h. The progress of the reaction was monitored by TLC (eluent;
CCl4/Et2O: 5/1). After completion of the reaction, methanol (2
ml) was added to the mixture and was magnetically stirred for 2 h.
The solvent was evaporated and the resulting crude material was
purified by silica-gel column chromatography using CCl4/Et,O: 5/2
as the eluent. Evaporation of the solvent afforded pure crystals of
diphenylmethanol (0.173 g, 94% yield, Table 3).

A Typical Procedure for Selective 1,2-Reduction of «,f-Un-
saturated Aldehydes with [Zn(BHs):(dabco)]. In a round-
bottomed flask (25 ml) equipped with a magnetic stirrer a solution
of cinnamaldehyde (0.13 g, 1 mmol) in THF (10 ml) was pre-
pared. The reducing agent (0.155 g, 0.75 mmol) was added and
the resulting mixture was stirred magnetically at room temperature
for 4.3 h. The progress of the reaction was monitored by TLC
(eluent; CCL4/Et,O: 5/2) or GLC. After completion of the reaction,
methanol (2 ml) was added to the mixture, and was magnetically
stirred for 2 h. The solvent was evaporated and the resulting crude
material was purified by silica-gel column chromatography using
CCla/Et;0: 5/3 as the eluent. After evaporation of the solvent pure
cinnamyl alcohol was obtained (0.125 g, 94% yield, Table 6).

A Typical Procedure for Selective 1,2-Reduction of &,f-Un-
saturated Ketones with [Zn(BH4).(dabco)]. In a round-bot-
tomed flask (25 ml) equipped with a magnetic stirrer and a con-
denser a solution of benzylideneacetone (0.146 g, 1 mmol) in THF
(10 ml) was prepared. The reducing agent (0.25 g, 1.2 mmol) was
added to the solution, and the resulting reaction mixture was stirred
magnetically under reflux conditions for 2 h. The progress of the
reaction was monitored by TLC (eluent; CCLi/Et,O: 5/2) or GLC.
After completion of the reaction, methanol (2 ml) was added to the
mixture, and was magnetically stirred for 2 h. The solvent was
evaporated and the resulting crude material was purified by silica-
gel column chromatography using CCL/Et;O: 5/3 as the eluent.
After evaporation of the solvent pure 4-phenyl-3-buten-2-ol was
obtained (0.136 g, 92% yield, Table 6).

A Typical Procedure for the Reduction of Acyl Chlorides to
Alcohols with [Zn(BH4),(dabco)]. In a round-bottomed flask
(25 ml), equipped with a magnetic stirrer, a solution of 3-nitroben-
zoyl chloride (0.185 g, 1 mmol) in THF (8 ml) was prepared. The
reducing agent (0.63 g, 3 mmol) was added to the solution and the
resulting mixture was magnetically stirred at room temperature for
5 min. The progress of the reaction was monitored by TLC (eluent;
CCl4/Et,O: 5/2). After completion of the reaction, methanol (2
ml) was added to the reaction mixture, and it was magnetically
stirred for 2 h. The solvent was evaporated and the resulting crude
material was purified by silica-gel column chromatography (eluent;
CCl/Et;O: 5/3). Pure 3-nitrobenzyl alcohol was obtained (0.137
g, 90% yield, Table 8).

A Typical Procedure for the Reduction of Acyl Chlorides to
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Aldehydes with [Zn(BH4)>(dabco)]. In a round-bottomed flask
(25 ml) equipped with a magnetic stirrer a solution of 3-nitroben-
zoyl chloride (0.18 g, 1 mmol) in a mixture of CH,Cl,/hexane: 7/1
(8 ml) was prepared. The reducing agent (0.3 g, 1.5 mmol) was
added to the solution and the resulting mixture was magnetically
stirred at room temperature for 15 min. The progress of the reaction
was monitored by TLC (eluent; CCL/Et,O: 6/1). After completion
of the reaction, the solvent was evaporated and the resulting crude
material was purified by silica-gel column chromatography (eluent;
CCla/Et, O: 6/2). Pure 3-nitrobenzaldehyde was obtained (0.136 g,
90% yield, Table 10).

We are thankful to Shiraz University Research Council for
their support of this work. We are also grateful to Safoam
Company for their donation of DABCO.
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