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The conversion of acid chlorides to the corresponding
alcohols by reduction with sodium borohydride is of great
practical interest because the conversion of acid or acid
esters to the corresponding alcohols needs lithium aluminum
hydride or other reducing agents which are more expensive
and more difficult to handle than sodium borohydride.

In the literature, it was reported’ that aliphatic acid chlo-
rides were reduced to the corresponding alcohols by employ-
ing a suspension of sodium borohydride in dioxane. But the
results on the reductions of unsaturated and other polyfunc-
tiona} acid chlorides were less clean-cut. It was also reported®
that acid chlorides cannot be reduced to alcohols by sodium
borohydride in the presence of hydroxylic solvent. In this
paper?, the acid chiorides react with these solvents to yield
products which are unreactive towards borohydride. Recen-
tly, certain aromatic acid chlorides were reduced? cleanly to
the corresponding benzyl alcohols by sodium borchydride in
a mixture of toluene and water in the presence of a phase-
transfer catalyst.

We have found that acid chiorides could be easily and con-
veniently reduced into the corresponding alcohols by sodium
borohvdride in tetrahydrofuran with dropwise addition of
methanol in good vields (Eq. 1}. Acid chlorides were readily
prepared from the corresponding acid by treatment of thiony!
chioride.

1) THF/NaB!jg_,wqu_: RCH,OH 0
dropwise addifion of
MeOH , 1h, rt

2) tN HO
80 ~95%

RCOCL

Erucic acid chloride (1b) which could be readily prepared
from erucic acid was convieniently reduced to the erucyl
alcohol (2b) in 93% yield, which is an intermediate for the
economical synthesis* of muscalure®, the sex pheromone of
the housefly, Musca. domestica L.. From the a,8-unsaturated
acid chloride (1¢), the corresponding allylic alcohol (2c) was
obtained as the only isolated product (Entry 3). The sterically
hindered acyl chloride (1i) was also easily reduced in the
alcohol (24) (Entry 9). In the presence of ester group, acid
chloride (1)) was selectively reduced into the corresponding

Table 1. Reduction of Acid Chlorides by Sodium Borohydride

Entry  Substrate? Temp({°C) Timeth) Product®  Yield (%)

1 V\/\.A.RCI rt 1 NS 0OH 8¢
la 2a

2 \N\M‘\N\NV\J?(:] rt 1 YWWWWWAOH 93
1b 2b

O

3 o~ 1 CY>OH g
lco 2¢

4 LA 1 S oM 93
CI" 13 « 2

0O

5 ota o 1 (OH 92

le 2e
O

6 da ~ 1 &ron

1f 2f
Clo Ct

7 Q t 1 ¢y~OH 95
lgO 28

8 Q}KCI rt 1 Q./OH 93
1h 2h

9 @ﬁ)f O n 1 G?OH 89
i i

OH 92

10 EtOs QA 4 1 EtO
8 2

9All the acid chlorides were prepared from the corresponding acids
and thiony] chioride. *Consistent spectral data were obtained for all
compounds. “The yields were not optimized and represent pure iso-
lated yields.

alcohol (2) (Entry 10).

The following procedure is representative. To 3.0 ml of
dry THF solution was added erucic acid chloride {0.200g,
0.60 mmol) and the sodium borohydride {(0.068¢, 1.8rmmol) in
one portion. Methanol (1.5 m/) was added to the reaction
mixture drop by drop for 1h at room temperature. Then, 1N
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HCI (1.0 m)) was added, and stirred for 10 min. MeOH and
THF were evaporated. The reaction mixture was extracted
with ether and washed with water and brine. The ether layer
was dried over anhydrous MgSQ,. The solvent was evapora-
ted under reduced pressure to give the product in almost
quantitative yield. The crude product was purified by prepa-
rative TLC (Si0,, CH,Cl,, Rf = 0.40) to afford pure erucyl
alcohol (0.169g, 93%).

The resulting procedure is considered to be particularly
suitable for large-scale preparation.
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During the course of our attempts to cleave thiazolidines
. with thiaphilic metal salts in the presence of external nucleo-
phites, it was found that mercuric salts, expecially mercuric
acetate, in acetonitrile was very effective for the cleavage of
the compound 1 without incorporation of external nucleo-
phile, which was rather unexpected by two accounts stated
below.

PhYOAc

Hg(OAc),, CH,CN N

51

Phed 7
Et00C

N CO,E A, 712

—
) CO,Et
CO,Et

1 2

First of all, mercuric acetate is almost insoluble in acetoni-
trile. Also, the closely related Stoodley fragmentation, which
is very useful in penicillin chemistry, is carried out universal-
ly in acetic acid where external nucleophiles are present in
great excess.’

PR, QIS = ¢

Hg(0Ac) ,, BOAC
COR' s COR

3 4

Consequently, a detailed study was undertaken to eluci-
date the scope and utility of the reaction especially in
penams. Thus the foltowing substrates were prepared accor-
ding to procedures reported elsewhere.

And each substrate was subject to the reaction condition des-
cribed below for the siloxyethyl derivative 11. A mixture of
mercuric acetate (3.238g, 0.75 mmol), calcium carbonate (as

) Ex ER i

CO,Me CO,Me
R R,
5 H 7 PnN- 11 S+ 13
6 Br 8  PnCH,CONH-
12 Br
9  PhOCHCONH-
10 er-

an acid scavenger, 0.041 g, 0.41 mmol} and the penam 11
(0.140 g, 0.37 mmol) in acetonitrile (1.9 mL) was refluxed for
6 h. After cooling to rt, the white solid was filtered off with
aid of methylene chloride. Aqueous work-up followed by
chromatography provided the corresponding acetate 20
(0.108 g, 78%). But it was found later that the aqueous work-
up could be omitted even for pure product (94%}).

. P~ $
O G
I’Q [*) % ] %

COzMe COzMe COxMe Coe
R R R

14 H 16 Pun- osi+

15 & 17 PhCHCONH- 20 nr‘!; 22
18 PROCHLONN- 21  Br
19 Br

However; extension to other penams revealed the charac-
teristic of the present reaction; although the non-halogenated
species, 5, 7 and 11, gave good yields of the corresponding
acetate (5—~14, 81%; 7—+16, 56%; 11—-20, 78%), halo-



