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Thexylchloroborane-dimethyl sulfide appears to be an 
ideal reagent for the direct transformation of acyclic and 
alicyclic carboxylic acids into aldehydes so long as alkene 
functions are not p r e ~ e n t . ~ , ~  In the course of a systematic 
study of the reducing characteristics of thexylbromo- 
borane-dimethyl ~ul f ide ,~  we have found that this reagent 
as well selectively converts carboxylic acids and their so- 
dium and lithium salts to the corresponding aldehydes in 
the presence of several functionalities, including carbon- 
carbon double bonds. This paper describes this facile 
reduction. 

Results and Discussion 
Thexylbromoborane-dimethyl sulfide (ThxBHBr-SMe,) 

is readily prepared by hydroborating 2,3-dimethyl-2-butene 
(tetramethylethylene) in methylene chloride5 with mono- 
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Chart I 

RCOOH - RCHO (92-99%) 

1 ,  R = a l ipha t ic  

/ V v C 0 O H  - MCH0 ( 9 9 % )  
HOOC OHC 

2 
BrwCOOH - BrwCHO ( 95% ) 

3 

N C O O H  - NCHO ( 9 4 % )  

4 

COOH @v - WCH0 (99%) 

5 

HzN-@CmH - Hz+cHo (90%) 

NC-(?jJ-cooH - OHC--@CHO 

6 

7 

bromoborane-dimethyl sulfide, which in turn is easily 
prepared by treating borane-dimethyl sulfide with 'Iz 
equiv of bromine in carbon disulfide.6 

The reagent reduces aliphatic carboxylic acids 1, re- 
gardless of structural type, to aldehydes in almost quan- 
titative yield within 1 h at  room temperature. Even ali- 
phatic diacids 2 are converted to the dialdehydes in yields 
of 93-9970. The reagent tolerates many organic func- 
tionalities, viz., esters, acid chlorides, epoxides, halides, and 
nitro compounds. For example, halo aliphatic acids 3 
provide the corresponding halo aldehydes in good yields 
(85-95%). However, the most useful feature of this 
reagent is its reluctance to hydroborate carbon-carbon 
double bonds, an advantage of this reagent over thexyl- 
chloroborane-dimethyl sulfide, which readily adds to al- 
kenes. Thus, a,p-unsaturated carboxylic acids such as 
methacrylic, crotonic (a), and cinnamic ( 5 )  acids are readily 
converted to the corresponding olefinic aldehydes in yields 
of 94-99% (Chart I). 

The rate of reduction of aromatic carboxylic acids is 
sluggish, requiring 3 equiv of the reagent and 9 h a t  room 
temperature. The yields are significantly lower than those 
in the aliphatic series and appear to be influenced by 
substituents on the aromatic ring. For example, the yields 
from both benzoic and a-naphthoic acids were ca. 50%, 
whereas the yields from m-nitro-, o-chloro-, m-chloro-, and 
p-aminobenzoic (6) acids were 75-93%. The reduction of 
terephthalic acid with 6 equiv of the reagent gave the 
corresponding dialdehyde in 95% yield. This reagent also 
reduces the nitrile function partially.' Thus, the reaction 
of p-cyanobenzoic acid (7) with 3.1 equiv of the reagent 
gave terephthalaldehyde in a yield of 90%. These results 
are summarized in Table I. 

The reagent thexylbromoborane-dimethyl sulfide also 
reduces sodium and lithium carboxylates to the corre- 
sponding aldehydes at room temperature in high yields. 
This facile reduction is due to the simple substitution for 

(6) Kinberger, K.; Siebert, W. 2. Naturforsch. B: Anorg. Chem. Org. 
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Table I. Yields of Aldehydes in the Reduction of 
Representative Carboxylic Acids with 

Thexylbromoborane-Dimethyl Sulfide in CS2"-CHzCl2 at 
Room Temperatureb 
yield of yield of 

alde- alde- 
acid hyde: % acid hyde: % 

acetic 87 cyclohexanecarboxylic 99 (89)O 
butyric 92 chloroacetic 95 
hexanoic 94 bromoacetic 85 
decanoic 94 6-bromohexanoic 95 
stearic 98 (92ld methacrylic 94 
isobutyric 99 crotonic 94 

pivalic 89 benzoic 49 
phenylacetic 90 a-naphthoic 45 
diphenylacetic 89 terephthalic 95 
triphenylacetic 95 m-nitrobenzoic 75 
succinic 93 o-chlorobenzoic 93 
adipic 99 m-chlorobenzoic 81 
1,lO-decanedi- 99 p-aminobenzoic 90 

cyclopropane- 99 

isopentanoic 98 cinnamic 99 (87Y 

carboxylic p-cyanobenzoicf 90 (81)d 

carboxylic 

LI Essential solvent for the hydrogen evolution step; less than 50 
vol % in total reaction mixture. bAliphatic carboxylic acids were 
reacted with 5 %  excess reagent (2.1 equiv for monocarboxylic and 
4.2 equiv for dicarboxylic acids) for 1 h and aromatic carboxylic 
acids with 50% excess reagent (3 equiv for monocarboxylic and 6 
equiv for dicarboxylic acids) for 9 h, both at room temperature, 
after the hydrogen evolution at  -20 "C. CAnalysis with (2,4-di- 
nitropheny1)hydrazine. Yields are based on the analytically pure 
aldehydes isolated after evaporation of solvent, following treat- 
ment of the bisulfite adduct with formaldehyde.2 "Yields of dis- 
tilled product, following treatment of the bisulfite adduct with 
formaldehyde.2 'Reacted with 3.1 equiv of reagent; only tere- 
phthalaldehyde formed. 

the bromo group of the reagent by a carboxylate to form 
thexyl(acy1oxy)borane 8, the acyloxy group of which is 
readily reduced to aldehyde by another 1 equiv of thex- 
ylbromoborane (eq 1 and 2). This substitution reaction 
occurs readily in methylene chloride with precipitation of 
the metal bromide even under the heterogeneous condi- 
tions. 

0 

C H ~ C I Z .  r t  + M+-OCR - 
'Br 

II 
0 

8 
0 

T h r B H B r - S M e 2  HzO 1 1  
8 - PCH (2) 

This system reduces both sodium and lithium salts of 
most aliphatic carboxylic acids 9, including diacids, to 
aldehydes (Chart 11) in approximately 3 h a t  room tem- 
perature in yields of 85-99%, as shown in Table 11. In 
almost all cases the yields for sodium and for lithium salts 
are similar, with no obvious generalizations to be drawn 
about the differences (the largest differences observed was 
16%) and the average, about 5%). Just as in the reduction 
of or,@-unsaturated carboxylic acids by this reagent,2 the 
reduction of their salts, such as cinnamic (10) and crotonic 
(1 1) acid salts, gives the corresponding aldehydes in good 
yields, without attack on the double bond. The yields of 
aldehydes in the reduction of aromatic carboxylic acid salts 
are significantly lower and vary with the substitutents, cf. 
benzoic, p-methoxybenzoic, and p-chlorobenzoic versus 

Chart I1 

RCOOM - RCHO (85-99%) 

9 ,  R = a l i p h a t i c  

COONa @v - WCH0 (93%) 

10 

- NCHO (89%) 

11 

02N-@)-COOLi - 02N-@)-CHO (71%) 
I I 

12 

Na00C-@COONa - OHC+CHO (99%) 

13 

Table 11. Yields of Aldehydes in the Reduction of 
Representative Sodium and Lithium Salts of Carboxylic 

Acids by Thexylbromoborane-Dimethyl Sulfide in CH2C12 
at Room Temperature" 

yield of aldehyde,b % 
acid salt Na salt Li salt 

butyric 90 89 
hexanoic 92 (77)c 86 
decanoic 87 89 
stearic 92 (88Id 92 
isobutyric 88 86 
isopentanoic 90 87 
pivalic 85O 

cyclohexanecarboxylic 86 76 

6-bromohexanoic 72 76 
a-camphoric 88 87 
lJ0-decanedicarboxylic 85 92 (87)d 
cinnamic 93 82 
crotonic 89 81 
benzoic 49 47 
p-methoxybenzoic 42 31 
p-chlorobenzoic 44 43 
p-nitrobenzoic 70 71 
terephthalic 99 94 

cyclopropanecarboxylic 87 77 

diphenylacetic 83 99 (91)d 

4Reacted with 2 equiv of reagent for monocarboxylic and 4 
equiv for dicarboxylic acid salts for 3 h at  room temperature. 

An isolated yield of 
distilled product, following treatment of the bisulfite adduct with 
formaldehyde.2 dYields are based on the analytically pure prod- 
ucts after evaporation of solvent, following treatment of the adduct 
with formaldehyde.2 e Reacted for 6 h. 

p-nitrobenzoic (12) and terephthalic (13) acid salts (Table 
11). 

The bisulfite adduct procedure for the isolation of al- 
dehyde products, adopted for reduction of carboxylic acids 
with thexylchloroborane,2 appeared also to be broadly 
applicable to this case. 

Experimental Sections 
Preparation of Thexylbromoborane-Dimethyl Sulfide 

(ThxBHBr-SMe2) in  CH2C12. Monobromoborane-dimethyl 
sulfide (1.5 mol) in 66 mL of CHzC12 and 15 mL of MezS was 

Analysis with (2,4-dinitrophenyl)hydrazine. 

(8) All reactions were performed under a dry N2 atmosphere. All 
chemicals used were commerical products of the highest purity available; 
CHZCl2 and CSz were stirred for 1 day under Nz over P4Ol0 and distilled; 
Me2S was dried over 4-A molecular sieves and distilled from sodium- 
benzophenone ketyl prior to use. llB NMR spectra were recorded on a 
Bruker FT-80 spectrometer, and the chemical shifts are reported in parts 
per million downfield from BF,.OEtl. 
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placed in an oven-dried, 500-mL flask fitted with a side arm and 
a bent adaptor connected to a Hg bubbler. The flask was im- 
mersed in an ice-water bath, and to this was added 196 mL of 
precooled 2,3-dimethyl-2-butene (1.65 mol) dropwise over a period 
of 1 h via a double-ended needle. The reaction mixture was stirred 
for an additional 2 h a t  0 "C, followed by stirring overnight at 
room temperature. The resulting CHzClz solution was found to 
be 3.34 M in ThxBHBr-SMe,, and llB NMR showed a clean 
doublet centered at  S 5.16 (JBH = 123 Hz). 

Reduction of Carboxylic Acids and Isolation of Products. 
The following procedure for the reduction of cyclohexane- 
carboxylic acid is illustrative. An oven-dried, 100-mL flask, fitted 
with a side arm and a bent adaptor connected to a Hg bubbler, 
was charged with 6.79 g (53 mmol) of cyclohexanecarboxylic acid 
and 35 mL of CS,.9 The flask was immersed in a cold bath and 
maintained a t  -20 "C. A precooled 3.2 M solution of 
ThxBHBr-SMe, in CHzClz (16.6 mL, 53.1 mmol) was added 
dropwise with stirring. After complete evolution of the Hz, the 
cold bath was removed, and the reaction mixture was warmed 
to room temperature. An additional 1.1 eqiv of the reagent (18.3 
mL, 58.3 mmol, 10% excess) was added, and the reaction mixture 
was stirred for 1 h at  room temperature. Analysis of an aliquot 
with (2,4-dinitrophenyl)hydrazine indicated a yield of 99 % . 

The rest of the reaction mixture (50 mmol) was transferred via 
a double-ended needle to a flask containing 50 mL of cold water 
in an ice-water bath and was then hydrolyzed with vigorous 
stirring for 1 h at room temperature. The mixture was saturated 
with NaCl, and the separated organic layer was subjected to the 
NaHSO, isolation procedure., The yield of pure distilled cy- 
clohexanecarboxaldehyde was 5.0 g (89%): bp 160-161 "C (761 
mm); nDZo 1.4498. 

Reduction of Carboxylic Acid Salts and Isolation of 
Products. The following procedure is for the larger scale reaction. 
In the assembly previously described were placed 10.9 g of lithium 
diphenylacetate (50 m o l )  and 17 mL of CH2C12 Into the reaction 
mixture was injected 33.3 mL of the 3 M reagent solution (100 
mmol), and the slurry was stirred for 3 h a t  room temperature. 
The reaction mixture was then hydrolyzed with 50 mL of cold 
water by stirring vigorously for 1 h at  room temperature. The 
mixture was saturated with NaC1. After neutralization with a 
small amount of NaHCO,, the separated organic layer was poured 
into 75 mL of a saturated aqueous NaHS03 solution, and 70 mL 
of THF was added. The mixture was stirred for 1 h, by which 
time the crystalline bisulfite adduct of diphenylacetaldehyde had 
precipitated. The solution was cooled in an ice-water bath to 
ensure complete crystallization of the adduct, which was then 
collected by filtration and washed with 3 X 25 mL of pentane. 
The adduct was placed in 40 mL of water, and then 50 mL of THF 
and 8 mL of a 37% CHzO solution were added. The mixture was 
stirred for 1 h and saturated with MgS04.7Hz0. The organic layer 
was separated and dried. Evaporation of volatiles gave 8.93 g of 
analytically pure diphenylacetaldehyde (91% ), nZoD 1.5892. 
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The antijuvenile hormones precocenes I (1) and I1 (2) 
have been shown to induce precocious metamorphosis 
when applied to larval stages of As a conse- 
quence of this effect several analogues of both compounds 
have been synthesized in a search for compounds with 
better a ~ t i v i t y . ~ , ~  We have prepared several dimeq5g6 the 
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