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Partially mixed trialkylcarbinols are produced in good yields via the reaction of dialkylchloroboranes with lithi- 
um aldirnines followed by treatment with (1) thioglycolic acid, (2) NaOH in diglyme, (3) H202-NaOH. Primary or 
secondary alkyl groups are introduced readily, The reaction of trialkylboranes with lithium aldimines also pro- 
ceeds smoothly, affording the partially mixed trialkylcarbinols on treatment with (1) thioglycolic acid, (2) Hz02- 
Na0II. 

In recent years, various procedures for the synthesis of ,R’ 
trialkylcarbinols via organoboranes have been developed. 
Symmetrical trialkylcarbinols are produced from the reac- 1 ‘Li 
tion of trialkylboranes with carbon monoxide,2 sodium cya- 
nide,3 or a,a-dichloromethyl methyl ether (DCME).4 Par- 
tially mixed trialkylcarbinols are obtained by treatment of 

R,BCI + L-Bu--N=C 

2 

t-Bu- S= c, 
partially by treatment mixed of trialkylboranes trialkylboranes with with carbon 1-lithio-1’1-bis(phen- m ~ n o x i d e , ~  or [ $-R]- ylthio)alkane.6 On the other hand, totally mixed carbinols 
are available via the reaction of totally mixed hindered bo- 
ranes with DCME,7 or via dialkylmethylvinylboronates.8 

3 
R’ 

We now report a new approach for the synthesis of partial- 
ly mixed trialkylcarbinols, where two alkyl groups of the 

derived from Walborsky’s masked acyl  carbanion^.^ 
carbinols arise from dialkylchloroboranes and the third is 2 H,02-NaOH 

SCH,CO,H Results and Discussion 
We previously reported that dialkylchloroboranes ( l) ,  

now readily available via hydroboration with chloroborane- 
ethyl etherate,1° reacted with lithium aldiminesg (2) to give 
unsymmetrical ketones ( 5 )  on treatment with (1) thiogly- 
colic acid, (2) aqueous alkaline hydrogen peroxide (eq 

4 

R’<-R + ROH + t -BuNH,  (1) 
I1 
0 
5 
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Li+ 
/ R  t-Bu-N=C 
‘E-R 
/ \  

I t  was anticipated that the migration of an alkyl group 
(R) from boron to carbon in the initial intermediate (3) was 
induced by thioglycolic acid, leading to the intermediate 
borane (4). This was supported by the fact that  the oxida- 
tion of 4 produced the alcohol (ROH) and tert-butylamine 
along with 5 and also by the previous results on the related 
reactions.12 If so, partially mixed trialkylcarbinols may be 
obtained by achieving the migration of the second alkyl 
group (R) from boron to carbon in the intermediate (4). Ac- 
cordingly, we examined the reaction of dihexylchlorobo- 
rane with lithium aldimine derived from n-butyllithium. 
The yield of the product, 7-n-butyl-7-tridecanol ( 6 ) ,  de- 
pended upon t,he reaction conditions as shown in Table I. 
Heating 4 a t  80° in diglyme containing aqueous NaOH per- 
mitted the desired migration to produce the trialkylcar- 
binylborane derivatives. The alkaline hydrogen peroxide 
oxidation gave the partially mixed carbinols in good yields 
(eq 2).13 The results are summarized in Table 11. 

1. mcn,coIu 
~ 

2 H?OI-NaOH 

r R’ 1 

c --1 

L 

There appears to be no difficulty in introducing primary 
and secondary alkyl groups. The present procedure offers 
the following advantages over the previous  method^:^,^ (1) 
the accommodation of the alkyl group such as isopropyl or 
methyl, which cannot be introduced via the hydroboration 
m e t h ~ d , ~  (2) utilization of all three alkyl groups without 
loss of an alkyl group of the b ~ r a n e s . ~ J ~  

In contrast t,o the dialkylchloroboranes, the reaction of 
tri-n-hexylborane with the lithium aldimine prepared from 
n-butyllithium, followed by treatment with thioglycolic 
acid, produced, upon alkaline hydrogen peroxide oxidation, 
6 in 87% yield (eq 3). The reaction could not be stopped a t  

r 1 

R’ ‘R 1 
11 

1 
R,R’COH (3 ) 

6 (R = n-Hex; R’ = n-Bu) 

the stage of ketone formation (eq l), suggesting that the 
migration in the borate complex (11) proceeds quite rapid- 
ly. It seems that this result is a reflection of difference be- 
tween 4 and 1 2  which is presumably derived from ll. We 

12 
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Table I 
Yield of 7-n-Butyl-7-tridecano~ (6 p 

5-Undecanone 
Conditions (5).  % 6. % 

HSCH,CO,H, THF, reflux, 6 hr 
(CF,CO),O, THF, reflux, 6 hr 1 6  47 

reflux, 6 hr Trace 73 

44 

HSCH,CO,H, 6 M NaOH, THF, 

HSCH,CO,H, 6 M NaOH, 

reflux, 8 hr 

of correction factors. 

diglyme, 87 

a By GLC analysis. The yields were determined by the use 

Table I1 
Partially Mixed Trialkylcarbinols via the Reaction 

of 1 with 2 

Yield,a 

chloroborane Alkyllithium Product isoln) 
Dialkyl- % (by 

n-Hexyl n-Butyl 7-n- Butyl-7-tri de- 8 7 

n-Hexyl Isopropyl 7-Isopropyl-7-tri- (7 5) 

n-Hexyl Methyl 7 -Methyl-7-tride- (4 5 )b 

canol (6) 

decanol (7)  

canol(8) 

pentyl- 2- 
methyl-1 - 
propanol (9) 

decen-5-01 (10) 

Cyclopentyl Isopropyl 1,l-Dlcyclo- 77 

n-Butyl 4-n-Pentenyl 5-n-Butyl-9- (46)b 

a The yields are based on GLC analysis, and are not 
necessarily optimum. b The low yield must be due to the 
unfavorable equilibrium of the lithium aldimir~e.~ 

speculate that the trialkylborane derivative (12) undergoes 
the further rearrangement more easily than the dialkylbo- 
rane derivative (4).15 In fact, simple alkaline hydrogen per- 
oxide oxidation of 11 produced 6 (19% yield) along with 5- 
undecanone (67% yield). Consequently, if the mildness is 
required, the reaction with trialkylboranes is recommend- 
ed. However, the disadvantage is that the reaction uses but 
two of the three alkyl groups on boron. In order to over- 
come this difficulty and to  prepare totally mixed trialkyl- 
carbinols, the reaction of thexyldialkylboranes (thexyl-BRz 
and thexyl-BRR’) with lithium aldimines was also attempt- 
ed. However, such an approach is so far unsuccessful. 

Experimental Section 
NMR spectra were recorded on a Jeol JNM-MH-60 instrument; 

chemical shifts ( 6 )  are expressed in parts per million relative to 
Me4Si. Ir spectra were recorded on a Hitachi 215 spectrophotome- 
ter. GLC analyses were performed on a Yanaco GCG-550T instru- 
ment, using a 2 m 10% SE-30 column. Elemental analyses were 
performed by Mr. Y. Harada a t  our Department. All temperatures 
were uncorrected. 

Reagents. Reagent-grade solvents were purified by standard 
techniques and kept over a drying agent. BzHs-THF, BHZC1- 
OEtz, tri-n-hexylborane, and dialkylchloroboranes were prepared 
according to the known procedures.16 Butyllithium in hexane was 
a commercial product. Methyllithium in ether and isopropyllith- 
ium in pentane were prepared by standard procedures.17 Q-n-Pen- 
tenyllithium was prepared from 5-bromo-1-pentene and lithium 
dispersion in ether at -30 to -20°.18 The titration was performed 
by Gilman’slg or Eastham’sZ0 method, 

General Procedure. In a 200-ml flask maintained under Nz 
and fitted with a septum inlet, magnetic stirrer, and reflux con- 
denser were placed tert-butylisonitrile (3.6 ml, 30 mmol) and dry 
ether (60 ml). The solution was cooled to Oo and a solution of alk- 
yllithium (30 mmol) was added dropwise. The mixture was stirred 
for 30 min at O0,  and then cooled to -78’ with a dry ice-acetone 
bath. Dialkylchloroborane (30 mmol) was added, and the resultant 
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Table I11 
Physical Data for Alcoholsa 

Yamamoto, Kondo, and Moritani 

6 108-110 (1) 
163-165 ( 1 O ) C  

7 94-95 (0.2) 

8 87-88 (1) 

9 76-78 (0.3) 
160-162 (15)d 

10 90-93 (1) 

NMR data, 6 (CCl,, 60 MHz)b  
~- 

n2'D 

1.4495 
_____________ 

0.90 (t ,  9 H), 1 .21 (br s, 26 H) 
1.4489C 
1.4517 0.83 (d, 6 H), 0.88 ( t ,  6 H) 1.26 (brs ,  

20 H), 1.66-2.00 (m,  1 HI 
1.4450 

1.4967 

1.4557 

0.89 ( ( ' 6  H), 1.07 (s, 3 H) 1.29 (br s, 

0.93 (d,  6 H), 1 .55 (br s, 1 6  H )  

0.95 ( t ,  6 H), 1.37 (br  s, 1 6  H) 

20 H) 

1.63-2.28 (m, 3 H )  

1.85-2.15 (m, 2 H), 4.79 (m, 1 H) 
4.99-5.08 (m, 1 H), 5.34-6.15 (m, 
1 H) 

Ir, cm-I (neat)  

3400,1140 

3495,1140 

3385,1140 

3535, 1 1 7 5  

3400, 1 6 3 9 , 1 1 3 0  
988, 905  

a The alcohols gave satisfactory elemental analyses the results of which have been provided to the Editor. b The absorption 
corresponding to OH is not  listed; br s =broad  s. CA. D. Petrov and M. V. Vittikh, Bull. Acad. Sci. URSS ,  Cl. Sci. Chin. ,238 
(1944). dM.  Asano and T. Yamakawa, J. Pharm. SOC. Jpn., 70, 474 (1950). 

mixture was kept at -78O for 30 min. Thioglycolic acid (4.2 ml, 60 
mmol) was then added, and the reaction mixture was allowed to 
come to room temperature over 1 hr. The solvent was removed at 
reduced pressure and replaced with diglyme (60 ml) and 6 M aque- 
ous NaOH (15 ml). The resultant mixture was refluxed for 8 hr 
(the temperature in the flask was at 80'). Oxidation was accom- 
plished by the addition of 6 M aqueous NaOH (20 m1)-30% HzOz 
(40 ml). Petroleum ether (60 ml) was added, and the organic phase 
was separated, washed with water (60 ml), and dried over anhy- 
drous KzC03. The solvents were removed and the product was ob- 
tained by distillation under reduced pressure. GLC yields were de- 
termined by the use of correction factors with appropriate hydro- 
carbons as an internal standard. All new products exhibited ex- 
pected spectral characteristics and provided satisfactory elemental 
analyses (Table 111). 

Reaction of Dihexylchloroborane with Lithium Aldimine 
Derived from n-Butyllithium under Various Conditions. Es- 
sentially the same procedure as above was employed (10-mmol 
scale). Thioglycolic acid or trifluoroacetic anhydride was added at  
-78' after the addition of dihexylchloroborane, and the reaction 
was allowed to come to room temperature over 1 hr. The solvent 
was replaced with THF. The resultant mixture was refluxed for 6 
hr, or refluxed after the addition of 6 M NaOH. The mixture was 
oxidized and analyzed with GLC (Table I). 

Reaction of Trihexylborane with Lithium Aldimine De- 
rived from n-Butyllithinm. The lithium aldimine (3 mmol) was 
prepared by the same procedure as above. To the solution was 
added trihexylborane (0.85 g, 3.2 mmol) at O",  and the resultant 
mixture was stirred for 5 hr at room temperature. Thioglycolic acid 
(0.85 g, 9.2 mmol) was then added at Oo, and the mixture was 
stirred for 2 hr at room temperature. Oxidation was accomplished 
by the same method as above. GLC analysis revealed the forma- 
tion of 6 in 87% yield, which was determined by the use of correc- 
tion factors. 

Registry No.-6, 56846-92-5; 7, 56846-93-6; 8, 19016-75-2; 9, 
56846-94-7; 10, 56846-95-8; chlorodihexylborane, 18379-62-9; chlo- 
rodicyclopentylborane, 36140-18-8; chlorodibutylborane, 1730-69- 

4; butyllithium, 109-72-8; isopropyllithium, 1888-75-1; methyllith- 
ium, 917-54-4; 4-n-pentenyllithium, 54313-25-6. 
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