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Ethynylation of 4-f-Butylcyclohexanone and Kinetics of Saponification of the 
Ethynylcarbinol Esters1 

H Y  G. It. H ~ s ~ r o l v  .IND FR.WCIS X. ( ) ' S i i t ,  iJ 

K h C L I \ E , U  AUIxLJ5T 26, 1'J;; 

The cthynylation of ~-t-but~lcycloliexa~ioiie with sodium acetylide in liquid a n i i i ~ o ~ ~ i a  IJro(lucca cllieil>- l-etli)tiyl-in~,is-4-t- 
butylcyclohexanol (t-butyl and hydroxyl equatorial). The corresponding CIS isolner (/-l:utJl a i ~ d  ethJ-1Iy1 equatorial) is 
formed simultaneously but in much smaller amount ( tuuns/cis  ratio approximately 8 :  1 ). Hot11 isomers hare  been charac- 
terized and configurations assigned based mainly on the kinetics of the saponification of the p-liitrobenzo;lte cstcrs of the 
ethynylcarbinols and other related alcohols. 

Discussion 
It was mentioned in a previous paper3 iii this 

series that  the p-nitrobeiizoate esters of l-cthyiiyl- 
cyclohexanol and one of the isoiiiers of 4-t-butyl-l- 
ethynylcyclohexano14 saponify a t  nearly the same 
rate. 

Since LVinstein atid Holnessl have already shown, 
in an excellent recent paper, that a 4-t-butyl group 
constrains the cyclohexyl ring to one chair confor- 
mation with t-butyl equatorial, it was suspected 
that the sample of 4-t-butyl-1-ethynylcyclohexanol 
on hand4 had equatorial hydroxyl and was there- 
fore 1-ethynyl-trans-4-f-butylcyclohexanol (I). 
It thus became of interest to exailline the ethynyla- 
tion of 4-t-butylcvclohexanone and to characterize 
and identify the two possible isomers. 

4-t-Butylcyclohexanoiie presents a straightfor- 
ward instance for determining the stercocheniical 
course of ethynylation of substituted cycloliexa- 
nones in view of the t-butyl group inf luen~e.~ Since 
the t-butyl preference for the equatorial position is 
very great (about 3.6 kcal./niolei), i t  is clear that 
each of the isomers of 1-ethynyl-, 1-vinyl- and 1- 
ethylcyclohesanol having a -1-t-butyl group must 
be conforinationally hoinogeneous. Thus the ethy- 
nyl compounds, for example, must be foriiiulated 
only as I and IT, respcctil el)*. 

H 

h 1-1 

I, I1l.ll. 101-1OP0 11, m.p. G2 4i . l '  

I t  has now been detcniiined that the ethyiiyla- 
tion of -~-t-butylcyclohesaiioiie with sodiuiii acctul- 
idc in liquid aninionia produces chiefly I .  Thc 
crude rcactioii product, obtained iii p ~ d  yield, is 
contaminated with a small amount of uiireuctetl 
ketone and with a little TI. Fortunately TI e m  
be recovered from crystallization residues by 
chroiiiatography 011 alumina. The isomers I and 
I1 are foniied in approximately ail S to 1 ratio 
which appears to result from kinetic control since 
treatment of I aiitl TI separately with sotliuni : L C C ~ -  

(1) Paper L S V I I  on s u b s t i t u t e d  acetylenr~s.  previou5 l ~ : i l x r ,  rci :: 
( 2 )  Dow Chemical C o  Fellow, 1936-1957. h1,~tractcrI i r o n i  il !m 

t i o n  of the  1'h.L). Dissertation of P. S. 0's. 
) G. I). Herinion and S. Olivia Dar re t t ,  TFIIS J O c n s A I . .  79, 211s 

~ ) S:upl,licd by  ".ir I<eiluction Chrmic:il 
f : ) )  > \Vini te in  ,ind S. I l o l n c s i ,  ' i ' i i ib  J i  

ylide in liquid aiiiliioiiia effects 110 r1etcctal)lc isoiii- 
eriz:itioii in either case. The  cotifiguratioiis I 
aiid IT arc assigned uii the basis of stut1ic:s OII  the  
kinetics of the saponification of esters. 

The p-nitrobeiizoates of I a r i d  I1 wcre lxcpared 
and each was seinihydrogenatcc1 tu t he corrcspontl- 
iiig vinyl cornpound. Coinpouiiti I was hydro- 
genated fully to the ethyl coii.ipouiid. 4-t-13utyl- 
cyclohexanone 'cva s then allowctl to react with 
ethyliiiagnesiuiii bromide in ether; furtuiiatcly, 
this gave the two 4-t-butyl-1-ctliyl 
(IT1 and Ivj in ;i 1 : 2 . i  ratio, rcaciily 
chromatography. The higher iiieltiiig ethyl coiii- 
pound (111) so obtaiccd was ideiitical with the 
ethyl coinpound made by hydrogciiatio~i of I. 
Both of the ethyl coiiipountis 15 cre traiisforiiied 
to  p-nitrobenzoates. 'The six esters jthc two (?thy- 
nyls, V and V I ;  two vinyls, '\-I I and VI I I ;  and 
two ethyls, IX and X) were sapmified 1x1 SO: { a(luc.- 
ous acetoiic a t  23" and the sccoritl-order rate eoii- 
statits deteniiined (Table I ) .  I t  is :.ilrexly well 
e ~ t a b l i s h e d ~ ~ ~  that cyclohesyl esters with cquatori- 
ally disposed ester groups sapo~iii?- iiiorc rapidly 
than do the corresponding axial esters. I t  h a s  
iiot been established previousl?-, lion-ci-er, that this 
principle applies to esters c h i \  iron1 f -alcohols. 
'That i t  clues iiicfeetl :q q7ly aqy )cars wcll justified 
iron1 the consistency of the d a t u  iii ' l 'd~les I and 
I T .  

'l"l,ti I 
I I+,> (11 :  ,/->:I JKl J l j P . & L O A I  1; 

AOI.\ i \ ~ I I ' , ,  . \ Q I ~ ~ : O I J ~  
. ) - O  4 .> 

I r i i l i . i i  

CIKI 

V O l ' S I 3 '  c ClI ( 1  

\' I 

\ ' l l  t J l ' S I j  - - < I 1  1.11 1)1 

I ' l l i  C 1 1 C I i .  0 1  

1.x -0l ' :cIl  
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TABLE Ir 
SAPONIFICATION RATES OF @-NITROBENZOATE ESTERS, RR'CR"OCOC6H~N02, IN 80% .4QUEOUS k E T 0 N E  AT 25" 

Initial concn., k2, l./mole-sec. X lo4 
Cpd. R R' R" mole/liter Exptl. Mean 

XI11 -CH2(CH?)zCHz- -C=CH 0.00996 297 

XIV -CH2( CH2)SCHs- -CH=CH? .01015 16 .1  

XV -CHz( CH2)3CHr- -CHzCHa ,01015 1 . 4  

,00996 297 297 

,01050 16.2 16.2 

.00996 1 . 2  1 . 3  

,00996 526 524 

,00996 208 306 

.01050 12.4 12 .2  

,01050 1 . 3  1 . 2  

XVI -CHz( CHz) 3CH2- -H ,00996 52 1 

XVII --CH2CHS -CHzCH3 -C=CH ,00996 203 

XI'I I I -CH*CHa -CHZCHa ---CH=CH2 ,01050 12.0 

XTX --CH2CH3 --CH*CHa ~ - C If2 C H, .00396 1.1 

The 1-ethynyl-, 1-vinyl- and 1-ethyl-4-t-butyl- 
cyclohexyl P-nitrobenzoates, (V), (VII) and (IX), 
respectively, shown to have the same configu- 
ration by hydrogenation and designated as having 
equatorial ester groups, in each case were saponified 
more rapidly than their isomers. As can be seen 
from the data in Table I ,  the difference in rates be- 
tween a given pair of cis--tvans isomers varies ac- 
cording to the structure of the alcohol moiety. 
The trans/& rate ratios for the two 1-vinyl- and 
the two 1-ethyl-substituted esters are reasonably 
comparable to the factor of about 3 observed for 
the relative saponification rates of trans- and cis- 
4-t-butylcyclohexyl p-nitrobenzoates (XI and XII).  
However, the difference in rates between the pair 
of ethynyl compounds (ca. 307,) was not as great 
as anticipated. The anomaly appears to lie in the 
saponification rate of 1-ethynyl-cis-4-t-butylcyclo- 
hexyl p-nitrobenzoate (VI). It was previously 
demonstrated3 that substitution of -C=CH for 
-H in alcohol p-nitrobenzoates leads to a decrease 
of about 25-507, in the rate of saponification. A 
comparison of the rate constants cited for VI and 
XI1 indicates, therefore, that VI saponifies faster 
than expected. This may possibly be due to an 
exaggeration of the polar effect of the ethynyl 
group when it is confined in the equatorial position. 

Further evidence for configurational assign- 
ments was furnished by chromatography of mix- 
tures of isomeric alcohols. Winsteins has stated 
that isomers having equatorial hydroxyl groups can 
be expected to be adsorbed more strongly on chro- 
matography and therefore would be more difficultly 
eluted than the isomers having the more hindered 
axial hydroxyls. This was demonstrated by the 
chromatography of a mixture of cis- and trans-4-t- 
butylcyclohexanol.5 In  the present work, the iso- 
mers assigned axial hydroxyl groups were eluted 
first in each instance. 

It is interesting to make other comparisons of the 
rate data listed in Tables I and 11. From the 
values obtained for the saponification of trans- and 
cis-4-t-butylcyclohexyl p-nitrobenzoates (XI and 
XII) and for cyclohexyl p-nitrobenzoate (XVI), it 
can be c a l c ~ l a t e d ~ ~ ~  that the p-nitrobenzoate group 
is more stable in the equatorial than in the axial 
position by about 0.98 kcal./mole. The rate values 

(7) E. Eliel and C. Lukach, THIS J O I - R X ~ I . ,  79, 5986 (1957). 

obtained for the three corresponding 1-ethynyl 
compounds V, VI and XI11 reveal that the ethynyl 
group has only a very small preference for the equa- 
torial position as opposed to the axial position. 
Unfortunately, the rate differences are not large 
enough for accurate calculation of the energy rela- 
tionships. Qualitatively, the equilibrium between 
the two possible conformations of l-ethynylcyclo- 
hexyl p-nitrobenzoate appears to lie principally in 
the direction of the conformation with ethynyl 
axial and p-nitrobenzoate equatorial. In l-vinyl- 
and 1-ethylcyclohexyl p-nitrobenzoates the opposite 
conformation, bearing p-nitrobenzoate axial, ap- 
pears to be predominant. It should be noted also 
that the saponification rates for 3-ethyl-1-pentyn- 
(en and an)-3-yl p-nitrobenzoates (XVII, XVIII 
and XIX) are quite similar to those obtained for the 
corresponding cis-4-t-butylcyclohexyl compounds 
(VI, VI11 and X). 

Experimental 
Materials.-A sample of 4-t-butylcyclohexanone was pro- 

vided by Dow Chemical Co. and was used after one recrys- 
tallization from petroleum ether (Skellysolve F). Generous 
samples of 3-ethyl-1-pentyn-3-01 and l-ethynylcyclohexanol 
were supplied by Air Reduction Chemical Co. 1-Vinyl- 
cyclohexyl p-nitrobenzoate and 3-ethyl-3-pentanol were 
supplied by Dr.  Olivia Barrett. Samples of cis-rich 4-t- 
butylcyclohexanol and tmns~-t-butylcyclohexyl acid phthal- 
ate were provided by Dr. Ernest Eliel. 

Preparation of p-Nitrobenzoates.-The esters were pre- 
pared from the alcohols by the procedure described by 
Hennion and Barrett.8 Among the esters prepared in this 
manner were these several known compounds: cis-4-t- 
butylcyclohexyl p-nitrobenzoate (XII ) ,  47y6 yield, m.p. 
133-134" (lit.@JO m.p. 130.2-131.0", 133-134'); l-ethynyl- 
cyclohexyl p-nitrobenzoate (XIII), 74% yield, m.p. 65" 
(lit .8 m .D. 66 O) : l-ethvlcvclohexvl 6-nitrobenzoate ( X V  1. \ ~ ,, 
?6% yieid, n1.p.'73.5-73.5~ (1it.ll m.p. 73-71"); cyclohexyl 
p-nitrobenzoate (XVI),  77% yield, m.p. 50.5-52' (lit.12 
m.p. 
ate (XVII 

51 .5-52.5" ) ; and 3-eth yl-l 'pen tyn -3-yl p-nitrobenzo- 
), 93% yield, m.p. 76-77' (lit.8 m.p. 77'). 

irans-4-t-Butyicyclohexyl p-Nitrobenzoate (XI).-trans- 
4-t-Butylcyclohexyl acid phthalate (m.p. 145-147", lit.5 
m.p. 146.2-146.7') was saponified to  the alcohol as  de- 
scribed by Wrinstein.6 The alcohol (1.56 g., 0.01 mole), 
m.p. 81-82" (lit.5 m.p. 81-82'), yielded 2.43 g. (80%) of 
the ester, m.p. 123-124' after recrystallization from meth- 
anol. 

(8) G. F. Hennion and S. Olivia Barrett,  ibid., 79, 2146 (1957). 
(9) G. Stork and W. White, ibid., 78,  4617 (1956). 
(10) E. Eliel and R. Ro, ib id . ,  79, 5992 (1957). 
(11) J. Cook and C. Lawrence, J .  Chem. Soc., 58 (1938). 
(12) C. Siebenmann and R. Schnitzer, THIS JOURNAL, 65, 2126 

(1943). 
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Anal. Calcd. for C17H23N04: C, 66.86; €I, 7.59. 
Found: C, 66.96; H, 7.57. 

Ethynylation of 4-t-Butylcyclohexanone .-A single piece of 
clean sodium (8.3 g., 0.35 mole) was converted to sodium 
acetylide in 1.5 liters of liquid ammonia. X solution of 
30.8 g. (0.2 mole) of 4-t-butylc~-clohexanone, m.p. 47-49", 
in 250 ml. of anhydrous ether then was added with stirring 
(35 min.). An additional 100 ml. of anhydrous ether was 
put in immediately and further 100-ml. portions were 
added after 2 ,  4, 6 and 7 hours to replace the atiiinonia lost 
by evaporation. Mechanical stirring was maintained 
throughout x i th  continuous admission of acetylene. After 
8 hours, 15 g. of anixnoniuin chloride was added iii small por- 
tions followed by 100 inl. of concentrated ammonium hy- 
tlroside and 200 g. of chopped ice. The ethereal layer was 
separated and the aqueous portion was cxtracted with 100 
inl. of ether. The combined ether extract was washed with 
100 tnl. of cold water, 100 nil. of dilute hydrochloric acid, 
100 ml. of cold water and fiiially with 100 1111. of britie. The 
solution was then dried overnight with anhydrous potassium 
ruboncite. 

The ether was removed by distillation, the last portion 
in z~acuo. The white, crystalline residue (35.6 g., m.p. 87- 
'37'') was dissolved in 240 ml. of hot Detroleum ether (Skellv- 
solv'e F) and the solution was allowed to crystallize at room 
temperature. After 6 hours 13.7 g. of product, m.p. 100- 
102', was removed by filtration. The filtrate was allowed 
to crystallize further in the refrigerator overnight and thus 
yielded an additional 5.0 g., m.p. 100-102'. Since further 
crystallization could not be induced, the filtrate was evapo- 
rated to dryness at room temperature (3 days) leaving 14.0 
g. of oily solid. This material was dissolved in 50 nil. of 
petroleum ether and chromatographed on 200 g. of alumina 
wetted with petroleum ether. The column was eluted with 
500 ml. of petroleum ether, 500 nil. of 10% ether-petroleum 
ether, 500 ml. of 20% ether-petroleum ether, 230 ml. of 50% 
cther-petroleum ether and finally with 500 nil. of ether. 
'The eluate was collected in 50-ml. portions (42 fractions). 

Fractions 7-18 yielded 4.0 g. of 4-t-butylcyclohexanone, 
1n.p. 46-49'; fractions 24-31 gave 2.2 g. of nearly pure 1- 
~tliyiiyl-cis-4-t-but)-lcycloliexanol (I1 ), in .p. 62-64 ', while 
fractions 35-42 provided 3.6 g. of l-ethynyl-trans-4-t- 
butylcyclohexanol ( I ) ,  m.p. 101-102.5°, not depressed by 
mixture with material obtained from the origilnl crystalliza- 
tion. The intermediate fractiolis 19-23 gave 1.7 g. of oil 
identified as a niisturc of k e t o ~ ~ c  a r ~ d  cis-alcohol; a n d  frac- 
tions 32-34 (1.3 g., m.p. 52-02") proved to be a ~iiisturc of 
tllC t \vo alcohols. 

The total recovery of ~-eth!.ti!.l-trans--l-t-l~ut~lc~-clolicx- 
ai101 ( I )  was 22.3 g. or 6256 of tlie theoretical bascd on start- 
ing ketone. 

Anal .  Calctl. for C12HmO: C ,  79.94; 11, 11.18. Found: 
C ,  80.07; H ,  11.28. 

The yield of l-etl iynyl-c~s~-t-b~~tylcyclolicsantil  (11) was 
2.2 g. (653). After two recrystallizations from petroleuiri 
ether the 1n.p. was 62-64'. 

Anal. Calcd. for CI2€IlOO: C, 79.94; 11, 11.18. Found: 
C, 80.15; H ,  11.29. 

Based 011 pure products isolated tlie ratio of tmns- to cis- 
alcohol was 10: 1. If i t  is assumed that  eluates 19-23 con- 
sisted of ketone and cis-alcohol in equal amounts, and that 
eluates 32-34 contained the cis- and trans-alcohols in equal 
quantities, the ratio becomes 6 : 1. 

Infrared spectra of the alcohols (10% in CHCl,) were 
similar iu many respects; each sliowed OH bands near 2.8 
and 2.9 p and the typical ethynyl hydrogen a t  3 p. The 
ethynyl group was revealed feebly a t  4.7 p. The spectrum 
of the cis-alcohol exhibited a strong band a t  12.1 p which 
\vas not observed for tlie trans isomer. This band appears 
&(J in the spectra of cis-4-t-butylcyclohexanol and l-ethyl- 
cis~-t-butylc).cloliexaiiol but not in the spectra of the corre- 
sponding trans isomers. 

l-Ethyn~~l-tr~ns4-t-butylcyclohexyl p-nitrobenzoate (V) 
was prepared froin the alcohol; m.p. after three reerystalli- 
z,itions from aqueous ethanol, 106-106.5" (lit.* ii1.p. 107- 

1-Ethynyl-cis-4-l-butylcyclohexyl p-nitrobenzoate (VI) 
The m.p. 

.,I nal .  C;tlcd. for C1gI.123S04: C ,  69.28; 11,  7.04. 

109 0). 

was obtained in a similar manner (6670 yield). 
after three recrystallizations from methanol was 145-149'. 

Found: C, 69.44; I i ,  7.13. 

I-Vinyl-trans-4-t-butylcyclohexyl p-nitrobenzoate (VII) 
was prepared by semi-hydrogenation of V. The ester (3.29 
g., 0.01 mole) was dissolved in 30 ml. of petroleum ether 
(Skellysolve B) and 15 ml. of ethyl acetate and 0.120 g. of 
570 Pd/BaCO, was added. The reduction was carried out 
at rpom temperature (1.75 hr.) at  an initial pressure of 48 
p.s.1.g. The solution was filtered and the filtrate allowed 
to evaporate a t  room temperature. The product was re- 
crystallized from aqueous ethanol, yielding 2.7 g. (8170) of 
1-vinyl-trans-4-t-butylcyclohexyl p-nitrobenzoate, m.p. 11 5- 
116.5". 

Anal. Calcd. for C19H26N04: C,  68.86; H, 7.60. Found: 
C, 68.94; H, 7.67. 

1 -Vinyl-cis-4-t-butylcyclohexyl p-nitrobenzoate (VIII) was 
prepared in a similar manner from 1.0 g. (0.003 rnolc) of 
\-I and 0.03 g. of 5y0 Pd/BaC03 in 30 ml. of petroleum ether 
and 30 ml. of ethyl acetate. The product (0.91 g., 90%) 
melted a t  116-117" after recrystallization from niethanol 
(mixed m.p. with trans isomer VII ,  89-109'). 

Anal. Calcd. for C I ~ H ~ ~ N O ~ :  C, 68.86; €1, 7.60. 
Found: C, 68.29; H, 7.66. 

3-Ethyl-I-penten-3-y1 p-nitrobenzoate (XVIII) w:is pre- 
pared in a similar manner from 5.2 g .  (0.02 mole) of S\ 11 
and 0.06 g. of 5y0 Pd/BaCOs in 50 ml. of ethyl acetate. 
The product was recrystallized from methanol yielding 3 . 6 i  
g .  0(70%) of 3-ethyl-1-penten-3-y1 p-nitrobenzoate, m.p. 85- 
86 . 

Anal. Cdlcd. for C ~ ~ H ~ ~ N O I :  C,  63.86; H, 6.51. 
Found: C,  63.73; H,  6.45. 

1-Ethyl-trans4-t-butylcyclohexanol (111) was prepared by 
hydrogenation of I. The alcohol (5.0 g., 0.028 mole) was 
dissolved in 30 ml. of absolute ethanol and 0.6 g. of wct 
Raney nickel was added. The reduction was carried out 
at room temperature for 45 min. at an initial pressure of 41 
p.s.i.g. The solution was filtered and the solvent removed 
by distillation in vacuo. The product was recrystallized 
from petroleum ether (Skellysolve F) yielding 4.13 5. (80%) 
of  l-ethyl-trans-4-t-butylcyclohexanol, m.p. 84-85 . 

Anal .  Calcd. for C12H240: C,  78.19; H, 13.13. Found: 
C, 78.37; H, 13.37. 

Reaction of Ethylmagnesium Bromide with 4-t-Butylcy- 
clohexanone.--.l-t-Butylcyclohexanone (7.71 g., 0.05 mole), 
m.p. 47-49", was treated with ethylmagnesium bromide 
(prepared from 1.82 g. (0.075 mole) of magnesium turnings 
and 14 g. (0.13 mole) of ethyl bromide in 160 ml. of anhy- 
drous ether) in the usual manner. The product, isolated 
a s  a viscous liquid weighing 9.2 g., was dissolved in 50 nil. 
of pentane and chromatographed on 250 g. of alumina 
wetted with pentane. The column was eluted with 500 
nil. of pentane, 500 nil. of 10% ether-pentane, 500 ml. of 
20y0 ether-pentane, 250 ml. of 50y0 ether-pentane and 
finally with 500 ml. of ether. The eluate was collected in 
50-ml. portions (37 fractions). 

Fractions 5-20 yielded 5.7 g. of letliyl-cis-l-t-butylc~~clo- 
hexanol ( IV) ,  nZ5D 1.4638,13 while fractions 25-30 provided 
2.11 g. of 1-ethyl-trans-4-t-butylcyclohexanol ( I I I ) ,  m.p. 
82-84', not depressed by mixture with material obtained 
from 111-drogenation of 1-ethynyl-trans-4-t-butylcycloliex- 
mol .  The intermediate fractions 21-24 gave 0.24 g. of an 
oil identified as a mixture of the two alcohols, while fractions 
31-34 (0.47 g., m.p. 45-70') proved to be a mixture of I11 
and trans-4-t-butylcyclohexanol. The presence of the latter 
(in fractions 31-34) was shown by the infrared spectrum and 
by preparation oE the p-nitrobenzoate ester (n1.p. 122-123', 
riot depressed by mixture with an authentic sample). 

The recovery of 1-ethyl-trans-l-t-butylcyclohexanol was 
2.11 g. or 23y0 of the theoretical based on starting ketone. 

The yield of 1-ethyl-cis-4-t-butylcyclohexanol was 5.7 g. 
(62yo), and the compound was analyzed only in the form of 
its p-nitrobenzoate ester (see below). Based on pure matc- 
rials isolated, the ratio of cis- to trans-alcohol was 2.7:l.  

Infrared spectra of each alcohol (10% in CHC13) showed 
OH bands near 2.8 and 2.9 p. The spectrum of the cis- 
alcohol exhibited a strong band at 12.1 p which was not ob- 
served for the trans isomer. 

1-Ethyl-trans-4-t-butylcyclohexyl p-nitrobenzoate (IX) 
was prepared from the alcohol in 73y0 yield, m.p. after three 
recrystallizations from methanol, 117-1 17.5 O .  

(13) A sample obtained later from the  saponificatioti uf the fi 
iiitrobenzoate ester had nz5D 1.4642. 
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Anal. Calcd. for C I S I - I ~ ~ S O ~ :  e, 68.44; H ,  8.16. 
Found: C, 68.18; H, 8.22. 

was obtained in a similar manner (50y0 yield). The m.p' 
after three recrystallizations from methanol was 82-83 '. 

Anal. Calcd. for C I ~ H Z ~ N O ~ :  C,  68.44; H ,  8.16. Found: 
C, 68.59; H ,  8.13. 

3-Ethylpentan-3-yl p-nitrobenzoate (XIX) was prepared 
from the alcohol in 59y0 yield, m.p. 42.5-43.5' after three 
recrystallizations from methanol. 

1-Ethyl-cis-4-t-butylcyclohexyl p-nitrobenzoate (X 1 

Anal. Calcd. for C I ~ H I & O ~ :  C, 63.38; H ,  7.22. Found: 
C, 63.64; H ,  7.45. 

General Kinetic Procedure.-The rates of saponification 
were determined as previously described3 with the excep- 
tions that 8OYO acetone was used as the solvent and brom 
cresol purple as the indicator. 

In  cases where the saponification proceeded very slowly 

( L e . ,  for esters IX ,  X ,  XV and XIX) drift in the rate con- 
stants toward progressively greater consumption of alkali 
was observed. This was not due to solvolysis since solu- 
tions of the esters in the solvent remained neutral after five 
days a t  room temperature. An alkaline solution of 80% 
acetone, however, very slowly lost basic strength through 
some side reaction with the solvent. Corrections were 
therefore applied in those cases where drift was observed, 
to account for this side reaction. The corrections were 
satisfactory in all cases except for IX where the rate values 
then drifted in the opposite direction. This value is there- 
fore approximate. 
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Organoboron Compounds. IX. Preparation and Properties of 
Diisobutyl-f-butylborane 

BY G. F. HENNION, P. A. MCCUSKER AND A. J. RUTKOWSKI~ 
RECEIVED SEPTEMBER 20, 1957 

Diisobutyl-t-butylborane, (( CH~)ZCHCHZ)ZB-C(CH~)Z, stable to disproportionstion and to rearianpenzent when distilled in 
Distillation a t  atmospheric pressure causes rearrangement to triiso- mcuo (below ca. 60"), has been prepared in five ways. 

butylborane. All attempts to prepare tri-t-butylborane failed. 

Discussion 
It was reported in a previous paper3 in this series 

that tri-t-butylborane was not obtainable from the 
reaction of f-butylmagnesium chloride with boron 
chloride or with boron fluoride and that distillation 
of all such reaction products a t  atmospheric pres- 
sure gave triisobutylborane in good yield. Since 
i t  has been demonstrated conclusively that one t-  
butyl group can be attached to boron to form t- 
butylboron oxide and t-butylboron dichloride, 
attempts have been made to prepare mixed t -  
butyl-alkylboranes and hence to determine, inter 
alia, whether tri-t-butylborane can be made by 
disproportionation. 

We wish to report now concerning the prepara- 
tion and properties of diisobutyl-t-butylborane, 
((CH&CHCH2)2B-C(CH3)a. As shown below this 
compound has been prepared in five ways, (a) 
to (e). Reactions f and g gave only triisobutyl- 
borane. 
3 t-BuMgC1 + BFs (:1) 
3 t-BuMgC1 + ( C H I O ) ~  (b)  1 
2 i-BuMgBr + t-ThBClz 
2 t-BuMgBr -t t-RuBClz 

t-BuMgC1 + i-BuzBF 

(c)  1 --+ (i-Bu)zB-(t-Bu) 

(h)  4 heat 
3 t-BuMgC1 + RCls 'if/ \+ (i-Ru)sB t-BuMgC1 + i-BuzBC1 (g)  

The properties of triisobutylboranc and diiso- 
butyl-t-butylborane are compared in Table I. 

The authenticity of the product from the reac- 
tions a to e is indicated not only from these various 

(1) Previous paper, THIS J O U R N A L ,  79, 5190 (1957). 
( 2 )  Abstracted in part from the Ph.D. Dissertation of A. J. R 

Presented a t  the h'ew York Meeting of the American Chemical So- 
ciety, September. 1957. 

(3) G. F. Hennion, P. A. McCusker, e l  a l . ,  THIS JOURNAL, 79, 5190 
(1957). 

(41 P. A. McCusker, e t  al , ibid., 79, 5180, 5183 (1957). 

(i-C,H9)3B 52-53 4 1.4203 0.7352 62.73 
(i-C4HQ)zB-t-C4H9 48-49 2 . 7  1.4244 0.7428 62.62 

modes of formation, but also from the fact that 
oxidation with alkaline hydrogen peroxidesP6 gave 
isobutyl and t-butyl alcohols in exactly a 2 : 1 ratio. 
Surprisingly, diisobutyl-t-butylborane may be re- 
distilled repeatedly in vacuo, if the boiling point does 
not exceed about 60°, without disproportionation 
or rearrangements6 At higher temperatures] as 
obtain during distillation a t  atmospheric pres- 
sure, rearrangement to triisobutylborane occurs 
smoothly. Disproportionation to tri-t-butyl- and 
triisobutylboranes has not been achieved. Further- 
more, all attempts to prepare tri-t-butylborane ilia 
Grignard reactions (methods a, b, d and f )  have 
met with failure under various experimental con- 
ditions, as have attempts to prepare di-t-butyl-iso- 
butylborane. 

Since the alkylation of a boron halide or ester 
with a Grignard reagent must proceed i n  a step- 
wise manner, i e . ,  BXa 4 RBXz 4 RzBX + R3B, 
i t  is not possible to determine unequivocally a t  
what stage or how rearrangement occurs. It is 
believed that the reaction of t-BuMgX with boron 
fluoride (method a) produces initially t-BuBF2 
and that the subsequent alkylations proceed only 
with rearrangement. On the other hand, when 
boron chloride is used (method f ) ,  even the first 
butyl group attaches only with rearrangement. 

(5) H. C. Brown and B. C. Subba Rao, ibid., 78, 5694 (1956). 
(6) To our knowledge this is the first recorded instance of a mixed 

trialkylborane completely stable to disproportionation a t  so high a 
temperature. This suggests that  disproportionation of mixed boranes 
is subject to steric hindrance. Further work i n  this connection is under 
way. 


