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It is of interest to note that  HeplerI5 has demonstrated 
that  only for a reaction series entailing a linear AG-AH re- 
lationship can a Hammet t  type correlation be followed pre- 
cisely a t  more than one temperature ,  although this is diffi- 
cult to check experimentally.I3 Table  X shows the p values 
obtained for plots of t h e  form of Figure 3, using the results 
a t  temperatures 25, 40, 60, 80, and 90°, and omitting in the 
determinations of 4,4’,4’’-trimethoxy-, 4,4’-dimethoxy-, 
4,4’,4”-trimethyl-, 4,4’,4”-trichloro-, and 4,4’,4”-tris(tri- 
methylammonium perch1orate)triphenylmethanols. 

The  existence of correlations between pK,  values derived 
from the acidity function approach, and other  physicochem- 
ical parameters  not depending on acidity function theory 
for their definition, is of vital importance in establishing the 
thermodynamic validity of such pK,  values. Such correla- 
tions have been reported for the  Ho ~ c a l e ; ~ , ’ ~  the o+ corre- 
lations and the linear free energy-enthalpy relationship dis- 
cussed above in the present study testify to the  authenticity 
of the ~ K R +  and hence H R  values obtained. These ~ K R +  
values (eq 5 )  a r e  thus thermodynamic quantities accurately 

(5 1 

related to the  s tandard s ta te  of pure water. T h e  H R  values 
may be utilized with some confidence for t h e  correlation of 
rates for appropriate acid catalyzed reactions a t  elevated 
temperatures; in this context work is currently in handI7 to 
utilize these da ta  in the  interpretation of nitration studies’ 
as  detailed initially. 
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Abstract: The temperature-dependent nmr spectra for a number of closely related substituted ethanes have been studied by 
f u l l  line shape analysis to give barriers to rotation. These range from 10.4 to 13.8 kcal mol-’. The variation in barriers can- 
not be explained satisfactorily by primary steric effects alone. The data are best rationalized on the basis of a compression ef- 
fect operating in the eclipsed transition state.’ 

When rotation of a tert- butyl group at tached to a n  sp3 
hybridized carbon atom is slow on the  nmr  time scale, it is 
usually possible to obtain activation parameters  for the 
rotation by examining the temperature  dependence of the  
nmr  spectrum.2 Bulky substituents, such as  alkyl groups3 or 
halogen atoms4 raise the barrier to rotation due  to increased 
steric interactions along the  t -Bu-C(sp3)  bond in an  ec- 
lipsed transition state.  However, substituent effects on bar-  
rier heights cannot always be explained by such primary 
steric effects along the ethane bond and more subtle secon- 
dary effects need to be considered. W e  now describe one of 
these, tha t  of bulky groups not directly a t tached to the eth-  
a n e  bond, but separated from it by one atom, i.e., @-substit- 
uents, which give rise to unusually high barriers to rotation. 

For example, while the barrier in hexamethylethane (1) 
may be reasonably estimated to be between 9.6‘ and 10.Oh 
kcal mol-’ ,  we have found tha t  introduction of two tert- 
butyl substituents in a p position giving 2,2,4,4,5,5,7,7-0~-  
tamethyloctane (2) leads to a barrier of 13.8 kcal mol-’. 
An interpretation of this and other observations is presented 
in this paper. 

M e  Me 

RH,C -c -C - C H ~ R  
I 

Me Me 
l , R  = H 
2 , R  = I -BU 
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Table I. tert-Butyl Chemical Shift Data for 3-12” 

Low 
Com- Room temp, 
pound tempb ---Low temp---- “C 

3 1.10 1 .12  (67%) 0.98 ( 3 3 z )  -112 
4 c  1.09 1.17 1.10 0 .98  - 100 
5 1 .20  1 .13  1 .21  1.24 -112.4 
6 1.09 1 .13  1 .09  0 .99  - 99 
7 1.07 1 .31  (33%) 0.93 (67%) -74.8 
8 1.14  1.13(67%) 0 .94  (33%) -113 
9 1 .25  1.30 1.30 1.17 -138 

lod  0.86 0.91 ( 6 7 z )  0.72(33%) -148 
11 0.99 0 .89  0.96 1.16 -138 
12 1.24 1.29 1.16 1.16 -94.9 

Solvent is CF2CI?, except for 7 where CHFC12 was used. Am- 
bient probe temperature of about 33“. Data refer to the ethyl-dj 
compound. 

Results 
In the  ambient- temperature  nmr  spectra of compounds 

3-12, the tert-butyl resonance appears  a s  a singlet which, 
on lowering the sample temperature, broadens and eventu- 
ally splits into two lines of relative intensity 2:l (compounds 
3, 7, 8, 9, and 10) or into three lines of equal intensity (com- 
pounds 4, 5, 6, and 11). Compound 9 a t  low temperature  
shows only two of relative intensities 2:1, presumably due  to 
two of the peaks being accidentally isochronous. Table  I 
lists the chemical shift da ta  for the  tert-butyl signals in 3- 
1 2  a t  the high and low temperature  limits. 

Data refer to the deuterated (d;) compound. 

R Me 

I 1  
R‘ Me 

R” 

3.R = R =CH,,R’ = C1 
4. R = CH j; R = CH2CH j; R” = C1 
5, R = CH 1; R’ = CH,Ph: R” = C1 
6 ,  R = CH , R = cH2-t-B~: R” = C1 
7. R = R’ = CHLPh: R” = C1 
8, R = R’ = CH,; R” = Br 
9. R = CH,; R’ = CH2Ph; R” = Br 
10.R = R’= CH,, R” = H 
14 R = CH,; R’ = CH,Ph, R” = I3 
12, R = CH j, R’ = t-Bu; R = C1 

T h e  ambient- temperature  nmr  spectrum of 2 comprises 
the expected three singlets of relative intensities 2:6:9. As 
the  temperature  is lowered, the signal of the methylene 
group broadens and splits below about  -20’ to a n  unsym- 
metrical doublet of relative shift 9.2 Hz (0.092 ppm) a t  
-45” and of intensity ratio 0.356:0.644 obtained by mea-  
surement  of areas  under absorption peaks.’ The  signals for 
the ter t -butyl  groups and the geminal methyl groups of 2 d o  
not split into multiplets in the low-temperature spectrum re- 
corded a t  100 MHz operating frequency, although the  lat-  
ter signal shows signs of broadening. In  the spectrum of 2 
recorded a t  220-MHz operating frequency a t  -80”, the  
geminal dimethyl group appears  as  a narrowly spaced trip- 
let ( 6  0.914, 0.920, and 0.927), the  three peaks being of ap- 
proximately equal intensities. The  ter t -butyl  signal is still a 
singlet under these conditions. 

These spectral changes should not be due  to rotation 
about  the  CH2-C bonds in 2, which should be fast a t  all 

Table 11. Rotation in the Series 2-12 

AG*, kcal 
Compound mole-’ krat,lt,on, sec T,  “K 

2 
3 
4s 
5 
6 
7 
8 
9 

lob 
11 
12 

13.80 
10.43 
10.68 
10.85 
11.80 
11.41 
10.73 
11.30 
6.97 
7.10 

11.42 

7 . 0  
134.0 
18.0 
19.7 
9 . 0  

152.0 
50.0 
10.0 
72.0 

174.0 
8 . 3  

254.5 
216.6 
205.2 
209.0 
220.1 
237.4 
214.2 
212.0 
143.4 
151.2 
212.9 

a Data refer to the ethyl-& compound. Data refer to the (CD3)!- 
CD-C(CH& compound. 

temperature  considered here; rather, these separate  signals 
a re  considered to represent the t r a n s - 2 a  and gauche -2b  
and -2c conformations, respectively, which a r e  interconvert- 

Cb r-Bu C W p  I-& CH2 I-BU 

CH2 t-Bu Me MI2 

2Q 2b 2 C  

ing slowly on the nmr  time scale a t  low temperatures. Since 
the geminal-dimethyl signal appears as  an approximately 
1:1:1 triplet when rotation is slow, there must be about  
twice a s  much of the gauche isomer (which has two kinds of 
environment for a methyl group) as  of the t rans  isomer 
(which has only one such environment). As far as the meth- 
ylene signals a r e  concerned, each isomer is expected to give 
one singlet8 so the more intense of the two observed methy- 
lene signals is assigned to the  gauche conformation. On  the 
basis of relative intensity, the t rans  conformation is more 
stable than a gauche conformation by 44 cal mol-’ a t  about 
-59O. 

R a t e  constants for rotation about  the central carbon-car- 
bon bond were obtained by a visual fitting of computer sim- 
ulated to experimental spectra using the temperature-de- 
pendent tert-  butyl resonance.2c Table  I1 shows rate  con- 
stants determined a t  typical temperatures and the free ener- 
gy of activation for the rotational process derived from 
these da ta  using the Eyring e q ~ a t i o n . ~  Tables in  the experi- 
mental  section give ra te  constant and other da ta  a t  several 
temperatures for each compound. 

Discussion 

In the series 2-12 the barrier measures the difference in 
the energy between the staggered ground state and a n  ec- 
lipsed transition state. Replacement of a methyl group sub- 
stituent in 3 by CH2X leads to a n  increase i n  the barrier of 
between 0.25 ( 3  vs. 4) and 1.37 ( 3  vs. 6 )  kcal mol-’. Inso- 
far as  the ground state conformation of such molecules is 
expected to be a s  in 13,’O with the group X remote from in- 

Me 

Cl 

13 
teraction along the  ethane bond, the effect of X on the bar- 
rier is surprising. The  contrast with another  well-known 
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conformational situation emphasizes this. Thus,  the free en- 
ergy difference between axial and equatorial ethylcyclohex- 
a n e  ( the  A ~ a l u e ) , ~ * ~ ' ~  1.75 kcal mol- ' ,  is very similar to 
t h a t  of methylcyclohexane, 1.70 kcal mol- ' , '2 . '3  and  this is 
explained in terms of a conformation, 14, in which the  

I4 

group X ( X  = methyl in ethylcyclohexane) is remote rrom 
the destabilizing 1,3-diaxial  interaction^.'^ Now 13 resem- 
bles 14 to the  extent tha t  X in 13 is remote from interac- 
tions along the e thane  bond, yet it has a marked effect on 
the barrier to rotation about  that  bond. An explanation of 
the  effect of changing X in molecules does not in fact 
suggest itself, from a n  examination of the  likely ground 
s ta te  conformation. 

In a presumably eclipsed transition state,  direct opposi- 
tion of groups along the ethane bond may be expected to  
have the effect of increasing bond angles 8 in 15, causing a 

X-CH, .CH3 w 
compression of the three substituents a t  either end of the  
e thane  bond. Thus,  for compounds of type 3, replacement of 
a methyl group by C H l X  leads to a transition state,  16, 

Me 
I 

I6 

where the  X group interacts with the  chlorine atom and the  
methyl group, and we suggest tha t  i t  is this unfavorable in- 
teraction tha t  produces the  high barrier to rotation. It 
would be a n  oversimplification to suggest tha t  the  group X 
is involved in no steric interact ionsi5 in the  ground s ta te  of 
13 but the  above explanation is based on there  being en- 
hanced interactions due  to compression in the  transition 
state, 16. 

A particularly clear demonstration of the compression ef- 
fect is given by 6 where X is a tert- butyl group. T h e  barrier 
to rotation is 1 1.8 kcal mol- ' ,  a n  enhancement of 1.4 kcal 
mol- ' ,  and is in fact greater than  in 12: 11.4 kcal mol- ' .  
Replacement of t h e  tert- butyl substituent in 12 by a neo- 
pentyl group leads to  a higher barrier. T h e  contrast with the  
A values of the two groups is striking.16 The  estimated A 
value of the tert- butyl group is 5.6 kcal mol- ' ,  while for the 
neopentyl group it is about  2.0 kcal mol- ' .  T h e  postulated 
secondary steric effect obviates the  unlikely conclusion sug- 
gested by consideration of eclipsing interactions alone. 

Replacement of two methyl groups in hexamethylethane, 
1, by two neopentyl groups, i.e., 2, has no less striking ef- 
fect. T h e  hindrance to compression a t  both ends of the eth- 
a n e  bond produces a barrier of 13.8 kcal mol-' .  This  bar-  
rier is, in fact, tha t  for interconversion of gauche and t rans  
isomers; the  gauche-gauche barrier may be different and 
probably higher. T o  our knowledge, this is the largest bar- 
rier reported for a simple acyclic alkane. 

The  effect of compression during rotation is reminiscent 
of B ~ t r a i n . ' ~ . ' ~  Enhanced reactivity of certain tert- alkyl 
compounds in reactions involving carbonium ions is attr ib- 
uted to relief of steric interactions, B strain, in a planar ion 
compared with the  tetrahedral s tar t ing compound. It may 
be tha t  the  compression we envisage is adequately described 
as increased B strain in the  eclipsed conformation. This  sug- 
gested compression effect has analogy in earlier work of 
Sederholm and N e ~ m a r k ' ~  who showed that  the barrier to 
rotation (trans-gauche) in CC12Br-CF2Rr, 17, is 10.8 kcal 
mol- ' ,  while the  barrier (trans-gauche), in CCIBrF-  
CFCIBr,  18, is only 10.1 kcal mol- ' ,  al though each transi- 
tion state has the same  pairs of eclipsing atoms. Although 
the  barrier differences may reflect differing ground s ta te  
energies, the authors  suggested that  17 has the higher bar- 
rier because one of the carbons has  three bulky halogen 
atoms at tached,  rendering "distortion" of the tetrahedron 
in the transition s ta te  more difficult. T h e  results reported 
here suggest tha t  this distortion is a compression. 

I t  is interesting a t  this juncture  to compare the  pairs of 
compounds 10 and 11, 3 and 5, and 8 and 9. In  each case 
the barrier rises on substitution of a benzyl group for a 
methyl group, i.e., on the introduction of a 0-phenyl sub- 
st i tuent.  

I n  the first pair 10 and 11, the third substituent is a hy- 
drogen atom, in the second pair it is a chlorine atom, and in 
the  third pair it is a bromine atom. In line with this increas- 
ing size of the third substituent, the  difference in barrier be- 
tween the two members of the pair increases. 

X H c1 nr  
Compounds involved 1 0 , l l  3, 5 8,9. 
AAG* (kcnl mol- ' )  0.2 0.4 0.6 

The  substitution of  two or three -CHlX groups will not 
necessarily lead to even higher barriers, since a t  some point 
a ground state,  such as  19, with X-X parallel (1,3) interac- 

H-St4H X 

I9 

tions will become unbearably crowded, but in 7, which has 
two CH2X groups ( X  = Ph),  the secondary effect is self- 
reinforcing. as shown by the  barr ier  of 11.4 kcal mol-', 
compared with 10.85 kcal mol-' for 5 (one C H r P h  group), 
and 10.43 kcal mol- '  for 3 (no CI-12Ph group). 

T h e  result for the  gauche-trans equilibrium in 2b de- 
serves some further comment .  T h e  t rans  and one of the 
gauche isomers a r e  represented in extended form in 20, the  
isomerism being about  the  central CK-CL bond and the 
tert- butyl groups presumably being located trans-antiparal- 
lei to this bond. Only these tert- butyl groups make  the  mol- 
ecule different from hexamethylethane, and,  as  they a r e  re- 
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is limited by the onset of exchange broadening at high tempera- 
tures and of other broadening at lower temperatures. The repro- 
ducibility of area measurements is not good enough for tempera- 
ture dependence of proportions of isomers to be detected. In  fact, 
the measure of fractional population of the less common isomer 
varied between 0.336 and 0.384, the mean value being 0.356. The 
less intense signal was assigned to the trans isomer from the ap- 
pearance of the gem-dimethyl signal in a 220-MHz spectrum. as 
described in the Results Section. After allowing for the twofold de- 
generacy of the gauche isomer, these figures give a range of 5--X9 
cal mol-' for the free-energy difference between a gauche and the 
trans confirmation. The mean value is 44 cal mol-' ,  the trans 
being more stable than the gauche. The ratio of peak areas is al- 
ways less than 2:l. For the calculation of rate constants in  2 the 
methylene region was treated as a 2:1 doublet since the full treat- 
ment for gauche-trans isomerization in such a case is complex." 
On the basis of this approximate treatment, the mean rate of rota- 
tion is 7 and 15 sec-l at -18.7 and -l0.Xo, where AG* is 13.82 
and 13.86 kcal mol-I at  these temperatures. 

The following sections give all rate data for the compounds stud- 
ied. Each list gives a series of temperatures ( K O ) ,  rate constants at 
that temperature (sec-I), and the corresponding AG* value (kcal 
mol-'). Results previously reported2c for 3 and 5 gave tempera- 
tures at the bottom of the tube. Results presently reported for 
these compounds show the temperature in the region of the sample 
within the rf coils and are more accurate because of this. I t  is con- 
sidered that rate constants are accurate to f IO%, temperatures to 
better than f2 ' ,  where values of AG* calculated from a given rate 
constant at  a given temperature are accurate to better than f 0 . 2  
kcal mol-'. 

2-Chloro-2,3,3-trimethylbutane (3): 216.6, 134, 10.43; 21 5.5. 
114, 10.45; 213.9, 88, 10.48; 212.8. 87, 10.43; 21 1.3, 60. 10.50; 
208.0, 48, 10.43: 205.9, 38, 10.41: 203.4, 31. 10.36; 201.2. 24. 
10.35; 198.9, 18.5, 10.33; 196.6, 12.0, 10.37; 194.2, 10.1, 10.31; 
192.3, 8.1, 10.29; 189.3, 5.4, 10.28. AH* = 8.9 kcal mol-' and 
AS* = -7.1 eu. 
3-Chloro-2,2,3-trimethylpentane-4,4,5,5,5-d~ (4): I 98.0, 6.7, 

10.68; 201.2, 12.0, 10.62; 203.2, 15.0, 10.64; 205.2. 18.0. 10.68; 
207.6, 28.0, 10.63; 210.2, 40.0, 10.62; 212.2, 54.0, 10.59: 215.9, 
72.0, 10.66; 218.3, 89.0, 10.69. AH* = 11.0 kcal mol-l and AS* 
= 1.8 eu. 
2-Chloro-l-phenyl-2,3,3-trimethylbutane (5): 189.6, 1.45, 10.79: 

91.7, 2.05, 10.78; 194.1, 3.3, 10.74: 196.8, 4.8. 10.74: 199.4. 7.6, 
10.71; 200.8, 9.1, 10.71; 202.0, 9.8, 10.75; 203.3, 10.0. 10.82; 
204.3, 13.8, 10.74; 206.7, 15.5, 10.82; 209.0, 19.7, 10.85; 21 1.4. 
24.5, 10.89; 214.6, 34.6, 10.91; 217.8, 53, 10.89; 220.1. 64, 10.93. 
AH* = 9.53 kcal mol-I and AS* = -6.2 eu. 
3-Chloro-2,2,3,5,5-pentamethylhexane (6): 2 12.2, 3.4, 1 I .76; 

218.6, 7.5, 11.79; 220.1, 9.0, 11.80; 222.3, 10.5, 11.85; 237.9, 52. 
11.95; 240.7, 71, 11.95; 243.5, 104, 11.91. As these results were 
obtained with the tert- butyl signal of the neopentyl group overlap- 
ping the temperature dependent tert- butyl signal, there is a great- 
er error involved. 

2-Benzyl-2-chloro-3,3-dimethyl-l-phenylbutane (7): 2 10.6, 7.0, 
11.37; 223.2, 26.0, 11.49; 229.7, 45.0, 11.59: 233.3, 112.0, 11.36: 
237.4, 152.0, 11.41; 239.5, 215.0, 11.36; 244.6, 360.0. 11.36: 
248.2, 490.0, 11.40. AH* = 11.93 kcal mol-' and AS* = 2.1 eu. 

2-Bromo-2,3,3-trimethylbutane (8): 195.0, 4.2, 10.70; 198.0, 6.4, 
10.70: 201.0, 9.0, 10.73; 203.9, 10.5, 10.83; 206.8, 17.0, 10.79: 
208.1, 19.0, 10.81; 21 1.2, 46.0, 10.61; 214.2, 50.0, 10.73; 218.0, 
78.0, 10.69; 220.6, 112.0. 10.71; 222.8, 135.0, 10.74. AH* = 10.84 
kcal mol-' and AS* = -0.5 eu. 
2-Bromo-l-phenyI-2,3,3-trimethylbutane (9): 205.2, 3.6, 1 1.34; 

207.7, 4.8, 11.36; 210.5, 7.2, 11.35; 212.0, 10.0, 11.30; 215.0, 15.0, 
11.29; 215.6, 19.0, 11.22; 219.0, 22.0, 11.34; 220.6, 23.0, 11.41; 
222.7, 33.0, 11.36. AH* = 8.76 kcal mol-' and AS* = 5.9 eu. 
2,2-Dimethyl-3-(methyl-d~)-butane-3,4,4,4-d~ (10): 1 36.6, 14.0, 

7.07: 143.4, 72.0, 6.97; 144.8, 91.0, 6.97. 
l-Phenyl-2,3,3-trimethylbutane (1 1): 140.4, 24.0, 7.12; 143.7, 

51.0, 7.08; 147.9, 98.0, 7.11; 151.2, 174.0, 7.10. AH* = 7.04 kcal 
mol-' and AS* = 0.4 eu. 
3-Chloro-2,2,3,4,4-pentamcthylpentane (12): 21 2.9, 8.3, 1 I .42; 

214.7, 9.4, 11.47; 215.0. 10.1. 11.46; 217.0, 14.0, 11.43; 218.3, 
18.0, 11.39; 218.7, 26.0, 11.25; 219.7, 25.5. 11.31; 221.6, 33.0, 
11.31; 226.7, 39.4, 11.49; 229.0, 66.0, 11.38: 232.4,98, 11.37. AH* 
= 11.84 kcal mol-' and AS* = 2.1 eu. 

1 t-Bu 

20 
trans: A - H ,  B=t -buty l  
gauche: A=,-butyl, B=H 

mote from the  CK-CL bond, it is t o  be expected tha t  the  
energies of the  two conformations should be almost the 
same.  In the  Results Section we have shown that  the  gauche 
conformation is less stable than  the  t rans  by 44 cal/mol- '  
a t  - 5 9 O .  

This  may be taken to mean that  even though remote from 
each other, the  two tert- butyl groups a r e  aware  of each 
other  (otherwise the conformers would be of equal energy) 
or, perhaps more likely, it may indicate some external influ- 
ence. T h e  t rans  isomer is more elongated than the gauche, 
the maximum separation of hydrogens appearing from 
models to be 10.5 %, compared with 9.4 A, and it  may be 
tha t  the elongated molecule better fits spaces in the  solvent. 
T h e  molecule 2b would make  a suitable model for studying 
the  effect of solvents and,  perhaps, solution pressureZo on 
molecular conformation. Separa te  signals for isomers a r e  
readily observed a t  reasonably accessible temperatures, a t  
which a wide range of solvents is available. Further ,  2b is a 
saturated,  unsubstituted alkane which should have no spe- 
cific interactions with a solvent. 

Where  measurements of ra te  constants over a wide range 
of temperatures has been possible, i.e., for 3, 4, 5, 7, 8, and 
9, a n  Eyring plot leads to values of AH* and AS* for the 
rotation. These a re  reported in the  Experimental  Section. 
W e  expect that  entropies of activation be small but not nec- 
essarily zero, for rotation in the compounds studied here. 
Since it is notoriously difficult to separate  AC* values ob- 
tained by the  dynamic nmr  method into enthalpy and  entro- 
py contributions, we shall make  no comment  on these values 
other  than to note tha t  they a r e  all close to zero. 

It is convenient in discussions of substituent effects, a s  in 
this paper, to  consider that  in all o ther  respects the  molecule 
is ideal. This  clearly is not so, but for lack of better knowl- 
edge, we assume, for example,  that  the dihedral angles in 
the ground and transition states a r e  60 and Oo,  respectively. 
For similar reasons we ignore the possibility that  strain aris- 
ing during rotation about  the carbon-carbon bond under 
consideration may be relieved to some extent by other 
smaller rotations within the  molecule or by distortions other  
than the compression which is the  subject of this paper. It is 
by choosing systems which concentrate on one possible dis- 
tortion that  the  complex overall picture may eventually be 
completed. 

Experimental Section 
Variable-temperature nmr spectra were measured and rate con- 

stants were obtained as described p r e v i o ~ s l y . ~ ~ - ~  The 220-MHz 
spectrum of 2 at -80' was recorded by PCMU, Harwell, United 
Kingdom, using fluorodichloromethane as solvent. 

The resonance for the unique methyl group in 4, 5, 6, and 9 is a 
doublet which collapses in each case to a singlet on irradiation of 
one of the diastereotopic methylene protons.2C The unique methyl 
in 1 I is a doublet of doublets which collapses to a single doublet ( J  
= 6.7 Hz) on irradiation of one of the diastereotopic methylene 
protons. 

The proportion of gauche and trans isomers for 2b was deter- 
mined from several spectra of the methylene hydrogens recorded 
between -45 and -70', by measuring the area under almost com- 
pletely resolved peaks using a planimeter. The temperature range 
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Table 111 

Com- 
pound 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

11% 1.4516 (lit.26 /ID 

M p  134-13S'(lit.22 nip 

Bp 62-66' at 25 mni 

I ,4470) 

133') 

(lit.23 87' a t  62 mm) 

Mp 59.5" (see ref 2c) 

Bp 51--55" at 2 mm (lit.?' 
72.5-74' at 8 mm) 

MI, 130-131- 

M p  151-153" (lit.25 mp 

M p  45' 
1 50-1 52 ") 

Bp 75-77. (lit.25 bp  
80.75 ) 

Bp 63" at 3 nini 

h4p 86" (lit.Pi mp 
86.5-87 ") 

0 99(12 H,  s), 1 04(18 

1 lO(9 H. s). 1 57 (6 H,  

1 07 (9 H, s), 1 43 ( 3  H. 

1 2 ( 3  H ,  m). 1 4- 
2 17 (2  H ,  m). 

1 20 (9 H,  s), 1 33 ( 3  H, 

H.  s). 1 39 (2  H, 2) 

\) 

d,  J = 0 6 Hz). 0 8- 

d. J = 0 8 Hz) 3 08 
( 2 H , q , J  = 13 8 
Hz). co 7 3 ( 5  H ,  b, 5 )  

1 09 (9 11, s). 1 12 (9 H, 
5). 1 65 (3 H,  d. J = 
0 9 Hz), CCI 1 87 (2  H ,  
m)  

1 07 (9 H.  5). 3 12 (4 H ,  
9.  .I = 14 7 Hz). CCI 
7 2 (10 H. m) 

s)  

d . J  = 0 7 Hz) 3 18 
( 2  H, q, J = 13 9 Hz), 

1 l J ( 9  H , s ) ,  1 78 ( 6 H ,  

1 25 (9 H. s), 1 5 5  ( 3  H, 

7 17 ( 5  H. bs) 
0 86 (9 H. s), 0 87 (6 H ,  

d ,  J = h 7 Hz), CLI.  

1 32 ( 1  H. m) 

Hz, 4J = 0 65 Hz), 
0 99 (9 H ,  s), CCI.  1 5 
( 1  H, m), 2 52 (2  H. m), 
7 11 ( 5 H , m )  

1 24 (18 H ,  5 ) .  1 61 
( 3  H, s) 

0 76 ( 3  H,  dd, J = 6 7 

Values are ppm downfield from TMS ( 6 )  and are measured In 
CFlC12 solution. Keq: s = singlet. d = doublet, dd = double 
doublet, m = multiplet, bs = broad singlet, q = quartet. c Mea- 
sured in CCl, solvent. 

Compounds 3, 4, 5, 6, 8 and 10 were prepared by standard 
method5 .. 2c.22 2 5  The deuterated ( d 7 )  form of 10 was used. The 
corresponding deuterated ( d ~ )  chloride of 4 was prepared using 
ethyl-ds bromide in the Grignard reaction to form the alcohol. 
The chloride was finally purified by using a 20 ft X 0.8 in. Car- 
bowax 20M column, an oven temperature of 75'. and a flow rate 
of 220 ml/min: the retention time was 43 min. 

2,2,4,4,5,5,7,7-0ctamethyloctane (2) was prepared by treat- 
ment of 2-halo-2,4,4-trimethylpentane with magnesium in tetrahy- 
drofuran. Best yields (20%) were obtained from the chloro com- 
pound: the halo compound was prepared by addition of hydrogen 
halide to 2,4,4-trimethylpentene. 2 was obtained as a colorless oily 
residue after distilling off all that boils below 60-100 mm and was 
vacuum distilled at 0.01 mm at  room temperature (20'). 

2-Bromo-l-phenyl-2,3,3-trimethylbutane (9) was prepared by 
addition of phosphorus tribromide (19.8 g, 73 mmol) to the vigor- 
ously stirred alcohol I-phenyl-2,3,3-trimethylbutan-2-ol (6.6 g, 34 
mmol) in  methylene chloride (20 mi) at -78'. After stirring for 3 
h r ,  the mixture was allowed to attain room temperature and was 
poured onto about 30 g of cracked ice. The methylene chloride 
layer was washed with water (two 20-mI portions) and 20% sodium 
bicarbonate (one 30-ml portion) and dried over MgS04. The sol- 
vent was removed under vacuum at room temperature to leave the 
crude bromide as a brown solid (7.8 g, 83%). The bromide was re- 
crystallized from pentane to yield the pure bromide, mp 45'. The 
instability of this compound at room temperature made a fully sat- 
isfactory elementary analysis difficult. 

Anal. Calcd for Cl3HloBr: C, 61.21; H, 7.46. Found: C, 59.51: 
H, 7.98. 
2-Benzyl-3,3-dimethyI-l-phenylbutan-2-ol (22) was prepared 

by addition of tert-butyllithium in pentane (70 ml, 0.16 M )  to a 
stirred solution of dibenzyl ketone (27 g, 0. I3 M )  i n  toluene ( 1  SO 
ml) at -40O. After addition, stirring was continued for 8 hr at 

-78'. After warming to 0' the red-colored mixture was hydro- 
lyzed carefully with water. The organic layer was separated, 
washed with water (100 mi) and dried over MgS04. Removal of 
the solvent yielded a pale yellow liquid. Distillation yielded a frac- 
tion, bp 136-140' at 0.3 mm, which solidified at  room tempera- 
ture. Recrystallization from 80% ethanol yielded 22 (6.75 g, 20%), 
m p  63'. 

Anal. Calcd for C19H240: C, 85.02; H, 9.02. Found: C, 85.34; 
H, 9.22. urnax 3550 cm-' (OH). 

Dehydration of 22 (4.44 g, 16.6 mmol) was achieved by reflux- 
ing with N,N-dimethyl-p- toluidine (3.38 g, 25 mmol) and acetyl 
chloride (2.02 g, 25.7 mmol). After cooling to room temperature, 
ether (40 ml) and dilute (10%) sulfuric acid (40 ml) were added to 
the mixture. The ether layer was separated and washed thoroughly 
with 10% sulfuric acid and water, and dried over MgS04. Removal 
of the solvent yielded 4.7 g of a pale yellow liquid which was taken 
up in a little 96% ethanol; scratching caused a white solid (3  g) to 
crystallize. The white solid was shown' by nmr to be a mixture of 
cis- and trans- 2-benzyl-3,3-dimethyl-l-phenylbut-l-ene (23). 

2-Benzyl-2-chloro-3,3-dimethyl-l-phenylbutane (7) was ob- 
tained by bubbling dry hydrogen chloride gas through the olefin 
mixture 23 (3  g in 50 ml of methylene chloride) a t  -40' for 5 hr. 
After warming to room temperature the mixture was poured onto 
about 50 g of cracked ice. The methylene chloride layer was 
washed with 10% sodium bicarbonate (two 100-ml portions) and 
saturated sodium chloride (two 30-ml portions) and dried over 
MgS04. Removal of the solvent a t  water pump pressure left a yel- 
low oil (3.1 g) which solidified on scratching. Recrystallization 
from pentane (twice) and 95% ethanol (twice) yielded 7, mp 130- 
131'. 

Anal. Calcd for ClgH23CI: C, 79.54; I H ,  8.10. Found: C, 79.54; 
H,  8.05. 

l-Phenyl-2,3,3-trimethylbutane ( 1 1 )  was prepared by shaking 
the olefin mixture. 23 (2 .5  g, 143 mmol), in an atmosphere of hy- 
drogen in the presence of 10% palladium on charcoal catalyst (50 
mg). resulting in the rapid uptake of 349 ml (theoretical uptake b> 
a compound = 348 ml) of hydrogen. After filtration, fractional 
distillation yielded the alkane, 11,  bp 63' at 3 mm. The alkane was 
further purified by glpc using a 20 ft X 4 in. Carbowax column; 
the retention time of the alkane was 58 min at  an oven temperature 
of 170' and a flow rate of 86 ml/min. 

Anal. Calcd for C13H20: C, 88.56: H, 11.44. Found: C. 88.23; 
H, 11.18. 

Table 111 lists physical constants and ambient temperature nmr 
data for the compounds studied. 
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Carbanions. XIV. 1,4 Migration of the 
p -  Biphenylyl Group in Reactions of 
4-Chloro- 1 -p-  biphenylyl- 1,l  -diphenylbutane 
with Alkali Metals’ 
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Contribution f rom the School of Chemistry, Georgia Institute of Technology, 
Atlanta, Georgia 30332. Received July 17, I974 

Abstract: 4-Chloro- 1 - p -  biphenylyl- I ,  1 -diphenylbutane reacts with potassium, cesium, and Cs-K-Na alloy in tetrahydrofur- 
an (THF) to give 4-p-biphenylyl-1,l-diphenylbutyl anion as deduced from the nmr spectrum of the anion and products of 
carbonation and protonation. When the reaction with potassium is run in the presence of a small quantity of a sufficiently re- 
active proton donor such as tert-butyl alcohol, the product is I-p-biphenylyl-l ,I-diphenylbutane or products derived from 
the latter by subsequent reduction of the p-biphenylyl group. With sodium in refluxing dioxane the chloride gives l-p-bi- 
phenylyl- I ,  1 -diphenylbutane containing only some 7% of the rearranged hydrocarbon 4-p-biphenylyl- 1 , I  -diphenylbutane; 
with potassium or cesium in the same solvent chiefly the rearranged hydrocarbon is obtained. From these results it is con- 
cluded that the chloride reacts with sodium, potassium. and cesium to give %p-biphenylyl-4,4-diphenylbutyl alkali metal 
compound which is either rapidly protonated or undergoes f.4 migration of p-biphenylyl to give the more stable 4-p-biphen- 
ylyl-l,l-diphenylbutyl anion. Reaction of the chloride with excess lithium in T H F  at  -75’ gave 4-p-biphenylyl-4.4-diphen- 
ylbutyllithium (4 )  containing up to 47% of 4-p-biphenylyl- I 31-diphenylbutyllithium (5). Attempts to induce thermal rear- 
rangement of the lithium compound 4 to 5 resulted primarily in protonation of 4. Addition of the chloride to excess lithium 
biphenylide in T H F  at - 7 5 O  gave 4 containing a little 5;  the percentage of 5 decreased as the concentration of lithium bi- 
phenylide increased. It is concluded that reaction of lithium biphenylide, and likely of lithium metal, with the chloride initial- 
ly gives 4-p-biphenylyl-4,4-diphenylbutyl radical which either rearranges to 4-p-biphenylyl- 1 , I  -diphenylbutyl radical or is 
reduced to the lithium compound 4. The lithium compound 4 is readily rearranged to 4-p-biphenylyl-l ,I-diphenylbutyl 
anion by potassium tert-butoxide in T H F  at -75”. The ease of 1.4 migration of p-biphenylyl in 4-p-tiiphenylyl-4,4-diphen- 
ylbutyl alkali metal compounds increases along the series: Li << N a  << K or Cs: 1,4 migration is much less facile than analo- 
gous 1.2 migration of p-biphenylyl in carbanions. 

Previous investigations* have shown tha t  1,2 migrations 
of aryl  groups occur readily in organoalkali compounds in 
e thereal  solvents. These  rearrangements a r e  to 
proceed by way of  cyclic transition s ta tes  or intermediates 
such a s  1 f rom t h e  2,2,2-triphenylethyl anion. I t  might be 

1 2 3 

expected tha t  analogous 1,4 migrations of aryl  would occur 
in carbanions, for example,  by way of 2 f rom 4,4,4-triphen- 
ylbutyl anion.  In fact ,  reaction of 4-chloro-1,I ,I-triphenyl- 
bu tane  with alkali metals under a variety of  conditions 
gave4 only minor amounts  of products  of 1,4 migration of 
phenyl, a n d  t h e  reactions seemed too complex for s tudy of 
t h e  mechanism of t h e  observed migration. In  t h e  present 

work reactions of 4-chloro- 1 -p-  biphenylyl- I ,I-diphenylbu- 
tane  with alkali metals  have been studied in hope of avoid- 
ing t h e  difficulties encountered in t h e  simpler system, 
thanks  t o  t h e  expected superior migratory aptitude’ of p -  
biphenylyl over phenyl in anionic rearrangements.  In  addi-  
tion it was  thought conceivable t h a t  t h e  intermediate 3 
might prove s table  enough under mild conditions to  be  de- 
tectable by spectroscopic means or by “trapping” experi- 
ments .  

Results and Discussion 
4-Chloro- 1 -p- biphenylyl-1, I-diphenylbutane was al- 

lowed t o  react  with alkali metals, and  t h e  products of reac- 
tion were identified af ter  protonation or carbonation to  give 
t h e  corresponding hydrocarbons or carboxylic acids a s  
shown in Scheme  I .  From reaction with molten potassium in 
te t rahydrofuran (THF) a t  6 5 O ,  carbonation gave in t h e  aci-  
d ic  fraction only 5-p- biphenylyl-2,2-diphenylpentanoic acid 
(7), while methanolysis gave 4-p-biphenylyl- 1 , l  -di- 
phenylbutane (9) containing some 1.4% of I-p-biphenylyl- 
I , ]  -diphenyibutane (8). Similar  reaction with cesium metal 
a t  65’ gave 7 a s  t h e  only acid f rom carbonation and  a 98:2 
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