
etliaiiol, meiglicd 19ii ing. and had a n1.p. of Uti-137". Upon 
oxidation2* with 300 mg. o f  KMiiO, in 20 cc. of acetone, 5 cc. 
of water and 2 cc. o f  glacial acetic acid there was obtained 40 
ing. of benzoic acid and a benzophenone fraction which 
yielded 123 nig. cif %,4-dinitrriphenylhydrazone. The puri- 
fied products were assayed for radioactivity: the benzoic 
acid (m.p. 122') contained 0.9.505 mc. per mole of carbon-14 
and the benzophenone derivative (n1.p. 239-40') 0.019 + 
0.002 mc./mole, corresponding t o  a maximum of 1.9% re- 
nrrangenient after 24 hours. 

Benzhydryl phenyl ketone (502 mg.) labeled in the 
I-phenyl position (0.5954 mc./mole) and in the carbonyl- 
carbon (1.137 mc./mole) was heated under reflux with 15 
cc. of formic acid (98-99$0) for 18 hours. The reisolated 
ketone was crystallized once from ethanol to >-ield 372 mg. 
whose m.p. was 136". I t  was ~ l e a v e d ~ , ~ ~  with nitric acid in 
acetic acid followed by chromic acid to yield benzophenone 
which was converted to  272 m if 2,4-dinitrophen?-lliy~ra- 
zone; 1n.p. 239-40", radioact 5- assay 0.024 inc./mole. 
This assay corresponds to a maximum rearrangenlent of the 
total radioactivitl- of l.3yo. 

Benzhydryl-ZH, phenyl ketone (272  mg.) obtained 
through the rearrangement of Ie in cc~ld, ciiricentratcrl sul- 

(b)  

(c)  

furic acid was heated under reflux in 10 cc. of formic acid 
(98-9970) for 23 hours. The reisolated ketone was crystal- 
lized cince frum ethanvl (m.p. 136-13i0), and exhibited an 
infrared spectrum identical with that of authentic benzhy- 
dry1 phenyl ketone, hut different from that of thr origitial 
Icetone. 

( d )  In a typical cxperinient, 161 mg. of tripllcnylacetal- 
tlehyde (crude, m.p. 98--10O0) \vas disscjlved in 108 cc. of 
9.37; ethanol, and  to it was added 54 cc. of 9.39 -1- H2SO;. 
.After 0.5 hour at room temperature and 0.5 hour a t  48-50 , 
the temperature u-ai: raised to 80" for one hour. The reac- 
tion was quenched, and rhe reisolated material was converted 
to 231 mg. of 2,4-di1iitrophenvlh~;drazoiie (86.6y0 of  theory), 
m.p. 208-210" (crude). This is the same 1-ield ohtainec! 
\rlien ;t sample o f  the tripheri)-lacetaldehyde 
directly to 2,i-dinitroplienr-ihpdrazone. Finally, the experi- 
ment 11-as repeated upon 83..i mg. of triplienylacetaldehyde, 
dissolved in 50 cc. o f  93yo ethanol and 25 cc. of 9.39 
HzSOl. The solution was maintained at 46' fur 4 hours, 
then a t  TU" for 17 hours. The reaction \vas quenched, and 
the reisolated aldehyde \\-as converted to 124 mg. (89.*5<;) of 
2 , ~ - d i n i t r f J p ~ i e n y ~ ~ i ~  tir:tzone, 111.p. (crude) 208-210'. 
OAK RIDGE, TENU.  

[CONTRIBUTIOS FROM THE CHEMISTRY DIVISION, OAK RIDGE ~ A T I O N A L  LABORATORY, AND THE DEPARTMEYT OF CHEMISTRY 
A S D  CHEMICAL ENGINEERISG, STASFORD UNIVERSITY] 

Molecular Rearrangements. XV. The Stereochemistry of the Solvolytic and Deami- 
nation Reactions of 1 ,Z,Z-Triphenylethyl Derivatives1 

BY CLAIR J. COLLINS, 'CVILLIAM A. BONNER AND CHARLES T. LESTER 
RECEIVED JULY 3, 1958 

The solvolytic and deamination reactions of l,Z,Z-triphenylethanol and its derivatives, previously reported with respect 
to radiochemistry, have now been studied stereochemically. It has been found that  (1) the products of hydrolysis and ace- 
tolysis of l,Z,Z-triphenylethyl tosylate and (2) the deamination product from the reaction of 1,2,2-triphenylethylamine with 
nitrous acid are formed with some racemization plus re ten t ion  of conjguration. The products from the deamination of 
labeled (-)-amine at 36 9" and of labeled (,+)-amine a t  25" were separated into olefin, acetate and carbinol fractions. 
Each carbinol fraction was further separated into retained and racemic material, then all fractions were subjected to  oxida- 
tive degradation, and the carbon-14 distribution of each was determined. From these data i t  can be shown that  there IS 
more rearrangement of the carbon-14 label in carbinol of inverted configuration than in carbinol of re ta ined  configuration, 
thus completely excluding bridged ions as the cause oE configuration retention. These results, however, are compatible with 
our previously proposed4-6 mechanism involving equilibrating, classical carbonium ion intermediates Retention of con- 
figuration is explained by (1) a rate of rotation (&, equation 4 )  about the central carbon-carbon bond which is not extremely 
rapid with respect to the rate of phenyl migration ( k v ,  equation 4), and (2)  a preferential frontside attack by the entering 
group owing to steric shielding from back-side attack (Fig. 1) by an o-hydrogen of one of the adjacent phenyls. 

Introduction 
The radiochemistry of the Wagner-Meerwein 

rearrangement of several carbon-14 labeled 1,2,%- 
triphenylethyl compounds has been the subject of 
previous It was shown that the reac- 
tions studied could be explained most simply if it  
is assumed that open or classical carbonium ions, 
capable of phenyl migration, are the intermediates. 
In particular reactions of the 1,2,2-triphenylethyl 
system neither the chain nor the ring labels achieved 
their statistical values; for example, if equation 1 
represents the reactions of the chain-labeled 
reactants, and equation 2 represents the reactions 
of the ring-labeled reactants, then the mole frac- 
tions x and y, respectively, of rearranged products, 
were less than the statistical values of 0.500 and 
0.667. For a given reaction, however, y was al- 

(1) This paper is based in part  upon work performed for the  Atomic 
Energy Commission a t  Oak k idge  National Laboratory, operatea b y  
Union Carbide Corporation. Paper X I V .  C. J. Collins, W. T. Rainey, 
W. B. Smith and I. A. Kaye, THIS JOURNAL, 81, 460 (1959). 

( 2 )  E'. A. Bonner and C. J .  Collins, ibid., 76, 5372 (19.53). 
(3) C. J. Collins and W, A. Bonner, i b i d . ,  76, 5379 (1953). 
(4 )  C. J. Collins and W. A. Bonner, ibid., 77, 92 (1955). 
( 5 )  W. A .  Bonner and C. J. Collins. ibid.. 77, 99, 872.5 (1955). 
((1) W. A.  Rnnner and C. j C < r l l i ~ i s .  ib id . .  18,  5587 (19:(,). 

ways greater than x by an amount generally6 pre- 
dictable on the basis of the equilibrating classical 
carbonium ion mechanism. Certain other reac- 
tions of 1 ,Z,%triphenylethyl derivatives, notably 

s 
Ph?CHC*HPll + 

1 y' Y 

PhlCHC*HPh + PhCHC'HPh? (1)  
1 - - s  T 

x 
I 

Ph?CHCHPh* + 
1 Y Y 

I 
Ph#2HCHPh* + PhkHCHPh,* (2) 

1 - Y  V 

acetoxyl exchange,5 did proceed to statistical con- 
clusions (that is, x = 0.500 and y = 0.667), and 
were explained on the basis of the same general 
mechanism. 

'The idea of a bridged "bromonium" ion was in- 
vented by Roberts and Kimbal17 and was subse- 

(71 I l i r>l i r r t \  aiid (; l? k ~ r n b a l l ,  t b i d ,  59,  5447 (15IAi) 
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quently employed8 by Winstein and Lucas to ex- 
plain the stereochemistry of the reaction of optically 
active 3-bromobutanol-2 with hydrobromic acid. 
The bridged-ion hypothesis was extendedg to in- 
clude a carbon bridge, and the phenonium ion con- 
cept was developed by Cram and his co-workersI0 
to rationalize the stereochemistry of a great num- 
ber of solvolytic and elimination reactions. The 
concept of a symmetrical phenonium ion in which 
the phenyl bridge was equidistant between the 
migration origin and the migration terminus was 
later expanded to include the idea of an “unsym- 
metrical” phenonium ion.11112 

Although stereospecificity is required during con- 
certed migrations and also during those reactions 
which require phenonium ion intermediates, lo the 
converse is not necessarily true. Stereospecificity 
can, in theory a t  least, be involved in reactions 
which are not concerted, and in which bridged ions 
do not intervene, even though the sole cationic 
intermediates are classical or open carbonium 
 ion^'^,^^; i t  is only necessary that the rate of rota- 
tion ( k x ,  equation 3)  about the carbon-carbon bond 
is not very fast compared with the rate of migration 
(kY) * 

R R 

A C 

1 k y  

R 

B 

In  nitromethane, in acetaldehyde and in difluoro- 
methylborane, whose geometries probably approach 
that of an open carbonium ion, the rotational en- 
ergy barriers are 6, 14 and 1,150 cal., respectively, 
per mole.’j In the simple ethane molecule i t  has 
been calculated that the barrier to rotation is about 
2800 cal. per mole,’6a and PitzePb has assumed that 
in more complicated molecules this value is no less 
than 3600 cal. per mole. Bondi1OC has shown that 
barriers to free rotation can be much greater, 

(8) S. Winstein and 11. J. Liicas, THIS JOURNAL, 61, 1576 (1939). 
(9) T. P. h‘evell, E. DeSalas and C. L. Wilson, J .  Chrm.  SOL., 1188 

(1939). 
(10) D. J. Cram, e1 al., THIS JOURNAL, 71, 38613, 3871, 3875 (1949); 

74, 2129, 2137. 2159 (1952); 76, 8189 (1953). 
(11) J. D. Roberts and C. M. Regan, ibin., 76, 2069 (1953). 
(12) D .  J ,  Cram and F. A. Abd Rlhafez, ibid., 76, 3189 (1953). 
(13) This fac t  has been stated previously; see, for example, S. Win- 

stein and E. Grunwald, ibid., 7 0 ,  835 (1948); s. Winstein and B. K. 
hIorse, ibid.. 74, 1134 (1952); S. Winstein and L. L. Ingraham, ibid., 
77, 1739 (1955). 

(14) This statement is meant to  exclude those cases in which the 
leaving group shields the  tront side of the  carbonium ion being formed, 
thus favoring inversion. See C. K. Ingold, “Structure and Mechanism 
in Organic Chemistry,” Cornell University Press, I thaca,  N. Y., 1553, 
pp. 381-386. 

(15) E. B. Wilson, Proc. N a f .  Acad.  Sci . ,  43, 816 (1957). 
(16) (a) D. H. R. Barton and R. C. Cookson, Quavf. Revs., 10, 44 

(1956); (b) K. S. Pitzer, Chem. Rem., 27, 39 (1940); (c) A. Bondi, J. 
Phys.  Chcm., 68, 929 (1954); (d) see also the  discussion by W. G. 
Dauben and K. S. Pitzer in “Steric Effects in Organic Chemistry,” 
John Wiley and Son-. Inc. ,  New York, lY5G, Chapter 1. 

h J /  J 

Fig. 1. 

Since the activation energies for migration proc- 
esses such as A + B are unknown there is no 
reason to assume, therefore, that  they are neces- 
sarily always greater than the rotational (A + C) 
energy barriers. 

From our previous work2-6 it appears that the 
sole cationic intermediates in the several reactions 
of 1,2,2-triphenylethanol and its derivatives are 
equilibrating, open, “classical” carbonium ions. 
A stereochemical study of these same reactions 
should be enlightening with respect to the relative 
rates of processes A + B and A + C. Since these 
reactions are presumed not to involve those inter- 
mediates which are normally associated with 
stereospecificity, it  is important to determine 
whether stereospecificity, in fact, can be associated 
with the “classical” or open carbonium ion. We 
report in this paper the results of these stereo- 
chemical studies. 

Results 
Given in Table I is a summary of the stereo- 

chemical results for (a) the deamination of optically 
active 1,2,2-triphenylethylamine, (b) the hydrol- 
ysis and (c) the acetolysis of optically active 
1,2,2-triphenylethyl tosylate. Included also are 
the radiochemical results for these same reactions. 
That the hydrolysis and acetolysis of optically 
active lj2,2-triphenylethyl tosylate proceed with a 
net retention of configuration follows from the sign 
of rotation of the products so obtained, for in the 
preparation of the tosylate the carbon-oxygen bond 
of the asymmetric center is never broken. For ex- 
ample, (+)-carbinol on conversion to tosylate fol- 
lowed by either hydrolysis or acetolysis affords 
(+)-carbinol and (+)-1,2,2-triphenylethyl ace- 
tate, respectively, the latter compound yielding 
(+)-carbinol on reduction with lithium aluminum 
hydride. The deamination of optically active 
1,2,2-triphenylethylamine has been shown also to 
proceed with retention of configuration to yield 
carbinol of the same sign of rotation as the amine 
from which i t  was produced. The assignment of 
like configuration to 1,2,2-triphenylethylamine and 
1,2,2-triphenylethanol of like sign of rotation is 
based upon data obtained through well-estab- 
lished” methods of configurational relationship. 

(17) (a) D. J. Cram and John E. McCarty,  THIS JOURNAL, 76, 5740 
(1954); (b) A. McKenzie and G. 0. Wills, J. Chrm. Soc., 127, 290 
(1925); ( c )  A. LlcKenzie and A.  C. Richardson, zhi i i . .  i!l (1923) ;  
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Although some of these methods, such as (1) the 
of the tosylate of (-)-1,2,2-tri- 

phenylethanol, (2) an attempted interrelation 
through mandelic acid and phenylglycine17b,c,d and 
(3) an application of Freudenberg's "Displace- 
ment Rule"17e were unsuccessful, our assignment 
of configuration is based on the following facts: 
(1) Double-labeling experiments upon the sol- 
volytic and deaniiiiation reactions of 1,2,%tri- 

TABLE I 

SULTS FOR SOLVOLYTIC AND DEAMINATION REACTIOXS OF 

STJMhfARY OF STEREOCHEUICAL ATD RADIOCHEMiCAL RE- 

1 , 2 , 2 - T R I r I I ~ N Y i . E T H ~ ' I , - l - c ' 4  DERiVATIVES 

React ion 

Deatniiiatioii 
l>earnii~ation 
Deamination 
Deamination 
Deaininatioii 
Deamination 
Deaniinatioii 
Deamination 
Tosylate hydrolysis 
Tosylate hydrolysis 
Tosylate hydrolysis 
Tosylate hydrolysis 
Tosylate acetolysis 
Tosylate acetolysis 
Tosylate acetolysis 
Tosylate acetolysis 

Re- 
t e ~ ~ -  

' 2 1 4 ,  7 0  t i on ,  
Conditions ream." "/u 

-2"  23 
-2" . .  
-2" 22 
12.5" . .  
253b 27 
36 gob 24 
36 g o *  . .  
36 . g o b  22 
Acetone-HZO, 22" 

reflux . .  
Acetone-HzO, . .  

reflux . .  
HOAc, NaOAc, 85" 40" 
HOAc, NaOAc, 85" . . 
HOAc, KaOAc, 89' . . 
HOAc, XaOAc, 85' . . 

72 -. 
I <> 

i l  
-., 
69 
64 
67 
64 
70 
64 
G9 
64 
62 
5.1 
58 
54 
53 

In -  
aer- 
sion, 

YO 
28 
25 
23 
31 
BO 
33 
36 
30 
36 
31 
36 
38 
46 
42 
46 
47 

a Of the chain label in 1,2,2-triphenylethy1-l-Cl4 deriva- 
tive. In the runs at 25" and 36.9", in addition t o  2-470 
olefin, there was  produced b-870 of triphenylethyl acetate 
(see Tables I1 and 111). When the product was separated 
from ulefin, the [ c Y ] ~ ~ D  of the mixed carbinol and acetate was 
riot appreciably different from the carbinol obtained upon 
reduction of this mixture with LiAlI-14. Taken from ref. 0. 

phenylethyl derivatives have demonstrated that 
both types of reaction proceed through the same 
open carbonium ion intermediates, and whereas 
the solvolytic reactions have been shown to take 
place with retention of configuration, then, with a 
very high probability the deamination reaction can 
also be said to proceed with retention of configura- 
tion; (2) in an application of the Fredga17f method 
of solid-liquid phase relationships of enantiomers 
of derivatives of carbinol and amine, although 
there was no evidence of the formation of quasi- 
raceriiates or eutectics, the solidi were characteristi- 
cnllydifferent in the case of (+)-1,2,2-triphenylethy-l 
acetate with ( +) - and ( - ) -N-acetyl- 1,2,2-triphenyl- 
ethylamine, sufficient to allow a tentative conclusion 
that the two compounds of like sign possess like con- 
figuration; (3) the optical rotary dispersion curves of 
(+)-1,2,2-triphenylethyl acetate and of (+)-N- 
acetyl-l,2,2-triphenylethylamine (kindly deter- 
mined by Professor Carl Djerassi) are very similar, 
(I!) C. K. Ingold, "Structure and Mechanism in Organic Chemistry," 
Cornel1 University Press, Ithaca, N. Y., 19.53, pp. 386 and 397; (e) 
K. Freudenherg,  "Stereochemie," Franz Deuticke, Leipzig and  
Vienna. 1933, p. 099 ff.; (f)  A. Fredga in " T h e  Svedberg," Almqvist 
and Wiksells, Uppsala (Sweden), 1944, pp. 201 ff.: A. Fredga, A r k i n  
I&' K f m a ,  11, 2 3  (1957); K. hlislow and M. Heffler, Trris J U I J R  

74,  3088 (1952); K.  Mislow and W. C .  XIeluch. 7 b i d , ,  78,  5Q?O ( I !  
(x) I<, HitisKen ant1 C. liiichartlt,  Arm., 601, 21 (195Ii); (11) 1%;. 11. 
\Vhi fP ,  l ' i i r s  J O I I R N A I . ,  77, 001 2 (1955). 

and although both dispersion curves are simple they 
offer presumptive evidence of like configuration ; 
and finally, (4) the thermal decomposition, in a non- 
polar solvent, of the N-nitroso derivative of (+)-N- 
acetyl-l,2,2-triphenylethylamine yielded (+)-I  ,- 
2,2-triphenylethyl acetate.'* Since the work of 
Huisgen17g and of White17h demonstrates that 
under these conditions such thermal decompositions 
take place with configurational r e t e d o n ,  (+)- 
1,2,2-triphenylethylamine, (+) - 1,2,2-tripheiiyl- 
ethyl acetate and (+)-1,2,2-triphenylethanol can 
now be said to possess the same configuration. 

Given in Tables I1 and I11 are summaries of ex- 
periments which were performed with (-)- and 
( + ) - 1,2,2- triphenylethyl- 1 -C I4-arnine, respectively. 

TAELE I1 
SUXMARY OP RADIOCHEMICAL Dxr.4 FOR VARIOUS FRAC- 
'I l r INS OR1.AINED ON L)EAMINATIO.Y O P  ( --)-1,2,2-TRI€'IiENYJ.- 

RTIIY1.- 1-c 14-AhIINE A T  36.9 ' 
C" 

rear- 
range- 

Product Yield, [a]% meut,  % 

37 
* *  

P hzC=CHP h 4 . . .  
OCOCH, 

* I  
(-)-PhzCHC*HPh 8 -23'" 13* 

OH (Fract.  le 0 24.5 

Fract. 3 - 91 20.7 i Fract. 4 -119 20.6 

* I  (-)-Ph2CHC*Hphd S&d Fract. - 5 . 4  24.6 

a This value is calculated from [a]% determinations of 
three different fractions. b This value was obtained by oxida- 
tion of a fraction whose [ C Y ] %  was -3".  In addition 
to fractions 1-4 there were several intermediate fractions. 
dThe  crude carbinol had a n  [ C Y ] ~ ~ . ~ D  of -47.9", correspoiitling 
to 7Oy0 net retention. 

TABLE I11 
SUMMARY OF RADIOCHEMICAL DATA FOR VARIOUS F R A C  r IONS 
OTiTAINED ON DEAMINATION OF ( +)-1,2,2-TRIPIrEN~'[ . -  

ET€iYL-l-C'4-AhrINE AT 25.0" 
C" 

rearrange- 
Yield, [ . p 3 ~  ment, % Product 

* *  
PhZC=CHPh 2 . 5  

OAc 
25.5 

(+)-Ph&*(!!HPh 5 . 5  24 .  On 

(+)-PhzdH*&HPhb {Fract.  2 +l!21° 26 .5  
The crude carbinol had a n  

[a] 2 4 . 7 ~  of +34.9". corresponding to  64% net retention. 

The deamination products from each of these reac- 
tan ts -one  reaction carried out a t  36.g0, the other 
a t  25.0O-were separated into olefin, acetate and 
carbinol fractions. The carbinol fractions were 
then resolved into samples of completely retained 
configuration and into racemic material. The 
percentages of rearrangement of the carbon-14 
label were determined for each of the foregoing 
fractions. 

ow 
92 Fract. 1 O0 28.1 

Of total acetate fraction. 

(151 Mrs. Joan B. Christie, unpublished work. When (+)-N- 
aeetyl-l,2,2,triphenylethylarnine, [ a I z 3 ~  + 1 loo (dioxane), obtained 
from (+)-1,2,2-triphenylethylamine, [a]% $74.0' (ethanol) was 
crinverted17g to the N-nitroso cerivative and  subjected to thermal 
decomposition in carbon tetrachloride, the  1,2,2-triphenylethyl acetate 
S O  obtained had a positive rotation, [Q]%J +26', corresponding t o  
70','5 of tlir (-t )-euontiomer and :CO% o f  t he  (-)-isomer. 
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Discussion 
The data of Tables I ,  I1 and I11 clearly indicate 

that although hydrolysis and acetolysis of 1,2,2- 
triphenylethyl tosylate and deamination of 1,2,2- 
triphenylethylamine proceed with considerable 
racemization, each product is formed with a net 
retention of configuration. We must now answer 
the question of how retention of configuration is 
possible in view of our postulation2-6 that open, 
equilibrating carbonium ions (equations 4 and 5 )  

@ k e *  
k 

PhiCHC*HPh e PhCHCHPh? (4) 

e k e *  
PhpCHCHhh PhCHCNPh2 ( 5 )  

k 
2 

are the only intermediates necessary to explain our 
previous2-6 radiochemical data. l9 

In Fig. 1 is a drawing of a Fisher-Hirshfelder 
model of the benzhydryl phenyl carbonium ion in 
conformation 11, and in a position of maximum 
steric shielding. It can be seen from Fig. 1 that 

Ph@&H yJh* 
H H PhX 

P ha 
?ha P ha 

I II III 

Ph Y 

Pha Ph’ 

I T  P ZI 

the o-hydrogen (shaded in the drawing) of the 
phenyl (Ph”) below the plane of the carbonium 
center completely shields the positively-charged car- 
bon (solid in drawing) from rearward attack (that 
is, from below ion 11). Attack from the front-side 
(top) of the ion, however, is sterically favorable. 
Conformational considerations16 suggest that  I is 
the most probable rotational isomer for 1,2,2-tri- 

(19) An examination of equation 5 discloses that because of our 
choice of the position of the ring label, carbonium ion 11 (which repre- 
sents a particular conformation of the unrearranged ions of equation 5) 
initially iormed from the ring4tlbeled reactant 1 could rearrange to 
ion I V  with exclusive migratlon of only one (Pha) of the two possible 
migrating phenyls, and still fulfill the requirements imposed upon 
equation 4 and 5 by our choice of specific rafe constants for these 
reactions. It is only after ion I V  has been formed that these rate 
constants require the two phenyls (Ph* and Ph’) to possess equal 
opportunities for migration. This would not be true i f  the ring- 
labeled reactants were labeled as in IA.  In this case it would be 

X Ph - Lh@:h e H & P h  

Ph P ha H H 

P h* Ph* 

I A  I I A  I U A  

possible to identify which of the phenyls on carbon-2 migrates initially. 
Only in the event that the labeled and unlabeled phenyls of IA should 
migrate equally (that is, the concentrations of IIA and I l I A  are equal) 
would the specific rate constants of equations 4 and 5 be applicable 
to the reactions of 14. 

phenylethylamine, the corresponding carbinol and 
derivatives of each, and also that I1 (cJ Fig. 1) 
should be the preferred conformation of the ions 
derived therefrom. Conformation I1 which is 
shielded by Pha (c$ Fig. 1) from attack below the 
plane of the ion, may follow any one of three paths: 
(1) It may undergo migration of Pha to produce re- 
arranged ion IV; ( 2 )  i t  may rotate about the cen- 
tral carbon atoms to produce its rotational isomer 
111, which, if i t  then reacts from below the plane of 
the positively charged carbon, produces inverted 
product; or (3) i t  may react to produce unrear- 
ranged product VI whose configuration is the same 
as that of reactant I. Ion 111, of course, may rear- 
range to produce ion V; then 111, I V  and V may 
undergo similar fates. If rotation of I1 to pro- 
duce I11 is slow with respect to the migration of 
Pha and conversion to product, then predominant 
retention of configuration will result. It is inter- 
esting that the relation of the fraction of chain 
label to the fraction of ring label rearrangement 
from previous double-labeling experiments4s6 is not 
exactly as predicted by the classical carbonium ion 
mechanism in the absence of internal return but al- 
ways slightly higher. A t  least in the case of the 
deamination reaction, this may be ascribed to the 
as yet incomplete equilibration of the rotational 
isomers of the initially rearranged carbonium ions 
of equations 4 and 5. 

The foregoing hypothesis is thus compatible with 
previous2-6 double-labeling data and with the pres- 
ent (Table I) stereochemical results. The ques- 
tion arises, however, as to whether the intermedi- 
ates in the reactions studied might be mixtures of 
bridged ions and open ions, the trans-bridged ions 
(VIII) accounting for the retention of configuration 
in the product as well as for the scrambling of the 
carbon-14 labels, and the open ions leading to 
racemization. The data of Tables I1 and I11 allow 
us to  state with complete assurance that bridged 
ions are not the cause, in the present instance, of 
configurational retention. Consider, for example 
(equation G), the radiochemical consequences of 
the deamination of 1,2,2-triphenylethyl-1-C14- 
amine (I, X = “2) to thecarbinol (VI and VII,  Y 
= OH) through the trans-phenonium ion VIII. 
Any portion of the reaction proceeding by this 
path would be expected to produce unrearranged 

I mn E m 
(3) 

(VI) and rearranged (VII) product in equal pro- 
portions. Further, the product (VI and VII) 
should possess the same configuration as reactant 
(I); ie., configuration should be retained. (To 
the extent that  the trans-phenonium ions are not 
“symmetrical” but might be considered “unsym- 
metrical,”11J2 the retained product should fail to 
have an equal carbon-14 distribution between the 
two central carbons.) Similar reasoning demon- 
strates that  cis-phenonium ions should yield con- 
figurationally retained, unrearranged product, plus 
inverted product which has undergone complete 



(100%) isotope position isomerization. Thus, com- 
pound I reacting through the cis-ion should yield 
inverted product whose carbon-14 is contained 
only in the 2-position. Accordingly, we separated 
the olefin, acetate and carbinol fractions from the 
deamination of ( - )- 1,2,2-triphenylethyl-l -C1<- 
amine a t  36.9’, and from the deamination of the 
(+)-amine at 25’. Each carbinolfraction, as shown 
in Tables I1 and 111, was further resolved into a 
racemic carbinol and into a (-)- or (+)-carbinol. 
In  each deamination the carbinol of inaerted configu- 
ration had undergone more rearrangement of its 
carbon-14 label than had the product of retained 
configuration. From these data we can now draw 
the following conclusions : (1) the mechanism of 
the deamination of I cannot involve the direct for- 
mation of bridged ions alone which go directly to 
product, for whether or not such bridged ions are 
“symmetrical”1o or “unsymmetrical”11~12 with vary- 
ing proportions of cis and trans character such a 
mechanism would require the inverted product to 
contain all of its carbon-14 in the 2-position; the 
data of Tables I1 and I11 therefore refute such a 
mechanism. (2) The direct formation of bridged 
ions (of any type) and open ions, in which the 
open ions do not rearrange, and in which both 
types of ion go directly to product can also be ruled 
out, for such a scheme would not allow more rear- 
rangement of the ring-label than of the chain-label 
during deamination ; since we have demonstrated6 
adequately that the phenyl label undergoes consid- 
erably more rearrangement than does the chain 
label, the foregoing mechanism is also refuted. 
( 3 )  The formation of bridged ion of the trans variety 
either symmetrically’0 or unsymnietrically11~12 
bridged plus open ions, all of which are interconver- 
tible, is also not possible, for such a mechanism 
could never provide more rearrangement of the in- 
verted than of theretained product. (3)  Finally, we 
may rule out a mechanism in which the inter- 
mediates are mixtures of cis and trans bridged ions, 
symmetrical’O or unsymmetrical,11,12 plus open ions, 
all of which may interconvert to some degree be- 
fore going to product, since the data of Table I1 
alone, or the data of Table 111, when combined 
with prior radiochemical resultsj6 are stoichiometri- 
cally incompatible with any such scheme. Since 
experiments of the type reported in Tables I1 and 
I11 were not performed for the hydrolyses and 
acetolyses (Table 1)) we can only state by analogy 
with the deamination reaction that we believe the 
mechanisms of all three reactions to be similar. 
However, when one considers the incredible degree 
of coincidence required for any mixture of bridged 
and open ions to relate the rearrangements of chain 
and ring label6 one to the other by the two limiting 
equations derived solely on the basis of our equili- 
brating, classical carbonium ion mechanism, the 
hydrolyses and acetolyses can be said also, with a 
high degree of assurance, not to owe their configura- 
tional retention to bridged ions. 

It is clear, therefore, that  retention of configura- 
tion during the deamination of 1,2,2-triphenyl- 
ethylamine cannot be ascribed to bridged ions. 
Given in Chart I is the mechanism previously em- 
ployed6 by us to explain the results of double- 

labeling experiments upon deamination of 1,2,?-tri- 
phenylethylamine, but so expanded to account for 
the stereochemical results reported in this paper. 
An examination of Chart I discloses that the extent 
of carbon-14 rearrangement exhibited by the (+)- 
or (-)-carbinol is a function of the specific rate 
constants k l ,  k2, k+ and k, .  Lacking knowledge 
concerning the relative values of these specific rate 
constants, it  is not possible to predict whether the 
fraction of rearrangement of the (-)-carbinol 
should be equal to, greater or less than the frac- 
tion of rearrangement exhibited by the (+)-car- 
binol. The mechanism of Chart T allows nny of 
these three possibilities 

C h a r t  ? 

Ph 
h. 1 “?,,Pt\ (+ !  

r e a r r a n g e d  yH2 Ph h P  c a r b i n o l  Fh  
p - C  

v >  
Ph 2:- c y  it: 

Ph Iu 

(t’, unrear ronged c a r b i n o l  

The reasons for the rather large differences in 
amounts of rearrangement undergone by the olefin, 
carbinol and acetate fractions during deamination 
a t  3G.5” (Table 11) are not clear. .\lthough the 
olefin is known4 to rearrange under acid catalysis a t  
higher temperatures, it is particularly ditlicult to 
understand why the acetate fractions from both 
deaminations (Tables I1 and 111) should exhibit 
less rearrangement than the carbinol fractions. It 
may be that the mechanism proposed by Huisgen“& 
for the thermal decomposition of N-acyl nitroso de- 
rivatives is also applicable to that portion of the 
deamination reaction which yields acetate. These 
questions will be the subject of future papers. 

The greater extent of racemization during hydrol- 
ysis and acetolysis of 1,2,2-triphenylethyl tosylate 
than during deamination of 1 ,Y,S-triphenylethyl- 
amine is possibly due to internal return between the 
triphenylethyl carbonium-ion and the tosylate 
anion. 

In  summary, the present data, combined with 
previous radiochemical experimentszp6 upon the 
solvolytic, elimination, and deamination reactions 
of 1,2,2-triphenylethyl derivatives, are best ex- 
plained on the basis of equilibrating, classical car- 
bonium ions which predominantly retain their 
configurations because of (1) steric shielding from 
rear-ward attack by the entering group and (2) 
rates of phenyl migration (&, equation 4) and rota- 
tion (& equation 4) about the central carbon-car- 
hon bond which do not  differ greatly in magnitude. 



Jan. 20, 1959 SOLVOLYSIS AND DEARIIN.\TION O F  1,2,2-TRIPHENYLETHPI, DERIVATIVES 47 1 

Further, the possibility that  bridged ions can be 
the cause of retention of configuration or rearrange- 
ment of the label during deamination of 1,2,2-tri- 
phenylethylamine is 

Experimental 
( + )- and (-)-1,2,2,-Triphenylethylamine.-Racemic 1,2,2- 

triphenylethylamine6 (115.4 g.) was dissolved in ethanol 
(426 ml.) and the solution was treated with a warm solution 
of (+)-camphor-10-sulfonic acid (98.0 g.) in water (426ml.) .  
The mixture was seeded with ( - )-1,2,2-triphenylethylam- 
monium ( + )-camphor-10-sulfonate from a previous resolu- 
tion and allowed to crystallize. The solid was filtered, 
pressed well, air-dried and weighed, 135.3 g., [ a I z 5 ~  +15.6' 
( c ,  2.6, ethanol). It was then crystallized repeatedly from 
dilute ethanol, 2 ml. of 95%;, ethanol and 2 ml. of water being 
employed per gram of salt. -4fter the fourth crystalliza- 
tion the 62.8 g. of salt had [ a I z 5 D  + 10.1' ( c  2.3, ethanol), a 
rotatory value which did not change sensibly on further 
crystallization. The salt was treated with excess aqueous 
sodium hydroxide, and the liberated amine \vas extracted 
thoroughly with ether. The extract was washed with 
water, dried over anhydrous sodium sulfate and was de- 
colorized by being filtered through a bed of Norit. -1fter 
removal of the solvent from the filtrate-last traces in 
vacuo-there remained 35.2 (61% of the (-)-amine) of clear 
sirup, [a Iz5D -64.5' (c 2.6, ethanol). The amineL0after 
crystallization from hexane in Dry Ice, had a m.p. of 6( and 
an [ a ] " D  -69.5" (c 3 . i ,  ethanol) or [ a I z 5 ~  -89.5' ( c  0.9, 
dioxane). 

Anal. Calcd. for CPOHIQN: C, 87.86; H ,  7.01; K, 5.16. 
Found: C ,  8i.50, 87.58; H ,  7.00, 6.97; K, 5.21, 5.06. 

All mother liquors from the crystallizations in the above 
resolution were combined and concentrated to  a small 
volume by  evaporation in an air stream on the steam-bath. 
The residue was treated with excess sodium hydroxide and 
the amine was isolated as before; 67.3 g. (8970 total amine 
recovery), [ a I z 5 ~  + 30.4" (c 2.2, ethanol). The recovered 
amine (67.1 g . )  was dissolved in ethanol (100 ml.) and 
treated with a hot solution of (+)-tartaric acid (36.9 g.) in 
water (100 ml.). The resulting tartrate salt was collected 
and repeatedly recrystallized from a mixture of ethanol and 
water (1.2 ml. of each solvent per gram of salt). After six 
crystallizations the 46.8 g. of tartrate had [ a I z 5 D  + 47.5' 
(c 1.5, pyridine). Two further crystallizations gave 41.5 g. 
of salt of identical rotation. Decomposition of the latter 
salt and that in its mother liquors (44.4 g. total) with excess 
sodium hydroxide, followed by usual extraction of the amine 
gave 26.0 g. (91%) of (+)-1,2,2-triphenylethylamine, 
[ a I z 5 ~  + 65.4" (c 3.2, ethanol). After two crystallizations 
from hexane the (+)-amine had a m.p. of 67-68', and an 
[ c Y ] ~ ~ D  +74.6'. The unresolved amine in the combined 
mother liquors was recovered as usual, 39.2 g. (total amine 
recovery, 97.5'%), [aIz5D + 5  7" ( c  5.2, ethanol). 

(+)- and ( - )-1,2,2-Triphenylethanol.-( -)-1,2,2-Tri- 
phenylethylamine, [ C Y ] ~ ~ D  -69.5' (ethanol), was obtained 
by fractional crystallization of the (+ )-camphor-10-sulfonic 
acid salt. The dextrorotatory enantiomer was obtained in 
slightly higher purity, [ a I z 5 ~  t-74.6' (ethanol), by recrpstal- 
lization of the tartaric acid salt of the amine recovered from 
the mother liquors of the first resolution. When either enan- 
tiomeric amine was deaminated with nitrous acid under the 
conditions previously emplo>-ed,6 the 1,2,2-triphenylethanol 
resulting was found to be optically actiee and to have the 
same sign of rotation as its amine precursor. Early at- 
tempts to resolve the dl-carbinol with alkaloids via its half-suc- 

(20) Other experimental evidence has been explained by the inter- 
vention of carbonium ions which react t o  yield product more rapidly 
than  they acbreve rotational equilibrium; see, for example, B. M. 
Benjamin, H. J. Schaeffer and  C. J. Collins, THIS JOURNAL, 79, 6160 
(1957); V. F. Kaaen and  C. J. Collins, ibid., 80, 1409 (1958). The 
work of P. Ballinger and P. B. D. de la Mare, J .  Chem. SOC., 1481 
(1957), is also pe r tnen t .  

(21) We would like to  emphasize the point made in an earlier paper 
(ref. 6, footnote 4) that  aithough our present and pa&-8 da ta  clearly 
rule out  the possibility that  bridged .ons are the cause of retention of 
configuration in the 1,2,2-triphenylethyl system, these da ta  should not 
be taken as eviCence contrary to bridged ions in other systems. T h e  
well-known studies of WinsteinR.13 and  of Cram,10.12,173 in our opinion, 
offer evidence as conclusive as is possible for the soundness of the 
bridged ion concept. 

cinate, half-phthalate, etc., were unsuccessful, so the car- 
binol obtained from deamination of the optically active 
amine and the acetate derived therefrom were subjected to  
fractional crystallization in a variety of solvents. It was 
found that samples of 1,2,2-triphenylethyl acetate, enriched 
in one optical isomer, could be further enriched to a constant 
optical rotatory power by fractional crystallization from 
ethyl alcohol, the racemic form of the acetate being consid- 
erably less soluble than either enantiomorph. In  this way 
( - )-l,%,Z-triphen!letliyl acetate of [ a ] " D  -60°, ($)-1,2,2- 
triphenylethyl acetate of [ a I z 5 ~  +61.41? ( -)-1,2,2-tri- 
phenylethanol of [ a I z 5 ~  -11g0(m.p.82-83 )and (+) -1,2,2- 
triphenylethanol of [ a I z 5 ~  +122' (m.p. 82-83') were ob- 
tained .22 

Anal. Calcd. for C20H180: C, 87.54; H, 6.62. Found 
(+)-jsomer: C, 87.51, 87.47; H, 6.58, 6.64. Found 
(-)-isomer: C, 87.30; H, 6.65. 

Enantiomeric 1,2,2-Triphenylethylammonium Chlorides. 
-A sample of (+)-1,2,2-triphenylethylamine (9.9 g.) hav- 
ing [ a I z 5 ~  + 59.3" (c 3.5, ethanol) (80% optically pure) was 
dissolved in ethanol (20 ml.) containing water (15 ml.). 
The solution was treated with excess concentrated hydro- 
chloric acid, and the resulting solid was filtered, washed and 
air-dried; 10.3 g. (92%). Purification was accomplished 
by vacuum sublimation a t  210" (0.1 mm.). The sublimate 
!vas exposed to hydrogen chloride fumes,6a then dried in 
vacuo prior to analysis, when it had a m.p. of approximately 
270' (w. subl.) (Fisher block) and [aIz6o + 8.2" ( c  0.7, 
ethanol). 

Anal. Calcd. for C?oH20iXC1: C, i i .59;  H ,  6.51. Found: 
C, 77.90; H, 6.61. 
-1 sample of ( -)-1,2,2-triphenylethylamine [ a I z 5 ~  -67.1" 

(c  3 8, ethanol) (goyo optically pure) was converted to its 
hydrochloride and purified in a similar fashion, m.p.  ca. 
270" (sub:.), [ a Iz5D -7.9" ( c  1.4; ethanol). 

Anal. Calcd. for Cz0H&C1: C, 77.59; H, 6.51. Found: 
C, 7.46; H ,  6.51. 

Given in Table IV are the physical constants and carbon 
and hydrogen analyses for several N-derivatives of (+)- or 
( - )-1,2,2-triphenylethylamine. 

Deamination of Enantiomeric 1,2,2-Triphenylethyla- 
mines.-( - ) - 1,2,2-Triphenylethylammonium chloride 
(5.86 9.) was dissolved in hot water (290 ml.). The solution 
was cooled, filtered (Celite), treated with acetic acid (8.3 
ml.) and chilled to 5-8". solution of sodium nitrite (12.5 
9.)  in water (125 ml.) was added dropwise with stirring to 
the amine solution over a period of five minutes. After 
being allowed to stand for 20 minutes at room temperature, 
the mixture was made alkaline with sodium hydroxide solu- 
tion, and the insoluble carbinol product was recovered by 
four extractions with ether. The extract was dried over an- 
hydrous sodium sulfate, decolorized by filtration through 
Norit and freed of solvent, leaving 5.30 g. (10270) of 
crude 1,2,2-triphenylethanol, [ c T ] ~ ~ D  -41.3' ( c  3.2, ethanol). 
-1fter seven crystallizations the 0.45 g. of product (dried zn 
vucuo over phosphoric anhydride) had [ a ] " D  -64.5' (c 0.7- 
ethanol). -4s with the racemic carbinol, the partially re- 
solved samples retained solvent of crystallization when 
taken from acetic acid. The above sample of carbinol, when 
merely air-dried, was analyzed. 

Anal. Calcd. for C ~ O H ~ ~ O . C ~ H ~ O ? :  C, 79.10; H ,  6.64. 
Found: C, 79.41, H, 6.60. 

When desiccated to constant weight in vacuo over sulfuric 
acid, the weight loss was 15.10%', (calcd. for 1 mole CH8- 
COOH of solvation, 17.95yo), and the sample was analyzed. 

Anal. Calcd. for CzoHl*O: C,  87.56; H, 6.61. Found: 
C, 86.92; H, 6.56. 

(+ )-1,2,2-Triphenylethylammonium chloride (10.5 9.)  
was deaminated as described in the previous section, pro- 
portional quantities of reagents being used. The crude car- 
binol obtained weighed 10.0 g. ( 10;7c) and had [aYjz5~ +39.3' 
(c 1.8, ethanol). On successive crystallization from acetic 
acid the rotation rose to 4-59.3' after desiccation. 

(22) Since the completion of this work, dE-l,Z,Z-triphenyIethyl hy- 
drogen succinate has been resolved in two ways (Mrs. Joan B. Christie, 
unpublished work) : (a) through the cinchonidine salts and (b) through 
the salts of (+)- and (-)-l,l-diphenyl-2-aminopropanol. The 
(+)-1,2,2-triphenylethanol obtalned therefrom had [ cc ]*~D +123O, and 
the (-).isomer an [mIz5D -123O. Both enantiomers had m.p. 82-83". 
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Anal. Calcd. foi CCJHBO: C ,  87.>(6; H, 6.61. Found: 
C,  86.93; 13, 6.37. 

(+ )- and ( - )-1,2,2-Triphenyletbyl-p-toluenesulfonates. 
-Owing to tlie difficulty, during the  early stages of this 
work, of obtaining large amounts of completely resolved ( +)- 
and ( - )-1 ,b,_'-triI-'!ienyletlianol. the tosylates for the solvoly- 
tic reactions were prepared froin piu-rially racemic carbini 11 

fractions. Three such samples were prepared, tosylates A ,  
U and C ,  from ciirbinol samples xrlioce [ a j 2 5 ~  mere -52  0"; 
f58.2' and +51.Cio, respectively (etlimol). The tosylate 
samples were prepared as described pre\-iously2 for racemic 
tosylate and possessed melting points of 83--84'. 

Anal. Calcd. for C2vH240,<S: C, 75.70; €1, 5.65. Tosyl- 
ate A: Found: c, 75.44, 75.47; H, 5.36, 5.40; [ a ] 2 6 ~  + 
8.0" facetone). Tosvlate B :  Found:  C. 75.28. 75 30: H. 
5.45,'5.60. 
5.60; [ a ] " ~  -6.7" (acetone) 

Tosylate C: Found: C ,  75 28, 75.60; II, :5.45; 

Upon crystallization of these tos? late. frnrn acetone-hexane 
mixture, there was no change in optical rotation nor melting 
point of the sainples. Finally, 5.0 g. of optically pure ( - )  
carbinolz2 of [ 1 ~ ] 2 5 ~  - 123" (ethanol) and 1ii.p. 82-83', was 
similarly converted2 to 2.91 g. (48yG) of (-t)-1,2,2-triphen1\rl- 
ethyl tosylate (m.p. 88-85.5" dec. and [a l zSD + 16.2" (c 
1.47, acetone). 

Anal .  Calcd. for C27Hzr03S: C, 75.70; H, 5.65. Found: 
C, 76.53, 75.65; H, 5.66, 5.59. 

Hydrolysis of (+)-1,2,2-Triphenylethyl TosyFte.-O?e 
gram of the optically pure tosylate, [ o ~ ] * ~ D  + I 6 2  , was ciis- 
solved in a mirture of acetone (30 ml.)  and water (10 ml.). 
The solution was refluxed for 3.5 hours, diluted with mater, 
and freed of acetone by warming in an air stream. The oily 
1,2,2-triphenylethanol product was isolated by three extrac- 
tions with ether. Vacuum rotary evaporation of the solvent 
yielded 0.66 g. (103y0) of sirupy product, [CX]*~D - 28.8" (c 
1.11, ethanol). This specific rotation corresponds to a mix- 
ture of 627, (-)-and 38% (+)-1,2,2-triphenylethanol. 

Non-racemization of 1 ,Z,Z-Triphenylethanol under Hydrol- 
ysis Conditions.-To be certain that the above product was 
not further racemized under the reaction conditions produc- 
ing it, the following experiment was performed. The above 
carbinol (0.64 8.)  from the tosylate hydrolysis was dissolved 
in acetone (30 ml.) and water (10 ml.) and the solution was 
refluxed for 3.5 hours. Product isolation was accomplished 
as above, yielding 0.57 g. (S9Y0) of sirupy carbinol having 
essentially identical rotation, [ L Y ] ~ ~ D  -28.5 (c 3.02, ethanol). 
This was crystallized from 2 .5  nil. of acetic acid, drying the 
product for several days an nacuo, m.p. 82.5-84'. 

Acetolysis of (+)-1,2,2-Triphenylethyl Tosy1ate.-Acetol- 
ysis was conducted under conditions previously describedZ 
for the  acetolysis of 1,2,2-triphenylethyl-1-C'4 tosylate. 
A mixture of 1.10 g. of (+)-tosylate of [a]25~ + 16.2", in 
acetic acid (10 ml.) containing acetic anhydride (0.1 ml.) 
and anhydrous sodium acetate (0.25 g.) was heated on the 
steam-bath during 45 minutes. The mixture was treated 
with water until turbid and allowed to crystallize. The 
filtered product weighed 0.66 g. (82%) and had m.p. 152- 
153Oand [ o ~ ] * ~ D  - 6.3" (c 1.577, dioxane). \Then this product 
was resubriiittrd to an identical reaction environment for a 
45-minute period the 1,2,2-triphenylethyl acetate reisolated 
had m.p. 153-154' and [a]% -3.7" (c 1.627, dioxane), 
agreeing within experimental error t o  the initially obtained 
acetak.  The average of thc ,thovc rotations corresponds to 

that of a mixture containiiig 54?;, ( -  )- :tnd 46% (-j-)-l,?,% 
triphenylethyl acetate. 

This product was added to ail rtliereal suspension of 
lithium aluniinum hydride in the 1:lanner previously de- 
scribed2 to  accomplish its deacetylatlon. The  crude sirupy 
1,2,2-triphenylethanol obtained (9772) had [a]"D -6.3' (c 
3.973, ethanol), corresponding. t o  a mixture of 53% ( - ) -  
and 477, (+)-enantiomer. Crystallization of the sirup 
from 2.5 ml. of acetic acid afforded a solid product having 
m.p. 83-84.5' after extensive drying z n  oncuo. 

Non-racemization of 1,2,2-Triphenylethpl Acetate under 
Acetolysis Conditions.--.\ mixture of ( - )-1,2,2-tripheny-l 
acetate (0.50 g., [ a I z 5 ~  -58.3', m.p .  129-130'), sodium ace- 
ta te  (0.16 g.), p-toluenesulfonic acid hydrate (0.30 g.), acetic 
anhydride (0.23 ml.) and acetic acid (6.2 ml.), corresponding 
approximately to that  prevailing after the above acetolysis, 
was heated on the steam-bath. After 45 minutes an aliquot 
of the solution was removed and added to excess water con- 
taining sodium sulfate. The precipitated acetate was fil; 
tered, washed and air-dried, m.p. 129-131.t50, [ a j z a D  -54.4 
(c 1.543, dioxane). The reaction mixture was heated for an 
additional 90 minutes, and the acetate was recovered as 
before, [ C Y ! ~ ~ D  -54.4' (c 2.3'77, dioxane). 

The above experiment wu duplicated exactly except that  
2.4 g. (cn. 1400% excess) of sodium acetate and 12.1 ml. of 
acetic acid were employed instead of the previously indicated 
quantities. The acetate isolated after 4.5 minutes had !I .p. 
129-131.5' and [ c ~ ] ~ ~ D  -54.4' (c 1.787, dioxane), while the 
acetate isolated after 13;7 minutes showed [CY]*~D -54.6' (c 
1.793, dioxane). Thus  no detectable racemization of 1,2,2- 
triphenylethyl acetate occurred under t!ie acetolysis cunrli- 
tions which produced it from 1,2,2-triphenylethyl tosylate. 
Given in Table V is a summary of the data  obtained upoll 
hydrolysis and acetolysis of tosylates -4, B and C (optically 
impure) and upon tlie tosylate of [ a ] * j ~  -t 16.2', obtained 
from optically pure carbinol of [ a I z 6 D  - 123". The data  ob- 
tained with tosylates which were not optically pure are listed 
in order t o  demonstrate the duplicability of the results. 

Effect of Temperature on the Extent of Racemization Dur- 
ing Deamination of ( -  )-1,2,2,-Triphenylethylamine.-( - )- 
Xniine of 9846 optical purity (9.00 g . )  was dissolved in warin 
acetic acid (16 ml.) ,  giving 24 ml. of solution. Aliquots 
(8.00 ml.) of this solution were pipetted into three flasks 
containing concentrated hydrochloric acid (1 .00 ml.)  in 
water (170 ml.). Three solutions each containing sodiuin 
nitrite (7.3 g.) in xater  (73 nil.) were prepared. Each amine 
solution and nitrite solution was brought t o  the desired tem- 
perature, when the nitrite solution was added dropwise to  
the amine solution with magnetic stirring over a 5-minute 
period. Temperature prevailing during the three additions 
were - 2 O ,  12.5' and 35-38'. Immediately after each addi- 
tion was complete, excess sodium bicarbonate (13 g.) was 
stirred cautiously into the mixture, and the product was ex- 
tracted twice into two 100 ml .  portions of C.P. ether. The 
extracts were dried over anhydrous sodium sulfate (10 g.), 
filtered, and the solvent evaporated from each. Product 
yields were: 35-38', 3.19 g.; 12.5', 3.03 g.; - 2 O ,  1.29 g. 
In the -2' experiment, a portion (1.56 g.) of the amine hy- 
drochloride crystallized out at the low temperature, and 
was removed mechanically during processing of the reactioii 
mixture. Each crude product w'as dissolved in 50 ml. of 6Fi- 
85" ligroin, and the solutions were passed through 1 X 7- 
inch alumiria columns in ortirr to se1,:trote any hydrocarbon 
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TABLE 17 
SUMMARY OF TOSYLATE SOLVOLYSIS DATA 

Rotation of 7 Acetolysis products---------- ---- 
starting Rotation of - Hydrolysis c;rrbinol-- ----Acetate------ Carbinol---- 

Run carbinol tosylate Rotation Inverted, % Rotation Inverted, % Rotation Inverted, % 
1 + 51.tioh - 6.72"" +14.7"' 36 +2.16"" . .  4-5, i20b 46 
2 + 58.2' . . . . . .  +22, 6h 31 . . . . .  . .  $9.76 42 
3 - t ? 2 . ~ h  + 8.0" -14.i+ 36 . . . .  . .  -4.6h 46 
4 - 123. Ob + 16.2" - 2 8 . P  38 -5.0 46 -6.36 4; 
Rotation observed in acetone. Rotation observed in ethanol. Rotation observed in glacial acetic acid. 

by-products. Each column was then washed with tliree 75- 
ml. portions of ligroin, and the ligroin fractions were evap- 
orated to dryness. The yields of non-adsorbed by-products 
for the three experiments were: 35-38', 0.11 g.; 12.5', 0.10 
g.; -2O, 0.04 g. A blank evaporation of 100 ml. of the li- 
groin used gave no residue. Each alumina column was next 
eluted with three 75-ml. portions of ethanol, and the ethanol 
washings in each experiment were evaporated to dryness, 
last traces a t  100' in VQCUO. Yields and [a]* 'D in ethanol of 
the recovered carbinol products corresponding to each tem- 
perature were: (1) 35-38', 3.03 g., -32.8' (c 3.1); 
12.5", 2.99 g. ,  -44.5' (C 4.1); -2', 1.28 g., -60.0" (C 
3.0). I n  similar experiments we obtained the results listed 
in Table I. 

Deamination of (+)- and (- )-1,2,2-Triphenylethyl-l-C'1- 
amine .-Racemic 1 ,2,2-triphenylethyl-l-C14-amine6 was re- 
solved into (-)-amine of [aIzsD -69.5'. and (+)-amine 
whose [ C X ] ~ ~ D  f74.6" (m.p. 67-68') as described earlier in the 
Experimental section. The molar radioactivity of the free 
(-)-amine was 1.625 + 0.023 mc./xnole. The (-)-acetate 
derived therefrom had a molar radioactivity of 1.636 f 0.013 
mc./mole, and [ a ] " D  -116'. In  a typical experiment 6.0 g. 
of ( -)-1,2,2-triphenylethyIamine-l-C1* was dissolved in 
10.7 cc. of glacial acetic acid, and to it was added 2 cc. of 
concentrated hydrochloric acid in 340 cc. of water. The 
flask containing the solution was placed in a water-bath a t  
36.6-37.2" for 90 minutes, then to  it was added dropmise 
with stirring a solution of 14.6 g. of sodium nitrite in 146 cc. 
of water. The addition required 40 minutes. After the 
addition was complete, the mixture was stirred for 35 min- 
utes, then removed from the bath and treated with 28 g.  of 
sodium bicarbonate. The ether extract, washed well with 
water, was concentrated to  dryness, and dissolved in hexane 
so that  the total volume was 150 cc. A 12.5-c~. aliquot of 
this solution was concentrated and desiccated, yielding 547 
mg. of crude, dry material, [CX]~"~D -47.0' (ethanol). The 
solution was allowed to stand overnight and from it crystal- 
lized a small amount of nearly racemic 1,2,2-triphenylethyl 
acetate, m.p. 158'. The entire sample from the 12.5-cc. 
aliquot was hereupon combined, deacetylated with lithium 
aluminum hydride and the carbinol product recovered. 
The [CZ]'~.'D of the recovered carbinol was -47.9'. The 
carbinol product (446 mg.).was dissolved in hexane and 
placed on a column of alumina. The column was washed 
with hexane until no more 1,1,2-triphenylethyiene re- 
mained, then the carbinol (428 mg.) was removed with eth- 
anol. The 428 mg. of 1,2,2-triphenylethanol was oxidized 
in 11 cc. of glacial acetic acid by  adding to it 430 mg. of Cr- 
0 3  in 4 cc. of glacial acetic acid and 2.5 cc. of water. Both 
solutions had been chilled prior to mixing. After one hour 
the benziiydrb-1 phenyl ketone mas isolated; 407 mg., m.p. 
138". This ketone was oxidized to  benzophenone as de- 
scribed previously.6 The yield of 2,4-dinitrophenylhydrazone 
obtained therefrom was 369 mg. (687,). After being crys- 
tallized 3 times the derivative (1n.p. 240-242') had a radio- 
activity assay of 0.3220 + 0.002 mc./mole, corresponding 
to  19.7% rearrangement of the carbon-14 label. This value 
is too low to  be compatible with the percentages scrambling 
(Table I1 and v ide  i7zjre) of the racemic and of the resolved 
carbinols isolated from the same mixture. This anomaly was 
subsequently shown to  be due to  two causes: (a)  the pres- 
ence of varying but smail percentages of unreacted amine 
in the non-crystalline deamination product and (b) frac- 
tionation of the racemic cwbinol during chromatography. 
Our inability to remove the last traces of unreacted amine 
from the crude product undoubtedly contributes to  the 
variability of the observed rotations of the deamination 
products. These same considerations do not apply t o  the 
data of Tables I1 and 111, or t o  our prior*-6 radiochemical 
results, which were obtaiiied upon rigorously purified prod- 
ucts. 

The remaining 137.5 cc. of hexane solution of the original 
deaniiriation product was concentrated to dryness, dis- 
solved in 110 cs. of 957G ethanol, and allowed to stand over- 
night, yielding 422 mg. of tan crystals, m.p. 150'. After one 
crystallization from ethanol, 298 mg. of 1,2,2-triplienylethyl 
acetate was obtained whose m.p. and niised m.p. with au- 
thentic racemic material was 158", [a]*'D -2.6". A4fter con- 
version to 1,2,P-triphenylethanol by deacetylation with lith- 
ium aluminum hydride, the recovered carbinol (23'7 mg.) 
had [ O L ] * ~ D  -10.7". This carbinol was oxidized to ketone 
(244 mg.) thence to benzophenone which was converted to  
22% xng. (717,) of 2,4-dinitrophenylhydrazone. After three 
crystallizations from dioxane, the 2,4-dinitrophenylhydra- 
zone had m.p. 240' and a radioactivity assay of 0.2109 ZJZ 

0.0005 mc./mole, corresponding to  12.97, rearrangement 
of the carbon-14 label. 

The filtrate from which the 422 mg. of 1,2,2-triphenyletliyl 
acetate was obtained was concentrated, then diluted to 100 
cc. in a volumetric flask with hexane. X 25-c~ .  sample was 
placed on a column of alumina then washed with hexane 
until 110 more 1,1,2-triphenylethyiene could be obtained. 
On concentration of the hexane solution there was obtained 
48 mg. of olefin (3.5%) which crystallized when scratched 
with a spatula. The olefin fraction was dissolved in 4 cc. 
of glacial acetic acid, then oxidized with 50 nig. of CrOa. 
The benzophenone iso1ated.therefrom was converted to 40.0 
mg. of 2,4-dinitrophenylhydrazone which, after one crys- 
tallization from dioxane-ethanol, had a radioactivity assay 
of 0.6007 =t 0.0007 mc./mole, corresponding to 36.87, 
carbon-14 rearrangement. 

The remaining 75 cc. of hevane solution nieiitioned in the 
preceding paragraph was subjected to chromatography on 
alumina. After the olefin had been removed with hexane, 
the column was eluted with benzene-hexane and finally with 
benzene, yielding an additional 200 mg. of 1,2,2-triphenyl- 
ethyl acetate. (From the weight of this sample of acetate, 
plus the 422 mg. obtained previously, it can be estimated 
that the total yield of 1,2,2-triphenylethyl acetate obtained 
in the deamination of 1,2,2-triphenylethylamine represents 
about 8% of the product.) After the acetate had been re- 
moved, there was obtained in the benzene eluent 431 mg. of 
1,2,2-triphenylethanol of [aIzaD -83'; the sample was dis- 
solved in hexane, placed on a column of alumina. The 
column was washed with benzene to yield an initial fraction 
of 97.5 mg. of carbinol whose [aIzsD -91.8', and whose 
benzophenone oxidation fragment (102 mg. of 2,4-dinitro- 
phenylhydrazone) had a radioactivity assay of 0.3375 =t 
0.0015 mc./mole, Corresponding to  20.68% rearrangement 
of the carbon-14 label. 

The two alumina columns above were washed thoroughly 
with ethanol, and the resultant carbinol fractions therefrom 
were combined with all remaining carbinol fractions from 
the deamination. The 3.62 g. of carbinol so obtained was 
converted to 1,2,2-triphenylethyl acetate, and crystallized 
fractionally from ethanol. In  this way there was obtained 
603 mg. of acetate of [CY]% -59", m.p. 122' (hot-bank), 
m.p. 128-129" (capillary). This was deacetylated with lith- 
ium aluminum hydride to yield 446 mg. of 1,2,2-triphenyleth- 
anol, [aIz4.'D - 118'. The 446 mg. of carbinol was oxidized 
as usual, and the purified benzophenone 2,4dinitrophenyl- 
hydrazone had a radioactivity assay of 0.3367 f 0.0015 
nic./niole, corresponding to  20.62% rearrangement of the 
carbon-14 label. Another fraction of 1,2,2-triphenyleth1-l- 
acetate (383 mg., [a]zeo -1.72") was converted t o  1,2,2- 
triphenylethanol (322 mg., [LY]*~D -5.4'). Oxidations of 
this material yielded benzophenone whose 2,4-dinitroplienyl- 
hydrazone, when purified, had a radioactivity assay of 
0.4008 i 0.0008 mc./mole, corresponding to  24.52% car- 
bon-14 rearrangement. Finally there was obtained 957 mg. 
of essentially racemic 1,2,2-triphenylethyl acetate, [CY]*~D 
-0.24', which was converted t o  800 tug. of carbinol by 
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Fig. 3 -Optical rotary dispersioii curve, (+)-l,?,Z-tri- 
phenylethyl acetate in methanol a t  26" (c 0 0845). 

treatment with lithium alumihum hydride. After two 
crystallizations from acetic acid there was obtained 477 mg. 
of 1,2,2-triphenylethanol, m.p. 86", whose benzophenone 
oxidation fragment, as  the purified 2,4-dinitrophenylhy- 
drazone, had a radioactivity assay of 0.3975 f 0.0050 mc. /  
mole, which corresponds to  a rearrangement of the carbon- 
14 label of 24.5%. 

Stability of 1 ,2,2-Triphenylethanol-1-C1 Under Conditions 
of the Deamination.--A sample of 1,2,2-triphenylethanol-l- 
C14 (2.12 mc./mole, 300 mg. )  was dissolved in 5 cc. of acetic 
acid', then treated with 1Occ. of mater containing 0.04 cc. of 
concentrated HCl. The solution vias cooled to  -2" and 
0.2 g. of iYaiYT02 in 4 cc. of H20 was added. The mixture 
was stirred a t  -2' for 30 minutes, and then worked up as a 
normal deamination product. Oxidation of the carbinol 
with Cr03 to benzhydryl phenyl ketone was followed by 
degradations of this ketone to  benzophenone. The 2,4- 
dinitrophenplhydrnzone obtained therefrom was non- 
radioactive. 

Non-racemization of ( - )-1,2,2-Triphenylethanol under 
Conditions of the Deamination.--.I 505-mg. sample of ( -  )- 
1,2,2-triphenylethanol, [CY]*~D - 122' (ethanol), i n . ~ .  82- 
Y3', was treated with 1 cc. of glacial acetic acid, 28 cc. of 
water and 0.2 cc. of concd. HC1. The mixture was heated 
to  80" and to  it was added 1.2 g. of XaSO. in 12 cc. of 
water. After 40 minutes the carbinol was reisolated as a 
pellow sirup, which crystallized on standing: yield 488 tng., 
[ a ] %  -121O. 

Configurational Relationship of (+)-I  ,Z,Z-Triphenylethyl 
amine and ( + ) - I  ,2,2-Triphenylethanol .-Presumptive evi- 
dence of like configuration of (+)-1,2,2-triphenylethj-l 
:tniine and of (+)-1,2,2-triphenylethanol is to be found in 
the optical rotary dispersion curves23 (Figs. 2 ant1 3 ) .  Addi- 
tioiial presumptive evidence is given in Figs. I and 5, rc- 
hpectively, represeiitiug the solid-liquid phase relaticin- 
siiips17" of ({-)-I ,2,2-trililien)-lethyl acetate Tvitli (+ )- arid 
(-- ~- .2 ' - ; t c~ t~ l - l ,~ ,2- t r iphe1i~le t l iy l~~r i i i1 ie ,  ~l l though there is 
1 1 1 )  evidence of eutectic or cjriosi-raceniate forniatioii, the, 
soiidi :ire charucteristically different, sullicicnt to  allow the 
tviitative conclusion that  the two derivatives of positive 
sign possess the same configuration. Finally, 1.3 g.  of K- 
~icetyl-1,2,2-triphenylethylarnirie (m.p. 230°, [aIz5~ f 108") 
w~is  :iddecl with stirring a t  0" to  500 cc. of carbon tetrachlo- 

( ? : { I  'I lie o 1 j t , c , , i l  rcttary , l i \pvr>iou  i1nl:i \?ere k i i i r l l y  l u m i i l i c i l  I I Y  
1'1 <!fc>wr c:>*1 l ) , Y r , , S . !  
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Fig. 4.--Solid-liquid phase diagram of (+)-1,2,2-tri- 
phenylethyl acetate with (+)-S-acetyl-1,2,2-triphenyl- 
ethylamine 

24 0 

20 40 60 80 400 
WT % (t ) 1,2,2 - T R I PH E NY LET HY L -AC E TAT E. 

I'ig. 5:~- Solid- liquid 1 ) I i : i x  diagram of (+)-1,2,Ztri- 
~)lieiiylethyl acctutc with (-)-N-acctyl-1,2,2-tri~~I~e11~1- 
et hylaniine 

ride cmtaining 8 g. ol S & , I ~ - ~ "  ; t i id 12 g. ( i f  anhydrous b o -  
dium acetate. After 2 hours the mixture was poured over 
ice, after which the organic layer was separated, washed 
with sodium carbonate, water and then dried over magne- 
sium sulfate. Unreacted N-acetyl-12,2-triphenylethyl- 
ailline (0.7 6 . )  IVRS recovered duriug the work-up. The 
dried carlioii tctrxchloridc. ~i)Iuiion r ~ c s  heated under geiitlr 
n , f l i i x  I ) \  t,rtiiglit, c ide( l  :IIII~ sll;ihi.~~ wit11 5';; sciditiili Ily- 
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droxide solution, water, and finally dried over magnesium 
sulfate and evaporated. The solid material was taken up in 
hot 95% ethanol once the solution was treated with Norit 
and filtered. In this way 160 mg. of, (+)-1,2,2-triphenq-l- 
ethyl acetate mas isolated, m.p.  140 , [ a ] * j ~  $26" (diox- 
ane).  Still more K-acetyl-1 ,Z ,2-triphenylethyIamine re- 
mained in the alcoholic mother liquors. The identity of 
the (+)-1,2,2-triphenylethyl acetate was established by de- 
acetylation t o  (+)-1,2,2-triphenylethanol, followed by 
oxidation of the carbinol t o  benzhydryl phenyl ketone. The 

ketone was oxidized6 with nitric-acetic acid to  or-phenyl- 
benzoin which was oxidized with chromic acid to  benzo- 
phenone and benzoic acid.24 

(24) T h e  preparation uf the N-nitrosoacyl-l,2,2-triphenylethylamine 
and its subsequent thermal decomposition were carried out by M r 5 .  
Joan B. Christie. Further details will be published a t  a later date. 

OAK RIDGE, TEKN. 
STANFORD, CALIF. 
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Studies on the Mechanism of Oxime and Semicarbazone Formation' 
BY WILLIAM P. JENCKS 

RECEIVED JUXF 23, 1958 

-.It ncutral PH h>-droxylarniiie and semicarbazide react rapidly with a number of aldehydes and ketones to form addition 
cimpounds which lack the ultraviolet arid infrared absorption of the original carbonyl compound. These addition com- 
pounds undergo a slow, acid-catalyzed dehydration to form oxime or semicarbazone. The decrease in the rate of oxime 
formation a t  acid PH appears to be due to a transition to a rate-limiting attack of free nitrogen base on the carbonyl com- 
pound and is not dependent on general acid catalysis. Dehydration of the addition complex, addition of water to the oxime 
or sernicarbazone and addition of semicarbazide to the carbonyl group are subject t o  both specific and general acid catalysis, 
while the addition of the stronger base, hydroxylamine, to the carbonyl group is specific acid-catalyzed to only a small extent. 

The classical experiments of Barrett and Lap- 
worth,2 Olar~der ,~ Conant and Bartlett,4 and West- 
heimerj demonstrated that the reactions of car- 
bonyl compounds with such nitrogen bases as hy- 
droxylamine and semicarbazide exhibit striking 
maxima in their pH-rate profiles. These $H op- 
tima have been attributed to the opposing effects of 
general acid catalysis and the decrease in the con- 
centration of attacking free nitrogen base due to 
conversion to the conjugate acid a t  low pH.4,6 

The observation that hydroxylamine reacts rap- 
idly with $-nitrophenyl esters a t  neutral p H  with- 
out significant acid catalysis (to give a mixture of 0- 
and N-substituted products)' suggested that in the 
relatively slow, acid-catalyzed reaction of hydroxyl- 
amine with aldehydes and ketones the addition of 
nitrogen base to the carbonyl group might not be 
the rate-limiting step. The kinetics of oxime and 
semicarbazone formation have accordingly been 
studied by following the changes in the ultraviolet 
absorption of a number of carbonyl compounds in 
aqueous solution after the addition of the appro- 
priate nitrogen base. I t  has been found that a t  
neutral pH the attack of nitrogen base on the car- 
bonyl compound is fast. so that the over-all rate is 
dependent on the equilibrium concentration of a 
non-absorbing addition compound and on the rate 
of its acid-catalyzed dehydration. The pH-rate 
maxima for oxime formation appear to be the re- 
sult of a transition to a rate-limiting attack of free 

( I )  l'ub!icatioii -71 1- o f  tlie (k.idiinte Department of Biochemistry, 
Urandeis University. Presented a t  the 134th National Meeting of the  
American Chemical Society in Chicago, September, 1938 

(2)  E. Rnrrett and A.  I.nprvorth, J .  ( ' h c l t z .  .Soc , 93, 83 (l!lO8): (J', 

also S. F.  .\Cree and J. R I .  Johnsijn, Am. Chcm J . ,  38, 308 ( l W 7 ) ;  
11. G. Knnrre nud K. 31. Emanuel, D o k l a d y  A k i i i i .  Sci. S..S.S.R., 91, 
llG3 (1953) (C .  A , ,  49, 12930 (1955)). 

( 3 )  A .  Olander, 2. p h y s i k .  Chewz., 129, 1 (1927). 
(4) J. €3. Conant and P. D. Bartlett ,  THIS JOT:RNIL, 54,  2881 (1932). 

F ITestheimer, ibid., 56, 10ft2 110341. 
(ii) I. P FIanirnett, "Phyiical Orrxnic ChFmistry." LlcGraw-Hill 
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nitrogen base on the carbonyl compound a t  acid 
pH and are not dependent on general acid catalysis. 

H +  

>C=SR + HOH 

Experimental 
Materials.-Benzaldehyde and furfural were redistilled 

and stored at - 15'; solutions in water, containing lW4 Af 
ethylenediaminetetraacetic acid (EDT.1) to retard heavy 
metal catalyzed decomposition, were made up just before 
use. Solutions of nitrogen bases were prepared from the 
solid or from stock solutions of the hydrochloride and were 
neutralized to the desired PH with NaOH just before use: 

Glass-dis- 
tilled water Tias used throughout. 

Ultraviolet measurements mere made on a Cary model 14 
recording spectrophotometer, a Beckman model DU spec- 
trophotometer or a Zeiss model PMQ I1 spectrophotometer. 
Infrared spectra were obtained with a Perkin-Elmer model 
21 spectrophotometer using calcium fluoride cells. Solu- 
tions of hydroxylamine in D 2 0  were prepared by dissolving 
NH?OH.HCl and S a O H  in DpO, evaporating to dryness, 
making up 4 .If solutions in D20  and neutralizing just before 
use. 

Kinetic measurements were made on Beckman or Zeiss 
spectrophotometers with jacketed cell compartments 
through whgh was circulated water from a thermostat a t  
25.0 + 0.1 . Dilute solutions of the reactants were equili- 
brated in the thermostat before mixing. Readings were 
taken beginning 10 to 15 seconds after the start of the reac- 
tion and continued, usually with about 10 readings, until the 
reaction had proceeded to completion. All kinetic deter- 
minations were carried out with the concentration of nitrogen 
base greatll- in excess of that  o f  the aldehyde or ketone SO 
that  pseudo first-order kinetics were obtained. The results 
were plotted on semi-logaritnniic graph paper, the half- 
times deterinincd graphically, and the first-ijrdcr rate con- 
stants obtained from the forniula kl  = 0.693/tl.:2. Rates 
were followed a t  a wave length, as indicated in the experi- 
mental data,  suitable for measurement of product appear- 
ance or, after the initial rapid drop, of starting material 
disappearance ; in several cases rate constants were deter- 
milled under Iioth conditions and f i I i i i i i 1  t o  lie identical. 
The 013 values reported are the apparent pH us measured 
with the glass electrudr uf the Beckniari model Cr pH meter. 

Af EDTA was added to alkaline solutions. 


