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The optically pure stereoisomers of 3-phenyl-2-butylamine have been deaminated in acetic acid and the products examined. 
With the threo isomer, methyl migration from Qs dominated over phenyl migration by a factor of 1.5 to 1, whereas with the 
erythro isomer, phenyl migration from C/S exceeded methyl migration by a factor of about S to 1. Methyl migration could 
not be detected when the stereoisomeric 3-phenyl-2-butyl tosylates were acetolyzed. These results coupled with those 
of others support the following hypothesis. Neither solvent nor neighboring group participation play much role in the 
breaking of the C-Na+ bond, and the fate of the high energy open carbonium ion thus created is determined by the relative 
proximity of the various neighboring groups and of solvent molecules. The relative positions of these species are therefore 
determined by the conformational populations of the starting diazotized amine. The products of methyl migration were 
partially optically active at the migration origin, this benzyl carbon atom having been partially inverted during the methyl 
migration. This result provides some evidence for the intervention of a bridged methyl carbonium ion intermediate in the 
rearrangement. 

The propensity of the deamination reaction of 
aliphatic amines for initiating molecular rearrange
ments has been established by a large number of 
investigations. A number of recent mechanistic 
studies and observations have a direct bearing on 
the present research. Bernstein and Whitmore2 

demonstrated that the highly stereospecific rear
rangement of ( —)-l,l-diphenyl-2-amino-l-propanol 
to (+)-l,2-diphenyl-l-propanone observed much 
earlier by McKenzie, et al.,3 occurred with inver
sion at the migration terminus. Roberts and co
workers40 found both methyl and hydrogen migra
tion in the deamination of w-propylamine, but in 
this and other systems could find no evidence for 
the intervention of either hydrogen-4a or methyl-
bridged carbonium ions.4c'd In the deamination 
of various ^-substituted 0-phenylethylamines, these 
authors413 observed a much smaller difference be
tween the migratory aptitudes of ^-nitrophenyl, 
phenyl and p-methoxyphenyl than had been ob
served in studies involving leaving groups other 
than N2

+ . Burr and Ciereszko5 found in parallel 
studies of j3-aryl-/3-phenylethyl systems that with 
OH as a leaving group much greater differences in 
migratory aptitudes of phenyl and substituted 
phenyl were observed than when the leaving group 
was N2

+ . Curtin and co-workers6 in an elegant 
study of the semipinacolic deamination reaction of 
various diastereomeric 2-phenyl-2-aryl-l-phenyl (or 
methyl) -1-ethylamines demonstrated that that 
aromatic nucleous migrated which gave a transi
tion state where the bulky (non-migrating) groups 
attached to the two asymmetric carbon atoms were 
distributed trans to one another. 

(1) This work was sponsored by the Office of Ordnance Research. 
U. S. Army. 

(2) H. I. Bernstein and F. C. Whitmore, T H I S JOURNAL, 61, 1324 
(1939). 

(3) A. McKenzie, R. Roger and G. O. Wills, 7. Chem. Soc, 779 (1926). 
(4) (a) J. D. Roberts and J. A. Yancey, T H I S JOURNAL, 74, 5943 

(1952); (b) J. D. Roberts and C. M. Regan, ibid., 75, 2069 (1953); 
(c) J. D. Roberts and M. Halmann, ibid., 75, 5759 (1953); (d) J. D. 
Roberts and J. A. Yancey, ibid., 77, 5558 (19.55). 

(5) (a) J. G. Burr, Jr., and L. S. Ciereszko, ibid., 74, 5426 (1952); 
(b) 74, 5431 (1952). 

(C) (a) P. I. Pollak and D. Y. Curtm, ibid., 72, 901 (1950); (b) 
D. Y. Curtin and P. I. Pollak, ibid., 73, 992 (1951); (c) D. Y. Curtin, 
E. E. Harris and P. I. Pollak, ibid., 73, 3453 (1951); (d) D. Y. Curtin 
and E. K. Meislich, ibid., 74, 5518 (1952); (e) 74, 5905 (1952); (f) 
D. Y. Curtin and M. C. Crew, ibid., 76, 3719 (1954); (g) 77, 354 
(1955). 

The present study describes the deaminative 
acetolysis of the optically pure diastereomers of 
3-phenyl-2-butylamine (I). This system possesses 
certain peculiar advantages for mechanistic studies. 
(1) The acetolysis of 3-phenyl-2-butyl tosylate has 
been thoroughly studied,7 and the effects of dif
ferences between tosylate and N2 as leaving group 
can be assessed. (2) The intervention of "ethylene-
phenonium ions" as intermediates in the migration 
of phenyl from Q3 to C a can be detected making 
use of the symmetry properties of this system. 
(3) The three groups on Q3, phenyl, methyl and 
hydrogen, all compete with one another in under
going Wagner-Meerwein rearrangements, and in 
this system a correlation between the amounts of 
each group which migrate and the known con
figurations of the starting material is possible. 
(4) The system allows the stereochemistry of 
methyl migration to be examined at the migration 
origin (C3). 

Three of the four optically pure stereomers of 
the 3-phenyl-2-butylamine system were prepared 
and their configurations determined in a previous 
study.8 AU four of the optically pure benzamide 
derivatives were reported.8 In the current in
vestigation the fourth isomeric amine possessing 
the D( — )-erythro configuration was prepared by 
the simple inversion in dioxane of the tosylate of 
optically pure D( — )-^reo-3-phenyl-2-butanol. 
The rotation of this amine (a25 D -9.20°, I 1 dm., 
neat) compares favorably with that of its enantio-
mer prepared by direct resolution (a25 D +9.01°, 
11 dm., neat). 

The methods of analysis and separation of the 
products of the deamination of the active isomers 
of 3-phenyl-2-butylamine are recorded in the Ex
perimental, along with a number of control experi
ments on the solvolyses, the separations and the 
analyses. 

Discussion 
Table I records the yields of the various alcohol 

components obtained from the deaminative acetoly
sis of the stereomers of 3-phenyl-2-butylamine, as 
well as those obtained in previous studies7 of the 
acetolyses under similar conditions of the tosylates 

(7) (a) D. J. Cram, ibid., 71, 3863 (1949); (b) 74, 2129 (1952); 
(c) 74, 2137 (1952). 

(8) D. J. Cram and J. E. McCarty, ibid., 76, 5740 (1954). 
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TABLE I 

ALCOHOLIC PRODUCTS OF THE DEAMINATIVE AND TOSYLATE ACETOLYSIS OP THE 3-PHENYL-2-BUTYL SYSTEMS"'6 

H 

C 6 H / 

NH2 

/ 
~C~>CHS 

H OH 

C6H/ ^gH' 

Yield& threo, % 
Active Racemic 

1, HNO2 
AcOH 
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H OH 
C H 8 o s / 

C H>c-c> H 
CeH6 \ C H j 

Yields erythro, % 
Active Racemic 

14 5 

HO 

^ C - C H ( C H , ) , 
H / 

CeHs 

Yield,l> % 
Active Racemic 

5 27 

CH, 
I 

Cfixig'—C—C2H.& 

I 
OH 

Yield 
alcohol 

Yield,& fraction,c 

% % 

24d 50 

H 

[h( + )-threo-l] 
L( + )-tkreo-3-pheny\-

2-butyl tosylate 

H 
CH31 

C6H, A 

NH2 

/ 
< > H 

VCH, 

1, AcOH 
> 

2, LiAlH4 

1, HNO2 
AcOH 

2, LiAlH4 

0.5 85 2 .5 

68 0.2 

11 

2C 

70 

50 

O 74 
[h( + )-erythro-I] 1, AcOH 
h(+)-erythro-3-Phen- > 5 O 89 O O 

yl-2-butyl tosylate 2, LiAlH4 

" The deaminative and tosylate acetolysis (ref. 7c) were both run at room temperature. However, a complete analysis 
of the secondary alcohol components of tosylate acetolysis was made only on product obtained from runs at 75° (ref. l i b ) . 
Enough data were obtained at both temperatures to indicate the patterns of results to be almost identical. The ratios 
of the various secondary alcohols to one another were taken from the runs at 75°. b Total alcohol fraction = 100%. " Start
ing amine or tosylate = 100%. •* These are maximum values. Actual values are probably lower (see Experimental). 

of the stereomers of 3-phenyl-2-butanol (III). 
In the deamination reaction each diastereomer gave 
appreciable but different amounts of products re
sulting from simple solvolysis (no rearrangement), 
from phenyl migration, from hydrogen and from 
methyl migration. In the tosylate solvolysis, the 
products of phenyl migration (3-phenyl-2-butanol) 
clearly dominated in both diastereomeric series, 
with small amounts of hydrogen migration, very 
small amounts of simple solvolysis product, and 
no detectable product from methyl migration. 

Phenonium Ions as Intermediates in the De
amination Reaction.—In the tosylate solvolyses, 
both the high stereospecificity7 and the enhance
ment of the rate of ionization9 point to predominant 
phenyl participation in ionization. A complete 
analysis of the data for the £/zreo-3-phenyl-2-butyl 
tosylate acetolysis70 provided the ratio 66/1 for 
phenyl over solvent participation in ionization and 
the ratio of 8/1 for hydrogen over solvent par
ticipation. Although a detailed calculation could 
not be carried out for the erythro isomer, it is clear 
that similar factors apply .7b In this and in sim
ilarly constituted systems,10 phenonium tosylate 
ion-pairs (A) have been demonstrated to result 
from phenyl participation in ionization. These 
intermediates can collapse in either direction to give 
tosylate or can undergo anion exchange to give sol-
volyzed product. In acetic acid for the threo-3-
phenyl-2-butyl system, collapse occurs four times 
as frequently as exchange.715 

A very different pattern of products arises in the 
deaminative acetolysis. That phenyl migrates 
from Ca to Co is clear from the fact that in the 
threo series 24% of the alcoholic product is racemic 
3-phenyl-2-butanol (III), 19% threo and 5% erythro. 

(9) S. Winstein and K. C. Schreiber, THIS JOURNAL, 74, 2165 (1952). 
(10) (a) D. J. Ciam, ibid., 71, 3883 (1949); (b) 74, 2159 (1952). 

That simple substitution occurs to almost the same 
extent is indicated by the 20% of active 3-phenyl-2-
butanol (6% threo and 14% erythro) obtained. 
With the erythro isomer, the high yield of product 
(68%) of configuration identical to that of starting 
material (substitution with retention) indicates 
that here as well phenyl migration occurred, al
though the symmetry properties of the system 
prevent its direct detection. The 6% of threo 
product indicates a somewhat lower degree of simple 
solvolysis in this as compared to the threo series. 

OTs- OTs 

>?-
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- V Vc—c 
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so 
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These results indicate a moderate degree of 
stereospecificity for the process involving phenyl 
migration but of a much lower order than was ob
served in tosylate solvolysis. Of the 25% of 
threo product from threo starting material, 19% 
was racemic, pointing to the intervention of the 
internally compensated phenonium ion (B) as an 

CH; 
racemic threo 
product (19%) 

racemic erythro 
product (5%) 
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intermediate. This intermediate appears to have 
been disposed of both by direct ring opening to give 
threo product and by giving racemic open ion which 
in turn could go to either racemic threo or erythro 
material. This phenonium ion is then different in 
some respect from tha t produced from tosvlate 
solvolysis, which only underwent direct ring open
ing to give racemic threo product. This point will 
be discussed later. Iu the erythro series, the phe
nonium ion produced is asymmetric, and direct ring 

If . 

C Ii-ft) 

CII:, 

C6Il:, 

; > i 

active erythro 
product (08%) 

lrans-
phenomuiti 

ion C / 

open active llircn 
ion product (6'/CJ 

opening at either C a or C/3 would give active 
material of the same configuration as the starting 
material. If this bridged ion gave open ion, this 
intermediate would be optically active and would 
give a mixture of active threo and erythro product. 
The results suggest t ha t direct ring opening pre
dominated in both series, but some rearranged, 
racemic, open ion is needed to explain the produc
tion of .")% racemic erythro product obtained from 
active threo s tart ing material. 

The Question of Bridged Methylcarbonium Ions 
as Intermediates in the Wagner-Meerwein Rear
rangement.—Although bridged methylcarbonium 
ions frequently have been discussed11 and de
liberately sought for, not a shred of evidence for 
their intervention as reaction intermediates has 
been forthcoming. Some evidence has been ob
tained from rate comparisons in the solvolysis of 
neopentyl and more ramified tert iary systems for 
neighboring methyl participation in ionization,12 

but this means only tha t the transition state for 
ionization is a hybrid which possesses some methyl 
bridged character. I t has not been demonstrated 
whether this transition state leads to a discrete 
bridged ion or directly to rearranged open ion. 

In the present investigation some evidence for a 
bridged methylcarbonium ion is presented. From 
///•/ro-amine was obtained alcohol, 32% of which 
was the product of methyl migration (l-phenyl-2-
methyl-1-propanol or II) and from erythro-anmic 
(i% was similarly rearranged. Of this rearranged 
material, 16% was optically active in the threo and 
3 % in the erythro runs. The stereochemistry of 
this rearrangement can be determined only if the 
relative configurations of reactant and product are 
known. The configurations of the start ing mate
rials have been established relative to D-glyceral-
(IeIIy(Ie,8 bu t the configuration of 1-phenyl-2-
iuetliyl- (-propanol (II) has never been determined 

( 1 !) (a) D. J. C r a m and J. D . 
(1952); (b) S. Wins te in a n d B. K. 
.[. D . R o b e r t s , M. Halmani t and J 
(.'. Brown and I! H, Krirulilum 'I'll 

! 12) ,a) I'. I). Bal l le t t Hull. .<...-. 
lli) 1'. D. Bar t le t l and M. ,Sides. 
ic) 1\ H. Ba r t l e t t and M S, Siva 
Wins te in and TL .Marshall, ibid . 74 . 

K n i y h t , T H I S J O U R N A L , 74 , 5831 

Morse , ibid., 74, 1133 (1952) ; (c) 
A, Yancey , r.-f. 8c and Sd; (rl) IL 
is JfIi-RN-Ai, 76, l.'iifi i HI: , D, 

him. /-|-,ii;,t , i.". I 18, ClOO I 111 111); 
T i n s J(HiRNAI. , 7 7 , L'KOi'i 1 1 9 5 5 ) : 
n , ibid , 7 7 , -.!M)I ill!."..V). , , ! ) S. 
I IJlI : in.",:;) 

by chemical interconversions. However, the con
figuration of this compound can be assigned with a 
high probability of correctness relative to that 
of D-glyceraldehyde through the use of Freuden-
berg's displacement rule.13-15 Levene, AIikeska 
and Marker15 gathered the rotational data set 
forth in Table I I , which when coupled with the 
known16 configuration of 1-phenyl-1-ethanol allows 
the configurations of the other alcohols of Table II 
to be assigned the structures there set forth. The 
stereochemistry of the methyl migration thus be
comes known and is formulated in Chart I. '7 

TABLE II 

Co.S 'FI i .UKAlTUNS A M ) M l ) L E C L L A R ROTATION'S OF Al .KVL 

,SUBSTITUTED BENZYL ALCOHOLS AND DERIVATIVES 

RI 

R"-C-"OK2 Contiguratioual assignment 

C6II5 

Ri 

CII3 

C2H5 

(CHj)2CH3 

CH(CH3)2 

(CHn)3CH8 

Molecular I 

H « 

- 5 2 . 5 s 

- 3 9 . 4 ° 
-3-1.9° 
-.31.-1° 
- 2 8 . 2 ° 

' o l a t i ons -
-Rs - -

A c " 

- 1 0 4 ° 
- 1 8 0 ° 
- 1 7 8 ° 
-199° ' ' 
- K ; : ; 0 

A I ' T I l ' M 

+ 32.0° 
- 1 9 , « ° 
- 2 1 . 0 ° 
-62.(S0 

- 3 6 . 1 ° 
" MnD (I 1 dm., neat,). '' Acid phthalate. ' .1/25D 

(/ 1 dm., c 0.01 M, ethanolj. d Krom the present investiga
tion. 

Any mechanism used to explain this methyl 
migration must satisfy three main facts. (1) 
Roth racemic and active product were obtained 
from both diastereomers. (2) The ratios of race
mic to active product differ widely for the two di
astereomers {threo, 5 / 1 ; erythro, 30/1) . (.3) In the 
production of optically active II , the migration 
origin was inverted. A completely concerted 
mechanism" by which all of the product was pro
duced is thus eliminated, although the very remote 
possibility remains tha t the active portion of prod
uct arose by a completely concerted process, and 
the racemic material by a multistage course in
volving carbonium ions devoid of asymmetry. A 
mechanism in which all of the product arose from 
such a carbonium ion is also eliminated. 

The data support the mechanistic scheme set 
forth in Chart I.19 Here the threo-amine goes to a 
methyl bridged asymmetric carbonium ion with 
inversion of the migration terminus, the phenyl 
and methyl groups being trans to one another. 
Similarly the erythro-amine. goes to a methyl 
bridge, also asymmetric, in which the methyl and 

(13) K. F r e u d e n b e r g , W, K u h n and I. B u m a n n , Bcr., 63B, 2;)80 
(1930) . 

(14) T h e a u t h o r s are indeb ted L) Professor J l . S. Mosher for br inging 
th is t o o u r a t t e n t i o n a n d wish to express the i r apprec ia t ion , 

(15) (a) P . A. L e v e n e a n d L, A. M i k e s k a , J. Biol. Chem., 70, 355 
(1926) ; (b) P . A. Levene and R. IC. M a r k e r , ibid., 97, 381 (1932) 

(](S) K. Mislow, T H I S J O I K N A I , 7 3 , 3954 (1354). 
(17) I n t he con t igura t iona l fo rmula t ions of th i s pape r , t h a t ennnt io 

ruer which is conven ien t for p o r t r a y a l is dep ic ted . T h e fact t h a t ill 
some cases t he o the r e n n n t i o m e r was ac tua l ly used in no way affects 
the principles involved, 

(T 8) A comple te ly concer ted \\*;i^ni:r Meerwein r e a r r a n g e m e n t iall 
honds m a d e and b roken in t he same t rans i t ion s ta te) has never been 
d e m o n s t r a t e d and is very imp|-obab!e. 

(19) T h e s i ; ; - , •, ititcrvcnin:^ bet iveen start iuc, ma te r i a l and the 
bnilei-il ion are ibscn,scd in a In(Fr -.cvlion. 
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mers of 3-phenyl-2-butyl tosylate, evidence70 was 
obtained that hydrogen participated in the ioniza
tion stage to give both stereospecifically produced 
olefin as well as the rearranged methylethylphenyl-
carbonium ion, which reacted with solvent to give 
racemic tertiary acetate. In the present study, 
both diastereomers gave this same acetate in 
considerably higher yields. Unfortunately the 
methods of analysis prevented the optical character 

HOAc 
> 

- H 

phenyl groups are cis to one another. Each of 
these bridged ions partition between two processes, 
one involving ring opening at the benzyl carbon to 
give directly (one transition state) optically active 
rearranged acetate with the migration origin in
verted, the other involving ring opening to give the 
symmetrical phenyl isopropylcarbonium ion which 
goes to racemic rearranged acetate. Since the two 
bridges are diastereomerically related, they would 
partition differently between these two processes. 
The trans bridge from threo material might be ex
pected to be the more stable of the two, and there
fore to be the species more favorably disposed to 
undergo ring opening by solvent to give active 
product, as is indeed observed. 

A second mechanistic scheme should also be con
sidered (Chart II), in which the methyl bridges are 
transition states, not discrete intermediates. Thus 
threo material passing through a trans bridged 
transition state might give a rearranged disolvated 
open ion (D) which differs from that from 
erythro material (E) in rotational conformation. 
Should kc be the same order of magnitude as ke, 
optically active acetate with the migration origin 
inverted could arise. That D or E collapse directly 
from both sides with equal probability to give 
racemic material is unlikely, since the steric situa
tion distinctly favors entrance from the top. The 
ratio of kc/'ke should differ for D and E, and the 
greater stability of D should favor a higher value 
for this ratio, leading to a higher degree of optical 
activity for rearranged acetate, as was observed. 

Of these two explanations, that involving the 
methyl bridge as a discrete intermediate is pre
ferred on both the basis of simplicity and analogy. 
Since the leaving group in this deamination reac
tion is a nitrogen molecule, mechanisms involving 
rearranged ion-pairs or open carbonium ions sol-
vated by nitrogen on one side and solvent on the 
other are highly unlikely. 

The Hydrogen Migration in the Deamination 
Reaction.—In the acetolysis of the active diastereo-

CH8 

I 
C 6 H 6 - C H - C H - C H 3 

OAc 

racemic III 
acetate 

of this tertiary acetate from being examined (see 
Experimental). A second difference between the 
tosylate acetolysis and the deaminative acetolysis 
is that nearly all of the conjugated olefin produced 
was destroyed by the nitrous acid, and therefore 
the stereospecificity of this elimination could not 
be studied. A peculiar consequence of this destruc
tion of conjugated olefin was that the olefin isolated 
was largely 3-phenyl-l-butene. The total olefin 
fraction from threo-a.mine (11% yield) was reduced 
to 2-phenylbutane whose rotation indicated the 
olefin to be free of conjugated material and to 
have arisen by a completely stereospecific process. 
This fact prohibits the intervention of phenonium 
ions in the production of this unconjugated olefin, a 
point also demonstrated for the tosylate solvolyses. 
The olefin from ery^ro-amine (4%) reduced to 2-
phenylbutene whose activity wTas only about 80% 
of what was to be expected from the completely 
unconjugated olefin which had arisen by a com
pletely stereospecific path. Apparently a small 
amount of conjugated olefin survived the nitrous 
acid in this particular run. 

CHART II 
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The Differences in Mechanism Between N2 and 
O T s - as Leaving Groups in Solvolyses.—The 
above results clearly demonstrate rather gross dif
ferences in the mechanisms for the deaminative 
and tosylate solvolyses. In the deaminative 
reaction the first stage is very probably the forma
tion of a diazonium ion, which dissociates to a 
nitrogen molecule and a carbonium ion of some 
kind. The diazonium ion for aliphatic systems is 
unstable, and the production of an exceedingly 
stable nitrogen molecule in the dissociation process 
should give rise to an exceptionally high energy 
carbonium ion.20 The driving force for this reac
tion should come from the formation of nitrogen20 

and not from neighboring group or solvent par
ticipation. Thus neighboring group or solvent 
probably become involved to an appreciable extent 
only at a later stage, tha t is, only after the produc
tion of a little-solvated, high energy, very short 
lived, open carbonium ion. The stereochemical 
consequences of this lat ter possibility will be ex
amined as applied to the system a t hand. 

Char t I I I formulates the three conformations for 
each of the diastereomeric diazonium ions. Utiliz
ing the principles developed earlier,21 it seems prob-

CHART I I I 

Conformations of the L(+)-i/jreo-diazonium ion 

P6H5 

CH 3 " C 8 H , H 

IV V VI 

Conformations of the !.(-{-)-crythro-dvdzonium ion 

N= N2* 

KS 
CH1 

VII 

C 6H, 

VII I 

CHj 

IX 

able tha t IV > V > VI and V H > VII I > I X in 
relative thermodynamic stability, and tha t in the 
diazonium ions the populations are distributed ac
cordingly. The process of dissociation probably 
does not involve rotat ing any of these substi tuents 
through an eclipsed geometry, and the three open 
ions produced from each of the diastereomers fall 
into the same stability order as do the conforma
tions of the start ing diazonium ion. Since the 
geometry for the transition states for dissociation 
lies somewhere between tha t of the diazonium ion 
and the open ion,22 the activation energies for dis
sociation of the three conformers should be very 
similar. Therefore, the relative populations of the 
three open ions from each diastereomer would be 
similar to those of the start ing diazonium ions. If 
these open, flat carbonium ions are of such high 
energy t ha t their half-lives are much less than the 

(20) T h i s po in t has been m a d e p rev ious ly by B u r r a n d Ciereszko 
(ref. 9b) a n d by D . Y. C u r t i n a n d M . C. Crew (ref. 1Of). 

(21) (a) F . A. Abd Elhafez a n d D . J. C r a m , T H I S J O U R N A L , 74 , 

584« (1952); (b) 74 , 5851 (1952). 
(2D) H a m m o n d ' s p o s t u l a t e [ibid., 77 , 334 (1955) J would sugges t t h a t 

for th i s v e r y e x o t h e r m i c reac t ion , t he t r a n s i t i o n s t a t e would re semble 
t h e s t a r t i n g m a t e r i a l iu g e o m e t r y . 

half-lives of their rotation through 60° about the 
C1S-C^ bond, then their fate is determined by the 
relative proximity of their nearest neighbors (sol
vent or /3-substituents). Thus the relative nu-
cleophilicity of these neighbors plays a minor role 
and the relative conformational populations of the 
starting diazonium ion become controlling in the 
ult imate balance of products. In such a scheme, 
the neighboring /3-substituents must still approach 
the face of the carbonium ion opposite from tha t 
which the nitrogen left bu t for a reason different 
from tha t in which the ,S-substituents actually 
participate in carbonium ion formation. If F, 
one of the three conformations of a diazonium ion, 
dissociates to give open carbonium ion G, then " a " 
on C,3 is flanked by " d " and " e " on Cn . Thus 
" a " is the only substituent on Cp which is eclipsed 

bv c — c> 
» - N d /S A^d 

G 

with the relatively unsolvated and empty p-orbital 
of the short lived "ho t" carbonium ion. Other 
groups (b and c) could become involved only if 
rotation about C^-C0, occurred to the extent of 
either 60 or 120°. 

This hypothesis suggests tha t in the deamination 
of i/zre0-3-phenyl-2-butylamine, methyl migration 
should exceed phenyl which should exceed hydro
gen migration. The data (Table I) show tha t 
methyl accounted for 32%, phenyl for 2 4 % and 
hydrogen migration for a maximum of 2 4 % of the 
acetate produced.23 For the erythro series, the 
hypothesis would predict t ha t phenyl would pre
dominate over hydrogen, which would exceed 
methyl migration. Of the acetate produced by 
this diastereomer (Table I ) , up to 6 8 % could have 
involved phenyl24 migration, a maximum of 2 0 % 
hydrogen and only 6% methyl migration. 

Two features make it unlikely tha t eclipsing 
effects in the formation of bridged transition states 
control the migrating group in these diastereomeric 
series. (1) These eclipsing effects played little or 
no role in either selecting the migrating group or 
effecting the rates of ionization for the acetolysis 
of the diastereomers of 3-phenyl-2-butyl tosylate. 
If eclipsing effects were important in this system, 
they certainly would be more likely to assert them
selves in tosylate solvolysis where driving forces 
due to neighboring group participation are present. 
(2) The groups tha t are being eclipsed are rather 
small (e.g., two methyl groups during phenyl 
migration in the threo series). I n other reactions 
in other systems, the "cis effect" becomes impor
t an t only when a medium and large or two large 
groups become involved.25 

Tosylate and halide solvolyses differ in a second 
important respect from deaminative solvolyses. 

(23) T h e s e va lues could be s l ight ly in er ror as measu re s of t he ex
t e n t of each s u b s t i t u e n t mig ra t ion since r ea r r anged open c a r b o n i u m 
ions could also give smal l a m o u n t s of con juga ted olefin which was 
t h e n des t royed by n i t rous acid. 

(24) A smal l p a r t of th is 6 8 % u n d o u b t e d l y arose by simple solvoly 
sis wi th r e t en t ion of conf igura t ion . 

(25) D. Y. C u r t i n , Record Chem. Progress (Kresge-Hooker Sci. 
Lib.), 15, 111 (1954). 
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Although ion-pair intermediates have been demon
strated76'26 in a number of halide and tosylate sol-
volyses, no such species can intervene in the de-
amination reaction with N2 as the leaving group. 
Such a molecule would not even be expected to sol
vate the carbonium ion it was leaving, as is prob
able with the conjugate acid of an ester, ether or 
alcohol dissociates. Unlike the phenonium tosyl
ate produced in tosylate solvolysis of the 3-phenyl-
2-butyl system,7b a phenonium ion produced from 
a high energy, open ion would be relatively naked 
and reactive. Unlike the phenonium tosylate ion-
pair, this bridged ion might not only capture sol
vent, but also give rearranged open ion which in 
turn could capture solvent. Such a process might 
explain the production of the 5% of racemic erythro-
acetate produced from active threo-amine.. 

This amount of acetate produced by simple sol
volysis is greater in the deaminative than in the 
tosylate solvolysis. In the former, threo material 
gave 6% acetate with retention and 14% with in
version as compared to 0.6% retention and 4% 
inversion in the latter. From erythro-amine:, 6% 
acetate resulted from simple acetolysis with inver
sion, whereas with tosylate, 4% acetate. The 
amount of acetate resulting from simple acetolysis 
with retention could not be measured. The rela
tively higher amount of simple solvolysis in the 
deamination reaction probably reflects the ability 
of solvent to compete better with neighboring 
groups for a less hindered open carbonium ion than 
for either the back side of a saturated carbon atom 
or either side of an ion-pair. Again it would ap
pear that in passing from tosylate solvolysis to the 
deamination reaction selectivity based on steric 
effects becomes more important at the expense of 
electronic effects. 

Other Solvolytic Deamination Reactions.—The 
general interpretation of the course of the de
amination reaction in the present study is con
sistent with the results obtained in a wide variety 
of systems. Bartlett and Knox27 observed that al
though the deamination of 1-apocamphylamine to 
give 1-apocamphanol or 1-chloroapocamphane oc
curred readily, attempts at substitution at this 
bridge-head carbon utilizing other leaving groups 
(H2O+ or Cl) failed even under brutal conditions. 
Thus participation by solvent or neighboring 
groups does not seem to be a necessary condition 
for dissociation in this deaminative substitution. 

The demonstration by Bernstein and Whitmore2 

that the migration terminus is inverted in the de
aminative rearrangement of l,l-diphenyl-2-amino-
1-propanol does not necessarily mean that phenyl 
participated in the dissociation of the diazonium 
ion. The most stable rotational conformation of 
the diazonium ion places one phenyl oriented 180° 
from the N2 leaving group and a short lived, high 
energy, open carbonium ion produced by dissocia
tion is sterically oriented to best attack this phenyl 

(26) (a) S. Winstein and D. Trifan, T H I S JOURNAL, 74, 1147, 1154 
(19S2); (b) D. J. Cram and F. A. Abd Elhafez, ibid., 75, 3189 (1953); 
(c) H. L. Goering, J. P. Blancnard and E. Silversmith, ibid., 76, 5409 
(1954); (d) C. G. Swain, L. E. Kaiser and T. E. C. Knee, ibid., 77, 
4681 (1955); (e) S. Winstein, E. Clippinger, A. H, Fainberg, R. Heck 
and G. C. Robinson, ibid., 78, 328 (1956). 

(27) P. D. Bartlett and L, H. Knox, ibid., 61, 3184 (1939). 

group, thus giving the observed stereochemical re
sult. 

The numerous observations46'5,6* that the differ
ence in migratory aptitude of various ^-substituted 
phenyls became diminishingly small in the de
amination reaction as compared to other carbonium 
ion-forming reactions are consistent with the con
cept of dissociation of the diazonium ion without 
neighboring group participation in the deamination 
reaction. 

The high energy carbonium ion produced in the 
deamination reaction does not show any more 
tendency to rearrange than does the carbonium ion 
formed by simple ionization of an alkyl bromide or 
tosylate, at least in the a-phenylneopentyl system. 
Here the fate of the a-phenylneopentyl carbonium 
ion produced from a variety of leaving groups is 
similar.llb'28 

Curtin, et al., outlined two possible reasons why 
in the deamination of a series of diastereomeric 
amino alcohols X the migrating aryl group should 
be different for each diastereomer.6a In the first 
explanation, the relative stability of the various 
conformations of the starting molecule was consid
ered as the controlling feature. However, it was 
pointed out6* that if the rate of conformational 

OH NH2 

I I H N O 2 
C 6 H 6 - C - C H - R > 

Ar O O 
Il Il 

X C 6 H 5 - C - C H - R or A r - C — C H - R 
I I 

Ar C9H, 
from one 

diastereomer 
equilibration is fast compared to rearrangement, 
the activation energy for one group migrating com
pared to a second in a given diastereomer is in
dependent of the relative populations of the con
formations of the initial molecule. The second 
and preferred"8 explanation deals with the differ
ence in energy of the transition states for rearrange
ment of two competing migrating groups in the 
same molecule, that transition state being the more 
stable in which the non-migrating groups are dis
tributed trans to one another.6a,6g Implicit in both 
of these explanations is the assumption that the 
transition state for migration and for dissociation 
are one and the same; in other words, that the 
neighboring group participates in the dissociation. 
If on the other hand one assumes that a discrete 
intermediate, an open carbonium ion, intervenes 
between the dissociation and rearrangement proc
esses, the analysis of this semipinacolic deamina
tion reaction becomes similar to that applied to the 
deaminative Wagner-Meerwein rearrangement in 
this paper. Thus the first of Curtin's original 
hypotheses63 that the migrating group is con
trolled by the relative populations of conformations 
of the starting material might still apply to these 
pinacolic deamination reactions. 

In the deamination of substituted cyclohexyl-
amines, conformation control of the migrating 

(28) (a) P. S. Skell and C. R. Hauser, ibid., 64, 2633 (1942); (b) 
A. Brodhag and C. R. Hauser, ibid.. 77, 3024 (1955); (c) I. Dros-
trovsky and D. Samuel, / . Chem. Soc, 658 (1954). 
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group seems to be enforced.29 In simple solvolysis, 
however, both equatorially and axially oriented 
cyclohexylamines give mainly equatorially oriented 
alcohols.30 This fact is consistent with a high 
energy, relatively unsolvated carbonium ion inter
mediate whose stereochemical fate is controlled 
not by solvent participation in ionization, but by 
the relative proximity of solvent molecules to the 
equatorial or axial faces of the carbonium ion once 
the nitrogen molecule has left. Apparently the 
same carbonium ion is created from cis to trans 
diastereomers and solvent molecules can get closer 
to the equatorial than the axial face of the ion, thus 
giving equatorially oriented alcoholic product. 

Experimental 
Preparation of Optically Pure D( — )-erythro-3-J>henyl-2-

butylamine.—The procedure employed is identical to that 
used previously8 to make the benzamide of this amine,8 

except that a large enough amount of material was used to 
allow isolation of the amine itself. From 4.92 g. of D( — )-
ttreo-3-phenyl-2-butyl tosylate7a>b (m.p. 64.8-65.1°, pre
pared from optically pure alcohol) was obtained 0.432 g. 
of D( — )-eryZ/i?-o-3-phenvl-2-butylamme as a colorless oil, 
B26D 1.5157, aZ6D - 9 . 2 1 ° (Z 1 dm., neat) . 

Anal. Calcd. for C10H16N
7: C, 80.46; H, 10.15. Found: 

C, 80.39; H, 10.37. 
The enantiomer of this amine prepared by direct resolu

tion g a v e a ^ o +9.01° ( / l d m . , neat).8 

Resolution of 2-Methyl-l-phenyl-l-propanol (II).—The 
racemic acid phthalate of this substance was resolved15 

in 24% yield (racemate = 100%) to give active acid phthal
ate, m.p. 93.6-94.1°, H 2 3 D +45.1 (c 3.5, CHCl3), lit.15 

[a]20D +21.0S° (c 9.2, solvent not reported). Further 
recrystallizations of the brucine salt (methanol-water) 
or of the acid phthalate (ether-pentane) did not change 
these values. Hvdrolvsis of this ester gave alcohol I I in 
94% yield, B25D 1.5113', a23D +20.6° (I 1 dm., neat), [«] 2 3 D 
+48.3° (c 6.7, ether), lit.15 H2 0D +47.7° (c 6.8, ether). 

Preparation of L( —)-Z/we0-2-Acetoxy-3-phenylbutane, D-
( + )-er3>rtro-2-Acetoxy-3-phenyltmtane, ( + )-l-Acetoxy-2-
methyl-1-phenylpropane and 2-Acetoxy-2-phenylbutane.— 
L( — )-ZAreo-2-Acetoxy-3-phenylbutane and D( + )-erythro-2-
acetoxy-3-phenvlbutane were prepared from L( + )-Z/n-eo-3-
phenyl-2-butanol (»25D 1.5160, «2eD +27.25°, / 1 dm., neat) 
and D( — )-eryZ/jro-3-phenyl-2-butanol (B2 5D 1.5168, a25D 
— 0.62°, I 1 dm., neat) by methods already reported70 

in 93 and 96% vields, respectively, W25D 1.4877, a25D —7.80° 
(Z 1 dm., neat) and »25D 1.4877, a2l=D +32.38° (/ 1 dm., neat) . 
The literature70 reports W25D 1.4877, C*23D - 8 . 0 8 ° (Z 1 dm., 
neat) and B25D 1.4877, a25D +32.55 (Z 1 dm., neat) for these 
compounds. ( + )-l-Acetoxy-2-methyl-l-phenylpropane 
was prepared in an entirely analogous fashion from optically 
pure ( + )-2-methvl-l-phenvl-l-propanol, B25D 1.5113, a25D 
+21.57 (Z 1 dm., neat), in a 96% vield, B25D 1.4853, «26D 
+ 104.68° (I 1 dm., neat) . 

Anal. Calcd. for Ci2H16O2: C, 74.96; H, 8.38. Found: 
C, 75.06; H, 8.20. 

Racemic 2-acetoxy-2-pheuylbutane was prepared as 
before7" in 35%. yield, M25D 1.4946 (lit.7c 1.4944). 

Deamination Reactions of 3-Phenyl-2-butylamine.— 
Four reactions were carried out, one with optically pure 
L( + )-erytkro-isomer, one with the optically pure D( — )-
tkreo-isomer, one with partially optically pure o{ — )-erythro-
isomer and one with partially optically pure L( + )-Z/jreo-
isomer. The reactions were all carried out in the same 
way, but in the two runs involving optically pure materials, 
different methods of isolation and analysis were employed 
from in the two runs involving partially optically pure 
amines. The procedure for the reaction itself is illustrated 
utilizing L(+)-er^7iro-3-phenvl-2-butvlamine (run 1). To 
4.63 g. of amine8 (a23D +8 .91° , I 1 dm., neat; B25D 1.5159) 

(29) (a) D. Nightingale and M. Maienthal, T H I S JOVRNAL. 72, 
4823 (1950); (b) D. Y. Curtiii and S. Schrnukler, ibid., 77, 1105 
(IS! 5 5). 

(30) (a) J. A. Mills, J. Chem Soc, 2GO (1953); (b) A. K. Bose, 
Exprrientia. 9, 256 (1953); (c) W. G. Dauben, R. C. Tweit and C 
Maiitierskatiiz, Tins JOURNAL, 76, 4420 (195-1). 

dissolved in 300 ml. of dry glacial acetic acid was added 
over a period of 30 minutes, 31.4 g. of potassium nitrite. 
During this addition the temperature was held at 2 5 -
27° through external cooling. The resulting solution was 
stirred vigorously for one hour and shaken with 1.5 1. 
of water and 200 ml. of pure pentane. The aqueous layer 
was again washed with pentane, the pentane extracts were 
thoroughly washed with water, with dilute base, dried, and 
the solvent was evaporated through a short column. The 
residual oils were treated differently depending on which 
run was involved (see next section). 

Isolation of Products from the Deamination Reaction; 
Method I.—This procedure is illustrated with the work up 
of the oil obtained from the deamination reaction in run 1 
(see above). The residual oil was dissolved in 100 g. of 
anhydrous glacial acetic acid and maintained at 75° for 26 
hours. This procedure has been demonstrated previously70 

to completely convert 2-acetoxy-2-phenylbutane to olefin. 
Removal of this acetate in runs 1 and 2 simplified the 
analysis of the remaining components. The mixture was 
cooled, diluted with 1 1. of water and extracted twice with 
pure pentane. The pentane solution was washed with 
dilute sodium carbonate solution, water, dried, and the 
solvent was evaporated through a short column. The 
residual oil was a mixture of olefin, ketone and three ace
tates. The ketone was removed as follows: This oil was 
dissolved in 150 ml. of methanol containing 15 nil. of water, 
l o g . of trimethylacethydrazine ammonium chloride (Girard 
reagent " T " ) , 4.1 g. of sodium acetate and 3.0 g. of glacial 
acetic acid. The resulting solution was heated at reflux 
for 90 minutes, cooled, diluted with 1 1. of water and ex
tracted with pure pentane. The pentane extract was 
washed with dilute sodium bicarbonate solution, water, 
dried, and the solvent was evaporated through a short 
column. The residual oil was dissolved in dry ether and 
added to a slurry of 1.3 g. of lithium aluminum hydride in 
dry ether. In this fashion the acetates were converted to 
the parent alcohols. The excess hydride was decomposed 
with dilute hydrochloric acid, and the aqueous phase was ex
tracted with pure pentane. The combined ether and pen
tane solutions were washed with dilute sodium bicarbonate 
solution, dried, and the solvent was evaporated through a 
short column. The residual oil was subjected to chroma
tography on 15Og. of activity I alumina31 under pure pentane. 
The olefin fraction was washed from the column with pure 
pentane and was twice distilled at 18 mm. to give 0.43 g. 
(10% yield) of this product. The alcohol fraction was 
washed from the column with ethanol, the resulting solution 
being evaporated. The residual oil was distilled at 1 mm. 
through a short-path still to give 1.86 g. or 40% yield of a 
mixture of diastereomeric 3-phenyl-2-butanols and 2-methyl-
1-phenyl-l-propanol, a23D +3.18° (Z 1 dm., neat), B2SD 
1.5167. This material was subjected to quantitative infra
red analysis to determine the amount of each of the above 
three alcohols in the mixture (see later section). A sample 
(0.74 g.) of this alcohol fraction was converted by the 
pvridine-aeetic anhvdride method to acetate in 95% yield, 
a24D - 2 7 . 5 5 ° (Z 1 dm., neat), »2 5D 1.4874. To 0.90 g. of the 
alcohol fraction was added 25 ml. of glacial acetic acid 
containing 2.5 g. of acetic anhydride and 0.25 g. of p-
toluenesulfonic acid monohydrate, and the resulting solution 
was maintained at 75° for 18 hours. This treatment was 
demonstrated in control experiments (see later section) to 
completely racemize and partially convert to olefin the 
2-methyl-l-phenyl-l-propanol component and to leave the di
astereomeric 3-phenyl-2-butanols intact. The solution was 
cooled, diluted with 400 ml. of water, extracted with pure 
pentane, and the pentane extracts were washed with dilute 
base, dried and evaporated through a short column. The 
residual oil was dissolved in dry ether and added to a slurry 
of 0.3 g. of lithium aluminum hydride. This procedure 
converted any acetates formed back to alcohols. The 
olefin-alcohol mixture was isolated in the usual way and 
chromatographed on 50 g. of activity I alumina31 as before. 
The fraction eluted with methanol was distilled at 15 mm. 
to give 0.72 g. of colorless oil, a23D +3.21° (Z 1 dm., neat). 
A sample (0.43 g.) of this alcohol was converted by the 
acetic anhvdride-pvridine method to the acetate in 95',, 
yield, axn -26.96 r° (/ 1 dm., neat), W25D 1.4879. The 
rotational data on the alcohol and acetate before and after 
racemization of the 2-methyl-l-phenyl-l-propunol coupled 

(31) H. Brockman and H. Schodder, Her., 74, 78 (H)IlK 
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with the rotations of synthetic mixtures allowed the optical 
character of the three components to be determined (see 
later section). 

In run 2, 4.70 g. of optically pure D( — )-Z/ireo-3-phenyl-2-
butylamine8 was employed, a23D —42.33° (Z 1 dm., neat) , 
rc^D 1.5143. From this was obtained 0.53 g. or 13% yield 
of olefin and 1.80 g. or 3 8 % yield of the three isomeric 
alcohols, a23D - 5 . 7 8 ° (Z 1 dm., neat), M26D 1.5143. This 
alcohol fraction was submitted directly to infrared analysis. 
A sample of this alcohol was converted to its acetate in 96% 
yield, a23D +0.05° (Z 1 dm., neat), M26D 1.4869. A portion 
of this alcohol (0.86 g.) was submitted to the action of 
^-toluenesulfonic acid in acetic acid as above to give a 
mixture of the two active diastereomers and racemic 2-
methyl-1-phenyl-l-propanol, wt. 0.61 g., <X23D — 4.21° (Z 
1 dm., neat) . A sample of this alcohol was converted to 
its acetate by the acetic anhydride-pyridine method in 
94% yield, a™D +8 .41° (Z 1 dm. neat), M25D 1.4872. 

Isolation of Products from the Deamination Reaction; 
Method II.—This procedure differs from method I in the 
following respects: (1) The original mixture obtained from 
the solvolysis (ketone, olefin and four acetates) was not 
heated to 75° to remove 2-phenyl-2-acetoxybutane but was 
treated directly with Girard reagent to remove ketone. 
(2) The olefin was examined by its reduction to 2-phenyl-
butane and measurement of this substance's optical purity. 
In this procedure olefin came only from deamination re
action itself. (3) The infrared analysis was performed on the 
final mixture of three alcohols, the two diastereomers of 3-
phenyl-2-butanol and racemized 2-methyl-l-phenyl-l-pro
panol. The procedure is illustrated with run 4. 

From the acetolysis of 9.83 g. of L( + )-threo-3-phenyl-2-
butylamine8 (<*24D +6 .42° , Z 1 dm., neat; W26D 1.5142) was 
obtained an oil which was 15.2% optically pure. This 
material was treated with Girard reagent " T " as in method 
I, and the product was reduced with lithium aluminum 
hydride as in method I. The product was chromatographed 
as in method I, the olefin fraction after distillation amount
ing to 1.03 g. (12% yield) and the alcohol fraction to 4.90 g. 
(50% yield). 

This olefin fraction was reduced to 2-phenylbutane as 
follows. To a suspension of platinum black (from 50 mg. 
of Pt02) in 25 ml. of methanol was added 0.51 g. of the ole-
finic fraction, and the mixture was shaken under 752 mm. 
of hydrogen. After hydrogen uptake had stopped (76 ml.), 
the mixture was filtered, and the filtrate was shaken with 
350 ml. of water and pure pentane. The pentane extract 
was washed with water, dried and the solvent was evaporated 
through a short column. The residual oil was distilled 
through a short-path still to give 0.45 g. of crude 2-phenyl
butane. Careful fractional distillation of this material 
(0.30 g.) gave 0.23 g. of L( + )-2-phenylbutane, a25D +3.82° 
(Z 1 dm., neat) , M25D 1.4878. Optically pure 2-phenylbutane 
has a rotation <*23D +24.2° (Z 1 dm., neat) , K25D 1.4878.32 

This material is therefore 15.8% optically pure as compared 
to the 15.2% optical purity of the starting amine. Thus 
only optically pure 3-phenyl-l-butene survived the deamina-
tive solvolysis. 

The alcohol fraction (2.00 g.) was submitted to the action 
of an acetic acid, acetic anhydride and p-toluenesulfonic acid 
mixture to racemize 2-methyl-l-phenyl-l-propanol and 
destroy 2-phenyl-2-butanol, the procedure being the same 
as in method I. The product was reduced with lithium 
aluminum hydride as before and chromatographed on 
alumina. The olefin obtained (mixture of 2-phenylbutenes 
from dehydration of 2-phenyl-2-butanol) was distilled to 
give 0.38 g. ( 1 1 % yield) of material, «25D 1.5190. Distilla
tion of the alcohol fraction gave 1.09 g. (27% yield) of 
material, C*23D 4-0.63° (Z 1 dm., neat), » 2 5 D 1.5147. This 
material was submitted to infrared analysis. A sample 
(0.76 g.) of this alcohol was converted by the acetic an
hydride-pyridine method to acetate in 96% yield, a24D 
- 1 . 1 8 ° (Zl dm., neat), W26D 1.4873. 

In run 3, 10.0 g. of D( — )-erythro-a.minea was employed, 
Qi26D - 4 . 0 1 ° (Z 1 dm., neat), M26D 1.5160, 4 5 % optically 
pure. From this material was obtained 0.463 g. of olefin 
( 5 % yield) and 5.05 g. of alcohol (50%, yield). The total 
olefin fraction was reduced as before to give 0.396 g. of dis
tilled 2-phenylbutane. Careful fractionation of 0.300 g. 
of this material gave 0.232 g. of 2-phenylbutane, W25D 
1.4878, a24D - 8 . 7 0 ° (Z 1 dm., neat), 36% optically pure. 

(32) D. J. Cram, T H I S JOURNAL, 74, 21-19 (1952). 

A portion of the alcohol fraction (2.00 g.) was treated with 
^-toluenesulfonic acid as in the other runs to give, after 
lithium aluminum hydride reduction and chromatography, 
an olefin and alcohol fraction. The olefin fraction (dis
tilled), wt. 0.215 g. ( 6 % yield), came from the decomposi
tion of 2-phenyl-2-butanol. The alcohol fraction (dis
tilled) amounted to 1.22 g. (30% yield), W26D 1.5166, a24D 
— 1.42° (Z 1 dm., neat) and was submitted to infrared 
analysis. This alcohol was converted to its acetate by the 
acetic anhydride-pyridine method in 94% yield, a24D 
+ 12.53° (Z l d m . , neat) . 

Demonstration of the Presence of 2-Methyl-l-phenyl-l-
propanol Among the Products of Deaminative Acetolysis of 
D( — )-ZZ»-eo-3-Phenyl-2-butylamine.—Because the product of 
methyl migration was unexpected in this deamination, 
qualitative proof of its presence was sought. A deamination 
reaction was run utilizing the conditions and isolation pro
cedure of run 2 except that 3 5 % optically pure (-)-threo-
amine was employed. A portion (0.78 g.) of the alcoholic 
product (this material had not been treated with £>-toluene-
sulfonic acid at 75°) was converted to its acid phthalate. 
The resulting oil was subjected to partition chromatography 
on 164 g. of a mixture of one part of silicic acid to two parts of 
Celite made up in 1 % ethanol in chloroform. Elution of the 
material with 1 % ethanol in chloroform resulted in a partial 
fractionation of the acid phthalates. Four fractions, each 
containing about 0.35 g. of solute, were collected. These 
materials were crystallized and recrystallized from chloro-
form-pentane to a constant melting point. The material 
from the first fraction (9 mg., m.p. 131.8-132.2°) gave a 
m.m.p. of 133-133.8° with authentic acid phthalate of 
racemic 2-methyl-l-phenyl-l-propanol15 (m.p. 133.7-134°). 
The other fractions, although obtained in somewhat larger 
amounts, gave melting points and mixed melting points 
which indicated them to be mixtures of acid phthalates. 

Preparation of the Acetates of Various Alcohols; Pyridine 
-Acetic Anhydride Method.—This preparation will be 
illustrated with the conversion of ( + )-2-methyl-l-phenyl-
1-propanol to ( + )-l-acetoxy-2-methvl-l-phenylpropane. 
To 7.0 g. of ( + )-2-methyl-l-phenvl"-l-propanol15 (aMD 
+21.57° , Z 1 dm., neat; W25D 1.5113) was added 30.0 g. of 
acetic anhydride and 75 g. of anhydrous pyridine. The 
resulting solution was heated on a steam-bath for 3 hours. 
At the end of this time, 250 ml. of water and 100 g. of ice 
were added, and the resulting mixture was extracted twice 
with pure pentane. The pentane extracts were combined, 
washed with water, dilute hydrochloric acid, dilute sodium 
bicarbonate and dried. The pentane was evaporated 
through a short column. The residual oil was subjected 
to chromatography on a 4 X 35 cm. column (140 g.) of 
alumina made up in pure pentane. The column was 
washed with pure pentane (the pentane washes were dis
carded) and was eluted with a solution of 10% ether in 
pentane. The ether-pentane was evaporated through a 
short column and the residual oil was distilled through a 
short-path still at 15 mm. to give 8.5 g. of ( + )-l-acetoxy-2-
methyl-1-phenvlpropane,15 a26D 104.68° (Z 1 dm., neat), 
« 2 5 D 1.4853. 

Control Experiments.—The following experiment demon
strates: (1) that the solvolysis products once formed are 
stable, (2) that the ketone could be quantitatively removed, 
(3) that 2-acetoxy-2-phenylbutane is completely converted 
to olefin at 75° in glacial acetic acid and (4) the three 
secondary acetates are not fractionated during the isolation 
procedure. A mixture of 0.89 g. of L( — )-threo-3-3.cetoxy-
2-phenylbutane (a24D - 7 . 8 0 ° , I 1 dm., neat; n26D 1.4877), 
0.90 g. of ( + )-acetoxv-2-methyl-l-phenvlpropane (a26D 
+ 104.68°, Z 1 dm., neat; K25D 1.4853) gave a25D +41.72° 
(Z 1 dm., neat) and K25D 1.4870. To this mixture was added 
0.60 g. of 2-acetoxy-2-phenylbutane (K25D 1.4946), 0.20 g. 
of acetophenone (» 2 5D 1.5343) and 0.09 g. of 3-phenyl-2-
butanone (n26D 1.5104). This mixture was subjected to the 
exact conditions of the deamination reaction, and the isola
tion procedure of method I (the final acid treatment of the 
alcohols was omitted). The product was 0.38 g. of olefin 
(K25D 1.5214) and 1.00 g. of alcohol, a sample (0.60 g.) of 
which was converted to its acetate, wt. 0.65 g., M25D 1.4871, 
a24D +41.84° (Z 1 dm., neat) . The initial mixture of ace
tates had a25D +41.72° (Z 1 dm., neat) and re26D 1.4870. 

That treatment of the 2-acetoxy-3-phenylbutanes and 2-
acetoxy-2-phenylbutane with lithium aluminum hydride 
yields the corresponding alcohols in an essentially quantita
tive manner has been demonstrated previously.7b The 
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following experiment shows that l-acetoxy-2-methyl-l-
phenylpropane may be converted to 2-methyl-l-phenyl-l-
propanol in a similar fashion and in a similarly high yield. 
A sample of 1.03 g. of ( + )-l-acetoxy-2-methyl-l-phenyl-
propane, a2eD +104.7° (I 1 dm., neat), was prepared from 
the corresponding alcohol, a26D +21.57° (I 1 dm., neat) 
re25D 1.5113. Reduction of this material with lithium hy
dride by the ordinary procedure gave 0.83 g. of ( + )-2-
methyl-1-phenyl-l-propanol, «25D 1.5112, <*26D +21.59° 
(/ 1 dm., neat) . 

To demonstrate that ( + )-acetoxy-2-methyl-l-phenyl-
propane was stable to the treatment at 75° in glacial acetic 
acid (no £-toluenesulfonic acid) used to decompose 2-
acetoxy-2-phenylbutane, the following experiment was run. 
To 20 ml. of glacial acetic acid was added 0.8 ml. of acetic 
anhydride and 1.00 g. of ( + )-l-acetoxy-2-methyl-l-phenyl-
propane, a2«D +104.7° (I 1 dm., neat), K25D 1.4853, and the 
resulting solution was heated at 75° for 26 hours. Isolation 
of the material in the usual way gave 0.96 g. of starting 
material, a25D +104.3° (11 dm., neat), ra25D 1.4853. 

The following experiment demonstrates the facts: (1) 
conjugated olefin is destroyed under the conditions of the 
deaminative solvolysis, (2) unconjugated olefin survives 
without racemization and (3) active unconjugated olefin 
can be catalytically reduced to 2-phenylbutane essentially 
without racemization. To 0.28 g. of D( —)-3-phenyl-l-
butene, « 2 3 D —5.62° (I 1 dm., neat), W25D 1.5054,33a was 
added 0.13 g. of cw-2-phenyl-2-butene (n25D 1.5402)33b 

and 0.08 g. of /ra«s-2-phenyl-2-butene (K25D 1.5193). This 
mixture was dissolved in 100 g. of glacial acetic acid, and 
10.3 g. of solid potassium nitrite was added in eight portions 
with vigorous stirring over a period of 30 minutes. The 
resulting mixture w-as stirred for 45 minutes, and the product 
was subjected to the isolation procedure outlined in method 
II for the isolation and reduction of olefin except that the 
treatment with Girard reagent was omitted. For the 
catalytic reduction of olefin, 25 ml. of methanol and 25 mg. 
of platinum oxide were used, 37 ml. of hydrogen being 
absorbed (750 mm. and 22°). The D(-) -2-phenvlbutane 
obtained amounted to 0.15 g., «2 5D 1.4878, a24D -23 .62° 
(/ 1 dm., neat) . The literature reports for opticallv pure 
i.( + )-2-phenylbutane, «23D +24.2° (/ 1 dm., neat), «25D 
1.4878.32 

The following experiment demonstrates that : (1) ( + )-
2-methyl-l-phenyl-l-propanol racemized at 75° in glacial 
acetic acid in the presence of ^-toluenesulfouic acid; (2) 
2-acetoxy-2-phenylbutaue is converted to olefin by this 
treatment. To 25 g. of glacial acetic acid containing 2.5 g. 
of acetic anhydride and 0.25 g. of ^-toluenesulfonie acid 
monohvdrate was added 1.00 g. of 2-phenyl-2-butanol 
(W25D 1.5167) and 0.90 g. of ( + )-2-methyl-l-phenyl-l-
propanol (a24n + 2 1 . 3 4 ° , / 1 dm., neat; K25D 1.5113), and 
the resulting solution was heated at 75° for 18 hours. 
The product was isolated, subjected to a lithium aluminum 
hydride treatment and chromatographed as in methods I 
and I I . The olefin fraction amounted to 0.89 g., K25D 
1.5192. The recovered ( + )-2-methvl-l-phenvl-l-propanol 
(0.61 g.) gave K25D 1.5113, a24D +6.13° (Z 1 dm., neat) 
which corresponds to 99.4% racemization. The relatively 
poor recovery of this alcohol (68%) and the good recovery 
of olefin (101% based only on 2-acetoxy-2-phenylbutane) 
indicates that some of the secondary alcohol dehydrated to 
olefin. 

The optical and structural stability of the diastereomeric 
3-phenyl-2-butanols to the action of glacial acetic acid and 
/>-toluenesulfonic acid at 75° was demonstrated as follows: 
A mixture of 0.90 g. of L( + )-^reo-3-phenvl-2-butanol 
(« 2 5 D +31.61° , I 1 dm.; K25D 1.5166), 25 g. of glacial acetic 
acid, 2.5 g. of acetic anhydride and 0.25 g. of p-toluene-
sulfonic acid monohvdrate was maintained at 75° for 18 
liours. The product was subjected to the lithium aluminum 
hydride and chromatographic procedures of methods I and 
I I . Xo olefin could be isolated. Only L(-}-)-threo-3-
phenyl-2-butanol was isolated (0.72 g., 80% recovery), 
«2 ' 'D +31.51° (Z 1 dm., neat; re25D 1.5164). Since this threo 
isomer is the one that racemizes on ionization,7a 'b the 
stability of this isomer demonstrates the stability of the 
rrythro isomer as well. 

The following experiments were run to measure the 
over-all accuracy of the isolation and analytical procedure 

('.M) Literature (ref. 1 Ic) reports for these olefins: (a) a22D - 6.39°, 
1 dm., neat; n^D 1.5055; (b> » » D 1.5402; (c) K«D 1.5193. 

used in the latter part of method I. Two synthetic mix
tures of the three secondary alcohols were made up, mixture 
1 simulating the composition of alcohols obtained in run 1 
and mixture 2 simulating that of run 2. The composition 
of mixture 1 was as follows: 0.010 g. of ( + )-2-methyl-l-
phenyl-1-propanol (a23D +21.21° , I 1 dm., neat; K25D 
1.5113), 0.082 g. of racemic 2-methyl-l-phenyl-l-propanol 
(M25D 1.5113), 0.103 g. of L( + )-//zm>-3-phenvl-2-butanol 
(a25D +31.61° , Z 1 dm., neat; M25D 1.5167) and 0.917 g. of 
L( + )-ery^TO-3-phenyl-2-butanol (a26D +0 .76° , I 1 dm., 
neat; W25D 1.5163). This mixture had a24D +4.52° (Z 
1 dm., neat), »25D 1.5167. A portion was converted to 
acetate by the usual method in 93%. yield, a24D —25.9° 
(Z 1 dm., neat) . The composition of alcohol was therefore: 
the benzvl alcohol, 8% ( 1 1 % opticallv pure); threo-alcohol, 
9% (100% optically pure); erythro-alcohol, 82% (100% 
optically pure). The composition of mixture 2 was as 
follows: 0.068 g. of ( + )-2-methyl-l-phenyl-l-propanol 
(a23D +21.21° , I 1 dm., neat; re26D 1.5113), 0.356 g. of race
mic 2-methyl-l-phenyl-l-propanol (?z25D 1.5113), 0.108 g. 
of L( + )-rtra>-3-phenyl-2-butanol (a24D +31.67° , Z 1 dm., 
neat; M25D 1.5167), 0.215 g. of racemic //jreo-3-pheuyl-2-
butanol (« 2 5 D 1.5167), 0.199 g. of L( + )-eryZ/sro-3-phenyl-2-
butanol (a26D +0.76 ; / 1 dm., neat; K26D 1.5163), and 0.063 
g. of racemic eryrtro-3-phenvl-2-butanol (« 2 5 D 1.5163). 
This mixture had a24D +5.82° "(Z 1 dm., neat), M25D 1.5142. 
A portion of this alcohol was converted to its acetate in 92% 
yield, a24D —0.50° (Z 1 dm., neat) . The composition of 
mixture 2 was therefore: the benzyl alcohol, 42% (16% 
optically pure); threo-alcohol, 32% (33% optically pure); 
erythro-alcohol, 26% (76% optically pure). 

Mixtures 1 and 2 (0.50 g. each) were submitted to the 
action of acetic acid and ^-toluenesulfonic acid at 75° for 
18 hours, the product being put through the lithium alumi
num hydride and chromatographic procedures employed 
in runs 1 and 2. The alcohol obtained from mixture 1 
(0.36 g.) gave a24D +4.59 (Z 1 dm., neat), and its acetate 
(92% yield) gave a26D - 2 8 . 4 9 ° (/ 1 dm., neat) . The alcohol 
from mixture 2 (0.30 g.) gave a24D +4.75° (Z 1 dm., neat), 
and its acetate gave a2»D —8.72° (/ 1 dm., neat) . Infrared 
analysis (see later section) of the final alcohol obtained by 
acid treatment of mixture 1 was as follows: the benzyl 
alcohol, 6%; threo-alcohol, 9%; erythro-alcohol, 84%.. 
Analysis of final alcohol from mixture 2 was: the benzyl 
alcohol, 37%; threo-alcohol, 3 5 % ; erythro-alcohol, 2 8 % . 

This experiment demonstrates that no selective loss of 
threo- or erythro-alcohol occurs during this acid treatment, 
but that a small selective loss of 2-inethyl-l-phenyl-l-
propanol occurs. Racemization and partial loss of this 
alcohol in mixture 1 made practically no difference in the 
rotations of alcohols or acetates as was the case in run 1. 
Racemization and partial loss of the benzyl alcohol in mix
ture 2 changed the rotation from +5.82 to +4.75° as 
compared to a change in rotation of run 2 from —5.78 
to —4.20°. The changes in rotation of the acetates are 
far more significant: mixture 2, from —0.50 to —8.72°; 
run 2, from +0 .05 to + 8 . 4 1 ° . 

To demonstrate that ( + )-2-methyl-l-phenyl-l-propaiiol 
is stable under the conditions used for the saponification of 
its acid phthalate, the following experiment was run. To 
250 ml. of 0.32 N sodium hvdroxide was added 0.529 g. 
of ( + )-2-methyl-l-phenyl-l-propanol (a22D +20.41° , Z 
1 dm., neat) . The resulting mixture was brought to reflux 
and allowed to steam distil. The alcohol was isolated in the 
usual way to give 0.465 g. of material, Ct23D +20.60° (/ 
1 dm., neat) . 

Infrared Analysis of Alcohol Mixtures.—These analyses 
were made on a Perkin-Elmer infrared spectrophotometer, 
model 21, NaCl prism and cells, utilizing liquid films 0.030 
mm. thick. The optical densities of 2-methyl-l-phenyl-l-
propanol (II) and threo- and ery//jro-3-phenyl-2-butanol 
( I I I ) were determined at those wave lengths most advan
tageous for analysis. The optical densities of the un
knowns were then determined. The amounts of these 
components were calculated by solving simultaneous equa
tions assuming that Beer's law applied. Synthetic mixtures 
of the three components were then made which approxi
mated the unknowns (to within 3 % for each component 
based on the final values for each unknown), and these were 
then analyzed similarly. The unknown mixtures were now 
corrected to the known for deviations in Beer's law. Table 
III records samples of raw intensity data. Table IV re
cords the percentage compositions of alcohol obtained in the 
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four solvolytic runs corrected to the known synthetic 
mixtures. The facts that these percentages add up to 
almost 100% and that calculations based on different wave 
lengths give similar values indicate the absence of other 
components in the mixtures. The infrared analyses of the 
alcohols obtained in the control experiments were done the 
same way. 

TABLE I I I 

OPTICAL DENSITIES AT THE W A V E LENGTHS USED FOR 

INFRARED ANALYSES OF ALCOHOL M I X T U R E S 

Composition, % 

threo erythro-
111° III6 I l c 

100 0 0 
0 100 0 
0 0 100 

Unknown from run 1 
8 87 S 

Unknown from run 2 
36 33 31 

Optical density at X in M (slit width in 

8.00 
(0.142) 
0.498 

.324 

.398 

.346 

.348 

.426 

.430 

8.33 
(0.148) 
0.210 

.163 

.418 

.180 

.181 

.272 

.262 

8.85 
(0.163) 
0.920 

.626-

.208 

.638 

.639 

.590 

.621 

10.06 
(0.222) 
0.080 

.080 

.275 
.091 
.091 
.152 
.142 

mm.) 

12.41 
(0.322) 
0.080 

.081 

.205 

.088 

.095 

.129 

.125 

<• rtreo-3-Phenyl-2-butanol, W26D 1.5167. b erythro-3-
Phenyl-2-butanol, »2 6D 1.5163. c 2-Methyl-l-phenyl-l-
propanol, M25D 1.5113. 

The differences in results in Table IV between runs 1 and 
3 and between 2 and 4 result from the fact that in runs 1 and 
2 the analyses were made before the 2-methyl-l-phenyl-l-
propanol was racemized and partially destroyed by treat
ment a t 75° with an acetic acid-^-toluenesulfonic acid 
mixture. In runs 3 and 4 the analyses were made after 
this treatment. When runs 3 and 4 are corrected for loss 
of this component (as measured in the foregoing control 
experiments), the analyses for runs 1 and 3 and for 2 and 4 
correspond to one another with a 1% maximum deviation. 

The yields of 2-phenyl-2-butanol reported in Table I 
are based on the differences in total alcohol obtained in runs 
1 and 3 and in 2 and 4. In runs 1 and 2 the acetate of 2-
phenyl-2-butanol was destroyed before the alcohol was 
isolated. In runs 3 and 4 this acetate was preserved and 
carried into the alcohol initially isolated. Since almost 
twice as much amine was used as starting material in runs 
3 and 4 as in 1 and 2, the mechanical losses in runs 1 and 2 
were proportionately higher. Therefore the yields of 2-
phenyl-2-butanol in Table I represent maximum values. 

Calculations of the Optical Activities of Components in 
Alcohol Mixtures.—The infrared analyses give the per
centages of the three secondary alcohol components both 
before and after the racemization of the 2-methyl-l-phenyl-
1-propanol component. The optical activities of the threo-
and erytkro-alcohols were calculated as follows. After the 
benzyl alcohol was racemized, only the threo- and erythro-
alcohols contributed to the rotation of the mixture. As 
noted earlier,7fa the rotation of active ttreo-alcohol is about 

30° and that of active erylhro-alcohol is only about 1°, 
whereas the rotation of active threo-a.ceta.te is only 8° and 
that of erythro-s.ceta.te is about 32°. The optical purities 
of these two components were calculated first by solving 
two simultaneous equations in two unknowns, assuming the 
rotational contributions of the active alcohols and the active 
acetates were additive and that the racemized 2-methyl-l-
phenyl-1-propanol component or its acetate had no effect 
on these rotations. Synthetic mixtures of these estimated 
compositions were then made, and the rotations of their 
alcohols and acetates used to calculate composition. The 
unknowns were then corrected to the knowns for the small 
deviations in additivity of the components. This gave the 
optical compositions of the threo- and ery/ftro-alcohols both 

TABLE IV 

RESULTS OF INFRARED ANALYSES OF ALCOHOLS FROM D E -

AMINATIVE ACETOLYSES 
Con- % threo- % erythro-

Run figuration III* IIIt> % II* Total,b% 
no." st. mat. lst .c 2nd.<i lst.« 2nd.<* lst.e 2nd.<* 1st." 2nd.* 

1 L( + )-erythro 8 9 87 87 5 5 100 101 
2 v>l-)-threo 36 35 33 33 30 32 99 100 
3 i>i-)-erythro 8 9 84 84 9 8 101 101 
4 L( + )-threo 33 34 25 25 42 42 100 101 

° Run numbers throughout paper correspond. b Un
knowns corrected to knowns of almost identical composition 
( 3 % maximum difference for any component). " Based on 
optical densities at X 8.00, 10.06 and 12.41 u. d Based on 
optical densities at X 8.00, 8.33 and 8.85 y.. 

before and after the racemization of the 2-methyl-l-phenyl-
1-propanol. The optical composition of this benzyl alcohol 
was then calculated making use of rotations of the alcohols 
and their acetates before the racemization reaction, the 
infrared data and the rotations of optically pure 2-methyl-
1-propanol and its acetate. Fortunately the rotation of the 
acetate of 2-methyl-l-phenyl-l-propanol (105°) is an order 
of magnitude higher than those of the other acetates. 
Again additivity of the rotations of each component was 
assumed, synthetic mixtures of similar compositions were 
made and analyzed, and the unknowns were corrected to 
the knowns for small deviations in additivity of the com
ponents. Although these last calculations depend on a 
large number of separate experimentally determined values 
and are therefore not very accurate, there is no doubt about 
the following points. (1) The product of methyl migration 
from threo-amine is somewhere between 12 and 20% opti
cally pure and of an identifiable configuration. (2) The 
product of methyl migration from erythro-am'me is some
where between 0 and 8% optically pure and of an identifiable 
configuration. 
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threo-a.ceta.te
erythro-s.ceta.te

