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Studies in Stereochemistry. XII. Molecular Rearrangements in the 3,4-Dimethyl-4-
phenyl-3-hexanol System

By DonaLp J. CrRaM AND Jack D. KNIGHT
RECEIVED MARCH 12, 1952

Two optically pure diastereomerically related isomers of 3,4-dimethyl-4-phenyl-3-hexyl-p-bromobenzoates were solvolyzed
indry acetic and formic acids. The results suggest the following conclusions. (1) In the quaternary-tertiary system repre-
sented by 3,4-dimethyl-4-phenyl-3-hexanol, intramolecular rearrangements take place involving mainly the phenyl and
methyl groups as migrating species, with the ethyl group becoming involved to only a minor extent. (2) The phenyl group
migrates at least twelve times as frequently as the methyl group in acetic acid. (3) The phenyl group migrates by two
mechanisms, one stereospecific, the other non-stereospecific in character. (4) A simple elimination reaction accompanies
the molecular rearrangements, and this reaction is also partially stereospecific and partially non-stereospecific in nature

when conducted in acetic acid.

(5) In formic acid, multi-stage reactions occur in which the products of the initial reaction
undergo further reaction to produce conjugated olefin (products of methyl and ethyl migrations).

The methyl group mi-

grates roughly thirty-five times as frequently as the ethyl group. The mechanisms of these reactiois are discussed.

The occurrence of phenonium ions (A) as discrete
intermediates in the Wagner—Meerwein rearrange-
ment has been demonstrated in the following sys-
tems (I).' R1 = R3 = CHg, R2 R4 H and R1 =
R, = CH;;, Ry = R; = Hla,lb; R, = CHa, R; =

CgHs, Rz = R4 = H and R1 = CHa, R4 = C2H5,
Ry X
R‘\”—C'/ Salvalysis Rz.___c_ Ry
e, — R K R,
Csms R, [
(X = OTos. or OBros.)
R2 = R3 = H:c'ld; R1 = C2H5, R3 = CHa, R2 =

H and R1 = CQHE, R4 = CH;; and R2 = Ra =
H.leld The widely recognized electronic and
steric differences in reactivity at secondary, tertiary
and quaternary carbon atoms suggested that a

study of the reactions of the 3,4-dimethyl-4-phenyl-

C.Hj, erythro isomer) would reveal substantial dif-
ferences in the course of the substitution, rear-
rangement and elimination reactions in this @8-
quaternary-a-tertiary system (II) as compared to
the B-tertiary-a-secondary systems (I) studied previ-
ously. Paper XI of this series reports the synthesis
and tentative assignment of relative configuration
to the four stereoisomers of II,%2 whereas this paper
reports the results of the solvolyses of the threo- and
erythro-p-bromobenzoates of II in formic and acetic
acids.

Results

Preliminary experiments indicated that at 23° in
pure glacial acetic acid the p-bromobenzoate of
threo-11% was soluble, but that no detectable reaction
occurred in 60 hours. Therefore the solvolyses ex-
periments (runs 1 and 2) were conducted at 75° in
this solvent, conditions under which only olefinic

(;Hg CH3
! Oy i
CzHg—c——C=CH—CH| —-—I) CQH,;—C C=O
* . ik
] |
CeH, CH, Csil; CH,
VII 111
CH; CH;
| 0; :
C2H5—§I—‘(I—C2H5 —5 CH,—C——C—C:H;
[ S I
CsH; CH, CeH, O
VIII v
CH; OBbL. CH; CH;
| RCOOH | (oR f
CH;—C3-—Ca—CH; ——————> Csz—C——(‘:H—CH=CH; —>» CH;—C——CH—CHO
® i® |* * Kl ¥
CeH; CHL CoHs CH; CeH; CH, removed
I (OBb. = o-p—@-xsn CH; o CH;
| 5 i
(*‘) CHS—CH=C‘I——C—CQH5 —> 0=C—C—CH,
R = Hor CH, CsH; CH. CH: CH,
X
C:H,’, C:Hr.
0, i
CH=C—C—C.H —> 0=C——C—C:H,
CsCs CH, CsH: CH.
X VI
3-hexanol system (II, Ry = Ry = CHs, R, = Ry =  products were produced. Although in formic acid
C-H;, threo isomer; R; = Ry = CHs, Ry = Ry =  at 25° the esters of I appeared to react readily (runs

(1) (a) D. J. Cram, TH1s JOURNAL, 71, 3863 (1949):
(1952); (<) 71, 3875 (1949); (d) T4, 2159 (1952).

(b) 74, 2129

3 and 4), the rate of consumption of starting mate-
(2) D.J. Cramand J. D. Knight, iid., T4, 5835 (1952).
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Fig. 1.—Ultraviolet absorption spectra of ketoties i cyclo-
hexane, Cary Spectrophotometer, Model 11PMS: — - —,

acetophenone; ----, 1-phenyl-2-methyl-2-ethyl-1-butanone;
1-phenyl-2,2-dimethyl-1-butanone; —, 4-methyl-4-
phenyl-3-hexanone; -'—, 3-methyl-3-phenyl-2-pentanone.

rial was severely limited by the low solubility of the
esters in formic acid. Again only olefinic products
were obtained. The nature of these products was
ascertained by submitting the olefinic mixtures to
ozonolysis. The aldehydic components of the re-
sulting mixtures were removed through the use of
silver oxide, and the ketonic products were sub-
mitted to polarimetric and spectral analyses. The
diagram sketches the structural relationships be-
tween the starting esters and the final ketonic prod-
ucts. Ketone V could arise only as a product of a
methyl migration, and ketone VI as a product of an
ethyl migration from the 3- to the a-carbon atoin.
The optically pure (+}- and (—)-isomers of ITI
and IV were reported previously,? and ketones V
and VI were prepared by the action of the appropri-
ate Grignard reagent on benzonitrile as shown below.
In each case the ketones were purified through their
crystalline oxime derivatives. Figure 1 records
the ultraviolet absorption spectra of ketones III,
IV, V, VI and acetophenone,® aud Fig. 2, the infra-

(J:H:; I, ether g‘flz
2 [0+ |
Ry=C —Mg—Cl 4 CHCON -»——‘-—H>C6H,5_c SCR,
3, NH. i
}’{2 4, B.O+ O R,
R1 = CHa, Rz = CzHa or R1 = C’{e, R'z = C-;Hs, <\)
Ri = R; = GH; R, =R, = C;Hs (VI)

(3) The differences in ultraviolet absorption spectra between III and
IV on the one hand and acetophenone on the other represents another
case of steric inhibition of resonance, Coplanarity of the carbovyl
function and the benzene ring in IIT and IV is prohibited by the bulk
of tlie groups on the a-ritrbon aml by the priho-hivtirogens of the rivg,
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Fig. 2,—Infrared absorption spectra of ketones: liquid
filins 0.03 mm. thickness, NaCl prisin, Beckman spectro-
photometer (model I.R.2T): A, 3-methyl-3-phenyl-2-penta-
none; B, 4-methyl-4-phenyl-3-hexanone; C, l-phenyl-2,2-
dimethyl-1-butanone; D, 1-phenyl-2-nethyl-2-ethyl-1-buta-
none.

red absorption spectra of III, IV, Vand VI. Table
I reports the optical densities of these ketoues at
those wave lengths in the infrared most advantage-
ous for analysis of unknown mixtures of the com-

TaBLE

OpT1icAL DENSITIES OF KETONES AT THOSE WAVE LENGTHS
IN THE INPRARED THAT BEST LEND THEMSELVES 710

ANALYSES®
Optical densities
Finno. 5 8 9 10 11
Ap) 8.21 8.51 8.87 9.22 9.80 10.60 11.00

Ket- Slit

oneb (mm.)0.291 0.291 0.315 0.315 0.360 0.590 0.540

III 0.758 0.122 0.579 0.266 0.204 0.008 0.026

Iv L1191 .144 277 .599 .450 .081 .026

v .293 1.08 .041 .100 .188 .254 .451

VI .456 1.10 .051 121 .074 .486 .192

¢ Beckman infrared spectrophotometer, Model IR2,
NaCl prism, cell thickness = 0.03 inm. ? Liquid filuts were
employed.

TaBLE 11

MorLar ExrtincrloNn COEFFICIENTS OF KETONES AT
Tiose WAVE LENGTHS IN THE ULTRAVIOLET THAT BesT
LEND THEMSELVES TO ANALYsES®
Molar extinction coefficients
272

Ketone? NMmpu) 236
111 69 112
IV 40 109
V 7460 494
V1 K560 379

e Run on a Cary recording spectrophotometer, Model
TTPAS.  * Solutions of ketones in cyclohexane.
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TaBLE III
RESULTS OF INFRARED AND ULTRAVIOLET ANALYSES OF KETONIC MIXTURES®

Infrared analyses corrected to mixtures®

Ultraviolet analysesb

Pins 7, 8, 10 and 114 Pins 5, 6 and 94 A 236 mu 2 mu

Run Starting Solv, Tm. Temp., III, v V., VI, Tot.,, III, 1V, v, Tot., III, Vv, III, Vv,
no. materjal acid br. °C. % % % % % % % % % % % % %
1 (— )-threo-11-Bb.* Acetic 48 75 70 28 6 0 104 69 27 6 102 94 6 95 5
2 (—)-erythro-II-Bb.® Acetic 48 75 64 32 6 0 102 65 30 6 101 94 6 95 5
3  (—)-threo-11-Bb.° Formic 72 25 22 7 71 2 102 22 6 71 99 29 71 35 65
4 (—)-erythro-I1I-Bb.* Formic 72 25 21 5 74 2 102 23 5 73 101 14 86 18 82
5  Olef. mixt.” Acetic 48 75 60 36 7 0 103 58 36 9 103 92 8 94 6
6  Olef. mixt. Formic 72 25 50 6 46 0 102 48 7 46 101 38 62 43 57

¢ See Tables I and II for the conditions under which the spectral data were gathered.

assuming that deviations from Beer’s law are negligible.

b These values are calculated

¢ In each case, deviations from Beer’s law were compensated for

by correcting the unknown mixtures to known mixtures whose compositions differed from the unknown mixtures by less

than 3% in any major component, and by less than 19, in any minor component.
¢ Bb. = p-bromobenzoates.

these pin numbers are recorded in Table I.
hexanol (II) are reported in Paper XI (ref. 2) of this series.

¢ The wave lengths that correspond to
These isomeric esters of 3,4-dimethyl-4-phenyl-3-

/ This olefinic mixture was obtained by the treatment of a mix-

ture of optically pure ( —)-threo-1I and ( — )-erythro-11 with phenyl isocyanate at a high temperature (see Experimental).

pounds. Table II records the molar extinction co-
efficients of the same ketones at those wave lengths
in the ultraviolet that best lend themselves to analy-
sis of unknown mixtures of these substances.

Infrared analyses of the mixtures from the ozon-
olysis experiments were made by solving four si-
multaneous equations in four unknowns, making
use of the optical densities of the unknowns and of
the pure components at four different wave lengths.
Since ketone VI proved to be virtually absent in
the unknown mixtures, an independent set of three
simultaneous equations in three unknowns was
solved to act as a check on the first set of equations.
The values thus obtained were corrected (devia-
tions from Beer's law) to similarly calculated values
obtained for known synthetic mixtures whose com-
positions closely simulated those of the unknown
mixtures. The final results are given in Table III.

The values of the molar extinction coefficients at
two wave lengths in the ultraviolet of the two con-
jugated ketones (V and VI) differ enough from the
values for the two unconjugated ketones (III and
IV) to permit analyses for the sums of the conju-
gated vs. the unconjugated ketones in the unknown
mixtures. The results obtained for such analyses
are recorded in Table III.

The degree of racemization of ketones III and
IV in the final mixtures from the solvolyses was de-
termined through polarimetric analyses of these
mixtures, and Table IV reports the results. That
the rotations of the active components are almost
additive was demonstated through a comparison of
the rotations of the unknown and known synthetic
mixtures.

The stability of the olefins once formed in those
solvolysis experiments conducted in acetic acid at
75° (runs 1 and 2) was demonstrated in run 5.
A mixture of optically active olefins (produced by
treating a mixture of pure (—)-threo-I1 and (—)-
erythro-11 with phenyl isocyanate at 200°) was sub-
jected to the same conditions that the olefins once
formed in runs 1 and 2 had to undergo. The rota-
tions of the olefinic mixtures as well as of the ketonic
mixtures prepared from them are the same before
and after the acetic acid treatment (compare runs
5 and 7, Table IV). In formic acid, however, the
olefins underwent extensive modification in the di-
rection of racemic unconjugated and of conju-
gated olefins (run 6).

The question of whether any rearrangements oc-
cur during the ozonolyses has not been unequivo-
cally decided in this investigation. However, any
rearrangements that could lead to ketones IIT, IV
and V are extremely unlikely because of the com-
plicated structural requirements for such reactions,
and the same is true for any rearrangements that
could lead to any further racemization of ketones
IIT and IV. The absence of compounds other than
III, IV and V in at least runs 1 and 2 in other than
trace amounts is demonstrated by the infrared
analyses. The good yields obtained in the ozon-
olyses and the similarity in structure of the olefins
support the assumption that the yields of VII —
III, VIIT — IV and IX — V are approximately
equal.t

TABLE IV
OPTICAL PROPERTIES OF THE SOLVOLYSIS AND OzONOLYSIS
Propucrts
= 1 dm. (homogeneous) 23
«?3p a®’D Racemiza-
unknown a?p model  ketone tiond
Run®  a?p olef. ketonic ketonic D of unconj.
no, mixt. mixt. mixt. olefin ketone, 9,
1 +15.88° —48.04° —47.56°° —3.02 26
2 +17.74 —53.42 —52.42¢ —-3.01 18
3 0 o ... 100
4 0 o ... e 100
5 +16.98 —53.86  ...... —3.18 0
6 + 0.93 - 278 ... —2.99 93
7° 416.98 —53.88  ...... —-3.18 16

¢ Run numbers are carried over from Table III. * Ro-
tations of optically pure ketones are a?®p — 68.32° (I = dm.,
homo.) for III and a2 —70.94° ({ = dm., homo.) for IV.
The 9, racemization is calculated utilizing the infrared
analytical data of Table III, and assuming that each of the
two ketones (IIT and IV) are racemized to the same degree
and that the rotations of the active components are addi-
tive. ¢ Synthetic mixture made up as follows: 5.99, V.,
16.8% rac. III, 52.3% (—)-III, 9.69% rac. IV, 15.49
(—=)-IV. If the rotations ot the active components had
been additive, the rotation would have been ap —46.6°.
¢ Synthetic mixture made up as follows: 6.09% V, 8.6%
rac. III, 54.3% (—)-III, 8.39, rac. IV, 22.89, (—)-IV.
If the rotations of the active components had been additive,
the rotation would have been ap —53.1°. ¢ In this experi-
ment, a mixture of optically pure (—)-threo-I1I and (—)-
erythro-I1 were heated to 200° and phenyl isocyanate was
added. The olefin produced was carried through to ketone
(see Experimental part).

(4) The equality of yields in the two experiments, 2-phenyl-2-pen-
tene — acetophenone and 3-phenyl-2-pentene — propiophenone has
been demonstrated [Paper VI of this Series, THiS JoUur~aAL, T4, 2137
(1952) ).
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The absence of aldehydic products in the ketones
from runs 1 and 2 was demonstrated by the fact that
the infrared analyses of the ketonic mixtures before
and after the silver oxide treatment did not change.
In runs 3 and 4 however, the silver oxide treatment
did remove non-ketonic material.

Discussion

The Solvolytic Elimination Reaction in Acetic
Acid.—The relationship between the symmetry
properties of the starting materials employed in
runs 1 and 2 on the one hand and the differences in
the products obtained in these two experiments on
the other provide a means of identifying in a gen-
eral way some of the processes that operate during
solvolysis. Thus the production of racemic olefin
(and subsequently racemic ketone) is evidence that
phenyl migration has occurred, and probably by a
path that involves an internally compensated in-
termediate such as a symmetrical phenonium ion
(i.e., process A). Although an analogous process

racemic products

CaHs._ 0Bb. T
o A
TN,
CeHs CoHs

threo-1i-p-bromo- symmetric (¢/s)
benzaate (run1) phenonium ion

L v

severol stoges ~octive producis

I D A ?
CaHs. OBb. !
CHymg, He. H
3\C—C< __.B_>. Ce 5;C _.-CHy
Gty CHP NG,
CeHs CH, /

erythro-11-p-broma-
benzaote (run2)

asymmetric {trans)
phenanium ion

in which asymmetric phenonium ion is produced
(1.e., process B) also probably occurs, this process
cannot be identified because the same products re-
sult regardless of which way the three-membered
ring opens. Since racemic ketones (III and IV)
were obtained from starting materials of either the
threo or erythro configuration,? either starting ma-
terial must be capable of going to symmetric pheno-
nium ion (4.e., process D or A) and hence to racemic
products. By analogy, both starting materials
probably go to asymmetric phenonium ion (i.e.,
processes C and B), although such processes cannot
be identified. The presence of ketone V among the
ozonolysis products produced by starting material
of either configuration is evidence for a reaction in
which a methyl group migrated from the 3- to the

H  CeHy OBb
I~ alj
CHS—CH—C;C‘I— CyHg
CHy CHy
threo- or erythro-11-
p-bromobenzoates

£

several
stages

Catls CoHs CH;,
| o, |
CHy—CH—=C——C-—CH; —-> CGI—Ia—‘C—C~<CI{a
B8 «a o
CH, O C.H,

T
A}

DonaLp J. CraM AND Jack D. KNIGHT
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a-carbon atom (process E). The absence of ketone
VI among the ozonolysis products in both runs is
evidence that no detectable amount of ethyl mi-
gration occurred during the acetolysis reactions.

Although the diastereomerically related starting
materials in runs 1 and 2 produced the same sub-
stances, the balances between the various products
in the two runs were different. For instance threo
starting material produced a larger amount of race-
mic IIT and IV than did starting material of the
erythro configuration, or process A plays a larger
role in disposing of starting material of threo configu-
ration than process D plays in disposing of start-
ing material of erythro configuration. The bal-
ances between ketones III and IV in the two runs
are also somewhat different, again pointing to a
degree of stereospecificity in the solvolysis reac-
tions. Although the same amount of methyl mi-
gration was found in each run, the analytical meth-
ods were not sensitive enough to detect small dif-
ferences in the amounts of V produced.

Starting materials of threo configuration can pro-
duce cis-phenonium ions (process A) by a simple in-
version of the carbon atom originally carrying the
ester function, whereas erythro materials can go to
this same ion (process D) only by a path involving
a frontside displacement of the leaving group by the
phenyl, or by processes involving an over-all
inversion of the carbon atom carrying the ester
function. Since a concerted frontside displacement
mechanism is highly unlikely, process D probably
occurs in at least two stages, each of which involves
a Walden inversion. Since process A probably in-
volves less stages than process D, threo starting ma-
terials should produce more racemic product than
erythro starting materials. The fact that the iso-
mer previously assigned? the threo configuration
gave more racemic olefin than the isomer assigned
the erythro configuration lends considerable support
to the validity of these assignments.

No matter how ¢is-phenonium ion is formed the
ratio of products which it produces must be the
same. Since paths A and D are probably the only
ways by which racemic unconjugated olefin can
arise, the ratios of racemic ketone III to racemic
ketone IV must be the same for runs 1 and 2. There-
fore the differences in the ratios of total ketone III
to total ketone IV in the two runs must be due en-
tirely to differences in the ratios of active ketone
III to active ketone IV. This conclusion makes
untenable any mechanism for the simple solvolytic
elimination reaction that involves a single precursor
common to both runs 1 and 2 through which all op-
tically active olefins arise.

Of the three possible mechanisms for the simple
stereospecific ; reaction presented in Paper VI of
this series,” the one that involves open (non-
bridged) ion-pairs as intermediates provides the
most economical explanation of data obtained in the
3,4-dimethyl-4-phenyl-3-hexanol system. The di-
agram correlates the experimental observations,
the stereochemical structures and the mechanisms
considered the most applicable to the data. In
this mechanistic picture, the stereospecificity asso-
ciated with the high degree of racemization found

01 Do 1. Cram. Tuis JournaL, T4, 2137 (1952).
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v A
(‘2H3 CH;,
\
CeHy—C——C—C,Hs CGH5—(‘I‘—C—~C Hy

; \
CiH; O

CH;s O O CH;
AcOH :
threo-11-p-bronio- olefiitic >
benzoate (run 1) 750 nixture LN68% ~26% 6%
269, racemic, 749, active
erythro-11-p- AcOH  jlofinic Os
I(Jrr‘(l)rrlngl))enzoate =5o 7 mixture — ~63% ~31% ' 6%

189%, racemic, 829, active

in the threo series arises out of the direct conversion
of starting material to internally compensated
(cis)-phenonium ion. This process can compete
favorably with the two stage process by which
erythro material goes to c¢is-phenonium ion. The
stereospecificity associated with the different bal-
ance of optically active non-conjugated olefins (VII
and VIII) obtained from the diasteromerically re-
lated starting materials is derived from the active
erythro ion-pair giving a different balance of VII
and VIII than the active threo ion-pair. The rates
of equilibration of the two open ion-pairs would
therefore have to be the same order of magnitude
as their rates of decomposition to olefin. Although
the picture could be complicated further by the in-
tervention of other open ion-pairs that arise by sim-
ple ionization of the starting materials, the present
data do not demand any such species.

The reaction that involves methyl migration ap-
pears to be non-stereospecific, although a small dif-
ference in yield of conjugated ketone from the iso-
meric starting material would have gone unde-
tected. Since during the methyl migration, the

C2H5~, CH,
CHymy, |
3\C—C=CH—CH3
CeMs
octive VII

place to about the same extent from either threo or
erythro starting materials, the immediate precursor
of the bridge (whether ion or transition state) is
probably an erythro ion-pair. Because of the
greatly enhanced stability associated with the reso-
nance of a benzylcarbonium ion, this rearrangement
is probably at best only very slowly reversible.

Cofls._ - .CH, -
CoHy .+, CeHs-... _CH
c—¢ — Gy
/ \Csz CzH:s/ AAAAA \Cz Hs
CH; C 3
erythro ion-pair . l{
(‘ZHS xX- (t:Hs
+
C5H5—?I:———C—C2H5 < CeHs—(‘:—-—C—Csz
\
CHCH,; CH; C:H; CH;

The inability of ethyl to compete with the methyl
group in this migration reaction is probably due to
both steric and electronic factors. The steric re-
quirements for an ethyl migration are far more spe-

Csz\ CpHs
CHyy, |
’\C—C:CH2
CeHs
octive VIII

porticular rotio

!

CaHs, CaHs, OAc

particuior rotio

!

CaHs, 0ac CaHs.,

CH,QC / AcOH CH,\C E .CH, oy CH,\ Jc' _CHs  AcOH CH,\ /
\CH3 T New, T / NcH, / \c2H5
CeHs CHs CeHs CHy
active threo-11- octive erythro octive ¢hreo octive erythro-11-
p-bromabenzaate ian-pair ian-pair p-bramobenzaate
A |
I
- }]
F
- v
CHs_ - CaHg —ny CaHs.._ __CH,

racemic threo ion-poir

> —
cH” \CH3

¢/s-phenonium particular ratio

racemic erythro ion-pair

/\

1 .
particular ratio trons - phenonium

ion-pair rocemic VII

second methyl and the phenyl group would prob-
ably be distributed on the same side of the three-
membered ring,® and since methyl migration took

(6) The question of whether this species is another bridged ionic
intermediate or a transition state has yet to be answered.

1
racemic V111

ion-pair

cialized because of the variety of different conform-
ations that the methyl-within-the-ethyl-group can
assume in the starting species. Furthermore, the
methyl group is probably better able to distribute
positive charge in the bridge because of the sym-
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metry and relative stability of its hyperconjugative
resonance forms.?

>C=C< >C—C<

>C=C< >C—C<
+CH,

CH, CH,* CH,
H+ |

CH; "CH;

The ability of methyl to migrate in the presence
of an ethyl group in this Wagner—Meerwein rear-
rangement is in conflict with the order of migratory
aptitudes of alkyl substituents in pinacol and pina-
col-like rearrangements. Tiffeneau and Levy?
have summarized a vast amount of data on the sub-
ject as: order of migratory aptitude in the system

R
Ar—CH—C< : (1) In the dehydration of gly-
RI

cols, n-butyl and benzyl > ethyl > #n-propyl =
methyl > ¢-butyl; (2) In the isomerization of ox-
ides, benzyl > ethyl > methyl >#-propyl; (3) in
the dehydrohalogenation of iodohydrins, benzyl
and ethyl > methyl. In all of these cases and in
others involving similar systems, ethyl > methyl
in migratory aptitude.?

One of the main differences between the Wagner—
Meerwein and the pinacol-like rearrangements lies
in the probability that in the bridged intermediate
(and/or transition state) of the former, hypercon-
jugative resonance forms are relatively important
whereas in the latter the more classical resonance
forms dominate the hybrid.

Wagner—Meerwein Pinacol types

>C=C<L >C—C<
S \ N+
CH, R O—H
R+

Thus in the pinacol rearrangement, factors other
than the ability of the bridging group to enter into
hyperconjugation are probably more controlling than
in the Wagner—Meerwein rearrangement.

The ability of the methyl to compete with the
phenyl group in its migratory ability is surprising,
since in the 3-phenyl-2-butanol system no methyl
migration was observed.!>1? If one assumes that
in system II, t{rans-phenonium ion is formed not
more than twice as often as the ¢is-phenonium ion,?
the migratory ability of the phenyl group is not
more than twelve times that of the methyl group.

The Solvolytic Elimination Reaction in Formic
Acid.—Unfortunately the lack of good agreement
between the infrared and ultraviolet methods of
analyzing for conjugated and unconjugated olefins

(7) It appears to be established [see F. A, Matsen, W. W. Robertson
and R. L, Chuoke, Chem. Revs., 41, 237 (1947), and V. A. Crawford,
Quart. Revs. (London), 8, 226 (1949)] that electrons are less localized
in the C-H bonds thanin the C-C bonds of alkyl groups and asa con-
sequence CHs > C:Hs > i-C;Hi > -C4Hy in ability to release electrons
to other groups.

(8) M. Tiffeneau ani J. Levy, Bull. soc. chim. France, (4] 49, 1647,
1876, 1698 (1931).

(B) In much of the data upon which this summary rests, the issue
of whether rates or equilibria governed the balance of products was
not settled. However, the lack of exception to this order from among
a large number of cases suggests that the order persists in either situa-
tion.

(10) In Paper VIII of this series |'1'H1s JOURNAL, T4, 2132 (1952)] it
was demonstrated that ¢is-phenoninm ions formed about half as readily
as /raus- in the 3-phenyl-2-pentanol and the 2-phenyl-3-pentanol sys-
tems.
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in runs 4 and 6 (see Table III) detracts from the
conclusions that can be drawn from the data ob-
tained from the solvolyses in formic acid. How-
ever, the infrared analyses are internally consistent
and the ultraviolet are not, and hence more relia-
bility is associated with the former. Certainly the
data are reliable enough to yield general conclusions.

The features that characterize the solvolyses in
formic acid are the following: the completely race-
mized nature of the unconjugated products; the
lack of stereospecificity in any of the reactions;
the presence of a trace of product in which an ethyl
group has migrated; and the preponderance of
conjugated over unconjugated products. All of
these characteristics are derived either from the
ability of the olefins initially formed in formic acid
to undergo further transformations, or from the
fact that the superior ionizing power of formic acid
permits the intermediate ionic species to persist
longer and to equilibrate more thoroughly before
collapsing to product. Probably both of these ef-
fects operate.

In run 6, optically active unconjugated olefin was
shown to both racemize and rearrange to conju-
gated olefin when dissolved in formic acid at room
temperature, the rate of the former reaction being
the higher by about a factor of four. This factor is
about the same as those obtained ir runs 1 and 2 in
acetic acid where factors of about four from threo
and of about three from erythro starting materials
were observed. As would be expected, in run 6
the uncoujugated olefin with a terminal ethylene
group (VIII) was destroyed faster than the uncon-
jugated olefin without a terminal methylene group
(VII), the factor amounting to about three.!!

The effect of the superior ionizing power of the
formic acid in runs 3 and 4 was demonstrated in two
ways. First, a distinct pink color developed at the
beginning of the reaction in runs 3 and 4, which de-
creased in intensity as the reaction proceeded and
finally faded altogether. Since both the starting
materials and products are colorless, this color is
probably due to intermediate ionic species, pos-
sibly phenonium ions whose partially quinoidal
structure should absorb light in the visible region.
Apparently the half-lives of at least some of the
ionic species are substantial in formic acid. Sec-
ond, the differences in the balances in products be-
tween runs 3 and 4 on the one hand and run 6 on the
other demonstrate that the rates at which active
unconjugated olefins racemize and isomerize are
far too slow to account for more than a fraction of
the total isomerization and racemization reactions
observed in runs 3 and 4. Therefore, most of these
changes must have occurred before olefin was
formed, rather than after. If such is the case, then
far more extensive rearrangement occurred per
molecule of starting ester consumed in formic than
int acetic acid.

Experimental Part

Preparation of Ketones Used as Standards in the Spectral

and Polarimetric Analyses.—The preparation of the opti-

(11) Therelative rates at which ¢is- and lrans-2-phenyl-2-butene and
2.phenyl-1-butene take up protons has been measured in an acetic
acid solution of p-toluenesulfonic acid at 75° (unpublished results).
The last substance with a terminal methylene group reacted at least
an order of magnitude faster than the other two.
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CH; (|:H; (|:H3 (‘:HS
CgHs—ﬁ—#—CH, CsHs—T':—C—Csz CGHS—C‘I—(“I—CH; CsHa—(|I——l(|‘—C2H,
O C.H; O CH; CH; O CeHy; O
v VI 11 v
HCOOH O;
(—)-threo-11-Bb, ————> —>» 70% ~29, 229 6%
(run 3)
HCOOH O
(—)-erythro-11- — —> 719 ~2%, 229, 5%
Bb. (run 4)
O
olefinic mixture ———————— > 7% 0% 58% 35%/
VII, VIII and IX
169, racemic
HCOOH O
same as above ———3> —> 457, 0% 499, 6%

(run 6)

cally pure enantiomorphs of 3-methyl-3-phenyl-2-pentanone
(III) and of 4-methyl-4-phenyl-3-hexanone (IV) were re-
ported previously.? The ketone, 1-phenyl-2,2-dimethyl-1-
butanone (V), was prepared by a modification of the method
used for the preparation of pivalophenone.!? Benzonitrile
(18 g.) and excess Grignard reagent prepared from 52 g. of
2-methyl-2-chlorobutane were held at reflux temperature
in toluene for two hours. The solution was decomposed in
the ordinary way and the products submitted to fractional
distillation on a fifty-plate center-rod column at reduced
pressure. The crude ketone thus obtained (12 g.) was con-
verted to its oxime,!® which after recrystallization (ethanol)
gave 6 g. of material, m.p. 140-141°.1% This oxime (6 g.)
was held at reflux temperature with 30 ml. of concentrated
hydrochloric acid for five hours. The ketonic product was
extracted into pentane, and separated from unreacted oxime
by fractional distillation at reduced pressure to give 3.0 g. of
pure V, n?p 1.5080.

By a similar procedure, 25 g. of benzonitrile and excess
Grignard reagent (prepared from 150 g. of 3-methyl-3-
chloropentane) gave 7.6 g. of crude ketone which was oxi-
mated,® and after three recrystallizations from ethanol,
2.7 g. of oxime was obtained, m.p. 131-132° (Heller and
Bauer!3 reported a melting point of 121° for this substance).

Anal. Caled. for C3H ON: C, 76.05; H, 9.33. Found:
C, 75.80; H, 9.20.

Hydrolysis of this oxime (1.7 g.) with boiling concen-
trated hydrochloric acid for five hours gave ketone that was
isolated by submitting a pentane (pure) solution of the hy-
drolysis product to caromatography on alumina and by dis-
tilling the column eluates, wt. of VI, 1.0 g., n%p 1.5037.

Solvolyses of the p-Bromobenzoate Esters of 3,4-Di-
methyl-4-phenyl-3-hexanol in Acetic Acid.—Pure dry acetic
acid and the ester? (25 ml. of solvent per g. of solute) were
mixed and the resulting solution was allowed to stand at 75°
for 48 hours, after which time the solution was diluted three-
fold with water. The resulting mixture was extracted with
pentane (pure) three times, and the combined extracts were
washed with water, once with sodium carbonate solution
and again with water. The solution was then dried, the
solvent was evaporated through a 60-cm. Vigreux column,
and the residue was flash distilled at 13 mm. to yield a mix-
ture of olefins. The yields and physical constants of these
mixtures are as follows. Inrun 1, from 2.2 g. of ( —)-threo-
II-p-bromobenzoate ([a]?p —52.2°; ¢ 49, in benzene) was
obtained 1.01 g. of olefin (959, yield), n%*p 1.5132; in run 2
from 3.0 g. of (—)-erythro-1I-p-bromobenzoate ([a]?*D
—12.8%; ¢109% in benzene) was obtained 1.30 g. of olefin
(90% yield), n*D 1.5139.

In another experiment, the p-bromobenzoate of racemic
threo-11 (0.50 g., m.p. 87-89°) was allowed to stand 60 hours
at room temperature in 10 ml. of pure, dry aceticacid. The
starting ester (0.46 g., m.p. 87-89°) was recovered from the
reaction mixture through the usual pentane extraction and
crystallization procedures.

The ozonolyses of the olefinic mixtures to the ketonic mix-
tures were accomplished by the following procedure. Ozone

(12) A. Willemart, Bull. soc. chim. France, 867 (1935).
(13) A. Haller and E. Bauer [Ann. chim. phys., 28, 386 (1913)]
reported a melting point of 139° for this substance,

939, racemic

was led into an ice-cold solution of 1.0 g. of olefinic mixture
dissolved in 25 ml. of ethyl acetate until no more ozone was
absorbed. The solution was then slowly added to a mixture
of 1 g. of zinc dust, a small crystal of silver nitrate and 50
ml. of boiling water. The resulting mixture was extracted
three times with ether, and the combined extracts were
dried and the solvent was removed through a short column.
The residue was flash distilled at 13 mm. pressure. In
run 1, from 0.93 g. of the olefinic mixture was obtained 0.60
g. of ketonic mixture, #%p 1.5079; and in run 2, from 1.20
g. of olefinic mixture was obtained 0.81 g. of ketonic mix-
ture, #n®%p 1.5078. These mixtures were submitted to po-
larimetric, infrared and ultraviolet spectral analyses (see
Tables III and IV). These mixtures were submitted to the
action of silver oxide (see procedure at the end of the next
section) to remove possible aldehydic impurities. The
analyses before and after this treatment were essentially
identical.

Solvolyses of the p-Bromobenzoate Esters of 3,4-Di-
methyl-4-phenyl-3-hexanol in Formic Acid.—Pure dry
formic acid and the ester? (40 ml. of solvent per gram of
ester) were stirred at 25° for six hours. The esters and the
reaction products (olefin and p-bromobenzoic acid) are only
slightly soluble in the reaction solvent. As the reaction
proceeded, the mixture turned a pink color which first grew
and then faded in intensity. The mixture was finally
placed in a bath at 25° and allowed to stand (with occasional
shaking) for 66 hours. The procedures for the isolation and
ozonolyses of the olefinic mixtures are identical to those em-
ployed in the case of the runs carried out in acetic acid.
The yields and physical constants of the products are as
follows. In run 3, from 2.3 g. of (—)-threo-1I-p-bromo-
benzoate ([a]?®p —52.2°; ¢ 49, in benzene) was obtained
0.99 g. (899, yield) of olefin, n%p 1.5076, 0.89 g. of which
produced on ozonolysis 0.62 g. of ketone, #?p 1.5053. In
run 4, from 3.0 g. of ( —)-erythro-II-p-bromobenzoate
([a]?* —12.8°; ¢ 109, in benzene) was obtained 1.32 g.
(919 yield) of olefin, #n%p 1.5078, 1.21 g. of which produced
on ozonolysis 0.98 g. of ketone, #%p 1.5070. These mix-
tures were both completely optically inactive.

These ketonic mixtures were submitted to the following
procedure for purposes of removing aldehydic components.
To a mixture of 0.5 g. of silver nitrate dissolved in 10 ml. of
water was added with stirring an excess of sodium hydroxide
solution. The oxide precipitate was washed well with
water and finally with ethanol. The ketonic mixtures were
each heated at reflux with 10 ml. of ethanol and the oxide
for 30 minutes, and then most of the alcohol was allowed to
escape. The residue was diluted with water, and the re-
sulting mixture was extracted several times with pure pen-
tane. The extracts were combined, dried, the pentane
was evaporated through a short column, and the residue
was flash distilled. The distillate was submitted to ultra-
violet and infrared spectral analyses (Table III). The data
obtained were somewhat different and more consistent than
those obtained before the silver oxide treatment, and some
foreign material did appear to be removed by this treatment.

Control Experiments.—Olefin for use in control experi-
ments was prepared by the dehydration of 3 4-dimethyl-4-
phenyl-3-hexanol (II) by the following method. A mixture of
7.62 g. of (—)-II (this alcohol was a mixture of the two pure
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( --)-diastereomers prepared by the addition of methyl
lithium to pure ( — )-phenyl-4-methyl-3-hexanone?) and 5.0
g. of phenyl isocyanate was allowed to react at from 180-
220° for 30 minutes. After cooling, the reaction mixture
was extracted four times with pure pentane, the extracts
were washed with water, dried, and the solveut was evap-
orated. The residue was distilled at 13 mon1. to yield first a
forerun of phenyl isocvanate and then 3.} g. of an impure
oil. This rmaterial was dissolved in purc pentane and
passed through a colunin of basic almnina. Removal of the
solvent fromn the pentane eluate and distillation of the resi-
due at 13 mm. gave 3.5 g. of olefinic material, {a]%p +16.98°
{horuogeneous), n%p 1.5129. Ozonolysis of this material
by the procedure outlined above gave ketone, »2%p 1.5078
(Table IV, run 7). The coutrol runs for the solvolyses in
ucetic acid were carried out as follows. The olefinic mnix-
rure prepared above (1.0 g.3 was held at 73° for 48 hours in
50 ml. of dry pure acetic acid. The olefin was isolated by
the same procedure recorded for the actual acetolysis, wt.
(.92 g., #%p 1.5127. Ozonolysis of this material to the
ketone gave material whose index of refraction was #¥D
1.3077 (see Table IV, run 5).

That the solvolysis (runs 1 and 2) produced no acetate
was demonstrated in the following fashion. A sample of
racemic-threo-11-p-bromobenzoate (0.97 g., m.p. 87-89°)
was submniitted to the above solvolvtic conditions, and the
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product was extracted into pure pentane as indicated above.
The resulting solution was evaporated through a short
column (the pot temperature was never allowed to go above
30°) and the residual oil was treated with a solution of 0.5
g. of lithium aluminum hydride in 20 ml. of ether. After
the resulting mixture had stood for one hour, water was
added, and the mixture was extracted with ether. The
cther layer was washed with water, dried, and the solvent
was evaporated through a short column. The residue was
flash distilled at 13 mu. to give olefin, 0.44 g., »%Dp 1.5135.
When submitted to chromatographic absorption on a basic
alumina column (20 g.) in a pentane solution (any alcohol
wotld rentain on the column under these conditions as
shown by control experiments), the olefin readily was eluted
with peutane, and 0.40 g. of material was recovered (flash
distilled), »%p 1.5137.

The control runs for the formolyses were completely
analogous to those carried out for the acetolyses. Thus 1.0
g. of the olefinic mixture (prepared above by the dehydration
of II} was submitted to the action of dry pure formic acid
for 72 hours (uo color developed). The product isolated
(0.92 g., #%p 1.5102) was submitted to ozonolysis to give
ketone, n%p 1.5069, which was submitted to the action of
silver oxide, n%p 1.5070 (see run 6, Tables IIT and IV).
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The 1,2-Diphenyl-1-propanol System

By Fatny AnMED ABD ELHAFEZ! AND DoNALD J. Cram?
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Fach racemate of 1,2-diphenyl-1-propanol has been shown to react with 3-nitrophthalic anhydride to give substantial
amounts of both position isomers of the 3-nitrophthalic acid esters (the anhydride ring can open in either of two directions).

The structures of these position isomers were elucidated through the use of spectral techniques.

The differences in the bal-

ances of the two position isomers from the two racemates is interpreted in terms of the differences in steric requirements for

ester formation.

The two racemates of 1,2-diphenyl-1-propanol were completely resolved, and the configurations of all of

the asymmetric carbon atoms of the system have been related by several unambiguous methods to the configuration of n-

glyceraldehyde.

The relative configurations of the two asymmetric
carbon atoms in each of the two racemate series of
1,2-diphenyl-1-propanol (I) have been previously
determined?® and were assigned the erythro and threo
configurations. The present investigation reports:
(1) the novel behavior of each of the racemates in
their reaction with 3-nitrophthalic anhydride,
(2) the complete resolution of each of these race-
mates; (3) a series of reactions that relates the cou-
figurations of both carbon atoms of all four isomers
to p-glyceraldehvde.
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The Reaction of the Diastereomeric Alcohols with
3-Nitrophthalic Anhydride.—The usefulness of 3-
nitrophthalic anhydride as a reagent for attaching
a handle to a secondary alcohol for purposes of
resolution rests in part on the fact that ordinarily

(1) Predoctoral Fellow of the Egyptian Government. This paper is
abstracted from the thesis of this author presented tv the Department
of Chemistry of the University of Califoriia at Los Angeles in partial
fulfiliment of the rquirements for the Ph.D. Degree.

(2) Requests for reprints should be addressed to this anthor,

(3) D. J. Cram av:d ¥ A, Abd Ilhafez, Tuis JorrNaLn, T4, 5828
19523,

the anhydride ring opens predominantly one way.*
Unlike any previous cases, each racemate of 1,2-di-
phenyl-1-propanol (I) gives substantial amounts of
both the a- and B-position isomers. This observa-

tion is rationalized as follows.
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(\ /QOOR N /COOH

| |
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N\ cooH 7 \COOR
a-ester B-ester

That the w«-ester is formed in the reaction of the
anhydride with methanol has been demonstrated
through a comparison of the conductivities of the
a- and B-esters (R = CH;). The g-isomer was
formed through the Fischer esterification of the
dicarboxyvlic acid.* The structures of these two
isomers were assigned on the basis of their conduc-
tivities, the B-ester being the better conductor of
the two.** It has been well established that o-
nitrobenzoic acid is a stronger acid than m-nitro-
benzoic acid,® and therefore this assignment is well
founded.

(4) (a) R. Wegscheider and A. Lipschitz, Monatsh., 21, 787 (1900):
(b) A. Marckwald and A. McKenzie, Ber., 84, 485 (1901}; (c¢) G. H.
Dickinson, .. H. Crosson and J. E. Copenhaver, THIS Jour~aL, 69,
1004 (1937).

(" 1. F. ). Dippy and R, H. Lewis, J. Chem. Soc., 1426 (1927).



