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Countercurrent distribution in a 50-tube Craig machine,
using the system chloroform against 0.2 M aqueous phos-
phate buffer (pH 7.53), gave, for eacl sample, a single peak
at tube 34. The shape of the peak for each sample corre-
sponded with the theoretical curve for a single component
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peaking at tube 34, The ultraviolet absorption spectra of
both peak tube contents were identical with each other and
with those of the two starting materials,
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Tle tosylates of the optically pure diastereomers of the 1,2-diphenyl-2-methyl-1-butanol system have been solvolyzed in
dry acctic and formic acids, respectively. Phenyl migration from Cg dominates the reaction course, at the most ouly a trace

of alkyl migration being observed.

In the more nucleophilic and poorer ionizing solvent (acetic acid), a larger amount of

unrearranged product was observed, the simple substitution reaction being somewhat stereospecific in the direction of in-

rersion.

observed, the simple substitution reaction being somewhat stereospecific in the direction of retention.

In the less nucleophilic and better ionizing solvent (formic acid), a smaller amount of unrearranged product was

The results indicate

that three stereochemically discrete processes compete with one another, all three leading to simple substitution product:
(1) a siinple solvolytic inversion mechanism; (2) a simple solvolytic mechanism whose specificity is sterically induced by the
asymmetry at Cg; (3) 2 phenonium ion mechanism which can lead to simple substitution product with retention of con-

figuration.

In previous investigations of this series, the sol-
volytic behavior of systems I have been studied in
which a = ¢ alkyl and b = d = hydrogen?;
a=b=c=d = alkyl®; a = alkyl,b = ¢ = hydro-
gen and d = phenyl*; and a = phenyl, b = ¢ =
liydrogen and d alkyl.® Others have studied
systets 1 i1 which a alkyl, b = ¢ = d = hy-
drogen’; a = b = ¢ = hydrogen and d = alkyl’;
a = ¢ = phenyl, b = d = hydrogen.® The ten-
dency for phenyl to participate in ionization was
found to vary markedly with the electrical nature
of substituents at C, and Cg, as well as the charac-
ter of the solvent, and tlie steric situation within
tlie molecule. The 1,2-diplienyl-2-nethyl-1-butanol

X H,C OH
@ Lo Lo
>C5 "“Ca< CzIL, - C- CII"-“CQIIO
L7 d _
CelT. Celds
1 11

systemr (IT) belongs i a borderline category with
respect to plienyl involvenient in ionization, and this
paper reports the results of an investigation of the
acetolysis and formolysis of its diastercomeric
tosylates.

Methods

The four stereoisotners of II were isolated in a
pure state and their configurations assigned in a
previous investigation.® The four tosylate deriva-

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

(2) (a) D. J. Cram, TH1s Jour~aL, 71, 3883 (1949); (b) 71, 3875
(1949); (c) 74, 2129 (1932); (d) 74. 2159 (1952); (e} D. J. Cram and
. A, Ahd Elhafez, ibid., 76, 3189 (1933); (f) D. J. Cram, ¢bid., 75,
332 (1553¢.

(3) D.J. Cram and J. D. Knight, ¢bid., 74, 5839 (1952).

(4Y D.J. Cram and F. A. Abd Elhafez, ibid., 78, 339 (1953).

(5) D.J. Cram and F. A. Abd Elhafez, ibid., 76, 28 (1954).

(6) 8. Winstein and K, C. Schreiber, ibid., T4, 2171 (1952).

(7) S. Winstein, M. Brown, K. C. Schreiber and A. H. Schlesinger,
ihif., T4, 1140 (19532),

(8) C. 1. Collins and W. A. Bimnner, ibid., 77, 92 (1954,

(M) L. J. Cram and J. Allinger, ibid., 76, 4516 (1954). "The mean
ing of the cunfigurational terms threo and erythro as applied €o system
11 are defined in this reference.

That rearranged products arise from both bridged and rearranged open carboniun ions is indicated.

tives were prepared from the corresponding potas-
sium alcoholates and tosyl chloride, the derivatives
possessing the fthreo configuration being partic-
ularly unstable. The products were isolated in
the usual way, the olefin—ester mixtures being con-
verted (LiAlH,) to alcohol-olefin mixtures whicli
were separated into olefin and alcohol coponents.
In runs involving erythro materials and threo ma-
terials, 73 and 879, respectively, of the starting
materials were accountable.

Analysis of Alcohol Fractions.-~Comparison of
the infrared spectra of the alcoliol componernts ob-
tained from the solvolyses with tliosc of threo- and
ervthro-IT and of IIT (product of phenyl migra-
tion) suggested the bulk of the material to consist
of these components. Accordingly, infrared ana-
lytical procedures were developed based on thesc
three components utilizing the six most advan-
tageous wave lengths in the infrared for analysis.
Two independent sets of three sinmltancous equa-
tions when solved provided estimates of per-
centage composition. Known mixtures of the
three components indicated the deviations from
Beer’s law to be small. The analvses for the ace-
tolysis runs (runs 1 and 2 of Table I) for the total
secondary alcohol (diastercomers of II) and ter-

CH,
CQH{, CsI‘I;’, \
K+ N=——Cgl,
CH;—C——CH—CHs ~———— > CHy—C—CyH, +
\ CelI,NHCH, I
OH A o]
111 (C4H5),CH,

tiary alcohol IIT have a probable error of about
29, since the optical densities differ by factors from
1to 4. The analyses for the individual diastereo-
mers of IT are grossly inaccurate because the optical
densities of these components are rather close to-
gether, the biggest factor being 1.6. To improve
the accuracy of this analysis and to examine the
optical character of the diastereoineric coniponents
(IT), the alcohol mixtures were heated with strong
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TaBLE 1

ESTIMATED 9~-COMPOSITION OF ALCOHOL PRODUCTS FROM THE SOLVOLYSES OF TOSYLATE ESTERS OF 1,2-DIPHENYL-2-
METHYL~2-BUTANOL (II)

Config.

Run Solvent st. mat. % 111
1 AcOH (+)-threo-11 19
2 AcOH (+)-erythro-I11 24
3 HCOOH (= )~threo-11 65
4 HCOOH (—)-erythro-11 70

Known mixture® 29
Known mixture® 45

At 1054 and 895 cm. 1!

%o threo
II from run 1 30
II from run 2 47
II from run 3 58
II from run 4 26
Known mixture? 58
Known mixture® 28

¢ Details of the method are in Experimental.
erythro-11, ¢ 549, threo-11, 469, erythro-11.

base under conditions that destroyed IIT and left
II.1® The isolation of diphenylmethane from the
reaction provides qualitative evidence for IIT in
the starting material. The diastereomeric mix-
tures of II thus obtained were submitted to a two-
component infrared analysis utilizing four wave
lengths in the infrared and appropriate known mix-
tures. A polarimetric analysis was also used (a
plot of rotation ws. 9, composition is linear)? based
on the assumption that the diastereomers were op-
tically pure. The agreement between the two
methods indicates this assumption to be valid.
Independent evidence for their optical purity was
found in the coincidence of rotations of IV ob-
tained from known mixtures of optically pure
diastereomers and from these mixtures obtained
from the acetolyses. Table I records the results
of these analyses, a sample of raw data being re-
corded in the Experimental.

CH;
1, CH3CeH,SO,Cl |
: CsHis—C—CH,—CH,
2, LiAlH,
CoH; v

The rotations of alcohols obtained from the ace-
tolysis containing tertiary alcohol IIT were of
course different from the corresponding alcohols
after ITI had been removed. To see if III was
active or inactive, synthetic mixtures of optically
pure threo- and erythro-II and racemic ITI were pre-
pared in the same proportions as the mixtures ob-~
tained from the solvolysis reactions. The rota-
tions of these mixtures demonstrated that the rota-
tional contributions of the three components were
virtually additive. The differences in rotation
between the synthetic mixtures and those obtained
from the solvolyses suggest that the tertiary alcohol
IIT in the solvolysis mixtures possesses a specific
rotation of about 5° in the presence of threo- and
erythro-II. The large number of analytical values
utilized in the calculation makes this conclusion
tentative. Since optically pure III was not pre-

(10) D. J. Cram, J. Allinger and A. Langemann, Chemistry &°
Indusiry, 919 (1955).

At 1355, 1054 and 895 cm, ™!

¥ 309, 111, 369, threo-11, 339, erythro-11.
* 329, threo-11, 689, erythro-11,

Infrared analysis%
At 1245, 1145 and 885 cm. !

P threo-11 %, erythro-11 % 111 % threo-11 T erythro-11

22 64 21 17 63

32 45 29 25 46

15 23

6 26 .. ..
32 39 32 34 37
24 35 51 17 36
At 916 and 885 cm. ! Polarimetric analysis

%% erythro %o threo % erythro G threo-11 S, erythro-11

73 28 75 30 70

55 43 62 44 56

45 57 47 54 46

76 27 74 25 75

48 57 50

75 32 73

¢ 469, 111, 239, threo-11, 319,

pared, the degree of optical purity of the III pro-
duced from the solvolyses cannot be estimated.

Similar analytical procedures were applied to the
formolysis products (runs 3 and 4, Table I). Al-
though the analysis at the first set of wave numbers
gave internally consistent data (the sum of the
components came to 1009,), some of the values at
the other set were not real. After being submitted
to the treatment with base, the polarimetric and
infrared analysis of the alcohol product pointed to
the presence of only threo- and erythro-II in this
final mixture. These facts suggest that small
amounts of other components were present in the
initial alcohol mixtures obtained from solvolysis,
which were destroyed by the treatment with base.
The ketone fragments obtained from the basic
treatment were converted to their 2,4-dinitro-
phenylhydrazones. Although crystalline deriva-
tives were obtained, pure compounds could not be
isolated. The color of the solid material was
characteristic of derivatives of ketones conjugated
with benzene rings. The data taken as a whole sug-
gest the contaminants to be products of either
methyl or ethyl migration (V to VI) or both, which
upon treatment with strong base would give aceto-
phenone and propiophenone, respectively.!® Un-
fortunately, the trace amounts involved did not
permit definitive identification.

CH;
C,H; CH; |
| K+N——C¢H;
CsHs—C—"CH—CsHs ———— CsH5—C—C2H5
CH;NHCH; I|
OH
v —+ CoH;—CeH;
CHa
CH: C2H5 |
K+N_"“C5H5
CyHj—C—CH—CHy ——————> CH;—C—CH;
CH;;NHC¢H; I
OH
VI + CsH—CeH;

Analysis of Olefin Fractions.—Since the starting
material (tosylate of II) is incapable of going di-
rectly to olefin, only rearranged olefins were
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possible products of the reaction. Three olefins
VII, VIII and IX could arise from the carbonium
ion A produced by phenyl migration during the
solvolysis of II-Ts. The analysis problem was
simplified by converting the mixture of olefins
obtained to their ketones (X, XI and XII) through
ozouolysis, the ketonic mixtures being aualyzed

C.li,
Sou |
I-Ts -———> Cliy C---CH—C;IT;
+
CD'I‘T{, A
l -+
C.IT, C“,HCHg C.H;

}
CH,C—-CIICslI;
|

|

| |
C}I‘_’=C"*‘CHCSH5 CH;C:CCsHu

VIT CeH, VIIT  CGeH, IN  Cell.
o o Jo
C:_)Hﬁl—CHCsHs CHaCf—CI{CsH;, O=CCs;
X 0O CeH; XI O C¢H; XIT CeH;

through infrared techniques for these three com-
ponents (see Experimental for details). The 2,}-
dinitrophenylhydrazone of XI was isolated from
the ketonic mixture obtained in run 2 and was com-
pared with an authentic sample. These analyses
provided only estimates of the amounts of the three
compornents, since small amounts of unidentified
components (~10%,) interfered. Table IT records
these estimates as well as the yields of olefin and
ketone obtained.

TaBLE 11

EstiMATED 9 ComposiTioN OF KETONE DERIVED FROM
OLEFINS ARISING IN SoLvoLysis oF II-Ts

Yield Compn. ketone mixture, b 9,
Run¢® olefin,¢ 9 X X1 X11
1 67 14 67 11
2 55 11 69 11
3 49 3 68 9
4 42 8 72 16

e Run numbers same as in Table I. ? Details of method
are in Experimental. ¢ Based on tosylate.

Control Experiments.—Control experiments
demonstrated that the acetates of II and III once
formed were stable. The formates of II and IIT
could not be prepared. The stabilities of the
diastereomeric 1,2-diphenyl-1-propyl formates in
formic acid at 253° have been examined previously*
and were found to have been formed decidedly
faster than they were interconverted. The similarity
between this system and II taken in conjunction
with the balance between the diastereomeric for-
mates obtained from formolysis of II-tosylate (see
Table I) indicates that the formates are formed
somewhat faster than they react. The olefinic
products in both the formolysis and acetolysis were
demonstrated not to change upon further submis-
sion to solvolysis conditions. Earlier results!!
suggest that the balance of olefins is kinetically
controlled in the acetolysis reaction, but might be
thermodynamically coutrolled in the formolysis.

(11) D, J. Cram, TH1sS JoUrNaAL. T4, 2137 (1952).
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The effectiveness of the removal of III from mix-~
tures of II and III by treatment with strong base
was demonstrated with experimeuts utilizing syn-
thetic mixtures.

Discussion

The Products of Simple Substitution.  Tlic re-
sults indicate that in the solvolysis of the [,2-di-
phenyl-2-methyl-1-butyl system, a unumber of
pritnary processes compete with one auother, each
of which leads to interniediates that partition be-
tween several different products. Phenyl and
solvent participation in ionization arc the likely
primary processes, the first leading to phenonium
ion,? the second to solvated open ion. Evidence
for these two primary processes is found in the
stereochernical course of substitution that occurs
without rearrangement. I acetolysis the ratios of
erythro-11-Ac
threo-11-Ac

23

1.3

cipthro-11-1
threo-11-F 1
0.8h
7.0

Starting material
threo-11-T's
erythro-11-Ts

erythro to threo acetates are different fromn the di-
astereomeric starting materials, predominating
inversion occurring with threo and predominating
retention with erythro material. These results can
be most simply interpreted without assuming a
phenonium ion interinediatec. In Chart I, the
starting material (II-Ts) can ionize with either
phenyl or solvent participation, depending on the
values of k; and k;. If by >> ks, then the balance
between product of retained and inverted con-
figuration is controlled by the relative values of &;
and k4 on the one hand and k¢ and %; on the other.
For the acetolysis of threo-II-Ts, ks being greater
than k4 explains the results. With erythro-11-Ts &y
> ks and k> k:. Since the disolvated open ion is
the same for each diastereomnier,'? ks and kr should
be independent of starting configuration. Tlis pre-
disposition of the system to give erythro material is

Cuary |
kl » r‘»':; . r/
I1-Ts —> SO ... .C¥vnn OTs™ —> 80O--C---
1 o AN
b solvated ol io-poir inverted
: product
I
/C-'”L‘ '-C\ SO....C*-nn 08 —>  erythro
T H 7\ 1T product
Celds disolvated open iou
phenonimm
ion
L ke, \L ks
N {lico
—-C—-08 Iroducet
retained
product
consistent with previous generalizations.®'* The

over-all process described by ki-k; is similar in its

(12) Implicit in this statement is the assumption that the di-
solvated jon has a half-life longer than that of the half-life of the rota-
tions which lead to equilibration between the various conformations.

(13) D. J. Cram and F. A. Abd Elhafez, Turs Jourw~ay, T4, 5851
(1952).
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steric requirements to SN2 processes, which is
visualized in Chart II as occurring with the dis-
placing group (X~—) coming across the smallest
group (S) attached to the adjacent asymmetric
carbon atom. The transition state for isomer A
which is a model for threo-II-Ts should be more
stable than that for B which is a model for erythro-
ITI-Ts. Thus ks > ks for threo-1I-Ts and ks > ks
for erythro-1I-Ts. Of the three conformations of
the disolvated open ion in Chart III, only C allows
the inconiing solvent to come in across the smallest

CHART II
/L
S/ S
~0TS S
s )-OTs X, S_I\--O-Ts 0Ts, x—(\
LM
L
A
transition states
1
L
L
L L/ L
/ - -
s—pmoTs 2> x73% I-i--o T ~Q0s .,y
S\ s M S
B ‘
L>M>S in effective bulk
CHART ITI
L M
S S
______ /. /. H s/
S0 S“I( 0S so—M—_—k-— 0s so-L-_-k---os
Lom LL Ls
c D E

group (8) attached to the adjacent carbon, and at
the same time allows the two large groups (L) to be
as far away from each other as possible. Thus
erythro product should dominate, and ks > ks, as is
indeed observed.

OTs
CH; OTs SOH CH; H SOH
CgH,r,‘\\ J —_— /\C ...... C/\ —_—
/C_C\\C H CzH_r, .-_+_'. CsHs
CsH5 ~ 6ils .
H CeHj;
erythro-11-Ts phenonium

tosylate ion-pair
erythro-11-OS 4+ rearranged products

OTs~
C%Ha OTs SOH CHa\C Cells  SOH
oy —_— N Soryrryd < —_—
> —CNH CHY |
CoHs “CoHs CoHs
threo-11-Ts phenonium

tosylate ion-pair
threo-11-0OS —+-rearranged products

In the forinolysis, on the other liand, with both
starting materials the simple substitution reactions
occurred with predominating retention of configu-
ration. The stereospecificity was more marked
with erythro isomer as the starting material. In
this more ionizing and less nucleophilic solvent, the
results cannot be explained only on the basis of
the primary process described by ;. In view of the
facts that much of the product has undergone
phenyl rearrangement and that in other systems a
phenonium ion intermediate has been demon-
strated,? it seems likely that the process described
by ks leading to a phenonium ion is responsible for
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the dominating retention process. That the reten-
tion is more marked with erythro starting material
is probably due to ks > ks in formic acid, and ks >
k; (the relative values of these rates should be much
more insensitive to solvent),

Although other processes such as the formation of
phenonium ions from open ions or vice versa or ion-
pair collapse might also play a role in the solvolyses,
they are not demanded by the data.

The Products of Rearrangement.—Although the
migration of methyl or ethyl groups probably oc-
curred to a small extent particularly in the formoly-
sis, the reaction products were largely those in
which a phenyl migration had occurred. In the
acetolysis the ratios of rearranged to unrearranged
product were 4.6 and 4.0 for erythro and threo
materials, respectively, while the corresponding
values in the formolysis were 6.1 and 5.2. In each
solvent, the amount of starting material accounted
for was higher (85-889]) with fhreo than with
erythro starting material (75-719;), and the abso-
lute yields of both rearranged and simple substitu-
tion products were greater for the threo than for the
erythromaterials. Itisclear that neither the slightly
more important eclipsing effects expected from
the phenonium bridge from erythro material nor the
greater ease with which threo material enters into
simple substitution play anything more than
minor roles in directing the reaction courses.

The question of the optical purity of the tertiary
alcohol IIT ultimately obtained in these experi-
ments unfortunately was not settled. What few
data are available suggest that it was at least par-
tially active, which in turn points to the process de-

/OTS .

>Cg—Ca< s >C5...‘..;..'.'.Ca<

/ <
CsH5 kS J, C5H5

S_C|) \L \L ke

>C5_Ca<
>C—C<«
active CeH; +
ester of I1I CeH;
2 rearranged
10 tertiary carbonium ion
racemic

("

three rearranged
olefins (VII, VIII and IX)

scribed by ks—ks. That most of the tertiary ester
came from rearranged open ion (k—kg) in the ace-
tolysis is suggested by the fact that the ratios of
yields of olefin (rearranged) to rearranged tertiary
alcohol are about the same from both threo and
erythro starting materials (15.2 and 14.1, respec-
tively). The absolute yields of rearranged alcohol
IIT were much higher (factor of 6) in the formolysis,
and the ratios of yields of olefin to alcohol III were
1.71 and 1.61 from threo and erythro materials. Iu
this solvent probably a lower proportion of ITI-ester
came from rearranged open ion and a higher propor-
tion directly from the phenonium bridge. That
bridged ion-pairs go directly to ester product in the
more dissociating formic acid solvent (as contrasted
to acetic acid) has been demonstrated in other sys-

ester of III
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CrarT IV
/X SO
a ¢ oa + ¢ a e a4 ¢ A <
Cs—Ca Cps—Ca Cprmm=C ! Cpg—-Cu Cp—Cu or rearranged oletin
b>/ <d b>/ <d b> ot N 1)> \<d b> \\<<l
Gty CeH, o, CoH; CoHls
A B D E F
= t t ! } son
l SOH A-B-E-F). In general in acetic acid, the absence
0s of a B stage can be effected only if two conditions
a N are met: (1) either or both of a and b must be alkyl
C or unrearranged olefin >C5—Ca< or aryl; (2) not more than one of b and ¢ can be
b({H d alkyl and neither can be aryl. With regard to

tems.’¢e14  That essentially all of the olefin came
through the rearranged open ion (process kg—k11) in
acetic acid is indicated by the fact that their ratiocs
are independent of the starting configuration (see
Table IT). The same thing also probably is true
in formic acid, although the analyses were so poor
due to contaminants thiat this has not been dem-
onstrated (Table IT). Tt is interesting that in both
solvents only small amounts of the most conjugated
olefin (IX) were fornied, presumably because of
eclipsing effects.

The Variation in Mechanism of the Wagner—
Meerwein Rearrangement (Phenyl the Migrating
Group) as a Function of the Substituents at C,
and Csz—Enough systems have now been studied
in detail so that the dependency of the mechanism
on the non-migrating substituents at C, and Cg
can be examined from a general standpoint. The
kinetic tool has been particularly valuable in gain-
ing evidence for participation of neighboring phenyl
in ionization in those systems where marked driving
forces were evident and were not masked by steric
or inductive effects, or by the intervention of in-
ternal return!* (ion-pair coilapse).* In the latter
cases and those that are borderline, the use of
stereochemical and product-analysis techniques
have provided not only evidence for or against the
participation of neighboring phenyl in ionization,
but also evidence for bridged ionic intermediates.
ion-pair collapse, and the partitioning of bridged
and open ion intermediates between various paths
leading to product. The use of C! as a tracer has
also been used advantageously for many of the
same purposes.

Chart IV represents a general and simplified
mechanistic scheme, reference to which permits the
classification of systems according to what stereo-
chemically differentiated gross mechanism for sol-
volysis applies. The capital letters refer to dis-
crete species and the dashes to transition states
separating these species. These data show that
by appropriately substituting C, and Cz and by
utilizing tlie proper solvents, many combinations
of interinediates can be detected. The following
sequences have not been demonstrated: A-F,
A-E-F (as distinct from a possible A-D-E-F),
A~B-E-T (as distiuct fron1 a possible A-B-D-E-F)
A-B-D-F (as distinct from a possible A-B-D-
E~-F), A-B-D-E-F (as distinct from a possible

(1) S0 Winstein ain] K0 Schreiyer, Tis Jorranar, 74, 21658 (1002,

those sequences involving a bridged-ion stage (D-
stage), the bridge opens at the carbon which could
lead to the most stable carbonium ion. It is i~
teresting in this connection that the last two sys-
temms of Chart IV (a = CHj, b = Coll;, ¢ = CgHs,
and d H, a = CHg, b C2H5, C CH,;,
d = CH;) behaved similarly. In the first of these,
the bridge appeared to open inn both directions, the
quaternary being favored over the beuzyl carbou.
In the second of these, the bridge of course opened
in both directions. In both systeis open carbou-
imn ious (B and E stages) appeared to be iuter-
mediates.

"__""'C/g ’—WL‘»C!_“ﬁ

a A c d Mechanisins®

CH; H H H A-D-F®

CeH; H H H A-D-?-F"*

CIl; CH; H H A-D-?%¢

CiH, Ce¢H, H H A-D-?%"*

H H CH; H A-B-C, A-D-C*

CH; H CH;, H A-D-C, A-D-T/

C.Hy H CH; H A-D-C, A-D-TF, A-D-E-F’

CH. H C.H; H A-D-C, A-D-I, A-D-E-T¢

C.H; H CH; H A-D-C, A-D-F*

CsH, M CH; H A-D-E-F, A-D-T¢

CH; CH; CH; H A-D-—354

CH; H CeH; H A-B-C, A-D-C*

Coll; H CilI; O A-B-C, A-B-E-F ar
A-B-D-E-T

CH, C.H; CeH, H A-B-C, A-D-C,*
A-B-D-E-F,! A-D-F*"

CH, C.H; CH; C.H; A-B-C, A-D-C,
A-B-D-E-F'"

2 Only the dominant mechanism is put down except where
small amounts of processes involving a D stage were de-
tected. The solvent is acetic acid except those marked with
an asterisk, where formic acid was employed. X is tosylate
or brosylate, except where indicated differently. ? 8.
Winstein and K. C. Schreiber, Tuis Journar, 74, 2171
(1952). ©S. Winstein, B. K, Morse, E. Grunwald, K. C.
Schreiber and J. Corse, tbid., 74, 1116 (1952). ¢ Kinetic
techniques indicated rate enhancements due to p}}enyl
participation in ionization; products were not examined.
¢ S. Winstein, M. Brown, K. F. Schreiber and A. H. Schles-
inger, fbid., 74, 1140 (1952). / Ref. 2a, 2c. ¢ Ref. 2b,

2d. *Ref. 2. iD. J. Cram and F. A. Abd Elhafez,
ibid., 76, 28 (1954). 7 Ref. 4. * Ref. 8. ! Only probable.
m Present study. * Ref. 3. X wus a p-bromobenzoate

group.

Experimental Part

Tosylates of the Four Stereoisomers of 1,2-Diphenyl-2-
methyl-1-butanol (II).—The procedure is illustrated with the
preparation of the derivative uf (4 )~erythro-II. A inixture
of 100 ml. of dry C.r. benzene, 8.95 g. of (4 )-erythro-11
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[@]*D +1.86° (benzene, ¢ 10.1)? and 1.5 g. of potassium
metal were held at reflux under anhydrous conditions under
nitrogen for 4 hours. The mixture was cooled to 0°,
7.16 g. of freshly crystallized tosyl chloride was added under
nitrogen and the resulting mixture was stirred for 30 minutes.
The mixture was filtered always keeping the cake wet with
benzene (metallic potassium). The filtrates were washed
with water, twice with dilute sodinm carbonate solution,
again with water and dried. The solvent was evaporated
at 25°, and the residue was crystallized from pentane at
0° to give a 6.5-g. 1st crop and a 1.46-g. 2nd crop. Re-
crystallization of this material from an ether-pentane
mixture at 0° afforded 6.4 g. (439 yield) of white needles,
m.p. 52° dec., [a] %D +60.2° (benzene, ¢ 3.91).

Amnal. Caled. for CosH550;: C,73.06; H, 6.64. Found:
C, 73.08; H, 6.60.
In a sinilar manner, 87 g. of (—)-erythro-II [a]*D

—1.91°, (benzene, ¢ 10.5)? was converted to 9.8 g. (69%
vield) of tosvlate ester, m.p. 54° dec., [a]®D —59.8°
(benzene, ¢ 3.70).

Anal. Caled. for CoHaSO5: C, 73.06; H, 6.64, Found:
C, 73.23; H, 6.51.

Similarly, from (4 )-threo-11 [@]?p —+59.4° (benzene,
¢ 10.4)% was obtained a 749, vield of tosylate (white needles),
m.p. 34° dec. This ester was so unstable it decomposed
before rotations and analysis could be obtained. From
(=)~threo-11 [a]?D —59.3° (benzene, ¢ 10.4)% was obtained
a 339 yield of tosylate (white needles), m.p. 56° dec.
The sample decomposed before rotation could be recorded.

Anal. Caled. for CyH3S0;: C, 73.06; H, 6.64. Found:
C, 73.19; H, 6.90.

Acetolysis of the Tosylates of the Isomeric 1,2-Diphenyl-
2-methyl-1-butanols (II).—A solution of 1722 ml. of freshly
distilled acetic acid, 64 ml. of acetic anhydride and 12.5 g.
of C.p. anhydrous potassium carbonate was heated at
reflux for 24 hours and cooled. This solution was 0.1002
A in potassium acetate. The tosylate of (4 )-erythro-11
(6.4 g., run 2) was added to 180 ml. of this solution. Solu-
tion of the ester required 20 minutes, This solution pro-
tected from moisture was allowed to stand at 25° for 83
hours, and then poured into 600 ml. of water containing
10 ml. of a saturated sodium chloride solution. The result~
ing mixture was extracted with pure pentane, the pentane
solution was washed with water, sodium bicarbonate solu-
tion and again with water. The organic layer was dried,
evaporated, and the residual oil was distilled at 2 mm. with a
final bath temperature of 135° to give 4.21 g. of colorless oil.
The small amount of residue (<0.05 g.) when triturated
with water gave an acidic solution. The distillate was
added to a stirred mixture of 0.4 g. of lithium aluminum
hydride and 100 ml. of anhydrous ether and, after stirring
for 30 minutes at 25°, the mixture was diluted first with
wet ether and then with ice-cold water. The layers were
separated, the organic layer was washed with water, dried
and evaporated to an oil. This oil was dissolved in 5 ml.
of pure pentane and chromnatographed on a column of 120 g.
of neutral Activity III aluminal® made up in pentane.
The olefin was washed from the column witli pentane, 1.98
g. of distilled eluate being obtained, %D 1.5690, 2D
+0.09° (1 dm., neat). The alcoholic fraction was eluted
with 250 ml. of C.p., methanol to give 0.59 g. of viscous oil
(distilled material), #2Dp 1.5689, [a]2D +24.1° (benzene,
¢ 10.0). These two fractions (olefin and alcohol) were used
in the subsequent infrared and polarimetric analyses.

A similar acetolysis and isolation procedure (run 1) as
applied to the tosylate of (4 )-threo-11 (6.10 g.) gave 3.5 g.
of distilled alcohol-olefin product (residue 0.03 g.). Chro-
matographic separation of these fractions gave 2.33 g. of
olefin, n?p 1.5711, a2 +0.07° (1 dm., neat) and 0.79 g.
of alcohol, #%p 1.5687, [«]?p+18.3° (benzene, ¢ 10.2),
which were submitted to infrared and polarimetric analysis.

Formolysis of the Tosylates of the Isomeric 1,2-Diphenyl-
2-methyl-1-butanols (II).—A solution of 1.0 liter, 259
C.p. alcohol-free chloroform-759, anhydrous formic acid
(% by volume) and 3.7 g. of anhydrous sodium formate was
titrated® and found to be 0.0538 M in sodium formate.
Kinetic measurements!® indicated the rates of formolysis of
a mixture of the diastereomeric tosylates to be too fast to
measure, the reaction being over in less than 2 minutes at

(15) H. Brockmann and H. Schodder, Ber., 74B, 73 (1941).
(1¢) S Winstein aml 1, Marshall, THis JoUrRNAL, T4, 1120 (1952).
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25°, The tosylate ester of (— )-erythro-11 (6.9 g., run 4)
was dissolved in 360 ml. of the above solution (immediate
solution was observed), allowed to stand at 25° for two
minutes, and was poured onto one 1. of crushed ice-water
mixture containing 10 ml. of saturated sodium chloride
solution. The isolation procedure was the same as in the
acetolysis, 4.05 g. of distilled olefin—alcohol being obtained
(no residue from the olefin—formate distillation was ob~
served). The olefin fraction amounted to 1.60 g., #%*D
1.5714, a?p —0.26° (1 dm., neat), and the alcohol, 1.42 g.,
n2p 1.5686, [«] %D — 13.0° (benzene, ¢ 10.2).

Similar treatment (run 3) of 7.0 g. of (= )-threo-I1 gave
4,22 g. of olefin-alcohol mixture (distilled). No residue was
obtained from the olefin—formate distillation. The olefin
fraction amounted to 1.91 g., n2p 1.5710, a%*p —1.71°
(1 dm., neat), and the alcohol fraction was 1.59 g., n%Dp
1.5683, [a]?*D —17.7° (benzene, ¢ 10.1).

The olefin fractions from both solvolyses appeared to be
unstable to air and could not be allowed to stand.

Ozonolysis of Olefins Obtained from Solvolyses.—
The procedure is illustrated as applied to olefin from run 2.
To olefin (1.0 g.) dissolved in 40 ml. of C.p. methylene
chloride at 0° was added (bubbled through) ozone for one
hour. After this time a rnbber tube fitted to the exit tube
showed signs of decomposition. The mixture was then
added dropwise to a refluxing inixture of 1.0 g. of zinc dust,
a crystal of silver nitrate and 50 ml. of distilled water.
The resulting mixture was refluxed for 15 minutes, cooled
and extracted with pentane. The pentane layer was
washed, dried, evaporated, and the residue was distilled at
2 mm. (bath temperature 135°) to give 0.92 g. of a ketonic
mixture, #2p 1.5703, a?p —0.11° (1 din., neat). A small
amount of this material when treated with 2,4-dinitro~
phenylhydrazine reagent afforded after two recrystalliza-
tions of the product yellow needles, m.p. 137.8-139.2°,
undepressed by admixture with an authentic sample of the
2,4-dinitrophenylhydrazone of 1,1-diphenyl-2-propanone
(m.p. 140°, see below for preparation).

The aqueous phase from the above ozonolysis decomposi~
tion reaction was filtered and was qualitatively tested for
formaldehyde (Deniges method)!™ and acetaldehyde,
(Ley reagent).l’> Both tests were positive, and appropriate
controls established that the aldehydes did not come from
solvent impurities.

Olefin (1.0 g.) from run 1 gave upon ozonolysis 1.0 g. of
ketone, #2p 1.5760, a?p —0.22° (1 dm., neat). Positive
tests for acetaldehyde and formaldehyde were obtained.

Olefin (1.0 g.) from run 3 gave 0.88 g. of ketonic mixture,
n¥p 1.5722, a®p —1.60° (1 dm., neat), whereas olefin (1.0
g.) from run 4 gave 0.95 g. of ketone, n2p 1.5730, ap
—0.39° (1 dm., neat).

Reverse Condensation Reactions Run on Alcohol Frac-
tions.—The procedure is illustrated as applied to a synthetic
mixture of alcohols II and III. A mixture of potassium
metal (0.111 g.) and 2 ml. of anhydrous N-methylaniline
(distilled from potassium) was heated at 200° under nitrogen
for two hours, cooled to 72°, and a solution of 0.214 g. of
racemic 1,1~diphenyl-2-methyl-2-butanol (III, see below)
and 0.451 g. of (4 )-II (mixture of optically pure diastereo~
mers, [«]2®p +20.33° (benzene, ¢ 9.99) in 1 ml. of anhydrous
N-methylaniline was added. The reaction mixture was
stirred at 72° for 30 minutes, cooled to 0°, and the trace of
unreacted potassium metal was decomposed with ethanolic
N-methylaniline. The resulting mixture was shaken with
4 ml. of concentrated hydrochloric acid in 40 ml. of water,
20 g. of ice and pentane. The pentane extract was washed
with acid, water, was dried and the solvent was evaporated.
The resulting oil was chromatographed on 30 g. of Activity
IIT neutral alumina!® made up in pentane. Development
of the column with pentane gave eluent which upon distilla~
tion gave 0.106 g. (71%,) of hydrocarbon which possessed an
infrared spectrum identical to that of diphenylmethane.
The alcohol was washed from the column with 100 ml. of
C.p. methanol. The solvent was evaporated, the residue
was taken up in pentane, and this solution was washed with
water, dried and evaporated. Distillation of the residue
(2 mm. and 145° bath temperature) gave 0.35 g. (77
recovery) of the same mixture of diastereomers of II that
was used as starting material, [«]%?*D +20.1° (benzene,

(17) (a) J. F. Walker, Am. Chem. Soc. Monograph Series, Reinhold
Publishing Corp., New York, N. V., Vol. 98, 1944, p. 244: (b) p.
250.
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¢ 9.32), n?% 1.5692. Utilizing a similar procedure, alcohol
from run 1 (0.70 g.) gave 0.08 g. of hydrocarbon and 0.48
g. of I1, [a]%D +19.3° (benzene, ¢ 10.1). Likewise alcohol
from run 2 (0.76 g.) gave 0.11 g. of hydrocarbon and 0.55
g. of I, [a]%p +27.1° (benzene, ¢ 10.1). Alcohol from run
4(1.42g.) gave 0.59 g. of hydrocarbon and 0.21 g. of alcohol,
n%p 1.5685, [@]2'p — 16.8° (benzene, ¢ 5.23). Alcohol from
run 3 (1.59 g.) gave 0.74 g. of hydrocarbon and 0.28 g. of 1I,
n¥®p 1.5685, [a]?p —32.9° (benzene, ¢ 9.2). In all four
of these runs, the infrared spectra of the hydrocarbon
fractions were virtually identical to that of diphenylmethane.
The chromatographs in runs 3 and 4 were run slightly differ-
ently than in the same procedure. Hydrocarbon was eluted
with pentane, a ketonic contaminant was eluted with 209
ether in pentane, and the alcohol was eluted with methanol.
The ketonic fraction in each case formed a red 2,4-dinitro-
phenylhvdrazone which after two recrystallizations from
ethanol gave ca. 2 mg. of red crystals which melted over a
range and lower than 100°.

Conversion of 1,2-Diphenyl-2-methyl-1-butanol (II) to
1,2-Diphenyl-2-methylbutane (IV).—The procedure is illus-
trated as applied to a mixture of optically pure diastereoniers
of I1. Alcohol (1.0 g.), [a]®D +20.3° (benzene, ¢ 9.91)
was dissolved in 10 ml. of C.p. anhydrous benzene, and
treated with 0.168 g. of potassitin metal and 0.79 g. of tosyl
chloride as in the procedure recorded above for the prepara-
tion of the tosylates of II. The crude tosylate ester thus
obtained was added to a slurry (stirred) of 1.32 g. of lithium
aluminuin hydride and 100 ml. of anhydrous ether. The
resulting mixture was stirred for two hours and allowed
to stand at room temperature for 12 hours. Wet ether now
was added and then finally a cold solution of aqueous
ammonium chloride. The organic laver was washed with
water, dried and evaporated. The residue was chromato-
graphed on 30 g. of Activity I neutral alumina!s inade up in
pure pentane. The desired product was eluted with 100
ml. of pure pentane, the solvent was evaporated, and the
residnal oil was distilled at 3 mm. and a bath temperature
of 125°, wt. 0.55 g. This iimpure material was dissolved in
5 ml. of glacial acetic acid, 0.6 g. of 2,4-dinitrobenzenesulf-
enyl chloride was added and the resulting solution was heated
at 100° for one hour. The reaction mixture was cooled and
placed directly on a chromatographic column of 40 g. of
activity III neutral aluminal® made up in pure pentane.
The desired hydrocarbon was eluted with 100 ml. of pure
pentane, the solvent was evaporated, and the residue was
distilled to give 0.55 g. (599% vield) of (+)-1,2-diphenyl-2-
methylbutane (IV), #%*p 1.5550, o2p -466.3° (1 dm.,
neat), d%; 0.9718, [«]?p +67.4° (neat).

Anal. Caled. for CixHs: C, 91.01; H, 8.99.
C, 90.95; H, 8.98.

Application of this procedure to 0.48 g. of the alcohol II
obtained from run 1 gave 0.27 g. (609, vield) of optically
pure hydrocarbon (IV), #%p 1.5542, a2p +66.40 (1 dm.,
neat). From 0.55 g. of alcohol from run 2 was obtained
0.31 g. (680% vield) of optically pure IV, n2p 1.5547,
a?®p +66.5° (1 dm., neat).

1,1-Diphenyl-2-propanone (XI).—This material was ob-
tained in 559, yield'8 (two recrystallizations from pentane),
m.p. 59-60.2° (reported® m.p. 60-61°). The 2,4-dinitro-
phenylhydrazone was prepared as yellow needles (absolute
ethanol), m.p. 138-139.6° (reported!® m.p. 140°).

Anal.  Caled. for CrHisNOy: C, 64.61; H, 4.65. Found:
C, 64.66; H, 4.81.

1,1-Diphenyl-2-butanone (X).—Application of a reported
procedure® to the preparation of 1,1-diphenyl-1-hvdroxy-2-
buggmol gave material, m.p. 114-115.1° (reported® m.p.
02°).

Anal.  Caled. for CgH,40.2: C, 79.31; H, 7.49.
C, 79.33; H, 7.60.

Couversion of 5 g. of this glycol to X2 gave 4.3 g. (97%
vield) of product, #%p 1.5678. This material was converted
to its semicarbazone, five recrystallizations of which (ben-
zene) gave soft needles (309, yield), m.p. 187.6-189.8°,

Found:

Found:

(18) E. M. Schultz and S. Mickey, “Organic Syntheses,” John Wiley
and Sons, Inc., New York, N. V., Vol, 29, 1949, pp. 38.

(19) I, Heilbron and H. M. Bunbury, **Dictionary of Organic Com-
pounds,”” Eyre and Spottiswood, London, Vol. 11, 1953, pp. 402.

(20) H. R, Henze and W. B. l.eslie, J, Org. Chem., 15, 901 (1950).
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reported m.p. 194-195°2 and 185°.22 Regeneration of the
ketone X2 (859, yield) gave X as a colorless liquid, #2%p
1.5668. A 2,4-dinitrophenylhvdrazone derivative was
prepaged, yellow needles (absolute ethauol), m.p. 118.2-
119.8°,

Anal. Caled. for C22}190N4042 C, (’)5.33; I‘[,
Found: C, 65.22; H, 5.06.

(+)-1,2-Diphenyl-1-butanone.—Since this couipound wus
a potential product of the rearrangement, it was prepared
in optically pure form. Resolution of 2-phenylbutanoic
acid?* gave material, b.p. 130-132° (4 mim.), »*p 1.5125,
[a]%p +90.3°(1 dm., neat), reported?® [«]**pD +89.9° (1 du1.,
neat). The acid chloride was obtained from 9 g. of the acid
and 16.5 ml. of thionyl chloride, and was allowed to react
with diphenylecadmium prepared from 18.5 g. of bromo-
benzene, 2.83 g. of magnesiurm and 11.3 g. of anhydrous
cadmium chloride in the usual mnanner.2’ The product was
distilled through a 2.5-foot Podbielniak tvpe of colnmn to
give 10.2 g. (839 vield) of ketone, b.p. 150-151° (5 mm.),
m.p. 54.2-57.8°. Recrvstallization of this material (threc
times) from ethanol-pentane gave 4.3 g. of ketoue, 1.p.
57-58°, [a]%p +230.2° (benzene, ¢ 4.99).

Anal. Caled. for Cl:O: C, 85.67; H, 7.14; I'nund:
C, 85.48; H, 7.17.

Racemic 1,1-Diphenyl-2-methyl-2-butanol (III).—Iithyl-
lithium was prepared from 5.29 g. of lithium metal, 41.t: g.
of ethyl bromide and 300 ml. of anhydrous ether. The
reagent was filtered through a cotton plug, cooled under
nitrogen to 0°, and mixed with 16 g. of 1,I-diphenyl-2-
propanone in 50 ml. of dry ether. The solution (yellow)
was stirred at 0° for one honr, and ammonimm chloride
solution was added. The organic layer was washed with
water, dried and evaporated. The residual oil was treated
with 27.8 g. of Girard T reagent® dissolved in 278 ml.
of 109 (by volune) glacial acetic acid-absolute ethannl
solution for 45 minutes. The mixture was then shaken
with water and pure pentane, the pentane was washied with
water, dried and evaporated. The residue was chromati-
graplied on 320 g. of nentral ActivityIII aluminal® made upin
pure pentane. The column was washed with pentane. and
developed with ether—pentane mixtiures to give a number of
fractions, each of which contained oil whose refractive indices
and boiling points were virtually identical. This material
was distilled (bath teinperature 130-135° at 1 mu.) to
give 12.4 g. of alcohol, #?*p 1.5687. The infrared spectrum
of this material contained a carbonyl band of weak intensity
at 1705 cm. 7.

When 5 g. of this material was treated with excess ethyl-
lithium (6 mole ethyllithium to 1 mole ‘‘alcohol’”’) at 25°
for 4 hours there was obtained upon distillation of the crude
reaction product 4.8 g. of the desired alcohol, #?p 1.5678.

This material had no carbonylabsorption at 1705 ecm. ™.

Anal. Caled. for CiyHyQO: C, 84.95; H, 8.39. Found:
C, 84.74; H, 8.33.

The acetate of this tertiary alcohol ITI was prepared as
follows: Alcohol III (2.9 g.) was treated at 135-140° for
68 hours with 12.3 g. of distilled acetic anhydride and 9.55 g.
of pure pyridine. The black reaction mixture was shaken
with pure pentane and dilute acid, the pentane layer was
washed with acid solution, water, was dried and evaporated.
The residue was chromatographed on 120 g. of Activity III
neutral alumina!® made up in pure pentane. From the
eluent obtained with 59, ether-pentane was obtained 2.08
g. of a colorless oil, #2%p 1.5473 (after distillation at 2 mm.,
135° bath temperature). Crystallization of this material
from methanol at —80° gave white tablets, m.p. 42.3-
43.8°,

Anal. Caled. for CyHaOy: C, 80.80; I, 7.86.
C, 80.89; H, 7.87.

Both olefin and starting alcohol were isolated from tle
other chromatographic fracticns.

4.98.

Tound:

(21) R. Roger, Helv. Chim. Acta, 12, 1060 (1929).

(22) W. Wilson, J. Chem. Soc., 6 (1952).

(23) E. B, Hershberg, J. Org, Chem., 18, 542 (1948).

(24) P. A. Levene, L. A. Mikeska and K. Passoth, J. Biol. Chen:., 88,
27 (1930).

(25) J. Cason, G. Sumrell and R. 3. Mitchell, J. Org. Chem,, 15,
850 (1950).

(26) A. Girard, *Organic Syntheses,” Coll. Vol. I1, John Wiley and
Sons, Inc.,, New York, N. Y., 1943, pp. 85.
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(4 )-erythro-1,2-Dipheényl-2-methyl-1-acetoxybutane.—
From 2.25 g. of optically pure (4 )-erythro-II, 9.48 g. of
C.p. distilled acetic anhydride and 7.34 g. of pure pyridine
(reaction at 135-140° for 10 hours) the product was obtained
by the usual method. The crude acetate was dissolved in
10 ml. of pentane. After standing at —10°, the material
crystallized as dense white tablets, m.p. 40-44°,1.62 g. Re-
crystallization of the solid from pentane gave 1.5 g., m.p.
42.4-44°. Additional material (0.5 g.) was obtained by
chromatography of the filtrates, m.p. 42,4-44°, total yield
75%, [«]%D +8.93° (benzene, ¢ 4.71).

Anal. Caled. for CyH2»0,: C, 80.80; H, 7.86.
C, 80.98; H, 7.91.

(4 )-threo-1,2-Diphenyl-2-methyl-1-acetoxybutane.—By a
similar procedure except that a chromatographic purifica-
tion was involved, 1.25 g. of (+ )-threo-1I gave 1.26 g. of its
acetate as a colorless viscous oil, #2p 1.5476, [«]2D +7.72°
(benzene, ¢ 4.72).

Anal. Caled. for Clgngoei C, 8080, H, 7.86.
C, 80.82; H, 7.75.

Other Materials for Infrared Analyses.—Benzophenone
(commercial material) was recrystallized from ether—pen-
tane to constant melting point, m.p. 52-54°, An analvtical
specimen of (—)-1,2-diphenyl-l-propanone was available
from other studies,® m.p. 34-35°, [@]2Dp —206° (chloro-~
form, ¢ 4.2).

Control Experiments.—The olefin mixture (0.6 g., n%Dp
1.5706) obtained from run 2 was resubmitted to the whole
acetolysis and isolation procedure to give 0.51 g. of re-
covered material (85%), #2p 1.5708. Ozonolysis of this
olefin gave 0.51 g. of ketonic mixture, #2p 1.5752, a25.5D
—0.05° (1 dm., neat). Similar ozonolysis of the original
olefin gave ketone, #2*p 1.5756, a2p —0.05° (1 dm., neat).
The infrared spectra of the two ketone mixtures were identi-
cal.

An olefin mixture was obtained by chromatography of
( — )-threo-II-tosylate on alumina, #2%p 1.5750, a?p —0.06°
(1 dm., neat). This material (0.35 g.) was also subjected to
the acetolysis procedure and recovered, #25p 1.5750, a®D
—0.06° (1 dm., neat). Both the original olefin and that
subjected to the acetolysis procedure were converted to their
ketones, The infrared spectra, indices of refraction and
rotations of these two samples were essentially identical
(n%p 1.5709 and «*p +0.40°, 1 dm., neat).

An olefin mixture obtained from the acetolysis of the
tosylate of rac-erythro-11 (0.50 g., n2°p 1.5692) was submitted
to the conditions of formolysis and recovered, wt. 0.45 g.,
#n28p 1.5692.

A mixture of optically pure diastereomeric acetates of
(+ )~threo-11 and (+ )~erythro-II (1.0 g., n2p 1.5478, [a]%5D
+8.31° (benzene ¢ 7.33) was subjected to the acetolysis
conditions, and 0.90 g. of acetate was recovered, %D
1.5482, [a]2%p +8.35° (benzene, ¢ 7.33). Reduction of this
material with lithium aluminum hydride gave 0.70 g. of
(+)-threo and (—+)-erythro-1I, n%p 1.5694, [«]25D +35.4°
(benzene, ¢ 10.06). This rotation corresponds to a com-
position of 58% (4 )-threo-II and 429, (+ )-erythro-11
which corresponds to the composition of the original acetate
mixture.

The tertiary acetate of III (0.50 g., #25p 1.5475) was sub~
mitted to the acetolysis procedure to give 0.42 g. of re-
covered acetate, #2°p 1.5476, whose infrared spectrum was
identical to that of the starting material. Submission of
this acetate to the lithium aluminum hydride reduction
procedure gave 0.30 g. of tertiary alcohol III, »#2p 1.5680
(as compared to #25p 1.5678 of an authentic sample). The

Found:

Found:

(27) F. A. Abd Elhafez and D, J. Cram, TrIs JoUurNaAlL, 74, 5846
(1952).
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infrared spectrum of this material was the same as that of
III.

Attempts to prepare the formates of II and III failed, so
analogous controls could not be applied to the formolyses.

Infrared Analyses of the Alcohol Fractions.—These
analyses were performed with a Perkin—Elmer recording
spectrophotometer, model 21. The samples were run in a
0.027-mm. cell (sodium chloride) as liquid films with a solid
salt block of identical thickness to the cell windows as a
blank. The instrument was balanced at 1355.5 cm.™!
with response 1:1, gain 4.5, supression 5, speed 0 and resolu~
tion 940. Table III records the optical densities of threo~
and erythro-II and III at those wave lengths most advan-
tageous for analysis, a synthetic mixture of the three coni-
ponents, and the alcohol fractions from the acetolyses.
A similar type of data was obtained for the alcohol fractions
from the formolysis which contain these three components,
as well as for the alcohol fractions from the formolyses and
acetolyses from which tertiary alcohol III had been re-
moved.

Infrared Analysis of the Ketone Fractions from Olefin.—
The same instrument and cells were employed, except the
instrument was balanced at 1423.5 cm.—!, The total
spectra of the ketonic mixtures from the acetolysis (runs 1
and 2) were nearly identical to one another, differing only
slightly in the intensity of some peaks. The carbonyl
region exhibited only two absorption maxima at 1705
and 1655 cm. ™!, which correspond to unconjugated carbonyl
and doubly conjugated carbonyl absorptions, respectively.?®
There was no absorption maximum that corresponded to
singly conjugated carbonyl absorption*® at 1680 cm.™',
and the sensitivity of the instrument to this type of com-
ponnd was demonstrated with a synthetic mixture of ketones
X, XI and XII to which only 8% of 1,2-diphenyl-1-pro-
panone was added. This mixture exhibited significant optical
density (0.75) at this wave length. Two absorption maxima
at 1580 (conjugated phenyl absorption)2s and 1355 cm.™!
(acetyl group absorption )?® further identified the components
of the unknown mixtures as probably containing 1,1-
diphenyl-2-propanone (XI) and benzophenone (XII).
The amounts of X, XI and XII in these mixtures were
estimated utilizing the ‘‘base line density’’ method?® and
synthetic mixtures and the optical densities at the following

most advantageous wave numbers, X at 1105 em.™}, XI
at 1355 cm.land XII at 809 and 920 cm.~ L.
TaBLE III

DATA FOR INFRARED ANALYSIS OF ALconoL FracTions Os-
TAINED FROM AcEToLYsIS (RUuns 1 axDp 2)*
Optical densities at cm, !

Compound 885.0 805.0 1054.0 1145.0 1245.0 1355.5
(4)-threo-11 0.129 0.281 0.569 0.200 0.260 0.204
(4)-erythro-11 214  .207 .880 .207 .232 .217
111 .066 117 .278  .585 .223  .379
Alcohol run 1% .169 .212 .730 .281 .248 .244
Alcohol run 2° L150  .213 .50  .308 .248  .256
Synthetic mixt.? 143,216 633 .323 254 261

¢ Run numbers defined in Table I. °® Footnote b, Table I.

The ketones from the formolyses (runs 3 and 4) were
analyzed by the same methods, again no maximum at 1680
em. ! being observed. The estimates of the three ketones
in the four runs are recorded in Table II,
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