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The optically active erythro and threo isomers of the £-bromobenzenesulfonates, chlorides and bromides of the 1,2-diphenyl-
1-propyl system have all been solvolyzed in formic acid, and the two active sulfonates in acetic acid, and the products have 
been examined. No molecular rearrangement occurred, and from the balance between the threo and erythro esters formed 
and from the results of control experiments, the following conclusions are drawn. In formic acid the reaction times for the 
solvolyses of the halides were long enough to allow the diastereomeric formate products to equilibrate, and the equilibrium 
constant was determined. As expected from steric considerations, the erythro isomer predominated in these mixtures. In 
formic acid the sulfonate esters (shorter reaction time) gave balances of diastereomers which indicate that the reaction oc
curred largely with retention of configuration with threo, and slightly with retention of configuration in the case of erythro 
starting material. In acetic acid with the same sulfonate esters as starting materials the product ratios were closer together 
and decidedly favored the (Areo-acetate. The erythro and threo isomers of 1,2-diphenyl-l-propanol were treated with thionyl 
chloride, phosphorus pentachloride, phosphorus tribromide and hydrogen bromide plus sulfuric acid. In every case the 
threo-halide predominated in the product, but to a far greater extent when the starting material was of the threo configura
tion. The stereochemistry of these reactions is interpreted in terms of the effects that the characters of the departing group 
and solvent have upon the relative stabilities of the bridged (phenonium) and open ion-pairs that probably occur as inter
mediates in these reactions. 

The changes in configuration at an asymmetric 
carbon atom undergoing a solvolytic substitution 
reaction have been utilized in studies of the reaction 
mechanism in acyclic systems such as I in two cases, 
where R = CH3 and X = Cl,3 and where R = 
(CHs)3C and X = Br,4a Cl4b or p-CH3C6H4S03.4b 

In both of these systems when I was optically ac
tive, to the extent that optically active product 

* SOH * 
R - C H - C 8 H s > R - C H - C 6 H 5 

I - H X I-
X OS 
I II 

(II) was produced from the reaction (5-15%), the 
substitution of OS for X occurred with inversion of 
configuration. No evidence for a bridged cation 
existing as an intermediate in the reaction was 
found.4b 

As an extension of our investigations of bridged 
ions (e.g., phenonium ions) as intermediates in 
solvolytic reactions of acyclic systems,6 the results 
of the solvolyses of the diastereomeric alcohols, p-
bromobenzenesulfonates (brosylates), chlorides and 
bromides of the 1,2-diphenyl-l-propyl system are 
now reported. Since no detectable molecular re
arrangement occurs in these solvolysis reactions, a 

CH^c-cC CH"V-cC 
C6H/ -» C6H5 ^C6H5 

h-erythro-1,2- L-threo-1,2-
diphenyl-1-propanol diphenyl-1-propanol 

(III A) (HI B) 

study of the distribution of products between the 
two diastereomeric configurations as a function of 
the configuration of the starting material provides 
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information regarding the mechanisms of the substi
tution reactions involved. Examples of solvolyses 
in which the product distributions are thermo-
dynamically controlled (equilibria) as well as ex
amples in which they are kinetically controlled have 
been studied. 

Results 

The preparation and determination of all the 
stereochemical relationships between the alcohols, 
the brosylates, the chlorides and bromides of all four 
of the stereoisomers of III have been previously 
reported.6 The solvolyses of the optically active 
brosylates, chlorides and bromides were all carried 
out in formic acid (25°) whereas only the brosylates 
were solvolyzed in acetic acid. In each case an 
equivalent amount of sodium salt of the solvent was 
present to neutralize the acid produced by the reac
tion. The products were first isolated as the car-
boxylate esters, and these were converted to the 
free alcohols through the agency of lithium alumi
num hydride. These alcoholic mixtures were freed 
from accompanying traces of olefin through the use 
of fractional chromatographic elution techniques 
(alumina) and were analyzed as follows. 

The infrared spectra of homogeneous films of 
threo- and ery^ro-l,2-diphenyl-l-propanol (III), 
l,l-diphenyl-2-propanol (V) and l,2-diphenyl-2-
propanol (VI) are recorded in Fig. 1. The esters 
from which V and VI are derived are possible re
arrangement products of system IV1 and the large 
differences in extinction coefficients at various wave 
lengths in the infrared (see Table I) of the four alco
hols allow unknown mixtures containing these com
ponents to be analyzed. The absence of V and VI 
in detectable amounts in the unknown mixtures was 
demonstrated as follows. The infrared spectra of 
each unknown was taken from 5 to 14 n, and in 
every case and at every point, the curves of the un
knowns lay between the curves of the two diastereo
mers of III. The sensitivity of this method is 
demonstrated by the fact that at the two wave 
lengths where the greatest differences between III , 

(6) (a) D. J. Cram and F. A. Abd Elhafez, ibid., 74, 5S28 (1952); 
(b) 74, 5846 (1952); (c) 74, 5851 (1952). 
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C6H5 

CH3 

- C - C H 2 -

OH 
VI 

-C6H6 <-
1,SOH 

2, LiAlH1 

C6H6-

CH1 

I 
- C H - C H - C 6 H 5 

I 
X 

IV 

1, SOH 

2, LiAlH4 

C6H; 
I 

-> C H 3 - C H - C H - C 6 H 3 

V and VI are found (see Table I) , the optical densi
ties of the unknown mixtures lie between 0.12 and 
0.1.3 at X 10.55 /J. and between 0.13 and 0.14 a t X 
11.39 n (see Table I for corresponding optical 
densities of V and VI) . The unknown mixtures 
were therefore analyzed as a two-component system 
consisting of erythro- and threo-lll. Figure 2 is a plot 
of optical density vs. per cent, composition of known 
mixtures of L-ervfhro- and L-threo-UI at X 10.22 i± 
and X 12.73 /u. 

100 

5 6 7 8 9 10 11 12 13 
X(M). 

Fig. 1.—Infrared spectra of homogeneous films (0.03 mm. 
thick) of isomeric alcohols taken with a Beckman IR2T 
spectrophotometer (NaCl prism): A, L-erythro-l,2-di-
phenyl-1-propanol; B, L-<Ar?fl-l,2-diphenyl-l-propanol; C, 
l,2-diphenyl-2-propanol; D, l,l-<liphenyl-2-propanol. 

Since in the solvolysis runs optically pure start
ing materials were always used, the final alcoholic 

OH 
V 

TABLE I 

EXTINCTION COEFFICIENTS OF THE FOUR ISOMERIC D I -

PHENYLPROPANOLS IN THE INFRARED AT THOSE WAVE 

LENGTHS USED FOR ANALYSES" 

Slit width 
Compounds'' (mm.) = 

i.-erythro- 1,2-Diphenyl-1 -
propanol (III A) 

L-threo-l, 2-Diphenyl-1-
propanol (III B) 

1 ,l-Diphenyl-2-propanol 

(V) 
1,2- Diphenyl-2-propanol 

(VI) 

X 10.22 
0.568 

0.482 

.891 

.157 

.141 

Optical densities, n 
X 12.73 

1.055 

0.729 

.321 

.147 

.275 

X 10.5a 
0.605 

0.121 

. 130 

.712 

.796 

— . X 11.39 
0.740 

0.141 

.136 

.501 

.187 

" Beckman spectrophotometer, Model IR2T, NaCl prism 
and cells. b Although these compounds are solids, they can 
be kept at room temperature as supercooled liquids for short 
periods of time. c Liquid films, 0.03 mm. thick were em
ployed. 

Optical density. 
Fig. 2.—Plot of optical densities vs. composition of homo

geneous films (0.03 mm. thickness) of known mixtures 
of L-erylhro- and L-^reo-l,2-diphenyl-l-propanol (Beckman 
infrared spectrophotometer. Model IR2T. 

mixtures were also analyzed polarimetrically. 
Figure 3 is a plot of optical rotation vs. per cent, 
composition of known mixtures of h-erythro- and 
L-threo-lll. Table II reports the results of the 
solvolysis runs in formic and acetic acids. In con
trol run 9 (Table II) the pure formate of the erythro 
diastereomer and in run 10 a mixture of 80% threo-
2 0 % erytkro-forxnate were allowed to stand in the 
solvolysis mixtures under the conditions that simu
lated the solvolyses. The isomers equilibrated to 
give the same product composition as was found in 
the solvolysis of the halides in formic acid. In an
other control run the more labile threo isomer of 
1,2-diphenyl-l-propyl acetate was shown to persist 
under the reaction conditions of runs 7 and 8. 

Table I I I reports the results of the t reatment of 
the two diastereomers of I I I with thionyl chloride, 
phosphorus pentachloride, phosphorus tribromide 
and hydrogen bromide plus sulfuric acid. The di-
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TABLE II 
C«H6 

DISTRIBUTION OF DIASTEREOMERIC PRODUCTS FROM SOLVOLYSES AT 25°, P = CH3—CH—CH-
erythro-
Halide 
recov., 

-CjH5 

Run Starting 
no. material0 SoIv. 

1 L-erythro-P-Cl HCO2H 
2 L-threo-P-Cl HCO2H 
3 h-erythro-P-Br HCO2H 
4 L-ZAw-P-Br HCO2H 
5 L-erythro-P-OBros. HCO2H 
6 D-threo-P-OBros. HCO2H 
7 h-erythro-P-OBros. AcOH 
8 n-^refl-P-OBros. AcOH 
9 n-erythro-P-OCHOi HCO2H 

10 80%-v-threo-20%-
n-erythro-P-OCHO" HCO2H 

Time, 

hr. 

1344 
264 

1344 
96 

5.5 
1.0 

45 
4 

96 

24 

% 
50 

3 
46 

5 

Yield 
olefin, 

% 
2 
5 
3 
3 
6 
2 
4 
3 

Yield, 

% 
43 
80 
44 
82 
85 
90 
88 
86 
91 

87 

POH from solvolysis productb-
•erythro, %-

58.0° 
57.9 
58.0 
57.8 
58.8 

-49.7 
54.1 

-51.0 
-57.9 

-57.7 

By 
a 

55 
55 
55 
55 
59 
27 
40 
30 
55 

54 

By I. R. 
1st. 

56 
57 
55 
55 
62 
31 
37 
31 
55 

55 

2nd. 

55 
56 
55 
55 
62 
30 
33 
29 

55 

By 
a 

45 
45 
45 
45 
41 
73 
60 
70 
45 

46 

-threo, % . 
By I. R. 
1st. 2nd. 

44 
43 
45 
45 
38 
69 
63 
69 
45 

45 

" Physical properties of these starting materials (except the formates) have been previously reported (ref. 6c). 
Experimental for procedure of obtaining alcohol from the esters. " c, 5% CHCl3. * See Table IV for properties. " 
position demonstrated by rotation of alcoholic mixtures obtained upon reduction of this ester (see Experimental). 

TABLE II I 

DISTRIBUTION OF DIASTEREOMERIC PRODUCTS FROM THE 

SUBSTITUTION OF HALOGEN FOR HYDROXYL GROUP 

CH 3-CH-CH-C 6H 6 = P 

45 
44 
45 
45 
38 
70 
67 
71 
45 

45 

'See 
Com-

Run 
no. 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Config." 
starting 

POH 
DL-eryihro 
vL-erythro 
L-erytkro 
w-threo 
DL-threo 
v-threo 
DL~erythro 
DL~tkreo 
DL-erythro 
h-erythro 
T>L-threo 
h~threo 
t/i^erythro 
DL-threo 

C6HB 

Reagent 
SOCh 
SOCh 
SOCh 
SOCh 
SOCh 
SOCh 
PCU 
pen 
PBn 
PBn 
PBn 
PBn 
HBr-H2SOt 
HBr-HsSOt 

Molar 
ratio 

reagent 
to 

POH 

2:1 
8:1 

:1 
:1 

8:1 
10:1 
2 
2 
3 
3 
3 
3 

29: 
2: 

.4-1 

.4-1 
:1 
:1 
:1 
:1 

Pro-
ced.& 

A 
A 
A 
A 
A 
A 
B 
B 
C 
C 
C 
C 
D 
D 

Total 
yield, 

% 
95 
92 
93 
94 
94 
88 
95 
95 
88 
92 
90 
94 
92 
90 

Product-
ratio 
threo-

P-X to 
erythro-

P-X 

2.6:1 
2 .0 :1 
1.5:1 
4.3:1 
Only threo 
Only threo6 

4 .3 :1 
5.4:1 

3:1 
1 

5:1 
8:1 
2:1 
8:1 

2 . 8 : 

H1 

C6H^ 

" See Table I, paper X I I I (ref. 6b) of this series "for the 
physical properties of the starting materials. b The melt
ing points and rotations of the products are recorded in the 
experimental part. " From the rotation of the crude mate
rial isolated (see Experimental part) it appears that this 
material contained about 4 % of L-eryJAro-chloride. 

astereomeric halides were in each case separated by 
fractional crystallization. The erythro isomers of 
both active and racemic chlorides and bromides are 
virtually insoluble in ethanol (40°) whereas 
the threo isomers are highly soluble. In con
trol runs (see Experimental) the more labile 
/!/^eo-chlorides were demonstrated to be com
pletely preserved whereas the ^reo-bromides 
were shown to isomerize to ery^ro-bromides 
only to a minor extent under the conditions 
their formation. 

Discussion 
Solvolyses of the Halides and Esters of the 1,2-

Diphenyl-1-propyl System.—In all of the solvolyses 
of the 1,2-diphenyl-l-propyl system, no molecular 
rearrangements were detected, and the only struc
tural changes observed involved the modification 
of the stereochemistry of only one of the two asym
metric centers of the starting material. Evidence 

Fig. 3.—Plot of specific rotation (c 5 % in CHC1S) VS. 
composition of known mixtures of optically pure L-threo-
and L-ery^ro-l,2-diphenyl-l-propanol. 

against either hydrogen or phenyl migrations oc
curring is found in the absence of V and VI among 
the final alcoholic reaction products. Evidence 
against a methyl migration is less substantial. 
Should an intermediate such as VII (a trans bridged 
ion is more probable than its cis counterpart)7 be 
involved in a methyl migration reaction, an identi
cal product could be obtained whether or not a 
molecular rearrangement had occurred. If an 

- C - C H - C 6 H 5 
C6H5' 

, C - C , 
SOH 
- H * 

C6H5I 

L-threo- or erythro-
1,2-diphenyl-l-propyl-X 

Of 

VII 
trans bridge 

- C H - C 6 H 5 

C H / OS 

L-threo- or L-erythro-
1,2-diphenyl-1 -propyl- OS 

analogous process produced the corresponding cis 
bridged ion, then rearrangement could be detected 
since racemized products would result. The close 
correspondence between the infrared and polari-
metric analyses of the alcohols ultimately obtained 
(see Table II) indicate that no racemizing stage was 
involved in the solvolyses. Although no methyl 
migration was detected in the solvolyses of the 3-

(7) (a) D. Y. Curtin and P. I. Pollak, Taia JOURNAL, 7S, 961 
(I960), (b) TS, 992 (ISSl). 
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phenyl-2-butyl system,5b extensive methyl migra
tion was found in the solvolysis of the 3,4-diinethyl-
4-phenyl-3-hexanol system, ; ,c particularly in formic 
acid where the products themselves underwent con
tinued reaction. Since the formates initially pro
duced in runs 1-4 were demonstrated to be capable 
of undergoing further extensive transformations 
(runs 9 and 10), and since the formates stood for a 
long time in runs 1 -4 , the possibility does exist tha t 
methyl migration did occur which went undetected 
because the sequence involved VII as an interme
diate. 

Of the solvolyses reported in Table II , the prod
uct balances in ' runs 1-4, 9 and 10 would appear 
to be thermodynamically controlled, whereas in 
runs 5 and 6 in the same solvent (formic acid), the 
diastereomeric esters must have only partially 
equilibrated. Since identical product distributions 
were obtained from six different materials in runs 
1-4, 9 and 10, equilibrium must have been reached, 
and the equilibrium constant between erythro- and 
//jreo-l,2-diphenyl-l-propvl formates in formic acid 
at 25° amounts to 1.23, and AF0 - - 120 cal. It is 
likely tha t A and B represent the most stable of the 
rotational conformations of the two diastereomeric 
formates (two large groups trans), and that the 
small difference between the stability of A and B is 

II>6, VO -CII 

IT' I XCH-
C0H5 

A 
(i.-threo) >• 

IP = - 1 2 0 c a l . / m o l e 
(so lu t ion in formic acid a t 2 5 ° ) 

H v
C 6 , H V B r 

I I C — O v 6i 6 J I 

I F ; X C H 3 

C 0 H 5 

B 

(\.-erythro) 

Br. C 6 Hi 

Y 

H 

W •Br I l / I ^ B r 
C 6 H 5 C 6 H 5 

C D 

d,l-a,a'- >• meso-a,a'-
d ib romos t i l bene d ib romos t i l bene 

AP = > - 8 0 0 c a l . / m o l e 
(solut ion in ca rbon t e t r a c h l o r i d e a t r o o m t e m p e r a t u r e ) 

due to the differences in the steric situations in A 
and B. The differences are t ha t A has one CH 3 >< 
C ) - C — H and one H x H steric repulsion and B has 

!I O 

o I! 
one CH3 x H and one H X O—C—H steric repul
sion . 

Since equilibrium constants between diastereo-
mers in acyclic systems have never been measured 
before, about the only da ta tha t provide any kind of 
comparison are those of Buckles, et al.,s who found 
tha t (f,/-a,a'-dibromostilbene was transformed into 
the weso-isomer when subjected to the action of 
either bromine or iodine and light. When the re
action was carried out in carbon tetrachloride a t 
room temperature, an 8 0 % yield of raeso-dibromide 
was isolated. Although equilibrium may or may 
not have been established in this experiment, the 

(S) R. E. Buckles, W. E. Steinmetz and N. G. Wheeler. T H I S 
JOOKNAL. 7«, 2496 (19B0). 

results indicate tha t AF° for the transformation 
amounts to a t least 800 cal./mole. The difference 
in stability between the isomeric dibromostilbenes 
appears to be greater than the difference in stability 
between the diastereomeric 1,2-diphenyl-l -propyl 
formates, although the steric situations in the two 
sets of molecules are probably nearly comparable. 
The greater difference in dipole moment9 in passing 
from the d,l- to the weso-dibromide as compared to 
the corresponding differences in the isomeric form
ates provides a probable explanation for this 
phenomenon.10 

In the solvolyses carried out in acetic acid (runs 
7 and 8), the product balances were kinetically con
trolled (the acetates once formed persisted), and 
the differences in the distribution of products 
from the two diastereomeric s tar t ing materials 
indicate tha t the reactions were partially stere-
ospecific, partially non-stereospecific in character. 
As in the case of the solvolysis reactions of 
other but similar systems,6 '11 solvent mole
cules and the phenyl on the adjacent carbon atom 
both become involved in the departure of the bro-

OBros. 
! AcOH 

CH 3 -CH-CH-C 6 H 1 , > threo-3.ceta.te/erythro-aceta.te 
I 25° 

C6H5 

(run 7) erythro-hrosy\a.te—>• 1.7 / 1 
(run 8) f/sreo-brosylate *• 2.3 / 1 
sylate group from the molecule. Char t I outlines 
both the stereochemical relationships in question as 
well as a mechanistic rationalization of the data. 
In this scheme, the formation of bridged and open 
ion pairs compete with one another as primary 
processes (processes A and B in the erythro and A ' 
and B ' in the threo systems, respectively). Processes 
A and A ' represent substitution reactions12 occur
ring with retention of configuration whereas the 
stereochemistry of processes B and B ' are gov
erned partially by the secondary processes C, C , D 
and D ' and partially bv the tert iary processes E, F 
and F ' . 

Although the distribution ratios of products in 
runs 7 and 8 are quite close together and decidedly 
favor threo material, to the extent tha t the over-all 
steric results are specific in nature, substitution with 
retention of configuration appears to apply. These 
facts provide evidence t ha t processes A and A ' do 
consume par t of the respective start ing materials, 
and they suggest tha t process A ' is more important 
in disposing of ^reo-brosylate than process A is in 
disposing of erythro-brosylate. Since process A ' 
involves iraws-phenonium ions and process A, cis-
phenonium ions, and since the former are more 
sterically favorable,7b '6c the observed disposition of 
products is not unexpected. 

With threo starting materials (run 8) only 3 0 % of 
the acetate produced possessed an inverted con
figuration, and therefore process B ' - C could at the 

(9) A. Weissberger, ibid., 67, 778 (1945). 
(10) S. Mizushima, Y. Morino and T. Shimanouchi, J. Phys. Ckem., 

66, 324 (1952). 
(11) S. Winstein and K. S. Schreiber, T H I S JOURNAL, 74, 2171 (19.J2.. 
(12) The mechanism of the simple solvolytic substitution reaction 

has been recently discussed both by S. Winstein, E. Grunwald anJ H 
Jones [ibid.. 78, 2700 (1951)) and by C. G. Swain and VV. P I.ungsdorf 
[ibid., 73, 2813(1951)1. 

threo-3.ceta.te/erythro-aceta.te


Jan. 20, 195!; SOLVOLYTIC-SUBSTITUTION REACTIONS IN THE 1,2-DlPHENYL-l-PROPYL SYSTEM 3 4 3 

C H 3 - C H - C H - C 6 H 5 • C H 3 - C H - C H - C 6 H 6 - * * C H 5 - C H - C H - C 6 H s • C H 3 - C H - C ^ . 

H , 
CH,» 

{e.g., run 7) 

L-erythro 
deriv. of I I I 

process B 

H, 
CH3^ 

diostereomeric solvated 
open ion-poirs 

most account for 30% of the total acetate. Fur
thermore, if one judges from the relative rates at 
which the two diastereomeric brosylates enter into 
bimolecular substitution reactions,60 process B ' - C 
should be more important in run 8 (^reo-brosylate) 
than process B-C is in run 7 (ery^ro-brosylate). 
I t seems probable on the basis of work 
done on the acetolyses of other benzyl-
type systems13 that not more than 10% 
of the acetate produced by processes B 
and B ' (runs 7 and 8, respectively) also 
involved secondary processes C and C . 
Therefore, the great preponderance of 
the 63% of inverted acetate produced 
in run 7 probably arose by a path other 
than A or B-C, yet by a path which 
provides largely ^reo-acetate. If route 
B-D'-E is important, then the disolvated 
open ion must collapse predominantly 
to threo product. A more likely route 
is B-D-F ' in which the disolvated open 
ion collapses to iraras-phenonium ion, 
which in turn goes to /Areo-acetate. 
Process B-D-F ' should predominate 
over B-D-F because of the enhanced 
stability associated with a trans bridged 
ion (methyl and phenyl trans) as com
pared to a cis bridged ion. 

The results of runs 5 and 6 in which 
erythro- and threo-brosylates were sub
mitted to formolysis are significant in 
spite of the fact that the formate prod
ucts underwent further reaction after 
their initial formation. In neither run 
were the products equilibrated, and the 
data clearly indicate that the initial 
solvolysis reaction must have produced 
formate largely with retention of configuration. 
Therefore in formic acid, processes A and A' 
must have played a predominant role, a fact which 
is consistent with the poor nucleophilic character 
and strong ionizing power of this solvent. The 
observation that phenyl participation in solvolytic 
substitution reactions is enhanced in formic as 
compared to acetic acid has been previously 
made.14'5b 

*-H The phenonium ions involved in 
these processes appear to collapse ex
clusively in one direction, the three-
membered ring always being opened 
at the carbon atom carrying the phenyl 

(rather than the methyl) group. This phenomenon 
is associated with the relatively greater contribu
tions of resonance forms c and d to the phenonium 
ion hybrid as compared to form a. It is interest
ing to note that the geometry of the hybrid must 
represent a compromise between that which allows 

CHART I 

process 
A 

' C 6 H 5 

~H 

CH3< ' c , -v c > 
' C 6 H 5 

SOH 

*-
- H X 

SOH 

A 
' C 6 H . 

process C 

- X -I- SOH 

process D 

£75-phenonium-
X ion-pai r 

i-threo-0S 

' C 6 H 5 

c/5-phenonium-
OS ion-pair 

- H 2 O S 

H s 

CHjd V 
H, 

CH 3 S 

C6H5
7 

process B 

C6H. 

^C-CH-C 6 H 5 

A 
H S 

disolvated open ion 

-X+SOH 4 I 

6 n5 

process F 

-H;0S 

process E 

-H.0S 

only 

i-erythro-OS 

i-threo-OS 

only 

\_ 

process D 

- H X 

process F 

H^ 

CH3W 

process C 

process 
A' 

>- i-erytnro-0-S 

:c—C-. 
* H 

^C 6H 5 

{e.g., run 8 ) 

L-threo 
deriv. of I I I 

CH3 ' -err/ 

trans- phenonium -
X ion-pair 

/r£7/7s-phenonium-
OS ion-poir 

(run 5) erythro-

brosylate 

(run 6) threo-

brosylate 

(runs 1-4, 9 and 

10) various start

ing materials 

HCO2H 
*• 

5.5 hr. 

HCO2H 

1.0 hr. 

HCO2H 

threo-iormate/erythro-iormate 

1 / 1 . fi 

time enough for 

equilibration 

2 .5 /1 

1/1.2 

(13) In the acetolysis of a-phenylneopentyl tosylate, 10% pre

dominant inversion was observed (ref. 4b), whereas in the acetolysis of 

a-phenylethyl chloride, 16% predominant inversion was found [ref. 3 

and S. Winstein and D. Trifan, T H I S JOURNAL, 7*, 1151 (1952)]. 

(14) S. Winstein, M. Brown, K. C. Schreiber and A. H. Schlesinger, 

ibid., 7 i , 1140 (1952). 

the maximum distribution of charge in the bridging 
phenyl and that which allows the maximum dis
tribution of charge in the second phenyl group. As 
has been pointed out by Curtin,7a the contribution 
of forms represented by d would be considerably 
diminished for steric reasons in the cis- as com
pared to the iraras-phenonium ion. 

Reactions of the Diastereomeric 1,2-Diphenyl-l-
propanols with Various Halogenating Agents.— 
The most striking thing about the data of Table III 
is that the distributions of products between the 
two diastereomers in these halogenation reactions 
roughly parallel those distributions found for the 
products of the acetolysis reactions. With all 
four halogenating reagents, threo products pre
dominated markedly when the starting material 
possessed the threo configuration, and slightly when 
the starting material was of the erythro configura
tion. These results suggest that the general 
mechanistic features of the acetolysis and halo
genation reactions are similar, and that the balances 
between the processes of Chart I do not vary 
widely in these two reactions, providing the con
figurations of the starting materials are the same. 
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A number of observations have been made in 
* 

which systems of the general type C6H5—CH—R 

OH 
react with thionyl chloride or other halogenating 
reagents to give products of the same configuration 
as that of the starting material,15 and this type of 
steric result has been attributed to an SNI mecha
nism in which the bond making and breaking proc
esses at the asymmetric carbon atom occur simul
taneously.16 The current results would tend to 
support the hypothesis set forth earlier17 that at 
least some of these halogenating reactions occur by 
way of ion-pair intermediates, the anion of which 
can in some cases decompose to give a new ion pair 
which in turn can collapse internally to give halide 
products with retention of configuration, and in 
other cases the cation of the ion-pair can become 
involved at the back with either dissolved nucleo-
philes or with unsaturated groups on adjacent 
carbon atoms. 

The halogenating reagents of Table III can be 
arranged in the order, HBr + H2SO4 > SOCl2 > 
PBr3 > PCIs in their ability to give halide with 
retention of configuration when the unfavorable 
ery//i/'0-l,2-diphenyl-l-propanol is the starting ma
terial. An inverted order is obtained if one con
siders the ability of these reagents to give the same 
mixture of products from either starting material. 
As in the case of the solvolysis reactions, the im
portance of processes A and A' of Chart I would 
appear to increase with increasing ionizing power of 
the reaction medium. It is of interest to note that 
in runs 11-13, the larger the molar ratio of thionyl 
chloride to erythro-alcohol, the greater was the 
proportion of erythro-halide. formed. These changes 
are probably due to the differences in the concen
trations of the HCl produced during the initial 
formation of the chlorosulfite. This strong acid 
could possibly enter into reaction with either the 
starting alcohol or with the chlorosulfite to promote 
those processes that give the same balance of prod
ucts from starting material of either configuration. 

Experimental Part 
Solvolyses of the Brosylate Esters of the erythro and 

rtreo-l,2-Diphenyl-l-propanol.—The method will be illus
trated with the procedure employed in run 7 of Table I I . 
A mixture of 1000 ml. of pure dry glacial acetic acid, 22.3 
g. of anhydrous potassium carbonate (0.16 mole) and 36.2 
ml. of pure acetic anhydride was allowed to stand for several 
hours. A mixture of 100 ml. of this solution (0.32 ATin po
tassium acetate) and 8.63 g. of the brosylate of h-erythro-
1,2-diphenyl-l-propanol6c was allowed to stand at 25° for 
45 hours (the ester went into solution over a period of the 
first few hours). At the end of this time the solution was 
poured into ice-water, and the mixture was extracted with 
pure pentane. The organic layer was washed with water, 
cold dilute sodium hydroxide solution, again with water, and 
was dried and concentrated under 18 mm. pressure to a 
small volume (30 nil.). This solution was slowly dripped 
into a mixture of excess lithium aluminum hydride and 

(15) P. H. Levene a n d L. A Mikeska , / . Biol. Chan., 7S, 587 (1927) ; 
J . K e n y o n , A. G. L y p s c o m b a n d H. Phi l l ips , J. Chem. SoC, 415 (1930); 
J. K e n y o n , H. Phi l l ips a n d F . Tay lo r , ibid., 382 (1932) ; E . D. H u g h e s , 
C. K. I n g o l d a u d I. C. Whitf ield, Xaiitre, 1 4 7 , 2 0 6 (1941) ; P . A. L e v e n e 
and A. Ro then , ./. Biol. Chew.. 127, 237 iHI39) ; ref. 2b . 

i lti* VY. A. Coudrey , K. I), Hughes , C. K. In fo ld , .S. M a s t e r m a n and 
A. I). Soul I, / . Chem. .So,-., I2ii7 ( !937! . 

•17) Ii I C r a m , T i n s |CI I -RNM. , 75 . 332 < 19.13). 

ether. After standing for ten minutes the mixture was 
cautiously treated with ice-water, the organic layer was 
washed with dilute hydrochloric acid, and dilute sodium 
carbonate solution and dried. The solvent was evaporated 
through a short column, and the resulting oil (non-acidic) 
was put on a column of activated alumina (2.5 X 34 cm.) 
made up in pure pentane. After eluting the olefin in the 
mixture with pure pentane (the progress of the olefin down 
the column was followed with an ultraviolet lamp), the alcohol 
was eluted with pure methanol. The methanol eluate was 
concentrated (a short column was used) to 10 ml., and the 
residue was shaken with a 1 to 1 mixture of pure pentane 
and ether and a large amount of water. The organic layer 
was washed twice with water, dried and the solvent was re
moved through a short column. The residual oil was flash 
distilled at 3 mm. pressure to give 4.23 g. of oil which was 
submitted to infrared spectral and polarimetric analyses. 

The pentane eluates from the chromatograph were evap
orated through a short column, and the residual oil amounted, 
to 0.09 g. of olefinic mixture. 

The procedure for the solvolysis runs conducted in formic 
acid was similar in every way except that the solvolyz-
ing mixture was prepared as follows. Formic acid (100.02%, 
pure by titration with Karl Fischer reagent) was mixed with 
freshly fused sodium formate in such a way as to produce a 
0.21 molar solution. The runs in both cases were made 
with 100 ml. of solution and 8.62 g. (0.020 mole) of brosylate 
ester. In runs 5, 6 and 8, homogeneous solutions formed 
immediately. 

Solvolyses of the erythro- and ttreo-l,2-Diphenyl-l-propyI 
Halides,—The physical properties of the halides used are 
reported in Table I of paper XIV of this series.60 The pro
cedure is identical to that used for the brosylate esters ex
cept in the following respects. In each case 0.010 mole of 
halide and 50 ml. of solvolyzing solution (see above) was 
employed. In the cases of runs 2 and 4 the halides almost 
completely dissolved within the first few minutes, but a solid 
of different character started to crystallize very soon. This 
material never did completely solvolyze, and after the times 
shown in Table I this solid was collected and characterized: 
run 2, wt. 0.09 g., m.p. 141-142°, m.m.p. with h-erythro-
1,2-diphenyl-l-propyl chloride, m.p. 141-142°, Ja]22D 
+96.3° (c 1.5 in CHCl3); run 4, 0.14 g., m.p. 157-160°,. 
[a]21D +137° (c 2.2 in CHCl3). In runs 1 and 3 only part of 
the starting material was consumed. The starting material 
recovered had the following properties: run 1, 1.15 g., 
m.p. 14L-142", [a]23D +96.7° (c2.1 in CHCl3); run 3, 1.28 
g., [a]23D +137° (c 2.5 in CHCl3). The rotation of the 
starting materials were: run 1, [a]23D +97.0° (c 2.2 in 
CHCl3); r u n 3 , W28D +137° (c2.1 in CHCl3). The melting 
points depend largely on the rate of heating, especially in the 
case of the eryttro-bromides, and therefore the rotations are 
much more definitive physical constants. 

The filtrates from the alkyl chloride recoveries were 
treated in the same way as were the solvolysis mixtures from 
runs 5-8. 

Preparation of Acetates of the 1,2-Diphenyl-l-propanol 
System.—The acetates of all of the isomers and racemates 
of the 1,2-diphenyl-l-propanol system were prepared by 
the ordinary acetic anhydride-pyridine method, and during 
their isolation, pentane solutions of these esters were passed 
through short alumina columns to remove traces of unre-
acted alcohol. The physical properties of these acetates 
are recorded in Table IV. In each case in which crystalline 
materials were obtained, they were recrystallized from alco
hol ; the liquids were flash distilled. The physical properties 
of the starting materials are recorded in Table I of paper 
XI I I of this series.6" 

Preparation of the eryf/w-o-l,2-Diphenyl-l-propyl For
mates.—A solution of 5.0 g. of ( — )-D-threo-l ,2-diphenyl-l-
propanolSa in 8 ml. of pure chloroform was added to 250 ml. 
of pure, dry, formic acid, and the resulting solution was 
allowed to stand at 25° for 24 hours. The solution was then 
poured into a mixture of ice and water, and the product was 
extracted with pentane. The organic layer was washed 
with water and with sodium carbonate solution, dried and 
evaporated to a small volume (5 ml.). When the solution 
was cooled, hard crystals separated which when crystallized 
from boiling pentane gave 2.7 g. of D-erythro-\ ,2-diphenyl-l-
propyl formate (see Table IV7). The filtrates were com
bined, the solvent was evaporated and the residual oil was 
dissolved and allowed to stand in 200 ml. of pure formic acid 
for 24 hours. When worked up, another 1.4 g. of erythro-
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TABLE IV 

ACETATES AND FORMATES OF THE 1,2-DIPHENYL-I-PROPYL SYSTEM 

Compound 

DL-erythro-acttatt 

DL-rtr«o-acetate 

L-erythro-a.ceta.te 

D-erythro-a.ctta.tt 

h-threo-a.ctta.tt 

D-threo-acttatt 

DL-erythro-formate 

D-erythro-formatt 

L-erythro-formatt 

' c 5 % (CHCl3). 

M.p., 0C. 

109-110 
38-39 
57-58 
59-60 

Oil" 
Oil" 
101-102 
88-89 
88-89 

b » 2 5 D 1.5414. 

Yield, 
% 
90 
87 
94 
91 
82 
86 
60 
54 
57 

" H25D 1.5412. 

[o]«-»D 

+66.4°" 
- 6 8 . 4 ° 

+ 7 . 0 " 
- 7 . I * 

- 8 8 . 2 " 
+ 8 7 . 1 " 

Formula 

CnHi 8 02 

CnHi 8 Oj 

CnHi8Oa 

CnHi 8 Oj 

C17H1SO2 

C17H18O2 

C16H16O2 

C16H16O2 

C16H16O2 
d c 8.5% (CHCl3). 

Carbon, 
Calcd. 

80.28 
80.28 
80.28 
80.28 
80.28 
80.28 
79.97 
79.97 
79.97 

% 
Found 

80.34 
80.24 
80.05 
80.32 
80.51 
80.47 
79.69 
79.92 
79.64 

Hydrogen, % 
Calcd. Found 

7.13 
7.13 
7.13 
7.13 
7.13 
7.13 
6.71 
6.71 
6.71 

7.39 
7.27 
7.14 
7.21 
7.36 
7.35 
6.75 
6.86 
6.68 

formate was obtained. The filtrates were again reworked 
to give an additional 0.6 g. of material. The three samples 
of formates were combined and recrystallized from pentane 
to give a total of 5.2 g. of pure formate, m.p. 88-89° (see 
Table IV). A small sample of this material was reduced 
with lithium alumimrm hydride to give a 92% yield of D-
ery/fo-o-l^-diphenyl-l-propanol, m.p. 71.5-72.5° (unde
pressed by admixture with an authentic sample6b), [a] 23D 
- 6 7 . 1 ° (c 5 % in CHCl3). 

A mixture of formates rich in threo material was prepared 
as follows. A solution of 4.0 g. of D-erythro-formatt in 4 
ml. of pure chloroform was dissolved in 200 ml. of pure dry 
formic acid, and the resulting solution was allowed to stand 
at ,room temperature for 24 hours. The erythro-formatt 
was recovered as in the above procedure (2.2 g.), and the 
ether filtrate was concentrated to an oil which was flash 
distilled at 1 mm. to give 1.7 g. of a colorless oil. This 
material was demonstrated to be 80% D-threo-formate, 2 0 % 
D-eryrtro-formate through its reduction to the alcohol with 
lithium aluminum hydride to give.material [a]24D —49.5° 
(c 3.59 in CHCU). The above formate mixture rich in the 
threo isomer was used in the equilibration experiment (run 
10). 

Control Runs for the Solvolysis Experiments.—As a con
trol for runs 7 and 8, a mixture of 2.54 g. of D-threo-acttatt 
(W26D 1.5411 and W23D - 7 . 1 ° at c 8.6 in CHCl3) and 50 
ml. of the solution used for acetolysis (only 0.3 equivalent 
of base was present) was allowed to stand at 25° for 116 
hours. The product was isolated as in runs 1-8, wt., 2.50 
g. (98% recovery), re25D 1.5412, [a]23D - 7 . 0 ° (c 9.5 in 
CHCl3). 

In run 9 (control for runs 1-6), a solution of 1.15 g. of pure 
D-erythro-formatt dissolved in 3 ml. of pure chloroform was 
dissolved in enough pure dry formic acid to give a total vol
ume of 50 ml. of solution. This solution was allowed to 
stand at 25° for 96 hours (the rotation of the solution had 
ceased to change), the formate was recovered and was re
duced to an alcohol mixture as in the above procedures. 
The result of the analysis of this alcoholic mixture is re
corded in Table I. 

Run 10 was the same as run 9 except that a mixture of 
80% D-threo-20% D-erythro-formatt was used as starting 
material, and the reaction mixture was allowed to stand 
only 24 hours. 

The Reaction of the Isomers of 1,2-Diphenyl-l-propanol 
with Thionyl Chloride (Procedure A).—This procedure is 
illustrated by a description of run 13 (Table I I I ) . To 175 
g. (1.47 moles) of thionyl chloride18 at 0° was added in small 
portions (five minutes) 10.6 g. (0.050 mole) of pure ( + )-L-
eryttro-l,2-diphenyl-l-propanol. The resulting solution was 
allowed to stand a t room temperature for ten hours, and the 
excess thionyl chloride was evaporated under 20 mm. of 
pressure at room temperature. The residual oil was mixed 
with 20 ml. of dry ether, and the resulting solution was 
evaporated under reduced pressure. The residual oil was 
shaken with a mixture of ether and ice-water, the ether layer 
was washed with cold dilute sodium hydroxide solution, and 
then with water. The solution was then dried and the ether 
was evaporated. The residual oil was dissolved in 10 ml. of 
warm absolute ethanol (40°) and allowed to stand at room 
temperature for one to two hours. The mixture was fil
tered to give the solid L-erythro-isomtr, which was recrys-

(18) R e a s e n t was purified hy the m e t h o d <>( D. L. Co t t l e , T u t s 
.!ouRNAi., 68 , IHSO (1!HlII. 

tallized once from boiling absolute ethanol to give 4.26 g. of 
material (37% yield), m.p. 141-142°, [a]MD +97.0° (c 4.1 
in CHCl3). 

The filtrates -were combined, concentrated under reduced 
pressure t o a small volume (10 ml.) and cooled to 0°. 
The well-formed crystals that separated were collected and 
recrystallized from a small amount of ethanol to give (in
cluding a second crop) 6.44 g. (56% yield) of the i-threo 
isomer, m.p. 43-44°, [ « ] D + 7 . 1 ° (c 6% CHCl3). Re
peated recrystallization of this material in which the second 
crop was selected gave material, m.p. 43-44°, [<X]D +2 .2° 
(c 2 % CHCl3). Apparently the last few per cent, of erythro-
halide is removed only with difficulty. This material sol-
volyzes in boiling ethanol and during the recrystallization 
steps care must be taken not to heat the solution over 40° 
and not to leave the solution at this temperature any longer 
than necessary. 

Run 14 of Table I I I was similar to run 13 except that the 
molar ratio of thionyl chloride to starting alcohol was 10 to 
1. The crude product had a rotation of [a] 23D +10.1° 
(c 5 in CHCl3) whereas the recrystallized material (88% 
yield) had a rotation of [a]23D + 7 . 1 (c 5 in CHCl8). In 
runs 12 and 15 the thionyl chloride (0°) was added all at 
once to the alcohol, and in runs 13 and 16 the alcohol was 
added in portions a t 0° to the thionyl chloride. In each case 
the m.p. of racemic erythro-crAoridt isolated was 139-140° 
and the m.p. of the racemic threo-ch\oridt was 53-54°. 

Reaction of the Isomers of 1,2-Diphenyl-l-propanol with 
Phosphorus Pentachloride (Procedure B).—A description 
of run 18 illustrates the procedure. To 25 g. (0.12 mole) of 
phosphorus pentachloride cooled to 0° was added in por
tions 10.61 g. (0.05 mole) of racemic ery^ro-alcohol. After 
the addition was complete a vigorous reaction occurred. 
After the mixture had stood a t 0° for 20 minutes it was 
warmed to 50° for 10 minutes and finally stirred with ice. 
The product was extracted with ether, the ether solution 
was washed with water, with a 3 N sodium hydroxide solu
tion and again with water. The ether layer was dried, the 
solvent was evaporated, and the diastereomeric chlorides 
were separated as in Procedure A. In both of runs 17 and 18, 
the «ry/fo-o-chloride melted a t 139-140° and the threo-
chloride a t 53-54°. 

Reaction of the Isomers of 1,2-Diphenyl-l-propanol with 
Phosphorus Tribromide (Procedure C).—The procedure is 
illustrated with a description of run 22. To 21.2 g. (0.10 
mole) of ( + )-L-^reo-l,2-diphenyl-l-propanol3b a t 0° was 
added 81 g. (0.30 mole) of cold (0°) phosphorus tribromide 
(Eastman Kodak Co. white label). The resulting solution 
was allowed to stand a t 0° for 25 minutes and then poured 
onto ice. After the resulting mixture had been stirred, it 
was extracted with a one-to-one ether-pentane solution. 
The organic layer was washed with water, with a 1 N sodium 
hydroxide solution, with water, and was dried and evapo
rated to an oil which partially solidified upon standing at 
room temperature for a few hours. To this mixture of di-
astereomers was added about 40 ml. of absolute alcohol; the 
mixture was stirred and filtered. The solid was dissolved in 
a minimum of hot chloroform, the solution was filtered and ab
solute ethanol was added until crystals appeared. After com
ing to room temperature the resulting mixture was filtered to 
give 4.0 g. (14%) of ( + )-L-ery/Aro-l,2-diphenyl-l-propylbro
mide, m.p. 158-159°, W82D +136.5° (c 4.5 in CHCl3). The 
melting point of this substance varies between 132 and 159° 
depending on the solvent from which it is recrystallized. 
In some cases, the material appeared to be a mixture of 

L-erythro-a.ceta.te
D-erythro-a.ctta.tt
h-threo-a.ctta.tt
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polymorphic forms with a fairly wide melting point range. 
The melting point depended greatly on the rate of heating. 

The initial filtrate (see above) was cooled and the solid 
that separated was collected to give material which upon 
recrystallization from warm absolute ethanol (40°) gave 
( —)- h-tkreo-1,2-diphenyl-l-propyl bromide, wt. 20.0 g. 
(including second crops), m.p. 60-61°, [a]2ID —51.6° {c 
3.8 in CHCl3). This material solvolyzes rapidly in warm 
ethanol, and therefore the recrystallizations must be con
ducted rapidly. The above material was fractionally re-
crystallized (five cycles) from ethanol, the tail crop being 
collected in each case. The highest rotation obtainable was 
[a]23D - 5 4 . 2 ° (c 5.1 in CHCl8). This material is unstable 
in the presence of water and can only be stored when dry and 
at 0°. When a sample of this bromide is put on wet blue 
litmus paper, the paper changes color within a few seconds. 

The physical properties of the products obtained in the 
other runs are as follows: run 19, racemic erythro-bromide, 
m.p. 149-154°, and racemic threo-bromide, m.p. 60-61°; 
run 20, (4-)-L-ery//jj-o-bromide, m-p. 158-159°, [a] 20D 
+ 135.8° (c 5.4 in CHCl3) and (-)-L-iAreo-bromide, m.p. 
59-61°, [a]»D - 5 4 . 5 (c 5.9 in CHCl3); run 21 racemic 
crythrc-bromide, m.p. 153-157°, and racemic threo-bromidc, 
in.p. 60-61°. Since the melting points of both the racemic 
and active erythr o-broxaide.% were very erratic, the purity of 
the halides was checked by converting samples of the halide 
to olefin with alcoholic KOH solution.60 In every case, 
pure CM-a-methylstilbene appeared as the only product of 
the reaction. 

Reaction of the Isomers of 1,2-Diphenyl-l-propanol with 
Hydrobromic Acid-Sulfuric Acid Mixtures (Procedure D).— 
The procedure is best illustrated with a description of run 
23. A mixture of 5.0 g. (0.0235 mole) of racemic erythro-
1,2-diphenyl-l-propanol, 20 ml. of 4 8 % aqueous hydro
bromic acid and 1 ml. of concentrated sulfuric acid was 
stirred vigorously for 24 hours a t room temperature. Two 
phases were present throughout the reaction. The prod
ucts were isolated as in procedure C. In both runs the 
physical properties of the products were as follows: DL-
erythro-bramide, m.p. 155-159° (undepressed by admixture 
with an authentic sample); vh-threo-bromide, m.p. 60-61° 
(undepressed by admixture with an authentic sample). 
Conversion of a sample of the erythro-bromide to olefin 
produced pure eij-a-methylstilbene.60 

Control Experiments for Reactions of 1,2-Diphenyl-l-
propanol with Halogenating Agents.—Since the threo-chlo-
ride appeared to be the more labile isomer, and since only 
this isomer was soluble in the reagents in question, the con
trol experiments were carried out with this material as 
follows. 

Control in Thionyl Chloride.—Pure racemic threo-chloride 
(11.5 g., 0.05 mole) was melted and dissolved in 2.3 g. 
(0.05 mole) of absolute ethanol. This solution was sub
mitted to procedure A utilizing 60 g. (0.5 mole) of thionyl 
chloride and an addition time of 25 minutes. No erythro-
chloride was obtained, and 11.2 g. (98% yield) of threo-
chloride was recovered, m.p. 53.5-54.5° (undepressed by 
admixture with an authentic sample). A mixture of 0.5 g. 
of racemic thrco-cmoridct and 0.1 g. of erythro-cbloridt was 
dissolved in 5 ml. of boiling absolute ethanol, and the result
ing solution was allowed to cool slowly to room temperature. 
The solid that separated was recrystallized from ethanol 
to give 78 mg. of pure erythr o-cmoride, m.p. 139-140° (un
depressed by admixture with an authentic sample). A 
second crop of 16 mg. of impure erythro-chloxidz was also 
isolated. From the initial filtrates was recovered 0.46 g. 

of threo-chXoride, m.p. 53-54° (undepressed by admixture 
with an authentic sample). 

Control in Phosphorus Pentachloride.—Racemic threo-
chloride (3.53 g.) was melted and mixed with 8.3 g. of phos
phorus pentachloride, and the resulting mixture was heated 
at 100° for 20 minutes. The starting material was recov
ered by procedure B, wt. 3.35 g., m.p. 53.4-54.5° (unde
pressed by admixture with authentic material). No erythro-
chloride was evident. 

Control in Phosphorus Tribromide.—Dry hydrogen bro
mide was passed (20 minutes at 0° and two hours at 25°) 
through a solution of pure racemic threo-bromide. (11.0 g.) in 
32.4 g. of phosphorus tribromide. The mixture was heated 
as described in procedure C to give 1.02 g. ( 9 % yield) of 
erythro-bromide, m.p. 157-159° (undepressed by admixture 
with an authentic sample). This material was converted 
to m-a-methylstilbene (90% yield, m.p. 47.5-48.5°). A 
total of 9.42 g. (85% yield) of threo-bromide was recovered, 
m.p. 60-61° (undepressed by admixture with an authentic 
sample). 

Control in Sulfuric Acid-Hydrobromic Acid.—Pure 
threo-bromide (10.0 g.) was carefully melted and mixed with 
40 ml. of 48% aqueous hydrobromic acid and 2 ml. of con
centrated sulfuric acid. The mixture *vas allowed to stand 
with occasional shaking for 24 hours. When worked up as 
in procedure D, this mixture yielded 0.52 g. ( 5 % yield) of 
erythro-bromide, m.p. 149-154°. This material with eth-
anolic potassium hydroxide gave cis-a-methylstilbene60 

(84%, m.p. 47-48°). A total of 9.2 g. (92% yield) of 
threo-bromide was recovered, m.p. 60-61° (undepressed by 
admixture with an authentic sample). 

Preparation of l,l-Diphenyl-2-propanol.—A solution of 
189 g. of 1,1-diphenylacetone19 in 500 ml. of dry ether was 
added dropwise to a stirred mixture of 20 g. of lithium alu
minum hydride and dry ether. The reaction mixture was 
decomposed on ice, the ether layer was washed with aqueous 
acid, with sodium carbonate solution, and dried. The sol
vent was evaporated, and the residual oil was crystallized 
from pentane to give 176 g. (92% yield) of l,l-diphenyl-2-
propanol, m.p. 60-63°. A sample of this material was re-
crystallized eight times from pentane to give a pure sample 
for analysis and for the infrared spectra, m.p. 63-64°.** 

Anal. Calcd. for C15H16O: C, 84.87; H, 7.60. Found: 
C, 84.84; H, 7.71. 

The £-bromobenzenesulfonate of this alcohol was prepared 
in 8 4 % yield by the usual method,60 m.p. 98.5-99°. 

Anal. Calcd. for C21H19O3SBr: C, 58.47; H, 4.44. Found: 
C, 58.45; H, 4.67. 

Preparation of l,2-Diphenyl-2-propanol.—This com
pound was prepared by the action of methylmagnesium 
iodide on desoxybenzoin21 to give a 90% yield of material, 
b.p. 131-132° (3-4 mm.), M25D 1.5730, m.p. 50-51°. 
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