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tion; the organic layer was separated, dried over potassium
hydroxide and distilled, giving 2-octanol, b.p. 84-86°
(28 mm.), [«]%*Dp +9.10° (homogeneous), #%p 1.4236.

The solid residue was leached with a total of 62 ml. of hot
ethyl acetate, and the leachings, combined with 186 ml. of
benzene, were chromatographed on 137 g. of silica gel.
(+)-DNDBCH-6-one (0.120 g., [«]®*D +52° (¢ 1.1, ethyl
acetate)) and (—)-DNDBCH-6-0l (0.427 g., [«]%®D —54°
(¢ 4.2, ethyl acetate)) were recovered as described for the
previous experiment. Both fractions had infrared spectra
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(KBr wafer) identical with authentic materials. Reduction
of 0.100 g. of the (+)-DNDBCH-6-one and isolation of
product DNDBCH-6-0l (0.061 g., 61%, [a]®D +212° (c
0.24, ethyl acetate), infrared spectrum (KBr wafer) identi-
cal with authentic alcohol) followed the procedure described
in the previous section.

Acknowledgment.—This work was supported in
part by a grant from The Trubek Laboratories.
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The Configurational Intercorrelation of Optically Active Biphenyls by Thermal Analysis’

By MAURIcE SIEGEL AND KURT MIsLow?
RECEIVED JuULy 1, 1957

The configurations of 6,6’-dinitro-, 6,6’-dichloro- and 6,6’-dimethyl-2,2’-diphenic acid have been correlated by the method

of thermal analysis, in the first application of any indirect method to intercorrelations in the biphenyl series.

In conjunc.

tion with previous work,! the S-configuration has thence been assigned to ( —)-6,6'-dichloro- and to ( +)-6,6’-dimethyl-2,2’-
diphenic acid. The method has been extended successfully to the correlation of 6,6’-dichloro- and 6,6’-dimethyl-2,2’-

bis-(hydroxymethyl)-biphenyl.

While absolute configuration may now be as-
signed to key compounds in the series of optically
active biphenyls through use of the general method
earlier developed,! the same purpose also may be
served by configurational intercorrelation within
the series, employing S(—)-6,6’-dinitro-2,2’-di-
phenic acid as the absolute standard. Anticipat-
ing the difficulties which are likely to be encoun-
tered in direct chemical interconversions, we were
particularly concerned with developing a physical
method for achieving the desired end.

Scrutiny of the literature disclosed that in most
instances the melting points of the enantiomeric
forms of the hindered biphenyls lie below those of
the racemic modifications?: racemate formation
appears to be the general case. This observation
encouraged investigation of the method of thermal
analysis* as a means for arriving at configurational
relationships within the biphenyl series.

Optically Active 2,2’-Diphenic Acids.—A major
limitation of the method, as applied to hindered bi-
phenyls, was recognized at the outset: for optically
unstable biphenyls, the relatively high tempera-
tures involved in the establishment of solid-liquid
equilibria are likely to cause enantiomeric intercon-
versions and consequent vitiation of results. The
compounds which were employed in testing the

(1) Configurational Studies in the Bipheny! Series II.
P. Newman, P. Rutkin and K. Mislow, THrs JoURNAL,
(1958),

(2) To whom correspondence regarding the article should be ad-
dressed.

(3) Among the several exceptions: (=)-methy! 6,6’-dinitro-2,2’-
diphenate, m.p. 132-133° (J. Kenner and W. V. Stubbings, J. Chem.
Soc., 593 (1921)), (+)- and (~)-forms, m.p. 141-142° (Part I (ref. 1));
6,6’-dimethyl-2,2’-biphenyldiamine, m.p. 136°, (+)- and (~)-forms,
m.p. 156° (J. Meisenheimer and M. Héring, Ber., 60, 1425 (1927)).

(4) The method, introduced by J. Timmermans (Rec, trav, chim., 48,
800 (1929)), has been brilliantly exploited by A. Fredga (‘“The Sved-
berg,” Almgqvist and Wiksells, Uppsala, 1944, p. 261) and his col-
laborators at Uppsala. For incisive reviews, ¢f. especially J. Timmer-
mans, J. chim, phys., 49, 162 (1952); H. Lettré, Erg. Engymforsch., 9,
1 (1943); and, more recently, K. Petterson, Arkiv Kems, 10, 297
(1956). For previous work in this Laboratory, ¢f. K. Mislow and M,
Heffler, THrs JoURNAL, 74, 3668 (1952); K. Mislow and W. C. Meluch,
tbid., 78, 5920 (1956). Thus far, only centrally asymmetric com-
pounds have been correlated by this powerful method,

Part 1,
80, 465

method, 6,6’-dinitro-, 6,6’-dichloro- and 6,6’-di-
methyl-2,2’-diphenic acid, are, however, optically
stabled; furthermore (a) they are similarly consti-
tuted dicarboxylic acids, 7.e., expected on the basis
of previous work* to exhibit significant differences
in phase behavior, and (b) the absolute configura-
tion of one of their number is known.!

Thermal analysis of mixtures of the three race-
mates with the corresponding optically active
forms revealed no peculiarities. The phase dia-
grams each exhibit simple eutectics, with some evi-
dence of partial solid solution formation, and no
evidence of partial racemate formation®; the only
compound formed between the enantiomeric spe-
cies is the 1:1 racemate.

The phase diagrams of (4-)-6,6'-dimethyl-2,2’-
diphenic acid vs. (4)- and (—)-6,6’-dichloro-2,2’-
diphenic acid (Fig. 1, curves A and B, respectively),
(+)-6,6'-dimethyl-2,2’-diphenic acid vs. (4)- and
(—)-6,6’-dinitro-2,2’-diphenic acid (Fig. 2, curves
A and B, respectively) and (4 )-6,6"-dichloro-2,2’-
diphenic acid vs. (—)- and (+)-6,6’-dinitro-2,2'-
diphenic acid (Fig. 3, curves A and B, respectively)
serve as unambiguous evidence for the desired con-
figurational correlation. In each case, one, the
quasi-enantiomeric, pair forms a congruent and pro-
nounced 1:1 compound (quasi-racemate; arrow,
curves A),” while the other, configurationally re-
lated, pair exhibits continuous solid solution forma-
tion (curves B). This type of a difference in phase
behavior provides a measure of internal consistency,

(5) (a) R. Kuhn and O. Albrecht, Ann,, 486, 272 (1927), have re-
ported on the extreme stability of 6,6’-dinitro-2,2’-diphenic acid.
(b) The optical stability of methy! 6,6’-dimethyl-2,2’-diphenate has
been commented on by D. Aziz and J, G. Breckenridge, Can. J. Re-
search, 28B, 26 (1950). (c) The interference radius of Cl (1.89) is
intermediate between that of NOs (1.92) and CH, (1.73) (G. W, Whe-
land, “Advanced Organic Chemistry,” John Wiley and Sons, Inc.,
New York, N, Y., 1949, p. 210), hence {¢f. a and b) 2,2’-dichloro-2,2’-
diphenic acid is also optically stable.

(6) M. Bergmann and M, Lissitzin, Ber,, 63, 310 (1930); ¢f. how-
ever M. Tomita and Y, Seiki, J. Biochemistry (Japan), 30, 101 (1939).

(7) The maximum in curve 1A is far less satisfactorily expressed
and defined than are those in curves 2A and 3A. 'The possibility of,
for example, incongruent melting cannot be unequivocally ruled out
on the basis of the present data, Qur conclusions remain nnaffected.
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-dinitro-2,2’-diphenic acid

since either compound forination or solid solution
formation alone, coupled with simple eutectic
formation in the diastereomneric mixture, would
ordinarily suffice to establish a configurational rela-
tionship.“ The apparent isomorphism of the three
6,6'-substituents is not surprising.®

The first two phase diagrams (F1gs 1 and 2)1 ead
to the conclusion that (+)-6,6'-dimethyl-, (—)-
6,6'-dichloro- and (—)-6,6'-dinitro-2,2"-diphenic
acids have the same configuration; this inference
is reinforced by the independent evidence of the

(8) The isomeric toluic acids form continuous solid solutions with
the corresponding positional isomers of chlorobenzoic acid (H. Lettré,
H. Barnbeck and W. l.ege, Ber., 69, 1151 (1936)); o-nitrobenzoic
acid forms solid solutions with o-methyl- and o-chlorobenzoeic acids

(H. T.ettré, ihid., 78, 386 (1940)); the interference radii (¢.e.. approxi-
thate sizes) of the three substituents are of comparable magnitude,5
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third phase diagram (Fig. 3). Accordingly,! (+)-
6,6’-dimethyl- and (—)-6,6'-dichloro-2,2’-diphenic
acid have the S-configuration, and the absolute
configuration of all compounds related to these
acids is automatically established. In addition to
(+)-6,6’-dichloro-2,2"-bis- (hydroxymethyl) - bi-
phenyl (see below) this includes the series of com-
pounds recently investigated by Wittig and Zim-
mermann.’

Optically Active 2,2’-Bis-(hydroxymethyl)-bi-
phenyls.—The method described above is limited
to chemically stable and stoichiometrically well
defined compounds; consequently 1,1’-binaphtha-
lene-2,2’-dicarboxylic acid cannot be correlated in
this fashion.! Since 2,2’-bis-(hydroxyiuethyl}-1,1’-
binaphthyl does not share the peculiarities of its
acid precursor,’® the phase belavior of the above-
mentioned diol, 6,6'-dimethyl-2,2’-bis-(hydroxy-
methyl)-biphenyl and 6,6’-dichloro-2,2’-bis-(hy-
droxymethyl)-biphenyl was studied, in the hope of
assigning absolute configuration to the series of
2.2'-substituted 1,1’-binaphthyls.

Thermal analysis of mixtures of the three race-
mates with the corresponding optically active foris
showed that but a single 1:1-racemate is formed in
each case. However, racemate formation appears
to be less pronounced in this series thau in the series
of dicarboxylic acids, as judged (a) by the difference
in melting point of racemates and cnantiomeric
components, and (b) by the “branching” of the
curves, measured as the distance (in percentage
composition) between the two symumetrical eu-
tectic points; the greater differences in melting
point (A m.p.) and the more extensive branching
reflects the greater stability of the racemates of the
diacids, as compared with the racemates of the di-
ols (see Table I). Independently, since the acids
melt ca. 100° above the m.p. of the diols, stronger
intermolecular bonding in the crystal lattice is in-
dicated for the former, as might be expected from
the nature of the substituent groups.

These considerations serve in part to explain the
phase diagrams of (+)-6,6'-dichloro-2,2"-bis-(hy-
droxymethyl)-biphenyl »s. (—)- and (-+)-6,6'-di-
methyl-2,2"-bis-(hydroxymethyl)-biphenyl (Fig. 4,
curves A and B, respectively); while the quasi-

(6, G
PN
ROR e
)/ NS TR ‘——'\\\ NS
Ty L
N % N Vi
ClI, &Hg CH; Cli;
la, R = COOCLH; Ma, G = 0O
b, R = CHOH N
C, R = CI‘IQBI’ b, G = N(Cl[a)g
d, R = CHgCN

(+)1a, (--)-Ib, (+)-Ic, (4 Ila and (4)-IIb were prepared start-
ing from (+)-6,6" dxmethyl 2,2’-diphenic acid (G. Wittig and H. Zim-
mermann, Chem. Ber., 86, 629 (1953)). Further, (4)-1d and the de-
rived iminonitrile were prepared from (+)-Ic.! Accordingly, all of
these compounds possess the S-configuration.

(10) (a) R. Kuhn and Q. Albrecht (Ann., 465, 282 (1928)) and (b)
D. M. Hall and E. E. Turner (J. Chem. Soc., 1242 (1955)) as well as
the present authors, observed that the optically active dicarboxylic
acid melts at ca. 135° with apparent decomposition, while the rucemate
melts at 273° without decamposition; the ¢nantiemeric forms appear
to erystallize with molecules nf solvatiou ((h) above) wlhich are tena
ciously retained even pnder heating 2 vacnn
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Fig. 4—Phase diagrams of (+4)-6,6'-dichloro-2,2’-bis-
(hydroxymethyl)-biphenyl vs. (—)- and (+)-6,6’-dimethyl-
2,2’-bis-(hydroxymethyl)-biphenyl (curves A and B, resp.).

enantiomers!! form a congruent 1:1 compound (ar-
row, curve A), the maximum is not nearly so well
expressed as it is for the quasi-racemates of the
diacids. The configurationally related pair!! ex-
hibits a simple eutectic, with possible solid solution
formation at concentrations below 30% of the di-
chlorodiol (curve B).

TABLE I
MELTING BEHAVIOR OF SOME RESTRICTED BIARYLS
6,6’-Di- 6,6’-Di- 6,6'-Di-
methyl- chloro- nitro-
bi- bi- bi- 1,1’-Bi-
2,2/.Substituent phenyl phenyl phenyl naphthy!
-COOH
M.p. racemic form, °C. 237 2901 267 273
M.p. active form, °C. 213 264 231  (ca. 135)
A m.p., °C. 24 27 36
Branching, % 86 86 ca. 98
-CH.OH
M.p. racemic form, °C. 123 120 144 191
M.p. active form, °C. 123 107 121 165
A m.p., °C. 0 13 23 26
Branching, % 60 78 ca. 84

Since the method of thermal analysis was proven
applicable to the series of 2,2’-bis-(hydroxymethyl)-
biphenyls, the phase behavior of mixtures of (—)-
2,2"-bis-(hydroxymethyl)-1,1’-binaphthyl with the
(+)- and (—)-6,6"-dimethyl-2,2’-bis-(hydroxy-
methyl)-biphenyl was investigated. It was found
(Fig. 5) that the phase diagrams are indistinguish-
able, simple eutectics being formed in both cases.
The comparison substances evidently differ in
structure and geometry to a degree which renders
fruitless the application of a method which is based
on over-all similarities in size and shape. The
limitations of the method thereby have been dem-
onstrated.

Experimental Part!?

Optically Active 2,2’-Diphenic Acids.—These materials
were required for use in thermal analysis and as precursors
for the preparation of optically active 2,2’-bis-(hydroxy-
methyl)-biphenyls. Resolution!® with (-—)-a-phenethyl-

(11) (+)-6,6’-Dichloro-2,2’-bis-(hydroxymethyl)-bipheny! was ob-
tained from (-)-6,6’-dichloro-2,2’-diphenic acid and therefore (see
above) has the R-configuration; (—)- and (+)-6,6’-dimethyl-2,2’-
bis-(hydroxymethyl)-bipheny! have the S- and R- configuration, re-
spectively (ref. 9).

(12) Microanalyses by Schwarzkopf Microanalytical I.aboratory,
Woodside, N. Y.

(13) (a) A. W. Ingersoll and J. R. Little, THis JoUrNaArL, 66, 2123
(1934); (b) W. Theilacker and H. G. Winkler, Chem. Ber., 87, 690
(1954).
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Fig. 5.—Phase diagrams of (—)-2,2’-bis-(hydroxymethyl)-
1,1’-binaphthyl »s. (+)- and (—)-6,6'-dimethyl-2,2"-bis-
(hydroxymethyl)-biphenyl (solid and open circles, resp.).

amine!3 of (&)-6,6’-dinitro-2,2’-diphenic acid, m.p. 265.5-
267°, gave the (—)-form, m.p. 230-231.5°, [a]?®D —127°
(¢ 1.6, methanol) and the enantiomer, m.p. 229-230.5°,
[a]®Dp +127° (¢ 2.4, methanol). Resolution!4 with brucine
of (=£)-6,6’-dichloro-2,2’-diphenic acid, m.p. 289.5-291°,
gave the (+)-form, m.p. 263-264.5°, [a]?D +7.3° (¢ 4.3,
methanol) and the enantiomer, m.p. 261-263°, [a]2D
—7.2° (¢ 4.1, methanol). Resolutions»%15 with morphine
of (=)-6,6’-dimethyl-2,2’-diphenic acid, m.p. 236-237.5°,
yielded the (+)-form, m.p. 211.5-213.5°, [a]?'D +25° (¢
1.2, methanol) [a]%ss +27.5° (¢ 1.2, methanol) (lit.8 [a]D
+15° (methanol); lit.® [a]®D +20.4° (methanol), m.p.
205-207°; lit.5b[a]%g +23.2° (methanol), m.p. 211-212.5°)
and the enantiomer, m.p. 207-211°, [a]%D —22° (¢ 1.0,
methanol). Resolutionb with quinine of (=)-1,1’-bi-
naphthalene-2,2’-dicarboxylic acid, m.p. 269.5-273°, gave
the (—)-form, m.p. ca. 135° dec., [«]¥D —84° (¢ 0.46, 0.1
N NaOH), [a]2%4s —123° (¢ 1.4, 0.1 N NaOH) (lit.!%= m.p.
ca. 135° dec., [a]??D —101.6°; lit.®b m.p. ce. 120° dec.,
[cz]22545 "'125.20).

Optically Active 2,2’-Bis-(hydroxymethyl)-biphenyls.—
All of these materials were prepared by lithium aluminum
hydride reduction of the acids described in the preceding
section. Thus (=%)-, (—)- and (4)-6,6’-dimethyl-2,2-
bis-(hydroxymethyl)-biphenyl, all melting at 122-123.5°
and having [«]2p 0°, —80° (¢ 2.3, methanol), +31° (¢ 8.1,
methanol), respectively, were prepared®! from (=)-, (+)~
and (—)-6,6’-dimethyl-2,2’-diphenic acid, respectively.
(%)-2,2/-Bis-(hydroxymethyl)-1,1’-binaphthyl, m.p. 190.5~
191.5°, and the (—)-form, m.p. 163.5-165.5°, [a]%%.
—~84° (¢ 1.6, acetone), were prepared®»17 from (=)- and
(—)-1,1’-binaphthalene-2,2’-dicarboxylic acid, respectively.
6,6’-Dichloro-2,2’-bis-(hydroxymethyl)-biphenyl was pre-
pared by lithium aluminum hydride reduction of 6,6'-di-
chloro-2,2’-diphenic acid. The procedure followed was that
employed for the preparation of the methyl analog.%1®
From racemic acid there was obtained a solid, m.p. 119-120°
after recrystallization from benzene.

Anal. Caled. for CiHpClO:: C, 59.4; H, 4.3; Cl,
25.0. Found: C, 59.5; H, 4.4; Cl, 25.3.

(14) G. H. Christie, C. W. James and J. Kenner, J. Chem. Soc., 1948
(1923).

(15) F. Bell, ¢bid., 835 (1934).

(16) E. D. Bergmaun and Z. Pelchowicz, ‘T'Hrs JourNaL, 758, 2663
(1953).

(17) E. D. Bergmann and J. Szmuszkovicz, tkid., 78, 5153 (1951).
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The product similarly obtained from the (+)-acid had
m.p. 106-107°, [«]¥D +75° (¢ 0.63, methanol), [a]¥D
+141° (¢ 0.91, benzene).

Anal. Caled. for CuHpCLO;: C, 59.4; H, 4.3; Cl,
25.0. Found: C, 59.2; H, 4.0; Cl, 25.4.

Melting Points of Mixtures.—Weighed amounts of the
component acids or alcohols were thoroughly mixed and

F. A. McGinN, A. K. Lazarus, M. S1EGEL, J. E. Ricer anp K. MisLow
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method with a Hershberg melting point apparatus; the
heating rate was 1-2°/min. The initial thawing tempera-
tires and the final melting temperatures were recorded,
respectively, as points on the solidus and the liquidus curves,
Figs. 1-5.

Acknowledgment.—This work was supported in
part by a grant from The Trubek Laboratories.
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Direct Configurational Intercorrelation of 6,6’-Dinitro-, 6,6’-Dichloro- and
6,6'-Dimethyl-2,2’-diphenic Acid. Absolute Configuration of 6,6’-Dimethyl-2,2'-
biphenyldiamine!

By Francis A. McGinN, ALLaN K. Lazarus,? MAURICE SIEGEL, JoHN E. Ricct aAND KURT MisLow?
REeceErvep JuLy 1, 1957

6,6’-Dinitro-2,2’-bis-(bromomethyl)-biphenyl, 6,6’-dichloro-2,2’-bis-(hydroxymethyl)-biphenyl and 6,6’-dimethyl-2,2’-
diphenic acid have each been related by chemical paths to 6,6'-dimethyl-2,2/-biphenyldiamine (1) and therefore to each
other. The results serve as unequivocal confirmation of those obtained by the indirect method of thermal analysis and also
provide an absolute configurational assignment for I which is in conflict with the results!s of certain theoretical considerations.
The optical sign of Iis solvent dependent. Evidence is presented that the monoprotonated form in 50 wt.% dioxane has a
sign opposite to that of the unprotonated diamine in the same medium. Approximate values are calculated for the ioniza-

tion constants and for the specific rotations of the unprotonated and monoprotonated species.

The method of thermal analysis has served in the
configurational correlation of (—)-6,6’-dinitro-,
(—)-6,6'-dichloro- and (+)-6,6’-dimethyl-2,2’-di-
phenic acid.* It was felt desirable to confirm these
results by independent, completely unambiguous
means. In the biphenyl series, the most unequivo-
cal method is the chemical one, for retention of op-
tical activity in a chemical transformation involv-
ing the blocking substituents can only imply reten-
tion of configuration: the possibility of racemiza-
tion is the sole alternative.

The desired chemical correlation was achieved by
transformation of 6,6’-dinitro-2,2’-diphenic acid
into 6,6’-dimethyl-2,2’-biphenyldiamine (I), and
conversion of the latter into 6,6’-dichloro- and 6,6’-
dicyano-2,2’-dimethylbiphenyl, obtained from 6,6’-
dichloro- and 6,6’-dimethyl-2,2’-diphenic acid, re-
spectively. Certain attractive alternative paths
were excluded on the basis of previous information:
(a) chemical reduction® or catalytic hydrogenation
(¢f. Experimental) of 6,6’-dinitro-2,2’-diphenic
acid yields the (inactive) dilactam of 6,6’-diamino-
2,2’-diphenic acid as does hydrolysis of the diacetyl
derivative of the latter®® and (b) it has been re-
ported” that compound I cannot successfully be
prepared by the Curtius and Hofmann rearrange-
ments in attempts at conversion from 6,6'-di-
methyl-2,2’-diphenic acid.

S(—)-6,6"-Dinitro-2,2’-diphenic acid has been
converted® to S(—)-6,6'-dinitro-2,2’-bis- (hydroxy-
methyl)-biphenyl. Judging by the observation

(1) Configurational Studies in the Biphenyl Series III.
preceding paper.

(2) Allied Chemical and Dye Fellow, 1956-1957.

(3) To whom correspondence regarding the article should be ad-
dressed.

(4) M. Siegel and K. Mislow, Tars JoURNAL, 80, 473 (1958).

(5) J. Kenner and W, V. Stubbings, J. Chem. Soc., 593 (1921).

(6) J. Meisenheimer and M., Hdring, Ber., 60, 1425 (1927).

(7) F. Bell, J, Chem. Soc., 835 (1934).

(8) P. Newman, P. Rutkin aud K. Mislow, THrs JoUrNa1, 80, 465
(1958).

Part II,

that p-nitrobenzyl alcohol can be smoothly hydro-
genated to p-toluidine, it was anticipated that the
dinitrodiol could be hydrogenolyzed directly to 1.
Contrary to expectations, reduction ceased after ab-
sorption of six moles of hydrogen, yielding S(—)-
6,6” - bis - (hydroxymethyl) - 2,2’ - biphenyldiamine.
The twisted geometry of the molecule apparently
prevents the required orientation for adsorption
on the catalytic surface of the hydroxymethyl, but
not of the nitro groups; to our knowledge similar
observations do not appear to have been reported
previously.?

The route chosen, as a consequence, involved
preparation® of S(—)-6,6"-dinitro-2,2’-bis-(bromnio-
methyl)-biphenyl from the dinitrodiol, followed by
reduction with NaBH~AICL?® to (—)-6,6'-dini-
tro-2,2’-dimethylbiphenyl and catalytic reduction
of the latter to (—)-I,!! which must therefore have
the S-configuration.

S(—)-1'! was converted, via the Sandmeyer reac-
tion, to S(—)-6,6'-dichloro-2,2’-dimethylbiphenyl.
(4+)-6,6"- Dichloro - 2,2’ - bis - (hydroxymethy]l) - bi-
phenyl, prepared* from (+)-6,6’-dichloro-2,2’-di-
phenic acid, was converted to (4)-6,6’-dichloro-
2,2'-bis-(bromomethyl)-biphenyl, reduction of
which afforded R(+)-6,6’-dichloro-2,2’-dimethyl-
biphenyl. The starting acid must therefore have
the R-configuration.

Finally, R(+)-I'! was converted, via the Sand-
meyer reaction, to R(+)-6,6’-dicyano-2,2’-dimeth-
ylbiphenyl. Since (+)-6,6'-dimethyl-2,2’-diphenic
acid could be derivatized to S(—)-6,6’-dicyano-
2,2'-dimethylbipheny], the starting acid has the S-
configuration.

(9) For a summary of hydrogenolysis reactions, ¢f. W. H. Hartung
and R, Simonoff, "‘Organic Reactions,”’ Vol. VII, John Wiley and Sons,
Inc., New York, N. Y., 1953, p. 263.

(10) This reagent mixture has been successfully employed in similar
reductions by H. C. Brown and B. C. S. Rao, Tx1s JoUrNar, 78, 2582
(1956).

(I1) Sign of rotation refers to solveut ethanol; ¢f. Table I.



