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cu,@Diphenylacrylonitrile is converted to  a,@-diphenylpropionic acid on heating with henzyl alcoholic potassium hy- 
droxide. The reaction involves reduction of the ethylenic bond (eq. 2), followed by hydrolysis of the cyano group (eq. 3) .  
With other &aryl substituents, the corresponding propionic acids are formed, accompanied by a,p-diphenylpropionic acid. 
The presence of the latter can be accounted for by a reverse aldol condensation of the acrylonitrile (eq. 6). This side reac- 
tion is avoided by performing the reduction under anhydrous conditions. The procedure makes possible the isolation of the 
intermediate propionitrile in good yield. The corresponding acid can be obtained directly by adding water to the reduction 
mixture and refluxing to effect hydrolysis. 

A method frequently used for the preparation of 
a,p-diphenylpropionitrile consists in treating ben- 
zyl chloride with phenylacetonitrile under anhy- 
drous conditions2 in the presence of a strong base 
such as sodium amide or a metal alkoxide (eq. 1). 

NaNHz 

Yields are usually low3 or else the purity of the prod- 
uct leaves much to be d e ~ i r e d . ~  Few other a,@- 
diarylpropionitriles have been prepared by this 
method.6 Several a-phenyl-@-arylpropionitriles 
have been obtained, in unspecified yields, by re- 
duction of the corresponding acrylonitriles, readily 
prepared from aromatic aldehydes and phenyl- 
acetonitrile, with sodium amalgam.6 Catalytic 
hydrogenation also has been used, but the product 
seems to be of a low purity.' 

Hydrolysis of alp-diarylpropionitriles proceeds 
with diEculty and requires high reaction tempera- 
tures8 An alternative route to a,@-diarylpre 
pionic acids consists in reducing the appropriate 
acrylic acids, prepared by the Perkin condensa- 
tion of arylacetic acids and aromatic aldehydes, 
with sodium amalgam.6*g High yields of the satu- 
rated acids have been obtained by hydrogenating 
the acrylic acids in the presence of Raney nickel.1° 

It has been shown in previous parts of this series" 
that certain types of compounds containing an 

PhCHZCl + PhCHzCN ___f PhCHzCHPhCN (1) 

(1) Part IV, M. Avramoff and Y. Sprinzak. J .  Org. Chcm., 22 ,  571 
(1957). 

(2) Recently the remarkable observation was made that  a,& 
diphenylpropionitrile could be obtained in a 50% yield by interaction 
of benzyl chloride and phenylacetonitrik in the presence of aqueous 
sodium hydroxide and triethylamine [J. Jarrousse, Compt.  rend., 832, 
1424 (195l)j. 
(3) (a) H. Janssen, Ann . ,  250, 125 (1889): (b) D. Shapiro, J. Org. 

Chem., 14, 839 (1949); (c) C. R. Hauser and W, R.  Brasen, THIS 
JOURNAL, 78, 494 (1956). 
(4) (a) M .  Protiva, J. 0. Jilek and J. Pliml, Chcm. Lis ty ,  46, 640 

(1951); C. A . ,  47, 8069 (1953); (b) N. Campbell and E. Ciganek, 
J .  Chcm. Soc., 3834 (1956). 
(5) (a) Ng. Ph. Buu-Hoi and P. Cagniant, Rec. h a w .  chim. ,  64, 

355 (1945); (b) H. Lettrk, W. Haede and L. Schafer, Hoppe-Seyler's 
2. physiol. Chem., P89, 298 (1952). 
(6) P. C. Jocelyn, J. Chcm. Soc., 1640 (1954). 
(7) A. Dobrowsky, Monatsh.. 88, 140 (1951). 
(8) D. Libermann and L. Hengl, Bull. SOC. chim. France, 974 (1951); 

S. Rovira, Ann. chim. (Par i s ) .  Ill] 20, 660 (1845); ref. 4h, cf. also ref. 
5a. 
(9) B. B. Day and V. S. Ramanathan, Proc. Nail. Inst .  Sci. India,  

9, 193 (1943); C. A . ,  43, 5025 (1949). 
(10) (a) D. Papa, H. Breiger and V. Peterson, J. Org. Chem., 14, 

362 (1948); (b) W. D. McPhee and E. S. Erickson, Jr., THIS JOURNAL, 
68, 624 (1946). 

(11) (a) Y .  Sprinzak, ibid., 78, 466 (1956); (b) M. Avramoff and 
Y .  Sprinzak, ibid. ,  78, 4090 (1956); cf. also P. Mastaglli, Ann. chim. 
(Par i s ) .  I111 10, 281 (1988). 

activated ethylenic bond are capable of being re- 
duced by benzyl alcoholic potassium hydroxide. 
It was consequently thought likely that a$- 
diarylacrylonitriles would exhibit the same property 
owing to the presence of the cyano group. In fact, 
when a-phenylcinnamonitrile was heated with the 
above reagent, a,@-diphenylpropionic acid was ob- 
tained in 7oy0 yield. The reaction may be repre- 
sented by the equations 

KOH 
PhCHECPhCN + PhCH20H 

PhCHzCHPhCN + PhCHO (2) 
(2PhCHO + KOH + PhCHiOH + PhCOzK) 

PhCHzCHPhCN + PhCHzOH + 2KOH ----t 
PhCH&!HPhCOiK + PhCHzOK 4- NHs (3) 

A similar result was obtained when a-phenyl- 
cinnamonitrile was replaced by an equimolecular 
mixture of benzaldehyde and phenylacetonitrile. 
Under alkaline conditions these compounds con- 
dense readily (eq. 4) to form the unsaturated ni- 

KOH 
PhCHO + PhCHzCN -+ 

PhCH=CPhCN + HzO (4) 

trile. Moreover, the benzaldehyde can be omitted. 
In this case reaction is initiated by a small 
amount of aldehyde formed by dehydrogenation of 
benzyl alcohollla and possibly also by its oxidation 
by the cyano group.12 The quantity of benzal- 
dehyde required for transforming the bulk of 
phenylacetonitrile into the intermediate unsatu- 
rated nitrile (eq. 4) is then gradually generated in 
the subsequent reduction of the latter (eq. 2). 
However, under these conditions the yield of di- 
phenylpropionic acid is appreciably lower (450j0), 
possibly because of the self-condensation of phenyl- 
acetonitrile. l3 

The assumption that reduction of the double 
bond precedes hydrolysis of the cyano group is 
borne out by the isolation of the saturated nitrile 
in good yield (see below). That only a negligible 
amount of the saturated acid could be produced by 
an alternative sequence as shown in equation 5 is 
confirmed by the observation that little a,@-di- 
PhCHECPhCN + PhCH=CPhCOZH + 

PhCHzCHPhCOzH ( 5 )  

(12) Reduction products, including benzylamine, dibenzylamine and 
lophine, have been obtained in experiments with benzonitrile (un- 
published results). 
(13) E. F. I. Atkinaon and J. F. Thorpe, 1. Chem. Soc., 89, 1906 

(1906). 
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phenylpropionic acid was formed when a-phenyl- 
cinnamic acid was used as the starting material. 

Applying Doering's hydride ion mechanism for 
the reduction of carbonyl compounds by metal 
alkoxidesr4 to the reduction of the ethylenic bond 
in the unsaturated nitrile, the following scheme may 
be written 

$ 8  
[PhCH=CPhC=N f) PhCHCPhCIN f--) 

63 e 8 
PhCHCPh=C=N] + PhCH20 --+ 

e eT [PhCHpCPhCrN +-+ PhCH*CPh=C=h] + PhCHO 

[PhCHZCPhCE-N t+ 
e 

? PhCHzCPh=C=h] + PhCHpOH --++ 
8 

PhCH2CHPhCzN + PhCHzO 
Resonance forms in which a carbon atom is doubly 
linked to carbon and nitrogen have previously been 
postulated for the anion of phenylacetonitrile.l6 
Zwitterionic structures for the anion of a-phenyl- 
cinnamic acid, such as 

03 
63 

PhCHCPh=C" 

08 
\ 

are apparently much less likely. 
"hen a-phenyl-p-methoxycinnamonitrile was 

submitted to the same reaction, the expected a- 
phenyl-@-(p-methoxypheny1)-propionic acid was 
formed; it was, however, accompanied by a consid- 
erable amount of a,@-diphenylpropionic acid. 
The latter presumably results from the liberation 
of phenylacetonitrile from the starting compound 
by a reverse aldol condensation, induced by com- 
petition of the hydroxide ions with the (reducing) 
benzylate ions (eq. 6). The liberated phenylace- 
P-CH30C6HaCH=CPhCN --+ 

tonitrile would then condense with some of the 
benzaldehyde produced in the reduction to form 
a-phenylcinnamonitrile. A similar side reaction 
was observed with other ,8-aryl-a-phenylacrylo- 
nitrilesl6 

As a consequence of the above consideration of 
the role of hydroxide ions, the reduction was at- 
tempted with a solution from which water had 
been removed by distillation to secure complete 
conversion of potassium hydroxide to potassium 
benzylate. Evidently this expedient, designed to 
exclude the side reaction discussed above, should 
also serve to prevent hydrolysis of the saturated 
nitrile formed in the reduction. Actually both 

(14) W. von E. Doering and T. C. Ashner, THIS JOURNAL, 76, 393 
(1953) 

(15) T. W. J .  Taylor and W. Baker, "Sidgwick's Organic Chemistry 
of Nitrogen," Clarendon Press, Oxford, 1937, p. 31.5. 

(10) An analogous replacement of an alkyl group by the benzyl 
group has been observed in this Laboratory in the dibenzofulvene series. 
While benzalfluorene was quantitatively reduced to 9-benzylfluorene 
on treatment with benzyl alcoholic potassium hydroxide,'" ethylidene- 
fluorene furnished, in addition to  the expected 9-ethpltluorene, a con. 
siderable quantity of 9-benzyliluorene (unpublished results). 

ends were achieved. The procedure thus cor- 
stitutes a convenient method for the preparation 
of both a,@-diarylpropionitriles (Table I) and the 
corresponding acids (Table 11). When the latter 
are desired, the requisite amount of water is added 
to the reaction mixture after termination of the 
reduction, and refluxing is continued uritil the 
evolution of ammonia is complete. Obviously, 
when the starting compound is a p-phenyl-cr-aryl- 
acrylonitrile and the acid alone is required, 3 sep- 
arate reduction step is not necessary, and the reac- 
tion is carried out in one step as in the case of a,@- 
diphenylpropionic acid (see Special Procedure in the 
Experimental). 

TABLE 1 
R I 
\ 

/ I  
PREPARATION OF PROPIOXITRILES CHCHCK 

R2' R z  
Yield 

Rl 

Reflux pure 
time, prod., 

I< 2 I< s Inln c/o 
40 G Z h  CsH. H CsHa" 

GO 58 P-ClCeH4 H CeHs 
GO 75 P-CHiOCsHt H CeHab 

3,4-(CH:Od CaHi H CiHaC 30' 48 

O--CH=CH-CH=C- H CsH, 300 .57h 
BO 56 1-CloH7 H CsHs 
60 64* CaHa H l-CioHid 

CaH6 H 3,4(CHaO)zCsHa 1.5 43h 
30 5Zh CsHr CsHa CsHs' 

0-clCeH1 H CsHa 90 3 3 h  

30 5 9  P-CHiCsHc H C6HI 

r 1 

Ref. 3b. *Ref. 5b. c 1Ll.p. 75-76" (from 807, alcohol) 
as compared with 5'7' for a crude product, given by DO- 
browsky.? Ref, 5a. e E,  P. Kohler, Am. Chenz. J . ,  35, 
386 (1905); Chem. Zentr., 77, 11, 46 (1906). f Heated at  
160-170°. 0 Heated a t  185-195". Distilled in  'daC240 
before recrystallization, 

\ 

PREPARATION OF PROPICINIC ;Icins CI-ICIICOJl 
:/ I 

I<:: it,! 
Y i e I <I  

Reflux pure 
t ime,  prod , 

K I I< 2 17 3 ruin. ?? 
CsHs I1  Ca€Ia""i G O  70  

:10  53 O-CICEHI H CsHa 

30 67 3-CHaOCsHt 11 CsHs' 
P-CHiCsHd I3 CsHa 30 71 
3,4-(CHrOz) CaH3 II c 6 d  30 4 1  

P-CICeHd I1 CbHo :IO 53 

, 
0-CH=CH-CH-C--- H CsI1sQ :io 1 I 

45 47 1-ClOH7 l r  CsHs 
CsHi 1% I-CioHrash 60 45 
CsH, 13 3.4(CHiO)zCeH3'"' 60 70 
CsHs CiIIs CsHsC" 150 5 4  

* Prepared by the 
special procedure, but using 100 ml. of benzyl alcohol. 

\V. v.  Miller and G. Rhode, Ber , 
2 5 ,  2017 (1892). e E .  Schwenk, D. Papa, B. Whitman 
and H. F. Ginsberg, J .  0 i .g .  Cizem., 9, 175 (1944). f Ref. 
lob. 0M.p. 10.5" as compared with 95.5" given by P. 
Lambert and P. Mastagli [Compt. rend., 235', 626 (195211. 

M.p. 93-95" as compared with 136-137", given by Papa 
and co-workers (ref. loa). Following their instructions we 
obtained however an acid with a m.p. 93-95", which did not 
depress the m.p. of our product. 3 J. F. Eijkman, 
Chem. Weekblad, 5 ,  685 (1908); Chem. Zentr., 79, 11, 1100 
(1908). 

Prepared by thc special procedure. 

See Experimental. 

Ref. 6. 
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The method also has been tested in one case of a 
fully substituted acrylonitrile, viz., triphenylacrylo- 
nitrile ; both a,P,&triphenylpropionic acid and the 
corresponding nitrile have been obtained in good 
yield. 

Experimental 
Commercial potassium hydroxide, containing 15% of 

water, was used. Melting points are corrected. Unless 
otherwise indicated, the melting points of known com- 
pounds agreed satisfactorily with the literature values. 
The identity of these compounds was also checked by ele- 
mentary analysis. 

Preparation of Acrylonitriles.-~-Phenylcinnamonitrile,17 
a-phenyl-p-clilorocinnamonitrile,18 a-phenyl-o-chlorocin- 
nam~nitrile, '~ a-phenyl-9-methoxycinnamonitrile, 2O a-phen- 
yl - p - methylcinnamonitrile,zl a - phenyl - 3,4 - methylenedi- 
oxycinnamonitrile,22 a-(3,4-dimethoxyphenyl)-cinnamoni- 
t ~ - i l e , ~ ~  a-( l-naphthyl)-~innamonitrile~~ and a-phenyl-@-( 1- 
naphthyl)-acrylonitrile were prepared by the method of v. 
Walther25: several ml. of aqueous 3070 sodium hydroxide 
solution were added to a concentrated alcoholic solution of 
the acetonitrile and the aldehyde in equimolecular propor- 
tions, and the mixture was heated to boiling. The products 
crystallized on cooling and were filtered and washed with 
alcohol. The yields varied between 88 and lOO'%. 
In the case of a-( l-naphthyl)-cinnamonitrile24 the reaction 

mixture was refluxed for 2 hr. The product crystallized on 
dilution with alcohol; m.p. 77.5'. Anal. Calcd. for C19- 
H13N: C, 89.38; H,  5.13. Found: C, 89.40; H, 5.02. 

In  the case of a-phenyl-p-methylcinnamonitrile the crude 
product was extracted with ether and distilled (b.p. 195- 
205" a t  6 mm.) before recrystallization from petroleum ether. 

a-Phenyl-p-( I-naphthyl)-acrylonitrile appears to be new; 
m.p. 113-114" (from alcohol). Anal. Calcd. for CIS- 
Hlai\T: C, 89.38; H, 5.13. Found: C, 89.26; H, 5.12. 

Literature procedures have been used for the preparation 
of a-phenyl-P-(2-furyl)-acrylonitrile20 and a,@,P-triphenyl- 
acrylonitrile. 26 

Preparation of Propionitri1es.-Water was distilled from 
a mixture of 4.0 g. of potassium hydroxide and 110 ml. of 
benzyl alcohol. The operation was terminated by the dis- 
tillation of 10 ml. of benzyl alcohol. The acrylonitrile 
(0.025 mole) was added and the mixture refluxed. In  two 
cases (see Table I) the reaction was conducted a t  a lower 
temperature to avoid decomposition of the starting material. 
After cooling, the mixture was treated with water and ether 
and the ethereal layer washed several times with water, 
dried over sodium sulfate, the ether evaporated and the 
benzyl alcohol removed in vacuo. The residue was either 
recrystallized directly or distilled in z~acuo before recrystalli- 
zation. 

The amounts of potassium hydroxide and benzyl alcohol 
could probably be reduced considerably without affecting 
the yields. This was indicated by supplementary experi- 
ments in which a-phenylcinnamonitrile, a-phenyl-p-meth- 
oxycinnamonitrile and a-phenyl-p-chlorocinnamonitrile, in 
0.025 molar quantities, were treated with a mixture pre- 
pared from 1.65 g. of potassium hydroxide and 30 ml. of 
benzyl alcohol and freed of water by distilling off 5 ml. of 
liquid. 

The following compounds appear to be new27: a-Phenyl- 
8-(o-chloropheny1)-propionitrile, b.p . 164-172" ( 5  mm.) , 
m.p. 65" (from petroleum ether and then from 80% alco- 

(17) S. Wawzonek and E. M. Smolin, "Organic Syntheses," Coll. 
Vol. 111, John Wiley and Sons, Inc., New York, N. Y., 1955, p. 715. 
(18) R. v. Walther and W. Raetze, J .  prakf .  Chem., [21 65, 258 

(1902); Chem. Zcntr., 78, I ,  1213 (1902). 
(19) A. McRae and A. S. Townshed, Can. J .  Research, 11, 628 

(1934); C. A . ,  29, 1077 (1935). 
(20) H. V. Frost, Ann., 250, 156 (1889). 
(21) A. Bistrzycki and E. Stelling, Bcr., 84, 3081 (1901). 
(22) R. v. Walther and A. Wetzlich, J. prakf .  Chcm., [ Z l  61,  169 

(23) J. B. Niederl and A. Ziering, TEIS JOURNAL, 64, 885 (1942). 
(24) This nitrile is described by I. Hecbenbleikner [U. S .  Patent 

2,286,363; C. A., 86, 7224 (1942)l as an  oil, b.p. 240" (less than 1 
mm.). 

- 

(1900); Chem. Zenlr . ,  71, I, 909 (1900). 

(25) R. v. Walther, J .  prak l .  Chcm., 121 53, 454 (1896). 
(26) S. Wawzonek and E. M. Smolin, Org. Synlhcscs, 81, 52 (1951). 
(27) The boiling points are those of the crude nitriles. 

hol). Anal. Calcd. for C16H12ClN: C, 74.55; H, 5.01. 
Found: C, 74.61; H, 4.86. 

d?henvl-d-fb-chloroDhenvlhroDionitrile. m.D. 113- 
114' (from daicd601), A h .  Calcd'. for C16H12(%: C, 
74.55; H, 5.01. Found: C, 74.73; H, 5.01. . 

a-Phenyl-&(+tolyl)-propionitrile, b.p. 200-220' (25 
mm.), m.p- 58"-(from petroleum ether). Anal. Calcd, 
for C1aH16N: C, 86.84; H,  6.83. Found: C, 87.41; H, 
6.57. 
~-Phenyl-@-(2-furyl)-propionitrile, b.p. 185-189' (30 mm.), 

z Z 6 ~  1.5480. Anal. Calcd. for ClSH11NO: C, 79.16; 
H,  5.62. Found: C, 79.20; H, 5.42. 

a-Phenyl+-( 1-naphthyl)-propionitrile, m.p. 85' (from 
alcohol). Anal. Calcd. for CleH15N: C, 88.69; H,  5.88. 
Found: C, 88.69; H ,  6.14. 

a-(3,4-Dimethoxyphenyl)-p-phenylpropionitrile, b.p. 190- 
210' (3 mm.), m.p. 74" (from 80% alcohol). Anal. Calcd. 
for CIIHIINO~: C, 76.38; H, 6.41. Found: C, 76.10; H, 
6.24. 

General Procedure.- 
The acrylonitrile was reduced to the propionitrile as de- 
scribed above. The reaction mixture was left to cool to 
about loo", 1 ml. of water was added and the mixture re- 
fluxed again. After cooling there was added to the mixture 
20 ml. of water, 10 ml. of concentrated hydrochloric acid 
and 250 ml. of ether. The organic layer was washed with 
water, dried over sodium sulfate, the ether evaporated and 
the benzyl alcohol removed in vucuo. The residue was dis- 
solved in 100 ml. of 10% sodium carbonate, the solution was 
extracted with ether, acidified with an excess of concen- 
trated hydrochloric acid and steam distilled to remove the 
benzoic acid present.28 The residue of the steam distilla- 
tion was recrystallized from 5070 alcohol to remove traces 
of a,@-diphenylpropionic acid and then recrystallized from 
the appropriate solvent. 

When reduced amounts of potassium hydroxide and benzyl 
alcohol were used in the reduction (see above), only 0.6 ml. 
of water, together with an additional 2.4 g. of potassium 
hydroxide, were added to effect hydrolysis. 

Special Procedure.-A mixture of 0.025 mole of the acryl- 
onitrile, 4.0 g. of potassium hydroxide and 25 ml. of benzyl 
alcohol was refluxed for 1 hr. The reaction mixture was 
worked up as in the general procedure, except that the crude 
product was recrystallized from the appropriate solvent 
without previous recrystallization from 50yo alcohol. 

The following compounds appear to be new: a-Phenyl-p- 
(o-chloropheny1)-propionic acid, m.p. 122" (from heptane). 
Anal. Calcd. for C16H13C102: C, 69.10; H, 5.03. Found: 

Preparation of Propionic Acids. 

C, 69.14; H, 5.10. 
a-Phenyl-8-(p-chloropheny1)-propionic acid, m.p. 144" 

ffrom benzene). Anal. Calcd. for CIIH,,C102: C, 69.10; ." ._ . 
H-, 5.03. Found: C, 69.30; H,  5.07. 

a-Phenyl-@-( 1-naphthyl)-propionic acid, m.p. 98" (froni 
petroleum ether). Anal. Calcd. for C19HlsOz: C, 82.58; 
H, 5.84. Found: C, 82.58; H,  6.29. 

a-Phenyl-p-(p-tolyl)-propionic acid,?O m.p. 115-1 16" 
(from heptane). Anal. Calcd. for C16H1602: C, 79.97; 
H, 6.71. Found: C, 80.26; H,  6.61. 

a,@-Diphenylpropionic Acid from Phenylacetonitri1e.- 
To an anhydrous solution of 13.0 g. of potassiunl hydroxide 
in 300 ml. of benzyl alcohol, prepared as described in the 
preparation of propionitriles, was added 11.8 g. of phenyl- 
acetonitrile, and the mixture was refluxed for 3 hr. After 
cooling to about loo", 2 ml. of water was added and re- 
fluxing was continued for 45 min. The mixture was 
worked up as described in the general procedure to yield 
10.3 g. (45p/o), m.p. 97-97.5". 
a,@,@-Triphenylpropionic Acid.-The acid was prepared 

as described in the general procedure. The residue left 
after the evaporation of benzyl alcohol was dissolved in 100 
ml. of 10% sodium hydroxide by heating on a water-bath. 
The solution was filtered hot and acidified, and the precipi- 
tated acid was filtered, washed several times with hot water 

(28) The amount of benzoic acid formed usually exceeds the quantity 
calculated on the basis of the reduction reaction, owing t o  the forma- 
tion of some benzaldehyde by dehydrogenation of the benzyl alcohol 
under the reaction conditions [M. Guerbet, Bull. SOC. chim. FYLVICC, [41 
8, 500 (1908) 1. 
(29) A. Spasov and S. Robev [Doklady Akad.  Nnuk ,  S.S.S.R.,  96, 

559 (1954)l attribute this formula to a compound of m p. 18Io. C O D -  

sidering the range of melting points of closely related acids, this value 
appears to be unduly high 
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and dried to afford 4.4 g., m.p. 205-215’. Recrystalliza- 
tion from benzene afforded 3.7 g., m.p. 222-M4’. From 
the benzene solution an additional 0.4 g. was recovered. 

Formation of a,p-Diphenylpropionic Acid in the Reduc- 
tion of a-Phenyl-p-methoxycinnamonitri1e.-A mixture of 
11.8 g. of or-phenyl-p-methoxycinnamonitrile, 8.0 g. of po- 
tassium hydroxide and 200 ml. of benzyl alcohol was re- 
fluxed for 90 minutes. The reaction mixture was worked 
up as described in the general procedure. The residue left 
after the steam distillation was dissolved in 50 ml. of hot 
5070 alcohol, and the semi-solid deposited was filtered by 

suction after several days. It mas fractionated to yield 
4.0 g., b.p. 190-198’ (0.8 mm.), which after several recrys- 
tallizations from 50% alcohol afforded 0.65 g. of a-phenyl- 
P-(p-methoxypheny1)-propionic acid, m.p. and mixed m.p. 
121-123.3’. The mother liquor from the filtration of the 
crude acid, which contained an oily portion, was evapo- 
rated and fractionated to yield 1.5 g., b.p. 170-180” (0.8 
mm.) , which after several recrystallizations from petroleum 
ether afforded 0.6 g. of a,B-diphenylpropionic acid, m.p. 
92-95’, mixed m.p. 94-96’. 
REHOVOTH, ISRAEL 

COMMUNICATIONS T O  THE EDITOR 

MOLECULAR WEIGHTS FROM STUDIES OF 

COMPONENT SYSTEMS 
SEDIMENTATION AND DIFFUSION IN THREE- 

Sir: 
One of the chief methods used to find molecular 

weights of proteins is by combining the results of 
sedimentation and diffusion experiments performed 
with systems of a t  least three components (protein, 
salt, water). Yet the study of interacting flows in 
liquid diff~sionl-~ has shown that Svedberg’s equa- 
tions is not applicable to finding the molecular 
weight of a solute in a three-component system. 
This may be seen readily from the fact that four 
diffusion coefficients are required to describe the 
flows of the two solutes in a three-component sys- 
tem. Moreover, recent studies by Dunlop6s7 have 
shown that the cross-term diffusion coefficients 
D12 and Dzl are not in general negligible in com- 
parison with the main diEusion coefficients Dll 
and 0 2 2 .  The purpose of this communication is 
to derive an equation analogous to  Svedberg’s 
equation for use with three-coniponent, non-elec- 
trolyte systems. 

As a starting point, equation 22 of Hooyman9 
will be used (with somewhat different notation) 
to describe the flow of a solute in a centrifugal 
field. This equation was derivedg by the methods 
of thermodyriarnics of irreversible processes. 

(i = 1,2) (1) 

J = flow relative to the cell, w = angular velocity 
of the rotor, Y = distance froin the center of rota- 

(1) R. L. Baldwin, P. J .  Dunlop and L. J. Gosting, THIS JOURNAL, 

(2) P.  1. Dunlop and L. J .  Gosting, ibid. ,  71 ,  5238 (1955). 
(3) H. Fujita and L. J. Gosting, ibid., 78, 1099 (1956). 
(4) L. J. Gosting. Adrances i n  Prole in  Chem., 11, 429 (1956). 
(5) P. J. Dunlop, J. Phys .  Chem., 61, 994 (1957). 
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tion, = partial specific volume (assumed con- 
stant), p = density of solution, p = chemical poten- 
tial per gram, c = concentration in g./ml., T = 
absolute temperature, P = pressure, t = time; 
for brevity (dpj/b&) will be written pjk. The 
phenomenological coefficients L i j ,  which enter into 
both the term for sedimentation and the terms for 
diffusion, relate the flow of solute i to the “forces” 
causing the flow. This is apparent when equation 
1 is written in the more compact form 

where p ,  is the total potential, per gram, of j .  
Comparison of (1) with the practical flow equation 
used to measure sedimentation and diffusion coef- 
ficients 

shows that 

DII = LIPII + L 1 2 ~  
Drz = LIIPIP + LI?P?Z 

(5a) 
(5b) 

An expression for the molecular weight of solute 1 
( M I )  is obtained by solving (5a) and (5b) for LU 
and LIZ and then by substituting the results into 
equation (4) 

When c2 is held fixed and the Sedimentation and 
diffusion coefficients are extrapolated to zero c1, 
this relation becomes (since6s6 D12 + 0 as c1 + 0 
and, by L’Hopital’s rule, lim (DIt/c1) = ( b D d  

C1-M 


