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rc:icts wry  slowly aut1 is thus a typically hindered Rates of quaternary salt formation have also 
:imine. This observation, togcthcr with othcr been determined for l-dimethylamino-2,6-di- 
rvidence cited, leads to the conclusioii that the methylbenzene, 1 - dimethylamino - 3 - methyl - 4- 
“ortho” effects in quaternary salt formation arc nitrobenzene, and l-dimethylamino-3,5-dimethyl- 
steric effects and are not secondary valence cffects -I--nitrobenzene. 
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The Photochemical Dimerization of trans-Cinnamic Acid’ 

B Y  HERBERT I. BERNSTBIN’ .4ND WILLIAM c. QUIMBY 

Moderately large amounts of a-truxillic acid 
(111) were needed for studies of configurational 
changes during molecular  rearrangement^.^ The 
simplest method of preparation according to  most 
textbooks, should be the irradiation of trans- 
cinnamic acid (I) with sunlight. 

This unanimity, however, is lacking in the origi- 
nal literature. Stoermer and co-workers5 and 
Stobbe and his co-workers6 reported that the trans- 
cinnamic acid yielded principally a-truxillic acid 
upon irradiation in the dry state, while the cis- 
acid was converted into a mixture of a-truxillic 
(111) and p-truxinic acid (11). DeJong,’ on the 
other hand, obtained p-truxinic acid from freshly 
precipitated trans-cinnamic acid. The longer the 
cinnamic acid stood before irradiation, the smaller 
was the yield of 0-truxinic, while that of a-truxil- 
lic a:id increased. 

We have found that irradiation of the conimer- 
cial trans-cinnamic yielded only 0-truxinic acid. 
The same was true of a rapidly precipitated cin- 
namic acid. If the commercial acid was allowed 
to stand for four months, p-truxinic acid was still 
the only dimerization product. However, if the 
trans-cinnamic acid were slowly recrystallized 
from aqueous alcohol, dried and irradiated, the 
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sole product was cy-truxillic acid. Addition of the 
peroxide, ascaridole, to this recrystallized cin- 
namic acid exerted 110 influence upon the reac- 
tion products. The irradiation of an aqueous 
suspension of freshly precipitated trans-cinnamic 
acid is the best known method for preparing 0- 
truxinic acid. 

Stobbea sought to explain his data by means of 
the following transitions : 

&-Cinnamic  acid trans-Cinnamic  acid (I) 

8-Truxinic acid (11) a-Truxi l l ic  acid (111) 
J. .1 

The assumption that only the cis acid yields (3- 
truxinic, while only the trans-cinnamic gives a- 
truxillic acid probably accounts for the textbook 
over-simplification. 

DeJong’ made use of the reported existence of 
two polymorphic forms of trans-cinnamic acid, the 
metastable beta and the stable a l p h ~ . ~ . ~  Both have 
the same melting point. He assumed that the 
beta form isomerized to the cis-cinnamic acid, 
which then combined with a molecule of trans- 
cinnamic to  yield 0-truxinic acid. The a-truxillic 
comes from two molecules of frans-cinnamic acid. 

However, these assumptions seem unnecessary. 
It is possible that in the metastable beta form of 
trans-cinnamic acid resulting from rapid precipi- 
tation, the phenyl groups lie next to each other 
in the crystal, while they are opposite in the stable 
alpha form. 

/* C6H: H)C=C /H CsH5 H)C-c 
\CO,H 1 \CO,H 
/H --+ CsHb JC-C I 1 /H 
\CO,H \CO?H 

C6H5\ 

trans-Cinnamic acid P-Truxinic acid 
quickly precipitated 

18) Erlenmeyer, %*Low and Hery, ib id . .  40, 653 (1907) 
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trans-Cinuarnic acid, a-Tnisillic :wid 
recrystallizcd 

An attempt to test this theory will be made 
when X-ray diffraction equipment beconies avail- 
able. 

Experimentall" 
Irradiation of trans-Cinnamic Acid.-Jn two evaporating 

dishes covered by soft glass watch crystals was placed 
111 g. of trans-cinnamic acid, m. p. 132-133' (Paragon 
Testing Laboratories). They were placed on the roof 
for two months, and stirred about twice a week. The 
solid a t  the end of this period had a m. p. of 125-182'. 
I t  was digested with 700 cc. of ether, and filtered while 
hot. The residue was similarly treated with 250 cc. of 
ether. The final residue was recrystallized from 100 cc. 
of 95% alcohol; wt. 5.0 g., m. p. 195-W7', m. p. 208-210' 
when placed in the bath at 205'. Concentration of the 
alcoholic mother liquor yielded an additional 3.1 g. of 
product, m. p.  and mixed m. p. as above. This product 
would be contaminated with a-truxillic acid, were any 
formed by the photochemical action.'b 

Proof that the product was 8-truxinic acid was furnished 
by preparation of the following derivatives: dichloride, 
m. p. 95-96', known m. p.  9601i; monoethyl ester, m. p. 
131-132', known m. p. 133'10; dimethyl ester, m. p. 
75-76', known m. p. 76O.'* 

Another experiment using 53.5 g. of commercial cin- 
namic acid which had stood in the laboratory for four 
months was irradiated for six months, and worked up as 
above. There resulted 5.9 g. of 6-truinic acid, m. p. 
and mixed m. p. 206-209" (put in bath at 200'). 

Irradiation of Recrystallized trans-Cinnamic Acid.- 
A sample of the cinnamic acid used above was recrystallized 

(10) Melting points uncorrected. All samples of a-truxillic and 
@-truxinic acids melted with decomposition, droplets of water np- 
pearing in the capillary tubes. 

(11) Stowmer and Lachman. Bcr., OSB, 042 (19213). 
(12) Liebermann, i b i d . ,  21, 2348 (1888). 

frotii 50% alcohol, and tlir solid allowed to statid n v w  
night iu its mother liquor a t  No. This convertrd t h e  
white rierdlcs (hefa) '  first thrown down into plates, which 
wc'rc filfrred arid dried, 111. 11. 131-132". For three we& 
43.1 g. of this rnat~.~ial was ewposrd to sunlighl as iri the 
above preparatioii of 8-truxinic acid. When worked up 
exactly as iii this latter rxpcrimrr~t, there resulted 5.8 g. 
of'a-trusillic acid, ni. p. a i d  mixed rn. p. 276-280°.1* 
From the irradiation of 9.0 g. of the recrystallized :in- 
namic acid mixed with 10 drops of ascaridole there was 
ohtained 0.58 g. of a-truxillic acid, m. p. and mixed m. p. 
274-278". 

Irradiation of Freshly Precipitated trans-Cinnamic 
Acid.-A sodium carbonate solution of 100 g. of cinnamic 
acid (Paragon Chemical Laboratories) was acidified, and 
the resulting suspension diluted to 3 liters with water, 
and placed on the roof in a five-liter Pyrex flask. I t  
stood for three nioiiths, and was shaken every few days. 
The mixture was then filtered, dried, and worked up as 
above to yield 41.0 g. of 0-truxinic acid, m. p. and mixed 
m. p. 206-208O. 

The ether and alcohol mother liquors were evaporated 
to dryness, and the resulting precipitate digested with 20 
cc. of petroleum ether, b. p. 60-70". The hot solution 
was filtered, and the filtrate evaporated to dryness. 
There was no residue, indicating an absence of cis-ciii- 
namic acid.4b 
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Summary 

Rapidly precipitated or coinrnerciil truns- 
ciiinaniic acid yielded only 0-truxiiiic acici upoi1 
exposure to suiilight. Only a-truxillic acid re- 
sulted if the fmm-ciunaniic acid was first rccrys- 
tallized slowly. 
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