
24.6 g.), using the previously described procedureeS for 
similar alkylations, gave 23.5 g. (78.87,) of 2-n-butyl-4- 
methylpyridine, b.p. 205-208', which gave a picrate, m.p. 
98.6-99.0' (lit. 88.5-90.5°17). 

Anal .  Calcd. for CleH18N~07: N, 14.81. Found: N, 14.85. 
V. Synthesis of a n  authentic sample of ~ ( 4 - m e t h y l - 2 -  

pyridy1)valerophenG~e. The interaction of phenyllithium (0.2 
mole), 2-n-butyl-4-methylpyridine (0.2 mole, 29.8 g.), and 
methyl benzoate (0.1 mole, 13.6 g.), using the previously 
described procedure for similar acylations,2*'L gave 15.1 g. 
(59.77,',) of CY-( 4-methyl-2-pyridyl)valerophenone, b.p. 168- 
170' a t  1.5 mm. 

Anal .  Calcd. for ClsHlsX0: N, 5.53. Found: N, 6.05. 
This ketone gave a dark, blue-green color with iron(II1) 

chloride solution and gave a picrate, m.p. 109.2-109.6" 
(from 95y0 ethanol). 

Anal .  Calcd. for C23H22N408: N, 11.61. Found: N, 11.56. 
VI, The use of sodium amide to e$ect the benzoylation of 

4-alkylpyridines. (a) 4-Picoline. Undiluted 4-picoline (0.4 
mole, 37.2 8.) was added to a suspension of sodium amide 
[prepared from 0.4 mole (9.2 g.) of sodium in 300 ml. of 
anhydrous liquid ammonia] and the mixture was stirred 
for 15 to 20 min. To the suspension of 4-picolylsodium thus 
obtained, methyl benzoate (0.2 mole, 27.2 g.), dissolved in 
30 ml. of anhydrous ether, mas added over a period of 25 
to 35 min. and stirring was continued for one more hour, 
The reaction was quenched by the addition of excess solid 
ammonium chloride and the liquid ammonia was replaced 
by adding ether and warming on a mater bath. When the 
liquid ammonia had evaporated, as indicated by the re- 
fluxing of the ether, the reaction mixture was poured onto 
a mixture of ice and hydrochloric acid and processed in the 

regular fashion.214 The solvent was distilled from the dried 
ether extracts and on cooling a semi-solid mass was obtained. 
This was filtered and gave 26.4 g. of .i-phenacylpyridine, 
m.p. 112-113.4'. The mother liquor was distilled to give 
4.0 g. of .l-picoline, b.p. 140-145', and 6.9 g. of a solid mix- 
ture of benzamide and 4-phenacylpyridine, b.p. 135-160" 
a t  1.1 mm. This mixture was washed with several portions 
of cold anhydrous ether and filtered to separate the ketone 
from the amide. On the funnel there remained 3.6 g. of 
benzamide, m.p. 126.4-127.6' alone and when mixed with 
an authentic sample. The combined ether washings were 
distilled to given an additional 2.7 g. of 4-phenacplpyridine1 
b.p. 135-150' a t  1.1 mm., m.p. 112-113.5". The total yield 
of the ketone was 29.1 g. (73.8%). 

(b)  4-Ethylpyridzne. The last reaction was repeated except 
that sodium amide (0.2 mole), 4-ethylpyridine (0.2 mole, 
21.5 g.), and methyl benzoate (0.1 mole, 13.6 g.) were used. 
On processing the reaction mixture there was obtained 18.8 
g. of crude product, b.p. 130-147" at  1 mm. This material, 
which crystallized on standing, was filtered and washed 
with several portions of anhydrous ether. Benzamide (0.5 
g., m.p. 126.5-127.5') remained on the funnel. The solvent 
was removed from the combined ether washings to give 
17.9 g. (84.8%) of ~~-(4-pyridyl)propiophenone, m.p. 62.4- 
63.0' (from 30-60' petroleum ether). 

Anal. Calcd. for ClaHI3SO: C, 79.59; H, 6.20; X, 6.63. 
Found: C, 79.57; H, 5.75; S, 6.82. 

ethanol). 
The ketone gave a picrate, m.p. 150.1-150.9' (from 95% 

Anal .  Calcd. for CzoHleN,08: K, 12.72. Found: N, 13.08. 
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Thiazolidine Chemistry. 11. The Preparation of 2- Substituted 
Thiazolidine-4-carboxylic Acids'" 

IRVING R. SCHMOLKA3 A N D  PACL E. SPOERR14 
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Twenty-two 2-substituted thiazolidine-4-carboxylic acids have been prepared by the condensation of cysteine with ali- 
phatic and aromatic aldehydes. Attempts to synthesize similar compounds from some a,p-unsaturated aldehydes were 
unsuccessful. An explanation of this failure of the reaction is discussed. 

I n  the course of an investigation directed towards 
the preparation of water-soluble thiazolidine salts, 
the scope of the reaction of cysteine with aldehydes 
has been extended and an attempt made to explain 
its limitations. Twenty-two new (L)-Z-substituted 
thiazolidine-4-carboxylic  acid^,^ listed in Table I, 
were prepared using the method of SchuberL6 

(1) Previous paper in series: H. Soloway, F. Kipnis, 
J. Ornfelt, and P. E. Spoerri, J .  Am. Chem. Soc., 70, 1667 
(1948). 

(2)  Abstracted in part from the M.S. thesis of Irving R. 
Schmolka, Polytechnic Institute of Brooklyn, June 1950. 
Presented in part a t  the first Meeting in Miniature, Metro- 
politan Long Island Subsection of the AMERICAN CHEMICAL 
SOCIETY'S New York Section. March 17. 1950. 

- 

(3)  Current address, Wyandotte Chemicals Corp., Wyan- 
dotte. Mich. 

(4)' To whom inquiries should be sent. 
(5) Y. Kashida, J. Pharm. Soc. J a p a n ,  69, 185 (1949), 

(6) &I. P. Schubert, J. Biol. Chem., 111, 671 (1935); 
has since reported No. 15 and No. 19, Table I. 

114, 341 (1936); 121, 539 (1937); 130, 601 (1939). 

The preparation of the thiazolidines from the 
saturated aliphatic aldehydes indicated that in- 
creasing the chain length does not hinder the re- 
action. -411 these compounds crystallize in shining 
white platelets and are soluble in boiling isopropyl 
alcohol. The melting points decrease with increasing 
molecular weight. This was to be expected, since 
the compounds change from essentially hetero- 
cyclic carboxylic acids with a small aliphatic side 
chain to hydrocarbons with a small heteroryclic 
acid a t  one end. 

The potassium salts of 2-undecyl and 2-hexa- 
decylthiazolidine-4-carboxylic acids were prepared. 
The former mas found to  be soluble in water at a 
concentration of O. l%,  but the latter mas insoluble 
at a 0 .02~0  concentration, at 25'. The potassium 
salts were unstable and slowly decomposed on ag- 
ing. This is in agreement with the reported findings 
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concerning the sodium salt of a similar com- 
p o ~ n d . ~  

The formation of thiazolidine carboxylic acids 
from aromatic aldehydes containing nitro or chloro 
substituents demonstrated that these groups do 
not hinder the cyclization. The chlorinated prod- 
ucts are stable, white, crystalline materials, 
whereas the nitrophenyl substituted thiazolidines 
are colored and exhibit a great affinity for water. 
The existence of the dihydrate of the condensation 
product of cysteine and nitrosalicylaldehyde has 
been reported8 and other thiazolidine carboxylic 
acid hydrates have been previously de~cr ibed .~  
Only the o-nitro isomer gives a positive nitroprus- 
side test in 5y0 sodium bicarbonate solution. 

The reaction between cysteine and naphthalde- 
hyde shows that the cyclization proceeds equally 
well with a naphthalene ring as with a benzene 
ring. From terephthaldehyde it can be inferred that 
the reaction takes place equally well with a dialde- 
hyde as with a monoaldehyde. The thiazolidine 
carboxylic acid formed from p-dimethylamino- 
benzaldehyde and cysteine is water soluble. 

The following aldehydes did not give the normal 
reaction product, when using the customary 
method: citral, crotonaldehyde, acrolein, 2-ethyl- 
2-hexenal, a-amyl cinnamaldehyde, a-hexyl cin- 
namaldehyde, and 2,2,4,8,10,10-hexamethylun- 
decene-5-al-5. This is in agreement with other find- 
i n g ~ ~ ~ ~ - ~ ~  that an unsaturated bond a, 8 to the 
carbonyl group influences the reaction with cys- 
teine. 

The mechanism for thiazolidine carboxylic acid 
reaction has been shown12 to  consist in hemimer- 
captal formation, followed by dehydration and 
cyclization. In  the case of unsaturated carbonyl 
compounds, the following structures can be written: 

H/-A H 
RCH=CH--CEO RCH-CH=C-O- t-, 

U + 
I I1 

H 
RCH=CH-C-0 - + 

I11 

It is suggested that condensation fails to  occur 
due to  the low contribution of 111, the active species 
necessary for hemimercaptal formation, as follows: 
- 

( 7 )  I. T. Strukov, J .  Gen. Chem. (U.S.S.R.), 22, 521 
(1952). 

(8) M. Ikawa and E. E. Snell, J .  Am. Chem. SOC., 76, 
653 (1954). 

(9) H. T. Clarke, J. R. Johnson, and R. Robinson, The 
Chemistry of Penicillin, pp. 940-963, Princeton University 
Press, Princeton, N. J., 1949. The book describes the exten- 
sive studies of thiaeolidines made on the Penicillin program. 

(IO) S. Lieberman, P. Brazeau, and L. B. Hariton, J. Am. 
Chem. Soc., 70, 3094 (1948). 

(11) D. Todd and S. Reich, J.  Am. Chem. Soc., 75, 1895 
(1953). 

(12) S. Ratner and H. T. Clarke, J.  Am. Chem. Soc., 59, 
200 (1937). 

H 
I H 0-  

HOOC-C-CHz-S: N++R + 
I H 

IiHz 
H OH 

”2 H 
HOOC-C-CHz-S-C- R 

H H R  

”, H H  
HOOC-C-CHt-S: ~u+C-C=CHO- -/+ N.R. 

I1 

Cinnamaldehyde and p-chlorocinnamaldehyde 
did form a precipitate with cysteine hydrochloride. 
This phenomenon agrees with the observation 
made by Lieberman et ~ 2 . 1 0  Since microanalyses of 
product from the initial experiment indicated a 
ratio of two moles of cysteine to one mole of alde- 
hyde, this molar ratio was used subsequently. 

Only two products appeared possible from the 
condensation of two moles of cysteine with one 
mole of cinnamaldehyde. One mould be 5’-carboxy- 
4 ’-amino3 ‘-.phenyl-3 ‘-thiapentylthiazolidine-4- car- 
boxylic acid (IV), formed by a 1,4 addition of 
one mole of cysteine to the double bond of cin- 
namaldehyde, followed by a reaction of this product 
with a second mole of cysteine to form the thiazoli- 
dine. The other would be the cinnamaldehyde mer- 
captal (V). 
CEH6-CH-CHZ-CH-S-CHZ 

I I 
S NH-CH-COOH 

CHZ-CH-COOH 
I 

”* 

I 

(117) 
CeH,CH=CH-CH=( S-CHB-CH-COOH)B 

I 
SH, 

(VI 

The formation of IV would be in agreement with 
the postulation made by Geiger and Conn,13 that 
some simple a, /3 unsaturated ketones react with 
sulfhydryl compounds by means of a 1,4 addition 
to  produce /3 alkyl thioketones. The formation of V 
would be in agreement with the work of Holm- 
berg,14 who reported that cinnamaldehyde con- 
densed with p mercaptopropionic acid to  form the 
corresponding mercaptal. Examination of the 
ultraviolet and infrared absorption spectra re- 
vealed the presence of a conjugated double bond, 
ruling out compound (IV), and served to establish 
the unknown condensation product as a mercaptal. 

EXPERIMENTAL 

~-9-Hexadecylthiazolidine-~-carboxylic acid. The conditions 
employed for the preparation of this compound are essen- 
tially the same as those of Schubert.’ The heptadecanal was 

(13) W. B. Geiger and J. E. Conn, J. Am. Chem. SOC., 

(14) B. Holmberg, Arkiv. Kemi., Mineral. Geol., 15A, 
67, 112 (1945). 

No. 8, 1 (1942). 
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prepared from hexadecanol via the chloride, the Grignard, 
and ethyl orthoformate. A solution of 1.7 g. (0.0067 mole) 
of freshly prepared heptadecanal (m.p. 36') in 25 ml. of 
95% ethanol was added to a solution of 1.0 g. (0.0057 mole) 
of L-cysteine hydrochloride monohydrate16 and 0.6 g. 
(0.007 mole) of potassium acetate in 25 ml. of water. Upon 
vigorous agitation for a few minutes, precipitation occurred. 
After standing at  room temperature for an hour the mixture 
was refrigerated overnight. Following filtration by gentle 
suction, the precipitated thiazolidine carboxylic acid was 
thoroughly washed with water, cold 957, ethanol, ether, 
and air-dried. Upon recrystallization from boiling isopropyl 
alcohol, there were obtained 1.54 g. ( 7 6 7 c )  of product melt- 
ing a t  142-143', dec. 

(15) Purchased from Xfann Fine Chemicals Inc., Sew 
York, N. Y. 

Cysteinyl cinnaniyl mercaptal. This was prepared simi- 
larly, using a 2: 1 ration of water to ethanol. The product, 
for which no recrystallization solvent was found, is a white 
powder, melting a t  179.3-180.5", dec., obtained in 81% 
yield. 

Anal. Calcd. for ClaH&N&: C, 50.54; H, 5.66; K, 
7.86. Found: C, 50.45; H, 5.75; K, 7.55. 

Acknowledgment. Thanks are due to Monsanto 
Chemical Co. for samples of o-vanillin and bour- 
bonal, to Heyden Chemical Corp. for 2,6-dichloro- 
benzaldehyde, to  Shell Chemical Corp. for 2- 
ethyl-Zhexenal, and to Rohm & Haas Co. for 
2,2,4,8,10,1O-hexamethylundecene-5-al-5. 
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Flavonoid Petal Constituents of Chrysanthemum segetum L. 
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The petals of Chrysanthemum segetum L. contain gossypitrin (3,3 ',4',5,7,8-hexamethoxyflavone-7-glucoside), querci- 
meritrin, and chlorogenic and isochlorogenic acids. This is the first recorded occurrence of gossypitrin in a plant family 
other than the Malvaceae. The eo-occurrence of gossypitrin and quercimeritrin is observed in both C. segetum and in Gos- 
sypium species, and appears to be of significance in the problem of the biogenesis of the flavonoid pigments. 

Chromatographic examination on paper of the 
methanol extract of the bright yellow petals of 
Chrysanthemum segetum L. disclosed the presence of 
five distinct substances. Three of these were 
readily identified as quercimeritrin (quercetin- 
7-glucoside) (I), chlorogenic acid (11), and iso- 
chlorogenic acid (111). A fourth was isolated by 
methanol extraction of the fresh or dried petals 
and concentration of the extract, when it separated 
as a bright yellow crystalline substance in an 
amount constituting six per cent of the weight of the 
dried petals. Spectral and Rf data suggested that 
this compound was a deriyative of a hexahydroxy- 
flavone, and analyses of the glucoside, the aglucon, 
and their acetates were in agreement with the for- 
mulation of the pigment as a monoglucoside of a 
hexahydroxyflarone. The melting point of the 
aglucon hexaacetate was in agreement with that 
reported for gossypetin (IY, R = H) hexaacetate,l 
but since spectral data for gossypetin derivatives 
mere lacking, and authentic samples were not at 
hand for direct comparison, the structure of the 
glycoside mas established by degradntire and s p -  
thetic procedures. 

The presence of a free hydroxyl group in the 3- 
position of the glycoside was indicated by the 
characteristic shift of 60 mp in the long wave- 
length absorption maximum (from 388 to 448 mp) 
induced by the addition of aluminum chloride.2 

(1) A. G. Perkin, J .  Chenz. Soc., 95, 2181 (1909). 
(2) T. A. Geissman and L. Jurd, unpublished results. 

Methylation of the aglycon yielded gossypetin 
hexamethyl ether, identical with an authentic 
sample prepared by  synthesis from quercetin 
3,3',4',7-tetramethyl ether.3 

Alkaline cleavage of the fully methylated aglycon 
yielded veratric acid and 2'-hydroxy-2,3',4'.6'- 
tetramethoxyacetophenone. 

I, R = CaHllOs (glucos~l) 
11, R = H, R' = 3,4-dihydroxycinnamo,-l 

111, R' = H, R = S,4-dihydroxycinnamoyl 

OH 0 

The determination of the position of t1.e sugar 
residue in the glycoside, and thus the establishment 
of the identity of the latter with gossypitrin (Y), 

(3) P. S. Rao and T. R. Seshadri, Proc. Indian, Acnd. 

( 4 )  A. G. Perkin, J .  Chenz. SOC., 103, 653 (1913) 
Sci., 25A, 379 (1946). 


