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suitable for determining pyridine X-oxide reductase ac
tivity in whole cell suspensions of a given microorga
nism. 4-Hydroxymethylpyridine X-oxide has been em
ployed as substrate; the enzymatieally produced 4-

hydroxymethylpyridine may then be determined spec-
trophotometrically. We are presently engaged in the 
isolation and study of the pyridine X-oxide reductase 
activity from I'., coti 9723. 
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The reactions of a series of unsaturated 7-lactones and related compounds, ranging in carcinogenicity from 
inactive to potent, with cysteine have been studied, and it has been shown that such reactions will usually not 
provide meaningful indications of carcinogenicity or of other biological activities. In fact such a criterion can 
often prove misleading. However, a chemical basis has emerged which may have predictive value: carcinogenic 
lactones (for example, 4-hydroxypent-2-enoic acid lactone and 4-hydroxy-2,4-hexadienoic acid lactone) undergo 
Michael addition of the nucleophilic thiol group to the conjugated unsaturation(s) giving rise to S-alkylated 
add acts. Xo normal in vivo processes are known which can reverse such alkylations and any cellular modifica
tion of this type would probably be permanent. The inactive lactones (in which the double bonds are not con
jugated with the carbonyl group) are also subject to rapid attack by the cysteine thiol group; however, addition 
occurs at the lactone carbonyl giving rise to S-acylated intermediates which then rearrange rapidly in neutral 
solution to yield N-acylated cysteines. In contrast 10 the effectively irreversible in vivo alkylation reactions 
cellular damage resulting from such acylation processes can readily be repaired by various proteolytic enzymes. 

It is well known that compounds containing the 
lactone function exhibit a broad range of physiological 
properties3 including carcinogenic4 and antitumor5 ac
tivities. Certain properties, for example, antibacterial 
activity, of many lactones (and of related compounds) 
are inhibited by the addition of cysteine and other 
sulfhydryl-containing compounds, and several attempts 
have been made to correlate physiological potency of 
lactones with their cysteine reactivity.4'6,7 

One of the most recent studies of this kind was made 
by Dickens and Cooke7 who measured the rates of thiol 
disappearance and hydrolysis for a number of cysteine 
carcinogenic lactone reactions. However, the very 
approximate correlation between the rate of thiol 
disappearance and carcinogenicity which emerged was 
rather unsatisfactory. In retrospect, this is not sur
prising since cysteine is a trifunctional compound and 
attack by the thiol group need not be the initial nor the 
rate-determining step. Accordingly, a systematic ex
amination of the products formed, and of the reaction 
pathways involved, was begun in the hope that some of 
the anomalies7 might be clarified.'* 

Of the compounds examined by Dickens and Cooke 

(1) far t I I : .1. B. Jones, C. II. Koo, I. P. Mellor, S. ('. Nyburg, ami .1. 
M. Young, Can. J. Chem., 46, 813 (1968). 

(2) Research Fellow of the National Cancer Institute of Canada, 1960 
1968. 

(3) Leading references to the extensive literature on this subject arc 
siren by (a) L. J. Haynes, Quart. Rev. (London), 2, 46 (1948); (b) H. W. 
Buston and S. K. Roy, Arch. Biochem., 22, 1 (1949); (c) D. G. Wenzel 
and C. M. Smith, J. Am. Pharm. Assoc, 47, 792 (1958); (d) R. Ronda-
nelli, Arch. Intern. Pharmacodyn., 136, 289 (1962). 

(4) F. Dickens and H. E. H. Jones, Brit. J. Cancer, 15, 85 (1961); 17, 
100, 691 (1963); 19, 392 (1965). 

(5) S. M. Kupchan, R. J. Hemingway, and J. C. Hemingway, Tetra
hedron Letters, 149 (1968), and earlier papers; S. M. Kupchan, R. J. Hem
ingway, and R. W. Doskotch, J. Med. Chem., 7, 803 (1964), and later 
papers. 

(6) C. J. Cavallito and T. H. Haskell, ./. Am. Chem. Soc, 67, 1991 (1945), 
and references therein. 

(7) F. Dickens and J. Cooke, Brit. ,/. Cancer, 19, 404 (1965). 
(8) In the final paragraph of their paper, Dickens and Cooke7 also con

clude that much chemical work is required in this area since the chemical 
literature contains surprisingly few relevant data. 

those selected for detailed study are shown in Chart I 
with their relative carcinogenicities.4,7,9 

CHART 1 

RELATIVE CARCINOGENICITY (IN PARENTHESES) OF SELECTED 

7-LACTOXE.S AND RELATED COMPOUNDS (FROM THE DATA OF 

D I C K E N S , el al.4~'9) 

JT> ^J^o J^U 
K - ) 

R 

2(-) 3( + ) 

•J ^ A n - ^ = = C 

4a,R = H( + ) 
4b,R = Me(nd) 

5(++) 

v 

0 
6(+++) 

CH 3 CH=CHCH=CHC0 2 H 

7(-H-+) 

The reaction of 4-hydroxypent-3-enoic acid lactone 
(1) with cysteine was first investigated by Cavallito and 
Haskell.6 However, since the assignment of structure 8 

sCO,H 
sCO,H 

to the product isolated was made prior to the advent of 
modern spectroscopic analytical methods it was con
sidered desirable to reexamine the reaction. A product 
identical with that described by Cavallito and Haskell 

19) F. Dickens, II. K. II. .bines, and II. B. Waynforth, Brit. ./. Cnnrir. 
20, 134 (1966). 
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was obtained and, following the detailed investigation 
described below, it was assigned structure 9.10 

When the lactone 1 was treated with cysteine in 
aqueous solution at pH 7 and worked up under strongly 
acid conditions,6 the compound mp 194° described by 
Cavallito and Haskell was obtained in 85% yield. 
The ir spectrum contained bands indicative of a five-
membered ring lactam (1665 cm -1) and of a free car-
boxyl group (174012 and 3300-2800 cm"1). The broad 
peak, 3300-2800 cm -1 , has previously been cited11 as 
evidence for the X-H group of structure 8, but the ir 
spectrum does not allow an unequivocal decision to 
be made in this regard. However, the pmr spectra 
in DMSO-de and in pyridine-^ exclude the possibility 
of the latter interpretation being correct since no peaks 
due to an amide proton, or to a vinylic proton as re
quired by 8, were detectable in either solvent. Fur
thermore, the methyl protons appear as a sharp singlet, 
whereas those in structures such as 8 should show-
long-range coupling (J ~ 1-2 Hz) with the vinylic 
proton.14 Of particular significance is the presence in 
the spectra in both solvents of the AA'BB' system 
multiplet (<5 2-3) of the four C-6 and C-7 hydrogens. 
Only structure 9 would appear to be consistent with 
all of these spectroscopic data.15 It is also of interest 
to note that, in contrast to the deceptively simple 
ABX splitting patterns observed for the C-3 and 
C-2 protons of 9 in DMSO-rfe, the corresponding 
protons of its carboxylate anion (in pyridine-d6) behave 
as a remarkably clean ABX system. This situation 
might also obtain for structure 8 if the amide proton 
was undergoing sufficiently rapid exchange. However, 
that this is not the case is demonstrated by the fact that 
only one exchangeable proton (COOH) can be detected 
in either solvent in the range S 0-16. 

The one piece of data which, at first, could not be 
accounted for in terms of structure 9 for the cysteine-1 
product was the evidence of Cavallito and Haskell6 for 
one double bond provided by the iodine number de
termination.6 However, it has been shown that when 
iodine numbers of compounds containing sulfide linkages 
are determined, the addition of iodine to the sulfur atom 
must be taken into account. For simple sulfides such 
addition is quantitative.18 

The reaction of cysteine with levulinic acid is also 
reported to give 9.19 This is of interest since levulinic 

(10) While this paper was in preparation, Black11 reported the results of 
his reinvestigation of this reaction, in which he concurred with the original 
assignment of structure 8 to the product isolated by Cavallito and Haskell.6 

For the product of the reaction of cysteine with lactone 3 his structural as
signment, 15a, is in agreement with the conclusions reported in this paper. 

(11) D. K. Black, J. Chem. Soc, C, 1123 (1966). 
(12) This frequency for the CO stretch of the carboxyl group is some

what outside the normally accepted range13 (1725-1700 cm - 1) of aliphatic 
acids; however, the related compound, cysteine hydrochloride monohy-
drate, also shows CO stretch at 1740 c m - 1 (Nujol). 

(13) C N. R. Rao, "Chemical Applications of Infrared Spectroscopy, 
Academic Press Inc., New York, N. Y., 1963, p 193. 

(14) In lactone 1, the analogous CH3 shows long-range coupling of this 
kind. 

(15) That structure 9 was isomeric with 8 and was a possible structure 
for the Cavallito and Haskell compound was first pointed out in a review 
article by Syhora.16 Following the submission of our manuscript, the report 
of the independent investigations of Hellstrom and his coworkers17 appeared 
in which they also concluded that structure 9 was the correct one. 

(16) K. Syhora, Chem. Listy, S3, 311 (1959). 
(17) N. Hellstrom, S. O. Almqvist, M. Aamisepp, and S. Rodmar, J. 

Chem. Soc, C, 392 (1968). 
(18) E. E. Reid, "Organic Chemistry of Bivalent Sulfur," Vol. II, Chemi

cal Publishing Co., New York, N. Y., 1960, pp 47-79. 
(19) E. D. Bergmann and A. Kaluszyner, Rec. Trav. Chim., 78, 289 (1959). 

acid is the hydrolysis product of lactone 1. The pos
sibility that hydrolysis of 1 was the first step in the 
formation of 9 was eliminated by the observation that 
under the reaction conditions, the rate of reaction of 
cysteine with the lactone was much more rapid than 
that of the competing hydrolysis. 

The formation of 9 as the final product of the reaction 
of cysteine with the A3-lactone 1 obviously involves a 
multiple-step pathway requiring the participation of 
several intermediates. In view of our interest in 
identifying the biological site of alkylation by com
pounds exemplified by structures 1-7, and in developing 
a reliable chemical method for predicting their car
cinogenicity,20 it became of interest to elucidate the 
mechanistic details of the reaction, and, in particular, 
to identify the nucleophilic group effecting the initial 
attack on the lactone. 

The mechanism proposed originally6 suggested the 
first step to be addition of the thiol group across the 
A3 double bond, and this was reiterated recently by 
Black11 in his speculation on the mechanism. How
ever, in the current investigation it was observed that 
the reaction mixtures gave positive nitroprusside tests 
indefinitely21 (provided that oxygen was excluded from 
the reaction), and only the crystalline product isolated 
from solution after acidification gave a negative test 
for free thiol. 

Our previous work on the reaction of lactone 1 with 
amines had shown nucleophilic attack at the carbonyl 
group to be a very facile process.20 This information 
together with a consideration of the pica's of the SH and 
+XH3 groups of cysteine,22 suggested that, at pH 7, the 
most probable initial step was attack on the lactone 
carbonyl group by the cysteine thiol anion. That such 
a reaction could occur was demonstrated by the reac
tion, in benzene solution and in the presence of po
tassium carbonate, of a-toluenethiol with 1 to give 
the thiolester 10 in 60% yield.28 Unfortunately, for 

K2C03 
1 + C6H5CH2SH >- CH3COCH2CH2COSCH2C6H6 

A 10 

reasons of solubility, this reaction could not be carried 
out in aqueous solution and when the analogous re
action of 1 with N-acetylcysteine in water was at
tempted, no thiol ester formation could be detected.24 

This indication of the importance of the free cysteine 
amino group in the reactions leading to the formation of 
9 was substantiated by the facile reaction at pH 7 of iso-
propenyl acetate (the acyclic analog of 1) with cysteine 
to give N-acetylcysteine (60%) as the only isolable 
cysteine derivative. 

CH2 CH2SH 
II I 

CH3COCOCH3 + cysteine — > CH3CONHCHCOOH 
These results prompted us to search for similar 

(20) J. B. Jones and J. M. Young, Can. J. Chem., 44, 1059 (1966). 
(21) That this positive test was due to the presence of an SH intermediate 

and not to traces of cysteine was confirmed by the subsequent isolation of 
the intermediate 11a. 

(22) J. T. Edsall and J. Wyman, Ed., "Biophysical Chemistry," Vol. I, 
Academic Press Inc., New York, N. Y., 1958, pp 496-504. 

(23) Under the reaction conditions, viz., reflux for 1 hr, the isomerization 
of 1 to 3 becomes a strongly competing reaction. 

(24) Further support for the postulated initial attack by SH can be 
drawn from the recent data of Hellstrom, et al.,v who noted that mercapto-
acetic acid reacted with 1 in H2O to give the corresponding thiol ester, which 
subsequently underwent rapid hydrolysis. 
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intermediates in the cysteine 1 reaction mixture. 
When the latter was worked up by chromatography on 
an iou-exchange column of p H 5 in place of the usual 
acidification procedure an oil was obtained containing 
the ketoamide 11a (75% by pmr) . Compound 11a 
could not be purified since ketoamides of this typo arc 
unstable and cyclize readily to the corresponding hy-
droxypyrrolidinones;2" thus, when the l la-containing 
oil was kept for several days in chloroform solution, 
cyclization followed by dehydration occurred to give 
an 80% over-all yield of 9. 

ltCOCHoCH,C()NIICUC02I!i 

CILSII 
11a, Ii = C'II3; 11, = II 

b, 1! = C2H,; Ii, = II 
c, U = Coll.-,; It, = CII3 

The other A:i-lactone studied, 4-hydroxyhex-3-enoic 
acid lactone (2),25 behaved analogously and in aqueous 
solution at p H 7 underwent rapid, quant i ta t ive reaction 
with cysteine to give N-(4-oxohexanoyl) cysteine ( l ib ) . 
Although this product showed no tendency toward 
pyrrolidinone formation it could not be crystallized. 
In constrast, the reaction of 2 with methyl cysteinate 
afforded (in 9 0 % yield) the methyl ester l i e as a 
crystalline solid which was completely characterized. 

Although the data indicated the initial nucleophilic 
a t tack to be by the cysteine amino group, this conclu
sion lost much of its appeal with the discovery that 
amino acids lacking the thiol group, such as glycine, 
reacted not at all with 1 at p H 7 and only slowly at p H 
9. After 1 hr under the latter conditions the reaction 
mixture contained some of the expected amide and its 
pyrrolidinone derivative. In addition, levulinic acid, 
from hydrolysis of the starting lactone, was pro
duced. 

These apparently conflicting data are best accommo
dated by the mechanism shown in Chart II in which 

CHART 11 

1 + cysteine ^* CH3C0C1LCH2C0SCH2CH(NH2)C02H 
12 

0 NH —* 
1 

HSCIUCHCCXH 
11a 

H 0 > O = 0 H+ 

HSCH2CHC02H 
13 

initial a t tack by the thiol group to form the thiolester 
12 is followed by a rapid S to X acyl migration leading 
to 11a. That such migrations occur rapidly is ade
quately documented in the literature26 and, in gen
eral, amines and amino acids react with thiolesters to 
give the corresponding X-aeyl compounds almost 
quanti tat ively at neutral pH.27 Fur ther confirmation 
of the validity of this step was provided by the facile 
reaction of benzylamme with benzyl 4-oxopentanethio-
late (10). The initial product, XT-(4-oxopentanoyl)-
benzylamine, cyclized spontaneously to the hydroxy-
pyrrolidinone 14a during the reaction. Our previous 

(25J Tliii l ac tone u-as p repa red as out l ined in C h a r t IV. 
(2li) /;-.i/., L. A. Cohen a n d B. Wi tkop , Ant/cw. Chem., 73 , 26:i ( lUb'l j . 
1,27) S. Yamnuisl i i , Yakaanku Zusslii, 78, 1133 ( l lJ58) . 

K 
R 

HO 
K . H C ^ N 

Ri> 

£> O 

CH2C„H; 

14a,R,R = H;R, = H 
b,R,R = Me;R, = Me 

15a,R = CH,CH(NH2)COJI 
b,R = CH,C6H5 

studies have shown that compounds such as 11a and 13 
will be in equilibrium in aqueous solution20 and both of 
these compounds would give the positive thiol test 
observed prior to acidification. 

As expected from previous studies with amines,20 tin? 
carcinogenic lactone 3 underwent a facile Michael 
addition reaction when treated with cysteine at p H 7 in 
aqueous solution. 

The product formed gave a negative thiol test and a 
positive ninhydrin reaction indicating tha t addition of 
the thiol group to the double bond had occurred. The 
ir and pmr spectral data were consistent with this view 
and structure 15a was assigned to the product.10 

Although primary amines are well known to be ex
cellent Michael reaction nucleophiles, the preferential 
at tack in this case by the thiol group was expected from 
a consideration of the rate data of Friedman2 8 on 
Michael additions to acrylonitrile and a,/3-unsaturated 
carbonyi compounds which show thiol anions of the 
cysteine type to be two to three orders of magnitude 
more effective than primary amines as Michael addi
tion nucleophiles. 

Under anhydrous conditions, and in the presence of 
potassium carbonate, 4-}iydroxypeiit-2-enoic acid lac
tone (3) also reacted readily with a-toluenethiol to 
give the Michael addition product 15b. Xo products 
resulting from the addition of a second mole of toluene 
thiol was observed.29 Upon distillation 15b underwent, 
a reverse Michael reaction; tha t such a process could 
occur fairly readily for 15a also was indicated by the 
faintly positive thiol test obtained when 15a was treated 
with a nitroprusside-KCX" reagent. By analogy with 
the related amino compounds,1 the methyl group and 
15b are probably trans to one another. 

The carcinogenic 2,4-dienoic lactone 5 also underwent 
a rapid reaction with cysteine at pH 7. The product ob
tained, following work-up with HC1, analyzed for 
CjjHnXOsS, indicating tha t addition of cysteine to the 
lactone, followed by loss of the elements of water, had 
occurred. Its ir spectrum contained bands at 3500 
2700 (broad) and 1725 c m ~ \ characteristic of a car-
boxyl group, one tit 1680 c m - 1 ascribed to an amide 
carbonyi, anil in addition a relatively strong absorption 
tit 1055 cm"'1 which was indicative of a hetcreo atom 
tetrasubsti tuted double bond. The only structure con
sistent with these data, and with the pmr spectra (six1 

Experimental Section) was that of the bicyclic com
pound 17. The uv absorption maximum at 25(3 ni/u 
(e 8000) is consistent with such a heterocyclic system. 

A likely pathway for the formation of 17 from the 
reaction of the dienoic lactone 5 with cysteine is shown 
in Char t III. Evidence for the initial step of the 
sequence was provided by a model study in which a 
mixture of 4-hydroxy-2,4-dienoic acid lactone (5) and 
a-toluenethiol was treated with a catalytic quanti ty 

:'2S) M. F r i e d m a n . J. 1-'. ( a v j n 
72 i I'.lti.-,). 
taw I CI. W. Ifeplir. ,( -</., Ann. 

f, anil .1. S, Wall, ./. Am. Cl„m. Snr.. 87 , 

Cla:in... 596, l i '4 t l ' Joo) . 



November 1968 CARCINOGENIC LACTONES. I l l 1179 

5 + cysteine 

H* J-c 

'CO,H 
17 

of triethylamine in a pmr tube. A peak appeared at 
5 5.25 which is ascribable only to the vinylic proton of 
A3-lactone such as 16.30 After this peak had reached 
its maximum intensity it began to decline and was 
gradually replaced by the peaks of the two vinylic 
protons of the corresponding A2-lactone. 

The next lactone selected for study was 4-hydroxy-
hex-4-enoic acid lactone (4a). This compound was 
reported to possess moderate carcinogenic activity by 
Dickens and Jones4 but a search of the literature re
vealed no other report of this compound. Accordingly 
it was synthesized as shown in Chart IV. As this chart 

CHART IV 

CH 2=CHC0 2Me 
i.PrNO CH3CHzCOCH2CH2C02H 

CH3CH2-J^-o - CH 3 CH=k 0 J=0 

4a 

indicates cyclization of 4-oxohexanoic acid afforded a 
mixture of 2 and 4a which at its room temperature 
equilibrium contained 40% of the latter isomer. 

All attempts to obtain a pure sample of 4a, including 
careful distillation and chromatography, were unsuc
cessful owing to the facility with which 4a isomerizes to 
the corresponding A8 compound. On one occasion an 
extremely rapid distillation of the cyclization product 
afforded a mixture containing 60% (by pmr) of 4a; 
however, on keeping overnight this too reverted to the 
equilibrium composition.31 

By careful and slow distillation of the lactone equilib
rium mixture, a 90% yield of the more volatile com
ponent, 4-hydroxyhex-3-enoic acid lactone (2), could be 
obtained. The reactions (with cysteine, etc.) de
scribed earlier for this compound were carried out im
mediately following the distillations; on keeping, pure 
samples of 2 gradually equilibrated to the 60:40 mix
ture of A3- and A4-lactones. The equilibration process 

(30) The analogous proton in 4-hydroxypent-3-enoic acid lactone CI) 
occurs at 5 5.15.20 

(31) In view of the facility with which this isomerization occurs it appears 
that caution should be exercised when considering the carcinogenicity 
ascribed* to this structure. In fact, it seems probable that the tumor in
duction observed4 is due to a compound other than 4a. This conclusion is 
supported by the observation that, at present, 4a is the one anomaly in the 
structure—activity relationships that have emerged from the studies of 
Dickens and his coworkers.4 

was markedly accelerated by the addition of p-toluene-
sulfonic acid. 

In order to enable the reactions of lactones such as 4 
to be studied, the synthesis of 3,3-dimethyl-4-hydroxy-
hex-4-enoic acid lactone (4b) was effected. This com
pound, for which isomerization to the A3-lactone is pre
cluded, was prepared by the free-radical condensation 
of 3,3-dimethylacrylic acid with propionaldehyde 
followed by distillation in the presence of p-toluene-
sulfonic acid of the 3,3-dimethyl-4-oxohexanoic acid so 
produced. 

The results of attempted reactions of 4b with cysteine 
in aqueous solution at pH 7, with cysteine methyl ester 
in aqueous ethanol, and with a-toluenethiol and 
triethylamine in benzene were disappointing since the 
lactone was recovered unchanged in all cases. How
ever, that its chemical behavior was analogous to A3-
lactones was established by its reaction with benzyl-
amine to give l-benzyl-4,4-dimethyl-5-ethyl-5-hy-
droxypyrrolidin-2-one (14b) in 91% yield. In contrast 
to the other pyrrolidinones encountered during our 
investigations, 14b was obtained as a crystalline solid 
although all attempts to recrystallize this material from 
a variety of solvents led to its contamination with the 
dehydration product, l-benzyl-4,4-dimethyl-5-ethyli-
denepyrrolidin-2-one. 

During our attempts to rationalize the ready reaction 
of A3-lactones 1 and 2, and isopropenyl acetate, with 
cysteine with the lack of reaction of the structurally 
similar compound 4b, it was observed that in addition to 
the normal carbonyl absorption, the ir spectrum of 4b 
showed a very strong band at 1710 cm - 1 . In contrast, 
for 1, 2, and isopropenyl acetate the corresponding band 
at 1680-1690 cm - 1 was a much weaker one. Unfor
tunately any possible empirical predictive value this 
observation might have had was invalidated when the 
series of C=COCO-containing compounds studiec} was 
extended to vinyl acetate. The ir spectrum of this 
ester in the 1650-1800-cm-1 region is very similar to 
that of 4b but on treatment with cysteine in aqueous 
solution at pH 7, it gives the expected product, N-acetyl-
cysteine. 

In view of its potency as a tumor-producing agent,4 

its slow rate of reaction with cysteine,7 and its structural 
resemblance to A3-lactones, it was decided to extend the 
investigation to vinylene carbonate (6). 

As far as could be determined, no reaction with cys
teine occurred even though the pH of the solution 
dropped rapidly and carbon dioxide was evolved; further
more, the cysteine could be quantitatively recovered 
from the reaction mixture. Treatment of vinylene 
carbonate alone with a sodium bicarbonate buffer at 
pH 7 also resulted in carbon dioxide evolution and the 
slow formation of a fluffy precipitate. Perusal of the 
literature showed that vinylene carbonate is readily 
hydrolyzed to glycolaldehj'de which may then poly
merize to tetroses and eventually to caramels.32 Al
though it is possible that nucleophilic attack on vi
nylene carbonate by the cysteine thiol or amino group 
occurs,33 it seems more likely that the reaction involved 
is simply hydrolysis to glycolaldehyde and that the 

(32) A. H. Saadi and W. H. Lee, J. Chem. Soc, B, 4 (1966). 
(33) The rapid pH drop and COs evolution would seem to indicate some 

cysteine participation. 
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carcinogenicity of vinylene carbonate is in reality due 
to this compound34 as a result of in vivo hydrolysis. 

Sorbic acid (7), which was also found to be a potent 
carcinogen4 and which may be regarded as structurally 
analogous to 5, did not react with cysteine in the pH 
range 5-7. Under these conditions the sorbic acid 
would exist almost completely as the conjugate base 
and nucleophilic attack would not be expected to be 
facile; nevertheless an in vivo enzyme mediated process 
cannot be ruled out. 

Conclusions 

The data presented argue strongly against the ad
visability of using reactions with cysteine, or rate de
terminations based on such reactions, as criteria for 
predicting the carcinogenicity of lactones and related 
compounds.36 Furthermore, it is apparent that owing 
to the multiple reactions which can occur with cysteine, 
such a test cannot be satisfactorily used to implicate 
in vivo reactions with thiol residues. If such model 
studies are to have validity it would seem advisable to 
use a C3'steine derivative in which all the reactive func
tions other than the thiol group are protected. 

However, from the above cysteine reactions, and 
from previous data,4'20 a significant distinction be
tween carcinogenic and noncarcinogenic lactones has 
emerged. 

All carcinogenic lactones undergo attack resulting in 
alkylation of the nucleophile, whereas the inactive lactones 
all react to give acylated products. 

This classification is in accord with the structural 
groupings derived by Dickens and Jones4,41 and it ap
pears to provide a basis for predicting whether or not 
lactones or related compounds will be carcinogenic;42 

if generally applicable, such a chemically based test will 
obviate much time-consuming biological evaluation. 

Rates of reaction do not appear to provide a satis
factory basis of distinction since the noncarcinogenic 
lactones (e.g., 1) often undergo reaction with nucleo-
philes as rapidly as those which are carcinogenic. 

A consideration of the possible in vivo processes which 
can occur provides a reasonable explanation fov the 
alkylation-acylation distinction. The reaction of a, 
noncarcinogenic lactone with a biological nucleophile43 

(34) Glyeolaldehyde is also suspected of being responsible for the antiviral 
properties of vinylene carbonate; such antiviral activities are common to a 
large group of glyoxals, a-hydroxyaldehydes, and related compounds.35 

(35) B. D. Tiffany, J. B. Wright, R. B. Moffett, R. V. Heinzelman, R. E. 
Strube, B. D. Aspergren, E. H. Lincoln, and J. L. White, J. Am. Chem. 
Soc, 79, 1682 (1957). 

(36) This conclusion is probably applicable to most other attempts which 
have been made to correlate cysteine reactivity with various biological 
effects,37,38 particularly since the prior addition of cysteine to a compound 
does not always preclude activity.39,4a 

(37) G. B. Marcus, A. M. Municio, and S. Vega, Chem. 2nd. (London), 
2053 (1964), 

(38) R. Schoental and D. J. Rive, Biochem. J., 87, 22P (1963). 
(39) F. H. Kirchner, J. H. Bailey, and C. J. Cavallito, J. Am. Chem. Soc, 

71, 1210 (1949). 
(40) P. H. Daniel, E. Lasfargues, and E. Delaunay, Compt. Rend. Soc 

Biol., 149, 1621 (1955). 
(41) The alkylation-acylation selection rule predicts that 4a and 4b 

should not be carcinogenic. In view of the uncertainty regarding the sta
bility of 4a,31 it is intended to submit 4b for biological evaluation. 

(42) This distinction might well apply to other lactone activities, such as 
their properties as antibacterials, mitotic inhibitors, etc.3 

(43) The biological effects of lactones almost certainly result from their 
ability to react with the functional groups of proteins and/or nucleic acids. 
Although there is evidence that many alkylating agents, including 0-prupio-
lactone, exert their effect by modification of the nucleic acid bases, par
ticularly of guanine,44 it is as yet uncertain which of the possible in vivo 
reactions are responsible for the carcinogenicity of lactones such as 3 and 5.4i 

will produce an acyl derivative, such as a thiolester or 
an amide, and there are several enzyme-catalyzed pro
cesses capable of reversing such reactions. Thus any 
cellular damage so caused can easily be repaired. On 
the other hand, if the tumor-producing lactones 
alkylate the appropriate biological nucleophiles, al
though the reverse reactions may occur on thermody
namic grounds, no enzymes are known which catalyze 
such processes. Furthermore, the products of such 
initial alkylating reactions, such as 15 and 16. are 
capable of undergoing further nucleophilic attack at the 
carbonyl group; this introduces the possibility for 
cross-linking44 nucleic acids and. or proteins.4''' 

Experimental Section46 

Materials.- -n-Cysteine was obtained from Mann Research 
Laboratories and was used without further purification. 4-
Hydroxypent-3-enoic acid lactone (1) and vinylene carbonate 
(6) were obtained from Aldrich Chemical Co. Compounds 1-7 
were purified by distillation or by recrystallization immediately 
prior to each use. 4-Hydroxypent-'2-enoic acid lactone (3) was 
prepared from 1 as previously described.20 '7 

4-Hydroxyhex-3-enoic Acid Lactone (2).—Base (trimethyl-
benzylammonium hydroxide )-catalyzed condensation'18 of 1-
nitropropane CISC) g, 2 mol) and methyl acrylate (86 g, 1 mol) 
gave methyl 4-nitrohexanoate (148 g, 8o'''c), which was then 
transformed into the uri salt by treatment with XaOH (70 g, 
1.6 mol) in HoO ('600 ml). Slow addition of the act salt solution 
lo a cooled (<5°) mixture of concentrated H-.K04 (17S ml) in 
H2O (800 ml) followed by thorough extraction of the aqueous 
acid solution (Et20) and evaporation of the ethereal extracts 
yielded 4-oxohexaiioic acid (80 g, 6.V {). p-Toluenesulfonie acid 
(.3 g) was added to ihe crude acid and the mixture was distilled 
slowly at 10 mm. Fractionation of the distillate (70 g) gave 
pure 2 (45 g, W, ): bp 68-70° (9 mm); ir (CHCh), 1795, 1675, 
and 1110 t ' l ir1 . Higher boiling fractions contained varying 
amounts of the isomeric 2-, 3-, and 4-enoic lactones. 

Attempted Preparation of 4-Hydroxyhex-4-enoic Acid Lactone 
(4a).—After keeping at room temperature for 2 weeks, or in the 
presence of jti-toluenesulfonie acid for 1 day, 2 isomerized to a 
mixture containing 0 0 r , of 2 and 4 0 ' c of 4a at equilibrium. 
Careful fractional ion of this mixture (40 g) yielded only the more 
volatile A'-lactone 2 (36 g, 90 f j ) . On one occasion, a rapid distil
lation afforded a fraction containing 6(Kf of the A4 isomer 4a 
but this reverted overnight to (he composition of the equilibrium 
mixture. No preparative separation of the isomers could be 
achieved by chromatography on Florisil or on alumina or by 
glpc on a variety of columns. 

4-Hydroxy-2,4-hexadienoic Acid Lactone (5).—To 4-hydroxy-
hex-3-enoie acid lactone (2) (22 g, 0.20 mol) in CS2 (25 ml) was 
added Br? (30 g, 0.19 mol) in CS5 (25 ml), the temperature being 
maintained below 12° during the addition. The dibromolactone 
solution so obtained was not isolated but was diluted with CS2 

(200 ml). Hydroquinone (5 nig) was added to the solution and 
Et3N (40 g, 0.4 mol) was then added dropwise with stirring. 
The resulting black mixture was kept overnight, and was then 
filtered and evaporated. The residual oil (20 g) was distilled to 
give 5 (11 g, 50'*; ): bp 88-90° (10 mm): ir (CC14), 1785, 1770 
(sh), and 1740 cm "'. 

3,3-Dimethyl-4-hydroxyhex-4-enoic Acid Lactone (4b). 3,3-
Dimethylaerylic acid (15 g, 0.15 mol) and propionaldehyde (70 
g, 1.2 mol) were refluxed with daily additions of benzoyl peroxide 

i l l ) P. Brookes and 1'. D. Lawley, Brit. Med. Bull., 20, 91 (1964). 
i 45) Experiments investigating these possibilities are in progress. 
(46) All melting points were determined on a Fisher-Johns melting point 

block and are corrected. Pmr spectra were recorded on a Varian A-60 or 
HA-100 spectrometer in CDCh, DMSO-rffi, and pyridine-ds with Me4Si, or in 
D^O with 3-(trimethylsilyl)propanesulfonie acid sodium salt as internal 
standards; ir spectra were recorded on a Perkin-Elmer 237-B or a Beekman 
IR-8 spectrophotometer. Where not Quoted, the ir and pmr spectra were as 
expected. Unless otherwise stated solvents were removed by rotary evapo
ration at room temperature. 

(47) J. Thiele, Ann., 319, 144 (1002). 
(48) R. B. Moffett in "Organic Syntheses," Coll. Vol. IV, N. Habjuhn. 

Ed.. John Wiley and Sons, Inc., New Vork, N. Y., 1963, p 652. 
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(0.5 g).49 The progress of reaction was monitored by pmr and 
when a 50% conversion to 3,3-dimethyl-4-oxohexanoic acid had 
occurred (7 days), the solution was evaporated and vacuum-
distilled in the presence of p-toluenesulfonic acid. Chromatog
raphy of the distillate (7 g) on Florisil (200 g, C6H6 elution) 
followed bv redistillation yielded pure 4b (4.1 g, 2 5 % based on 
3,3-dimethylacrvlic acid): bp 82-83° (9 mm); ir (CHCL), 
1795 (vs), 1710 (vs), 1105, and 993 cm"1. Anal. (C8Hi202) C, H. 

Reaction of 4-Hydroxypent-3-enoic Acid Lactone (1) with L-
Cysteine. (a) With Acid Work-up.—The lactone 1 (2 g, 20 
mmol) was added with stirring to a solution of L-cysteine (2.4 g, 
20 mmol) in H 2 0 (15 ml) which had previously been adjusted to 
pH 7.60 Since a two-phase system was formed, stirring was 
continued throughout and the mixture was maintained in the 
range pH 6-7 by periodic titration with base.60 Within 15 min 
20 mmol of base had been added and the reaction mixture had 
become homogeneous; it was then kept at room temperature 
overnight. Acidification (to pH 1.5) of the solution with 37% 
HC1, followed by evaporation under reduced pressure and tritura
tion of the residue with 1 N H O (5 ml), yielded l-aza-2-earboxy-
4-thia-5-methylbicyclo[3.3.0]octan-8-one (9) (3.4 g, 85%). On 
recrystallization from absolute EtOH, thick needles, mp 194°, 
were obtained which gave a negative SH (nitroprusside) test 
but which evolved C0 2 on treatment with aqueous NaHC0 3 ; 
ir (Nujol), 3300-2800 (acid OH), 1740 (sharp, COOH), and 
1665 cm"1 (broad, amide CO); pmr (DMSO-d6, 60 MHz), 5 
1.62 (s, 3, CH>), 2.1-2.9 (m, 4, C# 2 C# 2 CO), 3.58 (d, 2, / = 7 
Hz, SCtf2), 4.86 (t, 1, J = 7 Hz, SCH2Ci7N), and 10.5 ppm (s, 
1, COOH). The spectrum obtained in D 2 0 was similar and 
confirmed the presence of only one exchangeable proton; pmr 
(pyridine, 60 MHz), S 1.80 (s, 3, CH3), 2.00-2.90 (AA'BB', m, 
4, CHiCHz), 3.46-4.08 (ABX, m, 2, SC#2) , 5.41 (ABX, d of d, 
1, / A X = 8.6 Hz, J B X = 6 Hz, CH 2 C#N) , and 14.8 ppm (s, 1, 
COOH). The 100-MHz spectra provided no additional data. 
Mass spectrum (70 eV) showed m/e 201 (parent ion). Anal. 
(C8H„N03S) C, H, N, S. 

When the reaction was carried out in 1 M potassium-sodium 
phosphate buffer (pH 7), the product 9 was obtained in 75% yield 
after acidification and recrystallization. 

No significant reaction was observed at pH 7 with N-acetyl-L-
cysteine or with glycine. 

(b) Without pH Control.—The lactone 1 (2.0 g, 20 mmol) 
was added with stirring to a solution of L-cysteine (2.4 g, 20 
mmol) in H 2 0 (25 ml) at pH 7S0 as described above. Within 25 
min the pH had fallen to a terminal value of 3.6 and work-up 
of the reaction mixture afforded 9 in only 10% yield. 

(c) With pH Control and with Ion-Exchange Resin Work-Up. 
—This experiment was carried out as in part a except that after 
standing overnight the neutral solution was filtered through a 
column of Rexyn AG-50 (100 g, Fisher) and the fractions giving 
a positive free SH test were collected and combined. Evapora
tion (bath temperature <20°) gave a clear colorless oil (3.7 g) 
which was dissolved in CHC13 and allowed to crystallize. The 
crystalline material so produced (0.75 g, mp 191-194°) was 
filtered off and was shown to be identical with 9 obtained in part 
a. Pmr spectroscopic examination of the CHC13 filtrate in
dicated the presence of the acyclic intermediate N-(4-oxopen-
tanoyl)-L-cysteine (11a): pmr (CHC13), S 1.60 (broad s, 1, 
SH), 2.1 (s, 3, CH3CO), 2.3-2.8 (42B2 , m, 4, COCtf2C#2CO), 
3.55 (m, 2, SOftC) , 4.9 (m, 1, CtfNH), and 7.2 ppm (broad d, 
1, N/ /CO) . This material could not be isolated in a pure state, 
and on keeping in CHC13 for 3 days at room temperature it 
became entirely converted to 9 which precipitated from solution. 

Reaction of 4-Hydroxypent-3-enoic Acid Lactone (1) with 
a-Toluenethiol.—The lactone 1 (5 g, 50 mmol) and a-tol-
uenethiol (6.2 g, 50 mmol) in C6H6 (10 ml) were refluxed for 
1 hr in the presence of K2C03 (0.5 g). The solution was then 
filtered and concentrated. Pmr examination of the resulting 
solution showed the presence of the thiolester 10 (60%) and 3-
(benzylthio)-4-hydroxypentanoic acid lactone (15b) (40%). 
(Compound 15b results from isomerization of 1 to the AMactone 
3 followed by Michael addition.) Chromatography of the fully 
evaporated reaction mixture (11 g) on Florisil (300 g), with 
petroleum ether (bp 40-60 °)-C6H6 elution, yielded pure benzyl 
4-oxopentanethiolate (10) (6.0 g, 54%): bp 122-124° (0.06 
mm); ir (CHC13), 1725 (ketone C = 0 ) and 1692 cm"1 (thiolester 
C = 0 ) . (Attempted distillation at 10 mm caused the thiolester 

(49) R. L. Huang, J. Chem. Soc, 1342 (1957). 
(50) The pH adjustments were made with 1 AT NaOH. 

to dissociate to a mixture of starting lactone and a-toluenethiol.) 
Anal. (Ci2Hi402S) C, H, S. 

Reaction of Benzyl 4-Oxopentanethiolate (10) with Benzyl-
amine.—Benzylamine (0.7 g, 6.5 mmol) was added dropwise to 
a stirred solution of 10 (1.39 g, 6.25 mmol) in C6H6 (5 ml). After 
further stirring for 1 hr at 20° the solution was evaporated to an 
oil (2.1 g) containing l-benzyl-5-hydroxy-5-methylpyrrolidin-2-
one20 (14a). 

Reaction of Isopropenyl Acetate with L-Cysteine.—Isopropenyl 
acetate (1 g, 10 mmol) was added at 20° to a stirred solution of 
L-cysteine (1.24 g, 10 mmol) in H 2 0 (10 ml) adjusted to pH 
7.50 Base50 was added periodically to maintain the pH at 6-7, 
10 mmol being consumed during 1 hr. Acidification of the solu
tion with concentrated HC1 followed by evaporation gave a 
NaCl-contaminated oil which was extracted with a minimum 
of hot EtOH. The EtOH solution was filtered and cooled and the 
L-cysteine hydrochloride monohydrate (0.6 g, mp 175-183°) 
which separated was filtered off. Reevaporation of the filtrate 
followed bv recrystallization (i-PrOH) gave N-acetvl-L-cysteine 
(1.0 g, 60%), mp 106-107°. 

Reaction of 4-Hydroxyhex-3-enoic Acid Lactone (2). (a) 
With L-Cysteine.—The lactone 2 (2.2 g, 20 mmol) was added at 
room temperature, with stirring, to a solution of L-cysteine (2.4 
g, 20 mmol) in H 2 0 (25 ml) at pH 7,so and the pH was maintained 
at this level by the periodic addition of base50 (up to 20 mmol) 
during 1 hr. After 4 hr the solution was made strongly acidic 
with concentrated HC1 and evaporated to an oil containing 
N-(4-oxohexanovl)-L-cysteine; pmr (CDC13), & 1.06 (t, 3, J = 7.2 
Hz, C#3CH2CO), 1.67 (broad t, 1, SH), 2.50 (q, 2, J = 7.2 
Hz, CH3C#2CO), 2.72 (A2B2, q, 4, COC#2Ctf2CO), 2.94 (m, 2, 
Cff2SH), 4.85 (m, 1, CH 2 C#NH) , and 7.34 ppm (d, 1, J = 7.5 
Hz, N.ff). All attempts to further purify the compound, in
cluding recrystallization and distillation, were unsuccessful. 

(b) With Methyl L-Cysteinate.—A solution of methyl L-
cysteinate hydrochloride (1.71 g, 10 mmol) in H 2 0 (10 ml) was 
adjusted to pH 750 and 4-hydroxyhex-3-enoic acid lactone (1.1 
g, 10 mmol) in MeOH (5 ml) was added, the pH being maintained 
at 7 in the usual way. After 1 hr the solution was acidified 
(concentrated HC1), concentrated, and extracted thoroughly 
(Et20). The ethereal extracts were dried (MgS04) and evapo
rated to give methyl N-(4-oxohexanoyl)-L-cysteinate ( l ie ) 
(2.23 g). Recrystallization (Et20) gave needles (2.2 g, 90%): 
mp 59.5-60.5°; ir (CHC13), 3440, 1750, 1720, and 1682 cm"1 ; 
pmr (CDCls), 5 1.03 (t, 3, J = 7.2 Hz, Ctf3CH2), 1.60 (s, 1, 
SH), 2.49 (q, 2, / = 7.2 Hz, CH3C#2CO), 2.68 (A2B2, q, 4, CO-
CHiCHzCO), 2.95 (m, 2, SCH2), 3.77 (s, 3, Ctf3OCO), 4.82 
(m, 1, SCH 2C#), and 7.03 ppm (d, 1, J = 7.5 Hz, NffCO). 
The product gave a positive nitroprusside test for free SH. 
Anal. (Ci0Hi,NO4S) C, H, N, S. 

Reaction of 4-Hydroxypent-2-enoic Acid Lactone (3) with 
L-Cysteine.—The lactone 3 (1 g, 10 mmol) was added to a stirred 
solution (pH 7) of L-cysteine (1.24 g, 10 mmol) in H 2 0 (15 ml). 
After 15 min at room temperature, the solution was evaporated 
and the residue was recrystallized from E tOH-H 2 0 to give 3-
(S-L-cysteinyl)-4-hydroxypentanoic acid lactone (15a) as needles 
(2.0 g, 90%): mp 188-189° dec; ir (Nujol), 3200-2400, 2125-
2000, 1785-1755, and 1640-1540 cm"1. The product gave a 
positive ninhydrin test, but showed no coloration with nitro
prusside unless warmed with aqueous KCN. Anal. (C8H13NO4S) 
C, H, N, S. 

Reaction of 4-Hydroxypent-2-enoic Acid Lactone (3) with 
a-ToIuenethiol.—To the lactone 3 (1 g, 10 mmol) and a-tol-
uenethiol (1.2 g, 10 mmol) in C6H6 (10 ml) was added 5 drops of 
Et3N and the mixture was refluxed for 1 hr. Evaporation and 
distillation gave 3-benzylthio-4-hydroxypentanoic acid lactone 
(15b) as a colorless oil (2.0 g, 91%,): bp 134-136° (0.05 mm); 
ir (CHCI3), 1780 cm"1 ; pmr (CDC13), 6 1.27 (d, 3, J = 6.5 Hz, 
C# 3 CH), 2.2-3.2 (m, 3, SCHCH2CO), 3.74 (s, 2, C6H5C#2S), 
4.1-4.5 (m, 1, 4-H), and 7.73 ppm (s, 5, Cetfa). Anal. (Ci2H„02S) 
C, H, S. Attempted distillation of this material at 10 mm yielded 
only starting lactone and a-toluenethiol from the reverse 
Michael reaction. 

Reaction of 4-Hydroxy-2,4-hexadienoic Acid Lactone (5). 
(a) With L-Cysteine.—The lactone 5 (2.2 g, 20 mmol) in MeOH 
(5 ml) was added at 20° with stirring to a pH 750 solution of 
L-cysteine (2.4 g, 20 mmol) in H 2 0 (20 ml). In order to maintain 
pH 7, base50 (20 mmol) was added during 3 hr. The solution was 
allowed to stand overnight (negative nitroprusside test) and was 
then acidified with concentrated HC1. Partial evaporation 
followed by cooling and scratching of the concentrated solution 
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yielded l-aza-2-[mboxy-4-thia-5-methylbioyclo[4.3.0]non-5-en-9-
raie (17) (3.2 g 75 rf) as fine needles, rap 140-160° dec. Five 
recrystallizations from AcOH gave needles, mj) 145-165° dec; 
from Me2CO, small cubes, mp 141-156° dec; and from CHCl.,, 
plates, mp 16.J-1750 dec; ir (CHC1,,), 3.JO0 -2700, 1720, 1675, and 
1650 em"1 ; pmr (DMSO-</6), S 1.75 (s, 3, C i / 3 0 = C ) , 2.25-2.95 
(A.li,, m, 4, CH-,CH2CO), 2.95 (calcd) (d of d, 1. JAB = 13 11/. 
,/A.X = 3.7 Hz, iSCHiCH), 3.24 (calcd) (d of d, 1, ./„A = VS Hz, 
./BX = 3.2 Hz, SCffoCH), 5.04 ppm (broad t, 1, ./ = 3.2 Hz, 
SCItiCff); COOH proton n<jt detectable; pmr (pyridine), S 
1.19 (s, 3, CH3), 2.06 (A2B2, broad s, 4, CH.CH,), 2.57 (calcd) 
(d of d, 1, ,/AB = 13 Hz, Jxx = 3.5 Hz, SC#2) , 3.18 (calcd) 
!d of d, 1, JBA = 13 Hz, J B X = 3 Hz, SC//2CH), 5.00 (t, 1, ./ = 3 
Hz, SCH2Cff), and 15.88 ppm (s, 1, COOH): uv (MeOH ), 
256 m/i (e 8000). Anal."1 (CoHnN03S) C, II, N, S. 

(b) With o-Toluenethiol.—A solution of 5 (,0.56 g, 5 
mmol) and a-toluenethiol (0.60 g, 5 mmol) in dioxane (3 ml) 
was kept at 20° for 24 hr during which time no reaction (by 
pmr) had occurred. Et3N (1 mg) in dioxane (0.5 ml) was then 
added, and further pmr spectra were recorded at hourly intervals. 
A peak al S 5.25, corresponding to the vinylic proton of a Ar:-
unsaturated -y-Iactone, appeared and gradually increased in 
intensity during 5 hr; it then declined and was replaced by peaks, 
at 5 6.10 and 7.45 ppm, of the vinylic protons of the benzylthio 
analog of the ^-unsaturated lactone 16. 

Reaction of 3,3-Dimethyl-4-hydroxyhex-4-enoic Acid Lactone 
(4b) with Benzylamine.—Benzylamine (0.53 g, 5 mmol) in petro
leum ether (bp 40-60°, 2 ml) was added slowly to a stirred solu-

(51! The analytical sample was obtained via AeOll recrystallization fol
lowed hy thorough drying. 

2-Mercapto-4-hydroxypyrimidine-6-carboxaldehydes,3 

2-phthalimidoaldehydes,4 o-fluoropyrimidhie-6-carbox-
aldehydes,5 and their derivatives have been synthesized 
and tested as inhibitors of growth and protein synthesis 
in Ehrlich ascites carcinoma in mice. The 5-fluoro-
pyrimidine-O-carboxaldehydes have shown strong in
hibitory activity against incorporation of amino acids 
and formate into proteins as well as thymidine, orotic 
acid, and formate into nucleic acids. 

(1) This investigation was supported by Public Health Service Researcii 
Grant CA-06364-06 from the National Cancer Institute. 

(2) To whom inquiries should be sent. 
1,3) C. Piantadosi, V. G. Skulason, J. L. Irvin, .7. M. Powell, and L. Mall, 

J. Med. Chern., 7, 337 (1964). 
(4) J. B. Craip, C. Piantadosi, J. L. Irvin, and S.-S. Cheng, ibid., 10, 1071 

(1967). 
(;V> C.-B. Chae. ,1. 1.. Irvin. and C. Piantadosi, ibid., 11, 506 (1968). 

lion of the lactone 4b (0.704 g, 5 mmol) in petroleum ether (bp 
40-60°, 6 ml) and K(20 (2 ml). After IS hr the precipitated crys
talline mass was collected and was thoroughly dried in vacuo 
to give l-benzyl-4,4-dimethyl-5-ethvl-5-hydroxypyrrulidin-2-i>n(' 
(1.12 g, Ol'.'c): ' mp 102-103°; ir (CHCl3j, 3600, 3400, and 10SN 
vm~'. Attempts to recrystallize this material from a variety of 
solvents led to its contamination with increasing amounts of 
1 he dehydrated material, l-benzyl-4,4-diinethyl-5-ethyliden(>-
pyrrolidin-2-one. Elemental analysis was therefore performed 
on the material which had precipitated from the read ion solution. 
Anal. (C„H21X02) C, H, X. 

Lactone 4b did not react with cysteine in aqueous solution at 
pH 7 or with methyl cysteinate in EtOH. 

Reaction of Vinyl Acetate with L-Cysteine.- Vinyl acetate 
(1.72 g, 20 mmol) was added to a stirred solution of i.-cysteine 
(2.4 g, 20 mmol) in H20 (15 ml) at p l l 7.5" Dilute NaOH (20 
mmol) was added periodically to maintain pll 6-7,50 and the 
solution was allowed to stand overnight at room temperature. 
Acidification with concentrated IK'l and isolation in the usual 
manner gave N-acetyl-L-cysteine (1.(1 g, 30',;), mp 10S°. 

Reaction of Vinylene Carbonate with n-Cysteine. Vinylene 
carbonate (1.72 g, 20 mmol) was added to a stirred solution of 
L-cysteine (2.4 g, 2(1 mmol) in IEO (15 ml) at pll 7.w An exo
thermic reaction occurred and carbon dioxide was evolved. After 
3 hr the solution was evaporated; on treatment with I .V 1101 
and with ethanol, the residual gum gave L-cysteine hydrochloride 
monohydrate [3.1 g, !)0f."f), nip 175-185°. 
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Several derivatives of different types of aldehydes 
have also been found to inhibit the growth of neo
plasms, for example, pyridine-2-carboxaldehyde thio-
semicarbazone,6 octadecylthiosemicarbazones of alde
hydes,7 indole-3-carboxaldehyde p-bromophenylhydra-
zone,8 and 3-ethoxy-2-ketobutanal bisthiosemicarba-
zone.9 

Antagonism to the utilization of folates was recog
nized a number of years ago as a general property of 

(6) R. W. Brockman, .1. R. Thompson, M. J. Bell, and II. E. Skipper, 
Cancer lies., 16, 167 (1956). 

(7) B. Prescott and C. P. l.i. ./. Med. Chem., 7, 383 (1964). 
(8) R. H. Wiley and R. I,. Clevenfcer, ibid., S, 1367 (1962). 
(9) 11. J. Peterina and 11. H. Buskirk, Federation Proc, 21 (2), 163 (1962). 

Potent ia l Anticancer Agents. IV. 
5-Subst i tu ted Pyrimidine-6-carboxaldehydes and Derivatives1 
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Various 5-substituted pyrimidine-6-carboxaldehydes and derivatives were synthesized and tested for inhibition 
of growth of the Ehrlich ascites carcinoma and inhibition of incorporation of L-phenylalanine-l-14C and glycine-
1-UC into proteins and orotic acid-5-3H, thymidine-2-14C, and formate-14C into nucleic acids of tumor cells in 
vitro. The following compounds were found to be particularly active as inhibitors: 2-mercapto-4-hydroxy-5-
(4-ehlorobenzyl)pyrimidine-6-carboxaldehyde (VII-3), 2-mercapto-4-hydroxy-5-(4-bromobenzyl)pyrimidine-6-
carboxaldehyde (VTI-6), 2-ethylthio-4-hydroxy-5-(4-chlorobenzyl)pyrimidine-6-carboxaldehyde (VII-16), and 2-
eth}dthio-4-hydroxy-5-(4-bromobenzyl)pyrimidine-6-carboxaldehyde (VII-17). The best compounds of this 
series are equally as effective as 5-fluorouracil (FU) in inhibiting formate incorporation into DNA and growth of 
the tumor. They are more effective than FU in inhibiting incorporation of formate and orotic acid into RNA, 
thymidine into DNA, and phenylalanine and glycine into proteins. Although these compounds inhibit incorpora
tion of formate into DNA and RNA, they have only negligible inhibitory activity against the folate reductases. 
Smaller in vivo and in vitro inhibitions are obtained with the 5-bromopyrimidine-6-carboxaldehydes. The di-
amino-5-phenylpyrimidinealdehyde exhibits the least inhibitory activity against the Ehrlich ascites carcinoma 
cells in vivo, but it shows greater inhibition of folate reductases although considerably less than antifolssuch as 
aminopteriu. 


