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’I"he.threle pyridylalanine N-oxides, 8-(2-, 3-, or 4-pyridy! l-oxide)-nrL-alanine, have becn synthesized, and
their biological activities in Escherichia coli 9723 and Lactobacillus arabinosus 17-3 have been determined. 4-Pyri-

dylalanine N-oxide inhihits growth of E. coli at concentratians of 30 ug/ml and higher.

The 2- and 3-pyridyl-

alanine N-oxides are less effective inhibitors in this organism; the toxicities of all three N-axides ave reversed by

supplements of phenylalanine ar tyrosine.

Evidence is given for the enzymatice reduction of the pyridylalanine

N-oxides to the correspanding pyridylalanines in E. coli and for the probability that the toxicity of 4-pyridyl-

alanine N-oxide in this organism is due to the formation of the more toxic 4-pyridylalanine.

The pyridylalanine

N-oxides are inhibitory to L. arabinosus only at very high concentrations; the organism does not reduce these

compounds to the pyridylalanines.

Although the synthesis aud biological study of struc-
tural analogs of the aromatic amino acids, phenylala-
nine and tyrosine, have been conducted in many labora-
tories for over two decades,? the study of new structural
analogs remains interesting and often enlightening.
The three pyridylalanines (the alanine side chain sub-
stituted in the 2, 3, and 4 positions of the pyridine ring)
have been synthesized, and the 2- and 4-pyridyl-
alanines® = are well-documented antagonists of phenyl-
alanine. Certain of these pyridylalanines have been
employed in enzynie specificity studies and also serve
as false feedback inhibitors.~% Siniilarly, a tyrosine
analog containing the pyridine ring, 5-hydroxy-2-pyr-
idylalanine, has been a useful tool in the study of bio-
logical processes.®  Ifurther, 4,5-dihydroxy-2-pyr-
idylalanine, a structural analog of 3,4-dihyvdroxy-
phenylalanine (DOPA), has been found to serve as
4 substrate for DOPA decarboxylase, while it inhibits
the oxidation of DOPA by the enzyme, tyrosinase,!!
Certain substituted pyridine and quinoline N-oxides
have been studied for fungistatic and bacteriostatic
properties,’> The N-oxides that were found to be ac-
tive in the study were classified as “wide-spectrum’”
compounds.

The synthesis and the determination of the biological
activity of the three pyridylalanine N-oxides, 8-(2-, 3-,
or 4-pyridyl l-oxide)-pr-alanine, was interesting,
therefore, in that these comipounds could serve reason-
ably nas cither phenylalanine or tyrosine antagonists.
The 4-pyridylalanine N-oxide, for example, night
be expected to act as a tyrosine antagonist because of
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the prescnce of an oxygen atoni para to the alanine sub-
stituent on the pyridine ring. The other two pyridyl-
alanine N-oxides (alanine substitution in either the 2 or
3 position) would not be expected to be as cffective
tyrosine antagonists as the 4-substituted analog,
because of the ortho and meta orientations of the oxygen
atom; however, no seleetion of any of the three analogs
as a niost probable antagonist of phenylalanine can be
made easily.

In the present study the three pyridylalanine N-
oxides were synthesized, and nmierobial growtl inhibi-
tion studies were conducted.  4-Pyridylalanine  N-
oxide was found ta be antagonistic to both phenylala-
nine and tyrosine in fscherichia coli. However, a
strictly comipetitive reversal of the toxieity of +-pyr-
idylalanine N-oxide by cither plienylalanine or tyro-
sine (or combinations of both) could not be demon-
strated.  The 2- and 3-pyridylalanine N-oxides are only
weally inhibitory to this organism, and the toxicities of
the latter two compounds are reversed by low concen-
trations of either phenylalanine or tyrosine. Evidence
is also given for the engymatic reduction of the alanine-
substituted pyridine N-oxides by E. coli to produce
the corresponding pyridylalanines.  Further evidence
indicates that the rate of conversion of the pyridylala-
nine N-oxides to the corresponding pyridylalanines is an
important factor in the inhibition of E. ¢olr.

Experimental Section

General Procedures.—A Thomas-Hoover eapillary melting
point apparatus was etuplaved for all melting point determina-
tions, and the melting points reported are uncorrected. Paper
chramatographic studies were conducted by the ascending
technique nsing Whatman No. | chromatographic paper. Uv
spectra were determined with a Beckman DBG recording spec-
trophotometer.  Where analyses are indicated only by symbols
of the elements, analytical results ohtained for those elements
were within +0.4¢; of the theoretical valnes. The hydroxy-
methylpyridines and their N-oxides were obtained from Aldrich
Chemical Co., Inc.

For the microbiological assayvs employing Escherichie coli
0723 as test orgamism 2 jpreviausly reported inorganic salts-
ghtecose medium® wus employed; the experimental detnils have
heen reported.’® For the assay= employing Lactobaeillus arabino-
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sus 17-5 a previously described amino acid medium was used,'®
except phenylalanine and tyrosine were omitted from the basal
medium. Phenylalanine and tyrosine were supplemented as
required for limited growth of the organism. The amino acid
analogs were dissolved in sterile HyO and added to sterile assay
tubes without being heated in all of the assays. The amount of
growth was determined by optical density determinations (600
mu) after 16-20 hr.

The chemical procedures for the organic synthesis for all three
of the pyridylalanine N-oxides are the same. The experimental
procedures below describe the synthesis of 4-pyridylalanine
N-oxide (see Table I).

TasLe I
COOC;H;
~ ~ | ~ i}
@-CH,Q @—CHZCNHCOCH;; @—CHZCHCOO
NZ N N
| y COOCH, | NH;"
0 0O 0
II I v
a, 4 substitution; b, 3 substitution; ¢, 2 substitution
Paper
chromatography,
——R; values——
Yield, Solvent Solvent
Compd o Mp, °C 1¢ 2» Formula®
Ila 50  136-138 CsH,CINO - HC
ITh 70 91-93 CeHsCINO-HCl
ITe 70 109-111 CeHsCINO-HCI
IIla 30 192-193 clstoNzos
IIIb 40 155-156 C1sHaN306
IlIec 45 114-116 N e clstoNzos
IVad 50 242-243 dec 0.16 0.11 CSHmNgOs
IVb 30 243-245dec 0.18 0.10 CsHjoN:0;-HCL
IVe 5D 218-220dec 0.24 0.14 CSHmNan

¢ The solvent was BuOH-AcOH-H,0 (4:1:1). ? The solvent
was EtOH-NH,OH (19:1). < C, H, N analyses were made in
every case. ¢ Lit.!* mp 238.2° dec.

4.Chloromethylpyridine 1.Oxide Hydrochloride (Ila).—4-
Pyridylearbinol 1-oxide (15.0 g, 0.12 mole), was added to SOCl,
(~80 ml) with stirring over a period of about 10 min. After
the initial exothermic reaction had subsided, the reaction mixture
was heated for an additional 10 min. The clear solution was
cooled in an ice bath and overlayed with an equal volume of
ligroin. After vigorous scratching and stirring with a glass rod,
the lower layer solidified to a light brown material. The solid
was filtered off and washed several times (ligroin, Et;0) to remove
residual SOCl,.  After dissolving (EtOH) and decolorizing with
Norit A, the product was crystallized (EtOH-EtOAc) (50:50),
white needles, 8.6 g.

Ethyl 2-Acetamido-2-(4-pyridylmethy! 1-oxide)malonate (IIIa).
—To a cool solution of 12.1 g (0.056 mole) of ethyl acetamido-
malonate in 200 ml of dry EtOH containing 2.57 g (0.112 g-atom)
of Na was added slowly with stirring 10 g (0.062 mole) of 4-
chloromethylpyridine 1-oxide hydrochloride. After the addition
was completed, the reaction mixture was heated under reflux
for about 4 hr until the pH of an aliquot dissolved in H,O had
decreased to approximately pH 5. The precipitated NaCl was
filtered off and the filtrate was taken to dryness in vacuo. The
tan residue was dissolved (EtOH), decolorized with Norit A,
and crystallized from EtOH-Et;0. Recrystallization yielded 5.5
g of product.

3-(4-Pyridyl 1-oxide)-prL-alanine (IVa).—A solution of 4.6 g
(0.014 mole) of ITIa in 50 ml of 6 ;N HCI was heated under reflux
for 10 hr. The solution was concentrated in vacuo to approxi-
mately 10 ml, H,O (50 ml) was added, and the solution was taken
to dryness, in vacuo. The resulting solid was dissolved in a
small volume of H,O and neutralized (109 NaOH). The crude
product was precipitated from the cold solution by the addition
of 30:50 EtOH-Me,CO. The amino acid was suspended in boil-
ing EtOH, and H,O was added dropwise until dissolution was
complete. The hot solution was decolorized with Darco G-60

(16) J. M. Ravel, L. Woods, B. Felsing, and W. Shive, J. Biol, Chem.,
206, 391 (1954).
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and the pure amino acid was crystallized from H,O-EtOH-
Me:CO, yielding 1.0 g of white erystals, ninhydrin positive
(red-brown color).

Results and Discussion

The synthesis of the pyridylalanine N-oxides was ac-
complished by employing the appropriate hydroxy-
methyl-substituted pyridine N-oxides as starting
material. Conversion of the hydroxymethyl grouping
to the chloromethyl grouping was accomplished by use
of SOCl; without removal of the N-oxide function. The
corresponding chloromethylpyridine N-oxides thus
produced were then condensed with sodioacetamido-
malonate diethyl ester. Acid hydrolysis of the result-
ing condensation products gave the desired pyridylala-
nine N-oxides. Certain physical data of the interme-
diates and final products are summarized in Table I.

All three of the synthesized pyridylalanine N-oxides
were tested for biological activity in E. coli 9723. Both
3-pyridylalanine N-oxide (IVb) and 2-pyridylalanine
N-oxide (IVe) were found to be only slightly inhibitory
to this organism at concentrations up to 1000 ug/ml in
the growth mediuni; the 2-substituted pyridine N-oxide
was somewhat more inhibitory than the 3-substituted
compound. The toxicity due to either the 2- or 3-
pyridylalanine N-oxide could be reversed by supple-
ments of either phenylalanine or tyrosine.

In contrast to 2- or 3-pyridylalanine N-oxide, 4-
pyridylalanine N-oxide is a fairly good inhibitor in
E. coli 9723 (see Table II); complete inhibition of

Tanue 11
REVIRSAL OF 4-PYRIDYLALANINE N-Ox1pr ToxlciTY IN
E. coli 9723 by PHENYLALANINE AND TYROSINE®
4-Pyridyl- —

—————0ptical density at 600 mu

alanine Supplement
N-oxide, —-Phenylalanine, ug/mlP— —Tyrosine, ug/ml—
ug/ml None 2 6 20 60 6 20 60
0 0.72 0.72 0.72 0.74 0.74 0.72 0.71 0.71
3 0.22 0.18 0.54 0.29 0.72
10 0.07 0.15 0.40 0.72 0.13 0.38
30 0.03 0.13 0.31 0.60 0.08 0.16 0.73
100 0.02 0.06 0.24 0.53 0.70 0.03 0.04 0.38
300 0.00 0.05 0.04 0.31 0.37 0.01 0.01 0.46
1000 0.30 0.35 0.01 0.40

¢ Incubated 16 hr at 37°. ® The basal inorganic salts—glucose
medium used and the experimental details are described in ref
13 and 14.

growth usually resulted at concentrations of 30 ug/ml
and higher in the growth medium. Although either
phenylalanine or tyrosine reverse the inhibition of
the analog, as shown in Table II, the reversal is not
strictly competitive. It can be seen from this experi-
ment that increasing concentrations of either phenyl-
alanine or tyrosine tend to overcome the effect of the
inhibitor in a nonconipetitive fashion. The results
of inhibition experiments in E. coli were quite varied,
and a consistent pattern of reversal of toxicity by either
phenylalanine or tyrosine (or combinations of both)
could not be obtained.

Biological activities of the three analogs were also
determined in L. arabinosus 17-5 employing an amino
acid medium' in which phenylalanine and tyrosine had
been omitted from the basal solution. The assay me-
dium prepared therefrom was supplemented with 10
ug/ml each of pL-phenylalanine and pL-tyrosine to pro-
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note growth of the organism. Al three of the pyridyl-
alanine N-oxides were only very slightly inhibitory at
concentrations up to 1000 pg/ml af the assay medinn,
3-Pyridylalanine N-oxide was slightly more inhibitory
in this organism than either 2- or 4-pyridylalanine N-
oxide.

Beeause of the inconsistency of both phenylalanine
and tyrosine to reverse competitively 4-pyridylalanine
N-oxide toxicity in . eold 9723, the question arose as to
whether any enzynmtic chiemieal modifieation of the
pyridylalanine N-oxide was ocerrring. Such o process
affecting the chemical nature of the inhibitor might ex-
plain the inconsistencies in the bioussays, since the rate
of inhibitor niodification might be affected by a variety
of factors (e.g., slight varintions in incubation teniper-
ature, size and age of the inoculumn, ete.).

Paper chromatographic analyses were conducted on
the L. coli assay media (after bacterial growth) which
had Leen supplemented with phenylalanine to prevent
inhibition. In all casesit was found that the pyridylala-
nine N-oxides tested were almost completely converted
{o a ninhydrin-positive substance which exhibited
a higher Ry value in aeidie, basic, and neutral chroma-
tograplic solvents.  Except with very high concentra-
tions of either 2- or 3-pyridylalanine N-oxide, no phenyl-
alanine supplementation was necessary because of the
low toxicity of these compounds; however, conversion
of these compounds to ones of unknown structure re-
sulted i all eases.

It was reasonable to assume that enzymatice redue-
tion of the N-oxide function of the pyridine ring might
occur.  If such were the case, the enzyme(x) responsi-
ble might be expected to act on any pyridine N-oxide
regardless of the substitution on the pyridine ring and
to funetion as a pyridine N-oxide reductase.  As shown
in Iigure 1 (a paper chromatograph tracing), certain
substituted pyridine N-oxides were tested in growing
cultures of E. cali 9723 to determine whether they could
be reduced to the corresponding substituted pyridines.
It ean be seen that 2-hydroxymethylpyridine N-oxide
is apparently converted to the 2-hvdroxymethylpyri-
dine. Also tested, but not shown in the tracing, were
the 3- and 4-hydroxymethylpyridine N-oxides.  Both
compounds were also apparently converted to the cor-
responding  hydroxymethylpyridines by growing cul-
tures of the organism as determined by paper chroma-
tography.

In all solvent systems tested the Ry values for the
three pyridylalanine N-oxides were found to be similar;
the same is true for the enzymatie products obtained
from these N-oxides. The R values for a given
pyridylalanine N-oxide and its enzymatic product,
hawever, are significantly different.  The general cor-
respondence between Ry values for the pyridylalanine
N-oxides and the like correspondence of Rg values for
the enzymatic products might be taken to indicate that
a similar enzymatic conversion is occurring in each case.

To confirm that the pyridylalanine N-oxides were
being converted by the bacterial enzyme activity to the
correspouding  pyridylalanines, several studies were
initiated.  4-Pyridylalanine was synthesized accord-
ing to the procedure of Bixler und Niemann' and com-
pared (see igure 1) with the enzymatic product of 4-
pyridylalanine N-oxide. It became evident after
comparing ¢ values in severnl chromatographie sol-

P.T. Sunrrvawn, M. Kesrer, axp 8000 Norroy
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Figure 1.-—Ascending paper chromatogram tracing  idi-

cating the rednetion of varions sulistitnted pyridine N-oxides to
the correspouding substituted pyridines by growing cells of E.
coli 9793:  a, 2-pyridylalarine N-oxide; b, 2-pyridylalanine N-
oxide added tq grawth medinm; ¢, 3-pyridylalanine N-oxide: d,
d-pyridylalanine N-oxide added to grawth medium; ¢, -
pyridylalanine N-oxide; f, 4-pyridylalanine N-oxide added to
growth medinm; g, 4-pyridylalanine; h, 2-hydroxymethyl-
pyridine N-oxide; i, 2-hydroxymethylpyridine N-oxide added
to growth medium; j, 2-hvdroxymethylpyridine. Those com-
ponnds added to the growth medium were inenbated (1 mg /ml)
with growing cells of E. col¢ 9723. The inorganic salts-ghicose
medium, to which the pyridylalanine N-oxides were added, wis
supplemented with 100 pg of phenylalanine/ml to prevent
growth inhibition. After heavy growth (~16 hr), cells were
removed iy centrifugation, and aliquots of the supernatams
were spotted on paper.  All spats were detected after chroma-
tography it EtOIT-NHOH (19:1) by binhydrin and/or nv
light.

vents that enzymatic reduction of 4-pyridylalanine N-
oxide wns oceurring, resulting in the formation of 4-
pyridylulanine.  Further substantiation of this con-
version is that the compound enzymatically produced
from 4-pyridylalanine N-oxide is converted photo-
chemically by uv light into a yellow product (as yet un-
identified) which Las an absorption spectrum identical
with that of uv-irradiated 4-pyridylalanine, Ay, 440
mu. Uy irradiation of 4-pyridylalanine N-oxide has no
observable effect. on its absorption spectrum,

Information concerning the nature of the enzymuatic
produets from the pyridylalanine N-oxides was also ob-
tained by cheniical reduction studies. The 2- and 3-
pyridylalanine N-oxides were reduced (Fe-AcOH) un-
der conditions in which only the N-oxide function is
affected.’”  The resulting 2- and 3-pyridylalanines were
compared by paper chromatography with the cor-
responding enzyinatie products and were found to have
identical Ry values.

A color reaction,® specific for the pyridine ring, was
employed to compare the visible absorption spectra of
the chemieally reduced 2- and 3-pyridylalanine N-oxides
(and the synthetic 4-pyridylalanine) with the absorp-
tion spectra obtained from the enzymatic products of
the 2-, 3-, and 4-pyridylalanine N-oxides. Tuable Ill
swinmarizes the findings of this study. These data
leave little doubt that the reduction of pyridylalanine

i17) 1. J. den Hercog and W. . Combé, Rec. T'rav. Chim., 70, 581 (1951).
(18) E. Asmus and H. (iarschagen, Z. 4nal. Chem,, 1389, 81 (1043); Chen.
Abstr., 4T, 104107 (1953),
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TasLe L

ABsORBANCE Maxima ror Supstances TesTend EMPLAYING
A Pyripine Ring Speciric CoLor Rracrion®

Absorbance
Substance tested® 1nax, mu

Enzymatic produet of 2-pyridylalanine N-oxide 485
Chemical reduction product of 2-pyridylalanine

N-oxide 485
Enzymatic product of 3-pyridylalanine N-oxide 485
Chemical reduction product of 3-pyridylalanine

N-oxide 485
Enzymatic product of 4-pyridylalanine N-oxide 604
4-Pyridylalanine 606
Enzymatic product of 4-hydroxymethylpyridine

N-oxide 614
4-Hydroxymethylpyridine 614

@ The color reaction for the pyridine ring is a reported pro-
cedure!® employing HC), chloramine, CN ~, and barbituric acid as
reagents. The wavelengths of maximum absorbance were de-
termined by scanning on a recording spectrophotometer. Pyri-
dine N-oxides do not give the color reaction. ? All the enzymatic
produiets tested were from the growth media of E. coly 9723 which
had been supplemented with a substituted pyridine N-oxide.
Chemical reductions of the 2- and 3-pyridylalanine N-oxides were
conducted with Fe-AcOH." The 4-pyridylalanine was synthe-
sized by the procedure of Bixler and Niemann. !

N-oxides (and other pyridine N-oxides) to the corre-
sponding pyridylalanines (or other substituted pyri-
dines) does occur in E. coli 9723,

That the reduction of the N-oxide is enzyme cata-
lvzed is shown by the fact that when sufficiently high
concentrations of the analogs are employed to effect
complete inhibition of bacterial growth, there is very
little or no chromatographic evidence of pyridine N-
oxide reduction.

Another question of interest was whether the toxicity
of the 4-pyridylalanine N-oxide in E. colt is due to the
unaltered compound or to its reduction product. This
question might be resolved in the studies with E. coli
if the conversion of 4-pyridylalanine N-oxide to 4-pyr-
idylalanine could be prevented. In other experiments
it was found that the various hydroxymethylpyridine
N-oxides (employed as starting compounds in the syn-
thesis of the pyridylalanine N-oxides) were nontoxic to
E. colt even at very high concentrations. As has been
shown earlier (see Figure 1) the hydroxymethyl pyri-
dine N-oxides are reduced in growing cultures of E. colt
to the corresponding hydroxymethylpyridines. It was
decided to test whether the hydroxymethylpyridine N-
oxides at high concentrations could exert a sparing ef-
fect on the reduction of 4-pyridylalanine N-oxide. In
other words, by greatly increasing the total concentra-
tion of pyridine N-oxides available for enzymatic reduc-
tion, the rate of reduction of the 4-pyridylalanine N-
oxide might be dinminished significantly. Further, if it
is 4-pyridylalanine and not its N-oxide that is the more
potent inhibitor, a diminished rate of reduction of 4-
pyridylalanine N-oxide should be reflected in a de-
creased growth inhibition in the microorganism.

This hypothesis was tested employing 3-hydroxy-
methvipyridine N-oxide to retard the reduction of 4-
pyridylalanine N-oxide; the results are summarized in
Figure 2. Increasing concentrations of 3-hydroxy-
methylpyridine N-oxide have virtually 110 effect on the
growth of E. coli 9723 in the absence of inhibitor; how-
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Figare 2.—The effect of 3-hydroxymethylpyridine N-oxide on
the inhibition of E. coli 9723 by 4-pyridylalanine N-oxide.
4-Pyridylalanine N-oxide concentrations: €—e, none; C—O,
10 gg/ml; W—W, 30 pg/ml; V—, 100 ug/ml.  Duplicate tubes
at each concentration level of 3-hydroxymethylpyridine N-oxide
were run, and the optical density readings above are averages of
the individual readings at each level. See the Experimental
Section and ref 13 and 14 for the basal inorganic salts—glucose
medinm and the experimental details.

ever, the toxicity of the inhibitor is greatly decreased as
the concentration of the hydroxymethylpyridine N-
oxide increases. In another experiment the effects of
increasing concentrations of 3-hydroxyniethylpyridine
N-oxide on the toxicity of 4-pyridylalanine to E. col
were tested. It was found that supplements of the non-
toxic N-oxide were completely without effect on the
toxieity of 4-pyridylalanine. Inhibition studies have
shown that both phenylalanine and tyrosine prevent
the toxic effect of 4-pyridylalanine in E. colv 9723.

Our interpretation of these findings is that the toxic-
ity of 4-pyridylalanine N-oxide to E. coli 9723 is largely
due to the conversion of this compound to the toxic 4-
pyridylalanine. It is to be remembered that none of
the three pyridylalanine N-oxides that were studied are
toxic to L. arabinosus at concentrations below 1000
wg/ml. Paper chromatographic studies of the growth
medium employed for L. arabinosus have indicated that
this organism does not catalyze any detectable reduc-
tion of substituted pyridine N-oxides during growth to
the corresponding substituted pyridines. The failure
of this reduction process to occur may explain the poor
inhibition properties of the pyridylalanine N-oxides in
this organism. We have found that the reduction
product, 4-pyridylalanine, is fairly toxic to L. arabinosus
(over 909 inhibition at 200 ug/ml).

It is tempting to speculate on the possible use of the
pyridylalanine N-oxides for the selective inhibition of
those microorganisms which have a pyridine N-oxide
reductase. It may well be that 4-pyridylalanine N-
oxide could be employed as a reagent to determine the
presence of such an enzyme activity in a given micro-
organisni (based on the ability of the compound to in-
hibit growth of the organism). We have recently found,
however, that a simple colorimetric procedure® is more



sultable for determining pyridine N-oxide reductase ac-
tivity in whole eell suspensions of a given microorga-
nism. 4-Hydroxymethylpyridine N-oxide has been em-

J. Bryax Jones axp Joun M. Yousa
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hydroxymethylpyridine may then be deterniined spee-
trophotametrically.  We are presently engaged in the
irolation and study of the pyridine N-axide reduetase

ploved as substrate; the enzvmuatically

produced 4= activity from £Locoli 9723,

111.!
The Reactions of Unsaturated y-Lactones with L-Cysteine

Carcinogenicily of Lactones.

J. Bryan JoNes axp Joux M. Young®
Lash Miller Cheniical Laboratorics, Deparbment of Chepiistry, {niversity of Tovonto, Toronlo 5, Cunada

Recewed April 8, 1968

The reactions of a series of nusaturated y-lactones and related componunds, ranging in carcinogenicity from
inactive to potent, with e¢ysteitie have been studied, and it has been shawn that snch reactions will nsnally not
provide meaningful indications of carcinogenicity or of other hiological activities. In fact snch a criterion can
often prove misleading. However, a chemical basis has emerged which may have predictive valhie: carcinogenic
lactones (for example, 4-hydroxypent-2-enoic acid lactone and 4-hydroxy-2,4-hexadienoic acid lactone) nndergo
Michael addition of the nmucleophilic thiol group to the conjugated nnsaturation(s) giving rise to S-alkylated
adducts.  No normal ¢n vivo processes are known which can reverse such alkylations and any cellular modifica-
tion of this type would probably be permanent. The mactive lactones (in which the donble bonds are not cou-
ingated with the carbonyl group) are also subject to rapid attack by the cysteine thiol gronp; hawever, addition
accurs at the lactone carbonyl giving rise ta S-acylated intermediates which then rearrange rapidly in nentral
solution to yield N-acylated cysteines. In contrast 1o the effectively irreversible in »ivo alkylatian reactians
cellular damage resulting from such acylation processes can readily he repaired iy varions proteolytic enzymes.

It is well known that comipounds containing the
lactone function exhibit a broad range of physiologieal
properties? including carcinogenict and antitumor® ae-
tivities. Certain properties, for exaniple, antibacterial
activity, of many lactones (and of related compounds)
are inhibited by the addition of cysteiue and other
sulfhydryl-containing compounds, and several attempts
have been made to correlate physiological potency of
lactones with their eysteine reactivity.*87

One of the most recent studies of this kind was made
by Dickens and Cooke” 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 sonic of
the anomalies” might be clarified.”

Of the compounds exanmined by Dickens and Cooke

(1) Yart 11: J. B. Jones, C. H. Koa, 1. . Mellor, $. (". Nyhurg, aad ..
M. Young, Can. J. Chem., 46, 813 (1968).

(21 Researcih Iellow of the National Cancer Instituce of Canada, 1056
1168,

(3) Leading references to the extensive literacure on (lis sulject arce
eiven by (a) L. J. Haynes, Quart. Rer, (London), 2, 46 (1948); (h) H. W.
Buston and 8. K. Roy, Arch. Biochem., 22, 1 (1944); (¢) D. G. Wenzel
and . M. Smith, J. Am. Pharm. Assoc., 47, 792 (1958); (d) R. Ronda-
nelli, Arch. Intern. Pharmacodyn., 186, 289 (1962).

() F. Dickens and H. E. H. Jones, Brit. J. Cuucer, 16, 85 (1961); 17,
100, 691 (1963); 19, 392 (1965).

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

) C.J. Cavallito and T H. Hazkell, /. d». Chem, Soc., 67, 1091 (1945),
and references therein.

(7) F. Dickens and J. Cooke, Brit, J. Cavxcer, 19, 304 (1965).

(8) In tle final paragraph of their paper, Dickens and Cookei also con-
clude that much clhiemical work is required in this area since the cliemical
literature contains surprisingly few relevant data.

those selected for detailed study are shown in Chart 1
with their relative carcinogenicities. "

Cuany 1
RELATIVE CARCINOGENICITY {IN PARENTHESES) OF SELECTED
v=LacroNes aNp REpaved CoMpounns (FroM THE Dara op

IDICKENS, ef al.479)
L= - -
O
(0] 0 o 1)
=) 2(-) 3(+)

1= -
R
Wi
o A~ 0 OW/O
0
4aR=H
2 ) 5(++) 6(+++)

4b,R=Me (nd)

CH,;CH=CHCH=CHCO,H
7(++4)

The reaction of 4-hydroxypent-3-cnoic acid lactone
(1) with cysteine was first investigated by Cavallito and
Haslkell.®  However, since the assignnent of strueture 8

O
W . o
S NH
COH \CO.H
8 9
to the product isolated was made prior to the advent of
nmodern spectroscopie analytical niethods it was con-
sidered desirable to reexamine the reaction. A product
identical with that described by Cavallito and Haskell

() F. Dickeus, 1. 12 11, Jones, and H. B. Waynforth, Brit, J. Cianr,
20, 134 (1066).



