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The reactions of the a,8-unsaturated lactones, A*fbutenolide (1), a-methyl-Ae S-butenolide (2), g-methyl-
Axf-butenolide (3), and v-methyl-A*A-butenolide (4) with the thiols, 1~propanethiol, e-toluenethiol, L-cysteine,
and N-acetyl-L-cysteine methyl ester were investigated. The products were identified as the thio ethers resulting

from Michael-type addition of the thiols across the conjugated carbonyl systems.

The dissociations of the L-cys-

teine adducts were followed kinetically and their instability contrasted with an exocyclic a-methylene lactone

thiol adduct.

The reaction of a,8-unsaturated lactones with thiols
has been suggested to play a key role in several bio-
logical growth-regulatory phenomena. The selective
growth-inhibitory action of é-hexenolactone on certain
animal tissures was shown to be antagonized by cys-
teine.* Spectrophotometric and colorimetric studies
showed that direct and reversible reaction took place
between the lactone and the thiol grouping, and it was
proposed that &-hexenolactone exerts its effect on
cellular proliferation mainly through its reactivity with
sulfhydryl groups essential to enzyme function. Sim-
ilar studies of a variety of unsaturated lactone anti-
biotics led to similar proposals concerning their mode of
action.®~7 The inhibition of plant growth by proto-
anemonin,® heliangine,® and vernolepin!® is prevented
by BAL and other sulfhydryl compounds, and has been
attributed to reaction of the inhibitors with sulfhydryl
enzymes. Very recently, a study of the reactions of
tumor-inhibitory a-methylene lactones with model
biological nucleophiles revealed that thiols were the
most reactive of the nucleophiles investigated, and that
successive thiol addition to bis unsaturated lactones
resulted in a marked diminution in the biological ac-
tivity of the adducts.!’ The tumor-inhibitory a-
methylene lactones were shown to inhibit the sulfhydryl
enzyme, phosphofructokinase, and evidence was pre-
sented to indieate that the inhibition resulted from
their reaction with the sulfhydryl groups of the
enzyme.'? A possible relationship between the carcino-
genicity of certain unsaturated lactones and their re-
activity with sulfhydryl cell components or metabolites
has been suggested.!®* However, the advisability of
using such data as eriteria for predicting the carcino-
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genicity of lactones has been questioned following a
more recent study.®

In the course of our continuing studies of the reac-
tions of unsaturated lactones with model biological
nucleophiles, we have investigated the reactions of
substituted endocyclic «,8-unsaturated y-lactones with
thiols. In 1945, Cavallito and Haskell reported the
formation of an amphoteric compound by reaction of
cysteine with ~y-methyl-A*#-butenolide (4), but the
product was not identified.® The same authors re-
ported that B-methyl-A*f-butenolide (3) showed no
measurable reaction with eysteine, and that the lactone
could be recovered quantitatively unchanged. The
product, 4c, of S-alkylation of cysteine by 4 has re-
cently been isolated and characterized by Black.!®
We report herein the results of a study of the addition
of various thiols to a-methyl-, -methyl-, and y-methyl-
A*#-butenolides, and the isolation and characterization
of the previously elusive cysteine adduects of a~-methyl-,
and S-methyl-A% f-butenolides.
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Treatment of A**-butenclide (1), a-methyl-A*#-
butenolide (2), B-methyl-A*#-butenolide (3), and ~-
methyl-A*#-butenolide (4) with the thiols, 1-propane-
thiol, a-toluenethiol, r-cysteine, and N-acetyl-L-cys-
teine methyl ester, made possible an evaluation of the
effect of a methyl substituent on the reactivity of the
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butenolide toward S-alkylation in a Michael-type re-
action.

The results are summarized in Table I. It is ap-
parent that a methyl substituent in the « or 8 position
markedly reduces the reactivity of the butenolide to-

TasLe I
TaioL Appucts oF SusTITuTED A%P-BUrENoLIDES
Lactone Thiol? Conditions? Product Yield, %

1 a 3 la 65
2 a 3, 4 None

2 c 1 2c 38
2 d 7 None

3 a 3,5 7 None

3 b 6 None

3 c 2 3c 12
3 d 7 None

4 a 3 4a 20
4 b 3 4b 44
4 c 1 4c¢ 94
4 d 7 4d 60

‘ NH
o a, HSCH,CH,CH;. b, HSCH:CeH;. ¢, HSCH:CH< . .

COo0-"
NHCOCH, .
d, HSCH,CH< . ?1: pH 7, adjusted to pH with

COOCH;
NaOH solution, room temperature, 18 hr. 2: pH 7.4, adjusted
3: pH 74,

to pH with' NHOH, room temperature, 4 days.
4: pH 7.4, phosphate buffer,

phosphate buffer, 40°, 20 hr.
pH 8, phosphate buffer, 60°, 7 days. 6:

40°, 7 days. 5:
pH 8, phosphate buffer, 40°, 20 hr. 7: Triethylamine as base,
¢ Seeref 16.

in ether, room temperature, 14 hr.

ward Michael-type addition of thiols. The low reac-
tivity of 3 with cysteine is interesting in view of the
earlier observation that treatment of strophanthidin
(a B-substituted butenolide) with an excess of cysteine
did not affect its ultraviolet absorption.” The ap-
parent failure of strophanthidin to undergo facile addi-
tion of sulfhydryl compounds in vitro has been inter-
preted as rendering improbable the hypothesis that
such reactions may play a role in the mode of action of
cardiotonic steroids. However, the possibility that
polyfunctional enzymatic interactions in wvive could
favor the addition reaction cannot be excluded from
consideration.

Cysteine appears to be the most reactive of the thiols
investigated. Both the o-methyl- and B-methylbu-
tenolides, 2 and 3, were found to form adducts only
with cysteine and to be unreactive toward N-acetyl-
cysteine methyl ester, 1-propanéthiol, and o-toluene-
thiol within the pH range studied (pH 6-8). The
greater reactivity of cysteine may be attributable to
the marked acidity of eysteine’s sulfhydryl group
(pK, = 8.5).18

In the preparation of the endocyclie cysteine adducts
(2¢, 3c, and 4c¢), considerable manipulative difficulties
were encountered which suggested an inherent instabil-
ity, and, in fact, successful preparative procedures were
developed only after considerable experimentation.
This behavior contrasted with the cysteine adduet
formed upon reaction of the exoeyclic unsaturated -
lactone function (5) present in many sesquiterpene
lactones including elephantopin (6).!! The following
results indicate that the adducts of the endoeyelic com-

(17) L. M. Glynn, J. Physiol., 186, 148 (1957).
(18) J. T. Edsall and J. Wyman, “Biophysical Chemistry,” Academic
Press, New York, N. Y., 1958, p 496.
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pounds (2, 3, and 4) are indeed much less stable and
tend to undergo retro-Michael reactions much more
readily than adducts of exocyclic analogs.

—N—

o

0
8

The rate of formation of cysteine from the adduects
could be monitored under irreversible conditions by
means of the thiol reagent 2,2’-dipyridyl disulfide.
The endocyelic cysteine adducts 2¢, 3¢, and 4¢ under-
went retro-Michael reaction at 25° and pH 7.4 with
first~order rate constants of 34 X 10-%, 125 X 10—
and 3.0 X 10~% sec—!, respectively, whereas the rate of
dissociation of the exocyclic monocysteine adduct (7)
of elephantopin was immeasurably slow. Indeed there
was no evidence of reversal under such conditions for
any of the cysteine adducts of the exoeyeclic unsaturated
y-lactones.

It is also noteworthy that the exocyeclic unsaturated
lactone in 6 reacted much faster with cysteine than the
endocyclic lactones 2, 3, or 4. The second-order rate
constant for the reaction of elephantopin and 1 mol of
cysteine at 25° has been reported as 2600 1. mol—!
min~%! In contrast the most reactive of the endo-
cyclic lactones, 4, has been reported to react with cys-
teine (0.67 M) at room temperature and pH 7 in 15
min to afford a 909, yield of adduet 4c.’* A second-
order rate constant of approximately 1-10 1. mol-!
min~! can be associated with this process.?® This
suggests a rate ratio of exocyclic to endocyelic unsatu-
rated lactones of the order of 103,

The enhanced reactivity of the exocyeclic unsaturated
compounds toward thiols compared with that of the
endocyclic compounds may find explanation in several
factors. The terminal carbon of an exocyclic methy-
lene group should have a lower steric requirement than
the corresponding carbon of any of the endocyclic

. compounds studied. Furthermore, the polarization of

the conjugated carbonyl system would be expected to
be greater in the exocyclic methylene compounds than
in the endoeyeclic compounds. The inductive effects of

(19) For a second-order equimolar reaction, kit = 1/4 — /4. Hence
ke corresponds to approximately 1-10 I, mol~! min~1 if this reaction is 90—
999% complete after 15 min, since 4o = 0.67 M, This is in agreement with a
published value of 2.2 1. mol~! min~114 for the loss of thiol in the presence of
lactone 4.
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the alkyl substituents would be expected to decrease
the electrophilic character of the 8 carbon and thus
diminish the reactivity of the endocyclic compounds
toward nucleophilic attack. This effect should be
most marked in the 8-methylbutenolide (3) which is the
least reactive of all.

The greater stability of the exocyclic adducts, once
formed, may be rationalized if the retro-Michael pro-
cess involves the initial loss of a proton from the «-
carbon, for the loss of a tertiary proton is both sterically
and induetively less favorable than the loss of a second-
ary proton. The a-methylbutenolide adduct (2¢) may
be so stabilized, but the subsequent loss of thiol anion
from each of the endocyclic derivatives may be
associated with a concomitant release of I strain® as
ionization occurs, thus leading to an enhanced dissocia-
tion relative to the exocyclic case.

An entirely analogous situation exists in the inter-
actions of amines with «,8-unsaturated lactones. Of
the endocyeclic compounds only the y-methylbutenolide
(4) has been investigated;*' addition of dimethylamine
has been shown to oceur in solution, although the in-
stability of the product precluded isolation and further
characterization. In contrast, the exocyclic unsatu-
rated lactone present in costunolide (8) has been shown
to react with dimethylamine to give a stable Michael
adduct.??

In a study of the relative nucleophilic reactivities of
amino groups and mercaptide ions in addition reactions
with o,8-unsaturated compounds, Friedman, et ol.,*
found that, at comparable pK, values and steric en-
vironments, sulfur anions are about 280 times more
reactive than amino groups. Our results with the
amino thiol, cysteine, are in good agreement, for only
thiol addition was observed. All the cysteine adducts
formed gave negative spot tests on tle for a thiol group,
although some dissociation in aqueous solution was
noted.

Further studies of the Michael-type addition of thiols
to unsaturated lactones are in progress, and will be
reported in due course.

Experimental Section

Infrared spectra were determined on a Beckman Model IR-5A
recording spectrophotometer. Ultraviolet spectra were recorded
on a Beckman Model DK-2A spectrophotometer fitted with a
thermostated cell compartment and a variable timer interlocked
with a repetitive scanning attachment to give fully automatic
operation. Nmr spectra were determined on Varian A-60A and
HA-100 spectrometers. Evaporations were carried out at tem-
peratures less than 40° under reduced pressure. All melting
points were determined on a Thomas-Hoover capillary melting
point apparatus and are corrected. Microanalyses were per-
formed by Spang Microanalytical Laboratory, Ann Arbor, Mich.
For the mass spectral data, the authors thank the Purdue Mass
Spectrometry Center.

Buffers.—The buffers employed were those of Sorensen and
Palitzch, deseribed by Kolthoff and Rosenblum.?*

Deoxygenated Water.—Distilled water was redistilled under
deoxygenated nitrogen from potassium permanganate-sodium
hydroxide (2 g, 2 g/1.). High purity nitrogen was deoxygenated

(20) H. C. Brown and G. Ham, J. Amer. Chem. Soc., 18, 2735 (1956).

(21) J. B. Jones and J. M. Young, Can. J. Chem., 44, 1059 (1966).

(22) 8. V. Hiremath, G. H, Kulkarni, G. R. Kelkar, and S, C. Bhatta-
charyya, Indian J. Chem., 6, 339 (1968).

(23) M. Friedman, J. F. Cavins, and J. 8. Wall, J. Amer. Chem. Soc., 87,
3672 (1965).

(24) 1. M. Kolthoff and C. Rosenblum, ‘‘Acid Base Indicators,’” Macmil-
lan, New York, N. Y., 1937, p 249,
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by bubbling through a solution of pyrogallol [potassium hydrox-
ide (25 g), pyrogallol (100 g), water (250 ml)], and then through
a solution of sodium vanadate (vide infra).

Sodium Vanadate Solution.?—Zinc (125 g) was amalgamated
by treatment with 109, mercurous nitrate (125 ml) containing a
few drops of concentrated nitric acid. The zinc was washed with
water and placed in a gas washing bottle. A solution of 0.1 M
sodium metavanadate (Alfa Inorganics) in 2 M sulfuric acid was
added. Nitrogen was bubbled through the yellow-green solution,
which became dark blue in a few hours and was then ready for use.
A constant flow of nitrogen was maintained through the solution
until the color changed to muddy brown, indicating a loss of
effectiveness.

Preparative Layer Chromatography on ‘‘Avicel.”’—*Avicel”’
(American Viscose Corp., Newark, Del.) chromatoplates were
prepared (1.25 mm thick) according to Wolfrom’s procedure.?:%
Each chromatoplate was used to separate 50~75 mg of a mixture.
The chromatoplates were developed with ethyl acetate:acetic
acid:formic acid:water (18:3:1:4, v/v), a system which gave
good separation of cystine, cysteine, and the various adducts.
Since the butenolide-cysteine adducts usually could not be
visualized by uv irradiation, the bands were detected by spraying
two narrow strips of the plate with 0.29, ethanolic ninhydrin solu-
tion. After the ninhydrin color had developed, the desired band
was removed from the plate. The material was eluted with
deoxygenated water, and the eluate was lyophilized to give the
desired adduct as a powder.

A«f.Butenolide (1).—The butenolide 1 was prepared accord-
ing to the procedure of Price and Judge.?

Formation of the A«8.Butenolide-1-Propanethiol Adduct: 3-
Thiopropyl-4-hydroxybutanoic Acid Lactone (la).—An aqueous
buffered solution (100 ml, pH 7.4) of A2A-butenolide (1, 250 mg,
0.003 mol) and 1-propanethiol (0.35 ml, 0.0037 mol, Aldrich) was
stirred at 40° for 18 hr. 'The aqueous solution was extracted with
chloroform (five 50-ml portions). The combined chloroform
extracts were dried over MgSO, and concentrated under reduced
pressure. The residual oil was distilled, bp 95-98° (0.2 mm), to
yvield a clear, colorless oil (1a, 303 mg, 656%): ir Aim 5.63 g
(lactone carbonyl); nmr (CDCL) » .02 3 H, t, J = 7 Hz,
-CH,CH;), 8.8-7.9 (2 H, m, -CH,CH;), 7.8-6.8 (4 H, m,
-CH,S8- and ~CH,CO»-), 6.5-5.3 (3 H, m, n-PrSCHCH,0); mass
spectrum (75 eV) m/e (rel intensity) 160 M* (35.5), 102 (62), 85
(22), 84 (20), 74 (11), 73 (34), 61 (15.5), 60 (100), 59 (40), 58 (29).

Anal. Caled for CHi0.8: C, 52.49; H, 7.55; S, 19.98.
Found: C,52.30; H,7.58; S, 19.89.

oa-Methyl-A*8-butenolide (2).—The butenolide 2 was pre-
pared according to the reported procedure.?®

Formation of the a-Methyl-A2A-butenolide-1-Cysteine Adduct:
2 - Methyl-3-(2-amino-2-carboxyethylthio)- 4 -hydroxybutanoic
Acid Lactone (2¢).—A solution of the butenolide 2 (500 mg, 0.005
mol) and cysteine hydrochloride monohydrate (438 mg, 0.0025
mol) in water (15 ml) was adjusted to pH 7.0 with 2 N sodium
hydroxide solution and kept under a nitrogen atmosphere for 24
hr. The solution was extracted with ether (three 250-ml por-
tions), and the combined ether extracts were dried (MgS0O,) and
concentrated under reduced pressure to yield recovered buteno-
lide 2 (255 mg, 0.0025 mol). The aqueous solution was concen-
trated under reduced pressure, and absolute ethanol was added to
effect solution of all the precipitated material. The aqueous
ethanol solution was cooled, and the white, noncrystalline solid
which formed was collected by centrifugation to give the adduct
2c. Concentration of the mother liquors yielded a second crop,
which was shown by its infrared spectrum to be identical with the
first material isolated. The total yield of 2¢ was 205 mg (38%):
mp 188-190° with some softening beforehand and effervescence
at the melting point; ir Ases 5.56 w (lactone carbonyl); nmr
(D0) » 840 B H, d, J = 7 Hz, «-CH;), 7.4-6.8 (2 H, m,
~-C(CH;)HCHSR), 6.8-6.6 (2 H, -SCHy~), 6.5-5.5 (3 H, m,
SCH,CH- and ~-SCHCH,-0-); mass spectrum (75 eV) m/e (rel
intensity) 219 M+ (2.5), 174 (5.0), 146 (8.0), 101 (9.3), 100 (7.5),

(25) Private communication from Professor A. J. Krubsack, The Ohio
State University.

(26) D. Horton, A. Tanimuri, and M, L. Wolfrom, J. Chromatogr., 28,
309 (1966).

(27) M. L, Wolfrom, D, L, Patin, and R. M. De Lederkremer, ibid., 17,
488 (1965).

(28) C. C. Price and J, M. Judge, Org. Syn., 45, 22 (1965).

(29) C. J. Cavallito and T, H. Haskell, J. Amer. Chem. Soc., 68, 2332
(1946). .
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99 (16), 98 (48), 89 (11), 76 (32), 75 (32), 74 (100), 70 (6.2), 69

47).
Anal. Caled for CsHisNOGS: C, 43.83; H, 5.98; N, 6.39;
S, 14.45. Found: C,43.62; H,5.91; N,6.49; S, 14.25,

B-Methyl-A«f-butenolide (3).—The butenolide 3 was prepared
according to reported procedures. 3082

Formation of the g-Methyl-A%8-butenolide-1-Cysteine Adduct:
3 - (2-Amino-2-carboxyethylthio)- 3 -methyl-4 - hydroxybutanoic
Acid Lactone (3c).—A solution of cysteine hydrochloride (158
mg, 0.001 mol) and the butenoclide 3 (98 mg, 0.001 mol) in deoxy-
genated water (1 ml) was adjusted to pH 7.4 with concentrated
ammonium hydroxide, while kept under a stream of nitrogen.
The flask was sealed and kept at room temperature for 4 days,
and then the solution was lyophilized to give & white powder.
The powder was dissolved in a minimum of water and chromato-
graphed on “‘Avicel.”” A band, Rs 0.45-0.65, was removed and
eluted with ice water. The water eluates were immediately
frozen and lyophilized to give a white powder. The powder was
dissolved in MeOH (4 ml) and precipitated by addition of ethyl
acetate (20 ml). The precipitate was collected by filtration and
washed with ethyl acetate to give, after drying, a white powder
(3c, 26 mg, 12.0%): mp 203-205° dec; ir Aies 5.62 u (lactone
carbonyl); mass spectrum (75 eV) m/e (rvel intensity) 219 M+
(0.23), 98 (43.7), 76 (11.9), 74 (17.6), 69 (100), 68 (17.6), 56

(17.9).
Anal.®® Caled for CeHyisNO,S: C, 43.81; H, 5.98; N, 6.38;
8, 14.62. Found: C, 39.54 (43.4 corrected); H, 5.31 (5.8

corrected); N, 6.03 (6.6 corrected); S, 13.03 (14.3 corrected).

Adduct 3¢ was found to decompose very rapidly in water at
room temperature to give cysteine and the starting butenolide.

v-Methyl-A*#-butenolide (4).—The butenolide 4 was prepared
from a-angelica lactone (Aldrich) according to the reported pro-
cedure.’*

Formation of the ~-Methyl-A%8-butenolide-1-Propanethiol
Adduct: 3-Propylthio-4-hydroxypentanoic Acid Lactone (4a).—
An aqueous buffer solution (125 ml, pH 7.4) of the y-methyl-
butenolide (0.5 g, 0.005 mol) and 1-propanethiol (0.38 g, Aldrich)
were mixed and stirred at 40° for 20 hr. The solution was ex-
tracted with ether, and the combined ethereal extracts were dried
over anhydrous MgSQOs. Concentration of the ethereal solution
under reduced pressure yielded an oil which was purified on
freshly activated silica gel GFuy plates. The plates were eluted
with ether:hexane (1:1), and a band Bt 0.4 (visualized with uv
light), was removed and eluted with ether. Concentration of the
ether eluate yielded a clear, colorless oil (4a, 166 mg, 209%): ir
ACHOl 558 u (saturated lactone carbonyl); nmr (CDCly) »
9.02 (3 H, t, CH,;CH,~), 8.55 (3 H, d, J = 6 Hz, CH,CHO), 8.7~
8.1 (2 H, m, CH;CH,CH;:8~), 7.6-7.0 (4 H, m, ~CH,3 and
~CH,CO,-), 7.0-6.7 (1 H, m, -SCH~), 5.8-5.4 (1 H, quintet, J =
6 Hz, CH;CHO); mass spectrum (75 eV) m/e (rel intensity) 174
M+ (27.6), 102 (87.5), 99 (17.3), 98 (17.3), 73 (20.7), 61 (17.3),
80 (100), 59 (18.4), 55 (20.7).

Anal. Caled for CsHi0.8: C, 55.16; H, 8.10; S, 18.37.
Found: C,55.29; H, 8.08; 8, 18.49.

Formation of the +-Methyl-A%£-butenolide-a-Toluenethiol
Adduct: 3-Benzylthio-4-hydroxypentanoic Acid Lactone (4b).—
This adduct was prepared as described for the 1-propanethiol
adduct (4a) to yield after chromatography a clear, colorless oil
(4b, 44%): ir A5 5.62 (saturated lactone carbonyl), 6.65-
7.70 u (aromatic); nmr (CDCL) » 873 3 H, d, J = 6 Haz,
~CHCHg#), 8.0-6.9 (3 H, m, ~SCHCH,CO,-), 6.25 (2 H, s,
~SCH,CsHs), 5.9-5.4 (1 H, m, CH,CH*O-), 2.75 (5 H, s, aro-
matic protons); Heand H? shown to be coupled by double irradia-
tion experiments (J = 6 Hz); mass spectrum (75 eV) m/e (rel
intensity) 222 M+ (43.7), 150 (15.6), 121 (42), 92 (26), 91 (100),
77 (7.3), 65 (30.2).

. Anal. Caled for: CpHuO,8: C, 64.85; H, 6.35; S, 14.40.
Found: C,64.88; H,6.36; S, 14.46.
While this work was in progress, adduct 4b, 3-benzylthio-4-

(30) W.J. Conradie, C. F. Garbers, and P. 8, Steyn, J. Chem, Soc., 594
(1964).

(31) J. M. Stewart and D. W, Woolley, J. Amer. Chem. Soc., 81, 4951
(1859).

(32) C.H.Hoffman, ibid., 79, 2316 (1957).

(33) The analysis was corrected for 9.8% ash. Attempts to free 8¢ from
ash using a Bio-Gel column (a successful procedure in these laboratories for
purifying stable, high molecular weight, cysteine adducts) were unsuccess-
ful.

(34) J. Thiele, R, Tischbein, and E. Lossow, Justus Liebigs Ann. Chem.,
319, 144 (1902).
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hydroxypentanoic acid lactone, was independently prepared in a
nonaqueous medium by Jones and Young.1s

Formation of the y-Methyl-A2.8-butenolide-1-Cysteine Adduct:
3-(2-Amino-2-carboxyethylthio)-4-hydroxypentanoic Acid Lactone
(4c).—This adduct was prepared according to the procedure pub- -
lished by Black.’® The product was obtained in 949, yield as a
crystalline solid, mp 179-180° dec (lit 193-197° dec).?

Anal. Caled for CsH;:NO,S: C, 43.81; H, 5.98; N, 6.38;
S,14.62; M, 219. Found: C,43.62; H, 5.89; N,6.53; S, 14.55;
M (mass spectrum), 219.

N-Acetyl-r-cysteine Methy! Ester (d).—A solution of N-acetyl-
L-cysteine (1.0 g, 0.006 mol, K & K Laboratories) in methanol
(20 ml) was mixed with an ethereal solution of diazomethane.
The reaction was monitored by tle (silica gel, ether), and addition
of diazomethane was stopped when only a trace of N-acetyl-L-
cysteine remained. (Addition of an excess of diazomethane made
the product difficult to purify.) The product was recrystallized
from ether-petroleum ether to yield the methyl ester (d, 0.79 g,
73%): mp 78-80.5°, and after sublimation [45-50° (bath
temperature)(0.01 mm)] mp 81-82° (lit.® 79-80°); ir AEEr
3.08 (-NHCO-), 3.92 (sh, ~SH), 5.78 i (ester).

Formation of the yv-Methyl-A®8-butenolide-N-Acetyl-L-cysteine
Methyl Ester Adduct: 3-(2-Acetylamino-2-carbomethoxyethyl-
thio)-4-hydroxypentanoic Acid Lactone (4d).—A solution of N-
acetyl-L-cysteine methyl ester (583 mg, 0.0033 mol), v-methyl-
A%f-hutenolide (339 mg, 0.0033 mol, 969, pure), and triethyl-
amine (6 drops) in ether (8 ml) was allowed to stand at room
temperature for 14 hr. Two layers resulted, and the ethereal
layer (upper) was pipetted from the tube. The lower layer was
distilled at 205° (bath temperature) and 0.075 mm to yield the
adduct 4d (556 mg, 60%): [a]®D +46° (¢ 1.01, CHCl); ir
Mo 6.63 (saturated lactone), 5.74, 5.97 u (amide); nmr (CDCl)
7855 [3H,d,J = 6 Hz, -CH(CHg)0-], 7.93 (3 H, s, -NHCO-
CH;), 6.21 (3 H, s, ~CO,CHj;), 5.65 [t H, quintet, J = 6.5 Hz,
-CH!(CH3)O-1, 5.20 [1 H, 6 line multiplet, —-CH(NHCOCH,)],
2.85 (1 H, m, -NHCO-); H* and H" were shown to be coupled by
double irradiation experiments,

Anal. Caled for CHiNO:S: C, 47.99; H, 6.23; N, 5.09;
8,11.64. Found: C,47.84; H,6.38; N,5.20; 8, 11.52.

Retro-Michael Reaction Kinetic Measurements. Procedure,
—The r-cysteine adduct (~1 wmol) was dissolved in phosphate
buffer solution (pH 7.4, 1 ml). A calculated volume (~ 360 ul)
was added to a 1-cm cuvette, and diluted with more buffer (ther-
mostated at 25°) to give a final concentration of adduct of 104
M. The cuvette was placed in the thermostated cell holder of
the uv spectrophotometer and the reaction was started by the
addition of a sufficlent quantity (~36 ul) of a freshly prepared
solution of 2,2'-dipyridyl disulfide® in tetrahydrofuran (22.0 mg
in 10 ml) to give an equimolar reaction mixture.

The uv absorption of the solution was measured automatically
over the range 300~400 mu at appropriate time intervals. The
rate of liberation of cysteine was measured by monitoring the very
fast and irreversible reaction with 2,2'-dipyridyl disulfide to give
2-thiopyridone (Amax 343 my, € 7780). The infinity values were
calculated from known starting concentrations since the observed
infinity readings were found to be low.

a-Methyl-A2.8-butenolide-L-Cysteine Adduct.—Adduct 2c
(0.235 mg/ml, 333 ul), in the presence of 2,2’-dipyridyl disulfide
(1.0 X 1074 M) underwent irreversible retro-Michael reaction in
buffered 1% tetrahydrofuran solution. The first-order plot of
the kinetic data tapered off with time at about 309, reaction;
however, the rate constant, ki = 3.4 X 107° sec™?, calculated
from the straight initial portion of the plots was reproducible to
about +=109,.

8-Methyl-A®-B-butenolide-L-Cysteine Adduct.—Adduct 3c
(0.239 mg/ml, 412 ul), at an initial concentration of 1.25 X
104 M, underwent dissociation in the presence of 2,2’-dipyridyl
disulfide (1.25 X 104 M) with &, = 1.25 (2=0.17) X 10~ *sec™%.

v-Methyl-A=#-butenolide-1-Cysteine Adduct.—Adduct 4c
(0.250 mg/ml, 400 ul), at an initial concentration of 1.27 X 10~¢
M, underwent dissociation in the presence of 2,2'-dipyridyl disul-
fide (1.27 X 10~¢ M) with k; = 3.0 (£=0.25) X 108 sec™™.

Elephantopin-Monocysteine Adduct.—The preparation of this
compound (7) has been described elsewhere.* The adduct 7 was
prepared in a 49, tetrahydrofuran-buffer solution (pH 7.4) by
allowing an equimolar mixture of r-cysteine (1.0 X 10~4 M) and
elephantopin (6) to react to completion. After 60 min the con-

(35) J. B.Jones and D, C. Wigfield, Can. J. Chem., 44, 2517 (1966).
(36) D. R. Grassetti and J. F. Murray, Jr., Arch. Biochem. Biophys.,
119, 41 (1967).
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centration of free cysteine was negligible. The solution of adduct
7 (10~¢ M) was placed in a cuvette and 2,2'-dipyridyl disulfide
(36 ul., 1072 M solution in tetrahydrofuran) was added to give an
equimolar mixture. The ultraviolet absorption of the solution
was then measured at various times. However, there was no
change in the absorption; 7.e., there was no thiopyridone pro-
duced.
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N-Trifluoroacetyl- and N-carbobenzoxydihydrosphingosines were oxidized to their corresponding keto analogs
with chromic anhydride in pyridine and converted to p-1-hydroxy-2-amino-3-ketooctadecane hydrochloride. It
was found from the ease of removal of the N-protective groups that the N-carbobenzoxy compound provided the

best yield of the ketoamine salt.

sequence yielded p-1-hydroxy-2-amino-3-ketooctadecane-4,5-*H hydrochloride.

N-Carbobenzoxydihydrosphingosine-4,5-2H carried through the same reaction

The N-acetyl, O,N-diacetyl,

and 2,4-dinitrophenylhydrazone derivatives of the ketoamine base were prepared for purposes of characterization.
The presence of two forms of p-1-hydroxy-2-acetamido-3-ketooctadecane was suggested by the finding of one band
on thin layer chromatography and two bands on gas-liquid chromatography.

During our investigation of the n viiro biosynthesis
of long-chain bases by Hansenula ciferri, it was neces-
sary to have p-l-hydroxy-2-amino-3-ketooctadecane®
which has been shown to be an intermediate in the bio-
synthesis of dihydrosphingosine.?2~* The preparation
of p-1-hydroxy-2-acetamido-3-ketooctadecane was re-
ported’ in which the secondary hydroxyl group of N-
acetyldihydrosphingosine,  p-erythre-1,3-dihydroxy-2-
acetamidooctadecane,® was oxidized with chromic an-
hydride in pyridine.” It was thought that the free
ketoamine or its salt could be obtained by this proce-
dure if the oxidation were performed on the appropriate
N-substituted base. N-Trifluoroacetyl- and N-carbo-
benzoxydihydrosphingosines were selected for this
purpose because the trifluoroacetyl group could be
cleaved easily under mild alkaline conditions at room
temperature, whereas the carbobenzoxy funection could
be removed by hydrogenolysis.

Oxidation of N-trifluoroacetyldihydrosphingosine
gave the expected p-1-hydroxy-2-trifluoroacetamido-
3-ketooctadecane in about 359, yield. However, upon
treatment with Ky,COs, little or no free ketoamine was
obtained, unlike reaction with the unoxidized parent
compound which yielded the free base. The ketoamine

hydrochloride was prepared in 249 yield from the N-

trifluoroacetyl keto derivative by refluxing with 1.5 N
HCI in aqueous ethanol. By comparison, oxidation of
N-carbobenzoxydihydrosphingosine gave
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yields of

about 459, of the respective keto analog (Scheme I,
B, C); reduction over palladium in ethanol containing
sufficient hydrochlorie acid to neutralize the generated
free base resulted in 959, yields of ketoamine hydro-
chloride. When the N-carbobenzoxy keto compound
was reduced in glacial acetic acid, dihydrosphingosine
was obtained whose identity was proved by infrared
spectroscopy and by the melting point of its N-acetyl
derivative. Thin layer chromatography of the keto-
amine hydrochloride in chloroform:methanol (85:5)
showed a single component, Ry 0.40; gas-liquid chro-
matography of the trimethylsilyl derivative was un-
successful. The free ketoamine was obtained by treat-
ment of the hydrochloride with KHCO; in aqueous
methanol followed by extraction into ether and removal
of solvent; it changed color rapidly from white to yellow
after crystallization from petroleum ether. The yellow
ketoamine melted at 49-54°. Thin layer chromatog-
raphy disclosed one major component, Ry 0.42, along
with five minor ones, Ry 0.69, 0.76, 0.83, 0.89, and 0.93.
It was concluded that N-carbobenzoxydihydrosphingo-
sine was the substrate of choice for preparation of the
ketoamine hydrochloride because of the ease of removal
of the protective group and the better overall yield.

The overall yield of p-l-hydroxy-2-amino-3-keto-
octadecane-4,5-’H  hydrochloride was 309;; the
radioactive yield based on N-carbobenzoxydihydro-
sphingosine-4,5-°H was 159, (Scheme I). Since little
or no tritium activity was observed on carbon atoms 1
to 3 in previous preparations® of dihydrosphingosine-
4,5-3H, the loss of 10.4 uCi after oxidation of N-carbo-
benzoxydihydrosphingosine (35.9 uCi/mg) to N-carbo-
benzoxy keto compound (25.5 uCi/mg) was attributed
to an impurity of high specific activity which was re-
moved from the keto compound but cochromatographed
with N-carbobenzoxydihydrosphingosine-4,5-3H dur-
ing purification on the silicic acid column, and to re-
moval of tritium on carbon atom 4 by exchange.

Proof that oxidation had occurred at the secondary
hydroxyl group was obtained by treating an acetic acid

(8) B. Weiss and R, L. Stiller, J. Biol, Chem., 242, 2903 (1966).



