S-METHYLMETHIONINESULFONIUM SALTS

Treatment of II in Liquid Ammonia.—A sample (3.3 mg) of
11 was stirred in ca. 20 ml of liquid ammonia for 2 hr at —60°;
after which time the solution was allowed to evaporate to dryness
at the boiling point. Residual ammonia was removed ¢n vacuo
and the product was subjected to partition chromatography on
Sephadex G-25 in solvent system B. Two peaks were detected
at 280 and 300 nm with R: values of 0.19 and 0.15, the latter
being the major peak and corresponding to peptide I. The
smaller peak with K; 0.19 was apparently the same aforemen-
tioned side product and represented about 199 of the total de-
tectable material on the chromatogram.

In a second run a sample (1.9 mg) of IT was treated in the same
manner with the exception that hydroxylamine hydrochloride
(16.7 mg) was present. Partition chromatography in the same
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manner gave a major peak with R 0.15 corresponding to peptide
I and a very small peak with R: 0.19 corresponding to side prod-
uct. The latter represented about 5% of the total detectable
material in the two peaks.

Registry No.—N<%-tert-Butyloxycarbonyl-Ni-formyl-
tryptophan . dicyclohexylamine salt, 40463-72-7; N'i-
formyltryptophan hydrochloride, 38023-86-8; peptide
I, 40463-74-9; peptide I, 40463-75-0,
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The #n vitro decorposition of S-methylmethioninesulfonium salts (SMM) wag studied in neutral, basie, and

acidie aqueous solutions.

The previously reported formation of dimethy! sulfide and homoserine (via its lactone)

wag verified. A new mode of self-destruction of SMM was discovered, i.e., a nucleophilic attack by the dimethyl
sulfide on one of the methyl groups of SMM with formation of trimethylsulfonium salt and methionine. The
intermolecular demethylation of SMM was favored over the intramolecular decomposition to homoserine lactone
with increasing acidity of the medium. Sodium thiosulfate effectively demethylates SMM in aqueous solution.

The S-methylmethioninesulfonium salts (SMM, 1),
the analogs of ‘“‘active methionine’” or S-adenosyl-
methioninesulfonium salts®:? (SAM, 2), are of consid-
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erable interest biologically and medicinally. SMM is
enzymatically synthesized from SAM and methionine
in jack bean roots,® and can in turn be utilized as sub-
strate by several methyl transferases.t® SMM is
widely distributed in nature and has been reported as a
constituent. of milk,® potatoes,” sweet corn,® soybean,?
asparagus,'® and cabbage.!* Several reports have im-
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plicated SMM (vitamin U) in the prevention of ulcers
of shay in rats,*? of ulcers and of certain hepatic dis-
orders in humans,'® and of dietary hypercholesterol-
emia in rabbits. 4 ‘

In vitro syntheses of various SMM salts have been
described, = and the pK values of the chloride have
been measured.® MecRorie, ef al.,** reported the for-
mation of homoserine (5, Scheme I) and of its lactone 3
(as hydroiodides) when an agueous solution of SMM
iodide was heated for 12 hr in an autoclave at un-
specified temperatures. Challenger and Hayward
studied the decomposition of SMM in hot aqueous
alkaline solution and reported the formation of di-
methyl sulfide, homoserine, and methionine sulfoxide,
which they regarded as the result of an oxidation of
methionine. These authors'® assumed that SMM de-
composed - by two paths: (1) formation of dimethyl
sulfide and homoserine; (2) formation of methanol and
methionine. Subsequently, Witkop and his co-
workers'® provided evidence for the initial formation of
homoserine lactone (3) in the decomposition of SMM.

This paper describes an investigation of the be-
havior of SMM salts in aqueous solutions at neutral,
basic, and acidic pH’s, as a necessary first step in the
elucidation of the much more complex behavior of
SAM.
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Experimental Section

Starting Materials.—The pL amino acids were obtained from
Mann Research. Trimethylsulfonium iodide (7, Scheme I) was
made by the procedure of Pocker and Parker.® §-Methyl-pL-
methioninesulfonium nitrate (1 nitrate) was made by addition of
silver nitrate (3 mmol) to a solution of SMM chloride (1 chloride)
(3 mmol) in 50 ml of water; the filtrate was evaporated to dryness
under vacuum.

Experimental Conditions.—Tables I and II describe the ex-
perimental conditions and results. *H nmr spectra of authentic
samples of the pertinent compounds were examined in D;O and
in HyO solutions at 60 MHz. The chemical shifts of the CHj
groups are listed in Table III. The composition of the various
mixbures was determined by combined tle and *H nmr analyses.

Reaction of Methionine (6) with Dimethyl Sulfide (4). A.
With Added HCl.—pr-Methionine (0.075 g) and 6 N HCI were
mixed in an nmr sample tube to a volume of 1 ml (0.05 M solu-
tion). An excess of (CHy)S was introduced, and the tube was
sealed and heated to 90°. The *H nmr spectra were examined
at ambient temperature after various time intervals. The first
evidence for the appearance of (CH;)S* (7) was obtained after

b days.

B. With Added H,PO,.—The above procedure was repeated
using 6 N HyPO, instead of HCl. The spectrum of (CH;)S*
(7) was firet noticeable after 10 days.

Reaction of Methionine (6) with Sodium Thiosulfate (10).—
D3O was added to a mixture of methionine (0.075 g, 0.03 mmol)
and sodium thiosulfate (0.124 g, 0.5 mmol) to & volume of 1 ml
in an nmr sample tube. The sealed tube was heated to 90° and
the H nmr spectra were determined at ambient temperature.
The Bunte salt, CH;SSO;~ (11), was first detectable only after
10 days.

Results and Discussion

The results of this investigation can be discussed with
reference to Scheme I.  In neutral and in basic aqueous
solutions, the main pathway for the decomposition of
SMM leads to homoserine (5) and dimethyl sulfide (4)
via homoserine lactone (3), as had been previously re-
ported,0:11.17.29  The rate of decomposition of SMM

(20) Y. Pocker and A. J. Parker, J. Org. Chem., 81, 1526 (19686).
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Tasie I
Haur-Lives ({1/,) FOR THE DISAPPEARANCE OF
S-METHYLMETHIONINESULFONIUM CHLORIDE (SMM Cl)iN 1 M
AQUEOUS SOLUTIONS AT 90°
Reaction conditions t/,

SMM Cl at pH 72 50 min
SMM Cl at pH 11+ 17 min
SMM Cl at pH 1@ 25 hr

SMM Cl + dimethyl sulfide + HCP 5 hr

SMM Cl + dimethyl sulfidec + 100 min
methanol 4 HCI

SMM nitrate + dimethyl? sulfide + 5 hr
H;PO,

SMM Cl -+ sodium thiosulfate* 20 min

@ One millimole (0.200 g) of SMM Cl was diluted to a volume
of 1 ml with 0.1 M/ NaOH, 1 M NaOH, and 1 M HCI, respec-
tively, to give solutions with approximate pH’s of 7, 11, and 1in
nmr sample tubes. The gealed tubes were heated to 90° and the
*H nmr spectra were determined at 23° at various times, In
the experiments at pH 11, the reaction was quenched by immer-
sion of the tube in a Dry Ice-acetone bath prior to examination
of the H nmr. At the end of the reactions, the contents of the
tubes were analyzed by tlc as indicated in Table II. * One milli-
mole of SMM Cl was dissolved in 6 N aqueous HCl to a volume
of 1 ml in a nmr sample tube. An excess of (CHj )28 was intro-
duced, and the sealed tube was heated to 90°. The 'H nmr were
examined at 25° at various times. ¢ A mixture of 0.5 mmol of -
SMM Cl, 2.5 mmol of (CH;)S, and 86 ul (1 mmol) of 38%,
agueous HCI was diluted to a volume of 1 ml with methanel in an
amr gample tube. The sealed tube was kept at 90° and the
nmr gpectra were determined at 25°. % As in b above except
that SMM Cl1 was replaced by the nitrate salt and the HCI was
replaced by 6 N H;PO,. ¢ D;0 or water was added to a mixture
of SMM Cl (0.200 g, 1 mmol) and sodium thiosulfate (0.24% g,
1 mmol) to a volume of 1 ml. The pH of this solution was 4.9.
The sealed tube was heated to 90° and the *H nmr spectra were
examined at 25° at various times.

TasLe I
TaiN Layer CHROMATOGRAPHY* OF THE ProDUCTS INVOLVED IN
THE 70 Vitro DECOMPOSITION OF
S-METHYLMETHIONINESULFONIUM CHLoripe (1 Cl) 1N
Aqurous SoLuTIONS

R; values
Developing Developing
No. Compd solution 17 solution 2°
1 Cl 8-Methyl-pr-methionine- 0.47 0.07

sulfonium chloride

5 pL-Homoserine 0.61 0.50
6 pL-Methionine 0.80 0.70
8 prL-Homocysteine 0.67 0.70
9 pL-Homocystine 0.49 0.12
Mixture from reaction at 0.47, 0.61, 0.07, 0.49,
pH 74 0.80 0.68
Mixture from reaction at 0.47, 0.62, 0.08, 0.50,
pH 11¢ 0.80 0.70
Mixture from reaction at 0.48, 0.63, 0.07, 0.51,
pH 1V 0.82,0.68  0.70,0.12
« The tle plates were Eastman 6065 cellulose, The spots were

developed with ninhydrin. °® Developing solution 1: CHCl—
CH0H-17% NH0H, 2:1:1 v/v. ¢Developing solution 2:
1n-CyHyOH-(CH;):CO-(CoH; s N-H:0, 10:10:2:5 v/v. ¢ After
6.5 hr at 90°. Concentration of SMM = 0.11 M. (Initial
SMM concentration = 1.0 M.) Major product was homoserine;
minor product was methionine. ° After 1.5 hr at 90°. Concen-
tration of SMM = 0.045 M. (Initial SMM concentration = 1.0
M.) Msjor product was homoserine; minor product was meth~
ionine. / After 65 hr at 90°. Concentration of SMM = 0.26 M.
(Initial SMM concentration = 1.0 M.) Major product was
methionine; minor products were homoserine, homocysteine,
and homocystine.

increases markedly with increasing pH (cf. Table I).
The lactone 3 is formed!® by an intramolecular neigh-
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TasrLz III
Cuemicar SHiFTs oF CH; GRoUPS®
Compd N\, ppm
SMM Cl1 (1 C1) 6.94
(CH;):S (4) 7.88
(CH3)S* (7) 7.04
Methionine (6) 7.84
~080,3CH; (11) 7.35

« In parts per million from DSS = 10 (r values), D;O as sol-
vent.

boring group participation®!® of the carboxylate fune-
tion (the nucleophile), and it is reasonable to expect
higher nucleophilicity in the unprotonated form of
SMM (1c) than in the zwitterion form (1b) owing to the
respective charge distributions. For this reason, and
taking into consideration the data on pK,'s of SMM, it
seems probable that most or all of the lactone 3 arises
from unprotonated SMM (1c¢) at all pH’s above ca. 6.
[In Scheme I, the acid-base equilibria for homoserine
(5) and its lactone 3 have been omitted. ]

A second pathway for the disappearance of SMM can
be detected in the neutral and in the basic solutions,
namely, a nucleophilic attack by dimethyl sulfide (4)
on the methyl group of SMM (1). This pathway,
which represents the demethylation of SMM, leads to
methionine (6, ¢f. Tables II and III) and trimethyl-
sulfonium salt (7, ¢f. Table III). The overall rate of
disappearance of SMM decreases significantly with de-
creasing pH (¢f. Table I). This is due to a decrease in
the rate of formation of lactone 3 and dimethyl sulfide
(4) in acidic media, which is reasonable since under
those conditions the less reactive zwitterion form of
SMM (1b) is the source of the lactone (3 in protonated
form). (The amount of lactone formed from dipro-
tonated SMM, la, is probably negligible.) The spe-
cific reaction rate for the demethylation of SMM by
dimethyl sulfide must be relatively large, because di-
methyl sulfide has very little solubility in water, and
yet the sulfide is quite effective in demethylating SMM
(¢f. Table I). (Note also the significant effect of
methanol, whose role is mainly to increase the so-
lubility of dimethyl sulfide in water.)

The formation of trimethylsulfonium salts (7) in the
decomposition of SMM constitutes a novel observa-
tion; it accounts for the previously observed!®V forma-
tion of methionine in this decomposition. We failed to
detect the formation of any methanol® at any pH from
1to 11. Likewise, we found no methonine sulfoxide!?
in any of our experiments.

Demethylation by dimethyl sulfide plays an impor-
tant role in the decomposition of 8MM at pH’s below
7. In this reaction, methionine (6) is the leaving group
of a substitution by sulfur on carbon. It is reasonable
to expect that the diprotonated form of methionine
(6a) should be a better leaving group than the zwitterion
6b or the unprotonated form 6¢, from their respective
charge distributions. At the lowest pH’s studied,
most of the methionine (6) probably comes from di-
protonated SMM (1a), while at higher pH’s increasing
amounts presumably arise also from the zwitterion 1b.
These considerations should be relevant to further

(21) (a) J. March, “Advanced Organic Chemistry: Reactions, Mech-
anisms and Structure,” McGraw-Hill, New York, N. Y., 1968, p 263; (b)
p 328; (c) p 330.
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analysis of the mechanisms of enzymatic methyl trans-
fers from SMM (1) and from SAM (2).

To demonstrate that the demethylation of SMM
chloride (1 Cl) occurred by a nucleophilic attack of
sulfur rather than chloride ion (which could give methyl
chloride and thence trimethylsulfonium chloride), we
determined the rate of demethylation of SMM nitrate
(1 NO;) by dimethyl sulfide using H;PO, as the acid,
since both nitrate and phosphate are poor nucleophiles.
The rate of disappearance of SMM was about the same
as in the SMM chloride experiment (¢f. Table ).

Thiosulfate (10) is a powerful nucleophile,?'* and in-
deed it proved to be a most efficient demethylating
agent for SMM (1), the products being methionine (6)

-0- + + -
OSS + CHQT(CHQ)'ZCH(N H,)CO, —*
10 CH;

-0 + _
OgSCHa + CH,S(CHp,CH(NH,)CO,

6
1

and the methyl Bunte?'*?? salt, 11, The facile in
vitro demethylations of SMM (1) by sulfur nucleo-
philes, which compete favorably with the intramolecular
decomposition to homoserine lactone (3) and dimethyl
sulfide (4), find their counterpart in the enzymatic
demeéthylation of SAM (2) by nitrogen nucleophiles as
in the biosynthesis of trigonelline? (1%), where the by-
product is S-adenosylhomocysteine (14).

/N + + -
N + CH,S(CH,)CH(NH,)CO, —*

- CH,R
CO; 5
12 N .
¢ 'NCH, + ?(CHQ)ZCH(NHG)COQ
_ CHR
€0, 14
13

CH,R = 5'- adenosyl

The corresponding intramolecular decomposition of
SAM (2) would have given homoserine lactone (3) and
S-methyl-5'-thioadenosine, CH;83CH,R (CH,R = 5'-
adenosyl). The enzyme function could be partly di-
rected to discouraging this intramolecular decomposi-
tion and to favoring the intermolecular demethylation,
both of which could be simultaneously achieved by the
protonation of SAM (2), since the higher the state of
protonation of the amino acid, the lower the nucleo-
philicity of the carboxyl function (lactone formation)
and the higher the methylating power of the sulfonium
group (i.e., the better the leaving group, 14 or pro-
tonated 14) as discussed above.

As shown in Table 11, homocysteine (8) and its oxida-
tion product homocystine (9) were observed as very
minor by-products of the decomposition of SMM (1) in
acidic solutions. Independent experiments showed
that the formation of homocysteine (8) and trimethyl-
sulfonium salt (7) from the reaction of methionine (6)
with dimethyl sulfide (4) is extremely slow (see Experi-
mental Section). Probably this reaction is susceptible

(22) J. Kice, J. Org. Chem., 28, 957 (1963).
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to acid catalysis in the form of protonation of the sulfur
of methionine, since HCl seems to be more effective
than Hy;PO, at comparable normalities. As expected,
thiosulfate 10 also caused the slow demethylation of
methionine (6).

(CHp,S
4 + -
or + CH,S(CHy,CH(NH,)CO, —*>
-0-
O(S)S 8
10 *
(CHy):S
7 . -
or + HS(CHQ)QCH(NHQ)COZ
-0
OSSCH, 8
0
11

In conclusion, the formation of the lactone 3 as an
intermediate in the hydrolytic decomposition of SMM
(1) into homoserine (5) and dimethyl sulfide (4) is in
accord with the observation that the rate of disappear-
ance of SMM in water at neutral pH is significantly
faster than solvolysis of trimethylsulfonium iodide®
(7) under comparable conditions.

H,0 + CHS(CHy)I —> CH;0H + S(CHy),
7 4

CARPINO

A neighboring group participation by the carboxylate
anion would explain why the nucleophilic substitution
at the methylene group of SMM (1) is faster than the
substitution at the methyl group of the trimethyl-
sulfonium cation (7). Moreover, the intermediacy of
the lactone 3 also accounts for the nonoceurrence of the
hydrolytic pathway for SMM that leads to methanol
and methionine.

[H,0 + CHACH,CH:CH(NH,;)CO0: >

H,
1 -
CH,OH + CH,SCH,CH,CH(NH,)CO,]
6

not observed

As the nucleophile becomes more effective, 7.e., when
dimethyl sulfide is involved, the occurrence of the inter-
molecular nucleophilic substitution at the methyl
group, with formation of trimethylsulfonium salt and
methionine, becomes competitive with the intramolec-
ular substitution at the methylene group.

Registry No.—1 chloride, 3493-12-7; 1 nitrate,
33515-34-3; 4, 75-18-3; 5, 1927-25-9; 6, 59-51-8; 7,
676-84-6; 8, 454-29-5; 9, 870-93-9; 10, 7772-98-7;
11, 40463-71-6.
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A convenient method is deseribed for the single-carbon functionalization of bis(phenylsulfonyl)methane via
thiomethylation with N-(benzoylthiomethyl)piperidine hydrochloride (9). The thiomethyl derivative 10 was

easily converted to olefin 12 and thence to the disulfone alcohol 1.

In studying a similar approach to the tosyl

analog of 12 some discrepancies with earlier structural assignments were noted and clarified.

As a possible precursor of reagents suitable for the
development of new amino-protecting groups,* a di-
sulfone aleohol such as 1 was of considerable interest.
A readily available, logical precursor of 1 is 2 and

(CQHaSOz )zCHCHzOH (CeHssoﬂ )sCHa
1 2

(CeH;80,):C=—=CHNR,
4a, R = Me
b,R=H

(CoH;80,),CHCHCH (S0:CeHs )
3

therefore a general study of the one-carbon functional-
ization of 2 was undertaken. Of the various techniques
studied, only one proved suitable for the conversion

(1) Urethane derivatives of the corresponding monosulfone (i) have

p-CHiCsHS0:CH,CH:0H
i

been recommended as amino-protecting groups removable by base-catalyzed
8 elimination [A. T. Kader and C. J. M. Stirling, J. Chem. Soc., 258 (1964)].
Use of the disulfone alcohol was expected to lead to much greater base
sensitivity. For other examples of protective groups based on g-elimination
processes, see (a) L. A, Carpino and G. Y. Han, J. Amer. Chem. Soc., 92,
5748 (1970); J. Org. Chem., 87, 3404 (1972); (b) T. Wieland, G. J. Schmitt,
and P, Pfaender, Justus Liebigs Ann. Chem., 694, 38 (1966); (c) E. Wiinsch
and R. Spangenberg, Chem. Ber., 104, 2427 (1971).

to 1. The most direct route, aldol condensation of 2
with formaldehyde,'* gave only the bis adduct 3, which
was also obtained as the sole product by alkylation of
metallic salts of 2 with chloromethyl ether or N-chloro-
methylphthalimide or by application of the Mannich
reaction to 2.2 Alkylations of the anion of 2 by means
of fert-butyl o-bromoacetate or bromoacetic acid
readily gave 5 and 6, respectively. However, neither

(CoHsSOz )QCHCHQCOOCMGR

(CeH;580.).CHCH.CO,H
5 6

of these compounds lent itself readily to conversion
to 1 because of the presence of the extra carbon atom.
Single-carbon functionalization of 2 was achieved via

(1a) Nore AppED 1N ProoF (May 7, 1973).—After the submission of this
work & paper appeared [H. Stetter and B. Riberi, Monatsh. Chem., 108,
1262 (1972)] which reported that the aldo! condensation between & and form-
aldehyde gave 1,1-bis(phenylsulfonylethene (12). However, the properties
reported for 12 did not correspond to those we observed for this compound.
Professor Stetter has kindly informed us that the compound obtained by
his group is actually the isomeric 1,2-bis(phenylsulfonyl) analog.

(2) Lack of success with Mannich condensations involving 2 has previ-
ously been reported. See W. L. Nobles and B. B. Thompson, J. Pharm.
Sei., 84, 576 (1965).



