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fluorides, these stretching frequencies are shifted to
1420-1395 and 1235-1200 em~'. In addition a
very strong peak, due to the vibrational stretching of
the sulfur-fluorine bond, appears at 800~750 cm~1.8

Several encouraging aspects of this work include the
high yields obtainable with small quantities of starting
material (Table I), and the applicability of this tech-
nique to the synthesis of aliphatic sulfonyl fluorides.
This type of compound is more difficult to synthesize
than analogous aromatic sulfonyl fluorides. It is re-
ported by Davies and Dick to require longer reaction
times at higher temperatures, and produces lower yields
of product.” When methanesulfonyl chloride was
passed through the fluoride resin in this work, under
the identical conditions used for aromatic analogs,
methanesulfonyl fluoride (8) was produced in 719 yield.

The choice of solvents for the described technique
was fairly critical. Since at least some of the reacting
species were ionic, the dielectric constant of the sol-
vent was a determining factor. An added considera-
tion was that the solvent should not undergo reaction
with the starting material or product. Acetonitrile
was the obvious choice, and proved to give excellent
results. Methanol was also tried, but infrared analysis
of the products obtained using methanol as solvent
and eluent indicated that only a portion of the starting
material had been converted to the sulfonyl fluoride,
while the major portion of the product was undoubtedly
the methyl sulfonate.

Strongly basic quaternary amine type anion exchange
resins have a low affinity for fluoride ion.® In fact,
fluoride has the lowest affinity for Bio-Rad AG1 resins of
some 16 monovalent anions reported in the commercial
literature of this compound.® Sulfonyl fluorides are
also much less reactive than the corresponding sulfonyl
chlorides.2 Thus, when fluoride exchanges with
the chloride in the sulfonyl chlorides, the chloride
generated binds tightly to the resin and the resulting
more stable sulfonyl fluoride is easily isolated in the
eluent from the resin. Another advantage of using
the resin technique is that any sulfonic acids resulting
from hydrolysis of the sulfonyl halides would have a
very strong affinity for the resin,? and would thus be
separated from the sulfonyl fluoride.

The large amount of fluoride necessary to convert a
small amount of the resin from the chloride to the
fluoride form bear out the observations of Gregor,
et al.® This large amount of fluoride is rather pro-
hibitive if one were to attempt to use this technique
to synthesize sulfonyl fluorides in large quantities.
Still, we feel that it is a very valuable method where
small quantities or difficult-to-obtain starting materials
are involved.

We are pursuing the use of the fluoride ion exchange
resin described here in the synthesis of other fluorine-
containing compounds.

Registry No.-—2,4-Dinitrobenzenesulfonyl fluoride,
35426-71-2; 1,4-benzenedisulfonyl fluoride, 35426-72-3.

(8) C. J. Pouchert, “The Aldrich Library of Infrared Spectra,’”’ Aldrich
Chemical Co., Ine,, 1970, p 839.

(7) W.Daviesand J. H. Dick, J. Chem. Soc., 483 (1932).

(8) H. P. Gregor, J. Belle, and R. A. Marcus, J. Amer. Chem. Soc., 77,
2713 (1955).

(9) Price List W, Bio-Rad Laboratories, June 1971, p 12.

(10) C.G.8wainand C. B. 8cott, J. Amer. Chem. Soc., 76, 246 (1953).
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In the course of our work on 4-thio-substituted 8-
lactams! the need for a sulfhydryl protecting group
which can be removed without destroying the 8-lactam
ring arose. It was initially considered that the p-nitro-
benzyl group, proposed by Berse and coworkers? as a
sulfur protecting group, can fulfill this requisite. Ac-
cording to these authors the p-nitrobenzyl group is re-
movable from S-p-nitrobenzyl-L-cysteine by catalytic
hydrogenation in the presence of palladium/charcoal.
A similar reductive cleavage was postulated by Baker
and Kozma3 who reported that catalytic hydrogena-
tion of 2- and 8-p-nitrobenzylthiohypoxanthine afforded
the respective 2- and 8-mercaptohypoxanthine and p-
toluidine; unfortunately no quantitative figures were
given. Although it could have been expected that a
protective group having this quality would be widely
used in peptide syntheses, the removal of the S-p-nitro-
benzyl group from peptide derivatives has not yet been
described.* This protecting group was applied by
Katsoyannis® for the protection of cysteine in the syn-
thesis of some peptides related to insulin, but no ex-
periments describing its removal were reported.
Ondetti and Bodanszky® reported that N-benzyloxy-
carbonyl-S-p-nitrobenzyl-1-cysteinylglycine was cata-
lytically hydrogenated to N-benzyloxycarbonyl-S-p-
aminobenzyl-L-cysteinylglycine, and S-p-nitrobenzyl-
L-cysteine was reduced to S-p-aminobenzyl-L-cysteine
(only R: values are given for the last compound). Sim-
ilarly Hiskey and Tucker’ observed the absorption of
the required amount of hydrogen for the catalytic hy-
drogenation of ethyl N-benzyloxycarbonyl-S-p-nitro-
benzyleysteinate but could not isolate any thiol. The
stepwise removal of the sulfur protecting group from
S-p-nitrobenzyl-L-cysteine which is described in the
present paper might offer an explanation for the dis-
crepancy between the reported?®? results.

Hydrogenation of S-p-nitrobenzyl-L-cysteine in the
presence of 109, palladium/charcoal, under the condi-

(1) M. D. Bachi and O. Goldberg, J. Chem. Soc., Chem. Commun., 319
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(2) C. Berse, R. Boucher, and L. Piche, J. Org. Chem., 22, 805 (1957).
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“The Peptides,”” Academic Press, New York and London, Vol. 1, 1965; M.
Bodanszky and M. A. Ondetti, “Peptides Synthesis,”’ Interscience, New
York, N. Y., 1966; J. H. Jones in ‘““Amino Acids, Peptides, and Proteins,”’
Vol. I, The Chemical Society Specialist Periodical Reports, London, 1969,
Chapter 3, and Vol. II, 1970, Chapter 3.
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(6) M. A. Ondetti and M. Bodanszky, Chem. [nd. (London), 697 (1962).

(7) R.G. Hiskey, snd W. P. Tucker, J. Amer. Chem. Soc., 84, 4780 (1962),



Notes

tions reported by Berse and coworkers,? afforded in
our hands S-p-aminobenzyl-t-cysteine. The reduc-
tion involved the absorption of 3 equiv of hydrogen
and the hydrogenated mixture gave a negative nitro-
prusside test for sulfhydryl. Berse and coworkers? who
claimed that hydrogenation of p-nitrobenzyl-r-cysteine
afforded cysteine have used the Hopkins reagent (109
HgSO0, in 59, aqueous H,S80,)? for its isolation as a
mercury mercaptide. The mercaptide was finally
converted to L-cystine by treatment with hydrogen
sulfide followed by aerial oxidation. Pursuing exactly
the same procedure we have obtained L-cystine from
S-p-aminobenzyl-L-cysteine.

It is therefore concluded that the benzylic C-S bond
in S-p-nitrobenzyl-L-cysteine did not undergo hydro-
genolysis during the catalytic hydrogenation, while
the benzylic C—S bond in the resulting S-p~aminobenzyl-
L-cysteine was readily cleaved by mercury salts. Com-
parative experiments showed that S-benzyl- and S-p-
nitrobenzyl-L-cysteine are unaffected by the Hopkins
reagent under similar conditions.

Experimental Section

Melting points were determined with a Biichi apparatus under
controlled conditions: heating the oil rapidly to a temperature
~20° lower than the melting point and then raising the tempera-
ture 5°/min until decomposition occurred. Nmr spectra were
recorded with a Varian A-60 spectrometer.

S-p-Nitrobenzyl-r-cysteine,—1-Cysteine hydrochloride mono-
hydrate (17.5 g, 0.10 mol) was added, under a nitrogen at-
mosphere, at 0-3°, to 1 N NaOH (300 ml). To this was added
with vigorous stirring, during 30 min, & solution of p-nitrobenzyl
chloride (17.2 g, 0.10 mol) in freshly distilled peroxide-free di-
oxane (150 ml). After being stirred for additional 30 min at 0-3°,
and 30 min at room temperature, the mixture was washed with
ether and then acidified (pH 4~5) with concentrated hydrochloric
aeid (~10 ml). Concentration to 300 ml in vacuo (10 mm),
followed by cooling (to 5°), afforded a precipitate which was
filtered and washed successively with water (100 ml), ethanol
(100 ml), and ether (100 ml). The crude product (23.3 g), mp
192~-195°, was recrystallized from water to give 17.5 g (68%) of
light yellow crystals, mp 202° dec (lit. mp 172.5-174°,” mp 233—
234° for hydrate?). Two more recrystallizations from water
followed by drying during 20 hr at 50° (1 mm) over P;0; afforded
an analytical sample: mp 197° dec; [a]®p —4.0° (¢ 1.0, 1 N
HCL); nmr (D0 + CF:CO,D)? §2.84 (d, 2,J = 6 Hz, CHCH.,S),
3.63 (s, 2, SCHAr), 4,11 (t,1,J = 6 Hz, CH), 7.23(d, 2,J = 9
Hz, Ar), 7.77 (d, 2, J = 9 Hz, Ar).

Anal. Caled for CioHi;2N.OS: C, 46.9; H, 4.7; N, 10.9;
S, 12.5. Found: C, 47.0; H, 4.8; N, 10.7; 8, 12.6.

The ethyl ester hydrochloride had mp 172-173° (lit. mp 172~
173°, mp 161-168°7).

S-p-Aminobenzyl-r-cysteine Monohydrochloride.—A solution
of S-p-nitrobenzyl-r-cysteine (1.37 g, 5.3 mmol) in ethanol (100
ml) and 1 N hydrochloric acid (50 ml) was hydrogenated at room
temperature and at atmospheric pressure over 109, palladium/
charcoal (345 mg). After the absorption of 3 equiv of hydrogen
(7-8 hr) the catalyst was removed by filtration. The filtrate,
which gave a negative nitroprusside test for sulfhydryl, was
evaporated in vacuo. The oily residue was dissolved in ethanol-
water (19:1 v/v 25 ml) and the solution was brought to pH 4-5
by addition of pyridine (~0.8 ml). Crystallization of the product;
started immediately. After this was kept for 24 hr at 5°, the
yellow crystalline precipitate was filtered and washed with ethanol
(10 ml) and then with ether (10 ml). The crude product (1.17 g),
mp 207-208° dec, was recrystallized from ethanol-water (50 ml,
9:1 v/v) to give 0.95 g (68%) of the title compound: mp 215-
216° dec; [a]®p —5.5° (¢ 1.0, 1 N HC1); nmr (D,0) 62.94 (d, 2,
J = 6 Hz, CHCH,S), 3.80 (s, 2, SCH:Ar), 3:90 (t, 1, J = 6 Hz,
CH), 7.25-7.65 (m, 4, Ar).

(8) F. G. Hopkins, and 8. W. Cole, J. Physiol. (London), 27, 418 (1901~
1902).

(9) Afew drops of CFsCO:D were added to assist the solution of the sample
in D,O.
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Anal. Caled for C,H;;:CIN,OsS: C, 45.7; H, 5.7; N, 10.7;
8, 12.2. Found: C,45.6; H,59; N, 10.4; 8, 12.1.

Action of Mercury Salts on S-p-Aminobenzyl-L-cysteine.—To
a stirred solution of S-p-aminobenzyl-L-cysteine (1.13 g, 4.3
mmol) in ethanol (100 ml) and 1 N hydrochloric acid (50 ml)
Hopkins reagent (109, HgS0, in 5% aqueous H,80,,% 75 ml) was
added. Precipitation of a mercury mercaptide started within a
few minutes. The mixture was stirred for additional 20 hr,
filtered, and washed successively with water (20 ml), ethanol (20
ml), and ether (20 ml). The solid (1.86 g), mp >250°, was
suspended in water (50 ml) and then saturated with H,S. After
15 min the precipitated mercury sulfide was filtered off and excess
of H,S was removed in vacuo. The mixture was made alkaline by
addition of 3 N NaOH (~4 ml), and air was bubbled through dur-
ing 2.5 hr. Crystallization began on adjusting the pH to ~4 by
addition of 3 N hydrochloric acid. The mixture was kept over-
night at 5° and then filtered and washed successively with water
(10 ml) and acetone (10 ml) to give crude cystine (0.41 g) mp
245-248° dec. This was dissolved in 1 N NaOH (3.4 ml) and
then precipitated by addition of 1 N hydrochloric acid (3.4 ml).
The solid was filtered and washed successively with water (10
ml), ethanol (10 ml), and ether (10 ml) to give 0.39 g (769%,) of
cystine, mp 248-250° dec (lit.2 mp 255-260°), [a]®p —212° (¢
1.04, 1 N HCI) {lit.? [«]%Dp —225° (¢ 1.04, 1 N HCI)}.

Registry No.—S-p-Nitrobenzyl-L-cysteine, 6341-94-2;
S-p-aminobenzyl-L-cysteine monohydrochloride, 35340-
27-3.
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In recent years we have demonstrated the powerful
acylation properties of isopropenyl esters, compounds
capable of acylating even weakly nucleophilic secondary
amides and imides.? We presently report the applica-
tion of isopropenyl esters to the facile acylation of
highly bindered aleohols. Our test compound, 2-
butyl-2-heptyldecanocic acid* (1), was totally inert to
esterification with ethanolic hydrogen chloride under
reflux for periods up to 70 hré but the isopropenyl
ester of compound 1 rapidly acylated hindered as
well as normal aleohols in a few minutes under our
usual operating conditions.? Conversion of compound
1 to its isopropenyl ester 2 was obtained by our stan-
dard method® in accordance with the reaction shown by

eq 1. Isopropenyl ester 2 efficiently acylated the fol-
n-C4H9 n-CAHg CHz
| CHiC=CH 7
n-CanCCOOH 7 175 n-CanCCOOC (1 )
net, )
n-C7H15 n—C7H15 CH;;
1 2

(1) Previous paper in this series: E. 8, Rothman and G. G. Moore,
Tetrahedron Lett., 1065 (1971).

(2) Eastern Marketing and Nutrition Research Division, ARS, USDA.

(3) E.8.Rothman, 8. Serota, and D. Swern, J. Org. Chem., 29, 646 (1964).

(4) P.E.Pfeffer, L. 8. 8ilbert, and J. M. Chirinko, Jr., {bid., 87, 451 (1972).

(5) Bee A, 1. Vogel, ‘“Practical Organic Chemistry,” 3rd ed, Wiley, New
York, N. Y., 1068, for a discussion of esterification techniques.

(6) E.S.Rothman and 8. Serota, J. Amer. Oil Chem. Soc., 48, 373 (1971).



