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Sulfoxides of Cys(S-p-methoxybenzyl) and Cys(S-benzyl) were prepared by oxidation
with sodium perborate. Hydrogen fluoride and methanesulfonic acid converted the
former sulfoxide to S-p-methoxyphenylcysteine or S-p-hydroxyphenylcysteine in the
presence of anisole or phenol, respectively, while the latter sulfoxide resisted the actions
of these deprotecting reagents. Thiophenol appears to be useful as a powerful reducing
reagent for protected cysteine sulfoxides.
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Sulfoxides of S-substituted cysteine derivatives have hitherto been little considered in
peptide synthesis. In 1977, Live et al.® briefly reported the reduction of the sulfoxide of
the Cys(S-methylbenzyl) residue by treatment with acetone in hydrogen bromide-acetic
acid, during the course of the solid phase synthesis of oxytocin. As in the case of methionine
sulfoxide, the possibility of partial oxidation of S-substituted cysteine residues to the corre-
sponding sulfoxide during peptide synthesis cannot be excluded. The chemical properties
of the sulfoxide of Cys(MBzl), as well as that of Cys(Bzl), especially under acidolytic
deprotecting conditions, were therefore examined.

Oxidation of Z(OMe)-Cys(MBzl)-OH» with sodium perborate gave the corresponding
sulfoxide [Ia, abbreviated as Z(OMe)-Cys(MBzl)(O)-OH] quantitatively. The product appear-
ed to be a mixture of two stereoisomers as regards the configuration of the sulfoxide moiety,
as predicted on the basis of a similar oxidation of Ne-protected methionine derivatives.®
The sulfoxides of Z-Cys(MBzl)-OH” and Boc-Cys(MBzl)-OH® were similarly prepared for
characterization.

TFA treatment® of the sulfoxide (Ia) afforded H-Cys(MBzl)(O)-OH as a crystalline
compound. When the sulfoxide (Ia) was exposed to hydrogen fluoride'® in the presence
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Fig. 1. Chemical Behavior of Z(OMe)-Cys(MBzI1)(O)-OH

of anisole under deprotecting conditions, the recovery of cysteine was unsatisfactory, and a
compound less soluble in water was obtained as a major component. Nuclear magnetic
resonance (NMR) spectral examination of this product revealed the presence of a singlet
peak due to the three protons of the methoxy group; however, two proton signals due to
the benzyl moiety were missing. This product was therefore assigned as S-p-methoxyphenyl-
cysteine (IIa).1 The same compound was isolated when the sulfoxide (Ia) was treated with
methanesulfonic acid (MSA) in the presence of anisole.'® When phenol was used as a cation
scavenger, these two deprotecting reagents, hydrogen fluoride and MSA, afforded S-p-hydroxy-
phenylcysteine (IIb) as a main product (Fig. 1).

Formation of S-p-methoxyphenylcysteine (IIa) and S-p-hydroxyphenylcysteine from
the sulfoxide (Ia) may be explained as the result of a substitution reaction initiated by
protonation of the oxygen atom of the sulfoxide followed by electrophilic attack of anisole
or phenol at the p-position and subsequent hydrolysis, as pointed out by Blackwood et al.1®
and Goethals and Radziyzky!'® in similar S-substitution reactions of the sulfoxides of tetra-
cycline thio compounds and dimethylsulfoxide, respectively.

The compounds, ITa and IIb, emerged from a short column of an amino acid analyzer
at retention times of 38 and 26 min, respectively. Under usual 6 x HCl hydrolytic conditions
for peptides and proteins,'® the 38-minute compound (IIa) was completely converted to the
26-minute compound (IIb) by hydrolysis of the p-methoxy group. The above results indicate
that if the 26-minute compound (IIb) is detected in a 6 x HCI hydrolysate of peptides depro-
tected with hydrogen fluoride or MSA in the presence of anisole, the parent protected peptides
will be contaminated with partially oxidized Cys(MBzl) derivatives. The presence of the
sulfoxide of Cys(MBzl) in protected peptides can also be estimated from the presence of cysteic
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Soc., 85, 3943 (1963).

14) P. Goethals and P. de Radziyzky, Bull. Soc. Chem. Belgs., 73, 546 (1964).

15) S. Moore and W.H. Stein, “Methods in Enzymology,” Vol. VI, ed. by S.P. Colowick and N.D. Kaplan,
Academic Press, N.Y. 1960, p. 819.
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acid in 6 ~ HCI hydrolysates. When 6 n HCI hydrolysis is performed in an evacuated tube
as usual, the hydrolysate contains cysteine and cystine, but no cysteic acid. =~When the
sulfoxide (Ia) was subjected to 6 x HCI hydrolysis (without anisole or phenol), cysteic acid
was detected in 139, yield, besides cysteine and cystine. Hydrolysis of Ia with 38 n p-toluene-
sulfonic acid!® also afforded cysteic acid (5.8%,).

It should be noted here that if protected peptides are hydrolyzed with 6 x HCI in the
presence of phenol in order to obtain a better recovery of tyrosine,'” the presence of the
26-minute compound (1Ib), if any, is not a direct indication of the presence of the Cys(MBzl)-
(O) residue in the parent protected peptides. Treatment of cystine (not cysteine) with 6 x
HCl in the presence of phenol also afforded the 26-minute compound in 5.89%, yield. Partial
oxidation of cysteine to cystine is usually observable during the acid hydrolysis of protected
cysteine peptides, and thus the possibility cannot be excluded that the 26-minute compound
was formed by the direct reaction of phenol and cystine partially formed during the hydrolysis.

Z(OMe)-Cys(Bzl)-OH'® was similarly oxidized by sodium perborate to the corresponding
sulfoxide [Ib, abbreviated as Z(OMe)-Cys(Bzl)(O)-OH]. The sulfoxides of Z-Cys(Bzl)-OH
and Boc-Cys(Bzl)-OH®? were also prepared for characterization. Unlike the sulfoxide (Ia),
the sulfoxide (Ib) resisted the action of hydrogen fluoride or MSA, giving the N*-deprotected
sulfoxide, H-Cys(Bzl)(O)-OH, as a major product, even in the presence of a reasonable amount
of anisole or phenol. Different behavior of the sulfoxide (Ib) from that of Ia may be due
to subtle differences in stability between benzyl cations with or without the electron-donating
substituent at the p-position. Hydrolysis of the sulfoxide (Ib) with 6 x HCI gave a low
recovery of cystine approximately 219%,, besides cysteic acid, 0.5%,. The appearance of a
large amount of ammonia indicated that most of the sulfoxide (Ib) was decomposed under
hydrolytic conditions.

These findings indicate that the sulfoxide of Cys(MBzl) or Cys(Bzl), if any, in synthetic
protected peptides, should be reduced before deprotection with hydrogen fluoride or MSA,
otherwise satisfactory recovery of cysteine cannot be expected. Reduction with sodium in
liquid ammonia®" regenerated cysteine (determined as cystine) from the sulfoxide (Ia or Ib)
in approximately 60 to 709, yield, though some formation of an unidentified and less water-
soluble product was noted. A number of reducing reagents for methionine sulfoxide are

Tasre I. Reduction of Protected Cysteine and Methionine Sulfoxides
with Thiol Compounds

Reduction of (%)

-

Reagents Z(OMe)-Cys- Z(OMe)-Cys- Z(OMe)- H-Met-
(Bzl) (0)-OH (MBzl)(0)-OH Met(0)-OH (0)-OH
e " —— ———
8hr 24hr 36hr 8hr 24hr 36hr 8 hr 24 hr 4 hr 8 hr
Mercaptoethanol 8.1 19.5 34.6 15.7 25.9 42.0 22.0 31.5 72.2  98.7
Thioglycolic acid 7.5 16.4 19.9 11.8 12.6 31.5 31.4 60.2 100
Dithiothreitol 5.6 16.9 23.4 13.3  20.2 39.6 20.4 35.0 94.0 100
Ethanedithiol 33.2 52.5 56.3 36.7 55.7 67.1 25.0 31.0 45.6 46.7
Thiophenol 38.6 82.0 98.1 32.0 85.8 100 67.0 92.0 37.9 41.5

Reduction was performed at 70°.

16) T.Y. Liu and Y.H. Chang, J. Biol. Chem., 246, 2842 (1971).

17) B. Iselin, Helv. Chim. Acta, 45, 1510 (1962).

18) E. Klieger, Ann. Chem., 724, 204 (1969); T. Nagasawa, K. Kuroiwa, K. Narita, and Y. Isowa, Bull.
Chem. Soc. Japan, 46, 1269 (1973). "'

19) R.C. Harington and T.H. Mead, Biockem. J., 30, 1598 (1936).

20) E. Schnabel, Ann. Chem., 702, 188 (1967).

21) R.H. Sifferd and V. du Vigneaud, J. Biol. Chem., 108, 753 (1935).

NII-Electronic Library Service



2154 Vol, 27 (1979)

known.?2 We felt that the reduction of protected cysteine sulfoxides in an organic solvent
was somewhat difficult compared to the reduction of methionine sulfoxide in aqueous solution.
When Z(OMe)-Cys(Bzl)(0)-OH and Z(OMe)-Cys(MBzl)(O)-OH in dimethylformamide was
incubated with various reducing reagents, such as thioglycolic acid, dithiothreitol, mercapto-
ethanol or ethanedithiol, at 70° for 36 hr, reduction proceeded, at best, to the extent of 359,
to 679,. We found, however, that when thiophenol was used as a reducing reagent, nearly
quantitative reduction proceeded under the conditions mentioned above (Table I). By
increasing the amount of thiophenol (20 equiv.) and increasing the incubation temperature
to 85°, preparative reduction could be performed within 6 hr.

Experimental evidence obtained here on the behavior of S-substituted cysteine sulfoxide
derivatives under acidolytical deprotecting conditions may be useful in the synthesis of
peptides containing cysteine, especially those with a large number of disulfide bridges.

Experimental

Thin-layer chromatography (TLC) was performed on silica gel (Kieselgel G, Merck). Rf values refer
to the following solvent systems: Rf, CHCl;-MeOH-H,0 (8:3:1), Rf, CHCl;-MeOH-AcOH (9:1:0.5),
Rf, MeCN-H,O (3: 1), Rf, »-BuOH-AcOH-H,0 (4:1:5).

Z(0OMe)-Cys(MBzl) (0)-OH (Ia) A mixture of Z(OMe)-Cys(MBzI)-OH (3.95 g, 9.8 mmol) in AcOEt
(40 ml) and NaBO,;-4H,O (1.65 g, 1.1 equiv.) in H,O (20 ml) was stirred at room temperature overnight,
then acidified with citric acid. The resulting powder was collected by filtration and washed with H,0-NaCl.
The organic phase of the filtrate was washed with 59, citric acid and H,0O-NaCl, dried over Na,SO, and
evaporated down. The residual solid was combined with the powder obtained above and recrystallized
from tetrahydrofuran (THF) and ether; yield 3.43 g (84%), mp 148—151°, [a]3 —72.8° (¢=1.1, dimethyl-
formamide (DMF)). Rf; 0.34, Rf, 0.59. Anal. Calcd. for C,,H,,NO.S: C, 56.99; H, 5.50; N, 3.32. Found:
C, 56.89; H, 5.53; N, 3.33.

Boc-Cys(MBzl) (0)~-OH——This compound was similarly prepared; yield 73%. mp 176—177°, [«]%
—71.6° (¢c=1.4, DMF). Rf, 0.43. Awnal. Calcd. for C;{H,;NOS: C, 53.76; H, 6.49; N, 3.92. Found: C,
53.93; H, 6.58; N, 3.67.

Z-Cys(MBzl) (0)-OH——This compound was similarly prepared; yield 73%. mp 133-—135°, [«]5 —54.1°
(¢c=1.0, DMF). Rf,0.38. Amnal. Calcd. for C;yH,;NO:S-H,0:C, 55.73; H, 5.66; N, 3.42. Found: C, 55.67;
H, 5.45; N, 3.33.

H-Cys(MBzl) (0)-CH Z(OMe)-Cys(MBzl) (0O)-OH (3.03 g, 7.2 mmol) was treated with TFA (6 ml)
in the presence of anisole (1.6 ml) in an ice-bath for 60 min and dry ether was added. The resulting powder
was dissolved in 5% NH,OH and the solution was adjusted to pH 6 with 1~ HCI to yield a white powder,
which was reprecipitated by adjusting the pH as mentioned above, yield 1.48 g (80%), mp 176—177°, [«%
+6.7° (¢=0.7, 509% AcOH). Rf; 0.47. *H NMR (CF,COOD): ¢ 3.72 (2H, d, §-CH,), 3.97 (3H, s, OMe),
4.47 (2H, s, benzyl CH,), 5.02 (1H, t, «-CH), 7.14 (2H, d, aromatic H), 7.44 (2H, d, aromatic H). Anal.
Calcd. for C{H,;;NO,S: C, 51.34; H, 5.88; N, 5.44. Found: C, 51.55; H, 5.88; N, 5.33.

S-p-Methoxyphenylcysteine (Ila) (a) Treatment of H-Cys(MBzl)(O)-OH with HF-anisole: H-
Cys(MBz1){0)-OH (105 mg) was treated with HF {approximately 4 ml) in the presence of anisole (1 ml,
25 equiv.) in an ice-bath for 45 min. The excess HF was removed by evaporation and the residue was
washed with ether. The resulting powder was collected by filtration, dissolved in H,O (4 ml) and the pH
of the solution was adjusted to 6 with dil. NH,OH to form a white powder, which was collected by filtration
and washed with H,O; yield 47 mg (54%), mp 189-—190°, [«]3 +11.8° (¢=0.5, 50% AcOH). Rf; 0.59.
1H NMR (CF,COOD): 6 3.62 (2H, d, f-CH,), 3.96 (3H, s, OMe), 4.48 (1H, t, «-CH), 7.06 (2H, d, aromatic H),
7.51 (2H, d, aromatic H). Awnal. Caled. for C,;H;3NO,S: C, 52.84; H, 5.77; N, 6.16; S, 14.11. Found:
C, 53.12; H, 5.90; N, 5.93; S, 13.83.

(b) Treatment of Z(OMe)~Cys(MBzl)(0)~OH with MSA-anisole: Z(OMe)~Cys(MBzl)(0)-OH (3.43 g)
was treated with MSA (14 ml) in the presence of anisole (3.5 ml, 4 equiv.) at room temperature for 60 min
and dry ether was added. The oily residue was washed with ether, dissolved in water and the solution was
neutralized with Et;N to yield a white powder, which was collected by filtration and washed with the upper

22) M.L. Dedman, T.H. Farmer, and C. Morris, Biochems. J., 66, 166 (1957); B. Iselin, Helv. Chim. Acta,
44,61 (1961); J.1. Harris and P. Ross, Biochem. J., 71, 434 (1959); K.P. Polzhofer and K.H. Ney, Tetra-
hedvon, 27,1997 (1971); D.W. Chasar, J. Org. Chem., 36, 611 (1971); R.A. Houghton and C.H. Li, “Proc.
Am. Pept. Symp.,” 5th ed., M. Goodman and J. Meienhofer, John Wiley, N.Y., 1977, p. 458; D.L.J.
Clive, W.A. Kiel, S.M. Menchen, and C.K. Wong, J.C.S. Chem. Commun., 1977, 657; R.G. Nuzzo, H.]J.
Simon and J.S. Filippo, Jr., J. Org. Chem., 42, 568 (1977). See other references therein.
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phase of #-BuOH-AcOH-H,O (4: 1: 5); yield 0.77 g (42%), mp 189—196°, [«]} +10.6° (¢=0.4, 509 AcOH).
Rf, 0.59. TIts *H NMR spectra were identical with those of the compound obtained in {a). Retention time
on the short column of an amino acid analyzer was 38 min.

S-p-Hydroxyphenylcysteine (IIb)—-—(a) Treatment of Z(OMe)-Cys(MBzl){O)-OH with MSA-phenol:
Z{OMe)-Cys(MBz1) (0O)-OH (420 mg) was treated with MSA (0.8 ml) in the presence of phenol (370 mg, 4
equiv.) in an ice-bath for 15 min and at room temperature for 45 min, then dry ether was added. The
resulting oily precipitate was dissolved in H,O (2 ml) and the solution was neutralized with 5% NH,OH to
form a gummy precipitate, which was obtained as a solid on trituration with EtOH (Rf, 0.44 main, 0.51 faint).
This crude material was purified by partition chromatography?® on Sephadex G-15 with the solvent system
n-BuOH-AcOH-H,0O (4:1:5). Fractions containing the substance of Rf, 0.44 were collected, the solvent
was evaporated off and the residue was recrystallized from EtOH; yield 100 mg (47%), mp 199—201°, [«]3
+7.8° (¢=0.4, 509% AcOH). Rf,0.44. Rf, 0.51. H NMR (CF,COOD): ¢ 3.59 (2H, d, -CH,), 4.47 (14, t,
a-CH), 7.00 (2H, d, aromatic H), 7.52 (2H, d, aromatic H). A4nal. Calcd. for C;H,;;NO,S: C, 50.69; H, 5.20;
N, 6.57. Found: C, 50.54; H, 5.13; N, 6.29.

(b) Treatment of Z(OMe)—Cys(MBzl)(O)-OH with HF-phenol: Z(OMe)-Cys(MBz1)(O)-OH (420 mg)
was treated with HF in the presence of phenol (370 mg, 4 equiv.) as described for II-a and the product was
isolated in essentially the manner described above; yield 89 mg (429%,). Its 'H NMR spectra were identical
with those of the compound obtained in (a). Retention time on the short column of an amino acid analyzer
was 26 min.

Hydrolysis of S-p-Methoxyphenylcysteine with 6 N HCl——S-p-Methoxyphenylcysteine (IIa) (258 mg)
was heated with 6 N HCl at 110° for 24 hr in a sealed tube. After removal of the solvent by evaporation, the
residue was neutralized with 5%, NH,OH and the resulting powder was recrystallized from 509, MeOH and
then EtOH; yield 70 mg (29%), mp 196-—200°. Identity of the compound with S-p-hydroxyphenylcysteine
was confirmed by comparison of their *H NMR spectra and retention times on an amino acid analyzer.

Hydrolysis of H-Cys(MBzl)(0)-OH with 6 N HCI or 3 N p-Toluenesulfonic Acid H-Cys(MBzl)(0)-OH
(1.12 mg) was hydrolyzed with 6 x HCI (1 ml) at 110° for 20 hr and the hydrolysate was examined on an amino
acid analyzer: cysteic acid 12.99, and cysteine plus cystine 82.1% recovery. When 3N p-toluenesulfonic
acid was used: cysteic acid 5.8%, cysteine plus cystine 94.29% recovery.

Hydrolysis of Z(OMe)-Cys(MBzl)(0)-OH with 6 N HCI-Phenol——7Z(OMe)-Cys(MBzl)(O)-OH (1.4 mg)
was hydrolyzed with 6 x HCI (1 ml) in the presence of phenol (1.2 mg, 4 equiv.) at 110° for 24 hr. When
the hydrolysate was examined on an amino acid analyzer, the following peaks were detected, though they
were not quantified on the short column, 26 min (S-p-hydroxyphenylcysteine); on the long column, 28 min
(cysteic acid), 90 min (cysteine), 114 min (cystine).

Hydrolysis of Cystine with 6 N HCI-Phenol Cystine (8 mg) was heated with 6~ HCI (2 ml) in the
presence of phenol (15 mg, 4 equiv.) as mentioned above and the hydrolysate was examined on an amino acid
analyzer. On the short column, 26 min (5.8%); on the long column, 114 min (cystine 92.49%,).

Treatment of Z(OMe)-Cys(MBzl)(0)~-OH with Na in Liquid NH, Z(OMe)~Cys(MBzl)(0)-OH (99 mg,
0.24 mmol) was treated with Na (22 mg, 4 equiv.) in liquid NH, unti! the blue color persisted for 10 sec.
After addition of NH,Cl (10 mg), NH, was evaporated off and the residue was examined on an amino acid
analyzer. On the long column, 28 min (unidentified small peak, cysteic acid ?), 114 min (cystine 68%).

Z(0Me)-Cys(Bzl)(0)-OH (Ib)——A mixture of Z(OMe)—-Cys(Bzl)-OH (17.39 g, 46 mmol) in AcOEt
(170 ml) and NaBO,-4H,0 (7.84 g, 1.1 equiv.) in H,O (85 ml) was stirred at room temperature overnight.
After acidification with 59, citric acid, the product was extracted with AcOEt. The extract was washed
with 59, citric acid and H,0~-NaCl, dried over Na,SO, and then condensed. The residue was triturated with
ether and recrystallized from MeOH and ether; yield 13.01 g (71%), mp 161—163°, [«]F —19.8° (¢=0.8,
DMF). Rf, 0.42. Anal. Caled. for C;yH,,NOGS: C, 58.30; H, 5.41; N, 3.58. Found: C, 58.06; H, 5.35; N,
3.60.

Boc-Cys(Bzl) (0)-0H——This compound was similarly prepared; yield 70%, mp 176—177°, [«]5 —40.8°
(¢c=1.1, DMF). Rf, 0.37. Anal. Calcd. for C,;H,,NO,S: C, 55.03; H, 6.47; N, 4.28. Found: C, 55.22; H,
6.56; N, 4.18.

Z-Cys(Bzl}(0)-OH———This compound was similarly prepared; yield 76%, mp 161—163°, [«]5 —46.7°
(c=0.8, DMF). Rf, 0.47. Amnal. Calcd. for C;gH,,NO,S: C, 59.82; H, 5.30; N, 3.88. Found: C, 60.03; H,
5.51; N, 4.02.

H-Cys(Bzl) (0)-OH: Z(OMe)-Cys(Bzl) (O)-OH (9.07 g) was treated with TFA (20 ml) in the presence
of anisole (5 ml) in an ice-bath for 60 min and dry ether was added. The resulting powder was suspended
in H,0 (20 ml) and the pH of the solution was adjusted to 6 with 59, NH,OH. The crystalline product was
collected by filtration and precipitated from 5% NH,OH with 1~ HCl; yield 3.43 g (65%), mp 170—171°,
(o] —24.7° (¢=0.8, 50% AcOH). Rf; 0.57. Amnal. Calcd. for C,;H;)NO,S: C, 52.84; H, 5.77; N, 6.16.
Found: C, 53.02; H, 5.76; N, 6.17.

Treatment of H-Cys(Bzl)(0)-OH with HF H-Cys(Bzl)(O)-OH (102 mg, 0.45 mmol) was treated with
HF (approximately 5 ml) in the presence of anisole (1.2 ml, 25 equiv.) in an ice-bath for 45 min. After

23) D. Yamashiro, Nature, 201, 76 (1964).
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evaporation of HF, the residue was washed with ether, dissolved in H,O and the pH of the solution was adjust-
ed to 6 with 5% NH,OH to yield a white precipitate, which was collected by filtration; yield 77 mg (recovery
75%), mp 170—172°, Rf, 0.57. Retention time (127 min) on the long column was identical with that of an
authentic sample of H-Cys(Bzl)(O)-OH. When the filtrate was examined on an amino acid analyzer, an
unidentified peak (119 min on the long column) was detected.

Treatment of H-Cys(Bzl)(0)-OH with MSA——H-Cys(Bzl) (O)-OH (239 mg) was treated with MSA (5.7
ml) in the presence of anisole (1.1 ml, 10 equiv.) in an ice-bath for 15 min and at room temperature for 60 min,
then dry ether was added. The residue was dissolved in H,O and the pH of the solution was adjusted to 6
with 5% NH,OH. The Rf value (Rf, 0.57) of the resulting powder (194 mg, 819%) was identical with that
of the starting material.

Hydrolysis of Z(0Me)-Cys(Bzl)(G)-OH with 6 N HCI——When the hydrolysate (24 hr hydrolysis) was
examined on an amino acid analyzer, cysteic acid 0.5%, cystine 21.1% and a large amount of ammonia
were detected.

Treatment of H-Cys(Bzl) (0)-OH with Na in Liquid NH;——H-Cys(Bz1)(0)-OH (313 mg) was treated with
Na (ca. 300 mg) in liquid NH, (approximately 30 ml) until the blue color persisted for 5 sec and it was then
discharged with NH,CI! (20 mg). After evaporation of NHj, the residue was dissolved in H,0O and the solution
was examined on an amino acid analyzer; cystine (114 min, 56.5%) and cysteine (90 min, 4%,). Some
water-insoluble material was isolated.

Reduction of Protected Cysteine Sulfoxides with Various Thiol Compounds——The sulfoxide (Ia or Ib)(100
mg each) in DMF (1 ml) was incubated at 70° in the presence of various reducing reagents (10 equiv.). At
intervals, an aliquot was examined by TLC with the solvent system CHCl;-MeOH—-AcOH (9: 1: 0.5) and the
amount of reduced material (ninhydrin stain) was determined with a Shimadzu dual-wavelength thin-layer
chromatogram scanner. The results are listed in Table I. Reduction of Z(OMe)-Met(O)-OH in DMF and
H-Met(0)-OH in H,0 were also carried out for comparison.

Reduction of Z(QOMe)-Cys(MBzl)(0)-OH with Thiophenol—-Z(OMe)-Cys(MBz1)(O)-OH (2.08 g, 4.8
mmol) in DMF (10 ml) was heated with thiophenol (9.8 ml, 20 equiv.} at 85° for 6 hr; the starting material
disappeared and a new spot of Rf; 0.62 was detected on TLC. The solvent was evaporated off and the
residue was dissolved in 5% NH,OH. The aqueous phase, after washing with ether, was acidified with 5%
citric acid and the resulting precipitate was extracted with AcOEt. The extract was washed with H,0-NaCl,
dried over Na,SO, and then condensed. Treatment of the residue with #-hexane afforded a powder, which
was recrystallized from AcOEt and #-hexane to give a product identical with an authentic sample of Z(OMe)-
Cys(MBzl)-OH; yield 1.86 g (97%), mp 78—80°, [a]5 —36.9° (c=1.0, MeOH). Rf, 0.62, Rf, 0.72. Anal.
Caled. for C,,H,,NOS: C, 59.24; H, 5.72; N, 3.45. TFound: C, 59.15; H, 5.62; N, 3.41.
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