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R-(+)-3,3-dimethyl-2-phenyl-1-chlorobutane (11), a¥p +4.54°
(neat), were mixed with 15 ml of dry ether and 0.25 ml (0.55 g,
0.0029 mol) of 1,2-dibromoethane was added to start the re-
action. After 1.5 hr of reflux, dry CO. gas was bubbled through
the mixture for 10 min, HCl (109 solution) was added, and the
aqueous layer was extracted with ether. The ether extracts were
then extracted with 109, NaOH. Acidification of the aqueous
layer, extraction with ether, and removal of solvent under
vacuum after drying (Na:80.) gave 0.072 g (12%) of crude acid.
Sublimation at 85° (0.6 mm) yielded (R)-(+)-8-phenyl-g-i-
butylpropionic acid (17), [«]®p +1.74° (CHCl;, ¢ 3.16), mp
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110-112.5°, reported?? 114-116°. The nmr spectrum of this
material was compatible with the assigned structure.

Registry No.—2, 23406-51-1; 35, 23406-52-2; 6,
23406-53-3; 7,23439-89-6; 8, 23406-54-4; 9,13491-16-2;
11, 23406-56-6; 12, 23406-57-7; 14, 23406-58-8; 15,
23439-90-9; 16, 23439-91-0; 17,23406-59-9; (R)-(—~)-
3-methyl-2-phenyl-1-butanol, 23406-60-2; (R)-(—)-
3-methyl-2-phenyl-1-chlorobutane, 23406-61-3.

(22) C. C. Koelgeh, J. Amer. Chem. Soc., 68, 1640 (1943).
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The sulfenylthiocyanate method of disulfide synthesis has been applied to the preparation of 13 cystine peptides

containing various amino acid residues.

In general no significant side reactions were observed; however, acidic

solvents were required for a histidine-containing cystine peptide, and the w-nitro protective group was necessary

for an arginyleystine derivative.

Among the remaining obstacles to the unambiguous
synthesis of complex polypeptides is the problem of the
““correct pairing” of the sulfur-sulfur bonds of the cys-
tine residues in synthetic polypeptides. At present the
final stage of all synthetic routes to polypeptides con-~
taining several cystine residues has involved the simul-
taneous removal of S-protecting groups from cysteine
residues and subsequent one-step oxidation. This
approach appears to lead to complex mixtures and
diminished biological activity.

Several years ago we reported® that cystine deriva-
tives could be prepared by employing the sulfenylthio-
cyanate method discovered by Lecher and Wittwer.®
These workers had used thiocyanogen to oxidize thiols,
and the subsequent recognition that the oxidation could
also be performed on appropriate thio ethers® ~1 and
hemithioacetals®!* greatly enhanced the flexibility and
apparent applicability of the method to the synthesis
of polypeptides containing several cystine residues.
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Although these experiments suggest that certain
open-chain and eyelic cystine peptides can be prepared
via the sulfenylthioeyanate method, no information was
available on the compatibility of thiocyanogen or the
sulfenylthiocyanates of cysteine derivatives with other
amino acids. For example, thiocyanogen is known
to decompose slowly in the presence of water or alco-
hols;*?1% thiocyanogen't and sulfenylthiocyanates® are
also known to react with aliphatic amines to yield
amine thiocyanates. In addition, para-substituted
aromatic amines and phenols undergo ring substitution
with thiocyanogen and provide the corresponding 2-
iminobenzoazoxoles or 2-iminobenzothioxoles.!? Al-
though the hydroxyl, phenolie, and amine side chains
could always be protected during the preparation of a
polypeptide, ring substitution and possible subsequent
reactions in tyrosine, tryptophan, and histidine side
chains would be a definite possibility. For example,
tyrosine, tryptophan, and histidine peptides are cleaved
by electrophiles, particularly bromine, N-bromosucein-
imide, and cyanogen bromide.'® Various sulfenyl
halides react at the indole 2 position of tryptophan in
peptides and proteins but not with the side chains of
other amino acids.”” Finally, methionine is known®® to
suffer cleavage by certain electrophiles, notably cyano-
gen bromide, and this possibility also warranted exam-
ination using thiocyanogen and sulfenylthiocyanates.

In order to evaluate the effects of side chains on the
formation of cystine peptides with sulfenylthiocyanates
or thiocyanogen, a series of 13 cystine derivatives were
prepared; with two exceptions these were of the general
structure IV (Table I). The sulfenylthiocyanates II

(12) J. L. Wood, Org. Reactions, 8, 242 (19486).

(13) R. G. R. Bacon, Org. Sulfur Compounds, 1, 312 (1961).

(14) L. W. Jones and E. E. Fleck, J. Amer. Chem. Soc., 80, 2018 (1928).

(15) R, T. Major and L. H, Peterson, ibid., 78, 6181 (1956).

(18) For a review of these reactions, see B. Witkop, ddvan. Protein, Chem.,
16, 237 (1961).

(17) E. Scoffone, A, Fontana, and R, Rocchi, Biochemistry, 7, 971 (1968);
A. Fontana, E, Scoffone, and C. A, Benassi, ibid., T, 980 (1968); A, Fontana,
F. M. Veronese, and E, Scoffone, 1bid., 7, 3601 (1968).
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Tasue I1
CoNDITIONS FOR SYNTHESIS AND PROPERTIES OF VARIOUS CYSTEINE PEPTIDE DERIVATIVES
Reac-
Tr tion Crystal-
| sol- lization Yield, Mp, Caled, % ~ Found, Jpm=rmmn—mmn,
Z-Cys~AAOR, AAOR vent® solvent® % °C {a]p, deg C H N S (¢] H N 8
GlyOEt (11Ia)e
SerOCH; (I1Ib)4 L Qs 76 62-66 +24.07 68.22 5.72 4.68 5.35 68.03 5.79 4.62 5,32
AsnOEt (I1lc)? N Qe 43 103-105 +-36.67 67.58 5.83 6.57 5.01 67.84 5.80 6.37 4.94
AlaOEt (I11d)¢ N Qe 72 46-50 +21.8/ 70.44 6.08 4.70 5.37 70.46 6.24 4.67 5.33
PheOEt (I11e)¢ L Oe 71 47-50 +29 .4/ 73.18 5.99 4.16 4.77 73.04 5.91 4,17 4.76
TyrOEt (111f)8 N Pe 84 68-71 +33.10 71.50 5.87 4,07 4.65 Ti.54 5.96 4.18 4.35
MetOEt (I11g)¢ L Qe 92 110-111 +28.47 67.65 6.14 4.27 9.93 67.68 6.16 4.20 9.77
HisOCH; (IITh)* M R 67 152154 -+58. 70 68.49 5.59 8.64 4.94 68.32 5.83 8.40 4,98
TrpOEs (111i)4 M Se 62 65-70 +13.10 72.55 5.81 5.90 4.50 72.79 6.10 5.73 4.04
ThrOCH, (I11j)4 N Te 68 60 + 6.2¢ 68.60 5.92 4.57 5.23 68.88 6.26 4.41 4.93
O,
ArgOEt (I11k)4 N Ue 61 91-95 -+ 6.47 62.34¢ 5.66 11.76 4.50 62.52 5.71 11.72 4.63
]JSzh
Z-Arg-CysOCH, (VII) N Ve 22 97-99 —10.7¢ 57.63 6.29 11.20 5.13 57.93 6.44 10.96 5.18
-HCl1
Bzh
Z-Val-Cys-GlyOEt (IX) L w 82 165-167 ~13.1¢ 65.43 6.49 6.94 5.29 65.32 6.44 7.03 5.50
L = methylene chloride; M = methylene chloride~methanol (1:1, v/v); N = methylene chloride~-DMF (2:1, v/v). 'O =

ether~cyclohexane; P = ethyl acetate; Q = ethyl acetate—ether; R = acetone; 8 = ether~hexane; T = acetone—ether-cyclohexane;

U = chloroform-hexane; V = methanol-ether; W = ethyl acetate—hexane.
4 Coupled to Z-(Tr)Cys~ DEA* using 1-ethyl-3-(3'-N,N-dimethylaminopropyl)earbodiimide hydrochloride.
f [e]®Dp (¢ 1, CHCL,).
¥ Prepared from H-(Bzh)Cys-OCH; by coupling with DCC.

3887 (1962).
matographed using ethyl acetate prior to crystallization.
“ [a]?p (e 1, acetone). 7 [a]?p (¢ 0.5, CHCl).

¢ L. Zervas and 1. Photaki, J. Amer. Chem. Soc., 84,
¢ Chro-
& Coupled to Z (Tr)CysOSu.
¢ Prepared from H-

¢ {a)?p (¢ 1, CHCl).

(Bzh)Cys GlyOEt by coupling with 1-ethyl-3(3'-N,N-dimethylaminopropyl)earbodiimide hydrochloride.
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"
SyntHESIS OF Z-CysOCH; Z - Cys-SerOCH; (IVb)
1IN VARrIOUS SOLVENTS

(SCN)2
Prepd in* II added in 1IT added in Yield, %
A A A 84
A A CH,Cly 82
A AcOH AcOH 76
A TFA TFA 73
A MeOH MeOH-H.0 67
A TFE TFE 75
A MeOH-H.O MeOH 0
A NaOMe-MeOH MeOH 0
MeOH MeOH MeOH 0
A A C;H;N 0
A A B 0
A HMPA HMPA Q
A A HMPA 5

¢ A = ethyl acetate; B = pyridine-acetic acid, pH 6.3; TFE
= @,8,8-triflucroethanol; HMPA = hexamethylenephosphora-
mide.

for the sulfenyl thiocyanate method (Table III). Ethyl
acetate appears to be the solvent of choice for the gener-
ation of thiocyanogen; acetic acid can also be used, but
the formation of thioeyanogen is much slower; water or
alcohols cannot be employed. Sulfenylthiocyanates
appear to be more stable to water and alcohols; these
intermediates are decomposed by amines and appar-
ently some amides, since reactions of sulfenylthiocya-
nates in hexamethylenephosphoramide (HMPA), DMF,
DMAc, and N-methylpyrrolidone have not been suc-
cessful,

Thus the sulfenylthiocyanate method of disulfide
synthesis may be applicable to the synthesis of large
polypeptides containing several cystine residues. The

advantages of the method appear to lie in the high de-
gree of reactivity of thiols and certain thio ethers toward
thiocyanogen and sulfenylthiocyanates. The disad-
vantages of this approach involve the thermal lability
of the intermediate sulfenylthiocyanates and their
reactivity with basic nitrogen atoms. The actual appli-
cation of this system to an appropriate biologically
active polypeptide containing several cystine residues
should establish whether the problem of the ‘“correct
pairing”’ of cystine residues can be overcome by this
route.

Experimental Section!®

Methyl N-carbobenzoyl-S-trityl-L-cysteinylglycinate (I1Ta) was
prepared by the procedure of Zervas and Photaki.l?

General Procedure for the Preparation of N,0,S-Protected Di-
and Tripeptides.—To a solution of 10 mmol of the appropriate
cysteine derivative in 30 ml of methylene chloride was added 10
mmol of the appropriate protected amino acid in 20 ml of the
indicated solvent. The solution was cooled to —10° and trested
with 10.8 mmol of the indicated coupling reagent. The reaction
mixture was allowed to stir at —10° for 2 hr, warmed to room
temperature, and stirred for 12-15 hr. The reaction mixture was
then diluted to 200 ml with methylene chloride and washed with
2 N sulfuric acid, water, and saturated brine. The organic layer
was dried (MgSO,) and evaporated in vacuo to an oil which was
purified by column chromatography and/or crystallization
(Table II).

General Method of Preparation of Cystine Peptide Deriva-
tives. A. In Ethyl Acetate.—A solution of 9 mmol of thio-

(18) Melting points are uncorrected. Elemental analyses were per«
formed by Micro-Tech Laboratories, Skokie, Ill. The optical rotations
were measured with a Perkin-Elmer Model 141 polarimeter. Column
chromatography was performed on 0.05-0.20-mm siliea gel; thin layer
chromatography was conducted on silica gel G coated microscope slides.
The amino acid ester hydrochlorides used to prepare the various dipeptides
were purchased from the Sigma Chemical Co. Nuclear magnetic resonance
spectra were recorded on 2 Varian Associates A-80 spectrometer.

(19) L. Zervas and I. Photaki, J. Amer, Chem. Soc., 84, 3887 (1962).
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cyanogen in 35 ml of ethyl acetate was prepared in the usual
manner in the dark at 0°. To this cold solution was added 7.2
mmol of T in 20 ml of ethyl acetate over at 15-min period. At
this point tle indicated that no thiol remained. The appropriate
thioether (7.2 mmol) was dissolved in 25 ml of ethyl acetate and
added in one portion to the reaction mixture. The solution was
stirred in the dark for 2 hr at 0°, allowed to warm to room tem-
perature, and stirred for an additional period of time (3-33 hr
depending on the reaction progress as demonstrated by tlc).
After reaction was complete the solution was diluted to 200 ml
with ethyl acetate and washed with 5%, sodium bicarbonate solu-
tion, water, and saturated brine. The organic extract was dried
and evaporated in vacuo, and the residue was triturated with
hexane to remove the trityl thiocyanate. The resulting powder
was purified by recrystallization or chromatography followed by
recrystallization. The reported yields (Table I) are based on
the amount of purified product.

B. Acidic Sclvents.—To a cold, stirred solution containing 9
mmol of thioeyanogen in 35 ml of ethyl acetate was added 7.2
mmol of I in 20 ml of trifluoroacetic acid (TFA). After 10 min,
7.2 mmol of the appropriate thio ether in 15 ml of TFA was
added and the mixture was stirred at 0° for 8 hr and at room
temperature for 5-12 hr. The reaction mixture was poured into

PHOTODIMERIZATION OF SUBSTITUTED STILBENES 1121

1200 ml of cold 6% sodium bicarbonate and the mixture was
extracted with ethyl acetate. The organic layer was washed,
dried, and evaporated in vacuo. Trituration with hexane afforded
a, powder which was purified by recrystallization.

Registry No.—IIIb, 23465-05-6; IIlc, 23465-06-
I11d, 23465-07-8; IIIe, 23465-08- 9 ITIf, 23465-09-
IIIg, 23435-44—1; IITh, 23435-45- 2 IIIl, 23435-46-

b

H

H

7;
0;
3;
IIIj, 23435-47-4; 1Ilk, 23465-10-3; IVa, 23465-11-4;
IVb, 23435-52-1; IVc, 23435—53-2; IVd, 23435-54-3;
1Ve, 23435-55-4; IV, 23465-12-5; IVg, 23500-37-0;
IVh, 23435-56-5; IVi, 23500-38-1; IVj, 23435-57-6;
IVk, 23435-58-7; VI, 23435-48-5; VII, 23435-49-6;

VII (HCI) ) 23435 50-9; IX, 23435- .51-0
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The Photodimerization of Substituted Stilbenes
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Stilbenes with electron-donating groups on either of the aromatic moieties undergo rapid photodimerization.
With dissimilar phenyl groups, two photodimers are obtained, and their structures have been elucidated by nmr

and mass spectral studies.

The extent of dimerization was measured by gel-permeation chromatography and a

singlet mechanism is proposed for the photodimerization process.

The photochemistry of stilbene is well known and the
three photochemical reactions are cis—trans isomeriza-
tion, ecyclization, and dimerization. Although the
dimerization of stilbene has been discovered at the be-
ginning of this century by Ciamician and Silber,! it is
the least understood of the three reactions. Shechter
and coworkers? have isolated two photodimers from
trans-stilbene (279, conversion upon irradiation for 2
months) and their structures were assigned on the basis
of nmr data. In our study directed toward the use of
stilbene derivatives for photocross-linking of polymers,?
we noticed considerable enhancement of dimerization
if electron-donating groups are attached to the aryl
groups.* The quantum yield of dimerization of 5 was
found to be ca. 0.06. In Table I the previously unre-
ported stilbene derivatives used in this study are listed.
The photodimerization was conducted on the mono- and
bismethyl carbamates of the mono- and diisocyanates in
order to approximate the bonding generated in poly-
mer systems. As ultraviolet sources a 100- and a 450-
W mercury lamp have been used and benzene, ethyl
acetate, and tetrahydrofuran were the solvents em-
ployed in the photodimerization experiments. The
quantitative determination of dimerization was achieved
using gel permeation chromatography (gpe) and the mo-
nomer was used for calibration. The dimer yields were

(1) G. Ciamician and P. Silber, Chem. Ber., 85, 3128 (1902).

(2) H. Bhechter, W. J. Link, and G. V. D, Tiers, J. Amer, Chem. Soc., 86,
1601 (1963).

(3) F. A. Btuber, H. Ulrich, D, V. Rao, and A. A, R. Sayigh, J. Appl.
Polym. Sci., 18, 2247 (1969).

(4) This phenomenon appears to be general because we observed a similar
effect in the photodimerization of coumarins and cinnamates: D. V. Rao,
F. A. Btuber, H. Ulrich, and A, A. R. Bayigh, in press.

verified by column chromatography, which also allowed
separation of the isomeric photodimers.

The gpe method is accurate, nondestructive (room
temperature assay), and convenient, ¢.e., the reaction
mixture can be directly injected into the chromatograph.
For example, the rate of photodimerization can be
followed, and a first-order rate law is observed in the
photodimerization of 5 (109, concentration) up to ca.
709% conversion. The results of the photodimerization
experiments are listed in Table I1.

The results obtained in the photodimerization ex-
periments (irradiation for 4 hr in ethyl acetate) show
that electronic effects as well as steric effects are opera-
tive. For example, electron-donating groups, such as
OCH;, NHCOCH;, and NHCOOCH;, enhance dimer-
ization (compare frans-stilbene with 14, 2, 3, and 5).
The steric effects are also quite pronounced, as shown
by the comparison of 15 (4,4’ substituted) with 9
(2,4 substituted) and 12 (2,2’ substituted). Com-
parable yields were obtained using benzene, ethyl ace-
tate, and tetrahydrofuran. However, highly polar
solvents, such as N,N-dimethylformamide, lower the
extent of dimerization. For example, irradiation of 5
in DMF for 4 hr, using a 450-W source, gave 689,
photodimerization, while in tetrahydrofuran, under
similar conditions, 91.3%, dimerization was obtained.
The extent of dimerization was not affected when the
reaction was conducted in a nitrogen atmosphere.

No cis-stilbene or phenanthrene could be isolated,
suggesting that, at the concentrations studied, only
photodimerization is the major pathway. The extent
of dimerization decreases with dilution (see compound
5 in Table IT), meaning that at higher dilution isomeri-



