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45000, [8]ss +52,500, [8]s +4970; ultraviolet, Apor 244-246
my (log e 4.11), 300-304 (log € 2.18); infrared, ASEf 2.82, 6.0,
and 6.19 u.

Anal. Caled for CyHyOs5: C, 74.96; H, 9.27. Found: C,
74.94; H, 9.73.

Registry No.—II, 13396-30-0; IIIb, 13341-86-1;
IIIe, 13341-87-2; IIId, 13341-88-3; IV, 13319-96-5;
V, 13341-89-4; VI, 13396-31-1; VII, 13428-11-0.
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Resistomycin was isolated by Brockmann and
Schmidt-Kastner! from Streptomyces resistomycificus
in 1951. The partial structure of this gram-positive
antibiotic was established by Brockmann and co-
workers?—% as a methyl-2,3,7,10-tetrahydroxy-1,1-di-
methyl-6H-benzo [¢,d ]pyrene-5(1H),6-dione. Only the
position of the aromatic methyl group remains to be
determined.

The nuclear magnetic resonance (nmr) spectrum of
resistomyein (Figure 1, in concentrated deuteriosulfuric
acid) is entirely consistent with the proposed structure
(see structure 1). The C-1 gem-dimethyl group ex-
hibits two superposed 3-proton singlets at 131.5 cps.
Superposition of these signals establishes that the
methyl groups are equidistant from the plane of the
ring and confirms the expectation of a highly aromatic
ring system. The unassigned aromatic methyl group
shows a 3-proton singlet at 204 eps. Three l-proton
singlets at 438, 466, and 475.5 cps are attributed to the
aromatic protons. The absence of coupling between
the latter protons locates the aromatic methyl group
{204 cps) at position 8 or 9 (structure 1). After 20 hr

acid, the
signals at 475.5 and 438 cps underwent complete

in deuteriosulfuric protons exhibiting

(1) H. Brockmann and G. Schmidt-Kastner, Nalurwissenschaften, 20, 479
(1951).

(2) H. Brockmann and E. Meyer, Chem. Ber., 86, 1514 (1953).

(3) H. Brockmann and G. Schmidt-Kastner, ibid., 87, 1460 (1954).

(4) H. Brockmann in ‘“‘Pfizer Handbook of Microbial Products,” M. W.
Miller, Ed., Mc¢Graw-Hill Book Co., Inc., New York, N. Y., 1961, p 266,

(56) H. Brockmann, Angew, Chem., 76, 863 (1964).
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Figure 1.—Nmr spectrum of resistomyein (109 in concentrated
deuteriosulfuric acid) after 5 min in solution with tetramethyl-
ammonium chloride as internal standard.

deuterium exchange, while the 466-cps signal was es-
sentially unchanged. Deuterium exchange of the 438-
cps proton oceurs at two to three times the rate observed
for that of the 475.5-cps proton.

Since acid catalyzed deuterium exchange of aromatic
protons was observed to follow electrophilic substitu-
tion,® the exchange-resistant 466-cps signal is assigned
to a proton at the 9 position. This position is a meta
position relative to both the C-7 and C-10 phenolic
hydroxyl groups and would not be expected to undergo
electrophilic substitution or, consequently, deuterium
exchange. The aromatic methyl substituent of resisto-
mycin must, therefore, be assigned to the 8 position.

Halogenation of resistomycin verifies the presence of
only two aromatic protons susceptible to electrophilic
substitution. Only a dichloro derivative (2) was ob-
tained, whose aromatic proton (a l-proton singlet at
476 cps, 109, in deuteriosulfuric acid) did not undergo
perceptible deuterium exchange and whose C-1 methyl
groups were deshielded by 20 cps (a 6-proton singlet at
152 cps). A paramagnetic shift of this magnitude can
only be explained by chlorination at the 11 position,
which results in a close spatial relationship of the C-1
methyl protons with the chlorine atom. The second
chlorine substituent must be assigned to the 4 position
by logical elimination of the 8 and 9 positions. Bromi-
nation yielded only a monobromo derivative (3) which
exhibited an exchangeable l-proton singlet at 475.5
cps and a second unexchangeable l-proton singlet at
468.5 cps. The bromine substituent had no effect on
the chemical shift of the C-1 methyl groups (132 cps)
and was therefore assigned to the 4 position. Molecu-
lar models demonstrate that bromine would encounter
considerably more steric hindrance from the C-1
methyl groups than would chlorine during substitution
at the 11 position. These data corroborate the assign-
ment of the 466-cps signal in the nmr spectrum of
resistomycin to a proton at the 9 position and enable
the 438- and 475.5-cps signals to be assigned to protons
at positions 4 and 11, respectively.

Brockmann,® on the basis of unspecified reflection
on the biogenesis of resistomycin, has tentatively as-
signed the aromatic methyl group to the 9 position.
Deuterium exchange of the aromatic protons, nmr spec-
tra, and the failure to derive a perchlororesistomyein
dictate assignment of the aromatic methyl group of
resistomyein to the 8 position (1).

(6) A. I. Shatenshtein, Kernenergie, §, 335 (1962).
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Experimental Section’

Resistomycin (1).—Resistomycin was isolated from cultures
of an unidentified actinomycete (Abbott M10782) and crystallized
from acetone as yellow needles (mp >300°; sublimes near 210°
at 50 u of Hg): ultraviolet absorption, Amsx 268 mu (e 24,000),
290 (23,000), 320 (14,400), 337 (13,900), 366 (11,000), 457
(15,400).

Anal. Caled for CieHisOs: C, 70.21; H, 4.29; O, 25.50;
mol wt 376.4. Found: C, 69.72; H, 4.37; O, 25.86.

4,11-Dichlororesistomycin (2).—Resistomyecin (2.5 g, 6.8
mmoles) was suspended in 2 1. of glacial acetic acid and chlorine
(1.5 g, 21 mmoles) dissolved in 50 ml of glacial acetic acid was
added over a period of 15 min at room temperature. The mix-
ture was stirred vigorously for 1 hr, then cooled and filtered.
Yellow micro needles were washed with distilled water and trit-
urated with hot acetone (yield 2.3 g, 769, of theory). Thin
layer chromatography on silica gel G developed with chloroform-
ethanol (9:1, v/v) showed a single spot with R: 0.35: ultraviolet
absorption, Amax 220 mu (e 65,000), 273 sh, 293 (56,000), 310
sh, 370 (19,000), 523 (29,000).

Anal. Caled for C»H,Cl0Oe: C, 59.35; H, 3.17; Cl, 15.92;
0, 21.56; mol wt, 445.2, Found: C, 59.59; H, 3.58; Cl, 15.48;
0, 21.56.

4-Bromoresistomycin (3).—Finely divided resistomycin (1 g,
2.7 mmoles) was suspended in 1 1. of glacial acetic acid and
bromine (1.3 g, 8.1 mmoles) dissolved in 150 ml of glacial
acetic acid was added with vigorous stirring under a nitrogen at-
mosphere and in the dark over a period of 30 min. The tempera-~
ture of the reaction mixture was raised to 80° over a period of 3
hr, residual bromine was then removed with a nitrogen sweep, and
the solution slowly cooled to 20°. Bright yellow micro needles
were harvested, washed with distilled water, and triturated
with hot acetone (yield 0.95 g, 78% of theory). Thin layer
chromatography on silica gel G developed with chloroform-
ethanol (9:1, v/v) showed a single component with R: 0.69
(resistomycin, 0.76): ultraviolet absorption, Amax 218 mp (e
48,200), 270 (26,500}, 291 (24,800), 326 (13,800), 338 sh (12,500),
370 (10,300), 429 (14,200).

Anal. Caled for CoeHy:BrOs: C, 58.04; H, 3.32; Br, 17.55;
0, 21.09; mol wt, 455.3. Found: C, 58.17; H, 3.18; Br, 18.15;
0, 21.04,

Registry No.—1, 13341-63-4; 2, 13318-35-9; 3,
13421-94-8.
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(7) Microanalyses were performed by O. Kolsto, Scientific Services
Laboratories, Abbott Laboratories, and ultraviolet absorption spectra were
taken in methanol solution. Nmr spectra were taken with a Varian A-60
spectrometer at 36° in concentrated deuteriosulfuric acid using tetramethyl-
ammonium chloride as internal standard (200 cps relative to tetramethyl-
silane).

Orientational Effects in fhe Addition of
Acetylthiolsulfenyl Chloride to Olefins
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Our recent work on the mechanism of sulfenyl
chloride additions to unsaturates?—* indicated that the

(1) Analytical Research Division.

(2) W. H. Mueller and P. E. Butler, J. Am. Chem. Soc., 88, 2866 (1966).

(3) W. H. Mueller and P. E, Butler, Chem. Commun., 646 (1946).

(4) W. H. Mueller, R. M. Rubin, and P. E, Butler, J. Org. Chem., 81, 3537
(1966).
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structures of both the olefin and the sulfenyl chloride
influence the ratio of electronically vs. sterically con-
trolled ring opening of the episulfonium ion inter-
mediate. It was, therefore, of interest to study the
electron-withdrawing effect of an acetyl group on the
relative charge distribution in the episulfonium ion.

Earlier workers found® that the addition mechanism
of acetylthiosulfenyl chloride departs from the usual
ring opening of the episulfonium ion intermediate.
The chloride ion attacks the carbonyl rather than the
ring carbon of the intermediate, forming acetyl chloride
and propylene episulfide which undergoes further reac-
tion with acetylsulfenyl chloride.

The reaction of acetylthiosulfenyl chloride (CH;-
C(=0)8SCl) with styrene, ethylene, and cyclohexene
has been found by previous workers®® to follow the nor-
mal addition mechanisms. No attempt was made to
study adduct orientation factors, although this reagent
appears to be a convenient probe to test the steric vs.
electronic factors influencing the reaction. To deter-
mine . these factors, acetylthiosulfenyl chloride was
added to several selected olefins. Propylene, isobutyl-
ene, and 3,3-dimethylbutene were chosen to study the
influence of alkyl substituents with increasing sub-
stituent bulkiness. Styrene, butadiene, and piperylene
were selected as electronically more biased substrates.
Acenaphthylene was used to determine the stereo-
chemical course of the addition.

Acetylthiosulfenyl chloride was added under an-
hydrous conditions to a solution of the unsaturate in
methylene chloride generally at —15 to —20°. The
methylene chloride solution contained a small amount
of caleium carbonate to prevent possible postisomeriza-
tion of the adducts.? In the case of dienes, a five-
fold excess of the unsaturate was used in order to ensure
monoaddition. The reaction is exothermic and takes
place very rapidly during the addition of the sulfenyl
chloride. Conversions of >95%, were obtained in each
case. With the exception of the adducts of styrene and
acenaphthylene, analytical samples were obtained
by fractional distillation ¢n vacuo as pale yellow liquids
{TableI).

The relative amounts of isomeric adducts could be
deduced from nmr analysis of the crude product mix-
tures. In general, protons a to chlorine are consider-
ably deshielded relative to those « to sulfur.®’ A simi-
lar difference was observed in the chemiecal shift of
methyl group protons 8 to chlorine and sulfur, respec-
tively. The relative intensities of the two types of
methyl signals were of considerable assistance in com-
puting isomer ratios. A detailed compilation of the
nmr parameters for each adduct is given in Table
II.

Propylene.—The addition of acetylthiosulfenyl chlo-
ride to propylene afforded 409, of the Markovnikov
adduct I and 609 of the anti-Markovnikov adduct
II® (eq 1). The product mixture was analyzed quanti-
tatively by the intensities of the characteristic nmr
signals of the methyl groups 8 to either chlorine or sul-
fur. The methyl group 8 to chlorine in I is a doublet

(3) H. Béhme, H. Bezzenberger, and H. D. Stachel, Ann., 608, 1 (1957).

(6) H. Boshme and M, Clement, ihid., 576, 61 (1952).

(7) P. E. Butler and W. H. Mueller, Tetrahedron Letters, 19, 2179 (1966).

(8) In the present paper, Markovnikov orientation indicates adducts with
the chlorine on a secondary or tertiary carbon atom while anti-Markovnikov
adducts have the chlorine on the terminal carbon.



