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mmol) of aniline were added to the hot methanol solution. The
mixture was stirred and allowed to cool, during which time all of
the sodium carbonate was consumed (about (0.5 hr), Another
0.53-g portion of Na,CO; was added to completely neutralize the
amine hydrobromide being formed in the reaction. The reac-
tion mixture was stirred for another 90 min, during which time
all of the sodium carbonate was consumed and most of the bicyclic
product precipitated. The reaction mixture was allowed to
stand in a freezer overnight and the bicyclic product was re-
covered by filtration. Recrystallization from hot methanol
vielded from 38 to 749, (dec pt 1536-157°):  »XBr 1580, 1490, 1370,
1287, 1188, 1111, 745, 686 cm™!; nmr (CF;CO0D) 4.3 (s, 4 H),
5.02 (s, 4 H), 7.67 (s, 5 H); nmr (CDCl;) 6 3.87 (s, 4 H), 4.19
(s, 4 H), 6.4-6.84 and 7.09-7.3¢4 (broad phenyl absorption,
5H).
Anal. Caled for CH3)NQO,S: C, 61.25; H, 5.57; N, 595.
Found: C,61.77; H, 5.52; N, 5.83.
5-(p-Methoxyphenyl)-1,3,4,6-tetrahydrothieno(3,4-c] pyrrole
2,2-Dioxide.—The 5-(p-methoxyphenyl) product was prepared
by a procedure similar to that described above: yield 73-83%;
dec pt 156°; »XBr 2825, 1520, 1314, 1253, 1238, 1185, 1119, 1038,
811 em™; nmr (CF;COOD) 4 3.95 (s, 3 H), 4.26 (s, 4 H), 4.95
(s, 4 H), 7.16 and 7.59 (AB, J = 9 Hz, 4 H); nmr (DMS8O0-ds), é
3.67 (s, 3 H), 4.07 (broad peak, 8 H), 6.41 and 6.89 (AB, J =
9Hz,4H).
Anal. Caled for C;HisNO;sSi: C, 58.85; H, 5.69; N, 5.28,
Found: C,59.36; H, 5.538; N, 5.14,
5-(p-Chlorophenyl)-1,3,4,6-tetrahydrothieno[3,4-c] pyrrole 2,2-
Dioxide.—This bicyclic pyrrole was obtained by following a
procedure similar to that above, with the exception that the
reaction mixture was held at 55° for 1 hr. Recrystallization
from hot methanol yielded 0.8 g (349 ), dec pt 153° (lit.® 153°).
5-Methyl-1,3,4,6-tetrahydrothieno|[3,4-c] pyrrole 2,2-Dioxide —
The dibromo sulfone (12.11 g, 40 mmol) and 130 mmol of an-
hydrous methylamine in 300 ml of acetonitrile were stirred at
room temperature for 60 min. The reaction mixture was filtered
to remove the methylamine hydrobromide which precipitated,
and the filtrate was evaporated to dryness. The residue was
triturated in 100 ml of ether, and the ethereal solution was re-
duced in volume to 25 ml and allowed to stand in a freezer over-
night; 1.1 g of the bicyclic product was obtained. The residue
that remained after the ether washing was dissolved in methanol
and neutralized with sodium carbonate. The methanol was re-
moved under reduced pressure and the resultant residue was also
triturated with 100 ml of ether. From this ether solution 1.5 g of
the bicyclic product was obtained: total yield 2.8 g (37%); mp
89-90°; »KBr 1297, 1262, 1174, 1143, 1100, 848, 792 cm™!; nmr
(CF,COOD) 5 3.37 (s, 3 H), 4.10-5.17 (s; 4.22 with broad AB
pattern, 8 H; nmr (CDCly) § 2.51 (s, 3 H), 3.56 (s, 4 H), 3.75 (s,
4 H).
Anal. Caled for C;HNO,S: C, 48.53; H, 6.39; N, 8.08.
Found: C, 48.92; H, 6.07; N, 7.95.
5-Ethyl-1,3,4,6-tetrahydrothieno[3,4-c] pyrrole 2,2-Dioxide ~—
The 5-ethyl product was prepared by the same procedure as the
5-methyl product. The only deviation from the procedure is
that the ethylamine hydrobromide did not precipitate; 829;
mp 98-99°; »XBr 1285, 1264, 1184, 1154,.1166, 1100, 1032, 847,
793, 770 cm 7% nmr (CF,COO0D) 8 1.52 (t, J = 7 Hz, 3 H), 3.64
(q,J = 7Hz, 2 H), 4.06-5.04 (s, 4.18 with a broad AB pattern,
8 H); nmr (CDCl;) 61.12 (t,J = 7THz, 3H), 2.75 (¢, J = 7 Hz,
2H),3.59 (s,4H), 3.80 (s, 4 H).
Anal. Caled for CsH;;NO,S: C, 51.35; H, 6.98; N, 7.48.
Found: C,51.08: H,6.76; N, 7.30.
5-Benzyl-1,3,4,6-tetrahydrothieno(3,4-c] pyrrole 2,2-Dioxide —
The 5-benzyl product was prepared by the same procedure as the
5-methyl product: 46-60%; mp 100°; »KBr 2780, 1208, 1263,
1110, 1091, 740, 700 ecm™; nmr (CF,COOD) & 4.16 (s, 4 H),
4.37-4.77 (s, 4.69 and broad peak, 6 H), 7.57 (s, 5 H); nmr
(CDCY;) 63.60 (s, 4 H), 3.73 (5, 4 H), 3.86 (5, 2 H), 7.31 (s, 5 H).
Anal, Caled for C3Hi;NO,S: C, 62.62; H, 6.07; N, 5.62.
Found: C,62.63; H, 5.86; N, 5.38.

Registry No.—1, 18214-57-8; 2 (R = phenyl),
35105-69-2; 2 (R = p-methoxyphenyl), 35105-70-5;
2 (R = p-chlorophenyl), 32515-66-5; 2 (R = methyl),
35105-72-7; 2 (R = ethyl), 35105-73-8; 2 (R = ben-
2y1), 35105-74-9,
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In connection with studies on the metabolism of 19-
nor steroids we required estr-4-ene-3,17-dione (la)
labeled with a hydrogen isotope in a stable position.
We decided to introduce the lable at C-7 by reducing
178-hydroxyestra-4,6-dien-3-one (l¢) with tris(tri-
pheénylphosphine)rhodium(I) chloride as was done in
the steroidal Cyy series.? Usual one-step procedures for
the preparation of the diene starting material proved
unsatisfactory. Reaction of chloranil (2,3,5,6-tetra-
chloroquinone) with estr-4-ene-3,17-dione or the corre-
sponding 178-hydroxy compound in refluxing tert-butyl
alcohol gave a negligible yield of the desired A*$-3-one
compound, although the procedure gives reasonable
results with Cyp steroids.®* Use of DDQ (dichlorodi-
eyanoquinone) and acid catalysis was somewhat better,
but was still unsatisfactory. Although the reaction
goes to completion in 0.5 hr using a Cys compound,? only
759, of 178-hydroxyestr-4-en-3-one (1b) was dehydro-

R

‘n
L

4 [
la, R=0
b, R=178-OH, 17a-H
¢, ab-1b

genated in 1.5 hr and gave product mixtures that re-
quired extensive purification. However, we succeeded
in obtaining comiplete reaction of 178-hydroxyestr-4-
en-3-one using chloranil in tert-butyl alcohol, ethanol, or
methanol by heating to only 50° for 2-3 hr. The
products were separated readily from the reagent ma-
terials by aluminga column chromatography and further
purification of the steroid fraction by tlc gave the pure
A%S-diene in good yield. A small amount of a mixture
also was isolated and was tentatively identified as the
phenolic ethyl ethers of estradiol-178 and the corre-
sponding A% compound. This indicated that some C-1,2
dehydrogenation took place also and suggested that
the same conditions, but with DDQ as oxidant, might
bring about dehydrogenation at C-1 as occurs with
testosterone, rather than at C-6 which occurs with 178-
hydroxyestr-4-en-3-one (19-nortestosterone).® How-

(1) (a) An outline of portions of this work has appeared in a communica-
tion: H, J. Brodie and C. E. Hay, Biochem. J., 120, 667 (1970). (b) Sup-
ported by U. 8. Public Health Service, NIH Grants AM 14625, AM 6894, and
GM 16928,
. (2) C. Djerassi and J. Gutzwiller, J. Amer. Chem, Soc., 88, 4537 (1966).

(3) E. J. Agnello and G. D. Laubach, ibid., 82, 4203 (1960).

(4) H.J. Brodie, Tetrahedron, 28, 535 (1967).

(5) A. B. Turner and H. J. Ringold, J. Chem. Soc., 1720 (1967).

(6) H. J. Ringold and A. B, Turner, Chem. Ind., London, 211 (1962);
see also ref 5,
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ever, dehydrogenation under these conditions also oc-
curred preferentially at C-6 as judged by gas-liquid
chromatographic analysis of the products.

Preliminary experiments on the reduction of 178-
hydroxyestra-4,6-dien-3-one (1c¢) to 178-hydroxyestr-4-
en-3-one (1b) with the rhodium catalyst and hydrogen
gas showed that complete reduction in benzene was
obtained in 12 hr, while in dioxane only 3 hr was re-
quired. Dioxane was used subsequently for reductions
with isotopic hydrogen. With deuterium gas, 7 hr was
required for uptake of 1 mol equiv and, under the some-
what different conditions of reduction with stoichio-
metric amounts of tritium gas,” 40 hr was required for
an apparent 339, uptake of tritium, Material from the
latter experiment was chromatographed on silver
nitrate impregnated silica gel plates to separate the
178-hydroxyestr-4-en-3-one (1b) from unreacted 6-
dehydro material. A portion of the product, after
dilution with carrier, was refluxed with base.to remove
exchangeable tritium at C-6 and tle of the 178-hydroxy-
estrenone-7-*H product gave a radiochemically pure
material as judged by subsequent paper chromatog-
raphy and crystallization. The 6,7-tritiated material
was diluted with 14C-labeled and unlabeled 178-
hydroxyestr-4-en-3-one (1b) and was crystallized re-
peatedly. There was insignificant loss of tritium, show-
ing that reduction with the rhodium catalyst gives
material readily obtainable in & radiochemically pure
state. This was confirmed by the preparation of the
acetate derivative. Equilibration with base caused the
$H/"C ratio to decrease 509, (presumably due to loss
of tritium at C-6), and indicates that the label was
equally distributed at C-6 and C-7 (Table I). Similar

TaBLE I

DrvonsTRATION OF PURITY OF 178-HYDROXYESTRENONE-6,7-3H
AND -7-*H AFTER REVERSE IsoToPE DILUTION AND

CRYSTALLIZATION
—me—ed pm / um gl ————
178-Hydroxyestrenone- fH X Ratio
6,7-3H 4-14C 10-3 i (sH/uC)
n— 3 105 2040 35.6
n— 2 106 3010 35.1
n 106 2970 35.6

Base refluxed 18.3 (loss, 51%)
17p-Acetate, diluted and crystallized 12,2 352 34.8

results were obtained with deuterium reduction where
929, of the product was dideuterated, accompanied by
an insignificant amount of trideuterated material.
These are in contrast to results with heterogeneous
catalysis where the distribution of the label across the
double bond often is not uniform® or where an appreci-
able amount of label may be exchanged into positions
« to the double bond.®

The configuration of the label at C-7 was determined
by microbiological hydroxylation at C-78, a transforma-
tion we determined oceurs readily with the niiero-
organism B. malorum using estrenedione as the sub-
strate.’! The 78-labeled materials were converted to

(7) K. R. Laumas and M, Gut, J. Org. Chem., 27, 314 (1962).

(8) M. Gut and M. Hayano, Atomlight (April 1962).

(9) D. K, Fukushima and T. F. Gallagher, J, Amer, Chem. Soc., T%, 139
(1955). ;

(10) H. J. Brodie, 8. Baba, M. Gut, and M. Hayano, Steroids, 6, 659
(1963).

(11) H.J. Brodie, C, E. Hay, and J. D. Townsley, Biochim. Biophys. Acta,
239, 103 (1971).
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estrenedione by Jones oxidation. When estrenedione-
78-*H, 4-14C and estrenedione-78-2H, both diluted with
cafrier, were incubated separately with the micro-
organism, the hydrogen isotope label in the 78-hydroxy-
estrenedione product decreased by over 979,. Since
hydroxylation oceurs by direct replacement of hydro-
gen,*? the data show that the label at C-78 was almost
exclusively 8 oriented. We®® and others!* showed that
reduction with the rhodium ecatalyst occurs by cis
addition, from which we may conclude that the label at
C-6 also is essentially 8 oriented. Support for this
assignment was obtained from nmr spectra. In estrene-
dione, no splitting of the 4-H signal is noted, presumably
due to a broadening brought about by coupling with
both the 68 and 108 hydrogens. In contrast, the 4-H
signal is split when the 68 hydrogen is replaced by
methyl* or hydroxyl,!! due to coupling with only the
C-108 proton. A similar signal for the C-4 proton is
noted in the 6,7-dideuterated estrenedione, indicating
that the deuterium is at C-68 as expected.

Experimental Section

Infrared spectroscopy was recorded with a Perkin-Elmer Model
137 from KBr disks; ultraviolet spectroscopy was recorded from
a Perkin-Elmer Model 202 spectrophotometer, using & methanol
solvent. Nmr spectra were obtained on a Varian DA-60 (60
MHz) or Varian HA100-15 (100 MHz) spectrometer; peaks are
quoted in & (parts per million) downfield from tetramethylsilane
internal standard. Mass spectrometry was determined with a
Varian M-66 spectrometer. Conditions for deuterium analysis
have been described.’®* Radioactivity was measured by double-
label scintillation counting on a Packard Tri-Carb Model 314 EX
as before.’* Melting points were taken on a Fisher-Johns hot
stage. Thin layer chromatography used Merck silica gel PF-254,
with preparative layers PR-254 + 366. Gas chromatography
was performed with 2% QF-1 on Gas-Chrom Q (Applied Science
Laboratories). 178-Hydroxyestr-4-en-3-one was purchased from
Searle Chemical Co.

178-Hydroxyestra-4,6-dien-3-one (1¢). Method A, DDQ and
Acid Catalysis,—Dry HCl gas was bubbled for 1.5 hr into a
stirred solution of 1 g (3.65 mmol) of 178-hydroxyestr-4-en-3-one
(1b) and 944 mg (3.98 mmol) of DDQ in 30 ml of purified di-
oxane.’ After filtering and diluting with dichloromethane, the
filtrate was washed with potassium carbonate and then with
water. Analysis of a sample at this point indicated 759, con-
version, as judged by the relative absorbance at 240 and 283 nm.
Purification by silica gel column chromatography using ethyl
acetate-benzene mixtures followed by preparative layer (5 mm)
silica gel chromatography using benzene-acetone (9:1, v/v) and
erystallization from benzene-hexane-diethyl ether gave 308 mg
of product still contaminated with starting material. Subsequent
chromatography on preparative layer silica gel-silver nitrate
coated plates (30:5, v/v) in the system cyclohexane—chloroform-
acetic acid (48:50:10, v/v) gave the diene free from the less
polar A*3 ketone. Elution with chloroform-methanol (9:1, v/v)
and washing with 19, aqueous NaCl, 29, Na,$;0s, and then
water!® gave pure material used subsequently for reduction with
tritium 'gas: Mmex 283 nm [e 26,219 (lit.1° 26,920)1; » 3500 (OH),
1625 (3-one), 1620, 1575 (vinylic H).

‘Method B. Chloranil. A solution of 5 g of 178-hydroxyestr-
4-en-3-one (1b) and 3.35 g of chloranil in 500 ml of ethanol was
stirred at 50° for 2 hr and then was evaporated to dryness under

(12) P. Talalay, Ann. Rev. Biochem., 34, 347 (1985).

(13) H.J. Brodie, K. J. Kripalani, and G. Possanza, J. Amer. Chem. Soc.,
91, 1241 (1969).

(14) J. F. Biellmann and M. 8. Jung, ¢bid., 90, 1673 (1968).

(15) T. A. Wittstruck, 8. K. Malhotra, and H. J. Ringold, tbid., 85, 1699
(1963).

(18) J. D, Townsley and H. J. Brodie, Biochemistry, 7, 33 (1868).

(17) L. F. Fieser, “Experiments in Organic Chemistry,”’ 3rd ed, D. C.
Heath, Boston, Mass,, 1857, p 285, method a.

(18) H. Katsuki and K. Bloch, J. Biol. Chem., 242, 222 (1967).

(19) J. A. Zderic, H, Carpio, A, Bowers, and C. Djerassi, Steroids, 1, 233
(1963),
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reduced pressure. The residue was chromatographed on a column
containing 400 g of neutral alumina (Woelm) using increasing
percentages of ethyl acetate in benzene for development. The
fractions containing material absorbing at 283 nm were combined
to give a yield of 2.7 g of 178-hydroxyestra-4,6-diene-3,17-dione
(1c) based on uv analysis. This material was purified further by
preparative tle using benzene-acetone (9:1, v/v). The A4S
product and a less polar material were eluted. The mass spec-
trum of the latter showed highest mass peaks of equal intensity
at m/e 298 and 300. The infrared spectrum was similar to that
of the 3-methyl ether of estradiol-178 and glc analysis indicated
the presence of two compounds of approximately equal amounts.
However, these could not be separated on several thin layer and
paper systems and the problem was not investigated further.
1t appeared that they were ethyl ethers of estradiol-173 and the
corresponding A% compound,

Preparation of Catalyst.—A solution of 1 g of rhodium chloride
trihydrate and 6 g of triphenylphosphine in 120 ml of ethanol was
refluxed for 30 min.® TUpon cooling, the precipitated tris{tri-
phenylphosphine)rhodium(I) chloride was collected, washed with
cold ethanol and ether, and then stored at 4° in a stoppered vial.

Preparation of 6,7-Labeled 178-Hydroxyestr-4-en-3-one (1b).
A. Tritium Labeling.—A solution of 27,2 and 14 mg of tris(tri-
phenylphosphine)rhodium(I) chloride in 2 ml of dioxane was
stirred under 1 mol equiv of tritium gas. There was an apparent
3.5-Ciuptakein 7 days, After removal of tritium gas and solvent,
the residue was chromatographed on silver nitrate impregnated
silica gel plates as detailed above using chloroform-methanol
(98:2, v/v). A radioscan of a small sample chromatographed in
a similar fashion showed major radioactive peaks at the origin
and in the area corresponding in mobility to 178-hydroxyestr-4-
en-3-one (1b). Material in this zone was eluted to give 273 mCi
(7.7% yield based on tritium uptake). A portion was diluted
with 4-14C-labeled and unlabeled testosterone and was crystallized
from benzene-hexane to constant specific activity. This was
diluted further with carrier and then was acetylated with 509,
acetic anhydride in pyridine at room temperature for 3 hr. After
tle and crystallization, analysis for #H and C again was carried
out on weighed crystals. Another portion of the double-labeled
testosterone was refluxed with 29, KOH in methanol-water
(L:1, v/v), and was analyzed by scintillation counting after
purification by tle as described previously.* The results are in
Table I.

B. Deuterium Labeling.—A dioxane solution containing 2.5 g
of 178-hydroxyestr-4,6-dien-3-one (1¢) and 1.25 g of the rhodium
catalyst was stirred in a deuterium atmosphere 16 hr at ambient
temperature and pressure. The residue from evaporation was
chromatographed on 400 g of silica gel using benzene-ethyl
acetate mixtures. 178-Hydroxyestr-4-en-3-one (1b) came off the
column with a 9:1 mixture and was purified further by prepara-
tive plate chromatography in benzene—ethyl acetate (9:1 and
then 8:2, v/v) to give a material which was homogeneous on
gas chromatographic analysis (QF-1): mp 172-173°; Amax 241
nm; mass spectrometric analysis of the molecular ion (dy = 274)
do (39 ), & (49), da (939). Oxidation with Jones reagent?! gave
estr-4-ene-3,17-dione: nmr 8 0.94 (s, 3 H, 18-methyl), 5.%9
(d,J = 1.7 Hz, 1 H, 4-H).

Preparation of 7-Labeled Estrenedione.—6,7-Labeled 178-
hydroxyestr-4-en-3-one (1b) was refluxed with base and was
purified by tlc in benzene-ethyl acetate (3:1, v/v). Oxidation
with Jones reagent?' gave 7-labeled estr-4-ene-3,17-dione (la).
Material which had been tritiated was diluted with estr-4-ene-
3,17-dione-4-4C and was crystallized repeatedly. There was an
insignificant change in the *H/“Cratio. Similarly, the deuterated
product, after dilution with carrier (1:1), isolation, and ecrystal-
lization showed one peak on gas chromatography [do (31%), d;
(3%), d» (479%)]. Mass spectrometric analysis of the molecular
ion showed only do and d; species [do (519)].

Incubation with B. malorum.—Estrenedione-7-3H,4-1C (MC
sp act., 2700 dpm/mg; 3H/MC ratio, 28.6) was incubated with
respiring cultures of B. malorum for 20 hr and the 78-hydroxy-
estrenedione product was isolated as described® and the acetate
derivative was crystallized from benzene-hexane three times.
Loss of tritium as judged by decrease in the *H/C ratio was
98%. The product from the 78-deuterated substrate [d; (349,)]
was analyzed by mass spectrometry directly as the aleohol,

(20) A.J. Birch and K. A, M. Walker, J. Chem. Soc. C, 1894 (1966).
(21) K. Bowden, I. M. Heilbron, E, R. H, Jones, and B. E. L. Weedon,
J. Chem. Soc., 39 (1946).
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since the highest m/e value for the acetate was 270 M+ — 60).
There was no detectable amount of deuterium on mass spectro-
metric analysis of the 78-hydroxy product after three crystalliza-
tions from ethyl acetate.

Registry No.—la, 13209-45-5; la (7-T, 4-1‘C),
31031-84-8; 1b (6-T, 4-14C), 35140-96-6; 1b (7-T, 4-14C)
35140-97-7; 1b (6-D), 35140-98-8; 1b (7-D), 35140-
99-9; lc, 14531-84-1.
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Merrifield solid-phase peptide synthesis?~—5 procedure
is useful for the synthesis of peptides in high yield.
However, several cases have been reported of incomplete
couplings (for examples see ref 6-10). As work con-
tinues with the synthesis of larger peptides and proteins,
the need for quick accurate analysis is becoming more
important.

During the last 4 years we have been using anaerobice
and aerobic propionic acid~hydrochloric acid (HCI)
hydrolysis as an analytical tool. Our previous report!!
showed that blocked amino acids could be hydrolyzed
easily from the resin used in Merrifield synthesis using
this technique. This communication reports the re-
sults of 70 peptides hydrolyzed by these procedures, as
compared to hydrogen fluoride-anisole cleavage from
the resin, followed by constant boiling HCl hydrolysis.*?

Table I gives the ratios, R, of moles of amino acids
obtained from peptide resins hydrolyzed by 1:1 pro-
pionic acid-12 N HCI at 130° for 2 hr, and the moles of
amino aecids obtained from peptide resins treated with
hydrogen fluoride-anisole!®! and then hydrolyzed by
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