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Aembers of the pyrazole class of antiinflammatory-
analgetic agents, especially phenylbutazone and oxy-
phenbutazone, are often employed in the manage-
ment of rheumatoid arthritis, and sulfinpyrazone (1)
has been used in the treatment of gout.! As an ex-
tension of our effort to prepare bicyclic analogs, such
as the tetrahydrocyclopentapyrazolol 2,2 we now re-
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port the synthesis, tautomeric behavior, and reactions
of two series of new heterocyclic compounds, the
thieno[3,4-c}- and -[3,2-c]pyrazolols (5 and 6).
Treatment of the known methyl tetrahydro-4-oxo-3-
and -3-oxo-2-thiophenecarboxylates® with phenylhydra-
zine provided the derivatives 3 and 4. That compound 3
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exists in the hydrazine tautomeric form in the solid
state is shown by its ir spectrum, which exhibits a con-
jugated ester CO band at 6.04 u. In contrast,
compound 4 exists as the hydrazone, as indicated by
its CO absorption at 5.78 u. Similar products were
obtained when the keto esters were allowed to react with
p-methyl-, fluoro-, chloro-, and bromophenylhydra-
zines.

Cyclization of the phenylhydrazine derivatives 3 and
4 to the desired thienopyrazolols 5 and 6 was accom-
plished by heating in MeOH soln with a slight excess
of NaOMe. Ring closures of the para-substituted
phenylhydrazine products were also affected.

The bicyclic products exist in the solid state as the
strongly H bonded OH tautomers 5 and 6, as shown by
the absence of CO absorption below 6.2  in the ir. In
dil CHCI; soln, however, the pyrazolone tautomers 5a
and 6a (ir 5.87 and 5.83 p, respectively) are formed to
the exclusion of OH forms 5 and 6 and conjugated pyr-
azolones 5b and 6b. This tautomeric behavior parallels
that shown by 2.2

In our earlier work with cyclopentapyrazolols,? it was
obsd that alkylation of a tridentate anion formed from
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2 under basic conditions gave rise to products of C, N,
and O substitution. A similar behavior was expected
for thienopyrazolol 5. Treatment of 5 with Mel and
K,CO;.in Me,CO did, indeed, afford a mixture of prod-
ucts. Chromatog sepn provided the N-1e (7a, ir 5.95
w), the C-Me (8a, ir 5.83 u), and the O-1e products (9,
no C==0 below 6.2 ). The intermediacy of the triden-
tate anion 10 is therefore implicated. Compound 9 is
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prepd more efficiently by treatment of 5 with MeOTs
and NaOMe in DMFE.  Alkylation of 5 with PhCH,Br
gave the N-benzyl product 7b and the C-benzyl isomer
8b. Alkylation of 5§ with allyl bromide yielded 7¢ and
8c.

Reaction of 6 with MeOTs and base gave a single
methylation product, the 0-Me compd 11 (no C==0 ir
absorption below 6.2 u). Treatment of 6 with Mel and
base failed to give the desired N, C, or O alkylation
products, but instead provided, in low yield, a compd
with the empirical formula C;HuuN,OS. The presence
of one vinyl and two Me group signals in the nmr spec-
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trum and a conjugated pyrazolone C=0 band at 6.03 u
in the ir are consistent with formula 12. This product
can arise from double alkylation of 6 to the salt 13,
which then undergoes 8 elimination to 12.

Oxidn of 7a, 7b, 8a, and 9 with 2 equiv of m-chloro-
peroxybenzoic acid* in CH,Cl, at room temp provided
the sulfones 14a, 14b, 15, and 16.

(#) L. A. Paquette, 1bid., 86, 4383 (1964).
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Oxidn of 7a and 9 with 1 equiv of m-chloroperoxy-
benzoic acid® in CH,Cl, at 0° gave the sulfoxides 17 and
18. Similar oxidn of 8a gave a separable mixture of two

T
N =N
0s, || ,NCHs oS /NG
0 OCH,
17 18

isomeric sulfoxides. Since 8a contains an asymmetric
C and the SO group is also asymmetric, diastereomers
are possible, and the cis (19) and trans (20) compds are
formed. The assignment of structures is based upon
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the chemical shifts of the Me groups in 19 and 20. The
Me group of the parent 8a resonates at § 1.65 ppm.
Oxidn to the sulfone 15, in which an O atom must now
be cis to the Me, effects a downfield shift to § 1.75 ppm.
A similar downfield shift to 1.86 ppm is shown by cis-
sulfoxide 19. In contrast, a shift to higher field (§ 1.52
ppm) is seen for the Me group of the other sulfoxide,
which therefore must have the trans structure 20.
These observations are in acecord with known deshield-
ing effect of the sulfoxide bond on cis-situated y-hydro-
gens.®

Oral administration of these thienopyrazoles at 250
mg/kg failed to inhibit significantly the carrageenin-
induced rat-paw edema’ when assayed by the method
of Winter, ef al.?

Experimental Section®

Methyl 4-(2-p-X-Phenylhydrazino)-2,5-dihydro-3-thiophene-
carboxylates and Methyl Tetrahydro-3-0x0-2-thiophenecar-
boxylate p-X-Phenylhydrazones.—To 16.0 g (0.1 mole) of methyl
tetrahydro-4-oxo-3- or -3-oxo-2-thiophenecarboxylate? was added
0.1 mole of p-X-phenylhydrazine. An exothermic reaction
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mental Therapeutics Research Section of these laboratories.
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within 40.4% of theoretical. Ir spectra (KBr discs for solids, neat for
liquids) and nmr spectra (CDCls soln, TMS internal standard, Varian Asso-
ciates A-B0 spectrometer) were detd by Mr. W. Fulmor and staff. Partition
chromatography was carried out on Celite 560 (Johns-Manville) using a
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oceurred, and H,O sepd. The mixt was heated 0.5 hr on a steam
bath, cooled, and triturated with MeOH. The solid which sepd
was collected and recrystd; details are included in Tables I and
II.

TasLe I

METHYL 4-(2-p-X-PHENYLHYDRAZINO)-2,5-DIHYDRO-3-
THIOPHENECARBOXYLATES

Recrystn
X Mp, °C solvent Formula

H 137-138 Me;CO CyzHuNzOzs
CHs 131—132 MeOH ClsHleNzozs

F 125-126 MeOH C1H1:sFN,0.8
Cl 147-148 MeOH C12H1;CIN20,8
Br 155-156 CsHs ClsHlsBI‘Nzozs

TasLe IT

MEeTHYL TETRAHYDRO-3-0X0-2-THIOPHENECARBOXYLATR
p-X-PHENYLHYDRAZONES

Recrystn
X Mp, °C solvent Formula
H 128-130 C-Csle CleuNZOZS
CHB 153-154 MeOH ClsHlsNzozs
F 115-116 EtOH-H,0 Ci:H1i3FN20.8
Cl 143-144 MeOH CnHwClNzOzS
Br 151-152 EtOH C12H13BrN-0,S

2-p-X-Phenyl-2,6-dihydro-4 H-thieno[3,4-c|pyrazol-3-ols and 2-
p-X-Phenyl-5,6-dihydro-2H -thieno[3,2-c] pyrazol-3-ols.—A soln
of 0.01 mole of methyl 4-(2-p-X-phenylhydrazino)-2,5-dihydro-3-
thiophenecarboxylate or methyl tetrahydro-3-oxo-2-thiophene-
carboxylate p-X-phenylhydrazone, 0.62 g (0.011 mole) of NaOMe,
and 50 ml of MeOH was heated under reflux for 1 hr and poured
into 250 ml of HyO. The soln was acidified with HOAc¢ and the
solid which sepd was collected and recrystd. Details are in-
cluded in Tables III and IV.

TasrLe IT1I
2-p-X-PHENYL-2,6-DIHYDRO-4 H-THIE:NO[3,4-¢| PYRAZOL-3-0OLS
Recrystn
X Mp, °C solvent Formula
H 226-227 EtOH CuHioN,08
CHs 204-205 MeOH ClelzNzos
F 224-225 MeOH CuH,FN:0S
Cl 222-223 MeOH CuH,CIN,0S
Br 232-233 L\IeCN CquBI‘NzOS
TanLe IV
2-p-X-PHENYL-5,6-DIHYDRO-2H-THIENO [3,2-¢| PYRAZOL-3-0LS
Recrystn
X Mp, °C solvent Formula
H 165-167 EtOH CuH 1 N,0S8
CH; 171—172 MeCN—HZO ClelzNzos
F 213-214 MeCN CyH,FN.0S
Cl 181-182 MeOH-H,0O CuH,CIN:0S
BI‘ 180—182 MeOH—HZO CquBI‘NzOS

Alkylation of 2,6-Dihydro-2-phenyl-4H-thieno{3,4-c|pyrazol-
3-0l (5). A. With MeOTs.—A soln of 4.36 g (0.02 mole) of 5,
1.3 g (0.021 mole) of NaOMe, and 100 ml of anhyd DMF was
heated to 80° with stirring, and 3.7 g (0.02 mole) of MeOTs was
added. The mixt was heated at 120° for 2 hr, cooled, and poured
into 1500 ml of HO. The solid which sepd was collected and
recrystd from ¢-CgHy; to provide 1.8 g (399,) of tan crystals, mp
84-85°. Another recrystn gave colorless crystals, mp 83-84°, of
5,6-dihydro-3-methoxy-2-phenyl-4 H-thieno[3,4-c|pyrazole (9);
ir, no C=0 below 6.2 u; nmr 4 3.90 (t, J = 1.5 Hz, 2 CH,), 4.00
(s, 3, OCHs), 4.08 (t, J = 1.5 Hz, 2, CH,).

B. With Mel.—A mixt of 11.0 g (0.05 mole) of 5, 30 g of
K>COs, 10 ml of Mel, and 250 ml of Me,CO was stirred 24 hr at
room temp and filtered, and the filtrate was coned to an oil.
Trituration with Et:O gave 2.85 g (259,) of colorless solid, mp
124-126°. Recrystn from C¢Hs gave coloriess needles of 1,2,4,6-
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tetrahydro-1-methyl-2-phenyl-3H-thieno{3,4-c|pyrazolone (7a):
mp 136-137°; ir 5.95 p; umr § 3.03 (s, 3, NCH;), 3.95 (m, 4,
CH.SCH,). Partition chromatog of the mother liquors pro-
vided two additional compds. Eluted first from the column was
1.42 g (129) of colorless cryst, mp 109-111°, Recrystn from
hexane gave colorless cryst of 2,3a,4,6-tetrahydro-3a-methyl-2-
phenyl-3H -thieno([3,4-c|pyrazol-3-one (8a): mp 115-116°; ir
5.83 43 nmr 8 1.67 (s, 3, CCHj,), 2.72 and 3.02 (dd, J = 10.6 He,
2, CH, AB), 3.66 and 3.75 (dd, J = 13.5 Hz, 2, CH, AB). Fur-
ther elution gave 0.3 g (39,) of 9 as colorless cryst, mp 86-87°.

C. With PhCH.Br.—A mixt of 2.2 g (0.01 mole) of 5, 6 g of
K.CO;5, 50 mi of Me,CO, and 1.5 ml (0.013 mole) of PhCH,Br
wus stirred at room temp for 24 hr and filtered. The filtrate
was coned to an oily solid which was chromatog on basic alumina.
¥luted with CsHe-hexane (1:1) was 0.8 g (269,) of colorless oil.
Fvaporative distn at 150° (0.1 mm) gave 3a-benzyl-2,3a,4,6-
tetrahydro-2-phenyl-3H-thieno[3,4-c| pyrazole-3-one (8b) as a vis-
cotts colorless liq, i 5.83 u.

Elntion of the column with C;He~MeOH (49:1) gave a yellow
oil.  Trituration with Et,O provided 1.18 g (389,) of colorless
cryst, mp 134-135°. Recrystn from EtOH gave colorless
crystals, mp 134-135°, ir 5.92 u, of 1-benzyl-1,2,4,6-tetrahydro-2-
phenyl-3H-thieno[3,4-c|pyrazol-3-one (7b).

D. With Allyl Bromide.—A mixt of 7.9 g (0.036 mole) of 5,
22 g of I,CO;, 180 ml of Me,CO, and 5.4 ml of allyl bromide was
stirred at room temp for 24 hr and was filtered. The filtrate
was coned to an oily solid.  Trituration with Et,O provided 2.8 g
(309%) of colorless cryst, mp 132-133°. Recrystn from CsHs
gave colorless cryst, mp 135-136°, iv 6.00 u, of 1l-allyl-1,2,4,6-
tetrahydro-2-phenyl-3H-thieno[3,4-c| pyrazol-3-one (7¢).

The mother lignors were subjected to partition chromatog.
Llnted from the column was 4.1 g (449) of pale yellow lig.
Evaporative dist at 170° (20 mm) gave 3a-allyl-2,3a,4,6-tetra-
hydro-2-phenyl-3H -thieno[3,4-c| pyrazol-3-one (8¢), as a viscous
colorless oil, ir 5.83 4.

5,6-Dihydro-3-methoxy-2-phenyl-2H -thieno[3,2-c] pyrazole
(11).—A stirred soln of 1.09 g (5.0 mmoles) of 5,6-dihydro-2-
phenyl-2H-thieno[3,2-¢] pyrazol-3-ol (6), 0.28 g (5.0 mmoles) of
NaOMe, and 25 mi of anhyd DMF was heated to 80°, and 0.93 g
(5.0 mmoles) of MeOTs was added. The soln was heated at 120°
for 2 hr, cooled, dil with H;0, and extd with Et:0. The Et.O
soln was dried (MgSO4) and concd to a yellow oil which was
chromatog on alumina., Eluted with ¢-CsHi-EtOAc (9:1) was
0.32 g (279;) of pale yellow crystals, mp 62-65°. Recrystn from
¢-CgHy» gave colorless crystals; mp 68-69°; ir, no C=0 below
6.2 p; mmr 8 293 (t,J = 7.5 Hg, 2, CH,), 3.65 (t,J = 7.4 Hz,
2, CHy), 3.90 (s, 3, OCHs).
2-Methyl-4-methylthio-1-phenyl-3-vinyl-3-pyrazolin-5-one
(12).—A mixt of 1.09 g (5.0 mmoles) of 6, 2.8 g of K:CO;, 1 ml of
Mel, and 25 ml of Me.CO was stirred at room temp for 20 hr and
was filtered. The filirate was counced to a brown oil, which was
chromatog on basic alumina. Eluted with C¢He-MeOH (99:1)
was 50 g (49%) of colorless solid, mp 87-88°. Recrystn from
c-CsH iz gave colorless cryst; mp 89-90°; ir 6.03 u; nmr (CDCls)
8 2.40 (s, 3, SCHy), 3.08 (s, 3, NCHs), 5.71-6.97 (3, vinyl ABC
svstem), and 7.44 (m, 5, phenyl-H).
2,6-Dihydro-3-methoxy-2-phenyl-4 H-thieno(3,4-c] pyrazole
5,5-Dioxide (16).—To a stirred soln of 2.32 g (0.01 mole) of 9
and 100 ml of CH,Cl, was added 3.60 g (0.021 mole) of m-chloro-
peroxybeuzoic acid. After 1 hr at room temp, the soln was
washed with NaHCOQ;, dried (K.CO;), and coned to a solid.
Recrystn from Cgllg-hexane provided 2.0 g (76%,) of tan crystals,
mp 148-149°, finally 149-150°.
1,2,4,6-Tetrahydro-1-methyl-2-phenyl-3H-thieno{3,4-c]pyr-
azole 5,5-dioxide (14a) was prepd from 0.93 g (4.0 mmoles) of 7a
by the above method. Recrystn of the crude solid from MeCN
gave 0.50 g (479,) of yellow cryst, mp 159-160°. Recrystn
from EtOH gave colorless eryst, mp 159-160°.
2,3a,4,6-Tetrahydro-3a-methyl-2-phenyl-3H -thieno[3,4-c| pyr-
azol-3-one 5,5-dioxide (15) was prepd from 0.46 g (2.0 mmoles) of
8a by the above method. Recrystn of the crude solid from C¢Hjs
gave 0.30 g (579;) of colorless cryst, mp 198-199°,
1-Benzyl-1,2,4,6-tetrahydro-2-phenyl-3H -thieno[3,4-c| pyrazol-
3-one 5,5-dioxide (14b) was prepd from 0.31 g (1.0 mmole) of 7b
by the above method. Recrystn of the crude solid from CeHe-
hexane gave 0.20 g (399) of colorless cryst, mp 137-139°, finally
139-140°.
2,6-Dihydro-3-methoxy-2-phenyl-3H -thieno[3,4-c]pyrazole 5-
Oxide (18).—To a cold, stirred soln of 2.32 g (0.01 mole) of 9 and
50 ml of CH,Cl; was added dropwise during 1 hr a solu of 1.72 g
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(0.01 mole) of m-chloroperoxybenzoic acid in CH,Cl,. The soln
was washed with NaHCQ;, dried (K:COQj3), and conced to a solid.
Recrystn from CsHs-hexane gave 1.80 g (739) of tan eryst, mp
120-121°. Recrystn gave colorless eryst, mp 122-123°,

1,2,4,6-Tetrahydro-1-methyl-2-phenyl -3H - thieno[3,4 - ¢| pyra-
zol-3-one 5-oxide (17) was prepd from 0.93 g (4.0 mmoles) of 7a by
the above method. Crystn of the crude product from EtOAc
gave 0.50 g (51%) of yellow crystals, mp 129-130°, finally pale
yellow cryst, mp 136-137°,

cis- (19) and ¢rans-2,3a,4,6-tetrahydro-3a-methyl-2-phenyl-3H-
thieno([3,4-c| pyrazol-3-one 5-oxide (20) were prepd from 1,09 g
(4.7 mmoles) of 8a by the above method. The crude product,
1.12 g of colorless cryst, mp 125-126°, was subjected to prepara-
tive tle (Analtech, Inc. silica gel GF, 1000-x plates) with a
CeHe-EtOH (9:1) solvent. Eluted farthest from the origin
was 0.41 g of colorless solid. Recrystn from CesHe~hexane gave
0.34 g (309%,) of 19 as colorless cryst, mp 142-143°,

A second fraction consisted of 0.35 g of colorless solid. Re-
crystn from CeHs provided 0.31 g (279%) of 20 as colorless cryst,
mp 164-165°.

Synthesis and Biological Study of a Series of
S-Substituted a-Mercaptohippuramides
and Nitriles!

Vivop P. Suan, Grack LaM, aND RogER KETCHAM*

Department of Pharmaceutical Chemistry, School of Pharmacy,
University of California, San Francisco, California 94122

Received October 22, 1970

8,8/-Disubstituted dithiocoxaldiimidates react with
aromatic aldehydes to form 5-arylidene-4-substituted-
mercapto-2-phenyloxazoles (0).2 As part of the struc-
tural proof it was shown that one of these (1-O) could be
hydrolyzed to a-methylmercaptohippuronitrile (1-N)
and the hippuramide 1-A. This amide was evaluated
for its somnifacient properties because of its structural
relationship to trimeglamide and thalidomide.? We
are now reporting the synthesis and biological evalua-
tion of a series of these amides and nitriles having modi-
fications in both the aryl group and the S substituent.
The oxazoles were also included in the studies since their
facile chemical hydrolysis should make them easily de-
graded in biological systems as well. The reactions are
outlined in Scheme I; the data for the synthesis of new
compounds are in Table I.
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