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4-METHYLAMINOBENZALDKHYD IS

/
CH,
Yield,

N % Mp, °C®
3-Br 61 75.0-76.04
3-1 44 81.0-82.0¢
3,5-Br. 60 73.0-73.5
3,5-Cl, 12 85.0-85.6

@ Determined with Mel-Temp melting point apparatus.

5 I, mixed isomeric branched hexanes; IE, ¢-Pr,0.

Crystil

solvent? Formula®
I, IE 03H3BI‘NO
1E CsHINO/
I CgH';BI‘zNO
I, IE CsH,Cl.NO

¢ All compounds were

analyzed for C and H by Galbraith Laboratories except where indicated otherwise; analytical results were within =#0.39, of the theo-

retical values.
ture was filtered and washed repeatedly with H.O.
tain additional material. / Not analyzed.

was prepared by reacting -BuOCl with 4-dimethylaminobenz-
aldehyde.” 2-Chloro- and 3-bromo-4-dimethylaminobenzalde-
hyde were prepared by the halogenation of 4-dimethylamino-
benzaldehyde according to the method of Brady and Truskow-
ski® but using an equivalent amount of NaOAc in the reaction.
The 3-chloro-, 3-bromo-, 3,5-dichloro-, and 3,5-dibromo-4-
methylaminobenzaldehydes were prepared similarly, In making
the 3-chloro compound most of the AcOH was evaporated under
vacuum, and the remaining material poured into 2 1. of H.O and
neutralized with NaHCO;. The resulting oil and/or ppt was
dissolved in CgHg and chromatographed on silica gel. During
elution with CgHg the 3,5-dichloro compound passed through first,
and then the 3-chloro derivative. The 3,5-dichloro compound,
however, was obtained principally using 2 equiv of Cly/equiv
of aldehyde and stirring the reaction mixture for 2 hr. 3-Iodo-
4-methylaminobenzaldehyde was prepared by adding 24.2 g of
ICl dropwise with stirring to 20 g (0.148 mol) of 4-methylamino-
benzaldehyde in 70 m! of AcOH at 12-25°. After standing 3 hr
the mixture was hydrolyzed over ice and neutralized with
NaOH and NaHCO; 4-Amino-3,5-dichlorobenzaldehyde was
obtained by adding dropwise a solution of Cl; in AcOH to a di-
lute AcOH solution of the HClsalt of 4-aminobenzaldehyde. The
product was obtained according to the method of van de Bunt.?
4-Amino-3,5-dibromobenzaldehyde was prepared from 3-bromo-
4-dimethylaminobenzaldehyde perbromide hydrochloride. .11
1-(3-Chloro-4-dimethylaminobenzylidene )-3-(a-hydroxy-3-
chloro-4-dimethylaminobenzyl)indene [isolated and analyzed as
the dipicrate (Anal. (C4HuClNsOyis) C, H, Cl; H: caled, 3.49;
found, 4.04)] and 1-(3,5-dibromo-4-methylaminobenzylidene)-3-
(a-hydroxy-3,5-dibromo-4-methylaminobenzyl)indene (Anal. (Cqs
HyBri:N.O) C, H) were obtained as by-products in the prepara-
tion of 1-(3-chloro-4-dimethylaminobenzylidene)indene and 1-
(3,5-dibromo-4-methylaminobenzylidene )indene, respectively.

(7) D. Ginshurg, J. Amer. Chem. Soc.. T8, 703 (1951).

(8) D. L. Brady and R. Truskowski, J. Chem. Soc., 2434 (1923).

(9) C. van de Bunt, Rec, Trav. Chim. Pays-Bas, 48, 121-146 (1929),
(10) C. T. Bahner, et al., J. Org. Chem., 25, 2053 (1960),

(11) J.J. Blanksma, Chem. Zentraldbl,, 1, (1910),

Synthesis and Alkylation of
Tetrahydrocyclopentapyrazolols

RIcHARD P. WiLLiaMms, Victor J. BAUER, axD 8. R, Sarmr
Organic Chemical Research Section, Lederle Laboratories,
A Division of American Cyanamid Company,

Pearl River, New York 10965
Received February 6, 1970

Antipyrine (1) has long been recognized as an anal-
getic—antipyretic agent;' phenylbutazone (2) has be-

(1) W. C. Cutting. "Handbook of Pharmacology,” 3rd ed, Appleton-
Century=Crofts, New York, N, Y., 1967, pp 511-513.

4 Reaction mixture was stirred 10 min and poured into 1300 m! of H,O; a few g of NaHSO; in HO were added, the mix-
¢ Isooctane extractions treated with sodium thiosulfate and concentrated to ob-

come a widely used analgetic-antiinflammatory drug;!
and benzydamine (3) has received notice as a poten-
tially useful analgetic-antinflammatory agent in
man.''?  Although in many ways dissimilar, certain
structural features common to 1, 2, and 3 may be

(|jH3 CeH; (|3HzCeH5
HC N\ 0 N\ N\
| NCH; NCeH; N ‘HCL
O 0 OCH,CH,CH,N(CH,),
1 2 3

recognized. Each compound possesses an oxygen-
bearing pyrazole heterocycle which supports an aryl
or alkyl N substituent and a C substituent. The tetra-
hydrocyclopentapyrazolones 4, 5, and 6, synthesized
by Mannich in 1929,34 combine these structural units
in a different manner. We undertook to repeat this
work, and to prepare a brief series of analogsfor exam-
ination in an antiinflammatory screening program.

|
N
ZN\
| N X N
R
) (0)
4, R=X=H 10,R=X=H
5 R=H;X = Br 11, R = H;X = Br
6,R=CH;; X = H 12, R=H;X =F
7, R = CH,CH=CH,;; X = H 13, R=CH;; X = H
8, R = CH,Ce¢H;; X = Br 14, R = CH,C¢H;; X = F
9, R = CH,CeH;; X =
N
ZNN\
Senas
RS
15, R=H; X =H
16,R = H; X = Br
17, R=H;X =F
18,R=CH3}X=H
19, R = CH,CH=CH; X = H
20,R=CHzCsH5;X=BI‘
21, R = CHzCsHa; X =F

(2) M, DeGregorio, “International Symposium on Nonsteroidal Antiin-
fAammatory Drugs. Milan, 1964, 8, Garattini and M. N. G. Dukes, Ed.,
Excerpta Medica Foundation, Amsterdam, 1965, pp 422—429.

(3) C.Mannich, Arch. Pharm., 267, 699 (1929).

(4) C. Mannich, German Patent 464482 (Aug 18, 1928),



774 Journal of Medicinal Chemistry, 1970, Vol. 13, No. 4

As reported by Mannich, reaction of ethyl eyvelo-
pentanone-2-earboxylate  with  phenvihydrazine and
p-bromophenylhyvdrazine, and subsequent eyvelization
af the erude phenyllivdrazones at high temperature
under strongly busie conditions, provided cryvstalline
productz whose empirieal formulas were consistem
with the proposed structures 4 and 5.34  The solid
state 11 spectra. however, fail to display CO bands he-
tow 6,15 p, and strongly H bounded tautomerie cevelo-
pentapyrazolol struetures 10 and 11 are therefore pre-
ferred to 4 and 5. In dilute CHCL solution, CO ah-
sorption at 1.87 u ix exhibited by 10 and 11, which must
therefore exist as the unconjugated keta tautomers
15 and 16. The conjugated forms 4 and 5 are ex-
cluded by the absence of absorption at 6.0 p (sec below).
A similar reaction with p-fluorophenvlbydrazine gave
the fluoro analog, which exists in the solid state as
12 and in solution as17.

Alkylation of 10 with Mel or allyl chloride in the
presence of NaOMe, or of 11 with benzy! bromide and
base, gave, 1n each case, mixtures of two isomeric prod-
uets with CO bands at 5.82-0.80 p and 5.98-6.04 wu.
Alkylation of the eyelopentapyrazotol 10 with methyl
p-toluenesulfonate gave a third isomer 13 which failed
to display C'O absorption.  Under buasic conditions,

H

N
N

I R O
22 23
CH, _
| I
NS
-0
.
OCH,
24

tridentate anions 22 may be formed by the cyelopenta-
pyrazolols 10 and 11, and alkylation of these anions
can vield N, C, or O substituted products. In this
series, the C-alkyl structures 18, 19, and 20 correspond
to the produets with 5.84 p bands, the N-alkyl com-
pounds 6, 7, and 8 to those with 6.0 u bands, and the
O-alkyl derivative 13 to that with no CO absorption.

15) Analogously, 1lie condensation of ethyl cyclohexanone-2-carhoxylate
with phenylliydrazine . Ruhkopf, Ber., T0, 939 (1937)] gave a compound
which fails, in the solid state, to exhihit a band in the CO region below 6.10 4,
and must therefore be 4,5.6,7-tetrahydro-2-phenyl-2 H-indazol-3-ol (a) rather
thanlie keto tantomer b, G. deStevens, A. Halainandaris, P. Wenk, and
L. Darfman, J. Amer. Chem., Soc., 81, 6292 11959), proposed tlie dipolar
sirnetire © for this componnd,  In CHCH, a exhibits a band at 5.86 g. aml
niest thierefare exist as tlie keto tantomer d.  Alkylation of a with Mel gives e
1CO 21 6.03 p) as reported |J. lee and W. G. Christiansen, J. Amer. Pharn.
Awsne,, 28, 641 (1936) 1.

50

1 «©

a b, R=1i

e R=CH
n N
RN AN :

N —
iy o

c d

Narres=

In the case of the C substituted produets, placement af
the remaining double bond hetween N and heidge-
head € was indicated by their nmr spectra which fail
to show the vinyl proton resonancres required for ather
alternatives such us 23, Reaction of 12 with bengyd
bromide gave the three possible isomerie products 9
(6.00 w). 21 (5.86 pj. and 14 (no CO ahsorption bedow
6,20 u).

In the atkyviation of 10 with Mel, the possibility
that the O-Me compound 13 might serve as an inter-
mediate i the formation of 6 and 18 wax examined in
greater detatl. First 1t was shown that treatient of
13 with exeess Nal or NaOAMe effeeted no change.
Mild reactian of 13 with Mel gave a quaternary salt
24, which decomposed upon boiling in MeOH to the
N-Me compound 6; no 18 was formed.  Compound 13,
therefore. cannot be a preeursor ta 18 in the alkylation
of 10. Since the reaction of 10 with Mel leads to
a muxture of 6 and 18 in which 18 predominates. the
major course of reaction ecannot involve 13, The
mtermediacy of 13 in that portion of the reaction which
produces 6, however. has not heen excluded.

Oral administration of the eyelopentapyrazoles ai
230 mg, kg failed to mhibit significantly the carrageenin
idueed rat paw edema® when assaved hy the method of
Winter, el al

Experimental Section®

2,4,5,6-Tetrahydro-2-phenylcyclopentapyrazol-3-ol (10).-- A
modification of the procedure of Mannich? was employed. A
solutian of 7.8 g (0.05 mol) of ethy! evelopentanone-2-carboxylote,
54 g (0.05 mol) of phenvihvdrazine, and 100 wl of EtOH was
heated under reflux for 24 hr, and then concentrated to a yellow
vil.  The ail was dissolved in 100 md of MeOH, 5.7 g 10.1 mal) of
NaOMe was added, and the salvent was distilled mntil o =olid
remained. The solid was heated at 160° nuder N» for 2 hr, and
then dissolved in H.). The solntion was reated with charcoal
and acidified with HCL; van erystalsy 8.0 g (8047 ), mp 185-187°,
precipitated.  Three recrystallizations VELO) gave colorless
crystals, mp 190-191° (it mp 183-184°). Ana/. vCHeNO2 O
11, N': ir, no CO band below 6.15 u.

2-(p-Bromopheny!)-2,4,5,6-tetrahydrocyclopentapyrazol-3-o!
(11).--The procedure nsed for the preparation of 10 was em-
ploved. From 1.56 g (0.01 mol) of ethyl cyelopentanane-2-
carboxylare and p-bromophenylthydrazine was ohtained 1.9 g
(4090) of light tan erystals, mp 202-204° (from MeOH: Lt
200°0  Anal ACaHBrNaO)Y C, H, Br, N: v, no CO band Lelow
6.15 u.

2-(p-Fluoropheny!j-2,4,5,6-tetrahydrocyclopentapyrazol-3-ol
112).---The procednre nsed for the preparation of 10 was em-
ploved. From 13.G g (0.1 mol) of ethyl oyelopenianone-2-
carhoxviate and p-finorophenylhydrnzine was obtained 0.7 g
(49770 of (an crystals, mp 186-187° (from EtOTH. Aol 1C,.-
L EN0) O H, Fy N iy no CO band below 6.15 p.

Alkylation of 2,4,5,6-Tetrahydro-2-phenylcyclopentapyrazol-3-
ol (10). A, With Mel.--A solution of 20 g (0.1 mol) of 10,
142 g (1 molj of Mel, 5.6 g (0.1 mol) of NaOMe, and 350 ml of
MeOH wax heated nnder reflux far 15 hr. The solvent wax dix-
tilled, and the residne was taken np in 1.0, The mixire was
extrueted with E0, and the B1.0 solution was dried (MgSO,:
and concentrated to 12 g of brown ol which was chromao-
agraphed an silicn gal.

i) Aninmnal vesliog wse caerrd o Ly Ui V0 EL Sladaada nd i o
menral Therapeulies Resenceh Sectionnl iese lub oy aries,

(T) CoA Wihmer BoAL Risely awad GO W Niss, Fowe, Nue Frpe sl Yal
111, {44 (19621,

PR Mehiay points were deteramed P Wershlerg apparatie wnd are i
corterteds Ngdavieal remithss determiaal by 3o, Lo 3L Beanenne winl <iali
alicrinmd e clemreals imfieaced Ly syandols wore within @000 nfahe (o
redicg! valnes, e (N Bradises, unless aOnsewise nodedy aad vmne cVarian Asx-
sariales A-60 Bpectrometer. TALS incernzat srandardy specira werealelpraiacd
Lo Alec W Mnboaor and siaff.
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Elution of the column with Et,O gave 6.1 g (289;) of orange
crystals, mp 64-66° Recrystallization (cyclohexane) gave light
tan crystals of 3a,4,3,6-tetrahydro-3a-methyl-2-phenyleyleo-
pentapyrazol-3(2H )-one (18), mp 68-69°. Anal. (C;;HuN-O) C,
H, N; ir, 5.85 4 (C=0); nmr (DMSO-ds) = 8.62 (s, 3, CCHj,),
8.44-7.16 (m, 6, CH,), and 3.00-205 (3, phenyl).

Elution of the column with Et:O-MeOH (4:1) gave 2.8 g (13%)
of tan crystals, mp 123-127°. Recrystallization (EtOH) gave
colorless crystals of 1,4,3,6-tetrahydro-1-methyl-2-phenyleyclo-
pentapyrazol-3(2H )-one (6), mp 127-128° (lit. mp 128°). Anal.
(013H14N20) C, H, N, il‘, 6.01 M (C:O).

B. With Methy! p-Toluenesulfonate.—A solution of 2.0 g
(0.01 mol) of 10, 20 ml of DMF, 0.44 g (0.01 mol) of 555; NaH
dispersion, and 1.86 g (0.01 mol) of methyl p-toluenesulfonate was
heated at 120° with stirring for 2 hr. The solution was cooled,
diluted with 100 m! of H-O, and extracted with Et,0. The Et,0O
solution was dried (Q31gS0;) and concentrated to a brown oil
which was chromatographed on silica gel. Eluted with eyclo-
hexane-Et,0 (9:1) was 0.9 g (42¢) of an oil. Short-path dis-
tillation at 113° (0.2 mm) gave 2,4,3,6-tetrahydro-3-methoxy-2-
phenylcyclopentapyrazole (13) as a pale yellow. Anal. (C;Hye-
N:0) C, H, N; nmr (DMSO-d¢) 76.04 (3, 3, OCH3); ir (liq film),
1o CO band below 6.15 .

C. With Allyl Chloride.—A solution of 4.0 g (0.02 mol) of 10,
1.53 g (0.02 mol) of allyl chloride, 1.08 g (0.02 mol) of NaOMe,
and 50 ml of EtOH was heated under reflux with stirring for 18 hr,
and then concentrated to dryness. The residue was taken up in
H,0, and the mixture was extracted with Et,0. The Et;0 solu-
tion was dried (MgS0,) and concentrated to a vellow oil which was
chromatographed on alumina.

Elution of the column with CeHe gave 1.5 g (319;) of a yellow
oil.  Evaporative distillation at 110° (0.01 mm) gave 3a-allvl-
3a,4,3,6-tetrahydro-2-phenyleylopentapyrazol-3(2H )-one (19) as
a colorless oil.  Anal. (C;:H1sN20) C, H, N; ir (liq film) 5.82 u
(C=0).

Elution of the column with Et,0-MeOH (1:1) gave 1.0 g (219)
of brown crystals, mp 92-93°. Recrystallization (cyclohexane)
gave tan crystals of 1-allyl-1,4,5,6-tetrahydro-2-phenyleyclo-
peuntapyrazol-3(2H )-one (7), mp 93-94°. Anal. (C;sH1sN:0) C,
H, N\; ir, 6.04 4 (C=0).

Benzylation of 2-(p-Bromophenyl)-2,4,5,6-tetrahydrocyelopen-
tapyrazol-3-o! (11).—A solution of 2.8 g (0.01 mol) of 11, 1.7 g
(0.01 mol) of PhCH:Br, 0.54 g (0.01 mol) of NaOMe, and 25 ml
of EtOH was heated under reflux for 15 hr, and then concen-
trated ta dryness. The residue was taken up in H;O, and the
mixture was extracted with Et:0. The Et,O solution was dried
(MgS0.) and concentrated to a yellow oil which was chromato-
graphed on alumina.

Elution of the column with CsHs gave 1.2 g (329,) of colorless
crystals, mp 85-93°. Recrystallization (hexane) provided color-
less crystals of 3a-benzyl-2-(p-bromopheny!)-3a,4,5,6-tetrahydro-
cyclopentapyrazol-3(2H )-one (20), mp 110-111°, Anal. (C;sHir
BrN:0)C, H, Br, N: ir, 5.83 4 (C=0).

Elution of the column with MeOH gave 1.0 g (279%) of tan
crystals, mp 113-113°. Recrystallization (cyclohexane) gave
colorless needles of 1-benzyl-2-(p-bromophenyl)-1,4,5,6-tetra-
hydrocyclopentapyrazol-3(2H )-one (8), mp 117-118°. Anal.
(CeHi1BrN:0) C, H, Br, N; ir, 5.98 u (C=0).

Benzylation of 2-(p-Fluoropheny!)-2,4,5,6-tetrahydrocyclopen-
tapyrazol-3-ol (12).—The procedure used for the benzylation of
11 was employed. From 2.2 g (0.01 mol) of 12, 1.7 g (0.01 mol)
of benzyl bromide, 0.54 g (0.01 mol) of NaOMe, and 25 ml of
EtOH was obtained an oil which was chromatographed on
alumina.

Elution of the column with hexane-Et,0 (3:1) gave 0.09 g (3%)
of colorless crystals, mp 75-76°. Recrystallization (hexane)
provided colorless crystals of 3-benzyloxy-2-(p-flucrophenyl)-2,4,-
4,6-tetrahydrocyclopentapyrazale (14), mp 77°. Anal. (CoHyy
FN,O)C, I, F, N; ir, no CO band below 6.20 .

Elition of the collimn with hexane-EO (1:1) provided 0.51
g (179%) of cololess crystalsy, mp 90-94°. Recrystallization
(hexane) guve colorless crystals of 3a-beuzyl-2-(p-fluoropheny!)-
1a,4,5,6-tetrahydrocyclopentapyrazol-3(2H )-ane (21), mp 98-99°.
Anal. (CLeH:FNO)YC, HUFON: i, 5,86 0 (C=0).

Etion of the colbmn with Et.0-MeOH 149:1) pravided
D83 g (2740 of yullow ervsrals, mp 90-92°, Recrystallization
(eyelohexane) gave colorless crystals of  I-henzyl-2-(p-finoro-
phenyl)-1,4,5,6-tetrahydrocy clopentapyrazol-3(2H)-one (9), mp
112°.  Anal. (CiH5FN0) C, H, F, \; ir, 6.00 u.

2,4,5,6-Tetrahydro-3-methoxy-1-methyl-2-phenylcyclopenta-
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pyrazolium Todide (24).—A solution of 4.0 g (0.02 mol)
of 13 and 6 ml of Mel was allowed to stand at room temperature
for 15 hr. The solution was diluted with 200 of Et,O and filtered
to give 1.45 g (209,) of crystals, mp 108-110°.  Recrystallization
(MeOH-Et:0) gave colorless crystals, mp 109-110° dec. Anal.
(CmHnINzO) C, H, I, N.

Pyrolysis of 2,4,5,6-Tetrahydro-3-methoxy-1-methyl-2-pheny!-
cyclopentapyrazolium Iodide (24).—A solution of 170 mg of 24
and 4 m! of MeOH was heated under reflux for 24 hr. Evapora-
tion of the solvent left 87 mg of 6, mp 123-125°. Ir and tle
examination of the produet failed to indicate the presence of 18.

Puromycin Analogs. Aminoacyl Derivatives of
9-(3’-Amino-3’-deoxy-35-D-arabino-

furanosyl)adenine!

Lixpa V. Fisarr, WinLiam W, Leg, axp Lrovy GoobMmaN

Life Sciences Division, Stanford Research Institule,
Menlo Park, California 94025

Recetved January 5, 1970

Puromyecin (1), an antibiotic with antitumor activ-
ity,? has been used as an important biochemical tool in
the study of protein synthesis. Aany structural ana-
logs of 1 have been prepared in an effort to exploit
the biological properties of the antibiotic. These in-
clude analogs where other aminoacy! groups replace
the p-methoxyphenylalanine moiety of 1,5-% compounds
where the p-MeO of 1 is replaced by other substitu-
ents, the derivative where the 3’-aminoribofuranose
of 1 is replaced by 3’-aminoglucopyranocse,” and the
2/-0-Ac derivative® of 1. In an extension of these in-
vestigations, we have prepared a number of aminoacyl
derivatives of 9-(3-amino-3-deoxv-8-n-arabinonofurano-
sylladenine (3),° a 2’/ epimer of 2. See Table I.

The aminoacyl derivatives 4 of 3 were prepared by
standard methods of peptide synthesis, the method of
choice for each compound being dependent on the rela-
tive ease of formation and facility of purification from
by-products. The choice of solvents was severely re-
stricted by the low solubility of 3, with DMI" solvent
mixtures generally being the most useful. As in the
work of Baker, et al.,® unblocked 3 could be used in these
coupling reactions. In contrast, blocking of the OH
groups was essential to successful aminoacylation of 1-
(3-amino-3-deoxy-B-p-glucopvranosvl)uracil.

The two coupling procedures used were A, the mixed
anhydride method using isobutyl chloroformate!!
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