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The xynthesis of & variety of semicarbazides, aminoguanidines, thiosemiearbazides, hydrazines, and glyeines,

as well as ntany of their V-nitraso derivatives, are reported here.

eyvelized to the correxponding mesoionie componnds,

The svntlesis and testing of some 3-substituted
1.2.3 4-pseudooxatriazol-i-onex and their preeursors
were undertaken as part of a study on potential antihy-
pertensive agents. Some hyvpotensive aetivity had
been found in a few 3-(lower alkylj-substituted pseudo-
oxatriazolones.! justifving further evaluation of thix
class of compounds=. Most of the intermediates for
the preparution of the target compounds were wlso
tasted for activity, and it was found that the I-nitro-
sosemicarbazides had considerably more activity than
did the psendooxatriazolones,

In past worl on pseudooxatrinzolones the 1-nitroso-
semicarbazides were uwsatally  evelized without iso-
Lation. b+

The preudooxatriazolones were prepared by eyveliza-
tion of the appropriate l-nitrososemicarbazides. The
procedure used by Bover, ef al..? (adding a large excess
of NaNO, to a cold aqueous acidie solution of the
senmicarbazide, followed, after a short time, by heating
to about 60°) gave by-products which sometimes made
piurifieation of the pseudooxatriazolones difficult.

To avoid this problem no appreciable excess of HNO,
was allowed during nitrosation, and when nitrosation
wus complete the nitroxo compound was isolated when
posxible.  If isolation was impractical any excess HNO,
wax destroved with sulfamie acid or urea. The n-
trosa compound wus then heated in dilute HCI ta
use evelization. In several nstances the aqueons
acid procedure was found to give na mesoionic com-
pound. =o a less severe ramte wis devised:  cither
the dry solated 1-nitrososenticarbazide was refluxed
with n slight exeess of AcOH in u halocarbon, such
as n-bromobutane, or a cold CHCly slurry of the nitroso
compaund wus treated with trifhioroacetic acid.

The =emicarbazides, o mummber of whieli have not
been previausly reported. were nude cither by eatalytic
hydragenation of the corresponding semicarbazone or
by the action aof HONO on the hydrazine.  The hy-
drazines were prepared by several different methods,
some af them were made from the amine by the
svdnane method® shawn iu Scheme I

I one case, that of N-2:3.3-trimethyl-2-norca-
phanyhsydnone, the usaal Ae,O cvelization conditions
were tau =evere tor the N-nitrosoglyveine, and complete
decompasition acenreed; 1 good vield of the syvdnone
wis abtained by evelizing with V.V -dicyclohexylear-
badiimide.  The syvdnone. however, was very aeld

il LB Wier, peranaal coanamdession: by LI Weee 3 3 -Shaes-
mag, VL Camphelt, I'0 N Panloanl AL Tye, Natwre, 210, 742 (166061
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Some of the Vonttroso derivatives hiave heen

sensitive and none of the desired hydrazine could be
obtained on acid hyvdrolysis.  An attempt was thus
made to cirenmvent the use of strongly acidie condi-
tions by the =equence shown in Scheme I1.

Since 1-(a-fenchvl)semicarbazide had already been
unambiguously prepared, the sequeiice was first tited
out o e-fenchylamine. Unfortunately the hydride
reditetion step could not be made to work =atisfue-
torally. =o this procedure wuas abandoned. 2.3,3-Tri-
methyl-2-noreamphauylhydrazine was finally prepared
i1 very poor vield via the diaziridie by a slight modifi-
cation of the Schmitz* procedure which ix outlined in
Scheme I11.

Nitroso eompountds with terpenoid resichres were
found to have the highest aetivity and the least tox-
ieitv. but. unfortunately. stability at ambient tem-
peratures varied from poor to very poor.  The preseuce
of a haxie group in the 1 poxition cansed o great redie-
tion in the already poor stability of the l-nitroso-
=emicarbazides; these derivatives rapidly cvelized to
the corresponding psendooxatriazolones.

C'onsequently it was deeided to synthesize sonwe 8
and N analogs to xee 1f stability could be enlaneed
without losx of aetivity. Several (N-nitrosoalkyl-
aminojguanidines were prepared by aqueous nitrosation
of the corresponding  (alkvlamino)guanidines.  The
Intter were made by: () the action of cvananude
or a substituted evanamide on a mixture of the hy-
drazine and its hydrochloride (h) the wetion of an
amine on the S-methylisothivsemicarbazide, or (e)
the netion of an S-methyipscudothionren on the free
hivdraziue (sec Scheme IV).

S3-Substitnted  1-(alkyvlaminojguanidines  were bhest
prepared by the st method. When an amiuoguani-
dine hydriodide was Tormed conversion into the ly-
droehloride was neeessary prior to nitrosation.  Nitro-
<ttion of the hvdriodide cansed decamposition of the
product.  Since ruost of  the alkylaminoguaundines
were mnstuble as the Tree base the hydriodides weee
converted into the hydrochlorides using ion exchange
resins.  While 1his work was in progress the hwst re-
part of this clas< of compounds wax published by
Finnegan and Henry® thaugh their compounds were
apparently uot tested far pharmacological activity.

It wus found that the (N-nitrosoalkylamina)gnani-
dinex cantaining tevpene vesidnes had high activiiy,
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TaBLE I:
X NR'R"
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NH NHCH;

NH XN(CH;),
NCH.CH.NH
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NH XNH.
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« Blood pressure lowering for a 5 mg kg iv dose:

230% for a dose of 0.5 mg 'kg. ”H)

snn =0

drochloride.

¢ hydriodide.

Recrystn
solvent

-PrOH
-PrOH

-PrOH

EtOH-EtAc
(1:2.5)

-PrOH

-PrOH

MeOH

-PrOH

MeOH

n-BuOH

n-BuOH

n-BuOH

n-BuOH

-PrOH

Yield,

o
40

70

7

66

67

59

39

37

46

12

29

60

48

89

33

30

38

Mp, °C
138-140

168-169

135-136

166-168?

178-179

237-238

216-220v

175-178°

219-221¢

160-161¢

209.5-210

211-212

169.5-172

193.5-194.5
dec.

184-187/

253-256°

256-261

258-262

221-226°

¢ Caled; 56.57, found:

NEW SEMICARBAZIDES AND ANaL0GS, R—NHNH—C(=X)NR'R'’

Method of
prepn

Formula Analyses

CoHy;N0 C,HN
CyH13N;0 C, H XN

C1oH ;N304 C,H N

C1H2eN30 C, H N, Cl

CsHysN;0 C, HN

CuHioN;0 C, H N

CsHCLN,O C, H, N, Cl

CpH;CINy,  C, H, N

CisHxIN, C,H N, I

CsHoIN, C,H NI

CulayNs$S C,H,N, 8

CuHai NS C, H NS

C/HiN:0 C, H XN

C1oH2N50 H, N, Ce

CsHisCLN,O C, H, N, Cl

CuHxCINy  C, H, N, Cl

CuHxCINy  C, H, N, Cl

CuHyCIN, C, H, N\, Cl

CUH‘23CIN4 c) H) N) CI

57.00.
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+

— = negligible, + = <15%, ++ = 15-30%, +++ = 230%, ++++ =

4 Toxie (EDj near LDs). 7 Dihy-
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Tasre Il

NO AN

NITRGSOSEMICARBAZIDES ANO ANiLogs, INNIC

NR’'RY

NHCH;

N(C

Hs).

Recrystn solvent

-PrOH?
(CsHe
-ProH*

~-PrOH?*

SN

Yield,

1

Dl

3

ut

7

I

63

74

N

Mp, 208

P2
10810
E B I

1ui-102

128129

FI8-124

129-- 1330

125 . 0-129 .0

125129

D101

166

149-151

Lys . a-155

15=150

151-154

127-129

124-127

Iiveanla

—_

PN

N Os
Cl N,

PN

CH N0y

('()H(:—\—A( )J

('(.‘II._.(_\'_-,I,)

Coa N

CuHan N0

CaHaNs0

CieHasNO

(’)13H25N ;,()

SN O,

SN,

T HnN Oy

lu 1’[20_\4—41‘):

N

'((1,{:0—\'4( l.‘

S HwN Oy

Analyses

¢, M, N
LN
1, N, ¢

¢, N

¢, H, N

¢, H, N

C, H N

C,H N

C,H,N
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« See footnote a, Table 1.
¢ Caled:

methyl-2-pentanone.

i Caled: 31.10; found:

3-SuBsTITUTED 1,2,3,4-PSEUDOOXATRIAZOL-3-ONES

TasLe 11 (Continued)
Yield,

X NR'R”! Recrystn solvent % Mp, °C* Formula
_\*CH-;CH-;—NH THF—hexane 20 163-165 c13H23N50
NH, 99 128-129 C-HsN,O.
NH, 57 114-115 CsHisN;0,

® Recrystallization lowered the melting point by a few degrees.
: 51.91; found: 51.24. / Caled: 28.27; found: 27.78.
7 32.63, 30.33. 7 Material very unstable.

¢ S8ee Table I, footnote d.
¢ [a]® (+) 97.0°.
Decomposed before third analysis attempted.

Analyses

C H N

C, H, N\t

C, H, N
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Act®

4 Based on 4-
h o] (—) 95.6°.
# Rapid rough

melting point determined, then melting point bath preheated to within 5-8° of melting point before immersing melting point capillary.

All the N-nitroso compo

unds decompose at their melting point.

TapLe 111
MEesoloNic COMPOUND
R—N X
bt |
Mgt
Method of Recrystn Yield, Mp or bp
R X prepn solvent %% tmm), °C Formula
H;CCH(CH,;)CH.CH(CH;)- N H 51 86-88 (0.03) C;H;3N;30,
CH3(CH,);CH(C.H;)CH» N H 60 114-116 (0.03)  CoH;7N;50.
_(CH”G“ N H 1-PrOH 10 52.5-53.d CBH12NGO4
(bis compound)
(:GH'JCHzCH(CH:i)— N H 70 128—134 (0 05) C(oHl(Naoe
CeH;CH(CH;)- N KorL 49 Oile CyH N;0,
CeH;(CH,)» N H -PrOH 66 63.5-65.5 CyHoN;0,
CH ‘@‘C“ N KorL i PrOH 33 133-133.5 CoHoN;0.
CH.
N K or L Hexane 37 (F) 87-89 C11H17N302
44 (Q)
CHJ—ND— N H i-PrOH 60 122-123.5 C:HuN O
CH.,
ND— N P EtOH 76 218220 dec  CyHyIN,O,
CH,}-
Oj/ N H i-PrOH 40 59-30 CioHisN (O
N
CO/ N p EtOH-H,0 57 208-210 dec CuHiIN,O;
\I (1:1)
CH, 17
CH_;—([ZH—?H_,
\ T—CH‘3 CIH— N H -PrOH 30 69-70 CQH14N402
CH,—CH—CH,
CH,—CH——CH,
\ CH‘.I\lJtCHQ éH— N P Et8H1—>H2O 70 240 dec C10H17IN402
CH—CH—CH ’
-
CH,
i)(/ CH, CH M Cyclohexane 82 102-104 CHisN:O
CH;,
CH, i . _ I -
’:j:CHS (.II 1\ THF 61 1-’)3—1—70 C12H13N202
CH,
@ See footnote @, Table I. ? Mentioued in ref 1b but no data given. < Too unstable to distil. ¢ Caled:

¢ Caled: 56.54; found:

56.11. 7 Caled: 59.17; found: 359.69.

¢ Caled: 26.65; found: 27.51.

Analyses

C HN

i

¥

janfgas
Z 2

©

0O mmo
v, 2 o
0(27'

=
'z

N, H, ¢/

C, H, N*

C H N

C, H XN

C, H XN

56.04;

found:
" See footnote d, Table 1.

Act®

++

++

++

56.17.
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Sedemi |

1. BrCH,CO Et HNO.
RNH. ———— RHNCH.COH ——
2.0H
RNCH,COH  ac0 —N ‘H.  H'XT
—— BT 2, RNHNHHY
N : ST s
NO ov I\\O/(\O
Senean 1
NO
/ LAH
RNH; — RNHCH,C;H, — RN —
CH.C.H:
NH,
y L HOCN
RN ———— RNHNHCONH,
2 H./
CH,CH:

being of the same arder of magnitude as the earre-
sponding l-nitrososemicarbazides.  The stability, while
not being exceptional, wuax considerably better than
far the corresponding l-nitraxosemicarbazides in most
lnstanees  An added advantage, ax fir ax phar-
macological testing was concerned. was the ready
sohibility in wealkly acidie solutions.

Attempts were also made to prepare nitrosated 3-
thiosemicarbazides anualogous to some of the more
active compounds, but i all cases the produet was
too unstable for ixolation.

Pharmacology.—Most of the campounds were tested
on mice and dags.  Same were also tested on cats and
hypertensive rats. The ecampounds were administered
intravenoushv i dose ranges from 1 to 20 mg kg, In
dag= oral doses of 1 to 25 mg ke in Clearjel snspension
were administered in some cases.  The vehieles had a
negligible effect on the respouses measured.  Bload
pressiire in anesthetized dogs was monitored coun-
tinuously witlt a pressure transdieer in either the fem-
oral or earotid artery,

In the cases of (N-nitrozobornyviamino)guanidine
and  l-bornyl-1-nitrososemicarbuzide, the most ex-
tensively tested compouuds, the ratio of LDj to
HXNSD; was about 10:1. The svmptoms character-
i=tic of the low doses are the =ame as those produeed
by guanethidine,® snggesting a common mechanism
of action.

The blood pressure records demonstrated that therc
was o rapid onset of uetion by both p.o. and 1.v. ad-
ministration, the drop in blood pressure beginning
withiin minutes, and reaching its maximum by 0.5 hr.
Swvstolie, diastolic, and pulse pressare all decreased. A
graded response curve was obtained over the dosc
range from 1-10 mg kg orally, reaching a maximum
of about 33% decrease with 10 mg ‘kg. Higher doses
(up ta 25 mg/kg) did not cause a further deereasc
in blood pressure.

Intravenously the (N-nitrosobornyviamino)guanidine
guve a graded response curve from 1 to 10 mg kg (maxi-
mum dose administered was 10 mgskg) reaching a
maximum decrease of about 6397 with 10 mg/kg.

»7) At ainbient temperature \be l-nitrososemicarbazides usually were
completely decomposed within a year, while the (N-nitrosoalkylaminis)-
guanidines investigated appeared to be unchanged after a year.

i8) R. Fielden and A. L. Green, Brit. .J. Pharmacol., 24, 408 (19651,
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Seevpy I

O o
ST HNGES
RNH, — > RN=( ) ——— .
R—N—(" S RNHNH
N v/— *-5 min : :
I{ '_II’I
seneans 1V
N 1 "
UNNR'RY / R
ta) RNHNH,HCl ——— RNHXHC
HO AN
NH-H(C1
NUHCHT
R7RN NR'
S Y
tby RNHNH, ——m——s RA\'HA\'H(‘\
NR'RHI
X 7 Mel
() RNHNHC\ —
NH.
5(‘H IRV
RNHNHC H SERE R\'H\‘H(‘/M{R
\ NH? N H1
NH NH

F-Bornyl-1-nitrososemicarbazide gave a 63-654 drap
i1 blood pressure with from 1 to 10 mg kg, and an
809 drop witl 20 mg, ky.

Heart rate scemed little atfected and the changes
were not associated systematically with changes in
blood pressure or doscs of the compound.,

The oral LDy, of both componnds was grenter tluu
00 mg k.

Most of the nonterpenoid N-nitroxo compounds
tested had fair to good activity, but werce quite toxic.
Most of the aminoguanidines and mesolonic com-
pounds showed some activity, bitt generally did not
compare favorably with the uncyelized nitroso eom-
pounds, The majority of the ather intermediates
had little or no hvpotensive activity.

The approximate activities of all the campounds
are shown i Tables I-TV.

Experimental Section

Semicarbazides and Thiosemicarbazides. Method A.- The
semicarbazone {which did not need tv he campletely dry) was~
shurried or dissolved e about 700 ml ot 55 HCL in MeOH /inol.
and was hydrogenated at 4.2 kg/cm? starting pressure nsing 2.5
of PtO./mol.  When reduction was complete the catalyst was
filtered off and the =olvent removed under veduced pressure.
H.O was added aud the crude product precipitated with NaOl1
or KOH filtered, washed nentral where pussible, aud dried.

Method B.--IFssentially the same ns AMethod A, except that
glacial AcOH was used as the solvent.

Method C.— The zemicarbazide was prepared from the corre-
sponding hydraziue - HCl (used as a 109 aqueous solution) by
reaction with a 50¢; excess o{ KONO? (dissolved in the minimum
quantity of H:0) at rovm temperature for 12-24 hr.  The prod-
uet was filtered off, washed with H,O, and recrystallized.

Tu prepare the thiosemiearbazide, a solution of the hydrazine -
HCl at 90-100° was treated with a 50%; excess of KSCN and
heated for 2 hr. A second equal quamtity of KSCN was thei
added followed by an equivalent amount of eoncentrated HCL,

{9) I, AL Taipale, Ber,. 63B, 243 (1930).
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TasLe IV
Prrcrusors To SoMk oF THE CoMPoUNDS IN TABLE 1
Recrystn Yield,
R R! solvent A Mp. °C Formula Analyses Act®
RI
S
1. Glyeine derivatives, R—N
CH,COOH
CH,
dCH H 2‘-PI‘OI‘I—E'EQO 49 222—224b C12H22CIN02 C, H, N, Cl -
CH,
CH,
CH. NO Etzo, ca. —60o a7 151—152 C12H20N203 C, H, N bt
CH,
@;E: NO 8  157.5-158  CuHapNaO; C,H,N -
CH,
. Hydrazines, RNHNH,-HCIl
@' 07 254-256 CuHLCIN, CHNC -
CH,
dCHB n-PrOH 47 296-298 C1oH CINy C,H, N, Cl -
CH,
@tii +P1OH 57 15202 CuHuCIN, CHN, G -
CH,
i, Miscellaneous contpounds
GH, O
\ca,;—@ Hexane 54 92-92.5 CrHaN:0 C H,N +
H.
CH. ¢
CH,
v ) 13 Unstable CieHosNs C,H,N
CH\IP\I oil
CH,
99 156-158 C2H2INS ¢, H,N, L8 +d

H HI

(5N
.7"::
'z
ool
i
g
AN
4%
jos)

@ See foatnote ¢, Table I. ® Hydrochloride.

and heating was continued for 2 more hr. The reaction mixture
was then cooled, basified, filtered, washed with H:0, and dried.
The erude product was slurried with Et:O to remove a red by-
product and recrystallized from a suitable solvent.

S-Methyl Derivatives. Method D.—These were prepared by
treating the thiourea derivative with an excess of Mel inn absolute
EtOH for several hours. The solvent was then either removed
until erystallization oceurred, then eooled, filtered, and washed,
or all solvent was removed on the Rotovap and then under high
vacuum. In either case pure produet wax usually obtained in
virtually quantitative yield.

Aminoguanidines. Method E.—An approximately 109 aque-
ons solution of the corresponding hydrazine - HCl was brought to a
pH >6 with aqueous NaOH (use of a pH meter is recommended
since the reaction will not proceed satisfactorily below a pH
of 6, and the pH will not rise much above 6 until most of the
hydrazine has been freed, giving a poor yield of aminoguanidine-
HCl). A pH of about 6.3 is usually satisfactory. The solution
was then rapidly heated to 60° and 1 mol of H.NCN (as a ca.
259, aqueous solution) was added per mole of hydrazine. Heat-
ing was continued rapidly to 95° and another 2 mol of H.NCN
solution was added over about 45 min. After an additional 15 min
at 95° the solution was allowed to cool to room temperature,

¢ H. U. Daeniker, Helv. Chim. Acta, 50, 2008 (1967).

4 See footuoted, Table 1.

then cooled to 0° in an ice bath. The product was filtered off,
washed thoroughly with Et,0, and recrystallized.

Method F.—The S-methylisothiosemicarbazide-HI (0.01 mol)
in 8 ml of EtOH was treated with 0.012 mol of the amine in 2.5 ml
EtOH and the mixture was stirred for 4-7 days. The solvent
was then removed on a Rotovap and the erude produet slurried
first in Et,0O, then in H,O. The crude produet could then be
recrystallized from an appropriate solvent.

Method G.—The hydrazine - HCI (0.15 mol) was added to 8.4 g
(12.9 ml of 459, 0.15 mol) of KOH in 90 ml absolute EtOH in a
low actinie flask, rinsing in with 50 ml of EtOH. To the resulting
slurry was added 0.155 mol of the pseudothiourea -HI and the
reaction was allowed to proceed at room temperature for 2 to 7
days. At the end of this time the NaCl was filtered off and
washed with EtOH. Most of the solvent was removed from the
filtrate on a Rotovap and the crude product was then shaken
with 300 ml of Et:O until a smooth slurry was formed. After
filtering and washing with Et,0 the solid was stirred with 100
ml of H:0, filtered, washed with H:O, and dried in vacuo over P;0;.
The product was usually analytically pure at this point.-

Nitrosation of Semicarbazides and Analogs.—The compound
(0.25 mol) was slurried in 500 ml of H,O and 75 ml of concentrated
HCl and cooled to <0°. A solutionof 18 g of NaNO; in 250 ml of’
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st was then added at such a rave that very lirtle excess HNO, was
present at apy time. After the unitrite ceazed being takew up
the <hiry was stirred 1t ~0° with a slight exvess of HNO; {oe
15030 min ther filtered and washed neutral with HaO if it was a
Nendtrososemiicarbazide.  If an aminegnanidine  had  been
piteozated the solafion was made alkaline with dilute NaOH he-
fore filtering and washing neutral.  The preduct was usually
salyvtieally pure ae this point wd reervsiallizatiow sfrere did
more lrarm than good.

Mesoionic Compounds. I. 1,2,3,4-Oxatriazol-5-ones.
Method H,—The pure nttroso compound was ndded vo 10 parts of
1.0 and 2 pavts of ¢meentrated HCL ov, alternately, the semi-
carbaztde wax nitrosated ax described previonsly, but instead of
ixolating tlte nitrosated produet the exvess HNO. was desiroved
at about 0° with (ILN)CO or HaNKO;H.  The resutting <hury
o =olurion wus heated for 30 min wi 60-100°.  The mixture was
couled and the produet filtered off or extracied with CHCL: ex-
cept i the case of niesolauic compoands containiug a basie grong,
Iie thiose eases the compounds were isolated by saturating the
renetion nitxture with KoCOjy and either filtering ottt the produe
or extracting it tato EGO. The extracts were washed with
H:U), dried, aud evaporated.  The produet was disitlled wre ve-
(‘1'}'>l:111i7.(*(1.

Method K.—-The dry nitrososemicarbagzide was refinxed with
1 prats of an inert solvent, sach as n-bromobutane, and 2 equiv
ol AcOH for aliwut 1 hr (30 min after the nitrososemicarbazide
gees into solutton).  The solition was thew eooled aund rhe
produet filtered off or the solvent was removed o1 a Rotavap.
The ernde prodnet was distilled or recry=inllized.

Method L.-—-The dry nitvoso compound wax =lurried in 10--15
parts of CHCly, aidd 2 equiv of CF,COH e CHCly was added
over wbont 20 mine.  After stirring for 2 hre the solntione was ex-
tracted with HyO, dilute NaOH and again with Hat).  Removal
of =olveut left the crade produet which could be recrystallized or
dixtilled.

II. Sydnones. Methed M." -The N-rdtrosoglyeine wis
Leated at 100° with foar parts of Aegt) for 3 hee o Most of rhe
Avs) was then removed wder reduced pressure und the residue
dissotved in CHCl; and washed witlh dihite NaOIT and H.0).
Diviag i MgSO:b aid removal of the solvent gave the crade
prodact which was recry=tallized.

Method N.—-The nitreseglycive was dissolved 1n five parts of
THF ard 1.1 eqaiv of DCTin five parts of THF wax added.  Afrer
allowing o stane for 24 I the exeess DCT wus destroved with
AeDIL The dieyelohexylurea was filtered off, the THE re-
moved ander reduced pressuve, anad the crade product reerystal-
lizd,

Preparation of Methiodides. Method P.-- The hasically <ul-
stitated mesvionic compound was disselved tn 5-10 purts of
Me:C) and 1.1 equiv of Mel wax added 10 the solution.  After
2 I the methiodide was filtered off, washed with Me.CO, and
recry=tallized from aw appropriate solvent.

Miscellaneous Procedures.  \-/a-Fenchyl)glveine -HCl.— A
~olmion of ae-fenchylanine (764 g, 5 moby and 418 g (2.5 mol) of
BrOH.COE i1 2000 ml of CgB s was refluxed for 4 hr, then cooled
awd extracied with HaU {e-fenchylamine - HBr i+ quite sohuble
io Callnr After drving 1N MgS0O41 thie solvem wux removed va a
rotary evaporator and the eride exter wis refluxed with 175 1l
of 307 NuOH in 140 ml of HoO fue 1 hr. Tlie solution wis cooled
te e temperatuee and extrneted with FoO, Coneentrated
HCL (1000 ml) wax added at <35°, the =olntion was concel-
teated to about 1300 ml meler vacaum and filtered, and the pre-
vipitate washed thoroughly with EeQ giving 326 g of product,
tap 214 217°. Farther enwcentration of the filirate to about 1400
il mave 279 g mwore product, mp 200-203°. The produet could
be further pnrified by dissolving i -PrOH 19 ml, 'g), filtering oft
ay xalt present, nud precipivaring the product with five volumes
of 1‘.1_-()

N -(w-Fenchyl)-N -nitrosoglycine. - "I'v  V-(a-fenchiylglyetre -
HCT 1500 g, 2 mol) in 12000 ml of Ha0 and 200 ml of concentrated
1TCT was added a sohntion of 185 g of NaNOy in 500 ml of H.0.
After 128 hir at 25° the product was tiltered off apd washed with
.0, vielding 206 g of produet, mp 1H5-146°.  Recrystalliza-
tone of 136 g from 300 ml of 6,0 a1 —60° gave 10 g of the title
compeonind, mp 151-152°,

V' -Nitroso-V-(2,3,3-trimethyl-2-norcamphanyl)glycine. i.
V- ¢2,3,3-Trimethyl -2 - norcamphanyl)glycine - HCl.—-2.3,3 - "'t

LOr L CL Iiaed amd LWL Mackey, J. Chem, Sae., 8948 (10343,
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methyl-2-norenmphanylamine (313 g 2 noly anad 168 g o1 ol ol
BrOH.COLLET i 1000 mil of CeHe were refluxed for 20 he. N
0 el 1oaelys was added and refluxicg cantinaed foe 6ohe
BrOH.COLlie @4, 0.0 mols wis thene added el vefhixing
cowtamed {or Is T This pracedure wis repreated twiee, asing
0.5 ated thea 10273 the wnouas of LN and BrCHL.COG The
sehutione was conled awd the Cally was deennted fram the solid.
which was trested with H00 1al of 11,0 il extracted with Call.
The combined ColHy sohntioos were extracted with T1LO, dihae
Nz, aned e witle 1100 Afrer dreving (O Mg=O0 the vield oo
cride ester vesalting Trom removad o the solvera was 271 o
Thix vield was abowr 209, higher, based on the 20305 trinerhyl-
Zororeamphacvlannine, than if the KeN- BrCTLCOME additions
were left e,

The erude estie was hivdrolvzed by refluxing with 550 11d of
1.0 aned 57 @ o0 NaOU for 30 mitc awd allowiug o coof. The
solntion wax excorneted with 6.0 and aeidified ar <35° with Soo
ml of coneerarated HCL The solution: was cooled 0 0° avee
night ad filtered, ared the precipitate washed vhoconghly witle
.00 The weight of produet was 184 g, mp 162-164°. The prod-
uet condd be purified further by dissolving i =FrOH v ml g,
filtertig off ary =alt presear, and precipitating with 5 vehines of
anhydrous et qecavery 757, mp 164-166°)  The peodues
wis found wo lose TTCL spundaneously and guve g low Clanalysis

ii. .\-Nitroso-.\V-i2,3,3-trimethyl-2-norcamphany! iglycine.
N2 33 Trimethvi-2-noreamphamyDglyeine - HCL (193 ¢ 062
melt was disselved e 5000 nal of HaO aad 160 ml of cowcentrated
FICL To this was added 90 g of NaN v, in 600 ml of 1.0, After
standing 10 davs= at 25% the product wus filtered off, washed witle
0, and dried; weight 107 g0 mp 133-154°, Recvvsiallizatoe
fromn =10 gave s produet, mp 1575 1oN°.

1-Adamantylhydrazine - HCL -A mixtare of 5.5 g 0.024 nels
of I-bromoadaniucane el 30 ml of adivdrows HoNNHL was
rethixed with stirring o1rc a0 magnetie stirrer-hot plate for 3 o
andder a <low strewan of Naoo A dittle sublimare that aceamalated
e the condeosee was pertodically pushed back tato the reaetiog
mixtare widn a glis< cod. After T lir mest of the bromondama-
tane had gowe into <solavon.  Afver 2.5 hey tle showed e bromie-
adamantree left notie reaction mixture, The <olation was panred
while hot cxolidifies v coclings vao 125 mil of cold 450, KO
=olution, extrovted T e, arad washed alivee dmes widh 457,
KOH ~ohuion e remove feee HaNNTL After drving «MgRO,
for s short e dee solarioe wis Qltered, and the prodoet pre-
vipitnted with dry HCL flteved, wiad washed winde B0, The
erade produet weighed 16 g, rap 250255 Hecrvstallizaime
Tram HO nd of - PrOT] ol 230 ml of GO anve 5309 woof che dade
compouted, mp 2542567,

a-Fenchylhydrazine - HCL. V- (o Ferwhyl svadone (212 g, 0,46
ol was hested o a <team bath wirh 300 wl of coneeotrated
HCT foe 30 min with (vegquent swivling, A smooth <lury feenzed
at trst e adtee abeat 20 miv twe diquid Lavers foemed, che
apper sne solidilviog atter aboar 5 mie. The <larry was cooled
to 25°, tiltered. woud washed thorenghly with 60, The vield
wils A g, rap 2R 204.5° Reervetallization of 2.4 g frem 25
il of #=ProH gave Lo of material, mp 206-208°,

«a-Fenchylhvdrazine - HCl viw the Diaziridine. 1.
Fenchyl-1,2-diazaspire [2.5]octane.- -a-~Trenchyviommice (103 g
0.1 ol ared 1023 g 0,105 mold ol evelohexanome were cefluxed
i 10U 1 of Colla withiw Deare-=S1ark trap for 2 e, 1.6l o Hatd
being collected clariug this dne, The solvera was reneeved:
B0 2 001 wel: of the erude Sehift base and 2.6 g 0,155 mol:
ot a-ferelvhume were dissadved e 10 ml of MeOH, cealed i
0°, weel teeated with 1Yz of 904, hydroxvianive-O-sulfande seid,
added pordonpwize ovee 10 i, After =tiring T 1.3 ke e 0°
it was alowed 1o warta wp e roent tenperstare, dileced wab
50 ml of HaO), andd excracted with 10, The 1900 solation was
waslied with T1.0) road WaCOy sohuioo wnd dried (K.COy o e
moval of the <olvera lefo 14 g of erade produet which eould e
be distilled. The i <peramn was approprinte ©or the desiced

| T

{iote in 16501600 et region; a <taglet ar 3200 i~ hadiented
NH but no NHe: the preserwee of baih types of Me groaps wias
indiented by a deublet at B3SO e aed another band at RGO
eV The mnterial <howed o single spot Ay 0.7% o a0 <ilies
Hensing 107, NMeOH in CHCL ws developer.

it. «-Fenchylhvdrazine - HCl.---Whei the above mterial wis
refluxed for 30 wiw with 10 ml of 1077 (COOH ) solatiang, w467
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vield of a-fenchylhydrazine, isolated as the hydrochloride, mp
283-288° was obtained. Tle and ir were identical with those of
an aitthentic sample.

2,3,3-Trimethyl-2-norcamphanylhydrazine.—1-(2,3,3-Tri-
methyl-2-niorcamphanyl)-1,2-diazaspiro (2.5 octane (2.4 g, 0.01
mol) was added to 50 ml of boiling 10¢; agueous (COOH), solu-
tion and refluxed for & min, then made basic and the product
extracted into Et(). This was dried (MgS0Q,) and the product
precipitated with dry HCl. The weight of product obtained
wax 1.1 g, mp 288-288.5° (melting paint bath preheated to 280°).
Recrystallization from -PrOH gave 0.8 g of material, mp 291.5-
292°,

N -Nitroso-N-benzyl-a-fenchylamine.—A mixture of 15.3 g
(0.1 mol) of a-fenchylamine and 11.1 g of benzaldehyde in 200
ml of C¢sH; was refluxed for 2.5 hr with a Dean-Stark trap, 1.6
ml out of a theoretical 1.8 ml of H,O being collected. The
solvent was removed and the crude Schiff base was dissolved in
200 ml of MeOH and reduced with 8 g of NaBH; added portion-
wise over 15 min. After stirring for 30 min 100 ml of H,O was
added aund the product was extracted with CHCL, washed (H20),
and dried (MgSQO,). Removal of solvent left 23 g of crude N-
benzyl-a-fennchylamine. It was an extremely weak base, being
insoluble in cold dilute H,S0,, HCl, CF;COOH, and p-T:OH.
Tt dissolved in dilute H,SQ, on boiling, and remained in solution
on cooling.

N-Benzyl-a-fenchylamine (16 g, 0.066 mol) was dissolved in
{00 ml of H,O and 10 ml of concentrated Hy30, by boiling for a
shuart time. The solution was then cooled and 7 g of NaNO,
in 50 ml of H:O were added at about 0°. The mixture was
allowed to warm to room temperature overnight with stirring,
then was filtered and the solid washed with H;O. The weight of
vrude product was 14.5 g, mp 87-88°. Recrystallization from
20 ml of hexane gave 9.7 g, mp 92-92.5°.

1-(2,3,3-Trimethyl-2-norcamphanyl)-1,2-diazaspiro [2.5-] oc-
tane.—2,3,3-Trimethyl-2-norcamphanylamine (13.4 g, 0.1 mol)
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and 15.5 ml of eyelohexanone in 40 ml of CgHg were refluxed with
either 10 drops of BF;-Et:O ov 0.2 g of anhydrous ZnCl, for 96 hr
using a Dean—-Stark trap. The amount of H;O collected was 1.4
ml.  The solvent was removed under vacuuum and the crude base
was dissolved in 60 ml of MeOH. To this was added 15.4 g of
2,3,3-trimethyl-2-norcamphanylamine, and, after cooling to 0°,
18.0 g of 639 hydroxylamine-O-sulfonic acid was added over 15
min and the mixture stirred at 0° for 2 hr then allowed to warm to
room temperature over 1 hr. The reaction mixture was poured
into 300 ml of HsO and extracted with Et,0. The Et,0 was
washed with HO and K,CO; solution and dried (KyCO;). Re-
moval of the solvent left 6 g of crude produet which was chro-
matographed on 1000 g of Si0s; using CHCl; as the eluent.
There was thus obtained 2.4 g of analytically pure produet.

1,1-Dimethylthiourea.*—Me,NH (450 g, 10 mol) in 2350 ml
of H.O was neutralized 1o brom phenol blue with about 900 ml of
concentrated HCL. KSCN (970 g, 10 mol) was then added and
the mixture stirred wntil complete solution oceurred. The H.0O
was removed on a Rotovap and the dimethyvlammonium thio-
cvanate was extracted from the KCI with EtOH (2 X 1000 ml).
The EtOH solution was taken to dryvness on a Rotovap and the
restdue heated at 150-160° for 72 hr, cooled to 100°, and diluted
with 3000 ml of H:O. The very dark solution was extracted four
times with 250 ml of CHCl;, which does not remove the product,
and the resulting amber aqueous layer was filtered with
a little Celite. Salt (700 g), 2000 ml of THF, and 500 ml of EtAc
was added to the filtrate and the mixture was stirred for 1 hr. It
was then continuously extracted with EtAc (2 1. of EtAcin pot) for
65 hr. The extract was cooled and the product filtered off and
washed with EtAec; wt, 78 g; mp 161-164°. The filtrate and
washings were concentrated to about 500 ml on a Rotovap and
vielded another 33 g of produet, mp 161-163°.

(12) W. A. Finnegan, R. A. Henry, and E. Lieber, J. Org. Chem., 18, 778
(1953).

Nonsteroidal Antiinflammatory Agents. 1.
6-Substituted 2-Naphthylacetic Acids’

I1san T. Harrison, BriaN LEws, PETER NELsoN, WENDELL RooKks 2 ApoLPH Roszkowskl,® ALBERT TomoLoNIs,?
Axp Joux H. Friep

Institute of Organic Chemistry, Syntex Research, Palo Alto, California 94304
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Some 6-substitited 2-naphthylacetic acids and derivatives are shown to be potent systemic antiinflammatary

agents,

The clear need* for better antirheumatic drugs has
led us to develop a series of novel systemic nonsteroidal
antiinflammatory agents. The program was based on
our supposition that some of the side effects inherent
in certain clinically important agents can be ascribed
to the presence of N heteroatoms in these compounds.

Analysis and interpretation of the structure-activity
relationship among antiinflammatory compounds, in
which N is not required for biological activity, led
us to conclude that arylacetic acids, as well as certain
aryl-substituted enols and phenols, might provide a
fertile area for synthetic work. Accordingly, a number
of compounds incorporating these structural features
were screened in the well-recommended carrageenin-

(1) Publication No. 369 from the Institute of Organic Chemistry. For
publication No. 368 see P. Boyle, J. A. Edwards. and J. H. Fried, 'Photo-
chemical Cycloadducts. Part V. Photochemical Addition of Olefins to the
Steroidal 1-en-3-one System." submitted for publication.

(2) Department of Bioassay, Institute of Hormone Biology, Syntex Re-
search.

(3) Department of Pharmacology. Institute of Clinical Medicine, Syntex
Research.

(1) H.J. Sanders, Chem. Eng. News, 46 (34), 46 (1968).

induced rat paw edema assay,’ as well as an antipyretic
assay. Among the compounds showing biological
activity 2-naphthylacetic acid showed the most signifi-
cant response and led us to study this unexplored
series more fully.®

The antiinflammatory activity of our primary lead
compound, 2-naphthylacetic acid (9, series B, Table I),
is 0.6 times phenylbutazone and is enhanced by sub-
stitution of small lipophilic groups (Cl, OCH,;, SCH3,
ete.) at the 6-position. Substitution of Me, « to CO.H
also enhanced activity (compare series A and B, Ta-
ble I), most of the activity arising from the p-enan-
tiomer. An antunflammatory potency about 11 times
that of phenylbutazone (55 times aspirin) was observed
for p-2-(6-methoxy-2-naphthyl)propionic acid (1, Ta-

(5) Modification of the method described by C. A. Winter, E. A. Risley.
and G. W, Nuss, Proc. Soc. Exp. Biol. Med., 111, 544 (1962).

t6) Our assay indicated that 1-naphthylacetic acid had only weak antiv
inflammatory activity (<0.1 times phenylbutazone). For structure—activity
correlations in this series see G. Pala, T. Bruzzese, E. Marazzi-Uberti, and G.
Coppi, J. Med. Chem., 9, 603 (1966). Substantial activity was also noted

with 1.4-naphthoquinone and many other quinones with similar oxidation
potentials,



