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The synthesis of a variety of semicarbazides, aminoguanidines, thiosemicarbazides, hydrazines, and glycines,

ax well as many of their N-nitroso derivatives, are reported here.

cvelized to the corresponding mesoionic compounds.

The synthesis and testing of =ome 3-substituted
1.2,3 4-pseudooxatriazol-3-ones and their precursors
were undertaken as part of a study on potential antihyv-
pertensive agents. Some hypotensive activity had
been found in a few 3-(lower alkyl)-substituted pseudo-
oxatriazolones,! justifyving further evaluation of thix
class of compound=. Nost of the intermediates for
the preparation of the target compounds were also
tested for activity, and it was found that the 1-nitro-
sosemicarbazides had considerably more activity than
did the pseudooxatriazolones.

In past work on pseudooxatriazolones the 1-nitroso-
semicarbazides were usually  evelized without iso-
lation. b2

The preudooxatriazolones were prepared by cveliza-
tion of the appropriate l-nitrososemicarbazides. The
procedure used by Bover, ef al..” (adding a large excess
of NaXNO: to a cold aqueous acidic solution of the
semiearbazide, followed, after a short time, by heating
to about 60°) gave by-products which sometimes made
purifiecation of the pseudooxatriazolones difficult.

To avoid this problem no appreciable excess of HNO,
wis allowed during nitrosation, and when nitrosation
was complete the nitroso compound was isolated when
possible.  If izolation was impraetical any excess HNO,
wax destroved with =ulfamie weid or urea. The ni-
troso compound wus then heated in dilute HCI to
calse cvelization.  In several instances the aqueous
acid procedure was found to give no mesolonic com-
pound. =0 a less severe route was devised:  either
the dry isolated 1-nitrososemicarbazide was refluxed
with u slight execesx of AcOH in o halocarbon, such
ax n-bromobutane, or a cold CHCl; slurry of the nitroso
compound wa< treated with trifluoroacetic acid.

The semicarbazides, o number of which have not
been previously reported, were made cither by catalytic
hydrogenation of the corresponding semicarbazone or
by the aetion of HONO on the hyvdrazine.  The hy-
drazines were prepared by several different methods,
some of them were made from the amine by the
svdnone method?® shown in Scheme L

[n one case. that of N-2.3.3-trimethyl-2-norcam-
phanylsydnone, the usual Ae) eyelization conditions
were too severe for the N-nitrosoglyeine, and complete
decomposition oecuried; a good vield of the sydnone
was obtained by evelizing with N.V'-dicyelohexylear-
bodiimide. The syvdnone. however. wus very acid

i1, a0 Lo BL Kier, personal cominunicasion: by Lo B Kiero A ARl
man, 1. Campbell, P0 N Pauil. and X, Tye. Nature, 210, T42 (18660,

12y cad Jo L Bover, and J. AL tlernandez, J. AAmer. Chem. Soc.. T8, 2124

(1ya61: ihi L Bover, and ¥ CU Canver, 1404, 7T, 1280 (19551
i B VL Shetty, S Oeg, Chiene,, 26, 3002 17061

Some of the N-nitrosxo derivatives have heen

sensitive and none of the desived hydrazine could be
obtained on acid hvdrolysis.  An attempt was thus
made to circumvent the use of strongly acidie condi-
tions by the sequence shown in Scheme 11

Since 1-(a-fenchyvl)semicarbazide had already been
unambiguously prepared, the sequence wus first tried
out on a-fenchylamine. Unfortunately the hydride
reduetion step could not be made to work satisfac-
torally, o this procedure was abandoned. 2,3,5-Tri-
methyl-2-norcamphanylhyvdrazine was finally prepared
in very poor vield via the diaziridine by a slight modifi-
cation of the Sehmitz® procedure which ix outlined in
Scheme 111

Nitroso compounds with terpenoid residues were
found to huve the highest aetivity and the least tox-
leity, but, unfortunately, stability at ambient tem-
peratures varied from poor to very poor. The presence
of a basie group in the 1 position caused a great redue-
tion in the already poor stability of the I-nitroso-
semicarbazides; these derivatives rapidly cvelized to
the corresponding pseudooxatriazolones.

Conzequently it was decided to synthesize some S
and N analogs to =ce if =tability could be enhanced
without los< of aetivity. Several (N-nitrosoulkyl-
amino)guanidines were prepared by aqueous nitrosation
of the corresponding (alkyvlamino)guanidines.  The
lutter were made byv: () the action of eyvanamide
or 1 substituted cyvanamide on a mixture ot the hy-
drazine and its hydroehloride (h) the action of an
amine on the N-methylisothiosemicarbazide. or {¢)
the aetion of an S-methvlpseudothiourea on the free
hydrazine (see Seheme TV,

3-Substituted  1-(alkviamino)guanidines  were  hest
prepared by the last method.  When an aminoguani-
dine hvdriodide was formed conversion into the hy-
drochloride wis necessary prior to nitrosation.  Nitro-
<ation of the hyvdriodide caused decomposition of the
product.  Since moxt of the alkylaminoguanidines
were unstuble as the free base the hydrodides were
converted into the hydrochlorides using 1on exchange
re<ins.  While this work was In progress the first re-
port of this chiss of compounds was published by
Finnegan and Henry,® though their compounds were
apparently not tested for pharmeaeological activity.

It was found that the (N-nitrosoalkylamino)guani-
dines containing terpene residues had high activity,

w19 Sehiaitz, and R Ohine, [3ee., 98, 680 (1662):0 b b Selanitz
and D, Habisch, i4:7.. 94, 2166 (1961).

5y A variation of the procedure developed by T 1. Paden and Ao
MacLean and reported in U, Patent 2425341 {1944),

t WG Finnegan and Ro AL Henry, J. Org. Chem., 30, 567 (13965)
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TaBLe I NEw SEMICARBAZIDES AND ANsLoGgs, R—NHNH—C(=X)NR'R'
Method of Reerystn Yield,

R X NR’R’’ prepn solvent % Mp, °C Formula Analyses
CH(CH), 0O NH B -PrOH 40 138-140 CoHuN:O0 G, H,N
CH—@—CH. 0 NH B i-PrOH 70 168-169 CoHuN:O G, H, N
CHIOOCH(CH = O NH; B ~-PrOH 77 135-136 ClonI\'aOg C, H, N
H,C CH,
m\-}{c 0 NH A EtOH-EtAc 66 166168  CuHwN;0 G, H, N, CI
CH. (1:2.5)
©/ 0 NH A PrOH 67 178179  CiHiyN:O G H, N
@” 0 NH C ~-PrOH 54 237-238 CuHiN:0 G, H, N
CH,NH.
OL 0O NH A MeOH 50 216-2200 CHuxCLNO G, H, N, Cl
CH.
I
GB NH NHCH, G 30 175-17% CuHyuCIN, C, H, N
CH,
NH N(CHs)z ForG 37 219-221¢ 013H27IN4 C, H, N, I
CH,
NCH,CHNH G 46 160-161° CuHuIN, G H N, I
CH;
$  NH, C -PrOH 12 209.5-210 CuHuNsS G, H, N, 8
CH,
@CH s NH; C I\IEOH 29 211-212 C11H21Nss C, H, N, S
CH,
CH.—ND— 0 NH; A 60 169.5-172 C;HN:0  C H, N
CO/ 0 NH A 48 193.5-194.5 CuHuN,O0 H, X, Cr
N dec.
(Tf 0 NH A n-BuOH 89 184-187/ CHiCLN,O G, H, N, Cl
hY
CH;,
NH XNH, E n-BuOH 33 253-256° C11HgCIN, C, H, N, Cl
CH,
&
(+>-@ NH NH. E n-BuOH 30 256-261 CuHxCIN, G, H, X, Cl
CH,

CH,
K
(—)- NH XNH; E n-BuOH 35 258-262 CuHsCIN, C, H,

@CH NH NHZ E ~PrOH 38 221-226> C11H23CIN4 C, H,

« Blood pressure lowering for a 5 mg/kg iv dose: — = negligible, + = <15%, ++ = 15-30%,
>30% for a dose of 0.5 mg 'kg. * Hydrochloride. < hydriodide. ¢ Toxic (EDynear LDy). ¢ Caled;

“nn o

N, Cl

57.00.
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NITROSOSEMICARBAZIDES AND ANsLoGs, RNNHC

NR'R"
NH:

N1
N1

NH.

NH.

NH.

NH,

N,

NHa

NI,

NH;

NH;

NH,

NHCH;

N(CHs)z

Yield,
Recrystn solvent e AMp. o0 Formula
i-PrOH? NN 122123 b NLO:
(CsHg? 359 108—104 CrHpN O,
-PrOR” N3 15115105 LN O,
52 101--102 CaH NGO

-PrOH?Y N5 125-129 'y Hz()x RN
7:-) 123“12“ ( ‘!11'120.\’4(;.):
91 1291330 i HaoNLO,

05 12551295 ChyHaoN 4O

78 125-124 CuHuNO,
S5 G9-101 CH N L0,
96 166 CHgNGO,
T 140-151 CaHaN0
) 153 . 3-133 CrHaN:O
63 133-155 CnHuN0
74 13 1—154 (‘n[‘l;leU
70 127-129 C12HesN;O
37 124-127 C1aHsN;0

Analyses

¢, 1, N
¢, 1, N
I, N, ¢

¢, H, N

¢, 1, N

¢ H, N

e

¢, H,

¢, H, NS

¢, I, N

¢, 10, N

¢, H, N

¢, H, N

C, H, N
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TasLe 11 (Continued)

Yield,
R X NR'R”’ Recrystn solvent A Mp, °C* Formula Analyses Act®
CH.
Q’ NCH,CH,-NH THF-hexane 20 163-165 C13HasN;0 C, H N
©/ 0  NH 99 128-129 CHNO,  C H X
CN
O- 0 NH, 57 114-115 CHN;0,  C,H, N

“ See footnote a, Table I. ? Recrystallization lowered the melting point by a few degrees. ¢ See Table I, footnote d. ¢ Based on 4-
methyl-2-pentanone. ¢ Caled: 51.91; found: 51.24. / Caled: 28.27; found: 27.78. ¢ [a]® (4) 97.0°. 7 [«]* (—) 95.6°,
¢ Caled: 31.10; found: 32.63, 30.33. / Material very unstable. Decomposed before third analysis attempted. * 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 compounds decompose at their melting point.

Tapre II1
MEesoioNic CoMPOUND
R—N X
|+ |
Neg-Cxo
Method of Recrystn Yield, Mp or bp
R X prepn solvent % (mm), °C Formula Analyses Act®
H;CCH(CH;)CHCH(CH;)-* N H 51 86-88 (0.03) C7H13N;0, C,H,N +
CHs(CHZ%CH(C‘zH‘,)CHz" ‘V H 60 114—116 (0 . 03) CQH17N30~3 C, H, N +
—(CHa)e- N H -PrOH 10 52.5-33.5 CsH 12N O, C,HN + 4+
(bis compound)
CBHSCHZCH<CH3)_ N H 70 128—134 (0 05) CwHuNaOz C, H, N + +
CsH;CH(CHs)- N KorL 49 Oile CyHN;0, H, N, C¢
CGH.')(CH2>2 X H ’L-PI‘OI‘I 66 63 . 5—6-’-) . »'.) CgHgNgOz H, N, Ce -
cH ‘@‘CHz N KorL PrOH 33 133-133.5 CsHoN{0; C,H,N +
CH,
N K or L Hexane 37 (F) 87-89 C11H17N302 N, H, Cf
44 (G)
CH&‘“D‘ N H -PrOH 60 122-123.5 CHuN©O:, G HN 4+
CH,
;ND— N P EtOH 76 218-220 dec  CeHuINO, C HN —
CH;" ;-
i1
QO/ N 1 -PrOH 40 59-50 ColiN©O: G H,N =0
N P EtOH-H,0 57 208-210 dec CuH,INO; C,H N -
T (1:1)
CH, T
CH,— CH——CH,
\ ~ CHs §H N H ~-PrOH 35 69-70 CoHNLO; C, H,N* =
CH—CH—CH,
CH,—CH——CH,
y CHJIL‘*—CHQ (::H— N P Etgl{l—)Hzo 70 240 dec C10H17IN402 C, H, N -
CH,—CH——CH, ’
-
CH,
CH, CH hYS Cyclohexane 82 102-104 C1H5N-0, C, H, N -
CH,
CH, . - - . . - -
CH, CH N THF 67 153-135 CmHmNzOg C, H, N -
CH,

a See footnote a, Table I. * Mentioned in ref 1b but no data given. ¢ Too unstable to distil. 4 Caled: 56.54; found: 56.17.
¢ Caled: 56.54; found: 56.11. / Caled: 59.17; found: 59.69. ¢ Caled: 26.65; found: 27.51. * Seefootnoted, Table]l.
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NeHeme [

1. BrCH.,COEt HNO.
RNH, ——————= RHNCH,COH —>
2.0H
RNCH,COH a0 R—N H.  HX”
—— s 7 2L, RNHNHHYX
NO or Neo-Cng

Senesi 11

NO LAH
RNH, — RNHCH,C;H, — RN —

CHCH.

NH.,

/ L HOCN

RN RNHNHCONH,
\ 2. H./Pt
CH,C.H.

beitig of the same order of magnitude as the corve-
sponding l-nitrososemicarbazides.  The stability, while
not being exceptional, wusx considerably better thau
for the corresponding l-nitrososemicarbazides in most
instances”  An added advantage, as far us phar-
macological testing was concerned. was the ready
solubility in weakly acidie solutions.

Attempts were also made to prepare nitrosated 3-
thiosemiearbazides ananlogous to =ome of the more
active compounds, but i all cases the produet was
too unstable for isolation.

Pharmacology.——\ost of the compounds were tested
on mice and dogs.  Some were also tested on cats and
hypertensive rats. The ecompounds were administered
intravenously i dose ranges from 1 to 20 mg kg, In
dogs oral doses of 1 to 25 mg kg in Clearjel suspension
were administered in some caxex.  The vehicles had «
negligible effect on the responses measured.  Blood
pressure in anesthetized dogs wax mounitored con-
finuously with a pressure transduecer in either the fem-
oral or carotid artery.

In the cases of (N-nitrosobornylamino)guanidine
and l-bornyl-l1-nitrososemicarbazide, the most ex-
tensively tested compounds, the ratio of LDj; to
HNSD; was about 10:1. The svmptoms character-
istic of the low doses are the same as those produced
by guanethidine,® suggesting a common mechanism
of action,

The blood pressure records demonstrated that there
was a rapid onset of action hy both p.o. and i.v. ad-
ministration, the drop in blood pressure beginning
within minutes, and reaching its maximum by 0.5 hr.
Swvstolie, diastolie, and pulse pressure all decreased. A
graded response curve was obtained over the dose
ange from 1-10 mg/ kg orally, reaching a maximum
of about 359 decrease with 10 mg ‘kg. Higher doses
(up to 25 mg/kg) did not cauxe a further decrease
in blood pressure.

Intravenously the (N-nitrosobornylamino)guanidine
gave a graded response curve from 1 to 10 mg,kg (maxi-
mum dose administered was 10 mg/kg) rveaching a
maximum decrease of about 639 with 10 mg/kg.

(7) At ambient temperature the Il-nitrososemicarbazides usually were
completely decomposed within a year, while the (N-nitrosoalkylamino)-
guanidines investigated appeared to be unchanged after a year.

i8) R. Fielden and A. L. Green, Brit. .J. Pharmacol., 24, 408 (1965).
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NeHear 11
H NOSO H
RNH, —————— RN=( ) ——
R—N—(" O RNEN
N 2-5 min * I\H-
i{ NE)
SeHese 1V
N 7’ Iz
CNNR'R” / bR
{a) RNHNH,HCl ———— RNHNHC
HO AN
NH-H(I
SCH,-HI
RRNC NR'”
N 7
(by RNHNH, ——m——s RI\'H.\'HC\
NR'R™HI
) 77 aa
(¢) RNHNHC\ —
NH.
SCH NR'R”
S RRNH . /R
RNHNHC ‘HI  ———— RNHNHC HI
N\ AN
NH NH

I-Bornyl-I-nitrososemicarbazide gave o 63-65% drop
i blood pressure with from 1 to 10 mg ke, and an
809 drop with 20 mg, kg.

Heart rate seemed little affected and the changes
were not assoclated systematically with changes in
blood pressure or doses of the compound,

The oral LD;, of both compounds was greater than
500 myg kg,

Most of the unonterpenoid .V-nitroso compounds
tested had fair to good activity, but were quite toxic.
Most of the aminoguanidines and mesolonic com-
pounds showed some activity, but generally did not
compare favorably with the uncyelized nitroso com-
pounds. The majority of the other intermediates
had little or no hypotensive activity.

The approximate activities of all the compounds
are shown in Tables T-TV.

Experimental Section

Semicarbazides and Thiosemicarbazides. Method A.- The
zemicarbazone (which did not need to be completely dry) was
slurried or dissolved in about 700 ml of 55 HCL in MeOH/mol.
and was hydrogenated at 4.2 kg/em? starting pressure using 2.5 g
of PtO:/mol.  When reduction was complete the catalyst wa-
filtered off and the solvent removed under reduced pressure.
H,0 was added and the crude product precipitated with NaOI1
or KOH filtered, washed neutral where possible, and dried.

Method B.—Essentially the same as Method A, except that
glacial AcOH was used ax the solvent.

Method C.—The semicarbazide was prepared from the corre-
sponding hydrazine-HCl (used as a 109 aqueous solution) by
reaction with a 50¢; excess of KCNO?® (dissolved in the minimum
quantity of H.O) at room temperature for 12-24 hr. The prod-
uct was filtered off, washed with H,0, and recrystallized.

To prepare the thiosemicarbazide, a solution of the hydrazine-
HCL at 90-100° wa~ treated with a 509, excess of KSCN and
heated for 2 hr. A second equal quantity of KSCN was then
added followed by an equivalent amount of concentrated HCI,

9) K. A, Taipale, Ber,. 68B, 243 (1930),



Mareh 1970

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

TasLe IV
Precursors To SoMme oF THE CoMPoUNDs IN TasLe I
Recrystn Yield,
R R’ solvent %% Mp, °C Formula Analyses Act®
RI
/
i.  Glycine derivatives, R—N
CH,COOH
CH;
dc}{ H 2‘-PI‘OI‘I-EtQO 49 222-224b CmHmClNOQ C, H, N, Cl -
CH,
CH,
dCH‘ NO Etzo, ca. —60o 37 151-152 C12H20N203 C, H, N -
CH,
@;g‘; NO 85 157.5-158  CuHyNoOs C,H,N -
CH.
ii. Hydrazines, RNHNH,-HCI
@L 07 234236 CusHLCIN, C,H N,Cl -
CH,
dCHB n-PrOH 47 296-298 C1oHz CIN, C,H,N, Cl -
CH;
@tii i-PtOH 57T 2915202 CulyCIN: G HN, G —
CH,
iii.  Miscellaneous compounds
GH, N/1\'0
iZ[C\ISH:—@ Hexane 54 92-92 .5 CirHaN;0 C,H,N -
¢
CH,
N_7<:> 13 Unstable C1sHaNo ¢, H,N
N
CH; % oil
CH,
99 136-158 Cr2HyIN;S ¢, H,N, I, 8 44

2 See footnote ¢, 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 crude 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 in absolute
EtOH for several hours. The solvent was then either removed
until erystallization occurred, then cooled, filtered, and washed,
or all solvent was removed on the Rotovap and then under high
vacuum. In either case pure product was usually obtained in
virtually quantitative yield.

Aminoguanidines. Method E.—An approximately 109 aque-
ous 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-
HCY). 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 footnote d, 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 crude product slurried
first in Et,0O, then in HyO. The crude produet could then be
recrystallized from an appropriate solvent.

Method G.—The hydrazine-HC1 (0.15 mol) was added to 8.4 ¢
(12.9 ml of 459, 0.15 mol) of KOH in 90 ml absolute EtOH in a
low actinic 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;O the solid was stirred with 100
ml of H:O, 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 solution of 18 g of NaNO: in 250 ml of’
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L0 was then added at such arate that very little excess HNOy was
present at any time. After the nitrite ceased being takeu up
the =slurry was stirred at ~0° with a <light excest of HNO, for
1530 min, then filtered and washed neutral with H.O if it was a
Nenitrososemicarbazide.  If  an  aminoguanidine had  been
nitrosated the solution wasx made alkaline with dilute NaOH be-
fore filtering and washing neutral.  The product was usually
analytically pure at this point and vecrvstallization often did
more harm than good.

Mesoionic Compounds. 1. 1,2,3,4-Oxatriazol-5-ones.
Method H.—The pure nitroso compound wax added 1o 10 parts of
H.0 and 2 parts of ¢concentrated HCL, or, alternately, the semi-
carbazide was nitrosated as deseribed previously, but instead of
isolating the nitrosated product the excess HNO, was destroyved
at about 0° with (H,N)RCO or HNSO;H. The resulting <lury
or solution was heated for 30 min at 60-100°.  The mixture was
cooled and the product filtered off or extracied with CHCI; ex-
cept in the care of mesolonic compounds containing a basie group.
In those casesx the compounds were i=olated by =atwrating the
reaction mixture with KoCOj and either filtering off the product
or extracting 1t into E4,0. The extract: were washed with
H.0, dried, and evaporated. The product wax distilled or ve-
ervatallized.

Method K.—-The dry nitrososemicarbazide was refluxed with
10 parts of an inert solvent, such ax n-bromobutane, and 2 equiv
of AcOH for about 1 hr (30 min after the nitrososemicarbazide
goes into solution). The solution was then ecooled and the
product filtered off or the solvent was removed on a Rotovap.
The crude product was distilled or recry=tallized.

Method L.-—The dry nitroso compound was =lurried in 10-15
parts of CHCly, and 2 equiv of CF,COH in CHCl was added
over about 20 min.  After stirring for 2 hr the solution wax ex-
tracted with HyO, dilute NaOH and again with H,O. Removal
of =olvent left the crude product which could be recry=tallized or
dixtilled.

II. Sydnenes. Methad M.* -The N-nitrosoglveine was
heated at 100° with four parts of A0 for 3 hr. Most of the
Ac0) was then removed under reduced pressure and the residue
dissolved in CHCl; and washed with dilute NaOH and H.0.
Drving (MgS0s) and removal of the =olvent gave the crude
product which was recryv=tallized.

Method N.-—-The nitrosoglycine was discolved in five partx of
THF and 1.1 equiv of DCTin five parts of THF waxadded.  After
allowing to stand for 24 hr the excess DCI was destroved with
AcOH.  The dicyelohexviuren wus filtered off, the THFE ve-
moved under reduced pressure, and the crude product reerystal-
lized.

Preparation of Methiodides. Method P.-- The baxically sub-
stitnted mesotonic compound was dissolved in 5-10 parts of
MeC'O and 1.1 equiv of Mel was added to the solution.  After
2 hr the methiodide wax filtered off. washed with Me,CCO, and
recrystallized from an appropriate solvent.

Miscellaneous Procedures.  \N-(a-Fenchyljglycine -HCL.
solntion of a-fenchylamine (766 g, 5 mol) and 418 g (2.5 mol) of
BrOHCOE o 2000 ml of CeHs was refluxed for 4 hy, then cooled
and extracted with H.O (e-fenchylamine - HBr i~ quite =oluble
i Cellar. After drving (MgSOy) the solvent was removed on o
rotary evaporator and the crude ester was refluxed with 173 ml
of 507 NaOH in 140 mlof H.Ofor 1 hr.  The solution was cooled
to room temperature and extracted with Et,0. Concentrated
HCE (1000 ml) was added at <353°, the =olution was concen-
trated to about 1300 ml under vacuum and ﬁlteled and the pre-
cipitate \\d\hed thoroughly with En.O giving 226 g of product,
mp 214 -217° Further concentration of the filtrate to about 1400
ml gave 279 g more product, mp 200-205°. The pmdu(t could
be further purified by dx“olvmg, in -PrOH (9 ml'g), filtering off
any salt present, and precipitating the product mth ﬁve volumes
of E1,0. The recovery was 85-90¢,, mp 222-224°,

N'-(«-Fenchyl)- NV -nitrosoglycine. - 1o N-(a-fenchyl)glycine-
HCT (500 g, 2 mol) in 12000 ml of H.O and 200 ml of concentrated
HCT was added a soluion of 185 g of NaNO, in 500 ml of HyO.
After 128 hr at 25° the product wax filtered off and washed with
1,0, \'iclding 206 g of product, mp 145-146°. Recrystalliza-
tion of 13.6 g from 300 ml of Et,0 at —60° gave 10 g of the title
compound, mp 151-152°,

X\ -Nitroso-V-(2,3,3-trimethyl-2-norcamphanyl)glycine. i.
\'-i2,3,3-Trimethyl - 2 - norcamphanyl)glycine - HCL—-2,3,3 - Ti-
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methyl-2-nore ‘imp} nnylamine (313 g 2 moliand 168 g 11 niol s of
BrCH.COEt in 1000 ml of CsHi were refluxed for 20 heo BN
(140 ml, 1 moly was added and refluxing continued for 6 hy
BrOH.COuke 054 ml, 0.5 moly was then added and reflusing
continued for 5 fno This procedure was repeated {wice, uxing
0.5 and then 0253 the amounts of BN and BrCILCOEL The
solution was cooled wnd the CalHy was decanted from the solid.
which was treated with 300 ml of H.O and extracted with Cill
The combined CiHe =olutions were extracted with 11,0, diluie
NHy, and again with H.O0 0 After deving (MgRO40 the vield of
crade ester resulting from removal of the solven wax 273 g
Thix vield wa< about 207, higher, bazed on the 2.3.3-1rimerhvl-
Z-norcamphanyviamine, than if the KGN~ BrCILCOLWE additions
were left out.

The crude ester was hyvdrolyzed by refluxing with 330 ml of
H20 and 57 @ of NaOH for 30 min and allowing ro cool. The
solution was extrrered with EtO and acidified at <33° with 300
ml ot concentrated HCL - The =olution was cooled 1o 0° over-
night and filtered, and the precipitate washed thoroughly with
Ft:0. The weight of produet wax 184 g, mp 162-164°. The prod-
wet conld be purified further by dizsolving in -PrOH 3 ml g,
filtering oft wny =ult present, and precipitating with 5 volumesx of
anhyvdrous O trecovery 75, mp 164-166°). The product
was found 1o lose HCL =pontaneously and gave a low Cl analysis

ii. .V-Nitroso-.\'-12,3,3-trimethyl-2-norcamphanyl glycine.
N-12,3.3-Trimethyl-2-norcamphanyDglyeine - HCL (153 g, 062
mel) was dissolved in 53000 ml of HO and 160 ml of concentrted
HCL To thiz was added 90 g of NaNOy 10500 ml of 11,0, After
=tunding 10 day= a1 25% the product was filtered off, washed with
HLO, and dried; weight 107 g, mp 153-154°,  Recrvstallization
from -PrOH gave o product, mp 157.5- 158°.

l-Adamantylhydrazine'H(‘l. A mixture of 5.3 g (0.024 mals
of I-bromoadamantane and 30 ml of anhydrous HoNNTL, was
refluxed with =tiring on a magnell(‘ stirver-hot plate for 3 hr
mnder a slow stream of Noo A little <ublimate that aceumnlated
i the condenszer wa~ pertodically pushed back into the reaction
mixture with a glas= rod.  After 1 hr most of the bromoadaman-
tane had gone into ~solution.  After 2.5 hr, tle showed no bromao-
adamantane left in the reaction mixture.  The =olution was poured
while hot rxolidifies on cooling) into 125 ml of cold 450, KOH
=olution, extracted into K0, and washed three times with 43¢,
KOH ~olution 1o remove free HoNNTL  After drving 1 MgRO),
for s <hort time the solution was filteved, and the produet pre-
cipitated with dry HCL filtered, und washed with F,0. The
crude p]'udu('l weighed 1.6 ¢, mp 250-233° Recrvstallizaion
from 140 ml of ~PrOU and 230 ml of B0 gave 3.9 ¢ of the itle
compound, mp 254 256

«-Fenchy lhydrazmeAH('l. N-ta-Fenchylvndone (212 g, 0.95
mol) was heated on a <team bath with 300 ml of concentrated
HCT for 30 min with frequent swirling, A =mooth slurry formed
at fivst, then after about 20 min two liquid lavers formed. the
npper one solidif ving after ahout 5 min.  The =lurry wis cooled
to 25°, filtered. and washed thorongbly with J‘M) 'l‘h(* vield
Wi *lf} goomp 2805 204.5°, R(’(I\\hllll/l tion of 2.4 ¢ from 25
mi of »- I’l()H guve 1.9 ¢ of material, mp 296-208°,

«~Fenchylhy drazme HCl viq the Diaziridine. i.
Fenchyl)-1,2-diazaspiro[2.5] octane.- o-Fenchylamine 153 ¢
0.1 mol) and 103 g 10.105 mol) of evelohexanone were refluxed
in 100 ml of Callg with a Dean-Stark trap for 2 hy, 1.6 ml of H,0
being collected during this time.  The solvent was removed:
3.5 2 10015 mol: of the crude Sehift base and 2.6 g 10.155 mol:
of e-fenchylumine were dissolved in 10 ml of MeOH, cooled 1
0°, and treated with 1.9 g of 90¢, hydroxylamine-O-~ulfonic acid,
added portionwi=e over 10 min,  After =tirving for 1.5 he at 0°
it was allowed (o warmy up 1o room temperature, dilnted wirh
30 ml of HaO), and exiracted with 19,00, The KO =olution was
wushed with H.0 and K.COy solution and dried (K,COy Be-
moval of the =olvent fefi 1.4 ¢ of crude product w hich could not
be distilled.  The 1+ spectrum wax appropriate for the desired
mmpmmd the ubsence of N==C wax indicated by lack of absorp-
tiow in 1630~ 1600 ¢nu? region; a =inglet at 3200 em 1t indicated
NH but no NHu: the presence of hoth types of Me groups was
indi(i:ned by o doublet at 1380 ¢cm ! and another band at 1360
em T le nuterial ~howed a <ingle spot 7y 0.7% on a siliea
tle usmg 100 MeOH in CHCLy ax developer.,

ii. cx-Fench)lh}drazme HCL W hen the above material was
refluxed for 30 min with 10 ml of 107, (COOH), solution, a 457

|
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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 authentic sample.

2,3,3-Trimethyl-2-norcamphanylhydrazine.—1-(2,3,3-Tri-
methyl-2-norcamphanyl)-1,2-diazaspiro[2.5]octane (2.4 g, 0.01
mol) was added to 50 ml of boiling 109 aqueous (COOH), solu-
fion and refluxed for 5 min, then made basic and the product
extracted into Et,0). This was dried (MgS0,) and the product
precipitated with dry HCL The weight of product obtained
was 1.1 g, mp 288-288.5° (melting point bath preheated to 280°).
Recrystallization from i-PrOH gave 0.8 g of material, mp 291.5—
292°,

XN -Nitroso-V-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¢H 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 stirving for 30 min 100 ml of H,O was
added and the product was extracted with CHCl;, washed (H.0),
and dried (MgS0,). Removal of solvent left 23 g of crude N-
benzyl-a-fenchylamine. It was an extremely weak base, being
insoluble in cold dilute H:S0,, HCl, CF;COOH, and p-TsOH.
It dissolved in dilute HsSO, on boiling, and remained in solution
on cooling.

N-Benzyl-a-fenchylamine (16 g, 0.066 mol) was dissolved in
800 ml of H:0O and 10 ml of concentrated H:80, by boiling for a
short time. The solution was then cooled and 7 g of NaNQ,
in 50 ml of HyO 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 HyO. The weight of
crude product was 14.5 g, mp 87-88°. Recrystallization from
29 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 (15.4 g, 0.1 mol)
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and 15.5 ml of cyclohexanone in 40 ml of CgH, were refluxed with
either 10 drops of BF;-Et;0 or 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 vacuum 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 63 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 H.O and extracted with Et:0. The Et.:0 was
washed with H.O and K,COjy solution and dried (K:CO;). Re-
moval of the solvent left 6 g of crude product which was chro-
matographed on 1000 g of Si0,, 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 to brom phenol blue with about 900 ml of
concentrated HCL. KSCN (970 g, 10 mol) was then added and
the mixture stirred until complete solution occurred. The H.O
was removed on a Rotovap and the dimethylammonium thio-
cyanate was extracted from the KCl with EtOH (2 X 1000 ml).
The EtOH solution was taken to dryness on a Rotovap and the
residue 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 EtAc; 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 product, mp 161-163°.

(12) W. A. Finnegan, R. A. Henry, and E. Lieber, J. Org. Chem., 18, 77%
(1953).

Nonsteroidal Antiinflammatory Agents. 1.
6-Substituted 2-Naphthylacetic Acids'
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Some 6-substituted 2-naphthylacetic acids and derivatives are shown to be potent systemic antiinflammatory

agents,

The clear need* for better antirheumatic drugs has
led us to develop a series of novel svstemie nonsteroidal
antiinflammatory agents. The program was based on
our supposition that some of the side effects inherent
in certain clinicallv 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 Biclogy, Syntex Re-
search.

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

(4) 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 lipophilie groups (Cl, OCH;, SCH;,
ete.) at the 6-position.  Substitution of Me, « to CO.H
also enhanced activity (compare series A and B, Ta-
ble 1), most of the activity arising from the p-enan-
tiomer. An antiinflammatory potency about 11 times
that of phenylbutazone (55 times aspirin) was observed
for D-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, Proe. Soc. Exp. Biol. Med., 114, 544 (1962).

(6) Our assay indicated that l-naphthylacetic acid had only weak anti-
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,



