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TABLE I :  NEW SEMICARBAZ~DES AND ANALOGS, R-NHNH-C(=X)NR'R" 
Method of 

p w n  

B 

B 

B 

A 

A 
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F or G 

G 

C 

C 

A 

B 

A 

E 

E 

E 

E 

Recrystn 
solvent 

i-PrOH 

i-PrOH 

i-PrOH 

E t OH-E t-4c 
(1 :2.5)  

i-PrOH 

i-PrOH 

MeOH 

Yield, 
70 M P ,  OC 
40 138-140 

70 168-169 

77 13,5-136 

66 166-168* 

67 178-179 

54 237-238 

59 216-220* 

39 175-178* 

R 
C,H (CH.) 

s 
0 

0 

0 

0 

0 

0 

0 

NH 

XH 

s 

P 

0 

0 

0 

S H  

X H  

S H  

?;H 

NR'R" 
NHz 

XH, 

NH2 

SH:! 

NH, 

KH, 

NH, 

XHCH3 

S(CH3)2 

KCHzCHzNH 

NHz 

S H i  

KH, 

s H, 

SHS 

NH2 

S Hz 

S HI 

S H, 

Formula Analyses 

CgH13N30 C, H, N 

CgH13S30 C, H, S CH O C H .  - 

HCm *HC 
CH 

CsHmClzNIO C, H, N, C1 

46 160-161" Cl3Hz5IN4 C, H, N, I 

i-PrOH 

RIeOH 

12 209.5-210 

29 211-212 

60 169.5-172 CjHieNjO C, H, S 

CioHmXjO H, S, Ce 48 193.5-194.5 
dec. 

89 184-187' n-BuOH 

n-BuOH 

CsH&1&40 C, H, N, C1 

33 253-256' 

CiiHz3ClKa C, H, X, C1 n-BuOH 30 256-261 + 

n-BuOH 

i-PrOH 

35 258-262 

CiiH23ClN4 C, H, N, C1 38 221-226b 

a Blood pressure lowering fur a 5 mg 'kg iv dose: - = negligible, + 3 <15yG, ++ l5-3Oy0, + ++ = >307,, ++++ 
>30.yc for a dose of 0.5 mg kg. Hydrochloride. hydriodide. Toxic (EDjO near LDjo). e Calcd; 56.57, found: 57.00. Dihy- . .  I ."". _ " _ -  . " ~  * "  
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TABLE I1 (Continuecl) 
Yield, 

R s XR'R" Recrystn solvent % hlp ,  "Ck Foimula Analyses . i c t =  

SCH,CH,-SH THF-hexane 20 163-163 C13H23S;jo C, H, S 
H C  CH 

0 NH, 99 128-129 CiHsN4Oz C, H, SI 

cb 
0 

0 NH2 57 114-115 CgHL3Nj0? C, H, S (3 
" See footnote a, Table I. * Recryjtallizatioii lowered the melting point by a few degrees. See Table I, footnote d. Based on 4- 

methyl-2-pentanone. e Calcd: 51.91; found: 51.24. f Calcd: 28.27; found: 27.78. (+) 97.0". (-,I 95.6'. 
1 Calcd: 31.10; found:' 32.63, 30.33. j Material very unstable. Decomposed before third analysis attempted. k Rapid rough 
melting point determined, then melting point bath preheated to within 5-8' of melting point before immersing melting point capillary. 
.Ill the A'-nitroso compounds decompose a t  their melting point. 

TABLE I11 
MESOIONIC COMPOUXD 

R-K-X 

R 

HjCCH(CH3)CHzCH(CH3)-~ 
CH,(CH,),CH(C,H;)CHi- 
- (CH2) 6- 

ibis compound) 
C,H,CHzCH(CHa)- 
CcH,C H (C H3)- 
GHdCH?)?  

cn I- 

I 1  
CH.- CH -CH. 

N-CH, CH- I t  I 

I t  I 

CH-CH-CH 

CH -CH-CH 
CH,kLCH,  CH- I 

CH.-CH-CH. 
1- 

CH 

CH 

x 
?j 
s 
S 

s 
x 
s 
S 

?j 

S 

N 

N 

S 

?; 

?: 

C H 

CIT 

Xethod of 
prepn 

H 
H 
H 

H 
K or L 
H 

K or L 

K or L 

H 

P 

H 

P 

H 

P 

11 

3 

Recry st n 
soh ent 

i-PrOH 

i-PrOH 

i-PrOH 

Hexane 

i-PrOH 

EtOH 

i-PrOH 

EtOH-H20 
( 1 : l )  

i-PrOH 

E tOH-Hz0 
(1: l )  

Cyclohexane 

THF 

Yield, Mp or bp 
70 ("), 'C 

<5 1 86-88 (0.03) 
60 114-116 (0.03) 
10 52 . .5-33 .5 

70 128-134 (0 . 0 j )  
49 Oilc 
66 63 , .i-6,5 . .5 
33 133-133 . .i 

37 (F) 87-89 
44 (GI 

60 122-123 .5 

76 218-220 dec 

40 59-50 

3 7 208-210 dec 

3 5 69-70 

70 240 dec 

tK2 102-104 

67 1 53- 1.55 

Analyses Act" 

C , H , N  + 
C , H , N  + 
C , H , N  ++ 
C , H j N  ++ 
H, N, C d  
H, S,  C e  - 

C, H, ?j + 

N, H, CJ 

C, H, N ++ 
C, H, Tu' - 

C, H, N + g  

C, H, N - 

C, H, Nh  i 

C, H, S - 

C, H, S - 

C, H, S - 

a See footnote a, Table I. * llentioiied i i i  ief l b  but no data given. Too unstable to distil. d Calcd: 56.54; found: 56.17. 
e Calcd: 56.54; found: 56.11. f Calcd: t59.17: found: 59.69. g Calcd: 26.65; found: 27.51. See footnoted, Table 1. 



RNH, 
1 Br(  H C O X 1  

2 OH- 

$( 1I1.\11 1 

RHNCH,CO,H 
HNO. 
d 

'( F l l  \ l I  11 

//KO 
1. AH 

RNH, - RNHCH-C,H - Rh' __* 

\ 
C H C H  

1 ~ 7 )  h t  ainliient temperature ilie 1-nitroeosemicarbazidea usually \vel<* 
coinpletely decomposed xithin a year. n-iiile the  (.\'-nitrosoalk,lamini,l- 
pnanidines investigated appeared to be unchanged after a 3-ear. 

18) 13. Fielden and .\. I,. Green. Brit. .I .  Phormncol., 24, 408 (1465). 

//" 
i c )  RNHNHC, 

>It 1 -----+ 

Experimental Section 
Semicarbazides and Thiosemicarbazides. Method A. ' L ' h t  

,-emic~arhazoiie !which did not need to he completely di,y j ~ : i -  

.hirriecl or dia+olvrd i i i  a h i t  700 1111 d 3ci  HCl i t i  MeOH/iii~1l. 
:itid was hydrugeriateci at. 4.2 kg/cinz starting pressure Lisiiig 2.5 g 
nf PtO? ininl. IYheii rediictioii Xva. ibomplete the ratalyci \ \ : I &  

tilt ered nfl i i i i ( l  thr. >oIveilt removed inicler rediiced pre+5111'1>. 
II!O \4-:~> added :itid the cri ide product precipitated \vith Saolr 
or KOH filtered, wi>hed ireiitral where possible, aiid dried. 

Method B.-~-Esmitinlly the xmie :IS 3Iethod .4. except r l i ; i i  

glacial AcOH w t i ~  wed as the solvent. 
Method C. ~ The >ernicarhazide \ \a  pared f rom the u~ t . r c -  

bponding hydraziiir . ITC'I iii. aqueous soliition) b> 
reaction with a .50' escesc I )  olved ill the minimum 
quantity of HyO) at room temperature for 12-24 hr. The prod- 
iict Tar filtered off, \vashed with H,O, and recrystallized. 

To prepare the t hio-eniicarbazide, a solution of the hydraziiir , 
HCl at 90-100" W M  treated xvith a SOCo excess of KSCN atitl 
heated for 2 hr. .A oiid equal quantity of KSCS was therl 
:idded followed hy nil eqiiivdeiit amoiint of coilcentrated HU.  
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TABLE IV 
PKECLI1SOI1S TO SOME OF THE COMPOCNDS I N  TABLE 1 

Recrystn Yield, 
R' solrent 70 Alp, oc Formula Analpes  A c t O  

R' 
/ 

\ 
i. Glycine derivatives, R-N 

CHzCOOH 

H i-PrOH-Et?O 49 222-224b C12Hz2ClXO2 C, H, S,  Cl - 

NO EtLO,ca. -60" 57 151-152 CizHmS203 C, H, S 

KO 

ii. Hydrazines, liNHru'Hs.HC1 

97 2.54-2.76 CioHisClS, C , H , N , C I  - 

n-P rO 1% 47 296-298 

i-PrOH 37 291.5-2Y2 

... 
111. 1Iiscellaiieous compounds 

Hexane 54 92-92 , 3  

13 Unstable 
oil 

99 156-158 

C , I I , S , C l  - 

C , H , S , C l  - 

C, H, N 

c, H, N 

i. 

C , H , S , I , S  S d  

Q See footnote a,  Table I. * Hydrochloride. H. U. Daeniker, Helv. Chim. Acta, 50,2008 (1967). See footnoted, Table I. 

and heat,ing was continued for 2 more hr. The r e a d o n  mixture 
was t'hen cooled, basified, filtered, washed with HzO, and dried. 
The crude product was slurried with Et20 to remove a red by- 
product and recrystallized from a suit,able solvent. 

S-Methyl Derivatives. Method D.-These were prepared by 
treating the thiourea derivative with an excess of 1IeI in absolute 
EtOH for several hours. The solvent was then either removed 
until crystallization occurred, then cooled, filtered, and washed, 
or all solvent was removed on the Rotovap and then under high 
vac\iiim. In either case pure product was usually obtained in 
virtiially quantitative yield. 

Method E.-An approximately 10% aque- 
oils solution of the corresponding hydraaine.HC1 was brought to a 
pH 2 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. 
HCI). A pH of about 6.3 is usually satisfactory. The solution 
was then rapidly heated to 60" and 1 mol of HzNCN (as a ca. 
2.5% aqueous solution) was added per mole of hydrazine. Heat- 
ing was continued rapidly to 95' and anot,her 2 mol of HxNCN 
solution was added over about 43 min. After an additional 15 min 
a t  9,:' the solution was allowed to cool to room temperature, 

Aminoguanidines. 

then cooled t,o 0" in an ice bath. The product was filtered off, 
washed thoroughly wit,h EtgO, and recrystallized. 

Method F.-The S-methylisothioseniicarbazide . H I  (0.01 mol) 
in 8 ml of EtOH was treated with 0.012 mol of the amine in 2.5 in1 
EtOH and the mixture was stirred for 1-7 days. The solvent 
was then removed on a Rotovap and the crude product slurried 
first in EtZO, then in HzO. The crude product could then be 
recrystallized from an appropriate solvent. 

Method G.-The hydrazine'HC1 (0.15 mol) \vas added to 8.4 g 
(12.9 ml of 45%, 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 pseudot'hiourea.HI and the 
reaction was allowed to proceed a t  room temperat,ure for 2 to 7 
days. At' the end of this time the NaC1 was filtered off and 
washed with EtOH. Most, of the solvent was removed from the 
filtrat'e on a Rotovap and t,he crude product was then shaken 
with 300 ml of Et20 until a smooth slurry was formed. After 
filtering and washing with E h O  the solid was stirred with 100 
ml of HzO, filtered, washed with HzO, and dried in uucuo over P20j. 
The product was usually analytically pure at this point'. 

Nitrosation of Semicarbazides and Analogs.-The compouiid 
(0.25 mol) was slurried in 500 ml of HZO and 75 ml of concentrated 
HCI and cooled to <O". A solutionof 18 g of SaNO? in 250 ml of' 
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yield of a-fenchylhydraziiie, ibolated as the hydrochloride, mp 
28:3-288", was obtained. Tlc and ir were ideiit,ical with those of 
ail atithentic sample. 

2,3,3-Trimethyl-2-norcamphanylhydrazine.-l-(2,3~ 3-Tri- 
methyl-~-iiorcamphaiiyl)-1,2-diazaupiru[2.5]octaiie (2.4 g, 0.01 
mol) was added to 50 ml of boiling 10% aqiieoiis (COOH)? solu- 
tion and refluxed for 5 min, then made basic arid the product 
extracted into EtpO. This was dried (LlgSOr) and the product 
precipitated with drl- HC1. The weight of product obtained 
was 1.1 g. mp 288-288.5' (melting poiiit bath preheated to 280"). 
Itecrystallizatioii from i-PrOH gave 0.8 g of material, mp 291.5- 
2 w 0 .  
.~-Nitroso-S-benzyl-a-fenchy1amine.-A mixture of 15.3 g 

(0.1 mol) of a-fenchylamine and 11.1 g of benzaldehyde ill 200 
ml of CsHs was refluxed for 2.3 hr with a Ilean-Stark trap, 1.6 
ml oiit of a theoretical 1.8 ml of H20 being collected. The 
solveiit was removed and the crude Schiff base was dissolved in 
200 ml of MeOH and reduced with 8 g of SaBH4 added portion- 
wise over 13 min. After stirring for 30 min 100 ml of H?O was 
added and the product was extracted w-irh CHCL, washed (H20), 
aiid dried (lIgS04).  Removal of solveiit left 23 g of crude AT- 
heiizyl-a-feiichylamine. I t  was a n  extremely weak base, being 
iiisolrtble in cold dilute H2S0,, HC1, CF3COOH, and p-TsOH. 
It dissolved in dilute Hs804 on boiling, aiid remained in solution 
on cooliiig. 

.\;-Belizyl-a-fench?-lamiiie (16 g, 0.066 mol) was dissolved in 
800 ml of H20 and 10 ml of concentrated H?SO, by boiling for a 
short time. The solutioii was then cooled and 7 g of NaNO2 
in 50 ml of H?O were added at, about 0". The mixture was 
allowed to warm to room temperature overnight with stirring, 
iheii was filtered and the solid washed with H20. The weight of 
imide product was 14.5 g, mp 87-88". 
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.-'t.~3.3-Trimethyl-2-1iorcamphanylami1ie (15.4 g. 0.1 mol) 

Ee 

and 15.5 ml of cyclohexaiione iii 40 ml of CGHG were reflcixed with 
either 10 drops of BF,.Et,O or 0.2 g of anhydrous ZnCls for 96 hr 
using a Dean-Stark trap. The amount of H2O collected was 1.1 
ml. The solveiit was removed under vaciiiim and the crude base 
was dissolved in 60 ml of MeOH. To thi.5 was added 15.4 g of 
2,3,3-trimethy1-2-norcamphanylaniiiie~ and, after cooling to O", 
18.0 g of 63cc hydroxylamine-0-sulfonic acid was added over 15 
miri arid the mixture &red at 0" for 2 hr then allowed to warm to 
room temperature over 1 hr. The reaction mixture was poiired 
into 300 ml of H?O and extracted with Et2O. The Et,O was 
washed with H20 and KXO, solution and dried (K?C03). Re- 
moval of the solvent left 6 g of crude product which was chro- 
matographed on 1000 g of SiOl, using CHCIZ as the eluent. 
There was thus obtained 2.4 g of analytically pure product. 

l,l-Dimethylthiourea.lz-Me??;H (450 g, 10 mol) in 2350 ml 
of H2O was neutralized to brom phenol blue with about 900 ml of 
coiiceritrated HC1. KSCS (970 g, 10 mol) was then added aiid 
the mixture Ftirred riiitil complete solution occurred. The H?O 
\vas removed on a Rotovap arid the dimethylammoninm thio- 
cyanate wav extracted from the KC1 with EtOH (2 x 1000 ml). 
The EtOH solution was taken to dryness on a Rotovap aiid the 
residue heated at  130-160" for 7 2  hr, cooled to loo", and diluted 
with 3000 ml of HyO. The very dark solution was extracted four 
times with 250 ml of CHC13, which does not, remove the product, 
and the resulting amber aqueous layer was filtered with 
a little Celite. Salt (700 g), 2000 nil of THF, and 500 ml of EtAc 
was added to the filtrate and the mixture was stirred for 1 hr. I t  
was then continuously extracted with EtAc (2 1. of EtAc in pot) for 
65 hr. The extract was cooled and the product filtered off and 
washed with EtA4c; wt,, 78 g; mp 161-164'. The filtrate and 
washings were concentrated to about, 500 ml on a Kotovnp and 
yielded another 33 g of product, mp 161-163". 
____ 

(12) IT. A .  Finnegan, R.  A .  Henry, and E. Lieher, J .  Org .  Chem.,  18, 779 
(1953). 

Nonsteroidal Antiinflammatory Agents. I. 
6- Substituted 2-Naphthylacetic Acids' 

14s T. HARR~SON, B ~ i m  LEWIS, PETER XELSON, WESDELL ADOLPH ROSZKOWSKI,~ .ALBERT TOSIOLOYIS,? 
ASD JOHX H. FRIED 

Institictr of Organic Chmi i s f ry ,  Synlnter Research, Polo Alto, California 94304 

Rcccizcd October 10, 1969 

Some 6-substituted 2-naphthylacetic acids and derivatives are shown to be potent systcmic aiitiiiiflammatory 
agents. 

The clear need4 for bet8ter aritirheuniat'ic 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 hekroatoms in these compounds. 

Analysis and interpretation of t8he struct'ure-act'ivity 
relationship among antiinflammatory compounds, in 
which S is not' required for biological activity, led 
us to  conclude that arylacetic acids, as well as certain 
aryl-subst'ituted enols and phenols, might, provide a 
fertile area for synt.hetic work. Accordingly, a number 
of compounds incorporating these structural features 
were screened in the well-recommended carrageenin- 

(1) Publication No. 369 from the  Insti tute of Organic Chemistry. For 
publication S o .  368 see P. Boyle. J .  h. Edwards, and J. H. Fried, "Photo- 
chemical Cycloadducts. P a r t  V. Photochemical .\ddition of Olefins to  the 
Steroidal 1-en-3-one System." submitted for publication. 

(2) Department of Bioassay, Insti tute of Hormone Biology, Sh-ntex Re- 
search. 

( 3 )  Department of Pharmcicolopy, Insti tute of Clinical Medicine, Yyntex 
Research. 

(4) €1. J. Sanders, Chem. E t i g .  S e w s ,  46 (34), 46 (1968). 

induced rat pam- 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.6 

The antiinflammatory activity of our primary lead 
compound, 2-naphthylacetic acid (9, series B, Table I), 
is 0.G times phenylbutazone and is enhanced by sub- 
stitution of small lipophilic groups (CI, OCH,, SCH3, 
etc.) at the G-po5ition. Substitution of Me, 01 to CO?H 
also enhanced activity (compare series A and B, Ta- 
ble I), mobt of the activity arising from the D-enan- 
tiomer. An antiinflammatory potency about 11 time5 
that of phenylbutazone (55 times aspirin) was observed 
for ~-2-(G-methoxy-2-naphthyl)propionic acid (1, Ta- 

(5) Modification of the method described h r  C 1 Winter, E 1 Ride\ 
and G 11. Nuss, Proc Soc E x p  Bwl .Wed , 111, 544 (1962) 

(6) Our assay indicated tha t  1-naphth~lacetic acid had onl\ neak  anti- 
inflammator\ acti\ it1 1<0 1 times phen3lbutazone) For  structure-actn it\ 
correlations in this eeries see G Pala T Bruzzese E hlarazzi-Uberti and G 
Coppi J .  >fed Chem , 9, 603 (1966) Substantial ac t i \ i ty  i \as also noted 
n i th  1,4-naphthoquinone and man1 other quinones n i t h  similar oxidation 
potentials 


