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vield of a-fenchylhydrazine, isolated ax the hydrochloride, mp
283-288° was obtained. Tlec and ir were identical with those of
an authentic sample.

2,3,3-Trimethyl-2-norcamphanylhydrazine.—1-(2,3,3-Tri-
methyl-2-orcamphanyl)-1,2-diazaspirc[2.5]octane (2.4 g, 0.01
mol) was added to 30 ml of boiling 109 aqueous (COOH). solu-
tioll and refluxed for 3 min, then made basic and the product
extracted into Et;0. This was dried (MgSQ.) and the product
precipitated with dry HCL The weight of product obtained
wa= 1.1 g, mp 288-288.5° (melting poiut bath preheated to 280°).
Recrystallization from i-PrOH gave 0.8 g of material, mp 291.5-
2920,

N-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 CsHs was refluxed for 2.5 hr with a Dean-Stark trap, 1.6
ml out of a theoretical 1.8 ml of HiO 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 aud the product was extracted with CHCl;, washed (H:0),
aud dried (MgS80,). Removal of solveut left 23 g of ernde N-
benuzyl-a-fenchylamine. It was an extremely weak base, being
in=oluble iu cold dilute HsS0,, HCl, CF;COOH, and p-TsOH.
Tt dissolved in dihite HsSO: on boiling, and remained in solution
on cooling.

N-Benzyl-e-fenchylamine (16 g, 0.066 mol) was dissolved in
{00 m! of H;O and 10 ml of concentrated H.80, by boiling for a
=hort time. The solution was then cooled and 7 g of NaNO;
i 50 ml of HO 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
crude produet 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-norcamphany!)-1,2-diazaspiro[2.5-] oc-
tane.—2,3,3-Trimethyl-2-norcamphauylamine (15.4 g, 0.1 mol)
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and 15.5 ml of cyclohexanone in 40 ml of CsHs were refluxed with
either 10 drops of BF;-Et:0 or 0.2 g of anhydrons ZnCl, for 96 hr
using a Dean-Stark trap. The amount of H;O collected was 1.4
ml.  The solvent was removed under vacium and the crude base
was dissolved in 60 ml of MeOH. To this was added 15.4 g of
2,3,3-trimethyl-2-norcamphanylaniine, and, after cooling to 0°,
18.0 g of 639 hydroxylamine-O-sulfonic acid was added over 15
mii and the mixture stirred at 0° for 2 hr then allowed to warm to
room temperature over 1 hr. The reaction mixture was potired
into 300 ml of H,O and extracted with Et.0. The Et.0 was
washed with H:O and K,COj; 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 HyO was 1eutralized to brom phenol blue with about 900 ml of
concentrated HCl. KSCN (970 g, 10 mol) was then added and
the mixture stirred uutil complete solution occurred. The H,0
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 aud the mixture was stirred for 1 hr. Tt
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 300 ml on a Rotovap and
yielded another 33 g of product, mp 161-163°.

(12) W. A. Finnegan, R. A. Henry, and E. Lieber, J. Org. Chem., 18, 779
11953).
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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 syvstemic nonsteroidal
antiinflammatory agents. The program was based on
our supposition that some of the side effects inherent
in certain clinically important agents can be aseribed
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 couclude 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 lnstitute of Organic Chemistry. For
publication No. 368 see P. Boyle, J. A. Edwards, and J. H. Fried, “Photo-
chiemical Cycloadducts. Part V. Photochemical Addition of Olefins to the
Steroidal 1-en-3-one System,'' submitted for publication.

(2) Department of Bioassay, lnstitute of Hormone Biology, Syntex Re-
searcl.

(3) Department of Pharmacology, lnstitute 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 lipophilic groups (Cl, OCH,;, SCHj,
ete.) at the 6-position. Substitution of Me, a 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 antiinflammatory 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. Ezp. Biol. Med., 111, 544 (1962).

(6) Our assay indicated that l-naphthylacetic acid had only weak anti-
inflammatory activity (<0.1times 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-paphthoquinone and many other quinones with similar oxidation
potentials.
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physical data and preparation of thix compound.

ble 1).> Aectivity was observed in the Randall-
Selitto oral analgetic assay? at 25 mg/kg (¢f. 90 mg,
kg for phenvibutazone) and also in the mouse writh-
ing analgetic® (7 times aspirin) and antipyretie'! (22
times aspirin) assavs. The derived metal =alts; al-
dehyde, and carbinol were biologically equivalent to
the carboxylic acid, while esters were generally of
lower activity (Table IT).

Attempts to further increase the antiinflammatory
activity by increasing the planar surface of the ring

{73 Wuoowish to thank Dr. O, Halpern, Dr. I, 2. Alvarez, Dr. N. H. Dyson,
and Mr. A. Prince for the preparation of ailditinnal «uantities of this com-
pound.

(8) Tuxheulugical. pharinavological, and etficacy studies in experimental
animals and in humans are in progress and will bie reported elsewhere.

(Y) L.O. Randall amd J. J. Selitto, Arck. Int. Phormacodyn. Ther,, 111, 404
(19571,

101 Modifieation of the methiod deseribed Ly L. ', Hendershot aml J.
Fursaith, J. Pharmocol. Exp. Ther., 125, 237 (1959).

¢111 Pyrexia was indueed in rats by subieutaneous injection of baker’s
yuax( =uspenled in salime. Compounls were administerell by gavage.

e N¥ee . Stork and J. W, Schuleuburg, J. Uneee. Chons. See., 84, 284719623, fia

system or by substituents at ather positions of the
naphthalene ring were generally less rewarding.  Re-
sults of these studies will be the subject of 1 =ubsequent
report. The structural requirentents for maxinial ne-
tivity in the naphthylacetic aecid <eriex appear to he
defined by a suitably positioned acidie group (or group
readily converted to an aeid), an aromatic =ys<teni.
and a small lipophilic group at the t-position. It
15 to be noted that very active compounds were oh-
tained without resort to nitrogenous systems.
Chemistry.——The substituted 2-naphthylacetic acids
[IT (Scheme I) were prepared by acylation!? of the 6-sub-
stituted naphthalenes I by AeCl, forming the 2-acetyl
derivative I, followed hya Wilgerodt-Kindler reaction. !*
Esterification and alkylation'* of the acid IIT gave, after

112) 1. H. Gore, Cheni, Rer., 88, 229 (1955).

113) M. Carmack aml M, A. Spielman, (rg. Reuetions, 3, 83 (1946).

i14) W. G. Kenyon, E. M. Kaiser, and C. R. Hauser, J. Org. Chem.. 30,
2037 (1963).



Mareh 1970

ScHEME
CH,COC1
———lp
AlCk
R
I
CH,
@@ O (1) morpholine,$

——

2 H*

R (
11
cooH ___
(1) H,80,, MeOH
R (2) NaH, Mel
il (3) NaOH
CH,
g
R
v
hydrolysis, the naphthylpropionic acid IV, Resolution

of 2-(6-methoxy-2-naphthyl)propionic acid (IV, R =
OCH;) was readily achieved by crystallization of the
cinchonidine salt, the salt of the more potent » enan-
tiomer having the lower solubility.,

Experimental Section

Melting poinuts were determined on a Fisher—Johns hot-stage
and are corrected. Physical properties are listed in Tables II

and ITI. Where analyses are indicated only by symbols of the
TasLe IT1
CH,
@@ COOH COOH
R R
Series A Series B
Enan- Mp.
No. R® Series tiomer °C? [alp,¢deg Formula Analyses
10 CHs0 A L 150152  —66 CuHuOs C,H.0
2 CH;0 A DL 150151 C14H 1403 C.H,0
3 CHsS A DL 140 CuHis0:8 C . H,S
4 CHs A DL 147 C14H1:0: C.,H, O
3 CHF.0 A DL 83-86 CuHiF2:05 M~ 266
6 C1 A DL 140-141 CisHuC10: C, H, C1
6 Cl B 147-175 CuisHsC102: C,H,C1
7 (CHs):CH B 128 C1Hi602 C.H 0
8 C:Hs B 150 CuyH140: C,H,O
11 C2H;0 A DL 148-150 C13His03 Mt 244

¢ For unlisted compounds 2, series B, 3, series B, 4, series B
and 9, series A, see reference 13a-d. ® Compounds were crystal-
lized from Me,CO-hexane. ¢ Measured in CHCl,.

elements, aualytical results obtained for those elements were
within =£0.49 of the theoretical values.
pL-2-(6-Methoxy-2-naphthyl)propionic Acid (2, Series A).—
A solution of 30 g of 6-methoxy-2-naphthylacetic acid= in 500
ml of EtOH containing 20 ml of concentrated H,80; was heated
under reflux for 17 hr. The solution was diluted with H.,0
and the product extracted by Ce¢Hs. Washing of the Ce¢Hs
solution with NaHCO; solution followed by evaporation in vacuo

(15) (a) A. Ormancey and A. Horeau, Bull. Soc. Chim. Fr., 962 (1955).
(b) Ng. Ph. Buu-Hol, Ng. Hoédn, and D. Lavit, J. Chem. Soc., 489 (1953).
(c) J. Lecoeq, Ann. Chim., 3, 62 (1948). (d) B. Sjoberg, Ark. Kemi., 18, 1
(1958).
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gave the Et ester. Alkylation!* of this ester with Mel and NaH
in dimethoxyethane followed by hydrolysis with alcoholic KOH
gave, after crystallization from Me,CO-hexane, 18.1 g (B7%)
of the acid 2, series A. Anal. (C:HWuOs) C, H, O. Other 6-
substituted 2-naphthylpropionic acids listed in Table I were pre-
pared by analogous methods from starting materials listed in
Table ITT and ref 15a-d.

p- and L-2-(6-Methoxy-2-naphthy!)propionic Acid (1 and 10,
Series A).—Hot solutions of 1,15 g of 2, series A, i1 a mixture of
20 ml of MeOH and 5 ml of Me:CO and 1.50 g of cinchonidine in
15 ml of MeOH and 10 ml of Me:CO were mixed aud allowed to
cool to room temperature. The resulting =alt was filtered and
recrystallized twice from MeOH-2Me.CO and the free acid liber-
ated from the salt by shaking with a mixture of dilute HCI and
CsHs. Evaporation of the CsHs layer and cry=tallization of the
residue from Me,CO-hexane gave 279 mg 149%) of the p-enan-
tiomer 1. Anal. (Ci1:Hi:0;) C, H, O. Addition of dilute HCL
to the mother liquors from the above crystallization of the
cinchonidine salt gave acid enriched i the r-enauntiomer 10,
series A.  Pure material [Anal. (C,;H,.0;) C, H] was obtained
vig crystallization of the p-1-(1-naphthyljethylamine ~alt.

L-2-(6-Methoxy-2-naphthyl)prepanol (14).—A =olution of
B.H; in THF was slowly added to a =olution of 60 g of the acid 1
in 750 ml of THF until tle indicated rediiction was complete.
The mixture was evaporated to dryness aud diztributed between
Ce¢Hg aud H.O. The CsH, layer was evaporated aud the product
recrystallized from MeCO-hexane yielding 49 g (87¢7) of 14.
Anal. (CqusOg) C, H, O

L-Sodium 2-(6-Methoxy-2-naphthy!)propionate (12).—A =olu-
tioir of 15 g of 1 in 250 ml of MeOH wax titrated with a 39
solintion of NaOMe in MeOH. Evaporativn of most of the sol-
vent and addition of 700 ml of Me:CO induced crystallization.
Filtration gave 15.5 g of the salt 12,

L-Calcium 2-(6-Methoxy-2-naphthyl)propionate (13).—Solu-
tions of 2.5 g of the Na salt 12 in 20 ml of H.O aud 0.56 g of CaCl.
in 10 ml of HsO were mixed. Filtration vf the precipitate gave
1.3 g of the Ca salt 13.

D-Methy! 2-(6-Methoxy-2-naphthy!)propionate (16).—A mix-
ture of 17 g of the Na salt 12 and 12 g of Mel in 200 ml of DMF
was stirred for 24 hr. Dilution with H:0O and extraction with
C:Hs gave, after evaporation of the solvent aud crystallization
from Me,CO-hexane, 14.9 g (84¢;) of the ester 16. Anal.
(C1:Hi1605) C, H, O.

2.(6-Difluoromethoxy-2-naphthy!)propionic Acid (5).—A
solution of 0.6 g of 2, series A, i1 a mixture of 5 ml of AcOH and
5 ml of 489, HBr was heated under reflux for 1 hr, The solu-
tion was diluted with H;O and the product extraeted with EtOAc.
Evaporation followed by removal of AcOH by c:distillation with
toluene gave crude 2-(6-hydroxy-2-naphthyl)propionic acid
which was converted into the difluoromethyl ether by treatment
with CHCIF: and NaOH in agueous dioxane.’® Purification by
partition chromatography on silica gel containing 407 H.O (elu-
tion with CeHeEt:0), followed by crystallization from MeCO-
hexane, gave 60 mg (89;) of 5.

2.(6-Ethyl-2-naphthy!)acetic Acid (8).—A mixture of 7 g of
2-acetyl-6-ethylnaphthalene,’” 1.7 g of &, and 4.6 g of morpholine
was heated under reflux for 18 hr. Excess morpholine was re-
moved 7n vacuo and the residue heated nuder reflux with 35 ml
of concentrated HCl and 35 ml of AcOH for 4 hr. The mixture
was poured into H.O and the products extracted into EtO.
The acidic product was then extracted from the Et,0 layer into
dilute NaOH which was separated. Acidification and Et,O
extraction gave, after crystallization from Me:CO-hexane, 2.1 g
(26%) of 8. Anal. (C H:0:) C, H, O. Other 6-substituted
2-naphthylacetic acids were prepared by niethods indicated in
footnotes to Table III and from 2-acetyl-6-chloronaphthalene. 8
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