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cant antispasmodic action <n wvitro. With the ex-
ception of XVIII, XXI, and XXXII, Il the com-
pounds possessed only a slight analgesic action.

The most interesting feature revealed during this in-
vestigation is the marked antiinflammatory activity
shown by both series. The a,a-disubstituted 1-
naphthylacetanmides in particular seem to be very active
and worthy of more detailed study.  Another point of
mterest is the diuretic action, ax it ix concurrent with
the antiimflammatory activity.  Here also, the naph-
thalene derivatives appear to be more potent than the
corresponding bhenzene compounds.  Both series eause
CNS depression in mice and the symplomatology of
these effects is rather similar. Al the tested coni-
pounds show only slight analgesic action, although this
i« more pronounced for the «,a-disubstituted phenyl-
acetamides.  The naphthalence derivatives appear to be
more active as local anestheties, the most nteresting of
these being some amides with « piperidinoethyl ov
motrpholinoethyl group in the e-position. A number
of compounds of hoth series possess antispasmodic
activity, but this requires further experimental study
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for & more accurate evaluation.  Finally, the benzene
derivatives generally appear to be less toxie than the
corresponding naphthalene compounds.

Of all the tested  substances,  e-isopropyl-a-(2-
dimethylaminoethyh-l-naphthyvlacetamide wax  sub-
mitted, in the light of its interesting pharmacological
patiern, to a more detailed pharniacological and toxico-
logical investigation.t  This substance is now under-
coing clinieal trinls ax an antiimfammatory agent.

Irom the point of view of the general pharmacological
pieture, the naphthalene derivatives scem to be more

interesting  than the  corresponding  henzene  com-
pounds.
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A series of arylacetic acids which exhibit antiinflammatory activity are described.

The principal members of

the series are derivatives of l-naphthaleneacetic acid, and structure-activity relationships are discussed, partic-

ularly with regard to antiultraviolet erythema activity.
acetic acid exert a pronounced influence on antiinflammatory activity.

Substituents on the «-carbon atom of l-naphthalene-

Alkyl group substitution normally

results in a loss of antiinflammatory activity, while unsaturated groups as exemplified by furfuryl and benzyl
retain or enhance the antiinflammatory activity of 1-naphthaleneacetic acid. The biological results are dis-
cussed with reference to the established antirheumatic agent, phenvlbutazone, and compared with the new
antiinflammatory arylacetic acid derivatives ibufenuc and indomethacin.

During the last few years several reports have ap-
peared econcerning new drugs of potential value for the
symptomatic treatment of rheumatoid arthritis and
similar inflammatory conditions of connective tissue.
Notable among these newer drugs are the N-aryl-
anthranilic acid derivatives, mefenamic acid® and flu-
fenamic aecid,? and the arylacetic acids, indomethacin
[1-(p-chlorobenzoyl)-5-methoxy-2-methylindole-3-ace-
tic acid |* and ibufenac (4-isobutylphenylacetic acid).*

In this report a novel series of arylacetic acids are
described which also have demonstrated antiinflam-
matory activity.

(1) C. V. Winder, J. Wax, L. Scotli, R. A. Scherrer, I2. M. Jones, and I°. W.
Short, J. Pharmacol. Fzpll. Therap., 138, 405 (1962},

(2) . V. Winder, J. Wax, B. Serrano, E. M. Jones, and M. L. McPhee,
Arthritis Rheumat., 6, 36 (1963).

(3) (a) T. Y. Shen, et al., J. Am. Chem. Soc., 85, 488 (1963); (b) C. A.
Winter, 5. A. Risley, and G. W, Nuss, J. Pharmacol. Fxptl. Therap., 141, 364
(1963).

(4) & 8 Adams, 15 R Cliffe, B, Lessel, and J. & Nicholson, Nafure, 200,
271 (1963).

While the mode of action of nousteroidal antiin-
flammatory agents is unknown, numerous laboratory
procedures arve available for demonstrating antiin-
flammatory activity in animal tests. The primary
test procedure used to assay antiinflammatory activity
in this study was the antiultraviolet erythema test in
guinea pigs.” Phenylbutazone and most other clin-
ically effective nonsteroidal antiinflammatory drugs
arve actlive in this test which was made quantitative by
using phenylbutazone as a standard in each experiment.
Addition assays of antiinflammatory activity were eni-
ployed for certain compounds. These included the
rat paw edema test using kaolin as irritant,® the cotton
pellet test” in which the per cent inhibition of granuloma
was estimated, and the Randall and Selitto test® which

(5 C. V. Winder, J. Wax, V. Burr, M. Bean, and C. E. Rosiere, 4rch.
Intern. Pharmacodyn., 116, 261 (1958).

(68) 1. Lorenz, Arch. Ezpil. Pathol. Pharmakol., 241, 516 (1961).

(7) 1. E. Bush and R. W. Alexander, Acte Endorrinol., 35, 268 (1960).

(8) L. O, Randall and J. J, Selitto, Arch. lutern. Pharmacodyn., 111, 404
(19537,
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measures mild analgesic and antipyretic activity in
addition to antiinflammatory activity. Another
method used to neasure analgesic activity was the writh-
ing test in mice, incorporating dye release.® Antipyretic
activity was also estimated in rabbits using TAB
vaccine as pyretic agent.1®

Compounds relevant to this study are arylacetic
acids, and the investigation originated with the ob-
servation that a-(1-naphthyl)-2-furanpropionic acid
(I) had activity in the ultraviolet erythema test.

[l Oj—l CH,CHCOOH

I

Activity relative to phenylbutazone was 0.25 and
numerous related structures were synthesized for the
purpose of studying structure-activity relationships.

Structure-Activity Relationships.—Recorded in Table
T are the activities of the compounds in the ultraviolet
erythema test. One of the most notable features is
that the activity is clearly associated with the 1-
naphthaleneacetic acid moilety (XXXVIII) and that
this activity is retained or enhanced by the introduc-
tion of a double bond or aromatic system linked to the
a-carbon atom by a methylene group. In addition
to the 2-furyl group (I), other =-electron systems which
show this effect are 2-thienyl (II), 2-, 3-, and 4-pyridyl
(II1, IV, and V, respectively), and phenyl (VI). Satu-
rated alkyl groups on the a-carbon atom of 1-naphtha-
leneacetic acid cause a loss of antiultraviolet erythema
activity. The enhancement of antiultraviolet ery-
thema activity by the 2-furfuryl group on the a-carbon
atom of l-naphthaleneacetic acid is parallelled in the
case of phenylacetic acid. While the latter compound
XL is inactive, the furfury! derivative XXTI has activity
in the antiultraviolet erythema test. Another point of
some interest is the activity of arylacetic acids con-
taining various aryloxy groups on the o-carbon atom,
in particular the 8-(2,6-xylyloxy)ethyl derivative of 1-
naphthaleneacetic acid (XIV). The activity of the
thianaphtheneacetic acids XLVI and XLVII is also of
interest in relation to the naphthaleneacetic acid series.

Under the same conditions, 4-isobutylphenylacetic
acid (ibufenac) had activity 0.13 times phenylbutazone
in the test procedure, and 1-(p-chlorobenzoyl)-3-
methoxy-2-methylindole-3-acetic acid (indomethacin)
had 1.3 times the activity of phenylbutazone. Also in-
cluded in Table I are the activities found for aspirin,
mefenamic acid, and flufenamic acid. The antiultra-
violet erythema activity of the l-naphthaleneacetic
acid derivatives, such as I and the thianaphtheneacetic
acids, appears of a similar order to the phenylacetic
acid derivative ibufenac and is also comparable with
aspirin and mefenamic acid. The order of antiultra-
violet erythema activity is lower than the 3-indoleacetic
acid derivative indomethacin, and also lower than flu-
fenamic acid and phenylbutazone.

(9) B. A. Whittle, Communication to the British Pharmacological Society
Meeting, July 1963.

(10) J. A. Baker, J. Hayden, P. G. Marshall, C. H. R. Palmer, and T. D,
Whittet, .J. Pharm. Pharmacol., 15, 97T (1963).
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Further Pharmacology.—Activity of compounds in
this study in rat paw edema tests was dependent on
the irritant used. Although activity comparable to
phenylbutazone was exhibited by certain compounds,
particularly I, II, ITI, and IV in formalin- and egg
albumin induced edema tests,!! activity in similar tests
using yeast or kaolin as irritant was, in general, only
slight. In the latter test, I had activity 0.05 phenyl-
butazone and IV, VI, XII, XTIV, XXI, and XLVI
were inactive at 200 mg./kg. A notable exception was
the N-piperidinylethyl derivative XX which has ac-
tivity 0.25 times phenylbutazone in this test. Of
possible relevance to this latter observation is the re-
ported activity of a-isopropyl-e-(2-dimethylamino-
ethyl)-1-naphthaleneacetamide against edema induced
by kaolin, dextran, serotonin, formalin, and carra-
geenin.}? In comparison, agpirin, mefenamic acid,
flufenamic acid, and ibufenac had activity 0.4, 0.5,
0.8, and 0.25 times phenylbutazone, respectively,
against kaolin-induced edema. In a test for inhibition
of granuloma formation by the insertion of cotton
pellets in the axillae of rats, I had significant activity
at 200 mg./kg./day p.o., while phenylbutazone was
active at 75 mg./kg./day p.o. In the method of Ran-
dall and Selitto, I, IV, VI, XII, XXI, XXXVIII, and
XLVI were inactive in the antiinflammatory (yeast
irritant), antipyretic, and analgesic parameters at 200
mg./kg. Compounds XIX and XX were active in the
analgesic and antipyretic parameters but inactive in the
antiinflammatory parameter at 200 mg./kg. Phenyl-
butazone and indomethacin showed the same activity
as the latter compounds in this test at 50 mg./kg. and
20 mg./kg., respectively. Aspirin was only active in
this test at a dose of 300 mg./kg. (all parameters). In
the writhing test, the only compound in the series which
showed significant analgesic activity was XX (1.4
times phenylbutazone). In antipyretic studies in
rabbits, none of the compounds in the series which was
examined showed significant activity. By comparison,
phenylbutazone was active at 75 mg./kg., aspirin was
active at 250 mg./kg., and mefenamic acid was slightly
active at 100 mg./kg. Flufenamic acid and ibufenac
were inactive at 200 mg./kg. From the preceding
data, it appears that, unlike the clinically effective
drugs, none of the compounds in this series of arylacetic
acids have antiinflammatory activity combined with
significant analgesic and antipyretic activity. The
order of antiinflammatory activity for the more active
compounds in the series appears comparable to ibu-
fenac and also aspirin and mefenamic acid.

Compound I is a powerful uncoupler of oxidative
phosphorylation in rat liver mitochondria.'* It has
been claimed that this latter property parallels anti-
inflammatory potency and each of the drugs, phenyl-
butazone, salicylic acid, mefenamic acid, flufenamic
acid, and indomethacin, shows this effect.'* The
approximate concentration of I for 309 inhibition of
hepatic oxidative phosphorylation was 0.25 mi{, while
the concentrations of ibufenac, salicylic acid, and

(11) Personal communication from Mr. L. Fontaine, Laboratoire Lipha,

(12) 8. Casadio, G. Pala, E. Marazzi-Uberti, and G. Coppi, Ezperientia,
20, 457 (1964).

(13) Personal communication from Dr. M. W. Whitehouse.

(14) (a) M. W, Whitehouse and J. M. Haslam, Nature, 196, 1323 (1962);
(b) M. W. Whitehouse, ibid., 201, 629 (1964).
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Tapre 1
ANTICLTRAVIOLEY ERYTIEMA ACTIVITY OF ARYLACETIC ACIDS AND DERIVATIVES

Antiultra- 1.6t
violet m. kg,
erythemau s
Compd. Ar R N activity {mice)
Phenylbutazone (standard) 1.0
I 1-CyHz (YL"’““ ONg 0.25 7H0
Lo $-ChigHs E])‘—('H‘ ONue 0.1 T
(e H- b 2
I 1-CyoH; S/L__( Y ONu 0,20 !
1T 1-CiH @ OK b2 i2
-Cy¢H, N (.25 251
1 Sy CH ’ '
B # Sr—CH, . _
v 1-CHy @ OK* 0.25 2000
N
(H,
AY 1-CyoH, 7 ‘ ORk- 0.14 >200H)
\N)
VI 1-CioH- CH,CH, OH 0.16 >H00
VIT 1-CgH; 2-CH,OCHCH. OH 3 >2000
VI 1-CyoH; 2-HOC:H,CH, O 0° >2000

- ol Z 7 y - =
IX ]-(1(1}{7 @O Lcn, O] (4 > 500

X 1-CyH- H()O(‘J@—%'H OH 0.5 > 1000

XI 1-0, Hy (‘H==CHCH, ONas 0,12 >500

XII 1-CyoHy CH,CH=—CHCH, ONue 0.10 750

XTI 1-CH-CH, \( Jae ONae o >500
, .

XIV 1-CyoHy 2,6-(CH, )CoHzO(CH.), OH 0.17 >2000

XV 1-CyoH: CH, OH () > 1000

XVI 1-Co; ,()Lm ONa (v > 5000

NVII 1-C' Hy L\())_N‘H ONa " > 500

NV 1-CiuH () ONur v A0
() N

XIX 1-CyH; (CH.1,N(CH., OK- 0 1500

XX 1-CyoH; (CHN(CH, OR- 0« 2000

XXI CyH; [ o OH 0. 11 > 500
{) 2

XXIIT 2-CH,CH, Lo, OH it 500

XXIII 2-CH,OCH, ‘!\ L cn OH 0,06 >1000
(0] 2

XXV 3,4-(CH,0CH, co CH OH 0.07 > 1000
(0] :

XXV 4-C1CeH, EOL(H OH U 2000

NXVI 2-HOCH, (. OHY e > 500
O :

XXVII 4-(CH,).CHCH,CH, \\0 e, OH (e >500

XXVIIT 2-C'Hy1-CoH; e OH o 2000
( 2

XXIX 2-(oH; l() ‘ CH, OH 0.05 >5H00

XXX U-C'y H U\ [ o OH (1 > 500
() o

"N | T N - -

NXNXI 1-C,H; .\\01_‘(“” NH. 0 750

XXXII 1-CysHy U e OCH; 0 =500
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TasLe I (Continued)

Antiultra- LDss,
violet mg./kg.
erythema D.0.
Compd. Ar R X activity (mice)
XXXIIT 1-CoHx [O_/Il_CHZ O(CH,):NEt, 0.06 2000
XXXIV 1-CyoHs @—cm NHNHCH(CH;), 0.03 >2000
XXXV 1-CyoHy CH~=CHCH, O(CH,),NEt; 0.10 1000
XXXVI 1-CoHy CH;CH=CHCH, O(CH,;):NEt, 0.05 >500
XXXVII 1-CyoHy CH,—=CHCH, NHNHCH(CHj;), 0.11 750
XXXVIIT 1-CyH; H OH 0.12 >1000
XXXIX 2-CH;-1-C;oHs H OoH 0e >500
XL CeHs H OH 0e >500
XLI CeH,s CeH;CH. OH 0.05 >500
XLII CeHs CH:NH OH (15 >2000
XLIII CeH, 2,3-(CH;).CH:NH OH 0e 1000
XLIV CeHs CeH,0 OH 0.04 1000
XLV CeH, 4-C.H;CH(CH,)C:H.O OH 0.12 >500
XLVI @@ H OH 0.20 >2000
XLVII @J H OH 0.08 1500
4-(CH;),CHCH,CH, H OH 0.13 >1000
MeO—( ]j[
IT Me H OH 1.3
4-Cl-CeH.CO

4-Butyl-1,2-diphenyl-3,5-pyrazolidinedione? 1.0 1000
Acetylsalicylic acid® 0.12 >2000
N,2,3-Xylylanthranilic acid? 0.12 2000
N-(e,a,a-Trifluoro-m-tolyl)anthranilic acid= 0.8 2000

@ Sodium salt. ®I-(—)isomer ©X salt. ¢ This compound exhibited hepatotoxicity in dogs. ¢ Inactive at 200 mg./kg. p.o. 7 Lac-
tone. ¢ Slight activity at 200 mg./kg. p.o. * Inactiveat 125 mg./kg. p.o. ' 9-Phenanthryl. 7 Phenylbutazone. * Aspirin. ! Mefen-
amic acid. ™ Flufenamic acid.

phenylbutazone were 1.5, 0.08, and 0.08-0.2 mM, re-
spectively.

Synthetic Methods.—The «-substituted arylacetic
acid derivatives listed in Table II were, in general,
synthesized from the anions of arylacetonitriles by re-
action with an alkyl halide followed by hydrolysis
of the substituted arylacetonitrile. The anions were
prepared using sodium hydride as a base and, preferen-
tially, dimethylformamide as solvent. Hydrolysis
of the nitriles was best accomplished by the use of
benzyl alcoholic potassium hydroxide.®* An alterna-
tive route used in certain cases was the Perkin conden-
sation of the sodium salts of arylacetic acids with the
required aldehyde, followed by reduction of the re-
sultant acrylic acids with sodium amalgam.®

Experimental”

The preparation of compounds I, Ia, IT-V, XI-XTII, XVI-XX,
XXVIII, and XXX~-XXXVII has been the subject of previous
publications.®® Compounds XXXVIII, XXXIX, XLI, and
XLVI were obtained from commercial sources. Synthetic
methods A and B, which were used for most of the remaining
compounds, listed in Table II, employed commercially available

(15) M. Avramoff and Y. Sprinzak, J. Am. Chem. Soc., 80, 493 (1958).

(16) D. Papa, U. 8. Patent 2,606,922 (1952).

(17) Melting points were recorded using an Electrothermal apparatus
comprising a gas-heated block and a thermometer calibrated for stem expo-
sure. Infrared spectra were measured with a Hilger H800 instrument.

(18) (a) E. Szarvasi and L. Neuvy, Bull. soc. chim. France, 1343 (1962);
(b) E. Szarvasi, Compt. rend., 289, 166 (1964); (¢) E. Szarvasi and L, Fon-
taine, Bull, soc. chim., France, 3113 (1964).

halides and nitriles where possible. 2-Chloromethylfuran,?®
2-methoxybenzyl chloride,® 2-chloromethylbenzofuran,?? 2-
(2,6-xylyloxy)ethyl bromide,?? and 4-isobutylbenzyl cyanide??
were made by procedures based on literature preparations.
Listed in Table III are the physical data on the crystalline nitrile
intermediates obtained. Liquid nitriles were purified by frac-
tionation and characterized by infrared spectra and gas-liquid
chromatography. Methods A and B are illustrated by the fol-
lowing examples.

a-(2-Methyl-1-naphthyl)-2-furanopropionic Acid (XXXIII).
Method A.—A solution of 2-methyl-l-haphthaleneacetonitrile
(19.8 g., 0.11 mole) in anhydrous dimethylformamide (300 ml.)
was stirred under nitrogen during the addition of sodium hydride
(4.91 g., 0.11 mole, of a 549, dispersion in mineral oil). The
temperature was maintained below 40° with the aid of a cold-
water bath, After addition, the reaction mixture was kept at
40° for 1 hr. to ensure completion of anion (orange-red color)
formation and then cooled during the addition of 2-chloromethyl-
furan (13.4 g., 0.12 mole) in anhydrous benzene. The mixture
was maintained at 30-40° for 2.5 hr., set aside at room tempera-
ture for 16 hr., and then carefully added to cold water and acidi-
fied with HC]. Extraction with ether followed by drying of the
ether extracts (K.CO;) and concentration yielded crystalline
a~(2-methyl-1-naphthyl)-2-furanpropionitrile, which was further
purified by recrystallization from benzene-petroleum ether
(b.p. 60-80°). The yield of nitrile, m.p. 114-117°, was 24.6 g.
(86%). The nitrile (10.0 g., 0.038 mole) was hydrolyzed in
benzyl aleoholic KOH (49, 180 ml.) at reflux temperature for 16
hr. Concentration followed by solution of the residue in water,
filtration, and acidification with 5 N HCl yielded the crude acid.

(19) R. Lukeés and V. Dienstbierovd, Chem. Listy, 48, 280 (1954).
(20) M. Simonetta and G. Favini, J. Chem. Soc., 1840 (1954).
(21) R. R. Gaertner, J. Am. Chem. Soc., T8, 4400 (1951).

(22) P. Hey and G. L. Willey, Brit. J. Pharmacol., 9, 471 (1954).
(23) Boots Pure Drug Co., Belgium Patent 621,255 (1962).
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Tasre T
ARYLACETIC Nelhs
ArCHURCOOH
Over-
all

vield.” S NN 2 § S
Compd. Ar R Alp., #CO “; Method®  Pormula Caled.  Found C(aled,  Found
Vi 1-CoH; ('sH,CH, TR 16 B CeH 0. 8208 82,71 H.x4 6,03
VI 1-CyH- 2-CH,OCH,CH., [4n--150 37 A COyHLO; TRAT O TRTO 5020 58
VI 1-CyH- 2-HOCH,CH.," 165, 5168 SI0K ' HuOs 83200 8293 515 511
IN 1-CyHx EIL—) . ING 18T 42 A CyHOy TOT3 7093 5100 3N

()/—( H.

AN 1-Cy H H()AC———[J»CH_ [90- 193" 37 B (i HLO 6968 6880 455 4.3
XTIV 1-CH5 2,6-(CH,)L.CeH;0(CHa i 1001005 9 A CouHanOy TH.04 7932 6.63 6.5
XV 1-CyoH; CH; T4% . 5-15277 60 A CpHRO, 7800 T8 13 6.05 617
NXI C'sH; L b—cu 105-106" 26 B CuHRO, T2.33 7200 560 5 46
NXNII 2-CH,CH, [:L(.H 14 5-51" 1A CuHu, T3.02 7306 6.13 621
NXIII 2-CH,OCH, L()J?-CH, N1-R2 7 ¢ CHL0, 6228 68,64 573 5. 0N
NNTV 3,4-(CH0 ),C4H, . 101102 il " CHs, 63.21 65,04 585 507

Sy CH

NXV 4-CICsH, [Wj.n{ 100-1003 14 B CHuClog™ 62,28 6212 4 42 4. .47
NXVI 2-HOCH* 0 60-62 10 ' CuHp0; 7280 T2.92 470 484
XXVII 4-(CH;),CHCH.( ' H. ‘K n 03-94 .5 N A CpHyO, 7407 75,20 7.40 T.03
NXVIIT  2-CH-1-C ) H o P4 148 73 A CLHeOs TT.12 7687 H.75 5,00

o

XNXIX 20C,H; \,“j— CH 15116 14 " CpHO; T6.67 T6.86 530 540
NXN 0-CHy" ’\()/\LUH 1441485 17 ¢ CuHRO, TOUTE O TO4) 50100 A2
XLIT CeH; C¢H,NH TH1THAT 6D CLHENO, T30 7419 57T D8N
XLIII CH, 2.3-(CHy)CeH;:NH 127--120 67 CrsHpNOS" TH.27T 7493 6,71 6,70
XLIV CeH; (H,0 Lo7--111" 41 CHLO; T3.67 T3.R6 5.30 536
XLV CsH; 4-CLH,CH(CH;)C:H, O 101-103 7 g H O 76.08 76,00 7.09 T.24
XLVI ©:j H 11111257 42 CHOS 62 .48 6213 419 309

« Recrystallizations from petrolenm ether or benzene-petroleum ether unless otherwise indicated.
“ See Experimenial.
Caled.:
Feldkamp [J. Am. Chem. Soc., 66, 1087 (1944)] quote m.p. 148-149°.
°F. Tiemann and K. Piest [Chem. Ber., 15, 2030 (1882)] quote m.p. 173-175°.

ArCH.CN, ArCH,COONa, or ArCH(Br)COOILt.
aqueous EtOH. * From CHCl-petroleum ether ' Anal.
Cl, 14.15.

Found: Cl, 14.05. " 9-Phenanthryl.

" Based on conversion from

fFrom VII. *From
+F.F. Blickeand R. F.
" Anal.  Caled.:

CLit map. 93-05°. © Lacione.
Found: equiv. wt., 157.
"B.p. 150° (0.5 mm.).

equiv. wt., 155,
LGS mp. 105°.

» Anal. Caled.: N, 14.15. Found: N, 14.05. “ R. Meyer and H. Boner [4Ann., 220, 51 (1883)] quote m.p. 108°, 7 Lit.¥ nup. 108~
109°.
Tasre 111
NITRILES
ArCH(R)CN
Reerystn. \Lp., O | e
Ar R solvent® e Formula C'aled, Found Caled. Pound
1-CyH; CsH,CH. I TH-TTh CoH N7 RE. 68 88,66 5.88 5.64
1-CH- 2-CH,OCH,CH. Pl 110115 CoHisNO4 83,59 83.64 5.906 5.73
YL 7 -PE 3105 WH N S4.92 848 5.2 5.0
1-CyoHs @COJ_CH‘; B-PL 103-105  CoyHpNO s4.9 84,90 5. 20 5., 04
1-CyoH; 2,6-(CH,)CeHO(CH,), Pl 6:3-60 CaHy Ny N3LTT N4 04 6.71 6.8
2-CH;-1-C,;Hs [ a 1—‘ CH, PE 116118 1 HENO 83,05 82,99 5.X1 5.03

“ i, ethanol; PE, petroleum ether (h.p. 60-80°): B, benzene.
°. " Anal. Caled.: N,5.44. Found: N,5.34. “ Anal.
, 4.27.

=1
T

2z

Recrystallization from benzene-petroleum ether afforded 8.6 g.
(85%) of the acid, m.p. 143-147°.
«~(4-Chlorophenyl!)-2-furanopropionic Acid (XXV). Method
B.---4-Chlorobenzyl c¢yanide (25.53 g., 0.17 mole) was dissolved in
dry benzene and treated with sodium hydride (7.4 g., 0.17 mole,
of 549, dispersion in mineral o0il) under anhydrous conditions in
& nitrogen atmosphere. After addition, the mixture was heated
under reflux for 3 hr. by which time formation of the anion (vel-
low) nppeared complete. A solution of 2-chloromethylfuran

Caled.: N, 4.88.

" Buu-Hoi and P. Cagniant [Rec. trav. chin., 64, 355 (1954)] quote
Found: N, 5.00. *“Anal. Caled.: N,4.44. Found:

(19.6 g., 0.17 mole) in anhydrous benzene was added, with stirring
and after addition the mixture was heated under reflux for 3 hr.,
cooled, filtered, and fractionated. The fraction [10.8 g., b.p.
126-128° (0.1 mm.), n2?p 1.5518] contained at least 969 of the
required nitrile as indicated by infrared spectra and gas-liquid
chromatography. Hydrolysis with benzyl alcoholic KOH in
the manner described in the previous example yielded 7.9 g. of
the crude acid, m.p. 84-96°. Recrystallization from petroleum
ether vielded 6.1 ¢, of the pure product, m.p. 100-104°,
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Synthesis via Acrylic Acids. Method C.——This method was
only of proven advantage in the case of XXX. All attempts to
synthesize this compound from 9-phenanthreneacetonitrile and
2-chloromethylfuran were unsuccessful.

a=(9-Phenanthryl)-2-furanpropionic Acid (XXX). Method C.
—A mixture of sodium 9-phenanthreneacetate? (6.4 g., 0.03
mole), 2-furaldehyde (2.38 g., 0.03 mole), and acetic anhydride
(12 g.) was heated under reflux for 3 hr. and then heated at
110-120° for 3 hr. The mixture was cooled, added to water,
and stirred vigorously. The oily solid which precipitated
was separated, suspended in water, and acidified with HCIL
The crude acid obtained was dissolved in benzene, filtered, and
diluted with petroleum ether affording the acrylic acid (2.3 g.),
m.p. 237-240°.  This product (1.87 g.) was dissolved in ethanol,
and the solution was stirred vigorously during the gradual addi-
tion of 5% sodium amalgam (12 g.). After decantation from
mercury residues, the solution was filtered and concentrated.
The residual solid was dissolved in water and carefully acidified
with 5 N HCI (pH 6). The precipitated acid was separated and
recrystallized from benzene-petroleum ether. The yield was
1.03 g., m.p. 144-148.5°.

a-(2-Hydroxyphenyl)-2-furanacrylic Acid.—Sodium o-hy-
droxyphenylacetate (43.7 g., 0.26 mole) was treated with 2-fural-
dehyde (25.8 g., 0.26 mole) and acetic anhydride (108 g.) at reflux
temperature for 6 hr. The product was isolated in the manner
described in the previous experiment and recrystallized from
ether—petroleum ether affording the acrylic acid (30.0 g., 50%;),
m.p. 151.5-152.5°; infrared (Nujol), strong band at 1680 cm.~!
(C=0).

Anal. Caled. for C3H O
68.08; H, 4.43.

Heating a sample (0.1 g.) of the acrylic acid at 180° for 5 min.
yielded the v-lactone (0.07 g., 769,), m.p. 108-111° (from aqueous
ethanol); infrared (KBr), strong band at 1771 em. ! (C==0).

Anal. Caled. for C;HO;: C, 73.58; H, 3.80. Found:
C, 73.63; H, 4.05.

a~(2-Hydroxyphenyl)-2-furanpropionic Acid v-Lactone (XXVI).
—Reduction of the foregoing acrylic acid (10.0 g., 0.0843 mole)
with 86 g. of 59, NaHg in ethanol yielded an oil. Distillation
afforded the crystalline lactone (3.5 g., 389;), b.p. 136-138° (0.1
mm.), m.p. 60-62° (from petroleum ether); infrared (KBr),
strong band at 1804 ¢m.~? (C=0).

3-(1-Naphthyl)hydrocoumarin (VIIl).—a-(1-Naphthyl)-2-
methoxyphenylpropionic acid (VII, 1.0 g., 3.3 mmoles) was dis-
solved in a mixture of 509, HBr (4 ml.) and glacial acetic acid
(3 ml.). The mixture was heated under reflux, with stirring, for
3 hr. and then cooled. The solid which had precipitated from
the solution was separated, washed with water, and dried af-
fording the dihydrocoumarin (0.81 g., 909%), m.p. 167.5-170°,
unchanged on recrystallization from ethanol; infrared (KBr),
strong band at 1752 em. ! (C=0).

C, 67.82; H, 4.38. Found: C,
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Preparation of N,2-Diphenylglycine and Derivatives.—Ethyl
a-bromo-a-phenylacetate was obtained from ethyl phenylacetate
and N-bromosuccinimide by the procedure of Boyer and Straw, %
but it was found necessary to add a catalytic quantity of benzoyl
peroxide to obtain a satisfactory yield (889;). Reaction with
aniline in benzene yielded N,2-diphenylglycine ethyl ester,2
m.p. 87.5-89.5° in 819, yield. Saponification with aqueous
ethanolic NaOH followed by careful neutralization with 5 N HCI
afforded N,2-diphenylglycine (XLII), m.p. 173.5-175.5° (from
benzene), in 659 yield. In a similar way, reaction of ethyl -
bromo-a-phenylacetate with 2,3-xylidine yielded 2-phenyl-N-
(2,3-xylyl)glycine ethyl ester, m.p. 55-56° (from petroleum ether),
in 459 yield.

Anal. Caled. for CsHaNO.: C, 76.29; H, 7.47; N, 4.94,
Found: C, 76.23; H, 7.59; N, 4.88.

Saponification yielded 2-phenyl-N-(2,3-xylyl)glycine (XLIII),
m.p. 127-129° (from benzene-petroleum ether), in 679, yield.

a-Phenoxyphenylacetic Acid (XLIV).—A mixture of phenol
(4.7 g., 0.05 mole), ethyl a-bromo-a-phenylacetate (12.1 g., 0.05
mole), K.CO; (6.9 g.), and acetone (50 ml.) was heated under
reflux, with stirring, for 4 hr.  After filtration and concentration,
the residual ester was saponified directly with 2.5 N NaOH
(40 ml.) at reflux temperature for 45 min., and cooling and acidi-
fication with 5 N HCI precipitated the acid which was separated
and recrystallized from benzene-petroleum ether, yielding 4.7 g.
(419%), m.p. 107-111°.

a=(4-sec-Butylphenoxy)phenylacetic Acid (XLV).—4-sec-

Butylphenol (27.63 g., 0.11 mole) was treated with ethyl a-
bromo-a-phenylacetate (16.95 g., 0.11 mole), K.CQ; (15.6 g.),
and acetone (100 ml.) in the manner described in the previous
experiment. The acidic product obtained was an oil which erys-
tallized after drying (CaCls) in vacuo followed by trituration with
cold petroleum ether. Recrystallization from benzene-petroleum
ether yielded 6.2 g. of the acid, m.p. 89-92°. Further recrystal-
lization from benzene—petroleum ether gave a first crop of slightly
impure material (0.9 g.), m.p. 101-103° (with shrinking), followed
by the pure acid (2.0 g.), m.p. 103.5-105°.

3-Thianaphtheneacetic Acid (XLVI).—Chloromethylation of
thianaphthene, followed by cyanide displacement and hydrolysis
vielded the acid in 479 yield (over-all). The procedure of
Blicke and Sheets?” was improved by using dimethy! sulfoxide as
solvent for the cyanide displacement.
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