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propanol.  Compound I was recovered by neutraliza-
tion with aqueous NaOH and the identity was eonfirmed
by elemental analvsis and infrared and e speetra.
With the aforementioned quantities of reactants, ephe-
drine and I were obtained in almost equal vield, 27 and
2804, respectively.  Even with an equimolar ratio of
reactants, the diamine was isolated in 3¢7 vield which
increased to 89 when the reactants were preheated to
(0° and maintained at that temperature during the
hyvdrogenation.

Nince various eatalysts have been reported to be effec-
tive in ephedrine synthesis, the effect of the nature of
the metal eatalyst on the produet distribution wus
briefly: investigated. With 59, Pt/C, 59, Pd/C. or
P10, ax catalyst and 2.5 moles of methylamine/mole of
acetylbenzoyl, the ratio of the yield of ephedrine:yield
diamine was ca. 4:1 compared with 1:1 for the mixed
5% Pt/C-39% Pd/C catalvst. When Raney nickel
was used, no evidence for the formation of diamine
was observed, even when the methylamine:acetyl-
benzoyl mole ratio was increased to 4:1. The choice.
by Couturier, of Raney nickel as the hydrogenation
atalyst was likelv responsible for the impression
that the synthesis of ephedrine is highly selective and
onlv 1 mole of methylamine may be introduced.?
It is surprising, however, that diamine formation wax
not previously observed when other catalysts were em-
ploved.

The likely reaction path for the reductive alkylation
is hvdrogenation of the respective ketimines formed
from acetylbenzoyl and methylamine. The initial
apid reaction and absorption of approximately 1 mole
of hyvdrogen oceurs most likely at the g-ketimine posi-
tion. Ketimine formation is reversible and the posi-
tion of equilibrium between the a-carbonyl and the a-
ketimine is apparently influenced by the nature of the
metal catalyst to account for the observed product
distribution between ephedrine and the diamine.

ScHEME 1
CHyNH. Ho
== CsH;COC(=NCH;;)CH; + H.() —>

[r—mm———

ClLCOCOCH,
CALCOCH(NHCH,)CH; —2  ephedrine

1 LCH:‘NHQ

H-

ColLC(=NCH;;)CH(NUCH;)CH; + 1,0 —> |

Pharmacological Activity.—The dihydrochloride of T
was tested by a typical behavior screen procedure!
and found to exhibit weak sympathomimetic proper-
ties. Significant stimulatory effects were observed
only at concentrations that approached lethal dosage.

Experimental Section!!

N,N’-Dimethyl-1-phenyl-1,2-propanediamine (I).—A mixture
of acetylbenzoyl'? (29.6 g, 0.20 mole), methanolic methylamine
(69 ml, 22%) (15 g, 0.48 mole, of amine), and methanol (120 ml)
was hydrogenated in a Parr apparatus in the presence of a mix-
ture of 5.0 g of 3¢ Pt/C and 5.0 g of 59, Pd/C. The initial
absorption of hydrogen was rapid and the temperature rose from
25 10 35°. The reaction then moderated and proceeded slowly.

(10) Tested at the Warner-Lambert Research Institute by the procedure
of 8. Irwin, Science, 186, 123 (1962).

(11) All melting points are uncorrected. Analyses and spectra were ob-
tained by the Warner-T.ambert Research Institute.

(12) W. W, Hartman and L. .J. Roll in “Organic Syntheses,” Coll. Vol
11T, John Wiley and Sons, Ine,, New York, N, Y., 1435, p 20,

Vol 10

When no further uptake of hydrogen was observed, the shaking
was discontinued and the catalyst was separated by filtration.
The filtrate was concentrated (o one-hall the original volume
1o remove methylamine, made acid with methanolic HCL and
concentrated to a waxy solid. Trituration with acetone atforded
a solid product thai, was collected by suction filtration, washed
with acetone, and dried. Any psendoephedrine hyvdrochloride
formed was removed by heating under reflux with two 200-m]
portions of C'HCl.  The c¢rude produer (mp 177-230°) was
heated under reflux with two 200-ml portions of 2-propanol.
The insoluble fraction was =separated by filtration and washed
with 2-propanol 1o afford the dihydvochlorvide of T (14 ¢, 28¢,, of
theoretical), mp 250-252° dec.  Recrystallization from water 2-
propanol did not raise the melting point.

Anal. Caled for CnHwCLN: €, 32,005 H, 803, Cl 2823,
N, 1L1s Found: ) 52350 H, X005 Cl 28,04, 28130 N,
10,83,

Iiphedrine hydrochloride was isolated by concentration of the
2-propanol-soluble fraction (11 g, 27¢ of theoretical), mp 188~
IRY° (lit.2# mp 189°, 185~186°). The hydrochloride was con-
verted to the free base, mp 75° (lit.23 mp 75°).

An aqueous solution of the dihydrochloride of I was made
alkaline (NaOII) and extracted twice (CHCL). The combined
extracts were dried (Nas80.), the solvent was removed, and [
was obtained by distillation at 143-145° (20 mm) as a clear
liquid: »oit™ 3300 em ' (N=H): nmr (CDCLy) (reference TAN),
#0.17 (CH, doublet), 8,60 (NI, 7.85, 7.72 (N-CII,), 740 (C'1
multiplet), 6.5% (CH doublet ), 2.82 (aromatic CH ).

Anal, Caled for CoHisNa: €, 740100 L, 1080 N, 1571
Found: €, 73.86; H, 10.16: N, 13.48.

Catalyst Studies.!'*—When 56 Pt/C, 5% Pd/C, or the mixed
507 Pt/C-5. Pd/C was used as the hvdrogenation eatalyst, 10 g
of catalyst was employved for (1.2 mole of acetylbenzovl. With
P10, 0.30 g of catalyst was used. Raney No. 28 active nickel
catalyst contains approximately 500, water, and 20 g of wet
catalyst was washed with methanol to remove water and used to
hydrogenate 0.2 mole of acetylbenzoyl.

All other conditions and procedures were identical.

Acknowledgments.—We wish to thank Mr. Robert
Puchalski and Mr. Arnold Lewis of the Warner-Lam-
bert Research Institute for obtaining the elemental
analyses and infrared and nmr spectra. We also
wish to thank Mr. Puchalski for his assistance in inter-
pretation of the spectra.

(13) The catalysts employed were all commerecial samples; 500 Pt 7, 57

Pd, C, and PtQ: were obtained from Engethard Industries, Ine., Newark,
N. J. Raney No. 28 Active Nickel Catalyst in Water was obtained from
W. R. Grace and Co., Raney Catalyst Division, Chattanooga, Tenn.

A1-Anilinopyrimidine-5-carboxylic Acids and
listers with Antiinflammatory and

Analgetic Properties’

P Jesy anp T W, Hupyaa

Research Division, Bristol Laboralories, Division of Bristol-M yers
Company, Syracuse, New York 13201

Received May 26, 1967

Several N-phenyvlanthranilie acids and esters have
been described which show antiinflammatory, analgetic.
and antipyretic activities in both pharmacological and
clinical tests. These compounds include N-(3-tri-
fluoromethylphenyl)anthranilic acid* and esters.®* N-

(1) Some of the compounds have been reported by P. I. Juhy, 1. N
Patents 3,254,086 (1966), 3,254,087 (1966), and 3,300,496 (1967).

(2) (a) C. V. Winder, J. Wax, B. Serrano, E. M. Jones, and M. L. Me
Phee., Arthritis Rheumat., 8, 36 (1963); (b) E. L, Coodley, Western MWed. 4,
228 (1063); () P. Young, Arthritis Rheumat., 6, 307 (1463,

) (a) R, AL Seberrer and 1. W Short, UL S0 Patent 3278081 0 1066
thy French Patent N2448 (1464,
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(2,3-dimethylphenyl)anthranilic acid,* N-(2,6-dichloro-
3-methylphenvl)anthranilic acid,’ and some N-(fluoro-
phenyl)anthranilic acids.® In this paper we describe
the preparation and preliminary pharmacology of
ser es of pyrimidine analogs of these anthranilic acids
and esters.  Pyridine” and quinosaline® ana'ogs have
already been reported.

Chemistry. - All  of the xubstituted 4-anilino-H-
carbethoxvpyrimidines (1-4 and 6-17, Table ) were
prepared by a method similar to that deseribed by
Bredereck and co-workers? for the preparation of the
unsubstituted parent produet (1), A H-carbethoxy-4-
chloropyrim'dine wasx treated with an appropriately
substituted aniline in benzene. The resulting 4-
anilino-j-carbethoxypyrimidines were converted to the
4-anilinopyrimidine-3-carboxvlic acids (18-31, 34, and
35) by alkaline hydrolysis.

5-Carbethoxyv-4-(2,6-dichloro-3-methylanilino) p v r-
imidine, however, could not be isolated from the reac-
tion of the stericallv hindered 2,6-dichloro-3-methyl-
aniline with 3-carbethoxy-4-chloropyrimidine in ben-
zene or toluene. TUse of the sodium salt of the 2,6-
diehloro-3-methylaniline in dimethylformamide or di-
glyme did result in an uncharacterized mixture which
upon alkaline hydrolysis gave the desired 4-(2.6-di-
chloro-3-methylanilino)pyrimidine-3-carboxylie acid
(32), albeit in very poor vield.

An improved vield of 32 was obtained from the
reaction of sodium 4-ethoxypyrimidine-3-carboxylate!
with the sodium salt of 2,6-dichloro-3-methylaniline in
hexamethylphosphoramide, followed by an acid work-
up. The limited solubilities of the reactants might
account for lower vields of product obtained in alter-
native solvents such as dimethvlformamide and di-
glyme.

Structure-Aectivity Relationships.——The 4-anilino-
pyrimidine-5-carboxylic acids and esters were tested
orally for antiinflammatory activity by the carrageenin-
induced rat foot edema method,!" and the results are
recorded in Table [. The acids generally exhibited
higher activity than the corresponding esters. The
most effective compound, 22, had a minimal effective
dose of approximately 50 mg/kg (309 inhibition of
edema), with an oral LD;, of 1782 mg/kg in mice. By
comparison, N-(3-trifluoromethylphenyl)anthranilic
acid and N-(2,6-dichloro-3-methylphenyl)anthranilic
acid showed 39 and 529 inhibition of edema, respec-
tively, at doses of 128 mg/kg.

All of the compounds were examined at oral doses of
150 mg/kg for analgetic activity in mice by a moditied
phenvlquinone test.?? Only 13, a close analog of the

(4) (a) C. V. Winder, J. Wax, L. Scotti, R. A. Scherrer, E. M. Jones, and
. W. Short, J. Pharmacol. Ezptl. Therap., 188, 405 (1962); (b) L. J. Cass
and W. 8, Frederik, {bid., 189, 172 (1963); (c¢) D. E. Barnardo, H. L. F.
Currey, R. M. Mason, W. R. Fox, and M. Weatherall, Brit. Med. J., 2,
342 (1966).

(5) C. V. Winder, J. Wax, and M. Welford, J. Pharmacol. Exptl. Therap.,
148, 422 (1965).

(8) F. Delbarre, N. P. Buu-Hoi, A. Kahan, P. Jacquinon, H. Brouilhet,
M. Marty, and F. Périn, Med. Ezptl., 11, 383 (1964).

(7) (a) C. Hoffman and A. Faure, Bull. Soc. Chim. France, 2316 (1966);
(b) Belgian Patent 678,694 (1966).

(8) J. G. Lombardino, J. Med. Chem., 9, 770 (1066).

(93 H. Bredereck, F. FEffenberger, and E. H. Schweizer, Ber., 95, 956
(1962).

(10) Use of 3-carbethoxy-4-ethoxypyrimidine in place of sodium 4-ethoxy-
pyrimidine-5-carboxylate resulted in anilide formation.

(11 C. A. Winter, E. A. Risley, and G. W. Nuss, Proc. Noe. Fzptl. Biol,
Med., 111, 544 (1962).

(12) K. Siegmund, R. Cadmus, and G. L, bid., 98, 729 (1957),
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analgetic  N-(2,3-dimethylphenylanthranilic  acid,
showed aetivity, with a minimal effective dose of 753
mg/ke.

In summary, it can be said that the carboxy]-sub-
stituted benzene ring of the N-phenylanthranilic aeids
and esters cun be replaced by the pyrimidine ring with
the reteution of antiinflammatory and analgetic activi-
ties.  The most effective compounds in both series have
identical =ubstitution patterns in the common benzene

ring,

Experimental Section!?

Starting Materials.—5-Carbethoxy-4-chloropyrimidine!* and
5-carbethoxy-4-chloro-2-methylpyrimidine’® were prepared by
known procedures. 5-Carbethoxy-4-chloro-2-phenylpyrimidine
was prepared by the method of Partyka.® 2 6-Dichloro-3-
methylaniline!” and 3-methylsulfonylaniline!® were prepared by
known procedures. All other anilines were obtained from com-
mercial sources.

General Procedure for 4-Anilino-5-carbethoxypyrimidines (1-4
and 6-17).—The esters were prepared by a method similar to
that described for 4-anilino-5-carbethoxypyrimidine (1) by
Bredereck, ef al.® A solution of a 5-carbethoxy-4-chloropvrinmi-
dine and 2 equiv of an aniline in benzene was heated under re-
flux until the reaction was complete (0.5-1 hr). The precipitated
aniline hydrochloride was removed by filtration and the filtrate
was reduced to dryness.  The residual anilino ester was recrystal-
lized from solvents indicated in Table I.

General Procedure for 4-Anilino-5-pyrimidinecarboxylic Acids
(18-31, 34, and 35).—Most of the pyrimidine esters were heated
under reflux in 5-109% aqueous KOH for 0.5-2 hr. The cooled
reaction solutions were acidified to pH 2 with concentrated HCl,
and the precipitated acids were purified as indicated in Table I.

Ethanol was added to the aqueons KOH to increase the hy-
drolysis rates of esters 15 and 17.  The potassium salt 31 sepa-
rated from the cooled reaction mixture.

5-Carbomethoxy-4-(3-trifluoromethylanilino )pyrimidine (5).—
An ethereal solution of excess diazomethane was added to a
stirred suspension of 3 g of 4-(3-trifluoromethylanilino)pyrimi-
dine-B-carboxylic acid (22) in ether (60 ml). The resulting solu-
tion was filtered and the filtrate was reduced to dryness on =
steam bath to leave 2.1 g (66.6%7) of 5.

N-(2,6-Dichloro-3-methylanilino )pyrimidine-5-carboxylic Acid
(32). Method A.—A solution of 2,6-dichloro-3-methylaniline’?
(10.3 g, 0.0585 mole) in dry DMF (40 ml) was added rapidly
to a stirred suspension of sodium hydride (2.4 g of a 58.69, Nall
dispersion in mineral oil, 0.0585 mole of NaH) in DMF (30 ml).
The mixture was heated to 60° and kept at this temperature until
H; evolution ceased. The temperature of the mixture was then
raised to 120°, when a solution of 5-carbethoxy-4-chloropyrimi-
dine (10.9 g, 0.0585 mole) in DMF (40 ml) was added drop-
wise. The mixture was heated at 120° for 3 hr. The DMF
was removed from the cooled reaction mixture in a rotary
evaporator. A suspension of the oily residue in a solution of
water (70 ml), ethanol (30 ml), and KOH (15 g) was heated under
reflux for 2.5 hr.  Most of the ethanol was then removed in «
rotary evaporator and water {150 ml) was added to the residue.
The aqueous mixture was washed with three 100-ml portions of
CHCl;.  The resulting aqueous sohution was treated at its boiling
point with decolorizing carbon and filtered while hot. The
cooled filtrate was acidified to pH 2 with concentrated HCI to
precipitate 32 (2.1 g, 1297) as a light brown solid, mp 266-268°
dec. The product crystallized from methanol (decolorizing
carbon) as colorless crystals.

Method B.—The sodium salt of 4-ethoxypyrimidine-5-car-
boxylic acid® was prepared by warming a solution of the acid

(13) Melting points were determined in a Mel-Temp apparatus and are
uncorrected.

(14) H. Bredereck. ¥. Effenberger. and K. H. Schweizer, Ber., 96, 803
(1962),

(15 A. R. Todd and F. Bergel, J. Chem. Noc., 364 (1937),

(16) R. A, Partyka. Bristol Lahoratories, unpublished work.

(17) H. C. Brimelow, R. L. Jones, and T. P. Metcalfe, J. Chem. Soc., 120K
(1951).

(18) J. Bolssens, J. A. (". Th, Brouwers, J. . Choufoer, A. Kats, P. I,
Verkade, and B. M. Wepster, Rec, Trar, Chim., 18, 819 (1054).
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(16.8 g, 0.10 mole) in dry hexamethylphosphoramide (HMPA,
110 ml) with NaH (4.1 g of a 58.69, NaH dispersion in mineral
oil, 0.10 mole of NaH) at 60-80° under N, until the evolution of
hydrogen ceased.

Likewise, the sodium salt of 2,6-dichloro-3-methylaniline
was prepared by warming a solution of the amine (17.6 g, 0.10
mole) in HMPA (110 ml) with NaH (4.1 g of a 58.69, NaH
dispersion in mineral oil, 0.10 mole of NaH) at 50-60° under Ns.

The solution of the amine salt was added to the suspension
of the pyrimidine acid salt and the mixture was heated, with
stirring, at 120° for 18 hr under N,.

Most of the HMPA was removed from the reaction mixture
in a rotary evaporator. The residue was added to cold water,
and the mixture was washed with Skellysolve B (bp 60-80°).
The resulting aqueous solution was acidified with 109, aqueous
HCl. The precipitated solid was collected, washed with cold
water, and partially dried. The damp product was crystallized
from ethanol to give several crops of 32 with a total yield of 14.5 g
(48.59%). 'The first crop (8.0 g) had mp 280-282° dec.

A repeat of the above reaction replacing HMPA with a mix-
ture of DMF and diglyme resulted in a 139, of yield 32.

4-(2,4,6-Trichloroanilino)pyrimidine-5-carboxylic Acid (33).—A
solution of the sodium salt of 2,4,6-trichloroaniline was formed
by heating a stirred suspension of the amine (4.67 g, 0.0238 mole)
and NaH (0.973 g of a 58.69, NaH dispersion in mineral oil,
0.0238 mole of NaH) in diglyme (20 ml) at 50° under N, until
hydrogen evolution ceased. The solution was added to a stirred
suspension of sodium 4-ethoxypyrimidine-3-carboxylate prepared
by treating a suspension of the acid!® (4.0 g, 0.0238 mole) and NaH
(0.973 g of a 58.69; NaH dispersion in mineral oil, 0.0238 mole
of NaH) in diglyme (50 ml) at 140°. The resulting mixture was
heated, with stirring, at 140° for 20 hr under N;. It was cooled
to 25° and the solid material was collected and washed succes-
sively with cold diglyme and ether. An agueous solution of the
product was acidified to pH 4 with concentrated HCl. The
precipitate was collected and crystallized from ethylene glycol
dimethy! ether to give 33 (0.82 g, 10.89; ), mp 269-270° dec.

Acknowledgment.—The authors are grateful to
Dr. Max E. Bierwagen and his staff for the pharma-
cological test results and to the analytical and spectro-
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Because of the biological activity of certain imidazo-
lidinediones,>® we are synthesizing a number of such
compounds incorporating variously substituted fluorene
nuclei, connected through their 9 positions (spiro-
hydantoins), and through their 2 positions (4-fluorenyl-
4-methylimidazolidinediones). This is part of a pro-
gram aimed at exploiting the fact that a number of
fluorene compounds (particularly halogen-substituted
derivatives) have shown antitumor activity.4

The method of synthesis was a modification of the
Bucherer-Bergs method.2 The ketone was treated

(1) (a) Supported in part by a grant (CA-01744) from the National Cancer
Institute, National Institutes of Health, and in part by Research Career De-
velopment Award 5-K3-CA-14,091, (b) Paper XXIII in this series: 'T.
L. Fletcher, M. J. Namkung, and H.-L. Pan, J. Med. Chem., 10, 936 (1967).

(2) E. Ware, Chem. Rev., 46, 403 {1950).

(3) W. Oldfield and C. H. Cashin, J. Med. Chem., 8, 239 (1965).

(4) (a) H.-L. Pan and T. L. Fletcher, ¢bid., T, 31 (1964); (b) H.-L, Pan
and T. L. Fletcher, ibid., 8, 491 (1965).
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with KCN and (NH,),CO; in a closed system. High
vields of 1a and 2a were obtained from fluorenone and 2-
acetylfluorene.  Fluorenones with halogens substi-
tuted at both the 2 and 7 positions were less reactive
than the unsubstituted ketone.

Chlorination and nitration of spiro[fluoren-9,4’-
imidazolidine}-2’,5'-dione (la) gave the 2,7-disubsti-

tuted derivatives 1¢ and le, respectively. Structures
were confirmed as in Scheme 1.
0
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A O
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0=—NH
13, X=Y=H 2a, X=H
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Bromination of la in acetic acid—-water—ferric chlo-
ride at 80-100° gave 1b in good yields. N-Chlorina-
tion of 1a and 2a with ¢-butyl hypochlorite gave 3 and
2h, respectively.

In order to elucidate the structure of la, 9-cyano-
fluoren-9-amine was prepared from the bisulfite addi-
tion compound of 9-fluorenylidenimine. Reaction
of the ecyancamine with KCNO gave an a-ureidonitrile
which, upon hydrolysis and ring closure, gave la.

Attempts to prepare spiro[fluoren-9,4’-imidazol-
idine]-2’,5’-dithione from fluorenone, IXCN, NH.CI,
and CS; in dilute methanol in a closed system failed to
give the desired compound. Instead, 9,9’-difluorenyl
disulfide was formed. Apparently formation of H,S
and NH; (z.e., (NH,),S) occurred in the reaction. Sub-
sequent reaction between (NH,),S and fluorenone gave
th : disulfide.?

Antitumor screening results are presented in Table I.
Cr mpounds 1b, 1¢, and 2a showed some activity against
L¢ wis lung carcinoma. Compound 3 also showed ac-
ti* ity against Sarcoma 180.

5) M, 8. Newman and W, B. Lutz, J. Am. Chem. Soc., T8, 2469 (1956).



