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Tapre I
N-SUBSTITUTED D1AMIND-2-IROP ANDLS
R@NHCHQCHOHR’
Isolation Recrystn Caled, % Found, Y——--
R R'e Yield, % Mp, °C Formula method solveltit (& H N C H N
I Pip 63 114 CiHz:N,O A Hexaie 7175 BH.46 11.96 71.55 9.57 11.81
1| Pyr 64 102.3 Ci3HoNO A [Mexaue ST N5 1272 TOHL g.22 1205
H Mor 74 1250 Ci3HgoN 00
H Ty pip Trace 110 CiaHyN04 B Benzerne 6716 S.86 11,19 67.28 X714 10.us
ClH; Pip 57 114.5 CisH N0 A Ethanol 7254 V.74 11,28 T2.47 H.oul 1104
Cll; Pyr yl 136 Ci4sHaeNO A Benzemnn 7175 946 11.B6 71,74 .54 .S
CH; Mor Do 111--112¢ CiI1:N:0.
OCH; Pip H4 105107 Cisl1uNYO2 A Hexane 65.156 9.15 10.60 68,18 H.30 Iy 57
OCIH;  Pyr 85 114 CisHNLO0 A Hexane 67.16 8.86 11.1Y 67.37 8.9 .o
OCH,;  Mar 20) wh C1sHuwuN.O3 B Hexaue G3.13 833 10.52 63.00 850 10.47
Cl Pip Hd 108 CuHxCINLO A Ethanol-water 62.556 7.88 10,42 62,68 7,84 10.24
(¢ Py 64 127 C:HsCIN.O A Ethanal-water 61,20 7.52 11,00 61.25 7.67 11,28
Cl Mor 67 102 CisH{4CINYO. A Benzene 5660 T.07 10.35 57.52 6.9 oS
Cl Hypip Trace 130 CuHy CINO, 13 Benzeue .04 TS 9.8E 5.1t 7660 975
« Pip = l-piperilyl, Pyr = Il-pyrrolidyl, Mor = 4-morpholinyl, Iypip = [-(3-hydroxypiperidyl). * Lit.! mp [24-125°. ¢ Lii.t
mp 110--111.6°.
TaBLe 11
SUBSTITUTED 2-Propanors DerIvEDd FrOM PrvEnziNg
/CHQCHQ\
R@NHCH2CHOHCH2N NCHZCHOHCHQNHQR
“\CH,CH,”
Isolation Recrystn Caled, 7——— o~ Found, “p——-
R Yield, % Mp, °C Formula method solvent C H N C H N
H 19 174 CHaN O, A CelHyg 08.72 N.39 14,57 68.55 S.18 14.45
CH; 25 170 CysH3N40x A CeHs O6D.87 N.80 13.58 69.74 sy 13,51
Cl 56 187 Ca:HyCLNLO, A Cqllg 33,28 6.07 12.36 58,41 R 12,24
ClH;0 24 210 CoyH3N,0,4 A CelTg 64.84 R.16 12,60 65.04 .30 12 40
extracted with a mixture of bromobenzene and 1,2,4-trichloro- Orotic Acid Analogs. 2,5-Disubstituted

benzene and dried (Na.SQ,).

A solution of the substituted 1-anilino-3-chloropropatml
(0.025 mole) h1 a mixture of bromobenzene (8.0 ml) and trichloro-
benzene (50 ml) was heated under reflux with a cyclie secondary
aliphatic amine (0.025 mole) in a wax bath (205°), usually for
about 3 hr. The reaction was followed by means of tle. The
unreacted halo compound had the greatest R;. Wheu tle showed
that the reaction was complete, the reaction mixture was coolei.
Frequently, a solid product precipitated which was filtered,
suspended in distilled water, and warmed to dissolve the hydro-
chloride salts. The cooled solution was neutralized (NaHCO;)
and the substituted diamino-2-propanol was filtered aid re-
crystallized.

Ty extract the produet from oily precipitates and mother
Hguors either isolation procedure A or B was followed. Method
A: The product was extracted with 10¢: HCl and precipitated
by neutralization with 109, NaOH. Solid previpitates were fil-
tered and recrystallized from an appropriate solvent. Methoil
B: Oily precipitates were extracted with benzene. The ex-
tract was dried (Na:SOQs) and concentrated in wvacuo. The
conentrated solution was chromatographed on att alumina columu
und eluted with benzene, ether-benzene, ether, acetone-ether,
and acetoue. The elitents were collevted atid the solvents were
allowed 11 evaporate. Solid prodiiets were collevted and re-
vrystallized.
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We would like to report the synthesis and antimicrobicul test-
ing of a series nf 2-alkylmercapto-, 2-amino-, and 2-hydroxy-i-
sibstituted 4-rarboxypyrimidines (Table I). Reports of bivrheni-
ical antagonisni by 5-fluorouracil® prompted the synthesis of these
analogs as potential antinietabolites of orotic acid. The synthe-
313 of unsubstituted orotic acids has been reported by Daves, ¢t
al.,* who prepared the nine possible combinations of 4-rarboxy-
pyrimidine if hydroxyl, amine, and thiol groups are interchangud
on the 2 and 6 positions of 4-carboxypyrimidine. Compounls
1, 5, 6, 8, 12-14, 16, 18, and 20 were tested n vitro at voncentra-
tions up to 200 pg/ml against Staphylococcus aureus (resistant

(1) Supported by a research grant from Smith Kline and ¥rench Labora-
tories, Philadelphia, Pa. L'or preceding paper see S. Borodkin, 8. Jonssou.
G. H. Cocolas, and R. L. MeKee, J. Med. Chem., 10, 248 (1967).

(2) Deceased.

(3) (a) W. Munyon aud N, I'. Salzinan, Virology, 18, 95 (1962); (b) L.
Cheong, M. A. Rich, and ). L. Eidenoff, Cuncer Res., 20, 1602 (16060); (11
AL L. Eidinoff, J. . Kuoll, I3, J. Marano, and D. Kleiu, #hid., 21, 1377
11961).

(4) G. D, Daves, F. Bawerbi, B, K. Rabbing, and C. C, Cheng, J, (g,
Chew., 26, 2735 (1461,
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¢ All 4-varbuxypyrimidines melted with decomposition.
absorptivity values are rounded to the nearest 500 units.
[J. Org. Chem., 22, 274 (1457)] reported mp 327°.
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26
37
23
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78
76
85
S5
50
16
93
0
77
Sl
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Mp, °Cs
234-235

232-233
219-220
181-182
227-228
208-209
206-207
227-228

300-301°
275-276
278-279
271-272
241-242
272-273
325-237¢
311-313
302-303
282-233
2)7-298
305-309

" Determined on a Beckman Model DU spectrophotometer nsing 1074 M aqueous solutious and scanned from 200-400 mg.
“C. Mentzer aud D. Billet [Compt. Rend., 228, 402 (1949)] reported mp 302°.

OroTic Acip ANALOGS

Tormula

C7HsN 038

Csl11oN 058

CoH :N:0;8
Cioll1aN4O;S
CislT:N:2058
Coll12N:0:8-0.5H,0
CioI11aN 2058
CiaH12N058

CeH;N;03
C7H9N303
CsIInN;;Oa
CoH3N;05
CsH,1N;0;-0.5H:0
C |2H 1 |N3()3
Cel1gN 0O,
C7HgN 04
CsI] 10N204
CeH1gN104
CyH 12N,
CiaH(gN Oy

Tasre 1

XYN Y
I

Ny R

COOH

~—Carbon, %—

Caled
42.00

44 .86
47.36
49.54
56.52
45.55
41 .54
56.52
45110
48.72
51.18
46.5Y
58.77
45.65
48.48
48.43

51.41
58.54

Found

41.75

45.29

47.35

49 .27

56.69

49.35

56.88

46.19
48.52
50.78
46.4Y
58.81

45.69
45 .34
48 .56
50 b1
58.59

Caled
4.03

4.71

4.95
5.62
6.20
87
H2

5.
4.

4.38
5.09

H.0Y
5.70

4.09

—Hydrogen, %,—

Found

3.88

4.66

5.24

95
18
95
75
58

A==

4.19
4.96
5.33
5.02
4.03

—Nitrogen, Jp—

Caled
14.00

13.08
12.28
11.56
10.14
11.81
11.57
10.14
22.95
21.31
19.90
20.38
17.14
15.22
14.14
14.14

13.20
11.38

Found
13.85

12.98
12.01
11.53
10.06
12.01
11.68
10.10
23.45
21.13
19.85
20.17
17.28
15.18
14.51
14.10

15.25
11.14

Caled
15.99

14.96

14.02

13.23

11.60

13.51

13.21

11.58

——Sulfur, Yp—--

Yound

15.90

14.87

14.05

13.16

11.53

13.63

13.27

11.65

Tltraviolet spectrs.’: A, mu (€

Max

244 (9000),
203 (7500)
244 (9000),
293 (8000)
245 (9500),
204 (8500)
245 (1)000),
294 (8000)
244 (1500),
296 (8500)
245 (9000),
203 (8000)
245 (1000),
203 (8000)
245 (8500),
206 (8000)
283 (6500)
283 (6500)
252 (5500)
271 (6500)
279 (7000)
281 (7000)
274 (7000)
273 (8000)
274 (8000)
273 (850%)
275 (BOND)
275 (8000)

Min
266 (5000)

265 (5000)
266 (5000)
266 (5000)
266 (5000)
266 (5000)
266 (5000)
269 (5500)

252 (3000)
252 (3000)
252 (3000)
249 (3000)
251 (3500)
251 (3500)
238 (1500)
238 (2000)
239 (2000)
238 (2000)
240 (2000)
240 (2500)

The molar

4 P. T1. Laursen, W. A. Thews, and B. E. Christensen
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strain), Klebsiella pnewmoniae, Candida albicans, 1'cichomorns
foetus, and Trychophyton mentagrophytes. All were inanive.

Kxperimental Section”

Method A, 5-Substituted 2-Alkylmercapto-6-hydroxy-4-car-
boxypyrimidines.--'I'o an S-ulkylpsendothivinrea sulfate (0.425
mole) dissolved 11 1 L of water was added 0.85 nwle of the ethyl
tster of  the vorrespouding  a-snbstituteill  ethoxalvlacetatet
fallowed by 168 ¢ (2.55 moles) of KOH dissolverd in 300 mil of
witer.  The resulting solntivn was allowell to stawd at 1rooin
tempersture for 2 diys. The reaction mixture was extractd
with ether mul reated with charcoal and then made strongly
aridie with HCL - The prodnct precipitated as a white previpi-
tate. 1t was washeld liberally with water atnl recrystallized by
dssidving it in 197 NaOH solution, filtering through rharcaal,
atd acitdifying the hot solution with HCL

Method B. 5-Substituted 2-Amino-6-hydroxy-4-carboxypy-
rimidine —-5-Substituted 2-methyhnervap to-6-hyiroxyv-4-rarbox-
vpyrinditine (10 g) was dissolved in 100 ml of 309, NHLOH =oln-
tion ad the mixture was heatedd in 2 bowb at 120° for 16 hr.
The renctiom mixture was conled il slowly avidified with HCL
The white precipitute was washed with water awl pivified s
deseribend i the above provednve.

Method C, 5-Substituted 2,6-Dihydroxy-4-carboxypyrimidine,

Substitnted  6-hydroxy-2-methylimervapto-4-rarboxypyrimi-
dine (10 g) was refluxed 6 hr with 250 ml of roucentrated HCl
sabition,  After couling, the mixture was dilnted with 250 1l
af water, and the precipitate was vollerteld minl washed with witer
The prodhinet was purified as deseribed n the abave

sl aeetane,
provedure.

) Alelting poinls were taken in open capillary tubes ou a Mel-Temp
appitratits ad are correcterl,  Aualyses ure by Alfred Beruhardy Mier
danalytieal Liaboravories, Mulheiin, Gerinany.

() R, F. B Cox aud 20 ML McEhvain, “Organic Syutheses,” Coll. Vol
I, Johu Wiley awel Sons, Tue,, New York, N. Y., 1043, p 272,

Routes to Unsymmetrical
N.N’-Diarylethylenediamines
C, 1L Yuper anp J. J. ZUCKERMAN
Baker Labocatory, Corncll University, Tthaca, News Yock
Recedved July 11, 1066
Unsymmetrical diarylethylenediamines are of value both asx

preciirsors to inndazolidines and piperazines and as chelating
ligatls for transition mefils,  T'wo routes for the preparation are

Experimental Section

Procedure I. -Tlu first vantiv, of geoneead ntihiny, regnives 1
preeparition af a danibivoetbsiol by the et ol acarykunioe oo
2-chlaracthinnol, vowverstan of the aleabiol 1o 00 beooade wiik
PR, sl finally, swduation of the vesalitug browide withe o
steotad arviinnaes The prepariticec of 2-Op-diaethy buanie-
anitino )=l 2-(pemethoxy autbinaethanl falloweld thae
Jarnbs and Heidelberg,* while the procdure far the svinliesis of
the vorrespanding bromides was that af Perrline® The rreade
hiydrobrunuide ) E mole v was hesed with the apprapeisne seyl-
grnine S04 ol ab JOU° for B 10 he winh stirrites, suel the k-
tare wis pateed while hat and fluid o cald, swirling wacer 300
wl),  After thorangh homogenization of the preevipitiae, the
sabition was nenvealized with agueons NaOTL aud the peveipiiane
was filterml i washed with water. Phe precipivie was then
thoronghly extencred with b omethaval-warer odon nd s, ool
lected, aml washed with methanol water, Hevevsiathzat
was from ethanol ar ethanol-watoer,

Procedure IL.-- "Tlir sceinnd pravednre is for e spernd cise
where one aryt granp earries a strongly eleetron-atiraeting suh-
stitnent such as auitro group. A mixture af p-vitrianilbue AL}
mole, techdenl grade), NmCO; AL woley, il t-hromo-2-
chloroethane (70wl was heatiad a6 granke reflux fae 40 he with
stirring.  Afver cooling, the mixture was stwetion filiered el the
previpitae wits washel with I-broma-2-chilarethave (oo 200t
The filurnte was evaporatedh 1o oue-half volumae i rgevo sunt oroded
Crurle product was obiatved in 3000 vield (2o
Hzniious from ethuol-water produeed material niehing e 870
SN3%0 The pradnet af this reaction appears to L oo nixiuee of
2-(uitroanilino)erhyl huditles o~ evidenewnd by vlemental malvses
al variaus =mmples of shaet weltng point range el the cahee
votuplex nr <prect i,

Addditivn af chlorobratoethine 1o the wohien winine
tolar (uantities tand NiaCOy at 150° mal cominned heating @
this wetperntore B 20 e gitve NN =bistp-uittaplisnybechyvlene-
nnine. Phe siune procedore sutherd for m-uitroanibinge where
the produes tyiehh 17, 3 was recrystallized noee fronn eiher aud
twice from CCL.

The cride halitle Ceo. 005 ol ) wis thear tixed witln the appro-
priate eyl amine (L2 mole) and heated 1o 100° for 12--hi he
(nuiguetic stirring v Afrer cooling, thix nixtonre was stirteh with
95, wihanol (150 ml3 Far several houes und fibeevedds Teoandy
rwa rses, N-Cp-timethvhuniioplieny = NV= (=it raphensy Berhy -
viediatnine aud N-tp-thimerhytaminopheny - N7-Go-nitraphenybi-
ethylenedinmine, wis salutian effectedh, Tu thest istanees witie
(75 ) b was adhilert ta the ethanal flrne ta daee preeeip-
taticn, Berrysutlization was Frane vihavel or vihoo! weaer,
Resubis are <anmarized i Pable 1

l‘v< uir l'('{‘l'.\ =1 .'ll'
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Tasry I¢
TUNSYMMETRICATL ETHYLENEDIAMINES
NH((,‘HZ)‘_,A\'HO'X
¥
Crade
viekl,
Metlind i
of (final [ Cartbon, ¢y -~ Hadrogen, =+ ~=Nitengen, '~
Y X prepu step) Mp, °Cb Color Caled Fouipt Catel Foiml Cated Forad
p-(CH;3)N p-OCH; I 50 94--96 White T1.55 71oan 812 08
p-NO. p-(CHy)N 114 65  161.5-163.0 Red-brown 6.3.98 64 .07 6.7l 6,84
»-NO. p-CH;0 11- A 1531.5-152.0  Red-purple 62.61 6255 5.7 .15
p-NO. p-CHj; 11 65 161.5-162.5  Gold-orange  66.40 66. 11 05.32 G.47 15 . 41 15,7
m-NO, p-(CH3):-N I1e 40 117.5-119 Yellow- 63.98 67,57 B 71 6.65
orange
71-N Oy p-CHZ0 I« N5 109.0-109.5 Red-orange 62,64 625N 007 5.90 14.G3 14,82

+ KElemental analyses were performed by Schwarzkopf Microanalytital Laboratory.
¢ Amine used in the final step was p-anisidiune.
e Amine used in the final step was p-toluidiue.

Mercer type 5, melting point block.
n-phenylenediamine.

(1 WO N, Jaeobs wiel ML Heblellvareer, J. Biol, Chem., 21, 103 (1915,

* Revorded (uneorrected ) vu o Towusan add
4 Amine usert in the final step wis N, N-dimethyl-

2y AV ML Pearhino, S0 Tm, Chon. Soe, 70, 8T 112181
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