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TABLE I 

X - S t J B S T I T U T E D I ) l . \MlN()-2- l ' ] l ( )PAXOI.-

R/~~\NHCH2CHOHR' 

R 

II 
11 
11 
H 

cris 
CH3 

cn3 
OCH3 

OCIIs 
OCII3 

Cl 
Cl 
Cl 
Cl 

" Pip 
m p U O 

R'" 

Pip 
Pyr 
Mor 
Hypip 
Pip 
Pyr 
Mor 
Pip 
Pyr 
Mor 
Pip 
Pyr 
Mor 
Hypip 

Yield, % 

63 
69 
74 

Trace 
57 
91 
90 
54 
85 
29 
55 
64 
67 

Trace 

= 1-piperidyl, Pyr = 
-111.6°. 

Mp, °C 

114 
102.3 
125'' 
110 
114.5 
136 
111--112' 
105-107 
119 
75 

108 
127 
102 
130 

Formula 

C14H22N20 
C,3H2()N20 
Ci3H20X..O-. 
CI4H22X20-> 
C15H24X20 
C14H22X20 
C14II2.X202 

C,5H24N202 

CHI122N202 

C14H,,X203 

C14H21C1X20 
C13Hi9ClX20 
C13H19C1X202 

CI4H21C1N202 

Isolation 
method 

A 
A 

B 
A 
A 

A 
A 
B 
A 
A 
A 
B 

= 1-pyrrolidyl, Mor = 4-morpholinyl, Tly 

Recrystn 
solvent 

Ilexane 
Ilexane 

Benzene 
Ethanol 
Benzene 

Ilexane 
Ilexane 
Ilexane 
Ethanol-water 
Ethanol -water 
Benzene 
Benzene 

1 

c 
71.75 
70.87 

67.16 
72.54 
71.75 

68.15 
67.16 
(S3.13 
62.55 
61.29 
57.66 
59.04 

C'alcd, % 
H 

9.46 
9.15 

8.86 
9.74 
9.46 

9.15 
8.86 
8.33 
7.88 
7.52 
7.07 
7.43 

pip - l-(3-hydroxypiperidyl). 

N" 

11.96 
12.72 

.11.19 
11.28 
11,96 

10.60 
11.19 
10.52 
10.42 
11.00 
10.35 
9.84 

[ 
C 

71.55 
70.91 

67.28 
72.47 
71.74 

68.18 
67.37 
63.09 
62.68 
61.23 
57.52 
59.11 

'' Lit.1 mp 124-

'ound, (: 
H 

9. 57 
9.22 

8.74 
9.61 
9.59 

9.30 
8.9!) 
8,50 
7,84 
7.67 
6.99 
7.06 

-125°. 

/, 
N" 

11.81 
12.65 

10. 9S 
11.05 
11. N,S 

10.57 
11 .(Hi 
10.47 
10.24 
11. 2S 
10.2* 
9.75 

• Ml.1 

TABLE II 

SUBSTITUTED 2-PROPANOLS DERIVED FROM PIPERAZINE 

t / ^ N H C H ^ H O H C H , / " N NCH 2 CHOHCH 2 NH^~^R 
\ CH,CH / 

R 

II 
CH, 
Cl 
CHsU 

Yield, 

19 
25 
56 
24 

vlp, °C 

174 
170 
187 
210 

Formula 

C2>H32N402 

C24H36N4O2 

C22H30Cl2N4O2 

C24H36X404 

Isolation 
method 

A 
A 
A 
A 

Recrystn 
solvent 

C6Ho 
C6H6 

C6II6 

C rJIs 

C 

68.72 
69.87 
58.28 
64.84 

Calcd, <?, 
H 

8.39 
8.80 
6.67 
8.16 

N 

14.57 
13.58 
12.36 
12.60 

Found, ' 
C H 

68.85 8.IS 
69,74 8.89 
58.41 6.85 
65.04 8.30 

•/r , . - -

N" 

14.45 
13.51 
12.24 
12,40 

extracted with a mixture of bromobenzene and 1,2,4-triehloro-
benzene and dried (Xa2S04). 

A solution of the substituted l-anilino-3-chloropropanol 
(0.025 mole) in a mixture of bromobenzene (8.0 ml) and trichloro-
benzene (50 ml) was heated under reflux with a cyclic secondary 
aliphatic amine (0.025 mole) in a wax bath (205°), usually for 
about 3 hr. The reaction was followed by means of tic. The 
nnreacted halo compound had the greatest iff. When tic showed 
that the reaction was complete, the reaction mixture was cooled. 
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 (NaHCOs) 
and the substituted diamino-2-propanol was filtered and re-
crystallized. 

To extract the product from oily precipitates and mother 
liquors either isolation procedure A or B was followed. Method 
A: The product was extracted with 10/c HC1 and precipitated 
by neutralization with 10% NaOH. Solid precipitates were fil­
tered and recrystallized from an appropriate solvent. Method 
B: Oily precipitates were extracted with benzene. The ex­
tract was dried (Xa2S04) and concentrated in vacuo. The 
concentrated solution was chromatographed on an alumina column 
and eluted with benzene, ether-benzene, ether, acetone-ether, 
and acetone. The eluents were collected and the solvents were 
allowed to evaporate. Solid products were collected and re-
crystallized. 
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We would like to report the synthesis and antimicrobical test­
ing of a series of 2-alkylmercapto-, 2-amino-, and 2-hydroxy-5-
substituted 4-carboxypyrimidines (Table I) . Reports of biochem­
ical antagonism by 5-fluorouracil3 prompted the synthesis of these 
analogs as potential antimetabolites of orotic acid. The synthe­
sis of unsubstituted orotic acids has been reported by Daves, el 
al.,A who prepared the nine possible combinations of 4-carboxy-
pyrimidine if hydroxyl, amine, and thiol groups are interchanged 
on the 2 and 6 positions of 4-carboxypyrimidine. Compounds 
1, 5, 6, 8, 12-14, 16, 18, and 20 were tested in vitro at concentra­
tions up to 200 Mg/ml against Staphylococcus aureus (resistant 

(1) S u p p o r t e d by a research g r a n t from Smi th Kl ine and Frenel i Labora ­
tories, Ph i lade lphia , P a . For preceding p a p e r see S. Borodk in , S. Jonsson . 
G. H . Cocolas , and R . L. M c K e e , J. Med. Chem., 10, 248 (1967) . 

(2) Deceased . 
(3) (a) W. M u n y o n and N . P . Sa l zman , Virology, 18, 95 (1962) ; (b) !.. 

Cheong , M . A. Rich, and M . L. Kidenoff, Cancer Res., 20 , 1602 ( I960 ) ; (c) 
M . L. Eidinoff, .1. V.. Knoll, I). J . M a r a n o , and I ) . Klein, ibid., 2 1 , KS77 
(1961). 

(1) O. J) . Daves , 1'. Hniocrlii, Tl. K. Hobbins , and C. ( ' . Cheng , ./. Org. 
Chem., 26, 2755 (1901). 



No. 
1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

X 
CH3S 

CH3S 

CH3S 

CH3S 

CH3S 

C2H0S 

C2II5S 

CeTIsCHjS 

N H , 
NH 2 

NIT2 

NH 2 

N H , 
N H , 
OH 

on 
OH 
OH 
OH 
OH 

Y 
OH 

OH 

OH 

on 
OH 

OH 

OH 

OH 

OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 

it 
CH3 

CJI5 

n-C3H7 

n-C4H„ 

CsHbCHj 

C2H5 

i-C,H7 

CH, 

C H , 
C2H5 

n-C,H7 

J1-C4H9 
i-CJh 
C«HoCIIs 

CH3 

C2Hr, 
«-C.,II, 
i-CMi 
n-CJh 
c6n6cn2 

Method 
used 
A 

A 

A 

A 

A 

A 

A 

A 

B 
B 
B 
B 
B 
B 
C 
C 

c 
c 
c 
c 

% 
yield 

34 

30 

35 

24 

26 

37 

23 

28 

89 
78 
76 
85 
85 
80 
96 
95 
90 
77 
81 
90 

Mp, °C« 
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 
282-2 S3 
2)7-298 
308-309 

TABLE I 

OROTIC ACID ANALOGS 

Formula 
C,H8N203S 

C8H10N2O3S 

C9H12N203S 

CuJIuNsOaS 

C13TI12N203S 

C9II12N2O3S-0.5H2O 

C 1 0 TIHN 2 O 3 S 

C13HI2N203S 

C H T N J O , 

C7H9N303 

c8n„N3o3 
C 9 H„N,0 , 
C8H„N3O30.5H2O 
C1 2HnN303 

c6n6N204 
C H . N A 
C8III0N2O4 
C H „ N , 0 4 
CHuNjOi 
Ci2H10N2O4 

* $ ^ R 

COOH 

>-—-Carbon, % • 
Calcd 
42.00 

44.86 

47.36 

49.54 

56.52 

45.55 

49.54 

56.52 

45.00 
48.72 
51.18 
46.59 
58.77 

45.65 
48.48 
48.4-! 
51.41 
58.54 

Found 
41.75 

45.29 

47.35 

49.27 

56.69 

45.35 

49.35 

56.88 

46.19 
48.52 
50.78 
46.49 
58.81 

45.69 
48.34 
48.56 
50 91 
58.59 

-—Hydrogen, %— 
Calcd 
4 .03 

4.71 

5.30 

5.82 

4.38 

5.52 

5.82 

4.38 

4.95 
5.62 
6.20 
5.87 
4.52 

4 .38 
5.09 
5.09 
5.70 
4.09 

Found 
3.88 

4.66 

5.24 

5.82 

4.59 

5.02 

6.52 

4.41 

4.95 
6.18 
6.95 
5.75 
4.58 

4.19 
4 96 
5.33 
5.92 
4.03 

^-Nitrogen, %—• 
Calcd 
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 

. Sulfur, % 
Calcd 
15.99 

14.96 

14.02 

13.23 

11.60 

13.51 

13.21 

11.58 

Found 
15.90 

14.87 

14.05 

13.16 

11.53 

13.63 

13.27 

11.65 

Ultraviolet spectra^ X, m/* («) 
Max 

244 (9000), 
293 (7500) 

244 (9000), 
293 (8000) 

245 (9500), 
294 (8500) 

245 (9000), 
294 (8000) 

244 (9500), 
296 (8500) 

245 (9000), 
293 (8000) 

245 (9000), 
293 (8000) 

245 (8500), 
296 (8000) 

283 (6500) 
283 (6500) 
282 (5500) 
279 (6500) 
279 (7000) 
281 (7000) 
274 (7000) 
273(8000) 
274 (8000) 
273(8500) 
275 (8099) 
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) 
23S (2000) 
240 (2000) 
240 (2500) 

" All 4-etirboxypyrimidines melted with decomposition, 
absorptivity values are rounded to the nearest 500 units. 
[/. Org. Chem., 22, 274 (1957)] reported mp 327°. 

'' Determined on a Berkman Model DU spectrophotometer using 10 4 M aqueous solutions and scanned from 200-400 mp. The molar 
r C. Mentzer and D. Billet [Compt. Rend., 228, 402 (1949)] reported mp 302°. d P . II . Laursen, W. A. Thews, and B. E. Christensen 
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s t r a i n ) , Klebsiella pneumoniae, Candida albicans, Trichomonas 
foetus, a n d Trychophylon mentagrophytes. All were inac t ive . 

Experimental Section1, 

M e t h o d A. 5-Subst i tuted 2-Alkylmercapto-6-hydroxy-4-car-
boxypyrimidines . T o an S - :dky lpseudo th iou rea su l fa te (0 .425 
mole) d isso lved in 1 1. of w a t e r was a d d e d 0.85 mo le of t h e e thy l 
es ter of t h e co r respond ing a - s u b s t i t u t e d e t h o x a l y l a e e t a t e " 
followed by 16S g (2.55 moles) of KOFI dissolved in 800 ml of 
wa te r . T h e resul t ing solut ion was al lowed to s t a n d at room 
t e m p e r a t u r e for 2 d a y s . T h e react ion m i x t u r e was e x t r a c t e d 
with e the r a n d t r e a t e d wi th charcoal a n d then m a d e s t rongly 
acidic wi th HC1. T h e p r o d u c t p r ec ip i t a t ed as a whi te precipi ­
t a t e It was washed l iberal ly wi th w a t e r a n d reerys ta l l ized by 
dissolving it in l '< N a O H solu t ion , filtering t h r o u g h charcoal , 
a n d acidifying t h e hot so lu t ion w i t h H O . 

Method B. 5-Subst i tuted 2-Amino-6-hydroxy-4-carboxypy-
rimidine.- - 5 - S u b s t i t u t e d 2 - m e t h y l m e r c a p t o - 6 - h y d r o x y - 4 - c a r b o x -
y p y r i m i d i n e (10 g) was dissolved in 100 ml of 3 0 % N H 4 O H solu­
tion and t h e m i x t u r e wras h e a t e d in a b o m b at 120° for 16 hi'. 
T h e react ion m i x t u r e was cooled and slowly acidified w i t h H O . 
T h e w h i t e p r e c i p i t a t e was washed wi th w a t e r a n d purified as 
descr ibed in t h e a b o v e p rocedu re . 

M e t h o d C. 5-Subst i tuted 2,6-Dihydroxy-4-carboxypyrimidine. 
S u b s t i t u t e d 6 - h y d r o x y - 2 - m e t h y l m e r c a p t o - 4 - c a r b o x y p y r i m i -

d ine (10 g) was remixed 6 h r wi th 250 ml of c o n c e n t r a t e d H O 
solut ion . After cooling, t h e m i x t u r e was d i lu ted wi th 250 ml 
of water , and t h e p r ec ip i t a t e was collected a n d washed wi th w a t e r 
and ace tone . T h e produc t was purified as descr ibed in 1 he a b o v e 
procedure . 

IOJ Melons points were taken in open capillary tubes on a Mel-Temp 
apparatus and are corrected. Analyses are l>y Alfred Bernhardt Micro-
analytical Laboratories, Mulheim, Germany. 

((i) H. F. B. Cox and S. M. McElvain, "Organic Syntheses," Coll. Vol. 
II, John Wiley and ions, Inc., New York, .V. Y., 1913. p 272. 
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U n s y m m e t r i c a l d i a r y l e t h y l e n e d i a m i n e s a re of v a l u e b o t h as 
p recu r so r s to imidazo l id ines a n d p ipe raz ines a n d as che la t ing 
l igands for t r ans i t ion m e t a l s . T w o rou tes for t h e p r e p a r a t i o n a re 
offered. 

T A B I 

T J N S Y M M E T K I C A L K 

Experimental Section 

Procedure I. T h e firs! route , of general i u i l i l \ , requires I In 
p repa ra t i on of a 2-aiiilinoel hanol by the nel ion of an .n vlninine on 
2-chloroetl ianii l , conversion of (lie alcohol In o b r o m i d e with 
II Hr, and , finally, an ima t ion of (he r e f i l l i n g b romide with i 
second a ry lan ih ie . T h e propara ! ion of 2-i / i-dimet hylumnio-
ani l ino)- and 2- (^-mefhoxyai i i l ino lelhanol followed (hat of 
J a c o b s and Heide lberg , 1 whi le t h e p rocedure for ihe synthes is of 
(he cor responding b romides was thai of P e a r l n m n . " Tin1 c rude 
h y d r o b r o m i d e (0.1 mole) was hea t ed wi th the a p p r o p r i a t e ; n \ l -
amitie (0.4 mole) at .100° for (i 10 hr with s t i r r ing, and the n t i v 
lu re was poured while hot and fluid into cold, swir l ing wa te r oil 10 
ml) . After t ho rough humogeh iza t ion of the p rec ip i t a te , the 
solut ion was neutra l ized wi th a q u e o u s N a O H , and the p rec ip i t a t e 
was filtered and washed wi th wa t e r . T h e p rec ip i l a l e iva- then 
t ho rough ly ex t rac ted with 1:1 m e t h a n o l - w a t e r (.'3011 nil), col­
lected, and washed wi th m e t h a n o l wate r . I iecrysta l l iza i ion 
was from e thano l or e t h a n o l - w a t e r . 

Procedure II. T h e second p rocedure is for I he special case 
where one a ry l g roup carries a s t rongly e l e c t r o n - a t t r a c t i n g MI1>-
s t i t u e n t such as a n i t ro g r o u p . A m i x t u r e of p -n i t roan i l i ne iO.;!l 
mole, technical g rade) , \ a 2 ( ' ( ) s '0 ,14 mole) , and l-brom<>-2-
ch lo roe thane (70 nil t wn" hea ted a t gent le rehux for 40 hr with 
s t i r r ing. After cooling, the m i x t u r e was Miction filtered and the 
p r e c i p i t a t e w a s washed wi th l -b romo-2 -ch lo re thane {<•<>. 2n ml i. 
T h e tilt r a te was e v a p o r a t e d to one-half vo lume in raeno and cooled. 
C r u d e p r o d u c t was ob ta ined in 3 0 ' , yield (20 g) . Four rei-rystal-
l izat ions from e t h a n o l wa t e r p r o d u c e d ma te r i a l mel t ing at ,s7.0 
S,s.:j°, T h e p r o d u c t of th is reac t ion a p p e a r s to be a m i x t u r e of 
2-<ni t roani l iho)e thyl hal ides as ev idenced by e lementa l analyse^ 
of var ious samples of short me l t ing point range and I he rat her 
complex n m r s p e c t r u m . 

Addi t ion of c h l o r o b r o m o e t h a n e to the mol ten a m i n e fequi-
mola r qtiant it ies i and XajCOs at 150° and con t inued h e a l i n g at 
this t e m p e r a t u r e for 20 hr gave X,N' - l> is (p-u i l iop) ienyl ie thylene-
d iamine . T h e same p rocedure snfliced for » / -n i t roani l ine where 
the p r o d u c t (yield 1^ ' , ! was recrys ta l l ized once from e ihe r and 
twice from C O , . 

T h e c rude halide (en. 0.05 mole ) was then mixed wi th the a p p r o ­
p r i a t e a ry l amine (0.2 mole) and hea ted to 100° for 12-16 hr 
(magne t ic s t i r r ing i. After cooling, this m i x t u r e was s t i r red wilh 
9 5 ' f e thano l (150 m l ! for several hours and filtered. In only 
two cases, N - i / j - d i m e t h y l a m i u o p h e n y l i -X'-! / ; -ni l i 'ophenyl ieth\ I-
ened i amine and X - ( p - d i m e t h y l a m i n o p h p n y l )-N'-(»/ .- i i i tropheuyl i-
e thy le t i ed iamine , was solut ion effected. Tn these ins tances wa te r 
(75 100 m l ! was added to I he e thano l fi l trate to induce precipi­
ta t ion . Recrys la l i i za t ion was from e thanol or e thano l writer. 
Resul t s are summar i zed in T a b l e I. 
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.E I" 
TIIYLEXEDIA.MINI-'.S 

NH(CH,).,N'H' 

Y 

p - f C H ^ X 
p-NO, 
p-NO, 
p-NOo 
m-N02 

m-NO, 
" Elemental 

Mercer type 5, 

Method 
of 

X prepn 

p-0CH 3 I-' 
p-(CH3)2N I I " 
p-CH30 I P 
p-CH3 II" 
p - t C H ^ N I I ' 

p-CHaO II ' 

analyses were perfoi 
melting point block. 

Crude 
yield. 

(final 
step) 

50 
65 
50 
65 
40 

85 

•med by 

Mp, °C6 

94-96 
161.5-163.0 
151.5-152.0 
161.5-162.5 
117.5-119 

109.0-109.5 
Schwarzkopf M 

, Carbon 
Color Calcd 

White 71.55 
Red-brown 63.98 
Red-purple 62.69 
Gold-orange 66.40 
Yellow- 63.98 

orange 
Red-orange 62.69 

icroanalytical LaboraU ivy. 
c Amine used in the final step was p-anisidine. •' 

Found 

71 .50 
64.07 
62.55 
66. 11 
63,67 

62 . 5s 
'• l l .ee. 

Amine t 

1 lydroti 
Calcd 

S. 12 
6.71 
5 .97 
6.32 
6 71 

5 97 

en, ' '< - • , — N'it roa'f'Ti. ' , - -
Found Calcd Found 

7 . OS 
6.84 
6.15 
6.47 15.49 15.76 
6.65 

5.90 14.63 14,S2 
irded (uncorrected) on a Townson inn 
tsed in the final step was N,N-dimelhvl 
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