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DERIVATIVES OF OROTIC ACID AND ITS ANALOGS 

IV. Synthesis and Properties of Amino Derivatives 
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The lactone of 2, 6-diehloro-5-(hydroxymethyl)pyrimidine-4-carboxylic acid is synthesized, and 
various 2- chloro- 6- amino and 2, 6-diamino derivatives are prepared from it by ammonolysis. It is shown 

that treatment of these compounds with alkaline reagents leads to lactone ring opening when there is a pri- 
mary or secondary amino group at position 6, while the lactone ring is unaffected if there is a tertiary 

amino group at that position. 

A study is made of the action of dilute solutions of hydrochloric acid on the amino derivatives ob- 
tained by opening the lactone ring, and their reverse conversion to the corresponding 2, 6-substituted lac- 
tones of 5-(hydroxymethyl)pyrimidine-4-carboxylic acid is demonstrated. 

A previous communicat ion  [1] described a method of preparing the lac tone (I) of 5-(hydroxymethyl)orot ic  acid.  

The present work a imed to study the chemica l  reactions of this lactone,  to prepare the 2, 6-dichlorolactone and to 

synthesize from it  mono and d i - amino  substituted derivatives of the lactone of 5- (hydroxymethyl}pyr imidine-4-carboxyl ie  

acid.  

Boiling the lac tone I with phosphorus oxychloride in the presence of d ie thylani l ine  gave the lactone of 2, 6-dichloro-  

5 - (hydroxymethy l )pyr imid ine-4-carboxyl ic  acid (II). The IR spectrum of this dichlorolactone had an absorption band at 
1780 cm -1, character is t ic  of the previously prepared lactone of 5-(hydroxymethyl)orot ic  acid [1], as wel l  as of a l l  the 
lactones of 5 - (hydroxymethy l )pyr imid ine-4-carboxyl ic  acid, invest igated in the course of the present work. 

O CI 
II CH -.~1 /CH2 HN ,/b pocl  ,.'. _/~ 

. l  2 3 d i  \ c ' =  O/ / /~N/~ 'C  = 0 C6HsN(C2Hs)2 Cl O 

H 1 !1 

In the course of the ammonolysis it  was found that the chlorine at position 6 is much more act ive than that  at posi- 
t ion 2, and this is in comple te  accord with what has been stated in the l i terature of recent years [2]. Trea tment  of 2, 6- 
d ichlorolactone II with 2 moles of secondary amine  in a lcohol  solution at room temperature  gave 2-chloro-  6- amino de- 
rivatives of the lac tone of 5 - (hydroxymethy l )pyr imid ine-4-carboxyl ic  acid. Because of the lower ac t iv i ty  of the chlorine 
at position 2, a strong base had to be used (when reac t ion  proceeded at room temperature) ,  or, if  ammonolysis was car-  

ried out using weaker bases, prolonged heat ing.  

Cl R' 
CH~ ~ - - C , H 2  

N~.~r  / \ secondary N /  'u ~0 

II I I I - -XI  

III R=CI R ' =  - - ~ x _ ~  

IV R=CI R'=  - - ~ / - ~  

V R = C I  R'=--N(CH2CH2OH)~ 
Vi R=CI R'=--N(CH3)2 

VIi R=R'= ~ 

/ - - N  
VIii R=R' =- -  N O 

k___Y 

iX R=  R '= - -N (CH3)2  
X R=R'=--N(CH2CH2OH)2 

Xi R=--N(CH2CH2OH)~ R ~= --/ ~ 

* For Part III see [I]. 
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IR spectra confirmed the presence of a lactone ring in a l l  the compounds prepared. 

Reaction of 2, 6-dichlorolactone II with ammonia  or strong primary amines gave compounds with two or three ami-  
no groups (depending on the quantity of amine taken, and on its basicity),  but no longer containing a lactone ring. Hence 
these reactions involved not only substitution of one of the two chlorine atoms, but also opening of the lactone ring to 

give either amides of 5 - (hydroxymethyl )pyr imid ine-4-carboxyl ic  acid (type A compounds), or the corresponding 5 - a m i -  
nomethyl  derivatives (type B compounds). 

R' R' 

NH3; primary N H20H 

I i  base ' ' ' R OR" R/~N~ZJ '~CO OH 
A B 

x l l  R=CI R'=R"=--NHCH:CH2OH 
xlll R=CI R'=R"----NHC4H~-n 
XIoV R= R'= R"=--NHCH3 
XV R=CI R'=R'----NH2 

The act ion of weak primary bases or their salts on 2, 6-dichlorolactone II at room temperature  led in both cases to 
rep lacement  of the chlorine at position 6, without lactone ring opening. When salts of weak primary bases with minera l  
acids were used, the react ion was carried out in chloroform solution in the presence of aqueous sodium bicarbonate  solu- 
tion [3, 4]. 

When the resultant lactones,  with a secondary amino group at position 6, were further t reated with ammonia  or with 
any strong base, compounds without a lac tone  ring (of type A or type B) were obtained.  In this connect ion a specia l  study 
was made of the s tabi l i ty  of the lac tone  ring as a function of the  nature of the substituents at positons 2 and 6. It was 

found that the nature of the substituent at position 2 does not affect opening of the lac tone ring by amines, and that  l ac -  
tone ring opening is d i rec t ly  dependent on the nature of the substituent at position 6. If there were a pr imary or secondary 

amino group at position 6, the action of ammonia  or organic bases gave derivatives not containing a lac tone  ring. 

il 

R' XVl R'=--NHCGH5 
/ 

Salt of a pr imary N ~ ' ~ C H 2  XVII R'=--N HCH2Cfl2cl 
base ' ~  ~ XVIII R'=--NfC6H,OH-p 

NaHCOa § R / \ C  0 XIX R'=--NHCH2COOC2H5 

With a ter t iary  amino group at position 6, attempts to open the lactones with bases in boil ing ethanol  were unsuccessful, 
even with prolonged heat ing.  Thus when III was t reated with ammonia ,  it  was recovered unchanged. Trea tment  of III 
with n -bu ty l amine  gave the tac tone of 2 -n -bu ty l amino -6 -p ipe r id ino -5 - (hyd roxyme thy l )py r imid ine -4 -ca rboxy l i c  acid 

(xxiv). 

Compounds XI I -XV and XX-XXIII  crys ta l l ized  well ,  The IR spectra  of these compounds already did not evidence 
a lac tone  ring, but there were intense absorption bands, character is t ic  of amides of acids, in the 1690-1630 cm -1 region. 

r' R 

A B 

XX R=CI R'=--NHC6H5 R"=--N H~ 

XXI R= N O R'=--NHC~H5 R"= N~ 
XXll R=CI R'=--NHCH2CH2CI R"=--NH2 

XXI]I R= N ~  R'=--NHCH2CH2CI R"= N ~  
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When compounds such as XV, XXI, and XXIII were hydrolyzed with dilute hydrochloric acid, they readily lost an 
amino group, and were converted into lactones of 2- chloro- 6- amino- (XXV) or of 2, 6-diamino derivatives of 5-(hydroxy- 
methyl)pyrimidine-4-carboxylic acid (XXVI and XXVII). 

XV, XXI, XXIII 

XXV R= CI 

.-~R' .CH,, N ~  | XXVi R= 

x x v , ,  r =  

R'=--NH2 

R'=---NHC6Hs 

R'=--NHCH2CH2C~ 

Apart from elementary analyses, the presence of a lactone ring in these compounds was confirmed by the IR spectra 
showing an absorption band at 1780 cm -1. 

Compounds XII-XV and XX-XXIII differed markedly in respect of ease of hydrolysis from 5-aminomethyl  deriva- 
tives of orotic acid unsubstituted at positions 1 and 3. 5-Aminomethyl  derivatives of orotic acid were resistant to hydrol- 
ysis, and were recovered unchanged after heating with hydrochloric acid [1]. 

The stability of the lactone ring in the 2, 6-dichlorolactone II was also investigated. When dissolved in the calcu- 
lated amount of dilute aqueous sodium hydroxide, it gave the monosodium salt of 2, 6-dichloro-5-(hydroxymethyl)pyrimi- 
dine-4-carboxylic  acid (XXVIII), whose IR spectrum did not show the lactone absorption band. So with chlorine at posi- 
tion 6, the action of alkali led to lactone ring opening, 

Treatment of XXVIII with 2 or 4 moles of piperidine gave compounds which were respectively identical with the 
lactones III and VII, which, as stated above, are obtained by the action of piperidine on II. 

N~.r/CH2OH H 
NaOH 

II CI/~'~-J~"'C"ONa'r~ u |!1 and VII 

XXVII| 

This reaction of piperidine with XXVIII showed that with 2 molecules of piperidine, the chlorine at position 6 is replaced, 
while with excess pyridine, the chlorines at position 2 and 6 are replaced. There the sodium salt is not unchanged. On 
the contrary, as soon as a tertiary amino group appears at position 6, a compound with a lactone ring is precipitated even 

in alkali. 

Thus it was shown that when the compounds studied had chlorine, a primary or a secondary amino group at position 
6, treatment of them with alkali, ammonia,  or organic bases opened the lactone ring to give the corresponding type A or 
type B amino derivatives. With a tertiary amino group at position 6, bases did not open the lactone ring. It  is possible 
that substituents such as chlorine, which are electron acceptors, at position 6, facilitate ring opening by nucleophilic re- 
agents. So it can be postulated that primary and secondary amines, present under the reaction conditions in the imino 

form, and behaving as electron acceptors, facil i tate ring opening. 

The structures of type A and B compounds were not conclusively demonstrated, but their having absorption bands 
characteristic of amides of acids, the facile hydrolysis of one amino group in compounds XV, XXI, and XXIII, to give 
laetones XXV, XXVI, and XXVII, leads to the view that when lactones with a primary or secondary amino group at posi- 
tion 6 are treated with ammonia or organic bases, lactone ring opening apparently involves type A compounds, i . e . ,  

amides, and not type B 5-aminomethyl  derivatives. 

ExPerimental 

Lactone of 2, 6-dichloro-5-(hydroxymethyl)pyrimidine-4-carb0xylie acid (II). A suspension of 6.7 g (0.04 mole) 
lactone of 5-(hydroxymethyl)orotic acid (I) in I00 ml POC1 s and 9.6 ml PhNEt 2 were heated together for 3hr at 104~ 
After solution of lactone I, the POCI 3 was vacuum-distilled off, the residue treated with ice, crystals of II filtered off, 

and washed with cold water. Insoluble in cold water, soluble in EtOH and CHCI s, yield 6.2 g (76~/o), mp 132~176 (ex 
CHCIs). Found: C 85.31; H 1.04; CI 33.84; N 18.88~ Calculated for C6H~CI2N20~: C 35.12; H 0.97; CI 34,63; 

N 13.65%. 

Lactones of 2-chloro- 6-amino-8-(hydroxymethyl)pyrimidine-4-carboxylic acid. a) Compounds Ill, IV, V, and VI 
were obtained by reacting the 2, 6-dichloro lactone II with the calculated quantity of secondary amine in EtOH at room 
temperature for 10-12 hr. They were insoluble in water. They were recrystallized from EtOH or EtOH-acetone. Their 

608 



T
ab

le
 i

 

0 e..O
 

C
om

- 
po

un
d 

n
u

m
b

er
 

II
I 

IV
 

V
 

V
I 

V
II

 

V
II

I 

IX
 

X
 

X
I 

X
V

I 
X

V
II

 
X

V
II

I 
X

IX
 

C
I 

C
I 

C
I 

C
I /-
--

X
 

--
N

 
O

 

N
 (C

I-
t3

)2
 

N
 (C

H
2C

H
2O

H
)2

 

N
 (C

H
2C

H
2O

H
) 

2 

C
I 

C
I 

C
I 

C
I 

R
r I 

cH
2 

//
\/

\ 
n 

\ 
I 

o 
cI

 
/ 

%
/\

/ 
N

 
C

=
O

 

R
' 

-�
9 

--
N

 
0 

M
p,

 ~
 C

 
F

o
rm

u
la

 

N
 (

C
H

2C
H

zO
H

) 2
 

N
(C

H
s)

2 

N
 (

C
H

3)
 2

 
N

 (C
H

2C
H

2O
H

) 
2 

N
H

C
6H

5 
N

H
C

H
2C

H
2C

1 

22
1 

24
8 

19
1-

-1
94

 
19

2 

21
7 

24
0 

20
8-

-2
09

 
15

3 

12
3-

-1
24

 

23
5 

13
8 

N
H

C
G

H
4O

H
-p

 
I 

25
1 

N
H

C
H

~C
O

O
C

2H
~ 

16
8 

C
nH

m
C

lN
30

2 

C
1o

ltl
oC

1N
30

3 

C
m

H
I2

C
1N

30
2 

C
sH

sC
1N

30
2 

C
16

I]
22

N
40

2 

C
I4

H
Is

N
4

O
4

 

C
lo

H
I4

N
4O

2 
C

j4
.H

22
N

40
6 

C
,s

H
22

N
40

4 

C
12

H
sC

IN
aO

2 
C

sH
zC

I2
N

aQ
 

C
12

H
sC

1N
30

3-
0,

5H
20

 
C

Io
H

Io
C

1N
30

4"
 H

20
 

c 

52
.0

5 

46
.7

6 

43
.5

2 
45

.0
5 

63
.3

0 

54
.5

8 

54
.2

7 
49

.4
9 

55
.9

0 

54
.9

5 
38

.3
0 

50
.1

t 
41

.4
8 

4.
65

 

4.
05

 

4.
73

 
3,

84
 

7.
45

 

6.
06

 

6.
20

 
6.

56
 

6,
88

 

3.
00

 
2.

88
 

3.
40

 
4,

00
 

F
ol

m
d.

 
%

 

C
l 

14
,8

0 

13
,9

2 

13
,0

8 
16

.7
8 

16
.5

5 

16
-3

7 

15
.2

4 
19

.4
5 

18
.5

0 

18
,5

7 

25
.4

6 
16

.4
7 

17
,3

5 

16
.2

6 
16

.4
8 

14
.7

4 
14

.2
3 

52
.0

7 

46
.9

6 

43
.8

7 
44

.9
6 

63
.5

7 

54
,9

0 

54
.0

5 
49

.1
5 

55
.9

0 

55
.0

6 
38

.7
0 

50
.2

6 
41

.4
5 

C
al

cu
la

te
d

, 
%

 

4.
73

 

3.
91

 

4.
38

 
3.

74
 

7.
28

 

5.
88

 

6.
30

 
6.

43
 

6.
83

 

13
.6

7 
29

.2
4 

12
.4

5 
12

,3
1 

cl
 

[ 
N

 

i4
.0

0 

13
,8

1 

12
.9

8 
16

.6
2 

3.
05

 
2.

82
 

3
.1

4
! 

4
.1

4
l 

13
.5

7 
28

.6
2 

12
.3

2 
12

.2
6 

16
,5

6 

16
.4

3 

15
.3

5 
19

.6
7 

18
.5

4 

18
.3

0 

25
.2

2 
16

.3
7 

17
.3

9 

t 6
,0

6 
16

.9
3 

14
.6

5 
14

.5
0 

Y
ie

ld
, 

%
 

59
.5

 

47
.2

 

68
.0

 
58

.0
 

53
,0

 

76
.5

 

69
,6

 

70
.8

 
62

.4
 

58
,0

 
69

.4
 



A . _ ~ � 9  m 

C-I 

e~ 

o " l:g 
::: �9 

610 

I 

i z '  ~ - m o  ~ 'm g 

I 
I 

- - I  

k ~  

~ ~  ~ ~ �9 

P 

z z o ~ z  ~ ~ z 

u u u u u  u d d 

/ \  / \  

u k 

1:I:: ..~ Z z 
z = = = =  1 ~ I 
Z Z Z Z Z  Z 

o ~ 
L) ~ m L) L) 

z Z Z Z Z  Z Z Z 

/ \  / \  
I I I l  

U \ /  \ /  _~ Z Z 
U ~ z U U  I U I 

x 

IR spectra all had the 1'/80 cm "i absorption band, c 
istic of the lactone.* Table 1 gives yield of purified 
uets, mps, and analytical data. 

b) Compounds XVI, XVII, XVIII, and XIX were ob. 
rained by the action of primary amine hydrochlorides on I I l  
CHC1 s solution, at room temperature. They were insoluble 
in water, and were recrystallized from EtOH. All the IR 
spectra had the characteristic lactone absorption band at 1780 
c m - ' .  Table 1 gives yields of purified products, mps, and 
analytical data. 

Lactones of 2, 6- diamino- 5- (hydroxymethyl)pyrimidine- 
4_-carboxylic acid (VII-  .XI). 2, 6-Diamino substituted lac- 
tones were prepared by reaction of II with excess secondary 
amines in EtOH, by heating for 6-12 hr or in the case of 
strong bases (piperidine, dimethylamine) at room temperature 
for 24-86  hr. In all cases the IR spectra contained the lac- 
tone absorption bonds at 1780 cm -i. They crystallized from 
EtOH. Yield of purified product, mp and analytical data are 
shown in Table 1. 

Action of ammonia or strong primary amines on the 
2, 6-diChlorolactone (II). a) Compounds XII, XIII, XIV, and 
XV were prepared by heating together for a short t ime am- 
monia or the strong primary amine and II in EtOH solution. 
They did not contain a lactone ring, and their IR spectra had 
an intense band in the 1885-1680 em- i  region, characteristic 
of amides of acids. They were somewhat soluble in water, 
and were recrystallized from EtOH. Table 2 gives yields, 
mps, and analytical data. 

b) Compounds XX and XXII Were prepared by the ac- 
tion of ammonia on XVI and XVII, and compounds XXI and 
XXIII by the action of piperidine on XVI and XVII. Re- 
action was effected by allowing the mixed reactants to stand 
for a long t ime at room temperature. The compounds were 
reerystallized from EtOH. They did not contain the lactone 
ring, and the IR absorption spectra showed absorption bands at 
1685-1630 cm -1, characteristic of amides of acids. Table 2 
gives the yields of purified products, mps, and analytical 
data. 

Lactone of 2-piperidino- 6-anilino-5-(hy'droxymethyl)- 
pyrimidine-4-carboxylic  acid (XXVI). A suspension of XXI 
was boiled in water, brought to pH 1 with HCt, for 30 rain. 
XXVI was recrystallized from EtOH. Unlike the starting com- 
pound XXI, its IR spectrum had the characteristic lactone ab- 
sorption band at 1780 cm "l. Yield quantitative, mp 256 ~ (ex 
EtOH). Found: C 66.00; H 5.97; N 17.93%. Calculated for 
C17H18N402: C 65.80; H 5.80; N 18.06%, 

La.cmne of 9 - Piperidin~ 6-(8- chloroethylamino)- 5- (h X- 
dro.xymethyl) pyrimidine-4-.carboxylic acid (XXVII); Prepared 
similarly to XXVI and XXIII. Unlike XXIII, XXVII gives an 
IR spectrum with the lactone absorption band at 1780 cm "l. 
Yield quantitative, mp 196 ~ (ex EtOH). Found: C 52.97; 
H 5.561 C1 12.03; N 19.22%. Calculated for CmHI~C1N402: 
C 52.97; H 5.09; C1 12.05; N 19.01%. 

* The IR spectra of all the compounds were determined 
with a UR-10 speetrophotometer, using a paste in vaseline. 



Lactone of 2- n-buty lamino-  6- piperidino- 5-(hydroxymethy 1)pyrimidine-4- carboxylic  acid (XXIV). 1.6 g (22 mlvI) 
n -bu ty lamine  was added to a suspension of 1.27 g (5 raM) 111 in 30 ml  EtOH, and the mixture refluxed for 11 hr. After 
vacuum-dis t i l l ing  off the solvent, the residue was recrysta l l ized from aqueous EtOH. XXIV has an IR spectrum with the 

m o lactone absorption band at 1780 cm "i. Yield of XXIV 55%, mp 154 ~ (ex EtOH). Found: C 62.16; H ,.g9/0. Calcu-  
lated for ClsH~.zN402: C 62.06; H 7.58%. 

Sodium salt  of 2, 6-dichloro-5-(hydroxymethyt) lDyrimidine-4-earboxyl ie  acid (XXVIII). 2.05 g (0.01 mole) II was 
dissolved in 100 ml  water, containing the ca lcula ted  amount of NaOH. The solution was evaporated at low temperature  
under vacuum, and the dry residue washed with absolute EtOH. The sodium salt XXVIII does not show the character is t ic  
lac tone absorption band in its IR spectrum, showing that sodium salt  formation in a lkal ine  solution is accompanied by 
opening of the lactone ring. 

Action of piperidine on the sodium salt of 2, 6 -d ich loro-5- (hydroxymethy l )pyr imid ine-4-carboxyl ic  acid.  a) 2 
moles piper idine was added to an aqueous solution of XXVIII, and the mixture left  at room temperature  for a day. A 
crystal l ine compound comple te ly  ident ica l  with lac tone III (Table  1), was isolated.  

b) Excess piperidine (over 4 moles) was added to an aqueous solution of XXVIlI, and the solution left  at room ten>  
perature for a day.  The prec ip i ta te  was fi l tered off, and recrystal l /zed from EtOH. The compound obtained was com- 

p le te ly  ident ica l  with lac tone VII (Table  1). 

Lactone of  2-chloro-  6- amino-  5- (hydroxymethyl )pyr imidine-4-  carbox_.ylic acid (XXV). NH 3 gas was passed for 6 

hr into a suspension of 3 g (15 mM) II in 90 ml absolute EtOH at 80 ~ After vacuum-dis t i l l ing  off the solvent, a crystal-  
l ine compound comple te ly  ident ica l  with compound XV (Table  2) was obtained.  It was boiled in water which had been 
brought to p H I  with HCI. Recrystal l izat ion from water gave XXV, mp 270 ~ (decomp).  The IR spectrum had an absorp- 
tion band at 1780 cm "I. Found: C 38.97; H 2.00; C1 19.47; N 22.79%. Calcula ted for C6H4CINaO21 C 38.81; H 2.15; 
C1 19.13; N 22.64%. 
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