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SUMMARY 

Urea has been prepared from the reac t ion  07 carbon monoxide 
and m o n i a  i n  the presence of sulj%r. The react ion has been 

appl ied t o  the synthesis  of 14rea-'~C, ~rea-'~C, and ~ e a - ' ~ C - ' '  N2 

INTRODUCTION 

It has been necessary i n  t h i s  Laboratory t o  synthesize various isotope isomers 

of urea containing carbon-13, carbon-12 (depleted i n  carbon-13), and both carbon- 

13  and nitrogen-15. There a re  a var ie ty  of methods t h a t  have been used t o  synthe- 

s i z e  urea-14C [ l ]  and, i n  some cases, these methods have been applied to the prep- 

a ra t ion  of urea- C 12.31, 

materials such as  sodium cyanide, carbon dioxide, barium carbonate, diphenyl car- 

bonate, or phosgene and ammonia. Since i so topic  carbon monoxide and ammonia are 

available as s t a r t i n g  materials,  our a t t en t ion  was dravn to a paper by Franz and 

Applegath (41 i n  which they reported the  preparation of urea (73% crude y ie ld)  from 

stoichiometric quant i t ies  of carbon monoxide, ammonia, and su l fu r  as indicated . 
be lw .  

13 The radioactive syntheses typ ica l ly  employ s t a r t i n g  

Since t h i s  reaction offered a one-step synthesis from our i so topic  s t a r t i n g  mate- 

rial and seemed t o  be applicable to a range of reaction sca les ,  we  investigated 

the reaction as a method of preparing various isotope isomers of urea. 
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DISCUSSION 

For t h e  prepara t ion  of urea  conta in ing  i s o t o p i c  carbon, noniso topic  reagents  

were used i n  excess i n  an e f f o r t  t o  i n c r e a s e  t h e  y i e l d  of t h e  product .  Thus, when 

t h e  r e a c t i o n  was c a r r i e d  o u t  us ing  a two-fold excess  of armnonia and a 30% excess  of  

s u l f u r ,  crude y i e l d s  of 90-95% and i s o l a t e d  y i e l d s  of 80-90% of r e c r y s t a l l i z e d  

urea-I3C could be  obtained.  

50 ppm, was obtained i n  comparable y i e l d s ,  The l a t t e r  u r e a  i s o t o p e  isomer was 

subsequent ly  used as a p r o t e i n  denat i l r ing agent  i n  cmr s t u d i e s  on n a t u r a l  abundance 

p r o t e i n s .  

Urea-l’C, i n  which t h e  carbon-13 l e v e l  w a s  less than  

Prel iminary experiments on noniso topic  materials showed t h a t  when 50% excess  

carbon monoxide and 50% excess  s u l f u r  w e r e  used i n  t h e  r e a c t i o n  t h e  crude product  

could be  obtained i n  83% y i e l d .  

15N under these  condi t ions  is  only  35%, b u t  w e  f e e l  t h a t  mechanical l o s s e s  were 

respons ib le  f o r  t h e  low y i e l d  s i n c e  w e  observed t h e  recovery o f  ammonia from t h e  

ammonium chloride-sodium w t h o x i d e  r e a c t i o n  descr ibed  i n  t h e  experimental  s e c t i o n  

to be  96-100%. 

The y i e l d  r e p o r t e d  f o r  t h e  p r e p a r a t i o n  of urea-I3C- 

2 

The r e a c t i o n  has  been c a r r i e d  out  on s c a l e s  ranging from 0.3 mol t o  1 .0  mol 

of carbon monoxide and could be  used on l a r g e r  and smaller scales wi thout  

d i f f i c u l t y .  A moderate-pressure r e a c t i o n  vessel is requi red ,  b u t  t h e  method 

af fords  a s imple one-step s y n t h e s i s  of i s o t o p i c  urea  from carbon monoxide and 

ammonia. 

EXPERII4EIEEPTAL 

3 
Mater ia l s  and Methods--A s t a i n l e s s  s teel  gas sampling c y l i n d e r  (1000 cm o r  

3000 cm3, depending on r e a c t i o n  s c a l e )  w i t h  a p r e s s u r e  r a t i n g  of 2 . 8  MPa (400 ps ig)  

w a s  used a s  a r e a c t i o n  v e s s e l .  

thermometer (Weston 4303), and t h e  o t h e r  end of t h e  c y l i n d e r  w a s  equipped wi th  a 

removable pipe- tee  f i t t i n g  conta in ing  a p r e s s u r e  gauge and i n l e t  v a l v e .  Carbon- 

13C monoxide, carbon-12C monoxide, and a n ~ n o n i u m - ~ ~ N  c h l o r i d e  (obtained by hydro lys is  

of calcium ni t r ide-15N ) were produced a t  t h i s  Laboratory.* 

One end of t h e  c y l i n d e r  was c losed  w i t h  a threaded 

Melt ing p o i n t s  were 
2 

*Los Alamos S c i e n t i f i c  Laboratory I s o t o p e  Separa t ion  F a c i l i t y ,  Groups CNC-4 and 
CNC-2. 
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determined using a Fischer-Johns melt ing p o i n t  appara tus  and are uncorrec ted .  

s p e c t r a  were recorded on a P e r k i n - E l m r  710 spectrophotometer  us ing  polys tyrene  

c a l i b r a t i o n  l i n e s  and are repor ted  t o  t h e  n e a r e s t  5 cm . Proton-nmr s p e c t r a  were 

recorded on il Perkin-Elmer R-24 60-MHZ spec t rometer  us ing  TMS as an i n t e r n a l  s tand-  

ard.  

t rometer  i n t e r f a c e d  wi th  n Supernova computer and us ing  an external D 0 c a p i l l a r y  

lock .  

Ir 

-1 

Carbon-13 and nitrogen-15 nmr s p e c t r a  were recorded on a Varian XL-100 spec- 

2 

13 3 Urea- C--The 3000-cm s t a i n l e s s  s teel  r e a c t i o n  c y l i n d e r  w a s  charged wi th  s u l -  

f u r  (32 g,  1 .0  mol) and methanol (150 g) prev ious ly  s a t u r a t e d  wi th  hydrogen s u l f i d e  

by bubbl ing t h e  gas through t h e  l i q u i d  f o r  20 min. 

cy l inder  wi th  t h e  pipe- tee  f i t t i n g  and cool ing  t h e  c y l i n d e r  t o  D r y  Ice temperature ,  

ammonia (45 g, 2.6 mol) was cryogenica l ly  t r a n s f e r r e d  t o  t h e  r e a c t i o n  c y l i n d e r  from 

a 300-cm gas cy l inder .  

6.94 mol % l80,  conta in ing  0 .5  g methane) w a s  then  added t o  t h e  r e a c t i o n  c y l i n d e r  

from a similar gas c y l i n d e r ,  A f t e r  wrapping wi th  f l e x i b l e  h e a t i n g  t a p e  and a s b e s t o s  

t a p e ,  t h e  r e a c t i o n  c y l i n d e r  w a s  fas tened  t o  a wris t -ac t ion  sliaker and heated ro 

l@O°C with shaking.  

observed as t h e  temperature reached 100°C and dec l ined  t h e r e a f t e r .  

spectrum of a sample of t h e  r e a c t i o n  gases  taken  a t  3 h r  shoved 18% unreacted 

carbon.-l3C monoxide. 

monoxide, and h e a t i n g  and shaking were ceased. A f t e r  cool ing ,  t h e  r e a c t i o n  c y l i n d e r  

was vented,  dra ined ,  and washed wi th  w a r m  methanol, Reduced-pressure evapora t ion  

of t h e  s o l v e n t  from t h e  dark-red r e a c t i o n  s o l u t i o n  and combined washings gave a 

green-grey s o l i d  (55 g) which w a s  e x t r a c t e d  wi th  w a r m  water (250 c m  1. 

of t h e  aqueous e x t r a c t  followed by evapora t ion  of t h e  solvent. under reduced pres-  

s u r e  a f forded  crude urea-13C (41 g ,  95%).  R e c r y s t a l l i z a t i o n  from e t h a n o l  (Nor i t )  

gave t h e  product (37.5 g,  87%) as c o l o r l e s s  needles ,  mp 134-135'C: nmr (6 ,  DMSO- 

d6) 5.5 broad;  i r  (KBr) 3440, 3340, 3245, 1670, 1620, 1570, 1435, 1145 cm-'. 

A f t e r  c l o s i n g  t h e  r e a c t i o n  

3 Carbon-13C monoxide (21 g, 0 .71  mol, 89.96 mol % 1 3 C ,  

The maximum pressure  i n  t h e  c y l i n d e r ,  1.4 MPa (200 p s i g ) ,  was 

The i n f r a r e d  

A s i m i l a r  spectrum taken a t  6 h r  showed no r e s i d u a l  carbon 

3 F i l t r a t i o n  

12 Urea- C--The product  w a s  prepared and i s o l a t e d  as descr ibed  above by sub- 

s t i t u t i n g  carbon-l'C monoxide (%. 99.995 mol % 12C) i n  t h e  r e a c t i o n :  

d,) 5.5 broad; i r  (KBr) 3445, 3340, shoulder ,  1675, 1610, 1460, 1150 cm-'. 

nmr ( 6 ,  DMSO- 

13 15 Urea- C- N2-A 1000-cm3 three-neck f l a s k  equipped w i t h  a magnetic stirrer, 
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gas i n l e t  tube,  and condenser connected t o  two vacuum t r a p s  immersed i n  l i q u i d  

n i t rogen  was charged wi th  amm~nium-~~N chlor ide  (24.7 g, 0.45 m o l ,  99 m o l  % 1 5 N ) ,  
3 3 

methanol (200 cm ) , and a s o l u t i o n  of sodium (16 g,  0.7 mol) i n  methanol (160 cm ). 

The apparatus  was f lushed with helium whi le  t h e  ammonium chloride-sodium methoxide 

s l u r r y  w a s  ref luxed.  After  re f lux ing  and f l u s h i n g  for 6 h r ,  t h e  conten ts  of t h e  

vacuum t r a p s  (20 g of a methanol-am~ionia-~~N mixture) were cryogenical ly  vacuum- 

t ransfer red  t o  a 300-cm gas cy l inder .  3 

The 1000-cm' s t a i n l e s s  s t e e l  r e a c t i o n  cy l inder  w a s  charged with s u l f u r  (10.6 g. 

0.33 mol) and hydrogen s u l f i d e  s a t u r a t e d  methanol (50 cm ), sea led  w i t h  t h e  pipe-tee 

f i t t i n g ,  and cooled t o  Dry I c e  temperature ,  

t r a n s f e r r e d  t o  the reac t ion  cy l inder ,  followed by carbon-13C monoxide (10.1 g,  

0.34 mol, 91.88 mol X 1 3 C ,  6.26 mol X "0, containing 0.4 g methane). 

cyl inder  was wrapped i n  hea t ing  tape  and asbestos  t a p e ,  fas tened  t o  a wr is t -ac t ion  

shaker ,  and heated t o  100°C with shaking f o r  8 h r .  

descr ibed above gave urea-13C-15N2 (5.0 g, 35%) a s  c o l o r l e s s  needles ,  mp 133-13S'C: 

nmr (6, DMSO-d6) 5.5, JNH = 89 Hz; 13C-nmr and 15N-nmnr gave JNH - 89 Hz, Jm - 
19 Hz; i r  (KBr) 3435, 3330, 3230, 1660, 1610, 1570, 1425, 1145 cm-'. 

3 

The m e t h a n o l - a m ~ n i a - ~ ~ N  mixture was 

The r e a c t i o n  

I s o l a t i o n  of t h e  product as 
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