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SUMMARY 

The s y n t h e s i s  o f  b u t y 1 n i t r o s o u r e a - l - l 4 C  is d e s c r i b e d  
s t a r t i n g  f rom sodium cyanide-14C.  N u c l e o p h i l i c  d i s -  
placement  o f  bromine i n  I-bromopro ane w i t h  l a b e l l e d  

ed w i t h  l i t h i u m  aluminium hybr ide  t o  butylamine-1-  14C. 
The amine was i s o l a t e d  a s  i t s  h y d r o c h l o r i d e  sa1twht:rh 
was c o n v e r t e d  t o  bu ty turea - l -14C by r e a c t i o n  
urea .  NitPOSyZatiOn o f  t h e  recutting s u b s t i t u t e d u r e a ,  
w i t h o u t  i t s  i s o l a t i o n ,  gave t h e  t i t l e  compound i n  an 
o v e r a l l  yield of 32% based on sodium cyanide-14C.  
The r e a c t i o n  between bu ty lamine  and s i l i c o n  t e t r a i s o -  
cyana te  was i n v e s t i g a t d  as  a p o s s i b l e  a l t e r n a t i v e  
s y n t h e s i s  o f  b u t y l u r e a .  T h i s  approach gave u n s a t i s -  
f a c t o r y  r e s u l t s  and was n o t  u t i l i s e d  i n  t h e  rad ioche -  
mica1 s y n t h e s i s .  BUtyZni troSourea i n  s o l u t i o n  hasbeen 
found t o  be v e r y  u n s t a b l e  t o  l i g h t .  

cyan ide  i o n  gave b u t y r o n i t r i l e - I - '  t C which was reduc -  

w i t h  

INTRODUCTION 

The carcinogenic activity of N-nit- compounds hns been well estsblished1'2 

A possible mechanism for their mode of action invokes an enzymatic or 

purely chemical conversion of these compounds t o  an "active" electrophillic 

alkylating species capqblo of reaction with the genetic material (DNA and 

RNA) of a cell. As a result of investi&ions in these laboratories concerning 

the carcinogenicity of krtylnitrosouree. w required the compound with a radio- 
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active la5e l  on the +carbon atom of butyl n o u p  f o r  metabolic studies. 

synthesis devised is outlined i n  fiE.1. and represents the f i r s t  chemical 

synthesis,  an far as we are  aware, of b u t y l n i t r n s o u r e a - ~ ~ ~ ~ .  

f i e  

N =O 

3 
v 

FIG1 SYNTHESIS of BUTYLNITRMOUREA-I-"C 

DISCUSSION A N D  RESULTS 

Sodium ~ y a n i d e - ~ ~ C  mixed with innctive sodium cyanide was converted t o  butyron- 

itrile-l-14C by heatinp it under reflux with a s l i e h t  excess of 1-bromopropane i n  

eth,ule-l,Z-diol. 

and ya8 shorn t o  be pure by g?s l iou id  chromato~rsphy. 

b ~ t y r o n i t r i l e - l - ~ ~ c  with lithium aluminium hydride i n  refluxing e ther  gave 

butylwlne-l-34C which was isolated as its crys ta l l ine  hydrochloride i n  

7% yield. 

Couble surface water condenser normally employed, thus minimising losses  of 

the vo la t i l e  amine during the refluxing period nnd i n  the decomposition of 

excesG resgent phase. 

improvement on that drscr i ted  previously 

The n i t r i l e  WPS isolated i n  8% yield a f t e r  fractions1 d i s t i l l f i t i m  

Reduction of 

A dry ice-acetone condenser vas incorponted on top of the usual 

The yield of butylamine obtiined is a s igni f icant  

f o r  the reduction and is moat 
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l i k e l y  a r e su l t  of the more e f f i c i en t  condens- system. 

l-14C-hydrochloride with urea waa car r ied  out by heating them together under 

re f lux  i n  aqueous solution, the i n i t i a l l y  ac id ic  solution (methyl red) 

rapidly became basic due t o  the ammonia l ibera ted  during the  reaction. Thin 

layer  chromatogrxphic ( t l c )  emmination of the  reaction mixture revealed t h e  

fomat ion  of only one product whose mobility wan ident ica l  with t b t  of authentic 

butylurea. 

reaction with n i t rous  acid,  genernted from sodium n i t r i t e  and su l fu r i c  acid, 

t o  give butylnitrosourea-l-14C which waa purified by recrys ta l l i sa t ion  from 

petroleum ether. 

n.p.* u/v spectrum, and t l c )  with an'authentic sample of butylnitrosourea. 

spec i f ic  ac t iv i ty  a s  determined using in te rna l  l i qu id  s c i n t i l l a t i o n  countinp 

techniques with R toluene/PFO/FOPOP s c i n t i l l a t i o n  system, was 2.24 x 10 d d m g  

o r  lOO.9pCi/mmol and uas unchsllged by fur ther  recrys ta l l i s s t ion .  The product 

was shown t o  be chemicnlly and radiochemically pure by a combination of tlc, 

radiochromatogrum scanninc, and autortidioqr.iphic techniques. On fluorescent 

s i l i c a  ge l  it yigrr?ted t o  give a d iscre te  spot which was eas i ly  detected by 

ouenching of background flunrascence under u/v i r rad ia t ion  -nd was indistinryish- 

able from an authentic sample in two solvent systems; 

petroleum ether,  1.1) and Rf 0.42 (e thyl  acetate-petroleum e ther  1.1). 

chromatogram manning as well M autoradiographic examination of the t l c  plate8 

revealed only one radioactive region (fig.2) correspondinp t o  the posit ion a t  

which' quenching of fluorescence occurred. 

Reaction of butylamine- 

The butylurea was not isolated but was nitrosylated d i r ec t ly  by 

The eyuthetic,  l abe l led  material wma identicnl (m.p., mixed 

The 

8 

with Rf 0.47 (ether& 

Radio- 

'Ihe s t a b i l i t y  of b u t y l n i t r o ~ o u r e a - l - ~ ~ C  towards l i c h t  was exmined by 

exposing n 196 solution in  toluene t o  daylieht md examininp the solution by t l c  

a t  varying time in te rva l& 

radiochromatogram scanning 2nd autorndiography revealed the  formation of more 

p la r ,  non u/v absorbing products which occurred a t  the  or ig in  of the chromatogram 

Subsequent examinqtion of the  chromatogrrns by 
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FIG2 THIN LAYER RADIOCROPUTOCRAPH a d  
AUTORAOIOCRAPH d BUTYLNITROSOUREA-1 -"C 

inETHER-PETROLEUMETHER 1 . 1  

using the solvent system, ether-petroleum e ther  1:1. 

spproximately 1% of the  rad ioac t iv i ty  could be found a t  the  chromatogram 

oriRin; 

i n v e s t i p t i o n  of the solution revealed that a complex mixture of photochemicil 

products was formed. 

After exposure f o r  l h ,  

t h i s  amount had increased t o  ca. 4 6  a f t e r  48h. Further t l c  

A f a i r l y  recent report', l i s t i n g  the preparation i n  almost cuant i ta t ive  yield 

of a rwge  of urea derivntives from primary and secondary mines ,  describes the  

synthesis of butyluree i n  9% yield from butylaminc and s i l icone  tetraisocyanate 

i n  benzene. The reaction is reported t o  proceed v ia  the  intermediate formation 

of  a s i ly lurea  derivative which undergoes f ac i l e  hydrolysis on treatment with 

water t o  give pure butylurea. I n  our hands, however, t h i s  procedure proved 
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t o  be unsatisfactory. 

amount of another, an yet unidentified product is also produced which has been 

isolated pure by column chromatography on s i l i c a  gel. 

of butylurea obtnined by t h i s  approach prompted us t o  abandon it. 

In  addition t o  the desired urea an approximately equal 

The consequent low yie ld  

E X P E R I M E N T A L  

Melting points were determined 011 a Gallenkamp apparatus and are uncorrected. 

Tlc was carried out on silica ge l  OF254 on pre-coated aluminium sheets (Merck). 

The compounds were located e i t h e r  by di rec t  r i sua l i s - l t ion  under d v  l i gh t  o r  

by sFrayiw the p l a t e s  with one of the following reagents; 

of potassium permanganste in eulphuric acid (2N), i i )  2% solution of ammonium 

i) LG solution 

molybdate i n  sulphuric acid (5N). 

Aerograph, qutoprep, model 705) ves carried out on a column of 15% (W/W) 

cwbowax 2Cm on &-lW mesh acid washed, DHCS t rea ted  chromosorb W (68xl/8th'8) 

a t  50' and with a flow r a t e  of 65ml/min of nitrogen. Specific a c t i v i t y  deter- 

minations were made usine a Tracer-Lab Corumatic loOa l iqu id  e c i n t i l l a t i o n  

spectrometer. 

(model 72Cl) rodiochromatogrspl ncanner. 

measured with a Unicam SP 1800 epectrophotometer. 

e ther  r e fe r s  t o  the f rac t ion  o f  b.p. 60-80'. 

Gas l iqu id  chromatography ( V a r i a n  

Radiochromatographic scanning was performed w i t h a h c k a r d  

The u l t r av io l e t  spectrum wan 

The term pe t ro l em 

~ u t y r o n i t r i l e - l - ~ ~ ~  (1). 

%dim cyanide-14C (5  mCi, 52.8 mCi/mmol, obtained from the Radiochemical 

Centre, Xmershain, &gland) wae transferred from the delivery v i a l  t o  a 5Cml 

round bottom f l a sk  with the a id  of sn aqueous solution of sodim cyanide 

(5Chg i n  lhl) and the resu l t ing  solution was freeze dried. 

(2.46) was added topether with ethsne-1,2-diol (15ml) ?ad 1-bromopropane 

(6.56, 5 b o l ) .  

Sodium cyanide 

The mixture was he.?ted under re f lux  f o r  2h. and then fraction- 
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a l l y  d i s t i l l e d  throueh R Vigeux column (1Ocm). 

(mainly 116') w a  collected (3.0g. 875). 

l iqu id  chmmtogrnphy and had the BRW re ten t ion  time ns nuthentic bu tyroni t r i le ,  

lit.,5 b.p. 117.28'. 

Butylanine-l-14C-hydroc~loride (2  

B ~ t y r o n i t r i l e - l - ~ ~ C  (3.0g, 43.5 mmol) was dissolved in  sodium dried e ther  

(5CXul.l and the so lu t ion  was added dropvisa t o  a suspension of l i thium duminillm 

hydride (3 .5~ .  92 m l )  i n  dry e ther  (lOanl). A dry ice/acetone condenser was 

f i t t e d  on top  of the  usual e the r  condenser and the  reaction mixture was heated 

under reflruini: for  8h. Excess of lithium aluminium hydride was decomposed by the 

cautious addition of water (5ml) ryld sodium hydroxide (bN, l h l )  end the resu l t ing  

mixture waa refluxed fo r  e. further O.5h. 

-70' and the inorganic s a l t s  were removed by f i l t r a t ion .  

w a s  passed thrOUrh the f i l t r a t e  u n t i l  no more FrecipitFte W R  FFOdUCed md  

The frriction, b.p. 114-118° 

It w98 pure on examinntion by Rae 

The reaction mixture was cooled t o  

D r y  hydrogen chloride 

the solvent was removed i n  VRCUO. 

concentrited from ethnnol ( 3  x 1CCin1) t o  remove moisture and the product 

was crvs tn l l i sed  by t he  addition of e the r  (2o(?ml! t o  give L~ty larn ine- l -~~C-  

hydrochloride (3.7~. 79%) as a wgroscopic vhite solid. 

The resu l t ing  semi-solid residue VBS 

Butslnitrosou2ua-l-14C (3) 

Butylamine-l-14C-hydrochloride (3.7g, 9 m l )  was dissolved in  water (2cknl) 

t o  which urea (7.2gr120 -1) was gdded. 

f o r  3h and n f t e r  cooling t o  rocm terr;.er-.ture, sodium n i t r i t e  ( 5 . 5 ~ .  PO mmol) 

waa added and the r e su l t i ng  solution added t o  a solution of concentryted 

sulphuric acid ( 5 m l )  i n  water ( 1 M )  with cooling t o  below 0'. 

product has collected by f i l t r a t i o n  md mahed w a l l  with cold water. 

i s a t ion  of the dried m:,terial from petroleum e ther  rave pure butylnitrosourea- 

d 4 C  as p l e  yellow pr ima.  (2.35~, 4& 1 ,  m.p. 822.5-840, 

2 b q ~  ( & 4900!, lit:, m.p. 

The mixture W ~ R  hested under re f lux  

The FreciFit-ted 

Recrystall- 

h m u  (methanol) 

8>84O, m a x  (methanol) 237mp ( & 4650). 
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8 specif ic  act ivi ty ,  2.24 x 10 d p - b r  l O O . ~ C i / ~ l ,  unchanged on fur ther  

recrystal l iss t ion.  

011 admixture with 831 authentic sample 9nd the two smples were indistinguishable 

by t l c  ( R f  0.47, ether-petroleun ether 1:1, W 0.42 ethyl aceta-e-petroleum 

ether 1:l). 

The synthetic compound showed 110 depression i n  m.p. 
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