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ORGANIC PREPARATIONS AND PROCEDURES INT. 9 ( 2 ) ,  49-52 (1977) 

SYNTHESIS OF THE SELECTIVE BLADDER CARCINOGEN, 

N - ( n- BUT Y L ) - N - ( 3 - C A RB 0 X Y PROP Y L ) N IT RO SAM I HE ( B C P N ) 

Wi 1 1 i ain Gaff ield* 

Western Regional Research Center, Agricultural  Research Service 
U.S. Department of Agriculture,  Berkeley, California 94710 

Larry K.  Keefer and Peter P .  Roller 

Analytical Chemistry Section, Carcinogen Metabolism and Toxicology Branch, 
National Cancer I n s t i t u t e ,  Bethesda, Maryland 20014 

N-(n-Butyl)-N-(3-carboxypropyl)nitrosamine (BCPN) ( I )  appears t o  be a 
1 key compound i n  the production of bladder cancer i n  experimental animals. 

c>.. I 2-C4H9yH(CH2) ,C02H HC1 
1. NaH 
2. n-BuBr  

I 
H 9 - B u  11 111 

Ba(OH)Z HC1 I NaN02  I 
n-C4H NH(CH2)3C02H -2-C H N(CH2)3COZH 

9 4 91  - 
NO I IV 

The widespread interest i n  bladder carcinogens ,L together with our i n t e r e s t  

in synthesizing agents po ten t ia l ly  useful f o r  the i so l a t ion  of nitrosamine 

metabolizing enzymes prompts us t o  repor t  a sho r t  and e f f i c i e n t  synthesis 

of BCPN. 
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GAFFIELD,KF,EFER AND ROLLER 

The reaction of 2-pyrrolidone with sodium hydri& in toluene afforded 

a salt which was alkylated with c-butyl bromide to give N-butyl-2- 

pyrrolidone(I1). 

butylaminobutyric acid hydrochloride (111) which upon reaction with sodium 

nitrite afforded I. Alternatively, lactam I1 could be hydrolyzed with 
3 barium hydroxide to 4-2-butylaminobutyric acid (IV) which upon reaction 

with sodiuin nitrite and hydrochloric acid yielded I. Due to some diffi- 

culty in obtaining IV in pure forin, the former procedure was preferred. 

Hydrolysis of I1 with conc. hydrochloric acid gave 4-n- - 

Our synthetic method would appear to have two advantages over an al- 
4 ternati ve procedure based on KMnOq oxidation of N- (fi-bu tyl ) -N- (4-hydroxy- 

buty1)nitrosamine (BBN). 

BBN is not comercially available in the U.S. and must itself be produced 

- via a multistep ~ynthesis,~ while 2-pyrrolidone and n-butyl bromide are 

quite inexpensive. 

group i s  introduced only in the l as t  step o f  our preparation, whereas it 

is present in much of the alternative sequence 

involving cleavage of a nitrite ester function by refluxing in 30% NaOH), 

making the problem of hazard containment much simpler in the present pro- 

cedure. An additional advantage of our approach is its potential for the 

synthesis of the homologous bladder-specific ni trosamino acid carcinogens 
(e.g. N-ethyl-N-(3-~arboxypropyl )ni trosamine) ,6 presumably accessible 

simply by changing the identity of the alkylating agent in the first step. 

The first is starting material accessibility; 

Perhaps more importantly, the carcinogenic nitrosamino 

4 5 (including a step 

Finally, two improvements in the preparation o f  intermediates I1 and 
3 IV have been made. 

condensing agent, since it does not react with the alkyl halide. Amino 

acid IV was purified by recrystallization of its HC1 salt I11 from acetone, 

thus avoiding the undesired esterification which in our hands invaribly 

accompanied the recrystallization o f  IV from methanol-ether;3 salt I11 

could of course be used as such in the nitrosation step. 

In the former case, Na metal was replaced by NaH as 
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N-(pBUTYL 1-N- ( 3-CARBOXYPROPYL )NITROSAMINE 

EXPERIMENTAL 

WARNING! MOST N-NITROSAMINES ARE POTENT CARCINOGEMS! 

NMR spectra were obtained i n  pyridine-d5 using a Varian HA-100 spec- 
trometer w i t h  TMS a s  the internal  standard. Gas chromatographic analyses 
were performed on a Hewlett-Packard 5700 instrument employing a SP-2401 
column (10% on 100/120 Supelco) programmed from 110' t o  200" a t  8"/min 
w i t h  He flow r a t e  of 30 ml/min. Mass spectra were obtained using a JEOL 
JMS-OlSG-2 mass spectrometer a t  70 eV ionizing voltage. Melting points 
a r e  uncorrected and were determined on a Thomas-Hoover cap i l l a ry  me1 t i  ng 
poi n t apparatus . 
l-(g-Butyl)-2-pyrrolidone(II) .-2-Pyrrolidone (11.5 g ,  135 m o l e s )  was 

added dropwise w i t h  s t i r r i n g  t o  a 57% o i l  dispersion of sodium hydride 

(5.7 g ,  135 mmoles) i n  toluene (45 ml). - n-Butyl bromide (25.3 g ,  185 

mmoles) was then added w i t h  s t i r r i n g .  The reaction mixture was vigorously 

stirred and heated t o  ref lux f o r  24 hrs and stirred an additional 12 hrs 

a t  room temperature. After f i l t r a t i o n  of the insoluble sol id  and removal 

of the solvent by d i s t i l l a t i o n  i n  vacuo, the crude product (19.1 g ,  99%) 

was obtained. 

l i t . 3  bp  127-13lo/17-21m, l i t . 7  bp  12lo/16mm; mass spectrum: m/g ( r e l .  

i n t ens i ty )  141 (M+,16), 99 (25) ,  98 (Mt-C~,,lOO), 70 (45),  69 (17) ,  44 

(30 ) ,  43 (13) ,  41 (24);  g l c  re tent ion times: 6.6 m i n  f o r  11, 4.8 m i n  f o r  

2-pyrrol idone. 

4- (fl-Butyl )ami nobutyric acid hydrochloride( I I I ).- l - ( p B u t y l )  -2-pyrrol idone 

(11) (8 .5  g ,  60 mmoles) was heated t o  ref lux f o r  18 hrs i n  conc. HCI (7.5 

ml). Removal of the water i n  vacuo followed by refr igerat ion of the 

r e su l t an t  o i l  gave a c r y s t a l l i n e  product. Several r ec rys t a l l  izat ions from 

acetone and drying a t  56" over P205 gave ana ly t i ca l ly  pure 111 (6.0 g ,  

51%), mp. 93.0-95.5'. 

- Anal. Calcd f o r  C8H1802NC1: C ,  49.10; H ,  9.27: N ,  7.15. Found: C 

48.92; H ,  9.22; N ,  7.23. 

N - N i  troso-4- (I-butyl ) ami nobu t y r i  c acid (BCPN) ( I  ) . - 4 - ( t$3u ty l  )ami nobu t jr ic 

acid hydrochloride (111) (5.3 g ,  27 mmoles) was dissolved i n  water (27 rill) 

D i s t i l l a t i on  afforded 15.7 g (82%) of 11, bp 135-137°/28mn, 
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GAFFIELD, KEEFER AND ROLLER 

and the  so lu t i on  was cooled i n  an i c e - s a l t  bath t o  0-5". A s o l u t i o n  o f  

sodium n i t r i t e  (4.5 g, 65 mnoles) i n  a few m l  o f  water was added and the  

r e s u l t i n g  s o l u t i o n  was s t i r r e d  overn igh t  a t  room temperature. The ye1 low 

o i l  which separated from so lu t i on  was extracted w i t h  methylene ch lo r i de  

and d r i e d  (Na2S04). 

semi-sol id mass upon standing overnight. Recrystal l i z a t i o n  from ether-  

pentane gave 2.9 g (57%) o f  I as g l i s t e n i n p  plates,  mp. 39-40", l i t .  mp. 
36"; NMR: 6 4.16 (m, 2, E-CH2-N(NO)-), 8 3.71 (in, 2, Z--CH2-N(NO)-)8, 2.57 

( m y  2,-CH,-C02H), 2.10 ( m y  2, C&CH2-C02H), 1.82-0.96 (my 4, CH3-CH,-CH,-) , 
0.81 (my 3, CH3-); mass spectrum: ;/g (re1 i n t e n s i t y )  188 (M', 21), 171 

(M'-17, t)), 158 (M'-30, 24), 116 (40), 98 (46), 87 (58), 84 (80), 70 (58), 

57 (42), 56 (43) , 45 (60) , 43 (100) , 42 (56) , 41 (69) , 30 (28) ; uv (CH30H) 

350 nm ( E  82). 

Anal. Calcd f o r  C8H1603N2: C, 51.05; H, 8.57; N ,  14.88. Found: C 

51.24; H, 8.94; N, 15.02. 

Acknow1edciement.-This work was performed dur ing  the f i r s t  named author 's  
tenure as a V i s i t i n g  Research Chemist and Guest Worker i n  the Ana ly t i ca l  
Chemistry Section, Nat ional  Cancer I n s t i t u t e ,  Bethesda, Maryland, 1974-75. 
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