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SUMRARY 

[2-13C, 2-14C]2-Aminoethanol hydrochlor ide was prepared i n  
good y i e l d  from Na*CN i n  a two s tep sequence by f i r s t  conver t ing 
t h e  Na*CN t o  OHCH,*CN and then reducing t h e  n i t r i l e  d i r e c t l y  
w i t h  a s o l u t i o n  o f  borane- tet rahydrofuran complex. The r e a c t i o n  
procedure was simple and t h e  pure product  cou ld  be obta ined 
r e a d i l y .  
t h e s i s  o f  [ l - 1 3 C ,  1 -14C]2-chloroethylamine hydrochloride, I-( [l- 
l 3 C ,  1 -14C]2-chloroethyl )-N-ni trosourea( CNU) and N,N’ -b is( [ l -  
13C,  1 -14C]2-chloroethyl)-&nitrosourea(BCNU) i n  good y i e l d  
w i thou t  i so tope  scrambling was a l s o  repor ted.  

Using t h i s  s p e c i f i c a l l y  l a b e l l e d  precursor, t he  syn- 

13 Key words: N,!’ -B is(  [l- C, l -14C]2-chloroethyl )-f j -ni trosourea, 
13 14 13 14 

- N-( [l- C, 1- C]2-Chloroethyl)-~-nitrosourea, [I- C, 1- C12- 
13 14 Chloroethylamine, [2- C, 2- C]Z-h inoethanol  , Borane-tetra- 

hydrofuran complex, N i t r o s a t i o n ,  Isotope Scrambling. 

I n  our  con t inu ing  s tud ies on the  a p p l i c a t i o n  o f  a d i r e c t  

13C NMR method t o  determine the  molecular  bas is  o f  t he  i n t e r -  

a c t i o n  between a l k y l a t i n g  agents and nuc le i c  acids’ ’2 i t  i s  es- 

s e n t i a l  t o  synthes ize s p e c i f i c a l l y  13C(14C)-labelled a1 k y l a t i n g  

agents: 

sourea(BCNU) (11) and ~~(2-chloroethyl)-bj-nitrosourea(CNU) (3). 
The a d d i t i o n  o f  t h e  14C l a b e l  can be used i n  q u a n t i t a t i o n  o f  

t he  percentage o f  nuc le i c  a c i d  a l k y l a t i o n .  

cursor  f o r  t h e  synthes is  o f  these agents i s  [2- 

2-chl oroethy l  ami ne(J), !,N’-bi s (  2-chloroethy l  )-N-ni t r o -  

The imnediate pre- 

13 14 C, 2- C12- 

arni noet hanol hydrochlor ide(&) .  
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The preparat ion o f  2-aminoethanol hyd roch lo r i de (8 )  from 

Na*CN has been repor ted by t reatment  w i t h  formaldehyde, fo l lowed 

by benzoyl c h l o r i d e  and then r e d u c t i o n  o f  t h e  cyanomethyl ben- 

zoate w i t h  l i t h i u m  aluminum hydr ide (LAH) . The y i e l d  i s  poor 

(30.9% based on Na*CN), and t h e  work-up o f  t h e  r e a c t i o n  i s  

e laborate.  

o f  t h e  C-OH bond by LAH. 

be des i rab le .  

3 

The poor y i e l d  i s  probably due t o  the  hydrogenolysis 

A m i l d e r  reducing agent may, therefore,  

We success fu l l y  used a s o l u t i o n  o f  borane- tet rahydrofuran 

complex4 t o  reduce d i r e c t l y  t he  g l y c o n i t r i l e ( 1 )  which can be 

r e a d i l y  obta ined by r e a c t i o n  o f  formaldehyde(!j) w i t h  Na*CN(g) 

i n  aqueous s o l u t i o n  . The f i n a l  product i s  p r e c i p i t a t e d  from 

t h e  r e a c t i o n  m ix tu re  by passing HC1 gas. No f u r t h e r  p u r i f i c a -  

t i o n  i s  necessary.. Th i s  approach prov ided the  des i red  compound 

i n  60% y i e l d  based on Na*CN. This method o f f e r s  a s impler  pro- 

cedure t o  perform the  reduc t i on  w i thou t  p r o t e c t i o n  o f  t he  

hydroxy group. Fur ther  t reatment  w i t h  t h i o n y l  c h l o r i d e  gave 

[1- C, 1 -  C]2-chloroethylamine hydrochloride(l-) i n  quan t i t a -  

t i v e  y i e l d .  

5 

13 14 

6 

BCNU was p rev ious l y  synthesized from 2-chloroethylamine 

hydrochlor ide by conversion o f  2-chloroethylamine hydrochlor ide 

(1) t o  a z i r i d i n e ’ ( l ) ,  which then reacted w i t h  phosgene i n  ace- 

tone so l  u t  ion8 t o  y i e l d  the  N,N’ - b i  s (  2-chloroethy l  )urea(?). 

N i t r o s a t i o n  w i t h  NaN02/HCOOH gave t h e  des i red  product($) w i t h  

14C i n  t h e  ch lo roe thy l  groups.” (Schemes 1 and 2 ) .  However, 

t h e  synthes is  v i a  scheme 1 would r e s u l t  i n  second-order 13C 

spectra due t o  t h e  near equivalence o f  t h e  two methylene carbon 

resonances, w h i l e  synthes is  f o l l o w i n g  scheme 2 would r e s u l t  i n  

isotope scrambling, which reduces the  NMR s e n s i t i v i t y  and makes 

t h e  13C spectrum o f  t he  nuc le i c  a c i d  adduct too complicated. 

9 
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E r u n d r e t t  e t  a l .  synthes 

oxazo l  idone i n t e r m e d i a t e  

y i e l d  was l o w  (12%) .  

zed BCNU-a-d4 and BCNU-B-d4 v i a  t h e  

t o  p r e v e n t  i s o t o p e  scrambl ing” ,  b u t  t h e  

The s y n t h e s i s  o f  BCNU was t h e r e f o r e  m o d i f i e d  t o  make 

s p e c i f i c a l l y  c a r b o n - l a b e l l e d  compounds w i t h o u t  i s o t o p e  scrambl -  

i n g  or second-order s p i n - s p i n  c o u p l i n g s  m d  i n  good y i e l d  [an 

o v e r a l l  y i e l d  o f  50% based on 2-ami noethano l  h y d r o c h l o r i d e  (8) 1. 

The method i n v o l v e d  g e n e r a t i o n  o f  t h e  2 - c h l o r o e t h y l  i s o c y -  

ana te (2 )  by b u b b l i n g  phosgene gas i n t o  a s l u r r y  o f  2 -ch lo ro -  

e thy lam ine  h y d r o c h l o r i d e  i n  d ioxane a t  65-70°C f o l l o w e d  by drop- 

w ise  a d d i t i o n  o f  t h e  above s o l u t i o n  t o  an i c e  c o l d  aqueous 

s o l u t i o n  o f  2 -ch lo roe thy lam ine  h y d r o c h l o r i d e ( l )  p r e v i o u s l y  neu- 

t r a l i z e d  w i th  t r i e t h y l a m i n e .  

chloroethyl)urea(lOJ was t h e n  n i t r o s a t e d  w i t h  N203 i n  d i c h l o r o -  

The p r e c i p i t a t e d  B,B ’ -b is (2 -  

methanelL t o  y i e l d  t h e  l a b e l l e d  - -  N,M’-bis(Z-chloroethyl)-p 

n i t r o s o u r e a ( x ) .  

t h a t  no  i s o t o p e  sc ramb l ing  occu r red  d u r i n g  t h e  s y n t h e s i s .  

The 13C NMR spec t rum o f  t h e  p r o d u c t  con f i rmed  

The o t h e r  a l k y l a t i n g  agent  H-( [ l -  13 C, 1- 14 C ]2 -ch lo roe thy1 ) -  

- N-nitrosourea(l3J was a l s o  o b t a i n e d  f r o m  [l- C, 1- C12-chloro- 

e thy lam ine  h y d r o c h l o r i d e ( l )  by  r e a c t i o n  w i t h  KCN013 f o l l o w e d  by 

n i t r o s a t i o n  o f  t h e  r e s u l t i n g  u rea  d e r i v a t i v e  12 w i t h  N203 i n  

d ich lo romethane wh ich  gave b e t t e r  y i e l d s  (50%) as compared t o  

t h e  1 i t e r a t u r e  method13 (27%) .  

13 14  

EXPERIMENTAL 

[2- 13 C, 2- 14 C I S - h i n o e t h a n o l  h y d r o c h l o r i d e ( 8 )  : 

cyan ide  (Na 

v i c e )  was taken  i n  an Er lenmeyer f l a s k  t o  wh ich  500 Y C i  Na14CN 

( s p e c i f i c  a c t i v i t y  60 mCi/mmol, from Amersham I n c . )  was t r a n s -  

f e r r e d  wi th wa te r ,  t h e  t o t a l  volume b e i n g  made t o  1 .2  m l ,  then  

0.9 n i l  o f  37% formaldehyde s o l u t i o n  was added dropwise  w i t h  

s t i r r i n g .  An a d d i t i o n a l  0 .7  in1 H20 was added a f te rwards .  The 

[13C]Sodium 

13 CN, 95%, 500 mg, 10 mmol, f r o m  Prochem U.S. Ser- 
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temperature o f  t he  r e a c t i o n  m ix tu re  was mainta ined between - 5  

t o  0°C. 

s o l u t i o n  (2.85 m l  conc. H2S04 i n  8.65 rol H20) was s low ly  added. 

A f t e r  s t i r r i n g  f o r  10 min. 1.15 m l  o f  c o l d  H2S04 

A 5% s o l u t i o n  o f  PIaOH was then added dropwise u n t i l  the pH was 

about 3. The s o l u t i o n  was cen t r i f uged  and the  res idue washed 

w i t h  5 m l  p o r t i o n s  o f  e the r  f i v e  times. 

and the  c e n t r i f u g a t e  were combined and cont inuously  ex t rac ted  

w i t h  e the r  f o r  24 hr .  

The e the r  s o l u t i o n s  

The e t h e r  e x t r a c t  was d r i e d  f o r  3-4 h r  over D r i e r i t e ,  then 

t r a n s f e r r e d  t o  a 50 m l  two-neck f l a s k  t o  which a septum and a 

d i s t i l l a t i o n  u n i t  were attached. The f l a s k  was f l ushed  w i t h  

n i t rogen,  15 m l  o f  d ry  THF ( d i s t i l l e d  over LAH and s to red  under 

n i t rogen)  was i n j e c t e d  i n t o  the  f l a s k  and most o f  t he  e the r  d i s -  

t i l l e d .  

denser and, under n i t rogen,  5.7 m l  o f  1.76 M BHj.THF 

(10 mnol)  14’15 was i n j e c t e d  i n t o  the r e a c t i o n  vessel s low ly  

w i t h  cool ing.  

m ix tu re  was r e f l u x e d  f o r  2 h r  and then s t i r r e d  a t  room tempera- 

t u r e  f o r  4 hr .  

a d d i t i o n  o f  2 m l  o f  methanol and vigorous s t i r r i n g  f o r  1 h r .  A 

stream o f  d ry  HC1 gas was then passed through the r e a c t i o n  mix- 

t t i r e  and the p r e c i p i t a t e d  hydrochlor ide f i  1 tered, washed w i t h  

e the r  and d r i e d  t o  y i e l d  591 mg o f  2-aminoethanol hydrochlor ide 

(60% based on Na*CN), s p e c i f i c  a c t i v i t y  48.5 uCi/mmol; m.p. 80- 

82°C (lit.3 m.p. 79.8-82°C); cochromatographed w i t h  an au then t i c  

sample on s i l  G/UV254 TLC p l a t e  (Brinkmann Instrument, Inc.) 

developed w i t h  n-BuOH : AcOH : H20-3 : 1 : 1, R f  0.26; 95% 13C- 

enrichment based on HNMR c a l c u l a t i o n ;  13CNMR (DZO)  ( 6 )  : 41.6 

(C,) w m .  
[l- 13 C, 1- 14 CIL-Chloroethylamine hydrochloride(lJ: 

14C]2-Aminoethanol hydrochlor ide(8)  (591 mg, 6.0 mmol) was added 

The d i s t i l l a t i o n  u n i t  was rep laced w i t h  a water con- 

A f t e r  t he  a d d i t i o n  was completed the r e a c t i o n  

The excess diborane was destroyed by the  slow 

1 

[ 2 -  13 C, 2- 
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i n t o  1 ml of toluene i n  a 15 nil round-bottom f l a s k  f i t t e d  with 

water condenser and CaC12 drying tube. 

chlor ide (0.5 ml, 6.5 mmol) was then added t o  the  reac t ion  f l a s k  

Pur i f ied  thionyl 

and gradual ly  heated t o  60-65’C. After  3 h r  an addi t iona l  

amount of thionyl ch lor ide  (0.2 ml) was added and heated f o r  

another 2 hr. The reac t ion  mixture was cooled t o  room tempera- 

t u r e ,  and methanol added dropwise t o  decompose excess thionyl 

chlor ide.  The solvent  was evaporated. This procedure was 

repeated u n t i l  a l l  thionyl ch lor ide  was removed. A white prod- 

uct was obtained and dr ied  a t  60°C under vacuum, 698 mg (99.4%); 

m.p. 148-150°C ( l i t . 6  m.p. 148.5-150°C); s p e c i f i c  a c t i v i t y :  

48.4 uCi/mmol. 

Instrument Inc.) showed a s i n g l e  product, ident ica l  with an au- 

t h e n t i c  sample, Rf 0.37 (n-BuOH : AcOH : H20-3 : 1 : l ) ,  13CNFlR 

(029) ( 6 )  : 42.6 ppm. 

[ l -  Cl2-Chloroethyl isocyanate@) : [ l -  Cl2-Chloroethyl ami ne 

hydrochloride(lJ, (292 mg, 2.5 mnol, obtained from Na13CN, 95%, 

following the procedure f o r  t h e  synthes is  of [l-I3C, 1-I4C]-2- 

chloroethylamine hydrochloride) was s l u r r i e d  i n  5 ml of dioxane. 

Phosgene 

temperature of the reac t ion  mixture was slowly brought t o  65- 

70°C. 

was stopped, and the reac t ion  mixture heated a t  65-70°C f o r  1 

hr. 

nitrogen. 

was employed f o r  the next s tage  without f u r t h e r  p u r i f i c a t i o n .  

- N ,N‘ - B i  s ( [ 1 - l  3C, 1-1 4C]2-chloroethyl ) u r e a ( Z )  : 

of [1-13C]2-chloroethyl isocyanate(9)  in  dioxane obtained from 

the  previous reac t ion  was added dropwise t o  a s t i r r e d  so lu t ion  

of 292 mg (2.5 mmol) of [l-13C, l-14C]2-chloroethylamine hydro- 

chlor ide(1,  s p e c i f i c  a c t i v i t y  5 pCi/mmol, Prepared by adding 

The radiochromatogram (s i l  G / U V 2 5 4 ,  Brinkmann 

13 13 

gas was caut iously bubbled through i t  while t h e  

When a c l e a r  so lu t ion  r e s u l t e d ,  t h e  bubbling of  phosgene 

The excess’ phosgene was then removed by f lushing with 

The c l e a r  so lu t ion  of [l-13C1E-chloroethyl isocyanate 

The sol u t  ion 
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13 14 30 mg of [1- C ,  1- C]2-chloroethylamine hydrochloride, spe- 

c i f i c  a c t i v i t y  48.4 uCi /mol ,  LO 2b2 mg of [ I -  C]2-chloroethyl- 

amine hydrochloride) i n  5 ml water containing 0.35 ml (2.5 mmol) 

o f  t r ie thylamine a t  0°C. I t  was s t i r r e d  f o r  two hours and the 

13  14 prec ip i ta ted  N,N'-bis ([1- C ,  1- C]2-chloroethyl)urea(B) 

was f i l t e r e d ,  washed well w i t h  water and d r i e d ,  y i e l d  233 mq 

(50% based on [1-13C]2-chloroethylamine hydrochloride), m.p. 

126-127°C ( l i t . 8  m.p. 127"C), s p e c i f i c  a c t i v i t y  4.8 pCi /  

mmol . 
- N," -Bis( [1-13C, 1-1 4C]2-chloroethyl )-N-ni trosourea(lJ): 

above b i s a l k y l u r e a ( l 0 )  (233 mg, 1.25 mmol) was s l u r r i e d  i n  15 ml 

o f  dry dichloromethane, the temperature b e i n g  maintained between 

0-5°C. 

t i l l  a c l e a r  pale  yellow so lu t ion  was obtained. The dichloro-  

methane was evaporated and the yellow o i l  l e f t  behind was shaken 

with 30 ml pet .  e t h e r  (b.p 50-60°C f r a c t i o n )  and c h i l l e d  i n  the  

f r e e z e r  f o r  24 hr when a yellow c r y s t a l l i n e  s o l i d  separated.  

s o l i d  BCNU was f i l t e r e d  i n  the cold room and washed well w i t h  

cold pet. e t h e r  t o  y i e l d  239 mg (89%) of  product, m . p .  31-32°C 

( l i t . '  m.p.  30-32°C); Spec i f ic  a c t i v i t y :  4.97 vCi /mol .  The 

radiochromatogram ( s i l  G/UV254, Brinkmann Instruments Inc.) re- 

vealed a pure product ident ica l  with an au thent ic  sample, Rf 0.67 

(benzene: chloroform 1 : l ) .  13C NMP. (CDC13) ( 8 ) :  29.97 (C1CH2-  

13  

The 

N203 gas was slowly bubbled i n t o  the reac t ion  mixture 

The 

- CH2N( NO)-) ; 42.25 (C1 CH2GH2Nt+). 
13  14 13  14 - N - (  [ l -  C ,  1 -  C]2-Chloroethyl)urea(g) :  [ l -  C ,  1-  C]Z-Chloro- 

ethylamine hydrochloride(1) (388 mg, 3.32 mnol, s p e c i f i c  ac- 

t i v i t y  12.4 uCi/mmol, prepared by adding 100 mg of [l-13C, 1- 

14C]2-chloroethylami ne hydrochloride, s p e c i f i c  a c t i  di t y  48.4 

pCi/mmol, t o  288 mg of El- 

was dissolved i n  10 ml water ,  and 269 m q  (3.32 mmol) o f  potas- 

sium cyanate added. The so lu t ion  was evaoorated t o  dryness 

13 ClZ-chl oroethyl ami ne hydrochloride) 
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-___ i n  vacuo ( b a t h  temp. 30°C). 

repea ted ly  w i t h  h o t  abso lu te  e thano l  and f i l t e r e d .  The f i l t r a t e  

was evaporated t o  dryness and t h e  s o l i d  ob ta ined  was c r y s t a l l i z e d  

from ethanol  t o  y i e l d  305 mg (75%) o f  product ,  m.p. lOI)-10loC 

( l i t . ' 3  m . ~ .  99-10l0C),  s p e c i f i c  a c t i v i t y  12.3 pCi/mmol. 

- N - [ l - I 3 C ,  l-14C]2-Chloroethyl-N-nitrosourea(~) : I n  a s l u r r y  o f  

305 mg (2 .5  mmol) o f  12 i n  20 m l  d r y  dichloromethane, ma in ta ined  

a t  l O " C ,  i n  a mo is tu re  f r e e  atmosphere, N203 gas was s l o w l y  

bubbled t i l l  t h e  s l u r r y  became homogenous and a p a l e  y e l l o w  

s o l u t i o n  r e s u l t e d .  The s o l u t i o n  was f i l t e r e d  and t h e  d i c h l o r o -  

methane evaporated l e a v i n g  beh ind  a p a l e  y e l l o w  c r y s t a l l i n e  

s o l i d ,  190 mg (50% y i e l d )  m.p. 77-78°C ( d 3  m.p. 75-78°C) 

s p e c i f i c  a c t i v i t y  12.3 pCi/mmol. The radiochromatogram ( s i l  

G/UV254, Brinkmann Inst ruments I n c . )  showed a s i n g l e  product ,  

R f  0.54 ( ch lo ro fo rm:  e t h y l a c e t a t e  8:2) .  

39 .65 (C1 CH2&V2N-) ppm. 

The r e s i d u e  was e x t r a c t e d  

13CNMR (CDC13) ( 6 ) :  
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