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SUMMARY 

[6-3Hl 3 I- 13- (2-Chloroethyl) -3-nitrosoureidol -3 I-deoxythy- 
midine( r3H1 3I-CTNU) radiolabelled with 'H in the carbamoylating 
moiety has been synthesized in hi h yield by conversion of 

(2-chloroethylureido) 1 -3'-deoxythymidine (r3H1 3'-UTdR), followed 
by nitrosation with N2O3 gas. The title compound radiolabelled 
with 14C in the alkylating moiety was prepared by conversion of 
t 2-14Clethanolamine hydrochloride to [1-14C1 chloroethylamine 
h drochloride, followed by reaction with phosgene to yield t1- 
''121 chloroethyl isocyanate. This was converted to 3 ' - [ 3 - (  11- 
14C1 2-chloroethylureido)I-3'-deox thymidine([14C1 3'-UTdR), and 
nitrosated to afford 3 ' - [3 - (  t l-"CI 2-chloroethyl) -3-nitro- 
soureidol -3'-deoxythymidine ([l4C1 3I-CTNU). HPLC methodology was 
developed for the purification of intermediate and final 
products. 

Key words: Nitrosourea nucleosides, t3H1 - and [14C1 3'- [3-(2- 

chloroethyl)-3-nitrosoureido [-3'-deoxythymidine, t 3H1 - and [14C1 

3'- [3-(2-chloroethylureido) 1 -3'-deoxythymidine, HPLC, nitrosation. 

t ritiated 3'-amino-3'-deoxythymidine ( 1 3 HI 3'-ATdR) to t 6 -3 H 1 3 '- I3- 

INTRODUCTION 

The anticancer activity both in and Yiyn of certain 

2-haloethyl nitrosourea derivatives is well documented (1,2); 

'The abbreviations used are: 3'-CTNU, 3'- [3-(2-chloroethyl) -3- 
nitrosoureidol -3'-deoxythymidine; 3'-UTdR, 3 ' -  t3-(2- 
chloroethylureido) I -3'-deoxythymidinei 3'-ATdR, 3'-amino-3'- 
deoxythymidine; BCNU, 1,3-bis(2-chloroethyl~-l-nitrosourea; CCNU, 
l-(2-chloroethyl)-3-cyclohexyl-l-nitrosourea: MeCCNU, N-(2- 
c h l o r o e t h y l ~ - N ' - ~ ~ - 4 - m e t h y l c y c l o h e x y l ~ - N - n i t r o s o u r e a i  PBS, 
phosphate buffered saline; TLC, Thin layer chromatography. 

2To whom requests for reprints should be addressed. 

3Leukemia Society of America Fellow. 
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BCNU, CCNU and MeCCNU are currently in clinical use. under 

physiological conditions decomposition yields alkylating and 

carbamoylating moieties (31, which are responsible for the 

alkylation of nucleic acids and proteins ( 4 , 5 )  and the 

carbamoylation of proteins (4 ,6 ) .  The nitrosourea nucleoside 

analog 3I-CTNU (3, Scheme 1) represents a particularly promising 

sub-class of nitrosoureas. In addition to being more effective 

than BCNU against Ll2lO cells (71, decomposition produces the 

potent anticancer nucleoside analog 3I-ATdR (1) as well as the 

alkylating (5) and carbamoylating (4) moieties (Scheme 2). The 

incorporation of radioactive labels in the parent drug at sites 

borne ultimately by the carbamoylating and alkylating moieties 

(h and & respectively) will identify the cellular targets of 

these reactive species and allow quantitation of the extent of 

the interaction. The molecular basis of the antineoplastic 

activity of 3I-ATdR (1) has been investigated by Chen et a1 ( 8 ) .  

The sub-cellular distribution of each of these biologically and 

chemically reactive species will serve to elucidate the target 

site of 3'-CTNU, and will aid in the understanding of the 

molecular basis for their action and the rational design of new 

nitrosoureas. 

RESULTS AND DISCUSSION 

The synthesis of 13H1 - and [l4C1 -radiolabelled 3'-CTNU was 

approached by first optimizing and adapting the synthesis of the 

unlabelled drug to the microscale. The procedure of Lin et al. 

(7) involves conversion of 3I-ATdR (JJ to 3I-UTdR (2, by reaction 

with chloroethyl isocyanate, followed by aqueous nitrosation with 

NaN02 to produce 3I-CTNU (3 in a 43% yield. The extensive work- 

up following nitrosation was not adaptable to the <20 mg scale 

desired for the radiosynthesis; therefore the urea was nitrosated 
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with N2O3 (9 )  in anhydrous 5% MeOB/CHCl3 (Scheme 1). This 

sequence consistently afforded a >90% yield of 3'-CTNU. 

[14C131-CTNU was synthesized in four steps from [2- 

14C1 ethanolamine hydrochloride (Scheme 3). The conversion of (6, 

to (3, and subsequently to (8) was performed essentially by the 

procedure used by Chang and Narayan (10) to synthesize [1-l3C12- 

chloroethyl isocyanate. The conversion of (6) t o  (1) is 

quantitative, as monitored by TLC and autoradiography. Formation 

of the isocyanate from (1) is the lowest yield step in the 

reaction sequence, proceeding in approximately 45% yield. 

Physical loss of the isocyanate while flushing with nitrogen to 

remove excess phosgene is the probable cause. Unfortunately, if 

the phosgene is not completely removed before reaction of the 

isocyanate with the nucleoside, the yield of the ureido analog is 

reduced by reaction of the nucleoside with phosgene. The 

subsequent steps? formation of [14C1 3'-UTdR (212) and [14C1 3'-CTNU 

(a)? proceed in high yield ( > g o % )  a s  in the case of  the 

tritiated and unlabelled analogs (Scheme 1). The final two steps 

produce only a few trace by-products which are readily removed by 

HPLC purification. 

Three HPLC systems were developed f o r  the purification and 

identification of ( 1 1 ,  (2), and (3) and to maximize recovery of 

the labelled compounds. Both normal and reversed phase systems 

were used for identification of the radiolabelled products. As 

shown in Table 1, all three compounds are well-resolved in the 

reversed phase systems. The normal phase system was developed 

for purification of the urea and nitrosourea, since nitrosoureas 

are considerably more stable in organic solvents (11). In order 

to assay the chemical and radiochemical purity of the products, a 

purified sample was injected with 10% of the effluent diverted to 
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Table I. Reten t ion  times of 3'-Analogs of Thymidine 

...................................................... 
Retent ion  Time i n  Minutes  

............................................ 
compd A" Bb CC 

...................................................... 
3 '-ATdR 13.5 3.6 Retained 

3 '-UTdR 28.0 18.0 25.8 

3 '-CTNU 47.5 29.0 15  .O 

...................................................... 
aSystern A: Magnum ODs-2 column, f l o w r a t e  4.5 ml/min, l i n e a r  

g r a d i e n t  (0-25%, l % / m i n ) ,  lo-0.O11 KR2POl (pH 5.51, 2O-80% 

MeOH/20% 0.011 KH2PO4. bSystem B: Ana ly t i ca l  ODs-2 column, 

f l o w r a t e  1.5 ml/min,  l i n e a r  g r a d i e n t  (0-100%, 3.33%/min) , 
l 0 - 1 O %  MeOH/90% 0.011 KE2PO4 (PH 3.01, Z0-40% MeOE/60% 0.011 

KB2P04. 'System C: Magnum P a r t i s i l  1 0  column,  f l o w r a t e  

3.0 m l / m i n ,  c o n v e x  g r a d i e n t  (0-609,  Z % / m i n I ,  lo-1% 

MeOE/CHC13, 2O-9% MeOH/CHC13. 

a n  LKB f r a c t i o n  c o l l e c t o r .  The f r a c t i o n s  were c o l l e c t e d  i n  

s c i n t i l l a t i o n  v i a l s  and t h e  r a d i o a c t i v i t y  measured w i t h  a Beckman 

LS 7 5 0 0  l i q u i d  s c i n t i l l a t i o n  counter.  A p l o t  o f  r a d i o a c t i v i t y  

v s .  f r a c t i o n  number  i n d i c a t e d  a s i n g l e  r a d i o a c t i v e  p e a k  

superimposable  on t h e  chromatographic W peak (Figure 1). 

Two of t h e  p rob lems  commonly e n c o u n t e r e d  i n  s m a l l - s c a l e  

rad iosyntheses  wi th  m u l t i s t e p  r e a c t i o n  schemes a r e  contaminat ion  

of t h e  l abora to ry  environment and t h e  r e l a t i v e l y  l a r g e  l o s s e s  i n  

y i e l d  due t o  t r a n s f e r s ,  evapora t ions ,  and o t h e r  manipula t ions  of 

t h e  sample .  To e l i m i n a t e  t h e s e  p rob lems ,  a r e a c t i o n  v i a l  was 

c o n s t r u c t e d  by f u s i o n  of a 14 /20  ground g l a s s  j o i n t  t o  a l O m m  x 

8 O m m  pyrex tes t  tube. The tube  dimensions were compat ib le  wi th  
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the rotor of a Savant Speed Vac Concentrator, allowing all 

solvent and gas removal steps to be performed in this apparatus. 

Introduction of phosgene or nitrogen trioxide gas was effected 

safely and efficiently by attaching a vacuum adapter to the vial 

and introducing the gas via a disposable glass pipette which 

pierced the rubber septum cap. A trap was on-line between the 

gas source and the reaction vessel, and an aqueous KOH trap was 

connected to the apparatus outlet (Figure 2). The entire 

reaction sequence can be performed in a single apparatus, 

eliminating most physical losses of material and protecting the 

1 abo r at o ry env i r o nmen t . 
EXPERIMENTAL 

Melting points were determined with a Thomas-Hoover Unimelt 

apparatus and are not corrected. The W spectra were recorded on 

a Beckman Model-25 spectrophotometer. 'H NMR spectra were 

recorded at 500 MHz on a Bruker WM-500 spectrometer in Me2SO-d6 

solution ( 6  relative to He4Si, 0.00 ppm). Mass spectra were 

obtained on a VG micromass 16F magnetic sector instrument in the 

CI mode. Isobutane was used as the reagent gas at a source 

pressure of approximately 0.5 Torr. Source temperature ranged 

from 250-270OC. Samples dissolved in MeOH were deposited on a 

direct exposure probe tip machined from a l/l-inch vespel rod 

(12). Gradient elution HPLC analyses were performed on a 

modified Dupont 830 liquid chromatography in which the Haskel 

pump was replaced with an Altex 100 pump. Radioactivity was 

measured with a Beckman LS7500 liquid scintillation counter. 

Thin layer chromatography was performed on Polygram Sil G/W254 

plates (Brinkmann Instruments, Inc., Westbury, NY) and 

autoradiograms produced on Kodak X-Omat AR film (Rochester, NY). 

HPLC grade chloroform was obtained from Mallinckrodt (St. 

Louis, MO) and HPLC grade methanol was purchased from J.T. Baker 
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(Phillipsbury, NJ). Water was double-distilled prior to use. 

Mobile phases were filtered through Rainin nylon-66 filters 

(organic mobile phases) or Millipore HA filters (aqueous mobile 

phases). 3I-Amino-3l-deoxythymidine was generously provided by 

Dr. T-S. Lin and tritiated by New England Nuclear (Boston, MA). 

2-14C1 Ethan-1-01-2-amine hydrochloride was obtained from 

Amersham Corporation (Arlington Heights, IL). All other reagents 

were obtained from Aldrich Chemical Co., (Milwaukee, WI) and were 

gold label grade. 

3 I- [ 3- (2- Chloroethvlureido) ] -3 I - v  * ( 2 ) :  

2-Chloroethyl isocyanate (6.33 mg, 0.06 rnmol) was added to a 

solution of 3'-amino-3'-deoxythymidine (1, 12.06 mg, 0.05 mmol) 

in 2.0 ml of anhydrous MeOH at OOC. The reaction mixture was 

stirred at room temperature €or 3 h followed by HPLC purification 

(multiple injections) using system C (tR = 25.8 min) to yield 

16.43 mg (0.0475 mmol, 95%) of an analytically pure sample: UV 

h max (EtOH) 266 nm ( t 7947); UV A min (EtOH) 233 nm ( t 1719); 

mass spectrum, m/z (re1 intensity) 311 (30.51, 222 (11.5), 185 

(871, 127 (100); NMR 11.265 (S, lH, NH-31, 7.738 (S, lH, H-61, 

6.557 (d, 1H, J = 7.35, NH-3'1, 6.121 (t, lH, J = 6.55, H-1'1, 

6.107 (t, lH, J 3 5.866, CHZNH), 5.036 (t, lH, J = 5.29, OH-5'1, 

4.151 (m, lH, H-3I1, 3.695 (m, lH, H-4'1, 3.566 (m, 4H, CH2N and 

H-5'1, 3.291 (m, 2H, CHzCl), 2.118 (m, 2H, H-2'1, 1.769 ( S ,  38, 

CH3-5). 

(3) : - -  nitrosoureidol -3 I -7 . .  3 I-  I+ (2- 

A solution of 2 (17.3 mg, 0.05 mmol) dissolved in 2.0 ml of 

anhydrous 5% MeOH/CHC13 was placed in a specially constructed 3 

ml reaction vial. The vial was surmounted by a vacuum adapter, 

and the solution cooled to O°C in an ice bath. Nitrogen trioxide 

gas was introduced through a rubber septum cap pierced by a glass 
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pipette which intruded below the surface of the solution. The 

outlet was connected to a KOH trap. The gas was allowed to 

bubble through the solution for 1 h, at which time the residual 

gas and solvent were removed by vacuum centrifugation in a Savant 

Speed Vac Concentrator. The resulting oil was purified by HPLC 

using system C (tR - 15.0 min) to yield 17.62 mg (0.047 mmol, 

94%) of an analytically pure Sample. The retention times in 

system B (t, - 29.0 min) and system C (tR = 15.0 min) were 

identical to those of an authentic sample of 3I-CTNU; UV A max 

(ETOH) 266 nm ( C  12400); w A min (ETOB) 235 nm ~ t 7 .  uv A max 

(ETOH) 266 nm (6 12400); UV A min (ETOH) 235 nml; NMR spectra 

were identical to thoae of an independently synthesized sample of 

3 I-CTNU. 

J 6-38] 7 I -- -3 I (In) t 
3'-Amino-3I-deoxythymidine (U was tritiated at New England 

The resulting Nuclear by catalytic exchange with tritium gas. 

crude product was purified by adsorption onto a 18cm x 2cm 

column of Dowex AG 50W-X8 (€I+) resin followed by elution with a 

gradient of H20 to 1 H  NH40H. Following removal of the NH40H by 

vacuum evaporation, the partially purified product was further 

chromatographed using system A (tR = 13.5 mid. This afforded a 

chemically and radiochemically pure product with retention times 

identical to those of an authentic sample of unlabelled 3I-ATdR 

in system A (tR = 13.5 min) and system B (tR = 3.6 min). 

Specific activity: 1467 mCi/mmole; W A max (0.11 HC1) 266 nm (4 

9190); uv A min (0.11 HC1) 234 nm ( t 2250) ~ t 7 .  w A max 

(0.1~ HC1) 266 nm ( c 9190); UV A min (0.11 HC1) 234 nm ( 6  

2250)l; NMR spectra were identical to those of authentic sample 

of unlabelled 3'-ATdR. 
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Jce3H]3l-[3-(2-- ]-3'-deoxvthvmidlne * (a): 
A s o l u t i o n  of  In (10.0 mg, 0.041 mmole, s p e c i f i c  a c t i v i t y  

ad jus t ed  t o  53.8 mCi/mmole by a d d i t i o n  of un labe l led  3'-ATdR) i n  

1.5 m l  anhydrous MeOH was placed i n t o  a 3 m l  reaction v i a l .  The 

v i a l  was c o o l e d  t o  O ° C  by means of  a n  i ce  ba th .  2 -Ch lo roe thy l  

i s o c y a n a t e  ( 6 . 1  mg, 0.057 mmol) was  a d d e d  t o  t h e  s t i r r e d  

s o l u t i o n ,  w i t h  an a d d i t i o n a l  1.5 mg added a t  l h  and 2h. A f t e r  

3h, p u r i f i c a t i o n  ( m u l t i p l e  i n j e c t i o n s )  by HPLC system C a f fo rded  

13.2 mg (0.038 mmole, 93%) of chemica l ly  and rad iochemica l ly  pure  

a, w i t h  r e t e n t i o n  t i m e s  i d e n t i c a l  t o  t h o s e  of a n  a u t h e n t i c  

s ample  of  u n l a b e l l e d  3I-UTdR i n  s y s t e m  B (tR = 18.0 min)  and  

s y s t e m  C ( t R  = 25.8 min) .  S p e c i f i c  a c t i v i t y :  52.5 mCi/mmol; UV 

and NMR s p e c t r a  were i d e n t i c a l  t o  t h o s e  of 2. 

[6-3H]31-[3-(2-- - -  3 nit- -3 I -d- 

(&) : 

A s o l u t i o n  of  2ii (10.0 mg. 0.029 mmol) d i s s o l v e d  i n  2.0 m l  

of anhydrous  5% MeOH/CHC13 was p l a c e d  i n  a 3 m l  r e a c t i o n  v e s s e l  

(as descr ibed  f o r  3. Nitrogen t r i o x i d e  gas  was bubbled through 

t h e  s o l u t i o n  f o r  l h ,  a t  which  t i m e  t h e  s o l v e n t  and r e s i d u a l  g a s  

were removed by vacuum cen t r i fuga t ion .  P u r i f i c a t i o n  using HPLC 

sys t em C a f f o r d e d  9.86 mg (0.026 mmol, 91%) of c h e m i c a l l y  and  

rad iochemica l ly  pure  I 3 H 1  3'-CTNU. Retent ion  times were i d e n t i c a l  

t o  t h o s e  of  2 i n  s y s t e m  B ( t R  = 29.0 m i n )  and  s y s t e m  C ( t R  = 15.0 

min) .  s p e c i f i c  a c t i v i t y :  54.6 mCi/mmol; UV and NMR spectra were 

i d e n t i c a l  t o  those  of 3. 

~-14~12-- ' fIvdrochloride (1): 

A s o l u t i o n  o f  [2-14Clethan-1-~l-2-anine h y d r o c h l o r i d e  (6, 

15.0 mg, 0.154 mmol, s p e c i f i c  a c t i v i t y :  124.4 uci/mmoll i n  1.0 m l  

d r y  t o l u e n e  was p l a c e d  i n  a 3 m l  r e a c t i o n  v i a l .  D i s t i l l e d  
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t h i o n y l  c h l o r i d e  (18 u l ,  0.234 mmol) was added ,  t h e  v i a l  capped 

w i t h  a CaS04 d r y i n g  t u b e ,  and  t h e  r e a c t i o n  m i x t u r e  h e a t e d  t o  

65OC. A t  2h an  a d d i t i o n a l  1 2  u l  of  t h i o n y l  c h l o r i d e  was added ,  

and  a n o t h e r  6 u l  a t  4h. A f t e r  6h,  100  u l  of d r y  MeOH was added 

and t h e  s o l v e n t s  removed by vacuum c e n t r i f u g a t i o n  a t  45OC. This  

a f f o r d e d  17.6 mg (0.152 mmol, 99%) of  a w h i t e  powder,  m.p. 148- 

15OOC (lit6. m.p. 148.5-15OoC). 

The a u t o r a d i o g r a m  i n d i c a t e d  a homogenous p r o d u c t  w i t h  Rf 

0.38 [lit9. R f  0.37, n-BUOH/ACOH/H20, 3:1:1), i d e n t i c a l  w i t h  a n  

a u t h e n t i c  sample. S p e c i f i c  a c t i v i t y :  118.4 u C i / m m o l .  

~-14,-12-- isocvanate ( 8 ) :  

A s l u r r y  of [1-14C1 2-chloroethylamine hydrochlor ide (I, 10.0 

mg, 0.086 mmol) i n  1.5 m l  o f  d r y  d i o x a n e  was p l a c e d  i n  a 3 m l  

r e a c t i o n  v i a l .  The v i a l  was surmounted t y  a vacuum adap te r ,  and 

t h e  s o l u t i o n  hea ted  t o  66-68OC. Phosgene was in t roduced  through 

a rubbe r  sep tum cap p i e r c e d  by a g l a s s  p i p e t t e  wh ich  i n t r u d e d  

below t h e  s u r f a c e  of t h e  so lu t ion .  The o u t l e t  was connected t o  a 

KOA t rap .  When a c l e a r  s o l u t i o n  r e s u l t e d ,  t h e  phosgene l i n e  was 

removed from t h e  i n l e t  and replaced by a n i t rogen  l i n e .  Heating 

was c o n t i n u e d  f o r  30 min w i t h  a s l o w  f l o w  of n i t r o g e n .  The 

s o l u t i o n  of tl-l4C1 2-chloroethyl  i socyanate  was used f o r  t h e  next 

step wi thout  f u r t h e r  p u r i f i c a t i o n .  

3 I - [ 3- ( [ 1 - 1 4 ~ ]  2-- -3 -- (2h) : 

A s o l u t i o n  of 3'-amino-3'-deoxythymidine (1, 20.7 mg, 0.086 

mmol) i n  1.5 m l  of anhydrous  MeOE was p l a c e d  i n  a 3 m l  r e a c t i o n  

v i a l  and cooled t o  OOC. The dioxane s o l u t i o n  of 8 w a s  added a l l  

a t  once. Af te r  s t i r r i n g  f o r  3h a t  room tempera ture ,  p u r i f i c a t i o n  

(mul t ip l e  i n j e c t i o n s )  by system C a f forded  10.33 mg (0.029 mmol, 

34.7%, based  on 6) of  c h e m i c a l l y  and r a d i o c h e m i c a l l y  p u r e  2h, 

wi th  r e t e n t i o n  t imes i d e n t i c a l  t o  those  of an a u t h e n t i c  sample of 
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un labe l l ed  3WJTdR i n  system B (tR = 18.0 min) and system C ( t R  = 

25.8 m i d .  S p e c i f i c  a c t i v i t y :  118 uCi/mmol; W spectra i d e n t i c a l  

t o  t h o s e  of 2. 
31-[3-([1-14C12-Chloroethv1) - -  3 nitrosoureid QI -3 I-- 

(U: 

A s o l u t i o n  of 2p (10.0 mg, 0.029 mmol) d i s s o l v e d  i n  2.0 m l  

of anhydrous  5% MeOH/CHC13 w a s p l a c e d  i n a 3  m l r e a c t i o n v i a l  (as 

desc r ibed  f o r  3.). Nitrogen t r i o x i d e  gas  was bubbled through t h e  

s o l u t i o n  f o r  l h  fol lowed by removal of t h e  s o l v e n t  and r e s i d u a l  

gas  by vacuum cen t r i fuga t ion .  P u r i f i c a t i o n  ( m u l t i p l e  i n j e c t i o n s )  

by HPLC system C a f fo rded  9.75 mg (0.026 mmol, 90%) of chemica l ly  

and r a d i o c h e m i c a l l y  p u r e  [I4C1 3I-CTNU. R e t e n t i o n  t imes were  

i d e n t i c a l  t o  t h o s e  of 3 i n  s y s t e m  B (tR = 29.0 min)  and  s y s t e m  C 

( t R  = 15.0 min) .  S p e c i f i c  a c t i v i t y :  118  uci /mmol;  w s p e c t r a  

were i d e n t i c a l  t o  t h o s e  of 3. 
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