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SYNTHESIS OF BIS(AZ1RIDINYL) PHOSPHINIC 

AMlDE DERIVATIVES OF THYMIDINE AS 

POTENTIAL ANTICANCER AGENTS 

Tai-Shun Lin*, Cuo-Lin Cai ,  and Alan C. Sar torel l i  

D e p a r t m e n t  of Pharmacology and  Developmental  Therapeut ics  Program,  

C a n c e r  C e n t e r ,  Yale  Universi ty  School of Medicine, New Haven,  CT 06510 

Comprehenive  

A b s t r a c t  

3'- and 5'-Bis(aziridinyl)phosphinic a m i d e  der iva t ives  of thymidine h a v e  been  synthe-  

s ized as poten t ia l  an t icancer  agents  f rom 3'-amino-3'-deoxythymidine and  5'-amino-5'- 

deoxythymidine,  respect ively.  The azir idine-containing compounds were  t e s t e d  for  the i r  

cy to toxic  a c t i o n  in v i t ro  aga ins t  t h e  L 12 10 leukemia;  t h e  3'-bis(aziridinyl)phosphinic 

a m i d e  der iva t ive  was found to b e  about  11-t imes m o r e  a c t i v e  t h a n  i t s  5 ' -counterpar t  in  

inhibiting t h e  repl icat ion of t h e s e  leukemic  cel ls ,  wi th  EDSO values  Of 0.6 and 7 PM, 

respect ively,  being obtained. 

Introduct ion 

A var ie ty  of compounds possessing a bis(aziridiny1)phosphinoyl moie ty  have  been  

synthesized as possible a lkylat ing Compounds of th i s  type  h a v e  been  eva lua ted  

aga ins t  both t ransplan ted  an imal   neoplasm^^'^'^ and  human tumors,'-'' a n d  have  been 

shown to have  an t icancer  a c t i v i t y  in severa l  exper imenta l  systems.  S o m e  of t h e s e  

bis(aziridiny1)phosphinoyl compounds appeared  to  p o t e n t i a t e  t h e  effects of x-irradiation 

aga ins t  an imal  and human  neoplasm^'^^^-^^ and, in addi t ion,  have  been  repor ted  to 

exhibi t  lower hematological  tox ic i ty  compared  to  o t h e r  kinds of a lkylat ing agents .  6,8-10 
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To de termine  t h e  impact  of including a bis(aziridiny1)phosphinoyl group on a 

thymidine an t imetabol i te ,  which could d i rec t  t h e  alkylat ing a c t i v i t y  of this  moie ty  to t h e  

level  of DNA, on cy to toxic i ty ,  we have synthesized PP-bis(aziridiny1)phosphinic N-3'- 

thymidinylamide and PP-bis(aziridiny1)phosphinic N-5'-thymidinylamide and h a v e  demon- 

s t r a t e d  the i r  capac i t ies  to inhibit t h e  repl icat ion of LIZ10 leukemia  ce l l s  in cul ture .  

Chemis t ry  

3'- and 5'-Bis(aziridinyl)phosphinic amide  analogues of thymidine (compounds 2 and 

- 7) have  been synthesized as poten t ia l  an t icancer  a g e n t s  with alkylat ing abi l i ty  (Scheme I). 

T r e a t m e n t  of 5'-amino-5'-deoxythymidine in DMF with a solut ion of bis-ethylenirnine 

phosphinic chlor ide G) and t r ie thylamine  in T H F  gave  t h e  5'-bis(aziridinyl)phosphinic 

amide  der ivat ive 5. T r e a t m e n t  of 3'-amino-3'-deoxythymidine with bis-ethylenimine 

phosphinic chlor ide under t h e  s a m e  reac t ion  condi t ions,  however ,  did not  produce t h e  

desired product  I. I t  is conceivable  t h a t  this  was  due t o  t h e  presence  of t h e  3'-amino 

group in a s ter ical ly  hindered position in t h e  thymidine molecule  such t h a t  t h e  e lec t ro-  

philic a t t a c k  by t h e  relat ively bulky bis-ethylenimine phosphinic chlor ide Q) was pre- 

vented.  T h e  3'-bis(aziridinyl)phosphinic amide  der iva t ive  of thymidine 7 was obta ined  by 

reac t ion  of 3'-amino-3'-deoxythyrnidine with phosphorus oxychlor ide and t r ie thylamine  

in THF-DMSO followed by t r e a t m e n t  of t h e  resul t ing dichlorothymidinyl  phosphoramide 

in te rmedia te  &) with ethylenimine.  The  key s t a r t i n g  compounds, 5'-arnino-5'-deoxythy- 

midine Q) and 3'-amino-3'-deoxythymidine (21, w e r e  fabr ica ted  by methodology descr ibed 

previously.'' 

Biological Activity: 

Compounds 5 and 7 were  eva lua ted  for  t h e i r  cy to toxic  poten t ia l  aga ins t  cu l tured  

LIZ10 leukemia cells. Both compounds demonst ra ted  s ignif icant  growth  inhibi tory 

ac t iv i ty  in  this  sys tem (Table I). The 3'-bis(aziridinyl)phosphinic arnide der iva t ive  of 

thymidine (z) was found t o  be a b o u t  I1 t imes  more  poten t  than  i t s  5'-counterpart 2, with 

e s t i m a t e d  EDj0 values  of 0.6 and 7 p M ,  respect ively.  

Exper imenta l  Sect ion:  

Melting points were  taken  on  a Thomas-Hoover Unimel t  appara tus  a n d  a r e  not  

cor rec ted .  T h e  thin-layer chromatography was per formed on EM silica gel 60 FZ5,, s h e e t s  
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Table I. The  e f f e c t  of 3'- and 5'-bis(aziridinyl)phosphinic amide  der iva t ives  of 

thymidine on t h e  repl icat ion of LIZ10 leukemia cel ls  in vitro. EDSO values  w e r e  

e s t i m a t e d  f rom dose-response curves  and represent  t h e  drug concent ra t ion  required to 

inhibit repl icat ion of 1 1 2 1 0  ce l l s  by 50%. 

Compound Concn (p M) % Inhibition 

4 1 17 

5 33 

10 65 

15 82  

- 

7 - 1 

5 

10 

20 

69 

77 

80 

83  

0.6 

(0.2 mm). 

using Me,+Si a s  an  internal  re ference .  

University Chemical  Instrumentat ion C e n t e r  at 70 eV. 

NMR s p e c t r a  were  obta ined  with a Bruker WM500 s p e c t r o m e t e r  a t  500 MHz 

T h e  mass  s p e c t r a  w e r e  genera ted  by t h e  Yale  

PP-Bis(aziridiny1)phosphinic N-5'-thymidinylamide (4). 

A solution of e thylenimine (1.72 g, 40 mmol)  in 30 rnL of te t rahydrofuran  (THF) was  

added slowly over  a period of 1.5 h via  a dropping funnel to a well-stirred solut ion of 

phosphorus oxychloride (1.86 rnL, 20 mrnol) and t r ie thylamine  (9.26 mL, 66 mmol)  in 150 

mL of te t rahydrofuran  chilled t o  -4OOC under ni t rogen.  The  reac t ion  mixture  w a s  s t i r red  

for  an  additional 2 h and then f i l t e red  t o  r e m o v e  t h e  prec ip i ta ted  t r ie thylamine  

hydrochloride sal t .  5'-Amino-5'-deoxythyrnidine (2, 1.10 g, 4.60 mmol) in 30 mL of DMF 

was added at a modera te  r a t e  f rom a dropping funnel  t o  t h e  resul t ing T H F  solut ion of bis- 

ethylenirnine phosphinic chloride Q) and t r ie thylamine.  T h e  reac t ion  mixture  was 

permi t ted  t o  warm gradually t o  O°C over  a period of 1 h and t h e n  was s t i r red  a t  Ooc f o r  

another  3 h. The resul t ing reac t ion  mixtiire was s t o r e d  a t  4OC overnight  and then  f i l t e red  

t o  remove  t h e  insoluble sal t .  T h e  f i l t r a t e  was concent ra ted  a t  reduced pressure  and 

chromatographed through a silica gel column (CHC13-EtOH, 6:1, v/v)  to  give 0.75 g (44%) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



BIS(AZIR1DIKYL)PHOSPHINIC AMIDES OF THYMIDINE 407 

of a olassy product: NMR (Me2SO-d6) s 1.76 (s, 3H, 5-CH3), 1-95-2.07 (m, IOH, 2l-H~ 

D N - F - N d  ) 3.50 (m,  ZH, 5'-H), 4.20 (m, IH,  3'-H), 4.52 (br s, IH, NH), 4.72 (br s, IH,  3'- 

OH, D 2 0  exchangeable) ,  5.:8 (m, IH,  4'-H), 6.12 ( t ,  IH,  I-HI), 7.92 (s, IH,  6-H), 11.2 (br s, 

IH,  3-NH, D 2 0  exchangeable) ;  MS: m / e  372 ( M t l ) ,  246 (M-B), 210 ( M - D N - P - N q  -CH3), 

174 (M-8-2 Nq-Oxygen);  B=thymin-I-yl. UV(EtOH)&,,,266nrn (E9,130) ,amin236nm.  

TLC:Rf0.7 (CHC13-EtOH,I:I,V/v). Anal f o r  C14H22N505P=2DMF.2.5H20: Calcd  C,42.69; 

H,6.45; N,17.43. Found C,42.60; H,6.74; N,18.09. T h e  NMR s p e c t r u m  of th is  compound 

indica ted  t h e  presence  of 2 moles  of DMF b a w d  on  t h e  in tegra t ion  of t h e  (CH3)2N-SignalS 

in t h e  DMF m o k c u l e :  

O0 

19 
x1H- 

2.74 ( S ,  C H 3 - ~  a or b), 2.90 (s, CH3-N a o r  b). 

PP-Bis(aziridiny1)phosphinic N-3'-thymidinylamide (7). 

A solution of 0.1 mL of phosphorus oxychlor ide and 0.42 mL of t r ie thylamine  in 8 

mL of THF was chi l led to -4OOC and t r e a t e d  over  a 1 h period wi th  a solut ion of 0.24 g ( I  

mmol)  of 3'-amino-3'-deoxythymidine (5) in 6 mL of DMSO. T h e  resul t ing s lurry was 

gradual ly  warmed to O°C over  a period of 2 h. Ethylenimine (0.5 mL) was  added  to t h e  

solution and t h e  reac t ion  mixture  was s t o r e d  overnight  at 4OC and t h e n  s t i r r e d  at  room 

t e m p e r a t u r e  for  another  24 h. T h e  solution was  f i l t e red  and  t h e  f i l t r a t e  c o n c e n t r a t e d  

vacuo. T h e  resul t ing residue was chromatographed  on prepara t ive  T L C  pla tes  (Anal tech,  

2 m m )  (Rf 0.38, CH2CI2-EtOH, 1:1, v/v) to yield 0.1 g (27%) of a glassy product: NMR 

(Me2SO-d6) 6 1.76 (s, 3H, 5-CH3), 2.07 (m, 2H 2'-H), 2.50 (m, 8 H , b N - l  13 -4 ), 3.45-3.65 (m, 

4H, 3'-, 4'- and 5'-H), 4.35 (br s, IH, NH, D 2 0  exchangeable) ,  5.16 (br s, IH,  5'-OH, D 2 0  

exchangeable) ,  6.15 (t,  1H, II-H), 7.72 (s, IH,  6-H); MS: m/e  372  (M+l) ,  356 (M-CH3), 225 

( M - h - t - N  1. UV(EtOH)Xmax267nrn(E9,31 I ) ,Xmin237nm.  Sa t i s fac tory  e l e m e n t a l  analy- 

sis could not  b e  obta ined  due  t o  t h e  hydroscopic and  non-crystalline-like proper t ies  of th i s  

compound. The  compound was homogeneous on T L C  (R 0.38, C H  C1 EtOH,  1:1, v/v). f 2 2- 

0 

M- 

Biological Evaluation: 

Murine L1210 leukemia  ce l l s  were  main ta ined  in suspension c u l t u r e  i n  Fischer 's  

medium supplemented  with 10% horse serum at 37OC in a humidif ied a t m o s p h e r e  of 5% 

Co2--95% air .  Under t h e s e  conditions, t h e  generat ion t i m e  for  LIZ10 ce l l s  was 

approximately 12  h. Each  compound was added  to exponent ia l ly  growing L1210 cel ls  (2 x 

lo4 cel ls /mL) at var ious concentrat ions.  The  increase  in c e l l  numbers  of cu l tures  not  

exposed to drugs (controls), as well as those  of L1210 cul tures  supplemented  with t h e  test 

compounds, was de te rmined  a f t e r  24, 48, and  72 h of cel lular  growth.  
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