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D E R I V A T I V E S  OF C Y C L O H E X Y L A M I N E  A N D  S O M E  

A R O M A T I C  A M I N E S  C O N T A I N I N G  T H E  

N -  T E T R A M E T H Y L D I A M I D O ( T H I O )  P H O S P H O R Y L  G R O U P  

G.  I .  P r a s m i t s k e n e ,  K .  I .  K a r p a v i c h y u s ,  UDC542.91:547.592.15 '118+547.551 '118 
a n d  I .  L .  K n u n y a n t s  

N-Tet ramethyld iamidophosphory l  (TMDAP) der iva t ives  of aminocyclohexanecarboxyl ic  acids have con- 
s iderable  ant i tumor  act ivi ty re la t ive  to specif ic  t ransp lan tab le  tumors  [1, 2]. In o rde r  to study the re la t ion-  
ship between the ant i tumor  and chemical  s te r i l iz ing  act ivi ty  and the s t ruc tu re  of compounds containing the 
cytoact ive  TMDAP group,  we synthesized N-TMDAP-c i s -4 -aminocyc lohexy lace t i c  acid,  N-TMDAP-p-a rn ino-  
phenylaeet ic  acid,  N-TMDAP-p -amino -N-ace ty l -DL-pheny la l an ine ,  the i r  e thylenimides ,  N- [ te t ramethyld iami-  
do(thio)phosphoryl]aniline,  N-[ te t ramethyldiamido( thio)phosphoryl]eyclohexylamine,  and N- [ t e t r ame thy ld i ami -  
do(thio)pho sphoryl  ]morpholine.  

The benzyl e s t e r s  of c i s -4 -aminocyc lohexy lace t i c  acid and p -amino-N-ace ty l -DL-pheny la l an ine  se rved  
as s ta r t ing  m a t e r i a l s .  The condensation of these e s t e r s  with the acid chloride of N- te t ramethy ld iamidophos-  
phoric acid [3, 4] in the p resence  of t r i e thy lamine  gave the benzyl  e s t e r s  of N-TMDAP-c i s -4 -aminocyc lohexy l -  
ace t ic  acid (I) and N-TMDAP-p-amino-N-ace ty l -DL-pheny la l an ine  (II). Catalytic hydrogenolys is  of (I) and (II) 
gives N-TMDAP-c i s -4 -aminocyc lohexy lace t i c  acid (III) and N-TMDAP-p-amino -N-ace ty l -DL-pheny la l an ine  
{IV). The Seho t t en -Baumann  condensation of p-aminophenylace t ic  acid with the acid chloride of N- t e t r ame th y l -  
diamidophosphoric  acid yielded N-TMDAP-p-aminophenylace t i c  acid (V). The reac t ion  of (IV) and (V) with 
ethylenimine in the p re sence  of 1 ,3-d ieyc lohexylcarbodi imide  gave the ethylenimides of N - T M D A P - p - a m i n o -  
N-ace ty l -DL-phenyla lan ine  (VI) and N-TMDAP-p-aminophenylaee t ic  acid {VII). 

PSC13 was used in the synthesis  of N-te t ramethyldiamido( thio)phosphoryl  der iva t ives  of cyclic  amines .  
The react ion  of PSCl~ with the hydrochlor ide  sa l ts  of anil ine,  cyclohexylamine ,  and morphol ine  yielded N- 
[dichloro(thio)phosphoryl]aniline {VIII), N-[dichloro(thio)phosphoryl]cyclohexylamine (IX), and N- [dichloro- 
( thio)phosphory!]morpholine (X). The condensation of these  compounds with excess  d imethylamine gave N- [te- 
t ramethyldiamido(thio)phosphoryl]ani l ine (XI), N- [ te t ramethyldiamido(thio)phosphoryl]eyclohexylamine (XII), 
and N-[ te t ramethyldiamido(thio)phosphoryl]morphol ine  (XIII). The p rope r t i e s  of (I)-(XIII) a re  given in Table 1. 

EXPERIMENTAL 

Benzyl Es t e r  of N- (Te t ramethy ld iamidophosphory l ) -c i s -4 -aminoeyc lohexy lace t i c  Acid (I). A sample  of 
1.56 g (0. 009 mole) acid chloride of N- te t ramethyld iamidophosphor ic  acid in 5 ml abs .  benzene and 0.91 g 
(0. 009 mole) t r i e thy lamine  in 3 ml abs .  benzene were  added to 2.28 g (0. 009 mole) benzyl e s t e r  of c i s - 4 -  
aminocyclohexyiacet ic  acid in 10 ml abs .  benzene.  The mix ture  was heated at 100~ for  8 h and left overnight 
in a r e f r i g e r a t o r .  The prec ip i ta te  was f i l te red  off. The f i l t ra te  was washed with wa te r  and dr ied over  MgSO 4. 
The solvent was removed  in vacuum. The oily prec ip i ta te  was t r i tu ra ted  in pe t ro leum ether  and dried in a 
vacuum dess i ca to r  to yield 1.92 g (I). 

Benzyl e s t e r  (II) was p r e p a r e d  in the s ame  way. 

A. N. Nesmeyanov Insti tute of Heteroorganic  Compounds,  Academy of Sciences of the USSR, Moscow. 
Institute of B iochemis t ry ,  Academy of Sciences of the Lithuanian SSR, Vilnius. Trans la ted  f rom Izves t iya  Aka-  
demii  Nauk SSSR, Seriya Khimicheskaya ,  No. 10, pp. 2373-2375, October ,  1983. Original a r t ic le  submit ted 
D e c e m b e r  24, 1982. 
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N-(Tetramethyldiamidophosphoryl)-c is-4-aminocyclohexylacet ic  Acid (III). A sample of 2.2 g (I) in 
50 ml ethanol was hydrogenated over palladium black until no further  hydrogen was taken up. The catalyst  
was fil tered off and the solvent was evaporated in vacuum. The residue was t r i tura ted  in petroleum ether 
to yield 0.9 g (III). 

A sample of N-(tetramethyldiamidophosphoryl)-p-  amino- N- acetyl-  DL-phenylalanine (IV) was obtained 
analogously. 

N-{Tetramethylamidophosphoryl)-p-aminophenylaeet ic  Acid (V). A sample of 1.14 g (0. 007 mole) p-  
aminophenylacetic acid and 0.8 g Na2CO 3 in 10 ml distilled water  was cooled to 10~ and then 1.34 g (0. 007 
mole) acid chloride of N-tetramethyldiamidophosphoric acid in a solution of 2.4 g NafCO 3 and 40 ml distilled 
water  was added with s t i r r ing over 30 rain. The mixture was cooled, left overnight at ~ 20~ and fi l tered.  
The fil trate was neutralized with dilute HC1 to pH 4. The precipitate was f i l tered off, r ec rys ta l I i zed ,  and 
dried in a vacuum dess icator  to yield 1.2 g (V). 

Ethylenimide of N-(Tetramethyldiamidophosphoryl)yp-aminophenylacet ic  Acid (VII). A sample of 0.25 g 
(0~ 0012 mole) 1,3-dicyclohexylcarbodiimide in 4 ml DMF and 0.05 g (0. 0012 mole) ethylenimine in 4 ml DlViF 
was added to 0.36 g (0.0012 mole) (V) in 4 ml DMF. The mixture was cooled and left overnight at '~20 ~ The p re -  
cipitate was fi l tered off and the fi l trate was evaporated in vacuum. The residue was t r i tura ted  in abs.  e ther ,  
f i l tered off, rec rys ta l l i zed ,  and dried in a vacuum dess icator  to yield 0.19 g (VII). 

Ethylenimide (VI) was prepared  analogously. 

N-[Dichloro(thio)phosphoryl]aniline (VIII). A sample of 20 ml (1.00 mole) PSC13 was added to 3.23 g 
(0. 025 mole) hydrochloride salt of aniline and heated at reflux for 24 h until the salt was completely dissolved. 
Excess PSC13 was distilled off in vacuum and the residue was t r i tura ted in ether to yield 3.5 g (VIII). 

Samples of N-[dichloro(thio)phosphoryl]cyclohexylamine (IX) and N-[dichloro(thio)phosphoryl]morpholine 
(X) were prepared analogously. 

N-[Tetramethyldiamido(thio)phosphoryl]aniline (XI). A sample of 4.20 g (0.04 mole) dimethylamine in 
benzene was added to 2.25 g (0.01 mole) (VIII) in 30 ml benzene with s t i r r ing  and cooling. The mixture was 
left overnight at ~ 20~ The hydrochloride salt of dimethylamine was fi l tered off and the fil trate was heated 
for 8 h at 100~ The benzene layer  was separated,  washed with water ,  and dried over MgSQ. The solvent 
was distilled off in vacuum and the residue was t r i tura ted with ether and recrys ta l l ized  to yield 1.2 g (XI). 

Samples of N-[tetramethyldiamido(thio)phosphoryl]cyclohexylamine (XII) and I~-[tetramethyldiamido(thio)- 
phosphoryl]morpholine (XIII) were prepared analogously. 

CONCLUSIONS 

I. N-(tetramethyldiamidophosphoryl)-cis-4-aminocyclohexylacetic acid, N-(tetramethyldiamidophos- 
phoryl)-p-aminophenylacetic acid, N-(tetramethyldiamidophosphoryl)-p-amino-N-acetyl-DL-phenyialanine 

and their ethylenimides were synthesized. 

2. The condensation of N-dichloro(thio)phosphoryl derivatives of cyclic amines with dimethylamine 
gave N- [tetramethyldiamido(thio)phosphoryl]aniline, N- [tetramethyldiamido(thio)phosphoryl]cyelohexylamine, 

and N- [tetramethyldiamido(thio)phosphoryl]morpholine. 

1, 

2. 
3. 
4. 
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