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The radioprotect ive effect  of cer ta in  N- and o r  S-substi tuted mercap toace tamid ines  has recent ly  been in- 
dicated [1]. In o rde r  to sea rch  for  new radioprotect ive agents and to de termine  the connection between s t ruc -  
tu re  and effect ,  we achieved the synthesis  of cer ta in  C-alkyl-(Ib-f)  and N-adamantyl-(IIa-c)  substituted 2-ace t -  
amidine thiophosphoric acids, and studied the i r  radioprotect ive activity and toxicity. 

The synthesis  of compounds I s tar ted  f rom the 2-bremoalkylcyanides  (III), which were t r ea ted  with meth-  
anol in the presence  of a catalyt ic  amount of sodium methylate followed by ammonium chloride to give the 
corresponding 2-alkyl substi tuted 2-bromoacetamidine  hydrochlor ides  (IVb-f). The thiophosphoric der ivat ives  
(I) were obtained by interact ion of IV with an aqueous solution of sodium thiophosphate with subsequent p rec ip i -  
tation of the monosodium salt f rom ethyl alcohol. Compounds obtained by this procedure  frequently gave only 
one spot on th in - layer  chromatography.  If necessa ry ,  the products  were repeatedly reprecipi ta ted  f rom aqueous 
alcohol; the sodium salt of 2-S-(1-amidinocapryl) thiophosphoric  acid (Id) was purified by conversion into the 
f ree  acid and then isolated in the fo rm of the ammonium salt. The unsubstituted acetamidine thiophosphate (If) 
was prepared  for compar ison according to [1] f rom the hydrochlor ide of e -ch loroace tamidine .  The resu l t s  a re  
presented  in Table 1. 
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It was indicated e a r l i e r  that one of the most active radioprotect ives  of the se r ies  of mercaptoacetamidines  
is sodium 2-S-{N-[-(3,5-dimethyladamantyl)methyl]acetamidine} thiophosphate (IId). It seemed of in teres t  to 
explore the influence of the adamantyl substituent and its methylated der ivat ives  on radioprotect ive activity and 
toxicity.  Withthis  goal in mind, the sodium salt  of the unsubstituted 2-S-[N-(1-adamantylmethyl)acetamidine]  
thiophosphoric acid (IIa), as well as its 3-methyl  (IIb), and 3 ,5 ,7- t r imethyl  (IIc) der ivat ives  were synthesized. 
Compounds IIa-c  were synthesized by the action of the corresponding adamantylmethyl amine on ethyl  2-chloro-  
acetimidate hydrochlor ide W) with subsequent t rea tment  of the resul t ing N-adamantylmethyl  substituted ehloro-  
acetamidine hydrochlor ide  (VI) with sodium thiophosphate. The proper t ies  of the compounds prepared  are  given 
in Table 2. 
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It is known that s te r ica l ly  hindered amines react  only slowly with iminoes ters  [2]. Consequently, we un- 
der took the activation of the amino group by means of silylation. F o r  the interact ion of the t r imethy ls i ly l  de- 
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TABLE 2. Salts of 2-S-{[N-(1-adamantyl)methyl]acetamidino} 
thiophosphoric Acid (II) 

~-~ ~ , ~  Found. fro 

Empirical formula 
. Calculated,c % 

lla 801 202--3 lib* 61 160--2 
IIbt[ 30 152--4 
Iic 70 172--7 

40,1 7,4 
43,9 7,4 
43,3 8,3 
44,9 7,7 

1::: c'3  N'~176 39 0 7,4 CxaH2,N2OsPSNa. I,5H20 44,09 
C14H2sNsOsPS" 2H20 

7,0 Ct~HzsN2OsPSNa'2,5H20 43,62 44.95 

HIN 
7,16 7,10 
7,14 7,35 8,35 lO: O 
7J3 

* Found: S 8.6%; Calculated: S 8.41%' 
%Ammonium salt. Found: P 8.2%; Calculated: 9 8.04%. 

TABLE 3. Radioproteetive Activity and Toxicity of Thio- 
phosphates I and II 

C o m  - 

pound 

I a  

lb 

I c  

Id 

le 
If 

Ila 

Ilb 
IIc 

Method of 
introd uction 

Intraperitoneal 

Enteral 
Intraperitoneal 

Enteral 
Intraperitoneal 
Enteral 
Intraperitoneal 
Enteral 
Intraperitoneal 

w 

LD so, 
mM/kg 

0,65 

1,68 
0,66 

2,50 
0,68 
t ,79 
0,69 
1,96 
0,35 
0,06 

Entera'l 0,120 0,290 
Intraperitoneal 0,078 

.t 0,105 

dose= 
mM/kg 

Control (physiological saline) 

Radioprotective action 
I number of animals 

I total 1 %  survival 

0,044 15 
0,11 15 
0,22 15 
0,56 15 
0,041 15 
0,10 15 
0,21 15 
0,83 15 
0,20 30 
0,59 30 
0,20 56 
0,65 30 
0,10 20 
0,009 20 
0,018 20 
0,036 20 
0,058 19 
0,I 16 20 
0,020. 20 
0,20 20 

100 

40 
60 

100 
53 
47 
73 

100 
47 
37 
13 
27 
7 
5 
0 
5 
0 

79 
40 
0 
0 

rivative of 3 ,5-dimethyl - l -aminomethyladamantane  with V, however, a single product was obtained which was 
shown on isolation to be N-e thy l -3 ,5 -d imethy l - l -aminomethy ladamantane  (VII). The t r imethyls i ly l  derivative 
of piperidine reacted analogously. 

The presence of high antiradiation activity (Table 3) by intraperi toneal  and enteral  introduction of com- 
pound Ia agrees  well with the l i terature data [1]. Substitution of hydrogen atom on the ~ -ca rbon  by a methyl 
group (compound Ib) pract ical ly  does not change the toxicity and protect ive action by intraperi toneal  introduc- 
tion; by entera l  introduction however, the toxicity decreased .by  approximately 1.5 t imes,  and the effective p ro -  
tective dose increased by approximately 2 t imes.  

It is interest ing that by introduction of both n-propyl  and isopropyl radicals  on the u -ca rbon  atom (It and 
d), the acute toxicity as a function of means of introduction is not changed, while the radioprotective effect is 
noticeably lowered by changing to the n-propyl  and isopropyl  derivatives.  

Fur ther  elongation of the hydrocarbon chain resul ted in a substantially increased toxicity (for the octyl 
derivative,  approximately by a factor  of 10) and loss of radioprotective action. 

Comparison of the data obtained for the unsubstituted (Ia) and C-methyl  (Ib) derivative confirms the con- 
clusion [3] that the introduction of a methyl group into the hydrocarbon chain in a ser ies  of var ious substituted 
f l-mercaptoethylamines has an ambiguous influence on the radioprotective activity and toxicity of these com- 
pounds. 
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Actually, in the p resen t  case ,  both show prac t i ca l ly  no change, but with the analogous s t ruc tu ra l  change 
in f l -aminoethyl thiophosphoric  acid, a lower  toxic i ty  for  the p r e s e r v a t i o n  of the level  of pro tec t ive  action is ob- 
se rved ,  and i ts  aminopropyl  der iva t ive  shows inc reased  toxic i ty  and dec rea sed  activity.  

On examinat ion  of  the r e su l t s  of the study of biological  act ivi ty of  the N-subst i tu ted  compounds II 
(Table 3), it can be seen that  introduction of the adamantyl  group resu l t s  in an inc reased  biological  activity; 
toxic i ty  i n c r e a s e s  by more  than five t imes .  

Unexpectedly,  it appea r s  that  in dist inction f r o m  the act ive d imethyladamantyl  der iva t ives  (IId), the 
monomethyl  ffIb) and t r ime thy l  (IIc) homologs show no e s sen t i a l  d i f ference  f r o m  the toxici ty  of IIa as well  as 
lack of activity.  This  may be explainable by the low solubil i ty of  these  subs tances  in water .  Al ternat ively ,  it is 
poss ib le  that there  is  a change in the m e c h a n i s m  of influence upon the dopaminerg ie  r ecep to r s  in the case of 
1 -aminoadamantane  and i ts  1 ,3-dimethyl  analog [4]. 

After  a study of the acetamidine der iva t ives  of thiophosphoric  acid I and ]I, it is poss ible  to compare  the 
analogous f l -aminoethyl  thiophosphates .  Rep lacemen t  of  the last  two hydrogen a toms  by the imino group leads 
to an r apprec iable  i nc rea se  (by approx imate ly  ten t imes )  in biological  activity,  for  example :  

+ 
H3N-C =N HCH2SPO3-Na 

Ia 

LDs0 (Intraperi toneal)  
0.65 mM/kg 

ED~00 (Intraper i toneal)  
0.22 mm/kg  

+ 
H3NCH2CH2S PO3-Na 

LDso (Intrape ri toneal)  
4.3 mM/kg 

EDlo o (!ntrape ri toneal)  
2.0 mM/i~g 

Apparent ly  this  involves a p e c u l i a r i t y o f t h e  amidine group, which is s ignif icantly different  f r o m  the amino 
flmction in its bas ie i ty  and i ts  s t e r e o c h e m i s t r y .  I t  is poss ible  that  compounds of the I and II s e r i e s ,  in addition 
to act ivi ty  on the o r g a n i s m  of the usual  type of aminothiol  radioprotect ion,  show an influence on the amidine 
r e c e p t o r s  [5]. 

E X P E R I M E N T A L  

The rad iopre tec t ive  e f fec t iveness  of the compounds was studied on hybrid  F 1 (CBA • C57BL) mice.  An 
aqueous solution of the substance in a volume of 0.2 ml  of  wa te r  was introduced into the animals  15 min (intra-  
per i toneal)  o r  30 man (enteral) before  i r rad ia t ion .  The mice were i r r ad ia ted  by a g a m m a  appara tus  0~GO-2) 
with 950 R at a ra te  of  250-150 R/re_in. The toxic i ty  of  the subs tances  was de te rmined  on white r andom-b red  
male mice weighing 22-25 g. LDs0 was calculated by the s tandard method [6]. The r e su l t s  a re  p resen ted  in 
Table 3. 

2 -Bromoprop ion i t r i l e  (IIIB) and 2 - B r o m o c a p r e n i t r i l e  ffIIe). A mixture  of  2 -bromoprop ionamide  (24 g, 
0.154 mole) and 55 g (0.35 mole) of  phosphor ic  anhydride was heated under  vacuum (100 mm) in a s t r e a m  of 
ni t rogen and the ni t r i le  fo rmed  was disti l led.  Af ter  dist i l lat ion of 2 g of  phosphor ic  anhydride, the re  was ob- 
tained 15.7 g of IIIb, bp 53~ (10 mm),  yield 74%. 

Found, %: N 10.7. C3H4BrN. Calculated,  %: N 10.45. 

Similar ly ,  f r o m  25 g (0.13 mole) of  2 - b r o m o c a p r e n i t r i l e  and 32.5 g (0.23 mole} of phosphor ic  anhydride 
was obtained 19.67 g of IIIe,  bp 95-110~ (12 mm),  yield 86%. 

Found, %: N 7.9. C~H10BrN. Calculated,  %: N 7.95. 

2 -Bromoprop ionamid ine  Hydrochlor ide  (IVb). To a methanol  solution of sodium methylate ,  p r epa red  f r o m  
0.46 g (0.02 mole) of  sodium and 100 ml  of  absolute methanol,  was added dropwise 27 g (0.2 mole) of 2 - b r o m o -  
propioni t r i le  with cooling and s t i r r ing .  The react ion  mixture  was maintained for  1 h at r oom t e m p e r a t u r e  and 
11.8 g (0.22 mole) of  ammonium chloride were  added. Af ter  s t i r r ing  for  2 h and f i l t rat ion,  the solvent was r e -  
moved under  vacuum at 45~ The res idue was t r ea t ed  with d ry  e ther .  The prec ip i ta te  w~s f i l tered off and 
washed on the f i l t e r  with d ry  e the r  to give 33.4 g (91%), of IVb, mp 125-128~ 

The remain ing  compounds were  p r epa re d  analogously (Table l) .  

N - t -Adaman t y l m e t hy l -2 - ch l o roaee t am i d ine  Hydroehlor ide  (Via). To a solution of 7.91 g (0.05 mole) Of 
ethyl  2 -ch loroace t imida te  hydrochlor ide  in 50 ml  of absolute ethanol was added a solution of 8.26 g (0.05 mole) 
of 1 -adamanty lmethy lamine .  The react ion mixture  was kept for  36 h in a r e f r i ge r a to r .  The white crys ta l l ine  
prec ip i ta te  was f i l tered off, washed with alcohol,  and dried to give 9.7 g (85%) of Via, mp 260-262~ (deeomp.). 
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Sodium S-2-(1-amidinovaleryl) thiophosphate (Ic). To a s t i r r ed  solution of 5.22 g (0.025 mole) of 2- 
bromovaleramidine  hydroehlor ide  in 25 ml of water  was added a solution of 8.8 g (0.22 mole) of t r i sod ium 
phosphate dodeeahydrate in 50 ml of water  and the solution was s t i r r ed  for  1.5 h (colorless  qualitative t es t  with 
s i lve r  nitrate).  To the react ion mixture at 0.5~ slowly was added 350 ml of ethanol, and the mixture was main- 
tained at this t empera tu re  for  2 h and f i l tered,  The precipi ta te  was washed with alcohol and a i r - d r i e d  to give 
6.4 g (79%) o f I c ,  mp 115-116~C (decomp.). 

A 0.2 g sample of Ic was dried in a drying pistol  over  phosphorus pentoxide at 60~ to constant weight. 
The weight loss was 15.8%, which corresponds  to 2.5 moles of water  in Ie. 

The remaining compounds I ~nd II were p reps red  analogously (Tables 1 and 2). 

N-Ethy l -3 ,5 -d imethy l - l - adamanty lmethy lamine  t{ydrochloride (VII). To 2.3 g (0.019 mole) of ethyl 2- 
chloroacet imidate  (obtained f rom the corresponding hydrochloride and t r ie thylamine)  was added 5.07 g (0.019 
mole) of N- t r imethy l s i ly l -3 ,5 -d imethy l - l -adamanty lmethy lamine  (prepared f rom 3 ,5 -d imethy l - l - adamanty l -  
methylamine,  t r imethylchloros i lane  and tr ie thylamine) ,  and the react ion mixture was s t i r r ed  for  30 min. Five 
ml of methanol were added and the mixture was concentrated under  vacuum. To the residue was added an 
e therea l  solution of hydrogen chloride to pH 1.0. The white crystal l ine precipi ta te  was f i l tered off, washed 
with e ther  and rec rys ta l l i zed  f rom alcohol to give 3.6 g (74%) of VII, mp 280-282~ (deoomp.). 

Found, %: C1 14.2. CIsH2~N �9 HCI. Calculated %: C1 13.75. 

N-Ethylpiperidine hydrochlor ide  was p repared  in an analogous manner  (yield 80%, mp 225~ which did 
not depress  the melting point of a sample prepared  by a known method. 

1. 
2. 
3. 
4. 
5. 

6. 
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