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The synthes is  of new compounds containing the s t ruc tu re  of mercap toe thy l amine  is a p romis ing  d i rec t ion  
in the s e a r c h  for  new synthet ic  rad iopro tec t ive  agents .  It  is known that the introduction at the ni t rogen a tom of 
mercap toe thy lamine  of aminoalkyl  [1] and adamantyl  [2] subst i tuents  contr ibutes  a s t rengthening of the an t i -  
radia t ion action. 

The synthes is  has been c a r r i e d  out and the rad iopro tec t ive  p r o p e r t i e s  have been studied fo r  the adamantyl  
subst i tu ted compounds of genera l  fo rmula  (1). 

A dX (CH 2) n X' NH (CH2) mSR 
I 

Ad ~adaraantyl-1; X = NH, CH2; X' ~ CH 2, CO; 
R = H, PO3H2, C(=NH)NHz-HBr; n = 0,1; m ~ 2,3 

The initial N- (adaman ty l -1 - ) ch lo roace t amide  (Ha), N - ( a d a m a n t y l - l - m e t h y l ) c h l o r o a c e t a m i d e  (IIb), and N- 
(adamanty l -1 ) -3 -ch loroprop ionamide  (He) were  obtained by the known method of [3]. The aminoalkyl  chlor ides  
(IIa, b) were  conver ted  by reac t ion  with aminoethanol  (]IIa) and 3-aminopropanol  (II]b) into N- ( adaman ty l -1 ) -2 -  
(2-hydroxyethylamino)acetamide  (IVa), N- (adaman ty l -1 ) -2 - (3 -hydroxypropy lamino)ace t amide  (IVb), I~-(ad- 
a m a n t y l - l - m e t h y l ) - 2 - ( 2 - h y d r e x y e t h y l a m i n o ) a c e t a m i d e  (IVc), and N - ( a d a m a n t y l - l - m e t h y l ) - 2 - ( 3 - h y d r o x y p r o p y l -  
amino)acetamide  (IVd) isola ted as the hydroeh lo r ides .  It was shown with the aid of PMR s p e c t r a  that d ia lkyla-  
tion took place at a smal l  excess  of alcohol (Ill) [for example ,  at H I / I I  = (1-2.5):1] which was detected by the 
i nc rea se  in the num ber  of protons  of the adamantane  nucleus in re la t ion  to the n u m b e r  of protons of the alkylene 
groups .  At a 3-5- fo ld  quantity of hydroxya lky lamine  (HI) p rac t i ca l ly  pure  monoalkylat ion products  (IV) were  
obtained. React ion was c a r r i e d  out in boiling isopropyl  alcohol for  4-8 h. 

On in terac t ing  (Hc) with hydroxyamine  (HIa) no alkylat ion product  was obtained but the N - ( a d a m a a t y l - 1 ) -  
ac ry l amide  (V), i .e. ,  under  these  conditions in the p r e sence  of base  (Ilia) dehydrohalogenat ion occu r r ed  as is 
cha r ac t e r i s t i c  of f i-halogen de r iva t ives .  The IR and PMR s p e c t r a  of the i so la ted  product  (V) were  identical  
with the l i t e ra tu re  data of [4]. 

The hydrochlor ide  of l~- (adamanty l -1) -3- (2-hydroxye thy lamino)propionamide  (IVe) was  synthes ized  by the 
R i t t e r  r eac t ion  f r o m  a d a m a n t a n - l - o l  and 3- (2-hydrexye thy lamino)propion i t r i l e  in the p r e s e n c e  of t r i f l uo ro -  
acet ic  acid [5]. 

The re  were  absorpt ion  bands in the IR s p e c t r a  of amides  (IVa-e) in the reg ion  of 3360-3460 cm -1 c h a r -  
ac t e r i s t i c  of hydroxyl  groups ,  at 3280-3100 cm - I  cha r ac t e r i s t i c  of bIH groups ,  and at 1655-1680 and 1555-1580 
cm -1 ass igned  to amide I and amide II. 

Insti tute of Biophysics ,  Minis t ry  of Public Health of the USSR, Moscow. Trans la t ed  f r o m  K h i m i k o - f a r -  
ma t sev t i ehesk i i  Zhurnal ,  Vo l .  17, No. 10, pp. 1192-1197, October ,  1983. Original  a r t i c l e  submi t ted  May 10, 
1983. 
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AdOH -~ CN(CH=)~NH(CH,a)2OH 

] CF~CO~H 

Ad(CH=) mNHCO{CH.2) nNH(CH2) pOH-HCI 

l IVa: m=0, n = l ,  p=2; IVb: rn=0, 
IVc: rn=l ,  n-~l, p = 2 ;  IVd: rn=l ,  

I IVe: m ~ 0 ,  n = 2 ,  p.-~-2 

Ad(CH.) mNHCOCH2CI -~- H~N(CH2)/~OH 
II a,b III a, b 

IIa: rn=0, IIb: re=l;  Ilia: p = 2 ,  IIIb: p=3  

AdNHCOCH~CH~CI H=N(GH2)2OH AdNHCOCH=CH2 
--HC1 

IIe V 

n=  I, p=3; 
n =  l, p=3; 

The hydroxyalkylaminoamides  (IVa-e) were  reduced with lithium aluminum hydride in te t rahydrofuran to 
the corresponding diamines (Via-e). The puri ty of products  was checked by IR spec t ra  for  the absence of amide 
absorption bands in the 1550-1680 cm -~ region. 

The hydroxy group in diamines (VIb-e) was replaced by bromine by the action of phosphorus t r ibromide 
in benzene in the presence  of catalytic quantities of dimethylformamide (DMF) or  by boiling with 48% hydro-  
bromic  acid. The diamines (VI_lb, e) and (VIId, c), respect ively ,  were isolated.  By interacting bromo derivatives 
(Vllb-e) with t r i sodium thiophosphate or (VIId) with thiourea the thiophosphoric acids (V]II-XI) and the isothiouro-  
nium salt  (XII) were  obtained. Thiophosphoric acids (Vrrr) and (X) were  hydrolyzed with dilute hydrochloric  acid 
to the dihydrochlorides of N- (adamanty l - l -methy l ) -N ' - (3 -mercap topropy l )e thy lene  diamine (XlID and N-(ada-  
manty l -1) -N ' - (3 -mercap topropyl )e thy lene  diamine (XIV). 

I) LiAIH4 
1V a-e "2) HX Ad(CH~)mNH(CH~)n+INH(CHz)pOH'2HX 

I VI a-e 
IVa: re=O, n = l ,  p ~ 2 ,  X=Br; IVb: re=O, 
n ~ l ,  p=3,  X~CI;  IVc: m---~ 1, n ~ l , p ~ 2 ,  
X---~Br; IVd: rn=l,  n : l ,  p=3,  X=Ci; 
IVe: re=O, n = 2 ,  p=2,  X=CI  

Ad(CH~.)rnNH(CH2)n + INH(CH~) I~Br" 2HBr 

VIIb-e ] NaaSPOa 
or SC(NH2)2 i 

Ad(CH2) mNH(CH2) n+xNH(CH~)pS X 
VIII ~ X IV 

VIII: m=0, n : l ,  p-~--3, X=POaH2-1,5H,~O; IX: m= I, n = l ,  p = 2 ,  
X =POsH~-H~O; X: m : l ,  n : l ,  p=3,  X :PO~H~.2,5H~O; XI: rn=0, n~-2, 

p = 2 ,  X=POsHe.2H20; XII: rn=l,  n : l ,  p=3,  X:C(N=H)NH2.3HBr; 
XIII: r n : l ,  n : l ,  p : 3 ,  X :H.2HCI; XIV: m=O, n : l ,  p~-3,  X ~-H.2HCI 

N-(2-Bromoethy l ) -2- (adamanty l -1) -ace tamide  (XVb) was obtained by acylating the hydrobromide of 2- 
bromoethylamine with adaman tan - l - ace t i c  acid chloride.  By the action of thiourea in boiling isopropyl alcohol 
(XVb) was conver ted into S-[2-(adamantan- l -ace tamido)e thyl ] i so th iouronium bromide (XVIb). Similar ly s tar t ing 
f rom the acid chloride of adamantan- l - ca rboxy l i c  acid, N-(2-bromoethy l )adamantan- l -ca rboxamide  (XVa) and 
S-[2- (adamantan- l -earboxamido)e thyl ] i so th iouronium bromide (XVIa) were obtained. The la t ter  was converted 
by alkaline hydrolys is  into N-(2-mercap toe thy l )adamantan- l -ea rboxamide  (XVI.I) [6]. Data of elemental  analy-  
sis ,  yields,  and melting points of compounds obtained for  the f i r s t  t ime are given in Tables 1-3. 

HBr. H~N(CH2)2Br 
Ad(CHa)nCOC1 - -  > Ad(CHz)nCONH(CH2)~Br 

I XVa, b a: n=0; 
b: n = l  

AdCONH(CHo)~SH OH- Ad(CH~)nCONH(CHe)2SC(=NH)NH2.HBr 
XVII XVI a, b 

E X P E R I M E N T A L  C H E M I S T R Y *  

IR .spectra were  recorded  on UR-20 (East Germany) and P e r k i n - E l m e r  model 180 (Switzerland) ins t ru-  
ments in KBr disks, PMR spec t ra  were  taken on a Var ian  HA-100 instrument,  internal s tandard was HMDS. 

* The authors are  grateful  to N. V. Smirnov and Yu. T. Orlov for  car ry ing  out the elemental  analysis of the 
studied compounds. 
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TABLE 1. Hydroxy Der iva t ives  of Adamantane (IVa-e) and 
( V i a - e )  

I 

l Y e  I 
v]~ 
V l , b  

I V i e  ] 

62 
86 
73 
77 
60 
79 
92 
30 
86 
51 

rap, *C 
C 

2 0 8 - - 2 1 0  5 8 , 2 6  
1 1 6 7 - - 1 6 8  59,40 
1178-- 179 59,48 
I 6 9 - -  170 6 0 , 4 4  

1 4 7 - -  1 4 9 1 5 9 , 4 4  
2 5 0 -  2 5 1 1 4 1 , 8 2  
2 1 0 - - 2 1 1 1 5 5 , 3 5  
293  - -  2 9 4 1 4 3 , 4 5  
2 6 0 - -  264 5 6 , 5 4  
2 6 3 - - 2 6 4  5 5 , 3 7  

F o u n d ,  % 

8,77 
8 , 9 4  
9 , 2 5  
9 , 5 0  
8 , 9 6  
7 , 0 5  
9 , 2 4  
7 , 3 0  
9 , 5 0  
9 , 3 2  

Empirical 
N CI formula C H 

. . .  1 2 , 4 2  C t~H~N~O~.HCI  58,22 '8 ,72 
1 1 , 5 5  C~Hz~N~O~.HCI 5 9 , 4 6  8 , 9 8  

C,~H~N~O~. HC1 5 0 , 4 9  8,98 ,2~ 11,29; 
8,43 ] C~H~N~O~-HC160,659,22 
9,24 1'i~6"7J CI~H=~N=O~.HCI 5 9 4 9 8 , 9 8  
6,8721,--4 ] 4  C~H~,N=O.2HBr 42 ,207 ,05  

C,~H~N=O.2HC1 55,38"929 
8,6"7536 12--i Io,8 Cx,H~Neo.Ct~H='N~O. 2HBr 2HCI [43,49] 7,30 15o,0319,51 

~55,38[ 9 , 2 9  ,21 , 44[ C,~H~N~O. 2 HCI 
I I I I 

Calculated, % 
Re 

N CI 

�9 . .  1 2 , 2 7 1 0 , 6 0  
�9 . . [ 1 1 , 7 0 1 0 , 5 1  
9 , 2 4  111,701 0 , 0 5  
8 , 8 4  I - �9 �9 1 0 , 4 8  
9 , 2 4  [ 1 1 , 7 0 [  0 , 3 5  
6 , 8 8  - -  I . 
�9 . . 121,791 " " 
6 , 7 6 1  -- I 
8 , 2 5  2 0 , 8 9  
. . .  21,76 

TABLE 2. B r o m o  Der iva t ive s  of Adamantane (VI]b-e) and (XVb) 

vHb 
VII  d 
V I I e  

xv 

o 

85 
94 
70 

67 

rap, ~ 

235--238 
288269289 

iwithdecomp, 
121--122 

Found, % Empirical [ Calculated, % 

C H N Br  formula I C H N Br  

37,8616 18 2. ,137.7o[ 6.1215,87 {{4 
3 9 , 2 5 6 , 6 0  5 , 5 9 1 3 2 , 4 3 [ C , 6 H 2 9 B r N 2 . 2 H B r 1 3 9 , 1 3  6 , 3 6  3 , 7 0  

5 , 5 7  C,BH~TBrNr.2HBr 137,70[ 5 , 5 7  3 7 , 7 4 1 8 . 3 0  ] 5 , 9 9  [53 ,641  

4 , 6 6  5 6 , 2 0  5 0 , 2 0  7 , 4 0  : 4 . 0 3  C n H ~ B r N O  5 6 , 0 1  7 , 3 9  . . . 

Rf 

. .  , 

0 , 1 5  

TABLE 3. Aminothiol  Der iva t ives  of Adamantane (VIH-XIV) 

OO 

V I I I  

IX 

X 

XI  
X I I  

XII I  
X I V  
x v l b  

721 

591 

671 

981 
751 
9 0  
49 
64 

Found, % [ 
rap, ~ ] 

C H N S 

240 4 7 , 7 2 8 , 7 0  . . . 8,35 
:with decomp.) 

238 4 9 , 3 8  8 , 6 1  7 , 5 8 , . . . ,  
',with decomp.) I [ 

220  5 0 , 2 3 8 , 4 5  8 , 4 5  . . .I 
:with dr 
2 4 5 - - 2 4 6  4 6 , 8 8  8 , 6 0  7 , 5 7 [ 8 , 5 3 1  
2 3 1 - - 2 3 2  3 5 , 9 6  6 , 2 8  9 , 9 8 / . . . [  
274--276 5 4 , 0 0 9 , 0 1  7 , 8 9 9 , 2 1 1  
2 4 9 - - 2 5 1  5 2 , 5 3  8,77 8 , 3 4  9 , 3 5  I 
1 2 9 - - 1 3 0  47,627,0411,1518,58 

Empirical formula 
Calculated, % 

C13H29N~OaPS ' I , 5H20 47 ,  98 

CI~H2aN~OaPS. H20  4 9 ,  t 6 

C~6H~4N~O~PS' 2,5H20 50,61 

Cl~H29N2OaPS' 2 I-I20 4 6 , 8 6  
C17Ha2N48- 3 H B r  3 5 , 9 9  
Ct~HaoN~S. 2HCI 5 4 , 0 7  
CI~H.. oN2S. 2HCI 5 2 , 7 7  
CasH~6N3S" H B r  4 7 , 7 9  

.N]s 
8 , 5 9  �9 - �9 8 , 5 3  

8 , 5 2  7 , 6 4  . . .  

8 , 7 4  7 , 3 4  . . .  

8 , 0 5  7 , 2 9  8 , 3 4  
6 , 2 2  9 , 8 8  . . .  
9 , 0 8  7 , 8 8  . . .  
8 , 6 6  8 , 2 1  9 , 3 6  
6 , 9 5  1 1 , 1 5  8 , 6 6  

R I 

, 09  

, 8 5  

0 , 2 3  

0,60 
0 , 5 8  
0 . 5 8  
0 , 5 0  

�9 , 

Silufol UV-254 plates  were  used for  TLC, Rf va lues  for  compounds (IVa-e) w e r e  determined  in methyl  alcohol ,  
for (VIId, XI, XII, XV) inthe system isopropyl alcohol-ammonia (5:1), for (VHI, IX, XIV) in the system methyl 
a l c o h o l - c h l o r o f o r m - a m m o m a  (2:1:1), and for  (X, XI~) in the s y s t e m  ethyl a l c o h o l - a m m o n i a - w a t e r  (7:1:2). 

N- (Adamanty l -1 ) -2 - (2 -hydroxye thy lamino)aee tamide  Hydrochloride (1Va). Monoethanolamine  (40 g: 0.65 
mole)  was  poured into a solut ion of (Ha) (30 g: 0.132 mole)  in i sopropyl  alcohol  (400 ml) and the mixture  boiled 
for  4 h. The alcohol  was  dist i l led off, water  (700 ml) was  added to the res idue ,  the so lut ion was  f i l tered,  and 
extracted  with benzene  (3 • 500 ml) .  The extract  was  dried with anhydrous sodium sulfate ,  evaporated to 1 / 1 0  
vo lume,  and was  treated  with an e ther  so lut ion  of hydrogen chloride  to acid react ion  to methyl  orange.  The 
precipi tated so l id  was  f i l tered off, washed  with e ther ,  and (IVa) (23.4 g) was  obtained. PMR spec trum (CF 3 �9 
CO2tt), 6 ,  ppm: 1.32 s (6H, Ad), 1.64 s (6H, Ad), 1.70 s (3tt, Ad), 3.15 m (2H, NCH2CH2Ott), 3.77 m (4H, CH2OH, 
NHCOCH2), 6.45 (1H, AdNH), 7.40 (2H, CH2NIt2CH2). 

The PMR spec trum of (IVb) was  obtained s i m i l a r l y  (CF3CO2H), 6 ,  ppm: 1.31 s (6H, Ad), 1.65 s (9H, Ad), 
2.05 m (2It, CH2CH2CH2), 2.98 m (2H, NCH2CH2), 3.61 m (2H, CH2OH), 4.12 m (2H, COCH2N), 6.50 (1H, CONH), 

7.40 (2H, ~H 2) (IVe-e) .  

N - ( A d a m a n t y l - l - m e t h y l ) - N ' - ( 2 - h y d r o x y e t h y l ) e t h y l e n e  Diamine  Dihydrobromide  (VIc). Lithium aluminum 
hydride (19.0 g: 0.5 mole)  was  added gradually  in a s t r e a m  of ni trogen to a s u s p e n s i o n  of (IVc) (28.8 g: 0.108 
mole)  in tetrahydrofuran (800 ml) .  The mixture  was  boi led for  3 h, left  overnight,  decomposed  with cool ing 
with water  (19 ml) ,  15% p o t a s s i u m  hydroxide so lut ion  (19 ml) ,  and with water  (57 ml) .  The so l id  was  f i l tered 
off, the f i l trate  dried over  anhydrous sod ium sulfate ,  and evaporated to 1 / 5  vo lume.  An ether  so lut ion of h y -  
drogen bromide was  added to the res idue to  acid react ion  to methyl  orange.  The prec ipi tated so l id  was  f i l tered 
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off and recrysta l l ized from methyl alcohol. Compound (Vie) (13.4 g) was obtained. PMR spectrum (CFaCO2H), 
5, ppm: 1.28 bs (6H), 1.33 bs (6H), 1.60 bs (3H, Ad), 2.48 m (3H, AdCH2N, OH), 3.13 m (2H, I~rftCI=I2CII2OH), 
3.49 m (4H, N HCH2-CH2NH), 3.84 m (2H, CHaOH), 6.9 (2H, AdCH~gIt2), 7.7 (2H, ~H2). 

N-(Adamantyl-1)-N'-(2-hydroxyethyl)ethylene Diamine Dthydrobromide (Via), N-(Adamantyl-1)-N'-(3- 
hydroxypropyl)ethylene Diamine Dihydrochloride (Vlb), N-(Adamantyl-l-methyl)-N'-(3-hydroxypropyl)ethylene 
D i a m ~ e  Dihydrochloride (VId), and N-(Adamantyl-1)-N'-(2-hydroxyethyl)propylene Diamine Dihydrochloride 
(-Vie). These were obtained similarly.  PMR spectrum of (V]Jo) in CF3COOH, 6, ppm: 1.35 bs (6H, Ad), 1.61 bs 
(6H, Ad), 1.79 and 1.85 (sum of two signals, 3H from Ad and 2H from CH2CII2CH2), 3.10 m (2H, NHCtt 2, CH2CH2), 

3.66 t (2H, Ctt2OH), 3.36 m (4H, NCtt2CHaN), 7.0 (2H, Ad~H), 7.6 (2H, CH2~III2CH2). 

N-(Adamantyl-1)-N'-(2-bromoethyl)propylene Diamine Dthydrobromide (VIIe). Phosphorus tribromide 
(1.48 g; 0.005 mole) and DMF (0.2 ml) were added dropwise in a s t ream of nitrogen to a suspension of (Vie) 
(2.6 g: 0.008 mole) in benzene (50 ml) and the mixture was boiled for  4 h. The solid was fil tered off, washed with 
benzene, and reerysta l l ized from ethyl alcohol. Compound (VIIe) (2.2 g) was obtained. 

N- (Adamantyl- 1) -N' - (3-bromopropyl) ethylene D iamine Dihydrobromide (VIIb). This compound was ob- 
tained similarly.  N-(Adamantyl-1)-N'-(2-bromoethyl)ethylene diamine (VIIa) was not obtained under these 
conditions. 

N-(Adamantyl-l-methyl)-N'-(3-bromopropyl)ethylene Diamine Dihydrobromide (VIId). A mixture of (VId) 
(2.9 g) and 48% hydrobromic acid (20 ml) was boiled for 4 h periodically distilling off water, then cooled, and 
fil tered. The solid was washed with alcohol and with ether.  Compound (VIId) (4.0 g) was obtained. 

N-(Adamantyl-l-methyl)-N'-(2-bromoethyl)ethylene Diamine Dihydrobromide (VtIa). This compound was 
obtained s imilar ly and was used without purification for  the synthesis of the derived thiophosphoric acid (IX). 

S-{N-[N-(Adamantyl-l-methyl)-2-aminoethyl]-3-aminopropyl} thiophosphoric Acid (X), Sodium thio- 
phosphate dodecahydrate (4.2 g: 0.01 mole) was added in portions to a solution of ( V I I ~ g :  0.01 mole) in 
a 20% aqueous solution of DMF (100 ml). The reaction was continued until the absence of thiophosphate anion 
from the reaction mixture according to the qualitative reaction for this ion. The precipitated solid was fi l tered 
off, washed with water,  and with acetone, and was dried in vacuum. Compound (X) (2.72 g) was obtained. 

S-___{N-[N-(Adamantyl-1) -2-aminoethyl]-3-aminopropyl} thiophosphorie Acid (VIII), S-{N-[N-(Adamantyl- 
1-methyl)-2-aminoethyl]aminoethyl} thiophosphoric Acid (IX) and S-{ N-[N-(Adamantyl-1)-3-aminopropyl] 2 - -  
aminoethylthiophosphorie Acid (XI). These compounds were obtained in a s imilar  manner. 

S_-{N-[N-(Adamantyl-l-methyl)-2-aminoethyl]-3-aminopropyl} isothiouronium Dihydrobromide (XII). A 
mixture of (VIId) (2.0 g: 0.0047 mole) and thiourea (0.358 g: 0.0046 mole) in n-butyl alcohol (20 ml) was-boiled 
for 3 h. After cooling, the precipitated solid was fi l tered off, washed with acetone, and recrystal l ized from 
methyl alcohol. In this way compound (XID (2.0 g) was obtained. 

N.- (Adamantyl-l-methyl) -N' - (3-mereaptopropyl) ethylene Diamine Dihydrochloride (XIID. A 15 % hydro- 
chloric acid solution (40 ml) was added to (X) (4.3 g) and the mixture was kept on a boiling water bath for 30 
min in a s t ream of argon. The solid precipitated after cooling was fi l tered off, washed with water, and dried 
over phosphorus pentoxide. Compound (XtID (3.46 g) was obtained. 

Mercaptan (XIX). Mercaptan (XIX) was obtained similarly.  

S-{ 2-[2-(Adamantyl-1)-acetamido]ethyl} isothiouronium Bromide (XVIb). A mixture of (XVb) (5.0 g: 
0.0166 mole) and thiourea (1.26 g: 0.0166 mole) in isopropyl alcohol (50 ml) was boiled for 10 h, cooled, the 
precipitated solid was f i l tered off, and compound (XVIb) (4.0 g) was obtained. 

N N:(2-Bromoethyl)-2-(adamantyl-1)-acetamide (XVb). A mixture of adamantan-l-acetic  acid chloride 
(6.0 g: 0.0292 mole), 2-bromoethylamine hydrobromide (5.6 g: 0.0282 mole), and xylene (30 ml) was boiled 
for 2 h. The precipitated solid was fi l tered off, recrysta l l ized from toluene, and (XVb) (5.66 g) was obtained. 

The synthesis of S-[2-(adamantyl-l-methylamino)ethyl]thiosulfuric acid (XVIII) and N-(2-mercaptoethyl)- 
adamantyl- l-methylamine hydrochloride (X/X) has been described by us previously in [7]. S-[2-(Adamaatyl-1- 
amino)ethyl]thiophosphoric acid (XX) was obtained by the known procedure of [2]. 

E X P E R I M E N T A L  B I O L O G Y  

The radioprotective effectiveness of compounds was studied in F i (CBA • C~TB1) hybrid mice of weight 19- 
23 g. Preparat ions were administered to animals as aqueous solutions or suspensions with carboxymethyl- 
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TABLE 4. Radioproteetive Activity and Toxicity of Adamantane 
Derivat ives  

Compound 

VIII 

IX 

X 

XI 

XII 

XIII 

X1V 

XVIa 

XVIb 
XVII 

XVIII 
XIX 
XX 

Control 

Mode of admin- 
istration 

Intraperitoneally 

Parenterally 
Intraperitoneally 

Parenterally 

Int raperi tone ally 

Parenterally 

Intraperitoneally 
w 

Intraperitoneally 

ParenteraUy 

LD5o, 
mmole/kg 

Radiopmteetive action 
dose, 
mmole/kg 

number of animals 
total ] % survi~,ing 

10 
10 
15 
15 
15 
t5 
10 
10 
15 
15 
10 
10 
10 
10 
15 
15 
15 
15 
20 
15 
15 
6o 
2o 
3o 
30 
20 

0,38 

0,37 
1,38 
0,49 

1,67 

0,21 
0,16 
1,45 

0,32 

0,32 

0,50 

0,67 
3,22 

2,90 
0,36 
0,52 

0,66 

0,20 
0,10 
0,12 
0,36 
0,21 
0,052 
0,72 
0,18 
0,11 
0,065 
0,57 
0,14 
O, lO 
0,025 
0,12 
0,03 
0,22 
0,053 
0,30 
1,30 
0,325 
1,30 
0,15 
0,25 
0,12 
0,30 

50 

10 
10 
0 
0 

46 
6 

30 
I0 
0 

13 
22 
20 
0 
0 
0 
0 

20 
14 
0 

20 
20 
0 
5 

60 
30 
65 

cellulose and Tween-80 in a volume of 0.2 ml int raper i toneal ly  at  15 min and parentera l ly  at 15-30 min before 
i r radiat ion.  

I r radiat ion was ca r r i ed  out on gamma equipment EGO-2 at a dose of 950 R at a rate of 150-250 R / m i n .  
The effectiveness of compounds was judged by the survival  of animals on the 30th day af ter  i r radiat ion.  

The toxicity of substances  was determined in white r andom-bred  male mice of weight 19-26 g. The LDso 
was calculated by the method of V. L Suslikov and coauthors  [8]. The resul ts  of experiments  are  given in 
Table 4. 

On comparing the toxicity of compounds (VII-XIV) with the N2-tmsubstituted analogs (D [1] attention is 
drawn by the fact  that the introduction of an adamantyl  subst i tueat  led to a sudden 5-10-fold increase  in toxicity. 

The adamantyl  der ivat ives  (X-VIa) and (XVID posses sed  weak radioprotect ive proper t ies  which are  s e e m -  
hagly linked with their  slow hydrolysis  under conditions ha vivo since cysteamine at a concentrat ion of 1 mmole -  
kg -1 posses sed  marked  antiradiatien effectiveness [9]. At the same time thei r  toxic action was displayed at an 
ea r ly  t ime which indicated their  rapid absorption into the organism.  

Of the considered compounds (Vm-XIV) only compound (Y0 was somewhat  soluble (5%) in water  and it alone 
pos se s sed  modera te  activity. Compound (XX) which was descr ibed previously and was taken as the s tandard was 
very  soluble in water  and posses sed  marked  radioprotect ive  effect iveness on both modes of administrat ion.  At-  
tention is drawn by the s imi la r i ty  of the toxicity values on intraperi toneal  sad on parentera l  administrat ion which 
makes it possible to suggest  that this compound is rapidly absorbed f rom the gastrointes t inal  t rac t .  Evidently 
for  the display of antiradiation activity ha the given c lass  of compounds solubility ha water  is obligatory.  
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF ONIUM 

COMPOUNDS CONTAINING ~-FERROCENYL RADICAL 
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M. P. Perepichko, and Yu. L. Volyanskii 
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Among quaternary ammonium salts, effective preparations have been discovered with a broad spectrum 
of antimicrobial activity [1-3]. Quaternary salts containing one or two higher aliphatic radicals are fairly ef- 
fective bactericides, and the introduction of a double or triple bond [4], or a cyclopropane ring [5] into the ali- 
phatic chain appreciably increases their activity. We took into account the unsaturated character of the ferro- 
cenyl group and the fact that some compounds in the ferrocene series have interesting biological activity [6], 
and in the present work, for the first time carried out the synthesis and evaluation of the antimicrobial action 
of a series of ~-ferrocenylalkylated onium compounds, in particular, ammonium (I-XVIII, XXIV), phosphonium 
(XIX-XXI), and sulfonium (XXII, XXIII) salts. 

The synthesis of the 23 compounds of this ser ies  (Table 1) was carr ied  out by the reaction of ~-hydroxy- 
ferroeenyl  derivatives with nucleophilic substrates in a methylene chloride aqueous solution of an HX acid (X = 
BF 4, C104) two-phase system, with vigorous st irr ing,  and at room temperature.  Under these conditions there 
is an ~-ferrocenylalkylation of several  heterocyelic compounds with a ter t iary  nitrogen atom and ferrocenal-  
aniline (a Schiff base) at the nitrogen atom, triphenylphosphine at the phosphorus atom, and sulfides at the 
sulfur atom. Thus, previously unlmown G-ferroeenylalkyl onium compounds I-XXIII are obtained in high yields. 

/z ~ ~ ~ ~-, 
_~ rc-c~-m, )x-  

I H X  r E-1  
~O OHOH ~ ~FO-OH I X- FoCH=NO6Hs Pc - CH = i~-C6H 5 X- 

�9 -H20 L J ~ Fo-CH-R 
R (XVfE 

l P(c6Hs]3 _ Fc-OH-P{C6HJa X- 

}'~ = Cs H5 F e O,#'T~{ [ (Xr#f-XXD 
s(a.t)z ~- + 

-- Fo-CH-S(R ]~X- 

{~CXIL- XXiI[ ) 

Synthesized compounds I-3LXIII are  colored crystalline compounds, which are soluble in polar solvents 
(water, ethanol, notromethane) and insoluble in ether  and benzene; on heating they melt with decomposition, 
Their structure is confirmed by the data of elemental analysis (see Table 1), ]1% spectra,  in which absorption 
bands a represen t ,  character is t ic  of the fe r rocenyl  ring in the 1405, 1105, 1000, and 830 cm -1 region [7], and 
of the aromatic ring in the 1600-1500 cm -1 region [8]. The electronic absorption spectra  of the compounds 
are character ized by two absorption maxima in the UV region at 240-260 and 320-340 nm, and also by a broad 
absorption maximum in the visible part  of the spectrum at 420-450 nm. 

The structure of compounds I-XXIff is also confirmed by the fact that during alkaline hydrolysis in water,  
these compounds decompose into the initial ~-hydroxyferrocenyl derivatives and the corresponding bases, which 
were isolated and identified (bases in the form of known iodomethylates} according to their  melting points. 

(~-,,~,D - - ~  ~c-W~-,_,~. t p r e ~ j  D - -  �9 CH3_I-p{O~Hjs 
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