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Antiviral activity is displayed by a large number of adamantane derivatives containing 
sulfur atoms in a functional group. There are reports on antiviral activity of adamantyl- 
containing thioureas [6, 7], thioamides [3], isothiuronic salts [5], and adamantvlisothio- 
cyanates [2]. 

The aim of the present work was to study the viral-inhibitory activity of a series of 
new adamantane derivatives. For this, we developed methods to obtain adamantyi-substituted 
thiocarbamates, selenocarbamates, sulfamides, dithiocarbamates, and isothiocyanates. 

N-Adamantylated thiocarbamates I-VII were obtained from nitroxv derivatives by a pre- 
viously described method [i]. 

3-R<5 -R <I-AdNHCOSR' 
I--Vt[ 

R~=H i l -  II1, V). CH.~ilV, VII}, C~H~ (VII. R ' = H  i l  Vt 
C|t~{It,  IV, V, VIII, CJt~ {1111: R~=CH~ ! I - - IVI .  

CH~C,~Hs ( V -VI I I :  
l-Ad=adamantyt I ! ; --\711~, and a lso  for  I X-- XVI 

2 - M e t h y t t h i o c a r b o n y l a m i n o a d a m a n t a n e  ( V I I I )  was s y n t h e s i z e d  by t h e  r e a c t i o n  o f  2 - a d a m a n t o ]  
with a solution of methylthiocyanate in sulfuric acid, which excluded isomerization to a l- 
substituted derivative, characteristic of adamantane compounds [8]. The PMR spectrum of 
thiocarbamate VIII contains a doublet of an ~-proton at 3.99 ppm (JH~HN 6 Hz), which confirms 
the bond of the nitrogen atom with the bridge carbon atom of the adamantane nucleus. 

The reaction of hydroxylated adamantane derivatives with methy]senelocyanate in con- 
centrated sulfuric acid has, for the first time, resulted in the N-adamantylation of the 
seienocvano group by the Ritter reaction [9], to give selenocarbamates IX and X. 

CH:,SeCN ~ ~ , 

3-R<5-R<I-AdOH ~ 3 - R  -a-R--I-AdNHCOSeCHr 

R,=Re~tttlX). R~=R:'=-Ctl~iN1 : 

The IR s p e c t r a  o f  I - X  c o n t a i n  a b s o r p t i o n  b a n d s  i n  t h e  r e g i o n s  3 2 4 0 - 3 3 3 0 ,  1 0 4 5 - 1 6 5 5 ,  and  
1 5 1 0 - 1 5 3 0  cm - 1 ,  c h a r a c t e r i s t i c  r e s p e c t i v e l y  o f  v a l e n c e  v i b r a t i o n s  o f  t h e  NH b o n d ,  v a l e n c e  
v i b r a t i o n s  o f  t h e  c a r b o n y l  g r o u p ,  and  d e f o r m a t i o n  v i b r a t i o n s  o f  t h e  NH bond  t o g e t h e r  w i t h  
v a l e n c e  v i b r a t i o n s  o f  t h e  C-N bond  i n  t h e  -NHCOS- f r a g m e n t .  

The reaction of l-adamantol with arylsulfamides in 94% sulfuric acid at 60~ gave N- 
adamantylated products of the formula I-AdNHSO2-p-C6H4R [R = H (XI), CH 3 (XII)]. 

Adamantyl-containing dithiocarbamates XIII and XIV and isothiocyanates XV and XVI were 
synthesized by reacting the corresponding hydroxy and nitroxy derivatives with sodium di- 
ethyldithiocarbamate and potassium thiocyanate in a mixture of sulfuric and acetic acids. 

{CJIsbNCSSNa 
3-R'-fi-R'<I-AdOH 3-R'-~-R-I-AdSCSNIC~I{~k. 

H.,SO4--AcOH R'=:IIIXIII.XIVp, R:= 
=t l lXI l l i .  CethlXIV! 

KSCN 3"R<5-R< t'AdNC~ 
3-R'-f-R< I -AdONO: ..... R~= H {XVt. CHd XV| j ; 

H~SO~- AtOll R:=CH:,(XV,XVI~ 

The s t r u c t u r e s  o f  compounds  XI -XVI  w e r e  c o n f i r m e d  by  IR and  PMR s p e c t r a l  d a t a .  P h y s i c o -  
chemical and spectral characteristics of the compounds synthesized are given in Table 1. 
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TABLE i. Physicochemical and Spectral Characteristics of Compounds I-XVI 

Corn-Yield, mp (bp), iEmpirical } 
pound % ~ t formula IR, ~)max,cm -i I 

l 85 121")--126 C,pH~HOS 3300, 1655. 1510, 1205 
It 78 83--85 C~aH,.,,NOS 3280. 1650, 1520, 1205 

Ill 70 118--120 C,4H23NOS 3240, 1645, 1530, 1210 

IV 79 117--1t8 C,~Hz~NOS 3270, 1655, 1530, 1215 
V 55 92--93 C[.H2~NOS 3320, 1655, t510, 1200 

Vl 49 71--73 C2o}t~7NOS 3280, 1650, 1515. 1195 

VII 61 85--86 (22olq~rNOS 3330. 1655, 1510, 1195 

VIII 5,1 ( .}8-.9[},5 CI~It,:~N(}S 3270, 1645, 1525, 1205 
1X 76 122--124 ( '~N,~NOSe 3260, 1655, 1520. 121{) 
X 76 t 0 8 - I l l  C,4H.,~NOSe 3300, 1655, 1525, t205 

XI 6I "119--12{} CI6]t~LNO:,S 3180, 1315, 1155 

Xll 6(i 16{}- 161 {.:7tt:.~NO.,S 3220, 1320, 1145, 795 

XIII 53 9P- %! (2,dt2sNS: 1455. 14(}0. 1295. 1250 
XIV* 76 C,.dta~N5: 14b{L 1410. 1265. 1210 
X\; 6(} " !1( !  (h~HlrN5 2070, l llO, 810, 670 

XVI** 64 140/3mm C;JI..NS 2065, 1190. 895, 675 

Spectral characteristics 
PMR, 5, ppm, acet0ne-d6 

1.67s (6H) ; 
0,8Is (3H); 
0,77t (3H); 
6.55s {1 H) 
0,83,s 16H); 
0,76s {3H); 
7.30s (5H) 
0,75t (3H) 
7,3C s (SH) 
0,83s (6H) 
7,28S(SH} 

1,99s (6H); 2.07s (3H); 5 ,14s ( IH)  
1,36--2,05m(14H); 2.18s(3H); 6,69sI IH)  
1,15q(2ti}; 1,35--2,15m(14H); 2 ,15s(3H) 

1,41--2,12m(13H); 2.21sf31t); 6,59s(IH) 
1,30--2,30.m(14H); 4. t2s(2H};  5,05s(1H) 

1,18q(2H); 1,31-2,25m(14H}; 4,10 (2H} 
5,{15s ( t H) 

1.1--2,3 m(13H); 4,10s (2H); 5.10s (114): 

1,55--2,10m(151t}; 2.21s.(3tt}: 3,99s(IH);  7,1Cs(11t) 
i.668 (61t}; 2,(}Is (9H); 2.23s(3H); 5,17s (I tt} 
0,8.1s(611). 1,0 1.9m(13H); 2,21s{3t1); 5,t9s{1}1) 
t,55s (BID; 1,86s(6t]); 1,96s(3tt); 6,27s t l t1); 7,49--8,03 m 
(5H) 
1.60s (6tt}; 1,83 s(6H); 1.93 s(31f); 6,112 s I IH) ;  7,350 (2H}; 
7,75s (2H) 
1.25t {614); 1.74s (6H): 2,18s.(3H): 2 .40s(6H):  3.8;q(411} 
0,8t{3t1);  1 ,21t(6I t) ;  1,05---2.60m(161t); 3.89 (qlt) 
0 ,Ss(3H);  1,3---2.1m (14H) 
0.82s(611); 1,35--2,15m(13}1) 

*isolated by column qhromatography on silica gel. 
(chloroform). 
,, 20 

~{n D 1.5474. 

Eluent-hexane, nD 2~ 1.5781Rf 0.58 

TABLE 2. Antiviral Properties of Com- 

pounds I-XVI 

com- I Antiviral activity against' 

Po=  .sv Ivv I F sv IRsv f iE o6 

I + - ++ + +++ - - 
;1 .+ . . . . . . . . .  

Ill . . . . . . . . .  
W . . . . . . . . . . . .  

V - - . . . . .  

V I . . . . . . . . . .  

VII . . . . . .  ~ . . . .  +§ 
Vlll 4- . . . . . . .  + 

lX - -  - - + +  - -  + ' 4  + +  
X ++ -- ++++ +++ -- +++ -- 

XI . . . . . . . .  + . . . . .  
XII . . . . . .  4 . . . . .  

Xlll -- ~ - } - 4  . . . . . . . .  
X 1V . . . . . . . . . .  4- -4- + 
XV - - + . . . .  

XVI . . . . . .  

Notes. -) Denotes absence of activity; +, 
++) weak activity; +++) intermediate ac- 
tivity; ++++) high activity. 

EXPERIMENTAL (CHEMISTRY) 

IR spectra were taken on an M-80 instrument, from KBr tablets or thin films. PMR spec- 
tra were recorded on a Bruker WP-80DS spectrometer (80 MHz), with HMDS as internal standard. 
The purity of compounds was monitored chromatographically on Silufol UV-254 plates (Czech- 
os$ovakia). Values found in elemental analyses agreed with those calculated. 

2-Methylthiocarbonvlaminoadamantane (VIII). To 15 ml (265 mmoles) of 94% sulfuric acid 
at 20~ was added 4 g (55 mmoles) methylthiocyanate dropwise, followed by 2 g (13 mmoles) 
of 2-adamantol. This was incubated 30 min at 20~ poured onto ice, and extracted with 
ether. The ethereal extract was washed with water and dried with sodium sulfate, and follow- 
ing distillation of the ether and recrystallization of the residue from hexane, 1.6 g of thio- 
carbamate VIII was obtained. 

N-(l-Adamantyl)-Se-methylselenocyanate (IX). To i0 ml (177 mJnoles) 94% sulfuric acid 
was added 2.2 g (14.5 mmoles) of l-adamantol, and following dissolution of this, i ml (14.5 
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mmoles) methylselenocyanate was added dropwise at -10~ This was incubated 2 h at -5~ and 
poured onto ice, and the residue was filtered, washed with water, and dried. Following re- 
crystallization from hexane, 3 g of compound IX was obtained. Selenocarbamate X was ob- 
tained similarly. 

N-(1-Adamantyl)benzolsulfamide (XI). To 20 ml (354 mmoles) 94% sulfuric acid was added 
5 g (33 mmoles) l-adamantol and ii g (70 mmoles) benzosulfamide. This was incubated for 2 
h and poured onto ice, the precipitate was filtered, washed with water, and dried, and fol- 
lowing recrystallization from benzene, 5.85 g of sulfamide XI was obtained. Compound XII 
was prepared similarly. 

N~N-Diethyl(1-adamantyl)dithiocarbamate (XIII). To a mixture of 20 ml (354 mmoles) of 
94% sulfuric acid and 5 ml (90 mmoles) acetic acid was added 4 g (26 mmoles) l-adamantol. 
After dissolution at 15~ was added 6.8 g (40 mmoles) sodium N,N-diethyldithiocarbamate. 
This was incubated i h at I0-15~ poured onto ice, and the residue filtered, washed with 
water, dried, and recrystallized from methanol, giving 3.5 g of XIII. Dithiocarbamate XIV 
was obtained similarly. 

3-Methyl-!-adamantylisothiocyanate (XV). To a mixture of 20 ml (354 mmoles) 94% sul- 
furic acid and 5 ml (90 mmoles) acetic acid was added 5 g (24 mmoles) l-nitroxy-3-methylada- 
mantane, and following dissolution at I0-15~ 3 g (30 mmoles) potassium thiocyanate was added. 
This was incubated 3 h at 15~ poured onto ice, and extracted with ether, and the ethereal 
extract was washed with water, dried with sodium sulfate, and the ether distilled. After 
recrystallization of the residue from aqueous acetone, 3.0 g of compound XV was obtained. 
Isothiocyanate XVI was prepared similarly. 

EXPERIMENTAL (BIOLOGY) 

Antiviral properties of compounds were determined in experiments in tissue culture against 
herpes simplex type I (HSV), vaccinia (VV), classical fowl plague (FPV), respiratory syncytial 
(RSV), vesicular stomatitis (VSV), Venezuelan equine encephalomyelitis (VEEV), and ECHO 6 virus- 
es, using a screening test and plaque reduction beneath an agar overlay. Studies with ECHO 
6 virus were carried out on passaged cultures of human embryonic skin-muscle cells, with res- 
piratory syncytial virus on cultures of rabbit lung connective tissue cells, and with the 
other viruses on primary trypsinized chick embryo fibroblasts. 

The criteria for antiviral activity were the presence of a zone of supression of plaque 
formation (the so-called screening test), and a decreased viral titer caused by the compound 
under investigation, compared to the untreated control (the plaque-reduction method). 

Similar methods were used by us to obtain the results in studies described previously 
[4]. 

The antiviral properties of the synthesized sulfur-containing derivatives of adamantane 
are given in Table 2. 

Of the 16 compounds prepared, 12 had various degrees of antiviral activity. Compounds 
I, IX, and X inhibited the growth of a wide range of viruses. The greatest actCvity was de- 
monstrated by X, against classical fowl plague virus. It should be noted that thiourethane 
VIII, substituted at the bridge carbon of adamantane, displays a narrower range of antiviral 
activity than derivative I, substituted at the junctional position. Substituting an atom 
of selenium for sulfur in the urethane group causes increased viral-inhibitory activity (IX 
compared with I, and X with IV). 

This grou p of compounds was characterized by the ability to inhibit the growth of ECHO 
6 virus, and by the lack of inhibitory activity against vaccinia virus. 

On the basis of the results obtained, we may conclude that sulfur- and selenium-contain- 
ing derivatives of adamantane are of undoubted interest as potential inhibitors of viral ac- 
tivity. 
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These last few years B-adrenoblockers have been used for the treatment of uterine in- 
ertia [4], however, because of their effect on the cardiovascular system they have limited 
application in obstetric practice. The purpose of this investigation is the search for novel 
derivatives of alkoxyaminopropanol that have uterostimulating activity and essentially have 
no influence on the cardiovascular system, and are of general formula 

R 'CH~CH (OH) CH~OR, 
in which P=CH~ (Ial,C2H~ II~,C:~t~r (Ic).C,H~, (Id.e}, {CH~2CH 

{If), (CH~)~CttCH~ {lg). {CH3):~C {N), PhCH~ (llab), 
adamantyl CH2 (llla. b); R'=N(C~tls)~ (la-d.s lla llla) 

morpholino (le)llb. lllb) 

EXPERIMENTAL (CHEMICAL) 

The synthesis of the compounds mentioned was carried out by three different methods. 
Compounds Ia-f were prepared by methods 1 and 2, compounds Ig-h by method 2, and compounds 
IIa, b and IIIa, b by method 3. 

The hydrochlorides of these compounds, prepared by usual methods, are water-soluble 
oils, with the exception of IIIb, which is crystalline [6]. 

We have found that reactions of dialkylamino-2,3-epoxypropane with primary CI-C ~ alco- 
hols in the presence of SnCI~ yield l-dialkylamino-3-alkoxy-2-propanols in yields of 63-75%. 

With secondary alcohols the final product is formed in a yield of 10% and with terti- 
ary alcohols we failed to isolate the desired products. 

It is convenient to carry out the reaction with low-molecular alcohols according to 
method 2, while reactions with aromatic or high-molecular alcohols proceed better according 
to method 3. 

Method I. TO a mixture of 12.9 g (0.i mole) of l-diethylamino-2,3-epoxypropane and 37 
g (0.5 mole) of butanol is added with stirring 0.5 ml of SnCI 4. The mixture is stirred at 
75-80~ for i0 h. The excess of alcohol is distilled off, the residue is treated with i0 
ml of 15% K2CO3, extracted with ether, and the extract is dried over potassium carbonate. 
The solution is filtered, the ether evaporated, and the residue distilled. Yield 15.2 g (75%) 
of Id, bp I17-I18~ (1333 Pa), nD 2~ 1.4354. Compounds Ia-c, e, f were prepared in much the 
same way. 

Method 2. A mixture is prepared from 9.2 g (0.i mole) of epichlorohydrin and 37 g (0.5 
mole) of butanol. To this mixture is added with stirr• 0.5 ml of SnCI 4. After 10-15 min 
the mixture is warmed up to 90-I00~ Then the reaction mixture is kept at that temperature 
for 20 min, the excess of butanol is evaporated, the residue is transferred to a dropping 
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