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~luoroorganic compounds occupy an important place in the drug arsenal [8, 32]. However, 
the physiological activity of fluoroorganic derivatives of silicon has not yet been investi- 
gated. The silatranes RSi(OCH2CH2)3N are known to have a wide spectrum of biological activ- 
ity [3, 30]. Thus, l-organylsilatranes (R = Me, CH2-~H , CeHs) exhibit a sedative effect and 
potentiate the narcotic effect of hexabarbital [14~. Introduction of polyfluoroalkyl groups 
or fluorine atoms into the molecules of physiologically active compounds intensifies their in- 
herent psychotropic or anti-inflammatory effect [8]. This prompted us to develop methods of 
synthesis and to study the pharmacological action of l-(2'-polyfluoroalkyl-l'-iodoethyl)sila- 
tranes. To prepare them, we chose the addition reaction of polyfluoroiodoalkanes to i-vinyl- 
silatrane and its eso-methyl derivatives. 

Perfluoroiodoalkanes add to the double bond on b7 irradiation [23], or on heating [23] 
in the presence of radical initiators [15], or electrochemically [20]. This process is also 
accelerated by mercury, copper salts or amines at 135~ [16, 21]. The radical reaction of 
primary and secondary perfluoroalkyl iodides at room temperature is initiated by sodium aryl 
and alkyl sulfinates in aprotic bipolar solvents [22]. The UV-light-initiated photochemical 
addition of trifluoroiodomethane to vinyl trimethylsilane is accomplished after 102 h to the 
extent of 79%, and vinyltrichlorosilane to the extent of 35% after 9.5 days [23]. 

We found that polyfluoroiodoalkanes add to l-vinylsilatrane and its eso-C-substituted 
derivatives in a CHCI~ medium according to the following scheme: 

RI + C H.~= CH Si (OC H,M.eC H_,)n (OCH~CH ~).~- n N ~  

RCHeCHISi OCHMeCH,I IOCH~CH~)a r i'~ 

R=CF> n=O (I); R=C,Fv. n = 0  fll); R=CaFv, n = l  (III): 
R=CaF:. n = 3  (IV); R=H(CFe)4, rt=O (V}; R=CF~(CF2)a, 
n=O {VI): R=H(CFe),,. n=O (VII); R=C~F,i, n = 0  (VIII); 
R=Hr a=O {IX); R=CF.~'CFei7, n=O (X}. 

The reaction proceeds slowly (60-120 h) even in scattered light, while under Uu irrad- 
iation it is concluded after 2-3 h. The yield Of the adducts I-X is 78-100% (Table i). 

The strong electron donor effect of the silatrane grouping N(CH~CH~O)~Si (o I = -0.56 
[6]) possibly activates the addition to it of the more electron-deficient radical I" by in- 
creasing the electron density on the R-carbon atom of the vinyl group: 

R I ~  R" -F I' 

l +CH.~=C H Si (OCH2CH=)~N--CH=-- CHSi (OCH~CHD aN 

R'"F'CH~--CHISI (OCH..,CH,:) :~N-~RCH2CHI Si (OCH.:CH~)) N 
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TABLE i. Reaction Conditions of l-Vinylsilatrane and Its eso-C-Methyl Substituted 
Derivatives (A)with Polyfluoroalkyl Iodides and Characteristics of Synthesized 1-(2'- 
Polyfluoroalkyl- I ' - iodoethyl)silatranes I-X 

Compound 
Duration of reac- 

The A:B ratio tion, h (=olvent) 

I 1 : 1 , 3 4  
II 1:2 

1:1,67 
III 1 : 1,4 
IV 1:2 
V 1:0,57: 

1:1 
V I 1:1,28 

VI I 1 : 1,25 
VIII 1:1,5 

IX 1 : 1,24 
1:1,5 

X 1:1,25 

Mp, ~ ] Yield, % IEmpirical formula 

30 (CHCIa) 119,5 95 CgHlsFalNOaSi 
120 (CHCla) 137--8 97 C.IH,sFrINOaSi 
3 (CHCI3) 98 
70 (CHCIa) 89--90 78 C,2H,TFTINOaSi 
120 (CHCIa) 125--6 86 CI4H2,FrlNO3Si 
70 (CHCla) 99-- 100 1 O0 C,~H,6F~INOaSi 
22 (C6H6)* 31 
60 (CHCIs) 138--8,5 100 CI2H,sFglNOaSi 
120 (CHCIa) 103,5--4 79 C.HI~F,~INOaSi 
48 (CHCla) 135--6 91 C.H,sF~alNOaSi 
32 (CHCI3) 115--5,5 100 CI6HI6FIslNOaSi 
9,5 (C6H~)* 28 
80 (CHCla) 137--9 100 Cj6H,sFIvlNOaSi 

*During UV irradiation. 

TABLE 2. 
V-X 

Com- 
pound 

V 
VI 

VII 
VIII 

IX 
X 

Neurotropic Activity Indexes of l-(2'-Polyfluoroalkyl-l'-iodoethyl)silatranes 

I 
Motoric activity~ points Rectal temperature, ~ I[ A~nt 

2,4.+.0,1" 2,1 4-0,2" 2,24-0,3* 35,2-+-0,2* 35,5• 35,1.+.0.2" 213.+.28 238• 198• 
2,2• 2,9.+-0,4* 3,5• 34,6• 35,1• 35,04-0,3 340• 212• 131• 
1,8-+-0, I 1,3.+.0, I 1,74-0,2 35,6-+-0,4" 35,94-0,3 35,94-0,2 245.+-26 185.+-26 168.+-21 
1 , 2 . + - 0 ,  I 1,24-0, I 1,24-0, I 33,3-+-0,4 33,9.+-0,4 34, I .+-0,6 380.+-33* 244.+-47 393.+-30* 
1,6.+.0,2 2,5.+-0,3* 2,4+0,3" 34,4-4-0,4 34,0-4-0,4 34,04-0,5 256-4-16 169.+. 12 11 t .+-25 
1,6.+.0,1 1 ,54 -0 ,1  2,94-0,2" 35,8.+-0,3* 35,94-0,3 36,0.+-0,3 269.+-25 1144-26 119.+.34 

Inhibition of pain reaction:dur- 
ing thermal effect, sec 

Control 1,6.+-0,2 1,7.+.0,3 1,9• 36,6-4-0,3 36,1.+.0,3 35,9.+-0,2 210 .+ .18  170.+.21 1494-38 

* P=O,05. 

The photochemical addition of polyfluoroiodoalkanes to l-vinyl-silatrane in benzene med- 
ium is sharply retarded and is accompanied by strong resinification. In analogy with this, 
the reaction of notbornene with perfluorooctyl iodide, initiated by p-toluenesulfonate, also 
proceeds noticeably slowly in benzene [22]. The slowing down of reactions in which halogen 
radicals participate in an aromatic solvent is caused by the formation of ~-complexes of these 
radicals with aromatic molecules having lower reactivity [I]. 

The l-(2'-polyfluoroalkyl-l'-iodoethyl)silatranes I-X obtained are white crystalline 
substances with a yellowish tinge which are insoluble in water, and readily soluble in CHCI~. 
The melting points of compounds I-X are given in Table i. 

The chemical shifts of the iH nuclei of the OCH 2 and NCH 2 groups in the PMR spectra of 
silatranes I, II, V-X are observed at 3.84-3.85 and 2.89-2.90 ppm (in CDCI3), respectively. 
This nearly coincides with the influence on the resonance of protons of these groups in the 
spectrum of l-iodomethylsilatrane (3.84 and 2.86 ppm, respectively [3]). 

In the IR spectra of compounds I-X intense v(C-F) absorption bands are observed in the 
1100-1280 cm -I region, which overlap at the low frequency side with the vibration bands of 
the Si-O-C grouping. The vibrations of the bonds in the silatrane skeleton in I-X appear in 
the usual region [4] and are inappreciably shifted with a change in R. 

EXPERIMENTAL (CHEMICAL) 

The PMR spectra were run on a "Tesla BS487 C" spectrometer, using TMS as internal stand- 
ard. The IR spectra were obtained on a "Specord IR" spectrophotometer in KBr tablets. 

l-(2'-Polyfluoroalkyl-l'-iodoethyl)silatranes (l-X). A solution of i0 mmoles of 1-vinyl- 
silatrane and 5.7-20 mmoles of the corresponding polyfluoroalkyl iodide was held in a sealed 
pyrex glass ampule witha scattered natural illumination, or was irradiated by hn7 light (a 
PRK-2 lamp). The ratio of the reagents, the solvent, method of initiation of the reaction and 
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TABLE 3 .  Influence of l-(2'-Polyfluoroalkyl- 
l'-iodoethyl)silatranes u on the Narcotic 
Effect of Hexenal Chloral Hydrate and Barb- 
amyl 

Compound 
Duration of narcosis ( in rain) after the 
introduction of 

hexenal chloral I baxbamyl 
hydrate l 

V 61,8Jr 9,1 61,0-+5,4 49,7-+3,9 
V] 54,2-+4.8 63.8:i:6,9 51,3_4,1 

VII 69,1 zk:4,3* 70,1-+8.[ 57,0.4-5,2 
VIII 57.0-+9,0 67,3`+7,8 54.5-+6,0 

IX 61,0• 174,4-+ 13,2" 75,1 :i:6,9" 
XX 50,6::h6,6 77,0-+6,2 62,0-_k:4,9" 

Control 47,1 -+3.4 54,3::h6,8 44.4• [ 

*p=O,05. 

TABLE 4 .  Frequency of Appearance of Stimulating Effect of l-(2'-Po[yfluocoalkyl-l'- 
iodoethvl)silatranes V-IX on Various Subpopulations of Human Peripheral Blood Lympho- 
cytes 

Subpopulation of lymphocytes 

Total T-l.vmphocvtes 62~ |2" 
Active T-lympho6vtes 56~13 
Active multireceptor T-iymphocytes 62-+12" 
A#gtive low-receptor T-lymphocytes 25=i:11 
Thermostable T-l.ymphocytes 38_+12" 
Autorosette-forming T-lymphocytes 25~14 

Compound 

Theophylline-resistant T-lymphocytes - 56-+13" 
B-Lymphocytes related to mice erythroeytes 19-+I0 

56--+13" 81 i10"  56--+13" 69zi: 12" 46-+9 
62-+12 75-+11' 62-+12 56-+13 50+--ti 
56-+13 81-+10" 67•  62-+12" 42--+8 
38-+12 50-+13 43-+13 31--+12 3{)--+12 
43-+13" 55-+13" 43-+13" 18-+8 18-+8 
38-+12" 75-+11' 25-+14 12:i: 10 16-+6 
50-+13" 62-+12" 43-+13 81-+10" 27-+11 
50-+13" 38-+12 25-+tl 12-+8 . 29-+13 

Note. Here and in Table 5 the asterisk designates p < 0.05 or 0.05. 

its duration are given in Table I. The reaction mixture was heated to boiling, filtered, the 
solution was evaporated, and the crystals of I-X that separated out were filtered off, washed 
with pentane, and dried. The elemental analysis data of I-X corresponded to the calculated 
values. 

EXPERIMENTAL (PHARMACOLOGICAL) 

The acute toxicity and neurotropic activity of compounds I-X were studied on nonpedigree 
white mice of both sexes, each weighing 20-24 g, with intraperitoneal administration. 

The neurotropic activity was evaluated from the ability of compounds V-X to change the 
spontaneous motoric activity, the rectal temperature and the reaction to the pain irritant 
during a thermal effect, and also [rom the simultaneous influence on the central nervous sys- 
tem of silatranes V-X and of compounds producing on it both a depressive (reserpine, sodium 
barbital, chloral hydrate) and activating action (phenamine, corazo[e) [5, 9]. The influence 
of the gamma-aminergic systems was determined from the ability to prevent spasms caused by 
thiosemicarbazide [I0]. The M-cholinergic action was studied with arecoline treatment [5]. 

The immunomodulating properties of silatranes V-IX on the T- and B-lymphocytes was stud- 
ied on human lymphocytes (6 healthy donors and I0 patients with lymphoproliferative and al- 
lergic diseases with manifestations of secondary immunodeficiency) according to the methods 
described in [2, 11, 13, 17-19, 24, 26, 27, 29]. The lymphocytes were isolated by gradient 
centrifugation with verographine [25] and were brought up to a concentration of 5"105 cells/ 
mi. 

Substitution of three terminal hydrogen atoms by fluorine atoms in the nontoxic l-propyl- 
silatrane molecule gives a very toxic (LD~0 5 mg/kg intraperitoneally for white mice) i-(3', 
3",3"'-trifluoropropyl)silatrane [3, 30]. Its closest analogs - 
l-(2'-perfluoroalkyl-l'-iodoethyl)silatranes with R = CF3(I), CaF7 (II) and C,F~ (VI) - 
have moderate toxicity, which decreases with the elongation of the perfluoroalkyl group (LDs0 
120, 180 and 400 mg/kg, respectively). At the same time, substitution of only one terminal 
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TABLE 5. Frequency of Appearance of Suppressing Effect on l-(2'-Polyfluoroalkyl-l'- 
iodoethyl)silatranes V-IX on Various Subpopulations of Human Peripheral Blood Lympho- 
cytes 

Subpopulation of lymphocytes 

Theophylline sensitive T-lymphocytes 
Thermostable T-lymphocytes 
Autorosette-forming T-lymphocytes 

I Compound I K 
v I v, 1 v. I v.i I . . . . .  

564-13 50•  56 •  43ziz13* 75+11 60ztzl7 
6 + 6  124-8 124-8 6:zlz 6 0-+-6 12• 
6_--+6 0 + 6  25__+ 14 64-6 6--4-_6 29 ::k_ 13 

fluorine atom in the C~F 9 group for a hydrogen atom sharply decreases the toxicity (in com- 
pound V the LDsc is 2000 mg/kg). Silatranes VII-X with the RC~ and C~ length are practically 
nontoxic (LD~0 3000 mg/kg). 

In a dose of 0.2 LD5c, compound II has a depressive action, decreasing the pain sensi- 
tivity and the motoric activity [3, 30]. In contrast to II, silatrane VIII in a dose of I/ 
150 LDs0 has weaker neurotropic action when the evaluation is carried out with respect to 
the same factors. Among the nontoxic silatranes VII-X, compound VIII exhibits the highest 
analgesic effect (Table 2). All the compounds V-X studied decrease the motoric activity and 
the rectal temperature. However, only silatranes V and IX decrease these two indexes over all 
periods of observation. Silatrane IX prolongs the narcosis produced by chloral hydrate and 
barbamyl (by 3.2 and 1.7 times, respectively; Table 3). The weakest potentiating effect is 
exhibited by the more toxic compounds u and VI. Silatranes V, VII and X intensify the hypo- 
thermal effect of apomorphine in contrast to compounds VI, VIII and IX, which weaken this 
effect. However, the development of reserpine-induced hypothermia is inhibited by both sila- 
trane IX and X. Compounds V-X considerably decrease the head-shaking phenomenon provoked 
by 5-hydroxytryptophan. Silatrane IX intensifies the phenamine stereotypy. Treatment with 
thiosemicarbazide (an inhibitor of the glutamate decarboxylase enzyme) indicates the absence 
of the influence of silatranes V-X on the gamma-aminergic systems. At the same time the pro- 
longation of the arecoline-induced spasms by these compounds indicates their M-cholinomime- 
tic activity. 

The presence of a stimulating effect of i-(2'-polyfluoroalkyi-i'-iodoethyl)silatranes 
V-IX on subpopuiations of human peripheral blood lymphocytes is illustrated in Table 4, and 
the suppressing effect in Table 5. The results were processed by the method of cybernetic 
sampling [7]. The stimulating effect'on total T-lymphocytes is observed by the action of 
all the compounds studied, but is most significant in VII. The growth in the number of T- 
cells occurs mainly due to the highly-avid active T-lymphocytes (a twofo!d excess), and es- 
pecially their multireceptor variety. Silatranes V-VIII also have a pronounced stimulating 
effect on the key immature T-lymphocytes and effector cells (the thermostable and autorosette- 
forming lymphocytes). In this, compound VII is the most active. Compounds V-IX also display 
a stimulating effect on the theophylline-resistant T-lymphocytes - the assistants, corres- 
pondingly decreasing the relative content of theophylline-sensitive T-lymphocytes - the sup- 
pressors. Silatrane VIII has the highest activity in this respect. The parameters of B- 
lymphocytes related to mice erythrocytes practically do not change, but silatrane VI stimu- 
lates this subpopulation of lymphocytes in vitro. The same compound has a weak stimulating 
effect on the A cells of the blood. 

Thus, l-(2'-polyfluoroalkyl-l'-iodoethyl)silatranes V-X influence the neurochemical pro- 
cesses to a certain extent, while silatranes V-IX modulate the cell unit of immunogenesis. 
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF ~-BROMOPROPARGYL 

ESTERS OF CARBA>IiC ACIDS 

A. G. Makhsumov and M. A. Atakhodzhaeva UDC 615.281:[547.239:547.362].0i~.] 

lh order to study the reactivity of the terminal hydrogen atom in propargyl carbamates 
that we have previously synthesized [lj, and also to prove their structure, we have carried 
out their bromination. The substitution of the acetylenic hydrogen in propargyl carbamates by 
bromine proceeds with the participation of equimolar amounts of propargyl carbamates and CuBr2 
in an organic solvent medium. 

It should be noted that this method of bromination differs from the hypobalite method [2]. 
It is simpler, since the reaction proceeds in one step at room temperature. 

The bromination was carried out at room temperature in a methanol medium according to the 
following scheme: 
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