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ADAMANTANE DERIVATIVES.
V. SYNTHESIS AND RADIOPROTECTIVE PROPERTIES OF N-ADAMANTYL
DERIVATIVES OF AMINOTHIOLS

V. V. Znamenskii, V. Yu. XKovtun, UDC 615.2:616-073.75-035.4].012.1
A. V. Terekhov, B. A. Titov,
V. M. Plakhotnik, and V. G. Yashunskii

The synthesis of new compounds containing the structure of mercaptoethylamine is a promising direction
in the search for new synthetic radioprotective agents. It is known that the introduction at the nitrogen atom of
mercaptoethylamine of aminoalkyl [1] and adamantyl [2] substituents contributes a strengthening of the anti-
radiation action. '

The synthesis has heen carried out and the radioprotective properties have been studied for the adamantyl
substituted compounds of general formula (1).

AdX(CHp) pX’NH(CHp) SR
I
Ad=adamantyl-1; X = NH, CHy; X’ = CHj, CO;
R =H, POjH,, C(=NH)NHy-HBr; n = 0,1; m = 2,3

The initial N-{adamantyl-1-)chloroacetamide (IIa), N-(adamantyl-1-methyl)chloroacetamide (IIb), and N-
(adamantyl-1)-3-chloropropionamide (Ilc) were obtained by the known method of [3]. The aminoalkyl chlorides
(IIa, b) were converted by reaction with aminoethanol (IITa) and 3-aminopropanol (Illb) into N-(adamantyl-1)-2-
(2-hydroxyethylamino)acetamide (IVa), N-(adamantyl-1)-2-(3-hydroxypropylamino)acetamide (IVb), N-(ad-
amantyl-1-methyl)-2-(2-hydroxyethylamino)acetamide (IVc), and N-(adamantyl~-1-methyl)-2-(3-hydroxypropyl-
amino)acetamide (IVd) isolated as the hydrochlorides. It was shown with the aid of PMR spectra that dialkyla-
tion took place at a small excess of alcohol (I {for example, at IMI/II = (1~2.5):1] which was detected by the
increase in the number of protons of the adamantane nucleus in relation to the number of protons of the alkylene
groups. At a 3-5-fold quantity of hydroxyalkylamine (II) practically pure monoalkylation products (IV) were
obtained. Reaction was carried out in boiling isopropyl alcohol for 4-8 h.

On interacting (Ilc) with hydroxyamine (Illa) no alkylation product was obtained but the N-(adamantyl-1)-
acrylamide (V), i.e., under these conditions in the presence of base (IIla) dehydrohalogenation occurred as is
characteristic of g-halogen derivatives. The IR and PMR spectra of the isolated product (V) were identical
with the literature data of {4].

The hydrochloride of N-(adamantyl-1)-3-(2-hydroxyethylamino)propionamide (IVe) was synthesized by the
Ritter reaction from adamantan-1-ol and 3-(2-hydroxyethylamino)propionitrile in the presence of trifluoro-
acetic acid [5].

There were absorption bands in the IR spectra of amides (IVa-e) in the region of 3360-3460 cm™! char-
acteristic of hydroxyl groups, at 3280-3100 cm™! characteristic of NH groups, and at 1655~1680 and 1555-1580
em~! agsigned to amide I and amide II.
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‘ AdOH+ CN CHQ)ZNH CHZ) OH

l CF,COH

‘ Ad(CHQ)mNHCO(CHz)n%\{IH(CHQ) pOH-HCI

a-e
T Va: m=0, n=1, p=2 1Vb: m=0, n=1, p=3;
— We: m=1, n=1, p=2, Wd m=1, n=1, p=3

I IVe: m=0, n=2, p=2
Ad(CH,) mNHCOCH,C1 4+ H,N(CH,) ,OH

a,b Hla,b
I1a: m=0, IIb: m=1; la: p=2, lIb: p=3
| AdNHCOCH,CH,C1 S2NCHIOU - 5 INHCOCH=CH,
Il - v

The hydroxyalkylaminoamides (IVa-e) were reduced with lithium aluminum hydride in tetrahydrofuran to
the corresponding diamines (VIa-e). The purity of products was checked by IR spectra 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 tribromide
in benzene in the presence of catalytic quantities of dimethylformamide (DMF) or by boiling with 48% hydro-
bromic acid. Thediamines (VIIb,e)and (VIId, ¢), respectively, were isolated. By interacting bromo derivatives
(VIb-e) with trisodium thiophosphate or (VIId) with thiourea the thiophosphoric acids (VIII-XI) and the isothiouro-
nium salt (XII) were obtained. Thiophosphoric acids (VIH) and (X) were hydrolyzed with dilute hydrochloric acid
to the dihydrochlorides of N-(adamantyl-1-methyl)-N'-(3-mercaptopropyl)ethylene diamine (XII) and N-(ada-
mantyl-1)-N'-(3-mercaptopropyl)ethylene diamine (XIV).

1) LiAlH
1V a-e #X—J— Ad(CH,) mNH(CH,) , +1NH(CH;) ,OH: 2H X
I Vlia-e
Wa:m=0,n=1, p=2, X=Br; IVbh m=0,
n=1, p=3, X=Cl; IVe:m=1, n= l p= 2
l X =Br; IVd: m=1, n:l, p:3} :Cl,
IVeim=0,n=2, p=2, X=Cl
Ad(CHp)mNH(CH,)p, +1NH(CH,) pBr - 2HBr
Vilb-e I
NaySPO,
“Or SC(NHp)2 |

Ad(CH,) mNH(CH,) , +;NH(CH,) ,S X

VIII— X1V
VIII: m=0, n=1, p=3, X =POgH, ISHZO IXem=1,n=1, p=2,
X_PO;:,H2 H,0; X: mﬁl n=1, p=3, X =POgH,-2,5H,0; XI:m:O,n:2,
X = POgH,- 2H20 XII: m_l nﬁl p=3, X = C(N=H)NH, 3HBr;

XIII m:l n=1, p=3, X =H-2HCI; X1IV: m 0, n=1, p=3, X =H-2HCI

N-(2-Bromoethyl) -2-(adamantyl-1)-acetamide (XVb) was obtained by acylating the hydrobromide of 2~
bromoethylamine with adamantan-1-acetic acid chloride. By the action of thiourea in boiling isopropyl alcchol
(XVb) was converted into S-{2-(adamantan-1-acetamido)ethyllisothiouronium bromide (XVib). Similarly starting
from the acid chloride of adamantan-1-carboxylic acid, N-(2-bromoethyl)adamantan-1-carboxamide (XVa) and
S-[2-(adamantan-1-carboxamido)ethyl lisothiouronium bromide (XVIa) were obtained. The latter was converted
by alkaline hydrolysis into N-(2-mercaptoethyl)adamantan-1-carboxamide (XVII) [6]. Data of elemental analy-
gis, yields, and melting points of compounds obtained for the first time are given in Tables 1-3.

HBr-H,N(CH,)Br

! Ad(CHyp,coct EDFNCHR 4 4 cHy CONH(CH,),Br

! XVa, b a:n=0;
' b n=1

| AdCONH(CH,),SH < Ad(CHj),CONH(CH,),SC(=NH)NH,HBr
/ XVII XVia, b

EXPERIMENTAL CHEMISTRY*

IR spectra were recorded on UR-20 (East Germany) and Perkin-Elmer model 180 (Switzerland) instru-
ments in KBr disks, PMR spectra were taken on a Varian HA-100 instrument, internal standard was HMDS.

*The authors are grateful to N. V. Smirnov and Yu. T. Orlov for carrying out the elemental analysis of the
studied compounds.
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TABLE 1. Hydroxy Derivatives of Adamantane (IVa-e) and

(VIa-e)

] w Found, % . Calculated, %
2|5 | mr.c Fopion ’
52| 9 o H N | cl c H N | ¢l
Oa |y

!

IVa | 62 |208—210(58,2618,77|. .. |12,42] Cq,H,N,0q-HC1 [58,22} 8,721 . . . [12,27] 0,60
IVD | 86 |167—168159,40/8,94 . . . [11,55] Cy;3H,N,0,-HCI 159,46/8,98 [ . . . 111,70 0,51
IVC, | 73 [178—179{59448{9,25 (9,29 [11,29] C,sH,N,0,- HCI |50,49] 8,98 (9,24 {11,70| 0,65
v 7 {169—17060,44{9,50]8,43| . 0 | CygH;eN:0,- HC1 [60,65|9,22 | 8.84 (. .. |0.48
Ive | 60 | 147—149 59,441 8,96 (9,24 |11,67] CisH,N.0, HC |59,49( 8,98 | 9,24 [11,70] 0,35
VI% 79 | 250251 [41,8217,05|6,87| — | Cy;,H;eN,O 2HBr (42,20|7.05|6.88] — ...

| VIDy 92 [210~211/55,35 9,24 .. .121,44| CysH,eN,0-2HCI [55,38/ 9,29 .. . [21,79

I VIc! 30 [293—294143,45/7,30]6,75] < | CyHygN,O-2HBr 143,49(7.30)6,76 | —

. VId | 86 | 260—264 [56,54| 9,50 | 8,36 |20, 81| Cy4H,oN,0-2HCI {56, 03] 9,51 | 8,25 [20,89

I Vie | 51 |263—264 [55,37]9,32 * |21 44| CisHuN,O- 2HCI 155,38/9,29 | .. . 21,76

|

TABLE 2. Bromo Derivatives of Adamantane v(VI]]«o_—eV) and (XVb)

| w Found, % o Calculated, %
L rg | < mp, °C ; Empirical R
= ,

1 Eg 9 c| | ~|p | formula c|m| ~n|B |’

FOA |

" vib | 85 |235—238(37,86l6,18 |5,55| . . . [ CsHy,BrNg-2HBr |37,76) 6,12 5,87 . . .. ..

| viid| 94 | 288—289 |39,256,50 | 5,59 |32,43| CyoHpsBrNy-2HBr (39,13 6,36 | 5,70 |32,54] 0,83
VIIE | 76 269 37,7416,30 | 5,99 [33,64| CysHy,BrNy-2HBr (37,76] 5,57 [ 5,57 [33,49| . . ,

¢ (with decomp.}

| XV | 67 [121—12256,20{56,20/ 7,40 | 4,63| C1,HyBINO 56,01{7,39)4,66[.../|0,15

|

TABLE 3. Aminothiol Derivatives of Adamantane (VIO-XIV)

= Found, % Calculated, %
12 g o .
g5 |5 |mps C Empirical formula Ry
co v C H N S C H N S
O |
Vi |72 240 47,72{8,70{ . . . |8,35] Ci;3H:0NaO,PS - 1,5H,0 [47,98!8,59] . . . 18,53]0,69
(with decomp.)
1X |59 238 49,38{8.61| 7,58|. . .| CisHpN,O,PS. H,0 19,16(8,52] 7,64 0,85
(with decomp.)
X |e7 220 50,2318,45] 8,45|. . .| CyH;,N,0,PS-2,5H,0 |50,61{8,74] 7,34/|. 0,23
(with decomp.)
X1 |96|245—246 [46,888,60] 7,57(8,53! C1;3HasN,0,PS: 2H,0 46,86]8, 65 7,29(8,34(0,60
X11 |75|231—232 |35,966,28] 9,98|. . .| C;;H,,N,S-3HBr 35,99(6,22| 9,88}, ") 58
X111 190]274—2976 [54,00/9,01] 7,89(9,21| C,sH;0N,S- 2HCI 54,07(9,08| 7,88|. . .(0.58
X1V, | 40| 249—251 {52,5318,77! 8,34|9,35] CisHzeNeS- 2HCI 52,77|8,66| 8,21|9,36/0,50
XVib| 64129 —130 [47,62]7,04{11,15/8,58] Cy;sHzNsS- HBr 47,79(6,95(11,15/8,686. . .

Silufol UV-254 plates were used for TLC, Ry values for compounds (IVa-e) were determined in methyl alcohol,
for (VII, XI, XII, XV) inthe system isopropyl alcohol —ammonia (5:1), for (VIII, IX, XIV) in the system methyl
alcohol —chloroform —ammonia (2:1:1), and for (X, XII) in the system ethyl alcohol —ammonia—water (7:1:2).

N-(Adamantyl-1)~2-(2~hydroxyethylamino)acetamide Hydrochloride (IVa). Monoethanolamine (40 g: 0.65
mole) was poured into a solution of (ITa) (30 g: 0.132 mole) in isopropyl alcohol (400 ml) and the mixture boiled
for 4 h. The alcohol was distilled off, water (700 ml) was added to the residue, the solution was filtered, and
extracted with benzene (3 x 500 ml). The extract was dried with anhydrous sodium sulfate, evaporated to 1/10
volume, and was treated with an ether solution of hydrogen chloride to acid reaction to methyl orange. The
precipitated solid was filtered off, washed with ether, and (IVa) (23.4 g) was obtained. PMR spectrum (CFy -
COZH), 6, ppm: 1.32s (6H, Ad), 1.64 s (6H, Ad), 1.70 s (3H, Ad), 3.15 m (2H, NCH,CH,0H), 3.77 m (4H, CH,0OH,
NHCOCH,), 6.45 (1H, AdNH), 7.40 (2H, CH,NH,CH,).

The PMR spectrum of (IVb) was obtained similarly (CF,CO.H), 6, ppm: 1.31 s (6H, Ad), 1.65 s (9H, Ad),
2.05 m (2H, CH,CH,CH,), 2.98 m (2H, NCH,CH,), 3.61 m (2H, CH,0H), 4.12 m (2H, COCH,N), 6.50 (1H, CONH),

7.40 (2H, ﬁH2) (Ivc-e).

N-(Adamantyl-1-methyl)-N'-(2-hydroxyethyl)ethylene Diamine Dihydrobromide (VIc). Lithium aluminum
hydride (19.0 g: 0.5 mole) was added gradually in a stream of nitrogen to a suspension of (IVc) (28.8 g: 0.108
mole) in tetrahydrofuran (800 ml). The mixture was boiled for 3 h, left overnight, decomposed with cooling
with water (19 ml), 15% potassium hydroxide solution (19 ml), and with water (57 ml). The solid was filfered
off, the filtrate dried over anhydrous sodium sulfate, and evaporated to 1/5 volume. An ether solution of hy-
drogen bromide was added to the residue to acid reaction to methyl orange. The precipitated solid was {iltered
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off and recrystallized from methyl alcohol. Compound (Vic) (13.4 g) was obtained. PMR spectrum (CF3CO,H),
6, ppm: 1.28 bs (6H), 1.33 bs (6H), 1.60 bs (3H, Ad), 2.48 m (3H, AACH,N, OH), 3.13 m (2H, NHCH,CH,0H),
3.49 m (4H, N HCH,~CH,NH), 3.84 m (2H, CH,OH), 6.9 (2H, AdCH,NH,), 7.7 (2H, NH,).

N-(Adamantyl-1)-N'-(2-hydroxyethyl)ethylene Diamine Dihydrobromide (VIa), N-(Adamantyl-1)-N'-(3-
hydroxypropyl)ethylene Diamine Dihydrochloride (VIb), N-(Adamantyl-1-methyl)-N'-(3-hydroxypropyl)ethylene
Diamine Dihydrochloride (VId), and N-(Adamantyl-1)-N'-(2-hydroxyethyl)propylene Diamine Dihydrochloride
(VIe). These were obtained similarly. PMR spectrum of (VIb) in CF,COOH, 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 CH,CH,CH,), 3.10 m (2H, NHCH,, CH,CH,),

+
3.66 t (2H, CH,OH), 3.36 m (4H, NCH,CH,N), 7.0 (2H, AdNH), 7.6 (2H, CH,NH,CH,).

N-{Adamantyl-1)-N'-(2-bromoethyl)propylene Diamine Dihydrobromide (VIIe). Phosphorus tribromide
(1.48 g; 0.005 mole) and DMF (0.2 ml) were added dropwise in a stream 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 filtered off, washed with
benzene, and recrystallized from ethyl alcohol. Compound (VIle) (2.2 g) was obtained.

N-(Adamantyl-1)-N'-(3-bromopropyl)ethylene Diamine 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-1-methyl)-N'"-(3-bromopropyl)ethylene Diamine Dihydrobromide (VId). 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
filtered. The solid was washed with alcohol and with ether. Compound (VIId) (4.0 g) was obtained.

N-(Adamantyl-1-methyl) ~-N'-(2-bromoethyl)ethylene Diamine Dihydrobromide (VIIa). This compound was
obtained similarly and was used without purification for the synthesis of the derived thiophosphoric acid (IX).

S-{N-[N-(Adamantyl-1-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 (VII) (5.0 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 fo the qualitative reaction for this ion., The precipitated solid was filtered
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} thiophosphoric Acid (VII), S-{N-[N-(Adamantyl-
1-methyl) -2-aminoethyl]Jaminoethyl} thiophosphoric Acid (IX) and S-{ N-[N-(Adamantyl-1)-3-aminopropyl]-
aminoethylthiophosphoric Acid (XI). These compounds were obtained in 2 similar manner.

§-{ N-[N-(Adamantyl-1-methyl) -2-aminoethyl]-3-aminopropyl } isothiouronium Dihydrobromide (XII). A
mixture of (VIId) (2.0 g: 0.0047 mole) and thiourea (0.358 gt 0.0046 mole) in n-butyl alcohol (20 ml} was boiled
for 3 h. After cooling, the precipitated solid was filtered off, washed with acetone, and recrystallized from
methyl alcohol. In this way compound (XII) (2.0 g) was obtained.

N-(Adamantyl-1-methyl)-N'-(3-mercaptopropyl)ethylene Diamine Dihydrochloride (XII). A 15% hydro-
chloric dcid 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 stream of argon. The solid precipitated after cooling was filtered off, washed with water, and dried
over phosphorus pentoxide. Compound (XII) (3.46 g) was obtained.

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

5-{2-[2-(Adamantyl-1)-acetamidolethyl} 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 filtered off, and compound (XVib) (4.0 g) was obtained.

N-(2-Bromoethyl) -2-(adamantyl-1)-acetamide (XVb). A mixture of adamantan-1-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 filtered off, recrystallized from toluene, and (XVb) (5.66 g) was obtained.

The synthesis of S-[2 -(adamantyl-1-methylamino)ethyllthiosulfuric acid (XVII) and N-(2-mercaptoethyl) -
adamantyl-1-methylamine hydrochloride (XIX) has been described by us previously in [7]. S-[{2-(Adamantyl-1-
amino)ethyljthiophosphoric acid (XX) was obtained by the known procedure of [2],

EXPERIMENTAL BIOLOGY

The radioprotective effectiveness of compounds was studied in F, (CBA x Cy;Bl) hybrid mice of weight 19~
23 g. Preparations were administered to animals as aqueous solutions or suspensions with carboxymethyl -
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TABLE 4. Radioprotective Activity and Toxicity of Adamantane

Derivatives
‘ LDg, Radioprotective action
. 50
Compound i\gggg:n admin mmole /kg dose, | number of animals
mmole/kg ™ rorat o surviving

VIII Intraperitoneaily 0,38 0,20 10 10
. 0,10 10 10
IX 0,37 0,12 15 0
Parenterally 1,38 0,36 15 0
X Intraperitoneally 0,49 0,21 15 46
0,052 15 6
Parenterally 1,67 0,72 10 30
X1 0,18 10 10
Intraperitoneally 0,21 0,11 15 0
Xl " 0,16 0,065 15 13
Parenterally 1,45 0,57 10 22
0,14 10 20
XIH Intraperitoneally 0,32 0,10 10 0
0,025 10 0
X1v " 0,32 0,12 15 0
0,03 15 0
XVia " 0,50 0,22 15 20
0,053 15 14
XVIb " 0,67 0,30 20 0
XVII " 3,22 1,30 15 20
0,325 16 20
XVHI Intraperitoneally 2,90 1,30 60 0
X1X * 0,36 0,15 20 5
XX " 0,52 0,25 30 60
0,12 30 30
Parenterally 0,66 0,30 20 65
Control — — 50 0

cellulose and Tween-80 in a volume of 6.2 m] intraperitoneally at 15 min and parenterally at 15-30 min before
irradiation.

Irradiation was carried out on gamma equipment EGO-2 at a dose of 950 R at a rate of 150-250 R/ min.
The effectiveness of compounds was judged by the survival of animals on the 30th day after irradiation.

The toxicity of substances was determined in white random-bred male mice of weight 19-26 g. The LDy,
was calculated by the method of V. L Suslikov and coauthors [8]. The results of experiments are given in
Table 4. |

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

The adamantyl derivatives (XVIa) and (XVII) possessed weak radioprotective properties which are seem-
ingly linked with their slow hydrolysis under conditions in vivo since cysteamine at a concentration of 1 mmole -
kg~ possessed marked antiradiation effectiveness [9]. At the same time their toxic action was displayed at an
early time which indicated their rapid absorption into the organism.

Of the congidered compounds (VIO-XIV) only compound (X) was somewhat soluble (5% in water and it alone
possessed moderate activity. Compound (XX) which was described previously and was taken as the standard was
very soluble in water and possessed marked radioprotective effectiveness on both modes of administration. At-
tention is drawn by the similarity of the toxicity values on intraperitoneal and on parenteral administration which
makes it possible to suggest that this compound is rapidly absorbed from the gastrointestinal tract. Evidently
for the display of antiradiation activity in the given class of compounds solubility in water is obligatory.

LITERATURE CITED

R. Piper, C. R. Stringfellow, and T. P. Johnston, J. Med. Chem., 12, 236-243 (1969).

. D. Elliot, J. R. Piper, C. R. Stringfellow, et al., J. Med. Chem., 15, 595-600 (1972).

. V. Klimova, A. P. Arendaruk, M. A, Baranova, et al., Khim.-farm. Zh., No. 11, 14-18 (1970).

. N. Kevill and F. L. Weitl, J. Org. Chem., 35, 2526-2529 (1970).

. M. Plakhotnik, V. Yu. Kovtun, and V. G. Yashunskii, Zh. Org. Khim., 18, 1001-1005 (1982).

. M. Plakhotnik, V. Yu. Kovtun, N. A. Leont'eva, et al., Khim.-farm. Zh., No. 9, 36-39 (1982).

. M. Plakhotnik, V. Yu. Kovtun, N. L. Pushkarskaya, et al., Khim.-farm. Zh., No. 7, 42-46 (1982).

3OO W
<<d<yuZWH

720



8. V. L Suslikov, E. M. Cherepkov, G. A. Chernov, et al., in: Methods of Modern Biometry [in Russian],

Moscow (1978), pp. 178-183.
9. M. Fatome, Radioprotection, 16, 113-124 (1981).

SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF ONIUM
COMPOUNDS CONTAINING o-FERROCENYL RADICAL

V. I. Boev, A. L. Pak, UDC 615.28:547.1'3].012.1
M. P. Perepichko, and Yu. L. Volyanskii

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 & 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 a~ferrocenylalkylated onium compounds, in particular, ammonium (I-XVII, XXIV), phosphonium
(XIX-XXI), and sulfonium (XXM, XXII) salts.

The synthesis of the 23 compounds of this series (Table 1) was carried out by the reaction of a-hydroxy-
ferrocenyl derivatives with nucleophilic substrates in a methylene chloride agueous solution of an HX acid (X =
BF,, C10, two-phase system, with vigorous stirring, and at room temperature. Under these conditions there
is an a-ferrocenylalkylation of several heterocyclic compounds with a tertiary 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 unknown a-ferrocenylalkyl onium compounds I-XXIII are obtained in high yields.

P

te -
2. 7N
N

N Fo-CH-B Jx”
N
BRoomx o B, {1~ xvr)
Fc CHOH — {FC—CH] X —FCCH=NCgH; Fe-CH=R-Cgif; X
~H0 . Fc-CH-R
R (XVID)
P{CgHs)s Fe-CH-P(CgHs); X~
Fo=CyHs Fe OsH (XIX-XXI)
s(rY, 3 .
e Fo-CH-§(RY, X~
(XX~ XXTIL)

Synthesized compounds I-XXIII 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), IR spectra, in which absorption
bands arepresent, characteristic of the ferroceny! ring in the 1405, 1105, 1000, and 830 cm™1! region [7], and
of the aromatic ring in the 1600-1500 cm~! region [8]. The electronic absorption spectra of the compounds
are characterized by two absorption maxima in the UV region at 240-260 and 320-340 nm, and also by a broad
abgorption maximum in the visible part of the spectrum at 420-450 nm.

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

7Y [+ 7N
. NaOHHO NY 1. P
(1~ ——>" Fe~ GH-OF+ { P (CHs), = CHx" ~P(CH;)g
. +
R S{R!}, T I~8(Ry),
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