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Q U A T E R N A R Y  A M M O N I U M  D E R I V A T I V E S  O F  C H O L E S T E R O L  

A,  I .  L o p u s h a n s k i i  a n d  V.  V.  U d o v i t s k a y a  UDC 615,28] : 547.922 

We have found subs tances  with cons iderab le  an t imicrobia l  act ivi ty  among some  qua te rna ry  ammonium 
der iva t ives  of cyclohexanol  [1]; this act ivi ty was heightened by modifying the s t ruc tu re  of the subst i tuents  
in the ring. It b e c a m e  of in t e re s t  to a sce r t a in  how the act ivi ty v a r i e s  for  analogous compounds with the 
condensed polycyel ic  cho les t e ro l  sys t em.  

The s t a r t ing  cho les t e ro l  ch lo ro -  and b r o m o a c e t a t e s  (II, III) to be used for  the synthes is  of  the qua te r -  
na ry  ammonium sa l t s  w e r e  p r epa red  by reac t ing  the haloacetyl  b romides  with purif ied choles te ro l  [1, 2]. 
Dibromides  (IV and V) w e r e  p r e p a r e d  by react ing  them with b romine  in glacial  acetic acid. 

HO f zOH 'Jr, 2g 

O~Ht7 

xOHtO00 F 
BF 

The bromina t ion  of II and IH proceeds  cons iderably  m o r e  slowly than the b romina t ion  of I which is 
evidentIy due to the inductive effect  of the subst i tuent  in the 3fi posit ion which causes  a reduction in the e lec -  
t ron densi ty at the double bond and hinders  the e leet rophi l ic  addition of b romine .  The magni tudes of the in- 
c r emen t s  of m o l e c u l a r  rotat ion in the t rans i t ion f r o m  d ib romocholes te ro l  to IV and V point to a 5(~,6fl-trans- 
diaxial  configurat ion [3]: 

xCHteO0 

The t rans i t ion  to the m o r e  s table  t r ans -d i equa to r i a l  5 f l ,6a ' - i somer  takes  place  v e r y  slowly in solution 
because  of the l a rge  dimensions  of the subst i tuents  in the 3fl posi t ion which r e su l t s  in its s t e r i ca t ly  in te r -  
acting with the b romine  a tom on C 5. The configurat ion of the initial b romina t ion  product  has a lso  been con-  
f i rmed  by its IR s pec t r a .  The broad  band at 565 cm -1 in the spec t rum of IV coincides with the data for  axial 
subst i tut ion in some  d ib romos te ro ids  [4]. 
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TABLE i. 

Com-  
pound 

II 

III 

IV 

Choles te ro l  and Dibromocholes te ro l  Haloaceta tes  

Yield 
(in %) 

Name of compound 
Melting 
point 
(in deg) 

AS-Cholestenol-3fi 
chlo ro acet  ate 

As-Cholestenol-3~ 
b romoace t a t e  

5~ ,6f l -Dibromocho-  
lestanol-3fl  ch lo ro -  
aceta te  

V 5~ ,6f l -Dibromocho-  
lestanol-3fl  - b r o m o -  
acetate  

* The halogen content for  IV is given in equiv. %. 

67 159-60 

59 146-8 

69 116-7 

75 119-21 

[M]D 

--162 

--147 

--2 80 

--2 86 

% Halo-  
gen 
found 

7.42 

15.84 

0.48* 

36.26 

E m p i r i c a l  fo rmula  

C2~H47CIO2 

C29H47BrO2 

C29H47Br2C102 

C29H47Br302 

% Halo-  
gen ca l -  
culated 

7.65 

15.74 

0. ~82" 

35.92 

The p rope r t i e s  of the f resh ly  p r e p a r e d  haloaceta tes  a r e  given in Table  1. They a re  white powders ,  
highly soluble in ether ,  benzene,  and ch lo ro form and difficultly soluble in alcohol and acetone.  

The monoqua te rnary  ammonium sa l t s  VI to XII (Table 2) were  obtained by reac t ing  halo~cetates  II 
and III with the t e r t i a r y  amines  in benzene. T r ime thy lamine ,  t r ie thylamine ,  dimethylanil ine,  diethylaniline, 
Novocaine, pyridine,  4 -methylpyr id ine ,  and quinoline w e r e  used as the amines .  The reac t ion  proceeded  
with the fo rmat ion  of c rys ta l l ine  products  in all c a se s  except  for  diethylaniline. At tempts  to obtain the 
qua te rnary  sa l t  by reac t ing  III with diethylaniline did not yield posi t ive resu l t s  p robably  because  of the low 
nucleophil ici ty of the a lky la ry lamine  or  s t e r i c  h indrances .  

Under the s a m e  conditions, II to V reac t  with e thylene- ,  hexa- ,  hepta- ,  and decamethylene  b i s - d i -  
methylamines  at both ni t rogen atoms forming the b i squa te rna ry  ammonium sa l t s  XIII to XIX (Table 3). The 
reac t ion  was c a r r i e d  out with component  ra t ios  of 2 : 1. The b i squa t e rna ry  sal ts (XIIIand XVIII) a re  fo rmed  
when ch lo roace ta tes  II and IV r eac t  with e t h y l e n e - l , 2 - b i s - d i m e t h y l a m i n e  at this ra t io  r e g a r d l e s s  of the 
medium (ether or  benzene).  B romoace t a t e s  (III and V) fo rm the monoqua te rna ry  ammonium sa l t s  XXI and 
XXIII (Table 4) under these  conditions. The monoqua te rna ry  der iva t ives  of e thylene-  and hexamethy lene-  
b i s -d ime thy lamine  XX and XXII (see Table  4) a re  fo rmed  with a re la t ive  inc rease  in the diamine taken for  
the react ion.  

The s e r i e s  of u n s y m m e t r i c a l  ammonium sal ts  XXIV to XXXVII (Table 5) was obtained by react ing  
XXII with a sl ight excess  of the monochloroace t ic  acid e s t e r s  with prolonged heating in an a lcohol- -acetone 
solution. Compound XX does not fo rm the b i squa te rna ry  der iva t ives  under the s a m e  conditions. 

The sa l t s  that  we re  synthes ized  are  white c rys ta l l ine  subs tances  soluble in wa te r  and alcohol. The i r  
IR s p e c t r a  in the a r ea  where  the s t re tching vibra t ions  of the C = O  group occur  showed that  the re  is no in- 
t e rac t ion  between the ammonium cation and the carbonyl  of the e s t e r  group (compare  [5]). The absorpt ion 
band of the carbonyl  g roup  in the spec t r a  of haloaceta tes  (II to V) in the s ame  region is shifted by 15 to 
20 cm - i  toward a higher  f requency com pared  to the cor responding  band in the spec t rum of cho les te ro l  ace -  
ta te  [61. 

According to the data of G. A. Troyan  and G. K. Palii ,  the ma jo r i t y  of the compounds desc r ibed  have 
p rac t i ca l ly  no an t imicrobia l  act ivi ty toward golden staphyloccus and Esche r i ch ia  coll .  Only the u n s y m m e t r i -  
cal  b i squa t e rna ry  ammonium sa l t s  (XXIV to XXXIII) w e r e  noted to have some bac te r ios ta t i c  act ivi ty which 
inc reases  with an i nc rea se  in the alkyl chain R. 

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

The IR s p e c t r a  we re  run as KBr  pel le ts  on a UR-10 spec t ropho tomete r  equipped with the following 
p r i s m s  in the ranges:  500 to 700 cm -1 KBr,  700 to 2000 cm -1 NaC1, and 2000 to 3800 cm - i  LiF.  
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T A B L E  2.  M o n o q u a t e r n a r y  

Sa l t s  
z- 

e~ 

o tj 

IV 
VII 

VIII 
IX 
X 

XI 
XlI 

Found 
lal ( i n % )  [ 

RaN X .,~ ~ ..~ 
o ,  

] [ 2,73 6,69 (CHa)~N Ct 226--71 63 
(Cells)aN C1 204 81 2,27 6,18 
C~H~N (CHa).~ Br 160--2[ 36 2, 16 12,94 

i !  182--4623,92 11,03 CsH~NNH~C~H4COOC2H~N (C~H~)2 188--9 78 2,47] 13,30 
CH~C~H~N 198 83 13,20 

81 12,58 2,22 C~HvN Br 208 2,43[ 

Empirical 
formula 

CazH~CINO, 
C3~H.2CINO~ 
CavH~sBrNOz 
C4~HnTBrN20, 
C~tH~BrNO~ 
C3~H~BrNOz 
C3sH~tBrNQ 

Calculated 
(in %) 

Br or 
N C1 

2,63 6,79 
2,48 6,28 
2,23 12,71 
3,77 10,74 
2,34 13,35 
2,29 13,04 
.2,20 12,53 

TAB LE 3. 
Sa l t s  

K 
H Q 
D 

XIII 

XIV 
XV 

XVI 
XVII 

XVII] 

O CHa CH3 O 1 
II I [ I~ / 

B i s q u a t e r n a r y .  R--O--C--CH~ N (CH2)~ N--CH~.--C--O--R / 2x- 

CH3 CH3 J 

Found 
~ "~ ( in  %) 

n X ~"~ ~= ~o Br or Empirical formula 

~ 0 ~ ,  ~ N C1 

AS-Cholestenyl -, 
3B 
The same 

t, 
5a, 6~- 

Dibromo- 
cholesty1-33 

XIX The same 

2[Cl 
6 CI 
6 BI 

CI 
I0 CI 
2 CI 

6 CI 

211--2 71 2,7C 7,07 

217--8 88 2,4~ 3,82 
226~7 94 2,55 13,70 
218--20 73 2,8( 5,59 
210--11 75 2,47 5,25 
206--8 32 1,9~ 0,4361 

260--2 48 2,2( 0,4261 

C64HnoCI2N204 

C6sHllsCI2N20~t 
C~sHnsBr2N-,O4 
C69 H~2oCI.~N20~ 
C72Hl~,6C12N~Oa 
C64HnoBraCI~N204 

Calculated 
{in o70) 

Br or N C1 

2,69 6,80 

2,55 2,45 
2,36 ]13,46 " 
2,52 3,3y 
2,43 3, 14 
2,06 3,440* 

9,423* r C6sHnsBr4C~2N~O 4 1,98 

* The halogen content for XVIII and XIX is given in equiv. %. 

T A B L E  4. M o n o q u a t e r n a r y  Sa l t s  

I CH 3 0 ] 
+I r[ I (CHa)~ N (CH2)n N--CH~-- C--O--R[ x -  

| 
CH J 

Q 

o 

xXX A~-Choles - 12 
tenyl- 8 B [ 
The same 12 

XXIIIXXII[ 5 2  61g-" I62 
Dibromo- 
cholestyl-3~ 

t ~  Found (in %) 

x .~'" ~ "  -- B&or 
] ~ ' ~  ~ l  N 

C I 191 

219--20 
176--7 

Br 226--8 

 ,00 

98 4,13 
4,51 
3,69 

6,36 

13,02 
5,27 

30--8 

Empirical 
formula 

C35H63CIN202 

%sH63BrNoO.z 
C39HTxC1N~O~ 
Cs~H63Br3N20~ 

Cal cul ated 
(in 07o) 

Br or 
N CI 

4,84 6, i2 

4,49 12,81 
4,41 5,58 
3, 58 30,59 
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TABLE 4. Bisquaternary Salts 

O 
II § I " ] 

- - C - OHT-Jq(OHz) 5 N-- CH c ~ - O ] 

OH 1 J 

Compound 

CHa 
C2H5 
n -C3H r 
iso-CzH 7 
9-C4H9 
lso-.C~Ho 
gl .C6H11 
iso~C~H11 
C7Hla 
Call17 
CoHI2 
Cloi-121 
C6H6CH2 
CHaCaHoC~H7 

xxIv 
xxv  

xxvI 
xxvII 

xxvIII 
xxIx  
xxx  

xxxI  
xxxII  

xxxIII  
xxxIv  
x x x v  

xxxvI  
xxxvII  

 f ound nO 
R ~ ~ w -- Empirical 

�9 ~ formula 

195 54 3,97 9,58 CaoHr6CI,,N204 
203--4 3,45 9,18 Cs 
191--2 3,70 8,86 C44HsoCI2N204 
194- -5  3,40 9,35 C44HsoCI~N204 
180--1 9,20 C~sHs2CI~N204 
185 9,00 C42Hs, CI2N204 
185--6 8,68 C46Hs~CI2N~O 4 
192--4 9, 15 C~6Hs~CI2N~O ~ 

8,62 C4aHssClzN~Q 
3,60 C4oHgoCI2NoO4 

CsoH~CI2N.~O4 
C51H94CI2N-~O4 
CisHsoCI~N~O4 
C~IHD2CI2N~.O4 

61 
59 
63 
56 3,53 
64 3,41 
69 3,57 
63 3,30 

191--3 42 3,66 
189 55 3,25 
187 57 3,10 3,67 
183 52 3,14 3,42 
194--6 53 54 3,34 3,69 
178--9 3,47 3,31 

zcf 

Calculated 

N CI 

3,77 9,53 
3,70 9,35 
3,63 9,18 
3,63 9, 18 
3,56 9,02 
3,56 9,02 
3,50 8,86 
3,50 8,86 
3,38 8,56 
3,33 8,42 
3,27 8,28 
3,22 8,15 
3,41 8,65 
3,23 8, 17 

The d i t e r t i a r y  a m i n e s  ba sed  on 1 , 2 - e t h y l e n e - ,  1 , 6 - h e x a m e t h y l e n e - ,  1 , 7 - h e p t a m e t h y l e n e - ,  and 1,10-  

d e c a m e t h y l e n e d i a m i n e s  w e r e  p r e p a r e d  by the E s c h w e i l e r - C l a r k e  r e a c t i o n  [7] in which the d i a m i n e s  l i s ted  
above a re  r e ac t ed  wi th  fo rma ldehyde  and fo rmic  acid. 

The a lky lha loace ta t e s  w e r e  p r e p a r e d  by C o n r a d ' s  method  [8], which  was  p roposed  to s y n t h e s i z e  e thy l -  
ch lo roaee t a t e .  

A5-Choles tenol -3f l  ch lo roace t a t e  (II). This  s u b s t a n c e  was p r e p a r e d  by r e a c t i n g  0.25 mo le  of m o n o -  
ch lo roace ty l  b r o m i d e  with 0.2 mo le  of c h o l e s t e r o l  in 150 ml  of c h l o r o f o r m  (or benzene}.  The m i x t u r e  was  

boi led  for  4 h, cooled,  and t r e a t e d  with a s a t u r a t e d  sod ium c a r b o n a t e  solut ion;  100 m l  of e the r  was added 
and the e the r  so lu t ion  was  f i r s t  washed  wi th  wa te r ,  then with a s a t u r a t e d  sod ium ch lo r ide  so lu t ion ,  and eva -  
pora ted  in a i r .  The i m p u r e  p roduc t  was c h r o m a t o g r a p h e d  on a l u m i n u m  oxide c o l umns  capab le  of handl ing  
0.5 to 1 g of s u b s t a n c e  p e r  I cm 2 of c o l u m n  c r o s s  sec t ion .  G r a d i e n t  e lu t ion  was used: c a r b o n  t e t r a c h l o r i d e -  
b e n z e n e - - e t h y l  e the r .  

5a ,6 f i -D ib romocho le s t ano l -3 f l  ch lo roace t a t e  (IV). To 0.05 mole  of II in 400 ml  of e the r  was  g r a d u a l l y  
added  a so lu t ion  of 10 g of b r o m i n e  in 100 m l  of g l ac i a l  acet ic  acid. N e e d l e - l i ke  c r y s t a l s  appea red  in the 
so lu t ion  af ter  a l apse  of 15 to 20 m i n  wi th  cons t an t  s t i r r i n g .  A f ine ly  c r y s t a l l i n e  product ,  which  was  r e -  
c r y s t a l l i z e d  f r o m  a bo i l ing  ace tone  so lu t ion ,  was  i so la ted  a f t e r  24 h f rom the so lu t ion  which was cooled to 
0~ 

Mono-  and b i s q u a t e r n a r y  a m m o n i u m  sa l t s .  The se  were  p r e p a r e d  by r e a c t i n g  t e r t i a r y  and d i t e r t i a r y  
amines  wi th  the c h o l e s t e r o l  and d i b r o m o c h o l e s t e r o l  ha loace ta t e s  in a b s o l u t e ' b e n z e n e  with hea t ing  for  1//2 to 
2 h. They  w e r e  r e c r y s t a l l i z e d  f rom an a l coho l - - e the r  so lu t ion .  

E t h y l e n e - l - d i m e t h y l a m i n o - 2 - d i m e t h y l c a r b o - A S - c h o l e s t e n o x y m e t h y l a m m o n i u m  m o n o c h l o r i d e  (XX). 
To 0.004 mole  of e t h y l e n e - l , 2 - b i s - d i m e t h y l a m i n e  was  added in s m a l l  po r t ions  0.001 mo le  of II as a 10% 
so lu t ion  in b e n z e n e .  The p r e c i p i t a t e  which  fo rmed  was f i l t e r e d  off, washed  with a l a r ge  amount  of e ther ,  
and r e c r y s t a l l i z e d  f rom hot acetone.  

The s y n t h e s i s  of the u n s y m m e t r i c  b i s q u a t e r n a r y  d e r i v a t i v e s  of h e x a m e t h y l e n e d i a m i n e  was  a c c o m -  
p l i shed  by r e a c t i n g  0.002 mo le  of XXII with 0.003 mo le  of the a pp r op r i a t e  a lky l ch lo roaee t a t e  in 10 m l  of an 
absolu te  a l coho l - - ace tone  (2 : 1) m i x t u r e .  The r e a c t i o n  m i x t u r e  was  hea ted  for  12 to 18 h af ter  which  the 
b i s q u a t e r n a r y  sa l t  was p r e c i p i t a t e d  with acetone.  
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