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The opinion has p rev ious ly  been advanced that the an t ichol ines te rase  act ivi ty of many  organophos-  
phorus compounds m a s k s  o ther  poss ible  m e c h a n i s m s  for  the i r  action on the o rgan i sm.  T h e r e f o r e  the sug-  
gest ion was made of the des i rab i l i ty  of biological  studies of synthetic organophosphorus  compounds with 
low toxici ty  and low an t icho l ines te rase  act ivi ty [1]. This  approach led to the detection of new biological  
effects  which a r e  not typica l  of an t ichol ines te rase  organephosphorus  compounds.  Among these  a r e  hypo- 
t h e r m a l  act ivi ty,  abil i ty to reduce oxygen requ i rement ,  and antagonism with an t icho l ines te rase  subs tances  
[2, 31. 

In the phospholene der iva t ive  s e r i e s ,  compounds were  found which exer ted  a dep re s s ive  action on 
expe r imen ta l  an imals ,  displayed ant iconvutsive p rope r t i e s ,  o r  were  antagonists  to ehol inomimet ic  sub-  
s tances  [1]. Thanks to s u c c e s s e s  in the field of synthes is  [4, 5] and separa t ion  of i somer i c  products  [6], 
we had the opportunity to study the effect of such fine s t ruc tu ra l  f ac to r s  as the posit ion of the double bond 
in the ring on the biological  p rope r t i e s  of l ' o x o - l - a l k o x y p h o s p h o l e n e s .  Since a shift  of the doubIe bond in 
the ring shows up in the po la r  c h a r a c t e r i s t i c s  of molecu les  [7], it could have been expected that the i so-  
m e r i c  products  woutd differ  aIso in biological  p rope r t i e s .  For  the m o r e  complex phospholene de r iva t ives  
containing a ni trophenyl  subst i tuent ,  such a di f ference has been noted in a single p a i r  of i s o m e r s  [8]. It  
was of in te res t  to examine this question in m o r e  detail  in ve ry  s imple  phospholene der iva t ives .  

Withthis  object ive we synthes ized five pa i r s  of i somer i c  e thers  with different  alkoxy rad ica ls .  The 
pure  i s o m e r s  of l - o x o - l - c h l o r o - 2 - p h o s p h o l e n e  (I) and 1 - o x o - l - c h l o r o - 3 - p h o s p h o l e n e  (VII) (Table 1) se rved  
as s ta r t ing  m a t e r i a l s  for  the i r  p repara t ion .  S t ruc tures  of all  the compounds p r epa red  were  conf i rmed by 
IR Spect ra  (Figs.  1 and 2). In the spec t rum of I, the following bands cha r ac t e r i s t i c  of a c i s -d i subs t i tu ted  
double bond were  obse rved  (in cm-1): 3067 (w), v=C_H;  1580 (m), v C =C; 1329 (s), 6 - C -  ; 685 (s), 
5=C_H;  and the following were  observed  for  the phosphoryl  group: 1244 (s), u p = o ;  520 (st~, 5 p - o ;  465, 
u P _ C I .  In the spec t rum of VII, the following bands of a c i s -d i subs t i tu ted  double bond a re  p resen t  (in era-t):  
3057 (w), V=C_H; 1610 (w), v C =C; 650 (s), 6=C_H;  and the following were  obse rved  for  the phosphoryl  
group: 1260 (s), u P=O;  498 (s), 6 p = O ;  465 (s), uP_Cl .*  The 1215 c m - t  band in the spec t rum of this c o m -  
pound, which a t t r ac t s  attention by its high intensity,  can be ass igned to one of the ring v ibra t ions .  On t r a n -  
sit ion f rom the acid chlor ides  to the e thers ,  c h a r a c t e r i s t i c s  a r e  displayed which a r e  inherent  to P - O - a l k y l  
groups [9]. Among the new bands, the mos t  intense is the band for  C - O  vibra t ions  c lose  to 1000 cm -~. As 
the subst i tuent  becomes  m o r e  complex,  it is shifted somewhat  to the long wavelength region and becomes  
m o r e  complex.  The appearance  and inc rease  in s i z e  of the radica ls  also shows up in the C - H  valence 
s t re tching bands in the 2800-3000 cm -1 region.  

* Abbreviat ions:  s) band s t rong in intensity; m) medium; w) weak. 
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TABLE 2. Biolog ica l  P r o p e r t i e s  of 1 - O x o - l - a l k o x y - 2 -  (or  3-) 
Phospho lenes  

C0131  - 

pound 

II 
VIII 

III 
IX 
V 

XI 
IV 
X 

VI 
XII 

Toxicity 

MLD LD60 LD~00 

5000 
3000 
3000 
2500 
2000 
1500 
1600 
1000 
125 
100 

mg/kg 

6700-----290 
5300-----330 
4200,~,.-?~A62 

300~75 
3100~83 
2380~65 
2220~126 
1500-----75 
155~7 
150~7 

8000 
7000 
5000 
3500 
4000 
3500 
3200 
2000 
200 
200 

Side posi- 
tion, rain 

0 
I53~37 
44 ~ -- [ 1 

262~37 
74~6 
69~9 

272~52 
131~27 
29-----1 

0 

Hypother- I ~ ~ I Ch~ 
r ~ . a s e  d e -  

real effect, ~= ~ '~ pression 

~ ' ~  '~ brain serum 

4,5m0,3 
4,8-'-0,2 
3,7-+-0,3 
4,8-+-0,4 
3,8"-'-O,3 
2,5+0,2 
6,7"+-0,4 
5,6-----0,4 
4,2~0,3 
3,8-"0,3 

20 
80 
30 

100 
100 
70 

100 
100 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

100 
100 

0 
0 
0 
0 
0 
0 
0 
0 

100 
t00 

g 
# 

3800 3400 3000 2800 

6O 
4O 
2O 

gO#O..--.___ ' V  

20. 

80- 
40- 

20- 

80. 
60- 

40- 
20, 

1Y 

80- 
50- 
40- 

gO. 

80- 

40- 
20. 

i 

3800 3400 

2200 i800 f400 /000 7#0 800 #OOcm -t 
I I -  I I I ~ I ,, 

...... 7 
Y 

, l I I I i 

3000 28'00 22'00 '/800 iz~O t~90 700 B00500cm" 

I R  s p e c t r a  o f  1 - o x o - 2 - p h o s p h o l e n e  d e r i v a t i v e s .  Fig. I. 

In the b io log ica l  e x p e r i m e n t s  (Table  2) the fol lowing r e l a t i o n s h i p s  w e r e  obse rved .  In a l l  c a s e s  the 
3 -phospho lenes  a r e  m o r e  toxic than the 2 -phospho lenes ,  the tox ic i ty  of the compounds  r i s i n g  with l eng then -  
ing of the cha in  in the r a d i c a l s .  As the r a d i c a l s  become  l a r g e r ,  the d i f f e rence  be tween the i s o m e r i c  c o m -  
pounds d e c r e a s e s .  

The effect  of the  pos i t ion  of the double bond on m o t o r  ac t iv i ty  of a n i m a l s  (dura t ion  of the "side pos i -  
t ion") ,  h y p o t h e r m a l  ac t ion ,  and a l so  on a n t a g o n i s m  with c o r a z o l e ,  inc lud ing  the a n t i c o n v u l s i v e  effect ,  de -  
pends  on the length  of the cha in  in the  e the r  r ad ica l ,  and b e a r s  a d i v e r s e  c h a r a c t e r .  In the m e t h y l  and 
ethyl  e t h e r s ,  the A L i s o m e r s  a r e  the m o r e  act ive;  in the p ropy l  e t he r s ,  the pos i t i on  of the double bond 
shows up to a s m a l l e r  degree ;  and of the oc ty l  e t he r s ,  the A 2 - i s o m e r  is somewhat  the m o r e  ac t ive ,  a l though 
n e i t h e r  octyl  d e r i v a t i v e  p r e v e n t s  the death  of m i c e  f rom a le tha l  dose of co razo le .  
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T A B L E  3. D i s t r i b u t i o n  of  III  and IX in the  Rat  O r g a n i s m  

Object of study 

Starting solution 
Plasma 
Erythrocytes. 
Liver 
Kidney 
Spleen 
Heart 
Muscle 
Lungs 
Thymus 
Pancreas 
Adrenal glands 
Testicle 
Hemispheres 
Brain cord 
Cerebellum 

Duodenum 
Large intestine 
Contents of small 

intestine 
Urine 

Content, mg % 

I X  

I4 611~443 
18,3+1,0 
25,2-----5,0 
37,0--2,0 
37,0~ 4,0 
29,6~3,0 
46,7-+-9,0 
38,0~3,0 
33,6~3,0 
28,0.~--4,0 
42,7~ 4,0 
54,9~6,0 
27,4~4,0 
37,4~6,0 
34,0~ 3,0 
19,5~0,4 

43,4• 
43,0~6,0 

40,0~6,0 
835• 275 

I I I  

5509~382 
3,9~0,1 

11,2-'-2,0 
12,7~1,0 
13,9~-2,0 
9,6~ 1,0 

15,5~-3,0 
11,2~-1,0 
9,1-+-1,0 

11,3~2,0 
8,9~1,0 

17,9~2,0 
11,2-+-2,0 
14,2• 
9,9m2,0 
8,7-+-0,3 

12,9-+-3,0 
13,9-----3,0 

10,4-+2,0 
102,2• 

Ratio 

I X  : I I I  

2.7 
4,8 
2,3 
3,0 
2,7 
3,1 ' 
3,0 
3,4 
3,7 
2,5 
4,7 
3,0 
2,5 
2,6 
3,3 
2,2 

3,5 
3,3 

1,4 
4,8 

3800 

88 
6g 
40 
2O 

8O 
60 
40 
20 

8O 
80 

g 

3~00 3000 2~00 2200 1800 i~O /000 700 800b-OOcm -1 

8o 
40 

g 

20 

8O 

@ 
2O 

3800 3~0 2000 2BOO 2200 f800 t~0 1000700 600500cm -1 

Fig. 2. IR spectra of 1-oxo-3-phospholene 
d e r i v a t i v e s .  

The  c h a r a c t e r  of the  c o n t r a c t i o n s  of i s o l a t e d  
s e c t i o n s  of gut  and the a c t i v i t y  of  s e r u m  and r a b b i t  
b r a i n  c h o l i n e s t e r a s e  a r e  not  changed  u n d e r  the  i n -  
f luence  of  c o m p o u n d s  I I - V  and VIII -XI  at  a c o n c e n -  
t r a t i o n  of 10 -3 m o l e / l i t e r .  In  the  s a m e  c o n c e n t r a t i o n  
the  o c t y l  e t h e r s  e x e r t  a d e p r e s s i v e  ac t i on  on gut 
c o n t r a c t i o n s ,  c o m p l e t e l y  s u p p r e s s i n g  p e r i s t a l t i c ,  
r h y t h m i c  c o n t r a c t i o n s  and d e c r e a s i n g  tone .  They  
c o m p l e t e l y  i n a c t i v a t e  s e r u m  o r  b r a i n  c h o l i n e s t e r a s e .  
Since  the  s u p p r e s s i o n  of e n z y m e  a c t i v i t y  i s  not  a c -  
c o m p a n i e d  by  s y m p t o m s  of  c h o l i n e r g i c  e x c i t a t i o n  
and i s  o b s e r v e d  only  when compounds  wi th  l a r g e  
h y d r o c a r b o n  r a d i c a l s  (VI and XII) a r e  u s e d ,  i t  m a y  
be s u g g e s t e d  tha t  i t  i s  n o n s p e e i f i c  and is c o n n e c t e d  
wi th  an i n c r e a s e d  l i p o i d o p h i l i c i t y  of  t h e s e  s u b s t a n c e s .  

C o n s i d e r i n g  tha t  the  2-  and 3 - p h o s p h o l e n e s  
d i f f e r  r a t h e r  a p p r e c i a b l y  in t h e i r  b i o l o g i c a l  p r o p e r -  
t i e s ,  we c o n s i d e r e d  i t  of i n t e r e s t  to  e v a l u a t e  the  
d i s t r i b u t i o n  of  the  i s o m e r s  in the  v a r i o u s  o r g a n s  of 
e x p e r i m e n t a l  a n i m a l s .  The  con ten t  of  the  i s o m e r i c  
e thy l  e t h e r s  HI and IX in the  b lood ,  u r i n e ,  f e c e s ,  and 
o r g a n  h o m o g e n a t e s  of  r a t s  is  shown in T~ble  3. The  
l a r g e r  amoun t  of the  p r e p a r a t i o n s  in the  u r i n e  t han  
in the  i n t e s t i n a l  con ten t s  i n d i c a t e s  tha t  the  m a i n  
rou te  of t h e i r  e l i m i n a t i o n  f r o m  the  o r g a n i s m  is  v i a  

the  k i d n e y s .  The  f luc tua t ion  of  i s o m e r  r a t i o  in the  v a r i o u s  o r g a n s  i n d i c a t e s  s p e c i f i c i t y  of  t h e i r  s o r p t i o n .  
The  m a x i m u m  c o n c e n t r a t i o n s  of  both i s o m e r s  a r e  r e c o r d e d  in the  a d r e n a l  g land,  the  h e a r t ,  and the i n t e s -  
t i n e s .  It is  i n t e r e s t i n g  to  note  tha t  fo r  m o s t  of the  o r g a n s  a t e n d e n c y  is o b s e r v e d  to  a sh i f t  of t he  r a t i o  b e -  
t w e e n  i s o m e r s  in f a v o r  of IX, which  i s  a l s o  the  m o r e  ac t i ve  wi th  r e s p e c t  to a n u m b e r  of b i o l o g i c a l  c h a r a c -  
t e r i s t i c s .  

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

1 - O x o - l - c h l o r o - 2 - p h o s p h o l e n e  (I) and 1 - O x o - l - c h l o r o - 3 - p h o s p h o l e n e  (VII). T h e s e  w e r e  s y n t h e s i z e d  
[10] and p u r i f i e d  [6] by p r o c e d u r e s  which  have  been  d e s c r i b e d .  

E t h e r s  I I - V  and VI I I -XI .  T h e s e  w e r e  s y n t h e s i z e d  by the  r e a c t i o n  of  e q u i m o l a r  a moun t s  of the  a p p r o -  
p r i a t e  c h l o r o p h o s p h o l e n e s  and a l c o h o l s  in d i e thy l  e t h e r  m e d i u m  in the  p r e s e n c e  of  t r i e t h y l a m i n e .  The  oc ty l  
e t h e r s  VI and XII w e r e  p r e p a r e d  by adding  the  ac id  c h l o r i d e s  I and VII to an e x c e s s  of oe ty l  a l c o h o l  wi th  
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cooling and subsequent r emova l  of the hydrogen chlor ide fo rmed by the p rocedure  descr ibed  for  p repar ing  
acycl ic  phosphonates [11]. 

A drop of the appropr ia te  substance  was squeezed between plates  of po tass ium bromide  to take the 
IR spec t ra .  The ins t rument  was a UR-10, slot  p r o g r a m  4. 

Toxici ty  was de te rmined  on mice  18 to 24 g in weight upon one- t ime  in t raper i tonea l  injection of the 
p repa ra t ions .  Compounds I I -V and VIII-XI were  used in the fo rm of aqueous solutions; VI and XII, in the 
fo rm of emuls ions .  Expe r imen ta l  r e su l t s  were  t r ea t ed  by the Behrens  procedure .  "Side posit ion" was 
evaluated by the t ime  f rom the momen t  of complete  loss  of mo to r  act ivi ty of the mice ,  caused by in t roduc-  
tion of a MLD of the p repa ra t ions ,  to the i r  "a rousa l . "  The hypothermal  effect  was de te rmined  by the dif-  
fe rence  between the t e m p e r a t u r e s  m e a s u r e d  5 rain before introduction and 1 h a f t e r  introduction of a MLD 
of the p repa ra t ions .  T e m p e r a t u r e  was m e a s u r e d  on the skin of the animal  by a TSM-2 e lec t r i ca l  t h e r m o m -  
e t e r .  Corazole  antagonism was cha rac t e r i z ed  by the percent  of mice  which survived,  having rece ived  
1/2 MLD of the p repa ra t ion  15 rain before  injection of an absolutely lethal dose of corazole ,  and a lso  by 
the prevent ion of convulsions.  The effect  on contract ing act ivi ty  of an isolated sect ion of gut was studied 
by the Magnus method at a concentra t ion of the p repa ra t ions  of 10 -3 m o l e / l i t e r .  Ant ichol ines te rase  act ivi ty 
was evaluated in v i t ro  by the method of [12] on a homogenate  of brain  g ray  m a t t e r  and rabbi t  blood s e ru m.  
The final concentrat ion of the p repa ra t ions  was 10 -3 m o l e / l i t e r .  

Evaluat ion of the dis t r ibut ion of III and IX in the  ra t  o rgan i sm was c a r r i e d  out 1 h a f t e r  injecting a 
20% solution of a mix tu re  of the i s o m e r s  in a dose of 2000 mg/kg .  The ra t io  of III to IX was 1 : 2.7. The 
blood was s tabi l ized with hepar in  and the p l a s m a  was separa ted  f rom the e ry th rocy tes .  Homogenates  were  
p r epa red  f rom the organs  at a 1 : 3 dilution with water .  The content of both i s o m e r s  was de te rmined  s imul -  
taneously  by gas  chromatography .  A di rec t  chromatographing  of the homogenates  was employed,  r a t h e r  
than the usual ly  adopted organic  solvent ext rac t ion  of the compounds being de termined.  The wa te r  s e rved  
as an in ternal  s tandard  thereupon.  Since the sens i t iv i ty  with r e spec t  to wa te r  was not constant,  a c a l i b r a -  
tion was c a r r i e d  out just  before  each ana lys i s .  The ch romatograph  was an Rue-104 ins t rumen twi th  a d i f f e r -  
ential  f lame ionization de tec tor .  The column was g lass ,  1.5 m long, containing QF-1  f luorinated s i l icone 
supported in an amount of 3% on " g a s - e h r o m  Q" solid c a r r i e r .  The t he rmos t a t  t e m p e r a t u r e  was 110 ~ 
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