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It  was  r epo r t ed  in p rev ious  work  [1, 2] tha thypophosphorous  acid condenses  with chlora l .  Moreove r  
the reac t ion  p roceeds  in s tages ,  init ial ly a 1:1 adduct, 1 -hydroxy-2 ,2 ,2- t r ich loroe thylphosphonous  acid, is  
fo rmed .  The reac t ion  of this with a second molecule  of chlora l  leads to b i s - ( 1 - h y d r o x y - 2 , 2 , 2 - t r i c h l o r o -  
ethyl)phosphinic acid.  These  adducts and the acyl  de r iva t ives  of b i s - (1 -hydroxy-2 ,2 ,2 - t r i ch lo roe thy l )phos -  
phinic acid p o s s e s s  biological  ac t iv i ty  [2]. 

In this  paper ,  which is  a continuation of the study, we have  es tab l i shed  that  the adduct of hypophos-  
phorous  acid and chlora l ,  i . e . ,  1 -hydroxy-2 ,2 ,2 - t r i ch loroe thy lphosphonous  acid, is capable  of condensing 
not only with ch lora l  but also with other  aldehydes and ketones .  Thus (1 -hyd roxy -2 ,2 ,2 - t r i ch lo roe thy l ) - l -  
hydroxyisopropylphosphin ic  acid is obtained on reac t ing  1-hydroxy-2 ,2 ,2- t r ich loroe thy lphosphonous  acid 
with acetone.  The adduets  with benzaldehyde and methyl  ethyl ketone were  p r e p a r e d  s imi l a r ly .  

TABLE 1 

Com- 
pound 
No, 

X 

x i  

XII 

XIII 

XIV 

XV 

XVI 

W 0 R '  

CCI~--CH'P (0.) H q- O=C / -~ CCh--CH--~ . C / 

OH OH 

o ~ '  

CCI~--CH--P--C--R 
! t 1 

O R  OH QI1 

H 

all,CO 

C~H~CO 

H 

~H3CO 

H 

CHs(CH~)~CO 

R~ Yield, % R" 

MP, ~ ~~ 

_ 1 P CI 

156--157 
(with 
decomp.) 
170--171 

145--146 

172 
( with 
decomp. 
181--183 

CIIa 

CHs 

CH3 

H 

H 

C~H~ 

CHs 

11,!4 
11,42 

8,56 
8,72 
8,23 

9,76 
9,70 

7,76 
7,68 

10,97 
10,85 

7,29 
7,53 

CHs 

CH~ 

E~H~ 

C~H~ 

CH~ 

CH8 

50,3 

50,8 

34,0 

65,7 

56,8 

35,I 

49,3 

153--154 
(with 
decomp.) 
122--123 

39,80 
39,22 

29,37 

27,81 
27,70 
32,88 

26,90 

37,74 
37,30 

25,65 
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T A B L E  2 

No. 

II 

III 

IV 

V 

VI 

VII 

VIII 

iX 

XI 

XII 

XIII  

XIV 

Compound 

formula 

o 
H 

H--P---CH--CCIs 

OH OH 

0 
CGIs--CH--P--CH--CCI~ 

OH OH OH 

0 
H 

CC1s--CH--P--CH--CCla 

{ { ;COeH, CHsC00 0H 

0 
l[ 

CCI~--OH--P--CH--CCls 
C~H~CO0 I [ l OH OCOCH2CH~ 

O 
II 

C1Cs-- CH--P----CH--CCI a 
I I B 

(CHs)~CIIC00 OH OCOCH(CH3)~ 

O 

CC]s--CH--P----CH--CCIs 
f 

CH~(CH2)2C00 O[tt ~ CO(CI-I~)2CI-I3 

O 

CCIs--CH--P--CH--CCIz 

(CHs)2CHCH2C00 0~H 6COCH2CH(CHs)2 

O 
rl 

CCIs--CH--P CH--CCI~ 
I I I 

CH.(CH~)3C00 OH 0 CO(CH2)3CI-18 

O 
H 

CCls--CH-- P--CH--CCla 

CHs(CH~)4CO0 OH OC0(CH~)~CHs 

O 
1 ~1 CC ~--CII--P-- C(CH~)~ 

II0 OH OH 

0 
II 

CCI.--Ctt--P--C(CH.)~ 

CHACO0 OH 0COCH~ 

0 

CCIs--CH--~----C(CH~)._ 

CH~CH2C00 OH 0COCH~CHs 

o 
H 

CCIs--CH--P-----CH--C~H~ 

HO OH OH 

O 
IJ 

CCIs--CH--P--CH--C~Hs 
o. ooo l o% I OCOCH3 

Chlorophos 

LDso by in t r a  
venous in- 

ection with 

reatment of 

the data ac- 

cording to 
Miller and 
Tenter, mg  
/kg  

515-+48,8 

652+_70,6 

272--+34,4 

356::k52,6 

605-+126,9 

400_+88,2 

339_+70,2 

560_+70,2 

380_+31,9 

i LDs0 by sub- 
cu taneous  
injection 
with treat-  
ment  of the 
data accord- 
ing to Millez 
and Tenter, 
m g / k g  

720:h 142,9 

530_+140,9 

Minimum 
effect ive 
concentra-  
tion in frog 
heart  ac-  
cording to 
Straub, M 

lO-* 

1 0  - s  

10-s 

I0-~ 

I0-~ 

10"~ 

10-4 

I0-~ 

lO--S 

!0-4 

10-~ 

10-4 

I0-5 

10-5 

* The LDso was not successfully determined since on introducing the compound at the 
l imi t ing  solubili ty deterioration of the an imals  did not c o m m e n c e .  
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These  adducts give the co r respond ing  acyl de r iva t ives  with anhydrides  of carboxyl ic  acids in the 
p r e s e n c e  of ca ta ly t ic  quanti t ies of concent ra ted  H2SO 4. 

0 R' 0 R' 

II / +(nco)~o ~ %  cc~_cH_rPI---c / CCIa--CH--P,, C 

OH OH OCOR 

The compounds obtained and the i r  phys icoehemica l  p r o p e r t i e s  a r e  given in Table  1. 

The biological  act ivi ty  both of the compounds r ecen t ly  synthes ized  (X)-(XIV) and also the compounds 
desc r ibed  p rev ious ly  (I)-(IX) [2] has  been  studied.  The toxici ty  was de te rmined  in white mice  for  i n t r aven-  
ous and subcutaneous methods  of injection.  With in t ravenous  injection,  de te r io ra t ion  of the an imals  c o m -  
menced  in the f i r s t  minute a f t e r  introducing the compound with s y m p t o m s  of asphyxia  following sho r t - l i ved  
clonic and c lonico- tonic  s p a s m s .  With subcutaneous inject ion of the compounds the toxic effect  showed as  
a d e p r e s s e d  s ta te .  De te r io ra t ion  commenced  a f te r  a day with the s ame  toxic p ic tu re .  The LDs0 values  for  
the de r iva t ives  of t r ichloroethylphosphinic  acid a re  given in Table  2. Acylat ion of the hydroxyl  groups de -  
c r e a s e s  somewhat  the toxic p r o p e r t i e s  of the compounds.  Thus,  the LDs0 of compounds (X1) and (XIV) is 
a lmos t  ha l f  the LDs0 of compounds (X) and (XII1). However ,  lengthening the acyl group leads again to an in-  
c r e a s e  in toxicity,  the LDs0 of compound (XII) is somewhat  h igher  than the LDs0 of compound (XI). The con-  
densat ion p roduc t s  of 1 -hydroxy-2 ,2 ,2 - t r i ch lo roe thy lphosphonous  acid with acetone and benzaldehyde a r e  
a lmos t  indist inguishable in the i r  toxic p r o p e r t i e s  [cf. the LDs0 of compounds  (X) and (XII1) and (XI) and 
(XIV) ]. Chlorophos was used  as a s tandard  compound for  the compar i son  of toxie i t ies .  As is evident f r o m  
Table  2 the compounds synthes ized  by us p o s s e s s  toxici ty  of the s a m e  o r d e r  as ehlorophos .  

Chloral ,  of which the compounds under  s tudy a re  de r iva t ives ,  is used  in the hydra ted  f o r m  as a sopo-  
r i f i c .  Many de r iva t ives  of ch lora l  p o s s e s s  sopor i f ic ,  na rco t ic ,  and an t i spasmodic  act ivi ty  [3]. However ,  
the reac t ion  product  of chlora l  and amphe tamine  is a s t imulant  [4]. Chlorophos also exe r t s  an effect  on the 
functional s ta te  of the cor tex  of the bra in ,  this appea r s  as an i nc rea se  of the p r o c e s s  of act ive in ternal  in-  
hibit ion [5]. According to the data  of ce r t a in  authors ,  chlorophos produces  a d e c r e a s e  of ca rd iac  act ivi ty  
[6]. Since the compounds under  s tudy a re  a lso  organophosphorus  de r iva t ives  of ch lora l  it was  of i n t e r e s t  
to inves t iga te  the ef fec t  of these  compounds on ca rd i ac  ac t iv i ty  and on the cen t ra l  nervous  sy s t em.  

On studying the effect  of the compounds on i so la ted  f rog  h e a r t  by S t r aub ' s  method it was  c l e a r  that  
they all caused a reduct ion  of the ampli tude of the cont rac t ions  in re ta in ing the rhy thm of the sys to les .  Both 
the act ion onthe h e a r t  and the toxici ty were  i nc rea sed  on lengthening the carbon chain in the acyl rad ica l  (q. v. 
Table  2). The p r e s e n c e  of i s o - r a d i c a l s  reduced  the toxic effect  of the  compounds on iso la ted  f rog  hea r t .  
Thus,  the d e p r e s s i v e  act ion of compounds (V) and (VII) is much m o r e  weakly e x p r e s s e d  than fo r  compounds 
(VI) and {VIII). The compounds with the l a r g e r  n u m b e r  of ca rbon  a toms  in the acyl  r ad ica l  (up to C4) cause  
an in te r rup t ion  in the dias tole  of the hea r t  at  a concentra t ion  of 1.10 -3 M while the r e m a i n d e r  of the c o m -  
pounds at the same  concent ra t ion  only reduce  the ampli tude of the sys to les ,  this is spontaneously r e c o v e r -  
able ove r  15-20 rain. In o rde r  to explain the m e c h a n i s m  of the act ion on iso la ted  f rog  h e a r t  of the c o m -  
pounds under  s tudy it  was  of i n t e r e s t  to e lucidate  the re la t ionship  of these  subs tances  to a t ropine,  a d r en a -  
line, and ATP by reduc ing  the m e t a b o l i s m  of the subs tances  in the m y o c a r d i u m .  Compound (VI) in which 
an intense negat ive  inotropic  act ion is  combined with a s a t i s f ac to ry  solubi l i ty  was se lec ted  for  this pu rpose .  
Atropine did not a l t e r  the r eac t ion  of isolated hea r t  to the introduction of the compounds.  Consequently,  the 
s t imula t ion  of the M-cholino r eac t ive  s t r u c t u r e s  does not under l ie  a negat ive inotropic action. The c o m -  
pound comple te ly  p reven ted  or  c l e a r l y  weakened the reac t ion  of the h e a r t  to adrenal ine .  The dec r ea se  in 
ampli tude of the sys to les  caused  by  compound (VI) comple te ly  reduced  the ATP and u rea .  On the bais  of 
this the p r e s e n c e  of an adrenolyt ic  act ion and ef fec ts  on the metabol ic  p r o c e s s e s  of the m y o e a r d i u m  can be 
a s sumed .  

The ma jo r i t y  of invest igat ions  link the m e c h a n i s m  of the action of organophosphorus  compounds with 
the i r  an t i cho l ines te rase  act ivi ty .  The p r e s e n c e  of adrenolyt ic  p r o p e r t i e s  for  organophosphorus  compounds 
toge ther  with weakly e x p r e s s e d  an t i cho l ines te rase  p r o p e r t i e s  d rew at tention to the compounds under  study. 
Compound (I), fo r  which the d e p r e s s i v e  act ion shows s ignif icant ly  in the subcutaneous method of injection, 
was  se lec ted  for  the study of the influence of the compounds on the cen t ra l  ne rvous  s y s t e m .  E x p e r i m e n t s  
we re  conducted in which the compound and agents  exer t ing  an influence on the cen t ra l  ne rvous  sys t em,  i . e . ,  
cen t ra l  nervous  s y s t e m  sopor i f i cs  and s t imulan ts ,  were  introduced.  Urethane and Ba rbami l  were  the sopo-  
r i f i c s  used .  Corazo le ,  camphor ,  and phenamine  were  the cen t ra l  nervous  s y s t e m  s t imulants  used .  The 
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TABLE 3 
I 

OR 

Compound 
No. 

I 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XVII 

0 R' 

CCI~--CII--~--~--R" 
[ l 
Oil OR 

R 

H 

CHsCO 

C2H~CO 

(~II3hCHC0 

C3H7C0 

(CHs)~CHCH~CO 

C~HgC0 

CsHzlGO 

H 

CIIsCO 

C2H5C0 

CHACO 

CCl3 

CC13 

CC18 

CCIs 

CCI~ 

CCI~ 

CCI~ 

CH~ 

CH~ 

CH3 

CCI~ 

, J 

R' [ R" 

_(RR,,=H 
NOR 

H 

H 

H 

H 

H 

H 

H 

CH8 

CHs 

CHs 

H 

-V-  

N(CfHs)~ 

Solution 
concentra- 
tion, M 

0,025 
0,05 
0,1 
0,025 
0,05 
0,1 
0,025 
0,05 
0,1 
0,025 
0,05 
0,1 
0,025 
0,05 
0,1 
0,025 
0,05 
0,1 
0,025 
0,05 
0,1 
0,025 
0,05 
0,1 
0,025 
0,05 
0,1 
0,025 
0,05 
0,i 
0,025 
0,05 
0,1 
0,025 
0,05 
0,1 

Percentage loss 
of mice 

31 
53 
22 
0 
0 
2 
4 
6 
4 
0 
3 
3 
0 
0 
2 
0 
0 
3 
0 

16 
10 
21 
25 
33 
44 
50 
25 
48 
49 
55 
34 
42 
29 
34 
33 
23 

compound had no effect  on the length of the B a r b a m i l  s leep  (P > 0.05) but lengthened the ure thane  s leep 6.3 
t imes  with P = 0.02. On in t roducing a sub th resho ld  dose of u re thane  into the expe r imen ta l  s e r i e s  20% of 
the mice  a s sume d  the s econda ry  condit ion.  The compound under  s tudy did not p reven t  the s p a s m s  caused  
by camphor  and c o r a z o l e  but i t  r educed  the in tens i ty  of the camphor  s p a s m s .  The compound did not p r e v e n t  
the lo s s  of the white mice  a s s o c i a t e d  with the in t roduct ion  of camphor  and co razo l e  and it did not influence 
the l i fe  dura t ion  of the an ima l s  but i t  s e c u r e d  the su rv iva l  of 50% of the white mice  f r o m  the in t roduct ion 
of a le thal  dose  of phenamine within the 10 rain fol lowing i t s  in t roduct ion  whereas  a 100% lo s s  of an imals  was 
o b s e r v e d  in the cont ro l .  

The an tagonism of phenamine,  the po ten t ia t ion  of the c o r t i c a l  sopor i f i c  u re thane  and the absence  of 
inf luence on the effect  of the ne rve  cord  sopor i f i c  Ba rbami l ,  and the reduc t ion  of camphor  s p a s m s  and the 
absence  of changes in co razo l e  s p a s m s  lead  one to a s sume  a dep r imen t ing  effect  on the co r t ex  of the b r a i n  
for  the compound under  study.  

The i n sec t i c ida l  ac t ion of the compounds p r e p a r e d  was s tudied by topica l  appl ica t ion  of equ imola r  
acetone solut ions  (0.025; 0.05; 0.1 M) of the compounds to the middle  back of f l ies  of 4-6 days  growlh with 
a c a l i b r a t e d  mic ro loop .  The volume of the mic ro loop  was 0.6 ~1. Two con t ro l s  were  c a r r i e d  out: in the 
so lvent  and with 0.025 M chlorophos  solut ion for  c o m p a r i s o n  of the in sec t i c ida l  ac t ion of the compounds 
being t e s t ed .  The compounds under  s tudy appea red  to show a much weaker  act ion than ch lorophos .  The 
l o s s  of i n sec t s  f luctuated f rom 0 to 55% over  24 h (Table  3) while in the cont ro l  100% lo s s  of in sec t s  was ob-  
s e r v e d  in 1-2 h a f te r  app l ica t ion  of the chlorophos  solut ion.  
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Corn Lufected with the fungi Stachybotrys olternaus and Fusarium sporotrichiella Birai and 30 day 
cultures of these fungi grown on the surface of Czapek agar were used as test materials for the study of the 
fungistatic activity. Innoculations of the test materials on the same media but without the addition of the 
chemical compounds served as a control. Analogous experiments with chlorophos, as the substance closest 
in chemical structure to these compounds, and formaldehyde, as a substance possessing most marked fungi- 
static properties, were carried out in order to compare the fungistatic activity of the compounds being test- 
ed. The data obtained is given in Table 4. It is evident from Table 4 that all the compounds possess fungi- 
static properties relative to the fungi S. olternaus and F. sporotrichiella. It appeared that the fungi pos- 
sessed a different stability to the action of the ehemica~substances. The fungistatie activity of the com- 
pounds is dependent on the chemical structure. Lengthening the aeyl radical leads to an increase in fungi- 
static properties [compounds (III) and (IX)]. Compound (V) with an iso-radical also possesses some fungi- 
static activity. The presence of the l-hydroxyisopropyl radical [compound (X)] probably does not reduce 
the activity of the compounds relative to the fimgi studied, The presence of the hydroxybenzyl radical re- 
duces somewhat the fungistatie activity of the compounds [compound (XIII)]. The compounds studied by us 
proved to be much more active than chlorophos, compound (IX) approaches the activity of formaldehyde in 
its fungistatic properties. 

EXPERIMENTAL 

l--Hydroxy-2,2,2-trichloroethyl-(l-hydroxyisopropyl)phosphinic Acid. l-Hydroxy-2, 2, 2-trichloroethyl- 
phosphonous acid (15 g) was heated for 12 h with a large excess of acetone in a flask fitted with a reflux con- 
denser. After removal of the acetone the residue was washed with ether. This gave 9.6 g (50.3% of theo- 
retical) of a product with rap 156-157~ (with decomp.). Found: P 11.14; 11.14; Cl 39.72; 39.89%~ CsHI0 
~162 Calculated: P 11.42; C1 39.22%. 

l--Hydr0xy-2,2, 2-trichloroethyl-(l-hydroxy-sec-butyl)phosphinic Acid. A mixture of i0.7 g of l-hy- 
droxy-2,2,2-trichloroethylphosphonous acid and 7.2 g of methyl ethyl ketone was boiled in a flask fitted with 
a reflux condenser for 5 h. After this the suspension was filtered off and the excess of ketone removed, the 
residue was recrystallized from CH3OH. This gave 5 g (35.1% of theoretical) of a product with mp 153-154~ (with 
deeomp.). Found: P Ii.00; 10.95; C1 37.77; 37.71%. C6H!2CI304P. Calculated: 1 ~ 10.85; CI 37.30%. 

l-Hydroxy-2,2,2-trichloroethyl-(l-hydroxybenzyl)phosphinic Acid. A mixture of 10.6 g of l-hydroxy- 
2,2,2-trichloroethylphosphonous acid and 12 g of benzaldehyde in benzene was heated to boiling for 2 h. All 
gradually dissolved and then a bluish precipitate separated. After recrystallization from (CH3)2CHOH 
10.5 g (65.7% of theoretical) of product was obtained with rnp 172~ (with decornp.). Found: P 9.71; 9.82~ 
C1 32.98; 32.77%. CgHIoCI304P. Calculated: P 9.70; C1 33.33%. 

1 -_Acetoxy- 2, 2, 2- trichl oroethyl- ( i- acet0xyisopropyl)lJhosphinic Acid. 1 -Hydroxy- 2, 2,2-triehlor oethyl- 
(l-hydroxyisopropyl)phosphinic acid (13.6 g) was placed in a four-necked flask fitted with a stirrer, reflux 
condenser, thermometer, and dropping funnel. At room temperature 20.4 g (100% excess) of (CH3CO)20 to 
which i0 drops of concentrated H2SO 4 was applied as catalyst was added with stirring. A slight exothermic 
reaction was observed. Then 30 ml of ether was added and the mixture heated for 1-2 h. After recrystal- 
lization from ether 9 g (50,8% of theoretical) of product was obtained with mp 170-171~ Found: P 8.54; 
8.58; C1 29.35; 29.38%. C9HI4CI30~P. Calculated: P 8.72; C1 29.95%. 

Compounds (XII), (XIV), and (XVII) (q.v. Table I) were prepared in a similar manner. 

CONCLUSIONS 

1. The reac t ion  of 1 -hydroxy-2 ,2 ,2- t r ich loroe thy lphosphonous  acid with aldehydes and ketones  yields  
the co r respond ing  adducts .  These  adducts on reac t ion  with anhydrides  of carboxyl ic  acids give acyl de r i -  
va t ives .  

2. The biological  act iv i ty  of the condensat ion products  of hypohosphorous acid with ch lora l  and alde-  
hydes and ketones  has  been studied; an assumpt ion  is e x p r e s s e d  concerning the p r e s e n c e  of an adrenolyt ie  
act ion and effect  of these  compounds on the metabol ic  p r o c e s s e s  of myoca rd ium;  a s tudy of the effect  of 
organophosphorus  de r iva t ives  of ch lora l  on the cen t ra l  nervous  s y s t e m  led to a suggest ion concerning the 
depr iment ing  action of the compounds on b ra in  cor tex .  

3. A study of the insecticidal properties of the compounds synthesized indicated that they are weak 
insecticides. 
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4. All of the compounds synthesized show fungistatic activity. 

5. A correlation is traced between the chemical structure of the compounds and their biological action. 
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