
the (I) n i t roenamines  were  assigned via calculation of the chemical  shifts of the CH = proton as descr ibed  in 
[8] (Table 2}. F o r  the NO2 group we used the increments :  zgem = 2.00, Ztran s = 0.46, and Zci s = 1.67 [9]. 

CONCLU S I O N S  

1. The dynamic PMR method was used to show that the ch a r ac t e r  of the effect  of the acid on the ZcE- 
i somer iza t ion  of n i t roenamines  depends on the mechanism of the "rotat ion" around the C =C bond. 

2. Based on the PMR data,  acids  affect  the i somer ic  equil ibrium of ~ -n i t ro - f l - aminoacry l i c  e s t e r s  in 
MeCN, in which connection the amount of the Z - i s o m e r  inc reases  in acid medium.  
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S Y N T H E S I S  AND I N S E C T O A C A R I C I D A L  A C T I V I T Y  

O F  S - B E N Z H Y D B Y L  E S T E R S  OF  P H O S P H O R U S  

D I T H I O -  AND M O N O T H I O A C I D S  

To A .  M a s t r y u k o v a ,  S .  A .  R o s l a v t s e v a ,  
A .  B .  U r y u p i n ,  T .  A .  S p i r i n a ,  
Y u .  S.  K a g a n ,  a n d  E .  A .  E r s h o v a  

UDC 542.91:541.69:547.1 '118 

Previously  [1] we had obtained some S-benzhydry[ e s t e r s  of phosphorus monothioacids and studied the 
ra te  of the i r  react ion with the ace ty leho l ines te rase  of human e ry th rocy te s  (ACE)and the bu ty ry lcho l ines t e ra se  
of horse  blood se rum (BuCE). Here  it was establ ished that the der iva t ives  of diethylthiophosphoric acid,  of 
the O-ethyl methy l -  and O-ethyl  phenylthiophosphonic acids ,  and of diethyithiophosphinic acid, have the ability 
to inhibit ACE and BuCE by the combined type of act ion.  

Based on the data given in [2,3], the S-benzhydryl  e s t e r s  of mono-  and dithiophosphoric acids of genera l  
formula  (C2HsO)~P(X)SCH(C6H6)2, where X = O or S, exhibit insecticidal  and acar ic ida l  p rope r t i e s ,  with a 
modera te  toxici ty for  warm-blooded an imals .  We synthesized a number  of S-benzhydryl  e s t e r s  of phosphorus 
mono-  and di thioacids of general  formula  RR'F(X)SCH(C6Hs) 2 [X = S, R = R' = C2H50 (I); X = S, R = CH3, R' = 
C2H50 (II); X =S,  R =1~' =C6H 5 (III); X =S,  B =CH 3, R' =C8H17 O (IV); X =O,  R = R '  =C2H50 (V); X =O,  
R = CH3, B' = C2H50 (VI); X = O, R = B' = CsH 5 (VII); X = O, R = R' = C3HT-i (VIII)I, and studied the effect  of 
the substi tuents on the physiological  activity of the compounds.  The phosphorus dithioacid der iva t ives  were' 
obtained by alkylating the Na and K sal ts  of the appropr ia te  acids with diphenylbromomethane in benzene (con- 
taining a small  amount of alcohol) .  

RR'P(S)SNa + (CeHs)zCHBr -~ RR'P(S)SCH(CsHs)~ + NaBr 

Institute of Heteroorganic  Compounds, Academy of Sciences of the USSR, Moscow. Transla ted f rom 
Izvest iya Akademii  Nauk SSSR, Seriya Khimicheskaya,  No. 9, pp. 2170-2172, September ,  1978. Original 
a r t i c le  submitted March 20, 1978. 
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TABLE 1. S-Benzhydryt  E s t e r s  of Phosphorus Dithioacids 

C o m -  

p o u n d  

, = 

(1I) 
(lid 

(IV) 32 

* C f . [ 3 / .  

Yield, 

t,5922 * 
1,6i36 
mp 

95-96 ~ 
1,5732 

d~ 
4 

1,t867 
i ,0807 

i,i505 

Found. % 

G II  

57.9 6,0 
59,6 6,0 
72,0 5,0 

Empirica I 
for mu ha 

P 

8,9 Ct,H2tO1PS2 
95 CteH,,OPS2 

- Cz~HztPgz 

7,4 C=,HatOPS2 

Ca lculated, 

C I t  

57,9 6,0 
59,6 5,9 
72,t 5,1 

8,8 
9.6 

7,6 

TABLE 2. Physiotogicat  Acttvity of S-Benzhydryt  Es te r s  of Phos-  
phorus Dithio- and Monothioaeids* 

o m -  

ound 

(I) 
(v) 
(H) 
(vI) 
(III) 
(IV) 

Formula 

(C2It~0) zP (S) SCat (Cells) z 
(CzH~O) tP (0) SCH (C6Hs) z [t] 
CH~ (CzHsO) P (S) SCH (Ce-H~) 2 
CH.~ (C2H50) P (O) SCH (C~H~) 2 [ t ] 
(Cello zP (S) SCH (~H~) 2 
CH3 (CsHtTO) P (S) SCH (C6Hs) z 
Chlorophc~ 
Rggor 
Faozatone 

flies 

0.045 
0,500 
0,022 
0,200 

>I,0(5) 
0,t5 
0,0t0 
0,0(O8 
0,Oi9 

rice 
weeviL~ 

1,0 
t,0 
0,097 
0,250 

>1,0(3) 
>0,t (3) 

0,040 
0,060 

spider 
mite 

0,t 
0,03 
0,0001 
0,0066 

>0,t (26) 
>0,06(7) 

O,O00t 

LDs o, 
I : ,  mg/kg 

m i c e  

orally) 

t4 
52 
t2 
62 
23 

* The mortality in % of the given concentration h indicated in parenthesis. 

142• 
260-+80 
24-*7 

25 
t000 

300• 

eDegree of cholinesterase inhibition in homogenate from heads of houseflies at an in- 
hibitor concentration of 10 -$ %. 

Compounds (I)-(IV) (Table 1) were purified either by preparat ive TLC on sil ica gel or by recrys ta l l iza t ion ;  
their  purity was checked by TLC. 

The physiological activity of the phosphorus dithio- and monothioacid der ivat ives  was studied on indivi- 
dual member s  of the ar thropoda (flies, r ice weevils,  spider mite) and on white mice .  The experimental  p ro -  
cedures  a re  descr ibed  in [4-6]. At[ of the studied compounds exhibit insectoacar ic idat  p roper t ies ,  which a re  
expressed to different degree  as  a function of the type of compound and substituents on the phosphorus atom 
(Table 2). The S-benzhydryl  e s t e r s  of the O-ethyl methyldithio- and -monothiophosphonic acids (II) and (VI) 
exhibit the highest insectoacar ic ldaI  activity,  and transi t ion to the corresponding phosphates (I) and (V), and 
phosphinates (III) and (VII), is accompanied by a decrease  in the act ivi ty.  Together with this,  the S-benzyl 
es te r  of diisopropylthtophosphinic acid [1] proved to be a noticeably s t ronger  acar ic tde  (LC~0 0.06) than the 
corresponding beuzhydryt  es te r  (LCs0 > 0.1). The studied S-benzhydryt e s t e r s  tack systemat ic  acar ic tdat  
activity,  which is apparently associa ted with the high hydrophobicity of the molecule and its inability to spread 
along the hydrophilic paths of plants.  In a number  of cases  the phosphorus dithioacid der ivat ives  are  un-  
usually more  toxic than the corresponding monothio compounds,  and specifically (I) and (V), and fII) and (VI), 
despite the fact that they lack ant ichol inesterase  activity and manifest  their  toxicity by being f i rs t  converted to 
the monothio der ivat ives .  It may be assumed that the observed g rea te r  toxicity (with respec t  to both ar thropoda 
and mammals)  of the S-benzhydryt  e s t e r s  of phosphorus dtthioacids when compared with the monothio de r iva -  
t ives is associated with their  ability to more  easily overcome the protective coatings of living o rgan i sms .  

EX P E B I M E N T A L  

S-Benzhydry[ Es t e r s  of Phosphorus Dithioacids.  A solution of 2 �9 1 0 -2 mole of the appropriate  dithioacid 
salt and (2.0-2.1) .10 -7 mote of diphenyibromomethane in 30-40 mt of benzene (containing 20% of abs .  alcohol) 
was s t i r red in an argon s t r eam for 3-5 ha t  60-70~ let stand overnight, f i l tered,and the fi l trate was fil tered in 
vacuo.  The obtained oily product was dissolved in 40 ml of benzene,  washed in success ion with cold saturated 
Na2CO 3 solution and water ,  dried over anhydrous Na~SO 4, and evaporated.  The oily res idue,  which was slightly 
contaminated with diphenylbromomethane,  was purified ei ther  by preparat ive TLC on Welm SIO 2 in the sys tem 
hexane -- acetone (4 : 1 or 3 : 1) or by recrys ta l l iza t ion  f rom a benzene -- hexane mixture o 
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C O N C L U S I O N S  

We synthesized a number  of S-benzhydryl  e s t e r s  of phosphorus dithioacids that possess  insec toacar i -  
cidal p rope r t i e s ,  in which connection the most  active e s t e r ,  O-ethyl  S-beuzhydryl  methyldithiophosphonate,  
has the same contact  activity as  Chlorophos and Rogor.  

1. 
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SALTS OF 1,3-DIFERROCENYL- AND 

I-FERROCENY L-3-ME THY L-3-CYMANTRENYLA LLY L CATIONS 

A .  N .  N e s m e y a n o v ,  V .  N .  P o s t n o v ,  
V .  A .  S a z o n o v a ,  T .  N .  G a l a k h o v a ,  
a n d  A .  A .  K u z n e t s o v  

UDC 547o1'13:541.49 

As was repor ted  previously [1, 2] the f e r rocene  analogs of chalcones a re  convenient der iva t ives  for  
synthesizing the sa l ts  of unsymmet r i ca l  f e r roceny la l ly l  ca t ions .  The salts  of allyl cations that contain two 
metal locenyl  rad ica l s  a re  descr ibed  in the present  paper .  

- -  /CH .CH _ _  

Fo .~F 4 Fe and Fr CHa~]l ~ 

(1) (n) 

These sal ts  r ep resen t  e i ther  bluish black (I) or da rk  brown (II) c rys t a l s ,  which a re  unstable when s tored for  
a long t ime and especia l ly  in solution. The data of the PMR spect ra  a re  given in Table 1. The fo rm of the 
PMR spec t rum of cation (I) t es t i f ies  to the symmet ry  of the sys tem and the fact that both fe r roceny l  groups 
take an equal part  in the s tabi l izat ion.  The nonequivalence of all of the protons of the substituted cyclopenta-  
dieny[ r ing of f e r rocene  can be seen in the PMR spec t rum of cation (II), which is a lso observed in the case  of 
the unsymmet r i ca l  a - f e r roceny l ca rbon tum ion [3]. It may be assumed that the contribution of the methyl and 
cymantrenyl  groups  to the stabil izat ion of the unsymmet r i ca l  allyl cation (II) is slight. 

TABLE 1. PMR Spect ra  of Salts of Allyl Cations* ( in te r -  
nal s tandard = TMS, 6, ppm, in a c e t o n e - d  6) 

(I) 

(II) 

Unsubsti- 
tuted CsH s 
group 

4,50(10) 

4,93 (5) 

Sa It 
Substituted 

C~H~(Fe) 

5,60(4) 
5,i2(4) 
6,3i(t) 
6,i4(i) 
5,06 (t) 
4,79(i) 

*The integral intensity is given in 

grout~ Allyl 
CsH,(~In) protons 

- 8,45 (2) 
%S2 (i) 

5,46(4) 8,29(t) 
6,420) 

parentheses. 

CH3 

2,20(3) 
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