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In studying the reac t ion  of t r i a lky l  phosphites  and dialkylphosphorous acids with compounds,  con-  
taining the C = C - C = C  group [1-4], we included within the scope of our s tudies he te rocyc l ic  compounds,  
containing the benzylidene grouping, conjugated with the carbonyl  group of the he te rocyc l ic  r ing  [5, 6]. 
In o rde r  to a s c e r t a i n  the poss ib i l i ty  of the earbonyl  group of the idene der iva t ives  of he te rocyc les  taking 
pa r t  in the addition reac t ions  of t r ia lkyl  phosphites  and dialkylphosphorous acids we se lec ted  the idene 
de r iva t ives  of rhodanines  (benzylidene, e thyl idene-  and a-p icoly l idenerhodanines) .  As a r e su l t  of the 
p e r f o r m e d  expe r imen t s  it  was shown that  t r ime thy l  phosphite r e ac t s  with benzylidenerhodanine (I) to give 
a phosphorus - f r ee  product ,  proving to be N-methylbenzyl idenerhodanine (II), and the product  of the addition 
of d imethylphosphorous  acid, f o rm ed  during the N-alkylat ion react ion,  to N-methylbenzyl idenerhodanine 
(III) (dimethyl e s t e r  of N-methyl -5- rhodani ly lbenzylphosphonic  acid). 
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Benzyl idene-N-ethyl rhodanine  (IV), and the product  of the addition of diethylphosphorous acid to the 
s ta r t ing  benzyl idenerhodanine (V), were  i so la ted  in the analogous reac t ion  with t r ie thyl  phosphite.  
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The s t ruc tu re  of products  (I_I) and (IV) was  proved by the i r  r e spec t ive  counter  syntheses  [51. As a 
resu l t ,  t r ia lkyl  phosphi tes  init ial ly alkylate the N-unsubst i tuted benzylidenerhodanine with the fo rmat ion  
of dia lkylphosphorous acids ,  and the l a t t e r  then add to e i ther  N-alkylated or unalkylated benzyl idenerho-  
danines at the conjugated bond. 
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TABLE i. 

P(O)(OR'h 
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I~--CH--CII--S 
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I Yield,* 
Cpd. R R' R" rap, ~ 
No. qo 

C~H5 /CH3 CH~ 
C6H5 ~C~H5 
CoHs iC2H5 IC~H~ 
C~H5 C2H~ JCH~ 
C~H~ CH~ /C~H~ 
C6Hs ICH~ {G~Ho 
,CsH,N I CHI~ ]C~H~ 
4CsH4N /C3H5 

140.5--141 
162--164 
92.5--93 
89--89.5 
115--116.5 
97--99 
145--146 
l l 0 - -111  

:11.7 (s9.3) 
17.14 
64.5(30.7) 
62,5 
17,2 
52.6 
63,6 

*The yie lds  obtained in the r eac t ions  of 
benzyl idenerhodanine with excess  dialkyl 
phosp:~te a re  given in pa r en these s .  

In suppor t  of the above-adopted  course  for  the 
reac t ions ,  i t  was  shown by means  of s epa ra t e  e x p e r i -  
men t s  that  dia lkylphosphorous acids eas i ly  add to N-  
a lkylbenzyl idene-  and ~-p ico ly l idenerhodanines .  When 
dialkyl phosphi tes  a re  r eac t ed  with an N-unsubst i tu ted 
benzyl idenerhodanine there  can occur  N-alkylat ion of 
the benzyl idenerhodanine and the addition of d ia lkyl -  
phosphorous  acids to alkylated and unalkylated benzy l -  
idenerhodanines .  When a 3-fold excess  of dialkyl 
phosphites  is  used only the products  of the addition of 
dia lkylphosphorous acids to N-a lkyla ted  benzy l idene-  
rhodanines  a re  obtained.  As a resu l t ,  d ia lkylphos-  
phorous  acids a re  also capable  of N-alkyla t ion r e -  
ac t ions .  

In ha rmony  with the above said,  t r i a lky l  phos~ 
phi tes  do not r e a c t  with N-a lkylbenzyl idenerhodanines  
ei ther  under the conditions desc r ibed  for  the cases  of 
the N-unsubst i tu ted benzyl idene-  and ~ -p ico ly l idene -  
rhodanines ,  o r  under  m o r e  d r a s t i c  conditions.  

In Table  1 a re  given the mel t ing  points and yields  of va r ious  e s t e r  de r iva t ives  of 5 - rhodan i ly lbenzy l -  
and ~-picoly lphosphonic  acids ,  obtained by the reac t ion  of t r ia lkyl  phosphi tes  and dialkylphosphorous 
acids with the appropr ia te  idene de r iva t ives  of rhodanines .  Not included in Table  1 a re  the data on the 
react:ion products  of tr inaethyl phosphite ,  dimethyl  phosphite  and diethyl phosphi te  with ethyl idenerhodanine,  
s ince he re  v i scous  nonerys ta l l iz ing  liquids a re  obtained that  cannot be dis t i l led in a high vacuum.  

The s t ruc tu re  of the compounds desc r ibed  in the p r e sen t  paper  was also conf i rmed  by the data of 
the i n f r a r ed  spec t r a .  The absorpt ion  bands: v(P----O) 1240-1260 cna-t; u ( P - O - C )  980, 1020-1030 cna-1; 
v(C=O) 1732-1740 cm ~l, a re  p r e s en t  in the in f r a red  s p e c t r a  of all of the obtained compounds.  The ab-  
sorpt ion  band v(C =C)  is  absent .  

It  should be ment ioned that  the absorpt ion  band v(C =O)  in the i n f r a r ed  s p e c t r a  of the reac t ion  p rod -  
ucts is of higher  f requency than in the s ta r t ing  idene rhodanine de r iva t ives  [v(C = O) 1700 cm- i ] ,  which 
indicates  that  conjugation of the C=O group with the double bond is absent  in them.  The i n f r a r ed  spec t rum 
of product  2 (see Table  1) has  a b road  diffuse absorpt ion  band of the NH group (2400-2800 cm-1).  The ab-  
sorpl;ion band v(P=O) is  v e r y  intense and is  shifted toward lower  f requenc ies  (1230 cm-1),  which indicates  
poss ib le  assoc ia t ion  of the P = O  group with the NH group.  

EXPERIMENTAL 

Rhodanine was obtained as described in [7], based on the method that was developed in [8]. 

Reaction of Benz~rlidenerhodanine with Trinaethyl Phos~hite. A naixture of 
7.1 g of benzylidenerhodauine and 3.9 g of trimethyl phosphite in 150 nal of methylene chloride was heated 
under reflux, with stirring, in a dry nitrogen stream, for 5 h. Since the reaction failed to go to comple- 
tion, the methylene chloride was replaced by benzene and the reaction mixture was heated up to the boiling 
poin'~. At the end of reaction the benzene was removed in vacuo. The residue was a slurry of crystals 

and �9 viscous liquid, which was treated with 30 ml of cold methanol. The insoluble material was filtered; 
weight 0.7 g; nap 168-169 ~ (from rnaethanol). The compound is N-methylbenzylidenerhodanine. Found %: 
C 5C.02; H 4.01; S 27.09. CIIHgS2ON. Calculated %: C 56.13; H 3.85; S 27.25. 

The methanol filtrate was evaporated and the honeylike residue gradually crystallized. The dimethyl 
ester of N-methyl-5-rhodanilylbenzylphosphonic acid was obtained; weight of crude product 1.3 g (ii.7%); 
nap t40.5-141 ~ (from ethanol). Found %: C 45.11, 45.17; H 4.70, 4.73; P 8.93, 8.90; S 18.41, 18.44. CiVil6. 
I~O4S2N. Calculated %: C 45.20; H 4.66; P 8.97; S 18.56. 

Reaction of Benzylidenerhodanine with Triethyl Phosphite. With stirring, a 
naixture of 7.8 g of benzylidenerhodanine and 5 .i g of triethyl phosphite in 175 nal of naethylene chloride 
was heated under reflux, in a dry nitrogen stream, for 4 h. At the end of reaction the solvent was distilled 
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off. The res idue ,  a s l u r r y  composed  of c ry s t a l s  and a viscous  liquid, was t r ea t ed  3 t imes  with benzene 
(to r e m o v e  the unreac ted  phosphite) and cold methanol .  The insoluble ma t e r i a l  was  f i l te red .  We obtained 
0.5 g (5.6%) of N-ethylbenzyl idenerhodanine with mp 148-149 ~ (from methanol) .  The mixed mel t ing  point 
with the product  obtained by counter  synthesis  was not depressed .  Found %: C 57.21, 57.10; H 4.83, 4.72; 
S 26.09, 26.01. C12HilONS 2. Calcula ted %: C 57.77; H 4.84; S 25.70. 

Evapora t ion  of the methanol  solution gave 11 g of a honeylike liquid as res idue ,  which c rys ta l l i zed  
af ter  standing for  15-20 days .  The diethyl e s t e r  of 5-rhodani lylbenzylphosphonic acid was obtained as 
tiny t r anspa ren t  p r i s m s  with mp 162-164 ~ (from ethanol); yield 17.14%. Found %: C 46.61; H 5.01; P 8.60; 
S 18.01. CltH18OtS2NP. Calculated %: C 46.75; H 5.04; P 8.62; S 18.12. 

R e a c t i o n  o f  B e n z y l i d e n e r h o d a n i n e  w i t h  D i m e t h y l  P h o s p h i t e .  a) A m i x t u r e o f  
3 g of benzyl idenerhodanine,  1.5 g of dimethyl  phosphite and 0.5 ml  of t r ie thylamine ,  sea led  in an ampule,  
was  heated: at 100 ~ for  1 h, and at 120 ~ for  4 h. At the end of r eac t ion  the mix tu re  was t r ea t ed  with cold 
ethanol.  We obtained 0.25 g (7.8%) of N-methylbenzyl idenerhodanine with mp 168-169 ~ (from methanol) .  
The mixed mel t ing  point with the product  obtained in the reac t ion  of t r ime thy l  phosphite with benzyl idene-  
rhodanine was  not dep re s sed .  

b) A mix ture  of 3 g of benzyl idenerhodanine,  4.5 g (3-fold excess)  of dimethyl  phosphite and 2 ml  of 
t r i e thy lamine  was heated in a sea led  ampule .  A prec ip i ta te  of N-methylbenzyl idenerhodanine  was obtained 
af ter  heating at 80 ~ for  15 min, which dissolved complete ly  when heated at 98 ~ for  1 h. The reac t ion  m i x -  
tu re  was t r ea t ed  with alcohol and then diluted with an equal volume of wate r .  We obtained 1.9 g (59.3%) 
of the dimethyl  e s t e r  of N-methyl -5- rhodani ly lbenzylphosphonic  acid with mp 140.5-141 ~ (from aqueous 
alcohol).  The mixed mel t ing  point with the product  obtained in the reac t ion  of benzylidenerhodanine with 
t r ime thy l  phosphite was not dep re s sed .  

R e a c t i o n  o f  B e n z y l i d e n e r h o d a n i n e  w i t h  D i e t  l%y! P h o s p h i t e . a )  A m i x t u r e o f  3 g o f  
benzyfidenerhodanine,  1.8 g of diethyl phosphite  and 0.5 ml of t r ie thylamine  was heated in a sea led  ampule 
under the s ame  conditions as desc r ibed  in the preceding  exper iment  (a). On working up the reac t ion  m i x -  
tu re  we obtained 1.8 g of the s ta r t ing  benzylidenerhodanine and 0.2 g (5.30%) of pale  yellow c rys t a l s ;  
mp 146-147 ~ (from methanol) .  The mixed  mel t ing  point with the product  obtained in the reac t ion  of t r i -  
ethyl phosphite with benzyl idenerhodanine was not depressed .  

Severa l  c ry s t a l s  with mp 157 ~ were  obtained f rom the ethanol f i l t ra te .  The mixed mel t ing  point 
with the product  obtained in the reac t ion  of t r ie thyl  phosphite with benzyl idenerhodanine was not dep re s sed  
(159~ 

b) A mix tu re  of 3 g of benzylidenerhodanine,  4.5 g (3-fold excess)  of diethyl phosphite  and 2.5 ml  of 
t r i e thy lamine  was heated in a sea led  ampule on the s t eam bath fo r  3 h. The reac t ion  mix tu re  was d i s -  
solved in ethanol and then diluted with an equal volume of water .  We obtained 1.6 g (30.7%) of the diethyl 
e s t e r  of N-e thyl -5- rhodani ly lbenzylphosphonic  acid as pale  yellow pla te le ts ;  mp 92.5-93 ~ (from aqueous 
alcohol).  Found %: C 49.62, 49.65; H 5.63, 5.68; P 8.00, 7.93; S 16.39, 16.42. Ci6H2204S2iN-P. Calculated: 
C 49.59; H 5.72; P 8.00; S 16.55. 

R e a c t i o n  o f  N - M e t h y l b e n z y l i d e n e r h o d a n i n e  w i t h  D i e t h y l  P h o s p h i t e .  A m i x -  
tu re  of 0.2 g of N-methylbenzyl idenerhodanine ,  0.1 g of dimethyl  phosphite and 3 drops  of t r i e thy lamine  
was heated in an ampule at 75 ~ for  30 min.  The ampule contents were  dissolved in alcohol and the product  
was prec ip i ta ted  with wa te r .  We obtained 0.1 g (34.4%) of substance with mp 138:139 ~ ( f rom aqueous a l -  
cohol). The mixed mel t ing  point with the product  obtained in the reac t ion  of benzylidenerhodanine with 
t r ime thy l  phosphite was  not dep res sed .  

R e a c t i o n  o f  N - M e t h y l b e n z y l i d e n e r h o d a n i n e  w i t h  D i e t h y l  P h o s p h i t e .  A m i x -  
tu re  of 0.2 g of N-methylbenzyl idenerhodanine ,  0.1 g of diethyl phosphite and 3 drops  of t r i e thy lamine  
was  heated in an ampule  at 100 ~ for  30 min.  We obtained 0.2 g (62.5%) of the diethyl e s t e r  of N - m e t h y l -  
5-rhodani lylbenzylphosphonic  acid with mp 89-89.5 ~ (from aqueous alcohol). Found %: C 48.09, 48.11; 
H 5.30, 5.32; P 8.19, 8.21; S 17.01, 17.08. C15H2004S2NP. Calculated %: C 48.23; H 5.39; P 8.30; S 17.17. 

R e a c t i o n  o f  N - E t h y l b e n z y l i d e n e r h o d a n i n e  w i t h  D i m e t h y l  P h o s p h i t e .  A m i x -  
ture  of 0.2 g of  N-ethylbenzyl idenerhodanine,  0.1 g of dimethyl  phosphite and 3 drops  of t r i e thy lamine  was 
heated in an ampule at 90 ~ fo r  30 min.  We obtained 0.05 g (17.2%) of the dimethyl  e s t e r  of N - e t h y l - 5 -  
rhodani lylbenzylphosphonic acid with mp 115-116.5 ~ (from aqueous alcohol). Found %: C 46.48; H 5.02; 
P 8.86; S 17.99. CI4H1804S2NP. Calculated %: C 46.75; H 5.04; P 8.62; S 18.12. 
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Reaction of N-Ethylbenzylidenerhodanine with Diethyl Phosphite. Amix- 
ture of 0.2 g of N-ethylbenzylidenerhodanine, 0.i g of dimethyl phosphite and 3 drops of ethylamine was 
heated :n an ampule at i00 ~ for 30 rain. We obtained 0.2 g (64.5~) of white platelets with mp 92.5-93 ~ 
(from aqueous alcohol). The mixed melting point with the product obtained in the reaction of benzylidene- 
rhodanine with diethyl phosphite was not depressed. 

Reaction of N-Butylbenzylidenerhodanine with Dimethyl Phosphite. A mix- 
ture of 0.3 g of N-butylbenzylidenerhodanine [5], 0.2 g of dimethyl phosphite and several drops of triethyl- 
amine ia absolute benzene solution was heated in an ampule at 100 ~ for 45 rain. We obtained 0.2 g (52.6%) 
of the d[methyl ester of N-butyl-5-rhodanilylbenzylphosphonic acid with mp 97-99 ~ (from aqueous alcohol). 
Found %: C 49.40, 49.50; H 5.58, 5.63; P 7.76, 8.01; S 16.38, 16.30. CI6H2204NS2P. Calculated %: C 49.59; 
H 5.72; P 8.00; S 16.55. 

Reaction of 2-Pyridinylidene-5-(N-ethyl)rhodanine with Dimethyl Phos- 
p h i t ~ A mixture of 0.8 g of 2-pyridinylidene-5-(N-ethyl)rhodanine [6 ], 0.4 g of dimethyl phosphite 
and several drops of triethylamine was heated in an ampule at I00 ~ for 35 rain. We obtained 0.7 g (63.6%) 
of the dimethyl ester of N-ethyl-5-rhodanilylpicolylphosphonic acid with mp 145-146 ~ (from methanol). 
Found %" C 43.42; H 4.75; P 8.60; S 17.79. CI3HITO4N2S2P. Calculated %: C 43.32; H 4.72; P 8.60; S 17.79. 

Reaction of 2-Pyridinylidene-5-(N-allyl)rhodanine with Dimethyl Phos- 
phite. A mixture of 0.i g of 2-pyridinylidene-5-(N-allyl)rhodanine [6] and 0.i g of dimethyl phosphite, 
in ~ p:.~esence of triethylamine, was heated in an ampule at 75-76 ~ for i0 rain. The dimethyl ester of 
N-allyl-.5-rhodanilylpicolylphosphonie acid was obtained; mp Ii0-iii ~ (from benzene-hexane). Found %: 
C 45.2345.11; H 4.70, 4.54; P 8.11, 8.20; S 17.01, 17.10. CI4HI~O4N~S2P. Calculated %: C 45.14; H 4.60; 
P 8.32; S 17.22. 

We wish to thank V. S. Vinogradova for her assistance in deciphering the infrared spectra of the 
synthesJ zed compounds. 

CONCLUSIONS 

I. Trialkyl phosphites react with benzylidenerhodanine to give N-alkylbenzylidenerhodanines and 
dialkyl phosphites. 

2. Dialkyl phosphites also alkylate benzylidenerhodanines and form addition products at the idene 
bond of both N-alkylated and unalkylated benzylidenerhodanines. 

3. Trialkyl phosphites do not react with N-alkylbenzylidenerhodanines, either under the reaction 
conditions of trialkyl phosphites with unsubstituted benzylidenerhodanines or under more drastic conditions. 
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