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C-Phosphorylation of formaldehyde and crotonaldehyde 
N,N-dimethylhydrazones 
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The first representatives of hydrazones laaving trivalent phosphorus at the azomethine 
carbon atom or the carbon atom vinylogous to it were synthesized by reactions of formalde- 
hyde and crotonaldehyde N,N-dimethylhydrazones with PBr 3 and diphenylchlorophosphine 
in the presence of organic bases. Some properties of the compounds synthesized were 
studied. 
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The paper by M. I. Kabachnik et al. I reporting on 
the synthesis of the first representatives of hydrazones 
containing a phosphoryl group at an azomethine carbon 
atom gave rise to a new line of research in the chemistry 
of organophosphorus compounds: the chemistry of 
C-phosphorylated azomethines. Subsequently C-phos- 
phorylated hydrazones have been synthesized both by 
the Kabachnik method z and by fundamentally different 
methods. 3-5 However, all the existing methods for the 
synthesis of C-phosphorylated hydrazones permit prepa- 
ration of only derivatives of pentavalent phosphorus. 
Meanwhile, in numerous publications conceruing the 
chemistry of aldehyde N,N-dialkylhydrazones, it has 
been shown that, owing to the conjugation of the lone 
electron pair of the amine nitrogen atom with the mul- 
tiple bond, these compounds act not only as N-nucleo- 
philes but also as C-nucleophiles and readily undergo 
electrophilic substitution at the C atom, for example, 
formylation 6 and acylation 7. It can be suggested that 
phosphorylation of aldehyde N, N-dialkylhydrazones with 
phosphorus trihalides in basic media would enable the 
synthesis of the corresponding hydrazonoyldihalo- 
phosphines and thus make accessible various derivatives 
containing a pill atom at an azomethine carbon atom. 
The first results of our studies along this line were 
published in brief communications. 8,9 

Resul t s  and Discuss ion 

We found that formaldehyde N,N-dimethylhydrazone 
is phosphorylated by PBr 3 at the azomethine carbon 
atom. The reaction occurs under mild conditions (20 ~ 
in the presence of pyridine as a base (Scheme 1). The 
resulting hydrazonoyldibromophosphine 1 is stable only 
in solutions and has been characterized only by 31 p NM R 
spectra (~SP 174.5). When compound 1 reacts with an 
excess of HNMe2, diaminophosphine 2 is formed in 

good yield. The structure of compound 2 was proved by 
IH and 13C NMR spectra. The presence of the spin- 
spin couplit]g of the P atom with the azomethine C 
a t o m  ( I J p c  = 22.3 Hz) and with the proton at this C 
atom (2JpH = 28.8 Hz) is especially significant. Form- 
aldehyde N,N-dimethylhydrazone can also be phospho- 
rylated by a less reactive phosphorylating reagent, 
Ph2PCI, to give tertiary phosphine 3, which L a low- 
melting crystalline compound stable to air. 
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Phosphorylation of crotonaldehyde N,N-dimethyl- 
hydrazone involves the C(3) atom and yields compound 
4 (Scheme 2). This is the normal reaction route for 
electrophilic substitution in N,N-dimethylhydrazones of 
c~,13-unsaturated aldehydes. !~ Compound 4 polymerizes 
on attempted isolation; it was characterized only by 
31p NMR spectroscopy (SP 175.0) and identified after 
transformation into more stable ester 5 and amides of 
the corresponding phosphonous acid 6. 

Due to the lower reactivity ofcrotonatdehyde N,N-di- 
methylhydrazone, caused by the lengthening of the con- 
jugation chain with the amino group, and to the destabi- 
lizing action of the electrot~-donating methyl group, we 
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were unable to coneuct phosphorylation by less reactive 
phosphorylating reagents. Thus crotonaldehyde N,N-di- 
methylhydrazone does not react with Ph2PCI , and its 
reaction with Ph2PI gives a complex mixture of 
nonidentified products. 

The compounds 1--6 synthesized are the first repre- 
sentatives of hydrazones having a pill atom at an 
azomethine carbon atom or at a carbon atom vinylogous 
to it. In addition, C-phosphorylated formaldehyde 
N,N-dimethylhydrazones can be regarded as derivatives 
of a previously unknown type of compounds with a 
formyl group at a trivalent phosphorus atom. 

Using traditional methods for increasing the vale,ace, 
we converted compounds 2, 3, 5, and 6 into derivatives 
of pentavalent phosphorus 7--11 (Scheme 3). 

It was found that the reactions of diaminophosphine 
sulfides 1 la ,b  and 7 with Mel involve different reaction 
sites, viz., the N atom of the dimethylamino group in 
the former case (the reaction affords ammonium salts 
12a,b) and the S atom of the thiophosphoryl group in 
the latter case (the reaction gives phosphonium salt 13) 
(Scheme 4). The different routes of methytation of com- 
pounds 1 la ,b and 7 are apparently due to the fact that in 
the former case, the --/-effect of the thiophosphoryl 
group has a lesser influence on the basicity of the 
dimethylamino group of the hydrazone fragment and to 
the fact that steric hindrance around the S atom is more 
significant. 

Tile structure of compound 13 was confirmed, in 
addition to the 3~p NMR spectra, by the presence of 
signals corresponding to the methyl group at the S atom 
in the IH and i3C NMR spectra: 6H 2.48 (d, JPH = 
15.2 Hz); ~5C 12.19 (d, Jer = 3.5 Hz). Tile dimethyl- 
amino group of the hydrazone fragment of salt 13 is 
exhibited as a broadened singlet at 3.37 ppm in tile 
]H NMR spectra and is not manifested at all in the 
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13C NMR spectra. This is probably caused by the pres- 
ence of a barrier to rotation around the N--N bond 
arising due to a substantial contribution of the resonance 
structure 13" stabilized by the -/-effect of the phospho- 
ryl group. Note for comparison that the IH NMR spec- 
tra of ammonium salts 12a,b contain a narrow singlet in 
the region of 3.50 ppm, and the 13C NMR spectra 
contain a signal at 56.2 ppm corresponding to the me- 
thyl groups at the ammonium N atom. 

S--Me S--Me 
I @ i @ I ~ ~c"b 

(M%N)~p,,~, , 

H NMe 2 H NMe 2 

1 3  1 3 '  

As should be expected, imino phosphonate 8 is also 
methylated yielding phosphonium salt 14 (Scheme 5). 
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For all phosphorylated hydrazones, syn--anti-isom- 
erism is theoretically possible, and for crotonaldehyde 
hydrazones, cis--trans-isomerism is possible as well. 

Table 1. Physicochemical constants, 31p NMR spectra, and elemental analysis data for compounds 2, 3, 
and 5--14 

Corn- Yield B.p./~ (p/Torr) 8P Found___ (%) Molecular 
po- (%) [m.p./~ (solvent (solvent) Calculated formula 
und for crystallization)] P N 

2 50 69--75 84.4 ~ ,30.01 CTH 19N4 p 
(0.08) (C6H6) 16.28 29.45 

3 75 [48--50 18.1 I 1.7;3 10.62 Clstt tTN2P 
(heptane) ] (C 6 H6) 12.08 I 0.93 

5 31 87--90 166.6 13.03 12.27 Cj0H21N2OzP 
(0.03) (hexane) 13.33 12.06 

6a 47 105-- 108 105.6 13.49 23 .97  CI0t123N4P 
(0.03) (hexane) 13.45 24.33 

6b 52 133--135 102.3 .1_!_._13_ ~_7.  CI4H31N4P 
(0.04) (C 6 H6) 10.81 19.56 

7 75 [61--64 7I .8 13.67- 25.5 t CTH 19N4PS 
(hexane)] (C6H6) 13.93 25.20 

8 59 * 13.6 10.60 23.~9. 6_ CI41t26NsP 
(CH2C!2) 10.49 23.7l 

9 60 [98-- 100 34.8 10.45 ~ C ~ 5 H I 7 N 2 PS 
(hexane)] (C6H 6) 10.74 9.71 

10 48 * 31.7 10.73 18.95 CI4H31N4OP 
(CH2C12) 10.24 18.63 

l l a  85 * 87.5 J_L65 21 .12  Ct0H23N4PS 
(hexane) 11.80 21.37 

l ib  79 * 82.7 ~.53 17.21 CI4H3IN4PS 
(C6H 6) 9.72 17.59 

l ie  66 * 92.6 11.45 10.39 CIoH21N20?PS 
(C6H6) 11.72 10.60 

12a 58 [160 (decomp.) 83.8 7.63 13.79 ClIH261N4PS 
(PriOH)l (MeOH) 7.66 13.86 

12b 51 * 79.9 6.50 12.35 CIsH3alN4PS 
(MeCN) 6.73 12.17 

13 43 [85--87 51.6 8,29 15.07 C8tt221N4PS 
(PriOH)] (MeCN) 8.50 t 5.38 

14 64 * 41.7 7~49 16.32 CIsH291NsP 
(EtOH) 7.08 16.0I 

* Oil .  
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However ,  accord ing  to N M R  data,  all the phosphory-  
lated hyd razones  tha t  we synthes ized exist as a single 
isomer.  We suggest tha t  all of  t hem assume the t h e r m o -  
dynamica l ly  more  favorable  E-conf igura t ion  at the C = N  
bond.  In the  case of  c ro tona ldehyde  derivatives,  the 
trans-configuration at the  C = C  bond is realized, as 
ind ica ted  by the  magn i tudes  of  the sp in-sp in  coupl ing  
cons t an t s  o f  the  p h o s p h o r u s  a tom with the H(cO pro ton  
and  with the  a z o m e t h i n e  ca rbon  a tom.  For example ,  for 
c o m p o u n d  10, these  values  are 20 and 10.2 Hz,  respec- 
tively. 

R p R P H(cq 

NMe 2 M - - N  
k 
NMe 2 

(R p is a P-centered substituent) 

E x p e r i m e n t a l  

31p NMR spectra were recorded on a Bruker WP-200 
instrument (85% H3PO 4 as the external standard); IH and 
13C NMR spectra were measured o n  a Gemini-200 spectrom- 
eter (Me4Si as the internal standard). Physicochemical charac- 
teristics, spectral parameters, and the  data of elemental analy- 
sis for compounds 2, 3, and 5--14 are listed in Tables I and 2. 
All the operations with compounds o f  pill were carried out in 
an atmosphere of dry argon. 

N,N-Dimethylhydrazonomethylbis(dimetbylamino)phosphine 
(2). A solution of PBr 3 (0.01 mot) in 5 mL of pyridine was 
added with stirring and cooling to  0 ~ to a solution of 
formaldehyde N,N-dimethylhydrazone (0.01 mol) in 25 mL 
of petroleum ether. After 5 h, a solution of HNMe2 (0.05 tool) 
in 10 mL of petroleum ether was added to the reaction 
mixture at 0 ~ the precipitate was separated, the filtrate was 
concentrated, and the residue was distilled. 

N,N- Dimethylhydrazonomethyl (dil~henyl)13hosphine (3). 
Ph2PCI (0.01 tool) was added with stirring and cooling to 
0 ~ to a mixture of formaldehyde N,N-dimethylhydrazone 

Table 2. IH and 13C NMR spectra of compounds 2, 3, and 5--14 

Compo- Solvent 8H (J/Hz) 8C (J/Hz) 
trod 

2 C6D 6 2.68 (d, 12 H, PNCH3, -/r,H = 9.4); 2.83 (d, 6 H, 41.59 (d, PNCH3, Jpc = 14.5); 42.43 (s, NN(CH3)2); 
NNCH3, JHH = 0.6); 6.71 (rid, 1 H, CH, JPH = 136.36 (d, CH, Jr,(: = 22.3) 
28.8, JrtH = 0.6) 

C6D 6 2.94 (s, 6 H, NNCH3); 7.00 (d, I H, CH, 
JPH = 8.6); 7.35 (m, 10 H, Ph) 

5 CD3CN 

6a CD3CN 

6b CD3CN 

7 CDCI 3 

8 CD3OD 

9 CDCI 3 

10 CDCI 3 

1.25 (t, 6 H, OCH2CH3, JHH = 7.0); 1.90 (d, 3 H, 
C(13)CH3, JPH = 8.0); 2.94 (s, 6 H, NNCH3); 
3.86 (m, 4 H, OCH2CH3); 6.64 (m, 1 H, C(ct)H); 
7.13 (d, I H, CH=N, JHH = 9.4) 

1.80 (dd, 3 H, CCH3, JPH = 8.4, JHH = 1.4); 
2.67 (d, 12 H, PNCH 3, JPH = 9.0); 2.85 (s, 6 H, 
NNCH3); 6.21 (m, 1 H, C(ct)H); 7.22 (d, 1 H, 
CH=N,  JHH = 9.4) 

1.05 (t, 12 H, NCH2CU3, JHH = 7.2); 1.80 
(d, 3 H, CCH3, JPH = 8.4, JHH = 1.4); 2.83 
(s, 6 H, NNCH3); 3.01 (dq, 8 H, NC_.kl.2CH3, 
Jell = 9.5, JHH = 7.2); 6.28 (m, I H, C(ct)H); 
7.20 (d, 1 1t, CH=N, JHH = 9.4) 

2.66 (d, 12 H, PNCH 3, JPtt = 12.0); 3.03 (s, 6 H, 
NNCH3); 6.40 (d, I H, CH=N, JpH = 46.8) 

2.19 (s, 3 H, 4-CH3C6H4); 2.69 (d, 12 H, PNCH 3, 
JPH = 9.9); 3.00 (s, 6 H, NNCH3); 6.41 (d, 1 H, 
CH=N,  JPH = 42.0); 6.74 (d, 2 H, m-H(Ph), 
JHH = 9.6); 6.88 (d, 2 H, o-H(Ph), JHH = 9.6) 

3.04 (s, 6 H, NNCH3); 6.69 (d, 1 H, CH=N,  
JPH = 43.8); 7.45 (m, 6 H, m-H(Ph), p-I-l(Ph)); 
7.87 (m, 4 H, o-H(Ph)) 

1.11 (t, 12 1-I, NCH2CH 3, JHH = 7.0); 1.97 (dd, 
3 H, C(13)CH 3, JPH = 13.4, JHH = 1.4); 3.01 
(S, 6 H, NNCH3); 3.07 (m, 8 H, NC__H2CH3); 
6.78 (m, I H, C(~x)H); 7.16 (d, 1 H, CH=N,  
JHH = 9.6) 

42.62 (s, CH3); 128.95 (d, m-C(Ph), JPc = 6.2); 129.09 
(d, p-C(Ph), Jr,c = 8.2); 132.76 (d, CH, ./Pc = 9.2); 133.26 
(d, o-C(Ph), JPC = 18.1); 138.83 (d, ipso-C(Ph), J t~  = 8.24) 

11.81 (d, C(13)C__H 3, JPC = 14.5); 17.07 (d, OCH2~H 3, 
�9 /pc = 5.5); 42.45 (s, NNCH3); 62.28 (d, O~H2CH3, 
JPc = 13.4); 129.77 (d, C(a), JPc = 13.5); 133.89 
(d, C(p), ./PC = 37.4); 138.07 (d, C H = N ,  Jl~: = 19.6) 

14.0 (d, CCH3, -/'PC = 23.3); 41.97 (d, PNCH3, JPC = 
15.3); 42.95 (s, NNCH3); 132.16 (d, C(~), JPc = 14.9); 
132.62 (d, C(ct), Jpc = 4.3); 136.67 is, CH=N)  

13.86 (d, c(p)CH3, Jpc = 23.5); 14.29 (d, NCH2CH 3, 
�9 /'pc = 3.0); 42.24 (s, NNCH3); 42.94 (d, N C, H2CH 3, 
Jpc = 16.0); 130.73 (d, C(p), JPc = 15.9); 132.19 
(d, C(c0, Jr,c = 3.6); 137.04 (d. C H = N ,  JPC = 3.0) 

36.77 (d, PNCH 3, ./pc = 2.76); 41.95 (s, NNCH3); 
123.28 (d, CH=N, J ~  = 168.5) 

42.45 (s, NNCH3); 121.75 (d, C H = N ,  ,/pc = 159.45); 
128.60 (d, m-C(Ph), "/PC = 12.6); 131.54 (d, p-C(Ph), 
�9 /PC = 2.9); 132.42 (d, o-C(Ph), "/Pc = 10.7); 133.84 (d. 
ipso-C(Ph), -/PC = 8%0) 

13.96 (d, NCH2C_H 3, Jpc = 2.9); 13.97 (d, C(p)~H 3, 
JPc = 16.4); 38.52 (d, NCH2CH3, JPc = 4.4); 42.66 
(s, NNCH3); 126.84 (d, C({3), -/r,c = 153.16); 130.24 
(d, C(cO, JPc = 23.6): 137.55 (d, C t t=N,  Jr, c = 10.6) 

(to be continued) 
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Table 2 (continued) 

C o m p o -  Solvent 8H (J /Hz)  8C ( J /Hz)  
und 

l l a  CDCI 3 2.03 (d, 3 H, C(~)CH3, JPH = 14.0); 2.63 13.82 (d, C(13)CH3, J t~  = 12.1): 37.00 td, PNCH 3, 
(d, 12 H, PNCH 3, JpH = 11.6); 3.02 (s, 6 It, JPc = 3.1); 42.49 (s, NNCH~);  125.40 (d, C(IB. 
NNCH3);  6.89 (m, i H, Clot)H): 7.03 (d. 1 H, J e t  = 123.0); 128.29 (d, C(et), Jpc = 22.8); 137.21 
C H = N ,  JHH = 9.6) (d. C H = N ,  -/Pc = 10.5) 

l i b  CDCI 3 I.I1 (t. 12 H, NCH2CH_ 3, JHH = 7.0); 2.01 14.15 (d, NCH2C_H3, Jpc = 3.4); 14.65 (d, C(13)_CH 3, 
(d, 3 H, C(~)CH> Jell = 15.6); 2.99 is, 6 H, Jpc = 13.6); 39.90 (d, NCH2CH3, "/pC = 4.5): 42.96 
NNCIt3) ;  3.14 (m, 8 H, NC.~2CH3); 6.77 (s, NNCH3); I28.19 (d, C(!3), Jr'C = 123.8); 129.41 
(m, I H, C(ctlH); 7.00 (d, I H, C H = N .  (d, C(cz), Jpc = 22.8); 136.07 (d, C H = N ,  .]pc = 9.9) 

l l e  

12a a 

12b 

13 b 

14 

JHH = 9.4) 

CDCI 3 1.31 (t, 6 H, OCH2CH > JHH = 7.0); 1.99 
(d, 3 H, C([3)CH 3, JPH = 15.4); 3.02 (s. 6 H, 
NNCH3);  4.08 (m, 4 H, OC[J.2CH3); 7.02 
(m, 1 H, C0:0H); 7.20 (d, I H, C H = N ,  
JHH = 9.4) 

CD3CN 2.28 (dd, 3 H, C(]3)CH3, Jerrt = 14.4, JI-~H = 1.5)~ 
2.63 (d, 12 H, PNCH 3, JPH = 11.7); 3.53 (S, 9 H, 
NNCH3);  6.97 (m, 1 H, Clot)H); 8.92 (d, I H, 
C H = N ,  JHH = 9.3) 

CD3CN I . t l  (t, 12 H, NCH2CH3, JHH = 7.0); 1.97 (dd, 
3 H, C(t3)CH 3, Jps  = 14.6, JHH = 1.4); 3.11 
(m, 8 H, NCH2CH3); 3.5l (s, 9 H, NNCH3); 
6.8l (m, I H, C(<x)H); 8.82 (d, 1 H, C H = N ,  
JltH = 9.4) 

CD3CN 2.48 (d, 3 H, SCH 3, JPH = 15.2); 2.93 (d, 12 H, 
PNCH3. JPU = 11.4); 3.37 (s, 6 H, NNCH3); 
7.01 (d, I H, C H = N ,  ./'PH = 54.2) 

CD3OD 2.36 (s, 3 H, 4-CH3C6H4); 2.72 (d, 12 H, PNCH3, 
JPH = 10.2); 3.15 (d, 3 H, H3CNC6H4CH3-4, 
JPH = 8.8); 3.20 (s, 6 H, NNCH3);  6.30 (d, I H, 
C H = N ,  Jr'H = 48.0); 7.16 

12.59 (d, C(13)CH3, JPc = 10.3); 16.12 (d, OCH~!:H 3, 
JPC = 7.3); 42.42 (s. NNCH3);  62.29 (d, OCH2CH3, 
Jr 'c = 5.8); 125.08 (d, C(13), Jpc = 123.4); 127.03 
(d, C(ct), JPC = 27.4): 139.42 (d, C H = N ,  JPC = 15.7) 

15.20 (d, C(13)C_H3, Jm: = 8.2); 36.27 (d, PNCH3, 
JPc = 3.1); 55.44 (s, NNCH3);  130.14 (d, C(a),  
JPC = 13.6); 155.45 (d, C(13), Jpc = 111.0); 161.03 
(d, CH--N, J e t  = 22.2) 

13.45 (d, NCH2CH3, J e t  = 3.2); 16.92 (d, C(13)~H3, 
JPC = 8.0); 39.26 (d, N CH2CH3, Jpc = 4.2); 56.16 
(s, NNCH3); 128.33 (d, C(a) ,  JPc = 13.2); 154.86 
(d, C(13), JPc = 110.8); 161.63 (d, C H = N ,  Jpc = 22.0) 

12.19 (d, SMe, Jpc = 3.5); 37.95 (d, PNCH 3. 
Jpc = 3.0); 107.62 (d, C H = N ,  Jpc = 183.1) 

(s, 4 H, o-H(Ph),  rn-H(Ph)) 

o The  JH N M R  spectrum was recorded in methano l -d  4. 
t, The  IH N M R  spectrum was recorded in C D C I >  

(0.01 mol),  NEt  3 (0.02 mol) ,  and 25 mL of  pyridine, and the 
mixture was allowed to stand for --48 h at 20 ~ The precipi- 
tate that formed was separated,  and the filtrate was diluted 
with 25 mL of  benzene  and filtered. The solvents were evapo- 
rated, and the residue was recrystallized_ 

4- (N,  N- Dimethyihydrazono)but  -2-en-  2-yl(diethoxy)phos-  
phine (5).  A solut ion of  PBr 3 (0.01 tool) in 20 mL of petro- 
leum ether  was added dropwise with stirring and cooling to 
0 ~ to a mixture of  crotonaldehyde N,N-dimethylhydrazone 
(0.01 tool), NEt  3 (0.02 tool), and 60 mL of  petroleum ether, 
and the mixture was allowed to stand for 12 h. Then anhy- 
drous EtOH (0.05 tool) was added with stirring and cooling to 
- 5  ~ After 3 h, the precipitate was filtered off, the solvent 
was evaporated,  and the residue was distilled in vacuo. 

4-(  N,N-Dimetbylhydrazouo )but- 2-en- 2-yibis( dimetbyl- 
amino)phosphine (6a). A solution of PBr 3 (0.0l mol) in 20 mL 
of  heptane  was added dropwise with stirring and cooling to 
0 *C to a mixture of  crotonatdehyde hydrazone (0.0I tool), 
NEt  3 (0.02 tool), and 60 mL of petroleum ether,  and the 
mixture was allowed to stand for. | 2 h. Then H N M e  2 (0.05 tool) 
was added with stirring and cooling to - 5  ~ After 2 h, the 
precipitate was filtered off, the solvent was evaporated,  and the 
residue was distilled in vacuo. 

4-(N, N- Dimethylhydrazono)but-2-en-2-yibis(diethylarai- 
no)phosphiue (6b) was prepared similarly to compound  6a. 

N,N-Diraethylhydrazonomethytbis(dimethylamino)phosphine 
sulfide (7). Finely powdered sulfur (0.01 mot) was added to a 
solution of compound 2 (0.01 tool) in 40 mL of benzene,  and 
the mixture was allowed to stand f o r - 2 4  h at 20 ~ The solvent 
was evaporated in vacuo, and the residue was rec~'stallized. 

N,N-DimethylhydrazouomethyI- N-(p-tolyl)phosphouimidic 
acid bis(N,N-dimethylamide) (8).  p-Tolylazide (0.01 tool) was 
added to a solution of compound  2 (0.01 mol) in 40 mL of  
benzene,  the mixture was refluxed for 2 h, the solvent was 
evaporated, and the product  was reprecipitated from benzene  
by petroleum ether. The oil was dried in vacuo. 

N,N- Dimethylhydrazonomethyl(diphenyt ) phosphine sulfide 
(9).  Finely powdered sulfur (0.01 tool) was added to a solu- 
t ion of  compound  3 (0.01 tool) in 40 mL of  benzene,  the 
mixture was refluxed for 3 h, the solvent was evaporated,  and 
the residue was recrystallized. 

4 - (N ,N-  Dimethylhydrazono)but  -2 -ca -  2-ylbis(die thylami-  
no)phosphine oxide (10).  A sokltion of  C2CI 6 (0.01 tool) in 
20 mL of heptane  was added to a solution of  compound  6b 
(0.01 moo in 40 mL of  heptane.  The resulting oil was sepa- 
rated, washed with 20 mL of  heptane,  and dissolved in 20 mL 
of  CHCI 3. The  solution was shaken with a saturated aqueous 
solution of  N a H C O  3. The organic layer was separated,  washed 
with water, and dried over Na2SO~t. The solvent was evapo- 
rated, and the oil was dried in vacuo. 
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4-(N,N-Dimethylhydrazono)but-2-en-2-ylbis(dimethylami- 
no)phosphine sulfide (1 la) ,  Finely powdered sulfur (0.01 tool) 
was added to a solution of compound 6a (0.01 tool) in 40 mL 
of heptane. After 3 h, the resulting oil was separated, washed 
with 5 mL of heptane, and dried in vacuo. 

4-(N,N- Dimethylhydraznnn)but-2-en-2-ylbis(diethylami- 
no)phosphine sulfide ( l i b )  was prepared similarly to com- 
pound ! la. 

Diethyl 4- (N, N-dimethylhydrazono)but-2-en-2-ylphos-  
phonothioate ( l i e ) .  Finely powdered sulfur (0.01 mol) was 
added to a solution of compound 5 (0.01 tool) in 40 mL of 
benzene, and the mixture was refluxed for 3 h. Heptane 
(60 mE) was added, and the oil formed was dried in vacua. 

N'- {3- [ Bis(dimethylamino)thiophnsphoryllbut-2-enytidene } - 
N,N,N-trimethylhydrazinium iodide (12a). Methyl iodide 
(0.03 tool) was added to a solution of compound l l a  (0.01 tool) 
in 30 mL of benzene, and the mixture was refluxed for 6 h. 
After cooling the reaction mixture to room temperature, 30 mL 
of Et20 was added, and the resulting precipitate was separated 
and recrystallized. 

N'- { 3- [Bis(diethylamino)thiophosphoryilbut -2-enylidene }- 
N,N,N-trimethylhydrazinium iodide (12b) was prepared simi- 
larly to compound 12a. 

N,N- Dimethylhydraznnomethylbis( dimeth ylamino ) ( meth yl- 
thio)phosphonium iodide (13). Methyl iodide (0.02 mol) was 
added to a solution of compound 7 (0.01 mol) in 40 mL of 
benzene, and the mixture was allowed to stand for 6 h at 
20 ~ The product was precipitated from a benzene solution 
with Et20, filtered off, and reerystallized. 

N,N- Dimethylhydrazonomethylbis(dimethylaminn)(methyl- 
4-tolylamino)phosphonium iodide (14). A mixture of com- 
pound 8 (0.01 moI) and Mel (0.02 moo in 40 mL ofbenzene 

was refluxed for 4 h. The restflting oil was separated, washed 
with benzene (2x20 mL), and dried in vacuo. 
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