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Synthesis and some properties of phosphorus-substituted azomethines 
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A series of phosphorus(m)-substituted azomethines and enamines were synthesized by 
the reaction of lithium salts of aldirnines and ketimines with derivatives of phosphorus(m) 
acids. Some properties of the compounds synthesized were studied. 
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We have shown previously I that the reaction of PCI 3 
with lithium salts of azomethines results in C-dichloro- 
phosphinoaldimines and -ketimines. Based on the latter, 
we have synthesized C-phosphorus(H[)-subst i tuted 
azomethines containing various substituents at the P 
atom and started a study of their properties. However, 
dichlorophosphino-substituted imines are highly unstable 
and cannot be widely used in syntheses of phosphory- 
lated azomethines and enamines. 

In the present work, we studied the reaction of 
l i thium salts of  a ldimines  and ket imines with 
phosphorus([u) acid chlorides for the purpose of elabo- 
rating a general method for synthesizing C-phosphory- 
lated azomethines and enamines.  Lithium salts of 
azomethines are known to be ambident systems, and 
their phosphorylation,  like the phosphorylation of 
enolates of carbonyl compounds, z,3 can occur either at 
the C or at the N atom to give C- or N-substituted 
azomethines and enamines. In view of this, it was 

interesting to study the dependence of the direction of 
the reactions of lithium derivatives of azomethines with 
phosphorus acid chlorides on various factors: structure 
of the starting azomethine, nature of substituents at the 
P atom, and the character of the solvent used. 

Azomethines were metallated with lithium diethyl- 
amide in hexane for 0.5--1.5 h at 0 ~ 

R 1 R 3 
"~CH 

( 

EL'zNU ~ RI'-... C , , ~  N _  R.4 R 2 /  ~'C=N_R,4 
R 3 /  R 2 /  Lj + 

The phosphorylation of the resulting lithium salts 
was carried out at - 7 0  ~ The reaction was monitored 
by IR spectroscopy. It was found that the reaction of 
lithium derivatives of aldimines with chlorophosphines 
in non-polar solvents affords exclusively ~-C-phospho- 
rus-substituted azomethines (2) in 80% yield. It is note- 
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c 1 Bu t 
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3: R 1 = H, R 2 = Me  (a);  R I = Et, R 2 = Pr (b)  

Table 1. Physicochemical constants and elemental analysis data for a-C-phosphorus(m)-substituted azomethines (2--4) 

Com- Yield B.p./~ riD20 31p NMR, IR, A : B Found (%) Molecular 
pound (%) (p/Tort) 8 v/cm -1 (%) Calculated formula 

[M.p./~ C H P 

2a 80 115--117 (1) 1.5100 5.8, 1630 (C=C); 46 : 54  
-2.0, 1680 (C=N); 

-24.0 3300 (NH) 
2b 75 73--75 (1) 1.4862 3.0, 1630 (C=C); 38 : 62 

-2_4, 1680 (C=N); 
-26.0 3300 (NH) 

2c 65 82--84 (t) 1.4893 21.3. 1630 (C=C); 5 : 95 
-14.1 3300 (NH) 

2d 55 87--90 (t) 1.4882 22.39, 1630 (C=C); 24 : 76 
16.38, 1670 (C=N); 

-12.32 3350 (NH) 
2e 60 92--95 (1) 1.4684 33.0 t670 (C=N) 100 : 0 

2f 35 [62] -- 24.0, 1610 (C=C); 20 " 80 
16.8, 1660 (C=N); 

-8.0 3200 (NH) 
2g 30 140--142 (0.04) 1.5034 59.9 1665 (C=N) 100 : 0 

2h 69 [34] -- 11.0 1660 (C=N) 100 : 0 

3a 50 103--105(1) 1.5123 -10.4, 1615 (C=C); 39:61 
0.0, 1665 (C=N); 

-23.2 3350 (NH) 
13.8 1670 (C=N) 3b 

4a 

4b 

4c 

4d 

57 118--120 (0.012) 1.5114 100:0 

60 115--117(0.015) 1.5242 -20.2 1615(C=C); 0 :100  
3400 (NH) 

65 123--125 (0.015) 1.5239 -12.9 1605 (C=C); 0 :100  
3370 (NH) 

58 110--112 (1.5) 1.5039 -21.3 1610(C=C); 0 : i 0 0  
3350(NH) 

49 102--104 (I) 1.5043 -8.5 1620 (C=C); 0 : I00 
3400 (NH) 

69.62 1 1 . 1 7  12 - ~5  Ct4H2sNP 
69.50 1 1 . 6 0  12.80 

63.00 1 1 . 5 4  1 3 . 4 2  C~2H26NP 
62.30 11.25 13.40 

68.,73 12.04 13.25 CI3H2sNP 
68,12 1 2 . 2 2  13.53 
@.33 1 2 , 2 5  1 1 . 5 4  Ct4H3oNP 
69.14 1 2 . 3 5  11.76 

69.73 1 2 . 4 3  1 1 . 8 5  Ct4H30NP 
69,14 12.35 11.76 
69.53 12.30 I 1.59 C14H30NP 
69.14 12 .35  11.76 

6_6_6_6_6_6_6_6_6_6.. 8_ 1 2 . 7 7  1 1 . 6 4  C16H34NP 
70.80 1 2 . 6 2  11.41 
76.66 8.42 9.25 C20H26NP 
77.17 8.36 9.97 
69.90 11 .75  1 2 . 2 3  CtsHs0NP 
70.59 li.76 12.16 

7.3.37 12.!2 10_01 CI9H38NP 
73.31 12.22 9.97 

11.46 1 0 . 9 9  CtrH32NP 
72.60 11.39 1 t.03 
73.15 1 1 . 5 3  10 .51  CIsH34NP 
73.06 1 1 . 7 7  10.34 
70~28 1 1 . 6 5  1 2 . 0 4  C15H3oNP 
70.59 1 1 . 7 6  12.16 
70,99 1 1 , 9 0  I1.43 CI6H32NP 
71.38 1 1 . 9 0  11.52 

worthy that for R l = H (2a--d ,  f), prototropic 
azomethine-enamine rearrangement readily occurs to 
give a mixture of a C-phosphorylated azomethine (A) 
and a C-phosphorus-containing enamine (B) (Scheme 
1) as the reaction product. 

The reaction of dialkytchlorophosphines with a series 
of ketimines under similar conditions also results in 
C-substituted azomethines and enamines (Scheme 2). 

The composition and structure of the resulting com- 
pounds were confirmed by 31p, [H, and 13C NMR and 
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Table 2. Spectroscopic parameters of compounds 2a--f,  3a (phosphorus-substituted azomethines) 

Corn- 13C-{tH} NMR 

pound C=N-- P--C_H--C= Me3C 

1H NMR 

C H - - N - -  - - C H = N - -  P - - C H C =  

8 2/pc 8 IJpc 8 8 3JpH 3JHH 8 2JpH 

2a 159.00 14.05 30.74 23.20 -- 55.49 7.61 2.42 5.85 2.32 2.34 
2b 156.54 14.82 31.74 23.73 58.00 -- 7.53 2.20 6.00 2.32 2.80 
2e 157.85 14.90 32.58 24.08 57.65 -- 7.63 1.80 5.50 2.30 2.53 
2d 161.51 7.35 44.70 14.00 56.12 -- 7.62 2.00 --  - -  
2e 157.34 8.52 38.65 23.70 56.25 -- 7.66 2.34 5.44 2.45 4.28 
2f 162.26 17.50 43.32 33.20 55.56 -- 7.75 2.00 -- - -  - -  
3a 164.30 10.62 38.41 25.04 -- 51.46 -- - -  --  2.30 3.60 

IR spect ra  as well  as by e l e m e n t a l  analyses (Tables 1-- 
3). Accord ing  to  31p, IH,  a n d  13C N M R  spectroscopic  
data.  the  e n a m i n e  form B o f  c o m p o u n d s  2 a - - d , f  and 
3a,b is a m i x t u r e  of  Z-  a n d  E- i somers ,  the  lat ter  of  
which  p r e d o m i n a t e s  (see Tab le s  I - -3 ) .  The  cyclic com-  
pounds  ( 4 a - - d )  h a v e  the  s t ruc tu re  of  C-phosphory la ted  
enamines .  The  31p N M R  spec t ra  of  c o m p o u n d s  2, 3, 
and  4 con ta in  s ignals  at  8 f r o m  33 to - 2 6  depend ing  on  
the  size o f  t he  s u b s t i t u e n t  at  the  P a tom and  on  the 
s t ruc ture  o f  the  s ta r t ing  a z o m e t h i n e .  Based on  the  ratio 
of  integral  i n t ens i t i e s  o f  s ignals  of  the  a z o m e t h i n e  and 
e n a m i n e  fo rms  in the  IH a n d  ~3C N M R  spectra ,  the 
signals in the  31p N M R  spec t ra  were assigned to the  
a z o m e t h i n e  fo rm A or  to t h e  E- and  Z- i somers  of  the  
e n a m i n e  form B. Fo r  e x a m p l e ,  the  signals co r respond-  
ing to the  C a t o m  of  the  a z o m e t h i n e  group ( C H = N )  of  
form A in the  13C N M R  spec t r a  of  c o m p o u n d s  2 and  3 
are observed as a doub le t  at 8 156--167 with 2J'pc = 
7 - -14  Hz. For  t h e  e n a m i n e  form of  c o m p o u n d s  2a- -d , f ,  
3a,b,  and  4a - - f l  (E -  and  Z- i somers ) ,  the  C a tom adja- 
cen t  to the  N a t o m  is d i sp layed  as two double ts  at 
8 141--161 ( = C H - - N )  wi th  2Jpc = 56- -57  Hz (E); 

2Jpc = 19 Hz (Z),  wh i l e  the  C a t o m  ad j acen t  to  the  P 
a tom ( P - - C H  = )  man i fe s t s  i t se l f  as two double t s  at  8 
82 - -104  with IJpc = 6 .6 - -6 .8  Hz (E)  a n d  10 Hz (2"). T h e  
IH N M R  spec t ra  display s ignals  of  the  a z o m e t h i n e  
group p ro ton  at 8 7 .5 - -7 .7  ( C H = N ) ,  whi le  t he  v inyl ic  
p ro tons  (Z-  and  E - i s o m e r s )  in t h e  e n a m i n e  fo rm m a n i -  
fest themse lves  as two  groups  o f  s ignals  at 8 4 .0 - -6 .0  
( P - - C H  = )  and  t w o  groups  o f  s ignals  at  8 6 .0 - -6 .5  
( = C H - - N ) .  The  a s s i g n m e n t  o f  s ignals  to  t h e  E- a n d  
Z- i somers  was based  on  the  c o u p l i n g  c o n s t a n t s  of  the  
vicinal  protons:  3JHH = 14--20  H z  ( E - i s o m e r ) ;  3JHH = 
6 - - 1 2  Hz ( Z - i s o m e r ) .  

T h e  I R  spec t ra  o f  c o m p o u n d s  2 - - 4  c o n t a i n  an  in-  
t ense  absorp t ion  b a n d  at 1630- -1605  c m  - l ,  w h i c h  cor re -  
sponds  to v ib ra t ions  of  the  C = C  b o n d ,  a n d  an  in tense  
band  at 1 6 8 0 - - 1 6 6 0 c m  - t  c o r r e s p o n d i n g  to the  C = N  
bond ,  as well as a m e d i u m - i n t e n s i t y  b a n d  at 3300 cm - l  
f rom the  v ib ra t ions  o f  the  N H  group .  T h e  rat io  of  
t a u t o m e r i c  forms A a n d  B is d e t e r m i n e d  by the  s t ruc tu re  
of  the  a z o m e t h i n e  a n d  the  s u b s t i t u e n t s  at  t he  P a t o m  
(see Table  1). It s h o u l d  be n o t e d  t h a t  n e i t h e r  p ro longed  
storage of  C - subs t i t u t ed  c o m p o u n d s  ( 2 a - - d , f , 3 a , b )  n o r  

Table 3. Spectroscopic parameters of compounds 2--4 (phosphorus-substituted enamines) 

Corn- Isomer Content  13C-{IH} NMR 

pound (%) P - - C H =  = C H - - N H  Me3~--,  

fi ~ -/'PC 8 2 Jr,(: 8 

)H NMR* 

P - - C H  = 

8 2JpH 3JHH 
= C H - N  

8 3Jv H 3JHH 

2a E 69 83.80 6.80 147.50 57.51 -- 4.23 6.67 14.73 
Z 31 86.42 10.02 t48.10 19.35 -- 4.07 6.22 9.24 

2b E 73 88.75 6.60 148.28 56.60 51.69 4.36 6.40 15.60 
Z 27 89.23 I0.00 147.50 19,20 51.58 4.08 6.35 8.20 

2c E 93 95.93 9.80 142.35 68.30 50.44 --  - -  --  
Z 7 96.46 11.32 144.39 23.70 50.12 --  - -  --  

2d E 93 102.37 11.70 141.77 61.90 50.89 --  - -  --  
Z 7 100.08 13.50 143.67 19.60 50.53 -- - -  --  

2f E 93 89.83 6.78 147.82 62.28 54.80 4.64 6.50 14.23 
Z 7 90.32 10.93 148.54 21.85 54.75 4.42 5.74 9.30 

3a E 91 82.60 6.00 153.17 32.50 -- 4.03 6.80 --  
Z 9 88.46 6.62 156.96 19.40 -- 3.98 6.40 -- 

4a Z 100 98.71 7.31 153.35 21.30 . . . .  
4b Z 100 97.99 9.92 160.39 25.90 . . . .  
4c Z 100 104.61 6.80 155.29 10.70 51.53 --  - -  - 
4fl Z 100 104.59 9.40 161.52 24.62 51.78 - -  - -  --  

6.56 
6.57 
6.59 
6.62 
6.56 
6.62 
6.66 
6.78 
6.58 
6.69 

8.34 
17.17 
8.56 
17.60 
12.30 
17.85 
12.50 
18.05 
11.70 
13.92 

12.33 
12.15 
12.25 
12.00 
12.30 
12.10 
12.50 
12.35 
11.70 
10.21 

* The NH group signals in the IH N M R  spectrum are at 8 3.7--4.6. 



Synthesis of phosphorus-substi tuted azomethines Russ.Chem.Bull., Vol. 47, No. 2, February, 1998 335 

Scheme 3 

H 

Rt~'pC I + R'3"C .'r 
R4" FI 2 /  L]+ 

5 R 1 R 2 R 3 R 4 R 5 

a Pr i Et2N H H Bu t 
b Pr' EtzN H H cycto-C6H t 1 
c Pr i Et2N Me Me Bu t 
d EtO Et2N H H cyclo 'C6H 11 
e BuO BuO H H Bu t 

the presence of  acid or basic catalysts affect the attained 
ratio of  isomeric compounds  A and B, which seems to 
indicate that the formation of  equilibrium mixtures of 
isomers takes place. 

The direct ion of  phosphorylat ion of Li-salts of 
azomethines does not depend on steric hindrance in the 
molecules of  azomethine  and phosphorylating reagent. 
For example,  the phosphorylat ion of sterically hindered 
N-tert-butytisobutylideneamine with chlorodi(tert- 
butyl)phosphine also occurs exclusively at the C atom, 
although in this case the yield of the phosphorylated 
azomethine 2g does not exceed 30%. 

To reveal the effect of  the nature of substituent at the 
P atom in acid halide on the direction of the reactions in 
question and to synthesize C-substituted azomethines 
containing various substituents at the P atom, we studied 
the reaction of Li-salts of  azomethines with phosphonous 
and phosphorous acid chlorides. It was shown that the 
reaction in hexane at - 7 0  ~ gives exclusively C-phos- 
phorylation products. For  example, the reaction of lithium 
salts of atdimines with phosphonous and phosphorous 
chlorides resulted in the corresponding phosphinamides 
(5a--c) and phosphonamides (5d--j) in 30--70% yields 
(Scheme 3). 

The composi t ion and structure of the resulting com- 
pounds were confirmed by elemental analyses and by 
tH, 31p, 13 C N M R  and IR spectroscopy (Tables 4--6). 
The spectroscopic data confirmed that all of the com- 
pounds 5, except for 5e,g,j, like analogous compounds 
containing alkyl substituents at the P atom, are mixtures 
of two tautomeric forms, i.e., an azomethine form A and 
an enamine form B. Phosphinites and phosphonites 5 
are unstable, and their  prolonged storage or repeated 
distillation result in polycondensation in the case of 
diethylamide substituents at the P atom (compounds 
5a--d,  i) or partial disproportionation in the case of 

R 3 = AIk 

R3=H 

H 

F~-.CRn--J~N_R5 

R 1R2p "" 
A 

5 c , g , j  

H 

R 4 " C ' ~ N - - R 5  + A 
I RIR2p/ H 

B 
5 a , b ,  d--f,h, i  

5 R t R 2 R 3 R 4 R 5 

f BuO BuO H H cyc l~  t 1 
g BuO BuO Me Me Bu t 
h PriO PriO H H cyc lo 'C6H 11 
i Et2N Et2N H Me Bu t 
j Et2N Et2N Me Me Bu t 

alkoxy substituents (compounds 5e--h) ,  to give triaikyI 
phosphites. It should be stressed that the formation of 
N-isomers was not observed in any of the reactions 
studied. 

Thus, we have shown that nei ther  increase in the 
steric hindrance in the azomethine molecule, nor changes 
of the size and nature of  the substituents at the P atom, 
affect the direction of the reaction. In all cases, only 
C-phosphorus-substituted azomethines are formed (or 
mixtures of phosphorylated azomethines and enamines). 

Since the direction of reactions involving ambident 
systems is known to depend on the polarity and solvat- 
ing ability of the solvent used, we studied the possibility 
of  formation of N-phosphorylated enamines by carrying 
out the reactions of lithium salts of  azomethines with 
phosphonous and phosporous chlorides in solvents of 
different  polari ty,  as well as in the  presence  of 
tetramethylethylenediamine (TMEDA).  The reactions 
of  anions of the type 1 with chlorodiisopropylphosphine 
or dibutylphosphorochloride in dimethoxyethane (DME) 
or in the presence of T M E D A  were found to result in 
mixtures of C- and N-phosphorylated isomeric corn- 

Scheme 4 

H 

Me... C . ~ N _ B u ~  R.2PCl 
M e "  Li + '70 ~ DME ~ 

H 

M e \ c " ~ N _ B u t  + 
/ 

R2P ~Me 

2e,  5g (C-isomer) 

M e  H \ / 
C=C 

Me / "N(But)pR2 

6 a , b  (N-isomer) 

6, R = Pr i (a), BuO (b) 
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Table 4. Physicochemical constants, IR and 31p NMR spectroscopic and elemental analysis data for compounds 5a--j 

Corn- Yield B.p./~ no20 alp NMR, IR, Found Molecular 
pound (%) (p/TorT) 6 v/cm -I Calculated (%) formula 

C H P 

5a 49 118--120 (1.5) 1.4795 61.8, 1680, 63.29 11.85 1 2 . 7 4  CI3H29N2P 
63.8, 1620, 63.93 11.89 12.70 
54.6 3350 

5b 30 115--I 17 (1) 1.4905 63.8, 1670, 66,36 11,19 1 1 . 4 3  CtsH3tN2P 
64.4, 1620, 66.66 11.48 I t.48 
53.8 3350 

5e 57 73--74 (0.0t 1) 1.467l 88.5 1660 66.45 12.08 l 1.36 ClsH33N2P 
66.18 12.13 11.40 

5d 30 135--137 (1) 1 .4930 135.0, 1650, 60.75 10.62 1 0 . 4 0  CEaH29N~.OP 
137.3, 1620, 61.75 10.66 11.39 
130.5 3300 

5e 40 I25--127 (2) 1 .4735 175.9. 1675, 60.92 10.78 1 1 . 3 2  Ct4H30NO~P 
168.9 1625, 61.09 10.91 11.27 

3320 
5f 51 125--126 (1) 1 .4800  175.2, 1680, 63.56 10.46 I 0..4.(~ CI6H32NO2P 

170.5 1630, 63.81 10.63 10.29 
3350 

5g 60 88--90 (0.012) 1.4342 186.5 1660 6~.~50 11.25 1 0 . 1 8  Ct6H34NO2P 
63.37 11.22 10.23 

5h 50 115--117 (I) 1 .4645 171.5, 1675, 61.35 10.25 I ~.28 CtaH28NO2P 
165.9 1630, 61.54 10.26 11.36 

3350 
5i 70 Decomposes -- 85.0, 1670, -- -- -- Ct5H34N3P 

88.7, 1625, 
83.2 33000 

5j 50 73--76 (0.015) 1.4748 111.8 1655 6~1~ 11.82 1 0 . 3 7  Ct6H36N3P 
63.79 11.96 10.30 

Table 5. I3C-{IH} spectroscopic data (8, J/Hz) for 
phosphonites and phosphinites 5 

Com- Phosphorus-substituted azomethines 

pound - -CH=N--  P--CH--C= Me3.~, 

8 2Jpc 8 1Jr c 8 

5a I53.26 1 2 . 2 0  4 3 . 9 4  18.50 55.91 
5c 162.61 6.10 43.22 2 8 . 8 0  56.39 
5e 151.94 9.40 34.75 3 2 . 6 0  51.01 
5g 160.94 5.20 44.65 1 4 . 5 0  56.48 
5j 163.36 3.90 30.11 7.42 56.63 

Corn- Phosphorus-substituted enamines 

pound Isomer P--CH = =CH--NH-- Me3_.C_, 
(percen- 

tage 8 tjpr 8 2ypr 8 
(%)) 

5a E(88) 92.58 13.00 148.29 56.25 50.87 
Z(12) 94.08 14.85 146.40 15.00 50.38 

5e E(100) 96.70 13.40 149.16 51.70 50.20 

pounds (2, 5, 6), in which the content of the latter was 
30--60%, depending on the phosphorylating reagent and 
the solvent used (Scheme 4). 

The structure of the resulting N-isomers (6a,b) was 
confirmed by IR as well as 31p and t3C NMR spectra 
(cf Ref. I). The IR spectra of the compounds obtained 

contain, in addition to the C--N absorption band at 
1680--1670 cm - l  corresponding to the azomethine form 
of C-isomers, an absorption band at 1640--1630 cm -I  
characteristic of N-isomers. The 13C N MR spectra of a 
mixture of compounds 6a,b contain signals correspond- 
ing to the C=C double bond in N-phosphorylated enam- 
ines (6) at 3 120--130 with 2jpc = 5--8 Hz ( = C H - - N )  
and at 8 130--145 with 3Jpc = 0--1 Hz (Me2C=). It is 
noteworthy that the ratio of C- and N-isomers was not 
changed by distillation or upon prolonged storage of the 
reaction mixture a t - 2 0  ~ in the presence of catalysts 
(R2PC1; CdI2) , which su~ests  that these compounds are 
formed under kinetic control conditions and have suffi- 
ciently high energetic barrier for imerconversions. 

We also studied the reactions of the c~-C-phos- 
phorus(m)substituted azomethines synthesized with some 
electrophitic and nucleophilic reagents. To synthesize 
new ct-C-phosphorus0v)substituted derivatives of azo- 
methines, we carded out oxidation, addition of sulfur, 
and alkylation of compounds of the type 2 and 5 and 
obtained a series of compounds with a four-coordinate P 
atom in the molecule (Scheme 5). 

The physicochemical parameters and data from el- 
emental analyses, IR, 31p, and t3C N M R  spectra are 
presented in Tables 6 and 7. It should be noted that 
compounds 7--10 incorporating a four-coordinate P 
atom in the molecule and a reactive H atom at the ct-C 
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Scheme 5 

SI20 oO 021 

H 

Iq 2 " CIq 3 " ~ N  - -Bu  t 
1 / R 2P 

R12lIP- C(R2)----- CH- -N  H eut R121P-C(R2)=CH--NHBut  

S 0 
7a--d 8a,b 

 xl.. M. IR 
Me 

�9 §  I 
(Pr i )2P-C(R2)  = C H - - N H B u t  B u O P - C ( R 2 ) = C H - - N H B u  t 

II 
o 9a--d 10 

Com- R 1 R z R 3 Com-  R t R z R 3 R 4 
pound pound 

7a Pr' H H 8a Pr i Et H 
7b  Pr i Me H 8b  Pr ~ Me H 
7c  Pr i Et H 9a  Pr i H H Me 
7d"  Pr i Me Me 9 b  Pr ~ Me H Me 

* Compound 7d exists only in the azomethine form. 

X Com-  R 1 R 2 R 3 R 4 X 
pound 

9c Pr' 
9d  Pr i 
10  BuO 

Et H Me I 
Me H CH2COOEt CI 
H H 

atom are C-phosphorus (w)-subs t i tu ted  enamines ,  
whereas C-phosphorus0v)-substituted azomethine are 
only formed in trace amounts in these cases. 

The study of the reactions of a-C-phosphorus(re)- 
substituted azomethine derivatives of the type 2--5 with 
alkyl, phenyl, diethylamido, or alkoxy groups at the P 
atom with some nueleophilic reagents (alcohol, amine) 
made it possible to estimate the comparative stability of 
P--C bonds in the above compounds as a function of the 
type of substituent at the P atom. For example, the 
reaction of phosphonites of the type 5e--g with butanol 
for 1 day at - 2 0 ~  or with diethylamine for 5 h at 
100 ~ results in complete cleavage of the P--C bonds 
to give the corresponding phosphites (Scheme 6). 

Scheme 6 

H 

RI \c - /L<~  N _ B u  t 
/ 

(BuO}2P ~2 

5e,g 

-~ (BuO)2PX + 

HX 

R 1 

R 2 ~ C H ~ c = N - - B u  t 

H 

X = BuO, Et2N; R 1, R 2 = H, Me 

In the case of a-C-phosphorus(re)substituted azo- 
methines with alkyl or pheny} groups at the P atom, the 
cleavage of the P--C bond in the presence of water, 
alcohols, or amines does not occur even on heating for 
10 h at 100--110~ Phosphonamides 5i,j are stable 

against the action of diethylamine when heated for 10 h 
at 110--120~ It was shown that the reaction of 
phosphonamide 5j with two equivalents of butanol at 
110--120 ~ for 2 h mostly occurs as the cleavage of the 
P--N bonds to give phosphonite 5g as the main product 
(Scheme 7). 

Scheme 7 

H H 

M e \ C - ' ~  N Bu t M e ' C - - N _ B u t  2 8uOH= 
,,, /~ .  

(EIN)2 p ~. Me (BuO)2P Me 

5j 5g 

Thus, the direction and ease of the reaction of ~- C- 
phosphorus(re)substituted azomethine derivatives with 

Table 6. IH NMR spectroscopic data (& J/Hz) for 
compounds 5 

Com- 

pound 

Phosphorus-substituted azomethines 

--CH=N-- P--CH--C= 
6 3jp. 3jH . ~ 2jp H 

5a 7.57 3.50 6.40 2.20 2.60 
51) 7.60 2.00 -- -- -- 
5c 7.40 5.00 6.00 2.20 2.35 

Corn- Phosphorus-substituted enamines 

pound lso- P--CH = =CH--N --NH--,  

mer 6 2JpH 3JHH 8 3JpH 3JHp t 5 

5a E 4.50 6.35 15.80 6.50 11.20 12.13 4.50 
Z 4.38 6.20 8.70 6.65 16.90 12.00 4.50 

5b E 4.80 6.55 15.35 7.00 11.54 12.35 4.80 
Z 4.45 6.30 8.95 7.10 17.25 12.15 4.80 
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Table 7. Physicochemical constants, IR and 3tp NMR spectroscopic and elemental analysis data for compounds 7--10 

Corn- Yield B.p./~ (pflrorr) IR, 31p NMR,  3 Found (%) Molecular 
pound (%) [M.p., ~ v/cm -I Calculated formula 

C H P 

7a 65 136--140 (2.5-10 -2) 1640, 62.1 57.95 10A0 
3300 58.14 10.53 

7b 85 [65] 1630, 68.6 59-90 1_0.93 
3330 59.77 10.73 

7e 81 [57--59] 1635, 68.3 61,23 I 1.05 
3350 61.09 10.91 

7d 73 123--125 (1.2- 10 -2) 1650 74.5 60.95 10.70 
61.09 10.91 

8a 91 106--108 (3- l0 -2) 1685, 61.5 64.56 II .47 
1210 64.86 11.58 

8b 90 103--105 (1.1- 10 -2) 1650, 57.7 63.43 11.34 
3220 63.67 11.42 

9a 76 [107--1091 I640, 35.4 43.74 s~.37 
3350 43.69 8.12 

9b 98 [I 13--I 15] 1635, 40.1 45.09 8.23 
3350 45.28 8.36 

9e 80 [!.',6t 1630, 39.9 46.~7 3..50 
3340 46.75 8.57 

9d 57 [1301 1640, 40.6 57.95 9.85 
3370 58_04 9.96 

10 60 98--100 (1.8- 10-2) 1635, 53.9 56.00 10.22 
3340 56.65 10.30 

12.35 Ct2H26NSP 
12.55 

1.77 CuH28NSP 
1.88 
1.25 CI4H30NSP 
1.27 
1.10 CI4H30NSP 
1.27 
196 CI4H30NOP 
i .96 

.1.2.35 C13H2sNOP 
12.56 
8.8~ C13H29NPI 
8.68 
8.36 CI4H31NPI 
8.36 
8.29 ClsH33NPI 
8.05 
8.78 CITH35NPO2CI 
8.82 

13.43 CtlH24NO2P 
13.30 

Table 8. 13C-{IH} N MR spectroscoptc data (8, J /Hz) for 
compounds 7--9 

Corn- P--C = = C - - N  Me3C , 

pound 8 ZJpc 6 2Jpc 6 

7a 66.34 70.40 150.81 14.20 51.13 
7b 85.46 87.20 146.13 19.50 51_30 
7e 92.42 82.80 145.69 20.10 51.32 
8a 74.55 113.90 148.27 8.40 50.26 
8b 74.05 112.12 146.68 8.02 50.20 
9b 66.59 98.60 144.68 22.05 51.82 
9e 80.73 93.60 146.43 19.60 52.98 

nuc l eoph i l i c  reagents  is d e t e r m i n e d  by the  type of  the 
nuc l eoph i l e  and  subs t i tuen t s  at t he  P a tom.  

Exper imenta l  

,adl reactions were conducted in a dry argon atmosphere 
and in dry solvents. 31p N M R  spectra were recorded on a 
Varian FT-80A instrument using H3PO4 as the external stan- 
dard. iH NMR spectra were recorded on a Tesla BS-497 
spectrometer for solutions in deuteriobenzene relative to SiMe4. 
IR spectra were obtained on an IKS-22 spectrophotometer 
using a NaCI cell, the layer thickness was 0.I mm. 

N-tert-Butyt-(2-diisopropylphosphiuo)ethyfideneamiue 2b. 
A solution of  butyllithium (0.1 tool) in hexane was added at 
20 ~ to a solution of diethylamine (7.3 g, 0.I tool) in hexane 
(70 mL). This resulted in precipitation of lithium diethyla- 
mide. The reaction mixture was stirred for 30 rain, and then a 
solution of tert-butylethylideneamine (9.9 g, 0.1 tool) in hex- 
ane (15 mL) was added at 0 ~ After the lithium diethylarnide 
had dissolved completely, the reaction mixture was cooled to 
- 7 0  *C, and a solution of chlorodiisopropylphosphine (15.2 g, 

0.1 tool) in hexane (20 mL) was added. The temperature was 
gradually increased to 20"C.  and the reaction mixture was 
stirred for an additional 2 h. The precipitate of lithium chlo- 
ride was separated by centrifugation, the solvent was distilled 
off, and the residue was distilled in vacuo. The yield of 
compound 2b was 16 g (75%). 

Compounds 2a,e--h,  3a,b, 4a--d, and 5a--j  were obtained 
in a similar way. The physicochemical constants and 31p. IH, 
and 13C N M R  and IR spectroscopic data are presented in 
Tables 1--6. 

Reaction of lithium derivatives of azomethines with PrlzPCI 
or (BuO)2PCI in D M E solution. A solution of a lithium 
azomethine derivative obtained from lithium diethylamide (2.37 
g, 0.03 mot) and an azomethine (0.03 tool) in hexane according 
to the procedure described above for compotmd 2b was kept in 
vaeuo to a constant pressure in order to remove the solvent. 
After  that ,  dry D M E  (50 mL) was added,  and then 
chlorodiisopropylphosphine (4.5 g, 0.03 tool) or dibutyl- 
phosphorochloride (6.4 g, 0.03 mol) was added at - 7 0  ~ The 
temperature of the reaction mixture was increased to 20 ~ and 
stirring was continued for an additional [ h. The solvent was 
distilled off, and the residue was distilled in vacuo to give a 
mixture of C-phosphorus-substituted azomethines and the cor- 
responding N-phosphorylated enamines 6a,b. For compounds 
2e, 6a, C : N  = 70 :30 ,  b.p. 68--70~ (2.10-2) .  IR, v /cm-l :  
1630 (C=C). 31p NMR, ~SP 65.5; 13C{IH} = 127.51 (=C--N) ,  
2Jpc = 8.7 Hz; 131.01 (Me2C__), 55.13 (_~Me3), 2Jpc = 13.6 Hz; 
for compounds 5g, 6b, C : N = 40 : 60; b.p. 1 I0--115 ~ 
(1 Tort). IR: 1640 (C=C). 31p NMR: 8P 146. 

(2-tert-Butylaminovinyl)diisopropylphosphine sulfide (7a). 
Elementary sulfur (0.8 g, 0.025 mol) was added in portions 
with stirring to a solution of  N-tert-butyl-(2-diisopropyl-  
phosphino)ethylideneamine 2b (5.37 g, 0.025 g) in diethyl 
ether  (20 mL). Self-heating of the reaction mixture to 35 oC 
was observed. The mixture was heated for 30 rain and cooled 
to 20 ~ The ether was distilled off, and the residue was 
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distilled in vacuo to give 4.5 g (75%) of compound 7a. 
Compounds 7b--d were obtained in a similar way. The physi- 
cochemical constants as well as spectroscopic and elemental 
analysis data are presented in Tables 7 and 8. 

Diisopropyl(l-methyl-2-tert-batylaminovinyl)phosphine 
oxide (8b). N-terr-butyl-(2-diisopropylphosphino)ethylidene- 
amine 2b (5.7 g, 0.025 tool) was oxidized with air oxygen at 
20~ for 3 days. The resulting viscous oil was distilled in 
vacuo. The yield of  compound 8b was 6.1 g (90%). 

Compound 8a was obtained similarly. The physicochemi- 
cal constants, spectroscopic parameters, and data of elemental 
analyses are presented in Tables 7 and 8. 

Diisopropyl(methyl)-2-(N-terr-butylarainovinyi)phos- 
phonium iodide (ga). A solution of freshly distilled methyl 
iodide (1.32 g, 0.0093 tool) in ether (5 mL) was added at 20 r 
to a solution of N-tert-butyl-(2-diisopropylphosphino)ethyl- 
ideneamine 2h (2.1 g, 0.093 tool) in ether (20 mL). This 
caused the temperature of the reaction mixture to increase to 
35 ~ The phosphonium salt that formed precipitated as a 
yellow oil. The reaction mixture was stirred for an additional 
2 h, the ether was decanted, and the phosphonium salt was 
reprecipitated i~rom dichloromethane with pentane, yield 
2.71 g (76%). Compounds 9b--d were obtained similarly. The 
physicochemical constants, elemental analysis data, as well as 
[R and 31p and 13C NMR spectroscopic data for phosphonium 
salts 9 are presented in Tables 7 and 8. 

Synthesis of phosphinate 10. An excess of methyl iodide was 
added to a solution of compound 5e (12.2 g, 0.04 tool) in ether 
(30 mL), and the reaction mixture was refluxed for 3 h. The 
temperature of the reaction mixture was adjusted to 20 ~ the 
solvent was distilled off, and the residue was distilled in vacuo. 
The yield of compound 10 was 6.26g (60%). The physico- 

chemical constants, elemental analysis data, as weU as I R 
spectroscopic data for compound 10 are presented in Table 7. 

Reaction of phosphonites 5e,g with n-butanol, n-Butanol 
(2.2 g, 0,03 tool) was added to a phosphorus-substhuted 
azomethine (0_03 tool). The reaction mixture was stirred at 
20 ~ for 24 h. Distillation gave tributyl phosphite 4 and the 
corresponding azomethine in 80% yield. 

Reaction of phosphonite 5g with diethylamine. A mixture of 
compound 5g (6.1 g, 0.02 tool) and diethylarrfine (1.46 g, 0.02 
mol) was heated for 5 h at I00 ~ The mixture was distilled to 
give 1.8 g (72%) of N-tert-butylisobutylideneamine and 2.3 g 
(70%) of dibutyldiethylphosphoramide. 4 

Reaction of phosphonite 5j with n-butanol, n-Butanol (3.0 g, 
0.04 tool) was added to compound 5j (6.0 g, 0.02 tool). The 
reaction mixture was stirred for 2 h at 110--120~ and 
kept overnight at 20 ~ Distillation gave 4.5 g (75%) of com- 
pound 5g. 
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