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Synthesis and some properties of phosphorus-substituted azomethines

M. M. Kabachnik,* Z. S. Novikova, I. A. Chadnaya, A. A. Borisenko, and I. P. Beletskaya
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A series of phosphorus(1ir)-substituted azomethines and enamines were synthesized by
the reaction of lithium salts of aldimines and ketimines with derivatives of phosphorus(1ir)
acids. Some properties of the compounds synthesized were studied.
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We have shown previously! that the reaction of PCl,
with lithium salts of azomethines results in C-dichloro-
phosphinoaldimines and -ketimines. Based on the latter,
we have synthesized C-phosphorus(ir)-substituted
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
lithium salts of aldimines and Kketimines with
phosphorus(111) acid chlordes 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,?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°C.
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The phosphorylation of the resulting lithium salts
was carried out at —70 °C. 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 a-C-phospho-
rus-substituted azomethines (2) in 80% yield. It is note-
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Table 1. Physicochemical constants and elemental analysis data for a- C-phosphorus(ii)-substituted azomethines (2—4)
Com- Yield B.p./°C np® 3P NMR, IR, A:B Found %) Molecular
pound (%) (p/Torr) 3 v/em™! (%) Calculated formula
{M.p./°C] C H P
2a 80 115—117 (1) 1.5100 3.8, 1630 (C=C). 46 :34 69.62 11.17 12.25 CisHygNP
-2.0, 1680 (C=N); 69.50 11.60 12.80
—-24.0 3300 (NH)
2b 75 73=75 (1) 1.4862 3.0, 1630 (C=C); 38:62 63.00 11.54 13.42 CyHagNP
=24, 1680 (C=N); 62.30 11.25 13.40
-26.0 3300 (NH)
2c 65 82—84 (1) 14893 213, 1630 (C=C); 5:95 6873 1204 1325  C;3HyNP
—-14.1 3300 (NH) 68.12 12.22 13.53
2d 55 87—90 (1) 1.4882 22.39, 1630 (C=C); 24:76 69.33 12.25 11.54 C¢H; NP
16.38, 1670 (C=N); 69.14 12.35 11.76
—-12.32 3350 (NH)
2e 60 92—-95 (1) 1.4684 33.0 1670 (C=N) 100:0 69.73 12.43 11.85 CigH;oNP
69.14 [2.35 11.76
2f 35 [62] — 24.0, 1610 (C=C); 20: 80 69.53 12.30 11.59 C3HsoNP
16.8, 1660 (C=N); 69.14 1235 1176
~8.0 3200 (NH)
2 30 140—142 (0.04) 1.5034 59.9 1665 (C=N) 100:0 69.98 12.77 11.64 CigH3yNP
70.80 12.62 11.41
2h 69 (34] - 11.0 1660 (C=N) 100 : 0 7666 842 925  CyHyNP
77.17 8.36 9.97
3a 50 103—105 (1) 1.5123 ~-104, 1615 (C=C); 39:61 69 .90 11.75 12.23 CisH;oNP
0.0, 1665 (C=N); 7059 1176 12.16
—23.2 3350 (NH)
3b 57  118—120 (0.012) 1.5114 13.8 1670 (C=N) 100:0 73.37 12,12 10.01 C,gH3gNP
73.31 12.22 9.97
4a 60  115—117 (0.015) 1.5242 —-20.2 1615 (C=C); 0:100 72,63 11.46 10.99 C7H;2NP
3400 (NH) 72.60 11.39 11.03
4b 65  123—125(0.015) 1.5239 -—-129 1605 (C=C); 0:100 73.15 1133 10.51 CgH3yNP
3370 (NH) 73.06 11.77 10.34
4c 58 110—112 (1.5) 1.5039 —213 1610 (C=C); 0: 100 70.28 11.65 12.04 CsH;oNP
3350(NH) 70.39 11.76 12.16
4d 49 102—104 (1)  1.5043 —8.5 1620 (C=C); 0:100 70.99 11.50 11.43 CigH3NP
3400 (NH) 71.38 11.90 11.52
worthy that for R! = H (2a-d, f), prototropic The reaction of dialkylchlorophosphines with a series
azomethine-enamine rearrangement readily occurs to of ketimines under similar conditions also results in
give a mixture of a C-phosphorylated azomethine (A) C-substituted azomethines and enamines (Scheme 2).
and a C-phosphorus-containing enamine (B) (Scheme The composition and structure of the resulting com-

1) as the reaction product. pounds were confirmed by 3!'P, 'H, and 13C NMR and
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Table 2. Spectroscopic parameters of compounds 2a—f, 3a (phosphorus-substituted azomethines)

Com- lsc-{lHLNMR TH NMR

pound C=N-— P—-CH--C= Me;C CH—-N— —~CH=N-— P—CHC=
i) ZJpc ) lJpc ) ) SJPH S'IHH 3 2JPH

2a 159.00 14.05 30.74 23.20 — 55.49 7.61 2.42 5.85 2.32 2.34

b4 ] 156.54 14.82 31.74 23.73 58.00 - 7.33 2.20 6.00 2.32 2.80

2c 157.85 14.90 32.58 24.08 57.65 - 7.63 1.80 5.50 2.30 253

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 2.45 428

2f 162.26 17.50 43.32 33.20 53.56 — 7.75 2.00 - - ~—

3a 164.30 10.62 38.41 25.04 - 51.46 —_ — - 2.30 3.60

IR spectra as well as by elemental analyses (Tables 1—
3). According to 3!P, 'H, and 3C NMR spectroscopic
data, the enamine form B of compounds 2a-—d.f and
3a,b is a mixture of Z- and E-isomers, the latter of
which predominates (sec Tables 1—3). The cyclic com-
pounds (4a—d) have the structure of C-phosphorylated
enamines. The 3!P NMR spectra of compounds 2. 3,
and 4 contain signals at § from 33 to —26 depending on
the size of the substituent at the P atom and on the
structure of the starting azomethine. Based on the ratio
of integral intensities of signals of the azomethine and
enamine forms in the 'H and '3C NMR spectra, the
signals in the 3'P NMR spectra were assigned to the
azomethine form A or to the E- and Z-isomers of the
enamine form B. For example, the signals correspond-
ing to the C atom of the azomethine group (CH=N) of
form A in the !3C NMR spectra of compounds 2 and 3
are observed as a doublet at & 156—167 with 2Jpc =
7—14 Hz. For the enamine form of compounds 2a—d,{,
3a,b, and 4a—~d (E- and Z-isomers), the C atom adja-
cent to the N atom is displayed as two doublets at
5 141—161 (=CH—N) with XJpe = 36—57 Hz (E);

2Jpc = 19 Hz (2), while the C atom adjacent to the P
atom (P—CH=) manifests itself as two doublets at §
82104 with /pc = 6.6—6.8 Hz (E) and 10 Hz (2). The
'H NMR spectra display signals of the azomethine
group proton at § 7.5—7.7 (CH=N), while the vinylic
protons (Z- and E-isomers) in the enamine form mani-
fest themselves as two groups of signals at § 4.0—6.0
(P—CH=) and two groups of signals at 8 6.0—6.5
{(=CH—N). The assignment of signals to the E£- and
Z-isomers was based on the coupling constants of the
vicinal protons: 3Jyyy = 14—20 Hz (£-isomer); 3y =
6-—-12 Hz (Z-isomer).

The IR spectra of compounds 2—4 contain an in-
tense absorption band at 1630—1605 cm™!, which corre-
sponds to vibrations of the C=C bond, and an intense
band at 16801660 cm™! corresponding to the C=N
bond, as well as a medium-intensity band at 3300 cm™!
from the vibrations of the NH group. The ratio of
tautomeric forms A and B is determined by the structure
of the azomethine and the substituents at the P atom
(see Table 1). It should be noted that neither prolonged
storage of C-substituted compounds (2a—d,f,3a,b) nor

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

Com- Isomer Content B3C-{1H} NMR 'H NMR*
pound (%) P_CH= ~CH-_NH __ Me,C—, P—CH= =CH-—-N
5 Upe 5 Upc 3 5 py gy 8 ey un
2a E 69 83.80 6.80 147.30 57.51 - 423  6.67 14.73 6.56 834 1233
V4 31 86.42 10.02 148.10 19.35 _ 407 622 924 6.57 17.17 12.15
2b E 73 88.75 6.60 148.28 56.60 51.69 436 640 1560 6.59 856 1225
zZ 27 89.23 10.00 147.50 19.20 51.58 4.08 6.35 8.20 6.62 17.60 12.00
2c E 93 95.93 980 14235 68.30 50.44 — — - 6.56 12.30 12.30
zZ 7 96.46 11.32  144.39 23.70 50.12 — — — 6.62 17.85 12.10
2d £ 93 102.37 11.70 141.77 61.90 50.89 — — - 6.66 12.50 12.50
V4 7 100.08 13.50 143.67 19.60 50.53 - —_ - 6.78 18.05 1235
2f E 93 89.83 6.78 147.82 62.28 54.80 4.64 6.50 14.23 6.58 11.70 11.70
V4 7 90.32 10.93 148.34 21.83 54.75 442 574 930 6.69 13.92 10.21
3a E 91 82.60 6.00 153.17 32.50 _ 403 6.80 —_ - — —
4 9 88.46 6.62 156.96 19.40 — 398 640 - - — —_
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 —_ — — — — -
4d V4 100 104.59 9.40 161.52 24.62 51.78 —_ — —_ - — _

* The NH group signals in the 'H NMR spectrum are at 3 3.7-4.6.
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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 direction of phosphorylation of Li-salts of
azomethines does not depend on steric hindrance in the
molecules of azomethine and phospherylating reagent.
For example, the phosphorylation of sterically hindered
N-tert-butylisobutylideneamine with chlorodi(tert-
butyl)phosphine also occurs exclusively at the C atom,
aithough 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 —70°C gives exclusively C-phos-
phorylation products. For example, the reaction of lithium
salts of aldimines with phosphonous and phosphorous
chlorides resulted in the corresponding phosphinamides
(5a—c) and phosphonamides (5d—j) in 30—70% yields
(Scheme 3).

The composition and structure of the resulting com-
pounds were confirmed by elemental analyses and by
IH, 31p, 13C NMR and IR spectroscopy (Tables 4—6).
The spectroscopic data confirmed that all of the com-
pounds 35, except for 5¢,g.j, like analogous compounds
containing alkyl substituents at the P atom, are mixtures
of two tautomeric forms, f.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

alkoxy substituents (compounds Se—h), to give triaikyl
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 neither 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 polarity, 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 TMEDA were found to result in
mixtures of C- and N-phosphorylated isomeric com-
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Table 4. Physicochemical constants, IR and 3!P NMR spectroscopic and elemental analysis data for compounds 5a—j

Com- Yield B.p./°C np®  31P NMR, IR, Found Molecular
pound (%) (p/Torr) 8 viem™! Calculated (%) formula
C H P
Sa 49 118—120 (1.5) 1.4795 618, 1680, 63.29 1185 1274  C;3HyoN,P
63.8, 1620, 63.93 11.89 12.70
34.6 3350
5b 30 115—117 (1)  1.4905 63.8, 1670, 66,36 11,19 11.43 CisH3 N,P
64.4, 1620, 66.66 11.48 11.48
538 3350
sc 57 73—74 (0.011) 14671 885 1660 66.45 1208 1136  CysHjNoP
66.18 12.13 11.40
5d 30 135—137 (1) 1.4930 135.0, 1650, 60.73 10.62 11.40 Ci4HogN,OP
137.3, 1620, 61.75 10.66 11.39
130.5 3300
Se 40 125—127 (2) 1.4735 175.9, 1673, 60.92 10.78 11.32 C4H;gNO,P
168.9 1623, 61.09 10.91 11.27
3320
5t 51 125—126 (1)  1.4800 1752, 1680, 63.56 1046 1046  CgH3;NOSP
{70.3 1630, 63.81 10.63 10.29
3350
5g 60  88—90 (0.012) 14342 1865 1660 63.30 1125 1018  C,gH3NO,P
63.37 11.22 10.23
5h 50 115117 (1) 1.4643 171.5, 1675, 61.335 10.25 11.28 ClaHgNOyP
165.9 1630, 61.54 10.26 11.36
3350
St 70 Decomposes -_ 850, 1670, — - —- C|5H34N3P
88.7. 1625,
83.2 33000
5 50 73—76 (0.015) 14748 1118 1655 6315 1182 1037  CigHyNsP
63.79 11.96 10.30

Table 5. '3C-{!H} spectroscopic data (5, J/Hz) for
phosphonites and phosphinites 5

Com- Phosphorus-substituted azomethines
pound —CH=N-— P—CH—C= Me;sC,
8 ZJPC ) 1JPC 3
Sa 153.26 12.20 4394 1850  55.91
5c 162.61 6.10 4322 2880 56.39
Se 151.94 9.40 3475 3260 51.01
3g 160.94 520 4465 1450 56.48
54 163.36 390  30.11 742  56.63
Com- Phosphorus-substituted enamines
pound Isomer P—CH= =CH-—-NH— Me;C,
(percen-
tage 8 l.lpc 8 2JPC )
(%))
Sa E(88) 9258 13.00 14829 56.25 50.87
Z(12) 94.08 1485 14640 [5.00 5038
Se E (100) 96.70 1340 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 3!P and '3C NMR spectra
(¢f- Ref. 1). The IR spectra of the compounds obtained

contain, in addition to the C=N absorption band at
1680—1670 cm™! corresponding to the azomethine forin
of C-isomers, an absorption band at 1640—1630 cm™!
characteristic of N-isomers. The '3C NMR 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 8 120—130 with 2/pc = 3—8 Hz (=CH-—N)
and at 8 130—~145 with 3Jpc = 0—1 Hz (Me,C=). It is
noteworthy that the ratio of C- and N-isomers was not
changed by distillation or upon prolonged storage of the
reaction mixture at ~20 °C in the presence of catalysts
(R,PCI; Cdl,), which suggests that these compounds are
formed under kinetic control conditions and have suffi-
ciently high energetic barrier for interconversions.

We also studied the reactions of the «-C-phos-
phorus(im)substituted azomethines synthesized with some
electrophilic and nucleophilic reagents. To synthesize
new a-C-phosphorus(iv)substituted derivatives of azo-
methines, we carried 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, 3P, and *C NMR 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 a-C
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* Compound 7d exists only in the azomethine form.

atom are C-phosphorus(iv)-substituted enamines,
whereas C-phosphorus(iv)-substituted azomethine are
only formed in trace amounts in these cases.

The study of the reactions of a-C-phosphorus(ii)-
substituted azomethine derivatives of the type 2—5 with
alkyl, phenyl, diethylamido, or alkoxy groups at the P
atom with some nucleophilic 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 | day at ~20°C or with diethylamine for 5 h at
100 °C results in complete cleavage of the P—C bonds
to give the corresponding phosphites (Scheme 6).

Scheme 6
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In the case of a-C-phosphorus(un)substituted azo-
methines with alkyl or phenyi 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°C. Phosphonamides 5i,j are stable

against the action of diethylamine when heated for {0 h
at 110—120°C. [t was shown that the reaction of
phosphonamide 5j with two equivalents of butanol at
110—120 °C for 2 h mostly occurs as the cleavage of the
P—N bonds to give phosphonite Sg as the main product
(Scheme 7).
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Thus, the direction and ease of the reaction of a-C-
phosphorus(ur)substituted azomethine derivatives with

Table 6. '‘H NMR spectroscopic data (8. J/Hz) for
compounds 5

Com- Phosphorus-substituted azomethines
pound —CH=N— P—CH—-C=
] Ve Vun 5 Jpy

5a 7.57 3.50 6.40 2.20 2.60

5b 7.60 2.00 - - -

Sc 7.40 5.00 6.00 2.20 2.35

Com-~ Phosphorus-substituted enamines

pound Iso- P—CH= =CH—N —NH—,
mer 5 2JPH S.IHH 5 3JPH JJHH 3

5a E 450 6.35 15.80 6.50 1120 12.13 4.50
Z 438 620 8.70 6.65 1690 12.00 4.50

5b E 480 6.55 15.35 7.00 11.54 12.35 4.80
Z 445 630 895 7.10 17.25 12.15 480
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Table 7. Physicochemical constants, IR and 3!P NMR spectroscopic and elemental analysis data for compounds 7—10

Com- Yield B.p./°C (p/Torr) IR, 3IP NMR, 3 Found (%) Molecular
pound (%) [M.p., °C] v/em™! Calculated formula
C H P

7a 65  136—140 (2.5-1072) 1640, 62.1 5795 1040 1235  C,HyxNSP
3300 58.14 10.53 12.53

7b 85 165] 1630, 68.6 5990 1093 1177  C;3H;NSP
3330 59.77 10.73 11.88

Te 81 {5759 1635, 68.3 6123 1105 1125  Cy4HyNSP
3350 61.09 10.91 11.27

7d 73 123—125(1.2-107Y 16350 74.5 6095 1070 1110  CHyNSP

61.09 10.91 11.27

8a 91 106—108 (3-1072) 1685, 61.5 64.56 1147 1196 C HyNOP
1210 64.86 11.58 11.96

8b 90 103—105 (1.1-1072) 1650, 57.7 6348 1134 1235  Cj3HyuNOP
3220 63.67 11.42 12.56

9a 76 [107—109) 1640, 35.4 4374 837 885  C;3HxNPI
3350 43.69 8.12 8.68

9b 98 (113—115] 1635, 40.1 4509 823 836  C;4HyNPI
3350 45.28 8.36 8.36

9¢ 80 [116] 1630, 9.9 4657 830 829  CysHyNPI
3340 46.75 8.57 8.05

od 57 (130} 1640, 40.6 5795 985 878  CyH3sNPO,CI
3370 58.04 9.96 8.82

10 60 98—100 (1.8-1072) 1635. 53.9 56.00 1022 1343  C; HpNO,P
3340 56.65 10.30 13.30

Table 8. 13C-{!H} NMR spectroscopic data (8, J/Hz) for
compounds 7—9

Com- P—C= =C—N MesC,
pound 8 Upc 3 2./pc 3

7a 66.34 70.40 150.81 1420  51.13
Tb 85.46 87.20 146.13 19.50 51.30
Tc 9242 82.80 145.69 20.10 51.32
8a 74.55 113.90 148.27 840  50.26
8b 7405 11212 146.68 802 3020
9b 66.59 98.60 144.68 22.05 51.82
9¢c 80.73 93.60 146.43 19.60 5298

nucleophilic reagents is determined by the type of the
nucleophile and substituents at the P atom.

Experimental

All reactions were conducted in a dry argon atmosphere
and in dry solvents. 3P NMR spectra were recorded on a
Varian FT-80A instrument using H3;POy as the external stan-
dard. '{H NMR spectra were recorded on a Tesla BS-497
spectrometer for sclutions in deuteriobenzene relative to SiMe,.
IR spectra were obtained on an IKS-22 spectrophotometer
using a NaCl cell, the layer thickness was 0.1 mm.

N-tert-Butyl-(2-diisopropylphosphino)ethylideneamine 2b.
A solution of batyllithium (0.1 mol) in hexane was added at
20 °C to a solution of diethylamine (7.3 g, 0.1 mol) in hexane
(70 mL). This resulted in precipitation of lithium diethyla-
mide. The reaction mixture was stirred for 30 min, and then a
solution of fert-butylethylideneamine (9.9 g, 0.1 mol) in hex-
ane (15 mL) was added at 0 °C. After the lithium diethylamide
had dissolved compietely, the reaction mixture was cooled to
—70°C, and a solution of chlorodiisopropylphosphine (13.2 g,

0.1 mol) 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 vacwo. The yield of
compound 2b was 16 g (75%).

Compounds 2a,c—h, 3a.h, 4a—d, and Sa—j were obtained
in a similar way. The physicochemical constants and 3!P. 'H,
and !3C NMR and IR spectroscopic data are presented in
Tables 1—6.

Reaction of lithium derivatives of azomethines with Pri,PCl
or (BuQO);PCl in DME solution. A solution of a lithium
azomethine derivative obtained from lithium diethylamide (2.37
g, 0.03 mol) and an azomethine (0.03 mol) in hexane according
to the procedure described above for compound 2b was kept in
vacuo 1o a constant pressure in order to remove the solvent.
After that, dry DME (50 mL) was added, and then
chlorodiisopropylphosphine (4.5 g, 0.03 mol) or dibutyl-
phosphorochloride (6.4 g, 0.03 mol) was added at —70 °C. The
temperature of the reaction mixture was increased to 20 °C, 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-phosphorvlated enamines 6a,b. For compounds
2e, 6a, C:N = 70:30, b.p. 68—70°C (2-1072). IR, v/cm™!:
1630 (C=C). 3IP NMR, §P 65.5; 3C{1H} = 127.51 (=C—N),
2pc = 8.7 Hz; 131.01 (Me,C), 55.13 (CMes), UWpc = 13.6 Hz;
for compounds 5g, 6b, C:N= 40:60; bp. 110—115°C
(1 Torr). IR: 1640 (C=C). 3'P NMR: 5P 146.

(2-terr-Butylaminovinyl)diisopropyl phosphine sulfide (7a).
Elementary sulfur (0.8 g, 0.025 mol) was added in portions
with stirring to a solution of AN-frert-butyl-(2-diisopropyi-
phosphino)ethylideneamine 2b (5.37 g, 0.025 g) in diethyl
ether (20 mL). Self-heating of the reaction mixture to 35°C
was observed. The mixture was heated for 30 min and cooled
to 20°C. The ether was distilled off, and the residue was
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distilled in vacuo to give 45 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(1-methyl-2-tert-butylaminovinyl)phosphine
oxide (8b). N-rerr-butyl-(2-diisopropylphosphino)ethylidene-
amine 2b (5.7 g, 0.025 mol) was oxidized with air oxygen at
20°C 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-( NV-terr-butylaminovinyl)phos-
phonium jodide (9a). A solution of freshly distilled methy!
iodide (1.32 g, 0.0093 mol) in ether (5 mL) was added at 20 <C
to a solution of N-tert-butyl-(2-diisopropylphosphino)ethyl-
ideneamine 2b (2.1g, 0.093 mol) in ether (20 mL). This
caused the temperature of the reaction mixture to increase to
35°C. 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 phosphenium salt was
reprecipitated from dichloromethane with pentane, yield
2.71 g (76%). Compounds 9b—d were obtained similarly. The
physicochemical constants, elemental analysis data, as well as
IR and 3!'P and 3C 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 Se (12.2 g, 0.04 mol) in ether
(30 mL), and the reaction mixture was refluxed for 3 h. The
temperature of the reaction mixture was adjusted to 20 °C, the
solvent was distilled off, and the residue was distilled in vacuo.
The vield of compound 10 was 6.26g (60%). The physico-

chemical constants, elemental analysis data, as well as IR
spectroscopic data for compound 10 are presented in Table 7.

Reaction of phosphonites Se,g with n-butanol. n-Butanol
(2.2 g, 0.03 mol) was added to a phosphorus-substituted
azomethine (0.03 mol). The reaction mixture was stirred at
20°C for 24 h. Distillation gave tributyl phosphite4 and the
corresponding azomethine in 80% yield.

Reaction of phosphonite 5g with diethylamine. A mixture of
compound 5g (6.1 g, 0.02 mol) and diethylamine (1.46 g, 0.02
mol) was heated for 3 h at 100 °C. The mixture was distilled to
give 1.8g (72%) of N-rert-butylisobutylideneamine and 2.3 g
(70%) of dibutyldiethylphosphoramide.*

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