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ORGANIC PHOSPHORUS COMPOUNDS 106.' A *'P-
NMR STUDY OF PHOSPHINOUS-, PHOSPHINIC-,
AND THIOPHOSPHINIC AMIDES

LUDWIG MAIER and PETER J. DIEL
CIBA-GEIGA AG, Agricultural Division, ch-4002 Basel, Switzerland

(Received April 16, 1996)

Dedicated in friendship to Professor John G. Verkade
on the occasion of his 60th birthday

The synthesis, physical, chemical and spectroscopic properties of eight different types of phosphinous-,
phosphinic- and thiophosphinic amides are reported. It is shown that the *'P-chem. shifts of tertiary
amides are at lower magnetic field than that of secondary amides. As an exception, in the bis(tertiary
butyl) series this trend is reversed.

Key words: Phosphinous amides, phosphinic amides, thiophosphinic amides, sterically hindered amides,
»'P-chem. shifts.

INTRODUCTION

Although several phosphinous-, phosphinic- and thiophosphinic amides have been
prepared and their 'H and *'P-chemical shifts reported in the literature, no system-
atic study has been made. It seemed of interest to prepare several different classes
of compounds including sterically hindered ones and to determine their *'P-chemical
shifts. It was hoped to derive at some generalizations and forecasts concerning the
*'P-chemical shifts of phosphorus amides.

RESULTS AND DISCUSSION

We have prepared eight different classes of phosphorus amide compounds and mea-
sured their 'H and *'P-chemical shifts. Since the different types of compounds could
not be prepared by the same procedure, we shall discuss each class separately below.

1. Derivatives of Chloromethyl-Phenylphosphinic Acid, 1

The amides of this acid were readily prepared by the interaction of the phosphinic
chloride* with amines in an inert organic solvent.

0 o
CICH,~_Il R CICH,~ I _R
*>P—Cl +2 N ———» ? >P—N{
CeHs Ry . >Nkl CeHs R, ()

273



18:55 28 January 2011

Downl oaded At:

274 L. MAIER and P. J. DIEL

TABLE 1

Physical and spectroscopic properties of phenyl-
chloromethylphosphinic amides

U
clcn,>_x
CeHy
X yeldin%  mp.°% p
-N (G ~n), 50.0 oil 31.48
-H(CHy-n), 65.0 oil 31.53
-NHC,Hy-t 430 oil 22.44
~MHCH, -n 52.0 oll 26.39
~NHCH,CO,C, 8, 53.0 oil 27.10
-MHCH (CH) CO,CH, 340 82 25.86
\'l‘ y 53.0 ol 26.41
H
1
?\/O/C 52.0 ol 27.18
/N
! 58.8 101-104 25.4°
A ) 25.1
H o A 155-160 * 2551
A 470 B78-80 " 25.39
':' A 164" 25.52
/N + 58.8 B 78. 25.50
e
322 192 21.31
A
H
uUcﬂ,
49.0 resin 2239
™y
H
e
a7 85 22.41
™y
H

b

1
j@f 32 solid 2237

N OC,H 4
H

a) sterecisomers; diastereomer A and B
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TABLE Ila
Physical and spectroscopic properties of diphenylphosphinous
amides
c."’)—x
CoHs
X yield b.p.°Crtorr 3p
in% (m_p_)
-N(CH,), 82.9 117-122/0.04 61.56
-N(CH,-n), 52.8 121-126/0.02 62.1
-N(CH,~n}), 723 139-142/0.06 62.17
N l 70.3 131-136/0.08 47.33
—N ) 36.7 133-139/0.04 62.81
‘O 85.6 (59-65) 64.46
—N o] 89.7 (77-79) 62.92
\—/
/ ( 63.45
—N 0 34.9 131-138/.0.01 61.54
|
'I‘\/Q/é 67.5 165/0.08 42.96
AN
B
AN 21.6 220-230/0.1 36.36
/\/@ 218 180-183/0.08 41.45
\N
{
H
l" 6.32
0 oll 36.
AN %
oll 29.85

I
G G-
H

275
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The physical properties together with the *'P-chem. shifts of the prepared compounds
are listed in Table 1.

2. Derivatives of Diphenylphosphinic Acid, 2

The amides of this acid were readily obtained by the interaction of the corresponding
chlorides with amines in an inert organic solvent.**

X X
C.H.- Il R CH:~ R
°F>P—cl +2 N ——  _* ®>P—N{
sHs R, . R:NH- HC! CsHs R1

X=electron pair, 0,S  (2)

TABLE IIb
Physical and spectroscopic properties of diphenylphosphinic amides
U
CeHy
X yleld mp.°C 3p
in%
“R(GH,), 311 133-137 30.73
—N(GH,n), 30.77
~N(CE,-n), 78.9 oll 30.65
-N{GH,;-n), 57.8 oll 30.58
—N(CH, 4-n), 33.8 oil 30.62

65.5 81-87 25.54

—N > 58.9 107-110 29.18
—NO 30.73

—N 66.9 resin 29.19

—N 28.89

—
\_/°
~
<
]
b@” 2043
N
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TABLE IIb  (Continued)

277

i
AN 255
\N/\/© 67.2
]
H
“NHC (H,-n 84.5
"NHCH ,C0,C,H, 62.8
-NHCH(CH ,)CO,C,H, 54.0
=0
~ 36.7
LS
H
i
N 70.2

/E\(Q/O \O\m 525
cl
\N/@: 'l 81.0

i
H

Cl
\fjij:: 38.0

H

158-162

136-139

68-71

93-96
82-85

127-128

157-159

200-201

249-254

244-246

22.80

23.89

23.75

23.81
22.88

23.27

22.68

22.83

20.57

20.61

The physical properties together with the *'P-chem. shifts of the prepared compounds

are listed in Tables Ia, IIb and Ilc.

3. Derivatives of tert.-butyl-phenylphosphinic Acid, 3

The amides of this acid were also readily prepared by the interaction of the corre-
sponding chlorides* with amines in an inert organic solvent.

X
t-C,Hy~I

/
CeHs 1 - R:NH- HC!

_R
P—Cl +2HN] ——

X
t-CHy I

CGHS/

R

~

R,

X=electron pair, 0, (3)
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TABLE IIc
Physical and spectroscopic properties of diphenylthiophosphinic
amides
enst
CyHy
X yleld m.p.°C 3ip
In%
-N(GH), 65.7 73-75 68.74
-N(CH,~n), 68.98
-N(CH,-n), 83.0 oll 69.06
—N l 838 107 65.35
—N ) 485 88-99 67.83
‘O 74.5 79-85 70.62
a.7 96-102 67.92
—N 0 . :
_/
'-‘\Ua 78.4 95-103 60.46
A
B
AN 62.3 71-73 58.95
\"/\/© §0.4 100-101 59.63
1
H
0
82.2 113-114 59.0
J: I 820 168175 §3.49
\rf ¢
H
[~ ]
\N:Q:: 41.0 213-215 53.87
)
H
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Physical and spectroscopic properties of ¢-butyl-phenylphosphinous amides

TABLE Illa
t-Bu
>P—x
Cots
X yield
in%
-C1 85.1
-N(CH,), 85.3
-N(CH;-n), 69.5
-N (c‘us-n) 2 574
~N(CH, ,-n), 83.0
—N l 82.0
—N 0o 100
\/
-NHC.H, ,-n 86.7
H
B
AN 82.7
! 716
A :

O 93.0
[}

&-I

Ci

b.p.°Citorr
(m.p.)

114-119/15
78-82/0.5
105-108/0.04
107-112/0.04

160/0.04

135-140/0.1

oil

180/0.04

oil

170/0.08

170-175/0.08

oil

oil

31P

107.9
81.47
81.56
81.8

81.77

65.18

53.14

§3.31

48.45:47.37°

48.17;47.56"°

48.54;47.86°

48.0;47.50°

a) diasterecisomers
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The physical properties together with the *'P-chem. shifts of the prepared compounds
are listed in Tables IIIa, 11Ib and Illc.

4. Derivatives of tert.-pentyl-phenylphosphinic Acid, 4

The phosphinic chloride was obtained by a Kinnear-Perren reaction as shown®:

0o
1. AIC), t-CH,,~ Il

CHPCl, + t-CH, Cl P—Cl
6 'S5 2
511 2, H20 CaHs/ sts
t-C.H ﬁ t-C.H
o N -l ~
> OP—Cl—g> ' CP—Cl 4
6H5 3 COHS ( )
TABLE IIIb
Physical and spectroscopic properties of t-butyl-phenylphosphinic amides
vu J
>r—x
CH
X yleld b.p.°Chtorr 3p
in% (m.p.)
-c1 75.0 105-107/0.03 ns
-N(GH,), 54.3 oil 46.68
-H(GH,-n}), 59.7 oil 46.37
~N(CHy-n), 67.1 oll 46.42
-N(CgH, ,~n), 54.1 oll 46.02
| ' 39.8 oil 44.24
243
—N 0 . 1-78 »
(71-78) 45.26
-NHCH, ,-n 68.7 resin 42.53
\N/\/© 4238
I
H
0
AN 70.5 (124-135) * 42.33:40.60

H
1 A(208) 42.29
65.3"
A ﬁ/©/‘ B(145-152) 40.77
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TABLE IlIb  (Continued)

1
A
AN O 37.0 (166-169) * 42.52;40.81
." A(119-123)
. 1 41.98
AN 608" Bss-161) 405

H
|
/NYQ\CH‘ 587  (133137) * 42.5:41.0°
H "
[}
P 57.1 (148-150) * 42.22;40.49

A(150-152) 42.06
B(152-154) 40.44

H
sggt  AUST-160) 42.04
‘ B(108-119) 40.59

’l‘ 2.1 A(89-93) 42.11
N B(184-185) 40.31

R
AN 4.0 (161-173) ¢ 41.6;40.36

CyH,-i

-x

53.9

-

The phosphinic chloride gave on sulfurization with P,S; the thiophosphinic chloride
which when treated with tributylphosphine® produced the phosphinous chloride.
Treatment of these chlorides with amines afforded the amides.

X
t-C_H 1l R t-C.H it R
SU>P—Cl +2HN] ———  ° ">P—N{_
CeHs R Nk wol CeHg R
X=electron pair, O, S 5)

The physical properties together with the *'P-chem shifts of the prepared compounds
are listed in Tables I'Va, IVb and IVc.
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TABLE IIIb  (Continued)

R
P
CHy
X yleid b.p.% L
in % p. Chtorr P
(m.p.)
0
A 26.9 (212-214) © 4254°
cHl
e
A x> 47.9 (107-108) * 42.1;41.87
'
AN o 640 (154-156) * 425:409
c
854 178-185 39.76
\"/( Ic' ( )
H

a)sterecisomeric mixture (diasterecisomers)

b) oxidation with air; when oxidised with H z02 only one signal at 40.81 was
observed (only one stereolsomer)

¢) only one diasterecisomer formed
5. Derivatives of bis-(tert.-butyl)Phosphinic Acid, 5

Since it is known from the literature that bis-(tert.-butyl)phosphinic- and thiophos-
phinic chlorides do not react with amines, these compounds were obtained by oxi-
dation or sulfurization of bis-(tert.-butyl)phosphinous amides.”* The latter were pre-
pared by the interaction of bis-(tert.-butyl)phosphinous chloride* and amines in an
inert organic solvent.

(o]
H,0, > t—C4H0 ~ il _

-CH t+-CHy”
¢ >P—NHR — e

NHR

t-C H t
‘*>p—Ct + HNR —— P
t-CHy t-C H,

(6)

The physical properties together with the *'P-chem shifts of the prepared compounds
are listed in Tables Va, Vb and Vec.
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TABLE IIc
Physical and spectroscopic properties of ¢-butyl-phenylthiophosphinic amides
veu I
U~ —x
CqMs
X yleld b.p.°Citorr 31p
in% {m.p.)
1 85.4 100-104/0.04 1149
¢ - (71-73) .
160/0.08
-N(CH,) 94.6 90.0
GHs) ; 76-17)
-N(GH,-n), 70.7 oil 90.27
~N(CHy~n), 86.2 180/0.1 90.4
~N(CH,,-n), 64.0 oil 90.36
—N o} 44.1 (123-125) 88.89
—/
-NHC.H, \-n 80.8 (65-67) 80.66
\N/\/O 66.2 (64-66) 80.61
|
H

H

/’I‘YQ 47.2 (81-84) * 80.87;78.09
i

A 53.7 (79-81) * 80.86;78.29

H
]
AN 55.1 (123-125) * 81.0;80.0
C,H,
H
! 4.2 A (204-207) 81.68
A 54. B (87-99) 78.0
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TABLE Ilic (Continued)

t-Bu \ﬁ_
CoHy
X yield b.p.°Cttorr 3p
In% (m.p.)
H Z |
|
x 40.9 iP 78.87,78.55
A . ol
i
AN - 62.0 (138-140) a 81.1;78.7
(]
H3
~ 76.9 (179-184) 73.08
lll Cl
H

a) stereocisomeric mixture (diasterecisomers)

6. Derivatives of tert.-butyl-tert.-pentylphosphinic Acid, 6

The phosphinic chloride was obtained by a Kinnear-Perren reaction as shown®:

o
1. AC,  t-C,H I

t-C,H,PCl, + -CH, CI P—Cl ——>

2.H,0 t-CSH"/ P2Ss
t-CH ﬁ t-C H
. \ -
u PO TEE oy PO
t-C¢H,, ¢ tCH,,

@

This phosphinic chloride was then sulfurized and reduced to the phosphinous chlo-
ride.® Treatment of this chloride with amines gave the phosphinous amides which on
oxidation or sulfurization produced t-butyl-s-pentylphosphinic- and -thiophosphinic

amides, respectively.

(o]
H,0, t-C H < Il

+-CH t-C H roH, -~ NHR
! Q\P—CI + HZNR - > 4 B\P—NHR . s 1
t'Can/ t'Can/ t-C.H
=" ' *>P—NHR
S8 1CH, |

S

®)
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TABLE IVa
Physical and spectroscopic properties of r-pentyl-phenylphosphinous amides
c6H5>p—x
t-Pentyl
X yleld b.p. °Citorr 3p
in% (m.p.)
c1 62.0 74-77/0.02 108.3
-N(GH,), 64.7 78/0.01 81.2
-N(CHs-n), 100 oil(crude) 81.1
~-N(CH, ,~n), 100 oll{crude) 81.5
-N(GH, ,-n), 100 oli{crude) 81.7
i
P 100 oli(crude)® 46.96;46.0
0
P 100 oli(crude)® 46.9;46.1

H

[}
/NYQ 63.0 140/0.05" 47.1;48.1
O\m 95.0 olf 46.48;46.08

a) sterecisomeric mixture (diasterecisomers)

\¥ ~-x

ci

The physical properties together with the *'P-chem. shifts of the prepared compounds
are listed in Tables VIa and VIb.

7. Derivatives of 1-hydroxy-2,2,3,4,4-pentamethylphosphetane-1-oxide, 7

1-Chloro-2,2,3,4,4-pentamethylphosphetane-1-oxide was obtained in the reaction of
2,2,4-trimethylpentene-2 with PCl, and AICI, as described.’

i
(CHy),C=CH——C(CHy), + PCl, + AICl,— % P—Cl—* P—NHR
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Physical and spectroscopic properties of t-pentyl-phenylphosphinic-amides

TABLE IVb
cﬁ"S)ﬁ—x
t-Pentyl
yleld
X in%
cl 97.0
-N(GH,), 60.0
-N(CHy-n), 45.0
-N(CH, ,-n), 36.0
~¥(GH,,-n), 36.0
~NEGGH, y-n 58.0
i
A 54.0
i
AN 7.0
i
a
P 7.0
CyHA
v \©\ 47.0"
AN [+]

[~]

b.p. °Citorr
(m.p.)

oll
oil
oil
oll
oil

(125-130) *

(118-120) *

A (118-124)
B (151-153)

A (166-168)
B (150-154)

31P

72.33
46.97
47.15
46.45
46.45
42,90

42.41;40.69

43.05;41.50

42.75
11

43.00
4134

a) sterecisomeric mixture (diasteresolsomers)
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TABLE IVc
Physical and spectroscopic properties of r-pentyl-phenylthiophosphinic
amides
i
CGH5>p—x
t-Pentyl
X yleld b.p. °Crtorr 3p
in % (m.p.)

ci 81.0 oil 116.8

-N(GH,), 85.0 oil 91.91

-N(C,Hy-n), 320 oil 92.37

-N(C.R, 1), 535 oil 92.25

-N(GH, ,-n), 56.7 oll 92.23

0
A 38.0 (75-79) * 84.23;81.34
b
N 68.5 (158-162) * 82.65;79.97
"
A o 59.0 (115-119) * 82.72;80.06
[~]

a) stersoisomeric mixture (diastersoisomers)

Some of the phosphinic amides were obtained directly by the reaction of the phos-
phinic chloride with amines in a bomb tube.'® However, most of the amides could
only be prepared by reaction of the phosphinous chloride (or phosphinous amide)
with amines followed by oxidation or sulfurization, respectively.

]
_OZ.’ P—NR2
—;g_CH HNRZ %—an
HNR

P—NHR' (10)
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TABLE Va

Physical and spectroscopic properties of di-r-butylphosphinous amides

t-ButyI N\
==X
t-Butyl /P
X yleid b.p. °Chtorr 3p
N 99.0 oll 67.0
i
AN 100 oil(crude) 72.35
; TL
89.5 oll 74.66
A ol

Cl

Whereas chlorination of pentamethylphosphetane caused partial ring cleavage,'
(Equation 11) the phosphinous chloride was obtained

6 — —{—m
I
P—Cl+ LiAH,—» %'Ho— 68 Mo%
J'\lfc-
[~]
(o]

—>
63.5 % Z PCl,

32 Mol%

(1)

in high yield by reduction of the corresponding thiophosphinic chloride with
tributylphosphine.®

(o] S
il I Bu,P
P—Cl+ PS5, —» P—CI -1—26;» P—Cl
(12)

81% 89%

The physical properties together with the *'P-chem shifts of the prepared compounds
are listed in Tables VIIa, VIIb and VIic.
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TABLE Vb
Physical and spectroscopic properties of di-t-butylphosphinic amides
+Butyl \§
t-Butyl /P_x
X yleld b.p. °Citorr 31p

32.0 (159-163) 53.8
"
P 375 (106-208) 55.79
i
P 15.0 (145-149) 55.27
Cl

H
I
AN \©\m 275 (175-178) 55.47

cl

8. Derivatives of 1-hydroxyphospholene-1-oxide, 8

The synthesis of 1-chlorophospholene-1-oxide was carried out as described in the
literature.'>"

/\/ + PCl, + P(OCH,CH,Cl); —» [ ] [ ]

/ 13
0 Cl O/ \C (13)

With the conditions we used only the 1-chloro-3-phospholene-1-oxide was formed.
The phosphinic chloride reacted directly with amines in inert organic solvents to give
the corresponding amides.

[ ] +H2NR—->[ ]
P P

A A (14)
o C O NHR
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TABLE V¢
Physical and spectroscopic properties of di-t-butylthiophosphinic amides
+Butyl It
) —X
t-Butyl
X yleld m.p. 3p
N 60.0 135-138 95.29
W
30.6 126-128 96.54
A
¥
AN - 245 129-131 97.18
Cl
TABLE VIa
Physical and spectroscopic properties of ¢-butyl-r-pentylphosphinous amides
t-Butyl \
—X
t-Pentyl
X o, 3N
yleld b.p. “Citorr P
cl 47.0 77-78/0.08 ° 147.63;146.85
H
1
PRy 100 oll® 66.14;64.88

8) stereoisomeric mixture (dlastereoisomers)
b) cis/trans
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TABLE VIb
Physical and spectroscopic properties of ¢-butyl-r-pentylphosphinic amides
18utyt \§
—X
t-Penty! /P
X ) 31
yield b.p. “Citorr P
(m.p.)
a1 40.0 90/0.08° 85.75;94.92
i
AL 26.5 (148-152) * 55.7;55.1

a) stereolsomeric mixture (diastersoisomers)
b) cis/trans

The physical properties together with the *'P-chem shifts of the prepared compounds
are listed in Table VIIIL

3'P-CHEMICAL SHIFTS

From the *'P-chem. shifts range of the various compound types given in Table IX
the following conclusion can be drawn:

In all compounds except the bis-(tert.-butyl) series the *'P-chem. shifts of the
tertiary amides are at lower field than that of secondary amides which are lower than
that of secondary aryl amides. Remarkably the *'P-chem. shifts of the pyrrolidino
amides of the compounds given in the Tables Ila, IIb, IIc, IIla and IIIb are at higher
field than all the other tertiary amides. In the bis-(tert.-butyl) series the *'P-chem
shifts of the tertiary amides given in Tables Va, Vb and Vc are at higher field than
that of the secondary amides. The secondary aryl amides are not available yet.

BIOLOGICAL ACTIVITY

Several of the hindered phosphinic- and thiophosphinic amides show herbicidal and
insecticidal activity. A report describing these activities is in preparation.'®

EXPERIMENTAL

Phosphorus NMR-spectra were recorded using a Bruker WP 80 spectrometer at 32.28 MHz (ref. 85%
H,PO,), and 'H-NMR spectra were recorded with a Varian EM 360 spectrometer at 60 MHz or a Bruker
WM 250/250 MHz spectrometer (ref. (CH,),Si). The chemical shifts are reported in ppm, with negative
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values being upfield of the standard, and positive downfield. All reactions were run under an atmosphere
of argon.

Preparation of Starting Materials. (CHs),PCl, (C{Hg),P(O)CI, (CH;),P(S)Cl, CICH,(C.H)P(O)C),
CICH,(CH;)P(S)CI and 1-chloro-2,2,3,4,4-pentamethylphosphetan-1-oxide were prepared according to
literature methods.* CICH,(C4H;)PCI, 1-Bu-PhPClI, t-pentyl-phenylPCI, t-butyl-t-pentyIPCI and 1-chloro-
2,2,3,4,4-penta methylphosphetane were obtained from the corresponding thiophosphinic chlorides by
reduction with tributylphosphine.® In contrast to a report'' in which the 1-chloro-2,2,3,4,4-pentamethyl-
phosphetane was obtained from the corresponding secondary phosphine with chlorine which also effected
partial ring cleavage, no such cleavage was observed when the thiophosphinic chloride was reduced with
tributylphosphine.

1-Chloro-2,2,3,4,4-pentamethylphosphetan-1-sulfide, 1

A mixture of 48.66 g (0.25 mol) of 1-chloro-2,2,3,4,4-pentamethylphosphetan-1-oxide®’ and 13.34 g of
P,S (20% excess) was stirred at 170—180°C for 15 h. Then the crude reaction product was vacuum
distilled to give 43.1.g of 1, b.p. 160—163°C/50 torr; it solidified on standing. Lit.'' m.p. 118-120°C
(trans).

TABLE VIIa
Physical and spectroscopic properties of 1-amino-2,2,3,4,4-
pentamethylphosphetan
—X
X yleld b.p. °Cltorr 3p
in % (m.p.)
-N(CH,) 127.5;99.8
Rz trans ; cis
-N(GH,), 72.3 112-115/14 92.76;77.55
-N(CH,-n), 92.8 oll 128.4;97.2
-N(CH,-1), 90.0 oll 130.9;94.5
/N .
—N o 95.3 oil 128.0;97.2
\—
~NHCH, ,—n 85.5 oll 754
\N/H
79.6 oll 94.31;73.99
0
/“\/O 90.5 oll 95.1:76.29

H
| \Q\ 57.8 93/0.04  78.22:86.1
A o
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TABLE VIla (Continued)

H,
’.‘\Q/c : 645 96/0.04 77.8;65.2
/N
H!
B \/Q/oc 60.5 102/0.04 77.4:82.3
/N
68.1 95/0.04 77.8;65.7
H
}
/“\/Q/‘
H
.\/@\ /©/ 70.2 oll 78.45
/N o
H r
Iv@ /@A 713 olil 98.1;78.5
/N o

H

! 95.0 oll{crude) 97.9;78.4
/N\/Q\OO

}
AN o 98.5 oll 91.3;70.06

Cl
L0
N - . 98.0 oil 97.75;78.26
' L
P o 97.5 oil 90.72;70.39

3'P.NMR (in CDCl,)8: 134.2 and 130.19 (ratio trans: cis = 2:1); impurity 124.2; Lit."" 137.
'H-NMR (in CDCl;)8: 0.97 (dd, J 7, 3H); 1.35 (d, J 24, 6H); 1.4 (d, J 21, 6H); 2.3 (m, 1H) (main
isomer); 1.0 (dd, 3H); 1.4 (d, 6H); 1.45 (d, 6H); 2.15 (m, 1H) (minor isomer).

1-Chloro-2,2,3,4,4-pentamethylphosphetane, 2

A mixture of 31.61 g (0.15 mol) of 1 and 39.2 ml of tributylphosphine (6% excess) is stirred for 3 h at
170-180°C and then fractionated to give 23.9 g (89.2%) of 2, a clear liquid, b.p. 87—90°C/20 torr (Lit."
87°C/20 torr).

'H-NMR (in CDCl,)&: 0.75 (d, J 7, 3H); 1.2 (d, J 21, 6H); 1.1 (d, J 9, 6H); 2.77 (q, J 7, 1H); the minor
isomer showed its presence through shoulders on the doublets at 1.1 and 1.2 (ratio main isomer:minor
isomer ~3:1).

*P-NMR (in CDCl,)8: 169.51 and 149.35 (~3:1); impurity at 129.3.

I-Diethylamino-2,2,3,4,4-pentamethylphosphetane, 3
A mixture of 269 g (1.5 mol) of 2 and 343 ml of diethylamine (10% excess) in 1000 ml of toluene is
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refluxed for 16 h, then the yellow suspension is filtered and the filtrate fractionally distilled to give 233.5
g (72.3%) of 3, a clear liquid, b.p. 112-115°C/14 torr.

'H-NMR (in CDCl,)8: 0.7-1.7 (m, 22H); 3.1 (2q, NCH,, 4H).
J'P-NMR (in CDCl,)8: 92.76 and 77.55 (ratio 5:1).

1-Diethylamino-2,2,3,4,4-p hylphosphetane-1-oxide, 4

On letting 3 stand at room temperature in an open flask it is oxidized quantitatively to the oxide 4.
*'P (in CDCl;)8: 57.47 (Lit." 56.23).

1-Diethylamino-2,2,3,4,4-pentamethylphosphetane- 1 -sulfide, §

To a stirred solution of 5.38 g (0.025 mol) of 3 in 25 ml of toluene is added with stirring at 20°C 0.8
g of sulfur. An exothermic reaction ensues. Stirring is continued for 1 h at 20°C, then the solvent
evaporated and the residue kugelrohr distilled. There is obtained 4.2 g (68%) of §, a colorless oil, b.p.
160°C/0.06 torr.

TABLE VIIb

Physical and spectroscopic properties of 1-amino-2,2,3,4,4-
pentamethylphosphetan-1-oxide

f
—X
X yield b.p. °Cftorr 3p

in % (m.p.)
-N(cH,), 218 (90-92) 534
- (GH), 86.0 (155-157) 56.23
-N(C,Byn), 80.0 oll 57.0
-N(CHy-i), 39.8 oll 53.7
- ) 46.1 (8183)  56.88;55.74

‘ 136 @3- 56.9;55.2
—N o - - .95
_/

-MHC,H, ,-n 47.0 oil 51.47;50.19
\N/H

312 (198-200)  51.4;51.03

"

PRy 38.7 (147-149)  51.25;50.79

PR 37.2 51.2;50.8
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TABLE VIIb (Continued)

’-'\/@ 65.9 (158-159) 51.47
/N

H

'\/@\ 18.7 (111-120)  52.28;51.02
A cl

H3
'?\/Q/c 50.5
/N

" \/O/‘ 52.1;50.85
/N

H

.\/@\ /©/ 82.0 (92-95) 52.1;50.89
/N 0

H T

.VQ\ /©/E 15.5 (112-114) 52.4:51.08
AN o

H

! 28.7 (105-107) 52.0;50.8
A \/O\OO

R
AN - 74.0 (138-141) 50.97;50.52

cl

'H-NMR (in CDCl,)8: 0.65-2.0 (m, 22H); 2.8 (2q, NCH,, 4H).

*'P-NMR (in CDCL)5: 104.98 and 96.95 (ratio 5:1).

C,2H,(NPS (247.38) calc.: C 58.3, H 10.6, N 5.7, S 13.0, P 12.5%; found: C 57.5, H 104, N 54,
S 13.1, P 12.7%.

1-Phenylamino-2,2,3,4,4-pentamethylphosphetane, 6

A mixture of 2.15 g (0.01 mol) of 3 and 0.91 ml of aniline is stirred and heated to 150°C for 0.5 h.
Then the volatile material is distilled off and the residue kugelrohr distilled. There is obtained 1.7 g
(72.3%) of 6, a yellow oil, b.p. 150°C/0.06 torr.

'H-NMR (in CDCL,)8: 0.8 (d, J 7, 3H); 1.03 (d, 7 8, 6H); 1.13 (d, J 17, 6H); 1.9 (2q, J 7 and 2,
1H); 4.27 (brd, J 8, NH); 6.5-7.3 (m, 5H).
*'P-NMR (in CDCL,)8: 56.59 and 49.44 (ratio 6:1).
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TABLE Vlc

Physical and spectroscopic properties of 1-amino-2,2,3,4,4-
pentamethylphosphetan-1-sulphide

i
—X
X yleld m.p.°c*® 3p

in%
-N(cH,), 878 90-92 113.27,108.44
-N(C,Hy-n), 81.0 oll 105.0
-R(CH,-i), 76.7 oil 108.2;105.55
— o0 455 54-56 106.2;101.8

\/

“HEGH, 83.0 48-50 95.25;91.49
\N/H

754 122124 94.67,89.75

H
A
A 320 156157 96.0;93.0
H,
H 3
. v©/¢ 542 75717 95.9:92.3
/N

Tert.-butyl-phenylthiophosphinic chloride, 7

A mixture of 54.16 g (0.25 mol) of s-butyl-phenylphosphinic chloride (obtained according to Kinnear-
Perren from PhPCl,, 1-BuCl and AICl,)* and 13.34 g (20% excess) of P,S; is stirred and heated to 160°C
for 5 h. Fractional distillation yields 49.7 g of 7, b.p. 100—104°C/0.04 torr; it solidifies of standing, m.p.
71-73°C (lit." m.p. 69-70°C).

'H-NMR (in CDCl,)é8: 1.3 (d, J 20, 9H); 7.4-8.3 (m, 5H).

*'P-NMR (in CDCl,)8: 114.91.

C,oH,CIPS (232.71) calc.: C 51.61, H 6.07, Cl 15.24, S 13.78, P 13.31%; found: C 51.3, H 6.0, CI
15.5, § 13.9, P 13.4%.

Tert.-butyl-phenylchlorophospine, 8

A mixture of 93.1 g (0.4 mol) of 7 and 105 ml of tributylphosphine (5% excess) is heated with stirring
to 180°C for 3 h. Fractional distillation yields 68.3 g (85.1%) of 8, a clear liquid, b.p. 114-119°C/15
torr.

'H-NMR (in CDCl,)8: 1.02 (d, J 14, 9H); 7.3-7.8 (M, 5H).
*'P-NMR (in CDCl,): 107.87.
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TABLE VlIc (Continued)
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i
—x
X yield m.p.°c*
in%
H
H 3
1 57.9 75-78
N
H
| 51.2 99-103
P

v\/O\ O/‘ 772 94-97
/N (o]

7\/@\ O/B 57.0 87-90
/N o]

7\/@\ /@ 832 oll
/N o]

0
N . %60 oll

Cl

O
/N\/Q\o 22.1 oll
; T
N . 57.5 oll

H | cisftrans 85-87
1 52.6 cis 96-98
AN o trans 71-73

31P

95.79;92.45

96.29;92.45

96.37,92.57

96.44;92.6

96.3;,92.5

95.32;90.53

94.91;91.98

94.85;89.93

96.4;92.6
96.4
92.6

») cis/trans mixture
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TABLE VIII
Physical and spectroscopic properties of 1-oxo-phospholene-amides

’;\
X

(o]
X yield b.p. °Chtorr
In % (m.p.)
-N(GH,-n), 435 140/0.08
95/0.1
-N (C‘Hs-n) 2 73.0 (59‘63)
160/0.1
-NHCGH, ;- 45.9 (solid
~NHCH,CO,C,H, 55.6 oil
=NHCH (CH,) CO,C H, 74.4 resin
i
AL 75.8 (57-60)
i
PNy 75.8 (51-54)
T
64.5 2-73
AN (72-73)

54.4 85-8
\r o (85-87)
H

31P

65.42

65.60

63.35
63.81

62.21

61.35

61.89

61.43

63.38
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TABLE IX

Range of the *'P-chem-shifts of the various compound types given in Tables I to VIII

299

From Table compound X range of *'P-chem shifts
I o NR: ~315
ClICH, 1 _ NHR | 25.11027.1 (t-Bu22.4)
CeHs” NHAryl |21.31022.4
lla CeHs NR; 61.5 - 64.4 (pyrrolidyl 47.33)
P NHR 36.3-429
CeHs NHAryl | 29.85
b C.H \(l? NR, 28.89 - 30.77 (pyrrolidyl 25.54)
* P p—x NHR  |22.68-24.43
CH NHAryl | 20.6
lic CHe ] NR; 67.83 - 70.62 (pyrrolidyl 65.35)
P—X NHR 58.95 - 60.46
llla t-CHo\ NR; 81.47 - 83.12 (pyrrolidyl 65.18)
CH” —X NHR 47.37 - 53.31
8 5
b t-CHo NR; 45.26 - 46.68 (pyrrolidyl 44.24)
P—X NHR 40.31-42.8
Cehs” NHAryl |39.76
Hic t'C4H9\ﬁ NR; 88.89 - 90.4
— NHR 78 - 81.68
CeHy” NHAryl |73.08
IVa t-CeHyi\ NR: 81.1-81.7
CHS NHR 46.0 - 47.1
IVb t-CH,, \ﬁ NR: 46.45 - 47.15
_ NHR 40.69 - 43.05
CGHS/
Ve tCeHy I NR; 91.91 - 92.37
p— NHR 79.17 - 84.23
CoHé//
Va t-CHy NR. 67
e H NHR 72.35 - 74.66
Vb tCH NR; 53.8
p—X NHR 55.27 - 55.79
t-CHy”
Ve t-CHo i NR, 95.29
P—X NHR 96.54 - 97.18
t-CHy”
Via t-CAHg\P y NHR 64.88 - 66.14

t-CH,~

5 11
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TABLE [X (Continued)

From Table compound X range of *'P-chem shifts
Vib ,.C‘H“ﬁ NHR 55.1-55.7
P—
t-C_,.H“/
Vlla NR: 1309-775
NHR 98.17 - 75.4
P—X NHAryl | §7.6
Vilb s NR; 56.9 - 53.4
il NHR 52.6 - 50.4
P—X NHAryl | 48.48 - 44.73
Vile 5 NR; 113.2-101.8
il NHR 96.44 - 89.75
P—X NHAryl | 89.24 - 86.0
Vi — NR; 65.5
Z S NHR 63.38-61.35
QP\
O X
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