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ORGANIC PHOSPHORUS COMPOUNDS 106.' A "P- 

AND THIOPHOSPHINIC AMIDES 
NMR STUDY OF PHOSPHINOUS-, PHOSPHINIC-, 

LUDWIG MAIER and PETER J. DLEL 
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, 
"Pchem. 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. 31 

RESULTS AND DISCUSSION 

We have prepared eight different classes of phosphorus amide compounds and mea- 
sured their IH 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. 

The amides of this acid were readily prepared by the interaction of the phosphinic 
chloride4 with amines in an inert organic solvent. 

Derivatives of Chloromethyl-Phenylphosphinic Acid, 1 
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214 L. MAIER and P. J. D E L  

TABLE I 
Physical and spectroscopic properties of phenyl- 

chloromethylphosphinic amides 

X 

H 

H 

H 

31P ybM In % rn.p.OC 

50.0 

65.0 

43.0 

52.0 

83.0 

34.0 

53.0 

52.0 

588 

47.0 

58.8 

32.2 

49.0 

37 

32 

oll 31.48 

oil 31.53 

oil 22.44 

oll 26.39 

oil 27.10 

82 25.86 

oli 26.41 

oil 27.18 

25.4' 
25.1 

101-104 

A 155-180' 25.51 
87840' 25.39 

A 164' 25.52 
8 78. 25.50 

192 21.31 

m i n  22.39 

85 22.41 

wlld 22.37 
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"P-NMR STUDY OF PHOSPHINIC AMIDES 275 

TABLE IIa 
Physical and spectroscopic properties of diphenylphosphinous 

arnides 

X 

-3 
-3 
A 
\p 
/4 

-N 

9 

H 

C.%>, 

CIHS 

yield 
in % 

82.9 

52.8 

72.3 

70.3 

36.7 

85.6 

89.7 

34.9 

67.5 

21.6 

21.6 

99.0 

100.0 

b.p?Cltorr 
(m.p.1 

117-122/0.04 

121-12610.02 

13%142/0.06 

131 -13610.08 

133-1 3910.04 

69-65] 

(77-79) 

131-1 38l.O.01 

16510.08 

220-23010.1 

180-1 83l0.08 

oil 

oil 

31 P 

61.56 

62.1 

62.17 

47.33 

62.81 

64.46 

62.92 

63.45 
61.54 

42.96 

36.36 

41.45 

36.32 

29.85 
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276 L. MAIER and P. J. DIEL 

The physical properties together with the ”P-chem. shifts of the prepared compounds 
are listed in Table I. 

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 s0lvent.2.~ 

)(=electron pair, 0, s (2) 
TABLE IIb 

Physical and spectroscopic properties of diphenylphosphinic amides 

X 

-3 
-3 
-3 
A 
\p 

yleld rn.p.OC 
In % 

31.1 133-1 37 

78.9 oil 

57.8 oil 

33.8 oil 

65.5 81-87 

58.9 107-110 

66.9 resin 

3’ P 

30.73 

30.77 

30.65 

30.58 

30.62 

25.54 

29.18 

30.73 

29.1 9 

28.89 

24.43 
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"P-NMR STUDY OF PHOSPHINIC AMIDES 277 

TABLE Ilb (Continued) 

h 67.2 136-139 23.89 

H 

-NHC 6 H , 3 ~  84.5 68-71 23.75 

62.8 93-96 23.81 -NHCH 2C02%H5 

-NHCH(CH ,&C02C2H5 54.0 82-85 22.88 

36.7 127-128 23.27 

H 

70.2 157-1 59 22.68 

/N 'flncl 52.5 -201 22.83 

81 .o 249-254 20.57 

H 

?4 claJpJ H 38.0 244-246 20.61 

0 

The physical properties together with the "P-chem. shifts of the prepared compounds 
are listed in Tables IIa, IIb and IIc. 

3. 

The amides of this acid were also readily prepared by the interaction of the corre- 
sponding chlorides4 with mines  in an inert organic solvent. 

Derivatives of tert.-butyl-phenylphosphinic Acid, 3 

X=electron pair, 0, s (3) 
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278 L. MAIER and P. J. DIU 

TABLE IIc 
Physical and spectroscopic properties of diphenylthiophosphinic 

amides 

X 

n 
W0 

--N 

n 

n 

yleld m.p.OC 31P 
In % 

65.7 73-75 68.74 

88.98 

83.0 oll 69.06 

63.8 107 65.35 

74.5 79-85 70.62 

41.7 96-102 67.92 

78.4 95-103 60.48 

62.3 71 -73 58.95 

50.4 1 ~ 1 0 1  59.63 

82.2 113-114 59.0 

82.0 168-175 53.49 

41.0 213-215 53.87 

n 
0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



"P-NMR STUDY OF PHOSPHINIC AMIDES 279 

TABLE IIIa 
Physical and spectroscopic properties of t-butyl-phenylphosphinous amides 

X 

-C1 

-NHC&-n 

\N I /vo 
H 

85.1 114-1 19/15 107.9 

85.3 78-8210.5 81.47 

69.5 105-108/0.04 81.58 

57.4 107-1 1210.04 81.8 

83.0 1 mo.04 81 -77 

82.0 135-14OlO.1 65.18 

100 oil 83.1 2 

86.7 180/0.04 53.1 4 

99.3 oil 53.31 

82.7 170/0.08 48.4!5;47.37' 

71.6 170-175/0.08 48.17;47.56' 

99.0 Oil 48.54;47.86. 

/H 'gnc, 93.0 Oil 48.O;47.5Oa 
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280 L. MAIER and P. J.  DIEL 

The physical properties together with the "P-chem. shifts of the prepared compounds 
are listed in Tables IIIa. IIIb and IIIc. 

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

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

TABLE IIlb 
Physical and spectroscopic properties of r-butyl-phenylphosphinic amides 

X 

H 

/N P 

1-Bu 9 >- 
C.% 

yleld 
In % 

75.0 

54.3 

59.7 

67.1 

54.1 

39.8 

24.3 

66.7 

b.p?C/ton 
(m.p.1 

105-i07m.03 

011 

oll 

oll 

011 

oil 

(71-78) 

m l n  

31P 

71.5 

46.88 

46.37 

46.42 

46.02 

44.24 

4.26 

42.53 

42.8 

70.5 (124435) 42.33:40.60 

A(=) 42.29 65.3' 
B(145-152) 40.77 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



"P-NMR STUDY OF PHOSPHINIC AMIDES 

TABLE I I Ib (Conrinued) 

281 

A(119123) 
60.8' 

62.1 ' 

44.0 

B(158-161) 

(133-137) ' 

(146150) ' 

A(15O-152) 
B( 152-1 %) 

A( 157-1 60) 
8(10&119) 

A(W93) 
B(184-185) 

(161-173) ' 

42.52;40.81 

41.98 
40.5 

42.5;41.0 

42.22;40.49 

42.06 
40.44 

42.04 
40.59 

42.1 1 
40.31 

41.6;40.36 

The phosphinic chloride gave on sulfurization with P,S, the thiophosphinic chloride 
which when treated with tributylphosphine6 produced the phosphinous chloride. 
Treatment of these chlorides with amines afforded the amides. 

X X 
1-C H II R t-C5Hll\II ,R 

C,H5/P-N R' 
"'P-CI + 2  HN: - 

R' -':NH.HcI 
C85/ R' 

X=electron pair, 0, S (5) 

The physical properties together with the "P-chem shifts of the prepared compounds 
are listed in Tables IVa, IVb and IVc. 
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282 L. MAIER and P. J.  DIEL 

TABLE IIIb (Continued) 

X ykld 
In % 

26.9 

/N 47.9 P 
/N ‘PQ 64.0 

85.4 
?4 

H 

bP.oC/toW 
h P . 1  

(212-214) ’ 

(107-108) 

(154458) 

(176185) 

~ 

31P 

42.54’ 

42.1 ;4i a7 

42.5;W.g 

39.70 

5. Derivatives of bis-(tert. -butyl)Phosphinic Acid, 5 

Since it is known from the literature that bis-(tert.-buty1)phosphinic- and thiophos- 
phinic chlorides do not react with amines, these compounds were obtained by oxi- 
dation or sulfurization of bis-(tea.-buty1)phosphinous amides.’.* The latter were pre- 
pared by the interaction of bis-(tert.-buty1)phosphinous chloride4 and amines in an 
inert organic solvent. 

0 
1-C H It 

“P-NHR 

“P-NHR 

t-C4H0\ P-CI + H,NR - t-C4H0 ,P-NHR \ 
t-C4Ha’ t-C4H, 

< t-C4Ha’ 

t-C H 

(6) 
s8 t-C4Ha’ll 

S 

The physical properties together with the ”P-chem shifts of the prepared compounds 
are listed in Tables Va, Vb and Vc. 
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TABLE IIIc 
Physical and spectroscopic properties of r-butyl-phenylthiophosphinic amides 

X 

4 1  

-NHCA3-n 

H 

yield 
In % 

85.4 

94.6 

70.7 

86.2 

64.0 

44.1 

80.8 

66.2 

47.2 

53.7 

55.1 

b.p?C/torr 
(m.p.) 

100-1 0410.04 
(71 -73) 

16010.08 
(76-77) 

oil 

1 8010.1 

oil 

(1 23-1 25) 

(65-67) 

(-1 

(81-84) a 

(79-81) ' 

(123-125) a 

A (204-207) 
B (87-99) 

31 P 

114.9 

90.0 

90.27 

90.4 

90.36 

88.89 

80.66 

80.61 

80.87;78.09 

80.86;78.29 

81.0;80.0 

81.68 
78.0 
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X 
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TABLE I l k  (Conrinued) 

3' P yield b.p?C/torr 
In % (m.p.1 

H 

40.9 OIP 78.87;78.55 

62.0 (138-140) 81.1 ;78.7 

76.9 (179-184) 73.08 

a) stereoisomeric mixture (dlastereolsomen) 

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

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

S 
t-C4H,, II 1-C H 

g)P-CI 
t-C,H, ,/ '- Bu3p .t-C,H, , (7) 

This phosphinic chloride was then sulfurized and reduced to the phosphinous chlo- 
ride: Treatment of this chloride with m i n e s  gave the phosphinous amides which on 
oxidation or sulfurization produced t-butyl-t-pentylphosphinic- and -thiophosphinic 
amides, respectively. 
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TABLE IVa 
Physical and spectroscopic properties of r-pentyl-phenylphosphinous amides 

C H  
t-Pentyl 

6 5>-x 

yield 
In % 

62.0 

64.7 

100 

100 

100 

100 

100 /N ?P 
63.0 

3'P 

108.3 

81.2 

81.1 

81.5 

81.7 

46.96;M.O 

46.9;M.l 

47.1;M.l 

46.48;46.08 

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

7. 

1 -Chloro-2,2,3,4,4-pentamethylphosphetane-l-oxide was obtained in the reaction of 
2,2,4-trimethylpentene-2 with PCl, and AlCl, as de~cribed.~ 

Derivatives of I - hydroxy-2,2,3,4,4-pentumethylphosphetune- 1 -oxide, 7 

(9) 
(CH3),C=CH-C(CH3)3 + PCI, + AICI, 6 "* 
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286 L. MAIER and P. J. DIEL 

TABLE IVb 
Physical and spectroscopic properties of r-pentyl-phenylphosphinic-amides 

ykld 
in K 

97.0 

60.0 

4.0 

36.0 

36.0 

58.0 

/H 54.0 :-P 

b.p. 'Man 
(w.) 

oil 

oil 

oil 

011 

oil 

oil 

(125130) 

(118-120) 

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

A (166-168) 
B (1W154) 

3' P 

72.33 

48.97 

47.15 

48.45 

48.45 

42.90 

42.41 i40.69 

43.05;41.50 

42.75 
41.1 1 

43.00 
41 34 

a) sIemol.onurlc mMun (dbatmd.omm) 
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TABLE IVc 
Physical and spectroscopic properties of t-pentyl-phenylthiophosphinic 

amides 

X 

CI 

3'P 
ybld b.p. 'C/torr 

81 .o oil 116.8 

85.0 oil 91.91 

In % (m.p.1 

32.0 oil 92.37 

53.5 011 92.25 

56.7 oil 92.23 

38.0 (75.79) 84.23;81.34 

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. 
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288 L. MAIER and P. J.  DIEL 

TABLE Va 
Physical and spectroscopic properties of di-r-butylphosphinous amides 

X yield b.p. oC/torr 

99.0 oll 

31 P 

07.0 

loo Oil(CrU&) 72.35 

74.66 

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

68 Mol% 
P-CI+ LWH,+ 

0 63.5 % 

in high yield by reduction of the corresponding thiophosphinic chloride with 
tributylphosphine.6 

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-r-butylphosphinic amides 

1-Butyl ,R 
rx 

1-Butyl 

X yield b.p. 'Cltorr =' P 

32.0 (159-1 63) 53.8 

37.5 (106-208) 55.79 

/N 'pnc, 15.0 (1 45-1 49) 55.27 

/N 'gncl 27.5 (1 75-1 78) 55.47 

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

The synthesis of 1-chlorophospholene-1-oxide was carried out as described in the 
literat~~re.'~." 

m +  P 111 P (13) 

@ + PCI, + P(OCH2CH,CI), 4 

d 'CI d 'Cl 

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

4 \  
0 CI 

/i\ 
0 NHR 
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TABLE Vc 
Physical and spectroscopic properties of di-r-butylthiophosphinic amides 

1-Butyl \;f 

t-eutyl 
P-x 

X yield m.p. 3 l  P 

60.0 135-1 38 95.29 

30.6 1 26-1 28 96.54 

Jgncl 24.5 129-131 97.18 

TABLE VIa 
Physical and spectroscopic properties of r-butyl-r-pentylphosphinous amides 

tsurvl\ 

rx 
t-Pontyl 

31 P 
X 

yield b.p. "Qtorr 

c1 47.0 77-78lO.08 147.63;146.85 

100 011' 66.1 4;64.88 

8)  stereolsomerlc mlxtun (dlrrtorookonwn) 
b) clJtrana 
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TABLE VIb 
Physical and spectroscopic properties of r-butyl-r-pentylphosphinic amides 

yield b.p. 'Cltorr 31P X 

@P.) 

c1 40.0 90/0.0Bb 95.75;94.92 

The physical properties together with the 31P-chem shifts of the prepared compounds 
are listed in Table VIII. 

3'P-cHEMIcAL SHIFTS 

From the 31P-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 IIa, IIb, IIc, IIIa and IIIb are at higher 
field than all the other tertiary amides. In the bis-(tea-butyl) series the 31P-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 25W250 MHz Spectrometer (ref. (CH,),Si). The chemical shifts are reported in ppm, with negative 
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292 L. MAIER and P. J. DIEL 

values being upfield of the standard, and positive downfield. All reactions were run under an atmosphere 
of argon. 

Preparation of Srarring Materials. (CP,),PCI, (CJ-I,)2P(0)CI, (GH,),P(S)CI. CICH,(CJ-I,)P(O)CI. 
CICH2(C6H,)P(S)CI and l-chloro-2.2,3.4.4-pentamethylphosphetan-I-oxide were prepared according to 
literature methods: CICH2(C6H,)PCI. r-Bu-PhPCI. r-pentyl-phenylPCI, r-butyl-r-pentylPCI and I -chloro- 
2,2,3.4,4-penta methylphosphetane were obtained from the corresponding thiophosphinic chlorides by 
reduction with tributylphosphine.6 In contrast to a report" in which the lchloro-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-pentamerhy1phospheran-I-sulfide. 1 

A mixture of 48.66 g (0.25 mol) of Ichloro-2.2,3,4,4-pentamethylphosphetan-I-oxide9 and 13.34 g of 
P2S5 (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 I -amino-2.2.3,4.4- 

pentamethylphosphetan 

X 

n 
W0 

--N 

I 

yield 
In % 

72.3 

92.8 

90.0 

95.3 

85.5 

79.6 

90.5 

oll 128.4;97.2 

oll 130.9$4.5 

oil 

oll 

oll 

oil 

128.0;97.2 

75.4 

94.31 ;73.99 

95.1 ;76.29 
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TABLE VIIa (Continued) 

M.04  

10210.04 

9sm.w 

oil 

oil 

Oii(CNde) 

oil 

oil 

oil 

77.8S.2 

n.s;e2.s 

77.8M.7 

78.45 

98.1 ;78.5 

97.9;78.4 

91.3;70.06 

97.75;78.26 

90.72;70.39 

"P-NMR (in CDC1,)G: 134.2 and 130.19 (ratio trans: cis = 2:l); impurity 124.2; Lit." 137. 
'H-NMR (in CDC1,)G: 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). 

I -Chlom-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-WU20 torr (Lit." 
87"U20 tom). 

'H-NMR (in CDC1,)G: 0.75 (d. J 7. 3H); 1.2 (d, J 21. 6H); 1.1 (d, J 9. 6H); 2.77 (9. 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 CDCI,)S: 169.51 and 149.35 (-3:l); impurity at 129.3. 

I -Diethylamino-2,2,3.4.4-pentamethylphospherane. 3 

A mixture of 269 g (1.5 mob of 2 and 343 ml of diethylamine (10% excess) in lo00 ml of toluene is 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1
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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"U14 torr. 

'H-Nh4R (in CDCI,)G: 0.7- 1.7 (rn, 22H); 3.1 (2q, NCHz, 4H). 
"P-NMR (in CDCI,)& 92.76 and 77.55 (ratio 5 1 ) .  

I-Diethylamino-2,2,3,4,4-pentamethylp~sphetane-I-oxide, 4 

On letting 3 stand at room temperature in an open flask it is oxidized quantitatively to the oxide 4. 

"P (in CDCI,)G: 57.47 (Lit." 56.23). 

I-Diethylamino-2.2.3,4,4-pentamethylphosphetane-I-sulfide, 5 

To a stirred solution of 5.38 g (0.025 rnol) 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 5. a colorless oil, b.p. 
16o"c/O.06 torr. 

TABLE VJlb 
Physical and spectroscopic properties of I-arnino-2,2,3,4,4- 

pentamethylphosphetan-I-oxide 

yield 
In % 

21.6 

86.0 

80.0 

39.8 

46.1 

13.6 

47.0 

31.2 

38.7 

37.2 

3'P 

53.4 

58.23 

57.0 

53.7 

5688;55.74 

56.9;559 

51.4750.19 

51.4;51.03 

51.25;50.79 

51 2;a.a 
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TABLE Vllb (Continued) 

295 

65.9 (158-159) 

18.7 (1 1 1-1 20) 

82.0 (92-95) 

15.5 (1 12-1 14) 

28.7 (105-107) 

74.0 (136-141) 

51.47 

52.28;51.02 

50.5 

50.4 

52.1 ;50.85 

52.1 ;50.89 

52.4;51.08 

52.0;50.8 

50.97;50.52 

'H-NMR (in CDC13)G: 0.65-2.0 (m. 22H); 2.8 (2q, NCH2, 4H). 
"P-NMR (in CDcI,)G: 104.98 and 96.95 (ratio 5:l). 
CI2H2&PS (247.38) calc.: C 58.3, H 10.6, N 5.7, S 13.0, P 12.5%; found: C 57.5, H 10.4. N 5.4, 
S 13.1, P 12.7%. 

I - Phenylamin0-2,2,3,4,4-penramethylphosphctane, 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 tom. 

'H-NMR (in CDC13)6: 0.8 (d, I 7, 3H); 1.03 (d. I 8, 6H); 1.13 (d, J 17. 6H); 1.9 (2q, I 7 and 2, 
1H); 4.27 (br.d, 1 8 ,  NH); 6.5-7.3 (m, 5H). 
"P-NMR (in CDCI3)& 56.59 and 49.44 (ratio 6:l). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



296 L. MAIER and P. J. DIEL 

TABLE VIIc 
Physical and spectroscopic properties of I -amino-2,2,3,4,4- 

pentamethylphospheta- I -sulphide 

X 

-blIICgIL17-n 

yield 
In % 

87.8 

81 .0 

76.7 

45.5 

83.0 

75.4 

m.p.OC' 

-92 

oil 

oil 

54-56 

4&50 

122-124 

31 P 

113.27;108.44 

105.0 

108.2;105.55 

106.2;101.8 

95.25;91 A9 

94.67;89.75 

32.0 156157 96.0;93.0 

54.2 75-77 95.9;92.3 

Tert. -bufyl-phenylthiophosphinic chloride, 7 

A mixture of 54.16 g (0.25 mol) of r-butyl-phenylphosphinic chloride (obtained according to Kinnear- 
Perren from PhPC12. r-BuCI and AICIJ' 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"UO.04 tom; it solidifies of standing, m.p. 
71 -73°C (lit.'' m.p. 69-70°C). 

'H-NMR (in CDCI,)G: 1.3 (d, I 20. 9H); 7.4-8.3 (m. 5H). 
"P-NMR (in CDCI,)S: 114.91. 
C,,,Hl,CIPS (232.71) calc.: C 51.61. H 6.07, CI 15.24, S 13.78. P 13.31%; found: C 51.3. H 6.0. Ci 
15.5, S 13.9, P 13.4%. 

Tert.-bufyl-phenylchlomphospine, 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 
tom. 

'H-NMR (in CDC1,)S: 1.02 (d, I 14. 9H); 7.3-7.8 (M, 5H). 
"P-NMR (in CDCI,)& 107.87. 
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TABLE VIIc (Continued) 

X yield m.p.OC "P 
in % 

57.9 75-78 95.79;92.45 

51.2 99-103 96.29;92.45 

94-97 96.37;92.57 

57.0 87-90 96.44;92.6 
/N 

/N y a o / 0  83.2 oil 96.3;92.5 

oil 95.32;90.53 

/N yaoo 22.1 oil 94.91 ;91.98 

/H ypnc, 57.5 oil 94.85;89.93 

cidtrans 85-87 96.4;92.6 
96.4 
92.6 

52.6 cis 96-98 
trans 71-73 /N / 

a) da&nna mlxtun 
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TABLE Wr 
Physical and spectroscopic properties of 1-0x0-phospholene-amides 

X yield 
In K 

43.5 

73.0 

45.9 

55.6 

74.4 

75.8 

75.8 

64.5 

54.4 

b.p. 'Chorr 
(m.p.1 

140/0.08 

9510.1 
(5963) 

16010.1 
(solid 

oll 

resln 

(5740) 

(51-54) 

(72-73) 

(85-87) 

31 P 

65.42 

65.60 

63.35 

63.81 

62.21 

61.35 

61 .a9 

61.43 

63.38 

H 
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compound 

299 

X 

TABLE IX 
Range of the ’lPchem-shifts of the various compound types given in Tables I to VIII 

C6H5\! P-x  

C 6 H 6  

C6H5 \ 
P-x 

C6H6 

1-C4He\ 
/P-x 

0 
t - c 4 H ~ \ l l  

/P-x 

/P-x 

C6H5 

C6H5 

S 
l-C.He\Il 

C6H5 

1G5H11 \ 

C6H5 
/P-x 

t-C5H11 \8 
/P-x 

C6H5 

S 
‘-‘SH1l \ 11 

C6H5/P-x 

/P-x 

0 
t-C4He\ II 

S 
t-C,He\ II 

/P-x 

t-C4He\ 

1-C4He 

t-C4He/P-X 

1-C.H. 

From Table 

I 

Ila 

Ilb 

Ilc 

llla 

lllb 

lllc 

IVa 

IVb 

IVC 

Va 

Vb 

vc 

Vla 

N Rz 
NHR 
NHAryl 

NRz 
NHR 
NHAryl 

NRz 
NHR 

N Rz 
NHR 
NHAryl 

NRz 
NHR 
NHAryl 

NRz 
NHR 

NRz 
NHR 

NRz 
NHR 

NRz 
NHR 

NRz 
NHR 

NRz 
NHR 

~~ 

range of 3’Pchem shifts 

-31.5 
25.1 to 27.1 (1-BU 22.4) 
21.3 to 22.4 

61.5 - 64.4 (pyrrolidyl47.33) 
36.3 - 42.9 
29.85 

28.89 - 30.77 (pyrrolidyl25.54) 

20.6 

67.83 - 70.62 (pyrrolidyl65.35) 

22.68 - 24.43 

58.95 - 60.46 
-53.6 

81.47 - 83.12 (pyKOlidyl65.18) 
47.37 - 53.31 

45.26 - 46.68 (pyrrolidyl44.24) 

39.76 
40.31 - 42.8 

88.89 - 90.4 
78 - 81.68 
73.08 

81.1 -81.7 
46.0 - 47.1 

46.45 - 47.1 5 
40.69 - 43.05 

91.91 - 92.37 
79.1 7 - 84.23 

67 
72.35 - 74.66 

53.8 
55.27 - 55.79 

95.29 
96.54 - 97.18 

64.88 - 66.14 
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NHR 

NRz 
NHR 
NHAryl 

L. MAIER and P. J. DIEL 

TABLE IX (Continued) 

- 

55.1 - 55.7 

130.9-77.5 
98.17 - 75.4 
57.6 

From Table compound 

NR2 
NHR 
NHAwl 

I 

56.9 - 53.4 
52.6 - 50.4 
48.48 - 44.73 

N RP 
NHR 
NHAwl 

NRz 
NHR 

113.2- 101.8 
96.44 - 89.75 
89.24 - 86.0 

65.5 
63.38 - 61.35 
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