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Abstract

Tris(2,6-dimethoxyphenyDarsine and tris(2,6-dimethoxyphenyl)stibine (®;M(® = 2,6-(Me0O),C,H;; M = As an Sb)) reacted with
common alkyl halides (RX) to give [®;M-R]X, while ®;Bi was unreactive in benzene, or it decomposed in hot alcohols. The reactions
of @M (As,Sb) with butyl bromide in acetonitrile were much faster than that of triphenylphosphine. Treatments of ® ;M (P,As,Sb) with
N-bromosuccinimide (NBS) gave [®;M—-OH]Br, while ®;Bi decomposed to give 1-bromo-2,6-dimethoxybenzene. [®,;M-OH]Br are
soluble in water, and the acidity decreased in the order M = P > As > Sb. Treatments of ®;M (As,Sb) with aqueous hydrogen peroxide
gave the oxides as hydrates, ®;MO. xH,0 (x=1 for M= As and x =3 for M = Sb), while ®,Bi was unreactive or decomposed.
®,PO was brominated by NBS to give ®,PO H,0 (&' = 3-Br-2,6-(Me0),CH,), which did not react with perchloric acid. In contrast,
@ ;MO .xH,0 (P,As,Sb) reacted with the acid to form the stable hydroxyonium salts [#;M-OHICIO,. [®,P-OH]CIO, formed crystals
of stable 1:1 adducts with a variety of amines. [®;As—OH]CIO, formed 1:1 adducts when treated with excess amounts of several
amines (triethylamine,diethylamine,isobutylamine and piperidine), but they were unstable to leave amines by recrystallization. [®,Sb—
OHICIO, formed unstable adducts with these amines, or it did not form. [®;P-SH]CIO, formed 1:1 adducts with several amines, or it
was deprotonated to give ®,PS. ®,;MO xH,0 (P,As) reacted with common RX (X = Br or I) to give [®;M-OR]X, but ®,Sb0O 3H,0
reacted to give [®;Sb—OH]X. [®;P-OR]X decomposed reversibly to give ®;PO in solutions, although [®,;M-OR]CIO, (P,As) could be
recrystallized.

Keywords: Arsenic; Antimony; Bismuth; Phosphorus; Alkoxide; Amine

1. Introduction

As part of our systematic investigation on the chem-
istry of 2,6-dimethoxyphenyl derivatives such as
tris(2,6-dimethoxyphenyl)phosphine (®,P (d = 2,6-
(MeO),C¢H,)) [1-3], we attempted to work on a series
of its derivatives of group 15 elements. Tris(2,6-di-
methoxyphenyl)arsine, tris(2,6-dimethoxyphenyl)stibine
and tris(2,6-dimethoxyphenyl)bismuthine, (®,M (M =
As, Sb and Bi respectively)) have been prepared by
Horner and Simons [4], but their chemical properties
have not been explored. The reactions reported here are
summarized in Schemes 1 and 2. Some of the prelimi-
nary results have been reported elsewhere [5,6].

* Corresponding author.
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2. Experimental details
2.1. Physical measurements

'H and "C NMR spectra were recorded for solutions
in CDCl; or in CD,Cl, using a JEOL model INM-GX-
270 spectrometer, and the representative 'H and "’C
NMR spectral data are summarized in Tables 1 and 2
respectively. IR spectra (Nujol mulls) were recorded
using a Shimadzu FTIR-4200 spcctrophotometer.

2.2. Preparation of starting materials

®,P was prepared as described elsewhere [1], or it
was kindly provided by K.I. Kasei Co., Ltd. ¢,PO [2],
®,PS [7] and [P,P-SHICIO, [7] were prepared as
previously reported.
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OMe
b=
OMe
+ RX
oM > [@,M-RIX
M =P, As, Sb, Bi M = As, Sb;
RX = BuCl,
+ NBS/aq. Me,CO CH,=CHCH,(Cl,
(+HCl04) EtBr, BuBr, Mel,
Etl, Bul.

+H,0, 010,

+HClo,
®,M.xH,0 [®,M-OHJX M~P,4s,sb;
+ NaOH X = Br, ClO,.
M=P, As, Sb
+ amine; X = ClO,
+ RX
[@;M-OH-amine]CIO,
M =P, As, Sb; .
[@,M-OR]X amine = NEt,, NHEt,, NBu,, NH,'Bu,
NHY) Bu, piperidine
M="P, As; NCsH,Me;-2,4,6 NCsH ;Me-4,

RX = EtBr, BuBr, Mel,
Etl, Bul, C4H ;I

NC H Me-3, N-methylimidazole,
(Me,NCH,CH zNMez)l/z

Scheme 1. Reactions of ®;M (M =P, As, Sb or Bi) and their
derivatives.

®,As, $,Sb and P, Bi were prepared by analogous
methods reported by Horner and Simons [4] with slight
modification, as described below.

22.1. P; As

The organolithium reagent ®Li was prepared from
1,3-dimethoxybenzene (5.2 ml, 40 mmol), 15% n-
hexane solution of n-butyllithium (25 ml, 40 mmol) and
N,N,N’,N'-tetramethylethylenediamine (about 0.1 ml)
in dry diethyl ether (30 ml). The reagents were mixed at
0°C under argon, and the mixture was stirred at room
temperature for 2 h to give a white suspension of ®Li.
Arsine trichloride (1.0 ml, 12 mmol) was added at 0°C,
and the mixture was stirred at room temperature
overnight. Methanol (20 ml) was added, and the mixture
was concentrated to about a half volume under reduced
pressure. The resultant white precipitates were filtered
in air and were recrystallized from methanol to give

@,P-SH|CIO, + amine — [ ®,P-SH-amine|ClO,
3 4 3

amine =
NEt,, NHEt,, NC;H, Me-3, NC;H,Me-4,
NC;H,Me,-2,4,6

Scheme 2. Reactions of [, M-SH]CIO, and amines.

white crystals of ®;As with a 78% yield (melting point
(m.p.), 162-164°C (160°C [4])). Anal. Found: C, 59.38;
H, 5.76. C,,H,; AsO, calc.: C, 59.27; H, 5.59%.

2.2.2. &,8b

In an analogous manner to the above using stibine
trichloride (3.42 g, 15 mmol), ®,Sb was obtained as
white crystals with a 82% yield (m.p., 165-167°C (after
recrystallization from methanol) (163°C [4])). Anal.
Found: C, 53.83; H 5.36. C,,H,,SbOq calc.: C, 54.06;
H, 5.10%.

2.2.3. ¢;Bi

To a suspension of ®Li, prepared as above, was
added an ethereal solution (30 ml) of bismuth trichlo-
ride (4.73 g, 15 mmol) at 0°C under argon, and the
mixture was worked up as above. The resultant precipi-
tates were dissolved in acetone to remove inorganic
impurities by filtration. To the filtrate was added water
to give precipitates of ®,Bi with a 78% yield. The
analytical sample was obtained by recrystallization from
2-propanol with minimum heating (m.p., 155-157°C
(128°C [4])). Anal. Found: C, 46.48; H, 4.54. C,,H,,-
BiO, calc.: C, 46.64; H, 4.39%.

2.2.4. Air oxidations of ;M

Each solution of ®,;M (M = P, As or Sb) (0.3 mmol)
in 2-propanol (15 ml) was heated at 80°C in air for 12
h, the solvent was removed under reduced pressure, and
the residue was served for measurement of 'H NMR
spectra to show the relative ®,M: ®,;MO xH,O ratios
as8:92(M =P), 17:83 (M = As) and 14: 86 (M = Sb).

When &,Bi was heated in an analogous manner, it
decomposed to give 1,3-dimethoxybenzene.

2.3. Reactions of ®;M with alkyl halides

2.3.1. Reactions with alkyl iodides

A mixture of ®,Sb (0.533 g, 1 mmol) and butyl
iodide (0.3 ml) in benzene (10 ml) was stirred at room
temperature for several hours to give precipitates of
[®,Sb-Bull with a 78% yield. The analytical sample
was obtained by recrystallization from 2-propanol (m.p.,
171-173°C). Anal. Found: C, 46.55; H, 5.09. C,sH ¢
I0,4Sb calc.: C, 46.89; H, 5.04%.

In analogous manners to the above, the following
compounds were obtained.

[®,As-Mell: 95% yield; m.p., not observed below
235°C. Anal. Found: C, 47.59; H, 4.86. C,;H;,AsIO,
calc.: C, 47.79; H, 4.81%.

[®,As-Et]I: 99% yield; m.p., 235°C (decomposed).
Anal. Found: C, 48.55; H, 5.12. C,H,, AslO; calc.: C,
48.62; H, 5.02%.

[®,As-Bull: 93% yield; m.p., 207°C (decomposed).
Anal. Found: C, 50.20; H, 5.57. C,;HAsIO¢ calc.: C,
50.16; H, 5.41%.
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[@,Sb-Mell: 96% yield; m.p. 214°C (decomposed)
Anal. Found: C, 44.36; H, 4.52. C,;H,,I04Sb calc.: C,
44.47; H, 4.58%.

[®,Sb-Etll: 94% yield; m.p., 205-207°C. Anal.
Found: C, 45.15; H, 4.76. C,H,104Sb calc.: C, 45.31;
H, 4.68%.

®,Bi was recovered with a 86% yield after heating
in benzene containing ethyl iodide in a sealed glass tube

80°C in a sealed glass tube for 15 h. Volatile materials
were removed under reduced pressure, and the residue
was washed with benzene to give [¢3Sb~Bu]Br with a
86% yield (m.p., 142°C (decomposed)).

In analogous manners to the above, the following
compounds were obtained.

[®,As-EtlBr: 98% yield; m.p., 237°C (decom-
posed).

for 15 h at 80°C.

2.3.2. Reactions with alkyl bromides

A mixture of ®,Sb (0.533 g, 1 mmol) and butyl
bromide (0.6 ml) in methanol (10 ml) was heated at

Table 1

"H NMR spectral data for some 2,6-dimethoxphenyl derivatives *

[®,As-BulBr: 99% yield; m.p., 201°C (decom-
posed).

[®,As-EtlBr: 92% yield; m.p., 184°C (decom-
posed).

These compounds were characterized by 'H NMR

Compounds & (ppm) [J, (H2)]

4H?® 35-H ¢ 2,6-MeO ¢ Others
®,As 7.12 6.44 3.47
®,Sb 7.13 6.44 3.47
®,Bi 7.11 6.59 3.45
®,AsO.H,0 7.30 6.52 3.55
$,Sb0.3H,0 7.35 6.63 371
[®,P-OHIBr 7.48 6.58 3.61
[®,P-OHICIO, 7.51 6.61 3.65
[®;As—OH]X (X = Br or ClO,) 1.57 6.71 372
[®,Sb-OH]X (X = Br or Cl0,) 7.58 6.74 3.76
®,PO.H,0 752°¢ 6.49 3.85 and 3.38
[®,P-OH-NE,]CIO, 7.31 6.51 3.50 3.01q[7], 1.2247]
[®,As—OH-NE,]CIO, 7.42 6.61 3.58 2.72q[7], 1.1247]
[®,P-SH-NE,]CIO, 725 6.50 3.53 3.16q[7], 1.33(7]
[®,P-OH-NHE,]CIO, 7.31 6.53 3.49 2.91q[7], 1.1947]
[®,As—OH-NHE,]CIO, 7.43 6.62 3.60 2.56q[7], 1.074[7]
[®,Sb-OH-NHE, ICIO, (7.45 6.69 3.7 2.70q(7], 1.03(7) ©
[$,P-SH-NHEL, ICIO, 727 6.52 3.53 2.97q[7], 1.2347]
[®,P-OH-NH, Bu]CIO, 7.33 6.54 3.51 2.34d[8], 1.80m, 0.72d[7]
[®;As—OH-NH,'Bu]CIO, 7.42 6.62 3.56 2.21d[7], 1.56m, 0.67d{7]
[®,P-OH-piperidine]CIO, 7.31 6.51 3.51 2.98br, 1.74br, 1.51br
[®, As—OH-piperidine]CIO, 7.42 6.62 3.57 2.75br, 1.59br, 1.45br
[®,As—Mell 7.52 6.67 3.62 2.58s
[®,Sb-Mell 7.53 6.68 3.66 2.15s
[®,As-Et]X (X =BrorI) 7.51 6.66 3.63 3.19q[7], 1.224(8]
[@,Sb-Et]X (X =Bror ) 7.53 6.68 3.65 2.82q[8], 1.40t[8]
[®;As—BulX (X =C},Brorl) 7.51 6.65 3.63 3.144[7), 1.42m(4H), 0.88(7]
[@,Sb-BulX (X =Cl, Bror I) 7.53 6.68 3.66 2.78(8], 1.61m, 1.43m, 0.891{7]
[®,P-CH,CH=CH,CIO, 7.52 6.62 3.61 5.63m(1H), 5.0m(2H), 3.95dd[18][7X2H)
[®,As—CH,CH=CH, ]CIO, 7.50 6.64 3.63 5.71m(1H), 5.1m(2H), 3.93d[8X2H)
[®,Sb—CH,CH=CH, ICIO, 7.51 6.67 3.66 5.80m(1H), 5.1m(2H), 3.60d[8)}(2H)
[®,P-OMe]ClO, 7.56 6.63 3.62 3.77d014]
[®,As—OMe]l 7.60 6.72 3.67 3.70s
[®,P-OEt)X (X = Br, [ or ClO,) 1.57 6.65 3.63 4.07qn[71[7], 1.35dd1]7]
[®,As—OEt]X (X = Bror ) 7.58 6.71 3.67 3.88q[7], 1.28¢(7]
[®,P-OBull 7.58 6.65 3.63 3.99d47][7), 1.67m[7], 1.39m([7], 0.921{7)
[®,As-OBu]X (X = Bror I) 7.58 6.71 3.67 3.801[6), 1.61m[7], 1.37m[7], 0.891[7]
[®,P-OC4H,, 1l 7.58 6.65 3.63 3.97d7)[7], 1.67m[7], 1.25br, 0.8617]

* In CDCl; or CD,Cl, at 270 MHz; & = 2,6-(Me0),C4H,, &’ = 3-Br-2,6-(Me0),C¢H,; s, singlet; d, doublet; t, triplet; q, quartet; qn, quintet;
dd, double doublet; dt, double triplet; m, multiplet; br, broad. The spectral data for ®,P [1], ®,PO [2], ®,PS [7], [®,P-SHICIO, [7] and

[®,P-Mell [1] have been reported.
® Triplet with J,, = 8-9 Hz.

¢ Doublet or double doublets with J,, = 8-9 Hz and J, = 5-6 Hz.

d Singlet.
¢ Suspension in CD,Cl,.
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and IR spectra in comparison with those of the corre-
sponding iodides.

2.3.3. Reactions with alkyl chlorides

A mixture of ®,Sb (1 mmol) and butyl chloride (0.5
ml) in methanol (10 ml) was heated at 80°C in a sealed
glass tube for 24 h. Volatile materials were removed
under reduced pressure, and the residue was extracted
with chloroform. Chloroform was removed under re-
duced pressure, and the residue was washed with ben-
zene to give [®,Sb-Bu]Cl xH,O with a 24% yield
(calculate for x=0) (m.p., 101°C (decomposed). IR:
v(OH) 3300 cm™'.

In an analogous manner to the above, [P;As—

Bu]Cl.xH,0O was obtained with a 95% yield (calculate
for xl= 0) (m.p., 199-201°C) IR »(OH) 3200 and 3290
cm”

These compounds were characterized by 'H NMR
and IR spectra in comparison with those of the corre-
sponding iodides.

A mixture of ®,Sb (1 mmol) and allyl chloride (0.12
ml) in ethanol (10 ml) was heated at 60°C for 9 h. It
was diluted with water (15 ml), and 1 M aqueous
solution of sodium perchlorate (1.5 ml) was added to
give precipitates of [®,Sb—-CH,CH=CH, ]CIO, with a
79% yield (m.p., 191°C (decomposed (after recrystal-
lization from ethanol)). IR: »(CIO,) 1100 cm™"). Anal.
Found: C, 47.80; H, 4.81. C,;H,,ClO,,Sb calc.: C,
48.13; H, 4.79%.

Table 2

C NMR spectral data for some 2,6-dimethoxphenyl derivatives *

Compounds 5 ° (ppm) [Jp (H2)]

d,P 116.5 [20), 162.4, 104.3 ©, 128.3, 55.9
D, As - 4,162.7, 104.3, 128.3, 55.8

d,Sb - 9,162.6, 104.2, 128.3, 55.8

®,Bi - 9,164.4, 1040, 128.9, 55.5
$,As0.H,0 116.9? 9, 161.7, 104.5, 132.1, 55.9
®,8b0.3H,0 119.67 ¢, 161.5, 104.3, 131.4, 55.8
[®,P-OHJX ® — 91626, 104.7 <, 136.3, 56.4

[®,As-OHJX °©
[®,Sb-OH]X °
@,PO.H,0
[®,P-OH-NE,]CIO,
[®,As-OH-NEL,]CIO,
[®,P-SH-NEL,|CIO,
[®,P—OH-NHEt, |CIO,
[®, As-OH-NHEL, ICIO,
[®,Sb-OH-NHE, ICIO,
[¢,P-SH-NHE, IC10,
[&,P—OH-piperidine]C1O,
[&, As—OH-piperidine]ClO,
[®, As-OH-NH,'BulCIO,
[P;As-Mell

[®,Sb-Me]l

[®,As-EUI

[®,Sb-Etll

[®,As-Bu]l

[®,Sb-Bull
[®,P-CH,CH=CH, ICIO,
[®,As-CH,CH=CH,CIO,
[®,Sb-CH,CH=CH, JCIO,
[®,P-OMelCIO,
[®,As-OMe]l
[®,P-OEf]CIO,

[P, As—OEt]l
[®;As-OBull

- ¢,161.2, 105.1, 136.3, 56.6
108.3? ¢, 162.2, 105.2, 136.7, 56.7

122.7[113], 160.8 and 160.2, 108.7 [10] and 108.3 8], 135.9, 62.3 and 55.7

114.6 [117), 162.3, 104.6 <, 132.6, 55.8, 46.4, 8.4

114.8, 161.8, 105.0, 134.0, 56.2, 46.0, 9.3

116.1 [96], 161.6, 105.1 ¢, 131.3, 55.8, 47.2, 8.8
114.6[119), 162.3, 104.9 ¢, 132.6, 55.9, 43.1, 10.7

115.6, 161.5, 105.0, 133.1, 56.0, 42.9, 11.6

(116.7, 161.7, 104.6, 133.5, 56.0, 43.7, 14.5) f

115.9 [94], 161.6, 105.3 ¢, 131.6, 55.9, 43.6, 11.0
—4.162.4, 104.8 ©, 1326, 55.9, 45.0, 22.5, 21.9

115.1, 161.5, 105.0, 133.4, 56.1, 45.1, 22.7 (overlapped?)
114.1, 161.8, 105.5, 134.3, 56.5, 48.5, 28.6, 20.1

105.6, 161.2, 104.9, 134.9, 56.4, 19.0

105.2, 162.4, 104.7, 135.4, 56.4, 7.5

104.6, 161.4, 104.7, 134.8, 56.3, 28.3, 8.7

104.3, 162.5, 104.6, 135.3, 56.4, 21.0, 9.4

- 9.161.4, 104.7, 134.8, 56.3, 33.4, 26.1, 24.0, 13.7
104.4, 162.4, 104.7, 135.3, 56.4, 26.8, 25.1 (overlapped?), 13.6
100.0 [98), 162.5, 104.6 ©, 135.7, 56.0, 128.6 [8], 120.7 [16], 33.9 [59]
104.9, 161.4, 104.7, 1349, 56.1, 128.4, 121.8, 38.4

- 4,162.4, 1047, 135.4, 56.2, 129.1, 120.5, 31.5

102.5 [122], 163.0, 104.7 ¢, 136.7, 56.3, 56.9 [9]

107.0, 161.6, 105.2, 136.4, 56.7, 56.1

103.1 [123], 162.9, 104.6 ©, 136.5, 56.2, 67.3 [9], 16.1 [10]
107.5, 161.5, 105.2, 136.2, 56.6, 65.0, 17.0

107.4, 161.5, 105.1, 136.2, 56.5, 68.7, 33.4, 18.9, 13.8

® In CDCl, or CD,Cl, at 68 MHz; ® = 2,6-(Me0),C4H;, &' = 3-Br-2,6-(Me0),C4H,; in the order of C-1, C-2, C-3,5, C-4, 2,6-MeO and

others.

® Data for $,PO [2], ®,PS[7], [®,P-SH]CIO, [7] and [®;P-Me]CIO, [8] have been reported.

¢ Doublet with Jp = 6-10 Hz.

d Very weak or not detected.
¢ X = Br, ClO, or BF,.
f Suspension in CD,Cl,.
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In analogous manners to the above, the following
compounds were obtained.

[®,P-CH,CH=CH,IC10,: 97% yield; m.p., not
observed below 240°C (after recrystallization from
ethanol). IR: »(ClO,) 1100 cm~'. Anal. Found: C,
55.39; H, 5.61; Cl 6.25. C,,H,,ClO,,P calc.: C, 55.63;
H, 5.53; Cl, 6.08%.

[®,As-CH,CH=CH,ICI0,: 98% yield; m.p., not
observed below 240°C (after recrystallization from
ethanol). IR; »(ClO,) 1100 cm™!. Anal. Found: C,
51.47; H, 5.16. C,,H;,AsClO,, calc.: C, 51.73; H,
5.15%.

2.3.4. Rate measurement

Reaction rates were determined by conductimetry for
solutions containing Ar;M (0.01 M) and alkyl halide
(0.20 M) kept in boiling chloroform bath at 61.2°C or
boiling benzene bath at 83.5°C. Correlation coefficients
were greater than 0.999, except for some very fast
reactions with the half-lifetime less than 15 min.
Pseudo-first-order rate constants obtained are given in
Table 3.

2.4. Reactions of ®; M with N-bromosuccinimide

2.4.1. Formation of [®;M—~OH]X (M =P, As or Sb;
X = Br, CIO or BF,)

To a solution of ®;As (0.486 g, 1 mmol) in acetone
(10 ml, used as purchased) was added dropwise a
solution of N-bromosuccinimide (NBS) (0.178 g, 1
mmol) in acetone (5 ml), and the mixture was stirred at
room temperature for 1 h, resulting in white precipitates
of [®;As—OH]Br (yield 91%; m.p., 199°C (decom-
posed)). Anal. Found: Br, 13.4. C,,H,;0,AsBr calc.:
Br, 13.7%. These precipitates were dissolved in water.
An addition of 1 M aqueous sodium perchlorate (2 ml)
resulted in the precipitation of [, As—OH]CIO, with an
80% yield after recrystallization from ethanol (m.p., not
observed below 235°C). Anal. Found: C, 48.08; H,
4.90. C,,H,;O,,AsCl calc: C, 47.82; H, 4.68%. IR;
v(OH) 3350; »(C10,) 1100 cm ™.

[®,As—-OH]CIO, also could be obtained with an
80% yield by the reaction of ®,As (1 mmol) and 30%
aqueous hydrogen peroxide (0.25 ml, excess) in 2-pro-
panol (30 ml), followed by addition of 60% aqueous
perchloric acid (0.15 ml).

In analogous manners to the above, the following
compounds were obtained.

[®,P-OHIBr: 90% yield; m.p., 164°C (decom-
posed).

[®,P-OHICIO,: 93% yield; m.p., 230°C (decom-
posed) (after recrystallization from ethanol). Anal.
Found: C, 51.37; H, 5.17; Cl, 6.24. C,,H,,0,CIP
calc.: C, 51.58; H, 5.05; Cl, 6.34% IR: v(OH) 3340;
»(ClO,) 1100 cm™".

[®,P-OHIBF,: 92% yield; m.p., 227°C (decom-
posed) (after recrystallization from ethanol, followed by
drying at 110°C). Anal. Found: C, 52.80; H, 5.13.
C,.H,,0,BEP calc.: C, 52.77; H, 5.17% IR »(OH)
3350; v(BE,) 1070 cm ™.

[®,Sb-OHIBr: 85% yield; m.p., 200°C (decom-
posed).

[®,Sb-OHICIO,: 61% yield; m.p., 214°C (decom-
posed) (after recrystallization from ethanol). Anal.
Found: C, 44.30; H, 4.54; Cl, 5.30. C,,H,0,,CISb
calc.: C, 44.37; H, 4.34; Cl, 5.46% IR; v(OH) 3350;
»(ClO,) 1100 cm™".

2.4.2. A reaction of ®,;Bi

When ®,Bi was treated with NBS in an analogous
manner to the above, white crystals of 1-bromo-2,6-di-
methoxybenzene, (P Br) precipitated. When an excess
of NBS (3.1 mmol) was used, ®Br was obtained with a
2.1 mmol yield (m.p., 90-92°C (90-92°C) [9)).

2.4.3. Properties of [#;M-OH]X

[®,;M-OHICIO, (M =P, As or Sb) are poorly solu-
ble in water, partially soluble in chloroform but soluble
in dichloromethane, and they can be recrystallized from
alcohols, acetone or chloroform. [®,;M-OH]Br (M = P,
As or Sb) are very soluble in water (1 g in 4—10 ml)
and alcohols, and insoluble in non-polar solvents. The

Table 3. Rate constants for the reaction Ar;M + RX(excess) = [Ar,M-R]X

Solvent RX Ar;M Temperature (°C) k (s7) t) ;5 {min)
MeCN BuBr d,P 61.2 Very fast <3
D, As 61.2 1.20x 1074 96
®,Sb 61.2 3.77 X 1073 307
&, Bi 61.2 No reaction
Ph,P 61.2 =~69%10°¢ = 1700
EtOH BuBr b, As 61.2 6.24%x10°* 18.5
$,Sb 61.2 2.16x 1074 53
Bul P, As 61.2 Very fast <5
Ph;As 61.2 <1.72X%1073 > 670
CICH,CH,Cl (= RX) d,As 835 1.23% 1074 94
®,Sb 83.5 Very slow -
Ph,P 83.5 =6.8x107¢ = 1700

* By conductimetry for solutions containing Ar;M (0.01 M) and RX (0.20 M); k. = k,[RX].
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aqueous solutions of [®;M-OHJBr (1X107* M)
showed pH values of 2.09 (M = P), 3.79 (M = As) and
4.75 (M = Sb).

2.5. Isolations of ®;MO.xH,0 (M = As or Sb)

2.5.1. By deprotonation of [®; M-OH]CIO,

To a suspension of [®,As—OH]CIO, (0.602 g, 1
mmol) in water (20 ml) was added 1 M aqueous sodium
hydroxide (1.4 ml). The mixture was stirred at room
temperature for 0.5 h to give a clear solution. It was
extracted with chloroform (40 ml), from which on
evaporation was obtained ®;AsO H,O with a 94%
yield (m.p., 215-219°C). Anal. Found: C, 55.79; H,
5.77. C,,H,,04 As calc.: C, 55.39; H, 5.62%; IR: »(OH)
3350 broad cm ™.

An analogous treatment of [®,Sb—OH]CIO, (0.650
g, 1 mmol) gave crystals of ®,SbO,3H,0 with a 95%
yield (m.p., 195°C (decomposed) (after recrystallization
from toluene)). Anal. Found: C, 47.48; H, 5.17.
C,,H;;0,,Sb calc.: C, 47.78; H, 5.51% IR: »(OH)

1

3600 very sharp cm™ .

2.5.2. By reaction of ®;M with hydrogen peroxide

To a suspension of ®,As (0.486 g, 1 mmol) in
acetone (5 ml) was added 30% aqueous hydrogen per-
oxide (0.15 ml, 1.5 mmol). The mixture was stirred at
room temperature for 1 h to give a clear solution.
Volatile materials were removed under reduced pres-
sure, and the residual solid was crystallized from chlo-
roform as above to give ®,AsO H,O with a 74% yield.

An analogous treatment of ®,Sb (0.800 g, 1.5 mmol)
gave crystals of ®,SbO.3H,0 with a 96% yield.

When @®,Bi was treated in an analogous manner, it
was recovered with a 76% yield.

2.6. A reaction of @, PO with N-bromosuccinimide

To a solution of ®,PO (0.916 g, 2 mmol) in acetone
(20 ml) was added dropwise a solution of NBS (8
mmol) in acetone (15 ml). The mixture was stirred at
room temperature for 1 h, and it was cooled to —30°C
to give white precipitates of ®,PO.H,0 (&' = 3-Br-
2,6-(MeO),C4H,) with a 97% yield (m.p., 186-188°C).
Anal. Found: C, 40.11; H, 3.55. C,,H,,O4Br;P calc.:
C, 40.42; H, 3.68%. ®5P0O_H,0 is insoluble in water,
and the water molecule in the crystals could not be
removed on heating at 120°C for 48 h.

2.7. Reactions of [®;M-OH]CIO, (M = P, As or Sb)
with amines

A mixture of [®,P-OH]CIO, (0.559 g, 1 mmol) and
triethylamine (0.4-0.8 ml, an excess) in 2-propanol (15
ml) was heated to dissolve. On cooling to —30°C, it
afforded white crystals of 1:1 adduct [®,P-OH-

NEt;]C1O, with an 88% yield. The analytical sample
was obtained by recrystallization from 2-propanol (m.p.,
202°C (decomposed)). Anal. Found: C, 54.60; H, 6.74;
N, 2.08; Cl, 5.46. C, H,;0,,CINP calc.: C, 54.59; H,
6.57; N, 2.12; Cl, 5.37% IR: »(ClO,) 1100 cm™'.

In analogous manners to the above, the following
adducts were obtained.

[®,P-OH-NHE,ICIO,: 89% yield; m.p., 188°C
(decomposed). Anal. Found: C, 53.04; H, 6.33; N, 2.22;
Cl, 5.62. C,4H,,0,,CINP calc.: C, 53.21; H, 6.22; N,
2.22; Cl, 5.61%.

[®,P-OH-NBu,ICIO,: 75% yield, mp., 180—
182°C. Anal. Found: C, 57.79; H, 7.60; N, 1.83; CI,
4.48. C, Hy0,, CINP calc.: C, 58.10; H, 7.45; N,
1.88; Cl, 4.76%.

[®,P-OH-NH,'BulCIO,: 74% yield; m.p., 216°C
(decomposed).

[®,P-OH-NH,'BulClO,: 78% yield; m.p., 236°C
(decomposed). Anal. Found: C, 53.10; H, 6.47; N, 2.22;
Cl, 5.64. C,4H,,0,, CINP calc.: C, 53.21; H, 6.22; N,
2.22; Cl, 5.61%.

[®,P-OH-piperidinelClO,: 81% yield, m.p.,
182°C (decomposed).

[®,P-OH-2,4,6-collidine]C10,: 90% yield; m.p.,
183-191°C. Anal. Found: C, 56.21; H, 5.97; N, 1.81;
Cl, 5.16. C,,H,,0,,CINP calc.: C, 56.51; H, 5.78; N,
2.06; Cl, 5.21%.

[®,P-OH-4-picolinelCl0,: 91% yield; m.p.,
156°C (decomposed). Anal. Found: C, 55.22; H, 5.55;
N, 1.98; Cl, 5.23. Cs,H,;0,,CINP calc.: C, 55.26; H,
5.41; N, 2.15; Cl, 5.44%.

[®,P-OH-3-picoline]C10,: 87% yield, m.p.,
159°C (decomposed).

[®,P-OH-N-methylimidazolelC10,: 98% yield;
m.p., 161°C (decomposed). Anal. Found: C, 52.29; H,
5.53; N, 4.17; Cl, 5.63. C,iH,,0, ,CINP calc.: C, 52.46;
H, 5.35; N, 4.37; Cl, 5.53%.

[(®,P-OH),~NMe ,CH ,CH,NMe, I(CIO,),: 54%
yield; m.p., 231°C (decomposed). Anal. Found: C, 52.22;
H, 6.06; N, 2.28; Cl, 5.55. C;,H,,0,,Cl,N,P, calc.: C,
52.56; H, 5.88; N, 2.27; Cl, 5.75%.

[®,As-OH-NEt,ICI10,: 76% yield; m.p., 257°C
(decomposed). Anal. Found: C, 50.73; H, 6.13; N, 1.84.
C5H;0,,AsCIN calc.: C, 51.18; H, 6.16; N, 1.19%.

[®,As—-OH-NHEL,IC10,: 82% yield; m.p., 260°C
(decomposed). Anal. Found: C, 49.24; H, 5.83; N, 2.08.
C,3H 4,0, ,AsCIN calc.: C, 49.75; H, 5.82; N, 2.07%.

[®,As-OH-NH,'BulCIO,: 81% yield; m.p., 257°C
(decomposed). Anal. Found: C, 49.67; H, 5.80; N, 2.09.
C,3H 3,0, AsCIN calc.: C, 49.75; H, 5.82; N, 2.07%.

[®;As-OH-piperidinelC10,: 83% yield; m.p.,
220°C (decomposed).

[®,Sb—OH-NHE,]CIO,: 70% yield; m.p., 195°C
(decomposed).

When [®P,As—OH]CIO, was treated with tert-
butylamine, the crystals contained a small amount of the
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amine. When the salt was treated with 3-picoline, 4-pi-
coline, 2,4,6-collidine, N,N,N’,N’-tetramethylethylene-
diamine or N-methylimidazole, crystals of [d,As-
OH]CIO, were recovered with 50-80% yields.

When [®,Sb-OH]CIO, was treated with trieth-
ylamine, isobutylamine or N-methylimidazole, the crys-
tals contained small amounts of the amines. When the
salt was treated with 3-picoline, 4-picoline, 2,4,6-col-
lidine, N,N,N’',N’-tetramethylethylenediamine or
piperidine, crystals of [®,Sb—OH]CIO, were recovered
with 50-80% yields.

2.8. Reactions of [®,P-SH]CIO, with amines

Since [®,P-SH]CIO, desulfurizes in hot solutions
[2], it was treated with amines in analogous manners to
the above but by minimum heating; the following 1:1
adducts were obtained as crystals.

[®,P-SH-NEt,IC10,: 91% yield; m.p., 129°C
(decomposed). Anal. Found: C, 53.06; H, 6.43; N, 2.07.
C;,H,;0,,CINPS calc.: C, 53.29; H, 6.41; N, 2.07%.

[®,P-SH-NHEL,]CIO,: 87% yield; m.p., 157°C
(decomposed). Anal. Found: C, 51.52; H, 6.08; N, 2.16.
C,sH;40,,CINPS calc.: C, 51.89; H, 6.06; N, 2.16%.

[® ,P-SH-4-picoline]C10,: 88% yield; m.p., 153°C
(decomposed). Anal. Found: C, 53.80; H, 5.33; N, 1.99.
C4oH;50,,CINPS calc.: C, 53.93; H, 5.28; N, 2.10%.

[®,P-SH-3-picoline]C10,: 91% yield; m.p., 125°C
(decomposed). Anal. Found: C, 53.79; H, 5.38; N, 1.99.
C4oH;50,,CINPS calc.: C, 53.93; H, 5.28; N, 2.10%.

[®,P-SH-2,4,6—-collidine]C10,: 93% yield; m.p.,
157°C (decomposed). Anal. Found: C, 55.15; H, 5.65;
N, 2.04. C;, H;,0,,CINPS calc.: C, 55.21; H, 5.65; N,
2.01%. '

When [®,P-SH]|CIO, was treated with 'BuNH,,
‘BuNH,, N,N,N’,N’-tetramethylethylenediamine,
piperidine and N-methylimidazole, crystals of ®,PS
were obtained with 90-95% yields.

2.9. Reactions of ®;MO 1o give [P;M-OR]X

2.9.1. Reactions of @, PO with dialkyl sulfates

A mixture of ®,PO (0.458 g, 1 mmol) and dimethyl
sulfate (0.4 ml) was heated at 55°C for 1 h. It was
dissolved in 2-propanol (3 ml), and 1 M aqueous sodium
perchlorate (2 ml) was added to give white precipitates.
The suspension was warmed to give an almost clear
solution, a small amount of insoluble material was
removed by filtration, and the filtrate was cooled to
—30°C to give white crystals of [®,P-OMe]CIO, with
an 89% yield (m.p., not observed below 240°C after
recrystallization from ethanol). Anal. Found: C, 52.19;
H, 5.27. C,sH,,0,,CIP calc.: C, 52.41; H, 5.28%.

In an analogous manner to the above, [®,P-
OEt]CIO, was obtained with an 89% yield (m.p., not
observed below 240°C after recrystallization from

ethanol). Anal. Found: C, 52.90; H, 5.54. CxH,,0,,CIP
calc.: C, 53.20; H, 5.50%.

2.9.2. Reactions of ®;MO.xH,0 with alkyl iodides

The crystals of ®,PO (0.458 g, 1 mmol) was heated
in neat butyl iodide (5 ml) at 80°C for 1 h to give the
crystals of [®,P-OBu]l with an 85% yield (m.p., 130°C
(decomposed)).

To a solution of ®,AsO xH,O, prepared in situ
from ®,As (1 mmol) and 30% aqueous hydrogen per-
oxide in 2-propanol (15 ml) as above, was added ethyl
iodide (0.5 ml). The mixture was stirred for 2 h at room
temperature and for 10 min at 60°C to dissolve the fine
precipitates, and it was cooled to —30°C to give brown
crystals of [®, As-OEt]l with an 80% yield (m.p., 210°C
(decomposed)).

The crystals of [®;As—OEt]l (0.658 g, 1 mmol)
were dissolved in 2-propanol (50 ml) at 80°C, and
aqueous 1 M sodium perchlorate (2 ml) was added. The
mixture was filtered while hot, and the filtrate was
cooled to —30°C to give white crystals of [®;As-
OEt|CIO, with a 96% yield (m.p., 246°C (decomposed)).
Anal. Found: C, 49.21; H, 5.11. C,(H;,0,,AsCl calc.:
C, 49.50; H, 5.11%.

In analogous manners to the above, the following
compounds were obtained.

[®,As-OMell: 93% yield; m.p., 203°C (decom-
posed).

[®,As-OMelCIO,: 93% yield; m.p., 240°C (de-
composed). Anal. Found: C, 48.45, H, 4091.
C,sH,,0,,AsCl calc.: C, 48.68; H, 4.90%.

[®,P-OELtIL: 86% yield; m.p., 203°C (decomposed).

[®;As-OBull: 80% yield; m.p., 186°C (decom-
posed). Anal. Found: C, 48.77; H, 5.34. C3H 40, Asl
calc.: C, 49.00; H, 5.29%.

[®,P-OC,;H,,]I: 78% yield; m.p., 183°C (decom-
posed).

Attempts of recrystallization of [®,P-ORI]I resulted
in partial decomposition to give ®,PO.

An analogous treatment of ®,SbO_xH,0O with ethyl
iodide resulted in [®,Sb~OH]I with an 82% yield.

2.9.3. Reactions of ®; MO.xH,0 with alkyl bromides

The crystals of ®,PO (0.458 g, 1 mmol) was heated
in neat ethyl bromide (5 ml) at 80°C for 1.5 h to give
the crystals of [®,P-OEt]Br with a 72% yield (m.p.,
149°C (decomposed)). Attempts at recrystallization of
[®,P-OEt]Br resulted in partial decomposition to give
®,PO.

To a solution of ®,AsO xH,O, prepared in situ
from ®,As (1 mmol) and 30% aqueous hydrogen per-
oxide in 2-propanol (30 ml) as above, was added ethyl
bromide (0.3 ml) at 60°C. The mixture was stirred for 5
h at room temperature, the volatile materials were re-
moved under reduced pressure, and the residue was
washed with benzene to give light-yellow crystals of
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[®,As—OEt]Br with a 90% yield (m.p., 209°C (decom-
posed)).

In an analogous manner to the above, [®; As—OBu]Br
was obtained with a 78% yield (m.p., 170°C (decom-
posed)).

These compounds were characterized by 'H NMR
and IR spectra in comparison with those of the corre-
sponding iodides.

2.10. Reactions of ®;M with [®;M'-CH,CH =CH, ]-
ClO, (MM'= P, As or Sb)

Solutions containing ®;M and [®;M'-CH,CH=
CH,]CIO, (1:1 mole ratio) in acetone-d, were heated
at 80°C in a sealed NMR glass tube, and the '"H NMR
spectra were measured to detect the reaction products.

A mixture of ®,P and [®,As-~CH,CH=CH,]CIO,
heated for 20 h showed the formation of [®,P-
CH,CH=CH, ]CIO, and ®,As with 8—10% yields.

A mixture of ®,P and [®,Sb—CH,CH=CH,|CIO,
heated for 10 h showed the formation of [®,P-
CH,CH=CH, ]CIO, and ®,Sb with 85-90% yields.

A mixture of ®;As and [$®,Sb—CH,CH=CH, ]CIO,
heated for 40 h showed the formation of [P;As—
CH,CH=CH, ]CIO, and ®,Sb with 35-40% yields.

Mixtures of ®,Sb and [®,M-CH,CH=CH,]CIO,
(M =P or As) heated for 40 h showed no new product.

3. Results and discussion

3.1. Some basic properties of tris(2,6-dimethoxyphenyl)-
arsine, tris(2,6-dimethoxyphenyl)stibine and tris(2,6-di-
methoxyphenyl)bismuthine (®;M (M = As, Sb and Bi)
respectively)

While ®,As and ®,Sb prepared in the present work
showed similar physical properties to those reported by
Horner and Simons [4], the melting point of ®,Bi was
much higher than reported [4]. ®,Bi is stable in hot
benzene-d, with little decomposition during 2 days at
80°C, but it decomposes in hot alcohols to give 1,3-di-
methoxybenzene. The other ®;M (M =P, As or Sb)
suffer air oxidation in hot alcohols.

Both ®;As and ®,Sb reacted very easily with com-
mon alkyl iodides (RI = Mel, EtI or Bul) in benzene at
room temperature to give [®;As—R]l and [®,Sb-R]I
respectively, but ®,Bi was recovered with an 86%
yield from a solution containing ethyl iodide heated at
80°C for 15 h. &, As reacted also with alkyl bromides
(RBr = EtBr or BuBr) in hot benzene or methanol.
®,Sb was poorly reactive with these bromides in ben-
zene, but it reacted in hot methanol to give [®,Sb-R]Br.
Both ®;As and ®,Sb reacted even with butyl chloride
in hot methanol, although the yield of [®,Sb—Bu]Cl
was poor after 24 h at 80°C. Since the IR spectra of

these chlorides [®;M—-R]CI] show bands attributable to
v(OH), they must be hydrated, and they are quite
soluble in water. Allyl chloride reacted with ®,M
(M =P, As or Sb) in hot ethanol, the products were
very hygroscopic, and they were derived to isolate in
the form of perchlorates [®,;M-CH,CH=CH,ICIO,.
The allyl group exchange was observed between ®,P
and [®,;M-CH,CH=CH,]CIO, (M = As or Sb) and
between ®,As and [®,Sb—CH,CH=CH,]CIO, in hot
acetone, although the reactions were very slow at 80°C.

Comparison of the reaction rates (Table 3) indicates
that, while the reactivity with butyl halides decreases in
the order ®,P > ®;As > ®,Sb> ®,Bi, both P,As
and ®,Sb are much more reactive than triphenylphos-
phine or triphenylarsine in spite of the steric bulkiness
of the & group.

3.2. Oxidation of tris(2,6-dimethoxyphenyl)arsine,
tris(2,6-dimethoxylphenyl)stibine and  tris(2,6-dimeth-
oxylphenyl) bismuthine

Treatment of ®;M (M =P, As or Sb) with a stoi-
chiometric amount of NBS in aqueous acetone resulted
in the precipitation of the hydroxyonium bromides
[®,M-OH]Br. On the contrary, an analogous treatment
of ®,Bi with NBS resulted in decomposition to give
1-bromo-2,6-dimethoxybenzene (P Br). An analogous
reaction to give ®Br has been reported for a tin com-
pound Me,®,Sn, which was found to be a selective
preparative intermediate for ®X (X = Cl, Br and 1) [9].
The [®,;M-OH]Br compounds are highly soluble in
water to afford acidic solutions, and treatment of
[®,M-OH]Br with perchloric acid in water gave pre-
cipitation of the perchlorates [®;M-OH]CIO,. Hydrox-
ytriphenylphosphonium and arsonium salts [Ph,M-—
OHJX have long been known, although the isolation of
phosphonium salts is not always easy [10—13]. In con-
trast, it has been known that attempts to prepare com-
pounds of types [R;Sb—OH]X or R,S(OH)X result in
an oxygen bridged compound (R,SbX),0, except for
compounds bearing bulky substituent such as R =
cyclohexyl [14,15]. Although antimony atom can adopt
such a five-coordination [15], it must be improbable for
[d>3Sb—OH]Br owing to the bulkiness of the ® group.
In fact, identical chemical shifts were observed in the
'H NMR spectra of [®,Sb-OH]Br and [®,Sb-
OHICIO,. The Brensted acidity of [Ph,P-OHIX is
known to be stronger than that of [Ph;As-OHJX {12].
From the pH measurements of aqueous solutions, the
acidities of [®,;M-OH]Br were found to decrease in the
order M =P > As > Sb.

Treatment of [®; As—OH]CIO, with aqueous sodium
hydroxide gave the oxide as the hydrate ®,AsO xH,0.
The elemental analyses of crystals obtained from chlo-
roform agreed best with the monohydrate ®,AsO_H,O.
®,PO [2] and Ph;AsO [11] have been obtained also as
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the hydrate, and these compounds dehydrate easily on
heating. However, ®,As H,O is quite inert to dehydra-
tion. In an analogous manner, the stibine oxide
®,SbO.xH,O could be obtained, and the elemental
analyses agreed best with the trihydrate ¢,SbO 3H,O.
These oxides also could be obtained by the reaction of
®,M with hydrogen peroxide; they are soluble in water,
and treatment of the aqueous solution with perchloric
acid gave [®,M-OH]CIO,. The precise formulations of
these oxides are not known at present. Ferguson and
Macaulay [16] have shown that the crystal structure of
Ph,AsO H,O comprises discrete centrosymmetric
dimers with each water molecule hydrogen bonded to
two oxygen atoms of triphenylarsine oxide. Since hy-
droxy group is smaller than bromide, a five-coordinate
formulation such as ®,Sb(OH), .2H,0 is possible for
®,SbO.3H,0. A possibility of a polymeric structure
having an Sb—O-Sb bond may be disregarded owing to
the bulkiness of the ® group.

When ®,Bi was treated with hydrogen peroxide in
an analogous manner to above, it was recovered or it
decomposed under more forcing conditions. In contrast
with @,P [7], ;M (M = As or Sb) did not react with
elemental sulfur.

A treatment of ®,PO with an excess of NBS in
acetone resulted in the bromination at the 3-position of
® groups to give ®,PO H,0 (P’ = 3-Br-2,6-
(MeO),C¢H,). In contrast with ®,PO, ®,PO H,O0 is
insoluble in water and does not react with perchloric
acid. The weaker basicity of ®,PO H,O than ®,PO
may be explained in terms of the ‘‘buttressing effect’’
[17], the presence of large bromine atom at 3-position
may force the 2-methoxy methyl group to orient closer
to the phosphorus atom, where the oxygen lone pairs
have less possibility to interact with the phenyl ring or
with phosphorus atom, resulting in the lower electron
density on the P=0 group.

3.3. Formation of amine adducts

Triphenylphosphine oxide has long been known to
cocrystallize with a wide variety of molecules by hydro-
gen bonding, such as water, acids, triphenylmethanol,
phenols, carboxylic acids and diaryl ureas [12,18-22].
Recently, a closely related adduct has been reported
[23], where a mixture of Ph,PO, tetrafluoroboric acid
and N,N-dimethyl-o-phenylenediamine formed the
1:1:1 adduct. The crystal structure revealed that the
amine is protonated on the dimethylamino group, acting
as a bidentate chelating agent through two hydrogen
bonds with the oxygen of Ph,PO [23]. Related adducts
with primary amines have also been reported for a
macrocycle having a triarylphosphine oxide moiety [24].
We have found that [®,P-OH]CIO, reacted with trieth-
ylamine (pK, = 10.72) in 2-propanol to give their 1: 1
adduct [®,P-OH-NEt,]CIO, rather than the deproto-

nated product ®,PO [5]. The same adduct was obtained
also by the reaction of ®,PO and triethylammonium
perchlorate. The v(OH) band of [®,P-OHICIO, ob-
served at 3340 cm ™! in the IR spectrum was absent in
the spectrum of the adduct, and no band attributable to
v(O-H-N) was observed in the region 3000-1800
cm™'. Analogous 1:1 adducts were obtained with a
wide variety of amines such as piperidine (pK, = 11.12),
diethylamine (pK, = 10.93), tributylamine (pK, =
10.89), tert-butylamine (pK, = 10.45), iso-butylamine
(pK, = 10.41), 2,4,6-collidine (pK, = 7.43), N-methyl-
imidazole (pK, = 6.95), 4-picoline (pK, = 6.04), 3-pi-
coline (pKa=5.76) and N,N,N’,N’'-tetramethylethyl-
enediamine (2:1 adduct). These adducts could be re-
crystallized from 2-propanol. While analogous amine
adducts were obtained for [$,As-OHICIO, on treat-
ment with excess of amines such as triethylamine,
diethylamine, isobutylamine and piperidine, most of
them were unstable, decomposing to [$,As-OHICIO,
during recrystallization. [®,Sb~OH]CIO, formed much
less stable adducts with these amines, or it did not form
at all. [®,P-SH]CIO, formed stable adducts with tri-
ethylamine, diethylamine, 2,4,6-collidine, 4-picoline and
3-picoline, which can be recrystallized from 2-propanol.
However, the reactions of [®,P-SH]CIO, with piperi-
dine, tert-butylamine, isobutylamine, N-methylim-
idazole and N,N,N’,N’-tetramethylethylenediamine re-
sulted in an unstable adduct or deprotonated product,
®,PS. Again, the v(S-H) band of [®,P-SH]CIO,
(2510 cm™') was absent in the IR spectrum of (D,P-
SH-NEt,]CIO,, and no band attributable to v(S—-H-N)
was observed.

3.4. Reactions of tris(2,6-dimethoxyphenyl)phosphine
oxide, tris(2,6-dimethoxyphenylarsine oxide and
tris(2,6-dimethoxyphenyl)stibine oxide with alkyl halides

®,PO reacted in dialkyl sulfates (Me,SO, and
Et,SO,) or in neat alkyl halides (RX = Etl, Bul, CgH ,1
or EtBr) to give the alkoxyphosphonium salts [®,P-
OR]X. When the reactions with these alkyl halides were
performed in 2-propanol, the yields were very poor. It
was soon found that the reactions were reversible, and
these halide salts partly decomposed in alcohols. How-
ever, the perchlorates [®,P-OR]CIO, are stable in a
variety of solutions, and they could be recrystallized
from alcohols without hydrolysis or alcoholysis.
®,AsO.H,0 reacted with alkyl iodides and bromides
even in 2-propanol to give [®;As-OR]X (RX = Mel,
Etl, Bul, EtBr or BuBr) with much better yields, while
it was poorly reactive with butyl chloride. The [®;As—
OR]X compounds are more stable than [®,P-OR]CIO,
in alcohols. Interestingly, preliminary experimentals
showed that [®,As—ORICIO, decomposed more easily
in acidic solutions to give [®;As~OH]CIO, than did
[®,P-OR]CIO,. ®,SbO 3H,0 reacted with ethyl io-
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dide in 2-propanol to give [®;Sb-OH]I, a product
formed probably by the hydrolysis of [®,Sb—OEt]I or
ethyl iodide. Attempts to prepare [®,Sb—ORIX by reac-
tion of ®,Sb with NBS in alcohols also resulted in
[®,Sb—OHIX.

3.5.'H and °C NMR spectra

The 'H NMR spectra of ®,M derivatives (M = As,
Sb or Bi) (Table 1) show a triplet due to 4-protons, a
doublet due to 3,5-protons and a very sharp singlet due
to 2,6-methoxy protons, indicating the presence of free
rotation of ® group around the C—M bonds. The 3,5-
proton resonance of ®,P derivatives appears as double
doublets owing to the presence of magnetic coupling
(8-9 Hz) with the phosphorus atom. The 4-proton
resonance of the ® group is the most sensitive to the
change in the type of compound. It shifts to lower
magnetic field in the order ®;M (7.11-7.14 ppm) <
®,MO xH,0 (7.23-7.35 ppm) < [®,;M-OH-
amine]ClO, (7.31-7.45 ppm) < [®,M-R]X (7.50-7.53
ppm) < [®,M—OH]X (7.50-7.59 ppm) = [®,M-OR]X
(7.56-7.58 ppm). A related order has been observed for
the derivatives of phosphine sulfide: ®,P (7.12 ppm
[1D < ®,PS (7.22 ppm [7}]) < [®,P-SH-amine]CIO, <
[®,P-SHICIO, (7.56 ppm [7]) = [®,P-SEt]CIO, (7.58
ppm [7]). The analogous orders can be observed also for
3,5-protons and for 2,6-methoxy protons although less
sensitive. These chemical shifts seem to reflect the
positive character order of ®,M moieties of these
compounds. In most types of compound bearing the
M-0 bond, these resonances are sensitive to the change
in the element M. In general, the resonances are ob-
served at a lower magnetic field in the order M = P <
As < Sb, which is the reverse order expected from the
electronegativity. The chemical shifts of amine protons
of [®,M-YH-amine]ClO, (Y = O or S) are also shown
in Table 1 for the representative compounds, the shift
order varying considerably depending on the compound.
The resonances of alkoxy protons of [®,P-OR]X are
observed at lower magnetic fields than those of [®;As—
ORJX. While it can be explained by the more elec-
tronegative property of phosphorus atom, such an expla-
nation cannot be applied to the chemical shifts of alkyl
protons of {®,;M-R]X. The a-protons of [®,;P-OR]X
are magnetically coupled with the phosphorus atom.

The “C NMR spectra of ®,M derivatives (Table 2)
show five resonances due to ®-group carbon atoms.
The ipso-carbon (C(1)) resonance of the ® group is
often too weak to be observed, and the resonance of
®,P derivatives is split into a doublet with a varying
coupling constant with 'P. The coupling constant is the
smallest for ®,P (20 Hz) and is very large for four-co-
ordinated species: [®,P-H]* (105 Hz [7]), ®,PO (115
Hz [2]), [®,P-OH-NEt,]* (117 Hz) and [®,P-OEt]*
(122 Hz). The chemical shift varies in a region between

95 ppm (for [®,P-H]* [7] and 120 ppm, and there
seems no clear difference between cationic and neutral
compounds. The ortho-carbon (C(2,6)) resonance of
®,M derivatives is observed at a low magnetic field as
161-163 ppm owing to the presence of the methoxy
substituent. The order of chemical shifts is not in accord
with the order of elements. The meta-carbon (C(3,5))
resonance of ®,P derivatives is also observed as dou-
blet with a small coupling constant (J, = 6-10 Hz).
The chemical shift is observed in very narrow regions
depending on the type of compound: ®,M (128-129
ppm), ®,MO xH,0 (131-132 ppm), [®,M-OH]*
(136-137 ppm), [®,;M~-OH-amine]* (132-135 ppm),
[®,M-R]* (134-136 ppm) and [®,M-OR]* (136-
137 ppm). The 2,6-methoxy carbon resonance of ®;M
derivatives (M =P, As or Sb) is observed in the narrow
region 56.2 + 0.5 ppm, and the resonances of alkoxy
carbon atoms of [®;P-ORICIO, are observed as a
doublet owing to the presence of magnetic coupling
with the phosphorus atom.
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