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The reactions of methylenetriphenylarsorane, (CgH;)3As=CHj; (L), with ZnCl, or HgCl; in the mole ratio
2:1 yield new monomeric compounds of bis(methylenetriphenylarsorane)metal dichloride, [(CeHs);AsCHy-
M-CH,As(CgHjs)3]Cl,.  The reactions of L with BeCl; or MgCl, in the mole ratio 2:2 yield dimeric trigonal
compounds of di-u-chloro-bis[(methylenetriphenylarsorane)metal] dichloride, [(C6H5)3AsCH2—M<(c:i>M—
CH,As(C¢Hs)3]Cl,. The reactions of L with AlCI; or InCl; in the mole ratio 4:2 yield dimeric tetrahedral com-
pounds of di-u-chloro-bis[bis(methylenetriphenylarsorane)metal] tetrachloride, [{(C6H5)3A5CH2}2—M<8>M—
{CH,As(CgH5)3},]Cl;. The reactions of L with (C¢Hs)sMCl (M: Sn and Pb) in the mole ratio 1:1 yield new
monomeric compounds of (methylenetriphenylarsorane)triphenyl-metal chloride, [(C¢Hs)3AsCH,-M(CgHj5)3]Cl.
They are thermally stable complexes and their properties are compared with those of the methylenetriphenyl-
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phosphorane metal compounds.

A previous paper,? in this series, was concerned
with the preparation and properties of Cu, Ag, Au,
Zn, Cd, Hg, Ge, Sn, Pb, Pd, and Pt complexes with
methylenetris(dimethylamino)phosphorane, (MezN)sP=
CHa.

Many investigations of organometallic compounds
between unstable phosphonium ylides and metals have
been reported concerning their preparation, structure,
general properties, stability and NMR spectra. The
metal compounds with methylenetriphenylphosphorane,
(CeHs)sP=CHg, have a linear structure,2™ e.g.,

[(C4H,);PCH,;-M-CH,P(CH;);]JCI- (M: Cu, Ag, Au).

On the other hand, the metal compounds with meth-
ylenetrimethylphosphorane, (CHs)sP=CHz, and the re-
lated phosphoranes, Rz(CH3)P=CH: (R: C2Hs, CeHs),
are cyclicd2V such as

B (M: Cu, Ag, Au).
VRN - 7 \
R” CH,-M-CH, R

R CH,-M-CH, R
\+/

The cyclic structure compound is formed by a rapid
intermolecular proton exchange?? of the phos-
phoranes.

In the arsenic ylide series, many researchers tried to
isolate methylenetriphenylarsorane, (C¢Hs)sAs=CHp.22-25
However, it was not isolated until 1975,2® because of its
sensitivity to air, water, and temperature. Even now, the
investigation of organometallic compounds with meth-
ylenetriphenyl(or trimethyl)arsorane is limited to the
Cu, Ag, Au compounds.3:26-30  Very little is known
of the physical properties and general chemistry of the
arsorane metal compounds, in contrast to the informa-
tion on phosphorane metal compounds. The present
paper deals with the preparation and properties of bis-
(methylenetriphenylarsorane)metal dichloride, [(C¢Hs)s-
AsCH,-M-CH,As(C¢H;)3]Cl, (M:Zn, Cd, Hg), di-u-chlo-
ro-bis[(methylenetriphenylarsorane)metal] dichloride,

[(CeHs)sASCHy-M< Gy SM-CH,As(GHs)sICly (M:Be,

Mg), di-u-chloro-bis[bis(methylenetriphenylarsorane)-
metal] tetrachloride, [{(CeHs)sAsCHa)p-M<G M~ {CHy-
As(CgHs)3}2]1Cly (M:Al, In), and (methylenetriphenyl-
arsorane)triphenylmetal chloride, [(C¢Hs);AsCH;M-
(C6H5)3]C1 (M:Sﬂ, Pb).

Results and Discussion

Zinc, Cadmium, and Mercury Complexes. Bis-
(methylenetriphenylarsorane)zinc dichloride (1) and the
corresponding mercury(II) chloride (3) have been iso-
lated from a reaction mixture of arsorane, (CeHs)sAs=CHz (L),
and ZnCl; or HgCl; in the mole ratio of 2:1. The cor-
responding cadmium complex (2) was not isolated (cf.
Experimental section). Complexes 1and 3aresolublein
chloroform, dichloromethane, N,N-dimethylformamide
(DMF), dimethyl sulfoxide(DMSQ) and methanol but
insoluble in acetone, ether, pentane, tetrahydrofuran
(THF), ethyl acetate, acetic acid, hydrochloric acid and
water.

2(CeH;);As=CH, + MCl, —
[(CeHj)3AsCH,-M-CH,As(CgH;)3]CL,.
1,3
1: M=Zn, 3: M=Hg

Complex 3 is unstable in dichloromethane at room
temperature, but stable at —80°C. On the other hand,
complex 1 was slowly changed to methyltriphenylarso-
nium chloride [(C¢Hs)3sAsCH3]Cl (4) in dichloromethane
at —80°C. They are highly hygroscopic. The!H NMR
spectrum of 3 showed a singlet signal for the CH2As
at 6 2.9 and the multiplet signal for the phenyl groups
at 8 7.1—9.2 in a ratio of 2:15 in dichloromethane-
dz at —80°C as is shown in Table 1. The chemical shift
of the methylene protons of 3 is at a lower field than
that2® (6 0.93) of arsorane (L). This property is similar
to those of bis(methylenetriphenylarsorane)gold(I)
chloride® [(CeHs)sAsCH2-Au-CH2As(CsHs)3]Cl (5) and
bis(methylenetriphenylphosphorane)metal(II) dichlo-
ride,? [(CsHs)sPCH2-M-CH2P(CsHs)3]Clz M: Zn, Cd,



2836

Hg (6). The arsorane (L) is bonded to the metal atom
through the carbanionic donor atom. Complexes 1 and
3 have free anion from the equivalent conductance,
and the chloride is precipitated by silver nitrate in
methanol-water solution. Thus, we suggest that the
structures of 1 and 3 are linear similar to those of
complexes 5 and 6.

Beryllium and Magnesium Complexes. Di-u-
chloro-bis(methylenetriphenylarsorane)beryllium di-
chloride (7) and the corresponding magnesium di-
chloride (8) have been isolated from a reaction mix-
ture of arsorane (L) with BeClz or MgCl; in the mole
ratio of 2:2. Complex 7 is somewhat soluble in nitric
acid and hydrochloric acid, and very slightly soluble
in chloroform and dichloromethane. Complex 8 is
soluble in DMF, DMSO, methanol, and water, and
very slightly soluble in chloroform and dichloro-
methane, though insoluble in acetic acid, benzene,

2(CeH,);As=CH, + 2MCl, —

Cl
[(CoHa)oASCH,-M _ M-CH,As(C,H,)]Cl,
Neoi %

7,8
7: M=Be, 8: M=Mg

ether, ethyl acetate and THF. They are highly hygro-
scopic. Complexes 7 and 8 were slowly changed to the
corresponding arsonium salt (4) in dichloromethane
at —80°C, showing signals of both 4 and 7 or 8 in
the NMR spectra. The NMR spectra of 7 and 8 show-
ed a singlet signal for the CH2As at § 2.79 and 2.84, re-
spectively and the multiplet signal for phenyl groups
at 8 7.2—8.7 as is shown in Table 1. The chemical
shifts of the methylene protons of 7 and 8 are at a
lower field than that of L. The arsorane is bonded
to the metal atom. Two structures for the beryllium
compounds have been considered possible: either a
tetrahedral (monomeric,3® dimeric,3? and poly-
meric32:39) or trigonal (monomeric,3 dimeric,3 and
trimeric2.37) structure. Complexes 7 and 8 are not
polymeric, because they are soluble in methanol. They
have free anion from the equivalent conductance.
Their solubility in chloroform and dichloromethane is
different from that of 1, 3, 5, and 6 (linear structure) and
di-u-chloro-bis[bis(methylenetriphenylphosphorane)-

TaBLE 1. 'H NMR DATA OF COMPLEXES
CH2AS C6H5 Temp Solven[
No ) 5 _°—C— and
Standard
1 288s 7.1—8.7m —80 1)
3 2.90s (4H) 7.1—9.2m (30H) —80 1)
7 2.79s 7.3—8.1m —80 1)
8 2.84s 7.2—8.7m —80 1)
11 2.90s 7.3—8.3m —80 1)
12 2.88s 7.3—8.3m —80 1)
13 2.32s (2H) 6.9—8.0m (30H) r.t. 1)
14 2.45s (2H) 6.8—8.0m (30H) r.t. 1)
L 093s (2H) 7.1—8.2m (15H)  r.t. 2)
4 32 s(3H) 7.7 m (15H) r.t. 1)

Solvents: 1) CD2Clg, 2) CéDsCDs. Standard: internal

TMS (6=0). a) Ref. 26.
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metal] tetrachloride,” [{(CGH5)3PC¢H2}2-M<811>M_
{CH,P(C¢H;)3}:]Cly M:Al, Ga, In (9), and the

corresponding arsorane complexes (11, 12) (tetrahedral
structure). Their elemental analyses agreed with that
of [LMCl,],. These properties resemble those of di-u-
chloro-bis(methylenetriphenylphosphorane)metal di-

chloride, [(C6H5)3PCH2—M<8i>M-CH2P(C6H5)3]Clg

M:Be and Mg (10), of dimeric trigonal structure,”
reported previously. Thus, we suggest that their
structure can be neither linear nor tetrahedral but a
dimeric trigonal structure bridged by chloride.
Aluminium and Indium Complexes. Di-u-chloro-
bis[bis(methylenetriphenylarsorane)aluminium] tetra-
chloride (11) and the corresponding indium tetra-
chloride (12) have been isolated from a reaction mix-
ture of arsorane (L) and AlCl;s or InClzin the mole ratio
of 4:2. Complexes 11 and 12 are soluble in chloroform,
dichloromethane, DMF, DMSO, methanol and water,
though insoluble in acetone, benzene, acetic acid, and
THF. They are highly hygroscopic. The 'H NMR

4(CH,)sAs=CH, + 2MCl, —
(CeH;)3AsCHy Gl CH,As(CgHy)s
M M cl,

(CeH;);AsCHy” “Cl” “NCH,As(C4H,),
11, 12
11: M=Al, 12: M=In

spectra of complexes 11 and 12 showed a singlet signal
for the CH2As at about 8 2.9 and a multiplet signal
for the phenyl groups at 6 7.3—8.3, though both com-
plexes were slowly changed to salt 4 in dichloro-
methane at —80°C. Complexes 11 and 12 are not poly-
meric, because they are soluble in dichloromethane
and methanol. The elemental analyses of 11 and 12
agreed with that of [LeMClsle. Their colors are
white. They have free anions from the equivalent con-
ductance. Their properties resemble those of com-
plex 9.7 The structure of AlCls, InCls and related
compounds are of a dimeric, tetrahedral structure
bridged by chloride.38-42 Then, we suggest that their
structure is dimeric bridged by chloride and tetrahedral.

Tin and Lead Complexes. (Methylenetriphenyl-
arsorane)triphenyltin chloride (13) and the corre-
sponding lead chloride (14) have been isolated from a
reaction mixture of the arsorane (L) and triphenyl-
tin chloride or triphenyllead chloride in the mole ratio
of 1:1. Complexes 13 and 14 are soluble in alcohols,

(CeHs)sAs=CH, + (CgH;)MCl —
[(CHy);AsCH,-M(CeHy),]Cl
13, 14
13: M=Sn, 14: M=Pb

chloroform, dichloromethane, DMF, DMSO, and THF,
but insoluble in benzene, ether, and water. They are
hygroscopic. Complex 14 is soluble in chloroform and
dichloromethane, though complex 13 is slightly solu-
ble in both solvents. The 1H NMR spectra of 13 and
14 showed a singlet signal for the methylene group
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(CH2As) at 6 2.32 for 13 (6 2.45 for 14) and a multiplet
signal for the phenyl group at § 6.9—8.0 in a ratio of
2:30 in dichloromethane at room temperature as is
shown in Table 1. The chemical shifts of their meth-
ylene protons are at a lower field than that of L.
Complexes 13 and 14 have free anion from the equi-
valent conductance, and the chloride is precipitated
by silver nitrate in ethanol-water solution. Thus,
their structure is monomeric tetrahedral. The chemi-
cal shift of methylene protons of 14 is different from
that (6 2.68)® of the corresponding phosphorane lead
complex, [(CeHs)sPCH2Pb(CeHs)3]Cl (15), and com-
plex 13 is stable in dichloromethane at room temper-
ature, though the corresponding phosphorane tin com-
plex® (16) is unstable at —80°C. This can be ascribed
to a property of the As or P in the complexes. The
configuration (sp3-sp8) of the CHz-M bonds of 13 and
14 is similar to those of 11 and 12 but complexes 11
and 12 are not so stable as complexes 13 and 14 in
dichloromethane.

The monomeric complexes have a linear and
tetrahedral structure. The structure of the dimeric
complexes is trigonal and tetrahedral. All complexes
are thermally stable. The Ag, Au, Hg, Sn, and Pb
arsorane complexes are stable but the Cu, Be, Mg, Zn,
Al, and In complexes are unstable. In the other hand,
the Cu, Ag, Au, Mg, Zn, Cd, Al, Ga, In, and Pb phos-
phorane complexes are stable in dichloromethane,
but the Be, Hg, and Sn complexes are not. The stable
and unstable metal complexes with arsorane are the
unstable and stable metal complexes of phosphorane,
respectively, except for Ag, Au, Pb, and Be complexes.
This difference is ascribed to both' ylides, i.e., the
carbanionic carbon of the arsorane can be tetrahedral?®
and that of the phosphorane is trigonal.43.49

Experimental

Measurements. The NMR spectra were recorded with
an R-40 spectrometer (Hitachi), Varian X1-200 spectrometer
for 'TH NMR. The electric conductivities of solutions were
determined by the use of a conductometric meter, CM-30
(Shimadzu) in dichloromethane at —80°C for 1, 3, 7, 8, 11,
12 and room temperature for 13, 14.

Starting Materials. Methylenetriphenylarsorane (L)
was prepared from a reaction mixture of methyltriphenylar-
sonium bromidet® and sodium amide in dry THF by the
method of the previous paper.26.28

Ylide-metal Complexes. Bis(methylenetriphenylarsorane)-
zinc Dichloride (1):  Zinc dichloride (0.15g, 1.10 mmol) was
added to a dry THF solution (15cm3) of arsorane (0.71g,
2.22 mmol). The mixture was stirred for 1d at room temper-
ature. The color of the ylide changed to colorless from yellow.
The white complex which formed was filtered, washed with
pentane and dried. Yield: 0.54¢g (62.3%). Found: C, 58.78;
H, 4.50%. Calcd for CasHasAs2ZnCly (MW 776.82) C, 58.76;
H, 4.41%. Mp 117—120°C.

Bis(methylenetriphenylarsorane)cadmium Dichloride (2):
Cadmium dichloride (0.22g, 1.20mmol) was added to a
dry THF solution (10cm3) of arsorane (0.78g, 2.44 mmol).
The mixture was stirred for 1—24h at room temperature.
Complex 2 was not isolated from the reaction mixture, be-
cause the precipitate was a gum.

Bis(methylenetriphenylarsorane)mercury Dichloride (3):
Mercury(II) chloride (0.33 g, 1.22 mmol) was added to a dry
THEF solution (11 cm3) of arsorane (0.78 g, 2.44 mmol). The

Be, Mg, Zn, Cd, Hg, Al, In, Sn, and Pb Complexes with (C¢Hs)3;As=CH,

2837

mixture was stirred for 12h at room temperature. The
color of the ylide changed to colorless from yellow. The white
complex precipitate was filtered, washed with pentane and
dried. Yield: 0.7 g (62.9%). Found: C, 49.81; H, 4.03%. Calcd
for CassHaAsoHgCle (MW 912.03) C, 50.04; H, 3.76%. Mp
196—198°C.
Di-p-chloro-bis[(methylenetriphenylarsorane)beryllium] Di-
chloride (7): Thearsorane L (0.44 g, 1.37 mmol) was added to dry
THF (14cm3), and beryllium dichloride (0.11g, 1.38 mmol)
was added to the solution. The mixture was stirred for 20 h at
room temperature, the white complex which precipitated was
filtered, washed with pentane and dried. Yield: 0.28 g (51.1%).
Found: C, 57.28; H, 4.62%. Calcd for CasHzsAszBe2Cls (MW
800.37) C, 57.03; H, 4.28%. Mp 133—135°C.
Di-p-chloro-bis[(methylenetriphenylarsorane)magnesium] Di-
chloride (8): To a dry THF (10cm3) solution of arsorane
(0.35g, 1.09 mmol), magnesium dichloride (0.1 g, 1.05 mmol)
was added and the mixture was stirred for 1d at room tem-
perature. The white complex which formed was filtered,
washed with pentane and dried. Yield: 0.4 g (88.3%). Found:
C, 54.85; H, 4.50; Cl, 16.14%. Calcd for CssHzsAseMg2Cly
(MW 830.96) C, 54.93; H, 4.12; Cl, 17.06%. Dp 190°C.
Di-p-chloro-bis[bis( methylenetriphenylarsorane)aluminium]
Tetrachloride (11): Aluminium trichloride (0.18 g, 1.35 mmol)
was added to a dry THF (10 cm3) solution of arsorane (0.87
g, 2.72 mmol) and the mixture stirred for 2 h at room temper-
ature. The white complex precipitate was filtered and
washed with pentane and dried. Yield: 0.56 g (53.2%). Found:
C, 58.98; H, 4.40; Cl, 13.48%. Calcd for Cr6HesAssAl:Cls (MW
1547.74) C, 58.98; H, 4.43; Cl, 13.74%. Mp 157—160°C.
Di-p-chloro-bis[bis(methylenetriphenylarsorane)indium] Tetra-
chloride (12): Indium trichloride (0.20g, 0.904 mmol) was
added to a dry THF (10cm3) solution of arsorane (0.58g,
1.81 mmol) and the mixture stirred for 3 h at room tempera-
ture. The white complex which formed was filtered, washed
with pentane and dried. Yield: 0.55g (70.5%). Found: C,
52.61; H, 4.11; Cl, 11.89%. Calcd for C7sHesAssInzCls (MW
1723.42) C, 52.97; H, 3.98; Cl, 12.34%. Mp 122—125°C.
Methylenetriphenylarsorane(triphenyl)tin Chloride (13):
The arsorane L (0.67 g, 2.09 mmol) was added to dry THF
(12cm?) under nitrogen, and triphenyltin chloride (0.80g,
2.08 mmol) was added to the solution. The mixture was
stirred for 2h at —40°C. The color of the ylide changed from
yellow to colorless. Dry ether was then added to the solu-
tion at —40°C. The white complex precipitate was filtered at
—40°C, washed with dry ether and dried under vacuum.
Yield: 0.56 g (38.0%). Found: C, 62.80; H, 4.45%. Calcd for
C37Hs2AsSnCl (MW 705.73) C, 62.97; H, 4.57%. Dp 120°C.
Methylenetriphenylarsorane(triphenyl)lead Chloride (14):
The arsorane L (0.74g, 2.31 mmol) was added to dry THF
(12cm?) under nitrogen, and triphenyllead chloride (1.1g,
2.32mmol) was added to the solution. The mixture was
stirred 1h at room temperature. The color of the ylide
changed to colorless from yellow. Dry pentane was added to
the solution, and the white complex precipitate was filtered,
washed with pentane and dried under vacuum. Yield: 0.51g
(27.8%). Found: C, 55.69; H, 4.04%. Calcd for Cs7H3a2AsPbCl
(MW 794.16) C, 55.96; H, 4.06%. Mp 157°C.
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