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A. INTRODUCTION

Organometallic intramolecular-coordination compounds (M- (C) -Y) (Y:
donor ligand atom or group; n= 1) [1-6] can be classified into two groups;
in the first, in which the cyclic ligand group has an M-C bond, a o-
coordination bond (M-Y o-bond to the metal) is formed; in the second the
cyclic ligand group forms a w-coordination bond (M-Y #-bond to the
metal). Considering the first group, the o-coordination compounds generally
tend to form five-membered ring structures and the stability of the com-
pounds is increased by the presence of electronegative atoms or by their
replacement with more electronegative atoms in accordance with the five-
membered ring structure theory [3].

A+B-C (1)

In the cyclometallation reaction between A and B, this theory can
conveniently be applied to judge whether or not this reaction is liable to
proceed and product C is stable, and also whether C can form a five-
membered ring. Where the donor ligand atom is oxygen or nitrogen, this
tendency is especially strong, but, in the case of phosphorus or sulfur which
have d-orbitals, it is rather less strong.

This review deals with organometallic intramolecular-coordination com-
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pounds containing an arsine donor ligand. The compounds have been
referred to briefly in reviews concerning cyclometallated compounds by
Dehand and Pfeffer [7], and Bruce [8], but no reviews specifically consider-
ing these compounds have yet been published.

The aim of this review is to show the structures, reactivities, properties
and characters of organometallic intramolecular-coordination compounds
containing an arsine donor ligand in comparison with those containing a
phosphorus donor ligand {5]. The literature has been covered to 31 January
1981.

B. FIVE-MEMBERED RING COMPOUNDS

In the organometallic intramolecular-coordination compounds containing
an arsine donor ligand, a five-membered ring structure is easily prepared by
reaction between metal compounds and benzyl, tolyl, naphthyl, propyl
compounds, or the like, similar to the preparation of organometallic in-
tramolecular-coordination compounds containing a phosphorus donor ligand.

Me\As/ Me
Mn{CHPRICO), + AsMey(CH,Ph) m (OC) M‘n/ Ha (2)
5 2 in decaline a
(b.p 185 7°Cy Hd Hb
Hc
1
—AsMe, : 1.56 ppm
~CHzAsMe, 1 2.41
Ha T 7.51 "
Hd 1 2.08 . v{CQ) : 2067, 1989,
Hb + Hc 1 6.81 1978,1953 cm-!
Jab .55 Hz in cyciohexane
Jac 0 3.5
Jod : 525

in CSy

As shown in eqn. (2) [9], benzylarsines react with manganese carbonyl
similarly to benzylphosphine to afford the five-membered ring compound 1
by orthometallation; however, the benzylphosphine [5,9] more easily affords
the compounds analogous to 1 in higher yield (61%) at lower temperature (in
refluxing toluene, b.p. 110.6°C) [10]. Stone and co-workers [9] proposed the
ring structure 1 on the basis that the IR spectrum contained the four »(CO)
bands expected for a cis-LL’Mn(CO), complex and the proton NMR spec-
trum was consistent with the presence of the orthometallated ligand.

(o-Halobenzyl)dimethylarsine [I11] reacts with tricarbonyl (%°-cyclo-
pentadienyl)iodomolybdenum under mild conditions to afford the inter-
molecular-coordination compound 2 having an arsine—molybdenum coordi-
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nation bond. 2 is a stable intermediate of orthometallation, and further,
reduction of 2 with sodium amalgam gives the orthometallation compound 3
similar to 1. The orthometallation of amines, [3,12-15] such as benzyl-
amines, proceeds very easily via very labile intermediates which are usually
not capable of being isolated; however, in orthometallations with phosphines
[5] or arsines, their reactivity is low and their reactions frequently proceed
via very stable intermediates.

The reaction of (o-bromobenzyl)diorganoarsine [16] with n-butyllithium
yields the corresponding ( o-lithiobenzyl)diorganoarsines 4 by metal-halogen
exchange. The compounds 4 are remarkably air- and moisture-sensitive and
react with anhydrous chromic chioride to yield the metal exchanged com-
pound S which is remarkably air-stable, but reacts with carbon dioxide to
afford the (o-carboxylbenzyl)diorganoarsine 6.

Tolylarsines also are less reactive than the corresponding phosphine
compounds [17]; however, as shown in eqns. (5) and (6). tolylarsines yield
intramolecular-coordination compounds 7 and 8 by a reaction similar to the
tolylphosphines with metal halides [18]. The latter chloro-bridged com-
pounds 8 easily react with pyridine, phosphine, arsine, silver acetate. silver
benzoate, thallium acetylacetonate, or an excess of dimethylphenylphosphine
to yield the corresponding bridge-ruptured compounds 9-12. These reac-
tions show the stability of the intramolecular-coordination bond in the

compounds 8 because they proceed without fission of the metal—-arsine
bond.

X X

Me
- reflux i
-Q(Co):s{I}MO + MeyAsCH m CQ(CG}Z{X )MG""?S'—CHZ
petroteum Me

2

Me\A$ Me (3)
SCH,  3.41 ppm
Na-H
g Cp{CO),Mo
3
X : Ct, ar
CHASR, 2 CHz
27T Buli CHaASR, Criis N Asme
— e e e
) o 2
ar Li /3
4 coa 5
1,0 (4)

©:CH2A5R3
R : Me, B, n-8u, Ph, CgH,, COOH

=1
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Me

1/2 PtCiplPhCNIy o Astt-BuliTol), , (5)
(t-Bu) As @) - ot Pt
in n-propanol o \Cl
100°C, 3h P
R R (t-Bud, (Tola_p
7
PICIa(PRCN), .
in ethoxyethanol (6)
124°¢, 10mi
C. 10min (Mau),, (Tollzon
{A5~CJ:
Lot} L
[{As»c)m"‘\} (AsS—C)IPICIL) (7)
2 R 9
8 I
S
L pytidhne, PMezph QCCOAQ Jo 0\
AsMe,Ph > (As—CIRf  PHAs—C) (3)
Q. O
R:Me, Ph sl
1 10
R
thathum acetylacetonate . (As—C)Ptlacac) (9)
1"t
excess PMePh + .
{ As—CIPHPMe,Ph ct
In boiling benzene C 2 )2] (10)

12

The intermolecular compound of [(o-methoxymethylphenyl)dimethyl-
arsine] with dicarbonyl(n’-cyclopentadienyl)iodomolybdenum was treated
with aqueous hydrogen bromide to give the o-bromomethylphenyl com-
pound 13 and its metal bromide 14 [11]. The mixture of 13 and 14 is reduced
with sodium amalgam similarly to the reaction shown in eqn. (3) to afford
the cyclometallated compound 15. In the organometallic intramolecular-
coordination compounds, two methylene protons or two group of methyl
protons are frequently non-equivalent [11], the methyl protons in 15 resonate
sharply at 8 1.41 and 1.39 ppm in the 90 MHz 'H NMR spectrum and the
benzylmethylene protons appear as a broad singlet at § 2.88 ppm. The BC
NMR spectrum of 15 in CDCI, at 25°C also shows two methyl resonances
at 41.9 and 42.9 ppm.

CP(CO), IMO +-AS(ME) {0-CgH CH,0Me) o0

C Q(CO)ZI MO w-as{Me),lo-CgHCHBr)
13

+  CplCOLBrMo«- :x:(Me)a(o-CGH4CH28r)

- 11
_Na—Hg _ cmcsz{I@ (an

AR
Me” “me

15
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Me Me As(M C.
i ACONa«3 H;0 je AsMelCios)
KoPtCl, + MeyAs o Cl,Pt As —_——t - Me—As—ePt—C|

i in 2-methoxy-

@ Me @ ethanol
16 : 17 (12)
A PtCip
in xylene
Me Ci
Me—As—e Pt

5o

refiux 12h
(OC)ZCpIM -As (Me)2CH2CH2C HLCH

CPMICO),T  + MezASCH,CH,CH,CL In benzene

S49%, 19
M: Mo, W
Na—H
——8% . (0c),ceM (13)
in THF S
90 % As
Me” “Me M :Mo
20 CHy : 1.34, 1.29 ppm {1n a-dichlorobenzene)
CH;3 :41.9, 429 ppm (in deuterochlcroform)
AsSPh B AsPh Cl—
2 reflux th As&hz /C‘ Na + MeOH \’ft/
v Py, —fuxin fi | Matieon |\rm 4
_ tn chloroform /A r.t. ‘CH/ §
85 % \ 98% :
21 - CH;pMe —2
22
B AsPh ]
. \2 /Cl
thallium acetylacetonate R Pt
or thaltium hexafiuoro- AsPhy O-C, 1N
acetylacetonate \Pt/ “N’\CH ?H"CHz P~
o N __,.'/ — OMe g2
R : Me, CF, CHc  O-C_ 23
CHaHbOMe R
24 R : Me
Ha : 331 ppm
AsPhy Hb 335 ppm
L S He 433 ppm (14)
/PtC((L) Jab 1 97 Hz
(1:H Jac : 30 Hz
Joc 1 62 Hz
CHzOMe 195ptipc : 113 Hz
24

L : P(OMe), ,PPhy, P(n-Bu),, P(CgHy,), . 4 MePy

Dimethyl(1-naphthyl)arsine reacts with platinum halides in a manner
similar to the corresponding phosphines to afford the intermolecular com-
pound 16 having a coordination bond between the arsine atom and the
platinum atom [19]. Further, on heating 16 in 2-methoxyethanol in the
presence of sodium acetate, compound 17 cyclometallated at the peri-position
is produced.
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On the other hand, when the intermediate 16 was treated with platinous
chloride the cyclometallated chloro-bridged compound 18 was produced.
With neutral ligand such as pyridine, carbon monoxide, dimethyl-1-
naphthylphosphine thallous acetylacetonate and silver acetate, 18 affords the
corresponding ligand exchange compounds by reactions similar to eqns.
(M-(10).

In addition to benzylarsines, o-tolylarsines and I-naphthylarsines, pro-
pylarsine also affords a five-membered ring compound by cyclometallation.
For example, (3-chloropropyl)dimethylarsine reacted with tricarbonyl(’-
cyclopentadienyl)iodomolybdenum to give the intermolecular complex 19
[11,20). Cyclization was achieved in a few minutes by reduction with an
excess of sodium amalgam giving the air-stable compound 20. Similar
cyclometallated tungsten compounds were also prepared [20]. The five-
membered ring structure of molybdenum compound 20 has been determined
from X-ray diffraction data by the heavy-atom method [21]. The molecular
geometry is pseudo-square-pyramidal with a 7°-cyclopentadienyl ring oc-
cupying the position at the apex of the pyramid (Fig. 1).

The reaction of o-vinyldiphenylarsine with platinous chloride vields -
coordinated cyclometallation compounds 21 having a 5.5-membered ring
[6,22]. Moreover the treatment of 21 with sodium methoxide affords a
methoxide which has either a five- 22 or six-membered ring 23 [23]. To
establish the structure of the methoxide, its chloro-bridge ruptured com-
pounds 24 and 24’ were prepared by reaction with thallium acetylacetonate,
thallium hexafluoroacetylacetonate, etc. Cooper and Guerney {22} presumed

As

Fig. I. The structure of dicarbonyl-n®-cyclopentadienyl{(3-dimethylarsino)propylmolyb-
denum, 20.

Fig. 2. The structure of [I-(o-diphenylarsinephenyl)-2-methoxyethyl-As,C'[(hexaftuoro-
acetylacetonato)platinum(il), 24.
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al the mcmoxy compounas have a uvc-—memoerea rmg structure Dy SnOW-
g that the carbon atom bonded with a methyl proton is directly bonded

ith platinum because in hexafluoroacetylacetonate the methine quariet
( Hc) is deshielded relative to that in acetylacetonate by 0.24 ppm and a value
of 113 Hz for the '""Pt~'H coupling constant (120 Hz for hexafiuoroace-
tylacetonate) is typical for a methine group o-bonded to platinum in a cyclic
system |24,25].

The five-membered chelate ring structure of 24 (R = CF,;) has also been
determined by X-ray diffraction (Fig. 2) [26]. As the platinum-arsenic bond
length (2.275 A) is significantly shorter than the sum of the covalent radii
(2.49 A) for Pt and As, Cooper and Guerney [26] presumed a #-interaction
between the atoms. Furthermore, considering the two Pt—-O bonds from the
potentially symmetrical hexafluoroacetylacetonato ligand, the bond trans to
the o-bonded carbon is only 0.05 A longer than that trans to the arsine (cf.
the difference of 0.104 A between the Pt—O bond length rrans to carbon and
that trans to chlorine in Pt(acac)Cl-CH(COCH,),) [27]. Hence, it is sug-
gested that the tertiary arsine group in platinum(Il) compounds shows a
strong frans influence [28-32] similar to that caused by a carbon atom in the
same position.

o-Styryldimethylarsine [33,34] reacts with a large excess of potassium
tetrabromoplatinate to afford the intramolecular-z-coordination compound
having the 5.5-membered ring 25 similar to 21. On the other hand, upon
reaction with a small amount of potassium tetrabromoplatinate. the excess
of o-styryldimethylarsine prevents formation of an intramolecular-=-

o

AsMe2

2r\21:’t&n;z ot
(I < e (15)
AsMe,
ﬁr vC=C:1488cm™}
o=
Me
f
f—Me CH=CHy | - Al\s\ ‘BF/BI‘
1 Br -
V2KPBL As 2 @Me/ﬁ"\",‘e CH=CH,
= 26 -2 CH,Br Me 2
27
Py -~ Py -1
vC=C cts : 1630 cm™’
trans : 1627 cm™} (16)
AsMes AsMezl
2 . )/Y ~JL,
((@:‘(\__('?t\‘ \C)/\i_/’i’t\ /
\ ar B8r
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coordination bond because it acts as a new ligand in place of the olefin
w-bond to platinum. A ligand exchange reaction or fission of the intramolec-
ular-z-coordination bond proceeds with an excess of the arsine, to give the
intermolecular-coordination compound 26. Further, bromination of 26 af-
fords the five-membered ring compound 27 which is similar to the alkoxide
22. In 1967, Bennett et al. [33,34] could not definitely show whether the ring
structure of the bromination product is five-membered 27 or six-membered
such as the compounds 28 and 29. In 1971, they determined the structure of
the bromination product of a phosphine gold complex similar to 27 by
single-crystal X-ray study [35], and presumed that the bromination product
27 of the arsine compound has a five-membered ring structure because its
NMR spectrum shows resonance similar to that of the phosphine compound.

C. SIX-MEMBERED RING COMPOUNDS

As shown in eqns. (14) and (16), if a reaction is considered to be able to
give either a five- or six-membered ring, a five-membered ring usually results
[1-5]. Six-membered ring compounds are usually produced either from
reactions which do not have the possibility of producing a five-membered
ring product, or as the derivatives of five-membered ring compounds. For
example, on heating the five-membered ring compound 27 in methanol
ethanol or aqueous acetone, the six-membered ring compounds 30 are
produced by ring expansion [36].

Me
8r

t f‘l"e
As 8r 8 g
i As 1 r .
OUESGE gmon ton GrESTCE g
Cr" Br As ar %5 (17)
l ’ OR
R H, Ms Et

CH,Br Me Me

27 P ME, 30

The structure of 30 (R = Et) has been determined by single-crystal X-ray
study (Fig.3) [36]. The ligands are arranged in a slightly distorted oc-
tahedron about the metal atom which is attached to the B-carbon atom of
the side chain to give a six-membered chelate ring. The Pt—Br distances of
mutually trans bromine atoms are equal, their value coinciding with the
covalent radius sum. The Pt—Br distance trans to the o-bonded carbon atom
is significantly greater than the other two Pt—Br bond distances because of
the rrans influence weakening the Pt—Br bond due to the o-inductive effect
of carbon as a ligand atom operating in planar and octahedral complexes
[28,31,32].

o-Isopropenyl(diphenyl)arsine platinum complexes 31, 32 are treated with
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silver acetate, methoxide, triethylamine, etc.. to afford the six-membered ring
compounds 33, 35 [37]. Both products are converted to the intramolecular-
olefin 7-complexes 31 by treating with hydrochloric acid. Treatment of the
acetate-bridged compound 33 with acetylacetone and sodium carbonate
affords a mixture of the desired products 34 and 35 via a stabilized
carbonium ion [38,39] produced from the olefin double bond and platinum
atom. In these products, the six-membered ring structure of the acetate-
bridged dimeric compound 33 has been determined by X-ray analysis [37].

Asqz /C‘ AcOAg N Hacac Ny 0=
@Cﬂs Pt @: Nagor /PN
Ic\f Ney T HCG 240 c=Cn 0=
i “eh; ! Crs
ptCLtipa) 3! * 34 (18)

HCT AsPhy ¢y
AR
@ “Npr !
RN
/ i ©
[Ptiacacripa)][mr, ] nucleophiiic group CHy

32 35
nucieophmhc group : acetate, methoxide, hydroxide, triethyl amne

D. FOUR-MEMBERED RING COMPOUNDS

Four-membered ring compounds are capable of being prepared, usually
only in the case of reactions which do not afford the five-membered ring
compounds. Many four-membered ring compounds have been produced
from phenylphosphine compounds [5] by orthometallation.

Phenylarsines also afford four-membered ring compounds by orthometal-
lation, e.g., chlorotris(triphenylarsine)iridium(I) in benzene or cyclohexane at
a reflux temperature as, in a reaction similar to the corresponding phos-
phines and stibine, shown in eqn. (19) [40]. Bennett and Milner [40] have
shown by IR data (»Ir—-D and vIr-H) using deuterated phenylphosphine or
deuterated solvent, that this orthometallation is a hydrogen abstraction
reaction on the phenyl ring.

o ~1
s CUEPM AS) (H ) IC wlr—H): 2170 em
FreitAsPisly T benzene TN S w(lr—H): 805 e¢m™! (19)
59% Fad wIr—Ci): 257 cm™
en” "Ph Ir—H: -19.9 ppm

386
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E. UNSATURATED COMPOUNDS

In organometallic intramolecular-coordination compounds, almost all
compounds having a o-coordinate bond from metal (M-Y o-bond) to the
ligand group containing an M-C bond, also have an M-C o-bond. However,
in organometallic intramolecular-coordination compounds containing a
phosphorus donor ligand, the preparation of many compounds having an
M-C #-bond has been reported, and the syntheses of similar arsine com-
pounds comparable to the phosphorus compounds have also been published
[5]

As described in egns. (14), (15) and (18), the reaction between o-styryl- or
isopropenylphenylarsine and platinum halide affords the 5.5-membered ring
compounds 21, 25 and 31. The »C=C stretching vibration of these com-
pounds shifts to ca. 1500 cm™' with the coordination of the carbon-carbon
double bond to platinum compared with the free yC=C which appears at
1620-1640 cm™ ! (eqn. 15) [33]. X-ray analysis of 21 confirmed its intramo-
lecular-m-coordination structure (Fig.4) [26]. The olefin group makes an
angle of 83.6° with the coordination plane and the olefin bond length is
1.44(3) A, significantly longer than the 1.34 A of uncoordinated ethylene.
The arsine group exerts a strong trans influence (zrans Pt—Cl bond length to
arsine is 0.044 A longer than that to the olefinic bond) [28-34].

The reactions of o-styryldiorganoarsines with norbornadienetetracarbonyl
metal compounds 37 (metal = chromium, molybdenum and tungsten) also

afford o-styrylarsine compounds having a 5.5-membered ring analogous to
21 and 25 {41].

AsRz ASRz
O, P — Oz
CH=CH, CH-—CHz (20)

R:Ph, Me
M-Cr, MO, W

AsMey PtCla AsMen
4+ PBra \an
N KpPtBry \/

or PACi{PhCN),

3s M : Pt, Pd
X : Ci,Br
»C=C : 1640 cm™* AN ¥C=C : ca. 1500 cm™! 21)
(X:Ct)

AsMe

~ '
MXs X" :8r1
@/\\/‘ -

38
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Fig. 3. The structure of 30 (R=Et).

Fig. 4. The structure of dichloro[diphenyl( o-vinylphenyl)arsine]platinum(II), 2L

The terminal vinyl protons of these products show a large upfield shift of the
vinyl proton resonances on coordination at 7.63-6.44 ppm compared with
those of o-styryldiphenylarsine or o-styryldimethylarsine at 5.01-4.40 ppm.

Generally, the 5.5-membered ring compounds have less strain and are
more stable than the other olefin #-intramolecular-coordination compounds:
however, 6.5- and 4.5-membered ring compounds have been also synthesized
[6]. For example, o-allylphenyldimethylarsines react with metal halides to
yield 6.5-membered ring compounds 38 as shown in eqn. (21) [33,34,42]. The
bromides 39 (X = Br) are prepared directly from metal bromide or by
reaction of chloride 38 (X = Cl) with lithium bromide, and the iodides are
prepared by reaction of chloride with sodium iodide, although reaction of
the palladium chloride derivative with sodium iodide gives only the iodide
bridged compound [( o-allyldiphenylarsine)IPd—I}, (»C=C: 1640 cm™') by
fission of the intramolecular-coordination bond. The corresponding phos-
phines form chelate compounds more readily than do the arsines; e.g. the
phosphine palladium iodide can form a chelate complex (vC=C: 1508
cm™ ).

Pent-4-enyl compounds [43,44] also give 6.5-membered ring compounds
40 by reaction with metal halides and the corresponding bromides or iodides
are also prepared from reaction of the chioride with lithium bromide or
sodium iodide. However, these intramolecular-coordination bonds are not so
strong, and the coordination double bond is readily displaced by other
monodentate ligands such as tertiary arsine, p-toluidine and sodium thio-
cyanate.
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PtCl,
L
R,AS + PtBrp ——= Refs - PtXaly
\ or NayPtCll, XoPtw 7 41

40 L : AsMe,CHg . AsMe,Ph
vC=C: 1505 em™

R :Me, Ph

¥C=C : ¢a.1640 cm™’!

L
= PtX,L'ASR,CgHg

42

L’ : AsMePh,, p-totuidine

Hydride-abstraction from the cyclic propylarsine molybdenum compound
43 with trityl tetrafluoroborate affords 4.5-membered ring compounds 44.
Further, 44 reacts with potassium cyanide to give isopropenylarsine by
displacement of the unsaturated residue and not by the expected addition to
the coordinated double bond.

AsMey Pn.CBF,-NHAPF /AsMez ,AsMez
. . KCN
(Co’ch’MoO B e Cp(CO)zrt!o\j PFg" =i CP(COLMO «
= (23)
43 44 45
¥C=C:1525ecm™ vC=C:1625em™!

F. CONCLUDING REMARKS

(i) Organometallic intramolecular-coordination compounds containing an
arsine donor ligand form four, five and six, membered ring compounds and
unsaturated compounds having a w-coordinate bond.

(ii) They prefer to form five-membered ring structures similar to the
corresponding phosphine compounds.

(iii) They are generally more difficult to synthesize and more labile than
the corresponding phosphine compounds.
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