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Reactions of PhAsCl, with BrMg(CH 5),MgBr

(n=4or 5)in THF gavephenylarsacycloalkares
ascolourlessoily liquids which could be distilled

under vacuum. Treatment of PhAs(CH,),
with  MCI,(RCN), (M =Pd or Pt; R=Ph
or Me) afforded mononuclear complexes,
[MCI »{PhAS(CHJ)}2]. Reactions with

[Pt.Clx(-Cl)o(PEt3);] gave mixed-ligand com-
plexes, [PtCly(PEt3){PhAs(CH,),]. The palla-
dium complexes adopt a trans geometry
whereasthe platinum complexesexist in a cis
configuration. The crystal and molecular struc-
ture of [PdCIz(PhASCHzCH2CH2CH2CH2)2-I

was determined by X-ray diffraction methods.
The molecule consistsof a square-planar palla-
dium atom with trans chlorides and trans arsa
ligands. The six-membered'/AsCs’ ring adoptsa
chair conformation. Copyright © 1999 John
Wiley & Sons,Ltd.
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INTRODUCTION

The utility of organoarseniccompoundsin the
deposition of 11I-V semiconductormaterials by
organometallic vapour-phaseepitaxy (OMVPE)
has stimulated considerableinterest in organo-
arsenicchemistry* In order to replacethe con-
ventionalarsenicsourceAsHs (an extremelytoxic
gas,hazardougo handle),in OMVPE processesa

* Correspondnceto: Vimal K. Jain, ChemistryDivision, Bhabha
Atomic ResearctCentre, Trombay,Mumbai-400085, India.
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variety of organoarseniccompoundshave been
examined®® The search for better precursor
moleculeswith desirable properties has been a
driving force for continued current interest in

organoarsenichemistry?

Metallocycloalkames have beenknown to give
volatile hydrocarbonswith clean cleavageof the
M-C bond® This has prompted us to examine
heterocyclicorganoarsenicompoundsAlthougha
few five- andsix- memberedrsacycloalkanesave
been known since the beginning of the 20th
century!™ they have not been well character-
ized 2% Furthermore despitean extensivelitera-
ture on transition-metalcomplexeswith teriary
arsines;? the coordinationchemistryof heterocyc-
lic arseniccompoundsis still unexplored.®1%13
Only recently metal complexeswith analogous
heterocyclicphosphorusigandssuchas 1-phenyl-
phospholan® havebeenisolatedandsomeof them
have shown high activity in carbonylationreac-
tions™ In view of the above,we havesynthesized
and characterized®hAgCH,),, (n=4, 5) andtheir
palladiumandplatinumcomplexesResultsof this
work arereportedhere.

RESULTS AND DISCUSSION

The reactions of PhAsC}L with a di-Grignard
reagent,BrMg(CH,),MgBr (n=4 or 5) in THF
readily gave phenylarsacycloalkane®hAgCH,),,
{n=4(2) or5(1)} ascolourlessoiI}/ quuids which
could be distilled under vacuum>%** The mass
spectrashowedmolecularion peaksanda peakdue
to PhAs" in addition to hydrocarbonpeaks.No
peak assignableto an As(CH,), fragment was
observed.The IR spectradisplayedvas_c absorp-
tions in the region 466-575m * associatedwith
PhAs and As(CH,), fragments:® The *H NMR
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spectraexhibitedmultipletsin theregion0.89-1.99
and7.24-7.46ppmfor acyclicandphenylprotons.
The 3C{*H} NMR spectrashowedthe expected
carbonresonances.

AS \As/
Ph Ph
1 2

Treatment of phenylarsacycloalkaneswith
MCIx(RCN), (M =Pd or Pt; R=Me or Ph) gave
mononuclear complexes, [MCI x{PhAs(CH,),.} »].
Similar reactions with [PtCly(1-Cl)x(PER),]
gave mixed-ligand complexes,
[PtCl(PEL){PhAS(CH,),}]. The palladium com-
plexesadopta trans configurationassuggestedby
IR spectrawvhich showedonl7y onevpy_ciStretching
mode (352 and 354cm1).>” This configurationis
confirmed_by X-ray structural analysis of
[PACL(PhASCHCH,CH,CH,CH,),] (seebelow).

The platinum complexeshave beenassigneda
cis configurationon the basisof vp_c| Stretchesand
lJ(Pt—P). These complexesexhibited two vpy_c
absorptiond,” as expectedfor a cis configura-
tion. The lJ(Pf;f—,\P) coupling constants for
[PtCIL(PEL){PhAs(CH,),}] arein accordwith the
values reported for [PtCl(PRs)(AsPhs)] com-
plexes'® It may be noted that on complexation
the acyclic CH, proton resonance®f As(CH,)s
tendto separateandaccordinglyeachCH, proton
setgavea broadsignal.

Thermogravimetric _analysis (TGA)  of
[PdCIZ(PhAsCI—LCHZCHZCHZCHZ)ﬂ was carried

out under a static atmospherdan order to assess

whetherpurification of arsacycloalkanefor their
usein OMVPE) canbe achievedy thermolysisof
theiradductslt is evidentfrom the TGA curve(Fig.
1) that both the ligandsare liberatedat ~275°C,
leaving palladiumchloride behind.

The molecular structure of
[PACL(PhASCHCH,CH,CH,CH,),] (Fig. 2)

showsthatthe palladiumatomis in a square-planar
environment(Table 1) with the arsacycloalkane

ligandsin atransarrangementThetwo Pd-Cland
Pd-As distancesare the sameand are in_good
agreementwith the literature values!®?® The
coordination around arsenic is typically a tri-
gonal-pyramidal AsC; skeleton with C-As-C

Copyright© 1999JohnWiley & Sons,Ltd.

PdCl2(Phas{_)),
7+ ’_/w (7.3 mg)

Wt IN mg

PACl, (2 mg)

T - - = 1 i L 1
300 500 700

TEMPERATURE 7/ °C

1
900

Figure1 TGA curvefor [PdCIZ(PhAsCF&CHZCHZCHZEZHz)Z]
in staticair; heatingrate= 10K min~L.

angles (100.3-104.6) which do not differ sig-
nificantly from_those reported for coordinated

tertiary arsines>* The As—C bond lengthsare in

accord with the reported values?*° The six-

(O8]

Figure 2 ORTEPdiagranfor [PdCIz(PhAsCHzCHZCHZCHZE:Hz)ﬂ.
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Table 1 Selected bond lengths (A) and angles (°) for
[PACL(PhASCHCH,CH,CH,CH,),|

Pd-Cl 2.2961(13) Pd-As#1 2.3999(6)
As—C(7) 1.926(5) ~ As—C(1) 1.929(5)
As—C(11) 1.942(5)

Cl-Pd-CI#f  180.0 Cl-Pd-As#l  88.96(4)
Cl#1-Pd-As#l 91.04(4)  Cl-Pd-As 91.04(4)
Cl#1-Pd-As  88.96(4)  As#1-Pd-As 180.0
C(7)-As-C(1) 103.5(2) C(7)-As-C(11) 100.3(3)
C(1)-As-C(11) 104.6(2) C(7)-As-Pd ~ 117.1(2)

C(1)-As-Pd ~ 111.97(14) C(11)-As-Pd 117.5(2)

& Symmetrytransformationsisedto generateequivalentatoms:
#1,-X, =Y, —2

memberedmetallocyclic ‘AsCs’ ring is puckered
and adoptsa chair conformation.Selectedintera-
tomic parametergregivenin Table 1.

EXPERIMENTAL

PhAsC),2” MCI,(RCN), (M = Pd or Pt; R=Phor
Me)*” and [Pt,Cl,(11-Cl)»(PEt),]*” were prepared
accordingto publishedmethods All the reactions
were carriedout in dry solventsundera nitrogen
atmospherelnfrared spectrawere recordedeither
asneatliquid or in a Nujol mull betweerCsl plates
on a Bomem MB-102 spectrometer.The *H,
Bc{™H} and*'P{*H} NMR spectrawvereobtained
in CDCl3 in 5-mm tubeson a Bruker DPX-300
NMR spectrometer Chemical shifts were refer-
encedto an internal chloroformpeak (6 7.26ppm
for *H and 77.0ppm for *°C) and external 85%
HsPO, for 3'P. Mass spectrawere recordedon a
ShimadzuGCMS QP 1000 A massspectrometer
using an El source. Thermogravimetricanalysis
was carried out on a ShimadzuDT-30 thermal
analysewith a heatingrateof 10K min~?.

Caution: All arseniccompoundsreported here
shouldbetreated astoxic and care mustbetaken
while handling suchderivatives.

Preparation of
PhAsCH,CH,CH,CH,CH, (1)

To acold (~10°C) stirredtetrahydrofurarsolution
(30ml) of  phenyldichloroarsine (4.34q,
19.5mmol) was addeddropwisethrougha canula
anexcesof 1,5-BrMg(CH,)sMgBr [preparedrom
1,5-Br(CHy)sBr (14.29,61.8mmol) and an excess
of magnesiumturnings (15g,617mmol) in tetra-
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hydrofuran]. After all the Grignard reagenthad
beenaddedthereactionmixture waseitherstirred
at room temperaturefor 3h or refluxed for 2h.
After cooling, deoxygenatedold waterwasadded
slowly to the reaction mixture with stirring. The
organicphasewasextractedwith ether(50ml x 3),
dried over CaC} (2 h) andthenfiltered. The ether
was evaporatedn vacuo and the pale yellow oil

was distilled under vacuumto give a colourless
liquid (2.31g, 53%) (b. p. 115-120°C/1-2mmHg,
lit. 84°C/0.5mmHg™®™). Found: As, 33.5; Calcd
for CiiHisAs: 33.7%. Mass spectra: m/z, 222
(molecularion), 152 [PhAs]". IR asa neatliquid:

575, 554 [asym,symyas_c, AS(CH,)s], 487, 466
(vas—o AsPh), 378, 311, 282cm™*. *H NMR in

CDCls: 9, 1.27-1.99m, As(CHy)g], 7.24—7.46m,
AsPh). 13C NMR in CDCls: 6, 22.4 (C-4), 24.1
(C-3,5), 28.7(C-2,6) [AS(CHp)s]; 127.1 (C-4),
128.2(C-3,5),131.6(C-2,6),132.5(C-1) [AsPh].

:’r)eparation of PhAsCHZCHZCHzéHZ
2

This was preparedin a similar way to 1. The
productwasdistilled undervacuumasa colourless
liquid (yield 66%) (b. p. 120°C/6—7mmHg, lit.

67°C/0.2mmHglo'”(). Found: As, 35.5; calcd for

CyoH13As: 36.0%. Mass spectra:m/z, 208 (mol-

ecularion), 152 [PhAs]". IR asa neatliquid: 567
[Vas—c AS(CHb)a], 469 (vas_c AsPh).*H NMR in

CDClg: §, 0.89-1.99m, As(CHy)], 7.27-7.46(m,

AsPh):*C NMR in CDCls: §; 27.3(C-3,4),30.3
(C-2,5), [AS(CHy)4]; 127.1 (C-4), 128.1 (C-3,5),
131.4(C-2,6),132.5(C-1) [AsPh].

Preparation of
[PACI,(PhAsCH,CH,CH,CH,CH,),] (3)

To abenzenesolutionof [PACL(PhCN)] (380mg,
0.99mmol) was added a solution of
PhAsCHCH,CH,CH,CH, (450mg, 2.02mmol)
with vigorousstirring, whereuporayellow solution
formed. The reactants were stirred at room
temperaturefor 4 h. The solventwas strippedoff
in vacuoto give a yellow solid which waswashed
thoroughlywith hexaneand recrystallizedfrom a
dichloromethane—benzeAgexanemixture as yel-
low crystals(422mg, 68%) (m. p. 162°C). Found:
C, 428%, H, 5.1; calcd for C22H30C|2A52 Pd: C,
42.5; H, 4.9%. IR in Nujol: 594, 580 [vas_c
As(CH,)s], 486,461 (vas—c: PhAs);419,397,384,
375,352 (vpg_c), 326.*H NMR in CDCl: 8, 1.52
(br), 1.74 (br) 1.90 (br), 2.19 (br), 2.58 (m) (each
correspondsto one CHy); 7.40 (br), 7.62 (br)
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[AsPh]. *3C NMR in CDCls: §, 21.6 (C-4), 23.9
(C-3,5), 27.6 (C-2,6) [As(CH,)s]; 128.9 (C-3,5),
129.6(C-4), 131.9(C-2,6),132.7(C-1) [AsPh].

Preparation of Y
[PdCIl>(PhAsCH,CH,CH,CH,)>] (4)

This was preparedin a similar mannerto 3 and
recrystallized from a benzene—hexanamixture
(yield 36%) (m.p. 182°C). Found: C, 40.0; H,
4.6; calcd for CygH26CloAS,Pd: C, 40.5; H, 4.4%.
IR in Nujol: 593 [vas_c, AS(CH,),], 483, 466
(vas—o PhAS);379,354(vpy_c), 298,288.*"H NMR
in CDCl3: 0, 1.61-2.68[m, As(CH,)4]; 7.29-7.71
(m, PhAS).

Preparation of |
[PtCl,(PhAsCH,CH,CH,CH,CH,).] (5)

Thiswaspreparedinalogoushfrom PtChL(MeCN),
and PhAsCHCH,CH,CH,CH, as an off-white
crystalline solid which was recrystallized from
CH.Cl—EtOH—-hexanén 52%yield. [m.p. 185°C
(dec.)]. Found: C, 36.5; H, 3.7; calcd for
CooH3oClASPL: C, 37.2; H, 4.2%. IR in Nujol:
592, 578 [VAS—CI AS(CH2)5], 489, 466 (VAS—O
PhAs); 309,302,292 (vpi_c). *H NMR in CDCl;
0,1.48-1.59m, 2CH,); 1.75(m), 2.00(m), 2.54(m)
(eachcorrespondso one CH,); 7.35(m)[AsPh].

Preparation of |
[PtcIz(PhASCHzCHzCH2CH2)2] (6)

Thiswaspreparedanalogouslfrom PtCh(MeCN),
and PhAsCHgCHZCHzaZ H, asanoff-white crystal-
line solid which was recrystallizedfrom CH,Cl—
EtOH-hexandn 37% yield. [m.p. 205°C (dec.)].
Found:C, 34.5; H, 3.6; calcdfor C,gH>&CloAS,Pt:
C, 35.2; H, 3.8%. IR in Nujol: 592 [vas_c
As(CH2)4l], 483,463 (vas_c: PhAs); 357,307,291
(th_c . "H NMR in CDCI3 0, 1.63-2.58 [m,
As(CH,)4], 7.23-7.42(m) [AsPh].

Preparation of [PtCI,(PEt3)
(PhAsCH,CH,CH,CH,CH,)] (7)

To a dichloromethane solution (20ml) of
[PtClx(u-Cl)x(PEE);]  (100mg, 0.13mmol) a
solution of PhAsSCHCH,CH,CH,CH, (66mg,
0.29mmol) was added dropwise with vigorous
stirring, whereupon a colourless solution was
formed. The reactants were stirred at room
temperaturefor 3 h. The solventwas strippedoff
in vacuq leavinga white solid which waswashed

Copyright© 1999JohnWiley & Sons,Ltd.

with hexane and recrystallized twice from a
dichloromethane—hexamaixture as a white crys-
talline solid (yield 133mg, 84%) (m.p. 150°C).
Found:C, 34.4;H, 5.5; calcdfor C,7H3PASCLPt:
C, 33.7;H, 5.0%.IR in Nujol: 586,486,470,439,
351,311 (vpi_c), 283.*H NMR in CDCls: J, 0.98
(d, t, 7.5Hz (t), 17.4Hz (d), PCHMe); 1.18 (m,
CHy); 1.72(m, PCH, + CH,); 1.95(m, CH,CHy);
2.35 (m, CHp): 2.89 (m, CHyp); 7.34-7.67 (m,
AsPh). *'P{'H} NMR in CDCl; 4, 6.8,
LJ(Pt—P)= 3416Hz.

Preparation of [PtCl,(PEt3)
(PhAsCH,CH,CH,CH,)] (8)
Thecomplexwaspreparedn ananalogousnanner
and wasrecrystallizedas a white crystalline solid
from a dichloromethane—hexameixturein quanti-
tativeyields (m.p.164°C). Found:C, 33.3;H, 5.3;
calcdfor C,gH2gPASCLPt: C, 32.5;H, 4.8%.IR in
Nujol: 591,483,471, 438, 384, 306 (vpi—c), 290,
254, 241cm . 'H NMR in CDClg §, 1.02

Table 2 Crystal data and structure refinementdetails for
[PdCL(PhASCHCH,CH,CH,CH;),]

Empirical formula C,5 Hzp As, Cl, Pd

Molecularweight 621.60

Temperature 293(2)K,

Wavelength 0.71073A

Crystalsystem Triclinic

Spacegroup P1 .

a 8.2273(10A

b 8.4612(9)A,

c 8.7430(12A

o 94.521(9)

B 102.059(12)

Y 95.419(7) ,

Volume 589.49(14)A°

z 1

Density(calculated) 1.751gcm 3

Absorptioncoefficient 3.805mm*

F(000) 308

Crystalsize 0.3mm x 0.2mm x 0.2mm

A rangefor datacollection 2.39-24.97

Indexranges 0<h<9,-10<k<10,
-10<1<10

Reflectionscollected 2224

Independenteflections 2067[R(int) =0.0274]

Absorptioncorrection PSISCAN

0.995and0.647

Full-matrix least-squaresn F2
2066/0/125

1.105

R; =0.0332,wR,=0.0762
R;=0.0487,wR,=0.0873
0.0020(13) .
0.919and —0.685e A3

Max. andmin. transmission
Refinemenimethod
Data/restraints/parameters
Goodness-of-fibn F?

Final R indices[l > 24(1)]

R indices(all data)
Extinction coefficient
Largestdifference,peak
andhole
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Table 3 Atomic coordinates (x 10% and equivalent
isotropic displacemen parameters (x 10°) for [PdCh
(PhAsCHCH,CH,CH,CH,),]. U(eq) is defined as one-third
of the traceof the orthogonalizedJ; tensor.

X y z U (eq)
Pd 0 0 0 28 (1)
As 2092(1) 1803(1) 1800(1)  32(1)
cl 1850(2)  —1862(2) —50(2) 52(1)
C(1) 1650(6) 1987(5) 3884(5) 35(1)
c2) 2430(8) 1148(7) 5067(7)  56(2)
C(3) 1986(9) 1255(8) 6527(7)  67(2)
C(4) 794(8) 2164(8) 6793(7)  60(2)
c(5) —18(8) 2969(8) 5637(7)  60(2)
C(6) 417(7) 2878(7) 4185(6)  48(1)
c(7) 2358(8) 3983(6) 1322(6) 52(1)
C(8) 3844(8) 4976(7) 2432(7)  64(2)
c(9) 5506(8) 4258(9) 2474(8)  70(2)
C(10) 5605(7) 2686(8) 3127(8) 62(2)
c(11) 4393(6) 1323(7) 2108(7) 50(1)

[d,(t),7.6Hz t,17.5Hz (d),PCHMe]; 1.73-2.0gm,
PCH, + 2CHp); 2.33(m, CH), 2.80(m, CHy); 7.4
(m), 7.74(m) [AsPh]. **P{*H} NMR in CDClg: 4,
8.7, Y J(Pt—P)= 3375Hz.

Crystallography

Yellow __ cube-shaped crystals of
[PACL(PhASCHCH,CH,CH,CH,),] (3) were se-
lectedfor single-crystalX-ray datacollection. All
the measurementsvere performedat room tem-
peratureon anEnraf-NoniusCAD-4 diffractometer
using graphite monochromatedMoy, radiation
(4=0.71073A) employing the w—29 scantech-
nigue. The unit cell parametersvere determined
from 25 reflections measuredby random search
routineandindexedby the methodof shortvectors
followed by least-squaresefinementTheintensity
datawere correctedfor Lorentz, polarizationand
absorptioneffects. The structurewas solvedusing
the SHELXS-86® computerprogramand refined
usingthe SHELXL-93%*° computerprogram.
Figure 2 showsthe ORTEP® diagram of the
molecule.The crystallographicdatatogetherwith
datacollectiondetailsaregivenin Table2. Atomic
coordinatesand equivalentisotropic displacement
parametersregivenin Table 3.
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