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Bromination of the four-membered Pt(ll) metallacycle P{fBA(1,8-naphthalendiyl) by Brresults in
Pt—C bond cleavage and formation ofs-Pt(8-bromonaphthalen-1-yl)(Br)(Pt (cis-2). Further Bg
addition yields ioniccis-[Pt(;7>-8-bromonaphthalen-1-yl)(B{PE%),]Br (cis-3) in which the bromine atom
of the bromonaphthalene is bonded to the six-coordinate Pt(IV) center.sAgfl€is-3 give AgBr and
cis[Pt(17%-8-bromonaphthalen-1-yl)(B#PE%),]PFs (cis-4). All of the above complexes isomerize to more
stabletrans-complexes. Complekis-3 slowly converts to neutral Bif-8-bromonaphthalen-1-yl)(Bg)

(PEB) (5) through displacement of a PHigand by

Br. Photolysis of5 yields naphthalene, Br,-

(PEB),, EtsPBr,, and other products. Na/Hg eduction®fjivestrans-2 and other unidentified products.

Introduction

Metallacycles are an important class of organometallic
complexes involved in a number of reactidré/e have been
investigating an uncommon class of four- and five-membered
metallacycles where the ring is fused to the edge of a polycyclic
aromatic hydrocarbar? and recently reported the synthesis of
Pt and Pd complexes and their novel colloidal metal-catalyzed
alkyne coupling reactiorfs? In this paper we further characterize
the reaction chemistry of the four-membered platinacycle Pt-
(EtsP)(1,8-naphthalendiyl), describing its reactions with mo-
lecular bromine.

Reaction of organometallic complexes with molecular halo-
gens or halogen sources is useful in the liberation of function-
alized or coupled organic fragments from the metal center in
both stoichiometric and catalytic proces8ewith divalent

organoplatinum complexes the reactions usually proceed through

stable or transient Pt(lIV) intermediates, which reductively
eliminate the product of carbertarbon or, more rarely,
carbon-halogen coupling with the formation of a Pt(Il)
complex! Although there have been a few examples of
platinacycle bromination, these have been limited to five- and
six-membered ring systeni§.Oxidative addition of halogens
to four-membered metallacycles followed by reductive elimina-
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brown precipitate at each drop, which dissolves as the reaction

tion of halogenated or coupled organic compounds could enlargemixture is stirred. After the addition of 1 equiv of bromine a

the scope of polycyclic chemistry and lead to the development
of new syntheses for polycyclic aromatic carbon compounds.
Results

Dropwise addition of a CGlsolution of bromine to Pt(1,8-
naphthalendiyl)(PEJ. (1) in CCl, at room temperature gives a
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yellow homogeneous solution is obtained, from which yellow
crystals ofcis-2 can be isolated (Scheme 1). A crystal was
subjected to X-ray analysis. Crystal data and data collection
parameters and bond distances and angles are provided in Table
1. A drawing of the solid-state structure is shown in Figure 1.
The structure reveals the yellow product to be the Pt(ll)
complexcis-Pt(8-bromonaphthalen-1-yl)(Br) (Pt (cis-2), not
the anticipated oxidative addition product Pt(1,8-naphthalendiyl)-
(PES)2Bro. The complex has a square-planar geometry about
the Pt center with ais orientation of the two phosphine ligands.
The Pt plane is approximately perpendicular to the naphthalene
ring plane. This arrangement places figgi-bromine atom (Br2)
above the Pt coordination plane and in close proximity to the
Pt center. A steric interaction between the Pt and Br centers is
evident. The Pt+Br2 distance (3.196(1) A) is much longer than
the Pt1-Brl bonded distance of 2.508(1) A and much longer
than the distance between the peri-positions as defined by the
C1—C9 distance of 2.55(1) A. The long PBr distance is
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Figure 1. Drawing of cis-Pt(8-bromonaphthalen-1-yl)(Br)(Pt
(cis-2). Only one orientation of the rotationally disordered phosphine
ligand (P1) is shown. Atoms are drawn as 50% probability ellipsoids
or spheres (C11C16).

Table 1. Crystallographic and Data Collection Parameters
for cis2 and &

cis-2 5
formula szH3sBl’2P2Pt ClaHleMPPt
fw 717.36 759.03
cryst syst monoclinic monoclinic
space group P2;/c P2i/c
a, 8.3343(9) 14.251(3)

b, A 18.2838(19) 10.554(2)

c, A 16.5594(18) 13.122(3)

B, deg 97.411(2) 91.674(4)

v, A3 2502.3(5) 1972.9(8)

z 4 4

Jeale glcn? 2.23 2.56

w, mmt 8.94 15.29

R1P wRZ 0.0479,0.1188 0.0342, 0.0799

aj = 0.71070 A (M0),T = —100 °C. PR1 = (3||Fo| — IFell)/|Fol.
WR2 = [(SW(Fo? — Fe?)A)/3w(FA)?Y2

achieved primarily by distortion around C1 and C9. A conve-
nient measure of the distortion is the €@1—Pt angle (168.%)
and the C6-C9—Br2 angle (172.9). In an undistorted system
these angles would be 180Distortion is also evident in a
“twist” of the Br2—naphthalene Pt1 moiety such that Pt1 (0.373
A) and Br2 (-0.287 A) are displaced to opposite sides of the
naphthalene plane (planar t0.07 A). The twist is also
indicated by the torsion angle PtC1-C9—Br2 of 14.#.
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Figure 2. Possible isomers of [Rif-8-bromonaphthalen-1-yl)(Bf)
(PEB),]Br (cis-3).

around the most downfield aromatic signal at 7.93 ppm and
are assigned to coupling between the platinum and hydrogen
atom attached to the C2 of the naphthalene ligand. Signals for
the 10 different carbon atoms of the naphthalene ligand are
observed in thé3C NMR.

Complexcis-2 slowly converts to theransisomer,trans-2
(Scheme 1), under prolonged heating at’80in CH,Cl,. Due
to the increase in symmetry, th# NMR spectrum ofrans-2
shows a single resonance at 2.81 ppm with satelldgsg(=
2898 Hz) for the phosphine ligands. Thd NMR spectrum
shows the expected proton signals for the naphthalene ring in
the aromatic region and the phosphine ligand in the aliphatic
region.

Addition of 1 equiv of bromine in CGlto a CC}, solution of
cis-2 or addition of 2 equiv of bromine in C¢lto a CCl
solution of 1 yields a brown precipitate otis-[Pt(;%-8-
bromonaphthalen-1-yl)(BsjPE&g),]Br (cis-3) (Scheme 1). The
31P NMR spectrum otis-3 in CD,Cl, shows two equal intensity
doublets with Pt-195 satellites at47.42 (p—p = 2636 Hz)
and 13.85 Jprp = 2242 Hz) withJp_p of 4.1 Hz, indicating
the presence of two inequivalent Pt-bonded phosphine ligands
in a cis orientation. Six aromatic peaks (two overlapping) are
observed in théH NMR spectrum, indicating that the naph-
thalene moiety is intact and remains bonded to the Pt center.
The lowerJp—p values ofcis-3 in comparison teis-2 and the
IH NMR data indicate Br addition at the Pt center and the
formation of an octahedral Pt(IV) complex. Simple oxidative
addition of Bp with coordination of the two bromine atoms to
the Pt center is unlikely given the steric hindrance that the
naphthalene ring bromine atom would present. We therefore

Similar distortions have been observed in other 1,8-substitutedformulate the complex as ionic where one of the added bromines

naphthalené& 12 including the related Ni complettans-Ni-
(PMes)2(Br)(8-bromonaphthalen-1-y#f
NMR spectroscopic data faris-2 are characteristic of its

is present as an outer-sphere ion and the sixth coordination site
is filled by the bromine atom bonded to the naphthalene ring.
Three isomers are possible for the cationic portion and are shown

structure and are identical to the data for the product obtainedin Figure 2. Both of the observédP—19Pt coupling constants

from oxidative addition of Pt(PE)s to 1,8-dibromonaphthalene.

appear to be too large for a phosphine ligarashs to a strong

This product was apparently incorrectly assigned an ionic donor carbon atom, eliminating isomers B and C, leaving isomer

formula® The 3P NMR spectrum otis-2 shows two doublets
ato 5.06 and—3.50 withJp—p of 18 Hz, consistent with theis

A as the assigned structure fois-3. The 3P NMR signal at
47.42 ppm is in an unusual region for a PBbnded to a Pt-

arrangement of the two phosphine ligands. Each doublet displayS(|V) center, and we assign this signal to the Pligfand trans

satellites Jpp = 1860 and 4370 Hz, respectively) with the
smaller Pt-195 coupling indicative of a phosphine ligarzshs

to carbon and the larger coupling indicative of a phosphine
ligandtransto bromine!* The'H NMR spectrum displays six
proton signals in the aromatic region and signals for the

phosphine ligands in the aliphatic region. Satellites are observed
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to the carbon-bonded bromine. This is also the signal with the
largest 31P—19%P coupling (2636 Hz), consistent with the
expected weak donor properties of this bromine atom.

Elemental analysis of the solid is consistent with the addition
of Br; to cis-2. Brief heating in CHCI, convertscis-3 to a new
complex, which we assign as thransisomer trans-3 (Scheme
1). This complex shows a single peak in3t® NMR spectrum
with Jppr = 2047 Hz and was not isolated.

Treatingcis-3 with 1 equiv of AgPE in CHxCl, immediately
produces a light brown precipitate of AgBr aes-[Pt(72-8-
bromonaphthalen-1-yl)(B#{PEt),]PFs (cis-4) (Scheme 2). NMR
spectra otis-4 are almost identical to those ois-3. Complex
cis-4 also shows a septétP NMR signal in the area expected
for the P~ anion (-143.86 ppm) with alp—¢ value of 710.8
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Table 2. Selected Distances and Angles fais-2

Pt1-C1 2.063(9) ctC2 1.498(15)
Pt1-P1 2.237(3) Br2-C9 1.885(10)
Pt1-P2 2.330(2) cocs 1.375(13)
Pt1-Brl 2.5077(10) C9C10 1.457(13)
C1-C10 1.428(12)

C1-Pt1-P1 89.1(2) C16C1-C2  120.0(8)
C1-Pt1-P2  168.5(2) C16C1-Ptl  129.7(7)
P1-Ptl-P2  100.07(10) C2C1-Ptl  110.2(6)
C1-Pt1-Brl  85.7(2) C8-C9-C10  122.2(10)
P1-Ptl-Brl  174.80(9) C8C9-Br2  114.8(8)
P2-Ptl-Brl  84.94(6) C16-Co9-Br2  123.0(7)

Table 3. Selected Distances and Angles for 5

Ptl-C1 2.062(6) Pt+Br4 2.5683(8)
Pt1-P1 2.3000(17)  PttBrl 2.5782(8)
) i Pt1-Br3 2.4733(8) Bri-C8 1.925(7)
Figure 3. Drawing of Pt(8-bromonaphthalen-1-yl)(BfPEt) (5). Pt1—Br2 2.4742(8)
Atoms are drawn as 50% probability ellipsoids. Hydrogen atoms
are omitted for clarity. C1-Pt1-P1 97.63(18) BrtPt1-Br3 91.91(3)
C1-Ptl-Brl 85.45(18) Bri-Ptl-Br4 84.67(3)
Scheme 2 C1-Ptl-Br2 91.15(18) Br2-Ptl-Br3  175.40(2)
C1-Ptl-Br3 84.32(18) Br2-Ptl-Br4 94.10(3)
Br |'Br Br |'PFe Br |PFe C1-Pt1—Br4 168.53(18) Br3-Pt1—Br4 90.20(3)
Br—P{—L AgPFg Br_Flt/_ L Br—P{~Br P1-Pt1-Bril 170.21(5) C8Br1—Ptl 92.8(2)
Br’ -AgBr B’ 250C g P1-Pt1-Br2 83.81(5) C2-C1-C9 118.0(6)
—_— - P1-Pt1-Br3 97.63(5) C2-C1-Ptl 125.0(5)
CH,Cl CHCl P1-Pt1-Br4 93.07(5) C9-C1-Pt1 116.9(5)
i i Bri—Pt1-Br2 86.85(3)
cis-3 cis-4 trans-4
Hz.15 These observations imply that the cationic portionsieB the platinum atom in a distorted octahedral environment with

andcis-4 are isostructural and that both complexes are ionic in the three bromine ligands in mer orientation. The central
nature with counteranions Band PE-, respectively. Complex ~ bromine atom (Br4) idrans to the naphthalene carbon atom

cis-4 is stable in the solid state, but in GEl, solution it (C1). The carbon-bonded bromine atom (Brl)rans to the
isomerizes tdrans-4, the Pk~ analogue ofrans-3 (Scheme  Phosphine ligand with a PBr1 distance of 2.5782(8) A. This
2). As with cis-4 andcis-3, NMR data fortrans-4 andtrans-3 is ca. 0.1 A longer than the Pt distances to the mutuzdlys
are virtually identical (with the exception of the Pignals for ~ terminal bromine atoms Br2 (2.4742(8) A) and Br3 (2.4733(8)
trans.4)_ Comp|extrans_4 was not isolated. A) and Only Sllght'y |Onger than the PBr4 distance (25683-

(8) A) transto the carbon. The P#Brl bond has eliminated
Br some of the naphthalene unit distortion present in the structure
Br—FI’t/—L Br—Fl’t/—L of cis-2. The C4-C1—-Ptl angle (177.09 is closer to linearity.
Br’ Br’ (A similar change from nonbonding to bonding of a methoxy
-L ™) group has been reported in the oxidation of a Pt(ll)
OO CH,Cl/RT OO 8-methyoxynaphthalen-1-yl complé®.However, the C5C8—
Brl angle (171.39) is still distorted, but the distortion is now

cis-3 5 due primarily to an out-of-naphthalene-plane positioning of Brl
(0.40 A) resulting from a rotation (172Bof the Pt octahedron

Br, *Br Br

While cis-3 is stable in the solid state, in solution it undergoes bout the Ptcarbon bond. The rotat o be dri
displacement of one of the two coordinated phosphine Iigandsal out the Frcarbon bond. The rotation appears 1o be driven
by its counteranion Brto produce neutral Pj¢-8-bromonaph- by steric interactions between the REgand, thecis bromine

: : tom (Br4), and the naphthalene ligand.
thalen-1-yD(Br}(PEt) (5) (eq 1). The formation of5 is a ' .
confirmeg )éyl)lil( and)31(P)N(M?? s?nectroscopy, X-ray crystal- Photolysis of 5.Recent work in our group has shown that

lography, and elemental analysis. THE NMR spectrum 06 .Pt(IV).aromatic comp!exes undergo interesting photoch(_am!stry
shows a single resonance for the only phosphine ligand at 45_28|nvoIV|ng photoreduction of the Pt(IV) center and aromatic ring
ppm with aJep value of 2720 Hz. Again, this is an unusual bromination'® To check for similar chemistryg was irradiated
shift apparently associated with the phosphine ligand bieangp with a 500 W halogen lamp with the UV filter removeg.l The
to the carbon-bonded bromine atom (Brl). Six peaks are Orange solution slowly became pale yellow. AftedS h,*'P
observed in the aromatic region of thd NMR spectrum, in ~ NMR specltgroscopy revealed two new singlets at 10.92 and 2.27
agreement with the lack of equivalent protons on the naphthaleneppm with 19Pt satellites Jprp value of 3696 and 3594 Hz),

ligand.195Pt satellites are observed around the lowest frequency respectively. With continged irradiatio_nvélo' h), the peak at
aromatic signal at 7.24 ppm. Complékis stable toward 2.27 ppm disappeared with a concomitant increase in the peak

; U ; t 10.92 ppm and the formation of a new broad peak®.0
reductive elimination of dibromonaphthalene, and ,CH a -
solutions remain unchanged after 12 h at°gD ppm presumably due to the forma_mon ofEBRL.17 H NMR
A drawing of the solid-state structure fis given in Figure spectroscopy revgaled the forma}tlop of peaks assomatgd with
3. An abbreviated summary of the crystal data and data free naphthalene in nearly quantitative yield. Concentration of

gpllectlon ang prOfeSSIngI.IS %V.en_l_mbl-ra??l?”}' Selected bf?nd (16) Lee, H. B.; Sharp, P. R. lAbstracts of Paper£33rd ACS National
Istances and angles are listed in Table 3. e structure s OW%/Ieeting, Chicago, IL, March 2529, 2007; American Chemical Society:
2007, p INOR-073.

(15) Dixon, K. R. InMultinuclear NMR Mason, J., Ed.; Plenum Press: (17) Godfrey, S. M.; McAuliffe, C. A.; Mushtaq, |.; Pritchard, R. G;
New York, 1987; pp 369402. Sheffield, J. M.J. Chem. Soc., Dalton Tran$998 3815-3818.
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Scheme 3
L\Pt/Br\Pt/Br+
?rBr Br/ \Br/ \L
—pi— hv 6
BrBr/Pt L + PEtBry, + ..

CHCl,

QO B Plt’L
5 Nm it

Toluene

cis-2

the solution followed by cooling of the concentrate+@0 °C
gave deep yellow crystals, which proved, by X-ray crystal-
lography, to be BBrsy(PEg), (6) (Scheme 3). Unit cell
parameters anéfP NMR and'H NMR spectra of the crystals
match the literature valués.

Na-Amalgam Reduction of 5.In an effort to identify the
intermediate complexes in the photochemical reactioB, &

Organometallics, Vol. 26, No. 14, 26871

[?‘rL—r Br L

L L |/L
Br—p{—L ol Br P
Br’ Br’
- —:(JJ »
cis-3 1 cis-2

The second bromination afis-2 in CCly does result in
oxidation of the Pt(ll) center and formation of the cationic
octahedral Pt(IV) speciass-3. Although, the proposed structure
of cis-3 could not be confirmed by X-ray analysis, spectroscopic
data are diagnostic and consistent with the structures for its
derivativestrans-3, cis-4, trans-4, and5. Most notable incis-

3, cis-4, and5, the latter of which has been characterized by
X-ray analysis, is the coordination of the carbon-bonded bromine
of the bromonaphthalenyl ligand. Halocarbon coordination
through a halogen has been known for some time, but such
complexes are still relatively raféIn fact, 5 appears to be the
first well characterized example for Pt(I¥9.

In cis-3, cis-4, and5 an unusually large shift is observed for

was reduced with sodium amalgam in toluene (Scheme 3). Thethe PEj ligand trans to the carbon-bonded bromine. It is

initially orange solution turned light yellow irR~30 min and
showed a sharf}P signal at 2.81 ppm witH°Pt satellites Jpr—p
= 2898 Hz), suggesting the presencetmins-2. The yellow

tempting to attribute this to the PHtgand’s positiontransto
the halocarbon bond. However, the better explanation appears
to be associated with the Rigand being near and in the plane

solid. A™H NMR spectrum of the solid confirmed the formation
of trans-2 but also showed a number of unidentified peaks in
the aromatic region.

Discussion

Our results on bromine addition to four-membered platina-
cycle 1 contrast with those for the larger five-membered
platinacycle Pt(2,2biphenyl)(PEj), (7, eq 2)8 Platinacycle7
and bromine give the Pt(IV) complé where both PtC bonds
of the platinacycle remain intact. It is possible that a similar
reaction occurs with platinacycle to give an analogue d3,
but the strain from the smaller four-membered ring results in
facile reductive elimination with formation of the<Br bond
in cis-2. However, we did not detect any intermediates (see
below) in the formation otis-2, so a direct addition across a
Pt—C bond without formation of a Pt(IV) intermediate is also
possible.

Et;P
Et3R, Br.
\ \
Br:
Et3P/Pt O 2 Br/Pt O )
CgH
S T LRSS
7 8

There is the formation of a brown precipitate in the bromine
reaction ofl (see Results), which could be an intermediate in
the formation of cis-2. However, we believe the brown
precipitate is due to formation of the second bromine addition
productcis-3 by a rapid reaction o€is-2 with a locally high

current deshields th&P nucleus. An unusually large shift (75.2
ppm) is observed for the PRhgand in structurally relate®
for the same reasci.

(COsW  co

iPr;N—P—Pt—PPhs

9

Conclusions and Summary

In contrast to the more usual oxidative addition product for
Pt(ll) complexes, bromine addition to the four-membered
platinacyclel results in cleavage of one of the-RE bonds.
The failure of1 to produce a Pt(IV) product is attributed to
ring strain associated with the four-membered platinacycle ring.
Further bromination does yield a Pt(IV) complesis-[Pt(?-
8-bromonaphthalen-1-yl)(B#PEt),]Br (cis-3). The carbon-
bonded bromine atom of the naphthalene ring fills one of the
six coordination sites afis-3. The analogous RFsalt is readily
prepared from Ag precipitation of AgBr. The complexes
isomerize in solution to more stabteansisomers. Complex
cis-3 slowly reacts with its bromide anion to produce neutral
Pt(;2-8-bromonaphthalen-1-y!)(By)PE%) (5). Photolysis of5
yields bromo-bridged [P$Br4(PES),] (6), free naphthalene, and
unidentified products. Na-amalgam reduction givesns-2
along with unidentified products.

Experimental Section
General Procedures. Pt(1,8-naphthalendiyl)(PBt (1) was

concentration of bromine. The disappearance of the precipitateprepared by the reported procedut&xperiments were performed
of cis-3 as the mixture stirs is explained by a reaction between under a dinitrogen atmosphere in a Vacuum Atmospheres Corpora-

cis-3 and 1 yielding 2 equiv ofcis-2. This reaction has been
confirmed by mixing a solution of with solid cis-3, with the
resulting disappearance of soliis-3 and the formation of a
solution ofcis-2 (eq 3).

(18) Cornet, S. M. M; Dillon, K. B.; Goeta, A. E.; Thompson, A. L.
Acta Crystallogr., Sect. Q005 61, m74-m75.

tion drybox or on a Schlenk line with dried and degassed solvents

(19) Kulawiec, R. J.; Crabtree, R. i€oord. Chem. Re 199Q 99, 89—
115.

(20) Cook, P. M.; Dahl, L. F.; Dickerhoof, D. WI. Am. Chem. Soc.
1972 94, 5511-5513.

(21) Mizuta, T.; Nakazono, T.; Miyoshi, KAngew. Chem., Int. E@002
41, 3897+3898.
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stored under dinitrogen ovéd A molecular sieves or sodium metal.
NMR spectra were recorded on a Bruker AMX-250, -300, or -500

Chanda and Sharp

solution oftrans-3. 'H NMR (500 MHz, CDCly): 8.33 (d with
satellites,Juy = 8.0 Hz,Jpyy = 17.5 Hz, 1H), 7.85 (dJuy = 8.0

spectrometer at ambient probe temperatures except as noted. Shiftslz, 1H), 7.72 (dJuy = 7.5 Hz, 1H), 7.67 (dJun = 8.0 Hz, 1H),

are given in ppm with positive values downfield of TM%i(and
13C), external HPO, (3P), or external KPtCl(aq) (°%Pt, —1630
ppm).13C andH NMR spectra were recorded in proton-decoupled

mode. Desert Analytics performed the microanalyses (inert atmo-

sphere).
Synthesis cis-Pt(8-bromonaphthalen-1-yl)(Br)(PEt). (Cis-2).
A carbon tetrachloride solution (2 mL) of bromine (46, 14.3

7.51 (t,Jun = 8.0 Hz, 1H), 7.48 (tJun = 8.0 Hz, 1H), 2.20 (m,

12H), 1.29 (m, 18H)3'P NMR (101 MHz, CRCl,): 9.78 (s with

satellites,Jpip = 2047 Hz, 2P).
cis-[Pt(12-8-bromonaphthalen-1-yl)(Br)(PEts),](PFe) (Cis-4).

AgPFs (5.8 mg, 0.0228 mmol) was added to 2 mL of &Hp, and

the mixture was agitated until most all of the solid had dissolved.

The solution was filtered and added to a dichloromethane solution

mg, 0.0895 mmol) was added dropwise to a carbon tetrachloride (5 mL) of cis-[Pt(?-8-bromonaphthalen-1-yl)(BiPEt),]Br (cis-

solution (10 mL) of Pt(1,8-naphthalendiyl)(REt (1) (50.0 mg,
0.0897 mmol). After each drop a brown precipitate that quickly

3) (20.0 mg, 0.0228 mmol). A light brown precipitate of AgBr was
immediately observed. To ensure completion of the reaction, a

dissolved was observed. After complete addition the mixture was second CHCI, solution of AgPk was added dropwise until no

stirred for ca. 10 min and then filtered to give a yellow solution.
The solution was concentratedt6 mL and stored at-30 °C to
give yellow crystals ofcis-2, which were isolated by filtration,
washed with cold carbon tetrachloride, and dried in vacuo. Yield:

further precipitate formed (23 drops). The precipitate was removed
by filtration through diatomaceous earth, and the clear filtrate was
then concentrated te2 mL. Addition of pentane gave deep brown
solid cis-4, which was isolated by decantation, washed with cold

56.0 mg (87%). Spectroscopic data matched that previously reportedpentane, and dried in vacuo. Yield: 18.7 mg (87%). Anal. Calc

for the compound reported as [F#8-bromonaphthalen-1-yl)-
(PEg),]Br.> Anal. Calc (found) for GHzeBroP.Pt: C, 36.83
(37.39); H, 5.06 (4.94).

IH NMR (500 MHz, CDCly): 7.93 (t with satellites)yy = 6.0
Hz, Jpiy = 18.0 Hz, 1H), 7.79 (dJun = 8.5 Hz, 1H), 7.73 (dJxn
= 8.0 Hz, 1H), 7.41 (dJun = 8.0 Hz, 1H), 7.20 (tJun = 8.0 Hz,
1H), 7.16 (t,Juy = 7.5 Hz, 1H), 2.07 (m, CH 6H), 1.62 (m, CH,
6H), 1.20 (m, CH, 9H), 0.97 (m, CH, 9H). 3P NMR (101 MHz,
CD,Cly): 5.06 (d with satellitesJp—p of 18 Hz, Jpip = 1860 Hz,
1P, Ptransto C), —3.50 (d with satellitesJp—p of 18 Hz, Jpip =
4370 Hz, 1P, Rransto Br). 13C NMR (125.75 MHz, CRCly):
156.87 (d,Jcp = 114 Hz), 137.78 (dJcp = 5.2 Hz), 137.54 (s),
136.42 (s), 130.78 (s), 129.70 (s), 126.54)¢h= 25 Hz), 125.70
(d, Jcp = 25 Hz), 124.71 (s), 123.90 (s), 18.56 (dp = 155 Hz),
16.0 (d,Jcp = 115 Hz), 8.51 (dJcp = 25 Hz), 8.35 (dJcp = 10
Hz).

trans-Pt(8-bromonaphthalen-1-yl)(Br)(PEt), (trans-2). Com-
plex cis-2 was heated at 80C in CHCl, to give a solution of
trans-2. 'H NMR (300 MHz, CDCly): 7.98 (d,Juy = 7.0 Hz,
1H), 7.80 (d,Jun = 7.0 Hz, 1H), 7.71 (dJun = 8.0 Hz, 1H), 7.39
(d, Juny = 7.8 Hz, 1H), 7.14 (tJypy = 7.8 Hz, 1H), 7.08 (tJun =
7.2 Hz, 1H), 1.59 (m, CH 12H), 0.97 (m, CH, 18H).3P NMR
(101 MHz, CBCly): 2.81 (s with satellites)pip = 2898 Hz, 2P).

cis-[Pt(172-8-bromonaphthalen-1-yl)(Br),(PEts),]Br (cis-3). A
carbon tetrachloride solution (2 mL) of bromine (25, 11.2 mg,

(found) for GoHseBrsFPsPt: C, 28.04 (27.98); H, 3.85 (3.75).

H NMR (500 MHz, CDCl,): 7.89 (d,J = 8.0 Hz, 1H), 7.79
(t, 3 = 8.0 Hz, 2H), 7.61 (tJ = 8.0 Hz, 1H), 7.51 (dd, with
satellites, Jyy = 7.5 Hz,Jpy = 24.0 Hz, 1H), 3.072.99 (m, 3H),
2.78-2.71 (m, 3H), 2.552.48 (m, 3H), 2.38-2.29 (m, 3H), 1.52
1.41 (m, 9H), 0.95-0.87 (m, 9H) 3P NMR (101 MHz, CBCl,):
46.49 (s with satelliteslpyr = 2639 Hz, 1P), 13.14 (s with satellites,
Jpp= 2237 Hz, 1P);~143.86 (septlpr = 710.8 Hz, 1P)13C NMR
(125.75 MHz, CBCl,): 139.56 (s), 138.05 (s), 134.64 (#hp =
15.0 Hz), 130.26 (s), 129.33 (s), 128.89Jg; = 20.0 Hz), 128.42
(s), 128.23 (dJcp = 5.0 Hz), 127.91 (s), 127.38 (s), 34.49 (s),
23.68 (d,Jcp = 150.0 Hz), 22.71 (s), 21.60 (dep = 150.0 Hz),
19.45 (s), 19.15 (s), 14.18 (s), 10.96 fdp = 30.0 Hz), 9.79 (d,
Jep = 25.0 Hz), 8.76 (dJcp = 25.0 Hz), 7.97 (s), 5.08 (s).

trans-[Pt(?-8-bromonaphthalen-1-yl)(Br),(PEts),](PFe) (trans-
4). Compoundcis-4 is stable in the solid state but converts (2 to 3
h) at room temperature in GBI, to trans-4. '1H NMR (500 MHz,
CD,Cl,): 8.32 (d with satellitesJyy = 9.0 Hz, Jpiy = 17.0 Hz,
1H), 7.86 (d,Jun = 8.0 Hz, 1H), 7.68 (dJu = 8.0 Hz, 1H), 7.59
(t, Jun = 7.5 Hz, 1H), 7.56-7.49 (m, 2H), 2.23+2.15 (m, 6H),
1.29-1.22 (m, 9H).3P NMR (101 MHz, CDCl,): 9.76 (s with
satellites,Jpp = 2049 Hz, 2P),—143.90 (septJer = 710.5 Hz,
1P).

Pt(172-8-bromonaphthalen-1-yl)(Br)s(PEts) (5). cis-[Pt(»*-8-
bromonaphthalen-1-yl)(B#PEt),]Br (cis-3) (50 mg, 0.0570 mmol)

0.0701 mmol) was added dropwise to a carbon tetrachloride solutionwas dissolved in 5 mL of dichloromethane and kept for recrystal-

(15 mL) of Pt(8-bromonaphthalen-1-yl)(Br)(REt(cis-2) (50.0 mg,
0.0697 mmol). A brown precipitate was produced. To ensure
completion of the reaction, a second ¢&blution of Br was added
dropwise until no further precipitate formed-<2 drops). The solid
was isolated by filtration, washed with cold carbon tetrachloride,
and dried in vacuo. Yield: 56.2 mg (92%). Anal. Calc (found) for
C22H358r4P2Pt'CC|4: C, 26.79 (2697, 2677), H, 3.52 (386, 350)
The presence of Cglcould not be confirmed by3C NMR
spectroscopy, but the signal is expected to be weak.

IH NMR (500 MHz, CD,Cl,): 7.89 (d,J = 8.0 Hz, 1H), 7.82
7.76 (m, 2H), 7.74 (ddJ = 7.5 Hz, 1H), 7.68 (ddJ = 7.5 Hz,
1H), 7.53 (t,J = 7.5 Hz, 1H), 3.2%+3.12 (m, 3H), 2.872.79 (m,
3H), 2.65-2.54 (m, 3H), 2.5+2.35 (m, 3H), 1.581.46 (m, 9H),
1.02-0.89 (m, 9H).3'P NMR (101 MHz, CBCly): 47.42 (d with
satellitesJpp= 4.1 Hz,Jppp = 2636 Hz, 1P), 13.85 (d with satellites,
Jpp= 4.1 Hz,Jpip = 2242 Hz, 1P)13C NMR (125.75 MHz, C-
Cly): 137.92 (s), 137.60 (s), 134.06 (s), 130.19 (s), 129.27 (s),
128.36 (dJcp = 20.5 Hz), 127.69 (s), 127.46 (S), 126.84 Jebh =
6.1 Hz), 126.50 (s), 17.60 (dcp = 5.1 Hz), 16.92 (dJcp = 31.0
Hz), 9.02 (d,Jcp = 7.5 Hz), 8.15 (dJcp = 6.1 Hz).

trans-[Pt(72-8-bromonaphthalen-1-yl)(Br),(PEts);]Br (trans-
3). Complexcis-3 was briefly heated at 80C in CH,Cl, to give a

lization by solvent evaporation at room temperature. After 2 days,
the solvent was nearly gone and orange crystalline solithd
formed. The crystals were washed with cold diethyl ether and dried
in vacuo. Yield: 41.1 mg (95%). Anal. Calc (found) for 8-
Br,PPt: C, 25.32 (25.41); H, 2.79 (2.85).
1H NMR (500 MHz, CQCly): 7.80 (d,Jun = 8.0 Hz, 1H), 7.71
(dd, Jun = 7.5 Hz, 1H), 7.58 (dJun = 8.0 Hz, 1H), 7.48 (tJun
= 8.0 Hz, 1H), 7.39 (tJuy = 7.5 Hz, 1H), 7.24 (dd with satellites,
Jun = 7.5 Hz,Jpy = 17.5 Hz, 1H), 2.84 (m, 6H, C}), 1.43 (m,
9H, CH). 3P NMR (101 MHz, CBCl,): 45.28 (s with satellites,
Jpip = 2720 Hz).13C NMR (75.47 MHz, CDRCly): 139.56 (s),
138.37 (s), 137.37 (s), 134.64 {p= 12.0 Hz), 134.37 (s), 129.32
(s), 128.52 (s), 128.25 (dcp = 10.0 Hz), 127.37 (dJcp = 12.0
Hz), 125.59 (s), 21.60 (d with satellite3sp = 156.0 Hz,Jcp: =
57.0 HZ), 9.80 (d with satelliteslcp = 24.0 Hz,Jcpt= 30.0 HZ)
Reaction of 5 with Na/Hg.Pt(;2-8-bromonaphthalen-1-yl)(Bf)
(PEB) (5) (25 mg, 0.0329 mmol) was stirred with excess 0.5% Na/
Hg in toluene. After 30 min stirring, a yellow solution was obtained,
which was filtered through diatomaceous earth. The solvent was
then removed under vacuum, which gave a yellow solid. The solid
was then dissolved in CCl, and a3P NMR spectrum was
recorded, which showed a sharp peak at 2.78 ppm with satellites
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(Jptp = 2898 Hz), attributed tdrans-2, and a broad peak at90 by decantation, washed with cold hexane, and dried in vacuo. These
ppm due to EPBr.1" A 'H NMR spectrum of the solution also  were shown to bé& by comparison to the literature values of the
indicated the presence of another naphthalene-containing complexunit cell parameters and the NMR daaThe volatiles were
apart fromtrans-2, but attempts to isolate the complex were removed from the mother liquor in vacuo, and the resulting solid
unsuccessful. was dissolved in CECl,. A IH NMR spectrum showed only free
Photochemical Decomposition of 5A dichloromethane solution  naphthalene.
(0.70 mL) of complexs (10.0 mg, 0.0132 mmol) was placed in a
quartz NMR tube. The sample was irradiated with a 500 W halogen . .
lamp. The reaction was followed B NMR spectroscopy. During Acknowledgment. We thank NSF for supporting this work
the reaction, two distinct peaks at 10.92 and 2.27 ppm it~ (CHE-0406353) and NSF (CHE 9221835, CHE-95-31247) and
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by cooling to—30 °C gave deep yellow crystals that were isolated OM7003404



