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Abstract

Phosphorus and arsenic keto-stabihized yhdes ( APPY CMPPY, BPPY, BCyPY-OMe APAsY,CMPAsY, BPAsY) react with Zeise's sait
to give the corresponding monesubstituted P(II) complexes frans-| PtCl,(77-C,H,) (yhde) ] (1-7) The bis-yhde complexes trans-
[PtCly(yhde),] (8-12) and trans-[PtCly(yhde) ylide'}] (13-17) can be prepared by reaction of 1-7 with the corresponding yhides Upon
heating complex 8 r7ans-{PtCl,[ C(H) (PPha)COCH,];} 1 THF a vychzation reaction occurred to give {PtCL[C({H)COCH;{PPhs-o-
CeH3) 1}{PhsPCH,COCH;] (18) The molecular structure of compound 18 was determined by X-ray diffraction The molecule consists of
a metallic anion and a phosphonium counterion Compound 18 crystallizzs 1 the monochinic space group P2. /¢ wath unst cell parameters
a=13855(3).h=14242(3),c=201734) A, B=109 31(5)° Z=4

Keywords  Crystal structures, Plaunure complexes Ylide complexes, Ketostabilized yhdes Phosphorus Arsemic

1. Introduction

Although the coordimation chemistry of carbonyl stabilized
ylides towards transition metal substrates 1s well investigated
[1,2] and a variety of structurally different coordimnation
modes have been reported [3], relatively litle 1s published
about the synthesis and reactivity of transition metal deriva-
tives having two carbonyl stabilized yhides coordinated to the
same metal center {4] Many of these complexes have been
often prepared, under drastic experimental conditions, by
reaction of an appropriate metallic substrate with two equiv-
alents of ylide However, this synthetic methodology presents
several disadvantages such as. (1) formation of mixtures of
products, (1) low yield of the bis-yhde derivauve, (i) pos-
sibility to synthesize only bis-yhide complexes containing two
1denucal yhde higands

In this paper we report an easier and general method for
the preparation, 1n high yields, of bis-ylide Pt(If) complexes,
under mild experimental conditions, contamming either two
1dentical or different ylides by introduction, step by step, of
the two ligands starting from Zeise’s salt We also report a
cychzation reaction of the trans-PtCl.{ CH(PPh;) COCH;],
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denvative, leading to we fermation of an 1onic complex m
which a yhdrc ligand 1s cyclometallated to the metal through
the methinic carbon and a~ oriho-carbon atom of one of the
phosphorus substicuted nheny! groups Other examples of
sumilar cyclometallation reactions of carbonyl stabilized
yhides have been reported [2]

2. Experimental
21 General

Tetrahydroturan (THF) and diethyl ether (Et,O) were
distulled over sodwm/benzophenone hery! and CH,CL, over
CaH; just before use. All other solvents were reagent grade
and used without further purifications Al reactions were
performed under an N, armosphere using standard Schlenk
techniques. 'H and *C{'H}NMR spectra were recorded on
a Bruker AC 200 MHz spectrometer and *'P{'H}NMR on a
Varian FT-80A spectrometer IR spectra were taken on a
Perkin-Eimer 983 spectrophotometer Melung points were
derernuned on a hot plate apparatus and are uncorrected
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Tabie 1
IR and NMR spectroscopic data for free yhides *
Yhde R (cm™ ') NMR

Y ne 3IpOH}

v(CO} 8(CH) 2J(HP) 8(R) 8(CH) L(CH) J(CP) 8(CO) 8(R) 8(P)

APPY 1533 vs 420br 2629 2594d° 51344dd 164 51 10779 19041d* 2821qd? 143ts
CMPPY 1615 vs 288br 3495 2986 br 17147 d* 4957q" 1769s
BPPY 1513 vs 442 br 2378 5029 dd 163 69 11240 18418 s 1664s
((B-p-OMe)CyPY) 1523 vs 339br 375s 4400 dd 15155 9693 183385 5513q*¢ 28445
APAsY 1511 vs 395br 206s 5712d 17523 18703d" 2620q’
CMPAsY 1604 vs 246 br 254 br 3284br 17171 5008q*
BPAsY 1501 vs 471s 5732d 17407 1815941
2R spectra recorded 10 Nujol mull, vs = very strong NMR spectra recorded 1n CDCl;, 81 ppm, Jn Hz, *Hand "'P{’H} NMR ch 1 shifts were refé d

1o intemal S$1Me, and H.PO; (85%), respectively, and *C NMR chemical shifts reported from SiMe, by taking the chemcal shift of CDCl, as + 77 0 ppm,

s=snglet, d=doublet, g =quartet, br=broad
P4JHP)=180

“2}(CP)=488

41 J(CH) =125 65, *J(CP)=1593
€2J(CP)=1087

PUJ(CH) =144 28
elJ(CH)=14362

P2J(CH)=453

'LJ(CH) =125 81

12HCH)=862

¥1J(CH) =138 30

12J(CH)=307

Elemental analyses were performed by the Department of
TInorganic, Metallorganic and Analytical Chemistry of Padua

2 2. Starting materals

The complexes K[PtCly(7*C,H;)] H;O [5] and
[PtCL(*C,H,) 1, [6] and the yhdes Ph;PCHCOMe [7]
(APPY), Ph;PCHCOOMe [8] (CMPPY), Ph;PCHCOPh
[7} (BPPY), PhAsCHCOMe [9] (APAsY),
Ph;AsCHCOOMe [9] (CMPAsY) and PhyAsCHCOPh [9]
(BPAsY) were obtained according to the literature proce-
dores Cy,PCHCOC.H,-p-OMe ((B-p-OMe)CyPY) was
prepared by modifying the original method reported for the
parent yhdes {10] A suspension of [Cy,PCH,COCH,-p-
OMelBr (255 g, 50 mmol) 1n THF {60 ml) was treated
with NEt; (2 8 ml, 20 0 mmol) for 3h The reaction mixture
was filtered, washed with THF (2 X 10 ml} and the resulting
solution reduced to a small volume (5 ml) under vacuum
Addition of E;O (50 ml) gave a white solid Yield 0204 g
(95%) Selected spectroscopic data for the free ylides used
1n this work are summarized in Table 1

23 Synthesis of [R' ;PCH,COR][PtCly{v*-C:H )]
(R'=Ph, R=Me (S1), OMe (52), Ph (S3) R'=Cy,
R=CzH p-OMe (S4))

The salts S1-S4 were prepared by the same g=neral method
reported below for 81 To a solution of Zeise's salt (0 116 g,
" 0.30 mmol) 1a CHCl; (20 wl), solid [PhyPCH,COMe]Cl

(0 106 g. 0 30 mmol) was added 1n one portion After filtra-
tton of the KCl, the clear solution was reduced ¢o a small
volume Addition of Et,O afforded 81 1n almost quantitative
yield The spectroscopic data for §1-S4 are reported mn
Table 2

24 Synthests of trans-[ PtCL(17-C,H )(viide)]
(viide=APPY (1), CMPPY (2), BPPY (3),
((B-p-OMe)CyPY1 (4), APAsY (5), CMPAsY (6), BPAsY
(7))

All these complexes were prepared by the same standard
procedure that 1s described below for 1 To a solution of
Zeise’s salt (0.116 g, 0 30 mmotl) in MeOH (S ml) a solution
of APPY (0095 g, 030 mmol) 1n the same solvent (5 ml)
was added and the reaction rmivture stirred for 10 min The
yellow solid formed was filtered off, washed with H.0 (3 X5
ml) to remove KCl, and ~. X35 ml) and dned unger
vacuum Yield § 177 ¢ (92%), mp 126-128 € uec)
Anal Found C,45.54,H, 3 80 Calc for Co3H,3,CLUOPPL. C,
4511,H,379% IR (nupol) (cm™") »(CO) 1671vs, v(Pt—
Cl) 326m The same product was also obtained by treating a
methanolic solution of [PICL(7*-C,H,)], with two equiv-
alents of APPY

Complex 2 yield 87%, mp 134~136 °C (dec ). Anal
Found. C, 4396, H, 387 Calc for C,3H,;CL,0,PPt C,
4396, H, 3.69% IR (nujol) (cm™'). v(CO) 1699vs, v(Pi—
CI) 330m
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Table 2
Spectroscopic data for complexes [R';PCH,COR] [PtCl( 72-CaH,) ] @
R R’ IR NMR
(ecm %)
Y "CyH) pyTHY
»(CO) 8(CH;) S(C,Hy) 8(R) §CHy) 8(C,H,) 8(CO) 8R) S(P)
Me Ph 17i5s 5304 4235 248d 40064d 6793s 20020d  326%4d 15635
(1159) {64 73) (209) (5923} (19198) (533) (518
OMe Ph 1743 497d 42s 3555 32924 67625 16472d 53465 2049s
(13 53) (64 64) {5742} (193 19y 297
Ph Ph 1672s 623d 4745 37334 67625 191 404d 2165s
(1234) (64 78) (61 80) {191 38) {359)
CeHy-p-OMe Cy 1661 s 437d 4465 386s 68195 19145d 55673 357is
(112 (64 78) (18248} (533

? IR spectra recorded 1n Nujo! mull, s =strong NMR spectra recorded 1n CDCl; 810 ppm Jin Hz, 'H and *'P{'H} NMR chemical shifis were referenced to
nternal SiMe, and HyPO, (85%), respectively, and **C NMR chemncal shifts reported from $1Me, by taking the chemical shuft of CDCI, as =770 ppm,

s=smglet, d=doublet

Complex 3 yeld 95%, mp 129-131 °C (dec ) Anal
Found C,49 94, H, 3 78 Calc for C,qH,sC1,OPPt C,49 86,
H, 374% IR (nuyol) (cm™') »(CO) 1650vs, v(P—Cl)
335m

Complex 4: yield 86%, mp 212-214 °C (dec ) Anal
Found. C, 48 71, H, 630 Calc for C,H,sClL,O,PPt C,
48 20, H, 6 28% IR (nuyol) (cm™ ') »(CO) 1639vs, v(Pt—
Cl) 333m

Complex 5 yield 87%, mp 133-135 °C (dec ) Anal
Found C, 4208, B, 361 Calc for CxH,;AsCLOPt C,
4209, H,3.53% IR (nyjol) (cm™ ') »(CO) 1669vs, v(Pt—
CIY 244m

Complex 6 yield 85%, mp 134-136 °C (nec ) Anal
Fourd C, 4039, H, 355. Calc for C,3H,3AsCLO.Pt C,
4109,H,345% IR (nyjol) (cm™') »(CO) 1696vs, v(Pt-
Cl) 320m

Complex 7. yield 84%, mp 149-151 °C (dec ) Anal
Found. C, 4690, H, 353 Calc for C,sH,sAsCLOPt C,
46 81,H,3.51% IR (nyjol) (cm™') »(CO) 1645vs, v(Pt-
Cl) 336m

Table 3

The 'H *P{'H} and "»C{'H} NMR spectra for com-
pounds 1-7 are reported in Tables 3 and 4

25 Syuthesis of trans-[PtCl{ylide),] (3 ide = APPY (8),
CMPPY (9), BPPY (10). ((B-p-OMe}(YPY) (11), APAsY
(12))

Compleves 8-12 were prepared by the same procedure
reported below for 8 To asolution of 1 (0.184 g, 0 30 mmol)
i THF (25 ml), sokd APPY (0095 g, 030 mmol) was
added in one portion The reaction mixture was stirred for 12
h at room temperature and the solid formed filtered off,
washed with fresh THF (3 X35 ml) and drnied under vacuum
Yield0 190 g (70%).np 180-183°C (dec ) Anal Found
C, 5524, H. 420 Cak for C,H.,CLOP.Pt C. 55.88: H,
424% TR (nmol} {em~ ") v{CO) 1651ve.

Complex 9 yield 67%, mp 213-214 °C {dec.). Anal
Found C, 5404; H. 424 Calc for C,,H3.CLOP-Pt C,
5397.H,4 10% IR {nuol) {cm™!) »(CO) 1686vs

'H and *'P{'H} NMR data for the complexes trans-[ PtClL( n*-C;H,)(ylide) ] *

Compound 'HNMR MPUH) MR
8(CH) 2J(HP) 2J(HPL) S(C.H.) 2J(HPt) &R} 3Py 2JLHPY)
1 608d 373 11388 474s 5062 2464" 2782s 651
2 551d 716 11285 4655 5063 363s 2721s 769
3 662d 475 11373 466 097 25ils 7
4 548d 676 118t 167m 6328 386s 3G62s 668
5 625s 11583 475m 4721 234"
6 557s 11153 4675 4833 363s
7 682s 116 66 471s 4939

# Spectra recorded i CDCly, 6 1n ppm, J 1n Hz, 'H and *'P{'H} NMR chemical shifts were referenced to nternal SiMe, and H,PO, {85%), respectivety,
s=siglet, d =doublet, m = multiplet
PAJ(HP)=25,%J(HP) =52

S4J(HPHy =444
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Table 4

30{'H}) NMR data for the complexes frans-[ PtClo(7-CoH,) (yhde) 1 *

Compound 8(CH) L CP) ' CPY) §(CO) 2J(CP) 8(C-Hyy 2J(CPt) 8 R)
1 3783d 46 25 59998 203134 579 84131s 103 65 3201d°
2 25034 5032 61286 17306 s no 8387s 106 48 5212s
3 14844 48 86 58262 19603 d 523 8411s 106 58

4 3253d 4119 no 195725 no 83145 100 53 55155
5 4625s 658 82 20542 8226s 94 76 3066
6 3127s 68273 174395 8549s 96 87 5235s
7 4298 s 644 46 19739 8578s 96 08

2 Spectra tecorded m CDCh, 8  ppm, J in Hz chemical shfis reported from SiMe, by taking the chenucal shift of CDCl, as + 77 0 ppm, s=singlet,

d=doublet, n 0 =not observed
P3HCP)=1052

Complex 10 yield 64%, mp 216-218 °C (dec ) Anai
Found C, 6030, H, 401. Calc for Cs5,H,,CLO,P,Pt C,
60 82; H, 412%. IR (nwol) (cm~ ") »(CO) 1634vs

Complex 11 yield 93%, mp 252-254 °C (dec ) Anal
Found C, 57.58, H, 7.45 Calc for CsH,,CLOP.Pt C,
57.75,H,736% IR (nujol) (cm™") »(CO) 1624vs

Complex 12 yield 71%, mp 191-192 °C (dec ) Anal
Found C, 5063, H, 371 Calc for C;,H33As:CLOPt C,
5092,H,387% IR (nyjol) (em™') »(CO) 1641vs

An alternative method to prepare complexes 8-12 involves
the reaction between K[ PtCl;(7*-C,H,)] H,0 m THF solu-
tion and two equivalents of the ylide under the same experi-
mental conditions reported above The 'H NMR spectra for
derivatives 8-12 are reported 1n Table 5

2.6 Synthesis of trans-[P1Cly(yhde)(ylide' )] (yhide = APPY,
yhide' = CMPFY (13); vlide=APPY, ylide' = BPPY (14),
yhde= CMPPY, ylde' = BPPY (15), ylide=((B-p-
OMe)CyPY), ylide' = CMPPY (16), yhide = CMAsPY.

yhde' =APPY (17))

Complexes 13-17 were obtawed by the same procedure
described for 8 by reacting compounds 1. 2. 4 and 6 with one
equivalent of the appropriate ylide.

Complex 13 yield 58%, mp 192~193 °C (dec ) Anal
Found' C, 54 47, H, 4 10. Calc for C,H;3:CLO;P,Pt C,
5491, H, 4.17% IR (nujol) (cm™') v(CO) 4ppy 1651vs,
{(CO) crppy 1685

Complex 14 yield 43%, mp 194-196 °C (dec ) Aral
Found- C. 5822, H, 408 Calc for C,;H,Cl,0,P,Pt C,
5851, H,418% IR (nyol) {cm™") v(CO) rppy 1656vs,
v(CO) gppy 1630vs

Complex 15. yield 51%, m p. 184-185 °C (dec ) Anal
Found C, 5728, H, 397 Calc for C4iH oCLOPPL C,
57.56,H,4 11% IR (nwol) (cm™*) »(CO)cmppy 1685vs,
v(CO)gppy 1632vs

Complex 16 yield 80%, m p. 235-237 °C (dec ) Anal
Found: C, 5583, H, 570. Calc. for C4;gHgCl.O4P-Pt C.
56.03,H, 5 88% IR (nwol) (cm™ ;- ¥(CO) ((p.p-omescyrys

1630vs; v(CO)cpppy 1639vs

Complex 17 yield 91%, mp 176-178 °C (dec ) Anal.
Found: C, 5218, H, 4 10. Calc for C,,HsAsCLOPPt C,

52 40,H 398% IR (nujol) (em™") »(CO)cpma.py 1682vs,
(CO) pppy 1650vs

The '"H NMR spectra for complexes 13-17 are reported m
Table 5

2.7 Cyclizanon reaction of complex 8 Synthests of
{PtCL[CH(COCH )PPh,(0-CsH ) ][Ph ,PCH,COCH,]}
(18)

A suspension of complex 8 (0 301 g, 0 33 mmol) in THF
(30 ml) was refluxed for 12 h under N, atmosphere The
color of the sohid changed from pale yellow to white The
final reaction mixture was filtered off, the residue washed
several times with water (5% 30 ml) and Et,O (3 X 10 mi)
and dried under vacuum Yield 0.269 g (89%), mp 237-
239°C (dec ) Anal Found C,55 62,H,4 19,C1,8 01 Calc
for C,nHiCLOLP-PL C, 5588, H, 424, Cl, 785% IR
(nujol) (em™') £ (CO) 1707vs, 1640vs, »(Pt—Cl) 284m,
250m The same product 18 was also obtained by refluxing
derivative 8 in CH;CN for 44 h

28 X-ray structure of { PtCLL]CH(COCH3)PPhy-
(0-Cs-H ) J[Ph;PCH,COCH,J}

A summary of the crystallographic data s given in Tabie 6
Crystals for X-ray intensity measurements were obtamed by
recrystatization from a michloromethane/ether solution A
small, colorless wystal, of approxunate dimension
03x02x02 mm was mounted on a glass fiber Cell para-
meters were determned from Weissenberg photographs and
refined by a least-squares fit of the 26, X, @ setting angles of
the Enraf-Nomus CAD-4 diffractometer for 25 accurately
centered reflections 1ni the range 26 <26<34° Intensity data
were collected by the {-26 scan mode with graphite-
monochromatized Mo Ka radiation in the range 4 < 26 < 58°
Scans were made with a maxumum time of 60 s for reflection
Three standard reflections monitored every 300 showed no
appreciable change m intensity throughout the data collec-
tion Data were corrected for Lorentz and polarization effects
and for absorption based on additional azimuthal scan data
After averaging, 5142 independent reflections with
I,>30(1,) were used in the following calculations The
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Table 5
'H NMR data for the complexes rrans-[ PtCla(yhide) (ynde')] *
Cempound yhide 8(CH) 2J(HP} S8(R; yhide’ 8(CH) *H{HP) 8(R)
8" APPY S560d 170 2584d° APPY
5284 063 25049
9 CMPPY 5094 435 366> CMPPY
5004d 419 361s
10 BPPY 617d 108 BPPY
609d 162
1+ {B-;-OMe)CyPY 5254 340 377s {B-p-OMe)CyPY
510d 466
12 APAsY 584s" APAsY
580s¢®
13 APPY 559, br 2504" CMPPY 5104 393 36ts
549s,br 244" 5004 4 14
14’ APPY 5545,br 2445 br BPPY 617s,br
243s br 6095, br
15 BPPY 609d 179 CMPPY 3044 442 368s
607d 134 S01d 424 3665
16 CMPPY * 498d 440 358s (B-p-OMe)CyPY* 507d 294 379s
497d 389 351s 501d 354 377s
7" APPY 5404d 050 2454d° CMAsPY 5465 368s
5344 050 240d° 541s 363s

2 Spectra recorded 1n CDCl,, 8 n ppm, J 10 Hz, 'H NMR chemucal shifts were referenced to intemal SiMe,, s =singlet, d = doublet br = broad
SYP{IH} NMR 8(P) =25 48s, *J(PPt) =667, 5(P) =24 755, 2J(PPt) =669

c4(HP) =213
¢ J(HP) =222

e3Ip(IH} NMR 8(P) =35 28s, 2J(PPt) =312, 8(P) =35 175, J(PP) =31 3

f2J(HPt) =96 84
£2J(HPt) =94 67
RAHPY =237
HAI(HPy =237

ISP NMR 8(P) =26 355 J(PPt) =739, 5(P) =24 335, J(PPy =690

k31pIH) NMR 8(P) =23 85s, 2J(PP) =79 6
3P} NMR 8(P) =35 355, 2(PPt) =66 6

= 3Ip(IH} NMR 8(P) =25 61s, J(PP1) =69 0, 8(P) =25 20s, J(PP1) =69 0

S4J(HP)=233
°4J(HP) =235

structure was solved by conventional Patterson and Fourer
methods After the anisotropic refinement, a three-dimen-
sional difference Fourier synthests was calculated to locate
the Hatoms Calcu'ated positions of all the latter occurred 1n
positive regions cf the electron-density map. The final an-
1sotropic fuil-matrix least-squares refinement, including the

Table €

Crystallographic data for 18

Formula PtCy;H3CLOSP,
Space group P2 e
Molecular weight 9027

z 4

a(d) 13855(3)
b(d) 14 242(3)
c(A) 20 173(4)
B () 109 31(5)
D, (gcm™%) 160

D, (gem™?) 158
(Mo Ka) (em™") 403
R(F) 0043
R(F,) 0053

fixed contribution of the hydrogen atoms, gave a conventional
R value of 0043 The final weighting scheme was w=
1/[o(F) + (pF)*=1] with p=004 Neutral atom scatter-
ng factors were taken from Ref [11] Real and imaginary
contnibutions of all non-itydrogen atoms were mcluded in the
calculations All calculatons were carmed out using the
MOLEN program pacl.age [12] on a VAX 2000 computer
Positiona’ parameters ave listed i Table 7, mtermolecular
bond distances and angles are given 1n Tables 8 and 9. respec-
tiveay

3. Results and discussion

31 Syntkesis and characterization of trans-{PtCly-
(7-C-H j{ C-ylide}] complexes

Zeise’s salt reacts with one equivalent of carbonyl stabi-
hzed ylides Ph;ECHCOR (E=P, As) 1a methanol 10 form
mucrocrystalline yellow precipitates 1-7 (Eq. (1)) which
immediately separate from the solution 1n high yield.
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Table 7

Postronal parameters and thesre s d s

Atom x ¥y z B(A)
Pt 023717(3) 015127() (4 42670(2) 2641(5)
Cli 073509(2) 00315(2) 04207(1) 389%(5)
c2 02260(2) 00844¢2) 035342(1) 453(6)
Pt 00578(2) 02623(2) 03405(1) 290(5)
P2 03642(2) 07604(2) 05048(1) 299(%)
01 0 1981(6) 04050(6) 04237(4) 51(2)
02 03404(7) 08114(6) 06387(4) 56(2)
Ci 02384(7) 0 2080(7) 03376(4) 31(2)
(er4 03182(7) 02035(9) 03099(5) 41(2)
C3 03098(8) 02435(9) 02467(5) $4(2)
Cc4 02239(8) 02913(8) 02073(5) 40(2)
Cs 01432(8) 03000(8) 02332(5) 38(2)
C6 0 1517(6} 02599(7) 02970(4) 28(2)
c7 —00245(6) 0 1615(7) 03145(5) 30(2)
Cc8 —00480(9) 01291(8) 0 2462(6) 43(3)
(a4 =0 122() 00595(9) 02214(7) 57(3)
Cio —01747(9) 00276(9) 02639(8) 58(3)
Cit —0 1518(9) 0059¢1) 03307(7) 62(3)
c12 —00774(9) 01287(8) 03565(6) 47(3)
C13 -~ 00294(7) 0 3598(7) 03201(5) 372
Ci4 —0082(1) 0384(1) 0.2518(7) 62(4)
Cl1s —0155(1) 0457(1) 02400{5; 88(4)
Cl6 —-0178(1) 0498(1) G294(1) 95(5)
Ci7 —0126(1) 0471(1) 06361(1) 86(5)
Ci8 —-00523(9) 04023(9) 03745(8) 59(3)
Ci9 03951(7) 07691(7) 04257(4) 28(2)
Cc20 04887(7) 08030(9) 04260(5) 40(2)
C21 05H(8) 08074(8) 03643(5) 43(2)
c22 04400(8) 0 7777(9) 03017(5) 45(3)
c23 03467(8) 0748(1) 0 3006(5) 47(3)
cu 03239(8) 0 7409(9) 0 3626(5) 41(2)
c25 04271(7) 0 6605(8) 05547(5) 35(2)
C26 05186(9) 0630(1) 0.5499(6) 54(3)
Cc27 0 5700(9) 0555(1) 05885(T) 62(3)
c28 0529(1) 0509(1) 06325(7) 59(3)
C9 0438(1) 05381(9) 06383(6) 56(3)
C30 03862(9) 06152(8) 06004(6) 45(3)
C31 02282(7) 07511(9) 043814(5) 39(2)
C32 0 1832(8) 0662(1) 0.4661(6) 55(3)
€33 0077(1) 6657(1) 04438(7) 20(4)
C34 00206(9) 0736(2) 04366(7) 98(5)
C35 00621(9) 0820:1) 04492(6) 75(4)
C36 0 1697(8) 08331 04734(6) 55(3)
C37 01311(7) 02532(6} 04311(5) 28(2)
C38 01813(7) 0 3402(7) 04591(5) 34(2)
C39 0 2458(9) 0343(1) 05377(5) 49(3)
C40 04085(7) 08663(7) 0 5530(4) 31(2)
ca2 0437(1) 0951(1) 06682(7) 62(4)

Amsotropically refined atoms are given 1 the form of the 150lropIC equiv-
alent displacement parameter defined as (4/3} («?B(1.1) + H*B(2.2) +
’B(3,3) + ab(cos YIB(L2) + ac(cos B)B{1.3} + bc(cos o, B(2,3)]

KPICLPCHY]  +  yide —KC frans [PCL?-CoHA(yhde)]
MeCH ri.

¥i&de = APPY (1) CMPPY (2) 8PPY (3) BCyPY-OMe {4} APASY (5} CMPASY (5) BPASY ()

The compounds are stable in the solid state but dertvatives
1-4 begin to decompose in chlorinated solvents within a few
hours to give a mixture of products in which the salts
[R';PCH,COR] [PiClL( 9-C.H,) ] were identified by com-

parison of their spectroscopic data with those of authentic
samples prepared independently (see Section 2 3 and Table
2) Inthe IR spectra of complexes 1-7 the v(CO) stretching
band of the coordinated carbonyl stabihized yhdes falls i the
range 1639-1699 cm ™~ ', atabout 100 cm ™' higher than those
of tie corresponding yhides (see Table 1), indicating that in
all the complexcs coordination of the yhide ligand involves
the methine carbon atom [ 13] IR spectraof these dervatives
show also two vibiations between 300 and 350 cm ™! 1n the
region of Pt-Cl stretchings, For these complexes we suggest
a trans geometry around the Pt atom considering that for
compounds  crs-{PtCLL(ylide)] (L.=PMe,Ph, yhde=
Me.SCHCOPh, L=Me,S, ylide =Me(Ph)SCHCOC:H,-p-
Cl) the »(Pt-Cl) trans to the ylide ligand falls below 300
cm™! [13a,14] and on the basis of the data reported for
complexes of the type frans-[ PtCL,(NCR),] [15] also for
which two bands wei. observed in the Pt~Cl region In addi-
tion this assignment 1s also supported by the high trans effect
of the coordinated olefin ligand [16] The 'H NMR spectra
exhibit the ylide methine proton resonances as doublets for
complexes 1-4 and as singlers for derivatives 5-7 in the range
5.48-6 82 ppm The resonance of the methine proton 1s
always flanked by the '*°Pt satellites with 27(HPt) of 112
117 Hz which are 1 agreement with analogous coupling
constants found for other Pt(II) C-coordinated carbonyl sta-
bilized ylide complexes [13,14,17] The *'P{'H} NMR spec-
tra of denivatives 1-3 and 4 display a sharp resonance n the

Table 8

Bond distances (.2\)

Atom 1 Atom 2 Distarce Atom 1 Atom 2 Distance
Pt Cil 23533 13 C18 138(2)
Pt iz 2420(3) Ci4 Cis 141(2)
Pt Cl 198(1) Cis Cl6 136(3)
Pt C37 2088(9) C16 c17 136(3)
PI Co 179(1) 17 Ci8 138(2)
Pl C7 1 800¢9) C19 €20 138(1)
P1 C13 180(1) C19 C24 139(1)
Pi C37 177T1(&) C20 C21 138(2)
P2 CcI9 179¢1) C21 ov. 139(1)
P2 C25 17D C22 c23 136(2)
P2 C31 179(1) C23 C24 139(2)
P2 C40 1796(9) C25 C26 137(2)
a1 C38 119(1) 25 C30 139(2)
02 C4t 12011) C26 €27 137(2)
Ci fond 139(2) c27 C28 137(2)
C1 C6 142(1) Cc28 c29 137(2)
2 Cc3 137¢2) C29 C30 139(2)
C3 c4 137¢1) C3l1 C32 140(2)
C4 Cs 139(2) C31 C36 139(2)
C5 c6 138(1) C32 C33 139(2)
c7 cs8 139(1) C33 C34 135(3)
C7 C1n 137(2) C34 C35 132(3)
C8 (o] 140(2) C35 C36 142(2)
9 C10 137(2) C37 C38 150(1)
Cic CIt 135( €38 C39 151(1)
C11 Ci2 140(2) C40 Ca1 150(1)
ci3 Ci4 137(2) C41 C42 148(2)

Numbers 1n parentheses are € s d s 1n the least sigmificant digats
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Table 9
Bond angles (°)

163

Atom | Atom 2 Atomn 3

Angle Atom 1 Atom 2 Atom 3 Angle
CH Pt ciz 90201 Cl4 Cis 6 2144y
c1 Pt C1 92 43y C1s Cig ci7 12601y
cn Pt Cc37 177503y Cle ci Cig 12002y
C12 Pt Cl 176 9(3) Ci3 Ci3 17 211,
c12 Pt C37 859(3) | 23 Ciy Lo ) i21 4169
C1 Pt C37 88 4(4) P2 C19 C24 1948
C6é Pl <7 109 6(S) C20 ci9 C24 1'91y
6 Pl ci13 11645} C19 C20 C2i 120 LRy
C6 Pl C37 104 0¢4) Cle 25 C21 2018y
[o7) P! Ci3 103 6145 C20 €21 €22 NCYIAS]
7 Pi C37 109 4¢4) 21 ciz 23 264 1y
Ci3 P1 C37 H38(5) c22 €23 C24 120649
Cio P2 C2s 1099(5) 1y Q24 €3 2
<19 P2 C31 108 114, P2 €25 26 119819y
C19 P2 C40 106 6(5) P2 €25 < 120783
C25 P2 C31 111 6(5) 26 25 Lol 11941
C25 P2 C40 1104(4) 25 €26 €z 1241y
C3i P2 C40 10 1(5) €26 27 €23 11941y
P C1 Cc6 1857 c27 28 C29 1201y
2 Ci 6 1152¢9) C28 29 €30 12144)
Ct c2 c3 121 3(9) €25 €30 29 %01
2 c3 C4 123¢1) P2 €31 €32 1B 25
C3 C4 cs 119(1) P2 31 C36 1y 75y
C4 () C6 119 0(9) €3z C31 C35 24
Pt (&3 Ci 1099(7) 3t €32 £33 1iet
Pl Ce Cc5 126 (T 32 €33 34 12062y
Ct C6 Cs 123 ¢1) C33 C33 35 12311y
Pl c7 c8 118218) C34 C35 <35 12245
Pi c7 Ci2 120 6(8) C31 C35 35 [RL2 03]
C§ <7 ci2 120 1(9) Pt C37 Pi 10345
C7 (6] (] 126(1) Pt 37 €% 106216
Cc8 [ [8354] H9 (1) P1 37 €3z Ti2Te8)
9 Ci0 Ccll 121 (1) Oi 38 €37 122 148)
Ci0 Cii Ci12 120 (1) [¢}] €38 C39 115313
7 Ci2 CHl 1noen €37 €38 39 116 149}
P C13 Cl4 121 () P2 40 <4l 11547,
Pl Ci3 Cig 118 1(8) o2 3} con 131305y
Cl4 Ci13 C18 120 (1) 02 4l <42 1231,
C13 Cl4 C15 11841} 40 <4l €42 116(1y

Numbers in parentheses are ¢ s d 5 1n the least significant digits

range 27 21-29 11 and 39.62 ppm. respectively, which are
consistent, as well as the magnitude of the corresponding
95pt-3'P coupling constant (Table 3), with the values
reported for several Pt{II)-coordinated phosphonium ylide
systems [18] The olefinic protons of compounds 1-7 give
nise, 1n the "H NMR spectra, to a single resonance in the range
4.65-4 75 ppm with relative Pt satetlues (27( HPt) =48 3~
51.0 Hz) while the IR spectra show a weak band ranging
between 1520 and 1527 cm ™}, characteristic for Pi(II}-
coordinated ethylene complexes [19]. due io coupled
v(CC) + 8,(CH,) modes of the olefinic systems {20}. The
*C{'H} NMR spectra (sec Table 4) give some interesting
formation about the ylide ligand which are worthy of com-
ment. It was shown that the values of 'J{Pt-C) .5, 1n com-
plexes trans-[ PtX,(olefinjL], in which the ligand L does not
show 7acid properties, can be correlated to the relative trans-
influence of the ligand L. [19b,21]. In complexes 1-3 the

carbonyl stabilized C-coordinated phosphonium yhides dis-
play values of 'J(Pt-C .., between 103.65 and 106.58 Hz
while the corresponding arsonum yhdes, .o complexes
§-7, show 'J{Pt-C e -, values about ¢ Hz smaller. Sinze
higher vatues of 'J{P-Cle,, ndicate a lower rans-
fluence {21b] of the comespondmg frans ligand.
these 'J{Pt~C) .y, data snggest that arsonium yhides have 2
larger trans-nfluence than the comresponding phosphorium
ones. Comparing these values wih those reporied for other
L higands m compounds of the type trans-{PiClL (%'
CH, 31T [22] 1t 1s possible to insert the carbony! stabibzed
yhdes in z senes of hgands ordered 1 furctics of mereas-
ing trans-influence: NCMe<Cl<py s NH R <NHR. <<
carbonyl stabilized phosphonrm viides < carbony i stabiiized
arsonium yhdes << Me. Furthe. . in the C{*H} NMR specua
of complexes 1~3 the 'J(Pt-C?, 4. varying between 582.62
Hz for Phy,PCHCOPB to 612.86 for Ph,PCHCOOMEe, appears
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to parallel the ylide basicity as reflected by the pK, values of
the conpugaic phosphomum acids { Ph.,PCH.COR]CI {23}
The same trend 1s obsei ved 1n the 'J( Pi-C) g, values forthe
arsomum ylide derivatives on gomg from complexes
5 1o 7. However, the pK, values of the arsonum salts
{Ph;ASCH,COMe] ' and [Ph,AsCH,COOMe] ' arc not
reported and thew determnation by potenhometne iration
15 compheated by slow keto—enol equihibria [24] However,
Tikewise with the corresponding phosphomum yhdes, 1t 1s
reasonable to assume that the hasieity of the PhyAS<CHCOR
systemns mcreases 1 the order. R =Ph <Me <OMe, so that
the 'J(Pt—C), .. values could be taken as an indirect meas-
urement of the basicity of ylides for which the usual titration
methods are unsuccessful

32 Reaction of trans-[PICL{-C-H {C-yhidc)] with
ylides

Transiuon metal complexes having coordinated olefins can
react with yhdes in two different ways. {1) by nucleophilic
attack of the yhdic carbon atom to the coordinated unsatu-
rated double bond with the formatron of metal-altky! deniva-
tives [25] or (1) by attack of the yhde to the melal center
with substituton of the olefinic bgand and formation
of a metal-C(yhde) ¢-bond [1] By addition to rrans-
[PCL(7>-C-H,){C-yhde)} complexes of an equimolar
amount of ylide, only the substitution of the ethylene occurs
and the bis-ylide Pt{ll) denivatives 8-17 are obtaned (Eq
2y

smePICL™CHNide)]  +  yide —  pacs{PIChiyidelyide’) )
yide = yide = APPY (8) CMPFY (8) BPFY (10} BCYPY-O'te (11+ APASY (12) -

yide=APPY  yude = CMPPY (13,
© SAPEY + = @PPY/ar
=CuEpY = BPPY 15;
=CyePY -+ = BCYyPY OiMeq16)
. =APBY - = CMPASY (ST,

Up to now. only one example of a bis-carbony! stabilized
ylide Pt(If) complex 1s known, obtained by reaction of PiCl,
and two equivalents of PhyAsCHCOPh in refluxing CH,CN
[26] All the compounds prepared followmng Eq (2) are
very stable in the sohd state as well as in solution but only
the complexes 8. 11. 14, 16 and 17 show a good solubility in
the common organic solvents In the 1R spectra the bands
corresponding to the ¥(CO) vibrattons appear 1 the range
1624-1693 cm ™ ! indicating that both vhdes in all these com-
plexes are C-coordinated to the platnum atom {13}, The
NMR spectra (Table 5) of complexes 8-11 display some
nteresting features Each of these compounds can exist as
wo diastereorsomeric forms, as previously shown for similar
Pd compiexes [4ad]. owing 10 the simultaneous presence
on the meta! center of two asymmetric methine carbon atoms.
In the "H NMR spectra the yiidic proton resonances appear
as two close but distinct doublets (having slightly different
2J(HP) ) in the range 5.00-6.17 ppm. shifted ~0.3-0.8 ppm
upfield with respect to the corresponding signals m the start-
ing compounds 1-4 Complexes 8 and 9 show also two proton
resonances, which can be assigned to ~Me and ~OMe eroups,

H ?’ H H “3' COR
ROC * ,COR ROC,* ToH
Se—p —g” Se—p—g?
/ { AN / | N\
RE o ER R,E a ER,
- RA.SS

Scheme 1

e pectively, arsing from the RS and RR.SS diastereorsomerice
aructures (Scheme |)

Constotently, the **P{'H} NMR spectra of denvatives 8
and 11 display two singlets for each compound. with asso-
crated '**Pt sateliites For complexes 9 and 10, unsatisfactory
“'P{'H} NMR data were obtained because of their very low
solubility m all solvents Unlike the parent paliadum bis-
yhde complexes [4a,d]. the Pt(Il) dertvatives 8-12 did not
show dissociation i solution of the yhde ligand as shown by
the absence of signals relative to the free ylide in the ‘H NMR
spectra and 1 the *'P{'H} NMR for the more solublc com-
plexcs 8 and 11 In addition, by reacting 8, with five equiv-
alents of the more nucleophslic ylide CMPPY. in CH,Cl,
solution, the unreacted sterting bis-yhde complex was recov-
ered i hign yield after several days at room temperature
contrast to what was previously observed for PA(IT) bis-yhde
systems [4d] Thus feature 1s in agreement with the general
higher stabilty of a Pt(ID--C(sp®) versus Pd(I1)-C(sp®) o-
bond [ 271 and. 1n the case of yhdic complexes, 1n analogous
Pd(Ii)— and Pt(IT}—C(ylide) aliyl derrvatives [ 13b,28]. In
complexes 13-17, prepared following Eq (2). the platinum
atom 1s bonded to two different carbonyl stabilized yhdes
They are almost insoluble compounds, and the *'P{'H} NMR
spectrum was obtained only for 14, 16 (both showing only a
shghtly broad signal for each ylide higand) and 17 IR and
"H NMR data, reported in Section 2 and Table 5. show that
m all complexes both ylide higands are C-bonded to the plat-
mum 1n a frans-configuratioa and no spectral evidence of
equilibrium with the free ylide m solation 1s shown

For complexes 13 and 14 some data are worth mentiomng
In the 'H NMR of 13 while the methinic resonance of the
coordinated CMPPY show the expected two doublets, the
yhdic signals of APPY appear as two slightly broad singlets
due to the value of 2J(HP) =0 Hz as previously noted in
sumilar denvatives {4d] The same consideration can be
apphied to the broad signals of the BPPY ligand in 14, while
APPY displays only one broad resonance probably anising
from very close chermcal shafts of the methimc proton of the
two diastercoisomers

33 Cyclizanon reaction of trans-
{PtCLIC{H)PPh;)COCH;],}

When a THF suspension of complex 8 was refluxed over-
mght, a color change from yellow to white of the msoluble
matenal was observed. After filtration. the product showed
1 the IR spectrum two strong bands at 1707 and 1640 cm ™!
and m the Pt-Cl region twa vibrations at very low frequencies
{282 and 250 cm ™ '), The *'P{'H} NMR spectrum exhibited
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a siglet at 25 0] ppm, associated with '*°Pt satellites, and a
second resonance at 1976 ppm very close to that of the
phosphomium salt [Ph,PCH,COCH;]Cl (1981 ppm n
CDCl;) Inthe *H NMR spectrum the ylide proton resonance
was obscrved as a doublet at 4 57 ppm with a 2J(HPt) of 122
Hz, thus suggesting a direct bond of the methine carbon with
the platinum atom [13,14,17] Further. the *C{'H} NMR
speetrum, in agreement with the 'H and *'P{'H} NMR data,
showed resonances corresponding to the phosphonium mot-
ety (6=39.98d, J(CP) =586 Hz) and to a Pt(II) coord:-
nated ylide hgand (8=32004, 'J(CP) =567 Hz) These
data match closely with those reported by Burmeister
and co-workers for the cyclometallated dimer [Pt(p-
CHCH,COCHP(CeH,) (C¢Hs),]. obtained bv refluxing
PtCl, with two equivalents of APPY in CH,CN [3f] Wecan
reasonably suppose that a similar cyclometallation reaction
happens on refluxing complex 8 in THF However, 1n our
case, after prolonged and successive treatments of the product
18 with walter, n an attemnpt to wash the phosphonmum salt.
the corresponding signals remain still present n all the IR
and NMR spccira As a consequence, on the basis of those
spectral data, we formulated for derivative 18 an 1onic struc-
ture (see Eq (3)) which was confirmed by an X-ray crystal
structure determination

o
CH; o=c\ H
A
o=C¢, K ,it C)COC T LS _
) | ol | omscasoond
Php ! £ph, o
c 3
s 18

ORTEP {29] plots of complex 18 are reported in Fig 1(a)
and (b) The molecule consists of a metallic anion (Fig
1{a)) and a phosphonium counterion (Fig 1{b}) In the
metallic anton the Pt atom has a geometry virtually planar
and 15 part of a five-membered cycie The structural data.
angles and distances. of the cyclometallated ylide ligand are
very simslar to those reperied by Burmeister and co-workers
for the dimeric derivative [Pt(u-CIYCH,;COCHP(C4H.)-
(CgHs),1- which contains the same cyclometallated yhde
framework [3f] Aiso the P1—Cl longths (2 420 and 2 333
;\), that 1n our case are relative to two termunal chloride
atoms, are not much different from those reported for the
above chlonde bridged dimer (2.438 and 2 384 ,5;)

The associate phosphonium catton shows the structural
data charactenistic for these types of salts The phosphorus
atom is approximately tetrahedral with a P-C{40) (Fig
1(b)) distance of 1.79 A which 1s m agreement with accepted
values for P-C(sp*) bond lengths m phosphonium ions | 30]
and the spatial arrangement of the sy stem suggests a weakly
drpolar interaction between the positive phosphorus and the
carbonyl oxygen atom.

An alternative method for the synthesis of dernative 186
was found during the characterization of complex 8 A
CH,CL solution of this complex remamed for several days

Fig 1 (a) ORTEP plot of the metallic amon, {by ORTEP piot f the
phosphonmum countenon

at room temperature The IR spectrum of the resulting white
solution revealed the disappearance of the »{CO) band at
1651 cm ™ '. charactensuc of compound 8. and the formation
of two new carbony | bands at 1707 and 1640 cm ™" Spectro-
scopic and analyitcal characterizations of the product recov-
ered from the solution showed that its data were identical to
those of complex 18 obtamned in refluxing THF or CH,CN
The transformation of complex 8 mto denvative 18. m
CH,(1, solution at room temperature, could myolve a mech-
amsm in which 1n a first step the highiy negatrvely charged
Pt center can be protonated by traces of HCI present i the
CH.Cl, solvent. A successtve transfer of the proten from the
metal 0 a coordinated vhide hgand with ehmination of a
phosphonium cation followed by an mternal oxidative addi-
tion reaction of the remaiming coordinated yhde ligand and
subsequent reductive elimmaton of HCI from a Pt(IV y inter-
mediaie [31] could account for the formation of the final
cyclometallated product 18 The catalytical function of HCI
to promote the rearrangement of complex 8 1s evidenced by
a separate expermment 1n which ¥,CO0; was added 0 the
soltvent 1o ehannate traces of HCL Under these conditions the
reaction does not proveed and complex 8 can be recovered
unaitered after two weeks. Sume evidence mndicates that sim-
1lar vearrangements happen also for the dernvatives 10 and
13, and more detailed mvestigations regarding these proc-
esses are underway
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