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Summary

[Pt(C:0H, 2 OCH4 )}(PPh3 )C1] reacts readily with isocyanides by displace-
ment of the coordinated olefinic end of the organic moiety followed by 1nser-
tion of the 1socyanide into the metal—carbon 6-bond The reaction bet ¥een the
methoxydienyl complex [Pt(C, ¢ H, ; OCHj3)Cl], and cyclohexyl 1socyamde n-
volves chlonde bridge-sphtting to give [Pt(C; o H; o OCHj3 )(Cg H,  NC)C1], fol-
lowed by olefin displacement and finally 1socyanide insertion The mmno denv-
ative produced in this latter reaction has a frans-i1socyanide configuration

The chemical properties of these new 1socyamide complexes are discussed
m terms ot relative trans influences, coordinating abilities, and electrophilic
characters 1n comparison with the CO analogues

Introduction

There have been several studies* of the msertions of unsaturated mole-
cules such as CO, CNR, SO, , olefins, and acetylenes into platinum—ecarbon and
platinum—hydrogen bonds. Carbon monoxide inserts mmto the M—C o-bond of
platinum(II) [2] and paliadium(II) methoxydicyclopentadienyl complexes
[3,4] When an excess of CO 1s used with complexes of the type [M{C,oH; 2-
OCH; )(PPh3)C1]l displacement of the olefinic end by CO 1s also observed
[2,3]. These carbon monoxide mnsertions and olefin displacements, are not,
however, a general feature of the chemical behaviour of methoxydienylpla-
tinum and -palladium complexes Thus, treatment of [Pt(DieneOCHj)Cl],
(Diene = 1,5-cyclooctadiene, 1,5-hexadiene, and dicyclopentadiene) with CO n
chloroform at 0° does not lead to CO insertion into the Pt—C ¢ bond. Instead,
in the case of the 1,5-cyclooctadiene complex, the methoxyl group migrates to
the CO ligand which has become coordinated to the metal through a hahde
bridge-splitting reaction, to give the methoxycarbonyl derivatve, [Pt(CgH
(COOCH, )C1] [5].

12)‘

*For a survey see ref 1
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In continuation of our studies on insertions of unsaturated molecules into
metal—carbon o bonds, we have examined some reactions of complexes of
types (I) and (II) with isocyanides, which are isoelectronic with carbon mo-
noxide.

CH;0 CH,O

Pt

M
pn3p/ ~a a \/2

(1) (11)
(M= Pt, Pd)
Results and discussion

Reactions of [PYC,oH,,O0CH;)(PPh3)Cl] with RNC (RNC=CgzH, ,NC,
p-CH;CxH,NC)

Reactions of complexes of the type [Pt(C,,H, ,OCH,)(PPh,)Cl] with
cyclohexyl and p-toly! 1socyanide 1n benzene or dichloromethane at room tem-
perature involved complex/RNC molar ratios ranging from 1 to 0 5.

The reaction of [Pt(C, ,H,; , OCHg)(PPh)Cl] with cyclohexyl 1socyamide
with a complex/RNC ratio of 1.0 proceed according to the reaction.

C6H11NC\ c
Pt
\eens
[ptic,gh,,0cH,) (PR ] L+ CeHuNC) Hy
OCH;
49
(o)

When the complex/RNC ratio 1s 0 5, mnsertion of one molecule of isocyanide
mto the Pt—C o bond of complex (III) takes place {egn. 1) The imtial conver-
sion of (I) into (III) may be a consequence of the overall energy change, since

CeHyNC, Ci
C5H.“NC\ /c, \pt /

Pt \P

CeHuNC Phy
(+ CeHyNC) PPhy (+CgH11NC)
1 = —_——— )

Hy Hy

OCH; OCHs
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the cyclohexyl isocyarude 1s expected to displace Cl (trans to a Pt—C o bond)
rather than C=C (trans to phosphine) judging from relative trans influences.
However the product 1s stable, and apparently does not undergo insertion until
further reaction occurs. This latter reaction, which take place at a molar ratio
of complex/isocyamde = 0 5, presumably involves displacement of Cl followed
by rapid insertion. In the absence of kinetic data one cannot rule out the pos-
sibility that reaction (1) 1s made up of two consecutive steps of very different
rates

Complex (IIT) was charactenized by elemental analysis (Table 1), IR, and
'H NMR spectra (Table 2). Its IR spectrum shows the stretching absorption at
2190 em~1 {cf. »(N=C) 2188 cm—?! for trans-[Pt(PPh;),(C,H,,NC)-
(CH;3)]1} [6]. This frequency 1s some 60 cm—1! higher than the cor-
responding frequency for uncoordinated isocyamde [7]. The *H NMR spec-
trum shows uncoordinated olefin protons at 7 4 20 and 4.40 ppm

Complex (IV), a white solid, was similarly characterized. Its IR spectrum
showsa band at 1606 cmm—?, characteristic of an N=C double bond {v(N=C) 1604
cm™ ! n frans-[Pt(PPh,),(CH;CNC_H, ;)11 }[6], and a strong absorption at 2205
cm™1 assigned to v(C=N). Its 'H NMR spectrum shows the absorptions of
uncoordimnated olefin protons at 7 4 20 and 4.40 ppm, whereas the other main
features in the spectrum of the rest of the organic moety are unchanged
relative to those of the starting complex [Pt(C, o H; » OCHj3 )(PPh3)C1] [4,8]

The course of reaction (1) was monitored by recording the change of the
IR spectrum of the reaction mixture in CH,Cl, with time, at complex/RNC
molar ratios varymg over the range 0.5 - 2 When the ratio 1s greater than unity,
one single band at 2190 em ™! appears, which increases in intensity with time
and corresponds to the terminal 1socyamde v(C=N) [complex (III)]. For com-
plex/RNC < 1, a new band at 1606 cm ™! appears along with the 2190 cm™—!
band, which 1s diagnostic of the immo group ansing from msertion of 1socy-
anide mto the Pt—C o bond

Both (III) and (IV) are non-conductors in CH,Cl, The possibility of
cationic intermediates being produced during the reaction cannot be ruled out
Catiomc complexes such as (VI) were isolated as intermediates in the 1socy-
amide msertion reactions (eqn. 2) {6,9,10]. An analogous cationic mechanism
was proposed as a general feature of insertion reactions of Pt!! hydrdes or

trans-[PtLy RI] + R'NC ——— > rans-[PtL,(CNR') R]* I~
V) (vnl A
trans-[PtL, ((I: = NR")I) (2)
R
(VI1)

(L = PMezPh, PPha, R= CHJ, CGHS; R = CH3, CGH]_]_, CMe3)

organo-derivatives [11,12]. This involves attack of the reagent (olefin, acety-
lene, CO, isocyanide) on a reactive catiomc species (possibly R—Pt'—solv) to
occupy a position trans to the Pt—H or Pt—C bond in a square-planar environ-
ment. (Continued p 422)



audzZuaq uj q UoKISoduIodIp YItM pajfawu spunodwids N

—t Famen

(9z 11) 0z 2) (80 %) (01 LY)
oe 11 0232 o1 ¥ 02 LY 00E < £210 (Suad) (ONTTHID)d) 910 (AlX)
(99 8) (8t &) (€€ 9) {RT 29) o
¥9 8 ov € 0oc9 9% 29 gg1 -(ON'TH0) (EHOO T HOTD) Pa] (el1iA)
1z (z6 1 (28 9) (zL 9) (og £9) {1oUON 19D
90L 06 ¥ aLg 899 az €9 a6 «ON!THO%EtHOO I IHOID)] (XD
Q0 L) (86 2) (12 9) (86 2h) (1o
Lo L 1632 229 £0 £V 091 —G91 (ONTTH90) (EHOOCTHOID)] (i1jA)
(L8 &) w1 €) (86 %) (0L 09) (10(€4dd) (oNYHOEHO O)
£8°'¢ 02°e 10'q £9 09 ZL ONYHIOEHOAEHDOT I HO1D)14]  (BAD)
(s L) (90 ) (8L 9) (ot L9) N_oﬂmum 115 (Sydd) (ON1VIHD)
69 L Y0 ¢ a8 g 68 99 a8—08 (ON'H90SHDOU HOID)1a) (A
19L) (£9'p) (¢8 1) (v 9) (8% 99) (10 (fyga)
i) oLy 181 e 09 99 G9--£9 -(ON'THI0) (EHDOLIHOIONg]  (h11)
( pared) 10 N H 0
w puno}
MO (%) ( po{vo) punoj sasAfsuy 00, AN pundtiutoy

[ R

420

SAXATINOD (1) WAIAV'TTIVd- ANV (1) WNANILVIJTANIIAAX OHLIW HLIM STAINVAD0SI 40 SNOILOVIY JO SLONKI0Md

1419¥L



421

Jo[d[3MW PAA[OSATU) 4 PaUBIESR A[RATIBIUAY, q JoYHN] paivdpsasul ujaq s amyedy pajosdxaun sy, ‘wdd §0'0 JO UOtervdas
# qjm *Aqsuajug Jaagsip Jo syead omy se sxwadda ‘Xajeworoads ZHIN 06 19Hnag P YIIM UOIN[0SIX YA[Y 38 PaP100I 5Y wnip2ads oy3 uoym ‘uopdIdSAY ST 5

8 162 ‘s pve §4 4188 (%0 (fyaq) (ON' 'HO9) 1d1-912
ov 9 ,02¢ TL9 5w 2937 5A 902 (12 (aN'TH9D) (EHOO I HOTD) pdl
09 D e VeI »9L9 (19) 9932 w £09Y $A pT3T 1D UONTEH?D) (DN TH?9EHO0 A HPT0) 1]
ov 9 oLeave qL 9 s 263 5A £122 110 ONVIHOD) (SO0 HOD) 14)

1o (faad)

q099 TEY LY pbL 9 Mm9LE  WZ09T A Q61T ~(ONPHO0EHD D(ONYHIOEHD d EHOO THO 10)3d]

uptho &

889 ov v Oz Y 9L 9 mgLy w 9091 §4 9053 112 (£udd) (ONVIH20) (ON YT HODEHDOFTHOTD) 4]

8g'9 o'y oY L9 » 9.3 5A 88132 (10 (E4ad)(ON ' 1 9D) (EHDOLTHOTONd]
4 m_n AT.ES A_!Eov A_...Euv

(x5 £ (0=0) + (EHDO) ¢ 10— (N=0D)a (N=D)a punodwoy

SAXATINOD JO VULOIAS YAN H, GNV Ul aaLoa1dse
2angviL



Reaction (1) also applies when para-tolyl 1socyamde 1s used as the reac-
tant.
One cannot discount the possibility of a coordmative interaction of the
mmino nitrogen with the central metal in (IV), as was found for complex (VII).
In this latter case the 1TH NMR absorption pattern of the phosphine methyl
groups is 1ndicative of five-coordination for platinum [6]. However, a sumilar
diagnostic feature i1s not available in the case of the triphenylphosphine com-

plexes (IV)

I PMe,Ph
\Pt
PhMe,P N=——=C—R’
!
(M)

Reactions of [M(CI OHI 2 'OCH3)CI]2 with CGHI INC
These chloride-bridged dimeric complexes react with cyclohexyl 1socy-
anide in CH, Cl, to give bridge-splitting products of type (VIII).

CH30
Hy
d " \
CeHyNC Ci

(¥

[M = Pt, P4, »(C=N) 2218 and 2204 cm—! for the Pt and Pd complex, respec-
tively.]

The platinum product could be recovered unchanged after several hours
heating at reflux i chloroform in the dark. This indicates that migration of the
methoxide group to the coordinate isocyanide did not take place, in contrast to
the behaviour of the carbonyl complex [5].

The platinum complex (VIII) reacts with cyclohexyl isocyanide in CH, -
Cl; to give the imino denvative (IX). The IR spectrum of this product shows
one single absorption m the terminal 1socyanide region, indicating a trans-isocy-

anide configuration.
The irans-chloride configuration relative to the metal—carbon o bond in

complexes (I11), (IV), (VII) and (IX) was based on the presence of an infrared
band in the 280 - 260 cm ! region, characteristic of ¥y(M—Cl) for Cl trans to an
M—C o bond in this type of complex [13,14]. Thus, insertion of isocyamde
into the metal—chloride bond [15] 1s ruled out.
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CegH\NC Ci
o
C6H“N=C/ \CNC6H 1
Hy
OCHg4
(=)

Carbon monoxide compared with 1socyanide msertion into metal—carbon
o bonds

Insertion reactions of carbon monoxide and 1socyamide into metal—carbon
¢ bonds 1 complexes of the type [Pt(C,o H;  OCHj; )(PPh;)Cl] and [Pt(C;0-
H, ,OCH; )Cl]» display the following features.

(1) Unlike the carbonylation reaction, the 1sonitrile insertion permits 1so-
lation of the platinum—isocyanide bonded complex arising from displacement
of the olefinic end by the entering isocyanide (Scheme 1)

SCHEME 1 l / < ’ oc /C'
*+CO) \/po\ (+Cco) >Pt\
C.
\O PPhy C\ PPhs
I CH;0 CH50 ©
l\ pt/ (CHaClz)
AN
Frns l RNG < ] RNC, <l
a0 @RNC) \pt/ “+RNC) \pt/
c—
\Ppn3 \\N R \pph3
CH30 cHyo  N—

(u). Comparison of the complexes [Pt(C,oH,;5,0OCH3)(CO)Cl] (X) and
[Pt(C10H1 2 OCH3 )(CNR)C1] (XI) shows that in the carbonyl complex carbon
monoxide does not displace the olefinic end of the dienyl moiety, whereas an
excess of RNC does react with the 1socyanide complex to displace the olefin.
These findings point to both a greater trans labilizing influence and a greater
coordinating abihity toward platinum(II) of RNC than of CO.

In order to shed some light on these matters in which bonding and reactiv-
ity factors of these unsaturated groups are involved, we are carrying out reac-
tions of (X) with RNC and of (XI) with CO Isocyanide insertions in the
dimeric complexes [M(DieneOCHj3)X], with various dienes are also being
studied.
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SCHEME 2
CeHyNC 1 Ci CNCgH,y,
\ / {(CgHg) \ / unidentified
/Pt\ + HCl ———— /Pt\ +  organic products
CgHyN==C L Ci L
Hx

ocH, {L= CNCgHy1 : PPh3)

Reachions of [PHC,oH;,OCH3;CcH, NC)(CzH, ,NC)YL)C!}] (L=CzH,,NC,
PPh ;) with hydroger chloride

The reaction of these complexes with hydrogen chloride proceeds accord-
mg to Scheme 2.

The cis structure for this compound 1s based on the appearence of two
strong bands in the v(Pt—Cl) region of the IR spectrum, attributed to cis
chlonides. The cis configuration is the most stable for complexes of this type
[16}.

Experimental

The Compounds [M(Cl o Hl 2OCH3 )Cl] 2 and [Pt(Cl OHl 200H3 )(PPh3 )-
Cl1] were prepared according to literature methods [14,17,18]. All other chem-
1cals were reagent grade materials

Infrared spectra were recorded mn the region 4000 - 250 em™?* with a
Perkin—Elmer 457 spectrophotometer, and i the region 450 - 80 cm ™! with a
Beckman IR 11. The *H NMR. spectra were recorded on Perkin—Elmer R20A
and Bruker 90 MHz instruments, with CDCl; solutions at room temperature.
Molecular weights were determined with a HP 302B vapor pressure osmometer.

Reactions of [P(C,,H,;;OCH,)(PPh3)Ci] with isocyarnides

(a). Cyclohexyl isocyamde (109 mg, 1 mmol) in benzene (10 ml) was
added dropwise to a benzene solution of the complex (655 mg, 1 mmol, molar
ratio Pt/CNR =1) at room temperature with vigorous sturing under nitrogen.
The mixture was stirred for 5 hours. It was then concentrated to low volume
under reduced pressure, and ether and pentane were added to give an oily
product The supernatant liquid was separated by decantation, and the o1l was
dried, leaving an off-white solid which was washed with ether This was re-
crystallized to give [Pt(Cy ¢ Hy  OCH3 )(Cg H; ; NC)(PPh;)Cl].

(b) Similarly, but in CH,Cl, with a molar ratio Pt/CNR = 0.5, the white
compound [Pt(C;qH; 2 OCH3zCgH; ; NC)(CgH; ; NC)(PPh3)C1] -%4CH,Cl, was
prepared. The yellow compound [Pt(C,  H, ,OCH;-p-CH, Cs H,NC)(p-CH, -
CgH, NC)(PPhy )C1] was prepared similarly.

Reactions of [M(C,; 3H,;, OCH, )Cl] , with cyclohexyl isocyanide
(a). Cyclohexyl isocyanide (109 mg, 1 mmol) in CH,Cl, was added
dropwise to a dichloromethane solution of the complex [Pt(C;qoH,2OCH3)-
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Cl}l: (394 mg, 0.5 mmol; molar ratio Pt/CNR = 1) at room temperature with
stirring under mitrogen. After 1 hour the solution was evaporated, leaving a
white solid. This was washed with ether and recrystallized to give the off-white
complex [Pt(C, H,,0CH;)(C¢H,,NC)Cl]. [Pd(C, H, ,0OCH,;)CzH,,NC)-
Cl] was prepared sumilarly

(b) Under smlar experimental conditions, using a molar ratio
M/CNR < 1/3 the off-white complex [Pt(C; oH; sOCH3CgH; ;NC)(Cg H; ; NC),-
C1] was obtamed.

Reactions of [PH(C,,H,,OCH3;(CcH, ;NC)PPh3)Cl] or [P{(C,o,H,;OCHj3-
CsH, ;NC)(CzH, ; NC)(PPh,4)Cl] with hydrogen chloride

A solution of the complex m benzene was saturated with anhydrous hy-
drogen chloride at room temperature The concentrated solution was treated
with ether to give a white product identified as [Pt(CgH, ; NC)(PPh3)Cl;j.Ina
simuar way, from [Pt(C,oH;,O0OCH3;CgH,;NCYCgH,NC),Cl] the com-
pound cis-[Pt(CgH,; ; NC),Cl,] was obtained, and was identified by compa-
rison of its IR spectrum with that of an authentic sample
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