
ELSEVIER Inorganica Chimica Acta 265 { ! 997 ) ! 27-138 

Formation of platinum allyl and propargyl complexes from protonation of 
platinum enyne and diyne complexes 

Charles P. Casey *, Steven Chung, Yunkyoung Ha, Douglas R. Powell 
Department of Chemistry, University ~" Wisconsin, Madison, W153706, USA 

Received 13 March 1097; accepled 9 May 1997 

Abstract 

Protonation of (PIhP)~PIIrF'-HC=CC(CH~)=CH~,] {2a) with excess i-IBE~.Et:O produced the ~oallyl complex (Ph:~P)~Pt[rl L 
ll~C:=CC(CHO=CH,] ' BF.~ (3a-BF4) instead of a ~r-propargyl complex. Reaction of excess CF3CO~H with 2a initially produced the 
analogous ~r-allyl complex 3a-CF.~CO~. which then added CF~CO.,H across the vinylidene unit of 3a-CF~CO~, to give the zr-ailyl complex 
( PlhP)~Ptl r/:~oCH~C~,CF3CO~)C(CH.a)CH:] +CFaCO: (Sa). Protonation of the platinum diyne complex [ (p-CH3-C6H4).aP]aPt(r/"- 
Clt&?:~CC~7~CCH~) (7h) with HBF.~.EbO at ~o73°C initially produced the platinum hydride complex trans-[(p.CH.~-C~,H,~).aP]~° 
P|H ( ~:oCl-! ~C ~7 CC ~ CCH ~) ' BE~ .... (9), which rearranged to the platinum zr-propargyl complex I (p.CI-13-C,H,~) .~P ] :Pt [ ~1 'k (Clol~CH=)- 
CC~CCIhl 'BF~ {11) at -28°C, ~b 1997 Elsevier Science S.A. 

EO,word~': Cryslal struc|ures; Platmun~ complexes; Allyl complexes; Prop~rgyl complexes 

i. hl|roduction 

mPl'ol~ar~yl racial complexes I I ! arc the triple bond ana~ 
logs of ~° ~dlyl racial complexes, which have been used cxlcn .o 
:,ivcly in org~mic synlhcsis..~:lh'opm'gyl complexc.~ have 
been proposed as transient inlermetlialcs in catalytic cycles 
12 ] and recently a number ol' stable ~'opropargyl complexes 
have been synthesized 13o~6]. Because o1' their ~huih~rity, 
synthetic routes to "tro.propargyl and "troallyl complexes arc 
olicn analogous. Examples include protonation of r/:-pro- 
pargyi or ~f-allyl alcohol complexes 13a,7 I, hydride abstrac- 
tion I?om r/~°alkyne or ,/~-alkene cotuplexes 13,81 and 
reaction of propargyl or allyi Grignard reagents with metal 
halides 14,91 (Scheme ! ). 

We set out to explore prolon,'~tion of platinum cnync and 
diyne complexes as a new route to zr-propargyl complexes. 
Similar routes to zroallyl complexes from prolonation of metal 
,fl-diene cotnplexes 171 have been reported, and we recently 
obscrvcd the formation of the zr-allyi complex Cp* (CO) ~Rc- 
I o:LCH~=CHC(CHa) 2 ! "BI~ .... upon protonation of the ~/~- 
diene complex Cp*(CO)2Rcl 7/~CH~,=CHC(CH~)=CH:I 
with HBEs'Et20 [ 10]. Hill and co-workers successfully 
cmployed the protonation of a ruthenium diyne complcx to 
synthesize a ruthenium 7r-propargyi complex 16a]. 
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Here we report that protonalion of a platinum cnyne com~ 
plex prt~dtaccd a cationic lroallyl plalintnn complcx at room 
tc |n l~era ture  instead o1'~ n~propargyl complex. Howcvct °, pro° 
Ionation of phttinunl diyne complexes led to the correspond° 
ing ,n'oprt~pm'gyl platinutu complexes which were obset'v~lblc 
at low tcmpcraturc. These 7r,.propargyl platinum complexes 
arc similar to compounds previously synthesized 15 I. 

2. Results and discussion 

2. i. Synthesis of platinum enyne conq~lexes 

The known complex (Ph:d))2Ptl ~/2-HC~CC(CH~)~ 
C}I~ I (2a) needed as a starting material tbr these protonation 
studies was prepared in 60% yield by reaction of (Ph~P)2 o 
PI(712-H:C=CH2) (la) with tile conjugated enyne HC~CC- 
(CH~)=CH> Previously, 2a had been prepared by reaction 
of cis-(F'PIh)2PtCI2 with HC=CC(CH~)=CH2 and N2H4 
! I I]. A characteristically high frequency ~H NMR resonance 
for the aikyne hydrogen at 8 7.14 (Jp, H=23 Hz) and two 
vinyl hydrogen resonances at ,5 4.97 and 4.85 for the uncooro 
dinated isopropenyl group established coordination of the 
alkyne in 2a, If the alkene had been coordinated to Pt, then 
both the vinyl and acetylenic resonances would have 
appeared at substantially lower frequency. Tile observation 
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of two .~tp NMR resonances at ~5 31 (d, J p p  = 35 Hz, Jp, p = 
3080 Hz) and 27 (d, J~,r, = 35 Hz, J=,tp = 3440 Hz) is consis- 
tent with in-plane coordination of the alkyne in 2a and slow 
rotation about the platinum alkyne bond. The analogous com- 
pound [ (p-CH~=C~H4) ~Pl :Pt [ ~-HC~CC (CH~) ~CH: ] 
(2b) was made by a similar route in 57% yield. 

CF~CO:- (3b-CF~COz) was prepared by a similar proce- 
dure in 84% NMR yield. 

2.3. cr-2.Butadienyl complex from addition of 
trifluoroacetic acid 

2.2. ¢~Allyl complex formation from HBF~ addition to a 
platinum enyne complex 

Protonation of (Ph~P) ~Pt! O~oHC~CC(CH~) ~CH: l (2a) 
with excess HBF~.E%O produced the ~allyl corn= 
plex (Ph~P)~Ptl ~SoH~C~CC(CH~)~CH:I -' BE, (3a-BF,0) 
(Scheme 2), which was isolated as an o~'ange solid in 69% 
yield. ~ e  spectra of 3a-BV4 were very similar to those of the 
analogous PF, salt (3a-PF~) previously prepared by Green 
and COoworkers via chloride abstraction from a ~r°2°butao 
dienyl platinum complex [ 121. Key featu~s of the ~H NMR 
spectrum of 3a-IIF4 include t~sonances for the vinyl hydt~. 
gens at ~ 5,63 and 4.10 and for the allyl hydrogens at t$ 3.71 
and 3.35. 

The mailyi complex 3a-BF4 results from protonation of 
at the triple bond and subsequent coordination of the 

double bond. Protonation at the double bond would have 
produced a ¢ropropargyl complex whose gem-dimethyl group 
would have been easily detected by NMR spectroscopy. 

Similarly, addition of excess CFsCOaH to 2a in CDaCI, 
gave the unstable woailyl complex (Ph~P)~PtIt/~.H,C=. 
CC(CH~)~CH:] *CF~CO= ~ (3a-CFsCO=) in 93% yield 
(NMR internal standard). The analogous tolyl phosphine 
complex l (pCH~,Fh)~P]:Pt[  qLH:C~CC(CHO~CH~! 'o 

Surprisingly, addition of only one equivalent of CF3CO=~H 
to a solution of ~ in CD=~CI: produced the neutral ~r-2-buta- 
dienyl complex trans- (Pho~P) ~ ( CFr)~CO2 ) Pt [ T~ | =l~2C =CO- 
(CH~) =~CH~ I (4) (Scheme 3). Since 4 decomposed upon 
attempted isolation, it was characterized spectroscopically. 
Use of an internal NMR standard showed that 4 was formed 
in 77% yield. The IH NMR spectrum of 4 was very shnilar 
I0 thal of the ten'expending chloride which had been preo 
viously synthesized by Villa and cooworkers i l l ]  from 
addition of HC~CC(CH~ ) ~Cit~ |.o a dilu|¢ sohaio, of ¢iso 
(PPh.~) 2PtCl~ and N~H4, and by Green and cooworkcrs 1121 
from addition of 2-chloroo 1,3obutadien¢ to a solution of |a. 
Key features of the =H NMR spectrum of 4 include re=;onances 
tbr four vin:vl hydrogens at ~ 5.76, 5.24, 4.75 and 4.34. 
The observation of a single :~mp NMR resonance at /$ 23 
( Jptp = 3280 Hz) provides evidence for the trans relationship 
of the phosphines. 

The t~rmation of 4 results from pn~tonation of the cool 
dinated alkyne and coordination of trifluoroacetate to plati. 
num. As in the case of protonation with HBE, no evidence 
for protonation at the uneomplexed aikene was obtained. 

Addition of a second equivalent of CF:~CO~H to ~r-2obuta- 
dienyl complex 4 led to the formation of the rr-allyl complex 
3a-CF.~CO=. We suggest that hydrogen bonding between 
excess trifluoroacetic acid and trifluoroacetate anion shifts 

Scheme 2, 

_ ® HsC 
HBF4 _p~p,,,,,,~.. " ~ / H b  _ _ .  

r~d 3a 
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tile equilibrium away from the neutral complex 4 and towards 
the ionic complex 3a-CFaCO,.. The observation that excess 
lriflouroacetic acid reacts with 2a in THF-ds (instead of 
CD2CI,) to form the neutral o'-2-butadienyl complex 4 in 
73% NMR yield is consistent with this hypothesis. Hydrogen 
bonding between the excess acid and THF frees trifluoro- 
acetate anion for addition to platinum. 

2.4. Addition of  CI:~CO,,H across the vinylidene unit of 3a 

Thc lroallyl complex 3a-CF.~CO2 rcacted with excess 
CF~CO:H slowly at room temperature to add CF~CO~H 
across the vinylidcne double bond of 3a (Scheme 3). Alter 
1.5 h, the resonances for 3a-CF:~CO:~ began to disappear and 
a new compound 5a began to form. Alter 4 h, a third com- 
pi~ltlnd 6a with a spectrum similar to thai of 5a appeared; tile 
i'iilitl o1' 5a:(ili was 7: i, Al'lcr 16 h, 3a-(]li'.~i(]O~. had coni~ 
pleicly disappcal~d and the ratio of 511:fia was 1:i.8, T!lc 
C(ilill~tint~d yield o1' 5a lind 6tl wits 62% ill dclcrnlinl<~d by i lr°l 
N M R ~l'lCclrll.~t:.Ol~ly, The iris (pololyl) phosl)hinc iintilogs 5ili 
and fib wcrc siiili!iirly fi}rnlcd in 77% colnbilli:d yichl. 

TIic ~1=I inid ;tip NMR spectra of 5a and 6a lirc ¢onsislcnl 
wiilli their I'ornluhilion as the syn and anti 'n'=allyl isonlers of 
(PhjP) :Pll ll;toCt<ij( ] ((3F~(O~)(3((lolj) (IoI~ ] i ( l -=: j(O~, 
TIle kinetic isonler 5ti is assigned a siruciui~ with a syn nlelhyl 
group oil tile ~roallyl Iigand, The ai)peanuice ot' two methyl 
resonances for 5a at 8 2.00 (Ji,,il- 54 Hz, CH:CCH3) and 
!.22 (Jl>ll = 3, 7.5 Hz, Jl,,lt =24 Hz, CH.~C(CF3CO:)) and 

for 6a at ~ 2.03 (Jr,,, = 62 Hz, CH:CCH3 ) and 1.12 (Jp, = 4.5 
Hz, Ji, t l t -6  Hz, CH3C(CF3CO2)) played a key role in the 
structural assignments. The ,n'-ailyl hydrogens of Sa appeared 
at 6 3.4 and 2.9, while those of 6a appeared at 8 3.3 and 2.9. 
The chemical shifts and coupling patterns for the methyl 
groups of 5a and 6a are similar to those of the methyl groups 
in Stang's "rr-allyl complex (PPh3)2Pt[~3-(CH~)2CC - 
(CH3)CH-,] ~ O3SCF3- [13]. The anti assignment of the 
CH~(CF3CO2)C methyl group of 6a is based on the obser- 
vation of larger JM,,t,t and JMo coupling constants for 6a 
compared with 5a. 

A similar addition across the exo-methylene group of 
an exo-methylene "n'-allyl complex was observed by Green 
and co-workers [14]. Reaction of Cp*(CO)2Mo(17"LCH: - 
CHC=CH2) with CF.~SO3H followed by addition of PPh~ 
produced the phosphino substituted allyl complex Cp*o 
(CO) ~Mo [ -qLCH2CHC (Me) PPh~ ] ' BF,t =. 

There are two plausible routes for addition of CFr~CO2H 
across the cxomcthylcnc unit of 3a. The first involves nucleoo 
philic atiitck of trifluoroacetal¢ at tile ,toallyl unit to give tltc 
~fodicnc coinplex A wllich then undergoes protonalion of the 
uncoinplexcd alkene to forni ¢roallyl complexes 5a and 6a. 
Alternatively, the o'o2-butadienyl coinplex 4 which is likely 
to be in equilibrium with 3a might undergo proionation to 
form cationic carbene complex B. Addition of trifluoroacelate 
to the carbene carbon, followed by ionization of the Ptobound 
trifluoroacetate could then lead to the formatiovi of 5a and 6a 
(Scheme 4). 

H3C'[ Pph3HZC~- ® H 
P'I3P ...... n - - , , . / '% / CF3CO~ 

,~ H3C~ 
PPh3 
I® ~ - ~ , ®  O 

B i~Ph 3 I;;H'-"3 C ~ F3 

/ 
Pl---- CH:j )--c,:. c, _. ,,,,', _-j,?--o.. + 

L""': :'°'"'Y l" o,. 
5a F3 Sa 0 

Scheme 4. 
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2.5. Reaction of [(p-CIt,-C~H.,).~PI2Pt- 
[ ~'. HC~ CC(CH,) ~ CH21 (2b) with CF,COeD 

This reaction was studied to gain intbnnation concerning 
the stereochemistry and mechanism of formation of 3b. If 
initial deuteration occurred at platinum followed by deuteride 
transt~r to the alkyne carbon, then deuterium would be found 
cis to Pt in 3b. Direct deuteration ot" the alkyne carbon could 
lead to deuterium trans to Pt in 3b, 'Haese deuterium studies 
also reveal whether reversible 7r.propargyl cation formation 
is occurring via protonation at tile remote alkene carbon. 
Reversible formation of ~opropargyl complex C could lead 
to deuterium incorporation into the 7roallyl group of 3b 
t Scheme 5), 

The Iristpotolyl)phosphine Colnplex 2b was used in Ihc.,,c 
,~tudies since the pqolyl methyl group provided a usefifl intcr~ 
hal ,~tandard for Iiq NMR integratiot~. After 6 rain, tH NMR 
analysis ot' the reaction of 2b with exce,~ CF~CO:D m 
CI):CI: showed 84% conversion to ~oallyl cation 3b; 47'7, 
deuterium incorporation ititO the vinyl site cis to plalinum 
was observed and no deuterium was detected ( < 5% ) at other 
~itCs ~, ~'H NMR also showed exclusive d e u t c r i u n t  in¢ol]ioo 

ration at the cis vinyl site, 
After 1,5 h, 36% of ~allyl cation 3b and 36% of emto~ 

methyl ~allyl complex Sb were observed by 'H NMR inte- 
gration; none of the exoomethyl ~-allyl complex 6b was 
detected, Deuterium was now seen in both vinyl sites of 3b: 
60% deuterium incorporation at the cis site and 58% at the 
trans site, The only site of incorporatitm of deuterium into 
the trifluoroacetic acid addition product Sb was the endoo 
methyl gr¢mp which had !.6 D per methyl group. ~H NMR 
showed deuterium incorporation into both the cis and trans 
vinyl sites of 3b but no deuterium at other sites, 

After 4,5 h, only 12% 3b remained and 19% Sb and 39~i* 
6b had tbrmed with 58% deuterium incorporation oi" the 
methyl groups on the terminal carbon, The methyl groups on 
the terminal woallyl carbon of~b and 6b had 1,6 D pet" m¢fllyl 
group. 

The absence of deuterium in the allyi positions and in the 
methyl group of 3b at 0,1 and 1.5 h rules out rapid and 

~The low d eutel-ium incotl~o,rations are attlabuted to adventitious H 
sources in these small scale ~t20,cl|ons, 

reversible formation of 7r-propargyl complex C fi'om 2b prior 
to formation of 3b. The l act Ihat no deuterium gels incorpo- 
rated into either the rr-allyl sites or the methyl group on the 
central allylic carbon provides evidence that there is no 
reversible equilibrium between 5b or 6b and tile 7r-propargyl 
complex C. 

Selective deuterium incorporation into the vinyl site cis to 
Pt in 3b at short times is consistent with deuteration at Pl 
followed by transfer of deuteride from Pt to the complexed 
alkyne. Deuterium incorporation into the vinyl site trans |o 
platinum in 3b at longer times can be explained by the revers- 
ible formation of 5b. wifich allows deuterium to move 
belwcen cis and trans sites of 3b, At short times, 5b is the 
kinetic product of addition of CF~CO~H |o 3b. AI longer 
limes, the cqtfilibralion of 5b with 311 alh~ws the even|uM 
buildup of lhc |hernlodynanfic addi|ion produc| 6h 

2,6, I'rotont~tion r~[ ph~tmum diww comph, ws 

Our al|emp!s I~, prepare ~r0prolmrgyl ph|m|um comp~mnd:; 
by prolollaliott of Ihc uucomple xed double b~md ~!' plalimm~ 
rjLcnync complexes 2a and 2b lailed duc to conquering pm ~, 
tonation of the ct.upicxcd triple bond which p~t~duccd ~~ 
allyl complexes, We iniliated studies of platinum ~f'odiyne 
complexes since prolonalion of cflhcr the complcxcd or 
uncomplexed triple bond would produce a ~rq~ropargyl como 
plex, Previously. Hill and co-workers succcsslkdly employed 
this stralegy Io syn|hcM~e rulh¢llitlnl ~q~ropargyl complexes 
16al, 

2, 7. Synthesi.s ~ of  platimon tfiyne cemq#exes 

Rcac|inn of ! (poCHc~C~J~LI)!P] :l~ll }ILH:C~:CH:) t |b} 
with the diyne CH~Ca~:CC~CCH:~ gave I (poCHv- 
C~,H~ } :#l :P|( ~LCH~C~CC~CCH ~ } 17b ~ as a yellow s{flid 
m 68% yield. Shmlarly. lhc llLdiync complc~ I{poCH~ ,~ 
C~M~)#I~PII r~:ofCH~)~SiC~CC~CSI(CH~)~! (8) was 
oblMned in 58% yield fi'om reaction of Ib wi|h lhe 
corresptmdhlg diyne, Previously, ((C.Hs) :~P i zPt ( r f -CHr 
C-~CC~CCH~) (Ta) and [(C.Hs)~P].Pt(~Z-Me:~SiC~ 
CC~CSiMe~) were synthesized by smular routes [ 15]. 

In the ~H NMR speclrum of 7b, a doublet at ~ 2.44 
tJmt=6.4 Hz, J~.,.=40 Hz) was assigned to the methyl 
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group on the coordinated alkyne due to its higher frequency 
chemical shift and larger platinum and phosphorus couplings 
compared with the doublet at ~ !.78 (JPn = 3.4 Hz, J~,,,, = 20 
Hz). which was assigned to the methyl group on the uncoor- 
dinated alkyne. In the a~P NMR spectrum of 7b, the obser- 
vation of two doublets at 6 28 (d, Jr, P = 34 Hz, J~,v = 3390 
Hz) and 26 (d, J~,r, = 34 Hz, Jr, to = 3610 Hz) requires a sig- 
nificant barrier to alkyne rotation and to migration of Pt 
between the two alkynes. 

2.8. Protonation of  platinum diyne complexes with 
t-mF , et:O 

Reaction o f  the yellow platinum diyne complexes with 
HBF.~. Et:O in CD,CI, at room temperature produced dark 
purple mixtures of intractable decomposition products. How- 
ever, when protonation was carried out at low temperature, 
~H and ~ P  NMR observation at low temperature provided 
evidence for initial formation of metal hydride intermediates 
that rearranged to rr-propargyl complexes upon sh)w 
warming. 

When the reaction of[(p°CH~-Calq4):~P] 2Pt( ~2-CH~C~z 
CC~.~CCH~) (7b) with iqBE~" Et~O m CD,Ci, at - 73°C was 
monitorcd by low ten|perature NMR spectroscopy, evidence 
was obtained Ibr protonation at platinum to produce the 
platinum hydride complex trans-I (p-CH~°C6H4) 3P ] ~PtH- 
('q~oCHaC~:~:CCz®CCH3)' BI:~ (9) (Scheme 6). In the ~H 
NMR spectrum a! -73°C,  a metal hydride resonance was 
observed at ~S ....... 9.13 ( t, ,Iv,~ ~'~ 9.7 H/., JP | l l l  ~;' ] 390 HI). The 
small ,Ipt~ coupling is that expected for a hydride cis t .  two 
equivalent phosphines; cis.lv~, couplings are usually less than 
I() l!e,, while thins ,l!,tl couplings m'e normally greater than 
I1)() llz i 161, The ,bscrvation of a single p nwthyl rcst)nancc 
a| ~i 2,~17 l~l~vidt'd evide!l¢¢ li)r CqtliV~lllcl!l traits (p,C!~lr ~ 
C, Ha) ~P ligand,~, '|'he observation of tWO methyl sin~lcts at 

!.65 and 2.30 ( s, Jr,dr '~ 45 io|z) for the alkyne methyl groups 
provides cvhlencc for an rl~odiyne complex with the alkyne 
ligand perpendicular to the phme of the I'~latinum complex. 
Alkynes are known to coordinate perpendicular to the plane 
of Pt ( I l) complexes [ ! 7 i. The observation of a single reso- 
rmnce at ~S 30 (Ji't| '  = 2750 Hz) in the :~P NMR spectrum at 
- 73°C also supports the structure assigned to 9. 

Low temperature protonation of diyne complex 8 also 
produced the platinum hydride complex transol(poCH~- 
C~,H.~) ~P] :PtH(~,I~-SiMe~C~CC~CSiMe~) ' BE~ (10), 

/ H~ CH3 

III 

CX~ CX3 / ~'~CH~ 
H 

7b, Ar = C6H~-p-CH3 9 11 
Scheme 6. 

which was characterized by low |empcrmure NMR 
spectroscopy. 

When a solution of the platinum hydride complex trans- 
[ (p-CH3-C6H4) 3P] ,PtH('r/:'-CH~C=CC---CCH3) + BF4 
(9) was wanned to -28°C,  conversion to the rr-propargyl 
complex [ (p-CH:c-C6H,~) 3P].-,Pt [ "r/3- (CH3CH=) C C - C  - 
CH3] ~-BF 4- (11) was observed by NMR spectroscopy. 
Decomposition of 11 occurred slowly over a day at - 18°C. 
In the ~H NMR spectrum of 11, the appearance o f  a vinyl 
multiplet at ~ 3.9 coupled to a methyl group at 6 1.7 (d, 
J = 6.5 Hz) provided evidence for an exo-ethylidene group; 
a broad singlet at 6 1.54 was assigned to the methyl group of  

the "n'-propargyl unit and methyl singlets at 8 2.40 and 2.33 
were assigned to the inequivalent tris(p-tolyl)phosphine 
ligands. We are uncertain about the stereochemistry of the 
exo-ethylidene group but only a single isomer was seen. In 
the ~P NMR spectrum, doublets at 6 14 (Jpt,= 18 Hz, 
Jr,,, =4480 Hz) and 6 13 (Jr,|, = 18 Hz, ,ll,,v = 3330 Hz) were 
assigned to the inequivalent phosphine ligands. The synthesis 
of a number of -tr-propargyl platinurn complexes and their 
reactions with nucleophiles have been reported 15]. 

Similarly, the platinum hydride complex trans-1 (poCH~- 
C,H~)~P ] ~PtH(r/~:SiMe~C~CC~CSiMe~) ' BI~ ...... (10) re- 
arranged to the 7r-propargyl complex I (p-CH.~-C6H.~):~P] z- 
Ptl r;L(Me~SiCH=)CC~CSiMe~I ' BE~ (12) at - 28°C. 

2.9. Protonation of ph~tim¢m diyne complexes with 
CF~CO:H 

Addition ol 'excess CF~CO}t to a yellow solution ()ldiync 
c.mplcx I (C.i is) tP ] ~Pt( ~'1~ CH~C~CC~:~CCH t) (7a) m 
CD;~Ci~ produced an orange solulion of Ihe ~ropropargyl c.mo 
plcx transo (Ph:~P) ~( CF~CO~ ) PII rl j,, ( Eo, CH~CH~:~.~, )CC~Co 
CII~I (13) (60% yield by NMR in|emal slimdard mclh, M), 
which (lec~mq~(~scd I|pc)n al|cnlptcd i,~olati()n ( Schel~lc 7), 

The slructure of i3 was assigned spectroscopically. In the 
'~'P NMR speclrum, a single resonance at ~5 23.6 (,l|,w ~ 3280 
HI) was assigned to Ihe equivalent trans phosphines, In the 
~H NMR spectrum, a methyl singlet at 8 1.4 (Ji,,t ~'~ 23 Hz) 
was assigned to the ~CCH~ group and a doublet of triplets 
at ,~ 0.9 (dt, J . .  = 6.5 Hz, .It,t, = 2.5 Hz) and a quartet at fi 

4.4 (Jr|it = 6.5, Jr,in = 75 Hz) were assigned to the ~CHCH~ 
unit. The 75 Hz Pt-C=C=H coupling is consistent with a 
conliguration with Pt cis to H; typically trans couplings arc 
~ 135 Hz while cis couplings are ~ 70 Hz I ! 8 I. 

The t]lcl that protonation of the enyne complex 2a with 
excess CF~CO:H produced the ionic 7roallyl complex 3a, 
while protonation of diyne complex 7a produced the neutral 
rropropargyl complex 13, is a reflection of the h~wer stability 
of ¢r-propargyl complexes relative to 7r-ailyi complexes. 

2. I0. in situ trapping t~'a 7r.propargyl conq~lex by 
chloride 

Addition of excess LiCI to a solution of er-propargyl colno 
plex 13 containing excess CF~CO2H led to the i.,;olafion ot 
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Scheme 7. 

transo (PhsP) .~CIPt I rf-C ( =CHCH3 ) C ( CI ) =CHCH ~ ] (14) 
as a white solid. The isotope pattern of the molecular ion in 
the mass spectrum provided definitive evidence for the addi- 
tion of two equivalents of HCI to 7a in the formation of 14. 
The observation of a single resonance in the sip NMR speco 
trum of 14 at 8 23.5 (Jt~tP ~ 3000 ~;,~ ~ c~;iab!ir'~hed the presence 
of equivalent trans phosphines. Evidence for two different 
~CHCH~ units in 14 was obtained from tH NMR spectros- 
copy: one vinyl resonance at 8 6.9 (q, J ~ 6.5 Hz) was cou= 
pied to a methyl resonance at 8 1041 (d, J .... 6.5 Hz) while 
another vinyl resonance at / t  5.5 (q, J .... 6.5 Hz, J~,,,,~, ItX) 
Hz) wa.~ coupled to a methyl resonance at 8 1,40 (d, J .... 6.5 
Hz), 

While 14 is the formal i~rodtic! of the addition of HCI acro~ 
th~ triple boild of ! 3 and replacen~enl of tile philinlini bound 
tiit]tlor(tacelale by chloride, it i;4 difticull to cxp!ain lhc 
regiocbemistry of He1 addition across lhe triple bond hy a 
~imple ~ddiiion to the alkyn¢, The t~rinatiol~ of the ~r,2o 
butadienyl complex 14 can be explained by invoking ~proo 
pargyl intermediate D as shown in Scheme 7, We suggest 
that @opropargyl complex 13 may be in equilibrium with the 
ionic ~propargyl intermediate D. Nucleophilic attack of 
chloride at the centntl carbon of the propargyl unit would 

produce the metallacyclobutene intermediate E. We have pre- 
viously observed addition of soft nucleophiles to the central 
carbon of rt:enium 7r-propargyl complexes [3b]; more 
recently, the addition of nucleophiles to the central carboli of 
7r.propargyl palladium and platinum complexes has been 
observed 15]. Protonation of the metallacycle to produce 
~r-allyi cation F, followed by chloride attack at platinum 
completes the route to tro2-butadienyi complex 14. 

2.1 #. in sire trapping o f  a ~ropropargyl comple.t ~ by water 

When cxccs,~ CF~CO~[! was condensed into a yellow 
CH~CI~ ,~(lhtl i ! In ( i f  711 i l l  ih¢ presence ~ff WCl Incililul~l, ml 
ttl~;lllT¢ stlltllil~i! of rra~,t',..( l~hJ~)~(Cl:dC:O~)l'~l! '~1~,,(?(7 , 
.... Ci~t(?I!~ICOC!t:('H~I ( !5)  wa~ i,~roduccd (Scheme ,~}, 
SiliC'¢ allcillpl~ ll~ is~illllc !~ icd |~)dccon!i~(~silioiL ~.ily .,q~cc, 
iral cha,a¢leri~ation was po,~sible. :up NMR spectro,~copy 
provided evidence t~r a sh~tgc lllltior species with equivalent 
ItTIIlS phosphines ( ~ 22,7, Yi,~p '~ 3180 Iolz), ~H NMR provided 
evidence tbr an ethyl group with a CH: quartet at 8 !.76 (q, 
J=  7 Hz) and a CH~ iriplcl ai ,~ 0.47 (t, J~.7 Hz) and tt~r an 
ethyiidene group wilh a vin)-i reson;mce a| ¢7 6,23 ( J ,  ll ~ 7 

. . . .  P P h ~  0 PPh~ ~ O  
cF co  co ± _ W  Lmel . . . .  7 ..... 

phil, 1 c. o. \ )__. 

Sd~ll~ S 
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Fig. I. S-my crystal strucluw of rrcow( I%,I~)~ClI’II q’.C(%-=CHCH ,). 
C0CH2CH, 1 ( 16). Pknyl groups ;UL’ omitrcd for clarity. Sclcc~l bond 
Icngths (A) ‘and angles (“) for 16: PbC(39). 2.038(8); C(38)-C(39). 
1.389( 13); C(39)-C(40). l.477( 13); C(4OW. 1.221( II \; l+C(.\Y)- 
C(40). llS.l(6);Pr-C(39)-Cr~8). 12~.4(8);C(.19)-C!~,~)-.O, IIS.Q(X). 

Hz, .I,,,, = 2 Hz, J,>,,, = I IO H/.) and it 11~lhyI &MJhIcl irl ~‘i I .qS 
(J- 7 Hz). 

While proloni~lic~ll0I’pl;llilNllU ;rlkync COll~plCUCS IIt~rIlIiIIIy 

prtbduccs t*is I$-C-U-44 imils, IhC PI-C:=:C-l-l unit ol’ IS 

ClciWly ll3S ii ItYtNS ~Wlllclry. Wc SUg&$Sl Ihilt lllC CiS isomer 
llli\y bc Ihrnicd initinlly illld lllcll rcilrrilllgcd IO tllc obscrvcil 
Irrns conli~uc~liou hy rcvcrsihlc pr0l0Wli0ll ol’ IllC vinyl 
group ol’ 1-I. A siiiiihr rcvcrsihlc prolonulion wiis invoked 
lo cxplnin S~~illlll~lillg r)l’ doulcriuui iiilo boll1 lhc c*is iind 

/Iyms positions 01’ lllc vinylitlcnc of ?7-:lllyi collllh!x Jar 

( scllr*lllc~ s ) . 
13xchqc 01’ chloriilc wilh Ihc I~l:rliiuru~ I~ouiirl lrillIh~rc~- 

:#‘clirlc cd IS ktl lo lllc ischlitbu tbI’ Illc lhlillUIU clllorltlc 

L’4 rlnl’lr* s l1’tkll.\- ( I’ll ,I’) ,C’ll’l~ ?/’ f.‘( 7,. (‘I I(‘1 I \ )(‘( )(.‘I 1,. 
(‘I I, 1 ( If,) 111 IO’%’ ylcltl ;rlw lNlrIlil*;rllc,lr Iby lllllr I;ly~~l~~~Illo 

mir~~rgrr~plry ou sihcar gel. ‘I’hc ‘I I ml ” I’ NMR ~pcc~rir 01’ I6 
wcrc similar lo Ihosc of lhc Irilluoroacclrtlc auulog 15. A ’ ‘C’ 
NMK rcS(WiulCc 111 W I%6 illId illI IN INIIKI al IOS.7 Cl11 ’ 
providcil cviilcncc for 11 kctonc curbonyl. ‘lhc X-riI)I cryslal 
structure of 16 conlirmcd Ihc slruclural assignment ( Fig. I ). 

‘Ihc proposed mechanism for formation of 15 slarts with 
nuclcophilic attack on 111~ v-propargyl intcrmcdiatc by rcsid- 
Uill WillCr IO form lllCl~lli~CyClI~bUlCIlC complex C, fOllOWCd 

by proton transfer to prod&c hydroxy-ally1 complex H. It 
hus IMXI~ show11 previously thal protic nuclcol~hilcs add across 
platinum n-prol~argy I col~lplcxcs lo form similar n-illlyl COIlI- 
ploxcs 15 I. Subscyucnr altack of trilluoroacctatc a~ plaIinum 
would product the tr- 2-hutudicnyl COlllplCX 1. I~il~illly IilUlO- 

Iricrih.tlioir 01’ Illc Cool ol’ I lo II liclolk! gives IS. 

A~mpts to prcparc n-propargyl platinum ~omplcx~s by 
prolonalion ol’ phinum( 0) cnync complcxcs led inslcad lo 
eX0-vinylidcnc ?r-ally1 complcxcs. Unstable qropargyl 

complcxcs wcrc s~~~css~ully m& by protonation of plati- 
num(W diync complcxcs and products resulting from 
nuclcophilic idlack al the central carbon of the n-propargyl 
unit wcrc obtained. 

4. Experimental 

Manipulalions of air-sensitive compounds were performed 
either in a nitrogen atmosphere glovebox or by standard high- 
vacuum lmc tcchniqucs. Hexane, THF, THF-dH, ChHh,, Cc,Dh 
and dicthyl cthcr wcrc distilled from sodium and benzophe- 
I~OIIC. CHZCIZ ml CD& wcrc distilled from calcium 
hydride. Trilluoroacctic acid was distilled from phosphorus 
pcntoxidc. 

‘H NMR spcctrir wcrc obraincd OII ~1 Brukcr WP 200, WP 
270, AC 250, AC 300 or AM 500 spcctromcrcr. Yields wcrc 
dclcrmincd from ‘H NMR spectra using hcx;m~cthylbenzcnc 
as m intcrnul sIundard. “Cl ‘H) NMR spectra wcrc obtained 
on a Brukcr AM 500 spcctromctcr operating at I26 MHz. 
“I)( ’ l-l ] slwrra wcrc ohtaincd on a Brukcr AC 300 spcctrom- 
ctcr opcraling at I2 I MHz or o Brukc, AM 500 operating aI 
2025 MHz. IR spcclra wcrc mcusurcd on Mattson Gcncsis 
or MilIIson Polilris Fr-IR spc :lromclcrs. Mass spctAr;t wcrc 
dclcrmincd OII ii VG Au~oSpCc M IlIilbS spcmomcler. 
Elcmcntt~l ;rnr~lysCs wCrc pcrlhrmcd by Dcscrl Analytics. 

‘Ihis coi~q~lcs was prqxrrctl by IlIc l~rocciIurc rcporlcd for 

IIIC prq~;~r;IlioI~ 01’ ISI 1 IO I A soluticw 01’ KJI(T, ( 375 my. 
().‘)(I 11111101) I11 IO 1111 01’ I I;0 WilX ;llltllIl tlrtbl>WlSC 10 il rCllllX- 

lllg \(,l111101l 01' I'(( “,ll,, pf'll,), (SO0 rng. l.fd IlW~l) 111 

I$ ml CIIKIUOI. Alicr 2 Ir ;II r&x, IIW rcsuIliu&! did WIK 
lillcrcd, wi~slrcd with HJJ ( IS ml), IQOtI ( 25 ml 1 and ISI@ 
( IO iul) lo give I (j&Xl ,.-C’JI.,) J’IJ’ICI, as iIll Ol’l‘-Wllik 
solid (OS0 rng, 00% ) . ‘I’lrc solid wi\s dissolved in CHJI~ ( I2 
ml) and EtOH ( I2 ml ) at 0°C and cthylcnc was bubbled 
Ihrough the solution for 30 min. Addition of cxccss NaBH., 
( 200 mg, 5.3 mmol) suspcndcd in ErOH ( 30 ml 1 rcsuhcd in 
gas cvolulion and Ibrinalion ol’ it prccipilolc. The prccipilalc 
was liltcrcd, washed with HZ0 ( 30 ml ), EtOH ( IO ml) and 
C&J LQ,O ( 3 ml) IO givC lb (400 mg, 80%) iis iI gray solid. 
‘II .qMK (C,,D,,, 200 Ml-I/.): 87.60 (111. l-l,,), 63.3 (Ill, l-l,,,). 

2.72 (11. ./,I,, ‘= 3 HI., J,‘,,, == 60 HI., HJ’=CI-& 1, I .08 (s. 

/‘-Cl ,I ) ) . 

A solulion of ( Ph,P)ZP~( #-H2C=CH2) ( la) ( 1%) In& 
0.2 ~llil~0l) iuld cxccss 2-mcthyl- I -butcn-Sync ( 0.05 ml. 0-s 
~n~~~(~j) in hcw.cnc (2 ml) was stirred for 3 h. The solution 
was conccntratcd to 0.2 ml under wcuum, and hcxanc (20 
InI) was ad&d. ‘rhc rcsuhing prccipitatc was liltcrcd and 
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washed with hexane ( IO nil) to give 2a (95 rag, 6()~ ) as an 
ofi~-v~hile st)lid; m.p. (dec.) 13()':'C. ~H NMR (C,D,, 200 
MHz):/5 7.57 (din, H,,). 7.14 (s. Jp,u = 23 Hz, ~CH),  6.91 
( br d, H,,, and H~,). 4.97, 4.85 (br s, =CH2 ), 2.22 (br s, CH:~). 
~PI~H} NMR (CD-.CI:,, 202.5 MHz): a31 (d. Jpp=35 Hz, 
Jva, = 3080 Hz), 27 (d, Jpp=35 Hz. Jptr,= 3440 Hz). MS 
(FAB): calc. (obs.) for CatH.~,P:PI 786 (786). Anal. Calc. 
for C.~t Hv, P.,Pt: C, 62.67; H. 4.62. Found C, 62.28; H, 4.51%. 

4.4. /(p-CH,-C~H.,J ,PI,,Ptl ~:-HC = CC(CH.,)= CH,] (2b) 

Reaction of excess 2-methyl-l-huten-3-yne ( 1 mmoi) 
with lb (21(1 rag, 0,25 retool) in 5 rnl THF for 3 h followed 
by evaporation of solvent and washing with 20 ml ofhexane 
gave 2b as a white solid ( 126 rag. 57% ) ; m.p. (dec.) ! 46°C, 
tH NMR (CD:CI:, 3(X) MHz): ~ 7,25 (dd, Jm~=5 Hz, 
Jilil = 4 Hz, H,,), 7.15 ( dd. Jl.il = 5 HI, "11111 = 4 HI, H,,' ), 6,96 
(d, J ~ 4  Hz, H,,,). 6.91 (d, J = 4  Hz, H,,,'), 6.75 (dd, 
.lpt t = 1 !.5, 3 Hz. Jt, tua = 26 Hz),  4.67 (br s, o0t, 2 = 3.5 Hz, 
~CHH), 4,30 (brs, oh/~, = 3,5 Hz, =CHH), 2.30 (s.p-CHa), 
2,28 is, poCH~'), 1,99 (s, CH~), ~tP{~H} NMR (CD2Ci:, 
i 21 MHz )' ~$ 28,6 ( d, ,lye -=~ 33 Hz, Jptt, ~ 3540 Hz ). 24,7 ( d. 
Jr , ,=33 Iolz, ,ip,p~ 3440 Hz). MS (FAB): calc. (obs.) for 
C,~dq.t~P~Pt ~-" H 870,3 (870,2), 

4, 5, ( Pit ,t'L, Pt( ~:- Cl t  ,C-::.(~ CC>:' CCH ,) (7a) 

2,4. ilcxadiyne (2()() rag, 2.6 mmol) and |a ( 31~(1 rag, (),44 
l t l i l l t ) l )  i11 I()ml TtlF wcrc stirred overnighl and lhc ~(,ivcn| 
wa~ cv.~pora!cd, The yellow residue wits di~ol,,¢d m 2 ml 
'Nil: and 2()nil hcxane wcrc added lc~ gave ?n ( 140 rng, 4 ! ~/, ) 
a,, a ycll~w ,~lit.l; rap, (dcc.) 15~,"C. ti! NMR ((',,!),,, ~,(}(1 
MIi.~): ,S 1'~,I'4~:7,7 (Phi ,  2,4 (d, Ji'll-- ~ l!e', Jl'.t ...... 3,q It,', 
Ci t ,  I, l,b; Id. J I , i i  :"~ 3 ttz, '/i',il ~-<- 11'4 ttz, ( 'H~), ~lti{ I l l }  NMR 
(C!):( ' I : ,  2()25 M l i z ) :  fi 2R,6 (d, Ji,l, ~'o 33 !!z, J'V,p--3576 
Ii¢.), 274 (d, JH,~ 33 l lz, ,Ip., ~ 328(7 Hz), ~CI 'H} NMR 
(CI)~CI:, 126 MHz) '  a 128--135 (m, Ph), 134.8 (d, 
Jl,( , =  12,5 itz, C,),  125,3 (dd, J~,,:=72, 6 Hr,, C,,), 100,6 
( dd. Jr<' ~ 72 .9  Hz. C,, ), 95,5 ( d, .l,,<. ~ 5 Hz. ,#v,c = 25 Hz. 
C.), 12,(I (m, .Iv,c, = 37 Hz, Cc~CCH. hound alkyne), 5.6 
is, Cc~C(?I't,, free alkyne) (scc Schcnle 7 for assignnlcnls 
tit' C,,, tic,i, MS (FAB): talc, (obs,) tbr C,~IHa,P~PI 786 
(7,%), 

4,6. Iq~.Ctt ,-C~Ita) d~I.,Pt( ~: .CH,C~CC~CCH,)  (Tb ) 

Reaction of Ib (55 rag, 0,066 mmoll and 2,4-hexadiync 
(S rag. 0, I mmol~ m THF (3 ml) flu' 3 h. folh~wed by 
c~apoI'alion ~I" sol,.enl, and washing wilh pcnlanc (!(1 ml} 
gave 7b (40 rag, 6S~:~ ) as a while~-yelh~w solid. ~lq NMR 
( C,.,D+,. 20(} MH~ ): 6 7,8.7,5 ( m, I1,, ), 6,9.4',,7 ( m, l 1,, ), 2,44 
( d, .fv~ :-::: {x4 t-t/., ,]v,~ :'-~ 40 |L,, C/ta), 2,00, !,97 ( s, poCH ~s ); 
!,78 (d../,,,,~- 3.4 Hz..!~,,,,~.~ 2(} H.,. CH,) .  ~P{~H} NMR 
I CD,Ci:, 202,5 MHz ): 6 28 (d,.gp~, :~ 34 Ll~,3,,,,, = 3390 Hz), 
26 (d. J,,,, ~ 34 H~..Ip, p :~ 36 I0 Hz }. MS (FAB)  : talc. (obs.) 
lhr C,~d4~,P~Pl 797,2 (797. I ). 

4. Z I (p-CH ,-CeH4) ,P IePt[ r f  -( CH ,) ,SiC=-CC-CSi - 
(CH.,),I (8) 

Reaction of lb (50 rag, 0.06 mmol) and (CHs)~Si -  
C=CC=CSi (CH3)s  ( 15 mg. 0.077 mmoi) in THF (2 mi) 
for 3 h, followed by evaporation of solvent, and washing with 
hexane ( ! ml) gave 8 as a yellow solid (35 mg, 58%).  tH 
NMR (CD2C12, 200 MHz):  6 7.25 (m, H,,), 6.97 (m, H,,,), 
2.31 (s, p CHss),  0.11, - 0 . 1 5  (s, Si(CHs)~s) .  3'P{~H} 
NMR (CD2CI:,, 202.5 MHz): ~ 27 (d, Jpp=35 Hz, 
Jp~p= 3670 Hz). 26 (d, Jpp= 35 Hz, Jp~p= 3720 Hz). MS 
(FAB):  calc. (obs.) for C.s:H(,oP,PtSi:, 998 (998) .  Anal. 
Calc. for C.s2H~,oP2PtSi 5 C, 62.57; H, 6.06. Found: C, 62.92; 
H, 6.05 °~,. 

4.8. (PhcP):I't[rl'-It:C.~CC((7t,}:~:~('II, ]' Bt(~ (3a-BF4) 

Addition of excess HBF~,Et:O (0.05 ml, 85%, 0.30 
retool) to a benzene solution of 2~ (20 rag. 0.025 retool) 
gave a red-orange solution. Addition of Et,O gave a pale 
orange precipitate, which was fihered and washed wilh Et20 
( iO mi ) to give 3a-BF.~ ( i 5 rag, 69%) as a pale yellow solid. 
~F! NMR (CD:Ci> 200 MHz): 8 7.6-7.0 (m, C~,Hss), 5.63 
(din. Hd). 4.10 (m. Jv~ = I I.I Hz. Jpa~=31.1 Hz, H,:), 3.71 
(hr s. ll~,). 3.35 (m..Ip~ = 7.8 Hz, J,.~ -~ 33.0 Hz, H.,), 2.18 
is, ,lp,~ = 66,5 tl,', CH~) (see Scheme 2 for assignmems of 
H,,, c|c.). 'tPt~H } NMR (CD~CI~): ~ 23 (d, ,lp~,= II Hz, 
Ie.,'-~419() ! Iz),  15 (d..lep~:~ I I  Ib"., .,Iv,,,= 3300 Hz}. MS 
( I:AB ) : calc, (ohs.) Ibr (",~01| rA~'fl~tlll",~ ...... BI"., 786 (7801. 
Anal, Cah.'. l'of C,~,H ~ J':P't I]F~: C, 56,37; !i, 4.27, Found: C, 
5609; ii, 4.()4~);. 

4, u ( Ph ,!'):!'~/~1'/t:(', ( '(7 ( 7 1 , ) ,  ( 7/ : / '  ('1, ,( '(~: 
(3a.CF,( 'O~) 

CI::~CO~H ((),02 mmo~) was added m an NMR lipidic con° 
raining a CD:CI., solulion of 2~I ( tO rag. 0,013 mm~1) told 
C,,Mc,, ( internal NMR in|cgraUon ~|andard) m give a purple 
soluuon of 3a-CF.~CO~ (939; NMR yield), ~l-t NMR 
(CD:CI> 300 MHz): ~57. I-7,8 (Ph), 5,61 (ddd,,lma ,~ 17, 7 
Hz, .I.i, 3 He..le.,~ ~24 l-l,q H,~), 4.10 (dl, Jv~a .... i I, 3 II~, 
.llua .... 3 Hr. ,li,,i ~: 22 H~, H<), 3.70 (br s. ~,~:,-= ~ I-I~, Hh). 
3,34 (d, JMi = ,"~ Hz..li,,. ..... 34 l'It.. II,,}. 2.17 (s..Im,,~ ~-: 66 H~. 
CH~) (see Scheme 3 for ~ssignmcn~s of H.,. cw,)~l'I ~H} 
NMR (CD~CI> 121 MFI~,): ~'~23 (d.J~,~.~ II Hz..Iv,, =~ 4140 
H~. ). 15 ( d. Jm. '= I I H~. J,,,,. "=~ 3270 H~ ). 

4. Hk ,.¢{p-('L~, .(~H.,),PI:Pt/~ILH:C--.=C('~CH,)=.( 'He/' 
( 'F,( 'O:  (3b-CF ~C(~,) 

CI::~CO:H (0.02 retool) was added |o an NMR tube con- 
taining a CD2CI~ s~lutmn of 2b ( !0  rag, 0.013 retool) and 
C~,Me. (internal NMR inlegra|ion standard) to give a purple 
solution of 3b-CF.~CO~ (84% NMR yidd).  QH NMR 
(CD,CI> 300 MHz): 6 7.0-7,5 (o, m-tomyi), 5.59 (ddd, 
J~,la= 17, 7 H~, J . . - - -3  Hz, J~,~,,=25 Hz, H,j), 4.10 (d. 
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Jvtt = 12 Hz, .lv,n = 24 Hz, H~.), 3.63 (br s, ~o~2 = 8 Hz, Hh), 
3.30 ( d, J~,u = 8 Hz, Jva~ = 34 Hz, H.,), 2.37 (s,p-CHas), 2.13 
(s, J~,,H = 66 Hz, CH3) (see Scheme 5 fi~r assignments of H,,, 
etc.). ~tP{ ~H} NMR (CD2C! 2, 121 MHz): 621.3 (d.Jpt, = il 
Hz, Jv~v=4160 Hz), 13.7 (d, .l~,p= 11 Hz, Jr,,p = 3290 Hz). 

4.11. Trans-(Ph3P),(CF¢CO2)Pti  r lCH2C=CC(CH d=CH2]  
(4) 

CF3CO2H (0.06 mmol) was added to an NMR tube con- 
taining a THF-dr solution of 2a (20 mg, 0.026 mmol) and 
C~,Me, (internal NMR integration standard) to give a yellow 
solu|ion of 4 (73% NMR yield). ~H NMR (THF-d~, 300 
MHz): 6 7.2-7.8 (Ph), 5.77 (d, .l~n~=3 Hz, H,), 5,18 (s, 
J~,~= 122 Hz, H,~), 4.71 (s, .1~,,~=68 Hz, H,:), 4.27 (br s, 
o4/z=9 Hz, Hb), i.i 1 (s, CH:~) (see Scheme 3 |br assign- 
ments of H,,, etc.). 3~p{ ~H} NMR (THF-d~, 121 MHz): 627 
(s, Jp~v= 3290 Hz). ~aC{ "H} NMR (THF-dr, 126 MHz): 6 
159.6 (q, Joy = 38 Hz, CFaCO~), 148,4 (s, CCH~), 138.0 it, 
J~,c = 9  Hz, P|C), 135-128 (m, Ph), 120.'7 (s, Jes t=60 Hz, 
PIC=CH,),  118.5 (q,,Icv = 195 Hz,,ll~,c =44, Hz, CF~CO~), 
!i8.O (s, C ( C H : ~ ) = C H : ) ,  2(}.2 (s, CH:~). 

CF:~CO,H (0,03 mmol) was added to an NMR tube con- 
tahfing a CD2Ci ~ soh,tion of 2a (20 rag, 0.026 retool) and 
C,Me, (internal NMR in|egrathm standard) to give an 
orange solution of 4 (77% NMR yield). I H NMR (CD:CI~, 
3110 MHz): ~"; 7~2.=7.8 (Ph), 5.76 (d, ,I~,~ = 3 Hz, H,,), 5.24 
Is, ,Iv,,~ ~'~ 122 Hz, H,,), 4.75 (s, Jv,,~ =68 l Iz, H ) ,  4.34 (br 
s, ~,~: ~'- q l lz,  II,,), I, 12 ( s, ( ' I I~) ( scc Scheme 3 flu' as.~i1:n. 
mcn|s of H,,, ctc. ). '~P{ ' I I }  NMR (CD,Ci : ,  121 MHz) :  523 

4. 12. ( i 'h~t')fl ' t/ ' il '  ( 'tl A.'/(.'t '~ ,('~ ~: q '( ~ 't i , ) (7 t :  / ' 

(~l''rC('()) (.qa t lt j ( l  6a) 

CF~CO:H (0.02 retool) was added to an NMR tube con° 
taming a CD:Ci: solulion of 2a (10 rag, 0,013 retool) and 
C.Mc. (intcrnal NMR intcgration standard). Ahcr 16 h, a 
!:!.8 mixturc of 5a and 6'.a (62% combined NMR yicld) was 
obscrvcd. Anti-CH~ isomcr 5a: tH NMR (CDzCI~, 30() 
MHz): ~i 7.2-7.8 (Ph), 3.4 (m, Hh), 2.9 (d, ,iv~=9 Hz, 
,li,,i = 36 Hz, H,), 2.06 (s, ,/v,i-~: 54 Hz, Ceiltral CH:~), 1.22 
(dd, ,Ip,~ = 7.5, 3 Hz, J~,,~, = 24 Hz, anti-CH~) (see Scheme 4 
for assignments of H,, etc.). :~P{ ~i-i} NMR (CD2CI~, 202.5 
M|lz): ~ 17.5 (d, J~,v =, 13 Hz, J,,tp=~39311 Hz), 14.7 (d, 
,1~,~, = 13 Hz, J~,,, = 3580 Hz). Syn°CH:~ isomer 6a: ~H NMR 
(CI)~CI~, 300 MHz): ~5 7.2-.~7.8 (Ph), 3.3 (m, Hb), 2.9 (d, 
,/N~ .... 9 Hz, .Iv,, = 36 Hz, H,) 2.03 (s, ,l~,t~t = 62 Hz, central 
CH~), 1.12 (d, ,l~,~ ..... 4.5 Hz, ,lv,~ = 6 Hz, sy,-CH~) (see 
Scheme4 for assignments of H,,, etc.). ~P{l|-l} NMR 
(CD:CI:, 202.5 MHz): 6 17.6 (d, J~,~,= 12. I Hz, ,lp,v = 3810 
Hz), 14.7 (d, Jvp = 12. I Hz, ,Iv,r, = 3580 Hz). 

I ( t-  ( H r  (~ H~),P ]ePt[ ~?- C H¢C { ( t. ¢ ( O:)- 
C ( C H d C t t 2 ] '  CF,CO,, (5b and 6b) 

CF~CO:H (0.02 retool) was added to an NMR tube con- 
raining a CD~CI: solution of 2b ( 10 rag, 0.013 retool) and 
C6M% (internal NMR integration standard). After 24 h, a 
1:2 mixture of 5b and 6b (77% combined NMR yield) was 
observed. Anti-CH3 isomer 5b: ~H NMR (CD,CIz, 300 
MHz)" 6 7.0-7.4 (m, o-tolyl), 3.30 (m, Hb), 2.90 (rid, 
JPH = 9, 3 Hz, Jptn = 36 Hz, Ha), 2.380 ( s,p-tolyl CH3), 2.375 
(s, p-tolyl CHa'), 2.02 (s, JP~n = 57 Hz, central CH3), 1.20 
(dd, JPn = 8, 3 Hz, JotH = 14 Hz, anti-CH3) (see Scheme 5 
for assignments of Ha, etc.). 3~p{~H} NMR (CD,CI,, 121 
MHz)" t5 16.5 (d, J~,~,= 13.5 Hz, Jpt~,= 3930 Hz), 12.8 (d, 
,l~,p = 13.5 Hz, ,l~,w = 3580 Hz). Syn-CH~ isomer 6b: ~H NMR 
(CI),CI,, 300 MHz)' ,~ 7.0~7.4 (m, o-tolyl), 3.3() (m, Hh), 
2.84 (dd, Jp~=9, 3 Hz, J~,,H = 36 Hz, H,,), 2.39 (s, p-tolyi 
Cl-la), 2.36 (s, p-tolyl CH:~' ), 1.98 (s, Jv,~ = 60 Hz, central 
CI-I:~), 1.18 (d, Jp~=4  Hz, J~,a~=7 Hz, syn-CH3) (see 
Scheme5 for assigmnents of H;,, etc.). :~P{tH} NMR 
(CD~CI,, 121 MHz)' 5 15.9 (d, J~,~,= 12.6 Hz, Jp, p=3950 
Hz), 12.7 (d, J~,p= 12.6 Hz, ,lv,p = 3610 Hz). 

4. i 4. Trans-! (P" CH.~-C6H4)3P/2PtH- 
(~f  - C t l ~ C ~ C C - C C H d  ' BF.~ .... (9) and/(p-CHrCJt4) .~P]2-  
I t i t  I - ( ( . l t . , C H = ) ( . ( ~ C ( H , ]  BI;:~ (11) 

HBF.~.EI,O (5 txi, 85%, 0.030 retool) was added by 
syringe to a concentrated solution of 7b (20 rag, 0.023 retool) 
containing (;,Me, (in|crnal NMR intcgra|ion standa~'d) in 
(~I);~(~l:~ (0.3 ml) a| ........ 78'~C. The resulting purple solution of 
9 was analyzed by ~11 NMR in a probe pre~cooled to = 7Y'C. 
IIpon warlmng |o 28"C m the NMR probe, c~mversion of 
9 to 11 occurrcd. I:or 9: IH NMR (('D;,CI:, 73'>C, 500 
M llz): ,5 7.5.7.2 I m, II,, and H,,,), 2.47 ( s , / r ( ' i l  ~), 2.3(} (.~, 
,ll,,ll 45 Hz, CH~), 1.05 (s, CH~), -~o 9.13 (|, ,ivli ~' 9.7 Hz, 
,/p, jl ........ 139(I Hz). ~lp{iH} NMR (CI)~CI~, ~.,o 73°C, 202.5 
MHz): i~ 30 (br s, ,/!,,,,~.,:2750 Hz), For I l l :  tH NMR 
(CD2CI~, o" 28"C, 5(10 MHz)' 6 7.5=6.9 (m, 1t,, ancl I'1,,), 
3.9 (m, =CHCH.a), 2.40 is, poCH~), 2.33 (s, po('H~), !.74 
(d, J = 7 . 6  Hz, =CHCH~), 1.54 (br s, C~CCH~,..~lp{iH} 
NMR (CD~CI2, -33°C,  202,5 MHz): (J 14 (d, JM, ~ 18 Hz, 
Jr,, = 4480 Hz), 13 (d, ,/M, =- i 8 Hz, JP, v = 3330 Hz). 

• l. 15. 7 " r a , s 4 ( p - C l ! r C d t , J d % l ~ t t l  ,. 
(~I'?~SiMe ~C.~:~CC~:SiMe J ' BI(~ (i01 aml /(p°CI!~( '~tl ,ddJ],  o 
Ptl rl ~o(Me,SiCIi=)C('~:~ CSiMe~] ' Bl(~ (12) 

ItBF~.Et,O (5 p~l, 85%, 0.030 retool) was added by 
syringe to a C~nlccnlratcd solulion oi'8 (20 nlg, 0.020 |11mol) 
containing C,,Me,, (internal NMR integration standard) in 
CD2Clz (0.3 mi) at =-78°C. Tile resulting dark brown soluo 
|ion of |0 wa~ analyzed by ~H NMR m a probe pro°cooled 1o 
- 73"C. Upon warming to - 28°C in the NMR probe° c~m- 
version of 10 to 12 occurred. For 10: ~H NMR (CD:CI2, 
- 73°C, 500 MHz): 6 7,6-6,9 (m, H,, and H,,), 2.37 Is, p° 
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CH~), -0.12, -0.41 (s, Si(CH~)as), -9.24 (t, Jpu=7.6 
Hz. Jtaa = 1450 Hz). ~tp{ tH} NMR (CD,..CI2, - 73°C, 202.5 
MHz): 8 26 (br s, J p t p = 2 7 7 0  H z ) ,  For 12: tH NMR 
(CD,.CI:, -23°C, 500 MHz): 8 7.4-6.8 (m, H,, and H,,,), 
4.25 (m, =CH), 2.35, 2.33 (s, p-CHas), 0.04, -0.31 (s, 
Si(CH3) 3s). ~P{ tH} NMR (CD2CI., - 23°C, 202.5 MHz): 
8 16 (d. J p p = 2 0  Hz.  J p t p ' - 4 9 5 0  H z ) ,  12 (d, J p p = 2 0  Hz, 
J~p = 3030 Hz). 

4.16. Trans-(PIbP)z(CF.~COz)Pt- 
/ rf .( E.CH ~CH= )CC--CCH.d (13) 

CF~COzH (0.04 retool) was added to an NMR tube con- 
taining a CD.,CI~ solution of 7a ( 10 rag, 0.013 mmol) and 
C,~Me, (internal NMR integration standard) to give an 
orange solution of 13 (60% NMR yield), tH NMR (CD,.CI,.. 
300 MHz): 8 7.0-7.5 (Ph), 4.4 (q. JHH =6.5 Hz. Jpm =75 
Hz. =CH), 1.4 (s, J|,m = 23 Hz, ~CCH~), 0.9 (dt, Jim = 6.5 
Hz, J~,,=2.5 Hz, =CCH3). "~PI~H} NMR (CDzCI2. 121 
MHz): 8 23.6 is, J~tp- 3280 Hz). 

4.17. Trans.( PIbP),.CIPtI ~-C( =CHCH JC( CI)=CHCH.d 
(14) 

Table I 
Crystal data and structure refinement for 16 

Empirical formula C42H3,~CIOP.,Pt 
Crystal color, habit yellow prism 
Crystal size 0.40 × 0.40 × 0. !0 mm 
Crystal system monoclinic 
Space group P2 t / c 
Unit cell dimensions 
a (/~) ! i.9062(2) 
b (A,) 18.4314(4) 
c (A) 18.oi04(3) 
/3 (°) 107.907(2) 

Volume ( ~ )  37.60.88(12) 
Peaks to determine cell 8192 
0 Range of cell peaks (°) 2.5-26.0 
Temperature (K) 296(2) 
Wavelength (~)  0.71073 
Z 4 
Formula weight 852.2 I 
Density (calc.) (Mg m ~ ~) 1.505 
Absorption coefficient ( nun - ~ ) 3.918 
F(000) 1696 
R(F)  a (%) 5.15 
wR(F") ~ (%) 13.81 

R factors ate delined as follows: R ( F )  -~ 1~. F,-kF~.  11~.. F,, ; wR(F")  ~- 
({~w(F,," ~ F,")"I/F, Iw(F,"):I )~'~, 

CF~CO,H (0.04 retool) was added to a yellow solution of 
7a (100 tug, 0.13 retool) in 5 tul CH,CI:. Alter I0 rain, 
excess LiCI ( 100 rag, 2.4 retool) was added. Solvent was 
evaporated under vacuum to give a brown residue. Thin layer 
chromatography (silica gel, CH.~CI~) gave 14 (5 rag, 5%) 
as white crystals, 'H NMR (CD~CI:, 300 MHz): 8 7.0~7.7 
(Ph), 6,9 (q, J~,t ~6.5 Hz, CCI~CHMe), 5.5 (q, J~t, ~6,5 
Hz, J|,~tt ~ 100 Hz, PtC~CHMe), 1,410 (d, J ~  6,5 H~,CH~), 
1,402 (d, J~6,5 Hz, CH~). ~PI~H) NMR (CD~CI~, 121 
MHz): 8 23.5 (s, J~,~t, ~ 3000 Hz). HRMS ( FAB)' talc. 
lobs, ) l'or C~H~sCI:P~Pt 870,1474 ( 870,1467 ). 

rag, 10%) as white crystals. ~H NMR (CDaCI:, 300 MHz): 
8 7.2~7.8 (Ph), 6.25 (q, JHU=7 Hz, J p t H = l i 2  Hz,  

=CHMe), i.65 (d, J a ,  = 7 Hz, Jpat = 12 Hz, =CHCH3), 1.4 
(q, .I=7 Hz, CH~,CH~), 0.4 (t, J ~ 7  Hz, CH~CHa)..atp{ IH} 
NMR (CD~CI:, 121 MHz): ~J 23.9 (s, Jpt,~3120 Hz). 
I~C{IH} NMR (CD~CI.~, 126 MHz): 8 186 (C~O),  144 
(CH~-C). 128~.135 (Ph), 107 (PtC~C), 30.0 (CH~), 21.4 
(C~CCH~), 8.7 (CH:CH~), 

4.20. Xa'ay cO'stalh~graphy of tmnsqPh d~):CIPt ~ 
/,l  ~oCgZ° ~CHCHdCO0t:CIi:/(16) 

4, I& Transo(Ph,P):(CF~CO:)Ptl ~s.C(Zo ~¢1tCtt,)o 
CO Ctt~ Ctt ~ I (15) 

CF~CO:H ( ! retool) was added to a yellow solution of Ta 
( 100 rag, 0,13 tumol) in 5 ml CH:Cl~ and 5 ml MeOH. After 
3 h, solvent was evaporated to give I$ as a solid. ~H NMR 
(ffD~CI~, 300 MHz): 8 7.2-7.8 (Ph), 6.23 (qt, Jttu ~7 Hz, 
Jl, u ~ 2 H~, Jt,~u ~ I I0 Hz, =CHMe), !.76 (q, J ~ 7 Hz, 
CH~.Me), 0.43 it, J ~ 7  Hz, CH~fiHO, !.45 (d, J = 7  Hz, 
~CHCH~). nPIIH] NMR (CD:CI> 121 MHz): 8 225 (s, 
Jt,~t, ~ 3180 Ht). 

4.19. TrastsotPh ~P~:CIt't[ ~110CfZ° ~CItCIt JCOCH :CHd 

CF~CO,~H ( 1 retool) was added to a yellow solution of"/a 
( !00 tug, O. 13 retool) in 5 ml CH~CI~ and 5 ml MeOH. After 
3 h, LiCI (50 rag, 1.2 retool) was added and solvent was 
eva~rated under vacuum to give a brown residue.'~in layer 
chromatography (silica gel, I:1 hexane:ether) gave 16 ( i0 

Crystals of 16 suitable for X°ray analysis were obtained 
by slow evaporation e r a  CD~CI, solution. A yellow prism- 
shaped crystal of dimensions 0.40 × 0A0 × 0.10 mm was 
selected for structural analysis. The X-ray diffraction study 
was perfonned with a Siemens SMART cod area detector 
mounted on a Siemens P4 diffractometer equipped with 
graphite-monochromated Me K~ radiation ( A = 0.71073 A,). 
With the sample at X ~ 40°, the intensity data were measured 
as a series of 1210 @oscillation frames each of 0.3°/frame 
for 30 s/frame. The detector was positioned 5.26 cm from 
the sample. Cell parameters were determined &ore a non- 
linear least-squares fit to the settings angles of 8192 peaks in 
the range 2,5 < 0 < 25". Standard reflections for each data set 
showed no significant decrease in intensity throughout acqui- 
sition. A total of 13672 data was measured to 0,,~,,~ = 26.08 °. 
A semi.empirical absorption correction was applied that gave 
minimum and maximum transmittances of 0.596 and 0.958, 
respectively. The data were merged to form a set of 5907 
independent data with R,,,~- 0.0510. The space group P211c 
was determined by systematic absences and statistical tests, 
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Table 2 
Atomic coordinates ( x 10 "~) and equivalent isotropic displacement param- 
eters (~,-~ X 10 a) for 16 

~&--| 
- 1.02 i e , respectively. Crystallographic data are given 
in Table I. Atomic coordinates are given in Table 2. 

x y z U..." 

Pt(1) 
CI(1) 
P(1) 
P(2) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C19) 
C(IO) 
C(II) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C120) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C126) 
C(~7) 
C(28) 
C(29) 
C130) 
C(31) 
C(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C137) 
C(38~ 
C(39) 
C140) 
0(40) 
C(41) 
C(42) 

422(I) 
-25913) 
2263(2) 

-136512)  
23708) 
1378 9) 
1436 II) 
2516 12) 
3532 11) 
3463 9) 
278319) 
2636 14) 
3006117) 
3493q16) 
3648q!2) 
3287110) 
3443~8) 
4349110) 
5221,12) 
5114,13) 
4197,12) 
33479) 

-1443 8) 
-1372 9) 
= 13181 I) 
= 1307 10) 
=-1372il0) 
= 1453110) 
=258418) 
=360719) 
,o~451219) 
o~4425,11)) 

3384,9) 
...... 2452,~) 
..... 18,1881 
....... 2909( I )  
=3324 14) 
=2472 14) 
=1345 13) 

=988111) 
329115) 
879tl2) 

101218) 
1542tl0) 
1589110) 
1937(11) 
2314115) 

608411) 758511) 4811) 
491511) 7028(I) 72(1) 
580211) 751311) 47(!) 
628811) 778211) 4511) 
5615(4) 6546(5) 49(2) 
5590(5) 5908(5) 55(2) 
5452(5) 5160(5) 74(3) 
5338(5) 5063(6) 73(3) 
5354(5) 5681(6) 75(3) 
5506(5) 6429(5) 57(2) 
4999(5) 8091(5) 58(2) 
4955(6) 8828(6) !06(5) 
4346(7) 9288(7) 13117) 
3775(6) 9014(8) 112(5) 
3808(5) 8308(7) 84(3) 
4419(5) 784116) 64(3) 
6471(5) 7883(5) 52(2) 
6385(6) 8548(6) 75(3) 
693118) 881317) 99(4) 
7569(8) 8398(8) 99(4) 
7655(6) 7731(7) 81(3) 
7110(5) 7463(5) 62(2) 
7041(5) 8434(4) 49(2) 
6923(5) 9205(5) 65(3) 
751117) 969116) 84(3) 
821317) 9432(6) 80(3) 
8329(6) 8677(7) 77(3) 
774515) 8173(6) 64(3) 
6484(4) 6897(4) 46(2) 
6794(4) 6930(5) 53(2) 
691515) 6268(5) 59(2) 
673515) 5537(5) 63(2) 
6,120(5) 5514(5) 65(3) 
6289(5) 617815) 61(2) 
551114) 8242(5) 50(2) 
536116) 8130(7) H2(3) 
481217) 85~1(8) 111(5) 
4413(6) 9076(7) 91(4) 
4547(6) 9183(6) 84(3) 
508916) 8776(5) 77(3) 
7775(9) 6820(8) 13116) 
7682(7) 7635(7) 88(4) 
707115) 8055(5) 50(2) 
7078(5) 891216) 64(3) 
6508(4) 9266(4) 109(3) 
7754(6) 9345(6) 8113) 
7645(6) 10210(7) 116(5) 

"u,... Is defined as one third of the trace of the orthogonalized U u tensor, 

and confirmed by subsequent relinement.  The structure was 

solved by direct methods and relined by full-matrix least- 

squares methods on F 2 [20] .  A total of  424 parameters was 

relined against 5906 data to give wR(F ' - )=0 .1381  and 

S =  1.191 using weights of  w =  I / [ t r 2 ( F  2) + (0 ,0601P)"  + 

7.6831P1, where P =  IFo2+2F~aI/3.  The linal R(F)  was 

0.0515 for the 4697 observed ( I >  2 t r (1 ) )  data. The largest 

shift/e.s.d, was - 0 . 0 1 4  in the tinal refinement cycle. The 

final difference map  had maxima and minima of  1.416 and 

5. S u p p l e m e n t a r y  m a t e r i a l  

The atomic posit ional  parameters for 16 have been depos- 

ited with the Cambridge Crystallographic Data Centre. 
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