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Sumnary ------.- Phenylation of dichloro-~4-norbornadlenepalladlum either 

with dlphenylmercury or, more conveniently, with sodium tetraphenyl- 

borate gave dl-u-chlorobls(2 5,6-n-3-&-phenylnorbornen-2-yl- 

@-palladium) (IV) This reactlon provides the hrst deflmtlve 

evidence for a cis addition of Pd-R to a coordinated double bond. 

By contrast phenylatlon of dlchloro-n4-norbornadieneplatinue gave 

first [Pt(Ph)(Cl)(nor-C,HB)] and then [PtPh2(nor-C7HB)] and no 

phenylatlon of the norbornadlene could be induced ConlFlex (IV) 

underwent a reversible ring-closure to give the nortricyclenyl 

complex (VI), [pdCl(py)2(C7HB)]. on reaction with pyrldlne- In the 

solid state (IV) IS bonded ln a o,n-form but the homoallyllc form 

for (IV) and for related complexes is probably easily accessible. 

Nucleophlllc attack at a double bond coordinated to Pd(I1) or Pt(I1) 

generally occurs E- with respect to the metal Cl]. but it has recently 

become #?dely accepted that the dlrectlon of attack is very much a function 

of the nature and state (for example, of salvation) of the nucleopnile and 

its relative affinity for carbon compared to other electrophilic centres in 

the Rlo’lecule such as the metal. Prior to the work reported here on the 

phenylation of coordinated dlenes. a Comrmnication on which has appeared 

[37, no fully authenticated example oie-attack on a double bond 
coordinated to Pd(i1) had been observed but rn a number of cases mechanistic 

argua)ents -led to the conclusion that endo-attack was occurring [2]_ 

Atmtsto phenylate diene-palladium chloride cwaplexes using PhMgBr 

1 al! failed,Ionly bipbenyl and decomposition products could be ~olated. Other 

; ary&irtS age& #ete~investiga?zcl h&I of these_diphenylmercury~~as_ found to 
__ - - _-- 
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have good reactlvlty towards Pd-Cl and Pt-Cl bonds Purlftcatton of the 

product kas, however, saetlmes d~fflcult and tedtous and as an alternative 

phenylatlng agent for Pd-Cl bonds, sodIm totraphenylborate 1-1 acetone was 

employed. This was the reagent of choice here since tt gave clean reacttons 

and the product was eastly Isolated and purified 

Reactton of &chloro(norbomadiene)plat~num (Ib) with two equivalents 

of dlphenylmercury gave the known d~phenyl(~4-norbornadiene)p1atinum (III) 

[43_ The intermediate in thts reactJon. chloro(phenyl)(n’+-norbornadlenej- 

platlnut? (IIb) could be obtalned in 582 yield by treatment of (Ib) wtth a 

deftclency of dlphenylmercury or alternatively by mlxlng equ1molar solutions 

of (Ib) and (III). 

When the reaction con& tlons used to prepare (III) were appl led to the 

palladium analogue (Ia) the only product obtained das di-u-chlorobls(2.5,6- 

n3-3-endo-phenylnorbornen-2-yl-endo-palladium) (IV). Inatial n m r 

spectroscopic lnvestlgations indicated that the phenyl was attached to the 

ligand and the question of whether the phenyl was &- or H- to the metal 

was resolved by an X-ray structure dctennatlon [3] whtch shorled the 

endo-phenyl geanetry tndlcated, subsequent n m r. spectroscopic measurements 

(Table 1 and Experimental) supported thts assigrvzent. 

The arylation of (Ia) also proceeded in acetone using sodium tetraphenyl- 

borate and gave a 791 yield of the analyttcallj pure complex 

The presumed tntermedlate, (IIa), in the formation of (IV) could not be 

isolated or detected; furthermore all attempts to cause the chloro(phenyl)- 

platinum analogue (IIb) to rearrange to give an analogue of (IV) were quite 

unsuccessful. There was no detectable reactton on heating (Ilb) In chloroform 

or tetrahydrofuran either alone or In the presence of LlBr. SnC12, or nexa- 

methylphosphoramlde [(He2Y)3P=OI. Tnphenylphosphlne or dimethyl sulphoxide 

displaced the norbomadiene. 

The palladium u.n-complex (IY) also underwent a further rearrangement 

to the o-nortricyclenyl complex (VI) on reaction wtth an excess of pyridine 

fPY). This complex was identified by its n-m-r_ spectra which shmed the 

absence of olefinic carbons and hydrogens. Iii n.m.r-*a at O-54, 1.15 _ 

CH(6),H(2)1, 0 96[W)J, 1.02. 2.16. 2.60[H(4),H(3),H(5)]. 1.24[H(7)]. 

and 7-O-9.0 [phenyt and pyrldinel. 13C Z1H3 6 at IZ.O@[l& 15.9 

=-4W2),CW1, 35.1ECI7131 39.0. 43.9. SA2EC(3).C(4>,&(5)~, 124.3, 

125.O~py.5-C~, 137-2. 137.6[py.+C]. 152.5, 153.1[py,a-Cl, 126.3, 128-l; 

TB_I, X45:3 bhenyTI_ The obs&vation that the pkridlne resanaacs <a _ _ 

r~ _ 
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A similar spectrum could also be generated by mlxlng together equlmolar 

solutions of (IV} and (VI) and this suggested that the norbomenyl-rortrlcyclenj 

rearrangement was reversible. This was also lndlcated by the ldentlflcatlon 

of (IV) from a reaction of (VI) and dlchlorobls(benzonltrlle)palladlum ln 

chloroform, 

Pd(C1H8Ph)py2C1 + Pd(PhCl’$C12 -+ j[Pd(C,H,Ph)Cl]P + Pdpy2C12 

(VI) (IV) 

When (Ia) was treated with a large excess of dlphenylmercury, the 

phenylnortrlcyclenylmercury compound (VII), was formed. In separate 

experiments it was shown that this derived from (IV). 

DISCIJSSIO’I 

The use of dlphenylmercury (or phenylmercurlc chloride) as a reagent for 

the preparation of phenyl-mzta7 campounds is well-knmn and the use of 

phenylmercury as an ln situ phenylatlng agent for double-bonds In the presence _- 

of palladium 1s also well-establlshed as in the reactlons dtscovered my 

Heck [63 

Ph2Hg + PdClR -S “PhPdCl” + PhHgCl 

‘PhPdCl” + RCl’=CHR -, RCH(PdCl)CHRPh -, RCH=CHPh + Pd” + HCl 

However. deflnltlve proof of x-addition to a double-bond was lacking until 

lt was shown in the work described here that,in the product (IV) of phenylatlon 

of dlch7oro(norbomadlene)pallad1um, Ph . ..Pd had effectively added across a 

double bond It was not porslble to isolate or to obtain ewdence for the 

expected lntermedlate phenyl-palladium complex (IIa). but the platinum analogue 
(IIb) could be made, both directly by the phenylatlon of (Ib) and indirectly 

by a redistribution reaction of (Ib) and (III). 

However, neither the phenyl-platinum complex (Lib) nor (III) showed 

any tendency to cis-Insert to give the platinum analogue of (IV) under a 

variety of condo tlons _ It is interesting also to note that there is no 

e#ldence for the conblnation of a phenyl and a C7 fragment even In the 

mass-spectra of the platinum complexes (IIb) or (III). Yhereas (VII),and 

even (IV), which did not show a molcular ion peak, gave clear indications 

of the+presence of Cl3 units (e.g. at m/e 169 or 167 corresponding to 

Cl3H13 Or %Hll +) in the break-down, such peaks were conspicuously absent 

in the mass-spectra of (fib) and (IIll and indicated that even tinder the 
forcing corrditiuns of a mass-spectrmet~ +~henyI bond fomat~on dfd net._ 
XcrSr, me strmq&ea~ 4%tfre fpE%iJrm for both (ii&) anri-gmj eras, .I - 
at S/e E44, corresm_ing to q&a* C.i.e. &iffer@~, wM& tit ?GGE- -;- - - 
from the coupling t&her of two p&enyT _g$p_s,,_- _-:I- _ : - - _&_ -;~>~~-_- -.< ’ 
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The fact that the norbornenyl-palladium complex (IV) 1s formed even 

more conveniently and in rather better yield by reaction of (Ia) with sodium 

tetraphenylborate suggests that the Intermediate (IIa), though not necessarily 

the reaction path to it, are conmn to both These reactions are still 

under lnvestigahon [7] 

In connection with our identification of (IV) as the endo-phenyl isomer 

by an X-ray determination [3], 1 t IS also pertinent to cmnt on the 

evlaence in favour of the homoallylic form (A) Such a structure has been 

postulated for the exo-substituted complexes of type (VIII, M = Pd, Pt. 

R = al koxlde, acetate, X 

the ease with which they 

complexes (IX) [g-13] 

CL I 

I, P 
I 
-______ 

I 
PdX 

(A) 

= Cl, diketonate, etc ) [9] in order to account 

undergo ring-closure to give the nortricyclenyl 

for 

The arguments for the homoaliyllc form have been summansed and extended 

by Hughes and Powell [14], rfho have interpreted their 1% and lli n.m r. 

data in terms of a dlstortlon of the llgand away from the a,a bonded and 

tunards the hotnoallyltc form. Their argusmnt. which rests particularly on the 

application of the Karplus relation to &(H-H), and on the values of g(C-Pt) 

(in particular to C(2)) In the platinum canplex (VIII, R = acetate, 

HX = Pt(hfac)), unfortunately does not constitute final proof because the 

appllcatlon of the Karplus relation to strained organic systems is very 

difficult [15]. and because so little is still understood of the variation 

of chemical shift and couphng constant in llgands complexed to =netalr. 

Ye have analysed both the IH and l3C n.m.r. data for complex (IV) in 

the sanm manner as Hughes and Powell, The most Interesting feature of the 

comparison (Table 1) Is that the 1H chemical shifts and the values of &(H-R) 

are v&y similar in [SV) and (VXII. R = acetoxy. t4X = Pd(hfac)), with the 

eXUqt%On of course of H(3) which is exo an6 attached to a carbon bearing 

_Pbenyl in (rVJ_ and ts & and attachedto a car&m bearing acetoxy in (VI II f . 

Xt is slear fm fhese da- that (Wj and <VIII) have t&a sassa basic 

_strt~ctu~~of_the I_igand_ in solution, and fq impIf cazfon therefore any 
~-_- - _ _ - 
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arguments supporting the homoallylic form which are adduced to (VIII) must 

apply to (IV). This is confirmed by the ease with which (IV) cycJises to 

the nortricyclenyl form (VI). 

The X-ray structure determination of (IV) allows the following unequivocal 

statements concerning the solid-state structure of one norbomenyl ligand in 

(IV) [3)? 

(i) The metal is bonded to three carbon atoms [Pd-C(2) 2.04(2). Pd-C(5) 

2.25(2), Pd-C(6) 2.14(2)i] and is closest to C(2). 

(ii) The coordination pJaneoof the metal does nzt bisect the C(5)-C(6) 

bond but is closer to C(6) [O.SlA} than to C(5) [0.9AJ. 

(iii) The non-bonded carbons C(3) and C(5) are 2.57; apart and the angle 

LC(3)C(4)C(5) is lOgo whereas the distance C(2)-C(6) is 2.35; and LC(2)C(J)C(6) 

is 98”. 

The crysta? structure therefore shows that the metal is more strongly 

bonded to C(2) than to C(6) and particularly C(S), as would be expected for 

an asymnetric Q ,n-bonding situation. This bonding would not be expected for 

a homoallyiically bonded C(2)C(6)C(5) moiety where (based on the analogy to 

allylic-pailadium complexes) one would expect C(2) and C(5) to be at comparable 

distances from the metal and C(6) to be if anything a little cfoser. 

While-the closing of the tingle at the bridgehead carbons from 109” for 

C(3)C(4)C(5) to 98O for C(2)C(l)C(6) is consistent with a deformation to a 

homoailylic form. it is also to be expected for a a,%-form since C(2) and 

C(5)C(6) acl as the two ends of a chelate, and in particular as the coordination 

plane cuts C(5)-C(6) about on? third of the way aJong. 

In our view the most canpelling argument against a homoallylic form for 

the Jigand in solid (IV) is the distance (2.35i) separating C(2) and C(6)_ 

Some data on the lengths of C-C bonds of bond order & than one are available 

from the homoaromatic methane-annulene systems (IX-XI) 
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The transannular separations C(l)-C(6) in these molecules are 1 65; (IX) [16], 

1.72; (X) L173 and 2.14i (XL) [183, clearly sho*lng the homoaromaticity ln 

(IX) and (X) and the lack of lt ln (XI) Particularly interesting is the fact 

tnat the parent hydrocarbon of (X) IS a tnene and does not show any evidence 

for homoarorcaticity_ 

Ue therefore conclude that *n the solid (IV) the seParatlon C(2)-C(6) 1s 

too large for there to be any significant bonding betreen tnese atoms However, 

this does not rule out the existence of the nnmoallyllc form as an intermediate 

or transltlon state ln the potential energy surface linking t’re norbornenll 

and the nortrlcyclenyl forms It 3s even possible that in solution 

(XV) moves slgnlficantly closer to the homoa?ljllc form 

The formation of the nortricyclenylmercury complex (VII) had already bee1 

observed to occur on reaction of the E-acetoxynortrrcyclenylpallad~un complex 

(XII) with diphenylmercury [19], and similar reactions occur rrlth other 

organomercury compounds. 

o&, Ph2H9 + ,-::s, 
py;PdCl I 

HgCl 

UII) (VII) 

The mechanism of the formation of (VII) from (XII) is not clear but it may 

well occur via (1) a reversal tc the norbomenyl form fol lured (I I ) by loss of 

acetate and (ill) attack by phenylmercury on a norbornadiene-palladium species 

In the manner described here. The further steps would then be (iv) ring 

closure in the manner of (IV)+(VI) (but without the pyrldlne) and (v) Hg-Pd 

exchange. The eviderce presented here certainly supports such a mchanisa. 

EXPERMEYTAL 

Dichloro(norhornadiene)-palladium and -platinum cmlexes were prepared 

by literature methods [ZOJ. All reactions were catied o& under nitrogen 
except where indicated. 
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