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Abet-Bis(allylic)palkdium compkxes can be induced to undergo reductive elimination by replacement 
of phosphine ligands in the system with wuidic ligands. The product 1,5dknea, formed in high yield, are 
predominantly the ‘head-to-head’ coupled isomers. The bi@lylic)pdladiuminterme&a~uy be formed by 
addition of an dlylic Grignard or trialkyl(allylic)tin reagent to an ($-allyQpnlladium chloride compkx, or by 
1Jdkne condensation. The latter process leads to cyclodim&ation, ‘unusual’ for palladium catalyscd 
reactions. 

INTRODUCTION 

Of the many new synthetic strategies which &e 
evolved using transition me++-mediated proceests for 
C-C bond formation, t&ose based on orgqm-Pd 
intermediates have beq, prong $hc most hqimtly 
and broadly utilizd.‘-3,Ln.this context, the chqistry 
of (t+llyl)Pd(Ir) systems 
prominent role,2*3 

has qjoycd an @ipc&lly 
iq part because of the easq of 

preparation of theqe~,materials from allylic alcohols, 
halides or even simple ok&s. To a large extent, 
development of new synth&c.organic prooedure$ has 
been .focused on routes involving: attack by nu+o- 
phi@s on the co_ordinated allylic ligand as the key 
b@nd-forming step. 2*4 A complementaiy proqss for 
C-C bond formation involves reductive elh@ation 
from a diorgano-substituted Pd c&q&x, in which, 
commonly, an organo-Pd(@ h&de or acetate’reacts 
with another orgariometallic to give ibe key 
intermediate.s-ll In this latter context, xegi&emical 
control and adjustme& in rates of reductive 
elimipation can be accomp.&&d bx judicio~ choice of 
ligaqdafor the metaL9*’ 1 sina Pd will b@ s$qtively 
to one face of an allylic l@nd,[wee ste+ochpmical 
factors for the two faces qe d&erent~, stemospec%c 
reduqtive coupling reactions~ possible @ thi: broad 
stop; of organometallic.*nts which ti transfer 
organic groups onto PdQQ including. Mgs Hg6 
Tl,! 251,’ Zr’*‘O and Sn,ll makes: these &ccdures 
especially appealing in coqqept. in most 
however, phosphine l&an& haye been 
c&jun*on with either st@@@pe&icaOy or. +lyE 
callg utilized Pd species, and we have fouqd that the 
preslwace of such pho hine @nds ac@$y suppq+es 
the Fte of reductive e,: ’ lmlna tips from the diorgano-Pd 
intermediate and enabies undesirable decompos$.ion 
pathways to compete with ii In this pape~w&cuss 
our approach to the aqtivt$ion of(allyli@d com&xes 
tow+4 reductive e&qir&on in the conteqt,.of the 
development of metho& to effect specific hi& yieJd 

geon+cal integrity substituted ally& m+tjae, 

allylic transposition, and, especially, in scrambling of 
$Ie d&rent ailylic units to. give complex mixtmw of 
homo- axid crosscoupled prod&t&” 

Several approa&es to the problem of elR43ing 
speci6c ally% crtiupling hti uti!izcd triumition 
metal reag&its: Rtion between (qs-aliyli@Ni halides 
and allylic bromides, however, ge&ally results in 
formation 6f piixtui& of douplod products, amibuted 
to rapid exchange between Ihi allylic’haliifcand the 
allyI iigahd on W;*3 Pyrolysis &Ti alkoxides% aH)trc 
akohols,1* O&K! ampling ofa@iic halitipiom&d 
by ldti-valent diet+ species” have also bum 
develdped, but nbcspecillc coupling results; likdlydti 
to formatiah of in&me&&y ‘allylic radi&. ‘site- 
sd&tGt;o;ti~observedinP~~ 
copplia&etw&n altylic hali& or aa%atu an&RjG 
Sn *. m ‘don occltrs &&,. ‘MC 

transposition of the Sn’rca!@t+iich ‘sUggcst$ that 
bond formation takes place by attack of the allylic Sn 
species directly upon th& (q3-@lyl) lied of the’P(1(Il) 
complex.16 U~ortunately, as&eaQlic tern&i of the 
Sn reagent’ become more +&stitut~ yiekis for this 
process f&B. We and : 6t&d’ have found ihat 
terminaity-substitnted di(aIlyl)Pd(?I)~compo&dd do 
not themGl!p redu&vdy eliminate, as do tin% Ni 
analogs: Rather, F-hydride tr&sfei &actions ‘occur 
prefere@ally which rtsuH fn forma&n ofan oief3n and 
al,3-die6e.Ruiudti~6lim&dMcaribeinducedEtpm 
a variety of ‘~c ooniple~cs; fti example, 
oxidatirt method3 have bccxi demonatrat&lY ‘to 
acoompiish thi6for several dior@no trtitiop metal 
systems.ls TcmpiZ et al.3 have ‘found that maleic 
anhydride or other n-acidic li&ds will induce 
re4lucti* elimination of a l&Uiene from an 
(ailylic)Pd(alkenyl) complex and we have itow used this 
approach to prepzire lJ-dien& 

slD1cIu0METRIc cRosEcoui%INc 
OF ALLYLIC UNI’IX 

:‘ 
Synthesis of Pd(allyl)(ollyl’) 

To accom lish; 
necessit4ttes tg 

selective .‘aUylic.* cross-&pling 
e preparation of an unsymmetricaUy- 

substituted di(allylic)Pd complex. Grignard reagents 
have been used $I the preparation of synttt&t&~& 
substituted di(ally1) ~timplexes bf many tia&ion 
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R 
R metal in the n-ally1 complex has been demonstrated to 

Pd\ t CLMQV 
Eta0 

‘-2/ 
o * (Pd) 

0 0 co-ordinate only to the face of the allylic unit tratts to 
the methoxy suhstituent.23 Ligand-induced coupling 
procedures resulted in high yield formation of two 

I 

2 

I(; \ u \ 2 ““’ 
products (6a-6b, 2.4: 1); Roth of these’were shown to 
have rrans geometries by ‘H-NMR decoupling and 

-R- 
NOE experiments (Scheme 2). Irradiation of the 
methoxy group in 6a showed nuclear Overhauser 
enhancement of signals for protons 1.24 and 6a. Sina 

2 
A 

-N+R N(RW 1 Jld. = 8.4 Hx, both ring substituents must occupy 
equatorial positions, truns to one another. Similarly, for 

Scheme 1. 6b, J1_6, = 8.9 Hz and J1_2 = 8.4 Hz, clearly demon- 

Scheme 2. 

metals including Pdi9 However&h&r of an allylic 
Grignardreagenttoan(q3-allylic)Pdhalidecomplex(1) 
results in formationof homocoupled l,&lienes as well 
as cross-coupled,ones upon induced elimination (see 
below). Ligand meta&@ must be possible, therefore, 
and scrambling of allyhc units results. 

Dioxane can be usalto precipitate Mf and Li halide 
salts as adducts from ethereal solutions, O and we note 
that when several equivalents of dioxane are present in 
solution prior to addition of the Gr&nard or Li reagent, 
only the desired crosscoupling product results on 
induced reductive elimination. Unsymmetrically sub- 
stituted di(aIlylic) complexes (2) maybe iso4t.b.i using 
thismethodasthermallygnsitivesolidswhichcouldbe 
characterized by low temperature ‘H-Nh5R.t When 
reductive elimination from these isolated compounds is 
effect4 the l$dicna is produced quantitatively. 

Stoichiom&ic coup&tg procedures 
Simply warming a solution of 2 results ,m formation 

of the 1 Jdiene, but only in very low yield : /J-hydride 
transfer occurs predominantIy to form equal amounts 
of ole6n and (noncoupled) l$dieqe. However, when 2 
is treated with a r+cldIc &and, successful coupling 
results?’ which also occurs regioselectively. Electron- 
deficient ok&s, such as maleic anhydride or 
furnaronitrile, were found to be especially effective in 
this capacity, and wquinone was noted to he less so 
(Scheme l).# The n+ting distribution of l&lienic 
products heavily favoqs coupling at the least hindered 
ends (‘head-to-head’),of both allylic units (Table 1). 
Given the facile sy+ntf rearrangement of substituents 
in $-allylic t&s via corresponding r$-allylic 
isomers,22 the E, Z selectivity for the olefinic products 
formed is controlled by steric factors in 2, and not by 
those of the starting materials. Sign%cantly, we note 
that addition of phosphine ligands suppresses the 
coupling process. 

Stereochemistry and mech&ism 
Thestereochemicalcourse ofcoupling was examined 

in two cases (Table l;e&rles% and 8). In entry 6, the 
.I .‘ 

t A set of at least four iso& may be seen by *H-NMR. 
# A carbon monoxide atmosphere also included the same 

selectivity in coupling but in low ybelds. 

strating axial locations and a trans relative wn- 
figuration for the ring substituents. Transmetallatlon, 
followed by reductive elimination’ (net retention of 
configuration in the coupling step) can, therefore, 
account for the coupling sequence. 

The stereochemical course of coupling was also 
probed utihxing steroidal complex (Table 1, entry 8) in 
which the metal is bound to the a-face. Overall 
retention of wnfiguratlon was observed for the C-16 
coupled product (C-C bond formation occurs on the 
a-faa). This was proven by spectral comparison of 
hydrogenated product with the hydrogenated product 
of an authentic material’ (Scheme 3). A small amount of 
C-2ocOupled ‘product was also isolated and was 
hydrogenated. Spectral analysis proved this to be 
identical with hydrogenated cholesterol which had 
been appropriately protected at G3, demonstrating 
retention ofwnQuration in the wupllngstep here too. 

Regiochemical results for allylicallylic coupling in 
the steroidal case stand in ‘marked contrast to those 
noted for malelc anhydridelinduced reductive elimin- 
ation of a l+diend’from an (~3-allylic)($-alkenyl)Pd 
intermediate; in the latter case, preferential coupling at 
c_2ooccurred. In fact, regiochemical results for allylic- 
allylic coupling in the steroidalcase are even different 
from those noted for a ‘model’, monocyclic system in 
which wupllng predominates at the ‘exocyclic’ C 
(Table 1, entry 3, a, b). It is known that di($-allylic)- 
Pd(I1) complexes are configurationally labile with 
regard to interconversion of syn and curti isomers. This 
interconversion could occur through intermediary 
($-allylic)($:allylic) isomers. In fact, phosphine 
adducts of di(aIlylic)Pd species show this ligand 
arrangement. 24 We have examined a series of 
unsymmetrically-substituted di(allylic)Pd wmplexea 
by ‘H-NMR which involve increased steric liindrana 
for one of the allylic ligands. We note that, as steric 
hindrana increases (and the steroidal case repmsents 
the upper limit for this phenomenon), signals in the ‘H- 
NMR spectrum, which can be attributed to an (q3- 
allylic)($-allylic)Pd complex, grow. Thus, it may be 
that ‘head-to-head’ coupling by reductive elimination, 
which predominatis in small’allyl ligand cases, derives 
from the the bis(q’-aIlylic),titerial and that ‘head-to- 
tail’ coupling by reductive elimination predominates 
from the mixed allylic isomer. The possibility of 
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Table 1, Resultr of _ iad allyMly1 coupling 
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Entry [(dlyUclPdCI)~(I) t M N -2~ Products 0) 

0CH3 

4 

\ 
2,’ 

‘Pdcl), 

“” 
R=-OAc,-SiMe,(t-Bu) 

9 

96= 

98 

83 

98 

68 

96 

58 

’ Denotes GC yields ; all others arc isolated yields. 

competing direct and conjugate elimination reactions MS used as the oxidant, substantial amounts of allylic 
varyingas.a_function of &rea#ug steficsize 
the allylic piuii~ers ‘in a bis(ally&) compliix, : 

f one of chloride and (aIlylic)Pd chloride complex were 
owewq obtained. Allylic radicals ‘are known to react with 

cannot be ruled out. iridium halides” to give allylic halides (Reaction 1). 

no regiochemical selectivity (Table 2). When NaJrCl, 

CH&H-CHZ t Ml;- 5_ CH,=CHCl+CI + IrCI&- 1 I 1 

Furthermore, oxidation with iridate under 0, 
Cbis(allyl)Pd is stable to O,J produced 2-butene-24 
and 2-butene-2-a; these are li&ely to result from 
decumpositioqofperoxide radica&26 fern+ by rapid 
trapping of allylic radicals by Oi. TdW to&ether these 
results suggest radical decomposition or competition 
between reductive elimination and radical de- 
composition of the singly oxi&& Pd intermediate 
(Scheme 4). Similar oxidation-d&v&d mdiad de- 
composition pathways have been suggested for 
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Table 2. Product distribution for oxidation of bis($crotyl)Pd 

0 (Pd) [oxl Products 

Oxidant w d & Other’ CeYicldK 

NO,lrCI~ 38.1 15.1 29.4 27.2 42 
(NH&Ce(NO& 33.7 17.2 31.2 17.6 35 
cuc12 37.8 16.2 32.1 13.9 II 
ElectrolyrisC 40.6 12.4 36.7 10.2 34 

’ Unidentified C, materiel. 
b Oxidant added to MeCN solution of bis(ally1) at - 30”. 
‘Ionic medium 0.1 hi Bu,NBF, in MeCN; reference electrode SCE; Pt working electrode; - 30”. 

Cl6 

diorpo traiwition metal complexes of Fe,27 Pt2* and 
Ni.2 

Expansion in scope of the coupling reaction t&g 
organo-Sn reagents 

Orgwno-Sn reagents have been used in vari&a Pdt 

Y’\ 
catalyacdcro8s.coupbgreactir#lslnvolvingtr~of 
anqqanicgr~dkctlyt0thcmetalinaP~(II) 

A+ 
K 1 (Pd” + \-+ Fd’ intcPmediate.3~ C#fpp~-Sn cqmpounds are tolerant of 

I 

many fwctio&~ an&@us, avoid limitations in 
use feud for tbamoqc reactive Grigmud reagents. 
Tria4~yl(aUyl)S8 .qjpqowb w easily prcparcd and 

\- 
hau~bcen fo~k~t~y~~o~excl~ively 
to Pd(.lI) in tbu SQQLmpt al sthcr types of coupling 

ScJleme 4. reactions.30 ‘, 
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Entry 

I 

2 

0 

@ 

[(ALlylicIPdXlz (11 + R@vR’ - L Productsb (3) Yield (%j 

(< ) 
WC\ 2 + Bu,SnV w 49 

\ 
(“dCL)z 47 

\ 

3 

4 

5 

6 

7 

Me 

6 2J + Bu,Snv 

‘%dc1)2 . 
7e” (3: I) 

67°(16.11 

l Dqot+ isolated yields ; all others were detcmkcd by vpc analysis. 

When triaAkyl(allyl)Sn reagents wen stirred with 
(allyl)Pd chloride in ether at low @nperature (.- 357, 
followed by additionofmakic anhydrideand gradual 
warming to room tampcraturr, high. ~24 bond 
forming yielda rest&d @able 3). Coupling~occurs 
r+g&pe&adIyjoirlingthele-asthin&rod.~of 
the allylie@and& withselectivity that is &n&al .to 
that obtasaed from @formed bis(allylic)Pd com- 
poundsprepa&fromGrignard~tThat 
functional- @up. tolerance can exist un&r these 
amditiolWHas also demou@ated (Table 3, entry 4, for 
example). Since triorgano-Sn halide residues of 
transmetallatioe are soluble in ether, some ligand 
metathesis occurred leading to homocoupled products. 
This could be suppressed somewhat by Jowering the 
solubility of these halide residues using ether-pentane 
as solvent and triphenyldn reagents. Stereochemistry 
of coupling at the allylic partner was demonstrated 
using a trans<methoxy)cyclohexyl($-allylic)Pd com- 
plex (Table 3, entry 6). Overall retention of 
con@ration :qccurs at carbonJ substantiating the 
notion of a -on-reductive elimination 
=l=n= 

Catalytic coupling interception of intermediates by 
ma&c anhydride 

The scope of allylic cross-coupling procedures could 
be broadened further by utWiag organ&n reagents : 
unlike Grignards these species do not react with maleic 
anhydride which, therefore, renders catalytic coupling 
s&mu mble. Wrming460”) of allylic %br;foryents 
withdlylial48lif.&8inTHFilltbepn#noed~ 
amounts of maleic anhydride and (q”-allyl)Pd halide 
precatalyrit resulted in n&ioseleotive cross-coupling 
betweentheSnspe&aandthehaMe.Asshowsin 
Table4,cou~gsdbctivityisidenticJtothatabhined 
utiUzing stoicbiometric procedtuea(allylic ha&lea and 
allylicSnreagentshavelMepropensitytoreactby 
theI.osclVBs). In these coupling sequences, although 
turziovem based on the metal are .high. some 
homocoupAing is also noted, given the solubility of 
organMa halide n&d- in the reaction medium. 

The 9wndtq .de8eribed abow~ o&r an inteaesting 
00-t totbeP&eatalysedcouplingreactionofaUylic 
Sn. spc&s which occurs in the *absence of maleic 
anhydrW6 and which aptly occurs by. direct 
nucleophilic attack by the Snureagent upon .tlac (q’- 
allylic) l&and. d. Pd(II). (and with .jarcsumad tauti- 
s-try). simx .oqam-sn apqoial CaJJ iafact 
trauafe% .allylic units to w(n), this obae,watin of 
products fbrmed by dinecwzttuck may aimply be ttw to 
the inability of a reoeMAy ‘formad bis(all&Pd 
complex to redWively eliminet8 w&&e reaction . . 
co#amM umplopd (ScBane !5)4 h the pltmwwc of 
maleic anhydride, &tta& by the.%-a&tic tigand upon 
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Tabk 4. 

Entry Reogrntr’ 
Cotolyrt precursor 

kquiv.*=) Condltlonr Productr~ 
Yield l 

(X) 

3 Ll 6u3Snv None THF. 25. 
,I 

0.1 

THF, 25O 
” 

36 

~(~3-allyl)PdC132, 

5 o^” b3nV I% THF,x*r 64 

6 NBr 
C(~3-allyl)PdC11,, 

Me3sn*al2R I% THF, 50. w a&Et 35 

‘Halides used were a cotibination of both ally& trausposition isomers. 
b Based on the Sn reagent. 
’ M&k anhydride added (5% equivalent) in all cases. 
* > WA E, E in all casea where appropriate. 
*After 12 hr. 

0 

c I 0 

AX _Y 

X 

sclmne 5. 

the di(allylic)Pd intetmediate can occur to give ‘head- 
to-head’ coupled products by reductive’eRmination.3z 

Znterccpticn by maleic anhydride of bis(allylic) inter- 
mediates formed by butadiene dherimtion 

Coupling reactions derived from transition metal 
bis(allylic) species to give 1,5dienee are best 
represented by the ,general class of oligomerixation 
reactions of 1,3dienes. For Nkatalysed cyclo- 
oligomerixation,elegant mechanisticelucidation has 
demonstrated the presence ofbis(allylic)intermediatea ; 
the distribution of reductive cydixation products can 
be controlled by the addition of various phosphinea33 
Many Pdcatalysed reactions of butadiene have also 
been well developed, including dimerixation, teleo- 
merixation and carbonylation.5* Palladium catalysts, 
however, have ken thought to behave in a very 
different manner than Ni does. Classically, reactions 
involving Pd with butadiene rarult in the formation of 
only linear dimem and trimers, and an explanation 
usually offer& to account for this difference in 
reactivity between Pd- and Ni-based procedures is 
based on the supposition that the larger size of Pd 
relative to Ni prevents ring closure of intermediary 
bis(allylic) complexes in the former case. 

An alternative explanation can be formulated to 
explain this dilference in reactivity of Ni complexes vs 
those of Pd which, in fact, invariably incorporate 
phosphine liganda Not only might ,theae phosphines 
stabilize W(0) intermediates, they niight also inhibit 
the reductive elimination step necessary for the 
cyclixation prccess to succeed. As we have already 
noted above, bia(allylic)Pd comphkea areless prone to 
spontaneous reductive elimination, than are Ni 
analogs; the fknmer require the prekce of n-acidic 
ligan& to induce reductiveelimination. In fact, we 6nd 
that replacing phosphine ligands by maleic anhydride 
in Pd-catalysed reactione of butadiene completely 
changes the course of the reaction; When a THF 
solution of bia(allyl)Pd is added to a THF solution 
of butadiene and maleic anhydride at -3O”, cyclo- . . 
dmenmi product is formed exclusively ; only a 
single product, vinylcyclokxene, is produced. Faster 

dimerixation rates are noted at higher tempera- 
ture; even under thare conditions (Table 5) the 
predominant product is still vinylcyclohexene. A 
similar reaction course occurs in methanol. and 
cyclodjmerixation occurs as rapidly as does teleomerix- 
ation ‘(Table ‘.‘3, ept$ ?‘$). In ‘contrast, utilixing 
‘conventional’. pho@in.e+@iking Pd complexes 
as catalystq3! teleorki#i& products are nearly 
exclusively produced. Isoprene can be cyclodi- 
merixed using:phoeph&devoid Pd catalysts to give 
all four isomers of the dinkrs (Reaction 3). 
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Table 5. 
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/ 

COlalySt 

.-4 
Product ytelds hnoll 

\ 
Tmq~ Time Add’n’ Xconv d 

mfY cai0lyst, tlmol PC) (hr) Sdvmt dMAH C&6 4-vCHb l,3,7-OTe 1.3,6,11-oTd”Other* 

I @de 0.13 85 14 THF yes’ 68.4 26.7 2.2 

2 Qw,) 0.20 40 14 THF yes* 41.9 21.6 0.7 

3 (‘“2 0.20 -10 24 THF yes’ 9.1’ 2.2 

4 ‘$Pd’\ 0.25 60 14 THF no 6.0 I .9 0.3 

5 @d$ 0.20 90 I4 THF no 3.1 0.4 0.5 

6 (Pdl) 0.13 40 68 THF no 6.8 0.29 I .4 

7 none 95 14 THF no 0.32 0.44 

8 none 60 14 THF no 0.10 0.52 

9 none 25 30 THF no 0.06 0.08 

IO PdlPPhd, 0.25 60 I4 THF no I .83 0.23 0.16 0. IO’ 

II Pd(PPh,l, 0.20 95 I4 i-proponot no 16.4 2.3 5.6 

I2 dPd)) 0.20 50 14 CH,OH yes’ 44.0 3.1 3.92 

’ MAH, Makic anhydride ; x, five equivalent added ; y, 1.1 equivalent added. 
b 4-Vinylcyclohcxene. 
a 1,3,7-octatriene. 
* 1,3,6,11-Dodecatetriene. 
o 1 = Unidentified C, material (MW 108); 2 = includes cls/trw~~ dombination of l-methoxy-2,7-cctadiene 

and a very small amount of 3-methoxy compound. 
’ Reaction at low temperature ; still in progress. 

h /\ - ‘HF. 800 

cat. O-0 

0.2% W(OI \ \ 

21.2 58.8 

We believe that the mechanism for phosphine- 
devoid Pd-based butadiene cyclodiirixation pa& 
lels the N-based route and invoivea initial formation of 
a bis(allylic) intermediate, followed by reductive 
elimination. It is interesting to note that, whereas 

2w + “Pd(0)” - 

(41 

bis(allyl)Pd requires the presence of maleic anhydride 
(to induce reductive elimination of the diene) in order to 
form a good cyclodimerixation catalyst, alkyl- 
substituted allylic Pd species do not require this added 
n-acidic ligand. These latter compounds, however,can 
deoompose to Pd(0) at low temperature by the hydride 
transfer based procedures described above. In light of 
these results, there is reason to doubt the commonly 
held supposition that the catalytically active species 
derived from thermolysis of bis(aUyl)Pd36 .is ,jn fact a 
zero-valent metallic species : although the me&a&m 
for thermal decomposition of bis($-allyl)Pd is as yet 

t The oligon+ation of butadiene catalyzed by spe&a 
derived from thol~sisofbiiallyl)Pd has been found 9 give 
only Hneq t&era. 6 The catalysts were pnparod by 
thqnal dewmp&rition of bh(aUyl)Pd and similar observa- 
tidti have bedn noted in Table 5 (entries 4 and 5). 

/ / +-zr 31.6 % 

conversion ( 3 ) 
\ \ of isoprene 

14.9 5.1 

unknown, it is likely not reductive elimination. Linear 
oligomerixation using phobphine ligand-substituted 
Pd(0) catalysts may result from an inhibition of 
reductive elimination steps by these phosphines (It has 
been reportedt that PClrsubst.ituted Pd complexes 
can be used to prepare vinylcyclohexene from 
butadiene. In this case it may simply be that this weakly 
donating ligand may not stabilixe the intermediary 
bis(allylic)Pd complex against reductive elimination 
and, therefore, indirectly allows that process to occur.) 

CONCLUSION 

We have described observations which show that 
C--C bond formation by ligand-induced reductive 
elimination from di(allyl)-substituted PdQI) complexes 
is -a powerful technique for accomplishing stereo- 
specific coupling of allylic units with regiochemical 
control. We have found that the critical bis(allylic)Pd 
intermediates can be prepared in a variety of ways : they 
are readily available from Grignard reagents or from 
triorgano(allylic)Sn species and can be generated by 
condensation reactions of dienea In general and in the 
last case specifically, our results show that commonly 
held wnceptions concerning the ability of 
bis(allylic)Pd species to undergo facile reductive 
elimination are not entirely accurate: whereas these 
species do not undergo sponmneous reductive 
elimination readily, they can be made to do so by the 
simple expedient of replacing phosphlne ligands by II- 
acidic ones. Perhaps it is due to the historical use of 
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phosp~n~b~ organo-Pd complexes that the 
reactions described herein had not been discovered 
earlier ; we ktticipate, therefore, that other processes for 
forming C-C bonds by reductive elimination from 
organometalIic intcrtnediatcs which have been de- 
veloped from a phosphitte Iigand-baaed historical 
perspective can be rendered more efficient through 
judicious consideration of the removal of these ligands 
or of their replacement by others more conducive 
toward the critical C-C reductive elimination step. 

General details. All expts. unless aq. conditions were 
employed were performed under an atmosphere of puritied 
N,. Solvents were distilled just prior to use under N, from au 
appropriate drying reagent (THF and Et,0 from sodium 
benxophenotte, and CH,Cls and a&o&rile from CaH,). 

Pregurorion of 17~hy~~-~3~hy~ t- 
butyldla*yl. In 60 ml of DMF were dissolved t-butyl- 
dimethylsilyl chloride (113 g, 8.6 mmol), iakkok (1.2 g+ 17.3 
mmol) and 17~~yl~~~~t-~-3~1 (210 g,, 6.9 mmol). 
A&r stirring overnight, the reaction was hydrolysed and 
extracted with Et,O. The organic layer was waskl 
sequentiaUywithH,OandsatNaCZtbendried(MgSO~and 
filtered through silicageI(20/, Et20inhexane)(9V~yiehi). ‘H- 
NMR (CDCl,): S 5.24 (m, I), 5.08 (q oft, l), 3.4O(m, l), 1.57 (d, 
3). 1.00 (s, 31.0.86 (s, 12). 0.10 (s, 6). . . 

AIiyZic kzkfes. 3-Chloro-l-pmpene, l-chloro-bbutenc. l- 
bromo-2-butene, 4+hloro-2-methyl-2-butene, Zchloro-2- 
methyl-l-propene and Q-chloro-l-pmpenyl)benzenc were 
commer&Ily available as combinations of allyllc isomers. 
Each was filtered through basic alumina and distilled prior to 
use. l-Chlom4methyl-2pentene was prepared as a mixture 
of isomers according to the lit3’ 

~~Preporetion ofk&{~16.17,20 : q3 - 3 - #methyl - t - 
butylsiloxyl) - 17 - ethyleneandrost - 5 - en]Pd chloride). This 
compound was prepared by nrocedure B. Putitkatiott was 
acckmplished b yid(silica &~Et20-hexanes)( 1.82 g. 88%). A 
trace of anti isomer was removed by repeated IX. ‘H-NMR 
(CD&) : 6 5.24 (br, I), 3.62 (mt 2), 3.41 (m, lb 2469o(m, 17), 
1.22 (d, 3), 1.00 (s, 3),0.86 (s, 12), 0.10 (s, 6). 

General procedures for preparation of n-allylpd chloride 
dimem. (A) From ullyfic chiori&s. An adaption of a lit3s 
procedure w~~.~e~~cc~o~dc(O.~mol) was added 
toPdCl,(31Sg,0.020mol)in20mlCHC13and60mlHs0.The 
reaction was stirred vigorously while being gently retluxed for 
15 hr. The aq. layer was separated and further extracted with 
CHCl,. Thecombined organiclayers weredtied(MgSO~and 
the vol. was reduced. LC (silica get CHCl,-hexanes) was used 
to purify the complex as a yellow cry&d&e solid (B) From 
actiuation of ollylic hydrogen. In a genersl procedure, Na,CO, 
(2.0 g, 17.6 mmol), NaCl(2.0 g, 32 mmol), 15-crown-kther 
(~~)~d~~~tiveol~n(lO.O~ol)w~s~~8O 
ml of CH,Clx for 30 min. Bii(acetonitrile)tlichloroPd (28 g 
11.4 mmol) was added over 30 min and the reaction was then 
stirred for a further 15 hr. The qixiure was filtered through 
G4ite and the solvent vol. was reduced. LC(silicageI, CHC13- 
hexanca) was used to purity product. (C) From 1,3dfenes. A 
published procedure was wed.22 

Genera/ procedure for the preparation of l%k(q”+dly~$- 
~ly~).~e~-~ylPdchlo~de~~(4~ol)w~s~d~in 
10 ml Iit20 containing dioxane (120 jr& 13.5 mmol) at - 35”. 
The aIIylic Grignard (4.2 mmol), was slowly injected which 
resulted in much white nnt. There was a gradual loss of the 
b~~t~llow~lorof~~~er(~~)w~~e~tu~w~ 
stirredat -30”.TheEtzOwaspumpadoffandtbcrcsiduewas 
extracted with cold pentane (3 x 20 ml). The pentane was 
i?ltered through Celite within a closed, cold system. The 
pentane was removed ( - 35”) yielding a light 8olden-yellow 
crystalline solid @@A). Low temp *H-NMR displayed a set of 
at least four distinguishable isomers. The general shifts for (1 - 
methyl - 53 - trimcthylene - 1 - 3 - q3 - propenyl#l - 3 - r$ - 
butenyl)Pd are : for the crotyl ligand set ‘H-NMR (CDCQ : 6 
4.8 (m, I), 3.6 (d, l), 3.3 (d, l), 2.5 (d, l), 1.8 Id, 3); qd for other 
unit S 3.4 (m, l), 3.2 (m, 2), 2.2 (br, 4), 2.0 (d, 3), 1.8 (m, 2).‘. 

The following n-allylPd complexes prepand by the 
indicated method have identical properties with those 
previously reported. ~[(l-3-~3-~o~~)~ chloride]39 
(method A), bis[(l-3-q’-butenyl)Pd chloridelJ9 (A), bis[(Z- 
meth$l-3-~3-propenyl)Pd chloride)39 (A), bis[(4-methoxy- 
i-3-a ~dohex~yl)Pd~o~de]23(~,b~[(Z-~yl-l-3-~3- 
cyclohexenyl)Pd chloride]‘o (B), bis[(3-methyl-1-3-a”- 
butenyl)Pdchloride)39(A)and bis{[6&dimethyl-2,3,10-$-2- 
me~yl~ebi~cl~3.l.l~~tyl]Pd cbloride)*O (B, from /I- 
pinene). Bis[(1-phenyl-l-3-~3-propeayf)Pd chiorik] (A). ‘H- 
NMR (CDCl,): d 7.38 (m, S), 5.72(m, l), 4.52(d, I), 3.87 (d, l), 
2.96 (d, 1). Bf.$( l-~thyf-~3-trimethy~l-~~3-~o~y~Pd 
chlo*idel~,fipmcthylenecyclopcntaneprepa3(edbystandard 
Wittigokfination’L ofcyclopentarkne). ‘H-NMR(CDCI,) : b 
3.84 (m 2x 27-1.7 (m 5x 1.30 (nz 1x 1.22 (d, 3). 8&{[(4- 
nmhoxy-emethy~1-3-~3-pentenyTJPd chiafde) (C). ‘H- 
NMR(CD&): 65.4(m, 1),3.95(d, 1),3.71(d, 1),3.2.6@,3),2.% 
(d l), 1.39 (a 6). 

Genwol procedwefot selective cowl& &-allylRI chlorhie 
dime and klylic G&nards. To a !k&Ienk Sk ktaining fi 
allvlPd chloride dimer (2.0 mm011 was addedlow Et90 and 
dickte (6.6 mmol). Allylic Grigkrd was slowly injekd at 
- H)“. Upon stirring for 2 hr. maleic anbydride (sum 980 
mg, 10 mmol) dissolved in Et20 was added After stirring for a 
further 1 hr, the temp was permitted to rise to room temp 
resuIting in the gradual formation of a bladr ppt. 

If the coupling products were volatile, they were recovered 
by low pressure distillation. If the products were not 
sutBciently volatile, the reaction mixture was gel Illtered 
through alumina to mmove metal residues. Reactions were 
analysed by GC (and TLC). AnalyticaIly pure samples were 
isolated by preparative GC or liquid c~mat~phy (silica 
gel) and were identitled by the reported data: E&1,5- 
heptedienylbenzeae” (preparative GC). 

l~l-~~hyl-~~~y~~ Qwqmrutiw CC). ‘H- 
NMR (CDCl,) 6 5.34(m, 3), 209(br* 6), 232(m, It; I.78 (m, 2), 
1.62(m,3),0.98(d,3).MSm/z(rel.int.): 150(5),95(10,3E(88), 
67 (5% 41(38), 39 (30). 

AJiyiic Grignard reagents. These were prepared by an 
adantion of a published nrocedure.*2 Mg things (9.7 g, 0.40 
moi) were covered with lb0 ml Et,O. The allylic halide (0.04 
molldissolvedin 10mlEt,Owasaddedover 1 hrat -3O”.The 
tea&ion was stirred for at&her 1 hr before raising thetemp to 
ambient. After stirring for a further 3 hr, the reaction was 
permitted to settle, and the clear soln was removed by a 
cannula and titrated (H,O vs CCld. Most Grignard reagents 
used were dried to yield a solid and were redissolved just prior 
to use. Allylic Li reageuts were prepared from the corms- 
ponding triphenyl-Sn compound.*3 

2-(2-Butenyl)ethylidene cyclopentane @reparakke GG&. ’ fc- 
NMR(CDCl3):65.38(m,2),5.l7(qofd,1).2#(m,1),2i9@r, 
4). l&&.4), 1.55(m,6).MSm/&el.int.): 150(4),32(1@l),95 
(41), 67(32),41(18j, 44(18), 39 (17). 

1-Methyl-a(4-methyl--2penyt)cyclohe~ (IX). ‘FL 
NMR(CDCl3):~5.35(m,3),2.l6(m,f),I.93(br,5),l.66(s,3), 
1.53 (br, 4), 0.97(d, 6). MS at/z (rel. int.): 178 (1.8), 95 (lOO), 41 
(29), 67 (23), 55 (22), 94 (15), 39 (14). 

2,9-Dlnwthyl-2-methox~3~7&cadiew (+arat& GC). 
~H-N~(~~:~S.33(~~~3.I2(~3A218(~lA~O7(~ 
4), 1.22 (s, 6), 0.94 (d, ‘6, J p 65 Hz). Irradiate at 6 21.; see 
collapse of signals at d 5.3 to two AB patterns, Jna = 16 Hi. Preparerion of 17_ethy&meondrost-53/?-ol. Ethyl- 

t~ph~ylphospho~~ bromide (20.2 g, 53.6 mmol) and 
dehydro-iso-androsterone (Aldrich, 510 g, 17.3 mmol) were 
stirred in 80 ml of THF, while t-BuOK was added as a slurry 
(65~0~3O~TH~.~er~fl~ngfor 12hrthemixtumwas 
addedtoicedH,OandtheaqueousIayerwasfextracted 
with Et,O(3 x 20ml).Thecombinedorganiclayersweredried 
(MgSO.), filtered and the solvent was removed LC 
putiflcation gave the product (4.2 8, 83yA; NMR analysis 
showed that a small amount of the E isomer was present, 
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6,aD~hyl-2~3-pmunyr)bfcyclo(3.1.1~2-~~~ (Lc). 
‘H-NMR(~~:dX58~2~5.39(br.l~~48(m,l~237(m, 
2), 218 (br; 5); 1.78 (ni, 3). 1.44 (s, 3), 127 (m, 2), 1.02 (s, 3). 

16-(3-kcthrt-2-adenyr)-l7~-ethyiiQnwdmr-S-sr- 
3~t-~~~~~y~ (XX). ‘H-N?& (cpC& d 5.26 
(br,s, I), S.W(q, 1;J = n 5.07&i, J = 7.5),3.41@ri, lh25-0.8 
(vbr,20), 1.6S(s.3), 1.62@,3), 1.53(s,3),0.%(~3),0,85~s,3),0.83 
(49ttO.M(~6):Ir~~5.14,~dou~tatbI.63coUapksto 
doublet with J d 1 Hz 

16a-(4-Merhyl-2-peiitane)-l7(Z)-erhyWnearufrorr-5- 
#3B~i-~v~~rhv~~v~~~ ‘H-NMRKDCI,):d 5.28 
@r,~~~.lO~q,l).3~41(m,i~,1~64~d,3,J‘~7.iHz~~%(d,3, 
J = 6.4 Hz), U-O.8 (br, 21), 0.83 (s, Q), O.Cn’(s, 6). MS m/z 
(~.~~):4%(6.~,439(1~~~(3~381~~~~3~1~~~1(9~ 
355 (9 497 (22). 

trans-l-Methoxy-4-(3-mcthyl-2-butmyl)-2- 
cyctohexane(LC). ‘H-NMR(CDC13:aj.67(~2~5.1~~ lb3.76 
(m, 1),3.32&,3), 1.75-2.2+,5), l.U(s,S), 166(s,3), 1.42(m, l), 
l.l8(m,l).Irradiate63.76scecoUapscof81.42proton(J = 8.7 
Hz).N0Ediiferen1~collectiona&&ts61.4,21,3.8and5.17. 
Irradiate at 6 1.96, see colbtpscat 6 1.2Oand 3.76(to a doublet, 
J = 8.4 Hz). 

traus - 1 - Methoxy - 2 - (3 - methyl - 2 - hurenyl) - 3 - 
cycfohexene (LC). ‘H-N?+iR (CDCI,) : 6 5.62 (d, I), 5.48 (d, l), 
5.11(m.1),3.33(s.3~3.08(m,1~2u-1.85(br,6E,1.68(~3~.1.59 
(s,3),l.Sl(m,l).Irradiate63.08,scecollapscat~l.Sl.Irradiate 
at 6 1.51, see collapse at 5 3.0s to a doubkt (J = 89 Hz). 

Studies on stero&Mcouplfng stereochemislry (Scheme 3). The 
Grignard coupling reaction followed t& above general 
prooadurc. The sinaII amount of C-‘zo coupkd product was 
isolated by preparative GC. (A) Co@fng with alkcnykir- 
co&m. The steroidal x-allylPd &lo&k dimcr (300 tug 0.54 
mmol) was dissobfcd in 5 mI THF an$the xirconocanc (4 
methyl-2-pentyl)cbloridC) (1.08 mmol) dissolved in THF was 
injected. Tbe reaction turned black witbin a few seconds, but 
the mixture was allowed to stir for 15 hr. After silica gel 
liltration, GC analysissbowui a 78o/,yicId ofcombined ok6ns 
and 220/, C-16 coupled product was produced The. product 
mixture was hydrogenated. 4%) Gen@ hellion 
procedure. W-C cata@ in 1 ml EtOH was stirred for 1 hr 
under 1 atm Ha in a Fischer-Porter bottle. The substrate 
~lv~~EtOAc,wasadddlandthesystPnwaeprarsutized 
with H, to 80 psi for 2 hr. Tbc rmmtion mixture was filtered 
through Celite and was concentrated for preparative CC. (C) 
Protection ojrhe cholesterol 3-hydroxy group. Chokstcrol(l.0 
g, 2.6 mmol), r-butyIdimctbyIsily1 cl&i& (480 mg, 3.2 mmot) 
and imidaxole (440 mg, 6.5 mmol) were stirred in DMF for 24 
br. After partitiening between H&l-EtsO, the organic layer 
was washed with H,O and sat Nail and dried (MgSO& The 
product was purified by LC @Rica gel, Et+hexancs, 
quantitative yield) and bydrogenatai 8ooording to the above 
pW&irt. 

17 - Ethyl - 16a - (4 - methy~pmtyl)undroston - 38 - (t - 
~ry~d~~hyJsifoxy~. ‘H-NMR (C,Dd: d 3.67 (m, l), 1.25 
O.SO@r,3l~l.Og(~Q~1.07(f3~0.98(~3~0.95(~3),0.74(~6), 
0.18@,6). 13C-NMR:672.S,60.1,55.1,54.7,45.4,43.9,43.4, 
39.8,39.4,38.1,37.6,35.9,35.1,32.7,32.6,324,302,29.3,28.4, 
27.2,26.2,23.6,22.9,22.7,21.5,18.4,14.7,13.7,12.5.M!$m/z(re1. 
int.):502(0.4),445(ltXl),446(37),447(9),369(6),355(2),370(2). 

17 - [(1,5) - dim&hy%exyl.l - mdrostcm - 38 - (t - butyl- 
d~fhy~si~oxy~. ‘H-NMR {C&Da): d 3.67 (m, I), 1.24-0.8 (br, 
31) 1.08 (s, 9), 1.07 (d, 3), 0.98 (s, 3), 0.96 (s, 3), 0.74 (d., 6, J = 
15.3 Hz), 0.18 (s, 6). i3C-NMR (C&D& 6 72.4, 56.9, 56.8, 
~.9,45.3,43.~~~6,~~0,39.4,37.5,36.7,362,35.9.3S.8,32.6, 
29.2,28.7,28.4,26.2,24.6.24.4,23.0,22.8,21.7,19.1,18.4,125, 
12.4,1.4.MSm/‘z(rd.,int):502(0.4),445(100),446(37),447(9), 
369 (6), 443 (4,0), 370 (3 335 (2), 487 (2),331(l). 

Ekctrochemiual expts. E?+lectrocbermcal analyses wcq 
performedusingaPrin&tonApplialRcscarchmodd 174/175 
potcntiostat/galvanoatat.ThtworkiDgekctrodewasa 1Omm 
Ptfan;thecounterclectrodewasaPtwin:inarfiamber 
containing(Cp,Fe)PF,connccmd to tbccell by aceramicfrit. 
The~ercnaeIactrodewcuisatcalomdO,Thempporting 
electrolyte, tetra-n-butylammonium per&orate was rc- 

crystal&d from EtOAc and was dried tn mew at 150“ for 12 
hr.Cdlpr~tionwasdoneinadry&xandexprswat 
performed with an N, purge. Cvanalysis was petformed in 
quiet soIns. TypicaRy, 0.1 M TRAP soIns wtrc umd andupts 
wercpcrformcdat -30’usingacryoWoLAfterprepaativc 
elcctroIys~ CV anaiysis show& that the~original oxidation 
wave had gone. Reautiott soIns wcm dkt&d at redaced 
prcasun and analysai by ~.‘Mono@ospbiue adducts of 
bis(aIIylic)Pd complexes were prepared by a lit. mctlmd.” 

OxUfon qfbis(n-oflyf)Pd compl&es by ekctron trm~$er 
~x&nrs.Tbcsaratctionsw~~typicalI~pcrformcdinTHFor 
acctonitriIe at -30”. Tht soli;ioxid&ts were addai (0.50 
mm011 to a stirred solri oftbcbIsfallv1~~ comdcx 10.5ommol) 
at -jg,. After 15 min, the tWp*& p&&t& to ris+ to 
ambient and the mixture was stirred for 12 hr. Volatila were 
distilled at mduced pressure and analysed by CC. Reverse 
order of addition ykIdcd similar results. 

Tltc bis(crotyl)Pd Oomplex was found to be rdativeIy stable 
under O1; coupling ramtious proaedad in an identical 
fashion to that noted under Ns. In a radical trapping cxpt,& 
NazIrCi,(ll10m&1).3mmof)wasdissohrcdin5raf~under 
Ox and @e temp was lowered to -40”. %is(+rotyl)Pd 
(0.30 mM) was added dropwise by a syringe. when addition 
was complete, the tcmp was permitted to rise to 25” and the 
reaction was stirred for 4 hr. Volatilts were d&illqi under 
reduced pressure and analysed by GCWS to indicate the 
presence of 2-butcn-l-01 and 2-butcnal*7 as wdl as crotyl 
chloride and 1Jdicnc products. 

General procedure for cross-coupfing utilizing (r$aflyf)Pd 
chloride duner and b~~lylk~kw~~ recylmts. Biiafallylf- 
and bis(crotyl)xircono wert prcpamd from zircoaoccne 
dichloride by lit. mctlmds.“’ Ris(allylMrconoumc (20 mmol) 
dissolved in- 4 ml Et,0 was ‘added to (~s~yl~Pd chloride 
dimh~l.Ommol)~~~~MEt,O~-30”).Afta20min, 
maleid anhydride dissolved in Et& & added and tbi 
~~~~~fo~l2~at room t~p.R~onw~-~ 
wax similar to that ustd in Grignard CoupbrIg proadluea 

Sn reagents. Tributyiallyl-Sn, tribotylcrotyl-Sn and 
tributyfprrnyl-Snwenpnponda~~gtotht~~TheSn 
magems wen distilkxi to give predominantly one allylic 
isomer. Tbc 6+imttbyl-Sn)4hexeno~ ethyl ester was 
pmparcd as folIows. Ethyl 3,5-hcxadiamatc49 (3.4g 24mmol) 
was added to trimethvl !&I hvdride (25 mmo!) dissolved in 10 
ml THF. AIBN (54rn& 0.3 rt&oI) was added and tltc reaction 
was r&uxcd for 15 br.l” The solvent was removal at 60 mm 
and the dicnc was removed at 0.5 mm, Ko&rohr distiRation 
(125’. 15 mm) gave a clear liquid. ‘H-NMR (C,D,) : 6 5.85 (m, 
2), 3.93(q, 2),2.91(42~220(~4~0.92(~3~~(~9~ MSm/z 
(rcf.int.),considaingonIytbelargcstixotopcoftbcSnpattem: 
306(1.7), 165(100),135(34),237(14),190(14),291(9),209(7), 
26t (3). 

Genera1 procedure fir sekctftx moss-coupling ttsing (q3- 
allyOPd chlor&k and ally/ Sn reagents. Into a Schlmk flask 
containing (~3-~yl)Pd cbloridc dimcr (1.0 mmol) suspandcd 
in lOmlEt,Oat -3fPwasinjcctcdtbetriaIkylaIIyl-Snrcagcnt 
(112 mmol). After stirring for 5 hr, malcic anbydride dissolved 
inEt,Owasadde&Afterstiningforarurtberl2hr,thetemp 
was permitted to rise to room tamp at wbkb time black Pd 
material began to ppt. If coupling products were sufficiently 
volatik,reactionmixturcs wercvacuumdistillalandproducts 
wemanalyscd byoC. Ifproducts werenot su5icicntlyvolatile, 
metallic residues wen removed by gel liltration (norisil). 
products were tberi analyscd by GC or were isolated by LC. 
Analytically pun sampks of coupled products wcm isolated 
by either preparative GC or LC (silica gd). 

(Ef2-Methyl-2&oct&em?’ (preparuti~ L.C) and ethyl 4,8- 
deadkmae (prepqtfue Gc). iH-NMR (CD&) : d 5.40 (m, 
4),4.OQ(q,2),2.31f,brs,4),1.99(brs,4),1.61(d,3),1.22(t,3).MS 
m,‘z(rcl.int):1%(2.3),55(100),71(94),67(77),41(51),39(43), 
99 (42), 43 (28), 68 (28), 53 (25). 

16-(2-Bur~yl)-l7(2)-ethyitdenronrtrost-S-m-3P-(t- 
butyldimethyMloxyr) (IX). ‘H-NMR @DC&)\ d 5.28 (m, 3), 
5.10(qofd, 1),3.4O(m, 1),2W.Q@r.23), 16(dofd,3, J = 7.2, 
2.0 Hz), 0.6 (s, 3), OX48 (s, 3), 0.80 (s, Q), 0.02 (s., 6). Tbc G20 
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coupled product is indicated by a doubkt at 6 1.0 and a triplet 
at d 5.2. 

traas-Methox~2-prapo?yl)-2-cyclo~~ (LC). ‘H- 
NM1 (CDCl,) : d 5.71 (m, 3), 4.98(m, 2). 3.77 (m, l), 3.36 (s, 3), 
1.80-2.25 (br, 5), 1.51 (m. 1). 1.2O(m, 1). Irradiate at 6 2.08. see 
collapse of d 3.77 to a doublet (J = 7.3 Hz). 

!raas-l-Methoxv_2-(2-pro~y~~ycloh (IX). ‘H- 
NMR (CDCI,) : 6 5.59 (m, 3h 4.98 (m, 2), 3.34 (s, 3), 3.08 (111, l), 
2.3-1.8 (br. 6), 1.48 (m, 1). 

Gewalgroccdurcfor the @&tic coupiing of idlyii~ h&ides 
and dyl-Sn pgents Tr+&ylaUyl-Sn &umol), allylic halide 
(24 mmol) and (q3-allyl)Pd chloride (0.02 mmol) were 
diasolvedin5mlofTHF.Thetempwaslowered to -30” and 
makic anhydride (10 mg 0.10 mmol) dissolved in THF was 
addadAna15minthc~onwasplacadiaaprehcatcdoil 
bath at 55”. After 12 hr. the mixture was either distilled at 
reduced pressure or was filtered through Florisil if products 
were non-volatik. Products were anaJyscd by GC or isolated 
by preparative LC. 

Preparation qf bis(q”-allyl)Pd u&g wibuty&llylSn. (q3- 
&yl)Pdchloriklimcr(UX)mg, 1.1 mmol)wassuspendodin 1 
ml of EtsG at - u)“. Tributylallyl-Sn (1.3 mmol) was added 
and the reaction mixture was stirred for 14 hr. When the 
reaction mixture was warmed to 0”, a small amount of 
insoluble material was notad after 2 hr. The Et,0 was slowly 
removedat -35”kavingtheproductasayellow-orangesolid 
which was washed wjth cold pentane The solid was pumped 
dry (- 35”) and was tiltered into an NMR tube ; the low temp 
‘H-NMR spsctrum dearly demonstrated the presence of 
bis(+llyI)Pd.i~ 

GenwaQrucidrqrfor b&fiene cycUwrwizarida Makic, 
anhydride (98 mg, 1.0 mmd) was dissolved in 2 ml of THF 
under Ns in a Fkohor-Portar bqttk. A cold bath (- 78”) was 
applied and precondensal butadiene (9 ml, 108 mmol dried 
ovar 4 A molamlar sieves) was transferred into the Bask via a 
cannula by slightly warming the buUknecontain@g flask. 
The bis(alJyl)Pd catalyst procumor (0.2 mmol) dissolved in 0.5 
mlTHFwasinjcct#i.ARcrstLringfor20minthecoldbath 
was mplaced by a preheated oil bath (80“). The reaction was 
run for 14 hr at that prawure which was created by warming 
the system (42,pai). After 9ooling the mixtureexassbutadiene 
was vented A Pd mirror had formed. A sample of the 
remainkg liquid was tiltered through alum& Gc analysis 
demonstrated nearly compl* seketive formation of 4- 
vinykydohczene Solvent was removed by evacuation at 0”. 

The same procedure applied to isoprezle resulted in four 
coupling products as indicated by GCfMS analyses They 
were isolated, by preparative 4% and were identifkd by 
comparison of NMR data with reported v&s.” 

Btuodietnr &near himerfiotion Precondensed butadkne 
(10.0 ml, 120 mmol, drkd over 4 A molecular sieves) was 
transfermd via a cannula into a Fischer-Porter bottle 
containing 3 ml THF at -78” under N,. The bis(allyl)Pd 
catalyst precursor (0.20 mmol) dissolved in 0.5 ml THF was 
injected. After stirring for 20 min the cold bath was replaced 
with a pteheated oil bath (40”) and was pennitted to stir for 68 
hr: Aftu cool@, the excess butadiene. was vented and a GC 
reference was added. A sample was tiltered throuah ahuuina 
and analysed by GC (Table 5, entry 6) A combination of 
dodeea&ne isomers identilkd bv~Wh4S was collected bv 
pnparative 66 ; hydromtion &hkd only ndodecan~ 
The major isomer (42%) was krther isolated and its structure 
conlIrmed by the spectral data as 1,3,6.1 ldodecatrkne ‘H- 
NMR (CD&): 6 6.454.82 (m, lo), 2.78 (br t, 2), 2.02 (br s, 4), 
1.60@r,2).MSm/z(rel.irit.):162(21),79(100),41(62),91(57), 
39 (54), 27 (48), 29 (40), 55 (34). 

Tekonrerltor&n. The above procedure ~a.9 repeated except 
that the THF was replaced by 6 ml of MeGH (distilled from 
NaOMe) Products were isolated by preparative GC and wers 
proven to be vincydohexene and E, E and E, Z isomers of l- 
methoxy-27-oct&ene.‘z 

For the linear din&nation of butzdiene, the litzz 
procedure was followed. Pmpertks of products isolated by 
preparative GC agreed with the reported data. 
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