
Tetrahedron Letters. Vo132, No 31, pp 3855.3858,199l 
Pnntcd in Great Braam 

oD4c-4039/91 $3 00 + 
Pergamon Ress plc 

Alkylpalladium(I1) Species. Reactive Intermediates 

in a Bis-cyclisation Route to Strained Polyfused Ring Systems. 

Ronald Grigg,* Visuvanathar Sridharan and Sukanthini Sukirthalingam 

School of Chemistry, Leeds Universtty, Leeds LS2 9JT. 

Key Words: Palladum. curalyszs, cycizsatzon, strawed rmg 

Abstract: I-Alkenyl-ollylrc and-vmylzc acetates or bromides undergo PdiO) caralysed bu-cycbsatron rta an rnrrral5- 

or 6-exe-rrzg rrng closwe generatrng CM aikylpa~iadum(ll) zntermedlate which reaczsfwther vm a 3-, 4 or 5-exe-trig 

cychsatran onto a proxmate olkene or aryl nng generarmg strazned polyfised rrng systems stereospec $zcnlly 

Palladium (0) catalysed cychsanon processes are currently attractmg much attennon consequent on 

significant progress on extending the mtramolecular Heck EaChon to the construction of bndged-, fused- and 

Spiro-cychc systems and tetrasubstltuted carbon centres, 192 the remarkable stereospeclflclty of our recentI> 

described tandem cychsatlon-amon capture proces~,~ and developments m metallo-ene cycl-satlon processes ’ 

This resurgence of interest has included several isolated examples of the unexpected pellachum catalysed 

formatlon of stramed (3. or 4-membered) nng systems.3,5,6 We now report results showmg that this 1s a more 

general process than hitherto reahsed and that it results from the high reactivity of mtermedidte alkylpallad~urn 

(II) species. 

The rc-allylpalladmm (II) precursor (la) undergoes a stereospecific bis-cychsation sequence when treated 

with a catalytic amount7 of pallachum acetate and mphenylphosphme m amsole contammg sodium formate (1 1 

mol) giving the 6/5/4/-fused systems (3a) via the intermediate alkylpalladlum (II) species (2a). The nm-ogen 

analogue (la) cychses (80”, 12h) more rapidly than the carbon-analogue (lb)(l 10°C, 19h, 62% conversion), but 

In both cases yields are excellent (80% and 70% respectively) In this latter case complete conversion to 

product (3b) (61%) occurs when the reaction is earned out in acetommle (XO’C, 19h) with tnrthylamine (3 mol) 

replacing the so&urn formate. A trace amount (ca 4%) of an unidentified product is also produced under these 

conditions. Four new stereocentres and two rings are thus created with complete stereocontrol The 

stereochemistry of (3a), (3b) and (4) was established by n 0.e studies 

Interestingly, when forrmc acid (5 mol) was used m place of sochum formate (lb) underwent F’d(0) 

catalysed cychsanon-amon capture (H-)* (MeCN, 80°C, 19h) to (4) (64%) The stereochemistry of the 

alkylpallad~um (II) species 1s that expected based on Oppolzer’s reported metallo-ene cychsanon-carbonylatlon 

sequence on a closely related substrate 9 

3855 



3856 

Formation of(‘3j and (4j proceeds VIE an mltlai rc-aiiyipaiiadium species(5). Examples mvoivmg mmal 

formation of a vinyl palladium species are provided by the stereospeclflc cycllsatlon of (6a) and (6b) 

OAc 

b 
= 
X 

k Pd(O) ~ H+$-$doAc 4 H@Me 

(1) b. X=NS02Ph (2) (3) 

a. X=C(C02Me)2 

COtMe 

(4) 

Thus (6a) cychses [amsole, KOAc(2 mol), 80°C 12hJ to (8a) (78%) via the alkylpalladmm (II) species (7~) 

The carbon analogue (6b) cychses [MeCN, K2C03(2 mol), Et4NC1(1 mol), 80°C, 9h] to (8b) (67%) The 

stereochermstry of (8a) and (8b) was established by n.0.e. studies No products ansmg from 6-endo-trig 

cychsanon were detected. 

o_ > - H”“’ - HeMe 

(6) a, X = NSO,P h 

b. X = C(C02Me)2 

(7) (8) 

An Interesting example mvolving a final cyclisation onto an aromatic nng IS provided by the conversion 

[amsole, KOAc(2 mol), 140.150°C, 18h] of (9)h to (11) (50%). In this example the mtermedlate alkylpalladlum 

species (10) could cyclise to give a 5- or 3-membered nng product (11) or (12) respecnvely No 3-exo-trq 

cyclisatlon product (12) IS observed Related cychsation of alkylpalladium (11) species onto aromatlc nngi 
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have been reported.” 

ArOzS 
I 

Ph (14) 

Ar = 2.Naphthyl 

(15) 
The possible influence of pen-stenc effects ansmg from the ortho aryl-H on the conversion (9) + ( 1 I ) 

was probed by studymg the cychsation of (13) The his-cychsation (13) + (14) failed to cccur at 90’ [amsole, 

KOAc (1.1 mol), 24h] although the imtlal 6-exo-trig cychsation occurred rea&ly (anisole, 80°, 12h) and In the 

presence of sodium tetraphenylborate afforded the cychsatlon-anion capture product (15) (75%). However, 

cychsation of (13) at elevated temperature [amsole, KOAc (1.1 mol), 140°C] gave nse to a mixture of products 

one of which was the cyclopropane (14). 

Further exploration of these processes are m hand. 
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