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An Intramolecular Diels-Alder Approach to Phorbols: Introduction of an 
Oxygenated Diene Using a Palladium Catalysed Coupling 

Philip C. Bulman Page* and David C. Jennens 
Robert Robinson Laboratories, Department of Chemistry, University of Liverpool, PO Box 747, 
Liverpool L69 3BX, UK 

A synthesis of a carbotricycle related to  the phorbol skeleton has been achieved in five steps hinging 
upon an unusual intramolecular Diels-Alder reaction; a usefully oxygenated diene subunit is intro- 
duced by a palladium catalysed coupling. 

The daphnane and tigliane groups of natural products are 
diterpenes containing a tricyclo[9.3.0.0 2*7]tetradecane ring 
system as the major part of their carbon skeletons. Phorbol 1 
is a tetracyclic diterpene possessing a polyhydroxylated tigliane 
carbon skeleton; the molecule contains eight contiguous asym- 
metric carbon atoms, six of them sited around the six-membered 
C ring. Phorbol occurs naturally in the form of 12,13-diesters 
and 12,13,20-triesters, found in croton oil; phorbol was isolated 
as an hydrolysis product of croton oil as early as 1935,3 but the 
structure was not elucidated until 1967 by X-ray analysis of a 
der i~a t ive .~  

The most important derivatives of phorbol are the 12,13- 
diesters, which are toxic and are potent tumour-promoting 
agents able to activate protein kinase C.’ Phorbol esters also 
produce a wide variety of other biological responses and, as a 
consequence, have emerged as important lead compounds in 
the development of chemotherapeutic agents for a variety of 
diseases, most notably including AIDS.* 

Despite their interesting biological activity, phorbol and its 
derivatives have received relatively little synthetical interest.’.’ 
Our own approach to the tigliane/daphnane ring system is 
based around construction of the B and C rings using an 
intramolecular Diels-Alder (IMDA) reaction, coupled with a 
convergent synthesis of the cyclization precursor. The large 
number of total syntheses using an IMDA reaction as their key 
step amply illustrates the tremendous value to synthetic 
chemists of this strategy, no doubt because of the predictability 
and high degree of stereocontrol available at several asymmetric 
centres. l o  It is, therefore, particularly interesting that there are 
remarkably few examples in which the ring system produced is 
the C, , bicyclo[5.4.0]undecane, containing fused six- and 
seven-membered rings, as is found in phorbol.’ For this reason 
such a strategy was attractive to us both as a general synthetic 
approach and as a probe for the degree of stereoselectivity 
available in this unusual category of IMDA reactions. 

The approach we have devised, outlined in Scheme 1, involves 
conjugate addition of a suitable vinyl anion to a cyclopentenone 
followed by addition of the enolate to the C-2 position of a 
two-carbon unit able to sustain an anion at C-1. Coupling of 
such an anion with a pre-formed diene subunit provides the 
substrate for the crucial IMDA reaction which sets up most of 
the remaining asymmetric centres and which provides a usefully 
functionalized product of considerable synthetic potential. 
We have previously demonstrated the value of this approach 
for the rapid construction of a simple carbotricycle related 
to the daphnane and tigliane carbon skeletons (Scheme 2).12 
This short scheme requires no unusual techniques or special 
apparatus. 

Introduction of oxygen substituents around the diene com- 
ponent might be expected to alter both the facility and stereo- 
selectivity of the IMDA reaction. Here we report the successful 
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Scheme 1 

introduction of an oxygenated diene unit prepared from ethyl 
laevulinate, and its utility in our synthetic approach to phorb- 
01s (Schemes 3 and 4). In our previous communication the 
diene component used was (E)-5-bromopenta- 1,3-diene 2; l 3  
coupling with the left hand segment 6 t  to give the Diels-Alder 
substrate 7 was in that case readily accomplished by deproton- 
ation of 6 at the malonate carbon atom using LDA followed by 
a simple displacement reaction of the allylic bromide unit of 2. 
Accordingly, our initial approach to an oxygenated diene was 
to prepare 3, an oxygenated analogue of the bromo diene 2, for 
similar coupling with 6. However, this C-2 oxygenated bromo 
diene proved difficult to isolate in reasonable yield, as did the 
corresponding mesylate and tosylate, also obvious candidates 
for S,2 coupling. Mitsunobu coupling of 6 with C-2 oxygenated 
diene alcohol 4 gave the desired triene 11 in only 5% yield l4 

and, as a result, we turned our attention to palladium-catalysed 
coupling of a carbonate or acetate derivative of 4 as a promising 
alternative. While we were not able easily to prepare the methyl 
carbonate,” the acetate derivative 5 proved a more amenable 
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t Isolated and used in all cases as a mixture of isomers (7.3: 1, anri:syn, 
estimated by capillary gas chromatography and 400 MHz ‘H/I3C 
NMR spectroscopy); anti isomers shown for clarity. 
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Scheme 2 Reagents and conditions: i, CH,=CHMgBr/CuBr*DMS, 
Me,SiCl, DMPU, Et,N, THF, -78 "C, 94%; ii, diethyl methylene- 
malonate, SnCl,, CH,Cl,, -78 "C, 77%; iii, ethylene glycol, TsOH, 
PhH, heat, 84%; iv, LDA, THF, - 78 "C, 89%; 2; v, toluene, sealed tube, 
160 "C, 14 days, 70% 
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Scheme 3 Reagents and conditions: i, BrJCHCl,; Et,N, CH,Cl,, 
95%; ii, TIPSOTf, Et,N, Et,O, 96%; iii, DIBAL, THF, 99%; Ac,O, 
DMAP, Et,N, CH,CI,,92% 

target (Scheme 3). Bromination/dehydrobromination of ethyl 
laevulinate 9 afforded ethyl 4-oxopentenoate 10 in 95% yield. 
Treatment with triisopropyl triflate (TIPSOTf) in the presence 
of triethylamine gave the corresponding enol ether (96%), the 
ester moiety of which was reduced to the alcohol using DIBAL 
(99%). Conversion into the acetate with acetic anhydride in the 
presence of N,N-dimethylaminopyridine (DMAP) completed 
the sequence to give 8 in 92% yield. 

A palladium a-complex was prepared from the diene acetate 5 
by treatment with tetrakistriphenylphosphinepalladium(0) (4 
molx), formed in situ by reaction of trisdibenzylideneacet- 
onedipalladium chloroform solvate [Pd2(dba),*CHCl3] with 

* 45% 12, 11% 11, 30% 13. Isolated 12 appears to contain principally 
two isomers, assigned as the products of exo cycloaddition by analogy 
with the IMDA reaction of 7, and by correlation of 'H and "C NMR 
data with that of 8, the structure of which was confirmed by X-ray 
analysis. Both the triene 11 and the cycloadduct 12 are unstable to 
gas chromatography. Examination of molecular models for IMDA 
reactions of both 7 and 11 suggest that transition states for endo 
cycloaddition are more crowded than for ex0 cycloaddition, and 
particularly so in the case of 11. 
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Scbeme 4 Reagents and conditions: i, [Pd,(dba),-CHCI,], CHCl,, 
Ph,P, THF; iii, LHMDS, T H F  iii, toluene, sealed tube, 150-160 "C, 
3 days 
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triphenylphosphine. Coupling of this palladium a-complex 
with the left hand subunit 6 to give 11 was accomplished in up 
to 77% yield by addition to the lithium anion derived from 6 
by deprotonation using LDA or LHMDS."," 

Gratifyingly, the triene 11 when heated at 150-160 "C for 3 
days in a base-washed (HMDS) resealable tube in dry degassed 
toluene solution afforded the desired IMDA cycloadducts 12 as 
an inseparable mixture of isomers in 45% isolated yield together 
with unchanged 11 and deprotected enone 13 (93% yield of 12 
based on recovered material).* 

Interestingly, the corresponding IMDA reaction of the 
simpler triene 7 required 14 days at 160°C under similar 
conditions to produce a 70% yield of the cycloadducts 8, 
confirming the expected increased reactivity of the oxygenated 
system. The relative ease of the IMDA reaction in the 
oxygenated system coupled with the rapid construction of the 
tricyclic daphnane/tigliane framework suitably functionalized 
for further synthetic transformations augurs well for the 
application of this approach to phorbol synthesis. 
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