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because of difficulty in their quantitative separation by TLC or 
GC. All product ratios and structures were established by 400-
MHz 1H NMR spectrometry with decoupling; all pure compounds 
as well as regioisomer mixtures were further characterized by mass 
spectrometric analyses and infrared spectra. Control experiments 
involving the substrate 4 showed very similar isomer ratios at 2 
h vs. 20 h of reaction time. The yields in Table I refer to isolated 
yields after chromatography. They are not optimized, and some 
product loss from volatility may have occurred. 

The data of Table I reveal this cyclization to be a powerful and 
often regioselective method, with some specific limitations. It 
appears that in the cyclohexene series a second substituent (e.g., 
CH3 or COOR) on the carbon bearing the alkenyl chain is es­
sential for cyclization to compete with conjugated enone formation. 
Thus, in contrast to the smooth cyclization of 4, the substrate 
3-allyl-2-(trimethylsiloxy)cyclohexene with Pd(OAc)2 under our 
conditions gave a mixture of conjugated enone and starting ketone, 
but no bicyclic product. The reason for this may be conforma­
tional: an axial side chain is required to form the new bridge. 
It is also noteworthy that for those cases where a new six-mem-
bered ring bridge is generated, the double bond in the new bridge 
forms predominantly away from the more highly substituted 
bridgehead carbon. 

Compounds 8 and 9 in Table I show that excellent yields of 
spirobicycloalkenones can be obtained by cyclization of suitable 
precursors. In the case of the Me3Si enol ether 8, the structures 
of the spirocyclic enones 14 and 15 formed as a 3:2 mixture were 
confirmed by the following stereoconvergent transformations: (a) 
catalytic reduction of the mixture H2, Pd-C, and EtOAc at 1 atm 
and 25 0C to give exclusively the known spiro[4.5]decan-6-one;9 

(b) hydroboration-oxidation (10 equiv of BH3-THF, in THF, O 
0C; then made alkaline with H2O2 followed by PCC oxidation) 
to give 70% of spiro[4.5]decane-2,6-dione, mp 47-48 0C (hex-
ane).10 

When an allyl substituent is y to the trimethylsiloxy carbon, 
the Pd(OAc)2 closure leads to bridged five-membered rings 
(compounds 10 and 11). In the simplest case of 10, the cyclization 
gives in 65% yield a 2:1 ratio of the exocyclic and endocyclic olefins 
16 and 17. For the Me3Si dienol ether 11 only the exocyclic olefin 
18 is observed, possibly reflecting the higher strain energy of the 
endocyclic olefin in this system. 

An intriguing example of the regiospecificity of the reaction 
is the cyclization of the Me3Si dienol ether 12. The sole cyclization 
product is a conjugated enone (IR vco 1680 cm"1; UV Xmax 

(MeOH) 234 nm, « 11 600) which can be shown by mass and 
400-MHz 1H NMR spectroscopy to have the structure 19." Here 
a new six-membered ring bridges the allyl terminus to the y 
position of the original conjugated enone system. 

Although the full scope and mechanism of these novel cycli-
zations remain to be defined, it is already evident that these simple 
reactions offer potential entry to a variety of bridged and spiro­
cyclic systems. Applications of this methodology to the synthesis 
of phyllocladene,12 quadrone,13 and other polycyclic natural 
products are in progress. 
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Triptolide (1) and triptonide (2), potent cytotoxic agents oc­

curring in Tripterygium wilfordii Hook F,1 have been the ob­
jectives of considerable synthetic effort during recent years.2^1 In 
a departure from previous approaches, we have carried out an 
abbreviated, facile biogenetic-type total synthesis, featuring cy­
clization of a geranylgeraniol surrogate (3), in which a /3-keto ester 
initiator serves as a covenient precursor of the unsaturated lactone 
unit and an appropriately substituted benzenoid unit acts not only 
as a terminator but also constitutes the framework for the poly-
epoxide moiety of the natural product system. 

2-Isopropylanisole (4) (obtained in 90% yield by alkylation of 
2-isopropylphenol with NaH/Mel in THF at room temperature) 
was o-metalated with n-BuLi in TMEDA at room temperature, 
after which reaction with formaldehyde (generated from para­
formaldehyde at 140 0C) gave rise to benzylic alcohol 5 (60% 
from 4).5 The corresponding bromide (6) (produced in 90% yield 
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(5) S: 1H NMR (CDCl3) S 1.23 (d, 6 H, J = 6.9 Hz, CHAZe2), 2.25 (br 
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by the action of PBr3 in ether at 0 0C) was used to alkylate (NaH; 
THF; 0 0C to room temperature) the cyclopropyl ketoester 7,6 

thereby generating 8 (99%) ? Removal of the ester function by 

OMe 

8 R=COOMe1 R',R"=0 
9 R=H; R',R"=0 

10 R=R'=H-, R"=0H 

OMe 

11 

OMe OMe 

12 13 

means of Ba(OH)2 saponification and concurrent decarboxylation 
(H 2 0/Et 2 0 for 17 h at 90 0C) led to ketone 9 (92%), which was 
reduced with LAH (dry ether, O 0C) to the cyclopropyl carbinol 
10. Conversion of the latter to homoallylic bromide l l 8 was 
accomplished in 70% yield by the method of Julia (LiBr, PBr3, 
collidine in Et2O at -40 to O 0C; then ZnBr2 in Et2O at O 0C).9 

Alkylation of ethyl acetoacetate with bromide 11 (LiH; DMF; 
75 0C)10 gave rise to the substituted /3-ketoester (3)11 (90%) desired 
for cyclization. 

In the best procedure for cyclization, /3-ketoester 3 was exposed 
to the action of SnCl4 in CH2Cl2 at O 0C for 1-1.5 h, generating 
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3 H, J = 7.1 Hz, CO2CH2OZ3), 1.57 (br s, 3 H, CH3), 2.20 (s, 3 H, C-
(O)CW3), 3.74 (s, 3 H, OMe), 4.19 (quart, 2 H, / = 7.1 Hz, CO2OZ2M), 5.23 
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tricycle 12,12 which was transformable without purification to the 
unsaturated ester 1312 by treatment with 7-8 equiv of MeSO2Cl 
and 10 equiv of (C2Hj)3N in CH2Cl2 at O 0C. In order to generate 
the butenolide moiety, crude olefinic ester 13 was directly oxidized 
(W-ClC6H4CO3H; CH2Cl2; room temperature) to the corre­
sponding /3,7-epoxy ester; subjection of the latter, without isolation, 
to elimination conditions («-C4H9Li//-C3H7NH; -78 0C) pre­
sumably generates the -y-hydroxy a,/3-unsaturated ester, which 
cyclizes in situ to the (±) tetracycle 1414 (51% from keto ester 

OCH, 

3), identical in all respects (NMR, IR, and mass spectroscopy 
and TLC) with material of structure 14 produced by means of 
earlier routes.4 In view of the prior conversion of 14 to the 
corresponding 7-ketone4 and thence to (i)-triptonide (2) and 
(±)-triptolide (I),2,4 the transformations described herein constitute 
a new synthesis of these natural products (in the racemic form).15 

Overall, this synthesis of 14 requires 12 steps from available 
materials, necessitates the purification of only 4 intermediates, 
and proceeds in a yield of ~ 15%, compared to 20-30 steps and 
~0.3-15% yields in prior approaches.4 
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Polymer Catalysts and Affinants—Polymers in Chromatography. Edited 
by B. Sedlacek (Institute of Macromolecular Chemistry, Prague), C. G. 
Overberger (University of Michigan) and H. F. Mark (Polytechnic In­
stitute of New York). John Wiley and Sons, Inc., New York. 1980. v 
+ 254 pp. 

This is No. 68 in the Polymer Symposium Series of the Journal of 
Polymer Science and represents part of the proceedings of an IUPAC 
meeting on macromolecules held in 1978 in Prague. It is a collection of 
28 papers ranging in length from 6 to 12 pages and covering topics in two 
somewhat related fields. The first field includes examples of the use of 
polymeric or polymer-bound catalysts, while the second is concerned with 
affinity chromatography and applications of polymers in chromatogra­
phy. Of the 28 papers, most are written by authors from European and 

* Unsigned book reviews are by the Book Review Editor. 

Communist countries, and most are concerned with chromatography. 
Much of the work described is reasonably up-to-data as of 1978 and 
ranges in quality from acceptable to excellent. The subjects range from 
polymer-bound transition metal catalysts to immobilized enzymes and 
whole cells, and from chromatography of peptides and nucleic acid de­
rivatives to TLC of synthetic macromolecules. A number of papers deal 
with various aspects of gel permeation chromatography and there are 
even two papers on inverse GC. While this book is a must for all ref­
erence and university libraries, the concise nature of the reports will make 
this book of specific interest only to those workers in the titled fields. 

Lon J. Mathias, University of Southern Mississippi 

Techniques and Applications of Path Integration. By Lawrence S. 
Schulman. John Wiley & Sons, New York. 1981. xv + 359 pp. $31.95. 

Path integration arose as a mathematical technique in quantum the-


