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Summary: The C6,Cg-oxido-bridged tigliane ring system 
was synthesized using a stereospecific rhodium(I1)acetate- 
catalyzed tandem cyclization-cycloaddition reaction as 
the central step. 

Diterpenes with a tigliane skeleton have played an 
important role in the development of a molecular mech- 
anism for carcinogenesis.l The most recognized tumor 
promoters of this class of natural products are the 
12,13-diesters of phorbol. To evaluate their structure- 
activity relationships, attention has been given to the 
preparation of modified  derivative^.^^^ In general, syn- 
thetic efforts have mainly resulted in the preparation of 
precursors to the natural material.3~~ The studies of 
Wender have led to two different syntheses of phorbol 
itselfS6 His most recent approach is based on the formation 
of the B- and C-ring systems via an oxidopyrilium [ 5  + 
21 -cycloaddition and subsequent introduction of the A- 
and D-rings. 

We wish to report a different strategy to synthesize the 
C6,Cg-oxido-bridged tigliane ring system 1 (Scheme I). The 
rhodium(I1)-catalyzed formation of cyclic carbonyl ylides, 
when coupled to an intramolecular cycloaddition reaction6 
using precursor 2, should allow for the formation of the 
B- and C-ring system in the presence of the A- and D-rings. 
Additionally, this one-pot double ring closure could fix 
not only the natural occurring stereochemistry between 
the newly formed chiral centers a t  C-8 and C-9 but a t  the 
same time could relate them in the correct stereochemistry 
to the chiral centers a t  C-4, C-10, C-13, and C-14. This 
convergent strategy connects building blocks 3 and 5, 
containing the A- and D-carbocycles, via an aldol reaction. 
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Subsequent acetylation of the newly formed alcohol and 
attachment of 4 to yield the a-diazo @-keto ester would 
then provide cyclization precursor 2'. To evaluate this 
projected synthetic plan, model compound 10 (Scheme 
11) was prepared to investigate the stability of the 
cyclopropane structure under the ring-closure conditions 
and its stereochemical influence on the formation of the 
B/C ring juncture. Second, the oxido-bridged tigliane 
system was prepared to evaluate the use of the cyclo- 
pentane ring in the overall ring closure process. 

To obtain the D-ring portion 5, ethyl chrysanthemate 
was converted to cis-2,2-dimethyl-3-vinylcyclopropane- 
carboxylic acid (6)' (Scheme 11). The acid was reduced 
with lithium aluminum hydride, and the resulting alcohol 
was oxidized (Swern oxidation) to yield the highly volatile 
aldehyde 5 (85 % for two steps). TBS-protected 5-hydroxy- 
2-pentanone was coupled with aldehyde 5, and the resulting 
aldol product was obtained (49%). The product was a 
3.2:l.O mixture with the major isomer 7 possessing the 
unnatural 12(S*)-hydroxy configuration. This 12(S*)- 
hydroxy isomer is that predicted by the Felkin-Ahn rule 
for the aldol reaction of the chiral aldehyde 5. The 
diastereomers were separated by HPLC. The major isomer 
7 was acetylated, the terminal protected primary alcohol 
was desilylated with hydrogen fluoride, and the alcohol 
was oxidized to aldehyde 8 (49% overall yield). A tin(1I) 
chloride catalyzed condensation with ethyl diazoacetate 
gave the @-keto ester (76%).8 Diazo transferg to the 
activated methylene group of the @-keto ester gave the 
a-diazo derivative 9 (58%), possessing all the necessary 
functionalities required for the crucial cyclization step. 
Reaction of the diazo derivative 9 withrhodium(I1) acetate 
in boiling toluenee gave crystalline 10 (mp 115 "C) as the 
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a Key: (a) LiAlH4, ether, rt, 20 h; (b) DMSO/(COCl)a, CH&12,-78 
OC, 35 min, then EhN (c) CH&O(CH&,OTBS, LDA, THF, -78 OC, 
16 h; (d) Ac20/4-DMAF'/pyridine, rt, 17 h; (e) 48% HF, CHsCN, 0 
"C, 22 h; (f) PCC/Al208, CHZClz, 3 h; (g) 4, SnClz, CH&l2,14 h; (h) 
MsNa, CHsCN, E t a ,  rt, 23 h; (i) Rhz(OAc)r, toluene, 100 OC, 1 h. 

only product (72% yield). The stereochemistry of the 
oxido-bridged tricyclic 10 was assigned on the basis of 
single-crystal X-ray analysis. The crystallization also was 
carried out with the minor, natural 12(R*)-isomer of the 
aldol reaction. The structure and stereochemistry of the 
ring-closed product (75% yield), excluding the (2-12 
hydroxyl function, was identical to that of compound 10, 
as shown by extensive NOE proton studies with both 
hydroxy isomers. The finding of the identical ring 
stereochemistry of this ring-closed product of both isomeric 
acetate esters indicated that this configuration of the 
acetoxy group at  C-12 does not have a role in the steric 
result of the ring-closure reaction. 

With these results in hand, a synthesis of the A-ring 
subunit 3 was developed. The conjugate addition of 
1-(ethylsulfiny1)-14ethylthio)ethane to l-carbethoxycy- 
clopentene (1 1)l0 and subsequent cleavage of the thio- 
sulfoxide group with 60 % perchloric acidll afforded, 
exclusively, trans-12. Reduction with lithium aluminum 
hydride12 and silylation of the primary alcohol yielded 13, 
and Swern oxidation produced 3 (37% over three steps). 
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Key: (a) LDA, THF, -78 OC, overnight; (b) A c z 0 / 4 - D W /  
pyridine, rt, overnight; (c) 48 % HF, CHsCN, 0 "C, 10 min, (d) DMSO, 
(COC1)2, CHzClz, -78 OC, then EtsN; (e) 4, SnCl2, CHzCla, 3 h; (f) 
MsNa, CHaCN, EhN, rt, 24 h. 

The next step in our strategy was the aldol reaction 
between 3 and 5 (Scheme 111). This reaction proceeded 
in 81% yield and, similar to the model reaction, gave a 
2.2:l.O mixture of aldol adducts 14'/14" and its 12(R*)- 
hydroxy isomers.'3 Following the synthetic steps wed for 
the model compound 7, the inseparable isomeric mixture 

(13) Additionally, the aldol reaction yields a 1:l enantiomeric mixture 
of two diastereomeric aldols, each containing a different one of both 
poeeible trans-A-ring pieces, mince the A- and D-ring synthons were used 
in racemic form. However, to simplify the structure of the formulae in 
Scheme 11, only the isomer with the stereochemistry of targeted 1 is drawn 
and the relations are mentioned in the text. 
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was found to be 1' (4R*,lOR*) and the lower melting 
product (mp 121 "C) was 1"(4S*,lOS*),theexpectedsesult 
since racemic 3 was used in the aldol reaction. The minor 
isomeric mixture 2"'/2"" (12R*) gave similar results upon 

Summary. In all the rhodium-promoted ring closures 
H 5 OEt investigated in this study, the two new stereocenters a t  

C-8 and C-9 were formed with the correct configurations 
relative to (2-14 and C-15 possessed in the natural tigliane 

a 1' (4R,lOR') compounds. This result is independent of truns-config- 
uration at  the asymmetric centers a t  C-4 and C-10.14J6 
Also, the configuration of the 12-hydroxy group plays no 
role in the steric outcome of the B- and C-ring closures. 
The high stereospecificity in the ring-closure reaction could 

8 M e  be related to steric interactions and/or the introduction 
of conformational strain in the tether which does not favor 
a transition state that leads the cyclopropane ring and the 
oxido-bridge to be on the same side of the molecule. 
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of 14 was acetylated and the primary hydroxyl groups 
were deprotected and subsequently oxidized to the alde- 
hydes 15. Their condensation with ethyl diazoacetate? 
followed by the diazo transfer reaction? gave a diaster- 
eomeric mixture which was separated by flash chroma- 
tography into 2'/2" (12S*) and ita 2"'/2'"' (12R*) isomer 
(ratio 2.2:1.0), and the combined yield was 61 % . 

In the final step (Scheme IV), the carbonyl ylide, 
generated in situ from the major isomer 2'/2" in the 
presence of acatalytic amount of Rh(II)acetate, underwent 
an intramolecular addition with the olefin to form the 
C&g-oxido-bridged tigliane ring system. Equal amounts 
of two products were isolated, by column chromatography, 
in a total amount of 86 % . The structures of the two 
crystalline product were determined by single-crystal 
X-ray analysis. The higher melting product (mp.195 "C) 
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