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STEREOCONTROLLED SYNTHESIS OF A TRANS-ANTI-TRANS TRICYCLE
VIA A TRANSANNULAR DIELS-ALDER STRATEGY
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ABSTRACT: Transannular Diels-Alder reaction of trans-cis-cis macrocyclic triene 20 yields trans-syn-
cis tricycle 21 which is converted into trans-anti-trans tricycle 24 by epimerization at Cg after appropri-
ate functional group transformation.

In earlier communications,1.2.3 we have described the synthesis and transannular Diels-
Alder reaction of three specific examples of 13-membered macrocyclic trienes, demonstrating a poten-
tially powerful strategy for the construction of complex polycyclic molecules. More recently, Takahashi
and co-workers# have reported the synthesis of a steroid using the above strategy. We have also re-
ported a study5:6 on the transannular Diels-Alder reaction of the eight possible geometric isomers of a
14-membered macrocyclic triene. In this general study, we have shown that direct construction of the
trans-anti-trans (TAT) ring junction which corresponds to the configuration of most natural products is not
possible by this synthetic approach.

The trans-cis-cis (TCC) olefin geometry of macrocyclic triene 20 allows direct access, by
transannular Diels-Alder reaction, to tricyclic adduct 21 having a trans-syn-cis (TSC) ring junction.5 The
protected alcohol of 21 can be transformed into a ketone, which allows subsequent epimerization at Cg
and thus entry to tricycle 24 having the TAT stereochemistry. We wish now to report this work which
also constitutes a preliminary study for the synthesis of corticoids.
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As previously described,3.6 we chose a convergent approach for the synthesis of triene
20. The preparation of the cis dienophile is summarized in Scheme I. The known alcohol 17 was
benzylated and then treated with dilute acid to give diol 3 (85% overall). After monosilylation 8 (51%),
the resulting alcohol 4 was oxidized 9 to aldehyde 5; subsequent condensation with the anion of
phosphonium bromide 710 provided a mixture [55:45] of cis and trans olefins (63% from 4). Chro-
matographic separation gave pure cis olefin 8 which was desilylated11 (9, 93%), mesylated (10) and
alkylated with dimethyl malonate (84%) to give 11. Methanolysis provided alcohol 12 which was then
transformed into the mesylate ester 13. Intramolecular cyclization of 13 (HMDSNa, DMF/THF 1:1,
80°C) gave the cycloheptene 14, proving the cis geometry of the former.

The coupling between the dienophile 13 and the trans-cis diene 158 was accomplished
(NaH, THF/DMF 1:1) to give triene 16 in 84% yield (Scheme Il). Alkylation of 16 with dimethy! malonate
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(a) PhCH2Br, NaH, THF, 0°Ctor.t. (b) HCI 10%, H20 (85%) (¢) t-BuPh2SiCl, imidazole, THF, r.t. (51%) (d) (COCi)a,
DMSO, EtaN, CHClp, -78°Cto rt. (e) DHP, PPTS, CH2oClp, rt. (82%) (f) i) BrPh3sP+CHaCHa, HMDSK, toluene, THF, 0°C
ii) 6, THF, 48 h, r.t. (81%) (g) i) 7, Buli, hexane, THF, -78°C to 0°C i) 5, THF, chromatography (cis = 36%, trans = 27%
from alcohol 4) (h) n-BugNF, THF, 0°Cto r.t. (93%) (i) MeSO2Cl, EtsN, CH20I2 0°C (j) CH2(CO2Me)2, NaH, THF/DMF
1:1, K, 85°C (84%) (k) MeOH, PPTS, reflux (92%) (l) HMDSNa, THF/DMF 1:1, 80°C, 4.5 x 10-3 M (77%)

SCHEME 1

provided 17 (80%) which was then desilylated1 to give 18 (91%). Conversion of this allylic alcohol to
the corresponding chioride12 19 was followed by macrocyclization (CsoCOg, THF/DMF 1:1, 70°C, 10 h,
2.5 x 10-3 M, slow addition) to the 14-membered ring 20 (75% from alcohol 18).

When heated at 270°C for 2.75 hours, macrocycle 20 underwent transannular Diels-Alder
reaction to give, in 84% yield, the tricycle 2113 having five asymmetric centers. We can predict easily
four of these five centers by analysis of molecular models;3 with a trans-cis diene and a cis dienophile,
the transannular Diels-Alder reaction is expected to give a tricycle having TSC relative stereochemistry.

The benzy! protective group was removed (SnCls, CH2Clo)14 and the B-orientation of the
hydroxy group in the resulting alcohol 22 was established by NMR spectroscopy (4.02 ppm, doublet of
doublet of doublet, 9.5 Hz, 9.5 Hz, 4.8 Hz). Then, oxidation (PCC, CH2Cl2)15 gave ketone 23.16 The
predicted TSC relative stereochemistry of this ketone was confirmed by single crystal X-ray diffraction
analysis.17 Treatment with sodium carbonate in methanocl at 50°C over nine hours transformed 23 into
another ketone 24,18 spectroscopically different from the former. This ketone 24 must therefore have
the desired stereochemistry TAT by isomerization at position Cg.



6217

H Me
PhCH,0, D=
c
/\/\)/ a E 0SOzMe b
—— ——
B+ gpnsio” N N\ E OSiPhst-Bu
15 16
PhCH,0 E RO E
E E
Me
L S
E ¢ E
T

m
m
T e

17 X=0SiPhyt-Bu 20 21 R=CH,Ph
;I:w X=OH 9 L_»zz R=H
L 19 x=cI
o) /°
l,“E

m
mellD)

25

E=COOMe

(@) i) 13, NaH, THF/DMF 1:1, 0°Cto r.t. i) 15, THF/DMF 1:1,rt. (84%) (b) i) CHo(COaMe)s, NaH, THF/DMF 1:1 i) 16,
THF/DMF, 80°C (80%) () n-BugNF, THF, 0°C to r.t. (91%) (d) MeSO2Cl, s-collidine, LiCl, DMF, rt. (e) CspCOg,
DMF/THF 1:1, 2.5 x 103 M, 75°C, slow addition (75% from alcohol 18) (f) sealed tube, toluene, 270°C, 2.75 h (84%) (g)
SnCls, CHaCly, 1. (80%)20 (h) PCC, CHaClo, rt. (80%)20 (i) NapxCOgz, MeOH, 50°C, Sh (60%})20

SCHEME i

The fact that only one diastereoisomer was obtained in the transannular Diels-Alder
reaction shows a complete control of stereochemistry at position Cq4. This indicates that it will be
possible to realize a non-racemic synthesis of a given tricycle starting from an optically active precursor
which has the appropriate absolute configuration for the C11 secondary benzyl ether.

In addition, we noted that acidic treatment of alcohol 22 (PTSA, benzene, 60°C) gave
lactone 25.19 The two ester functions of the C13 malonate are thus easily differentiated and this type of
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process could be useful in the synthesis of corticoids. For instance, the carbonyl carbon of the lactone
moiety could represent the C1g hemi-acetal function of aldosterone.

In conclusion, this preliminary work demonstrates that a transannular Diels-Alder reaction

followed by epimerization provides ready access to tricycles of TAT stereochemistry. In addition, this
method appears very promising for the synthesis of optically active corticoids. Work in this direction is
currently underway in our laboratory.
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