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Novel cascade of seven radical-mediated 6-endo-trig cyclisations
leading to a unique all-trans, anti heptacycle
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A cascade of seven radical-mediated 6-endo-trig cyclis-
ations from the all-E-heptaene selenoate ester 1 results in the
production of the all-trans, anti heptacycle 2 together with
the isolation of the all-trans, anti tetracycle 15.

In recent years, we have examined the scope for an extensive
range of complementary radical-mediated cascade processes
from polyene precursors in the synthesis of a variety of poly-
cyclic ring systems, including taxoids and steroids.1 These
radical cascades have included those based on serial 6-endo-trig
cyclisations from polyene acyl precursors,1a radical-mediated
macrocyclisations from alkyl radicals in tandem with radical
transannulations,1b consecutive oxy (and aminyl) radical
fragmentation–transannulation–cyclisation sequences,1c and
several combinations of these processes.1d In many of these
investigations, we have generated sufficient circumstantial evi-
dence to suggest that there is a significant degree of “pre-
organisation” in the polyene precursor molecules, and in the
reaction intermediates, favouring the pathways followed in
the polycycle constructions. In order to evaluate some of the
limits of the extent to which radical intermediates can be util-
ised in the synthesis of polycycles, we have now attempted
an unprecedented cascade of seven sequential radical-mediated
6-endo-trig cyclisations with a view to the synthesis of the novel
(steroidal-type) heptacycle 2 from the linear heptenoyl radical
precursor 1.

The selenoate cyclisation precursor 1 was synthesised from
all-E-geranylgeraniol 3a involving two successive C10 homolo-
gations, viz. 3a→3b→3c, as outlined in Scheme 1.2 Thus,
phenylthioetherification of 3a, followed by alkylation of the
resulting sulfide 4a with the allyl bromide 5 first gave the C30-
compound 6a which on reduction with lithium in ethylamine at
278 8C led to the corresponding hexenyl alcohol 3b. Repetition
of this sequence, i.e. thioetherification, alkylation and reduc-
tion, then converted the alcohol 3b into the known octaprenyl
alcohol 3c 2 which was secured in the all-E configuration by

purification of the corresponding acetate using chromato-
graphy on silver nitrate impregnated silica gel.3 Selective epoxid-
ation of the terminal double bond in the acetate 7 using NBS in
THF–H2O followed by saponification next produced the all-
E-epoxyalcohol 8. Treatment of the epoxide 8 with aqueous
periodic acid resulted in hydrolysis and simultaneous 1,2-diol
cleavage producing the corresponding aldehyde which was then
converted into the primary alcohol 9 using two steps. Mesyl-
ation of 9 followed by a displacement reaction with cyanide
next led to the nitrile 10 which was converted into the corre-
sponding carboxylic acid 11b via a series of functional
group transformations. Finally, treatment of the acid 11b with
N-(phenylseleno)phthalimide–PBu3 followed by deprotection
of the resulting selenoate ester 11c, gave the hydroxyheptenoate
precursor 1 3 for the aforementioned attempted cascade radical
cyclisation.

Treatment of a solution of the selenoate 1 in dry degassed
benzene (3 mM), at reflux, with Bu3SnH (syringe pump add-
ition over 8 h) in the presence of AIBN, followed by chrom-
atography resulted in the isolation of two products. Analysis of
the spectroscopic data for the more polar of these two products
(ca. 20% isolated yield) 4 indicated that the acyl radical inter-
mediate had indeed successfully undergone a series of seven
sequential 6-endo-trig cyclisations generating the heptacyclic
ketone 2. Assignment of the all trans, anti-stereochemistry to 2
followed from comparison of the chemical shifts of the signals
in its 13C NMR spectrum with those observed for the tricyclic
ketone 13 which had been prepared in an analogous fashion to
2 by radical cyclisation of the corresponding triene selenoate
12. Thus, in the first instance we were able to assign the tricyclic
ketone 13 as having complete trans, anti-stereochemistry. This
was achieved by comparison of its 13C NMR resonances with
those of the known alcohol 14 5 and using the model proposed
by Beierbeck et al.6 to take into account their differing substitu-
tion at the C-4 position (steroidal numbering). Using this semi-
empirical approach, the agreement between the 13C chemical
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Scheme 1 Reagents and conditions: i, BunLi, THF–DMPU, 278 8C; TsCl, 0 8C; LiSPh (89–93%); ii, BunLi, THF, 278 8C; 5, 278 8C (78–86%); iii,
Li, EtNH2, THF, 278 8C (86–94%); iv, (CH3CO)2O, Et3N, DMAP, CH2Cl2 (99%); v, NBS, THF, H2O; K2CO3, MeOH (53%); vi, HIO4, THF, H2O;
vii, DHP, PPTS, CH2Cl2; viii, NaBH4, Et2O, MeOH (56%—over 3 steps); ix, CH3SO2Cl, Et3N, CH2Cl, 0 8C; x, NaCN, DMSO, 70 8C (87%—over
2 steps); xi, DIBAL-H, C6H5CH3, 278 8C (89%); xii, KH2PO4, ButOH, H2O, NaClO2, 2-methylbut-2-ene (95%); xiii, N-(phenylseleno)phthalimide,
PBu3, CH2Cl2, 230 8C (76%); xiv, PTSA, MeOH (93%).
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shifts observed for 13 and those predicted based on 14 was
excellent, with the majority of values lying in the range ∆δ ± 0.7
ppm (largest difference 12.6 ppm; average ∆δ = 10.1 ppm).
Such a close correlation between these two systems can be taken
as firm evidence for the tricyclic ketone 13 having complete
trans, anti-stereochemistry.7 From this starting point, we were
able to apply a similar analysis for the heptacycle 2, directly
comparing the 13C chemical shifts for those carbon atoms
‘common’ to both 13 and 2 (i.e. rings A, F and G) and using
the model of Beierbeck et al.6 to calculate 13C chemical shifts
for those structural features particular to 2 (i.e. rings B, C, D
and E) based upon a complete trans, anti-stereochemistry. An
excellent correlation was obtained with the majority of the dif-
ferences between observed shifts and those predicted lying in
the range of ∆δ ± 0.6 ppm (largest difference 1 5.4 ppm; aver-
age ∆δ = 1 1.0 ppm). Once again this excellent agreement can
be taken as firm evidence for the complete trans, anti-stereo-
chemistry assigned to the heptacycle 2.
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In addition to the heptacycle 2 a further component was
recovered from the reaction mixture (ca. 25%) after treatment
of 1 with Bu3SnH–AIBN. This molecule was assigned the tetra-
cyclic structure 15 on the basis of analysis of its 1H and 13C
NMR spectroscopic data and comparison with corresponding
data obtained for 2, 13 and 14. The aforementioned study has
indeed demonstrated that the scope for radical cascade pro-
cesses in the synthesis of serial linear/angular fused decalin/
perhydrophenanthrene ring systems of the type displayed in
conventional steroids is enormous. Further aspects, exploring
other limitations, of cascade radical reactions in alternative
polycycle constructs, are now in progress in our laboratories.8
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