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Abstract—The synthesis of two iodoformates is describeg-|8do-5x-cholestane-R-yl formate @) reacts under the usual Woodward—
Prevost conditions to provide the expected hydroxyform&tasd?7. Unfortunately, a B-formyloxy-7a-iodo-labdane derivative, prepared in
the context of forskolin synthetic studies, could not be forced to react analog@u2300 Elsevier Science Ltd. All rights reserved.

Introduction the non-participation of water was discussed in terms of
sterical hindrance of flanking methyl groups preventing
The Woodward—Prest reaction? is a well-known pro- nucleophilic attack of water to the acetoxonium ion

cedure for the introduction of ais-diol functionality at (Scheme 1).
the sterically more hindered face of an olefin.

Our synthetic approach towards forskolin and derivatives
However, some examples were reported that did not intended to introduce the 6dals-diol moiety on the more
proceed in the desired sensé.In the case of &-cholest- sterically hindered face ofl by a Woodward—Prest
7-ene, a vicinatrans-diol (after ester cleavage), obviously reaction. Theransiodoacetat® (R=CHj), an intermediate
the result of a classical Rrest reaction, was observed as the of the reaction, was isolated in 75% yield and could not be
main product, even in the presence of wat€he reasonfor  induced to react to the desiredis-hydroxyacetate3

\/o‘BuSith

Scheme 1.
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(R=CHj).2 Obviously, the neighbouring group effect of the (58% yield of 6). The most suitable procedure for the
acetate is not operating in this case, although an X-ray preparation of6 consisted in the treatment of with
structure indicates that the requirements for the formation mercuric formate and iodine (72% vyield, 15 min). Larger
of the acetoxonium ion are probably met. An explanation amounts of the reagents (2:2:1 molar ratio of olefi, |
could be that water participates in the nucleophilic substitu- Hg(HCG,),) had to be used than in the previously reported
tion step and that the acetate carbonyl carbon has alreadyexamples® The configuration of the iodoformate was
some sgcharacter as the oxygen approaches C-7. Since thedetermined byH NMR spectroscopy: The signals for 2-H
water must necessarily approach from éxedirection this and 3-H appeared as broad singlets with small vicinal
would position the acetate methyl group over ring B and coupling constants. Thus, the diaxial product was formed
lead to severe steric compression with the axial methyl in agreement with the Fst—Plattner rulé?
groups at C-8 and C-10. It is interesting to note that the
ortho esters formed from glycosyl halides with an ester lodoformate6 was then submitted to the usual Woodward—
group at C-2 have the alkyl group of the acid part mainly Prevost conditions (AgOAc, stoichiometric®, in HOAC).
endowhereas the incoming alcohol éxa® Two hydroxyformate$ and7 were isolated in a combined
yield of 75% (3:2 ratio as determined B NMR). The
We were interested to find out whether we could overcome isomers could not be separated completely due to acyl
the failure of the Woodward—Pvest reaction of 1 usinga  migration even when the silica gel was treated with a
formate version, i.e. replace the acetate;Qiy the less base-containing eluent. The structural data5ofand 7
bulkier hydrogen. were in accord with those of the corresponding hydroxy-
acetate$® The application of silver perchlorate mono-
In principle, two possibilities exist for this formate hydrate in THF at rt as an acid-free method led to the
Woodward—Preost reaction: One could treat the olefin formation of 5 and 7 only in traces, besides numerous
with iodine and silver formate in formic acid—water, or unidentified products.
prepare thd@ransiodoformate independently and submit it
to the usual Woodward—Rrest conditions. For the formation of the iodoformat(R=H) the reaction
of 1 with N-iodosuccinimide in DMF, shown to be a mild
Unfortunately, 1 suffered extensive decomposition on method in the model case, was tried first. Rather extreme
treatment with iodine and silver formatein formic acid conditions (heating to 6C for 6 d) were necessan?2

at rt (Scheme 1). (R=H) was isolated in a low yield of 11%. The method of
choice was the reaction df with mercuric formate and

Therefore, some methods for the preparation t@ins iodine giving2 (R=H) in 87% yield. The attempt to convert

iodoformate$'—2* were tested and modified, withab 1to 2 with NIS and stoichiometric amounts of formic acid in

cholest-2-ene4, a well-known model compound for the chloroform remained unsuccessful: No conversion could be
Woodward—Preost reaction (Scheme 2). Thus,reacted detected after heating at 4Dfor 48 h. The rise of tempera-
with N-iodosuccinimide in DMF-chloroform in a slow ture to 60C caused complete decomposition of the starting
(96 h) but mild reaction to givé (58% vyield, 21% of 4 material.

recovered}! The same product was obtained in a slow reac-

tion (20 h) of4 with N-iodosuccinimide and stoichiometric The structure of2 (R=H) was in agreement with the
amounts of formic acid in chloroform at rt (54% vyield, 29% NMR results. HMBC experiments confirmed the 6-iodo-
recoveredt).?® At 40°C the reaction was complete after 2h  7-formyloxy constitution Js7was 2.2 Hz.

Scheme 2.
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Disappointingly, wher2 (R=H) was submitted to the usual
Woodward—Preost conditions, even heating at °80did
not cause any conversion. The form&eeemed to be as
unreactive as the corresponding acetate under theselTo a suspension 06 (44 mg, 81lumol) in acetic acid
conditions. (400 ) water (15p.l, 830 pwmol) and a suspension of silver
acetate (19 mg, 11@mol) in acetic acid (1 ml) were added.
After stirring for 72 h at room temperature another portion
2B-yl formate @) reacts nicely under the usual Woodward— of silver acetate (17 mg, 1g3mol) in acetic acid (0.5 ml)
Prevost conditions to provide the expected hydroxy- was added. The reaction was stopped after 96 h by adding an
formates. Unfortunately, the iodoformate 2 could not be aqueous saturated sodium chloride solution (4 ml). The
forced to react analogously. resulting yellowish precipitate was removed by filtration
and washed with petrolether and ethyl acetate. The filtrate
was evaporated, the residue dissolved in ethyl acetate and
filtered again. The filtrate was neutralized with an aqueous
saturated sodium hydrogencarbonate solution (5 ml) and
worked up as usuab and7 were formed in a 3:2 ratio as
determined byH NMR. FC (petrolether—ethyl acetate 8:1)
gaveb6 (4 mg, 7.9umol, 10%) besides a fraction rich &

Submitting 3a-iodo-5«-cholestane-B-yl formate to
Woodward—Prévost conditions

In conclusion, we have shown that-8odo-5x-cholestane-

Experimental

3a-lodo-5«-cholestane-B-yl formate (6). (&) To a solu-
tion of 5a-cholest-2-ene4, 48 mg, 0.13 mmol) in chloro-
form (0.1 ml, filtered through basic alumina) a solution of (13 mg) and another one rich ifi(14 mg). The combined
N-iodosuccinimide (100 mg, 0.44 mmol) M,N-dimethyl- yield was 75%. Subsequent FC (petrolether—ethyl acetate
formamide (1 ml) was added at room temperature, and the8:1+0.1 vol.% triethylamine) of theb-rich fraction gave
mixture was stirred for 96 h in the dark. After addition of 3 mg of pure5 and of 7-rich fraction 2 mg of pure.

water (2 ml) and stirring for 15 min the cognac-coloured

mixture was washed with a saturated sodium thiosulfate 5a-Cholestane-B,3-diol 3-formate (7). 'H NMR
solution (10 ml). Usual work-up (dichloromethane/sodium (200 MHz, CDC}): 6=0.65 (s, CH), 0.50-2.20 (mk,
sulfate) and FC (petrolether—ethyl acetate 30:1) yielded 45H, 5CHs, 11°CH,, 7°CH, 1°OH), 4.00-4.18 (m, H,
(41 mg, 58%). 10mg of the starting material were 2,-H), 4.87-4.94 (m, 1H, 3H), 8.09 (d, 1H, OCHO,

recovered. J=1 Hz). GgH,g03 (432.69, 432.36), FAB-M&Vz=455.3
[M+Na]", 4153 [M+H-H,0]", 387.3 [M+H-

(b) To a stirred solution of &cholest-2-ene 4, 30 mg, HCO,H] . HRMS: found 455.3501, calc for jgH,s0;Na

82 pmol) in chloroform (0.5 ml) a solution oN-iodo- 455.3501.

succinimide (67 mg, 30f.mol) in chloroform (1 ml) was

added at room temperature. Formic aciqu{f 156 p.mol) S5a-Cholestane-B,3g-diol 2-formate (5). 'H NMR

was added dropwise with rigorous stirring. After stirring for (200 MHz, CDC}): 6=0.64 (s, 3H, CH), 0.70-2.20 (mk,
20 h, the reaction mixture was diluted with chloroform, 42H, 4CHs, 11'CH,, 7°CH, 1"OH), 3.58-3.90 (m, 1H,
washed with an agueous sodium thiosulfate solution (5 N) 3,-H), 5.10-5.22 (m, 1H, 2H), 8.16 (s, 1H, OCHO).
and neutralized with an aqueous sodium carbonate solutionCgHss05  (432.69,  432.36), FAB-M®&Vz=455.3
(2N). After usual work-up (dichloromethane/sodium [M+Na]’, 433.5 [M+H]", 415.3 [M+H—-H,0]", 387.3
sulfate) and FC (petrolether—ethyl acetate 3@ 124 mg, [M+H—HCOH]". HRMS: found 433.3682, calc for
44 pmol, 54%) and recovered starting material(9 mg, CogH4905 433.3681.
24 umol, 29%.) were isolated.

(8SR 13SR)-6B-Formyloxy-7«a-iodo-8,13-epoxy-151ert-
(c) To a stirred mixture of &cholest-2-ene 4, 22 mg, butyldiphenylsilanyloxy)-labd-11-one fac-2, R=H)
61 wmol) and mercury(ll) formate (19 mg, 24dmol) in
dichloromethane (0.5 ml) a solution of iodine (133 mg,
524pmol) in dichloromethane (0.5 ml) was added at
room temperature. Initially, the reaction mixture dis- (80 mg, 360umol) in DMF (300ul) was added. After stir-
coloured the solution of iodine and became later yellow. ring for 67 h at room temperature no conversion could be
After 15 min a quantitative conversion could be detected, detected. A second crop of NIS (47 mg, 2080l) in DMF
and an orange precipitate occurred that was removed by(0.2 ml) was added and the mixture was stirred aCAfor
filtration. The filtrate was washed with an aqueous sodium 18 h. Again, no conversion could be observed. A slow
thiosulfate solution (10%) and with an aqueous potassium conversion took place at 8D. The reaction was left at
iodide solution (saturated). Usual work-up (dichloro- this temperature for 6d. Then water (60 was
methane/sodium sulfate) and FC (petrolether—ethyl acetateadded. Work-up as described above and FC (petrol-

(@) To a stirred solution ofac-1 (17 mg, 30wmol) in
chloroform (30unl) a solution of N-iodosuccinimide

20:1) yielded6 (24 mg, 44umol, 72%). Mp: 109-11C

(petrolether), [it.110-1TC, ref. IR (KBr): 1721 (s,
HC(0)0), 1181 (s, C—0)'H NMR (300 MHz, CDC}):

6=0.65 (s, 3H, CH), 0.86 (d, 1H, CH, J=6.6 Hz), 0.87
(d, 1H, CH;, J=6.6 Hz), 0.91 (d, 5H, CkHCH,, J=6.6 Hz),

0.94 (s, 1H, CH), 0.96-2.02 (mk, 27H, ICH,, 7°CH),

4.56 ($roas 1H, 3B-H), 5.34 ($10a¢ 1H, 2x-H), 7.91 (s,
1H, OC(O)-H). GgH4;0,l (542.58, 542.26), FAB MS
m/z=565.1 [M+Na]", 497.1 [M+H—HCO,H] .

ether—ethyl acetate 30:1) yieldeic-2 (R=H, 3 mg,
3.4 umol, 11%).

(b) rac-1 (9 mg, 16p.mol) and mercury(ll) formate (35 mg,
121 wmol) were dissolved in dichloromethane (0.25 ml) at
room temperature. A solution of iodine (63 mg, 24&ol)

in dichloromethane (2 ml) was added. The reaction mixture
initially discoloured the solution of iodine but turned yellow
later. After 15 min quantitative conversion was observed.
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Work-up as described above and FC (petrolether—ethylace-(Innovationskolleg ‘Chemisches Signal und Biologische
tate 20:1) yieldedac-2 (R=H, 10 mg, 14umol, 87%) asa  Antwort’) and the Fonds der Chemischen Industrie is kindly
colourless resin. IR (CHG): 1719 (s, G=0). 'H NMR acknowledged.
(400 MHz, CDC}, HH COSY): (6=0.76-0.81 (m, 1H,
1-H), 0.84 (s, 3H, CH18), 0.96 (s, 3H, CK19), 0.97 (s,
9H, CHs-tert.-butyl), 1.04-1.13 (m, 1H, 3-H), 1.20 (s, 3H,
CHs-16), 1.27-1.35 (m, 1H, 3-H), 1.37 (s, 3H, HO0),
1.54 (s, 3H, CH17), 1.65-1.68 (m, 2H, C}2), 1.84— )
1.88 (M, 2H, CH-14, Ji,15=6.8 Hz), 1.96 (s, 1H, 5-H), éo Vz\lggd\évflrd, R. B.; Brutcher Jr., F. \l. Am. Chem. S0d.958
219 (d, 1H, 1-H,J;,=12.7Hz), 2.22 (d, 1H, 12-H, ' e ) -

_ : 2. Mangoni, L.; Adinolfi, M.; Barone, G.; Parrilli, MTetrahedron
Ji1212=12.7 Hz), 2.59 (s, 1H, 9-H), 2.68 (d, 1H, 7H, Lett 1973 45. 44854486
J=2.2 Hz), 3.75-3.85 (m, 1H, 15-H), 3.90-3.96 (m, 1H, ett. 1973 45, T . ] _

- - 3. Davey, C. W.; McGinnis, E. L.; McKeown, J. M.; Meakins,

15-H, J1415=6.8 Hz), 4.42 (d, 1H, 7-HJ=2.2 Hz), 5.76 G. D Pemberton. M. W.: Y R M. Ch Soc. 96
(s, 1H, 6-H), 7.19-7.37 (m, 6H, Ar-H), 7.58-7.68 (m, 4H, C;D- Pemberton, M. W.; Young, R. N.. Chem. Soc. 0968
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