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We wish to report another synthesis of the fungal sex hormone antheridiol3’4

and to provide unequivocal evidence that the absolute stereochemistry of this
natural product is as shown in structure 1.

The present synthesis was devised with the objective of first introducing
the stereochemistry at Cz, via the furyl carbinol intermediate 4a and then to
elaborate the butenolide system by oxidative methods. Condensation of the 2-
lithio derivative5 of 3-isopropylfuran with 3-tetrahydropyran-2'-yloxy-22,23-
bisnorchol-s-en-24-—a14 proceeded in a stereospecific manner to yield the pure

1

carbinol 4a’ (60%) [mp 161-165°; [al, (CHCl;) -46°; v (KBr) 3450, 1025 cm

max
nmr (CDCl,) & 0.67 (18-H), 0.99 (19-H), 1.00 (d, J 6 Hz, 21-H), 1.12, 1.14 (2 x
d, J 7 Hz, isopropyl CH,), 4.90 (22-H), 5.73 (narrow m, 6-H), 6.31, 7.26 ppm

(2 x 4, 3 2 Hz, furyl-H)] which afforded the 22-acetate 4b [mp 152-155°; [a]D

(CHC1,) -13°; v (xBr) 1730, 1230, 1025 cm'l] with Acy0/Py. Treatment of 4b

max
with 3.3 molar equiv of m~chloroperbenzoic acid furnished the amorphous lactol
5 (81%) [nmx (cDpCly) 6 0.63 (l8-H), 1.04 (19-H), 1.01 (d, J 7 Hz, 21-H); 1.16,
1.23 (2 x d, 0 7 Hz, isopropyl CH,), 2.03 (acetoxy-H), 2.85 (d, J 4 Hz, 6-H),
5.26 (22-H), 5.89 ppm (butenolide-H)] which was reduced by NaBH, in diox-H,0
(19:1) to a mixture of acetoxy butenolides §8 (95%) . Sequential treatment of
the latter products with Zn-NaI—CHSCO,H9 to regenerate the 5,6-double bond and
5% H;S0, to hydrolyze the 22-acetate provided a mixture of dihydroxy butenolides
8. Purification of this mixture by prep. tlc furnished to 22S,23R butenolide
10

9a (5.5% from 6) [mp 242-247°; [a] (CHC1,) -24°; v
_ — D 3

max (KBr) 3450, 1740, 1620
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cm-l; nmr (CDCly) & 0.69 (18-H), 1.00 (19-H), 1.12, 1.16, 1.21 (21-H and
isopropyl CH,), 4.91 (4, J 9 Hz, 23-H), 5.32 (narrow m, 6-H), 5.75 ppm (24'-H)],
the 22R,23S butenolide 9¢ (13.5% from 6) [mp 210-211°, identical with the pre-
viously described Y-lactone4] and a mixture of 22R,23R and 225,238 (threo)
butenolides (ca. 8%)11. The formation of four hydroxy butenolides starting
with a pure furyl carbinol 4a demonstrates that epimerization of the C,, center
of the lactol 5 via the intermediate keto acid has occurred during the NaBH,

reductionlz.

3a with 5,6-double bond
b with Sa,6a-~epoxide

RIO

4a R=H 5 6 R=THP; R;=COCH3:; with 5a,6a-epoxide
b R=COCH 7 R=R)=H; with S5a,6x-epoxide
3 8 R=H; R(=COCH3: With $,6-double bond

9 R=R)=H; with 5,6-double bond

Sa Sb 9¢ 9d

The threo lactones were obtained more efficiently by reaction of the 5aq,
6a-epoxydienoic acid 324 with 0s0,/Py followed by reductive removal of the 5,6~
epoxide with Zn. Purification of the resulting mixture by fractional crystal-
lization and prep. tlc furnished the 228,238 butenolide 94 (22%) [mp 266.5-
269°; [o] ) [CHC1,-MeOH (3:1)] -20°; v__  (KBr) 3500, 1740, 1630 cm '; nmr
[CDC1l,-MeOD (4:1)] & 0.75 (18-H), 1.01 (19-H), 1.11, 1.18, 1.25 (3 x 4, J 7 Hz,

21-H and isopropyl CH,), 5.06 (23-H), 5.30 (narrow m, 6-H), 5.77 ppm (24'-H)]
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and the 22R,23R butenolide 9b (7.5%, admixed with ca. 5% of butenolide 9d) [(mp
195.5-201°; nmr (CDCl,) & 0.72 (18-H), 1.00 (19-H), 1.1l (4, J 7 Hz, 21-H),
1.15, 1.25 (2 x 4, J 7 Hz, isopropyl CH,), 3.9 (m, 22-H), 4.86 (23-H), 5.32
broad d, 6-H), 5.78 ppm (24'-H); MS m/e 456 (M')].

The stereochemical assignments follow from a comparison of the circular
dichroism spectra of the butenolides 9a~d and of cyclograndisolide (2), a
triterpene of known absolute configuration at c,,13 as determined by X-ray
crystallographic analysis. As shown in Table 1, butenolides 9a and 9b have the
opposite absolute stereochemistry to cyclograndisolide at the Cgy center. Since
butenolide 9b is obtained by cis dihydroxylation of a 22,23-trans double bond,
its absolute configuration is 22R,23R. Butenolide 9a muat have the opposite
stereochemistry to 9b at Cy, and it is, therefore, assigned the 22S,23R (erythro)
stereochemistry. The side chain stereochemistry of butenolides 9c and 9d

follows from similar arguments.

Table 1
CD Maximum

Butenolide g° nm Solvent

N A
225,23R %a +35,875 220 diox-MeOH (3:1)
22R,235 9c* -38,249 222.5 diox-MeOH (3:1)
225,235 9d -20,820 224 diox-MeOH (3:1)
22R,23R 9b +15,070 224 diox-MeOH (3:1)

Cyclograndisolide13 ~-31,500 220 diox

n4,14

Finally, hematoporphyrin-sensitized photooxygenatio: of the 22§5,23R

butenolide Sa followed by treatment of the crude A6-50—hydxoperoxide with

Cu(QAc),; furnished antheridiol 1 (36X) [mp 250-254°], identical in all respects

with an authentic sample of the hormone‘. This shows that antheridiol possesses

the 225,23R (22ﬁF,23§F) stereochemistry and confirms the tentative predictions

made earlier for the absolute configuration of this natural product4’15.
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