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TOTAL SYNTHESIS OF VENUSTATRIOL

E. J. Corey and Deok-Chan Ha
Department of Chemistry, Harvard University, Cambridge, Massachusetts, 02138

Summary: Venustatriol (1) has been synthesized by an enantioselective and convergent route via key
intermediates 9 and 15.

Venustatriol (1), a tetraoxacyclic squalenoid from Laurencia venusta, has been found to display promising
antiviral activity.! This fact coupled with the interesting structural features of 1 and the availability of only very
small amounts of 1 from L. venusta suggested the desirability of research on the synthesis of 1. This note reports
a successful enantioselective total synthesis of venustatriol.2

The (2R,3R)-epoxide 2 was synthesized in 92% yield from E,E-farnesol, (-)-diethyl (2R,3R)-tartrate,
Ti(OiPr)4, and t-BuOOH in the presence of molecular sieves (as described for geraniol4).5 Oxidation of 2 with
6 equiv of CrOze2py in CH2Cl3 at 23° for 8 h gave the corresponding epoxy aldehyde (90%) which was
converted to the 2-carbon homologated aldehyde 4 by the sequence (1) Wittig reaction with
methoxycarbonylmethylenetriphenylphosphorane (1 equiv in CH2Cly at 23° for 5 h) to give epoxy ester 3 (90%);
(2) selective reduction of the o,B-double bond of 3 (1 atm Ha, 5% Rh-Alp03, 10 equiv of py,6 THF, 23° for 5 h,
91% yield); (3) ester reduction with 1.08 equiv of diisobutylaluminum hydride in toluene at -78° for 2 h to form 4
(89%). Reaction of 4 with 2 equiv of sodium cyanide and 1.5 equiv of acetic acid in 3:1 THF-HO at 23° for 10
min gave a mixture of diasteriomeric cyanohydrins (1 : 1) which upon treatment with 5 mole % of tosic acid in
acetonitrile at 23° for 3 h underwent cyclization to give after chromatography on SG6 (4 : 1 hexane-EtOAc) cyano
ether 5§ (40%) and the 14-epimer (39%) as colorless oils (SG-TLC Ry values of 5 and 14-epi-5 were 0.44 and
0.31 with 2 : 1 hexane-EtOAc).” Additional amounts of 5 could be obtained from the 14-epimer by reaction with
2.2 equiv of potassium hexamethyldisilazane in THF at -23° for 5 h, cooling to -78° and quenching with propionic
acid.

The 6,7-double bond of 5 was epoxidized stereoselectively to form 6 by reaction with 1.3 equiv of (-)-
diethyl tartrate, 1.1 equiv of titanium isopropoxide and 3 equiv of trityl hydroperoxide in CH,Cly in the presence
of molecular sieves at 0° initially and then at 23° for 15 h (62% conversion, 74% yield).8 Cyclization of 6 to form

7 was effected by reaction with 5 mole % of methanesulfonic acid in CHyCl at 0° for 2 h (61%). Reaction of 7
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with 1.1 equiv of 2,4,4,6-tetrabromocyclohexa-2,5-dienone (TBCD) in CH3NO; at 23° for 1 h afforded the
desired (R)-3-bromotetrahydropyran 8 (26%) along with the 3-epimer (5%) and a mixture of the isomeric 2-
bromo-2-propyltetrahydrofurans (61%). The desired 8, mp 158-160°, [a]p23 + 9.82° (c=1 in CHCl3), was
separated from the other products of brominative cyclization by SG chromatography and recrystallization, and the
by-products were combined and treated with powdered zinc (30 equiv) and acetic acid (5 equiv) in ether at 23° for
24 h to regenerate 7 in 94% yield. A number of other conditions for the brominative cyclization involving TBCD
in different solvents (CH3CN, THF, DMF, and py) and other brominating agents (e.g. BroC(CN)2) were no
more effective for the conversion of 7 to 8. Reduction of 8 using 2 equiv of diisobutylaluminum hydride in
CH3Cl (0.05 M) at -23° for 2 h and subsequent exposure of the resulting product to 0.5 M hydrochloric acid
provided aldehyde 9 (54%).

The (2R, 3R)-epoxide of geraniol (prepared analogously to 24) was treated with 1 equiv of NaH and 1.1
equiv of benzyl bromide in THF (0.3 M) at 23° for 14 h to form the corresponding benzyl ether 10 (82%).
Epoxide cleavage using 0.18 M perchloric acid in 6 : 1 THF-H20 at 23° for 14 h converted 10 to the diol 11 in
85% yield. Oxidation of 11 with 1.05 equiv of powdered pyridinium chlorochromate (in CHCl at 23° for 10 h
with stirring followed by filtration through Celite, stirring of the filtrate with SG for 10 h, elution of the product
from SG with ethyl acetate, and chromatography on SG (1 : 1 hexane-EtOAc)) afforded stereospecifically the
tetrahydrofuran 12 (43%).% Reaction of 12 with 3 equiv of sodium hydride in THF followed by 5 equiv of
chloromethyl ether in CH2Cl» at 0° for 10 min, 23° for 24 h, and 55° for 48 h provided the formal derivative 13
(79%). The bicyclic formal 13 was homologated to 14 by the sequence (1) debenzylation (1 atm Ha, 10% Pd-C
catalyst in EtOH at 23° for 3 h, 98%); (2) oxidation to the corresponding aldehyde (1.1 equiv of oxalyl chloride,
1.3 equiv of Me3SO in CH2Cl (30 min, -78°) followed by addition of 3 equiv of Et3N and warming from -78° to
0° over 5 min, 93%); (3) Wittig reaction with methylenetriphenylphosphorane (1.1 equiv in THF at -78° for 10
min and 23° for 3 h, 86%). The olefin 14 was transformed into primary bromide 15 by the sequence (1)
hydroboration with 3 equiv of 9-BBN (0.5 M in THF, 23° for 10 h) followed by treatment with 7 equiv of sodium
hydroxide and 25 equiv of hydrogen peroxide at 23° for 10 h to form the primary alcohol (88%); and (2)
replacement of primary OH by Br (1.1 equiv of Ph3P and 1.3 equiv of CBry4 in CH2Cl» at 23° for 3 h) to give 15,
[a]p23 + 79.8° (c=2.5 in CHCl3), in 96% yield.

The skeleton of venustatriol was assembled from aldehyde 9 and bromide 15 by the sequence (1)
bromine-lithium exchange by reaction of 18 with 2.1 equiv of tert-BuL.i in ether at -78° for 15 min; (2) conversion
of the resulting lithium reagent to the corresponding cerium reagent by stirring with 1.5 equiv of powdered
anhydrous CeCl3 at -78° for 10 min and 0° for 2 h; and (3) reaction of the cerium reagent!0 from 15 with aldehyde
9 (0.1 M in the reaction) at -78° for 10 min and 0° for 2 h to give after quenching with aq NH4Cl and SG
chromatography the coupling product 16 stereoselectively (85%). Reaction of 16 with 1.1 equiv of oxalyl
chloride, 1.3 equiv of Me3SO at -78° for 30 min and subsequently with 5 equiv of Et3N (initially at -78° and then
at -78° to 0° over 5 min) produced ketone 17 (85%) which upon treatment with 3 equiv of methylmagnesium

bromide in THF at -78° for 30 min and -78° to 0° over 30 min provided stereoselectively tertiary alcohol 18 in
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98% yield. The formation of both 16 and 18 is highly stereocontrolled in the manner predicted for addition of
the organometallic reagent to a metal chelate between the C-ring oxygen and the C(15) carbonyl at the less
screened face of C(15).

Deprotection of the formal derivative 18 using 0.02 M tosic acid in 5: 1 THF-H»O at 40° for 9 h
generated venustatriol (1) in 83% yield. Synthetic venustatriol, mp 160-161°, [a]p23 + 9.32° (¢=0.6 in
CHCI3)!, was shown to be identical with a naturally derived sample by 500 MHz 1H NMR, 13C NMR, MS$
(EI, DEL, CI, FAB), FT-IR, and TLC (3 solvent systems) comparison.!!

Although the above described synthesis of venustatriol involves a number of highly stereoselective
steps, the trishomoallylic epoxidation § — 6 and the conversion of 11 — 12 by PCC are especially
noteworthy. Complete control over the course of the brominative cyclization 7 — 8 is an interesting

challenge for further research.!2
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