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TOTAL SYNTHESIS OF AFRICANOL

Leo A. Paquette* and Won Hun Ham

Evans Chemical Laboratories, The Ohio State University. Columbus., Ohio 43210

Summary: The first total synthesis of africanol has been achieved in 18 steps from

ketone 5 by a route that for the most part is highly stereocontroiled.

Considerable effort has been expended to elucidate the interrelationship of humulene
conformation and intramolecular cyclization 'Iea;ﬁng to various sesquiterpene frameworks. |
The most recent developments surround the biosynthetic origins of the africane natural
pr'oducts.2 Implicated to date is a cationic closure of CT-1 that eventuates in forma-
tion of 295) _africanene (2, source: soft corals Sinularia _e_ne_ctn3 and S, polydacty-
_'La4). africanol (3; source: soft coral Le_mna_]_i_a_a.f_r_‘ls_anas). or africanone (source:
leafy plant Lippia 1nj;egr_i_tq]__136). Although 3 and 47 have been arrived at by Lewis acid-
catalyzed rearrangement of humulene-9,10- and 4,5-epoxides, r'espective'ly,a’9 no success-
ful de novo synthesis of a representative africane has yet been achieved, despite at-
tempts in this direction.19

In this communication, we report a practical solution to the stereocontrolled syn-
thesis of africanol (3), Our stra-
tegy for proper installation of
the five consecutive chiral centers

in 3 encompasses several notable

facets: (1) recognition that ke-
tone 5 and structurally related
molecules are essentially locked

into one preferred confor‘mation”;

(2) stereocontrolled reduction of the 4 2
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pendant acetyl function in 7 and
complete transfer of this chirali-

ty in an ensuing [3.31sigmatropic

rearrangement; (3) avoidance of
all complications stemming from
potential cyclopropylcarbinyl

cation formation]z; and (4)

proper introduction of the
Mangular" hydroxyl group so as

to produce the gis-perhydro-

3
azulene system.
Readily available ketone 10
5]3 was convenient'ly trans=- aNaH, (KH), 0=C(OCH3)2; THF, A, bNaBH4. CszoHp OOC-
€Ac,0, Et3N, cat DMAP, CH,Cl1,5 A. “DBU, CgHgs» A
14 o e d 2 3 o202 66
formed ™ via o, F-unsaturate KOH, 95% C,HgOH, A, TCHzLi, ether, -78° > 0°C,

901bal, CHyClp =78°C. MCH3C(OC,Hg)3s CHaCH,COOH,
2°)2 3+ W2l 3 Lhizung

xylene, A, (Cm])zp C6H6: 5°C. SnC'I4, CH2012:

derivative 7 (67%).1° The -78%C., Kg-Bu(CHg),S1C1, imidazole, THF, RT. 1MCPBA,

CHC13, -20°C. ™(p-Bu),N'F~, THF, RT. "CH3S0,C1,

(CoHg)3Ns CHClp =209C. ©L1, NHy, THF, -78°C.

the expectation that its pre- sz. Pt0,» EtOAc.

ester 6 (65%) into the acetyl

selection of 7 was founded on

ferred conformation would eventually provide the configurational control required at the
cyclopropylcarbinyl site in 3, That is, molecular mechanics calculations reveal that
conformation 7b is 0.7 kcal/mo1 more stable than 7a chiefly because of the illustrated
nonbonded CH3-CH3 steric interaction. Additionally, molecular models of 7 suggested that
approach of RyATH reducing agents toward 7b would be preferentially relegated to "below-
plane" because of steric shielding on the alternate surface by one of the geminal methyl
groups. In actuality, Dibal reduction of 7 at -78°C delivered an 88:12 mixture of two
easily separable carbinols, the major constituent of which was formulated as 8 for the
above reasons.

The projected Claisen rearrangement of
8 (see 12) is seen to be goverened by two

chair-1ike transition state options. The
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first (14a), invol-

ving C~C bond forma- “bot tom -side”

tion anti to the /bonding

cyclopropane ring,

"bottom-side"

bonding \

140, R=H, Rp=CHj
\Y°°‘“5 b, Ry=CH3, Rp=H
b, .
does not experience

the incipient 1,3~

diaxial interac-

12 \top-side" "top-side” '3
tion so obvious in bonding bonding
15a and should
accordingly be 150, Ri=H, Rz=CHs
favored. Since 9 b, R=CHs, Ra=H

was formed exclusively, the level of chirality transfer in this instance is seen to be
excellent. Isomer 13 (available from the minor alcohol) is not similarly advantaged
because the apprecfable nonbonded interactions in 15b apparently bring into play a level
of destabi11ization comparable to that present in 14b. Under {identical conditions, 13
gave rise to a 1:1 mixture of two carboxylic acids isomeric with 9.

With the third chiral center introduced, the cyclization of 9 by means of alicyclic

Friedel-Crafts chem'ls'l:r'y1 6

was next examined. Our expectation was that the intermediate
tricyclic carbocation would experience B-elimination to establish the conjugated enone
functionality at a rate considerably faster than hydride shift leading to the cyclopro-
pylcarbinyl cation.12 Significantly for our purposes, a stereochemically pure cyclo-
propane-substituted o,B-unsaturated ketone (10) was produced (53% isolated) following
exposure of the acid chloride to SnCl; in dichloromethane solution at -78°C.
Low-temperature diisobutylaluminum hydride reduction of 10 gave rise to a 95:5
mixture of allylic alcohols. The predominant product was considered to be the a stereo-
isomer on the basis of steric approach control, a conclusion that was confirmed by even-
tual conversion to the natural product. This alcohol, after formation of its TBDMS
ether, was sequentially oxidized with MCPBA at -20°C and desilylated with tetra-p-butyl-
ammonfum fluoride. This sequence led in 56% yield to a 60:40 mixture of 11 and the a-

epoxide. A11 attempts to enhance further the proportion of 11, the separation of which
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was achieved chromatographically, proved unsuccessful.

Removal of the OH group and regiospecific cleavage of the oxirane ring were realized
by exposure of 11 to sulfene and reduction of the resulting mesylate with 1ithium in 11-
quid ammonia (61%).17 With access to the transposed allylic alcohol in this manner, hydro-
genation of the trisubstituted cyclopentene double bond proceeded with the anticipated 100%

stereoselectivity to give 3. That africanol had indeed been produced was determined by

careful comparison of 300 MHz TH NMR spectra recorded on synthetic and authentic samp]es.]8
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