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STEREOSELECTIVE TOTAL SYNTHESIS OF (+)-EREMOFORTIN B,

A SESQUITERPENOID MYCOTOXIN OF Penicillium roqueforti 1

*
Koji YAMAKAWA, Toshihisa MASHIKO and Tsuyoshi SATOH
Faculty of Pharmaceutical Sciences, Science University of Tokyo

Ichigaya-funagawara-machi, Shinjuku-ku, Tokyo 162

The stereoselective total synthesis of (%*)-eremofortin B (1),
a sesquiterpenoid mycotoxin of Penicillium roqueforti, from 58,68~

1(10)

dimethyl-2,7-dioxo-A -octalin (2) is described. Stereochemistry

of eremofortin B was confirmed as shown in 1.

Eremofortin B, a sesquiterpenoid mycotoxin of Penicillium roqueforti, was found
by Moreauet aLZ The structure of eremofortin B was proposed to be an eremophilane
type sesquiterpenoid as shown in 1', however the stereochemistry was not clear.3

We previously reported the total synthesis of (i)—isopetasol,4a (+)warburgia-
dione,4a (t)-petasitol,4a and (i)—phomenone4b from 58,68—dimethyl—2,7—dioxo—Al(lOL
octalin (2). In this communication, we wish to report the first total synthesis
of (%)-eremofortin B (1) from the key intermediate (2), the synthesis confirming
the stereochemistry of 1.

Reduction of the enone (2) with NaBH, in MeOH at 0°C for 30 min gave 38-OH (3)
(90%) together with a small amount of 3a-epimer (4) (10%). The configuration of
C-3 hydroxyl group of 3 and 4 were determined by their NMR spectra [3: § 3.94,
WY,=7.5 Hz, 30-H and 4: § 3.55, WY,=25 Hz, 3B-H]. Acetylation of 3 with Ac,0-
pyridine-DMAP gave the 3B-acetate (5), mp 71-2°C [NMR §: 5.08 (W Y,=7.5 Hz, 30-H)].
Bromination of 5 with NBS in refluxing CCl4 for 1.5 hr afforded bromides (70-80%),
which were separated by preparative TLC to give 6, mp 96-8°C(28.5%), and 7, mp 102-
104°C(44.5%), while the reaction under 30 min reflux gave 6 (44%) and 7 (21%).

The bromide (6) was initially formed and then epimerized to the bromide (7) on

prolonged heating. The stereochemistry of the bromides (6) and (7) were confirm-

ed to be 1B(axial)- and la(equatorial)-bromide, respectively, by their physical
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nax 243.5 nm (e 14000); NMR &§: 4.89 (m,

EtOH
max

properties [6: MS m/z: 314, 316, M+; Uv A
WY,=9 Hz, 1-H), 5.95 (s, 9-H); 7: MS m/z: 314, 316, M+; uv A 233.5 nm(e14000);
NMR 6: 4.98 (m, WY,=21 Hz, 1-H), 6.41 (d, J=2 Hz, 9-H)]. Dehydrobromination of
the bromides (6) and (7) with LiBr, Li2CO3-DMF gave the same dienone (8), mp 99-
100°C [MS m/z: 234, M'; UV ALCO® 274 nm (¢ 22000); IR cm” 'z 1728, 1655, 1628] in
an 81% and 67% yield, respectively. Hydrolysis of 8 with methanolic K2CO3 gave
the dienone (9), mp 129-130°C, in a 50% overall yield from 5. An alternative pre-
paration of 9 was carried out as follows: bromination of 3 with NBS gave a bromide,
mp 112-3°C, and then dehydrobromination under the same conditions as described
above gave 9, however the overall yield from 3 was unfavorable (30%).

The dienone (9) was treated with LDA and condensed with acetone in the pres-

1 EtOH

ence of ZnC124a afforded 10, mp 181-2°C (66%) [IR cm “: 3360; UV Amax 281.5 nm

(e 16000)1. Dreiding models revealed that two isomers l0a and 10b were possible
to be assigned to 10. In 1H-NMR of 10, the 7-H was observed as a double doublet
at § 2.61, J=15 and 4.5 Hz, and the coupling constants were attributed to trans.
When 5—CH3 protons (§ 1.29) was irradiated, the integration of 7-H showed a 15%

NOE enhancement. This fact indicated a 1,3-diaxial relationship between 5-CH3

and 7-H, and consequently demonstrated that 10 should be shown as the 7a-side chain
isomer (10a).

Stereoselective epoxidation of allyl alcohols have been reported,5 whereas
stereoselective epoxidation of linear dienone allyl alcohols has not yet been re-
ported. Epoxidation of 9 with tert-butyl hydroperoxide in the presence of
VO(acac)2 in CH2C12, according to the Sharpless' procedure,5a gave 1B,2B-epoxide
(11) (17%), mp 117-8°C, together with dienone (12) (54%), mp 103-4.5°C. Treatment
of 10 under similar conditions (room temperature, 2 days) gave 1B,2B-epoxide (13)
(20%), mp 180.5-2°C, and dienone (14) (54%), mp 125.5-8°C. The epoxidation in
benzene containing a small amount of THF gave 13 (24%), 14 (9%), and unchanged 10
(28% recovery), but a-epoxy compound was not detected. Attempted preparation of
the B-epoxide (13) from 10 with m-CPBA or basic H202 was unsuccessful.

For the purpose of conversion of 13 into eremofortin B (1), mild cis-elimina-
tion conditions were applied to the compound 13 without dehydration of the C-3
hydroxyl group by the trans-elimination. A solution of 13 in benzene containing
a small amount of THF with (methylcarboxysulfamoyl)triethylammonium hydroxide

inner salt6 was warmed at 50°C for 3 hr. The product was separated by prepara-
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tive TLC to give (*)-1, mp 114-7°C (from hexane-EtOAc), as colorless plates (20%)
EtOH
ma

< 241 nm (€15600);

and unchanged 13 (27%). Compound (*)-1: MS m/z: 248, M+; Uuv A
IR cm_l: 3460, 1660, 1610; NMR &: 1.09 (3H, 4, J=7.5 Hz, 4-CH3), 1.35 ( 3H, s, 5-
CH3), 1.73 (3H, bs, ll-CH3), 3.26 (1H, 44, J=13.5, 6.0 Hz, 7-H), 3.67 (1H, 4, J=
3.5 Hz, 1-H), 3.84 (1H, 44, J=4.5, 3.5 Hz, 2-H), 4.09 (1H, m, W Y,=15 Hz, 3-H,
changed to a triplet with J=4.5 Hz on addition of Dzo), 4.82 and 4.97 (each 1H, bs,
:(g), 6.17 (lH, s, 9-H). The IR and NMR spectra of (%)-1 were identical with
those of (+)-eremofortin B.2’3
The total synthesis of (+)-PR-toxin (15) isolated from P. roqueforti by Wei et

al.7 and the other eremofortins is now in progress.

Acknowledgement The authors are grateful to Dr. Moreau for the IR and NMR
spectra of eremofortin B, and to Messrs. Furusako and Kano for technical assistace.
This work was supported in part by a Grant-in-Aid for Scientific Research from the
Ministry and Education, Science and Culture, and also the Foundation for the pro-
motion of Research on Medicinal Research, which are gretefully acknowledged.

References

1. Studies on the Terpenoids and Related Alicyclic Compounds XXV. Part XXIV.
K. Yamakawa and T. Satoh, Heterocycles, 15, 337 (1981).

2. S. Moreau, A. Gandemer, A. Lablache-Combier, and J. Biquet, Tetrahedron Lett.,
1976, 833.

3. After this work had been completed, Moreau et al. reported the stereoformula of
eremofortin B as shown in 1 by comparison with the NMR and CD spectra of PR-
toxin (1l5), whose structure was determined by X-ray diffraction [S. Moreau, J.
Biguet, A. Lablache-Combier, F. Baert, M. Foulon, and C. Delfosse, Tetrahedron,
36, 2989 (1980)1].

4. a. K. Yamakawa, I. Izuta, H. Oka, R. Sakaguchi, S. Hinata, and. T. Satoh, Chem.
Pharm. Bull., 27, 331 (1979); b. K. Yamakawa, M. Kobayashi, S. Hinata, and T.
Satoh, <Zbid. 28, 3265 (1980).

5. a. K.B. Sharpless and R.C. Michaelson, J. Am. Chem. Soc., 95, 6136 (1973);

b. T. Itoh, K. Jitsukawa, K. Kaneda, and S. Teranishi, <bid. 159 (1979).

101,
6. E.M. Burgess, H.R. Penton, Jr., E.A. Taylor, J. Org. Chem., 38, 26 (1973).

7. R-D. Wei, H.K. Schnoes, P.A. Hart, and F.M. Strong, Tetrahedron, 31, 109 (1975).

(Received May 8, 1981)



