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Summary: Epoxidation of l-Benzoyl-1,2,2a,3-tetrahydrobenz[c&ndole (4a) proceeded smoothly with meta- 
chloroperbenzoic acid with high exo diastereoselectivity (de = 96%) and chemical yield (97%). The basis for this 
selectivity was probed with substituent effects, and was extended to other oxidation media. 

The Komfeld-Woodward ketone 11 has proven itself to be an invaluable intermediate in the synthesis of ergot 

alkaloids and related compounds.2 Furthermore, the carbonyl moiety is readily transposed via a reduction- 

epoxidation-pinacol rearrangement sequence in a very expedient and efficient manner3 (scheme below). The 

transposed ketone 2 has also been utilized as a pivotal intermediate in synthesis. Although the intermediate epoxide 

5 has been cited in previous reports X4, the stereochemical information regarding this epoxide was not discussed, 

perhaps since it was lost in the Lewis acid mediated carbonyl transposition. It is the subject of this report to supply 

data which clarify the stereochemical features of this epoxidation. 
0 

1 a. NaBH.+ b. H@+, c. [O], d. Lewis Acid 2 

The requisite olefins 4a-e were prepared as follows. The oletin 4a was prepared via NaB& reduction of the 

ketone 1, to provide a mixture of alcohols 3a (6: 1 p:a-OH), which was subsequently dehydrated by the published 

procedure3. Removal of the benzoyl moiety of 4a by the action of a-BuLi in THF (-78’C) and reaction with R- 

toluenesulfonyl chloride then gave the N-Ts olefin 4e. The mixture of alcohols 3a was also brominated (Brz / 

HOAc / NaOAc) to provide the bromo alcohols 3c, which was dehydrated as before to yield 4c. The Rosemund- 

von Braun CuCN displacement5 of 4c in NMF at 200°C proceeded cleanly to 4d. Finally, the methoxy olefin 4b 

was prepared by the published procedure from 5-methoxyindole.4 

Epoxidation of the olefin 4a with m-CPBA in CHC13 provided the a-epoxide in preference to the corresponding 

p-epoxide (procedure A, 98:2, respectively, HFLC). In accordance with the epoxidation results, NBS in wet DMSO 

attacked the a-face of 4a selectively to provide a bromohydrin, which when treated with base cyclized to the 

complementary S-epoxide (procedure B). The diastereoselectivity in this sequence was consistent with the 

epoxidation results, and yielded a ratio of 2:98, a$-epoxides. Separation of the epoxides by HPLC or TLC was 

accomplished without difficulty. Both of these oxidation procedures were applied to several substrates commonly 
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1 

a: R=H 
b: R=OMe 

P 
a: R = H, C.5=6:1 
b: R=OMe 
c: R=Br 

4 5. P 
a: R = H, 2 = 0z c: R=Br,Z=Bz e: R=H,Z=Ts 
b: R = OMe, Z = Bz d: R=CN,Z=Bz 

-----___ --__ ------Y----- I__--- 
Table: Oxidation of the Trlcyclic Olefin 4 

e*ny [0]* R Z time (temp) yield? a : p ratio m.p. 
(5 : 6) 

1 a A H Bz 6h (-3’C) 97% 98: 2 109- 1 10°C 

2 b A OMe Bz 2 h (OOC) 89% 99: 1 182-184°C 

3 c A Br Bz 36 h (OOC) 99% 97: 3 136.5-138°C 

4 d A CN Bz 50h (0°C) 95% 93 :7 172-173’C 

5 e A H Ts 23 h (-9°C) 83% 97: 3 148-15O’C 

6 a B H Bz 1 h (23’C)65% 1 :99 147-149°C 

7 b B OMe Bz 0.25 h (23°C) 64% 1 : 99 Oil 

8 c B Br Bz 0.75 h (23’C) 71% 2 : 98 196198’C 

9 e B H Ts 0.75 h (23°C) 62% 1 : 99 147-150°c 

10 a A H BZ 6 h (62°C) 87% 90: 10 Oil 

*Oxidation procedure A: epoxidation directly with m-CPBA in CHC13; procedure B: NBS 
in wet DMSO afforded the bromohydrin at ambient temperature (times shown), followed 
by epoxide formation with powdered NaOH in PhCH? for 30 minutes at room temnerature. 
iChromatographed yield (SiOz, EtOAc/Hexanes), except entry 6 which was crystakzed. 
The a : f3 ratio was determined from the crude reaction mixture by HPLC RP ODS in 50% 
aqueous CH$N, except entries 2 & 7 which were determined by NMR (300 MHz). All 
yields refer to isolated and purified compounds with correct physical data. 
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utilized in ergot synthesis, and the results are given in the Table. As might be expected, a priori, the two epoxides 

are easily distinguishable by IH-NhJR due to the influence of the epoxide oxygen on Hza, H3ax, as well as H5 (see 

Figure). The l%epoxide H2.a and H3ax are shifted to lower field in the 1H-NhJR (300 MHz, CDC13) relative to the a- 

epoxide (AS=&3 ppm). The fact that the p-epoxide displayed a deshielding effect on H3ax whereas the 

diastereomeric a-epoxide had a shielding effect on Hza is consistent with the previous observations.6 A 

representative comparison of the NMR spectra is given in the Figure. The methoxy epoxides, entries 2 & 7, were 

extremely sensitive to hydrolysis, but NMR measurements were possible in CDC13. The epoxides 5a and 6a were 

independently converted to the “transformed” ketone 2a with ZnI2. 

Figure. 

- 

I”” I ” ’ ‘I” “I” ’ ’ 

5 4 3 2 lU 

Osmylation7 of the olefin 4a with either catalytic or stoichiomenic 0~04 in acetone/water at ambient temperature 

afforded two oxidized products in excellent yield (92%) with a ratio of 7 : 1. The major product 7 was converted to 

the acetonide 8 (to improve its solubility) and characterized as the diol from a-face attack. The 1H-NMR data was in 

complete agreement with the epoxide chemical shifts. The minor component proved to be an over-oxidation product 

9, commonly encountered in the osmylation of styrene-type substrates.8 

1: R=H,Z=Bz 
& R = (CH&C, Z = Bz 

OH 

I-I 

i 
2: Z=Bz 

The stereochemical bias in these epoxide-forming reactions clearly indicates that there is a preference for 

electrophilic attack on the a-face. Epoxidation at reflux in CHC13 resulted in slightly less diastereoselectivity, de = 

80. Inspection of Dreiding models shows a very subtle difference between the two faces: the a-face possesses a 

remote axial Hb, whereas the p-face possesses an axial H3ax in a much closer proximity to the olefin n-system. 



3938 

MM2 calculations have shown a 12’ distortion of the olefii z-system from coplanarity with the aromatic x-system. 

The substituent (R) para to the indoline nitrogen and conjugated to the olefin had an effect only on the reaction 

kinetics. Furthermore, the axial C3-H bond in olefin 4a is perpendicular to the x-system and is anti-periplanar to the 

electrophile trajectory. This arrangement of atoms has been discussed by Houk9 as the “perpendicular model.” In 

this conformation, attack occurs on the face opposite to the axial hydrogen due to an electronic difference caused by 

o*-SC hyperconjugation. There have been more recent examples of this electronic aspect.10 A similar effect has been 

previously reported with such conformationally rigid systems, 11 but this was attributed to steric constraints. The 

observed level of diastereoselectivity in all of these examples is remarkable and cannot be explained on steric 

grounds alone. The exploitation of this phenomenon in the ergoline ring system is currently being investigated and 

will be reported at a later time. 
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