Tetrahedron Letters No. 4, pp 315 - 318, 1974, Pergamon Press. Printed in Great Britain,

THE STEREOCHEMISTRY OF THE PHOTCADDITION OF ALLENE TO CYCLOPENT-1-ENE-1-CARBOXALDEHYDES
Frederick E. Ziegler1 and James A. Kloek2

Department of Chemistry, Yale University
New Haven, Connecticut, 06520, U.S.A.

(Received in USA 29 October 1973; received in UK for publication 10 December 1973)

We have previously reported3 a method for the synthesis of the l-hydroxy-7-methylene-
bicyc10[3.2.1]octanearing system involving the photoaddition of allene to cyclopent-l-ene-1-
carboxaldehyde. We wish to report the stereoselectivity of this reaction in a sequence lead-
ing to steviol methyl ester 6a and isosteviol methyl ester 6c.

Phenanthrone 1a5 exists as a 2/1 mixture of cis/trans isomers, which upon exposure to
methoxymethylene triphenylphosphorane (DMSO, room temperature, 3.5 hr.) cleanly provided an
oily mixture of enol ethers 1b6. Hydrolysis of the isomers (aq. HCl/THF, room temperature,
18 hrs.) yielded a single aldehyde lc as an oil from kinetic protonation7(6 10,35, 1H,s8).
Exposure of lc to tBuOH/t-BuOK caused epimerization to the thermodynamic aldehyde 1d (8 9.70,
1H, 4). Alkylationsof aldehyde lc with t-BuOH/t-BuOK/CH3I produced the crystalline aldehyde
le, mp 84-86°, (6 1.02(3H,s), 1,10(3H,s) and 9.96 (1H,s)) in 55% yield from phenanthrone la.
Oxidation (Jones' reagent, 7°, 18 hrs,) of aldehyde le providedAthe known acid 1f, mp 192-193°,
(1it.4imp 193-194°), previously employed in a total synthesis of steviol.

Acid 1f was converted to enone 2a as previously described.41 Thioketalization of enone
2a produced thioketal 2b mp 243-245° (78% yield) which was reduced with lithium in liquid
ammonia with subsequent treatment with diazomethane to provide olefinic ester 2c (8 3.61
(3H,8) and 5.45(1H,8))(87% yield).

Ozonolysis (03, methanol-methylene chloride, -78°; Mezs)gof 2c followed by hydrolysis of
the intermediate acetal 3a (10% aq HC1/THF, room temperature, 90 min,) provided an oil to
which was assigned the structure of keto-aldehyde 3b (8 9.68, 1H, t). Cyclization to the un-

saturated aldehyde 4, mp 114-116°, (1680 cm™:

, 8§ 9.83 (1H,8)) was effected in 29% yield by
exposure of the ketoaldehyde 3b to pyrrolidine in refluxing benzene followed by hydrolysis
with buffered aqueous acetic acid.

Irradiation (pyrex, 450W Hanovia lamp, -78°, Nz) of an ether solution of 4 in the
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presence of alleneu)pravided upon chromatography 427 of a photoaldehyde 5a (8 4.72(1H,m),
4.85(1H,m) and 9.,60(1H,s)), mp 113-116°. A second product (3%) could be isolated and was pre-
sumed to be a photoisomer of 5a on the basis of mass spectral and nmr data. Reduction (NaBH4,
ethanol, 0°) provided the alcohol 5b which was converted to the mesylate 5c¢ (CH3SOZC1, pyr.,
0°)(8 3.13(3H,s)). Solvolysis11 (50% aq. acetone, 2,6 lutidime;reflux) provided among several
products, (+) steviol methyl ester (3%) identical by nmr spectrevscopy and multiple elution tlc
with a sample of optically active steviol methyl ester prepared by esterification of steviollz
derived from natural stevioside.13 A second oily product (21%) was assigned the structure of
the internal return mesylate 6b (6 3.10(3H,8)) on the basis of the similarity of its nmr spec-
trum to that of steviol methyl ester. Confirmation of the structural assignment was secured
when the mesylate was converted to isosteviol methyl ester 6c14 upon treatment with 20% hydro-

chloric ncid.}a
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The chemical transformation of photoaldehyde 5a to steviol methyl ester and isosteviol
methyl ester secures the stereochemistry of the photoaldehyde. This result is in accord with
the theory of w:lesner]'5 which postulates that the ground state of allene reacts with the more
stable configuration (7a) of the excited state of the conjugated carbonyl compound, having the
negative charge localized at the B-carbon and the positive charge at the c-carbon. Thus, hyd-

rindenals provide cis-ring fusions while 2-octalones provide trans-ring fusions.w’ 16

—-) 8
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