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- A versatile synthetic strategy has been developed for the 

synthesis of the interesting dimeric indola natural product yuehchukene 

(17) and ics epimer. 6a-epi-yuehchukene (22). Due to the anti-implantation 

activity associated with 17, it is important to develop a synthetic route 

nor only to 17, but to a family of yuehchukene analogues vich better 

chemical stability and/or elevated biological activity. The strategy 

described here and which utilizes the readily available end inexpensive 

isophorone (1) satisfies these requirements. 

y~ehchukene (17) (its name derives from che word yueh-chu, which is the name of the plant in 

chinese), an incererting dimeric indole natvral product isolated initially from Hurrava 

Eaniculetal and subsequently from other &JX&W species2f3 has attracted considerable 

atfencion due to its significant anti-implantation activiry. Its reeamic nature has led to 

the speculation chat its biosynrheoia involves e "on-enantioselective Diels-Alder 

cycloaddition of two units of 3-isoprenyl indole. Although direct evidence for the 

biosynthetic pathvay is lacking, this proposal van considered for its chemical syncheris end a 

low yielding acid.induced dimerization of 3-isoprenylindole has been achieved to afford the 

natural More recently, another synthesis of yuehchukene, employing a different 

approach, has been published7. 

I c  is well knom thac the senririvity of 17 towards oxidation, facile dacomposition in acidic 

media and solvents, for example, creates considerable difficulties in the essential 

formulation studies required for biolagicel evaluation. As a result, search for yuehchukene 

* This article is dedicared to Sir Derek Barton on the occasion of his 70th birthday. The 

authors express to Sir Derek their sincere vi~hes for continued good health so char he may 

conzinue his excellent chemical career for many more years. 



analogues with higher stability and/or elevated anti-implantation activity is highly 

desirable. The synthetic strategy described herein is diracred to ehar end, that is, an 

approach with sufficient versatility to provide not only the natural product, but also routes 

to closely related structural analogues. 

The starting macerial for our synthetic strategy in the readily available and inexpensive 

isophorone (1. Scheme 1). Kinetic carboxylation of 1 with lithium 2.6-di-fp~f-butyl-4- 

methylphanoxide and coZ8 afforded an unstable keto-acid which was directly reduced l.g && 

(NaBH4. HeOH) to che crystalline Uiq-hydroxy acid 2. (mp 115-116°C) in excellent overall yield 

(>95%, based on recovered starting material)9. The coupling constant of 6 Hz beween H1 

(6 4.45) and H2 (6 2.69) established the staraochemistry presented. The isomeric uanx- 

hydroxy-acid (JH .H - 10Hz) was formed in only trace amounts. 
1 6  

Dibenzoylation of 2 afforded 3 and the latter upon treatment with indolylmagneriw iodide 

afforded the desired crystalline indoleacid 4 (mp 173-174'~. 40% yield), the oily byproducts 5 

(26%). and 6 ( 3 % )  and the crystalline unsaturated cerboxylic acid 7 (mp 115-117"~. 15%) 

Clearly 5 and 6 arise displacement of the C2-banzoate function in a SN2-like manner or 

alternatively vie reaction of the indolylmagnasium halide with the resultant resonating 

nllylic carbocation formed when the C2-benzoate function is cleaved (SN1 mechanism). In view 

of the observed stereochemistry in the major byproduct ( 5 )  and considering the established 

stereochamistry in 2, the latter mechanism appears preferable. The steraoehemistry of 4 ac C1 

and C2 was determined by nmr (JH - 10 Hz). 
1- 2 

The next in our synthetic strategy involved cyoliration of 4 into a tetracyclic 

ketone, for example. 9. since through subsequent opimeriration at C-6a (see 9). this 

intermediate could allow an entry into the natural yuehchukene (17) and 6a-epi- 

yuehchukene (22) series. For this purpose, various conditions (polyphosphoric acidlo, 

polyphosphate erterll) for direct cyclization of 4 to 9 were attempted without success. I" 

similar manner, the acid chloride 8, obtained upon treatment of 4 with oxalyl chloride, also 

failed to undergo an intramolecular Frisdel-Crafts acylation (ZnC12 in nitrobenzene)12. 

However slow addition of indolylmagnesium iodide in ether-dichloromethane at -15°C furnished 

the crystalline Urns ketone 9 (mp 129-131°C, 46% yield) and the indole ketone 10 as a 

byproduct (148 ~ield). This reaction was studied extensively (varying equivalents of crignard 

reagent, reaction temperature end tine of addition). It was show that if the addition is 
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reversed, that is, addltlon of 8 t o  e solution of the Grignard reagent, che rario of underired 

10 w tho desired ketone 9 was increased. The stereochemistry of 9 was established by X-ray 

analysis data. 

Scheme 1 

(a) Lithium 2,6-di-t~r~-bu~l-S-r+bylph~no~i& (3  .quiv.). CQ2 ~ a s ,  ocher; 

(b) N m 4 ,  HeOH, 10%; (c) PhCOC1 (2.1 equiv.). W .  CH2ClZ. 5%: 

(d) Xadolylnsgnasium iodide (4 equiv.),sther-CH2C12, 5%: (s) (COCl)? 

(3 quiv.), be we^; (f) I n d o l y l ~ p n ~ a i ~  iodide (3.2 equiv.), ether- 

M2C12, -15Oc -. r . t . ,  468 overall yield of 9 from 4. 



scheme 2 ourlines the remaining steps of rha synthetic route to natural yuehchukene. 

Epirneriration of 9 wirh sodium methoxide in refluxing methanol afforded the crystalline & 

ketone 11 (rnp 220-223°C) in quantitative yield. It was of interest to note char in =heir mr 

spectra, the proron signals of the C-6a and C-lOe carbon centers were different in the two 

isomeric ketones (in 9: 6 2.84 (d) C-6e and 3.99 (m) C-lOe: in 11: 6 2.89 (dl C-6a and 4.05 

(m) C-lOa), but che coupling eonstanr JH .H was identical (6 Hz) in both compounds. 
6a 10a 

thereby requiring X-ray analysis to settle the rtereochemirtry, as noted above. 

Hydride reduction of the ketone (11) to the corresponding alcohol depended upon the 

reagent employed. With lithium aluminum hydrida, the desired crystalline alcohol 12 (mp 159- 

16ZnC), bearing the alcohol function in the a-orientation, was obtained in 65% yield while the 

#-isomer 13, (rnp 149-150°C) was obtained in 35% yield. On the other hand, vith L-selectride, 

the reducrion praceeds to 12 as the exclusive product albeit in lover yield ( 501 ) .  mf 

axperimencr, involving deuterium exchange and NOE, vere employed to establish the 

srereochemisrry at C-6 in these isomeric alcohols. 

Dibenroylation of 12, followed by reaction of the latter vith indolylmagnesim iodide provided 

N-benroylyuehehukene (14, 40%) as a foam, the N.substituted indole system 15, (188) as en oil 

and the crystalline indoline 16. (mp 250-25Z0c, 300. The structure of 16 war unambiguously 

established by data on X-ray analysis. It is clear from these results that the Grignard 

reagenz reveals nucleophilic eharaotar on carbon (C-3') and nitrogen in its displacement a t  

the benzoate group st C-6 in 12 to afford 14 and 15 respectively. The indoline structure 16 

arises from a mechanistically interesting reaction. 

To complete the syncherin of yuehchukene (17), the benzoyl group in 1L was removed (sodium 

rnethoxide in methanol) and the product obtained in 90% yield, was identical in every respect 

vith che natural product kindly provided by Professor Y.C. Kong. 

The synthesis of 6a-epi-yuehchukene (22) from the ketone 9 is smarized in Scheme 3. 

It is pertinent to nore chat direct elaboration of the synthetic straregy outlined above was 

not applicable in several aspects of the overall synthetic route. For example, the N-bennoyl 

protecting group employed in the synthesis of N-benzoylyuehchukene (I&), that is, in the 

conver*ion. 12 - 14, proved unsuitable in the series. Only complex reaction mixtures 

and decomposition products vere obtained. Of the various other protecting groups evaluated 
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scheme 2 



(a) a* (1 .2  WIT.) .  ( ~ 3 ) J ~ l ( ~ 2 ) 2 ~ 2 C 1 ( S ~ - C 1 )  (1 .5  .qulv.), Q12C12, sac; 

(b) DIML (1.5 mquiv.). To lwm.  -78'~; (c) As20 ( 8 . 5  equ iv . ) ,  DlUP (1 .5  aquiv. ) ,  

(Q13'%)3N ( 9  *Wiv . ) .  %GI2: (d) i n d o l y l ~ g n s s i u .  iodide (3  equ iv . ) ,  sther- 

Q12C12: ( 0 )  a - S u p  (20 oqulv.) ,  W - m ~ .  60°c. 



HETEROCYCLES, Vol 28, No 2, 1989 

(acetate, cosy1 otc.) the S U  (trimethylsilylethoxpethyl) group13 proved most desirable. 

Consequently 9 var created vith Suchloride and the resulting derivazive obtained in 93% 

yield, was reduced with Dibal to afford the desired alcohol 19 as the exclusive product (80%) 

The acetate derivative 20, obtained in 86% yield, proved superior to the benzoate employed in 

Scheme 2 .  Displacement of the acetate functionality by reaction vith indolylmagnerim iodide 

furnished SU-6a-epi-yuehehukene (21) as a pale yellow foam (36% yield). In contrast co che 

studies summarized in Scheme 2, the compounds corresponding to 15 and 16 were WL observed in 

this series. Finally, removal of the S U  group war achieved virh terra-n-buzyl ammonium 

flu~rlde'~*~~ and the resultant product, obtained in 89) yield, as a white foam, revealed 

specrral properties characteristic of 6a-epi-yuehchukene (22). 

In conclusion, the required versatility in che synthetic strategy, as described above, has 

been achieved. Functionnliration in of the indole ring systems to afford yuehchukene 

analopes can be readily accomplished in the coupling of ring-substituted indolylmagnesim 

halides with the benzoate derivative 3 (scep d. Scheme I), thereby providing intermediates for 

the synthesis of ring substituted analogues of 11 and, in turn, analogues of 17. On the other 

hand, introduction of fvnocionality in the s?,tk+x indols ring system of 17 is readily 

accessible via the reaction of ring-rubsticuted indolylmagnesium halides vith 11 or ics 

analogues (step d. Scheme 2). Obviously these variations can also be applied to the synthetic 

routes involved in the 6a-epi-yuehshukene series. 
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