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Summary: The activating effect of pi complexation of a Cr(C0)3 unit allows selective 
nucleophllic substitution in indoles such as tryptophan derivatives and provides intermediates for the 
synthesis of clavicipitic acid and related indole natural products. 

The addition of a nucleophile to an N-protected indole-Cr(CO)g complex allows regioselective 
introduction of a substituent at C-4 or C-7 on the indole ring, depending on the substituents at C-3 and 
N-l, as well as the nature of the nucleophile. 1 We report application of this methodology in efficient 

procedures relating to the C-4 substituted indole alkaloids such as clavicipitic acid (2). 

The enone 1, which is a key intermediate in syntheses of clavicipitic acid (2)2a and 6,7-seco- 
agroclavine (3)2b was prepared in four operations directly from indole with an overall yield of 44-50% 
(Scheme 1). lndole is readily transformed into the corresponding tricarbonylchromium complex3 and 
silylated with t-butylchlorodiphenylsilane to produce the orange, crystalline complex 4.4 The addition 
of 4 to a solution of the lithiated sulfone 55 followed by oxidative quenching with iodine and 
desilylation furnished the C-4 substituted indole 6 in 90% yield.6 lndole 6 was converted into the 
enone 1 in 78% yield by sequential acid and base treatment. 

Scheme 1 

(a) (Cr(CO)s, 1.4 mol-eq, 72 h reflux, 6~20 with 5% THF; 7560%). (b) (i) NaH, 1.15 mol-eq, THF, OoC 

10 min; (ii) t-butylchlorodiphenylsilane, 1 .l mol-eq, OoC 10 min. 69%. (c) (BusNF, 2 mol-eq, THF, 5 min, 

93-100X). (d) (i) catalytic TsOH in acetone, 25 oC, 50 h, (ii) excess E$N in CH2Cl2, 0.5 h, 24 oC, 78% 
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An intramolecular approach to the homochiral clavicipitic acid skeleton started from natural L- 
tryptophan (10) with clavicipitic alcohol (7) as the target. The key step in the retrosynthetic analysis is 
the 7-membered ring closure from 8 to 9 (Scheme 2). 

Scheme 2 Chtvicipitic Alcohol from L-Tryptophan 

Reduction of L-tryptophan (10) and, conversion of the resulting amino alcohol into an oxazolidinone 
(11) proceeded in 82% yield. Formation of the corresponding Cr(C0)9 complex gave a 

diastereomeric mixture (ratios ranging from 1:l to 45:55) of the complexes 12a and 12b (arbitrary 
structure assignment at this stage). 
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a. lAH, THF, 14 h, 65oC; b. (i) 7 mol-eq 15% aqueous NaOH, THF, (ii) 3.5 mol-eq COCl2, THF, 0.5 h, OoC, 
82% for a+b; c. 1.5 mol-eq Cr(CO)3(MeCN)3, diixane. 10 min. lOOoC, 85%; d. (i) 1.0 mol-eq NaH, THF, 20 
min. OoC: (ii) 1.0 mol-eq tBuPh2BiCI. THF, 20 min, 2OoC, 84%; o. (i) 1.0 mol-eq MeLi, ether, -78OC; 5 
min. (ii) add 10% by vol of DMPU 8, (iii) excess l-bromo-3-methyl-2-butene. 25oC. 0.5 h, 66%; f. (I) 
1.25 mol-eq LDA, THF. 2 h at -78oC, then 2 h at -6OoC, (ii) 3.4 mol-eq 12. -780C for 1 h, then 3 h at 25oC, 
77% from 14s and 70%. from 14b; g. nBu4NF, THF, 10 mln, 25oC, 94%; h. excess NaH, THF, pTsCl, 3 h, 
25oC, 30% yield after several crystallirations I. 3N KOH, dfoxane, HOCH2CH2NH2 12 h, 105OC, 76-82%. 
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Silylation of complexes 12ab afforded complexes 13ab (diastereomers) which were allylated with 
an excess of 1-bromo-3methyl-2-butene in a THF/DMPU mixture. The diastereoisomers (Ma and 
14b) were separated by careful flash chromatography.7 

The two diastereoisomers show contrasting behavior when treated with LDA. Whereas the 
complex 14a rapidly cyclizes to the pure trans tetracyciic compound 15 (77% yield), the second 
diastereomer 14b gives under the same reactton conditions only the diene 16 (70% yield). Longer 
reaction time at higher temperatures (5 h at -15 oC) leads to the same result. The relative 
configuration of 15 was determined by an X-ray analysis of the sulfonamide, 17.9 The reactivity 
difference between 14a and 14b as well as the observed stereospecificity are not easily rationalized 
by inspection of models. We assume that the vinyl group in the transition state is always directed 
away from the aromatic ring (fig 1, as opposed to that shown in fig. 2) Whh this assumption, the 
formation of the trans product from 14a is reasonable, and 14b would lead to a cis cyclic product. 
Force field calculationslo on the trans 1,Gcyclohexadiene 18a and the analogous cis 
cyclohexadiene 18a (as models for the anionic chromium intermediate 18) suggest that the cis 
isomer is 5.3 KcaVmol less stable than the trans isomer. Product formation may well be determined 
by equilibrium generation of the cyciohexadienyl anions (i.e., 19 in fig 1);” the fast oxidative 
quenching can convert the cyclized intermediate 19 into the tetracyclic product, while the starting ally1 
anion (e.g., 20) would be converted to the diene 18 upon treatment with iodine. 

Fig. 1. Favored conformer from 14a leads to 15 R I tSuPh#f- 

Ffg. 2. Less favored 
conformer from 14b 

Fig. 9. Favored conformer 
fIWIllB 

19a: RpH, R2= x& 

1Sa: Rlt a, R2=H 

Compound 11 was desilylated to give 9 and the oxazoiidinone was disassembled using 
particularly mild conditions (KOH in dioxane with ethanolamine as cosolvent) to give clavicipitic 
alcohol (7j in 76-82% yield.l9~ls 
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