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FORMAL SYNTHESIS OF TELEOCIDIN A VIA INDOLE-Cr(C0)3 COMPLEXES 

M. F. Semmelhack* and Hakjune Rhee 
Department of Chemistry, Princeton University, Princeton NJ 08544 

Summary: The addition of a cyano-stabilized anion to a 4-aminoindole-Cr(CO)s complex can 
be directed to selective C-7 substitution, and the resulting intermediate is part of a formal total 
synthesis of teleocidin Al/A2. 

Teleocidin A-l and A-2 have significant biological activity’ including an interesting dependence 
on conformation.2 One synthesis has been recorded, leading to a mixture of stereoisomers at the 
side chain at C-7 (mixture of A-l and A-2).3 We were attracted to a synthesis plan which would take 
advantage of nucleophilic addition to the arene ring activated by Cr(CO)s4 as a means of 
attachment of the side chain at C-7. The peptide linkage spanning C-3 and C-4 would be 
constructed as for indolactam V, using stereospecific displacement of a homochiral triflate (1) by a 
C-4 methylamino substituent (in 2) 5,s and of a leaving group at C-10 by a homochiral equivalent of 
and a-aminoenolate anion (3), such as the Schollkopf version from a bislactim ether of a 

diketopiperizide.s17 The critical new question is the selectivity for carbanion addition at C-7. It is 
known that C-7 can be favored (after C-4) in addition of anions of the type 4 with unsubstituted 
indole-Cr(CO)s complexes.* Nothing is reported regarding the effect of substituents such as the C-4 
amino group in 2 on regioselectivity of anion addition to the corresponding chromium complexes. 

teleocidin A-l : 
l$=Me;R2=vlnyl 

teleocidinA-2: 
Rl=vinyl;R2= M 8 

In order to probe regioselectivity, 4-aminoindoles was converted to the four derivatives 5a-dlo 
and the addition/oxidation procedure 4.11 with anion 9 was tested. When the amino group is N,N- 
dimethylamino (5a), substitution at C-7 (7a) and C-6 (6a) is observed in the ratio of 3:l .lQ With 5b, 
the only product is 6b, although in low yield. The tert-butyldimethylsilyl group on the C-4 amino 
substituent in 5c enhances the selectivity for C-7, as does the more strongly electron withdrawing 
group, p-toluenesulfonate, in 5d. 13 It was not always possible to achieve complete conversion 



even at extended reaction time and with excess anion 9, possibly due to reversal of anion addition 
during the oxidative quenching14 or direct arene ligand displacement. 

5a 
5b 
5c 
5d 

CkN 

7e ( 54%) 
7b ( 0% 
7c (100%) 
7d (100%) 

8a (23%) 47% yield at 94% conversion 
6b (100%) 29% yield at 100% convrraion 
8c ( 0%) 100% yield at 79% conversion 
8d ( 0%) 80% yield at 85% conversion 

A series of protected derivatives 8a-c showed selective addition at C-7 with anion 4. The more 
useful derivatives are 8a and 8c leading to 10a (spontaneous deprotection at the 4-amino 
group)15 and to lOc, with the easily removable SES group’s at the C-4 amino group. 

CN 

b. 12 

8 
8a: R1=tBuMe2Si-, R&EM 
8b: Rj=Ts, Rp8n 
8c: R,=SES, RpSEM 

SEM = -CH20CHzCH2SiMe3 

SES = -S02CH#.H2SiMe3 

1Oa: RlrH, Rz=SEM 75% yield at 79% ConVerSiOn 
lob: Rl=Ta, RpBn 100% yield at 85% conversion 
10~: R1=SES, RpSEM 71% yield at 100% conversion 

A direct approach to teleocidin A might involve addition of a nitrile-stabilized anion (4) to the 
Cr(CO)a complex of indolactam V. For this purpose indolactam V was protected as shown in 

complex 11.17 Complex 11 is highly air sensitive and resistant to efficient purification. The crude 
complex after removal of solvent and trituration to remove Cr residues was allowed to react with 
anion 4. After a series of trials, no substitution product (e.g., 12) was obtained, and the primary 
product was the arene ligand from 11. 

Cr(C0)3 , 1 
CN 12 

As a less direct alternative, intermediate 1Oa was carried through the conventional sequence of 
reduction with diisobutylaluminum hydride followed by hydrolysis (89% yield overall to an 
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aidehyde), Wittig reaction with methylenetriphenylphosphorane (97%). and cleavage of the SEM 
group (88%) to produce the proper lo-carbon unit at C-7 (13). Introduction of the L-valine unit was 
carried out with homochiral triftate 14a as for indolactam V,s~s to give 158. Unfortunately, after 
formylation to give 16, all efforts failed to introduce a bromomethyl group (17) or equivalent at C-3, 
preparatory to the addition of the homochiral SchOlfkopf anion.7 Similar difflcufty was observed 
when the SEM group was maintained on the indole nitrogen. Apparently, an electron donor group 
(or H) at the indole nitrogen contributes so strongly to the reactivity of CH2X at C-3 that the key 
intermediate (e.g., 17) could not be isolated nor usefully applied In the next stage. In other 
examples of the SchNlkopf strategy for introducing the tryptophane side chain, an electron 
withdrawing group is present (e.g., tBOC) at the indole nitrogen.se’a Unfortunately, efforts to 
introduce an acyl or sulfonyl unit at the indole nitrogen of 15a and 16 failed, apparently due to 
severe steric hindrance. 

&;*$YBi _$ 

1g2: 
6t& 

10 13 TfO C02R 
15a: X=H, Fl=allyl 

14a: Rlrllyl 15b: X=H, RnMs 
14b: RZMO 15: XI CHO, Rzallyl 

17: X=CHeBr, R=allyl 

a. DIBAL, toluene, -78”+25 ‘C. 2.5 h, 89%. b. Ph3P-CH2 (methyltriphenylphosphonium iodide, n-BuLi, 
THF, -78”+25 “C, 30 min), THF, 0*+25 “C, 4 h, 97%. c. n-BuqNFxHpO, ethylenediamine. DMF, 50 “C, 4 
d, 88%. d. 2,8-lutidine, CICH2CH2CL 7OoC, 24 h, 92%. yield of 15a. 

Compound 13 was also coupled with the 14b to give the methyl ester analog, 15b. Since 15b, 
obtained by a different route,3 has been converted to teleocidin A, a formal synthesis of teleocidin A 
is complete, based’on the indole-Cr(CO)s intermediates.18 
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