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The reaction of lead(lV) 4-indolyl triacetate with substituted methyl 2-oxo-1-cyclohexanecarboxylates has been investigated as a route to the
natural product N-methylwelsitindolinone C isothiocyanate. Reaction of lead(IV) reagent 18 with f-ketoester 20 affords the desired coupled
material in excellent yield and diastereoselectivity.

N-Methylwelwitindolinone C isothiocyanatkis the major As a result of its structural complexity and important
indole alkaloid isolated from the lipophilic extract of biological activity, N-methylwelwitindolinone C isothiocy-
Hapalossiphon welwitschii W. & G. S. W¢btH strain IC- anate has been a target of synthetic interest. In particular,

52-3, Stigonemataceae). In the isolation study, Moore andthe Wood group has published elegant work on a synthetic
co-workers$ found thatl possessed antifungal activity and strategy to the core structure biising a rhodium carbenoid
reversed P-glycoprotein-mediated multidrug resistance (MDR) initiated Claisen rearrangement approatterein, we present
in a vinblastine-resistant subline (SK-VLB) of a human our observations on a convergent approach to this indole
ovarian adenocarcinoma line (SK-OV-3). The complete alkaloid.
structural elucidation, including stereochemistry,lafests Our original retrosynthetic plan is shown in Scheme 1.
on NMR and X-ray crystallographic analysis. The key reactions would be focused on formation of the
Compound1 displays several distinctive architectural seven-membered ring through the couplinggefetoestel
features. It contains four stereogenic centers, including onewith lead(lV) 4-indolyl triacetate3 and subsequent use of
quaternary carbon (C12) and a fully substituted center at thean aldol-type condensation to form the CiG16 bond. The
adjacent (C11) carbon. There are four rings, including an synthesis ofs-ketoesteR, which possesses the C12 quater-
oxindole system and a cyclohexanone linked to create anary center with the correct absolute stereochemistry, has
seven-membered ring. The compact structure includes a vinyl
chloride functionality, the C11 isothiocyanate substituent, and

(2) (@) Wood, J. L.; Holubec, A. A,; Stoltz, B. M.; Weiss, M. M.; Dixon,
J. A,; Doan, B. D.; Shamiji, M. F.; Chen, J. M.; Heffron, T2 Am. Chem.

the gem-dimethyl groups at C16. S0c.1999,121, 6326. (b) Wood, J. L.; Moniz, G. Arg. Lett.1999,1,
371.
(1) Stratmann, K.; Moore, R. E.; Bonjouklian, R.; Deeter, J. B.; Patterson, (3) Taken in part from: Deng, H.; Konopelski, J. P. 220th National
G. M. L.; Shaffer, S.; Smith, C. D.; Smitka, T. A. Am. Chem. S0d.994, Meeting of the American Chemical Society, Washington, DC, August 20
116, 9935. 24, 2000, paper ORGN 11.
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been completedl.lt arises from simplg3-ketoester4 and

Scheme 2
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a(a) (1) NH:NH,, MeOH, reflux, (2) NaOEt, EtOH, reflux, 98%;
(b) POCk, DMF, pyridine, CHC}4, 0 °C to rt, 76%; (c) NaH, KH,
Mel, THF, reflux, 97%; (d) (1) MeMgBr, THF, (2) TPAP, NMO,
96%; (e) (1) TI(TFA), TFA, (2) I, Cul, DMF, 78%; (f) SeMes,

requires two successive conjugate additions to the intermedi-toluene, PdG(PPh),, reflux, 50%; (g) Pb(OAg) Hg(OAc),
ate a,f-unsaturated ketoesters to afford the desired C12 CHCh, 40°C.

center.-Ketoesterd is prepared from 1,4-cyclohexanediol

5. The plan for synthesis of the unprecedented indole lead-

(IV) reagent3 was envisioned to proceed from 4-iodo-3-
acetylindoles which, in turn, comes from 3-acetylindofe®
The use of a 2-chloro substituent on the indole ring allows

MeMgBr followed by immediate oxidation with TPAP/NMO
yields N-methyl-2-chloro-3-acetylindol& in 96% vyield.
Oxidation utilizing DDQ gave the same product but required

for easy hydrolysis to the oxindole in the latter stages of the /onger reaction time and led to more difficult product

synthesis.
The key reaction in this sequence would be the coupling
of organolead compoun8@ with S-ketoester2 to form the

C11 quaternary center. Aryllead(IV) reagents are an excellent

choice for establishment of a quaternary cehtéiand access

purification. This four-step procedure affordsin much
greater overall yield than does the more direct two-step
method4

All attempts to obtain the desired lead reagent at the
4-position of the indole nucleus by a direct plumbation

to an indole-based reagent would expand the chemistry of@PProach failed> Therefore, organothallium chemistry was
these aryl cation equivalents to this class of medicinally Utilized g% functionalize the 4-position of the indole ring
important compounds. The reactions proceed under very mildSystem-**” Compound7 was treated with thallium(iIl)

conditions, and yields tend to be very high. Our group, as trifluoroacetate (TTFA) in TFA, which resulted in efficient

well as others, has applied this methodology toward the total thallation at the C4 position of the indole. After evaporation

synthesis of natural productd?
Our approach to indole fragme@tis illustrated below

of the TFA solvent under vacuum, iodination with iodine
and copper iodide gave the desirbdmethyl-3-acetyl-2-

(Scheme 2) and is based on our previous published work chloro-4-iodoindoles in 78% yield for the two steps.

directed toward the total synthesis of the marine natural
product diazonamide Alsatin8 was treated with hydrazine
to form the corresponding hydrazone, followed by Wolff—
Kishner reduction to give oxindol® in 95% yield!
Vilsmeier chloroformylation with POG)] DMF, and pyridine
provided 2-chloro-3-formylindolel01? Methylation with
NaH/KH/Mel furnished compound1® Treating11 with

(4) Konopelski, J. P.; Deng, H.; Schieman, K.; Keane, J. M.; Olmstead,
M. M. Synlett1998, 1105.

(5) Pinhey, J. TAust. J. Chem1991,44, 1353.

(6) Phillips, R. S.; Cohen, L. AJ. Am. Chem. S0d.986,108, 2023.

(7) Finet, J. P.Ligand Coupling Reactions with Heteroatomic Com-
pounds; Pergamon Press: Oxford, 1998.

(8) Elliott, G. I.; Konopelski, J. PTetrahedron2001,57, 5683.

(9) Konopelski, J. P.; Hottenroth, J. M.; Monz6-Oltra, H.; Veliz, E. A.;
Yang, Z. C.Synlett1996, 609.

(10) Donnelly, D. M. X.; Finet, J. P.; Kiety, J. Mletrahedron Lett.
1991,32, 3835.

(11) Soriano, D. SJ. Chem. Educ1993,70, 332.
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F.; Strocchi, P.; Montanaro, N.. Med. Chem1977,20, 1344.
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With compound6 in hand, the conditions for iodo-tin
exchange were investigated. Direct lithium-iodo exchange
with t-BuLi/BuszSnClI afforded only deiodinated product.
lodo-tin exchange was achieved to give compoilpoh 50%
yield by refluxing6 with hexamethylditin in toluene in the
presence of catalytic PdgPPh), or Pd(PPk)..*® The
reaction did not proceed as well with Pd(OAcJhe final
step to the desired indole lead(lV) reagent was the transfor-

(13) Showalter, H. D. H.; Sercel, A. D.; Leja, B. M.; Wolfangel, C. D.;
Ambroso, L. A.; Wlliott, W. L.; Fry, D. W.; Kraker, A. J.; Howard, C. T.;
Lu, G. H.; Moore, C. W.; Nelson, J. M.; Roberts, B. J.; Vincent, P. W.;
Denny, W. A.; Thompson, A. MJ. Med. Chem1997,40, 413.
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1117.

(15) Kozyrod, R. P.; Pinhey, J. Org. Synth.1984,62, 24.

(16) Hollins, R. A.; Colnago, L. A.; Salin, V. M.; Seidl, M. CJ.
Heterocycl. Chem1979,16, 993.

(17) Somei, M.; Yamada, F.; Kunimoto, M.; Kaneko, Beterocycles
1984,22, 797.

(18) Tueting, D. R.; Echavarren, A. M.; Stille, J. Ketrahedron1989,
45, 979.
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mation of12to 3 by tin—lead exchange. Compout@ was or directly from 17 without isolation of the aryllead(IV)
reacted with lead tetraacetate and catalytic mercury(ll) reagent. However, no corresponding coupled product was
according to Pinhey’s proceduteNo desired indole lead  produced fronp-ketoeste reacting with18 under a variety
triacetate was formed. Changing the mercury catalyst to the of conditions (Scheme 4).

more active mercury(ll) trifluoroacetate also failed to give
any product® Only starting material was recovered from
the reactiorf!

. - . h 4
Simplifying the system, we focused on the synthesis of Scheme o
N-protected 4-indolestannanes without functional groups at Ph Ph (Ph
the 3-position, as shown in Scheme 3. By modification of — o_ 0O

Scheme 3 I\ 19, 2:1 dr
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a(a) (1) KH, t-BuLi, BusSnCl, (2) BogO, DMAP, 70%; (b) O
J o or2) NaH, CHCl, 2\ Me0z
the literature procedur@, 4-bromoindole 16, which is MeO.C
commercially or synthetically available, was treated with KH e &

to deprotonate the indole nitrogen, thereby blocking both the
2- and 3-positions of the indole ring from deprotonatimt-
Butyllithium was added to generate the dianion by bromo- o
lithium exchange. Quenching the dianion withriebutyltin Independent studies in our laboratory on aryllead(lV)
chloride gave the desired lead(1V) 4-indolyltributylstan- coupll_ng dlastereoselec_nwty were concurrent with these
nane. Without purification, the crude product was protected €XPeriments? As shown in Scheme B-ketoeste@Oreacts
with a Boc group to afford compounti7.2® In this way,
indolestannan&7 could be prepared in 70% yield on a large

scale. To our delight, treatment &7 with lead(IV) tetra- Scheme 5
acetate and catalytic mercury(ll) trifluoroacetate afforded the o

unprecedented 4-indole lead triacetd8in over 90% yield. COMe

The reddish product is very stable in the air and can be stored

at 4°C for months without decomposition. Simple aryllead 20 Pyridine
compounds were reported to decompose after a nfonth. OTBDMS__~~ CHCI,, 40 °C

97%, 20:1 dr

With this indole lead triacetate in hand, the coupling Pb(OAGC)3 OTBOMS  OMe
reaction ofg3-ketoester and 4 with 18 were carried out.
Coupled productl9 was generated in almost quantitative
yield from the simples-ketoestert in 2:1 diastereoselectivity. OMe COMe
These results could be obtained either with isolatiod ®f 21 o Pyridine

COMe CHCly, 40 °C Q

(19) Kozyrod, R. P.; Morgan, J.; Pinhey, J.Aust. J. Chem1985,38, 22 23%, 9:2.dr Me OMe

1147. Me

(20) Kozyrod, R. P.; Pinhey, J. Tetrahedron Lett1983,24, 1301.

(21) In separate experiments3—15were prepared and also failed to
afford tin—lead exchange products. It is believed that steric and/or electronic
factors arising from the close proximity of the C4 and C3 substituents on with aryllead(|V) reagenkl to afford excellent yield and

the indole nucleus are involved. selectivity, whereas 6-methyl derivati&® reacts with21

Messn N -R MesSn = in only 23% yield. Our continuing studies on this coupling
iﬂ (I\C reaction indicate that silyloxy groups at C5 of the methyl
N N 2-0x0-1-cyclohexanecarboxylate nucleus give uniformly high
13 R- HB°° Boc selectivity and yield, whereas alkyl substituents at C6 of the
14 R=Me 15 same system afford poor yields of coupling products and

large amounts of recovered starting material.
(22) (a) Moyer, M. P.; Shiruba, J. F.; Rapoport, HOrg. Chem1986, 9 9

51, 5106. (b) Doll, M. K-H. J. Org. Chem1999,64, 1372.
(23) Grehn, L.; Ragnarsson, Bngew. Chem., Int. Ed. Endl984,23, (24) Elliott, G. I.; Konopelski, J. P.; Olmstead, M. Mdrg Lett. 1999,
296. 1, 1867.
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Given the poor results in the reaction Zif with 22, it is under phase transfer conditions proceeded without complica-
not surprising thaf-ketoester2, with the C12 quaternary  tion. Standard literature procedures for oxindole formation
center adjacent to the reaction site, did not afford product. involving strong acid treatment gave complicated mixtures
Likewise, the lack of stereocontrol in the reactionl&fwith of products, as did treatment with dimethyldioxirane (DM-
4 echoed similar results obtained in our published Wwbrk DQO).26 Success was achieved with the combination of NBS
and made this approach less attractive. Fortunately, com-and t-BuOH?” Under these conditions, the transformation
pound 20 proved to be an ideal coupling partner. Under of 23 to 25 occurred in 70% yield without purification of
standard conditions, the reaction2 with 18 gave a 30:1 24.
mixture of diastereomers in almost quantitative yield (Scheme Compound25 is the basis for our continuing studies
6). This is one of the highest selectivities yet observed in toward N-methylwelwitindolinone C isothiocyanate. Pre-
liminary work suggests that the C3 position of the indole is
extremely hindered. For example, while reaction under
Vilsmeier conditions (POG] DMF) proceeds well in the

Scheme 6 . ) -
OTBOMS transformation of9 to 10, the same reaction conditions
imposed ork4 affords26, the product of ketone, not indole,
OTBDMS OTBDMS reaction. Reactions of compourzb, as well as rela_lted
MeOy compounds, are under study and will be reported in due
o] course.
20
+ oTBS
Pb(OAC), MeO
2
N POCI,, DMF
N 23 R=Boc 25 78%

3 b

Boc 24 R=H

18

a) Pyridine,CHClj,, 40 °C, 98%,; b) 200 °C, 90%;

c) 1) KOH, Mel, BuyNI, THF, 85%; 2) NBS, +-BuOH; 65% ; T
N “2 v ° Acknowledgment. We wish to thank the California

Department of Health Services, Cancer Research Program
) ) , (99-00532V-10129) for support of this work. Purchase of
our laboratory and likely reflects the larger sizel8frelative the 500 MHz NMR used in these studies was supported by

to 21. The success of this reaction in both yield and f,,4s from the Elsa U. Pardee Foundation and the National
stereoselectivity portends well for an enantioselective syn- g.iance Foundation (BIR-94-19409).

thesis based on introduction of the correct absolute stereo- ) ) ) .
chemistry into thes-ketoester fragment. Supporting Information Available: Experimental pro-

Deprotection of the indole nitrogen proved to be more cedures and compound characterization data. This material
challenging than originally imagined. Neither acid nor base is available free of charge via the Internet at http://pubs.acs.org.
conditions could be found that were compatible with the other o 016379R
functionalities in the molecule. However, heating compound (26) (3) Saladino, R.; Mezzeti, M.. Mincions. E.. Toini. 1. Paradisi

. ino, R.; zzetti, M.; Minci , E.; ini, I.; isi,
23 neat at_ZOGC fqr 4h ga_-VE' cleanly d?prOteCted 'n_dOIe A. P.; Mastropietro, GJ. Org. Chem1999 64, 8468. (b) Zhang, X.; Foote,
product24in 90% yield?®> Oxindole formation also required  C. S.J. Am. Chrtlam. S0d.993,115, 8867. (c) Adam, W.; Hadjiarapoglou,
; ; ; ; ; ; ; L.; Smerz, A.Chem. Berl1991,124, 227.

extensive investigation. Methylation of the indole nitrogen (27) Rajeswaren. W. G.. Labroo. R. B.: Cohen, L.X.Org. Chem.

1999,64, 1369. (b) Lawson, W. B.; Witkop, Bl. Org. Chem1961,26,
(25) Rawal, V. H.; Cava, M. PTetrahedron Lett1985,26, 6141. 263. (c) Hinman, R. L.; Bauman, C. B. Org. Chem1964,29, 1206.

3004 Org. Lett., Vol. 3, No. 19, 2001



