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A stereocontrolled total synthesis of (+)-catharanthine, 1, has been completed. The key step involves the radical-mediated cyclization of a
highly functionalized intermediate to furnish the corresponding indole. The cyclization utilizes a simple phosphorus-based radical-reducing
agent. This synthesis provides a potential route for the production of analogues of catharanthine and is more convergent and experimentally

less complex than previous syntheses of 1.

Catharanthinel, is an important member of thbogaclass
of alkaloids! It is a chemical and presumed biological
precursor of the antitumor alkaloids vinblastine and vin-

(£)-Catharanthine has been the target of numerous suc-
cessful total and formal total synthede%However, all of
the previously reported routes tb have made use of

cristine, two venerable yet effective anticancer agents usedpreexisting indolyl framework&and as such offer little hope

in the treatment of a number of human cancerbe dense,
pentacyclic skeleton of contains a tryptamine fragment
substituted at the 2-position by a quaternaryecgbon, and

for the facile construction of analogues biubstituted on
the aromatic carbocyle. Controlled access to such compounds
is essential for the rational examination of structure and

thereby represents an attractive challenge to our recentlyactivity relationships of the derived drugs. Furthermore,
disclosed methodology for the synthesis of 2,3-disubstituted recent syntheses df have relied on nonstereocontrolled

indoles? The successful completion of this synthesis dem-
onstrates the utility of this radical-based methodology for
the construction of complex indole-containing natural prod-
ucts.
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methods for the formation of some of the key bonds in the means of a high-yielding multistep sequence similar to one
desired polycyclic framework. used by Szantay (Scheme®)Pyridine 6 was benzylated
The advent of our new indole construction methodology
allowed us to envision a completely stereocontrolled route
to 1 that would culminate in the intramolecular alkylation
of a fully functionalized, highly preorganized molecule such
as 2 (Figure 1). This precursor would be available from a

Scheme 1. Diene Synthesis
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| | p 1 Key: (a) BnBr, 0 °C to rt, >99%; (b) NaBH4, EtOH, 0 °C to rt;
H (c) CbzCl, benzene, reflux, 62% (2 steps); (d) Bro, CHCly, rt
COsMe 97%,; (e) DABCO, MeCN, reflux.

P in quantitative yield and then reduced to the corresponding
tetrahydropyridine. The benzyl group was replaced by a
N / benzyl carbamate to givé in 62% overall yield from the
H pyridinium salt. The trisubstituted double bond was then
brominated in 97% yield to afforttans-dibromide8. This
\U, compound was treated with DABCO to afford the desired
PO | P diene9 which was predictably somewhat oxygen-sensitive.
s ' Diene 9 was thus immediately carried on without further
NJ\&; 3 purification.
H Several earlier syntheses of our target have made use of
the regioselective DietsAlder reaction of dienes such 8s
\U, and 1,1-heterodisubstituted acrylatésThis choice has
generally led to diastereomeric mixtures of cyclized products
| due to imperfecexdendoselectivity. To avoid this difficulty,
4+ Rogc Y s we chose to use a 1,1-homodisubstituted acrylate dienophile,
Ha

PO

N COR i.e., diethyl methylenemalonate. This compound, while
\U/ \U, known, readily polymerizes even at low temperattiré/e
P

-0

found that the desired dienophile could be generated in situ
from diethyl ethoxymethylmalonate, easily obtained by

@ | N . ROZCT]/COZR hydrogenation of commercially available diethyl ethoxy-
NG = methylenemalonate at atmospheric pressure over palladium

on carbon (10, Scheme 2). The saturated product was quite

Figure 1. Retrosynthetic analysis of catharanthine.

Scheme 2. Synthesis of the Right-Hand Side of Catharanthine
late-stage radical-mediated indole formation reaction carried

out upon a 2-alkenylthioanilide similar 8. The left and EtO,C-_ CO,E tap

right halves of3 could be joined by selective amide bond ]/ T T EOC 670/ " 67 %HOL

formation between fragmen# and 5. The cis-2-alkenyl EtO (4 steps)
COEt

aniline 4 was available in a three-step sequence from
quinoline? while the two carboxyl groups presentircould 10
be differentiated by means of a chemoselective, reversible  Key: (a) Hy, Pd/C, EtOAc, tt, quant.; (b) 9, neat, 100 °C; (c)
halolactonization reaction. The isoquinuclidine skeleton of KOH, HyO/EtOH, reflux; {d) b, NaHCO3, HO, 1t, 67% (4 steps
5 could most easily be assembled by a regioselective Diels— from 8).
Alder reaction. The successful realization of this strategy is
disclosed herein.

Our synthesis begins with the construction of the desired stable at room temperature and could be stored indefinitely
diene9 from commercially available 3-ethylpyridin€) by at —25 °C. However, reaction wit® at 100°C under argon

(8) For example, see refs 4e, g, and h. (10) See ref 4h.

(9) Aniline 4 can also be constructed by a longer (though more flexible) (11) Compound could be handled briefly{1 h) in air and was stable
route involving the use of palladium-mediated coupling reactions; see ref to neutralagueous workup. Exposure to air over longer periods resulted in
3 for details. decomposition.
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effected elimination of ethanol followed by cycloaddition with Lawesson’s reagent in refluxing toluene to selectively
to afford the desired diester isoquinuclidibéwith complete afford the desired radical cyclization precursor, 2-alkenyl-
regioselectivity:® The diester was saponified, and the result- thioanilide 18, in 86% vyield.
ing diacid was then chemoselectively iodolactonized under We observed in earlier work that an analogud®fvhich
kinetic conditions to give the desirethdelactonel2in 67% bore an adamantyl group in place of the isoquinuclidine
overall yield for the four steps from dibromidg** cyclized only with difficulty in the presence of triethylborane
Having successfully assembled the right-hand building and tributyltin hydride, and then in low~30%) yield3
block of catharanthine, we moved next to the construction However, a model study indicated that the cyclization of
of the left-hand portion. A modified literature procedure for compound21 (Figure 2) could successfully be carried out
the deannulation of quinoline afforded the desi@s-2-
alkenyl anilinel5 in 42% overall yield as a single diaste-
reomer (Scheme 3¥.Thecis-olefin was selected in prefer-
ence to thdransisomer in light of our earlier observation
that cis olefins react more efficiently in the indole-forming
reaction? S

Scheme 3. Synthesis of the Left-Hand 2-Alkenylaniline
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Key: () thiophosgene, BaCOs, CH,Cly/H0, 0 °C; (b) NaBH,, in moderate (~55%) yield under these same conditténs.
MeOH/CHoCly, -15 °C, 60% (2 steps); (c) KOH, HsO/t-BuOH, Unfortunately, treatment df8 with tributyltin hydride in the
reflux, 71%. presence of triethylborane afforded only low and variable

yields (12—22%) of the desired indol®, even with slow,
inverse addition of the tin reagent.

Following completion of the right- and left-hand catha- The reasons for the failure of substrdi@ to efficiently
ranthine precursors, the two fragments were joined using cyclize under these conditions are not well understood. The
standard carbodiimide coupling conditions (Scheme 4). After proposed mechanism of this reaction suggests that the rate
protection of the free primary alcohol to afford anilide of initial radical attack on the thiocarbonyl, the steric bulk
iodolactonel6in 74% yield over two steps, iodolactonization  of the thiocarbonyl-bearing substituent, and facile reduction
was reversed by treatment with zinc and acetic acid, followed of the ultimately formed secondary radical are all contributing
by immediate esterification of the free carboxylic acid with factors® We speculate that the steric requirements of the
diazomethane. This procedure regenerated the alkene whilésoquinuclidine fragment ia8 are sufficiently different from
also supplying the requisite methyl ester, providing com- those in21to prevent efficient cyclization under “standard”
poundl17 in 83% vyield. Anilide estel7 was then treated tin—hydride conditions. Especially, we note that the lacton-

Scheme 4. Total Synthesis of Catharanthine
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Key: (a) Water-soluble carbodiimide, NEtz, CH.Cly, rt; (b) AcxO, pyridine, 74% (2 steps); (¢} Zn, HOAc, CH.Clo, rt; (d) CHoNo,

Et,O/CH.Cl,, rt, 83% (2 steps); (e) Lawesson's Reagent, toluene, reflux, 86%; (f) AIBN, HzPO,, NEts, 1-propanol/H.O, 90 °C,
40-50%,; (g) KoCO3, MeOH, rt; (h) MsClI, NEt3, CHoCly, 1, 82% (2 steps); (i} HSiEts, PA(OAc),, NEts, EtOH/EtOAC, 1t, 96%.
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ized ester ir21 could reasonably be expected to be sterically reliably afforded the desired indot& in 40—50% vyield.
less encumbering than the untethered methyl estéBin Further attempts to improve the yield of this reaction by

An alternative set of tinfree radical cyclization conditions ~ altering the solvent, radical initiator, temperature, and
were noted in our initial report, which involve the use of a hydrogen donor were unsuccessful. We therefore carried out

phosphorus-based hydrogen atom doiérA marked im- the cyclization of18 on a 0.75 mmol scale under the
provement in yield was noted when these conditions were aforementioned conditions to obtain inddiin 50% yield.
used with substrat&8. Cyclization initiated with stoichio- Having completed the crucial indole cyclization, the final

metric AIBN in the presence of excess aqueous hypophos-steps of the synthesis proceeded smoothly. The acetate in

phorous acid and triethylamine in refluxing 1-propanol 19 was replaced with a mesylate to gi2@ in 82% yield
over two steps, and the benzyl carbamate was then removed

(12) Feely, W.; Boekelheide, V. IBrganic Syntheses, Collegti Volume under mild and _h|gh|y S_eleCt|Ve -cond|t|dﬁ1_x) directly afford
][V, rlfaabjohn, N., Ed.; Wiley: Ne_kalork, %gg& p 29§QThﬁreferenge calls (+)-catharanthine (1) in 96% isolated yieéftlAs planned,
or hydrogenation over Raney nickel at 1 psi and@5This procedure : ; : T
results in the formation of appreciable amounts2Q%) of diethyl the desired intramoleculan3 alkylation e_nsueq gfﬂmently
methylmalonate from in situ elimination of ethanol and subsequent from carbamate cleavage due to the highly rigid nature of
hydrogenation. The milder conditions reported here afford the desired tha Surrounding molecular framewdk.

compound in greater than 90% purity (B NMR integration). . . .
(13) The other possible regioisomer was not detected in the crude reaction IN summary, our newly disclosed radical-mediated cy-

miﬁlﬂ)e-c A1 voically retai i Cof ool - st clization reaction for the formation of indoles has been
ompound.1 typically retains a small amount of polymeric esters :

(derived from excess starting material) after a single chromatography, while Success’_fu”y applled to a co_mpletely stereocontrolled total
the derived diacid is a highly viscous oil from which solvent can be synthesis of (+)-catharanthine. The modular, convergent

completely removed only with difficulty. These compounds were carried i i ; ihili
forward a0 obtained to iodolactods. nature of this methodology provides synthetic flexibility and

(15) Hull, R.J. Chem. Soc. (C)968, 1777. We have found that Na opens the door for the controlled construction of analogues

CO; can be used in place of the barium salt used here. (Ueda, T.; Fukuyama,of this important drug precursor. Further application of this
T. Unpublished results.)

(16) Reding, M. T.: Fukuyama, T. Unpublished results. methodology to related indole alkaloids is under way in our
(17) In areport published concurrently with our previous paper, Murphy laboratories and will be reported in due course.
and co-workers showed that 1-ethylpiperidine hypophosphite was an
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(19) The analytical data of the material obtained by this route was in
accord with that reported in the literature fak)¢catharanthine (ref 4f). Supporting Information Available: Experimental details

(20) Proton NMR measurements of the indole NH chemical shift in . . .
compoundsL9 and 20 show the signal as a broad singlet at abnormally fOr the synthesis of intermediat&s-9, 11, 12, 1420, and

high values (near 10 ppm downfield from TMS), indicating possible (+)-catharanthine (1), as well as spectroscopic data for

intramolecular hydrogen bond donation to the adjacent carboxyl group. Such i . . .
a bond would be expected to enhance the desired alkylation reaction byselectecl compounds. This information is available free of
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