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Alkaloid Total Synthesis

Enantioselective Total Syntheses of the
Cyclotryptamine Alkaloids Hodgkinsine and
Hodgkinsine B**

Jeremy J. Kodanko and Larry E. Overman*

Hodgkinsine (1), first isolated in 1961 from the leaves of a
shrub (Hodgkinsonia frutescens) growing in the coastal and
tableland region of tropical Queensland, Australia,!l was later
identified in the alkaloid extracts of numerous members of
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the Psychotria genus,? including P. colorata, a plant tradi-
tionally used in the Brazilian Amazon as a remedy for pain.!
Early chemicall>4 and mass spectrometric evidence,’! the
latter complicated by the facile fragmentation of the
C3a—C3a’ bond connecting the contiguous benzylic quater-
nary carbons, suggested that hodgkinsine was a N,-methyl-
tryptamine-derived dimer akin to chimonanthine and caly-
canthine. Single-crystal X-ray analysis of the trimethiodide
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derivative subsequently established that hodgkinsine (1) is
composed of three pyrrolidinoindoline units,®! and it is thus
the first member of the higher order polypyrrolidinoindoline
alkaloids to be fully characterized.[’]

Recent pharmacological studies have shown hodgkinsine
(1) to be a micromolar agonist of the p-opiod receptor and to
show potent dose-dependent analgesic activity against cap-
saicin-induced pain, the latter of which also implies the
involvement of NMDA receptors.¥! In this communication we
report the first total synthesis of hodgkinsine (1) as well as its
stereoisomer 2, a previously undisclosed alkaloid isolated
from Amazon Psychotria species for which the name hodg-
kinsine B has been suggested.”’]

The approach we pursued (Scheme 1) to synthesize
hodgkinsine (1) and hodgkinsine B (2) was based on a
number of considerations. The vicinal quaternary stereo-
centers of 1 and 2 (3a and 3a’) have opposite relative
configurations, making the hexacyclic 3a,3a’-bispyrrolidinoin-
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Scheme 1. Retrosynthesis for hodgkinsine (1) and hodgkinsine B (2).

doline moieties of these alkaloids similar to those of meso-
chimonanthine (3) and quadrigemine C (4).”>7 In both
alkaloids the third all-carbon-substituted quaternary stereo-
center C3a” has the R absolute configuration. What differ-
entiates hodgkinsine and hodgkinsine B is the opposite
absolute configurations of their contiguous quaternary ster-
eocenters. Thus, the synthetic problem in preparing 1 and 2
reduces to selectively joining a pyrrolidinoindoline having the
R absolute configuration at C3a” to either the enantiotopic C7
or C7' peri position of meso-chimonanthine (3). We envi-
sioned accomplishing this stereochemical differentiation by
catalyst-controlled asymmetric Heck cyclization of the race-
mic triflate rac-7 to generate the octacyclic oxindoles 5 and
6.1011 This late-stage catalytic asymmetric transformation
would resolve the meso-3a,3a’-bispyrrolidinoindoline unit of
rac-7 while appending the diaryl-substituted quaternary
stereocenter C3a”. The heptacyclic triflate rac-7 in turn
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would be accessed from the known di-tert-butoxycarbonyl
derivative 8 of meso-chimonanthine in a fashion similar to
that employed in our recent total synthesis of quadrigemine C
().

meso-Chimonanthine (3), the starting point for preparing
hodgkinsine (1) and hodgkinsine B (2), is available by stereo-
controlled total synthesis,!'¥! or more conveniently in 30 %
overall yield from tryptamine by a recently reported three-
step, stereorandom sequence.'¥ After conversion of 3 to
dicarbamate 8 (Scheme 2),l'l this latter intermediate was
ortho-lithiated by reaction with 2 equiv sec-butyllithium at

8 rac-9: R = Boc
C
E rac-10; R=H

NMeTs

rac-7

Scheme 2. Reaction conditions: a) Boc,O, THF, RT; NaHMDS (77 %,
ref. 30); b) 1) sBuLi, TMEDA, THF, —78°C; 2) diiodoethane, —78°C to
0°C (64%); ¢) TMSOTF, CH,Cl, (97%); d) 10, Pd,(dba,)-CHCl,, P(2-
furyl);, Cul, DMA, RT (81%). Boc=tert-butoxycarbonyl, dba = dibenzyl-
ideneacetone, DMA = N,N-dimethylacetamide, NaHMDS =sodium

bis (trimethylsilyl)amide, RT =room temperature, TMEDA=N,N,N’,N'-
tetramethylethylenediamine, TMSOTf =trimethylsilyl trifluoromethane-
sulfonate.

—78°C in THF containing 2 equiv TMEDA.[**} Quenching of
the resulting lithium species with an excess of 1,2-diiodo-
ethane delivered the monoiodide rac-9 in 64% yield.
Cleavage of the Boc groups followed by Stille cross-coupling
of rac-10 with stannane 111'%'2 furnished the racemic intra-
molecular Heck precursor rac-7 in 39 % overall yield from
meso-chimonanthine (3).

The critical catalyst-controlled Heck cyclization of rac-7
was investigated in some detail (Scheme 3 and Table 1). First
we established that there was little substrate-controlled
diastereoselection in the cyclization of rac-7 with palladium
catalysts containing achiral diphosphane ligands such as dppb
(5:6=2:1). Of the chiral, enantiopure diphosphanes
screened, Tol-BINAP!Y provided the highest degree of
catalyst control.'”l With this ligand, stereoselectivity was
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Scheme 3. Reaction conditions: a) 10% Pd(OAc),, 20% (R)-Tol-BINAP,
PMP, MeCN, 80°C, (93 %,1:1 ratio of 5:6); b) Pd(OH),, 80 psi H,,
EtOH, 80°C; c) Na/NH; —78°C, NH,Cl quench (29%, 2 steps).

Table 1: Intramolecular Heck reactions of rac-7.1

hodgkinsine B (2), each in 29% overall yield (Scheme 3).
NMR spectra ("H and '3C) for synthetic 1 at room temper-
ature and at 243 K were identical to those reported for natural
hodgkinsine.?l Synthetic 2 was identical to an authentic
sample of hodgkinsine B (2) by comparison of 'H and
BC NMR spectroscopic and mass spectrometric data and by
HPLC coinjection.!' Synthetic 1 (79 % ee) showed an optical
rotation [a]Z = —25 (¢ = 0.8, CHCl;); rotations at the D line in
CHCI; ranging from —26 to —42 (typically at ¢ =1) have been
reported for natural samples of hodgkinsine.?*<!% Synthetic 2
(83% ee) showed an optical rotation [a]]=-55 (c=0.38,
CHCL,), whereas [a]4 = —77 (¢ =1, CHCl;) was reported for
a natural sample.['8]

In summary, the first total syntheses of hodgkinsine (1)
and hodgkinsine B (2) were accomplished from tryptamine by
highly concise sequences of ten total steps. The alkaloid
products were produced in enantioenriched form (~80% ee)
and in 1.5 % overall yield. The stereorational total synthesis of
2 establishes the relative and absolute configuration of this
Psychotria natural product. To the best of our knowledge, the
conversion of rac-7 to enantioenriched 5§ and 6 represents the
first successful use of an asymmetric intramolecular Heck
reaction for resolution.?”! This work, together with our recent
enantioselective total syntheses of idiospermuline®! and
quadrigemine C,l'" firmly establishes the utility of catalytic

asymmetric Heck cyclizations for
appending pyrrolidinoindoline
units in stereocontrolled fashion to

Ligand Solvent Base Yield of % 5 [%] (% ee)®!
dppbt MeCN pS 50 ()

(R)-BINAP MeCN Pt 40 (68)

(R)-Tol-BINAPEI MeCN pSl 37 (78)

(S)-Cy-BINAPI MeCN pSl 76 (1)

(R)-Tol-BINAP DMA pSt 31 (71)

(R)-Tol-BINAP toluene pSl 24 (55)

(R)-Tol-BINAP MeCN PMPI 48 (79)

Yield of 6 [%] (%ee)®  hindered peri positions of either

chiral or meso 3a,3a’-bispyrrolidi-

24 ()

38 (69) noindoline (chimonanthine) frag-
37 (82) ments. This chemistry, and the dia-
69 (6) stereoselective dialkylation chemis-
;i S«g try we developed contemporane-
45 (83) ously for preparing either enan-

tiomer of chiral 3a,3a’-

[a] Conditions: 10 mol % Pd(OAc),, 20 mol % ligand, 4.0 equiv base, substrate concentration (0.05 m),
12 h. [b] Determined by HPLC analysis with a Chiracel OD-R column. [c] dppb =1,4-bis(diphenylphos-
phanyl)butane. [d] PS =1,8-bis (dimethylamino)naphthalene (Proton-Sponge). [e] (R)-Tol-BINAP = (R)-
2,2"-bis (di-p-tolylphosphanyl)-1,1"-binaphthyl. [f] (S)-Cy-BINAP = (S)-2,2"-bis(dicyclohexylphosphanyl)-

1,1"-binaphthyl. [g] Yields measured by HPLC with an internal standard (2-aminophenol). [h] The major

enantiomer formed is ent-5. [ PMP=1,2,2,6,6-pentamethylpiperidine.

slightly enhanced in more polar solvents, whereas the yields of
5 and 6 were improved upon substitution of PMP (1,2,2,6,6-
pentamethylpiperidene) for 1,8-bis(dimethylamino)naphtha-
lene (Proton-Sponge). Temperature changes over the range
65-80°C had no discernable effect on enantioselectivity.
Under optimized conditions Heck cyclization of rac-7 in
acetonitrile at 80°C using the catalyst generated from
10 mol % Pd(OAc), and 20 mol % (R)-Tol-BINAP provided
a separable 1:1 mixture of diastereomers 5 (48 % yield) and 6
(45 % yield). The enantiopurity of these products (579 % ee, 6
83% ee) shows that under these conditions (R)-Tol-BINAP
regulated stereoselection at the newly formed quaternary
center to the extent of 9:1.

Saturation of the alkene double bonds of 5 and 6, followed
by reductive deprotection—cyclization of the dihydro products
with Na/NH; and NH,CI'? furnished hodgkinsine (1) and

© 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.de

bispyrrolidinoindolines,['3*<22]
should allow a wide variety of
polypyrrolidinoindoline  alkaloids
and their analogues to be prepared
by stereocontrolled chemical syn-
thesis. Use of these tools to prepare
all eight hodgkinsine stereoisomers
and preliminary pharmacological assessment of this series will
be reported elsewhere.

Received: February 24, 2003 [Z51261]

Keywords: alkaloids - asymmetric catalysis - C—C coupling -
chiral resolution - Heck reactions

[1] E.F.L.J. Anet, G. K. Hughes, E. Ritchie, Aust. J. Chem. 1961,
14,173 -174.

[2] a) N.K. Hart, S.R. Johns, J. A. Lamberton, R. E. Summons,
Aust. J. Chem. 1974, 27, 639-646; b) F. Libot, C. Miet, N.
Kunesch, J. E. Poisson, J. Pusset, T. Sévenet, J. Nat. Prod. 1987,
50, 468 -473; c) F. Guéritte-Voegelein, T. Sévenet, J. Pusset, M.-
T. Adeline, B. Gillet, J. C. Beloeil, D. Guénard, P. Potier, J. Nat.
Prod. 1992, 55, 923-930; d) N. H. Lajis, Z. Mahmud, R. F. Toia,

Angew. Chem. 2003, 115, 2632 — 2635



Planta Med. 1993, 59, 383-384; ¢) L. Verotta, T. Pilati, M. Tato,
E. Elisabetsky, T. A. Amador, D. S. Nunes, J. Nat. Prod. 1998, 61,
392-396; f) V. Jannic, F. Guéritte, O. Laprévote, L. Serani, M.-T.
Martin, T. Sévenet, P. Potier, J. Nat. Prod. 1999, 62, 838 -843.

[3] L. Verotta, F. Orsini, M. Sbacchi, M. A. Scheildler, T. A.
Amador, E. Elisabetsky, Bioorg. Med. Chem. 2002, 10, 2133 -
2142.

[4] B. Robinson, Chem. Ind. 1963, 218 -227.

[5] J. B. Hendrickson, R. Goschke, R. Rees, Tetrahedron 1964, 20,
565-579.

[6] a)J. Fridrichsons, M. F. Mackay, A. McL. Mathieson, Tetrahe-
dron Lett. 1967, 3521 -3524; b) J. Fridrichsons, M. F. Mackay, A.
McL. Mathieson, Tetrahedron 1973, 85-92.

[7] For a recent review, see: U. Anthoni, C. Christophersen, P. H.
Nielsen in Alkaloids: Chemical and Biological Perspectives,
Vol. 13 (Ed.: S. W. Pelletier), Permagnon, New York, 1999,
pp. 163 -236.

[8] T. A. Amador, L. Verotta, D. S. Nunes, E. Elisabetsky, Planta
Med. 2000, 66, 770-772.

[9] a) L. Verotta, F. Peterlongo, E. Elisabetsky, T. A. Amador, D. S.
Nunes, J. Chromatogr. A 1999, 841, 165-176; b) L. Verotta,
personal communication to L. E. O., November 12, 2002.

[10] a) M. Oestreich, P. R. Dennison, J. J. Kodanko, L. E. Overman,
Angew. Chem. 2001, 113, 1485-1489; Angew. Chem. Int. Ed.
2001, 40, 1439-1442; b) A.B. Dounay, K. Hatanaka, J.J.
Kodanko, M. Oestreich, L. E. Overman, L. A. Pfeifer, M. M.
Weiss, J. Am. Chem. Soc. 2003, 125, in press (ASAP Web release
April 23, 2003).

[11] For a recent review of the use of catalytic asymmetric intra-
molecular Heck reactions in the synthesis of natural products,
see; L. E. Overman, A. B. Dounay, Chem. Rev. 2003, 103, in
press.

[12] A.D. Lebsack, J. T. Link, L. E. Overman, B. A. Stearns, J. Am.
Chem. Soc. 2002, 124, 9008 —9009.

[13] a)J. T. Link, L. E. Overman, J. Am. Chem. Soc. 1996, 118, 8166 —
8167; b) L. E. Overman, D.V. Paone, B. A. Stearns, J. Am.
Chem. Soc. 1999, 121, 7702-7703; c)L.E. Overman, J. F.
Larrow, B. A. Stearns, J. M. Vance, Angew. Chem. 2000, 112,
219-221; Angew. Chem. Int. Ed. 2000, 39, 213 -215.

[14] H. Ishikawa, H. Takayama, N. Aimi, Tetrahedron Lett. 2002, 43,
5637-5639.

[15] a) M. Iwao, T. Kuraishi, Org. Synth. 1996, 73,85-93;b) Approx-
imately 1 equiv sBuLi apparently is tied up by complexation to
one or more of the heteroatoms of 8. When 8 was treated with
1 equiv sBuLi, rac-9 was obtained in only 9 % yield and 74 % of 8
was recovered.

[16] H. Takaya, K. Mashima, K. Koyano, M. Yagi, H. Kumobayashi,
T. Taketomi, S. Akutagawa, R. Noyori, J. Org. Chem. 1986, 51,
629-635.

[17] The cyclization of rac-7 failed when the following commercially
available chiral ligands were used: (R)-(+)-2-[2-(diphenylphos-
phanyl)phenyl-4-(1-methylethyl)-4,5-dihydrooxazole (Pfaltz
ligand); (18,25)-(—)-1,2-diaminocyclohexane-N, N'-bis(2'diphe-
nylphosphanylbenzoyl) (Trost ligand).

[18] a) Kindly provided by Professor Louisa Verotta. b) L. Verotta
unpublished results conveyed to L. E. O., January 14, 2003.

[19] F. Libot, N. Kunesch, J. Poisson, M. Kaiser, H. Duddeck,
Heterocycles 1988, 27, 2381 -2386.

[20] An earlier attempt by Shibasaki and co-workers to use an
intramolecular Heck reaction to resolve a chiral intermediate
produced only one of two possible diasteromers in measurable
yield, see: S. Honzawa, T. Mizutani, M. Shibasaki, Tetrahedron
Lett. 1999, 40, 311-314.

[21] L. E. Overman, E. A. Peterson, Angew. Chem. 2003, 115, 2629 —
2632; Angew. Chem. Int. Ed. 2003, 42, 2525-2528 (preceding
communication in this issue).

[22] S.B. Hoyt, L. E. Overman, Org. Lett. 2000, 2, 3241 -3244.

Angew. Chem. 2003, 115, 2632 —2635 www.angewandte.de

Angewandte
Chemie

© 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2635



