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ABSTRACT

Silyl-protected benzyl alcohol derivatives and the salt 1 are used to form ortho -substituted C 12 electrophilic organoiron building blocks which
are converted into a spirocyclic cyclohexenone to complete a formal total synthesis of ( ±)-maritidine (5). The choice of TBDPS protection was
shown to be better than TIPS and compatible with ipso nucleophile addition to form a quaternary center. The reaction sequence is the first
example of a successful application in the synthesis of an arylcyclohexadienyliron complex with an ortho -carbon substituent in the position
required for Amaryllidaceae alkaloids of this type.

Chiral 1-arylcyclohexadienyliron complexes1 provide elec-
trophilic C12 building blocks2 which react with nucleophiles
with complete stereocontrol.3,4 The C12 motif corresponds
to the central portion of many alkaloids, particularly,
SceletiumandAmaryllidaceaenatural products,5 which show
important biological properties.6,7 We have recently described
a reliable and generally applicable procedure for the prepara-
tion (Scheme 1) of suitable8 1-arylcyclohexadienyliron
complexes from the key 1,4-dimethoxy-substituted interme-
diate1.1 Because of the powerful control of stereochemistry

and the possibility of access to enantiopure1 by a novel
asymmetric hydride abstraction reaction,9 we have been
exploring the scope of synthetic sequences that exploit our
organoiron electrophilic C12 building blocks in syntheses that
make multiple use of the metal.10

Groups targetingSceletiumand Amaryllidaceaenatural
products have reported many syntheses of mesembrine,14

galanthamine,15 lycoramine,16 and crinine,17 but the related
cytotoxic18 Amaryllidaceaealkaloid maritidine (5),19 which
has been found to have significant activity7 as an inhibitor
of [3H]citalopram binding to the rat brain serotonin trans-
porter and shows clastogenic effects, has received much less
attention.20,21

To develop further our C12 electrophile approach (examples
already reported include synthesis ofO-methyl jouber-

(1) Owen, D. A.; Malkov, A. V.; Palotai, I. M.; Roe, C.; Sandoe, E. J.;
Stephenson, G. R.Chem.sEur. J.2007,13, 4293-4311.

(2) Malkov, A. V.; Auffrant, A.; Renard, C.; Rose, E.; Rose-Munch, F.;
Owen, D. A.; Sandoe, E. J.; Stephenson, G. R.Inorg. Chim. Acta1999,
296, 139-149.

(3) For discussion of the complete stereoselectivity of these reactions,
see: (a) Birch, A. J.; Bandara, B. M. R.; Chamberlain, K.; Chauncy, B.;
Dahler, P.; Day, A. I.; Jenkins, I. D.; Kelly, L. F.; Khor, T.-C.; Kretchmer,
G.; Liepa, A. J.; Narula, A. S.; Raverty, W. D.; Rizzardo, E.; Sell, C.;
Stephenson, G. R.; Thompson, D. J.; Williamson, D. H.Tetrahedron1981,
37 (Woodward Special Issue, 289-302. (b) Stephenson, G. R.; Alexander,
R. P.; Morley, C.; Howard, P. W.Philos. Trans. R. Soc. London, Ser. A
1988,326, 545-556.

(4) For a general discussion of multihapto electrophiles, see: Stephenson,
G. R. In Handbook of Functionalised Organometallics; Knochel, P., Ed.;
Wiley-VCH: Weinheim, Germany, 2005; pp 569-626.

(5) (a) Jin, Z.Nat. Prod. Rep.2007,24, 886-905. (b) Jin, Z.Nat. Prod.
Rep. 2005, 22, 111-126. (c) Prabhakar, S.; Tavares, M. R.Alkaloids:
Chemical and Biological PerspectiVes; Pergamon: New York, 2001; Vol.
15, pp 433-572. (d) Hoshino, O. InThe Alkaloids; Cordell, G. A., Ed.;
Academic Press: New York, 1998; Vol. 51, pp 324-424. (e) Martin, S. F.
In The Alkaloids; Brossi, A., Ed.; Academic Press: New York, 1987; Vol.
30, pp 251-376. (f) TheAmaryllidaceaealkaloids are still a rich source of
new potentially biologically active target structures with substantial synthetic
challenges: Unver, N.Phytochem. ReV.2007,6, 125-135.
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tiamine,12 formal total synthesis of lycoramine,22 total
synthesis of mesembrine23), we have chosen maritidine (5)
as a key strategic target since it requires ano-benzylic sub-

stituent on the arene. So far, onlyortho-ether substituents
on the arene have been found22,24to be compatible withipso25

addition of nucleophiles, and ano-formyl group at this posi-
tion (which would be useful later in the synthesis in intra-
molecular reductive amination steps) gave24 only ω25 addition
products. We describe here, however, the successful applica-

(6) For examples of biological activities ofSceletiumandAmaryllidaceae
alkaloids, see mesembrine: (a) Gericke, N. P.; Van Wyk, B. E. World Patent
9 746 234, 1997;Chem. Abstr.1998, 128, 80030 (serotonin uptake inhibitor).
Crinine: (b) Elgorashi, E. E.; Stafford, G. I.; Jager, A. K.; van Staden, J.
Planta Med.2006,72, 470-473 (inhibition of [3H]citalopram binding to
the rat brain serotonin transporter). (c) Orhan, I.; Sener, B.Acta Horticul-
turae2005, 678 (anticholinesterase activity in Alzheimer’s disease patients).
Lycoramine: (d) Renard-Nozaki, J.; Kim, T.; Imakura, Y.; Kihara, M.;
Kobayashi, S.Res. Virol.1989,140, 115-128 (antiviral). (e) Han, S. Y.;
Sweeney, J. E.; Bachman, E. S.; Schweiger, E. J.; Forloni, G.; Coyle, J. T.;
Davis, B. M.; Joullie, M. M.Eur. J. Med. Chem.1992, 27, 673-687 (against
Alzheimer’s disease). (f) Lopez, S.; Bastida, J.; Viladomat, F.; Codina, C.
Life Sci. 2002, 71, 2521-2529 (inhibition of acetylcholine esterase).
Lycorine: (g) Nino, J.; Hincapie, G. M.; Correa, Y. M.; Mosquera, O. M.
Z. Naturforsch. C: J. Biosci.2007,62, 223-226 (topoisomerase inhibition).
(h) Szlavik, L.; Gyuris, A.; Minarovits, J.; Forgo, P.; Molnar, J.; Hohmann,
J. Planta Med.2004, 70, 871-873 (antiretroviral activity). (i) Arrigoni,
O.; De Gara, L.; Paciolla, C.; Evidente, A. M.; De Pinto, M. C.; Liso, R.
J. Plant Physiol.1997, 150, 362-364 (L-galactono-γ-lactone dehydrogenase
inhibition). Pretazettine: (j) Gabrielsen, B.; Monath, T. P.; Huggins, J. W.;
Kefauver, D. F.; Pettit, G. R.; Groszek, G.; Hollingshead, M.; Kirsi, J. J.;
Shannon, W. M.; Schubert, E. M.; DaRa, J.; Ugarkar, B.; Ussery, M. A.;
Phelan, M. J.J. Nat. Prod.1992,55, 1569-1581 (antiviral). (k) Furusawa,
E.; Irie, H.; Combs, D.; Wildman, W. C.Chemotherapy1980,26, 28-37
(against leukemia). Galanthamine: (l) Han, S. Y.; Sweeney, J. E.; Bachman,
E. S.; Schweiger, E. J.; Forloni, G.; Coyle, J. T.; Davis, B. M.; Joullie, M.
M. Eur. J. Med. Chem.1992, 27, 673-687 (reversible cholinesterase
inhibitor). (m) Davis, B. US Patent 148253, 2002 (modulators of nicotinic
receptors); Weinstock, M.CNS Drugs1999,11, 307-323 (treatment of
Alzheimer’s disease). (n) Somers, J. E.; Irwin, R. L.; Shy, G. M.Neurology
1963,13, 543-553 (relief of symptoms of myasthenia gravis).

(7) For biological activity of maritidine, see: (a) Elgorashi, E. E.;
Stafford, G. I.; Jager, A. K.; van Staden, J.Planta Med.2006,72, 470-
473 (inhibition of [3H]citalopram binding to the rat brain serotonin
transporter). (b) Cea, G.; Alarcon, M.; Weigart, G.Med. Sci.1986,14, 90
(clastogenic effect/mutagenic).

(8) For theω directing nature of aryl substituents on cyclohexadienyliron
complexes, see ref 1. In this case, the presence of the 4-OMe group helps
overcome the naturalω selectivity and promotes theipso pathway (ipso
relative to the position of the arene). This is because the C(4) OMe is also
ω directing, and the two control effects are opposed (for definitions of the
terms theipsoandω, “mutually reinforcing” and “opposed” in the context
of nucleophile addition to multiply substituted ligands, see ref 4). Pearson’s
work on alkaloid synthesis with opposed Me and OMe groups established
the success of this strategy: (a) Pearson, A. J.; Perrior, T. R.J. Organomet.
Chem.1985,285, 253-265. (b) Pearson, A. J.; Ham, P.J. Chem. Soc.,
Perkin Trans. 11983, 1421-1425. (c) Pearson, A. J.; Ham, P.; Rees, D.
C. J. Chem. Soc., Perkin Trans. 11982, 489-497. (d) Pearson, A. J.Chem.
Commun.1977, 339-340. We used a similar approach toward the terpene
tridachione: (e) Stephenson, G. R.J. Chem. Soc., Perkin Trans. 11982,
2449-2456. (f) Alexander, R. P.; James, T. D.; Stephenson, G. R.J. Chem.
Soc., Dalton Trans.1987, 2013-2016.

(9) (a) Magdziak, D.; Pettus, L. H.; Pettus, T. R. R.Org. Lett.2001,3,
557-559. (b) Older, J. E. J. Ph.D. Thesis, University of East Anglia, 2001.
(c) Older, J. E. J.; Stephenson, G. R. unpublished results; enantiomeric
excesses up to about 40% have been achieved with first-generation chiral
trityl analogues.

(10) Stephenson, G. R.; Astley, S. T.; Palotai, I. M.; Howard, P. W.;
Owen, D. A.; Williams, S. S. InOrganic SynthesisVia Organometallics;
Dötz, K. H., Hoffmann, R. W., Eds.; Vieweg: Braunschweig, 1991; pp
169-185.

(11) Birch, A. J.; Cross, P. E.; Lewis, J.; White, D. A.; Wild, S. B.J.
Chem. Soc., A1968, 332-340; see also ref 12.

(12) Stephenson, G. R.; Finch, H.; Owen, D. A.; Swanson, S.Tetrahedron
1993,49, 5649-5662.

(13) Malkov, A. V.; Stephenson, G. R.J. Organomet. Chem.1995,489,
C44-C47; see also ref 2.

(14) (a) Nemoto, H.Chem. Pharm. Bull.2007,55, 961-974. (b) Paul,
T.; Malachowski, W. P.; Lee, J.Org. Lett.2006,8, 4007-4010. (c) Taber,
D. F.; He, Y. J. Org. Chem.2005, 70, 7711-7714. (d) Chavan, S. P.;
Khobragade, D. A.; Pathak, A. B.; Kalkote, U. R.Tetrahedron Lett.2004,
45, 5263-5265. (e) Kulkarni, M. G.; Rasne, R. M.; Davawala, S. I.; Doke,
A. K. Tetrahedron Lett.2002,43, 2297-2298. (f) Rigby, J. H.; Dong, W.
Org. Lett.2000,2, 1673-1675.

(15) (a) Satcharoen, V.; McLean, N. J.; Kemp, S. C.; Kamp, N. P.;
Brown, R. C. D.Org. Lett.2007,9, 1867-1869. (b) Hu, X.-D.; Tu, Y. Q.;
Zhang, E.; Gao, S.; Wang, S.; Wang, A.; Fan, C.; Wang, M.Org. Lett.
2006,8, 1823-1825. (c) Node, M.; Kodama, S.; Hamashima, Y.; Katoh,
T.; Nishude, K.; Kajemoto, T.Chem. Pharm. Bull.2006,54, 1662-1679.
(d) Trost, B. M.; Tang, W.; Toste, F. D.J. Am. Chem. Soc.2005, 127,
14785-14803. (e) For the conversion of lycoramine into galanthamine,
see: Liu, T.; Chen, X.-Z.; Du, R.-B.; Xu, G.-H.; An, Y.Huaxue Xuebao
2007,65, 711-714.

(16) (a) Malachowski, W. P.; Paul, T.; Phounsavath, S.J. Org. Chem.
2007,72, 6792-6796. (b) Fan, C.-A.; Tu, Y.-Q.; Song, Z.-L.; Zhang, E.;
Shi, L.; Wang, M.; Wang, B.; Zhang, S.-Y.Org. Lett. 2004, 6, 4691-
4694. (c) Liang, P.-H.; Liu, J.-P.; Hsin, L.-W.; Cheng, C.-Y.Tetrahedron
2004,60, 11655-11660. (d) Gras, E.; Guillou, C.; Thal, C.Tetrahedron
Lett. 1999,40, 9243-9244.

(17) (a) Bru, C.; Guillou, C.Tetrahedron2006, 62, 9043-9048. (b)
Pearson, W. H.; Lovering, F. E.J. Org. Chem.1998,53, 3607-3617. (c)
Martin, S. F.; Campbell, C. L.J. Org. Chem.1998,63, 3184-3190. (d)
Overman, L. E.; Sugai, S.HelV. Chim. Acta1985, 68, 745-749. (e)
Whitlock, H. W., Jr.; Smith, G. L.J. Am. Chem. Soc.1967,89, 3600-
3606. (f) Muxfeldt, H.; Schneider, R. S.; Mooberry, J. B.J. Am. Chem.
Soc.1966,88, 3670-3671.

(18) (a) Alarcon, M.; Cea, G.; Weigert, G.EnViron. Contam. Toxicol.
1986,37, 508-512. (b) Pacheco, P.; Silva, M.; Steglich, W.; Watson, W.
H. ReV. Latinoam. Quim.1978,9, 28-32.

(19) (a) Sandberg, F.; Michel, K.-H.Lloydia1963, 78-90. (b) Pacheco,
P.; Silva, M.; Steglich, W.; Watson, W. H.ReV. Latinoam. Quim.1978,9,
28-32. (c) Rao, R. V. K.; Rao, J. V. L. N. S.Curr. Sci.1979,48, 110-
111 (isolation fromZephyranthes robustaandZ. sulphuria); recent example
(isolation fromPancratium tortuosumherb). (d) Toaima, S. M.Alexandria
J. Pharm. Sci.2007,21, 61-68. Structure: (e) Zabel, V.; Watson, W. H.;
Pacheco, P.; Silva, M.Cryst. Struct. Comm.1979,8, 371-376.

(20) (a) Kametani, T.; Kohno, T.; Shibuya, S.; Fukumoto, K.Tetrahedron
1971, 27, 5441-5444. (b) Kametani, T.; Kohno, T.; Shibuya, S.; Fukumoto,
K. Chem. Commun.1971, 774-775. (c) Bru, C.; Thal, C.; Guillou, C.Org.
Lett. 2003,5, 1845-1846. (d) Tomioka, K.; Koga, K.; Yamada, S.Chem.
Pharm. Bull.1977,25, 2681-2688. (e) Yamada, S.; Tomioka, K.; Koga,
K. Tetrahedron Lett.1976, 17, 57-60. (f) Kametani, T.; Kohno, T.; Shibuya,
S.; Fukumoto, K.Tetrahedron1971,27, 5441-5444. (g) Schwartz, M. A.;
Holton, R. A.J. Am. Chem. Soc.1970,92, 1090-1092.

(21) Bru, C.; Thal, C.; Guillou, C.Org. Lett.2003,5, 1845-1846.
(22) Sandoe, E. J.; Stephenson, G. R.; Swanson, S.Tetrahedron Lett.

1996,37, 6283-6286.
(23) Anson, C. E.; Roe, C.; Sandoe, E. J.; Stephenson, G. R.Tetrahedron

Lett. 2007, DOI: 10.1016/j.telet.2007.11.137.
(24) Anson, C. E.; Malkov, A. V.; Roe, C.; Sandoe, E. J.; Stephenson,

G. R.Eur. J. Org. Chem.2008, 196-213 (this paper also reports the CH2-
OMe analogue of9, but this electrophile gave mixtures ofipso and ω
products).

(25) For a discussion ofipsoandω addition to multihaptoπ complexes,
see ref 4; for theω directing nature of aryl substituents on cyclohexadi-
enyliron complexes, see ref 1.

Scheme 1. Introduction of Chirality in the General Procedure to Construct 1-Arylcyclohexadienyliron Electrophiles
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tion of the requiredipsoaddition, even with bulky silylether-
protected benzyl alcohols as theorthosubstituent on the arene.
The product has been taken on to a late-stage tricyclic secon-
dary amine intermediate which is suitable for decomplex-
ation/cyclization to form dihydrooxomaritidine (2) (Scheme
2). By conversion to the spirocyclohexenone3, this work

also constituted a formal total synthesis of (()-maritidine
(5) by linking with the excellent concise synthesis of the
racemic natural product reported by Bru, Thal, and Guillou.21

Our investigation began with a comparison of two si-
lylether derivatives26 which were easily available from
2-bromo-4,5-dimethoxybenzyl alcohol27 by standard silyla-
tion procedures.28 The aryllithium reagents were prepared

in the normal way usingn-butyllithium in diethyl ether at
-78 °C. Addition to the salt1 was performed in dichlo-
romethane to give6 and7 in 57 and 51% yields, respectively.
The conditions used with the acid-sensitive MOM derivatives
in our lycoramine work22 were now employed with6 and7
to form the 1-arylcyclohexadienyliron complexes8 and 9
which were isolated as BF4

- salts (70 and 67% yields). By
the choice of silyl protecting groups, our one-pot malono-
nitrile addition/in situ desilylation/dealkoxylation/decarboxy-
lation procedure23 can be combined with concurrent depro-
tection of the benzyl alcohol to give the organonitrile10 in
a single step (for three steps from1: SiPh2tBu series: 29%;
SiiPr3 series 20%). Reduction of the nitrile (67%) and
cyclization (47%) gave4. Standard conditions for removal
of the tricarbonyliron group and hydrolysis of the enol ether
to give the enone were relatively low yielding (13%), but a
metal-free product was obtained and identified as dihydroox-
omaritidine (2) (Scheme 3). Traces of oxomaritidine were

(26) For related silylethers, see: (a) Torraca, K. E.; Huang, X.; Parrish,
C. A.; Buchwald, S. L.J. Am. Chem. Soc.2001,123, 10770-10771. (b)
Shen, L.; Shin, K.-M.; Lee, K.-T.; Jeong, J.-H.Arch. Pharm. Res.2004,
27, 816-819. (c) Curini, M.; Epifano, F.; Maria, C.; Rosati, O.; Rossi, M.;
Tsadjout, A.Synth. Commun.2000,30, 3181-3187.

(27) (a) Kanapure, S. P.; Biehl, E. R.J. Org. Chem.1990,55, 1471-
1475. (b) Flanagan, S. R.; Harrowven, D. C.; Bradley, M.Tetrahedron2002,
58, 5989-6001. (c) Beryozkina, T.; Appukkuttan, P.; Prasad, M.; Mont,
N.; Van der Eycken, E.Org. Lett.2006,8, 487-490. (d) Naumov, M. I.;
Sutirin, S. A.; Shavyrin, A. S.; Ganina, O. G.; Beletskanaya, I. P.; Bourgarel-
Rey, V.; Combes, S.; Finet, J.-P.; Fedorov, A. Y.J. Org. Chem.2007,72,
3293-3301.

(28) For general conditions using imidazole and DMF to make TBDMS
ethers, see: (a) Corey, E. J.; Venkateswarlu, A.J. Am. Chem. Soc.1972,
94, 6190-6191. See also: (b) Nicolaou, K. C.; Pavia, M. R.; Seitz, S. P.J.
Am. Chem. Soc.1981,103, 1224-1226. (c) Bennett, F.; Knight, D. W.;
Fenton, G.J. Chem. Soc., Perkin Trans. 11991, 1543-1547. (d) Cunico,
R. F.; Bedell, L.J. Org. Chem.1980,45, 4797-4799.

Scheme 3. Organoiron-Mediated Formal Total Synthesis of
(()-Maritidine (5)

Scheme 2. Retrosynthesis of Dihydrooxomaritidine (2) and
the Spirocyclohexenone3
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also identified in the crude product from this reaction.29 Boc
protection of 4 (59%) afforded a product which was
converted far more efficiently (91%) into the spirocyclo-
hexenone, suggesting that the low yield with2 was a
consequence of the presence of the secondary amine. The
development of improved isolation procedures may well
overcome this problem. The presence of oxomaritidine in
the sample obtained from4 could arise by cyclization of the
amine to a dienone, which must have been formed to a small
extent in the decomplexation step. Interestingly, careful
examination of the spectrum of3 obtained from11 again
revealed traces of a dienone which could be identified from
its 1H NMR data by comparison with the spectrum reported
for the pure dienone, which had also been prepared by Bru,
Thal, and Guillou.21 Decomplexation ofη5-3-methoxycy-
clohexadienyliron complexes to form dienones has been
described,30 but their production has not been observed
previously directly fromη4-methoxycyclohexadiene com-
plexes. This anomalous decomplexation process will be
examined further in future work since, if the mechanism can
be determined, a modified procedure to promote the reaction
would lead directly to the dienone from11, which is only
three steps away from (()-maritidine (5), and if employed
with our intermediates for lycoramine22 would open the way
for a synthesis of galanthamine. At the present stage,
however, we have established the key features of the metal-
mediated part of the route, in which the electrophilicity of
the iron complex is used first to introduce the arene, then
subsequently to build the quaternary center in an iterative

process.31 The TBDPS group has been shown to be higher
yielding than the TIPS alternative and is compatible with
the novel deprotection/dealkoxylation/decarboxylation pro-
cedure, which is employed for the first time in this work
and saves a step.32 The viability of the synthetic methodology
has been established by the formal total synthesis of (()-
maritidine (5) and is the first application where anortho-
carbon substituent has been present on the 1-arylcyclohexa-
dienyliron complex.33
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(29) In the NMR spectrum obtained for the crude product from this
reaction, signals corresponding to a trace of oxomaritidine could also be
identified, together other minor signals; for the NMR data for authentic
oxomaritidine, see ref 21.

(30) Pearson, A. J.; Ong, C. W.J. Chem. Soc., Perkin Trans. 11981,
1614-1621.

(31) This synthetic route corresponds to an [η4] f [η5]+ f [η4] f [η5]+

f [η4] iterative process. For definitions of iterative and linear reaction
sequences that employ stoichiometric multihapto electrphiles, see refs 4
and 10.

(32) In fact, in the formation of10, the concurrent desilylation of the
silylether and silylethyl ester occurs in the quench of the malononitrile
enolate addition to8, so the sequence described in this Letter is two steps
shorter than the conventional sequence used in the originalO-methyljou-
bertiamine synthesis (ref 12).

(33) This additional carbon atom is often introduced at a late stage in
the synthesis, for example, by a Pictet Spengler reaction: (a) Cox, E. D.;
Cook, J. M.Chem. ReV.1995,95, 1797-1842. For an example employing
organoiron complexes, see: (b) Pearson, A. J.; Ham, P.; Ong, C. W.; Perrior,
T. R.; Rees, D. C.J. Chem. Soc., Perkin Trans. 11982, 1527-1534.
Inclusion of this 13th carbon in the initial aryl nucleophile (6 or 7 in this
case) is more efficient because the sequence is more convergent. The
1-arylcyclohexadienyliron complex reported here corresponds, in effect, to
a “C13 electrophilic building block”.

192 Org. Lett., Vol. 10, No. 2, 2008


