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Over the past decade there has been an upsurge in the
discovery of biologically active natural products from marine
sponges.[1] In comparison to terrestrial plant and microbial

systems, little is known about the biosynthesis of sponge
metabolites.[2] One class of cytotoxic sponge metabolites
which have recently fascinated organic chemists are the
manzamine alkaloids. The first member of this class, man-
zamine A (1, Figure 1), was isolated in 1986 by Higa et al.[3]
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Figure 1. Manzamine A (1), B (2), and C (3).

and recently synthesized.[12] The unprecedented structure led
the authors to the conclusion that ªno obvious biogenetic
pathº could be envisaged leading to 1. Manzamines B (2) and
C (3) were subsequently isolated from the same sponge.[4]

In 1992, we put forward a biogenetic hypothesis for the
formation of the manzamines.[5] We proposed that each
structure could be reduced into four building blocks: ammo-
nia, a C10 unit (a symmetrical dialdehyde), tryptophan, and a
C3 unit (an acrolein equivalent), shown in Scheme 1 for
manzamine B (2). The key step in the proposal is the
intramolecular endo Diels ± Alder cycloaddition of the bis-
dihydropyridine 4.[6] To date it is not known whether a
ªDiels ± Alderaseº exists.[7]

Since the publication of the hypothesis a large number of
manzamine and related alkaloids have been isolated from
various species of sponge worldwide.[8] Despite the lack of
experimental evidence, the proposal has been applied repeat-
edly to explain the biogenetic origin of the manzamine and
related alkaloids. One related alkaloid is keramaphidin B (5,
Scheme 1), which was isolated independently by both the
Kobayashi and Andersen groups.[9] Structurally 5 is simply the
reduced form of the proposed cycloadduct 6 (Scheme 1).
Herein, we report the biomimetic synthesis of 5, the first in
vitro chemical evidence for this proposal.

The synthesis of 7 was first communicated in 1996,[6e] but we
found the route unsatisfactory because of moderate yields
(7 % overall) and the instability of one intermediate. Since
then we have modified the synthesis (Scheme 2) with
significant improvements (37% overall yield). Hydroxyphos-
phonium salt 8 was masked as its tetrahydropyranyl (THP)
derivative 9 (93 %). Olefin 10 was obtained from the ylide
generated from 9 and 3-(3-pyridyl)propanal in 83 % yield.
Acid-mediated deprotection gave the alcohol 11 (94 %),
which was treated with p-toluenesulfonyl chloride to give 12
(95 %). A one-pot Finkelstein reaction, dimerization and
macrocyclization was effected by the slow addition of 12 into a
mixture of NaI in 2-butanone under reflux. The crude product
was reduced to give bis-tetrahydropyridine 13 in 56 % yield
over the two steps. Oxidation of 13 with 3-chloroperbenzoic
acid (mCPBA) furnished diastereomeric N-oxides (98 %),
which could be treated with trifluoroacetic anhydride to give
bis-dihydropyridine 7 (100%).

[10] G. Dyker, Angew. Chem. 1994, 106, 117; Angew. Chem. Int. Ed. Engl.
1994, 33, 103 ± 105.

[11] a) R. W. Hoffmann, Dehydrobenzene and Cycloalkynes, Academic
Press, New York, 1967; b) H. Hart in The Chemistry of Functional
Groups, Suppl. C2: The Chemistry of Triple-Bonded Functional
Groups (Ed.: S. Patai), Wiley, Chichester, 1994, pp. 1017 ± 1134.

[12] Y. Himeshima, T. Sonoda, H. Kobayashi, Chem. Lett. 1983, 1211 ±
1214.

[13] Prepared in our laboratory by a published procedure: ªPalladium in
Organic Synthesisº: L. S. Hegedus in Organometallics in Synthesis: A
Manual (Ed. : M. Schlosser), Wiley, 1994. Commercially available
material gave poorer yields.

[14] a) L. S. Meriwether, E. C. Colthup, G. W. Kinnerly, R. N. Reusch, J.
Org. Chem. 1961, 26, 5155 ± 5163; b) Y. Wakatsuki, O. Nomura, K.
Kitaura, K. Morokuma, H. Yamazaki, J. Am. Chem. Soc. 1983, 105,
1907 ± 1912.

[15] a) N. Boden, R. J. Bushby, A. N. Cammidge, S. Duckworth, G.
Headdock, J. Mater. Chem. 1997, 7, 601 ± 605; b) K. Praefcke, A.
Eckert, D. Blunk, Liq. Cryst. 1997, 22, 113 ± 119.

[16] Triphenylene and the substituted derivatives gave correct analytical
and spectroscopic data. 3 : M.p. 194 8C (literature value[6a] 198 8C). 7:
1H NMR ([D8]THF) d� 8.42 (t, J� 10.3 Hz, 6 H); MS: m/z (%): 336
(100), 168 (16); HR-MS: calcd for C18H6F6: 336.0374, found: 336.0364.
11: M.p. 188 8C; 1H NMR (CDCl3) d� 9.04 (dd, J� 8.5, 0.8 Hz, 1H),
8.10 (d, J� 8.1 Hz, 1 H), 8.00 (d, J� 8.1 Hz, 1H), 7.48 (m, 3 H), 4.04 (s,
3H), 3.97 (s, 6H); 13C NMR (CDCl3) d� 158.2, 157.9, 157.0, 133.0,
132.6, 131.9, 127.3, 127.0, 126.8, 121.1, 118.8, 118.4, 118.1, 115.9, 115.0,
110.4, 108.7, 108.5, 56.1, 55.8, 55.7; MS: m/z (%): 318 (100), 303 (25),
288 (15); HR-MS: calcd for C21H18O3: 318.1256, found: 318.1268. 12 :
1H NMR (CDCl3) d� 9.00 (dd, J� 8.5, 1.2 Hz, 3H), 7.48 (t, J� 8.2 Hz,
3H), 7.14 (dd, J� 8.1, 1.0 Hz, 3 H), 4.02 (s, 9H); MS: m/z (%): 318
(100), 303 (22), 288 (30).
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Scheme 1. A hypothesis for the biosynthesis of the manzamine alkaloids.[5]

It was eventually discovered that dissolution of 7 in an
aqueous methanol buffer, followed by reduction, yielded a
small but detectable amount of keramaphidin B (5) within a
complex mixture of products. After extensive chromato-
graphic purification of this mixture, 5
was isolated in 0.2 ± 0.3 % yield.[10] The
synthetic material was identified by
NMR spectroscopy, LC-MS, and by
doping the synthetic sample with au-
thentic material (Figure 2). The major
product (60 ± 85 %) was the recyclable
bis-tetrahydropyridine 13. This com-
pound originated from disproportiona-
tion of 4 giving a mixture of tetrahy-
dropyridine and the pyridinium salt,
which was subsequently reduced to
afford 13.[11]

In conclusion, we have demonstrated
the chemical feasibility of our theoret-
ical proposal for the biosynthesis of the
manzamine alkaloids. The low yield of
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Scheme 2. Synthesis of bis-dihydropyridine 7. Reagents and conditions:
a) 1.5 equiv 3,4-dihydro-2H-pyran, 0.01 equiv pyridinium p-toluenesulfon-
ate, CH2Cl2, 15 h, 93%; b) 1.2 equiv potassium hexamethyldisilazide, THF,
ÿ78 8C to RT, 1 h, then 3-(3-pyridyl)propanal, ÿ78 8C to RT, 2 h, 83%
(Z :E� 99:1); c) 3m HCl, MeOH, 3 h, 94 %; d) 1.5 equiv p-toluenesulfonyl
chloride, 2 equiv Et3N, CH2Cl2, 0 8C, 3 h, 95%; e) 1.2 equiv NaI, 2-
butanone, ~, 192 h; f) 3 equiv NaBH4, MeOH, ÿ78 8C to RT, 0.5 h, 56%
over 2 steps; g) 2 equiv mCPBA, CH2Cl2, 0 8C, 98 %; h) 4 equiv trifluoro-
acetic anhydride, CH2Cl2, 100 %; i) MeOH/1m aqueous TRIS buffer (1/1;
pH 7.3; TRIS� tris(hydroxymethyl)aminomethane), 1 h; then 3 equiv
NaBH4, MeOH, ÿ78 8C to RT, 0.5 h, 0.2 ± 0.3 %.

keramaphidin B (5) reflects the preference of 4 to dispropor-
tionate and the difficulty of purification. A ªDiels ± Alderaseº
that limited the conformational mobility of the substrate
would not only decrease the change in entropy towards the
transition state, but could also exclude the disproportionation.
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[1] D. J. Faulkner, Nat. Prod. Rep. 1997, 14, 259 ± 302, and references
therein; C. A. Bewley and D. J. Faulkner, Angew. Chem. 1998, 110,
2280 ± 2297; Angew. Chem. Int. Ed. 1998, 37, 2162 ± 2178.

Figure 2. 1H NMR doping experiment of 5 (500 MHz, CD3OD): a) synthetic material; b) authentic
material of similar concentration; c) 1:1 mixture of (a) and (b).
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A New Route to Heterosilsesquioxane
Frameworks**
Frank J. Feher,* Daravong Soulivong, Frank Nguyen,
and Joseph W. Ziller

Incompletely condensed silsesquioxanes such as 1 and 2[1, 2]

are versatile precursors to a diverse range of Si/O and Si/O/M
frameworks, and a wide variety of heterosilsesquioxanes can
be prepared by reactions that transform Si ± OH groups into
new siloxane (i.e., Si-O-Si) or heterosiloxane (i.e., Si-O-M)
linkages.[3±11] In virtually all cases, the resulting products are
formally derived from the substitution of heteroatoms for Si
atoms in a silsesquioxane framework (e.g., 3). In this paper we
report a new method for preparing discrete heterosilsesquiox-
ane frameworks. This method introduces heteroatoms and
heteroatom-containing groups by nucleophilic substitution
reactions at framework Si atoms and affords products derived
from the formal replacement of a framework oxygen atom in
4 by a heteroatom or other divalent bridging group (e.g., 5).

The key to our approach is ditriflate 6, which can be
prepared in high yield by the reaction of Cy8Si8O12 (4) with
triflic acid (TfOH) in noncoordinating solvents such as
CH2Cl2 or C6H6.[12] The triflate groups from 6 are rapidly
displaced by many nucleophiles with complete stereochemical
inversion at both Si centers. With difunctional nucleophiles
(e.g., H2O), there are two possible products: difunctional
derivatives resulting from two sequential bimolecular dis-
placement reactions (e.g., 7) or ªedge-cappedº products
resulting from intramolecular cyclization of the monosubsti-
tuted (e.g., 4).[12] Cyclization is usually favored when reactions
are performed in dilute solutions with stoichiometric quanti-
ties of reagents.

The reaction of 6 with aniline produces 8 and/or 9 in high
yield. When the reaction is performed in toluene/Et3N with an
excess of aniline (>4 equiv), 8 is obtained in >95 % NMR
yield. The structure of 8, which was assigned on the basis of

[2] M. J. Garson, Nat. Prod. Rep. 1989, 6, 143 ± 170.
[3] R. Sakai, T. Higa, C. W. Jefford, G. Bernardinelli, J. Am. Chem. Soc.

1986, 108, 6404 ± 6405.
[4] R. Sakai, S. Kohmoto, T. Higa, C. W. Jefford, G. Bernardinelli,

Tetrahedron Lett. 1987, 28, 5493 ± 5496.
[5] J. E. Baldwin, R. C. Whitehead, Tetrahedron Lett. 1992, 33, 2059 ±

2062.
[6] For previous model studies, see a) J. E. Baldwin, T. D. W. Claridge,

F. A. Heupel, R. C. Whitehead, Tetrahedron Lett. 1994, 35, 7829 ±
7832; b) L. Gil, A. Gateau-Olesker, C. Marazano, B. C. Das,
Tetrahedron Lett. 1995, 36, 707 ± 710; c) L. Gil, A. Gateau-Olesker,
Y.-S. Wong, L. Chernatova, C. Marazano, B. C. Das, Tetrahedron Lett.
1995, 36, 2059 ± 2062; d) L. Gil, X. Baucherel, M.-T. Martin, C.
Marazano, B. C. Das, Tetrahedron Lett. 1995, 36, 6231 ± 6234; e) J. E.
Baldwin, T. D. W. Claridge, A. J. Culshaw, F. A. Heupel, S. SmrckovaÂ ,
R. C. Whitehead, Tetrahedron Lett. 1996, 37, 6919 ± 6922; f) J. E.
Baldwin, L. Bischoff, T. D. W. Claridge, F. A. Heupel, D. R. Spring,
R. C. Whitehead, Tetrahedron 1997, 53, 2271 ± 2290.

[7] S. Laschat, Angew. Chem. 1996, 108, 313 ± 315; Angew. Chem. Int. Ed.
Engl. 1996, 35, 289 ± 291.

[8] Reviews: a) R. J. Andersen, R. W. M. Van Soest, F. Kong in Alkaloids:
Chemical and Biological Perspectives, Vol. 10 (Ed.: S. W. Pelliter),
Pergamon, London, 1996, pp. 302 ± 352; b) M. Tsuda, J. Kobayashi,
Heterocycles 1997, 46, 765 ± 794; c) N. Matzanke, R. J. Gregg, S. M.
Weinreb, Org. Prep. Proced. Int. 1998, 30, 1 ± 51; more
recent examples: d) J. Kobayashi, D. Watanabe, N.
Kawasaki, M. Tsuda, J. Org. Chem. 1997, 62, 9236 ±
9239; e) Y. Guo, E. Trivellone, G. Scognamiglio, G.
Cimino, Tetrahedron 1998, 54, 541 ± 550; f) F. Kong, E. I.
Graziani, R. J. Andersen, J. Nat. Prod. 1998, 61, 267 ±
271; g) M. Tsuda, D. Watanabe, J. Kobayashi, Tetrahe-
dron Lett. 1998, 39, 1207 ± 1210; h) D. Watanabe, M.
Tsuda, J. Kobayashi, J. Nat. Prod. 1998, 61, 689 ± 692;
i) R. J. Clark, K. L. Field, R. D. Charan, M. J. Gibson,
I. M. Brereton, A. C. Willis, Tetrahedron 1998, 54,
8811 ± 8826; for a recent review on the total synthesis
of manzamine alkaloids see: j) E. Magnier, Y. Langlois,
Tetrahedron 1998, 54, 6201 ± 6258.

[9] a) J. Kobayashi, M. Tsuda, N. Kawasaki, K. Matsumoto,
T. Adachi, Tetrahedron Lett. 1994, 35, 4383 ± 4386; b) F.
Kong, R. J. Andersen, Tetrahedron 1995, 51, 2895 ±
2906.

[10] 1H NMR (750 MHz, CD3OD, 50 8C): d� 0.93 (1H, ddd, J� 12, 4.5,
1.5 Hz; C(8)H), 1.21 (1H, qd, J� 14, 4 Hz; C(9)H), 1.36 ± 1.40 (1H, m;
C(14)H), 1.42 ± 1.63 (8 H, m; C(14)H', C(15)H2, C(16)H, C(22)H,
C(23)H2, and C(9)H'), 1.67 (1H, dd, J� 9, 2.5 Hz; C(6)H), 1.69 ± 1.76
(4H, m; C(20)H2, C(19)H, and C(22)H'), 1.99 (1H, br d, J� 13 Hz;
C(24)H), 2.08 (1H, d, J� 11.5 Hz; C(12)H), 2.09 ± 2.12 (1 H, m;
C(27)H), 2.20 (1H, ddd, J� 12.5, 5.5, 1.5 Hz; C(13)H), 2.20 ± 2.28 (2H,
m; C(5)H and C(24)H'), 2.30 ± 2.42 (7H, m; C(28)H2, C(27)H',
C(19)H', C(16)H', C(21)H, and C(12)H'), 2.69 ± 2.71 (1H, m;
C(10)H), 2.78 (1H, br t, J� 13 Hz, C(10)H'), 2.87 (1H, dd, J� 9,
2 Hz; C(6)H'), 2.95 (1H, td, J� 12.5, 5 Hz; C(13)H'), 3.03 ± 3.06 (1H,
m; C(21)H'), 3.11 (1H, s; C(2)H), 5.25 (1H, pseudo t, J� 10.5 Hz;
C(25)H), 5.38 (1 H, pseudo t, J� 10 Hz, C(26)H), 5.60 ± 5.66 (2H, m;
C(17)H and C(18)H), 5.86 (1 H, d, J� 6 Hz; C(4)H); diastereotopic
protons are assigned as X and X', where the ' indicates the lower field
proton; 13C NMR (188.7 MHz, CD3OD) d� 21.32 (C22), 21.68 (C19),
23.80 (C16), 26.10 (C24), 26.53 (C27), 27.12 (C9), 27.50 (C14, C15 and
C23), 37.81 (C28), 38.99 (C5), 42.10 (C20), 44.62 (C8), 48.77 (C10),
50.94 (C12), 54.48 (C6), 55.15 (C13), 57.04 (C21), 65.04 (C2), 124.52
(C4), 131.27 (C18), 132.59 (C25), 132.60 (C17), 133.33 (C26), 142.94
(C3); only signals which can be clearly observed above the noise or
which can be traced back through HMQC experiments are reported;
m/z (APCI) 381 (MH�, 100 %); HRMS found: 381.3270; calcd for
C26H41N2 (MH�): 381.3270.

[11] The reaction of 7 in buffer was monitored by 1H NMR spectroscopy.
By the time the reaction was quenched with NaBH4, all the signals
arising from 7 had virtually disappeared. Therefore, the majority of 13
was not derived from the reduction of 7.

[12] J. D. Winkler, J. M. Axten, J. Am. Chem. Soc. 1998, 120, 6425 ±
6426.
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