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The first total synthesis offf)-subincanadine F, a bioactive
indole alkaloid structurally featuring a 1-azabicyclo[4.3.1]-
decane unit, has been realized fronpase-methoxybenzyl)-
tryptamine in six steps. The bridge-containing tetracyclic

framework of subincanadine F was efficiently assembled by

a Smp-mediated ring opening followed by an acid-mediated
Mannich reaction. In addition, the tetracyclic ketoegea
key intermediate potentially useful for synthesizing structur-

Me
subincanadine A 21a§: R=0H,R'=H, C-17 B
subincanadine B (1b): R =0OH, R'=H, C-17 o
subincanadine C E1c): R=H,R'=H,C-17
subincanadine G (1d): R=H, R'= OH, C-17

N
||
N N

RMe

subincanadine D (2a): R = OH
subincanadine E (2b): R=H

subincanadine F (3)

FIGURE 1. Subincanadines AG.

featuring a 1l-azabicyclo[4.3.1]decane framework, which dis-
played prominent in vitro cytotoxicity against murine lymphoma
L1210 cells (IGo 2.4 ug/mL) and human epidermoid
carcinoma KB cells (Igp = 4.8 ug/mL) on the basis of the
preliminary biological experimentsThere is rising interest in
the assembly of the subincanadine family of alkaloids because
of their unique structural characteristics and impressive phar-
macological activity?

In this paper, we wish to report a concise synthesistgf (
subincanadine F3j, featuring the construction of the tetracyclic
core by Smj-mediated ring opening and bridge-forming Man-
nich reactions as key steps. As shown in Scheme 1, the synthesis
commenced from 1p@aramethoxybenzyl)tryptamine4, a
known intermediateobtainable in one step from commercially
available tryptamine. A reaction of with o,S-diketoesters®
(140 mol %) in acetonitrile at room temperature &h afforded
in a 75% yield the tetracyclic ketoestéras a yellow solid.
The generation o6 presumably results from the initial N-
alkylation and iminium ion formation followed by Pictet
Spengler-type cyclization as depicted in Scheride present
one-pot procedure for the tetracycle assembly, involving the
sequential D/C ring construction promoted by HCI generated
in situ, is advantageous, concise, and practical.
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Because of their remarkable pharmacological activities, indole Lett. 2006 8, 4605.

alkaloids have been an attractive and rewarding source for

developing new drug entiti€sFrom 2002 to 2005, subinca-
nadines A-G (la—c, 2ab, 3, and1d; Figure 1) were isolated
by Kobayashi and co-workers from the barks of the Brazilian
medicinal planfAspidosperma subincanuvhart2 Among these
intriguing polycyclic compounds was subincanadine 3j, (

T Shanghai Institute of Organic Chemistry.

*Lanzhou University.

§ Anhui Normal University.

I'East China Normal University.

(1) (@) Atta-ur-Rahman; Basha, Andole Alkaloids Harwood Aca-
demic: Amsterdam, The Netherlands, 1997. (b) Wright, C. W.; Phillipson,
J. D. Phytother. Res199Q 4, 127.

10.1021/jo061724h CCC: $33.50 © 2006 American Chemical Society
Published on Web 11/14/2006

(4) Guengoer, T.; Malabre, P.; Teulon, J. 8nth. Commurl994 24,

(5) Wasserman, H. H.; Kuo, G.-H.etrahedron1992 48, 7071.

(6) Wasserman and co-workers once reported the efficient synthesis of
an analogue ob (where the indolic nitrogen was unprotected), which
consisted of the initial preparation of a crystalline vinyl tricarbonyl
monohydrate fromb via dehydrohalogenation with a saturated aqueous
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SCHEME 1. Synthesis of £)-Subincanadine F (3}
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We envisaged that the tetracyclic core of subincanadine
could be easily accessed from ketoedidyy skeletal reorga-

nization. The central theme of this strategy was based on the

disconnection of the C/D ring conjunction 6ffollowed by

insertion of a one-carbon linker at the breakup points. To our

delight, the samarium diiodide mediated ring-opening 6
furnished the 6/5/9 tricyclé in an 86% yield. Exposure afto
formalin (i.e., aqueous formaldehyde solution, 37%) in the
presence of hydrochloric acidifd h led to the tetracycl8 in

ably containing four stereoisomers), and the dehydration of
which with TFAA/DBU/DMAP? generated enor@(as a pair

of geometric isomers of closB; values,E/Z = 10:1) in an
excellent combined yield (94%).

Considerable endeavors were then devoted to the remaining
tasks for the synthesis of subincanadine F, that is, the removal
of CO,Bu and PMB. Reaction 09 with AICl3 in benzene at
room temperature fo4 h selectively furnished the decarboxy-
lation product10 in only a moderate yield (53%), which
represented the optimum result obtained for this particular
transformation under various experimental conditions. PMB
deprotection could not be realized in reasonable yields by
treating10 with a Lewis acid (AIC},11 TiCly, or RB-OEbL), a
protic acid (TFA?2 or HCIO49), an oxidizing agent (DD& or
CAN), a base (LDAY), or with the Pd(OAGYE:SiH/EtN®

p reagent system. Finally, heatir®gin 0.5 M hydrochloric acid

under reflux fo 4 h resulted in full deprotection, andkt}-
subincanadine F3f was produced in a 28% yield. For
comparison, a lower yield (10%) f@&was observed when the
same conditions were applied to the decarboxylation product
10. The TFA salt® of subincanadine F3j displayed spectral
data in full consistence with those reported in the literatare.
In summary, the first total synthesis ef)-subincanadine F
(3), a bioactive indole alkaloid structurally featuring a

an 83% yield. Thus, the tetracyclic 1-azabicyclo[4.3.1]decane 1-azabicyclo[4.3.1]decane unit, has been accomplished in six

framework of subincanadine F was constructed in three steps

from 4.

The E)-ethenyl group adjacent to the ketone carbony8in
would ideally be introduced at the stage8xince the presence
of PMB and CQ'Bu could block the corresponding reactive

sites that would otherwise interfere with the desired transforma-

tions8 Treatment oB with LDA followed by MeCHQ® at —78

(9) The anhydrous acetaldehyde (as a solution in ether) was prepared as
follows: Acetaldehyde (40 wt. % solution in water) was extracted with
ether. The combined ether layers were dried,®@) at low temperature
and then distilled with a Vigreux column to afford an anhydrous acetal-
dehyde solution in ether in which the mole ratio of MeCHO te(Etvas
discovered to be 1:3 on the basis of #it NMR spectrum.

(10) For dehydration of aldols with TFAA/DBU/DMAP, see: (a)
Goldstein, S. W.; Overman, L. E.; Rabinowitz, M. #.0rg. Chem1992

°C furnished the expected aldol condensation products (presum-57, 1179. (b) Comins, D. L.; Huang, S.; McArdle, C. L.; Ingalls, C. L.

(7) For a Smy-mediated reaction, see: Katritzky, A. R.; Wang, J.;
Henderson, S. AHeterocyclesl998 48, 1567.

(8) Wiemer's protocol of ketone carbonyl O-phosphorylation/1,3-
phosphorus shift rearrangement/Hora@/adsworth-Emmons reaction was
explored on the indolitN-benzyl analogue (rather th&hPMB) of 8. While
the enol phosphonate was easily accessible (LDA; CIP(O)¢DHip action
of LDA (200 mol %) could not effect the 1,3-phosphorus shift rearrange-
ment. Because of this unsuccessful attempt, a diffecerthenylation
strategy was utilized for the PMB-protected keto8e For Wiemer's
protocol, see: (a) Calogeropoulou, T.; Hammond, G. B.; Wiemer, D. F.
Org. Chem.1987 52, 4185. (b) An, Y.-Z.; Wiemer, D. FJ. Org. Chem.
1992 57, 317. (c) Baker, T. J.; Wiemer, D. B. Org. Chem.1998 63,
2613. For an application of Wiemer’s protocol in total synthesis, see: (d)
Sudau, A.; Munch, W.; Bats, J.-W.; Nubbemeyer,Biir. J. Org. Chem.
2002 3315.
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steps starting from lp@ara-methoxybenzyl)tryptaminedf. On
the basis of the overall synthetic efficiency, the current route
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(m, 1H), 3.75 (s, 3H), 5.00 (dl = 16.5 Hz, 1H), 5.23 (dJ = 16.5
Hz, 1H), 6.77 (dJ) = 9.0 Hz, 2H), 7.02 (dJ = 8.4 Hz, 2H), 7.08-

to (+)-subincanadine F constitutes a general method for rapid 7-22 (m, 2H), 7.28 (d) = 8.4 Hz, 1H), 7.55 (dJ = 7.2 Hz, 1H);

synthesis of a number of indole alkaloids with similar structures.
The bridge-containing tetracyclic framework of subincanadine
F was efficiently assembled by a Samhediated ring opening
followed by an acid-mediated Mannich reaction. The tetracyclic
ketoester6, a key intermediate, is a potential substrate for
synthesizing structurally related indole alkaloids.

Experimental Section

Compound 6. To a solution of4 (345 mg, 1.23 mmol) in
acetonitrile (10 mL) was added dropwise a solutiorb@880 mg,
1.72 mmol) in acetonitrile (10 mL) at rt. The mixture was stirred
at rt for 8 h, neutralized with a saturated aqueous Naki§&ution,
concentrated, and extracted with @Hh. The combined organic
extracts were dried (N&Qy), filtered, and concentrated to give a

13C NMR (CDCk, 75 MHz) 6 28.3, 28.7, 35.9, 46.1, 46.8, 49.0,
55.2, 82.1, 96.4, 109.9, 113.8, 115.0, 118.4, 118.7, 121.5, 127.6,
128.1, 130.2, 132.0, 136.4, 158.7, 171.6, 180.4; MS (ESI) 449 (M
+ H, 100). HRMS (ESI): (M+ H) calcd for GsHaaN;Ou,
449.2440; found, 449.2435.

Compound 8. A solution of 7 (173 mg, 0.386 mmol) in EtOH
(12 mL) was acidified with 12 M hydrochloric acid to pH-3,
and formalin (containing 37 wt % Cl@, 75uL, 1.0 mmol) was
added. The mixture was stirred at rt for 1 h, neutralized with a
saturated aqueous NaHg®olution, concentrated, and extracted
with CH,Cl,. The combined organic extracts were dried {81&,),
filtered, and concentrated to give a residue. The residue was
chromatographed (petroleum ether/EtOAc, 3:1) to affér(l47
mg, 83%) as a white solid: mp 15254 °C; 'H NMR (CDCls,
300 MHz)6 1.41 (s, 9H), 2.04 (d) = 1.2 Hz, 1H), 2.47-2.62 (m,
1H), 2.92 (dt,J = 11.3, 4.0 Hz, 1H), 3.183.34 (m, 3H), 3.34

residue. The residue was chromatographed (petroleum ether/EtOAC3 .48 (m, 1H), 3.57 (dJ = 14.7 Hz, 1H), 3.67-3.80 (m, 1H), 3.74

8:1) to afford6 (412 mg, 75%) as a yellow solid: mp 533 °C;
IH NMR (CDCls, 300 MHz) ¢ 1.39 (s, 9H), 2.38 (dd) = 18.0,
6.3 Hz, 1H), 2.66-2.82 (m, 2H), 3.16-3.51 (m, 5H), 3.75 (s, 3H),
5.45 (d,J = 17.1 Hz, 1H), 5.60 (dJ = 17.1 Hz, 1H), 6.73-6.87
(m, 4H), 6.93-7.00 (m, 1H), 7.03-7.13 (m, 2H), 7.5%7.60 (m,
1H); 13C NMR (CDCk, 75 MHz) 6 16.5, 27.7, 36.8, 43.6, 44.3,

(s, 3H), 4.42 (ddJ = 14.7, 3 Hz, 1H), 5.28 (s, 2H), 6.75 (s, 4H),
6.89-6.97 (m, 1H), 7.027.15 (m, 2H), 7.557.64 (m, 1H);13C
NMR (CDCls, 75 MHz) ¢ 22.1, 27.8, 35.1, 48.2, 52.9, 53.9, 55.0,
56.0, 65.9, 82.4, 111.0, 113.6, 115.7, 118.0, 119.1, 122.2, 127.1,
127.4,129.5, 130.8, 136.9, 158.2, 168.4, 203.7; MS (ESI) 461 (M
+ H, 100), 483 (M+ Na, 28). HRMS (ESI): (M+ H) calcd for

49.1, 55.2, 72.3, 83.1, 110.7, 111.3, 113.7, 118.3, 119.2, 122.4,C,gH3N,0,, 461.2440; found, 461.2435.

126.8, 127.2, 127.3, 130.3, 137.6, 158.3, 168.2, 206.8; MS (ESI)

347 (57), 447 (M+ H, 100), 469 (M+ Na, 27). HRMS (ESI):
(M + H) calcd for GH31N204, 447.2284; found, 447.2278.
Compound 7.A suspension of samarium powder (1.47 g, 9.75
mmol) and } (1.90 g, 7.50 mmol) in dry THF (75 mL) was stirred
vigorously under N at rt for 30 min. During that course of time,
the color of the reaction mixture changed from purple to yellow-
brown to green and finally to Prussian blue. The mixture was then
refluxed fa 1 h togive a solution of Smlin THF (0.1 M). To a
solution of6 (200 mg, 0.448 mmol) in THF (20 mL) was added
dropwise a solution of Srpl(0.10 M in THF, 16 mL, 1.6 mmol) at
rt. The mixture was stirred at rt for 3 h, quenched with a saturated
aqueous NaHCgX»solution, filtered, concentrated, and extracted with
CHCly/i-PrOH (4:1). The combined organic extracts were dried

(Na,SQy), filtered, and concentrated to give a residue. The residue

was chromatographed (GEI/EtOAc, 2.5:1) to afford’ (173 mg,
86%) as a colorless viscous oitH NMR (CDCls, 300 MHz) 6
1.39 (s, 9H), 1.79 (tdJ = 12.9, 3.9 Hz, 1H), 1.91 (df = 12.2,
4.6 Hz, 1H), 2.46-2.72 (m, 3H), 3.023.19 (m, 2H), 3.323.45

(17) Despite our extensive investigations, the transformatio® tof 3

was achieved in a 28% yield. Nevertheless, this figure could amount to an
average yield of 53% for each of the two operations considering the fact

that both PMB and C&Bu were removed in the same step. The indolic

Compound 9. A solution of LDA in hexanes (1.9 M, 1.8 mL,
3.4 mmol) was diluted with THF (20 mL) and cooled /8 °C.
A solution of 8 (752 mg, 1.63 mmol) in THF (5 mL) was then
added dropwise via a syringe. After the mixture was stirredz8
°C for 1 h, a solution of anhydrous acetaldehyde in éthe&H;-
CHO:E O = 1:3 (mole ratio), 1.8 mL, 4.9 mmplwas added at
—78 °C. The mixture was stirred at78 °C for 1 h, quenched
with a saturated aqueous NaHE®olution, concentrated, and
extracted with CHGJi-PrOH (4:1). The combined organic extracts
were dried (NaSQy), filtered, and concentrated to afford the crude
aldol as a yellow oil, which was used without further purification
for the next step.

To a solution of the above-mentioned crude aldol in,CHl (25
mL) was added DMAP (20 mg, 0.16 mmol). After the solution
was cooled to-42°C, DBU (1.8 mL, 12 mmol) and trifluoroacetic
anhydride (1.0 mL, 7.1 mmol) were sequentially added. After the
solution was stirred at this temperature for 1 h, additional DBU
(0.8 mL, 5 mmol) was added. The reaction mixture was warmed
to rt and stirred at rt for 30 min. The reaction mixture was quenched
with saturated aqueous NaHg6blution and extracted with GH
Cl,. The combined organic extracts were dried {81@,), filtered,
and concentrated to give a residue. The residue was chromato-
graphed (petroleum ether/EtOAc, 3:1) to aff&@d747 mg, 94%

nitrogen might not require protection under certain circumstances. In our for the two steps fron8) as a yellow solid: mp 7577 °C; *H

case, however, indolic nitrogen protection proved to be necessary. Without NMR (CDCls, 300 MHz)6 1.28 (s, 9H), 1.77 (d] = 7.2 Hz, 3H),
indolic N protection, the corresponding intermediates are unstable, and the2.63-2.78 (m, 1H), 3.02-3.24 (m, 2H), 3.443.63 (m, 2H), 3.76
yield for the first step and the combined yield for the second and the third (s, 3H), 3.83 (d) = 16.8 Hz, 1H), 3.96 (dJ = 16.8 Hz, 1H), 4.33

steps dropped to 50% and 10%, respectively (see Scheme 1). Electron

withdrawing groups (such as Ts and Boc) on indolic nitrogen would retard
the Pictet-Spengler cyclization. We also found that no cyclization product
could be isolated for the reaction &fand tryptamine with the indolic
nitrogen protected with a bulky TBDPS group. In addition, if the
1-benzyltryptamine was employed instead of thearé&methoxybenzyl)-
tryptamine at the very beginning then the first five steps (reaching the

counterpart 0B, see Scheme 1) would have behaved essentially in the same

manner. However, the overall yield for decarboxylation (A/@hH, rt,
96%) and debenzylation (excess LDA, THF42°C to rt, 4%}° decreased
to 3.8%.

(18) The 'H and 3C NMR spectroscopic data of the TFA salt of

subincanadine F [rather than subincanadine F (as a free base) itself] wa
essentially identical with those for the so-called subincanadine F reported

in the literature?? This is presumably because of the presence of TFA in
the eluent used for HPLC purification of subincanadine F by Kobayashi
and co-workers.

S

"(d, J= 15.0 Hz, 1H), 5.46 (dJ = 17.3 Hz, 1H), 5.56 (dJ = 17.3

Hz, 1H), 6.70-7.02 (m, 8H), 7.52 (dJ = 7.8 Hz, 1H);13C NMR
(CDCls, 75 MHz) 6 13.9, 22.0, 27.6, 49.3, 53.2, 53.5, 55.1, 56.9,
58.5, 82.8, 111.5, 113.4, 116.7, 117.8, 119.0, 121.9, 127.3, 127.6,
129.8, 131.9, 133.4, 136.5, 139.7, 158.2, 169.3, 193.2; MS (ESI)
387 (3), 487 (M+ H, 100), 509 (M+ Na, 17). HRMS (ESI): (M
+ H) calcd for GoH3sN,O4, 487.2597; found, 487.2591.
Compound 10.To a suspension of anhydrous A{GQI77 mg,
0.58 mmol) in benzene (3 mL) was added a solutio® 81 mg,
0.064 mmol) in benzene (2 mL). The mixture was stirred at rt for
4 h, quenched with a saturated aqueous Naki€lution, filtered,
concentrated, and extracted with CH/GPrOH (4:1). The combined
organic extracts were dried (b80O,), filtered, and concentrated to
give a residue. The residue was chromatographedQGH1eOH,

J. Org. ChemVol. 71, No. 25, 2006 9497
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40:1) to afford10 (13 mg, 53%) as a yellow oil*H NMR (CDCl,
300 MHz) 6 1.81 (d,J = 7.5 Hz, 3H), 2.83-2.97 (m, 1H), 3.06-
3.17 (m, 1H), 3.36-3.44 (m, 2H), 3.44-3.63 (m, 2H), 3.68-3.76
(m, 1H), 3.76 (s, 3H), 3.86 (d,= 16.5 Hz, 1H), 4.08 (dJ = 16.5
Hz, 1H), 5.39 (d,J = 17.3 Hz, 1H), 5.66 (dJ = 17.3 Hz, 1H),
6.66 (g, = 7.5 Hz, 1H), 6.80 (dJ = 9.0 Hz, 2H), 6.90 (dJ =
9.0 Hz, 2H), 7.03-7.20 (m, 2H), 7.1#7.30 (m, 1H), 7.46 (d) =
7.2 Hz, 1H);3C NMR (CDChk, 75 MHz) ¢ 13.7, 23.5, 29.4, 46.1,

6.97 (t,J = 7.5 Hz, 1H), 7.05 (t) = 7.5 Hz, 1H), 7.26 (d) = 8.4
Hz, 1H), 7.38 (dJ = 7.5 Hz, 1H); MS (ESI) 267 (M+ H, 100),
299 (M + MeOH + H, 10). HRMS (ESI): (M+ H) calcd for
C17H19N20, 267.1497; found, 267.1492. An analytical sample of
3-TFA salt was prepared by reactit®gand TFA (200 mol %) in
CH.ClI, at rt for 5 min followed by evaporation of the volatiles.
The salt of3-TFA was obtained as a yellow amorphous soltét
NMR (CDsOD, 300 MHz)d 1.87 (d,J = 7.2 Hz, 3H), 3.06-3.28

50.6, 52.3, 55.3, 55.6, 109.7, 114.2, 114.3, 118.0, 119.3, 122.0,(m, 2H), 3.47-3.66 (m, 1H), 3.66:3.90 (m, 1H), 3.964.12 (m,
127.0, 127.5, 130.2, 134.9, 135.1, 135.8, 136.6, 158.8, 194.6; MS2H), 4.05-4.23 (m, 1H), 4.34 (dJ = 15.9 Hz, 1H), 4.55 (dJ =

(ESI) 387 (M+ H, 100), 409 (M+ Na, 6). HRMS (ESI):(M+ H)

calcd for GsH»7N,O,, 387.2073; found, 387.2067.
(%)-Subincanadine F (3). (a) From 9 A mixture of 9 (46 mg,

0.094 mmol) and hydrochloric acid (0.48 M, 10 mL, 4.8 mmol)

was heated at reflux for 4 h, cooled to rt, neutralized with an

aqueous NaHC®solution, and extracted with CHgI-FPrOH (4:

1). The combined organic extracts were dried #8{), filtered,

15.9 Hz, 1H), 6.957.06 (m, 1H), 7.02 (tJ = 7.4 Hz, 1H), 7.10

(t, J=8.1Hz, 1H), 7.31 (dJ = 8.1 Hz, 1H), 7.42 (dJ = 7.8 Hz,

1H); 13C NMR (CDs0OD, 75 MHz)¢ 14.2, 20.7, 45.5, 51.6, 51.7,
57.2,112.1,112.6,118.7,120.4, 123.2, 128.5, 128.7, 132.4, 137.4,
144.0, 189.7; MS (ESI) 267 (M- H, 100), 299 (M+ MeOH +

H, 15). HRMS (ESI): (M+ H) calcd for G7H1gN,0, 267.1497;
found, 267.1492 (note that the MS and HRMS data obtained for

and concentrated to give a residue. The residue was chromato-the salt were actually found to be essentially the same as those for

graphed (CHCI,/EtOAc, 2:1) to afford3 (7.0 mg, 28%) as a yellow
oil.

(b) From 10. A mixture of 10 (30 mg, 0.078 mmol) and
hydrochloric acid (0.5 M, 4 mL, 2 mmol) was heated at reflux for
4 h, cooled to rt, neutralized with an aqueous NaHGGIution,
and extracted with CH@li-PrOH (4:1). The combined organic
extracts were dried (N8Qy), filtered, and concentrated to give a
residue. The residue was chromatographed,@#EtOAc, 2:1)
to afford 3 (2 mg, 10%) as a yellow oilH NMR (CD3;OD, 300
MHz) 6 1.85 (d,J = 7.2 Hz, 3H), 2.83-2.96 (m, 1H), 2.983.11
(m, 1H), 3.35-3.48 (m, 2H), 3.62-3.77 (m, 3H), 3.92 (dJ =
16.5 Hz, 1H), 4.23 (d) = 16.5 Hz, 1H), 6.69 (¢ = 7.2 Hz, 1H),
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the free amine).
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