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ABSTRACT

The formal synthesis of the alkaloid (±)-dendrobine (4) was accomplished using the IMDAF cycloaddition/rearrangement sequence of a furanyl
carbamate. Conversion of the rearranged cycloadduct to Kende’s advanced intermediate in eight steps completed the formal synthesis of
(±)-dendrobine.

Dendrobine (4) is the major component of the Chinese
ornamental orchidDendrobium nobile1 and exhibits anti-
pyretic, hypotensive, and convulsant activity.2,3 Dendrobine
is a challenging synthetic target owing to the presence of
seven asymmetric centers on a compact carbon skeleton and
continues to represent a major challenge for efficient
chemical synthesis. Total syntheses of this alkaloid were first
completed by several research groups in the early 1970’s.4

As a consequence of its intricate architecture and biological
activity, it is not surprising that dendrobine has been the
subject of more recent synthetic investigations. Indeed, a
number of additional total and formal syntheses5 have been
reported in recent years employing a wide range of strate-
gies.6 In the present Letter, we present another approach to
dendrobine based on our recently describedamidofuran
cycloaddition-rearrangementmethodology.7

As part of our general interest in cascade processes,8 we
have developed the IMDAF cycloaddition of furans9 as a(1) (a) Suzuki, H.; Keimatsu, I.; Ito, K.J. Pharm. Soc. Jpn.1932,52,

1049. (b) Suzuki, H.; Keimatsu, I.; Ito, K.J. Pharm. Soc. Jpn.1934,54,
802.

(2) Chen, K. K.; Chen, A. L.J. Biol. Chem.1935,111, 653.
(3) Porter, L.Chem. ReV.1967,67, 441.
(4) (a) Yamada, K.; Suzuki, M.; Hayakawa, Y.; Aoki, K.; Nakamura,

H.; Nagase, H.; Hirata, Y.J. Am. Chem. Soc.1972,94, 8278. (b) Inubushi,
Y.; Kikushi, T.; Ibuka, T.; Tanaka, T.; Saji, I.; Tokane, K.Chem. Pharm.
Bull. 1974,22, 349. (c) Kende, A. S.; Bentley, T. J.; Mader, R. A.; Ridge,
D. J. Am. Chem. Soc.1974,96, 4332.

(5) (a) Roush, W. R.J. Am. Chem. Soc.1978,100, 3599; Roush, W. R.
J. Am. Chem. Soc.1980, 102, 1390. (b) Lee, C. H.; Westling, M.;
Livinghouse, T.; Williams, A. C.J. Am. Chem. Soc.1992,114, 4089. (c)
Trost, B. M.; Tasker, A. S.; Rüther, G.; Brandes, A.J. Am. Chem. Soc.
1991, 113, 670. (d) Martin, S. F.; Li, W.J. Org. Chem.1989, 54, 265.
Martin, S. F.; Li, W.J. Org. Chem1991,56, 642. (e) Mori, M.; Uesaka,
N.; Shibasaki, M.; Saitoh, F.; Okamura, K.; Date, T.J. Org. Chem.1994,
59, 5633. (f) Sha, C. K.; Chiu, R. T.; Yang, C. F.; Yao, N. T.; Tseng, W.
H.; Liao, F. L.; Wang, S. L.J. Am. Chem. Soc.1997, 119, 4130. (g)
Cassayre, J.; Zard, S. Z.J. Am. Chem. Soc.1999,121, 6072.

(6) For several synthetic approaches toward dendrobine, see: (a)
Yamamoto, K.; Kawasaki, I.; Kaneko, T.Tetrahedron Lett.1970, 4859.
(b) Bosch, R. F.; Evans, A. J.; Wade, J.J. Am. Chem. Soc.1975,97, 6282.
Bosch, R. F.; Evans, A. J.; Wade, J.J. Am. Chem. Soc.1977,99, 1612. (c)
Brattesani, D. N.; Heathcock, C. H.J. Org. Chem.1975, 40, 2165. (d)
Conolly, P. J.; Heathcock, C. H.J. Org. Chem.1985,50, 4135. (e) Takano,
S.; Inomata, K.; Ogasawara, K.Chem. Lett.1992, 443.

(7) (a) Padwa, A.; Dimitroff, M.; Waterson, A. G.; Wu, T.J. Org. Chem.
1997, 62, 4088. (b) Padwa, A.; Brodney, M. A.; Dimitroff, M.J. Org. Chem.
1998,63, 5304.

(8) Padwa, A.; Heidelbaugh, T. M.; Kuethe, J. T.J. Org. Chem.2000,
65, 2368.

(9) For some leading references concerning the intramolecular Diels-
Alder reaction of furans (IMDAF), see: (a) Kappe, C. O.; Murphree, S. S.;
Padwa, A.Tetrahedron1997,53, 14179. (b) Sternbach, D. D.; Rossana,
D. M.; Onon, K. D.J. Org. Chem.1984, 49, 3427. (c) Jung, M. E.; Gervay,
J. J. Am. Chem. Soc.1989,111, 5469.
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novel route to various heterocycles.10 We came to recognize
that the cycloaddition/rearrangement cascade of furanyl
carbamates could be used for a concise and stereocontrolled
synthesis of the tricyclic core of (()-dendrobine. The
retrosynthetic analysis is outlined in Scheme 1. The key step

in our plan involves the intramolecular Diels-Alder reaction
of 2-amidofuran1 followed by a subsequent rearrangement
to give hexahydroindolinone2. The attractiveness of this
strategem involves the possibility of establishing four of the
asymmetric centers in one step. We envisioned that a few
functional group manipulations would convert2 into enone
3, which was a key advanced intermediate in Kende’s total
synthesis of dendrobine.4c

The synthetic sequence depicted above relies on a stereo-
selective [4+ 2]-cycloaddition of a 3-substituted amidofuran
(i.e.,1) across an unactivated cyclopentenylπ-bond. Before
attempting the more challenging Diels-Alder reaction of1,
a simpler model system (i.e.10) was investigated so as to
test the feasibility of this approach. The desired starting
material was easily synthesized by the alkylation of furan-
2-yl carbamic acidtert-butyl ester (9) with 5-bromomethyl-
1-methylcyclopentene (8). Cyclopentenyl bromide8 was
prepared by treating ethyl 3-methyl-2-butenoate (5) with
LDA in the presence of HMPA followed by reaction with
4-bromo-1-butene to give ester6 in 82% yield (Scheme 2).
Ring-closing metathesis (RCM) is a well-established process
allowing the synthesis of a wide variety of cyclic systems
from the corresponding acyclic diene.11 This reaction can
be catalyzed by a number of metallocarbene complexes,
among the most popular of which is the ruthenium ben-
zylidene complex (Cy3P)2Ru(dCHPh)Cl2.12 When diene6
was treated with an excess of Grubbs catalyst in dichlo-

romethane at 30°C for 18 h, cyclopentenyl ester7 was
formed in 63% yield. This metathesis reaction was followed
by reduction of the ester group to the alcohol, conversion to
the mesylate, and then bromide ion displacement to give8
in 70% overall yield.

Attachment of the cyclopentenyl tether to the furanyl
carbamate was accomplished by treating9 with potassium
carbonate/sodium hydroxide/tetrabutylammonium hydrogen
sulfate in benzene followed by the addition of bromide8,
which gave10 in 79% yield. The thermal IMDAF reaction
of 10 occurred at 165°C to furnish13 in 78% yield as a
single diastereomer (Scheme 3). The initially formed oxa-

bridge cycloadduct11 was not detected, as it readily
underwent ring opening followed by a subsequent proton
shift of the transient acyl iminium ion intermediate12. The
ring-opened hexahydroindolinone13 is derived from a
transition state where the side arm of the tethered cyclopen-
tenyl group is orientedsyn(exo) with respect to the oxygen

(10) Padwa, A.; Brodney, M. A.; Satake, K.; Straub, C. S.J. Org. Chem.
1999,64, 4617.

(11) (a) Grubbs, R. H.; Chang, S.Tetrahedron1998, 54, 4413. (b)
Schuster, M.; Blechert, S.Angew. Chem., Int. Ed. Engl.1997,36, 2037.
(c) Wright, D. L. Curr. Org. Chem.1999,3, 211.

(12) Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, R. H.; Ziller, J.
Angew. Chem., Int. Ed. Engl.1995,34, 2039.

(13) (a) Woo, S.; Keay, B.Tetrahedron: Asymmetry1994,5, 1411. (b)
Rogers, C.; Keay, B. A.Tetrahedron Lett.1991,32, 6477. (c) Rogers, C.;
Keay, B. A.Synlett1991, 353. (d) Rogers, C.; Keay, B. A.Can. J. Chem.
1992,70, 2929. (e) De Clercq, P. J.; Van Royen, L. A.Synth. Commun.
1979,9, 771. (f) Van Royen, L. A.; Mijngheer, R.; De Clercq, P. J.Bull.
Soc. Chim. Belg.1984,93, 1019. (g) Fischer, K.; Hunig, S.J. Org. Chem.
1987,52, 564.
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bridge. This stereochemical result is consistent with other
reports in the literature involving related furanyl systems that
possess short tethered alkenyl side chains.13

At this juncture, we turned our attention to the more
complex [4+ 2]-cycloaddition of furan carbamate1, which
bears the isopropyl group necessary for a synthesis of
dendrobine. Carbamate15was prepared by heating a sample
of the known 4-isopropylfuran-2-carboxylic acid (14)14 with
diphenyl phosphorylazidate15 in tert-butyl alcohol which
effected a Curtius rearrangement to give15 in 83% yield.
Subjection of15 to the previously used alkylation conditions
furnished1 in 71% yield. We were gratified to find that the
thermolysis of1 proceeded in 74% yield to produce the
tricyclic indolinone 2 as a 2:1 mixture of diastereomers
(Scheme 4). Reduction of the keto group in2 was effectively

accomplished by treatment of the mixture with sodium
borohydride in methanol. Protection of the hydroxyl group
as the benzyl ether was followed by hydroboration/oxidation
to deliver the tricyclic alcohol16 as a 2:1 mixture of
stereoisomers. Fortunately, the two diastereomers were easily
separated by silica gel chromatography and were formed in
50 and 22% overall yields, respectively, from hexahydroin-
dolinone2. Thus, the three-step sequence (reduction, protec-
tion, and oxidative hydroboration) was quite efficient, i.e.,
a 72% overall yield after separation. Delivery of hydride to
the keto group as well as hydroboration of the enamide
double bond occurred from the sterically less hindered
convex face of the tricyclic core, which is on the same face
as the methyl group.5d,e

Exposure of the major diastereomer of16 to Dess-Martin
periodinane afforded a mixture of epimers of17, most likely
the result of epimerization at C(6) during the oxidation.

Attempts to form Kende’s intermediate3 via the elimination
of benzyl alcohol directly from17were unsuccessful. Instead,
17 was subjected to hydrogenolysis using a Pd/C catalyst to
cleave the benzylic-oxygen bond. Without purification, the
resulting alcohol was treated with mesyl chloride/NEt3 and
the resulting mesylate underwent spontaneous elimination
to furnish enone18 in 62% overall yield from alcohol16
(Scheme 5). Finally, cleavage of the BOC group in18 with

dilute trifluoroacetic acid in CH2Cl2 followed by methylation
of the resulting secondary amine with methyl iodide fur-
nished Kende’s intermediate3 in 65% yield for the two steps.
The spectroscopic data of3 were identical to those reported
in the literature.16

In summary, a concise formal synthesis of (()-dendrobine
has been carried out using the IMDAF cycloaddition/
rearrangement sequence of furanyl carbamates previously
reported from our laboratories.7 The synthesis of Kende’s
advanced intermediate3 was accomplished in 11 steps from
readily available starting materials. All synthetic steps of this
sequence proceeded in good yield, and the stereogenic centers
from the cycloaddition were established with high stereo-
selectivity. Further application of this methodology to other
alkaloids is currently underway in our laboratories and will
be reported in due course.
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(14) Chadwick, D. J.; Chambers, J.; Hargraves, H. E.; Meakins, G. D.;
Snowden, R. L.J. Chem. Soc., Perkin Trans. 11973, 2327.

(15) Shioiri, T.; Ninomiya, K.; Yamada, S.J. Am. Chem. Soc.1972,94,
6203.

(16) Mori and co-workers report additional details for the characterization
and conversion of3 into (()-dendrobine.5e
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