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General Strategies for Alkaloid Synthesis via 
Intramolecular [4 + 21 Cycloadditions of Enamides. 
Application to the Formal Total Synthesis of 
Racemic Lycorine’ 

Summary: The application of the intramolecular [4 + 21 
cycloaddition of the enamido diene 6 to the construction 
of the unsaturated oxolycorane 2 is described, thereby 
completing a novel, formal synthesis of the Amaryllidaceae 
alkaloid lycorine (I). 

Sir: The assemblage of functionalized hydroquinolines and 
hydroindoles, which are structural elements common to 
many alkaloid natural products, via the intramolecular [4 + 21 cycloadditions2 of dienamides is firmly establi~hed,~ 
but the feasibility of employing enamides as dienophiles 
in [4 + 21 cycloadditions for the construction of these 
heterocyclic synthons has only been recently rec~gnized.~~~ 
Consequently, we now report a novel synthesis of the un- 
saturated lactqm 2 by a route which features the intra- 
molecular cycloaddition of an enamide with an unactivated 
diene as the key step. Since 2 has been previously con- 
verted& to lycorine (l),6v7 an alkaloid of the Amaryllidaceae 

(1) Portions of this work were previously presented at the Second 
Chemical Congress of the North American Continent, Las Vegas, NV, 
August 1980, ORGN 155. 

(2) For reviews of intramolecular Diels-Alder reactions, see (a) Op- 
polzer, W. Angew. Chem., Znt. Ed. Engl. 1977,16, 10. (b) Brieger, G.; 
Bennett, J. N. Chem. Reu. 1980,80, 63. 

(3) (a) Oppolzer, W. J. Am. Chem. SOC. 1971,93,3834. (b) Oppolzer, 
W.; Frtistl, W. Helo. Chim. Acta 1975,58,590. (c) Oppolzer, W.; Frbtl, 
W.; Weber, H. P. Zbid. 1975,58,593. (d) Oppolzer, W.; Flaskamp, E. Zbid. 
1977,60,204. (e) Stork, G.; Morgans, D. J., Jr. J. Am. Chem. SOC. 1979, 
101, 7110. 

(4) (a) Martin, S. F.; Desai, S. R.; Phillips, G. W.; Miller, A. C. J. Am. 
Chem. Soc., 1980,102,3294. (b) W i n ,  S. F.; Tu, C.; Chou, T. Zbid. 1980, 
102, 6274. 

(5) For a related example, see Stork, G.; Morgans, D. J., Jr. Tetrahe- 
dron Lett. 1979, 1959. 

(6) For syntheses of lycorine, see (a) Moller, 0.; Steinberg, E.-M.; 
Toresell, K. Acta Chem. Scand., Ser B. 1978,32,98. (b) Tsuda, Y.; Sano, 
T.; Taga, J.; Isobe, K.; Toda, J.; Takagi, S.; Yamaki, M.; Murata, M.; Iric, 
H.; T&, H. J. Chem. SOC., Perkin Trans. 1 1979,1358. (c) Umezawa, 
B.; Hoshino, 0.; Sowaki, S.; Sashida, H.; Mori, K. Heterocycles 1979,12, 
1475. (d) Sano, T.; Kashiwaba, N.; Toda, J.; Tsuda, Y.; hie, H. Zbid. 1980, 
14, 1097. 

(7) For synthetic approaches to lycorine, see (a) Hill, R. K.; Joule, J. 
A.; Loeffler, L. J. J. Am. Chem. SOC. 1962, 84, 4951. (b) Ueda, N.; 
Tokuyama, T.; Sakan, T. Bull. Chem. SOC. Jpn. 1966, 39, 2012. (c) 
Hendrickson, J. B.; Alder, R W.; Dalton, D. R.; Hey, D. G. J. Org. Chem. 
1969,34,2667. (d) Ganem, B. Tetrahedron Lett. 1971,4105. (e) Dyke, 
S. F.; Sainsbury, M.; Evans, J. R. Terahedron 1973,29,213. (0 Muxfeldt, 
H.; Bell, J. P.; Baker, J. A., Cuntze, U. Tetrahedron Lett. 1973,4587. (g) 
Wenkert, E.; Chawla, H. P. S.; Schell, F. M. Synth. Commun. 1973,3,381. 
(h) Umezawa, B.; Hoshino, 0.; Sawaki, S.; Sato, S.; Numao, N. J.  Og. 
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family: its preparation constitutes the completion of a 
new, formal synthesis of the title alkaloid. 
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The trans enamide 5 (mp 73-76 OC; J e 1 = 15 Hz), 
which bears a diene moiety masked as a dih3othiophene 
dioxide, may be readily prepared in 68% overall yield by 
the condensation of homopiperonal (3)s with p-methoxy- 
benzylamine (toluene, MgS04, 0 OC, 1 h) followed by 
acylation of the intermediate imine thus formed in situ 
with 2-(2,5-dihydro-1,l-dioxothienyl)acetyl chloride (4)4b 
in the presence of diethylaniline (1.25 equiv, -78 - 25 “C, 
3 h)*O (Scheme I). Thermolysis of 5 as a 1% solution in 
refluxing xylene (18 h) containing OJV-bis(trimethy1- 
sily1)acetamide (1%) and 3-tert-butyl-Chydroxy-5- 
methylphenyl sulfide (0.3%) afforded an inseparable 
mixture of the two cycloadducta 7a and 7b (47% ) in a ratio 

(8) For a review, see Fuganti, C. In “The Alkaloids”; Manske, R. H. 
F., Ed.; Academic Press: New York, 1976; Vol. XV, Chapter III. 

(9) Howell, F. H.; Taylor, D. A. H. J.  Chem. SOC. 1956,4252. 
(10) The structure assigned to each compound is in accord with ita 

spectral (90-MHz ‘H NMR, lac NMR, IR, low-resolution mass) charac- 
teristics. Analytical samples of all new compounds obtained by recry- 
tallization or chromatography (HPLC) gave satisfactory combustion 
analysis (C, H, N) and/or appropriate parent ion identification by high- 
resolution maw spectrometry. AU yields reported are of isolated products 
which were >95% pure. The 90-MHz ‘H NMR data (CDCld for several 
intermediates are as follows. 8a: 6 7.00 (d, 2 H, J = 8 Hz),  6.76 (m, 5 H), 
5.86 (e, 2 H), 5.73 (br s , 2  H), 3.73 (s ,3  H), 3.47 (d, 1 H, J =  13 Hz), 3.08 
(d, 1 H, J = 13 Hz), 3.30-1.33 (m, 9 H). 8 b  6 6.97 (d, 2 H, J = 8 Hz), 
6.71 (m, 5 H), 5.83 (e ,2  H), 5.77 (br d, 1 H, J = 10 Hz), 5.56 (br d, 1 H, 
J = 10 Hz), 3.70 (s ,3  H), 3.13 (d, 1 H, J = 13 Hz), 2.60 (d, 1 H, J = 13 
Hz), 3.03-1.10 (m, 9 H). 9a: 6 6.70 (m, 3 H), 5.87 (s ,2  H), 5.75 (m, 2 H), 
4.13-1.47 (m, 11 H), 1.05 (br t, 3 H, J = 7 Hz).  9b: 6 6.70 (m, 3 H), 5.87 
(e, 2 H), 5.77 (m, 2 H), 3.93-1.40 (m, 11 H), 0.90 (t, 3 H, J = 7 Hz). 1 0  
8 7.57 (a, 1 H), 6.57 (8 ,  1 H), 5.93 (a, 2 H), 5.75 (m, 2 H), 4.00-3.40 (m, 2 
H), 3.17-1.40 (m, 7 H). 
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of 1:1.4, respective1y.l' The intermediate enamido diene 
612 could be isolated if the reaction temperature was de- 
creased. Hydride reduction (LiAlH4, EbO, 25 "C, 2 h) of 
the mixture of lactams 7a and 7b produced the corre- 
sponding tertiary amines 8a and 8b (85%) which could be 
readily separated by preparative HPLC [hexane/Et- 
OAc/Et3N, (85:14:1), Porasil A]. 

Reaction of the tertiary amine Sa with ethyl chloro- 
formate13 in refluxing benzene (24 h) in the presence of 
NaHC03 provided the urethane 9a which underwent facile 
cyclization (POC13, 90 "C, 18 h) to give the unsaturated 
lactam 2 (mp 194-195 "C, lit.6a mp 196-198 "C, mmp 
194-195 "C) in 78% overall yield, thereby completing the 
formal total synthesis of lycorine (1). The A2i3-7-oxo-a- 
lycorane (2) thus obtained was identical ('H NMR, IR, 
low-resolution mass spectra, TLC) with an authentic 
~amp1e.l~ Further verification of the structure of the 
lactam 2 was obtained by catalytic hydrogenation (HOAc, 
Pt, H2, 25 "C, 4 h) to give 7-oxo-a-lycorane (lla) (mp 
168-169 "C, lit.% mp 169-171 "C) followed by hydride 
reduction [LiA1H4, EbO/THF (l:l), 25 "C, 3 h] of lla to 
produce a-lycorane (12a) (mp 92-94 "C; lit. mp 93-94 "C? 
95.5-97 "Ph). The lycoranes 1 la and 12a thus obtained 
had identical spectral properties with those of authentic 
samples.'"" 

Surprisingly, when the trans-fused tertiary amine 8b was 
allowed to react with ethyl chloroformate ( c a s ,  NaHC03, 
reflux), the urethane 13 (34%) was isolated in addition to 
the desired product 9b (61%). Upon treatment with 
phosphorus oxychloride (90 "C, 18 h), 9b underwent 
smooth cyclization to give 10 (mp 230-232 "C) in 90% 
yield. Catalytic hydrogenation of 10 afforded 7-oxo-/3-ly- 
corane (llb) (mp 155-157 "C) which was converted to 
/3-lycorane (12b) (mp 86-88 "C, lit.'" mp 88 "C) by re- 
duction with lithium aluminum hydride. The infrared 
spectrum of the racemic @-lycorane (12b) thus obtained 
was identical with that of an authentic ~amp1e.l~ 

The preparation of the tetracyclic lactam 2 represents 
another application of our general strategy for the 
syntheses of alkaloid natural products employing thermal 
cyclizations of enamido dienes. Further studies of the 
intramolecular [4 + 21 cycloaddition reactions of a variety 
of other substituted azatrienes are in progress, and these 
results will be reported independently. 
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Highly Stereoselective Routes to Functionalized 
Geminal Alkyl Derivatives of Carbohydrates' 
Summary: 2-, 3-, and 4-Keto derivatives of some CY-D- 
hexopyranosides react with Ph3P=CHCOOEt to give a 
single geometric isomer in each case, which is readily 
converted into an allyl vinyl ether. Claisen rearrangements 
of the latter proceed with high stereoselectivities, which 
indicate overwhelming preference for /3 folding of the allyl 
vinyl ether intermediates. 

Sir: For certain projects underway in our laboratory we 
need to have sugar derivatives bearing geminal alkyl sub- 
stituents at one or more points on the pyranoside ring that 
are differentiated and functionalized for further manipu- 
lations.2 Traditionally, geminal alkylations proceed 
through carbonyl groups2" and the required keto sugars 
(Le., hexopyrancsiduloses) are readily prepared? However, 
the choice of alkylation procedure is severely constrained 
by the sensitivity of these derivatives to either strong baseg" 
or strong acid.3b In this communication we report the use 
of the classical Claisen rearrangement for geminal alkyl- 
ations in same pyranosides which proceeds under mild 
conditions and, in most cases, with exceptionally high 
stereoselectivities. 

Carbonyl derivatives of sugars are usually flanked by one 
or more (protected) hydroxyl groups and as a consequence 
tend to be heavily hydrated. Olefinations with 
"unstabilized" Wittig reagents, therefore, give poor yields 
of alkenes: or alternatively lead to decomposition.' On 
the other hand, stabilized Wittig reagents react well with 
these ketones! Thus, ketone Is reacted with Ph3P= 
CHCOgt to give the ester 2a as the onlyl0 product in 85% 
yield. Although the configuration of this material was not 
important for our overall plan, it seemed of interest to 
determine its structure. Accordingly, the ester 2a was 

(1) Supported in part by a research grant from the National Institutes 
of Health, CA-28192. 
(2) Mi, Y.; Szarek, W. A. Carbohydr. Res. 1978,67, C17. Szarek, W. 

A,; Vyas, D. M.; Chem, L.-Y. Ibid. 1977,53, C1. 
(3) (a) Trost, B. M.; Bodgdanowicz, M. J. J. Am. Chem. SOC. 1973,96, 

2038. (b) Wenkert, E.; Buckwalter, B. L.; Craveiro, A. A.; Sanehez, E. 
L.; Sathe, S. S. Ibid. 1978, 100, 1267. 

(4) See, for example, Methods Carbohydr. Chem. 1972, 6, Sect. 3. 
(5) Corey, E. J.; Shulman, J. I. Methods Carbohydr. Chem. 1970,92, 

5522. 
(6) Tam, T. F.; Fraser-Reid, B. J. Chem. Soc., Chem. Commun. 1980, 

556. 
(7) Jordaan, J. H.; Soredlay, S. Carbohydr. Res. 1971, 16, 177. ney, 

D. E.; Tam, S. Y. K.; Fraser-Reid, B. Ibid. 1977,55,193. 
(8) See, for example: Tronchet, J. M. J.; Tronchet, J. Helu. Chim. 

Acta 1977,60,1984. Anderson, R. C.; Fraser-Reid, B. J. Am. Chem. SOC. 
1975, 97, 3870; Ohrui, H.; Moto, S. E. Tetrahedron Lett. 1976, 3657. 
(9) For the preparation of ketones 1 and 16, methyl 4,bO-benzylidene 

a-Dglumpyranoside was treated with 1 equiv of TBDMSiCL The C2 and 
C3 silyl ethers were separated by column chromatography and oxidized 
to 1 and 16, respectively. 
(10) With the 2-0-benzyl analogue of 1, both geometric isomers of the 

acrylate ester were produced in equal amounts. 
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