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Figure 1. Electron micrograph of a preparation of (a) (lop) DMPCPd . 
The particles are approximately 400 A in diameter and form chains of 
metal particles, (b) (bottom) DMPC/DODAB:Ni. The stability of the 
nickel vesicles increased if a reducing agent was entrapped within the 
vesicles before metal was deposited on the surface. This was achieved 
if sonication to form the vesicles was carried out in a solution of sodium 
hypophosphite. The particles appeared as large spheres approximately 
1500 A in diameter. 

were successfully used to support ca ta ly t ic Pd(O) and then form 
nickel par t ic les by elcctrolcss p la t ing (F igu re I b ) . 

T h e addi t ion of t e t rach lo ropa l l ada te to the unsa tu ra t ed phos
pholipid D O P C resulted in the slow format ion of Pd(O). This 
react ion took place in the absence of a n y a d d e d reduc ing agent . 
If a P t ( I I ) sal t , t e t r ach lo rop la t ina te , was a d d e d to a sample of 
D O P C , the solut ion da rkened even more rapidly . T h e s e obser
vations indicate that the metal is forming a new complex with the 
olefin in the phospholipid membrane . The reaction of Pd ( I I ) with 
olefins in the presence of wa te r is known to rapidly decompose 
to form a ldehydes a n d P d ( O ) . " 

This demons t ra t ion of the metal izat ion of both s a tu r a t ed and 
unsa tura ted lipid vesicles raises several interesting quest ions that 
are cur ren t ly being explored. These include the following: the 
n a t u r e of the coord ina t ion between Pd(II) and the vesicles, the 
location of the catalyt ic Pd(O) in both sa tura ted and unsa tura ted 
vesicles, and the n a t u r e of the deposi ted meta l par t ic les on t h e 
s a tu r a t ed vesicles (i .e. , is the par t ic le a thin shell of meta l asso
c ia ted with most of the vesicle surface or a solid par t ic le that is 
loosely adhe r ing to the original vesicle sur face) . 

Acknowledgment. W e thank Lee Brady ( A S D ) for the electron 
microscopy. 

Registry No. DMPC. 18194-24-6; DODAB. 3700-67-2; DMAB. 74-
94-2: NiCl2. 7718-54-9; CoCI2. 7646-79-9; CuCl2. 7447-39-4; NaH-PO,. 
7681-53-0; Ni. 7440-02-0; Co. 7440-48-4; Cu. 7440-50-8; dilauroyl PC. 
18285-71-7; dioleoyl PC. 10015-85-7; tetrachloropalladate. 14349-67-8; 
palladium. 7440-05-3; sodium tetrachloropalladate. 13820-53-6; sodium 
gluconate, 527-07-1; ammonium hydroxide, 1336-21-6. 

(11) Cotton, F. A.; Wilkinson. G. Advanced Inorganic Chemistry. 3rd ed. 
Intersciencc Publishers. John Wiley and Sons: New York. 1972; pp 797-799 

E x t r e m e l y S h o r t Chira l S y n t h e s i s o f B i c y c l i c A l k a l o i d s 
H a v i n g a N i t r o g e n A t o m Ring J u n c t u r e 

Yoshimi tsu N a g a o , * l a W e i - M i n Da i , l a M a s a h i t o Ochiai .1 ' ' 
Sh igeru T s u k a g o s h i , l b and Eiichi Fu j i t a 1 ' 

Institute for Chemical Research 
Kyoto University, Uji, Kyoto 611, Japan 

Cancer Chemotherapy Center, Japanese Foundation for 
Cancer Research, Toshima-Ku, Tokyo 170. Japan 

Osaka University of Pharmaceutical Sciences 

10-65 Kawai 2-Chome, Matsuhara 5H0, Japan 

Received July 6, 1987 

Bicyclic a lkaloids having p y r r o l i d i n e , indoli/ . idine. and qu i -
nolizidine skeletons are widely distributed in various plant families.-" 
T h e tumor inhibitory activities of the pyrrolizidine alkaloids have 
been recognized for the past few decades,2"4 and there have been 
a large n u m b e r of reports on their total syntheses . 5 7 However , 
the syntheses of optically active pyrrolizidine alkaloids have mostly 
been performed by employing the chiral building block converted 
from !.-proline der ivat ives , 7 3" ' (R)- or ( 5 ) - m a l i c ac id , , g _ m a n d 
carbonhydra tes , 7 "~ p respectively. Most of the previous chira l 
syntheses take roundabout ways in spite of their simple structures. 

W e disclose a new genera l m e t h o d for extremely short chi ra l 
synthes is of the bicyclic a lkaloids having a ni t rogen a tom r ing 
junc ture ." Equat ion 1 shows the synthet ic sequence via a highly 
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Table I. Highly Diastereoselective Alkylation of Chiral Tin(II) 
Enolates 2 onto Compounds 3° 

Scheme I 

product 4 

4a 
4b 
4c 
4d 

diastrmer 
excess4 

>97% 
>93% 
>95% 
>93% 

isoltd yield' 

64% 
72% 
57% 
73% 

mp, 0 C 

163-164^ 
142-143.5' 
126.5-127.5' 
oil 

[ « ] V (C) in 
CHCl3 

+447.2 (0.25) 
+416.3 (0 .33 / 
+407.8 (0.40) 
+344.6 (0.57) 

"A ca. 9:1 mixture of 3 (n = 1,2) and the corresponding 5- or 6-
ethoxy compound was employed. 'Checked by HPLC analysis. 
c Calculated based on 1. ''Recrystallized from CHCl3-hexane. 
"Recrystallized from CH2Cl2-hexane. /Recorded at 14 0C. f [ a ] 2 2

D is 
measured in deg. 

Table II. Reductive Annulation of Compounds 4a-d" 

substrate 
product 
(yield) 

byproduct 
(yield) [a] 2V W in EtOH 

4a 
4b 
4c 
4d 

6a (44%) 
6b (41%) 
6c (69%) 
6d (61%)4 

7a (10%) 
7b (22%) 
7c (trace) 
7d (18%) 

6a,-13.7 (1.22)c 

6b,-25.9 (1.16) 
6c, -53.4(1.18) 
6d, -30.5 (0.84) 

"The auxiliary 4(S)-IPTT was recovered in 70-90% yields in all 
cases. 'Colorless needles (mp 76-76.5 0C) from hexane. cRecorded at 
20 0C. ^a]2 2D is measured in deg. 

diastereoselective alkylation9 to the cyclic acyl imines followed 
by reductive annulation of the resultant cyclic imines.10 

•I- + 1* (D 
o* "ci 

m , n = 1 , 2 ; T =chiral thiazolidine 

To a THF solution of tin(II) enolate 2, prepared from tin(II) 
trifluoromethanesulfonate (2 mol equiv), iV-ethylpiperidine (2.2 
mol equiv), and 3-a>-chloroacyl-4(S)-isopropyl-l,3-thiazolidine-
2-thiones (1), was added at -5 0C a solution of 5-acetoxy-2-
pyrrolidinone1' (3, n = 1) (1.5 mol equiv) or 6-acetoxy-2-
piperidinone" (3, n = 2) (1.5 mol equiv) in THF. After stirring 
at -5 to 0 0C for 2 h, the reaction mixture was treated as usual 
to give the corresponding major product 4a-d in a highly diast
ereoselective manner [>93->97% diastereomer excess (de), 
Scheme I and Table I]. Pure compounds 4a-d were readily 
obtained by their chromatographic separation on a silica gel 
column in 57-73% yields. 

The absolute configuration of compounds 4a and 4d was es
tablished by their chemical conversion to (-)-trachelanthamidine 
(6a)7a or (-)-epilupinine (6d),6i respectively (vide infla). The 
stereochemistry of compounds 4b and 4c was tentatively assigned 
on the basis of the similar mechanistic consideration of 5 to that 

Q 
.Sn^j-OSO2CF3 

for 4a and 4d. A six-membered chelated transition state 5 can 
be used for rationalization of the stereochemical results, regardless 
of the ring size (n = 0-2 in 5) of the cyclic acyl imines.9 

(9) Our recent successful work on the chiral alkylation to 4-acetoxy-2-
azetidinones, see: (a) Nagao, Y.; Kumagai, T.; Tamai, S.; Abe, T.; Kuramoto, 
Y.; Taga, T.; Aoyagi, S.; Nagase, Y.; Ochiai, M.; Inoue, Y.; Fujita, E. / . Am. 
Chem. Soc. 1986, 108, 4673. (b) Nagao, Y. Perspective in the Organic 
Chemistry of Sulfur; Zwanenburg, B., Klunder, A. J. H., Eds.; Elsevier: 
Amsterdam, 1987; p 57. 

(10) For chiral a-amidoalkylation of optically active A'-acyliminium with 
achiral nucleophiles, see: Wanner, K. T.; Kartner, A. Helerocycles 1987, 26, 
921. 

(11) (a) Hubert, J. C; Wijnberg, J. B. P. A.; Speckamp, W. N. Tetra
hedron 1975, 31, 1437. (b) Nagasaka, T.; Abe, M.; Ozawa, N.; Kosugi, Y.; 
Hamaguchi, F. Heterocycles 1983, 20, 985. 

T 
cu K^NAS sn(oso2CF3)2 f civQ^W 

s U 

1 m = 1,2 

«o/ ' THF 

- 5 - O 0 C , 3-4 h 

0 
,Sn-OSO2CF3 

r> S 

As 

2 m = 1, 2 

a_: m = n = 1 
b̂ : m = 2, n = 1 
]T : m = 1 , n = 2 
d : m = n = 2 

Scheme II 

.Vs 
,OR H V H

N \ J LiAIH4 H r H 
OR 

L-H 

Cl 
4 a - d 

a : m = n = 1 

R = H : JLa,-d. 
R = Ac: 8 a - d 

C H , 

AcI 9 a - d 

2 , n = 1 i = 1 . n : 2 I d: m= n = 

Sebsequently, we designed a one-pot and one-reagent (LiAlH4) 
synthesis of the chiral bicyclic alkaloids 6 from 4.12'13 Thus, 
oi-halolactams 4a-d were treated with a small excess of LiAlH4 
(4 mol equiv) in THF, first at 0 0C for 5 min to reduce the active 
amide moiety14 without epimerization at the active methine carbon 
and then under reflux for 2 h to achieve the reductive annulation. 
After the usual workup and separation of the crude products by 
preparative thin-layer chromatography [silica gel, CHCl3-
MeOH-Et3N = 1:1:1 (for 6a) or 4:2:1 (for 6b-d)]( the desired 
bicyclic products 6a-d (41-69% yields) were directly furnished 
together with the corresponding hydrogenolysis byproducts 7a-d 
(Scheme II and Table II). No O-cyclization product, which had 
been anticipated, was isolated from the reaction mixture. 

For the confirmation of hydroxyl and/or imino group(s) in the 
molecule, compounds 6a-d and 7a-d were acetylated giving the 
corresponding monoacetyl derivatives 8a-d or diacetyl derivatives 
9a-d in good yields (70-80%). The synthesized compound 6a 
[>99% optically pure (op) based on the reported data:15 [a]D 
-13.8° (c 1.28, EtOH)] proved to be (-)-trachelanthamidine by 
comparison of its physical data with those for the authentic 
compound.7a Compound 6d was confirmed to be (-)-epilupinine 
in similar manner.61'16 We attempted to synthesize naturally 
occurring (+)-epilupinine (10) according to our new method. 
Similar chiral alkylation to compound 3 (n = 2) utilizing A-
(/?)-isopropyl-l,3-thiazolidine-2-thione [4(/?)-IPTT] gave the 
antipodal compound [>93% de, [a]22

D -362.6° (c 0.58, CHCl3] 
of 4d in 73% yield. The subsequent reductive annulation afforded 
(+)-epilupinine (10) [mp 78-79 °C (hexane); [a]22

D +31.2° (c 
0.86, EtOH), >97% op based on the literature data:16 mp 76-78 
°C (petroleum ether); [a]17

D +32° (c 1.49, EtOH)] in 59% yield 
together with the byproduct 11 in 17% yield.17 This is the first 

(12) Cf. Rodewald, W. J.; Morzycki, J. W. Tetrahedron Lett. 1978, 1077. 
(13) House, H. O. Modern Synthetic Reactions, 2nd ed.; W. A. Benjamin, 

Inc.: CA, 1977; p 79. 
(14) This reduction can be readily monitored by the disappearance of the 

original yellow color of the solution. Cf. Nagao, Y.; Kawabata, K.; Seno, 
K.; Fujita, E. J. Chem. Soc, Perkin Trans. 1 1980, 2470. 

(15) Tsuda, Y.; Marion, L. Can. J. Chem. 1963, 41, 1919. 
(16) White, E. P. New Zealand J. Sci. Technol. 1951, 33B, 50. 
(17) Recent reports on the (i)-epilupinine synthesis: (a) Tufariello, J. J.; 

Tegeler, J. J. Tetrahedron Lett. 1976, 4037 and references cited therein, (b) 
Bremmer, M. L.; Khatri, N. A.; Weinreb, S. M. / . Org. Chem. 1983, 48, 3661. 
(c) Okita, M.; Wakamatsu, T.; Ban, Y. Heterocycles 1983, 20, 401. (d) 
Hiemstra, H.; Sno, M. H. A. M.; Vijn, R. J.; Speckamp, W. N. J. Org. Chem. 
1985,50, 4014. (e) Ihara, M.; Kirihara, T.; Fukumoto, K. Heterocycles 1985, 
23, 1097. (f) Takahata, H.; Yamabe, K.; Suzuki, T.; Yamazaki, T. Ibid. 1986, 
24, 37. (g) Comins, D. L.; Brown, J. D. Tetrahedron Lett. 1986, 27, 2219. 
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example of a chiral synthesis of (+)-epilupinine. 

H C H ^ H CH 

11 11 

We succeeded in developing an extremely short chiral synthesis 
of the bicyclic alkaloids involving pyrrolizidine, indolizidine, and 
quinolizidine skeletons. This new method should be applicable 
to large-scale synthesess of various man-designed anticancer 
agents. 
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Hydride-mediated conjugate reduction of a,/3-unsaturated 
carbonyl compounds remains an active area of organic research. 
By analogy of dialkyl cuprate conjugate addition reactions, in situ 
generation of unstable copper(I) hydride "ate" complexes have 
figured prominently in these efforts.2 In addition, other hydride 
sources have been used,3 including several anionic transition-metal 
hydrido complexes.4 Despite some success as selective alternatives 
to catalytic hydrogenation, hydrosilation,5 and dissolving metal 
reduction, these methods suffer from, inter alia, significant 
problems in scope, functional group compatibility, and/or re
producibility. 

We wish to report that the stable, well-characterized copper(I) 
hydride cluster [(Ph3P)CuH]6

6"9 (1) is generally effective for the 

(1) Address correspondence to this author. 
(2) (a) Li(alkynyl)CuH: Boeckman, R. K., Jr.; Michalak, R. / . Am. 

Chem. Soc. 1974, 96, 1623. (b) Li(A-Bu)CuH: Masamune, S.; Bates, G. S.; 
Georghiou, P. E. J. Am. Chem. Soc. 1974, 96, 3686. (c) CuBr + 2LiAlH-
(OMe)3 or NaAlH2(OCH2CH2OMe)2: Semmelhack, M. F.; Stauffer, R. D.; 
Yamashita, A. J. Org. Chem. 1977, 42, 3180. (d) LiAlH„/HMPA, catalytic 
CuI: Tsuda, T.; Fujii, T.; Kawasaki, K.; Saegusa, T. J. Chem. Soc, Chem. 
Commun. 1980, 1013. (e) MeCu/DIBAH in the presence of HMPA; elec-
trophilic trapping of the enolate is possible after addition of MeLi to the 
aluminum enolate: Tsuda, T.; Satomi, H.; Hayashi, T.; Saegusa, T. J. Org. 
Chem. 1987, 52, 439, and references therein. 

(3) (a) H2AlI (from 4 CuI: 1 LiAlH4): Ashby, E. C; Lin, J. J. Tetrahedron 
Lett. 1975, 4453. Ashby, E. C; Lin, J. J.; Kovar, R. J. Org. Chem. 1976, 41, 
1939. (b) Li and K selectrides: Fortunato, J. M.; Ganem, B. / . Org. Chem. 
1976, 41, 2194. (c) NaTeH: Ramasamy, K.; Kalyanasundaram, S. K.; 
Shanmugam, P. Synthesis 1978, 545. Yamashita, M.; Kato, Y.; Suemitsu, 
R. Chem. Lett. 1980, 847; (d) (H-Bu)3SnH: Brimage, D. R. G.; Davidson, 
R. S.; Lambeth, P. F. J. Chem. Soc. C 1971, 1241. 

(4) (a) NaHFe2(CO)8: Collman, J. P.; Finke, R. G.; Matlock, P. L.; 
Wahren, R.; Komoto, R. G.; Brauman, J. I. J. Am. Chem. Soc. 1978, 100, 
1119. (b) Fe(CO)3 and aqueous base: Noyori, R.; Umeda, I.; Ishigami, T. 
J. Org. Chem. 1972, 37, 1542; (c) NaHFe(CO)4: Yamashita, M.; Miyoshi, 
K.; Okada, Y.; Suemitsu, R. Bull. Chem. Soc. Jpn. 1982, 55, 1329. (d) 
KHCr2(CO)10: Boldrini, G. P.; Umani-Ronchi, A. Synthesis 1976, 596. (e) 
H2, catalytic K3[Co(CN)5H]: Reger, D. L; Habib, M. M.; Fauth, D. J. 
Tetrahedron Lett. 1979, 115. Reger, D. L.; Habib, M. M.; Fauth, D. J. J. 
Org. Chem. 1980, 45, 3860, and references therein. In stoichiometric form, 
see: Halpern, J.; Wong, L. Y. J. Am. Chem. Soc. 1968, 90, 6665, and 
references therein. 

(5) Major improvement in the transition-metal-catalyzed hydrosilation of 
unsaturated carbonyl compounds, leading directly to carbonyl products, has 
recently been reported: Keinan, E.; Greenspoon, N. J. Am. Chem. Soc. 1986, 
108, 7314. Keinan, E.; Perez, D. / . Org. Chem. 1987, 52, 2576. 

(6) Churchill, M. R.; Bezman, S. A.; Osborn, J. A.; Wormald, J. Inorg. 
Chem. 1972, 11, 1818. Bezman, S. A.; Churchill, M. R.; Osborn, J. A.; 
Wormald, J. J. Am. Chem. Soc. 1971, 93, 2063. 

selective conjugate hydride addition to a,/3-unsaturated carbonyl 
compounds. This mild hydride donor is chemically compatible 
with added chlorotrimethylsilane, affording an efficient procedure 
for reductive silylation. Additionally, due to the unusual ability 
of copper(I) alkoxide complexes to promote heterolytic activation 
of molecular hydrogen,7'10,11 this conjugate reduction can poten
tially be made catalytic in the hydride reagent.12 

For the stoichiometric conjugate reduction, the reaction is best 
conducted in benzene or toluene under inert atmosphere at room 
temperature. AU 6 hydride equiv per cluster are delivered to the 
organic substrate.13 No 1,2-reduction of the carbonyl moiety has 
been observed, even under prolonged reaction time in the presence 
of excess hydride reagent. The hydridic character of the conjugate 
reduction is strongly suggested both by substrate selectivity and 
deuterium labeling studies. The copper hydride hexamer is 
completely inert toward a variety of alkenes unactivated toward 
hydride attack, including, significantly, 1,1-diphenylethylene.14 

Conjugate reduction of 2-cyclohexenone by the deuteriated com
plex [(Ph3P)CuD]6

7 yielded cyclohexanone specifically labeled 
in the 3-position as determined by 2H NMR. 

Although it is presumed that the reaction proceeds via a cop-
per(I) enolate intermediate, direct formation of the product ketone 
is observed spectroscopically in reactions run at room temperature 
under inert atmosphere in sealed NMR tubes.15 We have as yet 
been unable to unambiguously determine the source of the 
quenching hydrogen atom in these reactions. Independent syn
thesis and characterization of copper enolate complexes is currently 
under investigation. 

For substrates sensitive to base-catalyzed aldol condensations, 
decomposition of the unstable intermediate leads to significant 
byproduct formation. These undesirable side reactions are com
pletely suppressed by conducting the reaction in the presence of 
added water.16 While the copper hydride hexamer is indefinitely 

(7) Goeden, G. V.; Caulton, K. G. J. Am. Chem. Soc. 1981, 103, 7354. 
(8) Crystal structure: Lemmen, T. H.; Folting, K.; Huffman, J. C; 

Caulton, K. G. J. Am. Chem. Soc. 1985, 107, 1774. 
(9) Pyridine-stabilized CuH, a pyrophoric material which decomposes in 

solution above -20 °C, and related thermally unstable phosphine complexes 
have been reported and demonstrated to be mildly hydridic: (a) Wiberg, E.; 
Henle, W. Z. Naturforsch., B: Anorg. Chem., Org. Chem., Biochem., Bio-
phys., Biol. 1952, 7B, 250. (b) Dilts, J. A.; Shriver, D. F. J. Am. Chem. Soc. 
1968, 90, 5769. Dilts, J. A.; Shriver, D. F. J. Am. Chem. Soc. 1969, 91, 4088. 
(c) Whitesides, G. M.; San Filippo, J., Jr.; Stredronsky, E. R.; Casey, C. P. 
J. Am. Chem. Soc. 1969, 91, 6542. 

(10) Heterolytic hydrogen activation by other Cu(I) salts has been ex
tensively documented: Calvin, M. Trans. Faraday Soc. 1938, 34, 1181. 
Calvin, M. J. Am. Chem. Soc. 1939, 61, 2230. Weller, S.; Mills, G. A. / . Am. 
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