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The pyrroli7,ldlnus1 are called as necine bases, which have  in common the aza -  

blcyclo(3. 3. Oloctane ring system, as illustrated in Figure 1. 'These bases are 

varlausly CunctionaIized on the parent skeleton and are present, as mono-01s. 

diois. and triols. The bases themselves nave been isolated from natural sources. 

but more often they are found as est,ers ( e . g . ,  1 1 ,  dicsters, or macrocyclic bis- 

lactones ( e . g . .  21. Various members of thls family exhibit remarkably diverse 

types of biological activit~.~ The pyrroli7,idine alkaloids havc been known to 

have antitumor, hypotensive. local anesthet~c. antispasmodic, anti inflammatory. 

carcinogenic, or hepatotoxic activity. The double bond on the pyrrolizidine ske- 

leton seems to be essential for the biological activities. For example, indicinc 

jV-oxide I ,  a monoester of (+I-retronecine, has been used as antitumor agent in 

clinical Since the first synthesis of retronecirle in racemic form by 

Geissman and Waiss in 1962.' total synthesis of pyrroilzidine a:kaiolds has been 

t Dedtcated to the memory of Professor Tetsuji Kametani. 
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Figure 1 

an attractive subject for synthetic organic chemists. because of their unique 

structures and intriguing biological activity. A number of new synthetic routes 

to racemic pyrrolizidines have been reported,lj but the synthesis of optically 

active compounds appeared recently since the first asymmetric synthesis of pyr- 

rolizidines by Robins and Sakdarat in 1919.~ During the passed dacade. a lot of 

enantioselective syntheses of pyrrolizidine alkaloids have been reported, in 

which chiral building blocks derived from L-proline derivatives, malic acids, or 

carbohydrates were commonly used. This article reviews the literature from 1979 

to the end of 1988 on asymmetric syntheses of pyrrolizidines. The authors' re- 

cent work on the asymmetric synthesis of pyrrolizidine alkaloids employing chi- 

ral tin(I1) enolates was also included in the last part of this article. 

2. UTILIZATION OF L-PROLINE DERIVATIVES 

The naturally occurring L-proline and 4-hydroxy-L-proline possess the half part 

of the pyrrolizidine ring system with the correct absolute stereochemistry at 

the C(8) center. For pyrrolizidine synthesis, the remaining problem is how to 

construct another half part of the molecule with retention of the chirality at 

the initial C ( 8 )  center and induction of a new chiral center at C(1) position of 

the bicyclic skeleton. 

The first chiral synthesis of optically active pyrrolizidines was reported by 

Robins and Sakdarat as mentioned A regioselective 1, 3-dipolar cyclo- 

addition of ethyl propiolate to the postulated azomethine ylide 5 6  derived from 

the Npdiformyl derivative 4 of natural (-1-4-hydroxy-L-proline 3 with formic 

acid in the presence of acetic anhydride was employed as a key reaction to con- 

struct the pyrrolizidine nucleus. The bicyclic compound 6 was prepared via this 
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Scheme I a 

6 7 8 
a (a) HCOZH, AQO: (b) AQO; (c) HCZC02Et; (d) NH,, EtOH; (e) Hz, 10% PdIC, AcOH;(~) soC12; 

(g) HZ, Raney Ni. 

reaction in 80% yield from 4 (Scheme 11 .  The 4-hydroxy group on the lnitial pro- 

lint? moiety was used to control the stereochemistry of the two newly formed chi- 

ral centers at C(l) and C(81 during catalytic hydrogenation of 6. The hydroxy 

compound 7 was obtained from 6 stercoselectively and then the hydroxy group in 7 

was removed from the nucleus by dispiacement with chlorine, followed by cataly- 

tic hydrogenation to afford the ester 8. Reduction of 8 with lithium aluminum 

hydride gave (+I-isoret.ronecano1 10 in 45% overall yield from 3. The thermodyna- 

mlcally less stable endo-ester 8 was epimerized at ~(11' to produce the corres- 

ponding exo-ester which was reduced to (+)-laburnine lor (+I-trachelanthamidinel 

9 in 31% overall yield from 3. The ester 8 was also converted to (+I-supinidine 

11 through the known procedures for the racemic one8 (Scheme 111. The other 

three 8s-pyrrol izidlnes 15. 16, and 17 were similarly synthesized from 13. the 

enantiomer of 6. as shown in Scheme Ill. This work provides a general synthetic 

route to all six naturally occurring I-hydroxymethylpyrrol~zidines starting from 

(-I-4-hydroxy-L-proline 3 with optical purity better than 80% in every case. 

Scheme I I ~  

CH2 OH 

a Cb - b,a 
8 

10 I c,a,d 

- & O H  9 

ca. 89% op ca. 90% op 

8 '1. 8% op 

11 
a (a) LiAlH,; (b) NaOEVEtOH: (c) i-Pr2NHlmBuLi, PhSeCI: (d) H202. 

A Dieckmann cyclization of the chiral diester 19' was adopted by Riieger and 

Benn in their synthesis of 1-hydroxymethylpyrrolizidines (Scheme IVI. Two 



Scheme Ill a 

C02Et C02Et  

a.b 
HOW & - 78% HC02 4 5  

1 2  1 3  

CH2 OH C02Et 

63 - 
1 5  

65 - 
1 4  1 6  + 90% op 

98% op 

a 
(a) TsCllPy; (b) EbN+CHO-2. 

(3 17 81%Op OH 

homologation methods were used to prepare the chiral diester 19 Prom L-praline. 

Dieckmann cyclization of the diester 19 was achieved under the equilibrium con- 

trol conditionSIO to afford the desired pyrrolizidine keto cster 20 in the en01 

form. The sodium cyanohorohydride reduction of the keto ester 20 proceeded 

Scheme IV a 
H 

76% 

route b 

18 H 19 

C02  Et CO, Et 

d,e - OH - - 1 7  
81 % 57% 73% 64% 

H c i  294% ee 

a route a: (COCI),, DMF(cat); CH2N2: Ag20, EtOH; route b: BH3.SMe2; TsCl1Py;NaCN. DMSO; 
(a) PdlC, H,; (b) HCI, EtOH; H20; HCI, EtOH; (c) BrCH2CO,Et,Na,CO3; (d) NaOEt; (e)  AcOH, H20: 
(f) NaBH3CN, H20; (g) MsCIIEt3N: (h) Dibal. 
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Stereoselectively to give the hydroxy ester 21, which was converted into (-1-su- 

pinidine 17 according to the method of Tufariello and ~eell for the racemic com- 

pound. On the other hand. the catalytic hydrogenation of the keto ester 20 gave 

a mixture of 14 and 23, separable by column chromatography. The ester 14 was 

ccnverted to (-)-isoretronecanol 16 and (-1-trachelanthamidine 15 (Scheme Vl. 

Scheme V a 

The keto ester 20 was also used to synthesize 2-hydroxylated necines by Rueger 

and BennlZ as shown in Scheme VI. Hydrogenation of 20 over platinum black gave 

25 and 26 in 36% and 50% yields, respectively, together with a diastereomeric 

mixture 2 1  (8%). Reductlo" of esters 25 and 26 with lithium aluminum hydride 

gave (-1-petasinecine 28 and its epimer 29, respectively. 

Scheme V I a  

C02Et CO, Et 
a *. - & + bOH + 

25 (36%) 26 (50%) 27 (8%) 

28 2 9 

a (a) HzIPt, ACOH-H20(1 :I), 40-50 psi, 0 "C; aq.K2C03; (b)  LiAIH,. 

(-1-4-Hydroxy-L-proline derivative 30 was also used by Benn and co-workers in 

their synthesis of more complex necine bases.13 The optically active Geissman 

Walss lactone 3s3 was prepared Prom 30 via homologation of the carboxylic group 

and transposition of the hydroxy group from C(41 to C(31 with inversion of con- 

figuration (Scheme V I  11. 13a The homologation was successful via Wolff rearran- 

gement of the diazoketone 32. Elimination of the C(4) hydroxy grouD was manipu- 



Scheme vlla 

COOMe COOMe 

d e - - 
XIS.. 

36 37 

36:37 = ca. 1 :6 
a 

(a) isobutyl chloroformate, Et3N; CH2N2; (b) Ag20, MeOH: (c) +Bu,N+F-, THF; (d) pyrolysis; 

(e) MeOH-H20, Na2C03; 1,-KI-NaHC03 or PhSeCI; (f) mBu3SnH;5% PdIC, EtOH, HCI. 

lated via the xanthate 35, as described by Dormoy's group, l 4  to afford the de- 

sired olefin 31 predominantly (36:31 = ca.l:6). Electrophilic lactonization of 

the carboxylic acid derived from 31 followed by reductive removal of I or PhSe 

group from 38 gave the Geissman-Waiss lactone 39. The enantiomeric purity of 39 

was determined to be at least 99% by Mosher's procedure.15 

Conversion of 39 to (+I-retronecine 46 was done by the modification of the Geis- 

sman-waiss3 and ~arasaka" methods as shown in Scheme V111.13b Dieckmann conden- 

sation of 40 in the presence of potassium ethoxide in toluene at room tempera- 

ture was proved to be the best for t,he conversion of 40 to the keto ester 41. 

which was reduced, without purification, to the dihydroxy ester 43 in 72% yield. 

accompanied by minor amount of the hydroxy lactone 42. Reduction of 42 and 43 

with lithium aluminum hydride gave the triols 44 and 45, respectively. The dihy- 

droxy ester 43 was converted to (+)-retronecine 46 in 49% overall yield from 39. 

On the other hand, hydrogenation of 41 using rhodium on alumina catalyst afford- 

ed mainly the lactone 41. Reduction of 41 with lithium aluminum hydride gave 

(-I-platynecine 48. Thus. this work presents the first enantioselective synthe- 

sis of (+I-croalbinecine 45, (+I-retronecine 46, and (-)-platynecine 48. 

Benn and ~ o - w o r k e r s ~ ~ ~  have developed an alternative route from 30 to the tri- 

01, (+I-crotanecine 54 (Scheme 1x1. Thus, 30 was converted to the olefinic ni- 

trile 49 with high regioselectivity in the double bond formation step.17 Treat- 

ment of 49 with N-iodosuccinimide in acetic acid gave an iodo compound, which on 

treatment with acetic acid and silver acetate afforded a mixture. It was hydro- 

lized to give the hydroxy lactones 50 and 51 in a 95:5 ratio. Further treat- 
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Scheme VI I I~  

3 9 

4"  
0 

CH, OH 

Hh,. - 
OH OH 

N ,,C02Et 4 4 4 5  

42 43  (72% from 40) 

t d 

OH 

4 6  
(49% from 39) 

BrCH2C02Et; (b) KOEt-PhMe , rt. 4 h: (c) H2/Pt02, AcOH-H20 (1:l); (d) NaOEt (cat),EtOH, rt, 
30 days; (e) LiAIH4; (f) Ac20/Py, DMAP; (g) NaH, THF; (h) EtOH-HCI: LiAIH4;(i) HZ, RhlA1203, 
AcOH-H20 (I : I ) .  

ment of 50 and 51 with ethyl bromoacetate yielded the desired compound 52 in 63% 

overall yield from 49. The compound 52 was transformed to (+I-crotanecine 54, 

through the procedure described for the (+)-retronecine synthesis, in 4% overall 

yield from 30. This work presents the first enantioselective synthesis of thls 

pyrrolizidine triol. 

A cationic olefin cyclization of a Pummerer reaction intermediate1* was deve- 

loped in the synthesis of optically active (-I-trachelanthamidine 15 from L-pro- 

linol 55 by Ikeda's group.19 When the sulfoxide 57 prepared from L-prolinol 55 

was treated with a stoichiornetric amount of trifluoroacetic anhydride. cycliza- 

tion of the corresponding Pummerer reaction intermediate 58 was accomplished to 

give the bicyclic product 60 via 59 (Scheme XI. The stereochemical outcome of 
this cyclization was interpreted according to the stereoele~tronic~~ and steric 

preferences of the reaction. The cyclization product 60, a mixture of ca. 4:l of 

C(21 stereoisomers, was converted to (-)-trachelanthamidine 15 via 61. 

An orthoester Claisen rearrangement of an intermediate 64 derived from L-pro- 

line derivative 62 has been used in the synthesis of (-)-isoretronecanol 16 and 



a 
Scheme IX 

I., H 
a b 

3 0 _+ - - C 
66% AcO 

4 9  
0 0 

- 
RO 

HO 
R = H, Ac 50 (95:5)  51 

- 
HO TBDMSO TBDMSO OH 

52 (63% from 49) 5 3 

h AcO I - OH 

AcO HO 

5 4 

BH3SMe2, THF, 0 "C; TsCVPy, 0 "C; NaCN, DMF, 95 "C; PhSeNa. THF-MeOH, 65 "C; H202, 

5 'C; A (rt); (b) NIS, AcOH, 60 "C; (c) AcOH-H20 (43)-AgOAc, 95 OC: (d) MeOH-HCI, rt; (e) 

BrCH2C02Et, Na2C03, EtOH, 75 "C; column chromatography; (f) TBDMSCI, imidazole, 55 OC; (g) 
KOEt, PhMe . 0 "C to r t  (h) NaBH3CN, H20, pH 4.n; Ac20. DMF, 65 'C; n-Bu,NiF~, THF, rt; Ac20 
rt; (i) Dibal, THF, -78 OC to rt. 

(-)-trachelanthamidine 15 by Salto a n d  co-~orkers.~~ Thc r-amino-c, junsaturatcd 

ester 63 prepared from N-Roc-L-proline methyl ester 62 was reduced with Dibal in 

the presence of I ~ F Q . O E L ~ ~ ~  to give 64 in 83% yield. Orthoester Claisen rearran- 

gement of 64 afforded a mixture of thc diastcreomeric esters 65 H a  0 : 3  = 2.6: 

I). The formation of the major product was explained according to the chalr-like 

six-membercd cyclic transition state 69. The mlxture of 65 was subjected to 

ruthenium-catalyzed oxidationz3 followed by esterification to yicld 66. Depro- 

tection of the amino group and intramolecular amidation promotcd by ~ l ~ e ~ ~ ~  gave 

the pyrrolizidinone compounds 67 and 68 in a diastereomeric ratio of 2 . 7 : l .  This 

ratio was changed to 1:4.  4 (67:68) by treatment with sodium met,hoxide in metha- 

nol. lleduction of the esters 67 and 68 with LiAlH4 yielded (-1-isoretronecanol 

16 and (-Itrachelanthantidine 15, rcspcctivcly. 

A n  enantioseiective synthesis oF (-1-trachclanthamidine 15 from I.-prollne dc- 

rivative 70 was reported by Jolly and i.ivinghouse. 25 in which an atom-transfer 
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Scheme X a  

+ - 
H *= H - .  f- 

f 
SMe - SMe -- - 1 5  

87% 62% 49% 
n ca. 75% op 

6  0 
" 

5  9 6 1  

a (a) CIC02Et. 4 M NaOH; DMSO, (COCI),, Et3N, CH2C12, -60 "C; (b) Ph3~+EtBr', NaCH2SOMe , 
DMSO, THF; (c) NaOH, HOCHZCHZOH-H20 (5:1), reflux: MeSCH2COCI, Et3N, Et20; (d) Na104, 
MeOH-H20 (1:l); (e) (CF3C0)20, CH& (f) NalO,, MeOH-H20 (13): AI(Hg), 2.5% aq THF; 
(9) 0s04 (cat). NalO,. THF-H20 (4:l); (h) LiAIH,. THF, reflux. 

Scheme xla 

' COOMe a 

a o c  - b c - 
6  2 6 3  6  4 

COOMe COOMe COOMe - 
COOEt 

Ha: 
BOC 

6 6  6 7  O 6 8  0 
6 5  a : p = 2 . 6 : 1  

I 

Dibal; ( ~P~O)~POC.HCO~E~N~+ ;  (b) Dibal, BF3.0Et2; (c) MeC(OEt),, H', 140 "C; (d) RuCI,, 
Na104; CH2N,; (e) CF3C32H: AIMe,; (I) LiAIH4. 



~lactami~ation was developed. The required allylic uiadoacctamide 71 was pre- 

pared from (S)-2-vinyl-N-(te1.t-butoxycarb0nyl)pyrrolidine 70 in 57% overall 

yield. Cyclizatlon of the iodoacetamide 71 was executed with (Bu3SnlZ (0. 35 

~ ~ U I V .  ) in the presence of Etl (3. 5 equ~v.. PhH,  sunlamp1 to furnish the pyrro- 

lizldinones 72 and 73 (30:l) ~n 58% yield. This result provided the first exam- 

ple of diastereoFace selection in an atom-transfer annulation. Treatment of the 

mixture with CsO2CEt Eollowed by reduction afforded (-1-trachelanthamidine 15 in 

80% yleld. 

Scheme Xlla 

a (a) CF3C02H; (CICHZCO)~~, R3N; Nal, MeCN; (b) (Bu3Sn), (0.55 eq.),Etl (3.5 eq.), hv; 
(c) CsO,CEt, DMF; LiAIH,. 

3. UTILIZATION OF (S)- AND (R)-MALIC ACIDS 

Unsaturated pyrrolizidine diols commonly have a chiral hydroxy group at the C(7) 

center. Malic acids have attracted a lot of attention in the asymmetric synthe- 

ses of these pyrrolizidine diols because malic acids could be gotten in any 

enantiomeric pure form and also the chiral hydroxy group in the malic acids 

could be used to control the stereochemistry of C(8) center during C-C bond 

formation reaction at that position. Intramolecular cationic and radical cycli- 

zations have been shown to be excellent for the construction of C(8l-C(1) bond 

with almost complete induction of chirality from C(71 to C(81. 

Chamberlin and ChungZ6 have reported a general synthetic route to seven pyrro- 

lizidine diols from a single precursor 76, which was prepared from (S)mallc 

acid 74 via the key step of an intramolecular acyliminium ion-ketene dithioace- 

tal cationic cyclization of 75 (Scheme XIII). The acetoxy group in 75 is proved 

to be very efficient to block the nface of the acyliminium ion. resulting in 

very highly asymmetric induction during the cyclization step. Only ca. 3% of the 

bridgehead diastereomer of 76 was detected. Another advantage of this route is 

in the fact that. the keLenc dith~oactal substituent in 75 serves as an efficient 

cationic cyclization terminator arid for introducing a double bond to the CI1)C 

(21 position via a regioselective double bond migration in later steps (Scheme 

XIVI. Starting from 7fi. four 7(S) diols 77,  18, 79. and 81 were synthesized in 

8-11% overall yields from (S)-malic acid 74. For the synthesis of 7(R) diols, 

Chamberlin and Chung adopted an oxidation-reduction procedure for the conversion 

of 7(SI- to 7(R)-configuration. Since the attempted Swern oxidation of 80 to the 

corresponding ketone resulted in the racemlzation at the bridgehead carbon due 
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Scheme xllla 

a (a) AcCI; NH3; AcCI; (b) 2-(3-hydroxypr0pylidene)-1,3-dithiane, Ph3P, Et02CNNC02Et: (c) NaBH,, 
MeOH, -4 "C: (d) MeS02CI, EhN, CH2CI2, -20 to 20 "C. 

to the Presence of the ketene dithioacetal substituent, 80 was converted to the 

methyl ester 82, which was then submitted to Swern oxidation and hydrogenation 

t.0 give the 7(Rl epimer 83 (Scheme XV). Thus. three 7(Rl diols 85. 48, and 46 

were prepared in ca. 2-996 overall yields from (Sl-malic acid. The diEficulty in 

the deprotonation of the tricyclic lactone 47 to form the corresponding enolate 

resulted in the low yield of the phenylselenylation product 84. Seventy one per- 

Scheme XIV a 

CO, Me ACQ : 

9 

43% 

0 

a 
(a) MeONa; (b) LDA, MeOH; (c) HgCI,, MeCN-H,O, CaC03; (d) LiAIH4: (e) Hz, Raney Ni; (f) HCI. 
MeOH, HgCI,; (g) LiAIH,; (h) AIH3; (i) LDA, MeOH; (1) HgCI2, MeCN-H,O, CaC03; (k) NaBH4. 



Scheme XV a 

CO, Me CO, Me H? lj ; HO 
b c 

75% 

& Ph * f 

25% 
(71 % of 47 recovered) 

8 4  

a (a) H~CI,, HCI-M~OH, CF,CO,H: (b) Swern oxidation 
EtOH, reflux; (e) LiAIH,; (f) LDA, PhSe2Ph; (g) LiAIH, 

; H21Pt02, 20 'C. 4 h; (c) LiAIHq: (d) NaOEt- 
; HZ02, HOAc. 

cent of the startlng material 47 was recovered in t,his reaction, which was used 

for recycling. 

The first. enantioselective approach to dihydroxypyrroliaidine was reported by 

Hart and yangZ7 in 1983. The kcy step is an N-acylirninium ion rearrangement-cy- 

clization process, which was enantioselectively controlled by a c h i r a l  acetoxy 

group in the N-acyliminiom ion precursor 92 (Scheme XVII. Thc carboxylic acid 88 

was prepared from 87 via Johnson orthoester Clalsen rearrangement followed by 

saponification. Curtius degradation of the acid chloride of 88 gave 89 which af- 

forded the amine 90 upon treatment with trifluoroacetic acid. Coupling of 90 

with (Rl-2-acetoxysuccinlc anhydride gave the imide 91 whlch was reduced with 

sodium borohydride to yield the hydroxy lactam 92. T h e  stereoselective convcr- 

sion of 92 to 94a .b  in the uresence  or Formic acid was rationalized by consider- 

~ n g  that the initial rearrangement proceeded via a transitlo11 state 93 hav~ng a 

Scheme XVla 

PhCH2 O 7  

PhCH2 0 PhCH2 0 PhCHz 0 PhCH20 

BOC 
9 0 91 

0 9 2  0 89 
a 

(a) PhCH20CH2Li: (b) triethyl orthoacetate/propanoic acid, A: 10% NaOH; (c)SOCIz; NaN3: PhH. 
reflux: '+~UOW"BUOH; (d) CF3C02H: (e) (R)-2-acetoxysuccinic anhydride; AcCI: (f) NaBH,. MeOH 



HETEROCYCLES. Val 30, No 2, 1990 

minimal s t c r l c  l n t e r a c t l o n  bct.ween t h e  t~enzyioxymethyl  and a c e t o x y  groups (Sche-  

mc X V I  I I .  'The d e g r a d a t i o n  o f  Lh r  C(21 s t d e  c h a i n  i n  95  was s u c c e s s f u l  v i a  a l k o n y  

r a d l c n l  f r a ~ r ~ r ? n t a t i o n . ~ ~ ~  wiilch g a v e  a m i x t t r e  of 963 and 9Gb i n  85% y i e l d  Lo- 

g e t h c r  w i t h  98  ( f i % ) .  I i l l y  ( - I - h a s t a n e c i n e  97 was d e r i v e d  from 9 6 :  16% o v e r -  

a i l  y l e i d  or t h e  a l k a l o i d  was r e p o r t e d  from 86. T h e  s y n t h e s ~ s  of  ( - I - l l e l i o t r i -  

d i n e  99 f rom (16b was shown i n  Scticme XVll I .  

Scheme XVll a 

PhCH2 0-5 OAc . H .  

AcO-, OAc AcO + --, HO-? H pH . - H >  OAc flo - c - d,e 

85% 82% 

RO 0 
9 5  96 a a-1 

0 
(1 :I ) 

9 7 

96 b P-1 
a (a) NaOH, MeOH; (b) HZ, PdiC. EtOH; A ~ 0 i P y ;  (c) HgO, 12. CCI4; (d) fFBu3SnH,AIBN: (e) LiAIH,. 

Scheme XVlll 

AcO HO 

DBU, PhH LiAIH4 
96 b P - 

25 "C 6056 
81% 

98 O 9 9 

Choi and  art^' have r c p o r t e d  another .  s i m i l a r  s y n l . h c t ~ c  r o u t e  Lo t h r c e  7 ( S l  

p y r r o i i z i d i n e s  from ( S l - m a l i c  a c i d  74. The c o n s t r u c t i o n  o f  t h e  C ( I ) - C ( 8 )  bond i s  

b a s e d  on t h c  key  r e a c t i o n  o f  a n  ~ n t r a m o l e c u i n r  a d d i t i o n  o f  a -acy lamino  r a d i c a l s  

t o  a l k y n e ~ . ~ ~  'The c h i r u l  1 -acy lan l ino  r a d i c a l  p r e c u r s o r  101 was o b t a i n e d  from 

1 s ) - m a l i c  a c i d  74 as shown i n  Scheme XIX. T r e a t m e n t  of 101 w i t h  n-nu3SnH and 

A I R N  i n  benzene  gave  a m$xt .ure of t h e  g e o m e t r i c a l  i s o m e r s  102 i n  71% y l e i d  

L o g e t h e r  w i t h  t h e  r r d u c t l o n  p r o d u c t  103  ( 1 8 % ) .  The  u s e  of  a t e r m i n a l  t r t m e t h y l -  

s i l y l  s u b s t i t u e n t  i n  a c r t y l c n e  101 g a v e  t h e  m e r ~ t .  t h a t  t h e  c y c l i z a t i o n  p r o v i d e d  

t h e  e x o - p r o d u c t s  e x c l ~ s i v e l y  due  t o  t h e  s t e r ~ c  Similarly t o  o t h e r  



Scheme X IXa  

a (a) AcCI; (b) NH,; (c) Ph,P. Et02CNNCO2Et, Me3SiC=CCH2CH20H; (d) NaBH,; (e) AQO. EbN, 
DMAP; (f) PhSH, TsOH; (g) mBu,SnH, AIBN, 80 "C. PhH. 

cases. 26b'27b the chiral acetoxy group in 101 efficiently controls the stereo- 

chemistry of the intramole~ular process. The cyclization proceeded with excel- 

lent diastereoselectivity at C18I; only 3-5% of the diastereomer at that center 

was isolated. The mixture 102 was converted to I-I-dehydrohastanecine 105, (+I- 
hellotridine 77, and (+)-hastanecine 79 as shown in Schemes XX and XXI. 
An alternative synthesis of (+I-heliotridine 77 from an intermediate 104 was 

reported by Kano and c o - ~ o r k e r s . ~ ~  Compound 104 was converted to 107 in 68% 

yield by the following procedures: hydrolysis of the acetate lKZC03. MeOH), con- 

version or exo-methylene group to allylic alcohol fCE3COZAR, PhSeCl. THE; 

Na2C03, MeOtl; 30% H202) and acetylation (Ac20. Et3N, DMAPI. 

Scheme XX a 

t Kano et 

AcO &J 
0 

a 
(a) PhS02H, MeCN-H20; (b) LiAIH,; (c) MCPBA; HC02H, H20; PhSeNEt,;(d) NaBH,; Ac20, 
EtsN, DMAP; H202. 
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Scheme XXI a 

MeOOC qAC MeOOC woAc + MeOOC 4°Ac 
a 

106 --) __I) 

59% 

0 O (3:l) 0 
I 

a (a) H 2 4 :  CH2N2; (b) Hz, PdlC; 
(c) recrystallization; LiAIH4. 

An allene moiety has been used for free radical cyclization in the asymmetric 

synthesis of ( + I  -heliotridine 77 and (dihydroxyhel iotridane 78 from (S)malic 

acid.31 The free radical precursor 109 was prepared from the chiral imide 100 by 

Mitsunobu Coup1 ing, reduction. Stegl i ch acetylation, and displacement of the 

acetoxy group by phenylseleno function (Scheme XXII). The selenide 109 was 

treated with n-BugSnH and AIBN in benzene under reflux to furnish the major pro- 

duct 110 in 40% yield together with other three minor products (bridgehead and 

double bond isomers). The major product 110 was formed by attack of the allene 

on the radical face opposite to the acetoxy group and exocyclic reduction of the 

resulting allylic radical. The diastereoselectivity at the bridgehead carbon is 

ca. 40:17, which is less selective than in the cyclization involved with attack 

of oacylamino radical at an sp-hybrid carbon (see Scheme XIX).28 The product 

was converted to (+I-heliotridine 77 in a 4.3% overall yield from the chiral 

imide 100. 

Scheme X X I I ~  

OAc Me 
a - y& ++ 4056 e qoAC 100 

87% 
- 

108 0 109 0 110 0 

f,c - 107 9 - 7 7  (4.3% overall yield) 
28% 53% 

(30% S. M. recovered) 

a (a) CHz=C=CHCHzOH, Et02CNNCO,Et, Ph3P, THF; (b) NaBH,, MeOH; (c) Ac20,DMAP, CH2C12; 
(d) PhSeH, TsOH: (e) rrBu,SnH, AIBN, PhH, A; (f)Se02, AcOH; (g) LiAIH,. 

Vinyl~ilanes as addends for free radical cyclization have been examined 

(Scheme XXIII).~' The precursor 113 (cis:trans = 18:ll was treated under such 

reaction conditions as mentioned above for the selenide 109 to afford the pyr- 

rolizidinones 114 and 115 in 63% and 10% yields, respectively. A mixture of iso- 

meric indolizidinones (18%) and a reduction product (3%) were also isolated. A 



Scheme xxllla 

H 

I,. a,b c - 
7256 R -OH 96% * Ry$J 

R = SiMe2Ph 
1 1  1 112 0 

R' 
OAc , "@OAC + RwoAc 

d,e,f - 9 - 
55% 

0 0 0 
113 a R' = SiMe2Ph, R2= H 1 14 (63%) 115 (10%) 
113 b R' = H, R' = SiMe2Ph I 

a (a) n-BuLi; PhMe2SiCi; (b) Cy2BH-THF; HOAc, A; TsOH, MeOH; (c) Ph,P, 100, Et02CNNC02Et, 
THF; (d) NaBH4, MeOH; (e) Ac20, DMAP, CH2C12; [f) TsOH, PhSH; (g) mBu3SnH, AIBN, PhH, A. 

1.3:l mixture of the cis and trans olcfinic compounds 113 also gave nearly the 

same results of the frce radicai cycllzation. This finding suggested that an 

isomerization of c ~ s  olefin to the trans isomer took place prior to cyclization. 

The major product 114 was converted to (-I-dihydroxyhcliotridane 78. 

An enantioselective synthesis of (+I-retronecine 46 from (R)-malic acid 116 

has been published by Yamada's group. 32 A key step for the C[l)-Cl8) bond 

formation was achieved by utilizing a novel I ntramolecular Wittig reaction33 of 

the imide 117 prepared from (RImalic acid 116 (Scheme XXIV). Catalytic hydro- 

genation of the conjugated lactone 116 gave the cis-fused lactone lactarn 119. 

The selective reduction of the lactam carbonyl group in 119 was successful by 

using a modified Raucher's p m c e d ~ r e . ~ ~  Finally, the conversion of 120 to the 

tricyclic lactone 84 via the phenylselenyl intermediate 121 avoided the problem 

encountered in Chamborlin's retronecinc synthesisz6 (see Scheme XV). According 

to the present route, (+I-retronecine 46 was prcpared in 5. 5% overall yield from 

(RI-malic acid in about 20 steps. The Geissman-Waiss lactone derivative 40 was 

also synthesized by Yamuda's group35 in 62% yield from (R)-malic acid (Scheme 

XXV) . 
An enantxosel ectlve route to (+)Pikissman-Waiss loctone 39 starting from (SI - 

maiic acid 74 has been The key step was an intramolecular Michael 

addltion reaction with 1, 2-asymmet,ric induction.37 A chiral Michael acceptor 126 

was prepared from (Sl-malic acid 74 as a 3 : l  mixture of Z and E isomers (Scheme 

XXVI). 'The intramolecular Michael addition reaction proceeded under the optimum 

conditions examined to give, after cleavage of the MOM0 ether, a separable mix- 

ture of the cis bicyclic lactonc 127 and the trans hydroxy ester 128 (1:7.8). 

The preference for the formation of the %(R)-lsomer 128 in the cyclization was 
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Scheme XXlV a 

h - - SePh i I 
82% 63% - 8 4  - 46 

53% 66% 

a (a)AcCI; HOCH2CH2NH2; AcCI; (b) dry HCI-EtOH: pivaloyl chloridelpy; (c) BrCH2COBr(l .2 eq.), 
Py (I .5 eq.); (d) Ph,P, MeCN; Et3N: (e) Hz, 5% Rh/AI2O3, EtOAc: (f) Lawesson's reagent; (g) 
Et301BFi, CH2CI2; NaBH3CN , MeOH; (h) LDA, PhSeCI; 6 N-HCI: (i) n -BuLi: TsCI; LDA-HMPA; 
0) LiAIH4; 30% H202, AcOH. 

Scheme X X V ~  

a 
(a) AcCI; NH2CH2C02Et; AcCI; (b) AcCI-EtOH; (c) BrCH2C02Br (1 .I eq.), Py (1.2 eq.); (d) Ph,P, 
MeCN; Et3N; (e) Hz, 5% RhlA1203; ( f )  Lawesson's reagent, PhMe; E ~ O ~ B F ~ ,  CH2CI,; NaBH3CN, 
MeOH-AcOH (92:8). 

rationalized by consideration of the transition state 123 in Figure 2. Because 

of the high degree of steric and electronic reDulsion between the ester F r O U D  

and the MOMO function in the transition state 124, Michael addition reaction of 

the Z-olefinic isomer should preferentially afford the 2(R)-isomer 128. This was 

proved to be the case when the pure 2-olefinic isomer 126. Dre~ared by a modifi- 

ed Still's rnet.h~d.~~ was treated under the Michael reaction conditions followed 

by claevage of the MOMO ether to result in very highly selective formation of 



Scheme XXVla 

a 
74  

b c - - 
OMOM d 

(86% from 74) OH 71% 

N H 

f C02Me g 

92% 

(two steps) 
C02Et C02Et C02Et 

127 (1 :7.8) 128  

a (a) B(OMe),. BH3.SMe2, MeOH; (b) E ~ Z C ( O M ~ ) ~ ,  TsOH; phthalimide, Ph3P, Et02CNNC02Et; 
NH,NH,.H,O. EtOH: CIC02Et, Et3N; (c) 6 N HCI, THF; TBDMSCI, imidazole, DMAP; CICH20Me, 
i-Pr2NEt; mBu4NF; (dl (COCII2, DMSO, EkN; (e) (Me0)2POCH2C02Me, KN(TMS),, 18-crown-6, 
THF, 3.5 h; (f) KH, 18-crown-6. DME. 0 "C, 21 min; (g) EtSH, BF3.0Et2. 

MOMO 

Figure 2 

Scheme XXVll a 

a b C02 Me 

IZ5 zz7 126 - - 127 + 128 
(Z-form only) 47% 

(two steps) (1 :39) 

a (a) (CF3CH20)2POCH2C&Me. KH, DME, 3 h; (b) KH, 18-crown-6, DME, 0 "C, 9 min; (c) EtSH. 
BF$OEt2. 
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the 2(R)-isomer 128 (127:128 = 1:39) (Scheme XXVII). The hydroxy RrOup in 128 

was inversed to form the cis-fused bicyclic lactone 129 which was converted to 

(+I-Guissman-Waiss lactone 39 according to the method of Geissman and waiss3 

(Scheme XXVIII). Another similar synthesis of (+I-Geissman-Waiss lactone from L- 

(+)-diethy1 tartrate was also discussed.36 

Scheme xxvllla 1 -  do y CO, Et 'H 

a (a) MeSOzCI, E W ,  DMAP; LiOH, dioxane, H20; (b) K2C03, 18-crown-6 (cat), MeCN: 
(c) Ba(OH),.8H20, then HCI. 

An intermolecular carhenoid displacement reaction has appeared in the stereo- 

selective synthesis of (+)-heliotridine and (+)-retrone~ine.~~ The sulfide cam- 

pound 130 was obtained in five steps from the chiral imide 100 previously pre- 

pared by Chamber1 ine and  hung'^^ from (S)-malic acid. The intermolecular carbe- 
noid diwlacement reaction of 130 was done with methyl p-nitrohenzyl %-diazo- 

Scheme X X I X ~  

MOMQ 

steps a "OMf PtdB 
100 - ~ ~ o c o p h  83% CO, Me b 

N ~ ~ ~ ~ P h  
r 

O 130 O 131 

"OMCr CO, Me "OMCr c 

___) - 
N+o~ *OMS 47% 

0 0 

a (a) Me02CC(N2)C02PNB, Rh~ (0Ac )~  (cat), PhH, reflux; (b) HZ, PdIC, MeOH; (c) I-; LiN(TMS)*, 
THF, -78 to 0 "C; (d) LiAIH4, Et20, 0 "C; MCPBA; (e) PhMe, reflux; HCI, MeOH; Ac,OlEbN, CH2CI2. 



malonate in refluxing benzene in the presence of a catalytic amount of rhodium 

acetate to give the product 131 in 83% yield (Scheme XXIX). This reaction is 

accounted as illustrated in Scheme XXX. The chirnl acetoxy group in the acyl- 

iminim ion 134 generated from the ylide 133 blocked well the n-face of C=N 

double bond: the resultant predominant. attack of the anion from the !-face gave 

Scheme XXX 

OR2 OR2 SPh 
OR2 H 

SPh - I p  %RI k'l - f N.R> 

0 0 
E = C02Et 133 134 135 

the 2.3-trans-pyrrolidlnone 135. Compound 131 was thcn converted to the known 

intermediate 107 via 132; compound 107 has been shown to be useful for (+I-heli- 

otridine synthesisZ8 as described in Scheme XX. 

The same strategy3' has becn applied to the synthesis of the known bicyclic 

compound 119 reported by Yamada's group3' in the synthesis of (+I-retronecine 

46 (see Scheme XXIV). Thus, the sulfide 137 prepared from 136 was subjected to 

the intermolecular carbenoid displacement reaction to afford, after desulfuriza- 

tion, the product. 138 in 67% overall yleld. This compound was then transformed 

to the known 119 via the carhoxylic acid 139 under inversion of the stcreochemi- 

stry at the carbon atom substituted with the oxygen funct.ion (Scheme XXXII. 

Scheme XxXla 

TBSQ TBSQ C02CH2Ph 
SPh 

a b 

~ ~ O C O p h  55% 67% C02CH2Ph 

0 
136 O 137 0 1 3 8  

a 
(a) KzC03, MeOH: t-BuCOCllPy, Et20; (b) N 2 = C ( ~ 0 2 C ~ 2 ~ h ) 2 ,  R ~ ~ ( o A c ) ~ ,  p h ~ ,  reflux; R~~~~ ~ i ;  
(c) Hz, PdIC, MeOH; PhMe , reflux; (d) rrBu4Ni~~. THF; E~O,CNNCO~E~, ph3p, THF. 

4. U'rII.IZATION OF CARBOHYDRATES 

1.h~ Cirst asymmetric synthesis or (-)-r.nsmarinecine 145, a pyrroli7,idine tri- 

0 1 ,  from a carbohydrate precursor has bccn reported by 'Tatsuta's group.40 An in- 

termedlate 140 preparcd from methyl ~ ~ l - g l u c o s a m ~ n i d e ~ ~  was used in the syrrthe- 
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sis (Scheme XXXII). Aldol condensation of the di-TBDMS ether of 140 with excess 

allylmagne~ium bromide afforded the single threo amide alcohol 141. The R confi- 

guration of the newly formed asymmetric carbon atom with a hydroxy group was 

rationalized by a chelation-controlled approach.42 Compound 141 was converted to 

the diol lactam 142 via mainly the oxidation and lactamieation procedures. 

Selective methoxyrnethylation of the two hydroxy groups in 142 with a little suc- 

cess gave the desired mono-ol 144 in 51% yield accompanied by 143 (34%). which 

could be used for recycling. Mesylation, reduction, and deprotection of 144 af- 

forded ( - 1  -rosmarinecine 145 (Scheme XXXI I). 

Scheme XXXll a 

OTBDMS 

e,f 
92% -"OMOM 

141 OTBDMS 

MOM0 MOM0 MOMO 

9_ 
-"OMOM + 

0 OH 0 OMOM 

142  i 1 143 (34%) 144 (51%) 

a (a) TBDMSCVPy; CH2=CHCH2MgBr, Et20, 5 OC, 30 min; 20 "C, 30 min; 
t 

reflux, 3 h: (bl Nal04, KMnO,. aq. t-BuOH. then 5% K,CO,; (c) CH,N,, 

4 0 ;  (4 MOMCI, iPr2NEt. CHC13,60 'C; (e) Hz, 5% PdlC, THF, AcOH; ..uOH 
(f l  PBU~N'F~. THF, 5 "C; (g) MOMCI, i-Pr2NEt, THF; (h) MsCVPy; (i) cam- 

phorsulfonic acid (cat), MeOH: (j) BH36Me2, THF, 60 "C; (k) 0.5 N HCI, 
HaoH 145  

dioxane, 80 "C, 6 h. 

The same intermediate 140 was also used for the synthesis of pyrrolizidine dl- 

and mono-ols, namely (-)-7-deoxyrosinarinecine 149 and (-)-isoretronecanol 1 6  

(Scheme XXXlII). Wittig react~on of 146 gave the unsaturated ester 147 which, 

upon hydrogenatlori, l actami zation, and mcsylation, gave a lactam. Its reductive 

cpcl~~,at.ion followed by displacement. of the mesylate with acetate anion gave the 

acetate 148, which was deacetylatcd to form (-)-7-deoxyrosmarinecine 149. The 

Conversion of the acetate 148 to (-1-isoretronecanol 16 was accomplished by the 

known procedure43 shown in Scheme XXXI I I. 

A synthesis of optically active Gelssman-Waiss lactone 39 from a carbohydrate 

derivat,ive has been pub1 lshed by Ruchanan' s group.44 2, 3 - @  lsopropy 1 i dene-D-ery- 

throsr 1 5 0 ~ ~  was converted, via the corresponding oxime, into the cyanomethane- 

sulfonate 151. which was allowed to react with methyl bromoacetate in the pre- 

sence of activated zinc dust to yield the enamino esters 152 ( Z : E  = 3 0 : l ) .  Each 



Scheme XXXI I I~  

U M S  
148  1 4 9  

a (a) trityl chloridelpy, 70 "C; (b) Ph3P=CHC02Me, PhMe , 60 "C; (c) H2, 5% PdIC, THF, AcOH; 
(d) Amberlyst 15, MeOH, 60 "C; (e) MsCllPy, 0 "C; (f) BHjSMe2, THF, 60 "C; (g) KOAc, DMSO, 
80 "C; (h) NH,, MeOH; (i) SOC12, reflux; Hz, Raney Ni, EtOH; NH,, MeOH. 

Scheme X X X I V ~  

CN 
H2 N 

fl a,b 
C EqeMe [x 80%- 

- 95%- 
0 0 K CH20Ms CH,OMs 
Me Me 

150  151 152 (Z :E = 30:l) 

M , " ~ !  e,f 
9 

CO2 Me % from 153 "om N 
H" 0AOCH2 Ph 

153 154  
o A o c H 2 p h  

155 

h,i - j 
90% 0 N 3 9  

od-ocH2Pn 
156 

NH20HHCI (10 eq.), Py, rt; (b) MeS02CI (12 eq.), Py, -23 'C; (c) activated Zn, BrCH2C02Me 
(5 eq.), THF, reflux; (d) DBU (3 eq.), CH2C12, rt; (e) NaBH3CN, MeOH. HCI; (f) PhCH20COCI, EhN, 
CH2C12; (g) 80% CFSCO~H, rt; (h) l',l-thiocarbonyldiimidazole, Py, THF, reflux; (i) mBu,SnH 
(2.2 eq.), PhH, reflux; 0) H,, 10% PdIC, EtOH. HCI. 
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isomer of the enamino esters 152, upon cyclization in the presence of DBU, re- 

duction with sodium cyanoborohydride. and treatment with benzyl chloroformate, 

gave the same product 154. Hydrolysis of the isopropylidene group in 154 formed 

the hydroxy lactone 155 which, after Barton-type deo~ygenation,~~ yielded the 

lactone 156. Hydrogenolysis of the lactone 156 gave the Geissman-Waiss lactone 

39 as its crystalline hydrochloride (Scheme XXXIV). The compound 157 obtained 

from hydrogenation of 153 was converted to the known intermediate 53 previously 

prepared from ( - )  -4-hydroxy-L-proline by Renn and co-workers lGC (see Scheme 1x1. 

Compound 53 was converted into the possible intermediate 158 for the synthesis 

of (+I-crotanecine 5444 (Scheme XXXV) . 

Scheme XXXV a 

158 

BrCH2C02Et, Et3N, THF; (b) 80% aq. CF3C02H, rt: TBDMSCI, imidazole. DMF; (c) KOEt-PhH, tt. 
then HOAc; (d) NaBH4, EtOH, lhen Ac20/Py; (e) DBU, CH2CI2, rt. 

More recently, a D-glucose derivative was utilized by Nishimura's group in the 

enantioselective synthesis of retronecine and its enantiomer.47 3-Azido-1. 2-0- 

isopropylidene-5,6-di-0-mesyl-1-D-glucofuranose 159 obtalned from 3-azido-3-de- 

oxy-1. 2-0-isopropy 1 i d e n e - l ~ g l  ~ c o p y r a n o s e ~ ~  on cycl ization under the catalytic 

reduction conditions over Raney nickel gave the product 160. Deoxygenation and 

homologation of the side chain gave 161, a pyrrolizidine diol protected by dif- 

ferent groups. The differentiation of the two hydroxy groups on C(1) and C(71 

was accomplished by selective removal of each protecting group to give 162 and 

163, reswctively. Homologation of 162 an6 163 on the carbons in which the free 

hydroxy groups were located yielded (+I-retronecine 46 and its enantiomer 164. 

respectively (Scheme XXXVI). No significant difference in the cytotoxicity bet- 

ween these two com~ounds was found. 

5. UTILIZATION OF CHIRAL. AUXILIARIES 

The firsL example using a chiral auxiliary in an asymmetric cyclization pro- 

cess to form (+)-trarhelanthamidine 9 was reported by Takano's group.48 Deami- 

native coupling of 4-aminobutyral dimethyl acetal 165 with freshly prepared 



Scheme XXXVl a 

MsO 

MSO%~ 100% a -#lo e,f,g,h 46% 

O i  

H '? OMEM MEMO 0CH2 Ph 

k OMS - - 
100% 100% 

161 163 

M E M O ~ O C H Z P ~  SOPh PhCH20 OCH, Ph 

o n " " O G  phos& 
46 - - 

39% 36% 

I62 

a (a) Hz, Raney Ni; (b) benzyl S4f-dirnethylpyrirnid-2-yl thiocarbonate. 
EkN, MeOH; (c) LiCI, DMF; (d) mBu3SnH. PhMe; (e) 10% HCI, MeOH: 
(f) NaH, PhCH2CI, DMF; (g) 3 N aq. HCI-AcOH (13); (h) Ph3P=CH2; (i) 
MEMCI, irnidazole, CH2C12: (i) 9-BEN, THF;30% H,02, aq. NaOH: MsCI; 
(k) Hz, Raney Ni; (I) 1 N aq. HCl; (rn) Raney Ni, EtOH, refluxin) MsCVPy: 
NaSPh, DMF; HCI; MCPBA, CH,C12; LDA, THF, -78 'C: PhCH20CH2CI, 
-78 "C to ft; (0) xylene, reflux; 3N aq. HCI; LIINH,: (p) xylene, reflux; Li, NH3. 

"6-3' 164 

Raney nickel catalyst ( W - 2 )  gave the symmetric aminodiacetal 166. whlch, upon 

treatment with pyridinium D-camphor-10-sulfonate in aqueous media at 1 0 0 ~ C  foi- 

lowed by reduction with sodium borohydride, afforded (+I-trachelanthamidine 9 in 

6.7% yield and in 33% optical purity (Scheme XXXVII). 

Scheme X X X V I I ~  

a (a) Raney Ni, PhH, reflux; (b) pyridinium D-camphor-10-sulfonate, H20, 100 "C; NaBH, 
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'She authors' group has demonstrated that a chiral heterocyclic compound, 41s)- 

isopropyl-1.3-thiazolidine-2-thione 14(S)11TTl 167 served as an excellent chi- 

rai alixil iary in various cases of chiral re~ognition.~' Among them. alkyiations 

of the chirnl tin1111 enolates derzved Prom 3-acyl-41s)-1FTT with 4-acetoxy-2- 

azetidinones 50a, b, and a ,  $unsaturated aldehydessor have given interesting re- 

sults, particularly for Y-lactam synthesis. 'This procedure has been expanded to 

thc field of alkaloid synthesis. An extremely Short chiral synthesis of (-)-tra- 

chelanthamidine 15 w a s  reported5' which consisted of a highly dlastereoselectivc 

hlkylat~on of chiral tinlll) enolates onto cyclic acylirnines followed by reduc- 

tlve annulation of the resultant alkylatian products (Scheme XXXVIiI). 3- 

(wChI0r0~~yl)-4-(S)-i~~1pr~opy1-1,3-thiazo1idine-2-thiones 168 (m = 1, 2) w e r e  

treated with tinllJ) tr~Fluoromethanesulfona~e and N-ethylpiperidine in THF to 

Corm the tin(II1 enolates 169 lm = 1.2). which reacted with 5-acetoxy-2-pyrroli- 

dinone 170 In = 1) or 6 -ace toxy -2 -p ipe r i d inone  170 ( n  = 21 to yield the alkyla- 

tion  product.^ 171 in 57-73% yields and with ?93-297% diastereomeric excess. The 

high diastereoselectivlty of this alkylation reaction was rationalized by a che- 

lation-controlled process via the transition state 172. Conversion of 171 (m = n 

= 1) to (-)-trachelant.hamidine 15 was achieved by one reagent (LiAIHql and one 

pot process in 44% chemical yield and in 199% optical purity. Similarly, two 

indol izldine-type compounds 173 and 174~' and (-1-epilupin~ne 175 were synthe- 

sized. Use of 4(R)-enant1omer ,"stead of 4(S)-IPTT provides a synthetic route to 

Scheme XXXVI I I~  

0 
168 m = ? , 2  1 6 9  171 

15 m=n=l, (-)-trachelanthamidine 
173 m=?, n=2 
174 175 m=n=2, m=2, n=i. (-)-epi~upinine (-)-tashiromine cl+ 

7.. 
172 

a (a) Sn(OS02CF3),, Nethylpiperidine, THF, -5 to 0 "C, 3-4 h: (b) 170, THF, -5 to 0 "C, 2 h; 
(c) LiAIH4. THF, 0 'C, 5 min, then reflux, 2 h. 



Scheme X X X I X ~  

Me 
C 

67% TE? l9 

1 0 s 
176 177 178  

a (a) Sn(OS0,CF3)2, Nethylpiperidine, THF, -50 to -40 "C, 3 h; 170 @=I), THF, -5 to 0 "C, 2 h; (b) 
K2C% EtOH. rt, 12 h; Lawesson's reagent, PhMe, 105 "C, 1 h; (c) Et3OtBF;, CH2CI2, ri, 3 h; 
NaBH3CN, MeOH-AcOH (92:8), rt, 3 h; BrCH2C02Et, EtOH, Na2C03, rt, 20.5 h. 

both (+I-trachelanthamidine 9 and (+I-epilupinine. 

The chiral diester 19 prepared by Kueger and ~enn' from L-proline has also 

been efficiently s~nthesized~~ from the alkylation product 177 which was obtain- 

ed from 3-acetyl-4(S)-IPTT 176 in 67% chemical yield and in 94% diastereomer 

excess (Scheme XXXIX). Ethanolysis of 177 fallowed by treatment of the resultant 

ester with Lawesson's reagent afforded compound 178. Reductive removal of the 

Scheme X L ~  

a 
(a) Sn(OS02CF&, Nethylpiperidine, THF, -78 "C, 30 min; (b) 181, THF, -5 to 0 "C, 2 h; (c) 10% 
KOH-MeOH, rt, 30 min; CH2N2; (d) MsCIIEt3N, THF, rt, 3 h; Nal, THF, rt, 12 h; LDA (1.1 eq.), -78 "C 
2 h, then -30 "C, 3 h; (e) LiAIH,, THF, 0 "C, 30 min; MCPBA, CH2C12, -78 "C, 30 min; PhMe, reflux, 
22 h; ACzOIEtN, DMAP (cat), CH2CI2. rt, 30 min; (1) LiAIH,, THF, reflux, 80 min. 
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thiocarbonyl group in 178 and N-alkylation of the resultant amine with bromoace- 

tate furnished the chiral diester 19. an intermediate useful for 8apyrralizi- 

dine alkaloid synthesis (see Schemes IV, V, and VI). Use of the enantiomer of 

177 may provide a useful synthetic route to 89-pyrrolizidine alkaloids. 

An intermolecular asymmetric amidoalkylation reaction employing the chiral 

tin(1I) enolates and achiral acyliminium ions has been achieved and applied to 

the synthesis of (-Isupinidine 17 (Scheme X L ) . 5 4  Contrary to the reaction of 

the chiral tin(I1) enolates with the cyclic acylimines, alkylation of chiral 

tln(I1) enolate 180 onto the acyliminium ion derived in sit" from the diacetate 

181 afforded four diastereomers in a ratio of 82. 6 : 7. 5 : 6. 9 : 3. 0. This find- 

ing suggested that the reaction of tin(I1) enolate 180 with 181 should be fall 

into a non-chelation control process. Such a transition state is given as 183 in 

which the n - n  attraction between the electron-deficient carbonyl group of the 

acyliminilun ion moiety and the electron-rich phenyl group of the chiral enolate 

is accounted as one of the factors for the diastereoselectivity. The major pro- 

duct 182 was isolated in 58% yield as a 91 : 9 inseparable mixture of 182 and 

Scheme XLl a 

185 187 
81-93% 

- (97.2%-99.1% de) 

a (a) Sn(OS03CF&, Nethylpiperidine. THF, -50 to -40 "C, 3 h; (b) 186, -5 to 0 OC, 2 h; 5% HCI; (c) 
NH~CHZR, THF, ft, 10 min; (d) NaH, DMF, 10 "C, 5 h; AcOH. -50 "C. 



one of the other three r n ~ n o r  diastercomers. The alkylation product 182 was then 

converted to the unsaturated pyrroli7,idinone 184 via intramolecular annulation 

and manipulation of the sulfur group to int,roduce a double bond at the C(I)-C(Z) 

position. Keduct~on of 184 gave (-)-supinidine 17 in 97% yicld and in 18% opti- 

cal purity (Scheme XI.). 

Efficient. utilization of the chiral tinlli) enolate appears in a very recent 

work of 7-alkylated butenolidc synthesiss5 (Scheme XLI). This new general syn- 

thet~c method is basically developed frorrl the asymmetric aldol reaction reported 

by us. 'Oc but in the prescnt case, the masked 1.4-cls-unsaturated aldehydic 

acids (as 5-hydroxy-Z(5H)-furanones 186) arc employed to allow further lactoni- 

zation of the r.esultant chiral ~hydroxy-z, $unsaturated carboxylic acids 190. 

The aldol reaction and lactoriization can take place in a one-pot manner with 

very high diastereoselectivlties. and the chiral butenalides are formed in ex- 

cellent chemical yields. Compounds 187 could be considered as versatile chirai 

precursors for natural product synthesis. This is exemplified by the expeditious 

synthesis of chiral Gelssman-Waiss lactones useful for I+)-retronecine synthesis 

(Scheme XLI). Amiriolysis of 1R7 (R] = 1%' = H) followed by intramolecular Michael 

addition of the amide anlnns formed from, 191 furnished the bicyclic compounds 

122 and 192 in excellent yields. These compounds were then convertred to the 

known Geissman-Waiss lactone derivatives 40 and 120, whlch were previously pre- 

pared from (-)-4-h~droxy-L-proline'~~ and (R)malic acid,3235 respectively (see 

Schemes V l  I I. XXIV and XXV). 

6. CONCLUS 1 ON 

A number of asymmetric syntheses of pyrrolizidine alkaloids have been success- 

fully performcd by utiliz~ng chiral synthons derived from naturally occurring 

substances. The elaborate synthetic mcthods based on the efficient asymmetric 

induction without the direct. use of natural products have also been disclosed. 

'The versatile asymmetric pyrrolizid~ne syntheses whlch Involve the novcl design 

will be extensively developed and will be expected to promise discovery of new 

drugs. 
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