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Abstract — This review briefly summarizes some recent advances in

the synthesis of pyrrolizidines.

1. INTRODUCTION

Pyrrolizidines have increasingly attracted the attention of synthetic organic
chemists, in part due to their relatively simple structural features and a wide
range of pharmacological activities. Since a comprehensive review of the
pyrrolizidine chemistry by Robins had appeared in 1979.1 major progress in the
synthesis of this heterocyclic system has been made. Meanwhile several J:eview'sz_6
appeared but most of them (with one exception of ref. 6) are concerned with the
pyrrolizidine alkaloids. This review focuses on the synthetic methods of the
pyrrolizidine ring system including dehydro derivatives and covers from 1%78 up to
mid-1987. The numbering of the system is as shown in 1. The currently accepted
name for 1 in Chemical Abstracts i1s hexahydro-lH-pyrrolizipne; the systematic name

is l-azabicycla[3,3.0}octane.

2. €;-Cg BOND FORMATICN

8
A variety of new methods involving the Cl-CB bond formation have been developed
during the last decade.
Perhaps, the most versatile approach is based on the acid-catalyzed cyclization of
the N-acyliminium ions 3, mainly developed by Speckamp and co-workers.7 The N-
acyliminium 1on precursors, hydroxylactams 2 can be prepared most conveniently by

controlled sodium borohydride reduction of the corresponding N-substituted

succinimides. The key cyclization step was usually accomplished by treatment of
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the hydroxylactams 2 with acids such as formic acid, trifluoroacetic acid, or
methanesulfonic acid. One of the major problems encountered in this intra-
molecular reaction of the N-acyliminjium ions 3 with alkenes or alkynes is the
regiochemistry of the cyclization. In principle, ring closure of the N-acyl-
iminium ion can take place in two possible directions, 6-endo and 5-exo.
Generally the formation of the six-membered rings (endo-ring closure} is in
preference to five (exo-ring closure), This problem has been overcome by

introducing a cation-stabilizing group onto the alkenes and alkynes.
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R=Cl) groups are found to be effective for this purpose. <Cyclization of 5
(R=SiMe3,ll SnBu312} proceeded with high regio- and stereo-selectivities te give
the 5-oxopyrrolizidine with an exo-l-vinyl group. Synthesis of an optically
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active pyrrolizidine derivative using the dithioacetal 4 (R=0QAc) has been achieved
via & stereoselective cyclization directed by an acetoxy substituent.BC
Rapoport and coworkers13 utilized an iminium ion generated by decarboxylation of

an a-amino acid, which cyclized at pH 6 to give the pyrrolizidine ring system.

COH 0kt

COpEL
<:::{ CH{CO,Et), POCT3 <<:?"+ H(COsEL), | PH 6 2
N N N

Zoltan and coworkerslq utilized an intramolecular cyclization of the electro-

chemically prepared N-acyliminium ion precursor 6.
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An alternative promising approach to the pyrrolizidines, developed by Hart and

coworkers,l5 utilizes cyclization of p-acylamino radicals 8. These radicals can

easily generated by treatment of 5-phenylthio-, 5-methyithio-, or 5-phenyl-

selenyl-substituted 2-pyrrclidinones (e.g., 7) with tributyltinhydride in the

presence of g,n'-azZobisisobutyronitrile (AIBN). Here again, the same regio-

chemical problem as one encountered in the cationic c¢yclization arises. The

pyrrolizidine formation can be increased by introduction of appropriate substi-

tuents on the alkenes, Scome examples are shown below. Another interesting
feature of this radical cyclization is very high endo-sterecoselectivity. The
exact reason for this preference is not clear. Radical cyclization of silylated

alkenyl and allenyl derivatives has been reported to proceed with high regio- and

stereo-chemical selectivities.

16,17
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a variant of these catjonic or radical cyclization reactions, Kametani and

coworkersl8 developed an intramolecular carbenoid displacement reaction, which

inveolves insertion of the carbenoid intc the C-S bond. Heating the diazo compound

9 in benzene in the presence of a catalytic amount of rhodium acetate gave the 5-
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oxopyrrolizidine 10,

SPh Ph
\ErCOZEt Rh(OAC)z \§j/C02Et
N 4 N

COzEt
SPh

9 0 10

Mivano and coworkerslg

found that heating of readily available 4-(2-oxopyrrolidin-
l-yl)butanoic acids 11 with soda lime gave rise to¢ Al{a)—dehydropyrrolizidines.
Although the mechanistic details of this reaction remain to be established, this

method appears to be of considerable practical importance.

0 R R
C—5 CLy ™ e (17
NH R N A N

0770 11
R=H, Me

An interesting approach to the pyrrolizidine ring system, developed by Reinhoudt

and coworkers,20 utilizes an electrocyclic reaction as a key step. 1-{1-Pyrroli-
dinyl)-1,3-butadienes 12 having an electron-withdrawing group at C-3, wunderwent a
thermal rearrangement to pyrrolizine derivatives 14. This thermal rearrangement

involves a concerted antarafacial [1,6] hydrogen shift followed by daisrotatory

electrocyclic reaction of the resulting 1,5-dipolar species 13.

CHZDPh
COzMe COZMe 0oMe
c <>
CO,Me el N €0 Me N
Ph
12 13 14
Several photochemical approaches have been reported.21‘23 However, all of these

approaches suffer from a lack of stereoselectivity.
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— 1468 —




HETEROCYCLES, Vol 27, No. 6, 1988

Ph Me
C‘ e Me h\) Me
0Me
T weon N
C104'

Intramolecular electrophilic and nucleophilic substitution reactions at the 2-
24-27

position on the pyrrole ring have often been used. Some typical examples are
shown below,
g
CN C' PClg wcom
CO,Me oo 2N COH N
COpMe

CO,H P,0¢ 50,Me Na COoMe

Gs N 3 N~ CH(co,Me), N
H\ COzMe H COZMe o SN

An intramolecular carbenoid insertion reaction on the pyrrole ring has been

examined but the yield is poor.28

3. Cl-—C2 BOND FORMATION

The Cl—C2 bend formation approach using an intramolecular alkylation 1s one of
the standard methods for the synthesis of the pyrrolizidines.

One i1interesting approach to the precursor, N-{2-chloroethyl)pyrrolidine 16,
developed by Kametani and coworkers,29 is based on the ring opening reaction of an
aziridinium salt. Treatment of the g,R-unsaturated ester 15 with an excess of
aziridine gave directly N-{2Z-chlorcethyl)pyrrolidine 16 which, upon treatment with
lithium diisopropylamide (LDA), underwent an intramolecular alkylation to yield

the pyrrolizidine ester.

/TE& C0,Et €0, Et ﬂ gozEt
HN LDA T
C]\/\/\/COZEt —_— " —_—— - CD
”§;7 Neor™(1
15 a1~ 16

A promising short synthesis of the precursor, N-(2-bromoethyl)-2-pyrrolidinone 18,

invelving amidoalkylation of 17 with dimethyl malonate in the presence of
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aluminium chloride, has been described by Kraus and Neuenschwander.30

Cyclization
of 18 with sodium hydride followed by decarbomethoxylation gave the 5S-oxopyrroli-

zidine ester.

COpMe COMe
CHZ(COZME)Z COZME 1) NaH
N ~gp AIC13 Neo~gr 2) NaCN,
) DMF
18

The intramolecular alkylation approach is also applicable to the pyrrole

derivative.31

A Dieckmann condensation has been extensively used for the construction of the

pyrreolizidine ring system. Since Geissman and Waiss32 reported the conversion of

the lactone 19 into (t)-retronecine in 1962, various groups devoted much effort to
improve the overall yields from this lactone and the related compounds to the

33-39

pyrrolizidine alkaloids. The chiral synthesis of the key intermediates,

starting from L-proline or 4-hydroxy—L—proline,34 D—glucose,35 D--erythrose,36 L-

diethyl tartrate,37 and R—38 and S-malic acid539, is also noteworthy.

0

- CO.Et
0 a 7 QgH H COpEt H H OH
KOEt H &@——

N._~COgEL No_~C0,Et N N

19 (£)-retronecine
An intramolecular aldol condensation has also been used. Treatment of the

pyrrolidine~2-aldehyde 20 with sodium hydride afforded the pyrrolizinone
derivative.40 Similarly, base treatment of the Z-methyl-l-pyrrolinium salt 21

provided a pyrrolizine derivat1ve.4l

CHO CHy
CI/ NaH SHe O( 0 NaHCO4 C@_P
+ —— h
N SMe  in THF N N-/JL\Ph N
0

0 21
20

Both Dieckmann and intramolecular aldol condensations have successfully been

employed for the synthesis of the pyrrolizines from the pyrrole derivatives.42'43
An alternative route to the pyrrolizidine ring system, developed by our
group,44'45 is based on cationic olefin cyclization of thionium ion inter-

mediates. Treatment of N-(methylsulfinylacetyl)pyrrolidine derivatives 22 and 24

under Pummerer reaction conditions gave directly the 3-oxopyrrolizidines 23 and
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25, respectively.
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A variant of this approach involves cyclization of the radical generated by treat-

ment of N-({methylthiochloroacetyl)-2-vinylpyrrolidine 26 with tributyltinhydride

in the presence of AIBN.46
Li ﬂ H sMe
2 Bu4SnH LA :
1 —— it . —_— SMe
X SMe  AIBN N st N
0 0 0

26

Two recent noteworthy Cl—C2 bond forming approaches to pyrrolizidines involve

47

palladium-mediated cyclization of N-iodoacetyl-2-vinylpyrrolidine 27 and N-

propargyl-2-vinylpyrrolidine 28.48
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4. CZ_C3 BOND FORMATION
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Only one example involving the direct C2—C3 bond formation approach has been
reported.49 Pyrolyzing the Meldrum's acid derivative 29 at 450°C gave a reactive
methyleneketene intermediate 30 which, on further increase of the temperature

(800°C), was transformed into the pyrrolizinone derivative 31.

0 o\i_ P A0

450°¢ 800°C
Y Cﬁe C@O
29 30 31
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An interesting approach developed independently by Speckamp50 and Hart,51 involves
an aza-Cope rearrangement-cyclization of the N-acyliminium ions. As described
earlier, cyclization of the N-acyliminium ions A of the 2-aza-1,5-hexadienyl type
generally affords the six-membered ring B. However, when a substituent (i.e.,
gem-dimethyl, methoxy, phenyl, or wvinyl) is present at C-3 or C-4 of the initially
formed N-acyliminium ions A, the rearranged ion € cyclizes preferentially to a 3-
membered ring 32. This rearrangement (A+C} is now well established to proceed by

a 2-aza-Cope rearrangement.

OH
HCO,H
— T —— 0cHO +
N - N+ ——— N+ - £ N
Ar Ar x  TAr N H Ar Ar
0 0 0 0
c

Ar=CgH40Me-p A

dik==

32 B

5. C3—N BOND FORMATION

One of the earliest apprcaches to pyrrolizidines involves construction of the
second five-membered ring on a pyrrolidine by C3-N bond formation using an intra-
molecular N-alkylation or N-acylation.

Several new approaches to the precursors for the N-alkylation appreoach, 2-({3-halo-
or 3-mesyloxy-propyl)pyrrolidines have been described. Particularly noteworthy is
the use of 1,3-dipolar cycloaddition of nitrones for stereospecific intreduction

of the desired functicnal group.52_54

®

Two examples are shown below.

0TMS

C' 1) LiAlH, F-
I + ————— —_— ———— -
"o- 2) EtoN-SiMeg
3) Mey5il {+)-isoretro-
necanol
OMe MeQ H LO,Me MeQ p (OgMe
e, HMCOZME MeOmh 2 1) MsCI/NEty MeOws~i
I, §_ J"CHpOH ————= OH
No- ~0 2) Pd/C, Hy

Keck and N:Lckell55 utilized an intramolecular {4+2] cyclecaddition reaction of an
acylnitroso compound generated by thermolysis of 33. This approach, however,

suffers from a lack of stereoselectivity in the crucial cycleoaddition step.
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Cavagna and coworkers56 utilized a ring opening reaction of a suitably function-
alized PA-lactam 34 with base or acid for the construction of the pyrrelizidine

ring system.

H [LOoMe
NaQMe 1
N
Et00C COZEt MeQOC CﬂzMe

34

Hydroboration-oxidation of the alkene 35 followed by treatment of the resulting

alcohol with triphenylphosphine-bromine furnished the pyrrolizidine derivative.57

Ph Me Ph Me
= PPh3/Br
Et/N/ 1) 9-BBN_ PPhs/Bra o
N 2) HZOZ/NaOH
35

McDenald and Narayanan58 found that pyrrolinealcohol 36 underwent regioselective

lithiation to give a dianion 37 which could be alkylated to afford the carbamate

38. Deprotection of the carbamate 38 with methyl lithium gave (t)-supinidine.
HO L10 OH OH
2LiN H
Ei:> ”A\“"\\c1 Mel i H
N —_—
N N N
COoEt COzEt ¢1” COpEt

16 17 18 {£)-supinidine

The chiral syntheses of the intermediates 39 and 40 from D-glucosamlna59 and D-
glucose,60 respectively, are also noteworthy. Both the syntheses are stereo-
selective, but nonetheless, quite lengthy.

MOMO, OMOM

steps
D-glucosamine ————=—= N nnQMOM
o ! Comws (-)-rosmarinecine
39
MEM MEMQ K B
steps Raney Ni/H 3
D-glucose ———m—sm _Raney Ni/Hp !
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Recently Nagao and coworkers 1 have developed an ingeneous method for alkylation

of GS-acetoxy-2-pyrrolidinone 41 using chiral $n (II) enolate 42 which furnished

the 5-~alkylated pyrrolidinone 43, This reaction proceeded with high diastereo-

selectivity (>97% de). Treatment of compound 43 with excess LAH affords

directly {-)-trachelanthamidine {(99% ee).

© <
OAc ~S0S02CF3 i &0
LAH
NH * CI(CHZ)2 NS N
0 § (-)-trachelanthamidine
a1 2 A" 43 R=(CH,),C1

An alternative C3—N bond formation appreach is based on an intramolecular N-

acylation of pyrrolidine-2-propionates, giving 3-oxopyrrolizidines. A variety of

the methods for the syntheses of such precursors have been developed in the last
decade.
Reaction of the anion of 44 with ethyl bromoacetate gave the diester 43 which
cyclized under basic conditions to afford the 5—oxopyrrolizidine.62

€Ot C05Et

<<:j74’“\c02Et 1) LDA 702t
—————
N i
BrCHZCDZEt H
45
of the aldehyde 46 with ethyl lithioacetate proceeded stereo-

Aldol reaction

selectively to give 47, which, after deprotection, underwent cyclization to give a

3--oxopyrrolizidine.63

4 o B
<:::T.CH0 LiCHCO,EL <::f?f‘2> 1) TFA £ 8
B —_— ———
NBoc goc 0,Et 2) K2C03 N
46 47

Reduction of the pyrroline ester 48 with sodium borohydride proceeded with

concomitant cyclization giving the lactam 49, Catalytic hydrogenation of pyrrole

diester 50 over rhodium-on-alumina gave the pyrrolidine ester 51, which cyclized

in refluxing toluene to furnish the 5-oxopyrrelizidine ester.65

Ph Ph
NaBHg

COoEt
48 49
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H H
Rh on A1203 A z
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NH COzMe Ha COzMe toluene N
0,Me 2Me C0zMe 0
51
1,3-bDipolar cycloaddition of the nitrone 52 with methyl acrylate has been used
for introduction of a propionic ester residue to the pyrrolidine rlng.ﬁs'67
i H H
ConE o Raney z OZME A =
Ck Clorom =L 1Y, T
¥ N\O' ¥ N]/H2 5 MEOH x
CDEMe COoMe COEMe ) CO,Me 0
52 + *
regioisomer regioisomer

One versatile approach to the pyrrolizidine precursor, developed by Shono and
Coworkers,sa commences from electrochemically prepared methyl 2-methoxy-
pyrrolidine-l-carboxylate 53, The methoxyl group of 53 can be easily replaced by
active methylene groups or vinyl ethers in the presence of TiC14. Hydrogenolysis
of the N-carbamate 54 with Raney nickel followed by distillation of the resulting

amincester gave the 3-oXopyrrolizidine ester.

CH{COoMe )5 (COpMe)z €0, Et
C(OMQ CHpCO4Me 1) Ra?ﬁy
— ———— Ni/H?
—_—
" Ticl, NZ  COzMe NZ  COpEt 2y a
53 54
Cycl:zation of (pyrrol-Z2-ylmethylene)malonic acid, malononitrile, or malonyl

chloride has been used to prepare 3-oxo=-3H-pyrrolizine derivatives.69'70'70a

" Bn 0Bn Bn
OHC CHo{COLH)
= 2 2niz AC 0 —
-/ T woe~f ) —Re N
HOOC
0

An alterpative synthesis of pyrrolizidines utilizes an intramolecular reductive

amination as a key step.'n'72 This reaction is highly stereoselective.
& i
NaBH5CN ¥ =
. R
HNY HN C’?
- 0 \

Ill|

o/
o
L

0-BZ OH OH
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A promising approach, developed by Kametani and coworkers.73 is based con the so-

called “"sulfenocycloamination” of the w-alkenylamines 55. This ring closure is
believed to inveolve a sulfonium ion 56. Similar cyclization also takes place by
74

using phenylselenenyl bromide.

BnQ —O0Bn —0Bn

iz
e

PhSCI seh

NH £ gph
3
56

An entirely different approach, which utilizeg an intramolecular Michael reaction
of the enone 57, has been developed by Heathcock and von Geldern.75 This reaction
probably inveolves prior isomerization of the double bond to the iscmeric enone 58

which may undergo a 5-exo-Trig type cyclization.

g no

—a 0
CO,Me Cb
) )\/\COZME

e,
%,

58

& synthegis of pyrrolizidine itself developed by Schell and c<:>'-»n:Jr1-cer.s,'?6 utilizes
an interesting silver ion-induced rearrangement of N-chloronortropane 59. Treat-
ment of 59 with silver tetrafluoroborate in benzene followed by sodium borechydride
reduction of the resulting iminium 1o0n gave pyrreolizidine in high yield. The use

of an aprotic solvent is crucial for high yield rearrangement of the chloramine.

AgBF, <:;:Ti:>> NaBHg <z::Ti:>>
—— + —_—
in benzene N N

Two alternative syntheses utilizing a thermal rearrangement as a key step have

—C1

59

been reported. Heating the imine 60 in refluxing xylene containing a catalytic

amount of ammonium c¢hloride vielded the pyrrolizidine derivative.77 An exo-

methylene substituted isoxazolidine 60a, prepared by 1,3-dipolar cycloaddition of
a nitrone with a carbomethoxy substituted allene, wunderwent to rearrange upon

thermeclysis to the 2Z-oxopyrrolizidine v;-:sttser._'f—"‘a

C0pEt 0,Et
NH,C1 =

N A N

60
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6. N—CB BOND FORMATION
This approach requires the preparation of eight-membered ring intermediates.
One of the early routes to the precursor, originally developed by Leonard,—"8

utilizes a high-dilution Dieckmann condensation of the diester 61.

h\:; t-BuDK HC10g4 1) Pd/Hp
+ _—-——‘
5 N N 2) LiATH,
én Bn Bn
61 (+)-isoretro-

necanol
A more recent approach to the precursor, developed by Wilson and Séuqn'.cki,—'r9 1s
based on the Beckmann rearrangement of 4-cycloheptenone oxime 62. Lithium
aluminium hydride reduction of the resulting lactam 63 gave the amine 64, which
was treated with various electrophiles (Brz, 12, HgClz, PhSeBr, and PhSBr) to
afford l-substituted pyrrelizidines in high yields with high endo-stereo-

selectivity.
N N
0ts 0" H
62 63 64
An interesting approach to S-azacyclooctanone derivatives involves the hydro-
beoration-carbon monoxide insertion of the diallylamine 653. Unfortunately, the
80

overall yield is not satisfactory.

1) Thexylhorane 0
(oD S Coo B0
N 3) KCN HC104 N
CO2Bn 4} KOM/H,0, C0,Bn
65

A  Dieckmann condensation of the pyrrolidcne ester 66 gave the ketoamide 67 which
1,8

was hydrolyzed with acid to give A ' -dehydropyrrolizidine, presumably via 5-
azacyclooctanche 68.81
0 0
Cﬁ NaH HC1
—— 0 —_— —
H
66 67 68

A c¢ycloaddition reaction of 1,2-dihydropyridine 69 with acetylenic esters or

ketones has been used for the preparation of the 1,8-dihydroazocine derivative

— 1477 —




82 The dihydrcazocine was then converted to the 1-formyl-4,5-epoxyazocine 71

70.

which, upon treatment with sodium methoxide followed by acid, underwent rearrange-

ment to form a dihydropyrrolizine.

c -CH,0THP OTHP
1) MeON
(\/][ C COR OTHP OTHP 1) MeONa Cé‘\
N W
CHO R

¢

Ph 69 Ph 70 71
(R=CH2(;H-C02-T.-BU)
CH3
An interesting electrochemical transannular cyclization of azacyclooctane 72 in

the presence of halide ion to pyrrolizidine has been reported.83

GO 5 CD
H LiBy N

72
7. Cl—CQYCZ—C3 BOND FORMATION
This approach wuses a 1,3-dipolar cycloaddition reaction for construction of the
second five-membered ring,
One of the approaches involves a 1,3-dipolar cycloaddition of alkynes or alkenes
to mesoionic oxazolones 74 derived from N-acylprolines 73. This reaction can be
accomplished simply by heating a solution of 73 and an alkene or alkyne in acetic

anhydride to produce a dihydropyrrolizine in good yields. This method was

H B COpEt
A HC=CCO,EL e
Rnuq -— R N < 0 ————-—-—_CO Rim /
T;CHO 1= { 2} N
R=H, OAc 74
first reported in 1970 by Huisgen and coworkers.84 The small number of steps

iqvolved, good yields, and high regioselectivity make this approach quite
attractive for the pyrrolizidine synthesis, In fact, many applications of this
approach have recently been repcu:ted.aﬁ_89 An interesting application, based on
this strategy, is a synthesis of optically active pyrrolizidine which uses (-)-4-
hydroxy—anroliﬁe as the starting material.89

In an alternative approach, Vedels and coworkers90 utilized the 1,3~-dipolar
cycloaddition of the imidate ylide 75, generated by desilylation from a

(trimethylsilylmethyl)iminium salt. Mison and coworkers91 utilized a similar
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approach for the synthesis of the pyrrolizines. Sekiya and coworkers generated
the imidate ylide 76 by treating the trimer of l-pyrroline with trimethylsilyl-
methyl triflate followed by desilylation of the resulting trimethylsilylmethyl-
iminjum salt. The 1,3-dipolar cycloaddition of these ylides with acrylates is

highly regioselective.

. “CHy
oTf 76

Bn Bn Bn0  ppe COsMe Bn0 CO,Me
ore CsF OMe 2 cooMe
N _SiMeg N CHE——-— N — :
“OTf 75
W ,C0pFt
—

A variant of this approach involves a base-promoted generation of the imidate

ylide 77'92a which underwent cycloaddition with alkenes to give pyrrolizidines.

Me0OC JFh Me0OC  LOoMe

OpMe  pan COzMe | pheh=cHc,Me
—— + —_— "lCOzMe + Ph
N~_-SPh NG N N

CH,
77 2

The ylide intermediate was shown to be generated by treating N-methylpyrrolidine
N-oxide 78 with lithium diisopropylamide (LDA).93 Trapping with various simple
alkenes, it provides the corresponding pyrrolizidines. For example, 2-propen—-l-ol

gave the four possible regio- and stereo-isomers.
CHZDH

H
LDA 7 CH,0H Q H
Ch. . — - Cﬂ " — + Oi>"“ CHZOH
N0 N ~CH: N N
\ 2

£Hs
78 76

8. C1~C8IC3-N BOND FORMATION

Several one-step syntheses involving [3+2] annulation reaction have been reported.
The reaction of sodium succinimide with carbethoxycyclopropyltriphenylphosphonium
tetrafluorcborate 79 gave directly Al(B}-dehydropyrrolizidine.94'94a This
reaction is believed to involve nucleophilic ring opening of the cyclopropyl
phosphonium salt 79 to give an unisolable stabilized ylide 80 which subsequently

underwent an intramolecular Wittig reaction.
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CO,Et 0

2
COZEt \v/’f—-PPh3 ==
PPh3 N

BFy” 0

Et

The reaction of diphenylcyclopropenone with 2-substituted l-pyrrolines 81 gave

rise to the pyrrolizinone 82 in good yields.95

h Me
I Me P
—— - Ph
<i:rI, * 0 N
81 Ph g2 P

A versatile route based on [3+2) annulation of allenylsilanes to N-acyliminium
ions, was developed by Danheiser and coworkers.96 For example, addition of a
{tert-butyldimethylsilyl)allene to S5-ethoxy-2-pyrrolidinone 83 in the presence of
titanium tetrachloride produced the pyrrolizinone derivative. This reaction is
assumed to proceed via regiospecific electrophilic substitution of the N-
acyliminium ion derived from 83 at C-3 of the allenylsilane which produces a vinyl
cation B4 stabilized by hyperconjugative interaction with adjacent carbon-silicon
bond. A 1,2-cationic silyl group shift then occuxs affording an isomeric vinyl

cation, which is intercepted by the nucleophilic nitrogen atom to generate the

pyrrolizinone ring system,

+31Bu Me2

OEt (H,=C= c\ SiBu Me
2 siButhe,
NH Ticl, NH SiBu Mez KH N
Me

Q0
83

9. Cl—C2/C3-N BOND FORMATION

The reaction of pyrrocle-2-aldehyde with vinylphosphonium bromide in the presence

of sodium_hydride is a well-known entry to the 3H—pyrrolizines.97'gsa Recently,
this reaction has been extended to vin¥lphosphonates 8598b’c and phosphine oxides
86,280 ¢
+
o CHO #PPhy CHO
<;:7’ — <& T, ___5__\:‘ N 0 Ph
NH N~ ]
85 86"
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In a variant of this approach, cumulative ylides 8799 and 88 have alsc been

used as versatile synthons for the preparation of the pyrrolizinone skeleton.

Ph Ph oh
==y 70 PhqP=C=C= ==
I8 __.3,___,_,9._._ i — N« N Phafs=C=C=0
87
‘g"*PPh3 i 88

10. CE—N/C3—N BOND FORMATION

An interesting approach to pyrrolizidines is based on an 1intramolecular "[4+1]
pyrroline annulation" of w-azidodienes 89.1013'102a The exposure of the diene
(89, R=COZEt}(mixture of E and Z isomers) to conditions of thermal decomposition
ranging from refluxing THF to flash pyrolysis gave uniformly high yields of the
undesired imine 91. The reaction mixtures contained isomeric pyrrolizines 92 and
93 only as minor products. Subsequently, in order to circumvent the undesired
pathways, two methods have been developed. Pearson and coworkerslola found that
the introduction of a hetero-substituent (S5Ph, OTBS, or OEE) onto the diene moiety
facilitates cleavage of bond a of a possible intermediate aziridine 90 to produce
the desired pyrrolizine. Another modification, developed by Hudlicky and
coworkers,102b consists of refluxing the w-azidodiene (89, R=C02Et) in acetone
containing Lil. The nucleophile-assisted ring opening of the vinylaziridine 90
has been thought to occur via an intermediate 94, which furnishes the pyrrolizine
92,

R ; R
N~ S C@i\" [1,5]

89

R=COpEt, SPh, OTBS, OEE 20 \ a1
R R
N, o

NLi N

93 R
An interesting rearrangement of the cyclopentane-1,3-dione 95 has been described
by Ban and coworkers.103 This reaction is considered to take place via azacyclo-

octanedione intermediate 96.

Me o Me on Me
_Ke03
NHCOCF3 aqMeOH H N
95 0 46 0
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11. Cl-CB/CB—N BOND FORMATION

Two syntheses of (t)-trachelanthamidine, which are patterned along the suggested
biogenetic pathway, were published by two groups. Robins104 used homospermidine
97 as starting material which was converted inta {(t+}-trachelanthamidine by the
sequence of enzymic oxidations with diamine oxidase, non-enzymic cyclization under

physiological conditions, and reduction by a coupled dehydrogenase system,
LHO

RHp NH, CHO CHO
Co == |08~
—— ——— + e [
N N
) i
97

{+)~trachelan-
thamidine

athl

5

e I
1,01

o

=

105 utilized the amino-diacetal 98 which was treated with

Takano and coworkers
methanolic hydrochloric acid to give the Mannich base 99, This base was directly

reduced with sodium borcohydride to yield@ (t)-trachelanthamidine.

*OMe o
Me0* M) K CHO
MeQ " OMe s 5 5
MQUJ\/\/N\/\/'\OME N — ClN+ _— CD
98 H 99
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