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CHAPTERR 2 

PALLADIU MM CATALYZED CYCLIZATION REACTIONS OF ALLENYLLACTAM S 

2.11 Introduction 

Severall  examples of coupling/cyclization reactions of allenes containing oxygen or 

carbonn nucleophiles with organic halides were illustrated in Chapter 1. In addition, nitrogen 

nucleophiless have also been successfully applied in this type of conversion.15 A useful set of 

reactionn conditions, for example, was developed by Gallagher et al. for the palladium 

catalyzedd coupling/cyclization of allenic amines with aromatic and vinylic halides (5 equiv) 

too give substituted pyrrolidines (viz. 1 —>  2, eq 2.1).2 

NH H 
i i 

Bn n 

Phi i 
Pd(PPh3) ) 

K2COs s 

DMF,, 80 °C 
N N 
Bnn Ph 
22 71% 

(2.1) ) 

Itt was recently shown that sulfonamides 3 — with the nitrogen nucleophile separated 

fromm the allene by one carbon atom — undergo a coupling/cyclization reaction when treated 

withh aryl halides and a palladium catalyst. Under the Gallagher conditions (Pd(PPh3)4/ Phi, 

K2CO3,, DMF, 80 °C) pyrroline derivative 5 was formed exclusively. Changing the solvent to 

dioxanee had a dramatic effect on the regiochemical outcome of the reaction, which now fully 

regioselectivelyy afforded aziridines 6 in a cis/trans ratio of 82 : 18. These reactions most likely 

occurr via 71-allylpalladium intermediate 4, which is formed after insertion of the allene into the 

palladiumm phenyl bond. Attack at the proximal carbon atom afforded the aziridine, whereas 

thee pyrrolizine was formed by attack at the distal allyl-carbon (eq 2.2).3 

;-Pr--
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J^Vy\Mee PhI K 2 C o 3 

HH Pd(PPh3)4 

[Pd] ] 
/-Pr--

Me e 

Mts s 
-NHH Ph 
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Mtss = 2,4,6-trimethylbenzenesulfonyl 

N N 
1 1 
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DMFF 50% 
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N N 
1 1 
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.Me e 

(2.2) ) 

6 6 
0% % 

80% % 
cis/transcis/trans = 82:18 
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ChapterChapter 2 

Inn addition to aryl or vinyl iodides and bromides, allyl halides have been used for this 

typee of transformation. Treatment of allenic tosyl carbamate 7 with a-methallyl chloride (10 

equiv)) in the presence of a palladium catalyst and triethylamine gave frans-oxazolidin-2-one 8 

inn 78% yield (eq 2.3).4 

Q Q 
\-\-NHNH ^  ̂ CI Et3N,THF 
'J'J Tc Ts s 

PdCl2(PhCN)22 r ^ ^ (2.3) 

Usingg similar reaction conditions, Liebeskind cyclized the allene substituted (5-lactam 

99 to obtain carbapenem derivatives. For example, treatment of 9 with an excess of allyl 

bromidee and a catalytic amount of PdCl2 in CH2CI2 afforded 11 in 60% yield (eq. 2.4).5 

TBDMSOO Me TBDMSO M e 

11 — L x — / 
" 7 " T ^^ ^ B r ^ H f i (2.4) 

J—J— NH PdCl2, CH2C1, J—U-V \ = 
nn O 
uu 9 11 60% 

Thiss chapter describes our efforts to combine our N-acyliminium ion based synthesis 

off  allenyllactams 13 (Section 2.2) with palladium catalyzed coupling/cyclization reactions, 

usingg the Liebeskind conditions and the Gallagher protocol in order to prepare heterocycles of 

typee 12 (Scheme 2.1, R3 = allyl or aryl). 

Schemee 2.1 

xx -., - W ^ = > X * *T ' ^ C = ^ > X ' «T + R - ^ ^ S i M e 3 

v^N-~yy ")r"NH 

oo 12 o 13 o 14 

2.22 Preparation of Allenyllactams: N-Acyliminium Ion Chemistry 

AA useful entry into allenyllactams is the intramolecular reaction of propargylsilanes 

withh N-acyliminium ions.6 This reaction has also been used in an intermolecular fashion to 

givee several allene substituted lactams. For example, ethoxylactam 16 was reacted with 

propargyltrimethylsilanee 15a in the presence of a Lewis acid to give allenyllactam 17 which 

afterr hydrolysis gave y-allenyl-GABA 18, an analog of the inhibitory neurotransmitter GABA 

(eqq 2.5)7 
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>Os s 
SiMe3 3 S S 

NN OEt D C .™ ' O ^ N ^ " ^ H70 * H2N^^COOH ( 2 5 ) 
HH — BF3OEt2 ° K H2' 
166 CH2C12 17 46% 18 76% 

Inn order to introduce substituents on the allenic moiety of the allenyllactams, three 

differentt ji-nucleophiles for the N-acyliminium ion reactions were prepared. 

Propargyltrimethylsilanee 15a was synthesized according to a literature procedure,8 by 

reactionn of TMSC1 with the Grignard reagent derived from propargyl bromide. Arylation of 

15aa with iodobenzene using a modification of the Sonogashira reaction9 afforded the phenyl 

substitutedd analog 15c in 52% yield (eq 2.6). 

Brr l.Mg,HgCl2 SiMe3 Phi, Pd(PPh3)4 SiMe3 
= — // *- =—f +- P h = / (2.6) 

2.TMSC11 pyrrolidine ™ K ' 
Et200 15a rt, 18 h 15c 52% 

2-Butynyltrimethylsilanee 15b was conveniently prepared following a literature 

proceduree by lithiation of 2-butyne with f-BuLi in the presence of TMEDA, followed by 

quenchingg of the anion with TMSC1 (eq 2.7).10 

1.. f-BuLi, TMEDA SiMe3 
Mee = Me *- Me = — / (2.7) 

2.. TMSC1, Et20
 v ' 

15bb 69% 

Thee required N-acyliminium ion precursors were readily available by partial reduction 

off  cyclic imides using NaBFLi in ethanol, followed by ethanolysis at pH 2 of the intermediate 

N,0-hemiacetals.nn Following literature procedures, succinimide 19 and glutarimide 20 were 

reducedd in this manner to give ethoxylactams 1612 and 23,12a respectively (eq 2.8). 

((M. M. 
H H 

199 n = l 
200 n = 2 

l.NaBH4 4 

EtOH H 
H H 
21 1 
22 2 

2.. EtOH 

' 0 HH pH 2 
^ ^ 

H H 
166 81% 
233 88% 

OEt t 
(2.8 8 

Thee enantiopure acetoxy imide 24 was prepared in three steps from (S)-malic acid 

accordingg to a previously described procedure13 (50% overall) and reduced in the same way as 

199 and 20 to give ethoxylactam 25 in 49% yield in a cis /trans ratio of 20 : 80 (eq 2.9).12b13 
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_OAc c ,OAc c 
OH H 

l.AcCl l 

COOHH 2. NH3 

3.. AcCl 
(S)-malicc acid 

H H 

244 50% 

l.NaBH4 4 

2.. EtOH, 
pH2 2 

xx x OEt t 
(2.9) ) 

255 49% 
cis/transcis/trans 20 : 80 

Withh the propargylsilanes and N-acyliminium ion precursors in hand, the stage was 

sett for the Lewis acid mediated coupling reactions. Thus, ethoxylactams 16, 23 and 25 were 

treatedd with the appropriate propargylsilane 15 (2 equiv) and BF3-OEt2 (2-3.5 equiv) in CH2CI2 

(-200 °C —>  rt) to give the desired allenyllactams in fair yields (Table 2.1). Propargylsilanes 15a 

andd 15b afforded the corresponding allenes 17 and 26 in similar yield (entries 1 and 2), 

whereass the phenylated analog 15c appeared to be a less effective nucleophile, giving only 

18%% of the phenyl substituted allenyllactam 27 (entry 3). Reaction of 15b with the glutarimide 

derivedd N,0-acetal 23 afforded methylated allenyllactam 28 in good yield (entry 4). The 

enantiopuree acyliminium ion precursor 25, although less effective than 16 and 23, also 

providedd the corresponding methylallene 29 in 37% yield (entry 5). In this reaction a small 

amountt (<2%) of the cis isomer of 29 was also formed. 

Tablee 2.1 

entry y 

1 1 

2 2 

3 3 

4 4 

5 5 

ethoxylactam m 

O ^ N ^ O E t t 
H H 

16 6 

16 6 

16 6 

cAhAoEt t 
H H 

23 3 
P A C C 

O ^ N ^ O E t t 
H H 

25 5 

propargylsilane e 

RR = 

15aa R = 

15bb R = 

15cc R = 

15b b 

15b b 

SiMe3 3 / / 

H H 

M e e 

Ph h 

allenyllactam m 

HH R 
177 55% 

266 64% 

277 18% 

Me e 
288 68% 

P A C C 

HH Me 

299 37% [a ]D +24.3 

Inn addition to these allenyllactams, an oxazolidinone analog was prepared in two 

steps,, starting from oxazolidin-2-one 30. Methoxylation of 30 by means of electrochemical 
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oxidat ionn afforded N,0-acetal 31 (40%),14 wh ich after react ion w i t h 15b (2 equiv) gave 32 in a 

yieldd of 37% (eq 2.10). 

Me e 

0 OO 2e- , r r 0  ̂ 15b,BF30Et 
y N HH Et4NOTs y N H CH2CI 2 y N H 

OO 30 MeOH O 3 1 40o/o O 32 37o/ o 

2.33 Cyclization Reactions with Allylating Agents 

Inn this section the palladium catalyzed cyclization reactions with allyl halides and 

carbonatess is described (see: eq 2.3 and 2.4). Unsubstituted allenyllactam 17 was treated under 

Liebeskind'ss conditions with allyl bromide (5 equiv) and PdCl2 (0.1 equiv) in CH2C12. 

Unfortunately,, a complex mixture of reaction products was obtained and the desired product 

333 could not be detected by lU NMR (eq 2.11). 

oo o 
177 R = H 33 0% 
266 R = Me 34 31% 

Thee successful example presented by Liebeskind involved allenic p-lactam 9 which 

containedd a methyl substituent on the internal allenic carbon. When we applied the 

aforementionedd cyclization conditions to methyl substituted allene 26, a successful reaction 

occurred,, giving pyrrolizidinone 34 in 31% yield (eq 2.11). 

Encouragedd by the formation of the desired bicyclic product, we set out to increase the 

yieldd of the reaction. First, Pd(OAc)2 was used, which was reported by Liebeskind to be an 

equallyy effective catalyst for this type of conversion. In our case, however, this catalyst was 

nott active at all and the starting material could be recovered after stirring for 18 h at room 

temperaturee (entry 1, Table 2.2). When the more soluble bisacetonitrile complex of PdCl2 was 

usedd in the reaction, the yield increased substantially to 42% (entry 2). Use of the same 

catalystt in acetonitrile gave a similar yield of the product (entry 3), whereas Pd(OAc)2 was 

equallyy ineffective in this solvent as in CH2C12 (entry 4). 

Onee equivalent of hydrogen bromide is formed in the reaction. This strong acid might 

influencee the reaction, or prevent the use of acid-sensitive groups in the starting material. 

Therefore,, a base was added to the reaction mixture. In the case of triethylamine the bicyclic 

<rrS <rrS 
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productt could not be isolated, whereas the use of K2CO3 increased the yield to 50% (entries 5 

andd 6). No conversion of starting material was observed, when the bis triphenylphosphine 

analogg of the catalyst was used (entry 7). Lowering the temperature of the reaction mixture 

slightlyy decreased the yield, but when the reaction was performed at 75 °C, the yield 

increasedd to 56% and the reaction time was lowered considerably (entries 8 and 9). It was 

decidedd to use the latter set of reaction conditions to convert the other allenyllactams to the 

correspondingg bicyclic products and for different allylating agents (Table 2.3). 

Tablee 2.2 

entry y 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

<r <r 
11 11 
0 0 

Me e 
1 1 

-NH H 

26 6 

solvent t 

CH2C12 2 

CH2C12 2 

MeCN N 

,.., , 

" " " 

" " " 

" " " 

,.., , 

^ ^ ^ B r r 

catalyst t 

Pd(OAc)2 2 

PdCl2(MeCN)2 2 

" " 

Pd(OAc)2 2 

PdCl2(MeCN)2 2 

" " 

PdCl2(PPh3)2 2 

PdCl2(MeCN)2 2 

" " 

a a 

base e 

--

--

--

--

Et3N N 

K 2C03 3 

"" " 

" " " 
11" " 

T(°C) ) 

rt t 

rt t 

rt t 

rt t 

rt t 

rt t 

rt t 

0 0 

75 5 

Me e 

9^ 9^ 
00 34 

timee (h) 

18 8 

18 8 

18 8 

18 8 

18 8 

18 8 

18 8 

18 8 

2 2 

\== = 

yieldd (%) 

<5 5 

42 2 

41 1 

<5 5 

<5 5 

50 0 

<5 5 

45 5 

56 6 

ReagentsReagents and conditions: (a) 26 (0.5 mmol), allyl bromide (5 equiv), PdX2 (0.1 equiv), base (0-2 equiv), 
indicatedd solvent (0.1 M). 

Unfortunately,, allenyllactam 17 still did not afford the desired bicyclic product using 

thee improved reaction conditions (entry 1). When methyl substituted allene 26 was subjected 

too an allylic carbonate rather than an allylic halide, the yield dropped to 21%. The use of base 

iss not necessary in this case, because no acid is produced in the reaction. Instead of bromide, 

carbonn dioxide and methoxide are generated in the reaction, which neutralizes any produced 

protons.. When the reaction was run without base, 34 was produced in 48% yield. A methyl 

substitutedd allyl chloride could also be used, leading to the expected product 35 in a moderate 

yieldd of 23%. Although the synthesis of phenylallene 27 was not very efficient, the cyclization 

reactionn with allyl bromide afforded 36 in a good yield of 72%. 

Thee glutarimide derived methylallene 28 could also be effectively cyclized to the 

correspondingg allylated indolizidinone 37 (66%, entry 6). Finally, allenic oxazolidinone 32 

18 8 



CyclizationsCyclizations of Allenyllactams 

Tablee 2.3 

entryy allene allylatingg agent product,, yield3 

V N H H 
OO 17 

Me e 

Ph h 

Me e 

,Br r 

O O 

Me e 

CI I 

,Br r 

,Br r 

,Br r 

\ \ 

00 33 0% 

Me e 

1 1 
OO 34 21% 

Notes:Notes: (a) allenyllactam (1 equiv), allylating agent (5 equiv), PdCl2(MeCN)2 (0.1 equiv), K2CO3 (2 equiv), 
MeCNN (0.1 M); (b) the reaction was run without K2CO3. 

behavedd in a similar fashion as the allenic lactams, giving 49% of the desired cyclization 

productt 38 (entry 7). 

Too prevent deprotection of the acetylated alcohol of allene 29 under the cyclization 

conditions,, it was deprotected with K2CO3 in MeOH and reprotected with the more stable 

ferf-butyldimethylsilyll  group to give allene 39 (60%) which after cyclization afforded the 

enantiopuree pyrrolizidinone 40 in 43% yield (eq 2.12). 
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AcQ Q TBDMSQ Q 

-- 1. K2CQ3/ MeOH 

2.. TBDMSC1, DMAP 

Me e 

V N H H 
0 0 

^ ^ 

TBDMSQ. . 
PdCl2(MeCN)2 2 

^ ^ B r , K 2 C 0 3 3 

MeCN,, 75 °C, 3 h 

399 60%[a]D+41.1 

(2.12) ) 

400 43%[a]D+61.8 

2.44 Mechanistic Aspects of the Cyclizations with Allylating Agents 

Liebeskindd proposed a mechanism for this type of reaction,5 which involves 

nucleophilicc attack of the lactam nucleophile onto the n-complex of the palladium(II) salt and 

thee allene giving vinylpalladium complex 41. A Heck-type reaction with allyl bromide gives 

o-palladiumm complex 42, which after p-elimination affords the product 34, regenerating a 

palladium(II)) salt that can enter the next cycle (Scheme 2.2). 

Schemee 2.2 

,.. +PdCl2 

O O 

Me e 

-Br r 
PdCI I 

41 1 

Me e 

1 1 -PdX, , 

OO ClPd 
42 2 

Br r 

Me e 

1 1 
34 4 

Althoughh this might be the mechanism in operation, Kimura has shown that this does 

nott explain the allylation/cyclization reactions of allenic tosyl carbamates. In equation 2.3 

reactionn of allene 7 with a-methallyl choride afforded 8 which could occur via the mechanism 

depictedd in Scheme 2.2. However, performing this reaction with crotyl chloride afforded the 

samee product as was observed with a-methallyl choride. Therefore, this reaction pathway can 

—— at least in the case of the allenic tosyl carbamates — safely be discarded because it predicts 

thee wrong regiochemistry.4a Instead, the most likely mechanism involves in situ reduction of 

Pd(II)) to Pd(0) which can react with allyl bromide to give 7i-allylpalladium bromide. This 

organopalladium(II)) species can coordinate to the allene resulting in the formation of n-

complexx 43. This ^-complex has two possible modes of reaction. Pathway A consists of a 

nucleophilicc attack of the lactam nitrogen onto the allene which is activated by the 

coordinationn of the electrophilic organopalladium(II) species. A reductive elimination of Pd(0) 

wouldd convert vinyl(allyl)palladium(II) intermediate 44 into 34 (Scheme 2.3). 

20 0 
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Schemee 2.3 
-HBr r 

Me e 

4 4 
-N N 

OO 44 

Mee Br 

OO 45 

Pd d 

\ \ 

-Pd(0) ) 

O O 

-HBr r 
|~PdBr r -Pd(0) ) 

Me e 

1 1 
34 4 

Onn the other hand, an insertion reaction of the allene into the palladium-allyl bond 

convertss 43 into 7i-allylpalladium complex 45.15 Intramolecular nucleophilic attack of the 

lactamm nitrogen would also afford the observed product (pathway B, Scheme 2.3). 

Too test the possible involvement of these two reaction pathways, a stoichiometric 

reactionn was performed employing one equivalent of 7t-allylpalladium chloride dimer as the 

allylatingg agent (eq 2.13). As it turned out, this reaction was successful affording 34 in 48% 

yield.. In this case, the reaction cannot occur via the mechanism illustrated in Scheme 2.2, but 

hass to involve ji-complex 46, similar to 43. 

PdCI/2 2 

K2COs s 

MeCN N 
755 °C, 1.5 h 

Mee CI, Me e 

(2.13) ) 

o o 
344 48% 

2.55 Attempted Cyclization Reactions with Aryl Halides 

Wee have also tried to obtain cyclic products when subjecting the allenyllactams to the 

cyclizationn conditions developed by Gallagher (eq 2.1),2 which were also used by Ibuka et al. 

too give 3- and 5-membered ring azacycles (eq 2.2).3 Unfortunately, treatment of allenic amides 

withh iodobenzene (4 equiv), K2CO3 (4 equiv) and Pd(PPh3)4 did not lead to the desired aryl 

pyrrolizidinoness 48, but gave a complex mixture of reaction products instead (eq 2.14). No 

improvementt was accomplished by changing to other solvents such as MeCN, DMSO, THF, 

NMP,, toluene or CH2C12. 

21 1 
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177 R = H 
266 R = Me 

Pd(PPh3)4> > 

K 2C03 3 

DMF,, 80 °C 

* « « V P hh (2-14) 

48 8 

Inn order to generate a cationic — and therefore more reactive — analog of n-

allylpalladiumm complex 47, the reaction was performed in the presence of silver acetate. 

Underr these reaction conditions, no cyclized material could be obtained but acetylated allyl 

alcoholl  50 was isolated in 45% yield (eq 2.15). 

/ ~ Y ^ ' ^^ Pd(PPh3)4 <y<y NH + ™ + AgOAc — 

OO DMF, 80 °C 
17 7 

[Pd] ] 

V - N HH Ph 

-OO 4 9 

V ^ N HH Ph 

 50 45% 

OAc c 
(2.15) ) 

Apparently,, the intermolecular attack of the acetate anion onto the cationic n-

allylpalladiumm complex is faster than the intramolecular amide attack which should lead to 

pyrrolizidinonee 48. This might be explained by the difference in energy of the two possible n-

allylpalladiumm complexes 49syn and 49anti (Scheme 2.4). The anti complex is thermodynamically 

lesss stable than the corresponding syn isomer,16 which is not advantageous for a smooth 

cyclizationn reaction. Moreover, ring closure of the anti complex would involve a 5-endo-trig 

cyclizationn which is geometrically unfavorable. 

Schemee 2.4 
[Pd] ] 

(YT T 
V - N HH Ph 

 49 

Thee conformation of the syn complex does not allow direct nucleophilic attack of the 

amidee nitrogen onto the terminal carbon atom of the allylic moiety, explaining the preference 

off  intermolecular acetate attack. 

Unfortunately,, it turned out not to be possible to effect cyclization by employing silver 

saltss with non-nucleophilic counterions such as NO3 or BF4. Instead, complex mixtures of 

productss were obtained and no pyrrolizidinones were observed by means of *H NMR. 

22 2 



CyclizationsCyclizations of Allenyllactams 

Thee fact that Ti-alrylpalladium complexes 47 and 49 are reluctant to give cyclic 
products,, might imply that in the case of the cyclization reactions of allenyllactams with allyl 
bromide,, does not involve analogous 7C-allylpalladium complex 45, but occurs via pathway A 
ass depicted in Scheme 2.3. 

2.66 Conclusions 

Inn this chapter the preparation of allenyl substituted lactams was described by means 
off  N-acyliminium ion reactions between imide derived N,Oacetals and several 
propargylsilanes.. These allenes could be efficiently cyclized to densely functionalized 
pyrrolizidinoness and indolizidinones, using PdCl2(MeCN)2 and allyl halides or carbonates, 
providedd they contained a substituent on the internal allene carbon. Unfortunately, an 
arylation/cyclizationn reaction was not achieved, despite the formation of a ir-allylpalladium 
complexx using iodobenzene under palladium catalysis. Because this might be due to 
geometricall  constraints (5-endo-trig cyclization) the next chapter describes our efforts to 
cyclizee allene substituted lactams in which the 1,2-diene moiety is separated from the 
nucleophilee by one extra carbon atom. 
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2.88 Experimental section 

Generall information. All reactions were carried out under an inert atmosphere of dry 
nitrogen,, unless stated otherwise. Standard syringe techniques were applied for transfer of 
Lewiss acids and dry solvents. Infrared (BR) spectra were obtained from CHCb solutions or 
neat,, using a Perkin-Elmer 298 spectrophotometer or a Bruker IFS 28 FT-spectrophotometer 
andd wavelengths (v) are reported in cm1. Proton nuclear magnetic resonance (TH NMR) 
spectraa were determined in CDCI3 (unless stated otherwise) using a Bruker AC 200 (200 
MHz),, a Bruker ARX 400 (400 MHz) or a Varian Inova (500 MHz) spectrometer. The latter 
machiness were also used for 13C NMR (APT) spectra (100 MHz and 125 MHz, respectively) in 
CDCI33 (unless stated otherwise). Chemical shifts (5) are given in ppm downfield from 
tetramethylsilane.. Mass spectra and accurate mass measurements were carried out using a 
JEOLL JMS-SX/SX 102 A Tandem Mass Spectrometer, a Varian NIAT 711 or a VG Micromass 
ZAB-HFQQQ instrument. Elemental analyses were performed by Dornis u. Kolbe 
Mikroanalytischess Laboratorium, Mülheim an der Ruhr, Germany. Optical rotations were 
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measuredd with a Perkin-Elmer 241 polarimeter in a 1 dm cell in the indicated solvent. R/ 

valuess were obtained by using thin layer chromatography (TLC) on silica gel-coated plastic 

sheetss (Merck silica gel 60 F254) with the indicated solvent (mixture). Chromatographic 

purificationn refers to flash column chromatography17 using the indicated solvent (mixture) 

andd Merck silica gel 60 (230-400 mesh) or Janssen Chimica silica gel (0.030-0.075 mm). Melting 

andd boiling points are uncorrected. Dry THF and Et2Ü were distilled from sodium 

benzophenonee ketyl prior to use. Dry DMF, CH2CI2, and MeCN were distilled from Cal-h and 

storedd over MS 4A under a dry nitrogen atmosphere. BF3OET2 was distilled and stored under 

aa dry nitrogen atmosphere. Triethylamine and pyridine were dried and distilled from KOH 

pellets.. Al l commercially available reagents were used as received, unless indicated 

otherwise. . 

Forr the NMR assignments of the products in this chapter the numbering as shown for 

structuress 26, 35, 28 and 37 has been used. 

266 35 28 37 

^ ^ . . . MM 2-Butynyltrimethylsilane (15b). To a solution of 2-butyne (5.5 g, 102 mmol) in 

- ^  ̂ ' dry Et20 (90 mL) was added freshly distilled TMEDA (15.3 mL, 102 mmol). 

Thee solution was cooled down to -78 °C and a 1.7 M solution of f-BuLi in hexane (65.8 mL, 

1122 mmol) was added dropwise. The temperature was allowed to rise to rt and then lowered 

againn to -78 °C. The mixture was quenched with TMSC1 (15.7 mL, 122 mmol) and warmed up 

too rt. The solution was poured into a saturated aqueous NFLCl-solution (100 mL) and washed 

withh water (50 mL). The water layers were extracted with Et2Ü (2 x 150 mL) and the combined 

organicc extracts were washed with water (50 mL) and brine (50 mL), dried (MgSCX) and 

concentrated.. Distillation gave the product 15b (8.0 g, 64 mmol, 69%) as a colorless liquid; bp 

1211 °C, 760 mmHg (liti s 45 °c, 45 mmHg); iH NMR (400 MHz, CDCI3) 5 1.78 (t, ƒ ƒ = 2.8 Hz, 3H, 

CHCH33),), 1.39 (q, ƒ = 2.8 Hz, 2H, CH2), 0.08 (s, 9H, Si(CH3)3). 

SiMe33 (3-Phenyl-2-propynyl)trimethylsilane (15c). Pyrrolidine (2.5 mL) was 

degassedd with nitrogen. Iodobenzene (1.0 mL, 8.91 mmol) was added and 

thee temperature was lowered to 0 °C. Pd(PPh3)4 (52 mg, 0.05 mmol) and 

propargyltrimethylsilanee 15a (0.50 g, 4.45 mmol) were added and the reaction mixture was 

stirredd overnight at rt. The solution was poured into water (15 mL) and extracted with 

hexaness (4 x 15 mL). The organic layers were washed with brine (15 mL), dried (NaSC>4) and 

concentrated.. Purification by means of flash chromatography (pentane) gave 15c18 (431 mg, 
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2.244 mmol, 52%) as a reddish liquid; W NMR (400 MHz, CDC13) 5 7.38-7.35 (m, 2H, ArH), 

7.29-7.222 (m, 3H, ArH), 1.70 (s, 2H, CH2), 0.17 (s, 9H, Si(CH3)3). 

5-Propa-l,2-dienylpyrrolidin-2-onee (17). Ethoxylactam 16 (500 mg, 3.87 mmol) 

wass dissolved in CH2CI2 (7.5 mL) and to this solution propargyltrimethylsilane 

OO 15a (1.30 g, 11.6 mmol) was added. The solution was cooled to -20 CC and 

BF3-OEt22 (1.47 mL, 11.6 mmol) was added dropwise. The solution was allowed to warm to rt 

andd was stirred for an additional 30 minutes and poured into brine (10 mL). Extraction with 

CH2CI22 (3 x 15 mL) followed by drying of the combined organic layers (NaSQi), gave after 

concentrationn and flash chromatography (EtOAc/acetone 3:1) 177 (260 mg, 2.11 mmol, 55%) as 

aa light yellow oil; R/0.4 (EtOAc/Acetone 1:1); IR (neat) 3249, 1958, 1684; JH NMR (400 MHz, 

CDCb)) 5 6.12 (br s, 1H, H-l) , 5.15 (q, ƒ = 6.6 Hz, 1H, H-6), 4.87 (dd, ƒ = 6.6, 2.1 Hz, 2H, H-8), 

4.20-4.177 (m, 1H, H-5), 2.43-2.26 (m, 3H, H-3 + H-4a), 1.98-1.87 (m, 1H, H-4b).; «C NMR (100 

MHz,, CDCI3) 6 206.8 (C-7), 178.0 (C-2), 92.5 (C-6), 77.4 (C-8), 53.1 (C-5), 29.7 (C-3), 27.6 (C-4); 

HRMSS (EI) calcd for CsHnNO 123.0684, found 123.0693. 

5-(l-Methylpropa-l,2-dienyl)pyrrolidin-2-onee (26). The reaction was performed 

/ " " " "T / ^ " ' * * -- as described for allene 17, with ethoxylactam 16 (1.50 g, 11.6 mmol), 2-

y - N HH butynyltrimethylsilane 15b (2.91 g, 23.2 mmol) and BF3OEt2 (2.9 mL, 23.2 mmol) 

inn CH2CI2 (30 mL). Stirring for 2 h at rt followed by work-up and 

chromatographyy and an additional bulb-to-bulb distillation (0.05 mbar), gave 26 (1.02 g, 5.4 

mmol,, 64%) as a colorless oil; IR (neat) 3245,1959, 1684; iH NMR (400 MHz, CDCb) 5 6.78 (br 

s,s, IH, H-l) , 4.75-4.72 (m, 2H, H-8), 4.09-4.05 (m, IH, H-5), 2.37-2.22 (m, 3H, H-3 + H-4a), 2.00-

1.911 (m, IH, H-4b), 1.66 (t, ƒ = 3.1 Hz, 3H, H-10); »C NMR (100 MHz, CDC13) 5 204.8 (C-7), 

178.33 (C-2), 99.8 (C-6), 77.1 (C-8), 56.0 (C-5), 29.9 (C-3), 26.2 (C-4), 14.5 (C-10); HRMS (EI) calcd 

forr CsHnNO 137.0841, found 137.0842. 

/ ^^ 5-(l-Phenylpropa-l,2-dienyl)pyrrolidin-2-one (27). The reaction was performed 

[Ij j JJ as described for allene 17, with ethoxylactam 16 (1.90 g, 14.7 mmol), (3-phenyl-

prop-2-ynyl)trimethylsilanee 15c (5.53 g, 29.4 mmol) and BF3OEt2 (5.58 mL, 44.05 

// 1 ,<5> mmol) in CH2CI2 (50 mL). Stirring for 18 h at rt followed by work-up and 

IfIf  chromatography, gave 27 (2.26 g, 2.20 mmol, 18%) as a light orange solid; mp 33-

355 °C; R; 0.3 (EtOAc); IR (neat) 3214, 1940. 1695; iH NMR (400 MHz, CDCI3) 8 

7.36-7.322 (m, 3H, ArH), 7.27-7.22 (m, 2H, ArH), 5.65 (br s, IH, H-l) , 5.30-5.22 (m, 2H, H-9), 

4.72-4.677 (m, IH, H-5), 2.52-2.42 (m, IH, H-3a), 2.40-2.29 (m, 2H, H-3b + H-4a), 2.13-2.06 (m, 

IH ,, H-4b); »C NMR (100 MHz, CDCI3) 5 205.3 (C-7), 178.2 (C-2), 133.7 (Ar), 128.6 (Ar), 127.2 

(Ar),, 126.2 (Ar), 108.0 (C-6), 81.7 (C-8), 52.6 (C-5), 29.4 (C-3), 27.4 (C-4); HRMS (EI) calcd for 

C13H13NOO 199.0997, found 199.1004. 

V N H H 
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6-(l-Methylpropa-l,2-dienyl)piperidin-2-onee (28). The reaction was performed 

ass described for allene 17, with 6-ethoxypiperidin-2-one 23 (1.00 g, 6.98 mmol), 

2-butynyltrimethylsilanee 15b (1.76 g, 14.0 mmol) and BF3OEt2 (1.77 mL, 13.97 

OO mmol) in CH2CI2 (15 mL). Stirring for 4 h at rt followed by work-up and 

chromatography,, gave 28 (0.71 g, 4.72 mmol, 68%) as a colorless oil; R/ 0.2 (EtOAc); IR (neat) 

3215,, 2949, 1959, 1656; *H NMR (400 MHz, CDCI3) 5 5.85 (br s, 1H, H-5), 4.85-4.77 (m, 2H, H-

9),, 3.84-3.82 (m, 1H, H-6), 2.42-2.25 (m, 2H, H-3), 2.01-1.87 (m, 2H), 1.73-1.64 (m, 1H), 1.69 (t, ƒ 

== 3.1 Hz, 3H, H-10), 1.61-1.52 (m, 1H); "C NMR (100 MHz, CDCb) 5 205.2 (C-8), 172.1 (C-2), 

100.44 (C-7), 77.9 (C-9), 54.8 (C-6), 31.2, 26.8, 19.2 (3 x CH2), 14.9 (CH3); HRMS (EI) calcd for 

C9H13NOO 151.0997, found 151.0990. 

OO (4S,5R)-4-Acetoxy-5-(l-methylpropa-l,2-dienyl)pyrrolidin-2-one (29). The 

reactionn was performed as described for allene 17, with ethoxylactam 25 (76 

mg,, 0.41 mmol), 2-butynyltrimethylsilane 15b (103 mg, 0.81 mmol) and 

BF3-OEt22 (0.36 mL, 2.80 mmol) in CH2CI2 (5 mL). Stirring for 5 days at rt 

OO followed by work-up and chromatography, gave 29 (31 mg, 0.16 mmol, 37%) 

ass a light yellow oil. A small amount (ca 2 mg, 0.01 mmol, 2%) of the cis isomer was also 

isolated.. 29; R/ 0.3 (EtOAc); [a]D +24.3 (c 0.3, CHCI3); IR (neat) 3229, 2918,1960,1741,1711; 'H 

NMRR (400 MHz, CDC13) 5 6.65 (br s, 1H, H-l) , 5.19 (d, ƒ = 6.5 Hz, 1H, H-4), 4.87-4.79 (m, 2H, 

H-8),, 3.94 (s, 1H, H-5), 2.71 (dd, ƒ = 6.6,17.8 Hz, 1H, H-3a), 2.28 (dd, ƒ = 1.4,17.8 Hz, 1H, H-3b), 

2.077 (s, 3H, C(0)CH3), 1.77 (t, ƒ = 3.1, 3H, H-10); «C NMR (100 MHz, CDC13) 5 175.3 (C-2), 

170.22 (C(0)CH3), 98.0 (C-6), 78.4 (C-8), 72.8 (C-4), 62.1 (C-5), 35.9 (C-3), 20.9 (C(0)CH3), 15.2 (C-

10). . 

c/s-29;; Rf 0.25 (EtOAc); 'H NMR (400 MHz, CDCI3) 8 5.74 (br s, 1H, H-l) , 5.54 (m, ƒ = 3.7, 5.6, 

6.22 Hz, 1H, H-4), 4.85-4.82 (m, 2H, H-8), 4.29 (m, 1H, H-5), 2.72 (dd, ƒ = 6.8,17.4 Hz, 1H, H-3a), 

2.444 (dd, ƒ = 3.7,17.4 Hz, 1H, H-3b), 2.07 (s, 3H, C(0)CH3), 1.69 (t, ƒ = 3.1 Hz, 3H, H-10). 

II  4-(l-Methylpropa-l,2-dienyl)oxazolidin-2-one (32). The reaction was 

/""""--f̂ ' ^^ performed as described for allene 17, with methoxy-oxazolidinone 31 (710 mg, 

°y-NHH 6.07 mmol), 2-butynyltrimethylsilane 15b (1.53 g, 12.1 mmol) and BF3-OEt2 (15.4 

OO mL, 12.1 mmol) in CH2CI2 (15 mL). Stirring for 2 h at rt followed by work-up 

andd chromatography, gave 32 (312 mg, 2.21 mmol, 37%) as a colorless oil; Rf 0.4 (EtOAc); IR 

(neat)) 3264,1960, 1749; JH NMR (400 MHz, CDCI3) 5 5.89 (br s, 1H, H-l) , 4.87-4.80 (m, 2H, H-

8),, 4.51 (t, ƒ = 8.4 Hz, 1H, H-4a), 4.35-4.31 (m, 1H, H-5), 4.27-4.24 (m, 1H, H-4b), 1.72 (t, ƒ = 3.2 

Hz,, 3H, H-10); 13C NMR (100 MHz, CDCI3) 5 205.3 (C-7), 160.0 (C-2), 97.6 (C-6), 77.5 (C-8), 68.8 

(C-4),, 54.4 (C-5), 13.7 (C-10); HRMS (EI) calcd for C7H9NO2139.0633, found 139.0628. 

6-Allyl-7-methyl-l,2,5,7a-tetrahydropyrrolizin-3-onee (34) Ally l bromide 

(0.222 mL, 2.50 mmol), K2CO3 (138 mg, 1.00 mmol) and PdCl2(MeCN)2 (20 mg, 

0.088 mmol) were added to a solution of allene 26 (69 mg, 0.50 mmol) in 
O O 
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CH3CNN (5 mL). After stirring for 2 h at 75 °C, the mixture was poured into brine (10 mL) and 

extractedd with CH2CI2 (3 x 15 mL). The combined organic layers were washed with brine (10 

mL),, dried (Na2SO,i) and concentrated in vacuo. Flash chromatography gave 34 (50 mg, 0.28 

mmol,, 56%) as a colorless oil; Py 0.3 (EtOAc/PE 4:1); IR (neat) 2975, 2859, 1707; JH NMR (400 

MHz,, CDCI3) 8 5.72-5.62 (m, ƒ = 2 x 6.7, 10.0, 16.9 Hz, 1H, H-10), 5.02-5.97 (m, 2H, H-l l ) , 4.48 

(brr m, 1H, H-5), 4.22 (d, ƒ = 14.9 Hz, 1H, H-8a), 3.57 (d, ƒ = 14.9 Hz, 1H, H-8b), 2.84-2.74 (m, 

2H,, H-9), 2.64 (ddd, ƒ = 8.3,12.7,16.1 Hz, 1H, H-3a), 2.33-2.23 (m, 2H. H-3b + H-4a), 1.77-1.66 

(m,, 1H, H-4b), 1.60 (s, 3H, CH3);
 13C NMR (100 MHz, CDCI3) S 178.6 (C-2), 134.3 (C-10), 131.9, 

130.99 (C-6, C-7), 116.2 (C-12), 70.5 (C-5), 51.6 (C-8), 33.5, 30.9, 28.7 (3 x CH2), 9.5 (CH3); HRMS 

(EI)) cakd for CnH ] 5NO 177.1154, found 177.1148. 

Thee reaction was also performed using allyl methyl carbonate: allene 26 (69 mg, 0.50 mmol) 

wass dissolved in acetonitrile (5 mL). To this solution allyl methyl carbonate (0.29 ml, 2.50 

mmol)) and PdCl2(MeCN)2 (20 mg, 0.08 mmol) were added. The reaction mixture was stirred 

overnightt at ambient temperature and was worked up in the same way as in the procedure 

mentionedd above, giving 34 (33 mg, 0.24 mmol, 48%) as a colorless oil. 

Thee reaction was also performed using allylpalladium chloride dimer: Allene 26 (13 mg, 0.09 

mmol)) was dissolved in acetonitrile (2.5 mL). To this solution K2CO3 (28 mg, 0.20 mmol) and 

allylpalladiumm chloride dimer (17.7 mg, 0.05 mmol) were added. This mixture was heated up 

too 75 °C and stirred for 1.5 h. The work-up was performed as mentioned above giving 34 (5.9 

mg,, 0.04 mmol, 48%) as a colorless oil. 

7-Methyl-6-(2-methylallyl)-l,2,5,7a-tetrahydropyrrolizin-3-onee (35) The 

reactionn was performed as described for pyrrolizinone 34 with allene 26 (69 

mg,, 0.5 mmol), 3-chloro-2-methylpropene (0.25 mL, 2.50 mmol), K2CO3 (138 

mg,, 1.00 mmol) and PdCl2(MeCN)2 (20 mg, 0.08 mmol) in CH3CN (5 mL) at 

755 °C. Stirring for 2 h, followed by work-up and chromatography gave 35 (22 mg, 0.12 mmol, 

23%)) as a colorless oil. Continued elution with EtOAc afforded starting material 26 (16 mg, 

0.122 mmol, 23%). 35; R/ 0.3 (EtOAc/PE 4:1); IR (neat) 2969, 2913, 2854, 1710; ^H NMR (400 

MHz,, CDCI3) 5 4.73 (s, 1H, H-l la), 4.66 (s, 1H, H-l lb) , 4.53-4.50 (br m, 1H, H-5), 4.21 (d, ƒ = 

14.9,, Hz, 1H, H-8a), 3.56 (d, ƒ = 14.9 Hz, 1H, H-8b), 2.75 (br s, 2H, H-9), 2.66 (ddd, ƒ = 8.3,12.7, 

16.11 Hz, 1H, H-3a), 2.36-2.26 (m, 2H, H-3b + H-4a), 1.78-1.68 (m, 1H, H-4b), 1.63 (s, 6H, 2 x 

CH3;; «C NMR (100 MHz, CDCI3) 5 177.5 (C-2), 142.0 (C-10), 132.6, 130.9 (C-6, C-7), 111.8 (C-

11),, 70.6 (C-5), 51.7 (C-8), 35.0 (C-9), 33.5 (C-3), 28.9 (C-4), 22.0, 9.6 (2 x CH3); HRMS (EI) calcd 

forr C12H17NO 191.1310, found 191.1308. 

6-Allyl-7-phenyl-l,2,5,7a-tetrahydropyrrolizin-3-onee (36) The reaction was 

performedd as described for pyrrolizinone 34 with allene 27 (200 mg, 1.00 

mmol),, allyl bromide (0.43 mL, 5.00 mmol), K2CO3 (278 mg, 2.01 mmol) and 

PdCl2(MeCN)22 (39 mg, 0.15 mmol) in CH3CN (10 mL) at 75 °C for 1 h. Work-

upp and flash chromatography gave 36 (173 mg, 0.72 mmol, 72%) as a reddish 

oo ' 
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oil;; Rf 0.5 (EtOAc); IR (neat) 2975, 2853,1703, 1386; iH NMR (400 MHz, CDCh) 6 7.39-7.33 (m, 

2H,, ArH), 7.29-7.25 (m, IH, ArH), 7.23-7.19 (m, 2H, ArH), 5.84-5.74 (m, IH, H-10), 5.12-5.06 (m, 

3H,, H- l l + H-5), 4.49 (dd, ƒ = 3.6,15.6 Hz, IH , H-8a), 3.72 (dd, ƒ = 3.7,15.6 Hz, IH, H-8b), 3.04 

(dd,, ƒ = 6.1, 15.5 Hz, IH, H-9a), 2.89 (dd, ƒ = 6.1, 15.5 Hz, IH, H-9b), 2.67 (ddd, ƒ = 8.5, 12.6, 

16.22 Hz, IH, H-3a), 2.35-2.26 (m, 2H, H-3b + H-4a), 1.81-1.70 (m, IH, H-4b); »C NMR (100 

MHz,, CDCI3) 5 177.4 (C-2), 136.7,134.2,133.3 (C-6, C-7, Ar), 134.0 (C-10), 128.4 (Ar), 127.4 (Ar), 

127.33 (Ar), 116.7 (C-ll) , 69.3 (C-5), 52.2 (C-8), 33.2, 31.8, 29.0 (3 x CH2); HRMS (EI) calcd for 

C16H17NOO 239.1310, found 239.1305. 

2-Allyl-l-methyl-6,7,8,8a-tetrahydroindolizin-5-onee (37) The reaction was 

performedd as described for pyrrolizinone 34 with allene 28 (76 mg, 0.50 

mmol),, allyl bromide (0.22 mL, 2.50 mmol), K2CO3 (138 mg, 1.00 mmol) and 

Pd(CH3CN)2Cl22 (20 mg, 0.O8 mmol) in CH3CN (5 mL) at 75 °C for 1 h. Work-

upp and flash chromatography gave 37 (63 mg, 0.33 mmol, 66%) as a colorless oil; Rf 0.3 

(EtOAc);; IR (neat) 2945, 2856,1640; ]H NMR (400 MHz, CDC13) 5 5.76-5.66 (m, IH, H-l l) , 5.07-

5.000 (m, 2H, H-12), 4.40 (d, ƒ = 15.4 Hz, IH, H-9a), 4.14 (br d, ƒ = 10.5 Hz, IH, H-6), 3.92 (d, ƒ = 

15.44 Hz, IH, H-9b), 2.90-2.80 (m, 2H, H-10), 2.4 (ddd, ƒ = 2.6, 7.8,17.8 Hz, IH, H-3a), 2.33 (ddd, 

ƒƒ = 8.0, 9.7, 17.8 Hz, IH, H-3b), 2.16-2.04 (m, IH), 2.00-1.92 (m, IH), 1.83-1.70 (m, IH), 1.63 (s, 

3H,, CH3), 1.26-1.16 (dq, ƒ = 4.4, 12.3 Hz, IH); "C NMR (100 MHz, CDCI3) 5 168.8 (C-2), 134.3 

(C-ll) ,, 130.6,128.8 (C-7, C-8), 116.2 (C-12), 67.5 (C-6), 54.2 (C-9), 30.6, 30.4, 27.4, 20.4 (4 x CH2), 

10.22 (CH3); HRMS calcd for Ci2Hi 7NO 191.1310, found 191.1306. 

// 6-Allyl-7-methyl-5,7a-dihydropyrrolo[l,2-c]oxazol-3-one (38) The reaction 

r /~~T^\\ w a s performed as described for pyrrolizinone 34 with allene 32 (117 mg, 

y-N-Sy-N-S \ = 100 mmol), allyl bromide (0.43 mL, 5.00 mmol), K2C03 (276 mg, 2.00 mmol) 
00 and PdCl2(MeCN)2 (26 mg, 0.10 mmol) in CH3CN (10 mL) at 75 °C for 2 h. 

Work-upp and flash chromatography gave 38 (89 mg, 0.49 mmol, 49%) as a colorless oil; IR 

(neat)) 2974, 2911, 2854, 1753; 'H NMR (400 MHz, CDCI3) 5 5.74-5.64 (m, IH, H-10), 5.05-5.01 

(m,, 2H, H-l l ) , 4.56 (br m, IH, H-5), 4.50 (t, ƒ = 8.5 Hz, IH, H-4a), 4.22 (d, ƒ = 14.8 Hz, IH, H-

8a),, 4.21 (dd, ƒ = 4.7, 8.3 Hz, IH , H-4b), 3.75 (d, / = 14.8, IH, H-8b), 2.89-2.78 (m, 2H, H-9), 1.65 

(s,, 3H, CH3);
 13C NMR (100 MHz, CDC13) 5 163.1 (C-2), 133.8 (C-10), 133.5, 133.0 (C-6, C-7), 

116.44 (C-ll) , 67.7 (C-5), 67.4 (C-4), 56.7 (C-8), 30.5 (C-9), 9.4 (CHs); HRMS (EI) calcd for 

CioHi3N022 179.0946, found 179.0951. 

\\ / (4S,5R)-5-(l-Methylpropa-l,2-dienyl)-4-(terf-butyldimethylsilyloxy)-py-
rrolidin-2-onee (39). To a solution of allene 29 (30 mg, 0.15 mmol) in 

^^ methanol (1.5 mL) a tip of a spatula of base (K2CO3) was added and the 

reactionn was stirred at rt for 1 h. Et20 (15 mL) was added and the mixture 

wass filtered over celite. The filter was washed with Et20 (45 mL) and 

CH2C122 (45 mL), followed by concentration of the filtrates in vacuo. The residue was dissolved 
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inn DMF (lmL), and imidazole (21.0 mg, 0.31 mmol), TBDMSC1 (25.5 mg, 0.17 mmol) and a tip 

off  a spatula of DMAP were added. After stirring for 4 h, extra imidazole (10.5 mg, 0.15 mmol) 

andd TBDMSC1 (12.8 mg, 0.08 mmol) were added and the solution was stirred for an additional 

188 h. DMF was evaporated in vacuo and the product was purified using flash-chromatography 

givingg 39 (24.5 mg, 0.09 mmol, 60%) as white crystals; mp 76-79 °C; R; (EtOAc/PE 1:1) 0.3; [a]D 

+41.11 (c 1.2, CHC13); IR (neat) 3214, 2930, 1960, 1710; iH NMR (400 MHz, CDCI3) 5 6.55 (br s, 

1H,, H-l) , 4.76 (t, ƒ = 2.7 Hz, 2H, H-8), 4.31-4.28 (m, IH , H-4), 3.90-3.81 (m, IH, H-5), 2.59 (dd, ƒ 

== 6.7, 16.9 Hz, IH, H-3a), 2.22 (dd, ƒ = 3.9, 16.9 Hz, IH, H-3b), 1.70 (t, ƒ = 3.1 Hz, 3H, H-10), 

0.877 (s, 9H, SiC(CH3)3), 0.06 (s, 6H, Si(CJf3)2);
 13C NMR (100 MHz, CDC13) 5 205.1 (C-7), 175.5 

(C-2),, 97.8 (C-6), 77.2 (C-8), 72.2 (C-4), 65.3 (C-5), 40.0 (C-3), 25.5 (C-10), 17.8 (SiC(CH3)3), 15.0 

(SiC(CH3)3),, -4.8, -5.0 (2 x SiCHs); HRMS (FAB) calcd. for Ci4H26N02Si (MH+) 268.1733, found 

268.1725. . 

\\ / (lS,7al?)-6-Allyl-l-(rerr-Butyldimethylsilyloxy)-7-methyl-l,2,5,7a-
^X'^X'  ^O. H / tetrahydropyrrolizin-3-one (40) The reaction was performed as 

// \ \ described for pyrrolizinone 26 with allene 39 (24.5 mg, 0.09 mmol), 
y - N - VV \ = a l l y l bromide (0.04 m l , 0.46 mmol), K2CO3 (25 mg, 0.18 mmol) and 
00 PdCl2(MeCN)2 (3 mg, 0.01 mmol) in CH3CN (1 mL) at 75 °C for 3 h. 

Work-upp and flash chromatography gave 40 (12 mg, 0.04 mmol, 43%) as a white solid; mp 33-

355 °C; [a]D = + 61.8 (c 0.60, CHCI3); IR (neat) 2955, 2929, 2857,1714; m NMR (400 MHz, CDCI3) 

88 5.74-5.64 (m, IH, 10), 5.H-05-5.01 (m, 2H, H-l l ) , 4.28-4.16 (m, 3H, H-4 + H-5 + H-8a), 3.58 (d, 

ƒƒ = 14.6 Hz, IH, H-8b), 2.88-2.77 (m, 2H, H-9), 2.58 (dd, ƒ = 9.8,15.3 Hz, IH, H-3a), 2.53 (dd, ƒ = 

7.5,, 15.3 Hz, IH, H-3b), 1.71 (s, 3H, CH3), 0.90 (s, 9H, C(CH3)3), 0.08 (s, 3H), 0.06 (s, 3H), 2 x 

SiCH3;;
 13C NMR (100 MHz, CDCI3) 5 174.2 (C-2), 134.2 (C-10), 131.6,130.7 (C-6, C-7), 116.4 (C-

11),, 77.8, 75.1 (C-4, C-5), 51.6 (C-8), 43.4, 30.9 (C-3, C-9), 25.6 (C(CH3)3) 17.7 (C(CHs)3) 10.1 

(C=CCH3),, -4.2, -5.1 (2 x SiCH3); HRMS (EI) calcd for Ci7H29N02Si 307.1968, found 307.1970. 

/ " " - T ^ ^ T ^ ^ O A CC (E)-Acetic acid 2-phenyl-3-(5-oxopyrrolidin-2-yl)allyl ester (50). To a 

y-NHH Ph suspension of K2CO3 (135 mg, 1.0 mmol), iodobenzene (110 mL, 201 mg, 1.0 

OO mmol), Pd(PPh3)4 (29 mg, 0.025 mmol) in DMF (1.0 mL) were added under 

ann argon atmosphere allene 17 (30 mg, 0.24 mmol in 0.25 mL of DMF) and AgOAc (42 mg, 

0.255 mmol). The mixture was stirred for 5 h at 80 °C and filtered over a plugg of silica (EtOAc). 

Concentrationn in vacuo, followed by flash column chromatography afforded 50 (28 mg, 0.11 

mmol,, 45%) as a colorless oil; R/ 0.2 (EtOAc); IR (neat) 3225, 1734, 1695; lH NMR (400 MHz, 

CDCh)) 5 7.39-7.28 (m, 5H, ArH), 6.31 (br s, IH, H-l) , 5.88 (d, J = 9.21 Hz, IH, H-6), 5.09 (d, J = 

12.55 Hz, IH, H-8a), 4.81 (d, J = 12.5 Hz, IH, H-8b), 4.75-4.70 (m, IH, H-5), 2.43-2.37 (m, 3H, H-3 

++ H-4a), 2.00 (s, 3H, CH3), 1.94-1.88 (m, IH, H-4b); 13C NMR (100 MHz, CDCI3) 5 177.7 (C-2), 

170.55 (COCH3), 139.1,136.5 (C-7 + Ar), 134.1 (C-6), 128.3 (Ar), 127.8 (Ar), 126.1 (Ar), 60.5 (C-8), 

51.66 (C-5), 29.9, 28.3 (2 x CH2), 20.7 (COCH3); HRMS (EI) calcd for G5H17NO3 259.1208, found 

259.1213. . 
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