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1. Introduction

0
N JiNH

Pyrrolizidines  (hexahydroH-pyrrolizine) are heterocyclic W HQ y PH NN B
systems that consist of two fused five-membered rings with one*N L 07 ™ NoioH _@\/ﬂom
ring junction carbon replaced by a nitrogen atoHundreds of ° ¢ N @\ 0 &ooe
pyrrolizidine-containing alkaloids are biosynthesized by plants to =0 OH ﬂ
function as a defense mechanism against herbifoMany
naturally occurring pyrrolizidine and pyrrolizinone alkaloids mitomycin C alexine rhynchophylline
have been discovered to exhibit diverse biological and
pharmacological activities. To name a few, mitomycin C, for
instance, was found to be useful as a chemotherapeutic agent b%

HoN

virtue of its antitumor activity (Figure f)Alexines represent
polyhydroxylated carbohydrate-mimetic pyrrolizidine alkaloids
exhibiting antiviral, anti-HIV, and anti-cancer properfles.
Rhynchophylline and formosanine are pyrrolizidines with a fused  formosanine CJ-16,264 UCS1025A
six-membered ring in their structures, which are known for theirig 1. Some biologically important molecules containing a
anti-hypertensive and anti-inflammatory activitte€J-16,264s pyrrolizidine or pyrrolizinone core.

a class of well-known antibiotics containing a pyrrolizinone | . N . o
skeletorf, UCS1025A is also an alkaloid with a pyrrolizinone Ylides-mediated [3+2] cycloadditidand C-H functionalizations

core that exhibits antimicrobial and anti-proliferative propertieXf @-amino acid¥’ such as proline represent two most common
as well as telomerase inhibitory activity. ways used to synthesize pyrrolizidine or pyrrolizinone
derivatives. In our continuing effoftstoward the preparation of

In light of their unique structural features along with themolecules with novel molecular skeletons via multi-component
important biological activities, the preparations of pyrrolizidinesreactions® (MCRs) and a,-difunctionlization of proline by
and pyrrolizinones have drawn considerable attention to synthetigrtue of azomethine ylides, herein we wish to report a
chemists in recent years. While a number of methods for thgicrowave-promoted, three-component coupling of proline,
synthesis of pyrrolizidine and pyrrolizinone derivatives havearomatic aldehyde, and 2-arylmethylene-indene-1,3-dione or
been documented in the literatiréhe development of new 4-hydroxycoumarin to generate multi-functionalized
routes for efficient construction of the pyrrolizidine or pyrrolizinone derivatives. The scope of this
pyrrolizidines/pyrrolizinone core with diverse functionalized synthetic methodology and its limitation were explored and the
structures remains highly desired. Utilization of the azomethingossible mechanisms for the product formation were proposed.
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2. Results and Discussion further characterized by the X-ray crystal analysis as shown in
) . .. Figure 5 This reaction was found to be stereospecific for
The present study began with the model reaction comprising 4_qpstituted spiropyrrolizidines since onlycis-isomers were
of proline {, 1.0 equiv), benzaldehyde,(2.2 equiv), and 1,3- gpserved. While somerans1,2-isomers5 were detected in a
indanedione 2, 1.1 equiv). Simple heating of these mixtures iny3ce amount during the isolation process, we did not isolate them
toluene under reflux conditions for 1 h afforded the 2-g.e (g their low yields. In addition to the formation of three C-C

benzylidene-i-indene-1,3(B)-dione @a), the " honds and one C—N bond in the final product, this MCR creates a
spiropyrrolizidines4a, and5a in 35, 15 and 15% yields (with pjcyclic system which contains three stereogenic centers.
respect to2), respectively (Scheme 1). Obviously, the added

proline mainly serves as an organocatalyst to catalyze thkable 1. Optimizaton of reaction parameters for
condensation between benzaldehyaleand 1,3-indanedion&)  spiropyrrolizidinesta and5a.

to give theo,B-unsaturated ketoria, rather than functioning as a

reactant to yield the desired spiropyrrolizidine derivatives. To o @
enhance the conversion of all reactants into theO\WOH 2 9
spiropyrrolizidines 4a and 5a, the 1,3-indanedione2) was Ny HJ\@ . +
subsequently replaced with 2-benzylidemtifidene-1,3(B)- 1 o @ - N~ O
dioné® (3a) in forthcoming reactions. As expected, this change Ph_ A0

has brought much cleaner MCR profile and higher conversion of @

the reactants to the produdiirther optimization of this one-pot,

4a 5a
three-component reaction was performed and the results are s
summarized in Table 1. From the results, it is evident that xylene
was found to be the most effective solvent (entries 5 and 6) and vield (%)"
.y . . . |
low boiling solvents £100 °C) gave poor product distributions entry reasien ErEliens time (h) 0
(entries 1 and 3). Furthermore, prolonged reaction time did nc 4a 5a
increase the yields (entr){ 6). In quest of greener cpndmops, t.hc 1 THE/ reflux 1 20 15
reaction was further carried out under microwave irradiation in _
1,4-dioxane. We observed that the microwave irradiation gave 2 1,4-dioxane/ reflux 1 5 22
not only better yields but also cleaner reaction profiles, which 3 DCE/ reflux 1 10 27
compelled us to employ microwave irradiation conditions (entry 4 toluene/ reflux 1 12 20
9) for all further reactions.
5 xylene/ reflux 1 20 25
o 6 xylene/ reflux 1 22 25
Ph O
(HOH ] Ph&m 5 24 7 toluene/ 200 W, 156C 20 min 15 25
N
H 0, %]g heat g N T 2 3 8 1,4-dioxane/ 150 W, 15C 20 min 20 28
[ Ph O
. § 9 toluene 3a, 35% 9 1,4-dioxane/ 300 W, 27 15 min 26 25
H (\ o 4a15%
N R 10 1,4-dioxane/ 300 W, 27& 20 min 30 31
a et 11 1,4-dioxane/ 300 W, 27& 25 min 30 31
PhO
12 xylene/ 275 W, 256C 20 min 30 25

5a, 15%
Note: (a) Proline (1.0 equiv), benzaldehyde2.2 equiv), an®a (1.1 equiv)
Scheme 1. Multicomponent model reaction of prolind, (1.0 were used. (b) Increase of the concentration of benzaldehyde (3-4 equiv) did

equiv), benzaldehydea( 2.2 equiv) and 1,3-indanedion2 (.1 r?ot aﬁect thg product distr'ibutions. (c).lncrease of the microwave irradiation
equiv). time did not increase the yiefisolated yield.

In order to evaluate the substrate scope of this MCR, various o
substrates were used to prepare the pyrrolizidine derivatives (HOH

(Figure 2). Figures8 and4 depict the molecular structures and N CQ
yields of the prepared spiropyrrolizidinés and5a, respectively. o
The aromatic aldehydes with either electron-donating or -  Proline  1.3diketone

withdrawing group at theara position were found to be viable ,L o ON O

substrates, whereas theho-substituted aromatic aldehydes and @\H/H - \©\y(':©\!fH O

aliphatic aldehydes generally gave complicated mixtures with o H I .
a b o) ¢ O d e o

lower yields. The synthesized compounds were all further

characterized by spectroscopic data. In #HeNMR spectra, a

characteristic singlet absorption peak of tleH in the Q\WH G\WH ozN/Q\WH /Q\WH

pyrrolizidine ring at the chemical shift between 4.57 and 4.67 o % B o .0

ppm was observed for all prepadal whereas a small doublel ( f 9 h '

= 5.7-6.0 Hz) absorption peak between 4.80 and 5.25 ppm, various aldehydes

which again was assigned to tBeH in the pyrrolizidine ring,

was observed for all preparegh (see Scheme 1 for atom- Fig 2. Substrate scope of the synthesis of spiropyrrolizidines
numbering). Synthesized spiropyrrolizidinda and 5a were  and5.



4i,30% 4j,26% 4K, 20% 41, 32%

Fig 3. Structures of the prepared compouddsl.

5b, 32% 5¢c, 36% 5d, 22%

5i, 33%

5j, 26% 5k, 23% 51, 19%

Fig 4. Structures of the prepared compoubds|.

Fig 5. ORTEP crystal structures 4a (left) and5a (right).
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Ini continuing our research in the preparation of pyrrolizinone
derivatives, we have recently reported microwave-promoted,
metal- and catalyst-free decarboxylatiy@-difunctionlization of
secondary-amino acids via a pseudo four-component coupling
of proline, aldehyde, and 1,3-diketone to generate multi-
functionalized pyrano[2,B}pyrrole 6m and disubstituted
pyrrolizinone 7m derivatives (Scheme 2). Through careful
purification of the product mixtures, we were able to identify the
monosubstituted pyrrolizinone derivati8en as a minor product
(5%) along withém (22%) and/m (53%). This result promoted
us to re-optimize the reaction conditions in favor of the formation
of monosubstituted pyrrolizinor@m as the major product. Table
2 summarizes the results of our attempts to increase the yield of
pyrrolizinone 8m under various reaction parameters. To our
delight, we were able to enhance the yield of the monosubstituted
pyrrolizinone8m substantially and suppress the formatior®rof
and 7m (entry 7). Changing the solvent from 1,4-dioxane to
xylene, tuning the microwave irradiation conditions, and adding
of a few drops of water brought much awaited changes in the
product distributions.

7m, 53%

Scheme 2. Multicomponent reaction of proline, aldehyde and
substituted 4-hydroxycoumarin.

Table 2 Optimization of reaction parameters 8m.

Yield (%)°
entry reaction conditions time (h) 6m 7m  8m
1 toluene/ reflux 5 42 15 12
2 xylene/ reflux 5 45 20 18
3 toluene/ 150 W, 15%C 15 min 36 17 20
4 toluene/ 200 W, 15%C 20 min 35 20 20

5° 1,4-dioxane/ 200 W, 20T
6° 1,4-dioxane/ 250 W, 20T

20 min 30 24 28
20 min 15 26 35

7° xylene/ 300 W, 275C 25 min 10 20 35
8? xylene/ 300 W, 278C 30 min 10 12 42
98¢ xylene/ 300 W, 275C 35 min 10 7 45

Note: Proline {, 1.0 equiv), Smethyl-2-thiophenecarboxaldehydm,(3.0
equiv), and dimethylamino-4hydroxycoumarinZ, 1.0 equiv) were used for
optimization.?3-4 drops of water were addétsolated yield Increase of the
microwave irradiation time did not increase the yield.

The substrate scope of this MCR was further studied, and their
molecular structures and the synthesized pyrrolizin@é&8 are
listed in Figures 6 and 7, respectively. Interestingly, the formation
of the pyrrolizinone product8-12 could only be observed for
thiophene or furan carbaldehyde derivative substrates. Conversely,
pyrrole carbaldehyde and its derivatives gave complex product
distributions. Other aromatic aldehydes such as substituted
benzaldehydes failed to yield any corresponding compoBiids
While the electron-donating substituents on 4-hydroxycoumarin
favored the product formation, the electron-withdrawing
substituents resulted in lower yields or complex mixtures. In the
'"H NMR spectra, a large doublet £ 10.5-11.1 Hz) absorption



4 Tetrahedron

peak at the chemical shift between 4.71 and 4.95 ppm, whialndergoes decarboxylation to form the azomethine yiHdérhe
was assigned to theB-in the pyrrolizinone ring, was observed resulting ylide14 and its resonance contributing forts can
for all compounds8-12. The synthesized compourff?b, was  further react with 2-benzylidenedtindene-1,3(#)-dione3a via
further characterized by X-ray crystal analysis as shown in Figurthe [3+2] cycloadditiof to give the productsta and 5a,
8. Note that the formation &-12 was found to be stereoselective, respectively.
creating a bicyclic system that contains three stereogenic centers
with 3-H and4-H trans to each other (se8m in Scheme 2 for
atom-numbering). Similar to the spiropyrrolizidingss, the bond OH PICHO.
formation during the construction of the pyrrolizinone scaffold is Q‘( [)\FO — O -~ D
highly atom-economical, generating two C-C bonds and one C-N

bond in the final product. 13
o Oy w%*é;@a
OH
YWY
proline pipecolic acid
OH OH OH OoH )N??i@ m
\l\‘l 0o o No 0" 0 o~ vo 5a 4a
1,3-diketone
TN w N n N w N wd L Scheme 3. Proposed mechanism for the formatiortafandSa.
Q\W @ﬁ( A e
0 .0 0 o) o)
9 m n o
various aldehydes Scheme 4 depicts the proposed mechanism for the formation
of 8. Similar to the formation of and5, it also initiates with the
Fig 6. Substrate scope of the synthesis of pyrrolizin@ag. condensation of proline with thiophene carbaldehyde to yield the

oxazolidin-5-on€l7, and follows by decarboxylation to give the
azomethine ylidel8. The resulting ylidel8 can then undergo
Michael additio”’ to a,B-unsaturated keton&6 (generatedn
situ by condensation of thiophene-2-carbaldehyde aridiN?-
dimethylamino-4-hydroxycoumarin) to afford the iminiui®.
The subsequent hydrolysis of the iminil® gives rise to the

N free amine20. Final intramolecular nucleophilic acyl substitution

‘ to open up the lactone ring on coumarin moiety by the amine
nearby furnishes the product lact&8mrhis proposed mechanism
can explain the observation of the increased yield of the product
when some water is present in the reaction mixture, presumably
by facilitating the hydrolysis of iminiuml19. Further, this
mechanism is also supported by the fact that the formatiBrisof
favored when a higher concentration of aldehyde is present in the
reaction; that is, three equivalents of thiophene or furan
carbaldehyde are required.

Ar Q
/ko N "o
r + HO)\/\ —

7 \ 16 |
OH ArCHO o €0, I 16
N — N N
H o 0 o Jo  Michael
Ar Ar addition Ar
1 17 18
Ar = 2-thiophenyl/furyl azomethine ylide
/N\
H20
- ArCHO

Fig 8. ORTEP crystal structure 86b.

Al Ar  OH
N -
N
o "=l NH o V\‘l/
8 'T‘ 20
Scheme 3 outlines the plausible mechanism for the formation of

4a and5a from the three-component reaction. It begins with the Scheme 4. Proposed mechanism for the formatiorof
condensation of proline with benzaldehyde to vyield the
oxazolidin-5-one 13.° This known intermediate13 then
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Our study demonstrates that the azomethine ylidéCDCl;, 300 MHz)é 8.47-8.45 (m, 2H), 8.05-8.00 (m, 2H),
intermediates generated via microwave-promoted7.92 (s, 1H), 7.86—7.80 (m, 2H), 7.58-7.50 (m, 3H).
decarboxylative coupling of proline and aromatic aldehyde can
react with  2-arylmethylene-indene-1,3-dione  and 4-4.2.2.3b. R =0.49 (40% EtOAc/hexanes); dark red solid; 149
hydroxycoumarin in different mechanisms to afford themg; yield 78%; mp 204-208C (Lit."**208-210°C); 'H NMR
spiropyrrolizidines and pyrrolizinones, respectively. The(CDCl, 300 MHz)$ 8.54 (dJ = 8.7 Hz, 2H), 7.94-7.90 (m, 2H),
mechanism of the former involves the typical [3+2] cycloaddition7.79 (s, 1H), 7.74-7.71 (m, 2H), 6.75 Jd& 9.6 Hz, 2H), 3.16 (s,
of azomethine ylide to 2-arylmethylene-indene-1,3-didde 6H).
whereas the latter relates Michael addition of azomethine ylide to

thea,B-unsaturated ketor. 4.2.3.3c. Ry= 0.55 (30% EtOAc/hexanes); yellow solid; 140 mg;
_ yield 77%; mp 153-155C (Lit.™** 156-157°C); '"H NMR
3. Conclusion (CDCl;, 300 MHz)$ 8.55 (dd,J = 7.2, 5.1 Hz, 2H), 8.01-7.97

. , 2H), 7.85 (s, 1H), 7.80-7.78 (m, 2H), 7.02 (d& 6.7, 1.8
In summary, we have developed a catalyst-free synthesis
. X : X R o z, 2H), 3.92 (s, 3H).
multi-functionalized spiropyrrolizidinesi-5 or pyrrolizinones

8-12 .With modgrate to gqod yield via a three-component4_2.l_3d_ Ri= 0.48 (30% EtOAc/hexanes); yellow solid; 169 mg;
coupling of proline, aromatic aldehyde, and 2-arylmethylene- ield 89%: mp 231-235C (Lit*® 225 oC)’_ IH NMR (éDCh '
indene-1,3-dione or 4-hydroxycoumarin in 1,4-dioxane or xylen 00 MHz)IS 8.55 (d,J = 9.0 Hz. 2H), 8 34’ (A= 8.7 Hz 2H,)
undgr microwave irradiation. This MCR sy_nthetlc_ strategyg - (dd,J= 5.7, 3.0 Hz, 2H), 7.90 (s, 1H), 7.89 (dd= 5.7, 3.0
provides a quick access to the biologically |mportantHZ 2H)

pyrrolizidines and pyrrolizinones from readily available starting

materials under environmentally benign conditions. Further, - 0 . . .
studies on the application of this methodology to the synthesis éfslj's;%ozf. rglp631(6360—/106|§'}8'0(\|(_;i/th legagg?)_,l%egllgc\/:\;.scl)ll_lld,l\llﬁimg,
bioactive molecules are currently underway. (CDCl, 306 MHz2)5 8.57 (d,J = 8.4 Hz, 2H), 8.05—,8.01 (M, 2H),
4. Experimental 7.95 (s, 1H), 7.84-7.81 (m, 2H), 7.77 {d; 8.4 Hz, 2H), 7.69 (d,
J=6.9 Hz, 1H), 7.52-7.39 (m, 4H).

4.1.Instrumentation

) ) ) ) . 4.2.1.3f. Ry= 0.42 (20% EtOAc/hexanes); yellow solid; 90 mg;

Melting points were determined on a Mel-Temp melting pointie|q 549%: mp 173-175C (Lit."*" 177 °C); *H NMR (CDCl

apparatus in open capillaries and are uncorrected. MS wekg) MHz) & 8.07 (dd,J = 3.6, 0.9 Hz, 1H), 8.03 (s, 1H), 8.01—

performed with a JEOL JMS-SX/SX 102A spectrometer. Singles 97 (m, 2H), 7.89-7.87 (m, 1H), 7.81-7.78 (m, 2H), 7.25-7.24
crystal structures were determined with a Bruker AXS SMART 1H).

1000 X-ray single-crystal diffractometer. Microwave reactions

were performed using a CEM Discover unit (operating at 110 Vg 2 1 3¢, R = 0.64 (30% EtOAc/hexanes); yellow solid; 131 mg;
microwave irradiation of 2.45 GHz, maximum microwave outputyje|d 86%; mp 206—208C (Lit.*® 209.5-211°C); *H NMR

of 300 W) in 50 mL capacity open round-bottom flasks.and (CDCl;, 300 MHz)5 8.59 (d,J = 3.6 Hz, 1H), 7.99-7.97 (m, 2H),
*C NMR spectra were recorded at 300 and 150 MHz on a Variap g1_-7 76 (m, 3H), 7.77 (s, 1H), 6.74-6.72 (m, 1H).
VXR300 and Varian Unity Inovo-600 spectrometer respectively.

All the NMR measurements were performed at roomy 21 3h. R =0.58 (40% EtOAc/hexanes); yellow solid; 147 mg;
temperature. Chemical shifts were reported in parts per milliohield 80%; mp 218-218C; '"H NMR (CDCk, 300 MHz)5 8.61

on thes scale relative to an internal standard (tetramethylsilanqq, j = 4.2 Hz, 1H), 8.05 (dd] = 5.6, 3.3 Hz, 2H), 7.88 (dd,=

or appropriate solvent peaks) with coupling constants given ig 6, 3.3 Hz, 2H), 7.69 (s, 1H), 7.48 (s 4.2 Hz, 1H)*C NMR
hertz.'"H NMR multiplicity data are denoted by s (singlet), d (cDCl,, 75 MHz) 5 188.2, 188.1, 153.3, 151.5, 142.5, 140.6,
(doublet), t (triplet), g (quartet), and m (multiplet). Analytical 136.1, 136.0, 131.4, 126.1, 123.8, 123.6, 113.3y,IR (KBr)
thin-layer chromatography (TLC) was carried out on Merck silicag144, 168, 1518, 1347, 1223, 1021, 827, 730;cHRMS (El)
gel 60G-254 plates (25 mm) and developed with the solventsy/z calcd for GH,NOs [M*] 269.0324, found 269.0319.
mentioned. Flash chromatography was performed in columns of

various diameters with Merck silica gel (230-400 mesh ASTM  4.2.1.3i. R = 0.63 (30% EtOAc/hexanes); yellow solid; 123
9385 kieselgel 60H) by elution with the solvent systemsmg; yield 75%; mp 178-18%C; *H NMR (CDCk, 300 MHz)$
Solvents, unless otherwise specified, were reagent grade a6 (d,J = 3.9 Hz, 1H), 7.95-7.92 (m, 2H), 7.77-7.74 (m, 2H),
distilled once prior to use. All new compounds exhibited7 69 (s, 1H), 6.39 (dJ = 3.6 Hz, 1H), 2.47 (s, 3H}*C NMR

satisfactory spectroscopic and analytical data. (CDCl;, 150 MHz) & 190.5, 189.2, 161.3, 150.5, 142.2, 140.3,
4.2, Synthesis of, f-unsaturated ketone derivatives of 134.9, 134.5, 129.1, 127.5, 122.9, 122.8, 122.7, 112.2, 14.5; IR
indanedione 3a-3i). vmax (KBr) 3695, 2970, 1716, 1675, 1589, 1507, 1354, 1211,

1026, 734 cmi; HRMS (El) m/z caled for GHiO; [M]
The a,B-unsaturated ketone derivatives were synthesized b238.0630, found 238.0622.

adopting the reported procedufds. A mixture of 1,3- . . L
indanedione (100 mg, 0.68 mmol, 1.0 equiv), aldehyde (80 rng4,.3.Synthe3|s of pyrrolizidine derivativetaf-l and 5a—).

0.75 mmol, 1.1 equiv) and proline (24 mg, 10 mol%) in MeOH A round bottomed flask charged withB-unsaturated ketone
(20 mL) was stirred at room temperature for 15 h. The precipitatg) 00 mg, 0.43 mmol, 1.0 equiv), proline (98 mg, 0.85 mmol, 2.0
was then ﬁltered'oﬁ, Sequentia"y washed with MeOH (5 mL Xequiv) and an appropriate a|dehyde (59 mg, 0.55 mm0|, 1.3
1) and hexane (10 mL x 3), and drigdvacuoto afford the  equiv) in 1,4-dioxane (10 mL) was irradiated at 2€5(300 W,
condensation product. open vessel standard conditions) for 25 minutes. Reaction flask

4.2.1.3a R;= 0.55 (20% EtOAc/hexanes); yellow solid; 127 mg; Was then allowed to cool down by compressed air and solvent
yield 79%; mp 150-152C (Lit.l3b 152-153 °C); H NMR was evaporatedn vacuo The crude reaction mixture was
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purified by flash column chromatography to afford the desired 704, 1486, 1353, 1260, 764, 696 GriIRMS (EI) m/z calcd for
compounds. CsgH3:NO, [M] 545.2355, found 545.2357.

4.3.1.4a. R;= 0.45 (20% EtOAc/hexanes); light yellow solid; 51
mg; yield 30%; mp 186-18°C; '"H NMR (CDCk, 300 MHz)5
7.76 (dtJ = 7.5, 1.2 Hz, 1H), 7.58-7.51 (m, 1H), 7.48Jd&; 3.9
Hz, 2H), 7.28-7.25 (m, 2H), 7.20-7.16 (m, 2H), 7.11-7.00 (m
6H), 4.79-4.71 (m, 1H), 4.61 (s, 1H), 3.77 Jd&; 10.8 Hz, 1H), 1H), 6.73 (t,) = 4.2 Hz, 1H), 6.65 () = 4.2 Hz, 1H), 6.60 (d] =
3.12-3.04 (m, 1H), 2.74-2.67 (m, 1H), 2.18-1.95 (m, 3H) , 1.755 4 ’Hz. 1H)’ 4 79 (s iH) 465—4 62 (m. 1H)’ 3 9%\]@ 9.9 Hz
168 (m, 1H);C NMR (CDCl, 150 MH2)5 2010, 1992 i'H), 5.16-3.10 (m. 1H), 2.63-2.76 (m. TH), 2.15-1.94 (m, 3H)

4.3.6.4f. Ry= 0.34 (20% EtOAc/hexanes); yellow solid; 31 mg;
yield 42%; mp 210-21iC; '"H NMR (CDCk, 300 MHz)5 7.87
(dd,J = 8.4, 1.5 Hz, 1H), 7.69-7.58 (m, 3H), 7.01 (dd; 4.8,
1.2 Hz, 1H), 6.95 (dd] = 4.8, 1.2 Hz, 1H), 6.78 (d,= 3.3 Hz,

142.8, 141.8, 138.1, 135.5, 135.4, 135.0, 128.34, 128.30, 1279 B
1275 127.4 1272, 122.6, 122.5. 76.6, 73.3, 67.5, 58.7, 545,20 1:/3 (M, 1H),"C NMR (CDCL, 150 MHz)5 200.1, 198.7,
43.1, 143.0, 142.1, 137.9, 135.7, 135.2, 126.7, 126.4, 125.7,
31.7, 25.9) IRvinax (KBr) 2924, 1734, 1701, 1593, 1358, 1257, 154 8" 1243 123.8, 122.9, 122.7, 72.3, 71.9, 69.4, 54.3, 53.4,
1100, 938, 765, 699 CMHRMS (EI) m/z calcd for GHNO; 37 4 "55'4- 1Ry " (KBI) 2056,2380, 1733, 1700, 1591, 1367,

[M’]393.1729, found 393.1724. 1354, 1257, 752, 710 ¢ HRMS (El) m/z caled for

4.3.2.4b. Ry= 0.26 (40% EtOAc/hexanes); yellow solid; 49 mg; CodiNO,S, [M'] 405.0857, found 405.0851.

yield 28%; mp 210-211C; '"H NMR (CDClL, 300 MHz)5 7.74
(d,J = 7.2 Hz, 1H), 7.56-7.48 (m, 3H), 7.12 (tk 8.7 Hz, 2H),
7.05 (d,J = 8.7 Hz, 2H), 6.44 (dd) = 9.0, 4.8 Hz, 4H), 4.68—
4.60 (m, 1H), 4.48 (s, 1H), 3.65 (@= 10.5 Hz, 1H), 3.06-2.98 (d. ] = 3.3Hz, 1H), 6.09-6.07 (M, 2H). 6.03 (tk 3.3 Hz, 1H),
(m, 1H), 2.783 (s, 6H), 2.780 (s, 6H), 2.72-2.66 (M, 1H), 2.137 c= ", so (m. 2H), 3.76 (d.= 10.2 Hz, 1H), 3.17-3.00 (M, 1H)
1.88 (m, 2H) , 1.71-1.56 (m, 2H)C NMR (CDCL, 150 MHz)& ' ' A Jor ¢ DA , P

201.7, 200.1, 149.8, 149.5, 143.2, 142.1, 135.2, 134.7, 129. ;,azgz(ggér“115';)'&“126)_81'29050(Bm’l?é';)é 1'18523_%'7:’4& fffz; A
128.1. 126.0, 123.4. 122.7, 122.4, 112.2, 112.0, 76.5, 73.4, 67 % O 299.9, J93.1, 149.4, L4ss,

423, 142.2, 1415, 135.64, 135.55, 123.2, 122.8, 110.0, 109.9,
58.4, 54.0, 404, 40.3, 31.7, 25.5; iR (KB% 3695, 2869, 14375 107.3, 705, 66.4, 65.5, 53.6, 52.8, 27.7, 26.7v.IR
17/33' |17dOf2’ 16?',\]152)24’,\4{335;'9122;743; 9f46' 3147’3'“‘2;'\7"93 (B (KBr) 2944, 1741, 1707, 1593, 1349, 1257, 1000, 795, 746, 730
m/z caled for GHsN:O, [M'] 479.2573, found 479.2579. e’ HRMS (EI) m/z calcd for GH;NO, [M*] 373.1314, found

4.33.4¢. R,= 0.34 (30% EtOAchexanes); white solid; 55 mg; > > oo

yield 32%; mp 122-124C; 'H NMR (CDClk, 300 MHz)§ 7.75
(dd,J=7.5, 0.9 Hz, 1H), 7.58-7.50 (m, 3H), 7.17 J& 8.7 Hz,
2H), 7.09 (dJ = 8.7 Hz, 2H), 6.59 (t) = 8.7 Hz, 5H), 4.67-4.6
(m, 1H), 4.51 (s, 1H), 3.69 (d,= 10.5 Hz, 1H), 3.64 (s, 6H),
3.07-2.99 (m, 1H), 2.70-2.65 (m, 1H), 2.12-1.93 (m, 3fQ; 1H), 7.03 (d.J = 3.6 Hz, 1H), 6.61 (d] = 3.8 Hz, 1H), 6.27 (d]

NMR (CDCk, 75 MHz) 3 201.3, 199.7, 158.8, 158.6, 143.0, Z' 5’/ 1H), 4.57 (s, 1H), 4.55-4.49 (m. 1H), 3.841(d,10.2

141.9, 135.4, 134.9, 130.3, 129.4, 128.4, 127.7, 122.6, 122?2,'1H)1’3.22’_3'_15 (rﬁ, 1H), 5 862 79 (fm, 1|3|),'2.22—’2.c')3 m.

s R T AT e
Vmax (KB) 2932, 1739, 1705, 1610, 1513, 1250, 1180, 103195’ " 1560 153.6, 151.30, 151.20, 141.6, 1415 136.54,

1. +
831 cm; HRMS (El) m/z calcd for 6H,NO, [M'] 453.1940, 135 451240, 123.1, 112.1, 112.0, 111.4, 110.9, 69.4, 69.1, 67.6,
found 453.1946. 54.8, 50.7, 31.2, 26.1 ; IRy, (KBF) 2971, 1741, 1703, 1498,
1353, 1237, 1012, 811, 738 ¢mHRMS (El) m/z calcd for
CasH1/N:0, [M*] 463.1016, found 463.1012.

4.3.7.4g9. Rr= 0.33 (30% EtOAc/hexanes); white solid; 44 mg;
yield 26%; mp 154-158C; '"H NMR (CDCkL, 300 MHz)5 7.94
(d,J=7.5Hz, 1H), 7.75-7.64 (m, 3H), 6.96-6.93 (m, 2H), 6.24

4.3.8.4h. Ri= 0.18 (40% EtOAc/hexanes); brown solid; 68 mg;
5 yield 39%; mp 204—206C; 'H NMR (CDCl;, 300 MHz)5 8.10

(d,J=7.8 Hz, 1H), 7.85 (td) = 8.1, 1.5 Hz, 1H), 7.75 (id, =
8.1, 1.5 Hz, 1H), 7.70 (dl = 7.8 Hz, 1H), 7.06 (dJ = 3.6 Hz,

4.3.4.4d. R;= 0.46 (30% EtOAc/hexanes); light orange solid; 35
mg; yield 20%; mp 186-18%; 'H NMR (CDCk, 300 MHz)&
7.98-7.91 (m, 4H), 7.82 (d,= 7.5 Hz, 1H), 7.66 (tJ = 7.2 Hz,
1H), 7.59 (tJ = 7.8 Hz, 1H), 7.49 (dJ = 7.8 Hz, 1H), 7.45 (dJ
= 8.4 Hz, 2H), 7.34 (d] = 8.7 Hz, 2H), 4.83-4.78 (m, 1H), 4.70
(s, 1H), 3.86 (dJ = 10.5 Hz, 1H), 3.11-3.05 (M, 1H), 2.73-2.65 5 g8 (§ 5= 3.0 Hz, 1H), 5.63-5.25 (m, 2H), 4.52—4.44 (m, 1H),
(m, 1H), 2.19-2.02 (m, 3H), 1.74-1.67 (m, 1HJC NMR _
4.42 (s, 1H), 3.70 (dl = 10.2 Hz, 1H), 3.15-3.07 (m, 1H), 2.81-
(CDCl,, 150 MHz)$ 199.7, 198.1, 147.4, 147.3, 145.8, 142.6,
74 (m, 1H), 2.14-1.94 (m, 3H), 1.85 (s, 3H), 1.84 (s, 3H),
142.3, 141.4, 136.5, 136.0, 129.3, 128.1, 123.6, 123.3, 123.07, 13
'92-1.74 (m, 1H)*C NMR (CDCL, 150 MHz)§ 199.3, 198.1,
122.95, 75.7, 73.2, 67.8, 58.2, 54.2, 31.5, 26.4yJR (KBr)
151.7, 151.6, 151.1, 1485, 142.4, 141.9, 135.3, 134.8, 122.8,
2959, 1738, 1700, 1519, 1346, 1256, 1109, 859, 691; cm
CRMS (BN miy caled Tor GHN.O. M7 483.1430. found 1227, 108.6, 107.6, 105.9, 105.8, 69.9, 69.2, 66.9, 54.4, 51.2,
(E) m/z caled for &H2NyOs [M'] 483.1430, found 31 5 55 131, 13.0; IR, (KBr) 3359, 2923, 1744, 1706,

483.1425. 1633, 1260, 1021, 787, 749 ¢mHRMS (El) m/z calcd for
CasHosNO, [M*] 401.1627, found 401.1632.

4.3.9.4i. Ry= 0.34 (30% EtOAc/hexanes); brown oil; 59 mg;
yield 30%; mp 183-188C; '"H NMR (CDCkL, 300 MHz)5 7.94
(d,J=7.5Hz, 1H), 7.76-7.65 (m, 3H), 6.07 (&= 3.0 Hz, 1H),

4.3.5.4e Ri= 0.63 (30% EtOAc/hexanes); white solid; 56 mg;
yield 32%; mp 219-226C; 'H NMR (CDClk, 300 MHz)§ 7.80
(dt,J =7.5, 0.9 Hz, 1H), 7.59-7.47 (m, 3H), 7.44-7.40 (m, 4H)
7.37-7.32 (m, 10H), 7.29-7.24 (m, 4H), 4.82-4.77 (m, 1H), 4.6
(s, 1H), 3.83 (dJ = 10.2 Hz, 1H), 3.16-3.08 (m, 1H), 2.79-2.73 2 _ _
(m, 1H). 2.21-1.98 (m, 3H), 1.79-1.73 (m, 1HE NMR Hz, 1H), 7.57-7.49 (m, 2H), 7.38 (@= 8.7 Hz, 2H), 7.15 (dJ

(CDCl,, 150 MHz)5 201.0, 199.3, 142.9, 141.9, 140.5, 140.3,8'%'J';’SEH'()O’I ?'fiéﬂ?i'ﬁﬂ?' 5'2)5 ?3'82:;'73:9’5;“_'313% (‘1&1541%
140.2, 140.0, 137.4, 135.6, 135.1, 134.7, 128.8, 128.63, 128.52 , 209 (0,1 = 105 HZ, 1H), 299 (S, 3H), 8.06=ML (M HH).

4.3.10.4j. Ry= 0.2 (20% EtOAc/hexanes); orange solid; 43 mg;
ield 26%; mp 152-152C; '"H NMR (CDCk, 300 MHz)$ 7.96
d,J=8.7 Hz, 2H), 7.78 (d1= 7.5 Hz, 1H), 7.61 (td]= 7.5, 1.8

127.7, 127.2, 127.1, 126.9, 126.8, 126.7, 126.6, 122.8, 122. ;&ZR_Z(ggélm’115'?))’“%(;_81'29090%m’l?é';)é 1i7529_(1)'6f4(7m1’ ff?é7
73.4, 67.7, 58.5, 54.3, 31.7, 26.0; IR, (KBr) 2972, 1742, % -5, 196.9, 2990, 24l 2437,

142.7, 141.6, 135.9, 135.4, 129.4, 129.35, 128.3, 128.2, 1235,
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122.8, 122.7, 113.3, 73.4, 67.5, 57.4, 55.0, 53.9, 31.8, 26.8;14 (m, 1H), 2.85-2.77 (m, 1H), 2.23-2.15 (m, 1H), 2.07-1.98
HRMS (El) m/z calcd for GH,N,Os [M'] 468.1685, found (m, 1H), 1.75-1.68 (m, 2HJ°C NMR (CDCk, 75 MHz)5 201.7,
468.1688. 198.2, 158.1, 157.7, 142.2, 141.1, 135.6, 135.4, 132.4, 131.6,
128.5, 127.7, 123.3, 123.2, 113.0, 112.7, 72.6, 68.7, 66.5, 64.0,
4.3.11.4k. Ry= 0.2 (20% EtOAc/hexanes); white solid; 33 mg; 55.0, 54.8, 53.8, 28.7, 27.0; WR.x (KBr) 2970, 1739, 1702,
yield 20%; mp 193-195C; '"H NMR (CDCk, 300 MHz)8 7.75 1611, 1512, 1247, 1179, 1031, 789 GriiRMS (EI) m/z calcd
(td, J=6.9, 1.2 Hz, 1H), 7.58-7.47 (m, 3H), 7.18 Jd; 8.4 Hz,  for CyH,sNO, [M*] 453.1940, found 453.1945.
2H), 7.04 (dJ = 8.7 Hz, 2H), 6.59 (d] = 8.7 Hz, 2H), 6.44 (d]
= 8.7 Hz, 2H), 4.95 (m, 1H), 4.51 (s, 1H), 3.66 J& 10.5 Hz, 4.3.16.5d. R;= 0.30 (30% EtOAc/hexanes); light yellow solid;
1H), 3.64 (s, 3H), 3.07—2.99 (m, 1H), 2.79 (s, 6H), 2.72—2.63 (M89 mg; yield 22%; mp 143-14€; '"H NMR (CDCk, 300 MHz)
1H), 2.14-1.90 (m, 2H), 1.72-1.57 (m, 2} NMR (CDC}, 5 8.09 (d,J = 7.5 Hz, 1H), 8.00 (d) = 8.7 Hz, 2H), 7.95 (d] =
150 MHz) § 201.8, 198.3, 157.6, 149.0, 142.3, 141.2, 135.57.2 Hz, 2H), 7.91 (tJ = 7.4 Hz, 1H), 7.84 () = 6.9 Hz, 1H),
135.2, 132.8, 131.2, 128.6, 123.3, 123.2, 123.1, 113.0, 111.4,79 (d,J= 7.5 Hz, 1H), 7.47 (d] = 8.6 Hz, 2H), 7.32 (d] = 8.6
72.7, 68.5, 67.0, 64.4, 55.0, 53.9, 40.3, 28.7, 26.9;,JR(KBr)  Hz, 2H), 5.34 (dJ = 6.0 Hz, 1H), 4.59 (tJ = 7.5 Hz, 1H), 3.99
3415, 1737, 1699, 1613, 1512, 1350, 1250, 1034, 948, 796 cm(d, J = 6.0 Hz, 1H), 3.28-3.21 (m, 1H), 2.87-2.79 (m, 1H), 2.26—
HRMS (El) m/z calcd for GHsN,O; [M*] 466.2256, found 2.05 (m, 2H), 1.80-1.64 (m, 2H)IC NMR (CDCk, 150 MHz)$
466.2261. 201.2, 197.4, 147.6, 146.9, 146.5, 142.6, 141.9, 141.0, 136.4,
136.2, 131.2, 128.0, 123.6, 123.5, 123.3, 123.0, 72.3, 70.0, 64.8,
4.3.12.41. Ri= 0.35 (20% EtOAc/hexanes); light yellow solid; 48 62.5, 53.8, 28.8, 27.0; IR,.. (KBr) 2970, 1739, 1702, 1517,
mg; yield 32%; mp 116-11%; '"H NMR (CDCk, 300 MHz)3 1345, 1245, 1108, 859, 716 ¢mHRMS (El) m/z calcd for
7.83-7.80 (m, 1H), 7.64—7.53 (m, 3H), 7.44-7.41 (m, 2H), 7.37-C,:H,1N3;05 [M*] 483.1430, found 483.1427.
7.31 (m, 4H), 7.29-7.22 (m, 3H), 7.02 (dds 5.1, 1.2 Hz, 2H),
6.67-6.61 (m, 2H), 4.85 (s, 1H), 4.82-4.76 (m, 1H), 3.78 &d, 4.3.17.5e Ri= 0.41 (30% EtOAc/hexanes); white solid; 50 mg;
10.2 Hz, 1H), 3.21-3.14 (m, 1H), 2.87-2.79 (m, 1H), 2.14-1.9¥ield 28%; mp 207—208C; '"H NMR (CDCk, 300 MHz)5 8.08
(m, 3H) , 1.75-1.69 (m, 1H)**C NMR (CDCkL, 75 MHz) &  (d,J = 7.5 Hz, 1H), 7.89-7.84 (m, 1H), 7.80 (t5 7.5 Hz, 2H),
200.3, 198.8, 143.0, 142.8, 141.8, 140.0, 139.8, 135.4, 134.9,49 (t,J= 7.5 Hz, 4H), 7.36-7.31 (m, 10H), 7.26—-7.20 (m, 4H),
134.2, 1285, 128.4, 127.0, 126.7, 126.5, 126.1, 124.5, 123.%,22 (d,J=5.7 Hz, 1H), 4.68 () = 7.5 Hz, 1H), 3.90 (dJ=5.7
122.6, 122.4, 72.6, 72.1, 67.3, 58.0, 54.1, 31.3, 25.3, 22.4, 138z, 1H), 3.31-3.24 (m, 1H), 2.93-2.85 (m, 1H), 2.28-2.20 (m,
IR vmax (KBr) 2939, 1736, 1702, 1365, 1257, 1230, 1216, 7631H), 2.14-2.05 (m, 1H), 1.78-1.71 (m, 2H}c NMR (CDC},
719 cm®; HRMS (El) m/z calcd for GH,sNO,S [M] 475.1606, 150 MHz) § 201.7, 198.0, 142.2, 141.1, 140.9, 140.7, 139.5,
found 475.1609. 139.2, 138.7, 135.8, 135.5, 134.6, 130.9, 128.51, 128.45, 128.0,
126.9, 126.85, 126.84, 126.83, 126.3, 126.1, 123.34, 123.28,
4.3.13.5a. R;= 0.48 (20% EtOAc/hexanes); white solid; 52 mg; 72.8, 69.1, 66.2, 64.0, 54.0, 28.8, 26.9y}R (KBr) 2961, 1740,
yield 31%; mp 188-188C; '"H NMR (CDClk, 300 MHz)& 8.06 1700, 1487, 1349, 1272, 1250, 745, 694'ciRMS (El) m/z
(d, J = 6.3 Hz, 1H), 7.88-7.75 (m, 3H), 7.29 (= 7.8 Hz, 3H), calcd for GgH3;NO, [M*] 545.2355, found 545.23509.
7.26 (s, 1H), 7.20-6.99 (m, 6H), 5.17 Jds 5.7 Hz, 1H), 4.63 (t,
J = 7.8 Hz, 1H), 3.84 (dJ = 5.7 Hz, 1H), 3.28-3.21 (m, 1H), 4.3.18.5f. Ri= 0.41 (20% EtOAc/hexanes); white solid; 30 mg;
2.89-2.81 (m, 1H), 2.26-2.16 (m, 1H), 2.11-2.02 (m, 1H), 1.75¥ield 41%; mp 177-178C; '"H NMR (CDCk, 300 MHz)5 8.04
1.68 (m, 2H);"®*C NMR (CDCk, 150 MHz) 8 201.8, 198.1, (d,J= 6.9 Hz, 1H), 7.88-7.80 (m, 3H), 7.14 Jt= 3.3 Hz, 1H),
142.2, 141.0, 140.4, 135.7, 135.5, 135.4, 130.5, 127.6, 127.8,04 (dd,J=4.8, 1.2 Hz, 1H), 6.88-6.79 (m, 4H), 5.28Jd&;, 5.4
127.4, 127.3, 126.9, 125.9, 123.3, 123.2, 72.9, 69.1, 66.1, 648z, 1H), 4.64 (tJ = 7.2 Hz, 1H), 4.04 (d] = 5.4 Hz, 1H), 3.24—
54.0, 28.8, 26.9; IRy (KBr) 2818, 1698, 1595, 1280, 1248, 3.17 (m, 1H), 2.96-2.89 (m, 1H), 2.22-2.13 (m, 1H), 2.07-1.96
761, 699 crif; HRMS (El) m/z caled for §H,sNO, [M*]  (m, 1H), 1.73-1.65 (m, 2H)"*C NMR (CDCk, 150 MHz) 3
393.1729, found 393.1722. 200.9, 197.2, 144.0, 142.0, 141.0, 136.5, 135.9, 135.6, 128.6,
126.1, 126.0, 125.4, 124.8, 124.2, 123.40, 123.37, 68.9, 68.3,
4.3.14.5b. R=0.49 (40% EtOAc/hexanes); light yellow solid; 55 65.7, 58.5, 53.3, 28.0, 26.9; R, (KBr) 2962, 1739, 1697,
mg; yield 32%; mp 186-187C; '"H NMR (CDCk, 300 MHz)& 1592, 1263, 1234, 699 ¢m HRMS (EI) m/z caled for
8.03 (d,J = 7.5 Hz, 1H), 7.84-7.79 (m, 1H), 7.76 (s 3.9 Hz,  C,3H:sNO,S, [M*] 405.0857, found 405.0851.
2H), 7.14 (dJ = 8.7 Hz, 2H), 6.98 (d) = 8.7 Hz, 2H), 6.52 (d]
= 8.7 Hz, 2H), 6.44 (d) = 8.7 Hz, 2H), 4.97 (d] = 5.7 Hz, 1H), 4.3.19.5g. R;= 0.47 (30% EtOAc/hexanes); light yellow solid;
4.59 (t,J = 7.8 Hz, 1H), 3.67 (d) = 5.7 Hz, 1H), 3.20-3.14 (m, 60 mg; yield 36%; mp 142-14€; 'H NMR (CDCk, 300 MHz)
1H), 2.84 (s, 6H), 2.82 (s, 6H), 2.79-2.72 (m, 1H), 2.22-2.14 (m§ 8.03-8.00 (m, 1H), 7.87-7.81 (m, 3H), 7.39 Jdr 1.2 Hz,
1H), 2.07-1.97 (m, 1H), 1.77-1.66 (m, 2K} NMR (CDC}, 1H), 7.21 (dJ= 1.2 Hz, 1H), 6.23-6.20 (m, 2H), 6.10 (& 3.0
150 MHz) & 201.8, 198.4, 149.0, 148.8, 142.3, 141.2, 135.4Hz, 1H), 5.99 (dJ = 2.4 Hz, 1H) , 5.02 (d] = 6.3 Hz, 1H), 4.65
135.1, 131.2, 128.7, 128.4, 123.6, 123.2, 123.1, 112.1, 111.4,J=7.5 Hz, 1H), 3.98 (d] = 6.0 Hz, 1H), 3.27-3.20 (m, 1H),
72.7, 68.2, 67.1, 64.5, 53.9, 40.7, 40.3, 28.7, 26.9;,IR(KBr) 2.96-2.88 (m, 1H), 2.17-1.99 (m, 2H), 1.76-1.47 (m, 2f@);
2801, 2326, 1738, 1699, 1614, 1520, 1348, 816, 789; cnNMR (CDCl, 150 MHz)$ 201.5, 197.7, 153.7, 149.9, 142.2,
HRMS (El) m/z calcd for gjH33N30, [M+] 479.2573, found 142.1, 141.4, 141.2, 135.9, 135.7, 123.4, 123.3, 109.93, 109.92,
479.2577. 109.7, 106.8, 70.1, 66.9, 65.4, 54.2, 53.7, 28.3, 26.6v,R
(KBr) 2965, 2802, 1742, 1699, 1594, 1350, 1271, 1151, 782, 742
4.3.15.5¢. R;= 0.46 (30% EtOAc/hexanes); light orange solid; 62cm™; HRMS (El) m/z calcd for §H,NO, [M*] 373.1314, found
mg; yield 36%; mp 88-96C; 'H NMR (CDCk, 300 MHz) & 373.1319.
8.04 (d,J = 7.5 Hz, 1H), 7.86—7.82 (m, 1H), 7.81-7.76 (m, 2H),
7.18 (d,J = 13.8 Hz, 2H), 7.03 (d] = 8.7 Hz, 2H), 6.63 (dd] = 4.3.20.5h. Ri= 0.36 (40% EtOAc/hexanes); brown solid; 54 mg;
13.8, 8.7 Hz, 4H), 5.04 (d, = 6.0 Hz, 1H), 4.59 (t) = 3.9 Hz,  yield 31%; mp 99-10£C; 'H NMR (CDCk, 300 MHz)$§ 8.05
1H), 3.71 (d,J = 6.0 Hz, 1H), 3.69 (s, 3H), 3.68 (s, 3H), 3.21—(d, J = 7.2 Hz, 1H), 7.92-7.88 (m, 3H), 7.17 Jt= 3.6 Hz, 2H),
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6.64 (d,J = 3.3 Hz, 1H), 6.44 (d) = 3.3 Hz, 1H), 5.21 (dJ = 4.4.Synthesis of pyrrolizinone derivativés1(2).
5.7 Hz, 1H), 4.49 (tJ = 6.9 Hz, 1H), 4.19 (dJ = 6.0 Hz, 1H), _ _ .
3.22-3.15 (m, 1H), 2.91-2.83 (m, 1H), 2.15-2.04 (m, 2H), 1.75— A Mmixture of proline (0.87 mmol, 1.0 equiv), 4-
1.44 (m, 2H):¥C NMR (CDCk, 150 MHz)§ 200.2, 196.5, hydroxycoumarln (0.87 mmol, _1.0 equiv), carbaldeh_yde _(3.0
157.3, 152.9, 151.7, 151.6, 141.8, 141.1, 136.6, 136.5, 123_§guw) and a few drops of water in xylene (10 mL) was irradiated
123.6, 113.8, 112.5, 112.4, 111.5, 70.8, 66.1, 63.8, 53.8, 52_i71, a microwave reactor at 27& (300 W, open vessel standard
28.4, 26.5; IRvmay (KBr) 2928, 1701, 1495, 1354, 1241, 1019'conditions) for 25 minutes. After the heat was subsided by

810, 740 crit; HRMS (El) m/z calcd for GH;/N:Og [M'] compressed air, the reaction mixture was concentiatedcuo
463.1016, found 463.1021. and purified over silica gel. The anticipated pyrrolizinone

derivatives were isolated by flash chromatography as a major
4.3.21.5i. R;= 0.48 (30% EtOAc/hexanes); brown oil; 65 mg; Product.

yield 33%;"H NMR (CDCL, 300 MHz2)3 8.00 (d,J = 5.7 Hz, 441 8m R(= 0.25 (40% EtOAc/hexanes); brown solid; 130 mg;
1H), 7.86-7.80 (m, 3H), 5.96 (dd,: 15.5, 3.3 HZ, 2H), 5.81- yleld 42%; mp 106—10&; 1H NMR (CDC|3, 300 MHZ)S 12.75
5.79 (m, 2H), 4.90 (d) = 6.3 Hz, 1H), 4.61 (= 6.9 Hz, 1H), (5 1H) 7.55 (dJ = 9.3 Hz, 1H), 6.63 (d] = 3.3 Hz, 1H), 6.53—
3.91 (d,J = 6.3 Hz, lH), 3.25-3.18 (m, 1H), 2.97-2.88 (m, 1H)’6.52 (m, 1H), 6.21 (dd] = 6.6, 2.4 Hz, 1H), 6.05 (dl,: 2.4 Hz,
l23.24 (s, 3H), 2.17 (s, 3H), 2.10-2.00 (m, 2H), 1.75-1.50 (m, ZH)_i.H), 4.79 (dJ = 10.8 Hz, 1H), 4.22 (dd] = 11.0, 8.5 Hz, 1H),

C NMR (CDCE, 150 MHZ)5 201.5, 197.6, 151.9, 151.0, 150.7, 4.03 (td,J — 13.8, 85 HZ, lH), 3.64 (dﬂ,: 11.4’ 75 HZ, 1H),
147.8, 1423, 1412, 1358, 1354, 123.13, 12311, 110.4 19314 (m. 1H), 3.03 (s, 6H). 2.40 (s, 3H). 2.24-2.10 (m, 3H),
107.7,106.0, 105.8, 69.6, 66.7, 65.8, 54.1, 54.0, 28.0, 26.4, 13'@.’73—1.67 (m’ 1H)}3C NMR (CDCE, 150 MHZ)S 195'1’ 168.7,
13.4; IR vmay (KBr) 3426, 2948, 1740, 1702, 1594, 1328, 1263,165 4, 156.2, 140.1, 138.6, 133.0, 125.0, 124.6, 110.9, 104.3,
1163, 1020, 783, 734 cMHRMS (El) m/z caled for §H:NO: 97,5, 66.4, 61.0, 45.9, 42.0, 39.9, 30.6, 26.8, 15.,R(KBY)

[M"] 401.1627, found 401.1629. 3357, 2923, 2852, 1632, 1364, 1217, 1132, 1019, 945, 732 cm

) ) HRMS (El) m/z calcd for §H,N,0sS [M] 384.1508, found
4.3.22.5]. Ri= 0.2 (20% EtOAc/hexanes); orange solid; 48 mg;355 1503.

yield 26%; mp 104-108C; '"H NMR (CDCE, 300 MHz)3 8.07

(d,J=7.2Hz, 1H), 7.94 (d] = 8.7 Hz, 2H), 7.89 (td] = 7.5, 1.5 4 4 5 8n R(= 0.33 (40% EtOAc/hexanes); pale brown solid; 106
Hz, 1H), 7.83 (tdJ = 7.5, 1.5 Hz, 1H), 7.77 (d,= 6.6 Hz, 1H), mg; yield 27%; mp 110-11%C; IH NMR (CDClL, 300 MHz)5
7.34 (d,J =8.7 HZ, 2H), 7.18 (d]: 8.1 HZ, ZH), 6.65 (dJ =8.7 12.69 (S, 1H), 7.54 (d]a =93 HZ, 1H), 6.84 (dJ =36 HZ, 1H),

Hz, 2H), 5.19 (dJ = 6.0 Hz, 1H), 4.54 () = 7.5 Hz, 1H), 3.86 63 (dd,J = 3.9, 0.9 Hz, 1H), 6.23 (dd, = 9.3, 2.4 Hz, 1H),

(d, J=5.7 Hz, 1H), 3.68 (S, 3H), 3.24-3.17 (m, lH), 287—27%08 (d,J = 2.4 Hz, 1H), 4.74 (dJ =11.1 Hz, 1H), 4.24 (dd],:

(m, 1H), 2.24-2.00 (m, 2H), 1.75-1.66 (m, 2H)C NMR 1371 'g'4 Hz, 1H), 4.01 (i} = 8.4, 5.4 Hz, 1H), 3.64 (dg =
(CDCls, 150 MHz)6 201.2, 198.0, 158.0, 146.7, 143.7, 141.9,11_7, 7.5 Hz, 1H), 3.19-3.11 (m, 1H), 3.04 (s, 6H), 2.25-2.04 (m,

113.3,72.2, 69.6, 65.2, 63.2, 55.0, 53.7, 28.6, 27.2;,JRKBr) 144.0, 133.0, 129.8, 125.3, 110.6, 110.6, 104.4, 97.4, 65.9, 60.8,
2951, 1739, 1700, 1595, 1510, 1344, 1244, 1032, 857, 7@,7 Cm458 42.0. 39.9 30.6. 26.8: IRnax (KBr) 2885 1692. 1693

HRMS (E|) m/z calcd for %H24N205 [M+] 468.1685, found 1526, 1384, 1213, 1146, 965, 789, 712_1CFHRMS (E|) m/z
468.1691. calcd for GgHauBrN,0,S [M'] 448.0456, found 448.0452.

4.3.23.5k. Ry= 0.1 (20% EtOAc/hexanes); white solid; 38 mg; 4 4 3 8o, R;= 0.55 (30% EtOAc/hexanes); brown solid; 180 mg;
yield 23%; mp 135-137C; 'H NMR (CDCL, 300 MHz)5 8.03 yield 54%; mp 154—158C; IH NMR (CDCL, 300 MHz)$ 12.77
(d,J=7.2 Hz, 1H), 7.85-7.78 (m, 1H), 7.76 (= 3.6 Hz, 2H), (s, 1H), 7.47 (dJ = 9.6 Hz, 1H), 7.07 (d] = 5.1 Hz, 1H), 6.73
7.19 (d,J = 8.4 Hz, 2H), 6.95 (d] = 8.7 Hz, 2H), 6.65 (d] = 8.7 (d, J = 5.1 Hz, 1H), 6.17 (dd] = 9.3, 2.7 Hz, 1H), 6.02 (d, =

Hz, 2H), 6.43 (d) = 8.7 Hz, 2H), 5.00 (d) = 5.7 Hz, 1H), 460 5 7 {7 1H), 4.81 (d) = 10.5 Hz, 1H), 4.34 (dd} = 10.5, 8.4 Hz,

(t, J = 8.1 Hz, 1H), 3.69 (s, 3H), 3.68 (@= 5.7 Hz, 1H), 3.21~ 144y 401 (tdJ = 13.8, 8.4 Hz, 1H), 3.66 (df,= 11.7, 7.5 Hz,
3.14 (m, 1H), 2.84(s, 6H), 2.79-2.76 (m, 1H), 2.23-2.15 (M, 1H)114) 321-3.13 (m, 1H), 3.01 (s, 6H), 2.16 (s, 3H), 2.11-2.05 (m,
2.10-1.98 (m, 1H), 1.77-1.67 (m, 2HJC NMR (CDCk, 150  314)" 171165 (m, 1H)"C NMR (CDCk, 150 MHZ)3 195.4,
MH2z) 3 201.6, 199.9, 158.8, 149.6, 143.1, 142.1, 135.3, 134863 6, 165.4, 156.1, 136.1, 135.3, 132.8, 130.5, 122.26, 110.8,

1305, 1291, 1284, 1233, 1227, 1225, 1133, 1123, 762, 73@43 97.4. 67.6. 61.7. 44.3. 41.8. 39.9. 30.9. 26.8 13911alR

67.8,58.4, 55.0, 54.1, 40.3, 25.7, 22.6VIR. (KBr) 2957, 1737, (kBr) 2925, 1694, 1622, 1529, 1377, 1254, 1146, 975, 828, 713
1702, 1510, ];251, 1029, 821 ¢mHRMS (El) m/z calcd for cm®™ HRMS (El) m/z calcd for GH,N,O.S [M'] 384.1508,
CaoHsoN205 [M*] 466.2256, found 466.2252. found 384.1506.

4.3.24.5l. Ri= 0.5 (20% EtOAc/hexanes); white solid; 29.2 MG; 4.4.4.8g. R= 0.25 (40% EtOAc/hexanes); brown solid; 108 mg;
yield 19%; mp 207-208C; "H NMR (CDCL, 300 MH2)5 8.05  yie|d 3506; mp 123-125C; "H NMR (CDCh, 300 MHz)5 12.71

(d, J=7.2 Hz, 1H), 7.88-7.82 (m, 1H), 7.80-7.78 (m, 2H), 7.5 s, 1H), 7.55 (dJ = 9.3 Hz, 1H), 7.30-7.32 (m’ 1H), 6.26 (dd%

(d, J=9.0 Hz, 2H), 7.41-7.35 (m, 3H), 7.29 (= 8.4 Hz, 3H), 33 1.8 Hz, 1H), 6.22 (dd,= 9.3, 2.4 Hz, 1H), 6.08 (d,= 3.3
6.97 (ddJ= 1.5, 1.2 Hz, 1H), 6.81 (d,= 3.6 Hz, 1H), 6.76 (d] Hz, 1H), 6.06 (dJ = 2.4 Hz, 1H), 4.92 (dJ = 10.5 Hz, 1H),
=5.1Hz, 1H), 6.74 (d] = 5.1 Hz, 1H), 5.33 (] = 6.0 Hz, 1H), 413403 (m, 2H), 3.65 (d1,= 11.7, 7.8 Hz, 1H), 3.18-3.10 (m,
4.65 (t,9=7.8 Hz, 1H), 3.77 (d) = 3.0 Hz, 1H), 3.29-3.22 (M, 1{), 3.04 (s, 6H), 2.23-2.04 (M, 3H), 1.75-1.66 (m, 1FL;
1H), 2.98-2.90 (m, 1H), 2.25-2.17 (m, 1H), 2.11-1.97 (m, IH)NMR (CDCL, 150 MHz)§ 195.1, 168.8, 165.4, 156.2, 152.5,
1.75-1.67 (m, 2H)"C NMR (CDC}, 150 MHz)3 201.5, 197.7, 1420, 133.0, 110.6, 110.3, 106.4, 104.3, 97.5, 63.7, 57.7, 43.5,
144.8, 142.2, 141.0, 140.7, 139.5, 135.9, 135.6, 134.3, 131.43 9 39.9, 30.8, 26.7; IRmax (KBr) 3352, 2981, 1733, 1629,
128.5, 127.0, 126.9, 126.1, 126.06, 124.3, 123.9, 123.39, 123.3ﬁ;24, 1373, 1216, 1150, 1034, 787']CIHRMS (El) m/z calcd
69.5, 68.9, 66.2, 64.0, 53.8, 28.4, 27.0¥}R« (KBr) 2807, 1699,  for C,iH,,N,0, [M*] 354.1580, found 354.1584.

1489, 1345, 1248, 986, 721 ¢mHRMS (El) m/z calcd for

CaH2sNO,S [M] 475.1606, found 475.1602.
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4.45.8i. Ry= 0.28 (40% EtOAc/hexanes); brown solid; 142 mg;4.4.10.11i. R;= 0.37 (30% EtOAc/hexanes); brown solid; 115

yield 44%; mp 136-13%C; '"H NMR (CDCL, 300 MHz)§ 12.74
(s, 1H), 7.57 (dJ = 9.0 Hz, 1H), 6.22 (dd] = 9.3, 2.4 Hz, 1H),
6.06 (d,J = 2.4 Hz, 1H), 5.96 (d] = 3.0 Hz, 1H), 5.82 (d]1= 3.0

Hz, 1H), 4.91 (dJ = 11.1 Hz, 1H), 4.06—-4.02 (m, 2H), 3.64 (dt,

mg; yield 35%; mp 70-72C; '"H NMR (CDCk, 300 MHz) &
12.36 (s, 1H), 7.60 (s, 1H), 6.44 (s, 1H), 6.07)(d,3.3 Hz, 1H),
5.91-5.90 (M, 1H), 4.54 (d,= 1.8 Hz, 1H), 4.43 (td] = 9.3, 6.9
Hz, 1H), 4.22 (ddJ = 6.9, 1.5 Hz, 1H), 3.92 (s, 3H), 3.89 (s, 3H),

= 11.4, 7.5 Hz, 1H), 3.13-3.11 (m, 1H), 3.04 (s, 6H), 2.24 (s3.57 (td,J = 12.0, 8.1 Hz, 1H), 3.09 (df,= 12.0, 6.6 Hz, 1H),

3H), 2.17-2.05 (m, 3H), 1.70-1.64 (m, 1HJc NMR (CDC},

2.28 (s, 3H), 2.24-2.09 (m, 1H), 2.01-1.94 (m, 2H), 1.78-1.68

150 MHz) & 195.2, 168.8, 165.2, 156.0, 151.5, 150.5, 132.9(m, 1H); *C NMR (CDCk, 150 MHz)5 196.3, 168.7, 160.8,
110.5, 107.1, 106.1, 104.1, 97.3, 63.7, 57.6, 43.7, 41.8, 39.157.1, 152.0, 151.6, 142.1, 112.6, 110.9, 108.1, 106.0, 100.1,
30.7, 26.6, 13.4; IRy (KBr) 2947, 1737, 1698, 1630, 1527, 64.7, 61.8, 56.4, 56.2, 41.1, 39.9, 26.7, 26.5, 13.6/JR(KB)

1527, 1354, 1255, 1147, 893 ¢mHRMS (EI) m/z caled for

CxH.N0, [M™] 368.1736, found 368.1730.

4.4.6.90. Ri= 0.40 (30% EtOAc/hexanes); brown solid; 127 mg;

yield 36%; mp 186—188C; 'H NMR (CDCl, 300 MHz)s 11.91
(s, 1H), 7.72 (dJ = 2.7 Hz, 1H), 7.39 (dd] = 5.7, 2.7 Hz, 1H),
7.11 (d,J = 5.7 Hz, 1H), 6.90 (d] = 9.0 Hz, 1H), 6.75 (1= 5.1
Hz, 1H), 4.90 (dJ = 10.8 Hz, 1H), 4.36 (dd] = 10.8, 8.7 Hz,
1H), 4.05 (tdJ = 14.1, 8.4 Hz, 1H), 3.64 (td,= 11.7, 7.5 Hz,

2925, 1693, 1627, 1509, 1443, 1375, 1261, 1155, 1021, 784 cm
HRMS (El) m/z calcd for gH,iNOs [M*] 385.1525, found
385.1528.

4.4.11.120 R = 0.25 (40% EtOAc/hexanes); brown solid; 142
mg; yield 41%; mp 85-87C; 'H NMR (CDCk, 300 MHz) &
12.66 (s, 1H), 7.74 (dl = 9.3 Hz, 1H), 7.07 (dJ = 5.1 Hz, 1H),
6.81 (d,J=5.1 Hz, 1H), 6.25 (dd] = 9.0, 2.4 Hz, 1H), 6.05 (d,

= 2.4 Hz, 1H), 4.58-4.86 (m, 2H), 4.21-4.17 (m, 1H), 3.92-3.84

1H), 3.19 (tdJ = 11.4, 8.7 Hz, 1H), 2.22 (s, 3H), 2.18-2.04 (M, (m, 1H), 3.04 (s, 6H), 2.80-2.72 (m, 1H), 3.20 (s, 3H), 1.86-1.83

2H), 1.74-1.65 (m, 2H)**C NMR (CDCk, 150 MHz)§ 199.3,

(m, 1H), 1.68-1.63 (m, 2H), 1.44-1.30 (m, 3HJC NMR

167.0, 161.2, 136.7, 135.5, 135.2, 130.8, 130.6, 123.8, 122.fCDCl;, 150 MHz)$ 196.0, 168.7, 165.5, 156.2, 135.5, 135.1,

120.6, 119.7, 67.5, 63.0, 44.0, 41.9, 30.8, 26.7, 13.9 v.IR

133.5, 130.1, 122.2, 110.1, 104.4, 97.5, 59.5, 57.0, 41.2, 39.9,

(KBr) 2885, 1686, 1637, 1469, 1421, 1334, 1241, 1188, 985, 7423.5, 28.0, 24.7, 23.6, 14.0; WR.. (KBr) 2925, 1688, 1626,

cm®; HRMS (El) m/z calcd for GH;4CINO;S [M'] 375.0696,
found 375.0693.

1526, 1370, 1275, 1147, 1006, 823, 717'cHRMS (El) m/z
calcd for GH,gN,0,S [M'] 398.1664, found 398.1669.

4.47.9i. R = 0.25 (30% EtOAc/hexanes); brown solid; 72 mg; SUPPlementary Material

yield 23%; mp 128-130C; 'H NMR (CDCk, 300 MHz)5 11.94
(s, 1H), 7.76 (dJ = 2.7 Hz, 1H), 7.41 (dd] = 8.7, 2.4 Hz, 1H),
6.92 (d,J= 8.7 Hz, 1H), 5.99 (d] = 1.5 Hz, 1H), 5.84 (d]1= 3.0

Hz, 1H), 5.50 (dJ = 10.5 Hz, 1H), 4.15-3.97 (m, 2H), 3.65 (dt,

'H and™C NMR spectral copies and X-ray crystal structure
details forda, 5a and 90 (CIF) to this article can be found at
http://dx.doi.org/xx.xxxx/j.tet. XxxXxXX.XX.XXX.

=117, 7.2 Hz, 1H), 3.18-2.13 (m, 1H), 2.25 (s, 3H), 2.14-2.1Acknowledgements

(m, 2H), 1.70-1.64 (m, 2H)*C NMR (CDCk, 150 MHz) &

199.4, 167.4, 161.3, 152.1, 149.5, 136.7, 130.9, 123.8, 120.6, e thank the Ministry of Science and Technology of the
1198, 1078’1062,637 égo 43,9 42i 307’267 i35 |R,epUbI|C of Chlna, TaiWan, for flnanCla"y Supportlng this
Vinax (KBr) 2924, 1678, 1639, 1513, 1422, 1365, 1217, 1113, 826,eseal'Ch under Contract No. MOST 102-2113-M-029-004-MY?2.

713 cm*; HRMS (El) m/z calcd for GH,sCINO, [M"] 359.0924,
found 359.0919.

4.4.8.100 R;= 0.48 (30% EtOAc/hexanes); light brown solid; -

165 mg; yield 53%; mp 164-16&; *H NMR (CDCh, 300
MHz) § 11.87 (s, 1H), 7.50 (d,= 1.2 Hz, 1H), 7.29 (d] = 8.4,
1.2 Hz, 1H), 7.10 (dJ = 4.8 Hz, 1H), 6.84 (d) = 8.4 Hz, 1H),
6.73 (d,J = 5.1 Hz, 1H), 4.97 (dJ = 11.1 Hz, 1H), 4.36 (dd] =
8.4, 10.8 Hz, 1H), 4.05 (tdl = 8.4, 5.7 Hz, 1H), 3.66 (di =

11.4, 7.5 Hz, 1H), 3.22-3.15 (m, 1H), 2.27 (s, 3H), 2.17 (s, 3H),

2.14-2.08 (m, 2H), 1.74-1.65 (m, 2HJC NMR (CDCk, 150
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