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Multicomponent Synthesis of Pyrrolizidine

and Azepine/Coumarin-Fused Derivatives
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In this thesis, we report the design, synthesis, and characterization
of  pyrrolizidine and azepine/coumarin-fused compounds via
multicomponent reactions and subsequent evaluation of their potential
antibacterial activities. In the first part, microwave-assisted
three-component reactions of L-proline, benzaldehyde and 1,3-indandione
obtained the pyrrolizidine derivatives. In the second part, the
azepine/coumarin-fused seven-membered heterocyclic derivatives were
prepared Dby condensation of 3-amino-4-hydroxycoumarin with
acetophenone in a pseudo three-component reaction manner. The scope
and limitation of these synthetic methods along with the plausible
mechanisms are discussed. Some azepine/coumarin-fused compounds

were found to possess moderate antibacterial activity against E. coli.
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OH 24 examples
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NoY kit 43-76%
1, 1 equiv o
)J\ 1,4-dioxane
O  ATH ———— Ar Ar
3a, 2 or 4 equiv Microwave R 0]
| OH 5 examples
_ WAYN)
HO 4 equiv 50-65%
_ 5
2, 1 equiv Ar = 2-thiophen-2-yl or 2-furyl

Bl22 it &4 4405 & Sidic

i L A 52 5 AR JIF 5 e E EaER- i
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p-nitroacetophenone (7¢)» ;A= & ¥ Y ¥ 4o xRV R = 4 U B FA4R

@ A F A 100°C F T2 BRI E2F R HR
P @) FH T o £ FBITAoR 2.3 ¢
NO,

e
cat. Yb(OTf)3 @[
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NO,

8
Bl 23~ 8 &~ iL

$F B2 pedn Bt - 2-5 ¥ 95(9, 2-fluoroaniline) 2 ¥ 2 fk (7a,
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FrE R 2z A 180 £ ik TACE 24 o
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Boegit &4 12a~13a 2% 1da- A2 F & %W 5 35% ~ 10% ~ 15% %

5% » 5d & HEFTE IR S o

o) Ph O
H O P _
Lo~ N
NS Ph O
1 4 3a toluene 11a, 35% 12a, 10%
0 —_ +
reflux (\: o) (\: o}
AN N~
0 Ph Ph? 3
10 Ph O Ph O
13a, 15% 14a, 5%

M3l A > FOmicl3a -z fifsedrf

FCPARR A xR PEIT S AA G BRI R 2 0 g pa(1)h R

" pE(Ra)fr 1,3-5 = Ak (10)# H 556 ¥ 1) -7 & frpk (11a)2 bR e
B F et b o 50 A {13 E 2%t 2 7 ey 128~ 133
2 lda> #-i3exz2 F RSV IRATE 32 F RS D BEe 23 F B

TR 2E RS HGA) T LAk E o ® AN i T i
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it 12AA ~ 13AA 2 14AA A+ (4B 34 1t &£ 4 12a-i ; B 35 i &4
13a-i; B 3.6 * &4 14a~14e 2 14g) e i B A 4w 5 ¢ B AP 11A -
FReREN L1 4 Bt »GA)E 135 - Qe EM
LA #Fi 24 A REF 2 HFGBA)R T b F a2 FEirs P
(BB)it iz e F s BAF T A~ U 2 F il WA (- 34
L &4 12j-1; B 3.5t & 4 13j-1: B 3.6 it & 4 14j)-#718 & 4 % 12AB-~
13AB 2 14AB - i3 ec 5 F ik /2 1175 » 8278 A F 1§ 2 e = > fe
RAEER B A PR AL AR TR A

SN R F A RAS R FE AR R

@ | @3
CD@J@
(0] O
_toluene _ 1A, 35% 12AA, 10%

+
requx - 0 o)

Fiy §
“‘

13AA, 15% 14AA, 5%

F g

F il

e N9§:

O 1 3B 12AB, 12%
)b flux, tol ﬁ o * ﬁ 0
MeOH reflux, toluene ~ *

® (A) O @O

13AB, 20% 14AB, 5%

Bl 3.2~ F i i 1 & F i s 11V iR
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By oE-HPEFEERE L EERENA 3L bt -
Pz F RV AR T FEEG A A(F BiERES5406) &K
LA E felg % Apr (F100°C & iR LR 3)MIFRE AT o §

R RPEROHA SR A TG ik hfle(F RiER 6)e ¥
AT EABYEART > 4 BIRR Y MOABMIEFF B B %7 T ok
BAF pF o dd oty FRESERE-F L FTAL >
FIRMARKEFREDAEST > TR RAATF B FM

T okenF s B Mk RETIE R T(F BiER9)

%31~ Eiiless 3 5 exl2ac 13a 2 14a 2 5 4k

H o)
1 o + 3a . N
Ph o ii : @O
© 11a 12a 13a 14a
: . : yield(%0)®

entry reaction condition time (h) 124 132 1l4a
1 THF/ reflux 1 20 15 10
2 1,4-dioxane/ reflux 1 5 22 5
3 DCE/ reflux 1 10 27 7
4 toluene/ reflux 1 12 20 5
5 xylene/ reflux 1 20 25 10
6 xylene/ reflux 3 22 25 12
7 toluene/ 200 W, 150 °C 20 min 15 25 10
8 1,4-dioxane/ 150 W, 150 °C 20 min 20 28 22
9 1,4-dioxane/ 300 W, 275 °C 20 min 30 31 22
10 xylene/ 275 W, 250 °C 10 min 30 25 20

Note: (a) L-proline (1, 1.0 equiv), benzaldehyde (3a, 2.2 equiv), and 11a (1.1 equiv)
were used. (b) Increase in the concentration of benzaldehyde (3-4 equiv) did not affect
the product distribution. ®Isolated yield.
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12a, 30% 12b, 28% 12c¢, 32% 12d, 20%
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12e, 32% 12f, 42% 129, 26% 12h, 39%
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h
—5 0
@

12i, 30% 12j, 26% 12k, 20% 121, 32%

B 3.4~ hetes 2 5 w2 4+ 12a-] 5 1
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13c, 36% 13d, 22%

13i, 33% 13j, 26% 13k, 23% 131, 19%
B35 ifleies 2 6 eihmd 4 13-l BHEH

14a, 21% 14e, 6% 149, 30% 14j, 4%

B 3.6 s 26 vihed b 14 SR

At & 4 THNMR S 3 B g b s 17 o R 7

LA S 12 etk 2 G ek 2-H § - BE £ jniE o o

{4 457-4.67ppm 2 [ ; 1 £ 4 13> F st 1 & welk 2-H }
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g F e et (J=5.7-6.0Hz) > * & =4 457-467ppm 2 & ; & i+ & $
145 2 § fredss 3 & wgdk 2-H § /) 0B & ooqe¥ (0 = 10.8-11.1 Hz) -
v & =4 4.82-5.18 ppm 2. [ » K3 ¥ 1 Fx o

A g4 B-18 4 $ 128 % 13a4r 139 2 149 4 & (408 3.7)-
B 2 rilet L a e fmd 2 1202 14-P- R B 55 & - Havf
i‘ﬂﬁiﬁ' o ¥ — pifetrk B F e T4 40 130 5 1,2-“'E;“B’»f¥ﬂ1‘#;’f§» )
hAHEEY g3 PR 12-F AR AP 14k AT & 4
PIFIAF A 2 5 o AL - B A2 24 3B C-CoEz2 1B

C-Né4t > x7|MCRs A4 % 23 3B 247 v EBRAL o

13¢g 149

B 3.7~ 12a # 13a {r 139 * 149 2. X-ray o §8 S5 5% 1 Bl
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Rl R F (R 3.8) 2 ph(1)% ¥ 7 pE(3a)5 Y M6 F )
= oxazolidin-5-one (15) - }* ¢ FAE 1587z F &> w3 - 5§ L 5
{4254 azomethine ylide 16 - »7¥ 7 FF 48 16 2 H £ 3r2;3% 17 12—
# v 2-benzylidene-1H-indene-1,3(2H)-dione (11a) .5 & [3+2] % it 4v =

e B ¥ AP 12a~13a 12 %2 1lda-

PhCHO
OH 3a _ o -CO, [®/> [®>@
N — “» N - N

0 %O kPh tPh

1
[3% g éz}

4a 3a 2a
%HB‘ﬁWﬂg%lkxwaﬂlMaiﬁ@%ﬁ@#ﬁﬁ

B A PRArE R PP A A IR PR HT R
FERFERE TR 4 10pM 2 kR > A B = BEAB(ER 4§
% ¢ ) (Staphylococcus aureus/ S. aureus)~ ~ % % 7 (Escherichia coli/ E.
coli) 4 2 % 3k 4% 7 (Pseudomonas aeruginosa/ P. aeruginosa)) i iR 3% » 5

RERE S0 EFEN S BRAT RIEFIL
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Ry EARPPEf iz 43268 fFd 42
RATRlT S

'z

Ff‘@_u‘zﬁ;.f@\&ﬁgéﬁﬁﬂﬁ@j@g LR L
ER Y

T A2

OH OH cl
X HNO;, NaNO, S NO2 POCl;, DMF L NO;
AcOH r.t., 15 min, 95%
0™ ~O 55°C, 10 min, 90% 0~ ~o o
2 19

EtOH, 0.1 M HCI
Fe, 70°C, 1 h,

50%

O o

N NH,
N p-TsOH, toluene
O X Dean Stark, 12 h, 49% 0" 0
o Yo 21
23a

B39 &t E 2l 2§ B/ h 2 Fpfrid f 28a 2 IS

FAMBEL S AR A e S AN

3 Sh % AR 3.9 43N0 B B g E TR

£ it &4 23a Fwm

B E 2015 # 2 & Wiy

AR AT AR RN SRS G
BB sl o ABRR S LH

MM R 4B
B5°C F s » WHIt &4 190 %= % LA g 1o

Heit £ 197350
7 A7 FRIR(DMF) P o ki T 4

TR RIRGZ § §
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M2

BER G TR 0 kR B L BT E £ 200 %

i

A B R AEL > RV A 200330 AR A1 48R R T e

0.1M Bz it » BF| " 540 210 Bis— HFa WK F o 23
Ve 2l F e Er(Ta)a > F27 o EFAr BCRET TRE
(p-TSOH) » & = it & 4 23a - F]§ FF & % /i TAf fe g Hehd 3% > #71Y

fmd Xeray 8 SESH BB F o2 fE 1 & 55 (8] 3.10) -

W
v
\ |
[V "
| .
v/
N9 cog/
\\/ AN
/

AP RAGLEE R F D EPF 2l T R4 E
PRI E P 2B o B A fRRIE G § B e e B
FacFl 311> SAckide 5 21 F A IO o B K £ b 2 003
Briaapit s S AR IEEEAARR2Z 85 198 F 5%
BBt 8 2EFm-kRMF o FHLEI1 L 2a- g
W HH T T AE R AY 24a> A AR 4508 & Bt ade gy

P2LEEAR R AY 0 H i L4 23
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OH

\ HNO;, NaNO, A NO, H,, Pd/C o NH2
AcOH EtOH, 6 h, 70%
oo i oo oo

55 °C, 10 min, 90%

) 19 22
p-TsOH, o
toluene, p-TsOH,
Dean Stark, toluene,
12 h, 84% Dean Stark,
12h
7a

23a 24a
Bl 31l K it £4 22 £ § vB/R 8 FHoiTd  23a BT

LA R L F A 2L F o 2 F AAcTE g RS a5 7
e 7 - B E 2RI A o T R b s 4G AT
AP Ridzdndh 220 0 04 B Rl R A2 0L T AT R R
R4 r LIRS RAGAFF A2 5 Ry BEERE 3 BT
T T R T PR PRIy Ry

BT AR > O RIIZF RS2 F 25 25% -

I~
g

N~
il

gt A R R s BT 1 E e 22 4P 021 B A IR T
T- oD EERE AT 2RABRAES T Adp R F REET (R

320 F i 2) s sbifrit &4 21 22 22 97 (B e B 3eIR A > €+
VAP 22 T AR pE S TR A AL o Fl s - k4p R

B g R £ 22 17 S Az o



BiCFERIEE > BEBRENA 32 FMERBZ Wk ik
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%32 Bt §ge2/4 2 2 fEfoiTd 4 23a 2 F Bk
i ()
OH )b 74 O

22

entry reaction condition cat. time (h) vyield(%)
1 toluene/ D-S*? 0.2eq p-TsOH 6 84

2 toluene/ reflux 0.2eq p-TsOH 6 80

3 toluene/ reflux leq p-TsOH 6 50

4 toluene/ reflux 2eq p-TsOH 6 NR
5 toluene/ reflux 0.2eq AcOH 6 15

6 toluene/ reflux 0.2eq Yb(OTf)3 6 40

7 toluene/ reflux 0.2eq p-TsOH 12 82

8 DCE/ reflux 0.2eq p-TsOH 6 35

9 1,4-dioxane/ reflux  0.2eq p-TsOH 6 trace
10 xylene/ reflux 0.2eq p-TsOH 6 75

Note: 3-amino-4-chloro coumarin (22, 1.0 equiv) and acetophenone (7a, 2 equiv)
were used. * D-S: Dean-Stark apparatus.

B it i A A 0 WA A L H 22404-2 A
CEp 2l ARBEEARERAZLFLCRITALF(NF R T 5 E
SEEF i AZFER O RS2 N E A2 it AR A K o K
Wi 3 JHEP RPN AAY DA F A 60% 1 0BG UdEaE 5o
R g 28ec AR A5 Be PR AHENE AR LY
TRt R EREEE 502 2 BRI R E R R ORE
fFolefseitEx b AR A 3L E R § FAL Y R4
BT R el FI TS AR R A SR R
HARFL o F ok W £ 4 23F A F o AR E v b o 4R E I A S
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23d, 63% 23e, 12% 23f, 37%
B312 36 5o s r ft i bz pRE A3

Aqp it & F 'H NMR % 3 B cdy i e 49 < 1 138 ¢ 7 A 4
CEP 28 pFrE6-HT A BROE £y > P E B
219 ppm 2 4.99 ppm > K# W & Fx o Ay ES R i £ 4 23a

2k & (B 3.10) -

AR R R B EE s R DHRRF R HA-B 313 5 4
FRA(Ta)E &4 22 £4]% ok E AR 1 £ 250 i &4 25 5
i I - 3 % 2 f(imine-enamine tautomerization)) = i+ & 4= 26 -
o P F AR (7Q) fefik et T A5 AR -4 AR T % 2 i (keto-enol

tautomerization) it & $= 27>}t FFiC & F 27 22 26 & {7 4 = K i (addition
32



reaction)?; = f* & 4 28 » i&— H H-kA; 2 - £ 29 FRis 1 &4 29

IS

I % 2 i (tautomerization)x ¥ B+ it G4 £ 4 300 HFF AL
PR FHEERINAEZOM R ERACREFAIRRLARE L
3Lodm it E4 3L AZ AL TF AP LERE - &£ F K2 FF o

AL 32 BMEF- BIREHRFINALS 232

+H* \ - H20
OH
L C CLX
o "0 (0]
29

Bl 3.13 ~ Japli- &4 23a 2 F BBt & ~ T
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RN AR R LTS R A PR F RS

)

g 28a-f A ek kAT hu kTR R 20pM R R 4R

(w

BRI s o 3N T A RN A B A T2
SRR AAM SR eF 3140 B REFRL 5ES > § ki
WIS dom R EEE AT o TRE R RS o B9 MH2-4 %

WHREFREL JIRFF LR cdpfz ™ > 1 £ 4 23d 2
HERREE > S BFATH 2% FF BRI £F 2380 &
CHEFE AR T EHAL IS YL 5% 57% ¢ d F Sk

I S SR e

\‘ oy
~mbe
&
5
Th
T

Antibacterial activity concentrations ~20uM

I 23a
m23b
m23c

- m23d
m23e
m 23f

MH2-4

E. coli S. aureus P. aeruginosa
Strain

140%

120%

100%

80%

60%

—

40%

Bacterial survival percentage (%)

20%

0%

B 3.14~ § 5E/% 2 4 fkfriv2 3 23a-f 2 Fjgis 1
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¥

I 7!?- ~ R &I

5.1 R EDZE HE LR

Y5 BLp e ¢ ¥ MEL-TEMPIIE Bhp) 2 ik > B B A5 o
bk v 1725XFT-IR (Fourier Transform Infrared) i #F 2 5k
R HRHESEHF L KBN)E PR FRESR Y
F st s (ATR)B 20 63 8 = % L #ic(om™) @5 0 25 o o
% 2 45 & 3# (Low resolution mass spectroscopy) % & %45 & ¥
(High resolution mass, HRMS) £ 2= R ¢ » 3RF £ &R T ¥ = L]
% * JOEL JMS-SX/SX 102A 3% & o

X EH S > ZFFLEP NFERE? wRp > #* Bruder
AXS SMART-1000 ¥ & ¥+ ik 2 i* & &2 F ah= *ﬁa’:ﬁ‘”’ T H4EE
B Gk b chEHEA T o

@ X RE¥ * Varian Unity 300 (300 MHz solars system)
BRUKER Ascend TM 400MHz » g 1% 2 £ =k 3% * Varian Unity
300 (75 MHz solars system)% Varian Unity 600 (150 MHz solars
system) o Bl:Etk &% 3 % 7 (CDCI3) ~ 7 f(CD30D) ~ = 7 A 7
((CD3),S0O) % i A& » w7 4 g7 2% (tetramethylsilane) 5 p 3% 2L %
(internal standard) - * & = # 1 ppm % H = ) A& 4§ ¥k
(coupling constant) » H i+ 5 Hz - 4 %] 353\ (splitting pattern) Z_; -
T s & H(singlet) ; d & g £ 2% (doublet) 5 t £ = £ (triplet) ;
m % % & (multiplet) -

‘+§%¥

4 % ¥ 414 #t(Column chromatography) i¢ * 4§ B 2t 5 % fx (E.

Merck) Silica gel 60 (230-400 mesh)Z| # #% o
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7. &k ¢ K ~ #(Thin layer chromatography) i¢ * 4g B2k 5. % Fy Silica
gel 60 F254 | 5& & & R 4~ 5 o 4% ¥ ¢h L E UV light) & 8

5

8. FRiIkHFi * BUCHI R114 3% »g z 3 & {r SIBATAWI-20 95 5% -k i
MEW O ZETIZARHE 25mmHg -

9. FWE&E TR e BPEEIBEA P AL R A1 FH A
(TCI) ~ £ ® Fisher ~ & B Lancaster 2 Alfa Aesar ~ # & Aldrich
Z Janssen #fy o F &~ FBE P G A4 iR o g
LT g 2 % %55 ACS & B £ W Tedia # Ry -
GIERCI SAFBIP b s oS R F o

10. #ik & J ¢ * CEM Discover it & = ik & o

11. 2 pFa 1iRls# % * SpectraMax® Plus 384 fic & 4 & sk L3 ik o
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LA &4 i il * R % B

YRR 2 8 X af-d Gfofr 2 B o T £ 13
& = fir (10, 100 mg, 0.68 mmol) ~ * ¥ fz(3a, 80 mg, 0.75 mmol)f=¥f %
F:(1,24mg,10mol% ) ;3> 20mL * @ > A3 8 T ¥ 15 ) o

FMBMAT 0o F R & R TR 2 7 BB mLxD)fee 52(10

+ ¢ HHY; A F 79%; Ri=0.55 (20% EtOAc/hexanes);

mp 150-152 °C (Lit.** 152-153 °C); 'H NMR (CDCl;, 300 MHz) & 8.47—
8.45 (m, 2H), 8.05-8.00 (m, 2H), 7.92 (s, 1H), 7.86-7.80 (m, 2H), 7.58—
7.50 (m, 3H).

2-(4-(dimethylamino)benzylidene)-1H-indene-1,3(2H)-dione (11b)

F i d F M, A F 78% R = 049 (40%
EtOAc/hexanes); mp 204—206 °C (Lit.** 208-210 °C); *H NMR (CDCls,
300 MHz) & 8.54 (d, J = 8.7 Hz, 2H), 7.94-7.90 (m, 2H), 7.79 (s, 1H),
7.74-7.71 (m, 2H), 6.75 (d, J = 9.6 |:8z 2H), 3.16 (s, 6H).



2-(4-methoxybenzylidene)-1H-indene-1,3(2H)-dione (11c)

3+ ¢ B, A X T77%; R = 055 (30%
EtOAc/hexanes); mp 153-155 °C (Lit.** 156-157 °C); *H NMR (CDCls,
300 MHz) & 8.55 (dd, J = 7.2, 5.1 Hz, 2H), 8.01-7.97 (m, 2H), 7.85 (s,
1H), 7.80-7.78 (m, 2H), 7.02 (dd, J = 6.7, 1.8 Hz, 2H), 3.92 (s, 3H).

2-(4-nitrobenzylidene)-1H-indene-1,3(2H)-dione (11d)

3 ¢ B M, A ¥ 89%; R = 048 (30%
EtOAc/hexanes); mp 231-233 °C (Lit.** 225 °C); *H NMR (CDCls, 300
MHz) & 8.55 (d, J = 9.0 Hz, 2H), 8.34 (d, J = 8.7 Hz, 2H), 8.07 (dd, J =

5.7, 3.0 Hz, 2H), 7.90 (s, 1H), 7.89 (dd, J = 5.7, 3.0 Hz, 2H).

2-([1,1'-biphenyl]-4-ylmethylene)-1H-indene-1,3(2H)-dione (11e)

¥ ¢ FR; A F 78%; R = 0.63 (30%
EtOAc/hexanes); mp 166-168 °C (Lit.* 167-169 °C); 'H NMR (CDClIs,
300 MHz) & 8.57 (d, J = 8.4 Hz, 2H), 8.05-8.01 (m, 2H), 7.95 (s, 1H),
7.84-7.81 (m, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 6.9 Hz, 1H),
7.52-7.39 (m, 4H).
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2-(thiophen-2-yImethylene)-1H-indene-1,3(2H)-dione (11f)

o + ¢ FH48; A ¥ 54%; Rs= 0.42 (20% EtOAc/hexanes);

mp 173-175 °C (Lit.* 177 °C); 'H NMR (CDCls, 300 MHz) & 8.07 (dd, J
= 3.6, 0.9 Hz, 1H), 8.03 (s, 1H), 8.01-7.97 (m, 2H), 7.89-7.87 (m, 1H),
7.81-7.78 (m, 2H), 7.25-7.24 (m, 1H).

2-(furan-2-ylmethylene)-1H-indene-1,3(2H)-dione (119)

o + ¢ HH8; A F 86%; Ri= 0.64 (30% EtOAc/hexanes);
mp 206-208 °C (Lit.*? 209.5-211 °C); *H NMR (CDCls, 300 MHz) & 8.59
(d, J = 3.6 Hz, 1H), 7.99-7.97 (m, 2H), 7.81-7.76 (m, 3H), 7.77 (s, 1H),
6.74-6.72 (m, 1H).

2-((5-nitrofuran-2-yl)methylene)-1H-indene-1,3(2H)-dione (11h)

¥ ¢ TR A & 80%; R = 058 (40%
EtOAc/hexanes); mp 218-219 °C; *H NMR (CDCls, 300 MHz) & 8.61 (d,
J=4.2 Hz, 1H), 8.05 (dd, J = 5.6, 3.3 Hz, 2H), 7.88 (dd, J = 5.6, 3.3 Hz,
2H), 7.69 (s, 1H), 7.48 (d, J = 4.2 Hz, 1H); *C NMR (CDCls, 75 MHz)
8188.2, 188.1, 153.3, 151.5, 142.5, 140.6, 136.1, 136.0, 131.4, 126.1,
123.8, 123.6, 113.3; IR vmna (KBr) 3144, 168, 1518, 1347, 1223, 1021,
827, 730 cm™: HRMS (EI) m/z calcd for C14H,NOs [M*] 269.0324, found
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269.0319.

2-((5-methylfuran-2-yl)methylene)-1H-indene-1,3(2H)-dione (11i)

¢ T M A X 75%:; R = 063 (30%

EtOAc/hexanes); mp 178-180 °C; *H NMR (CDCls, 300 MHz) & 8.56 (d,
J=3.9 Hz, 1H), 7.95-7.92 (m, 2H), 7.77-7.74 (m, 2H), 7.69 (s, 1H), 6.39
(d, J = 3.6 Hz, 1H), 2.47 (s, 3H); *C NMR (CDCl;, 150 MHz) & 190.5,
189.2, 161.3, 150.5, 142.2, 140.3, 134.9, 134.5, 129.1, 127.5, 122.9,
122.8, 122.7, 112.2, 14.5; IR vmax (KBr) 3695, 2970, 1716, 1675, 1589,
1507, 1354, 1211, 1026, 734 cm™; HRMS (El) m/z calcd for Ci5H1003
[M*] 238.0630, found 238.0622.

£ =it &4 12a-1 ~13a-i ~14a~14e~14 2 14) a=d * ??ﬁﬁ?ﬁ
#- 1L [Fl % '&¥g @ % 1la (100 mg, 0.43 mmol) ~ % % f&(1, 98 mg,
0.85 mmol)frig £ ¥ * fz(3a, 59 mg, 0.55 mmol);3 *+ 1,4-= #&’= (10

mL) > % 275°C (300 W, 7 BALM £ 2)T BBAt 25 A4 > ¥ il

WRAFT F 440 F A B FRHE I B BT AR ES
Hr Ay e

(1'R,3'S,7a'S)-1',3"-diphenyl-1',3",5",6",7",7a"-hexahydrospiro[indene-
2,2'-pyrrolizine]-1,3-dione (12a)
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O .

N ~

0
@ A F 4 AM; A F 30% R = 045 (20%
EtOAc/hexanes); mp 186-187 °C; *H NMR (CDCl,, 300 MHz) § 7.76 (dt,
J=75,1.2 Hz, 1H), 7.58-7.51 (m, 1H), 7.48 (d, J = 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 (d, J = 10.8 Hz, 1H), 3.12-3.04 (m, 1H), 2.74-2.67 (m,
1H), 2.18-1.95 (m, 3H) , 1.75-1.68 (m, 1H); *C NMR (CDCls, 150 MHz)
6 201.0, 199.2, 142.8, 141.8, 138.1, 135.5, 135.4, 135.0, 128.34, 128.30,
127.9,127.5, 127.4,127.2, 122.6, 122.5, 76.6, 73.3, 67.5, 58.7, 54.2, 31.7,
25.9; IR vimax (KBr) 2924, 1734, 1701, 1593, 1358, 1257, 1100, 938, 765,
699 cm™; HRMS (El) m/z calcd for CyH,3NO, [M*] 393.1729, found

393.1724.

(1'R,3'S,7a'S)-1",3"-bis(4-(dimethylamino)phenyl)-1°,3",5',6",7",7a'-hex
ahydrospiro[indene-2,2'-pyrrolizine]-1,3-dione (12b)

\ + ¢ FHHE; A2 F 28%; Ry= 0.26 (40% EtOAc/hexanes);
mp 210-211 °C; *H NMR (CDCls, 300 MHz) & 7.74 (d, J = 7.2 Hz, 1H),
7.56-7.48 (m, 3H), 7.12 (d, J = 8.7 Hz, 2H), 7.05 (d, J = 8.7 Hz, 2H),
6.44 (dd, J = 9.0, 4.8 Hz, 4H), 4.68-4.60 (m, 1H), 4.48 (s, 1H), 3.65 (d, J
= 10.5 Hz, 1H), 3.06-2.98 (m, 1H), 2.783 (s, 6H), 2.780 (s, 6H), 2.72—
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2.66 (M, 1H), 2.13-1.88 (m, 2H) , 1.71-1.56 (m, 2H); *C NMR (CDCls,
150 MHz) § 201.7, 200.1, 149.8, 149.5, 143.2, 142.1, 135.2, 134.7, 129.1,
128.1, 126.0, 123.4, 122.7, 122.4, 112.2, 112.0, 76.5, 73.4, 67.6, 58.4,
54.0, 40.4, 40.3, 31.7, 25.5; IR vimax (KBF) 3695, 2869, 1733, 1702, 1613,
1524, 1355, 1254, 946, 810 cm™; HRMS (EI) m/z calcd for CaiHasN;O;
[M*] 479.2573, found 479.2579.

(1'R,3'S,7a'S)-1',3'-bis(4-methoxyphenyl)-1',3",5',6",7",7a"-hexahydros
piro[indene-2,2'-pyrrolizine]-1,3-dione (12c¢)
—0

\\\O

—0 v ¢ T4, A X 32%; R = 034 (30%
EtOAc/hexanes); mp 122-124 °C; *H NMR (CDCls, 300 MHz) & 7.75
(dd, J = 7.5, 0.9 Hz, 1H), 7.58-7.50 (m, 3H), 7.17 (d, J = 8.7 Hz, 2H),
7.09 (d, J =8.7 Hz, 2H), 6.59 (t, J = 8.7 Hz, 5H), 4.67-4.62 (m, 1H), 4.51
(s, 1H), 3.69 (d, J = 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, 3H); **C NMR (CDCl;, 75 MHz) & 201.3,
199.7, 158.8, 158.6, 143.0, 141.9, 135.4, 134.9, 130.3, 129.4, 128.4,
127.7,122.6, 122.5, 113.6, 113.3, 76.2, 73.4, 67.7, 58.2, 55.0, 54.3, 54.1,
31.7, 25.8; IR vma (KBr) 2932, 1739, 1705, 1610, 1513, 1250, 1180,
1031, 831 cm™; HRMS (EI) m/z calcd for CyH,sNO, [M*] 453.1940,
found 453.1946.

(1'R,3'S,7a'S)-1',3'-bis(4-nitrophenyl)-1',3",5',6',7*,7a'-hexahydrospir
o[indene-2,2'-pyrrolizine]-1,3-dione (12d)
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O=N AW A, A F 20%; Ry = 046 (30%
EtOAc/hexanes); mp 186-188 °C; *H NMR (CDCl,, 300 MHz) & 7.98—
7.91 (m, 4H), 7.82 (d, J = 7.5 Hz, 1H), 7.66 (t, J = 7.2 Hz, 1H), 7.59 (t, J
= 7.8 Hz, 1H), 7.49 (d, J = 7.8 Hz, 1H), 7.45 (d, J = 8.4 Hz, 2H), 7.34 (d,
J = 8.7 Hz, 2H), 4.83-4.78 (m, 1H), 4.70 (s, 1H), 3.86 (d, J = 10.5 Hz,
1H), 3.11-3.05 (m, 1H), 2.73-2.65 (m, 1H), 2.19-2.02 (m, 3H), 1.74-
1.67 (m, 1H); *C NMR (CDCls, 150 MHz) & 199.7, 198.1, 147.4, 147.3,
145.8, 142.6, 142.3, 141.4, 136.5, 136.0, 129.3, 128.1, 123.6, 123.3,
123.01, 122.95, 75.7, 73.2, 67.8, 58.2, 54.2, 31.5, 26.4; IR vpma (KBI)
2959, 1738, 1700, 1519, 1346, 1256, 1109, 859, 691 cm™; HRMS (EI)
m/z calcd for Cy;H»N3Og [M™] 483.1430, found 483.1425.

(1'R,3'S,7a'S)-1",3'-di([1,1'-biphenyl]-4-yI)-1',3",5',6",7",7a'-hexahydro
spiro[indene-2,2'-pyrrolizine]-1,3-dione (12¢)

N ~

:° o}
Ph v 4 FH R A F 32%; Ry = 0.63 (30%
EtOAc/hexanes); mp 219-220 °C; *H NMR (CDCls, 300 MHz) § 7.80 (dt,
J=175,0.9 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), 4.67 (s, 1H), 3.83 (d, J
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= 10.2 Hz, 1H), 3.16-3.08 (m, 1H), 2.79-2.73 (m, 1H), 2.21-1.98 (m,
3H), 1.79-1.73 (m, 1H); *C NMR (CDCl;, 150 MHz) & 201.0, 199.3,
142.9, 141.9, 140.5, 140.3, 140.2, 140.0, 137.4, 135.6, 135.1, 134.7,
128.8, 128.63, 128.58, 127.7, 127.2, 127.1, 126.9, 126.8, 126.7, 126.6,
122.8,122.6, 73.4, 67.7, 58.5, 54.3, 31.7, 26.0; IR vmax (KBr) 2972, 1742,
1704, 1486, 1353, 1260, 764, 696 cm™; HRMS (EI) m/z calcd for
CaoHa:NO, [M*] 545.2355, found 545.2357.

(1'R,3'R,7a'S)-1",3'-di(thiophen-2-yl)-1*,3',5",6",7",7a’-hexahydrospiro
[indene-2,2'-pyrrolizine]-1,3-dione (12f)

&
=/ O

N B

N
N

S 0]

Q + ¢ FHH; A F 42%; Ri= 0.34 (20% EtOAc/hexanes);
mp 210-211 °C; *H NMR (CDCls, 300 MHz) & 7.87 (dd, J = 8.4, 1.5 Hz,
1H), 7.69-7.58 (m, 3H), 7.01 (dd, J = 4.8, 1.2 Hz, 1H), 6.95 (dd, J = 4.8,
1.2 Hz, 1H), 6.78 (d, J = 3.3 Hz, 1H), 6.73 (t, J = 4.2 Hz, 1H), 6.65 (t, J =
4.2 Hz, 1H), 6.60 (d, J = 3.3 Hz, 1H), 4.79 (s, 1H), 4.69-4.62 (m, 1H),
3.97 (d, J = 9.9 Hz, 1H), 3.18-3.10 (m, 1H), 2.83-2.76 (m, 1H), 2.15-
1.94 (m, 3H) , 1.79-1.73 (m, 1H); *C NMR (CDCls, 150 MHz) & 200.1,
198.7, 143.1, 143.0, 142.1, 137.9, 135.7, 135.2, 126.7, 126.4, 125.7,
124.8,124.3, 123.8, 122.9, 122.7, 72.3, 71.9, 69.4, 54.3, 53.4, 31.4, 25.4;
IR vmax (KBr) 2956,2380, 1733, 1700, 1591, 1367, 1354, 1257, 752,
710 cm™; HRMS (EI) m/z calcd for C,3H1sNO,S, [M*] 405.0857, found
405.0851.
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(1'R,3'R,72'S)-1",3"-di(furan-2-yl)-1',3",5',6",7",7a"-hexahydrospiro[in
dene-2,2'-pyrrolizine]-1,3-dione (129)

~ 0
=/ 0

-
-

N ~

0] 0]

Q v ¢ FEE; A & 26%; Ry= 0.33 (30% EtOAc/hexanes);
mp 154-155 °C; *H NMR (CDCls, 300 MHz) & 7.94 (d, J = 7.5 Hz, 1H),
7.75-7.64 (m, 3H), 6.96-6.93 (M, 2H), 6.24 (d, J = 3.3Hz, 1H), 6.09-6.07
(m, 2H), 6.03 (d, J = 3.3 Hz, 1H), 4.56-4.49 (m, 2H), 3.76 (d, J = 10.2 Hz,
1H), 3.17-3.09 (m, 1H), 2.82-2.75 (m, 1H), 2.16-1.95 (m, 3H), 1.82—
1.74 (m, 1H); *C NMR (CDCls, 150 MHz) & 200.8, 199.9, 153.7, 149.4,
142.4, 142.3, 142.2, 141.5, 135.64, 135.55, 123.2, 122.8, 110.0, 109.9,
107.6, 107.3, 70.5, 66.4, 65.5, 53.6, 52.8, 27.7, 26.7; IR v (KBr) 2944,
1741, 1707, 1593, 1349, 1257, 1000, 795, 746, 730 cm™; HRMS (El) m/z
calcd for Cy3H1oNO, [M™] 373.1314, found 373.1319.

(1'R,3'R,7a'S)-1',3'-bis(5-nitrofuran-2-yl)-1',3',5",6",7",7a"-hexahydros
piro[indene-2,2'-pyrrolizine]-1,3-dione (12h

-
—/ O

-
-

N .

0= O
OzNQ #d H MW A F 39%; R = 018 (40%
EtOAc/hexanes); mp 204-206 °C; *H NMR (CDCls, 300 MHz) § 8.10 (d,
J=7.8Hz 1H), 7.85 (td, J = 8.1, 1.5 Hz, 1H), 7.75 (id, J = 8.1, 1.5 Hz,
1H), 7.70 (d, J = 7.8 Hz, 1H), 7.06 (d, J = 3.6 Hz, 1H), 7.03 (d, J = 3.6
Hz, 1H), 6.61 (d, J = 3.8 Hz, 1H), 6.27 (d, J = 3.8 Hz, 1H), 4.57 (s, 1H),

4.55-4.49 (m, 1H), 3.84 (d, J = 10.2 Hz, 1H), 3.22-3.15 (m, 1H), 2.86—
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2.79 (m, 1H), 2.22-2.03 (m, 3H), 1.89-1.83 (m, 1H); **C NMR (CDCl;,
150 MHz) ¢ 197.2, 196.9, 156.0, 153.6, 151.30, 151.29, 141.6, 141.5,
136.54, 136.45,124.0, 123.1, 112.1, 112.0, 111.4, 110.9, 69.4, 69.1, 67.6,
54.8, 50.7, 31.2, 26.1 ; IR vmax (KBr) 2971, 1741, 1703, 1498, 1353, 1237,
1012, 811, 738 cm™; HRMS (El) m/z calcd for CyHyNsOg [M']
463.1016, found 463.1012.

(1'R,3'R,7a'S)-1",3"-bis(5-methylfuran-2-yl)-1',3",5,6",7",7a'-hexahydr
ospiro[indene-2,2'-pyrrolizine]-1,3-dione (12i)

(50
—/ O

0] 0]

Q oWk A K 30% R = 034 (30%
EtOAc/hexanes); mp 183-185 °C; *H NMR (CDCls, 300 MHz) & 7.94 (d,
J =75 Hz, 1H), 7.76-7.65 (m, 3H), 6.07 (d, J = 3.0 Hz, 1H), 5.88 (d, J =
3.0 Hz, 1H), 5.63-5.25 (m, 2H), 4.52-4.44 (m, 1H), 4.42 (s, 1H), 3.70 (d,
J =10.2 Hz, 1H), 3.15-3.07 (m, 1H), 2.81-2.74 (m, 1H), 2.14-1.94 (m,
3H), 1.85 (s, 3H), 1.84 (s, 3H), 1.92-1.74 (m, 1H); *C NMR (CDCls, 150
MHz) § 199.3, 198.1, 151.7, 151.6, 151.1, 148.5, 142.4, 141.9, 135.3,
134.8, 122.8, 122.7, 108.6, 107.6, 105.9, 105.8, 69.9, 69.2, 66.9, 54.4,
51.2, 315, 25.5, 13.1, 13.0; IR vy (KBr) 3359, 2923, 1744, 1706, 1633,
1260, 1021, 787, 749 cm™; HRMS (EI) m/z calcd for CysHsNO, [M']
401.1627, found 401.1632.

(1'R,3'S,7a'S)-3'-(4-methoxyphenyl)-1'-(4-nitrophenyl)-1',3',5",6",7",7
a'-hexahydrospiro[indene-2,2'-pyrrolizine]-1,3-dione (12])
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Qo

—0 4 W, A 5 26%; Re= 0.2 (20% EtOAc/hexanes);

mp 152-154 °C; '"H NMR  (CDCl;, 300 MHz) § 7.96 (d, J = 8.7 Hz, 2H),
7.78 (d, J = 7.5 Hz, 1H), 7.61 (td, J = 7.5, 1.8 Hz, 1H), 7.57-7.49 (m, 2H),
7.38 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 6.58 (d, J = 8.7 Hz,
2H), 4.80-4.73 (m, 1H), 4.54 (s, 1H), 3.85 (d, J = 10.5 Hz, 1H), 3.65 (s,
3H), 3.08-3.01 (m, 1H), 2.72-2.65 (m, 1H), 2.20-1.99 (m, 3H), 1.72—
1.66 (m, 1H); *C NMR (CDCls;, 150 MHz) & 200.3, 198.9, 159.0, 147.1,
143.7, 142.7, 141.6, 135.9, 135.4, 129.4, 129.35, 128.3, 128.2, 123.5,
122.8, 122.7, 113.3, 73.4, 67.5, 57.4, 55.0, 53.9, 31.8, 26.1; HRMS (EI)
m/z calcd for CysH,4N,05 [M*] 468.1685, found 468.1688.

(1'R,3'S,7a'S)-1'-(4-(dimethylamino)phenyl)-3'-(4-methoxyphenyl)-1*,
3',5',6",7",7a'-hexahydrospiro[indene-2,2'-pyrrolizine]-1,3-dione (12k)

/
—N

>/:\: o

—0 v ¢ F48; A 20%; Ri= 0.2 (20% EtOAc/hexanes);

mp 193-195 °C; 'H NMR  (CDCls, 300 MHz) § 7.75 (td, J =6.9, 1.2 Hz,
1H), 7.58-7.47 (m, 3H), 7.18 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.7 Hz, 2H),
6.59 (d, J = 8.7 Hz, 2H), 6.44 (d, J = 8.7 Hz, 2H), 4.95 (m, 1H), 4.51 (s,

48



1H), 3.66 (d, J = 10.5 Hz, 1H), 3.64 (s, 3H), 3.07-2.99 (m, 1H), 2.79 (s,
6H), 2.72-2.63 (m, 1H), 2.14-1.90 (m, 2H), 1.72-1.57 (m, 2H); **C
NMR (CDCl,, 150 MHz) & 201.8, 198.3, 157.6, 149.0, 142.3, 141.2,
135.5, 135.2, 132.8, 131.2, 128.6, 123.3, 123.2, 123.1, 113.0, 111.4, 72.7,
68.5, 67.0, 64.4, 55.0, 53.9, 40.3, 28.7, 26.9; IR vy (KBr) 3415, 1737,
1699, 1613, 1512, 1350, 1250, 1034, 948, 796 cm™; HRMS (EI) m/z
calcd for CoHsoN,03 [M*] 466.2256, found 466.2261.

(I'R,3'R,7a'S)-1"-([1,1'-biphenyl]-4-yl)-3'-(thiophen-2-yI)-1°,3",5",6",7",
7a'-hexahydrospiro[indene-2,2'-pyrrolizine]-1,3-dione (12l)
Ph

N -

S O

@ E ¢ FM, A S 32% R = 035 (20%
EtOAc/hexanes); mp 116-118 °C; '"H NMR (CDCl,, 300 MHz) & 7.83—
7.80 (m, 1H), 7.64-7.53 (m, 3H), 7.44-7.41 (m, 2H), 7.37-7.31 (m, 4H),
7.29-7.22 (m, 3H), 7.02 (dd, J = 5.1, 1.2 Hz, 2H), 6.67-6.61 (m, 2H),
4.85 (s, 1H), 4.82-4.76 (m, 1H), 3.76 (d, J = 10.2 Hz, 1H), 3.21-3.14 (m,
1H), 2.87-2.79 (m, 1H), 2.14-1.97 (m, 3H) , 1.75-1.69 (m, 1H); “*C
NMR (CDCls, 75 MHz) § 200.3, 198.8, 143.0, 142.8, 141.8, 140.0, 139.8,
135.4, 134.9, 134.2, 128.5, 128.4, 127.0, 126.7, 126.5, 126.1, 124.5,
123.7,122.6, 122.4,72.6, 72.1, 67.3, 58.0, 54.1, 31.3, 25.3, 22.4, 13.8; IR
vmax (KBr) 2939, 1736, 1702, 1365, 1257, 1230, 1216, 763, 719 cm™;
HRMS (EI) m/z calcd for C3;H,sNO,S [M™] 475.1606, found 475.1609.

(2'R,3'S,7a'R)-2',3'-diphenyl-2',3',5",6",7",7a'-hexahydrospiro[indene-
2,1'-pyrrolizine]-1,3-dione (13a)
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v 4 H M, A F 31%; R = 048 (20%
EtOAc/hexanes); mp 188-189 °C: *H NMR (CDCls, 300 MHz) & 8.06 (d,
J =6.3 Hz, 1H), 7.88-7.75 (m, 3H), 7.29 (d, J = 7.8 Hz, 3H), 7.26 (s, 1H),
7.20-6.99 (m, 6H), 5.17 (d, J = 5.7 Hz, 1H), 4.63 (t, J = 7.8 Hz, 1H), 3.84
(d, J = 5.7 Hz, 1H), 3.28-3.21 (m, 1H), 2.89-2.81 (m, 1H), 2.26-2.16 (m,
1H), 2.11-2.02 (m, 1H), 1.75-1.68 (m, 2H); *C NMR (CDCls, 150 MHz)
o 201.8, 198.1, 142.2, 141.0, 140.4, 135.7, 135.5, 135.4, 130.5, 127.6,
127.5, 127.4,127.3, 126.9, 125.9, 123.3, 123.2, 72.9, 69.1, 66.1, 64.3,
54.0, 28.8, 26.9; IR vmax (KBr) 2818, 1698, 1595, 1280, 1248, 761, 699
cm*: HRMS (EI) m/z caled for C,;H,sNO, [M'] 393.1729, found
393.1722.

(2'R,3'S,7a'R)-2',3'-bis(4-(dimethylamino)phenyl)-2*,3',5*,6",7",7a'-he
xahydrospiro[indene-2,1'-pyrrolizine]-1,3-dione (13b)

Aow ¢ FIRE, A I 32%; R =0.49 (40%
EtOAc/hexanes); mp 186-187 °C; '"H NMR (CDCl;, 300 MHz) & 8.03
(d, J = 7.5 Hz, 1H), 7.84-7.79 (m, 1H), 7.76 (d, J = 3.9 Hz, 2H), 7.14 (d,
J=8.7 Hz, 2H), 6.98 (d, J = 8.7 Hz, 2H), 6.52 (d, J = 8.7 Hz, 2H), 6.44
(d, J = 8.7 Hz, 2H), 4.97 (d, J = 5.7 Hz, 1H), 459 (t, J = 7.8 Hz, 1H),
3.67 (d, J = 5.7 Hz, 1H), 3.20—3.1420(m, 1H), 2.84 (s, 6H), 2.82 (s, 6H),



2.79-2.72 (m, 1H), 2.22-2.14 (m, 1H), 2.07-1.97 (m, 1H), 1.77-1.66 (m,
2H); °C NMR (CDCl;, 150 MHz) & 201.8, 198.4, 149.0, 148.8, 142.3,
141.2,135.4,135.1, 131.2, 128.7, 128.4, 123.6, 123.2, 123.1, 112.1, 111.4,
72.7, 68.2, 67.1, 64.5, 53.9, 40.7, 40.3, 28.7, 26.9; IR vma (KBr) 2801,
2326, 1738, 1699, 1614, 1520, 1348, 816, 789 cm™; HRMS (EI) m/z
calcd for Cs;H33N30, [M*] 479.2573, found 479.2577.

(2'R,3'S,7a'R)-2",3'-bis(4-methoxyphenyl)-2*,3',5',6",7",7a'-hexahydro
spiro[indene-2,1'-pyrrolizine]-1,3-dione (13c)

AW d A, A S 36% R = 046 (30%
EtOAc/hexanes); mp 88-90 °C; *H NMR (CDCls, 300 MHz) & 8.04 (d, J
= 7.5 Hz, 1H), 7.86-7.82 (m, 1H), 7.81-7.76 (m, 2H), 7.18 (d, J = 135
Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 6.63 (dd, J = 13.8, 8.7 Hz, 4H), 5.04 (d,
J = 6.0 Hz, 1H), 459 (t, J = 3.9 Hz, 1H), 3.71 (d, 6.0 Hz, 1H), 3.69 (s,
3H), 3.68 (s, 3H), 3.21-3.14 (m, 1H), 2.85-2.77 (m, 1H), 2.23-2.15 (m,
1H), 2.07-1.98 (m, 1H), 1.75-1.68 (m, 2H); *C NMR (CDCls, 75 MHz)
0 201.7, 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, 55.0, 54.8,
53.8, 28.7, 27.0; IR vax (KBr) 2970, 1739, 1702, 1611, 1512, 1247, 1179,
1031, 789 cm™; HRMS (EI) m/z calcd for CygH»sNO, [M™] 453.1940,
found 453.1945.

(2'R,3'S,7a'R)-2',3"'-bis(4-nitrophenyl)-2',3',5",6',7",7a"-hexahydrospir
o[indene-2,1'-pyrrolizine]-1,3-dione (13d)
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¥ 4 HR; A F 22%; R = 0.30 (30%
EtOAc/hexanes); mp 143-145 °C; *H NMR (CDCls, 300 MHz) & 8.09 (d,
J =7.5Hz, 1H), 8.00 (d, J = 8.7 Hz, 2H), 7.95 (d, J = 7.2 Hz, 2H), 7.91 (¢,
J=7.4Hz, 1H), 7.84 (t, J = 6.9 Hz, 1H), 7.79 (d, J = 7.5 Hz, 1H), 7.47 (d,
J =8.6 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H), 5.34 (d, J = 6.0 Hz, 1H), 4.59 (¢,
J = 7.5 Hz, 1H), 3.99 (d, J = 6.0 Hz, 1H), 3.28-3.21 (m, 1H), 2.87-2.79
(m, 1H), 2.26-2.05 (m, 2H), 1.80-1.64 (m, 2H): **C NMR (CDCl;, 150
MHz) & 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, 62.5,
53.8, 28.8, 27.0; IR vmax (KBr) 2970, 1739, 1702, 1517, 1345, 1245, 1108,
859, 716 cm™; HRMS (EI) m/z calcd for C,H,N3Og [M'] 483.1430,
found 483.1427.

(2'R,3'S,7a'R)-2",3'-di([1,1'-biphenyl]-4-yl)-2',3',5",6",7",7a"-hexahydr
ospiro[indene-2,1'-pyrrolizine]-1,3-dione (13e)

6 4 F M A & 28% Ry = 041 (30%
EtOAc/hexanes); mp 207-208 °C; *H NMR (CDCls, 300 MHz) § 8.08 (d,
J =75 Hz, 1H), 7.89-7.84 (m, 1H), 7.80 (d, J = 7.5 Hz, 2H), 7.49 (t, J =
7.5 Hz, 4H), 7.36-7.31 (m, 10H), 7.26-7.20 (m, 4H), 5.22 (d, J = 5.7 Hz,
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1H), 4.68 (t, J = 7.5 Hz, 1H), 3.90 (d, J = 5.7 Hz, 1H), 3.31-3.24 (m, 1H),
2.93-2.85 (m, 1H), 2.28-2.20 (m, 1H), 2.14-2.05 (m, 1H), 1.78-1.71 (m,
2H); *C NMR (CDCl,, 150 MHz) & 201.7, 198.0, 142.2, 141.1, 140.9,
140.7, 139.5, 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, 72.8,
69.1, 66.2, 64.0, 54.0, 28.8, 26.9; IR vmax (KBr) 2961, 1740, 1700, 1487,
1349, 1272, 1250, 745, 694 cm™; HRMS (EI) m/z calcd for CsHaNO;
[M*] 545.2355, found 545.2359.

(2'R,3'S,7a'R)-2",3"-di(thiophen-2-yl)-2*,3',5",6',7",7a"'-hexahydrospiro
[indene-2,1'-pyrrolizine]-1,3-dione (13f)

(N\?O

v ¢ F R A& X 41%; R = 041 (20%
EtOAc/hexanes); mp 177-179 °C; *H NMR (CDCls, 300 MHz) & 8.04 (d,
J =6.9 Hz, 1H), 7.88-7.80 (m, 3H), 7.14 (t, J = 3.3 Hz, 1H), 7.04 (dd, J =
4.8,1.2 Hz, 1H), 6.88-6.79 (m, 4H), 5.28 (d, J = 5.4 Hz, 1H), 4.64 (t, J =
7.2 Hz, 1H), 4.04 (d, J = 5.4 Hz, 1H), 3.24-3.17 (m, 1H), 2.96-2.89 (m,
1H), 2.22-2.13 (m, 1H), 2.07-1.96 (m, 1H), 1.73-1.65 (m, 2H); °C
NMR (CDCls, 150 MHz) & 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, 65.7, 58.5, 53.3, 28.0, 26.9; IR vy (KBr) 2962, 1739, 1697,
1592, 1263, 1234, 699 cm™; HRMS (EI) m/z calcd for Cy3H1gNO,S, [M']

405.0857, found 405.0851.

(2'R,3'S,7a'R)-2',3'-di(furan-2-yl)-2',3",5',6',7",7a'-hexahydrospiro[in
dene-2,1'-pyrrolizine]-1,3-dione (13g)
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K E ¢ EA; A % 36%; R = 047 (30%
EtOAc/hexanes); mp 142-143 °C; *H NMR (CDCls,, 300 MHz) & 8.03—
8.00 (m, 1H), 7.87-7.81 (m, 3H), 7.39 (d, J = 1.2 Hz, 1H), 7.21 (d, J =
1.2 Hz, 1H), 6.23-6.20 (m, 2H), 6.10 (d, J = 3.0 Hz, 1H) , 5.99 (d, J = 2.4
Hz, 1H) , 5.02 (d, J = 6.3 Hz, 1H), 4.65 (t, J = 7.5 Hz, 1H), 3.98 (d, J =
6.0 Hz, 1H), 3.27-3.20 (m, 1H), 2.96-2.88 (m, 1H), 2.17-1.99 (m, 2H),
1.76-1.47 (m, 2H); *C NMR (CDCl,, 150 MHz) & 201.5, 197.7, 153.7,
149.9, 142.2, 142.1, 141.4, 141.2, 135.9, 135.7, 123.4, 123.3, 109.93,
109.92, 109.7, 106.8, 70.1, 66.9, 65.4, 54.2, 53.7, 28.3, 26.6; IR Vmax (KBI)
2965, 2802, 1742, 1699, 1594, 1350, 1271, 1151, 782, 742 cm™; HRMS

(El) m/z calcd for Cp3H1gNO, [M*] 373.1314, found 373.13109.

(2'R,3'S,7a'R)-2",3"-bis(5-nitrofuran-2-yl)-2*,3',5*,6",7",7a'-hexahydros
piro[indene-2,1'-pyrrolizine]-1,3-dione (13h)

(N\?o

O2N Whd E R A % 31%: Ry = 0.36 (40%
EtOAc/hexanes); mp 99-101 °C; *H NMR (CDCls, 300 MHz) & 8.05 (d, J
= 7.2 Hz, 1H), 7.92-7.88 (m, 3H), 7.17 (t, J = 3.6 Hz, 2H), 6.64 (d, J =
3.3 Hz, 1H), 6.44 (d, J = 3.3 Hz, 1H), 5.21 (d, J = 5.7 Hz, 1H), 4.49 (t, J
= 6.9 Hz, 1H), 4.19 (d, J = 6.0 Hz, 1H), 3.22-3.15 (m, 1H), 2.91-2.83 (m,
1H), 2.15-2.04 (m, 2H), 1.75-1.44 (m, 2H); *C NMR (CDCl;, 150 MHz)

0 200.2, 196.5, 157.3, 152.9, 151.7, 151.6, 141.8, 141.1, 136.6, 136.5,
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123.7, 123.6, 113.8, 112.5, 112.4, 111.5, 70.8, 66.1, 63.8, 53.8, 52.7, 28.4,
26.5; IR vy (KBr) 2928, 1701, 1495, 1354, 1241, 1019, 810, 740 cm™;
HRMS (EI) m/z calcd for CpsH17N305 [M'] 463.1016, found 463.1021.

(2'R,3'S,7a'R)-2',3'-bis(5-methylfuran-2-yl)-2*,3',5',6",7',7a’'-hexahydr
ospiro[indene-2,1'-pyrrolizine]-1,3-dione (13i)

(N\?o

W ok A % 33%; R = 048 (30%
EtOAc/hexanes); 'H NMR (CDCls,, 300 MHz) & 8.00 (d, J = 5.7 Hz, 1H),
7.86-7.80 (m, 3H), 5.96 (dd, J = 15.5, 3.3 Hz, 2H), 5.81-5.79 (m, 2H),
4.90 (d, J = 6.3 Hz, 1H), 4.61 (t, J = 6.9 Hz, 1H), 3.91 (d, J = 6.3 Hz, 1H),
3.25-3.18 (m, 1H), 2.97-2.88 (m, 1H), 2.24 (s, 3H), 2.17 (s, 3H), 2.10-
2.00 (m, 2H), 1.75-1.50 (m, 2H); *C NMR (CDCls, 150 MHz) & 201.5,
197.6, 151.9, 151.0, 150.7, 147.8, 142.3, 141.2, 135.8, 135.4, 123.13,
123.11, 110.4, 107.7,106.0, 105.8, 69.6, 66.7, 65.8, 54.1, 54.0, 28.0, 26.4,
13.6, 13.4; IR vmax (KBr) 3426, 2948, 1740, 1702, 1594, 1328, 1263,
1163, 1020, 783, 734 cm™; HRMS (EI) m/z calcd for CysHsNO, [MT]
401.1627, found 401.1629.

(2'R,3'S,7a'R)-3'-(4-methoxyphenyl)-2'-(4-nitrophenyl)-2',3",5",6",7",7
a'-hexahydrospiro[indene-2,1'-pyrrolizine]-1,3-dione (13j)

# ¢ A, 2 F 26% R = 02 (20%
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EtOAc/hexanes); mp 104-106 °C; '"H NMR (CDCl;, 300 MHz) & 8.07
(d, J = 7.2 Hz, 1H), 7.94 (d, J = 8.7 Hz, 2H), 7.89 (td, J = 7.5, 1.5 Hz,
1H), 7.83 (td, J = 7.5, 1.5 Hz, 1H), 7.77 (d, J = 6.6 Hz, 1H), 7.34 (d, J =
8.7 Hz, 2H), 7.18 (d, J = 8.1 Hz, 2H), 6.65 (d, J = 8.7 Hz, 2H), 5.19 (d, J
= 6.0 Hz, 1H), 4.54 (t, J = 7.5 Hz, 1H), 3.86 (d, J = 5.7 Hz, 1H), 3.68 (s,
3H), 3.24-3.17 (m, 1H), 2.87-2.79 (m, 1H), 2.24-2.00 (m, 2H), 1.75—
1.66 (m, 2H); *C NMR (CDCls, 150 MHz) § 201.2, 198.0, 158.0, 146.7,
143.7, 141.9, 141.1, 136.1, 136.0, 131.5, 131.3, 128.3, 123.5, 123.4,
122.7, 113.3, 72.2, 69.6, 65.2, 63.2, 55.0, 53.7, 28.6, 27.2; IR v (KBTr)
2951, 1739, 1700, 1595, 1510, 1344, 1244, 1032, 857, 797 cm™*; HRMS
(E1) m/z calcd for CogH,4N,0s [M*] 468.1685, found 468.1691.

(2'R,3'S,7a'R)-2'-(4-(dimethylamino)phenyl)-3'-(4-methoxyphenyl)-2"*
,3',5",6",7",7a'-hexahydrospiro[indene-2,1'-pyrrolizine]-1,3-dione
(13K)

v ¢ FH A, A F 23%; Rr = 0.1 (20%

EtOAc/hexanes); mp 135-137 °C; *H NMR (CDCls, 300 MHz) & 8.03 (d,
J=7.2Hz, 1H), 7.85-7.78 (m, 1H), 7.76 (d, J = 3.6 Hz, 2H), 7.19 (d, J =
8.4 Hz, 2H), 6.95 (d, J = 8.7 Hz, 2H), 6.65 (d, J = 8.7 Hz, 2H), 6.43 (d, J
= 8.7 Hz, 2H), 5.00 (d, J = 5.7 Hz, 1H), 4.60 (t, J = 8.1 Hz, 1H), 3.69 (s,
3H), 3.68 (d, J = 5.7 Hz, 1H), 3.21-3.14 (m, 1H), 2.84(s, 6H), 2.79-2.76
(m, 1H), 2.23-2.15 (m, 1H), 2.10-1.98 (m, 1H), 1.77-1.67 (m, 2H); *C
NMR (CDCl;, 150 MHz) 6 201.6, 199.9, 158.8, 149.6, 143.1, 142.1,
135.3, 134.8, 130.5, 129.1, 128.4, 123.3, 122.7, 122.5, 113.3, 112.3, 76.2,
73.5, 67.8, 58.4, 55.0, 54.1, 40.3, 25.7, 22.6; IR v (KBr) 2957, 1737,
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1702, 1510, 1251, 1029, 821 cm™; HRMS (EI) m/z calcd for CaH3oN503
[M'] 466.2256, found 466.2252.

(2'R,3'S,7a'R)-2'-([1,1'-biphenyl]-4-yl)-3'-(thiophen-2-yI)-2°,3" ,5',6",7",
7a'-hexahydrospiro[indene-2,1'-pyrrolizine]-1,3-dione (13l)

(N\?o

Ph vo¢ FH R A F 19%; R = 05 (20%
EtOAc/hexanes); mp 207—209 °C; *H NMR (CDCls, 300 MHz) & 8.05 (d,
J=17.2 Hz, 1H), 7.88-7.82 (m, 1H), 7.80-7.78 (m, 2H), 7.56 (d, J = 9.0
Hz, 2H), 7.41-7.35 (m, 3H), 7.29 (d, J = 8.4 Hz, 3H), 6.97 (dd, J = 1.5,
1.2 Hz, 1H), 6.81 (d, J = 3.6 Hz, 1H), 6.76 (d, J = 5.1 Hz, 1H), 6.74 (d, J
= 5.1 Hz, 1H), 5.33 (d, J = 6.0 Hz, 1H), 4.65 (t, J = 7.8 Hz, 1H), 3.77 (d,
J = 3.0 Hz, 1H), 3.29-3.22 (m, 1H), 2.98-2.90 (m, 1H), 2.25-2.17 (m,
1H), 2.11-1.97 (m, 1H), 1.75-1.67 (m, 2H); *C NMR (CDCl;, 150 MHz)
§ 2015, 197.7, 144.8, 142.2, 141.0, 140.7, 139.5, 135.9, 135.6, 134.3,
131.1, 128.5, 127.0, 126.9, 126.1, 126.06, 124.3, 123.9, 123.39, 123.36,
69.5, 68.9, 66.2, 64.0, 53.8, 28.4, 27.0; IR vy (KBr) 2807, 1699, 1489,
1345, 1248, 986, 721 cm™; HRMS (El) m/z calcd for C5,HsNO,S [M*]

475.1606, found 475.1602. -

(2'S,3'S,7a'R)-2',3'-diphenyl-2',3',5',6",7",7a"-hexahydrospiro[indene-
2,1'-pyrrolizine]-1,3-dione (14a)
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¢ HHM; A F 21% R = 036 (20%
EtOAc/hexanes); mp 102-104 °C: 'H NMR (CDCI3, 300 MHz) & 7.87—
7.82 (m, 1H), 7.78-7.75 (m, 1H), 7.71-7.66 (m, 2H), 7.42 (d, J = 6.9 Hz,
2H), 7.24-7.12 (m, 3H), 7.09-7.06 (m, 2H), 7.01-6.93 (m, 3H), 4.95 (d, J
=10.8 Hz, 1H), 4.44 (t, J = 7.5 Hz, 1H), 4.23 (d, J = 10.8 Hz, 1H), 3.02—
2.98 (m, 2H), 2.17-2.05 (m, 1H), 1.99-1.89 (m, 1H), 1.75-1.63 (m, 1H)
1.60-1.48 (m, 1H); *C NMR (CDCI3, 75 MHz) & 201.6, 201.3, 142.7,
142.2, 142.0, 135.6, 135.4, 134.4, 128.9, 128.2, 128.1, 127.7, 127.5,
127.3,127.2,122.9,122.7,72.3, 71.2, 69.1, 64.1, 53.3, 28.0, 26.9; IR Vyax
(KBr) 2967, 1738, 1699, 1595, 1454, 1263, 764, 721, 700 cm™; HRMS
(El) m/z calcd for Co;H»3NO, [M*] 393.1729, found 393.1734.

(2'S,3'S,7a'R)-2",3'-di([1,1'-biphenyl]-4-yI)-2*,3',5',6",7",7a'-hexahydro
spiro[indene-2,1'-pyrrolizine]-1,3-dione (14e)

6 4 B A % 6%; Re=0.31 (30%
EtOAc/hexanes); mp 115-117 °C; 'H NMR (CDCl3, 300 MHz) 6 7.89-
7.86 (M, 1H), 7.81-7.78 (m, 1H), 7.73-7.67 (m, 2H), 7.55-7.51 (m, 4H),
7.48-7.23 (m, 12H), 7.18 (d, J = 8.7 Hz, 2H) 5.06 (d, J = 11.4 Hz, 1H),
4.50 (t, 3 = 7.8 Hz, 1H), 4.35 (d, J = 11.4 Hz, 1H), 3.11-3.04 (m, 2H),
2.19-2.09 (m, 1H), 2.05-1.93 (m, 1H), 1.78-1.67 (m, 1H), 1.64-1.54 (m,
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1H); IR vinax (KBr) 2970, 2334, 1738, 1703, 1487, 1358, 1262, 765, 747,
698 cm™: HRMS (El) m/z calcd for C3gH3:NO, [M*] 545.2355, found
545.2351.

(2'S,3'S,7a'R)-2',3"-di(furan-2-yl)-2',3',5',6",7',7a'-hexahydrospiro[ind
ene-2,1'-pyrrolizine]-1,3-dione (149)

(N\?o

OQ v ¢ FH4E; A I 30%; Ry=0.39 (30%
EtOAc/hexanes); mp 205-207 °C; *H NMR (CDCls, 300 MHz) & 7.99—
7.96 (m, 1H), 7.88-7.77 (m, 3H), 7.39 (bs, 1H), 6.90 (d, J = 3.0 Hz, 1H),
6.29-6.26 (M, 2H), 6.01-5.99 (m, 1H), 5.93-5.91 (m, 1H), 4.83 (d, J =
11.4 Hz, 1H), 4.61 (d, J = 11.4 Hz, 1H), 4.33 (t, J = 7.2 Hz, 1H), 3.14—
2.97 (m, 2H), 2.08-1.87 (m, 2H), 1.72-1.45 (m, 2H); *C NMR (CDCl;,
150 MHz) 6 200.8, 200.0, 153.8, 149.4, 142.5, 142.3, 142.2, 141.5, 135.7,
135.6, 123.2, 122.9, 110.05, 109.96, 107.6, 107.4, 70.5, 66.3, 65.5, 53.6,
52.8, 27.7, 26.7; IR vma (KBr) 2952, 2868, 2326, 1737, 1702, 1593, 1363,
1263, 1002, 749, 731 cm™: HRMS (El) m/z calcd for Cy3HigNO, [M]
373.1314, found 373.1318.

(2'S,3'S,7a'R)-3'-(4-methoxyphenyl)-2'-(4-nitrophenyl)-2*,3',5",6",7",7
a'-hexahydrospiro[indene-2,1'-pyrrolizine]-1,3-dione (14j)

B¢ TA; A % 4% R = 01 (20%

EtOAc/hexanes); mp 98-100 °C; 'H NMR (CDCls, 300 MHz) & 7.89—
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7.85 (m, 2H), 7.82-7.77 (m, 2H), 7.76-7.73 (m, 2H), 7.32 (d, J = 8.7 Hz,
2H), 7.27 (d, J = 7.8 Hz, 2H), 6.77 (d, J = 8.7 Hz, 2H), 4.95 (d, J = 11.1
Hz, 1H), 4.40 (t, J = 7.8 Hz, 1H), 4.30 (d, J = 11.4 Hz, 1H), 3.73 (s, 3H),
3.69-3.64 (m, 1H), 3.01-2.93 (m, 2H), 2.14-1.87 (m, 2H), 1.74-1.46 (m,
1H); IR vmax (KBr) 2970, 1738, 1700, 1596, 1512, 1347, 1244, 1032, 827
cm™; HRMS (El) m/z calcd for CysH.uN,0s [M'] 468.1685, found
468.1689.

4-Hydroxy-3-nitro coumarin (19)
OH

o "0 =z BT

3R #- 4-Hydroxycoumarin (2, 1 g, 4.83 mmol);3 >+
EmL Aspe® > mF A TAHRHWET A4 Jrd F RAES
2 ERIF AT BT RR S 02 r TOC i s dhe W
2048 0 A d xEEMATI TV AIEEIZRE MG BERT K
2w AR o RF 9 FIRE; A 5 90%; Re=0.1 (50%
EtOAc/hexanes); mp 176-177 °C (Lit.*" 177 °C); *H NMR (CDCls, 300

MHz) & 7.88 (dd, J = 7.8, 1.5 Hz, 1H), 7.52 (td, J = 8.1, 1.8 Hz, 1H),
7.24-7.16 (m, 2H).

4-Chloro-3-nitro coumarin (20)
Cl

o” "o

FrlmL= 7 ¥ fpv(DMF)® el Bia e &1t &£ 4 19 (29, 8.87

Hhpe il Ajpi o R 15mL = & § B fokis T ik

mmol)iz >t 4mL = 7 A7 fphe s 3% A ks T BB AR REE 4
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AR > THIZEBEEIS L4 0 2 (84 » R ¥ F BEAT I F
B BT B F R ke T e kR o LF § B,
A & 95%; R¢= 0.5 (30% EtOAc/hexanes); mp 160-161 °C (Lit.*® 162—
163 °C); 'H NMR (CDCls, 300 MHz) § 8.01 (dd, J = 8.1, 1.5 Hz, 1H),

7.79 (td, J = 8.4, 1.5 Hz, 1H), 7.55-7.46 (m, 2H).

3-Amino-4-chloro coumarin (21)
cl

: /L\ NH,
070 it &4 20(05 g, 2.56 mmol);z +te fE® 5 B e~ Fe

(0.494 g, 8.95 mmol) 2 0.IM HCI » 4c# % 70°C 1w jndg4— | pF o &
BEhEFEZE > B Feiljpic % K2 - F P3P Bog 8
LR ’kmﬁ-’rﬁi‘%% ko /;é‘fg- cfIF A kT A s Y EALY o
A F 4 FH: A F 50%; Ri= 0.2 (10% EtOAc/hexanes); mp 163-164 °C;

'H NMRS 7.63 (td, J = 8.7, 1.8 Hz, 1H), 7.38-7.28 (m, 3H), 4.61(s, 2H);
3C NMR (CDCls, 75 MHz) & 157.3, 147.1, 129.2, 127.6, 124.9, 122.6,
119.4, 116.1.

3-Amino-4-hydroxy coumarin (22)
OH

0”70  #-it &4 19 (49,2258 mmol);3 >+ 200 mL & fg ¢ > 4o

» 0 R PAIC § LA B E F T L6 ) FEMET S 0 2 - PdIC
Wi RFTTEAS o9 ¢ FHM, AF 70% Re 016 (10%

MeOH/DCM); mp 216 °C (Lit.® 222-224 °C); '"H NMR (CDCl,, 300
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MHz) & 8.19 (bs, 2H), 7.84 (dd, J = 8.0, 1.6 Hz, 1H), 7.47 (td, J = 7.6, 1.6
Hz, 1H), 7.25-7.21 (m, 2H); *C NMR (CDCI3, 75 MHz) & 162.8, 160.3,
151.7, 130.3, 123.8, 123.0, 121.3, 116.0, 96.7.

& & (v £ 4 23af il 7 B Sk

BT &4 22 (25 mg, 0.141 mmol);Aa T T F o Ao » F T OfR

o

(7a, 33.9 mg, 0.282 mmol):z 2 #it H| & 7 F /> ® o 6-24
TR R EERBEL TR RS JIY pAkira s TV E

A o

8,10-diphenylchromeno(3,4-b]azepin-6(9H)-one (23a)

¥ 4 H M A F 80% R = 042 (30%
EtOAc/hexanes); mp 220-221 °C; 'H NMR (CDCls;, 400 MHz) & 7.89
(dd, J = 8.0, 1.6 Hz, 2H), 7.83 (dd, J = 7.8, 1.2 Hz, 1H), 7.62-7.60 (m,
2H), 7.50-7.40 (m, 5H), 7.38 (s, 1H), 7.39-7.35 (m, 1H), 7.33-7.29 (m,
3H), 5.01 (bs, 1H), 2.18 (bs, 1H); *C NMR (CDCl,, 75 MHz) § 159.9,
152.0, 150.2, 138.4, 137.7, 136.0, 132.4, 131.1, 131.0, 129.8, 129.4,
129.1, 128.7, 1285, 127.9, 124.4, 124.2, 119.7, 119.2, 117.2, 36.9; IR
vmax (KBr) 3061, 1721, 1558, 1492, 1447, 1280, 1103, 1067, 766, 690

cm?t.
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8,10-bis(4-bromophenyl)chromeno|3,4-b]azepin-6(9H)-one (23b)
Br

4 Br
/
N

X

O oo HF 4 EM; A F 61%; R = 028 (20%
EtOAc/hexanes); mp 256-258 °C; 'H NMR (CDCls;, 400 MHz) & 7.80
(dd, J = 8.0, 1.2 Hz, 1H), 7.74 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.4 Hz,
2H), 7.50 (dd, J = 8.2, 1.2 Hz, 1H), 7.46 (d, J = 8.4 Hz, 2H), 7.45 (d, J =
8.8 Hz, 2H), 7.42 (dd, J = 8.2, 1.2 Hz, 1H), 7.35 (s, 1H), 7.32 (td, J = 7.4,
1.2 Hz, 1H), 4.86 (bs, 1H), 2.17 (bs, 1H); **C NMR (CDCls;, 150 MHz) &
159.6, 150.5, 150.3, 137.1, 136.1, 134.6, 132.5, 132.4, 131.9, 131.1,
130.17, 130.12, 129.4, 126.1, 124.6, 124.21, 124.17, 119.7, 119.4, 117.4,
36.5; IR vmax (KBr) 3073, 1726, 1579, 1557, 1491, 1281, 1111, 1072,
1006, 749 cm™,

8,10-bis(4-nitrophenyl)chromeno[3,4-bJazepin-6(9H)-one (23c)

/
N

X
o o ¥ 4 HM,; A F 62%; R = 0.32 (40%
EtOAc/hexanes); mp 232-234 °C; 'H NMR (CDCls, 300 MHz) & 8.35 (d,
J =8.4 Hz, 2H), 8.19 (d, J = 8.4 Hz, 2H), 8.02 (d, J = 8.7 Hz, 2H), 7.82
(d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.59-7.45 (m, 2H), 7.51 (s,
1H), 7.37 (t, J = 8.1 Hz, 1H), 4.95 (bs, 1H), 2.35 (bs, 1H): ®*C NMR
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(CDCl;, 150 MHz) & 159.0, 150.5, 149.5, 149.2, 148.3, 143.9, 141.0,
134.6, 133.1, 131.5, 130.9, 129.5, 128.7, 124.9, 124.6, 124.3, 124.0,
122.2, 118.8, 117.6, 36.6; IR vma (KBr) 2926, 1731, 1594, 1514, 1344,
1109, 847, 751, 692 cm™.

8,10-bis(4-methoxyphenyl)chromeno[3,4-blazepin-6(9H)-one (23d)
MeO

¥ ¢ FM o A% 63% - R = 0.34 (40%
EtOAc/hexanes); mp 184-186 °C; *H NMR (CDCl,, 300 MHz) & 7.87 (d,
J=9.0 Hz, 2H), 7.81 (d, J = 7.2 Hz, 1H), 7.56 (d, J = 8.7 Hz, 2H), 7.48—
7.31 (m, 3H), 7.28 (s, 1H), 6.95 (d, J = 9.0 Hz, 2H), 6.80 (d, J = 8.7 Hz,
2H), 4.94 (bs, 1H), 3.86 (s, 3H), 3.78 (s, 3H), 2.07 (bs, 1H); *C NMR
(CDCl;, 150 MHz) & 161.9, 160.6, 160.3, 151.0, 150.1, 137.1, 132.1,
131.0, 130.8, 130.6, 129.5, 129.4, 128.7, 124.3, 124.1, 120.0, 117.7,
117.2, 114.4, 113.9, 55.4, 55.3, 36.7; IR vma (KBr) 2918, 1706, 1563,
1508, 1256, 1182, 1079, 1027, 769 cm™.

8,10-bis(4-(dimethylamino)phenyl)chromeno(3,4-bJazepin-6(9H)-one
(23e)
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¢ M, A% 12% R = 026 (40%
EtOAc/hexanes); mp 286-288 °C; ‘H NMR (CDCls, 300 MHz) § 7.87 (d,
J=9.3 Hz, 2H), 7.81 (d, J = 7.5 Hz, 1H), 7.55 (d, J = 9.0 Hz, 2H), 7.44—
7.36 (m, 2H), 7.29-7.23 (m, 1H), 7.25 (s, 1H), 6.73 (d, J = 9.0 Hz, 2H),
6.56 (d, J = 9.3 Hz, 2H), 4.98 (bs, 1H), 3.03 (s, 6H), 2.97 (s, 6H), 2.00 (bs,
1H); *C NMR (CDCl,, 150 MHz) & 160.8, 151.9, 151.4, 150.9, 149.9,
137.8, 131.7, 130.43, 130.42, 129.2, 128.9, 125.9, 124.1, 123.9, 123.8,
120.6, 117.0, 115.7, 112.0, 111.2, 40.2, 40.0, 35.9; IR vmax (KBr) 2805,
1721, 1603, 1526, 1365, 1189, 1073, 821, 801, 757 cm™.

8,10-di-o-tolylchromeno[3,4-b]azepin-6(9H)-one (23f)

A F ¢ FAM; A F 3% R = 034 (20%
EtOAc/hexanes); mp 216-218 °C; 'H NMR (CDCls;, 400 MHz) & 7.78
(dd, J = 8.0, 0.8 Hz, 1H), 7.47 (td, J = 8.4, 1.2 Hz, 1H), 7.41 (dd, J = 8.2,
1.2 Hz, 1H), 7.29 (td, J = 8.0, 1.2 Hz, 1H), 7.26-7.23 (m, 2H), 7.22-7.18
(m, 3H), 7.15 (s, 1H), 7.16-7.12 (m, 1H), 7.07-7.04 (m, 2H), 4.46 (bs,
1H), 2.52 (s, 3H), 2.44 (bs, 1H), 2.35 (s, 3H).
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