Kb BT BT L

RS SR LS

44

- 6~ B B F foerdf2,1-al R st AF & ek
R e R
Partd -~ Synthesis of Coumarin-fused
Pyrido|[2,1-a]isoquinolin-8-ium Heterocycles and

Their Derivatives

CER L AN S (o= CUeS ST §iK
242 R B 2y B R A
Part TI > Multicomponent-Synthesis of
(3E)-3-|Alkylamino(aryl)methylidene]chroman-2,4-diones

and y-Nitro Amide Derivatives

T
W
M
0
w
)
B
4



koM K % A+ PR A&

18 / 1532 yin

E VAN 7 S |
> N <

Ry-FH A B B AT A 4
Part | ~ Synthesis of Coumarin-fused
Pyrido[2,1-ajisoquinolin-8-ium
Heterocycles and Their Derivatives
Darf II ~ T\/rnl tf1rntmnn nt Qvnthac f

lYLuilL J.VUJ.I.IIJUI.IUJ.J.L L}YJ.I.L].].\.-'Q 1_

(3E)-3- |Alkvlammo(arvl)methvhdene]chroman 2.4-

(‘II(‘\I’“IPQ and y- Nitro Amide Der rivatives

e R Y L AVL W L RLLLIANAYW AL 7% L LY RLLLLY

frd AAF GHE > B ERNFE -

35 8 3% %)& i;t '% B

107 # 5 A_18 8




£ B XK 2 M L+ m &

%
WX o RXEREFERXE
b2 % FEH HHER BARRIBIX
By~ E G FEAvaber 35 (2,1-a| B En A IR
B BT 4 2 Ak,
% =30y ~ % kA R(BE)-3-[Ie Ik B (55 5K)
& FA]R-2,4- =81 E 4
By B Bl B 47
Part I ~ Synthesis of Coumarin-fused
Pyrido[2,1-a]isoquinolin-8-ium

Heterocycles and Their Derivatives

Part I ~ Multicomponent Synthesis of
(3E)-3-| Alkylamino(aryl)methylidene |chroman

-2,4-diones and y-Nitro Amide Derivatives

WRORERR BHRA_

#4)

%ﬁ/ﬁ\1~é

o2 K OB 107 & 5 B 18 B




>]
o

e SR Y e EER R R v E R

LB Y BY é?fé q\:);)‘@,l'z;z"ﬁﬁﬁfbg—%@_’ v ISR T

2,

-l
RO
o

E
FARRHOEA D E xR AL EFez & ka5 g

F RGP R T REE e R s BT AR N E v AT



i &

2%

*H
-\-1\1,

Rix>~4 B % Fowd et [2,1-a] B viv;hkyf L2Th % H T $o2

w

0
~=h
wht
(s

FERR2C P AR D R AL BEG ER
A d A Fodk o Gldo D L]~ P X FUE B LB FUHR o 1L
it AL AR AR F L PR F R Y RS AFEEE X
'Lgr}?ﬁ R ﬂ} q’r%ﬁ ’ﬁ—%gl%'bgﬁ—?ué*%ﬁvivﬁxa
e WS EEtFRA S EL JA B A R

P2 H G s kAR MR LY PR

II



Abstract

Part I ~ Synthesis of Coumarin-fused Pyrido[2,1-a]isoquinolin

-8-ium Heterocycles and Their Derivatives

Protoberberines are alkaloids that exhibit a wide range of biological
activities such as antimicrobial, anti-inflammatory, antimalarial, and
antitumor. Previous synthetic efforts have been primarily focused on the
biological and therapeutic applications of protoberberines, their intrinsic
photochemical properties were much less explored. In this study, a
coumarin and pyrido[2,1-aJisoquinolin-8-ium-fused heterocycles were
synthesized by p-TsOH-mediated coupling of 3-formylcoumarins and
dihydroisoquinolines. The prepared compounds were further subjected to
based-mediated ring opening and subsequent photochemical
electrocyclization to investigate their potential functional properties. The
synthetic details, structural characterization and photochemical properties

of the prepared compounds were described.
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Abstract

Part IT ~ Multicomponent Synthesis of
(3E)-3-[Alkylamino(aryl)methylidene]chroman-2,4-diones

and y-Nitro Amide Derivatives

We have developed the nitromethane-mediated synthesis of
(3E)-3-[alkylamino(aryl)methylidene]chroman-2,4-dione by  one-pot
three-component reaction and nitromethane-mediated synthesis of y-nitro
amide deriviates by one-pot four-component reaction in this thesis. Their
molecular structures were characterized by 'H and °C NMR spectra and
X-ray crystal analysis. The mechanisms for the two reactions were
proposed. Finally, the scope of the two multicomponent reactions were
explored. Twenty four derivatives of (3E)-3-[alkylamino(aryl)
methylidene]chroman-2,4-dione and three derivatives of y-nitro amide

were obtained.
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X RE R R AP HIMY IMEERE Y B> # % Bruker
AXS SMART-1000 ¥ f, ¥e54 &% i & & 3 0= *f#ﬁ’h L
R4k A T 0

. & P x RE % * BRUKER Ascend 400MHz (400 MHz solars
system) > B 1% = =L 3% @ * Varian Unity 600 (150 MHz solars
system) ° PlER & * 7 % 7 (CDCL) ~ ? p3(CD;OD) = i3 & » M w
? A # 'z (tetramethylsilane) 5 p #% 2k & (internal standard) o i § i
#1 ppm 5 H =>J £ % & ¥ #i(coupling constant) B = 5 Hz o
& A A5 3 (splitting pattern) T_& 4o s % H 4 (singlet) s d % £ %
(doublet) ; t % = & * (triplet) ; q % = & * (quartet) ; m % % £ 4%
(multiplet) -

. ¢ k& & 4L~ H(Column chromatography) i¢ * 4t B B 5. % Fy (E.

Merck) Silica gel 60 (230-400 mesh)3] # ¥}
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7. & & ¢ Kk ~ & (Thin layer chromatography) i * 4 R B 5. £ fy
Silica gel 60 Fasy 3] & & ¢ & 2 #r 5 o 1% % ¢k L F UV light) 2 &

B
8. R k4Fié * BUCHIRI14 i % % & - SIBATA WJ-20 9% -k i

3

o

PFWTETEIZARYS 25mmHg -

0. $ & X o % ch- MEREIOEA P AR A1 ERN E A
(TCI) ~ # | Fisher ~ # K] Lancaster 2 Alfa Aesar ~ # & Aldrich %
Janssen ZE Ry o F i~ F B2 % 2 R RAr = L e P FR s T fg s
rTeEl o g F TRIBE ACS & php # K Tedia 2 -

A AR S IR o SR B R

3-Acetyl-7-methoxy-2H-chromen-2-one (16)
Q44 2-hydroxy-4-methoxybenzaldehyde(6 mmol);3
X
\O’CECI:\ ¢ f% (40 mL) f¢ 4 » ethyl 3-oxobutanoate(6
mmol) > *v » ¥ F A )‘}S“?]@"”;@"i’ AFERTEEGLIB)EF A S

EibrbiTd > J F BRI EE J HM 0 ASF 95% 0 R, = 043 (30%

EtOAc/hexanes); mp 173-175 °C; "H NMR (400 MHz, CDCl5) & 8.49 (s,
1H), 7.54 (d, J = 8.4 Hz, 1H), 6.90 (dd, J= 8.8, 2.4 Hz, 1H), 6.83 (d, J =
2.4 Hz, 1H), 3.91 (s, 3H), 2.70 (s, 3H).
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7-Methoxy-2-o0x0-2H-chromene-3-carbonitrile (22)

m‘CN #- 2-hydroxy-4-methoxybenzaldehyde(6 mmol);%

~o 0”0 : N .
vt (4.5 mL)fe 4 » ethylcyanoacetate(6 mmol) »

s F e BiFeRers BFRTHENZ B A g bt
Mo md M FEBRES S EAM AT 70% 0 R = 016 30%
EtOAc/hexanes); mp 176178 °C; "H NMR (400 MHz, CDCl5) & 8.17(s,

1H), 7.49 (d, J = 8.8 Hz, 1H), 6.95 (dd, J = 8.8, 2.4 Hz, 1H), 6.85 (d, J =
2.4 Hz, 1H), 3.93 (s, 3H).

7-Methoxy-2-0x0-2H-chromene-3-carbaldehyde (23)
Q Bt &4 22(2.48 mmol)iR»T T FEY o 4B T 80
jses
~o 070 B, L HFIE AT Y s (4.97 mmol )i i 4
*E R o R 24 ] PRI EE 4 f gt ¢ Fhe gl il
b BEFERHTEES S HM A S 68% 0 Ry = 033 (30%

EtOAc/hexanes); mp 225-227 °C; '"H NMR (400 MHz, CDCI;) 6 10.21(s,

1H), 8.38 (s, 1H), 7.57 (d, J = 8.8 Hz, 1H), 6.93 (dd, J = 8.8, 2.4 Hz, 1H),
6.86 (d, J= 2.4 Hz, 1H), 3.93 (s, 3H).

£Xiv L4 1218
#-2-phenylethanamine(10 mmol);z >+ = & ? = ¢ {4 » = ¢ Fiy(11

mmol)> F 8~ B A& wrkiF T RBF » ¢ BEFH(11.5 mmol) >

TETHELT NG TS RGNS TEAR -



N-Phenethylacetamide (12)
: % § Rt A F 92% R,=0.06 (50% EtOAc/hexanes);
©/\/ O "HNMR (400 MHz, CDCly) & 7.31 (t, J= 7.6 Hz, 2H),

7.26-7.23 (m, 1H), 7.20-7.18 (m, 2H), 5.53 (s, 1H), 3.51 (q, J = 6.8 Hz,
2H), 2.81 (t, J = 6.8 Hz, 2H), 1.93 (s, 3H).

N-(3,4-Dimethoxyphenethyl)acetamide (18)

H
_0 N
O

CDCl3) § 6.81 (d, J = 8.0 Hz, 1H), 6.72 (d, J = 8.0 Hz, 2H), 5.41 (s, 1H),

%4 HH - A F 9% R = 006 (50%

EtOAc/hexanes); mp 58-60 °C; '"H NMR (400 MHz,

3.87 (s, 6H), 3.50 (q, J = 6.8 Hz, 2H), 2.76 (t, J = 6.8 Hz, 2H), 1.94 (s,
3H).

1-Methyl-3,4-dihydroisoquinoline (11)

EI; 4t 2 4 12(0.01 mmol) ~ = ¥ § AE@ mL)& T § 1 - £
~N
‘ 2

(0.0l mmol);z = ® ¥@40mL)* » & o -] FF{s 4c »
faim b F R 227 FRB{E R B/RIFY 4o r 3 F V4 RB3 %7 o
EPE-ZF 7 %ELP e r & ’Jiﬁfﬁ“iﬁi",f Kode g g g B A
7 (80% EtOAc/hexanes) & {75 it 7§ ¢ %48 > A F 64% > R,=0.06

(50% EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) & 7.50 (d, J= 7.2 Hz,
1H), 7.37 (td, J= 7.2, 1.2 Hz, 1H), 7.30 (td, /= 6.8, 1.2 Hz, 1H), 7.19 (d,
J=17.6 Hz, 1H), 3.68 (t, J= 6.8 Hz, 2H), 2.73 (t, /= 7.2 Hz, 2H), 2.41 (s,

3H).
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6,7-Dimethoxy-1-methyl-3,4-dihydroisoquinoline (19)

_0 #-it £ 4 18 (4 mmol)£ = % ¥ ##(9.6 mmol);3 3+ ¢
00
¥@S5mL)Y o F -l RS BRI F R &
LR B o R K ki e 2 5 M RBRY oo BB 7
T B2 200 1 20 YIRS B e JRoRARRRAE Sk o R SER TS W
v ¢ FH > A 5 88%  R,=0.06 (50% EtOAc/hexanes); mp 108—110 °C;

'"H NMR (400 MHz, CDCl3) & 7.13 (s, 1H), 6.80 (s, 1H), 4.00 (s, 3H),
3.95 (s, 3H), 3.88 (t, J = 8.0 Hz, 2H), 3.00 (t, J = 8.0 Hz, 2H), 2.88 (s,
3H).

3-Acetyl-4-((6,7-dimethoxy-3,4-dihydroisoquinolin-1-yl)methyl)-7-me
thoxychroman-2-one (20, 21)
MeQ Bepie B~ A 2 4 2 % (0.45 mmol)

Bregefp it & $(0.45 mmol)iz >t &

k2 - Fe=(GmL)y v r § oF I

aﬁ«

A
_’;_E&;’

fe o BRFE E AR (0.45 mmol) T B 12 B P - F 0
Yo (95 WA U E RBP4 ~ R 2 J&‘Fﬁ Y R R I = A
%37 (30% EtOAc/hexanes) 7%t » L B HcF v ¢ FHHE A

% 28% 20: R,=0.63 (50% EtOAc/hexanes) > mp 102-104 °C; '"HNMR

(400 MHz, CDCls) & 14.39 (s, 1H), 7.05 (d, J= 9.2 Hz, 1H), 6.91 (s, 1H),
6.68 (s, 1H), 6.53 (dd, J = 8.4, 2.8 Hz, 1H), 6.44 (d, J = 2.8 Hz, 1H),

4.78-4.70 (m, 1H), 3.93-3.91 (m, 1H), 3.90 (s, 4H), 3.86 (s, 5H), 3.16
22



(dd, J=12.8, 3.2 Hz, 1H), 2.91-2.86 (m, 1H), 2.75-2.71 (m, 2H), 2.26 (s,
3H), 2.09 (dd, J=13.2, 2.4 Hz, 1H); 21: R;= 0.40 (50% EtOAc/hexanes);
'H NMR (400 MHz, CDCl5) & 7.07 (d, J = 8.4 Hz, 0.5H), 6.90 (s, 0.5H),
6.67 (s, 0.5H), 6.57 (dd, J = 8.4, 2.8Hz, 0.5H), 6.41 (d, J = 2.8 Hz, 0.5H),
4.78-4.70 (m, 0.5H), 3.74 (s, 4.5H), 3.70 (s, 0.5H), 3.58 (t, J = 2.0 Hz,
0.5H), 3.20 (dd, J = 12.8, 3.2 Hz, 0.5H), 2.96-2.91 (m, 0.5H), 2.78-2.75
(m, 1H), 2.40 (s, 1.5H), 2.37 (dd, J = 14.0, 2.0 Hz, 0.5H); °C NMR (150
MHz, CDCl;) 6 203.3, 169.4, 168.1, 165.2, 160.2, 159.7, 152.9, 152.3,
149.5, 149.4, 148.1, 148.0, 129.4, 128.7, 128.5, 128.3, 127.9, 1274,
118.1, 115.3, 110.9, 109.3, 109.1, 109.0, 108.5, 102.4, 102.3, 102.2, 84.6,
84.0, 63.7, 56.1, 56.0, 55.9, 55.3, 36.2, 35.8, 35.0, 31.6, 30.1, 30.0, 29.9,
28.8, 28.7, 18.6; IR v (ATR) 2943, 2835, 1715, 1616, 1503, 1441, 1261,
1138, 1098, 1027, 863, 799 cm™'; HRMS (EI) m/z caled for Co,HsNOg

[M']423.1682, found 423.1681.

3-Methoxy-7-methyl-6-0x0-9,10-dihydro-6H-chromeno[4',3':4,5]pyri
do|[2,1-a]isoquinolin-8-ium (25)
#-fk B~ 204 E Z(0.45 mmol) B ek it &

S

e S
oTs  (0.45 mmol)Aa*v & -k2 = % ¢ =5 mL) > = » %

F TAe o~ ¥ 7 F R FL(0.45 mmol) > Ar e S 12 B
D b F BRTS  TEE ¢ FAE > A% 36% > R=0.10 (MeOH);

mp 286-288 °C; '"H NMR (400 MHz, CD;0D) & 8.92 (s, 1H), 8.58 (d, J =

8.8 Hz, 1H), 8.37 (d, J = 8.0 Hz, 1H), 7.72 (td, J = 7.6, 1.2 Hz, 1H),

7.67-7.62 (m, 3H), 7.54 (d, J = 7.6 Hz, 1H), 7.19 (d, J = 8.4 Hz, 2H),
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7.14 (dd, J= 8.8, 2.4 Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 4.77 (t, J = 6.4 Hz,
2H), 4.00 (s, 3H), 3.33 (t, J = 6.4 Hz, 2H), 2.35 (s, 3H); >C NMR (150
MHz, CDCl3) & 168.1, 158.7, 157.3, 152.4, 149.7, 143.6, 141.6, 138.4,
137.7, 135.1, 129.9, 129.8, 129.5, 129.1, 128.3, 126.9, 115.4, 109.1,
102.2, 57.0, 50.7, 27.6, 21.3; IR vy, (ATR) 3073, 1740, 1601, 1419, 1274,
1213, 1118, 778, 677 cmﬁl; HRMS (EI) m/z calcd for CroHpsNOGS”

[M-OTs] 344.1281, found 344.1281.

£ it &% 2627
Rpp Pt L2 4 & % (0.48 mmol)¥E rEefr it & 47 (0.48 mmol)iz >+
#-Rk2. -7 ¢ Z(5mL) > PPN 1 ,%' T4e 89 F R ﬁ’;(048 mmol) » ¢

i 12 B PF o dFERS TTEAS o

3,12,13-Trimethoxy-6-0x0-9,10-dihydro-6H-chromeno[4',3':4,5]|pyrid
0[2,1-a]isoquinolin-8-ium (27)

e ¥ ¢ EM; AF 27% R, = 0.10 (100%

MeOH); mp 332-334 °C; 'H NMR (400 MHz,

OTs  CD;0D) & 9.48 (s, 1H), 8.88 (s, 1H), 8.65 (d, J =

o o 9.2 Hz, 1H), 7.87 (s, 1H), 7.65 (d, J = 10.0 Hz,

2H), 7.18 (d, J = 8.4 Hz, 2H), 7.14-7.11 (m, 1H), 7.10 (s, 1H), 7.05 (d, J
= 2.4 Hz, 1H), 4.78 (t, J = 6.8 Hz, 2H), 4.03 (s, 3H), 3.97 (d, J = 2.0 Hz,
6H), 3.27-3.25 (m, 2H), 2.33 (s, 3H); °C NMR (150 MHz, CDCl;) &
167.8, 158.6, 157.3, 156.2, 152.1, 150.9, 149.4, 149.1, 143.3, 141.3,

132.8, 129.6, 129.2, 126.7, 119.1, 115.9, 115.6, 115.1, 112.1, 111.5, 108.9,
24



103.0, 79.0, 57.2, 56.9, 55.9, 27.3, 21.3; IR vmax (ATR) 3081, 2935, 1766,
1615, 1497, 1426, 1270, 1201, 1119, 1011, 683 cm'; HRMS (EI) m/z

caled for C3HyNOgS' [M'-OTs] 390.1336, found 390.1336.

3-Methoxy-6-0x0-9,10-dihydro-6H-chromeno|[4',3':4,5]pyrido[2,1-a]is
oquinolin-8-ium (26)

v ¢ FHH o A F 38% Ry=0.13 (MeOH); mp

280-282 °C; 'H NMR (400 MHz, CD;0D) &

9.61 (s, 1H), 9.08 (s, 1H), 8.61 (d, J = 8.8 Hz,

1H), 8.47 (d, J = 7.6 Hz, 1H), 7.73 (td, J = 7.6,
1.2 Hz, 1H), 7.68 (d, J = 8.4 Hz, 2H), 7.65-7.63 (m, 1H), 7.56 (d, J = 7.6
Hz, 1H), 7.21 (d, J = 8.8 Hz, 2H), 7.17 (dd, J = 8.8, 2.4 Hz, 1H), 7.10 (d,
J = 2.4 Hz, 1H); C NMR (150 MHz, CDCl;) & 168.1, 158.5, 157.6,
152.2, 149.7, 143.4, 141.4, 137.7, 135.4, 129.9, 129.8, 129.7, 129.2,
129.1, 127.2, 126.8, 117.1, 116.8, 115.3, 108.9, 103.1, 79.1, 57.0, 56.0,
44.9, 27.5, 21.3; IR vpu (ATR) 3504, 3078, 1755, 1603, 1279, 1220,
1135, 1121, 1033, 771, 682 cm'; HRMS (EI) m/z calcd for CogHx3sNOGS™

[M'-OTs] 330.1125, found 330.1125.

3,12,13-Trimethoxy-9,10-dihydrochromeno[4',3':4,5]pyrido[2,1-a]iso

quinolin-6(7H)-one (33)

OMe

P% i@ % 472 #(0.17 mmol)i3 >+ ¥ fE(Q25mL)? - &

FIE T Ao~ B R AL 4 (0.26 mmol) 0 F E gL
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AT B W FERTI S A A F 65%  Rr= 0.20 (50%

EtOAc/hexanes); mp 170-172 °C; '"H NMR (400 MHz, CDCl;) & 7.65 (d,

J = 8.8 Hz, 1H), 6.89-6.75 (m, 2H), 6.80 (s, 1H), 6.68 (s, 1H), 5.93 (s,
1H), 4.48 (s, 2H), 3.99 (s, 3H), 3.94 (s, 3H), 3.86 (s, 3H), 3.30 (t, J = 6.4
Hz, 2H), 2.93 (t, J = 6.4 Hz, 2H); °C NMR (150 MHz, CDCl;) & 161.9,
160.5, 155.0, 152.1, 151.1, 148.0, 144.4, 128.9, 124.3, 121.5, 111.8, 110.4,
108.1, 100.8, 96.5, 85.4, 56.3, 56.0, 55.6, 49.3, 48.2, 28.4; IR Vyu (ATR)
3026, 2770, 1788, 1565, 1496, 1365, 1227, 1217, 1105 cm™'; HRMS (EI)

m/z calcd for C,3H,1NOs [M+] 391.1420, found 391.1417.

&t &4 3847
B AR i F 72 £ (0.17 mmol)iz *t ¥ F(0.17 mmol)® - I 4e » pR AL

A Y’
s @»fé )

div

CICEIDRIESS I S FIRIE F TS PN A LR
BB F MR R KRR R RS AR N F S K

%45 (30% EtOAc/hexanes) &7 » SL 2 HIEEFINAP o

2-(4,5-Dimethoxy-2-vinylphenyl)-8-methoxy-5SH-chromeno|[3,4-c]pyri
din-5-one (38)

OMe

MeO v ¢ FHE > A 5 30% Ry = 0.57 (50% EtOAc

/hexanes); mp 224-226 °C; '"H NMR (400 MHz,

CDCl3) § 9.57 (s, 1H), 7.92 (d, J = 8.8 Hz, 1H),

MeO oS0 7.89 (s, 1H), 7.22 (s, 1H), 7.16 (s, 1H), 6.95 (dd, J
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= 8.8, 2.4 Hz, 1H), 6.90 (d, J = 2.4 Hz, 1H), 6.85 (dd, J = 16.8, 10.8 Hz,
1H), 5.72 (dd, J=16.8, 0.8 Hz, 1H), 5.29 (dd, J = 10.8, 0.8 Hz, 1H), 4.01
(s, 3H), 3.97 (s, 3H), 3.92 (s, 3H); °C NMR (150 MHz, CDCL;) § 163.4,
162.7, 160.3, 154.5, 152.9, 150.1, 149.1, 141.4, 135.3, 131.0, 129.6,
124.6, 115.7, 114.8, 113.1, 113.0, 112.6, 109.2, 109.1, 101.8, 56.0, 55.9,
29.7; IR Viax (ATR) 2923, 2852, 1737, 1600, 1514, 1353, 1269, 1208,

1030, 865 cm™'; HRMS (EI) m/z calcd for CasHioNOs [M'] 389.1263,

found 389.1264.

8-Methoxy-4-methyl-2-(2-vinylphenyl)-5SH-chromeno[3,4-c]pyridin-5-
one (47)

v ¢ FHAMW o A F 10% 0 Ry = 073 (50%

EtOAc/hexanes); mp 216218 °C; '"H NMR (400

MHz, CDCl;) § 7.89 (d, J = 9.2 Hz, 1H), 7.81 (s,
1H), 7.69 (dd, J = 7.6, 1.6 Hz, 1H), 7.62 (dd, J =
7.6, 1.6 Hz, 1H), 7.48-7.40 (m, 2H), 6.91 (dd, J = 9.2, 2.4 Hz, 1H), 6.90
(dd, J=17.2, 10.8 Hz, 1H), 6.86 (d, J = 2.4 Hz, 1H), 5.77 (dd, J = 17.2,
1.2 Hz, 1H), 5.30 (dd, J = 10.8, 1.2 Hz, 1H), 3.90 (s, 3H), 3.13 (s, 3H);
3C NMR (150 MHz, CDCl;) § 164.4, 163.2, 161.6, 159.9, 154.3, 143.2,
138.3, 136.4, 135.5, 129.9, 129.4, 128.0, 126.6, 124.8, 116.1, 114.0, 112.9,
111.9, 109.5, 101.2, 55.8, 27.0; IR Vi (ATR) 2912, 2847, 1745, 1643,
1468, 1417, 1301, 1215, 815, 721 cm™'; HRMS (EI) m/z caled for

C5,H,;NO; [M'] 343.1208, found 343.1202.
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Part II ~ Multicomponent Synthesis of

(3E)-3-[Alkylamino(aryl)methylidene]chroman-2,4-diones

and y-Nitro Amide Derivatives
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1.1 [3—%'11; 3fk (B-Enaminones)
h-o B ERDYPEfR E I F P FIR GG PR 2
PEEEED RRED RS TR CETFE- R r R F O R
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1.2 y-# & fig¥%(y-Nitro amide)

i Watson #2014 & 3 £ 2. 2 )J?c » Tl A s A Pt te S
PR xz Y AL 8 &) 4ro-nitro amide ~ B-nitro amide ™ % y-nitro
amide o T 1L L H FE R E BT A F 0 3T HIE B
Egpbed TG R AL Ve A s g N FA X RN A AR

12-14

Aedind (& dpvdhoms o R g o X IF R AR SR
% 2010 & - Koskinen B Ff i * F < pa ¥ (FAdodr o TiES H
FE oy AR A S 1l LSRR S KRR BEEFEEG 2
& N2 B 5 H(Pregabalin) o '
d B L2977 > et &Py ARRIRFE FEFLES L ET

AP R ES 2 MRS TR R D P &S - k- AR

sfEd g2t £ 8 o

o~
H
P N

HN I\
2N

Ph/{‘Ph
NO,

o) H
L f ”1 e 10
CHZCIz rt., DMF 100 °C 0
>|\O 0 10h, 72% >'\

S EE— “ S)-Pregabalin

Bl 12~ Fm = fhe & 28 /T



1.3

R TE

5oy

=~ F J& (multicomponent reactions, MCRs)

¢ 3
2 R N

gﬁ_g,g;—g;; S HITE Tz o (e

e EE b

- BHIE- BHIOR LS K

ﬁ‘ﬁ 4 =~ 4 ’A\‘%g'frﬁh i ﬁﬁii/ﬁ-ﬁa g i T\E'}i #7" B0 % ’
B P RAY A

EERE

i, F]R IR & A iE 2ol 130 LK
B %2 FAF RO AN RETEE AL
s A - BIBNE 3z o
100% yield
Total conversion Simple

Environmentally Readily available
friendly starting materials

Safe Resource cffective

One pot

Bl 1.3~z & NPt E 2

e
Vs

SN F R hE A LT

Aded = B At R e
F A FATF ATk IS B

HERLF ARS8
H-F BHITY 22 F B0 St RELEIT 3T
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IR TS WEE TRy T2 PR P
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PE o K BEF B @ B F d 6 RS LR 28
ZigEsF P ER T IES R AFERF B NS
TR RS A A L A R T
one-potendF{d A 3t - ik RAF - BEAHBITRLOME B
S ENPHEAR R FEE- MR T B R
e R E o
TEKR FEAF RZAAMFLITA D FERI D E > ki g
x4 it &% 22011 & Orru k328 & % ;,E’%\F}'@Eﬁéﬁ;wﬁ_(«&r@
12)c P ABZHEBRF s BAREE B " FELRFRE R
&N % Ea kg o H PN F (Single Reactant Replacement, SRR) » &
(A, B, C)%’g\z} ?F P (D-X)B-R R Lok B (C)F 7| e F
& (Modular Reaction Sequences, MRS) » * &4 (A, B, C)-L 5 d § &=
FRsa,se B 2 awB2DEF)F B & 5% AF R
ix it £ 8 F & (Condition-Based Divergence, CBD)> “%‘ ER W N E
REMEFREBFA B O2 X2 kAP et s edr R
(Combination of MCRs, MCR?) » #-3 & A 611+ % 2 % 23 F i

Eirh - F BT
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E e A gl S

2.1 k3= 22 F & < B-Enaminones /72 3=
2011 & > Balalaic 7 7 BIF: "B 4 4 & % A A ¥ o 2 ppss
-tz RS o & 5 IGE)3[% AR AT T Al

2A-Z R E (R 2.1) 0 gt g A PARE & SRR R R B

EES o 3R
ON H4 MeCN = Ar
reflux
@) @)

OH
NO,
= + e + Ac
Ar
0O~ ™0
1 2 3 4

B21-it&5 42 &35

2015 & > Wang 77§ B 2 1% 4 2% A A e s
ApiE -2 AR o £ FGE) B[RRI AL T AR
TP SR

-

24 pr i g4 (R2.2) AR R BRSBTS

Ri.,,-R
1N 2

+ RR;NH —EtN__
Oo” "0

EtOH,65 °C

OH
NO,
= - _—/
Ar
O 0
2 5 6

1
22~ 64 62 & 3 s

N N S
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B3RP EA AT S AR AT GT I pEEA A

fas
e
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3
ER|

RO R RES LA AT = FRAEAE R TR
EZ - boiprd fg - dpi 2 e R s (F12.3) fuplpEd sl 4
P A AY LG B R B AR L S Pt R

B EEHA R RET W B RS R A

Rs
OH Cat., J
NH O HN
N s 0=\ . M2 _CHNO, o
2 R A RZ
Ry (O
R; 0" "0
1 7 8 )
Coumarin Aldehyde Amine p-enaminone

W23 -FFH -t F et 259
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FZR CREFEHG

30 M-tz F BEUHE GBE)-3-[=A%W(=4)
e R]ee-24-- ik 47 3

AFTF AR E L FGE)3-[% AR(F ALY A]m-24--
B 92 il &5 RBEAFTHILFFTEREL 2 %> > P H
WP LA BRI F I AR BLHIF RIEEEEFEZ AT L
10 wt%o ey fk 46 (Mn(OAc),) > #704 w 47 3 #-4-25 L 4 & % (Coumarin)
2 55-2 7 £-13-% 2 - fit(Dimedone) 3 424047 > 22 % B R 2 5
% % (Aldehyde) % - %% (Amine)> 14 10 wt% 7 Mn(OAc), § 1% 8-

LA BT mIESRAE S kPP e T £ 9ax o

Amine moiety

.
OH "
0 NH; wHe 7
N e 0o ] 7 10 Wi% Mn(OAc); o N
R; Ry . '
2 CH3NO,, “ Ra
Ry 0" "0 reflux, 3 h m »
Coumarin Aldehyde Amine Ry 0" "0

Aldehyde moiety
Coumarin moiety

9a

Bl 3.1~ B vzpip 7] it £ gr 2 £ &

FORS s A P o T BI32 97T 0 F b A AL L T g T
SRR REFRAKE o VEHAF G B 100 7 B 102

% 2% 137 Michael addition ¥ 25 ¢ B4 11> 2 5% 3 ;A 7 4z
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] -H, | [ Conjugate | /’|

(rr\(\\] @\/1 \ﬁ"\\ addition v
S M O N e
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W32~ &4 9a2 F ik

AFF RO E LA LS AR A2 A3 F > A B 33
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24 9g~9h &2 9i-9j T gl % 4-50 A F 5 F A iR

ST A3k Zfr 0 FlE 55-2 9 A-13-Fke R g7
=t Michael addition 25 = gl A 47 -9k fr 9 F] 5 F P pEt 3 &7+ A2
AR FAFLBA S o BFRF LS 9 fr ok 2 ¥ U fEen
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R NIRRT R 0 T OUF IR gk lE2 9u A S § Mo
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HAFCG? BP g hRam A0 =ivr R FETH 1)+ R
CEHBMAFOFY RS R e F R T A o FRPIRA
- CRLA

&S 9a—x A T R HEiod R RRE T R H Y R
HBERI ANV EEH 12-15ppm HFPN > =i F g 224 &

AP 2 WA AT PG4t Y L 54 9g 2 9p Plie— H 5B

X-ray & B SR £ 4 SHE(R 3.4)
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32— it A &y AR

LR (E)3-[EAR(E AL T AR 24 M A2 4
R E Fp=F R At “f 7 4-%2 4 2% (Coumarin) fr
55-= 7 A-1,3-% ¢ = fit(Dimedone)*t » § & i¢ * SHEEE 01 5,5-2 7
A-1,3-%k & = Bk 0 ;8 EE(Meldrum's acid) & 42405 > T &2 5§ fF
(Aldehyde) 2 — & 3%(Amine) > 2 10 wt% =7 Mn(OAc), § 1T #.it & -
BRI - gpihow A L H B R A e o

- B AR & 2 Mt GE)- 3[R AR AL T Al

2A4--FRitEF 2 AP 15 fhd # 2 X-ray ¥ A PTHEP THEIRE

10% Mn(OAc)z O HN
>|\)J\/\L E) /<))L Nitromethane O)m\
>|\O O

reflux, 4 h

B2 A4 5y KRRz 73 1 16a -

Ph

1e 14 15

10% Mn(OAc),

Nitromethane
reflux, 4 h, 37%

Ph
16a

B35~ &4 16a 2 & = T

64



SO A Ay AR Sz BRI IEE AP ERA L
RE Y R AR B A o & 31 BT o SR A Ar ~ BT A a1
I A2%z2 A F o Aok i@ H %ﬁﬁzﬁié WY PR f R EE
35% =+ 2 AF AR Z v R pRARLS X BUAL 4T G TRV R 0 A
L 20% I EE o d PV F R A e o BT RE IR R G B TR LA

F2EH -

o301~ LIV R 2 B R iE T RRE

H
N
Nltromethane O2N
O
:>l\ reﬂux 4n

Ph
1e 14 16a

entry catalyst eq. yield (%)
1 - - 42

2 Mn(OAc), 0.1 37

3 p-TsOH 0.3 35

4 TEA 1.0 26

5 Cs,CO;5 1.0 20

6 K,CO; 1.0 24
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FREBHE I E4o™ B 3.6 #1r > F R4 4250 fE 14
BR AT REERKE o VS AT G FH 1T P B R 1T 2
F X p& le iE 7 Michael addition I 2) = @ FF 4= 18> 2 {8 F 7 1% 8 o &
PR 18 i A AEBERT A B 19 REER T F L pL{s 2

1 E g 16a 0 Tyr AR $ o
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-H,0 x> NO
H 2 2
/©)‘\ * H:‘)C’NO2 >
Ph

Ph
14 17

Ph

OH/_\ 0]
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oGO AN
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—— N02 ") e ( N02
I ~
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B 3.6~ 1 &4 16a 2 F Lib i
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ORGP e RN TS SRR AR [T SR L X

B gyl R RIRSTS g F RenibBh G ¥ O 2 E R LN A
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hA40% %% BEEET U- LR T A FE A IR - s
ek i &I g oony BAS 2R ARRMRTE B0 K Rt
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5 e

16a, 42% 16b, 24% 16c, 24%

B 3.7~ & =y-m ARz 74 F

zav 7
o/ N
7 —
; P \ 7
—h 7 \
on ) \ /
\ N o o
NI2) / \
0(2)

1 3.8 ~ 16a 2. X-ray &b %8 $E9¢.% 1 B)
67



A = =
R SR

R B R

I

& X BE)-3-["2 AE(EF /)L 7 A]m-24--
gﬁf‘"}(‘ﬁ'%ﬁ&’ﬁéiﬁiﬁéﬁ ,@_;L g;},,,,\ é‘ R fﬁ{fé " é
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FIF >~ FHRNA

5.1 &R B2 E2E LR

1.
2.

% 2hipl %% * MEL-TEMPTI % 2Pl %tk » i B A S fer o

b sk * 1725XFT-IR(Fourier Transform Infrared)’= ¢F 4 5k
R HRMETEHF LM KB)E PR FHRE SR Y >
F sty (ATR)PI %> R H - 4 gtficem’) » &5 318 23t
% o

i 247 B +# (Low resolution mass spectroscopy) % % %47 & 3% (High
resolution mass, HRMS)£ 3= fL H 3R 3N F £ R B Y o Rip > & *
JOEL JMS-SX/SX 102A & 3% & °

X KE &t 20N R E £ REY oS> 2% Bruker
AXS SMART-1000 ¥ & 54 ik & i* F & 3 ch= BT 4L
R4k A T 0

@ i s =k 2 * BRUKER Ascend 400MHz (400 MHz solars
system) > B 1% = =L 3% @ * Varian Unity 600 (150 MHz solars
system) ° BiFE kR 5% 7 & 7 (CDCL) ~ ? A& (CD;OD) 2 a4 » M w
? A # 'z (tetramethylsilane) 5 p #% 2k & (internal standard) o i § i
#1 ppm 5 H =>J £ % & ¥ #i(coupling constant) B = 5 Hz o
& A A5 3 (splitting pattern) T_& 4o s % H 4 (singlet) s d % £ %
(doublet) ; t % = & * (triplet) ; q % = & * (quartet) ; m % % &%
(multiplet) -

¢ K & 414 Ht(Column chromatography) ié * 4t B B 5. % Fy (E.
Merck) Silica gel 60 (230-400 mesh)3| 7 #% -
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7. & & ¢ Kk ~ & (Thin layer chromatography) i * 4 R B 5. £ fy
Silica gel 60 Fosy 3| /& & & & A 3% o 1% %+ L F UV light)® &

B
8. Rk * BUCHIRI4 i % 3 thfr SIBATA WJ-20 75 %% -k i

o

3

<

FFH > TETEZTRHS 25mmHg -

0. $ & X o % ch- MEREIOEA P AR A1 ERN E A
(TCI) ~ # | Fisher ~ # K] Lancaster 2 Alfa Aesar ~ # & Aldrich %
Janssen ZE Ry o F i~ F B2 % 2 R RAr = L e P FR s T fg s
Teiz~v e fgsZ & "5 5 ACS %o php £ K Tedia 2 »

CaG R R i b o PR E R o

iv &£ 3 9a-x N4 =

#-5 4 (1mmol)~ 4 2% (1 mmol) 2 - %% (1 mmol) & &
R RFLP 0 R 4~ 1 B 2 Mn(OAc), (10 wt%) 2> F &7 9% (5
mL) ¢ >3t 100 Cit i F b 3 | B e 24T ZIE 0 #F BT 7
i%ifﬁ%%%ﬁ%&“ o R F UREOREP o T B F G A KA
Fedtdck ~ g2 kM oA LRI A A AT (Q20%

go (6 FI|ILE L o

EtOAc/hexanes) & {73 » &4 %

5
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(3E)- 3-[Benzylamino(phenyl)methylidene] chroman - 2,4-dione (9a)
@ 24 FR - A2 F 80% > R = 058 (30%
O HN EtOAc/hexanes); mp 216-218 “C; '"H NMR (400

S84®

0o MHz, CDCl3) & 14.44 (bs, 1H), 8.07 (d, J = 7.6
Hz, 1H), 7.55-7.51 (m, 5H), 7.37-7.29 (m, 3H),

7.25-7.19 (m, 5H), 4.37 (d, J = 6.0 Hz, 2H); °C NMR (150 MHz, CDCl;)

8 194.1, 173.0, 170.3, 138.8, 135.2, 132.3, 130.6, 129.1, 128.8, 128.2,

127.8, 127.5, 125.6, 124.4, 123.0, 120.6, 119.0, 114.0, 46.3; IR Vyax (ATR)

1708, 1559, 1341, 1231, 1068, 898, 703 cm '; HRMS (EI) m/z calcd for

C,;H,,NO, [M'] 355.1208, found 355.1213.

(E)-3-((Benzylamino)(naphthalen-1-yl)methylene)chroman-2,4-dione
(9b)

@ £ 4 FM o A F 48% > R = 056 (30%

O HN 0 EtOAc/hexanes); mp 88-90 °C; 'H NMR (400

JJ

Z
o @ MHz, CDCl;) § 14.64 (bs, 1H), 8.11 (dd, J = 8.0,

1.6 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.95 (d, J =
7.6 Hz, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.59-7.46 (m, 5H), 7.32-7.29 (m,
4H), 7.14-7.09 (m, 3H), 4.23 (d, J = 4.8 Hz, 2H); °C NMR (150 MHz,
CDCl;) & 182.3, 174.7, 160.7, 154.4, 135.2, 134.1, 133.3, 131.3, 129.7,
129.0, 128.2, 127.5, 126.6, 126.0, 125.3, 123.6, 120.4, 116.8, 98.1, 49.4;

IR Vi (ATR) 3031, 2769, 1715, 1607, 1556, 1464, 1339, 1226, 945, 757

cm'; HRMS (EI) m/z calcd for C,;H;9NO; [M+] 405.1365, found

405.1369.
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(E)-3-((Benzylamino)(pyren-1-yl)methylene)chroman-2,4-dione (9¢)
#e FM AF 47% > R = 0.56(40%
o H? EtOAc/hexanes); mp 102-104 °C; '"H NMR
@ Z @6@ (400 MHz, CDCly) & 14.78 (bs, 1H),

0"~0 Q

8.28-8.19 (m, 4H), 8.17-8.04 (m, 5H), 7.95
(d, J=9.2 Hz, 1H), 7.83 (d, J = 7.6 Hz, 1H), 7.57-7.51 (m, 2H), 7.27 (d,
J=2.0 Hz, 3H), 7.14 (d, J = 8.4 Hz, 1H), 7.08 (dd, J = 7.6, 3.6 Hz, 1H),
4.21 (d, J = 5.6 Hz, 2H); °C NMR (150 MHz, CDCl;) & 182.4, 175.2,
161.0, 154.4, 135.1, 134.1, 132.0, 131.2, 130.9, 129.3, 129.0, 1284,
128.3, 127.6, 127.1, 126.4, 126.0, 125.8, 125.0, 124.6, 123.5, 123.2,

122.8, 116.9, 98.5, 49.5; IR v (ATR) 3031, 2791, 1714, 1606, 1557,
1464, 1340, 1230, 846, 759, 700 c¢cm'; HRMS (EI) m/z calcd for

C3;H,NO; [M']479.1521, found 479.1518.

(E)-3-((Benzylamino)(4-(dimethylamino)phenyl)methylene)chroman-
2.,4-dione (9d)

@ + ¢ HH o A F 64% > Ry = 036 (30%

O HN EtOAc/hexanes); mp 154-156 °C; 'H NMR

O Z O (400 MHz, CDCLy) 8 13.89 (bs, 1H), 8.04 (dd, J

o0 | = 7.6, 1.6 Hz, 1H), 7.52 (td, J = 7.6, 1.6 Hz,

1H), 7.39-7.29 (m, 3H), 7.23 (d, J= 7.6 Hz, 2H), 7.19 (t, J = 7.6 Hz, 2H),

7.16 (d, J= 8.4 Hz,2H), 6.76 (d, J = 8.4 Hz, 2H), 4.55 (d, J = 6.0 Hz, 2H),

3.04 (s, 6H); °C NMR (150 MHz, CDCly) § 176.2, 154.1, 151.3, 136.1,

133.6, 129.0, 128.1, 128.0, 127.2, 126.0, 123.3, 120.9, 119.8, 116.6, 111.5,
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97.2,49.3,40.1; IR vmax (ATR) 3030, 2803, 1736, 1713, 1601, 1562, 1464,

1357, 1217, 942, 768 cmﬁl; HRMS (EI) m/z calcd for C,5sHp,N,0; [M+]

398.1630, found 398.1637.

(E)-3-((Benzylamino)(2-nitrophenyl)methylene)chroman-2,4-dione
(e)
@ ¥ ¢ FAM A F 90% 0 Ry = 026 (30%

O HN” NO, EtOAc/hexanes); mp 136138 °C; 'H NMR (400

0 o /O O MHz, CDCl;) 6 14.56 (bs, 1H), 8.34 (dd, J = 8.0,
1.2 Hz, 1H), 8.08 (dd, /= 7.6, 1.6 Hz, 1H), 7.78 (td,

J=17.6,1.6 Hz, 1H), 7.70 (td, J= 7.6, 1.6 Hz, 1H), 7.53 (dd, /= 8.4, 1.6
Hz, 1H), 7.36-7.33 (m, 4H), 7.25-7.23 (m, 1H), 7.19 (dd, J = 8.0, 1.6 Hz,
2H), 7.15 (d, J = 8.4 Hz, 1H), 4.36, 4.28 (ABdq, J = 15.2, 5.6 Hz, 2H);
PC NMR (150 MHz, CDCl5) & 182.1, 173.2, 161.7, 154.2, 146.1, 134.8,
134.2, 130.6, 129.2, 128.5, 127.5, 127.4, 125.9, 125.0, 123.7, 120.3,
116.9, 96.3, 50.0; IR vy (ATR) 3030, 2771, 1737, 1568, 1447, 1365,

1344, 1228, 1217, 760 cm™'; HRMS (EI) m/z caled for Ca3H gN,Os [M ]

400.1059, found 400.1056.

(E)-3-((Benzylamino)(2-nitrophenyl)methylene)-7-(dimethylamino)ch

roman-2,4-dione (9f)
@ ¢ AM A S 28% 0 R = 020 (30%
0 HN” NO, EtOAc/hexanes); mp 188-190 °C; 'H NMR

R lg ~ O (400 MHz, CDCly) 8 14.53 (bs, 1H), 8.35 (dd,
N 0" 0
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J=8.0, 1.2 Hz, 1H), 7.88 (d, J = 8.8 Hz, 1H), 7.75 (td, J= 7.6, 1.2 Hz,
1H), 7.66 (td, J = 7.6, 1.6 Hz, 1H), 7.33-7.27 (m, 4H), 7.18 (dd, J = 8.0,
1.6 Hz, 2H), 6.57 (dd, J = 8.8, 2.4 Hz, 1H), 6.25 (d, J= 2.4 Hz, 1H), 4.31,
4.22 (ABdq, J = 15.2, 5.6 Hz, 2H), 3.04 (s, 6H); °C NMR (150 MHz,
CDCly) & 181.7, 172.2, 162.5, 156.1, 154.7, 146.2, 135.1, 134.6, 130.2,
129.1, 128.3, 127.7, 127.5, 127.1, 124.9, 109.3, 108.5, 97.2, 49.7, 40.1;
IR Vinax (ATR) 3031, 2905, 1703, 1613, 1553, 1436, 1343, 1126, 819 cm ';

HRMS (EI) m/z caled for C,5H,1N;305 [M+] 443.1481, found 443.1485.

(E)-3-((Phenethylamino)(phenyl)methylene)chroman-2,4-dione (9g)

J/@ e AW AEF 7% R = 05330%

O HN EtOAc/hexanes); mp 140-142 °C; '"H NMR (400

@ o /O O MHz, CDCl3) § 14.18 (bs, 1H), 8.09 (d, J= 7.6 Hz,
1H), 7.53 (t, J = 7.2 Hz, 1H), 7.45-7.43 (m, 3H),

7.30-7.20 (m, 4H), 7.15 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 7.2 Hz, 1H),
6.99-6.97 (m, 2H), 3.43 (q, J = 6.8 Hz, 2H), 2.90 (t, J = 6.8 Hz, 2H); °C
NMR (100 MHz, CDCl;) & 182.0, 175.7, 161.3, 154.3, 137.0, 134.0,
133.3, 129.3, 128.8, 127.0, 126.0, 125.6, 123.4, 120.4, 116.8, 96.9, 47.0,
36.4; IR vinax (ATR) 3069, 2771, 1714, 1556, 1465, 1340, 1228, 1082, 953,

762, 700 cmﬁl; HRMS (EI) m/z calcd for C,sH9NO; [M+] 369.1365,

found 369.1361.

5,5-Dimethyl-2-((phenethylamino)(phenyl)methylene)cyclohexane-1,3
-dione (9h)
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f@ wmd FHM o A F 50% 0 R = 033 (30%

O HN EtOAc/hexanes); mp 70-72 °C; '"H NMR (400 MHz,
=
o CDCL) 6 13.28 (bs, 1H), 7.39-7.37 (m, 3H),

7.27-7.24 (m, 3H), 7.04-7.02 (m, 2H), 6.91-6.89 (m,
2H), 3.30 (q, J = 7.2 Hz, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.47 (s, 2H), 2.20
(s, 2H), 1.05 (s, 6H); °C NMR (150 MHz, CDCl5) & 199.6, 194.9, 172.2,
137.4, 134.5, 128.8, 128.6, 128.5, 126.9, 125.7, 107.4, 52.8, 52.3, 45.9,
36.5, 30.2, 28.3; IR vyex (ATR) 3027, 2951, 1655, 1580, 1547, 1457, 1336,

901, 754, 698 cm™'; HRMS (EI) m/z calcd for Co3HpsNO, [M'] 347.1885,

found 347.1882.

(E)-3-((Benzylamino)(4-methoxyphenyl)methylene)chroman-2,4-dion
e (9i)

@ wd HW A X T7% > Ry = 033 (30%

o HN EtOAc/hexanes); mp 108-110 °C; 'H NMR

O Z O (400 MHz, CDCl;) & 14.39 (bs, 1H), 8.05 (bs,
o0 OV 1H), 7.53 (tdJ = 8.8, 1.6 Hz, 1H), 7.38-7.29

(m, 3H), 7.20-7.17 (m, 4H), 7.19 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.4 Hz,
2H), 4.45 (d, J = 6.0 Hz, 2H), 3.87 (s, 3H); °C NMR (150 MHz, CDCl;)
§ 182.0, 175.7, 160.5, 135.7, 134.0, 129.0, 128.1, 127.7, 127.2, 125.9,
123.4, 116.7, 114.3, 55.3, 49.2; IR vy, (ATR) 3028, 2930, 1704, 1602,
1562, 1464, 1351, 1243, 1071, 757 cm'; HRMS (EI) m/z calcd for

CruH,sNO, [M'] 385.1314, found 385.1315.
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2-((Benzylamino)(4-methoxyphenyl)methylene)-5,5-dimethylcyclohex
ane-1,3-dione (9j)
@ Wi R A 2% R = 030 (30%
EtOAc/hexanes); 'H NMR (400 MHz, CDCL;) &
m 13.53 (bs, 1H), 7.35-7.28 (m, 3H), 7.14 (d, J =
© OV 68 Hz, 2H), 7.06 (d, J = 8.8 Hz, 2H). 6.95 (d, J
= 8.8 Hz, 2H), 4.31 (d, /= 6.0 Hz, 2H), 3.83 (s, 3H), 2.47 (s, 2H), 2.26 (s,
2H), 1.06 (s, 6H); °C NMR (150 MHz, CDCl3) § 199.6, 195.2, 172.2,
160.0, 136.3, 128.9, 127.8, 127.7, 127.1, 126.4, 114.1, 108.0, 55.2, 48.2,
30.2, 28.3; IR v, (ATR) 2955, 2933, 1650, 1553, 1454, 1335, 1247,

1174, 1028, 830, 698 cmﬁl; HRMS (EI) m/z caled for Cy3H,5NO; [M+]

363.1834, found 363.1832.

(E)-3-((Benzylamino)(4-nitrophenyl)methylene)chroman-2,4-dione
(9k)

%j d FAL > A% 20% 0 R, = 033 (30%

O HN EtOAc/hexanes); mp 100-102 °C; 'H NMR

-
O 0 (400 MHz, CDCl5) & 14.52 (bs, 1H), 8.36 (d, J
0”0 NO,

= 8.8 Hz, 2H), 8.08 (dd, J = 8.0, 1.6 Hz, 1H),

7.57 (td, J= 8.8, 1.6 Hz, 1H), 7.42 (d, J = 8.8 Hz, 2H), 7.36 (d, J= 8.0 Hz,
3H), 7.26 (s, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.14 (dd, J = 8.0, 1.6 Hz, 2H),
4.35 (d, J = 6.4 Hz, 2H); C NMR (150 MHz, CDCl;) & 182.4, 173.2,
161.4, 154.3, 148.3, 139.6, 134.9, 134.6, 129.2, 128.5, 127.2, 127.1,
126.0, 124.3, 123.8, 120.1, 116.9, 97.0, 49.4; IR v, (ATR) 3031, 2787,
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1712, 1560, 1464, 1340, 1229, 1077, 856, 758, 698 cm™'; HRMS (EI) m/z

calcd for C53H4N,Os5 [M+] 400.1059, found 400.1051.

2-((Benzylamino)(4-nitrophenyl)methylene)-5,5-dimethylcyclohexane
-1,3-dione (91)

@ ¢ A AF 22% - R = 030 (30%

0 HN EtOAc/hexanes); mp 162164 °C; '"H NMR (400

—
mm MHz, CDCl3) & 13.61 (bs, 1H), 8.30 (d, J = 8.8

2 Hz, 2H), 7.36-7.31 (m, 3H), 7.29 (d, J = 8.8 Hz,
2H), 7.09 (dd, J = 8.0,2.0 Hz, 2H), 4.20 (d, J = 6.0 Hz, 2H), 2.51 (s, 2H),
2.24 (s, 2H), 1.06 (s, 6H); °C NMR (150 MHz, CDCl;) & 200.3, 195.1,
169.5, 147.8, 141.0, 135.6, 129.1, 128.2, 127.1, 127.0, 124.0, 107.3, 52.7,
52.2,48.4,30.4, 28.3; IR vnu (ATR) 3031, 2718, 1736, 1524, 1450, 1365,

1217, 853, 759 cm'; HRMS (EI) m/z caled for CapHyoN>Os [M']

378.1580, found 378.1584.

2-((Benzylamino)(3,4-dimethoxyphenyl)methylene)-5,5-dimethylcyclo

hexane-1,3-dione (9m)
@ ¢ ERE A% 40% 0 R, = 0.13 (30%

O HN EtOAc/hexanes); mp 138-140 °C; '"H NMR (400

5 ove MHz, CDCL) 8 13.54 (bs, 1H), 7.35-7.27 (m,

3H), 7.13 (dd, J = 7.2, 1.2 Hz, 2H), 6.91 (d, J =
8.0 Hz, 1H), 6.69 (dd, J = 8.0, 2.0 Hz, 1H), 6.54 (d, J= 2.0 Hz, 1H), 4.34,

4.26 (ABdq, J=15.2, 6.0 Hz, 2H), 3.90 (s, 3H), 3.70 (s, 3H), 2.49 (s, 2H),
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2.26 (s, 2H), 1.07 (s, 6H); '°C NMR (150 MHz, CDCls) § 199.7, 195.0,
172.1, 149.4. 149.0, 136.8, 128.9, 127.8, 127.0, 126.7, 118.7, 111.1, 109.5,
108.0, 55.8, 53.0, 52.3, 48.1, 30.3, 28.5; IR vy (ATR) 3032, 2953, 1737,
1717, 1554, 1441, 1337, 1256, 1225, 1135, 885 cm™'; HRMS (EI) m/z

calcd for C4H7NO, [M+] 393.1940, found 393.1948.

(E)-3-((Benzylamino)(2,4,5-trimethoxyphenyl)methylene)chroman-2,
4-dione (9n)

@ 4 AWM A F 68% R = 0.16 (30%

O HN” OMe EtOAc/hexanes); mp 142—144 °C; 'H NMR (400
984®

oo ome MHz, CDCLy) 8 14.48 (bs, 1H), 8.07 (d, J = 7.2

OMe Hz, 1H), 7.52 (td, J = 8.0, 1.2 Hz, 1H),

7.36-7.29 (m, 3H), 7.24-7.15 (m, 4H), 6.62 (s, 1H), 6.51 (s, 1H), 4.50,
4.38 (ABdgq, J =15.2, 5.6 Hz, 2H), 3.96 (s, 3H), 3.78 (s, 3H), 3.72 (s, 3H);
C NMR (150 MHz, CDCl;) & 182.0, 173.3, 161.1, 154.2, 151.0, 149.8,
143.6, 135.9, 133.8, 128.9, 128.0, 127.4, 125.9, 123.3, 120.5, 116.7,
113.5, 110.4, 97.6, 97.5, 56.6, 56.4, 56.0, 49.2; IR Vynax (ATR) 3004, 2835,
1710, 1608, 1564, 1463, 1210, 1067, 1028, 759 cm '; HRMS (EI) m/z

calcd for C,4H,3NOg [M+] 445.1525, found 445.1518.

2-((Benzylamino)(phenyl)methylene)-5,5-dimethylcyclohexane-1,3-di
one (90)

d FH A F 42% Ry=0.40 (30% EtOAc/hexanes);

0 HN mp 112-114 °C; '"H NMR (400 MHz, CDCl;) & 13.57
78



(bs, 1H), 7.44-7.41 (m, 3H), 7.32-7.28 (m, 3H), 7.14-7.12 (m, 4H), 4.25
(d, J = 6.0 Hz, 2H), 2.48 (s, 2H), 2.24 (s, 2H), 1.05 (s, 6H); °C NMR
(150 MHz, CDCl3) & 199.9, 195.1, 172.1, 136.2, 134.4, 128.9, 128.8,
128.6, 127.9, 127.2, 125.9, 107.6, 52.9, 52.3, 48.2, 30.3, 28.4; IR Vpax
(ATR) 2956, 2871, 1716, 1650, 1554, 1440, 1336, 1218, 899, 777 cm ';

HRMS (EI) m/z calcd for C,,Hy3NO, [M+] 333.1729, found 333.1734.

2-((Isobutylamino)(phenyl)methylene)-5,5-dimethylcyclohexane-1,3-d
ione (9p)
om~r # s mam . &2 45% 5 R = 046 (30%

=

o EtOAc/hexanes); mp 112-114 °C; 'H NMR (400

MHz, CDCl;) & 13.33 (bs, 1H), 7.44—7.42 (m, 3H), 7.12-7.09 (m, 2H),
2.89 (t, J = 6.4 Hz, 2H), 2.48 (s, 2H), 2.22 (s, 2H), 1.80 (septet, J = 6.8
Hz, 1H), 1.06 (s, 6H), 0.91 (d, J = 6.8 Hz, 6H); °C NMR (150 MHz,
CDCl5) § 199.5, 194.8, 172.2, 134.8, 128.5, 125.9, 107.4, 52.8, 52.2, 51.9,
30.3, 28.8, 28.3, 19.9; IR vy, (ATR) 2963, 2869, 1737, 1645, 1554, 1444,
1332, 1217, 1120, 900, 768 ¢cm'; HRMS (EI) m/z calced for C;9H,5sNO,

[M']299.1885, found 299.1881.

2-((Butylamino)(phenyl)methylene)-5,5-dimethylcyclohexane-1,3-dio
ne (99)

O NN s ok o A 2% 0 Ry = 046 (30%
-

o EtOAc/hexanes); 'H NMR (400 MHz, CDCL;) &

13.24 (bs, 1H), 7.45-7.41 (m, 3H), 7.13-7.10 (m,
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2H), 3.05 (q, J = 7.2 Hz, 2H), 2.47 (s, 2H), 2.22 (s, 2H), 1.51 (quintet, J =
7.2 Hz, 2H), 1.31 (septet, J = 7.2 Hz, 2H), 1.05 (s, 6H), 0.85 (t, J = 7.2
Hz, 3H); °C NMR (150 MHz, CDCl;) & 199.6, 194.9, 172.1, 134.8,
128.6, 125.7, 107.3, 52.8, 52.3, 44.2, 31.8, 30.3, 28.4, 19.85, 13.5; IR Vyax
(ATR) 2951, 2870, 1646, 1583, 1557, 1443, 1338, 907, 771, 705 cm';

HRMS (EI) m/z calcd for C;oH,sNO, [M+] 299.1885, found 299.1884.

2-(((3,4-Dimethoxyphenethyl)amino)(phenyl)methylene)-5,5-dimethyl

cyclohexane-1,3-dione (9r)
OMe \ %
#d HHW o AF 47% 0 R = 0.13 30%
OMe
O HN EtOAc/hexanes); mp 102-104 °C; 'H NMR
(400 MHz, CDCl;) o6 13.27 (bs, 1H),
7.39-7.37 (m, 3H), 6.92-6.89 (m, 2H), 6.76
(d, J = 8.0 Hz, 1H), 6.58 (dd, J = 8.0, 1.6 Hz, 1H), 6.50 (d, J = 1.6 Hz,
1H), 3.85 (s, 3H), 3.81 (s, 3H), 3.28 (q, /= 6.8 Hz, 2H), 2.74 (t, J = 6.8
Hz, 2H), 2.46 (s, 2H), 2.20 (s, 2H), 1.04 (s, 6H); °C NMR (150 MHz,
CDCly) 6 199.6, 194.8, 172.2, 149.0, 147.9, 134.6, 129.9, 128.5, 128.4,

125.8, 120.8, 111.9, 111.2, 107.4, 55.9, 55.7, 52.8, 52.3, 46.2, 36.1, 30.2,
28.3; IR vmax (ATR) 2953, 2869, 1650, 1549, 1442, 1338, 1258, 1237,

1158, 1027, 766 cm; HRMS (EI) m/z caled for CpsHyNO, [M]

407.2097, found 407.2093.

2-((Allylamino)(phenyl)methylene)-5,5-dimethylcyclohexane-1,3-dion
e (9s)
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f hd FEH > A F 38% 0 R o= 040 (30%
O HN

d\@ EtOAc/hexanes); mp 76-78 °C; '"H NMR (400 MHz,
0

CDCl3) & 13.26 (bs, 1H), 7.43-7.42 (m, 3H), 7.13-7.11
(m, 2H), 5.74 (ddt, J = 15.6, 10.4, 5.6Hz, 1H), 5.21-5.17 (m, 2H), 3.67 (t,
J = 5.6 Hz, 2H), 2.48 (s, 2H), 2.23(s, 2H), 1.05 (s, 6H); °C NMR (150
MHz, CDCl3) & 199.8, 195.0, 172.3, 134.4, 132.5, 128.8, 128.5, 125.8,
117.5,107.7, 52.8, 52.3, 46.5, 30.2, 28.3; IR Vynax (ATR) 2953, 2867, 1717,
1644, 1578, 1549, 1435, 1332, 919, 775, 708 cm™'; HRMS (EI) m/z calcd

for CsH,1NO, [M+] 283.1572, found 283.1571.

(E)-3-((tert-Butylamino)(phenyl)methylene)chroman-2,4-dione (9t)

b e mEm . 2% 21% 0 R o= 047 (30%
O HN

EtOAc/hexanes); mp 164—166 °C: 'H NMR (400
o 0

MHz, CDCl;) & 14.57 (bs, 1H), 8.07 (d, J = 8.4 Hz,
1H), 7.53-7.44 (m, 4H), 7.30-7.28 (m, 2H), 7.22 (t, J= 7.6 Hz, 1H), 7.15
(d, J = 8.4 Hz, 1H), 1.27 (s, 9H); °C NMR (150 MHz, CDCl;) & 181.7,
175.2, 161.3, 154.1, 134.2, 133.8, 129.3, 127.9, 127.1, 125.8, 123.4,
120.4, 116.6, 97.4, 57.2, 31.3; IR vy (ATR) 3050, 2970, 1705, 1557,
1463, 1352, 1191, 1075, 755, 714 c¢cm'; HRMS (EI) m/z calcd for

CaoH1sNO; [M '] 321.1365, found 321.1363.

(E)-3-(1-(Butylamino)propylidene)chroman-2,4-dione (9u)

o) HN/\/\
=

¢ A AT 29% R o= 060 (30%
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EtOAc/hexanes); mp 74-76 °C; '"H NMR (400 MHz, CDCl3) & 14.27 (bs,

1H), 8.04 (dd, J = 7.6, 1.6 Hz, 1H), 7.52 (td, J = 7.6, 1.6 Hz, 1H), 7.23
(dd, J = 7.6, 0.8 Hz, 1H), 7.20 (t, J = 8.4 Hz, 1H), 3.57 (q, J = 7.2 Hz,
2H), 3.21 (q, J= 7.2 Hz, 2H), 1.77 (quintet, J = 7.2 Hz, 2H), 1.52 (sextet,
J =172 Hz, 2H), 1.31 (t, J = 7.2 Hz, 3H), 1.01 (t, J = 7.2 Hz, 3H); "°C
NMR (150 MHz, CDCl;) & 181.9, 180.7, 162.0, 153.6, 133.6, 125.9,
123.4, 120.4, 116.4, 95.8, 43.4, 31.3, 23.9, 20.0, 13.6, 11.4; IR Vpey (ATR)
2952, 2869, 1694, 1592, 1573, 1461, 1342, 1224, 901, 757 cm'; HRMS

(EI) m/z calcd for C,¢H9NO; [M+] 273.1365, found 273.1360.
(E)-3-((Ethylamino)(phenyl)methylene)chroman-2,4-dione (9v)

J v ¢ HE A F 66% > R = 046 (30%
O HN

EtOAc/hexanes); mp 120-122 °C; 'H NMR (400
oO” ~0

MHz, CDCly) & 14.04 (bs, 1H), 8.07 (s, 1H),

7.55-7.50 (m, 4H), 7.25-7.23 (m, 3H), 7.17 (d, J = 8.0 Hz,1H), 3.24
(quintet, J = 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H); °C NMR (150 MHz,
CDCl;) & 182.0, 175.4, 161.4, 154.3, 133.9, 129.4, 128.9, 125.8, 125.6,
123.4, 120.4, 116.8, 96.7, 40.4, 15.2; IR vy, (ATR) 2995, 2793, 1736,
1711, 1563, 1464, 1354, 1232, 1092, 959, 763 cm'; HRMS (EI) m/z

calcd for C3H;sNO; [M+] 293.1052, found 293.1056.

(E)-3-(Benzo[b]thiophen-2-yl(benzylamino)methylene)chroman-2,4-d

ione (9w)
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ED ¥4 AW A F 61% > R = 0.63 (30%

EtOAc/hexanes); mp 92-94 °C; 'H NMR (400

z
& oo ! ¢ ) MHz, CDCL;) § 14.42 (t, J = 6.0 Hz, 1H), 8.04 (d,
J = 7.6 Hz, 1H), 7.90 (dd, J = 6.0, 3.2 Hz, 1H),

7.83 (dd, J= 6.0, 3.2 Hz, 1H), 7.55 (td, J = 8.4, 1.6 Hz, 1H), 7.42 (m, 2H),
7.38-7.33 (m, 3H), 7.28-7.24 (m, 4H), 7.20 (d, J=8.4 Hz, 1H), 4.59 (d, J
=6.0 Hz, 2H); °C NMR (150 MHz, CDCL;) § 168.6, 154.1, 140.6, 139.0,
135.4, 1342, 129.1, 128.3, 127.4, 126.1, 125.5, 124.8, 124.6, 124.0,
123.7, 122.6, 116.8, 98.3, 49.5; IR v (ATR) 3029, 2883, 1737, 1556,
1365, 1227, 1217, 945, 897, 754 c¢cm'; HRMS (EI) m/z calcd for

CysH17NOsS [M+] 411.0929, found 411.0931.

(E)-3-((Benzylamino)(1-methyl-1H-indol-3-yl)methylene)chroman-2,
4-dione (9x)

@ Whd EAM o A 37% 0 R= 016 (30%

O HN EtOAc/hexanes); mp 104-106 °C; "H NMR (400
MHz, CDCl;) & 13.98 (bs, 1H), 8.07 (dd, J = 7.6,
1.6 Hz, 1H), 7.55-7.49 (m, 2H), 7.41-7.37 (m,

1H), 7.36-7.29 (m, 4H), 7.25-7.17 (m, 5H), 7.19 (s, 1H), 4.65 (d, J = 6.0
Hz, 2H), 3.85 (s, 3H); °C NMR (150 MHz, CDCl;) & 169.7, 154.0, 136.9,
136.4, 133.6, 130.1, 129.0, 128.0, 127.1, 126.0, 123.3, 122.7, 121.3,
120.9, 119.6, 116.6, 110.2, 106.9, 98.0, 49.8, 33.4; IR vya (ATR) 3031,

2792, 1715, 1606, 1556, 1462, 1367, 1338, 1228, 741, 698 cm™'; HRMS

(EI) m/z calcd for CycH,oN,O5 [M+] 408.1474, found 408.1470.
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it & $ 16a—c th g =

#- 4 fF (1 mmol) ~ ¥ *f& (1 mmol) % - %= (1 mmol) /& &
WEBFLY o R AT % Sml) ¢ o0 3100 Cie ik B3 ) pF oo
AEEER O MF R E LRGSR AT R D &7

EPo e b T A BRI C BR 2 /ﬁa‘fﬁ cqp A YR L F

b

¢ Kk A~ 47 (20% EtOAc/hexanes) i& {754 it » 57 4

B /14 /F,T\ Ve
gp I¢ = :L'J it

|
a0

17
.

3-([1,1'-Biphenyl]-4-yl)-N-benzyl-4-nitrobutanamide(16a)

:Q hd FRE > A S 42% 0 R = 033 (50%

(0]
C EtOAc/hexanes); mp 126-128 °C; 'H NMR (400

O,N

O MHz, CDCl3) & 7.57-7.53 (m, 4H), 7.45 (t, J =

7.2 Hz, 2H), 7.36 (t, J = 7.2 Hz, 1H), 7.29 (d, J =

8.0 Hz, 2H), 7.22 (d, J = 2.0 Hz, 1H), 7.21 (d, J = 2.0 Hz, 2H), 7.05 (d, J
= 3.2 Hz, 1H), 7.03 (d, J = 2.0 Hz, 1H), 5.66 (s, 1H), 4.85, 4.75 (ABdq, J
= 12.8, 6.4 Hz, 2H), 4.41, 430 (ABdq, J = 14.4, 6.0 Hz, 2H), 4.09
(quintet, J = 7.2 Hz, 1H) 2.71, 2.61 (ABdq, J = 14.4, 6.8 Hz, 2H); °C
NMR (150 MHz, CDCl3) & 169.3, 140.9, 140.3, 137.6, 137.4, 128.8,
128.7, 127.8, 127.7, 127.6, 127.5, 127.0, 79.3, 43.6, 40.5, 40.0 ;IR Vyax
(ATR) 3031, 1737, 1637,1552, 1541, 1366, 1229, 1216, 694 cm '; HRMS

(EI) m/z calcd for C;3H2,N,0; [M+—N02] 328.1701, found 328.1701.
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N-Benzyl-3-(4-(diphenylamino)phenyl)-4-nitrobutanamide(16b)

:\/© s FR A K 24% 0 Ry = 0.50 (50%

O,N
0

EtOAc/hexanes); mp 134-136 °C;'H NMR (400

©,~© MHz, CDCLy) & 7.33-7.27 (m, 2H), 7.25-7.22 (m,
4H), 7.16-7.14 (m, 2H), 7.07-7.03 (m, 8H),

7.01-6.98 (m, 3H), 5.68 (t, J = 5.6 Hz, 1H), 4.79, 4.67 (ABdq, J = 12.4,
8.0 Hz, 2H), 4.42, 4.35 (ABdq, J = 14.8, 5.6 Hz, 2H), 3.97 (quintet, J =
7.2 Hz, 1H) 2.66, 2.58 (ABdq, J = 14.8, 7.2 Hz, 2H); >C NMR (150
MHz, CDCl3) & 169.5, 147.5, 147.4, 137.7, 131.8, 129.3, 128.7, 128.1,
127.7, 127.6, 124.6, 123.4, 123.2, 79.5, 43.7, 40.2, 39.9 ; IR Vyax (ATR)
3261, 3034, 1738, 1637, 1552, 1487, 1372, 1269, 739, 692 cm™'; HRMS

(EI) m/z calcd for Cy9H,7N305 [M+] 465.2052, found 465.2051.

N-Benzyl-4-nitro-3-(pyren-1-yl)butanamide(16c)
H\/@ W ER O A F 24% 0 R = 0.37 (50%

N
O,N
‘O 0 EtOAc/hexanes); mp 103-105 °C; '"H NMR
OO (400 MHz, CDCl;) ¢ 8.44 (d, J=9.2 Hz, 1H),

8.20 (d, J = 8.0 Hz, 3H), 8.13 (d, J = 8.0 Hz,
1H), 8.10 (d, J= 8.8 Hz, 1H), 8.04 (t, J= 8.0 Hz, 2H), 7.85 (d, J = 8.0 Hz,
1H), 7.06 (t, J=7.6 Hz, 1H), 6.97 (t, J = 7.6 Hz, 2H), 6.79 (d, J = 7.6 Hz,
2H), 5.51 (s, 1H), 5.30 (quintet, J = 7.2 Hz, 1H), 5.10, 5.02 (ABdq, J =
12.8, 7.2 Hz, 2H), 4.27, 420 (ABdq, J = 14.8, 6.0 Hz, 2H), 2.97, 2.87
(ABdq, J = 14.8, 7.2 Hz, 2H); °C NMR (150 MHz, CDCl;) & 169.4,
137.4, 131.8, 131.3, 130.8, 130.7, 128.8, 128.7, 128.4, 127.8, 127.4,

&5



127.3, 127.2, 126.3, 125.6, 125.4, 125.2, 125.1, 124.7, 121.8, 79.3, 43.6,
40.3; IR vimax (ATR) 2926, 1739, 1640, 1551, 1454, 1376, 1274, 844, 696

cm_l; HRMS (EI) m/z calcd for Cy;H;N,Os [M+] 422.1630, found

422.1632.
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