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General

Unless otherwise noted, all commercially availatdenpounds were used as provided without
further purifications. Solvents for chromatograpigre technical grade.

Analytical thin-layer chromatography (TLC) was merhed onMerck silica gel aluminium
plates with F-254 indicator. Compounds were visualized itvgdiation with UV light or
potassium permanganate staining. Column chromaibgravas performed usinglica gel
Merck 60 (particle size 0.040-0.063 mm). Solvent mixturesamderstood as volume/volume.
'H-NMR and **C-NMR were recorded on Bruker DRX400 (400 MHz), Bruker DRX500
(500 MHz) andINOVA500 (500 MHz) using CDGl or DMSO-¢ as solvent. Data are
reported in the following order: chemical shid) alues are reported in ppm with the solvent
resonance as internal standard (CPG| = 7.26 ppm for'H, & = 77.16 ppm for*C);
multiplicities are indicated br s (broadened sit)jgls (singlet), d (doublet), t (triplet), g
(quartet), m (multiplet); coupling constan@ ére given in Hertz (Hz).

High resolution mass spectra were recorded bm@Orbitrap mass spectrometer coupled to
an Acceka HPLC-System (HPLC columrtypersyl GOLD, 50 mm x 1 mm, patrticle size 1.9
um, ionization method: electron spray ionizationpufer transform infrared spectroscopy
(FT-IR) spectra were obtained withBruker Tensor 27 spectrometer (ATR, neat) and are
reported in terms of frequency of absorption (¥nOptical rotations were measured in a

Schmidt + Haensch Polartronic HH8 polarimeter.



Proceduresfor the synthesis of isoquinolinium methylides"?
Forila, 1b:*

To a mixture of 2-bromomalonate and 30 mL acetoas added isoquinoline. The mixture
was stirred for 24 h at r.t., and the resultingcpieate was filtered and recrystallized fram
PrOH and ether to give a colorless solid. The swlas dissolved in water, the pH was
adjusted to alkaline conditions and the solutixinaeted with CHG. Recrystallization gave
yellow needles.

For 1c-1p:*?

To a solution of Cu(acac)l mol %) in 5 mL of CHCIl, were added the corresponding
isoquinoline (1.0 mmol) and iodonium ylide (1.2 mindhe reaction mixture was stirred at
room temperature to 40. After completion of the reaction (monitored byQ), the solution

was concentrated and purified by chromatographysitica gel to give the corresponding

isoquinolinium methylidega-1p.

]

X _N{__COOMe

COOMe

la, 65% vyield:'H-NMR (500 MHz, CDC}): § = 9.28 (s, 1H), 8.30 (d} = 6.8 Hz, 1H), 8.15
(d,J = 8.3 Hz, 1H), 8.00 — 8.01 (nd,= 4.5 Hz, 2H), 7.97 (d] = 6.9 Hz, 1H), 7.83 (ddd} =
8.1, 5.3, 2.8 Hz, 1H), 3.73 ppm(s, 6HJC-NMR (126 MHz, CDCJ): § = 153.49, 141.41,
136.37, 135.64, 130.21, 129.75, 127.74, 126.85,55297.35, 54.93, 50.74 ppm; FT-IR=
3067, 2948, 1702, 1589, 1440, 1368, 1075 ctHRMS: calcd. for [M+H] CisH14NOg:
260.09173, found: 260.09195.
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]
> _N¥ _ _COOEt

COOEt
1b, 73% vyield;*H-NMR (500 MHz, CDC}): & = 9.28 (s, 1H), 8.31 (d = 6.9 Hz, 1H), 8.13
(d,J = 8.2 Hz, 1H), 8.00 — 7.88 (m, 2H), 7.94 Jd; 6.9 Hz, 1H), 7.88 — 7.77 (m, 1H), 4.20
(q,J = 7.0 Hz, 4H), 1.29 ppm (8, = 7.0 Hz, 6H):**C-NMR (126 MHz, CDGJ): & = 153.26,
141.40, 136.22, 135.46, 130.11, 129.68, 127.69,8126123.32, 97.59, 64.64, 59.12, 14.95
ppm; FT-IR:v = 3081, 2976, 1655, 1605, 1409, 1372, 1330, 11389 1cm‘; HRMS: calcd.
for [M+H]* C1¢H1eNO4: 288.12303, found: 288.12299.

]
XN NH_/COOBn

COOBnN
1c, 78% yield;*H-NMR (500 MHz, CDC}): & = 9.33 (s, 1H), 8.37 (dl = 6.8 Hz, 1H), 8.13
(d,J = 8.2 Hz, 1H), 8.03 — 7.99 (m, 2H), 7.96 {d 6.9 Hz, 1H), 7.83 (dt] = 8.2, 4.0 Hz,
1H), 7.44 — 7.36 (m, 4H), 7.33 — 7.23 (m, 6H), 5@8n(s, 4H);**C-NMR (126 MHz,
CDCly): 5 = 153.38, 141.32, 137.98, 136.29, 135.57, 130.29,73, 128.41, 127.78, 127.69,
127.41, 126.81, 123.43, 64.97 ppm; FT-iR: 3031, 2949, 1709, 1575, 1384, 1282, 1052 cm
1 HRMS: calcd. for [M+H] CagH2oNO,: 412.15433, found: 412.15440.

Br

]

X _N{__COOMe

T

COOMe
1d, 52% vyield; Only*H-NMR is available due to its poor solubility evenall the solvents,
'H-NMR (400 MHz, CDCY): 6 = 9.68 (s, 1H), 8.42 (d} = 6.2 Hz, 1H), 8.06 (d] = 7.5 Hz,
1H), 7.96 (dJ = 7.6 Hz, 2H), 7.87 — 7.76 (m, 1H), 3.76 ppm (4);6FT-IR: v = 3023, 2943,
1701, 1590, 1440, 1377, 1359, 1080 TnHRMS: calcd. for [M+H] Ci4Hi3" BrNO,:
338.00225, found: 338.00255; calcd. for [MEHT1H:12 BrNO,s: 340.00020, found:
340.00045;



)8 Q.
X _Ni _ _COOMe
Br \T/

COOMe

le, 80% vyield; Only'H-NMR is available due to its poor solubility evenall the solvents,
'H-NMR (500 MHz, CDC}): & = 9.23 (s, 1H), 8.47 — 8.21 (m, 2H), 8.15 — 8.8 {H), 8.00

— 7.78 (m, 2H), 3.76 ppm (s, 6HET-IR: ¥ = 3112, 2947, 1701, 1587, 1442, 1374, 1083,
1077 cn; HRMS: calcd. for [M+H] C14H13°BrNO,: 338.00225, found: 338.00268; calcd.
for [M+H]" CrH122"BrNOy4: 340.00020, found: 340.00052;

]
N N"\_(COOMe
Br

COOMe

1f, 62% yield;*H-NMR (500 MHz, CDC}): § = 9.67 (s, 1H), 8.40 (d] = 6.8 Hz, 1H), 8.06
(d,J = 7.5 Hz, 1H), 8.00 — 7.92 (m, 2H), 7.81Xt 7.9 Hz, 1H), 3.76 ppm (s, 6H}}C-NMR
(126 MHz, CDC}): & = 165.60, 153.44, 142.27, 137.90, 135.69, 134127.26, 126.39,
124.30, 123.68, 50.93 ppm; FT-IR= 3064, 2948, 1626, 1597, 1439, 1337, 1187, 1075 cm
HRMS: calcd. for [M+H] C14H13"BrNO,: 338.00225, found: 338.00257; calcd. for [M+H]
C1H15>BrNOg4: 340.00020, found: 340.00050;

4

X _N{__COOMe
Cl

Cl COOMe

1g, 51% vyield;*"H-NMR (500 MHz, CDC}): 5 = 9.70 (s, 1H), 8.43 (dd,= 6.8, 1.0 Hz, 1H),
7.98 (d,J = 8.8 Hz, 1H), 7.95 (d] = 6.8 Hz, 1H), 7.85 (d] = 8.8 Hz, 1H), 3.76 ppm (s, 6H);
3C-NMR (126 MHz, CDG)): 6 = 165.56, 150.42, 142.40, 136.66, 135.75, 135130,80,
127.04, 126.22, 123.35, 50.94 ppm; FT-IR= 3039, 2944, 1585, 1436, 1337, 1183, 1111,
1054 cni; HRMS: calcd. for [M+H] C14H1,CLNO,4: 328.01379, found: 328.01438.

MeO
e % |
N NKT/COOMe

COOMe
1h, 55% yield;*H-NMR (400 MHz, CDCY): & = 9.04 (s, 1H), 8.16 (d} = 6.0 Hz, 1H), 8.01

(d,J = 8.7 Hz, 1H), 7.81 (s, 1H), 7.41 @= 8.7 Hz, 1H), 7.25 — 7.20 (m, 1H), 4.04 (s, 3H),
3.72 ppm (s, 6H)**C-NMR (101 MHz, CDCJ): & = 167.88, 165.48, 152.34, 141.80, 139.40,
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131.57, 123.48, 123.21, 122.09, 104.86, 56.36,80@m; FT-IR:v = 2944, 2847, 1588,
1434, 1337, 1266, 1184, 1091 ¢nHRMS: calcd. for [M+H] Cy5H16NOs: 290.10230, found:
290.10282.

/C@
. _N* __COOMe
MeO Y

COOMe
1i, 58% yield;"H-NMR (400 MHz, CDC}): § = 9.13 (s, 1H), 8.18 (d, = 6.8 Hz, 1H), 7.97 —
7.78 (m, 2H), 7.61 (d] = 9.1 Hz, 1H), 7.33 (s, 1H), 3.97 (s, 3H), 3.72pfs, 6H);:"*C-NMR
(126 MHz, CDC}): & = 165.82, 160.56, 151.68, 139.68, 132.28, 129136,19, 128.27,
123.29, 106.17, 56.09, 50.72 ppm; FT-IR= 3084, 2946, 1705, 1587, 1436, 1375, 1263,
1078 cm'; HRMS: calcd. for [M+H] C1sH16NOs: 290.10230, found: 290.10236.

]

X _N{__COOMe

OMe COOMe
1j, 61% vyield:"H-NMR (400 MHz, CDC}): § = 9.53 (s, 1H), 8.21 (d, = 6.9 Hz, 1H), 7.90 —
7.85 (m, 2H), 7.50 (d] = 8.3 Hz, 1H), 7.06 (dJ = 8.0 Hz, 1H), 4.05 (s, 3H), 3.72 ppm (s,
6H); *C-NMR (126 MHz, CDCJ): 6 = 165.92, 157.75, 150.07, 141.73, 137.38, 137.14,
122.99, 120.39, 118.28, 107.90, 56.39, 50.64 pprAR: v = 3045, 2938, 1596, 1428, 1344,
1213, 1085 cr; HRMS: calcd. for [M+H] CysH16NOs: 290.10230, found: 290.10268.

M
e % |
N NJ'W_/COOMe

COOMe
1k, 55% yield;*H-NMR (400 MHz, CDCJ): & = 9.18 (s, 1H), 8.23 (d] = 6.8 Hz, 1H), 8.03
(d,J = 8.1 Hz, 1H), 7.86 (d] = 6.8 Hz, 1H), 7.82 — 7.71 (m, 1H), 7.65 {d& 8.1 Hz, 1H),
3.73 (s, 6H), 2.66 ppm (s, 3H*C-NMR (101 MHz, CDGJ): 5 = 165.96, 153.09, 147.64,
141.46, 136.81, 132.53, 129.52, 126.12, 125.92,87296.87, 50.72, 22.80 ppm; FT-IR=
3033, 2943, 1585, 1334, 1189, 1090 cHRMS: calcd. for [M+H] C15H16NO4: 274.10738,
found: 274.10747.



/@
X _N{__COOMe
e T

COOMe
11, 58% yield;'"H-NMR (400 MHz, CDC}): 6 = 9.16 (s, 1H), 8.23 (d, = 6.7 Hz, 1H), 7.95 —
7.87 (m, 3H), 7.85 — 7.78 (m, 1H), 3.72 (s, 6HBL2ppm (s, 3H)*C-NMR (126 MHz,
CDCl): & = 165.79, 152.91, 140.91, 140.67, 138.02, 134.30,08, 128.31, 128.05, 126.56,
123.30, 50.68, 21.90 ppm; FT-IR: = 3093, 2948, 1702, 1588, 1438, 1372, 1071%cm
HRMS: calcd. for [M+H] C1sH16NO4: 274.10738, found: 274.10748.

7
~ _N____COOMe

Me COOMe

1m, 60% yield;*H-NMR (400 MHz, CDC}):  =9.41 (s, 1H), 8.29 (d] = 6.7 Hz, 1H), 7.95
(d,J = 6.7 Hz, 1H), 7.88 — 7.77 (m, 2H), 7.62 {ds 6.7 Hz, 1H), 3.74 (s, 6H), 2.80 ppm (s,
3H); *C-NMR (126 MHz, CDGJ)): & = 165.71, 151.10, 141.11, 138.33, 137.08, 135.59,
130.88, 127.44, 124.97, 123.97, 50.73, 18.57 pprARE v = 3042, 2940, 1592, 1432, 1346,
1198, 1091 cm; HRMS: calcd. for [M+H] CisH16NO4: 274.10738, found: 274.10751.

Ph
]
\Ti::I;::l:T/COOMe

COOMe
1n, 67% yield;"H-NMR (400 MHz, CDC}): & = 9.26 (s, 1H), 8.30 (s, 1H), 8.25 — 8.13 (m,
2H), 8.13 — 8.03 (m, 1H), 8.03 — 7.94 (m, 1H), 7-88.68 (m, 2H), 7.65 — 7.44 (m, 3H), 3.76
ppm (s, 6H);**C-NMR (101 MHz, CDCJ): & = 165.80, 153.06, 152.00, 141.68, 140.83,
138.61, 130.26, 130.01, 129.76, 129.56, 127.91,7626.24.16, 123.55, 50.81 ppm; FT-IR:

= 3017, 2952, 1574, 1439, 1350, 1186, 1080:,cHRMS: calcd. for [M+H] CaoH1gBrNO4:
336.12303, found: 336.12326.

Ph

]

X _N{__COOMe

T

COOMe
10, 72% vyield;*H-NMR (400 MHz, CDC}): § = 9.27 (s, 1H), 8.33 — 8.16 (m, 2H), 8.04 (d,
1H), 8.00 — 7.93 (m, 1H), 7.90 — 7.78 (m, 1H), 7-61.46 (m, 5H), 3.76 ppm (s, 6H)C-
NMR (101 MHz, CDC)): & = 167.87, 165.84, 152.15, 140.40, 137.39, 1361%5.64,

7



134.28, 133.60, 130.07, 129.59, 129.25, 128.06,512%0.86 ppm; FT-IRF = 2945, 1611,
1434, 1364, 1176, 1074 EMHRMS: calcd. for [M+H] CyH1gBrNO,: 336.12303, found:
336.12375.

X _N{__COOMe

COOMe
1p, 72% yield;*H-NMR (500 MHz, CDC}): § = 9.14 (s, 1H), 8.18 — 8.10 (m, 3H), 8.06 —
7.96 (m, 1H), 7.87 — 7.76 (m, 1H), 3.73 (s, 6HP63(t,J = 7.3 Hz, 2H), 1.87 — 1.71 (m, 3H),
1.07 ppm (tJ = 7.3 Hz, 3H).;"*C-NMR (126 MHz, CDGJ): 6 = 151.84, 140.04, 136.26,
135.97, 135.28, 130.57, 129.72, 127.88, 123.4815®2.06, 23.04, 14.05 ppm; FT-IR=
2943, 1707, 1624, 1434, 1367, 1171, 1072 ctHRMS: calcd. for [M+H] Ci7H20NOy:
302.13868, found: 302.13920.



Crystal data and structurerefinement for compound 4a

COOMe
N COOMe
—
4a COOEt

Empirical formula C 20Ho3 NOg
Formula weight 373.39
Temperature 223(2) K
Wavelength 0.71073 A
Crystal system, space group monoclinic, P2 ,/c (No. 14)
Unit cell dimensions a= 8.7052 2 A

b= 7.8790 ) A B =93.841(1)°

c=27.3581 9 A
Volume 1872.23(9) A3
Z, Calculated density 4, 1.325 M g/m?3
Absorption coefficient 0.098 mm -1
F(000) 792
Crystal size 0.30 x0.15 x 0.03 mm
Theta range for data collection 4.48 to 26. 37°
Limiting indices -10<=h<=10, -O<=k<=8, -34<=|<=34
Reflections collected / unique 16357 /378 4 [R(int) = 0.073]
Completeness to theta = 26.37 98.8 %
Absorption correction Semi-empiri cal from equivalents
Max. and min. transmission 0.9971 and 0.9712
Refinement method Full-matrix least-squares on F 2
Data / restraints / parameters 3784/0/ 247
Goodness-of-fit on F 2 1.060
Final R indices [I>2 o(l] R1 =0.0643, wR 2=0.1242
R indices (all data) R1=0.1122 ,WR 2=0.1476

Largest diff. peak and hole ~ 0.192 and - 0.220eA 3



Other failed substrates

No Reaction:

<O ~
.
o XNi__COOEt

COOEt

MeO
e / |

. _N*__ _COOEt
MeO Y

COOEt

=

N X NI __COOMe
Ts
COOMe

Product is too instable to characterization:

Low reactivty:

]
N NH_/COOMe

COOMe

Complicated Reactivity:

10



Attemptsto enantioseletive [3+2] cycloaddition reactions

COOEt
N /ICOOEt 3 equiv NaBH, N COOEt
o : o4
~_ _N* __COOEt + /C/ 20 mol% PR3 10 equiv Acetic acEj _
\r = CH,Cly, rt 0 °C, one pot
1b COOEt 2 4b COOEt
PhyP ’ PhaR Ph,R
+Bus” Fe —, Ny N
\
@ 0 o
t=12h, t=10 min, t=2h, t=12h,
yield = 67%, yield = 94%, yield = 76%, yield = 67%,
ee=0. ee =0. ee =0. ee =0.
PPh,
//, O i-Pr/I/,,,
P

S
S

/PQ
t=10 min, t=2h, i-Pr

yield = 98%, t=10 min. yield = 76%, low conversion.
ee = 0. mess. ee =0.

Ph : OO /@
P
Ph,P
o)
Ph A PPh;

low conversion. low conversion. low conversion. low conversion.

el oy S

11

PPh,



COOEt

“d | /(‘ZOPh 3 equiv NaBH, COOEt
20 mol% PR 10 equiv TFA
N NL__COOEt + & Mo d
=
= CH,CI, rt 0 oC, one pot
1b COOEt 5 COPh
PPh,
‘n,,
) NH O /@
CF3 P P
o I I > OMe
CF;3
t=5h t=24h t=5h
Ratio of isomers > 5:1 Ratio of isomers = 2:1 Ratio of isomers = 1:1
yiled = 87% yiled = 60% yiled = 85%
ee =37% ee=7%,0. ee=0.
PhoR
N
t=5h t=7h
Ratio of isomers = 1.2:1 Ratio of isomers = 2:1
yiled = 87% yiled = 72%
ee =0. ee =0.

12



General procedure and substrate scope for [3+2] cycloaddition reactions

Reactions were performed wifla (0.1 mmol),2 or 5 (0.15 mmol) and PBu0.02 mmol) in
CH.CI, (1 mL) at room temperature. After completion of tieaction, NaBk (0.3 mmol) and
acetic acid or trifluoroacetic acid (1 mmol) weddad sequentially at @, and the reaction
mixture was stirred for 10 minutes. The reactioxxtome was quenched by the addition of
saturated NaHCg&and extracted with C¥l, (3x5 ml). The combined organic phases were
dried over MgS® and the solvent was removed under reduced presBleecrude residue

was purified by silica gel flash chromatographygiee the desired product.

COOMe
N COOMe

COOEt

Dimethyl 2-(2-ethoxy-2-oxoethyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3,3(10bH)-

dicarboxylate

4a: 75% yield;'H-NMR (500 MHz, CDC}): § = 7.19 — 7.07 (m, 4H), 6.51 (d,= 1.3 Hz,
1H), 5.17 (s, 1H), 4.14 (dl = 7.1 Hz, 2H), 3.78 (s, 3H), 3.63 (s, 3H), 3.48.34 (m, 2H),
3.33 (d,J = 1.3 Hz, 2H), 2.95 — 2.83 (m, 1H), 2.70 (dd; 12.2, 8.0 Hz, 1H), 1.26 ppm &=

7.1 Hz, 3H);**C-NMR (126 MHz, CDCJ): 6 = 170.57, 169.31, 169.26, 137.08, 134.77,
133.21, 133.05, 129.01, 126.43, 126.04, 124.3%18165.53, 60.94, 52.64, 52.52, 42.47,
33.98, 28.34, 14.3ppm; FT-IR:v = 2953, 2841, 1731, 1452, 1235, 1138, 1029 :cHRMS:
calcd. for [M+H] CygH24NOs: 374.15981, found: 374.15949.

COOEt
N COOEt

COOEt

Diethyl 2-(2-ethoxy-2-oxoethyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3,3(10bH)-

dicarboxylate

4b: 95% yield;*H-NMR (500 MHz, CDC}): & = 7.20 — 7.07 (m, 4H), 6.54 (s, 1H), 5.23 (s,

1H), 4.33 — 4.22 (m, 2H), 4.14 (§= 7.1 Hz, 2H), 4.11 — 4.01 (m, 2H), 3.48 (s, 18I}1 —

3.30 (m, 3H), 2.98 — 2.87 (m, 1H), 2.83 — 2.71 Jm,15.7 Hz, 1H), 1.31 (] = 7.1 Hz, 3H),
13



1.26 (t,J = 7.1 Hz, 3H), 1.06 ppm (1 = 7.1 Hz, 3H);"*C-NMR (126 MHz, CDGJ): & =
170.55, 168.59, 136.40, 134.94, 133.20, 132.47,702426.68, 126.20, 124.40, 81.81, 65.60,
61.90, 60.96, 43.10, 33.99, 28.54, 14.31, 14.25/98pm; FT-IR: = 2981, 2932, 1728,
1447, 1369, 1225, 1147, 1027 ¢nHRMS: calcd. for [M+H] CaoHogNOg: 402.19111, found:
402.19064.

COOBn
N COOBn

COOEt

Dibenzyl 2-(2-ethoxy-2-oxoethyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3,3(10bH)-
dicarboxylate

4c: 84% yield;'H-NMR (500 MHz, CDCY): & = 7.38 — 7.31 (m, 5H), 7.31 — 7.24 (m, 3H),
7.20 — 7.13 (m, 2H), 7.14 — 7.06 (m, 4H), 6.56X¢, 1.4 Hz, 1H), 5.28 — 5.24 (m, 1H), 5.21
(s, 1H), 5.19 (dJ = 12.3 Hz, 1H), 5.11 (d] = 12.3 Hz, 1H), 5.03 (d] = 12.3 Hz, 1H), 4.08
(qd,J = 7.1, 3.5 Hz, 2H), 3.39 (ddd= 8.7, 5.3, 3.5 Hz, 2H), 3.34 (d= 8.7 Hz, 2H), 2.89 —
2.76 (m, 1H), 2.65 (dt) = 16.1, 4.4 Hz, 1H), 1.22 ppm (= 7.1 Hz, 3H):*C-NMR (126
MHz, CDCk): 6 = 170.54, 137.17, 135.49, 135.03, 134.92, 133182,97, 128.99, 128.66,
128.59, 128.38, 128.34, 128.23, 128.18, 126.47,08264.24.31, 81.81, 67.47, 67.39, 65.62,
60.88, 42.56, 33.91, 28.44, 14.25 ppm; FT4IR: 2979, 1731, 1454, 1368, 1139, 1026%cm
HRMS: calcd. for [M+H] Ca,H3,NOg: 526.22241, found: 526.22278.

Br COOMe
N COOMe

COOEt

Dimethyl 7-bromo-2-(2-ethoxy-2-oxoethyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3,3(10bH)-dicar boxylate

4d: 51% yield;*H-NMR (500 MHz, CDCJ): § = 7.41 (d,J = 7.5 Hz, 1H), 7.11 — 6.99 (m,
2H), 6.47 (dJ = 1.2 Hz, 1H), 5.13 (s, 1H), 4.14 &= 7.1 Hz, 2H), 3.82 (ddl = 7.8, 2.3 Hz,
1H), 3.78 (s, 3H), 3.67 (s, 3H), 3.55 (ddd+ 12.8, 6.7, 2.8 Hz, 1H), 3.37 — 3.28 (m, 3H),
2.81 (dd,J = 9.9, 6.9 Hz, 1H), 2.74 (d, = 3.4 Hz, 1H), 1.25 ppm (8 = 7.1 Hz, 3H)**C-
NMR (126 MHz, CDC}): 8 = 170.50, 169.05, 139.35, 134.34, 133.60, 132180.57,
127.26, 125.69, 123.62, 81.05, 65.64, 61.02, 55263, 42.21, 33.93, 29.31, 14.33 ppm,;
FT-IR: v = 2981, 2953, 1731, 1562, 1437, 1240, 1143, 1038, ¢fRMS: calcd. for [M+H]
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CooH23 " BrNOs:  452.07033, found: 452.06829; calcd. for [M¥HEsdH2: BrNOg:
454.06828, found: 454.06794.

COOMe
N COOMe

Br COOEt

Dimethyl 9-br omo-2-(2-ethoxy-2-oxoethyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3,3(10bH)-dicar boxylate

4e: 69% yield;'H-NMR (500 MHz, CDCY): 6 = 7.28 — 7.24 (m, 1H), 7.24 — 7.21 (m, 1H),
6.98 (d,J = 8.1 Hz, 1H), 6.46 (d] = 1.4 Hz, 1H), 5.13 (s, 1H), 4.15 (&= 7.2 Hz, 2H), 3.82
(dd,J = 6.6, 3.0 Hz, 1H), 3.78 (s, 3H), 3.63 (s, 3HA73- 3.28 (m, 3H), 2.86 — 2.73 (m, 1H),
2.63 (dt,J = 16.3, 4.3 Hz, 1H), 1.26 ppm &= 7.2 Hz, 3H);*C-NMR (126 MHz, CDG)): 5

= 170.44, 169.12, 139.17, 133.74, 133.60, 132.89,6D, 129.51, 127.50, 119.61, 81.37,
65.13, 61.06, 52.77, 52.65, 42.14, 33.94, 27.6B3L4pm; FT-IR:v = 2986, 1731, 1568,
1234, 1173, 1029 chm HRMS: calcd. for [M+H] CooH.3""BrNOg: 452.07033, found:
452.06919; calcd. for [M+H]Cza0H25 BrNOg: 454.06828, found: 454.06799.

COOMe
N COOMe

Br COOEt

Dimethyl 10-br omo-2-(2-ethoxy-2-oxoethyl)-5,6-dihydropyrrolo[2,1-alisoquinoline-
3,3(10bH)-dicar boxylate

4f: 62% yield;*H-NMR (500 MHz, CDCJ): & = 7.39 (d,J = 7.3 Hz, 1H), 7.08 — 6.94 (m,
2H), 6.88 (s, 1H), 5.45 (s, 1H), 4.24 — 4.04 (m),278 (s, 3H), 3.73 (s, 3H), 3.60 — 3.45 (m,
1H), 3.39 — 3.21 (m, 2H), 3.17 (ddbl= 14.7, 11.4, 3.7 Hz, 1H), 2.72 (ddt+ 16.5, 11.5, 5.4
Hz, 1H), 2.51 (dJ = 16.5 Hz, 1H), 1.27 ppm (di,= 14.3, 7.1 Hz, 3H)**C-NMR (126 MHz,
CDCly): 6 = 170.53, 169.80, 169.72, 137.82, 134.91, 133182,29, 131.28, 129.07, 127.67,
122.08, 82.15, 66.65, 60.99, 52.96, 52.79, 41.8R63 27.52, 14.33 ppm; FT-IR:= 2981,
2953, 1731, 1558, 1434, 1226, 1138, 1027-chiRMS: calcd. for [M+H] CogH23"BrNO:
452.07033, found: 452.06934; calcd. for [MEHT,.H.2'BrNOs: 454.06828, found:
454.06767.

15



COOMe
N COOMe

Cl Cl COOEt

Dimethyl 9,10-dichlor 0-2-(2-ethoxy-2-oxoethyl)-5,6-dihydropyrrolo[2,1-alisoquinoline-
3,3(10bH)-dicar boxylate

4g: 52% yield;'H-NMR (500 MHz, CDC}): § = 7.27 — 7.24 (m, 1H), 6.95 (d,= 8.2 Hz,
1H), 6.79 (dJ = 1.1 Hz, 1H), 5.49 (s, 1H), 4.16 — 4.09 (m, 28l)8 (s, 3H), 3.73 (s, 3H),
3.56 (dddJ = 14.2, 5.5, 2.2 Hz, 1H), 3.34 — 3.24 (m, 2H),13-23.12 (m, 1H), 2.70 (ddd,=
17.0, 11.4, 5.7 Hz, 1H), 2.53 (d,= 17.0 Hz, 1H), 1.25 ppm (§, = 7.1 Hz, 3H);"*C-NMR
(126 MHz, CDC}): 6 = 170.42, 169.62, 169.44, 135.70, 135.64, 132182.84, 131.05,
130.31, 128.96, 128.12, 81.87, 65.63, 61.05, 53085, 41.40, 33.95, 27.10, 14.33 ppm,;
FT-IR: v = 2953, 1731, 1432, 1225, 1138, 1028 'cnHRMS: calcd. for [M+H]
Co0H22CIoNOg: 442.08187, found: 442.08248.

COOMe
N COOMe

MeO
COOEt

Dimethyl 2-(2-ethoxy-2-oxoethyl)-8-methoxy-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3,3(10bH)-dicar boxylate

4h: 59% yield;"H-NMR (500 MHz, CDCJ): & = 7.01 (dJ = 8.4 Hz, 1H), 6.72 (dd] = 8.4,
2.5 Hz, 1H), 6.65 (d] = 2.5 Hz, 1H), 6.48 (s, 1H), 5.13 (s, 1H), 4.14)g 7.1 Hz, 2H), 3.78
(s, 3H), 3.76 (s, 3H), 3.64 (s, 3H), 3.41 — 3.33 &), 3.32 (dJ = 1.2 Hz, 2H), 2.94 - 2.79
(m, 1H), 2.67 (ddJ = 11.9, 4.2 Hz, 1H), 1.25 ppm &= 7.1 Hz, 3H)*C-NMR (126 MHz,
CDCly): 6 = 170.58, 169.22, 158.15, 136.09, 133.40, 1321820,42, 125.42, 114.01, 112.04,
81.57, 65.14, 60.95, 55.39, 52.70, 52.56, 42.470838.62, 14.33 ppm; FT-IR:= 2930,
2840, 1761, 1719, 1609, 1434, 1306, 1018 ctHRMS: calcd. for [M+H] CoiH26NOv:
404.17038, found: 404.16921.

COOMe
N COOMe

MeO COOEt
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Dimethyl 2-(2-ethoxy-2-oxoethyl)-9-methoxy-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3,3(10bH)-dicar boxylate

4i: 79% vyield;'H-NMR (500 MHz, CDCY): § = 7.01 (d,J = 8.3 Hz, 1H), 6.70 (dd] = 8.3,
2.6 Hz, 1H), 6.64 (d) = 2.6 Hz, 1H), 6.48 (s, 1H), 5.16 (s, 1H), 4.14Xg 7.1 Hz, 2H), 3.85
—3.74 (m, 6H), 3.65 (s, 3H), 3.43 (ddds 12.4, 6.2, 3.6 Hz, 1H), 3.38 — 3.27 (m, 3H),628
2.73 (m, 1H), 2.68 — 2.52 (m, 1H), 1.26 ppmJt= 7.1 Hz, 3H);"*C-NMR (126 MHz,
CDCl): 6 = 170.56, 169.31, 157.90, 137.91, 133.15, 133129,96, 126.66, 112.21, 109.96,
81.45, 65.67, 60.95, 55.43, 52.68, 52.53, 42.503337.28, 14.31 ppm; FT-IR:= 3004,
2954, 2928, 1726, 1606, 1500, 1350, 1064 ctHRMS: calcd. for [M+H] CoiH2NO7:
404.17038, found: 404.16866.

COOMe
N COOMe

OMe COOEt

Dimethyl 2-(2-ethoxy-2-oxoethyl)-10-methoxy-5,6-dihydropyrrolo[2,1-alisoquinoline-
3,3(10bH)-dicar boxylate

4j: 84% yield;*"H-NMR (500 MHz, CDC}): § = 7.15 — 7.03 (mJ = 7.9 Hz, 1H), 6.75 — 6.59
(m, 3H), 5.31 (s, 1H), 4.12 (dd,= 14.1, 7.0 Hz, 2H), 3.81 (s, 3H), 3.76 (s, 3HRIB(S, 3H),
3.54 (dd,J = 14.1, 5.7 Hz, 1H), 3.32 — 3.23 (m, 2H), 3.25.213(m, 1H), 2.79 — 2.63 (m,
1H), 2.58 — 2.45 (m, 1H), 1.25 ppm Jt= 7.0 Hz, 3H);"*C-NMR (126 MHz, CDGJ): § =
170.80, 170.04, 156.24, 136.06, 134.91, 130.95,972624.82, 121.88, 107.74, 81.44, 63.48,
60.84, 55.21, 52.77, 52.56, 41.67, 34.04, 27.323Q4$pm; FT-IR:v = 2953, 2838, 1730,
1581, 1468, 1248, 1088 ¢mHRMS: calcd. for [M+H] CxHo6NO;: 404.17038, found:
404.16929.

COOMe
N COOMe

Me
COOEt

Dimethyl 2-(2-ethoxy-2-oxoethyl)-8-methyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3,3(10bH)-dicar boxylate

4k: 67% vyield;"H-NMR (400 MHz, CDCJ): & = 7.02 — 6.94 (m, 2H), 6.94 — 6.88 (m, 1H),
6.48 (s, 1H), 5.15 (s, 1H), 4.15 = 7.1 Hz, 2H), 3.77 (s, 3H), 3.64 (s, 3H), 3.48.33 (m,
2H), 3.33 — 3.26 (m, 2H), 2.89 — 2.77 (m, 1H), 2(64 J = 16.2, 4.2 Hz, 1H), 2.28 (s, 3H),
1.26 ppm (tJ = 7.1 Hz, 3H);"*C-NMR (101 MHz, CDGJ): 5 = 170.58, 169.26, 135.89,
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134.54, 134.06, 133.41, 132.77, 129.62, 126.81,302481.54, 65.40, 60.92, 52.65, 52.51,
42.48, 33.98, 28.21, 21.17, 14.32 ppm; FT4IR:2981, 2953, 1731, 1550, 1433, 1235, 1140,
1030 cni; HRMS: calcd. for [M+H] C,1H2¢NOg: 388.17546, found: 388.17670.

COOMe
N COOMe

Me COOEt

Dimethyl 2-(2-ethoxy-2-oxoethyl)-9-methyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3,3(10bH)-dicar boxylate

4l: 72% vyield;*"H-NMR (500 MHz, CDCY): & = 7.03 — 6.85 (m, 3H), 6.50 (s, 1H), 5.16 (s,
1H), 4.19 — 4.04 (m, 2H), 3.78 (s, 3H), 3.64 (s),33#46 — 3.38 (m, 1H), 3.36 — 3.23 (m, 3H),
2.83 — 2.79 (m, 1H), 2.65 — 2.60 (m, 1H), 2.303{d), 1.26 ppm (tdJ = 7.1, 2.7 Hz, 3H);
3C-NMR (126 MHz, CDGJ): 6 = 170.48, 169.26, 135.40, 133.24, 132.71, 131128,83,
127.10, 124.94, 122.02, 81.37, 65.45, 60.82, 553511, 42.38, 33.84, 27.61, 21.13, 14.19
ppm; FT-IR:¥ = 2953, 2918, 1731, 1433, 1217, 1150, 1029 :cHRMS: calcd. for [M+H]
Co1H26NOg: 388.17546, found: 388.17688.

COOMe
N COOMe

Me COOEt

Dimethyl 2-(2-ethoxy-2-oxoethyl)-10-methyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3,3(10bH)-dicar boxylate

4m: 80% vyield;*H-NMR (500 MHz, CDCJ): 6 = 7.04 (t,J = 7.4 Hz, 1H), 6.99 (d] = 7.4 Hz,
1H), 6.92 (dJ = 7.4 Hz, 1H), 6.50 (s, 1H), 5.45 (s, 1H), 4.18.69 (m, 2H), 3.78 (s, 3H),
3.72 (s, 3H), 3.50 (ddd), = 13.6, 5.4, 2.6 Hz, 1H), 3.34 — 3.27 (m, 2H),73(ddd,J = 13.6,
11.1, 3.8 Hz, 1H), 2.79 — 2.70 (m, 1H), 2.62 — 2®1J = 18.3 Hz, 1H), 2.34 (s, 3H), 1.25
ppm (t,J = 7.1 Hz, 3H)**C-NMR (126 MHz, CDGJ): § = 170.63, 169.76, 135.05, 134.47,
134.23, 133.35, 132.28, 128.75, 127.53, 126.23€08165.36, 60.92, 52.85, 52.68, 41.96,
33.88, 28.18, 20.17, 14.31 ppm; FT-IR= 2980, 2953, 1730, 1433, 1224, 1133, 1031:cm
HRMS: calcd. for [M+H] Co1H26NOg: 388.17546, found: 388.17725.
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COOMe
N COOMe

Ph
COOEt

Dimethyl 2-(2-ethoxy-2-oxoethyl)-8-phenyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3,3(10bH)-dicar boxylate

4n: 76% yield;'H-NMR (500 MHz, CDCY): 6 = 7.58 — 7.53 (m, 2H), 7.45 — 7.37 (m, 3H),
7.37—-7.29 (m, 2H), 7.19 (d,= 7.9 Hz, 1H), 6.54 (d] = 1.4 Hz, 1H), 5.23 (s, 1H), 4.16 (@,

= 7.1 Hz, 2H), 3.79 (s, 3H), 3.66 (s, 3H), 3.52.443(m, 1H), 3.45 — 3.36 (m, 1H), 3.36 —
3.30 (m, 2H), 2.95 (ddd] = 15.9, 9.2, 6.8 Hz, 1H), 2.76 (dt= 15.9, 3.9 Hz, 1H), 1.27 ppm
(t, J= 7.1 Hz, 3H);®*C-NMR (126 MHz, CDCJ): 5 = 170.58, 169.34, 141.14, 139.45, 136.11,
135.11, 133.19, 133.06, 128.82, 127.83, 127.24,1527124.94, 124.90, 81.47, 65.44, 60.98,
52.73, 52.57, 42.41, 33.97, 28.37, 14.33 ppm; ET#R2953, 1731, 1433, 1234, 1148, 1029
cm™; HRMS: calcd. for [M+H] CogH2gNOg: 450.19111, found: 450.19098.

Ph

— COOMe
N COOMe

COOEt

Dimethyl 2-(2-ethoxy-2-oxoethyl)-6-phenylpyrrolo[2,1-a]isoquinoline-3,3(10bH)-
dicarboxylate

40: 60% yield;*H-NMR (400 MHz, CDCJ): & = 7.52 — 7.33 (m, 4H), 7.32 — 7.27 (m, 1H),
7.20 — 7.04 (m, 4H), 6.81 — 6.73 (m, 2H), 5.581(), 4.19 (qJ = 7.2 Hz, 2H), 3.79 (s, 3H),
3.73 (s, 3H), 3.47 (s, 2H), 1.29 ppm Jt= 7.2 Hz, 3H);"*C-NMR (101 MHz, CDCJ): & =
170.42, 168.39, 167.90, 138.83, 133.30, 132.50,7230129.83, 129.27, 128.63, 128.59,
127.03, 126.41, 126.38, 123.02, 122.85, 118.08418065.62, 61.16, 53.24, 53.15, 33.66,
14.34 ppm; FT-IRv = 2954, 1732, 1607, 1443, 1244, 1178, 1029"chtiRMS: calcd. for
[M+H] " CaeH2eNOg: 448.17546, found: 448.17365.

n-Pr.

— COOMe
N COOMe

COOEt
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Dimethyl 2-(2-ethoxy-2-oxoethyl)-6-propylpyrrolo[2,1-a]isoquinoline-3,3(10bH)-
dicarboxylate

4p: 87% yield;*H-NMR (500 MHz, CDC}): 6 = 7.21 — 7.10 (m, 3H), 7.00 (d,= 7.4 Hz,
1H), 6.71 (d,J = 0.5 Hz, 1H), 6.40 (s, 1H), 5.45 (s, 1H), 4.17Xg 7.1 Hz, 2H), 3.82 (s, 3H),
3.60 (s, 3H), 3.44 — 3.34 (m, 2H), 2.56 (ddd; 13.7, 8.2, 5.4 Hz, 1H), 2.26 — 2.18 (m, 1H),
1.67 — 1.58 (m, 1H), 1.56 — 1.44 (m, 1H), 1.27( 7.1 Hz, 3H), 0.96 ppm (8 = 7.1 Hz,
3H); *C-NMR (126 MHz, CDG)): = 170.43, 168.61, 168.20, 133.25, 132.44, 131.08,
130.42, 127.76, 126.97, 126.00, 122.76, 121.16,2P180.79, 65.62, 61.08, 53.01, 52.92,
33.70, 32.18, 22.52, 14.33, 14.06 ppm; FT4IR:2956, 1735, 1686, 1441, 1244, 1173, 1129,
1031 cni; HRMS: calcd. for [M+H] Co3H2gNOg: 414.19111, found: 414.19033.

COOEt
N COOEt

N

@) Ph
Diethyl 2-(2-oxo-2-phenylethylidene)-1,5,6,10b-tetr ahydr opyrrolo[2,1-a]isoquinoline-
3,3(2H)-dicar boxylate
6a; 91% yield;*H-NMR (400 MHz, CDCJ): § = 8.00 — 7.92 (m, 2H), 7.61 — 7.53 (m, 1H),
7.51 — 7.44 (m, 2H), 7.45 — 7.39 (m, 1H), 7.21307m, 4H), 4.39 — 4.22 (m, 4H), 4.19 (dd,
J=9.6, 6.3 Hz, 1H), 3.96 (ddd,= 18.2, 6.2, 1.9 Hz, 1H), 3.59 (ddi= 11.1, 5.9 Hz, 1H),
3.30 — 3.18 (m, 1H), 2.98 — 2.79 (m, 3H), 1.35)( 6.1 Hz, 3H), 1.31 ppm (8, = 6.1 Hz,
3H); °C-NMR (101 MHz, CDGJ): & = 190.56, 168.03, 167.64, 156.95, 138.73, 137.98,
134.29, 132.98, 128.92, 128.78, 128.40, 126.65,0626.25.55, 120.33, 79.07, 62.28, 61.95,
60.32, 44.54, 37.80, 30.19, 14.62, 14.25 ppm; ETFHR2980, 1727, 1671, 1368, 1228, 1040
cm™; HRMS: calcd. for [M+H] CogH2gNOs: 434.19620, found: 434.19605.

COOEt

Diethyl 2-(2-(furan-2-yl)-2-oxoethylidene)-1,5,6,10b-tetr anydropyrrolo[ 2,1-
alisoquinoline-3,3(2H)-dicarboxylate

6b: 83% vyield;"H-NMR (400 MHz, CDC}): § = 7.64 — 7.54 (m, 1H), 7.31 — 7.28 (m, 1H),
7.23 — 7.21 (m, 1H), 7.18 — 7.11 (m, 4H), 6.60 486(m, 1H), 4.42 — 4.21 (m, 4H), 4.23 —
4.12 (m, 1H), 4.03 (ddd] = 18.5, 6.3, 1.9 Hz, 1H), 3.57 (ddi= 11.0, 6.3 Hz, 1H), 3.32 —
3.16 (m, 1H), 2.97 — 2.76 (m, 3H), 1.35J& 7.1 Hz, 3H), 1.30 ppm (§,= 7.1 Hz, 3H);"*C-
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NMR (101 MHz, CDG)): ¢ = 178.52, 167.87, 167.44, 157.59, 154.24, 146148797,
134.27, 128.91, 126.66, 126.09, 125.57, 119.36,2617112.58, 79.10, 62.28, 61.94, 60.34,
44,53, 37.89, 30.17, 14.60, 14.23 ppm; FT4IR: 2980, 1727, 1667, 1621, 1466, 1232, 1040
cm?; HRMS: calcd. for [M+H] C,4H26NOs: 424.17546, found: 424.17525.

Diethyl 2-(2-(3-bromophenyl)-2-oxoethylidene)-1,5,6,10b-tetr anydropyrrolo[2,1-
alisoquinoline-3,3(2H)-dicar boxylate

6¢c: 83% vyield; Ratio of isomer, 78:22; For major pwod *H-NMR (400 MHz, CDC}): & =
8.10 — 8.04 (m, 1H), 7.91 — 7.84 (m, 1H), 7.68 (dbd 8.0, 2.0, 1.0 Hz, 1H), 7.40 — 7.29 (m,
2H), 7.22 — 7.06 (m, 4H), 4.37 — 4.24 (m, 4H), 4d8,J = 9.6, 6.3 Hz, 1H), 3.93 (ddd,=
18.4, 6.3, 1.8 Hz, 1H), 3.59 (dd= 11.1, 6.3 Hz, 1H), 3.30 — 3.15 (m, 1H), 2.96.782(m,
3H), 1.40 — 1.29 ppm (m, 6H}*C-NMR (101 MHz, CDG): 5 = 189.01, 167.91, 167.49,
158.26, 140.50, 137.87, 135.79, 134.28, 131.44,3830128.94, 126.89, 126.69, 126.08,
125.51, 123.12, 119.74, 79.10, 62.37, 62.03, 604261, 37.94, 30.18, 14.63, 14.46m;
FT-IR: ¥ = 2980, 1727, 1673, 1368, 1220, 1038 cmHRMS: calcd. for [M+H]
CaeHo7""BrNOs: 512.10671, found: 512.10677; calcd. for [M+i@h.H».>'BrNOs: 514.10467,
found: 514.10462; For minor isoméH-NMR (400 MHz, CDC}): § = 8.17 — 8.07 (m, 1H),
7.91 — 7.87 (m, 1H), 7.68 (ddd= 8.0, 2.0, 1.0 Hz, 1H), 7.35 (ddl= 10.4, 5.4 Hz, 1H), 7.20
—7.11 (m, 4H), 7.09 — 7.05 (m, 1H), 4.31 — 4.24 8id), 4.18 — 4.12 (m, 1H), 4.06 (d#i=
10.8, 7.1 Hz, 1H), 3.77 (dd,= 10.8, 7.1 Hz, 1H), 3.33 (dd= 15.6, 5.4 Hz, 1H), 3.25 — 3.14
(m, 1H), 2.91 — 2.72 (m, 3H), 1.27 Jt= 7.1 Hz, 3H), 1.09 ppm (§,= 7.1 Hz, 3H).

Diethyl 2-(2-(naphthalen-1-yl)-2-oxoethylidene)-1,5,6,10b-tetr ahydropyrrolo[2,1-
alisoquinoline-3,3(2H)-dicar boxylate
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6d: 79% yield;'"H-NMR (400 MHz, CDC}): § = 8.52 (d,J = 8.2 Hz, 1H), 7.99 (d] = 8.2 Hz,
1H), 7.90 (dJ = 8.2 Hz, 1H), 7.84 (d] = 7.2 Hz, 1H), 7.61 — 7.49 (m, 3H), 7.26 — 7.23 (m
1H), 7.21 — 7.10 (m, 4.9 Hz, 4H), 4.38 — 4.22 (iH),54.00 (dd,J = 18.3, 6.2 Hz, 1H), 3.62
(dd,J = 11.4, 6.2 Hz, 1H), 3.34 — 3.22 (m, 1H), 3.06.81(m, 3H), 1.31 ppm (d,= 7.2 Hz,
6H); *C-NMR (101 MHz, CDG)): & = *C NMR (101 MHz, cda)) § 194.17, 167.69, 167.39,
137.67, 134.25, 134.10, 132.65, 128.99, 128.70,18628127.85, 126.87, 126.66, 126.24,
125.88, 125.64, 124.80, 124.62, 79.13, 62.49, 65Ba%8, 44.74, 37.70, 30.13, 14,68, 14.28
ppm; FT-IR:¥ = 2978, 2924, 1727, 1673, 1368, 1230, 1039 :cHRMS: calcd. for [M+H]
CaoH3oNOs: 484.21185, found: 484.21150.

Dimethyl 9-bromo-2-(2-oxo-2-phenylethylidene)-1,5,6,10b-tetr ahydr opyrrolo[2,1-
alisoquinoline-3,3(2H)-dicar boxylate

6e: 64% vyield;'H-NMR (400 MHz, CDC}): & = 7.98 — 7.93 (m, 2H), 7.60 — 7.54 (m, 1H),
7.50 — 7.46 (m, 2H), 7.40 (dd,= 3.1, 1.9 Hz, 1H), 7.29 — 7.25 (m, 2H), 7.01J¢; 8.4 Hz,
1H), 4.15 — 4.06 (m, 1H), 3.92 (dddi= 11.7, 8.0, 2.7 Hz, 1H), 3.87 (s, 3H), 3.82 (4),3
3.54 (dd,J = 10.8, 6.4 Hz, 1H), 3.14 (dd= 14.7, 8.0 Hz, 1H), 2.91 — 2.74 ppm (m, 3HE-
NMR (101 MHz, CDC)): & = 190.37, 168.45, 167.92, 155.98, 139.88, 1381%3.17,
133.12, 130.59, 129.78, 128.83, 128.52, 128.45,5620119.65, 78.99, 59.98, 53.43, 52.66,
44.25, 37.56, 29.61 ppm; FT-IR:= 2955, 1755, 1728, 1672, 1443, 1220, 1118, 1033 cm
HRMS: calcd. for [M+H] CasHas"BrNOs: 484.07541, found: 484.07507; calcd. for [M+£H]
Co4Ho3'BrNOs: 486.07337, found: 486.07296.

Dimethyl 9-methoxy-2-(2-oxo-2-phenylethylidene)-1,5,6,10b-tetr ahydr opyrrolo[2,1-
alisoquinoline-3,3(2H)-dicar boxylatedimethyl

22



6f: 78% yield;"H-NMR (400 MHz, CDC}): § = 7.99 — 7.92 (m, 2H), 7.59 — 7.55 (m, 1H),
7.51 - 7.42 (m, 2H), 7.40 (dd= 3.2, 1.9 Hz, 1H), 7.05 (d,= 8.4 Hz, 1H), 6.75 (dd] = 8.4,
2.6 Hz, 1H), 6.67 (dJ = 2.4 Hz, 1H), 4.14 (dd] = 9.7, 6.1 Hz, 1H), 3.94 (ddd,= 8.1, 6.1,
3.0 Hz, 1H), 3.87 (s, 3H), 3.81 (s, 3H), 3.79 (4),33.53 (ddJ = 10.7, 6.1 Hz, 1H), 3.22 —
3.11 (m, 1H), 2.94 — 2.82 (m, 2H), 2.81 — 2.74 gpm 1H); *C-NMR (101 MHz, CDG): §

= 190.52, 168.64, 168.02, 158.04, 156.57, 138.88,61, 133.06, 129.88, 128.81, 128.43,
126.16, 120.46, 113.27, 110.21, 79.22, 60.48, 55338, 52.54, 44.69, 37.64, 29.27 ppm;
FT-IR: ¥ = 2953, 1730, 1672, 1614, 1503, 1443, 1226, 1046 ¢tRMS: calcd. for [M+H]
CosH26NOg: 436.17546, found: 436.17547.
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Biological Methods: The hedgehog signaling inhibition and cell viability assay:

For assaying signal transduction through the HHhway mouse embryonic mesoderm
fibroblast C3H10T1/2 cells were used. These muiépbmesenchymal progenitor cells can
differentiate into osteoblasts upon treatment wiith SMO agonist Purmorphamine. During
differentiation osteoblast specific genes suchlkaline phosphatase (ALK), which plays an
essential role in bone formation, are highly expees Activity of ALK can directly be
monitored by following substrate hydrolysis yielgia highly luminescent product. Inhibition
of the pathway results in reduction of luminescence

The screening for small molecule inhibitors of the pathway was carried out in 384 well
format. Shortly, 800 cells per well were seeded @fmved to grow overnight. The next day,
compounds were added to a final concentration ofuM using the acoustic nanoliter
dispenser ECHO 520. After one hour, Purmorphamias added to a final concentration of
1.5 pM; control cells did not receive Purmorphamiadter four days, the cell culture
medium was aspirated and a commercial luminogehi€ substrate (CDP-Star, Roche) was
added. After one hour, luminescence was read. dwtiig and exclude toxic compounds that
also lead to a reduction in the luminescent sigrell,viability measurements were carried out
in parallel. The cell viability assay followed tsame workflow as the HH assay, except that
only 200 cells per well were seeded. Cell cultuedimm alone served as control for the cell
viability assay. For the measurement of cell viagilCell Titer Glo reagent (Promega) which
determines the cellular ATP content was used. Wése scored as showing at least a 50%
reduction in the luminescent signal in the HH assand a minimum of 80% cell viability.
Dose-response analysis for hit compounds was dsing @& three-fold dilution curve starting
from 30 uM. IGo values were calculated using the Quattro software (Quattro Research

GmbH).
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