Supporting Information

for

A speedy route to sterically encumbered, benzerfased derivatives of

privileged, naturally occurring hexahydropyrrolo[1,2-blJisoquinoline

Olga BakulinaAlexander Ivanov, Vitalii SuslongD mi t ry Dar 6i n a md Mi khai

Address:Institute of Chemistry, Saint Petersburg State University, 26 Universitetsky prospekt,
Peterhof 198504, Russia

Email: Mikhail Krasavin- m.krasavin@spbu.ru

*Corresponding Author

SORCID Mikhail Krasavin:0000:000202004772

Detailed experimental procedures, analytical data and copies 4fi and **C NMR spectra for
all new compounds; crystallographic data for compounds 10 and 13e; results of correlational

and variable temperature NMR experiments

Table of Contents

1. EXPErimMeNtaBECHION. .....uuuiiiiie e i e e e e e e e e e e e e e et e e e e oo S2.
2. NMR studies for compounddd an10e...........coooiiiiiiiiiiiiiiiiiiiiii e S11
3. Relative configuration determination for compoud@& and10m.......................evveeeees S17
4. Relative configuration determination for compourib................cccovcceeeevveviiiiiiieeeennn. S17
5. Crydallographic data for compound® and 13e...........cccoiiiiimeeeee e S19
6. Ref erencesé. ééeéeée. .. .. . . . . ... S24. . . ..
7. Copies of'H and®™C NMR spectra of compoun@sand10...........cccecvrveeevereeeeeresennns S25


mailto:m.krasavin@spbu.ru

1. EXPERIMENTAL SECTION

General information. NMR spectroscopic data were recorded v&td00 MHz(400.13 MHz for
'H and 100.61 MHz forC) anda 500 MHz(500.03 MHz for'H and 125.7 MHz forC)
spectrometers iDMSO-ds or in CDCk and were referenced to residual solvent proton sigals (
7.26 and 2.50 ppm, respectively) and solvent carbon sigigds{7.2 and 39.5 ppm, respectively).
Coupling constants] are reported in HzaVelting points were determined withm automatedeat
block instrument and are uncorrected. Mass spectra wegerded with a HRMESFQTOF
spectrometer (electrospray ionization mode€)ray single crystal analyses were performedth
monochromated MU o KUCu adi at i o €qlumm chrerpatographywasl pgriormed
onsilica gel 60 (230400 mesh). For TL@nalysis U\s4 silica gel coategblates were used. MeCN
was distilled from BOs and stored over molecular sievesA4 Homophthalic anhydride was
acquired from a commercial sourcored at 5C and used as receivedll indolenines9 were
stored in seatkvials at 5°C inthe dark

CCDC 1503093 136, 15030% (anti-10c), 15030% (anti-10d), 15030% (anti-10g'), 150309
(anti-109, 150308 (anti-10a'), 150309 (anti-10f), 1503100 cyn10d), 1503101 $yn10r),
1503102 @nti-10€), 1503103 (anti-10n), 1503104 @nti-10i), 1503105 cyn106, 1503106(anti-

10l), 1470399 (anti-10b), 1470389 (anti-10h), 1461790 (anti-10j) contain the supplementary
crystallographic data for this papdhese data can be obtained free of charge from The Cambridge
Crystallographidata Centre vidttp://www.ccdc.cam.ac.uk

Indolenines 9. Indolenines9a-b [1], 9d-g [1], 9h [2], 9i [3], 9) [4], 9k [5], 9p [6] are known
compounds and were prepared from the arylhydrazine hydrochlorides anctivespkbhydesor
ketonesaccording to the literature protosol

General procedure 1. Synthesis of indolenines 8,l,n,0,gqt. To a screwcap vial containinga
suspension ofhe corresponding aryl hydrazine hydrochloride in glacial AcOH (15 warbonyl
conmpound (1.1 equivwas added in one portion. The reaction mixture was stirred' 805% for 4

h (or at reflux for 216 h) and concentrated vacuoat 40 °C. The residue was diluted with DCM
(50 mL) and filtered through Celite. The resulting solution passed through a short pad of silica,
washed with sat. NaHG(and water. The organic layer was dried oves3&a and concentrated
under reduced pressure to give pure indolenBeks Indolenines9n,o,g-r,t were subjected to
extra column chromatography.

5'-Fluorospiro[cyclohexanel,3-indole] (9c). The title compound was prepared from 4
flourophenylhydrazine hydrochloride (1.51 g, 9.3 mmol) and cyclohexanecarboxaldehyde (1.14g,
10.2 mmol) according to general proceddre.ight yellow solid. Yield 1.39 74%).'H NMR

(400 MHz, CDCH) Ui 8.34 (s, 1H), 7.59 (ddl=8.4, 4.7, 1H), 7.18 6.92 (m, 2H), 2.00 1.55 (m,

10H). *C NMR (101 MHz, CDG)) t = 178.1 (d,J=3.6), 161.6 (dJ=244.7), 150.3, 146.7 (d,
J=8.8), 121.8 (dJ=9.0), 114.3 (dJ=23.8), 110.0 (dJ=24.7), 58.3 (dJ=2.2), 31.6, 25.4, 23.8.
HRMS (ESI) m/z [M+H]: Calcd for GsH14FN: 204.1183. Found: 204.1171.

4a-Methyl-2,3,4,4atetrahydro-1H-carbazole (91) [7]. The title compound was prepared from
phenylhydrazine hydrochloride (0.72 g, 5 mmol) &hethylcyclohexanon€0.62g, 5.5 mmol)
according to general procedute(reflux, 2 h). Yield 600 mg (65%). Beige solitH NMR (400
MHz, CDCk) 4 7.62 (d,J=7.7, 1H), 7.39 7.26 (m, 2H), 7.21 (1)=7.4, 1H), 2.95 2.78 (m, 1H),
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2.61 (td,J=13.3, 5.7, 1H), 2.38 2.13 (m, 2H), 1.91 1.60 (m, 2H), 1.43 (qdl=13.2, 8.9, 1H), 1.33
(s, 3H), 1.18 (tdJ=13.3, 4.2, 1H).

2-Methyl-2',3',5',6'-tetrahydrospiro[indole-3,4"-pyran] (9m). A mixture of 4acetylpyrane (2.05
g, 16.0 mmol), phenylhydrazine (1.73 g, 16.0 mmol) pitdluenesulfonic acid monohydrate (100
mg, 5.3 mmol) was refluxed in benzene (40 mL) with a B8tk trap for . The volatiles we
removedin vacuofollowed by column chromatography (hexaBgAc from 4:1 to 5:2) affording
2.0 g of Iphenyt2-(1-(tetrahydre2H-pyran4-yl)ethylidene)hydrazine with impurity. The obtained
compound was refluxed in 30 mL of AcOH fort8 The reaction mture was concentrated,
redissolved in CHGland washed with water. The organic layer was dried oveS@®aand
concentrated to give crudam, which was purified by column chromatography (hex&t@Ac
from 1:1 to 2:3). Yield 550 mg (19%). Beige solteét NMR (400 MHz, CDC}) ti 7.84 (d,J=7.4,
1H), 7.59 (d J=7.6, 1H), 7.38 (t)=7.5, 1H), 7.21 (tJ=7.5, 1H), 4.2Q0 3.90 (m, 4H), 2.34 (s, 3H),
2.267 2.12 (m, 2H), 1.28 1.25 (m, 2H).*C NMR (101 MHz, CDGJ) i 185.9, 154.2, 143.8,
128.2, 124.8, 123.8, 120.6, 63.6, 55.1,8306.2. HRMS (ESI) m/z [M+H] Calcd for GsHsNO:
202.1226. Found: 202.1246.

2'-Methylspiro[cyclohexane1,3-indole] (9n) [8]. The title compound was prepared from
phenylhydrazine hydrochloride (1.66 g, 11.5 mmol) and cyclohexylmethylketone (1.59 g, 12.6
mmol) according to general procedure 1 (reflux, 16 h). Column chromatographysjGifGided

685 mg (34%) oBn as beige solid*H NMR (400 MHz, CDC}) i 7.74 (d,J=7.5, 1H), 7.58 (d,
J=7.7, 1H), 7.36 (tdJ=7.6, 1.1, 1H), 7.19 (td]=7.5, 1.0, 1H), 2.31 (s, 3H), 2.661.88 (m, 3H),

1.881 1.73 (m, 4H), 1.60 1.40 (m, 1H), 1.41 1.23 (m, 2H).

3,3-Dimethyl-2-(p-tolyl)-3H-indole (90) [9]. The title compund was prepared from
phenylhydrazine hydrochloride (0.94 g, 6.5 mmol) afmde2hyt1-(p-tolyl)propanrtl-one (1.2 g, 7.2
mmol) according to general procedure 1 (reflux, 16 h). Column chromatography (eluting with
CHCls-hexane 1:4) afforded 890 mg (58%) @ as viscous yellowish oifftH NMR (400 MHz,
CDCl3) U 8.07 (d,J=8.2, 2H), 7.69 (dJ=7.6, 1H), 7.41 7.16 (m, 5H), 2.43 (s, 3H), 1.59 (s, 6H).

3,3-Dimethyl-2-propyl-3H-indole (9q) and 2,3dimethyl-3-propyl-3H-indole [10] (9r). The
mixture of titte compounds was prepared from phenylhydrazine hydroobl8id4 g, 26 mmol)
and 2methylhexar3-one (3.26 g, 28.6 mmol) according to general procedure 1. Column
chromatography (eluting with CHgEhexane from 1:2 to 1:1) afforded pure indoleniieand9s

(99): Yield 892 mg (18%), orange oitH NMR (400 MHz CDCh) ti 7.63 (d,J=7.7, 1H), 7.37

7.27 (m, 2H), 7.25 7.16 (m, 1H), 2.60 2.50 (m, 2H), 2.01 1.83 (m, 2H), 1.33 (s, 6H), 1.08 (t,
J=7.4, 3H)."*C NMR (101 MHz, CDGJ) 11 191.1, 154.0, 145.8, 127.7, 125.2, 121.3, 120.2, 53.9,
31.1, 23.3, 20.0, 14.4. HRMS (B$n/z [M+H]": Calcd for GsH/N: 188.1434. Found: 188.1438.

(9r): Yield 550 mg (1%), orange oil*H NMR (400 MHz, CDC}) Ui = 7.53 (d,J=7.6, 1H), 7.34

7.10 (m, 3H), 2.25 (s, 3H), 1.911.79 (m, 1H), 1.77 1.67 (m, 1H), 1.28 (s, 3H), 0.870.55 (m,

5H). *C NMR (101 MHz, CDGJ) 187.1, 154.2, 143.3, 127.4, 125.1, 121.6, 119.9, 57.7, 39.7, 22.6,
17.5, 15.5, 14.0. HRMS (ESI) m/z [M+H]Calcd for G3H;7N: 188.1434. Found: 188.1429.

2'-Cyclohexylspiro[cyclohexanel,3-indole] (9s). Phenylhydrazine hydohloride (0.86 g, 6.5
mmol) and dicyclohexylketone (1.38 g, 7.1 mmol) were reacted according to general prdcedure
(reflux, 6h). Crystallization from hexan®CM-EtOAc mixture (2:1:2) gavé®s-hydrochoride as
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light yellow solid. Yield 0.5 g (29%). The prejeal compound (500 mg, 1.6 mmol) was dissolved in
CHCI3 (50 mL), washed with NaHCaturated solution (25 mL) and water. The organic layer was
dried over NaSQ, and concentrateith vacuoto give pureds Yield 401 mg (91%)*H NMR (400
MHz, CDCk) U 7.70 @, J=7.4, 1H), 7.61 (dJ=7.7, 1H), 7.32 (tdJ)=7.6, 1.1, 1H), 7.15 (td]=7.5,

1.0, 1H), 2.65 2.53 (m, 1H), 2.05 1.60 (m, 14H), 1.54 1.42 (m, 1H), 1.42 1.32 (m, 3H), 1.27

i 1.17 (m, 2H)*C NMR (101 MHz, CDGJ) t1194.7, 144.1, 127.6, 124.4, 124120.4, 58.7, 38.5,
32.4,30.1, 26.7, 26.0, 25.5, 21.8. HRMS (ESI) m/z [M+idJalcd for GgH,sN: 268.2060. Found:
268.2051.

2'-(p-Tolyl)spiro[cyclohexane1,3-indole] (9t). The title compound was prepared from
phenylhydrazine hydrochloride (0.53 g, 3.mol) and cyclohexylg-tolyl)methanone (0.83 g, 4.1
mmol) according to general procedute(reflux, 16 h). Column chromatography (eluting with
CHCls-hexanel:4) afforded 650 mg (64%) o8t as viscous yellow oil'H NMR (400 MHz,
DMSO-dg) 1 8.07 (d,J=8.3, 1H), 7.87 (dJ=7.4, 1H), 7.63 (dJ=7.3, 1H), 7.39 (td)=7.6, 1.0, 1H),

7.33 (d,J=8.1, 1H), 7.23 (tdJ=7.5, 1.0, 1H), 2.38 (s, 3H), 2.342.21 (m, 2H), 2.02 1.88 (m,

3H), 1.81i 1.72 (m, 2H), 1.65 1.50 (m, 1H), 1.27 1.21 (m, 2H."*C NMR (101 MHz, DMSQ

ds) U 182.1, 153.3, 146.3, 140.1, 130.1, 129.1, 128.4, 127.5, 124.7, 124.3, 120.7, 57.5, 30.8, 24.5,
21.2, 20.9. HRMS (ESI) m/z [M+H] Calcd for GoH2:N: 276.1747. Found: 276.1758.

General procedure 2. Synthesis of compounds 1@ mixture of homophthalic anhydride (1
equiv.) and the corresponding indolenid@ t (1 equiv) was placed in a sealed sciaap vial,
dissolved in dry acetonitrile (2 mL per 1 mmol) and stirred at room temperature for time indicated
in Table 1. The reactiomixture was cooled td14 °C, the resulting precipitate was filtered and
washed with minimum amount of cold acetonitrile to give pure comptQOnd

General procedure 3. Synthesis of methyl esters 10’he CastagnolCushman productO was
dissolved in dryacetone (10 mL per 1 mmol). Methyl iodide (2.5 equiv) an@®; (2.5 equiv)

were added to the solution and the resulting suspension was stirred for 24 h at room temperature.
The volatiles were removeith vacuo The residue was dissolved in DCM, washecdhwitater,

brine, dried over N&O, and concentrated to give crude methyl ed®r which was purified by

column chromatography on silica gel.

(RS,R3-6'-Ox0-11",11a-dihydro-6'H-spiro[cyclohexanel,12-indolo[1,2-blisoquinoline]-11'-

carboxylic acid (anti-10a). The title compound was prepared accordinggeneral procedure 2 (1.9

mmo | scale). The product was obtained as whit
56%. 'H NMR (400 MHz, DMSQds) Ui 13.68 (s, 1H), 8.42 (d] = 7.9 Hz, 1H), 8.19 8.00 (m,

1H), 7.74 (dJ = 7.6 Hz, 1H), 7.64 (td] = 7.6, 1.1 Hz, 1H), 7.50 (§,= 7.5 Hz, 1H), 7.31 7.25 (m,

2H), 7.10 (tJ = 7.3 Hz, 1H), 4.36 (d) = 12.9 Hz, 1H), 4.32 (d] = 12.8 Hz, 1H), 2.17 1.97 (m,

1H), 1.95i 1.75 (m, 4H), 1.75 1.63 (m, 1H)1.647 1.49 (m, 3H), 1.27 1.11 (m, 1H)*C NMR

(101 MHz, DMSQdg) U1172.9, 161.0, 140.7, 138.8, 136.2, 132.8, 128.6, 127.8, 127.7, 127.5, 125.7,
125.6, 123.5, 116.0, 68.7, 46.3, 46.0, 34.0, 31.2, 25.1, 22.1, 20.0.; HRMS (ESI) m/Z {\@ak}

for CooH21NOg3: 348.1594. Found: 348.1586.

The filtrate was concentrated and Igacted to esterification according general procedure 3 and
column chromatography (hexame,CO 7:1) to give some extra produetsti-10a’' andsyn-10a'.



(RS,R9-Methyl  11a,12,12trimethyl -6-0x0-6,11,11],12-tetrahydroindolo[1,2-blisoquinoline-
11-carboxylate (anti-10a’).Yi el d 84 mg, 12 %. Wh itH NMR $460 MHd, , mp
CDCls) 118.56 (d,J=8.1, 1H), 8.25 (dJ=7.3, 1H), 7.70 (dJ=7.6, 1H), 7.63 7.39 (m, 2H), 7.32 (t,

J=7.7, 1H), 7.16 6.94 (m, 2H), 4.44 (d}=13.0, 1H), 4.39 (dJ=12.9, 1H), 3.95 (s, 3HR.19i

2.01 (m, 1H), 2.01 1.86 (m, 2H), 1.86 1.71 (m, 2H), 1.70 1.44 (m, 4H), 1.35 1.18 (m, 1H);

3C NMR (101 MHz, CDGJ) 1 172.4, 161.9, 141.2, 138.8, 135.5, 132.7, 129.2, 128.7, 128.3, 128.1,
125.8, 125.5, 123.8, 117.18, 69.4, 52.5, 46.7, 4844, 31.9, 25.7, 23.0, 20.6; HRMS (ESI) m/z
[M+H] *: Caled for GaHo3NOs: 362.1751. Found: 362.1758.

(RS,SR-Methyl  11a,12,12trimethyl -6-0x0-6,11,11],12-tetrahydroindolo[1,2-blisoquinoline-
11l-carboxylate synl10a’).Yi el d 50 mg, 7 %. 58KG. tHeNMRBR (400iMiHz, mp
CDCl) 1 8.39 (d,J=7.9, 1H), 8.19 (ddJ=6.0, 3.0, 1H), 7.5% 7.43 (m, 2H), 7.44 7.35 (m, 1H),

7.337 7.20 (m, 2H), 7.06 (J=7.5, 1H), 4.49 (dJ=3.2, 1H), 4.13 (dJ=3.2, 1H), 3.40 (s, 3H), 1.97

i 1.44 (m, 10H)**C NMR (101MHz, CDCk) 11 171.2, 162.6, 142.0, 139.5, 136.2, 132.5, 131.0,
129.3, 129.2, 128.3, 127.6, 123.8, 123.3, 116.0, 70.1, 52.6, 46.9, 46.8, 42.3, 32.2, 25.5, 23.6, 22.7;
HRMS (ESI) m/z [M+HJ: Calcd for GsH23NOs: 362.1751. Found: 362.1765.

(RS,R3-2'-Methyl-6'-o0x0-11",11a'-dihydro-6'H-spiro[cyclohexanel,12-indolo[1,2-
blisoquinoline]-11'-carboxylic acid (anti-10b). The title compond was prepared according to
gener al procedure 2 (1 mmol scal e) . The prod
(decomp.) Yield 268 mg, 73%."H NMR (400 MHz, DMSQds) i 13.85 (s, 1H), 8.45 (dl=8.2,

1H), 8.22 (ddJ=7.7, 1.0, 1H), 7.79 (td]=7.6, 1.3, 1H), 7.71 (s, 1H), 7.66 {7.5, 1H), 7.41 (d,

J=7.7, 1H), 7.26 (dJ=8.1, 1H), 4.51 (dJ=129, 1H), 4.45 (dJ=12.9,1H), 2.50 (s, 3H), 2.3R 2.17

(m, 1H), 2.08 1.62 (m, 8H), 1.43 1.26 (m, 1H);*C NMR (101 MHz, DMSQdg) 11 173.0, 160.6,

139.0, 138.4, 136.1, 132.7, 132.6, 128.6, 127.8, 127.6, 126.3, 125.6, 115.7, 68.8, 46.3, 46.0, 34.0,
31.1, 25.16, 22.2, 21.0, 20.BRMS (ESI) m/z [M+HJ: Calcd for GsH23sNOs: 362.1751. Found:
362.1751.

The filtrate was subjected to esterification according general procedure 3 and column
chromatography (elueiitCHCIs) to give some extra product methyl esten-10b’;

(RS,SR-Methyl 2'-methyl-6'-oxo0-11',11a'-dihydro-6'H-spiro[cyclohexane1,12*indolo[1,2-
blisoquinoline]-11'-carboxylate (syrn-10b'). Viscous yellow oil. Yield 48 mg, 13%'H NMR (400

MHz, CDCl) 118.32i 8.21 (m, 1H), 8.21 8.08 (m, 1H), 7.54 7.42 (m, 2H), 7.44 7.35 (m, 1H),

7.151 7.01 (m, 2H), 4.48 (d}=3.3, 1H), 4.12 (dJ=3.3, 1H), 3.41 (s, 3H), 2.35 (s, 3H), 1.92.46

(m, 10H);**C NMR (101 MHz, CDGJ) 1i 171.1, 162.0, 139.5, 139.5,8.8, 133.2, 132.2, 130.9,
129.0, 129.0, 128.7, 127.4, 123.9, 115.6, 70.0, 52.5, 46.7, 46.6, 42.2, 32.1, 25.4, 23.5, 22.6, 21.5;
HRMS (ESI) m/z [M+H]: Calcd for G4H2sNOs: 376.1907. Found: 376.1922.

2'-Fluoro-6'-oxo-11',11a'-dihydro -6'H-spiro[cyclohexanel,12-indolo[1,2-blisoquinoline]-11'-
carboxylic acid (anti/syn-10c). The title compond was prepared accordingdeneral procedure 2

(1.2 mmol scale)The product was obtained as white sol
mg, 66% anti/syn= 3.3:1). Crystallizaion from MeCN gawanti-10c as a single isomer (151 mg,
34%).'H NMR (400 MHz, DMSQds) & 13.71 (s, 1H), 8.41 (ddi=8.7, 5.3, 1H), 8.06 (d]=7.5,

1H), 7.64 (tJ=7.2, 1H), 7.58 7.41 (m, 2H), 7.25 (d}=7.6, 1H), 7.16 6.98 (m, 1H), 4.37 (s, 2H),

2.107 1.94 (m, 1H), 1.92 1.47 (m, 8H), 1.26 1.06 (m, 1H)*C NMR (101 MHz, DMSQdg) Ui =

173.1, 161.0, 158.4 (dicr =239.6), 141.1 (dJc=7.7), 137.4 (dJcr =1.4), 136.3, 133.0, 128.6,

$



128.1, 127.8, 125.8, 117.0 (@r=8.3), 113.9 (dJcr =22.6), 113.3 (dJcr =24.8), 69.2, 46.5, 46.3
(d, Jer =1.0), 33.9, 31.2, 25.2, 22.1, 20.2; HRMS (ESI) m/z [M%HTalcd for GoHaoFNO:;
366.1500. Found366.1509.

(RS,R9-4'-Methyl-6'-0x0-11',11a'-dihydro-6'H-spiro[cyclohexanel,12%indolo[1,2-
blisoquinoline]-11'-carboxylic acid (anti-10d). The title compound was prepared according to
general procedure 2 (3 mmol scale). The product was obtained as wisito | i d , mp 21
(decomp.). Yield 907 mg, 84%'H NMR (400 MHz, DMSQde) 1 8.04 (dd,J=7.8, 1.0, 1H), 7.61

(td, J=7.6, 1.3, 1H), 7.5% 7.36 (m, 3H), 7.17 7.04 (m, 2H), 4.38 (dJ=3.3, 1H), 4.25 (dJ=3.3,

1H), 2.05i 1.91 (m, 1H), 1.83 1.56 (m,4H), 1.45i 1.12 (m, 4H), 1.00 0.85 (m, 1H)*C NMR

(101 MHz, DMSQdg) U173.5, 161.8, 141.9, 141.8, 134.9, 132.4, 129.6, 129.1, 128.5, 128.0, 127.8,
127.5, 125.7, 122.0, 71.5, 47.6, 41.7, 30.8, 29.6, 24.9, 22.4, 20.2; HRMS (ESI) m/Z' {\zakéd

for Cy3H23NO3: 362.1751. Found: 362.1759.

2',4'-Dichloro-6'-oxo-11',11a'-dihydro-6'H-spiro[cyclohexanel,12“indolo[1,2-bJisoquinoline]-
11'-carboxylic acid (anti/syn10e). The title conpound was prepared according ¢eneral
procedure 2 (1 mmol scale). Theoguct was obtained as beige solid, yield 275 mg, &&86/§yn
0.8:1).

Single isomers oft0eand compound3ewere obtainedia mechanical separation of monocrystals
formed fromthe sameeaction carried out without stirring (reaction conditions: 70 ma8@mol)
of indoleninede, 45 mg (0.28 mmol) of HPA, 2.55 mL MeCN;6, 48h).

(RS,R9-2',4'-Dichloro-6'-oxo-11',11a'-dihydro-6'H-spiro[cyclohexanel,12-indolo[1,2-
blisoquinoline]-11'-carboxylic acid (anti-10e).*H NMR (400 MHz, DMSQds) 1 13.25 (s, 1H)

8.03 (d,J=7.3, 1H), 7.68 7.60 (m, 2H), 7.58 7.51 (m, 2H), 7.47 (t)=7.5, 1H), 4.45 (dJ=2.5,

1H), 4.38 (d,J=2.7, 1H), 2.00' 1.84 (m, 1H), 1.8% 1.64 (m, 4H), 1.40 (s, 1H), 1.311.15 (m,

3H), 0.94 (d,J=5.3, 1H);**C NMR (101 MHz, DMSQd) Ui *C NMR (101 MHz, DMSO)i173.2,

161.8, 146.3, 140.0, 135.0, 132.9, 130.5, 128.9, 128.0, 127.7, 127.7, 127.3, 126.3, 123.6, 71.8, 49.0,
41.4, 30.0, 29.3, 24.6, 22.1, 20.0; HRMS-ESI m/z [M+HT: Calcd for GoH19CI,NOs: 416.0815.

Found: 416.0818.

(RS,SR-2',4'-Dichloro-6'-oxo-11',11a'-dihydro -6'H-spiro[cyclohexanel,12-indolo[1,2-
blisoquinoline]-11'-carboxylic acid (syn-10e).*H NMR (400 MHz, DMSQdg) i 8.02 (d,J=7.1,

1H), 7.61 (tdJ=7.5, 1.2, 1H), 7.57 7.48 (m, 2H), 7.40 (d]=1.9, 1H), 7.33 (dJ=1.9, 1H), 4.69 (d,

J=2.8, 1H), 4.26 (dJ=2.7, 1H), 2.09 1.96 (m, 1H), 1.89 1.33 (m, 9H);"*C NMR (101 MHz,
DMSO-dg) U 171.6, 160.3, 146.1, 138.0, 137.4, 132.5, 130.1, 129.0, 128.3, 128.2, 128.1, 127.2,
122.0, 119.3, 70.2, 46.7, 45.9, 41.2, 31.0, 24351,221.6; HPLEMS-ESI m/z [M+HJ: Calcd for
C22H19C|2N03: 416.0815. Found: 416.0818.

(SR-4-((RS-5',7'-Dichlorospiro[cyclohexanel,3-indolin] -2'-yl)isochro-mane-1,3-dione (13e).

'H NMR (500 MHz, 4% MgCO-dgin CDCls; 5°4) 11 8.18 (d,J=7.7, 1H), 7.741( J=7.5, 1H), 7.54

(t, J=7.6, 1H), 7.37 (dJ=7.7, 1H), 7.03 (s, 1H), 6.87 (s, 1H), 4.28 (s, 1H), 4.19 (s, 1H), 3.78 (s,
1H), 2.791 2.67 (m, 1H), 2.06 1.94 (m, 1H), 1.84 1.72 (m, 1H), 1.69 1.50 (m, 4H), 1.50

1.36 (m, 2H), 1.29 1.12 (m, 1H);"*C NMR (126 MHz, 4% MgCO-dsin CDCls; 5°u) Ui = 166.1,

160.8, 142.3, 140.6, 137.9, 135.6, 130.3, 128.8, 127.4, 127.0, 125.4, 123.5, 121.2, 117.2, 71.8, 51.2,
47.3, 38.6, 28.5, 25.5, 23.8, 22.7;



Methyl (11'RS11aR9-2',4'-dichloro-6'-oxo-11',11a-dihydro-6'H-spiro[cyclohexanel,12-
indolo[1,2-b]isoquinoline}-11'-carboxylate (@nti-10e'). The title compound was prepareda
esterification of anti/syn-10e mixture (700 mg, 1.67 mmoknti/syn 1:1) according to general
procedure 3 and column chromatograptiield 534 mg, 75%. Yellow foamtH NMR (400 MHz,

CDCl) 1 8.26 (dd,J=7.8, 1.3, 1H), 7.55 (td}=7.5, 1.4, 1H), 7.51 (dJ=1.9, 1H), 7.46 (tJ)=7.3,

1H), 7.38 (dJ=1.9, 1H), 7.34 (dJ=7.7, 1H), 4.43 (dJ=4.9, 1H), 4.26 (dJ=4.9, 1H), 3.83 (s, 3H),

2.0471 1.73 (m, 4H), 1.67 1.15 (m, 6H);"*C NMR (101 MHz,CDCly) 1 172.3, 161.7, 145.7,

139.4, 133.5, 132.8, 131.3, 129.0, 128.7, 128.5, 127.4, 126.9, 123.7, 71.5, 52.2, 49.4, 42.9, 31.5,
30.0, 25.5, 22.9, 20.5; HRMS (ESI) m/z {M]' : Calcd for GsH»1ClLNOs: 428.0826. Found:
428.0833.

1'-(Methylsulfonyl) -6-ox0-11,1Ja-dihydro-6H-spiro[indolo[1,2-blisoquinoline-12,4-
piperidine]-11-carboxylic acid (anti/syn-10f). The title compoud was prepared according to
general procedure 2 (1 mmol scale). White solid, yield 325 mg, 788&/dyn 2:1). This
diastereomeric mixire wasseparated after esterification accorditmggeneral procedure 8nd
column chromatography (hexame,CO-DCM 6:2:1 to 4:2:1).

(RS,RS-Methyl 1'-(methylsulfonyl)-6-oxo-11,11a-dihydro -6H-spiro-[indolo[1,2-
blisoquinoline-12,4-piperidine]-11-carboxylate @nti-10f"). White solid. Yield 191 mg, 41%. Mp
20571 2 0'H NMRQ400 MHz, CDCY) 11 8.59 (d,J=7.9, 1H), 8.24 (ddJ=7.7, 1.3, 1H), 7.64

7.51 (m, 2H), 7.48 (t)=7.5, 1H), 7.4% 7.30 (m, 1H), 7.19 6.99 (m, 2H), 4.48 (dJ=12.9, 1H),

4.38 (d,J=128, 1H), 3.99 (s, 3H), 3.90 3.82 (m, 1H), 3.8% 3.72 (m, 1H), 3.57 (ddd}=13.0,

10.1, 6.0, 1H), 3.17 (tdl=12.5, 2.1, 1H), 2.92 (s, 3H), 2.25 (t#512.7, 4.5, 1H), 2.09 1.98 (m,

2H), 1.69 (dJ=13.1, 1H);"*C NMR (101 MHz, CDCJ) t1172.0, 161.9, 1438, 136.5, 135.1, 133.1,

129.0, 129.0, 128.8, 128.6, 125.6, 124.8, 124.1, 117.7, 68.6, 53.0, 46.6, 44.6, 42.8, 41.0, 36.5, 33.6,
31.3; HRMS (ESI) m/z [M+H]. Calcd for GsH24N205S: 463.1298. Found: 463.1310.

(RS,SR-Methyl 1'-(methylsulfonyl)-6-oxo-11,11a-dihydro -6H-spiro-[indolo[1,2-
blisoquinoline-12,4"-piperidine] -11-carboxylate (yn10f"). White solid. Yield 102 mg, 22%. Mp
22571 2 2'%6 NMRQ400 MHz, CDCJ) Ui 8.42 (d,J=8.0, 1H), 8.26' 8.10 (m, 1H), 7.56 7.46

(m, 2H), 7.44i 7.38 (m, 1H), 7.37 7.29 (m, 2H), 7.09 (1J)=7.4, 1H), 4.50 (dJ=2.5, 1H), 4.03 (d,
J=2.9, 1H), 3.73 3.59 (m,2H), 3.47i 3.24 (m, 5H), 2.91 (s, 3H), 2.15 (5.5, 2H), 1.97 (t,
J=5.3, 2H):**C NMR (101 MHz, CDGJ) Ui 170.6, 136.4, 135.5, 132.7, 129.4, 129.3, 129.1, 127.5,
124.0, 123.3, 116.3, 69.5, 52.8, 46.4, 44.4, 43.1, 42.5, 40.1, 35.9, 31.6; HRMS (ERNHH]Z:
Calcd for G3H24N-0O5S: 463.1298. Found: 463.1318.

(RS,Rg- and (RS,SR-Methyl 12 12dimethyl-6-0x0-6,11,1%,12-tetrahydroindolo[1,2-
blisoquinoline-11-carboxylates @nti- and syn10g'). A mixture of phenylhydrazine
hydrochloride (433 mg, 3 mmognd isobutyric aldehyde (216 mg, 3 mmol) inribof glacial
acetic acid was heated at 50 °C for 2 h in a sealed smapwial. Next, the reaction mixture was
gradually poured into ca. 100 ml of saturated aqueous NaH@@ extracted with five 2 ml
portions of CHC4. Combined organic extracts were washed with brine, dried over MdiB€red
and used without purification. Solution of 3J8nethylindolenine (NMR yield 1.75 mmol, 58%)
was placed in a 15 ml screvap vial followed by addition of howphthalc anhydride (284 mg,
1.75 mmol). The reaction mixture was stirred at room temperature for 16 h, concentrzedo
and redissolved in ME€O (12 mL). Methyl iodide (284 mg, 2 mmol) and®O; (276 mg, 2 mmol)
were added to the solution and stirred forh24dt r.t. The volatiles were removadvacuqg CHCk
Y%



and water were added to the residue. The organic layer was separated, washed with brine, dried
over NaSQO, and concentrated to giverude mixture of anti- and syn10g. Column
chromatography (hexarde,CO from 7:1 to 4:1) afforded pure isomers.

Anti-10g": Yield 286 mg,51%. Yellow foam 'H NMR (400 MHz, CDC)) 1 8.42 (d,J=8.0, 1H),
8.26 (ddJ=7.6, 1.2, 1H), 7.58 7.35 (m, 2H), 7.34 7.25 (m, 1H), 7.21 (d]=6.9, 1H), 7.16 6.98

(m, 2H), 4.49 (dJ=13.0, 1H), 4.33 (dJ=12.9, 1H), 3.94 (s, 3H), 1.43 (s, 3H), 1.27 (s, 38}
NMR (101 MHz, CDCY) 172.0, 1618, 140.3, 140.1, 135.4, 132.8, 129.4, 128.8, 128.4, 128.3,
125.4, 124.8, 121.9, 116.9, 68.9, 52.6, 47.0, 43.6, 26.3, 25.0; HRMS (ESI) m/z [Mza#id for
CoH19NO3: 322.1438. Found: 322.1439.

Syn10g" Yield 202 mg,36%. Yellow foam. 'H NMR (400 MHz, CLCZCls) G 8.40 (d,J=8.0, 1H),

8.3071 8.09 (m, 1H), 7.53 7.45 (m, 2H), 7.42 7.36 (m, 1H), 7.32 7.27 (m, 1H), 7.18 (ddl=7 .4,

0.8, 1H), 7.10 (tdJ=7.4, 0.9, 1H), 4.37 (d=3.7, 1H), 4.05 (dJ=3.7, 1H), 3.50 (s, 1H), 1.50 (s,

2H), 1.32 (s, 2H)®C NMR (10L MHz, CDCE) 171.4, 162.2, 141.1, 139.5, 135.7, 132.4, 130.9,
129.3, 129.1, 128.3, 127.4, 124.3, 122.0, 116.5, 70.0, 52.6, 46.0, 43.5, 30.5, 25.1; HRMS (ESI) m/z
[M+H] *: Calcd for GoH1gNOs: 322.1438. Found: 322.1445.

11a,12,12Trimethyl -6-0x0-6,11,1%,12-tetrahydroindolo[1,2-blisoquinoline-11-carboxylic acid
(anti/synt10h). The title compound was prepared after evaporation of reactintune obtained
according togeneral procedure 2 (1.9 mmol scale) and washing the residue with {@&kane1
mixture. The product was obtained as white solid. Yield 520 mg, 86@#iti/¢yn 4.3:1).
Crystallization from MeCN gavehas a single diaster eondNMR Mp 2
(400 MHz, DMSQdg) Ui 13.59 (s, 1H), 8.26 (dJ=7.8, 1H), 8.08 (ddJ=7.7, 1.1, 1H), 7.6 (id,
J=7.6, 1.3, 1H), 7.52 (1}=7.5, 1H), 7.34 (dJ)=7.3, 1H), 7.30" 7.22 (m, 2H), 7.15 (td)=7.4, 0.9,
1H), 4.63 (s, 1H), 1.41 (s, 3H), 1.31 (s, 3H), 1.13 (s, 3#);:NMR (101 MHz, DMSQGds) i 171.9,
161.0, 140.5, 138.3, 135.8, 132.8, 128.6, 12727,48, 127.6, 126.1, 124.5, 122.2, 116.2, 70.9, 49.5,
47.0, 27.1, 20.3, 17.2; HRMS (ESI) m/z [M+H]Calcd for GoH1gNOs: 322.1438. Found:
322.1440.

2-Fluoro-11a,12,12trimethyl -6-0x0-6,11,1%,12-tetrahydro -indolo[1,2-blisoquinoline-11-

carboxylic acid (anti/syn-10i). The title compound was prepared according to general procedure 2
(3 mmol scale) as a 3:1 mixture of diastereomers. Yield 244 mg, 72%; Diastereomers were
separated after esterification according to general procedure 3 and column chromatography
(hexaneMe,CO 6:1 to 4:1).

(RS,Rg-Methyl 2-fluoro-11a,12,12trimethyl -6-0x0-6,11,1%,12-tetrahydroindolo[1,2-
blisoquinoline-11-carboxylate (anti-10i"). White foam, yield 166 mg, 47% (for two step)
NMR (400 MHz, CDC}) (8.37 (dd,J=8.8, 4.9, 1H), &3 (dd,J=7.6, 1.4, 1H), 7.53 (tdl=7.5, 1.5,
1H), 7.46 (t,J=7.5, 1H), 7.05 (dJ=7.6, 1H), 6.96 (tdJ=8.9, 2.7, 1H), 6.89 (ddl=8.1, 2.6, 1H),
4.65 (s, 1H), 3.95 (s, 3H), 1.36 (s, 3H), 1.34 (s, 3H), 1.27 (s, '88)NMR (101 MHz, CDGCJ) U
171.4, 1618, 160.3 (dJc=243.4), 142.7 (dJcr =7.5), 135.2, 134.9 (dlcr =2.1), 132.8, 128.9,
128.7,128.1, 126.1, 118.6 (@r=8.1), 114.4 (dJcr=22.8), 109.3 (dJcr=24.2), 72.1, 52.4, 50.1,
47.6 (d,Jce =1.6), 27.4, 20.4, 17.4; HRMS (ESI) m/z [M+HCalkd for GiH,0FNOs: 354.1492.
Found: 354.1500.



(RS,SR-Methyl 2-fluoro-11a,12,12trimethyl -6-ox0-6,11,1%,12-tetrahydroindolo[1,2-
blisoquinoline-11-carboxylate (syn-10i). White foam, yield 46 mg, 13% (for two step&}% NMR
(400 MHz, CDC}) 11 8.39 (dd,J=8.8, 4.9, 1H), 8.25 (ddi=6.4, 2.5, 1H), 7.54 7.41 (m, 2H), 7.39

i 7.29 (m, 1H), 6.96 (td)=8.9, 2.6, 1H), 6.86 (dd=8.1, 2.6, 1H), 3.96 (s, 1H), 3.52 (s, 3H), 1.49
(s, 3H), 1.27 (s, 3H), 1.12 (s, 3H}’C NMR (101 MHz, CDGJ) U 172.2,162.1, 160.1 (d,Jcr
=242.7), 141.8 (dJcr=7.4), 135.9, 135.7 (dcr=1.9), 132.5, 129.7, 129.4, 128.8, 127.5, 118.2 (d,
Jcr=8.0), 114.4 (dJce=22.7), 109.2 (dJcr =24.2), 70.8, 52.6, 51.7, 48.1 {#@r=1.6), 28.2, 23.9,
21.9; HRMS (ESI) m/z [M+H]: Calcd for GiH,0FNOs: 354.1492. Found: 354.14909.

(RS,R9-11a,12,12Trimethyl -2-nitro -6-0x0-6,11,1 1,1 2-tetrahydro -indolo[1,2-b]isoquinoline-
11-carboxylic acid (anti-10j). The title compund was prepared accordinggeneral procedure 2
(mmolscale The product was obtained as |light vyell
268 mg, 73%.'"H NMR (400 MHz, DMSQdg) 1 13.70 (s, 1H), 8.42 (d] = 8.8 Hz, 1H), 8.32

8.16 (m, 2H), 8.11 (dd] = 7.7, 1.1 Hz, 1H), 7.70 (td,= 7.6, 1.4 Hz, 1H), 7.54 (8,= 7.6 Hz, 1H),

7.27 (d,J= 7.7 Hz, 1H), 4.75 (s, 1H), 1.49 (s, 3H), 1.38 (s, 3H), 1.18 (s, SENMR (101 MHz,
DMSO-dg) U 171.67, 161.8, 143.9, 143.8, 142.1, 136.1, 133.5, 128.1, 127.9, 127.8, 126.3, 124.9,
118.3, 116.0, 72.1, 49.2, 47.1, 26.7, 198.4; HRMS (ESI) m/z [M+H]: Calcd for GoH1gN,Os:
367.1288. Found: 367.1296.

2-Hydroxy-11a,12,12trimethyl -6-0x0-6,11,1%,12-tetrahydro-indolo[1,2-bJisoquinoline-11-

carboxylic acid (anti/syn-10k). The title compond was prepared accordinggeneral proedure 2

(1 mmol scale). The product was obtained as a white solid. Yield 192 mg, &i#syn6.5:1).
Crystallization from MeCN gave pummnti-isomer for analysis’H NMR (400 MHz, DMSQds) i

13.54 (s, 1H), 9.33 (s, 1H), 8.167.98 (m, 2H), 7.62 (td) = 7.6, 1.3 Hz, 1H), 7.49 (§ = 7.5 Hz,

1H), 7.22 (dJ= 7.7 Hz, 1H), 6.71 (d] = 2.4 Hz, 1H), 6.64 (dd] = 8.6, 2.4 Hz, 1H), 4.56 (s, 1H),

1.35 (s, 3H), 1.29 (s, 3H), 1.11 (s, 4H5¢ NMR (101 MHz, DMSQdg) U = 172.0, 160.0, 154.7,

142.1, 135.5, 132.4, 130.5, 128.7, 127.5, 127.4, 126.0, 117.2, 113.5, 109.2, 70.9, 49.6, 47.0, 27.0,
20.2, 17.1; HRMS (ESI) m/z [M+H] Calcd for GoH1gNO4: 338.1387. Found: 338.1397.

(4aRS15SR 15aSR-4a-Methyl-10-ox0-2,3,4,4,10,15hexahydro-1H-isoquinolino[3,2-
k]carbazole-15-carboxylic acid (anti-10l). The title compound was prepared according to general
procedure 2 (1 mmol scale). The product was
Yield 280 mg 81%.*H NMR (400 MHz, DMSQds) Ui 13.59 (s, 1H), 8.32 (dI=7.6, 1H), 8.07 (dd,

J=7.7, 1.2, 1H), 7.63 (td]=7.6, 1.4, 1H), 7.49 ({)=7.5, 1H), 7.38 7.21 (m, 3H), 7.16 (td)=7.4,

1.0, 1H), 4.68 (s, 1H), 2.252.13 (m, 2H), 1.74 (tdJ=13.8, 4.0, 1H)1.571 1.42 (m, 3H), 1.33 (s,

3H), 1.207 1.03 (m, 4H):**C NMR (101 MHz, DMSQdg) Ui 172.4, 161.2, 139.4, 138.9, 135.7,

132.6, 128.5, 127.6, 127.5, 124.5, 122.1, 116.8, 69.8, 49.4, 47.8, 30.6, 30.0, 27.2, 20.8, 20.2; HRMS
(ESI) m/z [M+H]: Calcd for GoHNOs: 370.1414. Found: 370.1421.

1l1a-Methyl-6-0x0-2',3',5',6',11,11a-hexahydro-6H-spiro-[indolo[1,2-blisoquinoline-12,4*
pyran]-11-carboxylic acid (anti/syn-10m). The title compund was prepared accordinggeneral
procedure 2 (1.4 mmol scale). Theprodu was obtained as white sol |
mg, 79% énti/syn= 6:1). Crystallizaion from MeCN gavanti-10m as a single isomer (289 mg,
52%).'H NMR (400 MHz, DMSQds) Ui 13.72 (s, 1H), 8.42 (dl=7.8, 1H), 8.08 (ddJ=7.6, 0.9,
1H), 7.87 (dJ=7.5, 1H), 7.67 (tdJ)=7.6, 1.2, 1H), 7.52 (1}=7.5, 1H), 7.32 (tJ=7.5, 1H), 7.24 (d,
J=7.7, 1H), 7.15 (t)=7.2, 1H), 4.64 (s, 1H), 4.23 (td+12.4, 2.7, 1H), 3.95 (dd=12.1, 6.1, 1H),
3.751 3.72 (m, 1H), 3.52 (t)=11.5, 1H), 2.36 (td)=12.6, 43, 1H), 1.99 (tdJ=13.2, 6.5, 1H), 1.88
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i 1.84 (m, 1H), 1.42 1.39 (m, 1H);"*C NMR (101 MHz, DMSQde) Ui = 171.8, 161.2, 139.3,

137.5, 135.6, 132.9, 128.4, 127.7, 127.7, 127.7, 125.9, 125.9, 123.6, 116.5, 71.6, 64.0, 62.0, 49.5,
47.8, 32.6, 29.2, 15.7; HRMS (ESI) m/z [M+H]Calcd for G,H,;NO;: 386.1363. Found:
386.1356.

(RS,R3-11a'-Methyl-6'-0x0-11',11a’-dihydro-6'H-spiro[cyclohexanel,12-indolo[1,2-
blisoquinoline]-11'-carboxylic acid (anti-10n). The title compound was prepared according to
gener al procedure 2 (0.9 mmol scal e). The pr
(decomp.). Yield 336 m 93%."H NMR (400 MHz, DMSQdg) Ui 13.65 (s, 1H), 8.38 (dl=7.4,

1H), 8.07 (ddJ=7.7, 1.1, 1H), 7.71 (d)=7.4, 1H), 7.65 (tdJ=7.6, 1.4, 1H), 7.50 (J=7.5, 1H),

7.327 7.25 (m, 1H), 7.22 (dJ=7.7, 1H), 7.11 (tdJ=7.5, 0.9, 1H), 4.63 (s, 1H), 2.171.92 (m,

3H), 1.88i 1.74 (m, 2H), 1.64 (tdJ=13.5, 5.5, 1H), 1.52 (d, 2H), 1.421.28 (m, 1H), 1.24 1.13

(m, 1H), 1.09 (s, 3H)**C NMR (101 MHz, DMSQdg) 11 172.1, 161.1, 139.3, 138.5, 135.8, 132.3,
128.4, 127.6, 127.4, 126.1, 126.0, 123.5, 116149,749.8, 49.3, 32.7, 28.3, 25.1, 22.8, 20.7, 16.2;
HRMS (ESI) m/z [M+HJ: Calcd for GsH23NOs: 384.1570. Found: 384.1558.

(RS,SR-12,12Dimethyl-6-oxo-11a-(p-tolyl)-6,11,1%,12-tetrahydroindolo[1,2-bjisoquinoline-
11-carboxylic acid (anti-100). The title compound was prepared according to generakegoe 2

(0.9 mmol scale). The product was obtained as:c
mg, 52%. 'H NMR (400 MHz, DMSQds) Ui 13.64 (s, 1H), 8.38 (d=7.9, 1H), 7.77 (dJ=7.1, 1H),

7.50 (t,J=7.1, 1H), 7.37% 7.31 (m, 2H), 7.30 7.21 (m,2H), 7.19i 7.06 (m, 2H), 6.77 (dJ=8.3,

2H), 5.26 (s, 1H), 2.04 (s, 3H), 1.47 (s, 3H), 1.15 (s, 3#@);NMR (101 MHz, DMSQdg) 11 172.0,

162.5, 141.0, 140.4, 136.7, 136.2, 136.0, 132.4, 129.7, 128.0, 127.9, 127.5, 127.0, 125.27, 124.7,
122.7, 114.7, 77,653.0, 49.0, 28.6, 22.9, 20.2; HRMS (ESI) m/z [M¥HTalcd for GeH23NOs:
398.1751. Found: 398.1762.

11a,12,1ZTrimethyl -11a,12-dihydroindolo[1,2-bjisoquinolin-6(11H)-one (14h).Compound
anti/syn-10h (93 mg, 0.29 mmol, 4.3:1) was dissolved in 1 mL ofdme&thylphosphoramide and
stirred at 2051210 AC for 1h in air. After <co
TLC) the reaction mixture was diluted with 50 mL of EtOAc and washed50 mL of water.
The organic layer was washed with brideed over NgSO, and concentrated under reduced
pressure to give putth (67 mg, 83%). Yellow oil*H NMR (400 MHz,DMSO-ds) i 8.22 (d,
J=7.8, 1H), 8.03 (dd}=7.6, 0.9, 1H), 7.56 (td=7.4, 1.3, 1H), 7.45 7.40 (m, 2H), 7.33 (ddl=7.4,
0.8, 1H), 725 (td,J=7.8, 1.3, 1H), 7.12 (tdI=7.4, 1.0, 1H), 3.43 (d=15.6, 1H), 2.99 (dJ=15.7,
1H), 1.40 (s, 3H), 1.16 (s, 3H), 0.97 (s, 3jC NMR (101 MHz, CDG)) 1i162.4, 140.4, 139.7,
137.1, 132.3, 129.3, 128.4, 128.3, 127.9, 127.2, 124.4, 121.9, 6972446.6, 34.3, 28.1, 20.9,
20.2 HRMS (ESI) m/z [M+H]: Calcd for GoH1dNO: 278.1539. Found: 278.1537.
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2. NMR studiesfor compounds 1@ and 10e

In order to rationalize the inconsistency betwa&p-values and the value of dihedralgie
in crystal form for compoundsl0d and 10e we performed a series of NMR experimerige
reasoned that such a phenomenon couldxipéainedby distorted moleculageometry(seesection
5, crystallographic dajeand different conformer population in the solutioonepared to solidtate.

3
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N, H H
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For compoundLOe two sets of HNMR spectra were recordedt temperatures varying from
293 to 183FIGURE K in Me,CO-dg (mixture anti/syn1:1; Figure S1) and from 293 to 393K in
DMSO-ds (anti-10e; Figure S2). We observed decoalescenfte the signals of i andH'?atoms
for both diastereomem 23K (FigureS1) along withnew sebf signalsarising Uy = 4.56and4.42
ppm It wasnot possible to identify theseewsignals by*H-NMR spectrum oly, due totheir very
low intensity caused bymall relative contendf corresponding moleculeNevertheless correlation
spectroscopy provided some useful mfiation about these sets of sign&@©SY spectrum proved
this pair of otons with chemical shift4.56and4.42ppmto beaspin systen{FigureS3). ROESY
spectrumrecordedfor compoundanti/synl0eat 183K (Figure $4) revealedexchangecrosspeaks
betweenthis new spin system and spin systencompoundsyn10e (U4 4.94 and4.59 ppm. In
additionthis ROESY spectrurdemonstrate@nother two exchange cregsaks {4 5.084.72 and
4.804.51 ppm). The new signals iy 5.08 and 4.8@pm) exchangd with signals ofanti-10e (Uy
4.72 and 4.51 ppn These factsmay indicate thatwo new sets of signalobserved at low
temperaturedelong to minor coformers ofdifferent isomers oflOe. In addition we observed
variation in Jui11-411a COUpling constant(anti-10e) from 26 to 07 Hz at temperature decrease
(Figure S1) and from 2.9 to .3 Hz under heatingFigure S2). In the first case variation can be
explained by increasing amount of major (thermodinamycally more stable) conformer witld-small
value. Variation in the secorghse correlates with increasing amount of thermodinamycally less
stable conformer witld-constant about 13 Hz, which is major conformer for all other dasds
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10a-c,f,g). A similar series of NMRexperiments was carried out for compowamdi-10d T -NMR
spectra were recorded from 292 to 182K in,®@-ds (Figure S5) and from 293 to 393K in
DMSO-ds (Figure S6). In this caséyii-n11a COUpling constant varied from 3.6 to 1.5 Hader
cooling and from 3.3 to 4.0 Hmder heatingl-values were obtained frofhirelved experiments

TableSl. Measured dihedral angles for C*'H-C*H fragments for compounds 10 and
correspondingJ- couplingconstants

Angle® 3 Anglée® 3
Compound CllH_ 'C11H-CllaH» Compound CllH'CllaH, C11H-CllaH»
cliay o Hz ° Hz
Me pe
ti-10g'
meten) 1687 13.0 anti-10e 94.2 4.8
ND 3.7 anit0e | 166.7 2.6
13.0
164.7 (12.9,for syn-10e 57.5 2.8
corresponding
acid)
(3%21‘0r G
58.1 e . V' anti-10d 169.3 3.3
corresponding
acid
12.9
(12.8,for
anti-10¢ 169.9 13.6 o itor 171.6 corresponding
aciod
2.9
(3.2, for
ND 2.8 55.5 corresponding
aciod
170.3 12.9 ND 3.3

& Data obtained from Xay single crystal analysis
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Figure S1 Fragment®f H-NMR spectra of compounte (anti/synl:1)at 23K (top)i 183K
(bottom)in Me,CO-ds.

T T T T T T T T
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Figure S2 Fragments oH-NMR spectra of compounahti-10e at 393K (top) i 293K (bottom)in
DMSO-ds
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Figure S5 Fragments oH-NMR spectra of compourahti-10d at 293K (top)T 183K (bottom) in

MezCO-ds

T T T T T T T T T T T T
5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9

T T
3.8 3.7

Figure S6 Fragments oH-NMR spectra of compourahti-10d at 39X (top)1 293K (bottom) in

DMSO-ds
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3. Relative configuration determination for compounds 1& and 10m

13C NMR spectra ofL0hi k,m,n major isomersrevealed chemical shifts ofibon atom in
CHs'"group to be about 187 ppm while for minor isomers oflohi k these chemical shiftise
within 23124 ppm (Table S2) According to Xray major isomers oflOhii,n have anti-
configuration. Thughe valuesof **C chemicalshifts of CHs***groupscan serveas criterion for
relative configuration assignment in CQRoducts 10, derived from 2-methylindolenirs. The
configurationof 10k and 10m major isomers was determined to aeti- according to this
criterion: Ui §CHs'*3= 17.1and 15.7pm respectively

5 13C 16-17 ppm 5 13C 23-24 ppm

R R

CH3002H
H

o)
TableS2.°C chemi cal s méthylgrouifor pommounds0. C
U él@l\/le U @GME G @GMe G élOMe
Compound @nti) | (syn) Compound (@nt) | (syn)
Me Mme Me e
O Meco,H HO O Meco,H
N 10h 17.2 23.4 N 10k 171 23.9
ad al
Me pe 0
F Meco,H o
0 | 177 | 23.8 O ) MECOH . 157
m .
s o,
Me \e
o MecoH Meco,H
O N 100 | 17.4 23.3 O y : 16.2

4. Relative configuration determination for compound 100

Relative configuration of 11ép-tolyl)-substituted compoundOo was assigned to bgrS,
SR} on the basis of NOESY spectrum, which showed one cross pealoftioorprotons ofp-tolyl
moiety to methyl group in position khd anothecross peak fron'* to the second methyl group
in position 12. The value of observed couploapstant between;G(p-tolyl) and H'* *Jc,; 6.3 Hz
also confirms this assignmentexpected value of3Jcy for staggered conformatiorof
cPst ¢ ¢ HM fragment @nti-isomer) is 68 Hz and 13 Hz for gaucheconformation §yn
isomer);FigureS7 9) [11,17.

3Jen =6.3 Hz
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(49 ppM (Jerzini=2Hz) gauche

136.6 ppm (3JCl/,H11:6.3Hz)] staggered

[78 ppm (ZJCMa_HH:GBHz)] gauche

ct.ctactHy gauche, &-cMactct - staggeredN-CcH*act-H" - gauche

Figure S7Measurectouplingconstantslc.+** for compoundLo.

SR Sgpaga

3
2JCH 0-2 Hz 2Jcn 5-7 Hz 3JcH 6-8 Hz Jon 1-3 Hz

Figure S8Reported values of coupling constatilsy and?Jenf or sy s t-tetersatosii t h b

anti-100

Figure S9 CalculateddihedralanglesMM2; ChemBioOffice 201%or anti- andsyrrisomers of
compoundLQo.
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5. Crystallographic data for compounds10 and 13e

X-ray single crystal analyses were performed on Agilent Technologie=alibur» and
«Supernovaxdiffractometerswith monochromated MadK U o rKUCur adi at i o.n, re
Crystals were measuring dtet temperature of 108 for all samples, excepanti-10f', which
destroyed at lower temperatur@he structures Isabeen solved by th®uperflip[13] and ShelXS

[14] structure solution programs using Charge Flipping and Direct Methods, respectnel

refined with the ShelXL[15] refinement incorporatein the OLEX2 program packadé6]. The
structureanti-10e' contains disordered DMSO on threefold axis. Electron density from this solvent
has been suppressed usBQUEEZE/PLATON[17] program CCDC 15030931503106 1470399

1470389, 1461790 contain the supplementary crystallographic data for this paper. These data can be

obtained free of charge from The Cambridge Crystallographic Data Centre via
http://www.ccdc.cam@uk

anti-10e

Table S3 Crystal data and structure refinement for | Table $4 Crystal data and structure refinement for syn
anti-10e 10e
Empirical formula C,oH1oCILNO; Empirical formula C,oH1gCILNO;
Formula weight 416.28 Formula weight 41628
Temperature/K 100(2) Temperature/K 100(2)
Crystal system monoclinic Crystal system orthorhombic
Space group P2/c Space group P22,2,
a/lA 15.7357(3) a/A 9.8687(3)
b/A 6.94798(11) b/A 12.2841(4)
c/A 17.1351(3) c/A 15.4822(5)
U/ A 90 u/ A 90
b/ A 1019535(17) b/ A 90
o/ A 90 o/ A 90
Volume/A® 1832.78(5) Volume/A® 1876.88(11)
Z 4 Z 4
} cacglen? 1.509 } cacgfcnt 1.473
g/ mm 0.379 g/ mm 0.370
F(000) 864.0 F(000) 864.0
Crystal size/mm 0.25x 0.25 x 0.2 Crystal size/mm 0.25x 0.25 x 0.2
Radiation MoKU (& = 0 Radiation MoKU (& = 0]
2U range 5.996 to 54.99 2U range 5.914 to 54.99
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http://www.ccdc.cam.ac.uk/

collection/®

collection/°
Index ranges 20 O K @ 220 Index ranges -12 O k150 Q 1k20 (
I O 22 o | O 20
Reflectons collected 32039 Reflections collected 18673
Independent reflectiony 4193 [R, = 0.0240, RBgma= Independent reflectiony 4312 [R,; = 0.0274, Rgma=
0.0133] 0.0240]
Data/restr?; nts/paramet 4193/0/254 Data/restr?lsnts/paramet 4312/0/254
Goochessof-fit on F* 1.046 Goodnes®f-fit on F* 1.047
Final R i n¢

(0]

R;=0.0340, wR=0.0841

Final R in

(0]

R: = 0.0265, wR= 0.0647

Final R indexes [all

Final R indexes [all

datal R; =0.0372, wR=0.0867 datal R; =0.0288, VR, = 0.0664
Largest tf'f&.\_g)eak/hole/ 0.48L0 22 Largest (llfkgeak/hole 0.32/0.19
CCDC 1503097 CCDC 1503105

anti-10e'
Table S5 Crystal data and structure refinement for anti- Table S5 Crystal data and structure refinement for
10e' 13e
Empirical formula C,3H,:CILNO; Empirical formula C,oH1oCILNO;
Formula weight 430.31 Formula weight 416.28
Temperature/K 100(2) Temperature/K 100(2)
Crystal system trigonal Crystal system monoclinic
Space group R3 Space group P2/c
aA 20.4043(3) a/A 16.3985(8)
b/A 20.4043(3) b/A 11.1961(6)
c/A 13.6622(2) c/A 10.3370(5)
u/ A 90 u/ A 90
b/ A 90 b/ A 96.103(5)
o/ A 120 o/ A 90
Volume/A’ 4926.02(15) Volume/A’ 1887.11(16)
Z 9 Z 4
} caglent 1.305 } cacglent 1.465
g/ mm 2.859 g / mm 3.297
F(000) 2016.0 F(000) 864.0
Crystal size/mm 0.3x0.2x0.2 Crystal size/mm 0.2 x 0.08 x 0.08
Radiation CuKU (& = Radiation CuKU (& =
2U range for 8.18 to 144.976 2U range for 9.582 to 144.898
Index ranges 25 0O K20 2 5k Index ranges 20 O KL 30 (

0



-16 O I O O 41 O |
Reflections collected 16404 Reflections collected 7750
Independent reflections 4288 [Ry = 0.1334, Ryma Independent reflections 3725 Rt = 0.0521,
= 0.0628] Rsigma= 0.0614]
Data/restraints/parameters 4288/1/263 Data/restraints/parameters 3725/0/253
Goodnes®f-fit on F° 1.117 Goodnes®f-fit on F° 1.040
Final R inde R, = 0.0450, wR= 0.1109 Final R i ndex Rl:odoigg;lwg:
Final R indexes [all data] R, = 0.1433, WR= 0.1639 Final R indexes [all data] R = Odofggéwaz
Largest diff. peak/hole / e A 0.84/0.64 Largest diff. peak/hole / e A 0.66/0.45
CCDC 1503102 CCDC 1503093

Crystal structure determination of anti-10n

Crystal Data for Cy,Ho3NOs (M =361.42 g/mol): monoclinic, space grot
C2/c (no. 15),a= 23.3057(6%, b= 12.7914(3, c= 16.7508(4R, b=
133.0560(10)°V = 3648.77(16A°% Z= 8, T= 100(2)K , e ( MORST'
mm?, Dcalc= 1.316g/cnt, 30249 reflections

54.996°), 4190 uniqueR(;; = 0.0207, Bgma= 0.0109) which were used in &
calculations. The finfR,was 0. 0366 WR,was0.0998 (all Jain)

CCDC 1503103

Crystal structure determination of syn-10d

Crystal Data for C,sH,3sNOs; (M =361.42 g/mol): triclinic, space group1P
(no. 2), a= 11.5749(2&, b= 12.2804(4R, c= 13.7928(4Q, U=

68.362(3)°,b= 88.617(2)°,0= 81.872(2)°,V= 1803.27(9R°% z= 4, T=

100(2)K, & ( € @0.K0O3 )mnt, Dcalc= 1.331g/cn?, 51248 reflections
measured (6.898A O 2R}=005315RRn=600235)
which were used in all calculations. The filglwas 0. 0374 (
WR, was 0.0977 (all data).

CCDC 1503100

Crystal structure determination of anti-10g'

Crystal Data for C,gH:gNO3 (M =321.36 g/mol): monoclinic, space group ¢
(no. 9), a= 17.7696(7A, b= 13.3575(5, c= 7.1549(3, b=
109.372(3)°V = 1602.12(118% 2= 4,T=10Q2) K, & ( M®.B90 jnm
! Dcalc= 1.332g/cn?, 7519 reflections mea
3473 unique Ry = 0.0281, Rgma = 0.0387) which were used in &
calculations. The finaR, was 0. 0370 (WR was 0D%26 (al)
data).

CCDC 1503096
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Crystal structure determination of anti-10l

Crystal Data for CyH,;NO; (M =347.40 g/mol): monoclinic, space grot
C2/c (no. 15),a= 22.5031(6A, b= 13.5761(4A, c= 14.7923(4R, b=
129.571(2)°V = 3483.49(18R°% Z=8,T=100@Q) K, ¢ ( M®.K88 )nm
! Dcalc= 1.325g/cn?, 29448 reflections mea
4001 unique Rn = 0.0713, Bgma = 0.0318) which were used in &
calculations. The finaRy, was 0. 0410 (wWR was 02f07 (al
data).

CCDC 1503106
Crystal structure determination of anti-10i

Crystal Data for C,;H,gFNO; (M =353.38 g/mol): monoclinic, space grot
C2/c (no. 15),a= 26.5832(15A, b= 6.7549(2)A, c= 21.1207(8W, b=

115.042(3)°V = 3436.1(38°% 2=8,T=100(2)K, & ( M®KI3 mnT,

Dcalc= 1.366g/cnt, 15007 reflections measts
3943 unique R = 0.0255, Bgma = 0.0244) which were used in &
calculations. The finaRy, was 0. 0371 (wWR was 020846 (all
data).

CCDC1503104

Crystal structure determination of syn-10f

Crystal Data for C,3H,4N,OsS (M =440.50 g/mol): monoclinic, space grot
P2/c (no. 14),a= 11.2258(24, b= 9.78991(18R, c= 19.3208(34, b=
103.8379(19)°V = 2061.71(7)R%, Z2=4,T=100Q K, ¢ ( € L. KUMmM
! Dcalc=1.419g/cn?, 14079 reflections mea
3904 unique Ry = 0.0260, Rgma = 0.0217) which were used in &
calculations. The finaR, was 0. 0411 (WR was 02105¢ (al
data).

CCDC 1503101

Crystal structure determination of anti-10a’

Crystal Data for C,sH,3NO3; (M =361.42 g/mol): monoclinic, space group (
(no. 9),a=19.3213(7)4, b= 13.2486(4A, c = 7.3482(2A, b= 109.212(3)°,
V= 1776.24(10R% Z= 4, T= 10Q2)K, ¢ ( €0.K13 mri, Dcalc=

1.352g/cnt, 12942 reflections measure
unigue Rin; = 0.0456, Bgma= 0.0265) which were used in all calculations. T
finalRkwas 0. 0353 wWwRwas0.®4b(alldatr). and

CCDC 1503098
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Crystal structure determination of anti-10c

Crystal Data for CyH,oFNO; (M =365.39 g/mol): monoclinic, space grot
C2/c (no. 15),a= 22.2110(8, b= 13.4818(4, c= 15.1581(6A, b=
131.494(2)°V = 3399.8(2&° Z= 8, T= 1002)K, & ( M®KA2 mnT,
Dcalc= 1.428g/cn?, 15635 reflections measc
3905 unique Ry = 0.0254, RBgma = 0.0218) which were used in &
calculations. The finaR, was 0. 0443 (wWR was 02121¢ (a)
data).

CCDC 1503094

Crystal structure determination of anti-10f

Crystal Data for C,3Ho4N,0sS (M =440.50 g/mol): monoclinic, space grot
P2/c (no. 14),a= 14.5219(6)A, b= 14.0079(4A, c= 10.9021(4A, b=
109.892(4)°V = 2085.39(13R° Z= 4, T= 2002)K , ¢ ( M®.KI mm
! Dcalc=1.403g/cn?, 26903 reflections mea
4782 unique Ry = 0.0229, Rgma = 0.0173) which were used in &
calculations. The finflR,was 0. 0370 WR,was0.024D (all ga).

CCDC 1503099

Crystal structure determination of anti-10d

Crystal Data for Cy3H3NOs (M =361.42 g/mol): orthorhombic, space gro
P22:2, (no. 19),a= 7.2945(3)A, b= 14.2074(6)A, c= 17.4589(7A, V=
1809.36(13°% Z= 4, T= 100(2)K, e ( Mo ®083 mnt, Dcalc=
1.327g/cn, 14046 reflections measur e
unigue Ry = 0.0350, Bgma= 0.0441) which were used in all calculations. T
finalRkwas 0. 0399 WRwas0.0Béb(alldatn). and

CCDC 1503095

Crystal structure determination of anti-10h

Crystal Data for C,gH;gNO3 (M =321.36 g/mol): orthorhombic, space gro
Pbca (no. 61)a= 14.9929(3&, b= 12.2708(3Q, c= 16.6823(4A, V=

3069.13(12R° z= 8, T= 100(2)K , e ( € WKES)MmM*, Dcalc=

1.391g/cn, 21935 reflections measure

unigue Ry = 0.0610, Rgma= 0.0353) which were used in all calculations. T
finalRkwas 0. 0507 WRwas0.12801 (all data). a n d

CCDC 1470389
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Crystal structure determination of anti-10b

Crystal Data for Cy3H,aNOz; (M =361.42 g/mol); monoclinic, space grot
P2/n (no. 14),a= 9.2717(2)A, b= 11.18826(194, c= 17.5072(4A, b=
105.013(2)°V = 1754.11(7R3, Z= 4, T= 1002)K, ¢ ( € 0.KRU jnrt,
Dcalc= 1.369g/cnT, 9756 reflections measu
3397 unique Ry = 0.0237, Rgma = 0.0205) which were used in &
calculations. The finflR,was 0. 0516 WR was0.124B (all Jatg)

CCDC 1470399

Crystal structure determination of anti-10j

Crystal Data for C,gH:1gN,Os (M =366.36 g/mol): monoclinic, space grot
P2/c (no. 14),a= 8.8454(3A, b= 14.1900(4R, c= 13.5995(4A, b=
104.646(3)°V = 1651.50(9A°% Z=4,T=100(2)K, & ( M®.KOQ jnn,
Dcalc= 1.473g/cnt, 14296 reflections meas
3807 unique Ry = 0.0259, Rgma = 0.0249) which were used in &
calculations. The finflR,was 0. 0398 WR was 0.1Ddl (all Jag)

CCDC 1461790
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