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Abstract — Various nucleophiles, such as indole, 1,2,3dtitaoxybenzene,
anisole, phenol, and pyrrole, reacted with 1-hygyhib-trifluoroacetyltryptamine
under the presence of mesyl chloride to give noselies of (3a,8a-
cis)-1,2,3,3a,8,8a-hexahydropyrrolo[2)8ndoles having a substituent at the 3a-
position. Their structures and by-products weretbirdetermined.

INTRODUCTION

We have opened the door to the chemistry of 1-hgdnolole and 1-hydroxytryptophan derivativiend
demonstrated that these compounds generally unaergeophilic substitution reactidnyhich was thus
far rarely observed in indole chemistry.

In our 1-hydroxyindole hypothesiswe assume the 1-hydroxy group of the general f@nfd) in
Scheme 1 departs, after being transformed to a ¢gmdng group B), leaving a resonance stabilized

indolyl catior? (C). It would be possible to trap it with suitablecteophiles to give imirfg(D).
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# Dedicated to the 70th birthday of Professor Daskkatsu Shibasaki



Subsequent cyclization olNb-nitrogen on the side chain results in providingype and novel
methodology for the preparation of (3a@a)-1,2,3,3a,8,8a-hexahydropyrrolo[Z)Bndoles E) having

an employed nucleophile at the 3a-position. Accuydio the idea, we first employed indole as a
nucleophile and reported the result as the previmmsmunicatior. This is its full report together with
the results of additionally examined nucleophileshsas 1,2,3-trimethoxybenzene, anisole, phenal, an

pyrrole.

RESULTS AND DISCUSSION

I. Reaction of 1-hydroxyNb-trifluoroacetyltryptamine (2) with indole

Nb-Trifluoroacetyltryptaminel, Scheme 2) was converted to 1-hydrddy-trifluoroacetyltryptamine2)
by our 1-hydroxyindole synthetic methddThen, 2 was reacted with mesyl chloride (MsCl) in
1,2-dichloroethane in the presence of indole (3 @iland trimethylamine (i) at O °C (Table 1, Entry
3). As expected, smooth reaction occurred to pe\i®,3,8-tetrahydro-1-trifluoroacetylpyrrolo[2yB-
indole®® (3), (3a,8a¢i9)-1,2,3,3a,8,8a-hexahydro-3a-(indol-2-yl)4),( -3a-(indol-3-yl)-1-trifluoro-
acetylpyrrolo[2,3b]indole (5), and 6-mesyloxyNb-trifluoroacetyltryptamin®® (6), in 13, 5, 11, and 3%
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yields, respectively.

With an attempt to improve the product yield of leephilic reaction and examine solvent effect,
1,2-dichloroethane was changed to benzene, ¢GHEIF, DMF, MeCN, MeNHCHO, and EtOAc. The
product and their distribution ratio variably chadgand their results are summarized in Table 1.

When the reaction was carried out in CE(Entry 2), the yield ob was improved to 21% together with
the formations 08, 4, and6 in therespective yields of 14, 5, and 4%. Under simiésction conditions,
the use of excess indole (10 mol eq., Entry 8hfurtraised the yield & up to 30% in addition to the
concomitant formations &, 4, and6 in 4, 7, and 1% yields, respectively.

In the case of THF as the solvent, various prodwetise formed (Entry 4). Thus, the reaction2ofvith
MsCI in THF in the presence of indole (3 mol eqyld&iN at 0 °C gaves, 4, 5, 6, 3H-3-(indol-3-yl)-
Nb-trifluoroacetyltryptamine (7), and (3a,8a&is)-3a-(4-chlorobutoxy)-1,2,3,3a,8,8a-hexahydro-1-tri
fluoroacetylpyrrolo[2,3s]indole’ (8), in 28, 6, 15, 5, 4, and 6% vyields, respectivélyom the results

shown in Table 1, we found that solvent polaritg ha effect for the preferred product formatiomuih



MeNHCHO produced (3a,8as)-1,2,3,3a,8,8a-hexahydro-3a-hydroxy-1-trifluorastmsyrrolo[2,3-b]in-
dole @) as a major product (Entry 7).

Table 1. Solvent effect on the product formation aa distribution

§ cl
|
. 7 @ % on
QN] (r
H o z
(3 mol eq.) N ]COCFg N A Cocr, N H Socr,
MsCl, EtN

3 + 4 + 5 + 6 + 7 + 8 + 9

Yield (%) of

Entry Solvent €) 3 4 5 6 7 8 9
1 benzene (2) 18 0 4 0 4 0 0
2 CHCl; (4.8) 14 5 21 4 0 0 0
3 CICH,CH,CI (25) 13 5 11 3 0 0 0
4 THF (30) 28 6 15 5 4 6 0
5 DMF (37) 30 1 7 2 0 0 0
6 MeCN (38)* 10 1 0 0 0 0
7 MeNHCHO (182) 2 1 4 0 20
* 1 was obtained in 6% yield.
5 Indole (10 mol eq.), MsCl, Bl Entries 8—10 oy
8  CHCl; (4.8) 4 7 30 1 0 0 0
9 CICH,CH.CI (25) 8 5 18 2 0 0 0
10  EtOAc (30) 6 7 25 3 0 0 0

II. Reaction of 1-hydroxy-Nb-trifluoroacetyltryptamine (2) with nucleophiles

We next examined aromatic electron rich nucleoghi&hen 1,2,3-trimethoxybenzene (10 mol eq.) was
employed in the reaction a with MsCIl in CHC} in the presence of B (Scheme 3), (3a,8a-
cis)-1,2,3,3a,8,8a-hexahydro-1-trifluoroacetyl-3a-(2;8imethoxyphenyl)pyrrolo[2,®]indole (10), 3, 6,

1, and (3a,8a&is)-1,2,3,3a,8,8a-hexahydro-1-trifluoroacetyl-3a-Nb{trifluoroacetyl)aminoethylindol-1-
yl]pyrrolo[2,3-bjindole (118 were formed in 2, 15, 4, 4, and 13% yields, respely. Further treatment
of 11awith NaHCQ affordedl1bin 67% vyield.

Under similar reaction conditions with anisole asnacleophile, (3a,8as)-1,2,3,3a,8,8a-hexa-
hydro-3a-(4-methoxyphenyl)-1-trifluoroacetylpyrri2g3-bjindole (12), 3, 1, and1lawere isolated in the



respective yields of 5, 18, 6, and 10%2 was easily converted to (3a,8a)-1,2,3,3a,8,8a-hexa-
hydro-3a-(4-methoxyphenyl) pyrrolo[23indole (13) in 94% vyield by the treatment with aq. NaH{£O

In the case of employing phenol as a nucleophil8a,8aeis)-1,2,3,3a,8,8a-hexahydro-3a-
(4-hydroxyphenyl)- 14) and -3a-(2-hydroxyphenyl)-1-trifluoroacetylpyrof?,3-bjindole (15 were
produced in addition t6, 1, and1lain 3, 5, 4, 8, and 8% vyields, respectively. Thenpound14 was
derived tol2in 73% yield by the reaction with GN,.
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Since pyrrole is a good nucleophile, expected prody3a,8aeis)-1,2,3,3a,8,8a-hexahydro-3a-
(pyrrol-2-yD)-1-trifluoroacetylpyrrolo[2,3]indole (16), was obtained in rather better yield (29%)
compared to the above produci12, 14, 15 together with3, 1, andl1lain 6, 7, and 8% vyields,
respectively. Formation of the other expected isgmegrrol-3-yl isomer 17), was not detected at all.
Treatment ofl6 with Ac,O-pyridine afforded (3a,8ais)-8-acetyl-1,2,3,3a,8,8a-hexahydro-3a-(pyrrol-2-
y)-1-trifluoroacetylpyrrolo[2,3b]indole (18) in 83% vyield.

[ll. Structural determination of products (Scheme 4



Structures of various products reported in the als®ctions were determined spectroscopically. $e<a
where spectroscopically more than two structuresewmossible candidates, the product was led to
suitable derivative which could prove its structure

The high resolution MS and other spectral datd ahd5 show the presence of an extra indole moiety in
both molecules. In th&H-NMR spectra4 and5 show characteristic C-(8a) proton signab&at63 and
5.92, respectively, proving the presence of hexadpydrolo[2,3b]indole skeleton. In additiorg has a
long-range coupled doublet protod=2.5 Hz) atd6.93 and is assigned to be C(2')-proton, which is
unusually shielded compared to the usual indold-x@ton ! In the spectrum of, a double doublets
proton §=2.2 and 0.7 Hz) resonatesdt48, which is attributed to the C(3')-proton. Hirictures o#
and5 were further confirmed by treating them with,®cand pyridine to provide the acetyl derivatives
(20 and19) in the respective yields of 97 and 51% (Schemé&m these data and5 were deduced to
be indol-2-yl and indol-3-yl isomers, respectively.

Repeated recrystallization dfformed suitable prisms for X-ray single crystatimghic analysis and the
structure was determined unequivocally as showfkigure 1. Since the indol-2-yl structure 4fis
established, then it determines that the other ésd®) is the indol-3-yl isomer. The preferred formation

of 5to4is in accord with the well-known positional ordet2 for the reactivity of unsubstituted indole.

H
: N: »
Ac,O-pyridine 5 Ac,O-pyridine X-ray
. 4 . _
5 51% (I I J ) [I I ] 97% Analysis

DMSO A coc:F3 A coc:F3

130 °C /
89%
NaH FacOCHN AcHN NHAC /
KoCO,
( m @T (m
AN 80%

H H COCF3
8 9
Aczo-pyridinf/
NaO e ACZO 80% NaHCO,, MeOH, reflux 98% )N
Aczo-pyridine e N
/ oAc 17% 71%  oAc
: N N Ac,0- : : NGN™ NaHCo, : C:::
2 H
oyridine MeOH A+ coc:F3 N COCF3
26 \ 99% 25 19% / 24 80% 23\ 62% 26% / 22

Ac,0O-pyridine, rt  96% Ac,0O-pyridine, 55 °C

Scheme 4



The structure of6 was proved as reported in the previous pamsr converting it to 1-acetyl-
6-mesyloxyNb-trifluoroacetyltryptamine 41) in 25% vyield by the treatment with NaH-AcCl. The
compound T) has a ring opened structure ©flt was proved by isolating in 89% vyield wherb was
heated in DMSO at 130C.

To establish the structure 8f it was converted to the common compound for stirat determination by
series of reactions. First9 was led to (3a,8ais)-3a-acetoxy- Z2) and -8-acetyl-1,2,3,3a,8,8a-
hexahydro-1-trifluoroacetylpyrrolo[2,B8lindole 23) in 71 and 17% yields, respectively, by the reacti
with Ac,O-pyridine at rt. Treatment &2 with Ac,O-pyridine at 55 C afforded23 in 62% yield together
with 26% vyield of recovery. Hydrolysis of triflucacetyl group of23 with aq. NaHCQ at rt provided
(3a,8aceis)-3a-acetoxy-8-acety-1,2,3,3a,8,8a-hexahydds) @nd (3a,8ais)-8-acety-1,2,3,3a,8,8a-hexa-
hydro-3a-hydroxypyrrolo[2,3]indole 25) in 80 and 19% yields, respectively. At the refllonditions
23 gave 98% vyield of25. Treatment of botl24 and 25 with Ac,O-pyridine at rt furnished (3a,8a-
cis)-3a-acetoxy-1,8-diacetyl-1,2,3,3a,8,8a-hexahydnapg[2,3-bjindole 26) in the respective yields of
99 and 96%.

On the other han®6 was obtained fror27** by the treatment with A©-NaOAc. Aside from this26
was produced by the treatment with,®epyridine in 80% yield from (3a,8as)-1-acetyl-1,2,3,3a,8,8a-
hexahydro-3a-hydroxypyrrolo[2 Blindole 29), which was derived in 80% yield from 8b-(2-adety
aminoethyl)-2,2-dimethyl#4-1,3-dioxolo[4,5b]indole 28) by the treatment with ¥CO;. Since the
structure of a derivative &8 is determined by X-ray single crystallographiclgsia as reported in our
previous papel” the structure of common compour) is established.

In conclusion, 1-hydroxyNb-trifluoroacetyltryptamine is a suitable startingaterial for obtaining novel
type of (3a,8a&is)-1,2,3,3a,8,8a-hexahydropyrrolo[2)Bndoles carrying aromatic and/or heteroaromatic
substituent at the 3a position. Among this familgmibers are core structures of Leptosins A-khich
are cytotoxic substances against P-388 lymphodstikemia cell line comparable to that of mytomycin

C. Therefore, we expect that compounds shown sh\ghper would have a useful biological activity.

Experimental

Melting points were determined on a Yanagimoto miarelting point apparatus and are uncorrected.
Infrared (IR) spectra with a Shimadzu IR-420, a n®&fdzu IR-460, and a Horiba FT-720
spectrophotometer and proton nuclear magnetic egmentH-NMR) spectra with a JEOL JNM-GSX
500 spectrometer with tetramethylsilane as annalestandard. Mass spectra (MS) were recorded on a
JEOL SX-102A spectrometer. Column chromatography mexformed on silica gel (S}0100-200 mesh,
from Kanto Chemical Co. Inc.) throughout the préss#ndy. The solution of diazomethane (Bk) in
diethylether (EO) was prepared as follows: a solution of potasshydroxide (KOH) (5.50 g, 98.0



mmol) in HO (8.0 mL) was placed in a 500 mL round bottomkilaed cooled in an ice bath. The 95%
EtOH (25 mL), E£O (60.0 mL), ang-tolylsulfonylmethylnitrosoamide (21.5 g, 100 mmalere added
and the whole was slowly distilled to give the@tsolution including about 3 g of GN,. Anhydrous
N,N-dimethylformamide (DMF), tetrahydrofuran (THF),da@HCEk were prepared by distillation over
calcium hydride, sodium, and calcium chloride, ezsdvely.

Reaction of 1-hydroxyNb-trifluoroacetyltryptamine (2) with indole as a nucleophile:
1,2,3,8-Tetrahydro-1-trifluoroacetylpyrrolo[2,3-bjindole (3), (3a,8a€is)-1,2,3,3a,8,8a-hexahydro-
3a-(indol-2-yl)-1-trifluoroacetyl- (4), -3a-(indol-3-yl)-1-trifluoroacetyl- (5), (3a,8a<is)-3a-(4-chloro-
butoxy)-1,2,3,3a,8,8a-hexahydro-1-trifluoroacetylpgrolo[2,3-bJindole (8), 6-mesyloxyNb-trifluo-
roacetyltryptamin (6), 3H-3-(indol-3-yl)-Nb-trifluoroacetyltryptamine (7) from 2 — [Table 1, Entry

4]: A solution of MsCl (232.9 mg, 1.99 mmol) in anhydsoTHF (2.0 mL) was added to a solutior2of
(419.9 mg, 1.54 mmol) and indole (542.6 mg, 4.73atymm anhydrous THF (14.0 mL) ands&t (1.6 mL,
11.5 mmol) at 0 °C and the mixture was stirred &CGor 1 h. After addition of FD under ice cooling,
the whole was extracted with CHEMeOH (95:5, v/v). The extract was washed with &ridried over
NaSO,, and evaporated under reduced pressure to leaw#, avhich was column-chromatographed on
SiO, successively with CHGHhexane (1:1, v/iv), CHglICHCkL-MeOH (95:5, v/v), EtOAc—hexane (1:5,
v/v), and EtOAc—hexane (1:2, v/v) to gi8€107.7 mg, 28%)8 (31.9 mg, 6%)4 (31.4 mg, 6%)5 (86.3
mg, 15%),7 (23.4 mg, 4%), and (29.4 mg, 5%) in the order of elutioB: mp 238.0—240.0 °C
(decomp., colorless plates, recrystallized fromyCl-hexane). IR (KBr): 3370, 1670, 1446, 1351, 1278,
1233, 1203, 1139, 1069, 746 ¢rmtH-NMR (CDCL) &: 3.30 (2H, t,J=7.4 Hz), 4.71 (2H, t)=7.4 Hz),
7.15 (1H, dtJ=1.6, 6.9 Hz), 7.18 (1H, di=1.6, 6.9 Hz), 7.36 (1H, dd=1.6, 6.9 Hz), 7.42 (1H, dd,
J=1.6, 6.9 Hz), 9.11 (1H, br s). High resolution M$z Calcd for GHoFsN,O: 254.0666. Found:
254.0662.4: mp 223.0—225.0 °C (decomp., colorless prismstystallized from CHG). IR (KBr):
3365, 1676, 1605, 1482, 1465, 1453, 1205, 11839,1745 cni. 'H-NMR (CDCl) &: 2.60 (1/11H, dd,
J=12.5, 5.6 Hz), 2.76 (10/11H, d&:12.5, 5.6 Hz), 2.81 (1/11H, td=12.5, 7.8 Hz), 2.93 (10/11H, td,
J=12.5, 7.8 Hz), 3.34 (1/11H, td=12.5, 5.6 Hz), 3.45 (10/11H, td=12.5, 5.6 Hz), 4.10 (10/11H, m),
4.32 (1/11H, m), 4.54 (1/11H, s, disappeared ontiaadof D,O), 5.30 (10/11H, s, disappeared on
addition of BO), 5.63 (10/11H, s), 5.75 (1/11H, s), 6.48 (10/1dd, J=2.2, 0.7 Hz), 6.50 (1/11H, dd,
J=2.2, 0.7 Hz), 6.76 (1/11H, d=7.6 Hz), 6.78 (10/11H, d=7.6 Hz), 6.83 (10/11H, dd=7.6, 1.0 Hz),
6.86 (1/11H, dtJ=7.6, 1.0 Hz), 7.07 (10/11H, di=7.6, 1.0 Hz), 7.10 (10/11H, br d=7.6 Hz), 7.13
(10/11H, td,J=7.6, 1.0 Hz), 7.19 (10/11H, td=7.6, 1.0 Hz), 7.22 (10/11H, dd=7.6, 1.0 Hz),
7.07—7.24 (5/11H, m), 7.56 (10/11H, di;7.6, 0.7 Hz), 7.58 (1/11H, ddz7.6, 0.7 Hz), 7.77 (1/11H,
br s), 7.94 (10/11H, br s). High-resolution M#z Calcd for GoH16F3N30: 371.1246. Found: 371.1244.



5: colorless oil. IR (film): 3405, 1681, 1467, 146[R04, 1185, 1145, 744 ém'H-NMR (CDCk) &:
2.47—2.53 (1/6H, m), 2.64—2.70 (5/6H, m), 2.87—2(26H, m), 3.02—3.11 (5/6H, m), 3.32—3.40
(1/6H, m), 3.45—3.52 (5/6H, m), 4.19 (5/6H, m),@-34.36 (1/6H, m), 4.71 (1/6H, br s, disappeared on
addition of BO), 5.25 (5/6H,br s, disappeared on addition gD 5.92 (5/6H, s), 6.00 (1/6H, br s), 6.90
(5/6H, d,J=2.5 Hz), 6.93 (1/6H, dI=2.5 Hz), 7.06—7.12 (1/6H, m), 7.09 (5/6H, ddd8.1, 7.1, 1.0 Hz),
7.12—7.26 (8/6H, m), 7.16 (5/6H, t37.6, 1.2 Hz), 7.22 (5/6H, d=7.6 Hz), 7.36 (5/6H, d=8.1 Hz),
7.38 (1/6H, dJ=8.1 Hz), 7.39 (1/6H, dI=8.1 Hz), 7.54 (5/6H, dI=8.1 Hz), 8.02 (5/6H, br s), 8.05 (1/6H,
br s). High-resolution MSWz Calcd for GoH16F3N3O: 371.1245. Found: 371.1246: mp 114.5—
115.5 °C (colorless needles, recrystallized from,@CkH-hexane). IR (KBr): 3430, 3340, 1700, 1563,
1349, 1206, 1172, 1119, 976, 952, 870" ch-NMR (CDCk) &: 3.04 (2H, t,J=6.6 Hz), 3.15 (3H, s),
3.67 (2H, qJ=6.6 Hz), 6.37 (1H, br s), 7.05 (1H, 8.8 Hz), 7.11 (1H, s), 7.37 (1H, s), 7.58 (1H, d,
J=8.8 Hz), 8.26 (1H, br s). High resolution M#&z Calcd for GsH13F3N,0O,S: 350.0547. Found:
350.0539.7: very pale yellow oil. IR (film): 3402, 1709, 1213180, 1167, 746 cm 'H-NMR
(DMSO-dg) &: 3.00 (2H, tmJ=8.1 Hz), 3.39—3.41 (2H, m), 7.02 (1H, ddd8.0, 7.0, 1.1 Hz), 7.07 (1H,
ddd,J=8.0, 7.0, 1.1 Hz), 7.11 (1H, dddk8.0, 7.0, 1.1 Hz), 7.19 (1H, ddd:8.0, 7.0, 1.1 Hz), 7.38 (1H,
d, J=8.0 Hz), 7.48 (1H, d}=8.0 Hz), 7.55 (1H, dJ=8.0 Hz), 7.64 (1H, d}=2.4 Hz), 7.72 (1H, dJ=8.0
Hz), 9.62 (1H, br tJ=5.6 Hz disappeared on addition of@), 11.0 (1H, s), 11.5 (1H, br s, disappeared
on addition of DO). High-resolution MSwz Calcd for GoH16F3N3O: 371.1245. Found: 371.1248.
colorless oil. IR (film): 3370, 2940, 1694, 161286, 1471, 1255, 1206, 1145, 1101, 1066, 750.cm
'H-NMR (CDClk) &: 1.60—1.69 (2H, m), 1.75—1.83 (2H, m), 2.34—2.216H, m), 2.47—2.59 (10/6H,
m), 3.15 (1H, dtJ=8.8, 6.4 Hz), 3.30 (1H, di=8.8, 6.4 Hz), 3.36 (1H, df=6,4, 11.2 Hz), 3.49 (2H, t,
J=7.8 Hz), 3.95—3.98 (5/6H, m), 4.14—A4.18 (1/6H, ®m)p2 (5/6H, s), 5.64 (1/6H, d=2.0 Hz), 6.65
(1H, d,J=7.8 Hz), 6.85 (1H, t)=7.8 Hz), 7.22 (1H, t}=7.8 Hz), 7.23 (1H, dJ=7.8 Hz). High resolution
MS nvz: Calcd for GeH1sCIFsN2O,: 364.0978 and 362.1008. Found: 364.1003 and 382.10

[Entry 1] A solution of MsCI (67.0 mg, 0.59 mmol) in benzgiied mL) was added to a solution »f
(119.0 mg, 0.44 mmol) and indole (155.0 mg, 1.32athyrm benzene (3.0 mL) and 4&t (0.4 mL, 2.87
mmol) at 0 °C and the mixture was stirred at 0°€ Xoh. After the same work-up and separation as
described in Entry 43 (19.9 mg, 18%)5 (6.7 mg, 4%), and (6.7 mg, 4%) were obtained in the order of
elution.

[Entry 2] A solution of MsCI (73.4 mg, 0.64 mmol) in anhydso€CHCE (1.0 mL) was added to a
solution of2 (113.5 mg, 0.42 mmol) and indole (146.1 mg, 1.2Bak) in anhydrous CHGI(3.0 mL) and
EtN (0.4 mL, 2.87 mmol) at 0 °C and the mixture wingedd at 0°C for 1 h. After the same work-up and
separation as described in Entry34,15.2 mg, 14%)4 (7.1 mg, 5%)5 (33.1 mg, 21%), an@ (5.7 mg,



4%) were obtained in the order of elution.

[Entry 3] A solution of MsCI (60.3 mg, 0.53 mmol) in anhydsoQICHCH,CI (1.0 mL) was added to a
solution of2 (111.6 mg, 0.41 mmol) and indole (143.7 mg, 1.28af) in anhydrous CICKCH,CI (3.0
mL) and EfN (0.4 mL, 2.87 mmol) at 0 °C and the mixture waged at O °C for 1 h. After the same
work-up and separation as described in Enti¥(@,3.8 mg, 13%)4 (7.6 mg, 5%)5 (16.4 mg, 11%), and
6 (3.8 mg, 3%) were obtained in the order of elution

[Entry 5] A solution of MsCI (59.4 mg, 0.52 mmol) in anhydsoDMF (1.0 mL) was added to a solution
of 2(101.0 mg, 0.37 mmol) and indole (131.9 mg, 1.18at) in anhydrous DMF (3.0 mL) and &k (0.4
mL, 2.87 mmol) at 0 °C and the mixture was stiregd0 °C for 1 h. After the same work-up and
separation as described in Entry8428.2 mg, 30%)4 (1.6 mg, 1%)5 (9.8 mg, 7%), ané (1.9 mg, 2%)
were obtained in the order of elution.

[Entry 6] A solution of MsCI (59.2 mg, 0.52 mmol) in MeCN @1mL) was added to a solution 2f
(107.8 mg, 0.39 mmol) and indole (137.8 mg, 1.18atyrm MeCN (3.0 mL) and BN (0.4 mL, 2.87
mmol) at 0 °C and the mixture was stirred at 0 6C I h. After the same work-up and separation as
described in Entry 43 (10.0 mg, 10%)4 (1.5 mg, 1%),5 (12.2 mg, 8%), and (5.8 mg, 6%) were
obtained in the order of elution.

[Entry 7] A solution of MsCI (57.5 mg, 0.50 mmol) in anhydsoMeNHCHO (1.0 mL) was added to a
solution of2 (108.2 mg, 0.39 mmol) and indole (140.5 mg, 1.2@ah) in anhydrous MeNHCHO (3.0
mL) and EfN (0.4 mL, 2.87 mmol) at 0 °C and the mixture waged at 0 °C for 1 h. After the same
work-up and separation as described in Entry8 41.7 mg, 2%),4 (1.1 mg, 1%),5 (4.4 mg, 4%),
(3a,8a€ig)-1,2,3,3a,8,8a-hexahydro-3a-hydroxy-1-trifluordstmyrrolo[2,3-blindole Q) (21.2 mg, 20%),
and unreacte@ (22.0 mg, 20%) were obtained in the order of elutd: mp 115.0—115.5 °C (colorless
prisms, recrystallized from CH&lhexane). IR (KBr): 3336, 3282, 1697, 1685, 1462501 1201, 1147,
750 cnit. 'H-NMR (DMSO-ds, 120°C)8: 2.14—2.53 (2H, m), 3.22—3.43 (1H, m), 3.84—4.08I(m),
5.36 (1H, br s), 5.56 (1H, br s), 6.26 (1H, br&hO0 (1H, d,J=7.6 Hz), 6.69 (1H, br t}=7.6 Hz), 7.06
(1H, t,J=7.6 Hz), 7.21 (1H, dJ=7.6 Hz). High-resolution M®&Vz Calcd for G,H11F3NO,: 272.0773.
Found: 272.0772.

[Entry 8] A solution of MsCl (63.3 mg, 0.55 mmol) in anhydso€CHCE (1.0 mL) was added to a
solution of2 (111.7 mg, 0.41 mmol) and indole (481.0 mg, 4.1iah) in anhydrous CHGI(3.0 mL) and
EtN (0.4 mL, 2.87 mmol) at 0 °C and the mixture wised at O °C for 1 h. After the same work-up and
separation as described in Entry344.4 mg, 4%)4 (10.3 mg, 7%)5 (46.1 mg, 30%)and6 (1.9 mg,
1%) were obtained in the order of elution.

[Entry 9] A solution of MsCI (57.4 mg, 0.50 mmol) in anhydsoQICH.CH,CI (1.0 mL) was added to a
solution of2 (103.8 mg, 0.38 mmol) and indole (444.7 mg, 3.88al) in anhydrous CICKCH,CI (3.0



mL) and EfN (0.4 mL, 2.87 mmol) at 0 °C and the mixture waged at O °C for 1 h. After the same
work-up and separation as described in Ently @.4 mg, 8%)4 (7.3 mg, 5%)5 (25.5 mg, 18%), ané@
(2.3 mg, 2%) were obtained in the order of elution.

[Entry 10] A solution of MsCI (59.3 mg, 0.52 mmol) in anhydsoEtOAc (1.0 mL) was added to a
solution of2 (111.7 mg, 0.41 mmol) and indole (479.8 mg, 4.10ak) in anhydrous EtOAc (3.0 mL)
and EgN (0.4 mL, 2.87 mmol) at 0 °C and the mixture wiaged at O °C for 1 h. After the same work-up
and separation as described in Entr@ 6.4 mg, 6%)4 (11.1 mg, 7%)5 (38.6 mg, 25%)and6 (4.9 mg,
3%) were obtained in the order of elution.

7 from 5 — A solution of5 (10.0 mg, 0.03 mmol) in DMSO (2.0 mL) was stirred.80 °C for 3 h. After
addition of HO and EtOAc, the organic layer was washed witl ldnd brine, dried over MaQ,, and
evaporated under reduced pressure to leave awhith was column-chromatographed on Sifith
EtOAc—hexane (1:5, v/v) to give(8.9 mg, 89%).
(3a,8a¢€is)-1,2,3,3a,8,8a-Hexahydro-1-trifluoroacetyl-3a-(2,3-trimethoxyphenyl) pyrrolo[2,3-b]in-
dole (10), and (3a,8a&is)-1,2,3,3a,8,8a-hexahydro-1-trifluoroacetyl-3a-[3Nb-trifluoroacetyl)-
aminoethylindol-1-yl]pyrrolo[2,3- b]indole (11a) from 2 —A solution of MsCI (55.1 mg, 0.48 mmol)
in anhydrous CHGI (1.0 mL) was added to a solution &f(100.1 mg, 0.37 mmol) and 1,2,3-tri-
methoxybenzene (619.0 mg, 3.69 mmol) in anhydrdd€leg (3.0 mL) and EN (0.4 mL, 2.87 mmol) at
0 °C and the mixture was stirred at 0 °C for 1 fteAaddition of HO under ice cooling, the whole was
extracted with CHGFMeOH (95:5, v/v). The extract was washed with &ridried over N&O,, and
evaporated under reduced pressure to leave anwhibth was column-chromatographed on SiO
successively with CHGthexane (1:1, v/iv), CHgtMeOH (98:2, v/v), and EtOAc—hexane (1:5,v/v) to
give 3 (14.2 mg, 15%)10 (2.4 mg, 2%)11a(11.8 mg, 13%)1 (4.0 mg, 4%), ané (5.4 mg, 4%) in the
order of elution.10: colorless oil. IR (film): 1684, 1466, 1203, 1144103, 752 cm. ‘H-NMR
(DMSO-ds, 120°C)d: 2.36—2.58 (1H, m), 2.71—2.92 (1H, m), 3.19—3.3#(m), 3.65 (3H, br s), 3.74
(3H, s), 3.77 (3H, s), 3.90—4.10 (1H, m), 5.86 (brs), 6.37 (1H, br s), 6.61—6.70 (2H, m), 6.66 (1
d, J=8.8 Hz), 6.87 (1H, dJ=8.8 Hz), 7.01 (1H, tJ)=7.3 Hz), 6.99—7.10 (1H, m). High-resolution MS
m/z: Calcd for GiH21F3N2O4: 422.1453. Found: 422.144Bla colorless oil. IR (film): 1689, 1209, 1186,
1153, 752 crit. *H-NMR (DMSO-ds, 120 °C)&: 2.58—3.03 (4H, m), 3.27—3.47 (1H, m), 3.42 (2H, q
J=6.6 Hz), 4.02—4.12 (1H, m), 5.87 (1H, br s), 6.68+5 (3H, m), 7.00—7.07 (2H, m), 7.11 (1H, t,
J=8.2 Hz), 7.16 (1H, tJ=8.2 Hz), 7.21 (1H, dJ=8.2 Hz), 7.26 (1H, d]=8.2 Hz), 7.49 (1H, d]=8.2 Hz),
8.96 (1H, br s). High-resolution M@z Calcd for G4H20FsN4O2: 510.1490. Found: 510.1486.
(3a,8a¢€is)-1,2,3,3a,8,8a-Hexahydro-3a-[3Nb-trifluoroacetyl)aminoethylindol-1-yl]pyrrolo[2,3- b]-
indole (11b) from (11a) —Sat. ag. NaHC®(2.0 mL, 2.1 mmol) was added to a solutionlaf (25.3
mg, 0.05 mmol) in MeOH (4.0 mL) and the mixture vetisred at rt for 3 h. After addition of @, the



whole was extracted with CHEIThe extract was washed with brine, dried overS@, and evaporated
under reduced pressure to leave an oil. Thgd ldyer was evaporated under reduced pressurave le
an oil. These oils were combined and column-chrographed on Si@with CHCk—MeOH (97:3, v/v)
to give 11b (13.8 mg, 67%)11b: colorless oil. IR (film): 1709, 1213, 1182, 116M46 cni. 'H-NMR
(CDCl3) &: 2.36—2.42 (1H, m), 2.61—2.70 (1H, m), 2.85 (2HJt6.6 Hz), 2.94—3.02 (1H, m),
3.22—3.30 (1H, m), 3.48—3.60 (2H, m), 4.20 (1Hsbdisappeared on addition 0@, 5.31 (1H, s),
6.26 (1H, br s), 6.59 (1H, d=7.7 Hz), 6.64 (1H, s), 6.83 (1H,X7.7 Hz), 7.11 (1H, tJ=7.7 Hz), 7.19
(QH, t,J=7.7 Hz), 7.24 (1H, t)=7.7 Hz), 7.33 (1H, dJ=7.7 Hz), 7.38 (1H, dJ=7.7 Hz), 7.46 (1H, d,
J=7.7 Hz). High-resolution M&Vz Calcd for G,H21F3N4O: 414.1668. Found: 414.1647.
(3a,8a¢€i9)-1,2,3,3a,8,8a-Hexahydro-3a-(4-methoxyphenyl)-1ittuoroacetylpyrrolo[2,3- blindole

(12) from 2 — A solution of MsClI (56.8 mg, 0.49 mmol) in anhydsoCHC} (1.0 mL) was added to a
solution of2 (99.4 mg, 0.37 mmol) and anisole (2 mL, 18.4 mnmwlanhydrous CHGI(1.0 mL) and
EtN (0.4 mL, 2.87 mmol) at 0 °C and the mixture wisexd at O °C for 1 h. After addition ofJ@ under
ice cooling, the whole was extracted with CE@lIeOH (95:5, v/v). The extract was washed with &rin
dried over NgS(Q,, and evaporated under reduced pressure to leaveoilanwhich was
column-chromatographed on Si@ith EtOAc—-hexane (1:7, v/v) to givé(16.5 mg, 18%)12 (6.0 mg,
5%), 11a (9.6 mg, 10%), and (6.0 mg, 6%) in the order of elutioh2 colorless oil. IR (film): 1684,
1252, 1186, 1144 cth *H-NMR (CDCk) &: 2.52—2.58 (1/11H, m), 2.61—2.67 (1/11H, m), 2.67:80
(20/11H, m), 3.22—3.31 (1/11H, m), 3.38 (10/11H,Xl11.3, 6.2 Hz), 3.79 (30/11H, s), 3.88 (3/11H, s),
4.01—4.09 (10/11H, m), 4.24—4.30 (1/11H, m), 4.6A.(H, br s, disappeared on addition g0 5.22
(10/11H, br s, disappeared on addition @Oy 5.65 (10/11H, s), 5.71 (1/11H, br s), 6.68 (8H)=7.5
Hz), 6.79 (10/11H, td)=7.5, 0.8 Hz), 6.77—6.87 (1/11H, m), 6.83 (20/18k, J=8.9 Hz), 6.85 (2/11H,
dm, J=8.9 Hz), 7.01 (1/11H, dI=7.5 Hz), 7.06 (10/11H, dI=7.5 Hz), 7.12 (10/11H, tdi=7.5, 1.3 Hz),
7.10—7.15 (1/11H, m), 7.20 (2/11H, dd%8.9 Hz), 7.26 (20/11H, dnd=8.9 Hz). High-resolution MS
m/z: Calcd for GoH17F3N20,: 362.1242. Found: 362.1244.
(3a,8a¢is)-1,2,3,3a,8,8a-Hexahydro-3a-(4-methoxyphenyl)pyrto[2,3-bjindole (13) from 12 — Sat.
ag. NaHCQ (0.5 mL, 0.53 mmol) was added to a solutiord®{6.2 mg, 0.02 mmol) in MeOH (1.0 mL)
and the mixture was refluxed for 40 min with stigi The solvent was evaporated under reduced peessu
to leave a solid, which was column-chromatograptre&iQ with CHCk—MeOH (95:5, v/v) to givd3
(4.3 mg, 94%)13: pale yellow oil. IR (film): 2929, 1606, 1512, 125746 crit. *H-NMR (CDCL) &:
1.56—2.05 (2H, m, disappeared on addition ¢®p 2.41 (1H, ddJ=11.5, 5.1 Hz), 2.49 (1H, td=11.5,
6.6 Hz), 2.81 (1H, td)J=11.5, 5.1 Hz), 3.21 (1H, dd=11.5, 6.6 Hz), 3.77 (3H, s), 5.12 (1H, s), 6.68,(1
d, J=7.6 Hz), 6.70 (1H, t)=7.6 Hz), 6.82 (2H, dm]=8.7 Hz), 6.93 (1H, dd]=7.6, 0.9 Hz), 7.04 (1H, td,



J=7.6, 0.9 Hz), 7.25 (2H, dmJ=8.7 Hz). High-resolution M3wz Calcd for G/H1gN,O: 266.1419.
Found: 266.1412.

(3a,8a<€is)-1,2,3,3a,8,8a-Hexahydro-3a-(4-hydoroxyphenyl)- 4) and -3a-(2-hydoroxyphenyl)-
1-trifluoroacetylpyrrolo[2,3- blindole (15) from 2 — A solution of MsCI (226.7 mg, 1.99 mmol) in
anhydrous CHGI(1.0 mL) was added to a solutionf107.2 mg, 0.39 mmol ) and phenol (370.5 mg,
3.94 mmol) in anhydrous CHE(3.0 mL) and BN (0.27 mL, 1.94 mmol) at 0 °C and the mixture was
stirred at 0 °C for 1 h. After addition of 8 under ice cooling, the whole was extracted with
CHCIs—MeOH (95:5, v/v). The extract was washed with éridried over N&5O,, and evaporated under
reduced pressure to leave an oil, which was colahmomatographed on SjOsuccessively with
CHClz—hexane (2:1, v/v) and EtOAc—hexane (1:5, v/v)it@ §1a (8.0 mg, 8%)1 (7.6 mg, 8%)15(7.4
mg, 5%),14 (4.0mg, 3%), an® (5.1 mg, 4%) in the order of elutioh4: colorless oil. IR (film): 1678,
1203, 1188, 1151, 754 ém'H-NMR (CDCk) &: 2.66—2.79 (2H, m), 3.32—3.41 (1H, m), 4.00—4.09
(1H, m), 4.91 (1H, br s, disappeared on additioB4), 5.21 (1H, br s, disappeared on addition gd])
5.64 (1H, s), 6.68 (1H, d=7.6 Hz), 6.76 (2H, m), 6.79 (1H, t&7.6, 0.6 Hz), 7.05 (1H, d=7.6 Hz),
7.12 (1H, tdJ=7.6, 1.1 Hz), 7.26 (2H, m). High-resolution Mz Calcd for GgH1sF3N>O,: 348.1086.
Found: 348.108615; colorless oil. IR (film): 1709, 1211, 1184, 11650 cn. *H-NMR (CDCk) &:
2.34—2.43 (1H, m), 2.43—2.52 (1H, m), 3.22—3.32 (Ihj, 3.35—3.45 (1H, m), 5.04 (1H, br s), 6.21
(1H, d,J=1.7 Hz, collapsed to s on addition of@®), 6.31 (1H, br s), 6.70 (1H, &7.6 Hz), 6.78 (1H, d,
J=7.6 Hz), 6.81 (1H, td)=7.6, 0.9 Hz), 6.91 (1H, tdl=7.6, 0.9 Hz), 7.09 (1H, td=7.6, 1.3 Hz), 7.12
(1H, td, J=7.6, 1.3 Hz), 7.19 (1H, dI=7.6 Hz), 7.32 (1H, dd}=7.6, 1.3 Hz). High-resolution M8Vz:
Calcd for GgH1sF3N20,: 348.1085. Found: 348.1084.

12 from 14 —Excess ChN; in ELO was added to a solution b4 (3.7 mg, 0.01 mmol) in MeOH (0.5
mL) and the mixture was stirred at rt for 30 mimeTsolvent was evaporated under reduced pressure to
leave an oil, which was column-chromatographed i@y %ith CHCk—hexane (2:1, v/v) to givé2 (2.8
mg, 73%).

(3a,8a<€is)-1,2,3,3a,8,8a-Hexahydro-3a-(pyrrol-2-yl)-1-trifiloroacetylpyrrolo[2,3-blindole (16) from

2 — A solution of MsCl (60.1 mg, 0.53 mmol) in anhydso@HCE (1.0 mL) was added to a solutionf
(106.2 mg, 0.39 mmol ) and pyrrole (263.6 mg, 31880l) in anhydrous CHEI(3.0 mL) and EN (0.4
mL, 2.87 mmol) at 0 °C and the mixture was stire@éd °C for 1 h. After addition of # under ice
cooling, the whole was extracted with CH&@eOH (95:5, v/v). The extract was washed with &fin
dried over NaSQ, and evaporated under reduced pressure to leaveoinwhich was
column-chromatographed on Si@ith EtOAc—hexane (1:5, v/v) and CHEMeOH (99:1, v/v) to give
(5.6mg, 6%),16 (36.5mg, 29%)11a (8.3 mg, 8%), and (6.9mg, 7%) in the order of elutiod6:



colorless oil. IR (film): 1684, 1483, 1468, 1205188, 1747, 754 cth H-NMR (DMSO-dg) &:
2.34—2.70 (2H, m), 3.04—3.13 (1/5H, m), 3.16—3.275Hd, m), 3.90—3.98 (4/5H, m), 3.99—4.06
(1/5H, m), 5.61 (4/5H, s), 5.62—5.67 (1H, m), 5.6+ (1/5H, m), 5.83—5.89 (1H, m), 6.62 (4/5H, d,
J=7.6 Hz), 6.65 (1/5H, dJ=7.6 Hz), 6.67—6.76 (3H, m), 7.04 (4/5H, 7.6, 1.2 Hz), 7.07 (1/5H, td,
J=7.6, 1.2 Hz), 7.41 (1/5H, d=7.6 Hz), 7.22 (4/5H, d]=7.6 Hz), 10.81 (1H, br s). High-resolution MS
m/z: Calcd for GgH14F3N30: 321.1089. Found: 321.1083.
(3a,8acig)-8-Acetyl-1,2,3,3a,8,8a-hexahydro-3a-(pyrrol-2-yil-trifluoroacetylpyrrolo[2,3- blindole

(18) from 16 —Ac,0 (2.0 mL) was added to a solutiondf (36.2mg, 0.11 mmol) in pyridine (2.0 mL)
and the mixture was stirred at 65 °C for 10 h. $blwent was evaporated under reduced pressurave le
an oil, which was column-chromatographed on,SMh EtOAc—hexane (1:4, v/v) to givi8 (33.9 mg,
83%).18: mp 218.0—220.0 °C (colorless powder, recrystatliZrom EtOAc—hexane). IR (KBr): 3263,
1705, 1662, 1151, 760 ém'H-NMR (CDCk) &: 2.47 (3H, s), 2.62 (1H, dds12.7, 5.3 Hz), 2.78 (1H, td,
J=12.7, 7.5 Hz), 3.22 (1H, td}=12.7, 5.3 Hz), 4.02 (1H, m), 6.02 (1H, s), 6.16226.(2H, m),
6.74—6.78 (1H, m), 7.19—7.28 (2H, m), 7.39 (1H, ddB.1, 7.1, 1.8 Hz), 7.79 (1H, br s, disappeared
on addition of RO), 8.06 (1H, d,J=8.1 Hz).Anal. Calcd for GgH16F3N3O.: C, 59.50; H, 4.44; N, 11.57.
Found: C, 59.61; H, 4.43; N, 11.56.
(3a,8a<is)-8-Acetyl-1,2,3,3a,8,8a-hexahydro-3a-(indol-3-yl)-frifluoroacetylpyrrolo[2,3- blindole

(19) from 5 — Ac,0 (3.0 mL) was added to a solution®{22.0 mg, 0.06 mmol) in pyridine (3.0 mL)
and the mixture was stirred at 62 °C for 9.5 h. Sbvent was evaporated under reduced pressure to
leave an oil, which was column-chromatographedi@p ®ith EtOAc—hexane (1:2, v/v) to givi® (12.5
mg, 51%).19: mp 219.0—220.5°C (colorless prisms, recrystaflilem CHC}). IR (KBr): 3360, 1679,
1479, 1462, 1388, 1206, 1142, 740 tdH-NMR (CDCk) &: 2.41 (3H, s), 2.58 (1H, dd=12.5, 5.1 Hz),
3.04 (1H, td J=12.5, 7.3 Hz), 3.30 (1H, td=12.5, 5.1 Hz), 4.09 (1H, m), 6.43 (1H, br s), 6(IH, d,
J=2.7 Hz), 7.13 (1H, tJ=8.1 Hz), 7.22 (1H, tJ=8.1 Hz), 7.23 (1H, t)=8.1 Hz), 7.30—7.34 (2H, m),
7.38 (1H, tJ=8.1 Hz), 7.39 (1H, d}=8.1 Hz), 8.10 (1H, br s), 8.16 (1H, br s). Higlsatition MSm/z
Calcd for GoH1gF3N3O,: 413.1351. Found: 413.1358nal. Calcd for GoHigF3N3O,- 1/4H0: C, 63.23;
H, 4.34; N, 10.05. Found: C, 63.00; H, 4.37; NJ19.8
(3a,8a<is)-8-Acetyl-1,2,3,3a,8,8a-hexahydro-3a-(indol-2-yl-trifluoroacetylpyrrolo[2,3- blindole

(20) from 4 — Ac,0 (2.0 mL) was added to a solution®{20.5 mg, 0.03 mmol) in pyridine (2.0 mL)
and the mixture was stirred at 63 °C for 10 h. $blwent was evaporated under reduced pressuraue le
an oil, which was column-chromatographed on,SM@h EtOAc—hexane (1:5, v/v) to givgd (22.1 mg,
97 %).20: mp 147.0—150.0 °C (colorless fine needles, rdatysed from CHCl-hexane). IR (KBr):
1709, 1662, 1479, 1394, 1147, 1142, 1124, 750.ci-NMR (CDChk) &: 2.46 (3H, s), 2.71 (1H, dd,



J=12.5, 5.1 Hz), 2.91 (1H, td=12.5, 7.2 Hz), 3.27 (1H, td=12.5, 5.1 Hz), 4.09 (1H, m), 6.19 (1H, s),
6.51 (1H, dd,J=2.2, 0.7 Hz), 7.11 (1H, ddd=8.1, 7.0, 1.1 Hz), 7.17 (1H, ddd&:=8.1, 7.0, 1.1 Hz),
7.21—7.29 (3H, m), 7.38—7.45 (1H, m), 7.58 (1H, dd8.1, 1.1 Hz), 7.94 (1H, br s), 8.11 (1H, d,
J=8.1Hz). High-resolution M&Vz Calcd for G,H1gF3N30,: 413.1351. Found: 413.1351.
1-Acetyl-6-mesyloxyNb-trifluoroacetyltryptamine (21) from 6 — Reported in our previous paper.
(3a,8acis)-3a-Acetoxy- (22) and (3a,8a&is)-3a-acetoxy-8-acetyl-1,2,3,3a,8,8a-hexahydro-14ttio-
roacetylpyrrolo[2,3-bjindole (23) from 9 —Ac,0 (5.0 mL) was added to a solution®§40.9 mg, 0.15
mmol) in pyridine (5.0 mL) and the mixture was r&d at rt for 18 h. The solvent was evaporated unde
reduced pressure to leave an oil, which was colahmomatographed on SjOsuccessively with
CHClz—hexane (1:2, v/v/) and CH&lo give 22 (33.5 mg, 71%) an@3 (9.0 mg, 17%) in the order of
elution.22: colorless oil. IR (film): 1741, 1693, 1240, 120346 cnt'. *H-NMR (CDCL) &: 2.04 (12/5H,
s), 2.05 (3/5H, s), 2.51—2.60 (1/5H, m), 2.68 (4/%dd,J=12.9, 11.6, 8.3 Hz), 2.77 (1/5H, dis12.4,
6.0 Hz), 3.04 (4/5H, dddi=12.9, 6.2, 1.5 Hz), 3.17 (1/5H, t#;12.4, 6.0 Hz), 3.41 (4/5H, td=11.6, 6.2
Hz), 4.02 (4/5H, m), 4.22 (1/5H, dd&:12.4, 8.3 Hz), 4.81 (1/5H, br 374.0 Hz disappeared on addition
of D,0), 5.18 (4/5H, br s, disappeared on addition gd)) 5.81 (4/5H, dJ=2.0 Hz, collapsed to s on
addition of BO), 5.95—5.98 (1/5H, m), 6.67 (4/5H, #7.6 Hz), 6.69 (1/5H, d]=7.6 Hz), 6.82 (4/5H,
td, J=7.6, 1.1 Hz), 6.86 (1/5H, td=7.6, 1.1 Hz), 7.22 (4/5H, td=7.6, 1.3 Hz), 7.23 (1/5H, td=7.6, 1.3
Hz), 7.41 (1/5H, d,J=7.6 Hz), 7.51(4/5H, d,J=7.6 Hz). High-resolution MSm/zz Calcd for
C14H13F3N205: 314.0878. Found: 314.08823: mp 117.5—118.0 °C (colorless prisms, recrystatliz
from EtOAc-hexane). IR (KBr): 1745, 1701, 1685, 337242, 1133, 758 ¢ 'H-NMR (CDCk) &:
2.05 (3H, s), 2.59 (3H, s), 2.59 (1H, t&12.7, 7.8 Hz), 2.90 (1H, dd=12.7, 5.1 Hz), 3.13 (1H, ddd,
J=12.7, 11.7, 5.1 Hz), 4.00 (1H, m), 6.40 (1H, br&}9 (1H, tdJ=7.4, 1.0 Hz), 7.42 (1H, ddds=8.1,
7.4, 1.2 Hz), 7.53 (1H, dd=8.1, 1.0 Hz), 8.04 (1H, br d=7.4 Hz). High-resolution M&Vz Calcd for
Ci6H15F3N204: 356.0984. Found: 356.099Anal. Calcd for GgHisF3N2O4: C, 53.94; H, 4.24; N, 7.86.
Found: C, 53.98; H, 4.18; N, 7.62.

23 from 22 —Ac,0 (5.0 mL) was added to a solution2# (33.5 mg, 0.10 mmol) in pyridine (5.0 mL)
and the mixture was stirred at 55 °C for 32 h. $blwent was evaporated under reduced pressurave le
an oil, which was column-chromatographed on,;Si@h CHCk-hexane (1:1, v/Vv/) to give unreact2?l
(8.7 mg, 26%) an@3 (23.7 mg, 62%) in the order of elution.
(3a,8a<cis)-3a-Acetoxy-8-acety-1,2,3,3a,8,8a-hexahydro- (24nd (3a,8acis)-8-acety-1,2,3,3a,8,8a-
hexahydro-3a-hydroxypyrrolo[2,3-b]indole (25) from 23 —Sat. ag. NaHC@(4.0 mL, 4.2 mmol) was
added to a solution &3 (39.7 mg, 0.11 mmol) in MeOH (5.0 mL) and the mnetwas stirred at rt for 20
min. The solvent was evaporated under reduced ymesdso leave a solid, which was
column-chromatographed on SiGsuccessively with CHGEMeOH-AcOH (46:1:0.1, v/v) and



CHCI3-MeOH-ACOH (46:10:1, v/v) to give4 (23.3 mg, 80%) an@5 (4.5 mg, 19%) in the order of
elution.24: mp 125.0—126.0 °C (very pale yellow prisms, ratajlized from EtOAc—hexane). IR (KBr):
3315, 1739, 1649, 1483, 1408, 1238, 1047 cthl-NMR (DMSO-ds) &: 1.99 (3H, s), 2.24 (3H, s),
2.29—2.54 (3H, m), 2.97—3.09 (1H, m), 3.37 (1Hsbdisappeared on addition of@), 5.63 (1H, br d,
J=2.2 Hz, collapsed to s on addition o), 7.06 (1H, tdJ=7.6, 1.1 Hz), 7.28 (1H, ddd=8.3, 7.6, 1.1
Hz), 7.45 (1H, ddJ=7.6, 1.1 Hz), 8.01 (1H, d=8.3 Hz).Anal. Calcd for G4H16N.O3: C, 64.60; H, 6.20;
N, 10.76. Found: C, 64.50; H, 6.26; N, 10.83: mp 196.0—197.0 °C (colorless prisms, recrystatliz
from MeOH-EtOAc). IR (KBr): 3342, 3294, 1641, 148B406, 762 crl. ‘H-NMR (CD;OD) §&:
2.28—2.34 (2H, m), 2.31 (3H, s), 2.53—2.63 (1H, ;:1P6—3.14 (1H, m), 5.25 (1H, s), 7.16 (1H, td,
J=7.4, 1.0 Hz), 7.30 (1H, ddd=8.3, 7.4, 1.0 Hz), 7.44 (1H, d=7.4 Hz), 8.12 (1H, dJ=8.3 Hz).Anal.
Calcd for GoH14N202: C, 66.03 H, 6.47; N, 12.84. Found: C, 66.01; M86N, 12.82.

25 from 23 —Sat. aq. NaHC®(4.0 mL, 4.2 mmol) was added to a solutior28f{40.2 mg, 0.11 mmol)
in MeOH (5.0 mL) and the mixture was refluxed fdr @in with stirring. The solvent was evaporated
under reduced pressure to leave a solid, which esehsmn-chromatographed on Si@ith CHChk—
MeOH-ACOH (46:5:0.5, v/v) to giva5 (24.2 mg, 98%).
(3a,8a¢is)-3a-Acetoxy-1,8-diacetyl-1,2,3,3a,8,8a-hexahydropglo[2,3-blindole (26) from 24 —
Ac,0 (2.0 mL) was added to a solutionz#f (18.6mg, 0.07 mmol) in pyridine (4.0 mL) and th&ture
was stirred at rt for 1 h. The solvent was evapatatnder reduced pressure to leave an oil, which wa
column-chromatographed on Si@ith CHCk—MeOH (98:2, v/v/) to give6 (20.8 mg, 96%).

26 from 25 —Ac,0 (3.0 mL) was added to a solution2¥ (29.7 mg, 0.14 mmol) in pyridine (6.0 mL)
and the mixture was stirred at rt for 16 h. Theveot was evaporated under reduced pressure to &ave
oil, which was column-chromatographed on Sidth CHCk-MeOH (98:2, v/v/) to give26 (40.9 mg,
99%).

26 from Nb-acetyl-1-hydroxytryptamine (27) —NaOAc (23.9 mg, 0.29 mmol) was added to a solution
of 27 (31.3 mg, 0.14 mmol) in A© (2.0 mL) and the mixture was stirred at 118-1RQ&dr 4.5 h. After
addition of HBO under ice cooling, the whole was extracted withGG—MeOH (95:5, v/v). The extract
was washed with brine, dried overJS&, and evaporated under reduced pressure to leavit, arhich
was column-chromatographed on Siwith CHCk—MeOH (98:2, v/v) to give26 (20.5 mg, 47%)26:
mp190.0—191.0 °C (colorless prisms, recrystalliztedn CHCk—hexane ). IR (KBr): 3535, 2875, 1742,
1623, 1603, 1477, 1404, 1239, 1043, 904, 789, 68 tH-NMR (DMSO-ds, 60 °C)&: 1.99, (3H, s),
2.04 (3H, br s), 2,43 (3H, s), 2.45—2.58 (1H, mB42(1H, br ddJ=11.5, 4.4 Hz), 2.82 (1H, m), 3.84
(1H, m), 6.34 (1H, br s), 7.16 (1H,X7.6 Hz), 7.35 (1H, tJ=7.6 Hz), 7.52 (1H, dJ=7.6 Hz), 7.86 (1H,
br s). MSm/z: 302 (M). Anal. Calcd for GeH1gN2O4: C, 63.56; H, 6.00; N, 9.27. Found: C, 63.42; H,



6.00; N, 9.17.

(3a,8a-cis)-1-Acetyl-1,2,3,3a,8,8a-hexahydi@a-hydroxypyrrolo[2,3-bjindole  (29) from 8b-(2-
acetylaminoethyl)-2,2-dimethyl-4H-1,3-dioxolo[4,5b]indole (28) —K,CO; (16.6 mg, 0.12 mmol) was
added to a solution &8 (6.5 mg, 0.02 mmol) in MeOH (1.0 mL) and the mietuvas stirred at rt for 45
min. After addition of HO, the whole was extracted with CH&MeOH (95:5, v/v). The extract was
washed with brine, dried over p&0,, and evaporated under reduced pressure to leawi, arhich was
column-chromatographed on Si@ith CHCk—MeOH (97:3, v/v) to give9 (4.1 mg, 80%)29: colorless
oil. IR (film): 3320, 1613, 1470, 1449, 1423, 10862 cni-. 'H-NMR (CDCh) &: 2.03 (3H, s), 2.45 (1H,
s, disappeared on addition of@), 2.41—2.57 (2H, m), 3.25—3.33 (1H, m), 3.67—3(1IH, m), 5.27
(1H, br s, disappeared on addition g, 5.33 (1H, s), 6.63 (1H, d=7.6, 1.0 Hz), 6.81 (1H, td=7.6,
1.0 Hz), 7.19 (1H, tdJ=7.6, 1.2 Hz), 7.31 (1H, dI=7.6, 1.2 Hz). High-resolution M8Vz Calcd for
C12H14N20,: 218.1056. Found: 218.1056.

26 from 29 —Ac,0 (0.5 mL) was added to a solution24 (6.5 mg, 0.03 mmol) in pyridine (1.0 mL) at
0 °C and the mixture was stirred at rt for 8 h. Shlvent was evaporated under reduced pressueave |
an oil, which was column-chromatographed on,Si@h EtOAc to give26 (7.2 mg, 80%).

X-Ray Crystallographic Analysis of 4 —A single crystal (0.20x0.20x0.20 mm) &fwas obtained by
recrystallization from CHGI All measurements was made on a Rigaku AFC5R adiffrmeter with
graphite monochromated @& radiation @=1.54178 A). Crystal data: J6H16FsNzO, M=454.52,
monoclinic, space group21/n ¢14),a=8.8339 (5) Ap=12.1938 (8) Ac=15.7993 (9) A5=93.072 (5)°,
V=1699.4 (2) R z=4, Dcalc=1.451 g/crh F(000)=768, andu(CuKa)=9.40 cm™. The structure was
solved by direct methods using MITHRI£. The non-hydrogen atoms were refined anisotropicalhe
final cycle of full-matrix least-squares refinemewmis based on 1866 observed reflectidn8.000 (1),

260<120.2°) and 308 variable parameters. The firfalement converged witR=0.046 andRw=0.056.
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Table 2. Positional Parameters andB (eq) for 4

atom X y z B (eq)| atom X y z B (eq)
F@) 0.8894 (4) 0.3539 (2) -00913(1) 95() C(16) .2211(5) -0.2951 (4) 0.3706 (3) 5.2 (2
F() 0.9224 (3) 0.4006 (2) 0.0360 (1) 69(1) C@7) 4844 -0.2638 (3) 0.2948 (2) 42 (2
F@) 0.7035 (3) 0.3547 (2) -00115(2) 84(3) C(18) .0716(3) -0.1627 (3) 0.2925 (2) 3.2 (1)
o) 09367 (3) 0.1526 (2) 00456 (1) 45(})) C(19) .8805(3) 0.2115 (3) 0.0073 (2) 3.5 (1
N()  08435(3) 0.1775 (2) 0.0829 (1) 32(1) C(20) 40B(5) 0.3308 (3) 00157 (2)  49(2
N(@  07651(3) -0.0136 (2) 0.0658 (2) 37() H@Q) 654 0.235 (3) 0.141 (2) 4.85 (2
N@)  09933(3) -0.1117 (2) 0.2279 (2) 33()) HE@ 8@ 0.313 (3) 0.143 (2) 4.82 (2
(of ()] 0.7749 (5) 0.2386 (3) 0.1515 (2) 40 HE) B.%) 0.191 (3) 0.278 (2) 4.65 (2
(o] )] 0.8370 (4) 0.1792 (3) 0.2289 (2) 38 H@W 6.64 0.202 (3) 0.246 (2) 4.46 (2
o] 0.8378 (3) 0.0585 (2) 0.2022 (2) 30 HE) 0.6 0.023 (3) 0.318 (2) 411 (2
C@4) 0.6797 (3) 0.0077 (2) 0.1983 (2) 30 H®) 0.8% -0.067 (3) 0.288 (2) 5.31 (2
C(5) 0.5790 (4) -0.0033 (3) 0.2614 (2) 38(d H( 31904 -0.138 (3) 0.150 (2) 6.04 (4
C(6) 0.4432 (4) -0.0568 (3) 0.2429 (3) 463 H@B) 4894 -0.117 (3) 0.044 (2) 473(d)
c() 0.4104 (4) -0.0976 (3) 0.1633 (3) 51 H® 79584 -0.019 (3) 0.021 (2) 4.46 (4)
(o] () 0.5101 (4) -0.0868 (3) 0.0987 (3) 451 H@10) .972(3) 0.038 (2) 0.097 (2) 3.09 (4
C(9 0.6449 (3) -0.0331 (2) 0.1181 (2) 33 H@1) .988(3) -0.136 (2) 0.175 (2) 3.58(d)
C(10)  0.8709 (3) 0.0615 (2) 0.1066 (2) 30h) H@E2 978.3) 0.066 (3) 0.373 (2 4.43 (3
C(11)  0.9450(3) -0.0108 (3) 0.2557 (2) 32() H@3) 115 -0.078 (3) 0.489 (2) 5.69 (3)
C(12)  0.9957 (4) 0.0028 (3) 0.3377 (2) 38(3) H@4) 2714 -0.249 (3) 0.494 (2) 6.35 (9
C(13)  1.0796(3) -0.0923 (3) 0.3630 (2) 36() H@5 1.266(4) -0.362 (3) 0.373(2) 5.70 (3)
C(14)  1.1544(4) -0.1271 (3) 0.4388 (2) 47(}) H(@e) 1.143(3) -0.310 (3) 0.246 (2) 457}
C(15  1.2235(5) -0.2281 (4) 0.4415 (3) 5.4 (D)
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