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Herein, we report the palladium-catalyzed cyclizatreactionf indoles bearing a propar:
chloride side chain at their 3-position. In theesence of an external nucleophile, such
sulfonamides or malonate, indoles bearing a propaggup at their 3-position gavaudec
tetracyclic spiroindolinepreferentially. However, in the absence of an exenucleophile, tt
same substrates afforded spiroindoles. Qttempts to develop a catalytic asymmu
spirocyclization onto a propargylpalladium species also presented in this paper.

2015 Elsevier Ltd. All rights reserved

1. Introduction

The palladium-catalyzed reactions of propargyl compls
provide efficient approaches for the formation aftion-carbon
and carbon-heteroatom borfdshe pioneering work of Tsuji and
co-workers revealed that double nucleophilic addgiproceeded
at the central and terminal carbons of the propargyoiety
when soft carbon- or oxo-nucleophiles were empldydthis
chemistry is particularly useful for the constroatiof carbo- and
heterocyclic frameworks, including furahscyclobutane$,
indenes, cyclopentanonelcyclic carbonate§penzofuran,and
indoles? especially when it is used in combination with aterin
or intramolecular nucleophilic addition reaction ahe
terminating step.

Spirocyclic compounds are currently attracting cdesble
interest in organic chemistry because of their uaignolecular
structure and diverse biological activitiédn particular, enantio-
enriched spiroindoles and spiroindolines represiemportant
structural motifs that can be found in a wide raofjbiologically
active natural products and synthetic compouhds part of our
ongoing efforts towards the construction of hetecticy
frameworks based on the palladium-catalyzed reaxtiof
propargyl/allenic compounds, we recently becamerésted in
the intramolecular nucleophilic addition reactia@isndoles as a
strategy for the synthesis of spiroindoles. It wasisaged that
this strategy would provide facile access to tetwhcy

(Scheme 1, eq. 1, path a). We also expected thmating the
same reaction without using an external nucleophiteuld

promote-hydride elimination (path b) to produce spiroireol
bearing a conjugated diene moiety (eq. 2).
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Scheme 10ur concept: palladium-catalyzed spirocyclizatién o
indole-based propargyl compounds

In 2013, Hamada and co-workers reported the developaie
a palladium-catalyzed intramolecular spirocycliaatof phenol-
based propargylic carbonates (Scheme 2, eq? 3)hen

spiroindolines when it was used in combination witre th tryptamine-derived carbonates were used, this magtioduced

intermolecular nucleophilic cyclization of an extal nucleophile

spiroindoles bearing an azepine moiety. Immediagdter our
communication in 201% the groups of Raw4f and Yod*
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independently reported the intermolecular reactiohédole-  ~ Scheme 3.Preparation of substratés—c. (a) diethyl malonate,
based dual nucleophiles and propargyl carbonategeagral ethyl propiolate, ED, rt; (b) BrCHC=CCH,OTBS, NaH, THF,
strategies for the synthesis of spiroindoles (§glmthis paper, 0 °C to rt; (c) TBAF, THF, 0 °C; (d) NCS, PRICH,Cl,, rt; ()
we report the full details of our recent investigaé into  CICO,Me, pyridine, CHCl,, 0 °C; (f) TrisCl, DMAP, CHCl,,
construction of tetracyclic spiroindolines (eq.ahd conjugated then CuBr-MgS, LiBr, THF, 50 °C; (g}, ethyl propiolate, EO,
diene-type spiroindoles (eq. 2) via the palladitatyzed
cyclization of propargyl chlorides. Our attempts aohieve a

catalytic asymmetric spirocyclization onto a prapdpalladium  Our studies began with a series of screening expatante
species have also been presented. identify the optimal reaction conditions using paogyl chloride
5a as a model substrate (Table 1). The reactio®eofvith 5

mol % Pd(PP¥,, TsNH, and CgCOs; in THF gave spiroindole

Hamada and Nemoto*? 9a, the B-hydride elimination product, in only 20% vyield (gn
CO,Me MeO,C. CO,Me 1). When the reaction was conducted in the presehBamol %
CO;Me P 3 P_d(d_ba) and _ the bidentate Iiganql _1—,1
HO — EE——— bis(diphenylphosphino)ferrocene (dppf), t_he c_ies_l_nmactlpn
proceeded smoothly to afford the tetracyclic spidoiine 8a in
OCO,Me © 47% vyield (entry 2). A variety of different inorganibases
(entries 3-5), ligands (entries 6-10) and solvéensries 11-13)
Rawal**and You'® were also screened against the reaction, and théésresvealed
NuH Nu that the use of 1,4-bis(diphenylphosphino)butar@pl)l as the
Q_C [Pd] \:\ < = @ ligand with CsCO; as the base in THF gave the best results, with
\ P compound3a being isolated ia. 72% yield (entry 9). However,
N R ///OCOZR N R the main problem with these conditions was found eopbor
Nu = NR2 or C(CO,R),™ reproducibility. Operating under the assumption ttie poor
Scheme 2Related palladium-catalyzed spirocyclization react  reproducibility of these conditions was related he purity of
using propargyl compounds Pd(dba), we investigated the use of fiba)- CHC} following

its recrystallization from CHGI'" This change afforded the
desired produddain 72% vyield reproducibly (entry 14).

2. Resuilts and discussion With the optimized conditions in hand, we proceeded

The route used for the preparation of substraées is shown ~€xamine the performance of the reaction in the eures of a
in Scheme 3. In accordance with a literature proeetigramine  Variety of dlﬁerent nucleophiles. The results amnmarlzgq in
(1) was converted to the corresponding malonate The  Table 1 (entries 15-19) and Scheme 4. The reactidh
subsequent alkylation o followed by a desilylation reaction Sulfonamides (e.g., PhgRH,, MtsNH,, NsNH, and MsNH)
afforded propargyl alcohel. Substrate5a and5b were obtained 9ave the corresponding tetracyclic spiroindolin8s—e in
by the reaction of4 with NCS/PPh or CICOMe/pyridine, ~moderate yields (entries 15-18). In contrast, blemaye was
respectively. Bromoallenesc was prepared from propargyl fo.un.d to be inert as the_ extgrnal nucleophile, .\lthldaB-hydnde
alcohol 6 using an established procedure for the formatibn o€limination produc®a being isolated as the major product (entry
bromoallened® The treatment of with TrisCl (Tris = 2,4,6- 19). Interestingly, the use of dimethyl malonate e
trisopropylbenzenesulfonyl) and DMAP gave the coesling  hucleophile resulted in the formation of the regoneric
sulfonate, which was converted to bromoall@nby treatment SPiroindolinel0a (17%) and spiroindol®a (15%) as shown in
with CuBr-SMeg in the presence of LiBr. Finally, the Scheme 4. The use of acetyl acetone, which is a mcidic
introduction of the indole unit t@ was achieved by its reaction €arbon nucleophile than dimethyl malonate, ledridnarease in
with gramine {) in the presence of ethyl propiolate to give the yield of spiroindolinelOb (50%), along with spiroindol®a
bromoallene5c. The other substrates were also prepared in th€20%).
same manner (see Supplementary material). Et0,C

EtO,C
, ) E COEL E1O,C ‘ Eto,c O
' § ) —- (2
79% 53% W H Z
H H H cl H R OO N
1 2 (E = CO,EY) 3 OTBS 5a 10a (R = OMe) (17%) 9a (15%)
. . 10b (R =Me) (50%) 9a (20%)
© : @ or (&) . Scheme 4. Reaction with carbon nucleophiles. Reaction
— \ —_— conditions: ag: .5 mol %), dpp mol %),
y 02% (@ \ diti Pgldba)- CHCE (2.5 | %), dppb (10 | %
88% % i
N7 swme N 4 Cs,CO; and CH(CORY), in THF at rt.
4OH 5a (x=c) < _ _
5b (X = OCO,Me) It is well known that bromoallenes are the synthetic
FE equivalents of propargyl compounds including clides and
E OH 0 E © carbonates in palladium-catalyzed transformati8iwith this in
)\/\ — )\/\ 9, \ N mind, we examined the reactions of propargyl cartBh and
E N e E B 4% N N\ bromoallenesc (Scheme 5). Unfortunately, these reactions gave
6 (E = COEN 7 5c Br> the desired spiroindolin8a in only 8-14% yield. These results

therefore demonstrated that substrates of this gpe less
effective for this reaction than propargyl chlorkke
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Scheme 5. Reaction of carbonat&b and bromoallenesc.
Reaction conditions: B@lba)-CHCEL (2.5 mol %), dppb (10
mol %), TsNH and CsCO; in THF at rt.

Table 1. Optimization of the reaction conditions and thacten with various nitrogen nucleophiles.

EtO,C
o Iigan:JD c(jlt(:Jartﬁol %) EtOEC COEt
\ RNH,, base (2 equiv)
H // solvent N ’
Nh R
5a ¢ (+)-8a—f

entry Pd (mol %) ligand RNHequiv) Base solvent (M) t(eogp ti(r;?)e "/083"e|0a (pFOducza

1 Pd(PPK)4(5) (PPh) TsNH: (1) CsCO; THF (0.1) 60 24 0 20
2 Pd(dba)(5) dppf TsNH: (1) CsCOs THF (0.1) 50 0.5 47 8@) 5

3 Pd(dbay(5) dppf TsNH(1) K.COs THF (0.1) 50 3 15 qa) 6

4 Pd(dba)(5) dppf TsNH(1) CaCQ THF (0.1) 60 24 0 0
5 Pd(dbay(5) dppf TsNH(1) NaHCQ THF (0.1) 60 24 0 0
6 Pd(dba)(5) dppni TsNH: (1) CsCOs THF (0.1) 60 24 0 17
7 Pd(dbay(5) dppéd TsNH: (1) CsCO; THF (0.1) 60 7 22 qa) 62

8 Pd(dba)(5) dppp TsNH: (1) CsCOs THF (0.1) 50 1 29 qa) 6

9 Pd(dbay(5) dppb TsNH: (1) CsCO; THF (0.1) rt 25 ca72 @a) 3

10 Pd(dba)(5) dpppé TsNH: (1) CsCOs THF (0.1) 50 5 37 q3) 2

11 Pd(dba)(5) dppb TsNH(1) CsCOs dioxane (0.1) 70 20 ca. 13 @a) 3

12 Pd(dba)(5) dppb TsNH(1) CsCOs DMF (0.1) rt 25 ca. 59 @a) 1

13 Pd(dba)(5) dppb TsNH(1) CsCO; CH.CN (0.1) 40 2 ca.54 @a) 1

14 Pd(dba)- CHCE(2.5) dppb TsNH(1.5) CsCOs THF (0.067) rt 3 72 qa) 5

15  Pd(dba)-CHCL(2.5) dppb PhSE@NH, (1.5) CsCO; THF (0.067) rt 5 64 gb) 6

16 Pd(dba)- CHCE(2.5) dppb MtsNH'(1.5) CsCOs THF (0.067) rt 35 55 80 9

17  Pd(dba)-CHCL(2.5) dppb NsNHE(1.5) CsCO; THF (0.067) 60 2 43 8d) 15

18 Pd(dba)- CHCE(2.5) dppb MsNH(1.5) CsCOs THF (0.067) 60 24 68 8¢ 10

19  Pd(dba) CHCL(2.5) dppb BnNH(1.5) CsCO; THF (0.067) 60 7 0 8f) 54

a b

Isolated vyields. 1,1'-bis(diphenylphosphino)ferrocené  bis(diphenylphosphino)methanef  1,2-bis(diphenylphosphino)ethane® 1,3-
bis(diphenylphosphino)propariel,4-bis(diphenylphosphino)butariel, 5-bis(diphenylphosphino)pentafiddts = 2,4,6-trimethylbenzenesulfonyl.

We next examined the scope and limitations of #ection  attributed to side reaction(s) involving the argdtmide moiety of
using a series of different indole substrates (@aB). N- the substrate, as well as the aryl bromide of telyrt8j.
Substituted indole$d and 5e did not produce the spirocyclic
products (entries 1 and 2). In contrast, indolesribg an
electron-withdrawing fluorine group5f) or electron-donating
methoxy group h) at their 5-position reacted smoothly under
the optimized conditions to give the desired prasil8cand8k in
good yields (entries 3 and 5). However, when compobg
bearing a bromine group at the 5-position of thipia was used
as a substrate, a slightly lower yield (43%) of a@ipidoline 8j
was observed. The lower yield observed in this cass w

We then turned our attention to the selective sgithof the
B-elimination produc® (Table 3). It was envisaged thatould
be efficiently produced under the same reactiorditmms in the
absence of an external nucleophile. This assumptias based
q on the results of our previous reaction, where the af 1,2-
bis(diphenylphosphino)ethane (dppe) as a ligandoradéid
spiroindole9a as the major product in 62% vyield (Table 1, entry
7). Contrary to our expectation, the treatment 5af with
Pd(dba)-CHCL (2.5 mol %) and dppe (10 mol %) in the
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presence of GEO; (2 equiv) at 70 °C afforded the desired
product9a in only 7% yield (Table 3, entry 1). Based on this
disappointing result, we carefully examined the ctiem
parameters and screened a series of bases ad@ngdction
(entries 2-6), including G80;, EN, (i-PrLNEt (DIPEA) and
BnNH, at50-55 °C. Among them, a combination of Bn\dhd
Cs,CO; gave a better resy83%, entry 6) than the reaction using
Cs,CO; alone (entry 1). Furthermore, the reaction tempega
had a significant impact on the yield 8& For example, the
reaction reached completion within 3 h at a sligralgvated
temperature (60 °C) to afford the desired prodnc68% yield
(Table 3, entry 7). Lowering the loading of Bnhientry 8,
45%) or increasing the loading of the catalystrieft 64%) did
not improve the yield oBa. It is noteworthy that the reaction

involving the use of BnNLlas the only base afforded only a trace

amount of 9a (entry 10). Under the optimized conditions,
substituted indoles&f and 5h afforded spiroindole®b and 9d,
respectively, in moderate to good vyields (entrids ahd 13).
Furthermore, the brominated substr&ig reacted under these
conditions tdc, albeit in a lower yield (40%, entry 12).

Table 2.Reaction of various indolés.

EtO,C

EtO,C
R2 CO,Et 2§ CoEt EI0,C CO,Et
RZ
\
o/ — Qiy o
! N \
R! élH s N
Cl
5d-h (2)-8g—k 9a—d
; % yield (product)
entry subst. R R? teomp time
e () 8 9
1 5d Boc 60 24 0 &g 0 (93
2 5  Me 60 24 0 8h) 0 ()
3 5f H F rt 3 718 5 (9b)
4 5g H Br 60 3 43 @) 6 (90
5  5h H OMe 1t 25 718 20 @d)

a

Reactions were carried out using propargyl chloriid-h with
Pdy(dba)-CHCI; (2.5 mol %), dppb (10 mol %), &30;(2 equiv) and TsNHKH
(1.5 equiv) in THF (0.067 M}.Isolated yields.

Table 3 Synthesis of spiroindoleda—d.

EtO,C

COEL by, (dba)s- CHCl
dppe, base
\ —_— -
N/ THF
H
cl

5a (R =H), 5f (R=F)
5g (R = Br), 5h (R = OMe)

9a(R=H), 9 (R=F)
oc (R = Br), 9d (R = OMe)

entry subst. [Fn?gld &Se base (equiv) t(eogﬁ)p ﬂ(?]q)e Z;)rzi;ﬁi)
1 5a 5/10 CsCOs (2) 70 4 7 9a)
2 5a 5/10 EtN (2) 55 24 3 9a)
3 5a 5/10 DIPEA (2) 55 24 4 %)
4  sa 510 Eg’é&(%’ 55 24 11 93
5 5a 5/10 D(':Zi'gl(g)/ 55 20 21 9a)

Tetrahedron

BnNH; (1.5)/

6 sa 510 Cofrs) 85 24 33 99
7 5a 510 Bg;‘ga(l(';))/ 60 3 68 9a)
8 5a  5/10 Bg;‘gégo('zz))/ 60 4 45 9a)
9 5a  10/20 Bgs’:gégl('z‘r’))/ 60 3 64 93
10 5a 10/20 BnNH (2) 60 24 trace 9)
11 5t 510 Bg;‘ga(l(';))/ 60 3 56 (9b)
12 59  5/10 Bg;‘gégl(';))/ 60 3 40 (99
13 5h  5/10 nggégl(';))’ 60 3 74 (9d)

2 |solated yields.

Nu

N H
()-8

Figure 1. Proposed mechanism for palladium-catalyzed cascade
cyclization.

A plausible mechanism for the cascade cyclizatigh@wvn in
Figure 1. Briefly, propargyl chloride would initigllreact with a
palladium catalyst to give thg®-propargylpalladium complex
A.'**® Intramolecular nucleophilic addition of the inddle the
central carbon atom of thg-propargylpalladiumA would give
n’-allylpalladium complexB." Deprotonation at the indole
nitrogen would be necessary for this step, considetiat theN-
substituted substraté&sl and5e did not react under the optimized
reaction conditions (Table 2, entries 1 and 2). Tdteacyclic
spiroindolines 8 and 10 would then be formed by the
intermolecular nucleophilic attack of the externatleophile via
path a and/or b. Path a represents the first imtiecolar
nucleophilic attack on the imine carbon, which woué
followed by the allylic substitution reaction of émimediateC.
Depending on which carbons of the allylic moiety @
participated in the cyclization (path d vs. e), tiegioisomeric
products8 and10 would be formed. Path b would occur to give
intermediateD if the intermolecular allylic substitution reagtio
dominated over the addition of the nucleophilehi® imine, with
spiroindoline10 being formed as the major product. In this step,
the occurrence of an intermolecular reaction antieee hindered



carbon (path b") would be another possible pathwagohtrast,
B-hydride elimination fromB would produce dien8a (path c).
When a sulfonamide was used as the external nudlepph
tetracyclic spiroindolin® was obtained without producing any of
the regioisomeric spiroindolind0. This regioselectivity was
most likely affected by steric hindrance during treactions
involved in path a, in that the produd as well as the transition
state fromC to 10 would be destabilized by unfavorable steric
interactions between the indole proton at the 4tjpos{H,) and
the flagpole hydrogen @l of the cyclohexene moiety. In
contrast, the reaction using carbon nucleophilelevéavor the
formation of regioisomefO (Scheme 4). This can be explained
by considering both the sterically congested andt so
characteristics of the carbon nucleophiles. Thhs, dterically
hindered imine carbon (having a quaternary carbbntha
neighboring position) would induce the nucleophditack of the
soft carbon nucleophiles at thé-allylpalladium moiety ofB to
form 10 via intermediaté® (path b)%°

Finally, we attempted to carry out a catalytic asyetric
version of the current reaction. To the best of kmowledge,
only two catalytic asymmetric reactions have beegonted to
date for the propargylpalladium chemistry. Rawal af*
reported an asymmetric version of the aforementone
intermolecular spirocyclization of a tryptamine4ded substrate
(Scheme 2, eq 4) and obtained the spiroindole (NiIR¥in 16%
ee using R)-BINAP. You et al** found that R)-SEGPHOS
showed more efficient asymmetric induction, affoglithe
corresponding spiroindole [Nu = C(GEX),] in 52% ee. The
enantio-determining step in these reactions wouldhkeeallylic
substitution step, where the chiral spirocenter wdddformed
by the nucleophilic reaction of the indole moiétye screened a
series of chiral ligands againBthydride elimination reaction to
produce spiroindole9a (Table 4, entries -B). When R)-

SEGPHOS andR)-DM-SEGPHOS were used, these reactions

produced spiroindol®a with better enantioselectivities (51-53%
ee, entries 6 and 7), although the yield9afvere unsatisfactory
(12-24%). We thus proceeded to examine the symsthesi
tetracyclic spiroindolineBa using R)-SEGPHOS andR)-DM-
SEGPHOS. Fortunately, the palladium-catalyzed reaatioba
with TsNH, in the presence of 4@ (1 equiv) using R)-
SEGPHOS gave the tetracyclic spiroindol8e(38% yield) and
spiroindole 9a (15% yield) with moderate enantioselectivities
(65-71% ee, entry 10). It should be noted thatatigition of

H,O to the reaction was necessary for a high level of

reproducibility. This result therefore highlightetgreat potential
of a propargylpalladium complex in terms of its usecatalytic
asymmetric reactions.

Table 4.Optimization of the catalytic asymmetric reaction
conditions?”

EtO,C
COyEt EtO,C
2 25 COzEt EtO,C COzEt
{) — e
0/ Q
H N N P
HH Ts N
Cl
5a 8a 9a
. other  time % yield (% ee)
entry chiral ligand reagent  (h) 8a %
1 (R)-QUINAP BnNH, 5 trace
2 (S9-DIOP BnNH 3.5 mixture
3 (R)-CHIRAPHOS BnNH 7 13 (13)

5

4 (R-BINAP BONH, 4 - 22 (34)
5 (9-SYNPHOS BiNH 6 Ca( 43(’)‘;%
6 (R-SEGPHOS ~ BnNH, 6 12 (53)
7 (R-DM-SEGPHOS BnNH, 4 24 (51)
8  (R-DIFLUORPHOS BnNH, 24 5.5 (34)
9 (R-SEGPHOS ~ TsNH, 24  24(56)  14(73)
10 R)-SEGPHOS Tjg‘ng' 14 38(65) 15(71)
11 (R-DM-SEGPHOS TjL\‘OHg' 20 16(30)  4(77)

® Reactions were carried out using propargyl chlorila with
Pdy(dba)-CHCI; (2.5 mol %), chiral ligand (10 mol %), €205 (2 equiv) and
other reagent (1.5 equiv) in THF (0.067 RiDne of the enantiomers B is
shown in the Schemé. Isolated yields.? Determined by HPLC analysis
(Chiralcel IC-3)°Reaction was carried out with addition ofCH(1 equiv).

I
K PPh
N ><o K \Pphz \]: 2
l l PPh, o PPh, " Spph,
(R)-QUINAP (S,5)-DIOP (R)-CHIRAPHOS

o O
LI, X1 (O
PPh, F o PPh, O PPh,
PPh PPh, _O PPh
O™ S O™
F o
o)

(R)-BINAP (R)-DIFLUORPHOS  (S)-SYNPHOS

o] o)
SOURRES

PPh, PArp |
0 PPh, O PAr Ar_é{%
CL T (L
o] o

(R)-SEGPHOS

(R)-DM-SEGPHOS

3. Conclusion

In conclusion, we have developed the palladium-gasal
spirocyclization of propargyl chlorides using an tezral
nucleophile for the divergent synthesis of tetrdicyc
spiroindolines. When this reaction was conducteth@absence
of an appropriate external nucleophile, it gavedbeesponding
spiroindoles througlf8-hydride elimination. The regioselectivity
of this reaction was found to be dependent on thereal
nucleophiles employed in the reaction. We have ialgestigated
an asymmetric version of this reaction to produp&odole
derivatives in 65—-71% ee. This methodology wouldvigle a
novel approach to biologically active spiroindo&rigatives.

4. Experimental

General Methods.

All reactions under argon atmosphere were performgdgu
syringe-septum cap techniques and all glassware vied id an
oven at 80 °C for 2 h prior to use. For flash chatwmgraphy,
silica gel (Wakosil C-200E: Wako Pure Chemical Isitlies,
Ltd) or NH, silica gel (Chromatorex NH-DM1020: Fuji Silysia
Chemical Ltd.) was employedhin layer chromatography was
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performed on Merck TLC silica gel 6QsFor Wako NH silica

PrOH at 0.75 mL/minf; = 16.03 min (major enantiomer), =

gel 60 ks, plate (layer thickness 0.25 mm), which were 39.26 min (minor enantiomer)]}.

developed using standard visualizing agents: UV #@scence
(254 nm) and anisaldehyde with heating. Meltingngoiwere
measured by a hot stage melting point apparatuso(tected).

Diethyl 2-[(1H-indol-3-yl)methyl]-2-(4-chlorobut-2-yn-1-

'"H NMR spectra were recorded using a JEOL AL-400 orLJEO yl)malonate (5a).

ECA-500 spectrometer, and chemical shifts are tedom &
(ppm) relative to TMS as internal standattC NMR spectra

Brown oil; IR (neat): 3409 (NH), 2242 &T), 1729 (C=0):H
NMR (500 MHz, CDCJ) §1.23 (t,J = 7.3 Hz, 6H), 2.83 () =

were recorded using a JEOL AL-400 or JEOL ECA-5002.2 Hz, 2H), 3.57 (s, 2H), 4.10-4.25 (m, 6H), 7.03])(¢,2.4 Hz,

spectrometer and referenced to the residual solsigmial. *H
NMR spectra are tabulated as follows: chemical

multiplicity (b = broad, s = singlet, d = doubleét= triplet, q =
quartet, m = multiplet), number of protons, and plng
constant(s). Exact mass (HRMS) spectra were recoctec

1H), 7.09 (ddd,J = 8.0, 7.1, 1.0 Hz, 1H), 7.16 (ddii= 8.0, 7.1,

shift,1.0 Hz, 1H), 7.32 (dd] = 8.0, 1.0 Hz, 1H), 7.66 (dd,= 8.0, 1.0

Hz, 1H), 8.08 (br s, 1H)!*C NMR (125 MHz, CDG)) ¢ 14.0
(2C), 23.1, 27.3, 30.8, 58.2, 61.7 (2C), 78.3, 82(0.6, 111.0,
118.9, 119.5, 122.0, 123.4, 128.1, 135.8, 170.1).(2RMS

JMS-HX/HX 110A mass spectrometer. Infrared (IR) spectrgFAB) calcd GgH,,CINO,: [M — H]~, 374.1165; found: [M — H]

were obtained on a JASCO FT/IR-4100 FT-IR spectronveitdr
JASCO ATR PROA410-S.

General procedure for the

spiroindolines (8).

To a stirred mixture oba (30 mg, 0.080 mmoland TsNH (20.5
mg, 0.12 mmol) in THF were added JRitba}- CHCL (2.1 mg,
3.9 umol, 2.5 mol %), dppb (3.4 mg, 8mol, 10 mol %), and

synthesis of tetracyclic

CsCO; (52 mg, 0.16 mmolat room temperature under argon.

The mixture was stirred for 3 h at this temperatargl HO was
added to the mixture. The whole was extracted with EtOAe
extract was washed with,8, brine and dried over MgSOThe
filtrate was concentrated under reduced pressugivian oily
residue, which was purified by flash chromatograpigrd\H,

silica gel withn-hexane—EtOAc (8:1) to givea (29.3 mg, 72%
yield) and9a (1.4 mg, 5.2% yield).

General procedure for the synthesis of spiroindole®).

To a stirred mixture oba (30 mg, 0.080 mmoland BnNH (13
pL, 0.12 mmol) in THF were added fdba)- CHCk (2.1 mg,
3.9 umol, 2.5 mol %), dppe (3.2 mg, 8Bnol, 10 mol %), and

CsCO;(52 mg, 0.16 mmol) at 60 °C under argon. The mixtur

was stirred for 3 h at this temperature, an@® kvas added to the
mixture. The whole was extracted with EtOAc. The extraas
washed with HO, brine and dried over MgSOThe filtrate was
concentrated under reduced pressure to give an residue,
which was purified by flash chromatography over ailgel with
n-hexane—EtOAc (9:1 to 8:1) to giga (18.5 mg, 68% yield).

Asymmetric synthesis of spiroindoline (8a) and spirodole
(9a).

To a stirred mixture oba (30 mg, 0.080 mmol)TsNH, (20.5
mg, 0.12 mmol) and ¥ (1.4ul, 0.080) in THF were added
Pd,(dba)- CHCL (2.1 mg, 3.9umol, 2.5 mol %), R)-SEGPHOS
(4.9 mg, 8.Qumol, 10 mol %), and GEO;(52 mg, 0.16 mmokt
60 °C under argon. The mixture was stirred for léththis

374.1168.

Diethyl 11-methylene-1-tosyl-2,3,10,10a-tetrahydroti-2,5a-
methanoazepino[2,3v]indole-4,4(H)-dicarboxylate (8a).
Colorless solid; mp 164-165 °C; IR (neat): 3361 (NHJj29
(C=0); "H NMR (500 MHz, CDCJ)) §1.24 (t,J = 7.1 Hz, 3H),
1.35 (t,J = 7.1 Hz, 3H), 2.38 (s, 3H), 2.40 @= 13.7 Hz, 1H),
2.48 (d,J = 13.7 Hz, 1H), 3.22 (d] = 13.7 Hz, 2H), 4.09-4.10
(m, 1H), 4.13-4.39 (m, 4H), 4.44 (s, 1H), 4.66 Jd= 4.1 Hz,
1H), 4.76 (s, 1H), 6.05 (d} = 4.6 Hz, 1H), 6.64 (d] = 7.8 Hz,
1H), 6.82 (ddJ = 7.8, 7.8 Hz, 1H), 7.07-7.15 (m, 2H), 7.251d,
= 8.2 Hz, 2H), 7.86 (dJ = 8.2 Hz, 2H);"*C NMR (125 MHz,
CDCly) 013.9 (2C), 21.4, 37.7, 39.9, 52.3, 57.7, 61.316@2.6,
84.0, 103.4, 110.7, 119.3, 122.9, 127.4 (3C), 12820.6 (2C),
137.6, 143.2, 148.8, 151.7, 170.9, 171.3. HRMS (FARBIcd
CoHaN,06S: [M*], 510.1825; found: [M, 510.1832.

Diethyl 2-methylenespiro[cyclohexane-1,3’-indol]-34ee-5,5-
dicarboxylate (9a).

Yellow oil; IR (neat): 1732 (C=0)*H NMR (500 MHz, CDC))
01.22-1.28 (m, 6H), 2.37 (d,= 14.3 Hz, 1H), 2.72 (d] = 14.3
Hz, 1H), 4.16-4.30 (m, 4H), 4.56 (s, 1H), 4.87 (s, 164)8 (d,J

= 10.3 Hz, 1H), 6.57 (d) = 10.3 Hz, 1H), 7.27-7.35 (m, 2H),
7.37-7.43 (m, 1H), 7.66 (d} = 8.0 Hz, 1H), 7.95 (s, 1H)?C
NMR (125 MHz, CDC}) 013.9 (2C), 35.0, 55.5, 60.8, 62.3 (2C),
114.8, 121.5, 122.9, 125.4, 126.5, 128.5, 131.4,.6,3141.3,
155.4, 169.8, 170.1, 173.9. HRMS (FAB) calcgHG,NO,: [M +
H]*, 340.1549; found: [M + H] 340.1555.

2,2-Diethyl 6,6-dimethyl 3,5,6a,7-tetrahydro-H-indeno[1,7a-
blindole-2,2,6,6-tetracarboxylate (10a).

Yellow oil; IR (neat): 1735 (C:O)S,H NMR (500 MHz, CDCJ)
01.13 (t,J = 7.2 Hz, 3H), 1.23-1.28 (m, 3H), 2.53 (W= 14.9
Hz, 1H), 2.66-2.90 (m, 5H), 3.68 (s, 3H), 3.73 (s, 3H)0-4.34
(m, 5H), 4.76 (s, 1H), 5.70-5.76 (m, 1H), 6.53 Jd= 8.0 Hz,
1H), 6.67 (ddJ = 8.0, 8.0 Hz, 1H), 6.90 (d,= 8.0 Hz, 1H), 6.99
(dd, J = 8.0, 8.0 Hz, 1H)**C NMR (125 MHz, CDCJ) J13.8,
13.9, 29.6, 29.7, 38.6, 39.9, 52.6, 52.9, 53.97,581.5, 65.6.,

temperature, and @ was added to the mixture. The whole was74_2, 109.4, 118.0, 119.4, 123.6, 128.2, 135.0..94049.6,

extracted with EtOAc. The extract was washed witkd Horine

and dried over MgSQ The filtrate was concentrated under

reduced pressure to give an oily residue, which waiigd by
flash chromatography over NHilica gel withn-hexane—EtOAc
(10:1 to 8:1) to giveBa (15.7 mg, 38% yield, 65% ee [HPLC
Chiralcel-IC-3 column eluting with 65:35-hexangtPrOH at
0.75 mL/min,t; = 17.98 min (major enantiomet},= 26.74 min

(minor enantiomer)]} and®a {4.1 mg, 15% yield and 71% ee

[HPLC, Chiralcel-IC-3 column eluting with 65:36-hexaneit

169.3, 170.6, 171.0, 171.8. HRMS (FAB) calcdsHzNOsg:
[M™], 471.1893; found: [M, 471.1901.

Diethyl 6,6-diacetyl 5,6,6a,7-tetrahydro-H-indeno[1,7a-

' blindole-2,2(3)-dicarboxylate (10b).

Yellow oil; IR (neat): 3406 (NH), 1728 (C=0OjH NMR (500
MHz, CDCk) 01.15 (t,J = 7.1 Hz, 3H), 1.25 () = 7.1 Hz, 3H),
2.01 (s, 3H), 2.18 (s, 3H), 2.37 (@~ 14.7 Hz, 1H), 2.64-2.73
(m, 3H), 2.84-2.91 (m, 2H), 4.04-4.20 (m, 4H), 4.48 b 1H),



4.83 (s, 1H), 5.70-5.75 (m, 1H), 6.55 (= 8.0 Hz, 1H), 6.70
(dd, J = 8.0, 8.0 Hz, 1H), 6.91 (dd, = 8.0, 1.1 Hz, 1H), 7.00
(ddd,J = 8.0, 8.0, 1.1 Hz, 1H)}*C NMR (125 MHz, CDG)) J
13.8, 13.9, 26.3, 28.8, 29.5, 36.3, 40.4, 54.20561.6 (2C),
73.3., 79.5, 110.2, 117.6, 119.8, 123.4, 128.3,.0,3641.1,

149.4, 170.8, 171.7, 203.1, 204.8. HRMS (FAB) calcd

CusH,gNOg: [M7], 439.1995; found: [M], 439.2000.
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Optimization of reaction conditions

(Equivalents and concentrations of TsNH; and Cs2CO3)

sz(dba)3CHCI3
EtO,C (2.5 mol %) CO,Et
TSNH2, CSzCOs 5 Q
\ +
N // solvent, rt
H N N
H Ts
Cl
5a 8a 9a
) ) % vyield @
entry TsNH, (equiv) Cs,CO3 (equiv) solvent (M) -
8a 9a
1 TsNH, (1) Cs,CO0O3 (2) THF (0.1) 59 7
2 TsNH, (1.5) Cs,CO3 (2) THF (0.1) 68 4
3 TsNH, (1.5) Cs,CO3 (1) THF (0.1) 69 5
4 TsNH, (1.5) Cs,CO0O3 (2) THF (0.067) 72 5
5 TsNH, (1.5) Cs,CO3 (1) THF (0.067) 61 9

2|solated yields.

S2



Experimental Section

Preparation of the substrates.

The known compounds S2 (R = H,! Br,> OMe!), 83 (R =H, Br, OMe),’ S4 (R =H, Br, OMe)’ and 6 were
prepared according to the literature procedure.

Jones, D. T.; Artman, G. D.; Williams, R. M. Tetrahedron Lett. 2007, 48, 1291.

Bandini, M.; Eichholzer, A. Angew. Chem. Int. Ed. 2009, 48, 9533.

Cera, G.; Crispino, P.; Monari, M.; Bandini, M. Chem. Commun. 2011, 47, 7803.

Miyake, Y.; Endo, S.; Moriyama, T.; Sakata, K.; Nishibayashi, Y. Angew. Chem. Int. Ed. 2013, 52, 1758.

AW N =

General procedure for the synthesis of malonates S2.

R N/ diethyl malonate R COEt
ethyl propiolate
N Et,O N
H H
S1 S2

To a stirred mixture of S1 (R = H, F, Br, or OMe; 5.20 mmol) and diethyl malonate (4.85 mmol) in Et,O (2.6
mL) was added dropwise ethyl propiolate (5.20 mmol) at room temperature. The mixture was stirred for 45 min at
this temperature, followed by quenching with H,O. The whole was extracted with Et;O. The extract was washed
successively with H,O and brine, and dried over MgSQOs. The filtrate was concentrated under reduced pressure to
give an oily residue, which was purified by flash chromatography over silica gel with n-hexane-EtOAc (8:1) to
give the corresponding S2 as a pale yellow needle. The NMR spectra of the known compounds (R = H,! Br,> and
OMe') were identical with those of previous report.

Diethyl 2-[(5-fluoro-1H-indol-3-yl)methyljmalonate (S2; R =F).

Pale yellow needle (1.27 g, 77% yield): mp 60-61 °C; IR (neat): 3410 (NH), 1726 (C=0); 'H NMR (500 MHz,
CDCl3) 61.21 (t,J=7.2 Hz, 6H), 3.33 (d, J = 7.7 Hz, 2H), 3.72 (t, J = 7.7 Hz, 1H), 4.12-4.20 (m, 4H), 6.93 (ddd, J
=9.2,9.2,2.5 Hz, 1H), 7.09 (d, J = 2.3 Hz, 1H), 7.23-7.26 (m, 2H), 8.00 (br s, 1H); 1*C NMR (125 MHz, CDCl;) §
13.9 (2C), 244, 52.9, 61.4 (2C), 103.5 (d, J=24.0 Hz), 110.4 (d, J =26.4 Hz), 111.8 (d, J =9.6 Hz), 112.3 (d, J=4.8
Hz) 124.4, 127.5 (d, J=9.6 Hz), 132.6, 157.8 (d, J = 235 Hz), 169.2 (2C). Anal. Calcd for CisHsFNO4: C, 62.53; H,
5.90; N, 4.56. Found: C, 62.41; H, 5.93; N, 4.50.

General procedure for the synthesis of malonates S3.

EtO,C
R CO,Et R COE
Br NaH
CO.Et  + = - \
W OTBS THF, 0°Ctort N //
N H
H
OTBS
S2 propargyl bromide 1 S3

S3



To a solution of S2 (R = H, F, Br, or OMe; 3.71 mmol) in THF was added NaH (60% suspension in mineral oil; 7.42
mmol) at 0 °C. The suspension was stirred for 30 min at 0 °C, then propargyl bromide 1 (4.45 mmol) in THF was
added dropwise. The reaction was warmed up to room temperature and stirred for 2 h, followed by quenching with
H>0. The whole was extracted with EtOAc. The extract was washed successively with H,O and brine, and dried
over MgSQOy4. The filtrate was concentrated under reduced pressure to give an oily residue, which was purified by
flash chromatography over silica gel with n-hexane—EtOAc (5:1) to give the corresponding S3 as a colorless oil.

The NMR spectra of the known compounds (R = H, Br, and OMe) were identical with those of previous report.’

Diethyl 2-{4-[(tert-butyldimethylsilyl)oxy]but-2-yn-1-yl}-2-[(5-fluoro-1H-indol-3-yl)methyl]malonate (S3; R =
F).

Colorless oil (682 mg, 38%): IR (neat): 3387 (NH), 2332 (C=C), 1736 (C=0); '"H NMR (500 MHz, CDCl;) §0.14
(s, 6H), 0.92 (s, 9H), 1.23 (t, J = 7.0 Hz, 6H), 2.81 (t, J = 2.1 Hz, 2H), 3.51 (s, 2H), 4.10-4.22 (m, 4H), 4.37 (t, J =
2.1 Hz, 2H), 6.90 (ddd, J=9.0, 9.0, 2.5 Hz, 1H), 7.09 (d, J = 2.4 Hz, 1H), 7.21 (dd, J=9.0, 4.3 Hz, 1H), 7.29 (dd, J
=9.9,2.5 Hz, 1H), 8.12 (br s, 1H); *C NMR (125 MHz, CDCl;) §-5.2 (2C), 13.9 (2C), 18.3, 23.1, 25.8 (3C), 27.3,
51.8, 58.0, 61.6 (2C), 80.2, 82.4, 103.8 (d, J =24.0 Hz), 110.0 (d, J=4.8 Hz), 110.4 (d, J=26.4 Hz), 111.6 (d,J=9.6
Hz), 125.3, 128.5 (d, J=9.6 Hz), 132.3, 157.9 (d, J = 234 Hz), 170.1 (2C). HRMS (FAB) calcd C26H36FNOsSi: [M],
489.2347; found: [M'], 489.2350.

General procedure for the synthesis of propargyl alcohols S4.

EtO,C EtO,C

. CO,Et . CO,Et
TBAF
\ N /- A\
N A THE 0°C N /)
H H
oTBS OH
s3 sS4

To a stirred solution of S3 (1.30 mmol) in THF was added TBAF (1.00 M solution in THF; 1.43 mL, 1.43
mmol) at 0 °C. The mixture was stirred for 1.5 h at this temperature and quenched by addition of saturated NH4Cl.
The whole was extracted with EtOAc. The extract was washed with H,O and brine, and dried over MgSO4. The
filtrate was concentrated under reduced pressure to give an oily residue, which was purified by flash
chromatography over silica gel with n-hexane—EtOAc (3:1) to give the corresponding S4 as a pale yellow oil. The

NMR spectra of the known compounds (R = H, Br, and OMe) were identical with those of previous report.’

Diethyl 2-[(5-fluoro-1H-indol-3-yl)methyl]-2-(4-hydroxybut-2-yn-1-yl)malonate (S4; R = F).

Yellow oil (485 mg, 99% yield): IR (neat): 3410 (NH), 3403 (OH), 2254 (C=C), 1720 (C=0); 'H NMR (500 MHz,
CDCl3) 61.24 (t, J = 7.2 Hz, 6H), 1.97 (s, 1H), 2.80 (s, 2H), 3.51 (s, 2H), 4.11-4.25 (m, 4H), 4.31 (s, 2H), 6.90
(ddd, J=28.9, 8.9, 2.5 Hz, 1H), 7.08 (d, J = 2.3 Hz, 1H), 7.22 (dd, J = 8.9, 4.4 Hz, 1H), 7.29 (dd, J = 10.0, 2.5 Hz,
1H), 8.19 (br s, 1H); 3C NMR (125 MHz, CDCl3) §13.9 (2C), 23.1, 27.3, 51.2, 58.0, 61.7 (2C), 81.4, 82.2, 103.7

S4



(d, J=23.0 Hz), 109.7 (d, J = 4.8 Hz), 110.4 (d, J = 25.9 Hz), 111.7 (d, J = 10.5 Hz), 125.4, 128.5 (d, J = 11.5 Hz),
132.3, 157.9 (d, J = 235 Hz), 170.2 (2C). HRMS (FAB) caled C20Hx»FNOs: [M*], 375.1482; found: [M*], 375.1478.

General procedure for the synthesis of propargyl chloride 5a and 5f-h.

EtO,C EtO,C
R 2 _CO,Et R 2 _CO,Et
NCS, PPh
\ > \
N CH,Cl, N
H H
OH cl
s4 5a (R = H), 5f (R = F)

5g (R = Br), 5h (R = OMe)

To a stirred mixture of a propargyl alcohol S4 (1.0 equiv) and PPhs (1.5 equiv) in CH,Cl, was added NCS (1.2
equiv) in CHxCly at room temperature. The mixture was stirred for 1.5-3 h at this temperature and quenched by
addition of H>O. The whole was extracted with EtOAc. The extract was washed with H>O, brine and dried over
MgSOs. The filtrate was concentrated under reduced pressure to give an oily residue, which was purified by flash

chromatography over silica gel to give the corresponding propargyl chloride 5.

Diethyl 2-(4-chlorobut-2-yn-1-yl)-2-[(5-fluoro-1H-indol-3-yl)methyljmalonate (5f).

EtOC CO,Et . .
Brown oil. Flash chromatography: n-hexane—EtOAc = 5:1. Yield = 87%.
\ IR (neat): 3407 (NH), 2238 (C=C), 1727 (C=0); '"H NMR (500 MHz, CDCl3) §1.25 (t, J
H // = 7.4 Hz, 6H), 2.82 (t, J = 2.3 Hz, 2H), 3.51 (s, 2H), 4.13-4.24 (m, 6H), 6.90 (ddd, J =
cl 9.0, 9.0, 2.5 Hz, 1H), 7.07 (d, J = 2.3 Hz, 1H), 7.21 (dd, J=9.0, 4.3 Hz, 1H), 7.29 (dd, J
Sf =9.0, 2.5 Hz, 1H), 8.17 (br s, 1H); 1*C NMR (125 MHz, CDCl3) §13.9 (2C), 23.1, 27.4,

30.7, 58.0, 61.8 (2C), 78.6, 82.7, 103.8 (d, J = 24.0 Hz), 109.7 (d, J = 4.8 Hz), 110.5 (d, J = 26.4 Hz), 111.7 (d, J = 9.6
Hz), 125.3, 128.5 (d, J = 9.6 Hz), 132.3, 157.9 (d, J = 235 Hz), 170.0 (2C). HRMS (FAB) calcd CaoHa CIFNO,: [M],
393.1143; found: [M'], 393.1147.

Et0,C Diethyl 2-[(5-bromo-1H-indol-3-yl)methyl]-2-(4-chlorobut-2-yn-1-yl)malonate (5g).

Br COE Brown oil. Flash chromatography: n-hexane—EtOAc = 4:1. Yield = 73%.
\ IR (neat): 3384 (NH), 2238 (C=C), 1727 (C=0); 'H NMR (500 MHz, CDCl;) §1.27 (t,
H // J=17.2 Hz, 6H), 2.80 (t, J = 2.3 Hz, 2H), 3.52 (s, 2H), 4.15-4.25 (m, 6H), 7.06 (d, J =
Cl 2.4 Hz, 1H), 7.18 (d, J=8.6 Hz, 1H), 7.23 (dd, J = 8.6, 1.9 Hz, 1H), 7.75 (d, J=1.9 Hz,
59 1H), 8.17 (br s, 1H); 3C NMR (125 MHz, CDCls) 6§ 14.0 (2C), 23.1, 27.2, 30.7, 57.8,

61.9 (20C), 78.7, 82.6, 109.3, 112.5, 112.9, 121.5, 124.8, 124.9, 129.7, 134.4, 169.9 (2C). HRMS (FAB) calcd
C20H2BrCINO4: [M*], 453.0342; found: [M '], 453.0345.
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EtO,C Diethyl 2-(4-chlorobut-2-yn-1-yl)-2-[(5-methoxy-1H-indol-3-yl)methyljmalonate
MeO CO,Et

(5h).
\ / 7 Brown oil. Flash chromatography: n-hexane-EtOAc = 4:1. Yield = 70%.
N
H IR (neat): 3417 (NH), 2239 (C=C), 1732 (C=0); 'H NMR (500 MHz, CDCl;) &1.23
Cl (t, J="7.0 Hz, 6H), 2.85 (t, J = 2.0 Hz, 2H), 3.53 (s, 2H), 3.86 (s, 3H), 4.14-4.24 (m,
5h

6H), 6.83 (dd, J = 8.9, 2.5 Hz, 1H), 6.97 (d, J = 2.5 Hz, 1H), 7.15 (d, J = 2.5 Hz, 1H),
7.20 (d, J = 8.9 Hz, 1H), 8.00 (br s, 1H); '*C NMR (125 MHz, CDCL3) & 14.0 (2C), 23.1, 27.4, 30.7, 55.9, 58.5,
61.7 (2C), 78.3, 83.1, 100.5, 109.4, 111.8, 112.6, 124.1, 128.6, 131.0, 154.2, 170.0 (2C). HRMS (FAB) calcd
C21H24CINOs: [M*], 405.1343; found: [M'], 405.1345.

EtO,C EtO,C

CO,Et CO,Et
)\ CICOsMe, pyridine \
N 7 CH,Cly, 0 °C /A
H H
OH 0COMe
4 5b

Diethyl 2-[(1H-indol-3-yl)methyl]-2-{4-[(methoxycarbonyl)oxy|but-2-yn-1-yl}malonate (5b).

To a stirred mixture of 4 (50 mg, 0.135 mmol), pyridine (33 pL, 0.41 mmol) in CH>Cl, (675 pL) was added
CICO2Me (14 pL, 0.20 mmol) at 0 °C. The mixture was stirred for 30 min at this temperature and quenched by
addition of saturated NH4Cl. The whole was extracted with Et,O. The extract was washed with H,O, 1 N HCI, brine
and dried over MgSOs. The filtrate was concentrated under reduced pressure to give an oily residue, which was
purified by flash chromatography over silica gel with n-hexane—EtOAc (4:1) to give Sb as a brown oil (47.5 mg,
82% yield): IR (neat): 3407 (NH), 2252 (C=C), 1731 (C=0); 'H NMR (500 MHz, CDCl;) §1.22 (t, J = 6.8 Hz, 6H),
2.82 (t,J=2.3 Hz, 2H), 3.56 (s, 2H), 3.82 (s, 3H), 4.10-4.23 (m, 4H), 4.78 (t, J = 2.3 Hz, 2H), 7.01 (d, J = 2.3 Hz,
1H), 7.09 (ddd, J = 8.0, 8.0, 1.0 Hz, 1H), 7.15 (ddd, J = 8.0, 8.0, 1.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.63 (d, J =
8.0 Hz, 1H), 8.14 (br s, 1H); '*C NMR (125 MHz, CDCls) §13.9 (2C), 23.0, 27.3, 55.1, 55.9, 58.1, 61.6 (2C), 77.3,
83.7,109.5, 110.0, 118.8, 119.4, 122.0, 123.5, 128.1, 135.8, 155.2, 170.0 (2C). HRMS (FAB) calcd C22H2sNO7: [M
—HJ, 414.1558; found: [M — HJ", 414.1564.

i) TrisCl, DMAP
EtO,C OH CH,Cl, EtO,C
A
EtOC ' i) CuBrMes, LiBr  EtOL B
THF, 50 °C
6 7

Diethyl 2-(4-bromobuta-2,3-dien-1-yl)malonate (7)

To a stirred mixture of 6 (410 mg, 1.8 mmol) and TrisCl (1.36 g, 4.5 mmol) in CH,Cl, (41 mL) was added DMAP
(770 mg, 6.3 mmol) at room temperature. The mixture was stirred for 3 h at this temperature. Concentration of the
mixture under reduced pressure followed by rapid filtration through a short pad of silica gel with Et,O to give a

crude sulfonate, which was used without further purification. CuBr-SMe, (1.10 g, 5.4 mmol) and LiBr (465 mg,
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0.373 mmol) were dissolved in THF (18 mL) at room temperature under argon, and the mixture was stirred for 30
min at this temperature. To this mixture was added a solution of the above crude sulfonate in THF (26 mL) at room
temperature. The mixture was allowed to warm to 50 °C and stirred at this temperature for 1.5 h, which was
quenched by addition of saturated NH4Cl and 28% NH4OH. The whole was extracted with EtOAc. The extract was
washed with H,O and brine and dried over MgSOs. The filtrate was concentrated under reduced pressure to give an
oily residue, which was purified by flash chromatography over silica gel with n-hexane—EtOAc (30:1) to give 7 as a
colorless oil (330 mg, 63% yield): IR (neat): 1958 (C=C=C), 1732 (C=0); 'H NMR (500 MHz, CDCl3) §1.26-1.31
(m, 6H), 2.73-2.78 (m, 2H), 3.52 (t, J = 7.4 Hz, 1H), 4.18-4.27 (m, 4H), 5.45 (dd, J = 12.6, 5.7 Hz, 1H), 6.00 (ddd,
J=5.7,2.4,2.4 Hz, 1H); 3*C NMR (125 MHz, CDCl3) §14.0 (2C), 21.2, 50.8, 61.7 (2C), 73.7, 97.3, 168.4, 168.5,
202.3; HRMS (FAB) caled Ci1Hi6BrNO4: [M + H]¥, 291.0232; found: [M + H]", 291.0227.

EtO,C
, 27 _CO,Et
EtO,C W N\ ethyl propiolate {
+
EtOQCM°\/Br ) Et,0 NN

N H .\

H
7 1 5¢ Br

Diethyl 2-(4-bromobuta-2,3-dien-1-yl)-2-[(1H-indol-3-yl)methyl]malonate (5c).

To a stirred mixture of 7 (286 mg, 1.13 mmol) and 1 (306 mg, 1.05 mmol) in Et;O (1.1 mL) was added
dropwise ethyl propiolate (115 pL, 1.13 mmol) at room temperature. The mixture was stirred for 5 h at this
temperature, followed by quenching with H,O. The whole was extracted with EtOAc. The extract was washed
successively with H,O and brine, and dried over MgSQs. The filtrate was concentrated under reduced pressure to
give an oily residue, which was purified by flash chromatography over silica gel with n-hexane-EtOAc (8:1 to 5:1)
to give 5S¢ as a brown oil (285 mg, 64% yield): IR (neat): 3393 (NH), 1957 (C=C=C), 1720 (C=0); 'H NMR (400
MHz, CDCl3) 6 1.18-1.24 (m, 6H), 2.75-2.77 (m, 2H), 3.42-3.52 (m, 2H), 4.10-4.22 (m, 4H), 5.34-5.41 (m, 1H),
5.92-5.97 (m, 1H), 7.03 (d, J = 2.3 Hz, 1H), 7.10 (dd, J = 8.0, 8.0 Hz, 1H), 7.17 (dd, J = 8.0, 8.0 Hz, 1H), 7.33 (d, J
= 8.0 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 8.05 (br s, 1H); '*C NMR (125 MHz, CDCl;) §13.9 (2C), 28.0, 31.9, 58.6,
61.5 (2C), 72.4,95.7, 109.5, 111.1, 118.7, 119.4, 121.9, 123 .4, 128.0, 135.7, 170.7 (2C), 203.6. HRMS (FAB) calcd
C20H2»BrNO4: [M 1], 419.0732; found: [M ], 419.0724.

EtO,C EtO,C
COEt  Boc,0, EtN CO,Et
\ DMAP \
N /) N /)
N CH,Cl, Boc
Cl Cl
5a 5d

Diethyl 2-{[1-(tert-butoxycarbony)-1H-indol-3-yljmethyl}-2-(4-chlorobut-2-yn-1-yl)malonate (5d).
To a stirred mixture of 5a (100 mg, 0.27 mmol), DMAP (3.2 mg, 0.027 mmol) and Et;N (46 pL, 0.32 mmol)
in CH,Cl, (2.6 mL) was added Boc,O (70 mg, 0.32 mmol) at room temperature. The mixture was stirred for 30 min
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at this temperature and quenched by addition of H>O. The whole was extracted with EtOAc. The extract was
washed with H,O, brine and dried over MgSQy. The filtrate was concentrated under reduced pressure to give an
oily residue, which was purified by flash chromatography over silica gel with n-hexane—EtOAc (10:1) to give 5d as
a colorless oil (91.0 mg, 72% yield): IR (neat): 1733 (C=0); 'H NMR (500 MHz, CDCl3) §1.26 (t, J = 7.3 Hz, 6H),
1.66 (s, 9H), 2.83 (t, J = 2.2 Hz, 2H), 3.49 (s, 2H), 4.14-4.25 (m, 6H), 7.22 (ddd, J = 7.6, 7.6, 1.0 Hz, 1H), 7.29
(ddd, J = 7.6, 7.6, 1.0 Hz, 1H), 7.41 (s, 1H), 7.63 (dd, J = 7.6, 1.0 Hz, 1H), 8.05-8.14 (br m, 1H); '3C NMR (125
MHz, CDCl3) 614.0 (2C), 23.2, 26.9, 28.2 (3C), 30.7, 57.9, 61.9 (2C), 78.7, 82.6, 83.7, 114.4, 115.2, 119.1, 122.5,
124.4, 124.9, 131.0, 135.1, 149.6, 169.7 (2C). HRMS (FAB) calcd C2sH30CINOg: [M], 475.1762; found: [M'],
475.1758.

EtO,C EtO,C

CO,Et Me,SO, CO,Et
KOH
\ y \ y
N N
H DMF Me
Cl Cl
5a 5e

Diethyl 2-(4-chlorobut-2-yn-1-yl)-2-[(1-methyl-1H-indol-3-yl)methyl|malonate (5e).

To a stirred mixture of 5a (183 mg, 0.49 mmol) and KOH (64 mg, 0.97 mmol) in DMF (4.8 mL) was added
Me;SO4 (92 pL, 0.32 mmol) at room temperature. The mixture was stirred for 3.5 h at this temperature and
quenched by addition of H>O. The whole was extracted with EtOAc. The extract was washed with H,O, brine and
dried over MgSOs4. The filtrate was concentrated under reduced pressure to give an oily residue, which was purified
by flash chromatography over silica gel with n-hexane—EtOAc (6:1) to give Se as a pale yellow oil (100 mg, 53%
yield): IR (neat): 2252 (C=C), 1735 (C=0); '"H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz, 6H), 2.83 (t, J =2.3
Hz, 2H), 3.54 (s, 2H), 3.72 (s, 3H), 4.11-4.24 (m, 6H), 6.87 (s, 1H), 7.08 (ddd, J = 7.6, 7.6, 1.1 Hz, 1H), 7.18 (ddd,
J =176, 7.6, 1.1 Hz, 1H), 7.23-7.26 (m, 1H), 7.63 (d, J = 7.6 Hz, 1H); 3C NMR (125 MHz, CDCls) § 14.0 (2C),
23.1,27.3, 30.8, 32.7, 58.2, 61.6 (2C), 78.2, 83.0, 107.8, 109.1, 118.9 (2C), 121.5, 128.1, 128.6, 136.6, 169.7 (2C).
HRMS (FAB) calcd C21H24CINO4: [M'], 389.1394; found: [M '], 389.1390.

EtO,C Cco,Et Diethyl 11-methylene-1-(phenylsulfonyl)-2,3,10,10a-tetrahydro-1H-2,5a-methanoazep-
1 ino[2,3-blindole-4,4(5H)-dicarboxylate (8b).

N IR (neat): 3355 (NH), 1727 (C=0); '"H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz, 3H),

H \SOZPh 1.35(t, J=7.2 Hz, 3H), 2.41 (d, J=13.6 Hz, 1H), 2.49 (d, J = 13.6 Hz, 1H), 3.21-3.27 (m,

8b 2H), 4.10-4.12 (m, 1H), 4.13-4.40 (m, 4H), 4.46 (s, 1H), 4.67 (d, J = 4.0 Hz, 1H), 4.77 (s,

1H), 6.07 (d, J=4.0 Hz, 1H), 6.65 (d, J=7.7 Hz, 1H), 6.83 (dd, J = 7.7, 7.7 Hz, 1H), 7.09 (d, J="7.7 Hz, 1H), 7.14
(dd, J = 7.7, 7.7 Hz, 1H), 7.43-7.55 (m, 3H), 7.99 (d, J = 8.0 Hz, 2H); *C NMR (125 MHz, CDCl;) § 13.9 (2C),
37.7,39.9,52.3,57.7,61.3,62.1, 62.6, 84.0, 103.6, 110.8, 119.4, 122.9, 127.3 (2C), 127.4, 128.9 (2C), 129.0, 132.5,

140.5, 148.8, 151.6, 170.9, 171.2. HRMS (FAB) calcd C26H2sN206S: [M '], 496.1668; found: [M'], 496.1668.
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EtOC co,et Diethyl 1-(mesitylsulfonyl)-11-methylene-2,3,10,10a-tetrahydro-1H-2,5a-methanoazep-
1 ino[2,3-b]indole-4,4(5H)-dicarboxylate (8c).
IR (neat): 3377 (NH), 1728 (C=0); 'H NMR (500 MHz, CDCl3) & 1.22-1.28 (m, 6H), 2.31
H Mts (s, 3H), 2.38 (d, J = 14.5 Hz, 1H), 2.64 (s, 6H), 2.73 (dd, J = 13.7, 2.9 Hz, 1H), 3.08 (dd, J
8c =14.5,2.9 Hz, 1H), 3.21 (d, J = 13.7 Hz, 1H), 4.02 (d, J = 4.0 Hz, 1H), 4.10-4.33 (m, 4H),
4.37 (t, J=2.9 Hz, 1H), 4.52 (s, 1H), 4.92 (s, 1H), 5.98 (d, J = 4.0 Hz, 1H), 6.46 (d, J= 8.0 Hz, 1H), 6.76 (dd, J =
8.0, 8.0 Hz, 1H), 6.95 (s, 2H), 7.03-7.09 (m, 2H); '3C NMR (125 MHz, CDCl3) §13.7, 13.9, 21.0, 23.1 (2C), 38.6,
39.4, 51.5, 58.0, 62.0, 62.3, 62.4, 82.8, 103.7, 109.9, 118.6, 122.8, 126.8, 128.9, 132.0 (2C), 133.9, 140.2 (2C),
142.6, 148.9, 151.4, 170.9, 171.5. HRMS (FAB) calcd C20H34N206S: [M'], 538.2138; found: [M'], 538.2142.

B0 couet Diethyl 11-methylene-1-[(2-nitrophenyl)sulfonyl]-2,3,10,10a-tetrahydro-1H-2,5a-meth-
u anoazepino[2,3-b]indole-4,4(5H)-dicarboxylate (8d).

The reaction was performed for 2 h at 60 °C.

IR (neat): 3372 (NH), 1728 (C=0); '"H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz, 3H),
1.31 (t, J = 7.2 Hz, 3H), 2.46-2.51 (m, 2H), 3.23-3.32 (m, 2H), 4.10-4.40 (m, 5SH), 4.57 (s,
1H), 4.66 (d, J = 4.6 Hz, 1H), 4.95 (s, 1H), 6.07 (d, J = 4.6 Hz, 1H), 6.63 (d, J = 8.0 Hz,
1H), 6.86 (dd, J = 7.4, 7.4 Hz, 1H), 7.12-7.17 (m, 2H), 7.59-7.71 (m, 3H), 8.18 (dd, J = 7.4, 1.7 Hz, 1H); '*C NMR
(125 MHz, CDCl3) ¢ 13.8, 14.0, 37.8, 39.9, 52.3, 57.9, 62.3, 62.6, 62.8, 84.0, 104.3, 111.0, 119.8, 123.0, 124.4,
127.3,129.1, 129.5, 132.1, 133.1, 134.6, 148.5, 148.9, 151.5, 170.8, 171.1. HRMS (FAB) calcd C26H27N305S: [M],

541.1519; found: [M*], 541.1511.

N~ N
H Ns
8d

EtO:C co,Et Diethyl 11-methylene-1-(methylsulfonyl)-2,3,10,10a-tetrahydro-1H-2,5a-methanoazep-
0 ino[2,3-bJindole-4,4(5H)-dicarboxylate (8e).
The reaction was performed for 24 h at 60 °C.
H Ni\/|s IR (neat): 3345 (NH), 1728 (C=0); '"H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz, 3H),
8e 1.33 (t, J = 7.2 Hz, 3H), 2.43-2.48 (m, 2H), 2.98 (s, 3H), 3.20-3.26 (m, 2H), 4.11-4.33 (m,
4H), 4.35-4.37 (m, 1H), 4.50 (s, 1H), 4.55 (d, J = 4.6 Hz, 1H), 4.96 (s, 1H), 5.78 (d, J=4.6
Hz, 1H), 6.67 (d, J = 7.4 Hz, 1H), 6.87 (dd, J = 7.4, 7.4 Hz, 1H), 7.10-7.17 (m, 2H); '*C NMR (125 MHz, CDCl;) &
13.9, 14.0, 37.5, 40.5, 40.6, 52.6, 58.2, 61.8, 62.2, 62.6, 84.0, 103.4, 111.2, 119.8, 122.9, 127.8, 129.1, 148.6, 152.1,

170.7, 171.2. HRMS (FAB) caled Ca1Ha6N206S: [M*], 434.1512; found: [M*], 434.1512.

EtOC co.Et Diethyl 7-fluoro-11-methylene-1-tosyl-2,3,10,10a-tetrahydro-1H-2,5a-methanoazepi-
1 no[2,3-blindole-4,4(5H)-dicarboxylate (8i).

IR (neat): 3345 (NH), 1730 (C=0); '"H NMR (500 MHz, CDCl3) §1.24 (t, J= 7.7 Hz, 3H),

Ts 1.35(t,J="7.7 Hz, 3H), 2.32 (d, J = 13.7 Hz, 1H), 2.39 (s, 3H), 2.48 (d, J = 14.9 Hz, 1H),

8i 3.20-3.23 (m, 2H), 4.09-4.11 (m, 1H), 4.13-4.41 (m, 4H), 4.46 (s, 1H), 4.55 (d, J = 4.0 Hz,

1H), 4.79 (s, 1H), 6.07 (d, J = 4.6 Hz, 1H), 6.55 (dd, J = 8.0, 4.3 Hz, 1H), 6.80-6.86 (m,
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2H), 7.25 (d, J = 8.0 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H); 13C NMR (125 MHz, CDCls) 513.8, 14.0, 21.5, 37.6, 39.9,
522, 57.7,61.2,62.2, 62.7, 84.4,103.6, 110.6 (d, J = 22.8 Hz), 111.2 (d, J = 8.4 Hz), 115.1 (d, J = 25.2 Hz), 127.4
(2C), 128.9 (d, J = 10.8 Hz), 129.6 (2C), 137.5, 143.3, 144.7, 151.3, 157.1 (d, J = 243.5 Hz), 170.9, 171.11. HRMS
(FAB) caled Co7H20FN2O6S: [M], 528.1730; found: [M*], 528.1724.

CcO,Et Diethyl 5°-fluoro-2-methylenespiro[cyclohexane-1,3’-indol]-3-ene-5,5-dicarboxylate (9b).
F IR (neat): 1731 (C=0); '"H NMR (500 MHz, CDCl3) & 1.23-1.30 (m, 6H), 2.39 (d, J = 14.3 Hz,
O 0 1H), 2.66 (d, J = 14.3 Hz, 1H), 4.18-4.30 (m, 4H), 4.58 (s, 1H), 4.90 (s, 1H), 6.19 (d, J=9.7 Hz,
N/ 1H), 6.56 (d, J=9.7 Hz, 1H), 7.02 (dd, J = 8.0, 2.2 Hz, 1H), 7.08 (ddd, J = 8.6, 8.0, 2.2 Hz, 1H),
9b 7.60 (dd, J = 8.6, 4.6 Hz, 1H), 7.91 (s, 1H); 3C NMR (125 MHz, CDCl3) & 13.9, 14.0, 34.8,
55.3,61.3, 62.4 (2C), 110.7 (d, J = 25.2 Hz), 115.0, 115.3 (d, J = 2.5 Hz), 122.4 (d, J = 9.6 Hz),
125.4,131.4,137.1, 143.4, 151.4, 161.7 (d, J = 245.9 Hz), 170.0 (2C), 173.8. HRMS (FAB) calcd C20H21FNO4: [M

+ H]*, 358.1455; found: [M + H]*, 358.1447.

EtO,C

EtO:C co,Et Diethyl 7-bromo-11-methylene-1-tosyl-2,3,10,10a-tetrahydro-1H-2,5a-methanoaze-
Br | pino[2,3-bJindole-4,4(5H)-dicarboxylate (8j).

The reaction was performed for 3 h at 60 °C.

N
N IR (neat): 3364 (NH), 1730 (C=0); "H NMR (500 MHz, CDCls) 5 1.25 (t, J = 7.2 Hz,

8 3H), 1.34 (t, J = 7.2 Hz, 3H), 2.32 (d, J = 13.7 Hz, 1H), 2.39 (s, 3H), 2.48 (d, J = 12.6 Hz,
1H), 3.17-3.23 (m, 2H), 4.10 (s, 1H), 4.12-4.38 (m, 4H), 4.49 (s, 1H), 4.65 (d, J = 4.6 Hz,
1H), 4.79 (s, 1H), 6.06 (d, J = 4.6 Hz, 1H), 6.52 (d, J = 8.3 Hz, 1H), 7.18 (d, J = 2.0 Hz, 1H), 7.23 (dd, J = 8.3, 2.0
Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H); 13C NMR (125 MHz, CDCls) 513.8, 14.0, 21.5, 37.5,
39.8, 52.2, 57.6, 61.2, 62.2, 62.6, 84.1, 103.7, 111.0, 119.3, 126.0, 127.3 (2C), 129.0, 129.6 (2C), 129.7, 137.4,
143.3, 1479, 151.1, 170.8, 171.0. HRMS (FAB) calcd C27Hz9BrN2OS: [M ], 588.0930; found: [M*], 588.0926.

EIO,C co,Et Diethyl 5’-bromo-2-methylenespiro[cyclohexane-1,3’-indol]-3-ene-5,5-dicarboxylate (9c).
Br IR (neat): 1729 (C=0); '"H NMR (500 MHz, CDCl3) §1.23-1.30 (m, 6H), 2.40 (d, J = 14.3 Hz,
O 0 1H), 2.65 (d, J = 14.3 Hz, 1H), 4.19-4.28 (m, 4H), 4.59 (s, 1H), 4.91 (s, 1H), 6.19 (d, J =10.3
N/ Hz, 1H), 6.56 (d, J = 10.3 Hz, 1H), 7.43-7.45 (m, 1H), 7.51-7.53 (m, 2H), 7.92 (s, 1H); *C
9c NMR (125 MHz, CDCls) 6 14.0 (2C), 34.7, 55.3, 61.1, 62.4, 62.5, 115.1, 120.4, 122.9, 125.5,
126.4, 131.3, 131.7, 136.8, 143.6, 154.4, 169.6, 169.9, 174.4. HRMS (FAB) calcd

C20H21BrNO4: [M + H], 418.0654; found: [M + H]", 418.0650.

EtO:C co,Et Diethyl 7-methoxy-11-methylene-1-tosyl-2,3,10,10a-tetrahydro-1H-2,5a-methano-
0 azepino|2,3-b]indole-4,4(5H)-dicarboxylate (8Kk).

IR (neat): 3352 (NH), 1731 (C=0); 'H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz,

Ts 3H), 1.35 (t, J=7.2 Hz, 3H), 2.35 (d, J=13.7 Hz, 1H), 2.38 (s, 3H), 2.46 (dd, J = 14.9,

8k 1.7 Hz, 1H), 3.20-3.26 (m, 2H), 3.77 (s, 3H), 4.08-4.11 (m, 1H), 4.13-4.39 (m, 4H),

MeO

S10



4.44 (d,J =52 Hz, 1H), 4.47 (s, 1H), 4.77 (s, 1H), 6.03 (d, J = 5.2 Hz, 1H), 6.56 (d, J = 8.0 Hz, 1H), 6.67-6.71 (m,
2H), 7.25 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 8.0 Hz, 2H); 13C NMR (125 MHz, CDCls) 513.9, 14.0, 21.5, 37.7, 40.0,
52.3, 56.0, 57.9, 61.3, 62.1, 62.6, 84.3, 103.4, 110.1, 111.2, 113.6, 127.4 (2C), 128.8, 129.6 (2C), 137.6, 142.4,
143.1, 151.6, 153.7, 170.9, 171.3. HRMS (FAB) calcd CasH3N>07S: [M], 540.1930; found: [M'], 540.1935.

Diethyl 5’-methoxy-2-methylenespiro[cyclohexane-1,3’-indol]-3-ene-5,5-dicarboxylate
9d).

IR (neat): 1732 (C=0); 'H NMR (500 MHz, CDCl3) 6 1.22-1.30 (m, 6H), 2.38 (d, J = 14.3
Hz, 1H), 2.68 (d, J = 14.3 Hz, 1H), 3.84 (s, 3H), 4.19-4.27 (m, 4H), 4.58 (s, 1H), 4.89 (s,
1H), 6.17 (d, J =10.3 Hz, 1H), 6.56 (d, J = 10.3 Hz, 1H), 6.86 (d, J = 2.6 Hz, 1H), 6.90 (dd,
J=8.6,2.6 Hz, 1H), 7.56 (d, J = 8.6 Hz, 1H), 7.82 (s, 1H); 3C NMR (125 MHz, CDCl3) &
13.9 (2C), 25.8, 35.2, 55.5, 55.7, 60.9, 62.3, 109.1, 113.6, 114.9, 121.9, 125.3, 131.6, 137.8, 143.0, 149.0, 158.9,
169.8, 170.1, 171.9. HRMS (FAB) calcd C21H24NOs: [M + H]", 370.1654; found: [M + H], 370.1653.

S11
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DFILE dataE-158-sai-2.als
COMNT single_pulse
DATIM 2013-06-21 13:18:46
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 52428
FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.4 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 50

E CO,Et

N
H
s2

DFILE E-158--BCM-data-1.als
COMNT single pulse decoupled gated NOE
DATIM 2013-01-15 15:29:47
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 688
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 26.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 58

E CO,Et

WOQEQ

N
H
s2



\\Corelabo\40. lwata\fvf fpf<fMf<,o0,,, L<«, 0,7 fF[fA\NMR\,m, 1,q\,e-,s,a,r\data E-160-1.als

DFILE data E-160-1.als

NN 5o daddd 000 oo DATIM 2013-04-04 23:52:33
TN VP W’ T W N7 N W osNUC 14
f : - EXMOD single_pulse.ex2
! M n N o [ g - ° o ‘3 OBFRQ 500.16 MHz
& 8 < A o e OBSET 2.41 KHz
s > S - s - - OBFIN 6.01 Hz
| POINT 52428
f " ¥ FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC  1H
CTEMP 25.3 ¢
TF‘TT SLVNT CDCL3
8.158.10 7.30  7.20 7.10 6.90 4.40 4.35 4.20 4.15 4.10 1.25 0.950.90 0.15 EXREF 0.00 ppm
by BF 0.12 Hz
o RGAIN 38
EtO,C COsE
E
© < H /
o
0 oTBS
83
S
<

4:8¢
0.99

—
—

—— o

—__ 1.00
. 201

—_0.93

PPM
\ I\ 7/ \
8 6 4 2 0
\\Corelabo\40. lwata\fvf fpf<fMf<,0,,=YEE @S’ “ff LfA\NMR\,m, 1,q\,e-,s,a,r\data E-160 bcm-1.als
° 3 NEREYEEBE8S2 NE2SY 98 3 2388% = COMNT single putse. decoupled gated NOE
o ~ o MOULITNOOMIDMmOO O N~ SHNOMN ©Oo o o~ oN o N
o ®© © NOBWAAOCRIN® NONNG d@ o r\'n'n';oom 0 DATIM 2013-04-05 03:04:19
S aa 8884044498888 @ehhr ebw N ! OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 4048
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC  1H
CTEMP 25.6 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 58
EtO,C
F COEt
\
N
H
oTBS
S3
I
I
|
I !
| 1
| | |
| |
| y J
1
PPM
rrr 17 rrrr [ r [ rr 1T [ r1r T T r T T T T T T T T T T
0 175 150 125 100 75 50 25 0
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\\Corelabo\40

ata\fvf fpf<fMf<,o0,,,

° W N Y d0o0 o - <90 0 Ao
2 22 58 B 8288 =1 = 383 2 KGR
e & §] S5 8383 & o &83R 5 S
] EE NN NN 666 ¢ i qi gi o e
T AT NIV AY T W T T,
5
i | l I | | | | ©
@ : I o 5 8 g o
| ‘ q | | Jfliq | :jAA:
= - S
i
I
TWTTT FWTITTT TTTTTWT TTTTTT TTTTTWT
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o
©
N
<
5 g g
o “
o
4 38 3 S
S o 2
PPM
8 6 4 2
\\Corelabo\40. b @ “fFLf\NMR\,m, 1,q\,e | ,n,g\E-162_Carbon-1-1.als
® oo CVWHOYTOINOW DO ~oWwoo© wn 9 © o ©
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|
|
PPM
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DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data E-162-1.als
single_pulse
2013-04-04 09:27:30
1H
single_pulse.
500.16 MHz
2.41 KHz
6.01 Hz
52428
7507.39 Hz
8
6.9835
5.0000
6.50

ex2

25.2 ¢
CDCL3
0.00 ppm
0.12 Hz
42

Et0,C
21 CO,Et

\
N4
H

sS4

E-162_Carbon-1-1.als

single pulse decoupled gated NOE

2013-01-17 10:23:53
13C
carbon. jxp
100.53 MHz
5.35 KHz
5.86 Hz
26214
25125.63 Hz
400
1.0433
2.0000
3.00

26.3 ¢
CDCL3
77.00 ppm
0.12 Hz
60

EtO,C
CO,Et

\
N
H

OH
sS4



@{“,«,0, fF [fA\NMR\,m, I,q\5a ,g“1\data-E-17_Proton-1-1.als
DFILE data-E-17_Proton-1-1.als

g §§ COMNT single_pulse
4 dd DATIM 2013-04-03 13:30:43
LT/ 0BNUC 1H
bt © EXMOD single_pulse.ex2
y Poos OBFRQ 500.16 MHz
5 g 18 }s 3 S OBSET 2.41 KHz
i - - “ OBFIN 6.01 Hz
ol 1 POINT 52428
H FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC  1H
CTEMP 24.8 c
!TFW T‘Tﬂ TWP WW‘TWFW TF‘TW "TW’ W W SLVNT CDCL3
8.10 8.06.65 7.40 7.30 7.20 4.204.15 3.50 2.852.801.65 1.25 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
]
= E10:C ot
o
\
N
& Q cl
© © 5a
@ 8
o o
1 1 Jbt L
PPM
8 6 4 ‘2 0
\\Corelabo\40. lwata\fvf fpf<fMf<,0,,=CE @Sa“c @=2-b @ { “,«,0, fF [f\NMR\,m, 1,q\,g“T\data E-172 bcm-1.als
g S 2838383 25288%¢ 8 TERE COWNT singlle pulse decoupled gated NOE
o ® oJOoOT®OWw omMANNO N~ © | @ m o single pufse decoupled gate
o D VOND®E oD NoNNN© @ o~ ® ) DATIM 2013-04-02 15:41:46
Z 2 ﬁﬁﬁ:::g NN~ NN~ © MmN N el OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 883
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC  1H
CTEMP 25.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 56
EtO,C
COzEt
\
N
|
! cl
5a
| [
|
RSR—
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\\Corelabo\40

ata\fvf fpf<fMf<,o0,

,,=fIEE @Sa*

a_p@{*,«,0, fFLF\NMR\,m,1,q\5b fIf<f{fi [fg\data carbonate-1.als

S 95 g8 33 R® 2 8 §2 83
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SN (NS ; L ial g
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8
l i o ©
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|
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L
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e 8 &
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5 8 8
o )
] L . L
PPM
8 6 4
\\Corelabo\40. lwata\fvf fpf<fMf<,0,,, =2-b @ { “,«,0,” fFLFA\NMR\,m, 1,q\fIf<f{fi [fg\data carbonate bcm-1.als
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S
o
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©
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©
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©
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o
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DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data carbonate-1.als

single_pulse

2013-05-10 15:29:01

1H

single_pulse.

500.16
2.41
6.01

13107
7507.39
8

1.7459

5.0000
6.50

25.5
CDCL3
0.00
0.12
38

Et0,C
21 _COEt

\
N
H

0CO,Me
5b

ex2
MHz
KHz
Hz

Hz
sec

sec
usec

ppm

data carbonate bcm-1.als

single pulse decoupled gated NOE
2013-05-10 15:58:49

13C

single_pulse_dec

125.77
7.87
4.21

26214
31446.06
616

0.8336

2.0000
3.73

26.2
CDCL3
77.00
0.12
56

Et0,C
27 COEt

N
H

0CO,Me
b
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\\Corelabo\40

ata\fvf fpf<fMf<,o,.,=fEE ap@{<,«,0, fFLFANNMRN,m, 1,q\7 fuf f,fAfEf*“\F-105-data-1.als
DFILE F-105-data-1.als
COMNT single_pulse

DATIM 2013-07-13 13:25:56

88 2% gR2 ERER &%
g g
AT 1T W osNuC 1
~ i EXMOD single_pulse.ex2
o e 1o 19 OBFRQ 500.16 MHz
8 i OBSET 2.41 KHz
i - OBFIN 6.01 Hz
POINT 52428
FREQU 7507.39 Hz
SCANS 4
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.0 ¢
TTW TW‘TWW TWW W "TW SLVNT CDCL3
6.00 5.45 4.254.20 3.50 2.80 2.751.30 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
EtO,C
EtO,C Y
g 7
o
<
o
S
o
8 8
R j
J o
‘PPM
8 6 Jl 2 (L
\\Corelabo\40. lwata\fvf fpf<fMf<,o0,, =fEE @S&’ 9=2—b @ { “,«,0,” fF[f\NMR\,m,1,gq\7 fuf f,fAfEf“\F-105-data bcm-1.als
< oo © © OQlERD < O ~ © © DFILE Fj105—data bcm-1.als
3 38 N CPIIERE N 33 COMNT single pulse decoupled gated NOE
o © o ~ dlowm B o ~ << DATIM 2013-07-13 13:42:20
< o9 =) ~NNN 0O B N R OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 333
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 52
EtO,C
EtO,C N1y
7
PPM
T T T T T T T T
200 150 100 50 0
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\\Corelabo\40. lwata\fvf fpf<fMf<,o,

ab@{*,«,0, fFLF\NMR\,m, 1,q\5c fuf f,fAfEf*\E-179-2_Proton-1-1.als

DFILE E-179-2_Proton-1-1.als
g 5% § § Eg § E COMNT single_pulse
t Y N o o DATIM 2013-02-07 10:02:40
T W T \7 osNuC 1
EXMOD proton. jxp
" OBFRQ 399.78 MHz
S OBSET 4.19 KHz
B OBFIN 7.29 Hz
B POINT 13107
FREQU 7598.78 Hz
SCANS 8
ACQTM 1.7249 sec
PD 5.0000 sec
PW1 4.65 usec
IRNUC 1H
CTEMP 25.2 ¢
WW‘TW w ’TW W WW W SLVNT CDCL3
8.05 7.55.35 7.157.Jlo 95 5.405. .204.154.103.503. .78.251.20 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 52
EI0C ot
A\
N
&
I 5¢ Br
o~
—
<
g 8
o o
§ 8898 g @ j /
IS o g o ©
L J Jh l | - !
PPM
\ [ I\ 7/ \
8 6 4 2 0
\\Corelabo\40. Iwata\fvf fpf<fMf<,o0,.,~JCE @5 FF [fA\NMR\,m,1,q\5¢c fuf f,fAfEf*\data E-179-2 sai bcm-1.als
g 28 ¥ 8 8893 8% i3 93 COWT Singlle pulse decoupted gated NOE
< s a S = RO 2s an DATIM 2013-05-11 14:08:34
2 RR 8y 8 KRR 28 58 g 0BNUC 13C
Q - RN
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 344
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.8 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 56
EtO,C Cont
\
N\
")
5¢ Br
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\\Corelabo\40. lwata\fvf fpf<fMf<,0,,TEE @4{“,«,0, fFL[f\NMR\,m, 1,q\5d ,a, ,f“I\data-E-17_Proton-1-1.als

DFILE data-E-17_Proton-1-1.als
’é 5% §§ § gg % EQ COMNT single_pulse
: - 2 EECICNR s e L od e oo DATIM 2013-04-03 13:30:43
A 7T e 1
2 : 3 EXMOD single_pulse.ex2
| ! ! ! [ ' b o OBFRQ 500.16 MHz
5 B g 8 8 5 S OBSET 2.41 KHz
s S B - - b OBFIN 6.01 Hz
A POINT 52428
FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 24.8 ¢
SLVNT CDCL3
8.10 8.0565 7.60 7.40 7.30 7.20  4.20 3.50 2.85 1.65 1.25 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
[}
& E10:C o et
o
N4
Boc
4 Cl
3 @)
© © 5d
g 8
._; o
. C JU_JL A
PPM
‘ T
8 6 4 2 0
\\Corelabo\40. lwata\fvf fpf<fMf<,0,,=YEE @S’ [
g % SEEHYESY FaNeds B8 9838 & COMIT Sirghe palog dats
S 8 49825 39 g 825382 s Y NSRS COMNT single pulse l_iec(_)upled gated NOE
3 3 gdivaan ddgNNG g Sgda DATIV 2013-04-17 08:00:08
© < MONNN oA @ N~NNIN~ © MNNN o OBNUC 13C
= = JERURE R R RaRERS] S
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 2400
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.7 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 60
EtO,C COEL
\
w7
Boc,
Cl
5d
|
|
|
|
|
[
| |
I |
| A, I
PPM
1T 1117 T T T r T T T T T T T T I
0 175 150 125 100 75 50 25 0
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\\Corelabo\40

WY
.

—7.638
—7.622

1.02
02

T [

ata\fvf fpf<fMf<,o0,,,

6.47~1.224

1

©, fF [f\NMR\,m,1,q\5e, 1,

“I\data-E-119-1.als

7.257.20 7.10 4.254.20 4.15 3.70 3.55 2.852.801.25
~
o e
)
: dq
©
v
[S
[
o 1)
=1 J
o N
LU o AggggLLAAAAA
PPM
8 6 4 2
\\Corelabo\40. lwata\fvf fpf<fMf<,0,,, @b @ { “,«,0, fF[fA\NMR\,m, I,q\5e, I,..“I\data-E-119 bcm-1.als
© W YTWwOdN NI~ do®mowN 0o ©W®o o
o O NNONO ®® ©®OWmo W o ©HWwn W
] @ WHADO® O ONNO™~ © ©CoNO O
o © DOHDO DI~ NoNNGC @ NON o
~ M NNNA— OO @~~~ ©n mONN o
- PR RN pa REERE

200

75

S20

DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data-E-119-1.als
single_pulse
2013-04-03 19:01:25
1H
single_pulse.
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.39
8
1.7459
5.0000
6.50

ex2

24.9 ¢
CDCL3
0.00 ppm
0.12 Hz
34

BI0L coet

C
5e

data-E-119 bcm-1.als
single pulse decoupled gated NOE
2013-04-03 19:08:42
13C
single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
142
0.8336
2.0000
3.73

25.2 ¢
CDCL3
77.00 ppm
0.12 Hz
54

EtOC COLE

Cl
Se



\\Corelabo\40

ata\fvf fpf<fMf<,0,,, ap@{“,«,0, fF[FA\NMR\,m, 1,q\5F ,e“I\e-163-3-1.als

DFILE e-163-3-1.als

COMNT single_puise
IS N Oee STYTYTTS il o DATIM 2013-01-23 15:50:46
T VTT Y S T Vi osNuC 1
“’ < EXMOD single_pulse.ex2
| ° [ OBFRQ 500.16 MHz
8 b OBSET 2.41 KHz
- OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.90 usec
IRNUC 1H
CTEMP 27.3 ¢
T SLVNT CDCL3
B.28.157.30 7.20 6.90 4.28.2@.18.10 3.502.82.80 E EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 30
EtO,C
2] _COsEt
\
. N 7
5 o
B <
© d cl
5f
o
dq d
o
2 B3
IS o
J J
PPM
8 6 4 2 0
\\Corelabo\40. lwata\fvf fpf<fMf<,0,,=fEE @Sa* e{-, TFF LFA\NMR\,m, I,gq\5F ,e“1\e-163-3 BCM -1.als
g 83 SETE80889588 38888 KE 528 § CONT single pulse decou
8 S8 S3/NLLDBNIRLS /L8R Py = 289 S COMNT single pulse t?ect_)upled gated NOE
o @ © NBOWAA00RIN® ONNGC — oN® o DATIM 2013-01-23 16:13:22
© n n MANNN-H—A—+ 40000 @ N~~~ ©o n MmN N al OBNUC 13C
= B JERRRERA RS R Ra RS R R RERS] S
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
1 OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 466
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 27.7 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
EtO,C
COEt
N N
I
Cl
! 5f
PPM
1T rr 17 rrr [ rrr1r T 7 rr T rr T T T T T T T T Td
200 175 150 125 100 75 50 25 0

S21



\\Corelabo\40

a—p@{“,«,0, fFLf\NMR\,m,1,q\5g ,a,”“I\data-E-130-2-2.als
DFILE data-E-130-2-2.als

CONT single pulse
; RO Y {ddddeag oo Tol oo DATIM 2013-04-03 10:19:53
TN TS WL oBNuC 1
“ S EXMOD single_pulse.ex2
! 1o Co, [ OBFRQ 500.16 MHz
3 2 |8 - 2 OBSET 2.41 KHz
° ° OBFIN 6.01 Hz
1 POINT 52428
[ K FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.1 ¢
"Tﬂ T TW SLVNT CDCL3
8.20 8.15 7.78.25 7.05 4.25 4.20 4.15 3.502.80 1.30 1.25 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 42
EtO,C
B 1 CO.E
\
N4
3 <
© q Cl
59
o ®
S <
N o~
s 8
s o
A b N ,[L A
PPM
8 6 4 2 0
\\Corelabo\40. lwata\fvf fpf<fMf<,0,,=fCE @Sa“c @=2-b @ { “,«,0, fF [f"\NMR\,m,1,q\5g ,a,”“1\E-130-2 500mhz bcm-1.als
< OMN®©T WO © P — — q g o DFILE Ej130—2 500mhz bcm-1.als
2 g‘ggﬁg I3 ggggﬁ oy °88 3 COMNT single pulse t?ect_)upled gated NOE
] SOoYTYTd NN N~ I~ o o~ ® %) DATIM 2012-12-03 19:23:44
@ ONNAN F49 @~ N~~~ © 10 NN “ OBNUC 1?(:
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
1 POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 27.7 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
EtO,C
B, 21 CO.E
\
N/
Cl
59
|
|
|
PPM
\\\\\\\\\\\\\\\\\\\\‘\\\\‘\\\\\\\\\\\\
200 175 150 125 100 75 50 25 0

S22



\\Corelabo\40. lwe ap@{“,«,0, fF L \NMR\,m,1,q\5h O,1I,..“T1\E-140-500mhz-1_als
DFILE E-140-500mhz-1.als
5 Rt N ; ; o DATIM 2012-12-10 09:49:60
TUT7Tvy ST osNUC 1
- EXMOD single_pulse.ex2
© OBFRQ 500.16 MHz
OBSET 2.41 KHz
i OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 28.0 ¢
’TW W "Trﬂ SLVNT CDCL3
. 2.83.25 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
" EtO,C COsEt
\
9 o) N 7
9 o
Cl
5h
ol
[S]
o)
L= o
(=} (s}
o o
&
IS
I L L
PPM
\\\\‘\\\\\\\\\\\\\\\\‘\\\\‘\YY\‘\\\\‘\\
8 7 6 5 4 3 2 1
\\Corelabo\40. lwata\fvf fpf<fMf<,0,,, ap@{“,«,0, fF L[ \NMR\,m,1,q\5h 0,1I,..“1\E-140-500mhz-bcm_als
‘B 548 388 §  §238% 983 535 8 COMNT single pulss decoupled gated NOE
=] =1 [oRERE] w~s W0 oNNle~ © D © [ o} single pufse decoupled gate
S < SeY odg S5 gerke dww Snd o DATIM 2012-12-10 10:39:54
: ﬂ gﬁﬁ ::S 8 @ N~ N~~~ © n v MmN N Eal OBNUC 13C
EXMOD single_pulse_dec
| OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 28.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 56
eo EtO,C COsEt
N4
Cl
5h
|
[
I
oo " - - . oy
PPM
1T rr 17 rrr [ rrr1r T 7 rr T rr T T T T T T T T Td
0 175 150 125 100 75 50 25 0

S23



\\Corelabo\40. lwata\fvf fpf<fMf<,0,,TEE

ap@{ “,«,0, fF[F\NMR\,m, I,q\SA%» @,g°T\E-146_Proton-1-1_.als

) o o DFILE E-146_Proton-1-1.als
GBER BTG (O CONT  single_pulse
,‘\? ’\’S\ .\,\\7? ?a 3 “W) ‘v, _W,F 7/_,‘\1 DATIM 2012-12-17 13:48:16
OBNUC 1H
EXMOD proton. jxp
e 5.8 0BFRQ 399.78 MHz
Eoe KB (8 T e OBSET 4.19 KHz
r OBFIN 7.29 Hz
- AR POINT 13107
FREQU 6002.40 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
o I PW1 4.65 usec
3 o IRNUC  1H
o ! ; CTEMP 25.4 ¢
T[T ST AT 7T T R I L SLVNT CDCL3
TIZ 7.25 7.157.107.05 GTE 6.65 W‘Tﬂ .754. W .354. 208 W 1.35 1.25 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 38
Et0,C co,et
NN
88 H s
- - 8a
L
PPM
\ [ [ T
8 6 4 2 0

\\Corelabo\40. lwata\fvf fpf<fMf<,0,,,

ap@{“,«,0, fFLF\NMR\,m, I,q\SA%» @,g“T1\E-146_Carbon-1-1-400mhz.als

DFILE E-146_Carbon-1-1-400mhz.als

85 B3 m8EBANZS & 9" 8388 S3K8Y a5 2 5B COMNT singl 1 di led ted NOE
88 KR HgRasneds K 3 8588 L3NEH &GN 5 DATIN 2019m12ma7 33 a0 00 e
=R 5% $5R8KK)% ¢ 8 BRI S8IHE 86 333 OBNUC 13C
55 25 3923894993 3§

EXMOD carbon. jxp

OBFRQ 100.53 MHz

OBSET 5.35 KHz

OBFIN 5.86 Hz

POINT 26214

FREQU 25125.63 Hz

SCANS 512

ACQTM 1.0433 sec

PD 2.0000 sec

PW1 3.00 usec

IRNUC 1H

CTEMP 25.5 ¢

SLVNT CDCL3

EXREF 77.00 ppm

BF 0.12 Hz

RGAIN 60

E0:C co,Et

S24



\\Corelabo\40

ata\fvf fpf<fMf<,o,,, ©, fF [FA\NMR\,m, 1,gq\% fA . “f’E-£\data F-46-ti

DFILE data F-46-twice-1.als

PN N " 5 o o i o o DATIM 2013-04-22 20:26:03
A N T g
@ EXMOD single_pulse.ex2
. [ ! ! ! © OBFRQ 500.16 MHz
S A g g g OBSET 2.41 KHz
° - OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.7 ¢
TTITTIT T TI[ T I TTTrTTim SLVNT CDCL3
7.30 6.60 6.556.20 4.90 4.60 4.55 4. Lo 4 ‘25 4 ‘zo 2 ‘75 2 ‘70 ZA‘AD 2.L5 1.25 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 46
CO,Et
EtO,C
L
N
q 9a
dq
a
<
g 3 gl & 3 3
c B o

PPM

\\Corelabo\40. lwata\fvf fpf<fMf<,0,,, TFF LFA\NMR\,m, 1, q\9a fA..“f’E-£\data F-46 bcm_copy-1.als
532 3  SESSI3938 25% 9399 3 83 COMNT Single pulse decoupled gated OE
@ N~ < MO OLNnmMmOo LN 0 N ~ ™M N © (=} o ©
® oo 0 dNdoowadY ~jo oaow < o DATIM 2013-04-20 16:10:50
REE B SHSNSSNEY FYR BE8H @ - OBNUC 13
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 417
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.8 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
E0,c JOF
Uy
N
| 9a

200 175 150 125 100 75 50 25 0

S25



a_p@{*,«,0, fFLF\NVMR\,m, I, q\8bSAk» @Fxf“f[f“fXf<fzf“fAf~fh\data F-29-2 RECRYSTALIZATION-2.als
DFILE data F-29-2 RECRYSTALIZATION-2.al

%E EE § Eg 3% §§§ COMNT single_pulse
i : i Lo aen DATIM 2013-04-09 16:22:05
my 1w TT 17 osNUC 14
EXMOD single_pulse.ex2
! ! ! ! ! 33 OBFRQ 500.16 MHz
S 8 'y o OBSET 2.41 KHz
- - OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 26.1 c
T TTTTTTT T[TTTT T T T I T T TTT 7T SLVNT CDCL3
8.00 7.557.507.457.207.157.10 6.85 G.BOZEZ 4.804.75 4.‘70 4.‘65 4.454.‘404.‘354.‘30 A.‘254.‘204.‘154.‘10 3A‘Z5 3A‘ 0| 2.502.45 2.40 1.3 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 42
EEE
e
\‘ / EtOC co,et
'8
«
NN
; H SO,Ph
| b4 8b
I
2
o
N
8
PPM
8 6 4 2 0

\\Corelabo\40.

ata\fvf fpf<fMf<,0,,,=TEE B3A* FANNMRN,m, 1, q\8bSAk» @Fxf“f[f*fXf<fzf*fAf~fh\data F-29-2 RECRYSTALIZATION BCM-1.als

DFILE data F-29-2 RECRYSTALIZATION BCM-

[
v
-

8 98325332 8 © 8Y 59888 & g8 :
3L 593338 ~ ©n S/ G el RN S8 COMNT single pulse t?ect_)upled gated NOE
o0 O ®®ININ~ o o © NN o o DATIM  2013-04-09 17:00:06

LY ITONNNN = o ~ ©oow o = OBNUC 13C

BB R R | P

EXMOD single_pulse_dec

o0 0

@® o

< R¥. 22

I\ N

N n

9
OBFRQ 125.77 MHz
0BSET 7.87 KHz
OBFIN 4.21 Hz

T~— 170.914

)
<
3]
—
~
-

POINT 26214
FREQU 31446.06 Hz
SCANS 792
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 26.5 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
EtO,C CO,Et
NN
H S0,Ph
8b

200 175 150 125 100 75 50 25 0
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\\Corelabo\40. lwata\fvf fpf<fMf<,0,,,

ap@{-,«

LO,7fF [ \NMR\,m, 1 ,q\8cSA%» @f fVf fEf“fXf<fzf“fAf~fh\data F-30-1-1.als

DFILE data F-30-1-1.als
N ; O S S D e I R Dodoaa DATIM 2013-04-16 22:45:43
WWHH‘&WWWHWWW N
b:1 L3 EXMOD single_pulse.ex2
8 ) Loy I3 1@ OBFRQ 500.16 MHz
“ OBSET 2.41 KHz
U OBFIN 6.01 Hz
B POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC  1H
3 CTEMP 25.5 ¢
T TIT [T T T T[T I T [ rrrrrm © SLVNT CDCL3
7. OEGI —:[E :r[w 4.30 4.25 4.20 4.15 Tuom.m 3.05.75 ZEEW ZTD EXREF 0.00 ppm
< BF 0.12 Hz
> RGAIN 54
wn
EtO:C co,Et
N
8 N s
@ 8c
&
o
.-<
o
2
—
28 8 8 533 23 3|8
o o B - - (o co ol o
0 1 I O J Jn v o nLﬂ | L L___
PPM
\ \ I\ J \
8 6 4 2 0
\\Corelabo\40. Iwata\fvf fpf<fMf<,0,.,, ap@{,«,0, fFLF\NMR\,m, 1 ,q\8cSA%» @f fVf fEf“fXf<fzf“fAf~fh\F-30-bcm._als
38 2299583888 % 8 22223 89388 =3  339Y COMNT single. putse decoupled gated NOE
n o MO ONOO®OWMN~© «© ~ ONNON~N MO O T [} oo o~
<0 dodomNOOoN® O o ANNNG ol alal N o 2w mo«i«i DATIM 2013-03-14 15:52:37
DD 2:::223332 8 8 OMNMNIMNDN © OO, ™ M - OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 570
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC  1H
CTEMP 26.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
Et0C Co,Et
NN
H Mts
8c

S27



\\Corelabo\40. lwata\fvf fpf<fMf<,o0,,,

TfF LfA\NMR\,m, 1,q\8dSA%» @fmfVf<fAf~fh\data F-32-2-1.als

DFILE data F-32-2-1.als
RN LR i s o NIV R DATIM 2013-04-17 02:30:45
7 NNTP N7 T i YP7 7N osNUC 14
B 5 o EXMOD single_pulse.ex2
S ] " 8 123 OBFRQ 500.16 MHz
) H < ? o OBSET 2.41 KHz
" - L OBFIN 6.01 Hz
| POINT 13107
! FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 402.3 c
"TW ’TWTW H‘HH‘HH‘HH‘HH‘HH‘\ \H‘HH‘\HH HH‘H SLVNT CDCL3
8.20 8.157.70 7.65 7.60 6.856.65 6.60.10  4.95 4.35 4.30 4.25 4.20 4.15 4.10 450 2.45 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 46
EtOC co,Et
N~ TN
H Ns
8d
o g
(=}
®
o
=
o
(. A
PPM
8

\\Corelabo\40. lwata\fvf fpf<fMf<,0,,,

£8 883 2 22822 53 29 CONT Single putse desoupled gated NOE
-~ < [le} [} WONOOMm © o © . .
e 5g¢ & dddiy & gd OBule e T 05eei08
- B B
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 4400
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC  1H
CTEMP 25.5 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 60
EtOC co,Et
NN
H Ns
8d
[
i |
| | | I
) | , | ‘
|
| T
PPM
\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\
0 175 150 125 100 75 50 25 0
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\\Corelabo\40. lwata\fvf fpf<fMf<,0,,TEE

a_p@{*,«,0, fFLFA\NVR\,m, I, q\8eSAk» @f fVf<fAf-fh\data F-31-2-1.als

:

2.02

[
1.00
0.99

—

1.00

9.9

-98

3.02

1

_A.325
3.03 —1.311

—1.257
J09 TM.243

o

=]
=
i

%%

PPM

\\Corelabo\40. lwata\fvf fpf<fMf<,0,,=YEE @S’ @{ TfF LfA\NMR\,m, 1,q\8eSA%» @f fVf<fAf~fh\data F-31-2-bcm.als
0 © 2 @ S0 © » QoONY O®ON~TO 0 o © <~
© 3 @ @ ©oNY ® O WOAN ANNNN Q0@ ©
~ o o0 N I SRR} ©N®-© o< < o @
o o @© NN = oo~ ik INENE RN con oo
~ v < AN o O 0~ i ©Cooww S3m R}
- = - R R R
|
|
|
| [
1
| |
PPM
T ‘ T T ‘ T T T T T ‘ T T T ‘ T T
150 125 100 75 50 25 0

S29

DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data F-31-2-1.als

single_pulse

2013-04-16 22:53:32

1H
single_pulse.
500.16
2.41
6.01
13107
7507.39
8
1.7459
5.0000
6.50
1H
402.1
CDCL3
0.00
0.12
44

EtOC co,Et

N
Ms

Iz

ex2
MHz
KHz
Hz

Hz
sec

sec
usec

ppm

data F-31-2-bcm.als
single pulse decoupled gated NOE
2013-04-17 02:21:55
13C
single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
4400
0.8336 sec
2.0000 sec
3.73 usec
1H
26.1 ¢
CDCL3
0.00 ppm
0.12 Hz
54

EtOC co,Et

N
Ms



\\Corelabo\40

DFILE data F-34-2.als

Eg E § EE § § 5 E § COMNT single_pulse
t N . i ol H Y DATIM 2013-04-09 16:16:58
[ T 71 [ osNUC 1
0 EXMOD single_pulse.ex2
g ' Lot " v OBFRQ 500.16 MHz
- < 2 b . < OBSET 2.41 KHz
°° - OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 26.1 c
TTTTTTTTT TTITTTTITTT 1 TTTTTTT [ITTTTTTT T TTTTTITTT T [TTTTITT [TTTTTTIT [TTTT]TT SLVNT CDCL3
7L5 7.‘auT25 sA‘xs G.LO 6.55 6.‘10 5.‘05 4.80 4.55 T&.Lo A.LS A.‘ao AALs 4.‘20 4.‘15 AT 3.‘25 3.‘20 2.50 2.45 2.‘40 2.‘35 Z.Lu EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 54
8339 283
WP
5 e Et02G co,Et
[ F "
AR N~ N,
H Ts
8i
o
-
< 59
1.40 1.35 1.301.25 il
o foct ~ P=l o e
2 o < <
- Mo~ 8 8 8 & B o 3
[ J’ “ B a o [ [ o
M I l |
PPM
} ! } }
\\Corelabo\40. e{-, Lf~\NMR\,m, 1,,q\8FSA%k» ,e“I\data F-43-bcm twice-1.als
95 BSSBNBUB3NBBE8883 0 399y ©Bes8 B3 985 COMNT Single pulse decoupted gated OE
— 0 O NONSOOWOM—AON-OTW ™M™ NG~ © == N~N © n ow
HO OO HTONOBONDT OO ® <o NNdNA o o4 oo DATIM 2013-04-18 16:33:00
5E BEEISSISSNS4IOHSSS SRR COoBE 8% 8 HE OBNUC 13
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 401.8 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 56
E0:C co,Et
F W
NT N,
H Ts
8i
I
| ! |
|
|
|
|
PPM
1T rrr Ty T rr T T r T T T T T T T T T T T T T T T
200 175 150 125 100 75 50 25 0
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\\Corelabo\40. lwata\fvf fpf<fMf<,0,,TEE

“f’E-£ @,e*1\H-48-purify-2.als

H-48-purify-2.als
single_pulse
2015-01-17 10:08:

1H

single_pulse.

500.16
2.41
6.01

ex2
MHz
KHz
Hz

22

5 838 i 235 & & R&IIR] 3 85 S&&
~ N~ o 5 © S @ N N ioo S - DATIM
| R 22 A
- S EXMOD
[ | | | \‘: ! | @ OBFRQ
5 R I = 2 8|4 OBSET
> > » - OBFIN
' POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
ITTWT TWTTUT TTWTWT TWTT HTTF TTTWT TWTT TWTT TWTTTWTTW TWTTW TTTWTTW TWTP SLVNT
7.957.90 7.60  7.10 7.05 7.00 6.556.20 4.901.60 4.254.20  2.65 2.402.35 1.25 EXREF
BF
RGAIN
2
©
2
<
¢ s % g 5 § 3 8 8
o o ) s o - A -
PPM
‘ T
8 6 2 0

\\Corelabo\40. lwata\fvf fpf<fMf<,o0,, =fEE @S&’

E-£ @,e“1\H-Fcompound bcm-1.als

woN~ NN~ NS ONONONA DS

a4 oW ® WO OONNMDHO DX
~o© =~ § ¥m AT OMAOND
Moo NO o OO NN NNDIDD OO
~NKO ©O© w 9§ OONNNd oo
Add Ao ERERRNERS R R (R [ [ [ [ S

o

77.24
76.74.

DFILE
COMNT
DATIM
OBNUC
EXMOD

o~
N
@
<
™

13.952

<
o
%)
—

13107
7507.39
8
1.7459
5.0000
6.82
1H

20.8 ¢

CDCL3
0.00
0.12
48

ppm
Hz

Er0,0 GO2E!

O

9b

E

H-Fcompound bcm-1.als

single pulse decoupled gated NOE
2015-01-16 14:03:37

13C

single_pulse_dec

OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

Y
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\\Corelabo\40. lwata\fvf fpf<fMf<,0,,,

TfF [fA\NMR\,m, 1,q\8gSA%» @,a,” “I\data F-36-2-1.als
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DFILE data F-36-2-1.als
COMNT single_pulse
DATIM 2013-04-12 11:19:40
OBNUC 1H

EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H

CTEMP 137.3 ¢
SLVNT CDCL3

EXREF 0.00 ppm

2.49

0.95
0.96

’ o BF 0.12 Hz
RGAIN 56
EtO2G co,Et
g . Br, "
o«
NN,
. H Ts
3 K
< )
3 o o 8
[+ ml C”v F; .
(=] o

- 1.9

= T

—
0.98

E
r

\\Corelabo\40. Iwata\fvf fpf<fMf<,0,,, @{ “,«,0, FFLFA\NMR\,m, I,q\8g3A%» @,a,” “1\E-142-1-500mhz BCM.als
88 023313838 FB 8 SESY 95838 23 & 3B COWNT single pulse aecoupted gated NOE
o HOMTOOOmMD o © o N ~ OWeHH0ON ~ v < o™
d0 ANON DO o N c SO NNdNA o o4 oo DATIM 2012-12-14 15:42:13
55 2338333498 39S OrTIRPLCFe ©o N OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC  1H
CTEMP 27.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 50
Et02C Co,Et
Br, o
N~ N
H Ts
8
|
viie)
PPM
I L L L L L L L L L L L N L L L L L L L L A e L
0 175 150 125 100 75 50 25 0
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\\Corelabo\40. lwata\fvf fpf<fMf<,o0,,,

2p@{,

«,0, fF [F*\NMR\ V<K’C%A @2%» t=""\Br\H-51-Br-1.jdf
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DFILE
COMNT
DATIM
0BNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

H-51-Br-1.jdf
single_pulse
2015-03-12 21:21:56
1H
single_pulse.
500.16 MHz
2.41 KHz
6.01 Hz
16384
9384.38 Hz
8
1.7459
5.0000
6.82

ex2

1H
21.4 c
CDCL3
0.00 ppm
0.12 Hz
50

H-51-Br-BCM.als
single pulse decoupled gated NOE
2015-03-13 06:50:26
13C
single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
32768
39308.18 Hz
12000
0.8336
2.0000
3.50
1H
21.2 ¢
CDCL3
77.00 ppm
0.12 Hz
50

E10,C CO2EtL

993

9¢

Br.



\\Corelabo\40. lwata\fvf fpf<fMf<,o,

L=TEE L, 0

TfF [fA\NMR\,m, 1,q\8h3A%» @,n, le“1\data F-35-2-1.als
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DFILE data F-35-2-1.als
COMNT single_pulse
DATIM 2013-04-12 11:15:53
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 117.5 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 54

Et0:C co,Et

MeO, u

NN

H Ts

8k
DFILE E-144-1-500mhz bcm-1.als
COMNT single pulse decoupled gated NOE
DATIM 2012-12-14 16:36:07
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 27.5 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 58

Et0,G co,Et
MeO, u

Iz

Ts
8k



\\Corelabo\40. Iwata\fvf fpf<fMf<,0,,,=EE @5a"c @=2-b @ { *,«,0, fF [F\NMR\,m,1,q\od fA . “F’ le\data F-47-2_als
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DFILE data F-47-2.als
COMNT single_pulse
DATIM 2013-04-20 14:35:47
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.6 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 42
CO,Et
Et0,C
MeO
Ny
N
9d
DFILE data F-47 bcm-1.als
COMNT single pulse decoupled gated NOE
DATIM 2013-04-20 14:32:47
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 964
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
E10sC COEt
MeO.
Sy
N
9d



\\Corelabo\40

ata\fvf fpf<fMf<,o0,,,
DFILE data E-26-2-1.als

COMT single_putse
ENH O N i : DATIM 2013-04-23 09:43:28
1 A A VA I osNUC 1
g EXMOD single_pulse.ex2
' ' . " OBFRQ 500.16 MHz
8 e 5 8 5 8 OBSET 2.41 KHz
B o o c OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.3 ¢
‘HH‘HH‘ HH‘HHW \‘HH‘H HH‘HH‘HH\‘HH‘HH‘ H‘HH‘HH‘H H\‘HH‘HH‘HH‘HH‘HH‘\ SLVNT CDCL3
[7.05 7.00 6.95 6.90 6.70 6.656.55 6.50 5.755.70 4.80 4.75 4.2035 4.30 4.25 4.20 4.15 4.10 4.05 4.00 3.75 3.70 3.65 &SO 2.85 2.80 2.75 2.70 2.65 EXREF 0.00 ppm
< BF 0.12 Hz
< RGAIN 46
SN ozo o an
33 &8 39
IRV
@
S
8 N
N
T ISR 5 Q S
2.552.50 1.25 - 2:; o o —
L \ _/JUML_L_JJ
PPM
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\\Corelabo\40. lwata\fvf fpf<fMf<,0,,, de2-b @ { “,«,0, fF [f\NMR\,m, I,,q\10aSA%>» Wf f~f<f}f f1 [fo\data E-26-2 bcm-1.als

2288 £ 5 8 8883 o adygmgecs 's2 2 g COMNT Single pulse decoupled gated OE

0o wN n o O N ©mOo < Ng™~NOW!N© WD oo O, o ©

4000 2 oW BMmoX O Noswdsond o0 oo o DATIM 2013-04-23 10:33:34

D:DS E Eg ﬁﬁ:l:: 3 ~ ~NN~OoOoWwwww mom NN - OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC  1H
CTEMP 25.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
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L fF LFA\NMR\,m, I,

VFAFZf f<fAfZfaf“\dara-F-69-sai-2-1.als
DFILE dara-F-69-sai-2-1.als

S 9 i I I DATIM 2013-06-26 10:00:38
VYTV T I WW N2 T T oBC 1
© > qQ @ EXMOD single_pulse.ex2
8 g 3 3 a
' ! Y . o ' 3 o g N e [N OBFRQ 500.16 MHz
2 2 = 1 2 < Q2 | 4 OBSET 2.41 KHz
B . ° OBFIN 6.01 Hz
il POINT 52428
h FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 26.4 c
I A A L A TTTTTTTT SLVNT CDCL3
T[; ’:Tur:[ro Es.lmm@ AALD 4.‘A5 A.‘AO 4.‘20 4.‘15 [L‘ZLD A.LS 2.90 2.85 2.‘70 Z.LSTFZTﬁEm TZLU:I: 1.15 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 46
EtO,C,

o
N
b
3 g2 o
& Oa
<
3
o
L 38 3 8 8
e IS - Y “
/ o
A dwt
PPM
8 6 4 2 0

\\Corelabo\40. Iwata\fvf fpf<fMf<,o0,, ~fEE B34 a_p @ { “,«,0, [F [F\NMR\,m, I,q\10bSAk» @FAfZf f<fAfZfgf“\data F-66-2 bcm_copy-1.als
2 k8 B 28 BUBE B 2BSYRSEIN  98IN8 3h COMNT Single pulse decoupted gated OE
33 58 ¢ §8 g3Bs e SRSYNBEIY  $5E8% 2%
ia gs G dd ssar g adlon By Seged sa DATIN 2013-05-22 16:19:03
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 92
ACQTM 0.8336 sec
PD 2.0000 sec
pPw1 3.73 usec
IRNUC 1H
CTEMP 25.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 50
|
|
|
|
PPM
T T T T T T T T
200 150 100 50 0
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HPLC chart

EtO:C co,Et
N~ N
H Ts

8a (65% ee)

/ (not identified)

m—

Mt

'\1T

major enantiomer

26. 736

impurity or solvent

5.746

. 98]

minor enantiomer

#% CALCULATION REPORT

CH PRNO TIME
1 3 5. 746
L& 17. 981
19 26. 736
TOTAL

ok
AREA
T66457
1448693
311523

2526671

H-69-2 (spiroindoline 8a)

IC-3, 0.75ml/min, n-hexane : i-PrOH = 65 ; 35

254nm, (65% ee)

HE IGHT ME  TDNOG CONC
20394 ¥ 30. 3347
19529 57336
357 123293
43502 100

S38

NAME

65% ee




EtO,C COoEt

Oy
N
9a (71% ee)
C—R8A CHROMATOPAC CH=1 Report No.=11% DATA=1:&CHEM1. COO 15/02/2% 14:35:38

impurity or solvent

. : / (not identified)

5. 9830

T

unidentified product
% / H-69-1 (spiroindole 9a)
14123

~ 14,1 IC-3, 0.75ml/min, n-hexane : i-PrOH = 65 ; 35

- =G 090
I \ UV 254nm, (71% ee)

major enantiomer

h / minor enantiomer
N
- ¥ 39,260

#% CALCULATION REPORT ##

CH PKNO TIME AREA HE IGHT ME  1TDNO CONC _ NAME
i 5 5.08 102623 7302 (. 9899
27 14.123 62303 3023 _1 ;{456
28 16. 029 1113824 'i'z:l'_?‘t‘rﬁ) r"‘} %m? 71% ee
38 39, 26 189418 2618 12,9017
TOTAL 1468168 52432 100
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