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Stereocontrolled Synthesis of 3-Alkylindolines
from (Z)-2-Hydroxyindolenines
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Summary. A convenient process for the synthesis of 3-alkylindolines 2 and their transformation into
cis-fused tricyclic y-lactones 3 from allylic alcohols 1, mediated by a Grignard reagent, is described. This
process proceeds with high stereocontrol at the two newly formed contiguous stereogenic centres. By
oxidation with chromium oxide, 2-oxindole derivatives 4 are obtained from 3-alkylindolines 2.

Keywords. 2-Hydroxyindolenines; Stereocontrolled Grignard alkylation; 3-Alkylindolines;
Furo[2,3-b]indol-2-ones.

Stereokontrollierte Synthese von 3-Alkylindolinen aus (Z)-2-Hydroxyindoleninen

Zusammenfassung. Eine einfache Methode zur Herstellung der 3-Alkylindoline 2 und deren Um-
setzung zu den cis-kondensierten tricyclischen y-Lactonen 3 aus den Allylalkoholen 1 mittels einer
Grignard-Verbindung wird beschrieben. Die Reaktion verlduft unter hoher Stereoselektivitit beziiglich
der zwei neu gebildeten Asymmetriczentren. Durch Oxidation mit Chromtrioxid erhilt man aus den
3-Alkylindolinen 2 die 2-Oxindolderivate 4.

Introduction

In the course of our research on 2-hydroxyindolenines, we recently investigated the
conjugated addition of methylmagnesium iodide to 2-hydroxyindolenine 1a and to
its S-methoxyl derivative as a new route towards the synthesis of physostigmine [1],
the main component of Physostigma venenosum Balf. In the present work, we
describe a general approach to the synthesis of 3-alkylindolines 2 via the stereocon-
trolled formation of a carbon—carbon bond and of cis-fused y-lactones 3 which are
of potential interest for the synthesis of alkaloids with a hexahydropyrrolo[2,
3-b]indole framework [2].

Results and Discussion

In this study we have found that treatment of (Z)-2-hydroxyindolenines la—e,
possessing a tetrasubstituted double bond, with 4 molar equivalents of Grignard
reagent (R*MgX; R* = methyl, ethyl, iso-propyl and tert-butyl) in a solvent mixture
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of diethyl ether and tetrahydrofuran leads with high regio- and stereoselectivity to
the corresponding conjugated addition products (Scheme 1). The generality of the
present reaction is indicated in Table 1; it can be seen that both the nature and the
ratio of the obtained products 2 and 3 are influenced by the bulkiness of the alkyl
group of the Grignard reagent as well as by the experimental conditions. Thus,
reaction of compounds 1a—¢ with methylmagnesiumiodide leads to equilibrated C-2
epimeric mixtures of (2R*,35* 85%)- and (25*,35*,85%)-3-methylindolines (ca. 1:1),
resulting from a ring—chain tautomerization [3]. Diastereomerically pure
(2R*,35*,85%)-3-methylindolines 2a—c¢ (entries 1-4) could be isolated from this
mixture by fractionated crystallization (mother liquour contains always a C-2
epimeric mixture in the ratio of ca. 1:1). The success of the stereocontrolled
alkylation can be ascribed to the directing effect of the hydroxyl group [4]. The
relative stereochemistry of 3-alkylindolines 2 was fully supported by X-ray analysis
of2a [1c] and *H NMR spectra. Pure samples of (2R*,35*,85*) isomers of 2 gave 'H
NMR spectra in which the signal due to H-2 was always present as a doublet (*J HH
with the hydroxyl hydrogen), whereas the H-2 proton of the (25*,35*,85*) isomers
appears as a broad singlet, as was observed in the crude epimeric mixtures.
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2Isolated by crystallization from the epimetric mixture;
b epimeric mixtures (except 3f)

Scheme 1

The alkylation of 2-hydroxyindolenine 1a with ethyl or iso-propyl Grignard
reagents also proceeds with high regioselectivity to afford, after crystallization, the
corresponding diastereomerically pure 3-alkylindolines 2d (R* = Et) or 2e (R* =i-
Pr), in addition to the predominantly lactonized products 3d or 3e as shown in
entries 5-9 of Table 1. The predominance of the lactonized products can be
explained by the steric hindrance of the alkyl group at C-3 which favors intramolecu-
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Table 1. Reaction of Ta~¢ with R2MgX according to the general procedure

Entry Substrate Reagent Conditions Overali Products Ratio
R? X Temp. Time yield? 2/3°
O (min) (%)

1° la Me I 25 15 40 2a 1:0
2 1b Me I 25 20 33 2b 1:0
3 1b Me | 0 20 47 2b 1:0
4 1c Me I 25 20 29 2c 1:0
5 1a Et Br 25 5 30 2d, 3d 3.7
6 1a Et Br 0 15 46 2d, 3d 4:6
7 la Et Br —78 60 61 2d, 3d 4:6
8 la i-Pr Br 0 15 58 2e, 3e 4:6
9 la i-Pr Br —78 60 74 2e, 3e 3.7

10° 1a -Bu Br 0 30 21 3f 0:1

2 Estimated from the isolated pure products 2 and 3; ® obtained as equilibrated mixtures of anti/syn
diastereomers (2:1, except 3f) according to NMR; © attempts to perform the reaction at —78°C
failed

lar cyclization of the initially formed 3-alkylindoline. This conclusion is based on the
observation that compounds 2d and 2e were smoothly converted into the corre-
sponding lactones 3d and 3e by standing at room temperature in tetrahydrofuran
containing traces of tricthylamine. As expected, the less hindered 3-methylindoline
2a is recovered as a mixture of two diastereomers (ca. 1:1) under the conditions
described above. It is worth noting that the thermodynamically controlled ring
closure of 3-alkylindolines 2 affords cis-fused y-lactones 3, as was inferred from NOE
experiments, implying that an epimerization occurs at the C-2 hemiaminalic
stereogenic center [ 3] before cyclization.

As for y-lactones 3d and 3e, they were obtained as unseparable mixtures of two
diastereomers in ca. 2:1 ratios as determined by *H NMR in CDCl, solution. In
these two cases, the partial epimerization occurs at the acidic stereogenic center C-3
as evidenced by the markedly fast deuterium exchange at C-3 when diastereomeric
mixtures of 3d and of 3e were treated with D, 0. A steric hindrance between ethyl or
iso-propyl groups and the nitrile group should favor anti compounds. We have also
observed that the conjugated addition is slower at lower temperature, but in general
it gave the best results in terms of overall yield. The reaction between 1a and
ethylmagnesium bromide was performed at different temperatures (entries 5-7,
Table 1). In the range 25 to 0 °C, the relative yield of 2d changed from 30 to 40%.
A further decrease of temperature (— 78 °C) did not change the ratio between 2d and
3d, but the maximum overall yield (61%) was reached. The structures of compounds
2b—e were confirmed by reaction with chromium oxide in acetic acid to provide
oxindoles 4b—e as diastereomerically pure compounds (Scheme 1) in 59, 47, 72, and
51% of isolated yield, respectively.

In agreement with the preceding results, the reaction of 1a with the bulkier
tert-butylmagnesium bromide (Table 1, entry 10) results in the formation of lactone
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3f(R? = t-Bu) as a single diastereomer in which the nitrile and the tert-butyl group at
C-3/C-3aare anti oriented. The stereochemical assignment was confirmed by a NOE
experiment in which irradiation of the tert-butyl group (6 = 1.06 ppm) resulted in an
enhancement of the H-3 (6 = 4.32 ppm) and H-8a (6 = 6.37 ppm) signals. In this case,
the conjugated addition occurred with a comparatively low yield of 21%, and the
initially formed 3-z-butylindoline could not be detected. However, two 6-alkylated
products were obtained (Scheme 2). These byproducts were isolated by chromatog-
raphy in 21 and 13% yield and identified by their IR, 'H, and **C NMR data
as methyl (Z)-3-(1-cyano-2-methoxy-2-oxoethylidene)-2,3-dihydro-2-hydroxy-6-¢-
butyl-1H-indole-1-carboxylate (5) and methyl 3-(1-cyano-2-methoxy-2-oxoethyl)-
6-t-butyl-1H-indole-1-carboxylate (6) (cf. Tables 2 and 3).

The results described above show that the conjugated addition depends strongly
on the reaction conditions. These include not only the type of Grignard reagent,
but also reaction time and temperature. The structures of all 3-alkylindolines,
their corresponding lactonized products, and oxindole derivatives are confirmed by
their HRMS, IR, *H NMR (Table 2), and 13C spectroscopic data (Tables 3 and 4).
Selective proton decoupling and '*C-'H correlation experiments helped to assign
the signals. In conclusion, we have developed a useful and reliable method for the
regiospecific introduction of virtually any alkyl group derived from a Grignard
reagent into 2-hydroxyindolenines to give 3-alkylindolines with stereocontrol at the
C-3 and C-8 stereogenic centers, as well as their lactonized derivatives, which may be
interesting intermediates in indole alkaloid synthesis [5, 6].

Experimental

All organic solvents were dried according to standard procedures. Starting 2-hydroxyindolenines 1a-¢
were prepared from the corresponding methyl 3-(1-cyano-2-methoxy-2-oxoethyl)-1H-indole-
1-carboxylates according to a previously published procedure [7]. Compounds 2a and 4a are known
[1a]. The preparation of 3-alkylindolines and their corresponding lactones were carried out in an Ar
atmosphere. Grignard reagents were synthesized according to known procedures [8]. Melting points
were determined on a Fisher-Johns apparatus and are uncorrected. IR spectra were obtained using
a Perkin Elmer 16F PC spectrophotometer. 'H and **C NMR spectra were recorded on a Varian
XL300 spectrometer working at 300 MHz and 75.4 MHz, respectively, and chemical shifts reported in
ppm downfield from TMS. Column chromatography was carried out on Merck silica gel 60
(230-400mesh). Analytical TLC was performed on silica gel 60F , 5, coated aluminium sheets. HRMS
were measured on a Jeol IMS-SX 102A spectrometer with polyethylene glycol 400 as internal standard.
The physical and spectroscopic properties of the new products are given in Tables 2-4.



695

3-Alkylindolines from (Z)-2-Hydroxyindolenines

{(po))

(L-H {139 £30A) €6°L (-H OL=1P)89°L (O-H ‘HT ‘€1 ‘6L = PIT) Ov'L pue
YL H HITTLL=1PY) L1 PU 1772 “(B8-H H I S 197) L9 PUe 979 L(¢-H ‘H T
$7) 20y PUB ST ‘(FHDEOD ‘HE S 19) s6°€ (C"HDIHD ‘H T ‘g'9 == 1 1dasz) 797 pue 77

CEHOIHD ‘H9 ‘99 =r P) €1'T ¥L°0 PUR ¢1'T 080 {uds PUB 1up) SISWODINSEIP JO SINIXIW

(LH ‘HT199 £108) 98 L ‘G-H HT 9L =P ¥9'L (9-H ‘HT ‘L'L=r 17) 6¢°L pue

WL HHITTOL=PI0)LTLPue 17, (8-H ‘HT S 1q7) €£'9 PUe 879 (¢-H 'H I
S7) S0y PUB $T¥ (FHD 0D ‘HE S219) $6°¢ (CHDOHD ‘HT €L ‘¢¥1 =r Dpe) $6'1 pue
907 ‘CHD HD ‘HE S'L=r 12) 88°0 PUB 760 :(uds PUE 1Jup) SISWORISISBIP JO SINIXIW
(L-H ‘H'T 19 £104) 09°L

OHHICISL=PYICLGHHIYL=rPIPCLCH HIOLSL=r"PY60L
CHHT9¢=/P)8T'9S-H HI Sy CHOODN ‘HE ‘S) £6°¢ (FHD0D ‘H € s 19)
69°¢ (CCCHOIHD ‘H I ‘89 = 1 9das) 8¢ ‘CEHDIHD ‘H9 ‘69 = [ P PUE S 1q) 60'T PUC 660
(L-H "1 I ‘19 A124)

09°L OHHICISL=rPYOCL GHHBETILL=rPETLGCHHTIOLOL="r"PY)
90°L @HHITP=rP) 079 (FHO*OIN ‘HE 9 €6€ ‘G- HHI S) ¢L¢ "HO 0D ‘H¢
$19) 79°¢ (“HO*HD ‘HT ‘€L vv1 = DpT) v€'7 Pue 96T ‘CHOHD ‘H1 ‘€L =1 1 660
(L-H ‘H 1 ‘39 4104)

SOLG-HHILTUS=LPP) YL G- HHIO8=CP)6TL @HHIVF=r P OI9
(FHD'ODN ‘HE s19) ¢ CHO'OD HES) ££¢ ($-HHT ) 16°¢ ‘CHD ‘HE 9 091
(L-H‘H T ‘19

£A) oL L (OH BT SS=r P eyl WHHICI=rPers @HMHI vy =1 ‘P) 809
CCHOOON ‘HE S 19) 26'¢ (FHDY0OD ‘HE S19) 69°¢ (8-H ‘H 1 ) €5°¢ “(FHO ‘H € 5) 79T
olH

HITIYT=r PP ECS(L-HHI S19) $8'L (O-H'HT ‘L'8=r P ISL HO HI‘T8="r
PITSL@HHT TT08=r PP) 699 CHO OON ‘H€ ‘8) £8¢€ ‘FHD OO ‘H € 5) £8°¢C

(ZH)r ‘¢
(SW.L/FOAd) YIINN H,y

ot

P

9

Pz

B4

(4

q1

vTLT {£°00¢)
TYLY  TSTT - $0ZT-£0T YOINSTH D
YTLT (£'982)
T6L1  8STT LET-SET YOINT'H D
00L1 (#zee)
TSLY  ¥STT  PE¥E  6Vi-Lby SO'N*H "D
T0LT (£'81¢)
PPLT  PSTT  THYE  SpI-TT SONPTH D
9891 (z'£8¢)
9TLT  9¥TT  99¥E  SET-SET  COTNIGT'H'D
TOLT (T¢8e)
‘RELT  09TC  ¥EPE  SST—€ST  “OPNJG 'H'D
(T'L9¢)
TILY  YTTT 91SE  961-P61 “ONE'TH''D
OHU> ZU> EO\F
—— q-sBMULIO]
(7w Igy) A1 o(D,) dux Iemodiopy  punodwor)

g~ spunodwod Jo e1ep YN H, PUe JT

‘syurod SunPW 7 AqRL



M. S. Morales-Rios et al.

696

€
[OHO UL,
‘wnwaynop Aq 9[qeoSuBYDISIUL |, OP-OS N ] 10] JUSA[OS , DOp PUE (f 10] SUEXS/AUOIIE 9 PUE D J—PE -4 10J Q1T ‘qI 10 YAOOV 1UAA0S HonezIf[eskioal

{nwe QU0 F z/ut) poUIeIqo oIom son[ea SINVH AJOIOBJSIIES , ‘SIUOA[OS JUQIAQIP Ul DI Aq poummusidp a1em spunodwod pojefost o jo fund ayy,

(L-H ‘H1Ts19) 678

CTHHICO=rPIOULETHHIYS=rP)8SLEHHILTY8="PP) ¥L (8H (°82¢€)
HT60=rP) €6 (FHO'OON ‘HE ) 90°v (FHD 0D ‘HE ) ¢8°¢ (*(CHD)D ‘H6 ) 0¥ T vrLT  8¥TT - JOTI-LIT YO'NH®'D 9
(PF-H‘H1 ‘98 = P)8€'8 “(L-H “H T “1q £304) L0'8 (S-H ‘HT 8198 =1 PP} €T'L (2243
(Z-H ‘H 1 S 1) 829 (HO ‘H 1 S 19) 8¢'v (FHO ODT ‘H9 ) 6°¢ “*(FHD)D ‘H6 ) 9T ,8TLT  0TCT  99S€ o SOINTHE D ~

(L-H'HTS'8=r"DP)
€6LWHHI VI SCL=LPP)SSLOHHI YT OLTS=rPPP)6£°L (S-HHTTT

‘9L =r PN YL (8-H HIS) sty FHO'OON ‘HE S) v0r (FHO®0OD ‘HE ) #0¥ ‘CGIN0D  OpL] (g'0g¢)
‘HES) ps€ CHOIHD ‘HT 89 =1 9498) 167 CCHDIHD ‘HO ‘6°9=r PT) 1¢T PUB L9°0  “LOLT  6¥TT - 9TI-¥IT CO°N*'H D F
(LCHHT6L=rP)L6L WGHHISCOPTCL=LPPP)LSLOHBI VYT 6L="r"DY
WLAS-HHTOT9L=rPYSTLG-HHT DI ‘CHDO'ODN ‘HE 9) S0 (FHO 0D (£91¢)
HE9)95€ CHOHD ‘HT VL ¢vT = Dp7) 817 pue 1T CHO*HD ‘HE VL= 0L0 HSLT ¥STT - 1o SO'N?'H'D U7
(LHHETLT=rPOCs GHHITS=r P LYLGHHI ST T8=/rPP) 9¢L] (T18¢)
8¢°L (8-H ‘H 1 ‘8) 6T% (FHDPOON ‘HE )90y ‘*HD®0D ‘HE ) €9°¢ “CHD ‘HE ) v9'T  ‘8LLT  0STT - ZE1-IET SO'NMETH'O o
(LHHISS=LPO6L THHISTI=LPILLOHHITTLS=rPP) tWL] (T18¢)
€5°L “8-H ‘H 1 9) 0€+ “(CHDODN ‘H € 5) s0F ‘(C"HD 0D ‘HE %) $9¢ “CHD ‘HES) €9T  ‘8LLT  9¥TT - 68-88 O°NM'H'D Q¥
(L-HHT 79
K130 S6°L W H L= P)SLLOHHIVL=LNPLCHBIUTTILL=LPYITL  0ELT (R489)

{eg-H ‘HT S 3q) L£9 SE-H ‘H T S) 2% FHD 0D ‘HE s 19) 56°¢ (FEHD)D ‘HE ) 90T  ‘86LT  TSTT ~  88T—L8T YO'NFTHS O ¥

0=0, ND4  HO,

zwre¢ ——— qreB[UI0]
GEixumovmzzFr\aogm%m_ OGOV.QE EE%EE:&E@

(panuuo)) - dqeL,




697

3-Alkylindolines from (Z)-2-Hydroxyindolenines

Pas1oAa1 oq Aewr syead o173 Jo Juswuissy

HEHDD) 1€ “CCHD)D

TSEFTHDOTOPS N LPIT ™00 ‘9'6p1 “" 0D L'¥91 PSE  09€T  TTIT OIST  LTCT #8111 0SZT €011 LTl 9
(*(*HD)D 6'0¢ ‘FHD)D ‘T'9¢

FHOOT $°€S ‘ND 9°STT T ™00 ‘6'IST “ 0D L'€91 vve  €8¥l LTIL SE9T 61T ¥9ZI ¥6IT LT9T  S¢8 ~
YCHOIHD 6°S1
pue g1 ““("HDIHD $9¢ V™™ ™ T HDO +8'€S

FIEHDO LIPS N FHIT 200 11T “™ 00 0991 Ter  00pY  OSIT  96CT  ¥STI TTLT  LLTT THS LELY op
“HO'HD
L’L pue I'8 “THDEHD 867 PUB 1€ " DO 8¢S

FEEHDO IS ND €11 00 1181 ™00 9691 Lyy  TOvL  €SIT 86T ¥STi 8TZI S92 €3S 0SLY Py
“HO €9 ™00 08

FIREHD0 S ND OFTT ™00 6°0ST 0D €97 9y TO¥YT  T6IT  9¢Tl P8l $€TT  TLIT 9L 0SLT 217
HO vrT Y DO T bS

FIEREHDO €S ND 6°€11 “™ ™00 0'18T 0D $€91 Sy T8ET  TLIT  8CET  #8IT ST vOST  LLb 8PLT qr
“EHDHD 081 Pue 98T “(FHOYHD 9°0€ “" ™ HDO »1°¢S

FTEEHDO0 $7ES ND T'STT “" 0D 0'9ST 0D $#91 Lyy  vOvPl SPIT L6CT €€T1 €vTl T8I 8SS 9'88 Lr4
“HOYHD
86 PUE 0°01 ““HD HD 64T PUB 967 V"™ "™ D0 ,7'¢S

FEHDO V€S N LTIT “" 00 0%ST 0D 9191 9%y 60V 8PIT  L6TT TELT 9Pl §6T1 0€S S'L8 L7
FHD 991 Y ED0 .$°€S

FREHO0 RLES NO PRI 200 €651 0D v91 vor  90¥l  TRIT L€l L9ZI  S'STT LOST  S6F 0'L8 pré
FHD 691 “"" ™ DO SFES

FIEHDO WL'ES NO €P1T T 00 0°¢ST 0D €491 99  9'8€l  $OIT  8TET 0911  €LT1  LE€El  L'6¥ 698 q
SR EHD0 H1'ES

TEEIDO LTES ND §STT 0D €T6T “POD 87091 0L6  6SPl 6911  L8ET  8PIT  TLZ] 9€CT  O191 878 q1

sjuanisqng 8D BLD LD 9D D 0] 150 €D 7O punodwo)

(¢ ‘SIW.L/FIDAD) 9+ pue ‘T ‘T spunodwod Jo B1ep YN D¢, '€ IqEL



M. S. Morales-Rios et al.

JOUTOOIR)SBIP UIew JO BIBP ‘(J€ 1d00XD) SIOUWIOIIDISEIP OMT

SEHD)D L5T CEHDD

T9€ CHOO L'€S ‘ND LEIT T ™ 0oD ¢I1sT  9€6 801 L'SIT 60€T 874! S'LTl ¢TI 909  88¢  §€9T b3
“*HD)HD) 6'L1 “(*HD)HD

99€ ““HDO L€S ‘ND TETT “"* Y™ 0D 8161 g6 OTHl L'S11 6'0¢€1 7! 8971 6vCT  L'LS T €991 E
THDHD 98 ““HOTHD

£T€ “HOO L€S ‘ND LTIT ¥ 0D 18T €6 YOVl L'STT 80ET 9¥Tl 8'GTI TLZT 9YS £ TS9T pE

syuemITIsqng 8D BLD LD 9 D 7O q€D  egd 150) 7D punodwo)

698

(0 ‘SI.L/SIDAD) € spunodwos jo eyep oidoosonoeds D¢,y IqBL



3-Alkylindolines from (Z)-2-Hydroxyindolenines 699

{ 2R*,35% 85* )-Methyl-3-ethyl-3-( 1-cyano-2-methoxy-2-oxoethyl )-2,3-dihydro-2-hydroxy-1H-
indole-1-carboxylate (2d) and 3a,8a-cis-8-Carbomethoxy-3-cyano-3a-ethyl-3,3a,8,8a-
tetrahydro-2H- furo[ 2,3-b Jindole-2-one (3d); general procedure

To acooled (— 78 °C) solution of EtMgBr (463 mg, 3.47 mmol) in a solvent mixture of Et,O (13 ml) and
THF (20ml), a cold solution of 1a (250mg, 0.868 mmol) in THF (10 ml) was added over a period of
25 min with stirring. The temperature was maintained at — 78 °C for 1 h during which time the mixture
turned orange. The reaction was quenched with sat. NH,Cl solution (5 ml), allowed to warm to r.t. and
diluted with AcOEt (30ml). The organic layer was decanted, washed with sat. NH,Cl solution
(2 x 10ml), and dried (Na,SO,). After evaporation of the solvent in vacuo, the residue was separated by
flash column chromatography (silica gel, CH,Cl,/AcOEt 24:1) to give 95 mg 3d (38 %) and then 110 mg
2d (39%). Two recrystallizations from Et,O gave slightly greenish crystals of 3d (yield: 87 mg (35%);
mp.: 135-137°C) and white needles of 2d (yield: 73 mg (26%); mp.: 141-143 °C. For further details see
Table 1.

(38%* 85* )-Methyl 3-alkyl-3-(1-cyano-2-methoxy-2-oxoethyl )-2,3-dihydro-2
oxo-1H-indole-1-carboxylates (4b—e); general procedure

To astirred solution of 3-alkylindolines 2b—e (0.34 mmol) in AcOH (5 ml), a solution of CrO; (1.0 mmol)
in H,O (0.4 ml) was added at 15 °C and stirring was continued at r.t. for 1 h. The mixture was poured
over cracked ice (20 g) and extracted with AcOEt (2 x 50 ml). The organic layer was dried (Na,SO,) and
concentred under reduced pressure. The crude product was purified by silica gel chromatography
(CH,Cl,/Et,O 24:1) giving pure (TLC) oxindoles 4b—e. For physical and spectroscopic data see
Tables 2 and 3. :
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