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Abstract - Imines Y4 cyclize stereoselectively to dihydroindoles 2 upon use
of a Li or Na alkoxide-alcohol combination. Depending on the type of
alcohol applied either cis (2C) or trans (2T) spiroindolines 2 are formed.
In case of imines Y4 derlved from electron-rich aromatic aldehydes the
formation of 2 occurs also thermally. With Lewis acid/catalysis cyclization
4 - 2 proceeds in a less steqeoseleclzgive manner. The stereochemistry of 2
follows from characteristic H and -C NMR data.

INTRODUCTION

Aiming at the synthesis of indole alkaloids through N-acyliminium ion cyclizat;:I.ons1 we were
looking for a synthesis of compounds of type 2 from amincaryl imide 1. The route to be developed
had to satisfy two major requirements: (i) rather than the indole unit for which a vast array of
novel approaches have been reported in the last decacle2 the required structure should contain an
indoline skeleton; (ii) the synthetic pathway should lead to the indoline stereochemistry found
in the natural products. Our attention was initially focussed on an adaption of the Madelung
r'eaction3. It was anticipated that due to the presence of anion-stabilizing carbonyl groups in 1
the harsh experimental conditions of the indole formation possibly could be alleviated in order to
arrive at spiroindolenines 3 which upon stereoselective hydrogenation would lead to the desired
type of material. Although the latter approach never worked satisfactorily it was discovered that
imines of type 4 generally cyclized to dihydroindoles g” upon base or acid catalysis. In case of
an electron-rich substituent R in 4 reflux in an inert solvent sufficed to form the indoline 2.
The same observation was made for certain aryl substituents X and Y in the starting imine BSa,b_

RESULTS AND DISCUSSION
The ring closure of imines 4 to indolines 2 can be viewed upon as a 1,5-electrocyclization

6 the

ease of which is primarily governed by the nature of the group R and aromatic substituents X andY.
When UYb is refluxed in xylene for 18 h the isomerically pure cis spiroindoline 2bC is formed in
50% yield no trace of the trans stereoisomer 2bT being detected (Table 1, entry 4). Analogous
results were obtained by refluxing imines 4k, 41 and Um, derived from electron-rich aromatic and
heteroaromatic aldehydes and affording 2kC, 21C and 2mC (Table 1, entries 6-8). 1In all cases the
relative orientation of the imide-carbonyl at C-3 with respect to the C~2 substituent (See Fig. 2)
appeared to be ﬁ'l. Imines of other aromatic aldehydes e.g. la and 4d (Table 1, entries 1 and 5)
and non-enolizable aliphatic aldehydes failed to cyclize thermally. Imines of enolizable .aldehydes
upon prolonged heating gave only imine-enamine dimerization products. The influence of the sub-
stituents X and Y in the phenyl ring of the imine appears from the results in entries 10-12 (Table
1). Imine 8_a quantitatively cyclized after 21 days of reflux in toluene. Interestingly, a 7:3
mixture of the cis and trans stereoiscmers 10cC and 10aT was obtained. Similarly, imine 9a
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afforded the cyclized product 11aC upon refluxing in toluene (entries 11 and 12) as the sole isomer
These observations point to the existence of a pivotal 1,5-dipole

together with starting imine.

A as intermediate (Fig. 1), since both the formation and the mode of reaction of such an inter-
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mediate will be influenced by the nature of R and the aromatic substituents X and Y°U.

A strong rate-accelerating effect was noted upon addition of a catalytic amount of a tertiary
amine to the toluene solution of the phenyl imine Y4a; complete conversion (18 h, reflux) to a

Table 1. 2,3-Dihydroindoles 2 from imines U by refluxing in inert arcmatic solvent
Entry Imine Solvent Time Product® Yield Starting imine
h «® ®©
1 4 toluene 168 - - 100°
2 ka toluene + NEt,¢ 18 2aC 100° -
3 L) benzene 504 20 17 10
4 4 xylene 18 2 50 25
S 44 benzene 768 - - 97
6 LY benzene S0k &C 20 -
7 ux benzene 168 21c ] 40
8 i toluene 96 F- 59 -
g s toluene + NEt,S 18 - - 100°
10 8 toluene 504 10aC 70° -
10aT 3¢ -
1 Sa toluene 120 1taC 40 60
12 9a toluene 720 aC 90 10

2 ¢ (Cis) and T (Trans) refer to C-2 atereochemistry”

b All values refer to isolated yields unless otherwise indicated

[+

3-5 equiv. NEt3 ware used,

Determined fram 'H NMR of the crude reaction mixture
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Table 2. Reaction of imines U in presence of strong base

Bntry Starting Condij- Product® Yield® m.p. °C Other products
imine {ons’ %
1 4a D 2aC 7 217-219 -
2 Ya G 2aT 90 158-160 -
3 a H 2aT 36 sa (u6%)%, 2aC (16%)°
4 4 E 260 81 219-222 -
5 w G 267 45 181-183 2 (59)°
6 se E 2¢C 62 276284 -
7 4 G 2eT 60 190-203 -
8 i E 2dC 47 160.5-162 -
9 4e E 2eC 49 184-186 -
10 ar D are 80 216-219 -
" hr G orr 66° 155-156 -
2 af H 2t u7 2rc (%
13 45 E 28C 83 125-126 -
n ig G 2T 21 148.5-149.5 58 (52%)°
15 un E 2ne 81 159-160 -
16 ™ G ant 20f 173-174 -
17 u b ¢ 55 ofl -
18 m H 24T 73 82-83 51 (5%)% 210 (0)°
19 [ D 25 60 132-134 -
2 uy H 247 43 15-117 -
21 8a b 10aC 86 243-246 -
22 8a G 10aT 59 150-152 10aC (10%)
23 %a & 11aC 75 202-204 -
a t t t t
D NaGBul/HOBU® 25°C E MaOBu'/HOBU'ITHF O°C
G HaOEt/HOEt 25°C H NaOMe/DMSO 0°C
P A1l values refer to isolated yields unless othervwise indicated
© ¢ (Cis) and T (Trans) refer to C-2 H stereochemistry
d Determined from 'H NMR of the crude reaction mixture
® Corrected for recovered imine
T Nt optimized
8

See experimental.

single stereoisomer 2aC was observed (Table 1, entry 2). The ring closure was also expedited by
a catalytic amount of strong base. Upon use of EtOH/EtONa a single sterecisomer 2aT was formed
which, however, possessed the undesired trans stereochemistry. Quite unexpectedly, a dramatic
solvent effect was noted upon use of Bu®oH/BuoM {M=Li or Na), which afforded the cis stereoisamer
2aC. The decisive role of the structure of the base on the stereochemistry of the imine cycliz-
ation was verified for a number of other imines as shown in Table 2. The cyclization could also
be induced by other bases, which, in general, gave less stereoselective results (e.g. NaOCHB/DMSO:
entries 3, 12, 18 and 20, Table 2). Sometimes, byproducts of the tetrahydroquinoline type 5 were
formed also (entries 3, 14 and 18).

From the results of Table 2 it can be inferred that imines 4, § and 9 derived from both aromatic
and aliphatic aldehydes under the influence of strong base consistently give rise to the following
cyclization pattern. In EtOH and DMSO as solvents indolines 2T are formed possessing the - unnat-
ural - trans stereochemistry. In But‘OH as solvent the opposite stereocchemical result is obtained
affording the desired cis products. Neither steric crowding in the imine (entry 15), nor the
presence of functional groups (entries 17-20) interfere with this generally observed trend.

In order to assess the importance of the structure of the alccholic solvent molecule as well
as its relative proportion needed for complete conversion of starting imine into cis cyelization
product 2C a number of secondary and tertiary alcohols were investigated (Table 3). From the
results of entries 1-4 the effect of the amount of ButOH on the C/T ratio is apparent. That LDA
is less satisfactory as a base (entries 1-3) as compared to BuLi (entry 4) is due to a - independ-
ently controlled - detrimental effect of a secondary amine on the yield of cyclization. Various

structurally different alcohols gave satisfactory yields (Table 3, entries 8-12). In presence of
at least 3.0 eq of alcohol yields of 60-80% of the cis products were obtained.
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Table 3. Effect of alcohol R'OH on stereochemistry of 1,5-electrocyclization

Entry Inine  Equiv. of  Equiv. of Time’ Product Y1e1d®
R'OH2 base® P ]
1 i - 1.0LDA 3 2nc () 20
- +2nT (25
2 o 158 1.0LDA 3 2nC(1) + 24T (1) 30
3 ah 3.0 B 1.0LDA 3 MC @)+ AT () 30
y W 3.0 B 1.0 Bt 3 2C (7) + 20T (1) 80
5 h 1.0M 0.8 Bult 3 2ne 20
6 sh 3.0 BR  0.5Buli 3 e 73
7 4 3.0C 0.9BULL 2.5  ZC(D+2nT(2) 72
8 4g 3.0 1.0 Bult 0.5  2C 40
9 ug 15.0 M 1.0Bult 0.5  2C 82
10 ug 3.0BOR  0.5Buli 0.5  2gC 70
n 4g 40¢C 1.2 Buld 4 2gC 70
12 ig 2.5 v T4 BUL 0.5 2 60
13 ig 3.00 1.0 Buli 0.5  2¢ 67
1% sa 3.2M 128y ¢ 2ac 64

a B: t-Butanol; M: (1R)-(-)Menthol; BOR: (2R)~(-)Borneol;
C: (1R)~(+)Cedrol; V: (2S)-(+)Viridoflorol; O: (2R)-(-)Octanol

b Addition of base and alcohol to imine in THF at -78°C mixture
allowed to warm to 0°C and stirred for the time indicated.
Work-up by quenching with HZO (see experimental part, procedure F)

€ Determined after purification. Accuracy T 5%

9 After addition at -78°C the mixture was allowed to warm to -40°C
and then quenched with HZO.

An excess amount of 15.0 eq - entry 9 - gave the best result. Interestingly, upon reaction of the
imine 4h derived from pivaldehyde in the presence of cedrol, the selectivity of the reaction was
lost (entry 7). This result markedly contrasts with the high stereoselection observed with ButOH
(entry 15, Table 2) and supports the earlier given r‘at::i.onaleSb of a solvent-association complex B
(Fig. 1) playing a role in the imine (E) ~ (Z)isomerization. A relatively simple secondary alcohal,
2-octanol, also afforded acceptable ylelds of cis product (entry 13). The imine of an aromatic
aldehyde e.g. Ya reacted analogously (entry 14). The enantioselectivity of the cyclization react-
ion resulting from the use of an optically active alcohol, can be very high in certain cases. This
has been described elsewhere15’16.

Upon refluxing 4a in toluene in the presence of one eq of Zn(OAc)2 ring closure also took place
albeit in a less stereoselective manner. In addition to 46% of 2aC and 16% of 2aT also 8% of 3a
was formed while 8% of u_a was recovered. Other Lewis catalysts effected similar outcomes except
for the amount of oxidized product 3a which was 40% upon use of E-‘eCl3 and 35% with Pd(OAc)z.

Protic acids also catalyzed the cyclization; for instance, both HOAc and CFacOOH gave rise to the
formation of 2aC from 4a in addition to considerable amounts of 3a. The latter material was formed
by air oxidation of 2aC under acid catalysis which was controlled independently. A CF3COOH solut-
ion of 2aC in toluene afforded 70% of 3a after heating to 80°C for one hour. Hydrogenation (Pd/C-
H, ) of 3a gave a 85:15 mixture of 2aC and 2aT.

Structure determination of cis and trans isomers of spirocyclic product 2 was accomplished by
1H— and 13C NMR analysis. In Table 4 a survey of the parameters is given in which OHAB'%(OHN
6HM'B) and AHAB'bﬂu'A'éHU'B' Characteristic differences are found for °HAB (aromatic series 2a-
2c), aH p (aliphatic series 2f-2j), 6H, (all compounds) and 6C-2 values (all compounds). The
observed trends most likely follow from anisotropy effects in the preferred conformation of the
trans isomer as indicated in Fig. 2. The most notable features are (i) the proximity of the C-2'
carbonyl to H2and (ii) the position of the C-4' HA B with respect to the C-2 substituent.
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Table 4. 'H NMR and '3C MR parameters of indolines 2

Compound®  %Hyp aH,p oH, ac-®
ct 1© c T c T c T
2a 3.17; 2.43 0.27; 0.23 5.07; 5.47 74.9; 69.0
Fi3 3.08; 2.48 0.26; 0.18 4.91; 5.48 n.d.
2 3.47; 2.%0 0; 0 5.26; 5.55 n.d.
of 3.03; 2.88 0.32; 0.66 4.48; 4.91 n.d.
2% 2.93; 2.82 0.47; 0.68 3.85; 4.28 70.8; 64.4
an 3.04; 3.02 0.25; 0.98 3.65; 4.28 n.d.
21 2.92; 2.78 0.34; 0.64 4.01; 4.33 68.4; 63.7
2 2.92; 2.81 0.34; 0.70 3.97; 4.50 65.1; 59.8 Fig. 2 Stereochemistry
® Deternined in COC1, except for 2c (IMSO) of 2aT

% 3¢ wR values

¢ Cand T denote cis and trans sertes.

In conclusion the 1,5-electrocyclization of C-substituted o-aminoaryl succinimides is a
versatile pathway for arriving at spiro-dihydroindoles in a highly stereocontrolled fashion.
Further results in the synthesis of indoles and applications of the method in the total synthesis
of alkaloids will be reported in due course.

EXPERIMENTAL

All m.ps are uncorrected. p} spectra were recorded on a Perkin-Elmer 257 spectrometer. The
absorptions are given in ecm ° and all spectra are taken in CHCl,. PMR spectra were run on a
Varian Associates Model A-60-D and X1-100 or Bruker WM 250 instruments, using T™S as an internal
standard. Mass spectra were obtained with a Varian Mat-711 spectrometer.

Thermal cyclizations. Procedures A, B and C.

The imine (0.1 mmol) was refluxed in 5 ml of an aromatic solvent for the time indicated. After
evaporation of the solvent the residue was crystallized from ethanol (procedure A).

In presence of triethylamine the work-up was similar (procedure B).

In presence of 1-3 eq of acid the solution was washed with Na2C03 aq and water, dried upon MgSOu
and evaporated (procedure C).

General methods for spirocyclization of imines U4 with base

Procedure D: About 15 mg (0.6 mmol) clean sodium chips were added to 10 ml freshly distilled
t-BuOH (from Ca0) in a three-necked flask of 50 ml equipped with a reflux condenser under dry
nitrogen atmosphere. The mixture was stirred magnetically and refluxed for several hours till

the sodium was dissolved. The solution was cooled to 25-30°C and a toluene solution of 1 mmol of
the appropriate imine was added at once and the mixture was stirred for 15 minutes. The react-
ions were monitored on TLC (silicagel with an appropriate EtOAc/LP 60-80 mixture as eluent). Too
long reaction times led to decreasing yields of cyclization products. The reaction mixture was
poured into 100 ml of water and extracted twice with CHCl,. Drying with NaZSOu and evaporation
of the solvent under reduced pressure furnished the crude reaction products?

Procedure E: About 15 mg clean sodium chips were dissolved in 10 ml of freshly distilled t-BuCH
as in procedure D. 10 ml of THF (distilled from LiAlH,) was added and the flask was cooled in
an ice bath to 0°C. A toluene solution of the imine (Q mmol) was added at once. Reaction time
and work-up see procedure D.

Procedure F: To 30 eq of alcohol in 10 ml of THF at -78°C 1.0 eq of BuLi in hexane was added.
After warming to 0°C 1.0 mmol of imine in 1 ml of toluene was added at once and the mixture
stirred for the time indicated in table ITI. Work-up as under D.

Procedure G: 9 mg (0.4 mmol) of clean sodium chips were dissolved in 10 ml of dry EtOH (distilled
from magnesium) in a round bottomed flask of 50 ml under N2. The solution was stirred magnetic-
ally. A toluene solution of 1 mmol of the imine was added®at once. After 10 minutes the reaction
mixture was poured into 100 ml of water. Chloroform extraction (two times) and work-up afforded
the crude reaction products.
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Procedure H: 9 mg (0.4 mmol) of clean sodium chips were dissolved in 0.5 ml dry MeOH in a three-
necked flask of 50 ml under N.,. The methanol was evaporated at 0.1 mm Hg, while the flask was
heated tg 100°C. After cooli 10 ml of dry DMSO (distilled from CaH,) and stored over mol
sieves 4A) was added to the dry NaOMe. The mixture was stirred magnegically and a toluene solut-
ion of 1 mmol of the imine was added at once. After 10 minutes the reaction was quenched with
100 ml of water. Extraction with diethyl ether (two times) and work-up afforded the crude react-
ion products.

N-benzyl-3(o-amino)phenyl pyrrolidine-2,5-dione 1:

10 g (45.5 mmol) of 3(o—nitm)phenyl—pyrrolidine-.?,Sndione8 and 30 g (210 mmol) of anhydrous
K.,CO, were suspended in 200 ml of acetone. The mixture was vigorously stirred and 8.55 g (50
m%ol of benzylbromide was added at once. The reaction was monitored on TLC (silicagel/EtOAc/LP
60-80). When all the starting material was converted, 500 ml of water was added. The mixture
was extracted six times with 30 ml portions of CHCl,. The combined organic layers were washed
with water and dried with Na SOQ. The solvent was 8vaporated under reduced pressure and the
residual solid was r'eer'ystaﬁized from acetone/EtOH. -1
Yield: 14.1 g (4.55 mo}, 85%) whi{te crystals. M.p. 147-148°C (EtOH). IR(KBr): 1775 and 1705 om
(C=0, imide), 1520 cm™' (NO,). 'H NMR &(CDClg): 8.05 (m, 1H), 7.65-7.10 (m, 8H), ¥.74 (s, 2H,
CHPh), 4.43 (d of d, J=6 afid 8 Hz, CHAr), 3.5-2.5 (m, 2H, CH,CHAr, ABX).

10 g (32.3 mmol) of the N-benzyl imide was suspended in 150 ml of toluene containing 1 ml of EtOH,
300 Mg of the catalyst (10% palladium on charcoal) was added and the mixture hydrogenated for 18
hr at 1 atm. The catalyst was filtered off over high-flow. Eventually crystallized material was
taken up in CH,Cl, and also filtered over high-flow. The toluene/CH,Cl, solution of 1 was con-
centrated undeg rgduced pressure to about 50 ml, which was triturateg wgth light petrdleum b.p.
60-80°C. 1 Crystallized almost immediately.

Yield: 8.123 g (29.0 mmol) of 1. M.p. 110-113°C. By concentrating the mother liquor another
batch of 0.632 g (2.26 mmol) of 1 was obtained, m.p. 105-111°C, sufficiently pure for further use.
Total yield 97%. Recrysta],lizaﬁon from EtOH afforded an analytical pure sample; m.p. 112-114°C,
IR{KBr)}: 3390 and 3330 om™' (NH,), 1760 and 1685 em™' (C=0, imide). 'H NMR 8(CDCl): 7.4-6.7 (m,
9H), 4.67 (s, 2H, CH,Ph), 4.21 ¥d of d, J=6 and 8 Hz, CHAr), 3.91 (br 1, NH), 3.08 (m, 2H, CHy-
CHAr, ABX). Found: €, 72.8; H, 5.8; N, 9.9; CWHiéNZOE requires: C, 72.84; N, 5.75; N, 9.99.

Cis-2-phenyl-2, 3-dihydroindole-3-spiro-3' (N'benzyl pyrrolidine-2',5'-dione 2aC:
280 mg (1 mmol) of amine 1 and 177 mg (1.1 mmol) of benzaldehyde were refluxed in toluene (10 ml)

for one hour. The crude Teaction product was crystallized from EtOH. M.p. 4a 94-97°C.

368 mg (1 mmol) of imine La was dissolved in 5 ml of toluene and cyclized with NaOtBu according

to procedure D. Yield: 267 58 {0.71 mmol, T1%) of‘gg%as colorless white needles. M.p., 217-219°C
{(i-PrOH). IR(KBr): 3320 cm” ' (NH), 1770 and 1700 an™' (C=0, imide). 'H NMMR 6(@%1 Y: 7.54-6,68
(m, 14H). 5.07 (s, 1, CHPh), 4.27 (s, 3H, CH,Ph and NH), 3.31 (d, 1, J=18 Hz, T-8'H_), 3.04 (d,
1, J=18 Ha, C-A'H.). C-WMR 6(CD,CL): 178.7 (C20), 174.7 (C0), 7.9 (C-2), 58.5 (C-3), 42.h
&cu Pgé, 4.16 (C-4%). Found: C, 78%2;°H, 5.5; N, 7.6; CoyHN,0, requires: C, 78.24, H, 5.47,

, T.60.

Trans-2-phenyl-2, 3~dihydroindole-3-spiro-3*{N'benzyl )pyrrolidine-2*,5'-dione 2aT

200 mg (0,54 mmol) of imine Ya was dissolved in 2 ml of dry toluene and added to a stirred solut-
ion of NaOEt in EtOH (procedure G). Work-up aff‘or-deq 180 mg (0.49 mmol, 90%)1of 2aT as white
grystals. M.p. 158-160°C (EtOH). IR(KBr): 3320 em™ (NH), 1760 and 1690 cm  (C=0, imide).
H NMR 6(CDCL,): 7.4-7.0 (m, 1H), 6.73 (m, 3H), 5.47 (d, M, J=3 Hz, NCH), 4.71 (br s, 2H, CH,Ph),
431 (4, H, BH, J=3 Hz), 2.55 (d, 1H, J=18.5 Hz, C-4'H), 2.32 (d, 1H, J-18.5 Hz, ColiH ).

C NMR 6(CDC1.): 178.9 (s, C=0), 174.4 (s, C=0), 69.0 %d, C-2), 58.0 (s, C-3), 42.7 (%, CH,Ph),
39.0 {t, C-47)7 Found: C, 78.2; H, 5.5; N, 7.7; C,‘,uﬂzgr\leo2 requires: C, 78.24; H, 5.47; N, 7.60.

Cis-2(4-methoxy )phenyl~2, 3-dihydroindcle-3-gpiro~3'(N'benzyl )pyrrolidine-21,5'~dione 2bC

A toluene solution (5 ml) of the imine 4b (200 mg, 0.5 mmol) was added at once to a solution of
NaOtBu in t-BuOH/THF (procedure E), Work-up and crystallization from EtQH afforded 162 mg (0.41
o}, 81%) of 2vC as,white crystals. M.p. 219-222°C, IR(KBr): 3340 cm™ (NH), 1770 and 1700
em ' (C=0, imide). 'H NMR &(CDCl,): 7.77 (d, 2H, J=9 Hz, pOMeAr), 6.94 (d, 2H, J=9 Hz, pOMeAr),
7.43-6.55 (m, 9H), 4.91 (s, NCHArY, 4.28 (s, 2H, CHZPh), 4,13 (br, 1H, NH), 3.72 (s, 3H, OCH,),
3.23 (4, 1H, J=19 Hz, C-U'H_), 2.93 (d, 1H, J=10 Hz2 C-U'H). Found: C, 75.3; H, 5.6; N, 7.09
Coutly N0 requires: C, 75.35; H, 5.57; N, 7.03.

Trans-2{4-methoxy )phenyl-2, 3-dihydro-indole-3-spiro-3'{(N'benzyl Jpyrrolidine-2',5'-dione 2bT

A toluene solution (2 ml) of imine 4b (200 mg, 0.50 mmol) was added at once to a solution of 3.0
mmol of NaOEt in 10 ml of EtOH (procedure G). Work-up afforded 110 mg (0.28 mmol, 55%) of compound
2bT with 10% contamination of the cis isomer 2bC as an oil. Repeated crystallization from MeOH
Turnished the pure trans iscmer 2bT. M.p. 181=183°C. Found: C, 75.3, H, 5.6; C,.H,.N,0, requires:
C, 75.35; H, 5.57. - 25227273

Cis-2{o-nitro)phenyl-2,3-dihydro-indole-3-spiro-3*(N'benzyl Jpyrrolidine-2*,5*~dione 2cC

Imine lc was prepared from 280 mg (1.0 mmol) amine 1 and 166 mg (1.1 mmol) p-nitrobenzaldehyde.
The erude imine 4c was cyclized according to procedure E. Work-up and crystallization of the
crude reaction product from EtOH afforded 247 mg (0.6§ mnol, 62%) of 2¢C as a yellow erystalline
compound, M.p. 27 ~-284°C (subl.). IR(KBr): 3380 cm™' (NH), 1770 and 1700 an™ (C=0, imide),
1520 em~ | (NO.,). 'H NMR 6(DMSO~d): 7.97 (d, 2H, J=8 Hz, pNOAr), 7.70 (d, 2H, J=8 Hz, pNO,Ar},
7.3-6.15 (m, B), 6.30 (d, 1H, J=3 Hz, NH), 5.26 (d, 1H, J=3 Rz, NCHAr), 4.20 (br s, 2, CH2Ph),
3.47 (s, 2H, CH,CO). Found: C, 69.3; H, 4.8; N, 9.9; C,,H,,N.0, requires: C, 69.72; H, 4.63;
N, 10.16. 2 247197374
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Trans-2(4-nitro)phenyl-2,3~dihydro-indole-3-spiro-3'(N'benzyl)pyrrolidine-2',5'-dione 2¢T

100 mg {0.25 mmol) of imine lic was dissolved in 1 ml of toluene and spiro cyclized according to
procedure C. Work-up afforded 60 mg (0.15 mmol, 60%) of 2cT as a yellow crystalline compound.
M.p, 190-203 (dec)°C (EtOH). IR(CHCl,): 3400 cm™' (NH), T775 and 1705 em™ (C=0, imide), 1520
cm  (-NO,). 'H MR 6(CDC13): 8.0 (d; 2H, J=9 Hz, pNO,Ar), 7.35 (s, 5H), 7.32 (d, 2H, J=9 Hz,
pNOZﬁ;)’ ;.3—7.0 (m, H), 6275 (m, 3H), 5.55 (d, 1H, JE3 Hz, NCH), 4.73 (s, 2H, CH,Ph), 4.27 (br,
2&?63; l)ﬂ', %(.).26(.8' 2H, - 2CO). Found: C, 69.9; H, 4.7; N, 10.0; C24H19N3OU requires: C, 69.72; H,
Cis-2(Y4~cyano)phenyl-2, 3-dihydroindole-3-spiro-3'(N'benzyl)pyrrolidine-2',5'~dione 2d¢

The imine 4d was prepared from 280 mg (1.0 mmol) amine 1 and 144 mg (1.1 mmol) p-cyanobenzaldehyde,
The crude Imine Ud was cyclized according to procedure E. Work-up and crystallization of the
reaction mixture from EtOH afforded 185 mg (0.47 mmo}, 47%) of 2dc as a white,crystalline compound.
.p. 160.5-162°C. IR(KBr): 3400 om™ (NH), 2220 cm™' (CN), 1780 and 1700 cm~' (C=0, imide).

H NMR &(pyridine~d.): 7.79 (d, 2H, J=8 Hz, pCN), 7.42 (d, 2H, J=8 Hz, pONAr), 7.21 (s, 5H), 7.3-
6.75 (m, SH, 4 indole H and NH), 5.32 (d, H, J=3 Hz, NCH), .41 (br &, 2H, CHPR), 3.67 (d, 1H,
J=19 Hz, C-4'Ha), 3.45 (d, M, J=19 Hz, C-U'H ). Found: C, 75.8; H, 5.0; N, 18.5; CoctygN0,
requires: C, 76.32; H, 4.87; N, 10.68. 571973

Cis-2(3-pyridyl)2, 3-dihydro-indole-3-spiro-3'(N'benzyl)pyrrolidine-2',5'-dione 2eC

Imine 4e was prepared from 280 mg (1.0 mmol) of amine 1 and 103 mg (1.7 mmol) of pyridine-3-carbox-
aldehyde. A toluene solution of the crude imine was added at once to a solution of NaOtBu in
t-BuOH/THF (procedure E). Work-up and crystallization of the cgude product from EtOH afﬁ’orded 180
mg (0.49 1, 49%) of 2eC. M.p. 184-186°C. IR(KBr): 3380 em™ (NH), 1770 and 1700 em™' (C=0,
imide). 'H NMR 5(cnc1§7?‘7.3-6.8 (m, 10H), 5.06 (s, 1H, NCH), 4.38 (s, 2H, CH._Ph), 4.32 (br, 1H,
NH,), 3.34 (d, MH, J=1B.5 Hz, C-4'H_), 3.04 (d, TH, J=18.5 Hz, C-U'H_). Found? C, 74.6; H, 5.2;
N,%11.4; CosH, N0, requires: C, 74878; H, 5.18; N, 11.38,

Cis-2-styryl-2,3-dihydro-indole-3-spiro-3' (N'benzyl)pyrrolidine-2!,5*~-dione 2fC

200 mg {0.51 mmol) of imine 3r was spiro cyelized according to procedure D. Work-up and crystalliz-
ation of the crude reaction product gave 160 mg (0,41 mmol, 80%) of ccmpounq 2fc as white cgystals
M.p. 216-219°C (EtOH)., IR(KBr): 3400 and 3330 am™' (NH}, 1765 and 1690 am™' TT=0, imide). 'H NMR
8(CDoC1,): 7.29 (s, 5H), 7.3-6.7 (m, 9H), 6.78 and 6.62 (d, 1H, J=16 Hz, =CHPh), 6.41, 6.33, 6.25
and 6.17 (d of d, 1H, J=8 and 16 Hz, CH=CHPR), 4.59 (s, 2H, CH.Ph), 4.48 (d, WH, J:8 Hz, H-2), 4.14
(br, 1H, NH), 3.19 (d, WM, J=18.5 Hz, C-4'H ), 2.87 (d, 1, J=98.5'Hz, C-4'H,).

Trans-2-styryl-2, 3-dihydro-indole-3-spiro-3'(N'benzyl)pyrrolidine-2',5'-dione 2fT

100 mg (0.254 mmol) of imine 4f was spiro cyclized according to procedure G. Work-up and column
chromatography of the crude reaction product afforded two fractions: compound 2fT (38 mg) 1
and imine1uf (42 mg). M.p. 155-156°C (EtOH). IR(CHCl.): 3400 cem™ " (NH), 1770 and 1700 cm (C=0,
imide). 'HNMR 6(CDC1.): 7.5-7.0 (m, 11H), 6.74 (m, 3R), 6.64 (d, 1H, J=16 Hz, C=CHPh), 4.91 (q,
H, J=6.5 Hz, H-2), 4.95 (s, 2H, CH_Ph), 4.04 (br, 1H, NH), 3.21 (d, 1, J=18.5 Hz, C-4'H_ ), 2.55
(d, H, J=18.5 Hz, C-J-I'Hb). Found:“C, 79.2; H, 5.7; N, 7.0; CoglyoN0, requires: C, 79.1%; H, 5.62;
N, 7.10.

Cis-2-propyl-2,3~dihydroindole-3-spiro-3*(N'benzyl)pyrrolidine-2'-5'-dione 2gC

The imine 4g was prepared from 560 mg (2.0 mmol) amine 1 and 500 mg (6.9 mmol) of butyraldehyde,
335 mg (1.0 mmol) of imine Ug was dissolved in 2 ml of toluene and treated with NaOtBu according
tc procedure E. Work-up and crystallization of the crude reaction product from EtOAc/hexane furn-
ished 278 mg (0.83 mmol, 83%) of 2gC as white needles. M.p. 125-126°C. IR(KBr): 3440 and 3340
™! (NH}, 1770 and 1695 em™ (C=0 imide). H NMR 6(CDC1.): 7.45-6.65 (m, 9H), 4.70 (d, H, J=14
Hz, CH H Ph), 4.61 (d, 1H, J=14 Hz, CH_H Ph), 4.03-3.67 (M, 24, NH and H-2), 3.17 (d,éﬂ, J=19 Hz,
C-4'3,%2.70 (4, H, J=19 Hz, C-4'H)TT.7-1.1 (m, 4H, CH,CH,), 0.79 (t, 3H, CH;). '~C NMR &(CD-
c13):a176.0 (C=0), 174.7 (C=0), 70.0°(d, C-2), 55.7 (s, c-%), k2.4 (t, CHyPh), u3.6 (t, C-41),
3271, 20.5 and 13.9 (t,t and q, CH20H2CH3). Found: C, 75.4; H, 6.6; N, 8%4; CE1H22N202 requires:
C, 75.42; H, 6.63; N, 8.38.

Cyclization of imine d4g with NaOEt

335 mg (10 mmol) of imine 4g was dissolved in 2 ml of dry toluene and added at once to a stirred
solution of NaOEt in EtOH {procedure G). Work-up and column chromatography of the crude reaction
product on silicagel afforded two fractions:

2-Benzyl-3a,4,5,9b~tetrahydro-4-propyl-1H-pyrrolol 3, i-clquinoline-1,3(2H)-dione 5g

Fraction I: 174 mg“go.sa mmol) of compound _5§ as a solidifying oil. M.p. 119-120°C (CCl,, hexane).
IR(Ci-iCl3): 3420 om (NH), 1770 and 1700 cm™ ' (C=0, imide)}. H NMR 6(CDC1,): 7.6-6.9 (m, 9H),
4.64 (s7 2H, CH,Ph), 3.91 (d, 1H, J=9 Hz, H-U), 3.62 (t of d, 1H, J=7.7 and 3.5 Hz, H-2), 3.7-3.5
{br, 1H, NH), 3%09 (d of d, J=9 and 3.5 Hz, H-3), 1.7-1.1 (m, UH, CH,CH,), 0.90 (m, 3H, CHy).

C NMR 8(CDC1.): 177.5 (C=0), 176.3 (C=0), 50.2 {d, C-2), U6.8 (4, By , 42.4 (t, CH,Ph),”40.3
(d, C-3), 34.67(19.0 and 13.7 (t, t and q, CH,CH.CH3). MS: m/z 33h (M), Fownd: C, 75.5: H, 6.6;
N, 8.4; C5qH0N,0, requires: C, 75.42; H, 6.6§; ﬁ, 2.38.
Trans-2-propyl-2, 3-dihydroindole-3-spiro-3' (N'«benzyl)pyrrolidine-2',5'-dione 2T
Fraction II: 70 mg (0.21 mmol, 21%) of cogpound 51 as a solidifying oil. M.p. 148 5149 ,5°C (Et-
OAc, hexane). TIR(KBr): 3430 and 3320 om~ (NH),” 7765 and 1685 cm™ ' (C=0, imide). 'H NMR 6(CDC13):

7.5-7.2 (m, SH), 7.15-7.0 {m, 1H),"6.73-6.58 (m, 3H), 4.79 (s, 2H, CH,Ph}, 4.28 (d of d, H, J=5
and 7 Hz, H-2), 4.02 (br, TH, NH), 3.16 (d, H, J=18.5 Hz, C-4'H,), 2S48 (d, M, J=18.5 Hz, C-4'-
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H), 1.7-1.0 (m, 4H, CH,CH,-), 0.89 (m, 3H, CH3). '3 C NMR 6(CDCL,): 844 (d, C-2), 58.2 (s, C-3),
4329 (¢, CgPn), 37.8 (%, B-4%),733.3 (), 19.8 (t) and 14.0 (q).3 MS: m/z 334 (M*}.  Found: C,
75.3; H, 6.6; N, 8.4; 021H22N202 requires: C, 75.42; H, 6.63; N, 8.38.

Cis-2-t-butyl-2,3-dihydroindole~3-spiro-3'(N'benzyl )pyrrolidine-2' ,5'-dione 2hC

280 mg (1.0 mmol) of amine 1 and 190 mg (2.2 mmol) of pivaldehyde were refluxed for 3 hr in tol-
uene and afforded 4h in quantitative yield.

200 mg of 4h (0.57 mmol) were dissolved in 1 ml of toluene and added at once to a solution of Na-
OtBu in t-BuOH/THF (procedure E). The reaction was stirred for 3 hr at 0°C. Work-up and crystall-
ization of the crude reaction product from EtOH/hexane furnished 166 ng (0.48 mmol, 83%) ?f comp-
ound 2hC §s white crystals. M.p. 159-160°C. IR(CHCl,): 3350 em™' (NH), 1770 and 1700 em~ ' (C=0,
imide). 'H NMR a(c0013): 7.4 (m, 2H), 7.28 (m, 3H), 7.12 (t, 1H, J=8 Hz), 6.76 (m, 3H), 4.77 (d,
TH, J=14 Hz, CH H Ph),°4.60 (d, 1H, J=14 Hz, CH_H Ph), 3.92 (br, 1H, NH), 3.65 (s, 1H, H-2), 3.17
(d, M, J=19 HZ® -4'H ), 2.92 (d, 1H, J=19 Hz,2T2U'H)), 0.87 (s, 9H, t-Bu). Found: C, 75.9; H,
7.1; N, 7.8; C22H2uN202 requires: C, 75.83; H, 6.94; ﬁ, 8.04.

Trans-2-t-butyl-2,3-dihydroindole-3-spiro-3'(N'benzyl )pyrrolidine-2',5'~dione 2hT

200 mg (0,57 mmol) of imine 4h was cyclized according to procedure G. Work-up afforded 100 mg of
an oil which was purified via column chromatography. Yield 40 mg (0.11 mmol, 20%) of compound
2hT. M.P. 173-174°C (EtOAc/i-propylether). IR(CHC1l.): 7.5-6.5 (m, 9H), 4.80 (s, 24, CH,Ph), 4.28
s, M, H-2), 4.1-3.8 (br, 1H, NH) 3.51 (d, 1H, J=18Hz, c-u'Ha), 2.53 (d, 1H, J=18 Hz, €-u'H,),
1];.0{23 (()3, 9H, t-Bu). Found: C, 75.9; H, 7.0; N, 8.2; CZZHZIJNZOZ requires: C, 75.83; H, 6.94;

, 8.04.

Trans-2(6-benzyloxy)hex-3-ynyl-2, 3-dihydroindole-3-spiro-3'(N'benzyl)pyrrolidine-2! ,5'-dione 2iT

200 mg (0.42 mmol) of imine lligwas dissolved in 1 ml of toluene and added to a stirred suspension
of NaOMe in dry DMSO under N, according to procedure H. Work-up and column chromatography of the
crude reaction product af‘f‘oraed two fractions:

I: 10 mg (0.01 mmol, 5%) of compound 5i as an oil.

II: 146 mg (0.31 mmol, 73%) of compourd 2iT as an air sensitive oil, which was contaminated with
the cis product 2iC for 7%. Crystallization ?f‘ the product from MeOH.furnished the puge trans
isomer 2iT. M.p. 82-83°C. IR(KBr): 3325 om™ (NH), 1770 and 1690 cm~ ' (C=0, imide). 'H NMR &(CD-
Cl3): 7.28 (m, 10d), 7.01 (m, 1H), 6.57 (m, 3H), 4.71 (s, 2H, NCH_Ph), U4.50 (s, 2H, OCH.Ph), 4.33
(m; 2H, NH and H-2), 3.52 (t, 2H, OCHZ), 3.10 (d, 1H, J=181§ Hz, C-4'H ), 2.46 (4, 1H, J=18.5 Hz,
C-U'H ), 2.53-2.12 (m, YH, CH,C=CCN,)“1.88-1.46 (m, 2H). 'SC-NMR o(cn€13>: 178.6 (C=0), 174.7
(C=0), 79.4 and 78.6 (C=C), 73.7 (OEH Ph), 68.5 (OCH,), 63.7 (C-2), 56.5°(C-3), 42.7 (NCHZPh),
38.0 (C-4'), 30.2, 20.1 and 16.5. Fofind: C, 77.8; H? 6.3; N, 5.8; C,,H, N0, requires: C5 77.80;
H, 6.32; N, 5.85. 317307273

Cis-2(6-benzyloxy )hex-3-ynyl-2, 3-dihydroindole-3-spiro-3' (N* benzyl)pyrrolidine-2'5'-dione 2iC

The imine 4_19was prepared from 560 mg (2.0 mmol) of amine 1 and 480 mg (2.2 mmol) of

aldehyde 1210. Spirceyelization was carried out with NaOtBu as base according to procedure

D. Work-up™ahd column chromatography over siJrica gel afforded 308 mg 50.614 mmol) of coqpound 2iC
as an air sensitive oil. IR(CHC13): 3400 em”™ (NH), 1770 and 1700 em~ (C=0, imide). 'H NMR &{CD-
Cl3): 7.43-7.00 (m, 1H), 6.72 (m,~3H), 4.67 (d, 1H, J=14 Hz, NCH HyPh), 4.59 (d, 1H, J=14 Hz, NCH,~
Eﬁ h), uiug (s, ?H, ocnzpn)é 4.01 (d of d, H, J=U and 9 Hz,BH—Z , 4.2-3.7 (br, H, NH), 3.50 (t,

2H, OCH,), 3.09 (d, 1H,"J=18.5 Hz, C-4'H ), 2.75 (d, 1H,.J=18.5 Hz, C-U'H ), 2.41 (m, 2H, CH. CHZO-
2.19 (n 2H, NCHCH.CH,), 2.00-1.40 (m, 2H, NCHCH CHy). '1§c MR 8(EDC1.): 176.1 (c=0, 17k %< »
(C=0), 79.3 and 78.8 -C), 72.9 (OCH,Ph), 68. ), 68.4 (C-2), 5.9 (C-3), 42.5 (CH,Ph), 41.6
(C-4'), 28.7, 20.2 and 16.7. <

Cis-2(2,2-ethylenedioxy)propyl-2,3~dihydroindole-3-spiro-3'(N'benzyl)pyrrolidine-2',5'-dione 2iC

The imine ifkas prepared according to procedure A fram 560 mg (20 mmol) of amine 1 and 290 mg
(2.2 mmol) of 3,3-ethylenedioxy butanal 13. Spiro cyclization was carried out with NaOtBu accord-
ing to procedure D. Work-up and column chromatography on silica gel afforded Y70 mg (2.55 mmol),
60%) of (fompound 2JC as a solidiqying oil. M.p. }32-134°C (EtOAc, i-propyl ether). IR(KBr):

3380 em™ '(NH), 1765 and 1690 em™ (C=0, imide). H NMR 6(CDC1,): 7.45-6.58 (m, 8H), 4.69 (d, 1H,
J=14 Hz, CH.H, Ph), 4.61 (d, 1H, J=14 Hz, CH_H, Ph), 3.97 (m, 1H] H-2), 3.88 (m, 4H, OCH.CH.,0), 3.09
(d, M, J-18.8 4z, C-A'H,), 2.75 (d, TH, J=38% Hz, CU'H ), 2.22-1.65 (m, 2H, ABX, NCAGHZ), 1.21
(s, 3H, CH,). '°C NMR 8{CDCl,): 176.1 (s, C=0), 174.9 (C20), 108.8 (s, 0-C-0), 65.1 (d, E-2),
6U.U (t, 2€, OCH,CH,0, 42.4 (8, CH.Ph), 41.7 (t, C-47), 38.8 (t, C-8), 24.0 (q. CHy). Found: C,
70.4; H, 6.1; N,“7.0; C23H2uN201$ réquires: C, 70.41; H, 6.12; N, T.14.

Cis-2(4-dimethylamino)phenyl-2,3-dihydro-indole~3-spiro-3'(N'benzyl )pyrrolidine-2',5'-dione 2kC

280 mg (1.0 mmol) of amine 1 and 1.64 mg (1.1 mmol) of p~dimethylamino benzaldehyde were refluxed
in benzene for 21 days. Evaporation of the solvent under reduced pressure and crystallization

of the reaction mixture from EtQ§ furnished 82 mg (0.20 mgol 20%) of spirg imide 2kC. M.p. 203-
204°C (EtOH). IR(KBr): 3340 om (NH), 1770 and 1700 om (é:O, imide). 'H NMR &{CDCl1,): 7.33
(d, 2H, J=9 Hz, pNMeAr), 7.3-6.8 (m, 9H), 6.58 (d, 2H, J=9 Hz, pNMejAr), 4.94 (br, NCHAr), 4.35
(br s, 2H, CH,Ph), 451 (br, WH, NH), 3.26 (d, T, J=18 Hz, C-M'H ), 2.96 (d, T, J=18 Haz, C-4'H),
2.97 (s, 6H, ﬁ(CH3)2). Found: C, 75.8; H, 6.2; N, 10.0; C26H25M302 requires: C, 75.89; H, 6.12}
N, 10.21.

Cis-2{3-N-benzyl)indole]2,3-dihydro~indole-3-spiro-3'(N'benzyl)pyrrolidine~2',5'-dione 21C

280 mg (1 mmol) of amine 1 and 235 mg (1 mmol) of N-benzyl-indole-3-carboxaldehyde were refluxed
in benzene for 168 hr. The solvent was evaporated under reduced pressure. The crude mixture
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showed three spots on TLC (silicon gel, EtOAc/LP 60-80). Crystallization of the crude reaction
product from EtOAc afforded 200 mg (0.40 mmol) of white crystals 21C. M.p. 188-192°C. The
mother liquor was concentrated and subjected to column chromatography, which in addition gave:

70 urg (0.14 mmol) of 21C. Total yield: 270 (54%). M.p. 191-194°C (EtOAc). IR(CHCl.,): 3400
an™' (NH), 1775 and 1700 en”' (C=0, imide). 'H NMR 8(CDCla): 7.70 (m, 1H), 7.4-6.7 (m, 18H), 5.9
br s, H, NCH), 5.12 (br s, 2H, CH.Ph, indole), 4.28 (s, za, CHPh, imide), 4.2 (br s, 1, NH),
3.34 (d, M, J=18 Hz, C-4'H ), 3.18 (d, WH, J=18 Hz, C-4'H,).

Cis-2(2-pyrrolyl)2,3-dihydro-indole-3-spiro-3'(N'benzyl)pyrrolidine-2*',5'-dione 2mC

2&)'mg (1 mmol) of amine 1 and 100 mg (1.05 mmol) of pyrrole-2~carboxaldehyde were refluxed in
toluene for 96 hr. Work-up, treatment with charcoal and column chromatography of the crude react-
ion product followed by crystallization from EtOAc/heEqne afforded 211 mg (0.521mnol, 59%) of 2mC
3s white crystals. M.p. 170-173°C. IR(KBr): 3320 cm™ (NH), 1770 and 1690 cm~ ' (C=0, imide).

H NMR 8(CDCl1,): 8.9 (br, 1H, NH pyrrole), 7.3-7.1 (m, 4H), 7.0-6.75 (m, SH), 6.65 (m, TH, NCH=),
6.22-6.05 (m,32H, =CH-CH=), 5.03 (s, 1H, NCH), 4.46 (s, 2H, CH.Ph), 4.18 (br, 1H, NH, indole),
3.22 (d, 1H, J=19 Hz, C-4'H_), 2.90 (d, 1H, J=19 Hz, C-’J'Hb). Found: C, 73.9; H, 5.3; N, 11.6;
CoHly N30, requires: C, 73.83; H, 5.36; N, 11.76.

Cis-2-phenyl-5-chloro-2,3-dihydroindole-3-spiro-3' (N*benzyl )pyrrolidine-2',5'-dione 10aC

50 mg (0.125 mmol) of imine 8al3as spiro cyclized according to procedure D. Work-up afforded 43
mg 486%) of campound 10aC as':l—a' white solid. M.p. 2l3-246°C (MeOH). TIR(CHCl.): 3400 and 3320

em ' (NH), 1780 and 1710 em ' (C=0, imide). 'H NMR &(CDCl.): 7.5-6.5 (m, 13§), 5.62 (br, 1H, NH),
5.08 (d, 1H, J=18.5 Hz, C-4'H ). Found: C, 70.8; H, 4.9; ﬁ, 6.5; C1, 8.7; Czu”19“2°2C1 requires:
C, 71.54; H, 4.75; N, 6.95; C?, 8.81.

Trans-2-phenyl-5-chloro-2,3-dihydroindole-3-spiro-3'(N'benzyl )pyrrolidine-2',5'-dione 10aT

26 mg (0.064 mmol) of imine 8a1%.as spiro cyelized according to procedure G. The oily crude react-
ion product was crystallised from MeOH. Yield: 18 mg (0.045 mmol, 69%) of white crystals, which con-
sisted of 85% trans isomer 10aT and 15% cis product 10aC. Repeated crygtiallizations from MeCH
vielded the pure tr isomer 10aT; m.p.” 150-152°C. “TR{CHC1,): 3400 cm~' (NH), 1775 and 1705

om”™' (C=0, imide)- NMR 6(CDCI.): 7.5-7.0 (m, 11H), 6.7 (M, 2H), 5.49 (s, 1H, H-2), 4.73 (s,

2H,CH.Ph), 4.2 (br, 1H, NH), 2.563(d, 1H, J=18.5 Hz, C-4'H_), 2.32 (d, 1H, J=18.5 Hz, C-4'H ).
Found? c, 71.1; H, 4.8; N, 6.7; C1, 8.8; C2UH19N202C1 requires: C, 71.54: H, 4.75; N, 6.95; Cl1,
8.81.

Cis-2-phenyl-6-methoxy-2, 3-dihydroindole-3-spiro-3' (N'benzyl )pyrrolidine-2' ,5t-dione 11aC

To a soln of 0.2%equiv of BuLi (0.22 ml of 15% soln) in 5 ml ButOH and 5 ml THF a soln of 0.5
mmol of imine 92 ' in 2.5 ml of toluene was added at 0°C. After 25 min the soln was quenched
with NaCl sat aq and extracted with CHClB. Cr'ystallizat:}on from EtOH; m.p. 11aC 202-204°C.
IR(CHC1,): 3390 (NH), 1770 and 1700 em=1°(C=0, imide). 'H NMR 6(CDCly): 7.52-6.30 (m, 13H), 5.02
(d, H,°J=4 Hz, H,)), 4.27 (s, 2H, CH2Ph), 4.20 (m, 14, NH), 3.79 (s, 3H, OCH,), 3.24 (d, 1H,
J=19.0 Hy_,), 2.95 (d, 14, J=19.0 Hyop)- 3

2-Phenyl-indoienine-3-spiro(N'benzyl )pyrrolidine-2'5'~dione 3a

A soln of 37 mg (0.1 mmol) 2a, 34 mg of trifluorcacetic acid in 10 ml of toluene was stirred for
2 h at 110°C. After repeated washings with Naz003 aq the reside was column chromatographed over
silica gel. Yield 22 mg (60%). M.p. 3: 135-WO°(3, (yellow crystals. 'H NMR &(CDCl.): 63.00 (d,
1H, J=18.0 Hz, C-4'H ) 3.31 (d, H, J=T1.0 Hz, C-4'H ), 4.78 (d, 1H, J=14.0 Hz, CH bPh, 5.12
(d, 1H, J=14.0 Hz, CB H, Ph), 7.1-7.9 (m, 14H, ArH). a —a

Upon hydrogenation of” 3 over Pd/C a 85:15 mixture of 2aC and 2aT was obtained.

7-Benzyloxy-hept-U4-ynal 12

To a soln of 55 mg of Li, and a trace of Fe(NO3) in 50 ml of NH, 1 g of beqayloxybut-3-yne in 10
ml of DMSO was added. After 1 h 1.13 g of 1,1-e§hy1enedioxy-3-b§anopropane in 5 ml of DMSO

was added. After 1 h stirring at r.t. the soln was poured upon NH,Cl aq and extracted with ether.
Distillation of the resl'xltin,g o0il (Kugelrohr 200°C/0.01 mm Hg) gave 1 g of 1, 1-ethylenedioxy-T7-
-benzyloxy hept-4-yne. 'H NMR 6(CDC1,): 7.34 (s, 5H), 4.97 (t, 1H, J=4.5 Hz), 4.54 (s, 2H, CH2Ph),
3.88 (m, 4H, OCH,CH,0), 3.57 (t, 2H,’CH,0), 2.63-2.15 (m, 4H), 2.04-1.63 (m, 2H).

1 g of the acetai refluxed in 20 ml®acetic acid and 10 ml of water. After 2 h the acetic
acid was evaporated under reduced pressure and the residue was taken up in ether and washed with
sat aq NaHCO,. The organic layer was dried with MgSO, and evaporated under reduced pressure.

The residual-brownish oil was distilled;in a K elroh# at 160°C/0.01 mm Hg. Yield 740 mg (3.42
mmol, 89%) of 12 as a colourless oil. 'H NMR & CDCl3): 9.79 (s, H), 7.34 (s, SH), 5.54 (s, oH,
CHePh), 3.56 (t, 2H, OCH2), 2.64-2.30 (m, 6H).
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