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Abstract - Imines 4 cyclize stereoselectively to dihydroindoles 2 upon use 
of a Li or Na alk&ide-alcohol combination. Depending on the ty$ of 
alcohol applied either cis (_X) or trans @T) spiroindolines 2 are formed. 
In case of Mnes 4 derived from els-rich arceratic aldehydes the 
formation of 2 occurs also thermally. With Lewis acid/catalysis cyclization 
4 - 2 proceeds in a less sterieosele$~~an~;. The stereochemistry of 2 
follows fran characteristic H and 

INTPODUCTION 

Aiming at the synthesis of indole alkaloids through N-acyliminim ion cyclizations' we were 

looking for a synthesis of ccmpounds of type 2 fran aminoaryl 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 decade2 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 
3 reaction . 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 1 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 g4 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. - 
5a;b The same observation was made for certain aryl substituents X and Y in the starting imine 2 . 

RESULTS AND DISCUSSION 

The ring closure of Mnes 4 to indolines 2 can be viewed upon as a 1,5-electrocyclization6 the 

ease of which is primarily governed by the nature of the group R and amroatic substituents X andY. 

When 4b is refluxed in xylene for 18 h the iscmerically pure cis spiroindoline 2bC is formed in 

50% yield no trace of the trans stereoisaner ZT being detected<Table 1, entryT. Analogous 

results were obtained by refluxing imines 4&, 41 and fi, derived fran electron-rich aromatic and - 
heteroaranatic aldehydes and affording 2kC, ;?1C and 2mC (Table 1, entries 6-8). In 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 cis'l. - Imines of other aromatic aldehydes e.g. 4a and 4d (Table 1, entries 1 and 5) -- 
and non-enolizable aliphatic aldehydes failed to cyclize thermally. Imines of enolizable.aldeh@es 

upon prolonged heating gave only Mne-enamine dimerixation products. The influence of the sub- 

stituents X and Y in the phenyl ring of the Mne appears from the results in entries lo-12 (Table 

1). Imine 8a quantitatively cyclized after 21 days of reflux in toluene. Interestingly, a 7~3 - 
mixture of the cis and trans stereoisaners 1OcC and 1OaT was obtained. Similarly, Mne 9a -- - - - 
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1 X=YsH 

& X=CI Y8H 

1 X=H YsOMe 

2 X=Y=H 

jQ XsCI Y=H 

2 X=H Y=OWe 

+ X=Y*H 

_& X=CI Y=H 

2 X=H YaOMe 

j PI= 

k R= 

1 R= 

m R= 

I(-NMe,-C6H4 

3-(N-benzylj-indolyl 

2-pyrrolyl 

afforded the cyclized product 1laC upon refluxing in toluene (entries 11 and 12) as the sole isxner - 

together with starting imine. These observations point to the existence of a pivotal 1,5-dipole 

A as intermediate (Fig. 11, since both the formation and the mode of reaction of such an inter- 

mediate will be influenced by the nature of R and the aromatic substituents X and Y5b. 

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 &; complete conversion (18 h, reflux) to a 

a R= 

b R= 

c R= 

d R= 

e R= 

f R= 

g RZ 

h R+ 

iFI= 

C6R5 
4-08%C6H4 

4-NO~-C~H4 

4~-C~H4 

3-C5H@ 

(E MTMiC6H5 

c3T 
C(CH313 
CH2CR2CZH2CH20CH2Ph 

Table t. 2.3~Dlbydrolndolw 2 PIVU fmines uby mfluxing in lnsrt armetie aolvmt 
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% c 59 
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lx) "ac 40 60 

720 1laC w 10 - 

a c (WI) and 1 mww) refer to c-2 JtereahdstrYL 
b All values refer to LmlaM ylslds lnlua othsmism indicated 

e Dctemdned fraa ‘ii em or the CrwJO reaction mixtum 

d 3-5 squlv. NEt3 Mm uM!d. 
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0 

RI-imine B. 

Fig. 1 
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mtry Starta CaMi- Product= ‘1;ld” m.0. OC Other pruducts 
Mnc 
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3 
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8 
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10 
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12 

13 
14 

15 

16 

17 

18 
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XI 

21 

22 
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!?t3 c 

!!!I E 

!!!L c 

!!k D 

!!L H 

!!J D 

!!A I+ 

k D 

sa c 

9a 
-6 

DNaCButlH@ut 25OC 

C NaOEt/HC&t ZYC 

&C 71 

&T 90 

2ar 36 - 
2bc 81 

ST 45 

2cc 62 - 
2eT 60 

ZdC 47 - 

tc 49 
2fC 80 - 

rr 66" 

2fT 47 

s 83 

3T 21 

2hC 81 - 
2hr 2Dr 

EC 55 

2iT 73 
GC 60 

a* 43 
1Dac 86 - 
1OaT 59 - 

tw 75 - 

217-219 

158-160 

b (46!Qd+ 2~ (16%)~ 
- 219-222 - 

181-183 gC (5Wd 

276-284 

w-x)3 

160.5-162 

184-186 

216-219 

155-156 

3 nwd 

125-126 

148.5-149.5 %(52uIb 

159-160 

173-174 

Oil 

82-83 z tsX,b+ zc (?wd 

132-134 

115-117 

243-246 

WI-152 1oac c1mt 

- 202-xiu - 

E NaO&ti~t/7WF 0% 

H NaWa/WW OQC 

All values refer to isolated yields unle!m otherwise indicated 
c (cis) and T (T-) refer to C-2 H stercochomistry 
Dctctined fmn 'H HIR of the crude reactlal mixture 

Carraotad for racovared imine 

Not 0ptlmlz.A 

sac axperlmmtal. 

single stereoisaner 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 stereoisomer 2aT was formed - 
which, however, possessed the undesired trans stereochemistry. Quite unexpectedly, a dramatic 

solvent effect was noted upon use of 3utOH/But~ (M=Li or Na), which afforded the cis stermisomer - 
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 Mnes as shown in Table 2. The cyclization could also 

be induced by other bases, which, in general, gave less stereoselective results (e.g. NaCCH3/BMBO: 

entries 3, 12, 18 and 20, Table 2). Sometimes, byproducts of the tetrahydrcquinoline type 2 were 

formed also (entries 3, 14 and 18). 

Fran the results of Table 2 it can be inferred that imines 4, 8 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 EMSO as solvents indolines s are formed possessing the - unnat- 

ural - trans stereochemistry. In ButOH as solvent the opposite stereochemical result is obtained 

affording the desired cis products. - Neither steric crowding in the imine (entry 151, 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 alcoholic solvent molecule as well 

as its relative proportion needed for complete conversion of starting imine into cis cyclization - 
product 2C a number of secondary and tertiary alcohols ware investigated (Table 3). From the - 
results of entries l-4 the effect of the amount of ButOH on the C/T ratio is apparent. That LDA 
is less satisfactory as a base (entries l-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 60-8096 of the cis products were obtained. - 
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An excess amount 

Mne 4h derived - 
lost (entry 7). 

(entry 15, Table 
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Uh 3.0 B - 

!!!I 3.0 B 

!!!! 1.0 n 

4h 3.0 Bca - 

!!!i 3.0 c 

L 3.0 n 

4 15.0 H 

3 3.0 BOR 

L 4.0 c 

!!& 2.5 v 

4 3.0 0 

4a 3.2 H - 

1.0 LDA 

1.0 LDA 

1.0 LDA 

1.0 BILL1 

0.8 BuLl 

0.5 BuLi 

0.9 BULI 

1.0 BuLl 

1.0 BuLl 

0.5 BuLi 

1.2 BULI 

1.4 BuLi 

1.0 BuLl 

1.2 BuU 

3 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

3 

3 

3 

3 

3 

2.5 

0.25 

0.5 

0.25 

4 

0.5 

0.5 

d 

gc (1) 
+&T (25 

gC(l) + 2hT (1) 

EC (2) +&T (1) 

ZC (7) +zT (1) 

Z!!C 

ZhC 

SC (1) + ET (2) 

Z.&C 

z&C 

z!3C 

!w 

18c 

Igc 

2aC - 

20 

30 

30 

80 

M 

73 

72 

40 

02 

70 

70 

60 

67 

64 

a B: t-Butmol; H: (~R)-(-MW.JI~~; KIR: (2R)-(-)E!mneol; 

C: (lRM+)Cedml; V: (2S)-(+)Vlrldoflaml; 0: @II)-(-)Octano~ 

b 

E 

d 

Addition of base and alcohol to imine in THF at -78OC mixture 
allcued to mm to O°C and stirred for the time indicated. 
Work-up by quenching with H20 (see sxperlmemtal part, procedure F) 

Determined after purification. Accumcy~ 5% 

After addition at -78OC the mixt”“? WS allcwed to - ti -110*C 
and then qwnched tieh H20. 

of 15.0 eq - entry 9 - gave the best result. Interestingly, upon reaction of the 

from plvaldehyde in the presence of cedrol, the selectivity of the reaction was 

This result markedly contra&with the high stereoselection observed with ButOH 

2) and supports the earlier given rationale 
5b 

of a solvent-association complex B 

(Fig. I) playing a role in the Mne (E) - (Z)iscmerization. A relatively simple secondary alcotnl, 

2-octanol, also afforded acceptable yields of cis product (entry 13). The imine of an aromatic - 
aldehyde e.g. 4a reacted analogously (entry 14). - The enantloselectivity of the cycllzation react- 

ion resulting from the use of an optically active alcohol, can be very high in certain cases. This 

has been described elsewhere 15,16 . 

Upon refluxing 4a in toluene in the presence of one eq of Zn(OAcJ2 ring closure also took place - 
albeit In a less stereoseleotive manner. In addition to 46% of 2aC and 16% of 2aT also 8% of 3a - - - 
was formed while 8% of 4a was recovered. - Other Lewis catalysts effected similar outcomes except 

for the amount of oxidized product 3a which was 40% upon use of FeC13 and 35% with Pd(OAc)2. - 
Protic acids also catalyzed the cyclization; for instance, both HOAc and CF3CfXH gave rise to the 

formation of 2aC from 4a in addition to considerable amounts of 3a The latter material was formal - - -. 
by air oxidation of 2aC under acid catalysis which was controlled independently. A CF3C03H solut- - 
ion of 2aC in toluene afforded 70% of h after heating to 80°C for one hour. Hydrogenation (Pd/C- - - 
H2) of 3 gave a 85:15 mixture of 2aC and 2aT. - - 

Structure determination of cis and trans isomers of spirocyclic product2 was accomplished by 

'H- and 13C NMR analysis. - In Table 4 a survey of the parameters is given in which bH,=&(bH,,,+ 

bH4,B) and AHAB=bH4,A-bH4rB. Characteristic differences are found for bHAB (aromatic series 2a- 

C)* AHAB (aliphatic series 2f-2.J), bH2 (all compounds) and bC-2 values (all compounds). The- 

observed trends most likely follow from anisotropy effects in the preferred confonmtion of the 

trans isomer as indicated in Fig. 2. The most notable features are (i) the proximity of the C-2' 

carbonyl to H-2and (ii) the position of the C-4' HAHB with respect to the C-2 substituent. 
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Table 4. 'H WI ald '3c RR pumatan or indo- 2 

d %.0 
cc f 
3.li; 2.43 

3.06; 2.40 

3.47; 2.110 

3.03; 2.66 

2.93; 2.62 

%I 
c 1 

0.27; 0.23 

0.26; 0.18 

0; 0 

0.32; 0.66 

0.47; 0.66 

M4 dMb 
c 1 c I 

5.07; 5.47 74.9; 69.0 

4.91; 5.44 rI.d. 

5.26; 5.55 II.*. 

PAa; L.91 n.d. 

3.65: 4.20 70.4; 64.4 

3.0% 3.02 0.25; 0.96 3.65; 4.26 

2.92: 2.76 0.34; 0.64 4.01; 4.33 

2.92; 2.61 0.34; 0.70 3.97: u.50 

catstisdin CCc13ucsptfor~(a83) 

n.d. 

66.4; 63.7 

65.1; 59.6 Fig. 2 Stereochemistry 

of 2aT - 

C and Idenote cis and tram swiw. -- 

In conclusion the 1,5-electrocyclization of C-substituted o-amlnoaryl 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. 
absorptions are given in an 

iq spectra were recorded on a Perkin-Elmer 257 spectrcmeter. The 
and all spectra are taken In CHCl . PMB spectra were run on a 

Varian Associates Model A-60-D and X1-100 or Bruker WM 250 inst&nents, using 'lt4S as an internal 
standard. Mass spectra were obtained with a Varian Mat-711 spectraneter. 
lhetmal cyclizations. Procedures A, Band C. 

lhe imine (0.1 mnol) was refluxed in 5 ml of an arauatic solvent for the time indicated. After 
evaporation of the solvent the residue was crystallized fran ethanol (procedure A). 
In presence of triethylamine the work-up was similar (procedure B). 
In presence of l-3 eq of acid the solution was washed with Na2C03 aq and water, dried upon MgSO4 
and evaporated (procedure C). 

General methods for splrocycllzation of Imines 4 with base 

Procedure D: About 15 mg (0.6 wol) clean sodlun chips were added to 10 ml freshly distilled 
t-BuOH (fran CaO) 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. lhe solution was cooled to 2%30°C and a toluene solution of 1 nnnol 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 . 
of the solvent under reduced pressure furnished the crude3reaction products. 

Drying with Na2S04 and evaporation 

Pmedure E: About 15 mg clean sodiun chips were dissolved in 10 ml of freshly distilled t-B&H 
as in procedure D. 10 ml of lliF (distilled fran LiAlH 

4 
) was added and the flask was cooled in 

an ice bath to OOC. A toluene solution of the lmlne ( mnol) was added at once. Reaction time 
and work-up see procedure D. 

Procedure F: To 30 eq of alcohol in 10 ml of lliF at -78% 1.0 eq of BuLi in hexane was added. 
After warming to ODC 1.0 run01 of imine in 1 ml of toluene was added at once and the mixture 
stirred for the time indicated in table III. Work-up as under D. 

Procedure G: 9 mg (0.4 mnol) of clean sodim chips were dissolved in 10 ml of dry EtOH (distilled 
from maanesiun) in a round bottcmed flask of 50 ml under N... The solution was stirred maunetlc- 
ally. i toluene solution of 1 moo1 of the is&e was add&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 mmolf of clean srxliun chips were dissolved in 0.5 ml dry MeOH in a three- 
necked Flask of 5O ml under N . 
heated t9 ?OOV. After cool& 

The methanol was evaporated at 0.1 mn Hg, while the flask was 
70 ml of dry DlrfjO (disti2led from CaH ) and stored over mol 

sieves 4A) was added to the dry Name. The mixture was stirred magne 2. ically and a toluene solut- 
ion of 1 maol of the imine was added at once. After 70 mini&as 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 mnol) of 3(o-nitro)phenyl-pyrrolidine-2,5-dione8 and 30 g (210 mnolf of anhydrous 
K Co were suspended in 200 ml of acetone. 
n&o13 of benzylbrcmnide was added at once. 

The mixture was vigorously stirred and 8.55 g (50 
The reaction was monitored on TLC (sili~el/EtOAc/~ 

6O-80). When all the starting material was converted, 500 ml of water was added. lhe mixture 
was extracted six times with 30 ml portions of CHCl 

I! 
. The canbined organic layers were washed 

with water and dried with Na SO The solvent was 
residual solid was reerystalf?iz~d Fran acetone/EtOH. 

vaporated under reduced pressure and the 

Yie1d:fli.l g (4.55 axa?+, 85%) wbjte crystals. M-p. 147-148eC (EtOH). IRfKBr): 1775 and 1705 an-' 
(C=O, imide), 1520 an (NO ). H NMR a(cDC1 1: 8.05 fm, lH), '7.65-7.10 (m, 8H), 4.74 (3, 2H, 
CH2Ph), 4.43 fd of d, J=6 &d 8 Hz, CHArI, 3.2-2.5 cm, 2H, SCHAr, ABX). 

10 g (32.3 nmoi) of the N-benzyl imide was suspended in 150 ml of toluene containing 1 ml Of Etch. 
300 Mg of the catalyst (10% palladiun on charmal.) was added and the mixture hydrogenated for 18 
hr at 1 atm. The catalyst was filtered offover high-flow. Evantually crystallized material was 
taken up in CH Cl and also filtered over hi&b-Flow. The tol.uane/CH Cl solution of 1 was con- 
centrated unde $& r uced pressure to about 50 ml, which was triturat & w&h light petr??leun b.p. 
60-8o"c. 1 Crystallized almost ismediately. 
Yield: 8.123 g (29.0 mmol) of 1. M-p. 110-lf3°C. By concentrating the mother liquor another 
batch of 0.632 g (2.26 mnol) oft 1 was obtained, m-p. 105-lll*C, sufficiently pure for Further use. 
Total yield 97%. Recrysta)lizatTon fran EtOH afforxjp an analytical yure sample; m-p. ll2-ll4*C. 
IR@Brf: 3390 and 3330 cm- (NH f, 1760 and 1685 an fC=O, imide). H NMR a(CDCl 1: 7.4-6.7 (m, 
9H), 4.67 (s, 
CHAr, ABX). 

2H, CH Ph), 4.21 fd of d, J=6 and 8 Hz, CHAr), 3.91 (br lH, NH), 3.03 (m, 2H, M,- 
Found: 3, 72.8; H, 5.8; N, 9.9; C,7H16N202 requires: C, 72;84; N, 5.75; N, 9.99. 

Cis-2-phenyl-2,3-dihydroindole-3-spiro-3~(N1benzyl)pyrro2idfne-2i,5*-dione &&: 

280 mg (1 mool) of amine 1 and 117 mg (1.1 mnol) of benzaldehyde were refluxed in tOlUene (10 ml) 
for one hour. The crude &action product was crys~llized frcm EtOH. M-P. & 94-97'C. 
368 mg (1 mmol) of imine 4a was dissolved in 5 ml of tofuene and cyclized with NaOtHu according 
to procedure D. 
(I-P&H). 

Yield: 2m'ps (0.71 mnol, 71%) of&,$as colorless whjte needles. M.p, 217-2fg°C 
IR(KBrf: 3320 cm- (NH), 1770 and 1700 cm'- (C=O, imide). 

(m, 14H), 5.07 (s, 1H, CHPh), 4.27 (s, 3H, CH Ph and NH), 3.31 (d, 
H NMR 6(0$&': 7.54-6.68 

lH, J=18 Hz, - 'H 1, 3.04 (d, 
IH, J=18 Hz, C-4'H ). C-NMR 6(CD Cl 1: 178.&-O) 174.7 (C=o), 74.9 (C-2), 58.5 &3), 42.4 
(CH Ph), 4.16 (C-4b). Found: C, 78?2;2H, 5.5; N, 7.61 C24H20N202 requires: C, 78.24, H, 5.47, 
N, 3.60. 

Trans-2-phenyl-2,3-dihydroindole-3-spir~3~(N~benzyl)pyrrolidine-21.5f-dione 2aT 

200 mg (0.54 mnol) of imfne 4a was dissolved in 2 ml of dry toluene and added to a stirred solut- 
ion of NaOEt in EtOH (proeedFe C). Work-up affordq 180 mg (0.49 mnol, 9O%l1oF 2aT as white 
~!yStalS. M-p. 158-16O*C IEtOH). IR(XBr): 332U an- (NH), 1760 and 1690 cm (CT imide). 
H NMR 6fCDCl f: 7.4-7.0 (m, lH), 6.73 fm, 30, 5.47 (d, lH, J=3 Hz, NCH), 4.71 (br s, 2H, 
Y 14 (d, lH, &I, J=3 HZ), 2.55 (d, fH, J~18.5 Hz, C-4’H ), 2.32 (d, lH, 5~18.5 Hz, C+4'H ). 

~2Ph), 

3C NMR B(CZIXZl 
39.0 <t, c-4*)! 

): 178,9 (s, C=O), 174.4 (sl C=O), 69.0 ?d, C-21, 58.0 (s, C-31, 42.7 (t,bCH2Ph), 
Found: C, 78.2; H, 5.5; N, 7.7; C24H20N202 requires: C, 78.24; H, 5.47; N, 7.60. 

Cis-2~4diethoxy~phenyl-2,3-dihydroindole-3-spi~-3'(N'benzyl~pyrrolidine-2~,5~-dione 2bC 

A toluene solution (5 ml) of the imine 4b (200 mg, 0.5 mm011 was added at once to a solution of 
NaOtBu in t-BuOH/THF (procedure E). Wo;;i-up and crystallization Fran EL?H afforded 162 mg (0.41 
mmo$, 81%) of 2bC aslwhite crystals. M-p. 219-222OC. IR(KBr): 3340 an 

(C=O islim. 
(NH), 1770 and 1700 

H NMR e(CDCl ): 7.77 (d, 2H, J-9 Hz, pOMeAr), 6.94 (d 2H, J-9 Hz, pOMeAr), 
?43-6.55'(m, 9H), 4.91 (s, NCHAr3, 4.28 (s, 2H, CH Phi 4 13 (br 1H NH)' 3 72 (s 3H OCH ), 
3.23 cd, lH, J-19 HZ, GJ+'H 1, 2.93 (d, lH, J=19 Hz: C-t'Hj. Fo&d: 6, 75:3;'H, 5.6; N: 7.01 
C25H22N203 requires: C, 75.2$5; H, 5.57; N, 7.03. 

Trans-2(4-metboxy)pheny2-2,3-dihydro-indole-3-spirz)-3'(N1benzyl~pyrrolidine-2~,5'-dione x 

A toluene solution (2 ml) of imine 4b (2OO mg, 0.50 mnol) was added at once to a solution of 3.0 
mm01 of NaOEt in 10 ml of EtOH (pedure G). Work-up afforded 110 mg (0.28 mool, 55%) of casgurxi 
2bT with lO% ~n~~~tion of the cis isaner 2bC as an oil. 
Gnished the pure trans isaner 2br M-p. lR%%3% 

Repeated crystallization frun MeOH 

C, 75.35; H, 5.57. 
- Found: C, 75.3, H, 5.6; C25H22N203 requires: 

Cis-2(o-nitro)phenyl-2,3-dihydro-indole_-spiro-3r~N'benzyl~pyrrolidine-2~,5'-dione 2cc 

Imine 4c was prepared Fran 280 mg (7.0 axnol) amine _l_ and 166 mg (1.1 nmolf p-nitrobenzaldehyde. 
The criiae imine 2 was cyclized according to procedure E. Work-up and crystallization of the 
cr;zrE;action product f'an EtOH afforded 247 mg. (0.6s mnol, 62%) of 2cC as a_l(ellcw crystalline 

1520 cm-' 
M.p. 276-284 C (subl.). IR(KBr): 3380 an (NH), 1770 and700 an (GO, imide), 
(NO ) H NMR 8UXt%-d ): 7.97 (d, 2H, ~-8 Hz, pN0 Ar), 7.70 (d, 2H, J=8 Hz, PNO Ar), 

7.3-6.15 fm, $Hj, 6.30 (d 1H J-0 Hz NH) 5.26 (d lH, J-3 &z, NCHAr), 4.20 (br s, 2H, CH2Ph), 
3.47 (s, 2H, CH2CO). 
N, 10.16. 

Fowjd: 6, 69.3;'H, 418; N, 9.4; C24H,gN304 rGuires: C, 69.72; H, 4.65; 
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Trans-2(4-nitro)phenyl-2,3-dihydro-indol~3-spiro-3,~N,benzylfpyrmlidine-2,,5~-dione x 

100 mg (0.25 mnol) of imine k was dissolved in 1 ml of toluene and spire cyclized according to 
procedurec. Work-up afford= 60 mg (0.15 mool,_p) of 2cT as a yellow cvstalline canpound. 
M-P, 190203 (Qec)*C (&OH). IR(CHCf3): 3400 an (NH), T775 and 1705 cm- (C=O, bide), 15.20 
an C-NO ). H tU4R 6(CDCl ): 8.0 (d, 2H, J=9 Hz, pN0 Ar), 7.35 (s, 5H), 7.32 (d, 2H, J-9 Hz, 
pN0 Ar), v-3-7.0 (m, lH), 6!75 (m, 3H), 5.55 (d, lH, $3 Hz, NCH), 4.73 (s, 2H, CH2Ph), 4.27 (br, 
1H 2NH) 2.40 (s, 2H, 
4.&3; N: 10.16. 

-cH2cO). Found: C, 69.9; H, 4.7; N, 10.0; C24HlgN304 requires: C, 69.72; H, 

Cis-2(4-cyano)phenyl-2,3-dihydroindole-3-spir~3,(N,benzyL)pyrrolidine-2,,5,-dione 2dC 

The imine 4d was prepared fran 280 mg (1.0 nmol) amine 1 and 144 mg (1.1 wol) p-cyanobenzaldehyde. 
The crude Gine 4d was cyclized according to procedure F. 
reaction mixture-m EtQH afforded-185 mg (0.47 mmoj, 

Work-up and crystallization of the 

v.p. 160.5-162OC. IR(KBr): 3400 cm 
47%) of 2dc as a white crystalline compound. 

(NH), 2220 an- fCN), 1786and 1700 cm-l (GO, imide). 
H NMR 6fpyridine-d 1: 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, 5H, 4 indo& Hand NH), 5.32 (d, tH, J=3 Hz NCH) 4.41 fbr s 2H &I Ph) 3.67 fd: 
J=79 Hz, C-4?&), 3.45 (d, lH, J=19 Hz, C-4'Hb). Fo&d: C: 75.8; H, 510; 1;, '&5;'C25H,9N302 

IH, 

requires: C, 76.32; H, 4.87; N, 10.68. 

Cis-2(3-pyridyl)2,3~ihydro-indole-3-spiro-3,~N,benzyl~pyrrolidine-2~,5,~ione 2eC - 
Imine 4e was prepared fran 280 mg (1.0 mnol) of amine 1 and 103 mg (1.1 mnol) of pyridine-3-carbox- 
aldehyz. A toluene solution of the crude imlne was added at once to a solution of NaOtBu in 
t-BuOH/'IHF (procedure E). 
mg (0.49 ~1, 49%) of 2eC. 

Work-up and crystallization of the cyude product from EtOH af?orded 180 

imide). 
M-p. 184-186V. IR(KBr): 3380 cm 

H NMR 6(CDC1):7.3-6.8 (m, 
(NH), 1770 and 1700 cm- (C-0, 

lOH), 5.06 (s, lH, NCH), 4.38 (s, 2H, CH Ph), 4.32 (br, lH, 
NH2), 3.34 (d, 1H, J=l .5 Hz, C-4'H ), 3.04 (d, lH, J-18.5 Hz, C-4'Hb). Found? C, 74.6; H, 5.2; ;1 
N, 11.4; C23H2bJ3 2 0 requires: C, 7438; H, 5.18; N, 11.38. 

Cis-2-styryl-2,3-dihydro-indole-3-spiro-3,~N,benzyl)pyrrolidine-2,,5,-dione a 

200 mg (0.57 nxnol) of imine 3r was Spiro cyclized according to procedure D. Work-up and crystalliz- 
ation of the crude reaction *uct gave 160 mg (0,41 mol, 80%) of canpounQ 2f'c as white ctjystals 
M-p. 216-219Oc (EtOH). IR(KESr): 3400 and 3330 cm (NH), 1765 and 1690 an- VZO, imide). H NMR 
6(c~$cl ): 7.29 fs, 5H), 7.3-6.7 (RI, 9H), 6.78 and 6.62 fd, lH, J=16 Hz, =CHPh), 6.41, 6.33, 6.25 
and 6.1$ (d of d 1H J=8 and 16 Hz CH=CHPh) 4.59 (s, 2H, CH Ph), 4.48 (d, lH, J=8 Hz, H-Z), 4.14 
(br, lH, NH), 3.:9 (A, IH, J=18.5 HL,T-4,Ha): 2.87 (d, lH, J=?8.5 HZ, C-4'Hb). 

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

100 mg (0.254 mnol) of imine 4f was Spiro cyclized according to procedure 0. Work-up and Column 
chrmtography of the crude rZSctlon product afforded two fractions: canpound 2fT (38 ng) 
and imine 4f (42 mg). M.p. 155-156OC (EtOH). IR(CHC1 ): 3400 cm-' (NH), 1770xd 1700 cm" (C=O, 
imide). kNMR a(CDC1 1: 7.5-7.0 (m, llH), 6.74 (m, 3&, 6.64 (d, lH, J-16 Hz, C=CHPh) 4.91 (d 
lH, 5~6.5 Hz, H-2), 4.135 (s, 2H, CH2Ph), 4.04 (br, lH, NH), 3.21 (d, lH, 5.18.5 Hz,-U;H ), 2.54 
(d, lH, J-18.5 Hz, C-4'Hb). 
N, 7.10. 

Found: C, 79.2; H, 5.7; N, 7.0; C26H22N202 requires: C, 79.17; H, 5.62; 

Cis-2-propyl-2, 

The imine 4 was prepared from 560 mg (2.0 -1) amine 7 and 500 mg (6.9 nmol) of butyraldehyde. 
335 mg (1. $ rnnol) of imine 4 was dissolved in 2 ml of zoluene and treated with NaOtBu according 
tc procedure E. b% Work-up an crystallization of the crude reaction product fran EtOAclhexane furn- 
ished 278 mg (0.83 mmol, 83?4) ofsas whi\e needles. M.p. 125-126OC. IR(KBrf: 3440 and 3340 
cm-' (NH), 1770 and 1695 cm- CC=0 i&de). H NMR 6(CKl ): 7.45-6.65 (m, 9H), 4.70 (d, lH, J-14 
Hz, CH H Ph), 4.61 (d, IH, J=?4 Hz, CH H Ph), 4.03-3.67 (2, 2H, NH and H-2), 3.17 fd,,.$,&l!?~~, 
C-4&j b2.70 (d, 1H J=l9 Hz C-4,H )9.7-1.1 (m 4H CH CH ) 0.79 (t 3H CH ) 
Cl ):a1j6.0 (GO), lj4.7 (C.0; 70.0b(& C-2), 55.; (s: C-s),24;.4 (t, C& Phj 47.6 (t, C-4') - 
32!1, 20.5 and 13.9 (t,t and q: CH2CH2CH3). 
C, 75.42; H, 6.63; N, 8.38. 

Found: C, 75.4; H, 6.6; N, 8?4; i2,Hr2N202 requihes: 

Cyclization of imine 4~with NaOEt 

335 mg (10 mnol) of imine 4g was dissolved in 2 ml of dry toluene and added at once to a stirred 
solution of NaOEt in EtOH Frocedure 0). Work-up and colunn chranatography of the crude reaction 
product on silicagel afforded two fractions: 

2-Aenzyl-3a,4,5,9b-tetrahydra-4-propyl-1~-pyrrolo[3,4-c]quinoline-l,3(2~)-di~e !& 

Fraction I: 174 mg $0.52 mnol) of canpound 5+as a solidifliy oil. M.p. 119-120°C (CCl4, hexanef. 
IRcCHCl f: 3420 cm- (NH), 1770 and 1700 an- (C=O, imide). H NMR 6(COCl ): 7.6-6.9 (m, 9H), 
4.64 (~2 2H, CH2Ph), 3.91 (d, lH, J=9 Hz, H-4), 3.62 (t of d, lH, J=7.7 an2 3.5 Hz, H-2), 3.7-3.5 

fY* 1H, NH), 3.09 (d of d, J=9 and 3.5 Hz, H-3), 1.7-1.1 (m, 4H, CH CH ), 0.90 (m, 3H, CH ). 
C NMR 6(CXl ): 177.5 (C=O), 176.3 (GO) 50.2 (d 

(d, C-3), 34.63(19.0 and 13.7 (t, t and q 'CH CH CHj 
C-2), 46.8 (d, g-43, 42.4 (t CH Ph) 340.3 

N, 8.4; C21H22N202 requires: C, 75.42; H,'6.63; 4, i.;S. 
MS: m/z 334 CM+). Found:'C, 95.5; H, 6.6; 

Trans-2-propyl-2,3~ihydroindole-3-spiro_3'(N,-benzyl)pyrrolidine-2,,5'-dione a 

Fraction II: 70 mg (0.21 mnol, 21%) of ccrfpound 51 as a solidify+ 011. M-p. 148.~-149.5oC (Et- 
OAc, hexane). IRUCBr): 3430 and 3320 an- (NH),7765 and 1685 an- CC=0 imide). H NMR 6(CDcl ): 
7.5-7.2 (m, 5H), 7.15-7.0 (m, 1H), 6.73-6.58 (m, 3H), 4.79 (3, 2H, CH2Phj, 4.28 (d of d, lH, J=53 
and 7 Hz, H-2), 4.02 (br, 1H, NH), 3.16 (d, lH, J-18.5 Hz, C-4'Ha), 2.48 (d, lH, J-18.5 Hz, C-4'- 
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H ), l-7-1.0 (m, 4H, CH CH -1, 0.89 (m, 3H, 
44.9 (t, CH Ph), 37.8 (? s-4,) 33.3 (t) 

CH ). 

75.3; H, 6.g; N, 8.4; C2;H2JJ20; requires: 
19. 2 

l3 C NMR 6(ClXX 1: 84.4 (d, C-2), 58.2 (s, C-31, 
(t) and 14.0 (q).3 MS: m/z 334 (M'+). Found: C, 

C, 75.42; H, 6.63; N, 8.38. 

Cis-2-t-butyl-2,3-diydroindole-3-spiro-3,(N,benzyl)pyrrolidine-2,,5~-dione 2hC 

280 mg (1.0 umol) of amine 1 and 190 mg (2.2 -1) of pivaldehyde were refluxed for 3 hr in tol- 
uene and afforded 4h in qua%.itatlve yield. 
200 mg of 4h (0.57x01) were dissolved in 1 ml of toluene and added at once to a solution of Na- 
OtBu in t-m/THF (procedure E). The reaction was stirred for 3 hr at O°C. Work-up and crystall- 
ization of the crude reaction product from EtOH/hexane furnished 166 mg (0.48 mnol, 83%) 

gie??x NMR 6(CDcl )* 7 4 (m 2H) 7 28'(m 
white crystals. M-p. 159-160°C IR(CHC1 1: 3350 cm- (NH) 1770 and 1700 an- 

?f cap 

3H) 3 12 (t 1H J=8 Hk) 6 76 (m 3H) 4 7:"::' 
lH, J=14 Hz, CH H Ph),34:60'(d, iH, JIlI('Hz, &i H PA),'3.92 ibr '1H NH) '3.65 (s,'lH, k-2j, 3.1+ 
(d, lH, Ji19 Hz e-4,H,,, 2.92 (d, lH, J=19 Hz,e4,H ), 0.87 (A, 9I'i, t-l& 
7.1; N, 7.6; C2$24N202 requires: C, 75.83; H, 6.94; Id, 8.04. 

Found: C, 75.9; H, 

Trans-2-t-butyl-2,3~lhydroindole-3-spir-3,(N,benzyl)pyrrolidine-2,,5~~ione m 

200 tug (0.57 am1011 of imine 4h was cyclized according to procedure G. Work-up afforded 100 ag of 
an oil which was purified viacolumn chramtography. 
2hT. M.P. 173-174OC (EtOAc/i-propylether). 

Yield 40 mg (0.11 nrmol, 20%) of canpound 
IR(CHC1 1: 7.5-6.5 (m, 9H), 4.80 (s, W, CH h), 4.28 

(9, lH, H-21, 4.1-3.8 (br, lH, NH) 3.51 (d, lH, J=1a3Hz, C-4,H ) 2.53 (d, lH, 5~18 Hz, -4,H,), 
1.02 (s, 9H, t-Bu). 
N, 8.04. 

Found: C, 75.9; H, 7.0; N, 8.2; C22H24N202 r&&es: 
zP 

C, 75.83; H, 5.94; 

Trans-2(6-b~zyloxy~hex-3-ynyl-2,3~ihydroindole-3-spl~-3,(N'benzyl~pyrrolidine-2,,5,-dione 2iT - 

200 mg (0.42 wol) of imine 4i'was dissolved in 1 ml of toluene and added to a stirred suspension 
of NaCMe in dry EMSO under N-according to procedure H. 
crude reaction product affor 8 ed two fractions: 

Work-up and colunn chranatography of the 

I : 10 mg (0.01 uxmol, 5%) of compound 51 as an oil. 
II: 146 mg (0.31 mnol, 73%) of ccmpoun~2lT as an air sensitive oil, which was contaminated with 
the cis product 2iC for 7%. 
isanr2iT. 

Crystalliza~n ?f the product frcsn MeClilfurnished the pye trans 
IR(KBr): 3325 an- (NH) 1770 and 169~ an 

C13): 7??8 (rn~,%$-~?~?-(rn, lH), 6.57 (m, 3H), 4171 (s, W, NCH 
(GO Mde) 

h) 4.50'(s 2H 'OCH 
Hm(CD- 

?P' 
h) 4 33 

(m, 2H, NH and H-2), 3.52 (t, W, 0CH2), 3.10 (d, lH, J=l8,3 Hz, -4,H ), 2.46'(d,'lH, =18I5 Hz, 
C-4,Hb), 2.53-2.12 (m, 4H, CH CXCN ) 1.88-1.46 (m, W). 

5p 
C-NMR 6(&l 1: 178.6 (GO) 174.7 

(C=O), 79.4 and 78.6 (EC), 72.7 (O&i Ph), 68.5 (OCH ) 63.7 (C-2) 56.53(C-3), 42.7 (N&l Ph) 
38.0 (C-4'), 30.2, 20.1 and 16.5. 
H, 6.32; N, 5.85. 

Fo&d: C, 77.8; $ 4.3; N, 5.8;'C31H30N203 requires: c: 77%; 

Cis-2(6-benzyloxy~hex-3-ynyl-2,3-dihydroindole-3-spir~3,(N,benzyl~pyrrolidine-2,5,-dione 2iC 

The imine 419wa.s prepared from 560 rug (2.0 mmol) of amine 1 and 480 mg (2.2 mnol) of 

- 

aldehyde 12lC' Spi'rocycliration was carried out with%aOtBu as base according to procedure 
D. Work-upXid colunn chromatography over si)ica gel afforded 308 mg (0.64 mmol) of c?pound 2iC 
as an air sensitive oil. IR(CHC1 ): 3400 an- (NH), 1770 and 1700 cm- (C-O, imide). HNMR$ZD- 
Cl ): 7.43-7.00 (m, lH), 6.72 (m,33H), 4.67 (d, lH, J-14 Hz, NCH HbPh) 4.59 (d 1H 5~14 HZ NCH - 
H 3 h), 
&, 

4.49 (9, 2H, 0CH2Ph), 4.01 (d of d, lH, 5~4 and 9 Hz, H-2 
KHz), 3.09 (d, lH, J-18.5 Hz, C-4'H ), 2.75 (d, 

'5, 4.213.7 (br,'lH,'NH), 3.56 (t,a 
1H 

2.19 (m, 2H, NCHCH CH 1, 2.00-1.40 (m, 2H, NCHCH CH2). ,l$'"& if&i4;r ]q62j4?C-, $4~~)' 

(C:O),79.3 and 78.$7?-C), 72.9 (OCH2Ph), 68.6-&~~), 68.4 (C-21, 55.3 (C-31, 42.5 iCH2Ph), 41.6 
(C-4'), 28.7, 20.2 and 16.7. 

lhe Mne d'was prepared according to procedure A fran 560 mg (20 runol) of amine 1 and 290 mg 
(2.2 mnol) of 3,3_ethylenedloxy butanal 13. Spiro cyclization was carried out wlfi NaOtBu accord- 
ing to procedure D. Work-up and colunn ~rcmatography on silica gel afforded 470 mg (2.55 mnol), 

as a solidifiling oil. M.p. j32-134°C (EtOAc, I-propyl ether). IR(KBr): 
and 1690 cm- (GO, imide). H NMR 6(CDCl ): 7.45-6.58 (m, 8H), 4.69 (d, lH, 

5.14 Hz, CH H Ph), 4.61 (d, lH, J=14 Hz, CH H Ph), 3.97 (m, lH3 H-2) 3.88 (m 4H CCH CH 0) 3.m 
id, ;;, J$.s 93, C-4'H 1, 2.75 (d, 1H J=%b5 Hz C-4,H ) 2:22-1.k5 (m 2H' AB$ N&J?) '1.21 

C NMR 6$cDcl ): 176.1 iS GO) 1+4 9 (CbOj 108 8 (9 O&j 6511 (d*-;I, 
6?4 &, 22,'CCH CH 0 42.4 (2 CH Ph), 4j.7 (t: C-4;), 38.8'(t C-8, '24.0 (q: CH3). 
70.4; H, 6.1; N,27.~;'C2+L24N2t)4 r&i res: C, 70.41; H, 6.12; N: 7.14: 

Found: C, 

280 mg (1.0 mnol) of amine 1 and 1.64 mg (1.1 mnol) of p-dimethylamino benzaldehyde were refluxed 
in benzene for 21 days. Evsporation of the solvent under reduced pressure and crystallization 
of the reaction mixture frao Etq furnished 82 mg (0.20 301 
204OC (EtOH). IR(KBr): 3340 cm (NH), 1770 and 1700 an 

20%) of spiq imide 2kC. M-p. 203- 
(&O, lmide). H m 67CDCl 1: 7.33 

(d, 2H, J=9 Hz, pNMe Ar), 7.3-6.8 (m, 9H), 6.58 (d 2H, J=9 Hz pEMe Ar) 4.94 (br NC&r) 4.35 
(br s, 2H, CH Ph), 4?1 (br, lH, NH), 3.26 (d, lH, .!~=18 Hz, C-4:H ), ?.96'(d, lH, JL18 Hz, &4,Hb), 
2.97 (s, 6H, &CH3)2). Found: C, 75.8; H, 6.2; N, 10.0; C26H2&02 requires: C, 75.89; H, 6.12, 
N, 10.21. 

280 mg (1 mnol) of amine 1 and 235 mg (1 mnol) of N-benzyl-indole-3-carboxaldehyde were refluxed 
in benzene for 168 hr. l?ie solvent was evaporated under reduced pressure. The crude mixture 
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showed three spots on TL.C (silicon gel, EtOAcLP 60-80). Crystallization of the crude reaction 
product from EtOAc afforded 200 w (0.40 mnol) of white crystals 21C. M.p. 188-192'C. The 
mother liquor was concentrated and subjected to col~an c.hrcmatcg&~y, which in addition gave: 
70-y (0.14 mnol) of 21c. 

(NH) 1775 and lmcm 
-Total yield: no f+g (54%). M.p. 191-194°C (EtOAc). IR(C?iCl 1: 3400 

(GO lmide) 
E s 1H 'NCH) 5 12 (br a 2H CX’ h 

GP, 
indole) 

H NMR a(CDCl 
4.28 (a 2a 

1: 7.70 (m, lH), 7.4-6.7 (m, kH), 5.49 

3_34'(d,'lH, J:lB'Hz, C-4,fla),'3.1 (d, lH, J=i8 Hz, C-4,Hb;. 
CH2Ph, bide), 4.2 (br a, lH, NH), 

Cis-2(2-pyrrolyl)2,3~~y~~i~ole-3-spi~3,(N,benzyl)pyrrolidine-2',5,-dione x 

2&mg (1 wol) of amine 1 and loo mg (1.05 nmol) of pyrrole-2-carboxaldehyde were refluxd in 
toluene for 96 hr. Work-i&, tr_eatment with charcoal and colunn chranstcgraphy of the crude react- 
ion prcduct followed by crystallization fran EtOAc/hex;tne afforded 211 fng (0.5zl~l, 59%) of 2mC 
y white crystals. M-p. 170-173V. IR(KEz): 3320 an (NH), 1770 and 1690 an (GO, tilde).- 
H NMR a(cDcl ): 8.9 (br, lH, NH pyrrole), 7.3-7.1 (m, 4H), 7.0-6.75 (m, 5H), 6.65 (m, 1H, NCH=), 
6.22-6.05 (m,32H, =CH-CH=), 5.03 (a, lH, NCH), 4.46 (a, 2H, CH Ph), 4.18 (br, 1H, NH, indole), 
3.22 (d, lH, J=19 Hz, CJ('H ), 2.90 (d, lH, J=19 Hz, 
C22HlgN302 requires: C, 73.83; H, 5.36; N, 11.76. 

C-4'Hb). 2Found: C, 73.9; H, 5.3; N, 11.6; 

Cis-2-~enyl-5-chloro-2,3aihydroindole-3-apiro-3,(N,benzyl~pyrrolidine-2,,5,-dione 70aC 

50 mg (0.125 mn01) of imine 8afkas Spiro cyclized according to procedure D. Work-up afforded 43 
mg_{86%) of canpomd 1OaC ETwhite solid. t+p. 243-246V (Ma). IR(CHC1 1: 3400 and 3320 

(NH) 1780 and lmcm (GO, tilde). 
$08 (d :H 5.18 5 Hz C-4'H ) 

H NMR a(CDC1 ): 7.5-6.5 (m 13i), 5.62 (br, lH, NH), 
Found: c, 70.8; H, 4.9; 3, 6.5; Cl, 8.;; C24HlgN202C1 requires: 

C; 71.54; H: 4.75; N, k-95; &'8.81. 

T~ns-2-phenyl-5-chloro-2,3~ihyd~indole-3-apir0-3,(N,benzyl~pyrrolidine-2,,5,-dione m 

26 mg (0.064 mnol) of imine 8&aa apiro cycllzed according to procedure 0. 
ion product waa uyatallised fiMeOH. 

The oily crude react- 
Yield: 18 mg (0.045 mool, 69%) of white crystals, which con- 

sisted of 85% trana isomer 1OaT and 15% cla product 10aC. Repeated cryafallizations fran MeOH 
ykfded the pure tr 

-Yf 
IaanaOaT; m.p.-f!YO-l52V. TCHCl 1: 3400 an- (NH), 1775 and 1705 

an (GO, imide). NMR a(a): 7.5-7.0 (m, llH), 6.7 (3, 2H), 5.49 (a, 1H, H-21, 4.73 (a, 
2H,C?$Ph), 4.2 (br, lH, NH), 2.563(d, lH, 5.18.5 Hz, C-4,H ), 2.32 (d, lH, J-18.5 Hz, C-4'Hb). 
put&d. C, 71.1; H, 4.8; N, 6.7; Cl, 8.8; C24H1gN202C1 requ?rea: C, 71.54: H, 4.75; N, 6.95; Cl, 

. . 
C~a-2-phenyl-6~etho~-2,3-dihydroindole-3-apiro-3,(N,benzyl)pyrrolidine-2,,5,-dione 11aC 

To a aoln of 0.2!j4equiv of BuLi (0.22 ml of 15% aoln) in 5 ml ButOH and 5 ml THF a aoln of 0.5 
mnol of Mne 9a in 2.5 ml of toluene was added at O°C. After 25 min the aoln was quenched 
with NaCl aat z and extracted with CHCl . Cryatallizatfon frm EtOH; m.p. 
~R(cHc~~): 3390 (NH), 1770 and 1700 cm-13(c=o, imide). 

1laC 202-204V. 
H NMR 6(CDCl ): 7.s30 (m, 13H), 5.02 

J=l9.0 H4,,), 2.95 (d, lH, J=19.0 H4fb). 
(d, lH, J=4 Hz, H 1, 4.27 (a, 2H, CH Ph), 4.20 (m, lH, NH), 3.79 (a, jH, CcH3), 3.24 (d, IH, 

2-Phenyl-indoienine-3-apiro(N,benzyl)pyrrolidine-2,5,~ione & 

A aoln of 37 mg (0.1 mnol) a, 34 mg of trifluoroacetic acid in 10 ml of toluene was stirred for 
2 h at llO°C. After repeated washings with Na;CO 
silica gel. Yield 22 mg (60%). M.p. 3: 135-t40° 2 

aq the ream was cplunn chranatographed over 
(yellow crystala. H NMR 6(Cr>cl 1: 63.00 

lH, J=18.0 Hz, C-4'H ) 3.31 (d, lH, J=Tl.O Hz, C-4’H ), 4.78 (d, lH, J-14.0 Hz, Clt_AbPh, 5.12 
(d, 

(d, lH, J=14.0 Hz, & H Ph), 7.1-7.9 (m, 14H, ArH). a 
Upon hydrogenation o f?? over Pd/C a 85:15 mixture of 2aC and 2aT was obtained. -- 
7-Benzyloxy-hept-4-ynalx 

To a soln of 55 mg of I-i, and a trace of Fe(N03) in 50 ml of NH 1 g of yfiyloxybut-3-yne in 10 
ml of DMSO was added. After 1 h 1.13 g of l,l-e&ylenedioxy-3-b&nopropane in 5 ml of lI!SO 
was added. 
Distillation 

After 1 h stirring at r.t. the aoln was poured upon NH Cl aq and extracted with ether. 
of the reaylting oil(Kugelrohr MOV/O.Ol nrn @gave 4 

-benzyloxy hept-4-yne. 
g of l,l-ethylenedioxy-'l- 

H NMR 6(a13): 7.34 (a, 5H), 4.97 (t, lH, J=4.5 Hz), 4.54 (a, 2H, CH2Ph), 
3.88 (m, 4H, OCH CH 01, 3.57 (t, 2H, cH20), 2.63-2.15 (m, 4H), 2.04-1.63 (m, 2H). 
1 g of the aceta'? & 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 
aat aq NaHC03. The organic layer was 
The residual brownish oil was diatilledlin a K 

and evaporated under reduced 

mnol, 89%) of 12 aa a colourleaa oil. 
at 1600~/0.01 mn Hg. Yield 7 0 mg (3.42 e 

ressure. 

CH2Ph), 3.56 Cc 2H, CCH2), 2.64-2.30 (m, 6H). 
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