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Abdmc-‘The unsy~~ N,N,N-~~yl us-i~olo~~ne 3 has ban synthesii by several routea, 
including cyclotrimerixation of the O-acetate of indoxyl. This condensation involves a 3+2 nanangement of the 
precursor formed in sifu. Similar Wagner-Meemein rearrangements were also prevalent in LAH reductions of 
some 3fdiindolyl oxindoles. 

Treatment of the 3.3diindolyl indolines with strong acid resulted in a cleavage yielding 3,3’-biindolyls. 

In connection with the Ullmann coupling of 2-&lo-N- 
methylindole it was found’ that the trimeric compound 1 
and N-methylindole were the main products rather than 
N,N’-dimethyl-2,2’-biindolyl (2), if activated copper 
bronze was used. Compound 1 was found to be identical 
with a product, obtained by Miller’ in low yield by 
heating 3~hloro-N-methylindoie with aqueous sodium 
hydroxide in an autoclave at 180-200’. The less likely, 
unsymmetrical structure 3 can not, however, as pointed 
out by Hoffmann, be ruled out as an alternative struc- 
ture for the trimer. 

The unsymmetrical cycle-trimer 3 has now been un- 
ambiguously synthesized uia the routes given in Scheme 
14 Compound 3 (m.p. 1861%p) difIer considerably from 
com~und 1 (m-p. 265-267“). The ‘H-NhIR spectrum of 3 
shows two somewhat broadened signals for the Me pro- 
tons in the ratio 2:1, whereas the symmetrical trimer 
exhibits the expected sharp singlet for the Me groups, 

The condensation product 6 is probably formed trio 9a 
(isolable) and 19a. Clearly the addition of the second 
molecule of N-methylindole could give either 6 or lla 
(includi~ possible tautome~). Spectroscopic data 
excluded structure ita and gave strong evidence for 6. 
This result is intriguing as Zhungietu and Sinyavskaya’ 
recently have claimed that isatin and indole yielded llb 
rather than 12a. 

However, analysis by “C-NMR reveals that the struc- 
ture 12a for the i~tin-indole 1:2 condensation product 
originally given by SeiieP is correct.0 Furthermore, 
methylation of 12a yielded 6, and the isomer lib could 
be independently synthesized by condensation of 2$‘- 
biindolyl with 3-hydroxyoxindole in refluxing acetic acid. 
In a mode1 experiment 2-methylindole and 3-hydroxy- 
oxindole similarly gave 13, which could be converted to 
compound 14. Reduction of llb with lithium ~uminium 
hydride furnished the known4’ compound IS. 

Compound lta could also readily be obtained by al- 
kaline hydrolysis of 12b, which was conveniently pre- 
pared in high yield by heating N-acetylisatin with indole 
to 210” for Smin. N-Methylindole similarly gave 1Zc. 

tPresented in part at the 13th Nordiske Kemikermude. 
Copenhagen, 1966 b. 74. 

*After the compktion of this work the narent comnound of 3. 
dimdolo JZJ-o : 2’j’-c~carbazole, has been reportti a.s a product 
from reactions of indole with a TiCl~H&system. 

iThe Russian worlrtrs teemed to be unaware of Se&l’s paper. 

Methylation of the anion of its hydrolysis product, l&I, 
with methyl iodide in N,N~~ethylfo~~ide gave 6. 

The reductive rearrangement (6+ 8) probably proceeds 
aiu 16 and 17 (cf Ref 8). Witkop’j has reported a similar 
rearrangement starting with 18 (yielding 15). The yield of 
the indoline (7) increased with increasing amounts of 
LAH. Reduction of 6 with dibomne in hot (9tP) diglyme 
exclusively gave 7. Reduction of 12~ (or better 12b) with 
LAH was analogous with the transformation (6+7+8) 
and the expected products 15 and 19 could be isolated 
after column chromatography. 

The DDQ-induced dehydrogenativc rearrangement 7 + 
8 probably also involves the cation 17 (cf Ref 9). Isobe d 
al. lo-” have recently reported similar r~ements of 
several 3,3di~lindolines using oxidants such as hi&, 
PM)2 and (C&&BOh. When 7 was treated with two 
equivalents of DDQ the desired unsymmetrical trimer (3) 
could, after column chromatography, be obtained in one 
step. Coupling of the 2.2’dilithioderivative of 8 with 
Cot& or CuCl2 also atIorded 3. 

Compound 7 was readily cleaved to N-methy~mdole, 
(which in secondary reactions was ~sfo~ed to a 
mixture of the known dimer and trimer) and N,N’- 
diiethyl-3,3’-biindolyl by treatment with strong acid (e.g. 
HClaq). A transient violet-blue colouration observed 
during the reaction might indicate the formation of 21, as 
indicated in Scheme 2. This cleavage reaction might be 
of interest for the preparation of unsy~e~~ 3,3’- 
biindolyls. This aspect has, however, not been explored. 
It was also noted that the related indoline derivative 
@a) failed to cleave off N,NdimethylaniIine by treat- 
ment with strong acid. The precursor of Ma, u)b, was 
conveniently prepared by refluxing isatin and N,N- 
dimethylaniline in acetic acid. The parent compound of 
7, 19, also unde~ent arid-~du~ cleavage yielding 
3,3’-biindolyl. Interestingly similar cleavages are pre- 
valent in the mass spectra of 7 and 19. 

In view of the known” oliimerixation of 3(2H)-ben- 
zofuranone (to a symmetrical cyclotetramer) and 3(W)- 
benxothiophenone’L’4 (to the symmetrical cyclotrimer 27) 
we have also studied the acid-catalyzed (trifhmroacetic 
acid) conden~tion of N-me~y~oxyl (22) using the 
D-acetate as a precursor. After ~~rna~phy and 
gradient sublimation the unsymmetrical trimer 3 as well as 
cyclotetramer and cyclopentamer fractions were obtained. 
A rationalization is given in Scheme 3. The N-methylin- 
doxyl-group in the suggested intermediate (U), should by 
virtue of the electrondonating N atom show considerable 
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m&ratory aptitude. Similar acid-induced 3 + 2-isomerixa- 
tions involving groups such as benxyl, Me, and t-Bu are 
wellestablished.“‘s*‘6 The detailed composition of the 
cyclotetramer fraction and the cyclopentamer fraction has 
not been established, but from a mechanistic point of view 
it seems likely that they should contain unsymmetrical 
isomers. 

In connection with these studies, it was noted that 2.6 
when refluxid with trifhroroacetic acid gave the known 
trimeric compound 27, whereas 3(2H)-benxofuranon 
yielded the tettametic product 28 (cf Refs 12 and 17). 
The symmetrical structure of 27 has been vet&xi’* by 
degradation with Raney nickel, which yielded 1,3,5- 
triphenylbenxene. 

As outlined in Scheme 4 the symmetrical cyclotrimer 
(1) has also been prepared by a stepwise procedure. The 
immediate precursor (31) may be obtained in one step if 
N-methyloxindole (29) is used in two equivalents in the 
first Vilsmeier step. By further reaction even a tetrameric 
derivative could be characterized and in principle it 
seems possible to build up even larger oligomers and 
polymers. 

-AL 

Mps were determined on a micro hot stage m.p. apparatus and 
are uncorrected. IR spectra were recorded with a Perkin Elmer 
421 IR spectrophotometer as KBr discs. ‘II-NMR spectra were 
recorded on a Varian-A60 or a Bruker WP 200 instrument. All 
chemical shifts are related to TMS (8” = 0). Mass spectra were 
recorded with an LKB 9OtHl instrument (direct inlet, 70 eV). 

3J-Bir(N-m~hyi-3-ind~yl~N-mdhylo~~~~ 
Method A. N-Methylisatin (16.1 g, 0.1 mol) was added with 

stirring to a soln of N-methylindole (26.2 g, 0.2 mol) in AcOH 
(80 ml) at 35”. A clear light soln was obtained within 10 min. After 
24 hr EtDH was added to the slurry and the solii collected by 
llltration and dried, yield 39.3g (92%) m.p. 223-m (after 
recrWalli.&on from EtOAc/EtOH the q .o. was 232-W”). IR: 
3Os8 (w), 2982 (w), 1710, 1616, 1472. 1368, 1339: 748 
NMR(CDCI,): 8u 3.22 (3, NCHs, s), 3.49 (6, NCH,, s), 6.8-7.5 (14, 
arom., m). MS[m/e(% rel. int)]: 496JMt 1. 31), 405(M, IOO), 
377(33), 376(98), 275(29). 248(16), 2470, 292.5(16). Only peaks 
hiir than 15% are listed. 

Me&d B. 33Bis(3-mdolyl)oxindole (3.63~) in N,N- 
dimethylformamide (5Oml) was treated with sodium hydride 
(0.97g) under Nr at 35” until the evolution of Hz ceased, 
whereupon Me1 (4.38 g) was added and the mixture was stirred at 
45” for 6 hr. The mixture was then poured into water and the 
solid formed collected, washed, dried and recrystallized from 
EtOAc/EtOH, yield 3.28 g (79%) m.p. 232-234’. 

The following compounds were similarly prepared using 
method A. 3,3-Bis(34ndo/y~)dde (12a), yield 88% m.p. 312- 
314” (lit,’ 310”). IR: 3425(NH), 3320(NH), 171O(C=O), 1687, 
1470,755, 735. MS]m/c (% rel. int.)]: 36l(M t 1, 25). 363JM, 92). 
362(19), 335(30), 334(100), 219(50), 117(22). only peaks higher 
than 15% are listed. m*: 397.3 (363*334). “C-NMR: 6, 109.45. 
111.46, 114.30, 118.08, 120.77 (2 peaks, sep. O.OSppm); 121.28; 
124.18. 124.88. 125.66. 127.70. 134.56. 136.87. 141.30. 178.63. Ao- 
parently the signals from two’C atoms coincide with-a separation 
less than 0.05 ppm. 

33B~(3-inddyl)_N-mdyloxinddr (Itc), yield 92% m.p. 292- 
293” (lit.” 292-29Y). 

33BircN-mcrhyl-lindolyl)o*indolc (12.d). yield 9446 q .p. 3% 
332”. MSlm/e(% tel. int.)]: 391(M, 49). 362(100), 346(R). 261(10), 
233(21), 232(7),195&3). Only main peaks hiir than 6% above 
m/r 100 are listed. 

Reduction of 6 with lithium dundnium hydide Synthesis of 8. 
Compound 6, (4.05g) was added in portions to LAH (0.3~) in 
relluxing ether (500 ml). After complete addition the mixture was 
refluxed for 6hr and then worked up by cautious addition of 
water (2 ml) followed by filtration after 1 hr. The ether soln was 

evaporated and the residue crystalliaed from EtDAc, yield 2.9g 
(72%) m.p. 216215”. 

A further crop (0.4g) as well as a small amount of 7 could be 
obtained by column chromatography (Si& CHrCla) of the 
evaporated mother liquor. Rf(g) = 0.77, Rf(7) = 0.57. IR: 3050(w), 
1481, 1464, 1340, 1249, 1234, 742. NMR (CIXls, 200 MHz): 
8u 3.68 (3, NCHs, s), 3.71 (6, NCHs, s), 6.8-7.7 (14, arom., m). 
The following compound was simiiy prepared: 

23Bis(Knddy&ndok, yield 58% m.p. 158160” (lit.’ lS2- 
IW). 

Reduction of 6 with diborane-Synthesis of 33bis(N-mdhyl- 
3-bufoly/)N-meihylindolinrhylinddinc (7). BFsctherate (10.08) in diglyme 
(30 ml) was added dropwise to a stirred mixture of 6 (8.10 g) and 
NaB& (25 g) in diglyme (100 ml) at 40” during 1 hr. After com- 
plete addition the temp was slowly increased to 89’ and kept at 
this temp for 4 hr. The now clear soln was cooled and mixed with 
water (3ooml). The solid obtained was dried and recrystallixed 
from MeDAc or EtOAc (with tinal coolin to - W),ykld 5.2 g 
(66%) m.p. 2X-238”. NMR (pyridinedr): S, 2.69 (3, NCHs, s), 
3.27 (6, NCHs, s), 4.13 (2, CHr, s), 6.5-7.7 (14, arom., m). 
MS[m/e(% rel. int.)]: 392(M+ 1, 38), 391(M. lOO), 390(26), 
m(ll), 376(13), 261(2@, 2(W), 247(D), W(l3). only pealts 
higher than 1046 above m/c 200 are listed. 

The following compound was similarly prepared: 
33Bi.r(Xndoly/)ie (19), yield 62% q .p. 164-W. IR: 

34OlXNH) 1601,1482,1452, 1337,1095,740. MS[mle(% rel. int.)]: 
349(M, 2.8), 23Yl8), 232WO), 231(38), 204(D), 117(73), 116(17), 
11X16). only peaks higher than 1096 above m/e 100 are listed 
(except the M’peak). m*: 179.4 (232+204). 

Synthui.5 of the cydotkma 3 
Method A Ikhydrocyclixation of 8. DDQ (227 mg) in dioxane 

(5 ml) was added to a soln of 8 (389 mg) in dioxane (20 ml). After 
20hr at 25” tbe DDQ-2H formed was l&red off and the llltrate 
(after concentration) poured into NaOHaq (15 ml, 1%). The solid 
formed was collected, dried and chromatographed on silii gel 
using CHPa as eluent, yield 205 mg (53%) m.p. 186-187”). 

M&hod B-cyclocondarsation of N-methyibuioxyl-@acetate. 
N-Methylindoxyl-D-acetate (1.77g) was nfluxed in 
trhluoroacetic acid for 2 hr, whereupon the acid was distilled off 
and the residue washed with water and chromatographed on 
silica gel using CHsClr as eluent. After evaporation the residue 
was crystalhxed from MeOH/MeOAc. Some rather insolubk 
material (0.22 g) was collected during this operation (uide infm), 
yield 0.62 g (48%) m.p. ll?&lW. 

Mcrhod C. Same as method A, but replace 8 with 7 (391 rug) 
and double the amount of DDQ, yield 43%. q .p. 186-181”. -- 

Mcrhod D. To a sola of comoound 7 (1.29 P. 3/1OOmol) in 
THF (50 ml) was added 2 equlvs of BuIi. After a”refhtx period of 
2 hr dry CoCla (0.5 g) was added and the mixture relluxed for 4 hr 
whereupon the solvent was evaporated and the mixture extracted 
with hot EtOAc. After concentration to co. 1Oml and coolii 
crystals of 3 were obtained, yield 40% m.p. 186-W. Ms[m/e(% 
tel. int.)]: 389(M t 2, 5), 388(M t 1, 31), 387(M, lOtl), 373(12), 
372W), 36q4), 358(9), 357(31), 3X(13), 3550,354(4). only peaks 
higher than 3% above m/e 2&l are listed. m*: 357.5 (387+372), 
3426 (372+357). NMR (CDCl3: 8u 4.20 f6. NCHI. s). 4.52 (3. 
NCHs; s), 7.3-717 (12, arom., m). Ii: 3020&), 1X& 1471, 1390; 
1322.1134, 1093,735. 

strong acid Compound 7 (389mg) was dissolved B a mixture of 
EtDH and cone HCI (4:l). Dutinn the dissolution a transient 
blue-viokt colounttion .was observed. After ca. 10 q in crystals 
separated from the clear homogeneous soln. The crystals, 182 mg 
(70%) m.p. 185-lW, were identllled as 32% (N-methylhtdolyl) 
by comparison with an authentic sample.m Treatment of the 
mother liquor with aqueous hydroxide gave a mixture of the 
dlmer and trlmer of N-methylllole. 

Cleavage of 33bis(34nddyf)ie with shong acid Tk 
procedure described above was used yleldlng 3f’-bhndolyl(55%) 
m.p. 285-m. which was ldentltied by comparison with an 
authentic sampk.” 

Y2-Methyl-34ndoly/)oxindooxlrdolr (13). 3-Hydroxyoximk@ 
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(1.49g) aad 2-methylindole (1.31g) were re8uxed for 3hr in 
AcGH (IS ml). After cooling the mixture was poured into water. 
The solid formed was collected, dried and recrystaMxed from 
acetonitrile, yield 1.858 (7tN6) q .p. 192-194”. MS[m/e(% rel. 
int.)]: 263(M+ 1, 19), 262 (M. 100). 261(29), 247(37), 233(62). 
219(66), 218(21), 131(22), 13q58). only peaks higher than 18% 
above m/c 100 are listed. 

2-Mer~yf-3,3’-biindofy/ (14). ~2-Methyl-3-iadolyl)oxindolc 
(1.31 a) was reduced with LAH (0.3 n) in refluxina ether (75 ml) 
for 6 hr. After work up the crude product was rec&taMxed from 
EtGH, yield 0.97 g (78%), m.p. 252-254’. 

Syntgc.sb of compowni lib. 2,3’-Biindolyf’ (232g) and 3- 
hydroxyoxindolez (1.49s) were retb’xed for 3hr in AcOH 
(25 ml), whereupon tbe solvent was evaporated under reduced 
pressure. The residue crystalhxed from toluene yielded 2.62g 
(79%) m.p. 258-269’. IR: 3400,3048,1714,1615. 1469,1452,1331, 
12r10, 738. MS[m/e(% rel. int.)]: 363(M, 8). 334(g), 232(30). 
231(10), 92(73), 91(100). only peaks h&r than 7% ahove m/c 70 
arc listed. 

R&&~II of compound Ilb with LAH. Compound lib was 
reduced with LAH as described. The oroduct (vield 82%) was 
identical with 2,3-bis+iiolyl)imidc (d&rihed)~ 

3t_Bic[4,4N,N-~h~p~runirtopiamgllloxindo (zob). Isatin 
(7.35g. O.OSml) and N,Ndimethylaniline (121g, 0.1 mol) in 
AcGH (35 ml) was refluxed for 1 hr. Water (15 ml) was added and 
the mixture was allowed to crystallii, yield 17.4g (94%). m.p. 
249-251” (Mu 2347. IR: 3247,2888,2804, 1718, 1677, 1609, 1566, 
1469, 1362,1189.813,802,751. 

3f-Bis[4,6(N,N-dimcrr?vlominophmgl)lindo (2Oa). Com- 
pound 2%~ was reduced with diborane in diiyme as descrii for 
6. The crude product was crystallized from MeGH, yield 8646, 
m.p. 149-151’. IR 3335,2878,2851,2798.1606,1516, 1483.1459, 
1442, 1348, 1212, 1191,812,802,739. NMK (CDCI,): 8” 2.88(12, 
NCHs, s), 3.97 (2, CHr, s), 6.4-7.3 (12, arom., m). MS[m/e(% rel. 
int.)]: 358(M+l, 15). 357(M, Se), 238(18), 237(100), 236(n). 
22X25), 19304). only peaks higher than 10% above m/c 108 are 
listed. 

33Bir(3-bddyl)-N-ocetyloxindole (12b). N-Acetylisatin 
(9.15 a) ami indole (11.7 n) were heated to 205”. when a viaorous 
react&n ensued. The co&d mixture was purhkd by tre&ent 
with EtGH and recrystalhxed from 12diacetoxyetbane, yield 
90%. m.p. 312314’. IR 3424,3322,3058, 1749, 1718, 1461, 1370, 
1348.1298.1268, 1246.1169,762,749,748. MS[m/e(% rel. int)]: 
IOb(M+ 1. 17). 4os(M, 58), MY33). 362UOO), 33502)’ 334@4), 
219(U), 43(19). only peaks higher than 14% of the base peaks are 
listed. 

33Bis(lN-mdhyWy&N-acefyfoaindok (Me). The method 
described above was used, vield 90% m.o. 302-w. The analv- 
tkal sample was recrystallized from ace&trile. IR: 3058,2937, 
1767, 1709. 1477, 1464. 1371, 1331, 1299, 1273, 1158, 1013, 762, 
752,748. Ms[m/e(% rel. int.)]: 434&f t 1,21), 433(M. 63), 391(35). 
39OGOO), 363G9), 362&X). 361(3J), 360(29), 34800). only peaks 
higher than 15% of the base peak are listed. 

Hpdroysis of 3S_bic(l~dyl>N-an (12b). 3,3- 
Bis@-indolyl)-N-ecetyloximlok (&08 mg) and KOH (1.0s) in 
water (5 ml) and EtGH (10 ml) was refluxed for 30 min. On 
cooling crystals of 12a separated. yield 695 mg (95%) m.p. 312 
314” (identical with a sampk using the method described above). 

Hydrdysis of 3J-bls(~N-n~N-ac~o~e 
(12c). Tbe method given above was used, yield 94% m.p. 330- 
332” (identical with a sample using the metbod described above). 

Isdation of a cyclot&wnu fmction awi a cyclopmtama 
fmctbn fmm the cycl~nd~otion of N-mcthy/indoxylO 
acdatr The insoluble material from the preparation of 3 (method 
B) was sublimed in a temp gradient at 10-‘nunHe using a 
mercury vacuum pump. The fractions were analyzed by mass 
succtr~osco~~. Pentamer fraction: 645(42). 638GO). 51804). 
517(32), 516(14), 387(100). only peaks higher than 10% above m/e 
203 are listed. The tetraorcr fraction was contaminated by the 
trkner as well as pentamers, and the small sample (ISmg) was 
not studied further. 

NJ’-lXnu!hyW’-biindolyl (S). To a stirred soln of N- 
methyloxiadole (1.47~) and N-methylindole (1.31g) in CHsCls 
(50 ml) was added PGCls (153 g), whereupon the soln was 
retluxed for 2 hr. The mixture was stirred with water (SO ml) and 
NaHC@ (Log) for 1 hr and the organic phase was separated, 
dried and evaporated. The residue crystrdhxed from MeGH gave 
N,N’dimethyl-2,3’-biindolyl, yield 2.2 g (85%) m.p. 134-135” (lit.= 
134-135”). 

N,N’,Na-T~~hyi-2_(lindolJI)Y2-inddyl)inddc (31). The 
procedure described ahove was used replacing N-methylindok 
with N,N’dimethyl-2.3’~biidolyl (2.6Og). The title compound 
separated directly from the mixture (without work-up). The solid 
formed was wasbed with NasOraq followed by water and dried, 
yield 3.121 (80%). m.p. 201-203”. The analytical sample was 
recrystallized from acetonitrik. MS[nr/r(% rel. int.)]: 39O(M t 1, 
30)’ 389(M MO), 388(12), 374(18), 260@2), 24402). only peaks 
@r than 10% above m/a 280 are listed. 

Rrpamtion of the tctmnur 32. A mixture of 31 (389mg), 
N-methyloxindole (131 mg) and PGCIs in tetrachkroethykne was 
refluxed for 3 hr. The solid formed on cooling was collected and 
washed with NaxC4aq and water, dried and recrystallixed from 
EtGAc/EtGH, yield 212 mg (41%) m.p. 282-284”. MS[m/e(% rel. 
int.)l: SIW, 1.4), 389(63), 388(84), 260(180), lw(l3). 13008), 
only peaks higher than 10% are listed (except the M’ peak). 

Sym. Tti (N-meYbylb&/o)benzcnc (1). Compounri 31 was 
&hydrogenated with DDQ using the procedure (Method C) for 3, 
yield 45% m.p. 265-267 (lit.’ 265’). 

Ttis+enzdblthiophtno)benzene (27). IAcctoxyben- 
xothiopbem (1.92 g) was refhmed in tri&roacetic acid (25 ml) 
for 3 hr. The solid formed was collected, wasbed with water, 
dried and recrystallixed from xylene. yield 0.97g (25%) m.p. 
> MO” (lit.” m.p. 422-425”). 
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