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Abstract - The rynther~r of 6,7-dihydrs5H-1ndalo[ 1,7-abl [ I I benzazepme, 5H-indolo- 

[1,7-abl [ I  I benzazepine, pyrrolo [3,2,1-kl I phenothmzrne and I-phenylmdole war 

accomplished by cycllzatron of the correspondmg d~arylaminoacetaldehyder. 

Carbazole-9-acetaldehyde gave 2,4-d~carbazol-9-yI-2-butenal. The aldehydes were 

obtained by acid catalyzed hydrolysis of the corresponding drethyl acetals, wh~ch 

dtffered conr~derably m theu re la t~ve  hydrolysis rates. 

In connectran with work on the ryntherrr of conformationally rer t rmed tranquilizers and antidepres- 

sants, we were interested in developmg a convenient synthes~s of the tetracychc indole derrvatives 1 (Table 

I) as precurrerr. We planned to prepare via an acid catalyzed cycllzation of the drarylammc- 

acetaldehydes Z m a mod~flcation of the well known B ~ r h l e r  mdole qmthesrs.1 Most of the reported 

reactions of thls type u t~ l t r e  a one rtep reactLon of an bromc-ketone with an anil~ne derlvatlve and usually 

require relat~vely wgorour cand~tmns. Few examples of ruccersful B~rchler reacttons using a-bromc- 

aldehydes (or the equrvalent) have been reported presumably owng to  the acid rnstabrlrtres of both the 

aldehyde and the indole product. Two rtep versions of such reactions have been studred extensively by 

Chartrette,Z who concluded that an a-alkyl group in the aldehyde war required to prevent polymerizatron 

and thereby glve satlrfactory yield of indole. It was anucipated that  the vigorous conditions normally 

required far the clarsical one rtep Bschler reaction could be avoided by utllirmg a procedure wherein the 

diethyl (or dmethyl) acetals 2 are f m t  formed, hydrolyzed t o ?  and subsequently cyclrzed to  1. 
The reported synthesis of pyrrolo[3,2,1-kllphenothiazlne (b) by polyphosphorrc acid catalyzed 

cycllzatmn of phenothrazine-10-acetaldehyde ( id) 1" chloroform3 encouraged us to  belleve that  this type of 

reactron might be more general. However, numerous attempts to  repeat this reaction under the literature 

or other (phosphoric acid, polyphosphorrc ester, phosphorous pentoxlde, trlfluoroacetlc acid, boron 

t r ~ f l u o r ~ d e  etherate, zinc chlor~de, p-toluenerulfonic acid) condmanr gave, in our hands, only low yields (10- 

15%) of i d  and ccons~derable amounts of tar. Since & is apparently relatively stable under actdic 

cond~ t rons ,~  the tars formed must result from acid catalyzed polymermation o f ld .4  We, therefore, sought 

mllder and more rel~able procedures for the cycl~zatmn of the acetaldehyde derivatives ( 1  b d )  wh~ch would 



not polymerize the acid renriUve rndoler (is-!) formed. Recently, we have described the syntheus and 

spectral propertres of mdalo[l,7-abl [I1 benzazepme w h ~ h  war prepared by molecular sieve (5AOLmde) 

catalyzed cycllzatron of IH-dlbenz[b,flazeplne-5-acetaldehyde (24. - This report describes the use of 

molecular ueve for the syntherrr of the acid senrrtive indoles1 from the corresponding aldehydes Z (or 

acetals,?). Same obrervatrons concernmg the relative rater of hydrolysis of the ace ta l s j  wd l  also be 

discussed. 

We found that the compounds l a  -& (see table I )  could be obtamed in h g h  yrelds via cyclization of 

the corrwpondlng d~arylamrnoacetaldehydes&. - I d .  The cyclization occurred smoothly under acetal 

hydrolysis mndrtions from the acetals ja -Ic. The phenothiazlne-10-acetaldehydezd was intact under 

these condrtrons, but could be cyclrred in high yleld a t  room temperature usmg molecular sieve i n  toluene. 

Also the aldehydes3 and& were converted to  the mdoles (la andLC) w ~ t h  molecular ueve a t  room 

temperature m high yield while the carbazole-9-acetaldehyde (3) did not react. Reflux for two days gave 

the condenratmn product 2 but no cyclized product 1. war traced. - 
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The acrtalrza -2, were obtained in good yields after alkylatmn with 2-bromoacetaldehyde 

dmthylacetal w ~ t h  the rodwm salts of the corresponding amines m refluxmg dioxane. Attempted alkylatmn 

of the sod~um salt of phenathiazne with 2-bromopropionaldehyde dlethylacetal gave no alkylated product 

under there cond~tronr. When the more nonpolar solvent toluene was employed, however j f  could be 

obtamed but in  a very low yield (9%).6 

The hydrolyses of the acetals were performed w ~ t h  ptoluenesulfonic acid in aqueous acetone and the 

rater of hydrolyr~s were found to differ considerably dependmg on the substrate used. Almost all 

diphenylamrne acetaldehyde drethylacetal &) war converted to the corresponding aldehyde (&) after 20 

mmuter at room temperature, while carbazole-9-acetaldehyde d~eth~lacetal (&) was not hydrolysed at all 

after 16 hours. The 10,ll-d~hydro-5H-drbenz[b,flazepine derlvativelb hydrolyzed with approxmately the 

same rate as the dlphenylamine derrvatrve& while the 5H-drbenz[ b,flazeprnek Was hydrolysed slightly 

slower. After 20 mrnutes at room temperature, 65% of the acetal lc still remained unreacted. The 

phenothmrrne der~vatlve (Zd) war found to hydrolyze much dower than eitherlb or&. After 16 hours at 

room temperature 60% of the startlng material 3d remained, but i t  was hydrolysed considerably faster than 
- 

the corresponding carbarole derlvatlve (A). 
The hydrolyus of acetalr has been studied in detail.'-lo Kmetlc rtudmr reveal, with few exceptions, 

that the rate determming step is the formation of the oxocarbomum m n  intermediate. Speck gal. 

~uggested that the acid catalyzed hydrolysis of methylthoacetaldehyde diethylacetal occurs with 

nerghbormg group participation of the methylthm function and that the formation of a cyclic sulfonrum ,on 

must be rate-determmmg. We prefer to explam our differences in  hydrolyar rater by the arrumptmn that a 

"az!rrdmrum ion hke" species might lie on the reaction coordinate. The larger the central rrng the more 

stable the ton and the faster rate of hydrolysis. Ths explanation fits well with our results and is in  close 

analogy to the drscursion on the rmg sire dependence in the cyclization of various u-chlorc-ethylammer 2 to  

ethylenrmmonrum jonr dercnbed by k l l e a u . l Z  However, we can not exclude the poss~b~lity that a 

protonated nelghbonng nltragen is involved m the rate determrnmg step. 

The rate of cyclrzation of the aldehydes& -& formed after hydrolyns, differed conrlderably. The 

I0,11-dihydr~5H-drbenz[b,flazep~ne-5-actldhyd cyclrzed very fast under hydrolysis conditions and v.ar 

not isolated. Both& and& were also cyclrzed at room temperature under acetal hydrolyzing condltionr 

providmg prolonged reaction Umes were used. Cycllzation of 3 with molecular sieve gave a high yield of 

I-phenylmdole after 2 hours, while 16 hours were required to transform& to indolo [1,7-abl[llbemazep~ne 

(LC). Pyrrolo[3,2,1-kllphenothiazine (u) war isolated in htgh yield from Zd after reacuon with molecular 

sieve for 4 days. Only a very small amount of tar war farmed under these conditmnr. The mrld procedure 

described above seems to be a valuable alternative when acid senrrtbve mdole derivatives are formed after 

cyclization of aldehydes. 



Some years ago r t  was reported that carbazole-9-acetaldehyde 2, underwent condenratmn on alumma - 

to  give various products but no cyclized product war reported.13 I t  is  also known that acld catalyzed 

condensat~on of the aldehyde grves po1~mers . l~  Applymg our molecular rreve conditmns to  the carbazole 

system gave only startmg materlal? after several days at roam temperature. Refluxmg the mixture for 

two days gave, In addmon to the aldehyde&, the aldol condensation product 2 m moderate y ~ e l d  wlth the 

same meltmg pomt and spectral data as the #major product formed m the alumina catalyzed reaction. 13 

EXPERIMENTAL 

Infrared spectra were abtarned on a Beckman IR-33 rpectrophotometer. NMR spectra were recorded 

on a Varran EM360L spectrometer using tetramethylsrlane as an mternal standard and the hlgh rerolution 

mass spectra on a Varlan MAT 311A double focuarng mass spectrometer. 

Preparation of the arylamrnaacetaldehyde diethylacetalr 3a - 3f. Purrfred 10,l I-d1hydro-5H-d1benz[b,fl 

azepme, d~phenylamlne, 5H-dlbenr [b,fl azepine, phenothiaz~ne or carbarole (2Ommol) was added a t  room 

temperature to a solution of sodium hydrlde (95 mmol) in dry dlaxane (50 ml). After reflux for 4 hr 2- 

bromoacetaldehyde dlethylacetsl (6.5ml) was added dropwzre to the vlgourously stirred mixture durrng a 

permd of I hr and under mamtamed reflux. After reflux over night m argon atmosphere the excess sodun 

hydrrde was destroyed by ethanol and the reaction mixture war then poured lnto toluene and water. The 

aqueous phase was extracted several t m e r  wfth toluene and the combined organic phases were washed with 

water, dried (MgS04) and evaporated to  grve the crude acetals. Af ter  chromatography ( r ~ l ~ c a ,  toluene) - 

3, were obtamed as 011s. According to  NMR analyses the compounds were pure and were used wlthout - 

further puriflcatmn. Compound 3 f  war prepared by the same procedure usmg toluene as the solvent. 

10,1l-D~hydro-5H-d~benz[ b,f lazepine-5-acetaldehyde diethylaceta1 (3b) y d d  4.17g (67%). NMR (CDC13): 

6 7.30-6.80 (m, 8H, aryl), 4.60 (t, LH, CH), 3.91 (d, ZH, CHzN),CHzN = 5.0 Hz, 3.50 (q, 4H, 9 3 C H 3 )  

JCH2, CH3 = 7.0 Hz, 3.17 (s, 4H, CHZCHZ), 1.10(t, 6H, CH3). JCH, JCH-2, CH3 = 7.0 Hz. Anal molffular 

werght calcd for C2~H25N02: 311.1885. Found (hrgh recolutmn mars spectrum): 311.1896. 

Dlphenylamme acetaldehyde diethylacetal (3a) yleld 3.70g (65%). NMR (CDClj):67.30-6.80 (m, 10H, aryl), 

4.68 (t, IH, CH), JCH2, C H j  = 7.0 Hz, 3.88 (d, 2H, CHZN) JCH, CHZN = 5.0 Hz, 3.55 (q, 4 H , % 2 ~ ~ 3 ) ,  1.12 

(t, 6H, CH3). Anal molecular welght calcd for ClgH23N02: 285.1729. Found (hrgh resolution mass 

spectrum): 285.1727. 

5H-Dibenza b,f azepine-5-acetaldehyde drethylacetal (3c) yield 4.57g (74%). NMR (CDCI3): 6 7.30-6.80 

(m, 8H, aryl), 6.70 (s, 21-1, CHXH) ,  4.61 (t, 1H, CH), 3.89 (d, ZH, CHzN), JCH, CH2N = 5.0 Hz, 3.48 (q, 4H, 

CHZCHj), JCHZCH~ = 7.0 Hz, 1.11 (t, 6H, CH3). JCH2,CH) = 7.0 Hz. Anal molecular we~ght  calcd far 

C20H23N02: 309.1729. Found (high resoluuon mass spectrum) 309.1713. 

Phenothlazme-10-acetaldehyde diethylacetal ( 3dW yield 4.79g (76%). NMR (CDC13): 6 7.30-6.80 (m, 8H, 

aryl), 4.81 (t, IH, CH), JCH2, CH3)= 7.0 Hz, 4.02 (d, 2H, CHZN), JCH, CHZN= 5.0 Hz, 3.55 (q, 4H, ~ 2 C H 3 ) t  

1.17 (t, 6H, CH3, K H z ,  CH3 = 7.0 Hz. Anal molecular weight calcd for C18H21NO2S: 315.1293. Found 

(high resolution mass spectrum): 283.1285. 
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Carbazole-9-acetaldehyde diethylacetal ( 3 4  yield 4.64g (82%). NMR (CDCL3): 6 8.10-6.80 (m, 8H, aryl) 4.73 

(1, IH, CH), 4.34 (d, 2H, CHzN), JCH,CHzN = 5.0 Hz, 3.45 (q, 4H,g2CH3), JCHZ,CH~ = 7.0 Hz, 1.02 (L  

6H, CH3). 

J C H ~ ,  CH3 = 7.0 Hz. Anal molecular werght calcd for ClgHZIN02: 283.1573. Found (high resolution mass 

spectrum): 283.1559. 

Phenofhiaz~nclO-(-2-propiona1dehyde) diethylacetal (3f) yield 0.59g (9%).NMR (CDC13): 6 7.30-6.80 (m, 

8H, aryl), 4.82 (d, 1H, CH), JCH,CHN = 5.0 Hz, 4.10 (m, IH, CHN), JCH,CHN = 5.0 Hz, JCHN,CH~ = 7.0 

Hz, 3.55(% 4H,%CH3), JCHzCH3 = 7.0 Hz. 1.60 (d, 3H, C H G j ) ,  JCHN,CH3 -7.0 Hz. 1.20 (t, 3H, 

C H ~ g j l .  JCHZCH~ = 7.0 HZ. Anal molecular weight calcd for ClgH23N02S:329.1449. Found (hlgh 

resolution mass rpectrum):329.l448. 

Preparauon of the arvlaminoacetaldehyder Za, 2c, 2d and 6,7-dihydroindolo[l,7-abIILlbenzazep1ne (Ib) 

The acetalr - 3e rerpctrvely (2.35 mmol) were dissolved m acetone (3.50 ml) and water (0.3 ml) and p - - 
toluene sulfomc acid, (0.235 mrnal) were added. NMR and t lc  analyses gave the followmg results: 

6J-D~hydromdolo I1,7-ablK benzazepine (Ib) 

10,lI-Dihydr-5H-drbenr[ b,flazepine-5-acetaldehyde dlethylacetal b) war mainly consumed (15% 

remamed) after 20 min at room temperature and had been converted to&. The aldehyde & could only be 

detected by NMR (69.57 and 4.50 ppm) and was not irolated. (Using 0.0235 mmol ptoluene sulfonic acid 

prolonged the reactmn time and gave the ramelb/& ratlo). After 16 hr a l l  aldehyde and starting materlal 

wereconsumed. The reactlan mixture was poured into toluene and aqueous sodium bicarbonate. After 

extramon, warhmg and dryrng (Mg 504) the combmed organlc phases were evaporated. Chromatography 

(rrlrca, toluene) gave 371mg (72%) of 6,7-dthydramdolo[l,7-ab1[11benzazepine (lb); mp 97-99O (etllanol) (lit. - 
1 0 0 - 1 0 2 ~ ~ ~ .  9 9 - 1 0 1 ~ ~ ~ ) ,  Amax m accordance with reported data.16 NMR (CDCI3): 6 7.53 

(d, IH, a-H), 7.50-6.90 (m, 7H, aryl), 6.70 (d, 1H, 6-H), 3.20 (r, 4H, CH2CH2). J aH,~Hi 3.5 HZ. 

Diphenylamm-N-acetaldehyde (24 

Diphenylamine-N-acetaldehyde diethyl acetal? was mamly consumed ( 15% remamed) after 20 mm 

at roam temperature and had been converted to the aldehyde 2a. The reactmn mixture also cansrsted of - 
approximately 20% of I-phenylindole (la) according to nmr analyses. A sample was taken out and analysis 

after 16 hr showed that all rtartrng materml and aldehyde were consumed and that I-phenylmdole and a 

small amount of tar had been formed. The mam part of the reaction mtxture was, after a total reactlon 

time of 20 mi", poured mto toluene and water. The aquous phase was extracted several t m e r  with toluene 

and the combined organtc phases were washed (NaHCO3 and water), dr~ed (MgSOq) and partly evaporated. 

The evaparatmn temperature was kept below 300. Chromatography (rhea, toluene) gave 158mg (32%) d 

~dlphenylamlno-N-acetaldehyde 2a as on od as darkened in air. NMR (CDCI3): 6 9.89 (t, IH, CHO), 7.30-6.80 

(m, IOH, aryl), 4.40 (d, ZH, CH2) JCHO, CH2 = 1.4 Hz. v CO (film) 1720 cm-1. Anal molecular werght 

cdcd  for CIUHUNO: 21 1.0997. Found (high resolvtmn mars spectrum): 211.0977. 



5-H-Dibenzlb,f lazeplne-5-acetaldehyde (2c) 

5H-Dlbenz [b,f] azepine-5-acetaldehyde d1ethylacetal2c was partly converted after 20 min a t  room 

temperature t o  the corresponding aldehyde - 2~ and the ring closed product& could hardly be traced 

according to  tlc. Most of the starting materlal remained (-65%). After 16 hr the reaction mrxture 

cantamed a t  approximately 10% of - 3cr 20% of - lc and 70% of the aldehyde* The reactlon mlxture was 

worked up as above (evaporation temperature below 300) and after chromatography (silica, toluene) 265 mg 

(48%) of 5H-dibenz[b,flazepinp5-acetaldehyde &)5 war obtained as an 011. NMR (cDCI~): 6 9.58 (t, IH, 

CHO), 7.40-6.85 (m, 8H, aryl), 6.77 (s, 2H, CHzCH), 4.40 (d, 2H, CHZ). JCHO, CH2 = 1.4 Hz; v CO ( f h )  

1725 cm-1. 

Phenathlarlne-10-acetaldehyde (2d) 

Phenoth~azln~.lO-acetaldehyde diethyl acetal (Id) was almost Intact after 20 min a t  room temper- 

ature. A small amount of the ddehyde 2d had been formed. After 16 hr the reactmn mixture consisted of 
- 

approx~mately 60% of starting material and 40% of the aldehyde - 2d. Warrnmg the reaction mixture a t  600 

gave after 2 hr complete converuon of the acetal t o  the aldehyde. No ring closed product ld  war formed. 

Usual work up and chromatography gave 402 mg  (71%) of phenothlazine-10-acetaldehyde (&d)i mp 114-1160 

(lit. 114-11503)i NMK (CUC13): 6 9.73 (t, IH, CHO), 7.30-6.30 (m, 8H, aryl), 4.42 (d, 2H, CHZ). 

~ H O ,  CH2 = 1.4 H q v C O  (KBr) 1720 cm-1. 

Carbazole-9-acetaldehyde ( 2 4  

Carbazole-9-acetaldehyde diethylacetal (Ae) was not hydrolyzed after 16 hr a t  room temperature. 

Warming a reaction mlxture, after addiuonal addmg of p-toluenerulfonlc a a d  (totally 0.47 mmol) for I hr at 

600 gave, accordmg to NMR, 10% of carbazole acetaldehyde (&). Refluxmg a reactran mrxture of 1.42 g 

(5.00 rnmol) of 3, acetone (10 ml) water, (0.70ml) and p-toluenesulfonlc acid (0.344 g 2.00 mmol) for 4 hr 

followed by work up and chromatograhy (silica, toluene) gave 609 mg (60%) of carbazole-9-acetaldehyde 

(2& mp 140-1420, (carbon tetrachloride) ( I l t  140.5- l41.5~~~).  NMR (CDCI~): 69.67 (t, IH, CHO), 8.20-7.00 

(m, 8H, aryl), 4.88 (d, ZH, CH2) JCHO,CH~ = 1.4 Hz. The value of the coupling constant is reported to  be 

4 H Z ~ "  whrch is not m accordance w ~ t h  our result; v CO (KBr) 1730 cm-l. 

Preparatmn of 1-Phenylmdole(la), lndolo [ 1,7-abl [ll benzazepine(lc), Pyrrolo L 3,2,1-kllphenothiar~ne 

(Id) and 2,4-Dlcarbarol-9-yl-2-butenal (4) from the Aldehydes, Za, Zc-Ze. The aldehyde~,&,2~ -2e. (1.00 

mmol) respectively were dirrolved in toluene (15ml) to whch molecular sieve 2.0g (ac t ra ted Lmde type 5.4) 

was added. Reactions were analyzed by nmr and tlc. 

I-Phenyhndole (la) 

Diphenylammo-N-acetaldehyde3 was completely converted to  1 - ~ h e n y l m d a l e l ~  after 2 hr a t  room 

temperature. Filtratmn, evaporation and chromatography (s ika ,  toluene) gave l 4 l m g  (73%) of I- 

phenylindole as an 011 (la). Compound - l a  could also be prepared directly under acetal hydrolyur conditmns 

as mentioned above. ( Amax in accordance wrth reported datai8). NMR (c~c13):67.70-6.50 (m, IOH, arom 

and 0-H), 6.67 (d, IH, 8-H). J =H, ,qH = 3.0 Hz. The assignment of the a-H proton as a doublet a t  6 7.32 
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was confirmed by decouplmg by Ganellrn and Ridleyl8, 

IndoloLI J-abl [I] benzaze~me ( I d  

Dlbenzb,flazeplne-5-acefaldehyde war completely converted to the rmg closed system L after  

16 hr a t  room temperature. Flltratron, evaporatmn and chromatography (rllica, toluene) gave 145mg (69%) 

of rndolo [1,7-abl [ Ilbenzazeprne (LC) as yellow crystals; mp 113-1140 C, hexane (I& 113-11405). 

NMR (CDCI3): 67.31 [d, IH, a-H) 7.20-6.40 (m, 7H, aryl), 6.UO (d, IH, B-H), 5.80 (d, IH, CHr), 5.65 (d, 1H, 

CH=) &, BH = 3.7 Hz. JCH=,CH= = I2 Hz. The assignment of the a -H and 6-H protons was made by 

decouplmg experrments. The compound war also obtamed, although lo Lower yield, directly from the acetal 

under hydrolysis condmanr a t  room temperature, provided five t m e s  the usual amount of ptolunesulfonic 

acld was added. Cycltzatmn also occured af te r  warming the aldehyde& a t  600 for 7 hrr. 

Pyrrolo[3,2,L-kl1phenothtarrne (Id) 

Phenothrazine-lo-acetaldehyde 3 war completely cycllzed t o  i d  after  4 days a t  roam temperature. 

Fdtratron, evaparatmn and chromatography [r~lica,  h e x a d  gave 185 mg (83%) of pyrrolo[3,2,1-kll- 

phenothlaz~ne (b); mp 116-1170 (hexane)(lit. 117-11803); NMR (CDC13):67.31 (d, 1H,a-H), 7.15-6.50 (m, 7H, 

aryll 6.37 (d, IH, BH). 3 a ~ ,  BH 3 . 4  Hz. No cycl~zatmn accurred with molecular slew 3 k  (pellet type). 

Cyclizat~on using PPA accordmg to  the literature procedure3 gave in our hands a low y ~ e l d  of & and a 

considerable amount of tar. 

2,4-Dicarbazole-9-vl-2-butenal (4) 

Carbazole-9-acetaldehyde (&I war intact after  a day a t  room temperature. No cyclized product could be 

traced. Refluxmg the mixture for  2 days, filtration, evaporatmn and chromatography (silica, toluene) gave 

31mg (15%) of rtartrng materml and 110 mg of 2,4-dicarbazol-9-yl-2-butenal~; mp 172-1740, toluene (lrt 172- 

1740 131 NMR, IR and mars spectra were !dentical t o  literature data.13 No cyclmed product war detected. 

Attempted molecular sreve induced cyclizauon of the acetalr (3a - 3e) The acetalr& -le (1.0 mmol) 

rerpectrvely were drrsolved m toluene ( I5  ml) t o  which molecular sieve (2.Og) war added. NMR analyses of the 

reactlon mixtures showed ""reacted starting material (90-100%) after  reaction a t  room temperature for 6 days 

in all carer except one. The acetal a had been transformed t o  6,7-d~hydrolndolo[l,7-abl [U benzazepinejb m 

67% yield as determined by NMR. 
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