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C O N D E N S A T I O N  OF  I - C A R B A M O Y L M E T H Y L -  

2 ,3 ,3-TRIM E T H Y L - 3 H - I N D O L !  UM C H L O R I D E  

W I T H  A R O M A T I C  A L D E H Y D E S  

A. Sackus, V. Amankavicicnc, V. Mar~'naitis 

T/I~" I'c~lclioll o/l-carhamo.v/melh.vl-.~..~,3-lrtmethyl-3H-md~dtum chloride with vul'iotts ~lrom~/[ic ahlehvdes 
in ucelic ucid und the ,~'uh.~'eqttent workttp O[lhe intermediate stvrvlic derivatives with strong ha.~'e.~" yielded 
9u-(2-al;vlelhcttl"l)-/.2,3. ga-lelralludro-gH-imidaco/l.d-a/indol-2-one derivulivex. Condensalion Of Ihe 
menl ioned sail with salicv/u/dehv~h, in acidic or husic medium q[/~n'dvd the derivulive <?/ 
I '-curhamo.vlmello'Lwiro[hen=ol~.vran-d.2'-indole ]. ,q/kl"lution ~?/llle lutler compotmd will! hen-_vl chloride 
in the presence ~?/potassium hydroxide gave 9a-[2-r 1.2.3, 9a-letruhydro- 9H- 
imiduzo[l, 2-a]indol-2-one. 

Keywords:  aromatic aldchydcs, I-carba,noyl-_,_~,3-tnmcthyl-_~H-mdohum chloride, condcnsation. 
I ,_,_~.9a-tctrahydro-9H-unldazo[ 1,2-alindol-2-oncs. 

It has bccn reported that thc reaction of 2,3,3-trimcthyl-3H-indolc with cthylcnc oxidc in acetic acid and 
subscqucnt trcatmcnt of the reaction mixture with sodium hydroxidc aftbrdcd dcrivativcs of  
2,3,9,9a-tctrahydrooxazolo[3,2-a]indolc [1]. Alkylation of 2,3,3-trimcthyl-3H-indolc with 2-haloacctarnidc gavc 
I-carbarnoylalkyl-_,3,_,-tnmcthyl-3H-mdohuna salts, which under thc action of a basc undcrwcnt cyclization into 
dcrivativcs of  1,2,3,9a-tctrahydro-9H-imidazo[l,2-a]indolc [2, 3]. Thc dcrivativcs of  1,2,3,4,10.10a-hcxahydro- 
pyrirnido[l,2-a]indolc wcrc synthcsizcd by the rcaction of 2,3,3-trimcthyl-3H-indolium salts with amides of  
2,3-unsaturatcd acids [4,5]. Thcsc tricyclic compounds bear an active mcthyl group and arc ablc to takc part in thc 
condcnsation rcactions with aromatic and hctcrocyclic aldchydcs [I, 4-8]. 1,2-Annclatcd dcrivativcs of  
2-(2-phcnylcthcnyl)indolc havc important applications as organic dycs lbr synthctic fibcrs and in intbn-nation 
proccssing [8-15]. 

Wc now havc cxamincd thc condcnsation of  I-carbamoyhncthyl-2,3,3-trimcthyl-3H-indolium salts with a 
scrics of  aromatic aldchydcs and synthcsizcd new dcrivativcs of 9a-(2-phcnylcthcnyl)-l,2,3,ga-tctrahydro-9H- 
imidazo[ 1,2-a]indol-2-onc. 

Thc condcnsation of l-carbamoylmcthyl-3H-indolium chloridcs la-c with bcnzaldchydc and its derivativcs 
substitutcd in thc aromatic ring was pcrlbrmcd in glacial acetic acid at 90-100~ A colorcd solution 

_ 9 " )  ' ' " (~, ...... = %0 nm, acctic acid) of  thc l-carbanaoylrncthyl-_-[,-(4-dmacthylarnmophcnyl)cthcnyl]-3H-indolium salt 2a 
is tbrmcd during hcating of a mixturc of chloridc I a with 4-dimcthylaminobcnzaldchydc. The ~H NMR spcctrum 
of compound 2a is charactcrizcd by thc prcscncc of  singlcts at 1.78 (3,3-CH~), 3.16 (N,N-CH~), and 5.33 ppm 
(CH_,) and two doublets of thc AB-systcm (~J,~ = 15.0 Hz) of thc vinyl protons at 7.13 and 8.32 ppl-n. 
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During tile treatment of an aqueous solution of  chloride 2a with potassium hydroxide, the nucleophilic 

addition of  the nitrogen atom of the amide group to R-carbon of the indole moiety occurs and a derivative of 

t)a-[2-(4-dim~thy~an1in~p~1eny~)~th~ny~]-~`2`3`9a-t~rahydr~-9H-imidaz~[~`2-a]ind~-2-~n~ (3a) is fornled. The 

structure o l ' compound  3a was confirmed by means of spectral investigations. An absorption band at 1705 c m  t. 

which is due to a carbonyl group, and a band at 3200 cm L, which corresponds to the stretching vibrations of the 

N-H bond, are observed in the IR spectrum of 3a. The signals of the diastereotopic geminal methyl groups are 

present at 1.03 and 1.3(I ppm in the IH NMR spectru|n. The methylene protons of the imidazolidine ring resonate 

in the foma of  an AB-quadruplet (6..x 3 . 5 1 , 6 ,  3.65, z./x, = 16.0 Hz). The vicinal spin-spin coupling consta|lt of the 

vinyl protons is 16.0 Hz and attests to their trans orientation. 

The condensat ion of salts la -c  with benzaldehyde, 4-diethyla|nino-, 4-alkyl-, 4-methoxy-, 2- or 

4-halobenzaldchvdes and various disubstituted benzaldehydes was carried out by a similar method. It was found 

that 3H-indolium salts la-c undergo condensation with 4-dialkylaminobcnzaldehydes in acetic acid easier than 

with benzaldehydc or its substituted derivatives bearing the methoxy group or halogens. Treatment of the reaction 
t mixtures with a solution of a strong base afforded ~a-(_-phenylcthenyl)-l,2,3,9a-tetrahydro-gH-imidazo[I,2-a]- 

indol-2-onc derivatives 3b-r. ~C NMR spectrum of ~a-[_-(4-|nethylphenyllethenyl]i |nidazo[I,2-a]i | ldol-2-o|lc 3i 

showed the signals ofsp" hybridized carbon atoms at 20.78 (CH:I, 21.91 ((_'tt~), 27.90 (('H,,), 47.25 (C-gL 54.44 

(NCH_,), and 92.90 ppm [C-10a). The signals of'sift hybridized carbon atoms of  compound 3i are situated in the 

area of 112.47-I 73.69 ppm. 

Compounds 3a-r  have no absorption bands in the visible region of electronic spectra. However, protonic acids 

promote ring opening and the fomaation of  colored cations of salts 2a-r. The wavelength of the band is mainly 

dependent on the substituent in the styryl fraglnent, e.g. ,  solutions of 9a-[2-(4-dicthylammophcnyl)ethenyl]- 
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and 9a-[2-14-mcthoxyphcnyllcthcnyl]-imidazo[ 1,2-a]indol-2-oncs 3b,p in acctic acid have an intense peak at 570 
and 439 nm respectively, while a solution of unsubstituted cornpound 3g is characterized by a peak at 398 ran. 

Heating of  salt ia with salicyl aldehyde in acetic acid and subsequent treatment of  the reaction mixture 
with a solution of sodium acetate yields I'-carbamoyhnethylspiro[bcnzopyran-2,2'-indolc] 4a. An identical product 
was obtained when condensation was carried out in ethanol in the presence of pipcridinc. 
6-Bmnlospirobenzopyran 4b was obtained by a similar procedure. 
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Absorption bands characteristic of  the primary amides at 3464, 3192 (NH_~), and 1688 cm ~ ((,' Oi are 
obsc~ed in the IR spectrum of compound 4a. The ~H NMR spectruna of  compound 4a is characterized by the 
presence ol'two singlets ol'diastereotopic 3',3'-( 'tt ,  groups at 1.20 and 1.33, the AB-quadruplet of the NCH_~ group 
in the region oi" 3.55-4.03. and a doublet of one of  the protons of the pyran ring at 5.62 ppm. Vicinal coupling 
between protons 3-H and 4-H occurs at I0.0 Hz and indicates their ci.~' location [16]. Tile presence of the pyran 
ring is also confimled bv the fact that the signal of  the indolc or-carbon atom of  compound 4b is situated in the area 
below 106.0 ppm in the ~C NMR spcctrunl, which is a characteristic feature of  spiro[bcnzopyran-2,2'-indolc] 
derivatives [I 7]. 

When compound 4a was treated with perchloric acid, ring cleavage of the pyran ring occurred, and 
I-carbamoylnacthyl-[2-(2-1aydroxyphenyl)ethenyl]-3H-indolium pcrchlorate 5 was isolated. A doublet of a vinylic 
proton at 6.30 with ~./-  16.0 Hz in the JH NMR spectrurn corresponds to the t r a n s  structure of  the pcrchloratc 5. 
qhe O-alkylation of  compound 4a with bcnzyl chloride proceeds efficiently in the presence of potassium 
hydroxide in ethanol and gives 9a-[2-(2-benzyloxyphenyl)cthcnyl]imidazo[l,2-a]indol-2-one 6.The absorption 
bands at 3256 IN H) and 1704cm ~(C OI in the IR spectrum of compound 6 indicate the presence of a five- 
member lactam ring. The singlct of methylene protons at 5.55 ppm in the t H NMR spectrum confinns the presence 
o fa  bcnzyl group at the oxygen atom. 
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TA BLE 2. ~H N M R Spectra of 9,9-Dimcthyl-Oa-( 2-phenylc~hcnyl )- 1,2,3.ga- 
tctrahydro-gH-imidazo[ 1,2-a]indol-2-oncs 3a-r, 6 

("OIll 

. pound 
Sulxcm 

3a I ) \ IS(  )-d,, 

3b D M  ,Nt )-d,, 

3c DM S( )-d,. 

3d D M S (  )-d,  

3t. DMN( )-d,, 

3 f  DMSt )-d,. 

3~ I)MS( )-d, 

3h I )M St )-d,, 

3i I )MS(  )-tl,. 

3j [1 ',..I St )-d,. 

3k CDt  '1 

31 DM St )-d,, 

3 m  D\IS t  )-d,, 

3n  P} nd in r  

3~) [ )MS( )-d,, 

3p  DMS()-d , .  

3t I I)M S( )-d. 

3r DN1St )-d, 

I~ D \ I  S( )-d,, 

C h e m i c a l  shif ts ,  p p m  
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I II  1311. s, L}-(.'lhl: 1.36 1311. s. 9 - ( ' 110 :  3.52-3.71 C211..\l'~-q. 
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3.54-3 ~2 1211. A I3-q . . /=  16.2 117. C I I ,  : 
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. / =  H, 2 117. ( '11 ,1 :3 .58  1311. s. t l U l l : l :  

22-7 3 q l l  (11 I. IlL I_'l I=('1 I . . . \ r i l l :  8 .75 ( I l l .  b r s .  N IH 
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. / =  165  117. ( ' l ] , l :  3.7n 1311. s. ( ) C l h l :  3.8t)1311. s. ( ) ( l l , ) :  

"Q- 7r . \ l } -q . . /  = I'~ l l 7 . s  
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I 15 1311. s. q - ( l l , ) :  I 41 1311. s. t ) -CII , ) :  3 .7X-3X2 (211. AFLq.  
.I = I~ 2 117. U I I . k  (,.50-X.21 q l3 l l .  Ill. C I I = C I I .  \ r l l ) :  
t).{)O ( i l l .  br  s. Ni l )  

I I1(I 1311. ,,. q-( . l l : ) :  1.3(I 131 I. ",. ~-('11,): 354-3 -5121 I. \B-q.  
. / =  In.2 IIz. N ( ' I I , I :  5551211. ~,. ( X' I I ,~:  
(~.5(l ? Xl ( I td l .  m. ( 11= (11 . . \ r l l .  N I I I  

9a-[2-(2-ThicnyllcthcnylJ-l,2,3,9a-tetrahydro-9H-mlidazo[ 1,2-a]mdol-2-one derivative 7 was synthesized 
by the reaction or" l-carbamoyhncthyl-3tl-mdoliunl clfloridc with thiophene-2-carbaldehyde in acetic acid widl 
subsequent treatment of'the reaction mixture with a base. 
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EXPERIMENTAL 

~H NMR spectra were detemlined on a Tesla BS--4N7C (80 MHz) and Bruker DPX (200 MHz) and Brukcr 
ASW-300 (300 MHz) instrurnents: internal reference TMS.  ~(" NMR spectra were obtained on a Bnlker ASW-300 
(75 MHzl spectrometer. IR spectra were recorded on a [R-75 spectrometer (KBr pellets). UV-vis spectra were 
obtained on a Specord UV-Vis spectrometer. The course o f  the reactions was observed using TLC on Silufol 
plales: eluent acetone-hexane, I " 2. 

~Carbam~methy~3~3~dime~hy~2~2~(4~dime~hy~amin~pheny~)ethen~-3H-ind~um Chloride (2a). 
A solution of  I carbarnoyhncthyl-_,_~,~-trntaethyl-3H-mdohum chloride (la) (_~.79 g, 15 retool) and 
4-dimethvlaminobenzaldehyde (2.24 ,, 1r retool) in acetic acid (20 ml) was heated at 100~ for ~ h. The 
precipitated substance was filtered off  and recrystallized from ethanol to give 4.2(I g (73 %1 of  salt 2a: 
mp 214-215~ ". Electronic spectrurn [ethanol): ~, ....... : 557 nrn, Iog~: : 4. IN. ~H NMR spectrum (('D~OD): 1.7N (6H, 

s. 3,3-CH~}: 3.16 (6H, s, N,N-CH~): 5.33 (2H. s, CH_,): 6.N0-N.40 ppm (10H, C[ I :CH.  ArH). Found, %: CI 9.41. 
C,,I I,,,('IN~O. Calculated, %: CI 9._,~. 

9,9-Dimethyl-9a-[ 2-(4-di methyla minophenyl)et hen yll-1,2,3,9a-tet ra hydro-9 H-imidazo[ 1,2-alindol-2- 
one (3a). A. A solution o f  chloride 2a (3.N3 =,,, 10 retool) in ethanol (30 ml) was poured into 5% potassium 
hydroxide (150 ml). The substance separated out was filtered off, dissolved in boilin~ acetone (10 ml), and poured 
again into water (200 ml). The precipitated substance was filtered off. dried, and recrvstallized from ethanol to 
afford 2.90 g (N'~ ~"., " <, '_., ) o f c o rnpound  3a. UV spectrum (ethanol): 2, ...... at 209, "~" _.,0, and _8_ nm (log c 4.24, 3.97, 
4.3N); mp and elemental analysis data o f  cornpound 3a arc presented in Table I, ~H NMR spectrum data are shown 
in Table 2. 

B. A solution of  chloride l a (~.06 ,, 20 retool) and (2.9N g, 20 retool) 4-dimethvlaminobenzaldehvdc in 
acetic acid (30 ml) was heated at 100~ lbr 2 h. The reaction mixture was poured into water (200 roll and treated 
with 10% potassium hydroxide until alkaline: the substance separated out was filtered o f f  dissolved in boiling 
acetone (30 ml), and poured into water (300 ntl). The precipitated substance was filtered off\ dried, and 
recrystallized from ethanol. Yield o f  compound 3a arc given in Table I. 

A similar procedure was used to obtain compounds  3b-fITables  I and 21. 

9a-[2-(4-Bromophenyl)ethenyl]-9,9-dimethyl-l,2,3,9a-tetrahydro-9H-imidazo] 1,2-a]indol-2-one (3n). 
A solution of  chloride la  (2.53 ~,,, 10 mmoll and 4-bromobcnzaldchyde (I.N~. ~,,, 10 rnmol) in acetic acid 
(10 roll was heated at 100~ for 4 h, after which the mixture was poured into water (100 ml), treated with 
I()','i, potassium hydroxide until alkaline, and extracted with ether (20 rnl). The mixture was kept at 5~ for 
1,'1 h, and the precipitated substance was filtered off, dried, and rcc~stallized from dirnethylformamide. Yield, 
rap, and elemental analysis data o f  conlpound 3n are presented in Table I; ~H NMR spectrum data arc given 
Table 2. 

9 A similar procedure was used to obtain a-(_-phcnylcthenyl)imidazo[I,2-a]indol-2-one derivatives 3g-m, 
3o-r (Tables I and 2). 

•'-Carbam•ylmethyl-3'•3''-dimeth`vl-•'y-dihydr•spir•[2H-•-benz•pyran-2`2'-[2H•ind•le• (4a). A. A 
solution o f  chloride la (2.53 g, 10 nlmol) and salicyl aldehyde (I.6N ,, 13.'~ nllnol) in acetic acid (10 ml) was 
heated at 100~ tbr 6 h. The reaction mixture was poured into 5% sodium acetate 175 ml) and extracted with ether 
(2 • 15 ml). The extract was washcd with 5% sodium carbonate (2(1 ml) and water (20 ml), dried with calcium 
chloride, organic solvent evaporated, and the residue was crystallized from ethanol to yield 2.14 g (5N%1 of  
compound 4a" mp 195-196~ IH NMR spectrum ((_'DCI~): 1.20 [3H, s, Y-CH~): 1.33 (3H. s, Y-CH~I; 3.55-4.03 

_.6_ (IH, d . . ]  : 10 Hz, C[J--('H)" 5.94-7.21 ppm ( I I H ,  m, ArH, CONH2, [2H, AB-q, .1= 16.0 Hz, N('H_,): g -~ 
( 'H CH). Found. ",, C 7> . . . .  H 6.g7: N 9.00. ('~,,H,,,N~O,. Calculated, ",,: (" 74.97: tl 6.29: N 8.74. 

B. To a solution o f  l-carbamoyhncthyl-_,.~,3-trmlethyl-~H-indolium chloride la (5.06 g, 20 retool) 
and salicyl aldehyde (3.36 g, 27 retool) in ethanol (15 ml) pipcridinc (3 drops) was added and the mixture was 
relluxed for 6 h. The reaction mixture was kept at -5~ Ibr 12 h and the cr~,stalline compound filtered off  and 
rccrvstallized from ethanol to yield _~., .4 g (52 %) o f  compound 4a, which is identical to the sample obtained in 
experiment A. 
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6-Bromo- I '-carba moylmethyl-3',3'-dimethyl- I ',3'-dihydrospiro[ 2 H- I -benzopy ran-2,2'-[2 H lindolel 
(4b). To a solution of I-carbamoylmethyl-2,3,3-trimethyl-3H-indolium chloride la and 5-bromo-2- 
hydroxybcnzaldehydc (2.21 g) in ethanol (15 ml) pipcridinc (5 drops) was added, and the mixture was rcfluxed for 
3 h. The rcaction mixture was poured into 1% sodium acetate ( 100 ml) and extracted with ether (2 • 20 ml). The 
extract was dried with calcium chloride, the organic solvent evaporated, and the residue crystallized from ethanol 
to yield 2.75 g (69 %) ot" compound 4b: mp 182-183~ ~H NMR spectrum (CDCh): 1.20 (3H, s, _-CH~): 
1.35(3H, s,,-CH:,):3.86-3.96(2H, AB-systcm, NCH,_):5.73(IH, d,"J 10.2Hz, H-3):5.81 (IH, br.s,  NH);6.55 
(1H, d, 3./= 7.8 Hz, ArH): 6.74 ( IH,  br. s, NH); 6.81 ( IH,  d, 3j = 10.2 Hz, H-4); 6.92-7.49 ppm (7H, m, ArH). 
~3C NMR spectrum (CDCI~): 21.03 (CH3), 26.42 (Cl-h), 47.96 (C-3'), 53.20 (NCH_,), 106.43, 107.54, 110.52, 
113.23, 121.11, 121.49, 121.54, 122.46, 128.39, 129.16, 129.37, 135.64, 135.96, 145.51, 149.27 (C-2', C-3, C-4, 
14 • Ar-C), 172.83 ppm (C=O). Found, %: C 59.83: H 5.01: N 7.14. C_,~HI,~BrN_,O_,. Calculated, %: C 60.16; 
H 4.80: N 7.02. 

I-Carbamoylmethyl-2-[2-(2-hydroxyphenyl)ethenyll-3,3-dimethyl-3H-indolium Perchlorate (5). To a 
solution of compound 4a (3.20 g, 10 retool) in ethanol (12 ml) 60% perchloric acid was added until pH 2. The 
mixture was kept at -5~ lbr 12 h, and the crystalline compound filtered off and recrystallized from ethanol. Yield 
of perchlorate 5 2.27 g (54 %); rnp 203-204~ IR spectrum: 3475 (N-H), 3260 (N-H), 1688 (C=O), 1100 and 
624cm -~ (CIO~). IH NMR spectrum (CF~COOH): 1.40 (6H, s, 3,3-CH3): 4.58 (2H, s, NCH,); 6.30 (1H, d, 
.I = 16.0 Hz, CH=CH): 6.18-7.61 ppm (11H, m, ArH, CONH_,, CH=CH__). Found, %: C 56.78; H 5.32; CI 8.66: 
N 6.69. C_,..H-~CIN_~O,,. Calculated, %: C 57.08; H 5.03: CI 8.42; N 6.66. 

9a-12-(2-Ben~,lox),phenyl)ethenyl]-3,3-dimethyl-l,2,3,ga-tetrahydro-gH-imidazol 1,2-alindol-2-one (6). 
To a solution of compound 5a (3.20 g, 10 retool) and benzylchloride (1.90 g, 1.56 ml, 15 retool) in ethanol (10 ml) 
powdered potassium hydroxide (2.24 g, 40 nnnol) was added, and the mixture was refluxed for 3 h. The reaction 
mixture was cooled to room temperature, and the crystalline compound filtered off. washed with ethanol (2 ml), 
and recrystallized from acetone. Yield, nap, and ~H NMR spectral data of  compound 6 are presented in 
Tables I and 2. 

9•9-Dim•thy•-9a-•2-(2-thi•ny•)•th•ny••-••2•3•9a-t•trahydr••9H-imidaz•••`2•a•ind••-2-•ne (7). A 
solution of chloride I a (2.53 g, I O retool) and thiophene-2-carboxaldehyde (1.12 g, l0 retool) in acetic acid (12 ml) 
was heated at 100~ for 5 h, after which the mixture was poured into water (I 50 ml), treated with 5% hydroxide 
until alkaline, and extracted with ether (20 ml). After 18 h, the precipitated substance was r6moved by filtration, 
dried, and crystallized from acetone to give 1.18 g (38%) of  a product with mp 183-184~ ~H NMR spectrum 
(DMSO-d,,): 1.06 (3H, s, CH3): 1.35 (3H, s, CH~); 3.57-3.76 (2H, AB-q, J = 15.0 Hz, NCH_,); 6.20 (IH, d, 
. /= 15.9 Hz, CH=CH): 6.89-7.47 (7H, m, ArH, CH=CH): 8.80 ppm (IH, br. s, NH). Found, %: C 69.45; H 6.03; 
N 8.90. CI.~HT.,N_,OS. Calculated, %: C 69.65; H 5.84: N 9.02. 
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