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2-L-METHYLBENZ[c,d-JINDOLE AND ITS DERIVATIVES 

N i’ VASIIJCNKO. F A h’,lhHAlLRKO and Ju 1 ROZHlhSh\ 
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I INTRODUCTION 

Among all mtrogen heterocycles benz[c,d]rndole forms the most deeply coloured 
dyes wrth equal lengths of polymethtne chain ’ As the stabthty of methane dyes 
becomes less as the polymethme chain IS extended, so the benz[~,d]mdole nucleus 
gives rise to stable infrared dyes Thus dyes containing thts nuLleus may be used as 
Q-swatches for lasers on Nd3’ with emissron wavelength I-06mkm ’ 

Up to the present time the 2-methylbenz[c,d]mdo!e quaternary salts have been 
synthestsed dtrectly From the IV-alkylnaphthostyrrls,’ 3 omtttmg the preparation of 
the base. An alternative route has recently been proposed There have been several 
unsuccessful attempts to find an alternative route -s-’ A recent paper’ has clamled 
the synthesis of 2-alkyl(aryl)benz[c,d]mdoles. and m particular the 2-methyl 
dertvattve, by heating acyl-a-naphthylamrnes wrth phosphorus oxychloride In 
mtrobenzene. The formatton of benz[c,d]indoles was supported by I r. spectra and 
molecular wetght determmations Regrettably the authors drd not mentron detarls of 
the syntheses and the yields of products 

We failed to isolate mdivtdual products on attempting to repeat this syntheses 
using acetyl-a-naphthylamme. Consequently, 2-methylbenz[c,d]mdole was ob- 
tamed from 2-methylthiobenz[c,d]mdolium rodtde (1). Thus salt IS readrly prepared 
from naphthostyrtl.g 
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The protons of the methyl group In the perchlorate 4 (CF,COOH) give rise to a 
sInglet at 3 1 ppm In the p m r spectrum With p-dlmethylamlnobenz,ldehyde this 
s,tlt gives the dye 5 (R = H) 

I 
R CIO; R=H. CH, 

5 

Treatment with LL base .lnd subsequent alkyldtlon with dlmethylsulphate converts 
this d>e Into 5 (R =CH,) The same dye may also be obtalned from 2- 
methylbenz[c.d]lndole qudternary salt We were not able to Isolate 2- 
methylbenz[c.d]lndole from its salt 4. because this base oxldlsed readily. This 
contradicted the literature.8 where 2-methylbenz[c.cl]lndole IS described as a stable 

product (m p 290°C) 
Attempts were made to confirm the data of Fedotova cf n18 by other means The 

product obtained with good yield by treatment of a solution of benzylidene-a- 
nnphthyldmlne III ethnnol with catalytic amounts of hydrochloric acid has been 
reported by Letunov and Soldatova to be 2-phenylaza-acenaphthene.” Thrs gives 
2-phenylbenz[c.d]mdole. described by Fedotova et al. by dehydrogenatlon. 
However, the solvent used for the crystalhsation of the product IS not disclosed 
Accordmg to our data It IS not homogeneous From the p m.r evidence, none of 
three fractions isolated by chromatography of a chloroform solution on aluminium 
oxide IS consistent In propertles with 2-phenylaza-acenaphthene. 
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Packer and Smith” have suggested on the basis of mass spectrometry data, 
absorptron spectrum and chemtcnl properties, that the red-vtolet dye obtained m 
3 57; yreld by trtirtment of naphthostyril wrth methylmagnesium rodlde has the 
structure (6: R = H) However, the elementary analysis was not quite satrsfactory 

&>-CH=Ca @-+CH=C,a 

I I 
R 

6 
R=H.CH, 

H X- k 
7 

We obtained this dye n-r nnalytrcally pure state wrth 80 “/A yreld by lnternctron of 
salts 1 and 4, to give an unnmbrguous product The absorptron spectra of dye (6: 
R = H). its salt (7. R = H) and Its complex wrth zmc acetate. grven by Packer and 
Smrth’ ’ and determrned by us. corncrde 

Formally. 6 IS analogous to drqulnolylmethanes whrch evrst m two tautomerrc 
forms.” the coloured form a with .I mesomerlc chromophore system, and the 
colourless one b stablhsed by two quinohne nucler with d large resonance energy. 

ii 
a b 

The formatron of the colourless form of the benz[c,d]tndole 12-rr-electromc 
system seems to be Improbable This suggestron may be confirmed by the close 
values of evtrnction for the dye (6, R = H) and Its methyl derrvatlve (6, R = CH,), 
the latter IS unable to exist In colourless form (Fig 1). 

As rn the case of the coloured forms of drqurnolyl-2-methanes,” the compound 
(6. R = H) IS most probably characterrsed by a crs-structure wrth an mtramolecular 
H-bond 

The absence of the NH-bond m the I r. spectrum of the dye (6; R = H) may be 
caused by this circumstance. The pronounced srmrlarlty of rather wide absorptron 
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FIN I Absorprlon spectra of dyes (6. R = H CH,) m benzene 

bands of the dyes (6. R = H. CH,) (Fig 1) lndlc‘ites nn electronic asymmetry of their 
chromophores. I e the non-equivalence of the NH-bands m the molecule (6, R = H) 

Unhke the dye (6. R = H). Its salts (7. R = H) possess a symmetrIca electronic 
density dlstrIbut]on In the chromophores The result IS a deeper colour as well as 
conslder,lble narrolvlng of the absorption band (Fig 2) 

Whereas the dyes of structure 6 show stmllar absorption bands and Intensltles. 

F% 2 Absorpuon specrrJ of dyes (7 R = H. CH,) In methanol and 9 In benzene 
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their salts (7; R = H, CH,) differ strongly in these respects (Fig. 2). The 
bathochromrc shift of the broad absorptron band of the salt (7; R = CH,), relative to 
that of the salt (7; R = H). IS caused by sterrc hmdrance to the planarrty of Its 
chromophore ansmg from the replacement of a hydrogen atom by a methyl group. 
A srmrlar effect has been observed with dlpyrryimethenes (Brunings-Corwin 
effect).13 The absorption spectrum of (7: R = CH,) resembles that of dye $ (&,,, 
645nm, 8 3-73 x 105),ls where strong sterrc hmdrance IS certain. 

The planarity of the molecuie of (7, R = H) IS confirmed by the complete analogy 
in the shape of the absorptron band of this salt and that of the dye 9 (Fig 2) whrch hns 
entirely fixed planar structure 

It should be noted that absorptron spectr‘r of both compounds (Fig. 2). In addrtlon 
to one vrbratron frequency progressron (A\* 1370 cm- ‘). display the first member of 
the other one (Av 540 cm - ‘) A srmllnr spectral pattern has been prevrously observed 
for dyes only at very low temper,itures I5 

2 E\PERl\IEUTAL 

2 I 2-(~,-7-D11~1~1l1~~I-4.6-dro~o-I.3-dro_\ni1c-5-~ Irdcn)( I H)he~z=[c.d]lrrdoIc (3) 
The mixture of I (16 4 g. 0 05 mol). 2 (14 4 g, 0 1 mol) and sodium acetate (8 2 g. 

0 I mol) m absolute ethanol was kept for one hour at 50°C The residue after coolmg 
~~1s separated, washed with water dnd dilute ethanol (1 - I. v/v) Yield 13 8 g (94 “/,), 
m p 223°C (C,H,), i ml= 453 nm. E. 1-8 x 10J (C,H,) 

CalcuLitedforC,,H,,NO,(%) C69 15,H44l,N475_Found C6878.6849; 
H 4 42, 4 39; N 4 72. 4 77. 

2.2 2-A~ctll~.lhcn-[c,d]mnole pcrchiorclre (4) 
The mixture of 3 (2 95 g. 10 mmol). acetlc actd (25 ml) and 50 “/‘, perchlonc acid 

was boiled until no more carbon dioxide was evolved (about 30mm) The residue 
after coolmg was separated Yield 2 34g (87 “,/,), m p 181 “C dec (1 “,A HCIO,) 
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Calculated for C, ,H,N HCIO, ( %): C 53.83; H 3-74, Cl 13.27. Found: C 53-77. 
53.94: H 4 10. 3-99; Cl I3 14. 13.06. 

2 3 2-[(4-Dirwerhj lan~rt~ophet~~i)rrf~e~~~ I]be,lz[c.d]rndole perch/orate (5: R = H) 

This was obtained (81 “/,) from 4 with exess p-dtmethylammobenzaldehyde m 
bollmg acetic anhydride. m p 300°C dec. 

Calculated for CL, H ,sN,. HCIO, ( “/A) Cl 8 91. N 7 03 Found Cl 8-82, 8-71: N 
7 09. 7 24 

25 _?-[( Ben=[c.d]rnriok~~-_‘( 1 H)-I lr~~~~)r~~crh~ l]benz[c.d]rrrtlole (6, R = N) ami IIS 
pet chlorarc (7. R = H. A’ = C/O,) 

The mixture of 4 ( 1 6 1 g. 6 mmol). I ( 1 96 g. 6 5 mmol) and pyridlne (12 ml) was 
boiled for 45 mln The s,lit 7 residue was washed with ethanol after cooling Yield 
2 35 g (9-I ?,)_ m p 250 “C dec . i.,,, 623nm. E 8 5 x 10J (CH,OH) 

CalcuLIted for C,,H ,,N,. HCIO, ( “,) N 6 69 Found. N 6-3 1. 6 32 
Neutral .iqueous sodium dlamlnoethanetetra-acetate was added to the salt 7 in 

bolllng pqrldlne The residue after coolingwas separated. then washed with ethanol 
Yield of (6. R = H) I 62g (85”,). m p 180°C (xqlene) i., m,r 567nm. E, 3 2 x IO’. 

‘2 InI. 605nm. F? 3 0 x 10J (C,H,) 
C,licul,~ted for C,,H,,N, (Y,,) C 86 79, H 4 40. N 8 81 Found C 86 SO. 86 90. H 

550.471. N S96.S76 

2 5 .?-[( I- tf..~h~ Ih~~‘rr=[c.d]rr~tIol~~-_‘( 1 H)-1 I1~htz)177c1I71 /]l~ert=[c.d]rtr~~ol~~ (6: R = CH,) 

um/ IIJ hl~ir ohr OI~II& (7. R = CH, .\- = Br) 

The mixture of 2-methylthlobenz[c .d]indole methyllodlde’A (0 34g, i mmol). 4 
(0 ‘6g. 1 mmol) .Ind pyrldrne (2 ml) W‘E boiled for 45 mln The salt residue wns 

w’,lshed with cth,inol. dissolved In boiling pyrldme and diluted with water Yield of 6 
0 29g (S4”,,). m p 203’C (xylene) i, m,r 565nm. c1 3 0 x IOJ. i., m,, 597nm. E-, 
2 6 x 10J (C,H,,) 

Calculated for C,,H ,6Nz (“J N 8 43 Found N 8 73. 8 64 
Hydrobromlde 7 was obralned by hydrobromlc acid Internctlng with base in 

rth‘+nol ,m p 250°C dec (ethanol) i,,, 652nm. E 3 75 x lOA (CH,OH) 
C,llcul.ited for C,,H,,N,HBr (“)A) EI 19 37 Found- Br 19 40 

26 _?- [( I-Dffltrol ohor! /hc~l-[c.d]rn~io/~~-~( 1 H)-_I I&e~r)I?rccIl~ l]henz[c,d]lndo/e (9) 
Tbr mlx.ture of (7. R = H) (0 3 g. 1 mmol). benzene (10 ml). triethylamine (0 32 g. 

3 2mmol) Jnd BF, O(C?H,), (0 23g. 2 mmol) was boiled for IOmln. then the 
residue wxs sep‘trated. w,lshed with water z_nd ethanol Yield 0 29g (87%). m p 
300°C dec (DMSO) i.,,, 622nm. F 9 25 x 10’ (C,H,) 

C‘llcuLlted for C23H13F1BN2 (“J C 75 40. H 3 55 Found- C 74 92. 74 84, H 
3 66. 3 86 
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