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Summary - The Diels-Alder reaction of pyrano[3,4-blindol-)-ones 1 with 
trisubstituted dienophiles 2 yields stable 1,2-dihydrocarbazoles 4. 
Electronic and steric factors, together with a gradual chanqe in 
mechanism from a concerted to a more stepwise reaction, are invoked to 
explain the regiochemical distribution of products. 

IUTRODUCTION 

Although many successful approaches to the synthesis of carbazoles have been 

developed,’ fen methods for the preparation of 1,2-dihydrocarbazoles are available.2 In 

1 preceding paper’ we described a versatile route to these compounds based on the 

Uicls-Alder reactions of pyrano[3,4-blindol-)-ones 1 with mono- and disubstituted 

alkencs 2 (R2 and/or RI2 = II; R3 = COR, COOHe, CN, Ar). This process can be explained 

hy a cycloaddition followed by C02-extrusion and a 1,5-sigmatropic hydrogen migration 

tcrlrards the C-l terminus in an intermediate indole-2,3-chinodimethane 3. In the 

,rported synthesis of 4, two basic requirements for the olefin were 1) the presence of 

11, electron withdrawing group R3 stabilising 4 against aromatization to carbazoles 5 and 

2) au hydrogcu atom located in geminal position to R3, required for 1,5-hydrogen 

miuralion to the C-l terminus. In this paper we report the reaction of I with 

ttisubstituted enone compounds 2 (R2 and/or RI2 = COR). 

RESULTS AND DISCUSSION 

For the monosubstituted alkenes 2 (R2 = RI2 = H) applied in our previous work,3 

the regiochemistry observed (4, R3 = COR, CN etc) was that expected on the basis of 

110110-dienc and LUIIO-dienophile interactions characterized by larger coefficients for C-l 

<If the dieue alld the D-position of the enone system, respective1y.l However,for 

tlisubstituted olcfins (e.g.2-cyclopentenone) the iuverse regiochemical addition also 

~~~~curted, directing the alkyl-chain substituent to the 3-position of 4 and giving rise, 

cvcutually, to carbazole 5 (R2 = CO, R3 = alkyl chain). 

This regiochemical competition may be explained by a gradual change in mechanism 

from a concerted to a rather stepwise mode of addition. Concurrent with the growing 

stcric interaction between the R1-group of the diene (R’ = R. He, Et, Bn, Pri) and an 

increasingly substituted enone system, the more reactive P-carbon atom of the alkenone 

trill attach first to the less substituted, and negatively charged C-4 position (ql = 

rU.06 ; q4 = -0.1214 of the diene. In a subsequent step, linkage will occur between the 

sterically more congested centers, i.e. the mono- and especially (see below) the 
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disubstituted a-position of the enone system, and the RI-substituted l-position of the 
diene. 
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The use of trisubstituted compounds 6-15 dealt with in the present work, and 

variation of the R1-group in the diene (R1 m H, He) will serve to further clarify this 

proposal. Furthermore, the present approach to trirubstituted dihydrocarbazoles 3 (R2, 

R’R and R3 # R) may extend the scope of the synthesis to those members of the series 

which were found to be very prone to dehydrogenation, when starting from mono- or 

disubstituted olefins. i.e. R’ or Rn - I3 or R3 = electron donating group. 

No reaction was observed between lb and 6, 7 or 8. Apparently, disubstitution at 

the p-position completely blocks the reactivity of the alkenone.5 Reaction of lb with 9, 

10 and 11 exclusively produced regioisoaers 16, 17 and 18, with the original f.- 

substituent of 9-11 located at the 3-position. 
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Compounds 16-18 were isolated in high yield (93-97 5). Their regiochemistry was 

deduced from the presence of a quartet-doublet pattern in the ‘II-NMR spectrum, 

corresponding to the CH-CH3 group, and a vinylic absorption for 4-H. The signal for 

this proton further showed an allylic coupling with the 3-alkyl substituent of 17 and 

18. Only one diastereoisomer was detected for compounds 18a and 18b. Although the 

stereochemical disposition of the He, CN and CO2Et groups could not be determined from 

the ‘H-NHR spectra, structures 18a and 18b were inferred from the cis-relationship 

between He and CN groups in 11. The validity of this supposition, however, requires 

syn-addition of 11 and 1 and, further, suprafacial 1,5-H-migration in the rearrangement 

3 -> 4. 

Reaction of 12 was performed with both lb (R”=Rl=He) and lc (R”=Et, R1=H). The 

results outlined in scheme 2 are most illustrative since regiochemical competition was 

observed only in the reaction of lb. Addition of 12 on lc exclusively yielded (67%) 

compound 20~. in which the ~-AC and the 2-He groups are trans-disposed and oriented in a 

pseudoaxial position t3JlH,2,, = 1.2 Hz, dihedral angle of f 900). The proton 4-H was 

observed as a low-field singlet at 7.47 ppm in C6D6 (7.81 ppm in CDCl3). The absence of 

a long-range coupling H2-II4 confirmed the axial position of the 2-Me group. 
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Compound 2Oc may be formed as follovs. Since C-l of the diene is unsubstituted, 

addition of 12 takes the course expected on the basis of orbital-overlap considerations, 

producing intermediate 19c. In the subsequent 1,5-migration of a 3-acetyl group, 

rearrangement of the group that is cis-disposed relative to the a-H-atom will be 

favoured, yielding the trans-isomer 20~. 

In the analogous reaction of 12 with lb, three products 20b (33 %.), 22b (10 2) and 

23b (53 2) were isolated (total yield 96 2). The Ill-NHR-spectrum of 20b was very 

similar to that of 20~. suggesting the same trans-relationship for the ~-AC and 2-He 

groups as observed for 20~. The other products 22b and 23b are derived from the 

inverse addition of the olefin on the diene followed by competitive 1,5-acetyl and 1,5- 

H-migration. Both products are unstable and lose the elements of acetaldehyde, yielding 

carbazole 24b. This decomposition was inhibited by addition of hydroquinone, suggesting 

radical intermediates. The absence of a vinyl absorption in the lH-NHR spectrum of 22b 

indicated a 3,4_dihydrocarbazole structure. The proton 3-H showed a quartet coupling 

pattern with 3-Me and an additional small coupling with 4-H oJH3,H4 = IHz), 

corresponding to a trans pseudoaxial orientation for the 3-He and ~-AC groups. The ‘H- 

NtlR spectrum of 23b showed the pattern already described before for 1,2- 

dihydrocarbazoles 16-18. 

The regiochemical competition observed for lb and the apparent lack of competition 

for lc illustrate the relative importance of steric and electronic factors mentioned 

before. No reaction was observed with the 2-ethoxycarbonyl substituted cyclohexadienone 

13. The more reactive 2-formyl compound 14 and (angle-strained) 2-methyl-2- 

cyclopentenone 15 exclusively yielded the regioisomers 25 and 26 with carbonyl 

substituents located at the I-position (quartet-doublet for CH-CH3, vinylic proton 4-H). 

Compound 25 readily loses CH20 to yield the corresponding carbazole 27. The 

stereochemical disposition of the methyl or formyl group could not be determined from 

the ‘H-NHR-spectrum but was assumed to be as shown in structures 25 and 26 on a kinetic 

basis : syn addition and suprafacial 1,5-H-migration. Syn addition of a penta- or hexa- 

cyclic alkenone is imposed, even for a fully stepwise mode of addition, by the steric 

constraints associated with the generation of a C02-bridged intermediate. 

,B Q@ 
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CONCLUSION 

The Diels-Alder reaction of pyrano[3,4-blindol-3-ones 1 with trisubstituted, 

electron deficient olefins provides an useful extension to our work on mono- and 

disubstituted alkenes.3 Previous requirements for obtaining stable 1,2- 

dihydrocarbazoles 4 no longer hold in the present work, i.e. crordy substituents Rn 

and/or R1 for the diene, electron withdrawing group R3 flanked by a geminal H-atom for 

the alkene. Indeed, dehydrogenation of 4 is prevented by the threefold substitution 

(R2, R12, R3). By virtue of the inverse addition, electron donating groups are actually 

directed to the 3-position. 

Perhaps the most convincing evidence for a change in mechanism comes from the 

series : methyl vinyl ketone, 2-cyclopentenone and 2-methyl-2-cyclpentenone giving rise 

to the normal, mixed and inverse mode of addition on lb, respectively. Linkage of the 

crowded tertiary carbon centers, in the latter case, strongly points to a stepwise 

reaction initiated by attachment of the oppositely charged secondary carbon centers. 
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EXPERIXENTAL 

IR spectra were recorded as thin films between NaCl plates or as solids in KBr- 

pellets on a Perkin-Elmer 297 grating IR spectrophotometer. ‘H-NHR spectra were 

recorded on a Bruker UH 250 (operating at 250 NHz], on a Varian EM 390 (operating at 90 

MHz) or on a Bruker UP 80 SY (operating at 80 REz]. Mass spectra were recorded on a 

Kratos KS 50 instrument operating at 70 eV and 150-250°C as required. Exact mass 

measurements were performed at a resolution 10,000. HPLC separations were performed on 

a Waters Associates apparatus equipped with a 6000 B pump and a RI-detector, model 403. 

Silicagel (Macherey Nagel Type 601 and chloroform stabilised with amylene were used for 

chromatographic separations. All solvents and reagents were dried and purified by 

standard procedures. All cycloadditions were performed under nitrogen atmosphere or in 

vacua. 

I. Preparation of pyrano[3,&b]iodol -J-ones 1 : 

1 -Methyl -, 1,9-dimethyl- and 9_etbylpyrano[3, I-blind01 -3-ones la-c 

Compounds 1 a-b were prepared as previously described.3’6 9-Ethylpyrano [3,4- 

blindol-3-one lc was generated in situ from 1-ethyl-2-formylindol-3-yl-acetic acid.3 

II. Preparation of dienopbiles 

Trimethyl ethylenetricarboxylate7 (9). dimethyl propylidenemalonate8 (101, ethyl 

2-cyano-2-butenoate’ (111, 3-ethylidene-2,4-pentanedione (12)l”, 4,4-dimethyl-2-methoxy- 

carbonyl-2,5-cyclohexadienone l1 (13], and 4,4-dimethyl-2-forayl-2,5-cyclohexadienone 12 

(14) were prepared as described in the literature. 
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III. Reactions of 1 with trisubstituted olefios 

General procedure : 2 mmol of 1 are heated (EO-140°C) with 20 mmol dienophile in a 

sealed vacuum tube until complete consumption of 1. After cooling the excess of 

dienophile is evaporated and the residue chromatographed (SiO2/CHC13; EtOAc). 

Trimethyl 2,9-dihydro-I. 9-dimethyl-lH-carbazole-2,2,3-tricarboxylate 
yield : 712 mg (96%): m-p. : 170°C (benzene). IR(KBr) : 1740 cm- 

{“;“,=,:“, 100°C, 
H-NHR 6 

(CDC13) : 1.16 (d, J=7.5 Hz. 3H), 3.60 (s, 3H), 3.77 (s, 3H), 3.83 (s, 3H), 3.84 (s, 
3H), 
(H+, 

4.16 (4, J=7.5 Hz, LH), 7.2-7.4 (m, 3H). 7.60 (la, lH), 8.05 (s, lH),. m/z : 371 
30%), 340 (4). 312 (10). 280 (100). Found H+ 

371.1369. 
: 371.1353, C20E21N06 requires M+ : 

Dlmethyl 2,9-d~hydro-l,9-dimethyl-3-ethyl-lH-carbazole-2,2-dica boxylate 17. Sh, 80°C. 
yield : 628 mg (92%) as a colourless oil; IR (NaCl) : 1730 cm -f (v,, 1; H-NRR 6 (CDCl 1 
. 1.10 (d, J=7.5 Hz, 
i.55 (s, 3H), 

3H), 1.23 (t, J=7.5 Hz, 3H), 2.45 (qxd, J=7. Hz and 1 Hz, 2H , s z 
3.70 (s, 3H), 3.75 (s, 3H). 6.60 (q, J=l Hz, 1H). 7-O-7.3 (m, 3H), 7.58 

(m, 1H); m/z : 341 (H+, 70%) ; 282 (loo), 
C20H23N04 requires Mt 341.1627. 

250 (63). 223 (47); Found Ht: 341.1623, 

Ethyl 2-cyano-2,9-dihydro-3,9-dimethyl-lH-carbarole-2-carboxyla e Ma. 
-1 

7h. 60=’ yield 
: 560 tug (95%); m.p. : 148’X (hex/CHCl3). -f * 

1740 cm-l (v,,,). 
(d. 

ii-NHR 6 (CDC13) : 1.28 (tR ;:yr: ;x33;;)cml 4;‘7$ ’ J:;3;~Cm3,,) "iNi; 

J=l Hz, 3H), 3.88 (q, J=7 Hz, 1H). 4.;5 (q; J=7:5 Hz: 2$, 6.+8 (q, J:l Hz: 1;). 
7.20 (m, 3H), 7.62 (m, lH), 8.30 (s, br, 1H). m/z : 294 (If+, 
Found Ht : 294.1361, Cl8Hl8N202 reqUiPc?S tf+ : 294.1368. 

24%). 221 (loo), 206 (46). 

Ethyl 2-cyano-2,9-dihydro-1,3,9-trimethyl -lH-carbazole-2-carboxylate Mb. 7h. 6O”C, 
yield : 600 mg (97%) as a colorless oil; IR (NaCl) : 2240 cm-l (vCN); 1735 cm-’ (vczo); 
H-NIiR 6 (CDC13) : 1.20 (t, J=7.5 Hr. 3H), 1.38 (d, J=7 Hz, 3H). 2.26 (d, J=l Hz, 3H), 
3.73 (s, 3H), 3.82 (q, J=7 Hz, lR), 4.15 (q, J=7.5 Hz, 2H). 6.75 (q, J=l Hz, lH), 7.1- 
7.3 (m, 3H). 7.60 (m, 1H): m/z : 308 (!I+ : 2021, 235 (100); 220 (54). Found Ht 
308.1539; C1gH20N202 requires Ht 308.1525. 

1,3-Diacetyl-2,9-dihydro-9-ethyl-Z-methyl -lH-carbazole 20~. 24h. 6O’V. from 2 mm01 l- 
ethyl-2-formylindol-3-yl acetic acid and 1 ml Ac30 -with 20 mnol 12; yield : 396 mg 
(67%) ; m.p. 127T 
J=7.5 112, 3H), 1.10 

(tIeOH); IR (KBr) : 1705, 1665 c’m-’ (vczo); H-NHR 6 (C6D6) : 0.88 (ti 
(d, J=7 Hz, 3H). 1.75 (s, 3H), 2.13 (s, 3H), 3.34 (d, J=l.l 1H). Hz, 

3.59 (q, J=7.5 Hz, 2H), 3.88 (qxd, J=7 Hz and 1.1 Hz, 1H). 7.00 (m, 1H). 7.20 (m, 2H), 
7.17 (s, lH), 7.62 (m, 1H); m/z : 295 (n+, 23%): 252 (6); 210 (100); Found n+ : 
295.1563; ClgH21N02 requires : 295.1572. 

&action of lb with 12 : this was carried --._-- out at 60°C and in the presence of 40 mg 
hydroquinone yielding compounds 20b. 22b and 23b with a total yield of 96.5% after 6h. 
When the reaction was performed at 100°C and during 120h, 20b and 24b were the sole 
products isolated in a total yield of 96%. 

l,3-Diacetyl-2,9-dihydro-l,2,9-trimethyl-lH-carbazole 2Ob. Yield : 196 mg (33%); m.p. 
143°C (MeOH); IR (KBr) : 1710, 1640 cm-’ 

: 

1.74 (s, 3H). 2.03 (s, 
(vC, 1; H-NIIR 6 (CDCl 1 : 1.00 (d, J=7 Hz, 3H). 

3H), 2.43 (s, 3H). s .62 ! H), 3.92 (s, 3H), 7.2-7.4 
(m. 3H), 7.65 (s, lH), 7.66 (m, 1H); m/z : 

‘7, J=7 Hz. 

Found PI+ 
295 (II ,14%), 252 (19), 236 (E), 210 (100); 

: 295.1570, ClgH21N02 requires H+ : 295.1572. 

2,4-Diacetyl-4,9-dihydro-l,3,9-trimethyl-3H-carba ole 22b. Yield : 59 mg (10%) as a 
bright yellow oil; IR (NaCl) : 1705, 1645 cm -f 

HZ, 3H), 2.10 (s, 3H), 2.29 (5, 
(v,, 1; H-NHR 6 (CDC13) : 1.04 (d, J=7 

3H), 2.52 (s, 3H), s .55 (qxd, J=7 and 1 Hz, lH), 3.62 

(ql 
J=l Hz, lH), 3.92 (s, 3H), 7.2-7.4 (m, 3H). 7.60 (s, lH), 7.66 (m, 1H): m/z : 295 

(H , 15%), 252 (17), 236 (6), 210 (100); Found n+ 
295.1572. 

: 295.1561, ClgH21N02 requires Ht : 
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2,2-Diacetyl-2,9-dihydro-1,3,9-trimethyl-lR-carbazole 23b. Yield : 316 mg (53.58) as a 
colourless oil: IR (NaCl) : 1690, 1712 cm-1 (VC_O) : Ii-NIR 6 (CDCl3) : 1.00 (d, J=7 Hz, 
381, 2.13 (d, J=l Hz, 381, 2.22 (s, 6H), 3.77 (8, 3H), 3.85 (q. J=7 Hz, lH), 6.72 (q, 
J=l Hz, lli), 7.1-7.3 (m, 381, 7.50 (m, 1H); m/z : 295 (!I+, 
(100); Found Bt 

12%), 
: 295.1555, Cl382lNO2 requires H+ : 295.1572. 

252 (211, 236 (41, 210 

2-Acetyl-1,3,9-tri ethylcarbazole 
-f 

24b. Yield : 316 ng (638.) as a colourless oil; IR 
(NaCl) : 1695 cm 
(Sk 381, 

(v,, 1; II-NHR 6 (CDCl 1 : 2.42 (d, J=l Hz, 3H), 2.58 (s, 3H), 2.72 
4.08 (s, 3H), 9.2-7.4 (rap, 38) 1.75 (q, J=l Rz, 181, 8.00 (a, 1H) 
: 236 (100). 208 (53); Found H’+ 

; la/z : 252 
0l , 80%) : 251.1335, Cl7H17NO requires 251.1310. 

6a-Formyl-6,6a, 7,lU-tetrahydro-5.6,10,l0-tetramethylbenzoCblcarbazol-7-one 25. lOh, 
80°C. yield : 640 mg. 
‘H NHR 6 

Compound 25 aromatizes readily to the corresponding carbazole 27. 
(CDCl 1 

i 
: 1.40 (s, 3H), 1.48 (s, 3H), 1.70 (d, J=7.5 Hz, 3H), 3.33 (q, J=7.5 

Hz, lH), 3.83 s, 3H), 6.17 (d, J=10.5 Hz, 181, 6.56 (d, J=10.5 Hz, Iti), 6.88 (9, lR), 
7.2-7.4 (m, 3H), 8.10 (m, 181, 9.66 (s, 18). 

2,3,3a,4-Tetrahydro-3a,P,5-trioethyl-1E-cyclopeota[b]carbazOl-l-One 26. 24h. 1oov, 
yield : 360 mg (688;); m.p. 
: 0.97 (d, J=7 Hz. 3H1, 

: 152V (HeOR); IR (KBr) : 1740 cm-’ (vcpo); H-NBR 5 (CDCl3) 
1.18 (s, 3H), 2.5-2.8 (m, OH), 2.10 (q, J=7 Hz, 181, 3.70 (9, 

3H). 6.62 (t, J=l Hz, 181, 7.1-7.3 (a, 3H1, 7.60 (n, 1H); m/z : 265 (K+, 100). 250 (34), 
194 (29): Found H+ : 265.1466, C18H19N0 requires Ht : 265.1467. 

7,10-pihydro-5,6,10,10-tetramethy1benzo[bJcarb_afo1-7-one 27. Yield : 416 mg (72%), m.P. 
: 141OC (hexane, benzene); IR (KBr) : 1660 cm 
3.20 (s, 

(v~=~); H NIR 6 (CDC13) : 1.58 (s, 6H), 
3H), 4.12 (s, 3H), 6.35 (d, 5112 Hz, la), 6.83 (d, J=12 Hz, lH1, 7.2-7.4 b, 

3H), 8.07 (s, lH), 8.10 (m, 1H). m/z : 289 (H+, 56W, 274 (100). Found Kt : 289.1464. 
CZOHlgNO requires : 289.1464. 
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