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Summary- ~photochemrcalreactionofanaromatrcaldehyde~hvldoleor2-methylindoe 

gave 3,3’-dimdolylmethanes ut ca 50% yield A mechanmn mvolving a srngle electron tmmsjer 

pmce.ssIs proposed 

Recently we have reported that u-radiation of halofnran and halothrenyl derrvatrves 111 the presence 

of aryialkenes gave the corresponding substitution products on the alkene ’ This type of reaction can be 

extended to cychc vmyl compounds such as mdene2 or benxofuranl. In all the cases, we observed the 

formation of substnutron products on the alkene moiety. In this commumcatton we want to report the 

unusual reacttvny observed when the same reactton was performed by usmg mdole as “alkene”. 

Literature data on photochemical behavtour of mdole are not clear Whtle, with thermally 

generated benxyl radical, reaction m 2 and 3 positrons of mdole IS described,3 photomduced Fnedel-Crafts 

reaction with methyl chloroacetate gave a mixture of mdoleacetrc actd denvauves where 3- and Csub- 

stttuted compounds are the major components 4 This behaviour was confirmed by reactton of 2-methyhn- 

dole with acrylomtnle that furnished comparable amounts of 3- and 4-substituted compounds ’ On the 

contrary, mdole can react with 2-bromomalelc anhydrtde m 2-posrtton6 Furthermore the only datum 

available on the photochemtcal interactton of mdole with carbonyl compounds shows that no product was 

formed even though the molecule can quench triplet acetone through the formatron of an adduct m its 

2-position 7 Therefore, on the basis of prevtous works, we could not predict whether the reacuon could 

occur on the C-halogen bond or on the carbonyl group; furthermore, we could not predict whrch positron 

of mdole could react with our substrate 
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ArCHO + 
H 

1 2 3 

5-Iodothrophene-2-carbaldehyde 1 was irradiated in the presence of indole 2 m acetomtnle for 6 

h Column chromatography gave a single product that showed spectroscopic properties consistent with the 

formation of 9 (Table 1) 

Considering that the C-I bond was not reactrve m the described conversron, we have tested 

thereacnon on thiophene-Z-carbaldehyde (entry 2) and then on some other aromatic aldehydes, such as 

S-methylthtophene-2- carbaldehyde (entry S), furan-2-carbaldehyde (entrtes 6 and 7), and benzaldehyde 

(entrees 8 and 9). m all the experiments we obtained the compound 9 in ytelds around 50% with the 

excepnon of 5-methylthlophene-2- carbaldehyde The exact position of mdole substnutionwas determmed 

using substituted mdole derivatives. while 3-methyhndole (entry 3) was completely unreactive under our 

photochemtcal condmons, 2-methyhndole (entries 4,7 and 8) gave the same type of products, showmg that 

the reaction occurred m B-position of mdole 

Up to date, we have found the carbonyl group did not participate in photochermcal reactions 

between halothlenyl dertvatlves and aromatic compounds, now we observe a new reaction where the 

carbonyl group attacks mdole; furthermore, we observed the formation of products deriving from 
. 

the attack m 3-position of the mdole and we did not observe formation of both 2-substttuted7 and 

4-substnuted45 products 

Compounds 3. can also be prepared by reaction of aldehydes wrth mdole m acidic media 89 This 

1s the first reported method to obtain 2 m neutral conditions The proposed mechanism for the reactron of 

aromatic aldehydes with mdole in acid involves the formation of 3-mdolylcarbmols that subsequently lose 

water to give an electrophihc alkyhdenemdolemne which acts as electrophtle towards a second molecule 

of the mdole The same snuatton can be obtained inour condmons through a monoelectron transfer process 

(Scheme 1) 
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Table 1 - Photochemical reactlon of arylaldehydes with indole derlvatlves 

Entry Aldehyde Indole Product Yield (%)” 

Ar R R’ 

5-Iodo-Zthlenyl H H 

2-Thienyl H H 

2-Thienyl CH3 H 

2-Thienyl H CH3 

5-Methyl-2-thlenyl H H 

2-Fury1 H H 

2-Fury1 H CH3 

Phenyl H H 

Phenyl H CH3 

3.a 48 

all 50 

47 

30 

52 

50 

48 

47 

a) All yields refer to is&ted chromatographically pure compounds 

SCHEME 1 

indole 
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AG value for electron transfer process canbe evaluated using Weller equatron.lo S-Iodothtophene- 

2-carbaldehyde shows ET = 60 Kcal mol-’ and Emd = - 0 66 V.l EO” for mdole can be esumated to be 

0 94 V (vs. SCE) from the emptncal relatronshrp between ionixatron potentral (IP) and Eox.ll IP of indole 

is 7.76 eV l2 On the basrs of these data a AG value of - 1.06 eV 1s then obtained in agreement with the 

proposed mechamsm. 

‘H and %-NMR were recorded with a Varran Gemnu 200 mstrument using CDQJ as solvent IR 

spectra were obtained on a Perkm-Ehner 457 spectrometer. Mass spectra were obtained wrth a Hewlett- 

Packard 5971A mass selective detector connected wtth a Hewlett-Packard 5890 gas chromatographrc 

mstrument and wtth a Hewlett-Packard 9000 central processor 

All the compounds were commerclaly avarlable The only synthetrzed substrate was S-rodothrophene- 

2-carbaldehyde. This compound was obtamed from thtophene-2-carbaldehyde through reductron wrth 

NaBH4, todmatron of the correspondmg alcohol wrth todme and HgO, and subsequent oxidation of 

S-iodothiophene-2-methanol with PCC (pyndrmum chlorochromate)” 

. . . -of- 

The aldehyde l(2 mmoles) was dissolved m acetomtrile (300 ml) m the presence of the mdole 2 (25 

mmoles) The solutron was degassed with nitrogen for 1 h The nuxture was then irradiated m an nnmersion 

apparatus wrth a 500 W high-pressure mercury arc (Hellos-Italquartx) surrounded by a Pyrex water Jacket 

After 6 h, the solvent was evaporated and the crude product was chromatographed on SroZ Elutron with 

n-hexanelethyl acetate 4:l gave pure 9 
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. 
m b - ‘H-NMR (CDC13) d- 7.97 (s, 1 H), 7.45 (d, 1 H, J = 8 

Hz),7.32(d.lH,J = 8Hz),717(dd,lH,Jl = J2 = 8 Hz), 7.02 (m, 05 H), 6.77 (m, 1 H), 6.56 (dd, 0 5 

H, Jt = 2 Hz, J2 = 0.5 Hz), 6.10 (s, 0 5 H), nC-NMR (CDCl$ b : 155.52,137.11,136.%, 128.88,127 37, 

127.08,123 80,122.62,120.13, 119 95,11938,11174,7142, MS (m/z)* 454 (M+, 1.2). 339 (12), 212 (4), 

135 (7), 117 (100%); IR (CHCl3) vmax: 3480,1455,1413,1355,1340,1095,1013,945 cm-’ 

. - : . -a- ‘H-NMR (CDCh) d: 7.79 (s, 1 H), 7.48 (d, 1 H, J = 8 Hz), 7.32 

(d,lH,J=8Hz),719(dd,lH,Jl=J2 = 8 Hz), 7 15 (m, 0 5 H), 7.05 (dd, 1 H, Jt = 52 = 8 Hz), 6 91 

(m, 1 H), 6.76 (d, 1 H, J = 2 Hz), 6 16 (s, 0 5 H), 13C-NMR (CDCl3) d* 143.82,131.72,125 25,12187, 

121.52,120.24,118.70,118 27,117 10,114 85,114.45,106 17,30 16, MS (m/z) 328 (M+, l), 117 (lOO%), 

IR (CHC13) ‘ym: 3490,1460,1418,1360,1345,1100,1020 cm-’ 

. olvl)& . - I - ‘H-NMR (acetone-dg) d: 9 88 (s, 1 H), 7 24 (d, 1 H, 

J = 9Hz),7.24(m,O5H),705(d,lH,J =8Hz),692@,15H),675(m,L5H),622(s,05H),283(s, 

3 H), MS (m/z)* 356 (M +, 12), 121(100%). 

-3 -. _ . - _ . - _ ‘H-NMR (CDCl3) d. 7.90 (s, 1 H), 7 61 (d, 1 H, J = 

8 Hz), 7 29 (111,2 H), 7 16 (m, 1 I-I), 6.76 (m, 1.5 H), 6 66 (d, 0.5 H, J = 1 Hz), 6.17 (s, 0.5 H), 2.48 (s, 1.5 

H); MS @n/z): 342 (M + , 14), 117 (100%) 

methane&- ‘H-NMR (CDCb) 6: 7 74 (s, 1 H), 7 51 (d, 1 H, J = 8 Hz), 7.36 (d, 

05H,J=2Hz),7.28(d,lH,J=8Hz),716(dd,lH,J~=J~=8Hz),7.10(dd,lH,J~=J2=8~), 

6.75 (s, 1 H), 6 31 (dd, 0.5 I-I, Jl = 3 Hz, 52 = 2 Hz), 6 07 (d, 0.5 H, J = 3 Hz), 5.95 (s, 05 H); MS (m/z) 

312 (M+, l), 117 (lOO%), IR (CHC13) vmax 3480,1455, 1412,1355,1335,1150,1140,1125,1090,1010, 

910 cm-l 

-X . - . _ * I - - tH-NMR (CDCl3) b 7 78 (s, 1 H), 7.39 (d, 0 5 H, J = 

2Hz),720(d,lH,J = 8Hz),705(d,lH,J = (Hz),7.03(dd,lH,Jt = 52 = 8Hz),6.89(dd,lH,Jl = 

J2 = 8Hz),629(dd,05H,Jt = 3Hz,Jz = 2 Hz), 5.88 (m, 1 H), 2.15 (s, 3 H); MS (m/z) 340 (M+, 2), 

121(100%); IR (CHCb) Vrnax* 3480,1615,1460,1300,1110,910 cm-’ 
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s . _ _ . & - ‘H-NMR (CDC13) d 7 67 (s, 1 H), 7.42 (d, 1 H, J = 8 Hz), 7.35 - 7.25 (111, 

35H),719(dd,lH,Ji = J2 = 8Hz),703(dd,lH,Jt = 52 = 8 Hz), 6 54 (s, 1 H), 5.89 (s, 0.5 H); MS 

(m/z) 322 (M + ,2), 117 (100%); IR (CHCb) Y max 3480 cm-’ 

v(2 . _ _ I m* - ‘H-NMR (CDCl3) d: 8.22 (s, 1 H), 7.43 (d, 1 H, J = 8 Hz), 7.37 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(s, 0.5 I-I), 2 30 (s, 3 H); MS (m/z)* 350 (M+, 2), 121 (lOO%), IR (CHC13) Y ,,u,x: 3480 cm-’ 
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