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Theuseofelectmntransferasthemostsimplemtbodforaredoxurnpoluaghasshowntobeusefulfora 

variety of reachms, including such hportad reactium as [4+2] ad [2+2] cycl oaddihdl. At the early 

scagesofresearchinthisfield,interestfocusedmainlyonthe~~~~ofsimplehydrocarbom 

compods such as the dime&&m of 1,3+ydhmhe. More reedy, syllwic applicatim 

involviq hetemsubstituted compoud have been studied extensivelyPI. With regard to the mechadic 

interpretatia the most simple radical cation D&-Al&r reaction of 1,3-butadiene with ethene has been 

classiied as wm+maousmrted by ab initio calculations at di&ent levels oftheory in the [3+2] as 

wellasinthe[4+1]caseI3l.Thereis,however,s~ic~~forintermediatesinthereactionsof 

more cOmplex molecules[4l. 

We showed recently, that indole 1Pl ad 2-vinyhdoles as 2161 can be used as heterosubstituted 

dienophiles, mpectively dienes in radical catim Diels-Alder reactions with electron rich 1,3-cyclohexa- 

dimes as dienes ad dienophiles or stymes as dienopbiles using photoiudud electron transfer (PET). 

Triarylpyrylium salts 3, excited by visible light proved to be eBicient electron tram&r semi-. 

Smiempiricd studies of the reachdl &ave evideace for a lmg bond inted, stabilized by the 

fmmtionofadistonicradicalcationwithau immonium structure. The activation barrier from that 

intermediatetotheproductwasfoundtobe15-2okcalmol-~,dependingonthetypeofdieaeunder 

iavestigation. Hence, a nonsynchronous -nomometi path is assumd. 

6391 



6392 

($-@ +&-JJ+&JJ 
tH3 ;H3 

H H 
C”3 

5a 5b 5c 

1,3 : 1.4 : 1 



6393 

q+ Qq *H3cy-Jp +Jt+ 
H,C ‘:H,” 

1 
6 

7a 7b 

1 : 6 

Scbrmc2:PETcrdslyztdmctionofi&dewithacbiralcxocychdieae 

Surprisinsly,thisreactionisoaly~bleusiag3aassmsitizcr,whereestheuscof3bleadstoa 

hmatianofseveralisomers of7aswellasdimexidonof6.Tbisbebaviorismtcunplerly 

udmtoodyetdcannotbeexplainedwithasimpk~trans6ustep.~~ 

~partialcbsrgc~(e.g.cxciplcxap~~LewisacidcaEalysis)~becaasideredinthccascof 

6asadiem 

‘zhisissupportedbyour~that6reactswiththe2,3~~boadof2-~~~2~~41asthe 

diennp&in15%yicld.ThisisinsherpwntIasttoourprcvious aludiuonradicelcationDiela-ti 

reactions,wbue2-substiMedinQlcssbowednoDiels-Alderreactivityas~ atalladtolhe 

studies of some thermal Diels-Alder reactions WI wlmt the vinylic double hod of 2-vinyliadoles is more 

reactiveasadiemphile.Huhcqaaakmativeme&auimhastobed. 

Thisreactionopeas,however,anewsynWicpatJwayto[b]-atmehd carbazolswidlanimusual 

rmbstitutionpat&rn.TbeDNAintaclllatingpmputiesofthc~ultingJtructurts~as 

benm~]carbazoles or pyrollo(b]carbazole!i will make this coavergeat syntlKsisofthe3e~m 

athactivetopicfmfllrtherstudies. 

Aclmowkdgmcat: Financal support by the Deutsh Few (Ste 227/14-3), the Ponds 

derChemischenlndustrieandfheBASFAldieagcscllscbafis~yacknowledged. 



6394 

References: 

PI 

PI 

t31 

141 

VI 

[61 

[71 
VI 

PI 

VOI 

Vll 

u21 

u31 

1141 

WI 

For reviews, see: a) N.L. Bauld, Tenwheakon 1989 45 5307; b) M.Cbawn, L. Ebuaon in 
Photofnduced Elecfron Tmn@r &octions (M.A. Fox, M. Chamm, Ed.) Elsewiex, Am&dam 
1988, p 409. 
a) F. M&r, J. Mattay Chem. Rev. 1993,93, 99 lud &reucee citedtbcrein;b)B.Hakhiaq 
N.L. BauldJ Am. Cbem Sot. 1989,111, 1826; c) M. khittel, H. v.!&ggenqAngew. Chem. 
1991,103,98l;Angew. Chem. Znt. Ed Engl. 1991, 30,999; d) M. Schittel, H. v.seggerCn.l 
Am. Chem. Sot. 1993,115, 2165. 
a) N.L. Bauld .l Am Chem. Sac 1992,114, 5800, b) D.J. Be&ilk, N.L. Bauld, Tetmhedron 
1986,42, 6167. 
a) G.S. Groeamald, M.L. Gross J Am. Chem &c. 1984, 106, 6569; b) H.D. Roth, M.L. 
S&ill&l Am. Chem. Sot. 1985,107,716. 
a) A. Gkwler, E. Steckh, 0. Wiest @t&t 1990,275; b) A. Gieseler, E. Steckh, 0. Wiest, 
F. Knoch.l&g. Chem 199l,h, 1405. 
0. Wiest, E. Steckhsa hgew. Chem. 1993,105,932; Angew. Chem. Znt. Ed Engl. 1993, 32, 
901. 
0. Wicst, E. Stakhaa, F. thin J&g. Chem 1992,57,4034. 
a) W.A. Nugent, J.C. CalabreseJ Am. Chem Sot. 1984, 106, 6422; b) W.A. Nuge&, D.L. 
Thorn, R.L. Harlow J Am. Chem Sot. 1987,109,2788. 
LiCluoSpherlOO RP18-5,125+8 mm, gradht ac&&rk!watex 40~60 to 80:20 at 10 min., flow 
3.5 ml/mill. 
Selected spectrosccrpic data for Sa: M+(Cl8H23N): meas. 253.1826, talc. 253.183; lH-NMR 
(400 MHz, CDC13): d= 7.13 (H-I, dddd, J=7.2, 1.4,0.9andO.8 Hz, H-l), 7.01 (lH, tdd, J=7.6, 
1.4 and 0.6 Hz, H-3), 6.71 (lH, td, J=7.4, 1 Hz, H-2), 6.64 (lH, ddd, J=7.6, 1, 0.9 Hz, H-4), 
3.69 (lH, dd, Jz7.4, 3.2 Hz, H-5a, 3.45 (lH, br, H-5), 2.91 (lH, ddd, J=7.4, 5.6, 0.8 Hz, H- 
lla), 2.05 (H-I, m, H-6), 2.01 (lH, m, H-11), 1.95 - 2.1 aud 1.67 - 1.85 (4H, m, H-7, H-IO), 
1.45 - 1.65 (4, m, H-8, H-9), 1.17 (3H, d, J=7.2 Hz, H-13), 1.11 (3H, d, J=7.2 Hz, H-12 ). 

. . . 
ImdmtwonH-12showsaNOEoaH-lla,whereashadiaticmonH-13showsaNOE&Fecton 
H-l,butnutonH-5a. 
See e.g.: a) U. Pindur, M. Haber, H. Erhiaa-Abdoust Heterocyfes 1992, 34, 781; b) U. 
Pindur, M. Haber, K. Sattler~ Chem Educ. 1993,70,263. 
Itwas~inpreviousstudies,that~oxidatioapateatialsofthereaccaats mustnotdifh 
more. than 500 mV: a) J. Mlcoch, E. S&khan Angew. Chem. 1985, 97, 429; b) J. Mlcoch, E. 
Steckh, Tetrahedron L&t. 1987, 28, 1081 c) M. Martiny, E. Skckhan, T. Es& Chem. Ber. 
1993,126,1671. 
72 % yield hm p&gone with a Tebbe-Grubbs aualog reaction: J. Hibino, T. Oh, K. Takai, 
H. Nozaki Tetrahedron Lett. 1985,26,5579. 
a) S. Blechert, Lfebfgs Ann. Chem 1985, 673; b) J. Wilhs, A. Kahliog. S. Bleckt 
Tetrahedron 1987,43,3237. 
E. Ak@, U. Pindur Chfmfo 1985,39,264. 

(Received in Germany 1 July 1993; accepted 9 August 1993) 


