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Abstract - Upon irradiation. cyclic enol ethers such as l-methoxy- 
cgclopentene (4) mainly add acroes the cyan0 group of 
benaonitrile ( I). under Formation of 2-azabutadienes of an 
imidoester type. This is in agreement with the so-called AC- 
correlation which was reported earlier (ref. 5 and 61. 
4-Phenyloxazole (9) is Formed from 1 and 1. J-dioxole ( 51 probably 
by a similar photochemical process Followed by electrocyclic ring 
opening and hydrolysis. The low yield of the latter photoreaction 
and the almost exergonic electron transfer between 5 and 1 may 
po1nt to back electron transfer as the main energy wasting process. 
From 1 and 2. 3-dihydrido-Furan (2) only the ortho cycloadduct 6 has 
been isolated in low yields. 

Since the early report of Biichi I’ about the ortho cycloaddition of alkanes to 

benzonitrile different modes of photoreactions of cysno arenes with olefins. 

such as substitution at the arene ring )‘, cycloaddition to the nitrile 

group ” and more recently meta cycloaddition *I, have been discovered. In 

addition triplet Formation is sometimes observed ” ( Scheme I). 

The First evidence For the involvement of polar Factors in photoreactions of 

type I and II was already provided by Cantrell “. whereas Arnold’s work *’ 

was focussed more on the electron transfer aspects of the substitution 

reactions (type III). Recently all these Features have been summarioed by one 

of us resulting in a correlation between the Free enthalpies of electron 

transfer and the selectivities of these reactions ‘*“. Besides the usefulness 

of type I reactions with benzene derivstives, which lead e.g. to the synthesis 

of Dolvcvclic natural products via the meta cycloaddition reported by 
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Scheme 1 : Modes of photoreactions of cyano arenea with alkenes. 
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Wender ‘I. the formation of aaetines and 2-azzabutadienea ( type II) ie of 

synthetic interest ‘-“‘. In order to obtain further information particularly 

about the type II cycloaddition we have investigated 

benzonitrile with cyclic enol ethers which yielded new 

the regioaelectivity of the 2-azabutadiene formation. 

the photoreactions of 

results with regard to 

Results 

Irradiations of cyclohexane solutions of benxonitrile (11 (0.2 Ml and one of 

the enol ethers 2-5 (0.2 - 1.0 Ml. at 254 nm. resulted in the producta 6-10. 

Whi la the yields of 7 and 6 were relatively high. i. e. 40-452 after 

chromatographic isolation based on starting materials consumed (in general the 

conversion did not exceed 5011. 6 and 9 could only be isolated in low yields 

up to 20X. 

Dheme 2 : Main adducta of photoreactions of benzonitrile with 
cyclic enol ethers. 
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The ‘H- and “C-NMR spectroscopic data of 6 show the typical chemical shifts 

and coupling constanta which are expected for l-substituted ortho adducts “I. 

Especially the coupling constant J~,I* 6.0 Ha points to the endo configuration 

of 6 (for a more detailed argumentation compare ref. 11). 

The 2-azabutadiene derivative 7 exhibits similar ‘H-NIR data as already 

reported by Centrell ” who. however. assigned it to the 4-methoxy-2-aaa- 

butadiene structure. Contrary to this, the “C-NI(R data. which were obviously 

not accessible at that time. support the structure shown in formula 7. Finally 

this assignment has been proven by hydrolysis of 7 to methyl 7-phenyl-7-oxo- 

heptanoate (10). 0 has been assigned as the 1-methoxy-2-azabutadiene by 

similar spectral properties in comparison to 7. 

The product of the photoreaction of benzonitrile with 1. J-dioxole 5 was 

identified as I-phenyloxasole (9) by comparison with an authentic sample 

contrary to a previous report ‘I. 

its 

now 

*a, 

In all cases the formation of some side products have been detected by means 

of GC or HPLC. Only the dimer 11 and the meta adduct 12’ could be isolated from 

the reaction mixture of the (I+51 photoreaction. 11 wa8 alraady identified 

earlier ,,LJI and 12 shows the typical NIR data of cycloadducts especially 

with small coupling constants between H-S/H-6 and H-7/H-B (see also refs. 

Ii.44 : exo - J3.r and J7.a = 1 Hx. endo - Jv, L and J7.r ca. 6 Hz) supporting 

the exo-configuration. The side products from 7 and 0 escaped our 

identification due to their small yields. However. azetines may be ruled out 

due to CC-hs-analysis, which show mole peaks of higher molecular weight 

compared to 7 and 0. respectively. On the other hand a side product from 1 and 

2 obviosualy is an isomer of 6 according to its similar l4.S data. 

Discussion 

Both methoxy-cyclohexene ( 3) and methoxy-cyclopentene( 4) show a Preference For 

type II cycloaddition. This is in agreement with a previous report ” since 

the Free enthalpy of electron transfer is slightly positive (with 
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Et /2.“( 3) = 0. 95 V and Btt~‘*(l)= 0. 94 V one can calculate AGC 1+3) = 0.11 oV and 

AGC i+4) = 0. 10 eV in cycloherane: for a more detailed description eee ref. 51. 

The photoreaction of 1 and 2 ehould aleo yield mainly products resulting from 

cycloaddition at thr nitrile group since Et12”(2)= 0.97 V. However. we only 

have isolated the ortho cycloadduct 6 - even though 1.n small yields indicating 

important unidentified reaction pathways. The photoreaction of 1 and S 

exhibits a AC= -0. 06 eV in cyclohexane (Et II “(5)= 0. 76 VI. Electron transfer 

should be the preferred reaction channel. Obviously back electron transfer 

mainly causes energy dissipation and therefore limitates the yields of the 

aide reactions leading to 9, 31 and 12. 

Although we have not been able to isolate or to scavenge intermedlates we 

propose a mechanism for the formation of 7 - 9 aa shown in Scheme 3. 

Scheme 3: Proposed reaction mechanism for type II photoproducts 7 - g. 

It should be remarked that the intermediate azetines have so far only been 

isolated from simple alkenes such as tetramethyl ethene and 1, 2-dimethyl 
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cyclohoxene ” (are also Tsuchiya and coworkers “‘1. Alkoxy-substitution at 

the 4-position of 2-phenyl-1 -asetine seems to dastabiliae the heterocyclio 

ring and support the formation of 2-arabutadienes of an imidoestar type. 

Whether the ring opening occur* via a secondary photochemical event as 

proposed by Cantrell ” or simply thermally is not yet known for the systems 

which have been studied here. It should be emphasized that there is no change 

in product formation even at molar ratios of 1 : 3( 4) = 5 : 1. Under these 

conditions most of the light is absorbed by 1 and even photochemically 

reactive intermediates should be detectable at low conversions. In the case of 

the cycloadduct 15 w* assume that its valence isomer - a seven-membered 

imidoester - is very auscepti ble to hydrolysis. Traces of water suffice to 

induce a process (see Scheme 3). which results in the net loss of formaldehyde 

generating I-phenyloxazole (9). 

In summary certain electron-rich alkenes may add across the nitrile group of 

benzonitrile if. ehe free enthalpy of electron transfer is slightly 

positive ". However, the primarily formed asetines can only be isolated with 

simple alkenes ““‘. Furthermore unsymmetrical en01 ethers preferentially 

yield 2-azabutadienes of an imidoester tvpe contrary to an earlier report “. 

It is shown that 5 forms 4-phenyloxaaole (91 rather than 2-phenyl-1-aaetine-3- 

one as proposed earlier “. 

EIPERINENTAL 

The equipment, the synthetic and chromatographic procedures for product 

isolation, the measurement of the electrochemical oxidation potentials by 

means of cyclic voltametry versus Ag/AgNOa electrode, and the spectroscopic 

analyses have been described in detail elsewhere (see preceding parts of this 

series. 8. 4. refs. 5 and 11). Commercially available benzonitrile (11. 

2. J-dihydro-furan (21. and the solvents which were used for synthesis. for 

cyclic voltametry measurements. and for working-up procedures were purified 

according to standard methods “I”. The 1 -methoxy-cycloalkenes 3 and 4 and 

1. 3-dioxole 5 were synthesiaed according to Wohl I” and 1.) Field . 

respectively. 

Irradiation conditions and product isolation 

Preparative irradiations were carried out by using a 70W low-pressure mercury 

lamp from Grtintxel ( immersion lamp, quartz filter 1. In general 100 ml of a 

solution of bensonitrile (0.2 n, and one of the enol ethers 2-5 (0.2-1.0 W) 

were irradiated under nitrogen atmosphere. The reaction mixtures were checked 

by analytical g.c. . After max. 5011 conversion the reaction was stopped and 

the products were isolated First by distilling the solvents at room 

temperature and then by means of HPLC (Si601. 
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Photoroaction of 1 l 2 

l-Cyano-3-oratricyclo15.4.0.0s'bl undoca-8. lo-dione (6) : Colourleas oil (after 

HPLC-isolation with ethyl acetate/ cyclohexane (5/95) as eluate).- IRfCDCls) 

3040(=CHl, 223O(CN).- 'H-NYRlCDClx) 6= 1. 87t m.2H.H-5); 2.8?(dd.J7.r- 

6.OH!4,J1.a= 5.4Hn,lH,H-7):. 3. 09(ddm. J&.7= 6.OH2, J&.2= 5.6Hz,J1.s- 

8. SHx. 1 H. H-6) ; 4. 261 m,2H,H-4); 1. 47( d, J2.*- 5.6Hx.lH. H-2); 5.56(dm.Jtr.~o= 

9.2Hz.lH.H-11); 5.92 (m,ZH.H-8 and H-9): 6.06( m, IJ= 16Hz,lH,H-IO).- 'JC_ 

NIIR( CDCll) 6= 30. 66( C-5) ; 37.lO(C-1); 30. 57( C-6) : 50. 84( C-7) : 69. 06( C-4) ; 
86. 98( C-2) ; 910.94. 120.43, 124.79 and 124.93(C-6 - C-11): nitrile-C hidden by 

signals of impurities. - US: m/e= 173( 1.4, N’,; 145(1.3): 143( 4.1.W -CHIO); 

142( 2. 8) : 130(1.6); llG’(3.9); 116(7. 21; 115(5. I); 103(11.1,1’); 70(100.2’); 

42( 80. 9. CHaCOl . - Anal. calcd for CC I HI I NO ( 173. 2): C. 76. 28; H, 6. 85. Found: 

C. 76. 60; H, 6. 54. 

Photoreaction of 1 + 3 

1-hethoxy-3-phenyl-2-axacycloocta-1,3-diane (7) : Colourless oil (aftor HPLC- 

isolation with ethyl acetate/ cyclohexene (5/95) as eluato or by destillation 

at 98 - 106OC/ 0.06mm Hg).- IR(CDC13) 3080. 3060 and 3020( =CH) : 1655( C=N) . - 
'H-NNR(CDC~S) 6= 1.5-2.5(m.6H,CH11; 3. 76[ s.JH,OCHa); 5. 57(t.J= 8 HP. IH, =CH) ; 

7.15-7.3 ( m, 3H. CI Ha) ; 7. 4-7. 6( m. 2H, C&HI). - '"C-NhR(CDCla) 60 22.72. 25. 73, 

25.65 and 29.9l(CWa.‘J= 126 - 132Hz) ; 53. 34 ( OCHz. ‘J- 146Hzl: 110. 92( =CH, ‘J= 

154H2) : 125. 16( ortho-C. ‘J- 160H2) ; 127. 25 ( para-C. ‘J= 162Ha) ; 
128. 12( meta-C. ‘J= 16lHz); 138.55 and 145.28fquart. C); 164.04(C-N).- MS: m/e= 

216(15.4.N'*1); 215(1OO,M'): 200( 60.2,i4’-CH~ 1; 186( 57.6); 185(13.4); 

184( 43. 6): 173tl3.4); 172c29.0); 146tl6.2); 129f14.1); 117(11.2); 115(46.8); 

112t23.9): 91(16.7): 84(11.1): 77(15. 5); 69( 24. 3): 51c10.21; 43(10.6); 

41c37.21. - Anal. calcd for C~IH~INO (215.3): c. 76.10; H, 7.96. Found: C. 

70.14; H. 7.99. 

Photoreaction of 1 + 4 

I-Nethoxy-3-phonyl-2-azacyclohepta-I, 3-diene (8) : Colourless oil (after HPLC- 

isolation with ethyl acetate/ cyclohexane (5/95) as eluate). - IR( CDC~J) 

3080.3060 and 3020(=CH): 1640 and 1665(C=N).- 'H-NHR(CDC~S) 6= 1.9-2.4 (m.6H. 

CHz); 3.80(s. 3H. OCHI): 6.00(t. J= 7H2, IH. -CH); 7.1-7. 35( m, 3H, CbHs); 7. 5- 

7. 8(m.2H, ChHs).- “C-WMR( CDCl,) 61 24.26(C-6): 29.70 and 33.66(C-5 and C-7 or 

reversed) : 53. Ol( OCHz): 111. 44( c-41 : 125. 03( ortho-C) : 127. 27( para-C) ; 

128. 09( meta-C) : 136. 79 and 147.08( quart. C); 169.4l(C-l).- MS: m/e= 202t13.7. 

Wtl): 201(100. n.1: 200( 42.7. N'-I,; 186( 40. 4): 173( 27.0): 158( 25. 3): 

128(11.3): 115c34.11: 103(10.2); 98[69. 4): 97( 34. 2): 91c12.41: 77(15. 9); 

57(10.0): 55t23.9); Sl(lO.3). - Anal. calcd for CaaHtsNO (201.3): C. 77.59: H, 

7. 51. Pound: C. 77. 02: H. 7. 44. 

Photoreaction of 1 + 5 

Besides the dimer 11 soveral products have bmen formed acoording to ohromato- 

graphic analyses. The main product and one side product could be isolated by 

means of HPLC with ethyl scetate/cyclohexane (15/85) as eluate. The main 

product was identified as I-phenylorasolo (9) by oompariaon with an authentic 

sample 121 : b. p. 116 - 119'JC/lOmm Hg.- IR(neat) 3140. 3090. 3065, 3040 and 

3020(~CH): 1610, 1600, 1590 and 1585(C*Hs and oxasole); 1510, 1445, 1105,1062. 

912. 747, 692, 660 and 610.- 'H-NMR( CDC11) 6= 7. 25-7. 45 ( m. 3H. C&H51 7.73- ; 
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7. 78( m, 2H, CIH~ 1 ; 7.95(s,2H, oxaaole).- "C-NMR(CDCls) 6= 125.60( dt;'J-158Hx, 

'J=7.5Hz,C-2'); ~28.23(dt,'J.168.3Hz. 'J=7.7Ho,C-4'1; 128.8I(dd,'J-159.3Hn. 

’ J=7.4Hz, C-3'); 130.68(t,J-7. 6Hz,C-I' 1; 133.72(dd.'J=206.7Ha. '5=3.9Hs. C,); 

140. 4i( m. T.J~JSHz, C-4); 151.36-(dd,LJ=229.8Ha, 'J-8.5H2, CZ I.- MS: mlo- 146(15. 

W+i,; 145(100. n.1; 144(10); 117( 72); 90( 100) ; 89( 88); 77(10); 73(14); 

64( 121; 63( 58): 62(14); 59(18); 51(15); 50( 14); 39( 381. - Anal. calcd for 

C*HINO (145.2): C. 74.47; H, 4. 86. Found: C, 75.08; H. 5.30. 

6,7-aro-~ethylenedioxy-2-cyanotricycloI3.3.0.0"'1oct-3-one (121 : Colourless 

oil. - ‘H-NWR(CDC~X) 6= 2.48(d, Ja.,- 6.6Hz. II&H-6); 3.20( dd, Jt.r- 6. 6Hz. 

Jl.,= 5.4Ha,l H, H-I); 3.58( dd, Js.,= 5.4Hz. Js.r= ZHa.lil,H-5); 4. 07( d,Jh: 7’ 
3. 6Hz. IH, H-6); 4.47(d, Jl,r= 3.6H2, lH.H-7); 4.83 and 5.16( 8, 2H. H-9): 

5.60(br s, 2H, H-3 and H-4) .- MS: no bl’; m/e- 145(7. I('-CHzO); 144(7): 129( 36. 

h'-CHaOz); 117(40): 116(60); 91(23); 90(48); 89( 34); 72(100. 5'): 71(26): 

64(183; 63(32); 51(18); 50(14); 39(361; 29(32); 27(20). 

At leaat another (I:11 adduct from I and 5 is formed according to MS analynia: 

m/e= 175(0.7, PI'); 72(100. 5'); and similar signals ae obeerved from 12. 

Hydrolysis of 7 : A pure sample of 7 (isolated by meana of HPLC) was dissolved 

in dioxane/HzO tea. 4~1). Some drops of diluted aqueous HCl were added and the 

mixtuCe waa kept at room temperature for one day. Only one product was formed 

in ea. 80 - 901 conversion according to CC-analysis. This product was Isolated ' 

by means of HPLC (105 ethyl acetate in cyclohexane) and identified as methyl 

7-phenyl-7-oxo-hoptanoate (IO) : Colourless oil. - IR(CDCla) 1735(C00CH~ 1: 

1682(PhCO). - 'H-NIR(CDCLJ) 6= 1.42(m.2H.CH~); I. 72(m,4H,CHz); 2. 34 (~.JQ 

7. 5Ha.2H.CHzCOOCH~): 2. 98(t.J=7. 4Hz.2H. PhCOCHa); 3,67ts,3H,OCH~): 7.47(m.2H): 

7.5I(m,IH) and 7. 95(m,2H) of CbHs. - "C-NkR(CDCl,) 6= 23.87, 24.79 and 

28.82(C-3 - C-5): 33.91(C-2): 38. 30( C-7); 51.49( OCHI): 128.04 and 128.58 

(ortho- and meta-C) ; 132. 95( para-C) ; 137. 03( C-l of C6H.j: 174.12(C-I): 

200. 17( C-7). - US: m/e= 234( I. 0. M’) ; 216( 2. 8) ; 203( I. 0. I'-OCH,): 174(0.8); 

157(5. 3, W'-C.H.1; 120(62. PhCOCH,'); 105~100. PhCO'); 77(42,C1Hs*): 55(10): 

51(13). - Anal. calcd for C,rHtrOs (234.3): c. 71.77; H. 7.74. Found: C. 

72.10; H. 8.01. 

Acknowledgement8 - We would like to thank the Deutaohe Porechunqaqeaeinachaft 
and the Fonda der Chemiachen Indumtrie for support of this study as well as 
the Bayor AC for providing ua GC and HPLC materials. Technical assistance by 
Wra.C.Dittmer is gratefully acknowledged. 

REFERENCES 

a) Dedicated to Professor Hermann Stetter on the occasion of his 70th 
birthday. 

b) Part 18 of "Radical Ione and Photochemical Charge Transfer Phenomena". 
Part 17 : J. hattay, Anaew. Chem. SC 1987) 849. Angew. Chum. Int. Ed. Engl. 
26( 19871, 825. 

1)a. D.B.Ayer. G.B. BUchi. D.S.Patent 2.805.242 (1957); Chem.Abstr. 
=2(1958)2904a. 

b. G. BUchi. J.G.Atkinson, D.E.Ayer. E.H.Robb, J. Am.Chem.Sdc. k5( 1963)2257. 

2) D.R.Arnold. P.C.Wong, A.J.haroulis. T.S.Cameron. Pure Ao~l.Chem. 
~aCl98012609 and refs. therein. 

3) ?.S.Cantrell. J.Ora. Chem. =(1977)4238. 



Photorcactiona of benwniuile 5789 

ala. n. C. 8. Drew, A. Gilbert, P. Heath, A. J. Mitchell. P. U. Roduell. 
J. Chem. Sot., Chrm. Commun. m, 750. 

b. A. Gilbert. P. Rodwell, ! 1057. I. Che . Sot.. Chem. Commun. m. m 

c. E. R. Osselton, E. L. h. Lempers. C. P. Eyken, J. Cornelisse. 
Reel. Trav. Chim. Pays-Bss mf 1986) 171. 

d. J. Cornelisae. A. Gilbert, P. W. Rodwell. Tetrahedron Lett. z( 1986) 5003. 

5) J. Mattay. TetrshedrQn i( 1985) 2393 and 2405. 

6) J. Mattay, J. Photochem. z( 1987) 167. 

7) P. A. Wender. K. fisher. Tetrahedron Lett. a( 1986) 1857 and earlier reports. 

8) A. R. Ratritxky, C. W. Ree8, in “ComDrehensive Hetsrocyclic Chemistry I 

( Ed. W. Lwowski) Pergamon Press. Oxford f 1984). Vol. 7. PP. 267. 

9) J. Harnisch. G. Sxeimies, Chem. Ber. SC 1979) 3914. 

IO) J. Barluenga, J. Joglar. S. Pustero. V. Gotor. C. KrUger, R. J. Ramao. mom. Bsr. 
m( 1985) 3652 and ref8. therein. 

II) a J. Mattay. J. Runsink. J. Gersdorf. T. Rumbach. C. Ly, HeIv. Chim. ActQ 
BeC 1986) 442. 

b J. Mattay. J. Runsink. J. Piccirilli, A. W. H. Jans. J. Cornelisse. 
J. Chem. Sot. Perkin Trans. 1987 -. 15. 

12) H. Bredereck. R. Gompper, Chem. Ber. SC 1954) 700. 

13) J. Mattay, H. Lelsmann. H. -D. Scharf. Chem, Ber. m( 1979) 577. 

14) J. nattay. J. Runsink, H. Leismann. H. -D. Scharf. Tetrahedron Lett. 
a( 1982) 4919. 

15) J. Kurita. K. Iwata. T. Tsuchiya. J. Chem. Sot.. Chem. Commun. 1976. 1188. 

16; N. C. Yang. B. Kim, W. Chiang, T. Hamada. J. Chem. Sot.. Chem. CO~KBR~. 1976. 729. 

171 R. A. Wohl. SYntheelQ m, 38. 

18) N. D. Field. J-Am. Chem. Sot, ,J( 196113504. 


