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Abstract: Irradiation of 5-dicyanomethylenebicyclo[2.2.l]hept-2-ene induces new 
types of photoreactions, i.e., unprecedented skeletal rearrangement leading to 
7,7-dicyano-6-methylenebicyclo[3.l.l]hept-2-ene, and novel 1,3-carbon shifts to 
bicyclo[3.2.0]- and bicyclo[4.l.O]heptene. 

5-Methylenebicyclo[2.2.l]hept-2-enes (methylenenorbornenes) are classified 

as a typical bicyclic di-n-methane system which is expected to give tricyclic 

vinylcyclopropane derivatives under irradiation. The photorearrangements of 

5-methylene- (L), 5-ethylidene- (la), and 5-benzylidenebicyclo[2.2.llhept-2-ene 

(lb) leading to tricyclo[3.2.0.02'7]heptane framework are reported by Hammond2 - 

and Goldschmidt3, but the photoreaction of methylenenorbornene possessing elec- 

tron withdrawing group has been still unknown. Recently, we reported the un- 

expected formation of constrained compound (3~) on the irradiation of 5-di- - 

cyanomethylenebicyclo[2.2.2]oct-2-ene (2c).4 As an intriguing example of 

structure-photoreactivity relationship of these bicyclic 1,4-dienes involving 

dicyanomethylene group, we describe new skeletal rearrangements of 5-dicyano- 

methylenebicyclo[2.2.l]hept-2-ene (lc) in this paper. - 

l,la,lb: Rl,R2= H,Me,Ph 3c 
lc : - Rl= R2= CN 4, 

: X= (CH2)2 

- : X= CH2 

Dicyanomethylene derivative lc of norbornenone is synthesized from the -- 

ketone by Knoevenagel condensation and shows new absorption at 260-280 nm 

region originated from the interaction of 5-dicyanomethylene group with C2-C3 

double bond.5 When a hexane solution of lc ( 5 x 10S3mol/dm3) was irradiated - 

in a quartz vessel using RUL-2537i lamps (12OW) for 4 h, three products, 2, 5, 
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and 7, were produced in 25 %, 27 %, and 18 % yield with the recovery of 12 %. 

The photoproducts were separated by column chromatography on silica gel and 

characterized to be bicyclo[3.1.1lheptene, bicyclo[3.2.0lheptene, and bicyclo- 

[4.l.Olheptene derivatives based 

colorless plates, mp 85-85.5"C; 

2.60(H4), 2.74(H4,), 3.9-4.1(Hl, 

J 1 1.0. 0.8, 2.0, , 2= Jl I 3= Jl , 4= 

on the following physical data : Product 5 : - 
IR(KBr) 2240, 1865, 1677, 922 cm-l; NMR(CDC13) 

H5), 5.48 (H8), 5.59(H8,), 5.91(H3), 6.23(H2), 

J 1 , 8= 2.2, Jl 8" 2.2, J2 3= 5.8, J2 4= J2 4,= , I , , 
2.2, J3 4= J3 2.2, J3 4,= 5= 0.8, J4 17.4, J4 4~= 5= 2.2, J4' 5= 7.0, J5 8= 

J 5 8,= 2r.2, J8'8,= 3.0 Hz; ;V end absoLption,e = 29;) at 220 nm <n cyclohexake. 

PrLduct 6: colorless oil; IR(oi1) 2230, 1631, 715 cm-'; - NMR(CDC13) 2.7-2.9(H4, 

H4’), 2.87(H7), 3.36(H7,), 3.61(Hl), 3.94(H5), 5.85-5.95(H2, H3), Jl,5= 8.1, 

J 3.2, 

(~'10000) 1 7= 

Jl 8.5, J5 

in 7'= cyclohexine. 7= 

4.2, J5 1.6, 

Prbduct 7,= 7 : 

J7 19.2 Hz; UV hmax= 236.1 

nm libht 7,= - yellow oil: IR(oi1) 2220, 

1598, 1570 cm-l; NMR(CDC13) 0.17(H7,yn), l-45 (H7anti)r 1.6-1.9(Hl, H6), 

2.91(H5), 3.42(H5,), 6.49(H3), 7.12(H2), Jl,2= 2.9, J1,5= 2.8, J1,5~= 0.5, 

Jl,7syn= 4.2, Jl,7anti' 6.7, J2,3' 9.9, J2,6= 2.9, J2,5' O-3, J5,51= 19.5, 

J 5,6= 2.8, J6,7syn' 5.3, J6,7anti' 9.3, J7syn,7anti= 3.5 Hz; UV imax= 314.5 

(E 12700) nm in cyclohexane. The novel photoproduct 2 can be characterized as 

7,7-dicyano-6-methylenebicyclo[3.l.l]hept-2-ene possessing a-pinene structure 

from the spectral data.6 Product 6 shows an analogous NMR pattern to the - 

ketene-cyclopentadiene adduct synthesized independently,7 and product 2 shows 

characteristic pattern due to cyclopropane protons. 

IC 
CN 

- 
5 ii 7 

The photoreaction of lc giving 5-7 -- -- is sharply contrasted with those of 

5-methylenebicyclo[2.2.l]heptenes (1 and la-b) and norbornenones.8 The normal 

di-n-methane rearrangement of this system is presupposed to give tricylo- 

[3.2.0.02r7 - 

; I 

lheptane framework (8) via diradical intermediate. It is worthy of 

note that the unprecedented photorearrangement was observed by an introduction 

of cyano substituents. ControlLed experiments showed that the three types of 

photoproducts were produced by independent pathways, respectively. The photo- 
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reaction of lc leading to the products 5 and 7 are classified as 1,3-carbon -- 

shifts of the C6- and the CT-carbon, where the formation of 2 is little af- 

fected in polar media but the yield of 1 is decreased to 2 8 in an acetonitrile 

solution. 9 The quantum yields determined in cyclohexane and acetonitrile are 

summarized in Table 1. The quantum efficiency for the formation of a-pinene 

derivative 5 is 0.034 in cyclohexane and the value is also decreased to 0.003 

in acetonitrile indicating that the polar interaction in the excited molecule 

lc does not contribute for the formation of 2 at all. - 

Table 1 Quantum yields for the photoreaction of lc (25OC, 254nm). - 

Solvent Formation of 2 Formation of 6 - Formation of 2 

Cyclohexane 0.034 0.043 0.016 

Acetonitrile 0.003 0.035 0.002 

Now, we wish to propose the reaction mechanism via tricyclic vinylcyclo- 

propane 4c for the formation of _!j (Scheme-l). The structure of 4c can be -- -- 

related to the product 3c isolated by the irradiation of the corresponding bi- - 

cyclo[2.2.2]octene 2c.4 which is produced by di-n-methane - This compound &, 

rearrangement, is much more constrained compared with tricyclo[4.2.1.01f31- 

nonene 3c and the strain release results in the formation of a-pinene deriva- - 

tive 5. - 

diradical 9c - 

Scheme-l. Reaction pathways of 5-dicyanomethylenebicyclo[2.2.l]hept-2-ene (s) 
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In order to gain an additional information for this two-step mechanism, 

dicyanomethylenenorbornene lc was - irradiated in methylcyclohexane at 82OC and 

-80°C. Although the formations of 5 and 1 were not affected, the quntum yield 

for 5 was changed to 0.044 at 82°C and to 0.014 at -80°C. This temperature de- 

pendency refers to the intermediacy of 4c suggesting the intervention of ther- - 

ma1 process, i.e., cr-pinene 5 originates from the six electron reorganization 

of 4c. - Attempts to detect the intermediate, 2,2-dicyanotricyclo[3.2.1.01~31- 

octene (&), at low temperature were unsuccessful in this stage. 

The dicyano-substitution of methylenenorbornene suppresses the normal 

di-n-methane rearrangement leading to 8c and gives different photoproducts, 5, - 

5, and 7. - These new photorearrangements were initially considered to be 

introduced by the charge transfer interaction, but the remarkable solvent ef- 

fect supports that no polar interaction is effectively operated for these 

photochemical processes." Further study is currently in progress to gain 

insight to the effect of cyano group and clarify the reaction mechanism. 11 
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