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Abstract

Photochemical reactions of «, f-unsaturated acids and esters, including B, 7-isomeriza-
tion, the addition reaction of formamide and aniline, and Fries rearrangement, were
described.

Irradiation of several «, S-unsaturated acids and esters, such as trams-crotonic acid,
trans-methyl crotonate, trans-ethyl crotonate, trans-ethyl 2-pentenoate, trans-ethyl 4-methyl-
2-butenoate, ethyl tiglate and ethyl 3-methyl-2-butenoate, with a 500 watt high pressure
mercury vapor lamp gave the corresponding f, 7-isomers in almost quantitative yields.
On the other hand, irradiation of ethyl 2, 3-dimethyl-2-butenoate and ethyl «a-methyl cin-
namate produced but a small amount and no B, 7-isomer, respectively. The reaction
mechanism clearly indicated that the frans-derivative was isomerized photochemically to
the cis-isomer, which seemed to be the precursor of the f, 7-isomer.

Photochemical addition of formamide and aniline to crotonic acid and its esters were
also discussed. For example, light-induced amidation of #rans-crotonic acid and its esters
gave a-, f-and 7-adduct in a yield of 60-77%. The formation of 7-adduct was elucidated
as an addition product to p,7-isomer, which was photochemically obtained from the
trans-isomer.

Finally, photo-Fries rearrangement of frans-phenyl crotonate was raported. An ir-
radiation of zrans-phenyl crotonate produced cis-isomer, chromanone, ortho-crotonyl phenol
and phenol in low yields.
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Table 1. Photochemical isomerization of «, S-unsaturated acids and esters
R,
R’,M();\
R,
Irradia-  Yield
) tion of 3,7-
Ry R Rs A Solvent Time isomer
(hr) (%)
1 CH; H H H EtOH 60 75
11 CHjz H H CHjy EtOH 35 100
111w CH;y H H C,Hs EtOH 55 100
Iva) CoHs H H CoHs EtOH 27 1004)
Va) (CH2.CH H H C,Hs EtOH 20 100
Via CH; CH; H CyHs EtOH 60 100
VIIw CHs H CH, CoHs; EtOH 60 100
. : ~ 1 MeOH
VI CH;, CH, CHj; CoHs +H,00 105 7
IX®) CeHs CH; H CoHs EtOH 65 0D
11 CH; H H CH; Pentane 12 20
Ive CoHs H H CH; Pentane 5 85
ve) (CH3)»CH H H CoHs Pentane 5 85
Xe) n-C;H;is H H H Pentane 18 94
XIe) n-CgHj7 H H H Pentane 18 95
X1 n-CisHyg H H H Pentane 18 95
a) Authors’ results®; 0.312M conc., Irradiated with 500 W High-press. mercury lamp
b) Authors’ results!3; 0.0025M conc., Irradiated with 500 W-lamp
¢) Doerings’ results?; 0.09~0.12M conc., Irradiated with 450 W-Hanovia Type L lamp
d) Distribution of product; trans-: 40%, cis-: 60%
e) Mixed solvent of MeOH (2) and H,O(1)
f) Isomerization of frans- to cis-isomer was only observed.
Photoequilibrium data; ¢rans-: 29%, cis-: 71%
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DAL RN OB B 2 L b cis- -
- Time (hr)
< AR O T A T N 7 0 . )
PO R L T2, B 7O Fig. 1. Photolysis of trans-ethyl crotonate (I1IIa)
FTEL A A frans-14 T Fs ke T . o - o
HEBRAD DS trans-th Tlxde  cis-hTH —@—: trans-isomer (IIla), —C-—: cis-isomer (111y),
B EIB B KEE AR = LR —(O—: B, T-isomer (I1le)  Solvent: EtOH,
Conec.: 0.150 M, Light source: 500 W HPL
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Table 2. Photochemical addition of formamide to crotonic
acid and its esters

Distribution of products

Yield of
Substrate I:l-adduct  g-Adduct f-Adduct  7-Adduct
(%o X1V) Xv) (XVI)
CHsCH=CHCO,H (1) 60 41 28 31
CH;CH=CHCO,Me (II) 77 8 41 51
CH;CH =CHCO,Et (I1I) 68 10 48 42

a) Based on crotonic acid and its esters employed

7 b vEEERE L U CERFHAT 500 W SERSEIT % 100 BfEEg+2 &, Table2 L 5
LT a-(XTIV), B-XV), T-ffhndp XVI) 3851 35,
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h
CH,CH=CHCO,A +H~-CONH, =, CH;CH,CHCO,A

|
I, A=H CONH,
II, A=CH
i A=C2Ha,-, X1V, a-adduct (3)
CH3(IZHCH2COZA + (EHZCHZCHZCOZA
CONH, CONH,
XV, B-adduct XVI1, 7-adduct

ZDRA RGN, 52 A -CONH, O I CTHRA2BHERIETH S EELLRD, —RIC a, B-
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Table 3. 7-Ray-induced addition of formamide to crotonic
acid and its esters

Distribution of products

Yield of
Substrate l:l-adduct  G-Value  , Adduct  f-Adduct  7-Adduct
(%) (XIV) (XV) (XVI)
CH;CH=CHCO,H (I) 302) 10 0 100 0
45D 9 0 100 0
CH3CH=CHCO,Et (I1I) 360) 12 0 100 0

a) Irradiation time: 72hr.
b) Irradiation time: 144 hr.
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7-ray
CH;CH =CHCQO,A +H-CONH, “VWWW/~ CH3ICHCH2COZA
I III CONH, (4)
XV
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]
CH,=CHCH,CO,Et + H-CONH, LU>CIH2CH2CH2COZEt+CH3?HCHZCOZEt
I, CO,NH CONH, (5)
XVI XV
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