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Abstract — Photoreaction of p- (4) and o-dicyanobenzene (6) and 4-cyanopyridine
(7) with formamides (1 and 3) and 1-alkyl-2-pyrrolidone (2) produced a-aryl
amides (10, 12, 13, 16, and 17). Thisreaction is attri butabl e to a substitution of the
carbon adjacent to the nitrogen of the amide for the cyano group in 4 and 7.

The single electron transfer (SET) process in organic photochemistry has attracted much attention with the
aim of discovering synthetically useful processes." Aromatic compounds, especially those with electron-
withdrawing substituent such as a cyano group, are strong oxidantsin their singlet excited states. They
photochemically react with avariety of substrates, such as alkylbenzenes, alkylalkenes, amines, and ethers,
to yield substitution products.” The reaction proceeds via an SET process, followed by proton transfer and
combination of the resulting radicals to produce addition products, which are aromatized by oxidation or
elimination of hydrogen cyanide, all of which comprises a substitution reaction.” We examined the
possibility of using aliphatic amides as an electron donor in an SET process because the process may also
be applicable to the reaction of cyanoaromatics with aliphatic amides, leading to introduction of an aryl
group onto the carbon atom adjacent to the nitrogen of amides. In this report, we present the results
concerning photoreaction of cyanoaromaticswith cyclic and diphatic amides

Photoreaction was carried out by internal irradiation of a solution of aliphatic amides (1-3) and
dicyanobenzenes (4-9) in acetonitrile (CH,CN) with a 160 W |ow-pressure mercury lamp under argon
atmosphere at ambient temperature for 8 h. Column chromatography on silica gel was used to separate the
reaction mixture. As shown in Table 1, photoreaction was successfully achieved. The products were
attributable to a substitution of the carbon adjacent to the nitrogen in amide compoundsfor a cyano group
or ahydrogen in cyanoaromdics
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Table 1. Photosubstitution Products from I rradiation of Aromatics (4-7)
and Amides (1-3)
Aromatics Amides Products (yields %%)
4 1a 10a(28)  11a(25)
1b 10b(40)  11b(35)
1c 10c(49)  11c(d
2a 12a (44)
2b 12b (41)
2c 12c (12)
3 13(7)
5 1a 14(19) 15(6.5)
6 1a 16(31)
7 la 17 (14)

*|solated yid ds based on consumed aromatics

Irradiation of p-dicyanobenzene (4) with N,N-dimethylformamide (1a) yielded mainly the mono-
substituted product N-(4-cyanophenylmethyl)-N-methylformamide (10a), together with trace amounts of
disubstituted product N,N-bis(4-cyanophenylmethyl)formamide (11a). Similarly, photoreaction of 4 with
formamides (1b, 1c, and 3) gave monosubstitution products (10b, 10c, and 13) respectively, as the mgor
products. Lactams, 2-pyrrolidones (2a-2c), gave a single product, 5-aryl-2-pyrrolidones (12a-12c)
respectively, after irradiation with 4. Irradiation of o-dicyanobenzene (6) and 4-cyanopyridine (7) in the



presence of l1a also resulted in substitution products (16 and 17), whereas m-dicyanobenzene (5) gave
dicyano products (14 and 15), which arose from substitution of a hydrogen on the aromatic ring with the
o.-carbon of the amide. Cyanoaromatics (8) having other electron withdrawing group, such as nitro, chloro,
or methoxycarbony! group, showed no reaction to irradiation in the presence of amide (1a), whereas
irradiiation with 3-cyanopyridine produced complex products

Thus, irradiation of cyanoaromatics (4-7) with aliphatic amides (1-3) brought about a substitution reaction,
in analogy with the photoreaction between cyanoaromatics and electron donors, such as alkylbenzens,
alkylalkenes and ethers, to produce a-aryl amides (10-17). The photoreaction of aliphatic amides-
cyanoaromatics systems might be expected to proceed via an SET process. A possible reaction mechanism
is shown in Scheme 2. It isinteresting that the photoreaction of cyclic amides (2) provided the annular
subdtitution to give monosubgtituted pyrrolidones (12) exclugvely.
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EXPERIMENTAL

General Procedures

Mélting points were determined on a'Yanagimoto micro-melting point apparatus and are uncorrected. IR
spectra were measured with a JEOL FT/IR spectrophotometer and are givenin cm™. *H NMR spectra were
determined with a JEOL JNM-LA270 spectrometer with tetramethylsilane as an internal standard.®> El-
MS spectra were measured with a JEOL D600 instrument. A Riko 160 W |ow-pressure mercury lamp
was used astheirradiation source Andytical grade CH,CN was used for photoreactions

General procedure for the photochemical reactions. A solution of the amide (60 mmol) and the
dicyanobenzene (20 mmol) in CH,CN (150 mL) was flushed with argon for 30 min and then irradiated for
8 hwith a160 W low pressure mercury lamp under argon at ambient temperature.  After remova of the
solvent under reduced pressure, the reaction mixture was subjected to repeated column chromatography on
dlicagd with solvent sysems of CH,Cl-MeOH.

Photoreaction of 1la with 4. Products (10a, 0.49 g, 28%) and (11a, 66 mg, 2.5%) were obtained and the
starting 4 (1.28 g, 50%) was recovered. N-(4-Cyanophenylmethyl)-N-methylformamide (10a); a pale



yellow oil (Anal. Cdcd for C,;H,(N,O: C, 68.95; H, 5.79; N, 16.08. Found: C, 68.85; H, 5.75; N, 16.23).
IR (CHCI,): 1670 (C=0), 2230 (CN). *H NMR &: 2.92, 2.81 (total 3H, each s, N-CH,), 4.59, 4.51 (total
2H, each s, N-CH,), 7.40, 7.35 (total 2H, each d, J = 8.2 Hz, ArH-2,6), 7.63, 7.71 (total 2H, eachd, J=8.2
Hz, ArH-3,5), 8.21, 8.30 (total 1H, each s, CHO). MS m/z: 174 (M*). N,N-Bis(4-cyanophenyl methyl)-
formamide (11a); colorless solid from C¢H,, mp 151-153°C (Anal. Cdcd for C,;H,5N,;0: C, 74.16; H, 4.76;
N, 15.26. Found: C, 74.14; H, 4.95; N, 15.41). IR (CHClI,): 1670 (C=0), 2230 (CN). *H NMR &: 4.38,
4.47 (total 4H, each s, N-CH,), 7.27, 7.30 (total 4H, each d, J = 7.3 Hz, ArH-2,6), 7.63, 7.71 (total 4H,
eachd, J=7.3Hz Ar-H-35), 845 (1H, s CHO). MSmiz 275 (M), 246 (M* —CHO).

Photoreaction of 1b with 4. Products (10b, 0.78 g, 40 %) and (11b, 66 mg, 3.5%) were obtained and
the starting 4 (1.31 g, 51%) was recovered. 2-(4-Cyanophenyl)-1-formylpyrrolidine (10b); a pale yellow
oil (M*, m/z200.0950. C,,H,,N,O requires 200.0949). R (CHCI.): 1670 (C=0), 2230 (CN). ‘H NMR
(CDCl;) o :1.89-2.10 (4H, m, 4-CH, and 3-CH,), 3.65-3.73 (2H, m, 5-CH,), 4.98, 5.09 (total 1H, each
dm, J=8.1 Hz, 2-CH), 7.30, 7.33 (total 2H, each d, J = 8.1 Hz, ArH-2,6), 7.61, 7.67 (total 2H, each d, J =
8.1 Hz, ArH-3,5), 8.13, 8.40 (total 1H, each s, CHO). MS m/z: 200 (M*). 2,5-Bi(4-cyanophenyl)-1-
formylpyrrolidine (11b); colorless crystals from C¢Hg, mp 110-112 °C (M, m/z 301.1215. C,;H,N,O
requires 301.1215). IR (CHCI,): 1690 (C=0), 2230 (CN). *H-NMR (CDCl;) & : 1.84-2.60 (4H, m, 3-CH,
and 4-CH,), 5.30, 5.42 (total 2H, each m, 2- and 5-CH), 7.35, 7.40 (total 2H, each d, J = 8.2 Hz, ArH-2,6),
7.65 (total 2H, each d, J=8.2 Hz, ArH-35), 821 (1H, s, CHO). MSm/z 301 (M").

Photoreaction of 1c with 4. Products, (10c, 1.0 g, 49 %) and (11c, 58 mg, 2 %) were obtained and the
starting 4 (1.32 g, 52 %) was recovered. 2-(4-Cyanophenyl)-1-formylpiperidine (10c); a pale yellow oil
(M*, m/z 214.1097. C,5H,,N,O requires 214.1106). IR (CHCI,): 1670 (C=0), 2230 (CN). *H NMR
(CDCl;) & : 1.53-1.85 (4H, m, 4- and 5-CH,), 1.91 (1H, m, 3-CHax), 2.40 (1H, m, 3-CHeq), 3.02, 2.74
(total 1H, ddm, J =12.7 and 3.5 Hz, and ddm, J = 13.5 and 3.8 Hz, respectively, 6-CHax), 3.53, 4.27
(total 1H, dm, J=12.7 Hz, and dm, J = 13.5 Hz, respectively, 6-CHeq), 5.77, 4.84 (total 1H, each m, 2-
CHeq), 7.37, 7.40 (total 2H, each d, J= 8.4 Hz, ArH-2,6), 7.66, 7.70 (total 2H, each d, J = 8.4 Hz, ArH-
3,5), 8.28. 8.19 (total 1H, each s, CHO). MSm/z 214 (M"), 185 (M* — CHO). 2,6-Bis(4-cyanophenyl)-1-
formylpiperidine (11c); colorless crystals from C,H,, mp 117-118 °C (M*, m/z 315.1383. C,,H,,N,O
requires 315.1371). IR (CHCI.): 1660 (C=0), 2230 (CN). *H NMR (CDCl,) & : 1.74 (1H, m, 4-CHax),
1.97 (4H, m, 3- and 5-CH,), 2.48 (1H, m, 4-CHeq), 4.36 (1H, dm, J = 10.6 Hz, 2-CH), 5.95 (1H, dm, J =
4.6 Hz, 6-H), 7.44, 7.47 (total 4H, each d, J = 8.6 Hz, ArH-2,6), 7.72, 7.75 (total 4H, each d, J = 8.6 Hz,
ArH-35),7.86 (1H, s CHO). MSmz 315 (M), 286 (M*—CHO).

Photoreaction of 2a with 4. Products (12a, 284 mg, 44 %) was obtained and the starting 4 (2.11 g,
82.5 %) was recovered. 5-(4-Cyanophenyl)pyrrolidin-2-one (12a); colorless crystals from C;Hy, mp 162-
164 °C (Anal. Cdcd for C,,H,,N,O: C, 70.95; H, 5.41; N, 15.04. Found: C, 70.01; H, 5.56; N, 14.97). IR



(CHCI,): 1690 (C=0), 2230 (CN). 'H NMR (CDClI;) & :1.93 (1H, m, one of 4-CH.,), 2.46 (2H, m, 3-
CH,), 2.63 (1H, m, one of 4-CH,), 4.83 (1H, t, J = 7.1 Hz, 5-CH), 6.83 (1H, br, NH), 7.42 (2H, d, J = 8.4
Hz, ArH-2,6), 7.67 (2H, d, J = 84 Hz, ArH-35). MSmiz 186 (M").

Photoreaction of 2b with 4. Products (12b, 276 mg, 41 %) was obtained and the starting 4 (2.11 g,
82.5 %) was recovered. 5-(4-Cyanophenyl)-1-methylpyrrolidin-2-one (12b); apale yellow oil (M*, nv/z
200.0950. C,,H,,N,O requires 200.0950). IR (CHCI,): 1690 (C=0), 2230 (CN). ‘H NMR (CDCl,) & :
1.84 (1H, m, one of 4-CH,), 2.53 (3H, m, one of 4-CH, and 3-CH,), 2.70 ( 3H, s, CH; ), 4.60 (1H, m, 5-
CH), 7.33(2H, d, J=84 Hz, ArH-2,6), 7.70 (2H, d, J=84 Hz, ArH-35). MSmiz 200 (M").

Photoreaction of 2c with 4. Products (12c, 127 mg, 12 %) was obtained and the starting 4 (2.03 g,
79.5 %) was recovered. 1-(3-Butenyl)-5-(4-cyanophenyl) pyrrolidin-2-one (12c); a pae ydlow oil (M*, m/z
254.1426. C,¢H N, O requires 254.1419). IR (CHCI,): 1690 (C=0), 2230 (CN). ‘H NMR (CDCl,) & :
1.79 (1H, m, one of 4-CH,), 2.19 (2H, m, butenyl 2-CH,), 2.45 (1H, m, one of 4-CH,), 2.51 (2H, m, 3-
CH,), 2.61 (1H, dt, J =13.7 and 7.7 Hz, one of butenyl 1-CH,), 3.84 (1H, dt, J =13.7 and 7.7 Hz, one of
butenyl 1-CH,), 4.73 (1H, m, 5-CH), 5.05 (2H, m, butenyl 4-CH,), 5.69 (1H, ddt, J =17.2, 10.2, 6.9 Hz,
butenyl 3-CH), 7.33 (2H, d, J = 8.4 Hz, ArH-2,6), 7.70 ( 2H, d, J = 8.4 Hz, ArH-3,5). MS m/z: 254 (M*),
199 (M*—C,H,).

Photoreaction of 3 with 4. Product (13, 86 mg, 6.7 %) was obtained and the starting 4 (1.94 g, 80 %)
was recovered. 1-(4-Cyanophenyl)-2-formyl-1,2,3,4-tetrahydroisoquinoline (13); apae yelow oil (M,
m/z 262.1092. C,;H,,N,O requires 262.1106). IR (CHCI,): 1670 (C=0), 2230 (CN). *H NMR (CDCl,) 5 :
2.80-3.14 (2H, m, 4-CH,), 3.41, 3.00 (total 1H, ddm, J = 4.6, 13.2 Hz, and m, respectively, 3-CHax), 3.69,
4.25 (total 1H, ddm, J =5.5, 13.2 Hz, and m, respectively, 3-CHeq), 6.68, 5.80 (total 1H, each s, 1-CH),
6.98, 7.07 (total 1H, d, J =7.9 Hz, and d, J = 7.6 Hz, respectively, 8-CH), 7.22-7.35 (3H, m, 5-, 6- and 7-
CH), 7.38 (2H, d, J = 7.9 Hz, ArH-2,6), 7.59, 7.62 (total 2H, each d, J= 7.9 Hz, ArH-3,5), 8.19, 8.51 (total
1H, eech s CHO). MSmz 262 (M), 233 (M* —CHO).

Photoreaction of 1lawith 5. Products, 14 (189 mg, 19 %) and 15 (63 mg, 6.5 %) were obtained and the
starting 5 (1.92 g, 75 %) was recovered. N-(2,6-Dicyanophenyl methyl)-N-methylformamide (14); colorless
crystals from C,H,, mp 185-187 °C (Anal. Cacd for C;;HgN,O : C, 66.32; H,4.55; N, 21.10, Found :
C,66.46; H,4.59; N, 20.95). IR (CHCI,): 1680 (C=0), 2230 (CN). '"H NMR(CDCI,) & : 2.82, 3.05 (total
3H, each s, N-CH,), 4.81, 4.88 (total 2H, each s, N-CH,), 7.67, 7.57 (total 1H, eachdd, J=7.7, 7.7 Hz,
ArH-4), 7.97, 7.91 (total 2H, each d, J = 7.7 Hz, ArH-3,5), 8.16, 8.50 (total 1H, each s, CHO). MS m/z
199 (M"), 170 (M* — CHO). N-(2,4-Dicyanophenyl methyl)-N-methylformamide (15); a pde ydlow oil (M,
m/z 199.0761. C,;H,N,;O requires 199.0746). IR : 1670 (C=0), 2235 (CN). 'H NMR (CDCl.) & : 3.01,
2.85 (total 3H, each s, N-CH,), 4.79, 4.69 (total 2H, each s, N-CH,), 7.60, 7.59 (total 1H, each d, J=8.2
Hz, ArH-6), 7.92, 8.00 (total 1H, each dd, J = 8.2, 1.3 Hz, ArH-5), 8.04, 8.09 (total 1H, each d, J = 1.3 Hz,



ArH-3), 820,831 (totd 1H, eech s, CHO). MSnvz 19 (M"), 170 (M* —CHO).

Photoreaction of 1a with 6. Product (16, 376 mg, 31 %) was obtained and the starting 6 (1.65 g,
64.5 %) was recovered. N-(2-Cyanophenyl methyl)-N-methylformamide (16); a colorless oil (M*, m/z
174.0799. C,,H,N,O requires 174.0793). IR (CHCl,): 1670 (C=0), 2225 (CN). *H NMR (CDCl,) & :
2.96, 2.83 (total 3H, each s, N-CH,), 4.77, 4.64 (total 2H, each s, N-CH,), 7.33-7.74 (4H, m, ArH). MS
mz 174 (M").

Photoreaction of 1lawith 7. Product (17, 155 mg, 14 %) was obtained and the starting 6 (1.31 g, 63 %)
was recovered. N-(4-Pyridyl methyl)-N-methyl formamide (17); a colorless oil (M*, m/z 150.0802.
C,.HgN;O requires 150.0793). IR (CHCI,): 1670 (C=0). *H NMR (CDCl;) & : 2.92, 2.83 (total 3H, each
s, N-CH,), 4.54, 4.43 (total 2H, each s, N-CH,), 7.17, 7.15 (total 2H, each d, J = 6.1 Hz, ArH-3,5), 8.22,
8.28 (total 1H, each s, CHO), 8.58, 8.63 (total 2H, each d, J = 6.1 Hz, ArH-2,6). MSm/z 150 (M*), 121
(M*=CHO).
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