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Abstract: The preparation of the 1 2—dicyanobenzenes 6a-m in fairly good to excellent yields by one-
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While the 1,2-diazine system has been scarcely employed as heterodiene in intermolecular inverse electron

demand Diels-Alder reactions,1 probably due to discouraging results even with ‘activated’ derivatives,” we have

the key building blocks of phthalocyamines,5 whose growing importance in different fields of material science

6
clearly emerged over the past two decades.
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With these factors in mind, and on the basis of some promising preliminary results,® we decided to
undertake a systemati

Y
5

approaches to phthalonitriles from suitable dienophiles.
RESULTS AND DISCUSSION
The results obtained from reactions of 1 with the alkynes 2a-h and enamines 3a-g are summarized in

Table 1: [4+2] cycloadditions are followed by nitrogen extrusion or sequential loss of nitrogen and amine,

respectively, to afford the desired dicyano derivatives 6a-m (Scheme 1),7
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Increasingly forcing conditions were required on going from the strongly activated ynamine 2a (entry 1)
to the less reactive acetylenes 2d-h (entries 4, 6, 8, 9, and 11), through the silylated reagents 2b,c (entries 2, 3),

correspondingly, a substantial change from very good yields to fair ones was observed. Whereas the diphenyl
lacement of 2d and 2g with

enamines 3a and 3¢ enabled us to achieve higher yields for compounds 6d and 6g, respectively (entries 5 and 10
vs 4 and 9); ﬁnally, very satisfactory results were obtained for the condensed systems 6i-m with the cyclic

enamines 3@-0 (9 s 13-1 5)_
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Table 1. Reactions of 1 with Alkynes and Enamines
entry reagent solvent, T(°C), time product yield %
. . Me CN
1 2a: R'=Me, R“=NEt, CHCly, 25°C, 19h ] 85
BN \V’LCN
6a
Me;Sii__~_ _CN
2 2b: R'=R*=SiMe; CHCls, 110°C, 48h YT 98
Me;Si” " CN
6b
MesSin_~_-CN
3 2c: R'=SiMe;, R=H CHCl3, 110°C, 8d H 98
H CN
6¢c
1 2 Ph CN
4 2d: R'=Ph, R=H xylene, 150°C, 24h f\,‘[ 42
5 3a: R'=Ph, R>=H CHCLs, 70°C, 24h e 72
Me. CN
6 2e: R'=Me, R%=COOE! xylene, 150°C, 5d Y 55
\ 1
7 3b: R'=COOEt, R*=Me CHCl;, 70°C, 24h Bo0C”"eN 29
be
=8 CN
8 2f: R'=R’=Et xylene, 150°C, 10d :@[ 55
(=1 fod \}
ef
: 5 Me._~_-CN
9 2g: R'=Me, R*=Et xylene, 150°C, 18d “ | 51
. nla 2_ o B = CN
10 3c: R'=Me, R=Et CHCl3, 70°C, 7d 73
6g
Ph CN
11 2h: R'=R?=Ph xylene, 150°C, 21d W 72
1_,2 Ph S CN
12 3d: R’ =R"=Ph CHCl3, 110°C, 48h oh 1
- S~ CN
13 3e: R'-R*=(CH,)3 CHCl3, 70°C, 24h Q/K i 96
S
8i
14 3f: R\-R’=(CHy)4 CHCls, 70°C, 6d F Y T 82
NN CN
6l
y YT e /NN .
i35 3g: R -R"=(CHa)s HCl3, 70°C, 7d 71
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Compounds 6d and 61 were also isolated from the reactions of 1 with styrene and cyclohexene,
respectively,4d but their preparation from the corresponding enamines is much more efficient.

Among the above findings, it is noteworthy that the new silyl derivative (6b) was easily prepared in nearly
quantitative yield, and an effective alternative route was provided for 6¢, previously obtained by a six-step
sequence from 4-ch1<)ro-o-xylene.8

In summary, the outstanding reactivity of 1 towards the aforementioned reagents opens new perspectives
for the synthesis of phthalonitriles; further possibilities of expanding the scope of this attractive strategy will be
thoroughly investigated.

sla lIJ and l3f‘ NAAD
< 11~ ailu INIVIIN

spectra were recorded in CDClj3 solutions with a Varian Gemini instrument operating at 200 MHz and 50 MHz,
respectively: chemical shifts are expressed in ppm (8) and coupling constants in Hertz (Hz). Elemental analyses
were obtained with a Perkin-Elmer 240C Analyzer. Silica gel plates (Merck F2s4) and silica gel 60 (Merck, 230-

400 mesh) were used for TLC and flash chromatographies, respectively; petroleum ether employed for

crystallizations and chromatographic workup refers to the fractions of b.p. 30-50°C and 40-70°C, respectively.

General Procedure for the Reactions of 1 with Alkynes and Enamines. Unless otherwise stated, all the
cycloadditions were carried out in a screw-capped tube (Pyrex N. 13) on 1 mmol scale with an excess of the
reagent (1.1-10 equiv.) in the specified solvent (1 mi); t

(Table 1), were evaporated to dryness under reduced pressure. When the conversion of 1 was incomplete, the

yields of the isolated compounds were determined on the basis of the recovered starting material.

1,2-Dicyano-4-diethylamino-5-methyibenzene (6aj. The raw product from the reaction of 1 with 1-
diethylaminopropyne (2a) (0.122 g, 0.156 mi, 1.1 mmol) in CH,Cl; (3 ml) was subjected to flash
a (Re=
as a light yellow solid, m.p. 68.5-69°C (from n-pentane); IR v 3081, 3037, 2980, 2232, 2223, 1591, 1266, 1063,
901 cm™’; "H NMR & 1.05 (t, J = 7.2 Hz, 6H), 2.33 (s, 3H), 3.12 (q, J = 7.2 Hz, 4H), 7.24 (s, 1H), 7.50 (s, 1H);
BCNMR 5 12.2 (q), 19.5 (q), 45.6 (t), 106.8 (s), 113.5 (s), 116.0 (s), 116.2 (s), 124.7 (d), 136.3 (d), 138.5 (s),

154.6 (s). Anal. Calcd. - C, 73.21; H, 7.09; N, 19.70. Found: C, 73.54; H, 7.07; N, 20.02.
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1,2-Dicyano-4,5-bis(trimethylsilyl)benzene (6b). Treatment of 1 with bis(trimethylsilyl)acetylene (2b)
(0.852 g, 5 mmol) afforded compound 6b (0.267 g, 98%) that was crystallized from n-pentane as colourless
needles, m.p. 156-157°C; IR v 3070, 2955, 2229, 1559, 1269, 1253, 842 cm']; 'H NMR 6 0.41 (s, 18H), 7.99
(s, 2H); 1>C NMR & 1.25 (q), 114.0 (s), 115.85 (s), 138.4 (d), 154.3 (s). Anal. Calcd. for C4HagN,Siy: C,

61.71, H, 7.40;, N, 10.28. Found: C, 61.43; H, 7.40; N, 10.32.
1,2-Dicyano-4-trimethylsilylbenzene (6¢c). Reaction of 1 with trimethylsilylacetylene (2¢) (0.972 g, 1.4 ml,
10 m

0
mol) gave compound 6c¢ (0.196 g, 98%) as colourless needles, m.p.

3,4-Dicyanobiphenyl (6d).
A. Chromatographic workup [petroleum ether/AcOEt (5:1 v/v)] of the reaction product of 1 with

phenylacetylene (2d) (1.0 g, 1.12 ml, 10 mmol) afforded compound 6d (R¢= 0.42, 0.086, 42%) identical with a
44

B. The same compound (Re= 0.41, 0.147 g, 72%) was isolated by flash chromatography [toluene/AcOEt

(20:1 v/v)] of the residue from the reaction of 1 with N-styrylmorpholine (3a) (0.208 g, 1.1 mmol).

Ethyl 3,4-Dicyano-6-methylbenzoate (6¢).
A. Chromatographic resolution [petroleum ether/AcOEt (5:1 v/v)] of the raw product from 1 and ethyl 2-

(q), 62.3 (), 113.2 (s), 114.7 (s),
Anal. Calcd. for C1oH1gN20y: C, 67.28; H, 4.71; N, 13.08. Found: C, 66.95; H, 4.76; N, 13.27.

The unreacted 1 (Rg= 0.18, 0.058 g) was recovered from the following fractions.

B. Chromatographic workup with the same eluent of the reaction mixture of 1 with ethyl 3-(1-

ave 6e (0.062 g, 29%), identical with the nrnd"!r‘~ obtained as

AWV o Ve V.V AAURILIUGRA VVaLEL wad U
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'"HNMR & 1.26 (t, J = 7.5 Hz, 6H), 2.74 (q, J = 7.5 Hz, 4H), 7.58 (s, 2H); '°C NMR & 14.0 (q), 25.3 (1), 112.9

(s), 115.8 (s), 133.0 (d), 148.4 (s). Anal. Calcd. for C1;H15N;: C, 78.23; H, 6.57; N, 15.20. Found: C, 78.15; H,
6.67; N, 15.48.

1,2-Dicyano-4-ethyl-5-methylbenzene (6g).

A. Operating as above, the reaction product of 1 with 2-pentyne (2g) (0.681 g, 0.960 ml, 10 mmol)
afforded 6g (0.087 g, 51%) as ivory-coloured crystals, m.p. 109°C (from ether); IR v 3038, 2978, 2230, 1600,
1454, 919, 894 cm’! HNMRS 1.25 (t, /= 7.5 Hz, 3H), 2.40 (s, 3H), 2.71 (q, / = 7.5 Hz, 2H), 7.55 (s, 1H),

7.57 (s, 1H); °C NMR 5 13.2 (q), 19.4 (q), 26.0 (), 112.7 (s), 113.1 (s), 115.7 (s), 115.8 (s), 132.6 (d), 134.6

>

s HL o . "1 24. LT £ QQ.
d. for CiiHigNs: C 1.4, 11, 5.70, IN,

-

B. The same phthalonitrile (R¢= 0.49, 0.124 g, 73%) was obtained from the reaction of 1 and (£

r\ 1 1

2-en-3-yl)morpholine 3¢ (0.171 g, 0.184 mi, 1.1 mmol) by flash chromatography with petroleum ether/AcOEt

(4:1 v/v) as eluent.

A. The raw product from 1 and diphenylacetylene (2h) (0.891 g, 5 mmol) was resolved into two
components [petroleum ether/AcOEt (7:1 v/v)]: the first band yielded compound 6h (R¢= 0.36, 0.109 g, 72%)

PR PO i —
as WIHLG CIYS

The unreacted 1 (Ry= 0.10, 0.060g) was recovered from the second fraction.

B. Operating as above, the same product 6h was obtained in lower yield (0.031 g, 11%) from the reaction

6-Dicyano-2,3-dihydroindene (6i). The crude product from the reaction of 1 with 4-(1-cyclopenten-1-
& : .

5,6-
y!)marpho!ine (3e) (0174 g

s . a0& iaii, 2. & ailidd 44 vi i VViuiid Yyl 2i3a

C11HgNy: C, 78.55; H, 4.79; N, 16.65. Found: C, 78.20; H, 4.91; N, 17.0.
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2,3-Dicyano-5,6,7,8-tetrakydronaphthalene (6l). The residue obtained from 1 and 4-(1-cyclohexen-1-
yl)morpholine (3f) (0.188 g, 0.189 ml, 1.1 mmol) was subjected to flash chromatography [petroleum

ether/AcOEt (7:2 v/v)] to yield compound 61 (Ry = 0.55, 0.149 g, 82%), identical with a sample previously
4d
reported.

2,3-Dicyano-6,7,8,9-teirahydrobenzocycioheptene  (6m). Chromatographic ~workup [petroieum
ether/AcOEt (7:1 v/v)] of the crude product from 1 and 4-(1-cyclohepten-1-yl)morpholine (3g) (0.210 g, 0.211
ml, 1.1 mmol) afforded the bicycli

167°C (from ether); IR v 3038, 2933, 2855, 2230, 1589, 1444, 907 cm™’; 'H NMR & 1.60-1.75 (m, 4H), 1.80-
1.95 (m, 2H), 2.82-2.94 (m, 4H), 7.51 (s, 2H); ’C NMR 8 27.0 (t), 31.9 (1), : 0

(d), 150.1 (s). Anal. Calcd. for Cj3H3N;: C, 79.56; H, 6.16; N, 14.27. Found: C, 79.72; H, 6.31; N, 14.39.
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Whereas the structure of the primary adducts 4, coming from concerted processes, appear well-defined,
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intermediates could be taken into consideration for the formation of 6 from 1 and 3.
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