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Synthesis and structure of novel 2-amino-1,3-dicyano-4-cyclopropyl-
6-aryl-1,3-cyclohexadienes
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The reaction of arylmethylenedicyanoacetates with 1,1-dicyano-2-cyclopropyipropene
was studied and found to give 2-amino-1,3-dicyano-4-cyclopropyl-6-aryl-1,3-cyclohexadienes.
The structure of 2-amino-6-(2-nitrophenyl)-1,3-dicyano-4-cyclopropyl-1,3-cyclohexadiene

was corroborated by means of X-ray analysis.

Key words: 1,1-dicyano-2-cyclopropylpropene; cyclohexa-1,3-dienes, polysubstituted;

X-ray analysis.

Earlier it was shown that arylmethylenecyanoacetates
co-dimerize with substituted 1,1-dicyanopropenes to give
1-amino-2,6-dicyano-6-ethoxycarbonyl-1,3-cyclohexa-
dienes; decarbonylation of the latter leads to the corre-
sponding anilines.? In order to expand the scope of this
reaction we have studied the interaction of aryl(het-
arylymethylenecyanoacetates (1) with 1,1-dicyano-2-
cyclopropylpropene (2) leading to mixtures of anilines3
(4) with 1,3-cyclohexadienes (5) as final products. From
4-fluoro- and 4-bromosubstituted arylethylenes 1a,b we

obtained 1-amino-2,6-dicyano-6-ethoxycarbonyl-1,3-
cyclohexadienes 3a,b, easily transformable to 4a,b and
5a,b. Reaction of ethyl 2-nitrophenylmethylene-
cyanoacetate (1f) with nitrile 2 gives only 1-amino-2,6-
dicyano-5-(2-nitrophenyi)-3-cyclopropyl-1,3-cyclo-
hexadiene (5f).

The IR and '"H NMR spectral data corroborate the
structure of compounds 3. Hexadiene 3b was shown to
exist as a mixture with its imino-tautomer (3b") (see the
Experimental section). The IR spectral data and the

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 2, pp. 355358, February, 1993.
1066-5285/93/4202-0314$12.50 ©1994 Plenum Publishing Corporation
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NH,
NC COOEt NC._ - CN NC CN
+ B, COOEt
Ar Me Ar
1a—f 2 3a,b
NH, NH,
NC CN NC CN
= +
Ar Ar
4a—e Sa—f
1,3,4,5: Ar=4-FCH, (a), 4-BrCH, (b)
1, 4, 5: Ar = Ph (¢), 4-CIC,H, (d), 2-C,H;O(furyl) (e)
1, 5: Ar = 2-NO,C(H,

mixing test with the relevant aromatic amines (prepared
by independent procedures) leave no doubt about the

Table 1. Yields, melting points, and the IR spectra of anilines
4a—e

Com- Yield mp (°C) v, cm™!)

pound (%) NH, CN
4a 20 180—182 3350, 3407 2223
4b 16 215216 3358, 3402 2224
4c 40 175—177 3360, 3400 2225
4d 41 219221 3353, 3405 2224
4e 18 218—219 3356, 3398 2220

structure of 2,6-dicyanoanilines* (4) (Table 1).

To confirm the structure of the 1,3-cyclohexadienes
5 thus obtained (Table 2) and to elucidate the possible
trends of the reaction, an X-ray structural study of
compound 5f was carried out. The bond angles calcu-
lated for the molecule of 5f are given in Table 3. The
general view of this molecule and the relevant bond
lengths are presented in Fig. 1.

The substituted cyclohexadiene ring of 5f is in a half-
chair conformation: the C(5) and C(6) atoms are de-
flected by —0.319(2) A and 0.375(2) A from the plane I
which accomodates the remaining four carbon atoms
and includes both of the endocyclic double bonds, within
0.066(1) A. Moreover, two additional planes can
be recognized in the 1,3-cyclohexadiene ring:
C(6)C(HC(HC(3) (flat within 0.017(1) A) and
C(2)CR)C(HC(5) (flat within 0.011(1) A). They form a
dihedral angle (19.1°) arising from a twist about the
C(2)—C(3) bond which results from the shortening of
intramolecular contacts. We have observed? a similar
conformation of the cyclohexadiene ring in the sterically
congested molecule l-amino-2,6,6-tricyanoc-3-cyclo-
propyl-5-phenyl-1,3-cyclohexadiene (6).

Nonbonding interactions force the aryl and the
cyclopropy! substituents te deviate by 86.5° and 83.8°,
respectively, from plane I, whereas the NO, group is
rotated 138.0° relative to the aromatic ring {a plane exact
within 0.002(2) A passes through the C(13}, N(4), O(1),
and O(2) atoms].

The molecule of compound 5f contains a planar
fragment [exact within 0.001(1) A] accomodating five

Table 2. Yields, melting points, IR and 'H NMR spectral data, and elemental analysis data for cyclohexadienes Sa—f

Com- Yield mp (°C) v (ecm™ 1) 5 _E_cm__(%) Molecular
po- (%) (solvent Calculated formula
und used for NH, CN 5H, CH H(4a) H(4e) H(5) Ar NH,
crystal- cyclo- (dd) (dd) (brs) C H Hal N
lization) propyl
(m)
52 21 182—184 3100, 2160, 0.607, 2.13 228 368 7.18v 626 7312 5.09 682 1501 C,H,FN,
(metha- 3205, 2180 1.00, 73.10 5.05 6.80 15.04
nol) 3208 2.03
5b I8 130—132 3180, 2170, 0.60, 218 232 368 7.16— 628 5996 4.17 2351 1231 C,,H,,BrN;
(metha- 3275, 2210 1.05, 7.55m 60.02 4.15 2349 1235
nol) 3320 2.05
5¢ 42 180—181 3150, 2170, 0.60, 219 235 367 727m 6.13 78.08 5.81 16.12 C,;H 4N,
(metha- 3260, 2190 1.09, 78.13 5.79 16.08
not) 3300 2.05
5d 45 184—185 3210, 2180, 0.68, 2.18 233 369 72lm 6.17 6898 473 12.04 1425 C,H,CIN,
(metha- 3320, 2200 1.10, 69.04 477 11.09 14.21
nol) 3400 2.06
Se 41 128—130 3137, 2176, 0.73, 225 233 374 6.05d4, 624 71175 5.26 i6.71 C,4H,;N;0
(metha- 3221, 2191 1.1, 6.34m, 71.70 5.21 16.72
nol) 3270 2.12 7.56s
5f 88 190—191 3244, 2185, 0.65, 222 240 413 748— 631 66.69 4.67 18.19 C,,H,N,O,
(nitro- 3348, 2225 1.10, 8.01m 66.66 4.61 18.29

methane) 3420 2.10
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Fig. 1. Molecular structure of compound 5f (general view) and
relevant bond lengths.

atoms and four conjugated bonds, namely, the N{2)—
C(3)=C(4)—C(11)=N(3) moiety. The coordination plane
of the trigonal N(2) atom (the sum of whose bond angles
is 360°) is nearly coplanar with the above fragment. This
favors the p—n conjugation of the unshared electron pair
of the N(2) atom with the n-system of the double bond
C(3)=C(4). The N(2)—C(3) bond is significantly shorter
[1.339(2) A] in comparison with the unconjugated single
N—C(sp?) bond which is 1.452(4) A long,? but its length
is close to that of the conjugated N—C(sp?) bond (1.336
A).¢ In compound 6 and in l-amino-3,5-diphenyl-
2,4,4,6,6-pentacyano-1-cyclohexene (7) (cf. ref’”) the
H,N—C distances in similar conjugated fragments are
1.330(2) A and 1.348(4) A, respectively. In 5f the length
of the C(3)=C(4) bond [1.365(2) A] exceeds the stand-
ard length of the C(sp?)=C(sp?) bond in the unsubstituted
1,3-cyclohexadiene (1.332 A).¢ The former bond length
is fairly close to 1.355(2) A for the C(1)=C(2) bond,
probably conjugated with the adjacent C(10)=N(1) cyano
group, and close also to the corresponding values of
1.362(3) A and 1.353(4) A for molecules 6 and 7,
respectively. The participation of the C(11)=N(3) cyano
group in conjugation is evident from the fact that the
length of the C(4)—C(11) bond [1.417(2) A], is dis-
tinctly less than 1.443(2) A for C(2)—C(10). At the same
time, the C(10)=N(1) and C(11)=N(3) bonds are of
equal length, 1.146(2) A and 1.148(2) A (the length of
the C=N bond is usually less sensitive to conjugation).
The corresponding lengths of bonds C(sp*)—C(sp) and
C=N are 1.430(2) A, 1.149(3) A and 1.425(4) A, 1.127(4)
A in 6 and 7, tespectively.

Table 3. Bond angies () in the molecule of compound 5f

Angle o (deg) Angle ¢ (deg)
O(1)—N(#)—0(2) 123.02) C(1)—C(6)—C(5) 112.8(1)
O(1)—N(#—C(13) 119.7(1) C(H—C(NH—C(®B) 119.3(1)
O(2)—N(4)—C(13) 117.3(1) C(H—C(7)—C(9) 122.1(1)
C(2)—C(1)—C(6) 117.6(1) C(8)—C(7)—C(9) 58.0(1)
C2)—C()—C(T) 122.6(1) C(7)—C(8)—C(9) 60.6(1)
CH)—C()—C(7) 119.9(1) C(7)—C(9)—C(8) 61.4(1)
CH—CQ)—C(3) 121.5(1) N(H—CUO—C(2) 176.6(2)
C(H—C(2)—C(10) 119.5(1) N@B)—C(11)—C(4) 179.9(2)
CO)—C(2)—-C(10) 118.9(1) C(5)—C(12)—C(13) 122.8(D)
N(Q2)—C(3)—C(2) 118.1(1) C(5)—C(12)—~C(17) 122.1(1)
NQ@)—C(3)—C(4) 123.9(1) C(13)—C(12)—C(17) 115.0(1)
CQQ)—C(3)—C(4) 118.0(1) N(#)—C(13)—C(12) 121.2(1)
C3)—C(H)—C(5) 121.8(1) N(@)—C(13)—C(14) 115.4(1)
CO)—-CH—CID 1193(1) CI2)—CU3)—-C(14) 123.4(1)
CO)—CH)—C(11) 118.9(1) C(I13)—C(14)—C(15) 119.1(2)
CH—C(3)—C(6) 107.4(1) C(14H)—C(15)~C(16) 119.7(2)
C(4)—C(5)—C(12) 113.7(1) C(15)—C(16)—C(17) 120.8(2)
C(6)—C(5)—C(12) 111.4(1) C(12)—C(17)—C(16) 121.8(2)

Steric interaction of the CN group at C(4) with the
ajacent o-nitrophenyl substituent forces it to rotate around
the C(5)—C(12) bond and possibly favors elongation of
the C(4)—C(5) bond to 1.518(2) A as compared to the
standard value of 1.504 A for the C(sp?)—C(sp*) bond in
1,3-cyclohexadiene® and to the length of the C(1)—C(6)
bond [1.496(2) A]. The aryl substituent is not subjected
to any steric effects from the methylene group of the
cyclohexadiene ring, so the C(5)—C(6) bond is of ordi-
nary length [1.531(2) A]. This is much less than 1.568(3)
A for 6 which has two CN groups at the C(6) atom.

In the crystal of 5f there is a number of intermolecu-
lar contacts which are slightly reduced in comparison
with the sum of the van der Waals radii of the corre-
sponding atoms: O(1)...C(16) (1—x, —y, 2—z) 3.202(2)
A, 0(2)..C(16) (y, Ya—y, =Yo+z) 3.130(2) A,
0(2)...C(17) (x, Ya—y, =Y4+2) 3.159(2) A (the sum of
the van der Waals radii of O and C is 3.22 A)8.

Experimental

The IR spectra of compounds Sa—d,f were recorded in KBr
pellets using Perkin-Elmer 577 and Specord 71-IR spectro-
meters. 'H NMR spectra were recorded on a Bruker WH-100
radiospectrometer (100 MHz) in DMSO-d6 relative to
tetramethylsilane. The purity of the compounds was confirmed
by TLC on Silufol UV-254 plates with acetone—hexane (3:5) as
the eluent. The mixtures were separated by column chromatog-
raphy using Silpearl as the adsorbent and acetone—hexane
(3:5) as the eluent.

1-Amino-2,6-dicyano-3-cyclopropyl-6-ethoxycarbonyl-5-
(4-fluorophenyl)-1,3-cyclohexadiene (3a). To a mixture of 1a
(10 mmol) and 2 (10 mmol) in 15 mL of methanol, one or two
drops of morpholine were added with stirring at 20°C. After 90
min of stirring the resulting precipitate was filtered and washed
with MeOH and hexane to give 1.9 g (54 %) of 3a, mp
128—130°C (i-PrOH). Found (%): C 68.41; H 5.18; F 5.42;



Polysubstituted cyclohexa-1,3-dienes

Russ.Chem.Bull., Vol. 42, No. 2, February, 1993 317

Table 4. Atom coordinates (x10% for O, N, C, x103 for H) in
the structure of 5f

Atom x y Fd
o) 6640(2) 961(1) 8128(1)
0(2) 4902(2) 2170(2) 7750(1)
N(1) 3549(2) 5868(1) 11806(1)
N(2) 9664(1) 2853(1) 12067(1)
N(3) 9554(1) —205(1) 11467(1)
N4 5582(2) 1565(1) 8312(H)
C1) 7979(2) 4011(1) 9956(1)
C(2) 8410(2) 3939(1) 10846(1)
C(3) 8950(2) 2810(1) 11253(1)
C(4) 8672(2) 1783(1) 10782(1)
C(5) 7782(2) 1776(1) 9885(1)
C(6) 8165(2) 2925(1) 9381(1)
(N 7383(2) 5109(1) 9543(1)
C(8) 5957(2) 5056(1) 8954(1)
C(©9) 7395(2) 5325(2) 8533(1)
C(10) 8454(2) 5004(1) 11394(1)
C(11) 9159(2) 685(1) 11161(1)
C(12) 6080(2) 1644(1) 9994(1)
C(13) 5057(2) 1597(1) 9248(1)
C(14) 3519(2) 1585(2) 9335(1)
C(15) 2937(2) 1561(2) 10186(1) .
C(16) 3882(2) 1579(2) 10932(1)
C7) 5431(2) 1636(1) 10839(1)
H(2.1) 972(1) 344(1) 1229(1)
H(2.2) 1006(1) 227(1) 1226(1)
H(5) 821(2) 112(1) 952(1)
H(6.1) 926(2) 289(1) 924(1)
H(6.2) 763(2) 298(1) 879(1)
H(7) 742(2) 576(1) 991(1)
H(8.1) 572(2) 568(1) 904(1)
H(8.2) 550(2) 428(2) 885(1)
H(S.1) 794(2) 473(1) 819(1)
H(9.2) 764(2) 611(1) 839(1)
H(14) 295(2) 158(1) 883(1)
H(15) 192(2) 155(2) 1021(1)
H(16) 361(2) 158(1) 1146(1)
H({17) 605(1) 170(1) 1133(1)

N 11.91. CyH3FN;0,. Calculated (%): C 68.37; H 5.16;
F 5.41; N 11.96. IR spectrum (KBr), v (cm™1): & 1620, 3240,
and 3402 (NH,); 2210 and 2270 (C=N); 1746 (C=0). 'H
NMR spectrum (DMSO-dg), &: 7.10 and 7.50 (both m, 4 H,
C¢H,) overlapping with (2 H, NH,); 5.07 (d, H, C-4); 4.09 (d,
H, C-5, 3JH(4)_H(5) = 3.2 Hz); 101 t and 4.12 dd (5 H,
C,H;0); 1.53 (m, 1 H, CH, cyclopropyl); 0.51 and 0.74 (both
m, 4 H, CH,—CH,, cyclopropyl).
1-Amino-5-(4-bromophenyl)-2,6-dicyano-3-cyclopropyl-6-
ethoxycarbonyl-1,3-cyclohexadiene (3b) and 5-(4-brome-
phenyl)-2,4-dicyano-3-imino-1-cyclopropyl-4-ethoxycarbonyl-
cyclohexene (3b"). To a stirred mixture of 1b (10 mmol) and 2
(10 mmol) in 20 mL of MeOH (EtOH) two drops of morpholine
were added at 20°C. After 90 min of stirring the precipitate
thus formed was filtered and washed with EtOH and hexane to
leave 2.75 g (62 %) of 3b, mp 144—146°C (i-PrOH). Found
(%): C 58.32; H 4.41; Br 19.41; N 10.16. CyH3BIN;O,.
Calculated (%): C 58.27; H 4.40; Br 19.38; N 10.19. IR
spectrum (KBr), v (cm™}): 5 1630, 3280, 3340, 3420 (NH and
NH,;); 2230 and 2275 (C=N); 1736 (C=0). The 'H NMR
spectrum (DMSO-dg) contains the signals of the amino form at
8 7.29 and 7.62 (both m, 4 H, C4H,) overlapping with the
signals of (2 H NHjy); 5.10 (d, H, C-4); 4.11 (d, 1 H, C-5,

3JH(4)—-H(5) = 3.3 Hz); 1.07 t and 4.08 dd (5 H, C;H0); 2.18
(m, H, CH, cyclopropyl); 0.50 and 0.80 (both m, 4 H,
CH,—CH,, cyclopropyl). These signals are accompanied by
those of the imino form at § 10.61 and 11.17 (s, H, NH}; 7.20—
7.70 (m, 4 H, C¢Hy); 3.76 (q, H, C-5); 2.80 (q, H(e), C-6);
2.45 (q, H(a), C-6); 1.07 tand 4.08 dd (5 H, C,H;0); 2.18 (m,
H, CH, cyclopropyl); 1.25 (m, 4 H, CH,—CH,, cyclopropyl).

3-Aryl-2,6-dicyano-5-cyclopropylanilines (4a—e) and 2-
amino-6-aryl-1,3-dicyano-4-cyclopropylcyclohexa-1,3-dienes
(5a—f). To 10 mmol of an arylidenecyanoacetate la—f and
10 mmol of dinitrile 2 in 15—20 mL of MeOH or EtOH one
or two drops of morpholine were added with stirring at 20°C.
When the product of type 3 was precipitated, it was separated
by filtration. Then the filtrate (or the native reaction mixture, if
no solid was deposited) was left for 4—6 h to afford a mixture
of 4a—e and 5a—e, which was separated by filtration and
washed with EtOH (MeOH) and hexane; in the case of 1f the
same work-up afforded only the diene 5f. The mixture was
separated by column chromatography (sece Table 2).

2,6-Dieyano-5-cyclopropyl-3-(4-fluorophenyl)aniline (4a)
and 3-amino-2,4-dicyano-1-cyclopropyl-5-(4-fluorophenyt)-
1,3-cyclohexadiene (5a). To a stirred solution of 3a (5 mmol)
in 15 mL of MeOH one drop of morpholine was added at
20°C. After 6 h the precipitate that formed was filtered and
washed with MeOH and hexane. The mixture was separated by
column chromatography to afford 0.5 g of 4a and 0.61 g of 5a
in 36 % and 44 % vyields, respectively. For 4a: found (%): C
72.34; H 4.41; N 16.82. C;sH;N;0. Calculated (%): C 72.28,;
H 4.45;, N 16.86.

The crystals of 3-amino-2,4-dicyano-1-cyclopropyl-5-(2-
nitrophenyl)-1,3-cyclohexadiene (5f) are monoclinic, a =
8.8770(7) A, b= 11.244(1) A, ¢ = 14.690(1) A, B = 91.551(6)°,
V= 1465.7(2) A3, d . = 1.388 g cm™3, Z = 4, space group
P2,/c. Cell parameters and the intensities of 2587 independent
reflections with / > 2¢ were measured on a four-circle auto-
matic Hilger-Watt diffractometer (20°, AMo K, graphite
monochromator, §/26-scanning, 28,,,, = 60°). The structure
was solved by the direct method using the MULTAN program,
revealing all non-hydrogen atoms, and refined by the full-
matrix regression method in anisotropic approximation for
non-hydrogen atoms. All H atoms were localized by differential
syntheses and refined isotropically. The final values for vari-
ance factors are R = 0.044, R, = 0.048. All calculations were
carried out using an Eclipse S/200 computer and INEXTL
programs.” Atomic coordinates are given in Table 4 (the data
concerning thermal parameters of atoms can be obtained from
the authors).
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Photolysis of 2-dialkylamino-3-amino(or alkylamino)-1,4-naphthoquinones

V. N. Berezhnaya,* V. P. Veichinov, R. P. Shishkina, and V. I. Mamatyuk

Novosibirsk Institute of Organic Chemistry, Siberian Branch of Russian Academy of Sciences,
9 prosp. Akad. Lavrent'eva, 630090 Novosibirsk, Russian Federation.
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Using 'H and '3C NMR spectroscopy, naphthodihydroimidazolediols were identified as
the primary products of photolysis of 2-dialkylamino-3-amino(alkylamino)-1,4-naphtho-
quinones. Their further non-photochemical («thermal») transformations depend on their

structure and on the photolysis conditions.

Key words: 2-dialkylamino-3-amino(alkylamino)- 1,4-naphthoquinones, photolysis; pri-

mary products, identification.

Naphthoimidazolediones and their dihydro deriva-
tives have been isolated earlier during preparative-scale
photolyses of 2-dialkylamino-1,4-naphthoquinones.®? In
the case of 2-(4-benzoylpiperazino)-3-aminonaphtho-
quinone, an enaminonaphthoquinone was obtained,?
along with a naphthoimidazoledione, while the irradia-
tion of the respective 2-dimethylamino naphthoquinone
afforded the product of its dealkylation.! Since the for-
mation of enaminoquinones and their dealkylation prod-
ucts was observed upon the decomposition of naphthodi-
hydrooxazoles,34 it has been suggested that the primary
products formed in the photolysis of 2-dialkylamino-3-
amino- 1,4-naphthoquinones could be naphthodihydro-
oxazoles, as in the case of their 3-unsubstituted analogs.2
The purpose of the present work was to detect the
formation of the postulated intermediates using NMR
spectroscopy; this approach has been already described
by us in a detailed account.4

The low-temperature photolysis of 2-piperidino-3-
amino- 1,4-naphthoquinone (1a) carried out both in CS,
and in DMSO-d, under argon ( —90°C, 2 > 400 nm),
yields a product which has been identified (at ~20°C) as
1,2,3,4,4a,5-hexahydronaphtho[2',3":4,5]imidazo[1,2-
alpyridine-6,11-diol (2a) (Scheme 1). Our attempts to
record the low-temperature spectrum of the photolysis
product obtained from compound 1a were unsuccessful.
However, such a spectrum has been recorded for the

photolysis product derived from 2-(l-piperidino)-3-
ethylamino-1,4-naphthoquinone (1b). It has been found
that the low-temperature photolysis of naphthoquinone
1b in polar media (in the DMSO-d, matrix at —53°C or
in a toluene-d; — methanoi-d, (1:1) mixture at ~78°C),
under argon leads to S5-ethyl-1H-2,3,4 4a-tetrahydro-
naphtho[2',3":4,5]imidazo[1,2-a]pyridine-6,11-diol (2b)
(Scheme 1). Using the toluene-d; — methanol-d, sol-
vent mixture, we managed to obtain the low-tempera-
ture '"H and C NMR spectra of compound 2b. The
NMR spectra of the same sample, recorded at 20°C,
prove that 2b is stable under an inert atmosphere. In the
'H NMR spectrum of the dihydroimidazolediol 2b the
CH, protons of the N-ethyl group have different chemi-
cal shifts (CS), at 3.40 ppm and 4.02 ppm. This points to
the formation of a dihydroimidazole ring. The CH group
common to both of the newly formed rings is revealed in
the "H NMR spectrum by the one-proton signal, H(4a)*,
which appears as a doublet of doublets (JH(4a H(da) =
10.3 Hz, JH(43}_H(4L,) = 2.6 Hz) at 4.26 ppm. This con-
firms the structure of the dihydroimidazole ring and
indicates that the H(4a) atom occupies a quasi-axial
position in the piperidine ring. The absence of signals in

* The following symbols are used: ¢ — axial, e — equatorial,
a — according to nomenclature.
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