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Introduction

Amino-m-terphenyls are potentially very uscful construction units for a variety of
applications in organic chemistry, polymer chemistry, and in research related to environmental
protection. The amino functions of di- or triamino-1,1":3',1"-terphenyls 19 - 23 (Scheme 1) can
be easily exchanged for a number of other substituents and groups, including the isocyanate
function. However, a survey of the chemical literature has revealed that there are only few
methods of limited scope that are useful for the synthesis of polyamino-m-terphenyls.

In this report we wish to outline a three-step synthetic approach which allows the
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preparation of amino-m-terphenyls 19 - 23 in asimple and convenient manner. These
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synthetic strategy depicted In Scheme 1 takes advantage of a little-exploited reaction,
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reported for the first time by Gewald and Schill [1]. They had observed that the reaction of
a benzylidenemalonodinitrile with 1-(phenyl)ethylidenemalonodinitriles affords, in a single
synthetic step, the so called 3,5-diphenyl-2,6-dicyanoanilines. In an approach reported by these
authors, the middle ring of the m-terphenyl system was thus constructed in a one-pot reaction.
Furthermore, two nitrile groups and the amino function introduced in the course of the
synthesis on the newly formed middle aromatic ring, are potentially susceptible to further
reactions. Such transformation may include the removal of the nitrile functions or the exchange
of the amino group for other substituents. Our earlier investigations have revealed that the
single nitrile group on an aromatic systems, in the ortho or neighbouring positions with respect

to the amino functions, is easily removed in a one-pot reaction. This decyanation reaction involves

hydrolysis, under pressure, of the nitrile group and the decarboxylation of the resulting
aminocarboxylic or o-aminocarboxylic anions [2,3]. We have found that aromatic amines

¥ 1t 1 + It tinll 1 £
obtained through this denitrilation process are not substantially m nd th f

the decyanation reaction leading to aromatic amines are high or very high [4, 5
observation that the amino group on an aromatic system can resist such severe conditions, as
heating under high pressure in alkaline solutions, has encouraged us to investigate decyanation
of several m-terphenyls 14 - 18. All these compounds have at least one unprotected amino
group in other positions than in the vicinity of the nitrile function. In connection with the
above considerations, a new, short and simple route to polyamino-1,1":3",1"-terphenyls 19 - 23
was envisioned.

(H, NO,) (H, NH,, NO,) (H, NO,) (H. NH,, NO,)
RN = XN A
| = H H,C X = SGZN
— [3,4] — | ——
i
¢ eN NC”  CN NG CN
1 2 NH,
5-15
(H, NH,) (H, Nl/-lz) (H, NH,) (H, NH,)
. = | N I = I SN
/
NC = CN I\/i
NH, NH,
14 -18 19-23
Scheme |
General Synthesis of Di- and Triamino-1,1"3,1"-terphenyls 19 - 23 from Benzylidenemalonodinitriles 1 and 1-(Aryl)-
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employ the following approach: to a meta dihalogenobenzene, or its derivatives, are attached
two functionalized phenyl groups. The formation of the new phenyl-phenyl bonds to the
central ring of the m-terphenyl system has been carried out in the Ullmann [8,9], or more
recently, in the Suzuki reaction [10]. Thus, 4,5'.4"-triamino-1,1":3',1"-terphenyl (23) has
presumably been prepared in a complex synthesis involving the anomalous Ullmann reaction.
Unfortunately, even the basic physical data for this triaminoterphenyl have not been
reported [8]. Di- or triamino-1,1":3",1"-terphenyls have been used as starting compounds for the
synthesis of a variety of charge transporting agents [11,12], charge generating agents [13,14],

photoreceptors [15,16], or polymers [11,17] - just to mention selected examples. These areas of

application of polyammo~m—terphenyls are covered by the extensive, recent patent literature.
All di- and triamino-m-terphenvls 19 - 23 renorted herein ar
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Results and Discussion

In redesigning the Gewald reaction to suit the new synthesis of poiyamino-m-terphenyls,
we have turned our attention to nitrobenzylidenemalonodinitriles (1b, 1¢) and nitro- or amino-
substituted ethylidenemalonodinitriles 2b-e (Scheme 2). The first step in the Gewald synthesis is
the Michael addition of an anion, generated from a molecule of ethylidenemalonodinitrile 2, to
the benzylidenemalonodinitrile 1. The addition is followed by the Thorpe cycllzatlon of the
Michael product 3 to the cyclohexadiene system 4. Fi
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nitro group on the phenyi system of the investigated oenzyiide‘nemaxonoamiLrues i or/and
ylidenemalonodinitriles 2, should enhance reactivity of these dinitriles in the Michael step of
the reaction sequence leading to the terphenyls 5 - 9. It was hoped that the increased reactivity
of 1 and/or 2 in the addition step should, in turn, increase the overall yield of § - 9 (Table 1).
However, no substantial differences in yields of dinitroterphenyls 7, 8, and 9, have been
noticed, as compared with the yield of amino-nitro-terphenyls 10, 11, and 13, respectively. It is
somewhat surprising that the terphenyls having the amino and nitro groups on the side rings
(10 - 13) were obtained in slightly better yields than the terphenyls 7 - 9 carrying two nitro
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ylidenemalonodinitriles 1 and 2 would result in a substantial increase in

terphenyls 7 - § were not confirmed by our experiments.

The reaction of 1a with aminophenylethylidenemalonodinitriles 2d or 2e gave terphenyls 14
or 15 in poor yields: 32% and 29%, respectively (Table 1, entries 13 and 14). Presumably an
anion generated from 2d or 2e acts as a weak nucleophile in the addition step to the molecule
of the ylidenedinitrile 1a. On the other hand, the introduction of the nitro group on the phenyl
ring in 1, as in the case of 1b and lc, caused a nearly two-fold increase in the yields of their

reaction with 2d or 2e (Table 1, entry 9: 10 - 84%; entry 10: 11 - 53%; entry 11: 12 - 50%;
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ntry 12: 13 - 52%). Apparently, the ability of 1b or 1c¢ to accept a nucleophile generated from
is high enough to overcome the diminished reactivity of
aminophenylethylidenemalonodinitriles.
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Synthesis of Substituted 5-Amino[1,1"3'",1"-terphenyl]-4',6'-dicarbonitriles 5 - 15 from Ylidenemalonodinitriles 1 and 2

Table 1
Preparation of Nitro- and/or Amino-substituted [1,1":3',1"-terphenyl]-4',6"-dicarbonitriles 5 - 15
from la or Nitrobenzylidenemalonodinitriles 1 and from 2a or |-(Amino- or Nitrophenyl)ethylidenemalonodinitriles 2

Entry Substrates Product X Y Yield (%)
1 1a and 2b 5 H 3"-NO,;" 59
2 1b and 2a 5 3-NO, H* 66
3 la and 2¢ 6 H 4"NO,® 77
4 lc and 2a 6 4-NO, H° 76
5 1b and 2b 7 3-NO, 3"-NO, 63
6 1b and 2¢ 8 3-NO, 4"-NO, 63
7 1c and 2b 8 4-NO, 3"-NO, 47
8 1c and 2¢ 9 4-NO, 4"-NO, 44
9 1b and 2d 10 3-NO, 3"-NH, 84
10 1b and 2e 11 3-NO, 4"-NH, 53
11 1cand 2d 12 4-NO; 3"-NH, 50
i2 icand Ze i3 4-NO, 4"-NH; 52
13 1a and 2d 14 H 3"-NH,* 32
14 la and 2e 15 H 4"-NH,’ 29

“ For compound 5 3"-NQO; = 3-NO,.
" For compound 6 4"-NO, = 4-NO,.
* For compound 14 3"-NH, = 3-NH,.
4 For compound 15 4"-NH, = 4-NH,.

Nitro- or aminophenylethylidenemalonodinitriles 2b - e were synthesized through the
condensation of corresponding nitro- or aminoacetophenones with malonodinitrile in the

thick aile which crvctallizad verv clowly at 0°C in the cource of 2 - 3 weeke The
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2b or 2¢. In contrast with these difficuities, and with an earlier
preparation of 2d in a very poor yield (14%) [18], the condensation of 3'- or
4'-aminoacetophenone with malonodinitrile went smoothly, giving 2d or 2e in satisfactory
yields. To introduce three amino groups on the terphenyl system, as in 21 - 23 (Table 3), the
intermediate compounds 7 - 13 should have two nitro- (7 - 9) or amino- and nitro groups (10 -
13, Table 2) on the side rings. Since the synthesis of starting ylidenedinitriles 2d or 2e is less
complicated than 2b or 2¢, for a larger-scale preparation of triaminoterphenyls 21 - 23 the
route leading from 2d or 2e, via amino-nitroterphenyls 10 - 13, seemed more convenient,

The nitro group of ylidenemalonodinitriles 1 and 2 perform an essential role in the first ste
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of the synthetxc sequence Wthh leads to the terphenyls 5 - 13. The presence of the nitro groups
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are also precursors of the amino groups of the target aminoterphenylis 21 - 23. After performing
their task in the first stages of the synthetic sequence, the nitro groups of 5 - 13 were reduced
to give the amino functions. This reduction was necessary since the next transformation
involves heating of 14 - 18 in strong alkaline solutions (Table 3). The reduction of nitro
terphenyls 5 - 13 was carried out in a standard manner using tin and ethanol-hydrochloric acid
solutions (Scheme 3). Under these conditions, the reduction of dinitroterphenyls 5 - 9 was as
smooth and efficient as the reduction of amino-nitroterphenyls 10 - 13 (Scheme 3, Table 2).
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Scheme 3
Preparation of Di- or Triamino[1.1":3",1"-terphenyl}-4',6'-dicarbonitriles 14 - 18

Table 2
The Reduction of Nitro-substituted 5'-Amino-[1,1":3',1"-terphenyl]-4',6'-dicarbonitriles § - 13 with Tin and Hydrochloric Acid
Entry Substrate X Y Product X Y Yield (%)
1 5 H 3".NO, 14 H 3"NH," 87
2 6 H 4"-NO," 15 H 4"-NH,’ a5
3 7 3-NO, 3"-NO, 16 3-NH, 3"-NH, 91
4 10 3-NO; 3"-NH, 16 3-NH, 3"-NH, 93
5 8 3-NO, 4"-NO, 17 3-NH, 4"-NH, 95
6 ii 3-NO, 4"-NH, 17 3-NH, 4"-NH, 88
7 12 4-NQ, 3"-NH, 17 4-NH, 3"-NH, 92
9 4-NO, 4"-NO, 18 4-NH,; 4"-NH, 90
9 13 4-NO, 4"-NH, 18 4-NH; 4"-NH, 86
“ For compound 5 3"-NO, = 3-NO,.
" For compound 14 3"-NH; = 3-NH,
 For compound 6 4"-NO, = 4-NO,.
4 For compound 15 4"-NH; = 4-NH,.



-terphenyl]-4',6"-dicarbonitriles (14 - 18) were then subjected to the
final, denitrilation reaction. This reaction involves heating in a pressure vessel at ~220 °C for
several hours of the fine powdered terphenyls 14 - 18 with an excess of sodium hydroxide
dissolved in ethanol. Under such conditions, the two nitrile groups of 14 - 18 were removed to
afford di- or triaminoterphenyls 19 - 23 in moderate yield. As expected, the unprotected amino
groups on the terphenyl system were not substantially affected by the severe conditions of the
denitrilation reaction.

X Y T x y ]
A /] A /]
Pz N X~ NaOH/C,H,OH P N X
Nc/'\'/\CN 220 Oom:zs MPa Na@)@ooc)\}/\coo@,ma@
NH, ’ NH,
14 -18 14a - 18a

X=H. NH,: Y=NH,

Scheme 4
Denitrilation of Di- and Triamino[1,1"3",1"-terphenyl]-4',6"-dicarbonitriles 14 - 18

Tahle 3
130

iSO

Synthesis of Di- and Triamino-1,1":3",1"-terphenyls 19 - 23

Entry Substrate Product X Y Yield (%) m.p. (°C)
i id i H 3"-NH," 69 62-63
2 15 20 H 4"-NH,’ 79 69-70
3 16 21 3-NH, 3"-NH,* 68 89-91
4 17 22 3-NH, 4"-NH, 36 96-98
5 18 23 4-NH, 4"-NH, 49 191-192
“ For compound 19 3"-NH; = 3-NH,.
* For compound 20 4"-NH; = 4-NH,
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are unaffected under a variety of hydroly‘uc conditions. It is presumed that heating of
compounds 14 - 18 with ethanolic sodium hydroxide solution at pressure of ~ 2.5 MPa and at
temp. above 200 °C, may cause the conversion of the nitrile groups to anions of corresponding
carboxylic acids 14a - 18a (Scheme 4). These dianions seem to be unstable at temperatures 220
- 230 °C and easily decarboxylate to amines 19 - 23. It is difficult to establish whether both
dicarboxylic acid anions (14a - 183) decarboxylate 31multaneously or in a sequential process.
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broad melting points. Attempts to recrystallize amino-terphenyls 19 - 23 from a variety of
alcohols and other solvents often result in formation of syrup-like solutions. These properties
are presumably associated with the specific nature of investigated amines. All obtained
compounds have a characteristic substitution pattern, i.e. in 19 - 23 at least one amino group is
in the meta position with respect to other phenyl groups. The synthesized amines resemble
meta-aminobiphenyls, which also form very thick oils. Furthermore, a hypothesis concerning
the existence of stable non-planar conformers for m-terphenyl has also been put forward
[20,21].

Amines 19 - 23 are stable during storage. They behave as relatively strong bases and easily
form hydrochlorides which dissolve well in water.
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The regioselectivity of introducing the amino functions on the m-terphenyl system via the
reaction sequence presented here (Scheme 1), has some limitations. The Gewald reaction
obviously allows the introduction of the amino group on the middle ring of synthesized
terphenyls, exclusively in the 5' position. The amino functions on the side rings can be placed
in the following position: 3 or 4 for the diamino-m-terphenyls 19 or 20, and in (3,3"), (3,4") or
(4,4") positions for the triamino-terphenyls 21, 22, and 23, respectively (Table 3). The
substitution pattern of amino-terphenyls 19 - 23 is thus closely connected with the mode of

substitution of starting ylidenemalonodinitriles 1 and 2, and their ability to undergo the
translonnation in the Gewald reaction. Unfortunately, o-nitrobenzylidenemalonedinitrile and
1-(2-nitrophenyl)ethylidenemalonodinitrile have failed, presumably due to sterical reasons, to
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u lUCIgU L1C ucwaia reacuion FICiILT, WU 1ldavC
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certain triamino-m-terphenyis which would have at least one amino group in the 2 or 2"

position, has not been feasible by the approach presented herein.

Experimental Section

Melting points were determined on a Mel-Temp II melting point apparatus in open
capillaries and are uncorrected. Infrared spectra were recorded on a Brucker IFS 48
r pellets s. 'H and C NMR spectra were taken at 500 MHz and 125 MHz

ctrometer usine CDCl. or DMSO-
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Elementar analyses were performed by the Regional Laborator
Analyses, Krakow.
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Synthesis of starting ylidenemalonodinitriles.

Benzylidenemalonodinitrile (1a) [22], 3-nitrobenzylidenemalonodinitrile (1b) [22], 4-nitro-
benzylidenemalonodinitrile (1¢) [23], and 1-phenylethylidenemalonodinitrile (2a) [24] were
obtained according to procedures reported in the literature.

[-(3- or 4-Nitrophenyl)ethylidenemalonodinitriles (2b) and (2c);, General Procedure:

In a flask fitted with Dean-Stark water separator was placed glacial AcOH (2.4 g, 0.04 mol)
and ammonium acetate (1.5 g, 0.02 mol). The flask was gently heated to dissolve ammonium

acetate. A solution of 3'- or 4'- mtmaoetnph none (8.3 g g, 0.05 mg]) in benzene (40 ml) and
malonodinitrile (3 3 a. 0.05 mol) were added. The solution was heated to vicorous reflux
AAAAAA &, AV AN LAAUA} Y Wi W MNdviA W Ny A Alw [SACP AT AV YY o Ailwidiwud (S V) Y ISUI AP AT SN ) Aw 11U
Ay Al <xvne ad sxith wvxratar (2L AN Al nmAd Awiad ~srae 4 hxrAdemrta tvancr i AcIi Ty G 1.
aur HIE, “+ 11, WQDIJCU Willl Waléel \2ATV 1111 ), dlld Ui 1I€a OVel ann_yul Uu> llldbllcblulll bulldlc

Benzene was removed under reduced pressure to give thick, brown oil. The oil was dissolved
in hot ethanol (40 mi), chilled to room temperature and seeded with authentic crystals of 2b or
2¢. The precipitate was filtered off and recrystallized from ethanol. It was found that, unless
seeded, crude oily 2b or 2¢ crystallized with difficulty when kept at 0°C for 2 or 3 weeks. In
some experiments cooling of the ethanol solutions of crude oily 2b or 2¢ to -78°C was also
helpful to induce the crystallization.

- /3—lemphenvl)ethvlzdenemalonodtmtrzle (2b) [25].

light brown cubic crystals; yield 7.1 g (67 %); m.p. 102 - 103°C (lit. [25] m.p. 145 °C, no
spectral data); 'H NMR (CDCl;) § 2.72 (s, 3H), 7.76 (dd, 1H, J= 8.1, 7.9 Hz), 7.91 (d, 1H, J=
7.9 Hz), 8.38 (s, 1H), 8.42 (d, 1H, J= 8.1 Hz); >C NMR (CDCl;) & 24.3, 87.5, 111.7, 111.8,
122.3,126.4, 130.6, 132.0, 137.3, 148.5, 172.4; IR (KBr) 3086, 2929, 2226, 1600, 1586, 1530,
1360, 854, '8, 702 cm”. Anal. Calcd for C,,H;N;05: C, 61.97; H, 3.31; N, 19.71. Found: C,

I-(4-Nitrophenyl)ethylidenemalonodinitrile (2¢c) [24]:

light brown cubic crystals; yield 7.5 g (70 %); m.p. 153 °C (lit. [24] m.p. 154 °C); '"H NMR
(CDCls) 8 2.70 (s, 3H), 7.71 (d, 2H, J= 8.7 Hz), 8.37 (d, 2H, J= 8.7 Hz); "C NMR (CDCl;) &
24.4, 87.6, 111.6, 111.7, 124.3 (2C), 128.4 (ZC) 141.6, 149.5, 172.8; IR (KBr) 3111, 2939,

2232, 1600, 1580

i D Ly

/1'1['

A mixture of 3'- or 4'-aminoacetophenone (13.5g, 100 mmol), malonodinitrile (6.9 g,
105 mmol), ammonium acetate (2.5 g, 32 mmol), glacial AcOH (2.5 g, 42 mmol), and benzene
(30 ml) was magnetically stirred and heated for 3 h with continuous removal of water in a
water separator. Usually, shortly after the beginning of heating (~ 15 min) yellow crystalls of
the condensation product start to separate from the hot reaction solution. The mixture was
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°C, the solid ylidenemalonodinitrile was fiitered off and washed with cold ethanol
or 2e as yellow needles.

1-(3-Aminophenyl)ethylidenemalonodinitrile (2d):

vield 15.5 g (85%); m.p. 166 - 167°C; '"H NMR (CDCl5) & 2.59 (s, 3H), 3.88 (s, 2H), 6.79 (s,
1H), 6.82 (d, 1H, J= 8.0 Hz), 6.88 (d, 1H, J= 7.8 Hz), 7.26 (dd, 1H, J= 8.0, 7.8 Hz); *C NMR
(CDCly) 6 24.2, 84.2, 112.8, 113. 0 (20), 117.2, 118.6, 130.1, 136.9, 146.9, 175.9; IR (KBr)
3463, 33609, 3230, 2226, 1624 (‘m . Anal. Calcd for (".HH_QN C, 72.11; H, 4.95; N, 22.94.

22U AL I L L) a1l P A N Ny L

Found: C, 71.98: H, 4.84: N, 23.06.

1E%A . SN S AU, 2

1-(4-Amino r1EFIY L) ELrTy nemacior ity («€) [101
yield 16.1 g (88%); m.p. 205 - 206 °C (lit. [18] m.p. 185 °C); '"H NMR ((CD;),S0) & 2.52 (s,
3H), 6.47 (s, 2H), 6.64 (d, 2H, J= 8.8 Hz), 7.60 (d H, J= 8.8 Hz); “C NMR ((CD;),S0) &

22.8,73.7, 112.8 (2C), 115.3, 115.7, 121.3, 131.0 (2C), 154.3, 173.5; IR (KBr) 3456, 3362,
3237,2214, 1643 cm™'.

Synthesis  of  Nitro- and/or Amino-substituted  5"-Aminofl1,1':3',1"-terphenyl]-4'6'-
dicarbonitriles 5 - 15, General Procedure:

nodinitrile 1 (15 mmol) and I-aryl-

i a

sol 1alo e
ethyl1denemalon0dm1trile 2 (15 mmol) in acetonitrile (25 ml) was slowly added plperldme (O 5

o . ~ anlid ~
IHI} J.HC bUlUUUIl UdlKCIlCU warimea up, auu LllC bUllU 11101

n T

1

f 2
elimination of hydrogen cyanide from 4. The solid terpnenyls 5 - 15 were filtered off and
recrystallized (Table 1).

5"-Amino-3-nitro[1,1':3" 1"-terphenyl]-4',6'-dicarbonitrile (5):
colourless rods from CH3;CN, m.p. 234 - 236 °C ; 'H NMR ((CD3),S0) 6 6.93 (s, 1H), 6.99 (s,

2H, NH,), 7.51-7.57 (m, 3H), 7.65-7.68 (m, 2H), 7.84 (dd, 1H, J= 8.2, 7.8 Hz), 8.13 (d, 1H, J=
7.8 Hz), 8.37 (d, 1H, J= 8.2 Hz), 8.49 (s, 1H); "C NMR ((CD3),S0) 8 94.1,94.9, 115.8, 115.9,
118.6, 123.5, 124.2, 128.6 (2C), 128.7 (2C), 129.6, 130.3, 135.4, 137.3, 138.8, 147.4, 147.8,
150.2, 154.1; IR (KBr) 3475, 3369, 3243, 2208, 1636, 1522, 1338 em™. Anal. Caled for
~ T 7 . . D

5"-Amino-4-nitro[1,1':3', 1"-terphenyl]-4',6"-dicarbonitrile (6).

yellow needles from CH;NO,, m.p. 241 - 242 °C, (lit. [26] m.p. 244 - 246 °C); 'H NMR
((CD3).S0O) & 6.88 (s, 1H), 7.01 (s, 2H, NH,), 7.51-7.57 (m, 3H), 7.65-7.68 (m, 2H), 7.95 (d,
2H, J= 8.6 Hz), 8.37 (d, 2H, J= 8.6 Hz); *C NMR could not be obtained due to low solubility
of 6 in most NMR solvents; IR (KBr) 3456, 3356, 3243, 2214, 1661, 1513, 1347 cm™. Anal.
Calcd for CyH;2N4O,: C, 70.58; H, 3.55; N, 16.46. Found: C, 70.42; H, 3.58; N, 16.34.
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5"-Amino-3,3"-dinitrof 1,1':3',1"-terphenyl j-4' 6 '-dicarbonitrile (7):

pale yellow amorphous solid (after sublimation), m.p. 256 - 257 °C, insoluble in common
solvents; 'H NMR and “C NMR could not be obtained; IR (KBr) 3469, 3349, 3243, 2220,
1649, 1530, 1347 cm™. Anal. Calcd for C,0H,;NsO,: C, 62.34; H, 2.88; N, 18.17. Found: C,
61.99; H, 2.92; N, 18.15.

S-Amino-3,4"-dinitro[1,1':3", 1 "-terphenyl ]-4' 6 '-dicarbonitrile (8).

light yellow amorphous solid from CH;NO,, m.p. 306 - 307 °C; '"H NMR ((CD;),S0) & 7.02 (s,
1H), 7.14 (s, 2H, NH,), 7.85 (dd, 1H, J= 8.2, 7.9 Hz), 7.96 (d, 2H, J= 8.8 Hz), 8.14 (d, 1H, J=
7.9 Hz), 8.37-8.40 (m, 3H), 8.51 (s, 1H); I3C NMR could not be obtained due to insufficient

solubility of 8 in most NMR solvents; IR (KBr) 3444, 3349, 3249, 2214, 1655, 1520, 1349 cm’
T Amal (Caled anf‘, NN A UA-H 27N 117 Fannd- Y A2 N0 11 9 7Q. T\T 1 7§
»AndL CalCd 10T Uopll i85 J4. w, UL.07, 1L, £.005 IN, 10.1 /. FOUIIG! U, OL.UT, 11, £.7/06, IN, 10.£0

5'-Amino-4,4"-dinitro[1,1':3" 1"-terphenyl]-4',6"-dicarbonitrile (9):

yellow needles from CH3NO,, m.p. 352 - 353 °C; 'H NMR ((CD3),S0) & 6.96 (s, 1H), 7.15 (s,
2H, NH,), 7.95 (d, 4H, J= 8.8 Hz), 8.38 (d, 4H, J= 8.8 Hz); *C NMR could not be obtained
due to insufficient solubility of 9 in most NMR solvents; IR (KBr) 3475, 3369, 3237, 2214,
1642, 1523, 1352 cm™. Anal. Calcd for CyH;NsOy4: C, 62.34; H, 2.88; N, 18.17. Found: C,
62.09; H, 2.88; N, 17.90.

nale vallaw nlatee fram O n \,.Qﬂ\ 8535 (g ? NH.Y 669
paic YCiiOW pPiails 1TOM Uri3iNuwyg, 1 Z i1 N N3 ORs) O D00 \5, &1, 181413, V.0
/A T =7 QUIxY AT744(4 1Y J= 7 A4 112\ I:'7'7{n 1Y ARA e TN A QY (¢ "7 NHY 714
(a, 1, J= /.6 n1Zj, 6./91Q, 111, v— .2 11Z), 0.7/ 7 {8, 111j, 0.0% (S5, 111, O.72 {5, 211, 1N112), /.10
/s 11 11T I 7 0Q 7T ATXTI_\N TQOA 1.1 1TT L;"IO 7T LTIy © 11T /31 11T I— 7 & 11 Q727 /4 1LY J—
(dd, 1H, J=17.8, 7.4 Hz), 7.84 (dq, 1H,J= 7.8, 7.5 nz), 8.11 {a, 1n,s= /7.5 nz),8.5/(qa, IH, J~=
13
7.8 Hz), 8.45 (s, 1H); "C NMR ((CDs),S0) § 93.7,94.8, 113.5, 114.9, 115.75, 115.85, 115.88,

118.4, 123.4, 124.1, 129.2, 130.4, 135.3, 138.0, 138.9, 147.2, 147.8, 149.0, 151.2, 154.1; IR
(KBr) 3425, 3356, 3224, 2214, 1643, 1530, 1359 cm™. Anal. Caled for CyH;3NsO;: C, 67.60;
H, 3.69; N, 19.71. Found: C, 67.40; H, 3.60; N, 19.43.

4.5"-Diamino-3"-nitro[1,1':3',1"-terphenyl]-4',6'-dicarbonitrile (11):
small yellow rods from CH3;NO,, m.p. 281 °C; "H NMR ((CDOoSO) & 5.65 (s, 2H, NH,), 6.65

-——l\

= N
<

130.3, 135.2, 139. , 14 , 1,
1532, 1350 cm’". Anal Calcd for CooH3N50,: C, 67.60; H, 3.69; N, 19.71. Found: C, 67.
3.75: N, 19.70.

3,5"-Diamino-4"-nitro[1,1':3" 1"-terphenyl ]-4' 6"-dicarbonitrile (12).
yellow amorphous solid (after sublimation), m.p. 308 - 309 °C; 'H NMR and C NMR spectra
of 12 could not be obtained due to insufficient solubility; IR (KBr) 3419, 3343, 3161, 2214,
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1668, 1513, 1347 cm™’. Anal. Caled for Cy0H;3Ns5O,: C, 67.60; H, 3.69; N, 19.71. Found: C,
67.28; H, 3.74; N, 19.60.

4,5'-Diamino-4"-nitro[1,1":3’ 1 terphenyl] 4'.6'-dicarbonitrile (13):

orange needles from CI;NO,, m.p. 286 - 287 °C; 'H NMR ((CD;),S0) & 5.65 (s, 2H, NH>),
6.65 (d, 2H, J= 8.5 Hz), 6.77 (s, 2H, NH;), 6.78 (s, 1H), 7.37 (d, 2H, J= 8.5 Hz), 7.89 (d, 2H,
J= 8.7 Hz), 8.34 (d, 2H, J= 8.7 Hz); l3C NMR ((CD;),S0O) 8 94.9, 93.8, 113.4 (2C), 116.0,
116.5, 117.8 (2C), 123.6 (2C), 129.8 (2C), 130.1 (2C), 144.1, 147.0, 147.8, 150.6, 150.7,
154.3: IR (KBr) 3425, 3349, 3205, 2208, 1655, 1523, 1347 cm™'. Anal. Calcd for Cy0H;3NsO5:
C, 67.60; H, 3.69; N, 19.71. Found: C, 67.39; H, 3.75; N, 19.79.

3,5"-Diamino[1,1':3',1"-terphenyl[-4',6"-dicarbonitrile (14):

colourless needles from CH;NO,, m.p. 243 - 244 °C; 'H NMR ((CD;),S0) & 5.31 (s, 2H, NH,),
6.60-6.76 (m, 4H), 6.77 (s, 2H, NH,), 7.13 (s, 1H), 7.45-7.68 (m, 5H); *C NMR ((CD;),SO) &
93.7, 93.9, 113.5, 114.8, 115.7, 116.0, 116.1, 118.3, 128.4 (2C), 128.7 (2C), 129.2, 129.4,
137.5, 138.1, 148.9, 149.6, 150.8, 154.1; IR (KBr) 3425, 3393, 3349, 3218, 2208, 1655 cm™".
Anal. Caled for CoH4Ny: C, 77.40; H, 4.55; N, 18.05. Found: C, 77.09; H, 4.63; N, 18.36.

BN

!
Dznmivnnf}

_Ln
- 8
3
Q
.

pale yellow needles from CH3;NO,, m.p. 321 - 322 °C;
Ni1,), 6.66-6.70 (m, 3H), 6.71 (s, 2H, NH,), 7.37 (d, 2H, J= 8.2 Hz), 7.49-7.61 (
NMR ((CD;),S0) 6 92.2, 92.9, 113.5 (2C), 116.4, 116.8, 117.9, 123.9, 128.5 (2C), 128.7 (2C),
129.3, 129.7 (2C), 137.8, 149.4, 150.5 (2C), 154.4; IR (KBr) 3431, 3356, 3218, 2208, 1643
cm’’. Anal. Caled for CyHi4sN,: C, 77.40; H, 4.55; N, 18.05. Found: C, 77.07; H, 4.60; N,
18.13.

The Reduction of Nitro-substituted 5'-Amino[1,1':3",1"-terphenyl]-4',6"-dicarbonitriles 5 - 13;

General Procedure:

A vigorously stirred mixture of the terphenyl 5 - 13 (4 mmol), tin powder (2.5 g), and

0 o
ethanol (30 ml) was heated to 80 °C and conc. hydrochloric acid (18 ml) was slowly added
. ol Ao o it Ol i L] Lanes o adAdAA Lia suratnamos ~F than
during 2 h. After approximately one third of the acid had been added, the suspension of the

nitro-terphenyl usually dISSOlVed and the mixture became clear for a few minutes, then a fine
precipitate began to separate. After additional 1 h of heating and stirring, the chilled mixture
was poured into stirred, 20% sodium hydroxide solution. The terphenyls 14 - 18 were filtered
off, washed with water, and recrystallized from nitromethane (Table 2). For compounds 14 and
15 obtained from nitroterphenyls 5 and 6, respectively, physical and spectral data were
identical with the data of 14 and 15 synthesized directly from aminophenyl-
ethylidenemalonodinitriles (Table 1, entry 13 and 14).
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/ . 1.4' o -

’ ’ LFe ’ - y ric LJTT, C(4U/,
m ]l Sl mvanAdlae s MAAT I M o~ YO A Q& O, ITI’ ANAAD 77T N M © £ "7"\ s ATTY
paic yCulow ICCUICS ITOIIL LIVIE - Iip\J, TIILP. 2404 - £60 U, Il INIVIIN ((LL23)0U) 0 0.0Z (S, 411,
2xNH,), 6.65 (s, 1H), 6.70 (d, 2H, J= 7.8 Hz), 6.71 (s, 2H), 6.72 (d, 2H, J= 7.4 Hz), 6.76 (s,

2H, NH,), 7.15 (dd, 2H, J= 7.8, 7.4 Hz); *C NMR ((CD3),S0) § 93.5 (2C), 113.4 (2C), 114.8
(2C), 115.6 (2C), 116.1 (2C), 118.0 (2C), 129.1 (2C), 138.2 (2C), 148.9 (2C), 150.6 (2C),
154.0; IR (KBr) 3469, 3375, 3331, 3224, 2214, 1630 cm™. Anal. Caled for CoH;sNs: C, 73.83;
I1, 4.65; N, 21.52. Found: C, 73.48; H, 4.69; N, 21.63.

3,4",5"-Triamino[1,1":3', 1"-terphenyl]-4' 6'-dicarbonitrile (17):
pale yellow needles from DMF - H,O, m.p. 322 - 323 °C; 'H NMR ((CD3)QSO) 0

T T

NH,), 5.60 (s, 2H, NH,), 6.57 (s, 2H, NH,), 6.63 (s, 1H), 6 d, 2H, /=8.5 Hz ), 6. (d, H,
=78 Hz) 6.68 (d 2H /=78 Hz) 672 (s. 1TH) 7.12 (+ 1H r=7szu~,\ 733 (d 2H /=85
o 7« llb}, AV ERVAS ) \u, &IL, (¥ 7 O L].L.}, o 1 \Q, lll}, I o L hee \L, .lll, [ i O J.AL}, I JdJ \U, Lrll.’ J .
TT-N 13[‘\{\‘“ Ty YCMY S 0ON 1 (\’\K 1177 & /MY 114 £ 11& £ 11L 7 112 0O 117 £ 1A N
riz); "U NMR (LD )dU) 0 Y20, 2.6, 1155 (40), 114.0, 115.6, 116.3, 110.8, 11/.6, 124.0,
129.1, 129.6 (2C), 138.5, 148.9, 150.2, 150.3, 150.4, 154.3, 162.3; IR (KBr) 3437, 3349, 3218,
2208, 1643 cm™. Anal. Caled for CyH;sNs: C, 73.83; H, 4.65; N, 21.52. Found: C, 73.57; H,
4.71;N,21.29.

4,4", 5" -Triamino[1,1':3" 1"-terphenyl]-4' 6'-dicarbonitrile (18):
yellow amorphous solid from DMF - H,O, m.p. 395 - 396 °C; 'H NMR ((CD;),SO) & 5.57 (s,
4H, 2xNH,), 6.46 (s, 2H, NH>), 6.63 (s, 1H), 6.64 (d, 4H, J= 8.4 Hz), 7.32 (d, 4H, J= 8.4 Hz);

13

C NMR ((CD;),S0) & 91.3 (2C), 113.4 (4C), 117.0 (2C), 117.3, 124.3 (20), 1295 (4C),
1800 (MY 18502 (Y 1854 A TR (KR 2471 228546 1212 27N 1840 ~rm” Anal (Calsrd far
1JV. U (& O }, IJU \1.4\_,}, PJ5T.U, 11N\ \J.\.L)l} dTMIL, JIINU, JL10, LV, 1VUTS Vi illal, valvu vl
ML N 72 Q0210 A AS-N DT &) EatniemAdA ™ 72 A2 17 A &7.0N 21 A4
CoollsiNs: U, 73.63; 11, 4.05; IN, 21.04, POUNG: U, 73.43; 11, 4.0/, IN, £21.40

Q

Elimination of Nitrile Groups from the Terphenyls 14 - I8.
synthesis of Amines 19 - 23:

eneral Procedure jor the

Di- or triaminodicyanoterphenyl 14 - 18 (6 mmol) was suspended in a solution of sodium
hydroxide (3.0 g, 75 mmol) in ethanol (100 ml). The mixture was heated at 220 °C for 4 h,
without stirring, in a 250 ml autoclave (~2.5 MPa). On opening of the autoclave a strong odour
of ammonia was noticeable. Ethanol was evaporated under reduced pressure and the residue
was mixed with water to dissolve inorganic salts and the excess of sodium hydroxide. The

mixture was cooled in ice-water for 2 h and the precipitated crude amine was filtered off and
washed thoroughly with water. Drv amine was dissolved in 10 % hvrhn(']‘ﬂnrlr‘ cid (5 m]) and
Yyaolivwi LllULUuslll VY ivil Y WAV, ULJ CAAAL1IRAN VY LA AL T LA SAV NN SN B SV NAhdNTWwik AW \rl“ \-/ lllll A ANA

ath, and neutrallzed by the slow addition of
queous ammonia. White pre Flinmnd ~0 nmd rnc Tha crninec 10
qUCUub dITlT10Illd. VVI1ILC P LLI[)ILdLC was Tiereda oOil auu wabucu Wllll WaI.CI lllC dlllllle 17 -
3 obtained in this manner were suitabie for most synthetic purposes. An analytical sample was
further purified by dissolving of a di- or triaminoterphenyl in a small amount of methanoi and
converting it again into a hydrochloride by the addition of conc. hydrochloric acid. The
hydrochloride solution was cooled to 0 °C for 3 - 4 h, the precipitate was filtered off and

dissolved in a small amount of water. The hydrochloride was converted into free amine with
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ad amrinma tyac Fltavad ~AFF nchad th xintae and delad
CU alllillc wad 11ilelTu Uill, wasinea Wllll Wwater ana ariea
PRI o -1

23 can be recrystallized from
a mixture of methanol-water. Others crystallize with difficuity or separate from such solutions
as glassy solids of undefined melting points. The purified amines can be stored at room temp.

and in darkness for several months, while their hydrochlorides slowly decompose on storage.

UUUL[ vacuum Over blllbd g

[1,13" 1"-Terphenyl]-3,5'-diamine (19):

yield 69 %, colourless needles from methanol - H,O, m.p. 62 - 63 °C; 'H NMR ((CD3).S0) 8
5.28 (br.s., 4H, 2xNH,), 6.57 (d, 1H, J= 7.1 Hz), 6.79 (d, 1H, J= 7.1 Hz), 6.80 (s, 1H), 6.82 (s,
1H), 688(3 1H), 6.96 (s, 1H), 7.09 (t, 1H, J= 7.1 Hz), 7.33 (t, 1H, J= 6.8 Hz), 7.44 (t, 2H, J=

13
6.8 Hz), 7.61 (d, 2H, J= 6.8 Hz); "'C NMR ((CD;),SO) 6 111.3, 111.5, 112.3, 113.1, 113.2,
1145 1266 (2CY 1272 128 (MICY 12072 14172 1414 1417 1475 1482 140 2- TR (KR+
LIT.J, 14U \& Jy bl by LAD.O &N J, VAT dey LT Lodey 1Ly 1717, 194.0, 170.0, 197.5, 1IN (DI
2ANK 22A0 2919 AINI0 1417 150" 15QN 1411 QLY T&A £08  natl ITDANAQ ~nl~Ad s
S38LD, 3347, JdL1L, dULY, 101/, 1074, 150U, 1411, 83z, /04, 0Y0 Cinl ; rIRIVID Calca 101
— TITr AT AATYN AL 1319 £ A NN 1971
CigllplNp (VI ) LOVUL 1D 13, TOUNA £0VU. 1041

[1,1°:3', 1"-Terphenyl]-4,5"-diamine (20):

yield 79 %, colourless amorphous solid (after sublimation), m.p. 69 - 70°C; 'HNMR
((CDs),S0O) 6 5.28 (br.s., 4H, 2xNH,), 6.68 (d, 2H, J= 8.0 Hz), 6.76 (s, 1H), 6.80 (s, 1H),
6.96 (s, 1H), 7.33 (t, 1H, J= 6.8 Hz), 7.37 (d, 2H, J= 8.0 Hz), 7.43 (t, 2H, J= 6.8 Hz), 7.62 (d,
2H, J= 6.8 Hz); C NMR ((CD5),S0) & 110.3, 110.6, 112.5, 114.3 (2C), 126.6 (2C), 127.07,
127.14 (2C), 128.5, 128.7 (2C), 141.35, 141.37, 142.0, 1480 149.2; IR (KBr) 3431, 3343,

3205, 3029, 1609, 1592, 1575, 1511, 827, 764, 695 cm’'; HRMS calcd for C]gH](,NQ (M")
760 121

1
ound 2601320
LS P LA A I G 2V

1
, 1UUIL

r1 1/ ’)VIH’F 221

[1,1":3" 1"-Terphenyl]-3,3" 5"-triamine (21):

yleld 68 %, colourless needles from methanol - H,O, m.p. 89 - 91 °C; '"H NMR ((CD;),S0) &
5.19 (br.s., 6H, 3xNH,), 6.55 (d, 2H, J= 7.7 Hz), 6.74 (s, 2H), 6.75 (d, 2H, J= 7.7 Hz), 6.83 (s,
2H), 6.88 (s, 1H), 7.08 (t, 2H, J= 7.7 Hz); “C NMR ((CD;),SO) & 111.1 (2C), 112.2 (2C),
113.0 (2C), 113.1, 114.3 (2C), 129.2 (2C), 141.9 (2C), 142.2 (2C), 148.9 (2C), 149.2; IR (KBr)
3419, 3349, 3212, 3036, 1610, 1592, 1580, 1492, 1411, 852, 783, 695 cm™; HRMS calcd for
CgH,7N; (M") 275.1422, found 275.1424.

[1,1':3" 1"-Terphenyl]-3,4", 5"-triamine (22)

)

, 0. 7,75
Hz), 7.31 (d, 2H, J= 8.4 Hz); °C NMR((CD3)2SO)6 1102 1103 1123 112.4, 1130 114.2
(20), 114.5, 127.0 (2C), 128.6, 129.1, 141.7, 142.0, 142.2, 148.0, 148.7, 149.0; IR (KBr) 3429,
3345, 3209, 3031, 1617, 1592, 1580, 1517, 1404, 1287, 827, 785, 693 cm™'; HRMS calcd for
C,sH,7N3 (M) 275.1422, found 275.1419.
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fl ,"2' ]”zT/_)D"l’l r_)vny’7‘/f //” Q'_f»ﬂnmrmn /7?]
[ 44 I d LCTricriyt f=7,7 ,J “LF LLAITLLTIC (&J/.
viald AnO/_ qmal 1 Ade Franma maathamal LT N - 101 10" 0.
yicia a7 u, Siflal / as 11Ol IMCuldnol - riy\yv, p 171 - 1Y4

(d, 4H J=8 HZ), PC NMR ((CD;),S0) & 109.2 (2C), 111.5, 114.1 (4C), 127.0 (4C), 128.7
(2H), 141.7 (2C), 148.0 (2C), 149.0; IR (KBr) 3449, 3356, 3209, 3021, 1617, 1590, 1517,

1467, 1283, 1182, 827, 698 cm’'; HRMS caled for CgH,7N; (M") 275.1422, found 275.1419.
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