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Abstract—Conjugated phenylazoalkenes react with aliphatic amines to give mixtures of syn- and
anti-phenylhydrazones, the composition of which is solvent dependent. A mechanism for these reactions
is proposed. The structures of the products were determined by spectroscopic methods.

It is known that conjugated phenylazoalkenes react
with Grignard compounds furnishing phenyl-
hydrazones in the syn configuration,'* whereas with
anionic reagents they give anti isomers.’ In the case
of phenylazocycloalkenes the attack of the reactant at
C-2 of the aliphatic residue always occurs in the axial
mode.

Only one reaction of a conjugated azoalkene with
an aliphatic amine has been reported.®” The reaction
in methanol, gives a single phenylhydrazone, while in
tetrahydrofuran (THF) it furnishes a mixture of
isomeric phenylhydrazones.

The aim of the present paper is to investigate: (i)
the role of the solvent in the distribution of the
isomers; (ii) the kinetic or thermodynamic control of
the reactions; (iii) the reaction mechanisms and the
relative stereochemistry.

We have therefore considered the reaction of
1-phenylazocyclohexene (1) with piperidine in three
different solvents, methanol, THF, and benzene. The

percentages of syn- and anti-phenylhydrazones thus
obtained are reported in Table 1. Formation of the
anti isomer is favoured in the polar solvent, while
the syn isomer largely predominates in the apolar
solvent. Similar results are obtained from
1-phenylazocyclohexene (1) and morpholine (Table
1). All reactions were carried out in refluxing solvent
for 6 hr.

The dependence of the product distribution upon
the solvent can be explained as follows. If we admit
that the polar protic solvent can solvate the phenyl-
azoalkene in its more stable s-trans conformation, as
depicted in Scheme 1, then the anti-phenylhydrazone
is formed. On the other hand, in an apolar solvent,
a concerted 1,4-addition of the amine to the substrate
in the s-cis conformation would occur giving the
syn-phenylhydrazone (Scheme 1). Mixed products
are obtained in an aprotic moderately polar solvent,
such as THF.

Attempted equilibration of compounds 2-5, under

Table 1.
Azocompound Amine Phenylhydrazones Solvent Percentage of iaomers

ayn anti

MeOH 1] 100

1 piperidine 2,4 THF 20 80
C6H6 70 30

MeOH 2 98

1 morpholine 3,5 THF 30 70
C6H6 80 20

MeOH 2 98

6 piperidine 7,10 THF 15 85
C6H6 20 80

MeOH 5 95

6 morpholine 8,11 THF 20 80
CeHy 35 65

MeOH o] 100

6 pyrrolidine 9,12 THF 20 80
CGHG 30 70
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Table 2.

Azocompound Amine Phenylhydrazones Solvent Percentage of iscmers

syn anti
MeOH 50 50
13 piperidine 14,15 THF 75 25
CeHy 90 10
MeOH 35 65
13 morpholine 16,17 THF 8o 20
C 4B, 95 5
MeOH 25 75
13 pyrrolidine 18,19 THF 75 25
CoHy 80 20
MeOH 95 5
13 diethylamine 20,21 THF 83 15
CeHg 98 2
MeOH 45 55
13 n-propylamine 22,23 THF 75 25
CgHg 98 2
MeOH 25 75
13 benzylamine 24,25 THF 70 30
CTHg 60 40
Tabie 3.
Compound M.p.(*O)® Forsmla Analysis(%) K -)m-/on-‘b
- Found Required D
r———— e,
c H N [ H N
2 116118 75.3 9.25 15.5 3360
c,H, N 75.25 9.3 155§
4 90-91 1772573 75,2 9.35 15.4 3150
3 127~128 70.1 8.45 15.3 3360
SPLA R 70.3 8.5 15.35
5 105-106 70.3 8.4 15,5 3360 3190
7 154156 76.85 10,1 12,7 3360
STLIA 77.0 10,15 12.85
10 111-112 77.2 10,25 12,68 3360 3150
8 162-163 72.7 9,3 12,6 3360
CZO"JINJO 72.9 9.5 12,78
11 65-66 72.85 9.45 12.8 3360 3180
9 133-134 76.55 9.8 13.3 3360
czo“sxns' 76.65  9.95 13.4
12 oil 76.7 10.1 13,4 3360 3150
14 138-139 81,1 7.2 11,3 3140
c, H,.N 81.25 7.35 11.35
15 0il 252773 81,2 7.3 11.2§ 3130
16 133-135 77.45 6.7 11,18 3150
oy gMq0 77.6 6.8 11,3
17 116-117 77.5 6,65 11,35 3340
18 153-154 80.9 7.2 11,75 3180
c  H, N 81,1 7.3 11,8
19 82-83 247553 81,25 7.0  11.8§ 1330
20 100-102 80.6 7.55 11.§ 3120
c, H, N 8§0.65 7.6 11.7§
21 63-65 2472773 80.5 7.4 117 3330
22 79-80 80.4 7.25 12.2 3330 3140
;385N 80.45 7.35 12.25
23 oil 80.6 7.45 12,1 3330
24 121-122 82.8 6.3 10,55 3325 3150
c27n25u3 82.85 6.45 10.75
25 112-113 82,7 6,55 10.8 3340

*The molid compounds were crystallized from EtOH.

bIn cc1‘ solution,
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the experimental conditions of formation, failed. This
indicates a kinetically-controlled distribution of the
products (2-5).

The structures of phenylhydrazones 2-8 are un-
ambiguously inferred from the 'H NMR spectra of
the C-2 protons and the NH protons. In the com-
pounds 2 and 3 the C-2 protons are equatorially
oriented (d 3.0-2.85, Wy, 7.5 Hz, and & 3.0-2.75, Wy,
7.5 Hz, respectively), while in 4 and 8 they are axial
(6 3.6-3.2, Wy 18Hz, and § 3.6-3.2, W, 15Hz,
respectively). Moreover, because of the intra-
molecular hydrogen bond NH-——N, well evident in
the IR spectra, the NH protons are more deshielded
in the syn isomers.

To get further insight into the stereochemistry of
these reactions, 1-phenylazo - 4 - £ - butylcyclohexene
(6) was allowed to react with piperidine, morpholine
and pyrrolidine. The results of these reactions are
reported in Table 1.

Both syn- and anti-phenylhydrazones are formed
by axial attack of the amine on the azoalkene 6. In
the '"H NMR spectra of the syn-isomers (10-12) the
C-2 protons show signals with Wy, values remarkably
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smaller (10.5, 13.0 and 7.5 Hz respectively) than those
of the corresponding products 4 and § (18.0 and
15.0 Hz). Furthermore, the IR spectra reveal a weak
intramolecular hydrogen bond. These data are con-
sistent with a twist-boat conformation for the syn-
phenylhydrazones 10-12 (Scheme 2).

The anti-isomers 7-9 show spectroscopic features
similar to those of compounds 2 and 3.

No equilibration was observed for compounds
7-12 under their formation conditions.

The reaction with aliphatic amines, leading to a
mixture of syn- and anti-phenylhydrazones, takes
place also with open-chain conjugated azoalkenes.
For example, phenylazostilbene (13) reacts with ali-
phatic amines in methanol, THF, and benzene as
solvent (Scheme 3). The results are listed in Table 2.

Phenylhydrazones 16-19 and 22-25 are derived
from kinetically-controlled reactions since again no
equilibration was observed. However, the anfi-
isomers 15 and 21 do isomerize to the corresponding
syn derivatives (14 and 20). The conversion of 1§ into
14, methanol refluxing for 6 hr with piperidine, pro-
ceeds to 30-40%;, while 21 in the same refluxing

Table 4.
Compound & (cnc13) Compound & (CDCLs)
z T 0. 7w, o, AF-R and TV T O°TS3 1% 7.626,7(m, 160, Ar~H and NH};4.35(8,

{m,18,¥ 7.5H2,CH-N);2.85-1,1(m,18H,
aliphahgc ring H)

4 11.05(s, 14, NH); 7, 4~6.5(m, 54, Ar-H) ;
3.6-3.2{m, 1¥,¥ 18Hz,CH-N);2,8+1,2
(m,lSﬂ,aliphat¥c ring H)

3 7.5-6,6{(m, 60, Ar~H and NH};3.9-3.4
(m,4a,cu-o-cﬂzi;3.o~2.75{n,lR,W
7.8H2,CHEN) 527 75-1,1(m, 12H, alipha
tic ring H)

5 10,35(s, 1H,NH) ;7. 6=6,7(m, §H, Ar=H) ;
4.1-3,6{m,4H,CHx0-CH,)3,6-3.2(m, 14,
W_15Hz,CH-N);2.8-1.0Cn, 128, alipha
t?c ring H)

7 7.55-6,7{m,6H,Ar-H and NH);3.0~
2.75(m, 1H,W _6Hz,CH~N);2.7-1,0(m,
17H, aliphatie ring H};0.85(s,oH,
c(cns)a)

10 9.5(m, 1H,NH) 37.6-6.7(m,§H,AruH);
3.75-3.4(m, 14,W_10, SHz,CH~N};2, 8-
1.2{m,17H, aliphatic ring H)O,9(s,

9H,C(Cﬁ3)3}
8 7+55-6,8(m,6H,Ar~H and NH); 4.0
3.5(t,4H,CHz0~CH, )5 3,05-2.8(m, 1H,
W ?.onz,cg-z);z. -x.x(n,xxx,cniu
. and aliphatic ring H);0,9{s, 0’
c(css)sy
11 8,35(s,1H,NH};7.6-6,6{m, 5H, Ar-H)};

3.95-3.2{m,5H,CH-0~CH_and CH-N,
W, 13H2);2.8-1,050m, 118, CHyN-CH
and aliphatic ring H);0.90s, 0H;
c{cH,),)
373

9 7.5-6,7{m, 6, Ar~H and NH);3.05-
2,8{m, 10,W 7.5“2,C§-ﬁ};3.8-1.1
{m,15H, aliphatic ring H);0.9(s,
9n,c(cas)3}

12 7.6~6,.7(m, 6H,Ar-H and NH);3.6~
3.35(m,18,¥ 7.SHZ,CQ—N);2.9*
l.z(m,lsﬁ,a§iphatic ring H);
0.9(0,9H,C{Cﬁ3)3)

14 12,9(s, 1H,NH); B, 06, 8{m, 15H, Ar-H);
4.7(s, H,CH-Ph};2,7-2.25(nm,4H,
CHN~CH_};1,9~1,4(m,0H, aliphatic

2
rifg H)

1H,CH-Ph) ;2.75-2.35(m, 4H, CHzN-CH, ) ;
1.8~1,5(m,6H, aliphatic ring”H)

16 12.5(s, 1H,NH) 38, 0~6.8{m, 1 5H, Ar-K) ;
4.7(s, 1H,CH-Ph};4.0-3.6{(m, 4H, alipha
tic ring #);2.8-2,3(»,4H, aliphatic
ring H)

17 7.6-6,8(m, 16H,Ar~B and NH);4.35(s,
1H,CH-Ph); 3, 95-3,6{m, 4}, aliphatic
ring H);2,.85-2,.5(m,4H, aliphatic
ring H)

18 12.65(s, 14, NH};8.0-6,8(m, 15H, Ar-H);
4.75(s,1H,CH-Ph);2,85~2, 4{m, 4H,
aliphatic ring B);2.1-1,5{m,4H,
aliphatic ring H}

19 7.8-6,8{m,16H,Ar~H and NH);4.4(s,1H,
CH-Ph); 3.1-2.4{m, 41, aliphatic ring
H)52.2~1.6{m,4H,aliphatic ring H)

20 12.75{m,1H,NH);8.0-6,8(m, 158, Ar-H);
5.1(s,1H,CH-Ph);3.1-2,5(q,44,J 7.5
He,CHzMe);1.2-0.8(¢,6H,J 7.sax,cu3)

21 7.7-6,7(m, 16H, Ar-H and ¥H);4.85(s,
IH,CH-Ph);3.1-2.6(q,4H,J 7.5Hz,
CHzMe);1.25-0.8(¢,6H,3 7.suz,cu3)

22 12.65(s, 18, HH-Ph); 7, 9-6,7{m, 15K,
Ar-H);5.25(s,1H,CH-Ph);2.05~2. 5§
{t,28,CH-Et) 51, 9-1,2(m, 3H,CHyMe
and xg-ciz);:.z-o.y(s,sx,cas

23 7+5=6.6(m, 164, Ar~H and NH-Ph};4.7
(s, 1H,CH-Ph);2,9~2,2(m, 3H, XE~-CH ) ;
z,o-x.z{m,zu,cgine);1.1-0,7(t,3§,c33)

24 12, 5(a, 1R, NH-Ph); 7. 0-6,7(m, 20 K,Ar-H);
5.4(s,1H,CH-Ph};3.9(d,2H,J 3.0Hz,
CHZ);1.9(3,IK,N§~062}

25 7.6-6.7{m,21H, Ar=i and NH-Ph);4.75(s,
1H,cﬂ—?h):3.95(5.2H,Cﬂ2);2.s(;,lu,ng.cnz)
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solvent for 6 hr with diethylamine is completely iso-
merized to 20. This behaviour of compounds 15 and
21 appears unusual and requires further in-
vestigation.

EXPERIMENTAL

'H NMR spectra were recorded with JEOL JNM 60 HL
and Bruker WP 80 spectrometers (TMS as internal stan-
dard). IR spectra were recorded with a Perkin—Elmer 225
spectrophotometer. Analytical tic plates were coated with
silica gel G (Merck).

Syn and Anti-Phenylhydrazones (2-8, 7-12, 14-25)

The appropriate amine (0.03mol) was added to the
azoalkene (0.01 mol) in methanol, THF, or benzene (30 ml).
The mixture was refluxed for 6 hr. The solvent was evapo-
rated and the isomers percentage was estimated by tic and
then quantitatively determined by 'H NMR. The products
were isolated by column chromatography on highly pure
silica gel (Merck 70-230 mesh ASTM, cluting with benzene).
The solid compounds were crystallized from EtOH.

Equilibration attempts were performed by addition of a
few drops of the appropriate amine to the phenylhydrazone
derivative (0.001 mol) in methanol, THF, or benzene
(10 ml). The mixture was heated for 6 hr.

All the products were obtained in almost quantitative
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yield. Physical, analytical, and spectral data are reported in
Tables 3 and 4.
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