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Alrtrweconjugated pbenyhzoalkema react with aliphatic aminu to give mixtures of syn- and 
a~&phmylhydramnca, the canposition of which is solvent dependent. A zneduudsm for thee reactions 
iSplDpo#Cd.TlK?StWtlW of the products wcm dctcmhcd by spectroscopic methods. 

It is known that conjugated phenylaxoalkenes react 
with Grignard compounds furnishing phenyl- 
hydraxones in the syn contigurati~n,‘~ whereas with 
anionic reagents they give unfi isomers.5 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.47 The reaction 
in methanol, gives a single phenylhydrazone, while in 
tetrahydrolitran (THF) it furnishes a mixture of 
isomeric phenylhydraxones. 

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 
I-phenylaxocyclohexene (1) with piperidine in three 
different solvents, methanol, THF, and benzene. The 

percentages of syn- and unri-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 -phenylaxocyclohexene (1) and morpholine (Table 
1). All reactions were carried out in tetluxing solvent 
for 6hr. 

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-rrmrr conformation, as 
depicted in Scheme 1, then the anti-phenylhydraxone 
is formed. On the other hand, in an apolar solvent, 
a concerted I J-addition of the amine to the substrate 
in the s4.r conformation would occur giving the 
syn-phenylhydraxone (Scheme 1). Mixed products 
are obtained in an aprotic moderately polar solvent, 
such as THF. 

Attempted equilibration of compounds 2-5, under 

Table 1. 

Azocoapound Amine Phenylhydratonee Solvent 
Percentage of isomers 

!.Y!J anti 

MsOH 0 100 

1 piperidine 2,4 THF 20 80 

C6H6 70 30 

UEOH 2 98 

q orpholine 3,s i THF 30 70 

C6H6 80 20 

6 

piperidine 

rorpholine 

pyrrolidine 

7,lO 

I MsOH c6n6 

THF 

20 2 

IS 85 

80 98 

neofi 5 95 

8.11 i THF 20 80 

C6"6 35 65 

UOOH 0 100 

9,12 THF 20 80 

C6H6 30 70 
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Tabk 2. 

AzocorpouMt Aaine Phenylhydrmenes solvent 
Parcant~ge of i*atirs 

&Ye & 

wsw 50 50 

13 pipWi*in8 14115 TfiF 75 25 

%“6 90 10 

13 aorpholirm 

i USOH ‘6% THF 35 80 95 65 20 5 

$3 pyrrolidine 

i MSOH ‘SHb THF a0 25 75 75 25 20 

13 dicthylaaine 20,21 

i M8OH ‘bH6 THF 95 85 98 1s 2 5 

I 

HsOH 4s 55 

13 &I-plWyl&&le 22,23 THF 7s 25 

‘6’6 98 2 

MwiI 25 7s 

13 benrylM.ins 24,25 THF 70 30 

‘bH6 60 40 

Tabk 3. 

CO9pOUnd x.P.(*C)* 
b 

Formula AMlrmi*(%) 
I \ 

4 _WH_/cr- 

FOwd , \ 

” 
Rbsufrsd 

c C H N 

2 

4 

3 

5 

7 

10 

8 

11 

9 

t2 

14 

1s 

16 

17 

16 

19 

20 

21 

22 

23 

24 

25 

116-118 

90-91 

127-128 

105-106 

154-m 

111-112 

162-163 

65-66 

133-134 

Oil 

138-139 

oil 

133-13s 

116-117 

153-154 

82-83 

100-102 

63-65 

79-80 

oil 

121-122 

112-113 

7f.3 9.25 15.5 

75.2 9.35 15.4 

70.1 8.45 15.3 

70.3 8.4 15.3 

76.85 10.1 12.7 

77.2 10.25 12.65 

72.7 9.3 12.6 

72.85 9.45 12.8 

76.55 9.8 13.3 

76.7 10.1 13.4 

81.1 7.2 11.3 

81.2 7.3 il.25 

77.45 6.7 11.15 

77.J 6.65 11.35 

80.9 7.2 11.75 

Sl.ZS 7.0 11.65 

80.6 7.55 11-S 

80.5 7.4 $1.7 

80.4 7.25 12.2 

80.6 7.45 12.1 

82.8 6.3. 10.55 

82.7 6.55 10.8 

75.25 9.3 15.S 

70.3 8.5 15.35 

77‘0 10.15 12.85 

72.9 9.5 12.75 

76.65 9.95 13.4 

8X.25 7.35 11.3s 

77.6 6.8 11.3 

81.1 7.1 11.8 

8O.65 7.6 ll.‘lS 

80.43 7.35 12.25 

82.85 6.45 10.75 

3360 

3360 

3360 

3360 

3360 

3360 

3364 

3360 

3360 

3330 

3340 

3330 

3330 

3320 

3330 

3325 

3340 

3150 

3190 

3150 

3180 

3150 

3140 

3150 

3150 

3120 

3340 

3150 

b 
In ccl4 aolutian. 
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the experimental conditions of formation, failed. This 
indicates a kinetically-controlled distribution of the 
products (2-S). 

The structures of ph~y~y~n~ 2-5 are un- 
~bi~o~ly inferred from the “II MMR spectra of 
the C-2 protons and the I$H protons. In the com- 
pounds 2 and 3 the C-2 protons are equatorially 
oriented (S 3.0-2.85, W, 7.5 Hx, and 6 3.U-2.75, W, 
7.5 Hr., respectively), while in 4 and 5 they are axial 
(6 3.6-3.2, W, 18 I-Ix, and 6 3.4-3.2, W;, ISHx, 
mspectively). Moreover, because of the intra- 
mokcular hydrogen bond NH---N, well evident in 
the IR spectra, the l$H protons are more deshielded 
in the syn isomers. 

To get further insight into the stereochemistry of 
these reactions, l-phenylaxo - 4 - t - ~ty~cloh~~e 
(6) was allowed to react with pipe&line, morpholine 
and p~o~ne. The results of these reactions are 
reported in Table 1. 

Roth ~yn- and ~zi-p~y~y~n~ am formed 
by axial attack of the amine on the azoalkenc 6. In 
the ‘Ii NMR spectra of the syn-isomers (10-12) the 
C-2 protons show signals with Wn values remarkably 

smaller (10.5,13.0 and 7.5 I-Ix respectively) than those 
of the correspondhtg products 4 and !I (18.0 and 
15.0 Hz). Furthermore, the IR spectra reveal a weak 
in~ol~~~ hydrogen bond. These data are con- 
sistent with a twist-boat conformation for the syn- 
ph~ylhyd~n~ M-12 (SAwme 2). 

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

No ~~~bration was observed for ~rn~~~ 
?-I2 under their formation conditions. 

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

Ph~y~y~n~ 1619 and 22-25 are derived 
from ~neti~y~n~o~ reactions since again no 
equilibration was observed. However, the unri- 
isomers 15 and 21 do isomerize to the ~~~n~g 
syn derivatives (14 and 20). The conversion of 15 into 
14, metbauol refluxing for 6 br with pipe&line, pro- 
ceeds to 30-407$, while 21 in the same refluxing 

Tabk 4. 

7.S-6.61m,6H,Ar-H and K$;3.9-3.4 
(m,&i,CH-O-CH 1;3.0-2,7Sfa,lH,W 
7.SH~,C~~N);2~~j-i.l(m,l2H,eLip~~ 
tic ring II) 

10.3$(a,lH,NH);7.6-6,7(m,SH,Ar-H); 
4.1-3.6~P,4H,CHn0-CH,f3,6-3.2flo,lH~ 
W 15Hs,C~-N~;2.~-l.Otr,12H,sliP~~ 
tL la&g H) 
7.5s6.7b,ei,Ar-H and NHfi3.a. 
2.75fm,tH,W 6Ht,CH-N);2.7-l.O(a, 
17H,sliphat% PiDo ~~~0.8$~8,9~, 
c(cH3)3) 

9.S(s,lX,WH_):?.6-6.7(a,SH,Ar-Xf: 
3.75-3.4(mrlX,W ~O.SHZ,CU-N)JZ.~~ 
1.2b,17H,aliph~tic r**g-H)O.9~*, 
9H,CfCH3)3f 

7.SS-6.8(m,6H,Ar-H and N&);Q.b 
3.S(t,QH,CH 0-CH );3.05-2.8(m,lH, 
W 7.0Hz,Cl& a );l.d-l.f(s,llH,CH-N 
.!!d aliphatic ring H);O,9(a,9HjL 
C(CH3)3) 

8.3S(s,lH,N~~;?.6-6.6(a,SH,Ar_X)) 
3.95-3.Zb,SH,&H-0-M ad CH-N, 
W 14H+f;2.8-l,OS?a,ll~,CH N&l 
ah aliphatic ring Hf30.9 1! ‘,9Hf 
C(CH3)31 

?.S-6,7fa,6li,Ar-H and N@;3.OS- 
Z.~(~,~H,WH~.SHI,C~-N);~.~-I.I 
(.m,lSH,aliphntic ring H);0.9(6, 
9H,C(CH3)3) 

'7.6"6.7(m,6H,Ar-H and HH_)33.6- 
J.JS(m,lH,U 7.SHz,CH-N);2.9- 
1,2fm,lsH,ajtiphatic‘-Fing if); 
0.9~s,9H,C(CH3~3) 

~2,9~s,iX,N~);B.O-6.8~m,lS~,Ar-~f; 
4.7(a,lH,Cl&Ph);2.?-2.2S~n,4H, 
CH~EI-C~,)j1.9-?.4(R,6H,eliphotiC 

16 

17 

ia 

19 

a0 

2l 

22 

23 

24 

2S 

12.S(s,IH,WH_f:8.~6.8~~,iSH,Ar-H); 
4.7fs,tH,C~-Phi;4,0-3.6fe,4H,aii~h~ 
tic riq H);2.8-2.3(o,dH,sliphstic 
rfnli HI 

7.6-6.8b,lIZ~,Ar-H and wH_)j4.35(s, 
'H,C~-Ph);3.95-3.6(ia,4H,sliphatic 
rin# H);2.85-2.S(a,4H,rliyhaefc 
*ino !I) 

aliphstic ring N)jZ.l-l,S(m,4H, 
aliphatic ring Hf 

?.8-6.8(m,l6H,Ar-H and Nf_I);4.4(r,lH, 
CH-P)l);3.1-2.4(r,4H,rlfphatic rlw 
H):2.2-f.6(m,4H,bliPhatic ring n) 

!2.7Sfa,lH,~);8.0-6.8fa,lSH,Ar-H); 
S.Ifs,lH,C~-Ph);3.1-2.S(q,4H,J 7.5 
Hz,C~~~s);i.2-O.R(t,6H,J 7.SHt,CH3) 

7.7-6,7(nr,16H,Ar-ii and Nf+i);4.85fa, 
lH,C&Ph);3.1-2.6(q,4H,J 7.SH2, 
Cl@4a);l.25-0.8(t,6H.J 7.SHz,CH3) 

f2.6S~s,lH,~-Ph);?,9-6.7(n,iSH, 
Ar-H);S.ZS(s,lH,CH-Ph);2.9S-2.SS 
ft,2H,CX-Et);l.9-1.2(ss,3H,CH Me 
and ~-~~2)i1.1-cr.71t,3H,CH3 -jF 

7.5~b.b(m, I6H,Ar-H and N&.Ph);4.? 
(a,lH,CH-Ph);2.9-2.2(r,3n,XH=CH 1; 
2.el.2Tnr,ZH,C~ZHsf;l.i-0.7~t,3~,CH3~ 

7.6-6,7Q,21H,Ar-H and Nl&Ph);4,7S(s, 
lH,C&.Ph);3.9S(s,2H,CH2);2.S~a,lH,NH_CH2~ 
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solvent for 6 hr with dicthylamine is completely ise 
mcrizcd to 20. This bchaviour of compounds 15 and 
21 appears unusual and requirts further in- 
vestigation. 

-AL 
‘HNMRapaxrawe~raordedwithJEOLJNM6OHL 

aDdBrllk~WP8oSpC&omL?tUX(TMS aainterMlstan- 
dard).IRspcchwcrcrecordcdwithoPhh-@hr225 
spcctropbotometcr. Analytical tic plates wm coated with 
silica gel G (Mmk). 

syn and Anti-Phenyhychzmna (ZS. 7-12. M-25) 
The appropriate amine (0.03mol) was added to the 

azoalkcnc (0.01 mol) in methanol, THF, or benzene (30 ml). 
~mixturrwacrceuxadfor6hr.The~l~t~mpo- 
ratalandtheillomem perqenw!s==tima@dby~~ 
then quantitatively dc&mmed by ‘H NMR. The products 
were isolated by column chromatography on highly pure 
siliaIgel(n4clck70-230mcAhASTM,duthgwithbaUaM). 
The solid compouads wexe cry&U&d from FItOH. 

Equilibration attempta wit performed by addition of a 
fcwdropsofthc approphte amine to the p&mylhydnuoxle 
derivative (0.001 mol) in m&anol, THF, or benzene 
(1Oml). The mixture was heated for 6hr. 

All the products were obtained in almost quantitative 

yidd.phyhl,analytical,andapaxraldataarerepotiin 
Tabks 3 and 4. 
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