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ABOUT THE =C-N BOND IN ENAMINES AND THE =N-N BOND IN HYDRAZONES b
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Resonance structures A and B must be considered for the ground state of

enamines 2). Hindrance of free rotation about the C-N bond is dependent upon

the contribution of B. The kinetics of this process have been studied for
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&:10~"H=CH~NMe, (R = H, CGHS’ OEt) 3). For some hydrazones Hafner 4) has pro-
posed structures C and D, but hindered rotation about the N-N bond in this

lass of compounds has not yet been reported.

our Z&Gt - values evaluated from the lH-NMR methyl signals (see table)
indicate that the rafe of rotation in enamines L, 2., 3. 4 5), and 5 depends
upon the electron-attracting properties of the substituents. In 6 and 7 6)
the benzo ring reduces the rotational barriers by 2 - 3 kcal mole_l as com-
pared to 8 and 3. A formyl group raises the free enthalpies of activation by
3 - 4 keal mole-l, as can be seen in the table by comparing 6 to 7, 8 to 2.
and 3 to 19. If one of the N-methyl groups is replaced by another substituent,

rotational isomers are possible. It will be difficult to separate 7 such
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*
Solvent | Ty, Ty Tc AGe |
(°C)  |(kcol mole’)
H5Cq/C6M5
1 ’ \){—N/M dg-Acetone <-55 <12®
H \Me
C
2 o \S:—N’ Me CHCL 59,12 0 1209
N Y “Me 3 4P
02N H
3 \§c_N/M° coBr, |37/ +52 165
H Me 0°
Et0.C
2 Me 659, 6.70
4 \ﬁ::’N/ CDBr3 ! +525 173
H \Me +35° w15
NC~ N
2 e CDBr3 6k%, &7 +60 180
H - \Me +35% w 1D
6 CQ‘ Me 67 685
_— Ve /7
= —N dg-Acetone -555 104
H” \Me -65°
CHO
@Q . . |
:/_: N _Me Pyridine/ 696 , 7.09 7 107
H”"  “Me |CHCl -45°
8 i\c—N/ Me dg-Acet o7, &2 165 134
= -Acetone -
W \Me | ° -55°
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Sovent | T, T, T c
(°c)  |(kcol mote™)
S ﬂ Me Cyclo- 6.58, 6.72
= cfo /C-N< ! +48.5 17.0
H Me hexanone +35°, w22
CHO
CHO
10 _Me [Cyclo-  |6.44, 656 |
_C-N +108 20.2
H “Me hexanone +35°
fs“s
CﬁﬁN,N 0
n e 66 , 75
= " Neng™ (CgHg), 0 ’ +160 215
/7N 572
H Me +80°
2| Qe
= N—N<M CD30D <65 | <n®
e
13 Q Me 6.22 , 654
- CHO "N—N dg-Acetone -39 1.8
\Me 6 -55°
Ty : Chemical shifts of the two N-methyl groups when rotation is slow
Tc : Coalescence temperature, at 60 Mcps
Aﬁ* : Free enthalpy of activation at T . Errors vary from +0.1 to +0.3
€ kcal mole™™. c -
wl : Line widths at this temperature are increased to 1.5 c¢ps by the

rotation process.
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isomers even in systems like 10 or 11, éince the Z\Gz - values for the iso-~
merization are expected to be only 20.2 or 21.5 kcal mole-l. Neither 12 nor
the N,N-dimethylhydrazones of p-nitrobenzaldehyde and benzophenone show 7
significant broadening of the average methyl signal above -65°. However,
Z\G: for the formylated hydrazone 13 can be measured and is 5.2 kcal mole-1
lower than the barrier for the corresponding enamine 3. From this result we
conclude that the dipolar structure B contributes more to the ground state

of enamines than D to the ground state of hydrazones. 12 is gradually decom-
posed in CD3OD/CDC13(3:1) at 60°; under these conditions one ring proton

of 6 is exchanged for deuterium (half-life ~~ 100 hr), whereas two deuterons

are introduced into the ring of 8 (half-life ~4 hr), further deuteration

of 8 being slow. Apparently electrophilic substitution is favoured in these
enamines in comparison to the less polar, diene-like hydrazone. The positions

of the deuterium atoms have not yet been established.

The cis~trans relationships given in the table for the C=C bond in the
enamines and the C=N bond in hydrazone 13 are not strictly proven in all
cases. Isomerization at these "double" bonds proceeds more slowly than the
above described rotation about the =C-N and =N-N "single" bonds in enamines
and hydrazones. This is shown by the formyl protons of 10 differing in their
chemical shifts up to +185° (l&Gt > 25 kcal mole_l) and by the absorption
of the ring protons in 12 resulting in an ABCD spectrum up to at least +150°

([&Gt =22 kcal mole™l).
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M.p. §: 90 - 91%; 7: 160°. U.V. §: 350 mp (log€ = 4.36), 282 (4.22), 277
(4.23), n-hexane; 7: 393 mp (log€ = 4.48), 254 (4.32), ccl,.

A.Mannschreck, Tetrahedron Letters 1963, 1341.

Calculated assuming T, = = 0.20 at a temperature below -55°,

2 "



