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Isomerisation about the C—N and C=N Bonds of E- and Z-Amidines

By AnTHONY F HEGARTY* and ANNE CHANDLER
(Chemustry Department, University College, Cork Iveland)

Summary The unstable Z-formamidines are ‘frozen’ in the
perpendicular configuration (6), ready 1somernisation [via
the conjugate acid (4)] occurs to the E-form (2)

WE have recently reported! that 1 l-addition of secondary
amines to 1socyanides at low temperature in the presence of
silver chloride leads stereospecifically to 1solable Z-formami-
dimnes, such as (1Z) These Z-formamidines are thermo-
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dynamically unstable and isomerise completely on heating
in an inert solvent or on treatment with acid at room
temperature to the corresponding FE-isomers (2). The
isolation of these unstable materials presents us with a
unique opportunity to comment on the underlying reasons
for the instability of the Z-isomers, the mechanism of the
(1Z) — (2E) interconversion (which is an apparent nitrogen
inversion), and restricted rotation about the N-C bond in
both isomers.
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Previously reported studies? on restricted rotation about
the N-C bond in amidines have been carried out on what we
now know to be the more stable E-isomers. Restricted
N-C bond rotation is observed for (2; Ar = 3-CIC;H,);
n.m.r. spectroscopy shows that the NMe, groups are equiva-
lent at 34 °C but on cooling to —30 °C (in CDCly) separate
signals of equal intensity are obtained (the coalescence
temperature is —5 °C). The coalescence temperature (and
thus the energy barrier for C-N bond rotation) is raised
when Ar contains an electron-withdrawing group or when
measurements are carried out in an aromatic solvent (e.g.
C¢Ds). Restricted rotation clearly arises from the con-
tribution of structures such as (3), the importance of which
would be enhanced by electron withdrawal in Ar.

The Z-isomer (1) presents quite a different picture since
the signal for the -NMe, groups remains as a singlet over the
temperature range 34 — —80 °C. This equivalence could
arise owing to either (a) rapid rotation about the C~N bond
at all temperatures or (b) the possibility that the Z isomer
is ‘frozen’ even at 34 °C in a conformation where the methyl
groups are in equivalent positions. Explanation (a) would
imply that N-C bond rotation is freer in the Z-isomer
{which is more highly congested) than in the E-isomer. We,
however, suggest that the Z-amidine has the structure (6)
where both the N—-aryl and amino functions are orthogonal
to the N-C=N plane. Rapid N-aryl group rotation might

131

still be occurring; however, when the aryl group contains an
ortho-substituent (6, X = 0-Cl or 0-NO,) the two Me
groups become non-equivalent,t clearly pointing to a fixed
configuration about the N-C and N-aryl bonds. A wmeta-
substituent (e.g. X = m-Cl) does not bring about non-
equivalence of the ~Me groups either because rotation about
the N-aryl group is rapid or (more likely) the Cl sub-
stituent is too remote to cause an appreciably different
environment for the two —Me groups.

The formamidines are basic (pKjy’s are in the range 6—9)
and are readily protonated by DOAc in CDCI,; or in CF,CO,D.
On protonation the E-isomer (2; Ar = m-CIC;H,) shows
restricted rotation (the —Me groups give signals at § 3-22 and
3-05) about the C~-NMe, bond even at 34 °C, consistent with
increasing double bond character (see 5). On the other
hand the N-Me, signals of the Z isomer do not change from
a singlet on protonation to give (4), consistent with our
conclusion above that rotation about this bond is already
restricted in the free base (1Z).

(6)

As mentioned above, protonation of (1) also causes
Z — E isomerisation. In fact when the rate of conversion
of (1) — (2) (Ar = Ph) was measured?} in aqueous solution
at 25 °C, it was clear that the protonated form (4) is the
only form undergoing reaction. Thus the rate of Z > F
isomerisation is pH-independent (Ropg = 2:50 x 1073 s71)
from pH 0 to 8 and then decreases [corresponding to the
presence of the free base (1)]. We have found no evidence
for the isomerisation of the free base by direct nitrogen
inversion under these conditions (although reaction at pH 9
could not be studied because hydrolysis of the amidine was
faster than Z-FE isomerisation). This result contrasts with
the slow rates of rotation for simple iminium salts (pro-
tonated imines)? although acid catalysis does occur in the
isomerisation of related imidates* and amidoximes.?

There is thus clear evidence of highly restricted rotation
in the Z-form of these amidines. This arises from severe
steric crowding which is relieved on isomerisation to the
E-form. Other properties of these unique Z- and E-
amidines, such as their ability to act as bifunctional cata-
lysts, are at present under investigation.

(Received, 18th October 1979; Com. 1109.)

1 The n.m.r. signals are at § 2-40 and 246 for (6: X = 0-NO,) and 2-15 and 2-21 for (6; X = 0-Cl) in CDCl; at 34 °C and do not

change on varying the temperature (34 — —80 °C).

1 Followed by u.v. spectroscopy at 305 nm where the Z-isomer is more strongly absorbing than the E-isomer.
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