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The p-substituents of 2,6-dimethyl-N-(2,2,5,5-tetramethylcyclo-
pentylidene)anilines are modified without interfering reac-
tions at the CN double bond. The resultant series (5— 8, 10— 19)
shows a strong (ca. —4.7 kcal/mol) steric acceleration of (E/Z)
diastereotopomerization by front strain along the CN double
bond but also the usual electronic substituent dependence,

characterized by a Hammett o, correlation {g = +2.7). Con-
versely, the substituent constant for lithium at the p-positiori
of 7 may be estimated. The volume of activation is 1.5(8) cm®
mol ™" for 5. The n donor quality of the imino group corres-
ponds to ca. 55 (+8)% of p, character as evaluated by spectral
{(**C NMR of 5 and 13, IR of 13) and reactivity data (of 13).

The chemistry of imines® is dominated by reactions at
the C=N bond and (if present) at adjacent CH functions.
Therefore, the possible role®—® of the imino function as an
activating but structurally conserved (i.e., “spectator’) sub-
stituent does not normally become evident. Whereas the
imino double bond in general is prone to hydrolytic or other
fission, steric congestion of 2,6-dimethyl-N-(2,2,5,5-tetra-
methylcyclopentylidene)anilines 1 efficiently suppresses such
reactivity and may have further energetic, structural, and
chemical consequences. Front strain along the C=N bond "
of 1 is expected to destabilize the ground state energetically
and hence to accelerate the anti/syn stereomutation® (dias-
tereotopomerization). The 5,5-dimethyl groups in 1 might
shift into closer contact with the opposing aryl moiety, in-
creasing the front strain over that in 2, because the single
bond C-3/C-4 in 1 (1.44—1.50 A)™ is longer than the C-8/
C-9 bond in 2 (compare 1.382 A in the isoelectronic olefin
3, Z = phenyl). Consequently, the (E/Z)-configurational sta-
bility of 1 should be even lower than in the tetramethyl-2-
indanylidene series 2.
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Considering the nitrogen lone pair for conjugation"”, one
may even imagine a structural change of ground states from
1 (C, symmetry) to 4 (C,, symmetry) in the case of a very
strongly m-accepting p-substituent R. For a quantification
of the lone-pair donor quality in this sense, we investigate
the temperature-dependent symmetry of imines 1 (5—8 and
10—19), their activation parameters of stereomutation
(Hammett value), and possible other consequences on reac-
tivity in some preparative reactions.

A. Modification of Imines at their p-Substituents

The p-substituted imines 6 and 19 are easily prepared!'!l
from 5 because the aromatic ring maintains an orthogonal
conformation!” with respect to the CN double bond, pro-
viding for the best possible overlap of the aromatic & system
with the imino nitrogen lone pair. Due to steric congestion,
the CN double bond of this type of imines appears to be
completely inert toward hydrolysis®!, redox reagents"”, or
even very strong (organometallic) nucleophiles, thus per-
mitting the transformations described in the sequel (see
Schemes 1 and 2 further below).

Metal/halogen exchange (Scheme 1) of n-butyllithium
with the p-bromo derivative 6 proceeds so cleanly that the
moderately stable lithium compound 7 may be studied spec-
troscopically. The half-conversion time at ambient temper-
ature is roughly 2 h in pentane (with tert-butyllithium less
than 2 min), and 7 slowly deposits from the initially clear
solution containing also i-bromobutane. This colourless
precipitate may be washed with cyclopentane and dissolved
in ether or THF. It is more convenient to run the lithium/
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bromine exchange in ether where the half-conversion time
is only 2 min at room temperature; although 7 remains in
solution under these conditions and cannot be purified, it
persists for some hours despite the presence of 1-bromo-
butane. The chemical constitution of 7 follows from its
NMR spectroscopically determined symmetry and from its
carboxylation product 8 which is also formed via the Grig-
nard derivative 9.
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matic *C-NMR shifts (Table 1) and 'J parameters of 7 in
ethereal solvents are quite typical of a phenyllithium
derivative!™. Geminal (3J = 12.8 Hz) and vicinal CH coup-
ling constants (3J = 13.5 Hz) with and across the carban-
ionic p-carbon atom are surprisingly large but consistent
with known trends™3.

As expected if the aromatic n electron density is somewhat
increased by the imino function, reductive metalation of the
bromide 6 is rather difficult: Metallic lithium reacts poorly,

R R+ - and magnesium requires boiling THF solvent for productive
Me ve Me : ; 13| Np" BEy formation of the Grignard compound 9 which precipitates
>ﬁ>< 7 u 147 oH . at room temperature. The p-aminobenzoic acid derivative 8
ve SN R 8| com 510K formed from 9 is not zwitterionic in CDCl; solution (¥C-
9 | MgBr 16 | OCH3 NMR criterion) and is used for preparation¥ of the p-acetyl
Me 10| cocns 17| NcHy,
5-19 11| CN 18 | NMe3™ I' Scheme 1
12 | NHy 19 | No,

In pentane solution at room temperature, the 'H- and
3C-NMR signals of 7 are very broad or even unobservable
but narrower in the presence of n-butyllithium. The aro-

R=Br 6) —> R=Li I —> R=COH (8

oo 7

R =CN (1) R = MgBr (9) R = COCH3 (10)

Table 1. *C- and some 'H-NMR chemical shifts (5) of the imines

Cpd. : 7 7 8 10 1 13 14 19
R= 6Li Li CO.H COCH3; CN Ny* B4~ OH NO,
Solvent Ether THF CDCl3 cDCl;  ¢bca3  cbcildl ey,  cpon
Temp. [°C]  +6 +24 -75 77 -65 -80 +33 -84
2-CH3 28.4 - 278 278 217 26.1 21.7 217
5-CH3 257 . 249 24.9 24.9 26.1 25.3 250
0-CHj3 19.0 18.9 18.6 18.7 18.4 18.9 18.5 18.8
c1 183.8 1837 188.5(01  188.1 188.6 188.2 190.4 188.8
c2 443 - 452 45.1 452 46.2 452 45.6
C-3 36.7 36.7 355 354 35.4 36.7 35.8 354
c-4 402 402 38.8 38.6 38.6 36.7 39.2 385
cs 46.2 - 457 456 452 46.2 452 45.6
ipso-C 147.3 - 152.6 152.5 151.8 160.3 1402 154.2
ortho-C 121.8 120.0 125.3 125.0 125.9 127.7 126.8 125.6
meta-C 141.9 144.1 129.6 128.7 131.3 131.5 115.1 123.3
para-C 16490¢1 1742 122.1 130.3 120.5 97.9 151.3 141.4
para-R - - 173.1 199.1(d1 1040 - - -
2-CH3 - 1.28l€l - 1.28f] 123 1.13 1.28l8 1.29
5-CH3 - 0.95l¢] - 0.94[f] 0.89 1.13 0.88l8] 0.98
0-CH3 - 1.9glel . 2.121] 2.04 2.15 1.83(8} 2.17
CHy-34 - 1.63l€l - 1738 167, 171 181 1.70l8 1.77
arom. H - 7.420e] - 7.75(f] 7.23 8.16 6.03(el 7.94

@ With CH,Cl, (1:2). — ™ 187.2 at +23°C. — ™ Unresolved broadening below —70°C. —

[Ds]JTHF. — W At —85°C. — & In CCl, at —27°C.

¥ CHj at § = 27.0. —

© At —9°C in
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compound 10 because the Friedel-Crafts acetylation of 5
had failed™l. Cyanation"® of 6 is also very sluggish but
generates the nitrile 11 cleanly.

In a second series of transformations (Scheme 2), the di-
azonium compound 13 is prepared from the primary
amine™” 12 by the usual aqueous nitrosation. The anti and
syn positions of this cation remain NMR-isochronous down
to —80°C, simulating the C,, symmetry of 4 (R = Nj").
However, its chemical shift values (Table 1) differ greatly
from those expected for a diazoquinone imine. In particular,
the p-C atom carrying the diazonium function is observed
at 8§ = 97.9, ie. between the values for benzenediazonium
(ca. 115.6%~'®) and 4-(dimethylamino)benzenediazonium
(ca. 88.8"""~1%) indicating that the = donor quality of the
imino substituent approaches 66% of that of the p-dime-
thylamino group at low temperature. The characteristic IR
absorption of 13 at 2223 or 2205 cm ~!is midway (48 —61%)
between those of benzenediazonium tetrafluoroborate
(2290 cm — Y22 and of 4-(diethylamino)benzenediazonium
(2151 cm—YH)RY,

Scheme 2

R=NH, (12) —> R=Nyt —> R=0H (149

l BFy (13) l
R = NMep (17) R =0 Kt (15
R = NMe3* I' (18) R = OCH3 (16)

Although this yellow diazonium compound 13 is ther-
mally rather stable, it is very sensitive to light and also
inclined to undergo radical reactions: When subjected to the
recommended® Sandmeyer cyanation conditions, it yields
the nitrile 11 together with the parent compound 5 which
is difficult to separate. However, the thermal decomposition
of 13 in dilute acid yields the phenol 14 cleanly and has been
studied in more detail under conditions taken from literature
standards'®?, The half-conversion time of 13 in 0.1 N
H,S0,is no less than 8 min even at + 78.5°C. The Arrhenius
activation energy 29.1 (+1.2) kcal/mol again points to a &t
donor quality which corresponds to 48% of the range be-
tween the benzenediazonium (ca. 26.6 kcal/mol)**** and 4-
(dimethylamino)benzenediazonium (32.0 kcal/mol)® tetra-
fluoroborates. Our UV measurements reveal strictly first-
order kinetics with activation parameters AH¥ = 284
(+1.2) kcal/mol and AS* = +8.7 (£3.4) eu. for this hy-
droxy-dediazoniation reaction .,

The ensuing phenol derivative 14 is sufficiently basic to
form a hydrochloride but rather weakly acidic, such that
extraction from ether into alkaline water is inefficient. In
single crystals™, 14 acts as a hydrogen-bond donor and
acceptor in a peculiar fashion. The yellow potassium salt 15
is soluble in THF and in hot aqueous 2 N KOH solution,
forming the anisole derivative 16 on methylation. Dimethyl
sulfate methylates the primary amino function of 12
(Scheme 2) to give 17 in moderate yield. The conditions of
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exhaustive methylation have been chosen'®! for precipita-
tion of the quaternary ammonium salt, but the desired prod-
uct 18 remains in solution and is accompanied by another
unidentified salt.

B. Steric and Electronic Substituent Effects on (E,Z)
Stereomutation

The anti/syn interconversion shown in 20/21 causes coa-
lescences of NMR absorptions for the corresponding posi-
tions and has been measured for the prototype 5 by ‘H- and
BC-NMR spectroscopy at various magnetic field strengths
and concentrations. The rate constants of this diastereoto-
pomerization are obtained by lineshape analysis?”; they de-
fine a common temperature dependence in CDCl, (*C) and
in anisole (*H), as shown in Figure 1, and are essentially the
same as in [Dg]THF with or without metallic lithium and
naphthalene (which have been added to check for radical-
anion catalysis). A slight retardation (ca. 1.5-fold) is noticed
in [Ds]THF containing LiBr which may coordinate to the
lone electron pair. Formation of hydrogen bonds is not im-
portant because the rate constants in methanol, benzene,
and CCl, are almost equal to those in 1,2-dibromo-1,1,2,2-
tetrafluoroethane (by 'H and *C NMR).
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Figure 1. Arrhenius diagram for anti/syn stereomutation of 5 in

CDCl; (®C, vertically hatched) und in anisole (‘H, horizontally

hatched). Rate constants k in 1,2-dibromo-1,1,2,2-tetrafluoroethane

(‘H, open symbols) have been slightly displaced horizontally to
reduce overlap

Although independent of concentration, the stereomuta-
tion could be a pseudofirst-order process due to latent cata-
lysis by nucleophilic impurities””. We have therefore studied
the influence of pressure in this second?” case and have
found a similar temperature dependence as above but a very
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small retardation (1.3-fold) caused by the solvent 1,2-di-
bromo-1,1,2,2-tetrafluoroethane (Figure 1). To eliminate in-
dividual errors, the isobaric rate values have been interpo-
lated to the common temperature) + 14°C (that is, close to
coalescence temperature for the calculation of the activation
volume AV* = +1.5 (+0.8) cm® mol~". This value is sub-
stantially more negative than for the related methylimine 2
(Z = CH;) but still hardly indicative of a bimolecular
mechanism®”; it may point to a small contribution from
solvent electrostriction in the transition state formed from
5, but at least the carbon atom of the CN double bond
appears to be excluded from solvation, as suggested by the
lack of solvent assistance in the heterolysis of 2215%,

Me

Me Me Me Me
R‘QTJEQ Me Me Gh Me R
Me 20 21 Me

R R

\ﬁ/M
1 2 [-]

Ar\c/Ar N
Me, Me, ii

N\ Me

OTos Ph  24:R = CHy
22 23 25: RR = (CHy)s

Small decelerations in hydroxylic as compared to hydro-
carbon solvents have also been observed for the (Z/E) isom-
erization of aldehyde anils in earlier work®*, Reported
entropies of activation scatter roughly about AS* = 0 for
such anils”***! and for most ketimines. With respect to these
two criteria, the sterically congested imine 5 shows normal
kinetic behaviour, i.e. a small AS* value (Table 2) and van-
ishing solvent dependence. Hence, it is justified to compare
AG* = 13.36(2) kcal/mol for the diastereotopomerization
of 5 with the value 18.1 kcal/mol™®" for non-congested anils
23; these are preferred over 24 or 25 as reference compounds
for mechanistic reasons explained before!®. This steric ac-
celeration by —4.7 kcal/mol is larger than that of 2 (Z =
phenyl) with —2.7 kcal/mol™®, as anticipated. Only part (ca.
—0.9 kcal/mol) of the difference (—2.0) is caused by the two
ortho-CH, groups in 5 (or 20, R = H), as judged from
published data on imines of the types 23532, 2453 2554 and
probably also of quinone anils***% and further examples®".,

The conformational unambiguity of the system 20 is one
of its merits because less congested anils may change their
CN/aryl conformation" as a function of the p-substituent
R. Most authors have reported positive reaction constants
o for imine stereomutations, but V-shaped Hammett plots
have occasionalty®*¥ been found and suspected to indicate
a substituent-dependent mechanistic change. It is therefore
of interest to know the electronic substituent effect on the
diastereotopomerization of 20 with the special bonus that
all competing bimolecular mechanisms have been excluded.

The activation parameters AH™, AS* and AG* derived
from the rate constants of 20 (5—8, 10—12, 14—19) are
summarized in Table 2. The solvents have practically no

R. Knorr, T. P. Hoang, J. Mehistiubl, M. Hintermeyer-Hilpert, H.-D. Liidemann, E. Lang, G. Sextl, W. Rattay, P. Bohrer

Table 2. Enthalpies AH* (kcal/mol), entropies AS* (cal mol =" K™%),
and free enthalpies of activation AG* (kcal/mol) at 260 K, with
substituent constants ¢, for 5—8, 10—12 and 1419

AH* ¥ aAG* -

No. p-R Soivent 9p
15 o K* [Dg}-THF  16.8(1.4) +3(5) 16.1(2) -0.82
14 OH cCly 15.8 (1.4) +2(5) 152 (2) -0.37
16 OCH;3 cCly 14.8 (5) 0@ 14.9 (1) -0.26
12 NHy cCly 14.0 (T 303) 147 1) -0.15
17 N(CH3) cCly 13.2(1.0) -4 (4) 14.2 (1) 0.12
7 Li Ether 13.5(4) -303) 14.2 (1) -0.55(al
5 H {b) 128 @) 2@ 1336 (2) 0
6  Br cCly 13.3 (6) 0Q) 1333(1)  +0.25
18 Me3N* T CDCl3 10.5 (1) 6(2) 12022)  +0.77
$§ COH CDCl3 112 (6) +1(3) 10.9 (1) +0.77
1 CN CDCl3 10.7 (5) -1(2) 10.9 (1) +1.00
10 COCH3 CDCl3 9.8 (3) -4(2) 10.8 (1) +0.84
19 NO, cocl@l  91a) -1@) 9.3(2) +1.27
13 No* BFy cpclel - <8.6 +3.43

@ See text. — ™ In anisole ('"H) or in CDCl; ('*C). — “ Also in
CH,Cl,.

influence on rate constants, as shown above, and could be
chosen for convenience. All AG* values refer to —13.2°C,
but their temperature dependence hardly exceeds the error
limits due to the small AS* values.

Since the compounds in Table 2 have been arranged by
decreasing AG* values, the dominant role of n-electronic
substituent effects becomes immediately evident. Whereas
attempted correlations of AG* with most sets of Hammett-
type substituent constants give non-linear dependencies, the
use of resonance parameters®™ R~ or of oy provides ac-
ceptable linearity (not illustrated here); but this would be
stained by an apparent displacement of the parent com-
pound 5 toward more positive ¢ values by 0.1 —0.2 units.
However, “R™ values for n donor substituents are ques-
tionable”" as demonstrated, for example, by the hardly
credible sequence of absolute values for OH > O~ >
OCH,""., Thus, we prefer the correlation shown in Figure 2
with 6, constants"” which are mechanistically unseparated
and hence comprise some blend of resonance and “induc-
tive” effects. The reaction constant (260 K) = +2.7(4)
computed from the slope (= —2.3 RTp with r = 0.983) of
this plot equals that which we have recalculated from the
original data® of quinone anils; hence, the steric congestion
has not changed the electronic substituent dependence de-
spite accelerations due to a decrease of AG* by more than
8—9 kcal/mol. However, the parent compound 5 (H in
Figure 2) now appears displaced too much to the negative
side of the correlation line, such that o, has overvalued the
non-resonance effects, as may also be suspected for the bro-
mide 6 having a similar AG™ value as 5. In fact, a better
correlation (broken line in Figure 2) could have been ob-
tained by subtracting (horizontal arrows) from each o, con-
stant one half of the corresponding o; value®. Thereupon,
p-bromine (in 6) as well as p-trimethylammonio (18) fit also
much better.

Acceleration by a cyano substituent (in 11) is comparable
with those by carbonyl functions (8, 10) and is stronger than

Chem. Ber. 1993, 126, 217 —224
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Figure 2. Hammett plot of AG* (kcal/mol) versus substituent con-
stants o, , giving ¢ = +2.7 at —13.2°C, and possible correction
(arrows) by subtraction of oy/2

that by the ammonium group (in 18). Such behaviour is
typically indicative of m acceptor efficiency and restricts the
importance of contributions by other mechanisms. The cy-
ano group acts as a charge acceptor in both the resonance
and inductive fashions™ ~*, but one of these appears to be
somewhat overestimated in the current o, parameter™” be-
cause the corrected value does not fit so well to the broken
line. By both of these correlation lines, a AG¥ value of ca.
3 kcal/mol is predicted (not measured) for diazonium as the
strongest 1 acceptor.

Lithium as the p-substituent in 7 has not been included
in these correlations because its substituent constant is ap-
parently unknown!*!. If an “inductive” correction by one
half of of = —0.71 (for Li in ether™) is applied in reverse
of the subtraction suggested above, the o,” constant would
become ca. —0.55 (and has been used in Figure 2). This
number compares well with a Grignard parameter —0.44
and explains why lithium decelerates the (E,Z) stereomu-
tation relative to 5, acting as weakly as dimethylamino (in
17) and much less than the O~ substituent in 15.

A final significant result is the correlative fit of the p-nitro
group (in 19). For this strong n acceptor ™ ~*! with appre-
ciable “inductive” suction™ we find no indication from Fig-
ure 2 of a mechanistic change®®”*), Therefore, the peculiar
AG* enhancement noticed earlier™® for the nitro-imine 2 (Z
= NO,) has vanished in the phenylogue 19; this confirms
the interpreation™ that resonance is disfavoured in 2 by
causing charge repulsion.

C. Conclusion

The orthogonal arrangement of the aryl and imino sys-
tems shown in 20 for the angular ground state, as confirmed
in the crystal structure™ of 14, provides for optimal
conjugation!'®!*! between the lone electron pair at sp® nitro-
gen and the aromatic © system. The © donor quality caused
by this interaction corresponds to ca, 55 (+8)% p, char-
acter, as measured by NMR of 519 and 13, by IR of 13, and
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by the thermolability of 13. It makes the properties of the
angular imino function somewhat better than “hardly un-
derstandable”™ because residual resonance has now been
quantified. This analysis should carry over to the lone elec-
tron pair at pyramidalized carbon atoms like in cyclopropyl
anions™, Although the statement™¥ that cyano “stabilizes
a negative charge mostly inductively” may be partially jus-
tified (because of residual resonance) for that special system
with substituents directly attached to the reaction center, it
does not appear to be valid for phenylogous systems and
hence cannot be generalized.

7 Donor quality is also the reason for the pronounced
electronic substituent dependence of (E/Z) diastereotopom-
erization. The Hammett correlation agrees with some earlier
reports®¥441 and is improved if the usual substituent con-
stants o, are corrected by — oy/2. It reveals the dominant
role of resonance in a transition state whose structure 4
remains to be proved. Despite its strongly electropositive
character, lithium as a p-substituent is therefore only as ef-
fective as p-dimethylamino. A strong steric acceleration (by
—4.7 kcal/mol) is superposed over the whole AG* pattern.

Although the positive reaction constant @ is compatible
with polarized transition states 4, the (E,Z) topomerization
of the unsubstituted compound 5 does not show consider-
able solvation effects by electrostriction (A¥¥) or solvent-
dependent rate constants. Hence, stabilization of the nitro-
gen lone pair by the phenyl group in 4 is not accompanied
by an increase of the gross molecular polarity over that of
the angular ground state 5 (or 20).

We thank the Deutsche Forschungsgemeinschaft, the Leibniz-Re-
chenzentrum der Bayerischen Akademie der Wissenschaften, and the
Fonds der Chemischen Industrie for their generous support.

Experimental

The syntheses of 5, 6, 12, and 19 have been described!'"! as well
as the spectrometric equipment.

2,6-Dimethyl-N-(2,2,5,5-tetramethylcyclopentylidene janiline  (S):
The '"H-NMR spectrum of 170 mg (0.7 mmol) of 5% in 0.40 ml of
dry [Dg]THF was indistinguishable from that in CDCI; solution
and did not change in the presence of lithium metal (10 mg) nor
after the subsequent addition of naphthalene (10 mg). An uniden-
tified, non-basic product was partially formed in this dark green
solution during several d. — Lineshape analysis at normal pressure:
13C NMR (CDCl3), A3 = 2.86 (2,5-CH3), 3.38 (CH»-3,4), 0.92 (C-
2,5); 'H NMR (anisole), A = 0.410 (2,5-CH;). — Pressure de-
pendence by '"H-NMR lineshapes with 20 mg of 5 in 1.0 g of 1,2-
dibromo-1,1,2,2-tetrafluoroethane as described™® at 50, 500, 1000,
and 1500 bar (Figure 1) between +4 and +24°C.

4-Bromo-2,6-dimethyl-N-(2,2,5,5-tetramethylcyclopentylide-

. nejaniline (6)"': "H-NMR lineshapes (CCls): A§ = 0.317 (2,5-CHj).

4-°Lithio-2,6-dimethyl-N-(2,2,5,5-tetramethylcyclopentylide-
ne janiline (7) in Ether: A 12-mm NMR test tube containing 400 mg
(1.24 mmol) of 6" in 2.0 ml of dry ether and 1 droplet of TMS
was cooled under argon to —70°C, and 0.70 ml of [SLi]-n-butyl-
lithium (1.90 M in pentane, 91.1% °Li) was added. The exothermic
reaction was controlled by intermittent cooling during warming up.
From a similar but smaller run, 56% of 8 was secured after car-
boxylation. — 'H NMR (pentane): & = 7.40 (s, m-H). — 'H NMR
(ether, +30°C): 8 = 1.27 (broadened s, 2- and 5-CH;), 1.95 s, 2 o-
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CHa), 742 (s, m-H). — 'H NMR ([D;]JTHF): Table 1; A8 (2,5-CHa)
= 033, T, = +17(3)°C at 60 MHz, AG* = 14.8(2) kcal/mol. —
13C NMR (THF): Table 1; A3 = 3.5 (CH,-3,4), T, = ca. +30(3)°C
at 25.15 MHz, AG* = 14.6(2) kcal/mol. — *C NMR (ether at
+27°C): 8 = 27.1 (2- and 5-CHs), ca. 38.5 (CH,-34), 45.5 (m, C-
2.5), 121.7 (m, 0-C), 141.9 (ddg, 'J = 146,%] = 13.5,%J = 5 Hz, m-
C), 1469 (m, ipso-C), 165.8 (sharp t, >J = 12.8 Hz, p-C), 183.6 (m,
C-1); lineshape analysis: AS = 2.70 (2,5-CH), 3.54 (CH,-3,4), 1.87
(C-2,5) down to —95°C.

3,5-Dimethyl-4-[ (2,2,5,5-tetramethylcyclopentylidene )amino ] -
benzoic acid (8): 2.00 g (6.1 mmol) of the p-bromo imine 6! in 5 m]
of dry THF was slowly added from a dropping funnel under argon
to 170 mg (7.0 mmol) of Mg turnings (activated by a small iodine
crystal) in 10 ml of boiling THF. After 2 additional h at reflux, the
clear solution with littie residual Mg was cooled under argon where-
upon a copious precipitate of 9 deposited. Carboxylation with a
large excess of dry, solid carbon dioxide and distribution between
2 N NaOH and ether gave 550 mg (37%) of the p-protonation prod-
uct 5 from the ethereal layers. The alkaline phase was acidified and
extracted with ether; the extract was washed, dried with Na,SO,,
and the solvent evaporated to yield 890 mg (51 %) of the colourless
acid 8, m.p. 233—234°C. — IR (KBr): ¥ = 3050 cm ' (v br), 2954,
2871, 2603, 1676, 1599, 1300, 1235, 1207. — ‘H NMR (CDCl,,
+32°C): 8 = 1.10 (s, 4 CH;), 1.70 (s, 2 CH,), 2.08 (s, 2 0-CHs), 7.65
(s, 2 arom. H), ca. 9.3 (br, CO,H). — '*C NMR (CDCl;): Table 1;
lineshape analysis: AS = 2.86 (2,5-CH;), 048 (C-2,5) down to
—175°C.
CisHsNO, (287.4) Caled. C 7523 H 8.77 N 4.87
Found C 7539 H 890 N 4.61

4-Acetyl-2,6-dimethyl-N-(2,2,5,5-tetramethylcyclopentylidene ) an-
iline (10): A suspension of 500 mg (1.74 mmol) of 9 in 10 m] of dry
ether was stirred under argon and cooled in an ice bath. The pre-
cipitate dissolved upon dropwise addition of 2.20 m! of methyili-
thium (1.6 M in ether) with evolution of methane. The orange-col-
oured solution was kept at room temp. for 2 d and poured into
30 ml of ice-cooled 2 N HCL. The combined ethereal extracts were
shaken with aqueous sodium carbonate, washed neutral, dried with
Na,SO,, and evaporated to leave 400 mg (80%) of solid 10; pale
yellow, short needles with m.p. 96—97°C (from ligroin). — IR
(KBr): ¥ = 2958 cm™', 2870, 1695, 1670, 1595, 1304, 1189. — 'H
NMR (CDCly): 6 = 1.10 (s, 4 CH;), 1.71 (s, 2 CH,), 2.10 (s, 2 o-
CH3;), 2.53 (s, Acetyl), 7.57 (s, 2 m-H); lineshape anlysis: A8 = 0.350
(2,5-CH;) down to ~85°C. — 3C NMR (CDCL): Table 1; lineshape
analysis: AS = 2.90 (2,5-CH,), 3.26 (CH,-3,4), 0.50 (C-2,5) down to
—774°C.

C1osH»NO (285.4) Caled. C 79.95 H 9.54 N 491

Found C 80.25 H 949 N 541

3,5-Dimethyl-4-[ (2,2,5,5-tetramethylcyclopentylidene )amino J-
benzonitrile (11): Sodium cyanide (490 mg, 10 mmol) and copper
cyanide (890 mg, 9.9 mmol) were preheated™™ in 5 ml of dry di-
methylformamide for 10 min at 95°C. Then 1.06 g (3.3 mmol) of
the p-bromide 6 was added and the inhomogeneous mixture heated
under argon at 160°C for at least 5 d. After distribution between
80 ml of ether and 30 ml of water, washing, drying of the ethereal
layer, and evaporation the residue crystallized exothermically to
give a very hard mass which contained only 11 and a trace of
unreacted 6. It was dissolved in 5 ml of hexane, the solution filtered
and concentrated to 1 ml for crystallization of 6 at —20°C. The
other liquor afforded 136 mg (15%) of the almost colourless nitrile
11; m.p. 110.5—111.5°C from hexane at —40°C, b.p. 130—180°C
(bath-temp.)/0.05 mbar. — IR (KBr) ¥ = 2960 cm™!, 2870, 2219
(CN), 1676, 1600, 1461, 1033. — 'H NMR (CClL): § = 1.07 (s,
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4 CH;), 1.67 (5, 2 CH,), 1.99 (s, 2 0-CH3), 7.11 (s, 2 m-H). — 'H and
3C NMR (CDCl,): Table 1. Lineshape analysis: A8 = 0.340 (2,5-
CH; protons) down to —74°C.

CisHuN, (268.4) Caled. C 80.55 H 9.01 N 10.44
Found C 80.55 H 9.02 N 10.18

3,5-Dimethyl-4-[ (2,2,5,5-tetramethylcyclopentylidene jamino Jani-
line (12): '"H NMR (CCl; at —23°C): § = 0.91 (s, 5-CH;), 1.22 (s,
2-CHj;), 1.64 (s, CH,-3,4), 1.91 (s, 2 0-CH3), 3.54 (s, NH,), 6.21 (s, 2
arom. H); lineshape analysis: A6 = 0.318 (2,5-CH,).

3,5-Dimethyl-4-[(2,2,5,5-tetramethylcyclopentylidene )ami-
no Jbenzenediazonium Tetrafluoroborate (13). The hot solution of
3.00 g (11.6 mmol) of the primary amine 121" in 17 ml of 2 N HCl
was chilled in ice. On dropwise addition of 950 mg (13.8 mmol) of
sodium nitrite in 30 ml of water within 20 min, the stirred suspen-
sion dissolved. After a positive nitrite test 7.5 ml (32 mmol) of aque-
ous hydrogen tetrafluoroborate (31%) was added to produce a vo-
luminous precipitate which was filtered by suction after 1 h, washed
with water and ether, and dried in vacuo with protection from light
(3.54 g, 83%). It was dissolved in 40 ml of CH,Cl, and reprecipi-
tated by 200 ml of ether to yield 3.41 g (82%) of bright-yellow,
spear-shaped crystals of 13 which turn dark blue on exposure to
light; m.p. 122—123°C (with gas evolution). — IR (KBr): v =
2965 cm ™', 2870, 2223 (N;"), 1730 (CN), 1575, 1105, 1083, 1027. —
IR (CH,ClL): ¥ = 2205 cm™! (N3), 1718 (CN), 1570, 1102, 1060,
1023. — UV (CH,Cly): Apmax (Ig €) = 256 nm (2.292), 388 (3.993). —
UV (water or 0.1 N HySO,): Ao, (Ig €) = 243 nm (3.689), 364 (4.212),
changing to the spectrum of phenol 14 after 4 min in sunlight. —
'H NMR (CH,Cl, or CH;0H, +28°C): As in Table 1. — °C NMR
(CDCl;, +35°C): Deviations up to 40.5 ppm from Table 1.

CHBF,N; (357.2) Caled. C 57.16 H 6.77 N 11.76
Found C 57.28 H 691 N 11.63

3,5-Dimethyl-4-[(2,2,5,5-tetramethylcyclopentylidene )amino ] -
phenol (14)

a) By Thermolysis: A suspension of the diazonium tetrafluoro-
borate 13 (1.79 g, 5.0 mmol) in 50 ml! of 0.1 N H,SO, was magnet-
ically stirred and heated at 95—105°C for rapid dissolution and
evolution of nitrogen (121 ml, 95%). The clear solution was cooled
and its pH adjusted to 6—7 with KOH solution. The colourless
suspension was shaken with ether (3 x 100 ml), and the combined
extracts were washed and dried with Na,SO,. The crude material
(1.0 g, 77%) obtained by evaporation of the ether was recrystallized
from cyclohexane: Colourless platelets or fine needles, 0.77 g (59%),
m.p. 167—169°C.

b} By Photolysis: 200 ml of 0.1 N H,SO, was required to dissolve
360 mg (1.01 mmol) of 13 completely. The yellow solution was
exposed to diffuse light for several d (or to a 100-W bulb for ca.
1 h) at ambient temp. until bleached. Workup as above gave 260 mg
(99%) of pure 14. — IR (KBr): ¥ = 3350 cm ™' (br, OH), 2960, 2865,
1676, 1666, 1459, 1306, 1200. — UV (cyclohexane): hy, (g &) =
236 nm (3.925), 297 (3.468). — UV (0.1 N H,SO,): Ay (Ige) =
272 nm (3.067), 300 (sh, 2.759). — 'H NMR (CCl,): Table 1; line-
shape analysis: A = 0.400 (2,5-CH3) down to —27°C. — *C NMR
(CLCD-CDCl,): Table 1.

C7HysNO (259.4) Caled. C 78.72 H 9.71 N 5.40

Found C 78.75 H 9.75 N 5.40

Rate Constants for Hydroxy-dediazoniation of 13: Degassed dilute
sulfuric acid (0.1 ~N) was preheated in the cuvette of a photometer
(Zeiss PMQ II) until the internal temperature (controlled by ther-
mocouple) was constant. A more concentrated stock solution of 13
in the same solvent (Jight-protected) was quickly added for initial
concentrations adjusted to give suitable extinction values (variation
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up to five-fold). After mixing and several min of thermal equilibra-
tion, extinctions were read at A, = 364 nm where the product 14
does not absorb, leading to first-order plots over at least two half-
lives. A control experiment with a sample permanently exposed to
the photometer beam revealed only 2% loss during 19 h at room
temp. — Rate constants 10° k (s™'): 6.1(1) at 54.0(2)°C, 27.3(6) at
65.0(2)°C, 34.3(7) at 68.5°C, and (for two concentrations) 138(4) and
141(4) at +78.5(2)°C.

4-Hydroxy-2,6-dimethyl-N-(2,2,5,5-tetramethylcyclopentylide-
ne ) anilinium Chloride (14 Hydrochloride): From a solution of 31 mg
(0.12 mmol) of the phenol 14 in a mixture of 0.4 ml of methanol,
0.2 ml of 2 N HC], and 0.03 ml of conc. HCI slowly deposited large,
transparent, colourless parallelepipeds of 14 hydrochloride. These
were quickly washed with very little methanol (readily soluble) and
recrystallized from methanol/2 N HCI (1:1); decomp. above 230°C,
structure confirmed by X-ray analysis. — '"H NMR ([Ds]DMSO/
[Dglacetone, 5:1). 8 = 1.07 (s, 5-CH,), 1.54 (s, 2-CH;), 1.73 (s,
1 CH,), 1.94 (s, 2 0-CH3), 6.63 (s, 2 m-H).
C;;H6CINO (295.9) Caled. C 69.02 H 8.86 N 4.73
Found C 68.96 H 8.99 N 4.69

Potassium  3,5-Dimethyl-4-[ (2,2,5,5-tetramethylcyclopentylide-
ne )amino Jphenoxide (15). Potassium hydride (45 mg) was placed in
a dried 5-mm NMR test tube, washed oil-free with dry benzene (5
x 1 ml) under N,, and covered with 0.3 ml of [Dg]THF. Brisk
hydrogen evolution was noticed after the addition of the phenol 14
(45 mg) to give a bright-yellow, clear solution. — 'H NMR
(IDg]THF at —26°C or +24°C): & = 0.97 (s, 5-CHj), 1.24 (s, 2-
CH.), 1.60 (s, CH-3,4), 1.93 (s, 2 0-CH3); lineshape analysis: A§ =
0.167 (2,5-CH,).

4-Methoxy-2,6-dimethyl-N-(2,2,5,5-tetramethylcyclopent ylide-
ne)aniline (16): 550 mg (2.12 mmol) of the phenol 14 was heated in
15 ml of aqueous 2 N KOH on a steam-bath until dissolved (5 min).
Without further heating, 1.0 ml (10.5 mmol) of dimethyl sulfate was
slowly added during 20 min and the exothermic reaction completed
on the hot steam-bath for 15 min. The combined ether extracts
were shaken exhaustively with 2 N KOH (7 x 25 ml) to remove
residual 14, then washed neutral and dried with calcium chloride.
After evaporation of the solvent the crude residue (440 mg, 72%)
distilled at 130—152°C (bath temp.)/0.12 Torr and solidified to
afford 360 mg (62%) of almost colourless blocks of 16 with m.p.
57—58°C. — IR (KBr): ¥ = 2958 cm ™!, 2875, 1675 (CN), 1466,
1317, 1204, 1152, 1064, 853. — UV (cyclohexane): Ay, (g €) =
238 nm (4.037), 297 (3.482). — 'H NMR (CCl, at —26°C): & = 0.90
(s, 5-CHa), 1.24 (s, 2-CH3), 1.65 (s, CH,-3,4), 1.97 (s, 2 0-CH,), 3.68
(s, OCH,), 6.40 (s, 2 m-H); lineshape analysis: A5 = 0.340 (2,5-CH3).
C;3H,yNO (2734) Caled. C 79.07 H 995 N 5.12
Found C 78.90 H 9.86 N 5.28

4-( Dimethylamino )-2,6-dimethyl-N-( 2,2,5,5-tetramethylcyclopen-
tylidene ) aniline (17): Dimethyl sulfate (1.90 ml, 20 mmol) and 2.15 g
(8.3 mmol) of the amine 12" in 30 m! of toluene were stirred for
2 h at room temp. The clear solution got milky and slightly warm
on dropwise addition of 2.2 ml (19 mmol) of aqueous (35%) sodium
hydroxide. After further stirring overnight, residual dimethyl sulfate
was destroyed with 60 ml of aqueous (25%) ammonia solution (1 h
at room temp.). The emulsion was diluted with 30 ml of water,
extracted with ether (5 x 50 ml), and the combined extracts were
washed and dried with Na,SO,. Distillation at 145—154°C (bath
temp.)/0.07 Torr afforded 840 mg (35%) of a yellow oil which so-
lidified to colourless blocks with m.p. 56 —~57°C. — IR (KBr): ¥ =
2950 cm ', 2865, 1675 (CN), 1487, 1461. — UV (cyclohexane): Amax
(g &) = 256 nm (4.193), 315 (3.512). — 'H NMR (CCl, at —27°C}:
8 = 0.92 (s, 5-CHj), 1.25 (s, 2-CHj), 1.64 (s, CH,-3,4), 1.95 (s, 2 0-
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CH;), 2.80 (s, dimethylamino), 6.25 (s, 2 arom. H); lineshape analysis:
AS = 0.327 (2,5-CHs).

CisH3N, (286.5) Caled. C 79.66 H 10.56 N 9.78

Found C 79.47 H 10.71 N 9.79

N,N,N,3,5-Pentamethyl-4-[ (2,2,5,5-tetramethylcyclopentylide-
ne )amino Janilinium Iodide (18): An unknown, colourless byproduct
deposited during 2 d at room temp. on treatment of 820 mg (2.86
mmol) of the dimethylamino compound 17 in 30 ml of acetone®
with 0.35 ml (5.6 mmol) of methyl iodide. The whole mixture was
concentrated and the remainder leached out with chloroform on a
filter funnel. The filtrate was again evaporated and the residue re-
crystallized from 4 ml of 2-propanol to give 210 mg (17%) of almost
colourless platelets with m.p. 199 —202°C (decomp.). — IR (KBr):
¥ = 2954 cm ™', 2864, 1682 (CN), 1460. — UV (CHCLy): A (Ig €
= 248 nm (4.291), 290 (sh, 3.291), 363 (2.436). — 'H NMR (CDCl,,
—~55°C): 8 = 0.92 (s, 5-CHs3), 1.27 (s, 2-CH3), 1.73 (s, CH,-3,4), 2.16
(s, 2 0-CH3y), 3.90 (s, NMej'), 7.51 (s, 2 arom. H); lineshape analysis:
A8 = 0.355 (2,5-CH;) down to —65°C.

CyHj3IN, (428.4) Caled. C 56.07 H 7.76 N 6.54
Found C 56.12 H 7.85 N 6.13

2,6-Dimethyl-4-nitro-N-(2,2,5,5-tetramethylcyclopentylidene ) ani-
line (19)"'%: "H and 3C NMR (CDCl,): Table 1. Lineshape analysis:
A8 = 0305 (2,5-CH, protons), 2.66 (2,5-°CH,), 3.15 (*CH,-3,4).
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