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Kinetics and Mechanisms of Nucleophilic Displacements with Hetero-
cycles as Leaving Groups. Part 6.7 Reactions of N-(Substituted Benzyl)-
azaheterocyclonium Compounds with Piperidine

By Alan R. Katritzky,” Wlodzimierz H. Basinski, Yu Xiang Ou, Giuseppe Musumarra, and Ranjan C.
Patel, School of Chemical Sciences, University of East Anglia, Norwich, Department of Chemistry, University
of Florida, Gainesville, Florida, U.S.A., and lstituto Dipartimentale di Chimica e Chimica Industriale

dell’Universita, 95125 Catania, Italy

The preparation is described of series of N-(p-substituted)benzyl and N-(2-furfuryl) compounds with different
heterocyclic leaving groups. First- and second-order rate constants for their reactions with piperidine in chloro-
benzene are measured and discussed. Plots of k, values for substituted compounds versus k, for the parent N-
benzyl derivative are linear for each substituent despite variable temperature of measurement.

WE previously reported (a) the effect of substituents in
the N-benzyl group on the mechanism and rate of the
reaction of 1-benzyl-24,6-triphenylpyridinium with
piperidine 2 and (b) the effect of changing the leaving
group on this reaction.® The results were sufficiently
interesting to warrant investigation of the simultaneous
change of both benzyl substitution and leaving group:
we now report on this subject.

Preparation of Substrates—Pyryliums (la)—(11a)
were prepared by literature procedures or by modifi-
cations of them (see Experimental section) and con-
densed with the relevant benzylamines and 2-furfuryl-
amine to give the azonium derivatives listed in Table 1.

In many cases the reaction was performed by the
standard procedure in dichloromethane at 20 °C (method
A); for the more hindered pyryliums it was advantageous
to add a little acetic acid 4 (method B). Difficulties
were encountered in the preparation of some of the p-
methoxy derivatives: (13d) was obtained successfully in
ether, but for the tricyclic (19d) it was necessary to work
at —18 °C to avoid decomposition of this very reactive
pyridinium. Reactions of p-methoxybenzylamine with
the a-t-butylpyryliums (3a) and (6a) and with the penta-
cyclic pyrylium (11a) gave only the corresponding pyri-
dines [(3b), (6b), and (11b), respectively]: presumably
in each case the intermediate N-p-methoxybenzyl cation
had undergone rapid solvolysis.

Pyridines (1b)—(11b) required as reference samples in
the kinetic work were obtained from the pyrylium by
reaction with ammonia, or some times with p-methoxy-
benzylamine.

Kinetic Measurements.—Reactions with piperidine as
nucleophile in chlorobenzene solvent were followed
spectrophotometrically under pseudo-first-order con-
ditions as previously described.® In most cases the ob-
served pseudo-first-order rate constants (Table 2) were
linear with [piperidine]. However, difficulties were
encountered with pyridiniums containing fused indene
systems and no useful results could be obtained with
compounds (20a) or (18d) (100 °C); the formation of
green colours suggested deprotonation at the CH, group
of the fused five-membered ring with the formation of an

anhydro-base, and satisfactory first-order plots were not
obtained.

For systems (16) and (21), curves were obtained for

(16a) and (21d) for plots of In[(e;, — &5)/(e — ¢,)] against
time. We believe that this is also due to slow deproton-
ation to the anhydro-base (23). For the more reactive
(16d) and (16e) individual Kkinetic runs were quite
acceptable. However, the plots of &,y versus [piperidine]
gave slightly negative slopes. We believe that the
values of %, calculated from the plots are valid, but that
ky cannot be found as it is less than the deprotonation
rates to yield derivatives of type (23). Colour formation
during the runs supports this interpretation. Compound
(19d) could not be measured because it was too reactive.
Compound (15) derived from pyrylium (4a} could not be
measured because the u.v. spectra of pyridiniums and
pyridines were too close.

As before,® the observed rate variations can be inter-

preted in terms of Syl and/or Sy2 mechanisms: calculated
Sx1 and Sx2 rate constants are collected in Table 3.

Second-order Kinetic Rates for N-Benzyl and N-(Sub-

stituted Benzyl) Compounds.—Most of the N-benzyl
derivatives have been measured previously 7 and the
present rates are in agreement within the experimental
error.

For reaction of (22c) with piperidine, the temperature

dependence is measured and given in Table 4. The
Arrhenius parameters * (AHg; 12.0 4- 3.7 kcal mol™
and AS —26.7 + 12.1 cal mol* K1) for this compound
match with those obtained for (22a).?

Attempted Hammett treatment of the present data

for the N-(substituted benzyl) compounds is difficult
because of (a) the few compounds in each series, (b)
curvature, and (c) uncertainty as to which Hammett
constants should be used.

However, plots of log &, for substituted benzy! deriva-

tives against log k, for the parent benzyl derivatives
(Figure 1) for the series (12) (at 40, 60, and 100 °C), (13),
(14), (17), and (22), show linearity for each substituent,
despite the different temperatures used. The correl-
ations have slopes close to unity (Table 5). These

* The error is given at the 909, confidence limit.
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a; R=PhCH, b; R=p-MeCgH,CH, ¢ R=p-CICH,CH, d; R=p—MeOCH,CH, e; R=2-turyl-CH,

plots are considerably superior to those where the log
ky for the other series are plotted against the log %, for
reference series (12) (Figure 2).

Although standard l.f.e.r. treatments of second-order
rates are not possible due to the above-mentioned reas-
ons, empirical correlations such as those reported in
Figure 1 and Table 5 demonstrate the consistency of the
present set of data and represent a useful tool for the
prediction of reactivities in these reactions.

First-order Kinetic Rates.—Within each series the
first-order rates increase in the order p-Cl < H < p-Me
& p-OMe or 2-furfuryl. For the monocyclic series (13)
and (14), a significant Syl component is detected for the

N-(p-methoxybenzyl) (d) and N-(2-furfuryl) (e) deriv-
atives, as already observed for the parent series (12).
We have previously shown 7 that significant first-order
rates can also occur for unsubstituted N-benzyl com-
pounds, if the leaving group structure is changed fe.g.
series (14) and (17)]. This finding is now confirmed for

p-methyl- and p-chloro-substituted benzyls such as (14b),

(17b) and (17c). No significant Syl component was
found for (22b and c}, in accord with what was found
for (22a).7

Conclusions.—All the compounds studied react by the
Sx2 mechanism. Second-order rates for substituted
benzyl derivatives are found to be linearly correlated
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TABLE 2

Pseudo-first-order rate constants (&) for the reactions of
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N-substituted-benzyl-

and  N-furfuryl-azahetero-
cycloniums with piperidine in chlorobenzene
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(13b) @ (13c) @ (13d) * (13e) ®
[Piperidine]/m (100 °C) (100 °C) (100 °C) (100 °C)
0.04 24.9 21.8
0.08 1.59 27.1 27.2
0.12 2.21 2.03 29.6 32.3
0.16 3.13 2.78 30.8 35.5
0.20 3.56
0.24 4.60
10%&/s7!
(14b) (14c) *
[Piperidine]/m (100 °C) (100 °C)
0.0008 124 ¢
0.04 1472 8.70
0.08 170 15.9
0.12 196 ¢ 23.2
0.16 28.7
(16d) ®
(60 °C)
[Piperidine] /M 105% s 571
0.000 96 31.4
0.001 90 28.5
0.0026 28.8
loakobs.lswl
(16¢) ® (18d) ®
[Piperidine]/m (60 °C) (60 °C)
0.000 32
0.000 64 137
0.000 80 141 6.9
0,0016 123 6.9
0.0024 120 7.1
0.0032 7.3
10%,p, 572
(17b) & (17c) ® (22b) &
[Piperidine]/m (60 °C) (60 °C) (30 °C)
0.0016 310 9.51
0.0032 319 45.6
0.0064 348 23.4 90.4
0.0096 131
0.013 395 43.9
0.016 51.3 217

2 Concentration of pyridinium 1.6 X 107°M. ¢ Concentration

of pyridinium 3.2 x 1075M.

with those of the parent benzyl derivatives (¢f. Table 5
and Figure 1), with slopes close to unity, showing the
constancy of substituent effects in the examined com-
pounds. A significant Syl component can be detected
if the N-substituent or the leaving group are changed,

N
R

(23)

supporting, in our opinion, previous evidence for the
occurrence of simultaneous Sy2-Syl mechanisms.23.6.7

This work confirms and extends the conclusion re-
ported in Parts 2 and 3.

Ficure 1 Plot of the logarithms of second-order rate constants
(log k,;) for the reactions of N-(p-methylbenzyl)- (b), N-
(p-chlorobenzyl)- (c), N-(p-methoxybenzyl)- (d), and N-
(2-furfuryl)- (e} pyridiniums versus log k, for the corresponding
N-benzyl compounds (a)

/
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FiGure 2 Plot of the logarithms of second-order rate constants
(log k,) for the reactions of N-(substituted benzyl)- and N-
(2-furfuryl)-pyridiniums (13) at 100 °C, (14) at 100 °C, (17) at
60 °C, and (22) at 30 °C with piperidine in chlorobenzene
versus log &, for N-(substituted benzyl)-2,4,6-triphenyl-
pyridinium (12) at 100 °C
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TABLE 3

First- and second-order rate constants for the reactions of N-substituted-benzyl- and N-furfuryl-azaheterocycloniums
with piperidine in chlorobenzene

Slope Intercept

. - 108 by ¢
Compound T (°C) Ne v 103k, ¢/l mol™ st Error (%) 10%%, <d[s™1 Error (% )Ry 4+ 10 Ay

(13a) f 100 5 0.997 0.119 + 0.013 11 <1 (0.30 4- 0.30) <33
(13b) 100 4 0.998 0.191 + 0.022 11 <0.4 (0.02 £+ 0.35) <16
(13c) 100 3 0.999 0.191 4 0.013 7 (—0.27 4+ 0.22)
(13d) 100 4 0.991 0.51 + 0.14 28 23.1 + 1.5 6 82
(13e) 100 4 0.994 1.16 + 0.27 23 17.7 + 2.9 16 60
(14a) 100 5 0.998 1.07 4 0.08 7 8.0 + 2.2 27 43
(14b) 100 4 0.9996 6.01 4 0.34 6 123 + 3 2 67
(14c) 100 4 0.998 1.68 + 0.22 13 <5 (2.3 £+ 2.4) <22
(16d) 60 3 0.876 (—17 4 60) 33 + 12 35
(16¢) 60 4 0.929 (—118 4+ 97) 146 + 15 10
(17a) f 60 8 0.999 36.3 4+ 1.0 3 6.2 4- 3.8 61 2
(17b) 60 4 0.999 75.8 4- 8.3 11 297 + 6 2 28
(17c) 60 4 0.999 29.4 + 1.9 6 4.8 4 2.0 41 2
(18a) * 100 4 0.995 106 + 14 13 11.2 + 0.7 7 1
(18d) 60 4 0.944 1.7 + 1.3 72 6.70 + 0.27 4 28
(22a) 30 6 0.999 105 4 4 4 <1(0.4 4+ 0.8) <0.1
(22b) 30 4 0.9999 133 + 4 3 <8 (3.7 + 3.7) <0.6
(22¢) 30 g 70.6 4+ 0.6 1
(22c) 36 g 105 + 2 2
(22c) 42 g 155 + 4 3

apparatus.
literature methods: 2-methyl-4,6-diphenylpyrylium tetra-
fluoroborate (2a), m.p. 250—251 °C (lit., 248.5—250 °C);
2-t-butyl-5,6-dihydro-4-phenylbenzo[#]chromenylium
tetrafluoroborate (6a), m.p. 178—179 °C (lit.,? 175—176 °C) ;
5H-2,4-diphenylindeno[1,2-b]pyrylium
(7a), m.p. 240—242 °C (lit.,” 254 °C);
diphenylbenzo{#]chromenylium
m.p. 224—225 °C (lit.,* 270 °C);
indeno[1,2-b]benzo[A]chromenylium tetrafluoroborate (10a),
m.p. 218—220 °C (lit.,” 268 °C) (Found: C, 72.0; H, 4.6.

diphenylpyridine (2b), m.p. 70—71 °C (lit.,'® 73 °C); 2-t-

¢ Number of runs. ¢ Correlation coefficient. ¢ 90%, Confidence limit. ¢ Values in parentheses not significantly different from
zero. ¢ Reaction by Sx1 route at [piperidine] 107'M. f From ref. 7. ¢ From Table 4.

TABLE 4

Temperature dependence of second-order rate constants (1 mol™ s7!) for the reaction of N-(p-chlorobenzyl)-5,6,8,9-tetra-
hydro-7-phenylbisbenzo[a,k)acridinium (22c) with piperidine in chlorobenzene @

30 °C 36 °C 42 °C
[Piperidine]/m 105 kg, /s~ 108 &, 10° B, 8 108 hgp fst 10° &, 10° B, % 105 ke fst 10% A, 108 &, ®
0.0032 22.8 7.2 34.0 106
0.0064 44.8 70.0 70.6 66.0 103 105 101 158 155
0.0096 145 151

@ Measured under pseudo-first-order conditions in 1 mol™ s, this compound reacts exclusively by the Sx2 mechanism.
value.

b Average

TABLE 5

Correlation between logarithms of second-order rate constants for the reactions of N-substituted benzylpyridiniums
(b—e) versus those of the corresponding N-benzylpyridiniums (a)

No. of

N-Substituent Description points v Equations

p-MeC¢H,CH, (b) 7 0.991 log ky(b) = 0.983 log k,(a) + 0.23
p-CICgH,CH, (c) 5 0.998 log k,(c) = 0.863 log ky(a) — 0.26
$-MeOCgH,CH, (d) 4 0.985 log A,(d) = 0.826 log k,(a) + 0.11
2-Furyl-CH, (e) 4 0.9998 log k,(e) = 1.20 log k,(a) + 1.76

butyl-4,6-diphenylpyridine (3b), m.p. 89—90 °C (lit.,* 87—
EXPERIMENTAL M P y'py ( ) b (

88 °C); 2-t-butyl-5,6-dihydro-4-phenylbenzo[#]quinoline
(6b), m.p. 97—98 °C (lit.,” 97 °C); 5H-2,4-diphenylindeno-
[1,2-b]pyridine (7b), m.p. 158—159 °C (lit.,” 156 °C); 5,6-
dihydro-4-phenylindeno[1,2-b]benzo[4]quinoline (10b), m.p.
178—179 °C (lit.,” 158 °C); 5,6,8,9-tetrahydro-7-phenyldi-
benzo[¢,h]acridine (11b), m.p. 190—191 °C (lit.,* 166—
167 °C).

2-t-Butyl-2,4-diphenylpyrylium Tetrafluovoborate (3a).—
Acetophenone (2.4 g, 0.02 mol), t-butyl styryl ketone 11
(3.8 g, 0.02 mol), and BF;:OEt, (5.7 g, 0.04 mol, 11.2 ml)
were heated at 100 °C for 4 h and poured into Et,O (100 ml)
to give the pyrylium salt as yellow needles (3.9 g, 529,), m.p.
224—225 °C (decomp.) (Found: C, 66.8; H, 5.3. C,H,,-

M.p.s (uncorrected) were determined on a Kofler hot-stage
The following compounds were prepared using

tetrafluoroborate

5,6-dihydro-2,4-
tetrafluoroborate  (8a),
5,6-dihydro-4-phenyl-

C,eH,,BF,O requires C, 71.9; H, 4.49%,); 5,6,8,9-tetra- BF,O requires C, 67.0; H, 5.69,).
hydro-7-phenyldibenzo[¢,A}xanthylium  tetrafluoroborate 2-t-Butyi-5H-4-phenylindeno[1,2-blpyrylium Tetrafluoro-
(11a), m.p. 260—262 °C (lit.* 265 °C); 2-methyl-4,6-  borafe (5a).—Indan-l-one (1.3 g, 0.01 mol), t-butyl styryl

ketone ! (2.8 g, 0.015 mol), and BF;*OEt, (2.8 g, 0.02 mol,
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5.6 ml) were heated at 100 °C for 2 h and poured into Et,O
(30 ml) to give the pyrylium salt (3.0 g), m.p. 194—195 °C,
which formed yellow prisms (2.4 g, 639%) (from EtOH), m.p.
197—198 °C (Found: C, 68.0; H, 5.4. C,H,BF,0O
requires C, 68.1; H, 5.5%).

4-Phenylbisindeno[1,2-blpyrylium Tetrafiuoroborate (9a).—
Indan-1-one (0.65 g, 0.005 mol), 2-benzylideneindan-1-one 12
(2.2 g, 0.01 mol), HOAc (10 ml), and BF;-OEt, (2.8 g, 0.02
mol, 5.6 ml) were refluxed for 2 h. The pyrylium sait
separated as yellow prisms (1.0 g, 479%), m.p. 258—260 °C
(Found: C, 71.5; H, 4.3. CyH,,BF,O requires C, 71.5;
H, 4.1%).

2-t-Butyl-5H-indeno[1,2-b]pyridine (5b).—The pyrylium
(5a) (1.0 g, 0.0026 mol), 35%, aqueous NH,OH (0.3 ml), and
Et,0 (30 ml) were stirred at 20 °C for 36 h. The solution
was washed with H,0, dried (MgSO,), and treated with
HClin Et,0. The hydrochloride (0.55 g), m.p. 196—198 °C,
crystallised from Me,CO-Et,O as needles (0.4 g, 46%), m.p.
197—198 °C (Found: C, 78.4; H, 6.3; Cl, 10.4; N, 4.1.
C,,H,,CIN requires C, 78.7; H, 6.6; Cl, 10.6; N, 4.29).
The hydrochloride (0.33 g, 0.001 mol) treated with 209%,
NaHCO, (10 ml) gave the pyridine (0.2 g, 67%,) as a viscous
oil (Found: C, 87.8; H, 7.1; N, 4.8. C,,H,,N requires C,
88.3; H, 7.1; N, 4.7%).

4-Phenylbisindeno[1,2-bIpyridine (9b).—The pyrylium
(9a) (0.4 g, 0.001 mol), EtOH (5 ml), and 35% aqueous
NH,OH (0.5 ml) were stirred at 20 °C for 0.5 h. HOAc
(0.5 ml) was added and the mixture was refluxed for 1 h
and cooled to give the pyridine (0.3 g) which crystallised
from HOAc-H,O as prisms (0.2 g, 60%), m.p. 190 °C (sub.)
(Found: C, 90.7; H, 5.3. C,H;N requires C, 90.6; H,
5.29%).

Prepayation of Pyridiniums.—Method A. Equivalent
amounts of amine (0.0026 mol) and Et;N (0.0026 mol) were
added to the pyrylium (0.0026 mol) suspended in Et,O
(30 ml). The resulting mixture was stirred at 20 °C for 12 h.
The solid product was filtered off and recrystallised.

Method B. The appropriate amine (0.001 mol) and
Et,N (0.001 mol) were added to the pyrylium (0.001 mol)
suspended in CH,Cl, (3 ml). The resulting solution was
stirred at 20 °C for 15 min. HOACc (0.06 ml) was added and
the mixture stirred for a further 0.5 h. Dilution with
Et,O (25 ml) gave the pyridinium.

Method C. The pyrylium (2a) (0.33 g, 0.001 mol),
Et,0 (5 ml), and p-methoxybenzylamine (0.14 g, 0.001 mol,
0.13 ml) were stirred at 20 °C for 15 min. The pyridinium
was filtered off and recrystallised (see Table 1).

Method D. To the pyrylium (8a) (0.4 g, 0.001 mol)
suspended in CH,Cl, (3 ml) at —15 °C was added p-methoxy-
benzylamine (0.12 g, 0.001 mol, 0.13 ml). The resulting
red solution was stirred for 5 min, and HOAc (2 drops) added.
The solution was stirred at — 15 °C for a further 10 min and
dropped into Et,0 (20 ml) at 0 °C. The pyridinium was
filtered off (see Table 1).

Kinetic Measurements.—The kinetics were followed by
u.v. spectrophotometry using the procedure already
described.® In typical runs under pseudo-first-order con-
ditions the concentration of pyridinium was either 1.6 X
1072 or 3.2 x 107%M, while those of piperidine ranged from
0.00032 to 0.24M. Pseudo-first-order rate constants were
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calculated from the plot of In [a/(e¢ — #)] = In[(e; — ¢,)/(e —
;)] versus time. Second-order rate constants, unless other-
wise stated, were calculated from the slope of the plot of
kohs., versus piperidine concentration. The extinction co-
efficients at the kinetic wavelength are reported in Table 6.

TABLE 6

Extinction coefficients for pyridinium cations (g,) and for
the corresponding pyridines (e,) at the kinetic wavelength

Kinetic 2/

Compound nm € €
(13b) 300° 25 000 7 000
(13c) 3029 29 000 7 000
(13d) 300 ¢ 28 000 7 000
(13e) 300° 27 000 7 000
(14b) 306 26 000 ¢ 5000 =

22 000 % 4 500 °
(14c) 308 26 000 5 000
(16a) 3450 23 500 0
(16d) 345 ¢ 20 000 0
(16e) 3456 21 000 0
(17b) 356 ¢ 14 500 0
(17¢) 3560 15 500 0
(18a) 346 b 32 400 7 500
(18d) 345 % 22 000 7 500
(20a) 383 % 35 000 800
(21d) 3620 16 000 2 000
(22b) 400 20 500 0
(22¢) 400 ° 14 000 0

2 In 29% (v/v) chlorobenzene—ethanol. # In chlorobenzene.
¢ Ref. 7.
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