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Abstract- The equilibrium constants, the associated free energies for the equilibria, and the free energies of
activation for the isomerization process of a series of 1- and 2-(N,N-dialkylaminoalkyl)benzotriazoles of types
(8)-(11) were calculated from the variable temperature 1H.nmr spectra. Trends in the magnitudes of these

energies and equilibrium constants are correlated with the molecular structure.

N-(N',N'-Dialkylaminomethyl)benzotriazoles exist in solution as equilibrium mixtures of the benzotriazol-1-yl (1)
and benzotriazol-2-yl (4) isomers (Scheme 1), as was first established a decade ago.l In Part VII of this series,2
we reported on mechanigtic studies which proved, by cross-over experiments, that this (1) to (4) interconversion
proceeded intermolecularly. The responsible dissociative process is convincingly rationalized as the formation of
intermediate iminium cations (2) and the benzotriazole anion (3) (Scheme 1): there is considerable independent

chemical evidence for the existence of 2.3
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The present paper reports a study of the 1H-nmr spectra of a series of benzotriazole adducts at variable
temperatures, and provides estimates of the AG? values for the isomerisation process. We discuss the
parameters affecting the rates and equilibrium positions of the dissociation processes as a function of the
molecular structure. In particular, we examine series of compounds with the objective of evaluating the effects of
the following features [see generalized structures (5)-(7), Scheme 2]:

(a) The electron withdrawing or donating character of both a-substituents in the iminium ion intermediate

(R} and in the benzotriazole benzene ring (X, Y).
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(b) The nature of the N-substituent R, in eorrelation with the basicity of the corresponding amine.

{c) The steric effects of R and R,

(d) The influence of the solvent on the magnitude of AG® and AGH.
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To acquire a more quantitative picture of how the relative energy levels of the 1- and 2- isomers can be changed

by electronic factors, we prepared compounds (8a-e), (9a-e), (10) and (11) (Scheme 3). For adducts (5, R' = H}

the energy barriers of the equilibrium (5) to (7) (Scheme 2) should be lower than in the case of (1) to (4) inter-

conversion: the R/ group will generally stabilise the intermediate iminium ion (8) compared to ion (2). If the

benzotriazole group carries an electron withdrawing substituent (X and/or Y), it will become a better leaving

group thus again facilitating the dissociation.
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Preparation of compounds.- A recent publication from our group3 describes the preparation of compounds

(8e), (9b-e), (10) and (11) from benzotriazole, an aldehyde and a gecondary amine by azeotropic removal of water
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in benzene. In the work quoted, some of the compounds were used for further reactions without isolation. We
now describe the isolation of (9¢c-e) in a pure state (sce experimental); it is important to note that for most of
these compounds the 1H. and 13C-nmr spectra near or at room temperature are much affected by peak
coalescense broadening, especially when examined in deuterated chloroform solution. This can give the
incorrect impression that the compounds are not pure.

Characterization of compounds (8)-(11} and assignment of the 1H- and 13C-nmr spectra. - Compounds
{8h,e) and (8d) were best characterised by low temperature 1.nmr in a solvent where a large dispersion of
chemical shifts was observed and peaks due to the individual isomers could readily be detected (Tables 1a,b). All
13¢-nmr spectra were recorded in chloroform-d. Low temperature gpectra were obtained in cases where broad
peaks were observed at room temperature {{8b,e), (11), Table 2]. Although most 1-substituted benzotriazoles
show a typical pattern in the 1H-nmr spectrum4'5 (two doublets and two triplets for H-4, H-7, H-5 and H-6,
respectively), in some cases the picture is less characteristic. However, all gshow an easily recognisable pattern
consisting of six signals in the 13¢nmr apectrum.ﬁv7 The 2-substituted isomers, because of symmetry, show
just three peaks in the 13C-nmr®7 and an AABB pattern in the 1H-nmr ;spec:i;rum.‘i'8 All the compounds
unsubstituted in the benzo ring of benzotriazole are simple binary mixtures of the 1- and 2-isomers and show
both patterns in the 1H- and the 13C-nwr spectra. The 13C.nmr spectra are easier to interpret than the *H-
nmr spectra, where frequently considerable overlapping of some benzotriazole protons by signals of R and R/
resulted in complex multiplets. However, assignment was achieved in most cases (Tables 12,b and 2) using
literature information.5:6

Two structural features in some of the compounds caused increased complexity in the spectra, and in these cases
additional experiments were carried out to aid the complete assignment:-

(&) Substitution on the 5-carbon atom of the benzotriazole ring without equivalent substitution at the 6-position
(8b, 8c), resulted in the generation of three interconverting 1-, 2- and 3-isomers. Chloroform-d solutions of N-
[(5-nitrobenzotriazolylimethyl]pyrrolidine (8b} contained the 1-isomer as the major component with the 2- and 3-
isomers in equal amounts (at -25°C, [1-1{2-13-] = 44:28:28). The compiete assignment of the 1H- and B¢ nmr
spectra of this adduct was achieved by the independent preparation and separation of 1-methyl-, 2-methyl- and
3-methy]-5~n.itrobenzotriazole,9 recording their spectra in the same solvent, and comparing them to those of (8b)
(Tables 1a,b and 2). In the case of the chloro compound (8¢), the populations of the three isomers were all
significantly different, (20°C, CDCly, [1-1:{2-]:[3-] = 45:23:32) thus enabling assignment of the 13C.nmr
spectrum. A two dimensional 1y 13¢ correlation spectrum (HETCOR), and li-te-rature10 nmr gpectra of N-

methyl-5-chlorobenzotriazoles, then led to the assignment of the 14 nme spectrum of (8b).
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(b) The existence of an asymmetric carbon (when R’ # H) caused chemical shift non-equivalency to protons in

CMeg and in CHy groups up to three bonds away. Adduct (10) contained only two isomers, however both the

benzylic CHg and the two methyl groups resonated at different frequencies for each of the two isomers. A

proton-proton correlation spectrum (COSY), unraveled the assignment for thig molecule and for the similar

molecules (Be) and (9e).

Table 1a. 11 Nmr chemical shifts of 1-isomers of compounds 8-11? at a single temperature (below coalescence).

No. Solb  T(°C) -NRy R CH Benzotriazole

8b C -25 2.78(brs,4H) < 5.76(s9) 9.04(a%h), 8.46(dae. )
1.80(br s, 4 H) 7.88(d%E)

S8¢ C +21 2.74(brm,4H) K 554sd)  7.65d%h), 7.31dSED)
1.73(m, 4 H) 7.96(d%E)

ge T 20 2.85md), 218mbd)  2.01m®),1.06@M) 492  7.99(35)7.020mbh
1.30(m, 4 H) 0.44(dh15)

9a C +21 3.65t™4H) < 5.41(z9) 8.05(d%-X), 7.62(a%%),
2.74(t,7 4 H) 7.48(dd%), 7.37(mbh)

b B +21 3.42ml4H) 7.05(m! 5 H) 6.45(s%) 8.03(dde®m), 7.26(mb0)
2.29(m ! 4 1)

9¢ A +21 3.77ml4H) 8.22(dbktY) 6.7s®) 8.13(ddekm)
2.64(m,} 4 H) 7.63(dbk) 7.52.7.36(m10)

9a A -20 3.70ml4iH 7.35(d8f), 6.89(a8 0 6.71(s%) 8.07(3%K), 7.68(dK)
2.51(hr s, 4 H) 3.57(sh) 7.50-7.32 (mh9)

9e C +21 3.682ml 4 M) 3.08(2q%J) 5.01(d%)  B.08(ddkm), 7.59(aK)
2.60(m,! 4 H) 1.20¢d1E) 7.45(td5M), 7.37(m)

0.63(d1E)

10 T 421 7.30(d%), 7.12(mh) 2.95(2m) CHMeg)  5.01(d%)  8.03(a®¥), 6.90¢thh)
4.13(ddP) .1.16(dbhy
3.07adP) 0.32(abhy

11 T +21 280225ml4H) 725760m 18I  6.61(s9) 8.02(m®*)
1.40(br &, 4 H) 7.25-7.00(m1:)
1.20-1.00(m-)

4 The eomplete proton spectra of 8a and 8d are reporied in ref. 2. bos CDCly; T = toluene-dg; B = benzene-dg;
A=CD4ON. CR-H 420 €18 fJ, =2Hz BJ =9Hz BJ=65H 13H I J=10Hz K =8Ha

! Overlaps partially with corresponding signals of the other isomer. ™ J =5 Hz. "J; = 1Hz. 0 Superimposed
sipnals from benzotriazole, R or both, PJ =14 Hz.
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Table 1b, 1H-Nmr chemical shifts? of 2- and 3-isomers of compounds 811bata single temperature (below
coalescence),

No. Sol® T(°C} -NRy R CH Benzotriazole
2-isomers
8b C 25 2.87(brs), 1.80(s) d 5.85(s)  8.94(d®), 8.32(dd®D)
8.08(ah)
8¢ C  +21 2.85(brm), 1.73(m) d 5.68(s)  7.87(d®), 7.82(d®h)
7.31dH
8¢ T 20 2.56(2m), 1.30(m) 3.02(m) 5.38d1)  7.87(md), 7.20(mik)
1.04(d8), 0.56(dE)
9a C +21 3.650tb]), 2.740bh) d 5.53(s)  7.88(m), 7.87(mbk)
b B +21 3.44(mb), 2.69ml) 7.05™ 6.78(s)  7.89(ml), 7.26(m™¥)
2,30 (m™)
¢ C +21 3.7%m™) 8.21(dl) 6.85(s)  7.93(ml)
2.64(m), 2.85(m) 7.52-7.35(m") 7.52-7.35(m-m)
9d A -20 3.7(m), 2.51(br m) 7.50-7,32m™) 6.79(s)  7.93(m),7.50-7.32(mbK)
3.77(s)
9¢ C +21 3.68(mb), 2.6(ml) 2.97(dg&h) 5.10(d1)  7.90(md), 7.37(misk)
1.20(d8)
0.67(d8)
10 T +21 4.17dY) 2.95(m™) 5.31dD)  7.92(wi)
3.17d™) 1.07(d,€ Me) 7.22-7.06(m M)
0.39(d,€ Me)
11 T +21 2.80-2.25(mb) 7.25.7.00(ml) 6.86(s)  7.25-7.00(mHAm)
1.40(brsi)
1.20-1.00¢m1)
3-isomers
8bh C 25  2.78(br s, 1.8 d 5.78(s)  8.71(d®), 8.2%dash
8.25(ah
8¢ C 422 274(brm'),1.73mi) -4 557(s)  8.02(d%), 7.43(dd®H
7.59(ah

2 The number of hydrogens under a certain peak 1s the same ag in the corresponding column of Table 1a. b he
complete proton spectra of 8a and 8d are reported in ref. 2. *C = CDClg; T = toluene-dg; B = benzene-dg; A =
CD4CN. AR =H. ® J =2Hz fy_-9Hz & J-65Hz N J-10Hz 1 Overlaps partially with
corresponding signals of the other isomer. J AN multiplet, app. = 3 He. k ppr multiplet, app. f = 3 Hz. 1 Jdm
=5 Hz. ™ Superimposed signals from benzotriazole, R’ or both. ™ J = 14 Hz,
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Table 2, 13C-Nmr chemical shifts of compounds 8-112 at a single temperature (below coalescence) in CDClg

No Tem. -NRy 14 CH Benzotriazole
(& ]
1-isomers
8b 25 499,234 b 655 144.4,°1442°136.4,° 122.8, 116.9, 110.7
8c +20 499,234 b 65.1 145.8,°133.2,° 129.1,F 124.5, 120.1, 109.4
Bef -48 471,227 30.5, 19.8, 19.0 813 1445, 134.4, 126.9, 123.5, 119.2, 109.7
fa +20 662,501 b 68.9 1455, 133.5, 127.2, 123.6, 119.4, 109.6
#b  +20 66.3, 49.6 134.6, 128.4 824 145.7, 132.7, 126.9, 123.5, 119.6, 111.1
128.1,127.2
B¢ +20 66.5,49.7 1423, 141.9 811 1458, 133.0, 127.8, 124.2, 120.1, 110.5
128.7, 123.6
ad  +20 66.4, 49.7 1594, 127.6 824 1456, 1325, 127.1, 123.8, 119.5, 1114
113.7, 64.8
De 420 66.6,48.8 28.4, 19.7, 19.0 8556 1450, 134.4, 1272 123.7, 119.8, 109.7
10 +20 138.7, 128.9 30.4,29.6,19.4 B0.1  144.9, 135.1, 128.9, 123.7, 119.7, 109.8
. 1285, 127.3,53.4
1 20 60.1, 25.4, 23.5 1349, 128.1 82.8 1454, 132.8, 126.6, 123.4, 119.2, 111.5
1280, 127.0
2-isomers
8b 25 501,237 b 73.3 120.5,‘1'e 1184, 1188
8¢ +20 489,237 b 724 146.8,°133.2,°120.1,° 127.0, 119.0, 116.8
sef 48 46.4, 229 30.5, 19.4,19.0 88.7 142.8, 125.8,117.8
9a +20 664,598 b ‘ 76.7 143.8, 126.2, 117.7
9b +20 66.6,48.6 135.0, 128.4 882 1435,126.1,118.1
128.2, 127.2
9 +20 66.6,48.6 1479, 128.7, 1234 87.2 143.9, 126.8, 1183
9d +20 66.1,488 159.4, 126.6 88.1 142.0, 125.2, 114.6
113.9, 54.8
fe +20 66.8 48.3 284, 19.1, 189 923 143.3, 125.9, 118.0
10 +20 138.8,128.5 304, 20.0, 19.3 873 143.5,126.0, 1184
128.3, 127.3, 53.3
11 -20 494,254,235 134.9, 128.1 89.0 1433, 1259, 1179
128.0, 127.0
3-isomers
8b -25 49.0,23.4 b 659 12059%116.4, 1074
8¢ +20 49.8,234 b 65.1 143.8°134.0,° 132.1, 127.7, 118.4, 110.6

2 The complete 13C-nmr spectra of 8a and 8d are reported in ref. 2. bpi-H € Unambiguous assignment of the
quaternary carbon atoms was not possible, thus the reported peaks could be due to the other isomer. d
Assignments can be interchanged between corresponding carbon atoms of the 3-isomer. © The quaternary atoms
were not detected. The assignment was aided by an INEPT spectrum at -48°C which distinguishes between 1°,

2°, and 3° carbon atoms.
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Calculation of equilibrium constants (K} and free energies(AG®) for isomerisation.- The equlibrium
constants were measured for each compound in several solvents at the temperatures specified in Table 3. The
free energies of the isomerisation processes were then calculated from AG® = -RTInK, where K = P{/Py; Py and
Py are the populations of the 1- and 2-isomers, respectively, measured from integration of the peaks in the
aromatic and/or the aliphatic NCH(R)N regions of the 1H.nmr spectra. Positions 1 and 3 of the benzotriazole
ring are degenerate [except for adducts (8b) and (8¢)], and this was taken into account when calculating Py. For
adducts (8b) and (8c), when separation of the signals allowed, in addition to K, K'= P3/Pg and K* = P1/P3 could
also be calculated. The values so obtained are collected in Table 3 (see also footnotes). A negative AG® value
indicates that the 1-isonier is more stable than the 2-isomer, while a positive AG® shows the reverse. In general,
in solutions of compounds of type (1} [R' = H, i.e (8a)-(8d) and (9a)], the 1-isomer is the most thermodynamically
favored component in the mixture (see Table 3). Adducts of type (5) (R £H), either show little preference toward
either isomer in a common nmr solvent [e.g (9b} in CDBrg)], or, in extreme cases of steric hindrance, the
2-isomer becomes the most stable [e.g. (10) in CDBrg)], where K is less than 1 and AG® > 0. Increasing selvent
polarity can move the equilibrium toward the 1-isomer, as will be discussed next.

Effect of the solvent.- Polar solvents have been shown -2 to favor the 1-isomer in solutions of compounds of type
(1). Dipole moment measurementsl! indicate that (somewhat surprisingly) simple 1-substituted benzotriazoles
are more polar than their 2-substituted isomers. Here we observe a similar effect. For example, the AG® value of
(10) indicates that the 1-isomer becomes more favered on going from toluene (p = 0.36 D)2 to bromoform (i =
0.99 D), to chloroform (u = 1.01 D)), to acetonitrile (u = 3.92 D). Marked effects are observed in CD3CN solutions

of (8a)-(8d) and (9b), where the 1-isomer increases in each case to more than 83 % in the equilibrium mixture.

Compound (9e) exemplifies a case where the solvent determines which isomer will predominate in solution
(2-isomer in toluene-dg; 1-isomer in CDgCN).

Effect of R, R', X, and Y. - Increased bulk of R’ results in increased amounts of the 2-isomer in the equilibrium
mixture. This is reflected by a decrease in the magnitude of K in acetonitrile on going, for example, from (9a) to
(9¢). When R'is a phenyl- or p-substituted phenyl group, the equilibrium constant is near unity, meaning that
no actual preference ig expressed for any of the two isomers. The results in Table 3 indicate that the
peri-interactions (buttregsing between H-7 and the aminoalkyl substituent} are very important5 in the 1-isomer.
This was further demonstrated by a different experiment: the 1H.nmr spectrum of the pyrrolidine-
isobutyraldehyde adduct (8e) in toluene-dg, showed that the signals of H-7 and (Pri)z() HN in the 1.isomer
became broad and moved toward each other as the temperature was lowered from -20°C to —80°C. Restricted
rotation about the Bt-C(R)NRg bond was evidently responsible for this phenomenon, which was observed only

for the 1-isomer. The electron withdrawing or electron releasing nature of the substituents R and R’ does not
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seem to have any noticeable effect, since the magnitude of AG® remains the same (within experimental error) in
(9b} and (9¢) in acetonitrile, while the differences observed for (8¢}, (9¢)} and (10) in toluene, would rather be
attributed to steric effects. Similarly, substitution on the benzotriazole ring by X and Y shows littie effect in the
observed values of K and AG®,

Variable temperature nmr spectral study: Calculation of free energies of activation (AG*).— The
temperatures at which the characteristic proton resonances of the 1- and 2-isomers coalesce were measured,
Specifically, the signals of the methylene groups, located between the amino and the benzotriazole nitrogen
atoms, of the two isomers were monitored for compounds (8a-d) and (9a). The corresponding methinic proton
gignals were monitored for compounds {8e), (9b-e), (10) and (11). The range of temperatures within which
coalescence occurred was visually estimated from the lineshape of the signals under gbservation (Table 3).

Approximate free energies of activation were calculated using the simplified equation,13

AG* = RT 122.96 + In(T /8v))
where T, is in °K and &v the chemical shift difference of the two separate peaks in the slow exchange region. The
error in T is 12 10 13°C, and this corresponds to 70.1 to ¥0.2 keal/mole in AG?*. The isomerisation process is
intermolecular? and the populations of the isomers are unequal in most cases studied, therefore additional error
is introduced in the calculations, 13 However, since only approximate AG* values are desired for the evaluation
of the relative ease of isomerization of the compounds, the free energies of activation listed in Table 3 are
satisfactory. The AG* values for all compounds [adjusted for (8e) and (10)] are these for the 2- to 1- conversion
process. In deuterated toluene, for most of the compounds coalescence did not occur below the boiling point.
Bromoform (bp 150°C) was then used in which the AGH values were generally lower. Finally, in cases were the
proton resonances under observation were not well resolved or were obscured by other signals in the above
solvents, [e.g {9¢,d)], deuterated acetonitrile was used successfully but this could not be extended to all
molecules: the amount of the 2- isomer in (8a-d) and (9a) in CD3CN was very small, regsulting in weak proton
resonances, and therefore unacceptable errors in the measurement of T,,.
Effect of the solvent.- The nature of the solvent also affects the magnitude of AGH just as it affects that of AG®,
Table 3 distinctively shows that the energy barrier is highest in toluene next in bromoform, and lowest in
acetonitrile [e.g. (8Db), (9b)]. A polar solvent solvates the ion pair [(3) + {6), Scheme 2] more than the individuat
isomers, thus providing additional stabilisation and lowering the energy difference between the ion pair and
either of the isomers.
Effect of R\.- The results in Table 3 clearly show that the free energy of activation is lower when resonance

stabilisation is provided to the intermediate (8} through the substituent R/, compared to the unsubstituted cases.
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Table 3. Equilibrium constants and free energies of activation for the isomerization of benzotriazolylalkyl-N,N-
dialkylamines.

Equilibrium Kinetics
No NRy? R X Y Solvent Tb K€  AGe 1,4  agte
C) {kecal/maole) °C) (kcal/mol)
Ba Pyr H H H CDBrg +22 16  -0.25 85 182
CD4CN +22 62 -105
8 Pyr H NOy H Toluenedg +21 17 .0.30 105 18.0
CDCly 25 258 045 32 15.4
CD3CN 48 560 075
8 Pyr H Cl H CDBrg 421 A i 66 17.0
CDClg +21 20 -040
CDRCN 20 645  .0.95]
8d Pyr H Me Me CDBrg +23 17 030 98 18.7
CD3CN 422 49 095
8e Pyr pr H H Toluene-ds 40 04 +0.40 48 15.6
CD4CN 4 i
9a Mor H H H CDBrg 422 18 035 86 183
CD4CN +23 56  -L00
gb Mor Ph H H CDBrg 423 12 -010 62 17.7
CDgCN 420 25  -055 63 169
9¢ Mor 4NOyCgHy H H CDgCN 420 25 055 83 18.6
9d Mor 4MeOCgHyH H CDgCN 20 27  -0.50 35 15.7
9¢ Mor Pr H H Toluenedg +25 04  +055
H H CDCl +21 05 4040
CD3CN +23 1.1 -0.05 35 16.1
10 Dib Pd H H CD4 N 422 09  +0.05
CDBrg +22 07 4020 75 17.9
CDClg +22 08 4015
Toluene-dg ~ +25 0.4  +0.55
11 Pip Ph H H Toluenedg +21 11 -0.05 73 16.8
CD4CN i i

2 Pyr = pyrroliding; Mor = morpholine; Dib = Dibenzylamine; Pip = Piperidine. b Temperature at which the equilibrium
constant was measured. ¢ K = P1/Pg, where Py and Py are the populations of the 1- and 2- isomers, respectively
(estimated error*0.2). d+ 2°C. €%0.1-0.2 keal/mole. f Corresponds to K = [P +P3l/Py since the signals of the 1- and 3-
isomers overlapped. B K = P3/Py = 1.0, with AG® = 0, and K’ = Py/P3 = 2.5 with AG® = -0.45 keal/mole, where Py = the
population of the 3-isomer. hg - Pg/ Py= 2.3 with AG® = -0.35 keal/mole, and K= P1/Pg = 3.0 with AG® =-0.5 keal/mole. i
The signals were not well separated (8v = 0.03 ppm) to allow reliable measurement of K. ig= P4/Py = 1.4 = K with AG® =
-0.20 keal/mole. XK'= P3/Py = 5.5 with AG® = -0.85 kcal/mole and K = P1/Pg = 1.3 with AG® = -0.15 keal/mole.
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Specifically, in acetonitrile, the order of decreasing AG* values is (9¢) > (8b) > (9d). Strong stabilisation to the
eleciron deficient iminic carbon is also provided by isopropyl substituents, as indicated in the case of (8a) vs
(8e), and to a lesser extent, (9a) vs (9e).

Effect of substituents in the benzotriazole ring.- The electron withdrawing nitro substituent of (8h) stabilises the

negative charge developed on anjon (3), and therefore facilitates N-C bond dissociation leading to recombination
on the N-2 atom of benzotriazole. On the other hand, the electron donating methyl groups of (8d) have the
opposite effect, raising the energy barrier to a relatively high value. The 5-chloro substituted and the ring
unsubatituted compounds have intermediate effects. The calculated AG* values in CDCBrg are therefore
classified in order of decreasing magnitude, as follows: (8d) > (8a) > (8c) > {8b). Compound (8b} in CDBryg is
very near coalescence at room temperature, so the AGH in this solvent could not be measured (tke solvent freezes
at +8.3°C), but the corresponding value in chloroform suggests it will be less than 15.4 keal/mol.

Effect of the nature of secondary amine.- The availability of the lone pair of electrons on the aminoe nitrogen for
donation to the adjacent electron deficient carbon in (6), plays a significant role in determining the height of the
barrier. This is best illustrated in the compounds bearing the isopropyl substituent, where a significant amount
of positive charge could be developed. We then observe, in order of decreasing AG* magnitude, (9b) > (11) and
{10) > (8¢). This order correlates inversely with the pK, values!4 of the corresponding secondary amines, Thus,
PK;l(morpholine) = 8.49] < pK[(piperidine) = 11.20] and pK,[(dibenzylamine) = 8.52] < pK,[{pyrrolidine) =
11.30]. The benzotriazole adducts of morpholine and dibenzylamine are consequently more easily isolable and
stable compounds than the adducts of pyrrolidine or piperidine, most of which are readily hydrolysed oils or low

melting solids.3

Conclusions. The free energy of activation for the 1- to 2-benzotriazolyl rearrangement of the title compounds
is greatly dependent on the degree of atabilization provided to either of the intermediate ions (3) or {6): the
greater the stabilization the lower the energy barrier. The greater the polarity of the solvent the lower the value
of AG®, Finally the bulkier the dialkyaminoalkyl (or aryl) substituent, the more abundant the 2-isomer, which
in extreme cases becomes the predeminant component, as shown by values of K less than 1 and AG® > 0. The
chemical reactivity of the compounds studied is thus tailered according to the appropriate substitution.
Compounds for which AG* has low values react rapidly and cleanly with weak nucleophiles such as amines and
thiols with concurrent removal of benzotriazole. 1% Compounds having high AG* values are much less reactive
toward the same nucleophiles. Results demonstrating the synthetic significance of the present paper will be

published in due course.
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Table 4. 1H-Nmr chemical shifts of compounds (8a-e), (9a-e), (10), {11)2 at a single temperature (above

coalescence)

No  Solv. ('I;tg;np. -NRy R CH Benzotriazole

8a CDBrg 110 28(rs 4H) b 56(s,2H)  81-7.7(brm, 4 H)
1.7 (br s, 4 H)

8b CDCly 45 1.7(brs,4H) b 5.8 (brs) 9.1-7.7
2.7 (brg, 4 H) 2H) (v.brm,4H)

8c° CDBry 84 28(brs,4H) b 57(,2H)  B8.0-7.4(brm)

1.7 (brs, 4 H) (4 H)

8dd CDBrg 110 2.8(brs,4H) b 55(6,2H  7.87.3(v.brm,2H)
1.7(brs, 4 H) 2.4 (br s, 3 H, Me)

8¢ toldg 70 2.9-27m,4H) 1.0 53(d,1H)  7.8(rs,2H)
14,4 H) (x, 7 H) (J=10Hz)  7.271(m,2H)

%a CDBrz 110 3.6(brs 4H) b 54(s,2H)  8.7(vbrs,2H)
2.7 (brs, 4 H) 74(s,2H)

9 CDBry 90 3.9(rs 1H) £ 67(5,1H)  79(krm 3Hf
3.7(brs, 3 H) 7.6-7.3(m, 6 H)
3.20brs 1H)
2.6(brs,3H)

9ch  CDBrg 110 4.1(brs1H) -8 6.8 (br 5) 9.5(vbrs, 1 H)
3.8(brs, 3 H) (1H) 8.27.2(m, 7H)
32(brs,1H)

2.8 (brs, 3 H)
9d CDgCN 60 3.7(m,4H) 6.88 6.7 9.9(s, 1H)
2.5 (br m, 3H) (d,2H) (s, 1H) 8.6 (brs, 1 H)
2.8 (brs, 1 H) 3.7(s, 3H) 8.0-7.7 (m, 1 H)
7.5-7.3 (br m, 2 H)
9¢ CD3CN 50 3.6(m,4H) 3.0m,1H) 51(d,1H)  8277(m,2H)
2.6 (m, 4 H) 12(m,6H) (J=10Hz)  7.67.3(m,2H)
10 CDBrg 90 42(brm,2HE  31(brm) 5.3 7.9(v.brs, 3H)
3.3(brm, 2 H) (1H) (brs, 1H) 7.3 (brm, 6 H)
1.2 (m, 3 H)
0.5(m, 3H)
11 toldg 90 23(brm 4H) 68(m,5H) 64(s,1H  75(v.brs, 4H)

1.2 (m, 4 H)
0.9 {m, 2 H)

& Many peaks did not become entirely sharp, even at several degrees above coalescence. bR =H. ©Some decomposition
must have occurred as evidenced by additional aliphatic peaks. dip addition, 8 3.4 (br m), 2.0 (br m), probably due to free
pyrrolidine. © The CHMe, signal is hidden under broad peake. fIn addition, § 10.30 (v. br, 1 H). & Phenyl protons come
together with benzotriazole protons. b The spectrum was recorded in CDBrg, since bp (CD3CN) = 82°C and T, = 84°C in
CD4CN.
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EXPERIMENTAL

Proton nmr gpectra were recorded on a Varian VXR 300 MHz instrument using TMS as the internal
chemical shift reference and as the standard peak for linewidth comparisons. The samples were solutions of
50—76 mg of compound in 0.5 ml of solvent in 5 mm nmr tubes. The temperature was raised in 10°C increments,
allowing at least 10 min for equilibration at each setting. High temperature calibration of the instrument with
an ethylene glycol, standard sample, showed that the set and actual temperatures were in agreement within
+1°C, Variable temperature measurements were repeated twice and equilibrium constant values were the
average of at least three measurements. Deuterated solvents were purchased from MSI) Isotopes (toluene-dg,
CDClg, CDgCN, CgDg) and Chemalog (CDBrg) and were used directly, Carbon-13 nmr spectra were recorded
on either 3 JEOL-FX 100 or a Varian XL 200 or a Varian VXR 300 instruments. Two-dimensional spectra were
recorded on the Varian VXR 300 instrument using the standard software for COSY and HETCOR pulse
sequences provided by Varian.

The preparation of the following compounds has been reported in previous papers from this lab: N-{(benzotriazol-
N-yDmethyllpyrrolidine (8&),3 N-[o-(benzotrigzol-N-yl)-B-methyDpropylipyrrolidine (Se),3 N-{u-thenzotriazol-N-
yl)phenylmethyl]piperidine (1 1),3 N-fa-(benzotriazol -N-yliphenylmethylimorpholine o3 N-
[(5,6-dimethylbenzotriazol-N-yl)methylJpyrrolidine (Bd)z, and N-fo-(benzotriazol-N-yi)-B-methyl-
propylidibenzylamine (10).3 A literature method1® was adopted for preparation of N-[Benzotriazol-N-
ylmethyllmorpholine (9a) (mp 108-109.5°C; 1it.16 mp 104-105°C),
N.{(5-Nitrobenzotriazol-N-yDmethylIpyrrolidine (8b). - It was prepared from 5-nitrobenzotriazole (5.42 g, 0.033
mol ), pyrrolidine (0.038 mol , 3.1 ml), and 37% aq. formaldehyde {0.04 mol , 3.4 ml) in methanol (50 ml}
according to the standard literature methods.1:16 The compound wag at first obtained as an oil, which then
solidified gradually after stirring with diethyl ether in a dry ice/acetone bath, it then crystallised from diethyl
ether as a yellow solid (7.22 g, 89%), mp 76-78°C (Found, C, 53.01; H, 5.14; N, 28.21%. C1{H3N50 requires, C,
53.44; H, 5.30; N, 28.32 %).

N-[(56-Chlorobenzotriazol-N-yl)methylipyrrolidine (8¢) was prepared as (8b)}, using the same molar amounts of
the required starting materials. The oily residue obtained after evaporation of the solvent soon started
crystallising. It was recrystallised from diethyl sther/hexane (7/1, v/v), An off-white solid was collected (5.75 g,
71 %), mp 58-60°C (Found, C, 55.57; H, 5.40; N, 23.82 %. C11H3CIN requires, C, 55.82; H, 5.54; N, 23.67 %).
N-{u-(Benzotriazol-N-ylaryimethylmorpholines (9¢)(9e).- Benzotriazole (7.942 g, 0.0667 mole) and morpholine
(1 equiv., 5.8 ml) were stirred in dry benzene (50 ml) and then the aldehyde {1 equiv.) was added. The mixture

was heated under reflux in a2 Dean-Stark apparatus, until (1-5 days) the theoretically calculated amount of
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water had been collected (1.2 ml). N-{o-(Benzotriazol-N-yl}-o-(4-nitrophenyl)methylimorpholine (9¢) was
obtained as a hard yellowish solid (21.5 g, 96%), which was recrystallised from 95% ethanol, mp 145-148°C.
(Found, C, §0.35; H, 5.03; N, 20.50 %. C17H;7N50g requires, C, 60.17; H, 5.05; N, 20.64 %). N-[o-(Benzotriazol-
N-yb-o-(4-methoxyphenylmethylimorpholine (9d) was a low melting solid (mp less than 20°C), which could not
be purified (remained as a very viscous 0il) and was characterised by 1H- and 13C-nmr at -20°C (gee Tables 1
and 3). N-[a-{Benzotriazol-N-yl)-B-methylpropylimorpholine (9¢) was obtained initially as an oil which solidified
when treated with diethyl ether in a dry ice acetone bath (11.2 g. 65%), mp 101-103°C. (Found, C, 64.89; H, 8.20;
N, 21.79 %. C1 4HgoN 4O requires, C, 64.59; H, 7.74, N, 21.52 %).

Methylation of 5-nitrobenzotrigzole.- 5-Nitrobenzotriazole (0.5 g, 0.03 mol) was dissolved in aq. 2N NaOH (25
ml} and water (10 ml) was added to achieve a clear solution. Dimethyl sulphate (10 g, 0.076 mol) was added and
a yellow precipitate appeared. The suspension was stirred at room temperature for 0.5 h and at 0°C for 1.5 h,
then the solid was filtered, washed with water and air dried. The crude solid contained three products, as
indicated by tlc (eluted with a mixture of hexane/diethyl ether, 1/1, v/v). A portion of the crude solid (0.25 g) was
placed on a silica gel column and eluted with hexane/diethyl ether (8:2, 7:3, 6:4, 5:5, 2:8, v/v), and then diethyl
ether (recovery 0.20 g, 80 %). The following compounds were collected as fractions (in order of elution: 2-methyl-
5-nitro-benzotriazole (Ry = 0.62, 0.094 g, 46 %, mp 180-184°C, 1it.1® mp 187°C); 55 (300 MHz, CDCl3) 8.87 (4d,
oy =2 Hz, Jp = 0.7 Hz, H-4), 8.24 (dd, J, =9 Hz, J, = 2 Hz, H-6), 7.98 (dd, Iy =‘9 Hz, Jp =0.7Hz, H-7), 4.61
(3H, 5, Me);, 8¢ (75 MHz, CDClg) 146.6 (C-3a Or C-5, small br), 143.0 (C-7a), 120.7 (C-6), 119.1 (C-7), 116.0(C-
4), 44.0 (Me); 3-methyl-5-nitrobenzatriazole (Rp = 0.37, 0.048 g, 24 %, mp 154-157°C (lit.9 does not report isolation
of this compound}Found, C; 48.53, H; 4.67, N; 30.80 %. CrHgN 4Oy requires, C, 47.19; H, 3.3%; N, 31.45 %); 5py
{300 MHz, CDCly), 8.55 (d, Jy, = 2 Hz, H-4), 8.27 (dd, J, =9 Hz, J; =2 Hz, H-6), 8.18(d, J, = 9 Hz, H-T), 4.45
(s, 3 H, CHg); I-methyl-5-nitrobenzotriazole (Ry= 0.19, 0.06 g, 30 %, mp 160-162°C, lit. 10 mp 163°C); &gy (300
MHz, CDCl3) 8.98 (d, Jp, =2 Hz, H-4), 8.42(dd, J,= 9 Hz, J, = 2 Hz, H-6), 7.69(d, J,=9Hz, I-7),441 (3 H,
s, CHg); 8¢ (75 MHz, CDClg) 144.9 (C-3a or C-5, small br) 136.0 (C-7a), 122.4 (C-5), 117.2 (C-3), 109.0 (C-7),

34.70 (Me).
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