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A*- The equilibrium constants, the associated free energies for the equilibria, and the free energies of 

activation for the isomeriration process of a series of 1- and 2-N,N-dialkylaminoaIkyl)benzotriazoIes of types 

(8)-(11) were calculated from the variable temperature l ~ . n m r  spectra. Trends in the magnitudes of these 

energies and equilibrium constants are correlated with the molecular structure. 

N4Ni8'-~alky1aminomethyl)benzotri~zoIe exist in solution as equilibrium mixt-s ofthe benzotriazol-1-yl(1) 

and henzotriazol-2-y1(4)isomers (Scheme l), as was first established a decade ag0.l In Part VII of this series? 

we reported on mechanistic studies which proved, by cross-over experiments, that this (1) ta (4) interconversion 

p m e d e d  intermolecularly. The respansible 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 

Scheme 1 

The present paper reports a study of the l ~ - n m r  spectra of a series of benzotriazole adducts a t  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 a s  a function of the 

mole& structure. In particular, we examine series of compounds with the objective of evaluating the effects of 

the following features [see generalized structures (5)-(7), Seheme 21: 

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

(R') and in the benzotriazole benzene ring 01 Y). 



(b) The nature of the N-substituent R, in amla t ion  with the basicity ofthe mmsponding amine. 

(c) The steric effects of R and R'. 

(d) The iduance of the solvent on the magnitude of AGO and AG*. 

Scheme 2 

To acquire a more quantitative picture of how the relative energy levels of the 1- and 2- isomem can be changed 

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

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

conversion: the R' group will generally stshilise the intermediate iminium ion (6) compared to ion (2). If the 

benzotriazole group carries an electron withdrawing substituent (X andlor Y), i t  will become a better leaving 

gmup thus again facilitating the diasodation. 

X Y R' R' 

a H  H H  a H 

b NOZ H H C6H5 

c C l H H  c 4-NO2-C6H4 

d Me Me H d 4-MeO-C6H4 

e~ H +  e FYi 

Seheme 3 

Preparation of compound..- A recent publication from our group3 describes the preparation of compounds 

(Se), (She), (10) and (11) from benzotriazole, an aldehyde and a secondary 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 (9c.e) in a pure state (see experimental); i t  is important to note that for most of 

these compounds the 'H- and lac-nmr spectra near or at  room temperature are much affected by peak 

coalescense broadening, especially when examined in deuterated chloroform solution. Thi. can give the 

incorrect impression that the compounds are not pure. 

Chamcteri~a#ion of compound6 (8)-(11) and araignmont of the *H- and %nmr spectra. - Compounds 

(8b,e) and(9d) were best charaeterised by low temperature lH-nmr in a solvent where a large dispersion of 

chemical ah& was observed and peaks due to the individual ismners could readily be detected (Tables la,b). All 

13c-nmr spectra were recorded in chlomform-d. Low temperature spectra were obtained in cases where broad 

peaks were obsewed at  mom temperature [(8b,e), ( l l ) ,  Table 21. Although most 1-substituted benzotriazoles 

show a typical pattern in the lH-nmr s p e ~ t r u m ~ . ~  (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 show an easily recognisahle pattern 

consisting of six signals in the 13c-nmr s p e c t r ~ m . ~ ~ ~  The 2-substituted isomers, because of symmetry, show 

just tbree peaks in the 13~-nmr6.7 and an AABB1pattern in the lH-nmr spectrum.4r8 All the compounds 

unsubstituted in the benm ring of benzotriazole are simple binary mixtures of the 1- and 2-isomers and show 

bath pat tern in the 'H- and the 13C-nmr spectra. The 13c.nmr spectra are easier to interpret than the lH- 

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 eases (Tables ls ,b and 2) using 

Literature information.5b 

Two structural features in some of the compounds caused increased complexity in the spectra, and in these eases 

additional experiments were carried out to aid the complete assignment:- 

(a) Substitution on the Scarban atom of the benzotriazole ring without equivalent substitution at  the Gpasition 

(8b, Bc), resulted in the generation of three interconverting I-, 2- and 3-isomers. Chloroform-d solutions of N- 

((5-nitmbemtriazolylhetbyllpyrmlidine (W) contained the 1-isomer as the major component with the 2- and 3- 

isomers in equal amounts (at -25T, [I-]:[2-lf3-1= 44:28:28). The complete assignment of the lH- and 13c-nmr 

spectra of this adduct was achieved by the independent preparation and separation of 1-methyl-, 2-metbyl- and 

3-rnethyl-5-nitmbenzotriazole? remrding their spectra in the same solvent, and comparing them to those of (Bb) 

(Tables la,b and 2). In the case of the chloro compound (Sc), the populations of the three isomers were all 

significantly different, (20°C, CDC13, [I-lf2-lf3-I = 45:23:32) thus enabling assignment of the lac-nmr 

spectrum. A two dimensional 'H-13c correlation spectrum ( H E T ~ R ) ,  and li-te-rature1° nmr spectra of N- 

methyl-5-chlombenmtrimles, then led to the assignment of the IH-nmr spectrum of (8b). 



(b) The existence of an asymmetric carbon (when R' + H) caused chemical shift non-equivalency to protons in 

CMeZ and in CHZ groups up to three bands away. Adduet (10) contained only two isomers, however both the 

benzylic CH2 and the two methyl groups resonated a t  different frequencies for each of the two isomers. A 

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

molecules (8e) and (94. 

Table la. ' H - N ~ P  chemical shifts of 1-isomers of compounds 8-lla at a single temperature (below coalescence). 

No. n0C) -NR2 R' CH Benzotriazole 

a The complete proton spectra of 8a and 8d  are reported in ref. 2. C = CDC13; T = toluene-dg; B = benzene-d6; 

A=CD3CN. CR1=H. d 2 ~ .  e l H .  f ~ m = 2 H z .  gJo:9Hz. h ~ = 6 . 5 ~ z .  i 3 ~ .  j J = l O H z .  k ~ o = 8 H z .  

1 Overlaps partially with corresponding signals of the other isomer. J = 5 Hz. Jo = 1 Hz. O Superimposed 

signals fmm benzotriazole, R' or bath. P J = 14 Hz. 
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Table Ib. ' H - ~ m r  chemical shiftsa of 2- and 3-isomers of compounds 8 - l l b  a t  a single temperature (below 
coalescence). 

No. S d C  TPC) -NR2 R' CH Benzotriazole 

2-isomers 

8 b  C -25 2.87br s), 1.80(s) .d 5.85(s) 8.94(de), 8.32(dderf) 

8.08(df) 

8c C +21 2.85(brm),1.73(m) .d 5.68(s) 7.87(de), 7 . 8 ~ ( d ~ . ~ )  

7.31(df) 

8e T -20 2.56(2 m), 1.30(m) 3.02(m) 5.38(dh) 7.87(d), 7.20(misk) 

1.04(dg), 0.5Ndg) 

9a C +21 3.65(tizL), 2.74(tis1) .d 5 . 5 3 ~  7.88(mi). 7.37(mi.k) 

9b  B +21 3.44(mi), 2.69(mi) 7.05m 6.78(s) 7.89(mi), 7.26(mmsk) 

2.30 (mm) 

9c C +21 3.77(mm) 8.21(di) 6.85(s) 7.93(4) 

2.64(m), 2.85(m) 7.52-7.35(mi) 7.52-7.35(mi.k3m) 

9d  A -20 3.7(m), 2.51(hr m) 7.50-7.32(misn) 6.79(s) 7.93(mi),7.50-7.32(m~.~) 

3.77(s) 

9e C +21 3.68(mi), 2.6(mi) 2.97(dqg,h) 5.10(dh) 7.90tmi1, 7.37(misk) 

1.2O(dg) 

0.67(dg) 

10 T +21 4.17(dn) 2.95(mm) 5.31(dh) 7.92(& 

3.17(dn) I.O7(d,g Me) 7 .22-7 .06(m~~~.~)  

0.39(d,g Me) 

11 T +21 2.80-2.25(mi) 7.25-7.0qmi) 6.8Ns) 7.25-7.00(mijpkm) 

1.40(hr si) 

1.20-1.0i~mi) 

a The number of hydrogens under a certain peak is the same as in the corresponding column of Table la. The 

complete protan spectra of 88 and 8 d  are reported in ref. 2. C = CDC13; T = toluene-d8; B = benzene-%; A = 

CD3CN. R' = H. Jm = 2 Hz. J - 9 Hz. g J = 6.5 Hz. J = 10 Hz. Overlaps partially with 
O 1 

corresponding signals of the other isomer. 1 AA' multiplet, app. J = 3 Hz. BB' multiplet, app. J= 3 Hz. I Jm 

= 5 Hz. Superimpased signals from henzotriazole, R'or both. J = 14 Hz. 



Table 2. 13c-~rnr chemical ah ih  of compounds 8-lla at a single temperature below coaleacenee) in CDC13 

No Tem. - N k  R' CH Benzotriaeole 
PC) 

a The complete 13c.nmr spectra of 8a and 8d are reported in ref. 2. R' = H. Unambiguous assignment of the 

quaternary carbon atoms was not possible, thus the reported peaks could be due to tlie other isomer. 
Assignments can be intedanged between corresponding cartmn atoms of the 3-isomer. The quaternary atoms 

were not detected. 'The assignment was aided by an INEFT spctrum a t  -48T which distinguishes between lo, 

Z9, and 3" carbon atoms. 
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Calculation of  equilibrium constants (iQ and free energies(AG9) for isomcri~ation.. The equlibrium 

constants were measured for eacb compound in several solvents a t  the temperatures speafied in Table 3. The 

free energies of the isomexination pmesses were then calculated from AGD = -RTW, where K = Pl/P2; P1 and 

P2 are the populations of the 1- and 2-isomera, respectively, measured from integration of the peaks in the 

ammatic andlor the aliphatic NCH(R9N regions of the l ~ - n m r  spectra. Positions 1 and 3 of the benzotriazole 

ring are degenerate l e a p t  for adduets (8b) and (&)I, and this was taken into account when calculating PI. For 

adduets (8b) and (&), when separation of the signals allowed, in addition to K, K'= P&, and K" = PI% cnuld 

also be calculated. The values so obtained are collected in Table 3 (see also footnotes). A negative AGO value 

indicates that the 1-isomer is more stable than the 2-isomer, while a positive AGO shorn the reverse. In general, 

in solutions of compounds of type (1) IR' = H, i.e (8aHSd) and @a)], the 1-isomer is the mast thermodynamically 

favored component in the mixture (see Table 3). Adduets of type (5) (R'iH), either show little preference toward 

either isomer in a common nmr solvent [e.g (9b) in CDBr3)1, or, in extreme cases of stekic hindrance, the 

2-isomer becomes the most stable [e.g. (10) in CDBr3)1, where K is less than 1 and AGO > 0. Inmasing solvent 

polarity can move the equilibrium toward the 1-isomer, as will be discussed next. 

Emf of the aoluent.. Polar solvents have been shown1> to favor the 1-isomer in solutions of compounds of type 

(1). Dipole moment measurementsl1 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 AGO value of 

(10) indicates that the 1-isomer becomes more favored on going from toluene (p = 0.36 D)" to bmmoform (p = 

0.99 D), to chlomform (p = 1.01 Dl, to acetonitrile (p = 3.92 D). Marked effects are observed in CD3CN solutions 

of (8a)-(8d) and (Sb), 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-d8; 1-isomer in CD3CN). 

Effect ofR, 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 ofK in acetonitrile on going, for example, liwn (98) to 

(9e). When IT is a phenyl- or p-substituted phenyl gmup, the equilibrium mnstant is near unity, meaning that 

no actual preference i s  expressed for any of the two isomers. The results in Table 3 indicate that the 

peri-interactions (buttressing between H-7 and the aminoalkyl substituent) are very important5 in the 1-isomer. 

This was further demonstrated by a different experiment: the l ~ - n m r  spectrum of the pyrrolidine- 

isobutyraldehyde adduct (Be) in toluene-dB, showed that the signals of H-7 and ( P ~ ) ~ c  HN in the 1-isomer 

became broad and moved toward eacb other as the temperature was lowered from -20°C to -80°C. Restricted 

mtation about the B t - C ( R m  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 Rand R' does not 



seem to have any notieeahle effect, since the magnitude of AGO remains the same (within experimental error) in 

(9h) and (9c) in acetonitrile, while the differences observed for (Ee), (9e) and (10) in toluene, would rather be 

attributed to steric effeecta. Similarly, substitution on the benzotriazole ring by X and Y shows little effect in the 

observed values ofK and AGO. 

Variable temperature nmr spectral study: Calculation of free energies of activation (AG~) . -  The 

temperatures a t  which the characteristic proton resonances of the 1- and 2-isomers eoalesce were measured. 

Specifically, the signale 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 

signals were monitored for compounds @el, (9b-el, (10) and (11). The range of temperatures within which 

coalescence occurred was visually estimated from the lineshape of the signals under observation (Table 3). 

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

AG' = RTc[22.96 + ln(TJ6v)l 

where Tc is in "K and 6v the chemical shift difference of the two separate p a k s  in the slow exchange region. The 

error in Tc is+2 t0?3~C, and this corresponds tof0.1 tot0.2 kcaWmole in AG'. The isomerisation process is 

intermoleeula? and the populations of the isomers are unequal in most cases studied, therefore additional error 

is introduced in the ea leu~at ions .~~  However, since only approximate AG' values are desired for the evaluntion 

of the relative ease of isomerization of the compounds, the free energies of activation listed in Table 3 are 

satisfactory. The A G ~  values for all compounds [adjusted for (8e) and (10)l are those for the 2- to 1- conversion 

process. In deuterated toluene, for mast of the compounds coalescence did not occur below the boiling point. 

Bmmoform (bp 150PC) was then used in which the AG' 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 (9c,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, resulting in weak pmton 

resonances, and therefore unacceptable errors in the measurement of T,. 

Effct of the soluenf.. The nature of the solvent also affects the magnitude of AG' just as it affects that of AGO. 

Table 3 distinctively shows that the energy barrier is highest in toluene next in hmmoform, and lowest in 

acetonitrile [e.g. (Eb), (9b)l. A polar solvent solvates the ion pair [(3) + (6), Scheme 21 more than the individual 

isomers, thus providing additional stabilisation and lowering the energy difference between the ion pair and 

either of the isomers. 

Effect ofR'.- The results in Table 3 elee+y show that the free energy of activation is lower when resonance 

stabilisation is provided to the intermediate (6) through the substituent R', compared to the unsubstituted cases. 
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Table 3. Equilibrium mnstants and free energies of activation for the isomerization of benzotriazolylalkyl-N,N- 
dialkylamines. 

Equilibrium Kinetics 

No wa R' X Y Solvent T~ K c  AGO T~~ A G ~ ~  

VC) ( k d m o l e )  "C) ( k d m o l )  

8a Pyr 

8b Pyr 

Bc P Y ~  

8d Pgr 

Be Pyr 

9a Mar 

9b Mor 

9c Mor 

9d Mor 

9e Mor 

10 Dib 

11 Pip 

a Pyr = pyrralidine; Mar = morpholine; Dib = Dibenylamine; Pip = Piperidine. Temperature a t  which the equilibrium 

constant was measured. K = Pl/P2, where P1 and P2 are the populations of the 1- and 2- isomers, respectively 

(estimated errorf0.2). d f  2%. ef0.1-0.2 kcallmole. corresponds to K = [P1+P31iP2 since the signals of the 1- and 3- 

isomers overlapped. g K' = P3P2 = 1.0, with AGO = 0, and K" = Plm3 = 2.5 with AGO = -0.45 keallmole, where P3 = the 

population of the 3-isomer. IC = P$ P2= 2.3 with AGO = -0.35 keallmole, and Kc = PIP3 = 3.0 with AGO -0.5 keallmole. 

The signals were not well separated (Sv = 0.03 ppm) to allow reliable measurement of K J Kt= P3PZ = 1.4 = K" with AGO = 

-0.20 keallmole. K1 = P3P2 = 5.5 with AGO = -0.85 kcallmole and Kit = PIP3 = 1.3 with AGO = -0.15 kcallmole. 



Specifically, in acetonitrile, the order of decreasing AG' values is (9c) > (9b) > (9d). Strong stabilisation to the 

electron deficient iminic carbon is also provided by isopropyl substituente, as indicated in the case of ( B d  us 

(&I, and to a lesser extent, (9a) us (Be). 

Effect of substituents in the benurtriorole ring,- The electron withdrawing nitro substituent of (6b) stabilises the 

negative charge developed on anion (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 gmups of (Ed) have the 

opposite effect, raising the energy bamer to a relatively high value. The 5-chloro substituted and the ring 

unsubstituted compounds have intermediate effects. The calculated AGS values in CDCBr3 are therefore 

classified in order of decreasing magnitude, as follows: (Ed) > (Ba) > (&) > (8b). Compound (Bb) in CDBr3 is 

very near coalescence at  mom temperature, so the AG' in this solvent muld not be measured (the solvent h e m s  

at  +8.SDC), hut the mrresponding value in chloroform suggests it will be less than 15.4 kealhnol. 

Effect of the nature of secondary arnine.. The availability of the lone pair of eleetmna on the mino  nitrogen for 

donation to the adjacent electron deficient carbon in (a), 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 mount 

of positive charge could be developed. We then observe, in order of decreasing AG' magnitude, (Bb) > (11) and 

(10) > (&). This order mrrelstes inversely with the p ~ a  valued4 of the corresponding secondary mines. Thus, 

pK,[(morpholine) = 8.491 < pKd(piperidine) = 11.201 and pKa[(dibenzylamine) = 8.621 < pKJ(pyrro1idine) = 

11.301. The benzotriazole adducts of morpholine and dibeneylamine are consequently more easily isolable and 

stable compounds than the adducts of pyrrolidine or piperidiue, most of whieb are readily hydrolysed oils or Low 

melting solids3 

Conclwions. The free energy of activation for the 1- to 2-beuzotriazalyl rearrangement of the title compounds 

is greatly dependent on the degree of stabilization 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 

O~AG'. Finally the bulkier the dialkyminoelkyl (or aryl) substituent, the more abundant the 2-isomer, which 

in extreme cases becomes the predominant component, as sbown by values of K less than 1 and AG' > 0. The 

chemical reactivity of the compounds studied is thus tailored according to the appropriate substitution. 

Compounds for which AG* has low values react rapidly and cleanly with weak nudeophiles such as mines and 

thiols with concurrent removal of benzotriazole.15 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. ' ~ - ~ m r  chemical shifts of compounds (8a-e), (9a-e), (lo), (11)8 at a single temperature (above 
wale~~enee) 

No Salv. Temp. -NR2 R' CH Benzotdazole 
PC) 

8a CDBr3 110 2.8(brs, 4 H) 

1.7 (br s, 4 m 
Bb CDC13 45 1.7 (br s, 4 H) 

2.7 (br s , 4  H) 

8& CDBr3 84 2.8(brs,4H) 

1.7 (br s. 4 H) 

8dd CDBr3 110 2.8(brs,4H) 

1.7 (br s , 4  H) 

8e tol-d8 70 2.9-2.7(m, 4 H) 

1.4 (s,4 H) 

9a  CDBr3 110 3.6(brs, 4 H) 

2.7 (br s,4 H) 

9b CDBr3 90 3.9(br s, 1 H) 

3.7 (br s , 3  H) 

3.2 (br s. 1 H) 

2.6 (br s, 3 H) 

seh CDBr3 110 4. l(brs , lH) 

3.8 (br s , 3  H) 

3.2 (br s ,1  H) 

2.8 (br s, 3 H) 

9d CD3CN 60 3.7(m,4 H) 

2.5 (br m, 3 H) 

2.8 (br s, 1 H) 

5.6 (8.2 H) 

5.8 fir s) 

(2 H) 

5.7 (8.2 H) 

5.5 <a,2 H) 

5.3 (d, 1 H) 

( J =  10%) 

5.4 (S,2 H) 

6.7 (8,  1 H) 

6.8 (br 8) 

(1 H) 

6.7 

(8,1 H) 

5.1 (d, 1 H) 

(J= 10 Hz) 

5.3 

(br a, 1 H) 

6.4 (8,  1 H) 

9.1-7.7 

(v. br m, 4 H) 

8.0-7.4 (br m) 

(4 H) 

7.S7.3 (v. br m, 2 H) 

2.4 (br s, 3 H, Me) 

7.8 (br s, 2 H) 

7.2-7.1 (m. 2 H) 

8.7 (v br s, 2 H) 

7.4 (s,2 H) 

7.9 (br m, 3 ~f 
7.5-7.3 (m, 6 H) 

9.9 (8, 1 H) 

8.6 (br a ,1  H) 

8.0-7.7 (m, 1 H) 

7.5-7.3 (br m, 2 H) 

8.2-7.7 (m, 2 H) 

7.67.3 (m, 2 H) 

7.9 (v. br s , 3  H) 

7.3(brm,6H) 

a Many peaks did not become entirely sharp, even at several degrees above eaaleseenee. R' = H. Some decomposition 

must have occurred as evidenced by additional aliphatic peaks. In addition, S 3.4 (br m), 2.0 (br m), probably due to free 

pyrralidine. The CHMeZ signal is hidden under broad peaks. 1n addition, 6 10.30 (v. br, 1 H). g Phenyl protons come 

together with beneotrimle protons. The spectrum was recorded in CDBr3, since bp (CD3CN) = 82'C and Tc = 84°C in 

CD3CN. 



EXPERIMENTAL 

Proton nmr spectra 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 

50-70 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 

*lac. Variable temperature measurements were repeated twice and equilibrium constant values were the 

average of at  least three measurements. Deuterated solvents were purchased &om MSD Isotopes (toluene-d8, 

CDC13, CD3CN, C6D6) and Chemalog (CDBr3) and were used directly, Carbon-13 nmr speetra were recorded 

on either a JEOLFX 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 far COSY and HETCOR pulse 

sequences provided by Varian. 

The preparation of the following compounds has been reported in previous papers from this lab: N-[(be~otriozol- 

N-yl)methyllpyrmlidine N-la-lbenrotriarol-N-yl)-~-melhyl)propyllpymlidie (&L3 N-la-lberuotriozol-N- 

y1)phenylmethyllpiperidine ( 1 1 ) , ~  N-[a-fbenzotriazol-N-y1)phenylmethyllmorpholine (9b),3 N -  

[(5,6-dimethylbenzotriazol-N-yl)methyllpyrrolidine ( ~ d ) ' ,  and N-la-(benzotriozol-N-yl)-@-methyl- 

propylldibenzylamine (1013 A literature method16 was adopted for preparation of N-fBenzotriaro1-N- 

y1)methyllmrpholine (98) (mp 108-109.5"C; lit.16 mp 104-105'C). 

N.[(5-Nitmbemotriazd-N-y1)mefhyllpyrrolidi (Sh). - It was prepared from 5-nitmbenzotriazole (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  method^.^.^^ The compound was at  first obtained as an oil, which then 

solidified gradually after stirring with diethyl ether in a dry icelacetone bath, i t  then erystallised fmm diethyl 

ether as a yellow solid (7.22 g, 89%), mp 76-78T (Found, C, 53.01; H, 5.14; N, 28.21%. C11Hi3N502 requires, C, 

53.44; H, 5.30; N, 28.32 40). 

N-[(5-Chlombemotriazol-N-yl)methyllpyrroidine (&) was prepared as (ah), 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 etherhexane (711, vlv). An off-white solid was collected (5.75 g, 

71 %), mp 58-60T (Found, C, 55.57; H, 5.40; N, 23.82 %. Cl1Hl3CIN4 requires, C, 55.82; H, 5.54; N, 23.67 96). 

N-[a-(Bemotr-GN-yl)arylmethyl)morphin (9~)-(9e).- Beneotriazole (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 a Dean-Stark apparatus, until (1-5 days) the theoretically calculated amount of 
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water had been collected (1.2 ml). N-la-(Benzotriazol-N-yl)-a-(4-nitrophenyl)methyl]morpholine ( 9 ~ )  was 

obtained as  a hard yellowish solid (21.5 g, 96%), which was reerystallised from 95% ethanol, mp 145-148°C. 

(Found, C, 60.35; H, 5.03; N, 20.50 %. C17H17N503 ~ q u i r e s ,  C, tW.17: H, 5.05: N, 20.64 96). N-la-(Benzotriazol- 

N-ylj-a-(4-meth~yphenyljmthyllmorpholi (9d) was a low melting solid (mp less than 20W, which could not 

be purified (remained as  a very viscous oil) and was characterised by IH- and 13c-nmr a t  -20% (see Tables 1 

and 3). N-fa-(Benzotriaml-N-ylj-~thylpropyll&Line (9e) was obtained initially as an oil which solidified 

when treated with diethyl ether in a dryiee acetone bath (11.2 g. 65%). mp 101-103°C. (Found, C, 64.89; H, 8.20; 

N, 21.79 %. Cl4H2&0 requires, C, 64.59; H, 7.74, N, 21.52 8). 

Methylotion of 5-nitrobenzotriazo1e.- 5-Nitmbenzotriazole (0.5 g, 0.03 mol) was dissolved in aq. 2N NaOH (25 

ml) and water (10 ml) was added to achieve a dear solution. Dimethyl sulphate (10 g, 0.076 mol) was added and 

a yellow precipitate appeared. The suspension was stirred a t  room temperature for 0.5 h and a t  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 hexamldiethyl ether, V1, vlv). A portion of the crude solid (0.25 g) was 

placed on a silica gel column and eluted with hexanddiethyl ether (8:2,7:3,6:4,5:5,2:8, vh) ,  and then diethyl 

ether (recovery 0.20 g, 80 %). The fouowing compounds were collected as fractions (in order of elution: 2-methyl- 

5-nitro-benzotriwole (Rf = 0.62.0.094 g, 46 %, mp 180-184"C, lit.1° mp 187°C); 6~ (300 MHz, CDC13) 8.87 (dd, 

Jm = 2 Hz, Jp = 0.7 Hz, H-41, 8.24 (dd, Jo = 9 Hz, Jm = 2 Hz, H-6), 7.98 (dd, Jo = 9 Hz, Jp = 0.7 Hz, H-7), 4.61 

(3 H, s, Me); (75 MHz, CDCI3) 146.6 (C-3a Or C-5, small hr), 143.0 (C-7a), 120.7 (C-6), 119.1 (C-7), 116.0 (C- 

4L44.0 (Me); 3-methyl-5-nitmbenzotrio~ole (Rf= 0.37,0.048 g, 24 %, mp 154-l57T (lit9 does not report isolation 

of this componndXFound, C; 48.53, H; 4.67, N, 30.80 %. C7H6N402 requires, C, 47.19; H, 3.39; N, 31.45 96); ETH 

(300 MHz, CDC13), 8.55 (d, Jm = 2 Hz, H-4). 8.27 (dd, J, = 9 Hz, Jm = 2 Hz, H-6). 8.18 (d, J, = 9 Hz, H-7). 4.45 

( s ,3  H, CH3); I-methyl-5-nitrobenzotri[1zob (Rf= 0.19,0.06 g, 30 %, mp 160-162"C, lit.1° mp 163T); 6~ (300 

MHz, CDCI3) 8.99 (d, Jm = 2 Hz, HA), 8.42 (dd, J, = 9 Hz, Jm = 2 Hz, H-6), 7.69 (d, Jo = 9Hz, H-7), 4.41 (3 H, 

s, CH3); 6c  (75 MHz, CDCI3) 144.9 (C-3a or C-5, small br) 136.0 (C-'la), 122.4 (C-5), 117.2 (C-3). 109.0 (C-71, 

34.70 (Me). 
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