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Abstract: The 2H-benzotriazolyl group is introduced as a new electron-withdrawing group for
NLO-active chromophores. Novel benzotriazole derivatives and hydrazones have been syn-
thesized. While their electronic structure and acceptor capability is comparable to those of struc-
turally related nitro compounds, 2H-benzotriazoles show a more favorable transparency-non-
linearity trade-off for NLO applications. The first molecular hyperpolarizabilities 3 have been
measured with hyper-Raleigh scattering (HRS). Copyright © 1996 Elsevier Science Ltd

Introduction

The development of materials with special optical,! magnetic2 and electrical3 properties that are
suitable for molecular electronics# has become one of the important objects in organic and inor-
ganic synthesis within the last years. In this paper we introduce the benzotriazole group as a new
acceptor group for organic charge-transfer systems. The 2H-benzotriazolyl group mimics the elec-
tronic properties of the nitro group. The relationship between these two groups is reflected by
UV/VIS and NMR spectroscopic data as well as by the chemical reactivity of 2H-benzotriazolyl and
nitro substituted n-electron systems. It is interesting to compare the first hyperpolarizabilties B of
charge-transfer systems containing these two types of acceptor groups. A possibie application of
2H-benzotriazolyl substituted charge-transfer systems is their implementation in nonlinear optical
devices for e. g. frequency doubling (second harmonic generation, SHG). One of the serious prob-
lems of organic frequency doublers is the need for an optical window at the frequency of the se-
cond harmonic (i. e., at 415 nm for common 830 nm infrared diode lasers) to avoid reabsorption of
the generated frequency doubled light. The extensive work of Cheng® has shown that there is a
transparency-nonlinearity trade-off for standard charge-transfer compounds. One advantage of the
benzotriazole group can be the shorter absorption wavelength at the same range of g values as
observed with the corresponding nitro compounds. For macroscopic bulk systems such as guest-
host systems the solubility of the chromophores plays an important role. High loading of the NLO
dye is necessary to achieve high x{2) values. As compared to dipolar nitro compounds which tend
to have rather low solubilities the corresponding benzotriazole derivatives exhibit relatively good
solubilities in solvents commonly used solvents used for the spin coating process.

14607



14608 R. GOMPPER et al.

Results
Electron-withdrawing properties of the 2H-1,2,3-triazolyl group

The role of benzotriazoles in organic synthesis has been thoroughly studied® and there are
many applications of N-substituted benzotriazoles (cf.7-9). As regards nonlinear optical properties,
only the 2H-1,2,3-triazolyl group in 2-(4'-nitrophenyl)-2H-1,2,3-triazole has been mentioned as an
electron donor in connection with other azole derivatives.10

1,2,3-Triazoles and benzotriazoles are electron-poor heterocycles. 2H-1,2,3-triazole derivatives
1 and the corresponding 2H-benzotriazole derivatives 3 are electronically related to nitro com-
pounds 2. With 1-triazolyl compounds this relationship is less pronounced. In contrast to the

I\ '_
N. _N ON@N On @ N®
N N
1a Do 1b Do 1c DO®
On ® S ©
08®.0 @
®, 0.8.0
Do = electron donor
(NR32, OR, SR etc.) ~
2a Do 2b Do®
;/ \2 ; ; ; E
N. _N ON@N On@ N
N N N
3a Do 3b Do 3c D®

electron-withdrawing 2-triazolyl group the 1-triazolyl group is expected to behave as a (weak)
electron-releasing group. Resonance structure 3a is ortho quinoid and resonance structures 3b
and 3¢ should therefore be favoured in the ground state. Thus, the electron-withdrawing proper-
ties of the 2H-benzotriazolyl group are expected to be stronger than those of the 2H-1,2,3-triazolyl
group. This is born out by the similarity of the NMR data of p-nitroaniline (PNA) 4, 2-(4-aminophe-
nyl)-2H-1,2,3-triazole 5 and 2-(4-aminophenyl)-2H-benzotriazole 6 as well as the Hammett op
constant of the 2H-benzotriazolyl group (op = 0.51, 6 p = 0.57)11 (cf. table 1). Accordingly, the
electronic spectra show (cf. table 1) that 612 absorbs at longer wavelengths than 1-(4-amino-
phenyl)-1H-benzotriazole 7.13 By virtue of its more extended n-electron system 6 aiso absorbs at
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longer wavelenghts than 5.14 The absorption maxima of 5 - 7 are found at considerably shorter
wavelenghts than the maximum of 415 which is exactly the effect necessary for SHG of diode
lasers.

Table 1. 'H NMR data (6 [ppm]) and UV/Vis spectra (Amax [PM]) of
p-nitroaniline 4, 2-(4-aminophenyl)-2H-1,2,3-triazole 5, 2-(4-amino-
phenyl)-2H-benzotriazole 6, and 1-(4-aminophenyl)-1H-benzotriazole 7

"H NMR (8 [ppm])

/—\ VRS '\'\
4 5 6 7

Amax [(nmM] (EtOH)
373 290 344 304

2-Methylbenzotriazole as an active methylene compound

If the 2H-benzotriazolyl group has indeed the electron-withdrawing properties described above
2-methyibenzotriazoie is expected to behave as an active methylene compound. 1-Methylbenzo-
triazole 11 and 2-methylbenzotriazole 8 can be prepared by thermal decarboxylation of the cor-
responding benzotriazolylacetic acids.!® Heating of 8 with Bredereck’s reagent 9 gives rise to the
enamine 10. The reaction of 9 with 8 is, however, much more sluggish than that with nitro-
methane. Obviously, the 2H-benzotriazolyl group is less effective than the nitro group in activating
a methylene group. 11 did not react with 9 under comparable conditions.

e — (B,

HC(NMe 2)>0tBu

9
130 °C, 3d
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The enamine 10 shows a strong solvatochromism which indicates that this compound may dis-
play nonlinear optical activity!7 (UVAVIS: Amax (Ig € = 353 nm (4.392), in Et20; 362 nm (4.424), in
MeCN; 364 nm (4.402), in EtOH; AV (Et2O/MeCN) = 704 cm=1; AV (EtoO/EtOH) = 856 cm—?). Like
some other 2H-benzotriazole derivatives'2 10 displays in toluene an intense blue, in the solid
state a green-blue fluorescence.

In order to obtain 12 ethyl 1-benzotriazolylacetate18 13 was heated with 9 to produce 14, the
hydrolysis of which, however, gave rise to 1-benzotriazolylacetic acid 16 instead of 12.

N\ 1. NaOH
N, 9 "N 2.H0*
\}\1 — N —> 16
120°C, 12 h
N\\ %\coza

NM92

Benzotriazolylvinamidinium salts and benzotriazolylpyrimidines

With respect to materials for nonlinear optics (NLO) that are transparent above 400 nm (Amax
<400 nm, Acut-oif < 415 nm) it is important to realize that pyridine and pyrimidine derivatives ab-
sorb at shorter wavelenghts (ca. 50 and 100 nm, resp.)'9 than the corresponding isocyclic com-
pounds (n-n*). As 2,5-disubstituted pyrimidines can be prepared from vinamidinium salts and ami-
dines20 our plan was to synthesize donor-acceptor substituted pyrimidines (structure 3 with a
pyrimidine instead of a benzene ring) with the 2H-benzotriazolyl group as electron acceptor using
2-(2H-benzotriazolyl)-vinamidinium tetrafluoroborate 16 as starting material. Pyrimidines derived
from 2-(1H-benzotriazolyl)-vinamidinium tetrafluoroborate 17 could be used as the corresponding
doncr substituted derivatives. After our experiments had been concluded?2! the synthesis of 17,
ClO4~ and PFg~ instead of BF4~, was reported.22

2H-Benzotriazolylacetic acid 15 and 1H-benzotriazolylacetic acid 18 react with dimethylform-
amide-phospherus oxychloride {cf.200,22) and work-up with tetrafluoroboric acid to form the vin-
amidinium salts 16 and 17. The IR, TH NMR and UV/VIS spectra of 16 and 17 are closely related.
In the TH NMR spectra two signals of the protons of the dimethylamino groups are observed (16: §
=2.05, 3.38; 17: § = 2.03, 3.34) which indicates hindered rotation of the iminium groups.

16 and 17 can be condensed with amidinium salts in boiling pyridine to provide the pyrimidine
derivatives 19a-c and 20a-c (cf.22). When heated with 9, 19¢ and 20c give rise to the enamines
19d and 20d, respectively.

The pyrimidinyl-1H-benzotriazoles 20a,b absorb at shorter wavelengths than their 2-isomers
19a,b in accordance with the donor-acceptor pattern of 19a,b. Both types of compounds are not
solvatochromic. The absorption maximum of 19b (Amax = 337 nm in toluene or DMSO) is found at
shorter wavelengths than that of 2-(4-dimethylaminopheny!)-2H-benzotriazole (6, NMe» instead of
NH2: Amax = 354 nm, in Et20; 358 nm, in EtOH).12

Further evidence for the electron-withdrawing properties of the 2H-benzotriazolyl group comes
from the TH NMR spectra of 19d and 20d. The spectrum of 19d shows the singlet of the pyrimi-
dine protons more than 0.5 ppm downfield as compared with that of 20d.
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19d and 20d are solvatochromic, in contrast to 19a,b and 20a,b (19d: UV/VIS: Amax (Ig €) =
396 nm (4.649), in toluene, 404 nm (4.627), in DMSO; Av (toluene/DMSO) = 500 cm~1. — 20d:
(UV/ Vis: Amax (Ig €) = 352 nm (4.470), in toluene; 357 nm (4.484), in DMSO; AV (toluene/DMSO)
= 398 cm~1). 19d is stronger solvatochromic than 20d which is in accord with the higher polarity
of 19d as a consequence of the electron-withdrawing effect of the 2H-benzotriazolyl group.

The pyrimidines 19a-d and 20d show blue fluorescence in toluene solution and biue (19a,b)
and yellow (19d, 20d) fluorescence in the solid state.

In donor-acceptor substituted biphenyl derivatives the resonance interaction between the donor
and acceptor groups is diminished because the phenyl rings are not coplanar (cf.23.24). This could
give rise to a hypsochromic shift of the UV/VIS absorption as compared with that of donor-acceptor
substituted benzene derivatives (cf. 4). A high hyperpolarizability B might be, however, retained by
virtue of the extended n-electron system. Thus, donor-acceptor substituted biphenyl derivatives
and diazabiphenyl systems derived from 19 might be interesting for NLO (ct.23), especially with
respect to the transparency-nonlinearity trade-off.

The diazabipheny! derivatives 19e,f and 20e can be obtained by reacting 16 and 17 with
benzamidines. The very low solubility of 19e,f makes it difficult to study their spectroscopic and
NLO properties. TH NMR spectra could be measured in trifluoroacetic acid solutions, UV/VIS
spectra in DMSO solutions.

The donor-acceptor substituted compound 19f (Amax = 434 nm) absorbs at longer wavelengths
than the acceptor-acceptor substituted derivative 19e {(Amax = 342 nm). 19f also absorbs at longer
wavelengths than 19b (Amax = 337 nm). Thus, if diazabiphenyl derivatives such as 19f are twisted
this twisting is not sufficient to give rise to Amax < 400 nm.
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Benzotriazolyl-arylhydrazones

Arylhydrazones show high hyperpolarizabilities and nonlinear optical susceptibilities x(2).25
Therefore we tried to combine the NLO properties of 19 with those of arylhydrazones. To this end
the bromohydrazones 22, prepared by methylation of 21, were lithiated and the lithium derivati-
ves reacted with N-methylformanilide to form the aldehydes 24. Condensation of 24¢ with 2-tri-
methylsilylmethyl-2H-benzotriazole 236,26 under Peterson conditions27 gives rise to the 2H-
benzotriazolylvinylphenylhydrazone 25 in which two donor-acceptor moieties are combined, their
partial dipole moments pointing in the same direction. The one moiety consists of p-amino-f-(2H-
benzotriazolyl)-styrene, the other one of p-dimethylaminobenzaldehyde imine. 25 is closely
related to donor-acceptor substituted styrenes such as p-dimethylamino-g-nitrostyrene for which a

hyperpolarizability § =50 x 10-30 esu has been calculated.24a
Me
21a:R=EO Q

21Cc: R= MesN
Br

SlMeg

O,
@1

CL

25

Reagents and conditions: i, (a) BuLi, THF, -78 °C, (b) Mel; ii,
(a) tBuLi (2 equiv.), THF, -78 °C, (b) PhN(Me)CHO, -78 °C —
room temp., (c) HyO™; iii, (a) 23, Buli, ~78 °C, (b) NH,CI-H,0

Another pathway to benzotriazolylarylhydrazones is the reaction of the per(trimethylsilyl)amidine
26, prepared from the corresponding nitrile using standard conditions,28 with 16 to form the pyri-
midine derivative 27 (the synthesis of pyrimidine from per{trimethylsilyl)amidines and vinamidi-
nium salts gives much higher yields than that with amidines29).
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The TH NMR spectrum of 27 could be measured only in trifluoroacetic acid and can therefore
hardly be compared with the spectra of other triazole derivatives. Table 2 shows selected TH NMR
data of 25, 2830 and 29.27 The coupling constants of the vinyl proton signals are in accord with a
trans arrangement of the substituents at the C=C bonds.

Table 2. UVNVis (A2 [nM]) and selected 'H NMR data (& [ppm])
of some benzotriazole derivatives

NM92
2 I 'H NMR (& [ppm))
Meo. _N
N 28 NMe,
740 - 29 NMe,
751 7.42 6.73
7.42
7.80 7.94 7.76 7.88
(14 Hz) l/ (14Hz) (14 Hz) ,/ (14 Hz) 2o 737
NG NG (15 Hz) (15Hz)
N N N N N

\ / N:
7.39 7.35 N
7.87 :

UVNis (Amax [NM])
intoluene: 417 in Et,0: 384
in DMSO: 427 in MeCN: 390

AV (toluene/DMSQ)AV (Et,O/MeCN)
562 cm™ 401 cm™!

Compound 25 is solvatochromic (cf. table 2); its Amax is red-shifted by roughly 35 nm as compa-
red with that of 28 as a consequence of the replacement of the dimethylamino group by the benz-
ylidene hydrazone group. The pyrimidine derivative 27 (UV/VIS: Amax = 416 nm, in toluene; Amax =
419 nm, in DMSO; AV (toluene/DMSO) = 172 cm~1) shows only a weak solvatochromism.
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Results and discussion of HRS measurements

Table 3 contains experimentally determined first hyperpolarizabilities § and UV/VIS data of
compounds 2, R = NMez, 3 R = NMey, 4, 10, 19d, 30 and 31. The HRS measurements were
carried out in chloroform versus 4 (PNA)/chloroform as an external reference. The spectra also
were taken using chloroform as a solvent.

Table 3. f-Values as determined by hyper-Raleigh scattering at 1064 nm and spectroscopic data
of the investigated compounds in chloroform as solvent

compound Amax [nm] B[10730 esu]
2, Do = NMey, 391 25

3, Do = NMey, 362 26

4 (PNA) 348 17

10 363 19

19d 395 81

30 348 glal

31 438 gglbl

[a] L. T. Cheng, unpublished results (extrapolated to 1064 nm via the two-level model)
[b] From reference [5], extrapolated to 1064 nm via the two-level model

i _\\—NMe2 i \—NMe2 — °
31

30 32

With regard to NLO applications the measurements reflect a highly interesting relationship bet-
ween the nitro group on the one hand and the benztriazolyl group on the other hand. In charge-
transfer compounds the nitro group as an electron acceptor gives rise to high S-values but also to
strong bathochromic shifts. The benztriazolyl group, however, induces for the same range of
B-values a much less bathachromic shift as the hyperpolarizabilities of compounds 2 ([Do =
NMe2) and 3 (Do = NMe2) show. The S-values are almost identical while 3 is absorbing at about
30 nm shorter wavelengths than 2. The same tendency can be found by comparing 10 and 1-di-
methylamino-2-nitroethylene 30, both compounds having shorter x-electron systems than 2 and
3. 10 is absorbing only at slightly longer wavelengths than 30, but the j value of 10 is more than
twice that of 30. These two pairs — 2/3 and 10/30 ~ demonstrate that donor -acceptor substituted
n-electron systems containing the benzotriazolyl group may be better candidates for NLO appli-
cations than the corresponding nitro derivatives.

It is well known that many donor-acceptor substituted aromatics containing nitro groups as
acceptors have a rather low solubility. This is not the case with the benzotriazole derivatives in-
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vestigated here. Since large x(2) values from bulk materials can only be obtained with high con-
centrations of the embedded chromophores, solubility is an important factor in NLO applications.
Although the benzotriazoles have a less favourable nonlinearity / mass ratio than the correspon-
ding nitro compounds the better solubility of the former may compensate for this drawback.

A further interesting comparison can be made between 3 (Do = NMey), 10, 19d and 31. The
replacement of the phenyl ring of 3 (Do = NMe2) with an ethylene group (— 10) does not change
the absorption maximum, it reduces, however, the f value. This may be a consequence of the
smaller conjugated m-electron system of 10 which reduces the polarizability of this compound.
The comparison of 3 (Do = NMe») with 19d which contains an additional ethylene group (and a
pyrimidine ring instead of a benzene ring), and of 10 with 19d shows that a threefold to fourfold
increase in § goes along with only a moderate increase in Amax. Although the contribution of the
pyrimidine ring of 19d to the hyperpolarizability is not quite clear (the nitrogen atoms are electron
withdrawing and thus are supposed to amplify the electron acceptor effect of the benzotriazolyl
group (cf.31) the series 10, 3 (Do = NMe»), and 19d reflects the well established rule that a larger
n-electron system gives rise to an increase in . On condition that the contribution of a pyrimidine
ring to B is similar to that of a phenyl ring the comparison of 19d with 31 indicates once more that
the replacement of a nitro group with a benzotriazolyl group gives a more favourable transpa-
rency-nonlinearity trade-off.

In this context it interesting to note that 4-dimethylaminopyridine 32 with Amax = 259 nm exhibits
a first hyperpolarizability (8 = 19 x 10-30 esu) which is even slightly higher than that of the elec-
tronically closely related PNA 4 with Amax = 348 nm. Thus, this might be a further possibility to re-
place the nitro group in donor-acceptor n-electron systems in order to attain dipolar compounds
with bothAmax < 400 nm and high g values for SHG.

In summary, these observations emphasize the interesting properties of the 2H-benzotriazolyl
group for NLO applications.

Experimental
Determination of the hyperpolarizability via hyper-Rayleigh scattering (HRS)

The basics of hyper-Rayleigh scattering are described in detail.32 To make the understanding
for the reader easier, the most important points are shortly repeated, and our slighty modified
evaluation of the data is explained.

The second harmonic intensity /(2w) is a function of the fundamental intensity /g. Variation of the
fundamental intensity, obtained by rotating a half wave plate (rotating angle ¢, deviation angle &)
between two polarizers, leads to the fit formula (1).

I20) = a-[sin2¢ +a)]* +b (1)

where a=G-B%.§ (2)

and B? = Ny ‘ﬁgz +N; B 3)
—

~—H’——/
solute solvent
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G is a geometrical factor, N the number density and b an intensity offset. Measurements at different
number densities of the solute show a linear dependence of the fit parameter a on Ng. From the
intercept ¢ and the slope m, By can be calculated when g is known (4a) or vice versa (4b) (internal
reference method).

IBg|= %&'ﬁl (4a)

Ioil= =5 6] (ab)

It is also possible to correlate the slope of the substance to be measured with the slope of p-
nitroaniline (PNA) (of which the g value is well known33) in the same solvent (external reference

method, (5)).

B ==2—Bena (5)

mpNA

Figures 1 and 2 show typical HRS curves on the basis of compound 19d which yields a hyper-
polarizability of g =81 x 10-30 esu in chioroform.

SH—Intensity [a.u.]

fitting parameter a [a.u.]

“30 45 60 75 90 105 120

18 -
number censty (10 cm ]

Figure 1. The intensity of the frequency
doubled light as a function of the rotating
angle ¢ for 5 different concentrations
(number densities) of 19d in chioroform.
The rotation of the angle g corresponds to
an increase and a decrease of the light
intensity ky of the fundamental laser beam.
The experimental data were fitted with
equation (1).

Figure 2. A plot of the parameter aas a
function of the number density of 19d in
chloroform. From the slope m of the 8 value
of 19d can be obtained with equation (5)
and the corresponding g value of the
external reference 4 (PNA).
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Experimental setup

Figure 3 shows the setup for the experimental determination of the first hyperpolarizability 5 via
the HRS-technique. In contrast to the setup of Clays and Persoons34 the beam is not focused into
the sample cell but reduced befare to a diameter of 1.5 mm with the help of a telescope. This pre-
vents problems with dielectrical breakdowns within the sample. The front and rear windows of the
sample cell are shielded to prevent signal contributions from the glass walls, especially from ad-
sorbed dye molecules. Because of the large effective cathode diameter of the Thorn-EMI 9635QA
there is no need for focusing the second harmonic scattered light into the photomulttiplier, which
makes the adjustment much less complicated. The measurements were carried out at a funda-
mental wavelength of 1064 nm.

B
. l puised NO-YAG laser {1064 nm)
diode _,[ l 6ns. 10 Hz. 30 mJ

telescops

Newport
controtier 1 computer
855C

rotating
halwave-plate

boxcar
intergrator

amplifier

pre-amplifier

beamstopper

Figure 3. Experimental setup of the HRS experiment

Experimental Procedures

TH NMR spectra were obtained with Bruker WP 80 (80 MHz), Varian VXR 400 S (400 MHz), 13C
NMR spectra with Varian VXR 400 S (100.22 MHz) spectrometers. IR spectra were recorded on
Perkin-Eimer 125 and Bruker IFS 45 spectrometers, UV/VIS spectra on Zeiss DMR 10 and Perkin-
Elmer Lambda 3 spectrometers. Mass spectra were determined on a Finnigan MAT 90
spectrometer.

2-(2-Dimethylaminoethenyl)-2H-benzotriazole (1 0): A mixture of 2-methyl-2H-benzotria-
zole (0.53 g, 3.98 mmol) and tert-butyloxy-bis-dimethylamino-methane 9 (1.60 mi,7.75 mmol) was
stirred at 130 °C for 3 d. Ethanol was added to the product and the remaining yellow crystals col-
lected by filtration and washed with methanol and pentane. Yield 0.18 g (24%), yellow crystals,

M.p. 98-99 °C. IR (KBr): ¥ = 1662 cm~1, 1382, 1284, 1109, 944, 758, 747, 711. UVNIS (Et20):
Amax (g €) = 258 nm (3.795), 264 (3.817), 290 (sh, 3.670), 353 (4.392); (MeCN): Amax (Ig &) = 259
nm (3.764), 265 (3.776), 362 (4.408); (EtOH): Amax (Ig &) = 259 nm (3.715), 265 (3.671), 290
(3.663), 364 (4.402). TH NMR (CDCls): 6 = 2.80 (s, 6 H, N(CHa)2), 6.57 (d, J= 12 Hz, 1 H, CH=CH-
NMey), 7.27 (dd, 3J=6 Hz, 4J=3 Hz, 2 H, 4-H, 7-H), 7.70 (d, J= 12 Hz, 1 H, CH=CH-NMey), 7.76
(dd, 3J= 6 Hz, 4J =3 Hz, 2 H, 5-H, 6-H). 13C NMR (CDCls): 6 = 40.67 (NMey), 102.46 (CH=CH-
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NMey), 116.60 (C-4, C-7), 125.21 (C-5, C-6), 138.46 (CH=CH-NMey), 143.88 (C-3a, C-7a). MS
(70 eV), m/z (%): 189 (12) [M+ + 1], 188 (100) [M+], 119 (51 ), 83 (27), 69 (21 ), 42 (30). Anal.
Calcd. for C1gH12N4 (188.2): C 63.81; H 6.43; N 29.77. Found: C 63.51; H 6.30; N 29.67.

Ethyl 1-(1H-benzotriazol-1-yl)-2-dimethylamino-acrylate (14): A mixture of ethyl 1H-
benzotriazol-1-yl-acetate (1.00 g, 4.87 mmol), tert-butyloxy-bis-dimethylamino-methane 9 (1.10
mi, 5.33 mmol) and N,N-dimethylformamide (DMF) (10 ml) was stirred for 12 h at 120 °C. Volatile
products were distilled off in vacuo and the residue recrystallized from 200 ml of high-boiling pet-
rol ether. Yield 0.71 g (56%), colorless crystals, m.p. 87-88 °C. IR (KBr): V = 1690 cm-1!, 1622,
1610, 1303, 1222, 1099, 1063. UV/VIS (Et20): Amax (Ig €) = 271 nm (4.377); (EtOH): Amax (Ig &) =

273 nm (4.464). TH NMR (CDCl3): § = 1.07 (t, J = 7 Hz, 3 H, CH2CHa3), 2.57 (br. s, 6 H, N(CH3)2),
4.05 (q, J = 7 Hz, 2 H, CH>CH3), 7.25-7.47 (m, 3 H, benzotriazolyl-H), 7.78 (s, 1 H, CH-NMe»),
7.93-8.10 {m, 1 H, benzotriazolyl-H). MS (70 eV), m/z (%): 260 (1) [M*], 203 (100), 42 (29). Anal.
Caled. for C13H1gN402 (260.3): C 59.99; H 6.20; N 21.52. Found C 60.07; H 5.96; N 21.41.

2-(2H-Benzotriazol-2-y!)-3-dimethylamino-N,N-dimethyl-prop-2-eniminiumtetra-

fluoroborate (16): Phosphoryl chioride (9.30 ml, 101.90 mmol) was added dropwise tc DMF
(15.60 ml, 202.74 mmol) and the mixture stirred at 0 °C for 1 h. 2H-Benzotriazol-2-yl-acetic acid
(6.00 g, 33.87 mmol) was added. After warming to 80 °C the mixture became first homaogeneous,
then a thick pale brown precipitate was formed. DMF (5 ml) was added and the mixture kept at 80
°C for 16 h. After ccoling, methanol (40 ml) and afterwards a 50% aqueous solution of tetrafluoro-
boric acid (12.30 mi) were added and the brown precipitate collected by filtration. Yield 9.37 g
(84%), pale-brown crystals that could be used for further reactions. 0.30 g of the crude product we-
re dissolved in &etonitrile (20 ml) and after filtration diethyl ether (60 mi) was added to the filtrate.
Yield 0.23 g (77%), colorless needles, m.p. 264-267 °C. IR (KBr): v = 1625 cm~1, 1408, 1303,
1204, 1123, 1083, 1062, 1038, 819, 759. UV/VIS (MeCN): Amax (lg €} = 210 nm (4.413), 301
(4.644). TH NMR ([Dg]DMSO): § = 2.05 (s, 6 H, 2 NCH3), 3.38 (s, 6H, 2 NCH3), 7.56 (dd, 3J = 7 Hz,
4J=3Hz, 2H, 4-H, 7-H), 8.03 (dd, 3J =7 Hz, 4J = 3 Hz, 2 H, 5"-H, 6'-H), 8.09 (s, 2 H, 1-H, 3-H).
Anal. Calcd. for C13H18BF4N5 (331.1): C 47.16; H 5.48; N 21.15. Found: C 47.28; H 5.51; N 21.23.

2-(1H-Benzotriazol-1-yl)-3-dimethylamino-N,N-dimethyl-prop-2-eniminium tetra-
fluoroborate {(17): Phosphoryl chloride (3.3C mil, 101.90 mmol) was added dropwise to DMF
(15.60 mi, 202.74 mmol) and the mixture stirred at 0 °C for 1 h. 2H-Benzotriazol-2-yl-acetic acid
(6.00 g, 33.87 mmol) was added and the mixture warmed to 80 °C for 16 h. After cooling, methanol
(40 ml) and afterwards a 50% agueous soluticn of tetrafluoroboric acid (12.30 ml) were added
and the precipitate collected by filtration. Yield 4.47 g (40%); pale-brown crystals. 0.30 g of the
crude product were dissolved in acetonitrile (20 ml) and after fitration diethyl ether (60 ml) was
added to the filtrate. Yield 0.19 g (63%), coloriess needles, m.p. 186-188 °C. IR (KBr): V = 1620
cm-1, 1404, 1296, 1204, 1124, 1084, 1064, 103 7. UV/VIS (MeCN): Amax (Ig €) = 252 nm (3.984),
304 (4.628). TH NMR ([Ds]DMSQ): 6= 2.03 (s, 6 H, 2 NCH3), 3.34 (s, 6 H, 2 NCH3), 7.39-7.79 (m,
3 H, benzotriazolyl-H), 8.10 (m, 1 H, benzotriazolyl-H), 8.21 (s, 2 H, 1-H, 3-H). Anal. Calcd. for
C13H18BF4N5 (331.1): C 47.16; H 5.48; N 21.15. Found: C 47.17; H £.59; N 21.42.

2-(2-Methylthiopyrimidin-5-yl)-2H-benzotriazole (19a). General procedure: A mixture of
16 (0.50 g, 1.51 mmol) and methylthicformamidinium sulfate (0.21 g, 1.51 mmol) was refluxed in
10 ml of pyridine for 2 h. After cooling, the precipitate was collected by filtration and washed with
water and hot methanol. Yield 0.26 g (71%), colorless crystals, m.p. 217 °C. IR (KBr): v =1561
cm~1, 1548, 1466, 1434, 1404, 1390, 1288, 1203, 962, 755. UV/VIS (toluene): Amax = 332 nm;
(DMSO): Amax = 329 nm. 'H NMR (CF3CO2D): § = 3.00 (s, 3 H, SCH3), 7.64 (dd, 3J=7Hz, 4J=3
Hz, 2 H, 4-H, 7'-H), 8.00 (dd, 3J = 7 Hz, 4J = 3 Hz, 2 H, 5-H, 6-H), 9.99 (s, 2 H, 4-H, 6-H). 13C
NMR (CF3CQ2D): 6 = 15.40 (SCH3), 119.92 (C-4', C-7"), 132.42 (C-5', C-6"), 134.01 (C-5), 148.35
(C-3'a, C-7'a), 150.94 (C-4, C-6), 171.05 (C-2). Anal. Calcd. for C11HgN5S (243.3): C 54.31; H
3.73; N 28.79; S 13.18. Found: C 54.63; M 3.84; N 28.78; S 13.18.
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2-(2-Dimethylaminopyrimidin-5-yl)-2H-benzotriazole (19b): From 16 (0.50 g, 1.51 mmol)
and 1,1-dimethylguanidinium sulfate (0.21 g, 1.54 mmol). Yieid 0.14 g (39%), pale-brown crystals,
m.p. 246-247 °C. IR (KBr): V = 1606 cm~1, 1567, 1549, 1407, 1393, 792, 751, 747. UVNVIS
(toluene): Amax (lg &) = 337 nm (4.332); (DMSO): Amax (Ig &) = 337 nm (4.304). 'H NMR
(CF3CO2D): 6= 3.60 (s, 6 H, N(CH3)2), 7.67 (dd, 3J=7 Hz, 4J =3 Hz, 2 H, 4-H, 7"-H), 8.01 (dd, 3J
=7 Hz 4J =3 Hz 2 H, 5-H, 6-H), 9.59 (s, 2 H, 4-H, 6-H). 13C NMR (CF3C03D): § = 39.78
(N(CHa)2), 119.47 (C-4', C-7"), 127.45 (C-5), 132.15 (C-5', C-6'), 147.49 (C-3'a, C-7'a), 150.91 (C-
4, C-6), 154.42 (C-2). Anal. Calcd. for C1aH12Ng (240.3): C 59.99; H 5.03; N 34.98. Found: C
59.70; H 5.05; N 34.99.

2-(2-Methylpyrimidin-5-yl)-2H-benzotriazole (19¢): From 16 (1.00 g, 3.02 mmol) and acet-
amidinium chioride (0.29 g, 3.07 mmol). Yield 0.19 g (30%), pale-brown microcrystalline powder,
m.p. 18~O-182 °C. After evaporation of the solvents, further 0.37 g (58%) of 19¢c were obtained. IR
(KBr): v = 1563 cm~1, 1473, 1442, 1415, 1290, 967, 752, 740. UV/VIS (CHCI3): Amax (Ig €) = 312
nm (4.379). TH NMR (CHCl3): § = 2.85 (s, 3 H, 2-CH3), 7.44 (dd, 3J =7 Hz, 4J=3 Hz, 2 H, 4-H, 7-
H), 7.91 (dd, 3J =7 Hz, 4J = 3 Hz, 2 H, 5-H, 6-H), 9.55 (s, 2 H, 4'-H, 6"-H). 13C NMR (CHCl3): § =
25.78 (2'-CHg), 118.38 (C-4, C-7), 128.00 (C-5, C-6), 132.82 (C-5'), 145.32 (C-3a, C-7a), 148.63
(C-4', C-8"), 168.19 (C-2'). Anal. Calcd. for C11HgNs5 (211.2): C 62.55; H 4.29; N 33.16. Found: C
62.19; H 4.23; N 33.03.

2-(2-Dimethylaminovinylpyrimidin-5-yl]-2H-benzotriazole (19d): The solution of 19¢
(0.22 g, 1.04 mmol) and tert-butyloxy-bis-dimethylamino-methane 8 (0.90 ml, 4.36 mmol) in 10 ml
of DMF was stirred at 120 °C for 16 h. The precipitate was collected by filtration and washed with
hot methanol. Yield 0.23 g (83%), yellow microcrystalline powder, m.p. 226-228 °C. IR (KBr): (.
1631 cm—1, 1576, 1569, 1559, 1467, 1439, 1380, 1358, 1274, 1099. UV/VIS (toluene): Amax (Ig €)
= 396 nm (4.649); (DMSO): Amax (Ig €) = 290 nm (4.043), 404 (4.627). TH NMR (CDCl3): § = 3.00
(s, 6 H, N(CHa)2), 5.40 (d, J= 13 Hz, 1 H, 1"-H), 7.42 (dd, 3/ = 7 Hz, 4J = 3 Hz, 2 H, 4-H, 7-H), 7.90
(d, J=13Hz, 1 H, 2"-H), 7.91 (dd, 3J = 7 Hz, 4/ = 3 Hz, 2 H, 5-H, 6-H), 9.29 (s, 2 H, 4'-H, 6"-H). 13C
NMR (CDCl3): § = 41.00 (br, N(CHg)2), 94.90 (C-1"), 118.04 (C-4, C-7), 127.24 (C-5, C-6), 129.17
(C-5"), 144.98 (C-3a, C-7a), 148.82 (C-4', C-6'), 149.80 (C-2"), 167.55 (C-2'). Anal. Calcd. for
C14H14Ng (266.3): C 63.14; H 5.30; N 31.56. Found: C 63.11; H 5.53; N 31.39.

2-[2-(4-Nitrophenyl)-pyrimidin-5-yl]-2H-benzotriazole (18e): From 16 (0.49 g, 1.48
mmol) and p-nitrobenzamidine hydrochlcride (0.21 g, 1.54 mmol). Yield 0.41 g (87%), pale-brown

~

powder, m.p. > 340 °C. IR (KBr): V = 1557 cm=1, 1516, 1470, 1436, 1410, 1339, 1288, 959, 761,
744. UV/VIS (DMSO): Amax = 342 nm. TH NMR (CF3CO2D): & = 7.66-7.70 (m, 2 H, 4-H, 7-H), 8.02-
8.06 (m, 2 H, 5-H, 6-H), 8.64 (d, J = 9Hz, 2 H, 3"-H, 5"-H), 8.68 (d, J = 9 Hz, 2 H, 2"-H, 6"-H), 10.34
(s, 2 H, 4-H, 6"-H). Anal. Calcd. for C1gH1oNgO2 (318.3): C 60.38; H 3.17; N 26.40. Found: C
60.42; H 3.25; N 26.36.

2-[2-(4-Aminophenyl)-pyrimidin-5-yl]-2H-benzotriazole (19f): From 16 (0.50 g, 1.51
mmol) and of p-amincbenzamidine dihydrgchloride (0.31 g, 1.49 mmol). Yield 0.28 g (65%), fine
orange powder, m.p. > 340 °C. IR (KBr): V = 1651 cm~1, 1604, 1554, 1544, 1467, 1431, 1408,
1283. UV/VIS (DMSO): Amax = 321 nm, 434. 1H NMR (CF3C02D): §=7.71 (d, J =8 Hz, 2 H, 3"-H,
5"-H), 8.02-8.09 (m, 4 H, benzotriazolyl-H), 8.82 (d, J = 8 Hz, 2 H, 2"-H, 6"-H), 10.37 (s, 2 H, 4'-H,
6'-H). Anal. Caicd. for C1gH12Ng (288.3): C 66.66; H 4.20; N 29.15. Found: C 67.31; H 3.73; N
28.91.

1-(2-Methylthiopyrimidin-5-yl)-1H-benzotriazole (20a): From 17 (0.50 g, 1.51 mmol) and
methylthioformamidium sulfate (0.21 g, 1.51 mmol) (20 h refluxing). The solvent was evaporated,
water added to the residue and the remaining solid washed with water and recrystallized from

'~

agqueous ethanol. Yield 0.22 g (60%), colorless powder, m.p. 161-162 °C. IR (KBr): vV = 1536 cm~
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1, 1489, 1463, 1437, 1393, 1213, 1067, 766, 739. UV/VIS (toluene): Amax (Ig €) = 303 nm (4.162);
(DMSO): Amax (Ig &) = 270 nm (4.388), 300 (4.158). TH NMR (CDClg): § = 2.67 (s, 3 H, SCHg), 7.50
(ddd, 3J =8 Hz, 3J = 8 Hz, 4J =1 Hz, 1 H, 5-H), 7.63 (ddd, 3/ =8 Hz,3J=8 Hz, 4J=1Hz, 1 H, 6"
H), 7.69 (ddd, 3J = 8 Hz, 4J = 1 Hz, 4J = 1 Hz, 1 H, 7--H), 8.18 (ddd, 3J =8 Hz, 4/ = 1 Hz, 4J= 1 Hz,
1 H, 4-H), 9.00 (s, 2 H, 4-H, 6-H). 13C NMR (CDCl3): § = 14.58 (SCH3), 109.37 (C-7'), 120.82 (C-
4}, 124.97 (C-5'), 128.31 (C-5), 129.16 (C-6), 132.19 (C-7'a), 146.51 (C-3'a), 150.87 (C-4, C-6),
173.14 (C-2). Anal. Calcd. for C11HgNsS (243.3): C 54.31; H 3.73; N 28.79; S 13.18. Found: C
54.46; H 3.72; N 28.78; S 13.16.

1-(2-Dimethylaminopytimidin-5-yl)-1H-benzotriazole (20b): From 17 (0.50 g, 1.51 mmol)
and N,N-dimethylguanidinium sulfate (0.21 g, 1.54 mmol}. Yield 0.12 g (33%), colorless powder,
m.p. 140-142 °C. IR (KBr): V = 1610 cm~1, 1541, 1488, 1461, 1411, 1280, 1072, 791, 785, 741.
UV/VIS (toluene): Amax (Ig €) = 301 nm (4.029); (DMSO): Amax (Ig €) = 262 nm (4.382), 300 (4.011).
TH NMR (CDCls): § = 3.30 (s, 6 H, N(CH3)2), 7.44 (ddd, 3J =8 Hz, 3J =6 Hz, 4/ =2 Hz, 1 H, 5-H),
7.52-7.58 (m, 2 H, 6'-H, 7-H), 8.14 (ddd, 3J=8 Hz, 4J=1Hz, 4J=1Hz, 1 H, 4-H), 8.63 (s, 2 H, 4-
H, 6-H). 13C NMR (CDClI3): § = 37.47 (N(CH3)2), 109.53 (C-7"), 120.37 (C-4'), 121.40 (C-5),
124.41 (C-5'), 128.36 (C-6'), 133.20 (C-7'a), 146.17 (C-3'a), 153.05 (C-4, C-6), 161 .71 (C-2).
Anal. Calcd. for C12H12Ng (240.3): C 59.99; H 5.03; N 34.98. Found: C 60.08: H 5.12; N 34.84.

1-(2-Methylpyrimidin-5-yl)-1H-benzotriazole (20c): From 17 (1.00 g, 3 .02 mmol) and
acetamidinium chloride (0.29 g, 3.07 mmol) (20 h refluxing). The solvent was evaporated, the resi-
due treated with water and the remaining solid washed with water and a little methanol. Yield
0.20 g (31%), light brown needles, m.p. 165-167 °C. IR (KBr): v = 3034 cm~1, 1554, 1492, 1472,
1454, 1268, 1044, 783, 744, 735, UV/VIS (CHCl3): Amax = 297 nm. 'H NMR (CDCl3): §=2.90 (s, 3
H, 2'-CH3), 7.51 (ddd, 3J =8 Hz, 3J=7 Hz, 4J=1 Hz, 1 H, 5-H), 7.65 (ddd, 3J = 8 Hz, 3J = 7 Hz, 4J
=1 Hz, 1 H,6-H), 7.73 (dm, 3J =8 Hz, 1 H, 7-H), 8.20 (dm, 3J=8 Hz, 1 H, 4-H), 9.15 (s, 2 H, 4"-H,
6'-H). 13C NMR (CDCl3): & = 25.85 (2'-CHg), 109.41 (C-7), 120.89 (C-4), 125.04 (C-5), 129.25 (C-
), 130.13 (C-5'), 132.12 (C-7a), 146.61 (C-3a), 150.43 (C-4', C-6'), 168.35 (C-2'). Anal. Calcd. for
C11HgNs (211.2): C 62.55; H 4.29; N 33.16. Found: C 62.38; H 4.26; N 33.15.

1-(2-Dimethylaminovinylpyrimidin-5-yl)-1H-benzotriazole (20d): The solution of 20¢
(0.10 g, 0.47 mmol) and tert-butyloxy-bis-dimethylaminomethane 9 (0.20 ml, 0.97 mmol) in DMF
(5 ml) was stirred at 120 °C for 12 h. The solvent was evaporated and the residue washeg several
times with methanol. Yield 0.11 g (88%), light yellow powder, m.p. 188-191 °C. IR (KBr): v = 1636
cm~1, 1587, 1490, 1465, 1375, 1278, 1104. UV/VIS (toluene): Amax (Ig €) = 352 nm (4.470);
(DMSO): Amax (lg &) = 357 nm (4.484). TH NMR (CDCl3): § = 3.03 (s, 6 H, N(CH3)2), 5.40 (d, J= 13
Hz, 1 H, 1"-H), 7.46 (ddd, 3/ =8 Hz, 3J=7 Hz, 4/ =1 Hz, 1 H, 5-H), 7.58 (ddd, 3J = 8 Hz, 3J= 7 Hz,
4J=1Hz,1H,6-H), 7.64 (ddd, 3U=8 Hz,3J=1Hz,4J=1Hz, 1 H,7-H), 791 (d, J=13 Hz, 1 H,
2"-H), 8.16 (ddd, 3J = 8 Hz, 4J =1 Hz, 4J = 1 Hz, 1 H, 4-H), 8.76 (s, 2 H, 4'-H, 6'-H). 13C NMR
(CDClg): 6 = 94.53 (C-1"), 109.64 (C-7), 120.51 (C-4), 124.57 (C-5), 125.48 (C-5'), 128.58 (C-6),
132.61 (C-7a), 146.33 (C-3a), 149.97 (C-2"), 151.17 (C-4', C-6"), 167.88 (C-2'). Anal. Calcd. for
C14H14Ng (266.3): C 63.14; H 5.30; N 31.56. Found: C 63.38; H 5.15; N 31.46.

1-[2-(4-Nitrophenyl)-pyrimidin-5-yl]-1H-benzotriazole (20e): From 17 (0.49 g, 1.48
mmol) and p-nitrobenzamidinium hydrochloride (0.30 g, 1.49 mmol). The precipitate was washed
with hot water, boiling acetonitrile and methanol. Yield 0.39 g (83%) pale-brown powder, m.p. >
340 °C. IR (KBr): v =1582 cm~1, 1549, 1514, 1485, 1462, 1455, 1343, 1044, 867, 755, 742.
UV/VIS (DMSO): Amax (Ig &) = 321 nm (4.297). TH NMR (CF3CO2D): § = 7.95-8.39 (m, 4 H,
benzotriazolyl-H), 8.58 (d, J = 9Hz, 2 H, 3"-H, 5"-H), 8.66 (d, J = 9 Hz, 2H, 2"-H, 6"-H), 9.80 (s, 2 H,
4'-H, 6'-H). Anal. Calcd. for C14H14Ng (318.3): C 60.38; H 3.17; N 26.40. Found: C 60.51; H 3.46;
N 26.33.
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4-[N-(p-Ethoxybenzylidene)-N-methylhydrazino]-benzaldehyde (24a). General proce-
dure: A 1.6 M solution of tert-butyllithium in pentane (14.70 mi, 23.52 mmol) was added dropwise
under stirring to a pale yellow suspension of 4-ethoxybenzaldehyde-N-(p-bromophenyl)-N-
methylhydrazone (3.88 g, 11.64 mmol) in THF (50 ml) at ~78 °C, and the mixture was stirred for 1
h. N-methylformanilide (1.50 ml, 12.21 mmol) in THF (10 ml) was added dropwise under stirring.
After 8 h at room temperature, 1 N HCl (50 ml) was added and the mixture extracted 3 times with
chloroform (30 ml), the combined organic phases dried with sedium sulfate and after filtration eva-
porated to almost dryness. After having added methanol (10 ml) to the warm residue the solution
was cooled to 0 °C, the precipitate isolated by filtration and recrystajﬁzed from methanol (50 mi).
Yield 2.23 g (71%), yellow-green needles, m.p. 128 °C. IR (KBr): V = 1675 cm~1, 1600, 1560,
1512, 1392, 1249, 1172, 1104. UV/VIS (toluene): Amax (Ig €) = 306 nm (3.958), 368 (4.596), 381
(4.603), (CHCI3): Amax (Ig € = 240 nm (4.112), 255 (4.106), 267 (sh, 4.055), 299 (3.981), 381
(4.651), 682 (2.907); (CH3CN): Amax (Ig €) = 244 nm (4.135), 267 (4.046), 306 (4.029), 377 (4.635),
(DMSO): Amax (Ig €) = 272 nm (4.026), 305 (3.938), 385 (4.631). THNMR (CDClz): §=1.41(t, J=7
Hz, 3 H, CHpCH3), 3.37 (s, 3 H, NCH3), 4.04 (q, J = 7 Hz, 2 H, CH2CH3), 6.90 (d, J = 9 Hz, 2H, 3"-
H, 5"-H), 7.45 (d, J = 9 Hz, 2 H, 3-H, 5-H), 7.56 (s, 1 H, CH=N), 7.62 (d, J = 9 Hz, 2 H, 2"-H, 6"-H),
7.78 (d, J = 9 Hz, 2 H, 2-H, 6-H), 9.80 (s, 1H, CH=0). 13C NMR (CDClI3): § = 14.78 (CH2CH3), 32
13 (NCH3), 63.52 (CH2CH3), 113.68 (C-3, C-5), 114.70 (C-3", C'-5"), 127.32 (C-1), 127.99 (C-2",
C-6"}, 128.38 (C-1"), 131.50 (C-2, C-6), 135.50 (CH=N), 152.14 (C-4), 159.65 (C-4"), 190.60
(CH=0). - MS (70 eV), m/z (%): 282 (17) [M+], 281 ( 100). Anal. Calcd. for C17H1gN202 (282.3): C
72.32; H 6.43; N 9.92. Found: C 71.90; H 6.33; N 10.04.

4-[N-Methy!l-N'-(4-methylthiobenzylidene)-hydrazino]-benzaldehyde (24b): From 4-
methylithiobenzaldehyde- N-(4-bromophenyl)-N-methylhydrazone (3.79 g, 11.30 mmol). Yield 2.40
g (75%); orange needles, m.p. 125-128 °C. IR (KBr): V = 1672 cm~1, 1603, 1594, 1565, 1514,
1390, 1332, 1168, 1119, 1105, 1090. UV/VIS (toluene): Amax (Ig €) = 291 nm (4.215), 373 (4.640),
387 (4.636), (CHCI3): Amax (lg &) = 291 nm (4.180), 377 (4.694), 387 (4.702), 691 (2.597),
(CH3CN): Amax (Ig &) = 226 nm (4.136), 243 (4.121), 287 (4.184), 374 (4.698), 382 (4.703),
(DMSO): Amax (g &) = 292 nm (4.157), 383 (4.664), 391 (4.670). TH NMR (CDCl3): §= 2.49 (s, 3 H,
SCH3j), 3.41 (s, 3 H, NCH3), 7.24 (d, J= 8 Hz, 2 H, 3"-H, 5"-H), 7.43 (d, J = 9 Hz, 2 H, 3-H, 5-H),
7.56 (s, 1 H, CH=N), 7.61 (d, J= 8 Hz, 2H, 2"-H, 6"-H), 7.80 (d, J= 9 Hz, 2 H, 2-H, 6-H), 9.83 (s, 1H,
CH=0). 13C NMR (CDCl3): § = 15.55 (SCHg), 32.26 (NCH3), 113.95 (C-3, C-5), 126.38 (C-3", C-
5, 126.41 (C-1), 126.93 (C-2", C-6"), 128.99 (C-1"), 131.48 (C-2, C-6), 134.88 (CH=N), 139.46
(C-4"), 151.99 (C-4), 190.61 (CH=0). MS (70 eV), m/z (%): 286 (6) [M+ + 2], 285 (19) [M+ + 1], 284
(100) [M+]. Anal. Calcd. for C1gH16N20S (284.4): C 67.58; H 5.67; N 9.85; S 11.27. Found: C
67.33: H5.77; N9.91; S 11.28.

4-[N'-(4-Dimethylaminobenzylidene-N-methyl-hydrazino]-benzaldehyde (24¢): From
4-dimethylaminobenzaldehyde-N-(4-bromophenyl)-N-methylhydrazone (4.00 g, 12.04 mmol)
[work-up with water (10 ml); after having added chioroform (50 ml) the organic phase was
extracted 5 times with water (30 ml), dried over NaxSOy, filtered and the filtrate was evaporated
almost to dryness; methanol (10 ml) was added to the stili warm yellow residue, the precipitate
isolated by filtration and recrystallized from methanol (100 ml); evaporation of the mother liquor
and addition of methanol (10 ml) yielded a second fraction]. Yield 2.50 g (74%), yellow-crange
crystals, m.p. 174-175°C. IR (KBr): V = 1663 cm~1, 1594, 1560, 1515, 1394, 1166, 1107. UV/VIS
(toluene): Amax (lg €) = 302 nm (4.240), 387 (4.570); (CHCI3): Amax (lg €) = 303 nm (4.255), 397
(4.633); (MeCN): Amax (Ig €) =225 nm (4.184), 298 (4.294), 393 (4.700); (DMSO): Amax (g €) = 303

nm (4.248), 402 (4.629). TH NMR (CDCl3): § = 2.98 (s, 6 H, N(CHg)2), 3.36 (s, 3 H, NCHg), 6.70 (d,
J=9Hz, 2 H, 3"-H, 5H), 7.40 (d, J= 9 Hz, 2 H, 3-H, 5-H), 7.57 (s, 1 H, CH=N), 7.58 (d, J= 9 Hz, 2
H, 2"-H, 8"-H), 7.77 (d, J = 9 Hz, 2 H, 2-H, 6-H), 9.79 (s, 1 H, CHO). 13C NMR (CDCl3): & = 32.08
(NCHg), 40.26 (N(CHs)2), 112.08 (C-3", C-5"), 113.39 (C-3, C-5), 123.82 (C-1"), 127.90 (C-2*, C-
8"), 127.96 (C-1), 131.52 (C-2, C-6), 136.78 (CH=N), 150.92 (C-4 or C-4"), 152.28 (C-4" or C-
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4), 190.53 (CHO). MS (70 eV), m/z (%): 282 (18) [M+ + 1], 281 (100) [M+], 147 (26), 140.5 (6) [M2+].
Anal. Caled. for C417H1gN3O (281.4): C 72.57; H 6.81; N 14.94. Found: C 72.37; H6.71; N 14.89.

4-Dimethylaminobenzaldehyde-N-{4-[2-(2H-benzotriazol-2-yl)-vinyl]-phenyl}-N-

methyl-hydrazone (25): A 1.6 M solution of butyllithium in hexane (0.90 mi, 1.44 mmol) was
added dropwise under stirring to a solution of 2-trimethylsilylmethyl-2H-benzotriazole 236.26
(0.29 g, 1.42 mmol) in THF (7 ml) at —=78 °C. After stirring the biue solution for 1 h at -78 °C, a solu-
tion of 24¢ (0.40 g, 1.42 mmol) in THF (10 ml) was added. The mixture was warmed slowly to
room temperature and after 8 h poured into a saturated aqueous solution of NH4Cl (20 mi). The
aqueous phase was extracted 3 times with 20-mi portions of chloroform. The combined organic
phases were washed with water (20 ml), dried over NaxSQy4, and the solvent was removed in
vacuo. Pentane was added to the dark brown residue, the resulting precipitate isolated by filtration
and recrystallized from methanol. Yield 0.29 g (52%), green-brown powder, m.p. 229-231 °C. IR

(KBr): vV = 1603 ¢cm-7, 1514, 1388, 1188, 1107. UV/VIS (toluene): Amax (Ig €) = 323 nm (4.368),
367 (sh, 4.348), 417 (4.525); (DMSO): Amax (1g €) = 326 nm (4.372), 371 (4.345), 427 (4.511). 1H
NMR (CDCl3): 8§ = 3.00 (s, 6 H, N(CHg)2), 3.42 (s, 3 H, NCH3), 6.74 (d, J = 9 Hz, 2 H, 3-H, 5-H),
7.39 (dd, 3J = 6 Hz, 4J =3 Hz, 2 H, 4"-H, 7"-H), 7.40 (d, J= 9 Hz, 2 H, 2"-H, 6-H), 7.51 (d, /=9 Hz,
2 H, 3-H, 5-H), 7.55 (s, 1 H, CH=N), 7.61 (d, /=9 Hz, 2 H, 2-H, 6-H), 7.80 (d, J= 14 Hz, 1 H, 2"-H),
7.87 (dd, 3J=7 Hz, 4/=3 Hz, 2 H, 5"-H, 6"-H), 7.94 (d, /=14 Hz, 1 H, 1"-H), 9.29 (s, 2 H, 4"-H, 6"-
H). MS (70 eV), m/z (%): 397 (26) [M+ + 1], 396 (100) [M+], 250 (22), 145 (26), 131 (23), 130 (23).
Anal. Caicd. for CosaH24Ng (396.5): C 72.70; H 6.10; N 21.20. Found: C 72.25; H 6.22; N 21.29.

4-[N'-(4-Ethoxybenzylidene)-N-methylhydrazino]-benzonitrile : 4-[N-(4-Ethoxybenzyli-
dene)-hydrazino}-benzonitrile (1.20 g, 4.52 mmol) was added under stirring at room temperature
to NaH (0.20 g, 5.00 mmol; 60% suspension in mineral oil) in THF. Dimethyl sulfate (0.50 ml, 5.27
mmol) in THF (5 ml) was added to the mixture, which was stirred at room temperature for 12 h and
then refluxed for 1 h. After cooling, agueous NH3z (50 ml) was added dropwise, the aqueous phase
extracted 3 times with Et20, the combined organic phases were dried over NaxS0O4, evaporated to
dryness and the residue was recrystallized from 100 ml of ethanol. Yield 0.94 g (75%), pale-brown
needles, m.p. 140-141 °C. Anal. Calcd. for C17H17N30 (279.3): C 73.10; H 6.13; N 15.05. Found:
C73.19;H6.24; N 14.94.

4-[N"-(4-Ethoxybenzylidene)-N'-methylhydrazino]-N,N-tris(trimethylsilyl)-benz-
amidine (26): A solution of 4-[N'-(4-ethoxybenzylidene)-N-methylhydrazino]-benzonitrile (1.20 g,
4.30 mmol} and N-lithiumhexamethyldisilazane (1.44 g, 8.61 mmol) in Eto0 (50 ml) was stirred at
room temperature for 24 h. The solvent was evaporated and the remaining brown oil dissolved in
tcluene (50 ml). Chlorotrimethylsilane (1.10 ml, 8.71 mmol)) was added and the solution refluxed
for 10 h. The precipitate was removed by filtration and the filtrate evaporated to dryness. The resi-
due was extracted 3 times with 30-mi protions of pentane. After evaporation of the solvent, 1.50 g
(68%) of a brown oil were obtained which was used directly for the preparation of 27.

4-Ethoxybenzaldehyde-N-{4-[5-(2H-benzotriazol-2-yl)-pyrimidin-2-yl]-phenyl}-N-

methyl-hydrazone (27): The mixture of 4-[N'-(4-ethoxybenzylidene)-N"-methylhydrazino]-N,N-
tris-(trimethylsilyl)-benzamidine 26 (0.60 g, 1.17 mmol), 17 (0.39 g, 1.18 mmol) and KF (0.21 g,
3.62 mmol) in pyridine (20 ml) was refluxed for 3 h. The precipitate was isolated by filtration, wash-
ed with water and hot ethanol and recrystallized from toluene. Yield 0.36 g (69%), yellow micro-
crystalline powder, m.p. 319-320 °C. IR (KBr): V = 1606 cm~', 1577, 1564, 1510, 1466, 1434,
1406, 1388, 1246, 1108. UV/VIS (toluene): Amax = 310 nm, 416; (DMSO): ; Amax = 276 nm, 310,

419. TH NMR (CF3COoH): § =1.58 (t, J = 7 Hz, 3 H, OCH2CHa3), 3.71 (s, 3 H, NCHg), 4.37 (q, J= 7
Hz, 2 H, OCHsCH3), 7.26 (d, J =9 Hz, 2 H, 3-H, 5-H), 7.31 (d, J = 9 Hz, 2 H, 2'-H, 6'-H), 7.62 (dd,
3J=7Hz, 4J=23Hz, 2 H, 4"-H, 7"-H), 8.00 (dd, 3J =7 Hz, 4/ =3 Hz, 2 H, 5"-H, 6™-H), 8.18 (d, J =
9 Hz, 2 H, 2-H, 6-H), 8.54 (d, J= 9 Hz, 2 H, 3-H, 5-H), 8.89 (s, 1 H, CH=N), 10.17 (s, 2 H, 4"-H, 6"-
H). Anal. Caled. for CogHo3N70 (449.5): C 69.47; H 5.16; N 21.81. Found: C 69.21; H 5.26; N
21.86.
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