HETEROCYCLES. Vol 111978

SYNTHESIS, STRUCTURE AND PROPERTIES OF METHYL-AZULENO[1,8-cd]l-

PYRIDAZINES
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N-Substituted 2H-cyclopentald]lpyridazines {(6) possessing
methyl groups in 1- and/or 4-positions are easily deprotona-
ted by strong bases to anions of type (7) which react with
derivatives of B-dicarbonyl compounds to the substitutiog
products (11) and (17). Cyclization of these in the pre-
sence of acids afford 1,3,5-trimethyl- and 1,3-dimethyl-
azuleno[l.8-cd]lpyridazine (12) and (18). The structure of
the novel heterocyclic azulenes was determined by spectro=~

scopic methods as well as by an X-ray analysis of (12).

Detailed information about the influence of heteroatoms in the

perimeter on bonding character ‘and reactivity of nonbenzenoid

t—electron systems are desirable for experimental support of

'

quantum chemical predictions as well as for the synthesis of new

Cos . . . 1
heterocycles with interesting properties .

+ Dedicated with best wishes to Professor Tetsuo Nozoe at the

occasion of his 77th birthday.
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In analogy to the synthesis of numerous nonbenzenoid polycyclic
conjugated hydrocarbons as e.g. cyclopentl[ed]azulene (1), ace-
heptylene (2), pentaleno[6.1.2-deflheptalene (3} or azuleno-

[8.1.2-def]lheptalene (4)2~by peri-anellation of one or two 5- or

7-membered rings to azulene, aza-analogues of these m-electron
systems should be accessible by similar synthetie routes, star-
ting from 2H-cyclopenta[d]pyridazing {6) (R=H) which resembles

azulene in its reactivity,.

L

(6) (R=H) and several of its derivatives are easily synthesized

“ 1 .
by condensation of l-acyl-6-dialkylamino- or l-acyl-6-hydroxy-

fulvenes (5)3 with hydrazine or its monoalkyl~ or monoaryl
derivatives or by N—alkylatioﬁ of the corresponding 2H-cyclopenta-

[dlpyridazines in the presence of baseé.
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Like azulenes5 also (6) is substituted by electrophilic reagents
in the 5-membered ring, mainly in 5- and/or 7—positions6. Further-
more, methyl groups in the electron deficient 1- and 4-positions
of (6), similar to those in 4-~, 6- and 8-positions of aZuleneS,
are easily and reversibly deprotonated by b;se under formation of

resonance stabilized anions, e.g. (7), which react with electrophiles
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to substitution products of type (B)Ga. In agreement with these

. . , 6
findings the 1,2,4-trimethyl-2H-cyclopentaldlpyridazine (9)°°
(obtained by condensation of ]-acetyl--6-hydroxy—6—methy1-fu1vene7

with hydrazine in ethanel and N-methylation of the first formed

CH3
e N/CH3
|
/,N
CH
g 3
+[(CH3)2CH]2NLi .
- [{CH3}aCHIZNH oH
|
{CHy0lLCH C—CH
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l,4-dimethyl-2-pyridazine with methyl iodide in the presence of
base) after deprotonation with lithium diisopropylamide in ether
(2h, 25°C) to the anion (7a) (pale yellow needles) reacted
with 1,I-dimethoxybutane-3-one (lo)} in tetrahydrofuran (4h,

25°C) to the yellow acetal (11)., The intramolecular condensation

of (11) with phosphoryl chloride (in ether at 28°C, lh} afferded
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65 % of the thermodynamically stable 1,3,5-trimethylazuleno[l,8-
cdlpyridazine (12) (deep blue needles, m.p. 120°¢C (ethyl acetate);
uv (n-hexane), Amax(loge): 229(4.53), 250(4.56), 282(4.13), 349
(4.01), 362(4,05), 366(4.05), 404(2.87), 578(sh 2.66), 618(2.8!),

677(2.81), 753o0m(2.51)).

The structure of (12) was confirmed by a single crystal X-ray
analysis, which excludes the alternative constitution (15) with
an azulenoquinone structure, which should result from a conden-

sation of (9) with the B-ketoacetal (!o) at the methyl group in

CH3 CHs
_CH3 A ~n—CHa
LHCHg)yCHINL 7N POCI; O 1
# N —_— N
7
2. 10 ‘icgi*o"’
CHz -
/
/CHz‘;C\
(CHOKCH o, CH3 CH3
15
%

4—positi6n to (14) and subsequent cyclization. In agreement with
this the ]H-NHR-spectrum of (12) (CDC13) exhibits signals at §:
6.98(d, J=1}Hz, 7-H), 6$.83(d, J=4Hz, 9-H), 6.62(d, J=4Hz, 8-H)},
5.63(s, 4-H), 5:40(q, J=11 and 1Hz, 6-H), 3.40(s, N-CHB), 2.17
(s, l-CH3), 2.03(d, J=1Hz, 5—CH3). In 2N H2804 (12) is reversibly

protonated to the green conjugate acid (13).
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In a similar reaction sequence as that.leading.to (12), (18) (blue
crystals, m.p. 140-141°C from ethyl acetate) could be obtained by

deprotonation of (9} with sodium N-methylanilide {(in ether, ‘1h,

CSHS\N \ N
|
CgH C
) 7B 5\NN K =~ ~n—CH3
CH CgH AN
2. 10 S S N_CHLCH~ CHnN" 5\ o® CH
CH 3 CH3 7 3
B ‘ T
HBr
‘¢
M54
CH3

25°C),condensation with the vinylogous amidinium perchlorate (16)
(in tetrahydrofuran , 2 h, 25°C) to the yellow green dienamine
(17) and subsequent cyclization with hydrogen bromide in acetic
acid (15 min, at 40°C)., (18) corresponds in its'{H4NMR-spectrum
(5: 7.18(d, T=10.2Hz, 7-H), 6.88(d, J=3.9Hz, 9-H), 6.67(d, J=
3.9Hz, 8-H), 6.37(d,d,d, J=12.0, 827 and 1.iHz, 5-H), 5.66(d, J=
12%.0Hz, h-H), 5.46(d,d, J=10.2 and 8.7Hz, 6-H), 3.25(s, N-CH,),
2.07(s, I-CH3)) and its uv spectrum (n-hexane) (kmax(loge): 241

(4.52), 2B1(4.00), 347(4.02), 362(4.06), 387(2.93), 403(2.61},
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410(2.84), 587(2.69); 635¢(2.87), 7c0(2.89), 760(2.46), 785nm

{2.64)) to the trimethyl derivative (12).

The result of the single crystal X-ray analysis identifying (12)
as 1,3,5-trimethylazulenoll,8-cdlpyridazine is shown in fig. 18.
Bond lengths and bond angles calculated from the final parameters
(last R value o0.11) are compiled in fig. 2. Least-squares planes
of the molecule and the deviations of the atomic positions from

these planes are given in table 1,

Fig. 1: Molecular structure of (12)

The planar molecule displays alternating bond lengths, with excep-
tion of the delocalized five-membered ring. This alternance is
very similar to that of the isoelectronic 3,5,8,lo-tetramethyl-

aceheptylene (I9)9.
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Fig. 2: Bond lengths and bond angles of (12) in pm and degrees

lpm, 0.6% 40’ X = C,N)

9cH™ XXX » Tyxu”

(GXX= gpms
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Table 1: Least-squares planes of (12) in orthogonal pm space
with deviations of the atomiec positions from these
planes in pm

Equations of the planes: PX + QY + RZ = §

1 2 3 4

P ~0.073V “0.0685_ -~0.0724 -0.,0798
Q 0.3183 ©.3222 0.,3260 0.3124
R 0.9452 0.9442 0.9426 0.9466
8 307.9 3lo.0 311.5 305.5

Deviations of the atomic positions out of the planes
N{1) -0.5 0.5
N(2) -0.8 o.4
c(3) -0.6 -1.4 -0.4
C(4) 1.4 0.5
c(5) 1.2 0.7
C(6) -l.0 -~0.5
c(7) -1.6 -0.6
C{(8) -0, 1 0.7 o.1
c(9) 0.2 . 0.4‘
Cl{ia} 0.3 -0.6
c(lt) 2.3 0.6 1.2
c(12) -1.2 ~-1.3
c{13) 0.5 0.6 -0.4 -0.4
c(14) -3.8
C(15) 0.1
cC(16) -o. 4

Angles between the planes

1 .3°
2 o. e
3 4 0.9°
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Bond lengths derived from the fw-bond orders calculated by a m-SCF-

method using standard relations!® and modified equations that take

in account the observed bond shortening of about | %
CC _ _
LI 149.4 17.4 Puy (pm)
CN _ _
ro, = 143.1 17.8 p,, (pm)
NN _ - . .
r, T lido.o 17.7 Puv (pm)

are shown in fig. 3. The results of calculation and experiment
agree fairly well., Only the alternance of the bond lengths in the

7-membered ring is underestimated in the calculations.

2,
é;i§
7

Fig. 3: Calculated bond lengths of (12) using standard relationslo

and the relations given in this paper (underlined values)

Crystal data: dark blue needles, CI4H14N2, M = 210.3, monoelinic,

space group P21/n with a = 1878(1), b = 836.3(5), ¢ = 744.0(5) pm,

3

B = 103.50(5)%, v = 1136.5x10%n7, z = 4, Dy = 1.229 g en” 3,
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D° = 1.23(1) g cm’3, p =5.8 cm-l.
Structure determination and refinement: {186 symmetry-independent

reflections with |F| » 3q measured by use of Cu a-radiation

F’ K

(A = 154.18 pm), were used for structure determination by direct
uuat.:hods]I and for the refinement by difference Fourier maps and

. 12
least=-squares calculations ~.

Apisotropic refinement for the carbon and nitrogen atoms and iso-
tropic refinement of the hydrogen positions yielded an R-value of

0.11, The final parameters are listed in table 2.
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