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The phenylhydrazone of 2-tetralone was dilithiated with excess lithium diisopropylamide followed by
condensation with several aromatic esters, and the resulting intermediates were acid cyclized to 4,5-dihydro-

2H-benz[elindazoles.
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The preparations and uses of 2H-indazoles and related
indazoles have been well investigated [1], however, the
reports dealing with the preparations of 2H-benz[e]indazoles
and 4,5-dihydro-2H-benz[e]indazoles are quite limited [2-5].
Related fused-ring 2H-benz[e]indazoles have been prepared
or studied as a part of more extensive investigations [6], and
in general, these compounds also have additional potential as
pharmaceuticals, dyes, and in photography [2-6]. Three
synthesis reports of the latter 4,5-dihydro-2H-benz[elinda-
zoles deal with the treatment of 1-acetyl-2-tetralone or
related materials with hydrazine [2-4], and another prepara-
tion involves the treatment of 1-formyl-2-tetralone with
semicarbazide [5].

In earlier studies, we prepared related 4,5-dihydro-2H-
benz[glindazoles where dilithiated 1-tetralone carboalkoxy-
hydrazones or phenylhydrazone were condensed/cyclized
with aromatic esters, lithiated ethyl benzoylacetate, or a
carboxylic acid anhydride [7]. Since then, additional stud-
ies by others with 2,3-diphenyl- and similarly substituted
4,5-dihydro-2H-benz[g]indazoles and other 4,5-dihydro-
2H-benz[glindazoles have also been reported [8-10]. They
were prepared by an unrelated method.
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During the current investigation, 2-tetralone was trans-
formed into its phenylhydrazone [11] and dilithiated with
excess lithium diisopropylamide [12]. The 1,4-dianion type
intermediate underwent a Claisen-type condensation with a
variety of aromatic esters ranging from methyl benzoate to
methyl 4-hydroxybenzoate to methyl isonicotinate followed
by acid cyclization of resulting C-acylated intemediates (not
isolated) to the expected 4,5-dihydro-2H-benz[e]indazoles
1-12 in yields (see Table) ranging from 54-92%.

The actual deprotonation of the benzyl C1-H proton of 2-
tetralone phenylhydrazone to the 1,4-dianion-type intermedi-
ate with excess lithium diisopropylamide is compared to the
possible but less likely deprotonation of a C3-H proton, and
this has been established by related precedents in addition to
the results obtained in this study. For example, 2-tetralone
underwent apparent exclusive deprotonation at C1-H fol-
lowed by condensation with an electrophilic reagent, such as
methyl formate [5,13]. The 'H nuclear magnetic resonance
spectra of compounds 1-12 clearly indicates the coupling of
adjacent methylene hydrogens as complex multiplets ranging
from & 2.83-3.11 ppm and establishes the lithiation occurring
at C1-H instead of C3-H [14]. Other pendant proton absorp-
tions were noted as singlets at & 1.35 ppm for the terr-butyl
group in 10; ArCHj3; absorptions in 5 and 9 were displayed as
singlets 8 2.27-2.39 ppm; ArOCHj; in 3, 7, 8 and 12 were
noted as singlets ranging from 8 3.68-3.92 ppm, and ArOH
recorded as a singlet at § 9.83 ppm in 6. In the 13C nuclear
magnetic resonance spectra, the C-4 and C-5 carbons of the
dihydrobenzindazole were displayed from & 29.3-30.6 and
21.5-22.6 ppm, respectively. The heteroaromatic (using 1H-
pyrazole numbering with N-phenyl as position N-1) C-4 car-
bons were noted from 8§ 114.4-117.0 ppm. The C-3 and C-5
carbons of the heteroaromatic ring were not differentiated
[15]. Pendant methoxy carbons in 3, 7, 8, and 12 were
observed at 8 55.4-61.2 ppm [16a], the 4-methyl carbon in §
and the 3,5-dimethyl carbons in 9 were located at & 30.5 ppm,
the methyl carbons of the tert-butyl group of 10 were found at
5 31.6 ppm, and the remaining carbon of this pendant group
was located at & 35.1 ppm. There were numerous additional
aromatic absorptions noted, and each molecule reported had
the predicted number of carbons resonances [16b].

The yields of products 1-12 reported may not be optimal
for a particular compound, but the current general proce-
dure readily affords multi-gram quantities of pure fused-
ring heterocyclic products resulting from recrystallization
from routine solvents, which are in sufficient amounts for
spectral characterization and other uses. The experimental
procedure is straightforward so that someone not necessarily
familiar with strong base procedures can be successful with
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4,5-Dihydro-2H-benz[e]indazoles
No Rj Molecular % Yield/ Analyses
Formula MP, °C Calcd./Found
C H N

1 CegHs Cy3HigN2 76 85.68 5.63 8.69
138-141 [a, f] 85.56 5.58 8.73
2 4-CICgH, C23H17CINy 92 77.41 480 7.85
166-168 [a, g] 77.47 4.87 7.64
3 4-CH30CgHy Ca4HpoN20 57 81.79 5.72 7.95
162-163 [b, h] 81.52 5.73 7.59
4 3-ClCgHy4 Cp3H17CINg 89 77.41 4.80 7.85
127-130 [c, i] 77.36 4.67 7.74
5 4-CH3CgHy Co4HpoN2 54 85.68 5.99 8.33
166-169 {b, j] 85.54 5.82 8.10
6 4-HOCgHy Cy3HgN20 91 81.63 5.36 8.28
254-257 [a, k] 81.55 5.42 8.14
7 3,4,5-(CH30)3CgH2 CogHp4N203 68 75.71 5.86 6.79
157-159 [b, 1] 75.42 5.93 6.69
8 3,5-(CH30)2CgH3 Ca5H2oN20, 57 78.51 5.80 7.32
107-109 [b, m] 78.36 5.87 7.18
9 3,5-(CH3)2CgH3 Cys5HaoNy 79 85.68 6.32 7.99
- 145 [b, n) 8552 6.36 7.73
10 4-(CH3)3CCgHy4 Cy7HpeN2 85 85.68 6.92 7.40
154-156 [b, o) 8536 6.92 7.17
1 CsHyN CapH17N3 51 81.56 5.30 12.99
4-pyridinyl 199-203 [d, p] 81.15 5.04 12.87
12 3,4-(CH30),CgH3 C25H2oN20; 63 78.51 5.80 7.32
169-171 [e, q] 78.22 5.81 7.06

{a] Recystallized from benzene/ethanol. [b] Recystallized from 95% ethanol. [c] Recystallized from ethanol/benzene/xylenes. [d] Recystallized from
toluene/ethanol. [e] Recystallized from benzene/hexanes. [f] Compound 1. ir: 1593 em-1; 1H nmr (deuteriochloroform): § 2.97-3.11 (m, 4H, CHCHy)
(14], 6.94-7.44 (m, 14H, ArH); 13C nmr (deuteriochloroform): § 22.6, 30.5, 116.6, 123.1, 125.0, 126.0, 126.6, 128.6, 128.7, 128.8, 128.9, 130.3, 130.4,
131.1, 135.6, 137.9, 139.9, and 151.5 [g] Compound 2. ir: 1597 cm-l; 1H nmr (deuteriochloroform): § 2.95-3.10 (m, 4H, CH,CHj») and 6.93-7.39 (m,
13H, ArH); 13C nmr (deuteriochloroform): § 22.5, 30.4, 116.8, 123.0, 125.1, 126.1, 126.6, 127.2, 128.7, 128.9, 129.3, 129.5, 130.1, 131.6, 134.9, 135.7,
136.6, 139.9, and 151.6. [h] Compound 3. ir: 1592 cm-1; 1H nmr (deuteriochloroform): § 2.96-3.11 (m, 4H, CH,CH)), 3.71 (s, 3H, ArOCH3), 6.88-7.40
(m, 13H, ArH); 13C nmr (deuteriochloroform): §22.5, 30.5, 55.4, 114.4, 123.0, 123.1, 125.0, 125.8, 126.5, 126.8, 128.6, 128.7, 128.8, 130.6, 131.5, 135.6,
137.8, 139.9, 151.4, and 159.8. [i] Compound 4. ir: 1595 cm-l; 1H nmr (deuteriochloroform): 8 2.96-3.11 (m, 4H, CHpCH3), 6.92-7.41 (m, 13H, ArH);
13C nmr (deuteriochloroform): & 22.5, 30.5, 117.0, 123.1, 125.1, 126.3, 126.8, 127.3, 128.7, 128.8, 129.0, 129.2, 130.1, 130.2, 130.3, 133.0, 134.8, 135.8,
136.4, 139.6, and 151.7. [j] Compound 5. ir: 1593 em-l; 1H nmr (deuteriochloroform): 8 2.39 (s, 3H, CH3), 2.95-3.10 (m, 4H, CH2CH3), and 6.94-7.39
(m, 13H, ArH); 13C nmr (deuteriochloroform): §21.7, 22.6, 30.5, 116.4, 123.1, 125.0, 125.8, 126.5, 126.8, 128.0, 128.5, 128.7, 129.6, 130.1, 130.6, 135.6,
138.1, 138.7, 140.0, and 151.4. (k] Compound 6. ir: 3111 and 1612 cm1; 1H nmr (dimethyl-dg sulfoxide): & 2.83-3.01 (m, 4H, CHyCH>), 6.81-7.37 (m,
13H, ArH), and 9.83 (s, 1H, ArOH); 13C nmr (dimethyl-dg sulfoxide): § 21.8, 29.5, 115.6, 115.8, 120.7, 122.0, 124.5, 125.6, 126.3, 126.7, 128.5, 128.6,
130.0, 131.3, 134.9, 137.8, 139.2, 150.0, and 157.7. [1] Compound 7. ir: 1585 cm !y 1H nmr (deuteriochloroform): § 2.96-3.11 (m, 4H, CHyCHp»), 3.68 (s,
6H, ArOCH3), 3.92 (s, 3H, ArOCH3), 6.53 (s, 2H, ArH), and 7.03-7.33 (m, 9H, ArH); 13C nmr (deuteriochloroform): & 22.5, 30.4, 56.3, 61.2, 107.4,
116.2,123.2,125.0, 126.0, 126.1, 126.5, 127.0, 128.6, 128.8, 130.3, 135.6, 137.7, 138.3, 139.9, 151 .4, and 153.4. [m] Compound 8. ir: 1597 em-1; 1H nmr
(deuteriochloroform): 8 2.96-3.08 (m, 4H, CH>CH3), 3.69 (s, 6H, ArOCH3), 6.49 (s, 3H, ArH), and 7.01-7.29 (m, 9H, ArH); 13C nmr (deuteriochloro-
form): & 22.5, 30.4, 55.6, 101.4, 108.1, 116.5, 123.3, 124.8, 126.0, 126.6, 126.9, 128.6, 128.7, 129.4, 132.8, 135.6, 137.7, 139.9, 1514, and 160.9. [n]
Compound 9. ir: 1595 cm-1; IH nmr (deuteriochloroform): § 2.27 (s, 6H, ArCH3), 2.95- 3.10 (m, 4H, CHCH3), and 6.83-7.35 (m, 12H, ArH); 13¢ nmr
(deuteriochloroform): § 21.5, 22.5, 30.5, 116.4, 123.2, 124.8, 125.8, 126.5, 126.7, 127.9, 128.5, 128.6, 130.5, 130.6, 130.9, 135.6, 138.3, 138.4, 140.0, and
151.3. [o] Compound 10. ir: 1592 cm'l; 14 omr (deuteriochloroform): 8 1.35 (s, 9H, (CH3)3CAr), 2.98-3.08 (m, 4H, CH2CHy), and 7.00-7.40 (m, 13H,
ArH); 13C nmr (deuteriochloroform): § 22.6, 30.6, 31.6, 35.1, 116.5, 123.2, 125.1, 125.8, 125.9, 126.6, 126.8, 128.0, 128.6, 128.7, 129.9, 130.7, 135.7,
138.2, 140.1, 151.5, and 152.0. [p] Compound 11. ir: 1598 cm-1; IH nmr (dimethyl-dg sulfoxide): § 2.86-3.06 (m, 4H, CH2CH3), 6.80-7.41 (m, 9H, ArH),
and 8.65-8.67 (m, 2H, ArH); 13C nmr (dimethyl-dg sulfoxide): § 21.5, 29.3, 116.3, 122.1, 124.8, 125.1, 126.2, 126.6, 127.5, 128.7, 128.8, 129.0, 134.8,
135.3,138.5, 138.8, 150.2, and 150.5. [q] Compound 12. ir: 1593 em1; 1H nmr (deuteriochloroformy): § 2.95-3.09 (m, 4H, CH,CH»), 3.69 (s, 3H, OCH3),
3.91 (s, 3H, OCH3) and 6.81-7.30 (m. 12H, ArH); 13C nmr (deuteriochloroform): 8 22.6, 30.4, 56.0, 56.1, 111.3, 113.0, 116.3, 123.0, 123.1, 123.2, 124.9,
125.9,126.5, 126.8, 128.6, 128.7, 130.5, 135.6, 137.8, 140.0, 149.0, 149.2, and 151.4.

the reactions, and the experimental set-up does not require
an elaborate apparatus (see Experimental).

EXPERIMENTAL

Melting points were obtained with a Mel-Temp II melting point
apparatus in open capillary tubes and are uncorrected. Fourier

Transform infrared spectra were obtained with a Nicolet Impact 410
FT-IR. Proton and 13C magnetic resonance spectra were obtained
with a Varian Associates Mercury Oxford 300 MHz, nuclear magnetic
resonance spectrometer, and chemical shifts are recorded in & ppm
downfield from an internal tetramethylsilane standard. Combustion
analyses were performed by Quantitative Technologies, Inc., P.O. Box
470, Salem Industrial Park, Bldg. 5, Whitehouse, NJ 08888.
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General Procedure for Preparation of 4,5-Dihydro-2H-benz[e]-
indazoles 1-12. (Ratio of reagents - base:hydrazone: ester - 1:3:1;
except for 6, 1:4:1.).

In a typical reaction sequence, lithium diisopropylamide 0.0315
mole (or 0.0420 mole for 6) was prepared by the addition of 20.0
ml (or 27.0 ml for 6) of 1.6 M n-butyllithium 0.0315 mole (or
0.0420 mole for 6) to a three-neck round-bottomed flask (e.g., 500
ml) equipped with a nitrogen inlet tube, a side-arm addition funnel,
and a stir bar. The flask was cooled in an ice bath and 3.21 g
(0.0315 mole) or 4.28 g (0.0420 mole for 6) of diisopropylamine,
dissolved in 25-30 ml of dry tetrahydrofuran (sodium/ benzophe-
none - ketyl) (0°, nitrogen), was added from the funnel (e.g., 125-
ml side arm addition) at a fast dropwise rate during 5 minutes. The
solution was stirred for an additional 15-20 minutes, and then
treated via the addition funnel with 2.36 g of 2-tetralone phenylhy-
drazone (0.0100 mole) dissolved in 35-45 ml of tctrahydrofuran.
After 45-60 minutes of dilithiation, 0.0105 mole ester, dissolved in
25-35 ml of tetrahydrofuran, was added to the dilithiated intcrme-
diate, and the solution was stirred for 45-60 minutes for the prepa-
ration of 1, 2, 4, 5, 8-11, 1.25- 1.5 hours for the preparation of 3, 7,
and 12 and 2 hours for the preparation of 6 (0°, nitrogen). Next,
100 ml of 3N hydrochloric acid was added, and the two-phase mix-
ture was stirred and heated under reflux for approximately one
hour. At the end of this period, the mixture was poured into a large
flask containing ice (ca., 100 g) followed by 100 mi of solvent
grade ether or tetrahydrofuran. The mixture was then neutralized
with solid sodium bicarbonate and the layers separated. The aque-
ous layer was extracted with ether or tetrahydrofuran (2 x 75 ml),
and the organic fractions were combined, evaporated, and recrys-
tallized (see footnote of Table).

Acknowledgments.

We wish to thank the following sponsors: The National
Science Foundation's - Research at Undergraduate Institutions
through grant # 9708014, and the Donors of the Petrolcum
Research Fund, Administered by the American Chemical
Society. The acquisition of the recently installed 300 MHz nmr
spectrometer was made possible through a National Science
Foundation's Division of Undergraduate Education through grant
DUE # 9750721. The assistance of Dr. Shannon L. Studer-
Martinez is acknowledged with thanks.

REFERENCES AND NOTES

fla] J. Elguero, Pyrazoles and Their Benzo Derivatives,

Section 4.04, Vol 5, Part 4A, in Comprehensive Heterocyclic
Chemistry, A. R. Katritzky and C. W. Rees, Eds, Pergamon Press,
New York, 1984, pp 258-259, 266, 269, 273-277, 283, and 287; [b]
L. C. Behr, Indazoles and Condensed Types, Vol 22, Chapter 10, Part
3, in The Chemistry of Heterocyclic Compounds, R. H. Wiley, Ed,
Interscience Publishers, New York, 1967, pp 289-365.

[2]1 J. F. Bunnett and J. Skorcz, J. Org. Chem., 27, 3836
(1962).

[31 C.FE Beam,R. L. Bissell, and C. R. Hauser, J. Org. Chem.,
35, 2083 (1970).

The Preparation of 4,5-Dihydro-2H-benz[e]indazoles

1233

[4] 1. G. Korsloot and H. O. Huisman, Tetrahedron, 21, 1767
(1965).

{51 F Boyer and J. Decombe, Bull. Soc. Chim. France, 281
(1967).

[6a] R. Huisgen and H. Nakaten, Liebigs Ann. Chem., 586, 84
(1954); [b] R. Huisgen and H. Gotthardt, Chem. Ber., 101, 839
(1968); [c] A. Corbellini, C. Ghioldi, and F. Chevallard, Gazz. Chim.
Ital., 69, 291 (1939); [d] R. Fusco, Gazz. Chim. Ital., 69, 344 (1969).

[7a] A. M. Huff, H. L. Hall, M. J. Smith, S. A. O'Grady, F. C.
Waters, R. W. Fengl, J. A. Welch, and C. F. Beam, J. Heterocyclic
Chem., 22, 501 (1985); [b] D. C. Duncan, T. A. Trumbo, C. D
Almquist, T. A. Lentz, and C. F. Beam, J. Heterocyclic Chem., 24, 555
(1987); [c] A. C. Church, M. U. Koller, M. A. Hines, and C. F. Beam,
Synth. Commun., 26, 3659 (1996); [d] A. C. Church, M. U. Koller, S.
A. O'Grady, and C. F. Beam, Synth. Commun., 26, 2603 (1996).

[8] T. Lorand, F. Aradi, G. Toth, and T. Konya, Monatsh.
Chem., 127,971 (1996).

{91 T. Lorand, D. Szabo, A. Foldesi, L. Parkanyi, A. Kalman,
and A. Neszmelyi, J. Chem. Soc., Perkin Trans 1, 481 (1985).

[10] G. Toth, A. Szollosy, T. Lorand, D. Szabo, A. Foldesi, and
A. Levai, J. Chem. Soc., Perkin Trans 2, 319 (1989).

[I1] P. Mirone and M. Vampiri, Atti. Accad. Nazl. Lincei.,
Rend. Classe Sci. Fis., Mat ¢ Nat., 12, 583 (1952); Chem. Abstr., 46,
9423 (1952).

(12] T. D. Fulmer, L. P. Dasher, B. L. Bobb, J. D. Wilson, K. L.
Sides, and C. F. Beam, J. Heterocyclic Chem., 17, 799 (1980).

(13] 4,9-Dihydro-1H-benz[flindazole: K. Wiedhaup, A. J. H.
Nollet, J. G. Korsloot and H. O. Huisman, Tetrahedron, 1599 (1965).

{14] Several 60 MHz 'H nmr spectra obtained with a Varian
Associates EM 360L Nuclear Magnetic Resonance Spectrometer dis-
played a broad isochronous absorption for the adjacent methylene pro-
tons. When multiple scans on several compounds were made with the
300 MHz spectrometer, the apparent initial triplets were displayed as
more complex multiplets. For example, compound 1. displayed twelve
absorptions from § 2.95-3.10 ppm with specifically displayed resonance
absorptions noted at § 2.97, 2.97, 2.99, 2.99, 3.00, 3.01, 3.02, 3.06, 3.08,
3.11, and 3.11 ppm, with each geminal proton being coupled with the
other geminal proton and then each of these protons with each of the
adjacent methylene protons. Even with multiple scans, a consistent num-
ber of resonance absorptions for other compounds in the study was not
obtained, as evidenced by the display of eleven lines for compound 2,
twelve lines for compound 3, eight lines for compound 4 and ten lines
for compound 5. The data establishes the presence of adjacent methyl-
ene protons, and they are reported as a multiplet in this study (footnote of
Table). It is unclear at this time whether a higher field (> 300 MHz)
nuclear magnetic resonance investigation of these compounds would
give data with sufficient novelty to warrant a separate spectral study.

[15a] M. Begtrup, Acta Chem. Scand., 27, 3101 (1973); [b] J.
Elguero, C. Marzin, and J. D. Roberts, J. Org. Chem., 39, 357 (1974);
{c] M. Begtrup, R. M. Cloramunt, and J. Elguero, J. Chem. Soc.,
Perkin Trans 2,99 (1978).

[16a) The further downfield absrptions ca. & 57 ppm were
assigned to the methoxy carbon bonded to the oxygen bonded to the
carbon in the 4-position of the aromatic ring. [b] Summary of the
number of unique carbons displayed: 1, 19; 2, 19; 3, 20; 4, 21; 5, 20;
6,19;7,21;8,20;9,20;10,21; 11, 18; 12, 23.



