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Abstract —Monocyclic 3- and 5-ferrocenyl-4,5-dihydropyrazoles with a free NH group in the molecule
react with acetylacetone to form the corresponding enaminocarbonyl compounds. The latter were isolated as a
single isomer, presumably E. 3-Ferrocenyldihydropyrazoles and 5- ferrocenyl-3-(p-methoxyphenyl)-4,5-di-
hydropyrazole analogously react with acetoacetic ester. 5-Ferrocenyl-3-phenyl-, 3-(p-bromophenyl)-5-ferro-
cenyl, and 3,5-diferrocenyl-4,5-dihydropyrazoles react with acetoacetic ester to form acetoacetylpyrazolides.

The great interest in ferrocenyl-substituted hetero-
cyclic compounds is associated both with the peculiar
chemical behavior of the ferrocene system and with
the unusual properties it imparts to the heterocyclic
fragment. Such compounds exhibit diverse biological
activity and some other important properties [1-9].

Ferrocenyl-substituted  4,5-dihydropyrazoles are
rather well studied [1-9]. They are prepared by
addition of hydrazines to o,B-unsaturated carbonyl
compounds. A series of stable dihydropyrazoles con-
taining a ferrocenyl substituent and a substituent on
N? are found to possess biological activity. In detail,
4-acetyl-3-ferrocenyl-1,4,5-triazatricycl o[ 5.2.2.0%] -
undec-5-ene exhibits a high antiviral activity [9].
Introduction in ferrocenyl-4,5-dihydropyrazole of ad-
ditional carbo- and heterocyclic fragments, as well as
various substituents on the N! atom of the pyrazole
ring permits one to expect a broader spectrum of
useful properties in the resulting products.

In the present work we have studied the reaction
of monocyclic ferrocenyldihydropyrazoles with B-di-
carbonyl compounds, such as acetylacetone and aceto-
acetic ester. Starting dihydropyrazoles la-Ic and |1a-
I1d were prepared by a standard procedure from cor-
responding a,B-unsaturated ketones Illa-Illc and
IVa-1Vd and hydrazine hydrate [4, 6, 9] (Scheme 1).

It was found that ferrocenyl-4,5-dihydropyrazoles
la-lc and Illa-ll1d react with acetylacetone under
short reflux (about 5 min) to give enaminocarbonyl
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derivatives Va-Vc and Via-Vld,
(Scheme 2).

respectively

Conclusive evidence for the structure of the result-
ing compounds was obtained from their *H and *C
NMR spectra and elemental analyses (see Experi-
mental).

The *H NMR spectra of products Va-Vc and Vla—
VId contain an ABX proton system characteristic of
dihydropyrazoles and vary significantly depending on
the position of the ferrocenyl substituent in the hetero-
ring. In 3-ferrocenyldihydropyrazoles Va-Vc, the
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geminal H, and Hg proton signals appear at & 2.88-
3.71 ppm (Ad 0.74-0.82 ppm). Therewith, the olefin
proton signals of the substituent on N* have a slightly
different chemica shift than those of Hy (8 ~5.14-
5.18 and 5.20-5.24 ppm). Contrary to that, in 5-ferro-
cenyldihydropyrazoles Vla-c, one of the methylene
proton signals is shifted noticeably downfield (8
~3.65-3.70 ppm), A5 ~0.01-0.09 ppm, and the olefin
proton signals (6 ~5.46 ppm) are located downfield
from the heteroring Hy proton signals (5 ~5.20 ppm).
In the presence of two ferrocenyl substituents in the 3
and 5 positions of the heteroring (compound V1d), the
chemical shifts of heteroring and olefin protons are
close to those in 5-ferrocenyl derivatives Vla-Vic.

Position of the ferrocenyl group in 1-(1-methyl-3-
oxopent-2-en-1-yl)-4,5-dihydropyrazoles  influences
chemical shifts of its protons. Hence, in 3-ferrocenyl
derivatives Va-Vc, al proton signals of the substituted
ferrocene cyclopentadienyl ring are located downfield
from the signal of the unsubstituted cyclopentadienyl
ring. In 5-ferrocenyldihydropyrazoles Via-VIc con-
taining the ferrocenyl substituent on an sp° carbon
atom, part of the signals of the substituted cyclopenta-
dienyl ring are located upfield from the C;Hg proton
signal.

Further evidence for the structure of enaminocar-
bonyl dihydropyrazole derivatives Va-Vc and Vla-
VId was provided by the observation in the 3C NMR
spectra of expected number of signals of quaternary,
as well as methyl, methylene, methine, aryl, and fer-
rocenyl carbon atoms. A significant specific feature
of the 1*C NMR spectra of compounds Va-Vc is that
the Ci FC carbon signals are observed upfield (&
~75.0 ppm) compared with the respective signals of
dihydropyrazoles Vla-Vic (& ~89.0 ppm).

Further we found that pyrazolines la-Ic anaogo-
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usly react with acetoacetic ester to give compounds
Vila-Vllc (Scheme 3).

Scheme 3.
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The structure of products VIla-Vllc was proved
by means of *H and 1*C NMR spectra (Tables 1 and
2) which contain well-defined signas of the ABX
system of the dihydropyrazoline ring, a triplet and a
singlet of two methyl groups, as well as a singlet of
the olefin proton. The *H and 3C NMR spectra of
compounds Vlla-VIIc have common characteristics
with those of compounds Va-Vc, but the olefin
proton singlet of dihydropyrazoles Vlla-Vlic is
located upfield (6 ~4.40-4.70 ppm) from the re-
spective signal of compounds Va-Vc.

Unlike what is observed with dihydropyrazoles 1a—
Ic, compound I1b is the only of pyrazolines I1a-I1d,
whose reaction with acetoacetic ester provides an
enaminocarbonyl derivative (compound VIIIb). The
other 5-ferrocenyl-4,5-dihydropyrazolines Ila, llc,
and 11d react with acetoacetic acid under a more pro-
longed heating to give acetoacetic pyrazolides Vllla,
Vlillc, and VIIId, respectively (Scheme 4).
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The 'H NMR spectra of pyrazolides VIlla, Vlilc,
and VIl1d have preserved the pyrazoline ABX proton
system. They lack the singlet of the olefin proton and
the triplet of the ethoxyethyl methyl protons and
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Table 1. 'H NMR spectra of compounds I1a, llc, 11d, Va-Vc, Vla-VId, Vlla-Vlic, and Vllla-VIlid, 3, ppm (J, Hz)

C?]”;p' CeHg, S| CgHg m CHg, CH, CH, NH Ar
lla  |420 (5H)|4.13 (4H) |3.05 dd (1H, J 54, 16.2), 3.33 d.d |4.66d.d (1H, J 5.4, 10.2),|6.92d (2H,
(1H, J 102, 16.2) 5.84 br.s (1H) 38.7),7.49d
(2H, J 87)
llc  |420 (5H)|4.14 (4H) |3.00 dd (IH, J 57, 16.2), 331 d.d |4.67dd (1H, 57, 105),|7.48 d (2H,
(1H, J 10,5, 16.2) 5.87 br.s (1H) 39.0), 752 d
(2H, J 9.0)
lld  |413 (5H)|4.16 (4H), |2.84 dd (1H, J 39, 15.9), 3.22 d.d |452d.d (1H, J 3.9, 105), -
421 (H)|431 (2H), |(1H,J 105, 159) 5,61 br.s (1H)
456 (2H)
Va  |407 (5H)|439 (2H), |1.97 s (3H), 2.67 s (3H), 2.96 d.d (1H, |5.18 br.s (1H), 5.20 d.d |7.15-7.42 (5H)
450 (1H), [J39,17.1), 3.71dd (1H, 114, 17.1) |(1H,J 3.9, 11.4)
4.68 (1H)
Vb |408 (5H)|438 (2H), |1.98 s (3H), 2.66 s (3H), 2.94 d.d (1H, |5.21 br.s (1H), 523 d.d |6.90d (2H,
450 (1H), |J3.6,17.1), 3.68dd (1H, J 114, 17.1), |(1H, J 3.6, 11.4) 9.0), 7.11 d
468 (1H)  |3.79 s (3H) (2H, J 9.0)
Ve |408 (5H)|4.40 (2H), |1.98 s (3H), 2.67 s (3H), 2.92 d.d (IH, |5.15 br.s (1H), 522 d.d |7.07 d (2H,
452 (1H), | J39,17.1), 3.72dd (1H, J 114, 17.1) |(1H, J 3.9, 11.4) 382),751d
4.65 (1H) (2H, J 82)
Via [412 (5H)|4.08 (1H), |2.10's (3H), 272 s (3H), 375 d.d (IH, |5.11dd (1H, J6.3,84), |[7.43 m (3H),
417 (H), |J63,17.1),378dd (1H,J84,17.1) |5.46s(1H) 783 m (2H)
421 (2H) J 82)
Vib  |412 (5H)[408 (1H), |2.09s(3H), 2.71s(3H), 3.72dd (1H, |5.09d.d(1H,J60, 86), [697 d (2H,
416 (1H), |J 6.0, 11.4), 3.76 d.d (1H, J 8.6, 11.4), |5.43 s (1H) 39.0), 7.76 d
420 (2H) |378 s (3H) (2H, J 9.0)
Vic  |412 (5H)[406 (1H), |2.10's (3H), 2.70 s (3H), 3.70 d.d (IH, |5.12 d.d (1H, J 5.4, 9.6), |7.57 d (2H, J
418 (1H), |J 54, 17.1), 374 dd (1H, J 9.6, 17.1) |5.46 s (1H) 9.0), 7.67 d (2H,
4.21 (2H) J 9.0
Vid  [416(5H),[408 (1H), |20 s (3H), 2.66 s (3H), 3.49 d.d (1H, |5.06 d.d (1H, J 6.9, 10.5), _
421 (5H)|423 (3H), [J6.9,16.8), 3.67d.d (1H, J 105 168) |5.44s(1H)
4.44 (2H),
4.61 (1H),
474 (1H)
Vila |405 (5H)[436 (2H), |1.20t (3H,J 6.7), 2.64 s(3H), 291 d.d |4.77 br.s (1H), 524 dd |7.17-7.36 m
447 (1H), |(1H,J3.9, 165),3.68dd (1H,J117, |(1H,J 3.9, 11.7) (5H)
465 (1H)  |165), 4.00q (2H, J6.7)
VIIb [407 (5H)|436 (2H), |1.21t (3H, J 6.9), 2.63 s (3H), 290 d.d |4.77 br.s(1H), 5.20dd  |6.88d (2H,
448 (1H), |(1H, J 3.8, 17.0), 3.67 d.d (1H, J 114, |(1H, J 3.8, 11.4) 387),7.11d
465 (1H)  |17.0), 3.78 s (3H), 401 g (2H, J 6.9) (2H, J 87)
Viic [407 (5H)|437 (2H), |121t(3H,J7.2), 2645 (3H), 2.88d.d |4.67br.s(1H), 519dd |7.07d (2H,
449 (1H), |(IH, J 3.9, 17.1), 3.70 d.d (1H, J 12.0, |(1H, J 3.9, 12.0) 38.4),750d
463 (1H)  [17.1), 402 q (2H, J 7.2) J 8.4)
Villa [415 (5H)|[4.03 (1H), |2.21s(3H), 3.56 d.d (IH, J 42, 17.4), |552 d.d (1H, J 4.2, 10.8) [7.47 m (3H),
413 (1H), |3.72dd (1M, J 108, 17.4), 3.75d (1H, 7.76 m (2H)
418 (1H), |J16.9), 3.85d (1H, J 16.9)
4.48 (1H)
Villb |412 (5H)|407 (1H), |1.25t (3H, J 6.9), 2.67 s (3H), 3.65 d.d |4.98 s (1H), 5.06 d.d (1M, [6.97 d (2H,
409 (1H), |(1H, J 45, 16.8), 3.74 dd (1H, J 104, |J 45, 10.4) 38.4),7.73d
414 (1H), |16.8),3.86s(3H), 418 q (2H, J 6.9) (2H, J 8.4)
422 (1H)
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C?]”;p' CeHg, S| CgHg m CHg, CH, CH,  NH Ar
Vilic |4.14 (5H)|[401 (1H), |221s(3H), 352d.d (1H, J3.9,17.4), |553dd (1H,J3.9,111) |7.57d (2H,
413 (1H), |3.69dd (1H,J11.1, 17.4), 3.75d (1H, 39.0),7.63d
418 (1H), |J 159), 3.86 d (1H, J 159) (2H, J 9.0)
447 (1H)
VIIId |4.18 (5H),[4.02 (1H), |2.37s(3H), 3.36d.d (1H, 139, 17.1), |5.47 d.d (1H, J 3.9, 11.1) -
421 (5H)|4.15 (1H), |3.62dd (1H, J 11.1, 17.1), 3.64 d (1H,
423 (2H), |J 156), 3.86 d (1H, J 15.6)
4.45 (2H),
4.49 (1H),
4.68 (1H)
Table 2. 13C NMR spectra of compounds Va-Vc, Vla-Vid, Vila-Vllc, Vllla, and VIlIb (75 MHz), 8, ppm
C?]”;p' CsHs CsH, CipsoFC | CHp CHy C CH= | CH |c=0 Ar
Va | 683|670, 676703, | 755 |163, 318  |141.0, 1546, 96.8 | 621 |1955|124.9, 128.0,
705 44,5 155.0 129.2
Vb | 69.3|67.0,675 703, | 756 |163, 318  |133.1, 1548, 96.7 | 617 |1955|114.6, 126.2
704 446, 553  |155.1, 159.2
Vc | 69.3|67.0,67.5 704, | 752 |16.3, 318, 44.4|121.8, 140.0, 96.9 | 615 |1955|126.7, 132.4
705 154.4
Vlia | 687|666 67.8 683, | 885 |164, 32,0, 41.4|1316, 1527, 976 | 57.7 |1955|126.3, 1288,
68.4 155.8 129.9
Vib | 685|665 67.8 679, | 917 |168, 318  |1188, 129, 1004 | 659 |191.1 1137, 1305
68.8 462, 555  |1457, 1637
Vic | 688|665 67.9, 684, | 884 (190, 205  |1242, 1308, 98.1 | 57.9 |195.7|127.7, 1321
68.5 234, 242  |151.4, 1556
Vid | 6838,|66.2 672, 67.6, | 757, |16.6, 31.9, 43.4|155.0, 155.7 9.4 | 572 |195.2 -
69.5 |67.7, 68.4, 68.7, | 8838
70.2, 705
Vila | 69.2 |67.4, 688 700, | 759 |146, 159, |1412, 1528, 865 | 621 |168.9 1250, 127.8,
70.2 44.6, 55.3, 58.4|155.4 129.2
Vilb | 69.3 |66.8, 67.4, 700, | 761 |14.6,15.9, 44.7,|133.4, 1528, 864 | 616 |169.0|114.5 126.2
70.2 553, 585  |1555, 150.1
Vilc | 69.3 |66.9, 673, 702, | 757 |14.6,15.9, 445,121.7, 1402, 868 | 615 | 168.8/126.9, 132.4
70.3 58.6 152.7, 155.3
Vlilla | 686 |655, 68.3 684, | 868 [30.1, 39.9, 50.7|131.1, 155.0 ~ | 556 |164.8,|1268,
70.1 202.0 |128.8, 130.3
VIlib | 68.7 |66.6, 67.8, 681, | 888 |[146, 160, |1245 1512, 869 | 585 |168.9|114.2, 127.7
68.4 42.0, 55.4, 57.5|156.2, 160.9

contain asinglet of methyl, two doublets of methylene,
and expected numbers of ferrocenyl and aryl proton

signals.

After short refluxing (~5 min) of pyrazolines Ila,

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol.74 No. 12 2004

Ilc, and Ild with acetoacetic ester, starting com-
pounds Ila, Ilb, and Ild were isolated and charac-
terized by 'H NMR spectra (Table 1).

Note that the reaction of ferrocenyl-4,5-dihydro-
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Table 3. Yields, melting points, and elemental analyses of compounds 113, llc, 11d, Va-Vc, Vla-VId, Vlla-Vlic, and

Villa-Vllld
. Found, % Calculated, %
C?]?p' Yloil)d’ mp, °C Formula
' C H Fe N C H Fe N

lla 59 113-114 | 69.23 | 541 | 16.86 | 8.25 |CigH;gFeN, 69.11 | 550 | 16.91 | 8.48
llc 61 134-135 | 55.64 | 428 | 13.81 | 6.77 |CigH;7BrFeN, 55.78 | 419 | 13.65 | 6.85
ld 57 164-165 | 63.19 | 4.92 | 25.67 | 6.57 |Cy3HyFesN, 63.05 | 5.06 | 25.50 | 6.39
Va 68 183-184 | 69.75 | 6.11 | 13.67 | 6.67 |C,4H,,FEN,O 69.91 | 587 | 1355 | 6.79
Vb 70 172-173 | 6769 | 574 | 1291 | 6.21 |C,H,6FeN,0O, 67.88 | 592 | 12.63 | 6.33
Ve 71 211-213 | 58.83 | 492 | 11.18 | 5.83 |CyH,3BrFeN,O | 58.68 | 4.72 | 11.37 | 5.70
Via 69 173-174 | 70.11 | 569 | 1342 | 6.97 |C,4H,,FeN,O 69.91 | 587 | 1355 | 6.79
Vib 72 164-165 | 67.74 | 6.16 | 1248 | 6.47 |C,ysHo6FeN,O, 67.88 | 592 | 12.63 | 6.33
Vic 77 192-194 | 5844 | 463 | 11.24 | 554 |C,4,H,3BrFeN,O | 58.68 | 4.72 | 11.37 | 5.70
Vvid 71 232-233 | 6453 | 561 | 21.67 | 549 |CygH,gFeoN,O 64.65 | 542 | 21.47 | 5.38
Vie 76 313-314 | 66.51 | 552 | 1358 | 6.53 |C,y3H,FeN,O, 66.68 | 535 | 1349 | 6.76
Vila 62 174-175 | 68.02 | 6.01 | 1242 | 6.21 |C,sH,6FeN,0, 67.88 | 592 | 12.63 | 6.33
Vlilb 71 168-169 | 66.27 | 6.05 | 11.68 | 5.72 |C,ygH,gFeN,O5 66.11 | 598 | 11.82 | 593
Vlilc 74 195-197 | 5748 | 467 | 1090 | 546 |C,sH,sBrFeN,O, | 57.61 | 4.83 | 10.72 | 5.37
Villa 63 187-188 | 66.49 | 551 | 13.64 | 6.67 |C,3H,FeN,O, 66.11 | 598 | 11.82 | 5.93
VIllb 67 206-208 | 66.26 | 5.83 | 11.69 | 5.69 |CygH,gFeN,O5 64.90 | 5.06 | 21.55 | 540
Villc 68 202-203 | 55.89 | 4.38 | 11.47 | 5.80 |C,3H,BrFeN,O, | 56.01 | 4.29 | 11.33 | 5.67
Vilid 59 224-226 | 62.27 | 4.84 | 21.28 | 5.42 |C,;HygFe,N,O, 62.10 | 5.02 | 21.40 | 5.36

pyrazoles with B-dicarbonyl compounds proceeds
stereoselectively. In all the cases, enaminocarbonyl
derivatives Va-Vc, Vla-Vd, Vlla-Vc, and VIIIb
were obtained as a single, probably E, geometric
isomer [10].

EXPERIMENTAL

The *H and 3C NMR spectra were measured on a
Varian Unity-Inova spectrometer (300 and 75 MHz,
respectively} for CDCl; solutions against internal
TMS. The *H and 3C NMR spectral data are listed
in Tables 1 and 2. Column chromatography was
carried out on Al,O5 (Brockmann activity grade I1),
eluent hexane-ether (2:1 v/v). The yields and ele-
mental analyses of the obtained compounds are listed
in Table 3.

Reagents purchased from Aldrich were used: ferro-
cenecarbaldehyde, 99%; 4-methoxybenzaldehyde,
98%; acetylferrocene, 95%; 4-bromobenzaldehyde,
99%; 4-methoxyacetophenone, 99%; 4-bromoaceto-
phenone, 98%; benzal dehyde, 99%; and acetophenone,
99%.

o,B-Unsaturated ketones Illa-lllc and IVa-1Vd
were prepared from acetylferrocene and corresponding
carbaldehydes or ferrocenecarbaldehyde, and cor-
responding ketones in aqueous acoholic alkali [5].

(E)-1-[2-(4-oxopent-2-en-1-yI)]-4,5-dihydr opy-
razolesVa-Vc and Vla-Vid. A mixture of 3.3 mmol
of dihydropyrazole la-Ic, Ila-l1d and 5 ml of acetyl-
acetone was refluxed for 5 min. After cooling, the
reaction mixture was diluted with 50 ml of ether.
Crystals formed and were filtered off, washed with
ether, and dried in air. Purification was carried out by
column chromatography.

Reaction of ferrocenyl-4,5-dihydropyrazoles
la-lc and lla-11d with acetoacetic ester was carried
out in a similar way. Reaction products were preci-
pitated with ether and crystallized from benzene to
obtain (E)-1-[2-(ethoxycarbonyl)-1-methylvinyl]-4,5-
dihydropyrazoles Vlla-Vllc and VIlIb and starting
pyrazoles lla, llc, and IId (Tables 1-3).

Synthesis of acetoacetic pyrazolides Vllla, Vlllic,
and VIIId. A mixture of 3.3 mmol of dihydropyra-
zolella, llc, or 11d and 5 ml of acetoacetic ether was
refluxed for 30 min. Excess acetoacetic ester was
removed by steam distillation, and the residue was
subjected to column chromatography.
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