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Azodicarbox.vlic acid N-phenytimide reacts with l-acetyl-3-(2-ferrocenylethenyll- 
5-ferrocenyl-2-pyrazoline according to the [4+2l-cycloaddition mechanism to form a 
Diels--Alder adduct. Under analogous conditions, l-acetyl-5-ferrocenyt-3-(l-cyclohexenyl)- 
substituted 2-pyrazolines containing allylic hydrogen atoms give monoene addition products. 
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It is known that the introduction of  ferrocene sub- 
stituents into molecules of  organic compounds leads to 
an enhancement (or to the appearance) of biological 
activity of the resulting compounds and to a decrease in 
their toxicity compared to the initial compounds. ! Thus 
tetrahydrophthalates, z cyclohexenes, 3 and cyclopropanes 4 
containing ferrocene fragments are characterized by an- 
algesic and antiinrlammatory activities. Ferrocenyl-sub- 
stituted 2-pyrazolines also belong to pharmacologically 
active compounds. In particular, 4-acetyl-3-ferrocenyl- 
2,4,5-triazatricyclo[5.2.2.02-6~undec-5-ene exhibits high 
antivirat activity. One would expect that the introduc- 
tion of additional nitrogen-containing fragments into 
heterocyclic compounds of this class will afford prod- 

Scheme 1 

ucts possessing a broader spectrum of useful bioIogicat 
characteristics. 

In this respect, adducts o f  diene condensation (1) 
and monoene condensation (2) of bicyclic 2-pyrazotines 
(3) with azodicarboxylic acid N-phenylimide (4), which 
have been synthesized recently (Scheme 1), s,6 are of  
particular interest. Pyrazolines 3 contain the fer- 
rocenylmethylene fragment conjugated with the C=N  
fragment of  the heterocycle, and hence, these com- 
pounds exhibit the properties o f  hetero-l,3-dienes. The 
presence of allylic hydrogen atoms in molecules 3 pro- 
vides conditions for the competitive monoene addition 
of  azo compound 4. Products ! and 2 are organic 
compounds containing several nitrogen atoms, and they 
exhibit antiviral activity. In this connection, it is of  
interest to develop procedures for the synthesis cff com- 
pounds with such structures and to study their chemical 
and pharmacological properties. 
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monoene components  in condensation with azo com- 
pound 4. 

Fe r roceny l - subs t i t u t ed  a ,~ -unsa tu r a t ed  ketones  
8 - -10 ,  which were prepared  by condensa t ion  of  
fe r rocenecarbaIdehyde  with acetone and I -ace ty l -  
cyctohexene in aqueous-alcoholic alkali, served as the 
starting compounds in tile synthesis of  pyrazolines. 

Ketones 8--1t) were isolated exclusively as one iso- 
meric form with the C O C H = C H F c  fragments adopting 
trans configurations as evidenced by the spin-spin cou- 
pling constants of  the protons of the above-mentioned 
fragments in the ~H N M R  spectra (J = 15.6 (gh 
15.6 (9). and 15_3 Hz (11))). which is consistent with the 
published data. 9 We assigned the E configuration to the 
ferrocenylethenyl fragment in compound 11) by analogy 
with the configurations of the analogous fragments in 
2,6-diferrocenylmethylenecycloakanones and ferrocenyl- 
methylene-substi tuted bicyclic pyrazolinesfl 

I -Acetyl-3-alkenyl-5-ferrocenyl-2-pyrazol ines  5--7  
were synthesized by adding hydmzine s - s  to ketones 
8--10,  respectively, lbllowed by acylation of unstable 
l -unsubst imted products (Scheme 2). 

Pyrazolines were obtained in virtually quantitative 
yields. The data of elemental analysis of these com- 
pounds and their physicochemical characteristics are 
given in Tables t - -3.  In our opinion, compounds 5 and 
7, like the initial ct,[3-unsaturated ketones 8 and I1), 
retain the zrans and E configurations of the C H = C H  
and F c C = C C H  fragments, respectively. 

All the synthesized I-acetylpyrazolines 5- -7  are char- 
acterized by the presence of  the double C = C  bond 
conjugated with the C=N bond of the heterocycle due to 
which these compounds can react as he tero- l ,3-d ienes  

with active dienophiles. Apparently. dienes 6 and 7 
containing al]ylic hydrogen atoms can also form monoene 
addition products. 

.Actually, we found that pyrazoline 5 reacted with 
dienophile 4 upon boiling in toluene to form Diels-- 
AIderadduct 11 (Scheme 3}. 

Adduc~ 11 occurs as a stable crystalline compound,  
which decomposes at temperatures higher than 300 ~ 
Condensation proceeded stereospecifically. Compound 
11 was obtained exclusively as one diastereomeric form, 
which is evident from the IH and 13C NMR spectra (see 
Tables 2 and 3). However, the configuration of  adduct 
I 1 (the relative orientation of  two Fc substituents at the 
C(4) and C(8) atoms) remains to be established. 
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Table 1. Data of elemental analysis of the synthesized compounds 

Corn- Yield M.p./~ Found (%) 
pound (%) (solvent for Calculated 

costallization) C H Fe 

Molecular 
formula 

5 73.5 178--179 63:82 5-29 21_94 
(ethanol) 64.06 5.18 22.07 

6 73 154-- 155 6_.L_7.72_44 _6,2!21 14.99 
(ethanol) 67.03 6.43 14.84 

7 69 203--204 67.32 5,48 /9:7 ! 
(ethanol) 67.15 5.64 19.53 

8 76 196--197 6~.87 4.72 25_04 
(ethanol) 66.70 4.92 24.82 

9 36 124--I25 71.18 6.47 17.!.9 
(ethanol) 71.26 6.30 17.44 

10 42 145--146 6.9.99 5.3[ 21.74 
(benzene) 69.80 5.46 21.64 

11 72 312" ~I.57 4.75 1w 
61.70 4.59 t6.40 

12 76 288--289 .63.41 5.11 10.32 
(benzene) 63.17 5.30 10.13 

14 68 334* 64,06 4,73 15.06 
64.28 5.00 14_94 

C27H2oFeN?O 
5,53 
7,31 C2[ H24FeN20 
7.45 
4,Z~ C32 H 32 Fe2N20 
4.89 
-- C25 H22Fe20 

- -  CIgH20FeO 

-- C30H28Fe20 

10.20 C35H31Fe2N503 
10.27 
12 ,60  C?9H29FeN503 
12.70 
9.4;3 C40H37Fe2N50 ] 
9.36 

* The decomposition temperature. 

We also found that dienes 6 and 7, unlike pyrazoline 
5, did not react with azo compound 4 to form t4+2]- 
cyctoaddition adducts, and the reactions proceeded ex- 
clusively according to the scheme of monoene addi- 
tion. 1~ In all cases, only one of two possible direc- 
tions of the ene addition was realized, whicfa indicates 
that the process is highly regioselective. Thus, the reac- 
tion of pyrazoline 6 with enophite 4 afforded an adduct 
with structure 12 rather than 13 (Scheme 4). 

Under analogous conditions, pyrazoline 7 also gave 
exclusively one of two possible adducts (14 and 15) to 
which structure 14 was assigned (Scheme 5). 
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The structures of compounds 12 and 14 were estab- 
lished based on the IH N MR  spectra, which have one 
broad singlet for the protons o f  the NH group (at 6 9.65 
and 9.53, respectively), and on  the 13C NMR spectra 
(see Tables 2 and 3). The structure of adduct 12 was 
assigned based on the facts that the iH NMR spectrum 
has a triplet for one olefin proton (at 5 6.54. J = 8.4 Hz) 
and the 13C NMR spectrum has signals for two otefin 
carbon atoms (ScH= 119.79 and 8c= 125.35). The evi- 
dence for the structure of adduct 14 is circumstantial for 
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Table 2. I H  NMR spectra of the resulting c o m p o u n d s  ~6, J/Hz) 

Corn- CsH, C5H 4 ABX system Me CH CH2 Ph, NH 
pound is, 5 H) (m) (s.  3 H )  (m) 

5 4.1~7. 4 ,0 ( I  H): 4.12 3.46 (H.~). 3.34 (HB), 2.26 6.70(d, I H, - -  - -  

4.169 (2 HI: 4,40 (2 H): 5.41 (H x) {JAg = 16.9. J = 16.5): 
4 .46(I  H): 4.51 J a x =  10,8. JBX = 4.2) 6.78 (d. 1 H. 
(I H): a 5 4 ( 1  H) ,1= t6.5) 

4.13 3.'49 (1 H): 4. f0 2,23 6.23 (t. I H. - -  

(I H); 4.13 (1 H): J =  4.20) 
4.45 (I H) 

3.37 (HA), 3.26 (HB), 
5.35 (H x) (d~m = 17.0. 
JAX = 10.5, JBX = 4.5) 

7 4.16, 4 ,02(I  H):,4.12 3.a4(H.aj, 3.34(H8), 2.25 6.29 (s. 1 HI: 
4.17 (1 H): 4.32 (2 H): 5.41 (Hx) {J,xg = 16.8, 6.52 (s. I H) 

4.34 (1 H): 4.40 JAX = I0,5, ./Bx = 4.2) 
(2 H): 4,86 (I H) 

8 4.18 4.46 (4 H): -- - -  

(10 H) 4.57 (4 H) 

9 4.15 4.41 (2 H): 
4.52 (2 H) 

10 4.15, 
4,18 

II  4.18, 
4.24 

4.34 (2 H)- 4.44 
(2 H): 4.47 (2 H): 
4.57 2 H) 

4.05 I H); 4.08 
(I H): 4. t 0 ( I  H): 
4.12 (I H): 4.29 
tl  H): 4.35 (1 H): 
4.42 (I H): 454  
( I  H) 

3,98 (I H): 4.31 
(I H): 4.49 (2 H) 

12 4.18 

14 4.11, 3.94 (1 H): 3.99 
4.15 (I H):4.04 (2 H); 

4.16 (2 H): 4.19 
(I H ) : 4 . 2 3 ( I  H) 

6.61 (d. 2 H, 
J =  t5.6): 
7.63 (d, 2 H, 
J = 15.6) 

6.89 (d. I H. 
J =  15.6): 
6.93 (t, [ H. 
J = 5.4): 
7.54 (d. I H, 
d = 15.6) 

6.45 (s, I H): 
7.02 (d. I H. 
J = 15,3): 7.19 
(s. I Ill; 7.61 
(d. 1 H, J ~ 15.3) 

3.61 (HAl, 3.38 (HB). 2.17 4.26 (d. I H, 
5.37 (H x) (J.,~B = 18.0, J =  9.13): 
Jax = 10.8. JBx = 4.5) 5.82 (d. I H, 

J =  9.13! 

3.31 (Ha). 3.20 (HB), 2.05 
5.21 (H x) (JaB ---- 17.2. 
J~,x = l l.0, JBX = 4.3) 

3.26 (HAL 3,00 (HB), 2.05 
5.31 (H x) (J~B = 18.0, 
JAX = 9-9, JBX = 4.2) 

1.70 ~'4 H): 
2.28 (2 H. 
J = 4.20): 
2.41 (2 H) 

1.84 (2 H); 
2.53 (2 H); 
2.60 (2 H) 

t62--1.77 
(4 H): 

2.27 (2 H): 
2.36 (2 H) 

t.79 {2 H): 
2_46 (2 HI: 
2.56 (2 H, 

J =  6.1) 

6.95--7.73 
(m, 5 H) 

5.33 it, I H, 1.81 (2 H); 7.22--7.54 
J = 5.9): 2. t5 (2 H): (m. 5 H), 
6.54 (t. I H, 2.34 (2 H) 9.65 (br.s, 
J = 8.4) I H) 

6.08 (s, I H); 2.20--2.67 7.19--7 53 
6.55 (t, J = 6.7): (4 H) (m, 5 H) 
7_08 (s, I H) 

a n u m b e r  o f  reasons.  Thus ,  the  IH N M R  spectra  o f  
�9 eompotm.ds--l .4 and  1 5  s h o u l d  h a v e - t w o - s ~ n a t s  for-f ive 
olef in  p r o t o n s  wi th  equal  mul t ip l ic i t ies  and  one  singlet  
for the  m e t h i n e  p ro tons  o f  the  N - - C H - - F c  and  C H - - N  
groups ,  whi le  tile cha rac te r i s t i c s  of  the i r  13C N M R  
spec t ra  are vir tual ly  ident ica l ,  wh ich  h inders  the es tab-  
l i s h m e n t  of  the  s t ruc tu re  o f  the  product .  However ,  
s t ruc tu re  14 was ass igned to the  resul t ing adduc t  based 
on  a c o m p a r i s o n  o f  the  c h e m i c a l  shifts of  the p ro tons  o f  
the  N - - C H - - F c  and  C H - - N  f ragments  in the JH N M R  
spec t ra  of  c o m p o u n d s  12 and  14 (5.33 and  6,08 pprn, 
respec t ive ly)  wi th  the c h e m i c a l  shifts of  the p ro tons  o f  

tile N - - C H - - F c  groups  in adduc t s  2 a - - d  (6.16, 6 .2 I ,  
6.08, a n d  6.03-ppm-,  respect ively) :  7 

Apparen t ly .  the  absence  of  no t i ceab le  a m o u n t s  of  
[ 4 + 2 ] - c y c l o a d d i t i o n  p r o d u c t s  in the  r e a c t i o n s  o f  
pyrazol ines  6 and  7 with azo  c o m p o u n d  4 is due  to 
s ter ic  h indrances ,  wh ich  p reven t  d ienes  6 and  7 f rom 
adop t ing  an s-cis c o n f o r m a t i o n  necessary  for  d i ene  c o n -  
densa t ion .  In the case of  h e t e r o - l , 3 - d i e n e s  3a ,b  wi th  
the  fixed cis-arrangement of  the  doub le  b o n d s  7,s o r  in 
the absence  o f  steric h i n d r a n c e s  to the s-cis c o n f o r m a -  
t ion  (as, for example ,  in pyrazol ine  5), the  r eac t ions  
with d i enoph i l e  4 afforded Die l s - -A lde r  adducts .  
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Table 3. 13C NMR spectra of compounds 5--7. 9--12, and 14 (8) 

Corn- CsH 5 CsH ~ Ctt~ CH C 
pound 

FC~pxa C = O HC= C=N Me Ph 

5 68.57. 65.66. 67.30. 
69.54 67.98, 68.15, 

68.31, 69.97, 
70.t6, 70.23 

6 68.51 65.61, 6803. 
68.20. 70.11 

7 68.5~. 68.09, 69,28. 
69.21 69.3l. 69.5(~. 

69.67, 69.77. 
69.97. 70.28 

9 69.60 6S,62. 70.78 

38.30 54.98 

21.83, 22.03, 54.77 
24.44, 26.04, 
38.62 

22.06, 24.4t, 55,16 
26.66, 38.3t 

21.63. 22.04, 
23.62, 26.13 

10 69,31, 68.66, 69.76. 20.07, 23.62, 
69.04 69.98. 70.80 27.57 

II 68.62. 68.16. 68.25, 3t.55 52,11, 
68.99 68.37. 68.55. 55,34 

68_81. 69.20. 
70.90, 71.17 

12 69.30 67.50. 69_63. 25.58, 28,56, 49,36, 
70.81. 71.28 29.64, 3~64 54.96 

14 68.67. 67.93. 68.12, 27.3~, 29.57. 55.22, 
68.93 68,40. 68S7, 38.29 59.84 

69.04, 69.19, 
70.12, 7039 

80.93. 1~8A4 tl8.25. 
87.55 136.97 

155,53 22.01 

132.07 87.58 1 6 8 , 6 8  1 3 3 , 2 2  1 5 6 . 2 3  22.08 

134.09, 81.02, t68.45 129.26, 
136.02 87.91 I30.06 

143.76 79.65 I90.46 II8.43, 
138.78, 
140.15 

118.38. 
133.62. 
134.01. 
137.61 

120.40 

156.12 

140.49, 79,95, 189.41 
t43.38 81.15 

21,91 

123.59, 84.4t. 172.39, 
138.42 87.15 173.39. 

174.82 

125.35, 91-27 153.35. 
140.17 153.59, 

t68.82 

22.10 

I19.79 t50.68 2t.78 

124.18, 88.93, 156.73, 120.1t. 152 .18  22.04 
126.21, 90.56 t58.92. 121.35 
139.56 166.99 

128.78, 
I29.15, 
I30.14 

[24.97~ 
127.93, 
128.98. 
t31.47 

127.15, 
12q.10. 
130.05. 
132.1.8 

Experimental 

The IH and L~C NMR spectra of solutions in CDCI~ were 
recorded on a Linity Inova Varian spectrometer (operating at 
300 and 75 MHz. respectively) with Me4Si as the internal 
standard 

1,5-Diferrocenyl-l(E),4(E)-pentadien-3-one (8) was syn- 
thesized from acetone and ferrocenecarbaldehyde. (E)-l-(Cyclo- 
hexe~-l-yl)-3-ferrocenylpropen-2-one (9) and 3(E)-ferrocenyl- 
l(E)-(3-ferroeenylmelhylenecyclohexen- i-yl)propen-2-one (10) 
were synthesized from I-acetylcyclohexene and ferrocene- 
carbaldehyde in aqueous-alcoholic alkali, s The resulting com- 

pomTdswere  purified and separated t~y -chromatography on 
AI20 3 (Brockmann I I I)  with the use of hexane as the eluent. 
Then the compounds were ~ecrystaIlized from ethanol. 

1 -Aeetyl-5- ferrocenyl- 3- (2- ferroeenylethenyl)-2-pyrazoline 
(51, l-aeetyl-3-(1-cyelohexeny|)-5-ferrocenyl-2-pyrazo{ine (6), 
and l-aeetyl-5- ferrocenyt-3-(3-ferrocenylmethy|ene- 1-cyclo- 
hexenyl)-2-pyrazoline (7) were synthesized according Io stan- 
dard procedures 5-6 from ketones 8, 9. and 10, respectively, and 
hydrazine hydrate in alcohol, The precipitates of l-unsubslituted 
pyrazolines :hat formed were filtered off, dried in vacuo over 
P4Oi0. and treated with acetic tmhydride. Compounds 5~7 
were isolated by column chromatography on AI20 3 (Brockmmm 
III) and purified by crystaltization from ethanol. Compounds 5 

and 6 were obtained as orange crystals. Compound 7 was 
obtained as a brown powder. 

3-Acetyl-4,8-diferrocen)'l-  10 ,12-dioxo-I  l-phenyl-  
i.2,3,9,1 l-pentaazatricyclo[7.3.0.02"6]dodec-6-ene (1 !). A mix- 
ture of acetylpyrazoline 5 (0.5 g, 0.001 tool) and imide 4 
~0.175 g. 0.001 tool) in toluene (50 roLl was refluxed with 
stirring until the color of the solution changed from bright-red 
to yellow (-3 h). The solvent was evaporated in vacuo and the 
residue was chromatogn~phed on AI203 (chloroform as the 
eluent). Adduct 11 was obtained as a yellow powder in a yield of 
0.49 g, 

Reactions of ace~ipyrazolines 6 and 7 with imide 4. I mide 4 
{O:-175 g)was-added with stirring to a solution of pyrazoline 6 or 
7 (0.001 moll in acetone at 20 ~ The reaction mixture was 
stirred at the same temperature for I h. Then the solvent was 
distilled off in voct~o and the residue was chromatographed 
on At203 (benzene as the etuent) l-Acetyl-3-[l-cyclohexenyl- 
6-(2,5-dioxo-l-phenyl-2,3,4,5-tetrahydro- 1,3,4-triazol-3-y|)]- 
5-ferrocenyl-2-pyrazoline (121 was obtained as a yellow powder 
in a yield of 0.42 g. l-Acety|-S-ferrocenyl-3-[3-ferrocenyl- 
(2,5-dioxo- l -phenyt-2,3,4,5-tetrahdyro- 1,3,4-triazol-3-yl)- 
methylcyclohexa-l,3-dienyl]-2-pyrlzoline (14) was obtained as 
orange crystals in a yield o10.51 g, 

The characteristics of the resul ting compounds are given in 
Table I. 
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