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Abstract 

The unsaturated compounds 1,2-dicarbethoxy-1,2,3,6-tetrahydropyridazine 1 and 1,2-dicarbethoxy-1,2,3,4_tetrahydropyridazine 2 
have been hydroformylated and hydrocarbethoxylated in the presence of some well known cobalt, rhodium, palladium and 
platinum catalysts. The hydroformylation reaction can be tuned by a suitable choice of the catalyst precursor and reaction 
conditions, thus allowing the synthesis with high selectivity of one of the two possible isomeric aldehydes. The carbonylation 
reaction is less synthetically useful, since it shows low activity and unsatisfactory chemo- and regio-selectivity. However, the ester 
1,2,4-tricarbethoxyhexahydropyridazine 10 can be prepared in good yield from olefm 1 by using the complex [PdCI,(PPh,),] as the 
catalyst precursor. 

1. Introduction 

Much attention is currently devoted to hydroformy- 
lation and related reactions of functionalized olefins 
for the preparation of valuable organic intermediates 
WI. 

In the present paper we report the results obtained 
in the hydroformylation and hydrocarbethoxylation of 
the title compounds carried out in the presence of 
various catalyst precursors in order to produce with the 
highest yield, each of the possible aldehyde or ester 
reaction products. 

Although compound 1 is easily obtained by the 
cycloaddition of butadiene to diethyl azodicarboxylate 
[3], we synthesised 2 via the selective isomerization of 
the pyridazine 1 catalyzed by [RuCl,(PPh,),] [4]. 
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2. Results 

The metal complexes employed as catalytic precur- 
sors are chosen from the derivatives of cobalt, rhodium, 
ruthenium, or platinum commonly used in hydroformy- 
lations and likely to be applied in the semi-industrial 
scale processes [5,6]. 

The results obtained in the hydrofoinrylation of the 
substrates 1 and 2 are collected in Tables 1 and 2 
respectively; the products formed in the reaction are 
depicted in Scheme 1. 

The reaction produces the desired aldehydes 3 and 
4. However, there is simultaneous formation of by- 
products such as those deriving from hydrogenation of 
the substrate and the aldehydes (compounds 5,6 and 7, 
respectively) or such as the formates (8 and 9). 

In the hydroformylation of substrate 1 (Table 1) the 
rhodium-based catalysts give the highest selectivity to- 
wards aldehyde formation even at high conversion. In 

8 1993 - Elsevier Sequoia S.A. All rights reserved 



230 G. Menchi et al. / Hydroformylation and hydrocarbethoxylati of tetrahydropyridazines 

TABLE 1. Hydroformylation of l,Zdicarbethoxy-1,2,3,6-tetrahydropyridazine in the presence of various catalyst precursors: substrate 8.7 mmol; 
benzene 20 ml; P(CO) = P(H,) 50 atm at 20°C 

Catalyst precursor Mmoles x 10m3 T Time Conv. Product composition (%) Atdehyde composition (%) 
(‘?I (h) (s/o) 5 3+4 6+7 t3+9 3 4 

lcQ,(CO),l 585 100 6 60.2 8.6 79.1 5.3 7.0 52.5 47.5 
[RhHCO@Ph,),l 100 80 27 60.8 10.7 85.7 0.3 3.3 99.0 1.0 
[(Rh(COD)Cl}&Bipy a 9/18 80 20 94.7 - 100 - 100 
H$h~o~~~21/Biw a 310 9/18 120 150 24 5 100 94.6 77.0 - 99.4 10.2 0.6 - 12.8 - 93.9 6.1 

[Pt?lz(PPfizsI,l/SnC1, 100/500 80 8 1.0 - 100 - _ 100 100 
[PtCl,(PPh,),]/SnCl, 100/500 100 45 19.1 - 93.2 - 6.8 100 

a COD: 1Jqclooctadiene; Bipy: 2,2’-bipyridine. 

particular, at 80°C the system [{Rh(COD)CI),]/Bipy 
[7,81 gives aldehyde 3 with complete chemo- and re- 
gioselectivity. The activity of this system can be im- 
proved by raising the reaction temperature to 120°C 
without loss of chemoselectivity, but at the expense of 
the regioselectivity. 

The cobalt catalyst displays unsatisfactory chemo- 
and regioselectivity, whereas the [PtCl,(PPh,),l/ SnCl, 
system is hardly active even if highly regioselective. 
Among all the catalyst precursors tested, triruthenium 
dodecacarbonyl exhibits the highest hydrogenating ac- 
tivity, producing large amounts of the saturated com- 
pound 5. 

Generally the olefin 2 is less reactive towards hydro- 
formylation than its isomer 1 (Table 2). Only the cobalt 
catalyst displays a satisfactory activity (100% conver- 
sion in 6 h) producing the aldehyde 4 with acceptable 
chemo- and regioselectivity. 

Rhodium complexes display lower activities and re- 
gioselectivities, even if they give complete chemoselec- 
tivities. An increase of the reaction temperature to 
120°C maintains total chemoselectivity, but the regiose- 
lectivity falls (aldehyde 3 : aldehyde 4 = 1: 1). Also with 
this substrate, the ruthenium catalyst gives almost 
quantitatively the hydrogenation product 5, while the 
platinum system is practically inactive under the condi- 
tions tested. 

It is worthy of note that in all the hydroformylation 
experiments reported in Tables 1 and 2 the unreacted 
substrate was recovered unchanged at the end of the 
reaction. 

The results obtained in the hydrocarbethoxylation of 
substrates 1 and 2 are collected in Tables 3 and 4 
respectively. The products formed are depicted in 
Scheme 2. 

The data indicate that the hydrocarbethoxylation of 
this type of substrate is unsatisfactory. In most cases 
not only is the catalytic activity of the complexes very 
low, but the chemoselectivity is too low for practical 
purposes. In fact, besides the expected esters 10 and 

11, substantial amounts of the ether 12 and dimer 13 
are formed. 

Only the palladium-based catalyst is able to convert 
the olefin 1 into the desired ester 10 with acceptable 
chemoselectivity and high regioselectivity (Table 3). 

Among the catalytic systems used, [Co,(CO),] af- 
fords ether 12 as the main product, whereas [Ru,- 
(CO),,] and th e r o mm complex promote the exten- h d’ 
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TABLE 2. Hydroformylation of 1,2-dicarbethozy-1,2,3,4-tetrahydropyridazine in the presence of various catalyst precursors: substrate 8.7 mmol; 
benzene 20 ml; P(CO) = P(H,) 50 atm at 20°C 

Catalyst precursor Mmoles X 10e3 T Time Conv. Product composition (%) Aldehyde composition (%I 
(“C) (h) (%Ig) 5 3+4 6+7 8+9 3 4 

[co,(co),l 585 100 6 100 13.2 75.3 7.7 3.8 14.3 85.7 
[RhHCO(PPh,),] 100 80 70 11.2 - 100 - - 34.0 66.0 
[{Rh(COD)Cl~zl/Bipy a 9/18 80 20 41.8 - 100 - - 23.0 77.0 
NRh(COD)cl~J/Bipy a 9/18 120 5 68.4 - 100 - - 49.8 50.2 
[Ru,(CO),,l 310 150 24 100 96.6 3.4 - - 47.1 52.9 
[PtCl,(PPh,),l/XnCl 100/500 100 45 1.0 - 100 - - - 100 

a COD: 1,Sqclooctadiene; Bipy: 2,2’-bipyridine. 

sive isomerization of the substrate to the olefin 2, 
which does not react further. Moreover, both platinum 
catalytic precursors show a quite unsatisfactory activity. 

Surprisingly, the substrate 2 (under hydroesterifica- 
tion conditions) is converted, in the presence of all the 
catalytic precursors into the ethyl ether 12 as the main 
product (Table 4). The catalytic systems that show 
hydroesterificating ability, even if in very small extent, 
are [Co,(CO>,l, [(Rh(COD)Cl],]/Bipy and [PdCl,- 

(PPh,),] (6%, 11% and 6% total esters yield respec- 
tively). Only with the cobalt catalyst is there a fairly 
good regioselectivity towards the formation of ester 10. 
[PdCl,(PPh,),] displays a slight preference for hy- 
droesterification in the cy-position with respect to the 
nitrogen atom, while with the rhodium complex regio- 
selectivity is negligible. 

Finally, it should be mentioned that the palladium- 
based catalytic system disclosed by Alper et al. [9], 

TABLE 3. Hydrocarbethoxylation of 1,2-dicarbethozy-1,2,3,6_tetrahydropyridazine in the presence of various catalyst precursors: substrate 8.7 
mmol; substrate/catalyst precursor SO/l; benzene 20 ml; ethyl alcohol 2 ml; P(CO) 100 atm at 20°C; reaction time 89 h 

Catalyst precursor 
&I 

Conv. Product composition (%o) Ester composition (%) 
(%o) 2 12 10+11 13 10 11 

[PdCl,(PPh,),l 100 88.1 6.4 8.4 82.4 2.8 98.8 1.2 
[PtClz(PPh3)J/SnClz 100 3.6 - 3.6 - 100 
NPtCl(PPh3)J/SnCl, 100 61.0 61.0 91.8 3.9 0.8 100 
Ko,tco),l= 150 99.3 19.5 68.6 11.9 100 
[Ru,(CO),,l a 150 18.7 95.7 4.3 100 
[(Rh(COD)Cl),l/Bipy b 150 82.7 84.4 2.1 13.5 - 100 

a PtCO) = 160 atm at 20°C; b COD: 1,5-cyclooctadiene; Bipy: 2,2’-bipyridine. 

TABLE 4. Hydrocarbethozylation of 1,2-dicarbethoxy-1,2,3,4_tetrahydropyridazine in the presence of various catalyst precursors: substrate 8.7 
mmol; substrate/catalyst precursor SO/l; benzene 20 ml; ethyl alcohol 2 ml; P(CO) 100 atm at 20°C; reaction time 89 h 

Catalyst precursor 
FCC, 

Conv. Product composition (%) Ester composition (o/o) 
(o/o) 12 10+11 13 10 11 

[PdCl,G’Ph,),l a 100 89.2 96.7 3.3 - 27.3 72.7 
[PdCl,(PPh,),l 100 83.2 92.7 5.7 1.6 38.6 61.4 
[HPtCl(PPh,),]/SnCl, b 100 87.7 98.4 0.7 0.9 14.3 85.7 
[HPtCl(PPh,),l/SnCl, 100 64.5 95.5 1.1 3.4 18.2 81.8 
Ko,(co)sl c 150 88.5 87.6 12.4 - 88.7 11.3 
[Ru,(CO),,l = 150 8.1 98.8 1.2 - 100 - 
[{Rh(COD)Cl}al/Bipy d 150 47.8 87.3 12.7 45.7 54.3 

a Substrate/catalyst precursor = 200/l, reaction time 215 h; b substrate/catalyst precursor = 200/l, reaction time 184 h; ’ P(C0) = 160 atm 
at 20°C; d COD: 1,Sqclooctadiene. 



232 G. Menchi et al. / Hydrofomylation and hydrocarbethqkztion of tetrahydropyridazine 

c NCOOEt 
NCOOEt 

1 

I CO, EtOH 
cat 

Fig. 1. 

C NCOOEt OEt 

\ NCOOEt 

2 

r- NCOOEt f‘NCOOEt 

EtOOC& 
NCOOEt 

\f 
NCOOEt 

10 COOEt 

11 

Scheme 2. 

which proved to be extremely efficient in the carbonyl- 
ation of various olefinic substrates, is not able to pro- 
duce any carbonylated product from olefin 1 or olefin 
2. 

3. Discussion 

The results obtained in the hydroformylation experi- 
ments carried out on pyridazine derivatives 1 and 2 
present some peculiar features and deserve some com- 
ments. 

As far as the catalytic activity is concerned, in the 
hydroformylation of both substrates, the cobalt and 
rhodium complexes are much more active than the 
platinum system. This fact can be rationalised in the 
following way; the substrate containing the strong donor 
amido-group NCOOC,H, can compete with SnCl, for 
coordination to the metal [lo] thus lowering the overall 
activity [ll]. In the presence of rhodium and platinum 
catalysts effectively only the aldehyde 3 is produced 
from the olefin 1, showing that no substrate isomeriza- 
tion takes place. On the contrary, using the cobalt 
catalyst both aldehydes 3 and 4 have been obtained, 
even if the isomerized olefin 2 is never detected in the 
reaction mixture. However, it is well known that cobalt 
carbonyl complexes under high CO pressure usually 
isomerize without release of the olefin [12]. 

The olefin 2 is also less reactive towards hydro- 
formylation in the presence of rhodium catalysts: this 
can result from steric and/or electronic factors that 
inhibit the coordination of the carbon-carbon double 
bond to the metal [13]. 

This behaviour is in contrast with that displayed by 
related cyclic enamides such as N-acyl-Zpyrrolines that 
are very reactive substrates for rhodium-catalyzed hy- 
droformylation [14]. This difference can be ascribed to 
minor ring-strain in our six-membered enamide 2, and 
to the fact that the EtOOCN-NCOOEt moiety is a 
strong electron-withdrawing system, lowering the elec- 
tron density of the olefinic linkage. 

The regiochemistry favouring the aldehyde 4 proba- 
bly results from a directive effect of the nearest 
NCOOEt group on the rhodium catalyst, involving a 
cyclic five-membered a-alkyl intermediate (Fig. 11, as 
has been suggested for a closely related system [15]. 

Moreover, the corresponding a-acyl intermediate 
could be stabilized by the formation of a six-membered 
cycle (Fig. 2). 

In the presence of the classical palladium carbonyla- 
tion catalyst, only the pyridazine derivative 1 exhibits 
an acceptable reactivity in the hydrocarbethoxylation 
reaction (Tables 3 and 4). 

The unsatisfactory chemoselectivity results from the 
formation of the isomerized unreactive olefin 2, of 
ethyl ether 12, and of a high boiling compound (13) 
that was identified as a dimerization product of the 
substrate. In particular, using [Cc,(COl,l, the ether 12 
that is formed by the regioselective acid-catalysed addi- 

OEt 
/ 

Fig. 2. 
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inversion): 13.88 (4C, CH,); 19.08 UC, NCH=CCH,); 
23.04 (broad, 2C, NCHCH,CH,CH,N); 42.3-43.2 
(broad, 2C, two NCH,); 55.07-55.76 (broad, lC, 
NNCH(C=CHNH)CH,CH,CH,); 61.36 91C, one 
NCOOCH,); 61.98 (3C, three NCOOCH,), 115.31 
(lC, NCH=C(CHNNCH$H,CH,)CH,); 121.35 (lC, 
NCH=C); 151.66 (lC, NCOOCH,CH,); 154.60 (lC, 
NCOOCHJH,); 155.57 (2C, two NCOOCH,CH,). 

GLC-mass spectrum showed peaks at m/e: 456 
(M)+, 411 (M - 0C2H5)+, 384 (M - CO, - CzHJ+, 
383 (M - COOC,H,)+, 367 (M - 89)+, 339 (M - 117 
or 384 - OC2H5)+, 311 (M - CO, - C,?H, - 
COOC2H5)+, 295 (367 - CO, - CzH4)+, 294 (339 - 
0C2H5)+, 282 (M - C,H,00CN=NCOOC,H5)+, 280 
$I1 C#OOCNHNHCOOC,H,)+, 267 (M - 72 - 

, 265 (M - 73 - 73 - 45)+, 236 (267 - 
CH,CH,)+, 223 (295 - CO, - C,H,)+, 208 (280 - 
CO, - C,H,)+, 207 (280 - COOC2H5)+, 195 (282 - 
87)+, 191(236 - OC,H,)+, 157 (229 - CO, - CzH4)+, 
149 (195 - C,H,OH)+, 135 (208 - COOC,H,)+, 117 
K,H,iN02)+, 111 (C,H,NO,)+. 
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