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Germany 

A b s t r a c t . Nineteen ethyl 2-aroyl- Q a - l j i ) and ethyl 2-arylcarbamoyl-4, 5 -d ime thy l - l , 2, 3, 6- te t rahydropyridazine-1-
carboxylates (2a - 2k) were synthesized and their FTIR spectra in CCI4 and CHCI 3 were measured in the regions of 
C = 0 , C=C and N-H stretching vibrations. The wave numbers of the C = 0 and N-H stretching vibrations as well as the 
integrated intensities of the N-H stretching absorption bands exhibit significant linear correlat ions with H a m m e n σ 
substituent constants. In the series 2 the substituent effects are transmitted to the esteric C = 0 group comparably or even 
more readily as to the nearest carbamoyl C = 0 groups. The analysis of the effects of the substituents, solvents and 
temperature as well as the results of P M 3 calculations show that such an eff icient transmission is possible when the 
molecules exist in a conformat ion possessing a quasiplanar arrangement of the ( 0 ) C - N - N - C ( 0 ) - N ( H ) - C , , H 4 X system of 
five σ-bonds . 

I n t r o d u c t i o n 

Reaction of azo compounds with 1, 3-butadiene leads in a [4 + 2] cycloadit ion to te t rahydropyridazines (1). A lot of 

such syntheses are described in the literature but there are only a few using unsymmetr ical ly substituted azo compounds 

(2 - 4). In an one - pot - reaction ethyl 2-aroyl or ethyl 2-ary lcarbamoylhydraz ino- l -carboxyIa tes (5 - 7) are oxidized 

with lead (IV) acetate yielding non - isolated azo compounds which smoothly react with 2, 3 -d imethy l - l , 3-butadiene 

giving ethyl 2-aroyl- Q a - J_h) and ethyl 2-arylcarbamoyl-4, 5 -d imethy l - l , 2, 3, 6- te t rahydropvridazine-1-carboxylates 

(2a - 2k) used in this study (see Scheme I). 

Compounds J_ and 2 represent interesting systems containing conformat ional ly and tautomerically flexible fragments 

attached to both nitrogen atoms of the tetrahydropyridazine ring, which itself could be conformational ly flexible (8. 9). 

Neither the structural nor IR the spectral properties of such an extraordinary structural grouping have been reported so 

The aim of the present work was therefore to study the FTIR spectra of compounds J_ and 2 in CC14 and CHCI-, in 

the regions of C = 0 , C=C and N-H stretching vibrations and to compare the results with those of PM3 structural 

calculations. 
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Results and Discussion 

The FT1R data of compounds \ and 2 measured at room temperature in CCI4 and CHCI 3 are listed in Tables 1 and 2. 

T a b l e I. Wave Numbers of Stretchina. Vibrations (in cm'1) for Series of Compounds 
Compound Solvent v(C=OV v ( C = o r v(C=C) 

I i i CCI4 1663.6 (54.7) 1723.7 (41.3) 1691 .6(3 .1 ) 
CHC13 1648.9 1716.0 1690.1 

JJz CCI4 1663.3 (33.4) 1726.5 (31.6) 1691.7 (5.9) 
CHCI3 1651.6 1716.2 1689.9 

l c CCI4 1667.0 (31.0) 1727.1 (32.7) 1692.1 (4.4) 
CHCI3 1653.9 1717.4 1689.9 

i d CCU 1668.0 (25.5) 1728.5 (30.4) 1692.2 (7.8) 
CHCI3 1655.2 1718.3 1690.9 

! e CCI4 1671.4 (32.5) 1729.6 (37.3) 1693.8 (5.3) 
CHCI3 1658.0 1719.8 1690.9 

If CCI4 1667.6 (25.0) 1728.9 (33.2) 1692.6 (8.6) 
CHCI3 1654.8 1719.5 1689.4 

i s CC14 1673.1 (31.9) 1731.7 (34.6) 1693.9 (6.4) 
CHCI3 1662.2 1722.1 1692.2 

l i l CC14 1672.3 (22.6) 1731 .7 (31 .2 ) 1693.3 (9.3) 
CHCI3 1660.8 1722.6 1691.4 

"Integrated intensities (1 mol"1 cm"2) are given in parentheses. 

The assignment of the absorption bands to v ( C = 0 ) ' , v ( C = 0 ) 2 and v (C=C) (see Scheme 1) in series \ is rather trivial. 

However , it should also be noted that the integrated intensities of the C = C stretching absorpt ion bands were much lower 

and the solvent effect (CC14/CHC13) was rather small compared to those of both C = 0 stretching absorption bands. In the 

series 2 the assignment of the v ( C = 0 ) 2 again was easy, however, to assign the bands v ( C = 0 ) ' and v (C=C) correctly we 

had to employ the analogy with the previously published IR spectral data for a series of N, N-dimethyl-N-arylureas as 

model compounds (10), the CCI4/CHC13 solvent effect as well as the comparison integrated intensity values. The wave 

numbers of the N-H stretching vibration for series 2 were similar to of aforement ioned N, N-dimethyl-N-arylureas ( I I ) . 

Table 2 shows also the effects of the temperature on the wave numbers of the characteristic stretching vibrations of 

parent compound 2e measured in CHCI3 . It is evident that the N-H stretching vibration exhibit in both wave numbers 

and integrated intensities only a small temperature effect. In the case of the C = 0 stretching vibration of the ester group 

( v ( C = 0 ) 2 ) the temperature effect is somewhat higher, "which is most probably connected with the conformational 

flexibility of the ethoxycarbonyl moiety. The observations mentioned above indicate that the occurrence of an 

intramolecular hydrogen bond between the N-H group and any electron - donating part of the molecule is improbable. 

The b C N M R spectra reveal (12) that compounds 2 do not undergo carbamoyl - iminohydroxy tautomeric changes and 

the rough structure of the molecules can be depicted as in Scheme 1. 

The transmission of the substituent effects in both series 1_ and 2 was assessed by using linear correlations with 

Hammett σ substituent constants (13). The results of the correlation analysis are given in Table 3. It is evident that for 

both series χ and 2 (in CC14 and CHCI 3 ) significant wave number - σ correlations were obtained. The data for 2-

substituted derivatives always exhibit more or less significant deviations from the straight lines and therefore were 

omitted from the correlations. The experimental v ( C = 0 ) and v(N-H) values for 2 -CH 3 derivative 2b are by 2 - 4 cm'1 

and 8 - 1 1 cm"1 higher than expected from the correlations, which indicates that the 2 - substituted benzene ring is more 

twisted out of the coplanarity of the structure involved in an efficient transmission of substitutent effects. On the other 

hand for the 2 - chloro derivative 2k quite an opposi te shift is observed in the v(N-l l) wave numbers with regard 
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T a b l e 2. Wave Numbers of Stretching Vibrations (in cm"') for Serries Compounds 

Heterocyclic Communications 

Comp. Solvent v ( C = 0 ) ' v ( C = 0 ) : v(C=C) v(N-H) 
2a CCI4 1700.6 (30.2) 1732.5 (31.6) 1687.2 (16.4) 3426.4 (5.3) 

CHC1-, 1674.1 1724.8 1692.3 3420.2 
2b CCI4 1701.9 (36.0) 1733.3 (30.1) 1688.3 (13.4) 3437.1 (5.2) 

CHCI-, 1676.7 1725.3 1694.5 3429.7 
2c CCU 1700.7(28.0) 1732.5 (33.2) 1687.4 (17.7) 3426.1 (5.31 

CHCIj 1674.2 1724.9 1692.2 3420.2 
2d CCI4 1701.2 (29.1) 1733.0 (27.6) 1686.4 (16.8) 3424.8 (5.4) 

c h c i 3 1675.9 1724.8 1694.2 3418.9 
CCI4 1701.3 (30.4) 1733.0 (26.2) 1686.3 (18.6) 3424.8 (5.4) 
CHCI3 1676.9b 1725.0C 1694.4d 3418.6 s 

2f CCI4 1702.2 (36.2) 1735.3 (23.1) 1686.8 (25.6) 3422.9 (5.9) 
CHCI3 1677.3 1727.3 1694.1 3417.3 

2g CCI4 1702.0 (39.0) 1735.6 (27.0) 1687.5 (7.2) 3422.6 (5.8) 
CHCI3 1677.0 1727.2 1693.8 3416.7 

2b CCI4 1703.7 (33.4) 1737.5 (30.6) 1687.9 (8.8) 3420.1 (5.9) 
CHCI3 1677.8 1728.7 1695.6 3414.5 

2i CCI4 1698.4 (22.5) 1730.8 (30.8) 1685.1 (26.7) 3427.7 (5.0) 
CHCI3 1673.4 1724.3 1692.9 3422.0 

2 i CCI4 1707.4 (25.8) 1740.4 (27.7) 1690.2 (13.9) 3413.5 (6.9) 
CHCI3 1681.1 1732.5 1699.4 3407.6 

2k CCI4 1703.0 (36.3) 1736.1 (33.8) 1687.0 (11.6) 3400.3 (5.9) 
CHCN 1678.6 1729.0 1695.9 3397.8 

'Integrated intensities (I mol"1 cm"") are given in parentheses. 1670.8 at -50 °C, 1678.3 at 68 °C. CI714.8 at -50 °C. 
1 7 2 7 3 at 68 ° C . d 1690.0 at -50 °C, 1695.3 at 68 ° C . c 3473.8 at -44 °C, 3420.0 at 68 °C. 

- N . (2) 
X O O C 2 H 5 

l a - l h 
X : l a - 4-OCHj. l b - 4-CH3, l c - H, _ld - 4-F, le - 2-F, i f . - 4-CI. i g - 3-NO :, i h - 4-NO; 

2a - 4-CH;. 2b - 2-CH3. 2c - 4-C :H5, 2d - 3-CH ;, 2e - H, 2f - 4-CI. 2g - 4-Br, 2h - 3-C1. 2i - 4-OCH3, 2i - 4-NO :. 2k - 2-C1 

(2) 

C O O C 2 H 5 

2a - 2 k 

Scheme 1 

to the v(N-H) vs. σ correlation straight line, i.e. the v(N-H) values are by 16 - 17 cm"1 lower. This effect can be 

reasonably explained by intramolecular hydrogen bond between the N-H group and CI atom. Similar examples of such a 

behaviour of 2-CI derivatives were recently reported (14). Comparing the slopes ρ of the linear correlations (y = ρσ - q) 

in Table 3 we can conclude that in the case of se r ies ! an usual transmission efficiency of substituent effects can be 

observed to the C = 0 ' group, i.e. similar to that previously published for substituted N, N-dimethylbenzamides Π5) . 

However, when going to series 2 it can be asserted that the substitutent effects are transmitted to the esteric C = 0 group 

comparatively or even more efficiently as to the closer carbamoyl C = 0 group. This phenomenon suggests that 

compounds 2 must exist in a quasiplanar conformation of the bonds involved in the rut of the transmission of electronic 

effects to the more removed C = 0 group. It can also be stated that for the series 1 and 2 only the logarithm of the 

integrated intensities of the N-H stretching absorption bands ( logA(N-H)) of series 2 in CC14 show quite a satisfactory 

correlation with σ substituent constants. Comparing the ρ constants for series 1 and 2 (see Table 3) the J a f f e s 

iransmissive factor for NH group can be determined : π ' (ΝΗ) = p ( C = 0 ) 2 / p ( C = 0 ) ' . The value of π ' ( Ν Η ; = 0.91 has 

been calculated for data in CCI4 and π ' (ΝΗ) = 0.70 for those in CHCI3 . The values determined above are in a good 
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T a b l e 3. Cor re la t ion o f In f ra red Spect ra l Data with H a m m e t t σ Subs t i tuent Cons t an t s for Ser ies o f C o m p o u n d i and 2 

Ser ies V So lven t η r s F Ρ q 
i v ( C = 0 ) ' CCI 4 7 0 .967 0 .93 72 7 . 8 8 ± 0 . 9 2 1666.8 
i v ( C = 0 ) : C C U 7 0 . 9 8 9 0 .39 2 2 4 5 . 7 6 ± 0 . 3 8 1727.5 
i v ( C = 0 ) ' CHCI3 7 0 .972 1.29 87 11.21 + 1.20 1653.2 
I v ( C = 0 ) : CHCI3 7 0 .995 0 .29 500 6 . 4 5 ± 0 . 2 9 1717.6 
2 v ( C = 0 ) ' CC14 9 0 .966 0 .69 97 7 .20+0 .73 1701.2 
2 v ( C = 0 ) : CCL, 9 0 .993 0 .37 510 8 . 8 9 ± 0 . 3 9 1733.5 
2 v ( C = 0 ) ' CHCI3 9 0 .982 0 .54 189 7 . 8 5 ± 0 . 5 7 1725.7 
2 nc=o): CHC1 3 9 0 .966 0 .65 98 6 . 8 3 ± 0 . 6 9 1675.7 
2 v ( N - H ) CCU 9 0 .983 0 .84 2 0 0 - 1 2 . 6 3 ± 0 . 8 9 3 4 2 4 . 6 
•> v(N-H) CHCI3 9 0 .978 0 .96 152 - 1 2 . 4 5 + 1 . 0 1 3418 .7 
2 l o g A ( N - H ) " CCI4 9 0 . 9 1 9 0 .02 38 0 . 1 1 5 ± 0 . 0 1 9 0 .737 

a g r e e m e n t with those pub l i shed ear l ier (15) and show a s igni f icant so lvent e f fec t (CC14 / CHC13) due to the 

in te rmolecu la r hydrogen b o n d be tween the lone e lec t ron pair at the ni t rogen a tom of the N H g roup and the hydrogen 

a tom of the C H C I 3 molecu les . 

T o s tudy the pre fe ren t ia l c o n f o r m a t i o n o f c o m p o u n d s 2 and expla in the e f f ic ien t t ransmiss ion o f subst i tuent effect 

f rom the subs t i tu ted b e n z e n e r ing to the ester ic ca rbonyl g r o u p P M 3 values w e r e calcula ted with s tandard 

pa ramet r i za t ion (16) . The g e o m e t r y w a s comple te ly op t imised . Cons ide r ing the mutual or ienta t ion o f the C = 0 bonds 

and the N - H bond four op t imi sed c o n f o r m a t i o n s A - D can be ob ta ined for the paren t molecu le 2e (see Scheme 2). 

.CeHs 

Y 
/ 
\ 

,C6H5 

y 
CL 

.C6H5 ,C6H5 

V 
A Β 

T h e d ihedra l ang le γ is indicated by terminal b o n d s marked by th ick lines. 
S c h e m e 2 

The op t imised geome t ry s h o w e d that the t e t rahydropyr idaz ine r ing has a semi - chai r con fo rma t ion which is in an 

ag reemen t with ear l ier r epor ted results (8, 9). The theoret ical P M 3 data ( bond o rde r s and charge densi t ies) for 

c o n f o r m a t i o n A of c o m p o u n d s 2 are listed in Tab l e 4. T h e statistical t rea tment o f l inear corre la t ions (y = px - q) 

be tween the IR charac ter i s t ics and P M 3 data o f con fo rma t ion A for c o m p o u n d s 2 is g iven in Tab le 5. The remaining 

P M 3 data for c o n f o r m a t i o n s Β - D and a lso the corre la t ions of IR spectral character is t ics with these data are missing in 

this paper , because the latter cor re la t ions are statist ically uns igni f icant . Consequen t ly , the p re fe rence of the 

c o n f o r m a t i o n s Β - D is ra ther improbable . On the o ther hand, all IR spectra l charac ter i s t ics for confo rmat ion A exhibit 

very conv inc ing statist ical resul ts in corre la t ions with P M 3 data (see Tab l e 5). Th is indicates that the confo rmat ion A is 

the preferent ia l one. In all cor re la t ions only the data for both 3- and 4- subst i tuted c o m p o u n d s were employed , for the 

s imilar reason as in the v ( C = 0 ) vs. σ and v ( N - H ) vs. σ dependences . A ques t ion could be arisen why the conformat ion 

A is the most a d v a n t a g e o u s one . The se lec ted P M 3 geometr ica l and the rmodynamica l pa ramete r s of four considered 

c o n f o r m a t i o n s A - D of c o m p o u n d 2e obta ined f rom opt imised geomet ry were a lso ca l cu la t ed .The ΔΗ, values indicate 
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Table 4. PM3 Atomic Charge Densities and Bond Orders for C = 0 ' . C=0" and N-H of Conformation A for Series 2 

Compound -q(O)1 P (C=0) ' -q(OV P ( C = 0 ) : q(H) p(N-H) 
2a 0.379 1.7634 0.387 1.7749 0.079 0.9582 

0.373 1.7728 0.384 1.7783 0.084 0.9553 
0.378 1.7641 0.387 1.7749 0.079 0.9582 

Μ 0.377 1.7652 0.386 1.7752 0.080 0.9580 
2e 0.378 1.7639 0.386 1.7751 0.080 0.9581 
2f 0.377 1.7649 0.385 1.7764 0.081 0.9580 
12 0.377 1.7641 0.384 1.7768 0.081 0.9575 
2h 0.377 1.7648 0.385 1.7767 0.082 0.9577 
2i 0.380 1.7618 0.387 1.7748 0.078 0.9585 
21 0.372 1.7675 0.379 1.7817 0.087 0.9556 
2k 0.378 1.7639 0.385 1.7758 0.088 0.9522 

Table 5. Correlation of Infrared Spectral Data with Theoretical Parameters of Conformation A for Series o f 2 
V X Solvent r s F Ρ q 

v(C=0) ' q(O)1 CCI4 0.964 0.71 93 1136.81 ± 117.86 2130.90 
v(C=0) ' p(C=0) ' CHCI, 0.868 1.26 21 1348.141291.41 -702.26 
v(C=0) ' q(O)1 CHCI3 0.911 1.05 34 1018.79tl74.62 2060.83 
v(C=0) 2 p(C=0) 2 CCU 0.920 1.25 39 1252.15+200.90 -489.66 
v(C=0) 2 q(0)2 CCU 0.925 1.22 42 1194.75±185.30 2194.49 
v(C=0) 2 P (C=0) 2 CHCI3 0.967 0.72 102 1175.06±116.28 -360.63 
v(C=0) 2 q(0)2 CHCI3 0.970 0.70 112 1118.62±105.91 2157.28 
v(N-H) p(N-H) CCU 0.952 1.41 68 4865.16±590.57 -1236.44 
v(N-H) q(H) CCU 0.984 0.81 220 -1741.98±117.45 3563.69 
v(N-H) P(N-H) CHCIj 0.960 1.27 83 4861.90±533.48 -1239.20 
v(N-H) q(H) CHCI3 0.987 0.74 259 - Ϊ 729.91 ±107.84 3556.84 

that there are no significant differences between the stabilities of conformers A - D (5 kJ mol"1). The interatomic 

distances (0.378 - 0.602 nm) between the oxygen atom of the esteric C = 0 group and the hydrogen atom of the N-H 

group show that no intramolecular hydrogen bond can be formed in conformations A - D. which is consistent with 

results of IR spectral temperature experiments discussed above. Finally, the dihedral angle y between the planes of the 

(O)C-N and N(H)-C5H5 bonds was selected as a measure of coplanaritv in the system of five σ-bonds : (O)C-N-N-C(O)-

N(H)-C6H5. The value of γ calculated for A was 28°, for Β 36°, for C 4 7 ° and for D 80°, reveals that the conformation A 

has the most planar arrangement of σ-bonds in the aforementioned system, which is in accordance with the efficient 

transmission of substituent effects to the esteric group assessed by [R spectral data. 

Experimental 

Compounds of series i and 2 were synthesised by using the following general procedure: A solution of lead (IV) 

acetate (25 mmol) in CH2CI2 (50 cm'') was added to a stirred and cooled (ice - water) suspension of corresponding ethyl 

2-aroyl- or ethyl 2-arvlcarbamoylhydrazine-l-carboxylate (25 mmol) in CH2CI : (100 - 200 cm') and 2, 3-dimethyl-1. 3-

butadiene (25 mmol). After 2h, stirring is continued at room temperature until the yellow or orange - red colour 

disappeared (4 - 24 h). The solid formed is collected by filtration and the solvent washed with water. 0.1 Ν NuOH and 

0.1 Ν HNO> After drying with Na2S04 the solvent is removed and the residue crystallized from ethanol, ethanol· water 

or ethanol/n-hexane. The melting points (UC) / yields (%)of newly prepared compounds are : _[a - 101 -104/68. J_b - 121-

124 78. h; - 64-66/36. UJ - 104-106.5/56, ] e - 101-104/41, J_f - 124-127/31, I » - 88-91.5/24, I h - 105-108.5,45, 2a -
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145-147/50 , 2 b - 107-109 /77 , 2c - 129-131 .5 /57 , 2d - 103-105/82 , 2e - 146-148 .5 /89 , 2 f - 169-171/61 , 2° - 170-175/57. 

2li - 144-151/56 , 2i - 133-135/72 , 2 [ - 191-194/52 , 2k 55 -65 /76 . The c o m p o s i t i o n s o f the c o m p o u n d s were in 

sa t i s fac tory a g r e e m e n t with the results o f e lementa l analysis (C . Η. N, CI, Br). T h e rough s t ructures o f subs tances were 

c o n f i r m e d us ing 'l-l N M R , 15C N M R and M S spect ra (12) . 

T h e FTIR spec t ra were measu red on a Bruker IFS25 spec t rome te r at r oom t empera tu re using N a C l cells ot 0.5 and 

3.2 mm thickness . T h e concen t r a t i ons o f so lu t ions var ied in the range o f 1 - 5 m g c m ' 1 in both so lvents CC14 and CHCI-, 

(Uvaso l . Merck) . Peak pos i t ions were de t e rmined with an accuracy of ±0.1 cm"1 a f t e r deconvo lu t ion and separat ion of 

absorp t ion bands in the region of C = 0 and C = C vibrat ions . T h e band pos i t ions w e r e fitted using Lorenz -Gauss ian sum 

funct ions . The integrals o f the separa ted curves were taken as a measu re for the concen t ra t ion . T h e spec t r a o f parent 

c o m p o u n d 2e were measu red at d i f fe ren t t empera tu res using a s tandard low t empera tu re equ ipmen t and 1.0 mm thick 

cells . 
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