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The reaction of l-hydrazino-3,3-dimethyl-3,4--dihydroisoquinoline with ethyl aceto- 
acetate afforded ethyl 3-(3,3-.dimethyl-l,2,3,4-tetrahydroisoquinolylidenehydrazono)- 
2-oxobutanoatr The crystal structure of the title compound was established by X-ray 
diffraction analysis. 
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Derivatives of  3,3-dimethyl-3,4-dihydroisoquinoline 
and their metal complexes exhibit a broad spectrum of 
physiological activities, t,z In addition, pyrazol-5-one 
derivatives are widely used in medicine 3,4 and agricul- 
ture. s In this connection, it was of interest to synthesize 
and study the structure and properties of 3,3-dimethyl- 
3,4-dihydroisoquinoline, containing the pyrazolone ring 
at position 1. One of procedures for the synthesis of 
pyrazol-5-one derivatives involves the reaction of substi- 
tuted hydrazines with ethyl acetoaeetate (EAA). In this 
work, we studied the reaction of 1-hydrazino-3,3-di- 
methyl-3,4-dihydroisoquinoline with ethyl acetoacetate. 

Results and Discussion 

It is known that EAA reacts with substituted hydra- 
zines as a ketone to form pyrazol-5-one (Scheme 1). 6 
Therefore, the reaction of EAA with l-hydrazino- 
3,3-dimethyl-3,4-dihydroisoquinoline (I) (Scheme 2) 
would be expected to give the corresponding pyrazolone 
3 (pathway a). However, the results of elemental analy- 
sis (CITH21N303) were inconsistent with the expected 
composition of the product (C[sH~TN30), Besides, the 
IR spectrum of a polycrystalline ~;ample of the resulting 
compound had two bands with approximately equal 
intensities with maxima at 1735 and 1665 cm -I rather 
than one v(C=O) band typical of pyrazol-5-one deriva- 
tives. In addition, a narrow intense band with a maxi- 
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mum at 3335 cm -l was observed in the region of stretch- 
ing vibrations of NH and OH groups. This band should 
be absent in the spectrum of the CH isomer of the 
expected pyrazolone 3. This suggested that the reaction 
under study proceeded according to a scheme different 
from that assumed. 

With the aim of establishing the composition and 
structure of the reaction product, we prepared its single 
crystal and carried out X-ray diffraction study. 

It was established by X-ray analysis that the reaction 
of l-hydrazino-3,3-dimethyl-3,4-dihydroisoquinoline (1) 
with EAA afforded ethyl 3-(3,3-dimethyl-l,2,3,4-tetra- 
hydroisoquinolylidenehydrazono)-2-oxobutanoate (4). 
Consequently, the first stage of the reaction involves 
condensation to form product 2b, whose methylene 
group is oxidized to the carbonyl group in the second 
stage (see Scheme 2, pathway b). 
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As in the case of  other azine derivatives studied by us 
previously, viz., 3,3-dimethyl-3,4-dihydroisocarbostyryl 

azine (5) ./and the protonated form of 5 as its hydronitrate 
6, # the azine group in molecule 4 (Fig. 1) is in the cis 
position with respect to the endocyclic C ( I ) - - N ( I )  bond. 
The C( I ) - -N( I )  and N(2)--N(3) bonds are in a single 
plane (the N(I ) - -C( I ) - -N(2) - -N(3)  torsion angle is close 
to 0~ 

Compound 4 can exist in two tantomeric forms, viz., 
the azine (a) and hydrazinr 0b) forms. 

il 
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In crystals of  4, as in 5, the molecules exist in the 
azine form a. The hydrogen a tom is localized at the 
endocyclic N(I )  atom. However, the delocalization of 
the x-electron density over the C - - N  and N - - N  bonds 
in the tetrahydroisoquinolinoazine fragment (A) of  mol- 
ecule 4 is more substantial than that observed in mol- 
ecule 5 end is somewhat more pronounced than that 
in 6. Thus, the cndocyclic C ( I ) - - N ( I )  bond (1.333(2) A) 
in molecule 4 is nearly identical in length to the exocy- 
clic C(I)- -N(2)  bond (1.321(2) A); the difference (A) 
between their lengths is 0.012 A. In molecule 6, the 
corresponding C- -N bond lengths in fragment B arc 
1.330(3) and 1.312(3) A, respectively (A = 0.018 A). In 
molecule 5, the exocyclic C( I ) - -N(2)  bond (1.300(3) A) 
is substantially shorter than the endocyclic C ( I ) - - N ( I )  
bond (!.352(3) A, A = 0.052 A). 

/ o.> 

c(,2) - '  

' 0(3) 
Fig. I. Molecular structure of compound 4. 
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Delocalization of the x-electron density in molecule 
4 extends also to the N- -N  bond, which is shortened to 
1.369(2) A. in molecules 5 and 6, the N- -N  bond 
length is 1.410(2) and 1.396(3) A, respectively. On the 
whole, the N- -N bonds in molecules 4--6 are shorter 
than the standard single N - - N  bond (1.456 A). t As in 
molecule 5, the N atoms of the azine group in molecule 
4 arc sp2-hybridized. The C - - N - - N  angle at the N(2) 
atom (!12") is somewhat smaller than that at the N(3) 
atom (1 i 5"), while the C - - N - - N  angles at the N atoms 
of the azine group in molecule 5 are 111.5 ~ 

In fragment A of molecule 4, as in molecule 5, the 
strong N(I)--H. . .N(3)  intramolecular hydrogen bond 
occurs, through which the planar (to within :1:0.02 A) 
fivc-membered ring is formed. The geometric param- 
eters of  this hydrogen bond are as follows: N( I ) - -H ,  
0.84 A; N(I). . .N(3), 2.629 A; and H...N(3), 2.20 A. 
Due to the contracting effect of  the fivc-membered tin8, 
the angle at the hydrogen atom (104") is substantially 
smaller than the standard value. 

The C(12)--N(3) bond that links fragments A and B 
in molecule 4 is similar in length (1.299(2) A) to the 
double bond and is in the trans position with respect to 
the C(I)- -N(2)  bond (the C(I)--N(2)--N(3)--C(12) tor- 
sion angle is -174"). The N(2)N(3)C(12) and 
C(12)C(13)O(3) planes in fragment B are virtually par- 
allel to each other. The methyl group at the C(I 2) atom 
is located symmetrically with respect to the N(3) and 
C(13) atoms and is in the c/s position with respect to 
both the N(2)--N(3) bond and the catbonyl C(13)---O(3) 
group (the N(2) - -N(3) - -C(12) - -C(14)  and 0 (3 ) - -  
C(l  3)--C(12)--C(14) torsion angles are virtually identi- 
cal and are close to IP). The same is true for the O(1) 
and 0(2) atoms of the ester group. These atoms are also 
arranged symmetrically with respect to the C( 12)--C(I 3) 
bond. The O(1) and 0(2)  atoms deviate from the 
C(12)C(13)C(15) plane in opposite directions, the de- 
viations being approximately equal (-1.19 and +1.06 A). 
The C(12)C(13)O(3) and O(1)C(15)O(2) planes are 
nearly perpendicular to each other (the angle between 
these planes is 88*). The C- -C  bond lengths in fragment 
B are close to the standard value. The C=O bond 
lengths in two earbonyl groups (the O(2)--C(15)-- 
C(13)--O(3) torsion angle is -32.6 ~ also have standard 
values (C(12)--O(3), 1.211(2)A; and C(15)--O(2), 
1.201(2) A). One of the C- -O bonds, vi~., C(15)--O(1), 
in the ester group is substantially shorter (1.320(3) A) 

-. that. the .second bond, viz~., .C(-16)--O(1). (I-.466(3) A).. 
The configurations of the bonds about the C(12) and 
C(15) atoms are planar; the sums of the angles at these 
atoms are 360 ~ The bond angles, at the C(15) atom are 
substantially different: the C(13)--C(15)--O(!) angle 
has the smallest value (I 11 ~ and the O(1)--C(15)--O(2) 
angle is the largest (127~ On the whole, the conforma- 
tion of fragment B is governed by the requirements of 
the crystal packing of molecules 4 and the possibility of 
formation of an intermolecular hydrogen bond because 
this molecule contains the potential donor and acceptor 

centers, namely, the protonated N(I)  atom and the 
O atoms of the carbonyl groups. The intermolecular 
N(I)--H.. .O(2)" hydrogen bond ( -x ,  - y ,  -Z) exists 
between two molecules 4 related by an inversion center, 
as a result of which the crystal structure consists of 
centrosymmetric pseudodimers (Fig. 2). It should be 
noted that this hydrogen bond, judging from the geo- 
metric parameters ( N ( I ) - - H ,  0.84 A; O(2) ' . . .N( I ) ,  
3.073 A; O(2) ' . . .H, 2.34 A; the N( I ) - -H- -O(2 )  angle is 
146~ the H--O(2)--C(15") angle is 144"), is substan- 
tially weaker than the intramolecular N--H. . .N hydro- 
gen bond. In the dimer, the bifurcated hydrogen bonds 
form a trieyelic system, namely, the internal 12-mem- 
bered heterocycle fused with two five-membered rings. 

The tetrahydroisoquinoline fragment of  molecule 4 
is characterized by standard geometric parameters and 
adopts a conformation s i m i l a r  to those of  other 
tetrahydroisoquinoline derivatives studied by us previ- 
ously. Two adjacent atoms of the pyridine ring, viz., the 
N(I)  and C(9) atoms, as usually occurs, deviate from 
the plane passing through the six atoms of the benzene 
ring and the C(I)  and C(8) atoms attached to this ring 
(coplanar to within -t-0.02 A) in the same direction by 
0.263 and 0.770 A, respectively (the virtually identical 
deviations are observed in molecules S and 6:0.294 and 
0.751 A in 5 and 0.347 and 0.811 A in 6). The N atoms 
of the azine group deviate form this plane in the oppo- 
site direction (N(2) by --0.445 A and N(3) by -0.527 A). 
The folding angle between the C ( I ) - - C ( 8 )  and 
C(8)C(9)N(I)C(I)  planes is 28 ~ 

The above-considered results and the data ob- 
tained previously allow us to make the following conclu- 
sion about the pathway of the reaction under study. As 
in the ease of oxidation reported previously, -/the initial 
1-hydrazino-3,3-dimethyl- 3,4-dihydroisoquinoline reacts 
with EAA as hydrazone lb to give compound 2b (see 
Scheme 2, pathway b), which is stabilized through an 
intramolecular Ncycte--H...Nexocyr c hydrogen bond 
analogous to the N--H. . .N bond in the azine 3,3-di- 
methyl-3,4-dihydroisocarbostyryl.-/Apparently, the pres- 
ence of this bond that affects also the overall molecular 
conformation hinders elimination of an alcohol mol- 
ecule as a result of which the pyrazolone ring is not 
formed. The closure of the pyrazolone ring can occur 
only in the case of trans isomer 4 in which the N- -N 

7 

" . J 

Fig. 2. Ccntrosymmetric pseudodimer in the stnlcture os 4. 
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Table 1. Atomic coordinates (x104; for the H(N(I)) atom, 
• 103) and temperature factors (U~qX 103) in the structure of 4 

Atom x y Z Ueq/ A 2 

O(!) -536(2) -2550(2) 678(2) 81(1) 
0(2) 1288(2) -1399(2) 118(2) 77(1) 
0(3) 1990(2) -4225(2) 2364(2) 89(1) 
N(I) -3119(2) 1165(2) 2810(2) 48(1) 
N(2) -1570(2) -612(2) 4366(2) 47(1) 
N(3) -806(2) - 1187(2) 3239(2) 46(1) 
C(l) -2711(2) 565(2) 4055(2) 42(1) 
C(2) -3656(2) 1223(2) 5220(2) 48(1) 
C(3) -3119(3) 894(2) 6464(2) 61(1) 
C(4) -4030(3) 1453(3) 7562(3) 74(1) 
C(5) -5475(4) 2321(3) 7437(3) 79(1) 
C(6) -6019(3) 2668(3) 6212(3) 69(1) 
C(7) -5105(2) 2132(2) 5077(2) 51(1) 
C(8) -5631(2) 2463(2) 3723(2) 54(1) 
C(9) -4367(2) 2526(2) 2494(2) 49(1) 
CO0) -3840(3) 3899(2) 2251(3) 67(1) 
COl) -4878(3) 2518(3) 1199(2) 68(1) 
C(12) 24l(2) -2424(2) 3512(2) 48(1) 
C(13) 1008(2) -3060(2) 2324(2) 55(1) 
C(14) 664(3) -3214(3) 4908(2) 68(1) 
C(15) 588(3) --2202(2) 912(2) 57(I) 
C(16) -979(5) -1904(4) --696(3) 108(1) 
C(17) -931(4) -3047(4) -1324(4) 105(1) 
H(N(I)) -253(3) 83(3) 215(3) 60(6) 

bond in the azine group is in the (tans position with 
respect to the C - - N  bond of  isoquinoline, which, in 
turn, excludes the presence of  an intramolecular hydro- 
gen bond and makes possible the formation of  the 
pyrazolone ring. Apparently, the methylene group in 
compound 2h was oxidized to the carbonyl group by 
atmospheric oxygen because no other oxidizing agents 
were introduced into the reaction mixture. 

Experimental 

The IR spectra were recorded on a Specord 75-1R spectro- 
photometer in KBr pellets and as Nujol mulls according to a 
standard procedure. 

Ethyl 3-(3,3-dimethyl- 1,2,3,4-telrahydreiseqainelylideae. 
hydrazeno)-2-oxel~lame~tte (4). I-Hydrazino-3,3-dimethyl- 
3,4*dihydroisoquinoline (I g, 0.053 tool) was heated in EAA 
(10 mL) over 5 h, transferred into a beaker, and kept in air. 
ARer 10 days, the orange ct~'tals that precipitated were filtered 
offand recrysmi!iTed from PriOH (10 mL). Compound 4 was 
obtained in a yield of 0.57 g (53~), rmp. 118--120 ~ To 
prove the pr~cnce o! the a-keto group, the compound ob- 
tained was introduced into the reaction with o-phenylenedi- 
amine. The resulting compound (0.3t5 g, 0.01 tool) and 
o-phenylenediamine (0.104 g, 0.01 tool) were heated in PriOH 
(3 mL) over 1 h. The crystals that precipitated were fdtered 
off and recrystallized (PriOH---dioxane, 5 : 1 ) .  Dark-red 
needle-like crystals were obtained in a yield of  0.29 g 
(80%), m.p. 227--228.5 *C. Found (%): C, 70.0; H, 6.0; 
N, 18.94, 19.06. C21H21N50. Calculated (%): C, 70.17; 
H, 5.89; N, 19.50. IlL v/cm-l: 3315 (NH); 1650 (C=O); 
1600 (CN); 1540, 1520, 1340, 1295, 1240, 1065, 1030, 985, 
940, 860. 

X-ray dilgracttoa slady. Crystals of  compound 4 (prepared 
by recrystallization from PriOH), CtTH21N303, are triclinic, 
a = 9.574(2)A, b = 9.763(2)A, c = 10.221(2)A, a = 
73.38(3)*, 13 = 76.17(3)*, r = 70-00(3) ~ Y = 853.4(3)A 3, 
dcalr ~ 1.243 g e m  -3, IKMo) '= 0.086 em -t ,  Z = 2, space 
group Pi'.. 

The unit cell parameters and intensities of 3040 reflections 
were measured on a four-circle automated Enraf Nonius CAD-4 
diffractometer (g(Mo-Ka), graphite monochrornator, 0120 scan- 
ning technique, 20max = 60*); 2875 reflections with I > 20(/) 
were used in calculations. 

The structure was solved by direct methods with the use of 
the SHELXS-86 program package, tO The position of  the hy- 
drogen atom at the nitrogen atom, H(N(1)), was located from a 
difference electron density synthesis. The remaining hydrogen 
atoms (at the C atoms) were calculated geometrically at C--H 
distances of 0.96 A. The structure was refined by the full- 

Table 2, Bond lengths (d) and bond angles (co) in molecule 4 

Bond d/A Bond d/A 

O(I)--C(15) 1.320(3) N(2)--C(I) 1.321(2) 
O(t)--C(16) 1.466(3) N(2)--N(3) !.369(2) 
O(2)--C(15) 1.201(3) N(3)--C(12) 1.299(2) 
O(3)--C(13) 1.211(2) C(I)--C(2) 1.480(3) 
N(I)--C(I) 1.333(2) C(2)--C(7) !.395(3) 
N(I)--C(9) 1.481(2) C(2)--C(3) 1.398(3) 

Angle m/deg Angle t0/deg 

C(15)--0(1)--C(16) ll7.1(2) C(3)--C(2)--C(!) 120.2(2) 
C(I)--N(I)--C(9) 124.3(2) C(4)--C~3)--C(2) 119.8(2) 
C(I)--N(2)--N(3) 112.2(2) C(3)--C(4)--C(5) 119.8(2) 
C(12)--N(3)--N(2) 114.6(2) C(4)--C(5)--C(6) 121.1(2) 
N(2)--C(I)--N(I) 126.1(2) C(5)--C(6)--C(7) 120.0(2) 
N(2)--C(1)--C(2) 116.3(2) C(2)--C(7)--C(6) ! 18.6(2) 
N(I)--C(1)--C(2) 117.6(2) C(2)--C(7)--C(8) 118.8(2) 
C(7)--C(2)--C(3) 120.6(2) C(6)--C(7)--C(8) 122.6(2) 
C(7)--C(2)--C(1) 119.2(2) C(7)--C(8)--C(9) 112.6(2) 

Bond d/A Bond d/A 

C(3)--C(4) 1.374(3) C(9)--C(10) 1.519(3) 
C(4)--C(5) 1.378(4) C(9)--C(11) 1.519(3) 
C(5)--C(6) 1.381(4) C(12)--C(13) 1.451(3) 
C(6)--C(7) 1.395(3) C(12)--C(14) 1.495(3) 
C(7)--C(8) 1.498(3) C(13)--C(15) 1.521(3) 
C(8)--C(9) 1.524(3) C(16)--C(17) t.422(4) 

Angle c0/deg Angle c0/deg 

N(I)--C(9)--C(10) 109.9(2) 
N(I)--C(9)--C(II) 108.2(2) 
C(10)--C(9)--C(I !) 109.9(27 
N(I)--C(9)--C(8) 107.3(2) 
C(10)--C(9)--C(8) 111.3(2) 
C(I I)--C(9)--C(8) 110.2(2) 
N(3)--C(I 2)--C(13) 114.4(2) 
N(3)--C(12)--C(14) 125.8(2) 
C(I 3)-C(I  2)--C(14) 119.8(2) 

O(3)--C(13)--C(12) 124.8(2) 
O(3)--C(13)--C(15) 116.8(2) 
C( 12)--C( 13)--C(15) I 18.4(2) 
0(2)--C(15)--0(1) 126.8(2) 
0(2)--C(15)--C(13) 122.0(2) 
O(I)--C(15)--C(13) ~ 11.0(2) 
C(17)--C(16)--O(1) 110.3(3) 
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Table 3, Torsion angles (O in molecule 4 

Angle T/deg 

N(1)--C(1)--N(2)--N(3) 0.2 
C(1)--N(2)--N (3)--C.(I 2) - 1 7 4 .  I 
N(2)--N(3)--C(12)--C(13) 177.6 
N(3)--C(I 2)--C(13)--O(3) -178.0 
C(12) - -C(13 ) - -C(15 ) - -O(1 )  - 8 8 . 3  
O(2)--C(15) --C( t 3 )--O(3 ) -82.6 
C(14)--C(12)--C(13)--O(3) 0.6 
O(1)--C(15)--C(13)--0(3) 93.0 
O(3)--C(13)--C(12)--C(14) 0.6 
N(2)--N(3)--C(I 2)--C(14) -0 .9  

matrix least-squares method with ardsotropic (for O, N, and C 
atoms) and isotropic (for H(N(I))) thermal parametcvs using 
the SHELXL-93 program packa8 el l  taking into account the 
fixed positional and thermal parameters of the remaining 
hydrogen atoms ( ~  • 0.08 A2). The final values of the R 
factors were as follows: RI -- 0.053, wR 2 -- 0.159, GOF = 
1.077; the extinction coefficient was 0.008(5). The maximum 
and minimum residual electron density peaks were.0.303 and 
--0:287 e A -3. respectively. 

The atomic coordinates and thermal paran~tcrs are given 
in Table 1. The interatomie distances and bond angles are 

in Table 2. The torsion angles are given in Table 3. 
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