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Spiropyrazolines have been synthesized by 1,3-dipolar cycloaddition of an 2-arylidene-1-tetralone, 3-
arylidene-chromanones, -1-thiochromanones, and -flavanones with diazomethane. The relative
configuration and stereochemistry of the products have been determined by means of one-
dimensional difference N.O.E. measurements. It is shown that ring-closure reaction is regioselective,
yielding stereohomogeneous spiropyrazolines in one step.

The preparation of pyrazolines by the reaction of diazomethane
with chalcones and related compounds has been investigated by
several research groups, but there are conflicting reports in the
literature as far as the structures of compounds prepared in this
way are concerned.'™ In our previous studies it was found that
this reaction leads to the formation of 3-aroyl-4-aryl-2-
pyrazolines.® Spiropyrazolines have also been synthesized by
the reaction of diazomethane and exocyclic «f-unsaturated
ketones.®~® However, the reaction involving the synthesis of
spiropyrazolines has hitherto been investigated only in a few
cases and the relative configuration and stereochemistry of the
compounds obtained were not elucidated. Direct formation of
cyclopropane derivatives in the case of the reaction of
diazomethane with compounds possessing the activated double
bond has also been observed.’

We report here the reaction of various exocyclic «ff-
unsaturated ketones (1)—(12) with diazomethane and the
n.m.r. spectroscopic investigation of the stereochemistry of
the compounds prepared [(13)—(24)]. «p-Unsaturated
ketones (1)—(12), used as the starting materials, were E-
isomers synthesized by the piperidine-catalysed condensation
of the appropriate ketones and aldehydes.'°

Compounds (1)—(12) were allowed to react with diazo-
methane in a mixture of anhydrous ether and acetone and
homogeneous spiropyrazolines (13)—(24) were obtained in
good yield.

Taking into consideration the electron distribution of the «f-
unsaturated ketones and the positively charged B-carbon atom,
it can be expected that the carbon atom of the diazomethane
will link to the B-position and product (A) will be formed.
Previous '3C n.m.r. studies!! and quantum chemical calcul-
ations '2 showed, however, that depending on the substitution
of the aryl group, considerable positive charge may appear on
the a-carbon atom as well, and, therefore, structure (B) should
also be taken into account. In analogy with experiments
performed by Jurasek and Kovac,® formation of type (C)
cyclopropane derivatives is also possible but, because of the
nitrogen content of the prepared substances, this possibility can
be excluded in this case. Structure (B) could also be excluded
since 3J(H,H) couplings were detected between the methine and
methylene protons of the pyrazoline ring. The reaction afforded
homogeneous product in high yield in each case, and no minor
component could be detected by careful thin-layer chroma-
tography. From this it can be concluded that the alteration of
the X and Ar group, which influences the electron distribution of
the conjugates part of the starting dipolarophile, is without
much influence on the regioselectivity of the reaction. Com-
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pounds (13)—(20) contain two, and substances (21)—(24) three,
centres of chirality and, therefore, two or four diastereoisomeric
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Table 1. 'H Chemical shifts and selected coupling constants (Hz) for
compounds (13), (14), (17), and (21) in CDCl,

(13) 14)° an« @0 26)°

4-H 391 3.77 3.80 3.88 3.55
5-H,, 5.00 4385 494 498 420
5-H,yans 5.06 5.13 5.18 5.19 4.62
1"-H,, 3.51
I"H,, 2.84
2-H,, 1.88 3.00 4.10 6.48
2-H,, 2.14 3.73 450 5.53
5-H 8.06 8.11 7.93 7.90
6-H 7.34 721 7.16 7.16

"H 7.53 7.43 7.32 7.48
8-H 7.27 7.28 7.10
2,6"-H 695 6.98 6.91 691
2J H,-5 17.87 17.60 18.42 18.15
J cis 797 8.25 8.52 8.25 9.27
J trans 467 220 3.02 0.55 6.85
I H,-2 1402 13.75 12.65

4 Measured at 400 MHz. ® Measured at 100 MHz.

pairs should be taken into consideration. Although the
compounds investigated are racemates, owing to a better
understanding of the stereochemistry, enantiomers possessing
the R configuration at C-3 are illustrated in each case. To
facilitate the presentation of the spectroscopic data, the
numbering system depicted was adopted.

The determination of the structure is rendered more difficuit
by the fact that both the condensed and the pyrazoline rings are
flexible and, therefore, the conformation equilibria (a) = (b) =
(c) = (d) should be taken into account. In conformers (a) and
(c) the helicity of the half-chair containing the carbonyl group is
P while it is M in conformers (b) and (d). Dihedral angles
between 4-H and 5-H, are significantly different in the (X) and
(Y) envelope conformers of the pyrazoline ring, which is
distinctly visible from a Newman projection of the C-5-C-4
bond. In conformer (Y) the dihedral angle (0) between 4-H and
5-H,,ans is nearly 90° which results in a 3J coupling constant of 0.

Table 2. Results of proton—proton one-dimensional N.O.E. difference
experiments on compounds (13), (14), (17), and (21)

Proton
irradiated Proton observed, N.O.E. (%)*
13) 4-H 2”,6"-H (7%), 5-H, (4%)
27,6"-H  4-H (11%), 2’-H,, (3%), 2-Hq (3%), 1"-Hq (3%)
(14)  2,6"-H  4-H (14%), 5-H,rans (5%), 2"-H,, (27), 2'-Hq (675)
(17)  2,6"-H  4-H (15%), 5-Hyrans (6%), 2°-H,, (5%), 2"-Hq (57%)
1) 2-H,, 27,6”-H (10%)

% The N.O.E. enhancements ¢/ refer to 1 H.

This angle is ca. 150° in conformer (X). However, it is interesting
that the 4-H, 5-H_;, dihedral angles are nearly the same in both
(X) and (Y) (ca. 30°) and, therefore, they are insensitive to the
alteration of the (X)= (Y) equilibrium. 'H N.m.r. chemical
shifts and characteristic coupling constants of compounds (13),
(14), (17), and (21) measured at 400 MHz are summarized in
Table 1. A common characteristic of the 'H spectra is the
substantial paramagnetic shift of 5-H which is, first of all, a
consequence of the anisotropic effect of the peri carbonyl
group.'3:'% On the basis of the 3J coupling constants of 4-H and
5-H, it was possible to determine the dominant conformer for
the pyrazoline ring and the (X) = (Y) equilibrium. On the basis
of the measured J(4-H, 5-H,,,,,) of 0.55 Hz, the predominant
conformation is (Y) for compound (21). This may be a
consequence of the steric interaction between the phenyl groups
at C-2" and C-4. In the case of compound (14) the larger fraction
of conformer (X) is reflected in the J(4-H, 5-H,,,,,) values of 2.20
Hz. A further increase was found for compounds (17) (3.02 Hz)
and (13) (4.67 Hz). The latter coupling constant suggests that
the (X): (Y) ratio is ca. 1. Differentiation between the R*,R* and
R* S* structure was achieved by one-dimensional proton-
proton difference N.O.E. measurements. The magnitudes of the
N.O.E. depends to a large extent on the intramolecular proton—
proton distances.! !¢ Characteristic N.O.E. data of compounds
(13), (14), (17), and (21) are summarized in Table 2. These
corroborate the assignment as well. Irradiation of 4-H of
compound (13) resulted in a considerable N.O.E. for signals at &
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Table 3. 13C Chemical shifts (p.p.m.) of compounds (13)—(24) and (26) (CDCl,)

(13) (14) (15) (16) (17) (18)

C-3 101.0 97.9 97.8 98.0 979 979
C-4 43.5 443 44.0 44.0 423 41.9
C-5 84.9 85.1 85.0 84.5 83.5 85.5
C-1 29.6

C-2 26.6 30.8 309 30.6 69.4 69.6
C-4 192.0 187.6 187.7 187.0 1859 185.9
C-4a’ 131.7 129.1 129.2 128.8 1194 119.5
C-5 126.9 130.5 130.5 130.7 127.9 127.9
C-6’ 1274 125.1 125.0 1254 121.8 121.8
C-7 1343 133.9 133.8 134.2 136.9 136.9
C-8 128.8 127.6* 1272 127.4 118.8 118.1
C-8a’ 144.4 142.1 142.1 141.3 161.6 161.7
C-1” 138.6 138.0 1352 145.6 136.8 134.0
C-27,6” 128.7 128.6 128.4 129.5 128.9 1279
C-3",5" 128.3 1284 126.6 123.7 1279 126.9
C-4” 128.3 127.2* 1483 147.2 127.9 148.5
Cc-1

C-2",6"

C-375"

C-4

* @b Tentative assignment.

19) (20) 21 (22) (23) (24) (26)
97.8 971.7 102.5 102.7 102.4 102.9 101.2
41.7 44.6 419 41.6 41.5 425 40.8
85.5 85.2 88.3 88.3 88.3 874 84.1

69.4 69.2 81.9 82.2 81.9 81.8 80.9
185.0 185.6 185.5 185.8 185.8 185.2 188.1
1193 119.2 119.8 120.0 120.0 119.6 120.1
1279 128.6 128.5*  128.6*  128.6* 129.1 128.8
121.8 121.3 121.2 121.4 121.4 122.0 122.0
136.9 135.3 137.2 137.4 1374 137.8 136.2
118.1 118.6 118.5 118.8 118.7 1189 117.3
161.6 161.5 159.6 159.9 159.8 160.0 160.4
128.6 135.9 137.6 1354 1284 145.5 133.8*
128.9 132.1 128.0 128.1 129.3 129.3 128.3°
114.2 132.1 126.9 126.8 113.4 123.1 125.6

6.95 and 5.0—35.1, proving that the former signal is due to the
2”,6”-H ortho protons of the phenyl moiety and the latter to the
5-H, methylene protons. It is decisive in the differentiation of
the diastereoisomeric structures that in the course of the above-
mentioned experiment no N.O.E. was detected for the protons
of the carbonyl-containing ring. The R* R* relative configur-
ation of compound (13) is shown by the above experiment
taking into account the (a) = (b) = (c) = (d) equilibria as well.
A further direct corroboration of this was the fact that on
saturating the 2”,6”-H signals, an intensity increase was
observed for 1’-H,, and 2’-H,, signals found in the vicinity.
Since an N.O.E. is not observed for the 1’-H,, signal in the
(a) = (b) = (¢) = (d) equilibria, the protonation of conformers
(a) and (c) of P helicity should be very low because in these cases
I’-H,, is very near the ortho protons. In conformer (a) this
proximity results in hindered rotation of the phenyl group. It is
characteristic that, contrary to the usual trend, the chemical
shift of axial 1’-H is higher by 0.67 p.p.m. than that of 1’-H_,.
Besides the anisotropic effect of the condensed aromatic ring,
deshielding caused by the syn-axial -N=N- group may also play
a part in this effect.

In compounds (14) and (17) irradiation of the ortho protons
enhanced the intensity of only one of the 5-H, methylene
protons (5-H,,,,,) which is on the same side of the pyrazoline
ring. This corroborates the assignment deduced from the
coupling pattern. These measurements proved the R* R*
relative configuration of compounds (14) and (17) as well, and
the preference of conformers (b) and (d) of M helicity. Because of
the introduction of the C-2" phenyl group, four diastereoisomers
should be differentiated in the case of (21). On the basis of J(4-H,
5-H,,4,s) 0.55 Hz, the pyrazoline ring should exist in the (Y) type
conformation and, therefore, it is sufficient to consider only
structures obtained by the introduction of the 2’-phenyl group
into conformers (c) and (d). It is a characteristic of the 'H n.m.r.
spectrum that the chemical shifts of the 2”,6”-H ortho protons
are unchanged while the signals of the ortho protons arising
from the 2’-phenyl group are considerably shifted to higher field
(® 6.42) and are separated. This diamagnetic shift cannot
originate from the sterically very unfavourable parallel 1,3-
arrangement of the two phenyl groups since in this case a
diamagnetic shift of the 2”,6”-H signals should aiso be observed.
Therefore, the upfield shift of the 2”,6”-H ortho protons is due

159.1 121.8 128.0 147.8 158.5 147.0 127.3¢
135.0 135.0 135.2 1349 135.6*
128.0 128.1 128.1 128.6 128.5°
127.9 127.8 1279 127.7 128.5°
129.9* 127.8* 127.1* 127.5 127.1¢
ONPh OPh
—— Ph
CHPh
(0] O N=N
(25) z (26) z

only to the fact that the 2’-phenyl group is quasi-axial when the
ortho protons in question are above the plane of the condensed
phenyl ring. Irradiation of 2-H,, enhanced the intensity of the
2”,6”-H signal which proved that C-3 and C-4 have the R* R*
configuration in this case as well. The R* or S* configuration of
C-2’ is not possible with these experiments and hence it can only
be concluded that 2’-H is equatorial.

If the formation of this spiropyrazoline ring is a one-step
process, starting from E-(9) and Z-3-benzylideneflavanone (25),
different diastereoisomers are obtained. When the cycloaddition
is a two-step process, the same product(s) should be expected in
both cases. Starting from (25), compound (26) was obtained as
a homogeneous product which, on the basis of the 'H and '*C
n.m.r. spectra, is an epimer of compound (21). This proves that
1,3-dipolar cycloaddition to 3-benzylideneflavanone and
related compounds of diazomethane is a one-step process.

Formerly it was observed that the phenyl group is quasiaxial
in the (E)-3-benzylideneflavanone.!” In the transition state
leading to (21), diazomethane can link to the sterically non-
hindered side affording the R* configuration at C-2".

13C Chemical shifts and assignments of compounds (13), (14),
(17), (21), and (26) are summarized in Table 3. !'3C Analysis of
the starting arylidenes and the effect of the R2 substituents were
utilized for the assignment.!® !3C Chemical shifts of the
condensed aromatic ring are insensitive to the alteration of R2,
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Table 4. Physical constants and analytical data of compounds (13)—(24) and (26)

Required (%) Found (%)

M.p. Yield p
Compound “C) %) Overall formula C
(13) 70 78.5 C,gH4sN,O 78.3
(14) 112 833 C,;H,,N,08 69.4
15) 79 79.1 C,oH,oN,08 71.4
(16) 148 87.7 C,;H,;N,0,8 60.2
a7 142 89.2 17H1aN,0, 734
(18) 94 78.9 C,0H0N,0, 75.0
19) 112 92.5 C,gH,N,0, 70.1
(20) 138 83.3 C,,H,3BIN,0, 57.1
2n 139 85.4 C,3H5N,0, 78.0
(22) 126 81.8 C,6H,4N,0, 78.8
(23) 128 85.0 20N,0; 75.0
(24) 164 90.6 C,3H;N;0, 69.2
(26) 173 81.2 C,3H 4N,0, 78.0

Al ~ Al
H N C H N
5.8 10.1 78.25 5.7 10.1
4.8 9.5 69.6 4.8 9.4
5.95 83 71.25 5.9 83
3.8 14.15 60.2 395 14.5
5.0 10.1 734 5.1 10.1
6.25 8.75 74.8 6.15 8.7
5.2 9.1 70.9 52 9.2
3.6 7.8 575 36 7.7
5.1 7.1 78.3 5.1 8.0
6.1 71 78.8 6.1 71
52 73 74.7 54 74
43 10.5 69.1 4.2 104
5.1 79 713 5.0 7.8

Introduction of the 2’-phenyl group in (21) resulted in a
characteristic change in comparison with (17). The downfield
shift of the C-2’ and C-3 signals is unambiguously due to the «
and B SCS (phenyl) effect. The influence of the y-gauche phenyl
group '? causes an unexpected 0.4 p.p.m. upfield shift on the C-4
signal. This may be the consequence of the fact that, contrary to
(17) in compound (21) the (Y) conformation predominates. This
may be the reason for the anomalously high (4.0 p.p.m.) 8 SCS
(phenyl) effect observed for the C-5 signal as well.

Experimental

M.p.s are uncorrected. T.1.c. was performed on Kieselgel 60 F, 5,
(Merck) layer using light petroleum ether—acetone [7:3 (v/v)]
aseluant. N.m.r. spectra were recorded in CDCl; using Me,Si as
internal standard. !3C N.m.r. experiments were carried out at 25
MHz, using a JEOL FX-100 spectrometer. 'H Measurements
were performed on Bruker WH-400/DS or JEOL FX-100
instruments at 400 or 100 MHz, respectively. The solutions used
for the 400 MHz N.O.E. difference experiments were degassed
four times using the freeze-pump-thaw technique and then
sealed under vacuum. For N.O.E. measurements a delay time of
8 s was used.

General Procedure for the Preparation of Spiropyrazolines.—
A mixture of the appropriate «p-unsaturated ketone [(1)—(12),
(25)] (0.5 g), diazomethane (ca. 2 molequiv.), anhydrous ether,
and acetone was left to stand in refrigerator for one day, the
solvent was evaporated under reduced pressure, and the residue
crystallized from methanol to obtain compounds (13)—(24)
and (26) (Table 4).
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