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Synthesis of substituted 1,2-di(alkylsulfonyl)indolizines.
Molecular and crystal structure
of 3-(4-fluorobenzoyl)-6-methyl-1,2-di(propylsulfonyl)indolizine*
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The reactions of substituted pyridinium salts with E-1,2-di(alkylsulfonyl)-1,2-dichloro-
ethenes proceed regiospecifically. Heating of these reagents in chloroform in the presence of a
threefold excess of Et;N affords substituted 1,2-di(alkylsulfonyl)indolizines in high yields. The
structures of the reaction products were confirmed by physicochemical methods, including

X-ray diffraction.
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ylides, X-ray diffraction study.

The indolizine ring is present in many practically im-
portant compounds, for example, in alkaloids and phar-
maceuticals.! Generally, these compounds are synthe-
sized by the Chichibabin reaction of a-picolines with
phenacyl halides? or by 1,3-dipolar cycloaddition of po-
larized ethylenes to pyridinium, quinolinium, and iso-
quinolinium ylides.34 The former reaction affords aro-
matic heterocycles, whereas the latter reaction produces
hydrogenated indolizines. Earlier,5 we have found that
the reaction of N-phenacylpyridinium ylide with E-1,2-di-
chloro-1,2-di(ethylsulfonyl)ethene yielded 3-benzoyl-
1,2-di(ethylsulfonyl)indolizine, whose structure has been
established by various physicochemical methods, includ-
ing X-ray diffraction.

With the aim of improving this method for the synthe-
sis of polyfunctionalized indolizines (which are poten-
tially biologically active compounds), we studied the re-
action of substituted pyridinium ylides with E-1,2-di(al-
kylsulfonyl)-1,2-dichloroethenes and examined the in-
fluence of the structure of pyridinium ylide on the
regioselectivity of this reaction.

Pyridinium ylides 1 were generated by treating pyri-
dinium salt 2 with a threefold excess of Et;N in CHCIl;
followed by the addition of E-1,2-di(alkylsulfonyl)-1,2-
dichloroethene 3. The reaction mixture was refluxed for

* Dedicated to Academician N. K. Kochetkov on the occasion
of his 90th birthday.

40 min. Substituted 1,2-di(alkylsulfonyl)indolizines 4 were
isolated in high yields (63—88%) (Table 1).

Apparently, these reactions occur by the 1,3-dipolar
cycloaddition mechanism through the formation of hydro-
genated indolizines 5. Double dehydrochlorination of the
latter affords substituted 1,2-di(alkylsulfonyl)indolizines 4
(Scheme 1).

Intermediates 5 were not isolated. However, their
trans-trans-trans structures were confirmed, with a cer-
tain probability, by the general features of concerted reac-
tions and the available experimental data. It is known®
that 1,3-dipolar cycloaddition occurs with retention of
the starting symmetry of substituted ethenes, i.e., the
F configuration of the starting ethenes is retained in in-
termediate 5.

Earlier,3*7—9 the reactions of pyridinium, quino-
linium, and isoquinolinium ylides with unsaturated ni-
triles have been found to proceed with high selectivity via
1,3-dipolar cycloaddition to form trans-trans-trans iso-
mers with respect to the substituted tetrahydropyrrole frag-
ment. The H(3) and H(8a) atoms lie in a single plane.
Besides, the trans arrangement of the hydrogen and chlo-
rine atoms in intermediate 5 is favorable for frans-elimi-
nation of HCI, which is confirmed by the high yields of
indolizines 4 (see Table 1).

The structures of compounds 4 were established by
elemental analysis, 'TH NMR and IR spectroscopy, and
mass spectrometry (Tables 1 and 2). The IR spectra of
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Table 1. Physicochemical characteristics of substituted 1,2-di(alkylsulfonyl)indolizines 4

Com- M.p./°C Yield Found %) Molecular
pound (Solvent) (%) Calculated formula
C H N S
4a 229%* 63 45.76 4.81 8.31 18.53 C3H6N,05S,
(Acetone) 45.34 4.68 8.13 18.62
4b 106—107 73 51.87 6.01 3.29 15.18 C3HysNO¢S,
(Et,0/CHCly) 52.03 6.08 3.37 15.43
4c 157—158 71 62.11 6.71 2.92 12.94 C,6H33N05S,
(CHCly) 62.00 6.60 2.78 12.73
4d 166—167 69 48.06 5.04 3.53 17.29 Cy5H9NOgS,
(Et,0/CHCl5) 48.24 5.13 3.75 17.17
4e 181—182 88 56.01 5.35 6.33 14.72 C,1Hy4N,05S,
(Acetone) 56.23 5.39 6.25 14.29
* Compound 4a melts with decomposition.
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compounds 4 show absorption bands corresponding to
stretching vibrations of the carbonyl (1712—1688 cm™!)
and sulfonyl groups!? (1324—1308 and 1145—1140 cm™1).
In addition, the spectra of compounds 4a,e show
stretching and bending vibrations in the 1636—1624 and
3444—3168 cm™! regions, respectively, characteristic of
the amide and amino groups. The mass spectra of all
compounds 4 have the molecular ion peak M™ *. Analysis
of the 'H NMR spectra led to the conclusion that the
reactions of 3-substituted pyridinium ylides 1d,e with
ethylenes 3a,b proceed regioselectively. Although there

are two possible reaction pathways, i.e., the reaction can
occur at the C(2) or C(6) atom of pyridinium ylides 1d,e,
annelation does occur at position 2. As a result, the Me or
NH, substituent is present at position 8 of indolizines 4d,e.
The signals for the protons of the pyridine fragment of
molecules 4d,e appear as two doublets at  6.68—7.14 and
7.72—8.29 for the H(7) and H(5) protons, respectively,
and as one triplet at 8 6.75—6.92 for H(6).

We found that the reaction of ylide 7, which was gen-
erated from the corresponding salt 6, with ethene 3b pro-
ceeded nonregioselectively, resulting in the formation of
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Table 2. Spectroscopic characteristics of substituted 1,2-di(alkylsulfonyl)indolizines 4

Com- IR, v/em™! 'H NMR (DMSO-dg, 8, J/Hz) m/z (I (%))
pound 50, NH,
4a 1688 1308, 3296, 1.16, 1.28 (both t, 3 H each, Me, J = 7.8); 3.50, 3.65 (both q, 344 [M]* (28)
1140 3168, 2H each, CHy, J=7.8);7.12 (t, | H, C(6)H, J = 8.1, J = 6.8);
1636 (8) 7.43 (t, | H, C(T)H, J=6.8,J="7.2);
8.04 (s, 1 H, NH); 8.22 (m, 3 H, C(5)H, C(8)H, NH)
4b 1700 1324, —  1.05(t, 3 H, Me, J=7.7); 1.17, 1.28 (both t, 3 H each, Me, J = 8.1); 415 [M]* (32)
1141 176, 1.94 (both m, 2 H each, CH,); 2.76 (q, 2 H, CH,, J = 7.7); 3.48, 3.59
(both q, 2 H each, CH,, J = 8.1); 3.97 (s, 3 H, MeO); 7.05 (d, 1 H, C(6)H,
J=8.0); 8.07 (s, | H, C(8)H); 8.44 (d, 1 H, C(5)H, J = 8.0)
4c 1710 1316, —  0.97, 1.08 (both t, 3 H each, Me, J = 7.9); 1.26 (s, 9 H, Bu'); 1.64, 1.77 503 [M]* (51)
1145 (both m, 2 H each, CH,); 2.45 (s, 3 H, Me); 3.50 (m, 4 H, (CH,),);
7.05(d, 1 H, C(6)H, J = 8.8); 7.26, 7.62 (both d, 2 H each, C¢Hy, J = 8.1);
7.76 (d, 1 H, C(5)H, J = 8.8); 8.22 (s, 1 H, C(8)H)
4d 1705 1324, —  1.51(m, 6 H, 2 Me); 2.88 (s, 3 H, Me); 3.70, 3.85 (both q, 2 H each, 373 [M]* (24)
1140 CH,, J=7.9); 4.03 (s, 3 H, MeO); 6.92 (t, 1 H, C(6)H, J = 8.0, J = 6.4);
7.14 (d, 1 H, C(7)H, J = 8.0); 8.29 (d, 1 H, C(5)H, J = 6.4)
de 1712 1312, 3444, 0.95, 111 (both t, 3 H each, Me, J = 7.9); 1.68, 1.95, 3.51, 3.62 (all m, 448 [M]* (20)
1144 3424, 2 H each, CH,); 6.50 (s, 2 H, NH,); 6.68 (d, 1 H, C(7)H, J = 8.1);
3344,  6.75 (m, | H, C(5)H); 7.15, 7.53, 7.68 (all m, 5 H, Ph);

1624 (8) 7.72(d, 1 H, C(5)H, J=6.3)
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a mixture of isomeric indolizines 8 and 9 (Scheme 2).
A comparison of the 'H NMR spectra of indolizines 4d,e
with the spectrum of a mixture of compounds 8 and 9
demonstrates that, in the latter case, annelation also oc-
curs predominantly at position 2. The ratio of isomeric
indolizines 8 : 9 = 3 : 1. This difference in reactivity is,
apparently, associated with stabilization of invertomers of
pyridinium ylides (syn === anti) and the fact that the
reactivity depends on the nature of the substituent in the

benzene ring (4-MeC¢H, or 4-FC4H,). Earlier,3410.11
this effect has been observed in the reactions of a- and
B-picolinium ylides with unsaturated thioamides.

Attempts to separate a mixture of indolizines 8 and 9
failed. However, a crystal of isomer 9 was mechanically
isolated from the reaction mixture and studied by X-ray
diffraction.

The molecular structure of indolizine 9 is shown in
Fig. 1. The bond lengths and bond angles are given in
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Fig. 1. Molecular structure of indolizine 9.

Tables 3 and 4, respectively. The geometric parameters of
molecule 9 have standard values!3 and are consistent with
the proposed structure.

The bicyclic fragment in compound 9 is planar (within
0.008 A). The steric hindrance associated with the pres-
ence of shortened intramolecular nonbonded contacts not
only causes rotation of the aryl substituent relative to the
plane of the indolizine ring by 98.5° and influences the

Table 3. Bond lengths (d) in molecule 9

Bond d/A Bond d/A

F(1)—C(20) 1.353(4) C(5)—C(6) 1.355(5)
S(1)—0(1) 1.431(3) C(6)—C(7) 1.414(5)
S(1)—0(2) 1.440(3) C(6)—C(23) 1.499(5)
S(1)—C(1) 1.745(3) C(7)—C(8) 1.335(5)
S(1)—C(10) 1.770(4) C(8)—C(9) 1.417(4)
$(2)—0(3) 1.429(3) C(10)—C(11)  1.499(6)
S(2)—0(4) 1.435(3) C(11)—C(12) 1.509(7)
S(2)—C(13) 1.752(4) C(13)—C(14) 1.505(6)
S(2)—C(2) 1.770(3) C(14)—C(15) 1.503(7)
0(5)—C(16)  1.213(4) C(16)—C(17)  1.466(5)
N@4)—C(3) 1.381(4) C(17)—C(22)  1.381(5)
N(4)—C(9) 1.385(4) C(17)—C(18)  1.389(5)
N(4)—C(5) 1.393(4) C(18)—C(19) 1.369(6)
C(1)—C(9) 1.389(4) C(19)—C(20) 1.353(6)
C(1)—C(2) 1.427(4) C(20)—C(21) 1.360(6)
C(2)—C(3) 1.368(4) CQNH—C(Q2)  1.379(6)

C(3)—C(16) 1.509(4)

geometry of the propylsulfonyl substituents, but also ex-
cludes conjugation of the C=0 group with the indolizine

Table 4. Bond angles (») in molecule 9

Angle w/deg  Angle w/deg

O()—=S(1)—-0(2)
O(H)—=S(1)—C(1)
0(2)—S(1)—C(1)
O(1)—S(1)—C(10)
0(2)—S(1)—C(10)
C(1)—S(1)—C(10)
0(3)—5(2)-04)
0(3)—S(2)—C(13)
0(4)—S(2)—C(13)
0(3)—S(2)—C(2)
0(4)—S(2)—C(2)
C(13)—S(2)—C(2)
CB)=N#H—-CO)
CB)=N#H—-CEO)
CO—=NME—-CEO)
CO—-C(1)—-CQ2)
C(O—C()—=S(1)
C(2)—C(1)—S8(1)
CB3)—C2)—C)
C3)—C(2)—8(2)
C(H—C(2)—S(2) 129.1(2)
C(2)—C(3)—N(4) 107.3(3)
C(2)—C(3)—C(16) 132.4(3)
N(#4)—C(3)—C(16) 119.3(3)
C(6)—C(5)—N(4) 119.7(3)

117.2(2)
108.0(2)
108.7(2)
108.3(2)
108.6(2)
105.4(2)
118.3(2)
108.8(2)
107.7(2)
108.3(2)
105.8(2)
107.5(2)
110.2(2)
128.0(3)
121.8(3)
107.1(3)
123.4(2)
129.5(2)
108.4(3)
122.4(2)

C(5)—C(6)—C(7)
C(5)—C(6)—C(23)
C(7)—C(6)—C(23)
C(8)—C(7)—C(6)
C(7)—C(8)—C(9)
N(4)—C(9)—C(1)
N(4)—C(9)—C(8)
C(1)—C(9)—C(8)  135.1(3)
C(11)—C(10)—S(1) 112.8(3)
C(10)—C(11)—C(12) 114.1(4)
C(14)—C(13)—S(2) 114.1(3)
C(15)—C(14)—C(13) 113.0(5)
0(5)—C(16)—C(17) 122.0(3)
0(5)—C(16)—C(3) 116.4(3)
C(17)—C(16)—C(3) 121.4(3)
C(22)—C(17)—C(18) 118.4(3)
C(22)—C(17)—C(16) 122.3(3)
C(18)—C(17)—C(16) 119.3(3)
C(19)—C(18)—C(17) 121.2(4)
C(20)—C(19)—C(18) 118.4(4)
C(19)—C(20)—F(1) 118.8(4)
C(19)—C(20)—C(21) 122.9(4)
F(1)—C(20)—C(21) 118.3(4)
C(20)—C(21)—C(22) 118.5(4)
C(21)—C(22)—C(17) 120.5(4)

118.6(3)
120.9(4)
120.6(3)
122.6(3)
119.4(3)
107.0(2)
117.9(3)
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and aryl rings, which is evident from the corresponding
bond lengths (see Table 3).

The observed distortion of the tetrahedral configura-
tion of the sulfur atoms (the bond angles at the S(1)
and S(2) atoms vary in ranges of 105.4—117.2(2) and
105.8—118.3(2)°, respectively) is typical of arylsulfo-
nyl-substituted derivatives.!4 An increase in the
O(1)—S(1)—0(2) and O(3)—S(2)—0O(4) bond angles
(117.2(2) and 118.3(2)°, respectively) is typical of sulfo-
nyl compounds and is consistent with the concepts of the
valence shell electron pair repulsion (VSEPR) theory.15

In molecule 9, the Cy»—S bonculs differ in length. The
C(2)—S(2) bond length (1.770(3) A) is typical of Cg,2—S
single bonds (1.763 A),13 whereas the C(1)—S(1) bond is
slightly shortened (1.745(3) A). This difference in the
Cgp2—S bond lengths can be attributed to the difference in
the degree of involvement of the sulfonyl groups in conju-
gation with the n system of the indolizine ring, which
apparently depends on the deviation of the sulfur atoms
from this plane. Actually, the S(1) atom lies exactly in the
plane of the heterocycle (the deviation from the plane
is —0.021 A), whereas the S(2) atom deviates from this
plane by 0.096 A. The more noticeable deviation of the
S(2) atom is, apparently, caused by the steric effects of
both the adjacent propylsulfonyl group and the 4-fluoro-
benzoyl substituent. Earlier, we have found an analogous
structure and bond length distribution for the substituted
1,2-di(ethylsulfonyl)indolizine molecule.> As can be seen
from Fig. 1, the propyl substituents deviate from the plane
of the bicyclic fragment in opposite directions.

Noteworthy is the intramolecular O(1)...H(8) non-
bonded contact (2.39(5) A), which can be considered!®
as an O...H—C hydrogen bond with the usual geomet-
ric parameters (O(1)...C(8), 2.972(3) A; C(8)—H(8),
0.96(5) A; C(8)—H(8)...0(1), 119(3)°).

Analysis of the molecular packing in the crystal struc-
ture of 9 demonstrated that there are no intermolecular
nonbonded contacts, whose lengths are smaller than the
sums of the corresponding van der Waals radii.l”

Experimental

The IR spectra were measured on Perkin—Elmer-577 and
Specord M-82 instruments in KBr pellets at a concentration of
0.01 mol L~!. The '"H NMR spectra were recorded on Bruker
DRX-500 (500 MHz) and Bruker WM-250 (250 MHz) instru-
ments for 5—12% solutions in DMSO-dg with Me,Si as the
internal standard and in CDCI;. The mass spectra were obtained
on a Finnigan MAT INCOS 50 quadrupole mass spectrometer;
the ionization energy was 70 eV. The reactions were monitored
and the purity of the reaction products was analyzed by thin-
layer chromatography on Silufol UV-254 plates with the use of a
2 : 1 hexane—acetone mixture as the eluent; visualization was
carried out with iodine vapor.

X-ray diffraction study of 3-(4-fluorobenzoyl)-6-methyl-1,2-
di(propylsulfonyl)indolizine (9). Colorless crystals of indolizine 9

were prepared by slow evaporation of a solution of 9 in ethanol
for 3 days. The crystals of compound 9 are monoclinic, at 25 °C
a=9.168(7), b = 18.991(13), ¢ = 13.031(9) A, B = 93.74(6)°,
V=2264(3) A3, d_,. = 1.366 g cm—3, Z = 4, space group P2,/n.
The unit cell parameters and intensities of 5262 independent
reflections were measured on a four-circle automated Siemens
P3/PC diffractometer (AM(Mo-Ka), graphite monochromator,
0/26 scanning technique, 6,,,, = 28°). The structure was solved
by direct methods and refined by the full-matrix least-squares
method with anisotropic displacement parameters for non-
hydrogen atoms. All hydrogen atoms were revealed from the
difference Fourier synthesis and refined isotropically. The final
R factors were as follows: R = 0.062 based on 2805 indepen-
dent reflections with / > 2¢(/) and R, = 0.157 based on all
4927 reflections. All calculations were carried out using
the SHELXTL PLUS program package (PC version). The
atomic coordinates were deposited with the Cambridge Struc-
tural Database.

E-1,2-Di(alkylsulfonyl)-1,2-dichloroethenes 3a,b were syn-
thesized according to a procedure described earlier.12

Substituted 1,2-di(alkylsulfonyl)indolizines 4a—e (general
procedure). Triethylamine (0.003 mol) was added with stirring
to a solution of compound 2 (0.001 mol) in CHCl3, and then a
solution of sulfones 3a,b was added dropwise. The reaction mix-
ture was refluxed for 40 min (chromatographic control), diluted
with CHCI;, washed with water, and dried with MgSO,. Then
the solution was concentrated and the solid residue was crystal-
lized. The characteristics of compounds 4a—e are given in
Tables 1 and 2.

Synthesis of 8- and 3-(4-fluorobenzoyl)-6-methyl-1,2-di(pro-
pylsulfonyl)indolizines (8 and 9). The reactions of compounds 6
and 3b were carried out according to the procedure described for
compound 4. The solid residue was crystallized from ethanol,
and a mixture of isomeric indolizines 8 and 9 was isolated in a
ratio of 3 : 1 in 68% yield. Found (%): C, 56.54; H, 5.11;
N, 3.08; S, 13.89. C5,H,4,FNOsS,. Calculated (%): C, 56.75;
H, 5.20; N, 3.02; S, 13.77. IR, v/cm~': 1708 (CO); 1322 and
1140 (SO,). 'H NMR (250 MHz, CDCly), & 1.05 and 1.16
(both m, 3 H each, Me); 1.78 and 2.07 (both m, 2 H each,
CH,); 2.24 (s, Me, isomer 9); 2.82 (s, Me, isomer 8); 3.64 (m,
4 H, (CH,),); 6.78 (t, C(6)H, isomer 8, /= 7.9 Hz, /= 6.3 Hz);
7.16 and 7.83 (both m, C¢Hy, C(8)H (isomer 9), C(5)H (iso-
mer 8)); 7.53 (s, C(5)H, isomer 9); 7.62 (d, C(7)H, isomer 8,
J=6.9 Hz); 8.33 (d, C(7)H, isomer 9, /= 6.8 Hz).
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