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REACTION OF 4-OXOALKANE-1,1,2,2-TETRACARBONITRILES
WITH 1,3,5-TRIARYL-2,4-DIAZA-1,4-PENTADIENES

Ya. S. Kayukov, O. E. Nasakin, Ya. G. Urman,
V. N. Khrustalev, V. N. Nesterov, M. Yu. Antipin,
A. N. Lyushchikov, and P. M. Lukin

2-Aryl-1,2,3,4-tetrahydropyridine-3, 3,4, 4-tetracarbonitriles and 1, 3, 5-triaryl-9-oxo-1,2, 3, 4b, 5,6, 8a, 9-octahy-
dropyrido[3',4':3,4]pyrrolo[1,2-a][1, 3, 5]triazine-4b, 8a-dicarbonitriles are formed by the reaction of 4
oxoalkane-1,1,2, 2-tetracarbonitriles with 1, 3, 5-triaryl-2, 4-diaza-1, 4-pentadienes depencling on the solvent used.

We have shown recently that 1,5-diarylpyrrolidine-3,3,4,4-tetracarbonitriles are formed by the reaction of ethane-
1,1,2,2-tetracarbonitrile with 1,3,5-triaryl-2,4-diaza-1,4-pentadienes (I[)-(VII) [1]. The study of the reaction of compounds (II)-
(VII) with 4-oxoalkane-1,1,2,2-tetracarbonitriles (Ia-f) is a continuation of these investigations. Compounds (I) react with the
diazadienes (IN-(VII) in a wide range of solvents. It was discovered that products of different structure were formed depending
on the solvent used. In glacial acetic acid 2-aryl-1,2,3,4-tetrahydropyridine-3,3,4,4-tetracarbonitriles (XT)-(XV1) are formed
from cyanides (I) and diazadienes (IT)-(VII) and reaction is complete at a reactant ratio of 2:1. Ttz crystal structure of the (XIa)
molecule was established by x-ray structural analysis (Fig. 1). The constitution :of compounds (XIb-f), (XIla), (X1lla-d),
(XIVa), (XVa) and (XVIa) was determined by comparison of their IR spectra with the IR spectrum of compound (Xla) and
their composition from the data of elemental analysis (Table 1).

The reaction of compounds (II)-(VII) with cyanides (I) in alcohols &r acemnitrik gave 1,3,5-triary+9-oxo-
1,2,3,4b,5,6,8a,9-octahydropyrido[3’,4':3,4]pyrrolof1,2-a)[1,3,5}iriazine-4b, 8a-dicarbaaitriles X X HII)-(XK V3. The smucture
of compound (XXIIIa) was determined by x-ray structural investigation of a monocrystal (Fig. Z3. The structure of cumpounds
(XX1b-e), (XXIVa), (XXIVb), and (XXVa) were established on the basis of IR and 3C NMR spectra (Table 10). The
intermediate compounds were isolated in order to explain the difference in reaction of diazadienes (II)-(VII) with compounds
(I). These were 2-aryl-6-hydroxypiperidine-3,3,4,4-tetracarbonitriles (VII)-(X), 2-aryl-3,3,4-tricyano-2,3,4,5-tetrahydro-
pyridine-4-carboxamides (XVI)-(XIX), and 3-amino-4-aryl-1-oxo0-3a,4,5,7a-tetrahydro-1H-pyrrolo[3,4-c]pyridine-3a,7a-
dicarbonitriles (XX)-(XXII). In each specific case the concentration of reactants and the solvent were selected by the
experimental route.

Like compounds (XVID-(XIX), compounds (VIII)-(X) in isopropy! alcohol or acetonitrile containing an insignificant
amount of water were practically completely converted into compounds (XX)-(XXIi), which in turn may be obtained directly
from diazadienes (ID-(VII) and cyanides (I). The tricyclic compounds (XXIII)-(XXV) may be obtained by the reaction of
compounds (XX)-(XXII) with diazadienes (I)-(VII).

The cited facts of the conversions of compounds (VIID-(X), (XVI)-(XIX), and (XX)-(XXII) suggest that they are
intermediates in the reaction of diazadienes (II)-(VII) with cyanides (I) in the formation of the tricycles (XXIID-(XXV).
Regrettably we were unsuccessful in obtaining amides (XVID-(XIX) directly from compounds (VIII)-(X), but their
stereochemistry from x-ray structural data suggest the conversion. The hydroxy! group in compound (VIlla) (Fig. 3) isin a
trans position relative to the aryi substituent and occupies an axial position which suggests a 1,3 interaction with the carbon
of the cyano group. The carbamoyl group in compound (X VIIla) is also found in the trans position (Fig. 4). These data suggest
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Fig. 1. Molecular structure of 5,6-tetramethylene-2-phenyl-1,2,3,4-
tetrahydropyridine-3,3,4,4-tetracarbonitrile (XIa).

Fig. 2. Molecular structure of 9-oxo-1,3,5-triphenyl-1,2,3,4b,5,6,8a,9-

octahydropyrido[3’,4':3,4]pyrrolo[1,2-a][1.3,5]-triazine-4b,8a-dicarbonitrile
(XXIlIa).

that the addition of the hydroxy! group to the cyano group, possibly through the formation of the bicyclic imidate (A), is the
rate-determining step of the process. The observation that the conversion of compounds (VIID-(X) into the bicycles (XX)-(XX1I)
is accelerated in the presence of basic compounds is in agreement with this.

It is possible that compounds (VII)-(X) are also intermediates in the synthesis of the tetrahydropyridines (XD-(XVI).
This is indicated by the quantitative conversion of piperidines (VIIN-(X) into the tetrahydropyridines (XI)-(X V1) in glacial acetic
acid. In this case the nucleophilicity of the hydroxyl group of compounds (VII)-(X) is reduced due to the acid character of the

solvent (most of all by protonation), consequently they are stabilized by elimination of water and the formation of the
tetrahydropyridines (XI)-(XVI).
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Fig. 3. Molecular structure of 6-hydroxy-5,6-tetramethylene-2-
phenylpiperidine-3,3,4,4-tetracarbonitrile (VIIla).
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We were unsuccessful in isolating the intermediate precursors of compounds (V111)-(X) but on the basis of some indirect
data it was possible to judge the routes forming alcohols (VIID-(X). It may be proposed that the first step in the reaction of
4-oxoalkane-1,1,2,2,-tetracarbonitriles (I) with 2,4-diazapenta-1,4-dienes (II)-(VII) is the addition of a strong CH acid at the
C==N double bond with the formation of intermediate B. This is analogous to the hypothesis given by us previously in [1]
regarding the reaction of ethane-1,1,2,2-tetracarbonitrile with the diazadienes (II)-(VII). Several routes are possible for the
conversion of intermediate B. The first of these is an intramolecular nucleophilic addition at the C==0 double bond with the
formation of intermediate C. Another possible direction is the elimination of aldimine (analogous to the breakdown of
hydrobenzamide on reduction [2]) with the formation of a compound with linear structure D. The problem of how the alcohols
(VII-(X) are formed [rrom intermediates C by nucleophilic substitution or by addition of cyanide (I) to aldimine] remains
open. On carrying out the reaction in an absolute aprotic solvent (such as acetonitrile) and a reactant ratio of cyanide (Ia) to
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Fig. 4. Molecular structure of 5,6-tetramethylene-2-(2-furyl)-3,3,4-tricyano-
2,3,4,5-tetrahydropyridine-4-carboxamide (XVIlla).

diazadiene (1I) of 2:1, compound (VIIla) is formed in ~ 50% yield (calculated on cyanide taken), which indicates the possibility
of forming a compound of linear structure D. An increase in the yield of compounds (VIII)-(X) to 60-70% on carrying out the

reaction in a protic solvent suggests that the addition of the protic solvent at the C=N bond of intermediate D may also lead
to the preparation of compounds (VIID-(X).
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EXPERIMENTAL

The IR spectra were taken on a UR 20 instrument for samples in Nujol, the 'H and '3C NMR spectra on a Gemini
300 (Varian) spectrometer at frequencies of 300 and 75 MHz respectively, hexamethyldisiloxane being the internal standard.
The unit cell parameters and the intensities of reflections for the x-ray structural analysis were measured with a Siemens
automatic four-circle diffractometer P3/PC (\MoKe, graphite monochromator, 6/26 scanning). The structures of the compounds
investigated were solved by the direct method and refined by the full-matrix least squares method in an anisotropic approach
for the nonhydrogen atoms. The hydrogen atoms were located objectively with a Fourier difference synthesis and refined in
an isotropic approach. All calculations were carried out on an IBM PC/AT-486 with the SHELXTLPLUS and SHELXL-93
programs. The coordinates of atoms, bond lengths, valence angles, and temperature parameters have been deposited with the

Cambridge Center for Crystaliographic Data. The purity of the synthesized compounds and the degree of completeness of
reactions were established by TLC (Silufol UV 254).

1204



TABLE 2. Coordinates of Nonhydrogen Atoms ( X 10%) and Coefficients of Equivalent

Isotropic Displacement (A2 x 103) for Compound (VIIla)

Atom T v =z Uteq)
01y 1521(2) 3597(D) 6669(2) 27¢h)
N1y 515(3) 4091 (1) 4506(2) 22(1)
N 4079(3) 3348(D) 1438(3) 54(1)
N(32) 2658(3 4845(1) 22312 34(1)
N41) 46133 3023(1) 5731(3) 40(1)
N(42) 6673(3) 4346(1) 4508(3) 39(D
Cw) 1076(3) 3739 3485(3) 22(1)
Cay -60(3) 3698¢1) 2022(3) 23(1)
C) -969(3) 4101(D 1423(3) 28(1)
Cy) ~1994(3) 4059(1) 74(3) 34(1)
Cp4y -2125(3) 3613(1) -689(3) 38D
Cqs) -1235(4) 3206¢1) -94(3) 40(1)
C(26) ~209(3) 3247(1) 1257(3) 3¢
C3) 2790(3) 3931(1) 3265(3) 22(D)
Cian 3509(3) 3606(1) 22193 31D
C32) 2689(3) 4449(1) 2668(3) 25(D)
Cey 3915(3) 3941(1) 4854(3) 21(D
Cean) 4260(3) 34211 5370(3) 251
Ca2) 5482(3) 4167(1) 4663(3) 25(
Cis) 3D 4260(1) 5982(3) 21(D)
Csy 4100(3) 4276(1) 7547(3) 26(1)
Cm 32993 4625(1) 8543(3) 32D
C8) 1562(3) 4479(1) 8580(3) 31D
C9) 593(3) 4445(1) 7003¢3) 27(D)
Coy 1388(3) 4087¢(1) 6023(3) 22(D)
N(s) -1320(4) 3048(1) 5480(4) 67(1)
Cus) ~1932(4) 2783(1) 4593(4) 46(1)
C(28) -2730(6) 2448(2) 3453(% 63(1)

TABLE 3. Bond Lengths and Valence Angles in the Compound (VIIIa) Molecule

Bond A A Angle w, deg Angle w, deg
O)—Co) 1,431(3) Ca—Nm—Cuo) 115,32 Con—Ca—Cw 11,1
N1y—C0) 1,447(3) Na)—C@)—C) 105,2(2) Con—-C3y—C) 109,8(2)
N@2)—C32) 1,130(3) Ca—Cp1y—Cey| 118,8(2) Ciy—Cy—Cy 108.8(2)
N@2)—Caz) 1,137(3) Caoy—Ceny—Cw) | 119.7¢2) N@2y—Can—C3) 178,0(3)
Cy—Cq3) 1,570(3) | Cpsn—Ces—Cny| 120,0(3) Cran~—C—Cs) 113,2(2)
Cany—Coaey 1,384(4) Cao—Cps—Cpe)| 120,4(3) Cuan—Cu)—Cm 109.2(2)
C3—Cq) 1,374(4) Con—Cy—Cay | 108,9(2) Ci5—Ce)—C3) 109,9(2)
C5—Cpe) 1,383(4) Cp—C—C) 110,4(2) N@az2)—Cun—Cay | 179,13
C3—C32) 1,482(4) C2y—C)—C) 107.8(2) Ciey—C5)—Cray 113,2(2)
Cy—Cany 1,480(4) Non—Cpn—Cay | 178,4(3) Cn—C)—Cts) 109.8(2)
Cy—Cs 1,555(3) Cuany—C—Cp2) | 106,6(2) Cn—Ca—C9 111,9(2)
C5—Cuo 1,530(3) Cra)—Cy—Cs) 109.3(2) Om—Cno—N 112,8(2)
Cin—Cys) 1.516(4) Cany—C—C 108,5(2) Ny—Co—C 109.8(2)
Cwy—Ci0) 1,524(3) Npy—Cuay—Cuy | 175.8(3) Ni—Croy—Cs) 108.7(2)
Niy—C) 1.444(3) Cior—Ci5—Chy 111.6(2)

Non—Con 11413 Coy—Cs5)—Cay 110.842)
Nuy—Cpn 1.14043) Ci3y—C(n—Co) 1TH.74(2)
Cay—Cay 1,508(3) Cuoy—Cu—Ci8) 111.002)
Can—Cun 1,382(3) Om—Cpo—C) 110,7(2)
Can—C3) 1,382(4) O—Cun—Cs) 105.7(2)
Cian—Cs) 1.379(4) Co—Cao—Cs 109.0(2)
Ca—Con 1,478(4) Niy—C—Cen 112,3(2)
Coy—Cy 1.589(3) | Cany—C—C 112,6(2)
Cay—Cra2y 1,482(4) | Coan—Can—Cy | 121.5(2)
C5—Co) 1.521¢3) Can—Con—Cani 1209
Cey—C 1.520¢(4) Can—Cpay—Casy| 119.6(
Cy—C 1,5274) Cuoy—Cpsi—Cpny| 12002(3
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TABLE 4. Bond Lengths and Valence Angles in the Molecule of Compound (XVIla)

Bond A A Angle w. deg Angle w. deg
Oa—Cayy 1,355(2) | Cany—0@n—Ca3 | 106,0(2) | Cuoy—Nu—C@) 121.5(2)
Ouny—Cuy 1,2222) | Ny—Cy—C2yy 110.7¢2) | Nuy—C—C3) 113,2¢1)
Niy—Ce) 1,453(2) | Can—Cp)—Cpy) 109,0(1) | Cps—Can—0uy 110,6(2)
Nay—Co 1,139(2) | Cps—Coen—=Cy | 129.92) | Opn—Can—Cw) 119,.3¢2)
Nay—Cazy 1,138(2) | Cy—Cpn—0q2 | 110.02) | Cuy—Cpy—Cas) 107,1(2)
Ciy—C3) 1,5814(2) | Can—Cps)—Casy | 106,2(2) | Coan—Ci3—Can 109,3(2)
C23—Cpyy 1.312(4) | Can—C—Cy) 11041 | Con—Cm—C) 107.6(1)
Ciy—Co 1.473(3) | Con—Cxn—Cp 108.2(2) | Con—C—C 109,3(H)
Ca—Cy L5712 | Cy—C—Cey 112,0(1) | Nay—Can—Cp) 177,5(2)
Cray—Crayy 1,554(2) | Nany—Cpn—C@y | 177.842) | Cun—C—Cpy 110.5(1)
Cisi—Choy 1,521(2) | Can—C—Cis 108,9(1) | Cup—Ca—Cs) L0
Ce)y—Cn 1,521(3) | Can—C—Cy 107,11 | Crany—Cay—C3y 110,5(1)
Ciy—C9) 1,526(3) | C(5—C—C» 108,8(1) | Own—Cn—Nay 124,8(2)
0022y~ 0¢23y 1,378(3) | Ouy—Cun—Cqy | 117,8(2) | Npn—Can—C 117,3(2)
Nuy—Cqo) 1,272(2) | Nup—Cuz)—C | 177,92) | Cuoy—Ci5—Co) 112,2(1)
Nian—Cpy 1,138(2) | Caoy—C5y—Cay 113.9(2) | C)—C5—C) 111,5(2)
Nuany—C 1,317(2) | Cn—Ce)—C5 LI | Ce)—Cn—Ce) 110,0(2)
Cin—Cay 1,494(2) | Cn—C3—C9) 110,2(2) | Cpuo)—C)—C8) 113,1(2)
Can—Cas 1,326(3) | Nuy—Cuo)—Cqo) 118,2(2) | Ny—Cuo—Cs) 127,9(2)
Cpay—Cps 1,4254) | Coy—Cuo—C5 113,8(2)

Ca—Cay 1,477(2)
Cy—Crny 1,479(2)
Cuy—Cs) 1,557(2)
Cis—Cisy 1,.536(2)
Cn—Cay 1,514(3)
Coy—Cno 1,505(3)

6-Hydroxy-5,6-tetramethylene-2-phenylpiperidine-3,3,4,4-tetracarbenitrile (VIIIa) C,gH,,N;O. A. Ketone (la)
(0.45 g: 2 mmole) and diene (II) (0.3 g: 1 mmole) were dissolved with stirring in acetonitrile (5 mi). After 15-20 min a
precipitate began to form. At the end of the reaction (TLC) the solid was filtered off, washed with cold isopropy! alcohol, and
dried in vacuum to constant weight. A colorless crystalline substance (0.3 g: 45%) of mp > 150°C (decomp.) was obtained.
IR spectrum (thin film): 2265 (v C=N), 3345 (!\N—-H), 3535 cm~! (»O—H).

B. Ketone (Ia) (0.45 g: 2 mmole) and diene (II) (0.3 g: 1 mmole) were dissolved with stirring in isopropyl alcohol (5
ml) at 15°C. At the end of the reaction (TLC) the resulting solid was filtered off, washed with cold isopropy! alcohol, and dried
in vacuum. The yield of compound (VIlla) was 0.3 g (60%).

X-Ray Structural Investigation of Compound (VIIla). Transparent colorless crystals of compound (VIlia) were
removed from the reaction mixture (method A). Principal crystallographic data: monoclinic crystals (C,gH;N5O-C,H;N); at
153°K a = 8.399(3), b = 26.741(8), ¢ = 9.005(2) A, 8 = 98.81(2)°, a = 90.00(2)°, y = 90.00(2)°, V = 1998.6(10) A3,
d = 1.238 g/cm?, space group P2y/n, Z = 4, F(000) = 784. Total reflections measured 3786, 6,,, = 25.05°. Final
divergence factors were Ry = 0.0580 for 3524 independent reflections with I > 2¢ (I) and wR, = 0.1392 at each of 3538
independent reflections.

2-(p-Bromophenyl-6-hydroxy-5,6-tetramethylenepiperidine-3,3,4,4-tetracarbonitrile (Xa) C,¢H,; (BrNsO. Ketone
(1a) (0.45 g: 2 mmole) and diene (V1lc) (0.53 g: 1 mmole) were dissolved with stirring in acetonitrile (5 m!), the solid which
precipitated after 20-30 min was filtered off, washed with cold isopropyl! alcohol, and dried in the air. A white crystalline
substance (0.36 g: 40%) of mp 65°C was obtained. Found, %: C 55.34; H 4.21; N 19.04. C;gH,(BrNsO-C,H;N. Calculated,
%: C 55.81; H 4.24; N 18.62. IR spectrum: 2270 (»C=N), 3330 (sN—H), 3340 cm~! (»O—H).

6-Hydroxy-5,6-tetramethylene-2-(2-furyl) piperidine-3,3,4,4-tetracarbonitrile (IXa) C ;yH, sN5sO,. Ketone (1a)(0.45
g: 2 mmole) and diene (I1I) (0.27 g: 1 mmole) were suspended in isopropyl alcohol (5 ml) at 15°C. The new crystalline
substance formed as the reactants dissolved. At the end of the reaction (TLC) the precipitate was filtered off, washed, and dried
in vacuum to constant weight. A white crystalline substance (0.45 g: 70%) of mp 83°C (decomp.) was obtained. Found, %:
C 63.41; H 478 N 21.22. C|;H,5N5O,. Calculated, %: C 63.54; H 4.71; N 21.79. IR spectrum: 2270 (»C=N), 3330
(vN—H), 3500 cm~! (vO—H).

5,6-Tetramethylene-3,3,4-tricyano-2-phenyl-2,3,4,5-tetrahydropyridine-4-carboxamide (XVIlIa) C,oH;;N5O. Diene
(I1) (0.3 g: 1 mmole) was added to a suspension of ketone (Ia) (0.45 g: 2 mmole) in isopropy! alcohol (5 ml) at 25°C and the
mixture stirred until a clear solution was formed, keeping the temperature of the reaction mixture at 25-30°C. After 10-15 min
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TABLE 5. Coordinates of Nonhydrogen Atoms ( X 10) and Coefficients of Equivalent

Isotropic Displacement (A% x 103) for Compound (XVIIa)

AToM ¥ y Uteq)
0O(22) 7498(2) 3235(h) 3539(1) 381
O 9623(2) 931() 902(1) 31D
Ny 9997(2) 2478(1) 2928(1) 23(D
N@1y 7135(2) 1233(1) 4755(2) 39(hH
N@G2) 5685(2) 655(1) 1324(2) 42(1)
Ny 9622(2) -588(1) 1220(1) 26(1)
N(42) 8707(2) -1007(1) 3671(D) 31h
C) 8520(2) 2171¢1) 2353(2) 19(1)
Cay 7352(2) 283001) 2532(2) 23D
C(23) 6226(3) 3751(2) 3471(2) 44(1)
Ce 5344(3) 3664(2) 2479(3) 46(1)
Cs) 6068(3) 3064(2) 1857(2) 31D
Cp) 81202) 1182(1) 2718(1) 18(1)
Con 7876(2) 1221( 3861(2) 23(hH
Ciay 6736(2) 881(1) 1948(2) 25(1)
Ca) 9412(2) 478(1) 2719¢1) 18(1)
Cany 9556(2) 2T 1509(1) 20(1)
C) 9036(2) -368(1) 3254(1) 21
C(s) 10895(2) 876(1) 3430(1) 19(1)
Cs) 12263(2) 3901 31771(2) 26(1)
(o)) 13704(2) 766(2) 3896(2) 32D
C®) 13821(2) 1783(2) 36922 33
C9) 12498(2) 2287(D) 39732 32(h
C(10) 11013(2) 1912¢1) 3366(1) 22¢1)

the solid formed was filtered off, washed with cold isopropyl alcohol, and dried to constant weight in vacuum. The yield of
compound (XVIla) was 0.45 g (68%) of mp 125-130°C (decomp.). Found, %: C 68.52; H 5.29; N 21.06. C;gH;NsO.
Calculated, %: C 68.74; H 5.24; N 21.19. IR spectrum: 1615, 1645 (»C==N, éNH,); 1690 (»C==0); 2260 (»C=N); 3170,
3330 cm~! (»NH,, »,(NH,). 13C NMR spectrum (acetone-Dg): C) 8 61.73; C(3y 44.97; Cyyy 52.77; C(5, 41.28; Ccn,
117.42; 113.24; 112.03; Cconny) 163.11; C(cny) 28.45; 25.10; 26.15; 38.73; Cc 1, 129.01; 131.03; 114.41; 142.18; 161.16
ppm.

5,6-Tetramethylene-2-(p-methoxyphenyl)-3,3,4-tricyano-2,3,4,5-tetrahydropyridine-4-carboxamide (XIXa)
C,4H;9N50, was obtained analogously to compound (XVIla) using diene (IV) (0.39 g: 1 mmole) at a reaction temperaturg
of 15-20°C. Yield was 0.43 g (60%) of mp 77-78°C (decomp.). Found, %: C 66.47;, H 5.25; N 19.28. CygHgNsO,.
Calculated, %: C 66.47; H 5.30; N 19.38. IR spectrum: 1660 (#C=N, & NH,); 1700 (»C==0); 2260 (»C =N), 3130, 3220
cm™~! (v,NH,, »,(NH,).

5,6-Tetramethylene-2-(2-furyl)-3,3,4-tricyano-2,3,4,5-tetrahydropyridine-4-carboxamide (X VIIla) C;,H;sN:O,.
Ketone (Ia) (0.45 g: 2 mmole) and diene (III) (0.268 g: 1 mmole) were dissolved in acetonitrile (5 ml). The reaction mixture
was maintained at room temperature for 2 h, the precipitate formed was filtered off, washed with cold isopropyl alcohol, and
dried in vacuum to constant weight. A white crystalline substance (0.49 g: 75%) was obtained having mp > 130°C (decomp.).
Found, %: C 63.51; H 4.70; N 21.85. C,;7HsN5O,. Calculated, %: C 63.54; H 4.71; N 21.79. IR spectrum: 1650 (»C=N,
vNH,); 1690 (»C=0); 2260 (»C =N); 3150, 3270 cm~! (v;NH,, »,,NH,).

X-Ray Structural Investigation of Compound (XVIIIa). Clear colorless crystals were selected from the reaction
mixture. Principal crystallographic data: the crystals of compound (XVl1lla) were monoclinic, at 153°K a = 9.193(2), b =
14.605(3), ¢ = 12.323(2) A, 8 = 103.01(2)°, V = 1612.1(5) A3, d_,,. = 1.324 g/cm?, space group P2,/c, Z = 4, F(000)
= 672. Reflections measured were 5563, 6, = 27°. Final divergence factors were R; = 0.058 for 5235 independent
reflections with 1 > 20(I) and wR, = 0.129 at each of 5271 independent reflections.

3-Amino-6,7-tetramethylene-1-oxo-4-phenyl-3a,4,5,7a-tetrahydro-1H-pyrrolo[3,4-c] pyridine-3a,7a-dicarbonitrile
(XXa) CyoH7Ns0. A. Compound (VIIIa) (0.33 g: 1 mmole) was dissolved with heating in isopropyl alcohol (3 ml), the
solution was cooled, and the resulting solid was filtered off. The solid was washed with cold isopropyl alcohol, and dried in
vacuum to constant weight. A colorless crystalline substance (0.31 g: 94%) of mp 208-210°C (decomp.) was obtained. Found,
%: C 68.31; H 5.15; N 21.10. C,oH;N;O. Calculated, %: C 68.87; H 5.15; N 21.13. IR spectrum: 1566, 1650 (»C==N,
¥NH,); 1730 (»C==0); 2265 (vC =N); 3325 cm~! (N —H). 13C NMR spectrum (DMSO-Dy): Cqy 8 179.37; C(5y 178.14;
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Cua) 63.13; Cg) 95.51; Cpgy 141.67; Cray), Cqy 56.40; 56.88; Ceyy 117.13; 114.70; Ccyy,y 22.86; 23.64; 25.85; 27.97;

TABLE 6. Bond Lengths and Valence Angles in the Compound (XIa) Molecule

Bond A A Angle w. deg Angle w. deg
Niy—Csa) 1,386(1) Ciaay—Nuy—Cy 118,04(7)  [Ny—Cy—Cpan 112,76(7)
Nan—Ceany 1,143¢D) Ny—C)—C) 105,790 C(2|)—C(2)—-C(3) 113,10(T)
Neay—Cany 1,140(1) Cey—Can—Caz) | 119,45(9) | Cey—Cany—Coy) 121,96(8)
C(2)~—C(21) 1,.509(1) Cay—Cpny—Cw 118,58(8) [C3—Can—Cpy 120,23(9)
Caay—Caey 1,392(D Can—Cun—Cpay | 120,041 C5—Cra—Cp23) 120,17(9)
C2)—Cp2yy 1,386(D Caoy—Cps—Cpasy | 119,9(D) Cs5—Cre—Cayy 120,22(9)
Ca—Cpas 1,385(2) Cay—C—Coz 109.34(7)  |Ciapn—Cay—Cyy 110,29¢(7)
C(25—Ca6) 1,392(1) Cpa—Cr—Cw@ 79T | Capy—C3y—Cay 109,90(7)
Ca—Can 1,477(1) C32)y—C3y—C) 108,63(T) | C(n—Cay—Crqy 106,85(7)
C—Cay 1,480(1) N@an—Con—C) 178,9(D) N@y—Cpan—Cr) 175.5(H)
C(3)—-C(4) 1,583(1) Can—Cuy—Csny 108,61(7) | Cury—Cay—Can) 109.37(7
Ciy—Crayy 1,487(1) Cay—Cy—Craay | 109,28(7) | Cuiy—Ca)—Cyy) 109,41(7)
C(4)—C(u) 1.488(1) Cn—Cy—C3 108,25(7) C(4A)-—C(4)~—C(3) 111,86(7)
Cay—Craa) 1,523(1) Nuy—CEy—Cy 176,8(1) Nea2y—Cray—Cay 176,93(9)
Cua)y—Caa) 1,346(1) Caa)—Cpuay—Cs) | 124.298) [Caay—Caa)—Cray | 120,19(8)
Caa)—Cs 1,509(1) C(5—Cran)—Cray 115,53(1) | Caa)—C5—Cia) 112,20(8)
Ci5y—Cee) 1,525(1) Coy—C)—C(5 110,45(8) |Ce)—Ci—Cs) 111,40(8)
Cey—Cen 1,524() Ceay—Ci)—Cn 13,138 |Clay—Caay—Nqy | 123,21(8)
Cn—Cay 1,525(1) Cran)—Ciaay—Csy | 121,508) |Njy—Caay—Ces) 115,28(8)
Cizy—Caa) 1,504(1)

Nay—C 1.443(1)
Np2y—Ciay 1.142()
Ne2y—Ca2y 1,143(1)
Ca—Cqy 1,573(D)
Can—Cpaz 1,395(1)
C(n)-—-C(u) 1,391(2)

TABLE 7. Coordinates of Nonhydrogen Atoms ( X 10%) and Coefficients of Equivalent
Isotropic Displacement (A2 x 103) for Compound (XIa)

Atom x ¥ z Uteq )
Ny 4410(1) -863(1) 7494(1) 17(1)
NG 4135(2) 2428(2) 8878(1) 341
N3 -1944(1) 4427(1) 7997(1) 29(1)
Na1) 2531 6467(1) 6900(1) 28(1)
Naz) -605(1) 3757 §739(1) 25¢1)
Cp) 2283(1) 115(h) 7644(1) 15¢)
Ciy 1632(1) -850(1) 8422(1) 16(1)
C(22y -292(2) -783(2) 8424(1) 23(1)
Cay) -921(2) -170(2) 9118(1) 28¢1)
Caa4) 370(2) -2701(2) 9813(1) 27(1)
Cos 2269(2) -2746(2) 9823(1) 27(1)
Coae) 2903(2) -1821(2) 912811) 2341
C(3y 1841(1) 2291 (1 7701 (1) 15(1)
Ciany 3147(1) 2368(1) 8359(1) 1941y
Ciy -289(2) 34581 7897(1) 19(1)
Ciay 2309(1) 3179 6795(1) 15(1)
Ciay 2383(hH 5061¢1) 6861 (1) 19(D)
Cazgy 645(1) 35561 6196(1) 17
C(ia) 4292(1) 1802(H 64511} 150
Cis) 5106(1) 2691 (1) 5702(1) 21
Cio) 677141 1149(2) 5255(1) 22¢1)
Cin 8230 ~440(1) 56071 22
Cisy 7172¢1) 146441 64941(1) 20¢1)
Cisaj 5196¢1) =750 6809(1) 1501

C(CBHS) 129.03; 129.40; 130.57; 136.27 ppm.
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TABLE 8. Bond Lengths and Valence Angles in the Compound (XXIIIa) Molecule

Bond A A Angle w. deg Angle w. deg
Om—Cpyy 1.206(2) | Craa)y—N(53—Cie) 119.7(1) | Cay—N@—Cnoy 115,9(1)
N5)—Cpaa)y 1,390(2) | Cuzy—Nun—Cuoy 113,0(1)| Cusy—Na3—Cs) 114,5(1)
N¢sy—Cg) 1,448(2) | Caay—Nuy—Cuy 126,2(1)| Cm—Nun—Cua 119,0(1)
Negy—Cs) 1,265(2) | Cusa)y—Cy—Czy 112,02} Cea—C—Cqy 110,3(2)
Ni9y—C0) 1,489(2) | Cr)—Cn—Ce) 109,1(2)| Craa)y—C)—C3 112,3(2)
Nan—Cay 1,446(2) | Cusa)—Cua)—Nes) 123,5(2)1 Cusay—Cpaay—Cray | 122,1(2)
Nuy—Caoy 1,464(2) | N(5)—Craa)—C() 114,31} Ngsy—Ce)—Cisy L15.8()
Na3y—Cay 1.371(2) | Ns—Ce)—C(n 107,01y Cugy—Co)—Cn) 113,20
N13y—Cs) 1.384(2) | Caue)—Cn—Cs) 105,8(1)| Cusy—Cmn—Cs) 110,7(1)
Na3—Cua) 1,476(2) | Cg—C(n—Co) HL3M | Caey—Cin—Cos) 111,5¢1)
Ni6)=—Cq16) 1,145¢2) | Cy—Cn—Cps) 102,9(1)| C)—Cn—Cqis) 114,31
Nan—Cumn 1,144(2) | N@9)—C8)—N@13) 127,0(1)| Npy—Cg)—Cn 124,6(1)
Ciy—Cpsa) LS1H2) | Nuay—Ciey—Cny 108,0(1) | Nan—Cuoy—N) 114,6(1)
Ciy—Cz) 1,530(3) | Nun—Cuo—Cae 108,5(1)| N—Co)—Ca4) 110,2(1)
Cay—C3) 1,517(3) | Nun—Cuz—Nuyy 108,9(1)| Nan—Caa—C0) 112,4(D)
Cay—Cay 1,516(2) | Nu3—Cun—Ceo) 110.9() | Ouy—Cpay—N13) 126,1(1)
Cy—Caa) 1,504(2) | O—Cus—Cus) 126,9(1)| Nu3—Cas—Cas) 106,8(1)

Cuay—Cpsa) | 1,348(2) | Cun—Cpus—Cisa) 12,2(D 1 Cun—Cas—Cauay 110,4(1)
Ce)—C18) 1,527(2) | Cusa)y—Cusy—Cuq) 104,11y Caun—Cus—Cen 113,3(1)

Ciey—C(ny 1.553(2) | Cusay—Cus—Cm 1129 | Cuey—Cus—Cm 102,8(1)
Cn—Cue) 1,475(2) | Cuay—Cusa)—Cqy 122,92y | Cua)—Cusay—Cusy| 120,2(1)
Cn—Cisy 1,546(2) | Cy—Cusa)—Cas) 116,7¢1)| Nue—Cue)—C(n 177,5(2)
Cn—Cas) 1,569(2) | Nan—Cun—Cus 178,7(2)| Cq3—Cus—Cuy) 118,7(2)
Cp0y—Cpaq 1,516(2) | Caay—Cusy—Ce) 117,91 | Ca9—Cus)—Cs) 123,3(2)

C2y—Cp0) 1,518(2) | Cusy—Cus)—C20) 120,32 | Can—Cpeoy—Cu9) 120,5(2)
Cae—Cas 1,557(2) | Can—Can—Cao 119.8(2)| Can—C2—C) 119,9(2)
Cus—Can 1,476(2) | Cusy—Ca3—Cuy 120,8(2) [ Cps—Cpay—C29) 118,7(2)
Casy—Cusay | 1,529(2) | Cus—Crn—Cuo) 122,4(1) | Coy—Cpay—C(10) 118,9(2)
Casy—Cpyy 1,386(2) | Cpsy—Cps)—Cps) 120,14(2)| Cin—Cpe)—C25) 120,8(1)
Cus)—Cuoy 1,387(2) | Cpe)y—Cn—Cesy 119.4(2)| Can—C8)—Cq2s) 120,3(2)
Cuoy—Ci0) 1,389(3) | Crsy—C29)—Cp29) 120,7(2)| Casy—Coy—Ciy) 118,8(2)
Ca0y—Ceany 1,377(3) | Casy—Coy—Cuy 123,91y} Cin—Cpoy—Cuz 117,2(2)
Can—Cuy 1,377(3) | Cpn—Cin—Ceo) 120,2(2) | Con—Caz—Cey 120,9(2) -
C2y—Ceay) 1.392(3) | C31—C33)—Coay 119,242 | Caay—Cpaa—Cas) 120,2(2)
C24y—Cas) 1,382(2) | Cpoy—C5)—Caa) 120,7(2)
C4—Cas) 1,389(2)
Cas5y—Cae) 1,391(3H)
C6)y—Cpn 1,372(3)
Con—Cpy 1,376(3)
C28y—Ca9) 1,385(3)
Ca0y—Casy 1,384(2)
Ca)—Coy 1,392(2)
Can—Cay 1,376(3)
C(;z)-—C(33) 1,382(3)
Can—Cay 1,383(3)
Cpa4—Cas) 1.385(3)

B. The compound (0.33 g: 1 mmole) was dissolved with heating in isopropyl alcohol (5 ml), the solution cooled, the
solvent removed in vacuum, the residue triturated with hexane, and the solid was filtered off and dried in vacuum. The yield
of compound (XXa) was 0.33 g (100%).

C. Ketone (fa) (0.45 g: 2 mmole) and diene (1I) (0.3 g: | mmole) were stirred in isopropyl alcohol (5 ml) until a clear
solution was formed. Triethylamine (1 drop) was added and the solution kept in a closed vessel for 8 h. The resulting solid
was filtered off, washed with cold isopropyl alcohol, and dried in vacuum. The yield of compound (XXa) was 0.46 g (70%).

3-Amino-6,7-tetramethylene-1-oxo-4-(2-furyl)-3a,4,5,7a-tetrahydro-1H-pyrrolo[3,4-c]pyridine-3a, 7a-dicarbonitrile
(XXIa) C;7H,sNsO,. A. This method was analogous to method A for compound (XXa) using alcohol (IXa) (0.32 g: 1 mmole).
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TABLE 9. Coordinates of Nonhydrogen Atoms ( X 10%) and Coefficients of Equivalent

Isotropic Displacement (A2 x 10%) for Compound (XXIIIa)

Atom x ¥ Uteq)
Oy 1775(1) 19¢1) 4558(1) 25(D)
N(s) 1908(1) 4127¢1) 4180(1) 22¢1)
N -1242(1) 3198¢(H 5856(1) 21(1)
Nqn ~1519(D) 1200(1) 7216(1) 23(D
N(13) 3641) 1445(1) 5484(1) 20(1)
N(16) ~1703(2) 3454(1) 2887(1) 35¢1)
N 1846(2) 1820(1) 15151) 31D
Cuy 4313(2) 1333(2) 3384(2) 36(1)
C@) 5679(2) 1629(2) 3380(2) 43
(o)) 5430(2) 2118(2) 4410(2) 3N
Cay 4373(2) 3293(2) 4255(2) 32¢1)
Cuaa) 3070¢2) 3215 3981 (1) 22¢1)
Cee) 758(2) 4378(1) 3628(1) 19
C 344(2) 3174(1) 3865(1) 20(1)
C8) ~-263(1) 2640(1) 5193(1) 19
Chioy ~-1782(2) 24791y 7075(1) 21D
Cuy -63(2) 712() 6704(1) 22(D
Cpiay 1277(2) 1044(1) 4553(1) 20(1)
Cas 1627(2) 2164(1) 3531(1) 21D
Ciisa) 3031(2) 2303(1) 3625(1) 231
Cae) -791(2) 3341 3292(1) 23(1)
Can 1749(2) 1983(1) 2389(D) 25(1)
Cusy 1029(2) 5082(1) 2332¢1) 23
Cuoy 2332(2) 4916(2) 1530(2) 37(1)
Ceany 2506(2) 5590(2) 363(2) 46(1)
Cqay 1390(2) 6433() -11(2) 41(D)
C(22) 99(2) 6623(2) 780(2) 40(1)
C23) ~80(2) 5946(2) 1949(2) 30
C24) ~3364(2) 292201 7501¢1) 23(1)
Cq29) -4226(2) 3547(2) 6736(2) 28(1)
Cae) -5670(2) 3942(2) 7173(2) 35(1)
Ca -6264(2) 3709(2) 8362(2) 38(1)
Cer) -5419(2) 3064(2) 9128(2) 49¢h)
Cao -3977(2) 2677(2) 8703(2) 42(1)
Cex) 944(2) 628¢1) 7416(1) 24(1)
Cony 856(2) ~226(2) 8500(2) 38(1)
[05:5)) 1737(2) -351(2) 9190(2) 49(1)
Coy 2729(2) 357(2) 8820(2) 46(1)
Ci3e) 2829(2) 1201 (2) 7740(2) 40(1)
Cisy 1939(D) 1336(2) 7045(2) 31D

The yield of compound (XXIa) was 0.22 g (70%) of mp >210°C (decomp.). Found, %: 63.50; H 4.18; N 21.75.
C,7H,sN50,. Calculated, %: C 63.54; H 4.71; N 21.79. IR spectrum: 1570, 1680 (»C=N, »C=C, »NH,); 1750 (vC=0y;
2250 (»C=N); 3320, 3360 cm™! (vN—H). 1’C NMR spectrum (acetone-Dg): C(yy & 179.26; C 3, 178.44; C 4 53.70; C,
96.14; C(5, 139.87; C(3,), C7a) 53.56; 55.30; C(cny 115.00; 116.59; Ccyyy 22.715 23.53; 24.98; 28.38; Ccn,0) 111.54;
110.40; 143.97 ppm.

B. Similarly to compound (XXa) (by method C) using amide (XVIIIa) (0.32 g: 1 mmole). The yield of compound
(XXla) was 0.29 g (91 %).

3-Amino-4-(p-methoxyphenyl)-6,7-tetramethylene-1-oxo-3a,4,5,7a-tetrahydro-1H-pyrrolo[3,4-c]pyridine-3a,7a-
dicarbonitrile (XXIla), C,oH,¢NsO, was obtained analogously to compound (XXa) (by method B) using amide (X1Xa) (0.36
g: 1 mmole). The yield of compound (XXIla) was 0.34 g (95%) of mp 161-163°C (decomp.). Found, %: C 66.45; H 5.29;
N 19.32. CyoHgNsO,. Calculated, %: C 66.47; H 5.30; N 19.38. IR spectrum: 1560, 1670 (vC=N, »C==C, vNH,); 1730
(vC==0); 2240 (»C =N); 3280, 3340 cm~! (N ~H).

3.Amino-6-methyl-7-propyl-1-oxo-3a,4,5,7a-tetrahydro-1H-pyrrolo[3,4-c]pyridine-3a,7a-dicarbonitrile  (XXe)
C,oH9NsO. Ketone (le) (0.45 g: 2 mmole) and diene (II) (0.3 g: 1 mmole) were dissolved in acetonitrile (5 ml) at room
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TABLE 10. IR Spectra (cm™1) of the Synthesized Compounds

gt;)\?:d ‘:,(éi Vc-0 Ve = N VN
Xla 1640 — 2250 3345
X16 1660 — <2260 3400
Xin 1645 — 2265 3410
Xir 1650 — 2250 3400
Xin 1635 _— 2270 3380
Xle 1630 — 2270 3375
Xlla 1655 —_ 2260 3380
X1a 1595, 1640 — 2270 3370
XI1116 1600, 1660 — 2260 3400
XIls 1600, 1650 — 2260 3415
XIIr 1600, 1670 — 2265 3400
X1Va 1590, 1645 —m 2270 3365
XVa 1660 —_ 2270 3310
XVia 1640 —_ 2265 3370
XXHla 1658 1730 2260 3320
XXI1116 1670 1750 2250 3320
XXIlls 1660 1740 2260 3330
XXIIHr 1670 1740 2260 3320, 3340
XXIla 1660 1735 2260 3305
XXIvVa 1655 T 1730 2260 3280
XXIv6e 1645 1745 2270 3305, 3285
XXVa 1660 1735 2260 3305

temperature, triethylamine (a drop) was added, and the mixture set aside for a day. The reaction mixture was diluted with
isopropyl alcohol, and dried in vacuum to constant weight. A white powder (0.39 g: 61%) of mp 150-152°C (decomp.) was
obtained. Found, %: C 68.51; H 5.78; N 20.96. C|gHgN;O. Calculated, %: C 68.45; H 5.74; N 21.01. IR spectrum: 1560,
1660 (#C==N, vC==C, »NH,); 1725 (»C==0); 2250 (»C =N); 3260, 3360 cm~} (N —H).

2-Aryl-1,2,3,4-tetrahydropyridine-3,3,4,4-tetracarbonitriles (XIa-f), (XIlla-d), (XIVa), (XVa), (XVIa). General
Procedure. The appropriate diene (II)-(V1I) (5 mmole) was added to a suspension of ketone (Ia-f) (10 mmole) in glacial acetic
acid (5 ml). The reactants dissolved completely on stirring for 5-10 min and the resulting viscous solution crystallized shom;
afterwards. The solid was filtered off, and washed with a cold mixture of isopropyl alcohol and hexane (1:1). Recrystallization
was from isopropyl alcohol. The constants and data of elemental analysis are given in Table 1 and the IR spectral data in Table
10.

5,6-Tetramethylene-2-furyl-1,2,3,4-tetrahydropyridine-3,3,4,4-tetracarbonitrile(XIla) C;,H ;N:O. Alcohoi(1Xa)
(3.21 g: 10 mmole) was dissolved in glacial acetic acid (5 ml) by heating to 50°C. The solution was cooled, and water (5 ml)
added. The resulting precipitate was filtered off, washed with isopropyl alcohol, and then recrystallized from 1,4-dioxan.
Compound (IXa) (2.15 g: 71%) was obtained.

5,6-Tetramethylene-2-phenyl-1,2,3,4-tetrahydropyridine-3,3,4,4-tetracarbonitrile (XIa) C,oH;;Ns was obtained
analogously in 96% yield using alcohol (VIIIa). 13C NMR spectrum of compound (XIa) (acetone-Dy): C(y) 60.30; C(3y, Cqy
47.10;46.27; C(s, 144.81; C(4, 87.16; Cic Hy 129-27: 130.00; 131.84, 133.61; Ccn) 112.50; 111.76 (double); 110.44; C(cy,
22.33; 23.41; 26.06; 28.27 ppm. ,

X-Ray Structural Investigation of Compound (XIa). Clear colorless crystals were obtained from methanol and were
triclinic. At 173 K a = 7.363(1), b = 7.671(2), ¢ = 15.865(3) A, o = 81.46(1)°, B = 87.23(1)°, v = 64.66(1)°, V =
800.8(3) A3, d = 1.300 g/cm3, space group Py, Z = 2, F(000) = 328. Reflections measured were 4256, 6,,,, = 29.06°. Final
divergence factors were R, = 0.0335 for 3876 independent reflections with I > 20 (I) and wR, = 0.1067 at each of 3940
independent reflections.

9-Oxo0-1,3,5-triphenyl-1,2,3,4b,5,6,82,9-octahydropyride[3’,4’ :3,4]pyrrolof1,2-a][1,3,5]triazine-4b,8a-dicarbonitrile
(XX1IIIa) C43H,gNgO. A. Ketone (Ia) (0.23 g: | mmole) and diene (I1I) (0.3 g: 1 mmole) were dissolved in isopropyl alcohol
(5 ml) with stirring until a clear solution was formed. A copious precipitate formed straight away in the reaction mixture and
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was dissolved by heating to boiling. After 2 h the precipitate was filtered off, washed, and dried to constant weight in vacuum.
Compound (XXIIIa) (0.45 g: 86%) was obtained.

B. Compound (XXa) (0.33 g: 1 mmole) and diene (1) (0.3 g: 1 mmole) were dissolved by heating in isopropyl alcohol
(5 mi). Crystallization began even in the hot solution. The reaction mixture was cooled, the solid filtered off, washed with
isopropy! alzohol, and dried in vacuum. The yield of compound (XXIlla) was 0.53 g (98%).

C. Alcohol (VIIIa) (0.33 g: 1 mmole) and diene (II) (0.3 g) were dissolved by heating in isopropyl alcohol (5 ml). The
reaction mixture was then cooled, the solid filtered off, washed with isopropyl alcohol, and dried in vacuum. The yield of
compound (XXIIla) was 0.47 g (90%).

D. Compound (XXIIla) was obtained similarly using amide (XV1Ia). The yield was 99%. The constants and data of
elemental analysis are given in Table 1, and the IR spectra in Table 10.

1,3,5-Triaryl-9-oxo-1,2,3,4b,5,6,8a,9-octahydropyrido[3',4':3,4] pyrrolo{1,2-a][1,3,S}triazine-4b,8a-dicarbonitriles
(XXIHa-e), (XXIVa, b), (XXVa). General Method. Ketone (Ia-e) (1 mmole) and the approprizte diene (II)-(VII) (1 mmole)
were mixed in acetonitrile (3 ml). The reagents dissolved after 2-3 min and the reaction mixture was set aside for 1 day. The
solid was filtered off, washed with isopropyl alcobol, and dried in vacuum to constant weight. Yield, constants, and data of
elemental analysis are given in Table 1 and IR spectra in Table 10. 13C NMR spectrum of compound (XXI1Ib) (acetone-Dg):
Cqy C3) 6 67.80; 67.09; Cyy,) 148.28; Cyy), Cgyy 52.33; 53.53; Cs) 60.10; C(7y 87.70; C gy 141.98; C(g) 165.63; C(cny
116.40; 115.33; C(cy, 14.63; 17.34 ppm.

13C NMR spectrum of compound (XXIVb) (acetone-Dg): Cy, C3y 6 64.14; 64.06; 63.99; 62.40; 62.34; 62.27, C(4a)
153.61; Ci4p), C(ga) 50.27; 52.99; C(5) 52.02; C(7) 89.18; C(g) 140.16; C(g) 164.29; Ccny 115.32; 115.27; Ccp,) 14.99; 18.01
ppm.

X-Ray Structural Investigation of Compound (XXIIa). Crystals of compound (XXIIla) were selected from the
reaction mixture on carrying out the reaction in acetonitrile. The colorless crystals were triclinic, at 173 K a = 10.155(4), b
= 12.217(5), ¢ = 12.481(5) A, a = 70.02(1)°, B = 71.23(1)°, v = 73.09(1)°, V = 1349.1(9) A3, d = 1.291 g/cm?, space
group Py, Z = 2, F(000) = 552. Reflections measured were 5554, 0.nax = 29.06°. Final divergence factors were R, = 0.0423
for 5166 independent reflections with I > 20 (I) and wR, = 0.1059 at each of 5215 independent reflections.
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