In the PMR spectrum of compound (VII), the methylene protons of the morpholine ring
were manifested as a multiplet with a center at 4.05 ppm. IR spectrum, cm™?: ve=g 570,
ve—o—c 1120, VesN 2230. Found: C 46.70; H 5.14; N 17.80; S 20.517. CgHgN,0S. Calculated:

C 46.14; H 5.18; N 17.93; S 20.52%Z. The IR spectrum of the recovered morpholine hydro-
chloride was completely identical to the IR spectrum of the certified specimen. Found:

C 38.92; H 8.39; C1 28.163 N 11.347Z. C,H,;,CINO. Calculated: C 38.88; H 8.16; Cl 28.69; N
11.33%. The bands in the IR spectra were assigned in accordance with [4].
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REGIO- AND STEREODIRECTIVITY IN THE REACTIONS OF
ISOQUINOLINIUM YLIDES WITH UNSATURATED NITRILES

A. M. Shestopalov, L. A. Rodinovskaya, UDC 541.63:542.91:541.49:
Yu. A. Sharanin, and V. P. Litvinov 547.833.1:547.339.1

Reactions of isoquinolinium ylides with arylmethylenemalonitriles involve 1,3-
dipolar cycloaddition, with the highly regio- and stereoselective formation of 2-
aryl-3-benzoyl(or carbamoyl)l,l-dicyano-2,3-trans-1,2,3,10b-tetrahydropyrrolo[2,
l-alisoquinolines. In contrast, N-phenacylisoquinolinium ylide reacts with aryl-
methylenecyanothioacetamides differently, proceeding regio- and stereoselectively
to give 4-aryl-2-hydroxy-3-(l-isoquinolinio)-2-phenyl-3-cyano-3,4-trans-1,2,3,4-
tetrahydropyridine-6-thiolates.

The reactions of azinium ylides with unsaturated compounds have been utilized for the
synthesis of physiologically active indolizines, benzoindolizines, and other cyclazines
[1-6]. It has been found that these reactions proceed by 1,3-dipolar cycloaddition to give
hydrogenated cyclazines, and are frequently accompanied by side rections involving elimina-
tion, cycloelimination, or a variety of rearrangements [1l, 2, 6]. There have been no reports
up to the present time of the reactions of ylides with a, B-unsaturated nitriles.

We have examined the reactions of isoquinolinium ylides with arylmethylenemalononitriles
and arylmethylenecyanothioacetamides, and established their regio- and stereodirectivity.
The isoquinolinium ylides were not isolated, but were generated directly in the reaction mix-
ture by treating the azinium salts (Ia, b) in ethanol with an equimolar amount of triethyl-
amine. The subsequent reactions of the azinium ylides (IIa, b) with the unsaturated nitriles
followed differing routes, depending on the substituents present in the unsaturated com-
pounds (Scheme 1). The reactions of (IIa, b) with arylmethylenemalononitriles (IIIa-g)-involved
1,3-dipolar cycloaddition regio- and stereoselectivity to give the tetrahydropyrrolo[2,l-ajiso-
quinolines (IV) and (V) (Tables 1 and 2). The high regio- and stereodirectivity of these reactions
was confirmed by physicochemical studies. The IR spectra of (IV) showed several asbsorption
bands corresponding to deformational and stretching vibrations of the CONH, group at 1635-
1694 and 3180-3424 cm™* (Table 2), and the IR spectra of (V) showed absorption of high
intensity for the C=0 group at 1685-1690 cm™'. 1In addition, in the IR spectra of all the
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TABLE 1. Substituted 2-Aryl-1,1-dicyano-2,3-trans-1,2,
3,10b-tetrahydropyrrole[2,] -ajisoquinolines (IV) and (V)

Com- Y;.eld, o o !?ﬂpirical ch&’é&‘—';m‘%»
pound : P ormuia C 1 2 Hal N
{

(va) T 15166 | Cay 14N, 0 %%%% 'éﬁ%“ %%%%
(VY 85 171173 | CoyllioF N0 ;(u,ls: 2gj :;5 ;;:{
Ve o1 =172 | ColhiCINGO gjj:', 2875 32(, :22’1
I I I I
Ve 59 A= 10| Cay 1, FN,0 ;::;h ::::l_’ :2? 1::‘::
(Ve * 9 PAS=140 1 CoyHyy N, 02 7‘%% —2%'— —:i—%%
Vi s 122128 | CoslluN,0 ::—:2;—; /:(7’;) ;827’
(\b) 40 PH= 112 b CorlhyFN0 7777;}; 2; ;‘f: 1(:)?»2
(ve) 3 1A= 115 CosllsCINGO ;I:":‘: ,f?{j i’; 32(,:
{\d) 42 H6- 1171 CasThaBrNL0 f)’jf‘, 27’; ;2:; ::
I I R T B AR
(Vf) 87 FIS=120 | CagllygNU 7777(:“ —//:-(f—?‘ ”:‘377;?
(vg) 74 105=110 | CoHyzN:05 % % :32‘;

*This compound was a complex with ethylene glycol, C,0H1s
'N50’0.5C2H602 .

tetrahydropyrrolo[2,1-alisoquinolines (IV) and (V) the CzN absorption was of low intensity,
and was shifted to higher frequencies (2247-2260 cm™!) as compared with conjugated nitriles
{7]. Hence, the IR spectra show that the functional groups C=N, CONH,, and COAr are bonded
to sp3-hybridized carbon atoms. The molecules of (IV) and (V) contain a hydrogenated pyrrole
ring, and elimination of hydrogen or hydrogen cyanide does not occur in these cases.

The PMR spectra also indicate the high regio- and stereodirectivity of these reactions.
The signals for the C?H and C®H protons are seen as two doublets at 4.42-4.68 and 4.79-6.08
ppm, with coupling constants SJHZ,H3 = 6.4-7.9 Hz. The assignment of the signals for the
C2?H and C3H hydrogens was made by comparison with the PMR spectroscopic data for (IV) and

(V).

The signal for the C?H proton is shifted from 4.79-4.86 to 6.03-6.07 ppm (48 = 1.2 ppm) on
changing from 3-carbamoyl- to 3-benzoyltetrahydropyrrole[2,l-alisoquinolines, whereas the
signal for the C2H proton in unaffected (Table 2). In this transition, the 3®J values in the
PMR spectra fall from 7.7-7.9 to 6.4-6.8 Hz, which should result in a decrease in the torsion
‘angle ¢H-C?-C°H, stronger screening of the C®H hydrogen, and a shift in its signal to higher field.
The reverse of this behavior which is actually observed shows that the main contribytion to
the low-field shift of the C%H hydrogen is made by electronic rather than steric factors,
owing to polarization of the C®H hydrogen by the stronger electron-accepting substituent
COC¢Hs. In addition, the PMR spectra of (IV) and (V) show doublet signals for the C°H and
C®H protons at 6.52-6.88 and 5.39-5.48 ppm with 3JH5’H6 = 7.5-7.8 Hz, together with signals
for the aromatic protons and the NH, group {Table 2).

The signal for the C1°PH proton is seen as a singlet at 5.54-5.78 ppm. This hydrogen is
rigidly oriented in space, occupying a pseudoaxial position relative to the isoquinoline
moiety. The strict spatial orientation of the C!°bH hydrogen results in its being sterically
screened by the benzoyl group, so that on changing from (IV) to (V) the signal for this pro-
ton is shifted to higher field by 4§ = 0.20-0.22 ppm. These findings show that the substi-
tuent at C3 and the C19bH hydrogen atom lie in the same plane, and experience steric inter-
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TABLE 3. A-Aryl-Z-hydroxy—S-(l-isoquinolinio)-2-phen&l-
5-cyano-3,4-trans-1,2,3,4~-tetrahydropyridine-6-thiolates

(IX) :
- Found
ggﬂ;d Yleeéld, Mp, °C ?ler;sigal - (;Z:lculatei’ ’ .
oo | o |wem | cmos | 22| 2|2 | 8
(IXb) 90 140(dec.) | CosHgolN,05 ?;2? 233 :?gi /7;,;
(IXc) 88 | 135-136 CasHyaN308, ::éi(l) f‘;i 3372 i:;:z;

TABLE 4. IK and PMR Spectra of 4-Aryl-2-hydroxy-3-(l-iso-
quinolinio)-2-phenyl-5-cyano-3,4-trans-1,2,3,4-~tetrahydro-
pyridine-6-thiolates (IX)

PMR trum
IR spectrum, Spec .
v, cm? 8 N =
Com- » PP B -
pound , Z z
o CH | C*H | NH. OH aromatic . -
c=n | NH | ol | gy | (q) | (br.s) protons {m) z E _é"
(I1Xa) 2170 | 3337 ) 3418 | 4,76 | 5.25 5,83 7.40-8.80 (16H) 11.2 156
(IXb) 2168 | 3285 | 3424 | 4.63 | 539 6,00 7.05-8,45 (16H) 11,4 158
(IXc) 2167 | 3278 [ 3408 | 4,35 | 5,18 5,93 6,68-8,20 (15H) 1.5 158

Scheme 1
NC
77N - - \E
T —0%
([a’b) (Ha,b)
H?_NSC\[CN (lYa-f), (Ya- g,)
Ar (P a-¢)
DCHy
A~ ﬁ_ﬁrH '
D
>N IENALDH{ACONH,, ‘ Xy W
HO -
=~ N N N S
HsCs W Hsle H
(Xa-¢) (X)

— CONH,, Ar = CeHs (). 4-FCally (B, 4-CICeH4(0), 4-BrCeH, (d) 3-FCeH, @),

(IVy R : :
3-C.HN (£); (V) Re= COCeH;, A= Celly (a), 4-FCelatb), 4-CICH (o), 4’3‘!‘(4“?((1),
&Fﬁh@LQONﬁ)igmngﬂﬂm(my;n=¢uwmm”m,&%mhmh
2-C4H38 (o).

action. Consequently, the C3H hydrogen lies in the opposite plane relative to the C!°bH
hydrogen, and cccupies a pseudoaxial position in the hydrogenated pyrrole moiety in (IV) and (V).

The torsion angles, calculated using the Karplus—Conroy equatior {8] on the
basis of coupling constant 3JH2’H3, have twe values: gy_cicp = 128—-137° and

Oh_crcotr — 3545 - Consequently, the C2H and C3H hydrogens may be oriented either
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pseudoaxially, or pseudoequatorilly. Bearing in mind the characteristic J values
for previously prepared tetrahydroindolizines (3J = 6.5-9 Hz) [3-5], and comparing these
with the 3Jgczy g3y values for (TV) and (V), it will be seen that the C?H and C®H hydrogens
are located trans-pseuodequatorially, with torsion angle :¢u-c:icoy == 128-137°. The C2?H hydro-

gen occupies a cis-pseudoaxial position relative to the cloby hydrogen.

With these considerations in mind, it may be assumed that the reaction of isoquinolinium
ylides (II) with arylmethylenemalonitriles (III) involves synchronous 1,3-dipolar cycloaddi-
tion in a highly regio- and stereoselective manner with the formation of 2,3-trans-1,2,3,10b-
tetrahydropyrrolo[2,l-alisoquinolines (IV, V).

\/\
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The regiodirectivity of these reactions is governed by dipole—dipole interactions and
the strict orientation of the molecules of the starting material with respect to each other
in space. The stereodirectivity of the reactions is governed by steric interactions of the
substituents in the molecules of starting material in the transition state (VI). These fac-
tors make it possible to state with some confidence that the above reactions involve the
endo-addition of the arylmethylenmalononitriles (III) to the anti-form of the isoquinolinium
vlide via the transition state (VI), with retention of orbital symmetry.

In contrast, the reaction of the ylide (IIb) with arylmethylenecyanothioacetamides
(VIIa-c) in ethanol at 25°C results in the formation of the 3-(1-isoquinolinio)-3,4-trans-
1,2,3,4-tetrahydropyridine-6-thiolates (IXa-c). This reaction may be rationalized as a pre-
dominant Michael addition of the ylide (IIb) to (VII) in preference to 1,3-dipolar cyloaddition,
with the formation of the Michael adduct (VIII) followed by heterocyclization to the tetra-
hydropyridine-6-thiolates (IXa-c).

According to physicochemical methods of analysis, this reaction is regio- and stereo-
selective. In the IR spectra of (IX), strong C=N absorption is seen at 2167-2170 cm™!
(Tables 3 and 4). The high intensity and low-frequency position of the nitrile group ab-
sorption indicates partial redistribution of the negative charge in the grouping N=C-=(C=(C-5".
It appears that in the 3-(l-isoquinolinio)tetrahydropyridine-6-thilates (IX) the sulfur
atom bears a formal negative charge, as in tetrahydropyridine-2-thiolate salts [9-11].

In the PMR spectra of (IXa-c), the signals for the -C3H and C*H hydrogens are seen as two
doublets at 4.35-4.76 and 5.18-5.39 ppm, with 3Jygsgs = 11.2-11.5 Hz. The torsion angle cal-

culated using the Karplus—Conroy equation [8] for such values of the coupling constants has
the single value ¢u-g-g_u == 156—158" (Table 4). This shows that the C3H and C“H hydrogen

atoms are located trans-pseudoaxially, and consequently the isoquinelinium and aryl substi-
tuents occupy trans-pseudoequatorial positions. Bearing in mind that the N—=(C=C~(C-§  group-

ing contains a highly developed conjugated electronic system, it will be seen that the frag-
ment N!—®=C5~C"“ is coplanar. The above physicochemical data, together with construction of
Stuart—Briegleb models, and earlier data on the structures of tetrahydropyridine-Z-thiolates
[9-12], show that tetrahydropyridine-6-thiolate molecules exist in the semi-chair conforma-
tion, as in the case of cyclohexene [13], with atoms C? and C® departing from the pldne of the
the coplanar fragment N!—C®=C°—C“ on opposite sides (IX , A). In this conformation of the
tetrahydropyridine ring and the steric disposition of the substituents attached to it, the
hydroxyl group attached to C? occupies the trans-pseudoaxial position relative to the C°H
hydrogen. The phenyl substituent attached to C? occupies the most sterically favored trans-
pseudoequatorial position relative to the isogquinolinium cation.

The structures of the products (IX) were also confirmed chemically. On heating the
tetrahydropyridine-6-thiolate (IXa) in acetic acid in the presence of ammonium acetate, water
and quinoline were eliminated to give the known 4-(4-methoxyphenyl)-6-phenyl-3-cyano -2(1H)-
pyridinethione (X) [14].
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The IR spectra of the compounds were obtained on a Specord M-80 in KBr disks. PMR
spectra were recorded on a Bruker WM-250 (250 MHz) in solution of DMSO-d., with TMS as inter-
nal standard. TLC was carried out in the system acetone:hexane (3:5) for (IV) and (V),
and DMSO:hexane (2:5) for (IX).

2-Aryl-3-(benzoyl or carbamoyl)-1,1-dicyano-2,3-trans-1,2,3,10b-tetrahydropvrrolo[2,1-a]
isoquinolines (IV) and (V). To a mixture of 10 mmoles of the isoquinolinium salt (I) and 10
mmoles of the arylmethylenemalononitrile (III) in 20-25 ml of ethancl was added with stirring
10 mmoles of triethylamine, and the mixture stirred for 4-5 hat v25°C The solid was filtered
off, washed with ethanol and hexane, and recrystallized from ethanol or methancl. The yields,
constants, elemental analyses, IR and PMR spectra for (IV) and (V) are given in Tables 1 and
2.

4-Aryl-2-hydroxy-3-(1l-isoquinolinio)-2-phenyl-5-cyano-3,4-trans-1,2,3,4~tetrahydropyri-
dine-6-thiolates (IX). To a mixture of 10 mmoles of the isoquinolinium salt (Ib) and 10
mmoles of the arylmethylenecyanothioacetamide (VII) in 30-40 ml of ethanol was added 10
mmoles of triethylamine, and the mixture stirred for 3-4 h at 25°C. The solid was then fil-
tered off, and washed with ethanol and hexane. For analytical purposes, the compounds (IX)
were recrystallized from nitromethane. The yields, constants, elemental analyses, IR and
PMR spectra of the compounds (IX) are given in Tables 3 and 4.

4-(4-Methoxyphenyl)-6-phenyl-3-cyano-2(1H)pyridinethione (X). A mixture of 5 mmoles of
(IXa) and 15 mmoles of ammonium acetate in 10 ml of acetic acid was boiled for 8 h. The reac-
tion mixture was poured onto 100 g of ice, and the solid filtered off, washed with water and
ethanol, and twice recrystallized from nitromethane with decolorizing charcoal to give 687 of
(X), mp 225-227°C, the IR spectrum and melting point of which were identical to those pre-
viously reported for (X) [14].
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