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Abstract. Pyrazines carrying the w-alkyne side-chain -XCHZCHZCECH,
{X = O,N,S,50,S0 ,C(CN)Z) undergo on heating an {ntramolecular Diels-Alder
reaction. Pyrazfnes with the electron donating atom (O,N or S) in the
slde-chain afford (c]-fused pyr{dines as main products, whereas (3-buty-
aylsulf{nyl)pyrazine and (3-butynylsulfonyl)pyrazine are exclusively
converted into [b]-fused pyridines. A [b]-fused pyridine {s also the major
product {n the reactfon of 2,5-bis(l,l-d{icyano-4-pentynyl)pyrazine.

Inverse electron demand Diels-Alder reactfona of heterocyclic azadienes with electroa-rich
dienophiles have recefved considerable attent(on.1 Particularly, reactfons of this type with

1,2 Also pyrtntdlnes3 and pyraztnesl‘

1,2,4,5-tetrazines and 1,2,4-triazines are well documented.
react, but less easily, with electron-rich dienophtles. To enhance reactivity, azadi{ene and
dienophile are placed {n the same molecule as shown by the {ntramolecular Di{els-Alder reactions
of appropriately substituted 1,2,4,S-tetraztnee,5 1,2,k-trtazines,5'6 pyr(dazinea7 and

pyrlnldines.s’g

Recently, also {ntramolecular cycloaddition reactfons of nitropyridines carrying
an appropriate side~chain were obaer:ved.9

In add{tlon to our curreant studies oa the {ntramolecular D{els-Alder reactfons of pyr{midines and
pyridines we extended our research to simflar reactions of pyrazines carrying 5-membered w-alkyne
side-chains. An {nteresting feature of the reactfons of these pyrazines {s the possibility that
from the {ntermediate cycloadduct resulting from cycloaddition across the C2 and C5 pos{tions by
eliainatfon of hydrogen cyanide two different annelated pyridines can be obtained (see Scheme 1).

Heterocyclic dlazadienes h{therto {nvestigated have never shown to yleld two products.
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In this paper we pregent the {initial results of our study directed on the {nfluence of the

electronic effect of the atom in the side—chatn directly attached to the pyrazine ring on the

course of the {ntramolecular cyclization reacttons.

RESULTS AND DISCUSSION

We f{rst examined pyrazines containing a side-chain dienophfle linked to the heterocycle via a
hetero atom. Heating of (3-butynylamino)pyrazine (1, X = NH) prepared from chloropyrazine and 4-
am{nobutyne {n the solvent nitrobenzene gave no trace of the d{hydropyrrolopyridines 3 and 4
(X = NH). Prolongued heating at 210°C also was not successful; only decomposition of the starting
material took place. Hwever, (N-acetyl-3-butynylamtno)pyrazine (la) gave on heating at 165°C a
quantitative intramolecular cycloadditfon reactfon resulting 1n the formation of a mixture of 1-
acetyl-2,3-d{hydropyrrolo{2,3-b]pyridine (3a) and l-acetyl-2,3-dihydropyrrolo[2,3—]pyridine (4a)
{a a ratf{o 1:5. Apparently, due to the presence of the acetyl group on the amino nitrogen the
electron donating character of the amino group 18 decreased making the pyrazine ring in la more
electron def {cient than in 1 (X = NH) and, therefore, more susceptible to cycloaddition with the
triple bond of the side-chain.

Simtlar ring transformat{ons were also obtained when studying the {intramolecular cycloaddition
reactions of (3-butynyloxy)pyrazine (1b) and (3-butynylthio)pyrazine (le). On heating 1b,
prepared by reacting chloropyrazine with the sod{um salt of 3-butyn-l1-0l, in nitrobenzene we
obtained {n good yfeld a mixture of 2,3—dihydrofuro[2,3-£]pytldlne (3b) and 2,3-dthydrofuro{2,3-
clpyridine (4b) (ratto 1:3.5). Similarly compound le, prepared from thiopyraztne and 4-iodo-
butyne, also gave in excellent yteld a mixture of 2,3-dihydrothieno(2,3-b]pyridine (3c) and 2,3-
dihydrothieno[2,3-c]pyridine (4c) (ratio 1:3).

Table Intramolecular Diels-Alder reactions of pyrazines 1 and 5. Reactlon
conditions, products and yields

Pyrazines Reaction conditions Reaction products
Starting compounds Temp. (*C) Time ¢h) Compounds (X isolated yield)
la 165 4 3a (17), 4a (83)
1b 210 4 3b (12), 4b (44)
le 180 3 3¢ (24), &c (68)
1d 120 3 3d (57)
e 150 4.5 3e (88)
5 120 2 6 (53), 7 (35)
5 210 25 8 (60)

Comparing temperature and reactf{on time for complete conversf{on (see Table) of 1a, 1b and le we
see that the react{vity {ncreases {n the order X » NH<C X =« 0 X = S < X =N C(O)CH3. This order
reflects the decrease of the n-~electron deficiency of the pyrazine ring on varying X and s
simflar to those found in the 1,2,4-triazine and pyrimidine aerles.“"aa

We also studied the cyclization reactfon of le fn solvents less polar than nttrobenzene. By
determining the t{me that 1lc {s converted for 50X at 180°C {nto the products 3 and éc, {t was
found that le cyclizes 1in nitrobenzene, p-bromotoluene and p-cymene with relative rates of 2.9,
1.7 and 1.0, respect{vely. The rati{o of the products 3¢ and & (measured by glc) 1s {ndependent
of the solvent used. The effects of the solvent on the rates are small, but not negligible and
@ay {ndicate that {in the reactfon course a trans{tfon state with some fonic character may be

{nvolved.
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We suggest that in all these reactions cycloadduct 2 ts {ntermediate, being formed by additton of
the triple bond across the C2 and C5 posf{tions i{n the pyrazine ring. lLoss of hydrogen cyantide as
{ndicated in 2A (see Scheme 2) leads to [b]~annelated poduct 3, while loss of hydrogen cyanide
as {ndicated in 2B (Scheme 2) gives the [c]-annelated product &. What may be the leading
principle which deterwines that the formstion of 4a, 4b snd & 1s favored to that of 3s, 3b and
3.
Scheme 2
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We suppose that in the transition state from 24 + 3, {.e. 2&' breaking of the C-C bond partly
develops a negative charge on the bridgehead carbon atom adjacent to X, which s destabilized due
to the electron donating character of N, O and S. On the contrary, {n the transi{tion state 2B*
leading from 2B to § a positive charge {s developed on the bridgehead carbon atom adjacent to X,
which 18 of course favored due to the electron donating character of N, 0 and S. The formation of
a transition state with some fonic character seems to be supported by the slight solvent depen-
dency as has been observed (see above).

In order to test this hypothesis further we extended our study to the intramolecular Diels—Alder
reactions of (3-butynylsulfinyl)pyrazine (1d) and (3-butymylsulfonylipyrazine (le). Since a
sulfinyl aod a slfonyl group are not able to stabilize an adjacent posittve charge 14 and le can
be expected to yleld mainly products 3. This has been found indeed: 1-ox0~2,3~dthydrothienc[2,3~
blpyridine (3d), or 1,1-dloxo~2,3-dihydrothienc[2,3-b]pyridine (3e), respectively, are exclusi-
vely formed during thermolysis of 14 and le. These results seem to support our view that the
electronfc effect of atom X attached to the pyrazine ring clearly {nfluences the product
distribution in the {otrawolecular Diels-Alder reactions of pyrazines.

We also want to report on a “double” ringtransformation being observed when 2,5-bis(l,l-dicyano-
4~pentynyl)pyrazine (5) {s heated at 210°C {n nitrobenzene. It was found that thermolys{s of 3,
that 1s obtained by reacting 2-browo-5-nitropyrazine (the preparation of this coapound from
aminopyrazine following the route given by Tsylorm i{s described {n the Experimental Section)
with 5,5-dlcyacopentyce, ylelds 1,1,5,5~tetracyano-1,2,3,5,6,7~hexshydro-s-indacene (8} ({(see
Schese 3)}. Since bhoth 3—{i,i—étcynm-&-pentynyl)—?.7—dicyam—6‘?~dthydro~5‘l_i_-pyrtn&tne {6} and the
isomeric 5H-2-pyrindine (7) could be expected to be {ntermediates in the formatfon of 8, we
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subjected 5 to heating in nitrobenzene at lower temperature and found that already at 120°C a
sixture of both {somers 6 and 7 was indeed formed (ratfc 1.5:1). Both compounds were {solated and
each of them when heated at 210°C exclusively leads to the formation of 8. That the ratio of 6:7
i{s mich closer to one than {n case of la, 1b or lc i{s {n agreement with the trangitfon state
considerations (see above) for the loss of hydrogen cyanide from cycloadduct 9, being supposed
the {ntermediate {n the formatfon of 6 and 7 from 5. Attempts to 1isolate 9 or to {dentify it as
intermed{ate stage by NMR techniques fatled. That the formation of 6/7 occurs at a relative low
temperature compared to the conversion of la-le {8 {n agreement with the higher electron def{-
clency of the pyrazine ring when carbon {anstead of a hetero atom s bound to the ring.

EXPERIMENTAL SECTION

Melting points are uncorrected. lx NMR spectra were recorded on a Varian EM 390 spectrometer.
Me,St was used as internal standard (5 = 0 ppm). Mass spectral data were obtained on a AEI MS 902
spectrometer equipped with VG ZAB coasole.

Column chromatography was carried out over Merck silica gel 60 (70~230 mesh ASTM). GLC measice-
ments were performed on a Varian Vista 6000 gas chromatograph equipped with a column: 200 x 2 mm
{.d. filled with 3% SP 2250 on chromosorb W/HP 100-~120 mesh.

Starting Materials

(N-acetyl-3-butynylamino)pyrazine (la). & mixture of chloropyrazine (4.60 g, 40 mmol), &4-amino-
butyne (5.52 g, BU mmol) and triethylamine (8 ml) was heated at 130°C for 24 h. After cooling the
reaction mixture was purifted by column chromatography {(eluting first with dichloromethane and
then with 9:1 dichloromethane/EtOH) to yleld 1.26 g (21X) of (3-butynylamino)pyrazine: mp 73-74°C
(water); 1y NMR (CbCl,) & 7.95 (m, 2H), 7.80 (d, J = 2.8 Hz, 1H), 5.28 (br, 1H), 3.56 (q,

3 _ - J - - 5.2 W, 2H), 2.53 (dt, Jy = 6.2 Wz, J, = 2.7 Hz, 2H), 2.05
(??2.1(:322.7 Sﬁg zfg). ! 2

Anal. Calcd. for 03H9N3 (147.18): C, 65.28; H, 6.16; N, 28.55. Pound: C, 65.03; H, 6.15; N,
28.90.

A mixture ot the latter compound (1.0 g, 6.8 mmol), acetic anhydride (5 ul), acetic acid (2.5 al)
and sulfuric acid (3 drops) was heated at 90°C for 15 h. After cooling the excess of acetie anhy-
dride and acetic acid were removed under reduced pressure. The residue was treated with water
(20 mL), neutralized with sodium bicarbonate and extracted with dichloromethane. The organic
layer was dried (anhydrous Mg50,) and evaporated under reduced pressure. Qilum chromatography of
the residue (ether as eluent) yielded 0.92 g (72%) of la as an ofl: 'H NMR (60613) 5 8.84
(s, 1H), 8.45 (s, 2H), 4.08 (t, J = 7.0 Hz, 2H), 2.55 (dt, Jy = 7.0 Hz, J, =2.7 He, 2H), 2.20
(s, 3H), 1.95 (t, J = 2.7 Hx, LlH).

MS Calcd. for CyoH; N3 (M"): m/e 189.0902. Found: m/e 189.0902.
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{(3-Butynyloxy)pyrazine (1b). To a solutfon of sodtum (0.31 g, 13.4 mmol)} {n 3-tutya-l-ol (7 ml)
was added chloropyrazine (l.54 g, 13.4 mmol). The mixture was stirred at 80°C for 2 h and then
washed with water (4 x 10 alL). The orgsnic layer was taken up in ether (10 mL), dried (anhydrous
MgS0,) and evaporated uader reduced predeure. The residual solid was mrtflied by crystallization
fron petroleum ether 40-60 to yleld 1.04 g (52%) of 1b: wmwp 34-36°C; 'H NMR (CbCl4) & 8.30
(4, J* 1.2 Hz, 1H), 8.13 (m, 2H), 4.50 (t, J= 7.2 Hz, 2H), 2.73 (dt, dy o= 7.2 Bz, Jp = 2.7 Hz,
28), 2,10 {v, J= 2.7 He, 1H).

Anai. Calcd. for CgHgN,0 (148.16): C, 64.85; H, 5.44; N, 18.91. Pound: €, 65.03; H, 5.52; N,
19.18.

{3-Butygylthio azine {le)}. To a asoclution of thiapyrazineu €1.12 g, 10 mewol)} and 4-iodo-
butyne 1.8 g, 10 mo {n water {25 mL) was added trtethylamine (4 mL). The mixture was heated
at 70°C for 3 h, then cooled and extracted with ether. The organic layer was dried (anhydrous
MgS0,) and evaporated under reduced presmire to afford a solid materfal which wvas prified by
calunn t?romtography (ether as eluent) to yleld 0.73 g (44%) of lc: mp 43~447C (petroleum ether
40-60); “H NMR (CDC1l4) 6 8.47 (d, J ~ 1.2 He, 1H), 8.36 (dd, }-2832. Jy = 1.2 Hz, 1HW), B.20
(d, J= 2.8 He, 1H), 3.34 (t, J= 7.2 B, 21'1). 2.63 (dt, J = 2 =, Jz = 2.4 B, 2H), 2.09 (t,
J = 2.4 Hz, LH).

Anal. Caled. for CSHENZS (164.23): C, 58.%0; H, 4.91; N, 17.06. Pound: C, 58.50; H, 4.90: N,
17.31.

(3-Butynyleaif {oyl)pyrazine (1d). To 2 suapension of (3-tutyaylthio)pyrazine (2.07 g, 12.6 mmol)
in water (100 mL) was added sod{um metaperiodate (2.70 g, 12.6 maol). The mixture wag stirred at
room temperature for 24 h and subsequently extracted with ether. The organic layer was dried
(anhydrous MgSO,} and evaporated under reduced pressure. The residual sol{d material was prified
by column chrc{mt?grsgby {ether as eluent) to yield 1.41 g (62%) of 1id: mp 71-72°C; IR (CHCl 33
3300, 1060 cm B NMR (CDCL,) & 9.19 (s, 1H), 8.77 {4, I = 1.5 Hz, lH}, 8.65 (4, J = 1.5 Hz,
1H), 3.57-3.01 {(m, 2H), 2.80-2.50 (m, 2H}, 1.97 (t, J = 2.7 #x, 1H).

Anal; Calced. for C8H8N208 {180.23): C, 53.30; H, 4.47; N, 15.54. Pound: C, 53.30; H, 4.41; N,
15.47,

(3-Batynylsulfonyl)pyrazine (le). To a stirred solutton of (3-butyaylthio)pyrazine (0.82 g,
5.0 mmol) in dry dichloromethane (15 mL) at ~15°C was added a solution of wm-chloroperbenzofc actd
(85%, 2.1 g, 10.4 mmnl) in dry dichloromethane {35 wL). This mixture was stirred at roowm tempera-
ture for 16 h, cooled to 0°C and flltered. The filtrate was washed with a saturated solution of
sodium sulfite (2 x 15 mL) and subsequently with a ssturated sclutfon of sodfum bicarbonate
(2 x 25 nlL). The organic layer was dried (anhydrous Mgso, } and evaporated under reduced pressure.
The residoal oll was purified by column c:hr:mxmtcgrfpl':y1 (ether as eluent)} to yleld 0.62 g {63X) of
le as an ofl: IR {(CHCl,) 3315, 1340, 1130 cm H MMR (CDCl3) 5 9.33 (s, 1¥), B.81 (4,
J~ 1.1 W, 1H), 8.73 (d, J-lotiz. 1H), 3.66 (:, J=7.2 Bz, 2H), 2.75 (de, J = 7.3 Hz,
J, = 2.7 Hz, 2H), 1.81 {t, J-27Hz, 1H).

M5 caled. for cgﬂgxzezs {H ¥: m/e 196.0307. Pound: nfe 196.0312.

2,5-Bis{l,l-d{cyano~4~pentynyl ypyrazine (5). a. Preparation of 2-bromo~5-nitropyrazine. To a
solutlon of aminopyrazine (3.0 8, 52.6 mmwol) {n dry dichloromethane {300 ®mL), cooled to O C, was
added N-bromomiccinimide (9.4 g, 52.8 mmol). The mixture was stirred at 0°C for 24 h and then
washed with four 50 mL portions of a saturated solutfon of sodium carbonate and water {50 mL).
The organic layer was dried (anhydrous MgSOA) and evaporated undgr reduced pressure to give 5.1 g
{55%) of 2-amino-S~-bromopyrazine: mp 112~114"C (EtOH/H,0) (Lit- 113°C).

To a stirred solution of dimethyl sulfoxide (1.2 g, 15.4 mmol) {n dry dichloromethane (40 mL),
cooled to ~75°C, was added trifluoromethanesilfonic anhydride (3.1 g, 10.7 mmol) at -70°C under
nitrogen. After 30 min, at ~70°C a solutfon of 2-amino-S-bromopyrazine (1.5 g, 8.6 mmol) in a
sixture of dichloromethane {30 wl) and dimethylsulfoxide (1 wl) was added. The reaction =mixture
was stirred at -75°C for 3 h, and then at ~40°C for 1 h. A 5% sodfum hydroxide sclutfon {20 mL)
and subsequently dichloromethane (30 ml) were added maintaining the temperature below -10°C.
After stirring for 30 wmin the orgsnic layer was separated. The aqueous layer was extracted with
ftve 30 ml, portions of dichloromethane. The combined dichloromethane extracts were washed with
water (30 mL), dried over anhydrous HaS% and evaporated under reduced pressure. The residue was
periffed by column chromatography {ethyl acetate as eluens) to yield 1.7 g (85%) of N{2-dromo~5-
pyrazinyl )~S,S~dimethylsulf i1 imine: mp 122-123°C; b4 mMR (C5€13) § 7.93 {d, J= 1.2 Hz, 1H), 7.80
{d, J = 1.2 Hz, 1H), ;é}‘i (s 6H).

MS Caled. for CoHoN,5"7Br (H Y: mfe 232.9623. Pound: m/e 232.9630.

To a eolut(on o m-chloraperbenzoic actd (85X, 2.95 g, l4.6 mmol) {n dry dichloromethane
{130 wL), was added a solution of N-(2-bromo-5-pyrazinyl)-S,S-dimethylsulfilimine (1.08 g,
4.6 maol) at -8°C over a period of 3.5 h. The mixture was stirred at -8°C to -5°C for 30 min and
subsequently filtered rapidly. Ozope was lubbled through the clear orange filtrate at -5°C antil
{t turned pale yellow. The mixture was washed with two 20 ml portions of a saturated solution of
sodtum bicarbonate. The organic layer was dried (anhydrous Mg50,) and evaporated under reduced
pessure., Column chromatography (eluting with 1:1 dtchloronethanelpetwlmn ether 40-60) ylelded
0.78 g (82%) of 2-bromo-S5-nitropyrazine: wp 114°C; g R (Cocly) & 9.30 (4, J = 1.2 Hz, 1H),
8?3(<&,J-12!{z,1;

MS Calcd. for CuHyN;0,’“Br (M'): m/e 202.9331. Found: mfe 202.9336.

23323 Calced. for C4HyN40,Br (203.99): €, 23.55; H, 0.98; N, 20.60. Found: C, 23.62; H, 0.95; N,
b. BReactfon of 2-bromo-5-nitropyrazine with 5,5-dicyancopentyne. Te a stirred muspensfon of
sodium hydride (80 d{spersion, 0.0863 g, 2.1 mmol} in snhgmus THF {15 ®mL) at room temperature
under nitrogen was added a sclution of 5,5-dicyancpentyne {0.25 g, 2.1 m®1) in anhydrous THF
(15 ml) and the nmixture was then stirred for 20 min. A solution of 2-browo-S-nitropyrazine
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{0.426 g, 2.1 mmol) in anhydrous THF (5 ml) was added and the mixture was stirred for 2 h. After
addition of water (100 mL) the mixture was extracted with ether (4 x 40 mlL). The organic extracts
were cowbined, dried (anhydrous MgS0,) and evaporated under reduced pressure. The residue was
purif ted by columl chromatography (dichloromethane aa eluent) to afford 0.156 g (48%) of 5: mp
123-124°C (EtOH); “H NMR (CDCl,) & 9.18 (s, 2H), 2.90-2.50 (m, 8H), 1.96 (t, J = 2.7 Hz, 2H).

MS Calcd. for CygHyaNg (M7): mle 312.1123. Found: mfe 312.1130.

Apal. Caled. for CygH),Ng {312.32): C, 69.22; H, 3.87; N, 26.91. Pound: C, 69.42; H, 3.78; N,
26.75.

General procedure for the intramolecular Diels-Alder reactions of pyrazines 1 and 5.

A stirred solutton of the pyrazine deri{vative {n nitrobenzene (100 mg solute/1 al solvent) under
nitrogen was heated under coonditions depending on the substrate (see Table). The resultant
solut{on was chromatographed over s{lica gel; elutfon with the appropriate solvent system ylelded
the reaction products 3, &, 6, 7 and 8.

Cyclizatfon of (N-acetyl-3-butynylamino)pyrazine (la). Column chromatography (eluting firat with
dichloromethane to remove nitrobenzene, followed by 2:1 dichloromethane/ether and finally 4:1
ether/methanol) of the reaction mixture obtained from la (4.0 mmol) yielded l~acetyl-2,3-d{hydro~-
pyrrolo{2,3-b}pyridine (38, 17%1), mp 122-123°C (Ht»e“ 123-124°C), *H NMR (CDClq) tidentical with
that reported in the Iltterature, 2 and 1~acetyl-2,3-dihydropyrrolo]2,3—c]pyridine (4a, 83%), mp
115~116°C (toluene); "H NMR (CDCl4) 5 9.3 (s, 1H), 8.23 (d, J=5.1 Hz, 1H), 7.07 (d,
J = 5.2 Hz, LH), 4.01 (¢, J = 8.6 Bz, 2H), 3.17 (t, J = 8.6 Hz, 2H), 2.20 (8, 3H).

Anal. Calcd. for C9H10N20 (162.19): C, 66.64; H, 6.21; N, 17.27. Pound: C, 66.47; H, 6.18; N,
17.34.

Cyclization of (3-butynyloxy)pyrazine (1b). Purification of the reaction mixture originating
from 1b (3.4 mmol) by column chroutogra;ihy (eluting with dichloromethane) ylelded 2,3~dihydro-
furo{2,3-§_jpyticﬁne {3b, 12Y) as an otl, *H NMR (CDCI3) spectrum identical iwith that reported in
the literature, and 2,3-dfhydrofuro{2,3—c]pyridine {4b, 44%) as an ofl; H NMR (CDClj) & 8.13
(s, 1H), 8.10 (4, J = 4.9 Hz, 1R), 7.13 (d, J = 4.8 Hz, 1H), 4.56 (v, J = B.7 Hz, 2H), 3.20 (t,
J = 8.6 Hz, 2H).

MS Calcd. for C;H,NO (M'): m/e 121.0528. Found: m/e 121.0534.

Cyclization of (3-butynylthio)pyrazinme (ley. Column chromatography {eluting first with dichloro~
methane to remove nitrobenzene, followed by ether) of the reaction niitute obtained from le
{0.18 mmol) ylelded 2,3~dihydrochiem[2,3~_§_jpyrlfine (3¢, 24X) as an ofl, “H NMR (CDC13) spectrum
tdentical with that reported in the literature, 4 and 2,3-dihydrothieno[2,3~c]pyridine (&, 68%)
as an ofl; "H NMR (CDC13) 5 8.40 (s, 1H), 8.21 (d, J= 4.8 Hr, 1H), 7.08 (d, J = 4.8 Hz, 1H),
3.34-3.24 (m, 4H).

MS Calcd. for C,H,NS (H+): m/e 137.0299. Found: m/e 137.0291.

Cyclizatfon of (3-butynylsulf inyl)pyrazine (1d). Column chromatography {(eluting with 5:1
chloroform/acetone) of the reaction mixture resulting fégn 1d (7.2 mmol) yielfed l-0x0-2,3~
dthydrothieno{2,3-b)pyridine (M, Sgl), mp 97-99°C (ltc. 96-97.5°C). IR and H NMR spectra
{dentical with the reported spectra. b

Cyclization of (3-butynylsulfonyl)pyrazine (le). Column chromatography (eluting first with
d{chToromethane to remove n{trobenzene, followed by 5% wmethancl {n dichloromethane) of the
reaction mixture obtained from le (2.1 mmol) ylelded, 1,1-dioxo-2,3~dihydrothienc{2,3-b]pyridine
(3e, 88%), mp 109-111°C (dichloromethane/petroleum ether 40-60); IR (CHC13) 1330, 1160, 1130 en?
(one of the absorptfons at 1160 and 1130 cm * belongs to the S0,-group); "H NMR (CDCl4) & 8.65
(d, J = 4.7 Hz, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.51 (d4, - 7.97Hz, J; = 4.6 Hz, 1H), 3.65-3.28
{m, 4H).

Anal. Calcd. for C7H7N028 (169.20): C, 49.68; H, 4.17; N, 8.27. Found: C, 49.52; H, 4.10; N,
8.17.

Cyclization of 2,5-bis(l,l-dicyano-4-pentynyl)pyrazine (5) at 120°C. Column chromatography
(eluting with dichloromethane) of the solution obtained from 5 (0.64 mmol) afforded a mixture of
3-(1,1-dicyano~4-pentyayl)-7,7-dicyano-6,7-dihydro-5H-1-pyrindine (6) and 3-(1,l1-dicyano-4~
pentynyl)-7,7-dicyano-6,7~dihydro-5H-2-pyrindine (7). Column chromatography (eluting with ether)
of the latter mixture ylelded 6 (53%) and 7 (35%).

Analytical and spectroscopic data of 6 and 7:

6: mp 153-155°C (ethanol); IR (CHCl,) 3300, 2250 cu™!; i WMR (CDCly) & 8.85 (d, J = 1.6 ®, 1H),

7.98 (4, J = 1.6 H, 1H), 3.33 {m, 2H), 3.05 (e, 2H), 2.56 (br s, &4H), 2.05 (t, J = 2.6 Wz,
1H).
MS Calcd. for C1 H
Anal. Calcd. for Cll*,
24.46.

7: mp 122-124°C (ether): IR (CHCL4) 3300, 2250 em *; Ly wir (€Dl 3) & 8.90 (s, 1H), 7.80 (s, 1W),

3.31 {t, J= 6.4 Hz, 2H).+3-05 (t, J= 6.4 Wz, 2H), 2.63 (br s, 4H), 2.05 (t, J = 2.7 Hz, 1H).
MS Calcd. for CyyHyNg (M'): m/e 285.1014. Found: mfe 285.1015.

s (M*): m/e 285.1014. Found: m/e 285.1014.
}?llNS {285.30): C, 71.56; H, 3.89; N, 24.55. Found: C, 70.97; H, 3.76; N,

1

Cyclization of 5 at 210°C. Coluwn chromatography (eluting with dichlorowethane) of the reaction
mixture obtalned from 5 (0.40 mmol) yilelded l,l,5,S»ie:racyam-—l,2,3,5,6,7-hexahydt0°s-indacene
(8, 60Y), mp 245-247°C (ethsnol). IR (CHCl4) 2280 co t; L R (CpCly) & 7.63 (s, 2H), 3.31 (¢,
J = 6.7 Hz, 4H), 3.00 (t, J = 6.8 Hz, 4H).

M5 Calcd. for CygHyoN, (M*) m/e 258.0905. Found: m/e 258.0913.

Ana;; Caled. for CygH N, (258.27): C, 74.40; H, 3.90; N, 21.69. Found: C, 74.65; H, 3.97; N,
21.97.
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Cyclization of 6 and 7. Solutions of 6 (0.22 mmol) and 7 (0.15 mmol) {n nitrobenzene (1 mL) were
heated at 210°C for 25 h. Column chromatography (ether as eluent) of each of the reactfon mix-
tures gave 8 (652).
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