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Abstract. Pyrazinea carrytng the w-alkyne atde-chain -XCH2CH2C-CH. 
(X,S,SO,SO ,C(CN)2) undergo on heating an tntramolecular Diels-Alder 
reaction. Pyrf2 aa nea with the electron donating atom (0,N or S) in the 
side-chain afford [cj-fueed pyrtdtnea aa main pro&cts, whereas (3-buty- 
nylaAf inyl)pyrarine and (3-butynylrulfooyl)pyraatne are excluatvely 
converted into [b]-fused pyridines. A lb]-fused pyrtdtne la also the major 
pro&ct in the reactton of 2,5-bis(l,l-dtcyano-4-pentynyl)pyraztne. 

Inverse electron demand Diela-Alder reactiona of heterocyclic azadienes wtth electron-rich 

dienophilea have recetvcd considerable attentton.’ Parttcularly, reacttons of this type vtch 

1.2,4,5-tetratinea and 1,2,4-trtartnea are well documented. 132 Alao pyrtatdinea3 and pyraatnes4 

react, lmt leaa easily. vith electron-rtch dlenophlles. lb enhance reacttvtty, azadtene and 

dtenophtle are placed In the aamz mlecule aa shown by the IntraaDlecular Dteln-Alder reactIons 

of appropriately slbatttuted 1,2,4.5-tetrastnes,5 l,2,4-trtazinea,5’6 pyrIdarInes7 and 

pyrtmtdinea. 8.9 Recently. alao Intramlecular cycloaddttton reacttons of nttropyrtdtnea carrytng 

an appropriate atde-chatn were obaerved. 9 

In addition to our current studies on the Intramolecular Dtels-Alder reacttone of pyrtmtdtnes and 

pyrtdines we extended our research to atmtlar reacttona of pyrartnes carrytng )-membered ealkyne 

side-chatns. An tnteresting feature of the reacttons of these pyraatnes is the posetbtltty that 

from the tntermedtate cycloadtict reaulttng from cycloaddttion acrosa the C2 and C5 posItions by 

eltmination of hydrogen cyanide tw dtfferent annelated pyrtdtnee can be obtatned (see Scheme 1). 

Heterocycllc dtazadtenee hitherto tnvesttgated have never shown to yteld two products. 

Scheme 1 
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In this paper we present the Inttlal rearlts of our study dlrectcd on the tnfluence of the 

electronic effect of the atom In the aide-chat” dtrectly attached to the pyrazine rtng on the 

course of the Intramolecular cycltratton reacttons. 

RESULTS AND DISCUSSION 

We f lrst examtned pyrazlnes contalntng a side-chata dtenopltle linked to the heterocycle via a 

hetero atom. HeatIn of (3-butynylamlno)pyrar~ae (1, X - NH) pepared from chloropyraalne and 4- 

amtnobutyoe tn the solvent nttrobeazene gave DD trace of the dlhydropyrrolopyrldlnes 3 and 4 

(X - NH). Prolonlpled heattng at 21O’C also was not successful; only decomposition of the starting 

,aaterlal took place. lbwever, (N-acetyl-3-butynylamtno)pyrat~ne (La) gave on heattng at 165’C a 

quantttatlve intramolecular CycloaddltIon reactton rearltlng la the formatton of a mixture of l- 

acetyl-2,3-dlhydropyrrolo[2,3+Jpyrtdtne (3a) and I-acetyl-2,3_dlhydropyrrolo[2,3_cJpyrid~ne (4m) 

In a ratto 1:s. Apparently, &e to the presence of the acetyl group on the amino nttrogen the 

electron donattng character of the amtno group (8 decreased maktng the pyrazfne rtng In La more 

electroo defIc(ent than tn 1 (X - NH) and, therefore, mDre suscepttble to cycloaddttloa with the 

triple bond of the side-chain. 

Slmtlar ring tranaformattona were also obtatned Ben atudytng the (ntramolecular cycloaddttton 

reacttons of (3-butynyloxy)pyrarine (lb) and (3-butyaylthto)pyraslne (Ic). & heattng lb, 

Fepared by reacting ChloropyrazIae wtth the sodturn salt of 3-butyn-l-1, In nttrobenrene we 

obtained In good yteld a mfxture of 2,3-dihydrofuro[2,3_gpyrtdlne (3b) and 2,3-d(hydrofuro[2,3- 

c]pyrldlne (4b) (ratto 1:3.5). Slmllarly compound Ir, prepared from thtopyrartne and 4-lodo- 

bu tyne, also gave tn excellent yield a mixture of 2,3-dthydrothieno[2,3-b_lpyrtdtne (kc) and 2.3- 

dlhydrothteno[2,3sJpyridtne (4~) (ratto 1:3). 

Table Intramolecular Diels-Alder reactions af pyrarinea 1 and 5. Reaction 
conditions, products and yielda 

Pyratinea 
Starting compounds 

Reaction conditions 
Temp. (‘C) Time (h) 

Reaction products 
Compounds (X isolated yield) 

la 

lb 

lc 

Id 

1C 

5 

5 

165 4 k (17). k (83) 

210 4 3b (12). 4b (44) 

180 3 3e (24). k (68) 

120 3 3d (57) 

150 4.5 k (88) 

120 2 6 (53)s 7 (35) 

210 25 8 (60) 

Compartng temperature and reactton ttme for complete conversfon (see Table) of la. lb and Ic we 

see that the reactlvlty increases In the order X - NH < X - 0 < X - S < X - N C(0)CH3. Thts order 

reflects the decrease of the n-electron deftciency of the pyraatne rtng on varytng X and ts 

slmllar to those found (II the 1,2.4-trtattne and pyrlmldtne series. 6b .8a 

Ue also studted the cycltaatlon reactIon of le fn solvents less polar than nttrobenzene. By 

determlntng the time that lc Ls converted for 50% at 18O’C tnto the prohcts 3c and C, tt was 

found that lc cycltrea in nttrobenzene, pbrowtoluene and p-cymene with relattve rates of 2.9. 

1.7 and 1.0. respectively. ‘Ihe ratto of the proCcts 3c and 4c (measured by glc) (a (“dependent 

of the solvent used. The effects of the solvent on the rates are small, but not negltgtble and 

may tndicate that tn the reactton course a trane.tt(on state with some tonic character may be 

involved. 
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Wa arggest that tn all these reacttons cycloadduct 2 ts tntermedtatc, betng formed by addttton of 

the triple bond across the C2 and C5 postttons In the pyraztne ring. LOss of hydrogen cyantde as 

tndicated in U (see Scheme 2) leads to [bl-annelated pcodrct 3, while loss of hydrogen cyanide 

a6 fndieated ta 21) (Scheme 2) gtvaa the [cl-annelated pro&et 1. What nay be the feadlng 

principle vhich deterrfaes that the formatton of 4a, &b and &e Is favored to that of 3a, 3b and 

3c. 

2A’ 28’ 

I I 

3 a 

Ue suppose th8t in the transition state from 24 + 3, i.e. 2&’ breaktng of the C-C tnmd partly 

develops a negattva charge on the bridgehead carbon atom adjacent to X, uhlch la destabfltzad due 

to the electron donating character of N, 0 and S. On the contrary, tn the transttton state 2B’ 

leading from 2U to 4 a astttve charge 1s developad on the brtdgehead carbon atom adjacent to X, 

which is of course favored Ce co the electron donattng character of N, 0 and S. ‘Ihe formatton of 

a traasitlon state vtth some lontc character seama to be mpported by the sltght solvent depen- 

dency as has been observed (see above). 

In order to test thfs hygmthesis further we extended our study to the lntraaaJlecular Dfels-Alder 

react tons of (3-lutyoylatlf tnyl)pyrazlne (Id) and (3-butyoylsulfonyl)pyrazIna (Ia_?- Stnce a 

wlftnyl and a atlfonyf group are not able to stabtltse an adjacent pmtttve charge Id and le can 

be expected to yteld ~lnly p_oducte 3. ?hi% has been found Indeed: l-am-2,3-dthydrothtenof2,3- 

bJpyrtdfne (3d), or l,l-dto~-Z,3-d~hydroth~e~[Z,3-~~r~d~oe (kc), respectively, are excluel- 

vety formed &trtng thermrlyats of Id and la. Rteae rearlts seem to atpmrt our vtev that the 

etactronlc effect of atom X attached to the pyrartne ring clearly tnfluences the pobtct 

dfetrtbutton In the tntramlecular Dtels-Alder reacttons of pyraztnas. 

Ue also want to report on a “double” rtngtransformatton being observed when 2,5-bta(l,l-dtcyano- 

4-pentynyl)pyraaine (5) ts heated at 21O’C In nttrobenzene. It wan found that chercaolysfs of 5, 

that io obtatned by reacttag Z-broom-5-nttropyractne (the preparatton of thta coopaund from 

antoopyrsrlne following the ratte gtven by Taylorlo ts descrtbed In the Expertau?ntal Sectton) 

with 5,5-dicyarmpentyae, ylolds 1,1,S,S-tctracgano-l,2,3,5,5,7-hexahydro-s-indacene (q fsee 

Scheme 3). Since both 3-fl,l-dtcyano-4-pentynyl)-7,7-dicyano-6,7-dthydro-5~p~~ndtne (6) and the 

Isoa%rtc S&P-pyrtndfne (7) could be expected to be Iotermedtates In the formattoo of 8, we 
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Scheme 3 

NC 

arbjected 5 to hcatlng in nltrobentene at lower teeperature sad found that already at 12O’C a 

mfxturc of both isomers 6 and 7 was indeed formed (ratfo l.S:t). Both compoundo were leolated and 

each of them when heated at 21O’C exclusively leads to the formatton of 8. That the ratfo of 6:7 

fs mch closer to one than in case of la, lb or lc is tn agreement with the traosftton state 

coasldcrattons (see above) for the loss of hydrogen cyanide from cycloadduct 9, betng suppDeed 

the tnteroedtate in the formatton of 6 and 7 from 5. Attempts to Isolate 9 or to identtfp tt as 

Intcrmedtate stage by NMR techniques fatled. ?hat the formatlon of 617 occura at a relatfve low 

temperature compared to the conversion of 18-k ia tn agreement with the higher electron deft- 

ctcncy of the pyraztne rlog when carbon fnstcad of a hereto atom ls bound to the rtng. 

EXPERIMRNTAL sECTIC# 

PIeltlng piOt8 are uncorrected. 1 X Nl4R spectra were recorded on a VarIan EH 390 spectropletet. 
Ue4St was used as internal standard (6 - 0 pp)* Mass spactral data were obtalned on a AEI MS 902 
spectrometer equipped with VC UE coosale. 
Column chromatography wae carrtcd out over Hcrck rCltca gel 60 (70-230 eeoh Am). CLC meaaire- 
ments were performed on a Varlan Vista 6000 gas chromatogra@ equipped wtth a column: 200 x 2 mm 
I.d. filled wfth 3% SP 2250 oa chromosorb W/HP 100-120 mash. 

Starting Materials 

(N-acetyl-3-butynylamtno)pyrazfne (la). A mtxture of chloropyraztoc (4.60 g, 40 amaol), 4-amtno- 
butyac (5.52 g, 80 pla~i) and trlethylaaine (8 mL) waa heated at 13O’C for 24 h. Mter cooltng the 
reactlon alxture WBB wrtfied by coluw chromatography (eluttng f (rat vlth d&zhloromethane and 
then vtth 9:l dlchloromethaoe/EtOA) to yteld 1.26 g (21%) of (3-butynylamltto)pyrazine: mp 73-74-C 
(water); ‘Ii NMR (CDU,) 6 7.95 (m, ZH), 7.80 (d, J - 2.8 Rr, lR), 5.28 (br, III). 3.56 (q, 

JCH -CH - J R -RR - 6.2 W, 2R). 
tt.25 -22.7 E? lfi). 

2.53 (dt, Jl = 6.2 Hc, J2 = 2.7 M, 2H). 2.05 

inil * 
28.90. 

f&lcd_ ior .f+HgN3 (147.18): C, 65.28; H, 6.16; N, 28.53. I?txtnd: C, 63.03; R. 6.15: N, 

A. illxture of the latter compuad (1.0 g, 6.8 ml), acetIc anhydrtdc (5 PL), accttc acid (2.5 a~) 
and sulfuric acid (3 drops) wae heated at 9O’C for 15 h. After cooling the exnesa of acetic anhy- 
drtde and acetic acid vere removed under te&ced pressure. Ihe real&e was treated wtth water 
(20 mL), neutralized w(th sodturn bicarbonate and extracted wfth dlchloromethane. The organfc 
layer va6 dried (anhydrous !4@04) and evaporated under rebtccd wesaute. 
tbe residue (ether as elucnt) yielded 0.92 g (72X) of La as an oil: 03. 

luam chromatography of 
H NIJR (CDQ,) 6 8.84 

(a, 1w, 8.43 (8, 2H). 4.08 (t, J - 7.0 Hz, 2H), 2.33 (dt, Jl - 7.0 Rx, J2 -2.7.Hz, %), 2.20 
(a, 3H). 1.95 (t, J - 2.7 k. 1H). 
MS Calcd. for C10H11N3 (i@):Tmje-189.0902. Found: m/e 189.0902. 
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j3-8ueyoylory)pyraztne (lb). To B acluCt@a of sodtum (0.31 8, 13.4 -1) to 3-tutyn-i-o1 (7 mt) 
was added chloropyrazinc (1.54 g, 13.4 paol). The mixture was attrred st 8O‘C for 2 h and then 
washed with water (4 I LO mL). Tha orgmie layer was taken up in ether (X0 mL), drted (anhydtaue 
MgS04) snd evaporated under re&ced presaurt. Ihe rest&al mltd was prrt\ted by crystalltzatton 
from patrolarm ether 40-60 to yield L-04 8 (52%) of lb: IW 34-36’C; R NMB (CIK13) 6 8.30 
(d, J * 1.2 HZ, la), 8.13 (a, 2H), 4.50 (t, .I- 7.2 Hz, 2A), 2.73 (dt, .Yl - 7.2 Hz, J2 - 2.7 Hz, 
28). 2.10 (t, J= 2.7 Hz, Ifi). 
Anal. C&cd. for Q.,H8N20 (148.16): C, 64.85; 8, 5.44; N, 18.91. Pbund: C, 65.03; H, 5.52; N, 
19.18. 

~3-~~y~yI~bto~~a~int (z&j. Tu a soIutton of th~o~r*=~~~~’ (I.12 8r 10 ~4) end 4-fodrr- 
hryne”* (1.8 g, 10 umlf fn water (25 mL) was added trtethylamfne (4 I&). ‘Itie afxture was heated 
at 70% for 3 h, than cooled and extracted vtth ether. ?he organk layer wss drted (anhydrous 
Mgsf_~~) and evaporated under reduced pressure to afford a soltd matertal vhtch YBs ptrffted by 
column c tomatogaphy (ether as aluent) to yfeld 0.73 8 (44x) of lc: mp 43-44’C (petroleum ether 
40-60) ; P H NHE (CDCl,) 6 8.47 (d, J - 1.2 Ht, IH), 8.36 (dd, J 
(d, J * 2.8 M, lH), 3.34 (t. J - 7.2 Hz, 2H), 2.63 (dt, Jl = ) 

m 2.8 lk, J * 1.2 k, 1H). 8.20 
*2 th, J2 - 3.6 M, 2H), 2.09 (t, 

J - 2.4 Hz, 1H). 
Anal. C&cd. for C&N2S (164.23): C, 58.50; H, 4.91; N, 17.06. Found: C, 58.50; H, 4.90: N, 
17.31. 

j3-autJaylattftayl)pyraxine (IdI. TO a suapFtnsioa of (3-tutynylthto)Wraetne (2.07 gr 12.6 ~1) 
In varer (100 mL) was added sodtuo mataprlodace (2.70 8. 12.6 ~1). The mtxture was attrred at 
room temperature for 24 h and subsequently extracted vtth ether. Ihe organtc layer vas drted 

and evaporated under reduced preeatre. Ihe reoldual soltd meter&al vaa plrtf ted 
[ocher 86 ehent) to yteld 1.41 8 (6zzx) of ld: sip 71-72-C; IK (CftCl3f 

6 9.19 (6, lW), 8.77 (d, J - 1.5 Its, lH), 8.65 fd, J- 1.5 Ha, 
(a, 2H), 1.97 <t, J = 2.7 Hz* IH). 

Anal. Caicd. for C8H8N20S ll80.23): C, 53.30; H, 4.47; N, 15.54. Found: C, 53.30; 8, 4.41; N, 
15.47, 

(3-mtynylaulfoayl)pyrazfne (Ie), To 8 attrred aolutton of f3-butynyIthto)pyraztne (0.82 g, 
5.0 ~1) in dry dtchloromsthane (15 mL) at -lS’C was added a solution of m-chloroperbenzotc actd 
(as%, 2.1 g, 10.4 -1) tn dry dtchloromerhane (35 mL). Thts mtxture was sttrrtd 8t toon tempera- 
ture for 16 h, cooled to O’C and f tltered. The ftltrate was washed vlth a saturated 6olutton of 

aodtum eulftte (2 x 15 mL) and lub6quently vfth a saturated solutton of sodturn btcarbonate 
(2 x 25 mL). The organtc layer was &ted (anhydrous MgSO,) and evaporated under rechiced pressure. 
The rest&al oil was plrff ted by column chromatogpphyl (ether as eluent) to yteld 0.42 g (63%) of 
18 as 8u oil: IR (CHQ ) 3315, 1340, 1130 cm ; 
J - 1.1 Hr. Iii), 8.73 (2, J - 1.0 I%, lH), 3.66 ft. 

8 NM (CDCl,) 6 9.33 (a, lH), 8.81 cd, 

J - 2.7 Hz, 2H), 1.81 (t,,J - 2.7 iiziz, 181. 
J = 7.2 Hz. 2H), 2.75 (dt, Jl - 7.3 82, 

Pi z C&cd. for C8H8N202S fH ): mie 196.0307. Found: mle 196.0312. 

2,5-Bfe(l,l-dlfyaM-4-pentynyl)pyraztne (2). a, Prepratton of 2-bronrr-Pnitropyraztne. To a 
solutioa of amtoopyrazfne (5.0 g, 52.6 smer) tn dry dtchloromathane (300 mL>, cooled to O’C, was 
added N-btomoarcctnlmtde (9.4 8, 52.8 -1). The mixture V&i8 sttrred 8bt O’C for 24 h and then 
washed wtth four SO mL arrtons of a aaturated solutton of sodturn carbonate and water (SO mL). 
The organic layer was dried (anhydrous &SO,) and evaprated un@r reduced pressure to give 5.1 g 
(55X) of Z-ealno-S-brom,-brom,razIner mp 112-lt4”C (EtOWi 0) (Lit. 113’C). 
To a attrred eolutton of dtmethyl rulEoxIde (1.2 g, 15.4 amol) (n dry dtchloromethane (40 mL), 
cooled to -7S’C, was added trtfluoromsthancatlfonfc anhydrtde (3.1 g, 10.7 -1) at -7O’C under 
nitrogen. After 30 min. at -7O’C a solution of 2-amtno-S-brompyrazIno (1.5 g, 8.6 ~1) tn 8 
mtxrute of dtchloromeshane (30 ml,) and dtrpethylarlfoxtde (1 mL) was added. me reactton mtxture 
was sttrred at -75’C for 3 h, and rhen dt -4O.C for 1 h. A 5X sodtum bydroxtde solution (20 mL) 
and subsequently dtchloromathane (30 ml,) were added matnfatntng the temperature belov -1O.C.. 
After stfrrtng for 30 mfn the organic layer was atparated. The aqueous layer was extracted wtth 
f tve 30 mL Forttons of dtchiororthane. The combined dtchloromethane extracts were washed wtth 
vater (30 rot), drted over anhydrous ySSO4 and evaporated under reduced presatre. The rest&e was 
ptrtfted by column ehro~ro~a~y {ethyl acetate a8 e&ens) to yield 1.7 g (85%) of &C(Z-bromo-S- 
pyrazlnyl)-S,S-dtme~hyl~lftltmfne: mp 122-123’C; lit NHR (CoCl,) 6 7.93 Cd, J = I,2 Kz, 1~1, 7.80 

MS C&cd+ for 232.9623. Pound: m!e 232.9630. 
m-chloroperbenzotc actd (84X, 2.95 8, 14.6 mmol) tn dry dtchloromethans 

(I30 mL), was added a aoluttoa of ~(2-bro~-S-~~aztny~)-S,S-dtmerh~l~lFtltmtne (1.08 8, 
4.6 WI) at -8’C over a pertod of 3-S h. The mtxture was sttrred at -8°C to -5’C for 30 mtn and 
subsequently filtered raptdly. Qrone was hobbled through the clear ornnge flltrate 8t -5’C untfl 
tt turned pale yellov. The mixture was washed wtth tW) 20 mL porttons of a saturated solutton of 
sodtum bicarbonate. The organtc layer was drted (anhydrous MgSO4) and evaporated under re&ced 
presatre+ Column chromatography (eluttng wtth I:1 dtchloroocthane/petroleum ether 40-60) ytelded 

O-T8 g (82X) of 2-brow-S-nttropyraztne: sp 114.C; lit FMR (CnC13) 6 9.30 (d, J - 
8.73 (d, J - 1.2 Hz, 

1.2 Hr. IX), 
1 

MS C&cd+ for C4H2N302 Yk Br &): mfe 202e9331. Found: mle 202.9336. 
hoal* Calcd. for C4HzN3O2Bc (203.99): C, 23.33; R, 0.98; N, 20.60. Found: C, 23.62; H, 0.95; N, 
20.43. 
b- KeWtton af 2-brooD-S-nltropyrarfae wtth 5,5-dfcyaoopuntyne. 
aodfua hydrrde (80% dfsperston, 0.063 8, 2.1 mu&) In anh 

To a sttrred smpenston of 

roua ‘l’ffp (15 rat) at room temperahtro 
under nftrogen vas added a sotutton of 3,5-dtcyarropentyne ” (0.25 8, 2-l ml) in anhydrous T’HF 
(15 mL) sod the mtxtute was then stirred for 20 mtn. A solutton of 2-brom-3-nttropyraafne 
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(0.426 g, 2.1 -1) In anhydrous TKF (5 EL) was added and the mtxture vae sttrred for 2 h. After 
addtttoo of water (100 mL) the mtxture was extracted utth ether (4 x 40 mL). ?he orgsntc extracts 
were combf ned, &ted (anhydrous ‘YgSO4) and evaporated under reduced pressure. Ihe reaidur was 
plrtf ted by colu~ chromatography (dtchloromethene aa elucnt) to efford 0.156 g (48%) of 5: mp 
123-124-C (EtOH); H NMR $cDcl 
MS Calcd. for C18Ht2N6 (M ): m e 312.1123. Found: m/e 312.1130. 3 

) 6 9.18 (8, 2H). 2.90-2.50 (m. 8H), 1.96 (t, J - 2.7 Hz, 2A). 

;s$; Calcd. for Cl8HlzN6 (312.32) : C, 69.22; H, 3.87; N, 26.91. Found: C, 69.42; H, 3.78; N, 
. * 

General procedure for ehe tntramolecular Dtels-Alder reacttons of g/raztnee 1 and 5. 
A srfrred aolutton of the pyraztne dertvattve tn nttrobenzene (100 mg solute/l mL solvent) under 
nttrogen vaz heated under--condtttons dependtng on the arbstrsre (Bee Table). Ttte resultant 
solurtoo was chromatographed over stltca gel; elurton with the appro)xtate mlvent sysrem ytelded 
the reactton woducts 3, 4, 6, 7 and 8. 

Cycltzatton of (N-acetyl-3-tutynylamtno)pyraztne (la). Column chromaeogrctphy (eluttng ftrat wtth 
dtchloromethane fo reeove nttrobenzene. followed bv 2:l dfchloroaethane/ether and ffnallv 4:l 
ether/methanol) of the reaccton mixture*obtatned froifa (4.0 remol) fteldeh I-acetyl-2,3-dth;dro- 
pyrrolo{2,3-&]pyrtdtne (k, 17X), mp 122-123’C (ltt. 123-124’C), H NHR (CDC13) tdenttcal wtth 
thaf reported tn the 
115-116’C (toluene); i 

tcerature,8a and l-acetyl-2,3-dthydropyrrclol2,3-gpyrtdtne (4a, 83%). mp 
H NMR (CDC13) 6 9.36 (6. lH), 8.23 (d, J - 5.1 Hz, III), 7.07 (d, 

J - 5.2 I&, lH), 4.01 (c, J - 8.6 )-k, 2H), 3.17 (t, J - 8.6 Hz, 2H), 2.20 (8, 3H). 
Anal. 
17.34. 

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

Cycitzarton of (3-burynyloxy)pyraztne (lb). Fimif tcatioa of the reactton mtxture ortgtnattng 
From lb (3 4 1) by column chrolaetogra 
iuro[2,3-yiyr?&e (3b, 12%) 88 an otl, T 

y (eluttog wfrh dtchloromethane) ytelded 2,3-dthydro- 

the ltrerature, 
ii NMR (CDQ3) spectrum tdenttcal rtth that reported In 

and 2,3-dthydrofuro[2,3-c pyrtdtne (4b, 44%) as an otl; 
d 

H NMR (CDCl3) 6 8.13 
(sI IH), 8.10 (d, J = 4.9 Hz. lH), 7.13 ( t J - 4.8 Hz, lit), 4.56 (t, J - 8.7 Hz, ZH), 3.20 ft, 
J = 8.6 tk, 2H). 
MS Calcd. for C7H7N0 (M+): m/e 121.0528. Found: m/e 121.0534. 

Cyeltzarion of (3-bucynyithto)pyraztne (k). Column chromstogaphy (elutlng f trat wtth dtchloro- 
methane to remOve nitrobenzene. folloved bv ether? of the reactton mtxture obtatned from Ic 
(0.18 mmoi) yielded 2,3_dthydro~hto~l2,3-~~r~~ne. (Ik, 24%) a8 8n oil, tH NUR (CDCl3) spectrum 
tdeottcal wtth that reported tn the ltterature, and (4c, 68%) 
ae an otl; ‘tl NMR (CDCl,) 6 8.40 (6, la), 8.21 (d, J J - 4.8 Hz, lH), 
3.34-3.24 (a, 4H). 
HS Calcd. for C7H7NS (H+): m/e 137.0299. Pound: mfe 137.0291. 

Cycltzetton of (3-butynylsslf tnyl)pyrastne (la)_. Column chromatography (eluttng wfth 5:l 
chloroform/acetone) of the reactton mtxture reaulttng fern 
dthydrorhteno[2,3-kjpyrtdtne (46, 5 X), mp 97-99’C (ltt. 

f?b 

ld (7.2 ~1) ytelped 1-0x0-2,3- 
96-97.5.C). IR end H NIIR spectra 

tdenttcal wteh the reported spectra. 

Cycltzarton of (3-~tynyl~lfonyl)pyrazine (It). Column chromatography (eluttng f trsr wtth 
dtchloromethane Lo rell*)ve nterobenzene, followed by 5% methanol tn dtchloromethane) of the 
reacttoo mtxture obtatned from le (2.1 -1) ytelded, l,l-dtozo-2,3-dthydrothteno[2,3-gpyrtdtq 
(3e, 88X), mp 109-111’6 (dtchloro~thane/~t~~l~m ether 40-60); IR (CH~3)l1330, 1160, 1130 cm 
(one of ehe abzorpetons at 1160 and 1130 cm belongs to the S02-group); H NnR (CDC13) 6 8.65 
(d. J - 4.7 Hz, lH), 7.85 fd, J - 7.8 Hz. IX), 7.51 (dd, J, - 7.9 Hz, J, - 4.6 Hz, lH), 3.65-3.28 
cm, 4R). 
Anal. 
8.17. 

Calcd. for C7H7N02S (169.20): C, 49.68; H, 4.17; N, 8.27. Found: C, 49.52; H, 4.10; N, 

Cycltzarton of 2,5-bts(1 ,I-dicyano-4-pentynyl)pyrattne (5) at 12O’C. Column chromatography 
(eluttnn wteh dtchloromethane~ of the eolutton obtained from 5 (0.64 msml) afforded a mtxture of 
~-(l,l-~tcyano-4-pentynyl)-7,~-dtcyano-6,7-dthydro-5H-l-pyrtndtn~ (6) and 3-( 1, l-d tcyano-4- 
pentynyl)-7,7-dfcyano-6,7-dthydro-5H_2-pyrtndIne (7)y Column chromatography (eluttng wtth ether) 
of the latter mfxrure yielded 6 (53%) and 7 (35%). 

Anaiyttcal and spectroecoptc data of 6 and 7: . . 
6: 

7: 

mp 153-155’C (ethanol); IR (CHQ ) 3300, 2250 cm-‘; “H NHR (CDU3) 6 8.85 [d. J - I.6 Ek, lH), 
7.98 (d, J - 1.6 fk, lHf, 3.33 trn, 2H), 3.05 (m, 2H), 2.56 (br 8, 48). 2.05 (t , J - 2.6 ttc, 
1H). 
MS Calcd. for C17H 1N (I++): m/e 285.1014. Found: m/e 285.1014. 
kg:, Calcd. for &s<tN, ( 285.30): C, 71.56; H, 3.89; N, 24.55. Found: C, 70.97; H, 3.76; N, 

. . 
mp 122-12k’C (ether): IR fCHCl3) 3300, 2250 cm -I; ‘H NHR (CDQ3) 6 8.90 (8, lH), 7.80 (a, lH), 

3.31 (t, J - 6.4 Hz, 2H), 3.05 (t, J - 6.4 I&. 2H), 2.63 (br 4H), 2.05 (e, J = 8. 2.7 Hz, 1H). 
HS Calcd. for Ct7HllNs (H+): m/e 285.1014. Pound: m/e 285.1015. 

Cycltzatton of 5 ar 21O’C. Column chromatography (eluttng wtrh dtchloromePethane) of the reactton 
mtxcure obtatned from 5 (0.40 -1) yielded 1,1.5,5~~etfacya~-1,2,3,5,6,7-herahydro-e-tndecene 
(8, 60%). mp 245-247-C (ethanol). IR (CHCl3) 2280 cm ; 
J” 6.7 Hz, 4H), 3.00 (t, J - 6.8 M, 4H). 

H NMR (CDC13) 6 7.63 (8. ZH), 3.31 (L, 

MS Calcd. for C16H10N4 (i&) m/e 258.0905. Found: m/e 258.0913. 
Anal. Calcd. for C16H10N4 (258.27): C, 74.40; H, 3.90; N, 21.69. Pound: C, 74.65; H, 3.97; N, 
21.97. 
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Cycllratton of 6 and 7. Solutions of 6 (0.22 -1) and 7 (0.15 annl) to nftrobenrene (1 II&.) were 
heated at 210-C for 25 h. Column chromatography (ether as eluent) of each of the reactlon mtx- 
turea gave 8 (65%). 

The authors ace lndebted to @. H. Joagejan for the micro nalysia, 
“t 

Hr. C. J. l’eunta for mass 
snectroscopie data, Hr. A. van Veldiuiten for his advice on Ii NMR spectra and Hr. W.Ch. Melger 
fir his advice on glc meaarremente. 
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