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Abstract: Quaternization of alkynyl substituted pyrazines with triethyloxonium 
tetrafluoroborate in dichloromethane occurs exclusively at N-4 yielding 3-alkynyl-l- 
ethylpyrazinium salts, as shown by the 13C NMR data. Protonation of the same 
pyrazines with trifluoroacetic acid also occurs at N-4. The quaternary 
as well as the protonated pyrazines undergo an intramolecular Die E 

yrazinium salts 
-Alder reaction 

under considerably milder conditions than the corresponding neutral pyrazines. The 
products of the reactions were @annelated quaternary pyridinium salts and [cJ- 
annelated protonated pyridinium cations, respectively. 

INTRODUCTION 

Inverse electron demand Diels-Alder reactions of pyrimidinesln*, pyrazinesst4, 1,2,4- 

triazine@ and other heteroazadienes7JJ with appropriate alkenes or alkynes have been shown 

to be useful routes to new heterocyclic compounds. Particularly, the intramolecular version of 

these reactions has received considerable attention 2~4~96~8. Introduction of electron withdrawing 

substituents into the azaaromatic ring enhances the reactivity of the azadiene fragment as a 

result of a lower HOMOdienophile/LUMOdiene energy separation*. Since quaternization of the 

azaaromatic system is an alternative way to reduce the HOMO/LIMO energy separation, it was 

supposed that quaternization may facilitate intramolecular Diels-Alder reactions. For this 

reason the current research at our laboratory on intramolecular Diels-Alder reactions was 

extended to similar reactions of quaternary pyrazinium salts. Support for the justness of our 

supposal was obtained recently by the observation that 3-(3-butynylthio)- and 3-(4pentynylthio)- 

I-ethyl-5-phenyl-1,ZCtriazinium salts cyclize under considerably milder conditions than the 

corresponding neutral 1,2,4+riazines 9. In this paper we report on the behaviour of 3-(alkynyl- 
substituted)-1-ethylpyrazinium salts in intramolecular cyclization reactions. We included in 

our study the intramolecular Diels-Alder reaction of alkynyl-substituted pyrazinium cations. 

Similar to quaternization, protonation may accelerate this type of cyclization and can provide 

an useful and simple approach to annelated heterocyclic systems. 
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RESULTS AND DISCUSSION 

In order to compare the behaviour of quatemary pyrazinium salts in intramolecular Diels- 

Alder reactions with that of the corresponding neutral pyrazines we tried to prepare the N- 

quaternary salts 2 of the neutral compounds (3-butynyloxy)pyrazine (la), (bbutynylthio)- 

pyrazine (lb), (3-butynylsulfinyl)pyrazine (lc), (3butynylsulfonyl)pyrazine (Id) and (3-propynyl- 
oxymethyl)pyrazine (le). The compounds la-d are known and their intramolecular 

cycloaddition reactions have already been studied, so that good comparison is possible. 

Compound le was unknown and could be prepared in good yield from chloromethylpyrazine 

and the sodium salt of propargylalcohol. 

Scheme 1 

R 
1 2 

a; R = O(CH2)2C=CH 
b; R = S(CI-I&%CH 
c; R = S(O)(CH&CZCH 
d; R = S(O@ZI-I2)2GCH 
e; R = CI-I2OCI-I2C=CH 

Compound le was found to undergo an intramolecular D&-Alder reaction in high yield on 

heating in the solvent nitrobenzene at 130°C for 2.5 h, resulting in the formation of a mixture of 

5,7dihydrofuro[3,4+Jpyridine (3) and 1,3_dihydrofuro[3,4-dpyridine (4) in a ratio 49 (scheme 2). 

The formation of 3 as main product implies that cleavage A is favoured over that indicated by 

B. This result is in agreement with previous observations4. 

Scheme 2 
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It is interesting to note that the conditions required for the cycllzation of le are comparable to 

those required for the highly electron deficient sulfoxide (lc) (12O“C, 3h). A similar result was 

found in the pyrimidine series 10. We suppose that the presence of an oxygen atom at the B- 
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position of the side chain of le favours the perpendicular conformation between the Co-0 

group and the aromatic ring leading to a higher reactivityll. 

Triethyloxonium tetrafluoroborate (Meerwein reagent) in dichloromethane was used as 

alkylating reagent in the quaternization reaction of pyrazines la-e (scheme 1). Refluxing 

pyrazines la and lb with 1 equiv. of the Meerwein reagent yielded 3-(3-butynyloxy)-l- 

ethylpyrazinium tetrafluoroborate (2a) and 3-(3-butynylthio)-1-ethylpyrazinium tetrafluoro- 

borate (2b), mspectively, as stable crystalline solids. 

The position of the ethyl group in 2a,b was established by 1% NMR spectroscopy (table 1). 

Comparison of the W NMR spectra of lal*a and 2a shows downfield shifts for the ring carbon 

atoms at a B-position to the quatemary nitrogen. Furthermore, upfield shifts of 5.5 and 7.9 ppm 

are observed for the resonances of the ring carbon atoms of 2a adjacent to the quaternary 

nitrogen. Upfield shifts with this magnitude are characteristic for pyrazine carbon atoms 

adjacent to a quatemized nitrogen atom l3. Similar upfield shifts are observed on comparison of 

the 13C NMR spectra of lbl*b and 2b. The IH NMR spectra of 2a,b and 2e (see table 2) show that 

TABLE 1 l3C NMR spectral data of pyrazinium salts 2a and 2b in acetone& and 6b in 

trifluoroacetic acid. 

Compound 1% chemical shift (ppm) of the rin carbons 
c-2 c-3 c-5 C$ 

other signals 

2a 130.9 164.0 149.0 129.9 80.8,71.8,67.8, 
A5 (ppm) to neutral laa -5.5 3.0 7.6 -7.9 59.3, 19.2,16.2. 

a, 136.7 164.5 130.5 131.6 82.1, 71.6,59.0, 
LG (ppm) to neutral lba -7.9 7.6 5.6 -9.1 30.0, 18.8, 15.7. 

a, 136.4 168.9 152.4 129.8 83.7, 73.2,32.5, 
AS (ppm) to neutral lba -8.2 12.0 7.5 -10.9 21.0. 

a: in acetone-d6 

TABLE 2 IH NMR spectral data of pyrazinium salts 2a, b and e in acetoned6. 

Compound 
H-6 

1H chemical shifts (ppm) and cou 
H-5 H-2 K 

ling constants 0-W 
N-CH2_CH3 

2a 

a, 

2e 

8.72 
(d,;:.9) 

8.91 2.39 (t, J = 2.8,18),2.72 (dt, Jr = 7.5, 4.82 (q, J = 7.5, Z-B, 
(d, J = 2.9) (s) J2 = 2.8,2H), 4.66 (t, J = 7.5, *H) 1.72 (t, J = 7.5,3H) 

8.85 
(d, J = 2.9) (d,;:.9) 

9.14 2.42 (t, J = 3.0, lH), 2.66 (dt, JI = 7.5, 4.85 (q, J = 7.5,2H), 
(s) J2 E 3.0,2H), 3.53 (t, J = 7-5,lH) 1.72 (t, J = 7.5,3H) 

8.97 9.39 9.06 2.90 (t, J = 3.0, lH), 4.42 (d, J = 3.0,2H), 
(d, J = 2.9) 

4.81(4, J = 7.5. w), 
(d, J = 2.9) (s) 5.00 (s) 1.72 (t, J = 7.5,3H) 

the resonance of all aromatic protons are shifted downfield when compared to those of the 

corresponding neutral pyrazines. The assignment of the aromatic protons was deduced from 
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the fact that the signal of protons p to the quaternary nitrogen shifts more downfield than that 

of protons a to the quatemary nitrogen 13. Therefore the conclusion is justified that in la, b and 

e the less sterically hindered nitrogen atom is the site of quaternization. 

Heating of 2a,b in &O at 1OO’T afforded in good yields 6-ethyL2,3-dihydrofuro[2,3-dpyri- 

dinium tetrafluoroborate (Sa) and 6-ethyl-2,3-dihydrothieno[2,3-~pyridinium tetrafluoroborate 

(5b), respectively (see scheme 3). The structure of 5a was established by an independent synthesis 

of 5a from 2,3-dihydrofuro[2&Jpyridine as described in the experimental part. The structure of 

5b was proven by IH NMR spectrometry, mass spectrometry and elemental analysis. 

Scheme 3 

a X=0; b X=S 

Reacting lc with the Meerwein reagent in refluxing dichloromethane did not give the 

required salt Zc, but 6-ethyl-2,3-dihydro-I-oxothieno[2,3-cJpyridinium tetrafluoroborate (5~) 

(scheme 4) as sole product. Apparently due to the presence of the electron deficient sulfinyl 

group and the quaternary nitrogen the reactivity is so high that 2c, when formed, immediately 

reacts to give 5c. Even on treatment of lc with the Meerwein reagent at room temperature 5~ is 

exclusively formed. Attempts to quaternize Id failed; no quaternary salt and also no Diels-Alder 

product could be isolated. 

Scheme 4 

lc - 

BF,- 

+N 

Ethylation of le does not yield the quaternary salt 2e as sole product; always 5-10% of the 

Diels-Alder product Sethyl-1,3_dihydrofuro[3,4_dpyridinium tetrafluoroborate 5e was present in 
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the material obtained as is shown by *H NMR spectroscopy. The formation of both SC and Se 

evidently occurs via the intermediacy of the salts 2c and 2e, being cyclked to SC and Se. The 

structure of 5e was established by an independent synthesis of Se from 1,3-dihydrofuro[3,4& 

pyridlne (4) as described in the experimental part. The possibility of formation of 5c and Se via a 

route involving an intramolecular Diels-Alder reaction of lc and le and subsequent 

quakrnization of the cyclization products can be excluded since cyclization of lc and le requires 

much longer reaction times and leads to Wannelated pyridines as main products. 

Scheme 5 

2e 

BF4- 

+N 

-HCN 

se 

The conditions mentioned in table 3 are considerably milder then those required for the 

intramolecular Diels-Alder reaction of the neutral pyrazines la* (210°C, 4h), lb4 WO’C, 3h), lt! 

(12O”C, 3h) and le (130°C, 2.5h) in nitroberuene. 

TABLE 3 Intramolecular Diels-Alder reactions of the quaternary pyrazinium salts 2a-c and 2e. 

Reaction conditions, products and yields. 

Starting compounds Reaction time Reaction products % Yield 

2a 7h 
2b 15 min 
2c cc 1 min 
2e 8min 

(a) All reactions were carried out in D20 at 100°C. 

5a 
5b 

: 

It is clear that the quaternary pyrazinium salts 2a-c and 2e cyclize considerably faster then the 

corresponding neutral species. Comparing the reaction conditions for cyclization (see table 3) of 

the salts 2a-c and 2e we notice that the reacti-vity increases in the order X = 0 e X = S c X = 

CHzO c X = SO. This order is similar to those found in the pyrazine4, pyrimidineW5 and 1,2,4- 

triazineba series. Therefore, we suppose that in the cyclization of 2a-c and 2e cycloadducts are 

intermediates being formed by addition of the triple bond across C-3/C-6 of the pyrazine ring. 

Loss of hydrogen cyanide leads to the [cJ-an-nelated products Sa-c and Se. The exclusive 

formation of quaternary pyridinium salts indicates that loss of hydrogen cyanide from the 

intermediate cycloadducts is more facile than loss of pro-tonated ethyl&cyanide. It means that, 
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contrary to our observations in the neutral pyrazine series, the side chain, particularly the 

character of the atom directly attached to the ring, does not influence the mode of 

decomposition of the cycloadduct. The way of ring opening of the cycloadducts originating from 

the salts 2 is governed by the C=N+-ethyl moiety due to its strong electron withdrawing effect. 

Now it has been established that quatemary salts 2 are more easily and exclusively converted 

into U-annelated pyridines than the neutral compounds 1, we were induced to study the 

behaviour of the alkynyl-substituted pyrazines la-e on heating in strong acidic medium. As 

protonating solvent we chose trifluoroacetic acid. 

TABLE 4 *H NMR spectral data for the protonated cations 6a-e and 10 in trifluoroacetic acid. 

Compound 
IH chemical shifts 

H-6 H-5 
(ppm) and coupling constants (Hz). 

H-2 R 

6a 

a, 

6c 

6d 

6e 

10 

8.42 
(d, J = 2.9) 

(d, yz.9) 

(d, rz.7) 

9.12 
(d, J = 2.7) 

(d, ;?2.7, 

(d, rz.7) 

(d, yfi.9) 
8.50 
(s) 

2.06 (I J = 2.7, lH), 2.75 (dt, Jl = 7% J2 = 2.7,2H)# 
4.75 (t, J = 7.5,2H) 

8.87 8.39 2.~ (t, J = 2.7, lH), 2.65 (dt, Jl = 7.5, h = 2.7,2Hh 
(d, J = 2.9) b) 3.51 (t, J = 7.5,2H) 

(d, ;fi., 
9.42 
(s) 

9.50 
(5) 

9.24 
(5) 

9.27 
(s) 

1.91 (t, J = 2.5, lH), 2.80 (m, 2Hh 
3.33-375 (m, 2I-i) 

9.24 
Cd, J = 2.7) 

1.72 & J = 2.7, lH), 2.75 (dt, JI = 7.5, J2 = 2.7,2H), 
3.78 (t, J = 7.5,2H) 

9.39 
(d, J = 2.7) 

2.59 (t, J = 2.7, lH), 4.53 (d. J = 2.7z-a 
5.24 (s, 2H) 

9.33 
Cd, J = 2.7) 

2.8 (t, J = 2.7, lH), 2.57 (dt Jl = 7.5. J2 = 2.7,2HL 
3.92 (t, J = 7.5,2H), 5.16 (% 2H) 

When dissolving the pyrazines la-e in trifluoroacetic acid we could establish the site of 

protonation by 1% NMR spectroscopy (6b) (table 1) and 1H NMR spectroscopy (table 4). 

Comparison of the 1% NMR spectra of lb and 6b shows shifts downfield (C3) and upfield (C2 

and C6) similar to those observed in the 13C NMR spectra of lb and 2b. The effect of protonation 

on the chemical shifts of the aromatic protons as observed for 6a,b and e is comparable to the 

effect of quatemization. Also on comparison of the 1H NMR spectra of protonated compounds 

6c and 6d with those of the pyrazine lc and Id it appears that the protons ortho to the 

protonated ring nitrogen (H-2 and H-6) are shifted less downfield than H-5. Therefore we 

concluded that in the pyrazines la-e protonation takes place at the less steric hindered nitrogen 

atom. 
Cyclization of the N-protonated pyrazinium cations 6a-d (scheme 6) in trifluoroacetic acid at 

reflux temperature yielded, after work up of the reaction mixtures, the corresponding [A- 
annelated pyridines 7 (X = 0, S, SO, SO2) in moderate to reasonable yields (table 5), while from 

6e the 1,3-dihydrofuro[3,4cJpyridine 4 was formed (scheme 7). 
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Scheme 6 

H m3m- 

- 

6ad 

_ 

m3m-t4 

+N’ 
i)-HCN 

ii)+OH- 

7ad 
aX=O;bX=S;cX=SO;dX=m 

TABLE 5 Intramolecular Diels-Alder reactions of the protonated pyrazinium cations 6a-e. 
Reaction conditionsa, reaction products and yields. 

Starting compounds Reaction timeh Reaction products % Yield 

2 
20 h 7a 5 

25min 7b 

2 
<5min E 
70 min ;; 

6e 20 min 4 : 

(a) Reactions were carried out at refhrx temperature (72°C) of trifluoroacetic acid. 
fb) Times for complete conversion of 6a-e were found by monitoring the reactions by IH NMR 

Scheme 7 

i) - HCN 

ii)+OH- 

4 

Compounds 7 and 4 are the main reaction products from the cations 6b-e. However, on 

cyclization of 6a the main product is supposed to be 3,4-dihydro-4-methylene-2H-pyrazino[2,1- 

hl[l,3loxazinium trifluoroacetate (8a) kherne 8) based on the presence of a pair of doublets at 

5.80 ppm fJ = 3.0 Hz) in the 1H NMR spectrum and a triplet at 115.5 ppm characteristic for the 
exocyclic =CH2 in the *SC NMR spectrum of the reaction mixture. Similar observations were 

made when reacting lb in trifluoroacetic acid: the presence of a small amount of 3,edihydrO-e 

methylene-W-pyrazino[Z,l-bJ[1,3lthiazinium trifluoroacetate (8b) was found. The formation of 

8a,b can be ascribed to a competitive intramolecular coplanar cycloamination reactionl6-1s 
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(scheme 8). This reaction probably proceeds via protonation on the terminal acetylenic carbon, 

followed by attack of the unprotonated nitrogen upon the internal acetylenic carbon (9a,b), and 

subsequent loss of a protonIs. It is possible that the electron donating effect of oxygen and sulfur 

stimulates the cycloamination reaction. In case of cyclization of 6d besides 7d l,l-dioxo-2,3- 

dihydrothieno[2,3-upyridine was obtained (ratio of 7~1). The formation of the latter compound 

may be ascribed to cyclization of tmprotonated Id. 

Scheme 8 

9a,b 

Because protonation seems to be a very useful tool to promote the inverse electron demand 

Diels-Alder reaction, we also investigated the behaviour of (3-butynyloxymethyl)pyrazine (10) 

in trifluoroacetic acid since it is known that in neutral solution strenuous conditions (135h, 

195’T, undecane) are required for cyclization 20. It is interesting that protonation enables 10 to 

undergo the ring transformation at moderate temperature (72T). In this way 10 could be 

converted on heating in trifluoroacetic acid (45 h) into lH-3,4-dihydropyrano[3,4_cJpyridine (11) 

in good yield ( Scheme 9). 

Scheme 9 

10 

i)- HCN 

ii)+OH- 

11 

In conclusion, the conditions for these protonated intramolecular Diels-Alder reactions are 

considerably milder than those required for the neutral pyrazines and even milder then those 

for the N-alkylated pyrazinium salts. Similar to the quaternary salts the protonated (3- 

alkynyl)pyrazinium cations are exclusively converted into [&annelated pyridines. 
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EXPERIMENTALSECTION 

Melting points are uncorrected. The *H NMR s ctra were recorded on a Varian (90 MHZ) EM 
390 s ectrometer with Me&i as internal stan pm). The 13C NMR s ctra were 
recor IL! ed at 75.46 MHz on a Bruker CXP-300 spectrometer. F tamed on a 
AEI MS 902 s 

Kf 
ctrometer e ui 

spectral data were o 
ed with a VG ZAB console. Column chromatography was 

performed on erck silica ge?d%30-400 mesh ASTM). 

Starting mate als and reference comDoundE 
pyrazhie (‘lb),%-butyn lsulfinyl)-p azine W, 

vkvrazine <e) 

F 
ylthid- 

butynyl- 
oxymethyl) yrazine (1 ) were syn esized as 
i3-PropynJo xvmeth Sodium (0.46 g, 20.0 mmole) was dissolved at 0°C in 
propargyl ala 01 (5 mIJ. To this cobled solution was added a solution of chlorometh 
pyrazinez1tz2 (26 & 

l- 
20.0 mmole) in tetrahydrofuran (10 ml). The mixture was heated at re fly ux 

temperature for 3 and after cooling to room temperature ether (75 ml) was added. Sodium 
chloride was filtered off and the solvent was eva 

8” 
rated under reduced 

was urified b bulb to bulb distillation (160-175 C, 15 mm H ) to yield P 
ressure. The residue 
e (47%) as an oil. lH 

NM&CD&) g 8.74 (s, 1H) 8 53 (s 2H) 4 78 (s 2H) 4 35 (d J = b0 Hz, 2H), 2.60 (t, J = 3.0 Hz, 1H). 
HRMS Calcd. for QH&O ‘G+): li8.0&7: Foukd; i4i.06371 
Anal. Calcd. for C$QN20 : C, 64.9; H, 5.4; N, 18.9. Found: C, 64.8; H, 5.4; N, 19.0. 

3-(3-Butvnvloxv)-l-ethvlovrazinium tetrafluoroborate (23 To a solution of la (0.44 g, 3 mmole) 
in dichloromethane (5 n-ii) was added triethyloxonium tetrkluoroborate (0.57 g, 3 mmole). This 
solution was heated at reflux temperature for 15 min. The solvent was removed at reduced 
pressure. The residual solid material was crystallized from absolute ethanol to yield 2a (51%); 
m.p. 96-97°C. IH and 13C NMR spectral data are ‘ven in table 2 and 1. 
Anal. Calcd. for CI$-II~BFQNLO : C, 45.5; H, 5.0; # ,10.6. Found: C, 45.2; H, 4.9; N, 10.6. 

3-(3-Butvnvlthio)-l-ethvlovrazinium tetrafluoroborate (2k) To a solution of lb (0.49 g, 3 mmole) 
in dichloromethane (5 ml) was added triethyloxonium tetrkluoroborate (0.57 g, 3 mmole). This 
solution was heated at reflux temperature for 5 min. The solvent was removed at reduced 
pressure. The residual oily material solidified on standing at room temperature and was 
crystallized from absolute ethanol to yield 2b (72%); m.p. 103-104’C. 1H and 3C NMR spectral 
data are ‘ven in table 2 and 1. 
Anal. C aff cd. for Cl&I13BF4N2S : C, 42.9; H, 4.7; N, 10.0. Found: C, 42.7; H, 4.7; N, 9.9. 

3-(2-Proovnvloxvmethvl)-l-ethvlovrazinium tetrafluoroborate (2el A mixture of le (0.44 
mmole), triethyloxonium tetrafluoroborate (0.57 g, 3.0 mmole) an’d dichloromethane (2 % 

3.0 
ml) 

was refluxed for 5 min. After eva 
obtained which contained > 95% K 

oration of the solvent under reduced 
e based on the 1H NMR spectrum (ta f 

ressure, a residue was 
le 2). This residue was 

used without further purification in the intramolecular cyclization reaction. 

6-Ethvl-2,3-dihvdrofurof2,3-clDvridinium tetrafluoroborate (5a) To a solution of 2,3-dihydro[2,3- 
dpyr-idine (0.11 
tetrafluoroborate ( % 

0.8 mmole) in dichloromethane (2 mi) was added triethyloxonium 

‘I$+g 
.13 g, 0.8 mmole). This solution was heated at reflux temperature for 15 min. 

arated oil was washed with dichloromethane and dried in vacua to 
KM R (acetone-&) 6 8.58 (d, J = 6.0 Hz, lH), 8.44 (s, lH), 8.00 (d, J = 6. F 

‘eld 0.17 g (86%) of 
Hz, lH), 4.94 (t, J = 

Ti F8,n!H), 4.33 (q, J = 6.0 Hz, 2H), 3.63 (t, J = 9.0 Hz, W), 1.63 (t, J = 6.0 Hz, 3H). MS (FIX: m/e 150 

Ank C&d. for CgH12BFflO : C, 45.6; H, 5.1; N, 5.9. Found: C, 45.7; H, 5.1; N, 6.0. 

5-Ethvl-1.3-dihvdrofurol3.4-clDvridinium tetrafluoroborate (u To a solution of 1,3- 
dihydrofuro[3,Gdpyridine (4)‘(0.24 2.0 mmole) in dichloromethke (10 ml) was added 
triethyloxonium tetrafluoroborate (0.3 k g, 2.0 mmole). This solution was heated at reflux 
temperature for 15 min. The solvent was removed under reduced pressure. 
was purified b column chromatogra h (acetonitrile/dichloromethane 1:l) to 
ofkjeasanoil.YHNMR(acetone-&) gl .Yl (s, U-I), 8.88 (d, J = 6.5 Hz, lH), 8.09 
5.24 (m, 4H), 4.75 ( 

?I 
J = 6.5 Hz, 2H), 1.65 (t, J = 6.5 Hz,3H). 

Anal. Calcd. for Cg 12BFflO : C, 45.6; H, 5.1; N, 5.9. Found: C, 45.9; H, 5.4; N, 6.2. 
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Cvclization of (bbutv vlthiohwrazine (lb) to 23dihvdrothkno 
. . 

(eth$of the ?&action mixture obtained from lb 
vrrdme (7b) 

(mole) yielded ;bc$$ 
e 1H NMR measurements of the reaction mixture in trifhtoroacetic acid there 

ut 5% of compound Bb present. 

0 2.3~dihvdro-l_oxothienol23-cloyrid* e (7~) 
oromethane /methanol 161) of the reaction mixture gtained 

lH NMR (CDCl3) 8 9.09 (s, lH), 8.72 (d, J = 

Anal. Calcd. for C7H7NGS : C, 54.9; H, 4.6; N, 9.1. Found C, 54.6; H, 4.6; N, 9.0. 

Cvclization of (3-butvnvlsuhonvl)twrazine (Id) to 23dihvdro-l.l-dioxothienol23-clpyridine (7dl 
an 2 - i _ _ 
reaction mixture o&&d hom21d (4 mmole) ‘elded 7d (469’ )* m 
(CDCl3) 8 9.03 (s, 1H) 8 77 (d J = 6.0 Hz, U-f), 7.37 &J = 6.0 Hz, l$, 3.47 m, 4H). 

.r 205-lO7’C. 1H NMR 

Anal. Calcd. for C7H7N&S : k, 49.7; H, 4.2; N, 8.3. Found: C, 49.4; H, 4.1; N, 8.1. 
Besides this product the already described JJ+annelated product (7%) was obtained. 

vvrazine (le) to 13-dihvdrofurol3.4-cl~vridine (B 
reaction mixture obtained from le yieIded 4 (88%). 

Column 

Cvchzation of (3-butvnvloxvmethvl)Lwr azine (10) to lH-3.4dihvdronvr oJ3.4~clovr’d’ne (lU_ 
Column chromatoeraoliv (ether/detioleum ether 1:l) of the reaction mgure obtainidrfrom 16 
after a reaction t&2 of 45h‘yieldedll (85%). 

ACKNOWLEDGEMENT 

We are indebted to Mr. H. Jongejan and Mr. C.J. Teunis for the microanalytical 

spectroscopic data and to Mr. A. van Veldhuizen for the *SC NMR measurements. 

REFERENCES AND NOTES 

and mass 

(a) Neunhoeffer, H.; Werner, G.; Ann Chern., 1974,lWO. (b) Charushin, V.N.; van der Plas, 

H.C.; Tetrahedron Left., 1982,23, 3965. (c) Marcelis, A.T.M.; van der Plas, H.C.; J. Org. Chem., 

1986,52,67. (d) de Bie, D.A.; Geurtsen, G.; van der Plas, H.C.; I. Org. Chem., 1986,51,71. (e) 

van der Plas, H.C.; Marcelis, A.T.M.; van de Ham, D.M.W.; Verhoeven, J.W.; J. Org. Chern., 

1986,52,4O70. 

(a) Jojima, T.; Takeshiba, H.; Kinoto, T.; Heterocycles, 1979,22, 665. (b) Frissen, A.E.; Marcelis, 

A.T.M.; van der Plas, H.C.; Tetrahedron Left., 1987, 28, 1589. (c) Frissen, A-E.; Marcelis, 

A.T.M.; Geurtsen, G.; de Bie, D.A.; van der Plas, H.C.; Reel. Traa. Chim. Pays-Bus, 1987,106. 

547 (d) Gotthardt, H.; Riegels, M.; Chern. Ber., 1988,121,1143. 

Neunhoeffer, H; Werner, G.; Ann. Chern., 1972,761,39. 

de Bie, D.A.; Ostrowicr, A.; Geurtsen, G.; van der Plas, H.C.; Tetrahedron, 1988,44,2977. 

(a) Seitz, G.; Gorge, L.; Dietrich, S.; Tetrahedron Lett., 1985,26,4355. (b) Seitz, G.; Dietrich, S.; 

Gorge, L.; Richter, J.; Tetrahedron Left., 1986,27, 2747. 

(a) Taylor, E.C.; Macor, J.E.; 1. Org. Chem., l987,52,428O. (b) Taylor, E.C.; Pont, J.L.; 

Tetrahedron Left., 1987,28, 379. (c) Taylor, E.C.; Macor, J.E.; Pont, J.L.; Tetrahedron, 1987,43, 

5145. (d) Taylor, E.C.; Pont, J.L.; Warner, J.C.; Tetrahedron, 1987,43,5159. (e) Taylor, E.C.; 

Warner, J.C.; Pont, J.L.; J. Org. Chem., 1988,53,8OO. 



6530 B. GEURTSEN et al. 

7 (a) Boger, D.L.; Tetrahedron, 1983,39,2869. (b) Eager, D.L.; Chem. Rev., 1986,86,781. 

8 Boger, D.L.; Weinreb, S.M.; Hetero DiebAlder Methodology in Organic Synthesis, Acad. 

Press, New York, 1987. 

9 Char&tin, V.N.; van Veldhuizen, B.; van der Plas, H.C.; Stam, H.C.; Tetrahedron, in press. 

10 Frissen, A.E.; Mar&s, A.T.M.; Buurman, D.B.; Poilmann, C.A.M.; van der Plas, H.C.; 

Tetrahedron , in press. 

11 Penner, G.H.; Schaeffer, T.; Sebastian, R.; Wolfe, S.; Can. J. Chem., 1987,65,1845. 

12 (a) 1% NMR (acetone&) of la: 161.0 (C-2),141.4 (C-6), 137.8 (C-5),136.4 (C-3),81.2,71.2,64.8, 

19.4. fb) 13(3 IUMR (acetoned6) of lb: 156.9 (C-2),144.9 and 144.6 (C-6 and C-3), 140.7 (C-51, 

82.9,71.2,29.0,19.8. 

13 Chupakhin, O.N.; Charushin, V.N.; Chernyshev, A.I.; Prog. NMR Spectroscopy, 1988,20,95. 

14 Frissen, A.E.; Marceiis, A.T.M.; van der Plas, H.C.; Tetrahedron Lett., 1987,28, 1589. 

15 Frissen, A.E.; Marcelis, A.T.M.; van der Plas, H.C.; Tetrahedron ,1989,45,803. 

16 Sasaki, T.; Shimizu, I.; Heterocycles, 1984,22, 1225. 

17 Rougeout, E.; Moskowitz, H.; Miocque, M.; J. Heterocycl. Chem. 1983,20,1407. 

18 Taylor, E.C.; Pont, J.L.; van Engen, D.; Warner, J.C.; J. Org. Chem., 1988,53,5093. 

19 Heating of equimolar amounts of la,b and ptoluenesuifonic acid in toluene at 1OO’C for 24 

h leads to the intramolecular q&addition products 7a,b; no trace of 8a,b was observed in 

these reactions. 

20 Biedrzycki, M.; de Bie, D.A.; van der Plas, H.C.; Tetrahedron, in press. 

21 Hirschberg, A.; Spoerri, P.E.; J. Org. Chem., 1961,26,2356. 

22 Abshanab, E.; Bindra, A.P.; Goodman, L.; Peterson, H.; J. Org. Chem., 1973,38,2049. 


