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Abstract - Intramolecular inverse electron demand Diels-Alder reactions of 
1.2,4-triazines have been effectively utilized for the synthesis of furo[2.3- 
upyridines. 2,3-dihydropyranoI2.3-Bjpyridines. and 2,3-dihydropyrrolo- 
[2,3+Jpyridines. 

FuroI2,3-Blpyridines, pyrroloI2.3-Blpyridines. and 2.3-dihydropyrano[2,3-hlpyridines are structur- 
ally analogous to indoles and quinolines. 3 The furoI2,3-Blpyridine ring system makes up the 

backbone of the furo[2,3-~pyridine alkaloids. *4 derivatives of this ring system have been claimed as 

potent herbicides and as integral components of cephalosporin derivatives.5 Pyrrolo[2.3- 

Blpyridines (7azaindoles) have been the target of extensive synthetic studies as a consequence of 

their potent pharmacological activity. 6 Nevertheless, there exists no general, common synthetfc 

approach to these fused pyridine systems, which have been accessed in previous work in almost 

every case from preformed pyridines or preformed furans. This paper describes a synthetic 

strategy which commences with a common 1,2,4-triazine precursor, and constructs both the 

pyridine ring and the fused heterocyclic ring (furan. pyrrole or dihydropyran) through an 

intramolecular Diels-Alder reaction. 7.8 The nature of the ring fused to the pyridine ring is 

determined by the structure of the dienophilic sidechain tethered to the 3-position of the 1,2.4- 

t&sine. 
Scheme 1 summarizes our synthetic approach to the title compounds. The starting 3-methyl- 

thio-1.2.4-triazines W are available by an excellent procedure published by Paudler and Chen:g 

oxidation of W to the sulfone c2) was smoothly effected with two equivalents of m-chloro- 

perbenzoic acid at room temperature. The resulting sulfones @ must be handled with care, since 

they readily undergo displacement of methyl sulfinate by nucleophiles as weak as cyanide or water. 

Accordingly, their purification required strictly anhydrous conditions, especially in the case of the 

parent triazine (2a), where even use of normal (i.e. slightly hydrated) silica gel led to extensive 
hydrolysis. However, the high reactivity of a towards nucleophiles could be exploited in a facile 

synthesis of 3-(J-butynyloxy)- 1.2.4~triazines a. 3-(4-pentynyloxyl- 1.2.4~triazines a, and 3-(3- 
butynylamino)-1.2.4~triazines (8) by reaction at 0 “C with sodium 3-butynyl-l-oxide. sodium 4- 

.:. 

This paper is dedicated with all good wfshes to my long-tfme frten;d and 
colleague, Prof. Hans Wynberg. on the occasion of his sixth-_f@h birthday. 
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pentynyl-l-oxide. and 4-amino-1-butyne. respectively. I4-Amino- 1 -butyne u was prepared 

from 3-butyn-l-01 u (Scheme II) by conversion to the mesylate I12) with methanesulfonyl 

chloride/triethylamine, reaction of 112) with sodium azide In DMF to give the azide w. and 

reaction of (lIJ with triphenylphosphine followed by hydrolysis of the resulting phosphinamine 

[39% from u]. In our hands, this method for the preparation of (J&) proved to be preferable to 
an earlier method involving all@aUon of sodium acetylide with I-amino-2-bromoethane.16) 

Although these nucleophilic displacement reactions generally proceeded smoothly, special 

note should be taken of the behavior of m and @I (the only 5-alkyl-1.2.4-triazines tested) in 

their reactions with the above basic nucleophfles. From our work and the studies of others.11 it is 

apparent that deprotonation of 5-alkyl-1.2.4~triasines can occur with bases as weak as amines. 

Thus, in the presence of strongly basic, hard nucleophilies (i.e. alkoxides). deprotonation 

competes with nucleophilic displacement, and the yield of the desired (displacement) product is 

low (compared to examples with 5-aryl substituents). This is evident in the low yielding formation 

of (3b) and [3n. and it is the reason why syntheses of I6b) and @!) were not attempted. Less 

basic, softer nucleophiles (i.e. 4-amino-1-butynel are not strong (hard) enough to react rapidly 

with the triazine (2bJ in a nucleophilic displacement reaction. and an acid/base equilibrium is 

achieved with the 5-alkyl-1.2,4-triazine which inhibits the desired displacement reaction. For 

example, treatment of I2b) with 4-amino-1-butyne 114) resulted, over the course of one week, only 

in slow decomposition of the triazine and full protonation of the amine as seen by NMR 

spectroscopy. 

Heating compounds &I tn refluxing chlorobenzene (132 “Cl led via intramolecular cyclo- 

addillon, followed by the evolution of nitrogen, to the desired 2.3-dihydrofuro12.3-upyridines @) 

in good to excellent yields. The temperatures required for cyclization of the 3-(3-butynyloxy)- 

1.2.4~triazines @j were more strenuous than those required for the analogous 3-(3-butynylthio)- 

1.2.4-triazines.6f This can be attributed to the greater electron donation into the pi system of the 

triazine diene by the alkoxy sidechain compared to an alkylthio sidechain; i.e., the LUMO of the 

more electron rich 3-(3-butynyloxyl-1,2.4-triazine is higher in energy than the LUMO of the 
corresponding 3-(3-butynyl-thio)-1.2.4-triasine, and the resulting HOMOdienophile/LUMOdiene 

energy separation (activation energy barrier1 for the inverse electron demand Diels-Alder reaction 

of &) is greater than in the case of the 3-(3-butynylthio)-1.2.4~triasines. Dehydrogenation of (4) 

using 2.3-dichloro-5.6-dicyano-1,4-benzoquinone (DDQ) gave the fully aromatic furo[2.3- 

upyridines (5) in moderate yields. ReacUon of the parent 2.3-dihydrofuro[2,3-blpyrldine (4a) 

with DDQ led to decompositton with no product identification possible. 

Homologauon of the dienophilic sidechain in a gave access to the 2.3-dihydropyranoI2,3- 

blpyridines (2) in good yields. The higher reaction temperature (200 “C) required to effect 

cyclization of (6J reflects the significant loss of entropic assistance associated with intramolecular 

reactions in which the tethered sidechain is lengthened from the ideal tlve atom sidechain in @) 

to the longer six atom sidechain in @J. 12 The higher reaction temperatures required for Diels- 

Alder reactions of (fJ not surprisingly resulted in substantially increased decomposition. 

HeaUng the 3-(3-butynylaminol-1.2.4-triazines (s) in reflwdng bromobenzene (156 “Cl yielded 

the 2.3-dihydropyrrolo[2.3-upyridines 0. Here even higher reaction temperatures were 

required than in the cases of (3J or 3-(3-butynylthio)-1.2,4-triazines because of the greater 

electron donating ability of nitrogen vs. oxygen (vide supra). Yields were significantly lower when a 

substituent was present in the 6-position of the triazine ring, probably as a result of greater steric 

demands in the Diels-Alder reaction. Stnce, at the high temperatures required for cyclization of 

(s). decomposition begins to compete with the desired cyclization reaction. homologation of the 

sidechain in @) was not attempted. 

Aromatization of &dJ using DDQ [as previously described for @)I proceeded smoothly at room 

temperature. Further examples of this straightforward reaction were not pursued.13 

We are aware of only a single (low yielding) example of an Intermolecular Diels-Alder reaction 
of a 6-alkoxy-1.2.4~triazinel4 and no examples of such reactions with 6- or 3-amino-1.2.4- 

triazines. These compounds are poor dienes in inverse electron demand Diels-Alder reactions 
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Scheme U 
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because the electron donation of the heteroatom substituent into the trlazine ring raises the diene 
LUMO. thus diminishing the frontier orbital overlap between the triazi.ne and the participat-ing 

dienophile. It is only through the “entropic assistance” inherent in the intramolecular reaction 

that thls unfavorable electronic disposition is overcome. 

Bromination of P-alkoxy- or P-aminopyridines to yield 2-alkoxy- or 2-amino-5-bromopyridines 
is well known.15 Accordingly, it was found that bromination of I4d). (7al. (29). (9al and C9d) 
proceeded rapidly and selectively on the pyridine ring forming II, 0. W. /17a) and 
m respectively. These derivatives should be useful intermediates for further functionalization 
of these fused heterocycles (Scheme III). 

Conclusion: Intramolecular Diels-Alder reactions of appropriately substituted 1.2.4~triazines have 
led to 2,3-dihydrofuro[2,3-upyridines. 2,3-dihydropyrano[2.3-upyridines. and 2.3-dihydro- 
pyrrolo(2,3-upyridines. Bromination of these compounds proceeded smoothly in the electron 
rich P-position of the pyridine ring yielding useful intermediates for further functionalization. 

Dehydrogenation of these 2,3-dihydrofuro[2,3-upyridines and 2.3-dihydropyrrolo[2.3-P]- 
pyridines has been accomplished using DDQ. Of particular note is the fact that neither 
heterocyclic ring found in the final fused pyridine systems 4. 7 or 9 exists in their monocyclic 
precursors. 

EXPERIMENTAL 

Melting points were determined on a Thomas-Hoover open capillary melting point apparatus 
and are uncorrected. Infrared spectra were obtained from a Perkin Elmer 1320 Infrared 
Spectrophotometer. and NMR spectra were obtained either on a JEOL FX-90Q (90 MHz) or on a 
Nicolet QE300 (300 MHz) spectrometer. Mass spectra were determined on a AEI MS-9 
instrument, and elemental analyses were carried out by Eli Lilly & Co., Indianapolis. Indiana. 
Commercial reagents were utilized without further purification. General procedures listed here 
represent typical reaction procedures for the class of compounds described. 

5-(4-Chloronhenvll-3-methvlthio-1.2.4~triazine (ld). To a stirred mixture of 4-chlorophenylglyoxal 
monohydrate (9.33 g, 50.00 mmol) and sodium bicarbonate (4.65 g. 55.35 mmol. 1.1 eq) in 
absolute ethanol (50 mL) at 0’ C, a solution of S-methylthiosemicarbazide hydrogen iodide (11.65 
g. 49.98 mmol. 1.00 eq) in water (50 mL) was added dropwise. The resulUng effervescing mixture 

was stirred at 0 “C for 4.0 h and filtered to yield a yellow solid. This material was suspended in 
absolute ethanol (75 mL) and then filtered to yield 5-(4-chlorophenyl)-3-methylthio-1.2.4-triarine 
(11.00 g, 92.5%) as a pale yellow, crystalline solid: mp 160.0-163.0 “C; 1H NMR (CDCl3) 6 9.35 (s. 
1 H). 8.16-8.04 (m. 2 I-I). 7.60-7.47 (m. 2 H). 2.73 (s, 3 H). The spectral and physical properties 
of this solid were consistent with the spectral and physical properties previously reported for 5- 
(4-chlorophenyl)-3-methylthio-1.2.4~triazine.16 

3 Methvlth OD e ant 019.1 el 1. .4 triaz e I 4 To a stirred mixture of phenanthrenequinone 
(8.50 g. 40.i82hm~ol) zd so&_im b?&bonaiz (4.!ZO’g 50 0 mm01 1 25 eq) in absolute ethanol (50 
mL) at O” C. a solution of S-methylthiosemicarbazidd hydrogen &&de (9.60 g. 41.19 mmol. 1.04 
eq) in water (70 mL) was addded dropwise over the course of 10 min. The resulting mixture was 
then vigorously stirred at 0 ‘C for 1 h. at rcom temperature for 4 h and was then filtered. ‘Ihe 
collected solid was dissolved in methylene chloride (200 mL). and the solution was passed 
through a silica gel fflter (approx 250 g) followed by elutlon with methylene chloride (1 1). The 
combined methylene chloride filtrates were evaporated under reduced pressure to yield a brown 
solid (11 gl which was recrystallized from ethyl acetate to afford 3-methylthiophenanthrol9.10-ej- 
1.2.4~triazine (9.52 g. 84.1°h) as a crystalline. yellow solid: mp 159.0-161.0 “C: IR (KBr) 1605, 
1500. 1480, 1445, 1390. 1355 cm- 1: lH NMR (CDC13) 6 9.13-9.02 (m, 1 H), 8.84-8.73 (m. 1 l-b. 
8.26-8.15 (m, 2 II). 7.74-7.38 (m. 4 H). 2.77 (s. 3 H): I3C NMR (CDCl3) 6 171.3. 142.8. 142.5. 
133.9, 132.4. 132.1, 130.2. 130.0. 128.4. 127.7. 127.3. 126.3, 124.2, 122.8. 13.8. 

Anal. Calcd for CI6HIlN3S: C. 69.29: H. 4.00: N. 15.15: S, 11.56: Found: C. 69.36; H. 4.27: N. 
15.01; s. 11.35. 

3_MethvIthio-5.6.7.8-tetrahv~.4-beB&&aine (Ill A solution of S-methylthiosemicarbazide 
hydrogen iodide (4.66 g. 19.99 mmol) in water (30 mL)‘was added dropwise to a stirred mixture 
of 1.2~cyclohexanedione (2.24 g. 19.98 mmol). sodium bicarbonate (2.00 g. 23.81 mmol. 1.2 eq), 
and absolute ethanol (20 mL). The resulting effervescing mixture was stirred at rcom temperature 
for 4.0 h. Ethanol was then removed by evaporation under reduced pressure, and the residual 
aqueous mixture was extracted with methylene chloride (3 x 25 mL). The combined methylene 
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chloride extracts were dried (MgS04) and evaporated under reduced pressure to yield a yellow 
solid (3.6 g). Column chromatography of this solid using silica gel (approx 100 g) and elution with 
1:l ether/petroleum ether afforded 3-methyhhio-5.6.7.8-tetrahydro-l.2,4-benzotriazine (1.89 g. 
52.2O/6) as a pale yellow soIid: mp 102.0-104.0 OC: IR (KBr) 1520, 1500. 1460. 1425. 1410. 1285 
cm-l; lH NMR (CDCI3) 6 3.06 (t. J=6.0 Hz, 2 H), 2.86 (t. J=6.0 Hz. 2 H). 2.63 (s. 3 H). 1.98-1.89 
(m. 4 H); 13C NMR (CDC13) 6 170.4. 158.8. 154.1. 31.3, 28.8, 21.9. 21.5. 13.6. 

Anal. Calcd for C8HiiN3S: C. 53.01; H. 6.12: N. 23.18: S, 17.69; Found: C. 52.83: H. 5.84: N, 
23.11: S. 17.89. 

General Procedure for the Oxid- of 3-Methvlthio-1.2.4~t.riw (I) to 3-Mew _ - 
triazines f2). To a stirred solution of the 3-methylthio-1.2.4~triazine9 (10.0 mmol) in anhydrous 
methylene chloride (40 mL) at 0 ‘C. m-chloroperbenzoic acid (80-85% tech solid, 4.40 g. 21.7 
mm01 max. 2.17 eq max) was added as a solid in small portions over the course of a few minutes. 
‘Ihe resulting reaction mixture was stirred at r.t. with exclusion of moisture for 2-17 h. and then 
evaporated under reduced pressure. The residual solid was purified either by column 
chromatography using silica gel (approx 75 g. dried at 150 OC and 20 mm Hg overnight) and the 
appropriate solvent system or by trituration with ether (50 mL) and recrystallization (if necessary) 
to yield the desired 3-methylsulfonyl- 1.2.4~triazine (2). 

3-Methvlsulfonvl-1.2.4-triazine f2a). The reaction time was 2.0 h. The residual reaction solid was 
column chromatographed. with elution first with 1:l ether/petroleum ether (to remove m- 
chlorobenzoic acid) and then with tetrahydrofuran to afford w (90%) as a white, crystalline soIid: 
mp 84.5-86.0 ‘C; IR (KEW 1540, 1520, 1400. 1385. 1350-1310, 1135 cm-l; 1~ NMR (CDC13) 6 
9.54 (d. J=2.4 Hz, 1 H). 8.94 (d. J=2.4 Hz, 1 H). 3.52 (s. 3 H): 13C NMR (CDC13) 6 167.3. 151.6. 
150.6, 39.7. 

Anal. CaIcd for C4H5N302S: C. 30.18; H. 3.17; N, 26.40; S, 20.14; Found: C. 30.42: H, 2.90; N. 
26.19: S. 19.85. 

5.6-Dimethvl-3-methvlsulfonvl- 1.2.4-triazlne 12b). The reaction time was 3.0 h. The residual 
reaction solid was column chromatographed with elution fh-st with 1:1 ether/petroleum ether (to 
remove m-chlorobenzoic acid) and then with tetrahydrofuran to yield &) (98%) as a white, 
crystalline solid: mp 64.5-66.0 “C: IR (Kl3r) 1530. 1440. 1390. 1330-1310. 1135 cm-l: 1~ NMR 
(CDC13) 6 3.44 (s. 3 I-I), 2.82 (s, 3 II). 2.72 (s. 3 I-l); 13C NMR (CDC13) d 164.9. 162.0. 160.9. 39.6, 
21.9. 19.7. 

Anal. Calcd for C6HgN302S: C, 38.49; H, 4.85: N, 2244: S. 17.13; Found: C. 38.69; H. 5.03: N. 
22.20: S. 16.91. 

3-Methvlsulfonvl-5-Dhe1.2.4-triazlne. The reaction time was 3.0 h. The residual reaction 
solid was suspended in boiling anhydrous ether. and the undissolved solid was collected by 
filtration and washed well with anhydrous ether to afford 0 (71°/6) as a pale yellow. c 

r” 
talline 

solid: mp 146.0-148.0 “C: IR (Kerr) 1600, 1540, 1490. 1440, 1420. 1315, 1130 cm-l; H NMR 
(CDC13/DMSO-d6 (6:ll) 6 10.03 (s. 1 HI. 8.39-8.28 (m. 2 H). 7.73-7.53 (m. 3 H). 3.54 (s. 3 I-I); 
13C NMR (CDCI3/DMSO-d6 [6:1]) 6 165.9, 156.6. 147.5, 133.4. 130.8. 129.0. 127.8. 39.1. 

Anal. Calcd for ClOHgN302S: C. 51.05: H. 3.86: N. 17.86; S, 13.63; Found: C. 50.85; H. 3.92: 
N, 17.56; S. 13.36. 

5-(4-Chloronhenvl) 3 met _ _ hvlsulfonvl-1.2.4-triazine f2d). The reaction time was 11 h. The 
residual reaction soIid was suspended in anhydrous ether, and the undissolved solid was collected 
by filtration and recrystallized from methylene chloride/hexanes (1:l) to give w (85O/g) as a pale 
yellow powder: mp 153.0-156.0 ‘C: IR (KEW 1585, 1535. 1480, 1405. 1320. 1135 cm-l: lH 
NMR (DMSO-d6) 6 10.37 (s, 1 H). 8.54-8.41 (m. 2 H). 7.79-7.69 (m. 2 H), 3.61 (s, 3 H); 13C 
NMR (DMSG-d6) 6 165.8. 155.3. 148.3. 138.9. 129.9. 129.3. 128.8, 39.4. 

Anal. Calcd for ClOH8CIN302S: C. 44.53: H. 2.99: Cl, 13.14: N. 15.58: S. 11.89: Found: C. 
44.25; H. 3.24; Cl, 13.29; N. 15.46; S. 11.63. 

3-MethvlsuIfonvIohenanthroI9.lO-eI-l.2.4-triazine (2e). The reaction time was 17 h. The residual 
reaction solid was suspended in anhydrous ether. and the undissolved solid was collected by 
fiItraUon to yield w (95%) as a pale yellow solid: mp 252.5-253.5 “C; IR (KBr) 1600. 1515. 
1500, 1480, 1450. 1360, 1325-1305. 1135 cm- l; 1H NMR (CDC13) 6 9.53-9.25 (m. 2 l-l). 8.64- 
8.54 (m. 2 H). 7.97-7.71 (m, 4 H). 3.67 b, 3 H). 

&al. Calcd for Cl6HllN3O2S: C. 62.12; H. 3.58; N. 13.53; S. 10.36; Found: C. 62.39: H, 3.78: 
N, 13.26; S. 10.42. 

~-Methvlsulfonvl-5.6.7.8-tetrahvdro-l.2.4-benzotriazine f24. The reaction time was 3 h. The 
residual reaction soIid was column chromatographed. with elultlon ilrst with ether (to remove m- 
chlorobenzoic acid) and then with 1:2 ether/tetrahydroikran to yield (20 (66%) as a 

P 
ale yellow 

solid: mp 115.0-117.0 Y!: IR (KBr) 1520. 1460, 1425. 1385. 1330-1310. 1125 cm- ; 1H NMR 
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(CDC13) S 3.44 (s, 3 H). 3.27 (t. J=5.8 HZ, 2 H). 3.12 (t. J=5.7 HZ. 2 H). 2.05-2.01 (m, 4 H); l3C 
NMR (CDC!l3] 6 164.4. 162.5. 161.9. 39.6, 31.5. 29.6, 21.4, 21.0. 

Anal. Cakd for C8HllN302S: C. 45.06; H. 5.20: N. 19.70; S. 15.04: Found: C. 44.85; H, 5.32: 
N. 19.45; S. 15.25. 

5 f4-Fluoronhenvll-Smethvlsulfonvl- 1.2.4~trlazine f2&. [from 5-(4-fluorophenyl)-3-methyhhio- 
1,2.4-triazinel71. ‘Ihe reaction time was 3 h. The residual reaction solid was suspended in 
anhydrous ether, and the undissolved solid was collected by filtration to yield rzP, (93%) as a pale 
yellow solid: mp 146.0-147.5 Y! [deck IR (I(Br) 1595. 1535. 1500. 1480. 1410 cm-l: 1~ NMR 
(CDC13) 6 9.84 (s. 1 HI. 8.38-8.34 (m, 2 H). 7.35-7.29 (m. 2 H). 3.56 (s. 3 H); HRMS Calcd for 
ClOH8FN302S: 253.0321, Found: 253.0313 (-3.4 ppm deviation). 

5.6-Diohe v1-3-methvlsulfonvl-1.2.4-triazine I2hl. The reaction time was 3 h. The residual 
reaction s$d was stirred in anhydrous ether, and the undissolved solid was filtered to yield m 
(92%) as a pale yellow solid: mp-131.5-133.5 Y! (effervescent dec) (lit18 mp 139.0-140.6 “C): IR 
(NEW) 1600. 1490, 1445, 1370 cm- 1: lH NMR (CDC13) 6 7.61-7.43 (m. 1 H). 3.55 (s, 3 HI. 

General Procedure for the Nucleonhilic DisD1a!XREnt of Methvl Sulfinate from 3-Methvlsulfonvl- 
l.2.4-trmzines f21. To a stirred solution of the nucleophile (sodium 3-butynyl-l-oxide I6.50 mmol, 
1.3 eq] and sodium 4-pentynyl- l-oxide I6.50 mmol. 1.3 eql were prepared from the alcohol and 
NaH: 4-amino-1-butyne [13.00 mmol. 2.0 eql was prepared as described below) in anhydrous 
tetrahydrofuran (20 mL) at 0 ‘T. the 3-methylsulfonyl-1.2.4~triazine (2) (5.00 mmol) was added as 
a solid all at once. and the resultant reaction mixture was stirred at r.t. with exclusion of moisture 
for 2-34 h. A saturated solution of sodium bicarbonate (20 mL) was then added, and the aqueous 
mixture was extracted with methylene chloride (3 x 20 mL). The combined methylene chloride 
extracts were dried (MgS04) and evaporated under reduced pressure. The residual oil or solid 
was then puriiled either by column chromatography using silica gel (approx 50 gl and the 
appropriate solvent system, or by trituratlon with ether and recrystallization (when indicated) to 
yield the desired 3-(3-butynyloxy)-1,2,Ctriazine W). 3-(4-pentynyloxyk1.2.4~U-Wine m, or 3-(3- 
butynylamino)-1.2.4~triazine Is). 

3-[3-Rutvnvlox+ 1.2.4-triazine I34. The nucleophlle was sodium 3-butynyl- 1 -oxide, and the 
reaction Ume was 2 h. Chromatography of the residual oil with elutlon with ether afforded Q& 
(86%) as a pale yellow oil: IR (neat) 3280. 2120. 1550. 1525. 1465. 1420 cm-l; 1~ NMR 
(CDC13) 6 9.05 (d. J=2.2 Hz. 1 H). 8.53 (d, J=2.2 Hz. 1 H). 4.68 (t. J=7.0 Hz. 2 H). 2.82 (dt, J=2.6 
and 7.0 Hz, 2 H), 2.10 (t. J=2.6 Hz. 1 HI: l3C NMR (CDC13) 6 165.0. 150.8. 144.9. 79.4, 70.1, 
65.9, 18.8. 

Anal. Calcd for C7H7N30: C, 56.37; H. 4.73: N, 28.17: Found: C, 56.32: H. 4.84; N. 27.91. 

3-[3-Hu&&oxv)-5.6-dimethvl- 1.2.4~ti-iaz e I3bl The nucleophile was sodium 3-butynyl- l -oxide. 
and the reaction time was 2 h. Chromatokphy of the residual oil with ether elution afforded (3b) 
(45%) as a pale orange oil; IR (neat) 3280. 2120. 1555. 1525. 1460. 1425 cm- 1 : 1 H NMR 
(CDC13) 6 4.62 (t. 5~7.0 Hz. 2 H). 2.77 (dt. J=2.6 and 7.0 Hz, 2 H). 2.62 (s. 3 H). 2.51 (s. 3 H), 
2.05 (t. J=2.6 Hz, l H); l3C NMR (CDC13) 6 163.7. 161.6. 152.6. 79.7, 69.9. 65.6, 21.5, 18.9. 
18.4. 

end. Cdcd for CgHllN30: C, 61.00; H. 6.26; N. 23.71; Found: C. 60.89; H. 6.19; N, 23.71. 

3-[3-Bu&rnvloxv)-5-nhenv1- 1.2.4-triazine (3~). The nucleophfle WAS sodium 3-butynyl- l-oxide. and 
the reaction time was 1 h. ‘Ihe residual solid was triturated in ether (5 mL). and the undissolved 
solid was filtered to yield (&) (67%) as a white, crystalline solid: mp 105.0-1065 “C: IR (NEW 
3220. 2115. 1590. 1540, 1515. 1465. 1445, 1430 cm- 1: 1H NMR (CDC13) 6 9.43 (s, 1 H). 8.22- 
8.08 [m. 2 H). 7.68-7.47 (m. 3 HI. 4.73 (t. J=7.0 Hz. 2 HI. 2.83 (dt. J=2.6 and 7.0 Hz. 2 HI. 2.09 
[t, J=2.6 Hz, 1 H): l3C NMR (CDC13) 6 164.9. 157.7. 141.5. 132.9. 132.6. 129.2. 127.7. 79.7, 
70.2. 66.0. 19.0. 

Anal. Calcd for Cl3Hl lN30: C!. 69.32: H. 4.92: N, 18.66; Found: C. 69.05: H. 5.05; N. 18.66. 

3-[3-Hu~vlo~)-5-[4-chloronhenvl)-l.2.4-triazine f3dl.. The rU2kOphilC was Sodium 3-butynyl-l- 
oxide, and the reaction Ume was 2 h. The residual solid was triturated in ether (5 mL1. and the 
undissolved solid was Altered to yield &il (78%) as a white, crystalline solid: mp 145.5-147.0 ‘C: 
IR (KBr) 3220. 2110. 1585. 1535. 1500. 1435. 1400 cm-l: lH NMR (CDC13) 6 9.41 (s. 1 HI. 
8.20-8.04 (m. 2 H), 7.60-7.44 (m. 2 H). 4.74 It. J=7.0 HZ. 2 H), 2.84 (dt. J=2.6 and 7.0 Hz. 2 HI. 
2.06 (t. 5~2.6 Hz, l H); l3C NMR (CDC13) 6 166.3. 156.9, 141.3. 139.4. 131.8. 129.8. 129.1. 
79.8, 70.3, 66.4, 19.3. 

Anal. Cakd for Cl3Hl0ClN30: C, 60.12: H. 3.88: Cl, 13.65: N. 16.18: Found: C. 60.26; H. 3.68: 
Cl, 13.61: N. 16.16. 
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3-(3-Butvnvloxv)Dhenanthrol9.10-el-1.2.4-triazine (3& ‘Die nucleophile was sodium 3-butynyl-l- 
oxide. and the reaction time was 34 h. The residual solid was triturated in ether (5 ml,], and the 
undissolved solid was illtered to yield (&I (89%) as a pale yellow powder: mp 193.0-195.0 OC; IR 
(mr) 3240. 2120. 1605. 1505. 1495. 1470. 1445. 1430 cm-l: 1H NMR (CDC13) 6 9.34-9.04 (m, 
2 H). 8.54-8.46 (m 2 HI. 7.95-7.59 (m, 4 H). 4.87 (t. J=7.0 Hz. 2 H). 2.94 (dt, J=2.6 and 7.0 Hz. 
2 H). 2.11 (t. J=2.6 Hz. 1 H). 

Anal. Calcd for ClgHl3N30: C. 76.24: H. 4.38: N. 14.04: Found: C. 76.46: H, 4.46: N. 13.77. 

3-(4-PentvWlOxv)-1.2.4~triazine (6a). The nucleophile was sodium 4-pentynyl-l-oxide, and the 
reaction time was 2 h. Chromatography of the residual oil with elution with 1:4 ether/petroleum 
ether afforded 0 (42%) as a clear, colorless liquid: IR (neat) 3290. 2120. 1550. 1530. 1520. 
1470, 1430 Cml: 1H NMR (CDC13) 6 9.04 (d. J=2.4 Hz. 1 H). 8.54 (d. J=2.2 Hz, 1 H). 4.67 (t. 
J=6.2 Hz, 2 H). 2.57-2.38 (m. 2 H). 2.26-1.96 (m, 3 H); 13C NMR (CDC13) 6 165.2. 150.4. 144.5. 
82.6. 68.8, 66.8, 27.4, 14.7. 

Anal. Calcd for C8HgN30: C. 58.88: H. 5.56: N, 25.75: Found: C, 58.58: H. 5.52: N. 25.35. 

_ _ _ _ vl- 1,2.4-triazine The nucleophile was sodium 4-pentynyl- l-oxide, 
and the reaction time was 1 h. Chromatography of the residual solid followed by elution with 2:3 
ether/petroleum ether afforded (0 (52%) as a pale yellow solid: mp 85.5-88.0 “C!: IR (KBr) 
3240. 2110. 1600. 1540-1510. 1495. 1460. 1430 cm-l: 1~ NMR (CDC13) 6 9.41 (s, 1 H). 8.22- 
8.11 (m. 2 HI. 7.60-7.45 (m. 3 H)‘. 4.72 (t. J=6.2 Hz. 2 H). 2.56-2.00 (m. 4 H). 2.01 (t. J=2.6 Hz. 
1 H): 13C NMR (CDCl3) 6 165.4. 157.6. 141.2. 133.3, 132.3. 129.1. 127.7. 83.0. 68.9, 66.9, 
27.8, 15.1. 

Anal. Calcd for Cl4Hl3N30: C. 70.27; H. 5.48: N. 17.56; Found: C, 70.00: H, 5.55: N. 17.62. 

5-(4-Chloronhenvl) -_ _ 3 (4 nentvnv loxvl-1.2.4-trlazine (6dl The nucleophile was sodium 4- 
pentynyl-l-oxide. and the reaction Ume was 1 h. Chromatography of the residual ofl with elutlon 
with 1: 1 ethyl acetate/petroleum ether afforded &d) (78%) as a pale yellow, crystalline solid: mp 
106.0-109.0 “C; IR (KBr) 3220-3200. 2120. 1590. 1540. 1505-1490, 1435. 1400 cm-l; 1~ NMR 
(CDC13) 6 9.39 (s. 1 H), 8.21-8.05 (m. 2 H), 7.63-7.44 (m. 2 H). 4.73 (t. J=6.3 Hz, 2 H). 2.59-2.05 
(m. 4 H). 2.00 (t. J=2.6 Hz. 1 HI: 13C NMR (CDC13) 6 165.5. 156.6. 141.0. 139.2, 131.9. 129.7. 
129.1. 83.0. 69.0. 67.2, 28.0, 15.2: HRMS ([M+]=Cl4Hl2ClN30) Calculated for ([M+) - H) 
(molecular ion unavailable due to immediate loss of acetylenic proton in the mass spectrometer) 
272.05889: Found 272.05889 +/- 0.0030: 

3 I tr we f6e) - 4-P entvnv oxy)ohenanthroI9. lo-el- 1.2. 1 4- i The nucleophile was sodium 4pentynyl- 
l-oxide, and the reaction time was 6 h. The residual solid was triturated in anhydrous ether to 
yield (6e) (79%) as a pale yellow solid: mp 137.0-140.0 “C (with effervescence); IR (KBrl 3250. 
2120. 1610. 1570, 1515. 1490. 1435 cm- 1; 1~ NMR (CDC13) 6 9.25-8.90 (m. 2 H). 8.59-8.33 
(m. 2 H), 7.90-7.50 (m. 4 H). 4.82 (t. J=6.0 Hz. 2 H), 2.58-2.45 (m. 2 H). 2.40-2.16 (m 2 HI. 2.04 
(t. J=2.6 Hz. 1 H); 13C NMR (CDC13) 6 164.1. 145.0. 142.9. 134.2, 132.5. 129.8. 129.7. 128.6. 
127.8. 127.7. 127.4. 126.6. 124.1. 123.0. 122.8. 83.2, 69.2, 67.1. 27.9. 15.3. 

Anal. Calcd for C2OHl5N30: C. 76.66; H, 4.83: N. 13.41; Found: C, 76.45; H. 5.00; N. 13.24. 

Q-f3-Butvnvl- l-amino)- 1.2.4-triazine f8a) The nucleophile was 4-amino- 1-butyne. and the 
reaction time was 24 h. The residual solid’ was triturated with ether to yield &!& (64%) as a 
yellow solid: mp 104.0-105.0 “C; IR (KBr) 3240, 3150. 1520. 1455 cm-l : 1 H NMR (CDCkd 6 
8.61 (d. J=2.5 Hz. 1 H). 8.17 (d, J=2.2 Hz, 1 H). 5.75 (bm. 1 H). 3.72 (q, J=6.0 Hz. 2 H). 2.59 (dt. 
5~6.5 and 2.7 Hz, 2 H). 2.06 (t. J=2.3 Hz. 1 H); HRMS Calcd for C7H8N4 148.0749: Found 
148.0743 (-4.0 ppm deviation). 

_ - tvnvl- 1-amino)-5-nhenvl- 1.2.4-mazine (8~) The nucleophile was 4-amino- l-butyne. and 
the reaction time was 24 h. The residual solid was triturated with ether and then recrystallized 
from ethyl acetate to yield &) (80%) as yellow needles: mp 130.5-131.5 “C: 1R (KBr) 3220. 
3190, 1590. 1560. 1520 cm -1: 1~ NMR (CDC13) 6 9.10 (s, 1 H). 8.14-8.11 (m. 2 I-I). 7.63-7.53 
(m, 3 H). 5.69 (bm. 1 H). 3.82 (q, J=6.4 Hz. 2 H). 2.65 (dt, J= 6.5 and 2.7 Hz. 2 H). 2.09 (t. J&.6 
Hz. 1 H). 

Anal. Calcd for Cl3Hl2N4: C. 69.62; H. 5.39: N. 24.98; Found: C. 69.25: H. 5.18: N. 24.66. 

_ _ Wo)_5_(4__ (8d) The nucleophile was 4-amino-l- envll-1.2.4--e 
butyne. and the reaction time was 24 h. The residual solid $as triturated with ether and then 
recrystallized from ethyl acetate to yield (BB) (96%) as yellow needles: mp 137.5-138.0 ‘C: IR 
(KBr) 3220. 1595. 1530. 1470, 1440 cm - 1; 1H NMR (CDC13) 6 9.04 (s, 1 H)crl. 8.04 (d. J=9.0 Hz 
2 H). 7.50 (d. J=9.0 Hz. 2 H). 5.75 (bm. 1 H), 3.78 (q, J=6.4 Hz. 2 H). 2.61 (dt. J=7.5 and 2.7 Hz. 
2 H). 2.05 (t. J=2.6 Hz, 1 H). 

Anal. Calcd for Cl3HllClN4: C. 60.35: H. 4.29: Cl. 13.70; N. 21.66: Found: C. 60.11; H. 4.25: 
Cl, 13.91; N. 21.37. 
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ine (S& The nucleophile was 4-amino-l- 
time As 36 h. The residual reactton solid 

was triturated with methylene chloride and then recrystallized from ethyl acetate to yield 0 
(96%) as yellow needles: mp 220.0-222.0 ‘C (dec): IR (Kerr) 3220. 1590, 1560. 1520. 1470, 
1430 cm-l; lH NMR (CDCl3) 6 9.26-9.23 (m. 1 H). 9.10-9.07 (m. 1 H), 8.56-8.48 (m. 2 H), 
7.86-7.80 (m. 1 H), 7.74-7.65 (m. 3 H). 6.05 (bm. 1 H), 3.92 (q, J=6.4 Hz, 2 H). 2.72 (dt. J=6.6 
and 2.7 Hz. 2 H), 2.09 (t, J=2.9 Hz, 1 H). 

Anal. Calcd for ClgHl4N4: C, 76.49: H. 4.73: N, 18.78: Found: C. 76.24: H. 4.86; N, 18.58. 

_ _ - _ -_ _ fluoronhenvb- 1.2.4-Ujazine f&l The nucleophfle was 4-amlno- l- 
butyne, and the reaction Ume was 24 h. The residual solid &as triturated with ether and then 
recrystallized from ethyl acetate to yield @&) (78%) as yellow needles: mp 144.0-145.0 “C 
(effervescent dec); 1R (KFSr) 3280. 3220. 1600. 1585. 1530. 1510. 1470 cm-l: lH NMR 
(CDC13) 6 9.04 (s, 1 H). 8.15-8.10 (m, 2 H). 7.27-7.19 (m. 2 H), 5.85 (bm. 1 H), 3.79 (q, J=6.4 
Hz. 2 H), 2.63 (dt, J=6.5 and 2.7 Hz, 2 H), 2.07 (t. J=2.7 Hz, l H). 

Anal. Calcd for C13HllFN4: C, 64.45: H. 4.58: F, 7.84: N. 23.13: Found: C. 64.71; H, 4.61: F. 
8.00; N. 23.41. 

I _ I-5.6-diohenvl- 1.2.4-triazine (8h1. The nucleophile was 4-amfno- I-butyne, 
and the reaction time was 24 h. The residual reaction solid was triturated with ether and then 
recrystallized from ethyl acetate to yield 0 (97%) as yellow needles: mp 131.0-132.0 ‘C: IR 
(KBr) 3280, 3230, 1600, 1520, 1470, 1430 cm-l; lH NMR (CDC13) 6 7.52-7.26 (m, 10 H), 
5.65 (bm. 1 H). 3.79 (q. J=6.6 Hz, 2 H). 2.62 (dt. J=6.4 and 2.6 Hz, 2 H). 2.04 (t. J=2.6 Hz, 1 H). 

Anal. Calcd for ClgH16N4: C, 75.98: H, 5.37: N. 18.65: Found: C, 75.69: H, 5.22: N, 18.71. 

e for the molecular iels Alder React o of 3 (3 Butvnv oxvl 1. . -t.ri;azines 
131 to 2.3 Dihvdrofurol2.3 bW I 4: A solution of E 3-(3~butynylo~)-1 2 &&zine (3) 
(3.00 nmk) in anhydrous-chlorobenzene (or bromobenzene) (10 mL) was heated at refiux (132 
“C for chlorobenzene, 156 “C for bromobenzene) under nitrogen for IO-53 hours, depending on 
the substrate. The reactton course was followed by UC. The resulting reaction solution was then 
evaporated under reduced pressure and the residual solid or oil was puriRed either by a silica gel 
(approx 25 g) filtration with elution with the appropriate solvent(s) or by trituration wfth ether to 
yield the desired 2,3-d~ydro~ro[2,3-~p~dine &). 

2.3-D&vdrofuro12&blovridine (44. The reaction solvent was chlorobenzene. and reaction time 
was 10 h. The residual oil was purified by silica gel filtration, elutrng first with petroleum ether 
(75 mL) and then with ether (125 mL). The ether filtrate was evaporated under reduced pressure 
to yield 14a) (80%) as a clear, pale yellow oil: IR (neat) 1595. 1460. 1455. 1420 cm-l: 1~ NMR 
(CDC13) 6 7.95 (br d. J=5.l Hz. 1 H). 7.45 (dd, J=1.5 and 7.3 Hz, 1 H). 6.75 (dd, 5~5.1 Hz and 7.3 
Hz. 1 H), 4.58 (t. J=8.6 Hz, 2 H). 3.22 (t. J=8.6 Hz, 2 H): l3C NMR (CDCl3) 6 168.3. 146.1. 
133.2. 119.3. 116.1, 68.5, 27.7. 

Anal. Calcd for C7H7NO: C, 69.40: H, 5.82: N, 11.56; Found: C, 69.12; H, 5.87: N. 11.47. 

23 -Dihvdro-5.6-dime$hylfuroiZ.3&ll?_vridine (4bl. The reactton solvent was chlorobenzene, and 
reaction time was 53 h. The residual reaction oil was putied by silica gel filtration with eluuon 
with ether (100 mL). This ether eluate was evaporated under reduced pressure to ykeld 14b) 
(100%) as a white, crystalline solid: mp 68.0-70.5 Y!; IR (Kl3r) 1600, 1585. 1475. 1430, 1400 
cm-l: 1~ NMR (CDC13) 6 7.19 (s, 1 H). 4.54 (t. J=8.6 Hz, 2 H). 3.15 (t. 5~6.6 Hz, 2 H). 2.35 (s, 3 
H), 2.16 (s. 3 H): 13C NMR (CDC13) 6 166.3. 153.1, 135.1, 122.8. 116.0. 68.7, 27.8, 21.9, 18.2: 
LRMS, m/z (relative intensity) 150 (111, 149 (100. M+). 148 (381. 134 (18). 120 (23). 119 (131, 
104 (19). 79 (19). 77 (17): HRMS Calcd for CgHllNO 149.0841: Found 149.0836 +/- 0.0015. 

Anal. Calcd for CQHllNO: C, 72.46: H. 7.43; N. 9.39; Found: C, 72.58: H, 7.71; N, 9.16. 

2.3-Dihvdro-6-ohenvlfurol2.3-blDv~dine (4~) The reaction solvent was chlorobenzene. and 
reaction Ume was 16.5 h. The residual reaction’ solid was purifled by silica gel filtration, eluting 
flrst with petroleum ether (50 mL) and then with 1:l ether/petroleum ether (200 mL). The 
ether/petroleum ether eluate was evaporated under reduced pressure to yield (&I (95%) as a 
white. crystaihne solid: mp 84.5-86.0 *C; IR (KBr) 1595. 1570. 1480. 1425 cm-l: lH NMR 
(CDC13) 6 8.03-7.92 (m. 2 H). 7.52-7.30 (m. 4 H). 7.21 (d, J=7.7 Hz. 1 H). 4.69 (t. J=8.7 Hz. 2 
H). 3.20 (t, J=8.5 Hz, 2 H): 13C NMR (CDC13) 6 168.6, 155.0, 138.9. 133.8. 128.5, 128.4, 126.6, 
117.9, 112.9. 66.9, 27.8. 

Anal. Calcd for Cl3HilNO: C. 79.16: H, 5.62: N. 7.10; Found: C, 79.11: H, 5.61: N. 6.96. 

_ _ ~nvl~-2.3-~. The reaction solvent was chlorobenzene, 
and the reaction time was 16 h. The residual reaction solid was purified by silica gel flltratlon 
with elution with methylene chloride (100 mL). The methylene chloride eluate was evaporated 
under reduced pressure to yield && (90%) as a white, crystalline solid: mp 119.5-121.5 *C: IR 
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(KBr) 1590. 1560. 1490. 1470. 1445. 1425. 1400 cm-l: 1~ NMR (CDQj) 8 7.90 (d, ~43.6 HZ, 2 
Hh 7.46 (d. J=7.5 Hz. 1 H). 7.35 Id. J=8.6 Hz, 2 H), 7.16 (d. J=7.5 Hz. 1 H). 4.62 (t, 54.8 HZ, 2 
H), 3.21 (t. J=8.8 =. 2 H]: 13C NMR (CDC13) 6 168.8. 153.9, 137.6. 134.6. 133.8. 128.6. 127.9. 
118.3. 112.8, 69.0. 27.9. 

Anal. Calcd for Cl3HlOClNO: C. 67.40: H. 4.35: Cl, 15.30: N. 6.05; Found: C, 67.62; H, 4.41; 
Cl, 15.12; N. 6.36. 

2.3-Dihvdroohenanthro(9.1 O-elfurol2.3-blovridine (4e). The reaction solvent was bromobemene, 
and the reaction time was 50 h. The resulting reaction solution was passed through a silica gel 
filter followed by elution with methylene chloride (150 mL). The methylene chloride filtrate was 
concentrated to approximately 3 mL via under reduced pressure, and anhydrous ether (20 mL) 
was added to this solution. The resulting triturated solid was filtered to yield (&) (69%) as a p& 
yellow, crystalline solid: mp 188.0-190.0 “C: IR (KBr) 1630. 1610. 1590. 1500. 1475, 1445, 
1435 cm-l; 1~ NMR (CDC13) 6 9.28-9.10 (m. 1 H). 8.62-8.44 (m. 2 H), 8.40 (s, 1 H), 8.33-8.15 
(m. 1 H). 7.75-7.48 (m. 4 H). 4.66 (t. J=8.4 Hz. 2 H). 3.29 (t. J=8.4 Hz, 2 H); 13C NMR (c~C13) 
6 167.7. 145.1. 131.3. 130.7. 129.2. 128.8. 128.4, 128.2, 127.0. 126.4, 125.7, 123.4, 122.3, 
120.3. 119.6, 69.3, 28.2. 

Anal. Calcd for ClgHl3NO: C, 84.11: H. 4.83: N. 5.16; Found: C. 84.05: H. 4.93; N, 5.36. 

2.3.5.6.7.8-Hexahvdrofurof2.3-blauinohne (4& To a stirred solution of 3-butyn-l-01 (0.35 mu, 
4.62 mmol. 1.3 eq) and sodium hydride (60% oil, 0.18 g. 4.50 mmol, 1.26 eq) in anhydrous 
tetrahydrofuran at r.t., 3-methylsulfonyl-5.6.7.8-tetrahydro-1.3.4-benzotriazine (0.76 g, 3.56 
mmol) was added as a solid all at once. The resulting black reaction mixture was stirred at r.t. 
with exclusion of moisture for 1 h. A saturated solution of sodium bicarbonate (20 mL) was then 

added to the reaction mixture, and this aqueous mixture was extracted with ether (4 x 25 mL). 
The ether extracts were combined, dried (MgS04). and evaporated under reduced pressure to 
yield a dark brown oil. Column chromatography of this ofl using silica gel (approx 40 g) and 
elution with 1:l ether/petroleum ether yielded 3-(3-butynyloxy)-5,6,7,8-tetrahydro-1,3,4- 
benzotriazine (0.27 g. 37O/6) as a clear, colorless liquid: IR (neat) 3300. 2120. 1545, 1525. 1465. 
1430 cm-l; 1H NMR (CDC13) 6 4.61 It, J=7.0 Hz. 2 H). 3.08 (t, J=6.1 Hz, 2 H), 2.90 (t. J~6.1 Hz, 
2 H). 2.77 (dt, J=2.6 and 7.1 Hz. 2 H). 2.05 (t. J=2.6 Hz. 1 H), 1.98-1.91 (m, 4 H). This liquid was 
then dissolved in chlorobenzene (3 mL1. and this solutfon was heated at reflux under nitrogen for 
47 h. The resulting reaction solution was evaporated under reduced pressure, and the residual oil 
was chromatographed using silica gel (approx 40 g). Elution with 1:l ether/petroleum ether 
yielded 2.3.5.6.7.8-hexahydrofurol2.3-blquinoline (0.22 g. 95% for the cyclization. 35% overail) 
as a clear, colorless liquid: IR (neat) 1620. 1590. 1480. 1450-1400 cm-l; 1H NMR (CDC13) 6 
7.13 (s. 1 H). 4.53 (t. J=8.5 Hz, 2 H). 3.14 (t. J=8.5 Hz. 2 H). 2.76 (t. J=6.1 Hz. 2 H). 2.62 (t. 
J=6.0 Hz. 2 H). 1.85-1.71 (m, 4 H); 13C NMR (CDC13) 6 166.0. 153.0. 134.4. 123.7. 116.3. 68.5, 
31.8. 27.9. 27.5. 22.7, 22.7. 

Anal. Calcd for Cl lHl3NO: C, 75.40; H, 7.48: N. 7.99: Found: C. 75.11; H. 7.19: N. 8.11. 

General Procedure for the Intramolecular Diels-Alder ReacUon of 3-W-Buivnvl- 1 -amino)- 1.2.4- 
triazines (8) to 2.3-Dihvdroovrrolol2.3-bhwridines 191. A stirred suspension of the 3-(3-butynyl- 
1-amino)-1.2.4-triazine u1) (2.00 mmol) in bromobenzene (unless otherwise noted) was heated to 
reflux (156 ‘C) under nitrogen for 24-50 h: the reaction was followed to compleUon by UC. After 
cooling to r.t.. the reaction mixture was filtered through a silica gel pad (approx 20 g). eluting 
first with hexanes and then with 1% methanol/methylene chloride. The methylene chloride 
eluates were then evaporated under reduced pressure to afford the crude 2,3-dihydropyrrolo[2.3- 
bJpyridine 19) which was further purified as described below. 

2.3-Dihvdroovrrolol2.3-b&idine (9a). The crude product was purified by preparative tic (20x20 
cm plate, 1500 micron thickness), eluting with 1:l hexanes/ethyl acetate to afford 0 (48Oh) as 
a tan solid which was obtained as orange crystals upon recrystahizaUon from 1:2 ether/petroleum 
ether: mp 78.5-79.5 OC; IR (KBr) 1580, 1490. 1420 cm- l; lH NMR (CDCl3) 6 7.80 (d. J=3.0 Hz. 
1 H), 7.26-7.21 (m. 1 H). 6.50-6.46 (m. 1 HI. 5.28 (bs. 1 H). 3.59 (t. J=9.0 Hz. 2 H), 3.03 (t. 
J=9.0 Hz, 2 H). 

Anal. Calcd for C7HgN2: C. 69.98: H. 6.71: N. 23.31; Found: C. 69.69: H. 6.88: N. 23.11. 
Compound (&) could also be obtained (68%) by heating &&) for 6 days in refluxing 

chlorobenzene (132 Y!). ‘Ihe spectral and physical properties of this material were identical with 
those described above. 

2.3-Dihvdro-6-nhenvlovrroloi2.3-blnvridine f9cl. The crude product was purified by column 
chromatography followed by elutlon with 4:l hexanes/ethyl acetate to afford &) (44%) as a tan 
solid which was obtained as white plates upon recrystallization from benzene: mp 167.0-168.0 “C; 
IR (KBr) 1610, 1590. 1490. 1420 cm- 1: 1~ NMR (CM=13) 6 7.89-7.86 (m. 2 H). 7.45-7.31 (m. 4 
H). 6.96 (d, J=7.4 Hz. 1 H), 4.85 (bs. 1 H). 3.65 (t. J=8.3 Hz. 2 H). 3.09 (t. J=8.6 Hz. 2 H). 

Anal. Calcd for Cl3Hl2N2: C. 79.56; H. 6.16; N. 14.27; Found: C. 79.12; H. 6.41; N. 13.92. 



Intramolecular Dick-Alder reactions 5155 

S-(4-Chlorop.&nvl) 2.3 diby&opvrrolol2.3blDvrldtne (9d) The crude product was triturated 
with ether to aiTord_(9d) (61%) as an off-white solid: mp 168.0-169.0 “C: IR (KI3r) 1610. 1585. 
1490, 1420 cm-l: 1~ NMR (CDC13) 6 7.82 (d. J=8.8 Hz. 2 H). 7.43-7.31 (m. 3 H). 6.89 (d. 5~7.5 
Hz. 1 I-I). 4.83 (bs, 1 I-I). 3.62 (t. J&l Hz, 2 I-I). 3.06 (t, J=7.9 Hz. 2 I-Q. 

Anal. CaIcd. for Cl3HllClN2: C, 67.68; H. 4.81; Cl, 15.37: N. 12.14; Found: C. 67.47: H. 4.55; 
Cl. 15.09: N. 12.03. 

23-Dihvd oDhenanthrol9.10-elDv olol2.3-blovridi e f9el. The reaction solvent was 
triisopropy;benzene (232 ‘C). and therieactIon time wasn7 h. The reaction mixture was fIltered 
through a silica gel pad (approx 20 g) (elution first with hexanes and then with 1% 
methanol/methylene chloride). The methylene chloride eluates were evaporated under reduced 
pressure to afford a gummy yellow-red solId. Purification of this material by preparative tic 
(20x20 cm plate, 1500 micron thickness: elution with 1:l hexanes/ethyl acetate) afforded a trace 
amount of crude 19e) as a gummy yellow soIId; 1H NMR (CDC13) 6 9.11 (t, J=6.0 Hz. 1 H), 8.63 
(m. 3 H). 8.36-8.32 (m, 2 H). 7.71-7.55 (m. 3 I-I). 5.40 Ibs. 1 H), 3.78 (t. J=6.0 Hz, 2 H). 3.26 (t. 
J=6.0 Hz, 2 I-I). HRMS CaIcd for ClgHl4N2: 270.1157: Found: 270.1140 (-6.1 ppm deviation). 

6f4-Fluorouhenvll-2.3-dihvdrouvr olof2.3-b)Dvrid,lne (gel. The crude product was purified by 
column chromatography, with eluUorn with 1:l hexanes/ethyI acetate, to afford @g) (66%) as a tan 
solid which was obtained as beige needles upon recrystallization from benzene/hexanes: mp 
161.5-162.0 “C; IR (KBr) 1590. 1495, 1425 cm- 1: 1~ NMR (CDC13) 6 7.88-7.84 (m. 2 H), 7.31 
(d. J=7.4 Hz. 1 H). 7.13-7.07 (m, 2 H). 6.96 (d. J=7.7 Hz, 1 H). 4.83 0~. 1 I-I). 3.64 (t, J=8.3 HZ. 
2 I-I), 3.09 (t. J=8.3 Hz. 2 I-I). 

Anal. Calcd for Cl3HllFN2: C. 72.88; H. 5.17; F, 8.87: N. 13.08: Found: C. 73.04: H. 5.15; F, 
8.68: N. 13.28. 

2.3Dihvdro-5.6-diDhenvlovrrolol2.3-blovridine (9h). The crude product was purified by column 
chromatography (elutlon with 5:l hexanes/ethyl acetate) followed by preparative tic (20x20 cm 
plate, 1500 micron thickness. elution with 1:l hexanes/ethyl acetate) to aiford (921) (20%) as a 
Iight tan solid: mp 202.0-204.0 T: IR (KBr) 1620, 1580, 1510. 1490. 1470, 1445. 1410 cm-l; 
lH NMR (CDCI3) 6 7.32 (s. 1 H). 7.27-7.13 (m. 10 H). 4.85 (bs. 1 I-I). 3.55 (t, Jz7.9 HZ. 2 H), 
3.12 (t, J=7.7 I-Ix. 2 H): HRMS CaIcd for ClgHl6N2: 
deviation). 

272.1313; Found 272.1310 (-1.1 ppm 

General Procedure for the Dehvdroeenation of 2.3-Dlhvdrofuro12.3-blm 141 to Furo12.3- 
di es 151 A solution of the 2.3-dihydrofuroI2,3-Bjpyridine 14) (2.00 mmol) and 2 3- 

dichloroY5,6-di&no-1.4~benzoquinone (1.02 g 4.5 mmol 2.25 eq) in anhydrous dioxane (IO 
mL) was heated at reflux (101 “C) with exclusion of moisture for 6-24 h. A saturated solution of 
sodium bicarbonate (10 mL) was then added, and this aqueous mixture was extracted with 
methylene chloride (3 x 10 mL). The methylene chloride extracts were combined, dried 
(MgS04), and evaporated under reduced pressure. Column chromatography of the residual oil 
using silica gel (approx 40 g) and elution with the appropriate solvent system afforded the 
desired furo(2.3~upyridine &I. 

5.6-Dimethvlfuro(2.3-blnvridine (5b). The reaction time was 21 h. Chromatography of the residual 
reaction oil, eluting with 1:2 ether/petroleum ether, yIelded W (49%) as a light blue liquid 
which crystallized below room temperature; IR (neat) 3120, 1610. 1585. 1525. 1470. 1450. 
1405 cm-l: lH NMR (CDC13) 6 7.59 (s. 1 H). 7.56 (d. J=2.6 Hz, 1 I-I). 6.63 (d. J=2.6 Hz. 1 H). 
2.54 (s. 3 I-I). 2.31 (s. 3 H): 13C NMR (CDC13) 6 160.6. 152.1. 143.6, 130.5. 126.7, 116.8. 105.2. 
22.3, 18.8. 

Anal. CaIcd for CgHgNO: C. 73.45: H. 6.16; N. 9.52; Found: C. 73.20; H. 6.18: N. 9.26. 

6Phenvlfurol2.3-blotidine (5~). The reaction time was 6 h. Chromatography of the residual 
reaction oil (elution with 1: 1 ether/petroleum ether) yielded (5c) (53%: 633% based on recovered 
starting material) as a white, crystalIine solId: mp 62.5-64.5 C; IR (KBr) 1585, 1570. 1515. 
1455. 1435, 1395 cm-l: 1~ NMR (CDC13) 6 8.10-7.89 (m. 2 I-I), 8.08 (d. J=7.9 Hz, 1 I-I). 7.68 (d, 
J=2.4 Hz. 1 I-I). 7.67 (d. J=7.9 Hz, 1 H). 7.53-7.40 (m. 3 H). 6.74 (d. J=2.4 Hz, 1 H): l3C NMR 
(CDC13) 6 162.5. 153.0. 144.9, 139.2, 130.5. 128.7, 127.1, 127.1. 117.8, 116.2. 105.8. 

Anal. Calcd for Ci3HgNO: C. 79.98: H, 4.65: N. 7.17: Found: C. 79.78: H. 4.85: N. 6.96. 

6-(4-ChIoronhenvl)furol2.3-blnvrldine (5d) The reaction time was 24 h. Chromatography of the 
residual reaction ofl (elution with 1:4 ether/petroleum ether) yielded W (Rf=O.6 in ether) 
(72%) as a white. crystaIlIne solid: mp 85.5-87.0 T: IR (KI3r) 1590. 1520. 1490, 1455. 1410. 
1395 cm-l; lH NMR (CDC13) 6 8.08-7.92 (m. 2 I-I). 7.94 (d. J=7.9 Hz, 1 H). 7.70 (d, J=2.4 Hz, 1 
I-I). 7.62 (d, J=7.9 Hz. 1 I-I). 7.48-7.33 (m. 2 I-I). 6.76 (d. J=2.4 Hz. 1 H); 13C NMR (CDC13) 6 
162.4. 151.6. 145.2. 137.7. 135.1. 130.6. 128.9. 128.4. 118.2. 116.0. 105.9. 

Anal. CaIcd for C13H8ClNO: C. 67.99: H. 3.51: Cl, 15.44: N. 6.09: Found: C. 68.12: H, 3.73: Cl. 
15.25; N, 6.25. 
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PhenanthrolS.1. The reaction time was 9 h. Chromatography of the 
residual reaction oil with elution with methylene chloride yielded (&) (67%) as a white powder: 
mp 161.5-163.0 ‘C: IR (KBr) 1610. 1590, 1530. 1500. 1485. 1435, 1390 cm-l: 1~ NMR 
(CDC13) 6 9.36-9.21 (m. 1 H). 8.87 (s. 1 H). 8.60-8.33 (m. 3 H). 7.78-7.48 (m. 5 H). 6.83 (d. 
J=2.6 Hz, 1 H); 13C NMR (CDC13) 6 161.4. 146.1. 143.1, 131.3, 131.0. 129.2. 128.6. 127.3. 
127.1, 125.8. 124.6. 123.4. 123.0. 122.5. 122.0. 119.0. 106.0; HRMS Calcd for ClgHllNO: 
26968386: Found 269.08386 +/- 0.0050. 

&b&y!&hne flOd) A suspension of I9d) (0.066 g. 0.29 mmol) and 
2.3-dichloro-5.6-dicyano-1,4-benzoquinone (0.669 g. 0.30 mmol) in p-dioxane (4 mL) was 
stirred at r.t. for 15 min under nitrogen. The reaction mixture was then filtered through a silica 
gel pad (approx 10 g). eluting with 1:l hexanes/ethyl acetate (80 mL). The eluates were 
evaporated under reduced pressure to afford a brown solid. PurificaUon of this material by 
column chromatography using silica gel (approx 10 g) and eluting withl: 1 hexanes/ethyl acetate 
afforded W (0.030 g. 45%) as a pale tan solid: mp 228.0-230.0 OC (dec); 1~ NMR (CDC13) 6 
9.91 (bs. 1 H). 8.07 (d. J=8.2 Hz, 1 H). 7.97 (d. J=8.5 Hz, 2 H), 7.54 (d. J=8.2 Hz, 1 H). 7.49 (d, 
J=8.5 Hz, 2 H]. 7.32 (d. J=3.4 Hz. 1 H), 6.56 (d. 5~3.4 Hz, 1 H). HRMS Calcd for Cl3HgN2Cl: 
228.0454: Found: 228.0455 (0.5 ppm deviation). 

Procedure for the Intramolecular Diels-Alder Reaction of 3-(4-Pentvnvloxvl_l- 
ODVEI ol2.3-blnvri&.nes f7) A solution of the 3-(4-pentynyloxy)-1.2,4- 

triazine (0 (2.00 mmol) in eit?rer bromobenzene or triisopropylbenzene (3 mL) was heated 
between 156-210 “C under nitrogen for 5-48 h depending on reaction solvent and substrate. The 
resulting reaction solution was chomatographed using silica gel (approx 40 g) with elution with 
the appropriate solvent system to yield the desired 2.3-dihydropyrano[2,3-hlpyridine (z1. I 

Z.3-Dihvd oDvr&Wt2.3-bk&Wl.ine (7a) Compound (6a) was heated at 2QO” C in 
triisopropyl~enzene for 5 h. The reaction solution was chromatographed with elution first with 
1:4 ether/petroleum ether (to remove triisopropylbenzene) and then with l:l ether/petroleum 
ether to yield m (61%) as a pale yellow liquid; IR (neat) 1595. 1575. 1470. 1440-1420 cm-l; 
lH NMR (CDC13) 6 8.06 (dd. J=4.8 and 2.0 Hz, 1 H). 7.36 (dd. J=7.5 and 2.0 Hz. 1 H). 6.81 (dd. 
J=7.5 and 4.8 Hz. 1 H). 4.33 (t. 5~5.1 Hz. 2 H). 2.79 (t. J=6.2 Hz. 2 H). 2.12-1.86 (m. 2 H); l3C 
NMR (CDQj) 6 161.3, 146.2. 138.3. 117.1. 116.8, 66.9, 24.7, 21.7. 

Anal. Calcd for C8HgNO: C. 71.09; H, 6.71: N, 10.36; Found: C. 70.84: H. 6.51; N. 10.09. 

2.3 Dihydro 7 Dhe y-or .3 blpyr dine I d Compound (sr) was heated at 200-210 ‘C in 
t&opropylbiAenenfor 5 h. ze ieactik solu;on was then chromatographed (elution with I:2 
ether/petroleum ether) to yield &) (81%) as a pale yellow, crystalline solid: mp 68.5-70.0 ‘C: IR 
(KBr) 1595. 1580. 1560. 1490. 1470. 1460-1430. 1410 cm- l: 1~ NMR (cDc13) 6 8.06-7.93 (m. 
2 H). 7.49-7.29 (m, 5 H). 4.33 (t. J=5.3 Hz, 2 H). 2.75 (t. J=6.4 Hz, 2 H). 2.09-1.83 (m. 2 Hh 13C 
Nh4R (CDC13) 6 160.9. 154.4. 139.1. 132.3. 128.4. 128.2. 126.6. 115.6. 113.4. 67.0. 24.6. 21.9. 

Anal. Calcd for Cl4Hl3NO: C. 79.60; H. 6.20; N. 6.63: Found: C. 79.48: H, 6.27: N. 6.38. 

7-(4-Chloronhenvl)-2.3-dihvdroovrano(2.3-blDvridine (7d). Compound (69) was heated in 
refluzdng bromobenzene (156 “C) for 48 h. The reaction solution was chromatographed (e1uUon 
with 1:l methylene chloride/hexanes) to afford u (68%) as a white, crystalline sohd: mp 
147.0-148.5 ‘Y!; IR (KBr) 1590. 1580. 1560. 1490. 1470. 1450, 1415 cm-l: lH NMR (CDC13) 6 
7.98-7.85 (m. 2 H). 7.46-7.28 (m. 4 H), 4.37 (t. J=5.3 Hz, 2 H). 2.81 (t. J=6.6 fIz. 2 H]. 2.15-l-92 
(m, 2 H); l3C NMR (CDC13) 6 161.0. 153.0. 139.2. 137.3, 134.6. 128.5, 127.9. 116.1. 113.2. 
67.2, 24.7, 21.9. 

Anal. Calcd for Cl4Hl2ClNO: C. 68.44: H. 4.92; Cl. 14.43: N, 5.70; Found: 68.67: H. 5.04: CL 
14.67; N. 5.51. 

2.3-Dihvdronhenanthro(9.lO-e)ovranol2.3-b)nvridine f7e). Compound (&z$ was heated at 200 ‘C 
in triisopropylbenzene for 22 h. The reaction solution was chromatographed (elution first with 
l:3 methylene chloride/hexanes (to remove triisopropylbenzene) and then with methY1ene 
chloride) to yield &) (20%) as a pale yellow, crystalline solid: mp 157.0-159.0 “C: 1R (KBr) 
1615. 1610. 1575. 1535. 1480. 1430. 1410 cm- l; 1~ NMR (cDc~~) 6 9.22910 (m. 1 H). 8.56- 
8.42 (m. 2 H). 8.32 (s, 1 H). 8.28-8.20 (m. 1 H). 7.72-7.56 (m. 2 H). 7.56-7.40 (m, 2 H). 4.41 (t. 
J&2 Hz. 2 H). 2.90 (t, J=6.4 Hz, 2 H). 2.07-1.99 (m. 2 H); l3C NMR (CDC13) 6 159.9. 144.0, 
133.5, 131.2. 130.2. 128.6. 128.3. 127.0. 126.5. 125.4. 123.2. 122.4, 122.4. 119.8. 117.6. 67.6. 
25.4, 22.0. 

Anal. CalcdforC20Hl5NO: C. 84.14; H. 5.30; N. 4.91: Found: C. 83.93: H, 5.21; N. 4.69. 

1 Procedure for the Bromination of 2.3-v (4). 2& 
(7). and 2.3-DIhvdroDvrrolol2.3_blovridines To a stirred 

mixture of the 2.3-dihydrofuro[2.3-Mpyridine (4). 2.3-dihydropyranol2,3-blpyrfdme (2). or 2.3- 
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dihydropyrroloI2.3-hlpyridine (9) (1.00 mmol) and sodium bicarbonate (0.21 g. 2.50 mmol. 2.5 
eq) in absolute methanol (5 mL) at r.t.. bromine (0.055 ml. 1.07 mmol. 1.1 eq) was added 
dropwise. The bromine was quickly absorbed in an exothermic reaction. The resulting reaction 
mixture was stirred at r.t. with exclusion of moisture for 1 h. A saturated solution of sodium 
bicarbonate (10 mL) was then added. and the solution was extracted with methylene chloride (3 x 
10 mL). The methylene chloride extracts were combined. dried (MgSO4), and evaporated under 
reduced pressure. The residual oil or solid was purified via silica gel (approx 30 g) 
chromatography, eluting with the appropriate solvent system, to yield the desired 5-bromo-2.3- 
dihydrofurol2.3-blpyrtdine 0. 6-bromo-2.3-dihydropyranoI2.3~hlpyridine u6). or 5bromo-2.3- 
dihydropyrrolo[2.3-hpyridine I17). 

5Bromo 6 (4 chlorou _- _ _ _ 2.3 dihvd rofurol2.3blD_e (15c)l The residual solid was 
chromatographed (elution with methylene chloride) to yield W (93%) as a white. cyrstalline 
solid: mp 108.0-111.0 “C: IR (KBr) 1605. 1595. 1575, 1560. 1490, 1475. 1440. 1425-1390 
cm-l;1H NMR (CDCl3) 6 7.67 (s. 1 II). 7.61 (d. J=8.4 Hz. 2 I-I). 7.37 (d. J=8.4 Hz, 2 I-I). 4.66 (t. 
J=8.6 Hz. 2 I-I), 3.26 (t, J=8.6 Hz. 2 I-I): 13C NMR (CDC13) 6 167.7. 153.7, 138.4. 138.1, 134.6. 
130.9. 127.9. 121.0. 109.8, 69.7, 27.8. 

Anal. Calcd for C13H9BrClNO: C. 50.27; H. 2.92: Br. 25.73; Cl, 11.42; N. 4.51; Found: C. 50.31; 
H. 2.97: Br, 26.00: Cl, 11.57; N, 4.45. 

1 .3-blpvrfd e (16al The residual oil was chromatographed on a 
:rn. 1500 n?cron: e&ion with ethyl acetate) to yield (&&) (26% : 

61% based on recovered starting material) as a clear, pale yellow liquid: IR (neat) 1560. 1470. 
1445. 1425. 1405 cm-l; lH NMR (CDC13) 6 8.10 (br d. 1 H). 7.49 (d. J=2.4 I-Ix. 1 H). 4.34 (t. 
J=5.3 Hz. 2 H). 2.80 (t. J=6.2 I-Ix. 2 H). 2.12-1.87 (m. 2 I-I); HRMS Calcd for C8H8BrNO: 
212.9780; Found 212.9780 +/- 0.0030. 

p 2.3 _ _ &&dronvranol2.3-b)9y&l ine (16a. The residual solid was 
chromatographed (eluUon with 1: 1 methylene chIoride/hexanes) to yield c16d) (84%) as a white, 
fluffy solid: mp 126.0-128.0 “C: IR (KBr) 1590. 1570. 1545. 1490, 1470. 1445. 1420 cm-l: 1~ 
NMR (CDC13) 6 7.69-7.60 (m. 2 H). 7.63 (s. 1 H). 7.41-7.31 (m. 2 H). 4.35 (t. J=5.3 Hz. 2 I-I). 
2.81 (t. J=6.6 Hz. 2 H). 2.14-1.88 (m. 2 I-0: 13C NMR (CDCl3) 6 159.8. 153.1. 143.2. 137.6. 
134.5, 130.8. 127.9. 118.1. 109.7. 67.4, 24.4, 21.5. 

Anal. Calcd for C14H11BrClNO: C. 51.80: II. 3.42; Br, 24.62: Cl, 10.92: N. 4.31: Found: C. 
51.57; H. 3.55: Br. 24.79; Cl. 11.11; N. 4.34. 

5-Bromo-2.3-dihvdroDvrrolol2.3-bltivridine (17al. The residual reaction solid was purified by 
preparative tic (20x20 cm plate. 1500 micron thickness, elution with 1: 1 methylene 
chloride/ethyl acetate) to yield &Q$ (40%) as a white solid: mp 182.0-184.0 ‘C (dec): IR (KBr) 
1620. 1575. 1500. 1480, 1420 cm- l: lH NMR (CDC13) 6 7.83 (s. 1 l-I). 7.30 (s, 1 I-I), 4.58 (bs. 1 
H). 3.64 (t. J=8.3 Hz. 2 I-I), 3.06 (t, J=8.6 I-Ix. 2 H). 

Anal. Calcd for C7H7BrN2: C, 42.24: H. 3.55: N. 14.07; Br. 40.14: Found: C. 41.99; H. 3.66: 
N, 13.82; Br. 40.36. 

~-Bromo-6-I4-chloroehenvll-2.3-dihvdroovrrolo~2.3-blnvrldine 117d) The residual reaction solid 
was purified by preparative tic (20x20 cm plate, 1500 micron thickness. elution with 1: 1 
hexanes/ethyl acetate) to yield CLzd) (75%) as a white solid: mp 212.0-214.0 “C (dec); IR (KBr) 
1615. 1590, 1550, 1410 cm- l; lH NMR (CDC13) 8 7.53 (d. J=8.7 I-Ix. 2 H). 7.45 (s, 1 H), 7.38 
(d. J=8.4 Hz, 2 H). 4.80 (s, 1 I-I). 3.65 (t J=8.3 I-Is, 2 I-I). 3.11 (t. J=8.2 Hz, 2 H). 

Anal, Calcd for C13HiOBrCIN2: C, 50.43: H. 3.26: N. 9.05; Br. 25.81: Cl, 11.45; Found: C. 
50.18; H, 3.17: N. 8.97: Br. 25.67: Cl. 11.57. 

3_Butvnvll. A stirred solution of 3-butyn-l-01 (25.00 g. 0.357 mol) and _ - 
triethylamine ( 38.26 g. 0.378 mol) in anhydrous ether (400 mL) at 0 “C under nitrogen was 
treated slowly with methanesulfonyl chloride (42.90 g. 0.375 mol). After 4 h, water (100 mL) was 
added to the reaction mixture. The organic layer was separated and washed with water (60 mL). 
dried (MgSO4). and evaporated under reduced pressure to afford 51.91 g (98%) of 3-butynyl- l- 
methanesulfonate u2) as a deep golden oil: IR (neat) 3280. 1710. 1415. 1350 cm-l: 1~ NMR 
(CDC13) 6 4.30 (t. J=6.6 Hz, 2 H). 3.07 (s. 3 l-I). 2.70 (dt. J=6.4 and 2.4 Hz, 2 H). 2.12 (t. J=2.6 
Hz. 1 I-h. 

The spectral and physical properties of this oil were identical with those reported.19 

_ _ e (14l A stirred suspension of u2) (104.03 g. 0.703 mol) and sodium axide 
(120.90 g. 1.86 mol) in anhydrous DMF (500 mL) under nitrogen was heated to no greater than 
67 ‘C for 3.5 h. The reaction mixture was then cooled to r.t. and water (200 mL) was added to 
bring excess sodium axide into solution. The mixture was then extracted with ether (2 x 206 
mL). The ether extracts were combined, washed with water (2 x 200 mL). and dried (Mg604). 
To this ethereal solution of 4-axido-1-butyne W at 0 “C was added triphenylphosphine (184.37 
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g. 0.703 mol) all at once. Effervescence commenced immediately. After 1.5 h. water (50 mL) 
was added to the reaction mixture to hydrolyze the intermediate phosphinimine. 
mphenylphosphine oxide precipitated from the mixture at once. After 15 h, the mixture was 
vacuum filtered and washed with cold n-pentane. The filtrate was evaporated under reduced 
pressure to a volume of 100 mL and then distilled at atmospheric pressure to afford 18.73 g 
(39%) of 0 as a clear liquid, bp 94-95 ‘C Mt 
1515. 1495, 1450. 1425. 1380 cm-l; 

lo bp 99 “Cl; IR (neat) 3370. 3300. 2120. 1600. 
lH NMR (CM313) 6 2.83 (t. J=6.2 Hz. 2 H), 2.35 (dt. J=5.5 

and 2.6 Hz, 2 H). 2.06 (t. J=2.3 Hz, 1 H). 1.66 (bs. 2 H). 

REFERENCES AND NOTES 

1. For the preceding paper in this series, see Taylor, E.C.: Macor. J.E. J. a. Chem.. in press 

2. Present address: Pfizer Central Research, Chas. Pfizer and Co., Groton, CT 06340 

3. Shiotani, S.: Morlta. H.: Inoue, M.: I&da. T.: Iitaka. Y.: Ital. A. J. 
21. 725. 

tTeterocycl& Chem.. 1984, 

4. Cordell. GA. “Introduction to Alkaloids (A Biogenic Approach),” John Wiley and Sons, New 
York. 1981. pp. 240-253. 

5. Lunn. W.H.W.: Vasileff, R.T. (Eli Lilly & Co.), U.S. Patent 4.406.898. g/27/83 (CA lOO(3): 
22513e). 

6. For an extensive treatment of the synthesis, chemistry, and pharmacology of 7-azaindoles. see 
Syscheva. T.V.: Ershov, L.V.; Azimov. VA; Yuzkakov. S.D.: Yakhontov. L.N. m. m. a_. lDD6, 
20. 281 and references cited therein. 

7. For a recent comprehensive review of Dfels-Alder reactions of heterocyclic azadienes. see 
Boger. D. L. Chem. Rev., 1986. 86. 781. 

8. For references to intramolecular Diels-Alder reactions of monocyclic 1.2.4~triazines, see the 
following: Dienophilic substituent tethered to positions 3 or 6 (nitrogen extrusion): (a) Taylor, 
E.C.: Macor. J.E. wedron m., 1985. 26, 2419; (b) Taylor, E.C.: Macor. J.E. Tetra edroq 
m.. 1986, 27. 43; (c) Taylor, E.C.; French, L.G. j&&&edroraX,&,, 1986. 27. 1967: (d)hTaylor. 
E.C.: Macor. J.E. Tetrahedron m.. 1986. 27. 2107: (e) Taylor, E.C.; Pont. J.L. Te ahe 9 
&&. 1987. 28. 379; (f) Taylor, E.C.; Macor, J.E. J. &g. Chem.. 1987, in press: (g) T$lor. FE.: 
Macor. J.E.; Pont. J.L. ~&&&QQ, in press: (h) Seftz, G.: Dietrich. S. &&. Pharm.. 1984, 317. 
379: (1) Seitz, G.; Gorge, L.; Metrich, S. Tetrahedron m.. 1985. 26. 4355; (j) Seitz. G.: Dietrich. 
S. &xh. Pharm., 1985. 318. 1048 and 1051: (k) Seitz, G.; Dietrich. S.; Gorge, L.; Richter, J. 
Tetrahedron I,&&.. 1986. 27. 2747: Dienophilic substituent tethered to position 5 (nitrile 
extrusion): (l) Taylor, E.C.; Pont. J.L. J. m. Chem., 1987, in press. 

9. Paudler. W.W.: Chen. T.-K. & Heterocvclic Chem.. 1970. 7, 767. or described herein. 

10. Dumont. J.-L.: Chodkiewicz. W.: Cadiot. P. m. a. a. &., 1967. 2. 588. 

11. [a) Neunhoeffer. H. “1.2.4-TriazlneS” in ‘The Chemistry of 1.2,3-Triazines and 1,2,4- 
Triazines, Tetrazines. and Pentazines”, Vol. 33 in the series ‘The Chemistry of HeteroqcUc 
Compounds” [Weissberger. A.: Taylor, E.C.. eds.). John Wiley and Sons, New York, 1978. p. 224: 
(b) Suzuki. T.: Okazaki. M.; Mitsuhashi. K. J. Heterocycllc Chem.. 1986. 23. 935. 

12. Ciganek. E. ‘The Intramolecular Diels-Alder Reaction” in Ore., 1984. 32, 44-45. 

13. Azimov. V.A.: Krasnokutskaya. D.M.: Palant. I.N.: Yakhontov. L.N. m. Geterotsikl. Soedin., 
1977. 380. 

14. Taylor. E.C.: Macor. J.E. Tet. L&t.. 1988. 26. 2415. 

15. Boudakian. M.M. ‘The Halopyridines” in “Pyridine and Derivatives. Part 2” (Abramovitch, 
R.A.. ed.). Vol. 14 in the series ‘The Chemistry of Heterocyclic Compounds “(Weissberger, A.; 
Taylor. E. C.. eds.). John Wiley and Sons, New York. 1974. p. 414. 

16. nsler. M. QQ&. S&m. &. 1960. 32. 123. 

17. Trust. RI.: Albright, J.D.: Lovell. F.M.; Perkinson. NA d. Hetenxv&Chem., 1879, 16, 1393. 

18. mM0, S.; Yokoyama. M.: Kalte. A.: Yamatsuta, I.: Ogawa. S.: Mizugaki. M.: Yamanaka. H. w. 
bum. BJ,&. 1982. 30, 152. 

19. Bell. R: Cottam. P.D.; Davies, J.: Jones, D.N. J. m. &.. -1. 1981.2106. 


