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The thermal rearrangement of 4-(allyloxy)-2,3-di- 
methylquinoline (1) to produce 2-(3-butenyl)-1,4-di- 
hydm3-methyl-Q-oxoquinolone (4) was first described by 
Makisumi over 25 years ago and was thought to proceed 
by a m e d ”  involving an initial Claisen rearrangement 
to give dienone 2 and a subsequent Cope rearrangement 
via the tautomeric enamine 3 (Scheme 11.l As an inter- 
esting and potentially useful reaction for the introduction 
of functionalized side chains into the C-2 position of the 
Cquinolone nucleus, we sought to apply it to the synthesis 
of novel tricyclic quinolone antibacterial agents2 containing 
carbocyclic rings fused between N-1 and (2-2 and pattemed 
after the potent thiamlo-fused quinolone 5.3 We now wish 
to report a convenient onepot annulation method leading 
to the formation of 5- and 6-membered ring-fused 4- 
quinolones 6 and 7 in which migrating allyl/propargyl 
groups in the tandem Claisen-Cope rearrangement un- 
dergo further reaction at the quinolone nitrogen. 

0 0 

5 6: n=O; 7: n =  1 

4-(Ally1oxy)quinolines 11 and 13 and 4-(propargyl- 
0xy)quinoline 12 were prepared as substrates for the tan- 
dem Claisen-Cope rearrangement as shown in Scheme II. 
The chloroimidate derived from treatment of 3,4-di- 
fluoroacetanilide (8) with PC1, was condensed with diethyl 
mdiomalonate to give an intermediate enamino diester, 
which was cyclized thermally in Dowtherm to afford a 
regioiwmeric “e of difluoroquinolones 9 and 10, with 
the desired 6,7-difluoro isomer 9 predominating by =3.31. 
Alkylation of the mixture of 9 and 10 under standard 
conditions with allyl bromide, propargyl bromide, and 
(6-chloromethy1)allyl chloride, respectively, provided 
quinolines 11-13. In each case the undesired 5,6-di- 
flwroquinohe derived from 10 could be cleanly separated 
by flash chromatography. Although pure 9 could be ob- 
tained by two recryetallizationa from EtQH, it was just as 
convenient to alkylate the mixture of 9 and 10. It is in- 
tereeting to note that the %methyl group of 9 and 10 steers 
the alkylation onto the quinolone carbonyl; alkylation of 
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Figure 1. ORTEP drawing of the X-ray structure of dienone 
14. Two cryetalline forms were found; only one is shown for charily. 

the corresponding des-2-methyl derivatives is known to 
occur on nit r~gen.~ 

To see if the tandem Claisen-Cope rearrangement was 
compatible with the 3-carbethoxy and 6,7-difluoro sub- 
stitution in the quinoline ring, which is required for ela- 
boration to quinolone antibacterials, (ally1oxy)quinoline 
11 was subjected to thermolysis in refluxing chlorobenzene 
(bp 132 “C), smoothly affording the expected 2-(3-bute- 
nyl)-4-quinolone 16 in 85% yield (Scheme III). Inter- 
estingly, when the reaction was performed in refluxing 
xylenea (bp 139-141 “C), the putative dienone intermediate 
14 could be detected by TLC and was isolated by careful 
flash Chromatography! As one of the rare examples of 
a nonaromatic Claisen product to be isolated in the aro- 
matic Claisen rearrangement: an X-ray structure’ of 14 
was obtained (Figure 1) and, to our knowledge, is the first 
of such a species. The isolation of 14 and ita smooth 
conversion to 16 upon resubjection to the reaction con- 
ditions now provides the first direct evidence of Makisu- 
mi’s mechanism. It ale0 should be noted that 14 exiata ae 
the imine tautomer, as shown, and hence conversion to the 
enamine tautomer 15 requires thermal equilibration. 

The synthesis of pyrrolo[l,2-a]quinolone 6 wae carried 
out initially by treatment of 16 with NBS to give tricycle 
17 and subsequent dehydrobromination with ethanolic 
KOH (Scheme III). Alternatively, 6 could be obtained in 
a more direct fashion and in 54% overall yield by simple 
thermolysis of C(propargy1oxy)quinoline 12 in refluxing 
o-dichlorobenzene (bp 179-180 OC). Presumably, 2-(3- 
butyny1)quinolone 19 is the penultimate intermediate, 
generated via allene 18, which cyclizes to 6 by intramo- 
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(3) Matsumurn, 5.; Kine, M.; OZaLi, M.; Tada, S.; Kazuno, K. Watan- 
abe, H.; Kunimoto, K., Truda, M. U.S. Patent 4,426,381; Chem. Abutr. 
198S198,63877w. 
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(6) The detection of 14 in refluxing xylenes and not in chlorobe” 
could be due to the difference in dielectric comtant between the two 
solvents, which could change the tree energy profile of the reaction and 
therefore alter the stability of 14 relative to 15 and 16. “he dielectric 
constants of xylenes and chlorobenzene are 2.3-2.6 and 6.7, mpectively, 
at 20 OC. 

(6) For examples of other dienones which have been hlated from the 
aromatic C h n  rearrangement, see: Bender, D. R.; h e ,  D.; M e r ,  
J. D.; Raoport, H. J .  Org. Chem. 1988,48,2709 and referenom cited 
therein (footnote 29). 
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with the Cambridge Crystallographic Data Centre. The coordi~tea can 
be obtained, on request, from the Director, Cambridge Crystallographic 
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9 (R'=F,R2=H) 
10 (R'=H, R2=Q 

E 
11 H&=CH-C% 
12 HCPC-CH, 
13 H$=C(CH2Cl)-C% 

OKey: (a) (i) PCl,, PhCH,; (ii) CH2(C02Et)2, NaH, PhCH, 
(89%); (iii) Dowtherm A, 220 "C (78%); (b) allyl bromide (52%), 
propargyl bromide (58%), or 3-chloro-2-(chloromethyl)-l-propene 

lecular amidoalkylation! The ring closure appears to be 
rapid, as we were unable to detect 19 by TLC. 

The tandem Claisen-Cope-amidoakylation reaction 
next was applied to the rearrangement of [[&(chloro- 
methyl)allyl]oxy]quinoline 13, which, in refluxing o-di- 
chlorobenzene, afforded ~-benm[c]quinolizine 7 in 48% 
yield (Scheme IV). In this case, the Claisen-Cope product, 
2-[3-(chloromethyl)-3-butenyl]-4quinolone 20, cyclizes to 
7 by an sN2- or an S~2'-like displacement of the allylic 
chloride. As in the formation of 6 above, the penultimate 
intermediate, 20, could not be detected by TLC. The 
reaction also was accompanied by the formation of the 
parent 2-methyl-4quinolone 9 (27%). This likely occurred 
by decomposition of the HC1 salt of 4(allyloxy)quinoline 
13, which was generated by the equivalent of HCl expelled 
in the cyclization step. The cleavage of the allyl group of 
13-HC1 is not surprising in view of the high temperature 
of the reaction and the excellent leaving group ability of 
the allyl side chain. 

To avoid formation of 9 and, at the same time, further 
shorten the syntheds of 7, a onepot syntheais starting from 
9 was attempted under conditions compatible with ex- 
haustive alkylation of 9 and with the ensuing Claisen- 
Cope-amidoalkylation process. Thus, treatment of 99 with 
3 equiv of @-chloromethy1)dyl chloride and exc888 K2C03 
in refluxing o-dichlorobenzene (5 h) furnished 7 in 51% 
overall yield (Scheme V).'O The overall process can be 
viewed as a fascinating tandem alkylation-Claisen-Cope- 
amidoalkylation reaction. 

(33%), KZCOS, DMF, 70 "C. 

(8) We postulate that the amidoalkylation reaction o c m  via the 
hydroxypyridine tautomer of 19 rather than the quinolone tautomer, as 
shown, because in the former the nitrogen is more nucleophilic. 

(9) Pure recrystallized 9 was used. 
(10) The reaction was monitored by TLC for the formation and dia- 

appearance of [[/3-(chloromethyl)allyl]oxy]quinoline 13. 

3 4 

In summary, extension of the thermal rearrangement 
reaction of d(aUyloxy)-2-methylquinouinolinee using migrating 
allyl groups capable of further reaction at the quinolone 
nitrogen has led to novel [3 + 21 and [3 + 31 4-quinolone 
annulation reactions within the quinolone antibacterial 
series. The annulation products, pyrrolo[ 1,2-a]quinolone 
6 and lH-benzo[c]quinolizine 7, are functionalized with 
an ex0 methylene group in the fused ring, making elabo- 
ration to other novel heterocyclea containing a Cquinolone 
nucleus possible. Also, the isolation of dienone 14 in the 
thermolysis of C(ally1oxy)quinoline 11 confirms that the 
overall rearrangement reaction proceeds via a Claisen- 
Cope pathway, as first proposed by Makisumi. 

Experimental Section 
'H NMR spectra were determined with a Bruker AM-300 

spectrometer. Chemical shifts are expressed in ppm relative to 
deuteriochloroform or deuterio dimethyl sulfoxide. Sienificant 
'H NMR are tabulated in order (number of protons, multiplicity, 
coupling constant (Hz)). Mam spectra (MS) were determined 
witha Finnigaa 4610 GSMS maas spectrometer; exact massea were 
determined on an A.E.1.-MS3O or K r a h  Concept 1s high-rem 
lution maas spectrometer. Infrared (IR) spectra were determined 
with a Nicolet Model 510 FTIR spectrometer. Ultraviolet spectra 
were determined on a Hewlett-Packard 8450A diode array 
spectrophotometer. Elemental aualyaes were performed by the 
P f i i r  Analytical Chemistry Department. Melting points are 
uncorrected and were obtained in open capillaries on an Elec- 
trothermal digital melting point apparatus. 

1,2-Dichlorobemne was distilled prior to use. Other solventa 
and reagents were commercially available and were used directly 
unless otherwise noted. 
Flash chromatography was performed using Silica Woelem 

32-63 pm. Analytical thin-layer chromatography (TLC) was 
performed on 265 pm, 5- X 10-cm silica gel plates (Kieselgel60 
Fm) using ultraviolet light for visualization. 

6,7-Difluoro- 1,4-dihydro-2-met hyl-4-oxo-&quinoline- 
carboxylic Acid Ethyl Ester (9). To a solution of 35.0 g (0.205 
mol) of 3/,Y-difluoroacetanilide1' in 500 mL of dry toluene at 0 
OC was added in small portions 42.6 g (0.205 mol) of solid 
phosphorus pentachloride. When the addition was complete, the 
mixture was allowed to warm slowly to room temperature. 
Meanwhile, in a flame-dried 3-L three-necked, round-bottom fleck 
equipped with a mechanical etirriag apparatus, preesure-equalizine 
funnel, and reflux condenser was placed 29.5 g (0.614 mol) of 60% 
sodium hydride dispersion in mineral oil. The sodium hydride 
dispersion was washed three timea with dry pentane, suspended 
in 1 L of dry toluene, and stirred while a solution of 32.8 g (0.zOS 
mol) of diethyl malonate in 100 mL of dry toluene was added 
dropwise. When the addition was complete, the mixture was 
heated to 66 OC for 1 h and then cooled to 16 OC. At  this time 
the reaction mixture containing the imidoyl chloride was con- 
centrated to an oil, dried under high vacuum, diluted with 150 
mL of dry toluene, and added dropwise at 16 O C  to the euepeneion 
of diethyl sodiomalonate. After stirring 0.5 h at  16 O C  and 1 h 
at room temperature, the reaction mixture was carefully poured 
in emall portions onto 600 mL of water with vigoroue etirriag. The 
toluene layer was separated, and the aqueous layer was extractad 
with EtOAc (4 X 200 A). The EtOAc extracts were combined 
with the original toluene layer and were washed with brine, dried 

(11) Finger, G. C.; Kruee, C. W. J. Am. Chem. Soc. 1966, 78, 6034. 
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OKey: (a) PhC1, reflux, 16 h (85%); (b) NBS, CCl,, (58%); (c) KOH, EtOH, THF (47%); (d) o-PhClz, reflux, 2 h (54%). 

Scheme IV" 
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13 

0 
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"Key: (a) o-PhClz, reflux, 1.25 h (48%). 

(KzC03), and evaporated to give 57.0 g (89%) of 3-(3,4-di- 
fluoroanilino)-2-butenedioic acid diethyl ester as an oil: R 0.39, 
1:3 EtOAehexanes; 'H-NMFt (CDC13) S 1.21-1.32 (6 H, mf, 2.05 
(3 H, s), 4.13-4.28 (4 H, m), 6.78-7.23 (3 H, m). 

A mixture of the above diester and in 80 mL of Dowtherm A 
(Fluka) was heated at 220 OC for 4.5 h. After being cooled to room 
temperature, the mixture was poured onto 100 mL of hexanes 
and the precipitate was filtered and washed with ether to give 
37.7 g (78%) of a mixture of 9 and the corresponding 6,6-diflUOrO 
isomer 10 as a light brown solid, mp > 280 "C dec: 'H-NMFt 

= 7). 7.33-7.41 (m) and 7.49 (dd, J = 7 and ll), two 1 H signals, 
intensity ratio 1:3.3,7.76 (9, J = 9) and 7.92 (dd, J = 8 and 10). 
Two recrystallizations of 20 g of the above from absolute EtOH 

(1.5 and 1 L, respectively) yielded 10 g of 9 as a white solid, mp 
301-303 OC dw: 'H NMR (DMSO-dJ 6 1.27 (3 H, t, J = 7), 2.39 
(3 H, e), 4.24 (2 H, q, J = 7), 7.49 (1 H, dd, J = 7 and ll), 7.92 
(1 H, dd, J = 9 and 11); IR (KBr) 3300-2800 (bd), 1730,1600, 

(DMSO-de) 6 1.27 (3 H, t, J 7), 2.39 (3 H, E), 4.24 (2 H, 9, J 

Scheme V 

A 

9 

"4 1.0-Alkylation I 4. Amidoallrylation 

2.C1dSHl - F 
3. cope 

I 

1525,1500, and 1295 cm-'; W (EtOH) = 210 (e 28300), 236 
(e 15 loo), 246 (e 16200), 315 (e 9100), and 327 nm (e 8700); MS 
m/e  267 (parent), 221 (base), 165,153,138,125,112. Anal. Calcd 
for Cl9HllNOBFZ: C, 58.42; H, 4.16; N, 5.24. Found C, 58.27; 
H, 4.06; N, 5.23. 

General Procedure for the Preparation of 4-(Allyloxy)- 
and 4-(Propargyloxy)-3-quinolinecarbo.ylic Acid Ethyl 
Esters 11-13 by Alkylation of the Mixture of 9 and 10. Into 
a 1WmL three-necked, round-bottom flask equipped with a 
magnetic stirring bar, N2 inlet tube, and rubber septum was placed 
5.80 m o l  of a mixture of 9 and 10,22.4 m o l  of KzC09, and 20 
mL of DMF. The mixture was preheated to 70 OC, and the 
corresponding allyl or propargyl halide was added via syringe. 
The progress of the reaction was monitored by TLC. When the 
reaction was complete, the flask was fitted with a short-path 
distillation apparatus and the solvent and exwas alkylating egent 
were removed by vacuum didlation. The reaidue was partitioned 
between 150 mL of EtOAc and 150 mL of water, and the organic 
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layer was separated, washed with water (2 X 150 mL), dried 
(K2C0s), and evaporated. The residue was purified by flash 
chromatography, eluting with the appropriate combination of 
EtOAc and hexanes. The minor 5,6-difluoroquinoline isomer 
eluted slower than the 6,7-difluomquinoline isomer and normally 
was not collected. Yields are baaed on chromatographically pure 
producta. Analytid samplea were obtained on chromatographed 
products or were prepared as described. Melting points are 
reported for analytical samples. 
6,7-Difluoro-2-methyl-4-(2-propenyloxy)-3-quinoline- 

carboxylic Acid Ethyl Eater (11). Alkylating agent, allyl 
bromide: yield 52%; mp 51-53 O C ;  R, = 0.6,1:1 EtOAc-hexanes; 

q, J = 7), 4.68 (2 H, dt, J = 1 and 6), 5.34 (1 H, dq, J = 10 and 
l), 5.45 (1 H, dq, J = 18 and 11, 6.01-6.14 (1 H, m), 7.71 (1 H, 
dd, J = 7 and 11),7.81(1 H, dd, J = 9 and 11); IR (KBr) 3100, 
3040, 2990, 2940, 1720, 1640, 1600, 1510, and 1240 cm-'; UV 
(EtOH) X, = 221 (e 52 100), 273 (e 6300), 302 (e 3000), and 315 
nm ( C  3OOO); MS m / e  307 (parent), 262,234,221 (base), 194,182, 
166,138,112,86. Anal. Calcd for Cl&I1$JO$2: C, 62.53; H, 4.92; 
N, 4.55. Found: C, 62.37; H, 4.74; N, 4.48. 
6,7-Difluoro-2-met hyl-4-(2-propynyloxy)-3-quinoline- 

carboxylic Acid Ethyl Ester (12). Alkylating agent, propargyl 
bromide: yield 58%; mp 110-111 "C; R, = 0.6,1:1 M A e b e s ;  
'H NMR (CDCls) 6 1.44 (3 H, t, J = 7), 2.61 (1 H, t, J = 2), 2.68 
(3 H, a), 4.48 (2 H, q, J = 7) 4.85 (2 H, d, J = 2), 7.73 (1 H, dd, 
J = 7 and ll),  7.93 (1 H, dd, J = 9 and 11); IR (KBr) 3200,2990, 
2120,1705,1640,1600,1520, and 1245 cm-'; UV (EtOH) X, = 
223 (e 46300), 273 (e 5600),303 (e W), and 316 nm ( e  3OOO); MS 
m / e  305 (parent), 276,260,232 (base), 221,204,182,166. The 
analytical sample was prepared by trituration of the chromato- 
graphed solid with ethehexanes. Anal. Calcd for Cl&l&JO$$ 
C, 62.95; H, 4.29; N, 4.59. Found C, 62.79; H, 4.18; N, 4.57. 

4-[ [2-(Chloromethyl)-2-propenyl]oxy]-6,7-difluoro-2- 
methyl-3-quinolinecarboxylic Acid Ethyl Ester (13). Al- 
kylating agent, 3-chloro-2-(chloromethyl)-l-propene: yield 33%; 
mp 37-38 OC; Rf = 0.6,1:1 EtOAehexanes; 'H NMR (CDC13) 6 
1.42 (3 H, t, J = 7), 2.67 (3 H, s), 4.25 (2 H, a), 4.46 (2 H, q, J 
= 7), 4.77 (2 H, e), 5.45 (1 H, e), 5.47 (1 H, a), 7.74 (1 H, dd, J 
= 7 and ll), 7.81 (1 H, dd, J = 8 and 11); IR (KBr) 3030,2980, 
1725,1640,1600,1510 and 1255 cm-'; UV (EtOH) X, = 221 (C 

47200), 273 (e 6800), 302 (a 2700), and 316 nm (a 2900); MS m/e  
357 and 355 (parent), 320,276,248,221,99,89,53 (base). The 
analytical sample was prepared by trituration of the chromato- 
graphed solid with hexanes at 0 OC. Anal. Calcd for 

4.41; N, 3.99. 
General Procedure for the Thermolysis of 11-13 To 

Produce 16,6, and 7, Respectively. A 0.125-0.175 M chloro- 
benzene or o-dichlorobenzene solution of the 4-(allyloxy)- or 
4(propargy~~)-3-quinoh~bosylic acid ethyl ester was heated 
to reflux under nitrogen (example 11) or argon (examples 12 and 
13), and the progress of the reaction was monitored by TLC. 
When the reaction was complete, the mixture was allowed to cool 
to room temperature. In the reaction of 11, the product 16 
precipitated out of solution and was filtered and washed with 
ether. In the reaction of 13, the byproduct 9 was isolated as a 
precipitate. All other products were isolated by removal of the 
solvent under high vacuum and purification of the residue by aash 
chromatography, eluting with the appropriate combination of 
EXOAc and hexauea. Yields reported are of chromatographically 
pure produde. Analytical samples were obtained on chromato- 
graphed produde or were prepared as described. Melting points 
are thw of analytical samples. 
2-(3-Butenyl)-6,7-difluom-l,4-dihydm-4-oxo-3-quinolin~ 

carboxylic Acid Ethyl Ester (16). Reaction solvent, chloro- 
benzene: time 16 h; yield 85%; mp 238-239 OC; R 0.30,1:1 
EtOAehexanes; 'H NMR (DMSO-d& S 1.26 (3 d,:, J = 7), 
2.38-2.48 (2 H, m), 2.74 (2 H, t, J = 7), 4.25 (2 H, q, J = 7), 5.02 
(1 H, d, J = lo), 5.07 (1 H, d, J = 19), 5.80-5.90 (1 H, m), 7.53 
(1 H, dd, J = 7 and ll), 7.92 (1 H, dd, J = 9 and 11); IR (KBr) 
3300-2800 (bd), 1720,1600,1530,1495,1290 and 1195 cm-'; UV 
(EtOH) X, 211 (e 27800), 246 (e 18700), 316 (e 9800) and 328 
nm ( e  9700); MS m/e  307 (parent), 261,232 (base), 166,151,138, 
112 The analytical sample was prepared by recryetallization from 
EtOAc. Anal. Calcd for Cl&1$JO$2: C, 62.53; H, 4.93; N, 4.56. 

'H NMR (CDCls) 6 1.42 (3 H, t, J = 7), 2.66 (3 H, E), 4.46 (2 H, 

C1,HieN03F&k C, 57.39; H, 4.53; N, 3.94. Found: C, 57.08; H, 

Notee 

Found C, 62.24; H, 4.66; N, 4.48. 
7,&Difluoro- 1-met hylene-S-oxo-l,2,3,S-tetrahydro- 

pyrrole[ lf-o]quinoline-4-carboxylic Acid Ethyl bter  (6). 
Reaction solvent, o-dichlorobenzene: time, 2 h; yield 64%; mp 
16,-165 OC; Rr = 0.40,l:l EtOAehexanes; 'H NMR (CDCls) 6 
1.39 (3 H, t, J = 7), 2.84 (2 H, t, J = 8), 3.41 (2 H, t, J = 7), 4.38 
(2 H, q, J = 71, 5.10 (1 H, e), 5.38 (1 H, s),7.89 (1 H, dd, J = 6 
and 12),8.22 (1 H, dd, J = 9 and 10); IR (KBr) 3060,3010,2970, 
2895,1720,1620,1200, and 1100 cm-'; UV (EtOH) X, = 215 (e 
18500),266 (e 21 2001, and 329 nm (e  11700); MS m/e 305 (parent), 
266,233 (base), 203, 165. The analytical sample was prepared 
by trituration of the chromatographed solid with etherhexanes. 
Anal. Calcd for Cl&l&JO$2: C, 62.94; H, 4.30, N, 4.59. Found: 
C, 62.69; H, 4.10; N, 4.60. 
I),S-Difluor0-2-met hylene-6-0~0-2,3,4,6-tetrahydro-lH- 

benzo[c]quinollzine-S-carbo.yllc Acid Ethyl Ester (7). 
Reaction solvent, o-dichlorobenzene: time 1.25 h; yield 48%; mp 
149-150 OC; R, = 0.20,l:l EtOAehexanes; 'H NMR (CDC13) 6 
1.37 (3 H, t, J = 7), 2.59 (2 H, t, J = 7), 3.07 (2 H, t, J = 7), 4.39 
(2 H, q, J = 71, 4.62 (2 H, 81, 5.14 (1 H, s),5.20 (1 H, a), 7.35 (1 
H, dd, J = 6 and 12),8.22 (1 H, dd, J = 9 and 10); IR (KBr) 3075, 
3055,2990,2960,2870,1730,1605,1585,1540,1490,1200, and 
1100 cm-'; UV (EtOH) X, = 211 (e 20200), 250 (e 11200), 322 
(e 7500), and 334 nm ( e  so00); MS m / e  319 (parent), 274, 247 
(base), 203. The analytical sample was prepared by trituration 
of the chromatographed solid with ether-hexanes. Anal. Calcd 
for C1,Hl$J03F2: C, 63.95; H, 4.73; N, 4.39. Found C, 63.79; 
H, 4.47; N, 4.34. 
Isolation of 6,7-Difluoro-3,4-dihydro-2-methyl-4-oxo-3-(2- 

propenyl)-3-quinolinec~boxylic Acid Ethyl Ester (14). A 
solution of 200 mg (0.650 "01) of 11 in xylene was refluxed for 
5 h; the progress of the reaction was carefully monitored by TLC 
in order to maxi" the amount of 14 relative to 11 and 16. The 
mixture was cooled, and the precipitate (16) was removed by 
filtration. The filtrate was concentrated to a yellow oil which was 
purified by flash chromatography, eluting with 2080 EtOAc 
hexanes, to give 100 mg (50%) of 14 as a light yellow solid, mp 
92-93 O C :  R = 0.4,2&80 EtOAehexanes (fluomcent under UV); 
'H NMR (CbclJ 6 1.17 (3 H, t, J = 7h2.26 (3 H, s), ABXpattem; 

(2 H, m), 4.92 (1 H, d, J = lo), 5.04 (1 H, d, J = 171, 5.24-5.38 
(1 H, m), 7.36 (1 H, dd, J = 7 and ll), 7.76 (1 H, dd, J = 9 and 
10); IR (KBr), 3175,3155,2990,1740,1680,1615,1495, and 1240 

and 324 nm ( e  3200); MS (mle)  307 (parent), 292,277,261,248 
and 234. The analytical sample was prepared by recrystallization 
from hexane at -78 OC, mp 97-99 OC. Anal. Calcd for 

4.82; N, 4.45. 
OnaPot Synthesis of 7 from 9. Into a 2WmL flask was 

placed 5.00 g (18.7 "01) of 9 (pure recrystallized material), 10.3 
g (7.48 "01) of K2COs, and 100 mL of o-dichlorobenzene. The 
suspension was degassed with argon, and 7.01 g (56.1 "01) of 
3-chlom2-(chloromethyl)-l-propene was added. The mixture was 
heated to reflux under argon, and the progress of the reaction, 
including formation and disappearance of 13, was monitored by 
TLC. After 5 h of reflux, the reaction mixture was allowed to 
cool to room temperature and the solvent and other volatiles were 
removed under high vacuum. The residue was partitioned be- 
tween 150 mL of water and 200 mL of M A C .  The organic layer 
was separated, and the aqueous layer was beckweshed with MAC 
(1 x 150 mL). The orgauic layere were combined, dried &SO$, 
and evaporated to 7 g of a brown oil which was purified by flash 
chromatography, eluting with 37-1:l EtOAc-hexanes to afford 
4.2 g of a yellow solid, mp 140-143 OC. Trituration with hexanes 
yielded 3.03 g (51%) of 7 as a pale yellow solid, mp 143-145 OC, 
which was identical by 300-MHz NMR to that obtained directly 
from 13. 
l-(Bromomethyl)-7,8-difluoro-S-oxo-1f,3,S-tetrahydro- 

pyrrole[ lf-a]quinoline-dcarboxylc Acid Ethyl Ester (17). 
A suspension of 1.00 g (3.25 mmol) of 16,694 mg (3.90 "01) of 
N-bromosuccinimide, and 75 mL of CC4 was heated to reflux for 
16 h. The cooled, pale yellow mixture was evaporated, and the 
residue was partitioned between 150 mL of CHCls and water (150 
mL). The organic layer was separated, washed with saturated 
aqueous NaHS03 solution (150 mL), dried (NafiO,), and evap 

V A  = 2.93, Q = 3.12 (2 H, JAB = 14, J u  8, JBX 7), 4.10-4.26 

cm-1; uv (EtoH) X, = 208 (e 26800), 223 (e 38300), 268 (e ssoo) 

Cl&I1$2NOS: C, 62.53; H, 4.93; N, 4.56. Found C, 62.37; H, 
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orated. The &due was triturated in nm (c 9100); 731 mg (58%) 
of 17 as a light green solid, mp 219-221 O C :  Rf 0.2,1:1 EtOAc- 
hexauea; 'H NMR (CDCld 6 1.39 (3 H, t, J = 7), 2.42-2.58 (2 H, 
m), 3.49-3.67 (4 H, m), 4.37 (2 H, q, J = 71,497 (1 H, bd t), 7.11 
(1 H, dd, J = 6 and ll), 8.23 (1 H, dd, J = 9 and 10); IR (KBr) 
3040, 2980, 2900, 1710, 1610, 1495, 1300, and 1090 cm-'; W 
(EtOAc) & 213 (c 28 300), 248 (a 15 8001,257 (c 17 500), 318 
(e 98001, and 330 nm (c 9100); MS (m/e )  388,387,386,385,315 
(base), 313. The d y t i c a l  sample was prepared by recryetalli- 
zation from MeOH, mp 231-233 O C .  Anal. Calcd for 
C1&N08SBr: C, 49.78; H, 3.65; N, 3.63. Found C, 49.W H, 
3.48; N, 3.56. 

6 by Dehydrobromination of 17. To a mixture of 2.0 g (5.2 
"01) of 11 and 200 mL of THF containing 1% ethanol was 
added 0.30 g (5.3 "01) of KOH (pellets). The suspension was 
stirred for 3 h at room temperature and then was treated with 
an additional 0.070 g (1.3 "01) of KOH. Following additional 
stirring for 0.5 h, the dark mixture was diluted with 50 mL of 1 
N aqueoua HCl solution and the THF was removed by rotary 
evaporation. The aqueous residue was extracted with CHC13 (200 
mL), and the organic layer was backwashed with water (2 X 100 
mL), dried (MgSOI), and evaporated to give a tan solid. Re- 
crystallization from EtOAchexaues gave 0.75 g (47%) of 6, mp 
165-166 OC, which was identical by 3OO-MHz NMR and TLC to 
that obtained by thermolysis of 12. 
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Cardiac glycosides (such as digitalis) have, historically, 
been used as positive inotropic agents for the treatment 
of congestive heart failure, a chronic and debilitating 

The search for an orally active non-glycoside 
inotropic agent displaying a greater safety profile and im- 
proved efficacy compared to digitalis resulted in the dis- 
covery of a new class of agents, the CAMP phosphodi- 
esterase III inhibitors. Theae agents comprise a chemidy 
diverse group of compounds including amrinone (1): 
milrinone (2): medorinone: indolidan, and ima~odan.~J 

N T A  

In an effort to improve upon the potency and duration of 
action of milrinone (21, we have synthesized 7-azaoxindole 
derivatives (3) (1,3-dihydro-6-methyI-W-pyrrol0[2,3-b]- 

'Deceased. 

0022-326319211957-6995$03.00/0 

pyridin-2-one). These compounds have the essential fea- 
turea that appear to be important for the inotropic activity 
a cyclic unsubtituted amide function and an appropriately 
positioned hydrogen acceptor ring. These structural fea- 
tures were derived from a pharmacophoric analysis of 
several well-known cardiotonic CAMP phosphodiesterase 
I11 inhibitors, primarily milrinone, medorinone, and in- 
dolidan. After a similar analysis of several cadiotonic 
agents, a five-point model for positive inotropic activity 
has been proposed by Bristol and co-workers? 

H 
3 
r , R = H  
b, R = CH, 

H 
4 
a , R = H  
b. R I CH3 

Limited general synthetic pathways exist in the litera- 
ture for the preparation of 7-a~aindoles.~ Taylor'O and 
Seitz" have recently utilized an intramolecular inverse 
electron demand Diels-Alder reactions of appropriately 
substituted 1,2,4-triazines to prepare 7-azaindoles. How- 
ever, application of this procedure to synthesize more 
elaborate 7-&doles is limited because of the higher 
temperatures required to effect the Diels-Alder reaction 
which was often accompanied by the significant decom- 
position of the starting materials resulting in low yields 
of the desired products. In addition, substitution of the 
1,2,4triazines further reduces the product yield. We an- 
ticipated a similar fate utilizii this Diels-Alder strategy 
to prepare the above target compounds. Thus we needed 
a procedure that would provide these fused heterocyclic 
compounds in good overall yields. We describe, herein, 
the synthesis of 7-azaoxindole derivatives (3) through the 
key intermediate, 7-azaindole derivatives 4 (544- 
p y r i d i n y l ) - ~ - p ~ o l o [ 2 , ~ ~ ] p ~ d i n e s )  which in turn were 
prepared by a palladium-catalyzed crow-coupling reaction 
of appropriately substituted pyridines. 

N* 1 1 -  N S X  

H3C .N N H3C \N y 
H 

4 8 

The general application of palladium-catalyzed cross- 
coupling reactions has provided new avenues to obtain key 
synthetic intermediates for the preparation of condensed 
heteroaromatic compounds that were inaccessible through 
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