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Abstract: Reactions of the primary amino groups of 6-APA and 7-ACA esters with a vinyl tricarbonyl derivative 
generate substituted pyrroles at the 6- and 7- positions. 
pyrrole derivatives are qorted. 

Studies on the singlet oxygen oxygenation of one of these 

We have previously shown that primary amines of widely varying lotion take part in smooth, 

tandem addition to the vinyi tricarbonyi reagent I to form hy~x~~~~one esters which undergo silica gel- 

promoted dehydration to 3-hydroxypyrroie-2-carboxylic acid esters 2 (Scheme 11.’ These pyrmle derivatives 

are of interest because of the mild conditions of their formation and their potential use as intermediates in 

synthesis. For example, matting as tautomers of pketo esters, they undergo alkylation at the 2-position2,3 and 

with singlet oxygen, they are readily transformed to vinylogous amides and other products of oxygenation4 In 

this communication, we describe our studies on the formation of pytrole derivatives from the reactions of 1 with 

the amino &lactams, 6APA 3 and TACA, 7, as well as the further conversion of these pyrrolo derivatives to 

oxygenated products by the action of singlet oxygen. &trlier work on the formation of related u~ubsti~~~ 

pyrrole derivatives has been reported by Nudehnans and Chsn.6 

0 0 

Silica gel 
OH - 

In the form of the free carboxylic acid, 3 failed to give the pmduct of tandem addition with the vinyl 

tricarbonyl reagent 1. We therefore esterifkd the carkxyl group using the general procedure of Breda.7 Thus, 

protection of the amino group as the enamine with methyl ~~~e~~~y~ne and then treatment with benzyl 

bromide or ally1 bromide in the presence of NaIKEKQ3 yielded the benxyl or ally1 esters, Qa,b. Deprotection of 

the amine with ptoluenesulfonic acid followed by bicarbonate yielded the amino esters 5a,b (Scheme 2). 

Scheme 2 
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The reactions of the esters 5a and 5b with the vinyl tricarbonyl reagent 1 (VTC) took place smoothly at 

0’ iu methylene dichloride followed by treatment with silica gel at mom temperature to form the 6pyrrolo 

derivatives 6a (44%, benzylester) and 6b (31%, ally1 ester ) (Scheme 3). Similar reaction of the tricarbonyl 

reagent 1 with Sa, an ally1 ester of 7-ACA, ‘7, yieided the 7-pyrrolo derivative 9 (Scheme 4). Both iia, 6b and 

9 could be readily converted to the corresponding sulfoxides by the action of MCPBA. 
Scheme 3 

&I, R= CHzPh. (*o/o) 

fjb, fl= CH2CH=Ct42. 131%) 
Scheme 4 
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Sb, R= H 

3-~y~ox~~le 2-carboxylates of type 6 have been shown to undergo ready reaction with singlet 

oxygen to form oxygenated products incorporating functionality not readily accessible by conventional 

transformations.4 We were particularly interested in preparing novel oxygenated derivatives at the &position of 

GAPA in this way, and accordingly, explored the dye-sensitized photooxidation of compound 6b in methanol as 

described below. Scheme 5 

R R= CO&H$H=CH2 
R 

10 11 
6b 

Using methylene blue as the sensitizer at -78 OC, under irradiation with a 650 wan Sylvania flood light for 

1 hr, compound 6b was converted by singlet oxygen to the keto carbiiolamine 10 (42%). A small amount of the 

sulfoxide 11 was formed concurrently (Scheme 5) along with other more polar byproducts which were not 

isolated. The assignment of structure 10 to the oxidation product was based on the IH NMR, IR and mass 

spectrum. The latter showed a peak at m/e=439 in accord with mofecular formula C2uH27N2C$S corresponding 

to the uptake of one atom of oxygen. This assignment was confiied by an independent synthesis of 10 

involving the addition of the 6-APA ester 5b to the acetylenic tricarbonyl ester 12 (Scheme 6).* 
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Sb 
Our previous experience in the photooxidation of hydmxypyrmle carhoxylatet$ led us to expect the 

oxidative conversion of 6b to the lactol13 by the process outlined in Scheme 7. However, no evidence of 13 

was found among the reaction products. It therefore appears most likely that the pyrrolinone t-butyi carboxylate 

10 was formed fkom the diaxetane intermediite 14 which underwent d~xygena~~ by attack of the sulfide 

duping in the tbiazolidine ring (Scheme 8). This d~xygenati~ could take place by either an intermolecular 

process as shown, or by an intramo!ecuku ahemadve.to 
s&em67 

‘9 

6b - 

Scheme 6 

Earlier work showed that diphenyl sulfide, though inactive towards 1% is an efIicient scavenger of 

oxygen from dioxetanes.9 In the present study, we found that addition of diphenyi sulfide, to the photooxidation 

reaction resulted in an enhanced yield of 10 (67%). A control study also revealed that the BOGderivative of 6- 

APA could be recovered McHugh when exposed to *Q under the above wn~tio~ of dye-unitize 

phot~~dadon. This fmd~ng is in accord with the view that the suifoxide 11 isolated in the conversion of Sb to 

10 is formed by ~~~~~ne sulfide-deoxygenation of the peroxidic intermediate 14 rather than by direct reaction 

with “02. 

The free acid 6c derived from the 6-APA pyrrolo derivative has been tested for antibacterial activity by Dr. 

J.L. Roberts of Hoffman&a Roche. This product was found to be inactive in Mueller-Hinton Agar tests against 

standard organism screens. 
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5.201 s, 2H ), 5.68 
For 6a: %INMR: 1.39( s, 3H )* I.56( s, 3H ), 1.58( s, 9H ), 4.52( s, 1H ), 

(br, IH ), S-80( d, tH, J=3.3 Hz ), 6.04( br, 1H ), 7.03( br, 1H ), 7.39( s, 5H ). IR: 
3460.1790, I750, 1695, 1645, 1560 cm-l; HRMS: calcd. for Q4IQgN2OeS mfe 473.1748 , found 
m/e 473.1781. 
For 6b: 1wNM.R: 1.48(s, JH ), 1.60( s, 12H ), 4.52( s, 1H ), 4.70( br, 2H ), 5.32( br, 1H ), 5.40( br, 
HI), 5.73( br, IH ), 5.82( d, 1H ), 5.95( 
1785, 1745, 

m, 1H ), 6.08( br, 1H ). 7.05( br, 1H). IR: 3460, 3140, 

I690,1640, I560 cm-l. HRMS: &cd. for cZ~Z7N206S m/e 423.15911, found u$e 423.1592. 
For 6~: ‘HI’&+& 1.57( s, 3H ), 1.60( s, 9H ), 1.64( s, 3H ), 4.52( s, 1H ), 5.69( br, IH ), 5.8I( d, 
IH, J=3.2 Hz ), 6.09( br, 1H ), 7.04( br, IH ). IR: 3440, 3500-2500, 1780, 1740, 1690, 1640, 1550 
cm-‘- HRMS: calcd. for C17H23N.$.&S mle 383.12779, found m/e 383.1256. For 9a: ‘HNMR: 
I-61( s, PH ), 2.08( S, 3H ), 4.58( d, IN, J-12.7 Hz ), 4.68( dm, 2H, 3~6.0 Hz ), 4.73(d, lH, J=I2.7 
Hz ). 5.1% d, IH, JzI.6 HZ ), S-32( dm, IH, J=10.4 Hz), 5.37( dm, lH, J=17.1 Ha ), 5.44( br, IH ), 
5.83( d, lH, Jz3.1 Hz ), 5.94( m, IH ), 6.07( br, IH ), 6.41( br, IH ), 6.95( br, IH ). IR: 3450, 
3I3O,I780, 1740, 1685, 1640, 1555 cm-*. HRMS: caled. for C22H27N2OgS t&e 479.14891, found 
mie 479.1507. 
For 9b: ‘HNMR: 1.61( s, 9H ). 2.11( s, 3H ), 4.63( d, lH, J=12.8 Hz ), 4.80( d, lH, J=l2.8 Hz ), 
5.15(sv 1H ), 5.4% br, IN ), 5.84( d, lH, Jz3.0 Hz ), 6.09( br, 1H ), 6.43( s, 1H ), 6.95 (br, IH). IR: 
3440, 3500-2500, 1780, 1745, 1690, 1645, 1560 cm- l. 
439.11759, found m/e 439.1157. 

HRMS: calcd. for ClpH23N2GgS m/e 

For 18: mp 47-5O’C; Rt 0.39; IR (neat) 3430,3120,1790,1740,1695,1545 cm-l; 1HNMR (CDCi3) s 
I.48 (sv 9H. r-Butyl), I.54 (s, 3H, CHg), 1.76 (s, 3H, C!H3), 4.50 (s, lH, Hg), 4.67 (d, 2H, J = 6.0 
Hz, OCHz). 4.74 (s, 1H. OH), 5.15 (d, lH, J = 4.0 Hz, COCH=C-N), 5.22 (d, lH, J = 3.8 Hz, Hg), 
5.31 (br d, IH, J = 10.2 Hz, cis-GCH), 5.38 (br d, lH, 3 = 18.3 Hz, tram-C==CH), 5.40 (d, lH, J = 
3.8 Hz, EId), 5.92 (m, lH, HC=C), 8.10 (d, lH, f = 4.0 HZ, CGC=CH-N); l%XMR (CDCI3) 6 27.68, 
30.50, 61.39, 65.53, 66.35, 68.76, 70.91, 85.35, 86.02, 97.49, 119.88, 131.00, 165.70, 166.19, 
167.28, 171.65, 196.57; HRMS (FAB) caled for C&-I27N2O7S 439.1540, found 439.1537. 
For 11: Rf 0.21; IR (neat) 3400, 1790, 1740, 1610, 1065 cm-l; 1HNMR (CDQ) 1.35 (s, 38, CH3), 
1.50 (s, 9H. t-BuryI), l-71 (s, 3H, CHj), 4.42 (s, lH, H3). 4.72 (br d, 3H, OCHz, OH), 4.81 (d, XH, 
Hs), 5.35 (br d, III, cis-C=CH), 5.40 (br d, lH, tram-C=CH), 5.45 (d, IH, COCH&N), 5.55 (d, 
IH, I% 5.93 (m, lH, HC=C), 6.76 (d, III, COC==C!H-N); MS (FAB) m/e 455 (6, M+H), 413 (4), 399 
(27). 391 (58), 355 (12), 307 (13), 281 (30). 200 (47), 167 (100). 


