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Ahbud The hds-Alda reachon bchvcu~ 24zadmea and 2- or 3&omo-%wbmukd mphthoqumonea @=OH, OAc. 
OMe) led to a reg~nzspmf~~ syntbesaa of them 24I7almthraqlMon-3-ollca TbcrcdultJmdlcatetllattllebrormoe 
atcmexertsastmn8crrepxhumcal contmlmtkaecydo&~bo~tb~thelsubshtuent 

The usefulness of 2-aza-19-butad1er1es m the Dlels-Alder synthesis of pyndones and plpendones 

denvatives has been well established t In order to obtam some polysubstituted 2-azaanthraqmnon-3-ones of 

blologcal u&rest, we had mvestlgated the cycload&Uons of 2-amd~enes 1 upon Isubst~tuted naphthoqumones 

2 23 A mixture of the reglolsomenc 2-azaanthraquinon-3-ones 3 and 4 was then obtamed (Scheme 1) The 

cycloaddmons were mom rcgloselecWe with Juglone 2 (R3=OH) and its methyl ether than with ace@ Juglone 

Scheme 1 
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R=Et,l-Pr,Rt.Rz=H,Me. R3 = OH, OAc. OMe , X = t-BuMe$Q 
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In the case of 2 (R3=OH), the structures of the major re&o1somers 3 were III good agreement with the 

known &mctmg effect of the 5-hydroxy group 4 Startmg v&h methylJuglone. formation of compounds 4 as the 

major products can be Tomodated by the donor effect of the methyl group The poor and the opposite 

re~ceelechvlty generally observed with 2 (Rs=OAc) IS also 1n accord with the hteratme 5 

These cycloaddlfions being generally unsatisfactory in terms of yields and separabon of the 

reg101somers. we turned our attention to the use of 2- or 3-bromo-S-substituted naphthoqulnones 5 and 6 

(Rs=OH. OAc. OMe) As these compounds are more electron deficient than qumonea 2, they should be more 

reactive towards tienes 1 Furthermore, the bromine atom would exert a stronger reg1ochem1cal control 1n 

these cycload&tlons than the Ssubshtuent (Rs=OH, OMe) since the electron-nch end of a transold d1ene 1s 

known to add exchnuvely at the unsubst~tuted carbon of bromonaphthoqu1nones 6-8 

RESULTS AND DISCUSSION 

Thus, azadlenes 1 reacted at reflux of chloroform with bromoqmnones 5 and 6 to gve reg1cepeckally 

the corresponding 2-azaanthraqumon-3-ones 3 and 4 (Scheme 2 and Table 1) 

Scheme 2 
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The reactivity of bromonaphthoqu1nones 5 and 6 towards &enes 1 IS higher comparatively to 

qumones 2 2.3 A high yield increase 1n compounds 3 or 4 IS parkularly observed with the S-acetoxy (5b or 

6b) and the S-methoxy (SC or 6e) bromonaphthoqu1nones As examples 32% of a mixture of 3bb+4bb was 

obtamed with qumone 2 (Rs=OAc), while starting with 5b or 6b the yields 1n 3bb or 4bb were respectively 

82% and 88% , similarly, 51% of a mixture of 3ae+4ac was obtamed from 2 (Rs=OMe) whereas the yields 1n 

3ac or 4ac were respecuvely 90% and 95% when bromonaphthoqu1nones 5c or 6c were used Furthermore, 

due to the ehm1nat1on of hydrogen bromide from the pnmary adduct, hydrolysis of the 3-s1lyloxy group 

occurred without add1fion of hydrofluonc acid 
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Table 1 Expenmental condtttons and ytelds of 2-azaanthraqumon-3-ones 3 and 4 

Azadiene R RI R2 Qllln= R3 Rellux Yield Product 
tune (h) % 

la 1-R H H Sa 

lb Et h4e H Sa 

lc 1-R H Me 5a 

Id Et Me Me 5a 

la 1-R H H bb 

lb Et h-k H Sb 

lc 1-Pr H Me 5b 

Id Et Me h4e 5b 

la 1-R H H 5c 

lb Et h4e H 5C 

lc 1-Pr H Me SC 

Id Et Me Me SC 

la 1-Pr H H 6a 

lb Et hle H 6a 

lc 1-Pr H Me 6a 

Id Et Me Me 6a 

la 1-Pr H H 6b 

lb Et Me H 6b 

IC I-Pf H Me 6b 

Id Et Me Me 6b 

la 1-Pf H H 6c 

lb Et Me H 6c 

lc 1-R H Me 6c 

OH 2 91 3aa2 
OH 25 92 3ba2 

OH 45 64 3ca2 
OH 25 85 3da2 

OAc 3 83 3ab2 

OAc 3 82 3bb2 

OAc 4 70 3cbz 

OAc 3 68 3db2 

OMe 4 90 3ae3 

OMe 5 74 3bc 

OMe 5 72 3cc 

OMe 3 59 3dc 

OH 4 80 4aa2 

OH 25 68 4ba2 

OH 2 91 4ca2 

OH 3 79 4da2 

OAc 45 79 4ab2 

OAc 45 88 4bb2 

OAc 6 87 4cbz 

OAc 5 77 4db2 

OMe 5 95 4ae3 

OMe 8 92 4b$ 

OMe 65 49 4cc 

Id Et Me Me 6c ohk 35 71 4dc 

Concerning the regmchemlstry of the cycloadditlons, compounds 3 and 4 are obtamed as a single 

reglolsomer A structural elucidation of compounds 3 or 4 (Rs=OH) was prevlously2 supported by the known 

directing effect of the S-hydroxy group of Juglone and by the ‘H-NMR spectral data of the mixture of 3 and 4 

The cycloaddltions bemg now regiospecific, we report in Table 2 the IH-NMR data of each pure 

reglotsomer It IS apparent from this Table that in compounds 3 (Rj=OH) the pen-OH and the NH signals are 

more deshlelded comparattvely to those of 4 Furthermore, the RI substituent (H or Me) in 3 IS shtfted to lower 

fields whde tn 4, that IS R2 (H or Me) who IS deshlelded 

The structure of the reglolsomers 3 and 4 (Rs=OAc) IS assigned after hydrolysis of the acetyl group by 

5% aqueous NaOH Thus, the correspondmg hydroxylated denvatlves obtamed have their tH-NMR spectral 

data identical wtth those of the hydroxylated Compounds ptepafed fespe&Vely from bromo~uglones 5 and 6 
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On the other hand, smce the NH and Rt (H or Me) srgnals m the acetyl or methoxyl derivatives of 3 

(Rs=OAc or OMe) are both shfted to the higher fields whde the reverse occurred with the R2 substituent (H or 

Me), we assign for these compounds the same rewhemlstry 

Fmally. the fact that the regmspeclflclty ohserved IS independent on the nature of the S-subshtuent m 

naphthoqumones 5 and 6. confirms the hypothesis that the nucleophdlc end of these electron nch 2-azadienes 

adds exclustvely at the unsuhshtuted carton of the dlenophdea 5 or 6 

Table 2. tH-NMR spectral data of 2-azaanthraqmnon-3-ones 3 and 4 (300 MHz, DMSO-Q, 8 ppm) 

Compound NH Rt=HorMe Rz=HorMe R3 = OH, 
OAc or OMe 

3ra 12 98 847 690 12 84 
4aa 1290 837 697 1225 

3ba 
4ba 

3ca 
4ca 

3da 
4da 

3ab 
4ab 

3bb 
4bb 

3cb 
4cb 

3db 
4db 

3ac 
4ac 

3bc 
4bc 

3cc 
4cc 

3dc 
4dc 

12 85 276 681 13 11 
12 77 274 691 12 10 

12 85 832 
12 76 824 ;?i 

1277 
1245 

1275 274 242 13 08 
12 65 270 245 12 35 

12 85 833 6 87 237 
12 92 839 6 82 239 

12 74 2 67 679 236 
12 80 2 75 674 239 

12 73 8 16 247 236 
12 76 822 238 238 

12 59 261 239 235 
1262 270 237 237 

1278 822 6 83 
12 80 833 680 3E 

12 58 2 68 674 3 91 
12 68 2 73 672 394 

12 58 806 
12 66 8 16 ;z ~~ 

1244 261 236 
12 53 267 228 E 

CONCLUSION 

The use of 2-and 3-bromonaphthoqumones m the hetero Diels-Alder reachon of 2-aza- 1,3-butienes 

affords regmspeckally the 2-azaanthraqumon-3-ones 3 or 4 These results show that the bromine atom exerts 

a strong regrochemlcai control on the cycloaddltlons despite the Qrectmg effect of the Shydroxy or the 5 

methoxy group 

Furthermore, the use of thus procedure enhanced substantmlly the yields of the cycloaddmons 
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EXPERIMENTAL SECTION 

Mekng points were taken m capdlary tube using a Btkh1510 apparatus. The mfra-red spectra were 
performed on a Perkm-Elmer 13 10 spectrophotometer lH-NMR spectra were recorded on a Bmker AM 300 
spectrometer Hugh resoluhon mass spectra were performed by direct mmsahon (Eil at 70 eV) on a AEl MS 902 
apparatus Elemental analysts were made at the Gem-k de Mtcroanalyse du CNRS at Vernatson 

Azadtenes la, lb and lc were prepared accoting to P Bayard procedureg whtle Id was described in 
reference 2 3-Bromo-Shydroxynaphthoqumone 5a was prepared by treatmg Juglone with bromine m glactal 
acehc acid to By dus procedure we obtamed also 13 96 of the Zbromo denvahve 6a which was ehmmated by 
recrystallization from acetone The acetyl(5b)lo and methyl (ik)tt denvattves were prepared as described for 
qumones 2 (Rs=OAc. OMe) 12.13 2-Bromo-Sacetoxynaphthoqumone 6b was obtamed by oxuiaUon of 1.5 
&acetoxynaphthalene with N-bromosucctmmuie 8 Hydrolysis of 6b gave 6a8 which was methylated into 6e t t 
The melting pomts of 5 and 6 are ldenhcal with the values reported m the hterature lo.11 

8-Acetoxy-2-aza-9,10-antraquinon-3-one, 3ab*4 

Azadiene la (0 25 g, 101 mmol) and 5acetoxy-3-bromonaphthoqumone 5b (0 2 g, 0 67 mmol) were 
dissolved m anhydrous chloroform (4 ml) and the solutton was heated to reflux for 3 h At the end of the 
reactton a yellow preclpltate was formed After evaporation of chloroform, acetone (5 ml) was added to the 
residue and the mixture was heated to reflux for 2 h Compound 3ab was recovered by coolmg It was 
separated by filtration and washed twice with acetone (2 ml) and recnstaked from this solvent. M p 305 
310°C with decomposihon. IR (KBr) v 1765,1690,1670.1655 (CO) cm-l, tH-NMR(DMSO& 300 MI-k) 8 
ppm 1285 ( br s. 1H. NH), 833 (s, lH, H-l), 8 16 (d, lH, J=7 2 Hz, H-8), 793 (dd, lH, J=7 2 and 74 
Hz, H-7), 7 64 (d, lH, J=7 4 Hz. H-6). 6 87 (s, lH, H-4), 2 37 (s, 3H, COCH3) 

5-Acetoxy-2-aza-9,10-anthraquinon-3-one, 4ab14 

Followmg the procedure used to prepare 3ab, compound 4ab was obtamed from azadlene la and 5 
acetoxy-2-bromonaphthoqumone 6b M p 300-3lO’C with decomposttton, IR (KBr) v 1765. 1690, 1665, 
1640 (CO) cm-l, lH-NMR (DMSO-d6.300 MHz) 6 12 ppm 92 (br s, lH, NH), 8 39 (s. lH, H-l), 8 18 (d, 
lH, J=7 3 Hz, H-5), 7 98 (dd, lH, J=7 3 and 7 4 Hz, H-6). 7 62 (d, 1H. J=7 4 Hz, H-7), 6 82 (s, lH, H- 
4). 2 39 (s. 3H, COCH3) 

(I-Methoxy-l-methyl-2-aza-9,lO-anthraquinon-3-one, 3bc 

Followmg the procedure used to prepare 3ab, compound 3be was obtamed from azadlene lb and 5 
methoxy-3-bromonaphthckpunone 5c M p ~-300°C IR (KBr) v 1680,165O (CO) cm-l, tH-NMR (DMS0-Q. 
300 MHz) 8 ppm 12 58 (br s, lH, NH). 7 77 (dd, lH, J=6 9 and 8 1 Hz, H-6). 7 72 (d, lH, J=6 9 
7 58 (d. lH, J=8 

Hz. H-5), 
1 Hz, H-7). 6.74 (s. lH, H-4), 3 91 (s. 3H. OCH3). 2 68 (s. 3H. CH3-1) Anal Calcd for 

CtsHttN04, 0 2 Hz0 C, 65 %, H, 4 17, N, 5 13 Found C, 66 26, H, 435. N. 5 04 HRMS Calcd for 
CtJHtlN04 269 0688 Found 2690694 

8-Methoxy-4-methyl-2-aza-9,1O-anthraquinon-3-one, 3cc 

Followmg the procedure used to prepare 3ab, compound 3cc was obtamed from azadlene lc and 5 
methoxy3-bromonaphthoqumone 5c M p >300°C, IR (KBr) v 1675. 1660, 1640 (CO) cm-t, tH-NMR 
(DMSO-&, 300 MHz) b ppm 12 58 (br s, lH, NH), 8 06 (s, 1H. H-l), 7 81 (dd, lH, J=7 2 and 8 2 Hz, H- 
6). 7 72 (d. 1H. J=7 2 Hz, H-5), 7 55 (d. lH, J=8 2 Hz. H-7). 3 92 (s. 3H, OCH3), 2 44 (s, 3H. CH3-4) 
Anal Cakd for C&IttN04 C, 66 89, H, 4 12, N, 5 21 Found C, 66 83. H, 4 17, N. 5 20 HRMS Calcd 
for Ct$-IttNOb 269 0688 Found 269 0698 
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5-Methoxy-4-methyl-2-aza-9,1O-anthraquinon-3-one, 4cc 

Followmg the procedure used to prepare 3ab. compound 4ec was obtamed from azadlene lc and I 
methoxy-2-bromonaphthcqumone 6e. M p 16U165’C with decomposmon, IR (KBr) v 1675,1645 (CO) cm- 
l, lH-NMR (DMSO&300 MHz) 6 ppm 12 66 (br s, IH, NH), 8 16 (s, lH, H-l), 7 81 (dd, 1H. J=7.5 and 
8 3 Hz, H-7), 7 70 (d. 1H. J=7 5 Hz, H-8). 7 53 (d, lH, J=8 3 Hz, H-6), 3 94 (s. 3H. OCH$, 2 36 (s, 3H. 
CH34) Anal Calcd for Ct$-itlNO~ 0 33 w C. 65 54, H, 4 27, N, 5 08 Found. C, 65 38, H, 4 07, N, 
508 HRMSCalcdforCt$lttN04 2690688 Found 2690698 

8-Methoxy-1,4-dimethyl-2-aza-9,lO-anthraquinon-3-one, 3dc 

Following the procedure used to prepare 3ab, compound 3de was obtamed from azarllene ld and S 
methoxy-3-bromonaphthoqumone 5c M.p 185-195oC with decomposition. IR (KBr) v 1665. 1645, 1630 
(CO) cm-t, tH-NMR (DMSO-&. 300 MHz) 8 ppm 12 44 (br s, 1H. NH), 7 75 (dd. 1H. J=7 5 and 8 4 Hz, 
H-6), 7 61 (d, lH, J=7 5 Hz, H-5), 7 51 (d, lH, J=8 4 Hz, H-7), 3 90 (s, 3H, OCH3), 2.61 (s, 3H. CH3- 
l), 2 36 (s, 3H. CH3-4) Anal Calcd for Ct6Ht3NO4.033 Hz0 C, 6643, H. 476, N. 484 Found C. 
66 46, H, 4 %. N. 4 86 HRMS Calcd for C 16H13NO4.283 0845 Found 283 0855 

S-Methoxy-l,4-dimethyl-2-aza-9,1O-anthraquinon-3-one, 4dc 

Followrng the procedure used to prepare 3ab. corn und 4dc was obtamed from azadtene Id and 5 
methoxy-2-bromonaphthoqumone 6e M p >3ooOC with JZCI mposrtion, IR (KBr) v 1665, 1645.1630 (CO) 
cm-t, tH-NMR (DMSO-& 300 MHz) 6 ppm 12 53 (br s, 1H. NH), 7 77 (dd, lH, J=7 7 and 8.4 Hz, H-7), 
7 64 (d, lH, J=7 7 Hz, H-S), 7 47 (d, lH, J=8 4 Hz, H-6). 3 91 (s, 3H, C&O). 2 67 (s, 3H, Ce-1). 2 28 
(s, 3H, CH3-4) Anal Calcd for Ct6Ht3NO.+. C. 67 82, H, 463, N, 4 95 Found C. 67 67, H, 4 72, N. 
5 05 HRMS Calcd for C&It3N04.283 0845 Found 283 0855 
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