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Abstract The Diels-Alder reachon between 2-azadienes and 2- or 3-bromo-5-substituted naphthoqutnones (R3=OH, OAc,
OMe) led to a regiospecific synthesis of the corresponding 2-azaanthraquinon-3-ones The results incicate that the bromine
atom exerts a stronger regiochemical control in these cycloadditions than the S-substituent.

The usefulness of 2-aza-1,3-butadienes 1n the Diels-Alder synthesis of pyndones and piperidones
dervatives has been well established ! In order to obtain some polysubstituted 2-azaanthraquinon-3-ones of
biological interest, we had investigated the cycloadditions of 2-azadienes 1 upon S-substituted naphthoguinones
223 A mixture of the regioisomeric 2-azaanthraquinon-3-ones 3 and 4 was then obtained (Scheme 1) The
cycloadditions were more regioselective with juglone 2 (R3=OH) and 1ts methyl ether than with acetyl juglone
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In the case of 2 (R3=OH), the structures of the major regioisomers 3 were 1n good agreement with the
known directing effect of the 5-hydroxy group 4 Starting with methyhuglone, formation of compounds 4 as the
major products can be aojcomodated by the donor effect of the methyl group The poor and the opposite
regioselectivity generally observed with 2 (R3=0Ac) is also in accord with the hiterature 5

These cycloadditions being generally unsatisfactory in terms of yields and separation of the
regioisomers, we turned our attention to the use of 2- or 3-bromo-5-substituted naphthoquinones § and 6
(R3=OH, OAc, OMe) As these compounds are more electron deficient than quinones 2, they should be more
reactive towards azadienes 1 Furthermore, the bromine atom would exert a stronger regiochemical control in
these cycloadditions than the 5-substituent (R3=OH, OMe) since the electron-nich end of a transoid diene 1s
known to add exclusively at the unsubsututed carbon of bromonaphthoquinones 6-8

RESULTS AND DISCUSSION

Thus, azadienes 1 reacted at reflux of chloroform with bromoquinones § and 6 to give regiospecifically
the corresponding 2-azaanthraquinon-3-ones 3 and 4 (Scheme 2 and Table 1)
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The reacuvity of bromonaphthoquinones 5 and 6 towards azadienes 1 1s higher comparatively to
quinones 2 23 A high yield increase 1n compounds 3 or 4 1s particularly observed with the S-acetoxy (Sb or
6b) and the 5-methoxy (5S¢ or 6¢) bromonaphthoquinones As examples 32% of a mixture of 3bb+4bb was
obtained with quinone 2 (R3=OAc), while starting with §b or 6b the yields in 3bb or 4bb were respectvely
82% and 88% , stmilarly, 51% of a mixture of 3ac+d4ac was obtained from 2 (R3=OMe) whereas the yields in
3ac or 4ac were respectively 90% and 95% when bromonaphthoquinones Sc or 6¢ were used Furthermore,
due to the elimination of hydrogen bromide from the primary adduct, hydrolysts of the 3-silyloxy group
occurred without addition of hydrofluonc acid



Table 1 Expenimental conditions and yields of 2-azaanthraquinon-3-ones 3 and 4

Hetero Diels—Alder reaction with bromonaphthoquinones

Azadiene R R} R Quinone R3 Reflux  Yield  Product
tume (h) %

1a 1-Pr H H Sa OH 2 91 3aa2
1b Et Me H Sa OH 25 92 3ba2
lc 1-Pr H Me 5a OH 45 64 3ca?
1d Et Me Me Sa OH 25 85 3da2
1a 1-Pr H H 5b OAc 3 83 3ab2
1b Et Me H 5b OAc 3 2 3bb2
le 1-Pr H Me 5b OAc 4 70 3ch2?
1d Et Me Me 5b OAc 3 68 3db2
1a 1-Pr H H 5S¢ OMe 4 90 3ac3
1b Et Me H Se OMe 5 74 3be
1c 1-Pr H Me Sc OMe 5 72 3cc
1d Et Me Me Sc OMe 3 59 3de
1a 1-Pr H H 6a OH 4 80 4aa?
1b Et Me H 6a OH 25 68 4ba2
1lc 1-Pr H Me 6a OH 2 91 4ca?
1d Et Me Me 6a OH 3 79 4da?
1a 1-Pr H H 6b OAc 45 79 4ab2
1b Et Me H 6b OAc 45 88 4bb?2
lc 1-Pr H Me 6b OAc 6 87 4ch?
1d Et Me Me 6b OAc 5 77 4db2
1a 1-Pr H H 6c OMe 5 95 4ac3
1b Et Me H 6¢ OMe 8 92 4bc3
1c 1-Pr H Me 6¢c OMe 65 49 4cc
1d Et Me Me 6c OMe 35 71 4de
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Concerning the regiochemustry of the cycloadditions, compounds 3 and 4 are obtained as a single
regioisomer A structural elucidation of compounds 3 or 4 (R3=OH) was previously? supported by the known

directing effect of the S-hydroxy group of juglone and by the lH-NMR spectral data of the mixture of 3 and 4

The cycloadditions betng now regiospecific, we report in Table 2 the IH-NMR data of each pure
regioisomer It 1s apparent from this Table that in compounds 3 (R3=OH) the peri-OH and the NH signals are
more deshielded comparatively to those of 4 Furthermore, the R; substituent (H or Me) in 3 1s shifted to lower
fields while 1n 4, that 1s Rz (H or Me) who 1s deshielded

The structure of the regioisomers 3 and 4 (R3=OAc) 1s assigned after hydrolysis of the acetyl group by
5% aqueous NaOH Thus, the corresponding hydroxylated denvatives obtained have their IH-NMR spectral

data 1dentical with those of the hydroxylated compounds prepared respectively from bromojuglones 5 and 6
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On the other hand, since the NH and R (H or Me) signals in the acetyl or methoxyl denvatives of 3
(R3=OAc or OMe) are both shifted to the higher fields while the reverse occurred with the Rp substituent (H or
Me), we assign for these compounds the same regiochemstry

Finally, the fact that the regiospecificity observed 1s independent on the nature of the 5-substituent in
naphthoquinones 5 and 6, confirms the hypothesis that the nucleophilic end of these electron rich 2-azadienes
adds exclusively at the unsubstituted carbon of the dienophules § or 6

Table 2. H-NMR spectral data of 2-azaanthraquinon-3-ones 3 and 4 (300 MHz, DMSO-dg, 8 ppm)

Compound NH Ri=HorMe Rz=HorMe R3 =OH,
OAc or OMe
3aa 1298 847 690 1284
4aa 1290 837 697 1225
3ba 1285 276 681 1311
4ba 1277 274 691 1210
3ca 1285 832 246 1277
4ca 1276 824 253 1245
3da 1275 274 242 13 08
4da 1265 270 245 1235
3ab 1285 833 687 237
4ab 1292 839 682 239
3bb 1274 267 679 236
4bb 12 80 275 674 239
3ch 1273 816 247 236
4cb 1276 822 238 238
3db 12 59 261 239 235
4db 1262 270 237 237
3ac 1278 822 683 393
4ac 1280 833 6 80 395
3be 12 58 268 674 391
4bc 12 68 273 672 394
3ce 12 58 8 06 244 392
4cc 12 66 816 236 394
3dc 1244 261 236 390
4dc 1253 267 228 391
CONCLUSION

The use of 2-and 3-bromonaphthoquinones in the hetero Diels-Alder reaction of 2-aza-1,3-butadienes
affords regiospecifically the 2-azaanthraquinon-3-ones 3 or 4 These results show that the bromine atom exerts
a strong regiochemical control on the cycloadditions despite the directing effect of the 5-hydroxy or the 5-
methoxy group

Furthermore, the use of this procedure enhanced substantially the y:elds of the cycloadditions
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EXPERIMENTAL SECTION

Melting points were taken 1n capillary tube using a Biich1 510 apparatus. The infra-red spectra were
performed on a Perkin-Elmer 1310 spectrophotometer !H-NMR spectra were recorded on a Bruker AM 300
spectrometer High resolution mass spectra were performed by direct iomsation (EI at 70 eV) on 2 AE1 MS 902
apparatus Elemental analysis were made at the Cenrtre de Microanalyse du CNRS at Vernaison

Azadienes 1a, 1b and lc were prepared according to P Bayard procedure® while 1d was described 1n
reference 2 3-Bromo-5-hydroxynaphthoquinone 5a was prepared by treating juglone with bromine 1n glacial
acetic actd 10 By this procedure we obtained also 13 % of the 2-bromo denvative 6a which was eliminated by
recrystatlization from acetone The acetyl (5b)10 and methyl (Sc)!! denvatives were prepared as described for
quinones 2 (R3=0Ac, OMe) 12.13 2.Bromo-5-acetoxynaphthoquinone 6b was obtained by oxidation of 1,5
diacetoxynaphthalene with N-bromosuccimmide 8 Hydrolysis of 6b gave 6a8 which was methylated into 6e¢ 11
The melting points of § and 6 are identical with the values reported 1n the literature 10.11

8-Acetoxy-2-aza-9,10-antraquinon-3-one, 3abl4

Azadiene 1a (025 g, 1 01 mmol) and 5-acetoxy-3-bromonaphthoquinone 5b (0 2 g, 0 67 mmol) were
dissolved 1n anhydrous chlioroform (4 ml) and the solution was heated to reflux for 3 h At the end of the
reaction a yellow precipitate 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 cooling It was
separated by filtration and washed twice with acetone (2 ml) and recnistallized from this solvent. M p 305
310°C with decomposition, IR (KBr) v 1765, 1690, 1670, 1655 (CO) cm-!, 'H-NMR (DMSO-dg, 300 MHz) 3
ppm 1285 ( br s, 1H, NH), 833 (s, 1H, H-1), 816 (d, 1H, J=7 2 Hz, H-8), 793 (dd, 1H, J=72 and 74
Hz, H-7), 7 64 (d, 1H, J=7 4 Hz, H-6), 6 87 (s, 1H, H-4), 2 37 (s, 3H, COCH3)

5-Acetoxy-2-aza-9,10-anthraquinon-3-one, 4abl4

Following the procedure used to prepare 3ab, compound 4ab was obtained from azadiene 1a and 5
acetoxy-2-bromonaphthoquinone 6b M p 300-310°C with decomposition, IR (KBr) v 1765, 1690, 1665,
1640 (CO) cm-1, IH-NMR (DMSO-ds, 300 MHz) 8 ppm 12 92 (br s, 1H, NH), 839 (s, 1H, H-1), 8 18 (d,
1H, J=7 3 Hz, H-5), 798 (dd, 1H, J=73 and 7 4 Hz, H-6), 7 62 (d, 1H, J=7 4 Hz, H-7), 682 (s, 1H, H-
4), 239 (s, 3H, COCHg)

8-Methoxy-1-methyl-2-aza-9,10-anthraquinon-3-one, 3bec

Following the procedure used to prepare 3ab, compound 3be was obtained from azadiene 1b and 5-
methoxy-3-bromonaphthoquinone S¢ M p >300°C, IR (KBr) v 1680, 1650 (CO) cm-1, IH-NMR (DMSO-dg,
300 MHz) 6 ppm 12 58 (br s, 1H, NH), 777 (dd, 1H, J=6 9 and 8 1 Hz, H-6), 7 72 (d, 1H, J=6 9 Hz, H-5),
758 (d, 1H, J=8 1 Hz, H-7), 6.74 (s, 1H, H-4), 3 91 (s, 3H, OCH3), 2 68 (s, 3H, CH3-1) Anal Calcd for
CisH11NOg4, 02 H2O C, 6596, H, 417, N, 513 Found C, 6626, H, 435, N, 504 HRMS Calcd for
Ci5H11NO4 269 0688 Found 269 0694

8-Methoxy-4-methyl-2-aza-9,10-anthraquinon-3-one, 3cc

Following the procedure used to prepare 3ab, compound 3ec was obtained from azadiene 1c¢ and 5-
methoxy-3-bromonaphthoquinone S¢ M p >300°C, IR (KBr) v 1675, 1660, 1640 (CO) cm-1, IH-NMR
(DMSO-ds, 300 MHz) & ppm 12 58 (br s, 1H, NH), 8 06 (s, 1H, H-1), 7 81 (dd, 1H, J=7 2 and 8 2 Hz, H-
6), 772 (d, 1H, J=7 2 Hz, H-5), 755 (d, 1H, J=82 Hz, H-7), 3 92 (s, 3H, OCH3), 2 44 (s, 3H, CH3-4)
Anal Caled for C3sH iNO4 C, 6689, H, 412, N, 521 Found C, 6683, H, 417, N, 520 HRMS Calcd
for Cy5H11NO4. 269 0688 Found 269 0698



5-Methoxy-4-methyl-2-aza-9,10-anthraquinon-3-one, 4cc

Following the procedure used to prepare 3ab, compound dec was obtained from azadiene 1c and 5
methoxy-2-bromonaphthoquinone 6¢. M p 160-165°C with decomposition, IR (KBr) v 1675, 1645 (CO) cm-
1 1H-NMR (DMSO-dg, 300 MHz) & ppm 12 66 (br s, 1H, NH), 8 16 (s, 1H, H-1), 7 81 (dd, 1H, J=7.5 and

‘) TN 7 IN/A 10 1_7C€H» LT O\ T2 /A 11T 1.2 LI» LT £\ 2 0A (o UN‘L'I.\ 2L s 21T
[ nL =7}y, 1 IV, 1l1, J=7 J 114, 1170}, 1 J2 \4, 111, J=0O J 114, 117U), O ¢ D, JII, \NLI3), & VD, I,

CH3-4) Anal Caled for CysHijNOg, 033 HyO C, 6554, H, 427, N, 508 Found. C, 6538, H, 407, N,
508 HRMS Calcd for CysHjiNOs 269 0688 Found 269 0698

8-Methoxy-1,4-dimethyl-2-aza-9,10-anthraquinon-3-one, 3dec

Following the procedure used to prepare 3ab, compound 3de was obtained from azadiene 1d and 5-
methoxy-3-bromonaphthoquinone 5S¢ M.p 185-195°C with decomposition, IR (KBr) v 1665, 1645, 1630
(CO) cm-1, IH-NMR (DMSO-dg, 300 MHz) & ppm 12 44 (br s, 1H, NH), 7 75 (dd, 1H, J=7 5 and 84 Hz,
H-6), 761 (d, 1H, J=7 5 Hz, H-5), 751 (d, 1H, J=84 Hz, H-7), 3 90 (s, 3H, OCHj3), 2.61 (s, 3H, CHs-
1), 236 (s, 3H, CH3-4) Anal Calcd for C16H13NOy, 033 H0 C, 6643, H, 476, N, 484 Found C
6646, H, 4 96, N, 486 HRMS Calcd for C16H13NOy4. 283 0845 Found 283 0855

5§-Methoxy-1,4-dimethyl-2-aza-9,10-anthraquinon-3-one, 4dc

Following the procedure used to prepare 3ab, compound 4de was obtained from azadiene 1d and 5-
methoxy-2-bromonaphthoquinone 6¢ M p >300°C with mposition, IR (KBr) v 1665, 1645, 1630 (CO)
cm-!, 1H-NMR (DMSO-ds, 300 MHz) 8 ppm 12 53 (br s, 1H, NH), 7 77 (dd, 1H, J=7 7 and 8.4 Hz, H-7),
764 (d, 1H, J=7 7 Hz, H-8), 747 (d, 1H, J=8 4 Hz, H-6), 3 91 (s, 3H, CH30), 2 67 (s, 3H, CHs-1), 228
(s, 3H, CH3-4) Anal Calcd for C16H13NO4. C, 6782, H, 463, N, 495 Found C, 6767, H, 472, N,
505 HRMS Calcd for C16H13NO4. 283 0845 Found 283 0855
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