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&xms- Aconvenient synthesisof2-m.amthnquimnes using the reaction of carbanions derived from 

3-cyano-l(3H)-isobenzo~nes which serve as 1.4-dipole equivalents and hetame intermediates generaled 

from bromopyridines and lithium diisopropylamide b repomxi. 

INTRODUCTION 

Mitoxanuone (1) and relaled anlhraquinones are of considerable interest in cancer chemotherapy. M i m v o n e  has been 

shown m be an intercalantla to DNA. and, on the basis o l a  theoretical modellbd for intercalation, it was predicted ti721 

azaanlhraquinone analogues of 1 would be very effective intercalants. Thus their study as potential antitumor agcnls is of 

comidcrable interest. Several synthetic straq$es2 far the synthesis of azaanlhraquinones have been applied. Most of these 

involve a Friedel-Crafts approachza, the most imponant being the cycloaddition of an azanaphthoquinone with an 

appropriate Amidine derivatives of anlhraquinone of the general formula 2 exhibit antiprotozoal activities and 

were found to be active against infections in experimenuJ  animal^.^.^ In connection with studies on 

novel amoebicides, several new heterncyclic quinones of the rype 3 similar to anlhmquinones 2 were synthesized? For 

R= CH-N A 1  

.Rz 



synthesized using dipolar cycloaddirion reactions of quinoxalinequinones. Recently, we6s7 demonsmted that arynes, 

generated fmm haloarenes and lithium diisopropylamidc in tewhyd~ofwan, react regioselectively with lithired 3cyano-I- 

(3H)-isobenzofuranones (hereah referred lo as 3cyanophthalides) affording the conesponding anlhraquinones in good lo 

modcrate yieids. Several anthraquinones, including methyl ethers of naolmlly occmhg ones such as pachybasin, 

chrysophanol, zicganien, holminthosparin, islandicin, didigilopurpone, calcnarin elf. and cenain precursors wrcd in the 

synthesis 014-demethoxydaunomycinone and daunomycinone were synthesized7 in a rapid and efficient way. We have 

extended the aryne annulation melhod lo the synrhesis ofazaanthraqui~nes via the addition of cubanions denved from 3- 

cyanophthalides lo cemh heIarynes. the resulls of which are repaned herein. 

RESULTS AND DISCUSSION 

Reaction of 3-cyanophthalide with 3,4-didehydropyridioe and 2,6-dimethoxy-3.4-didehydropyridine. 

Thereaction of 3-lithio-3cyanophUlalide (6) with 3.4didehydropyridine (5) and 2.6dimelhoxy-3.4-didehydropy~idine (9) 

were T i t  studied since these reactions would give a single product regardless of lhe orientition 01 6 tu rhc respective 

heoryne. Thus, the reaction of 6 wilh 3.4-didehydropyridine itsell (5) gave 2 - ~ t h r a q u i n o n e 8  (7) in 65% yield. 

Similarly, the reaction Of 3-bmmo-26-dimelhoxypyridine (8) wilh 3-cyanophlhalide (6) and LDA gave 19-dimerhoxy-2- 

aaanlhnquinone (10) in 55% yield via heoryne 9 
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Reaction of Bicyclic didehydropyridine with 3-cyaoophthalide. 

Reaction of 4 -b rom~ino l ine  with 3-cyanophthalide (6) and LDA was then stu.lie4l. In case of bicyclic systems 

nucleophiles have greater tendency to undergo nucleophilic addition rea~t ion.~ Benr[dl-2-azaanthraquinone (13) was 

prepared in good yleld (60%) by reacting 4-bromoquinoline (11) with 6 and LDA. 

Reaction of substituted 3-cyanophthalides with 3,4-didehydropyridine and substituted 3,4- 

didehydropyridines. 

The presence of a substiment either on 3-cyanophthalide or 3.4-didehydropyridine can affect the orientation of addition to the 

hetaryne. An example of this is shown in the reaction of 2.6-dimethoxy-3.4-didehydropyridine (9) with Zmethoxy 3-lithio. 

3-cyanophlhalide (14a) which gave a 9:l mixture of 2-azaanthraquinones 15a and 15b from the two possible orienutions 

of the addition of lithiocyanophthdide 14a m 9 in overall yields of 35% as shown in Scheme 1 w'th the major product 

Li CN 

@ OMe 0 

14a 
9 , &M: \ / "&M. \ , N 

Me0 0 OMe 0 OMe 
15a 15b 

Scheme 1 

being formed by the addition of 14a to the 4-position of 9. Thc major product was obtained in the pure state by flash 

column chromatography. Scheme 2 illusurrres the mechanism and regioselectivity of this hewryne-annulation reaction 

using the preparation of 15a as a typical example. Accordingly, 14d adds to 9 affording prefercntialiy adduct 16. 

Nucleophilic atuck by the Lithio-sire on the carbonyl group yields intermediate 17 which then is converted to product 



15a 
Scheme 2 

17 

15a by h e  concomitant loss of cyanide ion. The reaction of 34-didehydropy~idine (5) wih substituted 3cyanophthalides 

was then carried out and the resulu are shown in Scheme 3. These reactions gave ca 2:l mixtures of 2-azaanlhraquinones 

14a R = 7-Me0 18a R = 9-Mc0 19a R' = 6-Me0 

14b R = 4,6-&Me0 18b R = 6.8-&Me0 19b R' = 7.9-&Me0 

Scheme 3 

The isomer yields were delemined fmm the pure produce isolated by h s h  column chromatography. The major pmducts are 

formed from hat  being addition at the Cpsition of 5 which is in ;yeemen1 with theoretical c a l c u l a t i ~ n s ~ ~  ha t  

nucleqhies add preferentially to he4-psition of3Adidehydropyridine (5). 

In conclusion, we have shorn that hewryne-mulation reaction is a convenient way to prepare 2-aza~lrhquinones. 

Presently, we are investigating h e  use of his  reaction for the prepantion of diaraanthraquinones. 

EXPERIMENTAL 

Cenernl Aspects: Proton nuclear magnetic resonance specua ('H nm) were measured in CDC13 solution on a WP 200- 

SY Bruker spectrometer. All chemical shifts are repmted in pans per million downfield fmm internal teuamethylsilane. 

Inhued spectra (ir) were recorded on aPerkin-Elmer 283 paling specuomcter. Mass specm (70eV) were obtnined on a 

Hewlell-Packaxd Model 5988A chroma(ogaph~mass spectrometer. Microvlalyses were perIormed on a Carlo ERBA 
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suumentazione insrmmenr E. Merck silica gel 9385 (230-400 mesh) was used for flash chromatography. Reponed 

boiling poinu are uncorrected: melting poins were d e m i n e d  on an elecmlhemal appmUIs and ye uncorrecled. All 

reactions were carried out in h 4 e d  I b k s  under nimgen aunosphcre. 

Starting Materials. 3-Cyanophthalides were available from a previous 3-Br0m0pyridine,3-bromoquinolinc, 

n-butyllilhium, and diisopmpylamine were purchased from Aldrich Chemical Co. 3-Bmmo-2,6dimelhoxypyridine was 

prepared by brominating 2,&dimelhoxypyridinee All liquids were dried and distilled prior to use 

General Procedure for the Reaction of Bromoheteronrenes with Cyaoaphthalides: LDA was prepared in a 

flamed-driod flask flushed wilh nilrogen by adding diisopropylamine (18 mmol) into a -78-C solution of n-BuLi (15 mmol, 

2.5M in h e m e )  in THF (25 ml  ) under nilrogen aunosphere (using septum cap technique). After srirring the solution for 

10 min a1 -78" C, the appropriate cyanophthalide (5 mmol) in THF (25 ml ) was added dropwise over 20 min at 40"  C. A 

solution of heteroarene (5 mmol) in THF (25 ml )  was added dropwise over 20 mi". at 140°C. The reaction mixture was 

stirred for 10 more additioni minules, hen he dark reddish brown solution was quenched wilh saturaled aqueous ammonium 

chloride soluuon and allowed Lo warm Lo mom lemperature. The solvent was hen removed (rotlrory evaporator), and h e  

residue exmcled wilh melhylene chloride (3x50 m I). The combined melhylene chloride exuacs were washed w~lh brine, 

dried (Na2S04). and concenualed (rotatory evaporalor) lo yield crude reaction mixture. Purikation of the produce was 

accomplished by flash column chromatography using a mrxuue of hemelEtOAc [9:1 or 19: I ,  &pending on the polarity of 

h e  azaanlhraquinonel as e l w L  in those reactions in which isomeric pmduct mixtures were obtained, the isomers were 

isolated by flash column chromatogaphy. The prcducis were identirred on lhe basis of elemenla1 analysis. IH nmr, C-13 

nmr specuoscopy, and mass specmmew. 

2-Anaanlhra-5,lO-quinone (7): Yellow necdles (from EIOAclhexanc); mp 181-183e (lir12 179-180-C); I H  nmr 

(CDC13) 67.89 (m,2H, C7andC@H), 8.11 (d, J = 5  Hz, 1H.Q-H), 8.34 (m,2H,CgandQ-q.9.14 (d, J c 5  Hz, IH, 

C3-W, 9.6 (s,lH, C1-H); irv,, (CHC13) cm-I 1670 (anthraquinone); 13c nmr (CDC13) 6 119.03,126.28,127.40, 

133.07, 134.62, 135.04, 138.53. 149.68. 155.30. 182.04, 182.49. Anal. calcd forC13H702N: C, 74.61; H, 3.37; N, 

6.69. Found: C. 74.61; H, 3.25; N. 6.74. 

Preparation of 3-bromo-2,6-dimelhoxypyridine (8): A mixture of 2.6-dimelhoxypyridine (7 mmol) and 

pyridinium hydrobromide perbromide (7.5 mmol) in dry CCk (150 ml) was stirred at n a m  l e m p x t u e  for overnight and 

then refluxed for 2h. The solution was cooled and water was added Lo the reaction mixture. The organic layer was separated, 

washed wiJl brine, and hen dried over NazS04. Aflcr removal of lhe solvent, the residue was purified by vacuum 

distillation. Pure product 8 was obtained in 30% yield: bp 80°/0.9 mm; 'H nmr (CDC13) 6 3.92 (s, 3H, OMe), 4.01 (s, 

3H, OMc), 6.25 (d, J = 8.3 Hz. IH, C5-H), 7.65 (d, J = 8.3 Hz, IH. Q-H). In addition tn h e  monobromo compound 8, 



15% of 2.6-dimethoxypyridine war recovered (bp 82-859CB.9 mm) and 3J-dibrom0-2,6-dimethoxypyridine was oblained 

from the residue in 15% yield: white solid: mp 84-85°C: IH nmr 6 4.0 (s, 6H, C2 and C6-OMe), 7.86 (s, IH, Cq-H). 

1,3.Dimethoxy-2-azaanthra-5,10-quinone (10): Yellow needles (from EtOAc): mp 206-208'C; IH nmr (CDC13) 6 

4.03 (s, 3H, C3-OMe), 4.16 (s. 3H, CI-OMe), 7.17 (s, IH, Cq-H), 7.74-7.84 (m, 2H, C7 andC8-H), 8.23 (dd. J =  7.5 and 

1.3 Hz, lH, Cg-H), 8.33 (dd, J =  7.5 Hz and 1.3 Hz, IH, C6-H): irvmax(CHC13) cm-I 1670 (anhquinone): ms, mlz 269 

(M+.). Anal. cdcdforC15H1104N: C, 66.85; H,4.11: N, 5.2. Found: C, 66.83; H,4.17: N, 5.21. 

Uenr[dlZ-azaanthra-7.12-quinone (13): Yellow needles (fmm benzene): mp 200-202°C: IH nmr ((CDC13) 6 7.21 

(dd, J =  8.3 and 1.5 Hz. 1H. C3-H). 7.8-7.91 (m. 4H. C3, C4. CgandC10-H). 8.2-8.32 (m, 2H. C8 and C11-H), 9.58 (dd. 

J = 8.3 and 1.5 Hz, IH. C6-H), 9.82 (s. IH, Cl-H): ir vmax(CHC13) cm-I 1670 (anthraquinone): ms, m/z 259 (M+.). 

Anal. calcd for C17Hg02N: C, 78.75: H, 3.49; N, 5.40. Found: C, 78.83; H, 3,42; N, 5.47. 

1,3,9-Trimethoxy-2-azaanthra-5,10-quioooe (158): The reaction ol2,6-d1methoxy-3-bromopyrrdlne (8) with 7- 

merhoxy-3-cyanophhlide (14-3) under ihe helaryne forming conditions (as dcscnbed in Ute general procedure) fum~shed a 

mixture of 1.3,9-lrimethoxy -2-azaanthra-5,lWquinone (15a) and 1,3,6-~imethoxy-2-azaanthra-5,lO-quinon (15b) in overall 

yield of 35% Jam pu&cation by flash wlumn chromalography (approximale ratio of 15a:lSb 9:l). Pure product 15a 

was oblained by preparative thin layer chromatography as yellow solid; mp 171-175PC: IH MU (CDCl3) 6 4.01 (s, 3H. 

OMc), 4.05 (s, 3H, OMeL4.15 (s, 3H. OMe), 7.04 (s, lH, Cq-H), 7.35 (m, lH, Cg-H), 7.64 (5 IH, C7-H), 7.85 (dd, J =  

8.1 and 1.3 Hz. IH, C6-H): ir vmm(CHC13) cn i l  1670 (anlhrquinone). 1590 (AI-CH); ms, m h  299 OX+.). Anal. calcd 

for C16HnOsN: C, 64.21: H, 4.37: N, 4.68. Found: C, 64.11: H, 4.32: N,4.61. 

9-Methoxy-2-azaauthra-5,10-quinone (18a) and 6-methoxy-2-azaanthra-5,10-quinoor (19a). The 

reaction af 3-bmmopyridine (4) with 7-methoxy-3-cyanophwde (14-3) under the helaryne forming condruons (as described 

in the generd procedure) furnished a mixuxe of 9-methoxy-2-azaanh-5,l&quinone (18a) and 6-mcthoxy-2-au;mthra-5,1& 

quinone (19a). This mixture was separated by Ilash column chmmamgraphy over silica gcl using hexaneElOAc (19: I) as 

eluant The less polar compound was oblained in 15% yield and was idenlified as 6-methoxy-2-azaanh-5.10-quinone 

(19a): light green needles (from E~OAC): mp 187-189'~: IH nmr ( ~ ~ 1 3 )  6 4.07 (s, 3H, C643Me). 7.39 (d, J = 8.4 HZ, 

lH, C7-HI, 7.79(t,J=8.3 Hz, IH,CB-H), 7.97(dd, I =  7.8Hzand 1.1 HZ, IH,Cg-H), 8.061 (d,J=5.1 Hz, IH, Q-H),  

9.07 (6, J =  5.1 Hz, IH, C3-H), 9.48 (s, lH, CI-H): irvmax(CHC13) cm-I 1670 (anthraquinone). 1690 (AI-CH): ms. mlz 

239 (M+.):I3c nmr (CDC13)6 56.64, 118.33, 119.27, 119.81, 121.14, 125.62, 135.18, 135.98, 139.96, 149.11, 

155.31.160.64, 181.23.182.69. The more polar compound obtained in 31% yield was identifiedl3 as 9-methoxy-2- 

azaanthra-5.10.quinone (18a): yellow needles (from E~OAC): mp 171-175°C; IH nmr (CDC13) 6 3.96 (s. 3H, CvOMe), 

7.42(d,J=8AHz,lH,C8-H),7.73(l ,J=7.8Hz, IH,C7-H),7.94(dd,J=7.6and IHL, IH,Gj-H),7.99(d,J=5.1 Hz, 
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IH, Cq-H), 9.05 (d, J = 5.1 Hz, C3-H), 9.53 (d. J = 0.6 Hz, IH, CI-H); irvm,(CHC13) cm-I 1670 (anthraquinone), 1690 

(Ar-CH); ms, m h  239 (M+.); 13c nmr (CDCl3) 6 56.64, 118.17, 118.89, 119.88, 120.95, 127.56, 135.10, 135.50, 

137.38, 149.95, 154.35, 160.57, 181.53, 182.99. Anal. calcd for C14H903N: C, 70.29: H, 3.79; N, 5.85. Found: C, 

70.21; H, 3.74: N, 5.80. 

6,8-Dimethoxy-2-azaantbra-5,10-quinone ( l ab )  and 7,9-dimethoxy-2-azaanthra-5,10-quinone (19b): 

The reaction of 3-bmmopyridine (4) and 4,bdimethoxycyanophlhalide (14b) under the conditions as described in the general 

procedure furnished a mixture o f 6 & d i m e t h o x y - 2 ~ - 5 , I D q u i n o n e  (18b) and 79-dimethoxy-2-mthra-5,l&quinone 

(19b) in approximate mtio14 of 3:2 in overall yield of 45%. Separarion of isomers 18b and 19b by either flash column 

chromatography or preparative Lhin layer chromatography was found to be difficult. 
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