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Abstract - 'Ibe hanophthalic anhydrides la,b react with the l-chloro- 
iscquinolines a , b  to give the 8~iliknzo[a,glquimlizin-8aes 2a,b,c 

in high yields. The same prcducts 2a.c are obtained frun the iscquino- 

line N-oxides 6a,b and la,b in the presence of acetic anhydride. LC is 
converted into the tetrahydroprotoberberine alkaloid (f)-caseadine in 

two steps. 

1 Recently we have sham that the reaction of hanophthalic anhydrides with imi- 

dates or imidoyl chlorides used as individual canpounds or unstable intermediates 

is a new metho3 for the synthesis of 5,6-dihydro-8H-dibenzo[a,glquinolizin-8dnes 

and related iscquimlinones. For example, treatment of 3.44ihydrc-l(2.H)-iscqui- 
nolinones (3.4-dihyclroisocartostyrils) with phosphoryl chloride in pyridine led 

to the formation of unstable cyclic intermediates with a possible structure sham 

below. These intermediates, without isolation, were treated with hanophthalic 

anhydrides to give 5,6-dihydro-8H-dibenzo[a ,q]quinol iz in-8~~ in high yields. 



It is known that l-chloroiscquinolines corresponding in structure to the imi- 

doyl chlorides sham above are stable canpounds and can be easily obtained 
3 either fran iscquinoline ~-axide$ or •’ran is-rbostyrils by treatment with 

phosphoryl chloride. Suitably substituted isocarbostyrils can be efficiently 

prepared using different synthetic Wreover it is known that the 

reaction of u-chloro-substituted nitrqen heteroarmtics with active methylene 

canpounds leads to ttie intrcduction of carton substituents into the heterocyclic 

On the other hand, it is s h m  that hamophthalic anhydride is also 
7 capable of reacting as an active methylene c a p ~ ~ ~ d  . 

We investigated the reaction of the hamophthalic anhydrides la,b with l-chlorc- 

isapinolines 3 , b  under reflux in an inert solvent. Fran la,b and 3 were obtai- 
ned the 8H-dibenzo[a,glquinolizin-8-es and 3b in 83 and 80% yields, res- 

pectively. 

Using this approach for the synthesis of 8H-dibenzo[a,glquinolizin-8-ones we de- 

cided to transform a suitably substituted manpxnd of the type 3, namely ic, into 

a tetrahydroprotoberberine alkaloid (C)-caseadine (4). Tne lewrotatory isaner of 
4 has been isolated fran Corydalis caseana A. Gray and several authors performed - 
the synthesis of racemic 4 using Mannich condensation of suitably substituted 

10 tenzylisapinolines . 
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For the synthesis of (?) -seadine (4) it was necessary to prepare the l-chloro- 
iscquinoline Zb having a protected phenolic function as a starting canpound. For 

this reason the easily accessible, according to the m e W  of Jackson and Steward, 
iscquinoline was treated with m-chloroperbenzoic acid to give the N-ide 6b 

in 91% yield. On treatment of gb with phosphoryl chloride, the 4-chloroiscqui- 

noline Z was obtained in 51% yield. In order to prepare the desired Lb frcm 

bb, the imarbostyril 8 was prepared •’ran gb in 24% yield according to the k n m  - 
prccedure2b. Treatment of 8 with phojphoryl chloride led to formation of the 1- 

chloroimquinoline 2b in 81% yield. 



Wan the reaction of h with the hanophthalic anhydride ib under the conditions 
already described for the synthesis of za,b, the 8H-dibenzo[a,glquinolizin-8dne 

3c was obtained in 59% yield. - 

ps it is k m ,  H~IMM and coworkers have found that quinoline N-oxide readily 

reacts with active methylene mnpounds in the presence of acetic anhydride to 

give 2-substituted quinolines, the reaction king accapanied by deoxyqenation 

of the N-ide function12a. ?he same authors have studied the reaction of diffe- 

rent arcmatic N-oxides with active methylene mnpounds in the presence of acyla- 

ting agents and have shown that it is a useful methcd for a-alkylatim of the 
12b,c heteroaranatic ring . 

On these grounds it seemed reasonable to examine the reaction of iscquinoline 

N-oxides with honophthalic anhydrides as active methylene canpounds in the pre- 

sence of acetic anhydride. Thus, by treatment of the iscquinoline N-oxide @a) 

with the hcmophthalic anhydride la in the presence of acetic anhydride, the pro- 

duct identical with the already described ?a was obtained in 55% yield. Under 

the same conditions fran the N-oxide 6b and ib a prduct identical with the al- 

ready described zc was obtained in 53% yield. 

?he relatively laver yields of 3a.c may be due to sane side reactims as it is 
known that hanophthalic anhydrides undergo acylation, dimerisation or autccon- 

6.13 densation under the influence of acylating agents and/or bases . 

In canparison with the k m  methcds for the preparation of 8H-dibenzo[a,glqui- 
8 nolizin-8-ones as the cyclization using Reissert canpounds and the Paneranz- 

Ftitsch cyclization of 3-arylisocarbosty~ils'~, the presently described proce- 

dures starting •’ran hanophthalic anhydrides and l-zhloroisqinolines or iscqui- 

noline N-oxides are convergent syntheses. 
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+ 
m e  8H-dibenzo[a,g]quinolizin-8-one Ac was mverted into (J-caseadine in two 

steps. By catalytical hydrogenation of Ac in the presence of 5% W/C, the 5,6- 

dihydro-8~-dibenzo[a,glquinolizin-8-me zwas obtained in 90% yield. m e  latter 

was transformed analogously to a known apprmch15 into the prcduct identical 

with an authentic sample (+)-seadine (4) lo in 76% yield. 

EXperimental 

All melting pints are not corrected. The IR spectra were recorded on a 
1 SPECORD 71-IR instrument using 1% chloroform solutions. The H-IWR spectra were 

taken on a TESIA BS-467 (60MHz) or BS-487-C (80MHz) or BIlIlKER SPECPIlOSPIN (250MHz) 

spectraneters using ?F1S as internal standard. 

Synthesis of the starting ccmpcunds: 

7-Methoxy-8-benzyloxyiscquinoline Ndxide (gb) . m 2.650 q (10 mwl) of 
7-rneth~-8-benzyloxyisoquinoline (2) l 1  in 100 m l  of chloroform was added 4.936 g 

(20 ml) of 70% m-chloroperbenzoic acid with stirring at ram temperature. Stir- 

ring was continued for 4 h and the resulting clear solution after standing over- 

night was chrcmatographed thrcugh a basic alumina ("Reanal") colwm with chloro- 

form. After evaporation of the solvent under reduced pressure, the resulting oil 

was recrystallized frm dry benzene/dry ether to give 2.575 g (91%) of g, mp 100- 
102T. Found: C, 72.45; H, 5.31. Calc. for C17H15h03 (281.30) : C, 72.58; H, 5.37%. 

IR 6': 1555, 1610, 1635. 'H-IWR (CEC13, 80MHz) s :  3.95 (s, 3H, CCH3); 5.14 (s, 

W ,  CM2) ; 7.2-7.6 (m, 8H, arm-H) ; 7.89 (d, J = 6Hz, lH, 3-H) ; 8.89 (s, lH, 1-H) . 



4-Chloro-7-mthcoty-8-benzyloxyisapinoline (1). To a -led solution of 

0.562 g (2 m l )  of gb in 15 ml  of dry chloroform was added 1.50 m l  of phosphe 

ryl chloride and the resultant mixture was refluxed for 5 h. After -ling, the 

reaction mixture was evaporated under reduced pressure and crushed ice was added 

to the residue. The mixture was neutralized with aqueous scdium carbnate &.ex- 

tracted with chloroform. lhe d i n e d  chloroform extracts were dried over scdium 

sulphate, the solvent was rem3Ved and the crude prcduct was chrmtqraphed on 

silica gel 60 Merck with n-hexane:ether 7:3 to give 0.307 g (51.2%) of 2, mp 77- 

7g•‹C (ether/n-hexane). Fwd: C, 68.23; H, 4.76. Calc. for C17H14CM2 (299.75): 

C, 68.11; H, 4.70%. IR an-': 1560, 1580. 'H-VAR (80MHz) 6 : 3.96 (s, 3H, WE3); 

5.23 (s, 2H, CCH ); 7.1-7.6 (m, 8H, arm-H ; 9.25 (s, lH, 1-HI. 2 

7-Methoxy-8-tenzyloxy-l(2H)-iscquinolinone (8). A mixture of 0.562 g (2 m l )  

of gb and 5 ml of acetic anhydride was refluxed for 5 h. After r-ing the rea- 

gent under reduced pressure, 10 rnl of 10% aqueous sodium hydroxide was added, 
the mixture was heated on a steam bath for 1 h, ccoled and extracted with chlo- 

roform. lhe d i n e d  extracts were washed with water , dried over sodium sulpha- 
te, the solvent removed and the crude prcduct was chrmtqraphed on silica gel 

60 Merck with ether to give 0.137 g (24.3%) of 8, mp 173-175T (benzene/n-hem- 

ne). Found: C, 72.85; H, 5.43. Calc. for C17H15m3 (281.30): C, 72.58; H, 5.37%. 

IR cm-' : 1655 (C=O) , 3400 (NH) . 'H-VAR (CD213, 60MHz) 6 : 3.73 (s, 3H, CM3) ; 5.00 

(s, W ,  CCH2) ; 6.21 (d, J=7Hz,l H,4-H) ; 6.79 (d, J=7Hz, lH, 3-H) ; 7.0-7.8 (m, 7H, 

arm-H); 11.91 (broad s, 1H, NH). 

l-Chloro-7-methoxy-8-benzyloxyiscquinoline (2b). - A mixture of 0.281 g 

(1 mml) of 8 and 5 ml of phosphoryl chloride was refluxed for 0.5 h. After coo- 
ling the reagent was removed under reduced pressure and crushed ice was added to 

the residue. The mixture was neutralized with aqueous scdium carbonate, extrac- 

ted with chloroform and the d i n e d  extracts were dried over sdium sulfate. lhe 

residue frm the extract was chrmtqraphed on silica gel 60 Merck with ether: n- 

hexane 1:2 to give 0.243 g (81%) of Zb, mp 61-63T (n-hexane/ether). Found: C, 

68.21; H 4.80. Calc. for C17H14UN02 (299.75): C, 68.11; H, 4.70%. IR 6': 1520, 

1540, 1590. 'H-MYR (CEC13, 60MHz) 6: 3.84 ( s ,  3H, m 3 ) ;  5.01 (s, 2H, CCH2); 7.1- 

7.7 (m, 8H, arm-H) ; 7.98 (d, J=6Hz, lH, 3-H) . 

Synthesis of the 8H4ibenzoIa,glquinolizin-8-ones Aa,b,c frm the hcmophtha- 

lic anhydrides la,b and the 1-chloroiscquinolines 2a,b (Methd A) or the iscqui- 

noline N-oxides ga,b (Methcd B) : 
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General prccedure for  method A: lhe honophthalic anhydride l a , b  ( 2  ml) 

was added i n  mall p r t i o n s  for 10 min t o  a solution of 1-chloroisapinoline 

2a,b (2.2 ml) i n  dry chlorobenzene (1 ml) a t  130•‹C. lhe  reaction mixture was - 
then heated under reflux for  1 h and then cooled. The solvent was rmmed under 

reduced pressure and the residue recrystallized f ran  a sui table  solvent. 

General p rzedure  for  methcd 8: lb a solution of iscquinoline Ndxide 

6a,b (2.2 ml) i n  dry chlorofom (2 ml) ,  ace t ic  anhydride (2.2 ml) was added - 
a t  roan tenperature. lhe solution was s t i r r ed  for 15 min, honophthalic anhydride 

la,b (2 ml) was added. S t i r r ing  was cmtinued a t  roan temperature for 1 h and - 
the mixture was a l l& to stand overnight. After removing the solvents under 

reduced pressure, the residue was recrystallized fran a sui table  solvent. 

The resu l t s  of the general procedures for  methods A and B a r e  sumx ized  

i n  TABLE 1. 

TABLE 1 

Prcduct Yield[%] mp [ T l a /  I R  (CHC13) I H-rn 

3a b/ 83.4 55.1 146-148 - 1655 6.49 (d, J=8Hz, lH, 5-H): 

((3H30H) 7.0-7.6 (m, 9H. aran-H + 
13-H); 7.9 (brmd s,lH, 9-HI: 
8.43 (d, J=8Hz, 1H. 6-H). 

3b 80.3 - - 197-199 1650 3.98 (s, 6H, 2 0 3 ) ;  6.60 

(CH30Haa3 (d, J=8Hz, lH, 5-H); 6.81 + 
7.18 + 7.70 (3, 3H, arm-H + 
13-H); 7.3-7.6 (m, 3H. aran- 

H ) ;  7.9 (broad s,lH, 9-HI; 

8.76 (d, J=8Hi, 1H. 6-H). 



3 c e /  58.8 53.2 184-185 - 1645 3.87 + 3.95 + 4.01 (3s. each 

(C?I3OH43iCl3) 3H, 30CH3); 5.02 (S, ZH, O X 2 ) ;  

6.41 + 7.10 + 7.83 + 8.52 (4s. 

5H, a r m  + 13-H) ; 6.56 Id, 

J=8Hz, 1H. 5-H); 7.2-7.7(m, 

5H, C6H5); 8.50 (d, J=8Hz, lH, 

6-H) . 

a/ Mixture mp of prcducts obtained according to t h e  m t h d s  A and B not  depressed. 

b/ Found: C, 83.44; H, 4.73. Calc. for C1,HllNO (245.27): C, 83.24; H, 4.52%. 

C/  it.' mp 143-145•‹C (CH30H). 

d/ Found: C, 74.61; H, 5.14. Calc. for ClgH15W3 (305.32): C, 74.74; H, 4.95%. 

e/ Found: C, 73.37; H, 5.25. Calc. for C27H23N05 (441.46): C, 73.45; H, 5.25%. 

Transformtion of 2 c  i n t o  I?)-caseadine (4): 

l-yldr~-2,10,11-trimeth~-5,6-dihydro-8Hinzo[a,glinolizin-8e (9).  
A solut ion of 0.884 g (2 ml) of 3c i n  50 ml of chloroform was c a t a l y t i c a l l y  hyd- 

r q e n a t e d  i n  the presence of 5% W/C a t  ordinary pressure  and temperature to give  

0.614 g (90%) of 9, mp 261-263'C (chloroform/methanol). Found: C, 68.11; H, 5.15. 

Calc. fo r  C20H19N05 (353.36) : C, 67.98; H, 5.42%. I R  6' : 1645 (C=O) , 3500 (OH). 

'H-rn (CCC13, 60MHz) 6 :  2.78 (t, J=6Hz, 2H, 5-H); 3.83 (s, 3H, CCH3); 3.92(s, 6H, 

20CH3); 4.27 (t, J=6Hz, W ,  6-H); 6.63 Is, lH, OH); 6.69 + 6.70 + 6.87 + 7.63 + 
7.75 (5s,  5H, arm-H + 13-H) . 

(+)-seadine (4). A mixture of 0.353 g (1 ml) of 2 i n  12 ml of d r y  chloro- 

form with 12 ml of phasphoryl chlor ide  was refluxed f o r  0.5 h, -led and t h e  

react ion mixture evaporated under reduced pressure  to give  a prcduct,  which was 

dissolved i n  30 ml of dry  methanol. m t h e  m l e d  methanolic so lu t ion  0.456 g 

(12 ml) of scdium brohydr ide  was added i n  por t ions  with s t i r r i n g .  The react ion 

mixture was s t i r r e d  then a t  roan tenFerature for 0.5 h, t h e  solvent  was d i s t i l l e d  

o f f ,10  m l  of water was added and t h e  crude prcduct was ext rac ted  with chloroform. 

l b e  d i n e d  chloroform e x t r a c t s  were d r i ed  over scdium sulphate  and t h e  solvent  

rerraved under reduced pressure.  'he residue was ch rmtographed  on silica g e l  60 

Merck to give  0.258 g (75.6%) of 4, mp 90-92•‹C (etherfiexane). Mixed mp with an 

authent ic  sample of ( f)  -caseadine1O was no t  depressed. Found: C, 70.42: H, 7.02. 

Calc. f o r  C20H23W4 (341.39): C, 70.36; H, 6.79%. I R  an-': 2755, 2785, 2815 (Bohl- 



mnn bands), 3545 (OH) 

3CCH3), 4.25 (dd, J=ll 
6.54 (2s, each 1H. 9-H 

. 'H-N?~R (C6D6, 250MHz) s : 3.20 + 3.38 + 3.49 (3s, each 3H. 

.9 and 3.3H2, lH, 13a-H): 6.44 (d, J=8.3Hz, lH, 3-H); 6.43 + 
and 12-H); 6.62 (d, J=8.3Hz, lH, 4-H). 
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