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OXIDATIVE NITRATION AND BROMINATION OF BERBIN-&ONE 
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74. route du Rhin, B.P. 24, 67401 lllkirch, France 

Dving oclr synfhetic wuk of bertine ring system. 1-4 we took a yeat interest in the chemical propeniee of the berbin-&one 

u 5.6.13,13%t~ahy&e8H-dbenz~a,g]quinolirin-&one (1). In anemptingto nhate this heterocycle we observed that a 

radcal reaction took @ace to aflud an oxidative niuatian in the benzylic position 13. We r e p  here the chemical study of 

the reaclion mechanism and the fulher derivatives obtained this way. 

Under appopiate r e a c h  candtions of nhation. uang niaic and suHuic adds in acetic add m&um as desaibed in the 

experimental pat, W n - & m e  (1) cwld be uansfumated into the Ihh~13,13%dehy&o derivative (2) in good yield. 

The wuctwe of the rearlting niuo compwnd (2) was determined unambiguwsly tom the Nnm and i spenal data 

(Scheme I )  

Scheme 1 
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Induced by this interesting result, we have invesugated the possible mechanism of this elleft. Examination ol the reaction 

behavia suggested thal fi may be expained by a radical mechanism. Thus, after mme period ot induclion, the reacllon 

stated pomptly. The temperatue rised while evdullon of nitcus fumes was observed. On immedate d i n g  the nivo 

compound (2) ~ ~ ~ a i e a  in the m&m So we investigated the kinetic study dealing n4th the effects ot nhic add, 

radcal initiatas and inhibnas, temperawe, acidty, on the rate of the oxidative nhation (Table 1). 

Table 1 - Result@ of the induction period& and the yidds of the oxidative nibation in the 

peaence ot vsricus added compounds. 

Added cornp~lnd Quantity Induction paid Yield 

min % 

Conc HNOQ 1 equivalent 17 52 

Conc. HNOQ 2 equivalents 18 87 

Fuming HN03 2 equivalents 8 81 

Benzoyl peroxide 1W mg 15 81 

Az&msobut)~onmile 100 mg 17 83 

Hy&oquinone 2im "'9 12 84 

P c r d  200 mg 10 85 

NaN02 10 mg 4 83 

NaN02 50 mg 1.5 82 

Urea 120 mg no reaction 0 

NO2 gas excess 0.5 82 

Li@t 18 85 

W C  4 85 

no H z S O ~  40 78 

a m e  values are the means of at least five experiments. 

bThe periods were determined when 2 bepan to pecipttale 

The induction period was about 18 min with concenuated nihic acid solution at 3UC Addtion of an initiata of radica 

reaaion, like benzoyl peroxlde a n,rr'-azobisisobotyroniuile d d  nor change this period. AndOgOUSly ilradlatim ot me 

medium wtm a low pessure merwy lamp did not reduce the inacllon time. Radcal inhibitas arch as hydoquinone a 

w e s o l  were also capable ol initiating the reacllon. But a small amount ot sodium nWe stated the reacllon smoothly, 

while me reaction 6 6  not ocnr by the amion  of vea. a scavenga of free radicals5 These results sbongly suggested 

that the initiatas were nihws oxides (N02, N204) wh~ch are tree stable radcal entitles. mese oxides a e  commonly 
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pesent in commerdal nhic add. As a matter d fact the &ecl bubbling of niwws dioxide gas from a cylinder into the 

audc medum poduced an immediate effect. 

The commerdal fuming nhic add which usualy possesses n h w s  vapcrs re&& the in&ction period. The effect of the 

concentration of nhic add was examined and it was &ermined that two equivalents of nhic add were requued f a  this 

wansfamation. Indeed the readion time was accelerated by inaeafdng the admy of the medum. In absence d suk i c  

acid the induction time was hvlce longer. The temperature dependence was also studed. Act idon was cmmderably 

high when the medum was heated to 5LYC. 

Thus the possible mdanism of the ovldative nitation is as follows: 

& \ 0 1 O=N-0 - H '  & \ 0 - HNO, @ \ 0 

Scheme 2 

That niwogen doxick is an effedive iniuata implies that il may be the attacking species."e rewiling radical famed from 

the berbincne at the 13a position is stabilized by extensive delocalization of the free electron. This latter can react and be 

oxidzed by nitric acid to affad the dehy&oberbincne (9). The semnd step is ionic. The rewiling intermedate (9) is 

rapidly niirated with a seccnd equivalent of nitric acid. ktually the compound (9). obleined in enolher mmer ,  rmld be 

eaaly niaated in thee same condnions to gve the niwo compound (2) (Scheme 4). 

In ads to umfrm this radcal mechanism we have studied the action of the N-bromawccinimide wlth the berbin-&one 

(1). The reaction ~oeeeded in the same way. In rresence of two equivalents of NBS the berbinone (1) was oxidized and 

bominated at the 13 postion to affad the 13-kom~13,13a-ckhy&oberbin-&~e (3) in good yield (Scheme 1). Likewise 

the 13,13a-dehy&oberbinone (9) reacted with one equivalenl of NBS to gve the bomo compound (3 1 (Scheme 41.' 

We were also interested in the pctential of this synthetic rwte by hniher chemical transfamations of the nitro compound 

(2). The nitro youp could be reduced by zinc in acidc mechum to gve the 13-amino analogue (4). On treatment with 

chromic add this latter was oxidzed to the 13a-hy&oxyberbne8,tkkne (5). Alter sodium bcrahydrde redudion in 

methandic sduijcn the end derivative (6) was isolated which cwld be reoxidzed to compound (5) (Scheme 3)8 
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Scheme 3 

The active ethylenic dcuMe bond has been selectlvdy reduced with sodum bcrohy&ide in hot elhand to the paaid 

satuated nitro compound (7). lhenredced to the amino derivative (8).  The 13,13edehy&Gb"hnone (9) was the mt%n 

product when this amine was made to react with niwous acid (Scheme 4). 

Scheme 4 
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The sterwchemisay of the panial saturated niiro compound (7) was determined from the IKnrrv spec(re.1 dw. As a 

maner d lac1 the vlcinal mstant wpl ing (AB type) between the pMms of the 13 and 1% p i l i ons  indicated a oir 

confipation as described f u  the l%rnethyl-berbin-~one.~ Maeover the pesence of sWmg Bohlrnann bands in the i 

specaum indcated that the hyrtogen atom in the 1% position is behind the mdewle plan. 10 

In conclusion ou results ere relevant in the findng of oxidative nibation and tromination of berbin80ne by a radcal 

mechanism and d the development d symhetic appl~catjons far i n 8 ~ h d n g  variws funnionnal qwps at the C-13 

pcsltion of the kbinone heterocycle. 

EXPERIMENTAL 

Melting porn& (uncmected) were taken on a Kder hot stage w a t u s .  Infrared @a were obtained on a W m a n n  

IR 4230 specaaphdometer. IH-Nnv specb.a were taken on a Bruker AC XY) nnv @ometa. Analyses were perfamed 

by Cent. Serv Miacan Vernaim. All Uc were perfamed on Merdc silica gel F-254 plates ( chluokrm - ethyl acetate, 

t:l). 

Oxidative nkation of the berbinone to i%nke5,&dihv&b8Hdbenzd 8.0 Iwindizin-&one (21 - The experiments 

summerized in Table 1 were cmied oil accadng to a standardzed pmedure. In (lacial acetic acid (30 ml) was 

dssdved kbin-&one (1 ) (2 g, 8.03 mmd). 1 To this slired solution was added successively carcenirated HN0 j (1.2 ml, 

77.33 mmol) and concenirated H2SO4 (2 ml. 37.5 mmd). The minue was kept at W C  in a water bath until the 

temperanre began to rise. Then the sdulion was immedately coded to 2SC in cdd water and nivo compcund (2) s h d y  

pecipitaled (18 min). Then the mixtrre was allowed to stand at rwm temperature la 30 min. Water (M ml) was added 

and the pecipitate was isolated by liliration, washed '& water and & id .  Reaystallization from acetic acid gave yellow 

needs of 2 (2.04 9, 87%). mp 23SC. b (KB): WSJ 1665, VCS 1618, W2 I518 ~ t l - l .  IH-Nm (CDCI,) 6: 3.05 (1. J5,6= 

5.8HZ,2H,H5);4.31(t,J~,6=5.8HZ,2H,H6):7.35(m,2H,H3,4):7.51 (td,J1,2,3=67HZ,J2,4=12HZ, IH,H2):7.61 (m. 

3H,H7,10,12):7.76(td,J1o,t1,12=6.3Hz, Jg,11=14Hz,lH, H11):852(W, Jg,l0=7.4HZ, Jg,~t= 1.4Hz.IH. H g ) m  

Calcd f a  CnHtzN203: C,6985,H, 4.11;N, 9.59. Fcund :C,69.99;H,4.08;N,9.52. 

Oddative tromination of the kbinone to 13-home5,6-dhv&b8H-mbenzda.ololindizin-&one 13) - Bsbm-&me (1) 

(2 g, 8.03 mmd) was dasolved under rdux  in CCk (103 ml). N-Bromowcdnimide (2.90 g. 16.29 mmd) was then added. 

ReRux vdC sliring was continued f a  1.5 h. The mixtue was ccded, filtered and the liltate was evsparated to &peas 

The sdid residue was reuysrallized tom cydohexane to give h e  homo compound (3) (2.07 g, 79%). mp 1WC. Ir 

(CHCI 3): VCSJ 1640, VC-C 1615 CmSt. I K N m  (CDCl3) 6: 2.9511, Js j= 6.0 HZ, 2H, H5): 4.30 (1. Js,6= 6.0 HZ, 2H. H6): 

7.27-7.45(m,3H,H~41;7.57(td.J9,10,11=7.OHZ,Jt0,12=l.1HZ,lH,HtO):7.TI(td,J10,1t,12=7.0HZ,Jg,1~=1.4H~,lH, 

H71):814(W. J I , ~ = ~ . ~ H ~ . J I , ~ = ~ . ~ H Z . ~ H . H I ) : ~ . ~ S ( W .  Jt1,12=82Hz. Jto,12=l.4Hz.lH. H72):8.50(dd. Jg,10=8.2 

Hz,Jg,11=1.4Hz,tH, H9)Aal.n CalCdfWC17H12NOB:C,52.58:H,3.68:N,4.29.FWnd:C,68.66:H,3.51:N,4.Z. 



I>Amine5.&dihv&c-8 H-d ibenzda,~ Icuindizin-&one & - To a sdulion of nit0 compound (2) (2 g, 6.85 mmd) in 

acdc add (a ml) and water (5 ml) was added zinc p d e r  (2 g, excess). The mixture was b e d  at 505SC in a water 

bath la 1.5 h. Then excess zinc was filtered, the filtate was evapaaled m m a n d  the residue was teated h water 

(25 ml) to aystallize the amino derivative (4) which was isolated by fibation. washed mth water and hied. 

ReaystalliZaIM from emand gave yellow brown needles (1.7 g. 95%). mp 1WC decomp lr (KB): w2 3420 and 3350, 

CQ 1640. W c  1610 cm-l. I K N ~  (CDC13) 6:2.92(1. Js j=  5.6 Hz, 2H, H5); 3.75 (m, 2H. NH2): 4.30(1, Js,p= 5.6 Hz, 2H, 

H6):7.26-7.42(m, 3H, Hl,3,4):7.55(1d.J1,2,3=8.0 HZ, J2#4=3.5 HZ, 1H, H2);775(m. 2H. Hl0,11):803(d, J11,12=7.4 

Hz. lH,H12):8.55(d,Jg,10=7.9Hz, lH,Hg) .BnaLCalCdfaC~~H~~N~O:C.TI .B6:H.5.34:N,10.69.Found:C,~.~:H,  

5.48; N, 10.76. 

l~H~&ox~-5.6.13.13at&ahv&e8 H-dibenzd8.014uindizine8.1M~e 6 )  - Amino compound (4 ) (2.5 g, 9.54 

mmd) was dssdved in a mivlue d acetone (30 ml), Water (30 ml) and concentrated HCI (5 ml). This solution was added 

&opuise f a  15 min under slrring lo  a solution oi pokassium dhromate ( 285 g, 9.67 mmd) in water (1M ml) and 

concentated HCI (3 ml). ARer the addnron was complete, the reaclion m i m e  was allowed lo eland at room temperatwe 

f a  10 min. The resulting pecipitafe wan isdated by fibation, washed with wafer. Puification was cmied out by 

hromatoyaphy on silica gel using CHQOHICHCI~ (1 :9) as eluant to d a d  rose cdoued plates oi compound (5) ( 2.56 g, 

79%). mp 16XC decomp lr (KR): wi 3320. vcs(ket0ne) 1715, vc4amide) 1625 cm-I. IH-Nm (CDC13) 6: 2.85 (ddd, 

J*sb=165HZ, J5b,6b=4.4HZ.J5b,&=l1.3HZ, lH, H5b):3.18(ddd, J*sb= 16.5HZ. J*&= 12.5 Hz. J5q6b= 5.9 HZ. 1H. 

H5a):3.69 (Id. J5,&6b= 12.5 Hz. J$b,6b= 4.4 HZ. IH,  H6b): 4.38(s. IH. OH): 4.87(ddd, J&bb= 12.5 HZ. J*&= 5.9 Hz. 

J5b,&=1.3HZ,lH, H6a); 7.17-7.37 (m, 3H, HZ-4): 7 4 4 W  J 1 p 8 . 3  HZ, J1,3= 1.9 HZ, lH, HI): 772(1d, J10,11,12=7.4 

Hz.Jg,11=0.8Hz.lH, H11):7.?7(ld. Js,10,11=7.4Hz. Jlo,12=0.8Hz. lH. H10):807(W. Jg,10=74Hz. Jg,11=08Hz. 

lH, Hg):8.23(W, J11,12=74Hz. J I ~ , I ~ = O . ~ H Z , ~ H , H I ~ ) . B ~ ~ L C ~ ~ C ~ ~ ~ C I ~ H I ~ N O ~ : C , ~ ~ . I ~ : H , ~ . ~ ~ :  N, 5.02. F m d :  

C,n.98;H.4.82:N,4.94. 

13Hv&ox~-5.&dhv&be H-&benzde.ala~indizin-&one (6) - Me* dssolving compound (5 ) (lg. 3.58 mmd) in 

methand (30 ml), sodum bcrohy&ide (O.lg, 2.64 mmd) was added palianwise f a  10 min. Afler the addtion was 

complete !he mixture was allowed to sland at room lemperatue f a  30 min. Then water (30 ml) was added to pcipitale 

the end compound (6). Reaislallization from &and gave pale yellow n e e d s  ( 0.90 g. 95 %), mp 240% decomp. lr 

(KB): wi 35M), V&o 1635, W c  1610 cmTr. IH-Nm (CDCI3) 6: 2.17 (1, J5,6= 5.7 HZ, 2H. H5): 3.41 (1, Js,6= 5.7 HZ, 2H, 

H6):657(m,3H. H>4);6.67(1, J1o,l1,12=7.4Hz, IH, H11):7.M)(1. J10,1i,12=74Hz, lH, H10):7.28(d, J1,2=8.05Hz, 

lH, Hl):7.52(d. J11,12=7.4Hz,lH,H12):7.67(d, Jg,r0=74Hz, lH, Hg):812(s, 1H. OH).BnaLCaIcdfaC17Hi3NOz: 

C, 7756: H, 4.94; N, 5.32. Found: 77.52 H, 4.78: N. 5.43. 

Oddation oi the end comwund 161 - End compound (6) (1 g, 3.80 mmd) was dssdved in acetone (25 ml). The m i m e  

was added hopuise f a  10 min under stiring lo a sdulion d paassium dhromate (1.15 g, 3.91 mmd) in water (30 ml) 
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and concenb'ated HCI (1 5 rnl). Alter a m o n  was cornplele the reactlon mivtue was allowed to stand at rmrn ternperatwe 

f a  10 min. The resuhg pedpilate was separated by fillratian, washed wth Wff and pril ied by ckornmoqaphy on 

silica gd using CHQOHICHCI~ (1:9) as eluant to give 5 (1.0 g. 94 %). Physcal data were the game as those described 

above. 

13-Nibe5.6.13.13a-teUahvheB X-dbenzdaal4uindizin-&one (71 - A mintre d nilro c o r n p n d  (2) (59, 17.12 rnrnd) 

and elhand (50 ml) was &ed under reflux f a  M rnin. Then fhe sdthon was eMpaated to hyness and the residue was 

dssdved in tepd water and the 4 t h ~  was filtered. The fillrate was acidfied witb 10% HCI to pedpitste the niao 

derivate (7) which was iedated by Viation, washed with water and &ied Reaislanizatim from wbutmd gave pale 

y4lOW plates (4.08 g. 81%). mp 130132C decomp. lr (CHC13): W=o 1655. W 2  1535 a - 1 .  IH-NnV (CDC13) 6: 2.70 

3.32(m,3H,H5a,%,6b1:5.13(m.1H,H6a);5.47(d.J13,13a=4.0H~. 1H, H13al:6.00(d. J13,1&=4.0 HZ, 1H. H13):7.22- 

7.80 (rn. 7H. HI-4,1012): 8.31 (dd, Jg,to=8.1 HZ, J9,11=2.6 Hz, IH, Hg). &I& Calcd f a  C t7H~N203:  C, 69.39: H. 4.76: 

N, 9.52. Found:C, 69.54:H, 4.48: N, 9.71. 

13-Arnim5.6.13.13kt~ahvheB H - d b e n z d a a l a u i d ~ z i k & ~ e  (B) - In a m i w e  d nib0 c o m p n d  (7) (4 g, 13.60 

rnmd), acetic acid (2 rnl), cmcenaated HCI (9 mi) and wafer (30 rnl) was added pmimvvise zinc parrder (3 g, excess). 

The ternperatwe of the r e a c h  was kept at W5SC f a  1 h. Then the exceap zinc was filtered, the fillrate was made 

alkaline wnh cmcenaated N h O H  and e&acled w& CH~CIZ. The aganic layers were waahed wth watw. hied 

(MgS04) and evapaated to hynesa. The d i d  residue was reayslallized from emand to affad cdaleas plates d 8 ( 

1.83 g, 51%1, mp tO521UC. Ir (CHC131: W 2  3580 and 3315. WS 1630 ~rn-~.~H-Nmr (CDC13) 6: 1.27 (8, 2H. NH2); 

2.W3.22 (in, 3H. H5a,%,&l: 4.17 Id, J13,t&= 2.4 HZ, 1H. Hi3a): 5.02 (rn. 2H. H6b.13): 7157.66 (m. 7H. Hi-4,1&?2): 

8.16(dd, Jg810=7.4HZ, Jg,t1=14Hz,lH, Hg).&I&Calcd f a  Ct7HtsN20: C. T1.27: H. 6.05; N. 10.61. Fwnd: C. 76.96: 

H, 6.18; N, 10.43. 

5.6XIihvhe.8 H-dibenzda.alwindilin-&one 191 - A d u t i m  d amino c o r n p n d  (8) (1.5 g, 5.68 rnmd) in 10% HCI (30 

rnl) at DSC was added hopuise f a  10 rnin to another adulion of sodurn nwne (0.395 g, 5.72 rnmd) in water (10 rnl). 

Alter addtim was complete the resukjng pecipate was isdaed by fillration, washed wnh water, hied and reayslallized 

from cydcheme to 9ve the d e h y h m m e  (9) (0.393 g, 28%). rnp 1WC ( l i l t  1 0 ~ ) .  Ir (w): vc.0 1640. VGC 

1615 ern". l H - N ~  (CDC13) 6: 3.03(1. Js$= 6.2 HZ. 2H. H5): 4.4011, Js,~. 6.2 HZ. 2H. H6): 7.0519. 1H. H13): 7.257.45 (rn. 

3H. H1,3,4):751(td. J9,10,11=6.5Hz. Jfo,12= 1.8Hz. IH, HIO): 7.581dd. J1tJt2=6.2Hz. J1o,t2= 1.6 Hz. IH. H12): 7.62 

(td.Jto,tl,l2=6.5Hz. Jg,tt=1.6Hz.lH. H11):7.70(td. J1,2,3=6.1Hz. J2,i=l.9Hz,lH. H2):8.45(@. Jg,to=8.OHz. Jg,t~= 

15HZ. ~ H . H ~ ~ . B ~ ~ L C ~ ~ C ~ ~ U C I ~ H ~ ~ N O : C . ~ ~ . ~ ~ : H . ~ . Z : N .  5.67.Fwnd:C.82.63:H. 5.33N.5.53. 

Nitation of the dehvhobertdnone 191 - To a solutim of compound (9) (1 g, 4.05 rnmd) in acetic add (15 ml) were added 

wcce&vely mneenaated HN03(0.3 rnl. 4.33 rnrnd) and concenaated H2S04H rn1.18.7 rnrnd). The seprrated aptale of 
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2 were cdlecled and recrystallized horn acetic acid lo y e  yellow needes of 2 (1.16 g. 98%). Physical data were lhe 

same as those exhibited by lhe nlao compound (2). 

Brominalicm of h e  dehv&ukhncme (9) - Dehy&oberbin-Bone (9) (1 5 g. 6.07 mmd) was dswlved in CCk(60 ml) and 

N-trommcdnimide (1.10 g. 6 . X  mmd) was added. The mivtue was heated under reflux for l h .  lhen coded and 

liltered. The fikaie was evapaaled lo &yness. The solid r&&e was recrysrallized from cydohexane to give the tromo 

compound (3) (1 90 g, % %) Physical data were lhe same as lhoae desfflbed above. 
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