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m i a  paper reviews the various synthetical methods for the prepars 

tion of the two angular be.eol.,gs of auinolizinlum *ons.Ths bast method 

involves the irradimtion of atyrylpg.ridinium salts and stilbasolea for 

the preparation of beneo(a)- and benao(c)quinolizinium salts respsative- 

ly. Some of the alkaloids containing benzoouinolisine syatam are also 

reviewed. Various reactions of the two benmlogs are aleo discussed. 

 he aationoid nrmatics or. their aromstioitr to the orletanca ~ f '  a hetro atom in a higher 

valenae atate. Simple snd familiar examples of such ayatems are the pyril~um (l,X=O) and 

thiappillium (1, X=S) aslts in which a CX of the bansane ring is raplsosd b7 an oxonium 

or svlphonium linkage. The aimpled aromatia system inaorporating the mmoniu. nitrqen is tho 



su ino l i dn luo  mvoleus (2) The wen m a l l a r  group of wholly a r m a t i o  quinoli%inium s a l t s  

oonsiated of e few oompler oampounds, uhlch, r i t h  tha arcaption of the  tstrauarbomstho~uino-0- 

l i s i n i m  derivative# of D i s h  and Alder war. t a t raoyol ia  in  nature. 

Of the  three  bsorologm of the  q ~ i m ~ l i ~ i n ~ m  ion, only the  ~ e a d i l y  available aoridi-  

rinium ostion has been atudiad i n  d e t a i l  and hsn bsea ravi.wed maant ly  . 
Bradsher a t  al .  have usad t h e i r  well knom method of oycladehydratian t o  the  s&h- 

.aim of the  two anglllar banaoquinolisino aystoms and it i s  our aim t o  review the  work dona 

by various raeaamh group. in  t h i s  par t iov lar  f ie ld .  

syntheaia of the  ~ .nso(a)qulnol i s inIu .  System 

The f i r s t  general method l1 fo r  t he  ayntheeia of simple phsnanthrldiainiu.  derivatives 

(3-9) involved tha qoe r t a rn i s a t~on  of 2-phewlpyridine o r  s derivative with an appropriate 

halooarbony1 derivative,  a f te r  uhioh tho r e su l t i ng  s a l t a  (10-16) wars usually oyalisad i n  

bo i lmg  hydrobromio aoid ''-I4 . Tho s a l t  14 famed by reaetion of iodoaaetone with 2-(2- 

much more d i f f i a v l t  t o  r ya l i a s  thao did its %aomsr 12 and 13. The 

CHz 
I1 
CR 
II 

R 

0 

R1 
R goup not othsrxlae designated a re  hydrogen 

3, R = C H  
3 

4, R = C  n 
6 5 

5 ,  R = It1= CH3 

6. R=%= Cn3 

7. R = R  - CH 
3- 3 

8, R=CB3, R 2 i  0CH3 

9, R =  CH,, R 4 ~  OH 

p)?.idiniu. s a l t  (12) afforded only a 9 $ yie ld  of l,ll-dimethylphenanthrid1~1nim bromde (7) 

while under aoolparable oondltions the  s a l t  12 gava a 71 $ yie ld  of 1.9-dinattlylphsnanthri- 

d i s in lu .  bromide (5). Cyolisation para t o  a methowl group gave a 50 $ yie ld  of 8 i n  only 

3 minutea 15. Thla o l ee r l y  indioetas tha t  the  preaanoa of s methyl group on i l re  phanyl riw 

did n o t  i n t e r f e r e  r i t h  th. ~ p l i ~ ~ t i ~ ~  eroept when i n  the  ortho p o s i t i m (  14.R = CH ) 
12 

3 3 

i n  which oese the  l o r  y ie ld  oould be antiaipnted,  bsaauaa, r ing  A and C have 
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phenanthridisiniu. pmhlora te  (20) i a  appuantly dme t o  aterio inhibition andm o a p a r b  

12 ble $0 that of 7.11-dimethyl anal% (@) -ported pnv iooe ly  . 
l%s resl l lts  - mmerised i n  Table I. 

M s l s  and 0-workers 17'18nre the first reaesah workera t o  prepare t s t rmarbor thoq-  

phsaaathridisiaim aalts ,  int the method was too oolplioated clnd is not suitable for the 

pmparation o f  simple analwe. 



6 6 h r .  12 

50.5 hr. 12 

0.05 hr. 12 

50 hr. 12 

24 hl.. 14 

24 hr. 14 

24 h*. 14 

65 hr. 14 

This method was extended t o  the  s p t h e d s  of naphtho[2,3-a]quinoliziaiu.l sslts. Alkyalk  

t i on  of the  methylane group o? 2-aostonyll.or ~sth~l -2-ao . toaylpp' id i11e  (2Oa) by 2-phewl- 

1-b-opropara i m  +ha presaao. o aodiun h*rida n m l t s d  i a  the  formation of ketone (20b). 

Cyoliaatlon of the k-toma with pol3mhaaphorio s a id  afforded 3,&dih@~o.aphthsla1.s (200). 

Deh+wenatiox of 200 over palladim-ah-osl followed by ouarCsrniaetion with ohloro- 

aoataldorim gave (20d),whioh, oyolissd i n  oono.ntrated h7dmohloric aoid t o  y ie ld  tho 
R. 

0 C 

PPA 

'I@" .ClCH2CH=NOH CH, 

I 
y 2  

R 2  C H  II & 
2 0 d  NOH R~ 

+ 

R 2 R 2  CH 
I I 
NOH 
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Bradahar s l d  rerringtom l6  iatroduoad 1 oarbony1 sunotion i n t o  the ph.asathridizinium nuo- 

leu. bJ. qnartsmioatiom 2-pbenglppidins with methrl 6-bromoledine te .  C p l i a a t i o a  of the 

qnarteraary a a l t a  (22,23) i n  Qdrobromio acid was a l m r  ( 6 1 6  days) se oompsnd t o  the  o p -  

l i s a t i o n  of 1-soatoayl-2-pyridlnim s a l t s  (2-3 days) 12.A. methyl group i n  the ortho posit ion 

of the  phanyl r ing  (21, R CR ) f a i l ed  t o  give the  o p l i a s d  product a w n  anar  a reflux pe- 
3 

r i d  of 15 daya.mia mst b. 611. t o  the  faot  t h a t  the methyl group a t  posit ion 2 impdee 

th. aohisvemsnt of the ooplanari+y a s s ~ ~ t i a l  f o r  oyalisation.  Uom-r, i n  nearly a l l  a p l i -  

aations,  unop l i a sd  ke to  ac id  (23) ran racovered along with the c p l i s s d  p r o b o t  (24). E s t e h  

f ioa t ion  of the new aoida ( 24-26) i n  absolute methanol or ethanol occurmd i n  good Jield. 

CO(CH,), C O O R  1 11 

On the other hand, quarternary a a l t  obtained from 2-(1-naphthy1)ppidino and5 -brom& 

lavul ina te  rhea ~ p l i ~ ~ d  gave a new o~npound (27) w g c a t i n g  t h a t  oyclisation hss  oaanrrad 

i n t o  the alpha posit ion of the naphthalene r ing  t o  form s seven msmbsrsd r ing  r a the r  than 

i n t o  the  beta poeition t o  f o m  e d r  memberad ring. On the other hand gusr ts ra taa t ion  pmduat 

(28) obtalned lg reacting 6(3,4-dinethox~ph.wl)phen811thridinn with methyl- -bromols- 

l i na t a  on heating with hydroohloric aoid underwent a cleavage ra ther  than o p l i a e t i o l .  



The apsotral  data aho*.d the  ompound t o  haw the  s t m o t w e  of 6(3,4-dimethoxyphen0.1)- 

phmanthddis ine  Wdroohlorid.. 

The r a m l t a  an mmsris.d i n  Tabla TIT. 

TABLE 111 

Cmpound R' A Yield $ C p l i s i n g  Time d a ~ s  
nwbr ~ g a n t  

1. A A 34.5 RBr 16 

2. R 
e C A 3  54 RBr 6 

3. R 10-CA3 45 RBr 6 

4. R 11-CH B BBr 15 3 

a) s t a r t i n g  material was r t loownd i n  39 $ Tie ld  r i thrmt ge t t i ng  amy 0plia.d prodnot. 

C l m r  and Jonaa l9 amthes iaed  pheaamthridisimiu. s a l t  hy reaoting 1-c).moieoooinoline 

with >.tho-o~lmagna.iun bromide and the  ketone (29) than obtained was o p l i m d  t o  give 

the  oornaponding o s l i o  bromide (30), rhioh was aonverted i n  boi l ing  aoetio *bride i n t o  

the phonanthridisinium s a l t  (31) 19. 
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Compmd - R2 R X Ref. 
nymte? - 
1. 0-CE - 0  H I 21 2 

2. 0 -cn 2 - 0  H m 21 

3. OHe OMe A 01 21 

4. OWe OMe C 1  21 
CE3 

5. OM* O m  CE I 21 
3 

6. 011. OM* A P 21 

7. 0 - cn 2 - O  A Br 21 

Amother method f o r  the  preparation of phenanthridisinilu system involved the rsaotion bt 

reea 3,4-dimethoqphemaoyl bbronids and piperidina.The r a m l t i n g  ketone (35) warn nduoad with 

t o  the oorrssponding aloohol (36).0xidation of the mino aloohol furaiiehsd laa tsn  

aloohol (37).whioh on tmatment with phoaphoryl ohlerids gave tstrshydrobn.o(s)- 

suinolisinium ohlorid. (38). On the other hand hy&oganolysis of 37 followed by riw 010- 

saw h.r~&obnzo(a)quinoli%inii ~ a l t . ( 3 9 ) . ~ ~  . 
h o t h e r  route t o  the phsnanthridisiniu.  ion i a  the r ing  oontraotion of p~r id- [2 ,1-~mnm- 

[ f l - 1 , ~ t h i a m p i a i u .  perohlorates (39,40).'~ When these mastanoaa ara t rea ted  with hydroen 

p ro l i d .  aad eoetio aoid ,de th iovls t ion  oooura sfrordlng phenmthridisinium s a l t 0  (41,42). 
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m i d  ruder the usuo'l oonditioms,ras n o o a r a d  unchsnged. 

Tm e simslar swrimomt .mbst i tu ted  phonantbridiriniu.  s a l t s  n r a  prepared ia 24-40 $ yields.  

It was a l so  demonetrated t h a t  the  f i r s t  s t ep  i n  tha  oridation praosaa i a  the  formation of a 

0 
mlfolida,whioh on h a a t i q  first a t  56 and then a t  1 0 0 ~  for two hours gave the daaired 

products i n  remooable yielda 24125. 

Ths strongest  support tor  avltoxids hTpotbasis ie found ir tho work of S-t aad A l f o b  

no 2628 i n  rhioh it vea denonstrsted thst the  mlfozide  of 2,>diphen).ldithiadiene or d i b r  

~~~l-thi&4,~dias~2,4,bo~oloheptttrie11. mlfo r ide  (a), a a tmo tu r s  o l o s e l j  n l a t a d  t o  

0 0 
t I 



the  intamadiat .  (45) proposed i n  thm prsaent a t u q ,  on heating xonld undergo mlphuhur 

.*nomiom. A sulforide intarmebiate has  a lso  been proposed 29 t o  explain rt lesmt one 

other example of mlphur s l t m a i o n  brought a b u t  by the aot ioa  of aos t io  aoid and hydrogen 

proxido.  

To a t u q  rur thar  the effeot  of auhatituenta on the sulphur e r tms ion  rsaa t ion  , o p l i s a t -  

ion of the  qnartarnar).  iodide^ (46) gave the  oornsponding phenanthr id iz ia iu  p roh lo ra t ee  

25 
(47) i n  23 t o  37 b yie lds  . The aulphide ir xhioh the  n i t r w n  of the  p p i d i n s  r i ng  haa 

txo ortho substi tuents f a i l e d  t o  form a quarternary s a l t  even d t e r  a i r  months,whioh has bssa 

a t t r i bu t ed  t o  the s t e r i o  eifeat3'. 

Q ~ & ~ ~  / \ N ' R e  CH3COCH21 R2es&u6 \ N  R3 R3 +\cne R5 

R 4 R 4  I x- := 0 

4 6  l H 3  
2 .  HC104 1 1 .  P P A  

4 7  
4 8 , R I = C H 3 , R 2  =R3=R4=  R5=R6=R,=H 

Similarly 6,1~-dimeth~llp~ride[2,1-~-1,3-thia~apinium proh lo ra t e  (48) did n o t  y i e ld  am.v 

aulphur er t rus ion  product s a  it asem l ike17 tha t  s l so t ronio  and s t s r i o  faotors  may ha 

25 ops ra t im  i n  the f a l i u r a  of 48 t o  undergo mlphur ez t rudon  . 
The r e su l t s  a m  w e r i a a d  i n  Table V. 
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sininn pmhlorate (50) wa. isolated in 8 yield.Addition of aoatio acid end hybrogan pr-  

zide to the orude mixtore imorsased the yield to 378 . I- y"' 

4 9 .  R = H 
5 1 ,  R = C H 3  1. PPA 

2.HC104 
C104 

- ' Not Isolotad 
5 0 , R  = H  

5 2 . R  = C H 3  

Starting with Methjl-2(2-naphthyl)thioppidine (51),5,9-dinstblbn5o(i)~henanthcidiri- 

n i m  prohlorate (52) was isolated in ll$ yiald. 

St-img with 1-naphth%lenethiol, the synthesis prooeded in analogrms fashion via ths 

sulphide,tha aoetonyl salt(?)) and tho tbiarepimilu salt.Thsrs was no evidence of auphor ex- 



t ruaion during the polyphosphorio s a id  oyolisation.Tha th ia~apin iwn s a l t  underwent ozidativa psa - ICH2COCH3  flss 
R \ N / \ N+ / 

R I 

I 
2 I . P P A  

2 . HC104  

H z 0 2  
HOAc 

R 

CH3 

5 5 , R = H  

56, R = C H ,  
mlphur ertrusiea i n  tha prsssnaa of hydrogen p r o r i d s  and aas t io  a i d  affording l - ~ s t h y l -  

bsnso(k)pheaantaridisi~~ivm psrahlorata (55) i n  60 % yie ld .s in i la r lyr  3,7-dimethylbsnso(k)- 

phsaanthridiainivm p m h l o r a t a  (56) was synthesiasd by svlphur extrusion route 31.The o p l -  

d+&ation produot of 57 was or ig ina l l y  conaidered t o  bs 7-mat~lbsnso(k)phen~nthridisiaium 

perohlorats pa ra l l e l l i ng  the  reaa t ion  of the 2-phen.vlpyridinivm s e r i e s  , but, l a t e r  on 

it w a s  shorn t h a t  the produot from 51 and mla tod  2-(#-naphtWl)p+ridiniu. ketones are 

ban%o(l,m)norphsnthridl%inim der iva t ives  (58,59) 30'31 r e m l t i w  from r i ng  olosvre a t  the  

mom reaotived-posit ion ( C 8  i n  the  naphthalene ring)l3*3l.  

Brsdshw m d  hew reported t h e i r  f a l i u m  t o  o p l i m  l -pheny1-2-aoctonyl is~f l i~  
32a 

olinlumibromide (59) and Fsoetolyl-bphsnsnthridisiu.  bromides ( 6 0  ) . I t  waa as smsd . tha t  

th. f a l i u r a  of 59 t o  o p l i s s  u o s e  from the o re r l app iw  of the  hrdrogsn atom a t  pos i t ion  8 
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of the iaoquinolina ring with thosa of the ortho positions of the phenjl ring sinoa this wold 

interfere with the aohievemsnt of the eopl-rity neaeeaary for ring 01omla.Xowever. astioat- 

ion brosght =bout lv an al.stron donating groups st msta position of the phsnyl ring in 

(&a j bmught about the aroliaation with hydroahloric acid,affording the expotad 2.3-mstQ- 

lenedio~-12-methox~-g,eth).lbsbsbso(a)phenan~hridirinium pamhlorate (61) .Prom the quartarnk 

rj salts (62-64),opliaation in hydroohlorio acid afforded 55-1@ of the expected ll-msthyl- 

dibnso~,~] phenanthridisiniu. salts(6F61) 33s  . 
Chapman 33 ha. reported that heating isoquinoliniu. perchlorate with maitjl oxide 

0 for several hours at 120 afforded lmnso(a)quinoli%inium salt (68) ia 3% yield.Its fornation 

is bliarsd to involve tha addition of one of the i~apropylidins methyl ggrmps to the 8otiva- 

tad dooble bond of the isoquinoliniu. ring followed lv ring cloaun between the nitrogen 

and the oarboajl group and'.p.ntansous arida.tisa aronatiaation as shorn in mohsme 2. 

The rseotion aould b. epplisd to a ride variety of unsaturated ketonsa,both open chain 

emd oyolio aa long as they contain st leaat one nsthjl anbatituent in the@-position. 



COMe 

ClO; Me Me C1Oi CH, , CH 
V 

Tenter snd Laudiem 34 h m  r.parted t ha t  3,4-diWdroV.ham.tIv11i.e raecta with two 

moles of a ~ t h a r  acetoacetaldsh~rde aoe ta l  o r  1-methow-1-htere-3-0- is hot g l ac i a l  aoetio 

ac id  t o  give a mixture of 40 $ bcnro(a)quinol i s in iw sslt (71) 8d 31 $ of tho p ~ i d i n i u n  

malt ( 72).Using water as a s0lva.t the  qoartemarj s a l t  (71) was ob t a i l sd  i n  13 $ yield.  

Tmatmslt of 71 with .umber of reagent. is the  preaence of po t a s s iw  iodide slld potassium 

ombonat. in eoetone yielded mbe t i t u t ed  quarternary s a l t s  in 23 -82 9: ~ r i e i d s 3 5 9 ' ~  37. 

The nsolts are mmmsriasd i m  Table V1. 
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TABLE VI 

H e ~ & o w l n o l i r i m i u .  sa l t s  (13-75) have a lso  teen m t h e s i s s d  by o p l i d n g  A - 8 - w l -  

ethylpipridole ( 7 6 7 9 )  with ehospboql ohloride . Bowaver, the parent pipridone (76) 



Frm 80, Qngasaxa et al.40 have alaimed to have iaoleted 84, whioh has low b a n  shorn 
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9 4  9 5 ,  R = C y c l o h a x y l  

70 gt yieia.40 

The moat convialant mathad for the spthssis of phsnanthridiaiaium deriratisea involved 

the irradiation of styqlpyridiniua salts (96) 41'42. b a t  result. were obtaisad by irrs- 

diatiw a we11 stirred ethanolic aolution or atywl sslte (96) c0ntsiai.g aome iodila.Sub- 



tituted phensuthridiainium aalts rere slso prepared with mbatituenta in either of the 

ringa.Wbile thia ia but one of the eeveral attempts made to axtend the photoojolisstioa 

obaemed rith stllmlea43 to the spthssim of hetrocplia aystom 44 ,it is believed to lm 

the first auch instanoa involving a quartermw salt.The reaults ere smmsriaad in Tabk nI. 

a)mthesiaed.il synthesis of these alkaiods 48 involves the treatment of an sster(91) 

prepared from oinchomim (98) rith 3.4-dinethoaphenacfl bromide followed bJ reduatiaa 

with sodium borohydrido in ethanol 7iald.d a diastaromrio nixtm of 99.0ridation of 

99 with merourio aoetate-(atW1eaedinitrila)tetraacetio aoid followed b7 b7drogsaolpis 

of tho reaklting lactam .loohola( palladilu-carbon,ethanol) gave 100,101 and 102 in 44, 

4 and 3% +ialds mmpectivel,. wlie8tion of 100 with phesphoml ohlorid- im tolaen- 

under r e f l u  airordsd(l03,X= I) in 75 $ field.C.mverafon of the iodide salt into(l03, 2=llo4) 
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'qR' 
&: 

C H ~ R  
9 8 . R = H  Or M e ;  R'= V i n y l  Or E t h y l  

9  7 

9 9 .  R =COOEt  ; Y  = H Z .  Z = H . O H  101. R = C O O E t ; Y = O  10 2 
100.  R = C O O E t  ; Y  - 0  ; Z = H z  



&mt;rai e t  d . %  have a ~ t h s s i s a d  ametina by ~rratiting 3,4-dihydr&6,7-dimatho~-l-msthyl 

imoquinolino (107) 51 with a(mth~ll-3-metho~al1ylidens malonata (108) at roam temperaturn 

H 3 C 0  

H 3 C 0  

H3C 0 O H C  
113 H 3 C 0  

H 3 C 0  110 
1II.R = C O O C H 3  
112.R = C O O H  

M e 0  
115 
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follolrad by ref lur ing ,  gave 2 , 3 , 6 , 7 - t s t r ~ d r ~ 9 , l & d i i e t h 0 4 - > 0 1 t h ~ -  

amathossthyl)benao(e)quimoli~inn4-one (109) i n  88.5 % *eld. Tna t aen t  of 109 with ethyl 

iodide i n  the pnsenoe of aoaam hydride gave >ethyl derivativa (110), rhioh, on nduo t ion  

with Adma ca t a ly s t  i n  methanol afforded the  l so tan  (111). Kydrolyaia of the 1 M t a .  with 

potasa~mz hydrorids i n  aqueoua methanol gnva the  a a r b o q l i o  acid (112). Iboarboqla t ion  fol- 

lowed by treatment with hydmohlorio ac id  resul ted  i n  the fornation of aldehyde (113). Bed- 

uetion of the  aldehyde with l i t h i u .  a l m i n i u .  hydrids afforded ( + )  dihydroprotoametine (114) 

i n  59 $ rield.E.eation of 113 with the phsaolio base (115) i n  hot m t h a o l - d i l u t e  hydroohlo- 

r i c  soid gave 116 sa the main product, whioh, & t a r  pur i f ioa t ion  wa. t rea ted  with diasmethana 

t o  give (116s). This arude prodvot (116a) was nduosd with l i t h i u .  a lue in iu .  hydrids i n  hot 

ether-diozane t o  y ie ld  (f )-metine (117). 

Mdehydroeostin. , ras one of the prodnote i so la ted  i n  the phottmhanioel and themochsmioal 

d sompoa i t im  of e m t i a s  5% h i o h ,  ra. designated by a t r ao tum( l l t l )  53' 54. ~ t e  meas apeot-, 

1 2 0 ,  R = M e  
1 2 1 ,  R =  H 

however, d id  not resemble t o  the propoeed s t r u o t m ,  but r a the r  t ha t  of &mathylpaychotrina, 

t o  whiah a t ruot tur  119 wa. assignad. A s  the mass a p s o t m  of didehydroamstine contains 

f r w a n t a  st m/e 214-272. m/s 258 a d  244, it showa tha t  tha s e r a  double bond i a  not sit- 

t.d i a  tb. benso(a)quinoli%ine m i - t y  of th. aalecul*. The f r w e n t a  or ig ina t in8  from tha 

iscquinoline a o i e t r  of the  nolaouls appear a t  the ssms posit ion as thoso of & m e t h y l p s p h ~  

trins.Thess faota aupport a a t ruot t l r .  f o r  didohydromatiae as ll9.The posit ion of the double 

bold i n  5msthylpag.ohatrins vas aatablishad B ntduotion,rhen emtin.  and isoemetina ran 



iaa la ted  55-51 .Silo. emstin. and isometzn. era e t e n o i a a e r i o  a t  C-1, the  double bond i n  

O-metWlpsyohotrine m a t  b. loonted ham. As s oonmquenoe, k a t h y l p e ~ o h o t r i n s  has t o  b. 

n p n s a n t s d  W 120 llnd paphot r ina  W 121. Dautriua axoh- exprimerit. have oomfilaad t ha t  

the  two oompoluds, didahydrwmetina and C-nethylpayohotrina am tautomera and t h e i r  o o r n o t  

a tmobrm i a  nprsaentad  )R 119 and 120 napeotively.  

bothe l l  motm t o  enstine der iva t ives  involves the addit ion of htyraldeh3.de t o  a sumpo. 

sion of 122 u d a r  nitrogen staoephen. Ths m i r t u n  was .heken f o r  a i r  houra followed tg hesting 

a t  70' under nitrogen atmosphere. ma prodllot ,Sethyll-(R-b.asoyl)-1,2,3,4-tetr&dr~6,7- 

dim~tho~~oq~i~olyl-l-01eth3.1-9,lO-dimstho~,6,l-dihy&ob.~~o(s)~uinolisinium p m h l o r a t e  

(123) was i so la ted  i n  71 8 yield. Rsduotion with aodium borofydrfda gave a mixture of 8-bn- 

soyl-2,S&hy&oisoametias p m h l o r a t s  ard N-b.neoyl-2,S&W&oomotin. (123a). I n  a aimliar  

reaotion,numbr of other dsrivativea prep-d. 

Other m e t i n e  derivatives wem prapared W o y o l i s i q  6,1-dietho~-3,4-di1IJrs.~oi(1~ui~oline 

Wdroohlorids with 2 - s t 4 l v i w l  soe ta ta  59 .The manl t ing  b.asoquinolisiaone ram t r e a t ed  with 

P-diethow-PaetWlaoett te p3osphona followed W photoiam-riaing the methozparblurylmlmsthyle~b 

h e ~ o l m n % q u i n o l i a i n a  (124) . Reduotion gave an aldehyde, rhioh on treatment with Shydroq -  

-4-*thosphelsthylaarn. hydroahlorids and diaseethaaa afforded amtin. derivative (125). 
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h k o r i n o  is another a lka lo id  s t roo tu ra l l y  r s l e t s d  t o  ametin. M)'61, which, has been aaaignad 

the  plane s t m o t o r s  (126) :Largely on the basin of physical moasursmenta 62.80raver ne i ther  the 

praa iss  looation of t h s  phonolio hydroxvl p-oup nor  the atsrsoahamiatrJ was established a t  

t h a t  time. Th. recent oommunioation of Ssantay e t  sl. 63 of the a p t h a s i s  of four PoS6ible 

raoemio s t s reoikmera  of &orins mggsated t ha t  the phenol funotion of sulorine m s t  

te placed a t  ru al te rna t ive  posit ion (121).Rt3ii st a1.64p65 h w e  establiahod the abeolute 

c.niiguratiol of aororino bJ .ptha.i.,*loh iia"0l7.. tb. coad*.satim or an op t i ca l l y  eative 

0 
aator  (128) 66*67 with 2-Mn~oyllo~-3,4-6irnath-h~nacy1 Bromide a t  60 f o r  6 houra.The 

0 
retone (129) thvs obtained r a m  rsduaed with sodium borohydrids in ethanol a t  0 t o  give a 

distareomcrio mixture of mino  aloohol (1301. Oxidation of 130 .with .erourio aoetats-(sthy~- 

d imi t r i10) ts t raaae t io  a d d  68169 followed b, por i f ica t ian  garre b p i p r i d o n .  (131) a' dietar- 

aomerio mixture i n  57 $ yield. Bydrogenolysis of the a i d u r a  131 over pslladl-oarboa i n  

athruol gave laotmphenol uhioh, was them bnay la t ed  t o  an e the r  (132). Aydrolysia of 132 



followed try heating tha lactsmacid at l@QO far 80 minutes gave a mixtvra of a (133) and 
oia iaomer (134) .Esterfiaation the mifinre followed b7 o~oliaation vith phosphoryl ohl- 

ride in Mnesna a mixtun of trans and a sstars (135). Catalflio hy&ogenation of the 

H OCHZPh PhHzCO 0 

H ~ C O ~ C O C H ~ B  I- 

pnEt + H3C0  
H ,  

CH2COOE t 

128 'COOEI 

P h  H2C0 Ph H2C0 

".Et 

C O O E ~  ' C O O E ~  

130 131 132 ,  R I=CzH5;  R2=PhCH2 

134, R l = H  ; R 2  = PhCH2 

H ~ C O  M e 0  

C O O E t  COOEt 

133, R = H 1 3 5  136  

OR, 

quartamm salt (135) furnished trioplia eatar (136),rhioh on reduction vith lithium aluninilim 

hrdride in reflnrimg ether afforded aloohol (131). D.bOnzylntion of 137 by hyd~ogenolysis 

led to the ultimate compound (138) in 64 $ overall yield. 
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*hnlosine and deo&ubnlosina m e  the other alkaloida containing the bsn%o(a)quinolizine 

system 'O. Sptheais of thaae alkaloida involve the ~ondenaation of 3,4-dlhy&b6,7-dineth& 

m-l-meth~lisoquinoline (139) with dimethyl 3-msthorysllylidaas malonate. The enamids (140) 

143, R = O H i  X  = O  1 4 4 , R = O ~ ;  X = O  
1 4 5 , R i O H ; X  = H e  1 4 6 , R = O H ,  X =  H 2  
1 4 7 , R i H ;  X =  H z  

1 4 1  
O H C  

so iorrned was aonvsrtsd to 141 , rhish oa oodensatioa with saritonen (142) followed by 
rsduotion of the isomerio mixture ( 143, 144 ) with aodiu. bis(2aiethomethom)alwiniw 

hydride in pyridxne affordad (+) tobnlosins ( 145 ) end (f) isotubnloaine (146) . 



Iaotrrbulosias was isolated aa a minor produot,aa it oauld not be oomplstelr separated 

frm tnbulosin*. 

similarly (f) deolJtobulosins (141) r a a  pnpared from 141 and tmtsmine (148). 

Smth.sim of Bemso(o)auinolisiniru Salta 

The first aptheais of the benso(0)quirolislnilu ion was aooomplishad by Glover and 

Jones l9 u d a g  thair general method for the aptheaia of tha quimoliainiun ion and its 

ben%ologs.Tha Iretom. 149 Corned W the maotion of 2-ayanquinoline with >athomropyl- 

magnsaium bromide with lydrobranio said to cleava the alkoxyl g m p  and the mmlting 

halide waa aonvertsd to the oplio ketone (150) .The Jones dehydration oarrisd oat on the 

oyclio ketone led to the bsn~o(o)~uinolisinia. oation h50a) 

A new general synthesis haa beem devised 71'72 rhioh mnalrea the bns~(o)~uinoli~iniu. 

ion as aooessibla as the benso(b)quinoli~iniun ion.Tho stilbesolo (151) famed by the 

oandeaeation of Z-ohlorobensaldahyds withd-picolins or a suitable derivative w e n  

imsdiatsd in ben~ana aolution and the mirtun oonsisting largely of the + isomer (152) 
was heated for one hour st 170~. aver- aonversion to taaso(o)quinaliainiun aalta 

(153) raa 66 $ emapt when than was a methyl ggroup at ths &position of the ppridins 

group (5s CA ) in rhioh case sterio hindraaoe im believed to be responsible for the 3 
faliun of the internal qoaternisation reaotior. Uauallr the internal qmartornisetion 

ramtion yielded namable mtilbaaoles as bppraduata.The partiaipation of an aryl 

halide in s quarternination reaation ia believed l3 to be due in large w e w s  to th. 



HETEROCYCLES, Voi 16. No 5. 198 1 

halwen by the alsotro~ withdrawal of the pyridjl ~ m p  oommuicatsd through the oonjugatsd 

.,.tern. 

~rraaiation of the bemone solution (151,R4= No2) failed to give the expected isomer, 

but inatead &nitrob.n~o(o)gninolisiiii ohlorida was iaolatsd in 70 .P yield. 
0 

 eating atilbarols at 240 for 6 hours and elininating the irradiation atep resulted in 

the formation of am beas~(c)~uinoli~iniu. in 54 $ yield.At l m r  tamparaturss,the yield 

was appreciably nduoed while the uas of higher temperatures caueed oonaidsrabla desomp. 

oaition. On the othar hand, heating the tran~a-phen~lstilba~ole (151, R3=C&) failed 

to sffaat the oplisstioa. 

Th. raaults are ameriaed in Table VIII. 



=3 R4 R5 * Kethod T .  Yield $ Compound I$ 
numlmr 

1 A R 

5 .  A H A A C 1  C104 A 170 1 O b p C  

H A H H C 1  C1 B 2 40 60 
b 

6. H =3 H c1 C 1  A 155 17 

I* A R 
=3 

R A C 1  A 210 55 b4 

H A A A cloqh .. . . . g '5 
8. A A C A A A C 1  A 2UU 50 b p C  

6 5 
A A '6'5 H A c1o4 C 140 zd 

9. A R COOC2H5 A A C104 C 140 2oi 

a) Bases om t rans-s t i lbasols  i n i t i a l l y  usad. h: m i s a t i o n  ca r r i ed  out on unpwified o i b t r a n s  

mirtura. O) The i r r egu l a r  Clustsr  from ethanol -ethyl soetata.  d) Tan needles from ethanol. 

a)Lit .  n.p. 1ae-89~. f ~ ~ l a p a r e d  v ia  the prbromida.g)Smsll t an  needles from ethanol. 

h) Plapared by addition a? 25 $ pamhloria w i d  t o  the ohloride.i)Allowed t o  stend for 48 

how. a f t e r  irr.diation. 

0 
A. I r radia t ion  of benaene aolution followed by heating a t  110 fo r  one hour. 

B. St i lbasole  and iodima haatad a t  240' f o r  6 hours. 

0. Cpl ies t io .  car r ied  out i n  refluxing acs t io  anhydride 

This method has been applied t o  t h s  p n p s r a t i m  of t a t r acya l i c  =atem i n  the hope, t ha t ,  

it would enable t o  a p t h a s i s e  the asa starioda and ezonia helicones 1 3 .  

2-Chloro-1-atmliaoquil101i.s (154) was readi ly  prepared i n  good y ie ld  hy aondsnsation 

of l -msthyl iawuinol ins  with 2 -oh lo robense ldah~da?~e  produot, 1-(2-ahloro)styrjl l ia~uinolin.  

011 ayaliaation a t  200' gave the  quinolisinium a a l t  (155) i n  70 $ yie ld  with no pr+vims 

i r radia t ion .  l o  ahawe wan o b s a m d  i n  the u l t r av io l e t  e p e o t m  of the  ieoquinoline (154), 

Yhem a benssne aolution uam i r r ad i a t ed  and t h i s  oombined t o  the  faoi lo  cyo l i s s t i o s  t o  the  

soartarnar~, s a l t  (155) suggests t h a t  the s t m l i a o o u i n o l i n e  i s  i n  the fom.Hoxever, 

6 ~ l - d i m a t h o ~ ~ o q u i n i l i ~ b 2 - ~ h l o r ~ l - s t ~ 1 i s ~ u i o l i n  (154, R1, R ~ = ~ E ~  ) not .Jeliaed 
0 simply hy hsat i rg ,  but  on i ~ r a d i s t i o n  i n  bensena folloxad by heating a t  165 gave 
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the dimetho- a s l t  (155,, I$ R2 = OCR 8 X = C l O  ).Om the  other hand 2-ahloro->s tml iso-  
3 4 

q'ainolime (156) gave hardly 16 of the  c p l i s e d  produot (151). The f a l i u r a  of 156 t o  undergo 

d 

156 
157 

o p l i ~ a t i o n  ha. demonstratrated t h a t  the i n t e n d  quarterniaation i a  not a o l e l r  tha oomse  

quancs of favourable g sons t eq ,  bot, m a t  depend heavily upon tha s h i f t  of e lec t rons  from 

tha halogen bariw oarbon t o  the nitrogen atom v i a  the 0onjugat.d system. 

The other three te t raayol io  systems (15&160) re- a l l  pnpa rad  by i r r ad i a t i ng  the 

approp~ia ta  ohlomnaphthyl-Z-riylpFidiuem ard h e a t i w  the  crude % and mixtunn 

obtained on irradiation. It i. d g n i r i s a n t  t ha t  quarteraimatiom of the omdeb-(1-Chlor-2-naphth- 



r1)arlylmridii.e (16On) conjwated  through the bond between carboa stom 1 and 2 of the ns- 

phthsleaa nuclaua gives s b e t t e r  ~ i e l d  (50 %) thrv  t h s t  from the  omdc h h l a r o  isomer 

(159,jcoajugatad throwh the  bond of lower order between aarbon a t o m  2 and 3. 

On the other hand tran-2-ohlo-2-atiyrylquinolins (158e,RcH or KO2) sholnd no tendenoy 

t o  undergo oyoliaatioa. Thia muai be due t o  the f aa t  t ha t ,  isomerisation i a  alwlya a 

o m p t i n g  rsaotioa i n  these oyoloquartsmiaations, i t  l a  obvious t h s t  i n  t h i n  osas the weakly 

b e i c  o h ~ r a o t e r  of the qninoline nitrogen r e su l t *  i n  preferent ia l  ieomerisation. 

b o t h e r  method f o r  the synthesis of the q u a r t s r n w  s a l t  involvas the aondenaation of 

t r i aubs t i t u t ed  w r i l l i u n  s a l t s  (161) v i t h  g-aminobenmldehyde i n  aoetio so id  I5.'Th. rsaotion 

m i x i -  uaa haatad under nitrogen and the products were iao le ted  i n  the  rage of 46-73 $. 

~ ~ r n v e r ,  t h i s  method f a i l ed  t o  give 1-anbatitntsd benso(o)nuinoli%iniu. aa l t .  

The raevl t s  ar. suaunwisad i n  Table IX . 
TABU I X  

Compound 5 5 X Yield $ 
number 

1. 
'sH5 '6'5 BF4 

H 64 

2. C A '6'5 H Br 6 5 
43 

3. 
'6'5 '6'5 

B I 51 

4. 5 '& m.4 
R 71 

5. 
m3 

C ( a 3 ) ,  H m 4 48 

6. 
'6'5 '6'5 a, w4 13 

b e t h e r  r w t e  t o  the  h n s o ( a ) q a i n o l i s i n i  s a l t s  involves the condensation of pioolrl-2- 

l i t h i m  v i t h  ~ o h l o r o b e n s o n i t r i l s .  Aydrolyaia of the i d n e  resul ted  i n  the fornation of 
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0 pyridyl-2)aathyl  arthaahlorophen~lecetone(162). Hsatine the imina (163) a t  200 moul ted  
CI 

CH,-C 

16 4 165 
i n  the fornation of  b m i n o b a n r o ( o ) q u i n ~ l i s i i i i  chloride (164).  rhsreaa, heating the ketone 

(162) rsemltad i n  the fornetion of  6h~dro~banso(o)ooinoli~inium ohloride ( 165) 16. 

The fornation of  164 ram rat ional i sed  Sohema 3. 

- 
NHz 



The meohsaiam suggests the ring olosura of the imina (166)by an attaok from the pyri- 

diniun nitrogen followad W the elimination of tho halogen to give the ring closora produot 

(164). 

Reaotions of Bsnso(a)ouinolisinium Ion 

l'hs initial p s p r  on the svbjsot of the I-wbatituted ban~o(n)ouinolisiaium analogs 

rspol?ed, that the I-methrl derivative could be ndtlosd aatal@ioslly presumably to a 

neth~lbanpoqtlinolisidine derivative (167),uhsreas on oridatiou with potassium pmanganate 

phthalia aoid was isolated. 

Reduction of 71 ossc plstinun odd* raaulted in the formation of oorreapordir3g aloohol 

(168),xhersea with sodium borolydrids ,a tetr&ydm derirretive (169) was iaolsted in 32 4 

yie1d.m the other hand Clemsnsoa reduotion fielded (170) 

Uohnrd and stsrre17 have reported that on standing in mmoaia solution, 7-phenylbonm(s)- 

quinolisinim ion ram convarted to a pseudo bass . 
It ham alao wen reported that heating sn alooholio solution of benso(a)ouinolisinium 

bromide d t h  pipridin. for 15 miantea, the ring opening produot 1- B4-piperidilobntadiene- 

( 1 , 3 ) - r l - l ~ - i s o ~ u i n o l i n a  (171) was iaolated in 16 9! field. 
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Piperidine 

+ ! ? !  
B r- 

It hss beem mportsd e' that trsatmsnt of the qurrternaq malt (172) with phemylmagnssium 

bromide in tetrahydrofuran d a o  resulted in the ring opening Tieldine 173 as the on17 

produot. 

Raaotiona of B.nso(o)snlnolieinium Ion 

aonsrd st al. 79 have =ported that exidstion of bmse(o)quinolisinium chloride in boiling 

potamaim prmanganats afforded a poor yield of quinoline-2-carborylio a d d  (114) fo-d B 



tho destruotion of ring A. 

Erdrogenatiom of tha quarternary salt (112) with palladion-aarbon oatslpt afrorded 

1~2s314-tetrahy&oben~~(o)quin~li~inim ohlorid. (175) shoring that hntremustion ham 

ooournd erolusivsly in ring A,rhenaa, with platinun orids both rings A and B were satura- 

ed fielding 116, a base pnp-d earlier by other routes 80181 .Thin baheviaur is in contraat 

to that of the aoridiaiaiun ion (llI).rhioh undergoam hydragsnation first in ring B then in 

ring A. 

Aotion of Bwe 

Rsaotion with sodiun hydroxide-~&eqlamin. rnixtu~~' with b.nlo(o)quinolizinium ion 

was shorn t o  give hJaroxybut~ronitrile(178) in 22 $ field.wherses, on heating its elooholio 

*olmtiol wilh pipridin. for 20 minutea,th. ring opnimg prodvot 2-14-piperidinbbutsdienb 

(~$3)-71-(I)]-quinoline (119) was isolated in quantitative field 83 . 
Aotion of Eleotmphilic Re~pmt. 

nitraiiaa of bnao(o)quinolisinim ion afforded 10-nitrobanro(0)auinoli~iniun prohlorate 

(180),the struatvra xhioh was fwther proved by oxidation,vhsn &nitrwuinoline-2-oarb+ 

~ 1 i o  aoid (181) r a e  iaolated 83 .Further oatalytic nductian of the nitration produot (180) 
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i n  the presenae of plaiinum oxids reaulted in tha redvation of ring A as well as the nitro 

group affording 182, but i n  the prseenss of  palladi-oarboa, only tha ni tro  group was 

82 
rsdtlosd n s u l t i n g  i m  the ronnatioa of an mine (183) in  69 4! f i e ld  . 

Sulphonation oaovrs in the mom remote ring C at poaition 10 affording lataine (184) 

in  69 $ flsld.This reaotion i s  similar t o  the one with the aoridisiniu.  series.82 . 



It ham also  teen raportea that the raaotion of phen~rlmsgnasim bromide rith th. quartah 

n a q  a s l t  (172) &forded the ring opening produat (185) . 
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