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1 
Syntheses and H-nrm spectra are reported for the hitherto mhom 1-br-, 3-broro, 

4-bnmo, 2-&lo-, 4-chlom, 1.2-dib-, 3,4-dib- and 2,7-dibrorrquinolizinim 

branide. These axpwds, quimllzinim brcmide, 1-hydroxy-, 2-hylroxy-, 3-hydraq-, 

2-pipendmo- and 2-d~ethylHninoquimlizinim b r m d e  and 2- and 4-quinolizone were 

deuterated by heating with D20 (Table I) .  

Intrductlon and results 

Guinolizin~m sa l t s  form a class of capmr& whose -=ties have not yet been studied ex- 

1 tenslvely . 

The special interest in th i s  laboratory in the behaviour of halqemhetarenes and hetarinim 

sa l t s  tcwards nucleophiles induced us to prepare several halogenaqrunolizinim branides and t o  

s t q  their reactivity tcwards nucleophiles. In th is  paper we report on the synthesis of 1-broro, 

2-br-, 3-br-, 4-br-, 2-&lo-, 4-chlom, 1,2-dibronr, 3 . 4 - d i b m  and 2.7-dibroro 

2 
qlunolizlnium brcmide (quinolizinim b r m d e  f m  here on abbreviated as QB) . Only 2-brorcQB and 

3 4-ch lo r~no l i z i ruum perchlorate have been described i n  the l i terature thus far .  Since structure 

1 identification of the QB's is based rminly on their  H-rmn spectra, we prepred deuterium labelled 

ccmpounds in order t o  support the assigrvrents of the peaks i n  the s-a. 

Ihe parent carq2und : qrunolizinim b r d d e  (1)  ha^ been synthesized by several methd.5; we 

obtained the best overall yield (24%) by a 4-step synthesis start ing fnm pyridine-2-carboxylic 

4 acid . 
0 1-er-B (2) was prepared i n  69% p e l d  by heating quinolizinim perbranide (2) a t  200 C for 6 h 



5 
(Sch- I) ; this procedure is analogous to that given for the preparation of 4-brcooisoquinoline . 
The structure of the product was prove6 by a spin dewupling exper-nt : on irradiating the low 

field protons H(4) and H(61, the double double doublet of H(7) (J = 7Hz, 7x2, 2Hz) and the double 

doublet of H(3)(J = 7Hz. 7Hz) changed into a double doublet (J = 7Hz, Wz) and a doublet (J = 7Hz). 

respectively. 

It is not clear *ether introduction of the b r a  atcm at position 1 proceeds by an electro- 

philic substitution mechanism o r e  pprcduct(s) f o d  by bronine addition. Attpmpts to detect the 

1 latter addition caqmunds by H-nm spectrasmpy of the reaction mixture at several reaction 

temperatures, net with llttle success. We found further that quinolizinim W b r d d e  is capable 

of brCmiMting other mnpounds. Thus, anisole was converted intc 4-brmoanisole at r a m  temperature 

and heating of a mixture of isoquinoline and quimlizinium perbrdde gaM a considerable arrount of 

4-bramisoquimline. Hcwever, these facts do not permit any mchmistic conclusions. 

3-BrcnonB (1) was prepared fm 5-b-2-eth~carbonyl~idine (4) by the sane series of 

reactions as used for the preparation of QH (Schams 1). By branination of the intemediary coopound 

6 6, follarred by dehydratation wxth acetic anhydride , 2,7dibrWB (9) was obtained. - 

4-BrmmB (11) was cbtained frcm 4-quinolizone (g) by reaction with PBr3. Likewise 3-bronr 

4-quinolizone '2'14 was converted into 3.4-dibra~QF (2). Reacting with FC13 led to 4- 

ChlonUB (11) (SChEm 2). 
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Treatment of l-oxol,2,3.4-tetrahydroQB (15) with d lo r ine  and subsquent dehydratation of the 

product 2 with acetic anhydride gave 2-chlolcQB (17) (Scherre 2 ) .  Ilue praiuct obtained was inevitably 

contmninatd with 2-hydro-, therefore &tment with m13 was messary to obtain pure 11. 

Finally, 1,2-dibraWB (21) d d  be prepred by treatment of 1-bronr2-hydroxyQB (201 with 

kuteration -irrents were carried out by heating the ccnpounds with an excess of D20 for 12 h 

a t  2 2 0 ~ ~ .  It was found that under these corditicns conversion of the halogen atan a t  C ( 2 )  into the 

hydroq group tmk place. I n  the presence of halogen a t  C(4)  unknown decmpxition products were 

obtained. The hydroxydehalogenation a t  C ( 2 )  tc& place in about 100% yield, thus providing us with 

13 
a cheaper synthesis of 2-hydroqQB than the one with si lver acetate, reported in the l i terature . 
The results of the deuteration eqerirrents are shown in Table I; for wmpar1son the deuteration 

results of 2-diethyhvinoQ8 and 2-piw~dincQB have been included. 



Tale I. Distribution pattern of deuterium on deuteration of QB and derivatives 

results 

Uthough for a detailed explanation of the results kinetic exprimnts are required, it s- 

justified to conclude that two deuteration rrechanisrrs play a role. In the first mchanism a proton 

is abstracted frcm the m t  acidic position(s)[~l4) an6 ~ ( 6 $  whereupon the resulting ylide takes 

up a On the other hand, in the presence of activating hydro* or amino groups electro- 

philic substitution by deuterium will occur, minly at ortho or para p~itions~~. Thus, QB and its 

b m  derivatives will be deuterated via their ylides at positions 4 and 6 (eq. 1,2,10). In 1- and 

3-hydroqaB electrmilic substitution will be the min process (exp. 3,111. 2-Hydro-, when 

f o d  frcm 2-bmrrUB, is deuterated in acidic rredium, due to the fomtion of HBr (exp. 4a). Acid 

will retard ylide fomtion, will pronote electrophilic substitution and will displace the 

13 
equilibrium between 2-hydro~yQB (19) lpKA about 4 ) and 2-quinolizone (22) (Schem 3) in favour of 

2-hyUroxy2B. 



HETEROCYCLES, Yo1 IS, No 1 ,  198 1 

Schere 3 

lha, the different results of q. 4a and 6a can he e x p h e d ;  addition of mre HBr enhances 

the effect (exp.4br6b), whereas addition of base (exp.4~) leads to the deuteration pattern of 2- 

quinollzone (exp.7). I n  1.2-dib- (exp.15) s l i @ t  deuteration a t  C(4 )  and C(6) was q c t e d  

(cf.exp.4a); we m o t  explain why th is  does not crcur. 2-Piperidbe and 2-die thyldnoS undergo 

bath types of aeuteratlon, as is evident f m  the results (exp.8.9). 

At- to aeuterate 4-brorrQB a t  1- temperatures withmt deconposition failed; we found 

1 .  other deamp3sition or no reaction a t  all. H m v e r ,  in the h-rmn spectnm of 4-brcxwB in D20, 

the area for H(6) is always about 10% tm lau; upn m u r i n g  in H20 th i s  effect disappeared. 

Ppparently the favnved position of deuteration is C(6). 

w r i n e n t a l  part 

General - 
1 Melting pints are unmrrected. H-rmn spectra were recorded on an Hitachi Perkin-Ehr R-240 

spectrcrreter, using tetrarrethylsilane (n.6) as internal s t a x k d  and h e D 6  as solvent, unless 

stated otherwise. Tne spin decoupled spectra of 2 and 1 were m u r e d  on a Varian XLr100-15 

spectr-ter . 
1 

For CB the assi-t was s-rted by a spin W l i n g  q r i m n t .  ?he H - m  spectra of the 

other conpounds were interpreted on basis of their coupling patterns. Chwical sh i f t s  ( 6 )  of a l l  

quinolizirum derivatives described are given in Table 11. 

As t o  the tetrahydro-l-oxcCB's (5, 8, g), according t o  their  m spectra the bmn, wnpounds 

cccur for about 60% in the eml-£om, the chloro cmpxd for about 100%. 

W spectra were m u r e d  on a BecloMn Acta C I I I  spectraphotareter. Uv s p c t r a  of the nonabrorrQB's 

9 
are published separately . 
TLC analyses on @ derivatives were perforned on cellulose (Avicel, Llerck) plates; eluent usually 

n-bu-1-waterfoLmiC acid 11:2:1.5. 

0 
Ueuterations were canid out by heating 0.1 - 0.25 g of the Nmpound with 5 ml  of D20 a t  220 C 

in a sealed tube with shaking. ?he deuterium distribution was determined by m. 



1 
Table 11. Chemical shifts  i n  the H-nmr s p c t r a  of @B and derivatives in c h n s c - ~ ~ ~  

7-Brl--1,2,3,4- keto 
tetrahydxcQB 6 

en01 

2,7-diB~-I-owr keto 
1,2,3,4-tetrahydrc@ 

8 en01 - 
2-C1-1-oxo1,2,3,4- en01 
t e t r ahyWB 16 u 
a Average values for the -ling constants in QB derivatives are: 

J l r2=  &9Hz, J2,3= 6.5-~HZ, Jjt4= 6.5-8Hz. J = 2-3Hz. 
1,3 

8 
J2,4' I-ZHz, J1,4 S 1Hz. Gnly 2- and 4-quinolizone deviate slightly (J7,8 - 5.5Hz) , 

in C F ~  CTXM solution 

Syntheses 

4 4b.2 a. Wmlizinium branide (i), m.p. 263-265Oc. overall yield 24%; 2-broroquinolizinim b d d e  (18) , 
0 

m.p. 261-263 C; I-hydrcwyqvln ol iz in im b d d e ,  m.p. 1 8 4 - 1 ~ 5 ~ ~  ~mmohydratel : 2-quinolizone (2) 13., 2 

m.p. 127-128'~; 3 - h y a r O ~ l i z i n i u m  bmnide16, m.p. 256-258'~; these mnpounds were preparea 

according to the procedures given in the literature. 
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b. I - B r a ~ q h o l i z i n i m  brcmide (2). ffile mixing thoroughly, 8.46 g of bronine were added slowly 

to 10 g of finely w e d  i. An orangered substance was obtained whlch is pmbably 

1 
qninolizinim pemrcmide (2) ( C ~ B ~ N ' B ~ ~ ,  m.p. 184-196~~; H-nrm spfftrrnn nearly identical to tha t  

of I ;  anal.calcd.:C, 29.22; H, 2.18; found: C, 29.0; H,  2.2). 

Zhe perbranide was heated for  6 h a t  200°c; while still fluid, the p r d u c t  was pnved in to  a 

mrtar. After sol idif icat ion the m t e r i a l  was *red and s t i r red  with 125 ml of isopropanol a t  

60°c fo r  2 h i n  order to dissolve any meacted s ta r t ing  m t e r i a l .  The warm mixture was f i l te red ;  

the residue (5 g of crude - 3 )  was clystallized f r m  abs.ethanol/ethyl acetate, giving 3.8 g of 3, 

m.p. 301-303'~. A ~ l . c a l c d .  f o r  C9H7Br2N (288.99) : C, 37.40; H, 2.44; found: C, 37.4; H.2.7. 

Frm the f i l t r a t e  6 g of pure s ta r t ing  m t e r i a l  were obtained by evaporation and crystallization 

f r m  abs. etbanol/ethyl acetate. Yield of 3, corrected for  recovered s w i n g  m t e r i a l ,  69%. 

c. 3-Broroquinolizinim branide (7) 

c. I .  5-br-2-ethoqcarbonylpyridi~ (4) . 
5-Brcmr2-pyridimc&mwlic acid. 35 g of 5 - b r m 2 - ~ t h y l p y r i d i n e ~ ~  and 70 g of W4 were 

s t i r red  for  6 h i n  1.5 1 of water a t  1 0 0 ~ ~ ~ ~ .  200 ml of water were then remnred by distillation 

( f r m  the d i s t i l l a t e  10 g of s ta r t ing  material were recovered by ether extraction). The cold 

reaction mixture was f i l t e red ,  the f i l t r a t e  concentrated to 100 ml and acidified with conc. HC1 

to p~ = 3. me remaining water was d i s t i l l ed  off  and tbe residue of crude 5-b-2-wridine- 

carboxylic acid was dried azeotropically with toluene. Recrystallization fram water gave a product 

with m.p. 175-176~~. 

5-Brcmr2-ethoxycarbonyl!~ridine (4). 200 ml of thionylchloride were added with s t i r r i ng  t o  the 

crude 5-brat-2-pyridulecarboxylic acid, obtained f r m  65 g of 5-broro2-11~thylpyridine, and the 

mixture was refluxed for  2 h. The excess of thionylchlorlde was renwed by d i s t i l l a t ~ o n  & m; 

100 ml of dry toluene and then 200 ml of abs.ethano1 were added slowly and the mixture w a s  refluxed 

for 2 h. The cold reaction mixture was brought to pH = 8 by careful addition of a saturated N a E 0 3  

solution. Extraction with ether ,  washing with water, drying and evaporation gave 62 g of 5-b- 

2 - e tho~ca rkony l~ r id ine .  m e r a l l  yield £ran 2-mthylpyridine 57%; m.p. 59-60°c. Anal.calcd. for  

C&ErIU)2(230.07): C ,  41.76; H, 3.50; found: C ,  41.7; H, 3.3. 

c.2. a-[5-brampicoloyl] -y-butyrolactone (5) was prepared fran 4 i n  accordance with directions 

given in the l i te ra ture  for  the preparation of a -p ico loyl -y-butyro la~tae~~,  except tha t  4 and 

v-butyrolactone were added as  a solution in dry toluene. Yield a f t e r  recrystallizatlon £ran ethanol: 

47%, m.p. 107-109~~.  Anal.calcd. for  C10H8BrN03(270.09) : C, 44,47; H, 2.99; found: C ,  44.5; H,  3.1. 

c.3. 7 - B r m l - o X c r 1 , 2 , 3 , 4 - t e t r a h y d r ~ ~ l i W  branide (6). 10.0 g of 2 and 100 ml of 47% HBr 

w e  refllured for 20 min. The reactian mixture was concentrated & vacua to a v o l w  of 20 ml and 

them poured Into 250 ml of water. The mixture was extracted with chlomfonn, the chlorofom layer 



was dried shortly (5 min) on h%+Q4 and the chloroform was evaprated. The residue was dissolved in 

100 m l  of 1,2-dichlorcethane and refluxed for 2 h. A precipitate was fo&, which was filtered 

off after cmling the reaction mixture to r m  temperature. Yield: 6.1 g (54%) of crude 5 m.p. 

257-262'~. Crystallization fran ethanol raised the m.p. to 261-264O~. Anal.calcd. for C9H9Br2N0 

(307.00): C, 35.21; H, 2.96; found: C, 35.4; H, 2.7. 

c.4. 3-Braccquinolizinium brcmide (7) was prepared frm crude 5 by treatment with acetic anhydride 

according to the procedure g~ven for the preparation of quinolizinim br~nide~~. Yield after 

crystallization fran abs.ethml/ethyl acetate: 67%, m.p. 259-261°c. Anal.calcd. for C9H7Br2N 

(288.999: C, 37.40; H, 2.44; found: C, 37.4; H, 2.3. 

d. 4-Hraccquinolizinim b d d e  (11). 9.0 g of 4-quinolizone (=)I2 *re stirred with 45 ml of 

PBr3 for 7 h in an oilbath of 180°c. The excess PBr3 was r m e d  by distillation E. The 

residue was dissolved in 200 ml of distilled water and left for 2 h on a I-litre colm filled 

with Darex 21 K (d). The substance was eluted with distilled water. After evaporation the residue 

was treated for 2 h with active -1 in boiling ethanol. Crystallization frcm ethanol/ethyl acetate 

afforded 8.3 g (45%) of 11, m.p. 277'~ (dec.). Anal.calcd.for CgH7Br2N(288.99): C, 37.40; H, 2.44; 

found: C, 37.2; H, 2.6; ~r~ (determined by titration with Hg(C104)2): calcd. 27.65; found 27.4. 

e. 2-Chloraquinolizinium brcmide (11) 

e.1. 2-Chloml-0x0-1,2,3,4-tetrahydmX! (16). A solution of 2.65 g of C12 in 40 ml of acetic-acid 

was added at roan tenperatme to a stirred solution of 8.0 g of laml,2,3,4-tetrahedroQB (3) 4b 

in 50 ml of acetic acid and 10 ml of conc. HC1, over a pericd of 30 min. After another 14 h of 

stirring at r m  temperature, the resulting solution was evaporated and the residue crystall~zed 

frcm abs. ethanol/ethyl acetate. Yield: 5.15 g (56%), m.p. 156-158~~. Anal.calcd. for C9H9BrClv3 

(262.54): C, 41.17; H, 3.46; found: C, 40.9; H, 3,2. 

e.2. 2 - c h l o ~  (17). A mixture of 5.0 g of 16 and 150 ml of acetic anhydride was refluxed for 3 h; 

after evaporation g vacua the residue was stirred with 30 ml of m 1 3  at 90-10oOc for 2 h. The 

excess of UX13 was r W  a=, the residue treated as aqueous solution on a colm of D m x  

21 K (~r-) (see under dl. Recrystallizing twice f m  abs. ethanol/ethyl acetate gave 2.8 g (60%) of 

17, m.p. 245-246Oc. Anal.calcd. for C9H7BrClN (244.53) : C, 44,20; H, 2.88; found: C, 44.0; H, 3.0. - 
Uv (~thanol) A-229 (22 900), 288 (2900), 317 (12 600), 324 (10 600), 331 (20 100) nm. 

f. 4-ollor~nolizinirnn brorude (12). 11 was synthesized in accordance with directions given in 
3 12 the literature for the perchlorate. 5.0 g of 10 and 10 ml of were stirred for 10 m i n  at 90'~. 

The solid material was filtered off and treated as aqueous solution on a Dowex 21 K (Br-) colm 

(see under dl. The resulting prcduct was crystallized f m  abs. ethanol/ethyl acetate; yield 3.90 g 

(46%) of 12, m.p. 313-316~~. Anal.calcd. for C9H7BrCW (244.53): C, 44.20; H, 2.88; found: C, 44.4; 

H, 3.0. &(water) ',, 237 (20 700). 292 (39001, 320 (10 000). 334 (15 800) m. 
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g.  1.2-Dibraroquinolizinimn bronide (2) 

9.1. 2-Hydroxyqrunolizinimn brcmide (19). 3.0 g o f  2-bmncQB ( g l a n d  30 ml of dist .H20 were heated 

with shaking f o r  12 h a t  220°c. The react ion mixture was evaporated, giving a k t  p r e  2-hydmxyQB 

in -titatiM yield;  m.p. 259-265'~ (lit. 258-2630C13 f o r  the hemihydrate). 

9.2. 1-8-2-hydroxMuino1izinim brcmide ( g ) 1 3 ,  m.p. unshKp ( 2 7 2 - 3 0 6 ~ ~ ) .  

9.3. 1,2-Dibrcm=4molizinim brcmide (21). 0.50 g of 2 was heated wi th  5 ml of PEr3 f o r  6 h at 

200'~. After evaporation & vacua the residue was treated a s  aqueous so lu t ion  on a Dxex 21 K (Br? 

c o l m  (see urder d l .  Crys ta l l i za t ion  frcm abs. ethanol/ethyl ace ta t e  gave 0.39 g (65%) of 21, 

m.p. 2 8 1 - ~ 8 4 ~ ~ .  Anal. calcd. f o r  C9H6Br3N (367.89) : C, 29.38; H, 1.64; f d :  C, 29.4; H, 1.4. 

Vv (mthanoll  & 222 (26 200). 238 (23 100). 298 (4400). 328 (11 500). 342 (17 7001 m. 

h. 3.4-Dibroroquinolizinim brcmide (14). 4.0 g o f  3-bmnrr4-qdmlizone l4,l2 and 25 ml  of 

PBr3 were heated f o r  6 h at 180°c. After evaporation & vacua the residue was t r ea ted  as aqueous 

solut ion on a E a e z  21 K (B;) m l m  (see under d ) .  By repeated c r y s t a l l i z a t i o n  f r an  E t h a n o l /  

e t h y l  ace ta t e  0.75 g (11%) of pure 14 was &tamed: m.p. 321-326'~. Anal.cale.3. f o r  C9H6Br3N 

(367.891: C, 29.38; H, 1.64; found: C, 29.5; H, 1 .6 .U~  (ethanol) Amax 249 (18 400). 305 (6800). 

337 (94001, 350 (12 2001 m. 

i. 2,7-Dibmooquinolizinium brcmide (91 

1.1. 2.7-Dibml-oxol.2.3.4-tetrahydrqux 15 l i z i n i m  brcmide (8)  . A so lu t ion  of 1.64 g of brcmine 

m 20 ml  of 47% a q . m  was added i n  30 min to a stirred solut ion o f  3.07 g o f  5 in 40 ml of 47% 

aq.HBr. After 5 min of s t i r r i n g  the mixtwe was heated u n t i l  caoplete solut ion.  Evaporation a 
vacuo and c r y s t a l l i z a t i o n  frcm abs. e t h m l / e t h y l  acetate gave 2.80 g (72%) o f  prcduct; m.p. 

194-196'~. Anal. calcd. f o r  C9H8Br3N0 (385.91): C, 28.01; H, 2.09; f a d :  C, 27.8; H, 2.0. 

i .2.  2.7-DibroroquFnolizinFrrmm b r a e  (9). 2.5 g of 8 and 150 ml of a c e t i c  anhydride wre  refluxed 

f o r  3 h with s t i r r i n g .  The excess o f  acetic anhydride was decoop3sed with 200 ml of water. 

Lhpora t ion ,  fol lcved by em c rys ta l l i za t ions  f r a n  mthano l ,  gave 1.24 g (52%) of pure 2; m.p.> 

355'~. Anal. calcd. f o r  CgH6Br3N (367.89): C, 29.38; H,  1.64; found: C, 29.1; H, 1.5. Uv (water) 

& 231 (37 400). 245 (31 5001, 289 (5200), 296 (55001, 325 (14 000). 340 (18 5001. 

j. 2-PiperiaFnoquimlizinimbrcmide. 2.00 g of 2-bmncQB (18). 1.20 g o f  p i p e r i d h e  and 25 m l  of 

abs. ethanol were refluxed f o r  2 h with s t i r r i n g .  To the i c e n n l e d  react ion mixture 50 m l  of dry 

d ie thy l  ether were add&; 2.67 g of a mixture of 2-pipridin03! am3 p i p e r i d i n i m  brcmide precipi ta tsd .  

mree r ec rys ta l l i za t ions  f n m  abs. ethaml/acetone gave 0.46 g (23%) o f  2-piperidimCE3, m.p. 

231-233OC. Anal.cale.3. f o r  Cl4Hl7W2 (293.21): C, 57.34; H, 5.84; f d :  C, 57.6; H, 6.1. Vv 

(nethanol) A- 242 (22 700). 324 (21 1001 m. 

k. 2 - D i e t h y l a m b a v 4 ~ l i z i n i m  brcmide. 2.00 g of Z-brcn@B (18). 10 ml of  abs.ethanol and 10 ml  

of dry diethylamine were refluxed f o r  10 min and then pured into 200 m l  of i-ter. The mixture 



was washed with 5 portions of CH2C12, the aqueous layer was filtered and evaporated. The residue 

was solved in as little abs. ethanol/ethyl acetate as possible, and then -led in dry ice/acetone; 

0.65 g of diethylmnim b e d e  prec~pitated. Evaporation of the filtrate and crystallization 

0 fran acetone gave 1.10 g (56%) of 2-diethyl;anin62B, m.p. 122-124 C. The conpound is very hygros- 

copic and attracted water during analysis. Anal. calcd. for C13H17BrN2(281.20): C, 55.52; H, 6.09; 

found for the vacuwrdried prcduct: C, 50.8; H, 6.8, corresponding with 1$ mle of H20 per role of 

;anincQB (calcd. C, 50.66; H, 6.54). Uv (mthanol) A- 241 (24 300), 323 (21 800) Nn. 
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