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ADDITION REACTIONS OF THE CONDENSATE 
OF PICOLYLLITHIU1 AND CERTAIN 

UNSATtTRATED ALDEH(DES 

tlIM1ft()1 

This ixrrestigatiou was orig±nally undertaken in 

an attempt to prepa* aOme pyridine analogs ot ophedrine. 

This was to be accomp1ishe1 through the characteristic 

condensation of 2-picolyllithium with certain unsaturated 

aldohydes. The pyrid.ine analogs could then be synthe- 

sized by addition to the terminal bond and/or replace- 

ment of the hydroxyl group 0±' the above condensate. The 

addition of hydrogen bromide and bromine, respectively, 

to the above condensate produced very unique products. 

The most strikiu of which was the bromine addition 

which produced a cyclization to a quinoliziniurn salt. 

These addition compounds were of such a nature that the 

study was directed toward, a uiore intensive investigation 

or these addition products. 

The use of picolyllitbium in a condensation with 

certain unsaturated aldehydes were related to a number 

of similar condensations found in the literature. E. 

Braude and his co-workers compiled a series of invos- 

tigations using alkyl lithium intermediates to obtain 

products very similar to the ones under study in this 
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work: (/4, p. 2078-'2084; 5, p. 1755i761; 6, p. 2000-2006; 

7, p. 2007-2011). They have condensed iso-butenyl-- 

lithium with benzaldehyde and then. studied the effects 

of acid catalyzed oxtropic rearrangement of the newly 

formed alcohol: 

?le fj 
mcio 2 

-. PhCH=CHCMe2'OH 

Braude's work continued to the condensation of iso- 

butenyllithium with acrolein and orotonaldehyde and its 

oxotropic rearrangements: 

2CHCH0 + r1e2OCHLi -. I'1e2CCHCH(OH)CH*CR2 

0113C11=OHCHO + i4e2C=CHi -. Ne20=CHCH(OH)CH=CHCH3 

He has also investigated the condensation of cyclo- 

pentenyllithium and cis-propenyllithium with benzalde- 

hyde, acrolein and. crotonaldehyde. 

Arene, Dorp and Dik have used a similar con- 

densation in their attempted synthesis of vitamin A 

(1, p. 287-2914), Their ynthest' involved a conden- 

sation between -onone and 2,4-dimethylpyridino. The 

condensation of picolyllitbium with crotonaldehyde was 

also included in their work, 



0CH2Li 
+ 

I CH2HCH'CHCH3 00H 

Spath, Kubiczek and. Dubensky have reported a 

condensation or and y-picoline with cixmamaldehyde 

(17, p 873-879). The procedure employed by 3path and. 

co-workers omitted the use of an organolithium inter- 

mediate. An additional step included in their paper 

was the oxidation of the above alcohol to the corre 

eponding ketone. 

Again without the use of an organolithium inter- 

mediate, Matzdorf has reported a condensation between 

o-picoline and propionaldehyde (14, p. 2709-2'713). The 

atzdorf account included a dehydration of the alcohol 

and a hydrogenation of the pyridino ring forming a 

completely saturated molecule. 

V. Boekeiheide and W. Gall contributed the 

original investigation, when they synthesized some 

quinolizinium and dehydroquinolizinium derivatives (2, 

p. lß32-l86). Their investigation consisted o± re- 

acting 2-picolyllithiuxa with -ethoxypropionaldebyde 

followed by eyciization with hydriodic acid. The resul- 

tant hydroxyquinolizinium iodide was dehydrated and 
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hydrogenated. 

cIIxIIII 

OH 

::: 

Ac20 

L.JJ.S.%.,J 

I- 

Jones and Glover have conducted several tnes- 

tigations into the problem of' synthesizing quinolizinium 

salts (9, p. 1750-1754; 10, p. 3021-3028; 11, p 1686- 

1691). They have cyclized cr-pyridyl-a-ethoxypropyl 

ketoneb7 refluxing it with 31% hydrobromic acid. Jones 

has a1sopx'epared a number o1 substituted alkyl and aryl 

deryatir,$ cf this q4no1izinium salt. 

Dcering and Well hive r. ported a cyclizationto 

take place when they heated y-(2-pyridyl)bntyri*as*d 

in a molecular still under reduced pressure. The 

pro4ct norìup.ione was soIat.d from the starting 

raatorial byorning the bdxocb1oride salt (8, p. 2461- 

2466). 

Stuart* has observed a cyclization to take place 

on reacting picolyllithiuni with 3-cbloro-1,2-propylene 

oxide at ow temperature forming a hydroxyquinoliziniwn 

chloride. 

. ,..-- 

D. L , 
. 

z!ivate comnunication, Dp. o Pharmacy, 
Oregon State OoUege. 



Richards and Stevens have prepared several 

quinolizinium salts by troatin the enol ether or the 

inonoacetal of a 3-diketone with 2-picolyllithiurn and 

cyclizing the resuitinR alcohol with ethanolic picric 

acid. (15, p. O67-3O73): 

RCOCR'CROAlk 
0CH2LI H' 

F'OAIk X R 



OH 
____________________________________________________ I 

W,PCH2Li .. CH2' CHCHO 
H20 

ÇJCH2CHCH'CH2 

I ( - PYRIDYL)-3-BUTENE-2-OL 
COMPOUND A 

AI COCH(CH 

Ò0H CH2CHCH CH2 

(i9 
IL...JCH2C CH' CH2 

I (4 PYRIDYL)-3-BUTENE-2-ONE 
COMPOUND A' 

FIG. I 

('OH 
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I(- PYRIDYL)-2- BUTANOL 
COMPOUND A" 
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Br 
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BROMIDE- COMPOUND C' 
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cci: 
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2-HYDROXY-3- BROMOQUINOLIZIDINE 

HYDROGEN BROMIDE COMPOUND C' 



EXPERINTAL PROCEDURE 

The series of reactions discussed in this inves- 

tigation are shown in the preceeding figures. 

To synthesize 1(a-pyridyl)-3-butene-2-ol, 

compound A, a procedure closely related to Walter's was 

employed (18, p. 757-759). The phenyllithi+ was pre- 

pared by reacting metallic lithium with bra obenzene in 

an etheral medium. Freshly distilled -pic line was 

added to the solution containing the phenyl ithium and 

the lithium was transferred preferentially o the 

-picoline forming the characteristic blood red picolyl- 

lithium. Upon cooling the solution, a mixtre of 

acrolein and ether was slowly added, The ljthium salt 

of this condensation was hydrolyzed in eith r acid 

or neutral media. Both methods of hydrolys s yielded 

the same product and no apparent rearrangem ut had. 

taken place as observed in similar studies y Braude 

(4, p. 2078-2084; 5, p. 1755-1761). When a Id hydrolysis 

was employed, the excess acid can be neutra ized with 

sodium carbonate which separates the canden ate as an 

oil, The oil can be extracted with chiorof rm, dried 

and distilled under reduced pressure to obtain the 

alcohol. In the water hydrolysis, the ethoral and water 



layers are sitiply separated after complete hydrolysis 

has occurred, The etheral portion was then distilled 

wider reduced pressure in a similar manner, The yields 

from the acid and. water hydrolysis were 27% and 3%, 

respectively, of the theoretical amount based on 

-picoline. 

The liquid alcohol when cooled, yielded a yellow 

crystalline product, which upon recrystallization, 

produced a white crystalline compound, compound A. 

This decòlorized potassium permanganate, bromine water 

and was soluble in such solvents as chloroform, carbon 

tetrachioride and acetone but was only slightly soluble 

in water. The phenylurethan derivative of the alcohol 

was prepared, which also decolorized potassium per- 

manganate and bromine water, 

To establish the presence of a terminal double 

bond, compound A was subjected to hydrogenation under 

low pressure using platinum oxide as catalyst, forming 

l(cx-pyridyl)-2-butanol, compound A". The saturated 

alcohol was a known compound which was reported by 

Natzdorf (14, p. 2709-2713), Since there have been no 

derivatives reported for the alcohol, the phenylurethan 

derivative was prepared. 

Ozonolysis of compound A was performed with the 



purpose o!' cleaving the terminal double bond assumed to 

be present (13, p. '4-37-4.93). The resulting decomposition 

o!' the ozonide yielded formaldehyde, from which the 

dime done derivative was prepared. 

To verify the presence of a secondary hydroxyl 

group, compound. A was oxidized by aluminum iso-propoxide 

to the corresponding ketone. Carbon-hydrogen analysis 

indicated that l(-pyridyl)-3-butene-2-one was preparede 

The 2,4.-dinitrophenyihydrazone was obtained as a 

chemical proof of the ketone's existenee although a 

varying carbon-hydrogen analysis was observed, 

Compound A was subjected to the ad1ition of 

hydrogen bromide by dissolving it in benzene and passIng 

hydrogen bromide gas into the cooled solution, A guiny 

white material precipitated out of solution a.d was re- 

crystallized several times from acetone which yielded 

white needles, compound B, The new compound gave a 

positive test with potassium permanganate, bromine 

water, silver nitrate and was readily soluble in water 

which indicated the possibility that a salt was formed 

rather than the expected addition product. Since the 

hydrogen bromide salt appeared to be present, compound 

B was subjected to additional molos of hydrogen and 

hydrogen bromide in an attempt to replace the hydroxyl 



group or add to the double bond, In both instances 

oils resulted froni which a pure product was not obtained. 

Ozonolysis of compound B and the subsequent preparation 

of the diiaedone derivative, iudicated the terminal 

double bond was still present. 

The addition of bromine to compound Â produced 

a yellow gummy material which after recrystallization 

yielded a white crystalline product, compound C. This 

compound exhibited extreme water solubility and gave 

positivo tests with silver nitrate and potassium per- 

manganate upon warming, but gave no evidence of a 

bromine addition. Flame tests resulted in a large ash 

being formed, which indicates a salt may be present. 

The ultraviolet and infrared spectra ot compound 

C along with the chemical characteristics indicated the 

possibility that a cyclization had occurred forming 

2-bydroxy-3-broino-1 , 2 , 3 4 tetrahydroquinolizinium 
bromide. Therefore, work was carried out similar to 

that of Boekelhoide and Gall (2, p. 1832l836). Â de 

hydration of compound C was performed analogous to the 

above authors work on other uinoliziriiuni salts. 

compouiiJ C wc refluxed for a short time with acetic 

anhydride and a trace of concentrated sulfuric acid. 

Â purple solution resulted with an even darker purple 
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precipitate in the f1ak. The precipitate upon re- 

rysta1Iizat±on resulted in a bright purple crystalline 

compound which gave a carbon-hydrogen analysis and. in- 

frared data conrorming to 3-brbmo-3,k-dihydroquinoliz- 

iniuin bromide, compound C. The conapound still ex- 

hibited water solubilitl and has shown a color change 

to take place going from purple in acid to milky white 

in base which could be regenerated by acïd. This 

phenomenon, though not extensively investigated, may be 

related to the acridizinium ion study carried on by 

Bradsher and Jones (3, p. 1938-1941). 

Gompound C was then subjected to a quantitative 

hydrogenation similar to the one Boekelheide carried 

out on a quinolizinium iodide salt (2, p. 1832-1836). 

Upon completion o± the hydrogenation and removal o1 the 

solvent a residue rernained, which when recrysta1lzed 

yielded a white product, 2hydroxy-3-bromoquinoliaidine 

hydrogen bromide, compound C". ' Compound C" was very 

soluble in water and gave a positive test to silver 

nitrate and an acid reaction to pH paper. 

Analytical tata in the form of carbon-hydrogen 

analysis have been carried out on al]. the compounds 

mentioned. Infrared spectrums have been taken on corn- 

pounds A, A', B, C and C'. Ultraviolet spectrum haz 



been taken on compound C. A neutralization equivalent 
and nitrogen determination have been perrornied on 

compound B. 

Other work has been attempted in this study 
that needs further investigation. Proparl aldehyde 

was condensed with picolyllitbium analogous to the 
acrolein condensation in an attempt to introduce a 

terminal triple bond. Products of various nature were 

isolated but, at this time, could not be identified. 
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EXPERINENTAL 

1(a-pyrld.yl)-3-butene-2-ol: While anhydrous 

nitrogen was passed through a 3-necked flask equipped 

with a droppixig funnel, mechanical stirrer arid reflux 

condenser protected froni the atmosphere, 400 cc o± 

ether and 6.9 grains (1 mole) of' lithiiin chips were added. 

Theñ 10-15 cc of a solution containing 79 grains (0.5 

mole) bromobenzene in approximately 100 cc of ether was 

added. If the reaction did not start, the flask was 

warmed, The remainder of the solution was added at 

a rate dependent on the amount of ref luxing. The mix- 

turo was stirred until the lithium was in solution. 

Forty-six grams (0.5 mole) of a-picoline was added and 

stirred for or.o hour. The reaction mixturo was then 

cooled to 0°C and. 35 grams (0.63 mole) of' acrolein in 

50 cc ether was added slowly. The mixture was stirred 

for 30 minutes and the nitrogen train was disconnected. 

Hydrolysis of the lithium salt was accomplished by 

slowly adding 100 cc of water followed by 100 cc o± 

concentrated hydrochloric acid. The aqueous layer was 

separated and poured into a sodium carbonate-water 

solution to neutralize the excess acid. The precipi- 

tated material, lithium carbonate, was removed by f' il- 

tration and the filtrate was then extracted. with several 
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loo cc portions of' chloroform and dried over magnesium 

sulfate. The chloroform was removed by distillation 

and the residue was fractionated under reduced pressure 

using a Vibreaux column, The l(-pyridyl)-3-butene-2-o1 

distilled at 76-80° at i m pressure. The yield was 

20 grams (27%). 

Plie second method of preparation involves only 

water hydrolysis. The same procedure was used, except 

on hydrolysis, 200 cc of water was slowly added and 

stirred for 20 minutes. The ether and water layer were 

separated and the ether removed by distillation. The 

oily residue was then fractionated using a Vigreaux 

column. The alcohol distilled at the same temperature 

and pressure as above, yield 25 gramo (3k%). 

The light yellow oil obtained from the above 

disUilation nay be cooled sud crystallized. Recrys- 

tallization made from petroleum ether yielded a white 

crystalline product, m.p. 36°C. 

Anal. Calc'd. for 09H11N0: C, 72.4; H, 7.37. 

Found: Q, 72.2; H, 7,40. 

Preparation of the phenylurethanderivative of 

(-pyridyl)-3-butene-2-ol (16, p. 206-211): Two grams 

of the purified alcohol were added to 3 cc of phonyl 



isocyanate. The reaction mixture was warmed on a steam 

bath for 10 minutes and then cooled to OG. The crys 

talune product was then filtered and recrystallized 

from carbon tetrachlorid.e. A light tan compound re- 

suited, m.p. 104-105°C. 

Anal. Calcd. for C16HN202: C, 71.6; H, 

5.95. Found: 0, 71.8; H, 5.91. 

Qzonolysis or 1(-pyridyi-3-butene-2-ol: One 

gram of compound A was dissolved in 40 cc ethylene 

chloride, found to be favorable for aldehyde cleavage 

(13, p. 437-493). The iuixture was cooled to Q0Q and 

3% ozone was passed into the solution at the rate of 

50 ec/*inute for 1.5 hours, After ozonolysis, the re- 

action mixture was added dropwise into a 3-necked flask 

equipped with mechanical stirrer and Olaisen bead for 

distillation and containing 50 cc of 10% acetic acid 

and 0.5 gram zinc dust. The flask was heated on a steam 

bath so that the ethylene chloride was distilled off as 

the reaction mixture was added. The aqueous-acetic acid 

mixture was subjected to the dimedone reagent in an 

attempt to obtain the formaldehyde derivative (12, p. 

95-99). Eight cc of a 50% ethanol-water solution were 

added to 0.8 gram of dimnedone and 2-3 cc of the solution 

containing the suspected formaldehyde. One drop of 



piperidine was added as a catalyst and the mixture was 

heated. wider 2eZ1ux Lor 2 hours. The reaction mixture 

was cooled. with the rormation of the dimedone deriv- 

ative. it was found that addition of water aided the 

crystallization. The product was filtered off and re- 

crystallized from a water-ethanol solution. This 

yielded a white crystalline product, m.p. 19000. 

Literature reports m.p. 191-191.5°C (12, p. 95-99). 

1(a-pyridyl)-2-butanol: In a hydrogenation 

flask, 0.5 grain of compound A was placed along with 75 

cc of absolute ethyl alcohol and 0.5 grani of platinum 

oxide, The hydrogenation was run for 3 hours at 35 lbs/ 

sq. in, Upon completion, the catalyst was removed by 

filtration and the ethyl alcohol evaporated under re- 

duced pressure. A light yellow oil was obtained which 

distilled at 125-130°C, 18 xrim pressure. This agrees 

with the literature value (14, p. 2709-2713). 

Preparation of the pbeny1urethan derivative of 

i(a-pyridyl)-2-butanoi (16, p. 206-211): One grain of 

the purified alcohol was heated on a steam bath with 

2 cc of phonylisocyanate for 10-15 minutes. The pro- 

duct obtained was the titurated with 10 cc of carbon 

tetrachioride and filtered. The compound was then 
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recrystallized from acetone and. reprecipitated by 

adding water. A fine white powder was obined, m,p. 

235°C. 

Anal. Calc'd. for C16H18N202: C, 71.1; R, 

6.66. Found: C, 71.1; H, 6.58. 

l(-pyridy1)-3-butene-2one: Five grams (0.034 

mole) of compound A were dissolved in a flask contain 

ing an excess of acetone. To this solution 7 grains 

(0.034 mole) of aluminum isopropoxide were added and 

the mixture refluxed overnight. The aluminum isoprop- 

oxide was removed by filtration and the acetone was 

evaporated to a dark yellow oil. The oil was purified 

by distillation through a micro-distillation apparatus. 

A light yellow oil with a sharp odor siilar to that 

of acrolein was isolated, b.p. 190-200°C., atmospheric 

pressure. 

n&l. Calc'd. for 09H9N0: C, 73.k; H, 6.12. 

Pounds C, 73.1; R, 6.21. 

PreDaration of the 2k-dinitroDhen.ir1hydrazone of 

1(-pyridyl)"-3-butene-2-one (16, p. 214-219): Ftve- 

tenths gram of compound A' was dissolved in 20 cc of 

95% ethanol. A freshly prepared 2,4-dinitrophenyl- 

hydrazine solution was added and the resulting mixture 
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stirred and allowed to stand overnight. The resulting 

precipitate was removed by filtration and recrystallized 

from a water-ethanol solution to an orange powder, m.p. 

87-89°C. 

Anal. Cale'd. f oz C, 55.1; 3.99. 

oun4: Q, varying results; H, 4.29. 

l(cx-pyridyl)-3-butene-2-ol hydrogen bromide In 

a 3-necked flask equipped with a mechanical atirr, 

lo grams (0.068 sole) of purified compound A was placed. 

To this was added 200 cc of anhycirous benzene and. the 

nizture was then cooled to 0°C. Hydrogen bromide gas 

(tank) was then passed through the mixture for 2 hours. 

A white gummy product precipitated out of solution, 

which could be removed by filtration or the benzene 

decanted off. The resulting gum was recrystallized 

from limited amounts of acetone several times. Large 

white needles were produced, yield 4.5 grams (29%), 

ixi.p. 97°C. 

Anal. Calc'd. for C9 H12NOBr: C, 46.8; H, 5.22; 

N, 6.10. Found: C, 46.9; H, 5.22; N, 6.33. 

Ozonolysis of 1(cz-pyridyi)-3-butene-2-o1eh7droen 

bromide: One gram of compound B was dissolved in 40 cc 

of methanol and was subjected to 3% ozone at a rate of 



50 cc/minute for 75 minutes. The ozonide was decomposed 

similar to the preceeding method, using 50 cc of 10% 

acetic acid and 0.5 gram of zinc dust. The dimedone 

derivativo was again made in a similar manner to the 

one previously described. A white crystalline compound. 

was obtained, m.p. 188°C. Literature reports m.p. 191- 

191.5°C (12, p. 9kg-99). 

Anal. Calc'd. for C17H2404: C, 68.9; H, 8.22. 

Found: 68.8; H, 8.13. 

2-hydrocj--bromo-1 2,3 ,-tetrah$ouinoliziniz 

bromide: In a 3-necked flask equipped with a mechanical 

stirrer, reflux condenser and dropping funnel, 2 grams 

(0.0013 mole) of compound A wore added to 50 cc of 

carbon tetrachioride followed by 2.2 grams (0.O01 mole) 

bromine in 20 cc of carbon tetrachloride, added drop- 

wise. A slight warming was notieed as the solution 

turned a cloudy yellow and a residue formed on the sides 

of the f1ask After the bromine addition reached corn- 

pletion, the carbon tetrachioride was decanted off and. 

the residue recrystallized from methanol. Norite was 

used to decolorize the yellow compound, which resulted 

in a puro white crystalline compound, yield 3 grams 

(70%), m.p. 178-179°C. 
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Anal. Calc'd. ror C9H11NOBr2: C, 3k.9; H, 3.56. 

Found: C, 3k.7; H, 3.66. 

3-bromo-3,'4--dilaydroguinolizinium bromide: One 

gram of compound C was placed in a flask equipped. with 

a reflux condenser. To this was added. k cc of acetic 

anhydride and. one drop of concentrated sulfuric acid. 

The mixture was refluxed approximately 5-10 minutes and 

then cooled. A bright purple solutiQn resulted and a 

dark purple precipitate formed; the precipitate was re- 

moved by filtration and. triturated with IO cc of ethyl 

acetate and filtered again. The product can then be 

recrystallized with some difficulty using a small amount 

of ethyl alcohol. The crystallization product was 

bright purple, in.p. 169-171°C. 

ia1. Oalc'd. for C9H9NBr2s 0, 37.1; H, 3.09. 

Found: C, 37.2; H, 3.25. 

2-hyd.roxy3-bromoauinoli zidine hdroen bromide: 

Five-hundred milligrams of compound C were dissolved in 

20 cc of absolute ethanol. To this was added 50 mg of 

platinum oxido as a catalyst. The mixture was hydra- 

genated under analytical conditions employing a micro 

quantitative hydrogenation apparatus at room temperature 

and atmospheric pressure. The compound absorbed 3.5 



oiar equivalents of hycIroen. The solution was filtered 

to remove the catalyst and the ethanol evaporated to a 

volume of about 5-10 cc. The reaction mixture was 

cooled and a white crystalline compound precipitated. 

The product w&s then recrystallized from ethanol to 

obtain a white powder, m.p. gradual decomposition above 

208°C. 

Anal, Calc'd. for C9H17N0Brz C, 34.3; H, 3.40. 

Fowid: C, 34.4; H, 5.38. 

Infrared data was obtained from a Perkin-Elmer 

Nodel 21 spectrophotometer and ultraviolet data was 

obtained from a Beckman DU spectrophotometer. The listed 

melting points are uncorrected. 
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TABLE I 

The following table lists the important peaks 
in wave numbers (om) for the eompounds analyzed by 
infrared absorption. 

øo*pound Peak (om) 

Compound A 3,100 
1,595 
1,444 
1,346 
1,301 
1,114 
1,093 
1,007 
996 
920 
765 

Compound B 3,250 
1,613 
1,532 
1,315 
1,124 
995 
920 
760 

Compound C 3,225 
i , 506 
1 , 298 
1,250 
1,195 
1,148 
1,117 
1,083 
1,055 
920 
785 



TABLE I - Cont. 

Compound Peak (cz) 

Compound A' 3,300 
1,690 
1,594 
1,569 
1,475 
1,436 
1,050 

996 
918 
760 

Compound 0' 3,150 
1,615 
1,495 
1,457 
1,370 
1,287 
1,240 
1,145 
1,076 
1,051 

783 
707 

TABLE II 

Ultraviolet Data 

Compound o1vent Max x ic6 Ni* x 1O 

Compound C Water 266 4.90 236 8.92 



DISCUSSION AND CONCLUSIONS 

l(-pyridy1)--butene-2-ol, compound A, was 

prepared by the condensation oÍ acrolein with picolyl- 

lithi'wn and subsequent acid and neutral hydrolysis. 

Hydrolysis in both instances yielded the saine un- 

saturated 1çoho1, rompound A, Infrared analysis showed 

peaks at 920 cm and. 996 çm indicating a terminal 

double bond and. a peak at l,llL cm indicating a sec- 

ond.ary 1ydroxyl group. A mixed molting point was taken 

of the two hydrolysis products and no depression ob- 

served. The evidence all points to the presence of a 

terminal double bond. 

To substantiate the above belief, additional 

information has been obtained. The dimedone derivative 

of formaldehyde was prepared froii the ozonolysis of 

compound A. Compound A was oxidized to the correspond- 

Ing ketone, l(c-pyridyl)-3-butene-2-one, compound A'. 

Infrared analysis of this compound showed a peak at 

1,690 cm confirming an expected conjugated earbonyl 

function. A 2,4.-dinitrophenylhydrazone was prepared, 

but on analysis gave varying results. Compound A was 

hydrogenated to the saturated known compound, 

l(a-pyridyl)-2-butanol (14, p. 2709-2'713), The phenyl- 

urethan derivative of both the saturated and. unsaturated. 
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alcohols was prepared. 

The conclusion 'ust be drawn that hydrolysis in 

either acid or neutral rziedia produced the same compound. 

This was eontrary to the work reported by Braude on 

similar compounds, but containing no nitrogen. The 

characteristic allylic rearrangement in acid medium so 

often observed in analogous compounds does not seem to 

occur in the above alcohol, compound A. One must pos- 

tulate that the ring nitrogen, being basic in. nature, 

retards the carbonium ion formation essential to the 

acid catalyzed rearrangement. 

Upon addition of hydrogen bromide to compound A, 

the evidence indicates that only the salt of the ring 

nitrogen has been formed leaving the terminal double 

bond. intact. An investigation. to determine the nature 

Q this apparent salt, l(a-pyridyl)--butene-2-ol' 

hydrogen bromide, compound B, was performed. It was ex- 

tremely water soluble and gave a yellow precipitate upon 

addition of silver nitrate and showed an acid reaction 

to pH paper. It was titrated with staMard potassium 

hydroxide to a phenolphthalein end. point, which gave a 

neutralization equivalent of 227 as compared to a 

theoretical value of 230. The above work indicates the 

presence of a salt. To determine whether a cyclization 



had taken place, as noted by Boekeiheide (2, p. 1832- 

1836) and Richards (15, p. 3067-3073) in similar work, 

ftr.ther investigation was required. Infrared analysis 

gave peaks at 918 cm and 995 cm, indicating a 
terminal double bond still existed, also a peak at 

1,124 ca indicating the hydro1 group to be present. 

Ozonolysis was performed on compound B, which produced 

formaldehyde after cleavage of the ozonide. With this 

evidence, the possibility or cyclization was eliminated. 

In an attempt to saturate the double bond, compound B 

was subjected to additional moles of hydrogen and 

hydrogen bromide. A pure product could not be isolated 

from either reaction for identification. 

With the above experimental data as evidence, 

the conclusion was reached that the hydroen bromide 

had added to the ring nitrogen. This was somewhat 

surprising, since one would expect the hydrogen bromide 

to react with the seemingly more active allyl alcohol 

or olefinic functions. The ring nitrogen again seems 

to be more nucleophilic than the olefínic double bond 

resulting in the observed salt formation. 

Bromine was added to compound A with the formation 

of 2-hydro-3-bromo-1 2,3 ,4-tetrahydroquinolizinium 

bromide, compound C. Compound C was very soluble in 



water and. gave a positive test with silver nitrate. 

The compound. was oxidized by potassium permanganate 

only upon warming, but did not add bromine water indi- 

cating the bromine addition bad occurred at the double 

bond. To further establish the presence or absence of 

a double bond, an infrared analysis showed the absence 

of the terminal double bond peaks, but a peak at 

1,117 cm still indicated the presence of a secondary 

bydroxyl group. To verify the presence of a quinol- 

izinium salt, an ultraviolet spectrum gave a maximum 

absorption at 266 mu, which appears to be characteristic 

of the hydroxyquinolizinium salts (2, p. 1832-1836). 

Known reactions to hydroxyquinolizinium salts were then 

performed to substantiate the existence of compound C. 

A dehydration of compound C yielded an interesting 

bright purple compound , 3-bromo-3 ,-dihydroquinolizinium 

bromide, whose carbon-hydrogen determination agreed with 

the theoretical value, A more intense study of this 

compound, which time did not permit, should be made in. 

an effort to explain its deep purple color and its 

interesting acid-base reactions. 

Compound C was then subjected to a quantitative 

hydrogenation which resulted in a 3.5 mole absorption 

of hydrogen. The half mole of hydrogen has apparently 



added to the bromide salt forming the hydrogen bromide 

salt , 2-hydroxy-3-bromoquinolizidine 'hydrogen bromide. 

The above assumption was correct according to the 

carbon-hydrogen data, which corresponds to the hydrogen. 

bromide salt ol' the saturated molecule. This compound 

was readily soluble in water and gave a positive test 
with silver nitrate. Compound C was oxidized with alu- 
minuin isopropoxide in an attempt to form the ketone of 

the quinolizinium salt. A product was obtained, again 

bright purple in color, but further investigation must 

take place before any conclusion can be drawn. 

From the analytical data, observed tests and the 

two known reactions, dehydration and hydrogenation, the 

conclusion was drawn that upon addition of bromine to 

compound A a cyclization has taken place with the for- 

mation of a quinolizinium bromide salt. Previous 

attempts mentioned by Boekeiheide, Glover and ;3tovens 

al]. entail several intermediate steps and time consuming 

isolation methods. This novel cyclization creates a new 

and essentially a one step method for obtaining a 

quinoliziniuni salt in high yield with additional func 

tional groups present on the ring. The bromide and 

hydroxyl groups provide sites for various replacement 

and addition reactions opening a new field of study. 



SUJIMARI 

Picolyllitbium was condensed with acroleiri to 

form i(cx-pyridy1)-3-butene-2-o1, compound A. It ws 

estab1shed that compound A contains a terminal double 

bond and. a secondary hydroxyl group. Upon addition o± 

hydrogen bromide to compound A l(-pyridyi)--3-butene- 

2-ol'bydrogen bromide, compound B, was formed and 

fornid to be the hydrogen bromide salt of compound A, 

indicating no apparent addition to the double bond or 

replacement of the hydroxyl group. 

Bromine was added to compound. Â to produce 

2-hydroxy-3-bromo-1 , 2 , 3 ,k-tetrahydroquinolizinium bromide 

compound C. This indicates that the addition of bromine 

has brought about a cyclization to form the quinol- 

izinium salt, The fact that a simple bromine addition 

has produced a cyclization, creates a new and novel 

method for preparing quinoliziniuin salts with functional 

groups on the saturated ring still intact. A reaction 

of this nature bas not previously been reported in the 

literature. 
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