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REACTIONS OF THE CONDENSATFS OF PICOLYLLITHIUM 
ND ACROLFIN AND MTHACROLEIN 

The purpose of this investigation was to study the addition 

arid substitution reactions of the condensate of 2-picoline with 

certain unsatureted aldehydes. Such derivatives should show 

structural sirnilrities with some of the natur1ly occurring 

alkaloids, notably those of the lupin group. As such, these 

compounds mirht be of 5-me pharmacological interest and could be 

s'bmitted for study with re'ard to physiological activity. 

The initial condensaticri products of 2-picolirie with ,<, (3 - 

unsaturated ldehydea aire unsturted alcohols with ri allylic 

structure. The first studies of such unsaturated alcohols were 

begun by 13rade and Timmons (8). Their investigations were started 

in an effort to find a suitable reagent for alkenylations. Grirrnard 

reagents have been used successfully for alkylations, eryltions, 

and for alkynylations but had not proved satisfactory for alkenylt1ons. 

isoButene had shown some reactivity as a Grignard ragent in 

alkenylitions hut the yields nd the reactions were unsatisfactory. 

As a consequence of the slight reactivity sho'n by isohntene it 

was chosen as the fir8t substance to exanine with regard to its 

alkenylating properties when used if coupled with lithium. 

Uing the seme procedure as as used in nreparing styryllithium 

3raude and Tmions () succeeded in preparing isobutenyllithium. 

They treated isobutenyl bromide .ith lithium in an etheral solution. 

The lithiimi alkcnyl, en trontod with COB, formed the lithium 

salt of the unsaturited acid. 
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Me2CCHLi + CO2 -- -Me2CCHCOOLi 
I 

Isolated in addition were di(isohutenyl) ketone, formed by the 

condensation 0f the i1keny11ithiurn with the lithium 1t of the 

acid, nd 1,1,4,-tetrethy1-1,3--butdiene, the product of the 

condensation of isobuteny11ithim with irnreacted isobutenyl bromide. 

enzaldehyde w uccessfu1ly condensed with the ischitenyl- 

lithium to form the exnected unsturated alcohol. 

Me2CCHLi + C6H5CHO ----- CH5CHOHCH"CMe3 
II 

This unsaturated alcohol, when treated with dilute hydro.- 

chioric acid, underwent n oxotropic rearrangement in which an 

isomeric allylic alcohol was formed (E, 9). 

HC i 

C8H5CHOHCH-CMe2 ----- C6H5CHCHCOH1e2 
II lIA 

isoButenyllithiuni was used in further studies of Braude and 

Timmons (9) to form condensation products with acrolein and th 

crotonaldehyde. Here, too, the expected carbinols were isolated, 

and aRain, in the presence of dilute hydrochloric acid, the oxotropic 

rearrangement was observed. In the presence of 0.0Cl M acid the 

hydroxyl oup shifted completely and irreversibly to the more 

hih1y substituted side. .hen 0.1 M acid was employed an equi- 

librium mixture of equimolar quantities of two isomers was obtained. 
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}Ac2CCHCHOHCHC}iR R - -H or -CH3 

/ III 
0.CO1 { 0.1 M H4 

/ __ Me2C0HCA--i-CHR < 
j Me2CC HCH-CHC: .01-IR 

lilA IIIB 

Braucle and rcles (5) have preprd cyclohexeny1lit'ium and 

condensed it with acrolein and crotonaldehyde, forin the ar''inols 

in yiclds of 45% and respectively. They observed that the 

oxotropic rearrangment took p1acr with these carbinols also. They 

have also investigated propenyllith.um and its condensation products 

(6). 

Brande and Forbes (7) hRve studied the ractions and oxotroic 

rearrangements of cyclopentenyllithium coupled with various 

unsaturated aldehydes. 

The use of picolirE as a condensing aient with aldehydes has 

been known for many years. In 1890 Matzdorf (20) hated 2-picoline 

with propionaldehyde, obtaining the condensation product a-picolyl- 

ethylalkine. 

C5H4NCH3 + CH3CH2CHO ----- C8H4NCH2CHOIICH2CH3 
Iv 

A modification of Matzdorf's procedure enabled Loefîler and 

Stietzel (18) to condense 4-picoline with formaldehyde, forming 

Y-pico1y1a1kine. 

Spaeth and co-workers (26) heated eqtiimolar quantities of 

cinnais1dehyde with 2-methyl--, 4-methyl-, and 2,5-dimethylpyridine, 

obtaining in small yields mixtures of the condensation products, 

butenols, with the dehydration uroducts, butadienes. 
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C6HCHCHCHO + R-Ve -------- C6H5CHCF{CHOJICH2R 
V 

- 2-pyridyl, 
4-pyridyl, or 

5-methyl-2-pyridyl C6H5CHCHCHCHR 
VI 

More recently Arens and co-worker8 (1) have condensed 2-methyl- 

and 2,4-dimethylpyridyllithium with ß -ionone, and 2-methylpyridyl- 

lithium with crotonaldehyde. Upon hydrolysis the expected allyl 

alcohols were formed in moderate yields. 

C5H4NCH2Li s CH3CH-CHCHO ---- CH4NCH2CHOHCH-dHCH3 
VII 

QuinoliziniuTn salts, unsaturated compounds corresponding to 

quinolizidine, a saturnted member of the lupin alkaloids, have 

recently been investignted 'xtensively. Boekeiheide and Gall (2) 

condensed picolyllithium vdth Ç3-ethoxypropionaldehyde as the fIrst 

step in their preparation of quinoliziniuin derivaties. The 

intermediate product was cyclized by treating it with hydroiodic 

acid, followed by neutralization with alkali to give the cyclic 

ammonium iodide. 

C144NCFLL1 + EtOCHCHCHO --- C8H4!'CH2CHOHCH2CH2OEt 
vn I 

1. HI 
VIII 

2. Alkali 

Ix 

- 

OH 



Glover and Jones (12) condensed 2-cyanopyridine 'with 3-ethoxy- 

propylmagnesium bromide to form 2- '1-ethoxy-butyrylpyridine. This 

was treated with boiling aoueous HBr and the intermediate bromoketone 

was cyclized in boiling chloroform to yield l,2,3,4-tetrahydro-l- 

oxo-quinolizinium bromide. 

C 

i . fiBi 

C5H4NCOCH2CH2OEt ---_-_-- 
I II L 

2. CHC13 X 

Glover and Jones (13), by proper choice of the aliphatic 

precursor, have prepared compounds substituted in the 2-,3-, or 4- 

position. 

Nesmeyanov and Rubinskaya (22) have prepared cutnoliziniunt 

compounds substituted in the 2- nosition by condensing 2-picolyl- 

lithium with acetoacetaldyhyde dimethylacetal, then treating the 

resulting precipitate with concentrated HBr. 

Substitution in the 1- position of qulnolizinium compounds 

was effected by condensing 2-acetylpyridine with 3-ethoxy-propyl- 

magnesium bromide (14). The condensation product was then cyclized 

by refluxing in aqueous RBr. 

Richards and Stevens (24) started with f-oxo-aldehydes or 

ketones and converted them to monoacet1s and/or enol ethers. These 

were then tretited with picolyllithium. The resulting condensates 

were cyclized by refluxing with alcoholic picric acid, forming the 

corresponding quinolizinium picrates. 

Doering and rei1 (11), using a different method for cy-clization 

of quinolizinium derivatives, succeeded in cyclizing 4-(2-piperidyl)- 



butanoic acid by heating lt in a molecular still under reduced 

pressure. They recovered -nor lupinone contaminated with the 

starting material. 

C5?H2H2CH2COOH 
---- 

Cyclic alcohols such as IX and cyclic ketones such an X'can be 

dehydrated by heating with boiling acetic anhydride containing a 

drop of sulfuric acid (2,12). In this manner it is possible to 

prepare partially unsaturated rings and conmietely aromatic systems. 

Ix + (cn3co)20 + 

X + (0H300)20 + H 
I 

¡I 

X- 
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Flow Sheet 

of Compounds Prepared 

C5H4NCH2LI + CH2-CCHO 
R 

I (R - -CH3) + c8ï-iN-CO 

I + R'COCl 

I(R-CH3) +Br2 

L. .J CH2CHOHC-CH2 
N 

I 

CONHC6H5 
-.- CH2CHC-CH2 
N CH3 

II 

COCOR' 

CH2CHÇ-CH2 
R 

HC1 

III A (R - -CH3, R' - C6H5) 

III B (R - R' -CH3) 
III C (R - -H, R' - -C6H5) 

Iv 



g 

Iv + (cH3cO)20 __ 
CH3 

Br- 
Br 

I (R - -CH3) + RBi' - --- 

[:::TjI] CH2CHOHC-CH2 
N CH3 

HEr 

+ 

CH2CHCBrCH3 
CH3 

RBi' 

VII 

VI + Br2 - -- --------- I 

) CH2CHOHCBrCH2Br 
N CH3 

HEr 

VIII 



I(R-H) +}jBr 

IX + Br2 - 

L) CH2CHOHCH-CH2 
N 

HBr 

Ix 

LJ CH2CHOHCHBrCII2Br 
HBr 
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Discussion 

The condensation of son unsaturated aldehydee with lithium 

alkenyls has been reported by Braude and co-workers in a series of 

papers (5, p.2014-2019; 6, p 207-2O84; 7, p. 1755-1761; 8, p. 

2000-2006; 9, p 2007-2011). Until recently little work had been 

done with picolyllithium in connection with condensations with un- 

saturated aldehydes. Arens and co-workers (1, p. 27-294) have con- 

densed 2-picoline with crotonaldehyde and sorbaldehyde. Others (2, 

p. l32-l36; 12, . 1750-1754; 13, p. O2l-3O28; 14, p. l66-l69l) 

have used picolyllithium in condensations with saturated aldehydes 

a an intermediate step for the synthesis of quinolizinium salts. 

Recent work in this laboratory has been done to investigate the 

reactions of acrolein with picolyllithium. The present investigation 

was an exténsion of these studies. 

The compound l-(2-pyridyl)-3-methyl-3-butene-2-ol (I, R - -CH3) 

was synthesized by following a procedure similar to that of Walter's 

(27, p. 757-759). Phenyllithium was trepared by letting metallic 

lithium react with bromobenzene in an etheral solution. 2-Picoline 

was added to this solution, resulting in a preferential transfer of 

the lithium to the 2-picoline nd forming the typical blood-red 

picolyllithium. After cooling the mixture, freshly distilled 

methacrolein dissolved in ether was slowly added, forming the lithium 

salt. The salt was hydrolyzed by adding water to the solution 

followed by concentrated hydrochloric acid. After separating the 

ether and water layers the wat'r-soluble condensation product was 

neutralized with sodium carbonate solution. The free base separated 
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as a thick rod il which was extracted with chloroiorm, dried, and 

distilled under reduced pressure. 

W.ischnn (28), in a siriilar reaction, suggested that hydrolysis 

using only water gave better yields. This was not substantiated in 

the present investigation. When water alone was used t hydrolyze the 

lithium salt the roduct rerained in the ether layer, which was dried 

and distilled a before to give the sai product. 

The product was obtained as a light yellow oil in yields up to 

37%. The oil crystallized upon cooling overnight to form yellow to 

white crystals. The alcohol was recrystallized from petroleum ether 

or from a mixture of petroleum ether and dietoyl ether as white 

needles. It was soluble in water as well as in many- polar and non- 

polar organic solvents. 

The phenylurotnane derivative vas prepared to characterize the 

alcohol, a compound not previously reported in the literature. 

fraude et al (7, p. l7S-l7òl; ti, p. 2010-2006; Y, p. 2'07-2OU) 

have investigated the oxotropic rearrangennts of certain carbinols 

made by similar uthods, i.e. the condensation of unsaturated aldehydes 

with various lithium alkenyls. They h.tve reported that these allylic 

alcohols undergo isoxneric rearran;eonts in the presence of dilute 

acid. E3ecause the condensates of 2-picoline and acrolein and 

iithacrolcin are also allylic alcohols, and beeaus the hydrolysis of 

these condensates was carried out in an acid solution, it was necessary 

to ostablisr whether such a rearrangent had occurred. The initial 

condensation products were therefore subjected to ozonoly-ais. 
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The condensate of 2-picoline and rnethacrolein (I, R - -CH3) was 

dissolved in ethylene chloride, reported to be a favorable solvent 

for ozonolysis (11, p 437-439) cooled to USC, and then ozone was 

passed into the solution until the un'aturated alcohol had hen 

completely converted to the corresponding ozonide. The solution of 

ethylene chloride was added d.rop?'ise to a mixture of acetic acid and 

zinc dust to hyìrolyze the ozonide. ¡fter the solvent had been re- 

moved by distillation a portion of the hydrolyzed sol-tion was treated 

with methone (dimethyldihydroresocinol) to test for the presence of 

formaldehyde. The recovery of 1,3-cyclohexandedione-2,2-methylene-his 

(5,5-dirnethyl) confirmed the presence of formaldehyde, which was 

evidence that the terminal double bond of the alcohol was still 

present. This indic2tion that no rearrangement had occurred agreed 

with the findings of 7{ischman (2e) in connection with the condensate 

of acrolein and 2-picoline (I, R -H). 

The compound 2-hydroxy-3-bromo-3-methyl-1,2, 3,4-tetrahydro- 

quinolizinium bromide (IV) was formed by dissolving (I) in carbon 

tetrachioride. The quinolizinium compound dropped out of the 

solution as it was formed, adhering to the sides and bottom of the 

flask as a sticky material. \then recrystallized from small amounts 

of sopropyl alcohol lt was obtained as white crystals. The 

compound was water-soluble and showed the presence of an ionic 

bromide, as evidenced by the precipitation of silver bromide when 

treated with a silver nitrate solution. 
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Atteiipts were maie to form eothrc of (1V) but without success. 

hkien (IV) was treateci with acetic anhydride a crystalline conpow 

wa8 obtaucct. naiysis sìi.ei hi t be J_ithy1_3-bromo_3,L- 

d1bycirouino1izinium bromide LV). Boekeiheide and Gall (2, p. 1t332- 

183b) have reporte1 Uie uso ol ace.ic anhjdride containin, u drop of 

sulfuric acid a a c1ehydratin, agent. ihe foraaUon of (V) ir4icato8 
that the aulfuric acii is not &Liays necessary to effect cieliytiration. 

In aoLher atteLpt to esteri.L (IV) it was treaLod with acid 

chiorictes. In spite ol an apparent reaetion no pure coiipounLs ere 

isolatect, clue, peihape, to the presence of urireacteci (IV) which 

could not be separated from the reaction products. 

Unlike the cyclic bromide sait the original condensate (I) 

reacted very readily with acid chlorides, forming hydrochloride salts 

of the esters produced by the reactïon. Thus 1-(2-pyridyl 

hydrochloride ) -3-iithyl-3-butene-2-ol bonzoate ( lILA ) and i-( 2- 

pyridyl hydrochlcride )-3-met1yi-3-ienu-2-ol acetate (IIi ) wer e 

fornct by treating (i, I= -CH3) with benzoyl chloride and acetyl 

chloride respectively. The reaction was exothermic aid proceeded 

rapidly with the formation of the eructe salt. The salts weie 

recrystallized f zorn a mixture oi alcohol and e iher, or from benzene. 

The acetate esier (III B) was further puried by sublimation at 

reduced pressures. These compounds were soluble in nany polar 

solvents as well as in water. athr solutions of the ester salts 
gave an acid test to pki paper. ihe neutraîiation equivalent for 

each of the salts was determined by titration with sodium hydroxide, 

using phenolphthlein a an indicator. 
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In an attempt to form a cyclic eater salt (III A) was dissolved 

in isopropvl 1coho1 and treated with bromine. A white crystalline 

substance was obtained but analyses of the material proved contradictory 

and the true composition of the isolated product was not established. 

In recent work in this laboratory the only product cbtined when 

anhydrous hydrogen bromide was added to (I, Ft -H) ws 1-(2-pyrldyl 

hydrobromide)-3-butene-2-ol (IX). The expected addition of hydrogen 

bromide to the double bond was not observed. Since the double bond 

was still present after the formation of the hydrobromide salt, it 

seemed likely that this unsaturRted site might still he utili7ed in 

an addition reaction. Therefore (IX) was ain prepared by bubbling 

anhydrous hydrogen bromide through a benzene solution of (I, R - -H). 

The product separated as a spilt from the benzene solvent and was 

recrystallized from acetone. This salt was dissolved in chloroform 

and bromine added to it. A viscous liquid formed at the bottom of 

the reaction flask which was separated and dissolved in acetone. 

Ether reduced the solubility of the product, which separated as a 

white powder from the solution. Analysis showed this to be the 

addition product (X) in which bromine had added across the double 

bond. 

In a similar reRction (I, R - -CH3) war dissolved in benzene and 

hydrogen bromine gas passed through the cooled solution until the 

quatern2ry ammonium salt (vi) had formed and precipitated from the 

solution. This salt was dissolved in isopropyl alcohol and bromine 

added to the solution. The product separated as white crystals after 

ether as added to reduce the solubility of the su-stance. The 
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analysis of the compound corresponded to l-(2-pyridyl hydrobromide)- 

3-methyl-3,4-dibromo-2-butanol (VIII). 

The compound 1-. ( 2-.pyridyl hydrobromide ) -3-methyl-3-broino-2-. 

butanol (VII) was prepared vihile trying to make more of the hydro- 

bromide salt (VI). Anhydrous hydrogen bromide was added rapidly to 

a solution of (I) dissolved in benzene. Some heat was noticed as 

the addition of the gas proceeded. A tan liquid separated from the 

solution which was removed and dissolved in acetone. The acetone 

was removed under reduced oressure and the liquid cooled overnight. 

Partial solidification of the liquid had occurred. The whole material 

was thoroughly washed with ether and then dissolved in a sma].1 amount 

of acetone. Crystals were formed when the solution was cooled. 

Analysis of the compound indicated that hydrogen bromide had added to 

the double bond as well as forming the hydrobromide salt. 

Several attempts were made to isolate the free amine ester. A 

Schotten-Bauman type reaction (21, p. 319-324) was carried out by 

treating (I, R -CH3) with benzoyl chloride in a 10% sodium hydroxide 

solution. Heat was evolved and a water-insoluble liquid formed which 

was was:ed with water and taken up in ether. The liquid was distilled 

under reduced ressure, but the only product identified was henzoic 

acid. If the amine ester had been formed it apparently had been 

decomposed during the distillation. 

It has been reported that the benzoate hydrochloride and the 

free amine benzoate of pyridine methanol have been preoaì-ed (23, p.24- 

28 F ). Because of the similar structures of these compounds with 

(I) and (III) a similar treatment was used in an attemnt to isolate 



the free anine benzoRte of (I). The ester salt (III A) 'was 

dissolved in water and treated with a solution of sodium bicarbonate. 

A water-insoluble liquid, assumed to be the desired product, wa 

sepnr2ted, dried, nd distilled under reduced pressure. Several 

liquid fractions were obtained, while part of the distillate solidified 

in the condenser and receiving flasks. Mialysis of one of the liauid 

fractions gve results which were close to the predicted values, but 

it anpeared to be contaminated with some other product or oroducts. 

The solid rmterial obtained was recrystallized from water ririd proved 

to be benzeic acid. It appears that whatever product or products 

had been formed from the initial reaction were at least rnrtial1y 

decomposed during the distillation. 

In .nother attemnt to obtain the free anine ester the hydra- 

chloride salt of the benzoate ester (II A) was dissolved in ethanol 

and treated with alcoholic sodium hydroxide. Sodium chloride was 

separated from the mixture and upon reducing the volui of the solvent 

a flocculent substance appeared. This was dissolved in carbon 

tetrachioride and treated with bromine. An oily semi-solid sepnrated 

from the solution, and this was dissolved in butanol. Fther was 

added to cloud the butanol mixture and after several days of cooling, 

a crystalline subst'rìce was obtained whose carbon and hydrogen 

analysis indicated the possibility that bromine hd added to the 

double bond of the free amine berizoate. This work, however, could 

not be repeated. 

Houben and Fischer (17, p. 240-247) have described the use of 

trichloromethyl ketonee for the esterifiction of primary, secondary, 
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and tertiary alcohols, and of phenols. Since this method of 

esterification does not involve the formation of a salt, it was 

attemped, usine trichioroacetophenone for the esterifying agent. 

The trichioroacetophenone ws orepared from directions given by 

Cohen et al (1G, p. 3952-3953). 

An etheral solution of (I, R -CH3), containing a small amount 

of sodium rnethoxide for a cat1yst, was treated 'with trichioroaceto- 

phenone. An exotherinic reaction took place immediately, turning the 

solution a cloudy brown. After sitting overnight the solution was 

distilled under reduced nressure. The first fraction obtained was 

a pleasant-smelling volatile liquid whose analysis corresponded to 

that of methyl benzoate. Several other fractions were obtained 

which solidified cooling. These proved 

alcohol (I) which apparently had not reacted with the Ketone. Further 

investigations with trichloroinethyl ketones would likely prove of 

value and enable one to prepare esters of alcohols such as (I). A 

change of the reaction conditions would he needed to preDare the 

ester of (I) from triehioroacetophenone. 

What was assumed to be the crude amine ben7oate vas pre'ared by 

treating a water solution of the estrr salt (III A) with sodium 

carbonate and isolating the water-insoluble liquid which was formed. 

A portion of this material was dissolved in carbon tetrachioride and 

bromine was added to the idxture. yellcwish-red material formed in 

the flask. The soLvent was removed and the precipitate washed with 

ether. Small portions of acetone were added to a portion of the 

amorphous material. The red color disanpeared and the mass became white. 



After recrystallizing from a mixture of acetrne arid ether, the 

sample was analyzed, but the results were not in rgreement with 

the predicted values. 

In an attempt to find a better solvent ethanol was used to 

dissolve the amorphous solid, rather than acetone. When stirred 

with limited amounts of ethanol the solid first dissolved, and then 

solidified as yellow crystals with a melting point some 50° higher 

than the white crystals obtained from the acetone solvent. Analysis 

of the two products differed from the expected values and also from 

each other. The true c000sition of these substances was not 

determined, hut the curious behavior of the initial orecipitate in 

these two different solvents should be investigated further. 
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Fxperimental 

1- ( 2-pyridyl) -3-methyl-3-butene-2-ol 

Into a one liter, 3-necked flask equipped 'with a mechanical 

stirrer, a dropping funnel, and a reflx condenser protected with 

a calcium chloride tube was placed 6.9g (1 r,. atoni) of lithium 

chips in b(O cc of dry ether. A stream of dry nitrogen was passed 

through the system to maintain an anhydrous atmosphere. The 

solution was stirred as 10-15 cc of a mixture of 79g (0.5 mole) 

of dry bromobenzene in 100 cc of dry ether was added from the 

dropping funnel. If the reaction failed to start very soon the 

flask was warmed. The rest of the mixture was added to maintain 

a gentle reflux and stirred till all of the lithium had disappeared 

(2-3 hours). Forty-six grams (0.5 mole) of 2-picoline was next 

added and stirred one hour, during which time dark red picolyllithium 

was formed. The flask wa cooled in an ice-salt mixture to C'O 

and 34g (O.45 mole) of freshly distilled methacrolein 

(methacryaldehyde) in 50 cc of dry ether 'was added over a 20 minute 

period, during which time the red color disappeared. The nitrogen 

train was disconnected and the solution stirred an additional 

15 minutes. 

Hydrolysis of the lithium 1t was effected by slowly adding 

first 100 cc of water and then 100 cc of concentrated hydrochloric 

acid. The water layer was separated and poured into a water solution 

of sodium carbonate to neutralize the excess acid. The product 

separated as a dark red oil which was taken up in 300 cc of chloroform. 

The lithium carbonate was filtered off and extracted four times with 
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200 cc portion8 of chiorofrom. The combined chloroform solution 

was dried over anhy'drous magnesium sulfate and ditiUed under 

reduced pressure. The product was collected at 148 to 150C at 

12 mm pressure. 

The yield of the oil was 27.2 grams. (Rased upon the mnethacrolein 

used this was 37 of the theoretical value.) Then cooled the light 

yellow oil solidified. This was recrystallized from a mixture of 

petroleum ether and ethyl ether to give white needles with a 

melting point of 55 to 560. 

Anal. Calcd. for C0H.,,30N: C - 73.6, H - 8.03. Found: 

C 73.0, H - 8.00. 

1- (2-nyridyl) -3-methyl-3-bute ne-2-ol-phe nyl urethane 

One gram (0.00615 mole) of 1-(2-pyridyl)-3-methyl-3-hutene-2.-ol 

was stirred with one cc of phenyl isocyanate. The solution was 

allowed to stand for several minutes, during which time the product 

solidified. This was recrystallized from carbon tetrachioride as 

white crystals with a melting point of 137 to 138°C. Yield of the 

phenyl urethane derivative was 1.3 grams (65 of the theoretical). 

Anal. Calcd. for Cj7Hg02N2: C 72.45, H 6.37. Found: 

C - 72.25, H - 6.64. 

1,3-cyc1ohexarodione-2, 2-methylene-bis(5,5-dimethyl) Ozonolysis of 

1- ( 2-pyridyl) -3-methyl-3-butene-2-ol 

One rrnm (0.00615 mole) of l-(2-pyridyl)-.3-methyl-3-hutene-2-ol 

was dissolved in 40 cc of ethylene chloride and cooled to 0°C. 

Ozone was passed in at 50 cc per minute until a portion of the test 

solution showed no decolorization of bromine water (ca. 3 hours), 
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indicating complete conversion of the double bond to the correspcndin 

ozonide. The solution of ethylene chloride as then added drot wise 

to 50 cc of lO acetic acid nd 1/2 gram of zinc dust in a 3-necked 

flask ecuipped with a mechanical stirrer and a Claisen head. The 

flask w.s heated on a stean bath and the ethylene chloride was 

removed by distillation. 

The dimedone (methone) derivative was prepared by adding 3 cc 

of the hydrolyzed solution to 8 cc of a 5O ethanol-water solution 

and 0.8 g of dimethyldihydroresorcinol (methone). The mixture was 

heated on a steam bath with reflux for 10 minutes. Water was added 

to cloud the solution, which was then cooled. On cooling the 

solution, yellow crystals separted which were recrystallized from 

5O ethanol to give white needles which melted at 192°C. LIterature 

rcoorts 191-191.5°C. 

To verify the composition an authentic sample of the dimedone 

derivative was prepared from formaldehyde and methone. No depression 

of the melting point was found when this was mixed with the sample 

prepared as described above. 

2-pyridyl hydrochloride) -3-methyl--butene-2-ol-benzoa te 

One gram (0.00615 mole) of 1-(2-pyridyl)-3-methyl-3-butene-2-ol 

was dissolved in 3C cc of anhydrous ether. To this was added with 

stirring O.9g (O.c'062 mole) of benzoyl chloride. The solution was 

allowed to stand with occasional stirring for several hours, during 

which time a white precipitate settled out of the solution. This 

was filtered and recrystallized from benzene, or a benzene-ohloroform 

mixture. The white crystals melt at 146-1.47°C. 



The yield was 1.7g (85: of the theoretic2l). 

Anal. O1cd. for C7HiO2NC1: C b7.25, H 5.9Z, neut. 

equiv. 303.5. Found: C - 67.16, II 5.96, ncut. eQuiv. 299. 

1- (2-pyridyl hyröch1oride) -3-ethy1-3-'utene-2-ol-acetate 

Crie grm (0.00615 mole) of 1-(2-pyridyl)-3-methyl-3-huterie-2-ol 

w; treated with an excess of cety1 chloride. Heat was evolved nd 

after several minutes of constant stirring the resulting Vi5c0ri8 

liquid solidified to an off-white material which ws washed with 

ether nd filtered, A quantitative yield of the crude s1t '1.48 ram) 

was obtained, This was recrystûlized from benzene s white 

platelets with a melting point of 135-136°C. The crude sait may 

also be purified by sublimation under reduced pressure. 

Anal. Calcd. for Ci2602NC1: C - 59.75, H - 6,63. neut. 

equiv. - 2L2. Found: C - 59.67, H 6.61, neut. equiv. 253. 

1- ( 2-pyridyl hydrobroaLde ) -3--methyl-3-bute rie-2-ol 

Five grams (C.o3cS mole) of l-(2-pyridyl)-3-rnethyl-3-butene-2-ol 

were dissolved in 1CO cc of benzene in a 3-necked flask eouipped 

with a mechaoicl stirrer and a delivery tube. The flask was cooled 

In an ice-salt bath and anhydrous hydrogen bromide was slowly 

bubbled into the 8olution. Within 30 minutes the crude salt was 

precipitating from the cloudy solution. The gas was passed through 

the solution an additional 10 minutes. The crystals were filtered 

and recrystallized from acetone or a mixture of acetcne and ether. 

Yield of the white crystals as 5.2 grams (71( of the theoretical). 

An additional 5 to l0 may be recovered by vassing hydrogen bromide 

gas throurh the benzene filtrate as before. Melting point of tbe 

salt was °C'C. 
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inai. Caled. for c -4E.1, H - 5.74, neut. 

eauiv. - 244. Found: C 49.16, II 5.4, ncut. eiuiv, 252. 

1- ( 2-pyridyl hydrobro mide) -3-methy1-3-hromo-2-hutno i 

Into a 3-necked f1ak eqiipped with a mer'hnica]. stirrer and a 

delivery tube w placed 5 gr'ms (0.0308 mole) of l_(2_pyridr1)3 

methyi-3-hutene-2-ol disc1ved in 100 cc of benzene. nhydrou 

'ydrogen bromide was added rpid1y over a 45 minute period. The 

flask was cooled somewhat to prevent 1os of the solvent, sirte 

heat was evolved during the addition. A light tan linuid senerated 

from the solution. The bulk of the o1vent was removed by 

docntat1on and the rest by ev&ortion at reduced ressure. The 

tn liquid ws cooid övrni'ht, waihed thorow'hly with ether, and 

then the re5ulting hi7hly viscous liquid was disoived in a ma1l 

amount of acetone linon standing, white crystals scparated which 

were i1tered and weighed. The yield was 4.2 grs (42 of the 

theoretical) of ' salt melting at 11O0e. The salt may be 

recrystallized from acetone or an acetone-ethei' mixture. 

hnal. C'1cd. for C.0!LONBr2: C 37.00, H 463, r - 49.2. 

Found: C 37.1.4, !1 4.61, Br - 49.O'7. 

1- (2-pyridyl hydrobroinide ) -3-methyl-3 , 4-dihromo-2-hutno1 

One grm (O.c045 mole) of 1-(2-pyridyl hydrobromide)-3-methyl- 

3-butene-2-ol was di'sc1ved in 8 cc of isopropyl alcohol. Two thirds 

of one gram (0.0042 mole) of bromine was slowly added with constant 

stirring. Ether was added to the red colored solution until a 

cloudiness just did presist, and then the solution was cooled overnight. 

Four tenths of one gram (25 of the theoretical) of brownish crystals 
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were obtained which melted at 127.5C. If excess ether was added 

to the initial solution a reddish liquid came out of the solution. 

The ether was decnted and the liquid dissolved in acetone, followed 

by the addition of carbon tetrachioride to reduce the solubility of 

the product. Imture crystals separated upon cooling overnirht. 

iiecrystallized from an acetone-carbon tetrachioride mixture the 

crystals appeared white but did not have a sharp melting point, 

the m.p. ranging from 120-130C. 

Anal. Calcd. for CoH4ONBr3: C 29.7/i, H 3.47. Found: 

C 29.57, H - 3.60. 

ydro-3-methyi-3-broml,2, 3,4-tetrahydroguinolizinium bromide 

Five grams (0.038 mole) of 1-(2-yridy1)-3-methy-l-3-hutene-2-o1 

was dissolved in 27 cc of carbon tetrachioride in a 3-necked flask 

eouipped with a mechanical stirrer arì a dropping funnel. Four and 

nine tenths grams (0.0306 mole) of bromine dissolved in 50 cc of 

carbon tetrachioride 'were slowly added from the dropping funnel 

with stirring. A yellow-orange arnorohous substance formed on the 

sides and bottom of the flask, with scme heat being produced during 

the addition. -íhen all of the bromine had been added the solution 

was stirred a few minutes longer and the solvent ciecanted. The 

substance was recrystallized with some difficulty from isopropyl 

alcohol to give 7.4 grams of white crystals (75 of the theoretical). 

The crystals melted at 199°C. 

Anal. Caled. for C0FI30Nbr2: C - 37.15, H - 4.02. Found: 

C 36.96, H - 4.02. 



25 

3-methyl-3-bromo-3 , Ii-d ihydroQu irio 11 zinium bromide 

One gram (c.003 no1e) of 2-hydroxy-3.-methyl-3-bromo-1,2,3,4- 

tetrahydro"uîno1izin!um bromide 'was pl8ced in t 5C cc f1sk eouipped 

with a reflux condenser, 5-7 cc of etic anhydride dded nd the 

mixture ref1uced for 10 minutes. On cooling the solution, which had 

turned a deep purnie color, a pale pink precipitate was isolated 

which was filtered and washed with small nortions of acetone. The 

yield was 0.87 çrams (95 of the theoretical). íelting point of 

the crystals was 228°C. It was not found necessary to recrystallize 

the product. 

Anal. Calcd. for C0H1NBr2: C 39.19, H 3.70. Found: 

C 39.49, H - 3.71. 

l-( 2-pyridyl)-3-butene-2-ol 

Into a one liter 3-necked flask equipped with a mehnical 

stirrer, a dropping funnel, and reflux rondenser provided with a 

calcium chloride tube was placed 6,9 grams (1 g. atom') of lithium 

chips in 400 cc of dry ether. Dry nitrogen was passed through the 

flask to insure anhydrcus conditions. I sm'll portion of a mixture 

of 79 grams (0.5 mole) of dry bromobenzene in 100 cc of dry ether 

was added from the dropping funnel. The reactton started soon after 

the initial addition, and the rest of the mixture was dded to 

maintain a !ent1e reflux, then stirred until all of the lithium had 

disappeared. Forty-six grims (0.5 mole) of 2-nicoline wa then added 

and stirred one hour, forming picolyUithiu!n. The flask was cooled 

in an ice-salt bth to 0°C and 28 grams (0.5 mole) of acroleiri in 

50 cc of dry ether was added over 20 minutes. The red color of the 
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picolyllithium was repltced with ' iilky-white color and after 

disconnecting the nitroren train the solution wa stirred n 

additional 15 riinutes. 

The lithiu!n sit was hydrolyzed by the addt ion of first 

loo cc of rater and then 1C() cc of concentrated hydrochloric acid. 

The witer layer w se,arated arì poured into a .-odium carbonate 

solution to neutrlize the excess The roduct, which 

separated. as an cii, a taken up in 3O0 cc of chlorofcrri, then 

the lithium crrhonate wa filtered off and extrncted with four 

portions of 20 cc each cf chloroform. The combined chloroform 

solution was dried over anhydrous !gSO4 and distilled tjnd' red"ced 

presture. The produot was distilled at 15C to 153r t 37 mm and 

140°C at 10 to 12 mx. The iiht re11ovr oil solidified upon cooling, 

and ;en recrystllized from petroleum ether formed white needles 

with a melting noint of ¿3,5 to 44.5°C. Yields ranged from 2C to 

26 grams (27 to 35 of the theoretical value). 

Anal. Caled. for C9H1,10N: - 72.47, H - 7.37. Found: 

C - 72.34, H 7.2e. 

1-(2-nvridyl hydrochloride) -3-hut.ene-2-ol benzoate 

One grm (C.0067 mole) of l-(2-pyridyl)-3-butene-2-ol was 

dissolved in 31' cc of nt'ydrous ether. ne gram (0.007 mole) of 

benzoyl chloride was added with stirring. The solution was allowed 

to st'nd with occasional stirring for several hours, durinc which 

time a white precipitate formed. The solid was filtered and 

recrystallized from a mixture of chloroform id ether. The white 
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cryta1s melted at lI+3C. The yield was 1.45 crams (75% of the 

theoretical). 

Anal. C1od. for C.6U16C2NCi: C 6f .3, H 5.54, neut. 

equiv. Found C - 66.55, H - 5.73, neut. ouiv. 28e. 

1.(2-pyridr1 ydrobromide)-3-butene-.2-ol 

Four grams (0.027 mole) of 1-(2-pyridyl)-3-butene-2-ol were 

dissolved in 100 cc of benzene in a flask equipped with a mechanical 

stirrer and delivery tube. The flask was cooled in an ice bath 

as anhydrous hydrogen bromide was bubbled through the SOIUtÌOfl. 

ithin 30 to 40 minutes a white 3olid had precipitated from t 

solution. This wa filtered and washed with ';ma1l portions of 

acetone. hite needles were obtained upon recrystallization from 

acetone thich melted at 97CC. The yield of the crude salt was 

¿.6 grains (75% of the theoretical). The rneltinß point agrced with 

that of the compound prepared in the same manner and previously 

reported. 

Anal. Calcd. for C9HtaONBr: neut. equiv. - 23D. round: 

neut. equiv. - 226 and 232. 

1-. ( 2-pyridyl hydrobromide ) -3 , 4-dibromo--butane-2.-ol 

One gram (0 . 00435 mole) of 1- ( 2-pyridyl hydrobromide)-3-butene- 

2-ol was dis8olved in 75 cc of chloroform and two thirds grain 

(0.0042 mole) of bromine dissolved in 5 cc of chloroform zia slowly 

added with stirring. T'e solution turned yellow uTon the addition 

of the bromir arid a reddish viscous liquid dropped out of the 

solution. The liqutd ives separated from the oivnt and diso1ved 

in acetone. ther was added to reduce the solubility of the product 



28 

in acetone, which brought down an uuorphous white powder with a 

ie1ting point of 1O1 to 109C. The yield was 0.7 grams (41 of 

the theoreticrl). 

Anal. C'1cd. for C9H2ONBr3: C 27.73, H 3.0e. Found: 

C 27.75. H 3.14. 



Summary 

1. The condensation products of picolyliithiuni and acrolein 

nd methacrolein have been prepared. These are free bases which 

contain an alcohol with an allylic type of structure. 

2. The hydrochloride salts of the esters of thee alcohols 

have been prepared. 

3. rornination of the free bases has resulted in the formation 

of quinoliziniuin salts, ring compounds in which nitrogen acts as a 

bridgehead atom for two rings. 

4. Hydrocien bromide has been added t the free haces to form 

hydrobromide snits. 

5. Fromine has been added to the hydrohrondde salts of the 

hases. 

6. The addition of hydrogen bromide to the hydrobromide salt 
of the condensate of methacrolein and picolyllithium has been 

observed. 
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