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One of the possible approaches to the synthesis of the Hydrangea alkaloid (IV) 
would involve build-up of the side-chain through a properly substituted pyridine. 
Such an intermediate would be 3-[P-keto-y-( l-benzyl-3-methoxy-2-pyridiniurn) 
propyll-4-quinazolone chloride (I). A group on the 1-position of the pyridine 
ring would serve two useful functions; (a) it would activate an adjacent group 
on the 2-position towards condensation reactions useful for the synthesis of I and 
(b) it would allow preferential reduction of the pyridine ring over the ketone 
function (1) for formation of 11. The benzyl group wm selected since it should 
be possible to effect its removal by catalytic hydrogenolysis with formation of 
the Hydrangea alkaloid methyl ether (111), a previously synthesized intermediate 
(2). In this paper is described the synthesis of the key compound, I, along with 
some novel reactions of pyridinium compounds. 

In  the approaches to  the synthesis of the Hydrangea alkaloid (IV) and related 
compounds used in the past (3-4, it was found both advisable and fruitful to 
study the key reactions without the presence of the hydroxyl function in order 
to  avoid secondary complications while unknown sequences of reactions were 
being studied. The study of this current pyridine approach was attacked in the 
same fashion. 

Schneider, Gaertner, and Jordan (7) described the reaction of 1-alkylpicolinium 
halides such as 1-benzyl-2-picolinium chloride (VIII) with aqueous base to give 
the unstable and highly reactive methylene base, IX. A solution of this base in 
ether was found to react immediately with phenyl isocyanate to give 1-benzyl-1 , 
2-dihydro-2-pyridylideneacetanilide (X) or with phenyl isothiocyanate to give 
the corresponding thioanilide. Attempts to duplicate their procedure for prepara- 
tion of X by ether extraction of the methylene base failed to give any desired 
product although a 63 % yield of 1-benzyl-1 ,2-dihydropyridylidenethioacetanilide 
could be obtained. It has now been found that the use of methylene chloride for 
extraction of the methylene base, IX, allowed the formation of the desired 
anilide, X, in 47% yield. Subsequently, it was observed that a simple addition 
of aqueous alkali to a stirred mixture of 1-benzylpicolinium chloride (VIII) in 
water and phenyl isocyanate in methylene chloride at  5" gave a yield of 58 7% of X. 

Catalytic reduction of the anilide, X, in the presence of platinium oxide pro- 
ceeded smoothly to give 1-benzyl-2-piperidineacetanilide (VII) in quantitative 
yield. The X-benzyl group was removed by hydrogenolysis of the hydrochloride 
of VI1 in dilute acetic acid. The product was characterized as its ?;-benzoyl 

1 Some of the material in this paper was presented at the New Jersey meeting-in-minia- 
ture, Jan. 25, 1954. For Paper XXI of this series see Baker, McEvoy, Schaub, Joseph and 
Williams, J .  Org. Chem., 18, 178 (1953). 
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m: m 
derivative (V), identical with an authentic sample (5). The over-all yield of V 
from the pyridylacetanilide, X, was 54% for the three steps. Since the anilide 
VI should be easily hydrolyzed to piperidine-2-acetic acid, this sequence es- 
tablishes a new route to these compounds which have previously been useful as 
intermediates for the synthesis of Hxdrangea alkaloid (2, 8). However, the 
general method via piperidine-2-acetic acids suffers from the disadvantage that 
the subsequent use of diazomethane limits the size of the runs which can be 
made. 

'i 
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Mumm (9) recorded that methylene bases of type IX would also add an acid 
chloride to give, presumably, l-alkyl-2-(/3-ketoalkyl) pyridinium halides. He 
gave no experimental details, no description or mention of any of the products 
obtained and stated that these results would be reported in a subsequent publica- 
tion. A search of the literature failed to reveal any such type compound or 
publication. It has now been found that when a methylene chloride solution of 
the 1-benzyl methylene base, IX, was treated with benzoyl chloride a salt was 
isolated which mas not 1-benzyl-2-phenacylpyridinium chloride, but its 0- 
benzoyl derivative, XIII. When an aqueous solution of XI11 was made basic 
with sodium hydroxide, orange crystals of 1-benzyl-1 ,2-dihydro-2-pyridylidene- 
acetophenone (XII) rapidly separated with concurrent hydrolysis of the 0- 
benzoyl group. This unsaturated ketone (XII) was synthesized unequivocally by 
quaternization of 2-phenacylpyridine ( with benzyl chloride followed by 
treatment with aqueous sodium hydroxide. 

Since the CH2 group of the methylene base, IX, appeared to be similar to an 
NH2 group towards acylating agents, it was considered possible that VI11 could 
be converted directly to the desired pyridylidene ketone, XII,  by a Schotten- 
Baumen procedure in aqueous solution. This mas indeed found to be the case 
and XI1 was readily obtained in 71% yield. Treatment of XI1 with benzoyl 
chloride in methylene chloride containing 1 mole of pyridine rapidly gave the 
0-benzoyl pyridinium chloride (XIII) in 8 5 %  yield. Similarly, XI1 gave an 
0-p-nitrobenzoyl derivative. 

To complete this model series of reactions it would be necessary to saturate 
the pyridine ring to piperidine and remove the N-benzyl group by hydrogenolysie. 
When XI1 was shaken with hydrogen in alcohol in the presence of a platinum 
catalyst, two moles of hydrogen were rapidly absorbed and a third and fourth 
mole more slowly with an unsharp, though definite break at tmo moles. With 
Raney nickel the two mole break was much sharper. When XI1 was dissolved 
in alcoholic hydrochloric acid, forming 1-benzyl-2-phenacylpyridinium chloride, 
then hydrogenated in the presence of a platinum catalyst, there was a sharp 
break at  a three mole uptake of hydrogen and a quantitative yield of 1-benzyl-2- 
phenacylpiperidine hydrochloride (XV) was obtained which contained less than 
1 % of XI1 hydrochloride as shown by U.V. analysis. Work up of a Raney nickel 
catalyzed reduction of XI1 after a two mole uptake gave the piperidylidene- 
ketone, XIV, in 60 % yield as light yellow crystals with the typical U.V. spectra 
expected for the X-C-C-C=O !system. Further reduction of XIV in dilute 
acid in the presence of platinum consumed one mole of hydrogen to give a quantita- 
tive yield of the saturated ketone, XV. 

The next step mas the removal of S-benzyl group by hydrogenolybis in the 
presence of a palladium-charcoal catalyst. The product, isolated by benzoyla- 
tion, was not the expected l-benzoyl-2-phenacylpiperidine, but %as 1-benzyl-2- 
(B-benzoyloxy-0-phenylethyl) piperidine hydrochloride (XI-I) formed by reduc- 
tion of the ketone to hydroxyl (instead of hydrogenolysis of the S-benzyl group) 

2 We are indebted to  Dr. James 11. Smith of the Cnlco Chemical Division, American 
Cyanamid Co. for a sample of this compound. 
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followed by 0-benzoylation. Only one of the two possible racemates was ob- 
tained crystalline. Hydrogenation of the 0-benzoyl pyridinium chloride, XIII, 
was found to be a superior method for preparation of XVI and, incidently, 
offered an alternate structure proof for XVI. The fact that the ketone group 
was reduced prior to the N-benzyl was not surprising since the ketone group is 
activated by the adjacent phenyl group. In the proposed synthesis of the Hy- 
drangea alkaloid, the phenyl group would be replaced by the non-activating 
4-quinazolone-3-methyl group. 

With the partial succw of this model series attention then was directed 
towards a sequence for synthesis of the desoxy derivative (XXIV) of the Hydran- 
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gea alkaloid. Direct acylation of 1-benzyl-2-picolinium chloride (VIII) in aqueous 
base or the methylene base (IX) in inert solvents with 4-quinazolone-3-acetyl 
chloride (11) gave none of the desired product, XX. Phthalimidoacetyl chloride 
reacted with VI11 in basic solution aa described for XI1 to give a 5 %  yield of 
the pyridylidene ketone, XVIII.3 Variation of the usual conditions of the Schot- 
ten-Baumen reaction as employed for XI1 gave less or no yield. 

a 2-Phenyl-7-chloroquinoline-4-carbonyl chloride, 2-chloro-6-nitrohippuryl chloride, 
dimethylcarbamyl chloride or diphenylcarbamyl chloride failed to give any acylated 
methylene base when reacted with VIII. 
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Although aromatic acid chlorides such as benzoyl chloride and p-nitrobenzoyl 
chloride reacted with XI1 to give enol benzoates (XIII), it was considered pos- 
sible that aliphatic acid chlorides such aa phthalimidoacetyl chloride might give 
a C-acylation product. There indeed was obtained a true C-acylation product, 
since it could be converted to  the methylene base, XIXa, without loss of the acyl 
group and gave a red ferric chloride test4 as expected for a 1,3-diketone in con- 
trast to  XIII. 4-Quinazolone-3-acetyl chloride also gave the desired diketone as 
the crystalline pyridinium chloride (XVIIb), m.p. 2W0, in 65% yield which 
formed a methylene base (XIXb), m.p. 220°, and gave a red ferric chloride test.s 
When XVIIb was refluxed in 6 N hydrochloric acid, cleavage of either one of the 
two acyl groups took place. The mixture of cleavage products was readily 
separated by conversion to the free bases, since the key intermediate, XX, ob- 
tained in 50% yield, was very insoluble in methanol. From the mother liquor 
there was isolated 31 % of the other p d b l e  cleavage product, XII.6 

Another method for the synthesis of the diketone, XIXb, was found which is 
more adaptable to the synthesis of 3-methoxy derivatives necessary for the 
Hydrangea alkaloid. Claisen condensation of ethyl 4-quinazolone-3-acetate 
(4, 12) with acetophenone in benzene in the presence of sodium methoxide gave 
the diketone, XXI, in 68 % yield. When the dry sodium salt of XXI was reacted 
with 1-benzyl-2-iodopyridinium bromide (XXIIb) in boiling benzene for 1 hour, 
a 70% yield of the pyridylidene diketone, XIXb, was obtained. l-Benzyl-2- 
bromopyridinium bromide (XXIIa) could also be used but the yield was lower 
(58 %). This condensation reaction was rather specific as to the solvent employed, 
since no product was obtained in methanol, tert-butyl alcohol or Diethyl Car- 
bitol? Triethylamine and the free diketone (XXI)6 could be used in place of the 
sodium salt of XXI but the yield (46%) and quality of XIXb were inferior. 

Reduction studies to convert XX to the desoxy alkaloid, XXIV, were not 
pursued sincesimultaneous work on the alkaloid synthesis had arrived at 3-18- 
keto-y( 1-benzyl-3-methoxy-l , 2- dihydro - 2 - pyridylidene) propyl]- 4 - quinazolone 
(=I. 

A suitable starting material for the preparation of the key intermediate, I, 
in the proposed synthesis of the Hydrangea alkaloid (IV) was the commercially 
available 3-pyridol, which could be iodinated to 2-iodo-3-pyridol (XXVII) (13). 
Methylation of XXVII with dimethyl sulfate gave less than 20% yield of 2- 
iodo-3-methoxypyride (XXVIII) due to the competing reaction of quaterniza- 

4 It should be noted that XIXa cannot enolize as such in order to give a ferric chloride 
test, but that this acidic reagent allows addition of hydrogen chloride with resultant forma- 
tion of the enolizable XVIIa. 

6 The C-acylation of XI1 is not general for aliphatic acid chlorides since phenylacetyl 
chloride gave an 0-acylated product. It would appear that C-acylation is general at least 
for acid chlorides of the type >N CH&OCl. 

6 Brooker and White (18) have observed that compounds such as 1-ethyl-2-methylmer- 
captoquinolinium p-toluenesulfonate condensed with acetylacetone in alcohol in the 
presence of one equivalent of triethylamine to form l-ethyl-2-diacetylmethylene-1,2- 
dihydroquinoline. The latter lost one acetyl group on acid hydrolysis to form l-ethyl- 
1,2-dihydr0-2-quinolylideneacetone. 

'I Trade name for the diethyl ether of diethylene glycol. 
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tion. However, methylation by pyrolysis of the trimethylphenylammonium salt 
of XXVII in dimethylformamide, a modification of the procedure described by 
Rodionow (14) for the methylation of morphine to codeine, gave a 58% yield 

D.M.E- 
ROH HOAc D.M.E 

of XXVIII isolated aa the hydrochloride. Quaternization of the free base at  52" 
with benzyl iodide smoothly formed l-benzyl-2-iodo-3-methoxypyridjnium 
iodide (XXIX) in 88% yield. Condensation of this quaternary salt with the 
sodium salt of 3-(8,6-diketo-6-phenylbutyl)-4-quinazolone (XXI) in benzene 
gave 53 % of the pyridylidene diketone, XXXI?, 9 Cleavage of the C-benzoyl 
group as benzoic acid proceeded smoothly in boiling 6 N hydrochloric acid to 

8 Although 2-iodo-3-pyridol (XXVII) and benzyl bromide readily formed a quaternary 
salt, the latter failed to condense with the sodium salt of XXI. This result might be ex- 
pected since the salt has a free phenolic group. 2-Iodo-3-pyridol acetate and benzoate also 
reacted with benzyl iodide to give quaternary salts. However, these failed to  condense 
with the sodium salt of XXI but were recovered unchanged. This is probably due to steric 
interaction as can readily be shown by molecular models. 

0 2-Bromo-3-ethoxypyridine (15)'O also quaternerized with benzyl iodide, then reacted 
smoothly with the sodium salt of XXI to give the desired pyridylidene diketone corre- 
sponding to XXXI. However, the method of preparation of 2-bromo-3-ethoxypyridine (15) 
was not considered as useful as the present method of synthesis of 2-iodo-3-methoxypyridine 
(XXVIII) since the former suffered from two low yields and one strongly acidic sealed tube 
reaction unsuitable for a preparative scale. 

la We wish to thank Dr. James M. Smith of the Calco Chemical Division, American 
Cyanamid Co. for a sample of this material prepared according to ref. (15). 
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form the key pyridinium chloride, I, in 76-80% yield. The free base (XXX) was 
readily prepared by addition of sodium bicarbonate to an aqueous solution of I. 

Previously, 1-benzyl-1 ,2dihydre2-pyridylideneacetophenone (XII) was 
smoothly reduced to X V .  Thus, no difsculty was anticipated in reduction of the 
pyridine ring of XXX to give 11. Unfortunately, this goal was not achieved due 
t o  some unforeseen abnormal cleavage reactions of XXX during an intensive 
study involving over twenty reductions. 
-4 number of attempts to  hydrogenate the pyridinium chloride, I, in the pres- 

ence of Adams catalyst or b e y  nickel failed since I failed to consume hydrogen. 
Reduction of XXX in an hydroxylic solvent such as ethanol or Methyl Cello- 
solvell in the presence of b e y  nickel caused cleavbge to the ethyl and methoxy- 
ethyl esters of 4-quinazolone-3-acetic acid (XXXII), respectively. This cleavage 
took place in the absence of catalyst merely by solution in the solvent. The other 
fragment was presumably a methylene base which decomposed rapidly by air 
oxidation, but under reductive conditions formed the more stable 2-methyl-3- 
methoxypiperidine. Small amounts of a base, m.p. 160") were also separated 
which later proved to be the hydrogenolysis product, X X X I V .  

Since an hydroxylic solvent caused cleavage, a non-hydroxylic solvent was 
tried with h e y  nickel as catalyst. The only one found in which the methylene 
base, XXX, was sufficiently soluble for reduction was dimethylformamide. In 
this case the first attack was hydrogenoiysis of the N-benzyl group followed by 
attack of the ketone group. The pyridyl ketone, XXXIV, could be isolated in 
low yield as well 88 a small amount of 3-acetonyl-4-quinazolone (XXXIII), 
another cleavage product. When acetic acid was added to the dimethylform- 
amide, the yield of the pyridyl ketone, XXXIV, was higher as might be antici- 
pated. In addition a small quantity of higher-melting by-product, GrHI7N3Oa, 
was obtained which, from ultraviolet and infrared data appeared to be a salt 
of 4quinazolone-3-acetic acid and a C7HeN0 base which has a C=N e linkage. 

Since the desoxy methylene base, XII, is easily hydrogenated without cleavage, 
it is apparent that the 3-methoxyl group makes the functional system of X X X I  
susceptible to cleavage at either the carbon bearing the ketone group or at the 
2-position of the pyridine ring. Thus, to solve this problem of the incompatability 
of functional groups in this system it would be necessary to operate without the 
ketone group since the methoxyl (or hydroxyl) group is essential for the synthesis 
of the Hydrangea alkaloid (IV). Such a compound would be 2-(&hydroxypropyl)- 
3-methoxypyridine where the hydroxyl can be oxidized to a ketone after hydro- 
genation of the ring. Of necessity the quinazolone ring must be introduced after 
the oxidation since 3-(8-hydroxypropyl)4-quinazolone could not be oxidized to 
3-acetony1Pquinazolone (12). The use of this concept has led to a successful 
synthesis of the Hydrangea alkaloid (IV) by the pyridine approach as described 
in the accompanying paper XXIII of this series. 

Achmmledgmen. The authors wish to thank L. Brancone and his staff for the 
microanalysis, W. Fulmor and staff for the spectrophotometric data and W. 
McEwen and staff for large scale preparation of some intermediates. 

If Trade name for the monomethyl ether of ethylene glycol. 
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EXPERIMENTAL 

I-Benzyl-$-picolinium chloride (VIII). A mixture of 42 CC. of a-picoline and 55 cc. of 
benzyl chloride was heated on the steam-bath for 4 hours. After 15 minutes a lower layer 
separated which gradually increased until the upper layer disappeared in 3% hours. The 
thick oil was dissolved in 250 cc. of water and washed with 3 50-cc. portions of chloroform. 
Evaporation of the aqueous solution to  drynesa in ooew, left 73 g. (77%) of product as an 
amber gum. 

Walther and Weinhagen (16) record that this salt is amorphous but give no experimental 
details of its preparation. 

1 -Benzyl-1 , b - d i h y d r o d - p y t i d y l i ~ ~ ~ n i l i &  (X). (A). To a solution of 2.0 g. of VI11 
in 12 cc. of water was added 10 cc. of methylene chloride. The air was displaced by an inert 
atmosphere] then the mixture was basified with 10 cc. of 25% sodium hydroxide and shaken 
vigorously. The methylene chloride solution of IX was separated into an air-free flask, 
quickly dried with magnesium sulfate, and treated with 1 cc. of phenyl isocyanate. After 3 
minutes the solution was concentrated to  about M volume and cooled to  - 10". The product 
was collected and washed with ether; yield, 1.3 g., m.p. 191-192'. When 10 g. of VI11 was 
employed] the yield dropped to  33%. 

Schneider, Gaertner, and Jordan (7) used ether to  extract the methylene base (IX) and 
obtained the product, m.p. 192", in unspecified yield. No product could be obtained by the 
use of ether extraction, although phenyl isothiocyanate gave a 63% yield of 1-benzyl-112- 
dihydro-2-pyridylidenethioacetanilide1 m.p. 188" dec. The methylene chloride procedure 
above (without drying) gave a 76% yield of the thioanilide, m.p. 184-185" dec. 

(B). To a stirred solution of 13 g. of VI11 in 47 cc. of water and 125 cc. of methylene 
chloride cooled to 5" in an ice-bath was added 6.5 cc. of phenyl isocyanate followed by the 
dropwise addition of 76 cc. of 25% sodium hydroxide at such a rate that the temperature 
remained a t  5" (7 minutes). The product rapidly separated. After being stirred an additional 
30 minutes in the ice-bath, the mixture was filtered. The product was washed with water, 
then ether; yield, 10.4 g. (58%) of yellow crystals, m.p. 191-192". 

1-Benzoylpiperidine-Sacetanilide (V). A suspension of 4.0 g. of X and 0.2 g. of platinum 
oxide in 200 cc. of absolute alcohol was shaken with hydrogen at 1 atm. until reduction was 
complete (100% absorbed in 40 minutes). During the reduction the solid dissolved to  give 
a colorlees solution. The mixture was filtered through Celite. Evaporation of the combined 
6ltrate and washings to  dryness in  vacuo gave 4.0 g. (98%) of VI1 as a nearly colorless gum 
which could not be crystallized. 

A solution of 1.00 g. of VI1 in 75 cc. of acetic acid, 25 cc. of water, and 0.5 cc. of 12 N 
hydrochloric acid was shaken with hydrogen a t  1 atm. in the presence of 0.3 g. of 10% 
palladium-charcoal until reduction stopped (78% in 2 hours). The filtered solution was 
evaporated to dryness in vacuo; yield, 0.89 g. (102%) of VI as a gum which did not crystal- 
lize. 

A stirred solution of 0.84 g. of VI in 15 cc. of chloroform and 16 cc. of saturated aqueous 
sodium bicarbonate was treated with 0.35 cc. of benzoyl chloride. After being stirred for 
1% hours, the layers were separated. The chloroform layer was washed with water and 
twice with 1 N hydrochloric acid, then dried with magnesium sulfate and evaporated to 
dryness in vacuo. Crystallization from ethyl acetate-heptane gave 0.58 g. (56%) of V, m.p. 
138-140", identical with an authentic sample (5). The over-all yield of V from X was 54%. 

Benzoylation of VI with triethylamine and benzoyl chloride in chloroform at room 
temperature gave V in only 37% yield. 

1 -Benzyl-1 , adihydrod-pyridylideneaeetophenone (XII). (A). To a vigorously stirred 
solution of 5.85 g. of VI11 in 24 cc. of water and 50 cc. of methylene chloride in a nitrogen 
atmosphere was added 4.7 cc. of benzoyl chloride. Then 36 cc. of 25% sodium hydroxide 
was added over 5 minutes. After being stirred hour, the mixture became dark blue and 
most of the methylene chloride had evaporated. The dark solid (5.8 g.) was collected and 
washed with water. Recrystallization from benzene-heptane gave 2.7 g. of product, m.p. 
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158-160', and 2.6 g., m.p. 149-153', was isolated from the filtrate; total 5.3 g. (71%). Several 
recrystallizations from benzene afforded golden crystals, m.p. 161-162", A::;, 255 (e 15,300), 
340 (e 12,800), 422 mp (e 27,400); A o * ~ ~ c l  260 mp (e 27,000) (broad). 

Anal. Calc'd for C&IITNO: C, 83.6; H, 5.92; N, 4.88. 

To a hot suspension of 40 g. of XI1 in 500 cc. of absolute alcohol was added 7.5 cc. (1 
mole) of 96% sulfuric acid. The remaining insoluble crystals changed from yellow to white. 
The mixture was cooled to 0' and filtered; yield, 51.8 g. (96%) of I-benzyl-2-phenacylpyridin- 
ium acid sulfate, m.p. 231" dec. Recrystallization from absolute alcohol gave white crystals, 
m.p. 236" dec. 

Found:lS C, 82.5; H, 6.26; N, 4.85. 

Anal. Calc'd for CW,HI~NO*H$~OI: C, 62.3; H, 4.94; N, 3.64. 

(B) For preparative purposes toluene was substituted for methylene chloride in method 
A .  The crude product was purified by solution in dilute hydrochloric acid, clarification 
with Norit, and neutralization with sodium bicarbonate; yield, 5540%. 

(C). A solution of 300 mg. of XI11 in water was made basic with excess 10% sodium 
hydroxide. The product was collected and washed with water; yield, 125 mg. of orange 
crystals, m.p. 163-164'. Recrystallization from dilute methanol gave golden crystals, m.p. 
163-164", which gave no depression in m.p. when mixed with preparation A .  

Found: C, 62.3; H, 5.10; N, 3.35. 

Anal. Found:': C, 82.1; H, 6.33; N, 5.01. 
(D). A mixture of 0.50 g. of 2-phenacylpyridine' and 0.32 cc. of benzyl chloride was 

heated on the steam-bath for 4 hours. Crystallization from acetone gave 0.22 g. of crude 
1-bemyl-2-phenacylpyridinium chloride, m.p. 92-94". A solution of 0.20 g. of this salt in 
20 cc. of water was basified with 0.6 cc. of 10% sodium hydroxide. The golden crystals were 
collected and washed with water; yield, 70 mg. (11%), m.p. 160-161". A mixture with prepa- 
ration A gave no depression in m.p. 

a-BenzoyZozy-~-(I-benzylJ-pyridyl)styrene chloride (XIII). ( A ) .  To a solution of 2.0 g. 
of XI1 in 20 cc. of methylene Chloride was added 0.30 cc. of pyridine and 0.90 cc. of benzoyl 
chloride. The temperature rose from 30 to 37" and within 5 minutes the product rapidly 
separated. After 1 hour the mixture was filtered and the solid was washed with methylene 
chloride; yield, 2.68 g. (85%) of white crystals, m.p. 192-193'. Recrystallization from water 
afforded white crystals, m.p. 194-195', which gave a negative ferric chloride test, Ao*%zcl 
235 (e 53,200) (broad), 322 (e 32,700), 335 mp (t 31,700) (inflect.). The compound showed 
ester absorption a t  5.78 and 8.09 p, OH absorption (from Hz0) a t  3.00 p and C=C a t  6.08 
p in the infrared. 

Anal. Calc'd for CarHdlNOpH20: C, 72.7; H, 5.43; N, 3.15. 

Without the pyridine the yield was only 40% after 20 hours. The yield was 52% after 18 
hours when triethylamine was used in place of pyridine. 

(B). To a dried methylene chloride solution of IX (prepared from 5.8 g. of VIII) in an 
inert atmosphere was added 3.3 cc. of benzoyl chloride. After 16 hours the solution was 
evaporated to dryness i n  vacuo. Crystallization of the residue from 75 cc. of acetone and 
6 cc. of absolute alcohol gave 2.0 g. (17%) of product, m.p. 1Wi89'. Recrystallization by 
solution in water and addition of 12 N hydrochloric acid gave white crystals of unchanged 
m.p. Admixture with preparation A gave no depression in m.p. 

Anal. Calc'd for Cpofl&lNO2*HeO: C, 72.7; H, 5.43; N, 3.15. 

a-p-Nitrobenzoylozy-/%(I -benzyld-pyridyl)styrene chloride. Reaction of 2.0 g. of XI1 
with 1.3 g. of p-nitrobenzoyl chloride as described for XI11 (procedure A) gave 2.35 g. 
(72%) of product, m.p. 189-190" dec. Recrystallization from 50% methanol afforded pale 
yellow crystals, m.p. 195-196" dec., Xlh;'.HC'iH20 260 (e 42,000), 318 mp (6 25,500); A ~ ~ ~ o l  
5.68, 8.07 p (ester O W ) ,  6.05 p (C=C). 

Found: C, 71.8; H, 5.32; N, 3.33. 

Found: C, 73.2; H, 5.58; N, 3.34. 

I* Most of these keto methylene bases appeared to be somewhat hydrated. 
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A d .  Calc'd for (&H&INtOd: C, 68.6; H, 4.23; N, 5.93. 

This compound gave a negative femc chloride test. Treatment with aqueous sodium 
bicarbonate a t  100" for 15 minutes gave 65% of p-nitrobemoic acid and 61% of XII. 

a-(f-Benzyl-f,2dihydto-.2-pyridyZidcnc)-2~furun. By reaction of 29 g. of VI11 with 
26 cc. of furoyl chloride as deacribed for XI1 (procedure A )  there was obtained 6.1 g. (16.5%) 
of crude product, m.p. 76-78". Recrystallization from 50% methanol gave yellow crystals, 
m.p. 88-89", which developed brown spots on standing overnight in a sealed tube. When 
exposed to air a black tar is formed within 1 day. A freahly recrptdked sample was con- 
verted to  f-benzyl-2-jur~Zpyridinium hydrogen sulfate by solution in absolute alcohol 
and addition of 1 mole of 96% eulfuric acid. White cryetals, m.p. Z&-Xt7", separated im- 
mediately. This salt was stable to air. 

Found: C, 68.4; H, 4.53; N, 5.87. 

Anal. Calc'd for ClJZlrNOpH&O*: C, 57.6; H, 4.53; N, 3.73. 

I-Methyl4 , a - d i n y d r o - 2 - q u i n o l y l ~ t a p ~ .  By reaction of 4.9 g. of quinaldine 
methiodide (17) with 3.65 cc. of benzoyl chloride as described for XI1 (Procedure A)  there 
was obtained 1.7 g. (38%) of brown crystals, m.p. 108-111". Recrystallisation from toluene 
gave golden needles, m.p. 110-111". 

Found: C, 57.8; H, 5.12; N, 3.63. 

Anal.  CaIc'd for CIJZlrNO: C, 828; H, 5.75; N, 5.36. 

l-Benzyl-2-piperidylideneacetaphenune (XIV). A mixture of 5.0 g. of XII, 100 cc. of 
absolute alcohol, and teaspoon of Raney nickel was shaken with hydrogen at 2-3 atm. 
until exactly 2.2 moleequivalents were absorbed (42 minutes). The filtered solution was 
evaporated to dryness in uaeuo. Crystallization from 25 cc. of methanol gave 3.0 g. (6%) 
of yellow crystals, m.p. 134r135". Recrystallization from the same solvent dorded  yellow 
crystals, m.p. 136-137"; A&. 242 (e 10,600), 340 mp (e 26,700); 

Found: C, 83.0; H, 5.95; N, 5.83. 

w) mp (a  5700). 
Anal. Calc'd for GaH,1NO: C, 82.4; H, 7.22; N, 481. 

I-Benzyl-2-phenucy1piperidin.e hydrochloride (IV). ( A ) .  A mixture of 25 g. of XII, 100 cc. 
of absolute alcohol, 9.0 cc. of 12 N hydrochloric acid, and 200 mg. of platinum oxide was 
shaken with hydrogen a t  2-3 atm. until exactly 3.3 moleequivalents were absorbed. The 
filtered solution was evaporated to  dryness in uoezco leaving 29.7 g. (99%) of nearly colorless 
gum which could not be crystallized but contained less than 1% of XI1 and XIV as shown 
by U.V. analysis. 

Found: C, 82.1; H, 7.40; N, 5.07. 

Anal. Calc'd for GJIzrNO*HCl: C, 72.9; H, 7.29; N, 4.25. 

Although there is a definite break a t  3.0-3.3 moleequivalents of hydrogen,, about 5 
mole-equivalents eventually will be absorbed if the reduction is allowed to continue, 
probably by reduction of the carbonyl to methylene. 

(B). A solution of 1.00 g. of XIV in 65 cc. of methanol containing 0.67 cc. of 12 N hydro- 
chloric acid was shaken with hydrogen in 1 atm. in the presence of 100 mg. of platinum 
oxide until exactly 1.2 equivalents were absorbed (4 minutes). The filtered solution was 
evaporated to  dryness in v a c w  leaving a quantitative yield of product as a colorless gum 
which contained about 1% of XIV as shown by U.V. analysis. 

f -Benzyl-t-(8-benzoylozy-~-phenyEebhyl)piperidine hydrochloride (XVI). (A) .  A solution 
of 3.1 g. of XV in 100 ce. of 75% acetic acid was shaken with hydrogen a t  1 atm. in the pres- 
ence of 0.5 g. of 10% palladium-charcoal catalyst until 1.06 moleequivalents of hydrogen 
were absorbed (40 minutes). There was a sharp break in the rate of reduction a t  1 mole- 
equivalent. The filtered solution was evaporated to dryness in uacuo. The residue (3.0 g.) 
was dissolved in 15 cc. of shloroform. After the addition of 1.33 cc. of benzoyl chloride and 
a solution of 1.9 g. of anhydrous sodium carbonate in 15 CC. of water, the mixture was 
stirred for 1 hour. The chloroform layer was separated and evaporated to dryness in uacw.  
The residue was dissolved in ethyl acetate and washed with three 25-c~. portions of 1 N 
hydrochloric acid. Dried with magnesium sulfate, the ethyl acetate solution was evaporated 

Found: C, 72.2; H, 7.46; N, 4.13. 
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to drynei~ in mew. Ckystdhation of the residue (3.3 g.) from 20 a. of ethyl acetate gave 
0.91 g. (24%) of product, m.p. 185-189". For analyaie a sample was diesolved in abmolute 
alcohol, the solution WBB evaporated to dryness in mew and the &my residue was c r y k d -  
hed  from ethyl acetate to give white c r y t a b ,  m.p. 1!&194". 

A d .  Calc'd for GHYBNOPHCI: C, 74.4; H, 688; N, 32l; <=i,8.15. 
Found: HA), 0.6 (K- &her). 
Found (corr. for H a ) :  C, 738; H, 7.17; N, 3.15; CJ, 829. 

The other poaaible racemate did not c r p t d k e .  It is interesting to note that XVI, a 
hydrochloride, is more soluble in wet ethyl acetate, tban in water. 

(B). A mixture of 3.0 g. of XIII, 50 cc. of absolute alcohol, and 0.1 g. of platinum oxide 
was shaken with hydrogen at 1 atm. until 4 2  mole-equivdente were abmorbed (1 hour). 
The filtered solution waa evaporated to drynets in mew. Crystdkation of the residue 
from 35 ec. of ethyl acetate gave 1-10 g. (36%) of product, m.p. 185-188", which gave no 
depreaaion in m.p. when mixed with preparation A. Method B is the one of choice for pre- 
parative purposes. 

0-(1-Ben~gZ-l, 2 - d i h ~ ~ 0 - 9 ~ y l i d t ~ ~ ) - y - p h t h a Z i ~  (XVIII). To a stirred 
solution of 5 2  g. of VIII  in 20 cc. of water cooled in an iee-sslt bath k, 5" waa added a cold 
solution of 8.0 g. of phthslimidoacetyl chloride in 50 ec. of methylene chloride. Then 31 
cc. of 25% sodium hydroxide was added dropwise over a period of 5 minutes. Cry&als 
rapidly began to separate. After being stirred an additional 15 minutea in the cooling bath, 
the mixture waa filtered and the product washed thoroughly with water; yield, 0.70 g. 
(5.4%), m.p. 2l&2ZO0. Several recryatdlkatione from Methyl Celloeolve-methanol gave 
yellow crystah of conatant m.p. 220-221", 5.68,5S (C=O of phthalyl). 6.12 p (conj. 
-1. 

Anal. Calc'd for CnHdf~0,: C. 74.6; H, 4.86; N, 7.57. 

The above conditions gave the beat yields out of some 20 varianta of time, temperature, 
basicity and solventa that were tried.* 

%-Zobpyridine. By refluxing 35 g. of Zbromopyridine (20) with 175 cc. of hydriodic acid 
(sp. r. 1.7, containing some free iodine) for 6 hours as described (2l) there waa obtained 
51% of product, b.p. 100-103" (15 mm.) and 4 g. (11%) of lower boiling Zbromopyridine 
was recovered. A yield of 35% and b.p. 93-95" (13 mm.) hae been recorded (21). 

I - B e n z y l - Z - b r ~ i n i u r n  bromide (XXIIs). A mixture of 2.5 g. of 2-bromopyridine 
(20) and 2.0 cc. of benzyl bromide was heated on the etesm-bath for 3 hours. Trituration 
of the cooled reaction mixture with acetone gave 453 g. (87%) of white cryntals, m.p. 
1%1!i7", unchanged on recrgetalliation from absolute alcohol. 

Found:" C, 72.3; H, 5.48; N, 7.33. 

A d .  Calc'd for WUBrcN: C, 43.8; H, 3.34; N, 4%. 

1 -BenzylI-2-ioaopyr&niurn bromide (XXIIb) . A mixture of 20.1 g. of Ziodopyridine and 
22.6 cc. of benzyl bromide waa heated on the steam-bath for 4 hours. The resultant cake 
was triturated with acetone. The product was collected and washed with acetone until the 
odor of bensyl bromide was completely removed; yield, 322 g. (90%) of white c r p t d ~ ,  
m.p. 153-154" dec., unchanged on recq-tailistion from absolute alcohol. 

Found: C, 43.6; H, 3.59; N, 4.16. 

A d .  Calc'd for CIJLBrIN: C, 38.3; H, 2.93; N, 3.72. 

S - ( g , a - ~ ~ - a - p ~ y ~ y l ) - / q u i n c r e o l o n e  (XXI). To a warm solution of 23 g. of ethyl 
4-quinazolone-3-acetate (4) in 197 cc. of benzene was added euceesaively 13.1 CC. of sceto- 
phenone, 12 cc. of absolute ethanol, and 6.0 g. of sodium methonde (12). The solution was 
refluxed for 1 hour, then acidified with 6 cc. of acetic acid and absktm with 100 ec. of water. 
On standing the heterogeneous system depoeited ergetala which were collected and wsshed 
with water and benzene; yield, 21.0 g. (6%), m.p. 155-156". Recrystabation from benzene 
gave white crystals, m.p. 15&159", which gave a red feme chloride teat. 

Found: C, 38.1; H, 3.34; K, 380. 

Anal. Calc'd for G ~ L N I O ~ :  C, 70.6; H, 4.58; N, 9.15. 
Found: C, 70.2; H, 4.65; N, 9.07. 
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J-[B-Keto-y-benzoyl-y- (1 -benzyl-1, B-dihydro-b-pyridylidene)propyl]-.4-quinazolone (XIXb) 
and salts. ( A ) .  To a solution of 78 g. of XI1 in 615 cc. of methylene chloride and 44 cc. of 
pyridine was added 71 g. of 4-quinazolone-3-acetyl chloride hydrochloride (11). The stop- 
pered solution was allowed to stand 6 days. During this time white crystals of XVIIb 
separated. The product was collected and washed successively with methylene chloride 
and absolute alcohol; yield, 90.3 g. (65%), m.p. 205-206". A similar preparation of this 
monohydrochloride was recrystallized from absolute alcohol to give white crystals of 
unchanged m.p. The dihydrochloride formed in solution with alcoholic hydrogen chloride 
was soluble. The lack of color of the hydrochloride shows that the hydrogen chloride had 
added to the pyridylidene ring to give a pyridinium salt. This compound gave a red ferric 
chloride test. 

Anal. Calc'd for C~OH&IN,O~HIO: C, 68.2; H, 4.97; N, 7.96; HaO, 3.41. 

When the above reaction was allowed to proceed for 24 hours, the yield was 24% and 
after 64 hours, 45%. With triethylamine in place of pyridine, the yield was 19% after 65 
hours. When the reaction was run in boiling methylene chloride for 24 hours, the yield was 
40%, but only 12% in boiling chloroform. 

A mixture of 3.15 g.  of XVIIb, 50 cc. of chloroform, and 50 cc. of saturated aqueous 
sodium bicarbonate was shaken until solution was complete. The separated chloroform 
layer was dried with magnesium sulfate and evaporated to dryness in uacuo. The glassy 
yellow residue was heated on the steam-bath with 25 cc. of toluene when it rapidly crystal- 
lized; yield, 2.88 g. (98%) of yellow crystals of XIXb, m.p. 219-220" dec. Recrystallization 
from 33% alcohol did not change the m.p. 

Feu+: C, 68.2; H, 5.16; N, 7.92; HnO, 2.05 (K. Fischer). 

Anal. Calc'd for CI~H~lNaOpH~O:I* C, 73.5; H, 5.15; N, 8.56. 

( B ) .  A solution of 2.8 g .  of XXI in 9.2 cc. of 1 N methanolic sodium methoxide was evapo- 
rated to dryness in  vucuo. The residue was suspended in 50 cc. of benzene and the evapora- 
tion was repeated. A suspension of the dry sodium salt and 2.5 g. of XXIIa in 70 cc. of ben- 
zene was refluxed with vigorous stirring for 1 hour. The mixture was evaporated to dryness 
in vucuo. The residue was dissolved in a mixture of 90 cc. of chloroform and 70 cc. of 3% 
sodium hydroxide. The separated chloroform layer was washed with 70 cc. of 3% sodium 
hydroxide, dried with magnesium sulfate, and evaporated to dryness i n  vacuo. Digestion 
of the residue with warm toluene caused crystallization of the gum; yield, 2.1 g. (58%) of 
XIXb, m.p. 211-212" dec. A mixture with preparation A melted at  215-216' dec. 

Similarly, condensation of XXI with XXIIb proceeded in 7Oy0 yield. An attempt to 
use acetylacetonee in place of XXI failed. 

(C). Hydrobromide. To a hot filtered solution of 350 mg. of XVIIb base in 6 cc. of absolute 
alcohol was added 0.082 cc. of 48% hydrobromic acid. Cooling gave 390 mg. (95%) of nearly 
colorless crystals, m.p. 203-204" dec. 

Found: C, 74.0; H, 5.27; N, 8.73. 

Anal. Calc'd for Cl~H24BrN30pH~0: C, 62.9; H, 4.58; N ,  7.35; H10, 3.14. 

(D). Bisulfate. To a hot filtered solution of 300 mg. of XVIIb base in 6 cc. of absolute 
alcohol was added0.35 cc. of 96% sulfuric acid. The solution became colorless and on chilling 
deposited 340 mg. (94%) of white crystals, m.p. 204-205". 

Found: C, 62.4; H, 4.91; N, 7.23; HzO, 2.21. 

Anal. Calc'd for C ~ O H Z ~ N ~ O ~ * H S O ~ :  C, 63.0; H,  4.38; N, 7.36. 
Found: C, 61.9; H ,  4.87; 1;, 7.07; H20, 0.56. 
Found (corr. for HzO): C, 62.3; H,  4.84; N,  7.12. 

3 - p - K e t o - y ( l  -benzyl-1 ,2-dihydro-2-pyridylidene)propyll-~-quinazolone (XX). A solu- 
tion of 00.3 g .  of XVIIb hydrochloride in 900 cc. of 6 N hydrochloric acid was refluxed 4 
hours, cooled, filtered from benzoic acid (48%), and evaporated to dryness i n  vucuo. The 
residue was dissolved in 350 cc. of methanol and neutralized with excess (-50 cc.) of tri- 
ethylamine. After chilling in a11 ice-bath, the mixture was filtered and the product washed 
with methanol; yield, 34.1 g. (50%), m.p. 197-199" dec. No suitable solvent for recrystalliza- 
tion could be found. For analysis R sample was dissolved in 1 N hydrochloric acid, the solu- 
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tion was clarified with Norit, then neutralized with aqueous sodium bicarbonate. The 
bright yellow crystals, m.p. 198-200" dec., were washed well with water; x$.',TC' 267 mp 
(e 12,900); X~~?o'"N"oH '270 ( E  10,200), 305 (e 12,400), 315 (e 12,000), 385 mp (e 20,100); X ~ ~ ~ o '  
5.94 p (amide CO), 6.08 p (coni. ketone CO), 6.20 p (C-N). 

Anal. Calc'd for C ~ ~ H I ~ N S O ~ :  C, 74.8; H, 5.15; N, 11.4. 
Found: C, 74.5; H, 5.31; N, 11.2. 

By dilution of the original methanol mother liquor with water a 31% yield of XII,  m.p. 
and mixture m.p. 162-163", was obtained. 

The bisul fate  salt of XX was prepared by solution of 300 mg. of base in  10 cc. of 1 N hydro- 
chloric acid, addition of 2.0 cc. of 1 N sulfuric acid, and evaporation to  dryness in UQCUO. 

The colorless glass changed t o  white crystals by trituration with hot methyl ethyl ketone. 
The m.p. of 185-187" dec. was unchanged after recrystallization of the salt from absolute 
alcohol. 

Anal. CalcJd for CasHlpN80pH~SOc: C, 59.1; H,  4.54. 

1-Benzyl-2-bromo-3-ethoxypyridinium iodide.  To 520 mg. of the free base of 2-bromo-3- 
ethoxypyridine hydrobromide (15)'O was added 1.7 g. of benzyl iodide. The mixture was 
heated in a bath at 52" for 2 hours. The resulting crystalline mass was triturated with ether; 
yield, 720 mg. (75%) of pale yellow crystals, m.p. 134-141' dec., suitable for the next step. 
At 100" there was considerable resinification. 

If the quaterization was attempted with benzyl bromide by fusion at 100" or in boiling 
benzene, a benzene-insoluble red gum was obtained. The red gum was dissolved in water 
and converted t o  the insoluble iodide salt by addition of saturated aqueous potassium 
iodide. A yellow crystalline product, m.p. 138-142', was obtained in yields varying from 
0-35%. Recrystallization from absolute alcohol gave yellow crystals, m.p. 160-162" dec. 

Found: C, 58.7; H, 5.05. 

Anal. Calc'd for C1,RlIBrINO: C, 40.0; H, 3.57; N,  3.81. 

The low combustion values are due to a partial exchange of the 2-bromo for iodine, also 
described later for 2-chloro-3-acyloxypyridines quaternized with benzyl iodide. 

2-Iodo-3-methoxypyridine hydrochloride (XXVIII). To a solution of 9.5 g. of sodium meth- 
oxide and 38.8 g. of 2-iodo-3-pyridol [prepared (13) in 67% yield, m.p. 190-192" dec.] in 50 
cc. of methanol was added a solution of 33.4 g. of trimethylphenylammonium chloride in 
40 cc. of methanol. The salt was removed by filtration and the combined filtrate andw-ash- 
ings were evaporated to dryness in vacuo. The residue was dissolved in 30 cc. of dimethyi- 
formamide, concentrated in YQCUO to  remove the last of the methanol, and then an addi- 
tional 210 cc. of dimethylformamide was added. The solution was refluxed for I hour, cooled, 
and filtered. It was acidified with 190 cc. of saturated absolute alcoholic hydrogen chloride, 
and the solution was evaporated to dryness in vacuo. Trituration of the residue with 100 CC.  
of acetone gave 28 g. (58%) of hydrochloride salt, m.p. 154-155" dec. 

A sample of the salt was converted to the free  base by shaking with chloroform and excess 
aqueous sodium bicarbonate until solution was complete. The chloroform solution was 
evaporated to  dryness in uacuo. Trituration of the residue with heptane gave white crystals, 
m.p. 55-56'. Recrystallization from heptane raised the m.p. to 56-57'. 

Found: C, 37.8; H, 3.69; N,  3.04. 

A n a l .  Calc'd for C6HaISO: C !  30.6; H ,  2.55; S3 5.97. 

t-BenzyE-8-iodo-S-methozypyridinium iodide (XXIX). The crude free base from 21 g. of 
SXVIII  hydrochloride and 47 g. of benzyl iodide was heated in a bath at 52" for 2 hour.;. 
The resultant cake of crystals was stirred with 50 cc. of benzene until the lumps disinte- 
grated. The product was collected and washed Kith acetone until free of benzyl iodide; 
yield, 30.6 g. (88y0), m.p. 168-169" dec. Recrystallization from methanol gave yellon- crys- 
tals, n1.p. 175-176" dec. 

Found: C, 30.8; H, 2.93; K ,  5.85. 

A n a l .  Calc'd for ClJHl3I2SO: C, 34.4; H,  2.87; N, 3.09. 
Found: C. 34.2; H, 3.06; X, 2.97. 
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l-Benzyl-2-iodo-3-hydroxypyridinium bromide. A mixture of 5.0 g. of 2-iodo-3-pyridol 
(13) and 8.1 cc. of benzyl bromide was heated on the steam-bath for 25 minutes, then cooled 
and triturated with 20 cc. of acetone. The product was collected and washed with acetone 
until the benzyl bromide was completely removed; yield, 6.6 g. (75%) of white crystals, 
m.p. 159-160" dec. Recrystallization from water raised the m.p. to  160-161" dec. 

Anal. Calc'd for Cl2Hl1BrIX0: C, 36.7; H, 2.81; N ,  3.57. 

8-Iodo-3-benzoyloxypyridine. To a refluxing solution of 3.2 g. of 2-iodo-3-pyridol (13) and 
2.6 cc. of triethylamine in 80 cc. of benzene was added dropwise 1.9 cc. of benzoyl chloride 
(3 minutes). The solution was refluxed for 30 minutes, then cooled and filtered. The filtrate 
was washed with two 30-cc. portions of 3% sodium hydroxide, dried with magnesium sulfate, 
and evaporated to  dryness in vacuo. Trituration of the residue with heptane afforded 4.1 g. 
(87%) of white crystals, m.p. 89-90". Recrystallization of a similar preparation from heptane 
gave white crystals, m.p. 90-91". 

Found: C, 36.3; H, 3.35; N, 3.59. 

Anal. Calc'd for CIZHBINO~: C, 44.3; H, 2.46; N, 4.31. 

1 -Benzyl-$-iodo-3-benzoyZoxypyridinium iodide. A mixture of 4.1 g. of 2-iodo-3-benzoyl- 
oxypyridine and 8.0 g. of benzyl iodide was heated in a bath a t  52" for 18 hours. Trituration 
of the crystalline mass with benzene gave 6.5 g. (93%) of yellow crystals, m.p. 148-149" dec. 
The m.p. was unchanged after recrystallization from absolute alcohol. 

Found: C, 44.4; H, 2.79; N, 4.42. 

4naZ. Calc'd for CIQHIE.I~NO~: C, 42.0; H,  2.76; N,  2.58. 

Chlorination of 3-pyridol to 2-chloro-3-pyridol (13) gave no product unless the temper- 
ature was maintained a t  75-80', The reaction mixture was processed as soon as i t  was no 
longer exothermic ; yield, 22%, m.p. 166-167". Benzoylation as described for 2-iodo-3-pyridol 
above gave 56% of 2-chloro-3-benzoyloxypyridine, m.p. 53-55'. Quaternization with benzyl 
iodide gave a 65% yield of the title compound, arising by halogen interchange a t  the 2-posi- 
tion. Attempted quaternizations with benzyl chloride a t  52-135" gave none of desired qua- 
ternary salt 

1 -Benzyl-2-iodo-3-acetoxypyridinium iodide. To a solution of 2.5 g. of 2-iodo-3-pyridol 
and 2.1 c c .  of triethylamine in 50 cc. of benzene was added 0.89 cc. of acetyl chloride. After 
15 minutes the triethylamine hydrochloride was removed by filtration. Evaporation of the 
filtrate to  dryness in VUCZLO left 3.2 g. of crude 2-iodo-3-acetoxypyridine as an oil. A mixture 
of 2.7 g. of this compound and 6.7 g. of benzyl iodide was heated a t  52" for 235 hours. Tritura- 
tion with ether gave a crystalline salt which was collected by filtration, washed well with 
ether, then 10 cc. of methanol; yield, 4.1 g. (83%) of yellow crystals, m.p. 148-149" dec. 
Recrystallization from methanol gave yellow crystals, m.p. 153-154" dec. 

Found: C, 42.1; H, 3.13; N,  2.51. 

Anal. Calc'd for C I ~ H J Z X O ~ :  C, 34.9; H, 2.70; N, 2.91. 

Reaction of 2-chloro-3-acetoxypyridine, prepared from 2-chloro-3-pyridol as described 
above for the 2-iodo derivative, with benzyl iodide led to  the title compound by interchsnge 
of the 2-chloro group by iodo. 

3-[8-Keto-r-benzoyl-r-(l -benzyl-J-ethoxy-l,2-dihydro-8-pyridylidene)propyl]-4-quinazolone. 
By condensation of the sodium salt from 368 mg. of X S I  with 420 mg. of l-benzyl-2- 
bromo-3-ethoxypyridinium iodide as described for SVIIb  there was obtained 420 mg. (79%) 
of product, m.p. 210-215" dec. Since no suitable solvent for recrystallization could be found, 
the compound was characterized by hydrolysis as follows. 

S-[@-Keto-r-(l -benzyl-3-ethoxy-1 ,2-dihydro-2-pyridylidene)propyl]-4-quinazolone. A solu- 
tion of 275 mg. of the preceding compound in 10 cc. of 6 N hydrochloric acid was re- 
fluxed for 4 hours, cooled, and filtered from benzoic acid. The filtrate was evaporated to 
dryness in uacuo. Crystallization of the residue from 5 cc. of absolute alcohol gave 175 mg. 
(68%) of hydrochloride saEt as white crystals, m.p. 178-179' dec. The free base was obtained 
by addition of aqueous sodium bicarbonate to  an aqueous solution of the hydrochloride: 

Found: C, 34.5; H, 3.09; N ,  3.30. 
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yellow crystals, m.p. 193-194" dec.;Xk!?"275 ( c 8 6 0 0 ) ,  295 mp (a 11,50O);X222265 (C SSSO), 
274 (e QlOO), 298 (e 10,50O), 400 mp (e 4600). The compound appeared to decompose rapidly 
in basic solution. 

Anal.  Calc'd for CW,H~~N*O~: C, 72.6; H, 5.57; N, 10.2. 

S-[B-Keto-y-benzoyl -y- ( 1  -benzyl-% methoxy-1 ,8-dihydro-d- pyridylidene)propyl]-.& puinazo- 
lone (XXXI). The dry sodium salt from 15 g. of XXI, 18.5 g. of l-benzyl-2-iodo-3-methoxy- 
pyridinium iodide (XXIX), and 750 cc. of benzene was refluxed and stirred for 21 hours. 
The mixture was evaporated to dryness i n  vacuo. The residue was shaken with 550 cc. of 
chloroform and 370 cc. of 3% sodium hydroxide until no more solid appeared to dissolve. 
This solid (5.4 9.) was collected and treated separately as described below. 

The separated chloroform solution, washed with another 370 cc. of 3% sodium hydroxide 
and dried with magnesium sulfate, was evaporated to  dryness in uacuo. Trituration of the 
residue with 100 cc. of toluene caused crystallization. The product was collected by filtra- 
tion of the cooled mixture; yield, 6.5 g. (32%) of yellow crystals, m.p. 228-230" dec. 

The 5.4 g. of above solid, a mixture of XXIX and XXXI*HI, was suspended in 50 cc. 
of absolute alcohol and 4 cc. of triethylamine, and refluxed for two hours. During this time 
the solid changed over to bright yellow crystals. The product was collected on a filter and 
washed with absolute alcohol; yield, 4.2 g., m.p. 243-245" dec. A mixture of the two fractions 
melted a t  234-235' dec. The total yield was 10.7 g. (53%). Since no suitable solvent for re- 
crystallization could be found, the compound was characterized by hydrolysis to  XXX. 

Attempts to condense XXIX with sodio or triethylammonium acetylacetone or sodio 
benzoylacetone under similar conditions failed to give the desired compounds. Similarly, 
attempts to condense the sodium salt of'XXI with l-benzyl-2-iodo-3-hydroxypyridinium 
iodide 0-acetate or 0-benzoate were unfruitful and the quaternary salts were recovered 
unchanged. 

3 - @ - K e t o  - y  - (1 -benzyl -3-methoxy - 1 , 2 -dihydro -8 -pyridylidene)propyl] -4-quinazolone 
(SSX). A solution of 16.1 g. of XXXI in 161 cc. of 6 N hydrochloric acid was refluxed for 
4 hours, then cooled and filtered. The filtrate was evaporated to dryness i n  vacuo. Tritura- 
tion of the residue with 50 cc. of hot absolute alcohol caused crystallization. The pyridinium 
chloride (I) was collected on a filter and washed with absolute alcohol, then acetone; yield, 
12.0 g. (80'%), m.p. 197-1538' dec. A similar preparation was recrystallized from absolute 
alcohol forming white crystals of unchanged m.p. ;Xt:rHC' 265 (€7240) (inflect .), 278 (e8380), 
297 mp (e 12,600); h=:z 265 (e 8750), 275 (e 8850), 300 mp (e 12,600); XkflNaoH 267 (e 86701, 
276 (e 9410), 297 (e 9380), 400 mp (e 9880). The compound was unstable to  0.1 N sodium hy- 
droxide and appeared to  be cleaved rapidly. The above alkaline U.V. spectrum was de- 
termined in less than l minute on a Gary recording spectrophotometer. After 4 minutes the 
maxima were 267 (e 8190), 276 (e 9030), 297 (e lO,OOO), and 400 mp (e  3640). Affer ten minutes 
the 400 nip peak had completely disappeared. 

Found: C, 72.3; H,  5.81; N, 9.92. 

i inal.  Calc'd for C ~ , H Z ~ C I ~ N ~ O ~ J ~ H ~ O :  C, 59.9; H, 4.99; N, 8.73. 

When 1.5 g. of the dihydrochloride was converted to thefree base, XXX, as described for 

Anal.  Calc'd for C24H21N303*xH?O:1* C, 70.6; H ,  5.40; N, 10.3. 

Hydrogenation of S-[p-lieto-r- ( 1  -benzyl-d-inethoxy-l ,B-dihydr0-3-pyridyl idene)  propyl]-4- 
quinazolone ( S S X ) .  ( A ) .  In Methyl Cellosolve with Raney nickel. A solutionof 2.0 g. of xxx 
in 100 cc. of Methyl Cellosolve was shaken with hydrogen a t  1 atm. in the presence of 
teaspoon of Raney nickel. A total of 1.25 mole-equivalents of hydrogen was absorbed in 2 
hours and reduction ceased. The bright orange color of X S X  disappeared with about 1.15 
mole-equivalent of hydrogen uptake. The filtered solution was evaporated to dryness i n  
vacuo leaving 1.3 g. of a gum. This gum was extracted with 30 cc. of hot water, decanted, 
and the solution was cooled to give 60 mg. of a product, m.p. 157-158'. This compound had 
the U.V.  of a typical 3-alkyl-4-quinazolone with pyridine unsaturation in the side-chain (12). 

Found: C, 59.7; H, 5.42; N, 8.44. 

SVIIb .  1.23 g. (97%) of yellow crystals, m.p. 199-200° dec., were obtained. 

Found: C, 70.8; H, 5.40; N, 10.5. 



Since the U.V. data &owed this waa a c l e a v e  product, it was not further investigated 
until procedure C and was identified aa X X X I Y .  

The aqueou~ filtrate was evaporated to dryneas in uucw and the residue (0.9 g.) solidified. 
Recrystallisation from alcohol gave white cryiitals, m.p. 81-82". The compound had a U.V. 

spectrum typid of a eaturated-3-all+4-quinasolom with apparent molecular weight of 
245 f 24. The IR spectrum showed the quinasolone C=O at 5.96 p and ester absorption at 
5.70 p with a companion baud at 820 p .  

Anal. Calc'd for wlrNx)r(28a): C, 58.6; H, 5.34; N, 10.7. 

The spectraempic and combnstion data indicated that this compound waa the methoxy- 
ethyl ester of 4 q ~ o l o m ~ - a c e t i c  acid (XXXIIa) which waa d e d  by comparison with 
the authentic sample prepred aa follows: 

A mixture of 1-00 g. of 4quinasolone3-acetyl chloride hydrochloride (11) and 25 cc. of 
Methyl Cellaeolve was heated on the steam-bath for #) minutes, solution being complete 
in 5 minutea. The solution waa evaporated to dryness in uucw and the residue wan dieeolved 
in 10 cc. of water. Neutralisation to pH 8 with sodium bicarbonate and cooling gave 027 g. 
(27%) of XXXIIa, m.p. Nl-Sl", which gave no depreaaion in m.p. when mixed with the above 
cleavage product. No attempt waa made to isolate additional material. 

The same cleavage of XXX to XXXIIa wan effected by simply warming a solution of 
XXX in Methyl cellosolve. 

(B). HydrooGnation in &dute ethanol with Raney n W .  A mixture of 500 mg. of XXX, 
50 cc. of absolute alcohol and teaspoon of Raney nickel waa shaken with hydrogen a t  1 
atm. until 2.2 moleequivalents of hydrogen were absorbed (83 minutes). The filtered solu- 
tion waa evaporated to drynefm in WGIU) leaving 180 mg. of a gum. C r y a t f i a t i o n  from 2 cc. 
of absolute alcohol gave 15 mg. of a solid, m.p. 157-158". Thia material was identical, aa 
shown by mixture m.p., with the 158" material described in preparation A. 

To the filtrate from the 15 mg. wan added 2 cc. of saturated absolute alcoholic hydrogen 
chloride. The white cryatals were collected and washed with a d l  amount of absolute 
alcohol, tben acetone; yield, 180 mg., m.p. 202-205" dec. Recrystsllisation from absolute 
dcohol gave white crystals, m.p. 204-205" dec. This compound ahawed a U.V. spectrum typi- 
cal of a saturated3-alkyl4quinsaolone with an apparent molecular weight of 260 f 26- 
The I.R. spectrum showed ester carbonyl absorption a t  5.70 and 820 p, quimzolone o.=O 
at  5.93 p, and C=NH+ at 5.90 p. 

Found: C, 80.0; H, 5.66; N, 11.1. 

A d .  Calc'd for G a d & - H a ( % B . 5 ) :  c, 53.7; H, 4.88; N, 10.4. 

The spectral and analytical data indicated that this compound wan ethyl 4-quinsaolone- 
3-acetate hydrochloride which waa verified by comparison with the hydrochloride prepared 
from an authentic sample of the ester (12). 
(C). In  dimefhy l fomumidedu acid rm'U Raney nickel. A solution of 1.57 g. of XXX in 

70 cc. of dimethylformamide and 7 cc. of acetic acid was shaken with hydrogen at 1 atm. in 
the presence of tesapoon of Raney nickel (washed with dimethylfonnamide) for 16 hours. 
During this time hydrogenation stopped a t  1.85 moleequivalent uptake. The filtered solu- 
tion was evaporated to dryness in uacuo laving 1.10 g. of a gum. Crystalhation from 10 
cc. of absolute alcohol gave 300 mg. of white crystals, m.p. 150-152" (turbid). Two recrystal- 
liEations from absolute alcohol gave white crystals, m.p. 194-#10°, kyc' 292 m P (e 14,000), 
AH*(Xo-mrOB ILI. 281 (idection), 275 (e 12,700), 302 (e 3830), 313 mp (e 2520). Theextinetione 
are much higher at 292 and 275 mp than ordinary 3-alkyl4quimzolonea and thus show 
conjugated unsaturation in the quinaeolone aide chain. 

Found: C, 51.3; H, 5.08; N, 10.4. 

A d .  Calc'd for Cd&&o4=J@&: C, 80.7; H, 5.40; N, 12.5; H a ,  2.67. 

The compound gave a green color with feme chloride. The I.R. spectrum indicated a 
sslt between a strong C , W O  base having a C=N@ group and 4quinaXolone3-acetic acid 
since it had absorption at 425 and 4.8'7 p, C=p at  5.74 p, c--O (of the 4quinaeol.one) 
a t  5.93 p, C=N (of the 4quinssolone) at 6.15 p and ionised COO- at  6.37 and 7.05 p. 

Found: C, 60.5; H, 5.01; N, 12.7; H@, 2.86 (Fischer). 
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By evaporation of the mother liquors from the recrystallization of the 300 mg. was ob- 
tained 180 mg. of solid, m.p. 152453". Recrystallkation from 10% alcohol gave white crys- 
tals, m.p. 154-160". A mixture with the product, m.p. 157-158", isolated in procedure A 
gave no depression in m.p. This compound had U.V. peaks in 0.1 N sodium hydroxide at 
268,277,302 and 313 mp. The 277 mppeak was higher in extinction than the shoulder usually 
obeemed a t  that point for a typical saturated3-alkyl4-quinolone (22). In 0.1 N HC1 the 
277 mp peak was shifted to 292 mp with considerable increase in extinction. By analysis of 
the 302 mp peak, the molecular weight was estimated to be >260, the exact amount greater 
not known due to the raising of the 302 mp peak by the abnormal peak at 277 mp. Combus- 
tion data agreed with an empirical formula of CirHiiNaOs (M.W. 309) or CIIHIONZOZ (M.W. 
202). The latter empirical formula was eliminated since the M.W. by U.V. analysis was 
>260. The infrared spectrum showed the quinazolone C=O at 5.92 p and carbonyl absorp- 
tion a t  5.72 p which was a ketone since the companion band for an ester a t  8.2 p was absent. 
These propertiea all agree with the hydrogenolysis product, 3-@-keto-y-(3-methoxy-2- 
pyridyl)propyl]4-quinazolone (XXXIV), since the 277 mp peak in the U.V. spectrum and 
the 292 mp peak in acid correspond exactly to those of 2-methyl3-methoxypyriidine (B),  

A d .  Calc'd for CirHiiNaOz: C, 66.0; H, 4.85; N, 13.6. 

Other points of the I.R. spectrum showing that this compound contained a 2-alky1-3- 
methoxypyridine residue were found by comparison with the apectrum of 2-@-hydroxy- 
propyl)3-methoxypyridine (23). Both had the aromatic ether C-0-C absorption doublet 
a t  7.77-7.82 and 9.774.82 p, aromatic pyridine absorption a t  12.45-12.47 p and aubstituted 
pyridine C=N doublet at 6.25 and 6.30 p .  

The only structure which can be written for a 3-alkyl4quinazolone with empiricd 
formula Ct~Hl&&t contening a ketone in the side chain is 3-acetonyl4quinazolone, m.p. 
164" (12). A mixture with an authentic sample melted at 1?0-150". 

(D). In dimethylfonnamide with lkrney nickel. Reduction of 1-00 g. of XXX in 50 CC. Of 
dimethylformamide as described in procedure C gave 1.5 mole+quivalent hydrogen uptake. 
Evaporation to dryness in wcuo left 710 mg. of a gum which had a U.V. spectrum charac- 
teristic of 3-substituted-4-quinolone with pyridine unsnturation in the aide chain. Ex- 
traction with hot water gave on cooling 135 mg. of XXXIV, which had an I.R. spectrum 
identical with that described in procedure C. 

In a similar run 10 mg. of 3-acetonyl4quina&olone (12) was isolated by direct C ~ S -  
tallization from methanol and identified by mixture m.p. 

Found: C, 65.7; H, 4.88; N, 13.8. 

S m W Y  

Several methods of preparation, as well as a number of reactions, of some 
unusual keto methylene bases have been investigated during attempts t o  syn- 
thesize 3-w-keto--y- (3-hydroxy-%piperidyl) propyl]-Q-quinazolone (IV), the 
Hydrangea alkaloid. 

PEARL RIVER, NEW Yo= 

REFERENCES 

(1) HOWTON AND GOLDING, J .  Org. Chem., 16, 1 (1950). 
(2) BAKER, SCXAw, MCEVOY, AND WILLIAMS, J .  Org. C h . ,  17, 132 (1952). 
(3) BAKER, QUERRY, KADISH, AND WILLIAMS, J .  Org. Chem., 17,52 (1952). 
(4) BAKEB, QIJERRY, S c a a ~ ~ ,  AND WILLIAMS, J .  Org. Chem., 17, 58 (1952). 
(5) BAKER, SCXAw, QUEREY, AND WILLIAMS, J .  Org. Chem., 17.97 (1952). 
(6) BAKER, SCXAw AND WILLIAMS, J .  Org. Chem., 17, 116 (1952). 
(7) &"EIDER, GAERTNER, AND JORDAN, Ber., 67, 522 (1924). 
(8) BAKER, MCEVOY, SCEAUB, JOSEPH, AND WILLIAMS, J .  Org. C h . ,  ls. 153 (1m). 
(9) MUMM, Ann., u9, 272 (1925). 



JAN. 1955 HYDRANGEA ALKALOIDS. X nZ 135 

(10) SMITH, STEWART, ROTH, AND NOETHEY, J .  Am. Chem. SOC., 70,3997 (1948). 
(11) BAKER, SCMUB, QUERBY, AND WILLIAMS, J .  Org. Chem., 17, 77 (1952). 
(12) BAKER, QUEERY, KADISH, AND WILLIAMS, J .  Org. Chem., 17,s (1952). 
(13) SCEICKH, BINZ, AND ~ U L T Z ,  Bet. ,  69, 2593 (1936). 
(14) RODIONOW, Bul2. doc. chim., [4] 39, 305 (1926). 
(15) HEETOO, SCHEPIIMN, DEBRUYN, AND THYSSE, Rec. Irau. chim., 69, 1281 (1950). 
(16) WALTHEE AND WEINHAGEN, J .  ptakt.  Chena., [2] 96, 52 (1917). 
(17) DOEBNER AND MILLER, Bet. ,  16, 2468 (1883). 
(18) BEOOKER AND WHITE, U.S. Patent 2,341,357. 
(19) LUTZ, el d., J .  Am. Chem. SOC., 68, 1817 (1946). 
(20) ALLEN AND THIETLE, Org. Syntheses, %,16 (1946). 
(21) BAKER, CURTIS AND EDWARDS, J .  Chem. SOC., 83 (1951). 
(22) HUTCHINOS, GOEDON, ABLONDI, WOLF, AND WILLIAMS, J .  Org. Chem., 17, 19 (1952). 
(23) BAKER AND McEvo~, J .  Otg.  C h . ,  a0, Paper XXIII of this series, this issue (1955). 


