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Quaternary Derivation of Pyridyl Ethers. Onium Compounds. XVI 
BY R. R. RENSHAW AND R. C. CONN~ 

It1 previous publicaticms the synthesis2 and the 
pharmacological effects, determined by Reid 
Hunt,:' of certain onium derivatives of pyridine, 
piperidine and pyrrolidine have been described. 
From these data and other work it was found that 
many of these quaternary derivatives without 
substitution on the cyclic carbon atoms acted on 
the autonomic nervous system producing the 
acetylcholine effect or the nicotine actions or both. 
Thus the' carbethoxypyridinium ion was 75 times 
as active as choline in producing the acetylcho- 
line effect and the beta - phenoxyethyl - methyl- 
pyrrolidinium ion half as active as nicotine in 
causing a rise of blood pressure.3b 

A limited number of quaternary compounds 
having substituents on the cyclic carbon have 
been synthesized and studied. With the excep- 
tion of quaternary derivatives of nicotine acid 
e ~ t e r ~ ~ s ~  and its hydrogenated p r ~ d i i c t ~ ~ , ~ ~  most 
of these showed little or no effect on the auto- 
nomic system even though the groups present3b 
(amide and acetamino) would produce these effects 
when introduced in the choline structure. Since 
the number of compounds of this latter type 
which have been investigated was so small we be- 
gan in this Laboratory the preparation of a series 
of ethers, of choline type esters and of carbaminoyl 
derivatives of these heterocycles. The latter two 
fields will be the subject of papers to follow. 

2-Pyridyl Ethers.-A number of 2-pyridyl 
ethers were prepared by heating 2-bromopyri- 
dine with the alkali salts of alcohols and phenols. 
Yields of 90% and better of 2-aryloxypyridines 
were obtained with no indication of any N-aryl- 
pyridines being formed. This is a more satisfac- 
tory method than that reported by Chichibabin6 
for the preparation of 2-phenoxypyridine, the only 
alpha-substituted pyridine reported in the litera- 
ture. He obtained a mixture of ortho- and para- 
pyridyl phenols together with some 2-phenoxypyri- 
dine by warming 2-pyridyl diazotate with phenol. 

(1) This is the first paper constructed from a portion of a thesis 
presented by R.  C .  Conn, June, 1935, for the degree of Doctor of 
Philosophy a t  New York University. 

(2) Renshaw and Shand, THIS JOURNAL, 64, 1474 (1932). 
(3) Hunt and Renshaw, (a) J .  Pharmacol., 36, 76 (1929); (b) 37, 

177 (1929). 
(4) (a) Loewy crud Wolffeustein. ?'herol).  ( ; ~ ~ ~ n w ~ ~ ,  61, 2x7 

(1920); (b) Haramski, Bin~hem. Z ,  130, 267 ( l W 2 1 .  
(3) A .  E. Chichilrnl,iii, J. fruls Phys -CLs ,n  .Sac., 60, do:! (II.+IXJ. 

The reaction was exteiided to include the usc of 
alkylated phenols, resorcinol as a typical dihydric 
phenol and benzyl alcohol. With resorcinol, al- 
though the quantities of reactants were such as to 
give the mono-ether, only the dipyridoxy ether 
and an unidentified, very difficultly soluble, red 
crystalline product were obtained. 

These 2-pyridyl ethers are very weak bases. 
This is probably due to the proximity of the aryl- 
oxy grouping to the ring nitrogen. They fail to 
deposit picrates from either ether or benzene solu- 
tion and may be steam distilled from solutions oi 
mineral acids. This behavior is in contrast to 
that of the corresponding 3- and 4-substituted 
ethers of pyridine which form stable picrates and 
salts of mineral acids. Alkyl halides add much 
more slowly to the %substituted ethers thaii to 
the corresponding 3- atid 4-substituted derivatives 
although the final yields of pyridinium halides arc 
essentially the same. 2-Pyridyl-benzyl ether did 
not yield a methiodide. 

4-Pyridyl Ethers.-4Pyridyl ethers were pre- 
pared by the interesting method of Koenigs a id  
Greiner6 whereby 4-pyridylpyridinium dichloride 
is heated with an alcohol or phenol in the optional 
presence of an acid binding agent. A number ol 
previously reported ethers were prepared in this 
way and, in addition, one new alkoxy ether, 4-n- 
butoxypyridine, was prepared. 

Methyl and ethyl iodide were also added to N-  
4'-pyridyl-4-pyridone (I) first prepared by Arndt 

/ > N < 2 = O  
I 

NL 

and Kalischek' by warming 4hydroxypyridine 
with acetic anhydride. Although first considered 
by them to be 4,4'-dipyridyl ether, Arndt8 later 
showed it to have the N-pyridyl-pyridone struc- 
ture (I). We have found that, whereas I forms 
dibasic salts with hydrochloric, chloroplatinic and 
chloroauric acids, it will only add one mole of alkyl 
halide. This may be due to a steric effect or to 
the decreased basicity of the pyridone nitrogen.9 
Further confirmation for the pyridone structure 

( 6 )  Koenigs and Greiner, Bar., 64, 1049 (1931); German Patent 

17) hmdt arid Yalischrk, Bar. ,  68, S I ?  (1:I:;Ui. 
(8) Artlilt. ibid., 65, 92 (1939). 
(9) Weitr. Wcriirr and ,%*Lweohtrr, i t i d . .  IS, P307 ( l u 2 6 ~ .  

5H6,8R1. 
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lies in the fact that both methiodide and ethiodide 
are colored. 

3-F'yridyl Ethers.-No 3-substituted aryl 
ethers are reported in the literature and only two 
( 3 - m e t h o ~ y ' ~ * ~ ~  and 3-ethoxy12*13) alkyl ethers 
have been prepared. 

We have prepared 3-phenoxypyridine in the 
two following ways: 
(1) Pyridine --f 3-pyridyl sulfonic acid + 3-hydroxy- 

(2) 2-Chloro-5-nitropyridine + 3-aminopyridine + 

The final step (phenylation) in both these syn- 
theses was carried out according to the method 
of Ullmann.14 Method 2 proved to be the more 
satisfactory because of the better yields and fewer 
experimental difficulties in the intermediate steps 
and because of the considerably greater yield in 
the final phenylation. 

Reduction of Ethers.-The catalytic reduction 
of the methiodides of the three isomeric phenoxy- 
pyridines prepared in this investigation was at- 
tempted with the hope of obtaining the corre- 
sponding phenoxypiperidines for the purpose of 
physiological study. It was found that both 2- 
and 4-phenoxymethylpyridinium iodide were re- 
duced with cleavage of the phenoxy grouping, 
phenol and N-methylpiperidine being formed. 
This behavior is consistent with results obtained 
by other investigators. Gravesl6 found that 2- 
methoxypyridine underwent a similar reductive 
cleavage with the formation of methyl alcohol and 
piperidine. Koenigs and NeumannlB reduced 4- 
pyridyl ethers with sodium-alcohol and obtained 
90% yields of piperidine. 

In contrast to the behavior of the 2- and 4- 
phenoxypyridines, the catalytic reduction of 3- 
phenoxymethylpyridinium iodide proceeded rap- 
idly and in good yields without loss of the 3- 
phenoxy group. In  one experiment, however, 
where a comparatively large amount of catalyst 
was used, a cleavage did take place to an extent of 
almost 50%. In  all cases the reduction product 
was converted directly into the dimethylpiperi- 
dinium compound by warming in alcohol solution ' 
with methyl iodide and excess barium hydroxide. 

The stability of substituents in the 3-positi011 

pyridine + 3-phenoxypyridine 

3-iodopyridine + 3-phenoxypyridine 

(10) H. Myrer, Moxelsh., 26, 1311 (1905). 
(11) Koenigs, Gredes and Serf, Bcr., 61, 1022 (1928). 
(12) 0. Fischerand Renouf, ibid., 17, 1896 (1884). 
(13) Weidel and Blau, Monetsh., 6, 651 (1885). 
(14) Ullmann and Sponagel, Ann., S I O ,  86 (1906). 
(15) T. B. Graves, THIS JOURNAL, 46, 1460 (1924). 
(16) Koenigs and Neumann, B e . .  48,960 (1915). 

as contrasted to the lability of 2- and 4-substi- 
tuted groups is well illustrated by the behavior 
of these three phenoxy ethers on reduction. Simi- 
larly, the reactivity of 2-bromopyridine, which is 
essentially that of an aliphatic bromide, as con- 
trasted to the inactivity of 3-iodopyridine is to be 
noted. This behavior is general, the stability and 
aromatic nature of 3-substituted pyridines being 
quite marked whereas 2- and 4-pyridyl deriva- 
tives are characterized by the lability and often 
by the anomalous behavior of the substituted 
groups. 

Experimental Part 
Z-Pyridyl Ethers.-The method of preparation employed 

for the aryl ethers of this series was as follows: 0.05 mole 
of 2-bromopyridine," 0.1 mole of phenol and 0.05 mole of 
anhydrous potassium carbonate were placed in a flask 
fitted with a long, upright air condenser and heated in a 
Wood's metal bath at 200-210° for three hours. The con- 
tents of the flask were then diluted with water, made 
strongly alkaline and steam distilled. The distillate was 
extracted with ether and the extract dried, After re- 
moving the ether, the residual oil was vacuum distilled. 
The yields and boiling points under reduced pressures ob- 
tained for these ethers are recorded in Table I. 

The reaction with resorcinol was carried out in the same 
way except that only 0.025 mole of potassium carbonate 
was used. The reaction initially was quite vigorous, a 
deep red color developing in the melt. Resorcinol was 
removed from the reaction mixture by repeatedly washing 
with hot water until the aqueous extract no longer gave a 
color test with ferric chloride. The remaining tar was 
extracted with ether and the ethereal extract dried. A red, 
solid product remained whieh could only be dissolved in 
hot glacial acetic and concentrated sulfuric acids. NO 
identification of this material has as yet been made. On 
working up the ether extract a solid residue was obtained 
which was purified by vacuum distillation and recrystal- 
lized from a benzene-ligroin mixture from which it sepa- 
rated as pale yellow plates, m. p. 1E14-158' (corn.). Analy- 
sis showed it to be resorcinol di-2-pyridyl ether 

2-Pyridylbenzyl Ether.-A solution of 1.15 g. (0.05 mole) 
of sodium in 22 g. (0.2 mole) of benzyl alcohol was heated 
with 7.9 g. (0.05 mole) of 2-bromopyridine for three hours 
a t  210'. Since it was found that ether extraction of a 
hydrochloric acid solution of the product removed not only 
benzyl alcohol but 2-pyridylbenzyl ether as well, the two 
were separated by fractional vacuum distillation. 

4-Pyridyl Ethers.-Yields and boiling points of the 4- 
pyridyl ethers prepared are listed in Table I. The four 
previously prepared aryl ethers were prepared from 4- 
pyridylpyridinium dichloride by the method of Koenigs 
and Greiner.0 In each case 15 g. of recrystallized 4- 
pyridylpyridinium dichloride, 40 g. (excess) of phenol and 
1 1 equivalents of the sodium salt of the phenol were used. 
The 70% yield obtained for 4-phenoxypyridine is somewhat 
better than that (53%) reported by the authors for the 
same compound. The sodium phenolates used here were 

(17) Craig, THIS JOW~CNAL. 16, 281 (1884) 
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TABLE I 
2- AND 4-PYRIDYL ETHERS 

B. P. Nitrogen, % 
Ether YWd *C* Mm, Formula Caled. Found 

2-o-Cresoxypyridine 90 15C-158 21 CinHilON 7.56 7.71 
2-Phen~xypyridine~ 92 134-135 11 

2-p-Cresoxypyridine 92 171.5-172.5 22 CiiHiiON 7.56 7.76 
2-m-cresoxyp yridine 8 164-166 20 CivHiiON 7.56 7.83 
2-Carvacroxypyridine 7s 133-134 2 Cld&lON 6.16 6.13 
Resorcinol di-2-pyridyl ether' 38 183-185 3 CidIiraNz 10.6 10.5 
2-Pyridyl benzyl ether 66 162-164 20 CrlHiiON 7.56 7.20 
4-n-Butoxypyridine 37 129-131 25 CoHisON 9.27 9.7d 
4-Methoxypyridine* 15 95-96' a i  
4-Phenoxyp yridine 70 157- 158' 21 
4-o-Cresoxypyridine 66 161-162h 19 
4-p-Cresoxypyridine 67 166-16T' 29 
4-m-Cresoxypyridine 67 124-126' 4 

(I All boiling points are corrected for stem emergence. Chichibabin' gives 277-277.5". Yellow plates, m. p. 
154-156 O (corn.). Prepared 
by heating 20 g. of purified 4-pyridylpyridinium dichloride and 20 g. of methyl alcohol in a sealed tube for five hours at 
150'. Picrate, m. p. 171-17!2'. ' Waitinger and Lieben [Monafsh., 6, 320 (1885)l give 190.5-191.0" a t  738.3 mm. 
' Koenigs and Neumann (Bw., 48,869 (1915)l give 134-136' at 10 mm. Koenigs and Greinera give 276-280 '. ' Koen- 
igs and Greinere give 288-290". ' Koenigs and Grein& give 284-288". 

Converted directly into the methiodide without redistillation for further purification. 

Pyridinium iodide 
2-Phenoxymethyl- 
2-Phenox yethyl- 
2-o-Cresoxymethyl- 
2-o-Cresoxyethyl- 
2-p-Cresoxymethyl- 
2-m-Cresoxymethyl- 
2-m-Cresoxyethyl- 
2-Carvacroxymethyl- 
3-Phenoxymethyl- 

3-Phenoxyethyl- 
4-Phenoxymethyl- 

4-Phenoxyethyl- 
4-o-Cresoxyniethyl 
4-o-Cresoxyethyl- 
4-pCresoxymethy1- 

4-p-Cresoxyethyl- 
4-p-Cresoxy-&phenoxy- 

4-m-Cresoxymethyl- 
ethyLb 

4-nr-Cresoxyethyl- 
Pm-Methoxymethyl- 
4-n-Butoxymethyl- 

TABLE I1 
ONIUM DERIVATIVES OF PYRIDYL ETHERS 

Yield, M. p., *C. 
Crystal form % (-4 Formula 

Four pointed starlike clusters 96 174-175 CiaHizONI 
Thin, irregular plates 57 150.5-161.5 Ci,HirONI 

Fine, narrow rectangles 69 l!22-124 CirHieONI 
Thin, rectangular plates 93 149-190 CirHi4ONI 

. . . . . . . . . .  90 14E-146.5 GaHirONI 

. . . . . . . . . .  70 126-126.5 G4HisONI 
Flat, transparent plates 85 134-135 CisHzoONI 
Narrow rectangular plates 

(yellow) 96 82.6-84 CizHnONI 
Transparent plates 98 136-137 GsHirONI 
Irregular clusters of short, 

stout plates 68 227.5-228 5 CieHirONI 
Narrow rectangular plates 70 110.5-111 CirHirONI 
Thick needles 100 163-164 CiiHr4ONI 
Narrow plates 79 148 Ci,HirONI 
Irregular masses of short, 

stout plates 81 163 CicHi4ONI 
Long spear-like needles 93 126-126.5 CirHisONI 

Needles 92 186-186.2 (dec.) G8H140NI 

Plates 64 129-130 C~oHtoO~NBr 
Irregular clusters of short, 

thick plates 92 157-168 ClsHi4ONI 
Irregular clusters of plates 85 128 GrHisONI 
Narrow, rectangular plates 100 145 (dec.) CtHioONI 
Plates 100 74-75 CioHisONI 

Calcd. %' Found 

40.54 40.55 40.47 
38.81 38.83 88.77 
38.81 38,79 38.83 
37.21 37.16 87.12 
38.81 38.76 38.72 
38.81 38.93 38.90 
37.21 37.22 37.19 
34.38 34.20 34.20 

40.54 40.36 40.62 
38.81 38.92 38.93 
38.81 39.06 29.02 
37.21 37.10 37.21 

38.81 38.88 38.84 
37.21 37.26 37.24 

38.81 38.69 38.76 
37.21 37.21 37.00 
50.60 50.76 50.57 
43.32 43.28 43.29 

All halogen analyses were carried out by the Fajans method of titration using 0.01 N silver nitrate. ' Obtained 
as the pyridinium bromide. Calcd. for CaHd32NBr: Br. 20.70. Found: Br, 20.63, 20.61. 

prepared by adding sodium wire to the phenol in benzene, 
filtering and washing with ether. 

4-n-Butoxypyridine was prepared by refluxing a suspen- 
sion of !22 g. of purified 4-pyridylpyridinium dichloride in 
400 cc. of n-butyl alcohol containing 6 8 g. of sodium. 4- 

n-Butoxypyridine is insoluble in water and possesses an 
ethereal odor. 

Preparation of Onium Derivatives.--Tba d u m  deriva- 
tives listed in Table I1 were prepared by allowing a solution 
of the pyridyl ether in 10 cc. of dry ether and an qcess of 
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alkyl iodide t o  stand a t  room or slightly elevated tenipera- 
tures for periods varying from one to six days. Addition 
of methyl iodide to the 3- and 4-pyridyl ethers proceeded 
rapidly at room temperature but ethyl iodide added more 
slowly and the reaction was carried out a t  40-50". Addi- 
tion to the 2-pyridyl ethers was still less rapid but by 
heating to 70' satisfactory yields were obtained. 

The methiodides of the 4-pyridyl ethers were recrystal- 
lized from a hot mixture of Cellosolve and ethyl acetate 
and the other onium derivatives were recrystallized from 
hot amyl alcohol-amyl acetate. All were well-defined, 
crystalline products and were not generally hygroscopic. 
The low melting point of 3-phenoxymethylpyridinium 
iodide is interesting and the higher melting point of 
the corresponding ethiodide (3-phenoxyethylpyridinium io- 
dide) is particularly surprising. Whereas the methiodide 
tended to form an oil on recrystallization and was appre- 
ciably hygroscopic, the ethiodide showed no tendency to 
form oils, crystallized without seeding and was not appre- 
ciably hygroscopic. 
4-fi-Cresoxy-~-phenoxyethylpyridinium bromide was 

prepared by heating 2 g. (0.001 mole) of 4-cresoxypyri- 
dine and 2.2 g. (0.001 molej of 8-phenoxyethyl bromide in 
dry toluene for three days at  70-80". The toluene was de- 
canted and the separated oil dissolved in water, the aque- 
ous solution extracted with ether and evaporated to dry- 
ness on the water-bath. The residue was dried thoroughly 
and washed several times with dry benzene. Crystallization 
was effected by dissolving in absolute alcohol and slowly 
removing the solvent under reduced pressure. The product 
was recrystallized from hot Cellosolve-ethyl acetate. 
N-4'-Pyridyl-4-pyridone.-This product was prepared 

by heating 4-hydroxypyridine with acetic anhydride fol- 
lowing the directions of Arndt and Kalischek.' Consider- 
able difficulty was encountered in obtaining a product 
melting above 168", although a sample melting in the range 
(m. p. 177-178') given by these authors was obtained. 
The lower melting product gave a chloroplatinate and 
chloroaurate which analysis without recrystallization 
showed to be quite pure. It was therefore used directly 
for the preparation of onium compounds. 

The chloroaurate of the pyridone was obtained as a yel- 
low crystalline powder, in. p. 218-219" (corr.). 

Anal. Calcd. for C~OH~ONZCLAU.~H~O:  Au, 44.39. 
Found: Au, 44.36. 

The chloroplatinate was obtained as a buff powder melt- 
ing above 300'. 

Anal. Calcd. for CZoHl8O2N~ClsPt~2H~O: Pt, 31 59. 
Found: Pt, 31.55 

This pyridyl-pyridone forms a dihydrochloride which 
was obtained both by passing dry hydrogen chloride into 
an alcoholic solution of the base and by evaporating its 
solution in dilute hydrochloric acid. I t  was recrystallized 
from alcohol in which it was only sparingly soluble; m. p.  
238' (dec.). 

Anal. Calcd. for CloHloONICl~: CL28.95. Found: C1, 
28.90. 

N-(4'-Methylpyridmium Iodide)4-pyridone.-Methyl 
iodide was added to N-4'-pyridyl-S-pyridone, both in alco- 
l i d  and benzene solution. The product obtained by add. 
itig ether to flie alcohdc solution after twelve hours of 

heating at  70" was quite impure and it was found that bet- 
ter results could be obtained by carrying out the reaction 
in dry benzene A suspension in benzene, in which it is 
only moderately soluble, was heated with an excess of 
methyl iodide at  SO" for twelve hours. The crystalline 
methiodide was filtered and the precipitate extracted with 
hot benzene to remove the non-alkylated product. The 
yield was 95% based on the quantity of the pyridone used. 
The methiodide was recrystallized from hot ahsolute alco- 
hol from which it separated as vellowish-brown, rectangular 
plates, m. p. 238-238.5' (corr.). Repeated recrystalliza- 
tion and treatment with mercury and Norite failed to 
change the color. Analysis showed both the product ob- 
tained from alcohol and that obtained from benzene to be 
the monomethiodide. 

Anal. Calcd. for C~IHIION~I:  I, 40.41. Found: I, 
40.25, 40.20. 
N - (4'  - Ethylpyridinium Iodide) - 4 - pyridone.-Ethyl 

iodide was added to N-4'-pyridyl-4-pyridone in benzene 
solution in the same manner as methyl iodide. The yield 
of ethiodide was 91% based on the quantity of pyridone 
used. Recrystallization from hot absolute alcohol gave 
buff colored rectangular plates, ni. p. 134-135" (corr.), 
which analyzed as the. monohydrate. Repeating the 
preparation and recrystallizing from hot Cellosolve-ethyl 
acetate gave a product with the same melting point and 
analysis Arndt and Ralischek' noted the curious tendency 
of the original pyridyl-pyridone to deposit a crystalline 
dihydrate from benzene solution when exposed to air. 

A w l .  Calcd. for C12H180N21"20: I, 36.68. Found: 
I, 36.68, 36.73 

3-Phenoxypyridine. Method 1.-Nine and five-tenths 
grams (0.1 mole) of 3-hydroxypyridine and 5.6 g. (0.1 
mole) of potassium hydroxide were heated at  150' to drive 
off water and a 6-g. excess of 3-hydroxypyridine was then 
added together with 15.7 g. (0.1 mole) of bromobenzene 
and 0.2 g. of copper bronze. The mixture was heated at 
200" in a flask fitted with a long, upright air condenser. 
After six hours heating was discontinued and the reaction 
mixture worked up in the manner given for the 2-pyridyl 
ethers. The 3-phenoxypyridine obtained was purified by 
vacuum distillation, b. p. 147-149 at 17 mni. The vield 
was 4.7 g. or 27%. 3-Phenoxypyridine has the same 
pleasant ethereal odor possessed by 2- and 4-phenoxypyri- 
dine It,  unlike them, is a liqnid a t  room temperature. 
No appreciable reaction was ohtained when anhydrous po- 
tassium carbonate was substituted for potassium hydroxide. 

Anal. Calcd. for C1,HcON: N, 8.18. Found: N, 8.01. 
Method 2.-Ten and two-tenths grams (0.05 mole) of 3- 

iodopyridine18 and 6.1 g. (0.05 mole) of potassiuni pheno- 
late in an excess of phenol were heated with 0.2 g. of copper 
bronze as before. A yield of 59y0 of 3-phenoxypyridine 
was obtained. Using anhydrous potassium carbonate, the 
yield was 46y0',. 

Reduction of Ethers.-2-( 11), 3-(111) and 4-(IV) phen- 
oxymethylpyridinium iodides were reduced catalytically 
using Adams platinum oxide catalyst and an initial hydro- 
gen pressure of 3 atm. I1 and I11 were reduced in alcohol 
solution but IV, which was quite difficultly soluble in alco- 
hol, was dissolved in water and reduced in this solvent. 
.- - - 
(IS) C. Kbtli ,  :Inn, 486, 101 (1Y3 l ) .  
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The reduction products were not isolated directly but 
converted first into the corresponding dimethylpiperi- 
dinium iodides by the addition of methyl iodide and excess 
barium hydroxide to the alcoholic solution. In the case 
of IV, the aqueous solution was f i s t  evaporated to dryness 
and the solid residue taken up in alcohol. The alcoholic 
solution was dried and methyl iodide added as above. 

After warming for twelve hours, the solution was filtered 
and dry hydrogen chloride passed in to precipitate barium 
chloride. This was filtered and, after shaking the filtrate 
with anhydrous sodium carbonate, the alcohol was re- 
moved and the last bits of solid product precipitated by the 
addition of ethyl acetate and ether. The products ob- 
tained from the reduction of IT and IV were recrystallized 
from ethyl alcohol-ethyl acetate. They melted a t  333- 
338’ with decomposition. Analysis and comparison with 
an authentic sample showed them t o  be dimethylpiperi- 
dinium iodide, ni. p. 334” (dec.).lg 

(19) Wedekind and Oechslen, Ber., 36, 1076 (1002). 

3-Phenoxydmethylpiperidmium Iodide.-The reduction 
product of I11 gave a derivative melting, after recrystal- 
lization from ethyl alcohol-ethyl acetate, a t  177-178 
(corr.). It was obtained in the form of small blunt needles 
which were only moderately soluble in alcohol. Analysis 
showed it to be the 3-phenoxy derivative. The yield was 
8i%. 

Anal. Calcd. for ClaHzoONI: I, 38.10. Found: I,  
37.97, 38 05. 

Summary 
1. 

2. 

The preparation of a number of new pyridyl 
ethers is described. 

These ethers along with several previously 
known have been coriverted into their methyl and 
ethyl pyridinium salts for pharmacological exami- 
nation. 
NEW YORK, N. Y. RECEIVED OCTOBER 0, 1836 

[ CONTRIBIJTION FROM THE DEPARTMENT OF CHEMISTRY, IOWA STATE COLLEGE] 

The Production of Dihydroxyacetone by the Action of Acetobacter Suboxydans upon 
Glycerol* 

BY L. A. UNDERKOFLER AND ELLIS I. FULMER 

Since the discovery by Be~t randl -~  that his 
“sorbose” bacterium ( A  retobacter xy l inum)  trans- 
formed many polyhydric alcohols into the corre- 
sponding ketose sugars, several other species of 
the genus Acetobacter have been found to behave 
similarly. This type of conversion has been 
studied particularly with reference to the produc- 
tion of 1-sorbose by the action of the appropriate 
organism upon sorbitol ; the sorbose then serves 
as the starting point for the synthesis of ascorbic 
acid. The influence of the concentration of 
sorbitol upon the production of sorbose by the 
action of Acetobacter suboxyduns has been studied 
quantitatively by Fulmer, Dunning, Guymon and 
Underk~fler.~ The authors give a brief literature 
survey and state the reasons for the use of Aceto- 
bacter suboxydans in the fermentation. The 
present communication deals with the optimum 
conditions for the production and isolation of di- 
hydroxyacetone produced by the action of Aceto- 
hacter suboxyduns upon glycerol. 

* This work was supported in part by a graut from the Indus- 
trial Science research funds of the lows State College for studies on 
the fermentative utilization of agricultural products. 

(1) 0. Bertrand, Compl. rend., llB, 900 (1896): Bull. SOC. c h i m . .  
[3] 16, 627 (1896). 

(2) G. Bertrand, Combl. rend.. 126, 984 (1898): Bull. SOC. chim., 
[3] 19, 502 (1898). 

(3) G. Bcrtrand, Ann. chim. f ~ h y s . ,  [SI 3, 181 (1904). 
(4) E. I .  Fulmer, J. W. Dunning, J. F. Guymon and L. A. Under- 

kofler, TIIIS JOURNAL, 68, 1012 (1936). 
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