February, 1974]

Synthetic Studies by the Use of Carbonates. I.

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, vOL. 47(2), 405—409 (1974) 405

The Nucleophilic Substitution

Reaction of Ethylene Carbonate with Amine Hydrohalides

Teruo Yosuino, Shigeru InaBa, Hajime Komura, and Yoshiharu Isaipo
Department of Chemistry, Faculty of Science, Tokyo Institute of Technology, O-okayama, Meguro, Tokyo 152
(Received July 25, 1973)

The reaction of ethylene carbonate with various amine hydrohalides gave the corresponding quaternary
ammonium salts of B-hydroxyethylamines in good yields.

The nucleophilic substitution reactions of ethylene
carbonate(l) with metal halides, such as potassium
fluoride, lithium chloride, and sodium bromide, ac-
companied by the evolution of carbon dioxide gas,
have been shown to give the corresponding ethylene
halohydrins, and the reaction with potassium iodide has
been shown to give ethylene oxide exclusively.) In
view of these facts, the present authors attempted the
reaction of 1 by ammonium halides and various amine
hydrohalides. The results thus obtained will be des-
cribed in this paper.

Results and Discussion

On the basis of the idea that the application of
ammonium halides to the reaction of 1 in place of the
above metal halides may bring about the formation of
ethylene halohydrins(2), with a concomitant evolu-
tion of ammonia and carbon dioxide gas, ammonium
bromide(3) was allowed to react with three moles of
1 at 145°C. This reaction, however, afforded no
ethylene bromohydrin, but only tri-(4) and tetra-$-
hydroxyethylammonium bromides(5) in 54 and 459,
(raw sirup) vyields (Scheme 1). The structural as-
signment of 5 was accomplished by converting it into
the corresponding perchlorate of the tetra-O-acetate.

0 OH
Eo>=o + NH;X > Ex +NH; + CO,
1 3 2

(HO-CH,CH2)3NH: X+ (HO-CHCHa)N-X + CO;
4 5
Scheme 1

In addition, the reactions of an equimolar portion
and two moles of 1 with 3 afforded 4 in 28 and 369,
yields, besides the recovered 3 in 13 and 59, yields,
respectively; no formation of N-mono-, -di-, and -tetra-
B-hydroxyethylammonium bromides could be de-
tected. Ammonium chloride and iodide also pro-
vided no halohydrin, but only unseparable mixtures
of the corresponding tri- and tetra-f-hydroxyethylam-
monium halides, in reactions with 1. Accordingly,
such a comparative investigation of the reaction of 1
with these ammonium halides was abandoned. These
results, however, led us to the assumptions regarding
the reaction that halohydrins and ammonia are gen-
erated in the initial stage of the reaction, and that they
react with each other successively to afford the products
described above.

On the basis of these results, various amine hydro-

145°C

ELNHX + 1 ———> Et;N-CH,CH,0H X°©
=2
6 7
Scheme 2

halides were allowed to react with 1, assuming that
this reaction might be a general method for the pre-
paration of f-hydroxyethylamine hydrohalides. Prior
to the extention, the difference in the reactivity arising
from the nature of halide ions was examined by heating
an equimolar mixture of 1 and triethylamine hydro-
halides (6) at 145 °C (Scheme 2). Volumes of the con-
comitantly-evolved gas were measured with a gas buret
at room temperature under atmospheric pressure. In
the cases of 6 (X=Br and I), the evolution of ca. 959,
of the theoretical amount of carbon dioxide gas was
observed within 1 hr; a steady state was thus obtained.
In the case of 6(X=Cl), on the other hand, the volume
of evolved gas reached ca. 1309, of the theoretical
yield in the reaction with an equimolar 1.2 Such an
unusual phenomenon may coincide with the exceed-
ingly lowered yield (59,) of triethyl-f-hydroxyethyl-
ammonium halide(7) (X=Cl) in contrast with those
of 7(X=Br, 90%; X=I, 919, yield). In these ex-
periments, the bromide (7, X=Br) was proved to be
more easily crystallized from ethanol than the chloride
and the icdide. Consequently, amine hydrobromides
were used in the following experiments. The results
thus obtained are summarized in Table 1, while the
UV absorption spectral data of aromatic amine deri-
vatives are listed in Table 2. The hydrobromides
of tertiary amines, such as trimethylamine, pyridine,
2-(8), 4-aminopyridine(9), quinoline, 8-quinolinol,
and nicotinamide(10), gave the corresponding mono-
f-hydroxyethylammonium bromides in good vyields.
Moreover, the hydrobromides of primary and second-
ary amines, such as ethylamine, cyclohexylamine,
and morpholine hydrobromides, afforded the corres-
ponding mono-g-hydroxyethylammonium bromides se-
lectively; this was in contrast with the corresponding
free amines, which have well been known to afford the
corresponding f-hydroxyethylcarbamates® selectively
in reactions with 1. The structural assignments of
these products were accomplished on the basis of their
UV and NMR spectral data. The structures of 11
and 12, which were obtained from the reaction of 1
with 8, and with 9, were examined, since 8 and 9 have

(=
Q Br 4+ 4 —_— ®Br
W coH O
H '\,0
13 14

Scheme 3
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TaBLE 1. NUCLEOPHILIC SUBSTITUTION REACTION OF ETHYLENE CARBONATE WITH VARIOUS AMINE HYDROBROMIDES®
Hydrobromide Molar ratio, Reaction temp., Perjod, Product®

of 1/Salt °c MmN Mp, °C9 (bp/mmHg)  Yield, %
Ethylamine 1.1 140—150 60 (148/15) 32
Cyclohexylamine 1.1 150 60 124—126 70
Morpholine 1.1 155—160 90 (61—63/0.5) 60
Trimethylamine 1.1 140—145 40 230 74
Pyridine 1.5 140—145 50 104—105 81
2-Aminopyridine 1.1 130—135 85 129—131.5 79
4-Aminopyridine 1.1 140—145 70 130—131 99
Quinoline 2.0 145 25 139—139.5 71
8-Quinolinol 2.5 145 45 182.5—183.5 71
Nicotinamide 2.5 155 20 153—154 100
Picolinic acid 2.0 150 15 225 61
Nicotinic acid 5.0 150 40 90—91 87
a) All the reactions were carried out by the use of 10 mmol of the hydrobromides. b) Products are f-hydroxy-
ethylammonium bromides. c¢) All the melting points are uncorrected. d) These compounds were isolated as
free amines.
TaBLE 2. ULTRAVIOLET ABSORPTION SPECTRAL DATA OF N-f-HYDROXYETHYLAMMONIUM BROMIDES®
Bromide Amax, nMP Ashoulders NMP
N-B-Hydroxyethylpyridinium 260 254 266
(4500) (3400), (3400)
N)-f-Hydroxyethyl-2-aminopyridinium (11)® 232 302 251
(7700), (5700) (220)
N,)-p-Hydroxyethyl-4-aminopyridinium (12) 269 _
(21000)
N-B-Hydroxyethylquinolinium 316 2364 2582
(12500), (54000) (280)
N-p-Hydroxyethyl-8-quinolinolium 256 363 275
(35400), ( 150) (2950)
Ny,-f-Hydroxyethylpicolinolactononium (14) 265 259 271
(7700) (6550), (6900)
N,--Hydroxyethylnicotinamidium (17) 265 259 272
(3800) (3100), (3200)
Ny,-f-Hydroxyethylnicotinate (18) 265 258 272
(4300) (3400), (3900)
N y,-f-Hydroxyethylnicotinium (19) 266 260 272
(3800) (3150), (3200)
a) All the spectra were taken in distilled water. b) Numbers in parentheses are molar extinction coefficient (g).
c¢) The data are of the minimum absorption. d) In the vicinity of this peak, fine structures were observed at
235, 235.5, 237, and 238 5nm. d) ¢f. Gol'farb, O. N. Setkina, and Y. L. Danyushevskii, Zh. Obshch. Khim.,
18, 124 (1948); Chem. Abstr., 38, 4137 (1949). e) This is not bromide but inner salt.
o 00.CHACHOH CONH of the reaction of. 8 with ethylene bromohydrin,®

@\j LA i l) NHj; - MeOH @ z arid an apparent difference (ca. 4.5 Hz) between the

N Br® N FllargH ii) HBr (':HZCS;% y  =N-CH,~ NMR signals of 11 (4 4.32 ppm) and N,-
s ie 2 7 B-hydroxyethyl-2-aminopyridinium chloride® (6 3.57

l IRA 900 (OH form)

e
OCOZ HBr COzH
—_—
@ :; Br®
CH,CH,OH CH,CH,OH
18 19
Scheme 4

two potential sites susceptible to the g-hydroxyethyla-
Compound 11 was identified with the product

tion.

ppm) in their chemical shifts was observed. The
esterification of 11 with acetic anhydride-trifluoro-
boron diethyl etherate afforded the corresponding
mono-0-acetate. Thus, the structure of 11 was identi-
fied as N(l)—ﬂ-hydroxyethyl;?—aminopyridinium bro-
mide. The structure of 12(z=N-CH,— NMR signal: ¢
4.32 ppm) was similarly concluded to be N)-g-hydroxy-
ethyl-4-aminopyridinium bromide. On the other hand,
picolinic acid hydrobromide(13) and nicotinic acid
hydrobromide(15) gave N(;)-f-hydroxyethylpicolino-
lactononium bromide(14) [IR 1735 cm™! (six-membered
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lactone)] and p-hydroxyethyl N)-f-hydroxyethyl-
nicotinium bromide(16) respectively. The treatment of
16 with methanolic ammonia, followed by treatment
with aqueous hydrobromic acid, gave N(-f-hydroxy-
ethylnicotiamidium bromide(17), which was identical
with the product from the reaction of 1 with 10; its
treatment with Amberlite IRA-900 (OH form) and
then with aqueous hydrobromic acid gave N-f-
hydroxyethylnicotinium bromide(19) via the zwitter
lon, i.e., Ng-f-hydroxyethylnicotinate(18).

It can thus be stated, in view of the above results,
that this reaction is synthetically advantageous from
the following standpoints: 1) The corresponding
mono-N-f-hydroxyethylated ammonium halides can be
prepared in a fairly good yield without regard to
whether the amine is aliphatic or aromatic, in contrast
with the reactions of 1 with free amines.® 2) The
process of the reaction can easily be checked by meas-
uring the volume of the carbon dioxide gas evolved in
the course of the reaction; this is easier than the pro-
cedures involving the reaction of free amines with
ethylene halohydrins or those with ethylene oxide in
the presence of hydrogen halides or perchloric acid.®

The reaction can be assumed to proceed via a two-
step mechanism; i.e., the first step may be induced by
the nucleophilic attack of the halide ion on the me-
thylene carbon atom of 1 to afford an ethylene halo-
hydrin, accompanied by the evolution of carbon di-
oxide gas; subsequently the resultant amine may at-
tack the methylene carbon, to which the halogen atom
is linked, to afford mono-N-g-hydroxyethylated am-
monium halide, as is shown in Scheme 5.7

P RRIR
xe/‘» /'\.’m" _0 X Y. 1 2R%
H \DlR1Rf\’3 —_ ld‘kojgf\o NRiRR3 '—CO—; oH X
H/
Scheme 5
Experimental

All the melting points are uncorrected. The IR spectra
were determined in potassium bromide disks or neat liquid
on a Hitachi EPI-S2 spectrophotometer. The NMR spectra
were taken with a Varian T-60 spectrometer, in deuterium
oxide as the solvent; the chemical shifts were recorded in d
values relative to sodium 2,2-dimethyl-2-silapentanesulfonate
(DSS) as the internal standard, unless otherwise noticed.

Reaction of Ethylene Carbonate( 1) with Ammonium Bromide (3 ).
A mixture of 1(2.7 g, 30 mmol) and 3(0.9 g, 10 mmol) was
heated at 145 °C for ca. 1.5 hr until the evolution of carbon
dioxide gas has ceased. After the mixture had cooled to
room temperature, acetone(30 ml) was added to the mixture.
The resultant crystals were filtered and recrystallized from
ethanol to give triethanolaminehydrobromide[tri-g-(hydroxy-
ethyl)ammonium bromide](4) (2.3 g, 54% yield). Mp 187
—189 °C. Found: C, 31.44; H, 6.82; N, 6.189,. Calcd for
C¢H,;O,NBr: C, 31.31; H, 7.00; N, 6.08%. NMR: ¢ 3.50

(6H, —CHZ—f\E) and 3.99 (6H, -CH,-O-) ppm.

The evaporation of the above filtrate in vacuo gave the raw
sirup of tetra-f-hydroxyethylammonium bromide(1.1 g, 459,
yield). The sirup(2.7 g, ca. 10 mmol) was then treated with
1 M sodium ethoxide solution(10 ml), and the mixture was
concentrated in vacuo to dryness. The residue was treated
with anhydrous ethanol(10 ml), and the resultant crystals of
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sodium bromide were removed by filtration. The solution
was neutralized with a 609, aqueous perchloric acid solution
and then concentrated in vacuo to afford a sirup(l.9 g); this
sirup was treated with acetic anhydride(8 ml) in the presence
of trifluoroboron diethyl etherate(5 drops) at room tem-
perature and then stirred with methanol(50 ml) for 2 hr, with
evaporations in vacuo repeated 3 times after the addition of
each 20-ml portion of benzene-ethanol(l : 1 v/v), to give a
sirup. The sirup was crystallized in a refrigerator, and the
crude crystals were recrystallized from ethanol to give tetra-
P-acetoxyethylammonium perchlorate. Mp 103.5—105.5
°C. Found: C, 41.87; H, 6.07; N, 3.21%. Calcd for
CeHy0,,NCl: C, 41.60; H, 6.11; N, 3.03%. NMR-
(DMSO-dg, DSS): ¢ 2.10(12H, —-OAc), 4.00(8H, —CH,—

N=) and 4.60 (8H, ~CH,-O-) ppm.

On the utilization of an equimolar amount and 2 mol of
1 to 3, tetra-f-hydroxyethylammonium bromide was not
obtained, but tri-f-hydroxyethylammonium bromide was ob-
tained in 28 and 369, yields respectively. Moreover, 13
and 59, recoveries of 3 were observed in these two cases.

Reaction of 1 with Triethylamine Hydrohalides(6). The Meas-
urement of the Velocity of Carbon Dioxide Gas Evolution. The

The reaction vessel used for the measurements was a three-
necked, 100-ml, round-bottomed flask fitted with an air-
tight stirrer and an Allihn condenser. The top of the con-
denser was attached to a gas buret. The flask, containing
1(1.76 g, 20 mmol) and triethylamine hydrohalides (6)(20
mmol), was immersed in a constant-temperature bath held
at 145+0.2 °C. For the isolation of the products, the reac-
tion mixtures were treated with dried acetone(50 ml); the
resulting crystals were filtered and recrystallized from ethanol
to give the corresponding triethyl-f-hydroxyethylammonium
halides.

The Chloride was obtained as an equimolar mixture with
triethylamine hydrochloride; its yield was calculated as 5%,
by means of the NMR spectrum of the mixture. NMR:

o 1.28 (9H, 3Me), 3.29(6H, CH,~CH,N=), and 3.38(2H,

HOCHz—-CHZ—ItIE), and 3.94(2H, -O-CH,-) ppm.

The Bromide: Mp>230°C. Found: C, 42.74; H, 8.82;
N, 6.46%. Calcd for CgH,,ONBr: C, 42.48; H, 8.82;
N, 6.19%. NMR: 6 1.27(9H, 3Me), 3.29(6H, CH,~CH,-
N=), 3.38(2H, HOCH,-CH, N=), and 3.94(2H, -CH,-O-)
ppm.

The Iodide: Mp>230°C. Found: G, 33.68; H, 7.26;
N, 5.039%. Calcd for CgH,ONI-1/2H,O: C, 34.05; H,
7.14; N, 4.96%. NMR: ¢ 1.28(9H, 3Me), 3.40(6H,

CH, CH,N=), 3.37(2H, HOCH,-CH,-N=), and 3.98(2H,
—-CH,-O-) ppm.

Reaction of 1 with Ethylamine Hydrobromide. Compound
1(2.7 g, 30 mmol) and ethylamine hydrobromide(3.7 g, 30
mmol) were heated together for 1hr at 155—160 °G to
evolve carbon dioxide gas almost quantitatively. After
cooling, the mixture was treated with acetone(30 ml); the
resulting crystals were then filtered and recrystallized from
ethanol-acetone to give ethyl-f-hydroxyethylammonium
bromide(1.7 g, 329 vyield). Mp 40—45 °C(hygroscopic).
Found: G, 28.34; H, 7.15; N, 8.139%,. Calcd for CH,,-
ONBr: C, 28.25; H, 7.11; N, 8.23%. NMR: 4 1.32-
(3H, Me), 3.08(2H, ~CH,-N=), 3.35(2H, HOCH,-CH, N=),
and 3.90(2H, -CH,—O-) ppm. The concentration of the
mother liquor of the recrystallization gave a sirup(2.0 g)
which was deduced to be a carbamate from its IR spectrum
(1688 cm™1).

Reaction of 1 with Cyclohexylamine Hydrobromide. The
reaction of 1(2.0 g, 22 mmol) with cyclohexylamine hydro-
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bromide(3.6 g, 20 mmol) was carried out in a manner similar
to that described above to give cyclohexyl-f-hydroxyethyl-
ammonium bromide(3.1 g; 709, yield). Mp 124—126 °C.
Found: C, 43.09; H, 9.93; N, 6.59%,. QCalcd for CgH,s-
ONBr: G, 42.87; H, 9.99; N, 6.25%. NMR: ¢ 1.2—2.1
(10H, m, ring proton), 3.21(2H, HOCHz—CHZ—K]'E), and 3.88
(2H, -CH,-O-) ppm.

Reaction of 1 with Morpholine Hydrobromide. Compound
1(4.8g, 55 mmol) and morpholine hydrobromide(8.4 g,
50 mmol) were heated together at 155—160 °C for about
1.5 hr. After cooling, ethanol(50 ml) was added to the
mixture, and the resulting mixture was treated with a 1 M
methanolic sodium methoxide solution to remove the hydro-
bromic acid. The solvent was vaporated in vacuo, and the
residue was treated with acetone(80 ml) to remove the
sodium bromide by filtration. After the evaporation of the
solvent in vacuo, the resultant sirup was distilled to give N-f-
hydroxyethylmorpholine(4.1 g, 61%, yield). Bp 61—63 °C/
0.5 mmHg. Found: C, 54.64; H, 9.93; N, 10.699%,. Calcd
for CGH,;;0,N: G, 54.94; H, 9.99; N, 10.68%. NMR-

(CDCL-TMS): 6 2.51—2.56(6H, —CHZ—ltIE) and 3.67-
(6H, —CH,-O-) ppm.

Reaction of 1 with Pyridine Hydrobromide. Compound
1(2.7 g, 30 mmol) and pyridine hydrobromide(3.3 g, 20 mmol)
were heated together for 50 min at 140—145 °C. After
cooling, ethanol(40 ml) was added to the mixture, it was
treated with active charcoal, and acetone(50 ml) was added.
The resulting crystals were filtered and found to be pure
enough for elemental analysis. The yield of N-g-hydroxy-
ethylpyridinium bromide was 3.3 g(819;). Mp 104—105 °C.
Found: C, 40.81; H, 4.91; N, 6.419%. Calcd for C,H,-
ONBr: C, 41.19; H, 4.94; N, 6.86%. NMR: 6 4.17

(2H, -CH,-O-), 4.86(2H, —CHZ—ﬁE), 8.23(2H, H,), 8.70
(1H, H;), and 9.00(2H, H,) ppm. UV: 232 260 nm(e 4500)
and 25204, 254 and 266 nm(e 3400 and 3400 respectively).
Reaction of 1 with Hydrobromides of Trimethylamine, 2-(8),
4-Aminopyridine(9), Quinoline, 8-Quinolinol, and Nicotinamide
(10). These reactions were carried out in almost the
same way as has been described in the preceding reactions.
N-B-Hydroxyethyltrimethylammonium Bromide: The crystals
resulting from the addition of acetone to the ethanolic so-
lution of the resulting reaction mixture were recrystallized
from ethanol to give a product(4.1g, 749, yield). Mp
>230°C. Found: C, 32.71; H, 7.76; N, 7.64%,. Calcd for
C;H,;ONBr: C, 32.62; H, 7.66; N, 7.61%. NMR: ¢

3.25(8H, 3Me), 3.53(2H, —CH2—1tI§), and 4.05(2H, -CH,-O-)
pm.

‘N -B-Hydroxyethyl-2-aminopyridinium  Bromide (11): The
crystals obtained in the way described in the preceding ex-
periment were recrystallized from ethanol to give the pro-
duct(1.8 g; 799% vyield). Mp 129—131.5°C. Found:
G, 38.48; H, 5.36; N, 13.10%. Calcd for C;H;;ON,Br:
C, 38.37; H, 5.06; N, 12.78%,. NMR: ¢ 4.05(2H, -CH,—

0O-), 4.32(2H, —CHZ—].-{IE), and 6.8—8.1(4H, m, ring protons)
ppm. UV: 228 232 and 302 nm (¢ 7700 and 5700 re-
spectively), and A%Q 251 nm (s 220).

N )-B-Hydroxyethyl-4-aminopyridinium  Bromide (12); The
crystals obtained in the same way were recrystallized from

ethanol to give a product(2.3 g; 999% vyield). Mp 130—
131 °C. Found: G, 38.60; H, 4.78; N, 13.109,. Calcd for
C,H,,;ON,Br: G, 38.37; H, 5.06; N, 12.789%. NMR: §

4.002H, -CH,-O-), 4.32(2H, —CHz-Iﬂ\FIz), 6.92(2H, Hp),

and 8.06(2H, H,) ppm. UV: 1323 269nm (¢ 21000).
Acetylation of 11 and 12: Compounds 11 and 12(920 mg,

4 mmol) were treated with acetic anhydride(3 ml) and tri-
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fluoroboron diethyl etherate(3 drops) respectively at room
temperature overnight. After the addition of methanol
(50 ml), the mixture was stirred for 3 hr at room temperature
and the solvent was evaporated in vacuo to dryness. The
resultant crystals were recrystallized from ethanol to give
colorless crystals.

N 1)-B-Acetoxyethyl-2-aminopyridinium Bromide: Yield, 1.14

g(81%). Mp 164—166°C. Found: C, 41.55; H, 5.18;
N, 10.589. Calcd for CoH,;0,N,Br: C, 41.45; H, 5.02;
N, 10.73%. NMR: ¢ 2.17(3H, -OAc), 4.61(2H, —~CH,~

OAc), 4.70(2H, —CHz—ﬁ(l,E), 6.9—8.1(4H, m, ring protons)
ppm.

N () -B-Acetoxyethyl-4-aminopyridinium Bromide: Yield, 0.63

g(67%). Mp 208—209°C. Found: C, 41.41; H, 4.91;
N, 10.87%. Caled for CgH,;O,N,Br: C, 41.45; H, 5.02;
N, 10.73%. NMR: 6 2.30(3H, -OAc), 4.03(2H, ~CH,~

OAc), 4.58(2H, -CH,-N(,,=), 8.10(2H, Hp), and 8.60(2H,
H.) ppm.

N-B-Hydroxyethylquinolinium Bromide. The crystals ok-
tained in the same way as in the reaction of 1 with pyridinium
bromide were recrystallized from acetonitrile~acetone to
give a product(2.24g; 719 vyield). Mp 139—139.5 °C.
Found: G, 51.30; H, 4.52; N, 5.31%. NMR: ¢ 4.38(2H,

—CH,-O-), 5.38(2H, —CH,-N=), 7.9—8.7(5H, m, ring
protons), 9.28(1H, H-4), and 9.59(1H, H-2) ppm. UV:
2% 236 and 316 nm(e 54000 and 12500 respectively) and
A0 258 nm(e 280).

N--Hydroxyethyl-8-quinolinolium Bromide. The crystals
obtained as in the above cases were recrystallized from
ethanol-acetone to give a product(3.90 g; 73%, yield). Mp
182.5—183.5 °C. Found: C, 48.99; H, 4.54; N, 5.269%,.
Calcd for C,,H;,O,NBr: C, 48.90; H, 4.48; N, 5.19%,.

NMR: ¢ 4.30(2H, -CH,~O-), 5.53(2H, —CHz—ltIz), 7.4—
8.2(4H, m, ring protons), 9.03(1H, H-4), and 9.15(1H, H-2)
ppm. UV: 259 256 nm(e 35400), AH0 ... 275 nm(e 2950),
and %0 363 nm(e 150).

N ) -f-Hydroxyethylnicotinamidium Bromide (17 ). The
crystal obtained in the same way as above were recrystallized
from ethanol to give a product(4.9 g; 1009, yield). Mp
153—154 °C. Found: C, 38.78; H, 4.40; N, 11.60%,. Calcd
for CgH,;,0,N,Br: G, 39.04; H, 4.10; N, 11.40%. NMR:

¢ 4.17(2H, -CH,-O-), 4.90(2H, —CHz—ltIz), 8.30(1H, H-5),
9.00(1H, H-6), and 9.39(1H, H-2) ppm. UV: 1#%% 265
nm(e 3800), AN0 ... 259 and 272 nm(e 3100 and 3200
respectively).

Reaction of 1 with Picolinic Acid Hydrobromide (13).
Compound 1(1.8 g, 20 mmol) and picolinic acid hydrobro-
mide (2.04 g, 20 mmol) were heated together at 152 °C for
40 min, after which the mixture was treated with acetone-
ethanol (1 :3v/v, 100 ml). The filtration of the resultant
yellow granular crystals gave N-$-hydroxyethylpicolino-
lactononium bromide(2.8 g; 619, yield), which was analy-
tically pure enough. Mp 225°C. Found: C, 42.06; H,
3.68; N, 6.209%,. Calcd for CgHNO,Br: C, 41.77; H,
3.50; N, 6.099%. NMR: ¢ 5.15(4H, -CH,-), 8.3—9.0
(3H, ring protons), and 9.15(1H, H-6) ppm. IR: 1735
cm~! (six-membered lactone). UV: 153 265 nm (e 7700),
A0 aer 259 and 272 nm (¢ 3100 and 3200 respectively).

Reaction of 1 with Nicotinic Acid Hydrobromide (15).
Compound 1(8.8 g, 100 ml) and nicotinic acid hydrobromide
(15)(4.2 g, 20 mmol) were heated together at 150 °C for
40 min. The resultant red-brown sirup was treated with
dioxane-ethanol(l : 1 v/v, 80 ml) to give colorless crystals
of p-hydroxyethyl N--hydroxyethylnicotinatonium bromide
(16) (5.07g, 879% vyield). Found: C, 40.97; H, 5.21;
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N, 4.699%. Calcd for C,(H;,O,NBr: C, 41.40; H, 4.83;
N, 4.80%. NMR: 6 4.00 and 4.14(2H and 2H respectively,

-CH,OH), 4.60(2H, -CH,-O-CO-), 4.88(2H, —CH2—1J<IE),
8.29(1H, H-5), 9.11(1H, H-2) ppm.

Treatment of 16 with Methanolic Ammonia. Compound
16(290 mg) was treated with methanolic ammonia saturated
at 0 °C(50 ml) in a stoppered flask in a refrigerator overnight.
The subsequent evaporation of the solvent in vacuo gave orange
scaly crystals (290 mg); the residue was dissolved in ethanol
(30 ml) followed by treatment with 10%, aqueous hydrobromic
acid, with the pH adjusted at about 5. After the evaporation
of the solvent in vacuo, the residue was dissolved in ethanol
(30 ml), treated with active charcoal, and then filtered. To
the filtrate, we added n-hexane until the turbidity was noticed;
the mixture was then allowed to stand in a refrigerator. The
resultant scaly crystals were filtered to afford N j,-f-hydroxy-
ethylnicotinamidium bromide(250 mg; 100%, vyield). Mp
153—154 °C. The product was identified with 17 by exam-
ining the mixed melting point.

Treatment of 16 with Amberlite IRA-900. Compound
16 (1.0g) was treated with Amberlite IRA-900(OH form,
20 ml) in methanol(100 ml) under stirring overnight; the
resin was then filtered and the solvent was evaporated to
about 30 ml to give pale yellow crystals of N,-f-hydroxy-
ethylnicotinate (18) (0.4 g, 729% vyield). Mp 230—231 °C.
Found: C, 57.58; H, 5.87; N, 8.68%,. Calcd for CgH,O,N:
C, 57.48; H, 5.43; N, 8.389%,. NMR ¢ 4.19(2H, -CH,-O-),

4.80(2H, —CHz—ﬁE), 8.14(1H, H-5), 8.90(1H, H-4), and
9.19(1H, H-2) ppm.

Treatment of 18 with Aqueous Hydrobromic Acid. Com-
pound 18(167 mg) was dissolved in methanol (30 ml); the
mixture was treated with 109% aqueous hydrobromic acid,
with the pH adjusted at about 5 by the use of a pH test paper.
After the evaporation of the solvent, the residue was recrystal-
lized from ethanol to give N)-f-hydroxyethylnicotinium
bromide (19) (140 mg, 579 vyield). Mp 107—109 °C.
Found: C, 38.44; H, 3.94; N, 5.879%,. Calcd for CgH,,0;-
NBr: C, 38.73; H, 4.06; N, 5.64%. NMR: J 4.16(2H,
-CH,-O-), 4.89(2H, —CHg—ltIE), 8.29(1H, H-5), 9.10(1H,
H-4), 9.12(1H, H-6), and 9.47(1H, H-2) ppm. UV: A&
266 nm(¢ 3800) and A0, 4, 260 and 272 nm(e 3150 and
3200 respectively).
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