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Reaction of dichloroketene with pyridine 1-oxide (1) gave four products, namely,
2-dichloromethylpyridine (2), 4-dichloromethylpyridine (3), 3,3,7-trichloro-6-dichloroacet-
yl-2-0x0-2,3,3a,6,7,7a-hexahydrofuro[2,3-c]pyridine (4), and 3,3-dichloro-6-dichloroacetyl-
7-hydroxy-2-0x0-2,3,3a,6,7,7a-hexahydrofuro[2,3-c]pyridine (5). Reaction of dichloro-
ketene with 1, followed by treatment with abs. methanol gave 3, methyl 2,2-dichloro-2-(2-
pyridyl)acetate (6), and methyl 2,2-dichloro-2-(4-pyridyl)acetate (7). Similar reaction of
dichloroketene with methylpyridine 1-oxides gave the corresponding 2-dichloro and
4-dichloro methylpyridines. On the other hand, reaction of dichloroketene with 2,6-
dimethylpyridine 1-oxide (18), followed by treatment with abs. methanol gave 4-dichloro-
methyl-2,6-dimethylpyridine (19) and bis(2,6-dimethyl-4-pyridyl)dichloromethane (21).
Dichloroketene also reacted with quinoline 1-oxide (24) and isoquinoline 2-oxide (29) to
give the corresponding dichloromethyl derivatives (25 and 26, and 30, respectively).

Keywords -aromatic amine N-oxide; dichloroketene; dichloromethylpyridine;
dichloromethylquinoline; dichloromethylisoquinoline

There is extensive literature dealing with the reaction of dichloroketene with compounds
bearing a C=C double bond to give 2,2-dichlorocyclobutanones, but only a few references are
available concerning such reactions with C=N double bonds.?

On the other hand, it has been reported that the reaction of ketene with 2-methylpyridine
1-oxide® and 2-methylquinoline 1-oxide? gives the corresponding 2-acetoxymethyl derivatives.
During the course of extensive studies on the reaction of aromatic amine N-oxides with nucle-
ophiles, Hamana and his co-workers reported that aromatic amine N-oxides reacted with
active methylene compounds in the presence of acid chlorides such as benzoyl chloride or
tosyl chloride to give 2-substituted heterocycles.” The present paper reports the reaction of
dichloroketene with aromatic amine N-oxides to give dichloromethyl compounds.

When pyridine 1-oxide (1) was allowed to react with dichloroacetyl chloride (2 mol eq)
in the presence of triethylamine (2.5 mol eq) in 1,2-dimethoxyethane (DME) at —10——5 °C,
2-dichloromethylpyridine (2), 4-dichloromethylpyridine (3), colorless needles (4) of mp 149—
151 °C, and colorless prisms (5) of mp 186—189 °C were obtained in 11.2, 52.3, 4.7, and 2.99%,
yields, respectively. When this reaction was carried out using three molar equivalents of
dichloroacetyl chloride at —50 °C, the yield of 5 was slightly improved but the yields of 2—4
decreased. The yield of 4 increased with the use of chloroform as a solvent, but a trace of 5
was obtained. The results are summarized in Table 1.

Based upon the following spectral data, the structures of 4 and 5 were determined to be
3,3,7-trichloro-6-dichloroacetyl-2-0x0-2,3,3a,6,7,7a-hexahydrofuro[2,3-c]pyridine and 3,3-di-
chloro-6-dichloroacetyl-7-hydroxy-2-oxo-2,3,3a,6,7,7a-hexahydrofuro[2,3-c]pyridine, respecti-
vely. The empirical formula of 4, C;HCI;NO,, was determined by mass spectrometry and
elemental analyses; it was formed by the reaction of two molar equivalents of dichloroketene
with the 1-oxide 1, followed by addition of hydrogen chloride.

On the other hand, compound 5, C,H,CI,NO,, was formed by a similar reaction, followed
by addition of water instead of hydrogen chloride. The infrared (IR) spectrum of 4 shows
two carbonyl absorptions at 1810 and 1710 cm~'. In the proton nuclear magnetic resonance
(*H-NMR) spectrum (Table II) of 4 a signal due to Hj, is observed at 3.77 ppm as a double
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doublet, further split into a multiplet (ddd) by allylic coupling (/3, 5=1.6 Hz) with H;. H,,,
whose signal is observed at 5.10 ppm (ddd), is coupled with H, due to a planar W-path (J;, ,=
1.6 Hz). Therefore, H,, is equatorial and has «-configuration.® The signals due to H; and H,
are observed at 5.26 (ddd) and 6.18 ppm (s), respectively. H, is also presumed to be equatorial
because coupling (/5 ,=1.2 Hz) between H; and H, (6.54 ppm) is observed. Though the
1H-NMR spectrum of 5 resembles that of 4, as shown in Table II, the signal due to H, is
shifted to higher field (6.26 ppm) because of the effect of a hydroxyl group. The 3C-NMR
spectra of 4 and 5 also support the hexahydrofuro[2,3-c]pyridine structures. The *H- and
1BC-NMR spectral data for 4 and 5 are summarized in Table II.

In order to confirm further the structure of 4, compound 4 was allowed to react with
aniline in absolute ethanol to give dichloroacetanilide.

CHCI.
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Cl,CO,CH,
abs. CH;0H Q
3+ n
N7 CC1,C0:CH; N

6 7

4 + PhNH;

PhNHCOCHCI,
Chart 1

TaBLEIL Reaction of Dichloroketene with Pyridine 1-Oxide (1)

Molar ratio Reaction Yield (%)
Solvent temp.
CloC=C=0 1 {8 2 3 4 5
2 1 DME —10——5 11.2 52.3 4.7 2.9
3 1 DME —50 8.3 27.8 3.4 4.1
2 1 CHCl; —10—-5 9.9 229 55 Trace
3 1 CHCI; —50 22.8 36.4 7.9 Trace

The mechanisms of the formation of 2—5 can be rationalized as follows; 1,3-cycloaddition
and 1,5-cycloaddition of dichloroketene (or two molecules of dichloroketene) to the N-oxide 1
give intermediates A (or A’) and B (or B’), respectively, then decarboxylation (or decarboxyla-
tion with elimination of dichloroketene) gives 2 and 3, respectively. On the other hand, the
intermediate B can undergo allylic shift” to give an intermediate C, to which the C=0O double
bond of another molecule of dichloroketene adds from the a-site to give an intermediate D.
Addition of hydrogen chloride or water to D gives 4 or 5, respectively.

To trap intermediates A and B (A’ and B’), the reaction mixture was treated with abs.
methanol, and methyl 2,2-dichloro-2-(2-pyridyl)acetate (6) and a mixture of 3 and methyl 2,2-
dichloro-2-(4-pyridyl)acetate (7) were obtained.
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TaBLE II. 'H- and ®C-NMR Spectral Data for Compounds 4 and 5%
0
1
4 : R=Cl
* Tl 5 R=OH
Chemical shift (8, ppm)
Position 4 5
Proton (J=Hz)? Carbon?  Proton (J=Hz)" Carbon?
2 166.10 (s) 166.44 (s)
3 80.32 (s) 80.79 (s)
3a 3.77 (1H, ddd, J3..=3.2, 45.09 (d) 3.81 (1H, ddd, J3.4=3.5, 45.38 (d)
]3a,5=1-6, ]aa,7a=4-8) fsa,5=1.7, ]aa,7a=4-8)
4 5.26 (1H, ddd, J43.=3.2, 103.27 (d) 5.30 (1H, ddd, Js3.=3.5, 102.51 (d)
]4,5=8.8,]4,7a=1.6) ]4,5=8.5, ]4,7,,:1.8)
5 6.96 (1H, ddd, J53.=1.6, 12452 (d) 7.02 (1H, ddd, Js3.=1.7, 125.34 (d)
J54=8.8, Js7=1.2) J54=8.5, J57=1.2)
7 6.54 (1H, dd, J.5=1.2, 61.65 (d) 6.26 (1H, dd, J.5=1.2, 70.63 (d)
J11a=3.2) J172=3.0)
7a 5.10 (1H, ddd, J7a3.=4.8, 7497 (d) 5.15 (1H, ddd, J7a3.=4.8, 75.15 (d)
]7a.4= 1.6, ]7;,733.2) ]7a,4=1.8, ]7a,7=3.0)
8 162.57 (s) 162.28 (s)
9 6.18 (1H, s) 65.05 (d) 6.42 (1H, s) 65.29 (d)
3.82 (1H, s, 7-OH)
a) The spectra were recorded on a JEOL JNM FX-100 spectrometer with tetramethylsilane as an internal standard.
b In CDCls (100 MHz).
¢) In CD;0OD-CDCls (100 MHz).
d) In DMSO-ds (25 MHz).
H Cl —CO:
N (c:: or cl 2
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Next, the reaction of dichloroketene with methylpyridines was investigated. 2-Methyl-
pyridine 1-oxide (8) reacted with dichloroketene in DME to give 2-dichloromethyl-6-methyl-
pyridine (9) and 4-dichloromethyl-2-methylpyridine (10) in 28.6 and 44.59%, yields, respectively.
Similar reaction of 3-methylpyridine 1-oxide (11) with dichloroketene gave 4-dichloromethyl-
3-methylpyridine (14) and a mixture (ca. 12: 13=4: 8) of 2-dichloromethyl-3-methylpyridine
(12) and 2-dichloromethyl-5-methylpyridine (13) in 31.8 and 52.29%, yields, respectively.

On the other hand, reaction of 4-methylpyridine 1-oxide (15) with dichloroketene produced
2-dichloromethyl-4-methylpyridine (16) in 22.29%, yield. In this case, when the reaction mix-
ture was treated with abs. methanol, a mixture of 16 and methyl 2,2-dichloro-2-(4-methyl-2-
pyridyl)acetate (17), which were inseparable by column chromatography, was obtained.

CHCI.
@\ + Cl,C=C=0 @\ + @\
i (“{3 Cﬂd{C (ﬂls (n{f
0 9 10
8
CHCl,
CH;s CH; CHs CH;
©/ + ClLC=C0 —— lfj - /[fj +
; N""CHCl, CLHC N
0 12 13 14
11
C}h C}h
+ Cl,C=C=0
) CHCI;
0] 16 CH;
15 . H
abs.CH30 16 + @\C
Cl1:CO.CH;
17
Chart 3

Similarly, 2,6-dimethylpyridine 1-oxide (18) reacted with two molar equivalents of
dichloroketene in DME to give 4-dichloromethyl-2,6-dimethylpyridine (19) in 8.9%, yield. On
the other hand, treatment of the reaction mixture with abs. methanol did not give methyl
2,2-dichloro-2-(2,6-dimethyl-4-pyridyl)acetate (20) but gave 19 and bis (2,6-dimethyl-4-pyri-
dyl)dichloromethane (21) in 21.6 and 29.29, yields, respectively. In a similar manner, the
reaction of 3,5-dimethylpyridine 1-oxide (22) with dichloroketene gave 2-dichloromethyl-3,5-
dimethylpyridine (23) in 42.0%, yield.

A plausible mechanism for the formation of 21 is shown in Chart 5; namely, addition of
dichloroketene to 18 gives a bicyclic intermediate E and a betain intermediate F. Addition
between these two, followed by decarboxylation gives rise to the intermediate G, from which
dichloroacetic acid is eliminated to give the product 21. However, it is not clear why only 21
was obtained when the reaction mixture was treated with abs. methanol.

When quinoline 1-oxide (24) was allowed to react with dichloroketene in DME, 2-dichloro-
methylquinoline (25) and 4-dichloromethylquinoline (26) were obtained in 11.2 and 6.69,
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Chart 5

yields, respectively. However, the reaction in chloroform gave 25, 4-quinolinol (27), and
bis(2-quinolyl)dichloromethane (28) in 12.4, 4.6, and 5.4%, yields, respectively. The mecha-
nism of the formation of 28 seems to be similar to that of 21.

Lastly, isoquinoline 2-oxide (29) reacted with dichloroketene in DME and chloroform to
give 1-dichloromethylisoquinoline (30) in 42.4 and 24.09, yields, respectively.

Experimental

Melting and boiling points are uncorrected. IR spectra were taken with a JASCO A-102 spectrophoto-
meter. 'H-NMR spectra were recorded by using tetramethylsilane as an internal standard on JEOL JNM-
PMX 60 and JEOL JNM FX-100 spectrometers at 60 and 100 MHz, respectively. 1C-NMR spectra were
recorded with a JEOL JNM FX-100 spectrometer with tetramethylsilane as an internal standard.

Dichloroketene was generated by the reaction of dichloroacetyl chloride with triethylamine.

Reaction of Dichloroketene with Pyridine 1-Oxide (1) 1) A solution of dichloroacetyl chloride (14.75 g,
0.1 mol) in DME (50 ml) was added dropwise to a solution of 1 (4.76 g, 0.05 mol) and triethylamine (12.63 g,
0.125 mol) in DME (50 ml) under a nitrogen atmosphere with stirring and ice-salt cooling (—10——5°C).

NII-Electronic Library Service



1838 Vol. 31 (1983)
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The mixture was stirred for 1h at room temperature. The precipitated triethylamine hydrochloride was
filtered off, and the filtrate was concentrated under reduced pressure to give an oily residue (15.1 g), which
was subjected to silica gel (300 g) column chromatography. Elution with hexane—ethyl acetate (20: 1) gave
an oily substance which was distilled under reduced pressure to give 2-dichloromethylpyridine (2), bp 66—
69°C (17 mmHg) [lit.¥ bp 90—92°C (18 mmHg)], 0.91 g (11.29%). Subsequent elution with hexane-ethyl
acetate (10: 1) gave a crystalline substance, which was recrystallized from hexane-chloroform (2: 1) to give
the product 4, colorless needles, mp 149—151°C, 0.83 g (4.7%). Elution was continued with hexane~ethyl
acetate (5: 1) to give 4-dichloromethylpyridine (3), bp 90—92°C (20 mmHg) [lit.®) 78—80°C (15 mmHg)],
colorless oil, 4.24 g (52.3%). Further elution with the same solvent gave a crystalline substance, which was
recrystallized from chloroform to give the product 5, mp 186—189°C, colorless prisms, 0.48 g (2.9%).

4: IR (KBr): 1810,1710 cm—t. mass spectra (MS) mfe: 351 (M*). Anal. Calcd for C;HCI;NO; (4):
C, 30.58; H, 1.71; Cl, 50.16; N, 3.96. Found: C,30.94; H,1.84;Cl, 50.62; N, 4.07.

5: IR (KBr): 3400, 1805, 1685 cm~. MS mfe: 333 (M*). Anal. Calcd for C,H,CI,NO, (5): C,
32.27; H, 2.11; N, 4.18. Found: C, 32.19; H, 2.12; N, 4.25.

2) A solution of dichloroacetyl chloride (8.85 g, 0.06 mol) in DME (10 ml) was added dropwise to a
solution of 1 (1.90 g, 0.02 mol) and triethylamine (6.06 g, 0.06 mol) in DME (50 ml) under a nitrogen atmos-
phere with stirring at —50°C. The mixture was stirred at room temperature for 2 h, then concentrated
under reduced pressure to give an oily residue, which was dissolved in chloroform (150 ml). The solution
was washed with water (100 m! x 5), and dried over anhydrous sodium sulfate. Evaporation of the solvent
gave an oily substance (8.0 g), which was subjected to silica gel (200 g) column chromatography. Elution
with hexane-ethyl acetate (15: 1) gave the product 2, 0.27 g (8.3%). Subsequent elution with hexane—ethyl
acetate (10: 1) gave the product 4, 0.24 g (3.4%). Elution was continued with hexane—ethyl acetate (5: 1) to
give 0.90 g (27.8%) of 3 and 0.27 g (4.1%) of 5.

3) A solution of dichloroacetyl chloride (14.75 g, 0.1 mol) in chloroform (50 ml) was added dropwise to a
solution of 1 (4.76 g, 0.05 mol) and triethylamine (12.63 g, 0.125 mol) in chloroform (50 ml) with stirring and
ice-salt cooling (—10——5 °C). The mixture was stirred at room temperature for 1 h. The reaction mixture
was washed with water (100 mlxx 4), and the chloroform layer was dried over anhydrous sodium sulfate.
Evaporation of the solvent under reduced pressure gave an oily residue (19.1 g), which was subjected to silica
gel (300 g) column chromatography. Elution with hexane-ethyl acetate (20: 1) gave the product 2, 0.80 g
(9.9%). Subsequent elution with hexane—ethyl acetate (10: 1) gave the product 4, 0.98 g (5.59%,). Elution
was continued with hexane—ethyl acetate (5: 1) to give the product 3, 1.85 g (22.9%,).

4) A solution of dichloroacetyl chloride (8.85 g, 0.06 mol) in chloroform (10 ml) was added dropwise to
a solution of 1 (1.90 g, 0.02 mol) and triethylamine (6.06 g, 0.06 mol) in chloroform (50 ml) with stirring at
—50°C. The reaction temperature was raised to room temperature when the starting material 1 was no
longer detectable on the thin-layer chromatography (TLC) plate. The reaction mixture was washed with
water (100 mlx5), and the chloroform layer was dried over anhydrous sodium sulfate. Removal of the
solvent in vacuo gave an oily residue (9.0 g), which was subjected to silica gel (200 g) column chromatography.
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Elution with benzene gave the product 4, 0.56 g (7.9%). Further elution with the same solvent gave the
product 2, 0.74 g, (22.8%). Subsequent elution with chloroform gave the product 3, 1.18 g (36.4%).

5) A solution of dichloroacetyl chloride (2.95 g, 0.02 mol) in DME (10 ml) was added dropwise to a
solution of 1 (0.95 g, 0.01 mol) and triethylamine (2.53 g, 0.025 mol) in DME (10 ml) under a nitrogen atmos-
phere with stirring and ice-salt cooling (—10——5°C). Abs. methanol (ca. 20 ml) was added to the mixture,
and the whole was kept at room temperature for 15 h. The reaction mixture was concentrated in vacuo to
give an oily residue, which was dissolved in chloroform (150 ml). The chloroform solution was washed with
water (100 mlx 5), and dried over anhydrous sodium sulfate. Removal of the solvent i vacuo gave a residue
(3.1 g), which was subjected to silica gel (80 g) column chromatography. Elution with hexane—-ethyl acetate
(15: 1) gave an oily substance, which was distilled under reduced pressure to give methyl 2,2-dichloro-2-(2-
pyridyl)acetate (6), bp 93—95°C (4 mmHg), colorless oil, 0.56 g (25.5%). Further elution with the same
solvent gave a mixture of 3 and methyl 2,2-dichloro-2-(4-pyridyl)acetate (7).

6: IR (CHCl): 1765 cm='. 'H-NMR (CDCl,) é: 3.87 (3H,s), 7.29 (1H, m), 7.82 (2H, m), 8.56 (1H,
m). MSmle: 219 (M¥). Anal. Calcd for CgH,CL,NO,-1/4H,0 (6): C, 42.79; H, 3.37; Cl, 31.58; N, 6.24.
Found: C, 43.07; H, 3.18; Cl, 31.82; N, 6.15.

7: 'H-NMR (CDCly) 6: 3.87 (3H, s, OCH,), 7.45 (2H, d, J=4.8 Hz, 3,5-H), 8.68 (2H, d, J=4.8 Hz,
2,6-H).

The signals of compound 3 were also observed in the 'H-NMR spectrum. 3: !H-NMR (CDCL,) 6: 6.63
(s, CHCl).

Reaction of Compound 4 with Aniline A solution of 4 (0.1 g) and aniline (0.08 g) in abs. ethanol (10 ml)
was refluxed for 5 h. After removal of the solvent, the residue was extracted with chloroform (30 ml). The
chloroform extract was washed with water, and dried over anhydrous sodium sulfate. After removal of the
solvent, the resulting residue was subjected to silica gel column chromatography. Elution with benzene gave
dichloroacetanilide, mp 119—120°C (lit.® mp 117—118°C).

General Procedure for the Reaction of Dichloroketene with Methylpyridine 1-Oxides 8, 11, and 15 1) A
solution of dichloroacetyl chloride (2.95 g, 0.02 mol) in DME (10 ml) was added dropwise to a solution of
methylpyridine 1-oxide (0.01 mol) and triethylamine (2.53 g, 0.025 mol) in DME (10 ml) under a nitrogen
atmosphere with stirring and ice-salt cooling (—10——5°C). The mixture was stirred for 1 h at room tem-

TABLEIIL. Dichloromethyl-methylpyridines 9, 10, 12—14, and 16

Solvent for Analysis (%)
° column Calced
Coﬁ?d' Yield (%) (r?llr)nHC ) chro}rlnatography Formula (Found)
exane- ——
ethyl acetate C H N
9 28.6 7578 (3) 20:1 C-H,CloN- 48.28 4.40 7.34
1/6AcOEt (4829 4.16 7.24)
10 44.5 75—78 (4) 10:1 C-H.ClbN 4776 4.01 7.96
(47.89 4.04 7.81)
12 and 13 52.2 75—78 (4) 20:1 C-H-.CLLN 47.76 4.01 7.96
(4:3) (47.77 3.93 7.85)
14 31.8 77—79 (4) 5:1 C:H;CI,N- 46.56 4.19 7.76
1/4H.0 (46.60 3.99 7.58)
16 22.2 75—76 (4) 20:1 C-H,Cl;N- 46.18 4.25 7.69
(mp 34—35°C) 1/3H.0 (46.01 3.90 7.60)
Compd. 'H.NMR (CDCls) 5 ppm
9 2.55 (3H, s, CHs3), 6.70 (1H, s, CHCly)
7.12 (1H, dd, J54=6 Hz, J35=2 Hz, 5-H), 7.47 (2H, m, 3, 4-H)
10 2.58 (3H, s, CHs3), 6.65 (1H, s, CHCl,)
7.23 (1H, d, J=5 Hz, 5-H), 7.30 (1H, s, 3-H), 8.50 (1H, d, /=5 Hz, 6-H)
12 2.37 (3H, s, CHs), 6.73 (1H, s, CHCly)
13 2.57 (3H, s, CHj), 6.97 (1H, s, CHCly)
14 2.42 (3H, s, CH,), 6.85 (1H, s, CHCl)
7.63 (1H, d, J=5 Hz, 5-H), 8.45 (1H, s, 2-H), 8.53 (1H, d, J=5 Hz, 6-H)
16 2.39 (3H, s, CHzg), 6.68 (1H, s, CHCl,)

7.10(1H, d, J=5.4Hz, 5-H), 7.55 (1H, s, 3-H), 8.37 (1H, d, J=5.4Hz, 6-H)
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perature. After removal of the solvent, the residue was dissolved in chloroform (150 ml). The chloroform
solution was washed with water (100 ml x 3), and dried over anhydrous sodium sulfate. After removal of
the solvent, the residue was subjected to silica gel (100 g) column chromatography. Elution with hexane—
ethyl acetate gave dichloromethylpyridines 9, 10, 12—14, and 16. The results are summarized in Table III.

2) A solution of dichloroacetyl chloride (2.95 g, 0.02 mol) in CHCI; (10 ml) was added dropwise to a
solution of 4-methylpyridine 1-oxide (1.09 g, 0.01 mol) and triethylamine (2.53 g, 0.025 mol) in chloroform
(10 ml) with stirring and ice-salt cooling (—10——5°C). After stirring for 1 h at room temperature, abs.
methanol (ca. 20 ml) was added to the mixture. The whole was kept for 48 h at room temperature. The
reaction mixture was concentrated ix vacuo to give an oily residue, which was dissolved in chloroform (150 ml).
The chloroform solution was washed with water (100 mlx 8), and dried over anhydrous sodium sulfate. After
removal of the solvent, the residue (2.6 g) was subjected to silica gel (60 g) column chromatography. Elution
with hexane-ethyl acetate (20: 1) gave a mixture of 16 and methyl 2,2-dichloro-2-(4-methyl-2-pyridyl)acetate
(17), 0.49 g (16: 17=1: 3).

17: IR (CHCl;): 1765 cm~!. 'H-NMR (CDCl,) 6: 2.42 (3H,s), 3.88 (3H,s), 7.10 (1H, d, J=5.4 Hz),
7.76 (1H, s), 8.37 (1H, d, J=5.4 Hz). MS m/e: 233 (M+).

Reaction of Dichloroketene with 2,6-Dimethylpyridine 1-Oxide (18) 1) A solution of dichloroacetyl
chloride (2.95 g, 0.02 mol) in DME (10 ml) was added dropwise to a solution of 18 (1.23 g, 0.01 mol) and trie-
thylamine (2.53 g, 0.025 mol) in DME (10 ml) under a nitrogen atmosphere with stirring and ice-salt cooling
(—10——5°C). The mixture was stirred for 1 h at room temperature. After removal of the solvent, the
residue was dissolved in chloroform (150 ml). The chloroform solution was washed with water (100 mlx 3),
and dried over anhydrous sodium sulfate. After removal of the solvent, the residue (3.0 g) was subjected to
silica gel (80 g) column chromatography. Elution with hexane-ethyl acetate (18: 1) gave an oily residue,
which was distilled under reduced pressure to give 4-dichloromethyl-2,6-dimethylpyridine (19), bp 90—92°C
(5 mmHg), colorless 0il, 0.17 g (8.9%). *H-NMR (CDCl,) 6: 2.54 (6H,s), 6.55 (1H,s), 7.10 (2H,s). MSm/e:
189 (M*). Amnal. Caled for CgH,CL,N (19): C, 50.55; H, 4.77; C1,37.31; N, 7.37. Found: C,50.37; H, 4.85;
Cl, 36.84; N, 7.61.

2) A solution of dichloroacetyl chloride (2.95 g, 0.02 mol) in DME (10 ml) was added dropwise to a
solution of 18 (1.23 g, 0.01 mol) and triethylamine (2.53 g, 0.025 mol) in DME (10 ml) under a nitrogen atmos-
phere with stirring and ice-salt cooling (—10——5°C). Stirring was continued for 1 h at room temperature,
then abs. methanol (ca. 20 ml) was added to the mixture. The whole was kept for 72 h at room temperature.
The reaction mixture was concentrated in vacuo to give a residue, which was dissolved in chloroform (150 ml).
The chloroform solution was washed with water (100 mlx 3), and dried over sodium sulfate. After removal
of the solvent, the residue (4.0 g) was subjected to silica gel (100 g) column chromatography. Elution with
hexane—ethyl acetate (18: 1) gave the product 19, 0.41 g (21.69%,). Subsequent elution with hexane—ethyl
acetate (10: 1) gave an oily residue, which was distilled under reduced pressure to give bis(2,6-dimethyl-4-
pyridyl)dichloromethane (21), bp 110—112°C (1.5 mmHg), mp 77—80°C, 0.43 g (29.2%). 'H-NMR (CDCl,)
0: 2.65(12H,s),7.13 (4H,s). MSmfe: 294 (M*). Anal. Caled for C;;HCL,N, (21): C,61.03; H, 5.46; N,
9.49. Found: C, 60.89; H, 5.17; N, 9.42.

Reaction of Dichloroketene with 3,5-Dimethylpyridine 1-Oxide (22)——A solution of dichloroacetyl chlo-
ride (2.95 g, 0.02 mol) in DME (10 ml) was added dropwise to a solution of 22 (1.23 g, 0.01 mol) and triethyla-
mine (2.53 g, 0.025 mol) in DME (10 ml) under a nitrogen atmosphere with stirring and ice-salt cooling
(—10——5°C). The mixture was stirred for 1 h at room temperature. After removal of the solvent, the
residue was dissolved in chloroform (150 ml). The chloroform solution was washed with water (100 m! x 3),
and dried over sodium sulfate. After removal of the chloroform in vacuo, the residue (2.5 g) was subjected
to silica gel (100 g) column chromatography. Elution with hexane—ethyl acetate (20: 1) gave an oily residue,
which was distilled under reduced pressure to yield 2-dichloromethyl-3,5-dimethylpyridine (23), bp 79—82°C
(3 mmHg), 0.80 g (42.0%). H-NMR (CDCly) 6: 2.30 (3H, s), 2.48 (3H, s}, 6.90 (1H,s), 7.32 (1H, s), 8.25
(1H,s). MSmle: 189 (M*). Amnal. Calcd for CCH,CL,N (23): C, 50.55; H, 4.77; Cl, 87.31; N, 7.37. Found:
C, 50.61; H, 4.74; Cl, 37.55; N, 7.35.

Reaction of Dichloroketene with Quinoline 1-Oxide (24) 1) A solution of dichloroacetyl chloride (2.95g,
0.02 mol) in DME (10 ml) was added dropwise to a solution of 24 (1.45 g, 0.01 mol) and triethylamine (2.53 g,
0.025 mol) in DME (10 ml) under a nitrogen atmosphere with stirring and ice-salt cooling (—10——5°C).
The mixture was stirred for 0.5h at room temperature. Triethylamine hydrochloride precipitated was
filtered off, and the filtrate was concentrated i¢n vacuo to give a residue, which was extracted with ether. The
ether fraction was concentrated to give an oily residue (1.98 g), which was subjected to silica gel (60 g) column
chromatography. Elution with hexane-benzene (4: 1) gave a crystalline substance, which was recrystal-
lized from petroleum ether to give 2-dichloromethylquinoline (25), mp 82—84°C (lit.1® mp 82°C), 0.24 g
(11.29%). Subsequent elution with hexane-benzene (1: 3) gave an oily substance, which was distilled under
reduced pressure to give 4-dichloromethylquinoline (26), bp 118—120°C (4 mmHg) [lit.}¥ bp 109—110°C
(3 mmHg)], 0.14 g (6.6%,).

2) A solution of dichloroacetyl chloride (2.95 g, 0.02 mol) in chloroform (10 ml) was added dropwise
to a solution of 24 (1.45 g, 0.01 mol) and triethylamine (2.53 g, 0.025 mol) in chloroform (10 ml) with stirring
and ice-salt cooling (—10——5°C). The mixture was stirred for 2 h at room temperature, and allowed to
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stand for 9h. The reaction mixture was washed with water (15 ml x 4), and the organic layer was dried over
anhydrous sodium sulfate. After removal of the solvent, the residue (4.0 g) was subjected to silica gel (80 g)
column chromatography. Elution with hexane-benzene (4: 1) gave 25, 0.26 g (12.4%). Subsequent elution
with hexane-benzene (1: 1) gave a crystalline substance, which was recrystallized from hexane to give bis(2-
quinolyl)dichloromethane (28), mp 99—101°C, colorless needles, 0.09g (5.4%). 'H-NMR (CDCl,) 4: 7.8
(12H, m). MS m/fe: 338 (Mt). Anal. Caled for C;H,Cl,N, (28): C, 67.27; H, 3.57; Cl, 20.90; N, 8.26.
Found: C, 67.67; H, 3.37; Cl, 21.13; N, 8.27

Elution was continued with benzene-ethyl acetate (3: 1) to give 4-quinolinol (27), mp 205—206°C (ethyl
acetate) (lit.}» mp 201°C), 0.07 g (4.6%). Amnal. Calcd for C,H,NO (27): C,74.48; H, 4.83; N, 9.66. Found:
C, 74.57; H, 4.66; N, 9.69.

Reaction of Dichloroketene with Isoquinoline 2-Oxide (29) 1) Employing the procedure given for
compound 23, 29 (1.45 g, 0.01 mol) was allowed to react with dichloroacetyl chloride (2.95 g, 0.02 mol) in the
presence of triethylamine 2.53 g, 0.025 mol) in DME (60 ml). After removal of the solvent, the residue was
dissolved in chloroform (150 ml). The chloroform solution was washed with water (100 ml x 3), and dried
over anhydrous sodium sulfate. After removal of the solvent, the residue (5.3 g) was subjected to silica gel
(100 g) column chromatography. Elution with hexane-chloroform (1: 1) gave 1-dichloromethylisoquinoline
(30), mp 57—59°C (petroleum ether), 0.90 g (42.4%,). *H-NMR (CDCl,) é: 7.23 (1H,s), 7.73 (4H, m), 8.52
(2H, m). MS mfe: 211 (M*). Anal. Caled for C,¢H,CL,LN (30): C, 56.63; H, 3.33; Cl, 33.44; N, 6.61.
Found:. C, 56.75; H, 3.28; Cl, 33.67; N, 6.68.

2) According to the procedure described above, 29 was allowed to react with dichloroacetyl chloride
(2.95 g, 0.02 mol) in the presence of triethylamine (2.53 g, 0.025 mol) in chloroform (30 ml). Work-up as
above gave 30, 0.51 g (24.0%,).

Acknowledgement A part of the expense of this work was defrayed by a Grant-in-Aid for Scientific
Research from the Ministry of Education, Science and Culture, which is gratefully acknowledged. Thanks
are also due to the staff of the Analytical Center of this institute for spectral measurements and elemental
analyses.

References and Notes

1) Part CXII: N. Katagiri, Y. Miura, R. Niwa, and T. Kato, Chem. Pharm. Bull., 31, 538 (1983).

2) W.T. Brady, Tetrahedvon, 37, 2949 (1981).

3) T. Kato, F. Hamaguchi, and T. Ooiwa, Yakugaku Zasshi, 78, 422 (1958).

4) T. Kato, Y. Goto, and Y. Yamamoto, Yakugaku Zasshi, 82, 1649 (1962).

5) M. Hamana and S. Saeki, Kagaku no Ryoiki Zokan, 123, 219 (1979).

6) L.M. Jackman and S. Sternhell, ‘““Applications of Nuclear Magnetic Resonance Spectroscopy in Organic
Chemistry,” Pergamon Press, New York, 1969, p. 334.

) V.J. Traynelis and R.F. Martello, J. Am. Chem. Soc., 80, 2744 (1960).

) T. Koenig and J. Wieczorek, J. Org. Chem., 35, 508 (1970).

) A. Roedig and P. Bernemann, Justus Liebigs Ann. Chem., 600, 1 (1956).

) B.R. Brown, D.L. Hammick, and B.H. Thewlis, J. Chem. Soc., 1951, 1145.

) T. Kato, N. Katagiri, and A. Wagai, Chem. Pharm. Bull., 29, 1069 (1981).

) E. Hayashi, H. Yamanaka, and K. Shimizu, Chem. Pharm. Bull., 7, 146 (1959).

NII-Electronic Library Service





