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Reinvestigation of the Reaction of Trichloroacetyl Chloride and Acrylonitrile in
the Preparation of 3,5,6-Trichloropyridin-2-ol
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Abstract:

The synthesis of 3,5,6-trichloropyridin-2-ol via the CuCl-
catalyzed reaction of trichloroacetyl chloride and acrylonitrile
under both pressure and atmospheric conditions and the
hydrolysis of the reaction mixture were reinvestigated. The
products and byproducts formed in each case, before the
hydrolysis step, were characterized, and the factors causing
their formation are discussed. It was found that two newly
identified byproducts influence the yield of the reaction.

Introduction

3,5,6-Trichloropyridin-2-ol §) is a valuable intermediate
for the commercial production of chlorpyrifos (Dursban
insecticide) and triclopyr (Garlon herbicide). Different

methods for the preparation of this compound have already

been reported,; ' among which the CuCl-catalyzed addition
of trichloroacetyl chlorideX) to acrylonitrile @) is the most

Scheme 1. Mechanism pathway for the reaction of 1 with
2 proposed by Pew et af.in the preparation of 6
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Nevertheless, the reaction dfwith 2 and the hydrolysis

tion of this compound-*

fewer separation and purification steps; Carrying out this

The mechanism of this reaction has been studied, and areaction in the absence of a nitrogen stream has led directly
three-stepreaction (addition, cyclization, and aromatization t0 4, and the aromatization @ to 6 is performed using a

(Scheme 1)) has been propo8exj2,4-Trichloro-4-cyanobu-
tanoyl chloride (3) is produced by the addition bfto 2
under atmospheric pressure using a nitrogen stfgaifhe

cyclization of3 in the presence of HCI and under pressure
conditions has led to 3,3,5,6-tetrachloro-3,4-dihydropyridin-

2(1H)-one (4) and the hydrolysis dfhas affordeds ®
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mineral base (e.g., NaOHy:1°

The above-mentioned reaction has also been studied under
pressure conditions, and co-joint formation of 2,3,5,6-
tetrachloropyridine (5) and has been observédThe
hydrolysis of5 to afford 6 has been well documentéd.

Although considerable attention has been paid to the major
products formed under different reaction conditions, the
nature of the byproducts, as a limiting factor that affects the
yield of target producs, has not been studied and discussed
in detail yet. In this contribution, we propose the mechanism
of the reaction ofl with 2 under both pressure and
atmospheric conditions in more detail. Considering the
mechanism, we also introduce the optimized conditions to
minimize the byproducts.

Results and Discussion

The CuCl-catalyzed reaction @fwith 2 was performed
under both pressure and atmospheric conditions. The reaction
mixture components were separated and characterizéd by
NMR and*3C NMR spectroscopy (see Experimental Sec-
tion). In addition to reactart, four productsg, 4, 5, and6)
and two byproducts7(and 8) have been recognized, the
amounts of which depend on the reaction conditions, as
summarized in Scheme 2 and Table 1. The different
approaches to convert each of the prodigtd, and5 to
the main product (6) are stated above.
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Scheme 2. Proposed mechanism pathway for the reaction
of 1 with 2 in the preparation of 6 5 4
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Table 1. Proportional composition (%)2 of the reaction ' T T T ' ' T T !

— 2
w

mixture under different pressure and atmospheric conditions > 8 ! ¢ ° ¢ 2 e
pressure 2:1
condition molar temp time

expt (atm) rati® (°C) () 2 3 4 5 6 7 8 3 3

1 ~6 1:09 120-150 6 — — 21 22 22 13 22
2 ~6 1:1.25 120-150 6 — — 3522 3 15 25
3 ~6 1:0.66 150 5—- — 32629 16 26
4° ~6 1:0.66 150 5 - - —34 - — 66
5 ~3 1:0.5 110 8 35—-30 3 5 — 27
6¢ ~1 1:0.83 80—-110 32 2565 3 2 2 3
110-135 8 12— 4017 520 6 L\ l

7° ~1 1:083 95-135 20 487 9 — — -—
135-140 4 2-66 20 — 10 2 ‘ ' ‘ ; T * ’ ; ‘ ‘

9 8 7 6 5 4 3 2 1 pem

. 1 . .
aBased ontH NMR spectroscopy® Molar ratio of CuCl1 was 0.05 in the F’.gure 2 H NMR. spectrum (in C_:I_:)CI g) of the reaction
following experiments ¢ Reaction was done in the presence of SO&% mixture in atmospheric pressure conditions (-1 atm). (a) After

chlorinating agentd Reaction was performed during 32 h under nitrogen stream 32 h under the nitrogen stream; (b) 8 h after switching off the
and then continued for 8 h switching off the nitrogen stre@niReaction was B ;
followed, as in experiment 5, in two steps and in nitrobenzene as solvent nitrogen stream (eXperlment 5, Table 1)'

conversion rate, and the formation4f, and6 considerably

As indicated in Table 18 is one of the major byproducts  yaried with the temperature. Aft& h at 150°C, the pressure
produced to the highest extent under pressure conditions. ltattained was 6 atm, the conversion was completed, and the
is clear that the starting materi2lis partially consumed via products weré and6 (Table 1, experiment 3), whereas after
the formation of8; thus, the yield of species that can be g h at 110°C, the pressure, the conversion, and the main
converted tdb is decreased. The byprodugis formed by product formed were 3 atm, 65%, addrespectively.
the reaction of2 with the HCI produced in course of the The solventless reaction dfwith 2 under atmospheric
reaction. Considering the fact that formation ®&funder pressure without the continuous purging of nitrogen gas, led
pressure conditions is remarkable (22%) (Table 1, experimentto 4 and8. Performing the above reaction under a nitrogen
1; Figure 1), starting materi@ has to be used in excess to stream (lasted for 32 h) caused the reflux temperature to
compensate its partial loss during the reaction. However, theincrease from 80 to 116C. At this point, 75% of2 was
large excess of is not recommended because it induces converted, and the main product waagTable 1, experiment
the explosive property of the reaction mixture under pressure6; Figure 2a). Carrying out the reaction under a nitrogen
conditions if the stirring and temperature of the reaction stream and expelling HCI formed in course of the reaction
mixture are not properly controlled. This situation occurred resulted in minimizing the formation & and detaining the
above 110°C where a large amount df was transformed  reaction to the first step since the cyclization step (and the
to 5 and6 (Table 1, experiments 3 and 5). The pressure, the formation of4) requires HCE Interestingly, the cyclization
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Figure 3. H NMR spectrum (in CDClj3) of the reaction

mixture in atmospheric pressure conditions 1 atm) in ni-

trobenzene (a) After 20 h under the nitrogen stream; (b) 4 h
after the nitrogen stream is switched off (experiment 6, Table
1).

step was immediately initiated and occurred while the

reported in the literatuté!® (see Experimental Section).
Treating the reaction mixture with CH{gtauses the separa-
tion of 7. Effectively, all of the mixture components were
readily soluble in CHGl except for7 and the catalyst. The
H NMR spectrum of7 shows three distinct quartets and
one broad singlet associated with C—H and N—H protons,
respectively. ThéH and'3C NMR chemical shifts and the
coupling constant data of and 8 have been given in the
Table 2, and théH NMR spectrum of the pure isolatet

in Figure 4.

The compound5 was formed under both conditions
(pressure and atmospheric) to the same extent (17—22%).
We believe that the compourilis formed by chlorination
of 6 under both conditions via the starting matedias the
chlorinating agent. This was confirmed when we used
excess under pressure conditions (Table 1, experiment 2),
where the percentage & in the reaction mixture was
decreased. To further confirm the productionSofrom 6
under the experimental conditions, an additional experiment
was designed and performed. It was found that chlorination
of 6 by 1 in CHCI; at reflux temperature occurs. In the

nitrogen stream was stopped for 8 h (Table 1, experiment 6; presence of SOglas chlorinating agent and8 are the

Figure 2b). In this elapsed time, the reflux temperature was

increased to 138C. The large excess & is not recom-

mended in a solventless condition because it controls the

reflux temperature and reduces the rate of the reaction.

The reaction was also carried out in nitrobenzene as a
high-boiling-point solvent. The reflux temperature was started

at 95°C and reached 13%C after 20 h with 96% conversion
of 2 (Table 1, experiment 7; Figure 3a). By switching off

only components of the reaction mixture (Table 1, experiment
4). It seems that strong chlorinating agent can transform both
6 and7 to 5 and favor the formation d. This is interesting
if the production of5 in lower yield is desired.

The hydrolysis ob to 6 does not occur as readily as that
of 4 to 6 and requires critical conditiorfsThe hydrolysis of
the reaction mixture under pressure (~2 atm) at AG@&nd
after 2 h resulted in complete transformationdoand5 to
6. Under atmospheric pressure and reflux temperature during

the nitrogen stream and continuing the reaction for another 3 moderate time interval €42 h), the transformation of to

4 h, the cyclization reaction took place, aBdvas totally
transformed to4, 5, and7 (Table 1, experiment 7; Figure

6 took place, while5 was remained unaltered (see Experi-
mental Section).

3b). The rate of the conversion was increased in nitrobenzene
because the reflux temperature moved up faster than in theSummary

absence of nitrobenzene. This experiment did not attain the

results emphasized in the literatdrk.is presumed that the

reaction has been done under pressure conditions in th
corresponding work because the elevation of temperature to

In summary, we have identified two principal byproducts
(7 and8) formed in the course of a three-step reaction of

€and2 to produce6. Under atmospheric pressurel atm)

and nitrogen stream, the formation &f is minimized;

140°C in 4 h isimpossible under atmospheric pressure. In however, under pressure-§ atm), 8 is one of the major
this condition, as in the solventless experiment, the formation constituents of the reaction mixture. The compouhis

of 8 was minimized. However, despite the better yieldlof
and 5 and the minor formation of7 and 8, the final
product—after hydrolysis of the reaction mixture under
atmospheric pressuravas an oily solid, the separation of
which was difficult. The separation & was also compli-
cated.

Cyclic 3,3,5 trichloropiperidine-2,6-dione7) was the
second byproduct formed via the hydrolysis oft'3lt

formed approximately to the same extent in the both
conditions. The aromatization df to 6 liberates HCI and
causes the formation & by the hydrochlorination o in
pressure conditions. This reaction does not take place in
atmospheric pressure conditions when a nitrogen stream
passes through the reaction mixture. The chlorinatiof, of
i.e., its transformation t&, occurs byl in both conditions
and causes the formation of® that hydrolyze8to 7. Thus,

decreased the yield of the reactions performed under boththe reaction must be controlled in such a way thisttotally
pressure and atmospheric conditions (10—20%). Water eliminated in the reaction medium before the cyclization and

necessary to the hydrolysis 8fis provided by the trans-
formation of6 to 5. The lack of7 in 110 °C and~3 atm,

aromatization steps, i.e., the formation 4find 6, occur.
With nitrobenzene as solvent and under atmospheric pressure,

whereb5 and 6 are absent (Tab'e 1’ experiment 5), is to be the formation of4 is favored and that of is minimized.

noted in this context.
The two byproducts and 8 were separated, and their

(12) Martin, P.; Bellus, D. Eur. Pat. Appl. 30,21&8hem. Abstr.1981, 95,
150458f.

physicochemical parameters were in accordance with those(13) Iddon, B. Tetrahedron Letl.976,8, 627—630.
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Table 2. 13C nd 'H NMR Chemical Shift and the J values in 7 and 8

compound 13C NMR 6 (ppm) IH NMR 6, J (ppm, Hz)
2-chloropropionitrile (8) 22,38, 116 2.8(t, 6.6), 3.6 (t, 6.6)
3,3,5-trichloropiperidine-2,6-dione (7) 47,50, 51, 163, 166 3.07 (g, 12.1,14.5),

3.40(q, 5.5, 14.5),
4.90 (q, 5.5, 12.1).
8.3(s)

mL of nitrobenzene (24.6 g, 0.1 mol) and refluxed under
nitrogen atmosphere, while stirring. The reflux temperature
for the reaction mixture was started a90 °C and was
w  H, increased to 13%C after 20 h. The nitrogen stream was then
stopped, and heating the reaction mixture was continued for
4 h. Yield of the crude product, consisting essentiallypf
5, and7, was 52.5 g. Then 60 mL of 48% aqueous NaOH
solution was added slowly (in 20 min) with stirring while

| b b\.yl controlling the temperature of the mixture at-3@ °C.
. w\*_v____,[ \J e Afterward, the hydrolysis of the reaction mixture was
T

nmn
Y
Yo
(o] O =

=]

] PR A : 2 1 ppr performed at reflux temperature for 2 h. The solution was
Figure 4. *H NMR spectrum (in CDCl5) of 3,3,5-trichloropi- filtered, and the oily solid sodium salt 6fwas washed with
peridine-2,6-dione (7). 50 mL of CHCE. The resulting oily solid was dissolved in
3 L of hot water. The solution was acidified to pH 4 at
Experimental Section 25 °C, and the precipitate (6) was filtrated and dried.
General Procedures.NMR spectra were recorded on a Reaction of 1 with 2 under Pressure Conditions 6

Bruker DPX-250 instrument (250 MHz féH and 62.5 MHZ  4m). Trichloroacetyl chloride (146 g, 0.8 mol), acrylonitrile

for 13C), and C-DC;{ was used as solvent; 1chemical shifts (51 g, 0.96 mol) and anhydrous CuCl (4 g, 0.04 mol) were

were repqrted i (ppm) from TMS (H and**C) that was heated in a 250-mL glass autoclave equipped with a magnetic
used as internal standard. IR spectra were recorded on aiirer and pressure gauge. The mixture was stirred for 3 h
Perkin-Elmer 783 instrument using KBr pellet (selected data j, 1 oil bath at 120C. The initial pressure was 1.5 atm

given). Melting points were .obtained on a Mett'ler FP61 which then reached 3 atm after 1 h. Then the reaction was
apparatus. Elemental analysis was performed using a Carlocontinued for 3 h at 156C, during which the pressure was
Erba analytical gas chromatograph. augmented to 6 atm. After the reaction was stopped and the

Reaction of 1 with 2 under Atmospheric Pressure mixture was cooled, the yield of the crude product, consisting
Conditions (~1 atm). Trichloroacetyl chloride (363.6 g, 2.0 essentially o, 5, 6,7, and8, was 182 g. Then 300 mL of

mol), acrylonitrile (127.2 g, 2.4 mol), and anhydrous CuClI 0 . .
(10 g, 0.1 mol) were refluxed under nitrogen atmosphere 48% agueous NaOH  solution was addgd slowly while
controlling the temperature of the mixture in the range 30—

while stirring. The reflux temperature for the reaction mixture 40°C. af hich the hvdrolvsi . ‘ d
was started at+80 °C and was increased to 11Q after 32 ; after which the ydrolysis regctm_n was performe at
°C under 2 atm during 2 h. Filtration of the reaction

h. The nitrogen stream was then stopped, and heating thel":_’0 X S
reaction mixture was continuedrf@ h toreach the reflux ~ Mixturé and washing the solid with 100 mL of cold.®!
temperature, 136C. Yield of the crude product, consisting 92ve the sodium salt d that was dissolved in 3 L of hot
essentially of2, 4, 5, and 7, was 415 g. Then 600 mL of H-0. The.n.the soluﬂo_n was aC|d|f|_ed to pH 4 at 25°C.
48% aqueous NaOH solution was added slowly while stirring 7€ Precipitates was filtered and dried to afford 97 g (0.49
and controlling the temperature of the mixture at-3® °C. mol, 61%) of light yellow crystals o6 (specifications as in
Afterward, the hydrolysis of the reaction mixture was the following section).

performed at reflux temperature for 2 h. The solution was ~ Separation and Purification of Mixture Constituents.
filtered, and the solid mixture & and sodium salt BBwere ~ To characterize each of the components, the following

dissolved in 500 mL of CHGI The solid sodium salt o separation and purification steps were applied to the reaction
was filtered, washed with 100 mL of CH&lnd dissolved ~ mixture obtained as above before its hydrolysis.
in 5 L of hot H,O. The solution was acidified to p& 4 at (1) The crude product obtained under pressure conditions

25°C, and the precipitate (6) was filtrated and dried; 141 g was vacuum-distilled at 95C and 50 mmHg to obtai8.
of 6 (0.71 mol) was obtained. The evaporation of CE@f H NMR (CDCl): 2.8 (t,J = 6.6 Hz), 3.6 (tJ = 6.6 Hz)
the precedent filtrate and drying the solid afforded 84 g of ppm (in agreement with lit¥), 13C NMR (CDCk): 22, 38,

5 (0.39 mol). The total yield o6 and6 was 55%. 116 ppm.
Reaction of 1 with 2 under Atmospheric Pressure The vacuum distillation at 9%C and 5 mmHg of the crude
Conditions (~1 atm) in Nitrobenzene. Trichloroacetyl product obtained under atmospheric pressure conditions and

chloride (36.4 g, 0.2 mol), acrylonitrile (12.7 g, 0.24 mol)
and anhydrous CuCl (1 g, 0.01 mol) were mixed with 20.6 (14) Hirst, R. C.J. Chem. Phys1964,40(7), 1909—1919.
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nitrogen stream before cyclization, afford&d *H NMR 1078(s), 1155(m), 1211(s), 1273(w), 1315(s), 1382(m), 1452-

(CDCl): 3.29 (q,J = 6, 15.5 Hz, 1H, CH), 3.40 (q,d = (vs), (1534(w), 1569(s), 1640(w), 2560(m), 2725(m), 2905-
7.5, 15.5 Hz, 1H, Ch), 4.91 (t,J = 6, 7.5 Hz, 1H, CHCI) (m), 3040(m) cm?.
ppm, *C NMR (CDCk): 37,49,84,115,167 ppm. (4) The solvent of the organic phase of the precedent step

(2) CHCL was added to the reaction mixture obtained (CHsCl) was evaporated, and the residue was treated and
after the first step of the separation and purification extracted with hoin-hexane. The solution was allowed to
procedure, and the precipitatend the catalyst were filtered cool. The crystalline product was filtrated and dried*H
off. The filtrate was used for the next step, and the solid NMR (CDCl): 3.55 (s, 2H, CH), 8.45 (s, 1H, NH) ppm
obtained was dissolved in acetone to sepavafeom the (in agreement with lif). 3C NMR (CDCk): 50,79,108,-
catalyst. By evaporation of the solvent, the cyclic compound 122,162 ppm. Mp= 136—137°C (lit.® 126—127°C). IR
7 (i.e., 3,3,5-trichloropiperidine-2(1H)-one) was obtaintl. (KBr pellet); 540(w), 583(s), 666(m), 697(s), 757(s), 790-
NMR (CDCls): 3.07 (g, = 12.1, 14.5 Hz, 1H, Ch), 3.40 (s), 908(m), 941(s), 1023(s), 1074(w), 1103(w), 1186(s),
(0, =5.5, 14.5 Hz, 1H, Ch), 4.90 (q,J = 5.5, 12.1 Hz,  1210(s), 1276(s), 1338(s), 1400(m), 1450(s), 1577(m), 1697-
1H, CHCI), 8.3 (s, 1H, NH) ppm*3C NMR (CDCk): 47, (vs), 2905(s), 3010(s), 3175(s) cin
50, 51, 163, 166 ppm, mg 156—157°C (lit.** 158—159 (5) The solvent of the filtrate of the precedent step was
°C). Anal. Calcd for GHeCI3NO,: C, 27.71; H, 1.85; N, evaporated and the compouBdwas obtained as the last
6.47. Found: C, 27.48; H, 1.85; N, 6.59. IR (KBr pellet); component of the mixturéH NMR (CDCl): 7.9 (s) ppm.
438(m), 557(m), 636(m), 684(s), 789(s), 925(m), 1016(m), °C NMR (CDCk): 130,140,146 ppm (in agreement with
1065(m), 1103(m), 1179(s), 1232(vs), 1310(m), 1332(m), lit.13). Mp = 90—91°C (lit.5*290—91°C). IR (KBr pellet);
1419(m), 1731(vs), 2825(w), 2985(m), 3120(m), 3225(s), 495(w), 637(s), 671(m), 708(w), 918(m), 1061(s), 1161(s),
3430(w) cm. 1219(m), 1323(m), 1361(vs), 1387(s), 1506(m), 1719(m),

(3) The 20% NaCO; solution was added to the filtrate  3010(m) cni?.
of the second step. The precipitated sodium salf efas
separated and dissolved in water. After the acidification of Acknowledgment
the solution to pH= 4 at 25 °C, the compouné was Supported by the Iranian Ministry of Industry (Grant No.
precipitated. It was filtrated and drietlHH NMR (CDCly): 78210111076)

7.8 (s, 1H, CH), 10.6 (s, 1H, OH) ppr¥C NMR (DMSO):

116, 120, 141, 143, 158 ppm (in agreement witA%it.mp ) )

= 171—2°C (lit.6 171—172°C). IR (KBr pellet); 541(w), Received for review November 18, 2002.
688(m), 750(m), 820(w), 893(w), 893(w), 954(w), 1021(w), OP025610T
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