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ABSTRACT

An environmentally benign and practical preparation method for the Vilsmeier-Haack reagent (VH) has been deve-
loped by using phthaloyl dichloride with DMF in toluene or 2-chlorotoluene. Phthalic anhydride as the byproduct was
recovered in high yield by simple filtration. Some aromatic acids have been transformed into the corresponding acid
chlorides in good yields by employing the isolated VH. Treatment of primary or secondary alcohols with VH gave alkyl
formates or alkyl chlorides by depending on the reaction conditions.
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1. Introduction

We have recently reported a new method for the prepara-
tion of the Vilsmeier-Haack reagent (VH) [1-6]. Our
method obviates the use of toxic reagents such as phos-
gene, thionyl chloride, or phosphoryl chloride, which are
used in the conventional method. It involves synthesis of
VH reagent from N,N-dimethylformamide (DMF) and
phthaloyl dichloride (OPC) in 1,4-dioxane (Scheme 1)
[7]. Although 1,2-dimethoxyethane or tetrahydrofuran
may also be used as solvent for this reaction, 1,4-dioxane
specifically dissolves phthalic anhydride (PA) at five
times its volume at room temperature, but it does not
dissolve the VH reagent. VH reagent prepared through
this method was isolated in almost pure form (based on
its m.p. and '"H NMR spectrum) by simple filtration un-
der a nitrogen atmosphere. The process is highly atom-
efficient and generates no waste. PA, the byproduct, can
be easily recovered from the 1,4-dioxane solution and
reused as a material for OPC. However, 1,4-dioxane is a
suspected carcinogen and forms peroxide under solvent
recovery process. From the perspective of large-scale
synthesis, the remaining issue to be addressed for this
method is finding solvent substitutes that are safer and
more economical.

Here, we report an improved method for the prepara-
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tion of VH reagent using toluene or 2-chlorotoluene
(OCT) as solvents instead of dioxane. The VH reagent
prepared from OPC and DMF has no impurity such as
sulfur or phosphine derived from that prepared by the
conventional method; therefore, we refer to the product
as “OPC-VH reagent” in this article. In addition, we
show some examples of synthesis of acid chlorides from
carboxylic acids, alkyl formates from alcohols, and alkyl
chlorides from alcohols using the OPC-VH reagent pre-
pared through the new method. Products of these syn-
theses do have not contaminants such as sulfur or
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Scheme 1. New Preparation Method for the Vilsmeier-
Haack Reagent.
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phosphine obtained through conventional methods.

2. Results and Discussion

2.1. An Improved Method for Preparing the
OPC-VH Reagent in Aromatic Solvents

We first examined the use of toluene as a solvent for the
preparation of the OPC-VH reagent. However, a seven-
fold larger volume of toluene was needed to dissolve PA
even at 70°C. After several unsuccessful attempts, we
finally found that a mixture of four times the volume of
toluene plus an equivalent volume of DMF could dis-
solve PA at 35°C. Furthermore, OCT may be preferred
for industrial use because its flash point is higher than
that of toluene.

Thus, a mixture of DMF (2 equiv: 1 equiv of reagent +
lequiv of solvent) and OPC (1 equiv) in OCT (4 equiv)
was stirred for 3 h at 50°C to afford the OPC-VH reagent
as crystals (86% yield), which were subsequently filtered
and dried in vacuo. The dried OPC-VH reagent was cha-
racterized by its m.p. and 'H NMR spectrum, which
showed it to be free from contamination by PA and OCT.
By simple concentration, filtration, and washing, PA was
easily recovered in almost pure form from the filtrate of
the OCT layer (91% yield).

2.2. Examples of Synthesis of Acid Chlorides
Using the OPC-VH Reagent

Acid chlorides are important synthetic intermediates for
the preparation of esters and amides. In particular, aro-
matic diacid dichlorides are key components of high-
performance engineering thermoplastics such as poly-
amides, polyimides, and polybenzoxazoles [8], but a li-
mited number of these compounds are commercially
available in the reagent catalogs of Sigma-Aldrich and
Tokyo Kasei Co.

Numerous reagents for the transformation of carbox-
ylic acids into acid chlorides have been developed, such
as thionyl chloride, phosphoryl chloride, oxalyl chloride,
and phosgene. However, these chlorinating agents are not
suitable for large-scale synthesis because of the hazard-
ous nature of the reagent or byproducts formed. An en-
vironmentally benign and economical synthetic method
for acid chlorides is still desired.

Using the OPC-VH reagent prepared in OCT or tolu-
ene, we next attempted the transformation of dicarbox-
ylic acids into diacid dichlorides. We show two kinds of
methods for synthesis of the diacid dichlorides as repre-
sentative examples. In method A, a mixture of [1,1°-bi-
phenyl]-4,4’-dicarboxylic acid and OPC-VH reagent (2.4
equiv) in 1,4-dioxane was stirred at 60°C for 4 h. The
appearance of the mixture changed from slurry to a clear
solution. The entire mixture was cooled to room tem-
perature to give pure [1,1’-biphenyl]-4,4’-dicarbonyl di-
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chloride in 82% yield after filtration. The compound was
characterized by m.p. determination, IR spectroscopy,
and GC-MS. In method B, OCT or toluene was used as a
reaction solvent. A colorless solvent layer and brownish
oil at the bottom of the flask (which may be excess VH
and DMF) were obtained. The OCT or toluene layer was
removed by decantation to separate the brownish oil at
the bottom of the flask, and then concentrated to give a
white solid. Although the need to remove the brownish
matter from the solution was unexpected, the colorless
acid chloride could be obtained.

Some dicarbonyl dichlorides similarly prepared are
listed in Figure 1. As the only byproduct of this method
is DMF, almost pure acid chlorides were obtained in high
yield after evaporation of the solvent and DMF in vacuo.

2.3. Synthesis of Alkyl Formates or Alkyl
Chlorides from Alcohols with
OPC-VH Reagent

Reaction of alcohols with VH reagent to give alkyl for-
mates or alkyl chlorides have been reported [9-14]. How-
ever, it is not clear what reaction conditions are required
to prepare formates or chlorides selectively. Furthermore,
the spectra and GC retention times of alcohols, formates,
and chlorides are often similar, and in some cases, identi-
fication of the reaction product might not be achieved.

In the present study, we investigated the reaction of
simple primary, secondary, and benzyl alcohols with the
OPC-VH reagent. We used 1-hexanol and 2-hexanol as a
substrate because each authentic sample and the spec-
trum data of hexyl derivatives could be easily obtained,
and unambiguous characterization of those products was
possible.

Reaction of 1-hexanol or 2-hexanol with OPC-VH re-
agent in chloroform in an ice bath gave the correspond-
ing alkyl formate as a sole product (as determined by
GC-MS) after quenching with an aqueous solution of
sodium hydrogen carbonate. Performing the reaction at
room temperature afforded a mixture of hexyl formates
and hexyl chlorides. In the case of benzyl alcohol with
OPC-VH reagent, a mixture of benzyl formate and ben-
zyl chloride was obtained even at 0°C - 5°C. To obtain
benzyl formate solely, it was necessary to run the reac-
tion at around —10°C. Data on the selective preparation
of alkyl formates are summarized in Figure 2.

Next, we examined some conditions that selectively
give alkyl chlorides. Reaction of 1-hexanol with OPC-
VH reagent at 50°C for 3 h selectively gave 1-hexyl
chloride (GC-MS) after quenching with aqueous sodium
hydrogen carbonate.

Selective chlorination of secondary alcohol required a
temperature higher than that used for primary alcohols;
reaction of 2-hexanol with OPC-VH in dioxane was car-
ried out at 80°C to obtain 2-hexyl chloride in nearly
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Figure 1. Examples for Carbonyl dichloride prepared by the OPC-VH reagent.
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Figure 2. Synthesis of alkyl formate from alcohol with OPC-VH reagent.
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quantitative yield.

Benzyl and cinnamyl chlorides were easily obtained at
room temperature. 2-Cyclododecyl chloride could not be
obtained even at 80°C in 1,4-dioxane (Figure 3).

We believe that the imidoyl intermediate 1 might be
formed quickly in the reaction of alcohols with the
OPC-VH reagent. It remained in solution and subse-
quently underwent hydrolysis with water to form alkyl
formates (Scheme 2). On the other hand, alkyl chloride is
formed by attack of the chloride anion on 1 during heat-
ing. Thus, heating and prolonged reaction time might be
necessary for the selective formation of alkyl chloride.

3. Experimental

All melting points were determined with a Buchi melting
point apparatus model B-545 and were uncorrected. IR
spectra measurements were carried out with a Shimadzu
IR Affinity-1 flourier transform infrared spectrophotome-
ter. '"HNMR spectra were recorded with a Varian model
Mercury-300 in CDCI; with tetramethylsilane (TMS) as
reference. GC-Mass spectra were recorded with a Shi-
madzu GCMS-QP2010 SE using a 0.320 mm X 30 m
column of DB-5.

Unless stated otherwise, all reagents and chemicals were
obtained commercially and used without further purifica-
tion.

3.1. Preparation of OPC-VH Reagent from DMF
with OPC in OCT

OPC (125 g, 0.62 mol) was added to DMF (135 g, 1.85
mol) and OCT (370 mL) in a 1 L four-necked flask over
a period of 10 min at room temperature. After the mix-
ture was stirred at 50°C for 3 h, the precipitated OPC-VH
reagent was collected by filtration under a nitrogen at-
mosphere by using a glass filter, washed successively
with OCT (2 % 150 mL) and hexane (150 mL), and then
dried in vacuo at 35°C - 40°C for 2 h. Yield: 68.0 g
(86.1%); m.p. 126.0°C - 127.4°C (lit. m.p. 132°C [6],
126°C [7]); IR (CHCl3): v = 1699 cm'; '"H NMR
(CDCl3): 6 =3.98 (s, 6H), 11.20 (s, 1H) ppm. Peaks cor-
responding to DMF (6 = 2.93, 3.05, 8.18 ppm) and liber-
ated hydrogen chloride (6 = 12.15 ppm) were also ob-
served in amounts corresponding to 8% - 10%. The 'H
NMR spectrum of commercial VH reagent (Aldrich)
showed signals at 6 = 4.00 (s, 6H), 11.11 (s, 1H) ppm,

O, /Me
OPC-VH 1 A RCI + >—N\
H Me

Scheme 2. Plausible reaction for alkyl formates and alkyl
chlorides.
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along with those of DMF (6 = 2.96, 3.10, 8.26 ppm), and
HCI (6 = 12.81 ppm).

The aforementioned filtrate of the reaction mixture
through a glass filter was concentrated to give crude PA,
which was triturated with a mixture of hexane and tolu-
ene (80 mL, 4/1). The PA was collected by filtration and
washed with a mixture of hexane and toluene (80 mL,
4/1), and dried at 70°C for 1 h. Yield: 83 g (91%): m. p.
131.0°C - 131.4°C (lit. m.p. 130.8°C [15]); GC-MS: m/z
=148 (M"), 104 (base peak), 76, 50.

3.2. Synthesis of Acid Chlorides Using the
OPC-VH Reagent

3.2.1. Representative Example for Method A:
4,4’-Biphenyldicarbonyl Dichloride

A mixture of [1,1’-biphenyl]-4,4’-dicarboxylic acid (29.0
g, 0.12 mol) and OPC-VH reagent (36.8 g, 0.29 mol) in
dioxane (170 mL) was stirred at 60°C for 4 h. The mix-
ture was cooled to room temperature, and then filtered to
give [1,1’-biphenyl]-4,4’-dicarbonyl dichloride. Yield:
27.5 g (82%); m.p. 186°C - 187°C (lit. m. p. 184°C [16]);
IR (KBr): v = 1780 cm™' (lit. v = 1778 em ™' [17]); GC-
MS: m/z = 280 (M" + 2, relative intensity 5%), 278 (M,
7%), 243 (M" — 35, base peak); GC-MS (Et,NH treat-
ment): m/z =352 (M, 52%), 351 (90%), 280 (base peak).

3.2.2. Synthesis of 2,6-Naphthalene
Dicarbonyl Dichloride

2,6-Naphthalene dicarboxylic acid (37.0 g, 0.17 mol) was
added to a slurry of OPC-VH reagent (25.0 g, 0.20 mol)
in dioxane (280 mL) at room temperature. The mixture
was stirred at 75°C for 3.5 h until a clear solution was
formed. The solution was filtered through a glass filter to
remove a small amount of insoluble matter, and then
cooled to room temperature. The precipitate was colle-
cted by filtration, washed with dioxane (100 mL), and
then dried in vacuo to give 2,6-naphthalene dicarbonyl
dichloride. Yield: 37.1 g (86%); m.p. 187°C - 189°C. (lit.
m.p. 189°C - 190°C [18]); IR (KBr): v=1751 cm ' (lit. v
= 1750 cm ' [18]); GC-MS: m/z = 254 (M" + 2, relative
intensity 11%), 252 (M, 17%), 219 (33%), 217 (M" — 35,
base peak).

3.2.3. Synthesis of 4,4’-Carbonyldibenzoyl Chloride
4,4’-Carbonyldibenzoic acid (5.26 g, 19.5 mmol) was
added to a slurry of OPC-VH reagent (5.50 g, 43 mmol)
in dioxane (20 mL) at room temperature. The mixture
was stirred at 60°C for 0.25 h until a clear solution was
formed, and cooled to room temperature. The precipitate
was collected by filtration, washed with dioxane (10 mL),
and then dried in vacuo to give 4,4’-carbonyldibenzoyl
chloride. Yield: 4.49 g (75%); m.p. 133°C 134°C (lit. m.p.
132°C - 134°C [19]); GCMS: m/z= 306 (M", 4%), 271
(M" — 35, base peak).
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Figure 3. Synthesis of alkyl chloride from alcohol with OPC-VH reagent.

3.2.4. Nicotinyl Chloride Hydrochloride

To a slurry of OPC-VH reagent (1.4 g, 11.0 mmol) in
dichloromethane (25 mL) was added nicotinic acid (1.15
g, 0.93 mmol). The mixture was stirred at room tem-
perature for 0.25 h to precipitate a white solid. Filtration,
washing, and drying gave white crystals of the title
compound, which was purified by sublimation (105°C -
110°C, 0.6 kPa). Yield: 1.34 g (81%); m.p. 154°C -
155°C (lit. m.p. 155°C - 156.5°C [20]); GC-MS (Et,NH):
miz=178 (M").

3.2.5 Representative Example for Method B:
4,4’-Oxybisbenzoyl Dichloride

A 1 L four-necked flask was charged with 4,4’-oxybis
(benzoic acid) (45 g, 0.17 mol) and OPC-VH reagent (50
g, 0.39 mol) in OCT (300 mL), and the mixture was
stirred at 60°C for 4 h. The appearance of the mixture
changed from a slurry to a clear solution. The OCT layer
was separated by decantation to remove brownish oil at
the bottom of the flask, concentrated to a volume of
about 70 mL, and then kept at 10°C - 15°C. The precipi-
tated 4,4’-oxybis(benzoyl dichloride) was collected by
filtration and then dried in vacuo at 40°C for 2 h to give
the pure compound. Yield: 35.8 g (70%); m.p. 88°C -
89°C (lit. m. p. 88°C [21]); IR (KBr): v = 1759, 1732
em ' (lit. v= 1767, 1739 cm ' [21]); GC-MS: m/z = 259
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(M" — 35, base peak); GC-MS of the diethylamide de-
rivative: m/z = 368 (M", relative intensity 9%), 296 (base
peak).

3.2.6. Synthesis of Trans-Cyclohexane-1,4-dicarbonyl
Dichloride

A mixture of trans-cyclohexane-1,4-dicarboxylic acid
(3.2 g, 18.6 mmol), OPC-VH reagent (5.8 g, 45.3 mmol),
and toluene (30 mL) was stirred at room temperature for
1 h to give a clear solution. The toluene layer was sepa-
rated by decantation and the brownish oil at the bottom
of the flask was removed. The toluene layer was then
concentrated in vacuo to afford white crystals of nearly
pure trans-cyclohexane-1,4-dicarbonyl dichloride. Yield:
3.8 2 (97%); m.p. 65°C - 66°C (lit. m.p. 64°C - 66°C[17]);
IR (CHCLy): v = 1790 cm™'; GC-MS: m/z = 208 (M),
173 (M" —35), 145, 117, 109, 81 (base peak).

3.2.7. Synthesis of 1,4-Phenylene-Diacetyl Chloride

A mixture of 1,4-phenylene diacetic acid 3.88 g (20.0
mmol), OPC-VH reagent (5.8 g, 45.3 mmol), and toluene
(40 mL) was stirred at 35°C - 40°C for 0.25 h. The tolu-
ene layer was separated by decantation and concentrated
in vacuo to give 1,4-phenylene-diacetyl chloride. Yield:
4.0 g (87 %); m.p. 65°C - 67°C. (lit. m.p. 66°C - 66.5°C
[22]) GCMS (Et,NH treatment): m/z= 304 (M, 17%),
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100 (base peak).

3.3. Synthesis of Alkyl Formates from Primary
and Secondary Alcohols Using
the OPC-VH Reagent

3.3.1. Synthesis of 1-Hexyl Formate

To OPC-VH reagent (2.3 g, 18 mmol) dissolved in dry
chloroform (10 mL) at 3°C - 5°C was added a solution of
1-hexanol (1.4 g, 13.7 mmol) in dry chloroform (5 mL)
over a period of 10 min. The mixture was stirred for a
further 10 min at the same temperature, and then poured
with vigorous stirring into a mixture of ice, sodium hy-
drogen carbonate solution (50 mL) and dichloromethane
(20 mL). The organic layer was separated and the aque-
ous layer was extracted with dichloromethane (2 x 20
mL). The combined organic layers was washed with wa-
ter (2 x 30 mL), dried over anhydrous sodium sulfate,
and concentrated in vacuo to afford nearly pure 1-hexyl
formate (1.5 g, 84% yield) as a colorless oil, which was
identified by GC-MS and by comparison with an authen-
tic spectrum (SDBS [23]).

3.3.2. Synthesis of 2-Hexyl Formate

A similar treatment of 2-hexanol with OPC-VH reagent
gave 2-hexyl formate. GC-MS: m/z = 84, 73, 69, 56, 55.
Its spectrum is highly similar to that of 2-hexyl chloride,
but both retention times differ by more than 2 min. A
methanol solution of the 2-hexyl formate sample was
stirred with 1 M NaOH at room temperature for 0.5 h,
extracted with ether, and then completely identified as
2-hexanol by GC-MS [23].

3.3.3. Synthesis of 2-Cyclododecyl Formate

To OPC-VH reagent (2.1 g, 16.5 mmol) dissolved in dry
chloroform (10 mL) at 3°C - 5°C was added a solution of
cyclododecanol (2.4 g, 13.0 mmol) in dry chloroform (8
mL) over a period of 10 min. The mixture was stirred for
a further 30 min at the same temperature, and then
poured with vigorous stirring into a mixture of ice, so-
dium hydrogen carbonate solution (50 mL), and di-
chloromethane (20 mL). The organic layer was separated
and the aqueous layer was extracted with dichloro-
methane (3 x 20 mL). The combined organic layers was
washed with water (2 x 30 mL), dried over anhydrous
sodium sulfate, and then concentrated in vacuo to afford
2.89 g of yellow oil, which was submitted to bulb-to-bulb
distillation (150°C - 160°C, 3 Torr) to give the colorless
2-cyclododecyl formate. Yield: 2.51 g (90%); IR (neat):
v = 1724 cm'; GC-MS: m/z = 166 (M" — 45); '"H NMR
(CDCly): 6 = 1.35 - 1.80 (m, 22H), 5.10 - 5.18 (m, 1H),
8.05 (s, 1H).

3.3.4. Synthesis of Benzyl Formate
To OPC-VH reagent (1.4 g, 11 mmol) dissolved in dry
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chloroform (10 mL) at —10°C was added a solution of
benzyl alcohol (0.78 g, 7.2 mmol) in dry chloroform (3
mL) over a period of 8 min. Benzyl formate (0.75 g, 77%
yield) was isolated by a similar work up to 3.3.1. It was
then identified by GC-MS and its spectrum was com-
pared against that of an authentic sample (SDBS): m/z =
136 (M"), 108, 107, 91, 90.

In a case of reaction of benzyl alcohol with OPC-VH
reagent at 3°C - 5°C, a mixture of benzyl chloride (24%)
and benzyl formate (76%) was obtained, as confirmed by
GCMS.

3.4. Synthesis of Alkyl Chlorides from Alcohol
Using the OPC-VH Reagent: Synthesis
of 1-Hexyl Chloride

To OPC-VH reagent (2.3 g, 18 mmol) dissolved in dry
chloroform (10 mL) at room temperature was added a
solution of 1-hexanol (1.4 g, 13.7 mmol) in dry chloro-
form (5 mL) over a period of 5 min. The mixture was
stirred at 60°C for 2 h, and then poured into ice water (50
mL). The organic layer was separated and the aqueous
layer was extracted with dichloromethane (2 x 20 mL).
The combined organic layers was washed with water (2 x
30 mL), dried over anhydrous sodium sulfate, and then
concentrated in vacuo to give nearly pure 1-hexyl chlo-
ride (1.39 g, 84% yield) which was identified by GC-MS:
m/z =93, 91, 69, 56, 55. The GC-MS spectrum was iden-
tical to that of a reported one [23].

4. Conclusion

As the preparation method for VH reagent in the present
study is readily accessible and environmentally benign, it
should find wide acceptance for laboratory as well as
industrial use.
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