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Synthesis of O-Ethyl Thioformate: A Useful Reagent for the Thioformylation

of Amines
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Abstract: O-Ethyl thioformate has been synthesized from triethyl-
orthoformate and hydrogen sulfide gas using a Brgnstead acid cata-
lyst. The product can be isolated as a neat liquid in 83% overall
yield. Both the crude and purified thiolate can be used to thioformy-
late a variety of amines in good to excellent yields.
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Thioformamides are synthetically useful intermediates in
the construction of complex organic molecules. Thiofor-
mamides can be further elaborated into various heterocy-
cles,! thioamides,” iminyl sulfides,’ enamines,* and a-
substituted amines.’ Various methods have been reported
for their synthesis, including the condensation of amines
with thioformates,>® thioamidation of secondary amines
or Vilsmeier reagents with dimethylthioformamide,’ con-
densation of tertiary ethyl amines with carbon disulfide,®
condensation of secondary amines with hydrogen cyanide
and hydrogen sulfide,’ addition of dichlorocarbene and
hydrogen sulfide to amines,'” reduction of isothiocya-
nates,!' conversion of formamides by phosphorus
pentasulfide! or Lawesson’s reagent,‘2 and direct thio-
nation of formamides by elemental sulfur.'?

After considering the methods available to generate thio-
formamides, the thioamidation of amines with O-ethyl
thioformate (1) was chosen for further examination
(Scheme 1). The acid-catalyzed synthesis of O-ethyl thio-
formate was first reported in 1963'* where the reagent was
synthesized, albeit in only 33% yield, from hydrogen sul-
fide and triethylorthoformate using catalytic sulfuric acid
in acetic acid. This methodology was later reported as a
preparative procedure, generating the desired reagent in
30-38% isolated yield."> Perchloric acid was subsequent-
ly identified by Stowell and coworkers as a more efficient
catalyst for the condensation of hydrogen sulfide with tri-
ethylorthoformate.® This allowed direct utilization of the
crude reagent for the thioformylation of various amines.

Synthesis of O-ethyl thioformate via the perchloric acid
catalyzed addition of hydrogen sulfide to triethylorthofor-
mate requires superstoichiometric amounts of hydrogen
sulfide gas and produces less than quantitative yields.'®
The use of excess hydrogen sulfide gas should be mini-
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mized due to its significant toxicity and flammability."”
Additionally, the use of perchloric acid is contraindicated
due to this reagent’s toxicity and ability to form explosive
salts.'® Because of these concerns, we were interested in
developing a method for the synthesis of O-ethyl thiofor-
mate that requires as little excess hydrogen sulfide as pos-
sible, utilizes a Brgnsted acid catalyst other than
perchloric acid, and is amenable to large-scale synthesis.
Herein, we wish to report a safe and high-yielding proce-
dure that meets these criteria for preparing O-ethyl thio-
formate. Furthermore, this reagent can be used to prepare
a variety of thioamides.
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Scheme 1 Thioformylation process

Table 1 Generation of O-Ethyl Thioformate Using Various
Brgnstead Acid Catalysts

S
H,S (2.1 bar)
HC(OEt
OFs = (5 mol%) HJ\OEt

4h 1

Entry Acid pK, Orthoformate  Assay yield
remaining (%)* (%)"

1 HCI -8 0 91
2 H,SO, -3.0 0 93
3 MeSO;H -2.6 0 90
4 H;PO, 2.1 50 31
5 AcOH 4.8 93 5

@ As determined by 'H NMR analysis of triethylorthoformate con-
sumption.
® As determined by 'H NMR.

In order to contain the hydrogen sulfide during the gener-
ation of O-ethyl thioformate the reaction was performed
in a pressure vessel. Initial experiments at 2.1 bar demon-
strated that the consumption of hydrogen sulfide could be
easily monitored and controlled.!” To avoid the use of per-
chloric acid, alternative Brgnsted acids were examined as
catalysts (Table 1). The performance of the catalyst corre-
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lated well with the pK, of the acid. While hydrochloric,
sulfuric, and methanesulfonic acids were competent cata-
lysts, sulfuric acid was chosen for this transformation.
Further development reduced the sulfuric acid charge to 1
mol%. Initially, small-scale preparations of O-ethyl thio-
formate required more than one equivalent of hydrogen
sulfide, but as the scale of the reaction increased, the
amount of H,S consumed approached unity. When the
synthesis of O-ethyl thioformate was performed on a pre-
parative scale (1.80 mol) in a pressure vessel, only 1.26
equivalents of H,S were required to fully consume trieth-
ylorthoformate.?® A yellow solution of O-ethyl thiofor-
mate in ethanol (40-46 wt%) was reproducibly
synthesized in 90% assay yield.

HC(OEt)3
(300 mL, 1.80 mol)

H,S (2.1 bar)
H>SO4 (1 mol%)

s
46 Wt% 1
H)]\OEt +2EOH - solution in ethanol
1
95% yield
NaHCOgaq) Wash 3369
— HoSO,4
— EtOH
j\ distillation j\
B — =
H” DOEt H” “OEt
1 1
93 wt% 97 wt%
84% yield 83% yield
146 g 1359

Scheme 2 Synthesis and isolation of O-ethyl thioformate

The ethanolic O-ethyl thioformate solution thus generated
could be further purified. Basic aqueous washes removed
the sulfuric acid and ethanol producing 93 wt% O-ethyl
thioformate in 84 % yield from the initial triethylorthofor-
mate charge. Distillation at atmospheric pressure further
purified O-ethyl thioformate, primarily by rejecting resid-
ual ethanol, yielding 97 wt% material in 83% overall yield
from triethylorthoformate.?' This procedure was demon-
strated on a preparative scale (1.80 mol, Scheme 2). The
isolated material is bench stable and can be easily stored
for later use.??

Having developed an efficient synthesis of O-ethyl thio-
formate, the thioformylation of amines was explored by
using either the crude reagent as an ethanol solution or the
purified thiolate in a variety of solvents. Thus, aniline was
thioformylated in 95% and 99% yield with either crude or
purified reagent, respectively (Table 2, entries 1 and 2).
Electron-rich anilines (entries 3, 6—8) were thioformylat-
ed with high efficiency. Electron-poor aromatic amines
also performed well (83-94% yield, entries 4, 5, 9, 10).
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The condensation reaction tolerated aliphatic amines (en-
tries 11-16), including benzylic, allylic, and sterically de-
manding systems, providing the thioamides in excellent
yields. Secondary amines were also thioformylated with
good efficiency, as demonstrated with diallylamine, mor-
pholine, and diphenylamine (entries 12, 16, 17).

2-Aminopyridine was thioformylated in excellent yield
under acid-catalyzed conditions (Table 2, entry 18), but
the thioformylation of 3-aminopyridine failed, producing
an intractable mixture using both thioformylation proto-
cols (entry 19). However, by using the purified reagent
under basic conditions, the thioformylation of 3-aminopy-
ridine proceeded in 81% yield (Equation 1).

Table 2 Thioformylation of Amines with O-Ethyl Thioformate

1 X ;

R
\,}‘H H” DOEt RL N)I\H
R2 H2SO4 (3 mol%) ||q2
2 3
Entry Amine Yield (%)
1 R=H 2a 95¢%
2 R 99b
soreowe » ] 5
4 R=F 2¢ NH, 942
5 R=CN 2d 83b
6 R =Me 2e 95
7 R =i-Pr 2f R 69
8 SO
9 R =Br 2g 844
10 NH, 83b
11 2h /©/\NH2 940
tBu
12 2i H 3P
/\/N\/\
13 2 j\/\ g2b
NH,
NH,
14 2k /©/\/ 73
HO
15 21

88P
NH,

16 2m ﬁNH 99°
~

(@)
17 2n  Ph,NH 88°
18 R=2NH, 20 X 98¢
19 R=3NH, 2p | i <5ub
N

* Thioformylation performed using crude ethanolic reagent.
® Thioformylation performed using isolated thiolate.

Downloaded by: The University of Hong Kong. Copyrighted material.



LETTER

Synthesis of O-Ethyl Thioformate 3141

NH, S H
| A J\ DBU (0.1 equiv) X N\”/H
+
~ H” Ot MeCN P
N 20 °C N
) . 18 h 3

] p

81% yield

<5% yield observed under acidic conditions

Equation 1 Base-catalyzed thioformylation

This methodology was further expanded to the synthesis
of thiazoles.?* For example, the condensation of ortho-
bromoaniline with O-ethyl thioformate produced the thio-
amide 3g that was amenable to cyclization to benzothia-
zole (4) in 96% assay yield using copper-catalyzed
conditions (Equation 2). By judicious application of this
chemistry, a wide variety of benzothiazoles could be ac-

cessed quickly.
Br
A S
X O
LR
96% assay

H
yield

Cul (10 mol%)
Ilgand (20 mol%

052C03 DME

3g 24 h

ligand = 1,10-phenanthroline

Equation 2 Copper-catalyzed benzothiazole formation

In summary, an efficient synthesis of O-ethyl thioformate
has been developed. This process allows safe generation
of the reagent on preparative scales (1.80 mol). The thio-
late can be used directly as an ethanolic solution or further
purified to a neat oil. This flexibility allows thioformyla-
tions to be performed under a variety of conditions, in-
creasing the utility of this simple reagent and allowing
access to a variety of substrates. We anticipate the appli-
cations of O-ethyl thioformate will increase as a result of
this simple, safe procedure for its preparation. Other ex-
amples of its utility will be reported in due course.

Procedure for the Preparation of Ethanolic O-Ethyl Thiofor-
mate (1)

Triethylorthoformate (300 mL, 1.80 mol) and H,SO, (98%, 0.96
mL, 0.018 mol) were charged to a pressure vessel and stirred under
an atmosphere of N,. The vessel was then pressurized to 2.1 bar
with H,S gas. Additional H,S was charged to the vessel as needed
to maintain the internal pressure at 1.7-2.1 bar. When no additional
H,S charges were required to maintain reaction pressure for 30 min
(3 h from initial H,S charge), the reactor was vented and purged
with a nitrogen sweep. (Note: All gases were vented through an
aqueous scrubber containing NaOH and NaOCl.) A yellow solution
was isolated (336 g) that contained 46 wt% O-ethyl thioformate
(95% yield).

Procedure for the Isolation of Neat O-Ethyl Thioformate (1)

The ethanolic solution of O-ethyl thioformate (336 g, 46 wt%), was
washed with combined sat. ag NaHCO; (100 mL) and sat. NaCl (50
mL) three times. The organic solution was then washed with sat. aq
NaCl (2 x 50 mL). The resulting yellow liquid (146 g) contained 93
wt% O-ethyl thioformate (84% yield from triethylorthoformate)
and was distilled at atmospheric pressure (1 bar) to yield O-ethyl

thioformate as a yellow oil (135 g, 97 wt%, 83% yield from trieth-
ylorthoformate; contains 3 wt% ethyl formate).

'H NMR (400 MHz, CDCL,): § =9.74 (s, 1 H), 4.59 (qd, J= 7.1, 1.1
Hz, 2 H), 1.44 (t, J=7.1 Hz, 3 H) ppm. 3C NMR (101 MHz,
CDCLy): & = 206.7, 66.3, 13.4 ppm. IR (neat): 2983, 1381, 1294,
1218, 1151, 1105, 1009, 981, 906, 810, 626 cm™'. HRMS (EI): m/z
caled for C;H,08 [M]: 90.0139; found: 90.0135. Bp 89-91 °C.

Representative Procedure for the Thioformylation of Amines
Using Ethanolic O-Ethyl Thioformate: Synthesis of N-Phenyl-
methanethioamide (3a)

To a crude ethanolic solution of O-ethyl thioformate (19.49 g, 40
wt%, 86.5 mmol), was added aniline (2.62 mL, 28.8 mmol) via sy-
ringe under an atmosphere of N,. The mixture was stirred at r.t.
(20 °C) for 24 h, after which the reaction was concentrated to a res-
idue. The resulting residue was recrystallized from EtOAc-heptane
to yield N-phenylmethanethioamide (3.75 g, 95%) as a yellow solid.
"H NMR (400 MHz, CDCl,): $=9.82 (d, J = 14.6 Hz, 1 H), 9.51 (br
s, 1 H),7.41 (t,J=7.8 Hz,2 H), 7.22-7.30 (m, 1 H), 7.16 (d, J = 8.0
Hz, 2 H) ppm. 3C NMR (101 MHz, CDCl,): § = 187.4, 138.5,
130.0, 126.3, 118.9, 117.5 ppm. IR (neat): 1692, 1600, 1560, 1496,
1481, 1449, 1354, 1330, 1317, 1263, 1244, 1217, 1180, 1059, 1011,
943, 924, 891, 744, 683, 598, 573, 503, 432 cm™'. ESI-HRMS: m/z
caled for C;HgNS [M + H]: 138.03720; found: 138.03666. Mp
136 °C.

Representative Procedure for the Thioformylation of Amines
Using Neat O-Ethyl Thioformate: Synthesis of N-(1-Adaman-
tyl)methanethioamide (31)

H,SO, (41 mg, 0.42 mmol, 96 wt%) was added to a mixture of 1-
adamantylamine (2.19 g, 14.0 mmol) and O-ethyl thioformate (3.79
g, 42.0 mmol) in MeCN (11 mL) under an atmosphere of N,. The
mixture was stirred at r.t. (20 °C) for 22 h, after which the reaction
was concentrated to a residue. The resulting residue was recrystal-
lized from toluene-heptane to yield N-(1-adamantyl)methanethio-
amide as a white solid (2.40 g, 88%). 'H NMR (400 MHz, CDCl,):
§=9.27(d,J=15.6 Hz, l H), 7.82 (brs, 1 H), 2.19 (brs, 3 H), 1.86
(d,J=2.5Hz, 6 H), 1.53-1.81 (m, 6 H) ppm. '3*C NMR (101 MHz,
CDCly): 6 = 186.4, 56.2, 42.9, 35.6, 29.1 ppm. IR (neat): 3144,
3059, 3004, 2903, 2850, 1568, 1449, 1384, 1330, 1306, 1262, 1130,
1090, 1043, 972, 947, 934, 815, 619, 455, 422 cm™'. ESI-HRMS:
m/z: caled for C;H;{NS [M + H]: 196.11545; found: 196.11450.
Mp 246 °C.

Supporting Information for this article is available online at
http://www .thieme-connect.com/ejournals/toc/synlett.
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