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Summary:

The reaction of di(2-pyridyl) carbonate with a variety of alcohols including hindered secondary,
tertiary and protected glycols afforded the corresponding mixed carbonate which was efficiently
transformed into various carbamates in high yield under mild conditions.

The alkoxycarbonylation of amines is an important reaction which is used frequently in the
synthesis of pharmacologically important organic molecules. In recent years, several
alkoxycarbonylation methods have appeared in the literature. However, the scope of existing
methodologies are limited by the need for specialized reagents, poor reactivity towards
sterically hindered alcohols and operational complexity due to use of highly toxic phosgene.
In connection with work aimed at synthesizing biologically active compounds for probing
enzyme active-sites, we required a general and synthetically reliable method for the
synthesis of various carbamate derivatives. In this letter, we describe the utility of di(2-
pyridyl) carbonate as an efficient, high-yielding and convenient alkoxycarbonylation reagent
for amines that overcomes many of the limitations of existing methodologies.

Di(2-pyridyl) carbonate (DPC) 1 was readily prepared from commercially available 2-
hydroxypyridine and triphosgene in methylene chloride in the presence of triethylamine. The
product was isolated by extractive workup with aqueous sodium bicarbonate followed by the
crystallization of the crude residue from ether and petroleum ether (mp=78°C, 81%). DPC is
quite stable and can be stored at room temperature for several months without any noticeable
decomposition.

(+)-Menthol 2 was reacted with 1.5 equiv. of DPC and 1.5 equiv. of triethylamine in
methylene chloride at 23°C for 12 h to provide the mixed carbonate 3 after work-up with
aqueous sodium bicarbonate solution. The carbonate 3 was fairly stable and was purified by
silica gel chromatography to obtain analytically pure 3. The identity of structure 3 was
confirmed by TH-NMR spectrum and mass spectral analysis. Reaction of mixed carbonate 3
with 1.2 equiv. of protected riboseamine 4 in methylene chloride afforded the corresponding
pure carbamate 6 after silica gel chromatography (81%). Furthermore, reaction of carbonate
3 with 1.2 equiv. of amine 5 under the same reaction conditions resulted in carbamate 7
(70%).

As evidenced in table I, these reaction conditions were shown to be suitable for functionally
diverse primary and secondary alcohols (entry 1-8). In the case of entry 9 and 10, the
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reaction of tertiary alcohol 17 with DPC in the presence of various amine bases afforded
only a low yield (<10%) of the desired mixed carbonate. However, treatment of 17 with
potassium hydride (1.5 equivalents at 0°C to 23°C for 1 h) and DPC (1.5 equivalents at 23°C
for 4 h) in dry tetrahydrofuran, followed by workup with saturated ammonium chloride
furnished the corresponding mixed carbonate. Reaction of the amines 4 and 5 (1.2
equivalents) with the mixed carbonate of 17 in methylene chloride provided the
corresponding carbamates 18 and 19 in good yield.

In conclusion, the results presented in this paper considerably extend the scope and utility of
di(2-pyridyl) carbonate in the synthesis of a variety of functionalized carbamates.
Application of this methodology in the synthesis of various biologically active carbamates is
currently under investigation. The following procedures are illustrative.

Preparation of Di(2-pyridyl) carbonate 1:

To a stirred solution of triphosgene (10 mmol, 3 g) and 2-hydroxypyridine (60 mmol, 5.7 g)
in CH,Cl, (500 ml) at 0°C was added EtzN (75 mmol, 10.5 ml) dropwise over 15 min. The
mixture was stirred at 23°C for 5 h and the solvent was evaporated under reduced pressure.
The residue was dissolved in EtOAc (500 ml), washed with sat’d NaHCO3 (300 ml), brine
(200 ml) and dried over Na;SO,4. Removal of the solvent and subsequent recrystallization of
the redidue from ether and petroleum ether afforded di(2-pyridyl) carbonate (5.2 g, 81%
yield) as a white solid: mp 76-78°C.

Preparation of Carbamate 6 (method A):

To a stirred solution of (+)-menthol 2 (1.0 mmol, 0.16 g) in CH,Cl, (5 ml) at 23°C were
added DPC (1.5 mmol, 0.32 g) and Et3N ( 1.5 mmol, 0.2 ml). The contents were stirred for
12 h and then diluted with CH,Cl, (25 ml). The mixture was washed with sat’d NaHCO3
(10 ml), brine (10 ml) and dried over Na,SOy4. The solvent was evaporated and the residue
was used directly for the next reaction.

The residue was dissolved in CH,Cl, (2 ml) and added to a stirred solution of amine 4 (1.2
mmol, 0.24 g) in CH,Cl, (5 ml). The mixture was stirred for 12 h and then diluted with
CH>Cl, (20 ml). The resulting mixture was washed with 10% aqueous citric acid (10 ml),
sat’d NaHCOs3 (10 ml) and dried over Na,SO,4. Removal of the solvent, followed by
chromatography over silica gel (25% EtOAc-hexanes) afforded carbamate 6 (0.28 g, 81%)
as a white solid: mp 68-70°C; IR (neat) 1702 cm™1; IH NMR (CDCl3) 6 5.2 (br s, 1H), 5.0
(s, 1H), 4.6 (m, 3H), 4.3 (t,1H, J=6.1 Hz), 3.35 (s, 3H), 3.31 (M, 2H,), 1.85-2.1 (m, 2H),
1.0-1.7 (m, 7H), 1.48 (s, 3H), 1.32 (s, 3H), 0.9 (d, 6H, J=7.0 Hz), 0.82 (d, 3H, J=6.9 Hz).

Preparation of Carbamate 19 (method B):

To a stirred suspension KH (1.2 mmol, 0.05 g, pre-washed) in THF (2 ml) at 0°C was added
a solution of alcohol 17 (0.83 mmol, 0.11 g) in THF (2 ml) dropwise over 5 min. The
mixture was stirred (0°C to 23°C) for 1 h and DPC (1.2 mmol, 0.27 g) was added. The
mixture was stirred for 4 h and the reaction was cautiously quenched with sat’d NH4CI
solution. The solvent was removed under reduced pressure, and the residue was diluted with
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sat’d NaHCO3 (5 ml) and extracted with EtOAc (2x10 ml). The combined extracts were
dried over Na,SO,4 and concentrated. The residue was then dissolved in CH,Cl5 (2 ml) and
added to a stirred solution of amine 5 (1.0 mmol, 0.14 g) in CH,ClI, (3 ml). After stirring for
12 h (23°C), the reaction mixture was worked-up and purified according to above procedure
to afford 19 (0.17 g, 68%) as a white solid: mp 76-78°C; IR (neat) 1695 cm™1; 1H NMR
(CDCl3) & 3.98 (s, 4H), 3.52 (t, 4H, J=5.8 Hz), 2.85 (m, 2H), 2.35-2.61 (m, 4H), 1.7 (m,
6H), 1.51 (s, 3H).
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Scheme 1.
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Table I:
Synthesis of carbamates with DPC?
Entry Alcohols Amines Carbamates Method Yields(%)b
1 E 4 A 81
: [ l g
o,
“OH
2 2 5 A 70

1, ‘
8 OSiH-

4 8 5 A 87
5. OH 4 " A 77

iPro” S+ 1ot 'i

1 d><°
6 11 5 iPro. ri A 83

? j
7 4 . A 81
ST

14

18

Tetrahedron Lett. Author manuscript; available in PMC 2019 March 06.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ghosh et al.

Entry Alcohols Amines Carbamates Method Yields(%)b
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All reactions were carried out under N2

ineId of pure products after silica gel chromatography (0.5-4.0 mmol scale)
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