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Protection of poorly nucleophilic pyrroles
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Abstract—A method for the introduction of carbamate protecting groups on the ring nitrogen of electron-deficient pyrroles has been
developed using the commercially available chloroformates and stoichiometric tetrabutylammonium iodide. The method is pos-
tulated to generate the more reactive iodoformates in situ to facilitate these protection reactions.
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During the course of studies on the regioselective cou-
pling of polyhalogenated pyrroles, we were interested in
determining what effect the pyrrole nitrogen protecting
group would have on the coupling reaction.! In partic-
ular, initial studies had focused on simple alkyl
protecting groups (MEM, BOM, ethyl), but electron-
withdrawing protecting groups were also of interest. To
that end, aldehyde 1 and ester 2 were targeted (Fig. 1).

The first approach was to protect the pyrrole nitrogen of
pyrrole-2-carboxaldehyde or ethyl pyrrole-2-carboxylate
as a methyl carbamate or toluenesulfonyl group, fol-
lowed by halogenation. While the protection proceeded
cleanly, halogenation proved to be impossible. Mild
conditions such as NBS in DMF afforded only recov-
ered starting material, while more forcing conditions led
to either decomposition or, more often, loss of the
protecting group.? As a result, it appeared that a more
reasonable option would be to halogenate the pyrrole
first and then protect the nitrogen.
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Figure 1. Protected pyrrole targets.
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The halogenation to produce aldehyde 3 and ester 4
proceeded cleanly under standard pyrrole bromination
conditions (2equiv of NBS in DMF). Much to our
surprise, attempts to install carbamate protecting groups
(methyl or tert-butyl) all failed under the conventional
conditions reported from simple pyrroles, including
potassium carbonate in DMF (for the methyl carba-
mate) and stoichiometric DMAP in acetonitrile at room
temperature or at 60 °C with Boc anhydride (for the rerz-
butyl carbamate).> The source of this problem was not
clear at first. Although steric hindrance could play a
role, 5-substituted pyrrole esters have been protected
before under relatively normal conditions.* At the same
time, the vast majority of these reactions have been
performed on pyrrole esters with smaller groups at C5
(such as a methyl group).

A second possibility was that the electron-withdrawing
effect of the halogens resulted in the poor reactivity of
the pyrrole nitrogen. In this case, it must be due to the
influence of the bromides at C5 or at C4 and C5, since it
is known that ethyl 4-bromopyrrole-2-carboxylate can
be protected with a Boc group under the standard
conditions used for the protection of pyrroles.’

By chance, it was discovered that protection of pyrrole 4
with methyl chloroformate could be accomplished if a
large excess (20 equiv) of the chloroformate and the base
(potassium carbonate) were used (Scheme 1). Still, this
procedure afforded the protected product 2 in somewhat
variable yields (54-73%), along with recovered starting
material. Further, even the use of a large excess of the
chloroformate failed completely in the protection of
aldehyde 3.
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Scheme 1. Protection of pyrrole ester 4.

In examining alternative methods for protecting the
pyrrole nitrogen, it was noted that the conditions we had
used earlier to install alkyl protecting groups on the
pyrrole nitrogen all employed tetrabutylammonium
iodide (TBAI). Without this additive, the reactions
never went to completion. Since these reaction condi-
tions are known to generate the corresponding alkyl
iodides in situ, it was reasoned that a similar approach
might work in the chloroformate reactions. To that end,
the reaction of 3 with 5 equiv of methyl chloroformate in
the presence of 1equiv of tetrabutylammonium iodide
and Sequiv of potassium carbonate was undertaken
(Table 1, entry 1).° Gratifyingly these conditions affor-
ded the desired product 1 in 73% isolated yield.”

Although the original hypothesis was that the presence
of tetrabutylammonium iodide would generate the more
reactive iodoformate in situ® there was another possi-
bility to consider—that the tetrabutylammonium iodide
was simply acting as a phase-transfer catalyst to solu-
bilize the carbonate base in DMF.? To differentiate be-
tween these two options, the reaction of 3 under the
same set of reaction conditions, but using tetrabutyl-
ammonium chloride instead of iodide was performed
(Table 1, entry 2). After the same reaction time (9 h), the
reaction had not quite proceeded to completion,
affording 57% of the desired product and 26% of the
starting material. As a result, it appears unlikely that a
simple phase-transfer argument is the sole reason for the
improved reactivity under these conditions, although it
may play a role.

Another piece of evidence supporting a direct role of the
TBALI in the reaction was the observation that a full
equivalent was required in order to effect complete
conversion to the desired product. Attempts to use
0.5equiv of TBAI afforded the product in 40% yield,
with the remainder of the material being recovered
starting material.

To examine the scope of these conditions, a few similarly
hindered and electron-deficient pyrroles were subjected
to the same reaction conditions (Table 1, entries 3-10).”
As can be seen, pyrrole esters were also cleanly protected
as carbamates under the TBAI conditions. Indeed, even
tribromoesters were readily protected (entry 4).

In the course of these studies, it became clear that the
difficulty in protecting pyrroles such as 3 and 4 stems
more from an electronic/nucleophilic reason than a
steric one. For example, for both monobromide esters in
entries 5-8, the compounds could be protected with
almost equal efficiency with or without added TBAI

Table 1. TBAI-promoted protection of pyrrole esters and aldehydes
with methyl chloroformate

Yield (%)

H
| Brew '\, CHO 73
2 V 57

Entry* Substrate

Br
H
Brew '\, CO,Et
Br
H
Brew '\, CO,E!
4 M 63
Br Br

H
5 Br N CO,Et 62
; Aa o
H
Bre_ '\ CO,E
7 V 89
8 740

p-MeOPh
N

p-MeOPh CO,Et

9 M 91
Br Br
N
CO,Et

10 S\_[ 86

Br Br

#Reaction conditions: 5equiv methyl chloroformate, 5equiv K,COs,
1 equiv TBAI in DMF for 8 h.

®Isolated yield.

“Reaction using Buy;NCI instead of TBAI. Starting material (26%)
recovered.

4 Reaction in the absence of TBAL

¢Reaction in the absence of TBAI Starting material (8%) recovered.

(compare entries 5 and 6, 7 and 8). On the other hand, in
any of the other cases, in which two or more bromides
were present, the reactions in the absence of TBAI either
failed entirely or afforded only modest conversion to the
protected products, even after 24h. This difference
between steric and electronic effects is particularly
noteworthy in entry 10. This 3,4-dibromopyrrole ester
completely lacks any steric hindrance at the C5 position,
but fails to afford any of the protected product in the
absence of TBAI. As a result, it appears clear that the
challenge in protecting these highly halogenated pyrrole
esters and aldehydes is more of an electronic effect (poor
nucleophilicity) than a steric effect.

The TBAI conditions also worked with other chloro-
formates, such as benzyl chloroformate to install the
synthetically appealing CBz group (Scheme 2).” The
even less reactive Boc anhydride was also employed
under these conditions. Although the reaction did not
proceed to completion under the present reaction con-
ditions, it did afford 33% of the Boc protected pyrrole
along with 20% of starting material. Curiously, these
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Scheme 2. Installation of other protecting groups on aldehyde 3 using
TBAL

same conditions were ineffective with tosyl chloride.
Nevertheless, a wide range of carbamates can now be
readily prepared from these hindered and electron-defi-
cient pyrroles.

In conclusion, we have developed conditions that are
effective for the preparation of carbamates from poorly
nucleophilic pyrroles. These conditions are expected to
be effective for other poorly nucleophilic nitrogens, such
as those found in amides or certain other nitrogen het-
erocycles.
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