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A mild, high-yielding, and practical protocol for the direct amidation of alkyl cyanoacetates using DBU is presented. This method eliminates
the need for activation of cyanoacetic acid and/or high temperatures. It has been applied to the large-scale synthesis of CP-690,550-10 (1), a
compound under development for the treatment of autoimmune diseases.

The formation of amide bonds is one of the most common
reactionsin organic synthesis.* Generally, amides are formed
either by direct coupling of an amine with a carboxylic acid
that is activated in situ®> or in a two-step process involving
activation of the carboxylic acid followed by reaction of the
activated intermediate with an amine.* ® Although many
amidation strategies have been developed, none of these are
universally applicable across substrate classes. While inves-
tigating the synthesis of cyanoacetamides, we found that most
of the known amidation methods were not idea for our pur-
poses (vide infra). Our subsequent studies have resulted in an
effective protocol for the direct formation of cyanoacetamides
from commercialy available akyl cyanoacetates. This method
is mild and provides high yields with minimal waste.

The cyanoacetamide of particular interest to us, CP-
690,550-10 (1), is a potent immunosuppressant currently
under devel opment for the treatment of autoimmune diseases,
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such as rheumatoid arthritis and psoriasis, as well as the
prevention of transplant rejection.” The final bond-forming
step in the synthesis of 1istheinstallation of the cyanoacetyl
moiety to afford free base 2 (Figure 1). The amidation had

H

Figure 1. Structures of CP-690,550-10 (1) and the corresponding
free base (2).

previously been executed in two steps via activation of
cyanoacetic acid with pivaloyl chloride and subsequent
reaction with piperidine 3 in CH,Cl, (Scheme 1). This
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Scheme 1. Synthesis of 1 via Activation of Cyanoacetic Acid
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method provided 1 in 67% yield, which was adequate to meet
early clinical demands.®

As we moved toward a long-term synthetic solution for
the manufacture of 1, several factors were considered. (1)
A single-step process would be preferred over a two-step
activation—amidation sequence, both for process efficiency
and to avoid decomposition of the activated cyanoacetic
acid.® (2) Halogenated solvents should be avoided to reduce
environmental impact.'® (3) This is the fina step in the
synthesis of an active pharmaceutical ingredient, so mild
conditions are needed to limit the formation of byproducts.

One of the most efficient and atom-economical options
for the formation of an amide is the reaction of an amine
with asimple ester. Alkyl cyanoacetates have been converted
to simple cyanoacetamides in moderate to high yield under
solvent-free conditions, ™2 with microwave irradiation,™ or
a high temperatures.***> Amidation has also been ac-
complished using lithium amides derived from primary and
secondary amines at low temperatures.® However, none of
these protocols seemed attractive for the large-scale manu-
facture of 1.
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Figure 2. Profiles of the reaction between amine 3 and ethyl
cyanoacetate (4) in 5 mL of 1-BuOH per gram of 3 with 1.0 equiv
of various tertiary amines.

Scheme 2. Synthesis of 1 via Direct Amidation
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We envisioned that amine 3 could be converted to
cyanoacetamide 2by direct treatment with an alkyl cyanoac-
etate in the presence of added base. The reaction of 3 with
ethyl cyanoacetate (4) was examined at 55 °C with various
basesin 1-butanol.’ In this screen, 1,8-diazabicyclo[5.4.0]-
undec-7-ene (DBU) afforded 26% conversion after 30 min
while other bases provided only 1—6% conversion.*®° After
18 h at 55°C, al reactions showed some decomposition.
When the base screen was repeated at room temperature to
minimize decomposition, the DBU-promoted reaction was

Table 1. Reaction of Amines with Ethyl Cyanoacetate in the
Presence and Absence of DBU#
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All reactions were run at 20 °C unless otherwise specified. @ ty, is the
time required for the amidation to reach 50% conversion by HPLC or GC.
b | solated, purified yield. See the Supporting Information for full procedures.
© Reaction run at 40 °C. 9 64% conversion at 15 min. © 62% conversion at
10 min. F36% conversion at 360 min. 9 No product visible on GC traces.
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Figure 3. Comparison of reaction between 5 and various alkyl cyanoacetates (R = Me, Et, i-Pr, t-Bu) with and without DBU.

still much faster than those using other bases® and led to
high conversion (Figure 2).

After further refinement, this step was streamlined to effect
clean conversion of 3 to 2 within 12 h using only 0.5 equiv
of DBU at 40 °C.* The new process was used to successfully
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synthesize multikilogram quantities of 1 in 90% yield after
salt formation (Scheme 2).

In an effort to explore the generdity of this method, severa
primary and secondary amines were treated with 4 under
the above conditions (0.5 equiv of DBU, 2.0 equiv of ester)
on a 2—10 g scale (Table 1). For these reactions, 2-meth-
yltetrahydrofuran®® was used as the solvent in order to
simplify workup and product isolation.?® The addition of
DBU led to dramatic rate enhancement as evidenced by ty,
values and furnished the amides in high yield.

A series of alkyl cyanoacetates was treated with 4-ben-
zylpiperidine (5) in order to understand the effect of the alkyl
group on the reaction rate (Figure 3). In all cases, DBU was
found to accelerate the amide formation. The relative rates
of the reactions were dependent on the steric bulk of the
ester. As the size of the akyl group was increased, the
difference in rates between the catalyzed and uncatalyzed
reactions became more pronounced. In the extreme case of
the tert-butyl ester, the background reaction was almost

(21) DBU accelerates the reaction of amine 5 and ethyl cyanoacetate
(4) at lower loadings as well. The profiles for reactions run at 0.1-0.5
equiv of DBU are compared in the Supporting Information.
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(23) A solvent screen on the conversion of 3 to 2 indicated that the
DBU-promoted reaction worked well in most solvents slowing down only
in polar aprotic solvents (NMP, DMSO). See the Supporting Information
for further details.
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nonexistent and even the DBU reaction wastoo sow at 40 °C
to be synthetically useful.

The fact that catalytic DBU provides significant accelera-
tion compared to other amine bases (Figure 2) and t-BuOK*°
suggests that DBU is not simply acting as a base. While a
number of pathways may be postulated to explain the effect
of DBU, one of the most plausible is a nucleophilic (Lewis
base) catalysis mechanism, wherein DBU displaces the
alkoxy moiety and activates the carbonyl for attack by the
amine (Scheme 3).

Scheme 3. Proposed Catalytic Cycle
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While DBU has traditionally been considered a non-
nucleophilic base, there have been a few reports on its use
as anucleophilic catalyst in recent literature.?* For instance,
DBU was found to catalyze reactions of dimethyl carbonate
with carboxylic acids to form esters, and a nucleophilic
catalysis pathway was proposed to explain the results.®® In
this case, 4-dimethylaminopyridine (DMAP), a more com-
monly employed nucleophilic catalyst, was less effective at
accelerating the reaction than DBU. Aggarwal et al. have

(24) Zhang, W.; Shi, M. Org. Biomol. Chem. 2006, 4, 1671-1674.
(25) (a) Shieh, W. C.; Déll, S.; Repic, O. J. Org. Chem. 2002, 67, 2188—
2191. (b) Shieh, W. C.; Dell, S. J. US 6515167, 2003.
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shown that DBU accelerates the Baylis—Hillman reaction
relative to 1,4-diazabicyclo[2.2.2]octane (DABCO) and
DMAP.?® This behavior has been attributed to the higher
carbon basicity?” of DBU.?® Thus, the nucleophilic catalysis
pathway seems consistent with literature precedent and our
own observations.?®

In conclusion, we have developed a mild, high-yielding
protocol for the direct amidation of alkyl cyanoacetates using
DBU. These conditions obviate the need for preactivation
of cyanoacetic acid prior to the amidation, thereby eliminat-
ing the associated waste. The byproduct from this reaction
is a simple alcohol. Further work aimed at exploring the
scope and elucidating the mechanistic aspects of this reaction
is ongoing in our laboratory,* and the results will be com-
municated in due course.
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