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The benzodiazepine scaffold can be found in many marketed 
drugs, such as Valium and Klonopin (Figure 1). Import antly, 
benzodiazepines are finding resurgence in medicinal chem
istry with new indications such as anticancer therapeutics. As 
part of a Merck drug development program, Dr. Patrick Fier 
and Dr. Aaron Whittaker from Merck & Co. (Rahway, USA) 
were tasked with developing an efficient synthesis of a benzo
diazepinebased molecule. 

However, known approaches involve multistep sequences 
and lead to racemization of the stereocenter at the alpha po
sition. Dr. Fier said: “We considered that a more direct me
thod to access benzodiazepines could be realized by employ
ing Ncarboxyanhydrides (NCAs) as the amino acid coupling 
partner. It was proposed that oketoanilines could react with 
an NCA first as a nucleophile and then, upon loss of carbon 
di oxide, a βamino amide intermediate would be generated 
which would then be suited to condense with the carbonyl 
group (Scheme 1). This proposed reaction sequence was ap
pealing since it would generate water and CO2 as the only 
stoichiometric byproducts.”

Dr. Fier continued: “We were pleased to find that the N
carboxyanhydrides used for this study were readily prepared 
as crystalline compounds in a single step from unprotected 
amino acids and COX2 reagents, such as triphosgene. None of 
the NCAs used in this study required purification, as the pure 
compounds precipitated from solution during their prepara
tion.” 

The authors investigated the reactivity between 2amino
benzophenone and an NCA derived from phenylalanine. 

However, it was quickly realized that simply heating an equi
molar amount of the two reagents led to oligomerization of 
the NCA. “This side reaction was not surprising since (i) the 
electrophilicity of the ketone is lower than that of the anhyd
ride carbonyl of the NCA, (ii) the nucleophilicity of the prima
ry amine generated upon NCA opening is greater than that of 
the aniline, and (iii) the formation of sevenmembered rings is 
slow,” explained Dr. Fier. He continued: “To suppress this oli
gomerization pathway we decided to perform the reaction in 
two stages under different pH regimes. The Nacylation step 
would proceed under acidic conditions such that the liberat
ed primary amino group would exist as the ammonium salt, 
suppressing further reactions with the NCA, while the less ba
sic aniline would exist largely as the free base and be suitably 
reactive toward the NCA. After complete consumption of the 
NCA, the intramolecular condensation step would occur by 
buffering the reaction medium to permit the primary amino 
group to react with the carbonyl group.”

The authors of this study knew that high conversion of 
the NCA in the Nacylation stage would be required prior to 
buffer ing the solution for the condensation stage. With these 
considerations in mind, a survey of different acids, stoichio
metry, solvents, concentrations, and bases was conducted. 
The most general and mild conditions were identified as 1.0 
equivalent of oketoaniline, 1.2 equivalents of NCA, 2.0 equi
valents of CF3CO2H, in toluene (0.2 M), at 60 °C for 30 minutes. 
“With high conversion of the NCA, the cyclization step seemed 
inevit able, but the identity and the stoichiometry of the base 
were critical,” said Dr. Fier. “Because of the low rate of forma
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tion of sevenmembered rings, we had to identify conditions 
that did not lead to racemization of the stereocenter of the 
βamino amide intermediates. We eventually settled on 2.0 
equivalents of Et3N followed by heating to 80 °C for 30 mi n
utes.”

“We were pleased with the scope of this new reaction 
sequence,” remarked Dr. Whittaker. “Acetophenone and 
benzophenonederived substrates worked equally well, and 
the conditions were tolerant of aryl halides, nitriles, esters, 
orthosubstituents, and various heterocycles. Substrates with 
electrondonating or withdrawing groups reacted in good 
yields, and Ncarboxyanhydrides derived from glycine, benzyl 
aspartic acid, Omethyl serine, valine and tertleucine, reacted 
in good yields.”

To explore the robustness of their method towards gener
ating highly enantioenriched benzodiazepines, the Merck 
pair selected a few substrates deemed most likely to racemize 
under standard coupling conditions. Every substrate tested 
gave excellent stereoretention (≥99%) including compounds 
containing a strongly electronwithdrawing paraCN, benzyl, 

methoxymethyl, indolyl, or carboxyl groups (Scheme 2). 
Even a phenylglycinederived NCA, which is highly suscept
ible to racemization, gave 99% ee. The phenylglycine substrate 
was found to slowly racemize (94% ee after 2 h at 80 °C) upon 
standing in a solution buffered by Et3N; therefore, the more 
hindered base DIPEA was selected.

“Our newly developed method was used to target a com
mon intermediate en route to a bromodomain and extra
terminal (BET) bromodomain inhibitor under development 
for anticancer applications,” explained Dr. Whittaker, adding: 
“The reported routes to this compound rely on a threestep  
sequence from Nprotected aspartic acid derivatives. The 
highest yielding route reported occurs in only 61% yield over 
three steps and provides the product in 90% ee from an enan
tiopure aspartic acid building block (Scheme 3).”

“By employing the method we developed with an aspartic 
acid derived NCA, the targeted molecule was formed in just 
one hour in 85% yield and >99% ee on a 5 g scale, and was iso
l ated without chromatography,” said Dr. Fier.
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Dr. Fier concluded: “We believe that NCA reagents are 
underutilized in synthesis, and our future work will further 
explore the utility of these reagents. We also anticipate that 
this method will be rapidly adopted due to the simplicity of 

the procedure, wide availability of the reagents, and the value 
of the products in drug discovery and development.” 

Scheme 3

Scheme 2
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