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Despite the wide synthetic potential of diazo compounds
(X�H insertion, ylide formation, cyclopropanation, cycload-
dition etc.),[1] concerns over the hazards associated with
their preparation, isolation, and use have hindered their full
exploitation in both academic and industrial laboratories. A
few diazo compounds are commercially available (e.g. ethyl
and butyl diazoacetate, TMS-diazomethane and diazodime-
done),[2] but safe and convenient access to a wider range of
useful functionalized diazo species is still desirable.[3] Diazo
transfer can be used to access a-diazocarbonyls, but this
only partially addresses the safety concerns associated with
the diazo species, as the use of equally hazardous azide-
based diazo-transfer reagents is still required.[4] Ideally, it
would be beneficial if the diazo species could be generated
and consumed in situ so that handling of the hazardous
diazo compound is avoided altogether.

Recent work by Ley,[5] Jamison,[6] Kappe,[7] and
others[4,8–10] has shown that highly reactive diazo and azido
compounds can be used in lab-scale continuous-flow reac-
tors to achieve a number of very useful synthetic transfor-
mations, and indeed work from our own laboratory has
shown that ethyl diazoacetate can be used in-flow to access
b-keto esters.[11] We therefore wondered if it was possible to
actually generate a-diazocarbonyl compounds under flow
conditions and then use these materials directly in further
synthetic manipulations, thus minimizing exposure to any
potentially hazardous material. In effect, could we develop a
continuous-flow diazo generator and then demonstrate its
use to prepare a range of useful a-alkoxy (3 a–i) and a-
amino acid (4 a–i) derivatives through O�H and N�H inser-
tion (Scheme 1)?

At the outset we were aware that in order to provide an
acceptable solution to the problem, we needed to identify a
way to access the diazo compounds of interest (2 a–i) from

starting materials that showed an acceptable safety profile,
that is, the precursor molecules and reagents should be safer
to prepare and handle than the diazocarbonyl compounds
being produced. Of the methods available for the generation
of a-diazocarbonyl compounds, we were particularly attract-
ed to the Bamford–Stevens reaction as it uses readily acces-
sible arylsulfonylhydrazones (e.g., 1 a–i) as starting materials,
with the corresponding diazocarbonyls being generated
upon exposure to relatively weak base at moderate reaction
temperatures.[12–14]

Thermal stability studies (DSC and TGA) were conduct-
ed on the tosylhydrazone 1 b and its corresponding methyl
diazoester 2 b[15, 16] in order to determine if a safe window of
operation could be identified for the continuous-flow pro-
cess (see the Supporting Information). The results clearly
show that the rate of initial mass loss from diazoester 2 b
peaks at 125 8C, which corresponds to a significant exo-
therm. In comparison tosylhydrazone 1 b has a rate of mass
loss which peaks at 221 8C, indicating that it is substantially
more thermally stable.[15] We therefore concluded that there
would be significant safety benefits in adapting the Bam-
ford–Stevens reaction for use in-flow to produce diazoesters,
which in turn could be utilized immediately in subsequent
transformations without needing to be isolated or purified.
Reassured by these data, a wider range of arylsulfonylhydra-
zones 1 a–i was readily prepared from simple and inexpen-
sive starting materials[17–19] (Scheme 2).
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Scheme 1. Proposed flow process for diazoester synthesis. CFC =convec-
tion flow coil reactor, BPR=back-pressure regulator, oct=octanoate.
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Our initial efforts to develop an in-flow diazoester synthe-
sis focused upon studying the conversion of tosylhydrazone
1 a into the corresponding diazo compound 2 a under flow
conditions (Scheme 3). To this end, a solution of the tosylhy-
drazone 1 a (0.125 m in dichloromethane) was injected into
one of the sample loops of the R2+ unit of a Vapourtec

R2+ /R4 reactor. The other sample loop was loaded with a
solution of triethylamine (0.14 m in dichloromethane). The
valves of the loop were set to load and the reagents were
pumped through the system using CH2Cl2 as a system sol-
vent at a flow rate of 0.100 mL min�1 (per pump, total flow
rate of 0.200 mL min�1). The reagents were combined in a T-
piece before entering a 2 mL convection flow coil (CFC) re-
actor (inside diameter =1 mm, length=2.9 m; PFA[20]),
which was maintained at 80 8C (residence time (tr)=10 min)
by the R4 unit. The output from the CFC reactor was
passed through a scavenger column packed with Et3N pre-
treated silica gel (to remove the sulfinic acid byproduct). Fi-
nally a back pressure regulator (BPR, 250 psi) was added in
line after the Et3N/silica gel scavenger column and the
output was concentrated before being analyzed for conver-
sion into the desired diazo compound 2 a. 1H NMR and IR
spectroscopy[21] of the reaction mixture showed 100 % con-
version to the desired diazoester 2 a, and the product was
stable enough to allow purification by column chromatogra-
phy, which provided the desired diazoester 2 a in 98 % isolat-
ed yield.

The optimized reaction conditions were next applied to
the synthesis of a range of diazoesters 2 a–i, (Scheme 3). In
most cases complete conversion of the tosylhydrazone into
the desired diazoester was observed, but interestingly, the
tosylhydrazones 1 j and 1 k did not undergo complete con-
version to the corresponding diazoesters 2 h and 2 i, under
the original (T= 80 8C), or slightly modified (T= 99 8C), flow
conditions. However, the mesitylsulfonylhydrazone 1 h could
be completely converted into the desired diazoester 2 h if
the CFC reactor was heated to 99 8C. Further work showed
that use of the 2,4,6-triisopropylsulfonylhydrazone deriva-
tive 1 i was required in order to obtain complete conversion
into the desired diazoester 2 i (T=99 8C).

These observations are in complete accord with the previ-
ous work of Reese et al.[19] who reported that the rate of
base-mediated decomposition of arylsulfonylhydrazones into
the corresponding diazo compounds increases with increas-
ing steric bulk on the aryl portion (particularly of the ortho
substituents) of the arylsulfonylhydrazone. In general, the
flow conditions are tolerant of a useful range of a-substitu-
ents (e.g., aryl, alkyl, and trifluoromethyl), and a diverse
array of ester groups is also compatible with the conditions.
Gaining access to ethyl 3-trifluoro-2-diazopropionate (2 g) is
particularly satisfying, as this material is a versatile inter-
mediate from which to prepare a wide range of trifluoro-
methyl containing products. In most cases, the diazoesters
could be isolated and purified in high yield, but some of the
diazo compounds (i.e., 2 h and 2 i), appeared to be more sen-
sitive to purification and 2 g appeared to be somewhat vola-
tile (b.p. 110 8C[18]). As conversion of the hydrazones to the
corresponding diazoesters was universally good, we rea-
soned that the intermediate diazo species could be used di-
rectly in subsequent transformations without isolation or pu-
rification.

In principle, the diazoesters generated using this method-
ology could be utilized as versatile synthetic intermediates

Scheme 2. Preparation of arylsulfonylhydrazone precursors 1a–i. [a]
POCl3 was required to dehydrate the hemiaminal-type intermediate.[18]

[b] EtOH used as solvent instead of toluene at room temp.

Scheme 3. In-flow preparation of diazoesters 2 a–i. [a] Conversion as
judged by 1H NMR spectroscopy. [b] Isolated yield.

Chem. Eur. J. 2011, 17, 9586 – 9589 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 9587

COMMUNICATION

www.chemeurj.org


for the preparation of novel compound arrays. To assess the
application of our flow process to the synthesis of a-alkoxy
(3 a–i) and a-amino acid (4 a–i) acids, the diazoesters (2 a–i)
formed in-flow from the arylsulfonylhydrazones (1 a–i) were
used directly in a range of O�H or N�H insertion reactions
(Scheme 4). The O�H insertion reactions were performed

by flowing the intermediate diazoester into a reaction vessel
charged with [Rh2ACHTUNGTRENNUNG(oct)4] (oct= octanoate) in the presence of
the appropriate alcohol, or “wet” Et2O, to give the desired
O�H insertion products 3 a–i in excellent overall yield over
the two steps.[17, 22] In addition, N�H insertions also proceed-
ed in excellent yield using aniline, p-anisidine, tert-butyl car-
bamate, or benzyl carbamate to give a-amino acid deriva-
tives 4 a–i.[23] The high overall yields obtained for these con-
tinuous-flow diazoester formation-X-H insertion reactions
confirms that the intermediate diazoesters are formed effi-
ciently in-flow, and that purification of the diazoester is not
required. A very good illustration of this is provided in the
94 % overall yield obtained for the formation of 3 i from 1 g,
whereas the maximum yield obtained for the formation of
the purified diazoester intermediate 2 g is 77 %.

Having developed an efficient continuous-flow process for
diazoester formation and demonstrated their direct use in
X�H insertion reactions, we next explored the potential for

this procedure to be fully automated. To this end, a fraction
collector was connected to the output of the flow apparatus
and the Vapourtec flow commander software was employed
to control the reaction. The tosylhydrazone 1 a was selected
as an example, and the diazoester formation reaction was
performed using our optimized conditions. The steady-state
flow output was automatically divided into three separate
vials, each containing the reagents required for a subsequent
transformation (Scheme 5). Analysis of these reactions

showed complete consumption of the starting material tosyl-
hydrazone 1 a. In addition, comparison of the 1H NMR spec-
tra of each reaction mixture with a pure sample of the ap-
propriate product (3 a, 3 b and 4 a) indicated efficient
(>95 %) and selective conversion of the intermediate diazo-
ester 2 a into the desired products.[24] This automation study
shows the potential for this process to be employed in the
synthesis of arrays of carbene-derived products from stable
tosylhydrazone precursors (via the diazoester intermediates)
without the need to handle any hazardous diazo compounds.
If large quantities of any single a-alkoxy (3 a–i) or a-amino
acid (4 a–i) acid are required, although technically more
challenging, it could be potentially andvantageous to per-
form an in-flow OH or NH insertion quenching step. How-
ever, our studies in this area are not yet complete and the
results of that work will be reported in due course when the
full account of this study is published.

In conclusion, we have developed a highly efficient and
safe process for the synthesis of diazoesters under continu-
ous-flow conditions from stable precursors. In addition we
have shown that a two-step procedure can be employed in
which the in-flow generated diazoesters can be directly con-
verted into a range of different a-alkoxy (3 a–i) and a-amino
acid (4 a–i) derivatives in good to excellent yield without ex-

Scheme 4. In-flow diazoester formation and subsequent O�H and N�H
insertion reactions.

Scheme 5. Automated O�H and N�H insertion reactions.
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posure to the potentially hazardous diazo species. Further-
more, we have also shown the potential for automating this
procedure, which would further reduce the potential hazards
associated with the use of diazo compounds in both academ-
ic and industrial environments.
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