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The design and synthesis of a new diazotransfer reagent, imidazole-1-sulfonyl azide hydrochloride, are reported. This reagent has proven to
equal triflyl azide in its ability to act as a “diazo donor” in the conversion of both primary amines into azides and activated methylene
substrates into diazo compounds. Crucially, this reagent can be prepared in a one-pot reaction on a large scale from inexpensive materials,
is shelf-stable, and is conveniently crystalline.

In recent times, organic azides have experienced somethindi | N

of a renaissance, owing, in no small part, to the immense Scheme 1. Useful Reactions of Organic Azides
popularity of the Clicatalyzed reaction between azides and
terminal alkynes (Scheme 1A)ndeed, Sharpless and Fokin, i .
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of modern organic chemists to embrace the azide moiety as i RS
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azidophobia™ Fueled by the findings of this same publica-
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tion, one could argue the chemistry community presently _ RsP NePB _

experiences quite the opposite condition—“azidophilia”. Rl > RONPR, = R
The utility of the azide moiety is not limited to the l \

synthesis of 1,2,3-triazoles. It also provides great service as

a latent amino group. As a protecting group, azides circum- R-NHCO,R" R-NHCOR"

vent many of the problems encountered with amides and
carbamates, as well as providing the option of a mild
reduction, via a Staudinger phosphazene, to give a primary
amine? amide? or carbamate (Scheme 1B).

Indeed, such is the reliability of the Huisgen and Staudinger
reactions that they have found application in the study of
biological systems, as exemplified by the work of Wéng
and Bertozzf.
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Most commonly, an azide group is introduced into a to act as a diazotransfer reagent but might also be less costly
molecule by the formation of a-€N bond, usually by the  to prepare, more stable (hopefully crystalline), and produce
nucleophilic displacement of a nucleofuge by an azide ion. more easily removed byproducts.

Although largely successful, this approach can, in some The synthesis of was easily accomplished by the addition
systems, lead to the formation of elimination products or of two mole equivalents of imidazole to chlorosulfonyl azide,
products with incorrect stereochemical configuration. preformed in situ by the reaction of equimolar quantities of

In contrast to the former approach is the diazotransfer sodium azide and sulfuryl chloride in acetonitdfeSubse-
reaction. This process utilizes trifluoromethanesulfonyl azide quent aqueous workup and flash chromatography afforded
(TfN3) as a “diazo donor” in the Clucatalyzed conversion 1 as a colorless liquid in good yield (72%) (Scheme 3).

of an existing primary amine into an azide (Schemé e
| Scheme 3. Synthesis oft. and 1-HCI

Scheme 2. TfNj3 in the Diazotransfer Reaction
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elegance of this process lies in its mild reaction conditions, fiiy HCI, EtOH

high yields, and, crucially, the preservation of any pre-
existing stereochemistry.
However, this process is not without its problems. The To assess the ability of to behave as a diazo donor,
explosive nature of neat Tg\and its relatively poor shelf  p-glucosamine hydrochloride was treated wlithnder typical
life necessitate its preparation in solution prior to fise. diazotransfer conditions to give, following acetylation, the
Furthermore, inconsistent yields in the preparation ofsTfN azide (1,3,4,6-tetr®-acetyl-2-azido-2-deoxyp-glucose) in
mean that the solution must either be standardized or usedgood vyield (entry 1, Table 1).
in a liberal excess. The removal of trifluoromethanesulfona-  This result, a boon though it was, failed to satisfy us in
mide from polar products has in the past also required one respect: to deliver a crystalline diazotransfer reagent,
specialized workup procedur&sPerhaps most significantly, ~ desired for reasons of stability, ease of purification, and
the expense of trifluoromethanesulfonic anhydride, used in convenience of measure. Fortuitously, the hydrochloride of
the preparation of Tl prohibits the deployment of this 1 proved to be a colorless crystalline solid that, not sur-
reaction on a large scale. To circumvent these problems andprisingly, gave the same reaction with-glucosamine
establish the diazotransfer reaction as a commonplace anchydrochloride as observed far(entry 1, Table 1). Modifica-
industrially useful synthetic transformation, a cheap, robust, tion of the synthesis of permitted the one-pot preparation
and safe alternative to T#Ns required. of 1-HCI on a large scale, without the need for chromatog-
The challenge in designing such an alternative lies in find- raphy, in good yield and high purity (Scheme 3).
ing an electron-withdrawing group capable of replacing the  Impact tests, vigorous grinding, and prolonged heating (at
trifluoromethanesulfonyl moiety. Simple arylsulfonyl azides 80 °C) of 1-HCI failed to invoke any explosive reaction.
have, in the past, proven to be inadequatand although  Heating1-HCI above its melting point resulted in the slow
other fluoroalkylsulfonyl groups are available, they would evolution of gas, presumably dinitrogen, to give a yellow
do little to address the aforementioned shortcomings o TfN liquid, most likely the corresponding diazene. Differential
Hanessian and Vatéle first demonstrated the imidazole- scanning calorimetry revealed this to be an exothermic
1-sulfonate (imidazylate) group’s capacity as an excellent process (Figure 1). Further strong heatird 60 °C) of the
nucleofuge!? Imidazylates exhibit very similar reactivity to
trifluoromethanesulfonates but often enjoy a longer shelf life, _
are a great deal less expensive to prepare, and produce a
hydrolytically labile counteriod? We envisaged that imi-
dazole-1-sulfonyl azidd would mimic TfNs in its ability
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Table 1. Synthesis of Azides from Primary Amines Utilizirigand 1-HCI?2
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1 H&\ AC&H 2012 92094
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a In a typical experiment]l-HCI (1.2 mmol) was added to a stirred suspension of the amine or its hydrochloride (1.0 mmol), potassium carbonate (2.0
mmol), and copper(ll) sulfate pentahydrate (&@iol, 1 mol %) in methanol (5 mL). Upon completion of the reaction (TLC), the mixture was concentrated.
For non-carbohydrate substrates (entried3), a workup and flash chromatography furnished the corresponding azide. For carbohydrate substrates (entries
1 and 2), acetic anhydride (8 mmol) was added to the residue in pyridine (5 mL). Upon completion of the reaction (TLC), the mixture was concentrated; a
workup and flash chromatography then furnished the corresponding peracetylated taFhieseaction was performed independently witand1-HCI to
give indentical results. For the comparable reaction with T§Nwhere such a value is availabfeThe product is volatile, resulting in reduced yiel@Fhis
literature value was obtained using 15 mol % of'@atalyst as opposed to the 1 mol % used here.

residue resulted in violent decomposition. We thus advocate possible, yields and reaction times compared favorably to
the use ofl-HCI at temperatures well below its decomposi- those obtained in the literature with Tfi:14~6The results
tion point, preferably at room temperature, in line with presented in Table 1 clearly demonstrate the reliability of
accepted experimental procedures employingsTfN 1-HCI to perform the diazotransfer reaction in good to
Various amines were converted into the corresponding excellent yield and reasonable reaction time, with good
azides by the action d-HCI (Table 1). In general and where
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functional group tolerance and a propensity to react eveninsertion reactions (where X is C, O, N, S, P, or Si), and
with electron-deficient amines. ylide preparatiort®
Although CU salts have emerged as the catalysts of choice  Preliminary investigations into the use dfHCI in the
for the diazotransfer reaction with T§Nthe reaction is also  preparation of diazo compounds were conducted, the results
catalyzed by Ni and Zr' salts® Qualitative experiments  of which are presented in Table 2. It should be noted that
conducted om-glucosamine hydrochloride indicated that the the volatile nature of the products resulted in only moderate
diazotransfer reaction utilizing-HClI is catalyzed by Cly yields, not truly representative of the reaction’s efficacy.
Ni", Zn'", and Cd salts (1 mol % of MCJ-nH,0). In conclusion, an inexpensive, shelf-stable, and efficient
As a diazo donor, Tfj\ has also been used in the alternative to TfN in the diazotransfer reaction has been
preparation of various diazo compounds from substratesdesigned and prepared in a simple one-pot procedure. The
containing activated methylene group®iazo compounds  utility of this new reagent, imidazole-1-sulfonyl azide

of amines into the corresponding azides, with excellent

_ results, has been demonstrated. Further, the preparation of
several diazo compounds usirigHCI has been accom-

Table 2. Synthesis of Some Diazo Compounds Utilizing plished.
1-HCla
N .
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R time (h) yield [1it.]> (%)
CO.Et 16 65 [56]17 Supporting Information Available: All experimental
C(O)Me 16 59 procedures and characterization data for compounds. This
CN 9 61 [79]V7 material is available free of charge via the Internet at
SO2Ph 48 - http://pubs.acs.org.
P(O)(OEt): 48 —
OL701581G

a |n a typical experiment, the substrate (1.0 mmat}Cl (1.2 mmol),
and a non-nucleophilic base (5.0 mmol) (pyridine or potassium carbonate)
were stirred in acetonitrile. Upon completion of the reaction (TLC), the (17) Wurz, R. P.; Lin, W.; Charette, A. Bletrahedron Lett2003,44,
mixture was concentrated, and a workup and flash chromatography furnishedgg45—8848.
the diazo compound.For the comparable reaction with T{Nwhere such (18) Doyle, M. P.; McKervey, M. A.; Ye, TModern Catalytic Methods
a value is available’ No reaction was observed (TLC and NMR). for Organic Synthesis with Diazo Compounds: From Cyclopropanes to
Ylides; John Wiley & Sons: New York, 1998.
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