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Introduction

The reaction between an arylsulfonyl azide and a
substrate containing an active methylene group is a
useful method for the preparation of a-diazo carbonyl
compounds.t These important intermediates are used in
a variety of chemical transformations such as 1,3-dipolar
cycloadditions and insertion reactions.? Unfortunately,
sulfonyl azides are potentially hazardous due to their
propensity for explosive decomposition under various
reaction conditions. Polymer-supported benzenesulfonyl
azide provides a diazo transfer reagent with improved
process safety characteristics and thus offers an excellent
reactant for laboratory use.

The utilization of polymer-supported reagents, both as
delivery and scavenging reagents, is growing in popular-
ity due to the simplicity of use, performance, and ease of
product isolation.® Although a stable polymer-supported
iodine azide has recently been reported for azido-iodina-
tion of alkenes,* there have been few reports describing
a polymer-supported sulfonyl azide for diazo transfer
reactions.> We reasoned that a polystyrene-supported
benzenesulfonyl azide could efficiently deliver a diazo
functional group to an activated methylene group with
the resulting polystyrene-bound benzenesulfonamide
byproduct being removed from the product by filtration
with little or no purification necessary. Herein, we report
the synthesis of polystyrene-supported benzenesulfonyl
azide 1 and its application in the preparation of o-diazo
ketones.
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alsolated by flash chromatography.® Isolated by RPLC.
N.R. = no reaction.!? Yields are not optimized. PS-SO,N3 = cross-
linked polystyrene (1% divinylbenzene) with benzenesulonyl azide
attached with a loading of 1.0—1.5 mmol/g. p-CBSA = 4-carboxy-
benzenesulfonyl azide.
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Results and Discussion

The polymer-supported benzenesulfonyl azide resin 1
(Scheme 1) is prepared in one step from commercially
available polymer-supported benzenesulfonyl chloride by
treatment with sodium azide at room temperature. To
compare the efficiency of reagent 1 versus a frequently
used solution-phase reagent, comparable diazo transfer
reactions were run in solution using 4-carboxybenzene-
sulfonyl azide (p-CBSA).® The results of diazo transfer,
using 1, with a variety of substrates, versus that of using
p-CBSA are presented in Table 1. Polystyrene-supported
benzenesulfonyl azide 1 offers the advantage of rapid
isolation of the a-diazo product with no aqueous workup
and in most cases no need for purification, after filtration
from the resin and removal of the solvent. Another
advantage of 1 is the comparable and often improved
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yields with shorter reaction times versus p-CBSA and
other reported reagents.” It has been noted, with reagents
such as p-CBSA and 4-acetamidobenzenesulfonyl azide,’
that the electron-withdrawing effect of the functional
group at the 4-position could possibly slow the rate of
diazo transfer. The fact that the benzenesulfonyl azide
of 1 is attached directly to the carbon backbone of the
polystyrene resin circumvents this problem and could
explain the shorter reaction times. Products listed in
Table 1 using 1 are obtained in a matter of a few hours
at room temperature, at which time the starting material
is consumed as evidenced by TLC. In most cases where
the yields are less than optimum a competing azo
coupling of the diazo product and the substrate is
observed.? Only in the reaction with diethyl and di-tert-
butyl malonate (entries 5 and 6) was starting material
recovered after 16 h.

Another advantage of 1 as a diazo transfer reagent is
that the polymer-supported benzenesulfonyl azide is
thermally stable and is not friction sensitive, providing
a reagent with improved safety characteristics over other
available reagents. Examination of the differential scan-
ning calorimetry (DSC) and thermogravimetric analysis
(TGA) trace of 1 reveals that decomposition occurs within
a normal range. The DSC trace shows an initiation
temperature of 130 °C with an onset temperature of
165.98 °C. The peak exotherm temperature reaches
192.72 °C with a heat of decomposition of 65.6 cal/g. The
maximum rate of energy released due to decomposition
is approximately 0.27 cal/sec/g. The results of BAM
Friction test® indicate that the limiting impact energy
for 1 is greater than 360 N. These observations and the
fact that the parent benzenesulfonyl azide is not observed
to be shock sensitive!? indicates a favorable safety profile
at low concentrations. Reagent 1 also compares favorably
to safety data reported on other arylsulfonyl azides.!!

Conclusions

In summary, we have detailed a new polystyrene-
supported benzenesulfonyl azide reagent 1. The advan-
tages of this polymer-supported reagent are multifold in
nature. First, it is simple to prepare from commercially
available materials in a single step. Second, it has
reactivity capabilities similar to its solution phase coun-
terpart. Third, it provides the advantage of product
isolation by resin filtration thus affording o-diazo car-
bonyl compounds in good to excellent yields without the
necessity of an aqueous workup. Finally, our data sug-
gests that polystyrene-supported benzenesulfonyl azide
1 is a relatively safe alternative to existing azide re-
agents. However, due to the toxicity and potentially
explosive nature of diazo alkanes proper caution should
be used when using this and any other azide reagents.
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Notes

Experimental Section

General Considerations. The solution-phase reactions were
performed in glassware under an inert atmosphere of dry
nitrogen and were magnetically stirred. All reagents, solvents,
and anhydrous solvents were used directly as obtained from
commercial sources. Radial preparative-layer chromotagraphy
(RPLC) was performed on a Chromatotron using coated glass
plates with 2 mm or 4 mm thickness of silica gel. Melting points
were taken on a capillary melting point apparatus and are
uncorrected. 'H and 3C NMR spectra were recorded at 300 and
75 MHz, respectively. The FTIR spectra of 1 was obtained using
a diamond anvil. Reactions using reagent 1 were performed in
a 5.0 mL disposable polypropylene/polyethylene syringe fitted
with a polyethylene frit (cut to size with a cork borer from linear
porous sheets, 70 um, 3.2 pore size). Disposal of azide containing
material was done in accordance with safe laboratory proce-
dures.’?

The polymer-supported benzenesulfonyl azide resin 1 was
prepared in one step from polymer-supported benzenesulfonyl
chloride!* (100—200 mesh, 1.5—2.0 mmol/g). Typically, 1.5 mmol
of resin was swollen in DMF and then treated with 3.0 mmol of
NaNg3 dissolved in H,O (1.0 mL) and diluted with DMF (7 mL).
After 16 h, the resin was washed with H,O (5 x 5 mL), DMF
(5 x 5mL), and finally with CH,CI; (3 x 5 mL) and dried under
vacuum at 40 °C. The loading of the resin 1 was determined to
be 1.0—1.5 mmol/g by combustion analysis between two different
batches. The resin was stored at room temperature and appears
to be stable at room temperature over an indefinite period of
time. FTIR of the resin showed a strong band for the N3 at 2130
cm™L.

General Procedure for Diazo Transfer Using Polysty-
rene-Supported Benzenesulfonyl Azide 1: 2-Diazo-1-
phenyl-butane-1,3-dione (Entry 3). Polystyrene benzene-
sulfonyl azide 1 (500 mg, 0.75 mmol) was placed in a 5.0 mL
disposable polypropylene/polyethylene syringe and swollen with
CHCls. A mixture of 1-benzoylacetone (81.0 mg, 0.5 mmol) and
EtsN (0.21 mL, 1.5 mmol) in CH,CI; (2.0 mL) was drawn into
the syringe containing the resin, placed on a LabQuake shaker,
and rotated at room temperature. The reaction progress was
monitored by TLC (1:1 Et,O/heptane). After 4 h, the supernatant
was collected, and the resin was washed with CH,CIl, (3 x 5
mL). The washes were combined with the supernatant and
concentrated to give a pale yellow solid that was reasonably pure
by NMR. For the purpose of complete characterization, the solid
was dissolved in a minimum volume of CH,Cl, and passed
through a short column of SiO; eluting with 3:1 heptane/EtO,.
Concentration of eluent provided an ivory solid (92.0 mg, 98%):
mp 60—61 °C; *H NMR (300 MHz, CDCl3) 6 7.60—7.40 (m, 5H),
2.51 (s, 3H); 3C NMR (75 MHz, CDCls) ¢ 191.0, 185.3, 137.7,
132.9, 129.2, 127.6, 29.3; IR (thin film) 3020, 2121, 1648 cm*.
Anal. Calcd for C10HgN202: C, 63.83; H, 4.28; N, 14.89. Found:
C, 63.94; H, 4.19; N, 15.00.

General Procedure for Diazo Transfer Using p-CBSA:
5-Diazo-2,2-dimethyl[1,3]dioxane-4,6-dione’ (Entry 2). To
a solution of 2,2-dimethyl-1,3-dioxane-4,6-dione (144 mg, 1.0
mmol) and EtzN (0.4 mL, 3.0 mmol) in CH,Cl; (10 mL) at room
temperature was added 4-carboxybenzenesulfonyl azide (p-
CBSA, 250 mg, 1.1 mmol). The reaction mixture was stirred at
room temperature and monitored by TLC (1:1 Et,O/heptane).
After 16 h, the reaction was diluted with CH.Cl,, washed
sequentially with H,O (2 x 10 mL), saturated aqueous NaHCO3;
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(2 x 10 mL), brine (2 x 10 mL), and dried (MgSO.). Filtration
and evaporation provided an orange oil (125 mg, 110%). Puri-
fication by RPLC (CHClI,) afforded a white solid (114 mg, 67%);
mp 92-93 °C; IR (thin film) 3020, 2168, 1724 cm™%; 'H NMR
(300 MHz, CDCl3) 6 1.80 (s, 6H); 3C NMR (75 MHz, CDCls) ¢
158.2, 107.3, 27.0. Anal. Calcd for CsHgNO4: C, 42.36; H, 3.55;
N, 16.47. Found: C, 42.24; H, 3.44; N, 16.50.
2-Diazo-3-oxobutyric acid ethyl ester” (entry 1): yellow
liquid (128 mg, 82%); IR (neat) 3021, 2986, 2142, 1716, 1654
cm~%; 'H NMR (300 MHz, CDCls3) 6 4.31 (q, 2H, J = 7.0 Hz),
2.48 (s, 3H), 1.34 (t, 3H, 3 = 7.0 Hz); 3C NMR (75 MHz, CDCl3)
0 190.4, 161.7, 61.6, 28.4, 14.5. Anal. Calcd for CgH12N203: C,
46.15; H, 5.16; N, 17.94. Found: C, 46.35; H, 5.12; N, 17.72.
10-Diazo-10H-anthracen-9-one!! (entry 4): yellow solid
(165 mg, 80%); mp 169 °C dec; IR (thin film) 3020, 2059, 1639
cm~1; IH NMR (300 MHz, CDCl3) ¢ 8.61 (m, 2H), 7.73 (m, 2H),
7.30—7.12 (m, 4H); 13C NMR (75 MHz, CDCL3) 6 180.2, 133.4,
129.9, 129.2, 128.6, 125.5, 120.9. Anal. Calcd for C14HgN,O: C,
76.35; H, 3.66; N, 12.72. Found: C, 76.21; H, 3.49; N, 12.60.
2-Diazomalonic acid diethyl ester (entry 5): yellow liquid
(140 mg, 77%); IR (neat) 3021, 2985, 2142, 1750, 1731, 1686
cm~1; 'H NMR (300 MHz, CDClg) ¢ 4.31 (q, 4H, J = 7.0 Hz),
1.32 (t, 6H, J = 7.0 Hz); 3C NMR (75 MHz, CDCl3) 6 161.3,
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61.8, 14.51. Anal. Calcd for C;H10N204: C, 45.16; H, 5.41; N,
15.05. Found: C, 45.21; H, 5.34; N, 15.32.

2-Diazo-3-oxobutyric acid tert-butyl ester! (entry 7):
yellow liquid (142 mg, 76%); IR (neat) 3020, 2139, 1708, 1650
cm~L IH NMR (300 MHz, CDCls) 6 2.46 (s, 3H), 1.53 (s, 9H);
13C NMR (75 MHz, CDCl3) 6 191.1, 161.3, 82.7, 28.1. Anal. Calcd
for CgH12N,03: C, 52.17; H, 6.57; N, 15.21. Found: C, 52.30; H,
6.45; N, 15.28.
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