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Abstract—The Staudinger reaction has been adapted for parallel synthesis by the application of fluorous-tethered triphenyl
phosphine. The fluorous-tethered triphenylphosphine is expediently removed in parallel by FluoroFlash™ SPE columns to afford
functionalized amines in high yields and purities. © 2002 Elsevier Science Ltd. All rights reserved.

During the course of our efforts to develop novel
methods for solution-phase parallel synthesis, the need
arose for a general protocol for the reduction of func-
tionalized azides to the corresponding amines in high
yields and purities. After surveying the literature, our
laboratory was attracted to the operational simplicity
of the Staudinger reaction (Scheme 1).! Developed in
1919 by Staudinger and Meyer, the reaction involves
the treatment of azide 1 with triphenylphosphine 2 to
produce phosphoazide 3 that rapidly extrudes nitrogen
to deliver iminophosphorane 5. While iminophospho-
ranes are powerful synthetic intermediates for aza-Wit-
tig reactions, they can also be hydrolyzed to the amine
6 and triphenylphosphine oxide 7 by the addition of
water.

The development of the Staudinger reaction into a high
yielding protocol for solution-phase parallel synthesis
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that provided products of high purity necessitated the
avoidance of traditional triphenylphosphine, 2.2 As
much of our work relies on resin-bound reagents and
scavengers, our attention next focused on resin-bound
triphenylphosphine 8. In the pilot reactions, we exam-
ined two versions of 8 with either a cross-linked
polystyrene-based resin or a cross-linked NovaGel™
resin.® From the recent work of Charette on
Staudinger/aza-Wittig reactions, we anticipated that the
formation and hydrolysis of a resin-bound 5 on conven-
tional cross-linked resins might be slow.* In the event
(Scheme 2), 4-azidobenzoic acid 9 was dissolved in
THF and resin-bound PPh, 8 was added. After 36 h at
room temperature, water was added and the reactions
were warmed to 60°C for an additional 36 h. Following
standard work-up protocols and analysis, the desired
amine, 10, was obtained. However, the results proved
to be disappointing. Polystyrene-based 8 afforded only
26% conversion to 10 with ~86% purity while the
NovaGel™ resin provided a marginally better conver-
sion to 10 of 60% with similar purity.’

Building on our recent success with fluorous-tethered
scavenger reagents,® we next examined the utility of
employing a fluorous-tethered PPh; congener 11 in
combination with FluoroFlash™ SPE as a general pro-
tocol for the Staudinger reaction.” In this instance
(Scheme 2), 9 is dissolved in THF and 11 was added
neat. Within seconds, gas evolution occurred as nitro-
gen was extruded. After 1 h, water was added, and the
reaction warmed to 60°C for 3 h. Following standard
FluoroFlash™ SPE, 10 was obtained in 93% yield and
>98% purity.® Significantly, the reaction sequence was
remarkably fast, requiring only 4 h total reaction time.
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Scheme 2.

Compared to >72 h total reaction time required for
resin-bound reagents, the homogeneous, fluorous-teth-
ered reaction system provides solution-phase kinetics
akin to those observed with traditional 2.!

The rapid rate of reduction led us to examine the
reaction more closely. Fifteen minutes after the treat-
ment of 9 with 11, LCMS analysis indicated the disap-
pearance of both 9 and 11 and the formation of a single
intermediate.® The identity of this observed intermedi-
ate was confirmed as 12, the fluorous-tethered
iminophosphorane analog of 5, by *'P NMR studies
(Fig. 1).19 In an NMR tube, 11 was dissolved in THF-
ds to afford a single resonance at —3.3 ppm. Following
the addition of 1 equiv. of 9, the signal at —3.3 ppm
steadily decreased over the following 15 min as a new
peak at 4.2 ppm grew in intensity. At the 15 min time
point, the major resonance was that at 4.2 ppm indica-
tive of the formation of 12.* After the addition of 3
equiv. of water to the NMR tube, a new signal at 30.7
ppm resulted, corresponding to the oxide of 11. Since
the reaction is entirely in the solution phase, the con-
version to 12 can be easily monitored by TLC, LCMS
and/or NMR. This is in sharp contrast to the difficulty
of monitoring reactions and identifying intermediates in
reaction systems that involve resin-bound entities
wherein special instruments and techniques must be
employed.

However, one must exercise caution when selecting the
degree of fluorine substitution on the tethered
triphenylphosphine. As additional fluorous chains are
appended to the other phenyl rings of 11 generating 13
and 14, the rate of reaction diminishes dramatically,
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Figure 1. Fluorous-tethered iminophosphorane, 12.
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(93% yield, >98% purity)

and begins to approach that of resin-bound PPh;, 8
(Fig. 2).!!

We next surveyed a structurally diverse group of azido-
containing substrates to explore the generality of this
new protocol for solution-phase parallel synthesis
(Table 1). Excellent chemical yields (>80%) and purities
(>93%) were obtained in every case examined.'? Of
note, 1° (entry 1), 2° (entry 5) and 3° (entry 4) sub-
strates all provided the desired amines under the stan-
dard reaction conditions. Highly functionalized
substrates including an adenosine derivative (entry 3),
an amino acid (entry 2) and a carbohydrate (entry 6) all
smoothly underwent the mild azide reduction, deliver-
ing amines in good yields in under 4 h total reaction
time. Moreover, the reduction was tolerant of car-
boxylic acids, ketones, amines, halogens and hydroxyl
moieties. The FluoroFlash™ SPE purification step also
proved to be quite general with successful elution of all
the amine products by 15% aqueous methanol.

In summary, a general Staudinger protocol was devel-
oped for solution-phase parallel synthesis by virtue of
fluorous-tethered PPh; 11 in conjunction with Fluo-
roFlash™ SPE columns. In less than 4 h of total
reaction time, structurally diverse azides were smoothly
reduced to the corresponding amines in excellent yields
and purities. It is worthy to note that resin-bound PPh,
failed to afford complete reduction even if extended
time or excess reagents are used. An additional high-
light of this protocol is that standard methods of
analysis (LCMS, NMR) can be used to monitor reac-
tion progress and identify intermediates. Current work
is focused on the development of this protocol for the
Staudinger/aza-Wittig reaction as well as other novel
fluorous-tethered reagents for solution-phase parallel
synthesis and will be reported in due course.
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Table 1. Azide reduction with 11 and FluoroFlash™ SPE

/\/©/ L
CeF+

3 11 H,0 FluoroFlash™
THF, 1t, 1 h 60°C SPE
entry RN; RNH, yield (%)2 purity (%)?
Qo™ OO
1 86 98/95
o} o}
o o}
BocHN,, OH BocHN,, OH
2 I N 91 98/95
# NS NH2
Hy NH,
e L
A\ | _ N
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#\O N3 0 NH2
N3 NH2
4 92 98/95
. "’H Hu "'H
H H
5 O N° o N°
o yj\ on Oy 82 95/92
Ng HoN~
6 N3 OH NH OH 80 97/93
~0_0 2: 0_0
“Ho OH HO OH
OH OH

a: yields for compounds fully characterized by LCMS, NMR and HRMS; b: crude purities by LCMS - 214 nm or

ELSD/NMR.
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Conversion and purity were determined by analytical
LCMS and NMR analysis.
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In a typical experiment, 4-azidobenzoic acid 9 (82 mg,
0.50 mmol), 11 (334 mg, 0.55 mmol) and THF (3 mL) are
placed in an 8 mL vial. The vial is placed on a rotator for
50 min. Immediately, gas evolution is observed. After 50
min, 500 pL of water is added, and the vial is placed in a
heater/shaker block at 60°C for 3 h. Analytical LCMS
indicates a 1:1.1 ratio of 10: fluorous-tethered PPh;0.
The crude reaction is applied to a silica transfer column
(Part #: 622-0057S) atop a 5 g FluoroFlash™ column
(Part #: 801-0058S), pre-washed with aqueous methanol
and attached to a multi-port vacuum manifold. Air is
drawn through for 2 min, and then 10 mL of a 15%
aqueous methanol solution is added and slowly eluted
under an ~-5 psi vacuum and collected into a test tube.
The test tube is concentrated in a Genevac HT 1I-12 to
afford 64 mg (93%) of amine 10 as a white solid. Analyt-
ical LCMS indicated a single peak (0.474 min, CH,CN/
H,0/0.1%TFA, 4 min gradient) >98% pure by UV (214
nm) and 100% pure by ELSD. ("H NMR, 300 MHz,
CDCl,): 0 11.9 (s, 1H), 7.58 (d, J=8.7 Hz, 2H), 6.51 (d,
J=9 Hz, 2H), 5.85 (s, 2H). HRMS: calcd for C;H,;NO,
(M+H), 137.0477; found 137.0480.

Analytical LCMS: 12 a single peak (3.270 min, CH;CN/
H,0/0.1%TFA, 4 min gradient) >98% pure by UV (214
nm) and 100% pure by ELSD, 744.2 (M+1).

3P NMR recorded at 122.7 MHz on a Varian VXR-300
spectrometer.

11.

12.

For the reaction sequence in Scheme 2, 13 required 10 h
for 100% conversion of 9 to 10 and 14 required overnight
for complete conversion of 9 to 10. As to why the
reaction rate is depressed to such a degree is unclear. We
observe that as the fluorine content increases on going
from 11 to 14, the solubility in THF decreases; therefore,
the reaction may become heterogeneous (i.e. a fluorous
phase and an organic phase) and demonstrated the kinet-
ics of a biphasic system like those exhibited by 8. Alterna-
tively, the decreased reaction may be due solely to the
increased steric hindrance about the phosphorous in 13
and 14. One other possibility for the diminished reactivity
is decreased electron density of the phosphorous lone pair
and hence decreased nucleophilicity of the phosphine. 3'P
NMR spectra of 13 (-5.7 ppm) and 14 (-6.5 ppm)
indicate upfield shifts relative to 11 (-3.3 ppm) indicating
electronics may contribute to the diminished activity.

All compounds were fully characterized by LCMS, NMR
and HRMS. Spectral data for Table 1. Entry 1 ('H
NMR, 300 MHz, CDCl,): ¢ 7.75 (d, J=7.2 Hz, 2H), 7.59
(t, J=15 Hz, 1H), 7.4 (m, 3H), 7.13 (s, 1H), 4.40 (s, 2H),
2.63 (s, 2H), 2.1 (s, 3H); HRMS calcd for C,sH,,NOCI
(M+H), 260.0837; found 260.0845. Entry 2 ('"H NMR,
300 MHz, DMSO-d,): ¢ 13.1 (s, 1H), 6.86 (d, J=7.5 Hz,
2H), 6.43 (d, J=7.5 Hz, 2H), 3.93 (m, 1H), 2.77 (m, 1H),
2.62 (m, 1H), 1.31 (s, 9H); HRMS calcd for C,,H,,N,O,
(M+Na), 303.1315; found 303.1325. Entry 3 (‘"H NMR,
300 MHz, DMSO-d,): ¢ 8.37 (s, 1H), 8.15 (s, 1H), 7.33 (s,
2H), 6.08 (m, 1H), 5.45 (m, 1H), 4.98 (m, 1H), 4.08 (s,
1H), 2.69 (m, 2H), 1.53 (s, 6H), 1.32 (s, 2H); HRMS
calcd for C3H,3sN4O5; (M+H), 307.1513; found 307.1510.
Entry 4 ('"H NMR, 300 MHz, CDCly): 6 2.14 (s, 4H),
2.03 (s, 6H), 1.67 (s, 6H); HRMS caled for C,,H;N
(M+H), 152.1434; found 152.1437. Entry 5 ('"H NMR,
300 MHz, DMSO-d,): 6 7.7 (s, 1H), 6.08 (m, 1H), 4.95 (s,
1H), 3.56 (m, 2H), 3.36 (m, 2H), 2.0 (m, 2H), 1.74 (s,
3H); HRMS caled for C,,H;sN;0, (M+H), 242.1149;
found 249.1136. Entry 6 (‘"H NMR, 300 MHz, DMSO-
dg): 0 7.99 (bs, 2H), 7.36 (m, 1H), 7.15 (m, 2H), 5.73 (s,
1H), 4.81 (m, 1H), 4.04 (m, 1H), 3.4 (m, 12H); HRMS
caled for C;3H sNOy (M+H), 286.1285; found 286.1285.
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