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Summary: The synthesis of a new fluorous tin azide, (C¢F3CH2CH))3SnN3, is

reported and this reagent is used to make tetrazoles in both traditional and phase-

switching maodes. In the traditional mode, the tin azide is reacted with niiriles followed

by HCI cleavage to provide the tetrazoles and the fluorous tin chloride (which can be

reconverted into the tin azide). In the switching mode, the initial tin tetrazole is purified

by fluorous/organic liquid-liquid extraction prior to destannylation. This provides pure

products even in incomplete reactions or with impure starting materials, but it only works

Jfor smaller nitriles. © 1999 Elsevier Science Ltd. All rights reserved.
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set of components) is rendered fluorous by using one or more perfluoroalkyl substituents.2 This
makes senaration facile at the workun stage bhecause fluorous compounds can often be separated
1 J A)\dl_lulutlull LAdw 1 @t Vil yyuwinu ;)LHE\J wwiauow 1iuvivuay UU[LLYUUIL\J‘I Wwllll Vitwilil Uw o\.t}uqu\.u
rom oreanic ones v cimnle lianid-lianid or calid-linnid3 axtractinon technianec In the
Li\s111% Lbulllu LD (¥ DL]LL‘JL\-’ ll\-lbllu 11\1ulu vl [SAVS SR WY AL\-IHL\J WwALLUWUWLIV/LL !U\/lllll\i\-&\.{d A1l Vil
organometallic area, the technique of fluorous biphasic catalysis—introduced by Horvith and
Rabai—is becoming increasingly important as a catalyst immobilization method. We have
introduced a number of fluorous reagents, reactants* and protecting groups, and used these to
illustrate simnle concents of strateov level nurification includine fluorous svnthesis. fluorous phase
llustrate simple concepts of strategy level purification including fluorous s ynthesis , fluorous ph

switching, and others.2> We report here on our study of the new fluorous tin reagent rris(2-
perfluorohexylethyl)tin azide 2. Cycloadditions of this azide with nitriles were used briefly in
preliminary communication!® to introduce the technique of fluorous phase switching in a settin
where the phase switch is directly coupled to a target synthetic transformation. We report herein th
full details of our study with this reagent and its uses both in a phase-switching mode and as
standard reagent to make tetrazoles from nitriles. The basic reaction is shown ineq 1.
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Tetrazoles are an important class of heterocycles in their own right, and they are often featured
in medical chemistry studies as substitutes for carboxylic acids.6 Tetrazoles are most commonly
prepared from nitriles by cycloadditions with an azide.” The classical method, reaction with in situ
generated HNj3, is an explosion hazard especially on large scale. The most commonly used
laboratory method for tetrazole synthesis is cycloaddition with tributyltin azide,? but this suffers
from the usual separation and toxicity problems associated with small alkyltin reagents.

Preparation of Tin Azide 2: Ti
readily available fluorous tin
water and ether (eq 2). Sgp

azide 2, which was used direct] 1ce o
supported by the presence of an intense band 'n_ h_g infrared spect- um a[ 7,080 cml
2,067 cm-! for trlbutyltm azide), which w.

e at
azide. The purity of tin azide 2 was satisfactory; the crudg

Y . product exh hlred only on szgnal in the
11980 NMR at 11.5 ppm (compared to the signal of 1 at 259.2 ppm.)
eq 2
(CgF 13CH2CH,)3SnBr+ NaNj etheHal (oF2CHoCH)SNS
V6T 1322, 3000 QN3 R R KR ARPASRF KR K]
1 25°C, 97% 2

Compound 2 begins as a very viscous oil that solidifies on standing. It lacks the strong and
repulsive odor of trialkyltin compounds. As expected, the presence of the fluorous chains drastically
alters the solubility properties of this reagent. Tin azide 2 shows very little solubility in organic
solvents such as benzene, toluene and acetonitrile, but good solubility in fluorinated solvents (FC-
72®), ethers (ethyl ether, THF) and hybrid (partially fluorinated) solvents such as BTF.2

We assessed the stability of fluorous tin azide 2 by exposing it to heat. After heating at 100°C
for 12 h. a1 g sample of 2 (neat) showed no apparent decomposition. During this 12 h, samples were
taken every hour and an FT-IR spectrum of each was recorded. All twelve IR spectra were
essentially superimposable with the starting spectrum. Adequate caution should be used in all
reactions involving azides; however, fluorous tin azide 2 seems to be stable to heat at levels typically
used for its reactions. We also used a reaction to index the stability of the tin azide. These results.
which are presented below, confirm that the fluorous tin azide resists thermal degradation.

Reactions of Tin Azide 2—Traditional Mode: We first studied the reactions of tin azide 2 in a
traditional mode—that is, by direct analogy to the reactions with tributyltin azide. The goal was to
convert nitriles to free tetrazoles without isolation of the intermediate tin tetrazoles. The results of a
series of experiments with simple nitriles are shown in Table 1. In general, a BTF solution of the
nitrile (1 equiv) and tin azide 2 (1-3 equiv, see Table) was heated at reflux (103°C) for 12 h. The
solvent was then evaporated and the residue was briefly exposed to ethereal HCI (to cleave the tin
tetrazole) prior to partitioning between acetonitrile and FC-72. The tetrazole was isolated from the
organic phase in the yields indicated in Table 1. The corresponding tin chloride
[(CgF13CH2CH)3SnCl] was recovered from the fluorous phase and reconverted to tin azide 2 by
treatment with NaNj.

Simple 1°-aliphatic and aromatic nitriles (provided they are not too electron poor) give
essentially quantitative yields of tetrazoles when 2-2.5 equiv of the tin azide are used. With only 1



More

99 4d
71 4e
96 4e
21 4f

98 4c¢

2.5

2.5
3
5

5

BTF, 100°C
extraction

) filuorous-organic

1) azide 2
2) HCI
CeHs
CeHs(Me),C
CgHs5(Me)rC

CeH5CH>
CeHsC(CHp)4

i

5
6
7

Entry

equiv (see below), some starting material tends to remain at the end of the reaction.
substituted nitriles benefit from additional excess of tin azide, as shown for the tertiary nitriles in
entries 5-11. The sequence of experiments with tert-butyl nitrile (entries 8-11) suggests that there is
not much point in adding more than about 4-5 equiv of azide reagent for recalcitrant substrates.
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Table 2.
substituted tetrazoles (93 % and 98 %, respectively). These were identified by comparing the 'H

heating in BTF. We prepared 4 x 0.5 M solutions of tin azide 2 in BTF and added successively
4b obtained in these experiments. This proves that tin azide 2 is stable to heat at reflux in BTF, at
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These results suggest that the new fluorous tin azide has good potential as an alternative to
tributyltin azide. The azide is stable and provides representative tetrazoles in yields that are
comparable to tributyltin azide. But the tin products can be separated very easily from the reaction
mixture by liquid-liquid extraction, even when more than 5 equiv of the tin reagent is used to
improve the yield.

Reactions of Tin Azide 2—Phase-Switching Mode: We have also used the reactions of tin azide 2
to illustrate simple concepts of fluorous phase switching.2?> In favorable cases, the reaction of an
organic nitrile with the fluorous tin azide reagent provides a fluorous tin tetrazole—in other words,
the tin tetrazole intermediate will partition out of an organic phase and into a fluorous phase during
workup. This “organic-to-fluorous” switch then provides a convenient means of purification of
reaction product from either unreacted starting material or any other contaminants that are not
labeled with the fluorous tin tag. The sequence of steps is illustrated in eq 4. After reaction and a
first fluorous/organic separation, the fluorous tin tetrazole 5 (perhaps containing other fluorous
compounds such as unreacted tin azide) is then treated with HCI and the crude mixture is
resubjected to a second fluorous/organic extraction. This “double phase switch” is designed to
provide the organic tetrazole product 4 free from both probable organic and fluorous impurities.

a

eq 4
benzene CH,CN ,,g
——= Unreacted R—CN N° N
N—N,
H
BTF 4
(Rth)aSnN3 + R-CN
A
2 1 Ether/HCI
X
i | (Rfh)3SnCl 6
Rfh = CHaCHCeF 13 FC-72 N—N, FC-72 + other fluorous products
Sn(Rfh)s
5

+ other fluorous products



Phase-Switching Mode.

Conversion of Nitriles to Tetrazoles

To demonstrate the purification features of the experiment, we conducted reactions at 100°C
Table 3.

for 12 h using 1 equiv of tin azide 2 and 2 equiv of the starting nitriles 3. This stoichiometry
guarantees incomplete conversion of the nitrile. (We emphasize that these reaction conditions were

chosen to demonstrate the purification features; for real applications where a maximum yield of
series of seven different nitriles was processed through the two step sequence with the double phase

switch, and the yields of tetrazoles 4 from the final organic phase are shown in Table 3. Tetrazoles 4
were obtained in moderate to high yields, except in entry 4 where only traces of tetrazole 4b were

tetrazole is desired, it would surely be preferable to use an excess of tin azide as shown above.) A
isolated. These yields are comparable to those obtained with tributyltin azide.
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In each case, the crude tetrazole product was of excellent purity as assessed by 'H NMR. In no

spacer” protons of the fluorous tin chloride 6 dominate the upfield region of the spectrum. Figure
Figure 1. 1H NMR Spectrum of the Crude Reaction Mixture Containing 4b After Treatment

13



Figure 2. The 'H NMR of the Acetonitrile Layer After Extraction with FC-72/CH3CN
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To demonstrate the possibility of regenerating the tin azide 2 from the tin chloride 6, a larger
scale experiment involving 2 g (1.66 mmol) of tin azide 2 and 443 mg (3.32 mmol) of p-
methoxybenzonitrile was carried out. The tin chloride 6 obtained from the fluorous phase was
reconverted into the tin azide 2 by treatment with sodium azide (eq 2). This tin azide was reused to
make more tetrazoie 4b. In both experiments, the final tetrazole was pure by 'H NMR (spectra
indistinouishable from that of Figure 2), and the tetrazole yields were both identical to the small scale
n in Table 3, entry 2 (~72%).
he experiment represemea in eq 5 was ae51gnec1 to demonstrate the use of fluorous tin
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is, it simulates incomplete conversion of an impure starting material). The pure organic tetrazole 4a
was separated from the organic “impurities” by the two liquid-liquid extractions shown in eq 5
without any alteration to its yield (61%) and purity compared to the result in Table 3, entry 1
eqS
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Conclusions

The results suggest that tin azide 2 is a potentially useful reagent in organic synthesis in a number of
different contexts. In a traditional setting—as a replacement for tributyltin azide—yields of
tetrazoles seem comparable to the tributyltin reagent, and the separation procedure is simple and
very general.!l0 Hexane/acetonitrile extractions can be used to purify some reactions of trialkyltin
reagents, but the replacement of hexane by perfluorohexane coupled with the use of a fluorous
reagent is much more general since organic compounds do not partition into perfluorohexane. A
disadvantage of the reagent, especially on large scale, is its high molecular weight (about 1,200).
Catalytic procedures would be desirable, but are not yet available. The next best thing is the ability
to recycle and reuse the reagent, which we have done routinely throughout this work.

While our product samples are free from fluorous tin resonances in the 'H NMR spectrum, we
certainly do not imply that the samples are “tin free” at any level of trace analysis. It would be
desirable in medicinal chemistry settings to conduct trace analysis of the tin and also to test whether
any tin contaminants effect biological assays. Given that highly fluorinated molecules are not
readily absorbed by biological media,!! there is reason to speculate that toxicity and assay
interference will be a lesser problem compared to standard alkyltin reagents, but this speculation
currently lacks experiential support.

The use of tin azide 2 as a phase switching reagent has also been demonstrated by this work.
This provides an example of “strategy level separation”?b—that is, where the synthesis plan
controls the separation. In this instance, the reaction of the tin azide with a nitrile occurs with
retention of the fluorous tag. Thus, the occurrence of the desired reaction dictates the phase switch
of an organic starting material to a fluorous product. This is fundamentally different from a reaction
like the Stille coupling with a fluorous tin reagent,*-¢ where the reaction cuts out the fluorous tag
and both the starting material and the product are organic. The potential ability of this type of phase
switch to provide pure products in reactions with impure starting materials and which do not go to
100% conversion based on starting material is clear from this work. The phase switch could aiso be
used in a “fluorous quenching” mode to remove residual nitriles after some other type of reaction
has been conducted.

Conceptual issues aside, there are still some problems with practical application of the tin azide
2 in phase switching applications. While small tin tetrazoies like those in Table
preferentiaiiy into a fluorous solvent, larger ones cannot. For ex’ampie we
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of fluorous solid phase extraction over fluorous reverse phase silica gel,? and this simple technique
might be applied to the tin azide chemistry as well. In addition, we now have access to an
assortment of tin halides with different numbers of fluorous chains, and different lengths of both
fluorocarbon and hydrocarbon units.%¢ We have shown that adjusting these features can be used to
tune to advantage both the reactivity and the solubility features of tin hydrides and allyltin reagents.
Analogous options are now available for study in the tin azide chemistry.4-m

Experimental:

tris(2-Perfluorohexylethyl)tin azide; tris(3,3,4,4,5,5,6,6,7,7,8,8,8-Tridecafluorooctyl)tin azide:
To a solution of bromo tris(2-perfluorohexylethyltin (10 g, 8.06 mmol) in ether (14 ml) was added a
solution of sodium azide (629 mg, 9.67 mmol) in water (2 ml) with vigorous stirring. The resulting
biphasic mixture was stirred at 25 °C for 12 h. Then ether (20 ml) and water (20 ml) were added to
the reaction mixture and the two layers were separated. The ethereal phase was washed with water
(3 x 20 ml), and dried with anhydrous MgSO4. The solvent was evaporated to dryness to yield
fluorous tin azide 2 (9.4 g, 97% yield) as a colorless oil.: 'H NMR (CDCl3) & 2.48 (m, 6H), 1.51 (m,
6H); 119Sn NMR (BTF-Cg¢Dg) 0 11.53; IR (thin film) 2080, 1360, 734 cm-!; M/S (m/z) 1161 (M+*—

N3), 856 (M+ — CH,CH2C¢F3), 467 (SnCH2CH2C6F 3).

Experimental procedure for the preparation of 5-substituted tetrazoles, Traditional Mode: A
solution of tris(2-perfluorohexylethyl)tin azide (409 mg, 0.340 mmol) and p-tolunitrile (20 mg, 0.17
mmol) in 0.34 ml of benzotrifluoride (BTF) was heated in a sealed tube at 80 °C for 12 h. The BTF
was evaporated and the crude residue was dissolved in a 1.0 M HCl in ether (10 ml). The resulting
mixture was stirred for 12 h at 25 °C. After the evaporation of the ether, the residue was partitioned
between FC-72 (10 ml) and acetonitrile (10 ml). After separation of the two layers, the organic phase
was washed with FC-72 (3 x 10 ml). Evaporation of the acetonitrile phase yielded the 5-p-
tolyltetrazole (27 mg, 99 %). The FC-72 phase was evaporated as well yielding rris(2-
perfluorohexylethyl)tin chloride (367 mg, 90%) as a colorless oil, m.p. 242-244 °C (lit. 242-243 °C)
which was identified by comparing the 'H NMR and MS (in/z7) spectra with those of the authentic
sample.

Experimental procedure for the preparation of 5-substituted tetrazoles, Phase-Switching Mode:
A solution of rris(2-perfluorohexylethyltin azide (0.5 g, 0.416 mmol) and 4-methoxybenzonitrile
(111 mg, 0.832 mmol) in 0.84 ml of benzotrifluoride (BTF) was heated in a sealed tube at 80 °C for
12 h. The BTF was evaporated and the reaction mixture was partitioned between benzene and FC-
72 (10 ml each). After separation of the two layers, the benzene layer was extracted twice with FC-
72 (10 ml). Evaporation of the benzene phase yielded the unreacted 4-methoxybenzonitrile. The

fluorinated pnase was evaporated and redissoived in 10 mi HCI in ether (1 ). 1he mixture was
stirred for 12 h at 25 °C. After evaporatlon of the emer the residue was pamuoncu between 10 ml

each FC-72 and acetonitrile. After separation of the two layers, the organic phase was washed with
FC-72 (3 x 10 ml). Evaporation of the acetonitrile phase yielded the 5-(4- methoxyphenyl)ltetrazole

(55 mg, 76% yield) which was identified by comparing the 'H NMR and MS (m
those of the authentic sample. The FC-72 phase was evaporated as well y‘ieldn
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Representative procedure for the formation of S-substituted tetrazoles from nitriles 3h and 3i;

5-(2,5-Dimethylphenoxy)-2,2-dimethyl-pentanoic acid [3-(2H-tetrazole-5-yl-phenyl]-amide: A
mixture of 3h (37.3 mg, 0.11 mmol) and 2 ( 383 mg, 0.32 mmol) in BTF (0.1 ml) and DMF (0.1 ml) was
heated in a sealed tube at 80 VC for 1 day under nitrogen. The reaction mixture was transferred to a
round-bottom flask while it was still warm. After the evaporation of the solvent under reduced
pressure, the crude mixture was directly treated with 1.0 M HCI in ether for 12 h at room
temperature. After the evaporation of ether, the residue was partitioned between FC-72 (10 ml) and
acetonitrile (10 ml). The separated acetonitrile layer was washed with FC-72 (3 x 10 ml). The
evaporation of acetonitrile layer yielded 39.2 mg of product (93 %): 'H NMR (CD3COCD3) 6 1.35 (s,
6H), 1.81-1.90 ( m, 4H), 2.08 (s, 3H), 2.20 (s, 3H), 3.93-3.97 (t, 2H, J = 6.0 Hz), 6.56-6.59 (d, 1H, J =
7.4 Hz), 6.66 (s, 1H), 6.91-6.94 (d, 1H, J = 7.4 Hz), 7.46-7.48 (t, 1H, J = 15.9 Hz), 7.78-7.85 (m, 2H),
8.52 (s, 1H), 8.93 (s, 1H).

1-Ethoxy-5-methoxy-8-phenyl-2-(2H-tetrazol-5-yl)-8H-3-0xa-8-aza-cyclopenta[a]indene: The
nitrile 3i (28.7 mg, 0.086 mmol) was used to yield 31.5 mg of the product (98 %)' IH NMR
(CD5COCD5) 6 1.10-1.15 (t, 3H, / = 6.8 Hz), 2.85 (bs, 1H), 3.91 (s, 3H), 3.90-3.97 (q, 2H, / = 6.8 Hz),

6.96-7.00 (dd, 1H, J = 2.6 and 9.3 Hz), 7.34 (d, 1H, J = 2.6 Hz), 7.49-7.52 (d, 1H, J=9.3 Hz), 7.48-
7.50 (m, 1H), 7.66-7.68 (m, 4H).
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