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12' s Unreportedx-hydroxy{3-azido tetrazoles were prepared in one step fradilseavailablea,3-epoxy
16 nitriles. This reaction involves a dibutyltin oxigatalysed cycloaddition of the nitrile reactingwi
17 TMSN; leading to the tetrazole moiety, and opening efgpoxide by the azide anion. High levels of
18 regio- and stereoselectivity are obtained in thaction and are discussed, also by means of quantum
19 mechanical DFT calculations. The azido group is¢heompounds could be uneventfully reduced to the
20 10 corresponding amine thus leading tocahydroxy{3-amino tetrazole, surrogate of the corresponding
21 carboxylic acid, while reaction with triphenylphdspe led to propargylic amines.
22
23 structure of was verified by X-ray crystallography (see ESI).
24 Introduction
25 Tetrazoles have found applications in various dasaicluding #’()Dé':e’\‘ﬁégf‘c‘ﬁl“;:r‘o
26 energetic materials, owing to their high nitrogesntent, and 9 QHCI2N Ns NI/’\\‘\N
27 1s medicinal chemistry, due to the fact that 5-subgiutetrazoles T - N/
28 (5-ST) are bioisosteres of carboxylic actdghis last property has Il ’ OH
29 been notably popularized with the release of théhgpertensive 1 2
32 drug Losartarf,which soon bepame a b.IockbusFeTr. The Symhes'SScheme 1Bu,SnO-catalysed reaction of epoxynitrilavith
of tetrazoles has been extensively studied, cyditiad of azides ., T\SN, leads regioselectively -hydroxyp-azido tetrazol@.
32 20 (anion or derivatives) with nitriles being the mpsipular way to
33 efficiently produce this heterocycle. Many key impements in ~ We were surprised by the low temperature required f
34 this reaction, which can be promoted either by Bigiuitsor completion of this reaction and we first screenee amount of
35 Lewis acids have appeared, including the use ofispdzide or  catalyst and TMSB needed in order to maintain a high yield.
36 TMSN; with NH,CI® ZnBrn,* MeAlL® 1,% or AgNG;’ Reactions were run in toluene at 60°C for 18h. (Table
37 »s Microwave irradiatiofl has also been used with much SUCCeSS Taple 1: Screening of the optimal amount of&O and TMSH
38 but this reaction still requires elevated tempersu(typically - 0
39 above 100°C) to proceed, thus narrowing its scopgitie robust Entry  TMSN; (equiv.) BySnO Yield(%)
40 nitriles. Another possibility lies in the use obdtyltin oxide as a (equiv.)
41 catalyst, in conjunction with TMSN In contrast to the above 1 S 0.5 75
42 30 methods, this reaction involves neutral reactiordiom@ and a 2 5 2 92
43 weak Lewis acid, thus allowing cycloaddition ofrikés fitted 3 3 0.5 85
44 with a Lewis base, such as amino nitrité§Ve therefore decided 4 2.5 0.5 70
45 to study this cycloaddition withki,3-epoxy nitriles, aiming at the S 3 0.2 60
46 preparation of functionalized tetrazoles suitabter further 6 _ 1 _ 1 ~ tracé ,
47 s synthetic transformations. Our findings are exposethe next i[;(cj:hloroa—amdo tetrazole was isolated after acidic hydislys 33%
48 section. yield.
49 Increasing the amount of BSnO (entry 2) gave an excellent
50 Results s0 yield of 2, and lowering the amount of TMGNo three equiv.
g; We first studied reaction depicted in Scheme 1 \eiploxidel, (entrly 3) malntamﬁd ? high ﬁ'elr?’ b%“lge‘?re?‘f'ﬁg‘e amount of
53 readily prepared by a Darzens reactibriThus, reacting this ca;ayst tg 20 rnp /0 ?]\,Nﬁre t efyle signi '%am‘?“"X5)- In
54 40 epoxide (18h) in toluene at 60°C with TM$SKS equiv.) and a or er.dto eter.mlne w ICI eventd irst occur'rel (owgltlon c:jr
55 substoechiometric amount of EBnO (0.5 equiv.) led, after epoxide operrl]lng),dwe alscci)' UST 'one e(?ju!valentdoagflla.n
acidic hydrolysis, to ther-hydroxyB-azido tetrazole? in good ¢ BUzSNO (preheated until dissolution) and isolatedraféaction
56 yield. Much to our delight, this reaction, involginboth and aCIdIFI workum-chlorqﬂ-hydoxy tetraque, reslultlng from
57 cycloaddition and epoxide opening, occurred withghhi the ope_nlnghof thelep§§|<je bfy the chlorld_lc_eh anlo‘;:r;e 6),
gg s regioselectivity and complete inversion at fearbon? The suggesting that cycloaddition first occurs. Thus; whose to
60
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examine the scope of this reaction with other epesi(shown in
Figure 1) with 3 equiv. of TMSH using 50 mol% of BssnO
(conditions of entry 3). Structures of the isolatetnpounds are
shown in Figure 2.

©/<[w CN
\ S
8

(1:2 cis/trans mixture)

(¢] (o) (0]
CN o~ LLON
NG Ph/<kCN
9 Ph

1
/jﬁvCN /V\/A/O N \/:ZOVCN C )LVO N
12 13 14 15
O cN Ph O CN O O  CN
(S W =
16 17 18

obtained in good yields. Onty-disubstituted epoxid&0 failed to
react in these conditions, leaving unreacted sgrtnaterial.
Regioselectivity was constantly excellent, leadiogtuniqueB-
azido regioisomer whatever the degree and the @abfr

20 substitution at th@-carbon. The stereoselectivity of this reaction
could be evaluated with thas or trans epoxidesl, 3-9 and11.
For 1, 3-7 and 11 the reaction appears to be stereospecific and
involves an inversion at th@-carbon as shown from the X-ray
structure of 2 and slightly different NMR data for

2s diastereoisomer2:19, 20:21 and22:23 (see ESI). Starting wit8
(1:2 cistrans mixture), a 1:1.3 mixture of isomerd4 was
obtained, albeit in low vyield, which also might lest the
stereospecificity of this reaction. Only the stagtirans epoxide
9 reacted with epimerization at tfiecarbon, leading t@5 as a

30 1:2 mixture of diastereoisomers.
Next we briefly examined the reactivity of thesehydroxy{3-
azido tetrazoles. We first tried to reduce the azitbiety into an
amino group, in order to accesshydroxy{3-amino tetrazole&!
which can be viewed as surrogates of the correspgnd-

ss hydroxyf-amino acid® The latter compounds occupy a very
important place within the family of3-amino acids, being
constituents of several drugs and natural molecsues asnter
alia Taxol!® Taxotere!” Bestatin'® Microginin'® and the HIV
protease inhibitor R-87368. Moreover, a-hydroxyB-amino

Figure 1. Structures of the cyanoepoxides used to exantiae t, tetrazoles have found uses in the design of bieagbieptides

scope of this reaction.

N, N/N

(from 3) 65% 20 (from 4) 55% (from 5) 56%
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Na N
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25 (from 9) 52%
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31 (from 16) 51% 32 (from 17) 61%

33 (from 18) 61%
Figure 2. Structures and yields of the produced isolated
10 hydroxy{3-azido tetrazoles.
As depicted in these figures, the scope of thistiea was very
good, tolerating aryl, alkenyl and alkyl groupsteg 3-position of
the epoxide. Yields are modest to good (38-76%) Hrabe
compounds are isolated as crystalline materigdsDisubstituted

with cis-conformationally restricted peptide borfds.
Thus, aiming to reduce the azido through Staudicgeditions,
2 was reacted with triphenylphosphine in refluxingF for 2h,
but the crude reaction mixture unexpectedly shofeetiation of
45 propargylic amine34, together with phosphine oxide. This
compound was acetylated for easier purification &ddwas
isolated with an overall yield of 52% (Scheme 2):
o

SRETe

Scheme 2 Reaction ofa-hydroxy{3-azido tetrazole2 with

so triphenylphosphine leads to the formation of progkmine34.
The scope of this reaction, conducted in one ptitowit isolation
of the intermediate amine, was briefly screenedbl@&® and
Figure 3) and it was found to be general, withdgelarying from
23 to 71% in the case of secondary azides. Howenxetrace of

ss acetylenic compound could be detected in the cmedetion
mixture starting from tertiary azid@8 or 32.

PPhs, THF,

et Ac,0, Et;N

52%

Table 2: Reaction af-hydroxy{3-azido tetrazoles with P(Phrefluxing
THF, 2h, followed by acetylation (A© and E{N, 3 equiv.).

Entry Starting azide Product Yield(%)

1 2 35 55
2 19 35 44
3 23 36 71
4 26 37 30
5 anti-25 38 23
6 28 - -2

7 32 - b

1s epoxides12-18 also reacted very well and tertiary azides were * Starting material was consumed after overnigfitixebut no alkyne

0 was detected. No reaction.
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tetrazoles with triphenylphosphine.

(0]
o
HN* HN)k k The second point which is worth discussing is tigh hegio- and
Me HN stereoselectivity observed during ring-openinghef époxide. All
A ° N o X S 35 substrates, except allylic azid25, were obtained as single
cl I~ a7 %8 N compounds, and the erosion of stereoselectivithat particular

case might be due to a dynami3] equilibration process of the
allylic azide which reflects thermodynamic contfdlThough
uncatalyzed ring opening of glycidates with TMSNas been
40 reported to proceed with varying regio- and stezkmsivity (5,2
or i), depending on the stereochemistry of the epqXidte our
case, no reaction occurred in the absence ¢6BD suggesting

Figure 3: Structure of propargylamin&-38.

Alternatively, Pd/C-catalyzed hydrogenation o9 led
quantitatively to thea-hydroxy{f-amino tetrazole39 as its
s chlorhydrate salt (Scheme 3):

H,, N NN the grucial role. of the tin catalyst.for both cyatialition and

MeOH;Z?uZ"C/IC OCZ‘N o R ‘/‘N epoxide opening. The mechanism of ,8n00-catalyzed
N 45 cycloaddition of TMSN with alkynes has been studied in

Quant. OH Hel details®® It was demonstrated that the active catalytic isgeis

39 Bu,Sn(OTMS)N, and that regeneration of this catalyst occui.

Scheme 3 Reduction of the azide is conveniently achieved bythrough a §2 displacement at the silicon atom, which was

Pd/C-catalyzed hydrogenation. calculated to require only 28 kcal/mol, followed fast ligand
so exchange at the tin atom (Scheme 6). In our chsetirt atom in
Discussion the produced tetrazold6 is ideally located to assist in the

opening of the epoxide by the azide anion atfip®sition. This
concerted reaction would account for the regiosiigg of the
opening and the \& process. In this case, regeneration of the
ss catalyst would then imply reaction of the produdiedalkoxide
47 with TMSN,, to produce OTMS derivativé8, an exchange
that can be promoted from a thermodynamic viewpoint
considering the much stronger O-Si bond (190 kaalym
compared to the O-Sn bond (130 kcal/).

10 The unexpected formation of propargylic amines myrihe
reaction of  a-hydroxy{f3-amino tetrazoles with
triphenylphosphine deserves comment. The Blum-i#zkidine
synthesis is an established procedure to convetaido
alcohols into aziridines by treatment with a testiahosphiné?

15 It is accepted that it goes through an oxazaphdisiihe 40 that
collapses to the aziridingl with release of phosphine oxide. A
possible mechanism that would explain our resuftsthe

following. In our starting compounds, proton trarsfrom the N> civte
. . . . . 3
acidic tetrazole to the nitrogen of the intermegliat orus Q ™S,
T N—N
20 oxazaphospholidind2 would produce 5-methylengBtetrazole Bu,srl RN b TMSN, R%\N\ﬁl sl
. . . . \ - 2’ \
43 with release of triphenylphosphine oxide, thatldofurther Ny R [ NN N
decompose to vinylic carben#4.>® This intermediate would B“’SJU‘OTMS
ultimatively lead to the propargylic amidb through a Fritsch— ‘
Buttenberg—Wiechell rearrangement (Scheme 5). Recer \c‘\a/ =N :'L TMS'-N/N:’\"
2s precedents in the literature have demonstratecpdissibility of . (N DL N S At
N . . 291
smoothly_ ge_nerat_lng vinylic carbenes frarrvhydroxy tetrazoles Q /N/':mws T o.__omus 3 - Ns
upon activation with DC&* s s R
Bu By Bu Bu
Ph Ph 60 46 47 48
Phl\/ . . . .
ﬂ/P\O - PhyPO H Scheme 6 A plausible mechanism accounting for the regiod a
H >”)j\) YA stereoselectivity of the ring opening process.
R' R?
R140R2 4 .

o In order to evaluate the feasibility of this tinddicon exchange
Ph\\P/Ph W 65 (47>48), simplified reaction depicted in Scheme 7 was
Hﬂ:/ \Oj PhsPQ ™2 2N » HoN N considered. Quantum mechanical calculations aB8ie/P level

N RO 11/\.' of theory [with LANL2DZ ECP for tin atoff and 6-31G **

R N C\ N N\\QN basis séf for other atoms] were performed with the Fireflp.8

HAN package of progrants.The structure of the optimized transition
42 43 4| raw nstate (TS) of this concerted reaction, located aly dl7.9
NH, kcal/mol, together with the structurBC1 andRC2 of pre- and
RJ\\ post-reaction complexes are shown in Figure 4, evRigure 5
A

outlines the energetic profile of this reaction.
Indeed, calculations demonstrate that this exchasdavored
s both  from kinetic and thermodynamic viewpoints, ghu

Scheme 5 A plausible mechanism accounting for the formatio reinforcing our hypothesis.

30 of propargylic amine upon the reaction efhydroxyf3-azido

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3
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Me\ OMe . Me N3
/Sn< + MesSiNg —» \Sr( . MesSiOMe
Me  OSiMes Mé  OSiMes 52
49 50 51

Scheme 6 Simplified computed reaction for the evaluatidrthe
tin to silicon exchange leading 48.

1.144

3.471

3.694

1.146

1.221

2.047

1.980

Figure 4. Geometrical details of reaction compleX@€1, RC2

Figure 5. Minimum energy path for the concerted exchange

Relative energies (kcal mol?)

Reaction coordinate

process hold in reaction complex with the modifigducture
(RC1 and RC2). All values were obtained with zero point
20 energies corrections.
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