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Recent major developments in the synthesis (including solid phase methodologies), chemistry and applications of
the fully unsaturated 1,2,4-oxadiazole nucleus are reviewed. The review covers the years 1995-2000.
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1. Introduction and Scope of Review

/O
. . . . N
N OH.._
This toplc has been reweyved on sgveral' occa%n@)asd was i \”/ -0 , » /u\ >=o\
last reviewed thoroughly in 1996This review will therefore oN--. /Il\ Vam N § ;
detail new or major developments reported in the literature HO™ =N “~0=< TR
from 1995 until the end of 2000, inclusive, although some ref- 1 5 o—N

erence to earlier work will be made for clarity, where appro- o o e
priate. A significant proportion of the information which has N~ . N~ — -
been published in this time deals with the biological applica-R1Jl\,\,/>_OH - R1/||\N>=o - R1/]§N>=O
tions of 1,2,4-oxadiazoles, and this aspect is dealt with sepe H
rately in Section 10, below. The review will deal only with the
fully unsaturatedi(e. fully oxidised, or aromatic) heterocycle. Scheme 1
The synthesis of 2- and 4- substituted systems, including th
N-oxides and the oxadiazoliums, the synthesis of the oxadia3 Synthesis of 1,2,4-Oxadiazoles via Cyclisation
zolines (dihydro 1,2,4-oxadiazoles) and the oxadiazolidines "
(the fully saturated heterocycle), and therefore any fused SYS3 1 The Cyclisation ofO-Acylamidoximes FormedVia the
tems, are beyond the scope of this review. However, SySte”'é-Acylation of Amidoximes
which are tautomeric with fully unsaturated 1,2,4-oxadia-The reaction of an amidoxime with a carboxylic acid deriva-
zoles, such as the 3- or 5- oxo systems, will be covered.  tive, a carbonic acid derivative, or a related species
remaing.>7 the most popular and most facile entry into the

2. Physical Properties and Theoretical Studies 1,2,4-oxadiazole nucleus. The reqUiSite amidoxirvieare

. . . L . readily available, usually from the reaction of nitriles with
Previous reviewis’ report comprehensive listings of melting hydroxylamine, owvia the reaction of imidoyl halide8 with

points, X-ray analyses, NMR data, mass spectral data and,,monia. as shown in Scheme 2.
other physical properties. Recent X-ray crystal structu¥es
confirm earlier reporfsthat the 1,2,4-oxadiazole ring is pla-

3 L)

. . . . . N HOL | NH; HOS
nar, with bond lengths being consistent with the ring possessgu,on  + Il J\ J\
ing some aromatic character. An investigation into the effect At HNT R o R
of solvents on the nitrogen chemical shiftd§44d NMR spec- 7 s
troscopy has appearédwhilst other aspects of the NMR
spectra of 1,2,4-oxadiazoles are dealt with elsewh@iee Scheme 2

electron impact mass spectrometry of 1,2,4-oxadiazoles is
dominated by a (stepwise) 1,3-dipolar cycloreversion The carboxylic fragmer@ which reacts with the amidoxime
process, which proceedi cleavage of the 1,5 (C-0) and 3,4 7: as shown in Scheme 3,can be a c_arboxylic aqid actiated
(C—-N) bonds, and a recent report deals with this, and Wit}-g(t)l)’(y?i)(’: 20?(;)#2'1”]5% rL?ﬁlgt?félIB;Zijznn r:??jls(;zddz(r:itxl/veagef?o%arz;n
other fragmentatlons, in a series of acyl_ hydrazone s_ubstltute MinG aci dl,8’an acid anhydridée19.20succinic anhydridél an
1,2,4-oxadiazoles® Theoretical calculations concerning the acid chloride8194.2022an acid fluoride3 or an estet194.24The
directionality and strength of hydrogen bonds formed byreaction proceedsa an intermediat®-acylamidoximed which
methanol and the 1,2,4-oxadiazole system have been pegan undergo spontaneous cyclisation, can be cydfissitl, or
formed!4 and have revealed that hydrogen bonds to the nitroean be isolated and then cyclised, to give the 1,2,4-oxadiazole
gen atom are more abundant than those to the oxygen atorh0. Some typical examples and yields are shown in Table 1.
The tautomeric behaviour of 3- and 5- amino and 3- hydroxy
substituted 1,2,4-oxadiazoles is such that they exist largely &
the amino and hydroxy tautomers, the latter being stabilisec ,-o# ,1/ ,1/%_ ,
by the formation of the dimeds(Scheme 1). With 5-hydroxy- R‘J\ * - Ao o RJ\N/ A
10

Rz

1 rR¥” X R' NH_
1,2,4-oxadiazoleg, the oxo forms3 and4 often dominate as ™
shown in Scheme 1, and the dimerisation of f&imto the
dimers5 provides a stabilising featute. Scheme 3

7
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Table 1 Typical 1,2,4-Oxadiazoles Available From the O-Acylation of Amidoximes (see Scheme 3)

7,R' = 8, Rz = 8 X= % Yield of 10 Notes and Conditions Ref.
Ph Me Cl or OCOMe 90 Tetrabutylammonium fluoride was used as
a catalyst 20b
Ph CF4 OCOCF,4 80 No catalyst required 20b
4-MeCgH, Pr OH 60 1-(3-Dimethylaminopropyl)-3-ethylcarbodi-imide
was used as a coupling agent 16a
4-CF;CgH, 4-CICgH, OH 80 2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium salt used as coupling agent 16g
CO,Et Boc-Phe-O Boc-Phe-O 72 The symmetrical anhydride was formed
from Boc-Phe and dicyclohexylcarbodi-imide 19¢
Xylose Ph Cl 85 Heat with pyridine as base 20a
Me Me,NCH,CH, OMe 39 NaH in THF used as base 24c
Me H OEt 93 NaOEt in EtOH was used as the base at 80°C 24i
G
N
Propyl CF,Br OEt 41 Heat only required 24e
The reaction of an amidoxime with an orthofornmggé2b COOR'  HNO, COOR' N
(Scheme 4) allows access to 5-unsubstituted 1,2,4-_0xadiazol<MezN ~ \cor? TS vicore MO R100C)LN/>"‘ R
11, whilst the use of chloroformatésphosgene, thiophos- “ o “
gene or their synthetic equivalet250.26gives the 5-oxo sub-
stituted systemsl3 as the final products, also shown in Scheme 6
Scheme 4.
The treatment ofN-cyanocarbonimidate derivative®9,
~OH oR® N—C, Scheme 7, with hydroxylamine allows access to 3-amino-5-
1/"\ * sHj\ . 1/IL />—H ethoxy-1,2,4-oxadiazolez0 in 78-90% yielcB Similarly, the
RN, RO” "OR® -3ROH g7 N use of the potassium salt of tNecyanocarbamat21 allowed
7 1 access to the 3-amino-5-oxo derivat&zin 43% yield.
il N
)N£OH /li N3 ‘I: NH,OH N llél NH,CH N4
+ ] 0 N —_— )]\/ -OEt NK ——> )L O
—_—
! - N N N N
R™ “NH, X7y - RN . )Loa HoN o)\y N W
7 12 13 19, X = SMe/ OEt 20 21, Y = SMe/ OEt 22
Scheme 4 Scheme 7

Amidoximes can also b®-acylated using a palladium _The reaction of t_he amid@3 with _di_methylacetamide-
mediated coupling with an aryl iodide in the presence of cardimethyl acetal fumished the acylamidigé, which under-

bon monoxide, as shown in Scheme 5. Cyclisation of thevent a smooth c_yclisation to give the 1,2,4-pxadia?ﬁ?§
resultantO-acylamidoximel4 then yields the 3-alkyl-5-aryl- upon treatment with hydroxylamine, as shown in Schefiie 8.

1,2,4-oxadiazole45, which were obtained in yields of up to

71%27 iy = 1=
N “conH, MeC(OMe),NMe, /N' P cou:(NMEz NHZ0H /»5 P o\N
—— —_—
3 =N H"" i \I' W
T W Me  {ifiMe, wdan N
-
(o)
D‘\Q il
OH | e - —I‘
N N Pd(0), CO '1 m
+ — R} ] - V4
/"\ 2 \O X R,/l H ° -H0 R‘)\N \_/
16

23 24, 73% 25, 80%

R NH NH, Scheme 8

14
The controlled anodic oxidation of aldoxim26 (Scheme
Scheme 5 9) in acetonitrile led to the proposed intermediate catdns
which underwent addition either to the parent aldoxime, or to
The use of oximes as starting materials in the synthesis of the acetonitrile solvent, to furnish the 1,2,4-oxadiaz&es
wide range of heterocycles, including some reference to th@nd31, respectively, in combined yields of up to 47%dhe
synthesis of 1,2,4-oxadiazoles, has been reviéded. reaction was proposed to procegd the intermediate cycli-
sation precursord8 and29.
3.2 The Synthesis of 1,2,4-Oxadiazole¥ia Other
Cyclisation Methodologies
The nitrosation of acylamino dialkylaminopropenoatés 4. Synthesis From the 1,3-Dipolar Cycloaddition of
provides a route to thi-acylated amidoxime derivativedy ~ Nitrile Oxides to Nitriles and Related Reactions
(Scheme 6), which undergo cyclisation to yield the corre-Historically!-7:33 this is a well established route to 1,2,4-
sponding 5-substituted 1,2,4-oxadiazole-3-carboxytbdem oxadiazoles, and remains second in popularity to those routes,
yields of 63—78989 outlined in Section 3.1, which rely upon the acylation of
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Table 2 Typical 1,2,4-Oxadiazoles From the Cycloaddition of Nitrile Oxides to Nitriles (Scheme 10)

Nitrile Oxide Substituent, R? Nitrile Substituent, R2 % Yield of 34 Ref.
Ph S-1-naphthyl 79 33c
Me 4-NO,CgH,S 48 33c
Br iPr 64 33d
Br CO,Et 79 33d
PhCO CH,CONH, 90 33e
4-FCgH,CO CH,CN 32 33e
Fy Ph 94 33f
Ph 2-(5-nitrofuryl) 70 33g
Ph CCl, 65 33g
oM in the synthesis of 1,2,4-oxadiazoles has been rep8riagl
i ENE A}\ substituted nitriles are most commonly employed as the dipo-
A7 H 2‘= N . 0\1 larophile, but the relatively unreactive aliphatic nitriles will
/H,' \N=<H O NN react, particularly in the presence of Lewis acids.
Ar>-:N\OH e [A'\FN_OH] ] 30 HeterocyclicB-enaminonitriles, cyanates and related species,
H -H

and a series dfl-cyano compounds can also function as dipo-
larophiles, whilst the use of 1,3,5-triazine as a synthetic equiv-
alent of hydrogen cyanide allows access to 5-unsubstituted
1,2,4-oxadiazole$> 7 More recently published wotkdetails

the use of dicyanoketene ace®&las the nitrile, as shown in
Scheme 11. Thus, the addition of a range of aryl nitrile oxides
to one of the cyano groups of compowideads to the 1,2,4-

. . » ... oxadiazole dioxalane36, which can be further elaborated to
amidoximes. The 1,3-dipolar cycloaddition between a nitrile 50w access to pyrazokéab.cisoxazolei®h.c pyrrolesse and

32 and a nitrile oxide33 gives .direct access to the 1,2,4-oxa- pyrimidinessbe substituted 1,2,4-oxadiazoles, such as the
diazole nuc]eu§4, as shown in Schem'e 10. Tablg 2 sh'ows apyrazoleS?, in good overall yield.
representative range of the 1,2,4-oxadiazoles avai@dothis

26 27

Scheme 9

route. . o~
b R—C=N—G N[' ) N Ao
l R‘/'\N \ .‘ lN/ \ I!l
O\j R ~"ou
. N CN HoN
R'--C=N—0 - 5 36 37
N=C—R? L» )I\O/>—R2
R' N
Scheme 11
32 34
The cycloaddition of nitrile oxide33 to imines38, shown
Scheme 10 in Scheme 12, followed bin situ oxidation of the resultant

1,2,4-oxadiazolines (dihydro 1,2,4-oxadiazo&3gan lead to
1,2,4-oxadiazoles.Thus, the addition of 4-methoxybenzoni-
trile oxide @2) to the 4-iminobenzopyran-2-odd gave the
drodehalogenation of an imidoyl halide, but can also be genrntermedia?ezs which underwen?yspontaneogs loss of
erated_ from the reactiqn of a .nitroalkane with methanol to gi\’/e the 1,2,4-oxadiazotd,3 also shown in
phenylisocyanate (the Mukaiyama-Hoshino method), or by a5cheme 12. The cycloaddition of a nitrile oxide to an imine
variety of other, less common methdds3abin a recent  often |eads to 1,2,4-oxadiazolines (dihydro 1,2,4-oxadiazoles)
report, the 1,3-dipolar cycloaddition of some stable nitrile 39 which can be isolated. The cycloaddition of a nitrone to a
conditions was investigatéd and was shown to give consis- sybsequent oxidation of such heterocycles offers another route
tently higher yields of 1,2,4-oxadiazoles than the classicato the fully unsaturated 1,2,4-oxadiazole nucleus, and this
methods. 3,5-Dichloro-2,4,6-trimethylbenzonitrile oxide, a approach is detailed in Section 5. Interestingly, the cycloaddi-
stable nitrile oxide, has been shown to undergo a dimerisatiofion of nitrile oxides to amidoximes leads to 1,2,4-oxadiazole-
reaction accompanied by deoxygenation, to furnishb&5-  4-oxides, which can then be deoxygenated (see Sectidn 7).
(3,5-dichloro-2,4,6-trimethylphenyl)-1,2,4-oxadiazole in over

The nitrile oxides33 are usually generateda the dehy-

50% yield3> The treatment of aldoximes with ceric ammo-

nium nitrate produces nitrile oxides which undergo cycloaddi-
tion to aryl and alkyl nitriles to produce 1,2,4-oxadiazoles in
24-73% yielB® The irradiation of a series of cobaloxime

complexes (ArCHCo[dimethylglyoximatoJpyridine) in the

" C=N—G
R'—C=N—0

o X O,
33 N~ N
— | I YRl || )R
R? { -XY gt N
Y

RZ
Y
N\

38 39 40

presence of an alkyl nitrite has been proposed to involve

nitrile oxide intermediate which then undergoes cycloaddition
reactions to give 3,5-diaryl-1,2,4-oxadiazoles in yields of
50-70%37

Alkyl and aryl groups, as well as halogen, trifluoromethyl,

aroyl, and a variety of other substituents have been used on tt

nitrile oxide, and the range of products available has been we
reviewed>7 Since the appearance of these earlier reviews
the generation of cyanog®&hoxide @3, Rl = CN) and its use

Ar Ar
Nz
y d =( IN:(
N—OMe N
& H “~ome 2N
42
—- e
= S ~MeOH A
0" Yo o7 Yo 0" o
" 43 “

Scheme 12
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5. Synthesis From the Oxidation of Dihydro phenyl-1,2,5-oxadiazolés? in the presence of ammonia or a
1,2,4-Oxadiazoles (Oxadiazolines) primary amine, as shown in Scheme 15, resulted in a loss of

The methods for the synthesis of 1,2,4-oxadiazelaghe  Penzonitrile to give an intermediateacylamino-amidoximes
oxidation of oxadiazolines (dihydro 1,2,4-oxadiazoles) which 3. Cyclisation then gave the 3-amino-5-perfluoroalkyl-1,2,4-
appeared prior to 1996 have been reviefée@xadiazolines ~ ©xadiazole$4 in yields of 30-50%, although 30-40% of the
are readily available, either from the cycloaddition routes dis-Starting material was recoveréd.

cussed in Section 4, above, or from the condensation of alde-

hydes with amidoxime&, and this makes their oxidation a Lo, f, 313 m
MeOH / R'NH,

HO _
popular entry into the fully unsaturated 1,2,4-oxadiazole S\ /(“ j\ - J\ S_RF S )'Lc>.RF
nucleus. The oxidation has been achieved with potassium peps N TRe o oPneN RN N O g N

manganate, with chlorine in carbon tetrachloride, with sodium 5 54, Re = CrF 15, CoF7
hypochlorite, by the oxygen in air, and by a variety of other
oxidants?! In a recent exampl&a N-chlorosuccinimide was Scheme 15

used to bring about the high yielding conversion of the 4,5-

dihydro-1,2,4-oxadiazolets into the corresponding fully aro-

matic systen¥6, as shown in Scheme 13. The reaction of a The treatment of the (benzothiepino[Sipyrimidin-4-
series of arylamidoximes with isobutyraldehyde and the oxi-yl)amidines55with a large excess of hydroxylamine gave the
dation of the resultant 4,5-dihydro-1,2,4-oxadiazoles With(benzothiepinyl)(oxadiazo|y|)amidoxim% (Scheme 16), in
MnO,, or with nitric acid, was also reported reced®#§The good yields (e.g. R= 4-FGH,, 73%)47

treatment of the bicyclic 4,5-dihydro-1,2,4-oxadiazotes

with silver tetrafluoroborate and 2,4,6-collidine, also shown in OH R
Scheme 13, resulted in the formation of the fluoroalkyl sub-

R! N /k
stituted 1,2,4-oxadiazole&8 in 71-87% yield'3 N 'i‘ N/)\NM% excess NHOH H)\\NH N\ \,N
— —— —~— (o]
NI/ N-ch|oro§'|\1/|c'§:inimde, Nr ) Cﬁi‘
o A s
R1

80 - 90%
R’ 55 56
45, R' = H, Me 46
Scheme 16
_0 skt AgBF, 2,4,6-collidine N—C 7. Synthesis via Deoxygenation of 1,2,4-Oxadiazole-4-
N CH,Clp, 0°C |} Oxid
B - )\N xides
RN 7-87% F The 1,3-dipolar cycloaddition of a nitrile oxide to an ami-
doxime results in the formation of 1,2,4-oxadiazole-4-oxides,
hich can be deoxygenated with trimethylphosphite (quanti-
47, R% = COEt, Ph, 4MeOCgH,, 2-NO,CoH 48 wh € Ue0; _ _ .
: © e tatively) A0 with nitrile oxides (in 50-60% yield,and by UV
Scheme 13 irradiation in the presence of triethylamine as an electron
donor partner (quantitativelyy.
6. The Synthesis of 1,2,4-Oxadiazoles from Other 8. Polymer Supported and Combinatorial Syntheses of
Heterocycles 1,2,4-Oxadiazoles

The treatment of the oxazolonéS with alcohols, and the  Gjyen the huge amount of interest in the biological properties
reaction of the resultant aminopropendglevith nitrous acid  f the diverse range of molecules that contain the 1,2,4-oxadi-
affords 1,2,4-oxadiazole-3-carboxylatés, Scheme 14, in  5705]e mojety (see Section 10), it is not surprising that several

60-78% yielck92."The oxazolones are readily available from of the approaches discussed above have been adapted to allow

the reaction ofN-acylglycines with POGlin DMF.29 solution phase combinatorial and polymer supported synthe-
ses of this heterocycle. Liang and co-work&reave demon-
N0, Rionmson coor' | o, P strated that the use of a TentaGel resin, activated by
MezN\l,{)_ ? |:Me7N/=<NHCOR‘2 R‘ooc/l\N 4-nitrophenyl chloroformate, and then captured by ethyl
o o - isonipecotate gives the resin bound ethyl eStershown in
ﬁi:ﬂ;(eéxamples). Me Scheme 17. Room temperature reaction of this with sodium

ethoxide and an amidoxime then furnishes the resin bound
isonipecotyl 1,2,4-oxadiazok8, which can be cleaved from
the resin with trifluoroacetic acid. The process was found to
be suited to parallel synthesis using a semi-automated synthe-
The molecular rearrangement of one 1,2,4-oxadiazole into aiser. The same workers also demonstrated that the reaction of
another 1,2,4-oxadiazole, where an appropriate three-atomresin bound carboxylic acids with an amidoxime and a peptide
side-chain is present (the Boulton-Katritzky rearrangement)coupling reagent gave 1,2,4-oxadiazoles, although the reac-
is well documente8?:8A recent stud$# in the area looks at tion did require heating and specialised equipment for rocking
substituent effects on the equilibration between 3-aroylaminothe tubes at elevated temperatifie.
5-methyl-1,2,4-oxadiazoles and 3-acetylamino-5-aryl-1,2,4- In an alternative approach, shown in Scheme 18, the treat-
oxadiazoles, and review articles on the general subject ofment of a series of resin bound nitriles with hydroxylamine
degenerate ring transformations in heterocyclic systemsfurnished the resin bound amidoxin&3!6cAcylation with a
including 1,2,4-oxadiazoles, have appeafted. Boc or Fmoc protected amino acid under peptide coupling
The UV irradiation of the 3-perfluoroalkanoylamino-4- conditions gave the polymer support@écylamidoxime$0,

Scheme 14
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20. Cyclisation was carried out with tetkabutylammonium
fluoride (TBAF), in THF as solvent at ambient temperature, to
give the polymer supported 1,2,4-oxadiazd@s a process
which was found to be broad in scope with only a few limited
exceptions. Release of the 1,2,4-oxadiaz68&som the poly-
mer support was achieved by treatmeroiith 95% triflu-
oroacetic acid.

Scheme 17 .
/—Ph R1)j\CI /—Ph

which, upon heating, underwent cyclisation to produce the .—W_OH _pyidine ."}_@_«“"}_R,
resin bound 1,2,4-oxadiazolé4. Extremely hindered amino & NH d N, O
acids, and glutamine and asparagine derivatives gave poor 66
yields of oxadiazoles. Alkyl carboxylic acids, succinic and g, Vi Vamil
glycolic anhydrides were successful; however aromatic car-reomtes, ”; O ,:N\o 95% TFA H_NZ O ,:N\o
boxylic acids gave poor yield&¢In a similar approackthe -H0 d =L , 4 =L ,
use of a resin bound nitrile2 allowed access to the corre- o ® . F
sponding resin bound amidoximes, which could be converted
into 1,2,4-oxadiazolegia acylation with either an appropriate Scheme 20

acid halide/anhydride in the presence of a base or an acid in

the presence of a coupling reagent. Cyclisation of the inter-

mediateO-acylamidoxime was achieved by heating in pyri-  The use of polymer supported reagents in combinatorial

dine or diglyme, a step which could be accelerated by the usehemistry has received much attention in recent years, and a

of a microwave oven. polymer supported acylating reagent (supported on a ring
opening metathesis polymer backbone) has been used for the

E 2 R synthesis of 1,2,4-oxadiazoles in solution, starting from aro-
o jz)\OH &\e—wm matic amidoximeg?
e R e . . . . .
o o NH,OH °. x Comngrsgen @ )N'\ W The con"'lblnator!al and pgrallel synthesis of I|br§r|es of
R R NH, R" NH, 1,2,4-oxadiazoles in the solution phase has also received much

recent attentioR9-16d.16awith work concentrated in the area of
carboxylic acid activation and the subsequent coupling of the
acid to an amidoxime. Coupling reagents that have been used
in the construction of these libraries include 1-ethyl-3-(3-
dimethylaminopropyl)carbodi-imide (EDC) in the presence of
hydroxybenzotriazole (HOBT2 1,1'-carbonyldiimidazole
(CDI),16d and 2-(H-benzotriazole-1-yl)-1,1,3,3-tetramethy-
luronium tetrafluoroborate (TBTU¥9

59

60

H

Heat N—Q  NHBoc on N=S80,

-H;0 .\R1/(N/>_<RZ @AN/\U OCN
1 ' Y o

Scheme 18

In another approach (Scheme 2®R series of benzoic 9. Reactions of 1,2,4-Oxadiazoles

acids were bound to the Wang linker and then activated witd "€ 1,2,4-oxadiazole nucleus is almost inert to electrophilic
cyanuric fluoride to give the resin bound acyl fluori The  attack. Nucleophilic displacement of suitable leaving groups
reaction of the acid fluoride with an amidoxime gave the resirft thé 5-position is common, but the substitution of groups at
bound O-acylamidoxime64, which yielded the resin bound the 3-position is less common. Thermal, photochemical,

1,2,4-oxadiazole$5 upon heating. Cleavage from the resin Nvdrolytic and reductive reactions of the ring are well
was facile with a mixture of dichloromethane and trifluo- KNOWn**’The general patterns of reactivity and those reac-

roacetic acid. The procedure tolerated aliphatic, aromaticioNS peculiar to 1,2,4-oxadiazoles have been reviewed up to

polar and non-polar amidoximes, gave an average yield 0?__995.1—7Thu_s, only important rea_ctions _spe_cific to 1,2,4-oxa-
82%. and was suitable for autométion diazoles which have appeared since this time will be detailed

N
P
0 R? NH,

——

F
63
O. R’
125°C '/ l \/‘
—_—
-H,O F /N>— ,
o T
65

Scheme 19

O. R
o
=

here. Standard functional group manipulations will not be
F
R’ A
O. N7 N
@ %
L o
OH

included.
|
AA
o} R’
o ¥
F o NH,
O\N)\Rz

64

In a very recent procedure, Rice and Neés&eport that the
Argopore MB-CHO polymer supported amidoxint&yread-
ily available from the nitrile) can be acylated with acid chlo-

5-Vinyl-1,2,4-oxadiazoles have been shown to be excellent
Michael acceptors, useful in the synthesis of NuGCH-
1,2,4-oxadiazoles, where Nuc can be any appropriate nucle-
ophile24c The conversion, by cyclic voltammetry, of a series
of 3-substituted 5-(bromodifluoromethyl)-1,2,4-oxadiazoles
into the corresponding difluoromethyl anion allows access to
a range of difluoromethyl substituted 1,2,4-oxadiazéies!
The displacement of the 5-trichloromethyl group is well estab-
lished in 1,2,4-oxadiazole chemistrgnd the group has been
displaced with oxygen and nitrogen nucleoph?®s.
Similarly, a 5-chloro group can be displaced with a variety of
nucleophileg, for example, a sulfur nucleophi#é? The base
induced rearrangement of a serieeubstitutedZ-phenyl-
hydrazones of 3-benzoyl-5-phenyl-1,2,4-oxadiazoles into
1,2,3-triazoles has been stud®dA theoretical study con-
cerning the Boulton-Katritzky rearrangement of 3-formy-

rides in the presence of excess pyridine, as shown in Schentemino-1,2,4-oxadiazole has appeatéd.he photoinduced
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molecular rearrangement of a series of 1,2,4-oxadiazoles intarea of antitussivedc A number of 1,2,4-oxadiazoles con-
1,3,4-oxadiazoles is know#.>4aThe photoinduced molecular tinue to attract interest as benzodiazepine receptor ligafels,
rearrangement of certain 1,2,4-oxadiazoles in the presence ah example being the imidazoquinoxalinone derivafié3
nitrogen nucleophiles leads to 1,2,4-triaz8®sand in the  (1,2,4-Oxadiazolyl methyl)phthalimidégléband a series of
presence of sulfur nucleophiles leads to 1,2,4-thiadiaz#les. N-acylhydrazone substituted 1,2,4-oxadiaz¥fehave been
The irradiation of a range of 5-aryl-1,2,4-oxadiazoles resultsshown to have potent analgesic properties. TimepBatyl-

in cleavage of the N-O bond, followed by a cyclisation to fur- 1,2, 4-oxadiazol€75 is a potent and selectig, adrenergic

nish quinazolin-4-one!d Hydrogenation of 3-aryl-5-methyl-  receptor agonige whilst the corresponding benzyl and phe-
1,2,4-oxadiazoles over Raney nickel has been used as a rouiexymethylene analogues represent useful tools in the synthe-

to amidines;?a19%55ureas and guanidin®s whereas the use sis of 3, adrenergic receptor agonist antiobesity agtts.
of LiAIH , allows a ring opening which gives accessltsub-
stituted amidoxime&% The hydrolysis of 1,2,4-oxadiazoles

OH
follows predictable patterrfs>” and it has recently been =\ o N H
shown that the base promoted fragmentation of 1,2,4-oxadia©i”f_<,ﬁ$ w \/\©\ S
N N~
N (o] H

O,
zole can lead to nitrile®d amides have also been isolated as \©\(N
partial hydrolysis produc&. The 1,2,4-oxadiazole ring is PY -
known to function as a monodentate ligand through the 4-N 74 75 _(w

atom; and a recent report deals with the synthesis of cop-
per(ll) complexes containing a 1,2,4-oxadiazolyl moiety A series ofa-keto-oxadiazole compoundzs have been

which behaves as a bidentate ligahd. shown to be potent and selective inhibitors of human neu-
trophil elastasé* 3-(Coumarin-4-yl)-1,2,4-oxadiazoles show
10. Biological Applications of 1,2,4-Oxadiazoles potent anti-inflammatory activiti2d A series of benzimida-

The use of compounds containing the 1,2,4-oxadiazole moietgole-7-carboxylic acids bearing the 5-oxo-1,2,4-oxadiazole
as antitussives, anti-inflammatory agents, analgesics, coronaifng have been shown to be potent angiotensin Il receptor
dilators, agonists at muscarinic receptors, 5-HT recepto@ntagonistgsab 1,2,4-Oxadiazolyl compounds have been
antagonists, benzodiazepine receptor agonists, anthelminthicgported that show antitumour activigyA library of 4-[2-

plant protection agents, and for a variety of other uses wa$l,2,4-oxadiazolyl)]piperidines has been designed, synthe-
reviewed in 19967 and interest has continued unabated.Sised and then tested as dopaming liDands®®® The
Much of the recent interest still stems from the use of the'eplacement of the isothiourea grouping of known histamine
1,2,4-oxadiazole as an ester bioisosté9@20.22d.58 Thys, H; antagonists (such as clobenpropit) with the 1,2,4-oxadia-
1,2,4-oxadiazoles have been used as ester bioisosteric replag®/e ring resulted in the formation of compourig and a
ments in a series of compounds related to the disoxaril preseries of analogues, some of which were potent and selective
cursor 69, shown below, and their activities against Hzantagonist3?The protein tyrosine kinase ZAP-70 is a tar-
rhinoviruses determine®b The replacement of the ester moi- get forimmune suppression, and a series of 1,2,4-oxadiazoles,
ety present in cocaine with a 3-phenyl-1,2,4-oxadiazolyl subsuch as compoundg8, have been shown to be potent and
stituent led to a compound with 50 times the affinity for the selective SH2 (Src homology-2) inhibitors of the tyrosine
dopamine transporter than cocaine it82tudies regarding kinase ZAP-70, with activities up to 200-400 fold more potent
the use of 1,2,4-oxadiazoles as peptidomimetic and dipepthan the native tetrapeptidés®

tidomimetic amino acid-Gly replacements in biologically

active peptides have appeatédc

HyO5P
Ci o 1
Me o Me - 1&\();\0 m%\_@ O\%\rn\_/\k}_rz
/u\/)—(CHz)-,-O—@—COZMe N N “we hd Mg O R
Me 76 77 8
69 0 70
Cl Me
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