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Nes te ar ti go des cre ve mos as sín te ses dos áci dos 3-[3-(aril)-1,2,4-oxadiazol-5-il] pro piô ni -
cos 3a-g, com alto ren di men to, a par tir das ari la mi do xi mas 1a-g e do ani dri do suc cí ni co. Os
1,2,4-oxadiazóis 3a-f tam bém fo ram ob ti dos fa zen do-se a re a ção em um for no de mi cro on das
do més ti co. Ava li a ções far ma co ló gi cas pre li mi na res de mons tra ram que os com pos tos 3b-e
pos su em pro pri e da des anal gé si cas. Cál cu los ab-initio com base sto-3g fo ram re a li za dos com
os com pos tos 3a, 4a, 5a e 6a.

The synthe sis of ti tle com pounds 3a-g, from ary la mi do xi mes 1a-g and suc ci nic anhydri de
in high yi elds is des cri bed. 1,2,4-Oxadiazoles 3a-f were also ob ta i ned by carr ying out the re ac -
ti on in a do mes tic mi cro wa ve oven. Pre li mi nary phar ma co lo gi cal eva lu a ti ons de mons tra ted
that 3b-e pos sess anal ge sic pro per ti es. Ab ini tio mo le cu lar or bi tal cal cu la ti ons of the type
STO-3G have been per for med for com pounds 3a, 4a, 5a and 6a.

Key words: ary la mi do xi mes, bis-1,2,4-oxadiazoles, di aryl-1,2,4-oxadiazoles, ab-initio
sto-3g cal cu la ti ons

Intro duc ti on

Although the synthe sis of acids 3a-g have been des cri -
bed, the ir yi elds were rat her low2-4. In an at tempt to im pro -
ve the yi elds of the se acids, we dis co ve red that he a ting a
mix tu re of ary la mi do xi mes 1a-f and suc ci nic anhydri de 2
in a do mes tic mi cro wa ve oven for 10 min pro vi des 3a-f in
high yi eld (Sche me 1). The se acids are im por tant be ca u se
3-[3-(phenyl)-1,2,4-oxadiazol-5-yl] pro pi o nic acid (3a)
has been found to pos sess sig ni fi cant pe rip he ral anal ge sic
and an ti-inflammatory pro per ti es5. Com pounds 3b-e, in a
pre li mi nary scre e ning, sho wed some anal ge sic pro perty; in 
fact, 3b and 3d have slightly bet ter ac ti vity than dipy ro ne.
Acid 3b also sho wed an ti-inflammatory pro perty but 30
per cent less than in do met ha ci ne6.

Du ring the pre pa ra ti on of 3a-g, we ca re fully in ves ti ga -
ted two mi nor pro ducts and iden ti fi ed them as 4a-f and 5a-f
res pec ti vely. We synthe si sed 4a-f from 3a-f in or der to ve -
rify the ir iden ti ti es. The li te ra tu re re ports the synthe sis of
only 4a, from ben za mi do xi me and suc ci nic anhydri de7,
and its spec tros co pic pro per ti es8,9. Be si des this, no more
in for ma ti on was ava i la ble on this class of com pounds.

Next we trans for med acids, 3a-g to the ir methyl es ters,
6a-g. None of the methyl es ters were known. The re fo re,
this pa per des cri bes the im pro ved synthe sis of 3a-f and the
pre pa ra ti ons of 4a-f from 3a-f, and of 6a-g from 3a-g, res -
pec ti vely.

Re sults and Dis cus si on

The re ac ti on of ary la mi do xi mes 1a-f with suc ci nic
anhydri de 2 was re por ted to yi eld 3a-f in poor to mo de ra te
yi elds4. Re pe a ting this met hod un der im pro ved con di ti ons
and exa mi ning the pro ducts ca re fully by thin la yer chro ma -
to graphy (TLC), we de tec ted two fast run ning mi nor com -
po nents. The ir se pa ra ti on was achi e ved on a si li ca gel
co lumn. The pro ducts were iden ti fi ed as 3a-f (Rf = 0,1),
4a-f (Rf = 0,5) and 5a-f (Rf = 0,8) res pec ti vely. Acids 3a-f
were the ma jor pro ducts (70-75%) whe re as 4a-f and 5a-f
were the mi nor ones. If the quan ti ti es of all three pro ducts
are sum med up, a yi eld of 85% was ob ta i ned. Ta ble 1 lists
the yi elds of 3a-f ob ta i ned by he a ting 1 and 2 in a pre he a ted
oil bath (GPA), in di o xa ne (GPB) or in a mi cro wa ve oven
(GPC).
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The yi elds of acids 3a-f have been slightly im pro ved by
re flu xing the ary la mi do xi me and suc ci nic anhydri de in di -
o xa ne (GPB). This ex pe ri ment also gave the two mi nor
pro ducts.

Anot her fast and ef fi ci ent synthe sis of 3a-f was found.
When an in ti ma te mix tu re of an ap pro pri a te ary la mi do xi -
me and suc ci nic anhydri de was he a ted in a do mes tic mi cro -
wa ve oven (80% po tency) for 10 min (GPC), com pound 3
was ob ta i ned as the ma jor pro duct and 4 and 5 as the mi nor
pro ducts. Se pa ra ti on by co lumn chro ma to graphy pro vi ded
pure acids in high yi elds ex cept in the case of 3b (Ta ble 1).
Thus, it is cle ar that mi cro wa ve he a ting is more ef fi ci ent
than con ven ti o nal he a ting for dry or ga nic re ac ti ons10. The
met hod al lows ra pid synthe sis and cle a ner pro ducts be ca u -
se of a shor ter re si den ce time.

The for ma ti on of a small quan tity of 4 in the re ac ti on of an
ary la mi do xi me 1 and suc ci nic anhydri de 2 is in te res ting and
re qui res com ment. The acid 3 for med ini ti ally re acts with
anot her mo le cu le of ami do xi me to give 4. This was pro ved
ex pe ri men tally by carr ying out this pre pa ra ti on from 1 and 3,
as shown in Sche me 1, item B. Eit her 7 or 8 could be the in ter -
me di a te, which cycli zes to 4 on he a ting. Ho we ver, in ter me di -
a te 7 is more li kely sin ce, as has been es ta blis hed ear li er,11 the
hydroxyl oxy gen of ary la mi do xi me is more nu cle op hi lic than
the -NH2 ni tro gen, sup por ting the in ter me di a te 7.

The for ma ti on of 5 is due to the re ac ti on bet we en two
mo le cu les of ary la mi do xi mes un der the re ac ti on con di ti -

ons. Com pounds 5a-d,f were iden ti cal with aut hen tic sam -
ples12,13. Oxa di a zo le 5e was not found in the li te ra tu re and,
the re fo re, its pro per ti es are des cri bed in the ex pe ri men tal
sec ti on.

Next, we tri ed to trans form 3a-g to the ir methyl es ters.
Acids 3a-f were synthe si sed by the re por ted pro ce du re1b,
and acid 3g was ob ta i ned li ke wi se1a. Addi ti on of di a zo met -
ha ne to an et he re al so lu ti on of the se acids af for ded methyl
3-[3-(aryl)-1,2,4-oxadiazol-5-yl] pro pi o na tes 6a-g in al -
most quan ti ta ti ve yi eld. All se ven es ters were new.

The IR spec tra of 6a-g sho wed a strong ab sorp ti on
around 1735 cm-1 for the es ter car bonyl func ti on. The ot her
ab sorp ti ons were si mi lar to tho se of the 1,2,4-oxadiazole
ring re por ted ear li er14,15. The UV spec tra had ab sorp ti ons
cha rac te ris tic of a 1,2,4-oxadiazole ring16. Ta ble 2 lists the
UV spec tra of com pounds 6a-g.

The 90 MHz 1H-NMR Spec trum of 6a sho wed a mul ti -
plet bet we en δ 2.70-3.43 ppm for the meth yle ne pro tons
(2CH2), but the 200 MHz pro ton mag ne tic re so nan ce spec -
trum pro du ced two well de fi ned tri plets at δ 2.94 and 3.25
ppm res pec ti vely, the J va lu es in both ca ses were 7.0 Hz.
The for mer and lat ter are as sig ned as α and β meth yle ne
pro tons res pec ti vely. This as sump ti on is ba sed on our work 
for 3-[3-(phenyl)-1,2,4-oxadiazol-5-yl] pro pi o nic acid.4

The ot her pro ducts 6b-g sho wed si mi lar tri plets ha ving al -
most the same che mi cal shifts (Ta ble 3).

13C-NMR spec tra

In 1989, the methyl subs ti tu ent ef fects on the phenyl ring
of 3-phenyl- and 5-methyl-3-phenyl-1,2,4-oxadiazoles were
stu di ed17. This pa per des cri bes the study of methyl, met hoxy,
chlo ro and bro mo subs ti tu ent ef fects on the phenyl ring of
methyl 3-[3-(phenyl)-1,2,4-oxadiazol-5-yl] pro pi o na tes,
6a-g. The 13C subs ti tu ent ef fects of mo no subs ti tu ted ben ze -
nes were ob ta i ned from the pu blis hed data18, and the va lu es
ad ded to the phenyl car bons of 6a. The ad di ti vity holds good
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Ta ble 1. Mel ting po ints and yi elds of pro ducts 3a-f.

Com pound MP (oC) Yi elds (%)

Pre sent Lit.4 Pre sent* Lit.4

GPA GPB GPC

3a 119-120 118-120 70.2 92.0 73.3 55.0

3b 102 103-104 74.9 83.0 25.0 25.0

3c 101-102 98-100 74.5 91.0 76.4 53.0

3d 145 138.5 74.8 86.0 67.7 54.0

3e 153-154 145-146 72.5 80.0 83.1 58.0

3f 157-158 149-150 73.6 68.0 76.5 40.0

*GP A, B and C re pre sent Ge ne ral Pro ce du res A, B and C.
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for all com pounds ex cept in the case of 6b es pe ci ally for 2’
and 6’ car bons. This kind of dis cre pancy has been ob ser ved
ear li er17 (Ta ble 4). Ini ti ally, we fa ced some dif fi culty in as -
sig ning the C-6 and C-7 sig nals. Ho we ver, we over ca me this
pro blem in the fol lo wing man ner.

As des cri bed in the sec ti on de a ling with the pro ton
spec tra of the se com pounds, we as sig ned the α and β meth -
yle ne pro tons at δ 2.94 and 3.25ppm res pec ti vely. Se lec ti ve 
ir ra di a ti on of the tri plet at δ 3.27 ppm of 6b chan ged the
meth yle ne car bon as a sin glet at 30.31 ppm con fir ming it as
C-6. Similarly, ir ra di a ti on of the tri plet at δ 2.94 pro du ced
a sin glet at 21.95 ppm in di ca ting cle arly that it is due to C-7. 
In the to tally pro ton de cou pled spec trum of 6b, it was dif fi -
cult to lo ca te C-1’. Ho we ver, the Atta ched Pro ton Test
(APT) tech ni que in di ca ted that C-1’ had al most the same
che mi cal shift as C-5’. Var ying the de lay time of the pul se

se quen ce of the APT ex pe ri ment gave the all qua ter nary
car bon spec trum whe re C-1’ ap pe a red at δ 126.04 ppm,
thus con fir ming its iden tity.

The re se ems to be no ef fect on C-3 of the
1,2,4-oxadiazole ring when the subs ti tu ent chan ges from
phenyl to m-, p-tolyl or p-anisyl. Ho we ver, a small down fi -
eld shift (~ +0.65 ppm) is ob ser ved when the sub si ti tu ent at
C-3 is a o-tolyl group. A p-chlo rop henyl or p-bro mop henyl
subs ti tu ent at C-3 pro du ced a small upli eld shift (-0.73 &
-0.64 ppm).

In sum mary, the ad di ti vity rule for the subs ti tu ents on
the phenyl ring holds good in all com pounds ex cept in 6b.
Ta ble 4 lists the 13C che mi cal shifts of com pounds 6a-g.

Appe a ran ce of C-3 ( δ 167.19-168.88 ppm) and C-5 ( δ
176.19-178.53) sig nals in the 13 C spec trum of com -
pounds 6a-g can be cor re la ted with the cal cu la ted char ges
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of the se car bons ob ta i ned for 6a (Ta ble 5). The po si ti ve
char ges are 0.146548 e.u. and 0.231096 e.u. for C-3 and
C-5. The for mer is lo wer than the lat ter and, the re fo re, the
che mi cal shifts and the cal cu la ted va lu es agree with the as -
sign ment. This can be jus ti fi ed by con si de ring the elec tro -
ne ga ti vity of two ni tro gens at ta ched on C-3 vs. one ni tro gen 
and one oxy gen on C-5.

Com pu ta ti o nal Met hod

The ab ini tio Har tree-Fock Self-Consistent Fi eld

(HF-SCF) mo le cu lar or bi tal cal cu la ti ons were per for med
by using the Ga us si an 92 Pro gram19 on an IBM RISC 6000 
com pu ter of our De part ment.

Ab ini tio cal cu la ti ons

In or der to gain more in sight about the se mo le cu les, we
car ri ed out ab ini tio mo le cu lar or bi tal cal cu la ti ons of com -
pounds 3a, 4a, 5a and 6a using STO-3G ba sis set for ge o -
metry op ti mi sa ti on. It was not pos si ble to do cal cu la ti ons for
all com pounds be ca u se of the com pu ter time. The li te ra tu re
do esn’t re cord any the o re ti cal work on the se mo le cu les. The
re sults ob ta i ned are dis cus sed in the fol lo wing pa ra graphs,
and the prin ci pal va lu es are lis ted in Ta bles 5 and 6. Fi gu re 1
shows a sche ma tic pic tu re of the most sta ble con for ma ti ons
found for each mo le cu le.

First, we exa mi ned the acid 3a. Although, se -
mi-empirical cal cu la ti ons have been per for med on the oxa -
di a zo les20,21, no work was found in the li te ra tu re on
3-[3-(phenyl)-1,2,4-oxadiazol-5-yl] pro pi o nic acid 3a.
The cal cu la ti ons show that both phenyl and oxa di a zo le
rings are co pla nar. Furt her, C-6, C-7 and car bonyl car bon
are in the pla ne of the oxa di a zo le ring. We did not exa mi ne
the di mer of this acid. The di mer might show a so mew hat
dif fe rent con for ma ti on of the si de-chain. The cal cu la ted
bond lengths and bond an gles are very clo se to the ex pe ri -
men tal va lu es for 2-(3-p-chlo rop henyl[1,2,4]-oxa di a -
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Ta ble 2. The ul tra vi o let spec tra of com pounds 6a-g ob ta i ned in 95%
et ha nol.

Com pound λmax. 
(nm)

∈ Com pound λmax 

(nm)
∈

6a 286 634.3 2e 290 617.3

274 740.0 276 1,111.0

240 10,993.7 249 18,271.6

6b 283 1,087.4 2f 290 593.5

241 9,381.7 281 l,038.6

253 18,694.4

6c 289 1,194.0

284 l,368.2 2g 293 2,124.7

245 10,945.3 262 18,413.6

6d 288 592.4

276 1,066.3

249 14,761.9

Ta ble 3. Che mi cal shifts (in ppm) of pro tons of oxa di a zo les 6a-ga.

Com pound Ar α-CH2 βCH2 AR-CH3 -COOCH3

(t) (t) (s) (s)

6a 7.27-7.60 m (3H) 2.94 3.25 - 3.67

7.80-8.20 m (2H)

6b 7.03-7.37 m (2H) 2.94 3.27 2.55 3.63

7.70-8.03 mb (2H)

6c 7.05-7.38 mb (2H) 2.94 3.25 2.37 3.67

7.55-7.91 mb (2H)

6d [7.20d (2H); 7.88d (2H)]c 2.93 3.25 2.37 3.68

6e [7.37d (2H);7.83d (2H)]c 2.94 3.25 - 3.68

6f [7.59d (2H);7.90 (2H)]d 2.94 3.26 - 3.70

6ge
[7.20d (2H); 8.05 (2H)]c 2.93 3.24 - 3.70

a90 MHz, Sol vent: CDCl3. The va lu es of α & β-CH2 pro tons are from 200 MHz NMR spec tra with J va lu es = 7.0 Hz.
bNar row mul ti plet.
c AA’BB’ system (J = 8.0 Hz).
d AA’BB’system (J = 9.0 Hz).
eAr 0CH3 pro tons ap pe a red at δ 3.83 ppm as a sin glet.



zol-5-yl)-3,4-dihydro-1-naphthylaminoformaldehyde
oxi me 9 ob ta i ned by X-ray crystal lo graphy22. The bond
dis tan ces, bond an gles and elec tro nic char ges on each atom
of the he te rocy clic ring are gi ven in Ta ble 5. Di po le mo -
ments and HOMO ener gi es are lis ted in Ta ble 6.

Next, we exa mi ned the methyl es ter 6a of acid 3a. To our
sur pri se, the es ter shows the same con for ma ti on as that of the 
pa rent acid, in di ca ting that subs ti tu ti on of the hydro gen atom 
by the methyl group did not af fect the con for ma ti on.

Oxa di a zo le 5a shows that all three rings lie in the same
pla ne. The li te ra tu re does not re port any work about this
com pound. As ex pec ted the ato mic char ge at C-5 is slightly
less than when the re is an alkyl subs ti tu ent. This also sup -
ports that the C-5 phenyl ring and the he te rocy clic ring are
con ju ga ted.

Exa mi na ti on of 4a shows that the phenyl rings still re ma -
in in the same pla ne as the oxa di a zo le ring and the mo le cu le

as a who le, in it’s most sta ble con for ma ti on, is prac ti cally
pla nar, with a di he dral an gle of 179.9o bet we en the two ring
oxy gens. A se cond sta ble struc tu re was found with the
phenyl-oxadiazol-5-yl groups con nec ted via the eth yle ne
func ti on for ming a tor si on an gle of about 66o from one anot -
her. This struc tu re was found to be about 0.22 kcal/mol hig -
her in energy than the for mer. The va lu es in Ta ble 5 for
com pound 4a re fer to the most sta ble con for ma ti on (the pla -
nar one). We can note, that the cal cu la ted va lu es for 4a are
also in good agre e ment with the ava i la ble ex pe ri men tal
data22.

Expe ri men tal

Mel ting po ints are un cor rec ted. IR spec tra were re cor -
ded with a Per kin-Elmer spec trop ho to me ter, mo del 237B
gra ting ins tru ment and UV spec tra with a Beck man Mo del
DB spec trop ho to me ter. 1H- and 13C-NMR spec tra were ob -
ta i ned with a EM-390 90 MHz and with a Bru ker AC 200
MHz spec trop ho to me ters using TMS as an in ter nal stan -
dard. A so lu ti on (0.3M) of com pounds 6a-g in CDCl3 in a 5
mm sam ple tube was used for me a su ring the 13C spec tra.
San yo mi cro wa ve oven (2450 MHz and 1350 watts) was
em plo yed for the pre pa ra ti on of 3a-f. Dr. Lu zia E. Na ri mat -
su of the “Insti tu to de Qu í mi ca, Uni ver si da de de São Pa u lo, 
SP,” per for med the ele men tal analy ses. Thin la yer chro ma -
to graphy (TLC) was car ri ed out on si li ca gel co a ted pla tes
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Ta ble 4.  13C-NMR Che mi cal shift as sign ments of com pounds 6a-g*.

Car bons

Com pounds 3 5 6 7 8 9 1’ 2’ 3’ 4’ 5’ 6’ Ar-CH3

6a 168.23 176.19 30.27 22.02 171.64 52.01 126.71 127.35 128.73 131.06 128.73 127.35

6b 168.88 177.26 30.33 21.96 171.75 52.06 126.04 138.18 129.99 131.31 125.89 130.49 22.06

calcd.+ 127.41 136.25 129.43 130.96 125.83 127.25

6c 168.28 178.07 30.21 21.96 171.59 51.93 126.52 127.83 138.48 131.80 128.61 124.42 21.18

calcd+
126.61 128.05 137.63 131.76 128.63 124.45

6d 168.26 178.02 30.28 22.02 171.69 51.99 123.70 127.29 129.46 141.40 129.46 127.29 21.47

calcd.+ 123.81 127.25 129.43 139.96 129.43 127.25

6e 167.50 178.50 30.23 22.02 171.64 52.08 125.26 128.71 129.12 137.27 129.12 128.71

calcd.+ 124.81 128.65 129.13 137.26 129.13 128.65

6f 167.59 178.53 30.24 22.02 171.64 52.08 125.69 128.90 132.09 125.69 132.09 128.90

calcd.+ 125.11 129.05 132.13 125.56 132.13 129.05

6g**
168.25 177.68 30.30 21.99 171.68 52.00 119.17 128.94 114.15 161.64 114.15 128.94

calcd.+ 119.01 128.35 114.33 162.46 114.33 128.35

* Spec tra ob ta i ned in CDCl3
** Met hoxy car bon ab sorp ti on ap pe a red at δ  55.20 ppm.
 +Cal cu la ted by ad ding the known va lu es of the subs ti tu ents (Ref. 18) to the phenyl car bons of 6a.
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with flu o res cent in di ca tor (PF254) and elu ted with chlo ro -
form un less ot her wi se sta ted.

Re ac ti on of Aryla mi do xi mes 1a-f with Suc ci nic Anhydri de4

Ge ne ral pro ce du re A

The ap pro pri a te ary la mi do xi me (7.35mmol) and suc ci -
nic anhydri de (8.09 mmol) were tri tu ra ted and put in a test
tube. The test tube was dip ped in a pre he a ted oil bath at 130
°C. After 40 min, the same was re mo ved. TLC sho wed four
spots cor res pon ding to com pounds (CHCl3, Rf

 va lu es in pa -

Ta ble 5. Ato mic char ges on the oxa di a zo le ring, bond dis tan ces and an gles of com pounds 3a, 6a, 5a and 4a ob ta i ned from the sto-3g cal cu la ti ons.

Mo le cu le Ato mic Char ges

O1 N2 C3 N4 C5

3a -0.142152 -0.127994 0.146668 -0.283339 0.231073

6a -0.142247 -0.128213 0.146548 -0.283413 0.231096

5a -0.142979 -0.128931 0.146663 -0.280646 0.226245

4a -0.141209 -0.126912 0.147286 -0.283669 0.230706

Bond Dis tan ces (Å)

O1-N2 N2-C3 C3-N4 N4-C5 C5-O1

Expe ri men tal a 1.410 1.300 1.358 1.306 1.374

3a 1.392 1.321 1.424 1.306 1.374

6a 1.392 1.321 1.424 1.306 1.374

5a 1.390 1.322 1.420 1.312 1.375

4a 1.392 1.321 1.425 1.306 1.374

Bond Angles (de gre es)

O1-N2-C3 N2-C3-N4 C3-N4-C5 N4-C5-O1 C5-O1-N2

Expe ri men tal a  103.1 115.0 103.8 111.4 106.7

3a 104.75 113.35 101.88 113.39 106.63

6a 104.75 113.34 101.89 113.38 106.63

5a 104.72 113.50 101.92 113.10 106.75

4a 104.78 113.33 101.86 113.45 106.57

a  The  va  lu  es  were  ob  ta  i  ned  f rom the  x- ray  da ta  of  the  com pound 2-(3-p -chlo  rop henyl[1 ,2 ,4]-oxa  d i  a  -
zol-5-yl)-3,4-dihydro-1-naphthylaminoformaldehyde oxi me22.

Ta ble 6. Di po le mo ments and HOMO ener gi es for the cal cu la ted
com pounds

Mo le cu le µ (D) εHOMO (eV)

3a 1.6453 -7.3318

6a 1.8771 -7.3210

5a 1.7362 -7.1084

4a 0.0017 -7.3833
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rent he ses): 5 (0.8), 4, (0.5), 1 (0.3), and 3 (0.1). The mix tu re 
was chro ma to grap hed over si li ca gel using ini ti ally n-he xa -
ne and then gra du ally in cre a sing the po la rity by ad ding
chlo ro form. This se pa ra ted com pounds 5 and 4. Elu ti on of
3 was pos si ble only with a mix tu re of chlo ro form and ethyl
ace ta te. A lit tle of a po lar com pound re ma i ned on the co -
lumn which could be elu ted only with met ha nol. This pro -
duct is pre su mably the im pu re suc ci nic acid. The de ta ils are 
gi ven be low:

3,5-Bisaryl-1,2,4-oxadiazoles (5a-f, Rf
 ≈ 0.8). Com -

pounds 5a-d, f were iden ti cal with tho se pre pa red ear li -
er.12,13 The ir yi elds are gi ven in pa rent he ses: 5a (6.1%), 5b
(1.4%), 5c (11,2%), 5d (2.9%), and 5f (9.9%). The new
pro duct 5e mel ted at 179-8 °C, af ter recrystal li za ti on from
et ha nol-water, yi eld (11,5%). Its NMR data and ele men tal
analy sis are gi ven be low:

1H-NMR (CDCl3-DMSO-d6, 9.9/0.1): δ  = 7.55 (d, 2H), 
7.63 (d, 2H), 8.17 (d, 2H), and 8.27 (d, 2H). The se dou blets
have J va lue of about 8.5 Hz.

C14H8Cl2N20 Calc. C 57.74 H 2.77 N 9.62

(291.10) Found 57.45 2.62 9.32

Com pounds with Rf va lue ≈ 0,5. The TLC, mix tu re
mel ting po ints and the NMR spec tra of the se pro ducts agre -
ed with 4a-f, iso la ted ear li er or pre pa red in de pen dently.
The yi elds are gi ven in pa rent he ses: 4a (8.9%), 4b (12%),
4c (11.6%), 4d (4.4%), 4e (8.8%), 4f (10.5%).

3-[3-(Aryl)-1,2,4-oxadiazol-5-yl] pro pi o nic acids
(3a-f). The mel ting po ints as well as the yi elds of com -
pounds 3a-f are com pi led in Ta ble 1.

Ge ne ral pro ce du re B

The ap pro pri a te ary la mi do xi me 1 (3.67 mmol) and suc -
ci nic anhydri de 2 (3.67 mmol) in di o xa ne (10 mL) were re -
flu xed for 4 h un der ni tro gen at mosp he re. TLC of the
re ac ti on mix tu re had the same Rf va lu es as des cri bed abo -
ve. Sol vent re mo val fol lo wed by li quid chro ma to graphy
over si li ca gel, using sol vents as des cri bed in pro ce du re A,
af for ded the de si red pro ducts. The yi elds of 3a-f are sum -
ma ri sed in Ta ble 1.

Ge ne ral pro ce du re C

Aryla mi do xi me (3.7 mmol) and suc ci nic anhydri de
(4.06 mmol) were in ti ma tely mi xed, and he a ted ini ti ally in
a mi cro wa ve oven at 80% po wer for 5 min, and af ter a few
mi nu tes the same mix tu re was he a ted for an ad di ti o nal

Fi gu re 1. Con for ma ti ons ob ta i ned from sto-3g cal cu la ti ons for: (a) 3-[3-(phenyl)-1,2,4-oxadiazol-5-yl] pro pi o nic acid - 3a; (b) methyl
3-[3-(phenyl)-1,2,4-oxadiazol-5-yl] pro pi o na te - 6a; (c) 3,5-bisphenil-1,2,4-oxadiazole - 5a; (d) 5,5’-(1,2-ethanediyl)-bisp henyl-1,2,4-oxadiazole - 4a.
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5 min. TLC sho wed si mi lar re sults as ob ser ved in pro ce du -
res A or B. Com pound 1b re ac ted po orly un der the se con di -
ti ons. The re fo re, this pro duct was he a ted at ma xi mum
po wer for 10 min wit hout in ter rup ti on. The pro ducts were
cro ma to grap hed by si li ca gel chro ma to graphy. The yi elds
are gi ven in Ta ble 1.

Synthe sis of 5,5’-(1,2-Ethanediyl)-bis[3-(aryl)-1,2,4
-oxa di a zo les] (4a-f) from (3a-f) and (1a-f). The ap pro pri a -
te 3-[3-(aryl)-1,2,4-oxadiazol-5-yl] pro pi o nic acid, 3a-f
(1.92 mmol), dicy clo hexy lcar bo di i mi de (1.92 mmol) and
the ap pro pri a te ben za mi do xi me 1a-f (1.92 mmol) in dri ed
and freshly dis til led di o xa ne (ca. 10 mL) were stir red at
room tem pe ra tu re un der ni tro gen for 2h fol lo wed by 4 h of
re flux. TLC (CHCl3-Et0Ac, 1/1) sho wed four spots in each
case. The Rf va lu es of the re ac ti on pro ducts of 3a and 1a
were: 0.88 (DCC), 0.77 (4a), 0.47 (1a, tra ce), and 0.02
(dicy clo hexy lu rea) res pec ti vely. The re ac ti on of 1b-f and
3b-f gave si mi lar TLC re sults, i.e. four spots in each case.
Sol vent eva po ra ti on af for ded a so lid mass, which was se -
pa ra ted using a si li ca gel pac ked co lumn. The de ta ils are gi -
ven be low:

5,5’-(1,2-Ethanediyl)-bis[3-(phenyl)-1,2,4-oxadiazole
] (4a). After chro ma to graphy, the pure ma te ri al we ig hed
0.49 g (81%). Recrystal li za ti on from et ha nol-water gave a
pro duct, mp 163 °C (lit.7, m.p. 163-164 °C). 1H-NMR
(CDCl3): δ = 3.58 (s, 4H, 2CH2), 7.27-7.70 (m, 6H, meta
and para aro ma tic pro tons), 7.90-8.27 (m, 4H, ort ho aro -
ma tic pro tons).

5,5’-(1,2-Ethanediyl)-bis[3-(o-tolyl)-1,2,4-oxadiazole
] (4b). Co lumn chro ma to graphy af for ded 0.53 g (80%) of
4b. Crystal li sa ti on eit her from chlo ro form-n-he xa ne or et -
ha nol-water pro vi ded crystals, mp 149-150 °C. 1H-NMR
(CDCl3): δ  = 2.60 (s, 6H, 2CH3), 3.53 (s, 4H, 2CH2),
7.10-7.65 (m, 6H, meta and para pro tons), 7.78-8.20 (nar -
row mul ti plet, 2H, ort ho pro tons).

C20H18N402 Calc. C 69.35 H 5.24 N 16.17

(346.34) Found 69.26 5.27 16.07

5,5’-(1,2-Ethanediyl)-bis[3-(m-tolyl)-1,2,4-oxadiazol
e] (4c). Recrystal li za ti on from et ha nol gave 0.45 g of 4c
(69%) m.p. 111-112o. 1H-NMR (CDCl3): δ = 2.4 (s, 6H,
2CH3 ), 3.5 (s, 4H, 2CH2), 6.98-7.45 (4H, un re sol ved nar -
row mul ti plet, meta and para pro tons), 7.61-8.00 (bro ad
and un re sol ved ort ho pro tons, 4H).

C20H18N402 Calc. C 69.35 H 5.24 N 16.17

(346.34) Found 69.09 5.09 15.99

5,5’-(1,4-Ethanediyl)-bis[3-(p-tolyl)-1,2,4-oxadiazole
] (4d). After chro ma to grap hic se pa ra ti on, the com pound
was recrystal li sed from et ha nol to give 0.51 g (77%) of 4d,
m.p. 172-173 °C. 1H-NMR (CDCl3): δ = 2.42 (s, 6H,
2CH3), 3.57 (s,4H, 2CH2), 7.65 (AA’BB’ system, 8H).

C20H18N402 Calc. C 69.35 H 5.24 N 16.17

(346.34) Found 69.07 5.25 16.31

5,5’-(1,2-Ethanediyl)-bis[3-(p-chlorophenyl)-l,2,4-ox
adiazole] (4e). Usu al chro ma to graphy and work-up fol lo -
wed by crystal li sa ti on from ethyl ace ta te fur nis hed 0.43 g
(58%) of 4e, m.p. 234-236 °C. This com pound is al most in -
so lu ble in most cold or ga nic sol vents. It is only spa ringly
so lu ble in a mix tu re of di methylsul fo xi de and ace to ne at
room tem pe ra tu re. 1H-NMR (CD3COCD3-DMSO-d6, 1/1): 
δ = 3.70 (s, 4H, 2CH2), 7.80 (AA’BB’ system, 8H).

C18H12Cl2N402 Calc. C 55.83 H 3.13 N 14.16

(387.18) Found 55.57 3.14 14.23

5,5’-(1,2-Ethanediyl)-bis[3-(p-bromophenyl)-1,2,4-ox
adiazole (4f). This pro duct 0.59 g (69%) was ob ta i ned as
co lour less crystals. A si mi lar so lu bi lity pro blem, as ob ser -
ved for 4e, was en coun te red. Be ca u se of this, the 1H-NMR
spec trum was not ob ta i ned. Crystal li sa ti on and recrystal li -
za ti on from a lar ge quan tity of hot ethyl ace ta te pro vi ded
crystals, m.p. 222-223 °C.

C18H12Br2N402 Calc. C 45.39 H 2.54 N 11.76

(476.28) Found 45.63 2.63 12.02

Methyl 3-[3-(Aryl)-1,2,4-oxadiazol-5-yl] pro pi o na tes.
(6a-g). To the ap pro pri a te acid 3a-g in et her, a freshly pre -
pa red et he re al so lu ti on of di a zo met ha ne23 was ad ded drop -
wi se un til the ni tro gen evo lu ti on ce a sed and the yel low
co lour of di a zo met ha ne per sis ted. Sol vent re mo val, af ter
half hour of stan ding at room tem pe ra tu re, pro vi ded an al -
most quan ti ta ti ve yi eld of 6a-g. The de ta ils of the in di vi du -
al com pounds are gi ven be low:

Methyl 3-[3-(phenyl)-1,2,4-oxadiazol-5-yl] pro pi o na -
te (6a). Recrystal li sa ti on from et ha nol-water af for ded co -
lour less crystals, m.p. 49 °C.

C12H12N203 Calc. C 62.06 H 5.21 N 12.06

(232.09) Found 62.41 5.35 12.17

Methyl 3-[3-(o-tolyl)-1,2,4-oxadiazol-5-yl] pro pi o na te
(6b). The es ter ob ta i ned was yel low in co lour. Li quid chro -
ma to graphy over a short si li ca gel co lumn re mo ved the co -
lou red im pu ri ti es. This com pound could not be crystal li sed,
but the co lour less oil analy sed cor rectly for 6b.

C13H14N203 Calc. C 63.41 H 5.73 N 11.37

(246.24) Found 63.46 6.14 11.19

Methyl 3-[3-(m-tolyl)-1,2,4-oxadiazol-5-yl] pro pi o na -
te (6c). The li quid ob ta i ned was pu ri fi ed as des cri bed for
6b. The spec tral re sults agre ed with the struc tu re of 6c.

C13H14N203 Calc. C 63.41 H 5.73 N 11.37

(246.24) Found 63.43 5.88 11.73
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Methyl 3-[3-p-tolyl)-1,2,4-oxadiazol-5-yl] pro pi o na te
(6d). Crystal li sa ti on and recrystal li za ti on of the pro duct
from et ha nol-water gave co lour less crystals m.p. 63-64 °C.

C13H14N203 Calc. C 63.41 H 5.73 N 11.37

(246.24) Found 63.88 5.92 11.17

Methyl 3-[3-(p-chlorophenyl)-1,2,4-oxadiazol-5-yl]
pro pi o na te (6e). Crystal li sa ti on from et ha nol af for ded a
co lour less so lid, m.p. 92 °C. The spec tros co pic data con fir -
med the struc tu re as 6e.

C12H11N203Cl Calc. C 54.07 H 4.16 N 10.63

(266.66) Found 53.92 4.01 10.63

Methyl 3-[3-(p-bromophenyl)-1,2,4-oxadiazol-5-yl]
pro pi o na te (6f). The com pound af ter recrystal li za ti on from 
et ha nol-water mel ted at 100 °C.

C12H11N203Br Calc. C 46.31 H 3.57 N 9.00 Br
25.71

(311.21) Found 46.48 3.89 8.74 25.62

Methyl 3-[3-(p-anisyl)-1,2,4-oxadiazol-5-yl] pro pi o -
na te (6g). This com pound was also crystal li sed from et ha -
nol-water, and mel ted at 59.5 °C.

C13H14N204 Calc. C 59.53 H 5.38 N 10.67

(262.24) Found 59.36 5.30 10.43
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