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and 4,5-Dihydro-3,5-disubstituted-1,2 4-oxadiazoles
Harry L. Yale (1) and E. R. Spitzmiller
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A series of 3,5-disubstituted-1,2,4-oxadiazoles (2) were prepared from a mono- or dichloro-
phenyl-substituted amidoxime and (i) an acid chloride, (ii) an isatoic anhydride, or (iil) a
B-keto ester. Although cyclizations of the same amidoximes with acetaldehyde gave 4,5-dihydro-
5-methyl-substituted derivatives (5), that annulation procedure either failed or gave low yields
with other aldehydes. A novel alternative method, the diborane reduction of 2, has been found
to be a generally applicable procedure for preparing 5. The reduction is regioselective, i.e., only
the 4,5-(C=N) linkage is reduced even when a large excess of diborane is present.

J. Heterocyclic Chem., 15,1373 (1978)

The annulation of o-chloro-, p-chloro, and 2,4-dichloro-
phenyl-, trans-2,4-dichlorostyryl-, and 2,4-dichlorophenyl-
ethylamidoximes has been effected with several acyl
chlorides, with isatoic anhydride, and with methyl aceto-
acetate to give the corresponding 3,5-disubstituted 1,2,4-
oxadiazoles 2, 3, and 4, respectively, as shown in Chart I.
In addition, 4 was reduced with sodium borohydride to
the carbinol 6, and the latter converted to the carbamate
7. Of the fourteen derivatives shown in Table , the yields
of twelve ranged from 22 to 79%; the exceptions were
compounds 1 and 9, where only trace amounts were
isolated.

The cyclodehydrations of p-chlorophenyl-, 24-di-
chlorophenyl-, and 2,4-dichlorobenzylamidoximes with
acetaldehyde proceeded readily to give the 4,5-dihydro
derivatives (5, Chart 1; Table II, 15, 16, and 18), in 73,
76, and 70% yields, respectively. With chloroacet-
aldehyde, the yield of product (Table I, 23) was
decreased to 11%, and no reaction occurred between those
amidoximes and p-chlorobenzaldehyde or phenylacet-
aldehyde. i

As indicated above, sodium borohydride did not effect
the 3,5-disubstituted-1,2,4-oxadiazole heterocycle. In
contrast, diborane in tetrahydrofuran was found to be an
invariably effective reducing (hy droboration) agent for the
same derivatives. For example, hydroboration of 3,5-bis-
(2,4-dichlorophenyl)-1,2,4-oxadiazole gave the dihydro
derivative in 60% yield; however, the yield was signifi-
cantly decreased when one of the substituents contained
a basic nitrogen atom or a functional group that could
interact with diborane. From our review of the literature,
this is the first example of the reduction of an endo-(C=N)
linkage in a heterocyclic system by means of diborane (3).

The hydroboration of alkenes and alkynes is reported to
involve cis-regioselective addition; furthermore, the mode
of addition is unaffected by the substitution pattern
on the unsaturated linkage (4). The reduction of the 1,2/4.
oxadiazoles now being reported was also regioselective
and involved only the 4,5-position, even when a large
excess of diborane was present in the reaction mixture.

That only the 4,5-(C=N) was involved could be illustrated
0022-152X/78/081 373-06802.25
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by the following examples. Thus, the hydroboration
product 10, obtained from 8, was shown to be identical in
all respects with the annulation product from the reaction
of 2,4-dichlorophenylamidoxime 9, and acetaldehyde
(Chart I). Again, a comparison of the pmr spectrum of the

© HeteroCorporation



Vol. 15

H. L. Yale and E. R. Spitzmiller

1374

69°9¢
YS9¢
98¢
L¥'8¢

LE€'S¢C
€¢'S¢

9.°0¢
$6°0€

1D

S6°6 Yo'
8°6 1€°€
€96 0c’¢
1876 1¢€°¢
(a1 8¢€'¢
9g°L 60°C
61T ¥9¢
1¢°. 6S°C
897 et
6’ el'e
WL €8'T
6L 5] ¥4
.8'8 161
09'8 LT'¢
898 1¢¢
09'8 L1°¢
8576 19°¢
£9'6 Ll
9’6 €9°C
£9'6 LLC
8L°¢€T  10'¢
CLETL 96T
LT0T 891
16’6 91'¢
IT0T  20°¢€
L80T 16T
60Cl 95T
€¢cl  v9¢C
N H
punoj
PAED
1SasAeUy

€L°0S
29°0S
9.°0S
L9°0S
1°6¥
8L'6Y
856V
csov
61vS
€EVS
S6°LY
91'8¥
1e°1S
vo'1S
y1s
Y9'1S
0¢°LS
9L°LS
€8°.S
9L°LS
0T'SS
£6'VS
€e'1S
L3718
£6°8¥
€L°8Y
26'9%
0c'Ly
J

mOmZﬁUv-Iw«U
mOmZm_Uv—Iw_U
O*NYIDEHO'D
ONZJUA:ESU
ONZM_U~ ﬁmo—U
OENYID%HS'D
OINFIDEHY D
O'NEDLHY D
O*NEIDEHY!D
O*N?1DBHY'D
OENCIDeHY'D
LOINEID®HED
LOINCIDRH! D
O0INCID%H®D

e[nuuo j
JIB[NDA[OJA

16768

6706

L2191

89-99

12-69

88-98

9P 9ST-SST

STI¥11

6cl-Lc1

88-98

PA (S 14

$8-€8

829

6706

Uo ».Q.—\&.

L3

SI[OZBIPEXO-{'7 [-palminsqnsi(]-g‘e

JUBXIYOA)

[ouedoig-g

3[ITU0}20Y

auexap

auruA]

S[LIU0}IY

3[LTU03AIY

{ouedoig-g

3[LIU0}3dY

[ouedoig-z

J[LIJTU0)3Y

[ouBmy %S6

auexay

pawnqng

Ju3A[OS

uoT e ZI[[B)SA139Y

I °I98L

6.

0S

GS

S¢

(44

9¢

a9

g€

i 4

0¢

€9

)7

% PIIA

[Auaydolopyoiq-4°g
[Auaydotoyaq-¥°g
[A1K180101YdY(I-F g -suvs]
1Ay9jAusydoropyar]-4°g
[AyajAusydotonpiq-4°g
[Auaydotoyarq-#g
[Auaydosopyp-d
[Auaydoloyn-o
[Ausydoloy)-o
[Auaydoio(yy-o
[Auaydotopyiq-$°g
[Auaydolo 14
[Auaydolofypiq-g

[Auaydoso[yarq-¥°g

4

[Apaidypaw-g{(jAoureq
-1ea1Ausydoropy)-d)-g

[Apa[Ayow-g{ [4owreq
-1ed]Ausydoioyn)-0)-g
Auaydotoryoiq-4°g
[Auaydotoyorq-%°g
[Auaydosoyy-d
[AZuaqoIo[yoyJg
[Auaydotoyorq-4‘z
[Ausydozoyaiq-%‘g
1Auaydoiopyy-d
[Auaydoioyy-o
[Audydouruy -0
[Amng-g

¢HD0DEHD

€HD

141

€L

clL

(43

oL

‘oN
punoduio?)



3,5-Disubstituted-1,2,4-oxadiazoles and 4,5-Dihydro-3,5-disubstituted-1,2,4-oxadiazoles

1375

Dec. 1978

snoanbe yam ajeny jou ssoq QS (prE 2M30E Ul pRe suojyosad) punog <G¥g
o) EOTWRYY) BHMEIS 03 C26T ‘87 MAY PZT'G06°E WANEd S N (q) (PIuswmadxg 935) uonesoqoipdy g POIN

8T'1¢
@) 1wt
SO°ST
98°v1
08°c1
6S7C1
ST0T
2001
6811
90°¢1
[4: %41
97t

0062
(°) £6'8C
8021
€891
8¥'0¢
89'0¢
10°81
£0°'8T

]

¥eel  ¥9¢
Wel  167¢
81T €S¥
L R 4' R4
€6vT  08'¥
c6vT  CLS
€6'TT 999
¥o'1IT 029
Wyl 8.9
0e¥T 9879
18¥%T 859
TO'ST  8Y9
8¥'ST  ¥1°9
8ST  L09
9L°L S6'1
082 [4 44
€80T 61'%
cL01  18°€
1S0T  €9%
SS0T 99
LTTT S8°9
80°'IT 8.9
Ye'EL €SS
6c€L  9C°S
00°'sT 109
96'%1  ¢6'S
S€0c  Lo¥
8C°0C LEY
SO 1T 90'Y
[4 28 SN & 4
8¥'el 8¥V'S
0€el 92
101 1¢°¢
grer 8v'e
ETVYL  6S¥
9CY1T  19%
N H
punoj
POED
sasA[euy

0¢°6¢
0°6¢
02°SS
94
99'SS
4244
ST'8S
£€0°8S
€319
ce19
865
0109
6°8S
SL'8S
6v'9v
vvor
c6'SY
00°9¥
98'0%
.'ov

119
LL19

61.S
10°LS

veoL
SS0L

80°CS
L1°CS

SL8Y
00°6%
61°LS
10725

99°9%
8L9¥%
Lvs
y6'vS

J

-gpg (PIoE 9T190F U1 PoR SLO[Ya1ad) punog “F'N {BEE “POIED “A'N (}) "oANEALIP [K)eor-p 2y stSI (9) ‘[eIusuILadXy 995 *(p) ‘PIOE JWO[YOIPAY

mOmZm~Uo~:— _U
«ONZ—U~ —E_ ~U
nOmZ—Uo—:m_U
mOmZ—Uuam:U

OENIDO*H®'D
OENIDE'HY'D
OENID®THED
OEN*IDPHY'D
«ONZN—Uo—Io~U
O*NEID“H®D
O°NID“'HETD
O%NID''HO'D
ONZN_E— ~U
€0ENSH®D
O*N?IDO'HO'D
ONID'THO 1D
ON*1D®H®D
ONID®HSD

e[nuLIO |
Ieno3[o

9P 8LT-9LT
G606
181611
98-v8
0€1-621
CET-T1ET
TP 1-0%1
3p 0GT-8T1L
6%1-L¥1
LL9L
2606
66°26
Le1-sel
8ST-9ST
¥6C6
S01-€01
01001

(© TPl

Do “dW

auazuag
QUEXIYO[IL)
QUBXaYOOAD)
AUBXIYOPAD)
S[UHUOINY
Iy [Adoidos]
uejua
auexa

(1:6)
UIZUI|-BUEXIYOP L)
UBXIH
uexal
QUEXIYOP L)
auanjo],
auanjo],
Iayge [Adoidosy
1ayye [Adoidosy
uexay

1ay}a jAdosdos|

1u3A[0S
uox BZI[[BISAIY

SO[OTZRIPEXO-H'Z  [-PAININSANSIp-Y* ¢ 0IPAYIIEY

€1

€¢

141

81

ST

09

T

92

LL

143

9L

0L

9.

9L

€L

% PPIA

11 21981

|

)]

(®) powop

YHOXHND*O*HO100)4
[Auaydoioryn-d
jAuaydoloyn-d
{Auaydoioqy)-d
[Auaydolopy)-d
[Ausydosory)d
1Auaydoioy)-d

[AuaydoopIq$°g
[Auaydolo[yp1q-¥'g
1Ausydoropiq¥°g
[Auaydolory)-d
[Auaydoiopy)-d
[A141G-sunay
[Auaydonyiy-d
[AzuaqoIo[yR1d-¥°Z
[Azuaqoltopy)-d
TAuaydooyrq-¥°g

[Auaydotoy)-d

L

H
fHO
[ApeutjAutjoydioy-|
Apawpiutpuadid

-T{ Axo20qeD )
ApawAurpiadid-T-o ¥
1ApawAutpuadig-1
HAyrewAutprjo1f4-1
[Auaydoiopyiq+‘g
0°H®D

tHOD

HO(SH?D)

SH®D

€HD

£HD

€HD

£HD

€HD

€HD

“pore) “A'N () g IT-0TT jo 'd'w e spzodas pue ‘aanpasoid aures ay) Aq punodwiod sty3 jo uoneredaid sy saquIsap
‘apAyopre 93eudoidde o1 Yjm JUITXOPIUIE S} JO UORE[NUUE Y PO (®)

4>

R & 8§ 8 % B 8 R 8 ® 8 &

-2}
—

L

9

SL

-oN
punodiuo)



1376

hydroboration product 12, with the pmr spectrum of 11,
the substrate (Chart 1), revealed that only the 4.,5-
positions were involved. The spectrum of 11 showed the
proton at position-5 of the heterocycle as a singlet at 8
8.77, along with an NH multiplet centered at § 7.27. The
spectrum of 12 revealed the absence of the singlet at §
8.77, the presence of a two-proton doublet with a coupling
constant of 3 Hz centered at § 4.34, the same NH
multiplet centered at § 7.32, and a new NH multiplet
centered at § 10.43. Following equilibration with
deuterium oxide, the spectrum was altered to show the
the two-protons at position-5 as equivalent and resonating
as a two-proton singlet at § 4.26, and as anticipated, both
NH protons had exchanged with deuterium and their
resonances were not seen. The pmr spectra of the other
hydroboration products in Table II were used in a similar
manner to establish that the products represented only
reduction of the 4,5-position.

The 4,5-dihydro derivatives were reasonably strong
bases; in contrast to the 1,2,4-oxadiazoles which did not
titrale with perchloric acid in glacial acetic acid. The
dihy dro derivatives gave satisfactory neutralization equival-
with that titrant.

The vyields, recrystallization solvents, melting points,
and analytical results for the 1,2,4-oxadiazoles are given in
Table I; the same data for the 4,5-dihydro derivatives
are presented in Table 11.

EXPERMENTIAL

The spectra and microanalyses were obtained from members
of the Analytical Department of this Institute; the instruments
employed to obtain the spectra have been identified in earlier
publications by the authors.

34(2,4-Dichlorophenyl)-5-(2,4-dichlorophenethyl)1,2,4-oxadiazole
(Table I, Compound 11).

(a) 2,4-Dichlorobenzenepropionic Acid.

A suspension of 10.0 g. (0.046 mole) of 2,4-dichlorocinnamic
acid, 0.50 g. of platinum oxide catalyst, and 200 ml. of absolute
ethanol was hydrogenated at 50 psi for 1.5 hours, at ambient
temperature. The usual workup gave 10.0 g. (96% yield) of
product as an oil; its pmr spectrum identified the oil as the ethyl
ester of the desired propionic acid and this was confirmed by its
elemental analyses.

Anal. Caled. for C“l{nClez: C, 5391, ”, 494, Cl,
29.05; N.E., 0.0. Found: C, 53.98; H, 5.15; CI, 28.66; N.E.
(sodium hydroxide), 0.0.

The ester, 9.9 g. (0.043 mole), 100 ml. of 95% ethanol, and 5
ml. of 50% aqueous sodium hydroxide were heated under reflux
for one hour, the whole concentrated to dryness in vacuo, the
residue dissolved in 50 ml. of water, and the solution treated with
an excess of 20% aqueous hydrochloric acid. The solid that
separated was filtered and air-dried to give 9.0 g. of crude acid,
m.p. 73-76°. Recrystallization from 75 ml. of cyclohexane gave
7.3 g (72% vyield) of 2,4-dichlorobenzenepropionic acid, m.p.
75-77°.

Anal. Caled. for CoHgCl,04: C, 49.35; H, 3.68; Cl, 32.38;
N.E,, 219. Found: C, 49.38; H, 3.49; Cl, 32.22; N.E. (sodium
hydroxide), 223.
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(b) 2,4-Dichlorobenzamidoxime.
(1) 2,4-Dichlorobenzonitrile.

A solution of 27.0 g. (0.142 mole) of 2,4-dichlorobenzal oxime
and 150 ml. of 98% formic acid was heated under reflux for 24
hours and then concentrated to dryness in vacuo. The solid
residue, 23.8 g., was sublimed at 45°/0.2 mm to give 22.5 g. (92%
yield) of 2,4-dichlorobenzonitrile as colorless rhombs, m.p. 52-53°,
The reaction was monitored by ir; at no time was there evidence
of the formation of a formate ester.

Anal. Caled. for C7H3CI,N: C, 48.88; H, 1.76; N, 8.14.
Found: C, 48.68; H, 1.75; N, 7.86.

The material which did not sublime weighed 0.050 g.;
recrystallization from benzene gave 0.040 g. of 2,4-dichloro-
benzamide, m.p. and mixture m.p. with an authentic sample,
185-187°.  The ir and pmr spectra of the two samples were
identical.

(2) 2,4-Dichlorobenzamidoxime.

To a mixture of 13.9 g. (0.08 mole) of 2,4-dichlorobenzonitrile,
60 ml. of 95% ethanol, 6.25 g. (0.09 mole) of hydroxylamine
hydrochloride, and 30 ml. of water was added 6.3 g. (0.045 mole)
of micronized anhydrous potassium carbonate, and the whole
stirred at ambient temperature for 22 hours. The insoluble
material was removed by filtration and the filtrate was concentrated
to dryness in vacuo. The residual solid was stirred for 0.33 hour
with 50 ml. of 10% aqueous hydrochloric acid and 150 ml. of
water, filtered (see below) and the filtrate treated with an excess of
solid sodium bicarbonate. The solid that separated was filtered and
air-dried to give 6.0 g. of solid, m.p. 156-158°. Reecrystallization
from 100 ml. of benzene gave 5.2 g. (31% yield) of 2,4-dichloro-
benzamidoxime, as long needles, m.p. unchanged at 156-158°.

Anal. Caled. for C;HgCI,N,0: C, 41.00; H, 2.95; N, 13.67.
Found: C, 41.05; H, 2.94; N, 13.74.

The solid insoluble in the hydrochloric acid (see above)
weighed 7.8 g. and was shown to be 2,4-dichlorobenzamide from
its m.p., mixture m.p., and its ir, and pmr specta.

(c¢) 3-2,4-Dichlorophenyl)-542,4-dichlorophenethyl)-1,2 4-oxadi-
azole.

A solution of 3.5 g. (0.015 mole) of 2,4-dichlorobenzene-
propionic acid in 10 ml. of thionyl chloride was heated under
reflux for 5 hours, concentrated to dryness, the residue dissolved
in 20 ml. of anhydrous benzene, and again concentrated 1o dryness.
The residue, 2,4-dichlorobenzenepropionyl chloride, was not
further purified, but was dissolved in 90 ml. of anhydrous dioxane;
3.0 g. (0.015 mole) of 2,4-dichlorobenzamidoxime was then added,
followed by 0.2 ml. of boron trifluoride etherate. The solution
was heated and stirred under reflux for 18 hours, then concentrated
to dryness in vacuo, and the residue dissolved in 150 ml. of
dichloromethane. The solution was washed successively with 30
ml. of 2.5% aqueous sodium bicarbonate, 15 ml. of water, and 30
ml. of saturated aqueous sodium chloride. The dried dichloro-
methane solution was concentrated to dryness to give 3 g. of a
solid residue, m.p. 58-62° Recrystallization from 90 ml. of hexane
gave 1.50 g. of product, m.p. 66-68°; tic: one spot, R; ca. 0.65
(silica gel plates, benzene); ir (potassium bromide): v 1590 (s),
1550 (m), 1475 (m), 1465 (s), 1440 (s) em~1; pmr (deuterio-
chloroform): & 3.25 (s, 4H, CH,CH,), 7.15-7.95 (m, 6H, 6 Ar-l{);
(for analyses, see Tables I, Compound 11).
1-[3-(2,4-Dichlorophenyl) 1,2,4-oxadiazol-5-yl] -2-propanone (Table
I, Compound 2).

A solution of 5.1 g. (0.025 mole) of 2,4-dichlorobenz-
amidoxime, 25 ml. of methyl acetoacetate, and 100 ml. of
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anhydrous toluene was heated under reflux for 5 hours and then
concentrated to dryness in vacuo. The solid residue was leached
with 25 ml. of pentane, filtered, and recrystallized from 250 ml. of
hexane to give 4.0 g (40% yield) of product, m.p. 76-78° ir
(potassium bromide): v 1730 (s), 1595 (s), 1560 (m), 1470 (m),
1425 (w), 1410 (m) cm~!; pmr (deuteriochloroform): & 3.20
[unsymm. d (J = 12 Hz), 3H, CH3], 4.07 (s, 2H, CH,), 7.20-8.00
(m, 3H, 3 Ar-H).

(2-Chlorophenyl)carbamic Acid, 2-[3-(2,4-Dichlorophenyl)-1,2,4-
oxadiazol-5-y1]-1-methylethyl Ester (Table I, Compound 13).

To 0.80 g. (0,0029 mole) of the above 2-propanone derivative
in a mixture of 45 ml. of methanol and 5 ml. of water, was added
during 5 minutes a total of 0.21 g. (0.006 mole) of sodium
borohydride. Subsequently, the mixture was stirred for 1.5 hours
at ambient temperature, heated under reflux for 10 minutes, and
then concentrated in vacuo to remove methanol. The residual
aqueous phase was treated with an excess of 5% aqueous hydro-
chloric acid and then extracted with three 25 ml. portions of
dichloromethane. The dichloromethane extracts were combined,
washed, dried, and concentrated to give the carbinol as a non-
crystalline oil, that showed no carbonyl absorption. The yield was
0.65 g. (82%).

To the above oil, chilled by means of an external ice-water
bath, was added, dropwise, a solution of 0.37 g. (0.0024 mole) of
o-chlorophenylisocyanate in 15 ml. of anhydrous benzene, followed
by 0.18 g. (0.0024 mole) of dry pyridine in 10 ml. of anhydrous
benzene. Subsequently, the solution was heated under reflux for
4 hours, cooled, and concentrated to dryness in vacuo. The
residual solid was recrystallized from 50 ml. of 2-propanol to give
0.50 g. of product, m.p. 89-92°; ir (potassium bromide): v 3305
(m), 1715 (s), 1590 (s), 1560 (m), 1540 (s), 1470 (s), 1445 (s)
¢m-1; pmr (deuteriochloroform): & 1.55 [unsymm. d (J = 6 Hz),
3H, CH3], 3.35 [d (J = 6 Hz), 2H, CH,], 5.20:6.00 (m, 2H, CH
plus NH), 6.95-8.50 (m, 7H, 7 Ar-H).

5-(2- Aminophenyl) 3-(2,4-dichlorophenyl)-1,2,4-oxadiazole (Table
I, Compound 4).

To a solution of 0.090 g. (0.015 mole) of sodium methoxide in
30 ml. of absolute ethanol was added 1.0 g (0.005 mole) of 2,4
dichlorobenzamidoxime and 0.80 g. (0.005 mole) of purified
isatoic anhydride, and the solution heated under reflux for 3 hours.
The product crystallized from the cooled reaction mixture; it was
filtered and recrystallized from 30 ml. of acetonitrile to give
0.47 of product, m.p. 245-247°; ir (potassium bromide): v 3440
(s), 1635 (s), 1620 (s), 1600 (s), 1580 (m), 1550 (s), 1495 (s),
1470 (s), 1455 (s) cm~1; pmr (deuteriochloroform): 6 5.68-6.15
(m, 2H, NH,), 6.60-8.20 (m, TH, 7 Ar-H).

3-(4-Chlorophenyl)}4,5-dihydro-5-methyl-1,2,4-oxadiazole (Table
11, Compound 15).

A solution of 8.5 g. (0.05 mole) of 4-chlorobenzamidoxime
and 22.0 g. (0.050 mole) of acetaldehyde in 100 ml of 95%
ethanol plus 20 ml. of water was maintained at ambient tempera-
ture for 16 hours, heated under reflux for 2 hours, and con-
centrated to dryness in vacuo. The solid residue was washed with
water and dried to give 9.1 g. of solid, m.p. 144-146°. Recrystal-
lization from 600 ml. of diisopropy! ether gave 6.8 g. of product,
m.p. unchanged at 144-146° (5); ir (potassium bromide): v
3420 (b, m), 1590 (s), 1550 (w), 1500 (s), 1460 (s), 1440 (m),
1380 (s), cm-1; pmr (deuteriochloroform): 6 1.45 [d (] = 6 Hz),
3H, CH3), 4.40-4.80 [m, 1H, NH (equilibration with deuterium
oxide gave a residual weak singlet at & 4.63)], 5.60-6.00
[symmetrical 5-line signal centered at § 5.82, 1H, CH (equilibration
with deuterium oxide gave an ABq (J = 6, 12 Hz) centered at
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5.83], 7.20-7.75 (m, 4H, 4 Ar-H).

4- Acetyl-3-(4-chlorophenyl)-3,4-dihy dro-5-methyl-1,2,4-oxadiazole
(Table II, Compound 31).

A suspension of 2.0 g. (0.015 mole) of the above 4,5-dihydro
derivative in 0.05 g. of anhydrous pyridine and 25 ml. of acetic
anhydride was stirred at ambient temperature for 48 hours when a
solution finally formed. The solution was cooled in wet ice, the
trace of solid that separated was filtered, and the filtrate was
concentrated in vacuo to give 3.5 g. of a residual syrup that could
not be induced to crystallize. It was dissolved in 100 ml. of
pentane and the solution cooled in wet ice to give a gummy
precipitate. This was filtered, the filtrate was concentrated to ca.
50 ml., and cooled in wet ice to give 1.2 g. of solid, m.p. 62-79°;
two recrystallizations from pentane gave 0.6 g. of solid, m.p.
82-84°, and a third recrystallization from 20 ml. of cyclohexane
gave 0.2 g. of product, m.p. 90-92°; ir (deuteriochioroform): v
1700 (s), 1620 (s), 1590 (m), 1560 (w), 1480 (s), 1440 (w), 1420
(s), 1400 (s) em-1; pmr (deuteriochloroform): 6 1.55[d(J = 6
Hz), 3H, CH3], 2.25 (s, 3H, CH3C0), 5.95 [q (J = 6, 12 Hz), 1H,
CH], 7.20-7.85 (m, 4H, 4 Ar-H).

3,5-bis(2,4-Dichlorophenyl)-4,5-dihydro-1,2,4-oxadiazole (Table 11,
Compound 25).

A solution of 2.0 g. (0.0055 mole) of 3,5-bis(2,4-dichloro-
phenyl)}1,2,4-oxadiazole in 100 ml. of anhydrous tetrahydrofuran,
in a nitrogen atmosphere, was cooled to 10° and stirred, during
the dropwise addition of 7.5 ml. of a M solution of diborane in
tetrahydrofuran. Subsequently, the solution was stirred for 16
hours at ambient temperature, then heated for 2 hours under
reflux, cooled to 25°, and treated with 5 ml. of water, dropwise.
The mixture was then heated under reflux for 0.5 hour, con-
centrated to dryness in vacuo, the residual solid was triturated

with 50 ml. of water, filtered, and dried; it weighed 2.0 g., m.p.
110-115° dec. Recrystallization from 700 ml. of hexane gave 1.2
g. of the product, m.p. 118-120° dec., R, 0.4 (tle, silica gel plates,

benzene; in the same system, the starting material had an Rf

0.9), ir (potassium bromide): » 3400 (w), 3300 (m), 3080 (w),
1580 (s), 1560 (w), 1480 (w), 1460 (w), 1440 (s), 1380 (m),
1370 (m), 1350 (s) cm~!; pmr (deuteriochloroform): & 5.50-
5.60 [m, 1H, NH (equilibrates with deuterium oxide)], 6.84 [d
(J = 3 Hz), 1H, H at position-5], 7.24-7.76 (m, 6H, 6 Ar-H).

3.(2,4-Dichlorophenyl)-5-methyl-1,2,4-oxadiazole (Table 1, Com-
pound 1).

A mixture of 1.34 g (0.065 mole) of 2,4-dichlorobenz-
amidoxine, 20 ml. of acetyl chloride, and 0.2 ml. of boron
trifluoride etherate was heated for 17 hours under reflux to give a
clear, dark yellow solution. This was concentrated to dryness in
vacuo, the residual oil was dissolved in 20 ml. of absolute n-butanol,
and the solution heated under reflux for 20 hours. The cooled
reaction mixture gave 0.4 g, of solid, m.p. 95-172°. Sublimation at
78°/1 mm gave 0.10 g. of colorless needles, m.p. 90-92°; ir
(deuteriochloroform): » 1675 (w), 1585 (s), 1550 (m), 1450 (w),
1430 (w), 1375 (w), 1340 (s) cm~-1; pmr (deuteriochloroform):
5 2.68 (s, 3H, CH3), 7.25-7.94 (m, 3H, 3 Ar-H).

The solid which did not sublime was shown to be 2,4-
dichlorobenzamide.

3-(2,4-Dichlorophenyl)- 4, 5-dihydro-5-methyl-1,2,4- oxadiazole
(Table 11, Compound 2).

(a) A solution of 4.2 g. (0.02 mole) of 2,4-dichlorobenz-
amidoxime, 18.0 g. (0.4 mole) of acetaldehyde, 100 ml. of 95%
ethanol, and 20 ml. of water was kept at ambient temperature for
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18 hours, and then concentrated to dryness in vacuo. The solid
residue was washed with 100 ml. of water, and dried to give 4.2 g.
of crude product, m.p. 98-100°. Recrystallization from 600 ml. of
hexane gave 3.5 g. of pure material, m.p. 100-102°; ir (potassium
bromide): v 3180 (s), 1595 (s), 1585 (s), 1550 (m), 1490 (s),
1460 (s), 1440 (s), 1435 (s) em~1; pmr (deuteriochloroform):
8 1.51 [d (J = 6 Hz), 3H, CH3], 4.80-5.40 (bm, 1H, NH), 5.75-
6.05 (8-line multiplet, 1H, CH), 7.10-7.75 (m, 3H, 3 Ar-H).

(b) To a stirred solution of 0.33 g. (0.0014 mole) of 3-(2,4-
dichlorophenyl)-5-methyl-1,2,4-oxadiazole (see above) in 15 ml.
of tetrahydrofuran was added dropwise at 10-15°, 1.5 ml. of a M
solution of diborane in tetrahydrofuran. Stirring was continued
for 16 hours at ambient temperature, the solution was then
heated for 3 hours under reflux, cooled to 10°, 1.5 ml. of water
added, the mixture heated for 0.5 hour under reflux, and then
concentrated in vacuo. The residual solid was washed with 5 ml.
of water and dried to give 0.30 g of solid, m.p. 90-95°.
Recrystallization from 35 ml. of hexane gave 0.17 g. of product,
m.p. 99-101°; a mixture m.p. with a sample from (a) was 99-101°
and the ir and pmr spectra of both samples were superimposable.

3-(2,4-Dichlorophenyl)- 5-ethoxy-4,5-dihydro- 1,2,4- oxadiazole
(Table 11, Compound 24).

A solution of 0.5 g. (0.0025 mole) of 2,4-dichlorobenzamid-
oxime in 15 ml. of triethylorthoformate was heated for 0.5 hour in
an oil bath maintained at 140-147°, then concentrated in vacuo.
The residual oil was extracted with 15 ml. of a 9:1 mixture of
cyclohexane: benzene at the boiling point, the hot extract was
decanted, and allowed to cool slowly to give 0.050 g. of product,
m.p. 147-149°; ir (deuteriochloroform): v 3420 (w), 1645 (s),
1600 (s), 1585 (m), 1565 (w), 1545 (w), 1510 (w), 1490 (m),
1450 (w), 1410 (s) cm~!; pmr (deuteriochloroform): & 1.33
(t, (J = 8 Hz), 3H, CH3), 3.78 [q (J = 8, 18 Hz), 21, CH,], 5.06
(bs, 1H, NH), 7.15-7.80 (m, 4H, CH plus 3 Ar-H).
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