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Several substituted isatin 3-acylhydrazones (e.g. 

 

1a

 

–

 

k

 

, 

 

n

 

, 

 

p

 

, 

 

t

 

) have been synthesized.  Under acetylating condi-
tions they were transformed into selectively acetylated derivatives (e.g., 

 

1l

 

, 

 

n

 

, 

 

o, q

 

–

 

s

 

) and into the novel, title spirohetero-
cycles (

 

2a

 

–

 

i

 

).  Some side reactions occurring under various acetylating conditions are also discussed.

 

Isatin (2,3-indolinedione, 

 

3a

 

) has been known for about 150
years and has recently been found to be, similarly to oxindole
(2-indolinone),

 

1

 

 an endogeneous polyfunctional heterocyclic
compound

 

2

 

 exhibiting biological activity in mammals.  A num-
ber of hydrazides and aldehyde or ketone acylhydrazones of
various acids are known to exhibit metal ion complex-forming
properties and/or biological activities.  Some 1,3,4-oxadiazoles
may also have such properties.  In addition, recently we found
that 2,2,5-trisubstituted 3-acetyl-1,3,4-oxadiazolines can be
physiologically converted by the eucaryote 

 

Alternaria alterna-
ta

 

, used as the model, into ketone acylhydrazone active metab-
olites.

 

3

 

  Thus, as an extension of our previous work

 

4

 

 on the
synthesis of spiro[indoline-3,2

 

′

 

-(3

 

′

 

H

 

)-[1,3,4]thiadiazoline]-2-
ones, we decided an analogous synthesis of the corresponding
spiro-oxadiazolines (

 

2

 

), a novel type of spiroheterocycles. In
order to investigate the scope and limitations of heterocycliza-
tion under acylating conditions, various representative types of
3-acylhydrazono-2-indolinones [carbamoyl-, alkanoyl-, and
(substituted or hetero)aroyl derivatives] of chemical or poten-
tially biological interest (e.g. 

 

1a

 

–

 

k

 

, 

 

n

 

, 

 

p

 

–

 

t

 

) were synthesized
and used as the substrates.  We kept in mind, however, that al-
dehyde and ketone acylhydrazones possess a diminished ten-
dency to cyclize into 1,3,4-oxadiazolines, and an enhanced dis-
position for the formation of the isomeric diacylhydrazones,
due to the lower nucleophilicity of oxygen in comparison to
that of sulfur.  Thus, a spontaneous thioacylhydrazone �

 

 thia-
diazoline equilibrium has been reported e.g. for isatin 3-thioa-
cylhydrazones (

 

3m

 

, R 

 

�

 

 Ph),

 

5

 

 and an analogous cyclization of
isatin 3-thiosemicarbazones (e.g. 

 

3h

 

–

 

l

 

) has been effected

 

4

 

 un-
der acetylating conditions (when the heterocyclization preced-
ed the acetylation of the indolinone nitrogen, however, previ-
ous presence of the 1-Ac group did not encumber the
spirothiadiazoline ring closure).  Moreover, with 1,3,4-oxadia-
zolines, a chance for some undesired transformations must
also be considered, e.g. exchange of the endocyclic “acyl moi-
ety” (C-5 of the oxadiazoline ring) by the acylating agent,

 

6

 

 re-
arrangement of the oxadiazoline system via a ring-opened
azomethine imine intermediate by an exchange between the

 

exo

 

- and 

 

endo

 

cyclic acyl moieties,

 

7

 

 as well as opening of the

oxadiazoline ring (formation of the isomeric diacylhydrazone)
eventually accompanied by partial deacylation even under
acetylating conditions to result in the formation of monoacyl-
hydrazone.

 

8

 

Results and Discussion

 

Isatin 3-acylhydrazones may undergo 

 

syn

 

/

 

anti

 

 and 

 

E

 

/

 

Z

 

isomerizations.

 

9

 

  Their literature physical data exhibit discrep-
ancies in some instances.  Owing to the more advantageous re-
action conditions (enhanced solubility, shorter reaction time,
and excellent yields) in this work, the condensation reactions
with acid hydrazides were carried out generally in hot acetic
acid as the solvent (in some cases also the literature procedures
were adopted; however, occasionally the reported data could
still not be corroborated: see Table 1 and Chart 1–3).

Experiments for the transformation of acylhydrazones 

 

1

 

were performed at room or elevated temperature using acetic
anhydride alone or in the presence of a base (NaOAc, pyridine)
or acid (TFA, ZnCl

 

2

 

) additives (see Tables 1 and 2).  For cy-
clization of the acylhydrazones 

 

1

 

 into the spiro compounds 

 

2

 

,
the Ac

 

2

 

O/ZnCl

 

2

 

 couple, applied previously with good
results

 

10,11

 

 for the cyclization of both aldehyde and ketone
acylhydrazones, failed.  (With substrates of strong complex-
forming properties negative or opposite results—partial
deacetylation—have also been observed previously.

 

8,12

 

)  Thus,
when treating the benzoylhydrazones 

 

1c

 

 and 

 

1d

 

 with Ac

 

2

 

O/
ZnCl

 

2

 

 at room temperature for 18 h and at 50 ˚C for 18 h, re-
spectively, the starting benzoylhydrazones could be isolated al-
most quantitatively.  Reaction of 

 

1c

 

 with hot Ac

 

2

 

O (72 h at 103
˚C) led only to the formation of the 1-acetyl analogue 

 

1m

 

, thus
the presence of an electron-withdrawing group at position 1 is
disadvantagious for a subsequent cyclization under such condi-
tions.  Even the presence of a strong Broensted acid did not
promote cyclization into spirooxadiazoline, or the formation of
the isomeric diacylhydrazone. Treatment of the diacetyl com-
pound 

 

1l

 

 with Ac

 

2

 

O/100% H

 

2

 

SO

 

4

 

 at room temperature for up
to 7 days and subsequent workup of the reaction mixture with
a manifold excess of ice-cold aq NaOAc afforded, with regen-
eration of the 3-oxo group, 1-acetylisatin (

 

3d

 

) and no spiro
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compound was produced.  Eventually, for acid-catalyzed cy-
clizations, treatment of some 3-acylhydrazono-oxindoles and
selectively acetylated derivatives with Ac2O/TFA proved to be
convenient (see Table 2).

Previously the Ac2O/pyridine as well as the Ac2O/NaOAc

couples were found to be useful for cyclization of aldehyde
acylhydrazones (especially aroylhydrazones) into the corre-
sponding 3-acetyl-1,3,4-oxadiazolines.  Unexpectedly, when
isonicotinoylhydrazone (1g) was boiled with Ac2O/py (5:1)
for 7.5 h, transacetylated products acetylhydrazone 1l, and the
5′-methyl spiro compound 2a formed (and isonicotinic acid
could be isolated in 80% yield) instead of the anticipated 5′-(4-
pyridyl)oxadiazoline 2g.  Acetylation of isonicotinohydrazide
(isoniazid) and subsequent easy deacylation to give hepatotox-
ic acetohydrazide under physiological conditions have been
comprehensively investigated even in the last decade13 with re-
gard to the therapeutic and adverse effects.  Eventually, the
synthesis of the pyridyl derivative 2g could be effected in high
yield by treating 1g with hot Ac2O alone (see Table 2).

In an attempted synthesis of the spiro compound 2c or the
isomeric diacylhydrazone, treatment of the benzoylhydrazone
1c with the Ac2O/NaOAc couple at 105 ˚C afforded the 1-ac-
ethyl derivative 1m almost quantitatively in 5 min; thus only
the cyclic amide moiety underwent a selective transformation
and no diacylhydrazone nor any transacylated product was
formed.  The same substance (1m) was obtained in good yield
by condensing 1-acetylisatin (3d) with benzohydrazide in
AcOH, as well.  (However, when condensing 3d with isonico-
tinohydrazine, in a parallel reaction under the same reaction
conditions, partial deacetylation took place, and besides the
target compound, 1t, a considerable amount of 1g could be iso-
lated.)  Similarly, selective acetylation of 1g with Ac2O/
NaOAc afforded pure 1t in an excellent yield (see Table 1).
The prompt acetylation of the cyclic amide nitrogen in this
way is remarkable, since for acetylation of the isatins 3a and
3c boiling with Ac2O for 4 h14 and 1–2 h,15 respectively, has
been reported.  With the Ac2O/NaOAc coupole also, acetyla-
tion of isatins 3a, c was observed in 3 min (see Table 1).  As
treatment with Ac2O/NaOAc transformed the salicyloylhydra-
zones 1e, f, i, n into 2-acetoxybenzoylhydrazone derivatives

Chart 1.

Chart 2.

R1 R2 R3

1a H H Me
b H Me Me
c H H Ph
d H Me Ph
e H H C6H4(OH)-(2)
f H Me C6H4(OH)-(2)
g H H C5H4N-(4)
h H Me C5H4N-(4)
i Br H C6H4(OH)-(2)
j H H NH2

k H Me NH2

l H Ac Me
m H Ac Ph
n H Ac C6H4(OH)-(2)
o H Ac C6H4(OAc)-(2)
p Br Ac C6H4(OH)-(2)
q Br H C6H4(OAc)-(2)
r Br Ac C6H4(OAc)-(2)
s H Me C6H4(OAc)-(2)
t H Ac C5H4N-(4)

R1 R2 R3

2a H Ac Me
b H Me Me
c H Ac Ph
d H Me Ph
e H Ac C6H4(OAc)-(2)
f H Me C6H4(OAc)-(2)
g H Ac C5H4N-(4)
h H Me C5H4N-(4)
i Br Ac C6H4(OAc)-(2)

Chart 3.

R1 R2 X

3a H H O
b H Me O
c Br H O
d H Ac O
e Br Ac O
f H H NNH2

g H Me NNH2

h H H NNH(CS)NH2

i H Me NNH(CS)NH2

j H Ac NNH(CS)NH2

k H H NNH(CS)NHPh
l H Me NNH(CS)NHPh
m H H NNH(CS)R
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(1o, r, s), 1-acetylisatin salicyloylhydrazones (1n, p) were syn-
thesized by condensing 1-acetylisatins (3d, e) with salicylohy-
drazide (4a).  The reaction of the salicyloylhydrazone 1i with
Ac2O/TFA at 73 ˚C for 27 h gave the acetylsalicyloylhydra-
zone 1q (a structural isomer of the 1-acetyl derivative 1p, see
Table 1).  As to the sensitivity of the salicyloylhydrazone 1p
towards solvolysis, as well as the preparation of a tetraacetyl
derivative (4c) of 4a see footnote ii and Experimental.  Be-
cause of the occasional poor solubility of the substrates under
the admissible reaction conditions for preparing the spiro-oxa-
diazolines 2, transformation of the preacetylated intermediates
seems to be more expedient [e.g. transformations 1o → 2e and
1r → 2i, Table 2].

Semicarbazones are known to undergo degradation into
acetylhydrazones8 under acetylating conditions.  Thus, for the
preparation of the acetylhydrazones 1b, l first the easily
accessible9b,16 semicarbazones 1j, k (see Table 1) were treated
with hot acetic anhydride; nevertheless, acetylation of the
more versatile synthone hydrazones (3f, g)17 by known meth-
ods was proved to give products with higher purity.

For the structure elucidation of the acetylated acylhydra-
zones (1) and spiro[oxindoleoxadiazolines] (2) the IR spectra
(see Tables 3 and 5) did not offer sufficient essential informa-

tion because the carbonyl vibrations of the cyclic and exocyclic
amides, diacyl amines and ester moieties together could not be
unambigously examined.

The presence and number of various groups (NH, OH,
NMe, NAc, OAc) could be stated on the basis of the 1H NMR
data.  Signals 7-H and 1-C(O)CH3 are significantly downfield
shifted for the 1-Ac derivatives (see Table 4 and 5).  The ob-
tained spiro[oxindoleoxadiazolines] 2 are colorless com-
pounds indicating the lack of conjugation at C-3 which exists
in 1 and 3.  The 13C NMR signal of compounds 2 at δ 91–93
unequivocally reveals the spiro-1,3,4-oxadiazoline structure,
and that of C-5′ [O–C(R3)�N–N] at δ 152–155 (see Table 5),
which is regularly downfield shifted as compared to the C-3
(C�N–NH–) signal of the 3-hydrazono-2-indolinones 1b, o, s
and 3g resonating at δ 140–148 (see footnotes of Table 4).  The
upfield-shifted 5′-Me signals at δ 11.2 in the spectrum of 2a, b
(see Table 5) serve7,11,12 as additional evidence for the oxadiaz-
oline structure.

The 1H NMR spectrum of the acylhydrazone 1o (both modi-

Table 3. Characteristic IR Carbonyl Bands of Acylhydra-
zones 1 and Oxindoles 3

Compound νC�O (KBr)/cm�1 a)

1a 1698, 1666, 1654
1b 1706 (m), 1688, 1674 (m)
1c 1700, 1692, 1684
1d 1698, 1680
1e 1712, 1694, 1662
1f 1700, 1674
1g 1722, 1694, 1674
1h 1700, 1682
1i 1710, 1698
1j 1704b)

1k 1732, 1682c)

1l 1704, 1682
1m 1712, 1698
1n 1712, 1654
1od) 1768, 1719, 1698
1p 1728, 1714, 1646
1q 1764, 1706, 1680
1r 1774, 1720, 1696
1s 1770, 1698, 1684
1t 1706
3a 1748, 1728e)

3b 1742, 1730
3d 1782, 1746, 1716f)

3e 1786, 1770, 1746, 1710g)

3f 1688
3g 1686, 1676

a) The bands are strong if not otherwise indicated.  b) Ref.
9b: for solution in DMSO, 1716, 1695 (syn), and 1725
(anti)  c) Ref. 9b: for solution in DMSO, 1713, 1688 (syn).
d) The needles modification, mp 162 ˚C.  e) Ref. 15: 1755,
1740 (CHCl3).  f) Ref. 15: 1775, 1742, 1721 (CHCl3).  g)
Ref. 15: 1786, 1745, 1725 (CHCl3).

Table 4. Characteristic 1H NMR Spectral Data of Acyl-
hydrazones 1 and Oxindoles 3a)

Comp-
ound NH/OH

δ/ppmb)

7-Hc) NCH3
d) C(O)CH3

d)

1a e)12.50, 11.22 2.32
1b f)13.11,g) 12.51h) 6.89 3.27 2.44,i) 2.24j)

1l f)12.26 8.26 2.72,k) 2.46
1m f)13.65 8.27 2.78k)

1n f)14.31, 11.98 8.18 2.64k)

1ol) e)13.29 8.18 2.63,k) 2.35
1p e)14.31, 12.03 8.12 2.63k)

1q e)13.57,m) 11.47n) 6.93 2.30,o) 1.91p)

1r e)13.23 8.12 2.62,k) 2.34
1s f)13.77 6.89 3.29 2.39
1t f)13.79 8.28 2.78k)

3b f) 6.90 3.26
3d f) 8.43 2.75k)

a) For 13C NMR data of compounds 1b, o, s, and 3g see the
footnotes here below.  b) For solutions in CDCl3 or
[CD3]2SO as indicated before the columns.  c) Doublet
shaped m, centered at.  d) 3 H, s.  e) For solutions in
[CD3]2SO.  f) For solutions in CDCl3.  g) 0.25 H.  h) 0.75 H.
i) 2.25 H, 0.75 Ac.  j) 0.75 H, 0.25 Ac.  k) 1-Ac.  l) The nee-
dles modification, mp 162 ˚C.  For solution of the blocks
modification, 1H NMR (CDCl3): δ 13.47 (bs, �1 H, NH),
8.26 (mc, 1 H, 7-H), 2.74 (s, 3H, 1-Ac), 2.39 (s, 3 H, OAc).
m) 0.91 H, and at δ 14.38 (0.09 H).  n) 1 H, s, 1-H. o) 2.78
H, s, 0.93 Ac.  p) 0.22 H, s, 0.07 Ac.  13C NMR ([CD3]2SO)
data: 1b δ 172.59 (CH3–C�O), 160.46 (endocyclic C�O),
143.37 (C�NNH), 25.55 (CH3–N), 19.07 (CH3–C�O); 1o
(the needles modification, mp 162 ˚C) δ 170.02 and 169.08
(C�O), 161.34 (endocyclic C�O), 148.15 (C�NNH),
26.34 and 21.06 (CH3–C�O), the spectrum is identical with
that of the blocks modification (mp 123–125 ˚C); 1s δ
168.98 (C�O), 160.72 (endocyclic C�O), 148.19
(C�NNH), 25.65 (CH3–N), 20.88 (CH3–C�O); 3g δ
160.80 (endocyclic C�O), 139.95 (C�NNH), 25.04 (CH3–
N).  For 13C NMR spectral data of isatin and some (3-substi-
tuted)oxindoles see Ref. 26.
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fications, see Table 1 and 4) exhibits a sharp unexpected sig-
nals (s, �1.5 H, scarcely exchangeable by treatment with D2O
even for 4 days), of the blocks modification at δ 2.17 (CDCl3)
and of the more thermostable needles at δ 2.09 ([CD3]2SO].
X-ray diffraction analysis of the more suitable blocks modifi-
cation revealed the presence of water of crystallization hydro-
gen-bonded to the 1-Ac, endo- and exocyclic amide moieties
of neighboring 1o molecules (see Fig. 1); thus, the alternative
to a covalent hydration can be excluded.  A similar finding has
been reported18 for 4-hydroxybenzaldehyde nicotinoylhydra-
zone monohydrate.

Experimental

Melting points (uncorrected): Kofler block.  Solutions were
concentrated under reduced pressure in a rotary evaporator (< 50
˚C, bath temperature).  TLC: Kieselgel 60 F254 (Merck, Alurolle).
IR (KBr discs): Perkin-Elmer 16 PC-FT spectrometer.  200 MHz
1H and 50 MHz 13C NMR spectroscopy (the latter by J-echo tech-
niques) for CDCl3 and [CD3]2SO solutions with TMS as the inter-
nal standard and deuterium signal of the solvent as the lock: Bruk-
er WP 200 SY spectrometer.  X-ray diffraction analysis [for
yellow block crystals (0.75�0.65�0.6 mm) of 1o (C19H17N3O6)
grown from EtOAc, M � 383.36, orthorhombic, a � 11.051(2) Å,
b � 13.368(3) Å, c � 24.389(3) Å, V � 3603(1) Å3, Z � 8, space

group: Pbca, ρcalc � 1.413 g cm�3].  Enraf Nonius MACH3 dif-
fractometer, data were collected at 293(1) K, Mo Kα radiation λ
� 0.71073 Å ω-2θ motion, θmax � 25.3˚, 3231 reflections of
which 2438 were unique with I > 2σ(I), decay: 2%.  The structure
was solved using the SIR-92 software19 and refined on F2 using
the SHELXL-9720 program; the publication material was prepared
with the WINGX-97 suite,21 R(F) � 0.047 and wR(F2) � 0.163
for 3231 reflections, 305 parameters.  The complete data for the

Table 5. Characteristic IR-, 1H-, and 13C NMR Spectral Data of Spiroindolinones 2a–i

Compound IR (KBr)a) 
νC�O/cm�1

NMR (CDCl3) δ/ppm
1H 13C

7-Hb) CH3
c) C�O C-5′ C-3,2′ CH3

d)

2a 1742 8.30 2.69e) 170.06g) 155.36 92.46 26.29e)

1670 2.25f) 166.98 20.94
2.19h) 11.20i)

b 1750 3.23j) 168.89 155.41 92.51 26.41j)

1740 2.23j) 166.34 21.09
1654 2.15h) 11.22i)

c 1780 8.34 2.70e) 170.10 155.03 92.80 26.36e)

1722 2.36f) 169.94 21.04
1674 167.26
1662

d 1742 3.29j) 168.83 155.11 92.96 26.49j)

1662 2.36f) 166.72 21.20
e 1782 8.33 2.70e) 170.07 152.17 92.01 26.31e)

1718 2.34f) 169.78 21.11
1664 2.29k) 168.96 20.94

166.95
f 1772 3.28j) 169.02 152.24 92.10 26.49j)

1736 2.33f) 168.62 21.21
1676 2.29k) 166.43 20.88

g 1782 8.35 2.70e) 169.94 153.08 93.45 26.31e)

1712 2.38f) 169.58 21.03
1676 167.46

h 1784 3.29j) 168.47 153.19 93.57 26.56j)

1722 2.37f) 166.98 21.22
1672

i 1774 8.25 2.69e) 169.93 152.09 91.21 26.32e)

1720 2.35l) 169.12 21.12
1672 2.34l) 168.95 20.99

167.09

a) All the bands are strong.  b) m centered at, 1 H.  c) s, 3 H.  d) That of Ac if not otherwise indicated.  e) 1-Ac.  f) 3′-Ac.  g) 2C.  h)
Presumably the signal of 5′-Me.  i) 5′-Me.  j) 1-Me.  k) OAc.  l) NAc and/or OAc.

Fig. 1. ORTEP drawing of compound 1o with 50% of the
thermal ellipsoids.
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three crystals are deposited as Document No. 74034 at the Office
of the Editor of Bull. Chem. Soc. Jpn.  Crystallographic data have
been deposited at the CCDC, 12 Union Road, Cambridge CB2
1EZ, UK and copies can be obtained on request, free of charge, by
quoting the publication citation and the deposition numbers
CCDC 157190.

General Operations of Processing the Reaction Mixtures.
(see Tables 1 and 2).  (A) The product was filtered off in the cold.
(B) The reaction mixture was cooled and poured into ice and wa-
ter.  (C) The reaction mixture was concentrated.  (D) The cold res-
idue was triturated with a small amount of anhydrous EtOH and
kept at room temperature for 0.5 h; then hexane was added.  (E)
Water was added to the hot reaction mixture.  (F) The mixture was
cooled and water was added.  (G) The cold residue was triturated
with water.  (H) The cold residue was triturated with EtOH, kept at
room temperature for �0.5 h and then concentrated and triturated
with Et2O; to the crystalline material hexane was added.  (I) The
filtrate was concentrated.  (J) Trituration of the cold residue with
2-PrOH and subsequent addition of hexane afforded a crude prod-
uct.  (K) A solution of the product in CHCl3 was treated with char-
coal and then concentrated.  The residue was crystallized from the
solvent indicated in the Table.

2-Acetoxy-N,N′′′′,N′′′′-triacetyl-benzohydrazide (4c).    A mix-
ture of the salicylohydrazide 4a (1.5215 g, 10 mmol), anhydrous
NaOAc (1.500 g, �18.3 mmol), and Ac2O (15 ml, 159 mmol) was
stirred at 103 ˚C (bath) until dissolution was complete (�10 min)
and for an additional 30 min, and then concentrated.  The residue
was treated with ice/water and extracted with CHCl3, the organic
layer was washed with aq NaHCO3 and water, dried (MgSO4), and
concentrated.  Purification of the residue by column chromatogra-
phy [silica gel 60, CHCl3/EtOAc (98:2)] afforded the pure prod-
uct (4c, 1.730 g, 54%), mp 65 ˚C (from EtOAc with additon of
hexane) (Chart 4) 360 MHz 1H NMR (CDCl3): δ 7.58–7.52 (m,
2H) and 7.32–7.22 (m, 2H) (4 aromatic H), 2.38 (s, 6H), 2.35 (s,
3H), and 2.29 (s, 3H) (all the 3 signals are split by 1.4 Hz, presum-
ably due to a hindered rotation, 4 Ac).  IR (KBr) 1746 (s), 1736
(s), 1714 (s), 1688 (s), 1606 cm�1 (m).  Found: C, 56.32; H, 4.95;
N, 8.75%.  Calcd for C15H16N2O6: C, 56.24; H, 5.04; N, 8.75%.

The author is indebted to Attila Cs. Bényei, Ph.D.  [(Labora-
tory for X-ray Diffraction, Department of Chemistry, Universi-
ty of Debrecen, H-4010 Debrecen, P.O. Box 7) for the X-ray
diffraction investigations supported by Tempus JEP (Grant No.
9252-95) and the Hungarian Scientific Research Fund (OTKA
Grant No. D25136 and M28249)], and greatly obliged to the
Hungarian Scientific Research Fund (for grant OTKA
T025016).
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