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The synthesis of some novel (substituted) guanylhydrazones of isatin, 5-methylisatin and 1-methylisatin
is decribed. Moreover, detailed nmr-spectroscopic studies (H-nmr, 13C-nmr) with these compounds and

previously known congeners are presented.
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The well-known guanylhydrazones [1] (alkylidene-
aminoguanidines, amidohydrazones, diaminomethylene-
hydrazones, Chem. Abstr.: 2-ylidenehydrazinecarbox-
imidamides) represent a class of substances showing a
wide variety of biological activities [2]. Moreover, they
have also an established role in the construction of poly-
functional nitrogen heterocycles [3]. Thus, for instance,
we quite recently reported the transformation of aromatic
aldehyde guanylhydrazones into 3-acylamino-5-aryl-1,4-
diacyl-4,5-dihydro-1,2,4-triazoles, a class of hitherto not
amenable compounds [4]. Whereas the biological and

chemical aspects of guanylhydrazones have been inten-
sively studied, relatively little attention had been
addressed to the determination of their stereochemistry -
usually these compounds can exist as (E)- or (Z)-isomers.
In this regard, investigations with e.g. the biological
active guanylhydrazones Guanabenz [5-8], testosterone
guanylhydrazone [9,10] and 2-amino-5-chlorobenzophe-
none guanylhydrazone [2,11] have to be mentioned.
Moreover, a detailed nmr study dealing with guanylhydra-
zones derived from aromatic aldehydes was published
recently [8]. The first guanylhydrazone with both isomers
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isolated was (N-methyl)isatin B-guanylhydrazone [12]
(published in 1948), configurational assignment with the
latter pair of compounds was carried out on basis of reac-
tivity considerations (ring closure reactions [12,13]).
Howeyver, the reported assignments seem to be problem-
atic when compared with those made with related isatin
derivatives (such as semicarbazones and thiosemicar-
bazones [14,15]) on basis of spectroscopic investigations,
and thus call for a reinvestigation. Especially the latter
class of compounds is also of considerable biological
interest due to antiviral [16] and antibacterial [17] activity
observed with many representatives thereof. In this
regard, it should be mentioned that also for (E)-isatin
guanylhydrazone antiviral activity has been reported [18].

In the light of these findings we here present nmr spec-
troscopic investigations with (substituted) guanylhydra-
zones derived from isatin (1), 5-methylisatin (2) and
1-methylisatin (3) (structures 4-15 in Scheme 1), particu-
larly in order to elucidate the stereochemistry of the cen-
tral C3=N- double bond and to provide sufficient 'H-nmr
and 13C-nmr data material for structural determinations
with related compounds. Additionally, the nmr methods
used for configurational assignments with guanylhydra-
zones 4-15 were also applied to the structurally related
(substituted) isatin oximes 16-19 (Scheme 1).
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Synthesis.

The hitherto unknown guanylhydrazone 8 was prepared
by treatment of S-methylisatin (2) with aminoguanidine.
The N-methylguanylhydrazones 5, 9 and 13 were
obtained upon reaction of the parent guanylhydrazones 4,
8 and 12, respectively, with 1-amino-3-methylguanidine
hydroiodide. Similarly, employing 1-amino-3-phenyl-
guanidine nitrate as the reactant led to N-phenyl con-
geners 6, 10 and 14. Finally, reaction of 4, 8, or 12 with
excessive acetic anhydride at 100° smoothly afforded the
N,N'-diacetyl compounds 7, 11 and 15.

NMR-Spectroscopic Investigations.

The !H-nmr data of compounds 4-19 are given in the
Experimental, their 13C-nmr data and those of parent
isatins 1-3 are collected in Table 1.

Guanylhydrazones can exist in two tautomeric forms
(forms A and B in Scheme 1), considering the number
and relative intensities of NH ;) signals in the 1H-nmr
spectra of compounds 4-15 gives a hint that the latter are
present rather in the diaminomethylene form (form A) in
deuteriodimethyl sulfoxide solution. Unambiguous
assignments for all proton and carbon resonances were
achieved on basis of NOE-difference experiments, fully

Table 1
13C.Chemical Shifts (8, ppm) of Compounds 1-19 (in Deuteriodimethyl Sulfoxide Solution)

No. C2 C3 C3a C4 C5 c6 C7 C-Ta
1 159.3 1843 1177 1246 1227 1383 1122 1507
2 1594 1845 117.7 1247 1320 1387 1120 1485
3 158.1 1833 1173 1241 123.1 1381 1105 1513
4(E)y 1668 1346 1189 1255 1208 1281 1090 1407
4(Z) 1589 1322 1243 1185 1206 127.1 1090 1396
5(E) 1667 [a] 1189 1253 1208 128.0 1089 140.6
6(E)y 1662 1381 1182 1253 121.1 1293 1093 1416
7(E) 1653 148.0 117.1 1283 1220 1326 1102 1439
8(E) 1668 1348 1189 1261 1294 1284 1086 1385
9(E) 1669 [a] 1190 1260 1294 1283 108.7 1384
10(E) 1664 [a] 1182 1261 129.7 129.6 1090 1393
11 (E) 1653 1483 117.1 128.8 130.7 1328 1099 141.6
12(E) 165.1 133.8 118.0 1252 1213 1280 1075 1419
12(Z) 1569 130.8 1234 118.0 1209 1268 1074 140.7
13(E) 1652 [a] 1180 1249 1214 1279 1075 1417
13(Z) 157.1 [a] 1236 1180 1209 1265 1075 1404
14(E) 1647 137.1 1173 1249 1215 1292 1079 1427
15(E) 1637 1472 1163 1279 1224 1324 108.8 1449
16 (E) 1645 1442 1160 127.1 1220 1320 1102 1426
17(E) 1646 1443 1160 127.5 130.8 1322 1100 1403
18(E) 1639 1432 1156 1255 1222 1306 1084 1427
19(E) 162.1 1433 1147 1270 1226 1328 109.1 1443

R![b] RS[c] R R" Ca
. 200 - .
259 - . .
- - - - 164.1
- " - - 164.8
. - 27.7 Me) [d] . 1635
; - Ph: 138.5 (1), 121.5 (2,6),
1287 (3,5), 123.3 @) - 160.8
. . 170.4 (C=0), 24.7 Me) 168.6 (C=0),
24.2 (Me) 149.0
= 209 - . 164.1
- 209 277 (Me) . 163.6
; 207 Ph: 1387 (1), 121.7 (2,6),
128.6 (3,5), 123.2 (4) - 160.7
. 206  170.5 (C=0), 24.1 (Me) 168.5 (C=0),
24.8 (Me) 1489
255 - - - 164.1
252 - - - 164.8
255 - 27.7 Me) - 163.6
252 - 27.8 Me) . 164.5
256 - Ph: 138.4 (1), 121.6 (2,6),
128.8 (3,5), 123.4 (4) - 160.9
258 - 169.8 (C=0), 24.4 Me) 169.8 (C=0),
24.4 Me) 1489
- 205 - - -
256 - - N ;
258 - 64.3 Me) [e] . -

[a] Not unambiguously identified. [b] YJ(N1-CH,) = 139 Hz. [c] 1J(C5-CH3) = 126 Hz. [d] 1] = 137.8 Hz. [¢] 1J = 145.5 Hz.
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1H-coupled 13C-nmr spectra, HMQC [19], 1D-TOCSY
[20], 1D-HETCOR [21] and long-range INEPT spectra
with selective DANTE excitation [22]. As an example,
compounds (E)-12 and (Z)-12 may serve. With (E)-12,
irradiation of the NCH;-resonance in an NOE difference
experiment enhanced the doublet signal of H-7 (§ 6.92
ppm, which in the "normal" 'H-nmr spectrum is over-
lapped by the triplet-signal of H-5). Irradiation of the
other doublet-signal (8 8.42 ppm, which must be that due
to H-4) permits to identify the signal of the spatially
close, adjacent proton H-5 (8 6.95 ppm), the remaining
triplet-signal now can be assigned to H-6 (& 7.19 ppm).
Assignments of the signals of the carbon atoms directly
bounded to the above protons (C-4, C-5, C-6, C-7) were
performed on basis of an HMQC experiment. The remain-
ing quarternary carbon atoms were unambiguously identi-
fied via long-range INEPT experiments with selective
DANTE excitation (optimized for couplings of 5-8 Hz).
Thus, for instance, excitation of the NCH;-resonance
enhanced the signals of C-2 and C-7a, positioning the
selective pulse on the H-4 line resulting in an enhance-
ment of the signals due to C-6, C-3 and C-7a (Figure 1).
Excitation of H-5/H-7 assigned the C-3a signal (Figure 1).
Finally, the remaining resonance (8 164.1 ppm) being not
affected by any of the above long-range heteronuclear
correlation experiments could be attributed to the guani-
dine carbon atom (C,).

H,N

),NH2

H N—N
B

Figure 1. Assignment of Quarternary C-Atoms in (E)-12 via Long-
Range INEPT Experiments with Selective Excitation of NCH,, H-4, H-5
and H-7.

(E)-Configuration of (E)-12 unequivocally follows
from NOE-difference experiments (significant enhance-
ment of the H-4 signal upon irradiation of the NH, line -
which is not possible in the (Z)-configuration). Indepen-
dently, the stereochemistry at the C3=N double bond
could be deduced by comparison of the 13C-chemical
shifts of both isomers of 12 (Table 1) considering
y-effects: carbon atoms being in y-position (o to C=N) to
a syn located hydrazono N-2 atom suffer an upfield shift
compared to the y-C-atoms in the anti-position due to
steric compression [23]. Thus, the signal of C-3a in
(E)-12 (syn-position to the guanylhydrazono moiety
regarding the C3=N bond) is characterized by a 5.4 ppm
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upfield shift compared to that of C-3a in (Z)-12. Inversely,
the syn-position of C-2 and the C3=N-N= substructure in
(2)-12 is reflected by a 8.2 ppm upfield shift of the C-2
resonance compared to the corresponding line in (E)-12
(Table 1). These findings are in good accordance with the
13C-nmr data found with (E)/(Z)-pairs of related isatin
(thio)semicarbazones [15,24]. However, it should be
emphasized that this approach (configurational assign-
ment of compounds with a C=N bond via y-effects)
requires both isomers at hand or at least the availability of
13C-nmr data of closely related species with defined
stereochemistry.

Deduction of sterochemistry and assignment of reso-
nances with the other isatin derivatives included in this
study were carried out similarly as decribed for com-
pounds 12. As an example, an HMQC experiment with
(E)-14, which established direct (one-bond) proton-car-
bon chemical shift concordance in the aromatic region, is
depicted in Figure 2.
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Figure 2. HMQC Spectrum of (E)-14 (Aromatic Region).

Most isatin derivatives investigated were found to be
(E)-isomers, occasionally accompanied by small amounts
(<10%) of the corresponding (Z)-form. (E)-Configuration
of congeners 5, 9 and the main isomer of 13 also followed
from additional NOE difference experiments (positive
NOEs between NHMe and H-4), the same applies for
N-phenyl derivatives 6, 10 and 14 (detected spatial close-
ness of H-4 and Ph H-2,6) [25]. Figure 3 shows the evi-
dence of (E)-configuration in (¥)-14 considering an NOE
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on Ph H-2,6 upon irradiation of H-4; additionally this
experiment unequivocally identifies the H-5 signal
(through-space connection H-4 — H-5).
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Figure 3. a) !H-nmr Spectrum of (E)-14 (6.5-8.5 ppm). b) NOE-
Difference Spectrum of (E)-14 Resulting from irradiation of the H-4
Resonance.

In a similar manner, simple NOE-difference experiments
also enabled us to determine the stereochemistry of isatin
oximes 16-19, which were obtained as single isomers. The
appearance of a significant NOE to H-4 when the OH-
transition (16-18) or the OMe line (19) was irradiated,
proved these compounds to exist in the (E)-configuration.

Comparing the 13C-nmr spectra summarized in Table 1
shows a high consistency of the data set. The drastic
downfield shift of the C-3 resonance in acetyl derivatives
(E)-7, (E)-11 and (E)-15 appears to be worthy of note. It
should also be mentioned that in some cases (for instance
structures 5, 9 and 13) the C-3 signal (which is always
characterized by a low intensity) could not be observed (or
was unambiguously identified). Additionally, with the lat-
ter compounds some 13C resonances are relatively broad
providing some hint for a possible dynamic behaviour.

EXPERIMENTAL

Melting points were detected on a Boetius hot-stage micro-
scope and are uncorrected. Mass spectra were obtained on a
Shimadzu QP 5000 or on a Varian MAT 311A instrument (both
El, 70 eV). The nmr spectra were recorded on a Varian UnityPlus
300 spectrometer (299.95 MHz for 'H, 75.43 MHz for 13C) from
deuteriodimethyl sulfoxide solutions at 28°. The center of the
solvent signal was used as an internal standard which was related
to tetramethylsilane with § 2.49 ppm (1H) and & 39.5 ppm (13C).
The 13C-nmr spectra were recorded with digital resolutions of
0.55 Hz/data point, 1H-nmr spectra have a digital resolution of
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0.25 Hz/data point. Isatin (1) and 1-methylisatin (3) are commer-
cially available.

2-(1,2-Dihydro-2-ox0-3H-indol-3-ylidene)hydrazinecarboximid-
amide (4).

Compound (E)-4 was prepared according to ref [12] (procedure
given for the synthesis of "syn"-B-isatin guanylhydrazone).
Following the procedure described for the preparation of the
"anti"-isomer [12] resulted in a 5:1 mixture of (E)-4 and (Z)-4 [26].

Compound (E)-4 had !H-nmr (deuteriodimethy] sulfoxide): &
10.25 (s, 1H, indole N1-H), 8.37 (dd [27], 1H, indole H-4), 7.11
(dt [27], 1H, indole H-6), 6.88 (dt [27], 1H, indole H-5), 6.79
(dd, 1H, indole H-7), 6.65 (s, 4H, NH,); ms: m/z (%) 203
(M, 63), 175 (49), 132 (27), 104 (45), 103 (23), 77 (21), 76
(23), 58 (22), 44 (82), 43 (100).

Compound (Z)-4 had IH-nmr (deuteriodimethyl sulfoxide):
8 10.25 (s, 1H, indole N1-H), 7.58 (dd, 1H, indole H-4), 7.09
(di, 1H, indole H-6), 6.88 (dt, 1H, indole H-5), 6.75 (dd, 1H,
indole H-7), 6.65 (s, 4H, NH,).

(E)-2-(1,2-Dihydro-2-ox0-3H-indol-3-ylidene)-N-methylhy-
drazinecarboximidamide (5).

To a hot solution of isatin (1) (1.47 g, 10 mmoles) in 25 ml of
methanol, 2.16 g (10 mmoles) of 1-amino-3-methylguanidine
hydroiodide [28] was added and the resulting mixture was
heated to reflux for 1 hour. The deep red reaction mixture was
then concentrated in vacuo and treated with excessive cold 2N
potassium hydroxide solution. The precipitated base was filtered
off and recrystallized from dimethyl formamide-water to afford
1.89 g (87%) of 5 as orange crystals, mp 247-248°; IH-nmr
(deuteriodimethyl sulfoxide): § 10.22 (s, 1H, indole N1-H), 8.30
(dd, 1H, indole H-4), 7.11 (dt, 1H, indole H-6), 6.90 (dt, 1H,
indole H-5), 6.79 (dd, 1H, indole H-7), 7.20-6.20 (br, 3H, NH,
NH,), 2.88 (s, 3H, NMe); ms: m/z (%) 217 (M*, 71), 189 (31),
161 (32), 133 (32), 132 (31), 118 (31), 104 (58), 72 (42), 58
(52), 57 (100), 43 (72).

Anal. Calcd. for CgH;;N5s0+0.3H,0 [29]: C, 53.95; H, 5.25;
N, 31.46. Found: C, 54.33; H, 5.00; N, 31.16.

(E)-2-(1,2-Dihydro-2-ox0-3H-indol-3-ylidene)-N-phenylhy-
drazinecarboximidamide (6).

To a hot mixture of 1-amino-3-phenylguanidine nitrate [30]
(2.13 g, 10 mmoles) and sodium ethylate (681 mg, 10 mmoles)
in 25 ml of dry ethanol 1.47 g (10 mmoles) of isatin (1) were
added and the mixture was then heated to reflux for 1 hour.
After cooling, 80 ml of water were added, the precipitated mate-
rial was filtered off, washed with water and recrystallized from
dimethyl formamide-water to afford 2.26 g (81%) of orange
crystals, mp 234-235° 1H-nmr (deuteriodimethy] sulfoxide): &
10.36 (s, 1H, indole N1-H), 9.15 (s, 1H, NH), 8.27 (dd, 1H,
indole H-4), 7.51 (m, 2H, Ph H-2,6), 7.36 (m, 2H, Ph H-3,5),
7.17 (dt, 1H, indole H-6), 7.09 (m, 1H, Ph H-4), 6.87 (dt, 1H,
indole H-5), 6.81 (dd, 1H, indole H-7), 6.64 (s, 2H, NH;); ms:
m/z (%) 279 (M*, 24), 251 (100), 133 (31), 119 (63), 104 (44),
93 (32), 77 (63), 65 (52), 51 (41), 44 (32), 43 (33).

Anal. Caled. for C;5H3NsO*0.2H,0 [29]: C, 63.68; H, 4.77,;
H, 24.76. Found: C, 63.63; H, 4.75; N, 24.54.

(E)-N,N'-Diacetyl-2-(1,2-dihydro-2-ox0-3H-indol-3-
ylidene)hydrazinecarboximidamide (7).

The guanylhydrazone (E)-4 (1.02 g, 5 mmoles) was heated
with 11 ml of acetic anhydride for 10 minutes at 100°. After
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cooling, the dark yellow precipitate was collected by filtration
and washed with diethyl ether. Recrystallization from a large
volume of ethanol afforded 1.38 g (96%) of yellow crystals, mp
225-228° dec (lit [12] mp 220-221°); IH-nmr (deuteriodimethyl
sulfoxide): & 11.20-10.40 (br, 2H, NH), 10.70 (s, 1H, indole
N1i-H), 8.41 (dd, 1H, indole H-4), 7.33 (dt, 1H, indole H-6),
6.99 (dt, 1H, indole H-5), 6.86 (dd, 1H, indole H-7), 2.15 (s, 6H,
COMe); ms: m/z (%) 287 (M+, 22), 245 (31), 217 (38), 175
(54), 161 (22), 132 (25), 44 (23), 43 (100).

(E)-2-(1 ,2-Dihydro-5 -methyl-2-oxo-3H-indol-3-ylidene)hydra-
zinecarboximidamide (8).

Aminoguanidine hydrogencarbonate (2.04 g, 15 mmoles) was
dissolved in 15 ml of 1N hydrochloric acid. After the evolution
of carbon dioxide had ceased, 2.42 g (15 mmoles) of 5-methyl-
isatin (2) [31] were added to the clear, cold solution. Then the
reaction mixture was heated to 100° for 20 minutes. After cool-
ing, an excess of aqueous ammonia was added, the yellow pre-
cipitate was filterd off and dissolved in hot dimethyl formamide
(~ 9 ml). Gradual addition of water afforded a yellow precipi-
tate, which was filtered off and washed with water. After drying
over phosphorous pentoxide, 2.89 g (89%) of 8 were obtained,
mp 252-253°; !H-nmr (deuteriodimethyl sulfoxide): & 10.13 (s,
1H, indole N1-H), 8.21 (d, 1H, indole H-4), 6.92 (dd, 1H, indole
H-6), 6.67 (d, 1H, indole H-7), 6.61 (s, 4H, NH,), 2.24 (s, 3H,
indole 5-Me); ms: m/z (%) 218 (14), 217 (M*, 94), 188 (100),
175 (20), 146 (52), 131 (22), 118 (42), 117 (22), 91 (21), 89
(23), 77 (23), 58 (27), 51 (21), 44 (45), 43 (93).

Anal. Calcd. for C10H11N50’0.1H20 [29] C, 5484, H, 515,
N, 31.97. Found: C, 55.07; H, 5.35; N, 31.97.

(E)-5,N-Dimethyl-2-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-
hydrazinecarboximidamide (9).

Compound 9 was prepared from 5-methylisatin (2) [31]
(1.61 g, 10 mmoles) and 1-amino-3-methylguanidine hydro-
iodide [28] (2.16 g, 10 mmoles) according to the procedure
given for the synthesis of product 5. Recrystallization from
dimethyl formamide-water afforded 1.60 g (69%) of orange-red
crystals, mp 247-248° !H-nmr (deuteriodimethyl sulfoxide): &
10.13 (s, 1H, indole N1-H), 8.15 (d, 1H, indole H-4), 7.10 (br,
1H, NH), 6.92 (dd, 1H, indole H-6), 6.68 (d, 1H, indole H-7),
7.00-6.40 (br, 2H, NH,), 2.88 (d, J = 4.8 Hz, 3H, NMe), 2.24
(s, 3H, indole 5-Me); ms: m/z (%) 231 (M, 56), 203 (26), 146
(31), 118 (23), 72 (27), 58 (34), 57 (83), 43 (100).

Anal. Caled. for C1H;3Ns0+0.2H,0 [29]: C, 56.26; H, 5.75;
N, 29.82. Found: C, 56.59; H, 6.04; N, 29.72.

(E)-2-(1,2-Dihydro-5-methyl-2-0x0-3H-indol-3-ylidene)-N-
phenylhydrazinecarboximidamide (10).

Compound 10 was prepared from 1-amino-3-phenylguanidine
nitrate [30] (2.13 g, 10 mmoles) and S-methylisatin (2) [31] (1.61
g, 10 mmoles) as decribed for the preparation of product 6.
Recrystallization from dimethyl formamide-water afforded 2.79 g
(95%) of orange crystals, mp 262-263°; IH-nmr (deuteriodi-
methyl sulfoxide): & 10.26 (s, 1H, indole N1-H), 9.10 (s, 1H, NH),
8.13 (d, 1H, indole H-4), 7.55 (m, 2H, Ph H-2,6), 7.37 (m, 2H, Ph
H-3,5), 7.10 (m, 1H, Ph H-4), 6.98 (dd, 1H, indole H-6), 6.70
(d, 1H, indole H-7), 6.59 (s, 2H, NH,), 2.18 (s, 3H, indole 5-Me);
ms: m/z (%) 293 (M+, 25), 266 (20), 265 (100), 146 (24), 119
(49), 118 (22), 92 (22), 91 (21), 77 (53), 65 (46), 51 (30), 43 (25).

Anal. Caled. for C1gH;5N500.1H,0 [29]: C, 65.12; H, 5.19;
N, 23.73. Found: C, 65.03; H, 5.21; N, 23.61.
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(E)-N,N"-Diacetyl-2-(1,2-dihydro-5-methyl-2-oxo-3H-indol-3-
ylidene)hydrazinecarboximidamide (11).

Compound 11 was prepared from guanylhydrazone (E)-8
(1.09 g, 5 mmoles) and acetic anhydride as described for the
preparation of product 7. Recrystallization from a large volume
of ethanol afforded 0.81 g (54%) of yellow crystals, mp 239-
240°; 1H-nmr (deuteriodimethyl sulfoxide): § 10.90 (s, 1H, NH),
10.56 (s, 1H, indole N1-H), 10.35 (s, 1H, NH), 8.28 (d, 1H,
indole H-4), 7.13 (dd, 1H, indole H-6), 6.73 (d, 1H, indole H-7),
2.24 (s, 3H, indole 5-Me), 2.18 (s, 3H, COMe), 2.16 (s, 3H,
COMe); ms: m/z (%) 301 (M+, 21), 259 (22), 231 (48), 189
(57), 146 (31), 44 (20), 43 (100), 40 (23).

Anal. Caled. for C;4H;5N503°0.9H,0 [29]: C, 52.96; H, 5.33;
N, 22.06. Found: C, 53.25; H, 5.25; N, 22.00.

2-(1,2-Dihydro-1-methyl-2-ox0-3 H-indol-3-ylidene)hydrazine-
carboximidamide (12).

Compound (E)-12 was prepared according to to the procedure
given for the synthesis of "syn"-N-methylisatin B-guanylhydra-
zone [12]. Following the procedure given for the preparation of
the corresponding "anti"-isomer [12] led to a 2:1 mixture of
(E)-12 and (Z)-12 [26].

Compound (E)-12 had !H-nmr (deuteriodimethyl sulfoxide):
8 8.42 (dd, 1H, indole H-4), 7.19 (dt, 1H, indole H-6), 6.95 (dt,
1H, indole H-5), 6.92 (dd, 1H, indole H-7), 6.67 (s, 4H, NH,),
3.16 (s, 3H, indole NMe); ms: m/z (%) 217 (M+, 100), 189 (68),
175 (41), 147 (20), 146 (54), 118 (29), 117 (30), 91 (30), 90
(20), 44 (20), 43 (52).

Compound (Z)-12 had !H-nmr (deuteriodimethyl sulfoxide): &
7.61 (dd, 1H, indole H-4), 7.16 (dt, 1H, indole H-6), 6.93
(dt, 1H, indole H-5), 6.88 (dd, 1H, indole H-7), 6.75 (s, 4H,
NH,), 3.12 (s, 3H, indole NMe).

1,N-Dimethyl-2-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)hydra-
zinecarboximidamide (13).

Compound 13 was prepared from 1-methylisatin (3) (1.61 g, 10
mmoles) and 2.16 g (10 mmoles) of 1-amino-3-methylguanidine
hydroiodide [28] according to the procedure given for the prepara-
tion of product §. The crude reaction product consisted of an iso-
meric mixture (E:Z ~ 3:1), subsequent recrystallization from
dimethyl formamide-water afforded 1.90 g (82%) of (E)-13 (con-
taining 10% of the (Z)-isomer) as orange-red crystals, mp 217-218°.

Compound (E)-13 had !H-nmr (deuteriodimethyl sulfoxide):
5 8.34 (dd, 1H, indole H-4), 7.20 (dt, 1H, indole H-6), 6.97
(dt, 1H, indole H-5), 6.92 (dd, 1H, indole H-7), 7.60-6.40 (br,
3H, NH, NH,), 3.17 (s, 3H, indole NMe), 2.89 (s, 3H, NMe);
ms: m/z (%) 231 (M*, 15), 58 (25), 57 (70), 43 (100), 42 (15).

Anal. Calcd. for C1;H 3N500.2H,0 [29]: C, 56.26; H, 5.77;
N, 29.82. Found: C, 56.27; H, 5.94; N, 29.44.

Compound (Z)-13 had !H-nmr (deuteriodimethyl sulfoxide): &
7.66 (dd, 1H, indole H-4), 7.14 (dt, 1H, indole H-6), 6.93
(dt, 1H, indole H-5), 6.86 (dd, 1H, indole H-7), 7.60-6.40 (br,
3H, NH, NH,), 3.13 (s, 3H, indole NMe), 2.86 (s, 3H, NMe).
(E)-2-(1,2-Dihydro-1-methyl-2-ox0-3H-indol-3-ylidene)-N-
phenylhydrazinecarboximidamide (14).

Compound 14 was prepared from 1-amino-3-phenylguanidine
nitrate [30] (2.13 g, 10 mmoles) and 1-methylisatin (3) (1.61 g, 10
mmoles) as decribed for the preparation of product 6.
Recrystallization from dimethyl formamide-water afforded 1.79 g
(61%) of yellow crystals, mp 190-191°; tH-nmr (deuteriodimethy]
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sulfoxide): 8 9.17 (s, 1H, NH), 8.29 (dd, 1H, indole H-4), 7.50
(m, 2H, Ph H-2,6), 7.37 (m, 2H, Ph H-3,5), 7.26 (dt, 1H, indole
H-6), 7.10 (m, 1H, Ph H-4), 6.97 (dd, 1H, indole H-7), 6.94 (dt,
1H, indole H-5), 6.68 (s, 2H, NH,), 3.17 (s, 3H, indole NMe); ms:
m/z (%) 293 (M, 36), 265 (76), 175 (36), 147 (42), 146 (30), 119
(92), 118 (37), 104 (33), 93 (38), 91 (33), 77 (100), 65 (55), 51
(47), 43 (32).

Anal. Calcd. for C;gH;5Ns00.2H,0 [29]: C, 64.72; H, 5.23;
N, 23.59. Found: C, 64.63; H, 5.35; N, 23.65.

N,N'-Diacetyl-2-(1,2-dihydro-1-methyl-2-oxo-3H-indol-3-yli-
dene)hydrazinecarboximidamide (15).

Compound (E)-15 was prepared from guanylhydrazone
(E)-12 (1.09 g, 5 mmoles) and acetic anhydride as decribed for
the preparation of product 7. Recrystallization from a large
amount of ethanol afforded 1.08 g (72%) of yellow crystals, mp
229-230° (lit [12] mp 237° dec); !H-nmr (deuteriodimethyl sul-
foxide): & 10.66 (s, br, 2H, NH), 8.44 (dd, 1H, indole H-4), 7.42
(dt, 1H, indole H-6), 7.06 (dt, 1H, indole H-5), 7.04 (dd, 1H,
indole H-7), 3.17 (s, 3H, indole NMe), 2.14 (s, 6H, COMe); ms:
m/z (%) 301 (M, 21), 231 (28), 175 (20), 146 (30), 43 (100).

Anal. Caled. for C14H,5sNsO3+0.8H,0 [29]: C, 53.26; H, 5.30;
N, 22.18. Found: C, 53.46; H, 5.41; N, 22.12.

(E)-1H-Indole-2,3-dione 3-Oxime (16).

Compound 16 (preparation according to ref [32]) had H-nmr
(deuteriodimethyl sulfoxide): & 13.25 (s, 1H, OH), 10.65 (s, 1H,
indole N1-H), 7.93 (dd, 1H, indole H-4), 7.31 (dt, 1H, indole
H-6), 6.98 (dt, 1H, indole H-5), 6.86 (dd, 1H, indole H-7); ms:
m/z (%) 162 (M+, 100), 145 (43), 117 (39), 90 (32), 63 (27), 52
(25), 51 (29), 50 (33).

(E)-5-Methyl-1H-indole-2,3-dione 3-Oxime (17).

Compound 17 (preparation according to ref [33] had 'H-nmr
(deuteriodimethyl sulfoxide): 8 13.23 (s, 1H, OH), 10.58 (s, 1H,
indole N1-H), 7.76 (d, 1H, indole H-4), 7.11 (dd, 1H, indole H-6),
6.75 (d, 1H, indole H-7), 2.23 (s, 3H, indole 5-Me); ms: m/z (%) 176
(M*, 100), 159 (33), 131 (56), 104 (21), 77 (28), 52 (20), 51 (23).
(E)-1-Methyl-1H-indole-2,3-dione 3-Oxime (18).

Compound 18 (preparation according to ref [32]) had H-nmr
(deuteriodimethyl sulfoxide): & 12.50-8.50 (br, 1H, OH), 8.05
(dd, 1H, indole H-4), 7.34 (dt, 1H, indole H-6), 7.03 (dt, 1H,
indole H-5), 6.99 (dd, 1H, indole H-7), 3.15 (s, 3H, indole
NMe); ms: m/z (%) 176 (M*, 100), 159 (45), 131 (25).
(E)-1,0-Dimethyl-1H-indole-2,3-dione 3-Oxime (19).

Compound 19 (preparation according to ref {34]) had IH-nmr
(deuteriodimethyl sulfoxide): & 7.81 (dd, 1H, indole H-4), 7.43
(dt, 1H, indole H-6), 7.04 (dt, 1H, indole H-5), 7.02 (dd, 1H, indole
H-7), 4.18 (s, 3H, OMe), 3.12 (s, 3H, indole NMe); ms: m/z (%)
190 (M*, 100), 159 (43), 132 (31), 131 (40), 104 (21), 77 27).

Acknowledgement.

The authors thank Dr. L. Jirovetz, Institute of Pharmaceutical
Chemistry, University of Vienna, for recording the mass spectra.

REFERENCES AND NOTES

[1] . Thiele, Liebigs Ann. Chem., 270, 1 (1892).
[2] For an excellent review see: P. H. Richter, I. Wunderlich, M.

Vol. 33

Schleuder and A. Keckeis, Pharmazie, 48, 83 (1993); P. H. Richter, L.
Wunderlich, H. Schleuder and A. Keckeis, Pharmazie, 48, 163 (1993).

[3] F. Kurzer and L. E. A. Godfrey, Angew. Chem., 75, 1157
(1963).

[4] Z. Gyérgydedk, W. Holzer, R. W. Kunz and A. Linden,
Monatsh. Chem., 126, 733 (1995).

[5] C. M. Shearer, N. J. DeAngelis, J. Pharm. Sci., 68, 1010
(1979).

[6] C.M. Shearer, Analytical Profiles of Drug Substances, Vol 15,
K. Florey, ed, Academic Press, New York-London-Sydney, 1980, p 319.

[71 T. Tsujikawa, E. Mizuta and M. Hayashi, J. Pharm. Soc.
Japan, 96, 125 (1976).

[8] W. Holzer and Z. Gyorgydedk, Monatsh. Chem., 123, 1163
(1992).

[91 H. Ercoli, R. Gardi, S. Gladiali, F. Tenconi and R. Vitali,
Boll. Chim. Farm., 116, 218 (1977).

[10] M. Axelson, J. Sjovall, T. Drakenberg and S. Forsen, Anal.
Letters, B11, 229 (1978).

[11] P. Richter, A. Hagen, K. Griinheid, A. Besch, M. Schleuder,
D. Albrecht and K. Kasbohm, European Patent Appl. EP 433,526
(1991); Chem. Abstr., 116, 20782y (1992).

[12}] H.King and J. Wright, J. Chem. Soc., 2314 (1948).

[13] A. B. Tomchin, L. S. Joffe, Yu. V. Lepp and T. N. Timofeeva,
Zh. Org. Khim., 10, 371 (1974); Chem. Abstr., 81, 3896 (1974).

[14]) For instance: A. B. Tomchin, J. Org. Chem. USSR (Engl.
Transl.), 25, 760 (1989).

[15) -H. Stiinz, Aust. J. Chem., 34, 373 (1981).

[16] D. L. Swallow, Progress in Drug Research, Vol 28, E. Jucker,
ed, Birkhiuser Verlag, Basel-Boston-Stuttgart, 1984, p 127, p 136.

[177 M. A. Badawy and S. A. Abdel-Hady, Arch. Pharm.
(Weinheim), 324, 349 (1991).

[18] A. B. Tomchin, V. S. Dmitrukha, V. I. II'enko and V. G.
Platonov, Pharm. Chem. J. (Engl. Transl.), 17, 416 (1983); Chem.
Abstr., 100, 85533g (1984).

[19] A.Bax and S. Subramanian, J. Magn. Reson., 67, 565 (1986).

[20] H. Kessler, U. Anders, G. Gemmecker and S. Steuernagel, J.
Magn. Reson., 85, 1 (1989); F. Inagaki, I. Shimada, D. Kohda, A. Suzuki
and A. Bax, J. Magn. Reson., 62, 109 (1985).

[21] S. Sarkar and A. Bax, J. Magn. Reson., 62, 109 (1985).

[22] A.Bax, J. Magn. Reson., 57, 314 (1984).

[23] G. E. Hawkes, K. Herwig and J. D. Roberts, J. Org. Chem.,
39, 1017 (1974); G. C. Levy and G. L. Nelson, J. Am. Chem. Soc., 94,
4897 (1972).

[24] CSEARCH-program: SADTLER Collection, SADTLER
Research Laboratories, Philadelphia, PA, USA; H. Kalchhauser and W.
Robien, J. Chem. Inform. Comput. Sci., 25, 103 (1985).

[25] With N-phenyl] derivatives 6, 10 and 14 a discrimination of
isatin-H signals from those of the phenyl ring could also be achieved by
1D-TOCSY experiments [20] (e.g. excitation of the indole spin system
via the well separated H-4 resonance).

[26] The E:Z ratio varied somewhat with time and concentration.
Thus, in deuteriodimethy] sulfoxide solution a slow equilibration process
is probable.

[27] Typical 'H,'H coupling constants of the isatin moiety:
3J(H4,H5) = 7.5 Hz; 4J(H4,H6) = 1.3 Hz; 3J(HS5,H6) = 7.7 Hz;
4J(H5,H7) = 1.1 Hz; 3J(H6,H7) = 7.7 Hz. The signal of H-7 is somewhat
broader then those of the other isatin-H signals, thus 4J(H5,H7) emerges
only upon an appropriate resolution enhancement.

{28] G.W. Kirsten and G. B. L. Smith, J. Am. Chem. Soc., 58, 800
(1936).

[29] All isatin guanylhydrazone derivatives investigated are
hygroscopic substances. As monitored by CHN-analyses, their content
of water increases with time when exposed to air.

{30] F. Kurzer, J. Chem. Soc., 1617 (1961).

[31] P.G. Gassman, B. W. Cue, Jr., and T.-Y. Luh, J. Org. Chem.,
42, 1344 (1977).

[32] W. Borsche and W. Sander, Chem. Ber., 47, 2815 (1914).

{33] P. Meyer, Chem. Ber., 16, 2268 (1883).

[34] B. Eistert, R. Miiller, H. Selzer and E.-A. Hackmann, Chem.
Ber., 97, 2469 (1964).



