Notes

Table 1. Constants for the Cleavage of m-Nitrophenyl Acetate
in the Presence of Cyclodextrins and Metal Ions”

g-CD none 100 47 86
none 125° 44.4 96°
CDen none 55 11 210
Zn** 150 5.1 94

(1:0.25)
Cu?** 230 6.5 120

(1:0.50)
CDdien none 95 7.1 130
ZIn*~ 310 3.2 59

(1:0.75)
Cu?* 260 4.8 89

(1:0.75)

“At 25C, in 0.05 M pH 9.60 borate buffer 7=0.2 M). *k,° is
54X107%s7!; ‘Lit. values obtained in pH 10.60 carbonate buffer
(ref. 9).

reasing order of the binding constant between host and the
ester is B-CD=CDdien>CDen, while that of £,”° is CDen
>CDdien>B-CD. Addition of Zn®** or Cu?* to the media con-
taining CDen or CDdien have a contrasting effect on the
binding constant and %,°°: the binding constant increases,
whereas k,*" decreases on the addition of the metal ions.
One possible explanation for the order of the binding con-
stant is that the diethylenetriamine group is sufficiently hy-
drophilic to stay outside of the cyclodextrin cavity, and the
environment and the depth of the cavity are not much differ-
ent with those of B-CD itself, leading the binding constant
of CDdien being essentially same with that of unmodified
B-CD. On the other hand, the ethylenediamine group is ex-
pected to be included into the cavity, at least in part, causing
the shallowness of the cavity and decreased binding of the
substrate. This result is in line with our earlier report? of
weaker binding of 1-benzyl-1,4-dihydronicotinamide, BNAH,
with mono(6-O-tosyl)-B-CD, 6-Ts-CD, compared to that with
B-CD itself. The fact that the rate constant k,°° for the fully
complexed substrate is greatest in case of CDen implies that
the substrate complexed with CDen is in better position for
the nucleophilic interaction between the C-2 oxido group of
the CD and the carbonyl carbon atom of the substrate®
The effects of the divalent metal ions on the binding cons-
tants and k" for CDen and CDdien can be attributed to
the interaction between the metal ion and the amino group.*>®
The interaction of cyclodextrins functionalized with polyami-
nes with Cu?™ or Zn?" results in cyclodextrins flexibly cap-
ped by metal ions, which causes increased binding of the
substrate.! The difference in the effects of Cu?* and Zn®**
seems to arise from different coordination geometry and/or
coordination number between Cu?* and Zn?**!° Contrast to
the enhancement of the binding affinity of the substrate with
CDen or CDdien by the addition of the metal ions, the k,°
value gets smaller and becomes not much different with that
of B-CD itself. This suggests that the enhanced binding by
the flexible capping does not give the proper geometry for
the nucleophilic interaction between the C-2 oxido group of
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the CD and the carbonyl carbon atom of the substrate.

In conclusion, this work demonstrates that functionaliza-
tion of B-CD with polyamines increases the reactivity of m-
nitrophenyl acetate complexed with the host molecules. Ad-
dition of divalent metal ions enhances binding affinity of
the ester, but decreases the reactivity of the complexed sub-
strate.
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A large number of cytostatic 2-chloroethyl-nitrosoureas! 12
have been synthesized and evaluated for antitumor activity
against murine leukemia L1210 implanted either intraperito-
neally or intracerebrally. The nitrosoureas decompose to
yield an isocyanate and a variety of other reactive species.’
The interaction of one or more of these reactive moieties
with biologically active macromolecules is thought to be res-
ponsible for the anticancer activity and the cytotoxicity of
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Table 1. N-Acyl-N’-Substituted Phenylhydrazines (1a-k)
Yield mp. IR (cm™) NMR ®)
Comp. G R
(%) ©) C=0 N=H Ar-NH CNH Ar R
a H CH; 72 128-129 1650 3310 9.33 74 6.2-7.2 1.7
b 3-CH; CH; 51 115-117 1640 3300 94 74 6.1-7.1 18
¢ 4-CH, CH; 58 103-105 1640 3250 9.3 7.3 6.2-7.0 18
d 3-Cl CH; 60 167-168 1680 3250 9.6 79 6.4-7.3 21
e 4-Cl CH; 53 145-147 1650 3300 9.7 79 6.4-75 20
f 3-NO, CH, 51 125-126 1660 3400 9.3 8.0 6.8-8.2 1.7
g 4-NO, CH; 56 208-209 1650 3330 9.6 86 6.6-8.2 2.0
h H CH,CH; 62 151-153 1640 3290 9.3 74 6.3-7.2 0.8-24
i H CH.CH,CHj,4 63 84-86 1660 3350 94 74 6.3-7.2 0.7-7.3
i H CH(CHs3), 54 137-139 1640 3350 9.5 7.7 6.3-74 1.2-28
k H C(CH,); 48 104-106 1650 3280 9.3 7.5 6.3-7.2 1.16

the nitrosoureas. -

The nitrosoureas are usually obtained by the conventional
route of preparing the urea compound first, then subsequen-
tly nitrosating it with a variety of nitrosating agents' ™% eg,
sodium nitrite in acidic medium, nitrous anhydride, nitrosyl
chloride, dinitrogen tetraoxide or nitrosonium tetrafluorobo-
rate. However, when nitrosoureas are synthesized by the
nitrosation of the urea, difficulties in achieving selective ni-
trosation of the urea at the required position are always
encountered, and two regioisomers are produced. Selective
nitrosation at the nitrogen bearing the methy! or the 2-ch-
loroethyl group is critical in syntheses of unsymmetrical N,

di
N’-substituted 2-chloroethyl-N-nitrosoureas' (R-N-C-N-CH,
CH,C).

Furthermore, regioselective nitrosation reaction among th-

ree kinds of nitrogen in the antitumor N-alkyl-N'-anilinourea

HHOH
[ I

compounds'” (®-N-N-C-N-CH,CH.Cl) by the above analogous
nitrosation methods will theoretically give three regioisome-
ric nitrosoureas. The aim of our present work is to investi-
gate how the electronic or steric factor affects the regioselec-
tivity of the N-acyl-N'-substituted phenylhydrazines (1a-k)
towards the nitrosation of two kinds of nitrogen atoms. To
see the steric informations about the regiochemistry of N-
nitrosation reactions, the model compounds, N-acyl-N'-subs-
tituted phenylhydrazines (1a, h-k) were prepared by the -ea-
ctions of the phenylhydrazines with the various acids (inc-
reasing the bulkiness of alkyl groups; acetic acid, propionic
acid, butyric acid, isobutyric acid, and trimethylacetic acid).
Of these series of N-acyl-N'-substituted phenylhydrazines,
the phenylhydrazines substituted with either electron-dona-
ting or electron-withdrawing groups were also reacted with
acetic acid to afford N-acetyl-N'-substituted phenylhydrazines
(1a-g) and to examine the role of electron density on the
nitrogen atom to the regiochemical change. The regioselecti-
vity in the nitrosation of N-acyl-N'-unsubstituted-phenylhy-
drazines (1a, h-k), and of N-acetyl-N'-substituted phenylhyd-
razines (la-g) was examined using NaNO, and four different
acids (diluted HCI, HCOOH, CH;COOH, CF;COOH) at —10

T -0C. In all cases, the two regioisomeric products, N-acyl-
N'-nitroso-N’'-substituted phenylhydrazines (2a-k) and N-
acyl-N-nitroso-N'-substituted phenylhydrazines (3a-k) were
observed to be formed as major products (Table 2 and 3).
However, the N-acyl-N'-nitroso-N'-substituted phenylhydra-
zines, 2a-k having on tlc elution mobility higher than that
of the N-acyl-N-nitroso-N’-substituted phenylhydrazines, 3a-
k were observed to be formed first, and then rearrange to
the 3a-k. In experiments to examine the occurrence of nit-
roso group migration in the 2a-k, we treated the nitrosation
reaction of la-g for a prolonged reaction time (3 hours or
longer) at 0-5C, and the 3a-k were found virtually exclusi-
vely as major products with the trace of 2a-k. Even when
the acyl groups were large, eg, isopropyl, and tertiary butyl
in la-k, or when there were either electron withdrawing
or electron donating groups substituted on the phenyl! ring,
the 3a-k were formed exclusively. In each instance, the nit-
roso group transfer from the 2a-k to the 3a-k was unaffected
by both the steric and electronic effects'*'®. The exclusive
formation of the 3a-k was drastically slowed down under
—20T . Based on these observations, it is clear that products
2a-k are kinetically controlled products which were formed
through the phenyl n-electron assisted nitrosonium ion app-
roach to the phenyl nitrogen, while products 3a-k are ther-
modynamically controlled products.

H HHO
I AN 0 G/N-N-C—R
+ R-C-OH ——»
/ P A / P 1
G G
HCOOH
NaNO,
NO O
N-N-C-R
G:H R: CH, ~ ’
3-CH, CH2CH; |/ P
4-CH, CH2CH2CH, G 2
3.l CH(CHy);
acl C(CHs) H zoc
3-NO, I x & A
4-NO, / / 3
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Table 2. N-Acyl-N'-Nitroso-N'-Substituted Phenylhydrazines (2a-k)
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Yield mp. IR (cm™) NMR (§)
Comp. G R
(%) ©) C=0 N=H N-H Ar CNH R
a H CH; 32 oil 1710 1495 3300 6.9-7.6 8.73 1.92
b 3-CH, CH; 29 oil 1700 1500 3270 68-74 8.6 2.06
c 4-CH, CH, 38 88-89 1690 1490 3250 7.0-76 8.0 2.06
d 3-Cl CH; 35 oil 1690 1490 3200 7.0-7.6 8.1 2.1
e 4-Cl CH; 40 84-85 1680 1490 3200 7.1-7.6 104 2.1
f 3-NO, CH; 39 106-109 1675 1510 3200 7.5-8.5 9.8 2.16
g 4-NO, CH; 23 - - — — — — _
h H CH.CH, 40 oil 1700 1490 3250 7.0-76 8.7 08-2.4
i H CH,CH,CH, 37 88-89 1690 1490 3240 6.7-75 89 0.6-2.25
i H CH(CHy), 32 72-74 1680 1500 3190 7.0-76 88 2.76-2.8
k H C(CHs) 35 108-109 1680 1490 3300  7.1377 8.2 13
Table 3. N-Acyl-N-Nitroso-N'-Substituted Phenylhydrazines (3a-k)
Yield mp. IR (cm™) NMR ()
Comp. G R

(%) ©) Cc=0 N=0 N-H Ar R
a H CH; 29 oil 1740 1500 3310 7.2-85 24
b 3-CH; CH, 30 oil 1750 1500 3280 6.9-79 23
c 4-CH; CH, 37 oil 1750 1500 3400 7.2-76 24
d 3-Cl CH, 22 oil 1715 1480 3250 7.0-80 24
e 4-Cl CH, 20 oil 1740 1490 3300 7.1-81 14
f 3-NO; CHs 22 oil 1650 1510 3380 7.3-86 25
g 4-NO; CH; 27 oil 1760 1510 3350 7.5-8.5 2.5
h H CH.CH; 35 oil 1740 1500 3250 7.0-8.3 1.0-19
i H CH,CH,CHj,4 39 oil 1750 1500 3310 7.0-84 0.7-2.9
j H CH(CHs), 37 oil 1735 1490 3490 7.0-84 0.8-34
k H C(CHs); 30 oil 1740 1500 3380 7.2-84 13

Experimental N'-substituted phenylhydrazines (2a-k) and N-acyl-N-nitroso-

Melting points were determined on Electrothermal Capil-
lary Melting Point apparatus and are uncorrected. Tlc was
performed on glass plated coated with aluminium oxide (Si-
Ica gel 60 Fiy) and compounds were visualized using an
uv Imap. 'H-NMR was obtained with varian EM-360A spect-
rophotometer (solutions in dimethyl-de-sulfoxide with tetro-
methylsilane as the internal standard). Ultraviolet spactiral
data were recorded on a Hitachi 124 spectrophotometer, and
ir spectra were recorded with Shimadzu 400 spectrophoto-
meter. Pertinent data for synthesized compounds are listed
in Table 1, 2, and 3.

General procedure for the preparation of N-acyl-N'-substi-
tuted phenylhydrazines (1a-k). Phenylhydrazines or substitu-
ted phenylhydrazines (17 mmol) were slowly added to acetic
acid (17 mmol) (propionic acid, butyric acid, isobutyric acid,
trimethylacetic acid) under ice-cold condition and the reac-
tion mixture was heated at 105-110C for 30 min. Crystalliza-
tion from an appropriate solvent afforded an analytically pure
solid. Pertinent data for synthesized compounds are listed
in Table 1, 2, and 3.

General procedure for the syntheses of N-acyl-N’-nitroso-

N'-substituted phenylhydrazines (3a-k). A solution of N-acyl-
N’-substituted phenylhydrazines (1a-k) (14 mmol) in 99%
HCOOH (10 ml) was cooled to 0-5C and treated with NaNOQ,
(25 mmol) in small portions. The reaction mixture was stir-
red for 1 hr at 0-5C . The reaction mixture was poured into
an ice-H,O mixture (150 m!) and extracted with CHCl; (2X
200 m/). The combined organic layers were washed with
H;0 (2X150 m/), dried (MgSQ,), filtered and evaporated un-
der reduced pressure to give a solid. Crystallization from
an appropriate solvent gave a pure compound. The uncrysta-
llized only residues were applied to a column packed with
silica gel and the column was eluted with hexane-ethylace-
tate (20 : 1, v/v). The fractions containing the 2a-k were col-
lected first, and concentrated to a sirup which was crystalli-
zed from an appropriate solvent. Further elution gave the
3a-k.
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