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SUPPRESSION OF THE CONVERSION OF 3-t-BUTYL-1-METHYL-1-
NITROSOTHIOUREA TO 3-t-BUTYL-1-METHYLUREA BY
B-CYCLODEXTRIN UNDER ACIDIC CONDITIONS

Masayoshi ISOBE
Department of Chemistry, Saitama Medical School,
Moroyama, Saitama 350-04

The denitrosation of 3—E—buty1—l—methyl—l—nitrosothiourea(%)
was retarded by g-, and y-cyclodextrins(CDs) at pH 4.70. Decomposition
of % in the presence of g-CD produced selectively 3-t-butyl-1-
methylthiourea(%%), which was remarkably different from the product
ratio in the absence of R-CD. These results may be caused by both
the protective and the microsolvent effect of g-CD.

Cyclodextrins(CDs) can form a great variety of inclusion complexes with
substrates that range from hydrophobic to ionic in charactor, with subsequent
reactivity changes. The catalytic actions of CD as a model of enzyme have been
interpreted from the standpoint of the nucleophilic catalysis, the microsolvent

1,2) There are few reports in which the

effect, and/or the conformational effect.
effects of CDs on the product ratio are ascribed to the protective effect of CDs
against the attack of reagents. The decomposition of 3-t-butyl-l-methyl-l-nitroso-
thiourea(%)3) in acetate buffer solution(pH 4.6) was found to produce a mixture of
3-E-butyl—l-methylthiourea(%%) anq 3-E—butyl-l-methy1urea(%R)(%%:%R = 37:63)(scheme
2) , which was partly analogous to the decomposition product of 1,3-dipropyl-1-
nitrosothiourea in acetone-HCl(l mol dm_3) solution reported by Lown and Chauhan.
In this report the effect of CDs on the conversion of % to %% or %R has been studied
Pseudo first-order rate constants for the denitrosation of % were measured in
acetate buffer solution(pH 4.70 or 5.63) in the presence of a-, 8-, or Y-CD(1-15 mM)
at 37 °C.5) The results are exhibited in Fig. 1. The denitrosation of ;;waSIBtarded
by the formation of the inclusion complexes with g-, or y-CD and that of % in the
presence of a-CD showed almost the same rate constants with that in the absence of

4)

a-CD. Protonation on Ny position is necessary prior to the rearrangement of nitroso
group. The suppression of protonation on N1 and/or of rearrangement of nitroso group
by B-, or y-CD are considerd as the reason for the retardation. As for o-CD, it has
been reported that the bulky t-butyl group is located outside the CD ring in the
complex of p-t-butylphenolate and o-CD.

In order to evaluate the dissociation constant(Kd) and the catalyzed rate
constant(kc) for the inclusion complex between CD and %, the effect of the CD
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concentration on the rate constant was

R a-CD(pH 4,70)

examined by use of the Eadie-type plot.

the assumption of the formation of the 1l:1
CD—% complex, the observed first-order rate
constant(kobsd) may be represented by Eq. 1
if the concentration of the CD is much higher 15
than that of %: where [CD]0 is the total
concentration of the CD and kun is the

v-CD(pH 4.70)

w

~
uncatalyzed rate constant, respectively. o
Xobsd Xun™ _Kd(kobsd_kun)/[CDlo4'kc“kun (1) a?lO'
Figure 2(A) shows the plots of (kobsd_kun) I
vs. (kobsd-kun)/[CD]o for the denitrosation —
of % in the presence of g-CD. The plot was
linear with a slope(=Ky) of (1.24+0.04)X10"
M and with an intercept(kc—kun) of (-15.87+
0.03)x10"%s™L. gimilar linear plots (Fig.2(B))
were obtained for the reaction in the

8-CD(pH 4.70)

3

8-CD(pH 5,63)

L
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Fig. 1. Effects of cyclodextrins on

presence of y~CD, but no such a plot was o=t
obtained in the presence of o-CD indicating
that % may not sufficiently be included in

the cavity of a-CD. The K, and kc values

d the denitrosation rate constants of%;
determined are summarized in Table 1. As [1]= 8.28 X 10—5 M, pu= 0.2(NaCl).
anticipated, the Ky value for B-CD was much
smaller than that for y-CD.

Table 1. The dissociation constant(Kd) and the catalyzed rate
constant(kc) of the cyclodextrin—% complex at 37 °C(pH 4.70)
Cyclodextrin Kq / mM ko X 104 / st
B 1.24 + 0.04 3.24 + 0.10
16.1 + 0.4 1.36 + 0.03

To examine the effect of a~, B-, or y-CD on the conversion of k to ke or kk,
the product analysis in the presence of a-, B-, or y-CD were performed and the
decomposition products were analyzed by the use of lH NMR.8)
the effect of oxygen or sodium nitrite on the conversion of ] the product analysis

under nitrogen atmosphere or with the addition of sodium nitrite under nitrogen

In addition, to know

atmosphere was also performed. The results were shown in Table 2 with the per cent
of % bound at the different cyclodextrin concentrations. These results may be
caused by the different protection of protonated intermediate of k due to inclusion
in the cavity of a-, B-, or y-CD against the attack of nitrous acid formed by oxygen
(Scheme 1)9) and they suggest that it is almost impossible for ] to be converted to
%E in the cavity of B-CD but it is possible in the larger cavity of y-CD to a small
extent or outside the ring of ¢-CD. Product ratio of %Q decreased and that of %Q
increased with the increase in the concentration of R-CD(Table 2). The similar
protective effect against a reagent by p-CD has been observed in the reaction of
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- (A) (B)
MO+ 0y = WO, (Kopsa—kun)/ID1y  (Kopea—kun)/[CDI,
NO, + NO = N,0, _1;0 ~ -0;5 0 -0{2 -0;1 0
N203 + H20 = 2HNO2 -_8 o T
0
Scheme 1. b
L -10 15 ¢
~
"=
N
1
vitamine K analogues against 1-10 E
the attack of hydrogen peroxide Af
in the presence of B-CD.lo) ~
Moreover, decomposition of k - =15 1-15
in 50% ethylene glycol-acetate
buffer (pH 4.60) produced

predominantly ke. This result Fig. 2. The plots of (kobsd-kun) vsS. (kobsd-kun)/
suggests that the microsolvent [CD]o for the denitrosation of 1 in the presence
effect of cyclodextrin may be of B-CD((A)) or y-CD((B)).

affecting the product ratio by

depressing the approach of the nitrous acid into the apolar cavity which possesses

the character of space alkalinityll) 12)

or topochemical base.
In conclusion, the conversion of % to %R was most suppressed by B-CD among

those three CDs leading to produce selectively 1a(Scheme 2).

Table 2. Decomposition product ratio (%) of % under acidic conditionsa)

Catalyst Coggentratlgg Product ratio, Yield/% % 1 bound
W merom Rt AR R v

None b) 37 : 63 24 40 -

None(NZ) c) 83 : 17 22.5 4.5 -

None (N ,NaNO,,) 50 : 50 37 37 -

0~CD 5.70 36 : 64 29 52 -

B-CD 2.85 69 : 31 50 22 37
5.70 87 : 13 56 8 63
8.55 82 : 18 60 13 77

Y-CD 5.70 66 : 34 51 26 22

Sucrose 20.0 42 : 58 28 38 -

d
Ethylene?) 77 : 23 60 18 -
glycol *
a)Acetate buffer (pH 4.60), u= 0.2(Nacl). [l]= 5.70 X 10 3mol dm™3. b)under

nitrogen atmosphere. ¢)With sodium nitrite (an equimolar amount with %) under

nitrogen atmosphere. d)50%(vol%).
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Scheme 2.
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