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many metal-centered nucleophiles, we can understand 
why the reactivities of RI and ROTs toward the above 
mentioned and "normal" nucleophiles are essentially 

different. The higher relative rates of the reactions of RI 
with metal-centered nucleophiles result from the addi- 
tional nucleophilic assistance to heterolysis, whereas in 
the case of ROTs, the leaving group has no affinity to 
metal complexes, and therefore, only nucleophilicity of 
t h e  latter is significant. 
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2,4,6,8- Tetramethyl-  2,4,6,8-tetraaz abicyclo [ 3.3.0 ] - 
octane-2,7-dione (mebicar, 1) is an efficient daytime 
tranquilizer with a broad spectrum of activity. 1 
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Mebicar is extremely soluble in media of various 
polarities (g L- l ) :  530 (H20) ,  225 (MeOH),  155 
(DMSO), 250 (CH2C12), 90 (CHC13). It has been sug- 
gested that the amphiphilic nature of  1 may be associ- 
ated with its pharmacological activity. 2 We studied the 
effects of 1 on the structure of water and on the struc- 
tures and activities of model macromolecular biological 
systems of a protein nature. 

By differential scanning calorimetry we found that 1 
can be hydrated by various mechanisms simultaneously. 
The specific heat capacity of  1 in a 1% aqueous solution 

- 25 and its temperature increment (298--373 K) are c_ = 
2.88 J g-1 K-I  and Acv'~XTrn -1 = 1.46" 10 -3 J g- leK -2. 
The value of the increment for 1 is comparable to that 
for L-leucine (2) ~cp. ATm -1 = 1.1 �9 10 -3 J g-1 K-2 (in 
the hydration of 2, hydrophobic effects predominate). 
The low value of k-p 25 for this compound, as also that for 
urea (3) (~-p25 = 1.55 J g-l), characterizes the ability of 
these substances to break the structure of water; for 
compound 2, b-p 2s = 1.92 J g-1 K-1. 

Using millimeter absorption spectroscopy 4 we quan- 
titatively evaluated the composition of the hydration 
shell of molecule 1. We measured absorption (c~/dB 
mm -1) of electromagnetic radiation by aqueous solu- 
tions of 1 at the frequencies v = 1.05, 1.40, 1.71 cm -1 
and in the 4--7 cm -1 range in the 287--333 K tempera- 
ture interval. The a(v) dependence at 293 K indicates 
that molecule 1 binds nine water molecules with life- 
times in the hydration shell �9 >_ 10 ps. As measurements 
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at low frequencies show, at least two water molecules 
incorporated in the hydration shell retain their rota- 
tional mobility, as has been observed for hydration of 
compound 3 (see Ref. 4). The decrease in absorption 
indicates hydrophobic immobilization of two or three 
water molecules, most likely, around the bridging H C - -  
CH group and the four methyl groups. Up to four water 
molecules are bound according to a mechanism of posi- 
tive polar hydration through the formation of H-bonds 
with the carbonyl O atoms. 

The rate of  enzymatic hydrolysis of N-acetyl-L-ty- 
rosine ethyl ester catalyzed by a-chymotrypsin was also 
studied. The rate noticeably increases in the presence of 
1 ([1] _< 0.15 mol L-I) :  the rate constant of  hydrolysis of  
the acyl-enzyme intermediate is k = ke, 1 + kc, 2 [1], 
where ke, 1 = 2.5 s - I  is the rate constant of the hydrolysis 
in the absence of 1, and kc, 2 is the second-order rate 
constant  taking into account  the effect of  1 
on the rate of  the enzymatic reaction. When [1] ___ 0.15 
mol L -1, no structural changes of a-chymotrypsin or its 
ability to bind 1 were detected; therefore, the accelerat- 
ing effect of  1 can be attributed mostly to the activation 
of water as a nucleophilic reagent (generation of addi- 
tional reactive H20 molecules with high mobilities4). 

The denaturing activity of  1 was studied by differen- 
tial UV spectrophotometry. 5 Up to the concentration 
[1]c r = 0.7 mol L - I  the globular protein (chymotrypsi- 
nogen A) is conformationally stable. At higher concen- 
trations of  compound 1 denaturation of the protein is 
observed. Previously 5 it was shown that denaturation of 
proteins in aqueous solutions of organic nonelectrolytes 

occurs in those cases where they are able to break the 
structure of  water and also in the case of  exhaustion of 
the bulk water. Denaturation of chymotrypsinogen A 
was observed at [H20]e r = 49 tool L -1, which practically 
coincides with the value [H20]e r = 48 mol L -~ obtained 
for compound 3 and guanidine chloride, s Hence,  com- 
pound 1 activates the aqueous component  and can thus 
affect the static and dynamic structures of  physiologi- 
cally active proteins as well as their biological activity. 

The results obtained and also the suggestion con- 
cerning the activation of biological membranes 2 may be 
favorable for understanding the contributions of  solvent 
effects to the mechanisms of pharmacological activity of 
1 and similar materials. 
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Previously 1,2 we studied hydrogenolysis of water- 
soluble aryl halides in aqueous alkaline solutions through 
the action of NaBH 4 in the presence of PdC12 as catalyst 
and showed that the process occurs chemoselectively to 
give the corresponding arenes. However, aryl halides 

insoluble in water virtually did not undergo hydro- 
genolysis under the same conditions even in the pres- 
ence of a phase-transfer catalyst. A number of tech- 
niques for the reduction of water-insoluble aryl halides 
in aqueous-organic media in the presence of catalysts 
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