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The neural network, on the contrary, does not require 
such a comprehensive term selection. This is a merit as 
well as a shortcoming of this method. Namely, one can 
analyze the given data without knowing special techniques. 
However, even if the appropriate results are obtained, the 
definitive reason may not be given. 

The neural network studied here performs two processes 
at  the same time: the process to convert the input data 
to the effective form and the process to classify the con- 
verted data referring to the characteristics. The former 
process is carried out by the first and second layers and 
the latter, by the second and third layers. Since these two 
processes are optimized to the training patterns, it is very 
probable for such a neural network to exceed the level of 
the multiregressional analysis as shown in this paper. 
Especially, the neural network becomes superior in such 
cases that the analysis includes a large number of the 
structural parameters or expansion terms compared to the 
number of the obtained biological data. However, one may 
wonder why it should be possible to determine, for exam- 
ple, 96 weights in model A or 420 in model C in Table I 
when a considerably small number of experimental data 
is used. 

The operation of the neural network is very different 
from that of the usual multiregression analysis. The in- 

formation in the given data is accumulated in the weight 
matrices as the number of the input data is increased. The 
decision by the network is very much like that of the brain 
of human: the number of given data seems to be how 
much a man experienced the situation. Namely, the larger 
the number of data and the better the quality of the data, 
the better the network gives the decision. Unlike the 
multiregression analysis, however, the reliability of the 
decision cannot be treated statistically at  present. 

Finally, it should be mentioned that one of the unfa- 
miliar situations in the network is the uncertainty of weight 
matrices. Namely, the operation can be exactly defined 
by the mathematical expressions (eqs 1-5). However, the 
matrices do not always take the same definitive elements 
even if they given the definitive decision. For example, 
consider the case that the weight between the first and 
second layers which coagulates into neuron j, (of the sec- 
ond layer) can be dispersed into j, and j, (by simply in- 
creasing the number of neurons in the second layer). Then, 

wijo = XIWijl + x,wij2 (13) 

where A, and A, are coefficients. Noticeably, WGl and Wij2 
are indefinite although they are controlled by the X values. 
Therefore, the weight matrices do not always take the fixed 
elements even if they give the same results. 
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Some 3’- and 5’4 [ (alkylamino)ethyl]glycyl] esters of 5-bromo-2’-deoxyuridine were prepared and evaluated in vitro 
as progenitors of the parent alcohol. The esters proved to be relatively stable a t  low pH but released 5-bromo- 
2’-deoxyuridine cleanly at rates which were pH and structure dependent. These basic esters are examples of 
cyclization-activated prodrugs in which generation of active drug is not linked to enzymatic cleavage but rather 
results from an intramolecular cyclization-elimination reaction. 

Ester prodrugs of alcohols are frequently utilized to 
circumvent adverse physicochemical limitations or to ex- 
tend the duration of action of the parent Gen- 
erally, ester prodrugs have depended upon chemical or 
enzymatic hydrolysis of the ester bond for conversion of 
prodrug to drug. However this strategy can only be suc- 
cessful in those cases where the alcohol is generated from 
the ester at  a practical rate under physiological conditions. 
When this requirement is not attainable, this approach will 
fail or be of limited value. In addition, generation of drug 
by enzymatic mechanisms may be subject to much varia- 
bility between species or even among individual members 
of a particular species. 

A previous report4 described some basic carbamate 
prodrugs (1) of the melanocytoxic agent 4-hydroxyanisole 
which generated the parent phenol 2 by a cyclization-ac- 
tivated mechanism under physiological conditions (Scheme 
I). In this approach, prodrug is converted to active drug 
by an intramolecular cyclization-elimination reaction and 
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not through mechanisms involving intermolecular hy- 
drolysis of the ester bond. By this method, ideally, drug 
formation is not dependent upon the host environment but 
instead solely upon the rate of the intramolecular cycli- 
zation reaction. 

Although basic carbamates of phenols are sufficiently 
activated to generate phenol at  useful rates under physi- 
ological conditions, the corresponding carbamates of al- 
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cohols cyclize too slowly to be of practical value. However 
basic esters are more reactive and can be designed to be 
effective precursors of alcohols. For example, basic esters 
such as 4 would be predicted to liberate the desired alcohol 
5 with concomitant formation of piperazinone 6 (Scheme 
11). To test this concept, some basic esters of the clinically 
relevant radiation sensitizer 5-brom0-2’-deoxyuridine~~~ 
have been synthesized and evaluated as progenitors of this 
alcohol by an intramolecular cyclization reaction. 

Chemistry 
Syntheses of the desired 3‘- and 5’-esters of 5-bromo- 

2’-deoxyuridine required protected diamino acid inter- 
mediates which could ultimately be deblocked at  the last 
step without destruction of the ester function. The Boc 
(tert-butoxycarbonyl) group proved to be compatible with 
this approach. 

Diamino acids 8a and 8b were easily prepared by re- 
ductive amination of glyoxylic acid with the appropriate 
diamine 7 in EtOH (Scheme 111). Boc protective groups 
were introduced with di-tert-butyl dicarbonate in NaOH- 
THF solution and the protected acids were activated by 
conversion to the succinate esters 10a and lob. 

Condensation of unprotected 5-bromo-2’-deoxyuridine 
(11) with succinate ester 10a in CH&N containing an 
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equivalent of 4-(dimethy1amino)pyridine led to a mixture 
of the two possible mono esters (14a and 20a) in addition 
to diester. Pure Boc-protected 3’-ester 14a could be iso- 
lated from this mixture by flash chromatography over silica 
gel. 
This same ester, as well as the cyclohexylethyl derivative 

14b, was selectively obtained from reaction of 10a with the 
5’-trityl derivative 12 followed by removal of the trityl 
protective group. Intermediate 13a was also prepared by 
dicyclohexylcarbodiimide condensation of 12 and Boc acid 
9a (Scheme IV). Removal of the Boc groups of 14a,b 
under acidic conditions allowed direct isolation of the basic 
esters 15a,b as the stable HC1 salts. 

5’-Ester 21b was synthesized for comparison with the 
corresponding 3’-ester 15b. Initially, 5’-tosylate 16’ was 
reacted with the Na salt of the Boc-protected diamino acid 
9b to give a mixture of products from which 20b could be 
isolated in low yield. However a better procedure proved 
to be dicyclohexylcarbodiimide-mediated esterification of 
the 3’-protected nucleoside 18 with Boc-protected diamino 
acid 9b to give 19b followed by removal of the meth- 
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Table I 
t , , , .  min (37 OC) 

part. plasma, PH 7.4 ~ 

compound coeff pH 7.4 pH 6.8 pH 2.5 rat human 
n -0 23.0 f 1.8 39.2 f 1.8 no hydrolysis in 24 h 47.3 f 6.8 70.0 f 0.8 

0.54 29.7 f 1.3 45.8 f 1.2 5.3 f 0.4 47.3 f 0.1 

0.33 26.7 f 1.0 41.9 f 0.9 0.36 f 0.01 26.7 & 0.5 

oxytrityl group. The 5'-ester 21b was then obtained from 
20b by treatment with anhydrous HCl in EtOAc (Scheme 
V) . 

An authentic sample of piperazinone 22 was synthesized 
by alkylation of 4-(carbobenzyloxy)-2-piperazinone (25) 
with cyclohexylether tosylate (24) followed by removal of 
the CBZ group under catalytic hydrogenation conditions 
(Scheme VI). 
Results and Discussion 

Stability of the 3'- and 5'-esters 15a,b and 21b, at 37 "C 
and various pH's, were determined conveniently by HPLC 
analysis. Since these esters are relatively stable a t  the pH 
of the HPLC mobile phase (-2), injection into the HPLC 
effectively stops the cyclization reaction. The cyclization 
is also halted upon quenching aliquots in dilute HCl or 
HC104. This latter method was particularly useful in the 
plasma experiments, as the dilute HCIOl precipitated 
protein in addition to terminating further reaction. 

At the pH's examined, 7.4 and 6.8, each ester generated 
5-bromo-2'-deoxyuridine and the corresponding pipera- 
zinone cleanly without any other detectable products 
formed. However the rate of alcohol formation was de- 
pendent upon ester structure and the pH. Kinetic analysis 
showed that the alcohol was formed following first-order 
kinetics. 

All three esters of Table I generated alcohol a t  nearly 
the same rate, tt12 = 23,26.7, and 29.7 min, a t  pH 7.4. The 
slightly slower rate observed with the cyclohexylethyl 
derivative 15b compared to the N-ethyl analogue 15a may 
be due to unfavorable steric interactions of the cyclohexyl 
group in the cyclization transition state. Similar steric 
considerations could also account for the increased rate 
of reaction of the primary 5'-ester 21b compared to that 
of the secondary 3'-ester 15b. 

All three esters formed alcohol a t  a slower rate a t  pH 
6.8 than at pH 7.4 and were stable a t  pH 2.5. This suggests 
that a nonprotonated amine function is critical for reaction 
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to occur and is consistent with the idea that alcohol release 
is the result of a cyclization reaction. Confirmation that 
deoxyuridine alcohol is formed by the proposed cyclization 
mechanism of Scheme I1 was obtained by isolation of 
piperazinone 22 in 95.2% yield after heating 21b at 37 "C 
and pH 7.4. 

In contrast to these results, plasma experiments revealed 
quite different ester reactivities. In rat plasma, both 
N-cyclohexylethyl analogues 15b and 21b were converted 
to alcohol a t  much faster rates than in the nonplasma 
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experiments, indicating that these esters are good sub- 
strates for esterases present in rat plasma. However these 
same esters did not generate alcohol in human plasma 
faster than the nonplasma rates. The generally low est- 
erase activity of human plasma, in comparison with rodent 
plasma, is well-documented. 

I t  is surprising that formation of 5-bromo-2’-deoxy- 
uridine from 15a,b was actually slower in some of the 
plasma experiments than under nonenzymatic conditions. 
A similar result was also seen in the basic phenol carba- 
mate series studied previously.“ This apparent stabilizing 
effect of plasma could be explained by binding of the 
nucleoside ester to plasma proteins, which results in partial 
inhibition of the cyclization reaction. 

This series of basic esters of 5-bromo-2’-deoxyuridine 
appears to satisfy the requirements for cyclization-acti- 
vated prodrugs. That is, formation of drug from prodrug 
need not be linked to enzymatic activation but rather may 
result from a predictable, intramolecular cyclization- 
elimination reaction. However, since the rate of active drug 
formation is dependent upon alcohol structure, successful 
application of this prodrug strategy to other alcohols might 
require synthesis of different N-substituted esters than 
those used in this study. 

Furthermore, this approach appears to allow variation 
of the prodrug partition coefficient in addition to selection 
of drug release rate through structure design. In this study, 
the rate of formation of drug from prodrug was not greatly 
affected by a change in partition coefficient of from -0 
to 0.54. 

Another interesting aspect of the cyclization-activation 
mechanism is that generation of active drug should con- 
tinue even after cellular uptake of prodrug. The release 
of a relatively lipophilic and neutral drug from a basic, 
hydrophilic prodrug offers intriguing possibilities which 
might be exploited for drug-distribution applications. 

Experimental Section 
All melting points were obtained on a Thomas-Hoover Unimelt 

capillary melting point apparatus using open capillaries and are 
uncorrected. Analytical results are indicated by atom symbols 
and are within 0.4% of theoretical values. ‘H NMR spectra were 
recorded for all intermediates and final products on either a Varian 
XL-300 or a GE NT-360 instrument using tetramethylsilane as 
an internal standard and are consistent with assigned structures. 
E. Merck silica gel (230-400 mesh) was used for the flash chro- 
matographies. 

Preparation of Boc-Protected Succinate Esters. N-(  1,l- 
Dimethylethoxycarbonyl)-N-[2-[N-( 1,l-dimethylethoxy- 
carbonyl)-N-ethylamino]ethyl]glycine (9a). A solution of 
glyoxylic acid hydrate (9.2 g, 100 mmol) and N-ethylethylene- 
diamine (8.82 g, 100 mmol) in EtOH (150 mL) was hydrogenated 
in a Parr apparatus at room temperature and an initial pressure 
of 51 psi with 5% Pd on C (2.0 g) as catalyst. After 18 h, hydrogen 
uptake was complete. Catalyst was removed by filtration through 
a pad of diatomaceous earth and the filtrate was concentrated 
under reduced pressure to give the diamino acid as an oil. 

This diamino acid was dissolved in water (150 mL) and THF 
(100 mL) containing NaOH (4.0 g, 100 mmol) and stirred at room 
temperature while a solution of di-tert-butyl dicarbonate (48 g, 
220 mmol) in THF (100 mL) was added over 1 h. After stirring 
at  room temperature for 18 h, THF was removed under reduced 
pressure and the aqueous residue was extracted with EhO. The 
aqueous portion was then acidified with citric acid and extracted 
with two portions of CH2ClP The combined organic extracts were 
dried (Na2S0,), fdtered, and concentrated. Flash chromatography 
over silica gel and elution with 20% MeOH-80% CHC13 gave 25.9 
g (75%) of product: ‘H NMR (CDC13) b = 1.08 (3 H, m), 1.43 
(18 H, s), 3.3 (8 H, m), 3.85 (2 H, m). 

N - (  1,1-Dimethylethoxycarbonyl)-N-[2-[N-( 1,l-dimethyl- 
ethoxycarbonyl)-N-ethylamino]ethyl]glycine N-Succin- 
imide Ester (loa). A solution of Boc-protected acid 9a (25.9 g, 
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74.8 mmol) and N-hydroxysuccinimide (9.75 g, 82.1 mmol) in 
CH2C12 (350 mL) and DMF (17 mL) was cooled in an ice bath 
while a solution of 1-cyclohexyl-34 2-morpholinoethy1)cbodiimide 
metho-p-toluenesulfonate (34.8 g, 82.1 mmol) in CH2C12 (250 mL) 
was added over 75 min. After stirring in the ice bath for 1 h and 
then at  room temperature for 18 h, the reaction mixture was 
washed successively with water, 10% citric acid, saturated 
NaHC03 solution, and water and then dried (Na2S04). The 
filtered solution was concentrated under reduced pressure and 
the residue was recrystallized from EtOAc-hexane to give 17.7 
g (53%) of the active ester loa, mp 116-119 OC. Anal. (CZ0- 
H33N308) C, H, N. 

N -  ( 1,l-Dimet hylet hoxycarbony1)-N-[ 24 N-( 1,l-dimet hyl- 
ethoxycarbony1)-N- (2-cyclohexylet hyl)amino]ethyl]glycine 
(Sb). A solution of N-(2-cyclohexylethyl)ethylenediamine 8 (8.52 
g, 50 mmol) and glyoxylic acid hydrate (4.7 g, 50 mmol) in EtOH 
(200 mL) and water (30 mL) was hydrogenated in a Parr apparatus 
at room temperature and an initial pressure of 39 psi over a 5% 
Pd on C catalyst (2.0 g). After uptake of 1 equiv of H2 was 
complete, catalyst was removed by filtration and the filtrate was 
concentrated under reduced pressure to give diamino acid 8b (11.1 
9) * 

A solution of this diamino acid (11.1 g, 48.6 mmol), NaOH (1.9 
g, 48.6 mmol), and di-tert-butyl dicarbonate (21.8 g, 100 mol) in 
water (75 mL) and THF (75 mL) was stirred at room temperature 
over night. After removing THF under reduced pressure, the 
aqueous solution was acidified with solid citric acid and product 
was extracted into EtOAc. The organic extract was washed with 
brine, dried (NaZSO4), filtered, and concentrated. The residue 
was flash chromatographed over silica gel and pure protected 
diamino acid 9b (20.8 g, 97%) was obtained as a gum: ‘H NMR 
(CDCl,) 6 = 0.9-1.7 (34 H, m), 3.15-3.45 (4 H, m), 3.95-4.1 (2 H, 
m). 
N- ( 1 ,l-Dimet hylet hoxycarbon y1)-N-[ 24 N- ( 1,l -dimethyl- 

ethoxycarbony1)-N-( 2-cyclohexylet hyl)amino]ethyl]glycine 
N-Succinimide Ester (lob). A solution of the di-Boc diamino 
acid 9b (4.0 g, 9.33 mmol), N-hydroxysuccinimide (1.1 g, 9.33 
mmol), and l-cyclohexyl-3-(2-morpholinoethyl)carbodiimide 
metho-p-toluenesulfonate (3.95 g, 9.33 mmol) in CHzClz (105 mL) 
was stirred at room temperature for 20 h. After washing with 
10% citric acid and water, the organic layer was dried (Na2S04), 
filtered, and concentrated to give 2.9 g (59%) of hydroxysuccinate 
ester lob. An analytical sample (mp 121-123.0 “C) was obtained 
upon recrystallization from EtOAc-hexane. Anal. (CZ6HuN3O8) 
C, H, N. 
5-Bromo-5’-trityl-2’-deoxyuridine (12). A solution of 

(+)-5-bromo-2’-deoxyidine (5.0 g, 16.3 mmol) and trityl chloride 
(5.6 g, 20 mmol) in pyridine (50 mL) was stirred at  120 “C for 
1 h, cooled, and then concentrated under reduced pressure. After 
adding HzO to the residue, product was extracted into CHzC12, 
which was then dried (Na2SO4), filtered, and concentrated. The 
residue was flash chromatographed over silica gel and eluted with 
20% MeOH-80% CHCl,. Recrystallization from EtOAc-hexane 
gave 4.25 g (44%) of analytically pure trityl derivative as the 
EtOAc solvate: mp 143-145 “C with softening at  110-115 OC. 
Anal. (C28H25BrN205~0.5EtOAc) C, H, N. 

5-Bromo-5’-trityl-2’-deoxyuridine 3’-[N-( 1,l-Dimethyl- 
ethoxycarbonyl)-N-[2-[N-( 1,l-dimethylethoxycarbony1)-N- 
ethylamino]ethyl]glycyl ester] (13a). Method A. From 
Succinate Ester loa. A solution of 5-bromo-5’-trityl-2‘-deoxy- 
uridine hemi(ethy1 acetate) solvate (12; 1.0 g, 1.69 mmol), N- 
(1,l-dimethylethoxycarbony1)-N- [2- [ N - (  1,l-dimethylethoxy- 
carbonyl)-N-ethylamino]ethyl]glycine N-succinimide ester (loa; 
(0.89 g, 2.0 mmol), and 4-(dimethy1amino)pyridine (0.21 g, 1.69 
mmol) in CH3CN (50 mL) was stirred at  room temperature for 
5 days. After concentrating under reduced pressure, the residue 
was flash chromatographed over silica gel. Elution with 2% 
MeOH-98% CHCl, gave 0.78 g (48%) of pure ester as an oil. 

Method B. From DCC Coupling with Acid 9a. A solution 
of trityl alcohol 12 (1.6 g, 2.91 mmol), Boc-protected acid 9a (1.04 
g, 3.0 mmol), and 4-(dimethy1amino)pyridine (0.71 g, 5.8 mmol) 
in CHzClz (50 mL) was cooled in an ice bath under Nz while a 
solution of dicyclohexylcarbodiimide (0.62 g, 3.0 mmol) in CH2ClZ 
(15 mL) was added over 15 min. After addition was complete, 
the reaction mixture was stirred at ice-bath temperature for 30 
min and then at  room temperature overnight. CHCl, and 10% 
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citric acid were added. The organic layer was washed with HzO, 
dried (NaaO$, filtered, and concentrated. Flash chromatography 
over silica gel and elution with 5% MeOH-95% CHC13 gave a 
quantitative yield of protected 3’-ester 13a identical (IH NMR 
and TLC) with that from method A. 

5-Bromo-2’-deoxyuridine 3’4 N- ( 1,l -Dimet hylet hoxy- 
carbonyl)-N-[%-[N-( 1,l-dimethylethoxycarbony1)-N-ethyl- 
amino]ethyl]glycyl ester] (14a). Method A. From Depro- 
tection of 13a. A solution of trityl derivative 13a (0.78 g, 0.90 
mmol) in 80% HOAc-20% H20  (30 mL) was stirred at  60 “C for 
90 min and then at room temperature for 4 h. After concentrating 
under reduced pressure, the residue was partitioned between water 
and CHC13. The organic extract was dried (Nafi04), filtered, and 
concentrated. Flash chromatography of the residue over silica 
gel and elution with 5% MeOH-95% CHC13 gave 0.21 g (38%) 
of product as a waxy solid. 

Method B. From Direct Esterification of 5-Bromo-2’- 
deoxyuridine. A solution of succinate ester 10a (723 mg, 1.63 
mmol), (+)-5-bromo-2’-deoxyuridine (500 mg, 1.63 mmol), and 
4-(dimethy1amino)pyridine (199 mg, 1.63 mmol) in CH3CN (30 
mL) and DMF’ (5 mL) was stirred at  room temperature for 5 days. 
After concentrating under reduced pressure, the residue was flash 
chromatographed over silica gel. Elution with 2% MeOH-98% 
CHC1, gave 0.17 g (17%) of the 3’-ester identical with that of 
method A by TLC and ’H NMR. 

5-Bromo-%’-deoxyuridine 3’-[N-[2-(Ethylamino)ethyl]- 
glycyl ester] Dihydrochloride (15a). A solution of the di-Boc 
ester 14a (0.21 g, 0.34 mmol) obtained from method A in EtOAc 
(25 mL) was cooled in an ice bath and saturated with anhydrous 
HCl for 5 min. After stirring in the ice bath for 30 min and then 
a t  room temperature for 30 min, solvent was removed under 
reduced pressure. Recrystallization of the residue from MeOH- 
EtOAc-hexane gave 0.13 g (76%) of 15a, mp 208-209 “C darken 
at  201 “C. 

Deprotection of the di-Boc ester obtained from method B by 
this same procedure provided a product with the same melting 
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0.97 (6 H, d), 2.0 (1 H, m), 2.2 (1 H, m), 2.48 (1 H, m), 3.98 (2 
H, d), 4.19 (1 H, q), 4.42 (2 H, t), 4.5 (1 H, m), 6.31 (1 H, t), 7.94 
(1 H, s). Anal. (C14H14BrNz0,) C, H, N. 
5-Bromo-3’-(4-methoxytrityl)-2’-deoxyuridine (18). A so- 

lution of 5-brom~-5’-(isobutylcarbonyl)-2’-deoxyuridme (4.2 g, 10.3 
mmol) and (4-methoxypheny1)diphenylmethyl chloride (3.4 g, 11 
mmol) in pyridine (75 mL) was stirred at 100 “C for 3 h. Solvent 
was removed under reduced pressure and the residue was par- 
titioned between EtOAc and water. The EtOAc extract was 
washed with brine, dried (Na2S04), filtered, and concentrated. 
Flash chromatography over silica gel and elution with 20% Et- 
OAc-80% n-butyl chloride gave 4.7 g (67%) of the 5’-protected 
methoxytrityl derivative. 

This compound (4.7 g, 6.92 mmol) in dioxane (35 mL) con- 
taining water (8 mL) and 1 N NaOH (27.6 mL) was stirred at room 
temperature for 90 min. Citric acid was added to adjust the pH 
to 7.5 and the product was extracted with two portions of CHzCIP. 
The CHzClZ extracts were combined, dried (NazS04), filtered, and 
concentrated. The residue was flash chromatographed over silica 
gel. Elution with 2% MeOH-98% CHC1, gave 2.6 g of product: 
‘H NMR (CDCl,) 6 = 3.29 (lH, d of d), 3.68 (1 H, d of d), 3.8 (3 
H, s), 3.93 (1 H, m), 4.38 (1 H, m), 5.29 (1 H, s), 6.22 (1 H, d of 
d), 6.48 (2  H, d), 7.2-7.5 (12 H, m), 8.02 (1 H, s), 8.26 (1 H, br 
SI. 
5-Bromo-3’-(4-methoxytrityl)-2’-deoxyuridine 5’-[N-( 1,l- 

Dimethylethoxycarbony1)-N-[ 2-[N-( 1,l-dimethylethoxy- 
carbonyl)-N-(2-cyclohexylet hyl)amino]ethyl]glycyl ester] 
(19b). A solution of methoxytrityl-protected alcohol 18 (1.9 g, 
3.20 mmol), di-Boc acid 9b (1.37 g, 3.20 mmol), and 4-(di- 
methy1amino)pyridine (0.78 g, 6.40 mmol) in CH2Clz (50 mL) was 
cooled in an ice bath under N2 while a solution of dicyclo- 
hexylcarbodiimide (0.66 g, 3.20 mmol) in CH2C12 (15 mL) was 
added over 20 min. After addition was complete, the reaction 
was stirred at  ice bath temperature for 30 min and then at room 
temperature overnight. CHC1, and 10% aqueous citric acid were 
added. The organic layer was washed with saturated NaHCO, 
solution, brine, dried (NaZSO4), filtered, and concentrated. Flash 
chromatography over silica gel and elution with 2% MeOH-98% 
CHCl, gave a quantitative yield of the protected 5’-ester 19b. 

5-Bromo-2’-deoxyuridine 5’-[N-(1,l-Dimethylethoxy- 
carbonyl)-N-[ 2-[ N -  ( 1.1 -dimet hylet hoxycarbon y1)-N-( 2- 
cyclohexylethyl)amino]ethyl]glycyl ester] (20b). Method 
A. From Deprotection of 19b. A solution of the methoxytrityl 
derivative 19b (3.1 g, 3.23 mmol) in 80% HOAc-H20 (100 mL) 
was stirred at 60 “C for 90 min. After concentrating under reduced 
pressure, the residue was partitioned between EtOAc and satu- 
rated NaHC03 solution. After washing the organic extract with 
brine, it was dried (Na2S04), filtered, and concentrated. Flash 
chromatography over silica gel and elution with 3% MeOH-97% 
CHC1, gave 1.3 g (66%) of 20b. 

Method B. From Displacement of Tosylate 16. To a so- 
lution of the di-Boc acid 9b (0.86 g, 2.0 mmol) in DMF (5 mL) 
under Nz was added 60% NaH (80 mg, 2.0 mmol). After stirring 
at  50 “C for 15 min, the NaH had all reacted. More DMF (10 
mL) and tosylate 16 (0.92 g, 2.0 mmol) were added, and the 
reaction mixture was stirred at  80 “C for 20 h. DMF was then 
removed under reduced pressure and the residue was partitioned 
between EtOAc and brine. The organic extract was dried 
(NaZSO4), filtered, and concentrated. Flash chromatography of 
the residue over silica gel and elution with 5% MeOH-95% CHCl, 
gave 0.12 g (10%) of product identical with that obtained by 
method A by TLC and ‘H NMR. 

5-Bromo-2’-deoxyuridine 5’-[N-[2-[(2-Cyclohexylethyl)- 
amino]ethyl]glycyl ester] Dihydrochloride (21b). A solution 
of 20b (1.3 g, 2.14 mmol) in EtOAc (25 mL) was cooled in an ice 
bath and saturated with HCl gas for 8 min. After stirring in the 
ice bath for 15 min and then at  room temperature for 30 min, 
solvent was removed under reduced pressure and the residue 
recrystallized from MeOH-EtOAc to give 0.94 g (75%) of 5’-ester 
21b. Anal. (C21H,SBrN,0,.2HCl) C, H, N. 

4-(Carbobenzyloxy)- 1-(2-cyclohexylethyl)-2-piperazinone 
(26).  Solid p-toluenesulfonyl chloride (3.81 g, 20 mmol) was added 
to a cooled solution of 2-cyclohexylethanol (2.56 g, 20 mmol) in 
pyridine (25 mL). After stirring a t  ice-bath temperature for 30 
min and then at  room temperature for 3 h, the reaction mixture 
was poured onto ice and extracted with EtOAc. The organic layer 

point, mixed meltingpoint, and ‘H NMR. Anal. (Cl5H2,BrN4: 
Og2HCl) C, H, N. 
5-Bromo-5’-trityl-2’-deoxyuridine 3’-[N-( 1,l-Dimethyl- 

ethoxycarbony1)-N-[ 24  N-( 1,l -dimet hylet hoxycarbony1)- 
N-(2-cyclohexylethyl)amino]ethyl]glycyl ester] (13b). A 
solution of succinate ester 10b (0.89 g, 1.69 mmol), 5-bromo-5’- 
trityl-2’-deoxyuridine 12 (1.0 g, 1.69 mmol), and 4-(dimethyl- 
amino)pyridine (0.21 g, 1.69 mmol) in CH3CN (50 mL) was stirred 
a t  room temperature for 2 days. Additional hydroxysuccinate 
ester (0.45 g) was added to the reaction and stirring was continued 
for 20 h more. After concentrating under reduced pressure, the 
residue was flash chromatographed over silica gel and product 
(1.3 g, 80%) eluted with 2% MeOH-98% CHCI,. 

5-Bromo-2’-deoxyuridine 3’-[N-( 1,l-Dimethylethoxy- 
carbonyl)-N-[2-[N-( l,l-dimethylethoxycarbonyl)-N-(2- 
cyclohexylethyl)amino]ethyl]glycyl ester] (14b). A solution 
of the trityl derivative 13b (1.3 g, 1.35 mmol) in 80% HOAc-20% 
Hz0 (80 mL) was stirred at  60 OC for 2 h. After concentrating 
under reduced pressure, the residue was partitioned between 
CH2ClP and HzO, dried (NaaO,), filtered, and concentrated. Flash 
chromatography over silica gel and elution with 3% MeOH-97% 
CHCl, gave 0.50 g (61%) of 14b. 

5-Bromo-2’-deoxyuridine 3’-[N-[2-[ (2-Cyclohexylethy1)- 
amino]ethyi]glycyl ester] Dihydrochloride Hydrate (15b). 
A solution of the Boc-protected ester 14b (0.5 g, 0.82 mmol) in 
EtOAc (20 mL) was cooled in an ice bath and saturated with HCl 
gas for 5 min. After stirring at  ice-bath temperature for 15 min 
and then at  room temperature for 30 min, solvent was removed 
under reduced pressure and the residue was recrystallized from 
MeOH-EtOAc-hexane to give 0.31 g (62%) of the 3’-ester, mp 
142-152 “C dec. Anal. (C21H33BrN406.2HCl-HzO) C, H, N. 

5-Bromo-5’-[ (isobutyloxy)carbony1]-2’-deoxyuridine ( 17). 
Isobutyl chloroformate (2.32 g, 17 mmol) was added over 3 min 
to a stirred solution of (+)-5-bromo-2’-deoxyuridine (5.0 g, 16.3 
mmol) in pyridine (100 mL) cooled in an ice bath. After stirring 
at room temperature for 18 h, solvent was removed under reduced 
pressure and the residue was flash chromatographed over silica 
gel. Elution with 5% MeOH-95% CHC1, gave 4.3 g (62%) of 
product. An analytical sample (mp 119-121 “C) was obtained 
by recrystallization from EtOAc-hexane: ‘H NMR (CDCl,) 6 = 
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was washed with 1 N HCl, brine, saturated NaHC03, and brine, 
dried (Na2S04), filtered, and concentrated to yield 4.01 g (71%) 
of the tosylate. 

This tosylate (2.82 g, 10 mmol) was added to a solution of 
4-(carbobenzyloxy)-2-piperazinones 25 (2.33 g, 10 "01) and 60% 
NaH (0.40 g, 10 mmol) in DMF (50 mL) under N,, and the solution 
was stirred at  room temperature overnight. After concentrating 
under reduced pressure, the residue was partitioned between water 
and EtOAc. The EtOAc extract was washed with brine, dried 
(NaaO,), filtered, and concentrated. Flash chromatography over 
silica gel and elution with 1% MeOH-99% CHC13 gave 2.83 g 
(82%) of cyclohexylethyl derivative 26: 'H NMR (CDC13) b = 
0.95 (2 H, m), 1.22 (4 H, m), 1.45 (2 H, m), 1.7 (6 H, m), 3.33 (2 
H, m), 3.41 (2 H, m), 3.7 (2 H, m), 4.13 (2 H, s), 5.16 (2 H, s), 7.35 
(5 H, 4. 

1-(2-Cyclohexylethyl)-2-piperazinone Hydrochloride (22). 
A solution of CBZ derivative 26 (2.8 g, 8.13 mmol) in absolute 
EtOH (150 mL) was hydrogenated over a 5% Pd on C catalyst 
in a Paar apparatus at 40 psi and room temperature for 2 h. After 
filtering through a pad of diatomaceous earth, the filtrate was 
concentrated under reduced pressure and the residue was flash 
chromatographed over silica gel. Elution with 5% MeOH-95% 
CHC13 gave 0.65 g of pure deblocked piperazinone 23 as an oil. 
Conversion to the HCl salt with anhydrous HCl in EtOH and 
recrystallization from MeOH-EtOAc-hexane gave 0.65 g (33 % ) 
of the HCl salt, mp 180-183 "C dec. Anal. (Cl2HZ2N20*HC1) C, 
H, N. 

Reaction of 21b at pH 7.4. A solution of the 5'-[N-[2-[(2- 
cyclohexylethyl)amino]ethyl]glycyl ester] 21b (59 mg) in pH 7.4 
phosphate buffer (30 mL) was stirred at 37 "C for 7 h. Some 10% 
NaOH solution was added to maintain a pH of 7.4. HPLC analysis 
showed that all of the ester had been converted to 5-bromo-2'- 
deoxyuridine by comparison with an authentic sample. After 
lyophilization, the residue was taken up in EtOAc, washed with 
saturated NaHC03 solution and brine, dried (Na2S04), filtered, 
and concentrated. Flash chromatography over silica gel and 
elution with 5% MeOH-95% CHC13 gave 20 mg (95.2%) of 1- 
(2-cyclohexylethyl)-2-piperazinone (22) by TLC and 'H NMR 
comparison with an authentic sample. Conversion to the HCl 
salt (mp 180-183 "C) further confirmed the structure by mixed 
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melting point with an authentic sample. 
Determination of Ester Half-Lives in  Buffer. Buffer so- 

lution (2.0 mL) preheated to 37 "C was added quickly to ap- 
proximately 0.5 mg of the ester to give a final concentration of 
1 mM. The resulting solution was heated at 37 "C while 20-mL 
samples were removed at intervals and injected directly into the 
HPLC injection port. In some cases, O.lO-mL aliquots were 
quenched in 1 N HCl(l.8 mL) prior to injection. Unreacted ester 
and 5-bromo-2'-deoxyuridine concentrations were determined by 
HPLC analysis with a (3-18 reverse-phase column using a gradient 

CH3CN over 10 min, flow = 3.0 mL/min. The esters are stable 
at the pH of the mobile phase, and therefore injection into the 
HPLC or quenching in acid effectively stops the reaction. The 
detector was set at 280 nm. The half-life is the time required for 
50% conversion of ester to alcohol and was calculated by using 
first-order kinetics. The results in Table I are the average and 
standard deviation of a t  least two separate determinations. 

Determinations of Ester Half-Lives in Plasma. A solution 
of the ester (5 X lo4 M) in fresh plasma (1.6 mL) and pH 7.4 
phosphate buffer (0.40 mL) was heated at 37 "C and the pH was 
maintained at 7.4 with a Radiometer Copenhagen pH STAT. At 
various intervals, aliquob (25 wL) were removed, quenched in 7% 
HC104 (0.20 mL) to stop the reaction, and shaken. After cen- 
trifugation (14000g, 8 min) clear supernatent was pipetted from 
the insoluble pellet and analyzed by the same HPLC method used 
in the buffer reactions. The results in Table I are the average 
and standard deviation of at least two separate determinations. 

Determination of Partition Coefficients. Approximately 
0.5 mg of ester was dissolved in pH 7.4 buffer (1 mL) and quickly 
added to a rapidly stirred mixture of n-octanol (5 mL) and pH 
7.4 buffer (4 mL) at  23 "C. Aliquots of each layer were removed 
every 2 min and frozen in dry ice-acetone until analyzed by the 
HPLC method described above. Although the esters are not stable 
under these conditions, the amount of ester present in each phase 
can be used to calculate an approximate partition coefficient. 
Calculated values became constant after 5 min of mixing. 
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