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    In a separate study on the orally active acyloxymethyl esters(1)of 7{2一(2-aminothiazol-

4-yl)acetamido}3一[[[1一(2-dimethylaminoethy1)一1H-tetrazol-5-y1】thio]methyl]ceph-3-em-4-carbo-

xylic acid(cefotiam, CTM), we have shown, by quantitative structure-oral bioavailability

(BA)relation analysis, that the R2 group in the acyl group R2CO must have both an adequate

lipophilicity(HANscH's lipophilic parameter,π)and steric hindrance(TAFT's Es value). How-

ever, to satisfy these requirements, a complex alkyl group R2 must be employed, the ester of

which is difficult to synthesize and has unique metabolic fate. In this study, we selected and

prepared the 1-acyloxyethyl esters(2)of CTM instead of l to avoid R2 groups that are too

comphcated. We found that the esters(2)gave improved oral BAs over 1:the I一(3-methyl-

valerylOxy)ethyl eSter(2h)showed the highest peak plaSma CTM level(Cm。 。)COmparable tO

that obtained after subcutaneous injection of CTM. The 1一(cyclohexylacetoxy)ethyl ester

(2t), the I一(2-ethylbutyryloxy)ethyl ester(21), and 2h showed BAs near 100%. For these

esters(2), good correlations were also observed among theπ, the Es values of R2, and the

log Cm。x and log BA in the analysis of the quantitative structure-oral bioavailability relation:

an ester having an alkyl group as R2 with a π value of 3.070r 3.08 and a Es value of-1.04

0r-1.29 gave the highest Cmax or BA, respectively. As expected, the optimalπvalues are

almost the same as those obtained with l but the optimal Es values are larger(Es=一2.07).

Thus, it has been confirmed by preparing 1-acyloxyethyl esters(2)of CTM that the oral bio-

availability of CTM can further be improved without preparing acyloxymethyl esters(1)with a

comphcated acyl group.

    Celbtiam(CTM),7{2一(2-aminothiazol-4-yl)acetamido]-3-[[[1一(2-dimethylaminoethy1)-1H-tetrazo1-5-

yl]thio]methy1]ceph-3-em-4-carboxyhc acid,1)have excellent in vitro and in vivo antibacterial activity

against a wide range of Gram-positive and Gram-negative bacteria and is effective in treating serious

infections caused by various microorganisms.2)However, CTM aRer it is administered ora11y is poorly

absorbed from the gastrointestinal(GI)tract3)owing probably to its high hydrophilicity. Consequent-

Iy, its clinical use has been limited to the parenteral route。

    Considerable effort has been made to improve the oral bioavailability(BA)of many parenteraI

cephalosporins such as, CTM,3,4) AL-226,5)cefamandole,6,7)cefuroxime,8)and KY-087,9)by preparing

their ester prodrugs. Although the oral BA of these esters are considerably improved over those ofthe

parent cephalosporins, they are still lower than those of the orally active cephalosprorins,e.g., cephalexin

(CEX), cefatrizine(CFT)and cefodroxil(CDX).

    In a separate study on the acyloxynlethy1(R2CO2CH2)esters of cefotiam, we fbund that the 2-pro-

pylvaleryloxymethyl ester(1n)showed the best BA,53.8%after being orally administered to mice4)and

proposed that tHe R2 group in the ester moiety should have the HANscH's lipophnic parameter(πvaluel0))
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between 2 and 4(alkyl group with carbon number between 4 and 8)and the TAFT'S Es value(a steric

parameter11))of-2.06, fbr good oral bioavailability.

    Abranched alkyl group as R2 seemed to meet these requirements. However, it was suspected that

esters with such a branched alky1(R2)group might raise synthetic and toxic problems. If, however,

amethyl group is introduced to the methylene group adjacent to the carboxyl oxygen, an acyl group

R2CO, in which the R2 group is of the kind which has smaller values ofπ (0.3 unit less)and Es, may

be accepted. In other words, a simpler alky1, R2, might be used in case of the 1-acyloxyethyl esters(2)

Fig.1.

Cefotiam (CTM)

11n

2

R1;H

R1=H

R1=CH3

R2=aikyl

R2=CH〔n-C3H7〕2 BA=53・8宅

R2;alky1

Scheme 1.

△2-Ester
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Table 1. Plasma levels, area under plasma level-time curve and relative bloavailability(BA)after oral

    administration of the 1-acyloxyethyl esters(2)of CTM in mice at a dose of 100 mg/kg equiv to CTM.

Ester
No.

2a

2b

2C

2d

2e

2f

29

2h

2i

2j

 2k

 2l

 2m

 2n

 2o

 2p

 2q

 2r

 2s

 2t

 2u

   R2

CH3

i- C3H7

η-C4Hg

i一qHg

t一qHg

n- C5H11

i-C4H9CH2

s- C4H9CH2

t-C4H9CH2

(C2H5)2CH

n-C6H13

(C2H5)2CHCH2

n-C7H15

(n-C3H7)2CH

n-C9H19

c-C4H7

c-C5Hg

c-C5HgCH2

c-C6H11

c-C63H11CH2

C6H5CH2

CTM(sc)b

Plasma level of CTM(μg/ml)

Time(hour(s))

 0.25

 7.27

(0.97)*
27.7

(5.1)
32.5

(3.6)
35.5

(7.0)
32.0

(7.5)
44.6

(4.0)
36.0

(3.3)
64.4

(7.5)
23.8

(3.1)

21.6

(10.0)

33.5

(2.8)
37.1

(4.9)
36,6

(8.2)
18.7

(3.4)
28.9

(2.0)
36.5

(1.4)
42.5

(8.1)
23,2

(3.2)
43.6

(5,7)
49.7

(3.9)
21.3

(3.5)
69.2

(6.1)

 0.5

4.84

(0.44)
12.0

(1.6)
12.6

(3.5)
28.4

(3.6)
23.5

(5.0)
24.2

(3.4)
20.8

(3.5)

33.5

(1.8)
20.0

(0.4)

30.0

(9.2)

14,4

(0.8)
36.0

(8.1)
24.1

(6.4)

30.5

(1.0)
15,2

(3.1)
16.5

(1.5)
29.9

(4.0)
27.2

(5.7)
31.7

(2.3)
46.8

(3.7)
20.0

(1.1)
29.0

(1.3)

  1

1.46

(0.05)
4.57

(1.23)
6.06

(1.15)
6.97

(1.50)
4,52

(0.62)
7.46

(0.94)
4.37

(0,55)

9.43

(1.20)
5.45

(0,87)
27.1

(4.3)

4.09

(1.05)
6.84

(2.06)
6.55

(0.77)

11.3

(1.1)
6.05

(1.42)
3.82

(0.40)
10.5

(0.5)
16.9

(3.2)
8.38

(2.36)
13.4

(1.7)
6.03

(0,80)
13.2

(1.5)

  2

0.24

(0,08)
0.90

(0.39)
1.81

(0.44)
1.73

(0.38)
0.56

(0,13)
0,72

(0.09)

0,77

(0.08)

0.98

(0.09)
1.22

(0.09)
3.65

(0.51)

0,62

(0,01)
4.93

(0.86)
0,86

(0.32)

2.20

(0.42)
0.24

(0.05)
0.75

(0.18)
1.35

(0.45)
6.46

(1.69)
1.01

(0.43)
3.59

(0.90)
0.0

1.50

(0.60)

一  AUC

 (μg・hours/
一  ml)

    4.85

   15.3

   18.3

   25.6

   20.5

   26.2

   20.5

   36.6

   18.2

   38,8

   17.2

   30.4

   23.5

   25.7

   17.6

   18.6

   30.4

   31.9

   29.6

   41.8

   17.3

   38.8

BA
(%)

12.5

39.5

47.2

66,0

52.8

67.5

52.8

93.2

46.8

100.0

44.2

78.2

60.6

66.2

45.3

47.8

78.3

82.2

76.3

107.8

44.7

100.0

()*: SE(〃=4).

b Subcutaneous administration of CTM at the same dose
.

c;Cyclic.
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than in case of the acyloxymethyl ester(1)(Fig.

1).

    To examine this hypothesis, we synthesized

the l-acyloxyethyl esters(2)of CTM, the acyl

group of which contains an alkyl group, R2,of

4to 8 carbon atoms, and evaluated their oral

BAs in mice.

                Chemistry

    The 1-acyloxyethyl esters(2)were prepared

as shown in Scheme l. As an acyloxyethyl

esteriβcation of CTM should be carried out

quickly to avoid the by-production of the cor-

responding esters(5)of the inactive ⊿2-isomer

of CTM, it is proferable to use an esterification

reagent as reactive as possible. An 1-iodoethyI

acylate(4)was prepared from NaI and a l-chlo一

roethyl acylate(3). The Iatter compound 3 was prepared from the corresponding acid chloride and

paraaldehyde in the presence of a Lewis acid,ρ.8., anhydrous ZnC12 by heating(Method B).エ2)

However, by this method, an acid chloride having a straight or branched alkyl group of more than five

carbon atoms gave 30nly a very low yield. We found that when an acid chloride was reacted with

acetaidehyde in the presence of anhydrous ZnCl2 at low temperature(一20～0℃)and the reaction

mixture was chromatographed on silica gel with petroleum ether as the eluent,3was obtained in good

yield as shown in Table 5. Also,3k and 3m, which were not obtained by Method B, were isolated in

good yield by this method.

   The potassium salt of CTM was then treated with 4 in 2V,N」dimethylfbrmamide(DMF)at一.10～

0℃for 5～10 minutes to afford l-acyloxyethyl esters(2)in l 6～60%yield. The ester was isolated

as the free base or the dihydrochloride of a mixture of diastereoisomers(almost 1:1)and no」2-

esters(5)were detected by high perfbrmance liquid chromatography(HPLC)or NMR.

Eg.2. Plasma levels of CTM after 2h was admln-

 istered at 100 mg/kg equivalent to CTM to mice.

     ○:2h po,●:CTM sc.

Results and Discussion

Oral Absorption Study

    The esters(2)were administered orally to mice at a dose of I OO mg/kg equivalent to CTM and the

plasma levels of CTM were measured and compared with those after CTM was administered sub-

cutaneously at the same dose. The results are shown in Table l.

    With most of the esters(2), the plasma CTM Ievels peaked at O.25 hour, and then decreased to

below lμg/rn12hours after dosing. Among the esters, the 1一(3-methylvaleryloxy)ethyl ester(2h)showed

the highest peak plasllla CTM Ievel(Cm, .。),64.4μg/ml, comparable to that observed after the CTM

administered subcutaneously at the samc dose(Fig.2), and was followed by the 1一(cyclohexylacetoxy)一

ethyl ester(2t)(49.7!'g/m1), the 1一(.hexanoyloxy)ethyl ester(2f)(44.61`g/m1), the l一(cyclohexanecar-

bonyloxy)ethyl ester(2s)(43.6μ9/ml), and the 1一(cyclopentanecarboxy)ethyl ester(2q)(42.5μ9/1nD.

    The 1-acetoxyethyl ester(2a)(7.27μg/m1)showed a relatively low Cmax.

    The relative bioavailability(BA)of an ester was calculated from the AUC value on the basis of the
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AUC after CTM was administered subcutaneously at the same dose(Table 1). The 1-(cyclohexylaceto-

xy)ethyl ester(2t), the 1一(2-ethylbutyryloxy)ethyl ester(2j), and the 1-(3-methylvaleryloxy)ethyl ester

(2h)showed the highest BAs 107.8,100.0, and 93.2%, respectively. These BAs were comparable to

those of the orally active cephalosporins,e.g., CEX and cephradine. The l-acetoxyethyl ester(2a)

showed a Iow BA,125%.

                                    In Vitro Study

   To have good oral BA, an ester prodrug must be dissolved in the GI Huid, transported across

the Gl membrane, and hydrolyzed to the parent drug. Thus, physico-chemical properties such as

water solubihty,1ipophilicity and hydrolysis rate, affect the absorption efficiency of a prodrug from

the GI tract.3～5)

   The water solubility of esters(2)at pH 4.5(near the virtual pH)was measured by HPLC and was

shown to be between I.30 and 4.73 mg/ml. All the solubilities were adequate.

    In the previous report,4)we found that hpophilicity of the ester was related to the capacity constant

(k')calculated from the retention time(tr)in HPLC.† As the esters(2)exhibited a larger t, compared

Table 2. Water so[ubility and retention time of the 1-acyloxyethyl esters of CTM.

 Ester

 No.

2a

2b

2c

2d

2e・2HC1

2f・2HCl

29・2HCl

2h・2HCl

2i

2j・2HCl

2k

2l・2HCl

2m

2n・2HCl

20

2p・2HCi

2q・2HCl

2r・2HG

2s・2HCl

2t・2HC1

   R2

CH3

i一C3HT

n-C4Hg

i-qHg

t一C4Hg

n一C5Hlli

一C4H9CH2

s-C4H9CH2

t- C4H9CH2

(C2H5)2CH

n- C6H13

(C2H5)2CHCH2

n- C7H15

(n-C3H7)2CH

n-C9 H19

c-C4H7

c-C5H9

c- C5H9CH2

c-C6H11

c-C6H1ICH2

Water solubility _S(
mg/m1)a

    3.93
    4.73

    3.63
    3.37

    2.33
    3.61
    2.20

    3.50
    4.50

    3.52
    3.09
    3.50

    1.78
    1.35

     NT
     NT

    3.54

    2.49
    1.95
    1.30

Retention time

tr1 mmutes

   2.14b

   2.74

   3.62

   3.48

   3.33

   5.38

   4.99

   4.85

   4.58

   4.41

   8.79

   6.93

  15.34

  10.42

   3.71

   5.45

   5.06

   7.83

tr2 minutes

   3.09

   3.85

   3.65

   3.55

   5.84

   5.42

   5.18

   4.76

   4.79

   9.69

   7.50

  17.2

  11.92

   4.04

   5.88

   5.62

   8.53

a At pH 45 .
b Each isomer was not separated under the conditions.
tr1, tr2: Retention tlmes ofeach isomer.
NT:Not tested.

  ↑ High linear correlations were observed between Iog k'1 or log k'2 of the esIers(2)and HANscH's lipophilic

parameterπvalue of R2 as shown in Table 4,

                        log k'1=log(tr1-t0)/t0=一0.727十0.452π

                               n=16,r=0.991

                        10g k'2-log(tr2-t0)/t0=一0.693十0.479π

                               n=16,r=0.992

to:Retention time of potassium iodide using as an unretained solute:1.56 minutes.
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with that(2.80 minutes)of the pivaloyloxymethyl

ester of CTM, which showed a good BA in

mice,4)compoしmds as 2 must have enough lipo一

philicity to be absorbed from the GI tract(Tables 2 and 4).

    Also, as an orally active ester prodrug is hydroiyzed to CTM during or after trallsportation through

the intestillal mucosa at first, we were interested in measuring its hydrolysis rate by esterases in the GI

wa11. Fronl the results of absorption studies, these esters must be hydrolyzed to CTM rapidly in vivo.

To determine differences among the hydrolysis rates of the esters more distinctly, we selected the con-

ditions for an in vitro experiment,'.8.,0.01 mg/ml of an ester as CTM in a 1%homogenate of mouse

small intestine(pH 6.4)at 37℃.

    The time-period(T50)values, which represent the time by which 50%of the CTM content is re.

leased, were taken as an index of hydrolysis of the initial esters. The observed T5D values are summa-

rized in Table 3, As some of the esters(2(2d,21 and 2t))were stable in 0.0l N HCI at 37℃fbr 2 hours,

the esters(2)must be stable in the gastric juice.

    Those esters,e.g.,1-(hexanoyloxy)ethyl ester(2f)and 1一(heptanoyloxy)ethyl ester(2k), with an

R2 comprlsing a straight alkyl chain, were hydrolyzed to CTM rapidly, whereas the 1一(lsovaleryloxy)一

ethyl ester(2d)and l-pivaloyloxyethyl ester(2e), with an R2 comprising an alkyl group with a high steric

hindrance were hydrolyzed to CTM slowly. The release of CTM from the ester(2i)or( .2e)was very

slow:8.4 and l 2.2%, respectively after 30 minutes of incubation.

    No significant relationship was observed between the Es value(TAFT's steric parameter)of R2 and

T50.

Correlation of the Physico-chelnical Properties with

     Peak Plasma Levels and Bioavailability

    In a separate study,4)we found good correlations between the physlco-chemical properties of the

acyloxymethyl esters(1)of CTM and oral bioavailability in mice. As the esters(2)used in the present

Table 3. Time to release 50%of CTM from the

  I.acyloxyethyl esters of CTM in 1%homogenate

  of small lntestine of mice at 37℃.

Ester

No.

2e

2d

2f

2h

2i

2j

2k

2l

2q

2r

2s

2t

   R2

t- C4Ho

i- C4Hg

n-C5H11

s- C4H9CH2

t- C4H9CH2

(C2H5)2CH

n-C6 H13

(C2H5)2CHCH2

c-C5H9

c-C5H9CH2

c-C6H13

c-C6H11CH2

 Timea

(minutes)

  18.4

  1.1

  12.3

  66.4

  2.5

  35.9

 25.5

  2.5

  10.7

  12.2

Release
of CTMb
 (%)

 12.2

  8.4

aTime to release 50%ofCTM .
b At 30 minutes after incubation,

Table 4. πand Es values of R20f the 1-acyloxyethyl

 esters (2).

Ester

No.

2a

2b

2c

2d

2e

2f

29

2h

2i

2j

2k

2m

2n

20

2q

2s

2t

  R2

CH3

i- C3H7

n- C4H9

i-C4H9

t- C4H9

n- C5H11

i-C4H9CH2

5-C4H9CH2

t- C4H9CH2

(C2H5)2CH

n-C6H13

n- C7H15

(C3H7)2CH
n-C9H19

c-C5H9

c- C6H11

c-C6H11CH2

πa

O.5

1.37

2.0

1.87

1.68

2.5

2.37

2.37

2.18c

2.37

3.0

3.5

3.37

4.50

1.97

2.39

2.89

 Esb

 O.00

-0 .47

-0 .39

-0 .93

-1.54

-0 .40

-0 .35

-1 .07c

-1 .74

-1 .98

-0 .39

-0 .40

-2 .11

-0 .40

-0 .51

-0 .79

-0 .98

a HANscH's lipophilic parameter of R2(CRAIG ,
  1971)t1).
b TAFT's steric parameter(CRAIG ,.1971)11).
c  Estimated value.
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study differ from each other only in the structure of R2 in the ester moiety, their oral bioavailability was

expected also to depend on the physico-chemical parameters,e.g.,π and Es values, of R2. Hence, the

relation between theπOr ES Value Of R2 and the Cm。x Or BA Were analyzed for the 17eSters shOwn in

Table 4.

    As the transport of an ester prodrug of a cephalosporin across the GI membrane is affected by

lipophilicity,4・5)the log Cm、 。 or log BA values were plotted against HANscH's lipophilic parameter(π

values)of R20f the esters(2)(Figs.3A and 3B).

    Good parabolic correlations fbllowing the equations l and 2 derived by least square analysis were

obtained.

lo g Cmax(μg/ml)=0.652十0.663π 一0.Ol12π2 (1)

   n=17, r=0.847, s=0.112

   F2,14;17.8(F2,14;α=0.005=7.92),(π)0=2.97

10gBA(%)=0.822十0.722π 一0.123π2 (2)

   n=17, r=0.849, s;0.120

   F2,14=18.1, (π)o=2.94,

Fl9.3.

(A) Relation between theπvalue of R2 and peak plasma levels(C。 、ax)of CTM.

(B) Relation between theπvalue of R2 and BA after the 1-acyloxyethyl esters(2)were orally admin-

    istered to mice at a dose of 100 mg/kg equiv to CTM.

Fig.4.

(A) Relation between TAFT'S SteriC parameter(Es)of R2 and peak plaSma levels(Cmax)of CTM.

(B) Relation between TAFT's steric parameter(Es)of R2 and the relative BA after the l-acyloxyethyl
    esters(2)were orally administered to mice at a dose of 100 mg/kg equiv to CTM.
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where n is the numbers of studies, r the correlation coefficient, s the standard deviation, and F an F

statlstlC.

    The optima1πvalue,(π)0, gMng the highest Cmax and BA are 2.97 and 2.94, respectively。 Theπ

value giving a Cm、x of more than 40μg/ml is found between 2.42 and 3.51 and that giving a BA of more

than 70%is between 2.38 and 350. Hence, an alkyl group consisting of carbon atoms between 5 and

7is suitable.

    AS gOOd COrrelatiOns between the Es value Of R2 and Cmax or BA of th6 acyloxyrnethyl eSterS(1)

were observed in the separate study,4)the log Cm、 、、 or log BA values of 2 were plotted against the Es

values(Figs.4A alld 4B). By least square-analysis, good parabolic correlations following the equations

3and 4 were obtained.

log Cmax(μg/m1);1」41-1.OoEs-0.434Es2 (3)

  n;17, r-0.755, s=0.139

  F2,14;9.18(F2、14;α=0.005=7。92), (Es)0;-1.15

10g BA(%)=1.338-0.974Es-0.373Es2 (4)

  n=17, r=0.751, s=0.151

 F2,14=8.98, (Es)0=-1.31  

    The optimal Es values,(Es)o, giving th.e highest Cmax and BA are-1.15and-1.31,respectively.

Es value giving a Cmax of more than 40μg/mhs observed between-0.64 and-1.67 and that giving a

BA of more than 70%is between-0.72 and-1.89. Hence, a 5 or 6 membered cycloalkyl group or

an alkyl group branched atαorβposition is suitable as an R2 group.

    Also, among π, Es and Cm,、. or BA, good correlations following the equations 5 and 6 derived

through least-square analysis were obtained.

Iog Cmax(μg/ml)=0.646十0.539Es-0.259Es2+0.519π-0.084π2 (5)

   n=17, r=0.942, s=0.077

   F4,12=23.73(F4,12;α=0.005=6.52)

   (Es)0=一1.04, (π)0-3.07

10g BA(%);0.861-0.528Es-0204Es2十0.500π 一0.081π2 (6)

   n=17, r=0.905, s=0.105

   F4,12=13.49, (Es)-=-1.29, (π)0=3.08

    From equations 5 and 6, theπ value of R2 giving the highest Cmax or BA is 3.07 or 3.08, respectively

and the Es value of R2 giving the highest Cm,、 or BA is-1.040r-129, respectiveIy. Theπand Es

values of the R20f 2t,21,0r 2h which gave the highest Cmax or BA were near the optimal values.

Conclusion

    In this study designed to improve the oral bioavailability of CTM, it was found that some of the

l-acyloxyethyl esters(2)of CTM with an alkyl-acyl or a cycloalky1-acyl group, which is simpler and

sterically less hindered than that which is optimal in the case of acyloxymethyl esters(1)give the highest

bioavailability. These esters(2)have an R2 group comprising anαorβ 一branched alkyl or a cycloalkyl

group of 5 to 7 carbon atoms。

    The esters(2)were found to be sufficiently water soluble near the virtual pH in the gastrointcstinal

tract, an improved lipophilicity(π,2.4～35), and adequate hydrolysis rates(T50,10～66 minutes)in a 1%

homogenate of mouse small intestine.

    Bioavailabihty of CTM as high as those of the orally active cephalosporins, such as CEX, were

reached by preparing the optimal I-acyloxyethyl esters(2). Further evaluation of the l-acyloxyalkyl
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and 1-(alkoxycarbonyloxy)alkyl esters of CTM are in progress.

Table 5. Physico-chemical data of 1-chloroethyl acylates(3).

Com-

pound
No.

 3a

 3b

 3c

 3d

 3e

 3f

 3g

 3h

 3i

 3j

 3k

 3l

 3m

 3n

 3o

 3p

 3q

 3r

 3s

 3t

    R2

CH3
i- C3H7
n-C4H9

i-C4H9
t-C4H9

n- C5H11
i- C4H9CH2s
-C4H9CH2

t- C4H9CH2

(C2H5)2CH
n- C3H13

(C2H5)2CHCH2
n- C7H15

(n-C3H7)CH
n-C9H19

c-C4H7
c-C5H9

c-C5H9CH2
c-C6H11

c-C6H11CH2

Methoda

A
A
B
A(B)

A

A
B
A

A
A

A(B)
A

A(B)

A
A
A

A
A

A

A

Yield

(%)

78

74

53

79(43)

83

100

64

74

72

70

87(一)

59

69(一)

65

72

53

65

73

68

74

    BP

(C/mmHg)

76～80/27

83～85/41～43

92～94/37

83～85/35

100～102/45

90～92/40～42

70～72/4～5

64～65/3～4

70～72/4

77～79/4

   IRb
    -1  cm

1775,1760

1760

1760

1760

1755

1760

1760

1765,1750

1765,1755

1760

1760

1760

1760

1760

1760

1770,1755

1760,1740

1765,1755

1765,1755

1765,1755

   NMRc

  δ(OCHO)

6.58(q,J=6Hz)

6.59(q,J=6Hz)

6.55(q,J=6Hz)

6.55(q,J=6Hz)

6。57(q,J=6Hz)

6.56(q,J=6Hz)

6,55(q,J=6Hz)

6.53(q,J=6Hz)

6.55(q,J=6Hz)

6.54(q,J=6Hz)

6.55(q,J=6Hz)

6.55(q,J=6Hz)

6.54(q,J=6Hz)

6.54(q,J=6Hz)

a See text.
b  Liquid film.

c In CDCl3 .

Table 6. Structure and IR spectra of the l-acyloxyethyl esters(2)of CTM.

Ester No.

2a

2b

2c

2d

2e・2HCl

2f・2HCl

29・2HCl

2h・2HCl

2i

2j・2HCl

 R2

CH3

i- C3H7

η-qH9

i- C4H9

i-C4H9

n- C5H11

i- C4H9CH2

s-C4H9CH2

t- C4H9CH2

(C2H5)2CH

YieId
(%)

 24
  17

 20

 36
 27

  30
 27

 36
 26
  31

[IRレKBｒmaxcm-1

 1780,1760,1680

 1780,1750,1660

 1780,1750,1665

 1775,1750,1670

 1785,1755,1665

 1780,1750,1670

 1785,1750,1670

 1785,1750,1660

 1780,1755,1660

 1785,1755,1675

Ester No.

2k

2l・2HCI

2m

2n・2HCl

2o

2p・2HCI

2q・2HC1

2r・2HCl

2s・2HC1

2t・2HCI

, R2

 n-C6H13

(C2H5)2CHCH2

n- C7H15

(n一C3H7)2CH

η一C9H19

c-C4H7

c-C5H9

c-C5H9CH2

c-C6H11

c- C6H11CH2

Yield

(%)

 16

41

 16

 18

23

24

33

29

60

 43

IRレKBrmaxcm-1

1780,1750,1670

1785,1755,1685

1780,1750,1670

1780,1750,1670

1780,1750,1660

1775,1740,1650

1775,1740,1640

1775,1750,1640

1775,1750,1670

1775,1750,1670

Materials and Methods

   AII boiling points are uncorrected. IR spectra were measured on a Hitachi 215 spectrometer.

NMR spectra were recorded on a Varian EM 390 spectrolneter with tetramethylsilane as an internal

reference. HPLC was done using a Shimadzu LC-5A instrument equipped with a column(300 mm

×4mm)of Nucleosil C18(10μm particle size)and a variable wavelength UV detector.

   Materials

   7[2^(2-Aminothiazol-4-yl)acetamido}3{[[1一(2-dimethylaminoethy1)一1H-tetrazol-5-yl]thio]methyl]一

ceph-3-em-4-carboxylic acid dihydrochloride(CTM・2HC1)was prepared in the Central Research
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Table 7. NMR spectra of I-acyloxyethyl esters(2)of CTM at 90 MHz.

 Ester

 No.

2a*

2b*

2c*

2d*

2e・2HC1

2f・2HCl

2g・2HCI

2h・2HC1

2i*

2j・2HC1

2k*

2l・2HC1

   R2

CH3

- CH7

n- C4H9

一C4H9

t-C4Hg

n-C5H11

s- C4H9CH2

s-C4H9CH2

t

-C4H9CH2

(C2H5)2CH

n-C6H13

(GH5)CHCH2

δppm in DMSO一d6*or D2O

1.47and 1. 52(3H,2×d,J=6Hz),2.01 and 2.07(3H,2×s),2.21(6H,

s),2.78(2H, t,J=6Hz),3.37(2H, s),3.60 and 3.83(2H, ABq,J=

18Hz),4.13and 4.33(2H, ABq,J=13Hz),4.39(2H, t,J=6Hz),

5.06～5.20(1H, m),5.3～5.58(1H, m),5,6～5.9(1H, m),6.23(IH, s),

6.80(2H, br s),8.83(IH, d,J=9Hz)

0,90(6H, d,J=6Hz),1.48 and 1.51(3H,2×d,J=6Hz),2.24(6H, s),

2.76(2H, t,J=6Hz),3,37(2H, s),3.76(2H, br s),4,17 and 4.27(2H,

ABq,J¥=13.5Hz),4.42(2H, t,J=6Hz),5.0～5.2(1H, m),5.6～5.9

(1H,m),6.23(1H, s),6.72～7.18(3H, m),8.86(1H, d,J=9Hz)

0.87(3H,t,J=7Hz),1.1～1.7(7H,m),2.18(6H,s),2,36(2H,t,J=

7Hz),2.69(2H, t,J=6Hz),3.37(2H, s),3.73(2H, br s),4.13 and

4.40(2H, ABq,J=135Hz),4.37(2H, t,J=6Hz),5.0～5.2(1H, m),

5.6～5.9(1H, rn),6.23(1H, s),6.55～7.15(3H, m),8.85(1H, d,

J= 9Hz)

0,92(6H, d,J=6Hz), L49 and 1.54(3H,2×d,J=6Hz),2,27(6H, s),

2,28(2H, t,J=6Hz),2.80(2H, t,J=6Hz),3.37(2H, s),3.73(2H,

br s),4.17 and 4,31(2H, ABq,J=13.5Hz),4.43(2H, t,J=6Hz),

5.0～5.2(1H,m),5.58～5.92(1H,m),6.23(1H,s),6.68～7.18(3H,

m),8.86(1H, d,J=9 Hz)

1. 50(9H, S), 1.84(3H, d, J=6HZ),3.37(6H, S),4.02～4,30(2H, m),

4.32(2H, s),4,51(2H, t,J=6Hz),4.51 and 4.73(2H, ABq,J=18Hz),

5、26(2H, t,J=6Hz),5,50(1H, d,J=4.5Hz),7.00(1H, s),7.21(1H,

q,J=6Hz)

1.3～2.1(12H, m),2,70(2H, t,J=6Hz),3.38(6H, s),4.12and 4.33

(2H, ABq,J=16Hz),4.13(2H, s),4.20(2H, t,J=6Hz),4.63(2H.

br s),5.32(2H, t,J=6Hz),5.45(1H, d,J=45Hz),5.99(1H, d,J=

4.5Hz),7.02(1H, s),7.23(1H, q,J=6Hz)

1.17(6H, d,J=6Hz), 1.3～1.97(4H, m),1.82(3H, d,J=6Hz),2.76

(2H, t,J=6Hz),3.37(6H, s),4。11(2H, s),4.29(2H, br s),4.68(2H,

br s),5.23(2H, t,J=6Hz),5.41(1H, d,J=4.5Hz),5.98(1H, d,J=

4.5Hz),7.01(1H, s),7.23(1H, q,J=6Hz)

1.17(3H, t,J=6Hz),1.20(3H, d,J=6Hz),1.85(3H, d,J=6Hz),

1.97～2.41(1H, m),2.58(2H, t,J=6Hz),3.38(6H, s),4」2(2H, br s),

4,70(2H, br s),5.24(2H, t,J=6Hz),5.47(IH, d,J=45Hz),5.98

(IH, d,J=4.5Hz),7.02(1H, s),7.21(1H, q,J=6Hz)

0.97(9H, s),1.47 and 1.51(3H,2×d,J=6Hz),2.25(6H, s),2.78

(2H, t,J=7Hz),3.35(2H, s),3,47(2H, s),3.46 and 3.59(2H, ABq,

J =18Hz)
,4.00 and 4.33(2H, ABq,J=13.5Hz),4.40(2H, t,J=6Hz),

5.0～5.18(1H, m),5.6～5.85(1H, m),6.22(1H, s),6.6～6.88(3H, m),

8.68(IH, d,J=9Hz)

1. O5(6H, t,J=7Hz),1.55～2.02(7H, m),2.55(2H, t,J=6Hz),3.27

(6H, s),3,85～4.25(5H, n1),4.52(2H, br s).5.15(2H, t,J=6Hz),5.38

(1H, d,J=4,5Hz),5.88(1H, d,J=4.5Hz),6.93(lH, s),7.17(1H, q,

/一6Hz)

0.82(3H, t,み 一6Hz),1,24(8H, br s),1.46 and 1.52(3H,2×d,J=

6Hz),2,17(6H, s),2,18(2H, t,J=6Hz),2.69(2H, t,ノ ロ6Hz),3.37

(2H, s),3.59 and 3.84(2H, ABq,J=18Hz),4.14 and 4.35(2H, ABq,

」=135Hz),4,39(2H, t,J=6Hz),5.03～5.19(1H, m),5.6～5.9

(lH, m),6.23(1H, s),6,68～7.18(3H,m),8.86(lH,d,J=9Hz)

1.07(6H, t,」=7Hz),1.45～2.17(11H, m),2,60(2H, t,J=6Hz),3.30

(6H, s),3.85～4.25(5H, m),4.65(2H, br s),5.20(2H, t,J=6Hz),5.45

(1H, d,J=4.5Hz),5.92(1H, d,J=4.5Hz),7.00(1H, s),7.20(1H, q,

J= 6Hz)
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Division, Takeda Chemical Industries, Ltd.;its activity was 842μg/mg.

    Methods

    Chemistry

    (1)Preparation of l-Chloroethyl Acylates(3):Method A;Acetaldehyde(10ml)was added drop-

wise lnto a mixture ofcyclohexanecarbonyl chloride(25 g)and anhydrous ZnCI2(catalytic amount)with

stirring at-20。C. The mixture was then stirred below O。C for l hour then at room temp for l hour.

The mixture was purified through by silica gel column chromatography with petroleum ether as an

eluent. After the solvent was removed in vacuo, the residue was distilled by reduced pressure to give

l-chloroethyl cyclohexanecarboxylate(3s)as a colorless liquid in 68%yield. BP 70～72。C/4 nlmHg.

     Anal Calcd for CgH15O2C1:C56.69, H 7.93.

         Found:     C56.93, H 7.92.

    Method B;n-Valeryl chloride(25 g)was heated with paraaldehyde(9 g)and anhydrous ZnCI2(ca-

talytic amount)at 130～1400C for 4 hours and the mixture was distilled by reduced pressure to collect

the ffaction at 64～80。C/32 mmHg. This fraction was distilled by reduced pressure to give 1-chloro-

ethyl valerate(3c)as a colorless liquid in 53%yield. BP 76～80。C/27 mmHg.

  Ester

  No.

2m*

2n・2HC1

20*

2p・2HCl

2q・2HC1

2r・2HCl

2s・2HC1

2t・2HCl

   R2

n- C7H15

(C:3H7)2CH

n一C9H19

c-C4H7

c一C5H9

c-C5H9CH2

c-C6H11

c-C6H11CH2

Table 7. (Continued)

δppm in DMSO-4e*or Dρ

0.84(3H, t,J=6Hz),1.24(10H, br s),1.47 and 1.52(3H,2xd,J=

6Hz),2.23(6H, s),2.30(2H, t,J=6Hz),3.37(2H, s),3.71(2H, br s),

4.23and 4.33(2H, ABq,J=13.5Hz),4.40(2H, t, J=6Hz),5.0～5.2

(lH,m),5.4～59(1H,m),6.22(lH, s),6.7～7.7(3H,m),8.84(1H,

d,J=9Hz)

1.07(6H, t,J=6Hz),1.2～2,05(8H, m),2.4～2.6(1H, m),3.27(6H,

s),3.85～4.28(6H, m),4.57(2H, br s),5.09(2H, t,J=6Hz),5.28(lH,

d,J=45Hz),5.91(1H, d,J=4.5Hz),6,91(1H, s),7.14(1H, q,

J= 6Hz)

0.84(6H, t,J=6Hz),1.23(14H, br s), L39～1.50(3H,2xd,J=6Hz),

2.18(6H, s),2.33(2H, t,J=6Hz),2.71(2H, t,J=6Hz),3.37(2H,

s),3.36and 3.86(2H, ABq,J=18 Hz),4,16and 4.33(2H, ABq,

J=13.5Hz),4,39(2H, t,J=6Hz),5.02～5.08(1H, m),5.5～59(1H,

m),6,23(lH, s),6.85～7.2(3H, m),8.95(1H, d,J=9Hz)

1.73(3H, d,J=6Hz), 1. 88～2,67(7H, m),3.33(6H, s),4.02(2H, s),

391～4,22(4H, m),4.53(2H, br s),5.16(2H, t,J=6Hz),5.39(IH,

d,J=4.5Hz),5.92(1H, d,J=4.5Hz),6.94(IH, s),7.16(1H, q,

J= 6Hz)

L73(3H, t,J=6Hz),1.51～2.43(9H, m),3.28(6H, s),4.02(2H, s),

3.92～4.23(4H, m),4.54(2H, br s),5.11(2H, t,J=6Hz),5.38(1H,

d,J=4.5Hz),5.91(1H, d,J=4.5Hz),6,95(1H, s),7.16(1H, q,

J =6Hz)

1.53～2.17(12H, m),2.57(2H, d,J=6Hz),3.28(6H, s),4.01(2H, s),

3.92～4.23(4H,m),4.55(2H, br s),5.14(2H, t,J=6Hz),5,39(1H,

d,J=4.5Hz),5.91(1H, d,J=4.5Hz),6.83(1H, s),7.17(1H, q,

J= 6Hz)

1.33～2,7(11H, m),1.73(3H, d,J=6Hz),3.28(6H, s),3.92～4.23

(4H, m),4.02(2H, s),4.54(2H, br s),5.13(2H, t,J=6Hz),5.33(1H,

d,J=4.5HZ),5.87(IH, d,J=4,5HZ),6.93(1H, S),7.17(1H, q,

J= 6Hz)

1. 56～2.27(14H, m),2.44 and 2.47(2H,2×d,J=6Hz),3.28(2H, s),

3.86～4.30(4H, m),4,04(2H, s),4.33～4,87(2H, m),5.13(2H, t,

J= 6Hz),5,33(1H, d,J=4.5Hz),5,87(IH, d,J=4.5Hz),6.96(1H,

s),7.17(1H, q,J=6Hz)
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Anal Calcd for C7H13O2Cl: C 51.07, H 7.96. 

    Found: C 51.15, H 8.03.

   The other 1-chloroethyl acylates (3) were prepared following Method A or B (Table 5). 

   (2) Preparation of 1-Iodoethyl Acylate (4): 1-Chloroethyl cyclohexanecarboxylate (3s, 8 g) was 
added to the acetonitrile (100 ml) solution of Nal (16 g) at 40°C and the mixture was stirred for 15 
minutes. The undissolved solid was filtered off and the filtrate was coned in vacuo. A mixture of 
petroleum ether (or ethyl ether) and 5 % aq Na2S,O3 solution was added to the residue; the organic 
layer was separated, washed with 5 % aq Na,S,O3 solution, and dried over anhydrous MgSO,. The 
solvent was coned in vacuo to give 1-iodoethyl cyclohexanecarboxylate (4s) as yellow-brown liquid 
in 41 % (5.3 g) yield. IRfilm max cm-1 1760, 1750. 

   Other compounds in 4 were prepared following this procedure and used for the esterification 
without further purification. 

   (3) Preparation of I-Acyloxyethyl 7-[2-(2-Aminothiazol-4-yl)acetamido]-3-[[[I-(2-dimethylamino-
ethyl)-IH-tetrazol-5-yl]thio]methyl]ceph-3-em-4-carboxylate (2): The potassium salt of cefotiam was 
dissolved in N,N-dimethylformamide (50 nil), and cooled to -5°C. 1-Iodoethyl hexanoate (4f, 5 g) 
was added to this solution with stirring, which was continued for another 10 minutes. The mixture was 

poured into a mixture of EtOAc (300 ml) and ice water (200 ml), and the organic layer was separated. 
The aqueous layer was exteracted with EtOAc (200 ml). The combined organic layer was washed with 
ice cooled water (150 ml x 3), saturated brine, then dried over anhydrous MgSO4. The solvent was 
evaporated in vacuo, and the residue was triturated with isopropyl ether. The solid was reprecipitated 
from Me2CO - isopropyl ether to give 1-(n-hexanoyloxy)ethyl 7-[2-(2-aminothiazol-4-yl)-acetamido]-3-

[[[1-(2-dimethylaminoethyl)-]H-tetrazol-5-yl]thio]methyi]ceph-3-em-4-carboxylate (2f, 1.8 g) as an amor-
phous powder. 

   This free base (1.6 g) was dissolved in dichloromethane (20 nil) and cooled at 0'C; 4.9 N HCl-
ethereal solution (2 ml) was added to this solution. The precipitated solid was collected by suction, 
washed with ether, and dried to give the dihydrochloride salt of 2f (1.5 g). Other esters (2) were pre-

Table 8. Elemental analyses of the 1-acyloxyethyl esters (2) of CTM.

Ester 
No.

2a 
2b 
2c 
2d 
2e 2HCl 
2f 2HCl 
2g 2HCl 
2h 2HCl 
2i 
2j • 2HCl 
2k 
21.2HCl 
2m 
2n • 2HCl 
2o 
2p • 2HCl 
2q•2HCl 
2r • 2HCl 
2s•2HCl 
2t • 2HCl 
2u•2HCl

Formula

C22 H29N9O6S3 1/2 H2O 

C24H33N9O6S3 

C25H35N9O6S3 

C25H35N9O6S3. 1/2H2O 

C25H35N9O6S3.2HCl.21/2 H2O 

C26H37N9O6S3.2HCl.2H2O 
C26H37N9O6S3.2HCl. 21/2 H2O 

C36H37N9O6S3.2HCl.2H2O 

C26H37N6O6S3 

C26H37NOO„ S3.2HC1.11/2 H2O 

C27H39N906S3 
C27H39N9O6S3.2HCl 2H2O 

C28H41N9O6S3 1/2H2O 

C28H41N9O6S3 2HCl 2H2H 

C30H45N906S3 

C25H33N6O6S3 , 2HC1 1/2H2O 

C26H35N9O6S3 2HCl 11/2H2O 

C27H37N6OOS3 2HCl 2H2O 

C27H37N9O6S3.2HCl • H2O 

C28H30N9O6S3.2HCl • H2O 

C28H33N9O6S3. 2HCl. 2H2O

Anal

Calcd

C 

42.57, 

45.06, 

45.93, 

45.30, 

38.90, 

40.25, 

39.79, 

40.25, 

46.75, 

40.67, 

46.94, 

41.07, 

47.71, 

41.78, 

49.77, 

40.20, 

41.59, 

41.11, 

42.07, 

42.85, 

44.17,

H 

4.71, 

5.20, 

5.40, 

5.47, 

5.50, 

5.60, 

5.66, 

5.60, 

5.59, 

5.51, 

5.84, 

5.74, 

6.01, 

5.90, 

6.27, 

5.32, 

5.43, 

5.49, 

5.36, 

5.52, 

5.17,

N 

20.31 

19.71 

19.28 

19.01 

16.34 

16.25 

16.07 

16.25 

18.88 

16.42 

18.24 

15.94 

17.88 

15.67 

17.42 

16.31 

16.17 

15.98 

16.36 

16.06 

16.56

Found

C 

42.61, 

44.96, 

45.66, 

45.58, 

39.24, 

40.14, 

39.84, 

40.31, 

46.43, 

40.70, 

46.66, 

40.69, 

47.66, 

41.78, 

49.55, 

39.95, 

41.42, 

40.87, 

42.39, 

42.87, 

44.43,

H 

4.96, 

5.49, 

5.45, 

5.65, 

5.78, 

6.02, 

5.53, 

5.54, 

5.71, 

5.89, 

5.82, 

5.92, 

5.92, 

5.98, 

6.27, 

5.10, 

5.43, 

5.89, 

5.77, 

5.91, 

5.53,

N 

20.61 

19.72 

19.16 

18.41 

16.00 

15.99 

15.73 

16.02 

18.50 

16.17 

18.47 

15.78 

17.94 

15.68 

17.55 

16.77 

15.91 

15.69 

16.15 

15.69 

16.34
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pared following this procedure. The analytical results are shown in Tables 6,7and 8.

    Water Solubility

    An ester(50 mg)was added to 1/15Mphosphate buffer(2 m1)of pH 4.5 and the mixture was

adjsted to pH 4.5, then shaken vigorously for 30 mjnutes at room tcmp. After the mixture was filtered,

the concentration of the ester in the fi1trate was measured by HPLC(Nucleosil C18,300 mm×4mm).

As the esters were unstable at neutral or alkaline pH, pH 4.5 was selected for measuring the water solu.

bility. In the HPLC analysis;mobile phase(0.05 M(NH4)2SO4-CH3CN-AcOH,400:200:1)was

used with a How rate I。5 ml/minute.

    Oral Absorption Study

    Male SLC-ICR mice, weighing about 15 g(4 weeks old), were starved, but given free access to

water, for 16～18hours befbre the experiment. The esters were administered orally to a group of 4 mice

by intubation as an aqueous solution with 25 equimolar of tartaric acid at a dose of loo mg/kg equiva-

Ient to CTM. Blood was taken ffom the infbrior vena cava at O.25,0.5,1and 2 hours after dosing.

CTM was administered subcutaneouly as a 1%aqueous solution at a dose of 100 mg/kg. T.he relative

bioavailability was calculated from the area under the plasma CTM level-time curves after oral(AUC

ora1)and subcutaneous administration(AUC sc). The plasma concentration of CTM was meas.

ured by the cylinder-plate method using」Proteus mirabilis ATCC 21100 as the test organism.13)

    In Vitro Study

    Al%homogenate ofmouse sma11 intestine was prepared according to the procedure reported else.

where.4)An ester(10mg equiv to CTM)was disso1、 ・ed in a mixture of l N HCI(two drops)and dioxane

(1.O m1), then diluted to a concentration of O201ng/ml with saline. The solution(1.O ml)was added

to the 1%small intestine homogenate(19.O ml)preheated at 37。C rapidly so that the final concentration

of the ester was equiv to 10μg/lnl of CTM. Sampling was carried out at 2,5,10,15,30 and 60 minutes

after the incubation. The sample(1.O m1)was added to a mixture of 1/15Mphosphate buffer, pH 7.4

(2.O ml)and dichloromethane(5.O ml)and shaken R)r l minute. The concentration of CTM in the

aqueous layer was measured by bioassay as described above.

    An ester(50 rng)was dissolved in O.01 N HCI(50 ml)at 37。C, and the concentration of the ester

was measured by HPLC.
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