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pleted the mixture was allowed to stir for 3 hr at 60°. The AcOH was removed % vacuo and the residue was
diluted with H,O (300 ml). The precipitated solid was filtered, washed with hot (CH,),CO and recrystallized
from EtOH to give 6.2 g (33%) of pure product (2), mp 213———215° Anal. Caled. for C,H,,0,N,Br: C, 46.32;
H, 3.56; N, 9.00. Found:C, 46.21; H, 3.40; N, 9.23. NMR (CF,COOH) 6: 1.65 (t, 3H, J=6.7 Hz, CH,CH,),
4 66 (s, 2H, —-CH,Br), 4.68 (q, 2H, ] 6.7 Hz, CH,CH,), 8.08 (d, 1H, /=9 Hz, H-6), 9.02 (d, 1H, J=9 Hz,

-5), 9.50 (s, 1H, H-2).

Ethyl 7-[1-Bromo-2-(5-nitro-2-furyl)vinyl]-4-hydroxy-1, 8-naphthyndme-3-carboxylate (3)——To a solu-
tion of 2 (0.16 g, 0.0005 mole) in AcOH (6 ml) and conc. H,SO, (0.5 ml), 5-nitrofurfural (0.07 g, 0.0005 mole)
was added and a mixture was heated at 100° for 3 hr. After cooling, the reaction mlxture was diluted with
H,0 and the precipitated solid was filtered to give the product (3).

7-[1-Bromo-2-(5-nitro-2-furyl)vinyl]-4-hydroxy-1,8-naphthyridine-3-carboxylic Acid (4) A mixture
of 3 (0.1g, 0.06025 mole), 90% AcOH (2.7 ml) and conc. HCI (0.3 ml) was heated at 130° for 1 hr. After
cooling, the precipitated solid was filtered to give the product (4).

1-Alkyl-7-[1-bromo-2-(5-nitro-2-furyl)vinyl]-4-ox0-1,8-naphthyridine-3-carboxylic ‘Acids (5 and 6) Gen-
eral Procedure A mixture of 4 (0.01 mole), anhydrous K,CO, (0.02 mole) and appropriate alkyl iodide (0.05
mole) in dimethyl formamide (DMF) (30 ml) was heated at 100° for 3 hr. The reaction mixture was evapo-
rated in vacuo, and the residue was washed with H,0, then with EtOH to give the corresponding alkyla‘ced
product (5 and 6).
- 7-41- Alkylammo-Z-(S-mtro-2-furyl)v1nyl]-4-hydroxy-1 8—naphthyndme-S-carboxyhc Acids (7—9)
mixture of 4 (0.0005 mole) and appropriate amine (0.0015 mole) in DMF (10 ml) was heated at 100° for 5 hr.
DMF was removed in vacuo and the residue was washed with H,O to give the corresponding product (7—9).

1-Alkyl-7-[1-alkylamino-2-(5-nitro-2-furyl)vinyl)-4-oxo-1,8-naphthyridine-3-carboxylic Acids (10—14)
General Procedure A mixture of 5 (or 6) (0.0005 mole) and appropriate amine (0.0015 mole) in DMF (10
ml) was heated at 100° for 5 hr. - DMF was removed 4% vacuo and the residue was washed with H,O to give
the corresponding product (10—14).
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Experiments were made to see the substrate specificity of purified esterase from
various origins using p-nitrophenyl acetate, «-naphthyl acetate and #rans-4-aminomethyl-
cyclohexanecarboxylic acid esters as a substrate. And attension was focused on the
influence of structural properties of frans-4-aminomethylcyclohexanecarboxylic acid esters.
The hydrolysis rate of a-naphthyl acetate of p-nitrophenyl acetate differed markedly
according to animal species. In all the enzymes from rats, guinea pigs, rabbits, and pigs,
phenyl ester was hydrolyzed more readily than benzyl ester or alkyl ester, The hydrolysis
rate of phenyl esters was affected by the steric as well as electronic effect of the substi-
tuents.

Carboxylesterases! are widely distributed in animals, plants, and bacteria. They hydro-
lyze a variety of esters, and are sensitive to organophosphate inhibitors.® Esteraseshave been
purified from the liver of pigs,® oxen,® rats,® and rabbits.”

oy

) Enzyme: Carboxyl ester hydrolase (E.C. 3.1.1.1).
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Catalytic properties of esterase have been the subject of extensive research in recent years.
The behavior of horse liver esterase with aliphatic esters was examined by Dixon and Webb,®
pig liver esterase by Ocken and Levy,” and rat liver esterase by Arndt and Krisch.1»

We examined the substrate specificity of esterases using p-nitrophenyl acetate (PNPA),
a-naphthyl acetate (2-NA), and frans-4-aminomethylcyclohexanecarboxylic acid ester (AM-
CHA-ester) as substrate. The present communication deals with the substrate specificity of
rat, guinea pig, rabbit, and pig microsomal esterases. In particular, attention was focused
on the effect of the structural properties of AMCHA-esters on the enzyme action.

Materials and Methods

Enzyme Preparation Carboxylesterase was prepared from rat, rabbit, and guinea pig liver microsomes
according to the method of Ljungquist and Augustinsson®® (involving solubilization of esterase using phospho-
lipase-A treatment, gel filtration, DEAE-cellulose chromatography, and isoelectric focusing), except that
20 mu phosphate buffer (pH 7.0) was used for the preparation. These enzymes (rat e,, rat e,, guinea pig e,,
guinea pig e,, and rabbit e,) were homogeneous in disc electrophoretic analysis at pH 9.4. . Pig esterase was
purchased from C.F. Boehringer and Sohne Gmbh. The protein was measured by the method of Lowry,
et al.) with bovine serum albumin as a standard. ‘

Substrate p-Nitrophenyl acetate and a-naphthyl acetate were obtained from Tokyo Kasei Organic
Chem. Co. AMCHA-esters were synthesized according to the method of Okano, ¢t al.1®

Assay of Esterase 1) PNPA used as a Substrate: The reaction mixture of 4.9 ml of 50 mm phos-
phate buffer (pH 8.0), 0.1 ml of 100 mm PNPA (in MeOH), and 0.2 ml of the enzyme solution was incubated
at 37°.  Absorbance at 405 nm was measured to determine the products (p-nitrophenol) in the reaction mix-
ture.

9) «-NA used as a Substrate: One-half ml of enzyme solution was incubated with 5 ml of a substrate
mixture conteaing «-NA (0.1 mg/ml) in 50 mum phosphate buffer (pH 8.0) at 37° for 30 min. The liberated o-
naphthol was captured by the addition of 1 ml of an aqueous solution of diazonium salt Fast Blue b (4 mg/ml).
Enzyme reaction was stopped by adding 1 ml of 40% trichloroacetic acid and the colored diazotate was ex-
tracted with 5 ml of AcOEt. Diazotate of extract was determined by spectrophotometric measurements at
560 nm.

3) AMCHA-ester used as a Substrate: A mixture of 0.1 ml.of 1—3 pmol AMCHA-ester (in MeOH),
0.2 ml of 50 mm phosphate buffer (pH 8.0), and 0.1 ml of the enzyme solution was incubated at 37° for 30 min.
The enzyme reaction was stopped by adding 0.06 ml of 12.5% trichloroacetic acid. The product formed
(AMCHA) was measured by the method using gas chromatography (GLC).

Measurement of AMCHA AMCHA was determined according to a minor modification of the procedure
described by Isoda, ef al.’® The reaction mixture was extracted with ether, then was made alkaline by adding
Na,CO,, and reextracted with ether. The aqueous layer was evaporated and the residue was acetylated by
adding 1 ~ NaOH and Ac,0. The acetylated substance was extracted with acetone at 50° and, after removal
of the solvent, the residue was dissolved in MeOH, CH,N, was added, and the mixture was allowed to stand
for 30 min at room temperature. Methyl trans-4-acetamidmethylcyclohexanecarboxylic acid (Ac-AMCHA-
Me) was collected, dissolved in tetrahydrofuran, and Ac-AMCHA-Me was measured by the method using GLC.

GLC A Shimadzu Model GC-6A gas chromatograph equipped with a hydrogen flame ionization detec-
tor was used for GLC, and the conditions used were: column of 2%, Polyethylenglycol 20 on Chromosorb
Q (60—80 mesh, 3 mm X 100 cm); column temperature 180°: nitrogen as carrier gas at 60 ml/min for Ac-
AMCHA-Me. N-Cyclohexylbenzamide was used as an internal standard. ‘

Results and Discussion

Table I shows the esterase activities of purified enzymes obtained from hepatic microsomes
of rats, guinea pigs, rabbits, and pigs, using PNPA, o-NA and phenyl #rans-4-aminomethyl-
cyclohexanecarboxylate (AMCHA-Phe) as substrate.

8) M. Dixson and E.C. Webb, “Enzymes,” 2nd ed. Academic Press, New York, 1964, p. 218.
9) P.R. Ochen and M. Levy, Biochem. Biophys. Acta., 212, 450 (1970).
10) R. Arndt and K. Krich, Eurp. J. Biochem., 36, 129 (1973).
11) O.H. Lowry, N.J. Rosebrough, A.L. Farr, and R.J. Randall, J. Biol. Chem., 193, 265 (1951).
12) A. Okano, M. Inaoka, S. Funabashi, M. Iwamoto, S. Isoda, R. Moroi, Y. Abiko, and M. Hirata, J. Med.
Chem., 15, 247 (1972). ‘
13) 'S. Isoda, Meeting of Kanto Branch, Pharmaceutical Society of Japan, Febrary, 1965.
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TaBLE I. Substrate Specificity of Carboxylesterase
- Esterase activity®
Enzyme PNPADY) a-NAO AMCHA-Pheo
(vmole/min/ml) 10~ umole/min/ml
Rat e, 65+7 44+3 0.14+0.02
€, 87+9 2748 0.21+0.02
Guinea pig e, - 378x11 146+ 14 0.174+0.03
€ 234+19 302+19 0.1840.02
Rabbit e, 475+17 1482 +34 0.38+0.09
€, 87110 625+19 0.08+0.03
Pig 435+38 1199+ 107 1.16+£0.22

The values represent mean i standard error.

a) Esterase activity was measured with purified carboxylesterase (30 ug of protein) in 50 mx
phosphate buffer pH 8.0.

b) at 2 mu substrate

¢) at1lmx substrate

TasrLe II. Enzymatic Hydrolysis Rate of Various AMCHA-esters
by Purified Microsomal Esterase

Relative rate of hydrolysis®

Substrate®)

Rat Guinea pig Rabbit Pig
(e1,84) (e1,€2) (e1,€4)
H2N0H2-®~-COOR-HX
R HX
~C,H,(fert) HCl 09 0% 09 0%
~C4H, 3(n) HCl 0.38£0.159 09 09 0.59:+0.099
_CH,CH=CH, HCl L0.62+40.189  0.34+0.29 0.75+0.50 0.58+£0.189
—CH2-<_> HA 0.500.309 0% 09 0.56:+£0.139
o

-CH2-<”>-CH3 HCl 0.54:0.199 09 0% 0.53+0.149
—CH2—<_>—CH3 HCl 0.38+0.089 09 00 0.38-+£0.06%
_<”> HCl 1.0040.19 1.0040.27 1.0040.25 1.00+0.24

-<_> HCL 1.1940.23 - 0.3940.199  0.2540.109  0.75+0.21
_<—> HCl 1.5440.239  0.87:+0.11 0.9040.10 1.1540.24
—<—_\—CH3 HCl 1.7340.219  1.34£0.189  1.75£0.059  1.44+0.249
—(_}-a HCI 0.92+40.12  1.51+0.180  1.70£0.109  0.97+0.25

!
_{_> HCl 1.764£0.249  1.21+0.13 1.00+0.15 1.34+0.25
HC,

-< -CH,  HCl 0.54£0.089  0.31£0.189  0.154£0.059  0.78+0.099

CH,

-(' ~CH, HCI 1.23+0.15 1.1840.09 1.2040.10 1.15+0.06
H,C, ‘

_-<—> HCl 0.38:+0.049 00 09 0.31+0.069
H,C/
—<—>-—502NH2“ HBr 0.53+0.229 - 09 09 09

a) at1mx substrate
b) The hydrolysis rates of AMCHA-esters with each enzymes were represented relative to that of AMCHA-Phe.

‘The values represent mean + standard error.:
¢) significantly different from AMCHA-Phe group, p <0.05
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The hydrolysis rate of AMCHA-Phe was much lower than that of PNPA or «-NA, and the
rate of o-NH, PNPA or AMCHA-Phe differed markedly with animal species.

Various esters of AMCHA were prepared, such as saturated alkyl esters, unsaturated alkyl
ester, benzyl ester, substituted benzyl esters, phenyl ester, and substituted phenyl esters.

Table II shows hydrolysis rates of AMCHA esters with each enzyme expressed relative
to that of AMCHA-Phe. In all enzymes from rats, guinea pigs, rabbits, and pigs, phenyl
ester was hydrolyzed more rapidly than those of benzyl ester and alkyl esters. In the esterases
from guinea pigs and rabbits, the following relations between the substituted groups and
hydrolysis were observed. (1) Generally, the presence of substituent groups, such as halogen
or alkyl, at the p-position, enhanced the hydrolysis. (2). The hydrolysis rate of m-substituted
phenyl ester was less than that of the corresponding p-substituted compounds. (3) The
hydrolysis rate of the o,p-disubstituted ester was lower than that of the p-substituted ester.
(4) Introduction of substituent groups into the o,0-position of the phenyl moiety resulted in
lowering of the hydrolysis rate. In esterases from the rat and pig, the hydrolysis rate was
enhanced by the presence of an alkyl group at the p-position.. Lowering of the hydrolysis
rate was observed by introduction of a substituent group into the o,0-position and o,p-position
of the phenyl moiety. These findings suggest that the hydrolysis of these phenyl esters was
affected by the steric as well as electronic effect of the substituents.

hem. Ph: . Bull. .
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‘Microbiological Transformation of (—)-Kaur-lﬁ-en-19-oic AcidV
N. A. EL-EMmary, Genjiro. Kusano, and TsuNemaTsU TAKEMOTO
Pharmaceutical Institute, Tohoku University® |
(Received October 18, 1975)

(—)-Kaur-16-en-19-oic acid (I) is transfered by Cunninghamella blakesleeana to a series
of differently hydroxylated derivatives, four compounds of which have been isolated and
characterized as 7§-hydroxy-(—)-kaur-16-en-19-oic acid (II), 16-hydroxy-(—)-kauranoic
acid. (III), 16a,17-dihydroxy-(—)-kauran-19-oic acid (IV) and 78,16a-dihydroxy-(—)-
kauran-19-oic acid (V). ‘

(—)-Kaur-16-en-19-oic acid (I) was isolated as a major constituent of Cacalia bulbifera
Maxma, with (—)-kauran-16a-ol, (—)-kaur-16-en-19-ol, (—)-kaur-16-en-19-al and others.’
Microbial transformation of this major constituent was investigated in the hope that hydrox-
ylated kaurenoids, especially 7-hydroxy derivatives, which are important as intermediates in
gibberellins biosynthesis,> might be obtained.

Cunwinghamella blakesleeana was our first choice for this kind of mlcroblologlcal trans-
formation, because we have some experience of good results in transformation of sesquiterpenes
and triterpenes.? : ; : , v

Fermentation of (—)-kaur-16-en-19-oic acid (I) at this time gave a mixture of several
products, four compounds (II—V) of which were separated through SiO, chromatography.

1) Part III in the series “Constituents of Cacalia spp.” For Part II see N.A. El-Emary, G. Kusano, and T.
Takemoto, Phytochemistry, 1975, 1660.

2) Location: Aobayama, Sendai.

3) A.F. White and J.R. Hanson, Chem. Comm., 1969, 410,

4) H. Hikino, Y. Tokuoka, Y, Hikino, and T. Takemoto, Tetrahedvon, 24, 3147 (1968).
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