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CHCI; gave a single peak on GLC. MS m/e 444 (M*), 426 (M+—H,0), 273 (M+—C,,H,,0,), 255, 137, 119,
74 (C,H,0,), 73 (C,H,0,) and 44 (CO,). High resolution MS, Caled for CyH,,O5 (M+): 444.3603. Found:
444.3600.

Acknowledgement The authors are grateful to Dr. N. Ikekawa for interpretation of 33C-NMR spectra.
They are also grateful to Emeritus Prof. XK. Hisauchi and Prof. M. Tkuse of this faculty for encouragement
throughout this work. Thanks are also due to Miss. Y. Sakamoto of this faculty for PMR and *C-NMR
measurements, to Dr. T. Morikawa for elemental analysis, and to Mr. M. Takayama for determining MS
spectra.

Chem. Pharm. Bull.]
[28(6 )1899—1905 (1980)

Inverse Substrates. IX.? Amidinophenyl Esters derived from Amino Acids and
Peptides: Synthesis and Properties as Trypsin Substrates
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Methods for the preparation of p-amidinophenyl esters from amino acid derivatives
are described. Blocking of the amidino function with the benzyloxycarbonyl group and
its deblocking by catalytic hydrogenation after coupling were satisfactory. p-Amidino-
phenyl esters are of special interest because of their susceptibility to the hydrolytic
enzyme, trypsin, and some parameters of the hydrolysis of these compounds by trypsin
are presented.

Keywords p-amidinophenyl ester; synthetic substrates; ester formation; trypsin;
enzyme kinetics; deacylation rate constant

In our previous papers,® it was shown that esters of p-amidinophenol are specifically
hydrolyzed by trypsin. These esters are characterized by their linkage, 7.e., the site-specific
group (charged amidinium) for the enzyme is not located in the acyl moiety but in the leav-
ing portion. A new term, “inverse substrates”, was proposed for these esters, having regard
to their specific binding and efficient acylation processes, comparable to those for normal-
type substrates.®® This has provided, for the first time, a general method for the specific
introduction of an acyl group carrying a nom-specific residue into the trypsin active site
without recourse to a cationic acyl moiety characteristic of conventional substrates.?® It
is of interest to investigate the behavior of trypsin towards “inverse substrates” derived
from a variety of amino acids and preptides, including amino acids of the p-series. Analysis
of the deacylation process in the trypsin-catalyzed hydrolysis of this entirely new type of
substrates could shed light on functions of the enzyme which are not manifested with typical
substrates. This report is mainly concerned with the synthesis of these “inverse substrates”
from various amino acids and some peptides. Their behavior towards trypsin is also des-
cribed briefly.

1) Part VIIL: M. Nozawa, K. Tanizawa, and Y. Kanaoka, J. Pharm. Dyn., 3, 213 (1980).

2) Location: Kita-12, Nishi-6, Kita-ku, Sapporo, 060, Japan.

3) a) K. Tanizawa, Y. Kasaba, and Y. Kanaoka, J. Am. Chem. Soc., 99, 4485 (1977); b) K. Tanizawa and
Y. Kanaoka, Experientia, 35, 16 (1979); ¢) K. Tanizawa, Y. Kasaba, and Y. Kanaoka, J. Biochem.
(Tokyo), 87, 417 (1980); d) T. Fujioka, K. Tanizawa, and Y. Kanaoka, Biockim. Biophys. Acta, 612,
205 (1980); ¢) M. Nozawa, K. Tanizawa, and Y. Kanaoka, Biockim. Biophys. Acta, 611, 314 (1980).
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Synthetic routes to “inverse substrates” are shown in Chart 1. Except in a few cases,
N-blocked amidinophenols were used for the coupling reaction. The low solubility of p-
amidinophenol in organic solvents was often a serious problem in synthesizing the esters.
Thus, the N-benzyloxycarbonyl (or ¢-butyloxycarbonyl) derivative not only prevents possible
N-acylation reactions but is superior in solubility and reactivity, and is preferable to the
unsubstituted p-amidinophenol. The p-amidino group, with a Hammett ¢ value of 4-0.65,%
has a strong electronwithdrawing effect on the phenol hydroxyl group. Because of this
poor nucleophilic character of p-amidinophenol derivatives, common procedures for the
coupling reaction of carboxylic acids and phenols were not applicable. Each ester was ob-
tained only after a number of trials with a variety of dehydrating reagents. Optically active
amino acid derivatives (acetyl) were prepared through the esters of ¢-butyloxycarbonylamino
acids, followed by removal of the ¢-butyloxycarbonyl group and acetylation as shown in Chart
1. Deblocking of the benzyloxycarbonyl group at the amidine function was successfully
carried out by catalytic hydrogenation. Treatment with hydrogen bromide in acetic acid
was ineffective, in contrast to the case of the amino group.

Trypsin-catalyzed hydrolysis of “inverse sub-
strates” was monitored spectrophotometrically, using
the procedure described previously.3® The rates of
the rapid acylation of trypsin were determined by the
stopped flow technique. The subsequent deacylation
process is usually slow.  As a representative example,
the time course of tryptic hydrolysis of esters of
acetylalanine is shown in Fig. 1. Kinetic parameters
for these esters were as follows: K, 46 uu; Ry, 4.8571;
k3, 2.1s7 for the r-series and K, 30 um; ky, 7.051; ks,
0.01s! for the p-series. Comparison of the deacyla-
tion rate constants, %5, in the enantiometric pair is ; ' '
of particular value in analyzing the structure-function
relationship of the enzyme. Such a parameter for
p-amino acids could not previously be obtained Fig. 1. Trypsin-catalyzed Hydrolysis
because conventional esters of p-amino acids are never (2)20 Inverse Substrates” at pH 8.0,
involved in the enzymatic process. The behavior of a* N-acetyl.o-alanine p-smidinophenyl ester.
this series of compounds with trypsin will be reported

b: N-acetyl-p-alanine p-amidinophenyl ester.
. . . - — . ~b
in detail in a subsequent paper. v [Elo: 1.83 X107 x, [S: 7.4 100 .

A A305 nm

Time (sec)

Experimental

p-Amidinophenyl esters were prepared by the routes shown in Chart 1, and their physical data are
summarized in Table I. Table II lists the data for the intermediates, N-benzyloxycarbonyl-p-amidino-
phenyl esters and N-Z-butyloxycarbonyl-p-amidinophenyl ester.

N-(¢-Butyloxycarbonyl)-p-amidinophenol (I) #-Butyl azideformate (5.7 g, 0.046 mol) was added
dropwise with stirring to a solution of p-amidinophenol (IT) hydrochloride (3.5 g, 0.02 mol) and triethylamine
(6.1 g, 0.06 mol) in 40 ml dimethylformamide (DMF), at room temperature. After standing at room tem-
perature for 72 hr, water (200 ml) was added to the reaction mixture, and the resulting precipitate was
filtered off. The precipitate, which contained both N-blocked and N,O-di-blocked amidinophenols, was
subjected to hydrolysis. After dissolving it in ethanol (80 ml), 5% NaOH solution was added dropwise
and the solution was kept at rcom temperature for 1.5 hr. The solution was then adjusted carefully to pH 7
with dil. HC1l. The resulting precipitate was collected and dried in a desiccator over NaOH pellets. Recry-
stallization from ethyl acetate gave colorless prisms, 4.2 g (90%), mp 183—185°, Anal. Caled for C;,H,;(N,O,:
C, 61.00; H, 6.83; N, 11.86. Found: C, 60.82; H, 6.70; N, 11.66.

N-(Benzyloxycarbonyl)-p-amidinophenol (III) -Benzyloxycarbonyl chloride (17 g, 0.1 mol) was added
dropwise at 0° to a solution of II (hydrochloride) (5.1 g, 0.03 mol) and triethylamine (14 g, 0.14 mol) in DMF

4) C.-H. Wang and E. Shaw, Arch. Biochem. Biophys., 150, 259 (1972).

NII-Electronic Library Service



Vol, 28 (1980)

1902

*1 31ey) ur umoys a1e szaquunu doig (¢
ayeuojnsausnio}-¢ i (2

swr GHED 4T AW wowun
o AR HE AR woww
- WE R sowne
wot SIS R o
wa- 5N B R soww
- BN EIEE sowwn
ase GEE 5 BT AT sone
so- SEE B EIER sowws
s G B RE vowwe
orve S BL EE R vowws
apr- QRIS e S o
. (e¥11 08'L 2ES 69°09) O*H
S IT L8°L €I'S 09°08  -*SPO°N®H"D
- G R RTER sowwm
- EE W g ER sowwme
— G BT R sowwo
— G BT O ER sowwmo
(HOSIW S N H f\o
ﬁowﬁm ?) (punoy) poren erwiog

(%) stsheuy

(NDPHD) 9z 1191 (019359 JAusydourprure-¢ oEﬁSﬁ%ﬁo&@..o JIAX
191—661 -(14uoynsausreyjydeu-g-ourwedyeomid-1)-N
( Zommﬁv ce L1-91 (019380 [Ausydourprure-¢ @EQES%EWQQ..A OAX
1915651 ~(1Auoysousreyiydeu-g-ourueAy3owi-1)-N
A.BMMMWWH%MWW 0g 11-01 19359 [Auaydourprure-¢ surok[3[Ao413[1£190V-N  PPIX
Ew%%%mmv 02 TI-PI-€1-g1 19359 [Kuoydourprwe-¢ ou[S[Auele-a-[£300y-N  POIX
Coﬂ%l\wumm%mv 92 T1I-¥1-€1-21 10380 [Audydourprure-¢ ouroA[S[Aue[e-1-14390v-N  PQIX
cvwﬂ‘wuwwmv W 1101 10980 [Auoydourprure-d owoAS14390V-N  PIX
rﬁﬂwﬁ@%ov 82 TI-PI-€1-21 10350 [Ausydourprwre-¢ ouruee-a-[£390y-N  OIX
:mﬁﬂm.omﬁe 2z 11-vI-€1-2l 10350 [Auoydourprwe-¢ ouuere-1-14300y-N  dIX
CQMMMI\WH%U“WM 74 1—9 (»19}s0 [Auoydourpruue-¢ SuifeA-T 3X1
¢ NMHMM%W €2 1—9 (p19389 [Ausydourprure-¢ suruey-a X1
g mmwm%@ Gz 1—9 (019389 [Ausydourpruwre-¢ suruery-1 qX1
m%mwwwﬁ 8y 5—¥ (010350 [Auoydourppure-¢ suruery-§  BX]
oor vl 08 v ouree-grtnosvokuofaioa PIA
Anmwﬂwm@ommv GG Z—1 1959 [Ausydourprwre-¢ suruerejdusyd-1a-jAozusag-N PA
?oﬂ%l\@%wwmv 82 6—8 19389 [Auoydourpiwe-¢ aurue[e-1a-[A0zZusdg-N AA
Azmmn.wmllu\wmwmv 2l e 19389 [Ausydourprure-¢ suruepe-g-jozusg-N BA
o
A.ovmcnwwv duw —WMMMW SUWMMMMMM (03euoymseuonio]-¢) punoduo) .@%Wou

NII-Electronic Library Service

s193sH [Ausydourprury-¢ 10j Bje(] [eoISAYJ PUB S93N0Y OIIOYIULAG

‘[ A1EV]



No. 6 1903

TapLk II.  Coupling Methods and Physical Data for N-Blocked p-Amidinophenyl Esters

Analysis (%)

Compd. , Reagent® Yield mp (°C Caled [a]3
No. Compound (Step No.) (%) (flzo(m)) Formula (Found) (¢=1.0,
s acetone)
[ H
Vib N-Benzyloxycarbony!—n-aianine CP-NEt, 36 136—137.5 C. .. N.O 65.68 5.30 8.84 26.5°
‘-benzyloxycarbonyl-p-amidinophenyl ester ®) (benzene) 267726186 (65,53 5.18 8.69) ~ -
Ve N-Benzyloxycarbonyl-p-alanine : CP-NEt, 135—137 65.68 5.30 8.84
N"-benzyloxycarbonyl-p-amidinopheny! ester ® 35 benzene) CwMuNeOs (65780 5140 glgg) T27-0°
Ve N-Benzyloxycarbonyl-L-phenylalanine " CP-NEt, 49 146.5—149 CoHL . N.O 69.68 5.30 7.62 8.8°
N’-benzyloxycarbonyl-p-amidinophenyl ester 6 {benzene) 5277262786 (69.71 5.16 7.58) T %
VI N-Benzyloxycarbonyl-p-phenylalanine CP-NEt, 4 144—147 CoH. N 69.68 5.30 7.62 9.90
’-benzyloxycarbonyl-p-amidinophenyl ester ©) (benzene) 3277207736 (69.78 5.07 7.43). +9.
Vig N-Benzyloxycarbonyl-L-valine CP-NEt, 124126 66.79 5.80 8.34
N*-benzyloxycarbonyl-p-amidinophenyl ester ® = 32 (benzene) CuHaNaOe (55761 5.83 8.30) —15-67
VIh p-Benzyl-N-benzylouycarbonylaspartic acid CP-NEt, 39 120-122 w NO 66.32 5.23 7.03 15.5%
N’-benzyloxycarbonyl-p-amidinophenyl ester (6) (benzene) 3327317708 (66.58 5.12 6.70) ~ "7°
VIi N-Benzyloxycarbonyl-L-proline CP-NEt, 22 135—137 CoHLN.O, 67.06 5.43 8.38 61.8°
N’-benzyloxycarbonyl-p-amidinophenyl ester (6) (benzene) 8772788 (67,13 5.41 8.30) T Ot
VI;j Ne N*.Bis(benzyloxycarbonyl)-L-lysine CP-NEt, 30 9193 CoH.NLO 66.65 5.74 8.40 10.5%
N’-benzyloxycarbonyl-p-amidinopheny! ester ®) (benzene) 3170848 (66,64 5.68 8.29) T ¢
VIEY  N-Benzoyl-pL-alanine DCC 26 166.5—167.5 ~ 1 N O 87.04 5.20 9.43
N’-benzyloxycarbonyl-p-amidinophenyl ester 8) (benzene) 2577237735 (66,75 5.25 9.23) -
Ve’  N-Benzoyl-pr-phenylalanine DCC g3 103—105 o o 68.97 6.00 8.62
N’-t-butyloxycarbonyl-p-amidinophenyl ester () (benzene) 2877207088 (68.76 5.95 8.60) —‘»
Xd N-Acetylglycine ECC-NEt, 150—152
N’-benzyloxycarbonyl-p-amidinophenyl ester (10) : 72 (benzene-n- CisHisN:05 - - -
hexane).
Xdd N-Acetylglycylglycine ECC-NEt, 35 191—193 C. H..N.O, o _ .
“-benzyloxycarbonyl-p-amidinophenyl ester (10) (benzene) a2 e
XI'b N-?-Butyloxycarbonyl-L-alanine ECC-NEt, 76 158—159 C H..N.O 62.57 6.16 9.52 —37.6°
N’-benzyloxycarbonyl-p-amidinophenyl ester (12) (benzene) sttartiste (62,26 6.25 9.39) '
XIe N-z-Butyloxycarbonyl-p-alanine ECC-NEt, 158—159 ' 62.57 6.16 9.52
‘-benzyloxycarbonyl-p-amidinophenyl ester (12) ¢ 65 (benzene) Caally: N0, (62.51 6.18 9.60) +39.5°
XIbd N-z-Butyloxycarbonyl-r-alanylglycine piv.Cl-py-EP 110—111.5
N’-benzyloxycarbonyl-p-amidinophenyl ester (12) 35 (benzene—x- CaaHauN,O; - - -
hexane)
XHed  N-t-Butyloxycarbonyl-p-alanylglycine piv.Cl-py-EP 30 110—112 Co FLN,O, _ _
N’-benzyloxycarbonyl-p-amidinophenyl ester (12) (benzene—n- 22772447 - -
hexane)
XId N-¢-Butyloxycarbonylglycine . DCC-DAP g 137—138 C..H, N.O 61.82 5.90 9.83
N’-benzyloxycarbonyl-p-amidinophenyl ester (12) (benzene) 22772527376 (62.01 5.95 9.77) -
XIVb  N-(1-Dimethylamino-53-naphthalenesulfonyl)-glycine — a7 166—167 C,.H,.N,0,5 82.13 5.03 9.99
N’-benzyloxycarbonyl-p-amidinophenyl ester (12-13-14) (dec.) soti2stlane” (62.31 4.91 9.87) -
(benzene)
XIVe N-(1-Dimethylamino-5-naphthalenesulfonyl)-L-alanine —_ 20 132—133 C.H.N,0.s 8270 5.26 9.75 —29.9>
N*-benzyloxycarbonyl-p-amidinophenyl ester (12-13-14) (dec.)’ 30%720 46 (62,56 5.24 9.44) 4
(ether)
XIVd N-(1-Dimethylamino-5-naphthalenésulfonyl)-p-alanine — 132—133 . 62.70 5.26 9.75 '
N'-benzyloxycarbonyl-p-amidinophenyl ester (2-13-14) 2% “dec) CaoHuNiOsS  (g2789 5.24 9.68) T30-5°
(ether)
XIVe N-(1-Dimethylamino-5-naphthalenesulfonyl)-L-phenylalanine piv.Cl-py-EP 177—178.5
N’-benzyloxycarbonyl-p-amidinophenyl ester (16) = (dec.) CyaHesN,06S - - -
(acetone)
XIVf  N-(1-Dimethylamino-5-naphthalenesulfonyl)-n-phenylalanine piv.Clpy-Ep o9 177.5—178.5 11 n g o
N’-benzyloxycarbonyl-p-amidinophenyl ester (16) ) (dec.) 36573440 - -
(acetone)
a) ECC; ethy! NEts; tri ine, CP; 1-methyl-2-chl idine iodide, piv. Cl,; pivaloy! chloride, EP; N-ethylpiperidine, DAP; 4-dimethyl-
aminopyridine, py; pyridine, DCC; dicyclohexylcarbodiimide. ’
b) Total yield, -

(100 ml), with stirring. After standing for 2 hr at room temperature, the solvent was removed. The pre-
cipitate obtained upon addition of water was recrystallized from benzene-n-hexane. N,O-Bis(benzyloxy-
carbonyl)-p-amidinophenol (11.7 g, 97%,) was obtained as colorless needles, mp 113—115°. N-(Benzyloxy-
carbonyl)-p-amidinophenol was obtained by hydrolysis in the manner described for N,O-bis(¢-butyloxycar-
bonyl)-p-amidinophenol. Recrystallization from ethanol gave colorless prisms, mp 188—190° (dec.), 81%
yield. Anal. Caled for CyH,N,00S (p-toluenesulfonate): C, 59.71; H, 5.01; N, 6.33. TFound: C, 60.02;
H, 4.99; N, 6.36. ‘

Step 1 An ice-cold solution of benzoyl-amino acid (1 mmol) and I (236 mg, 1 mmol) in acetonitrile
(20 ml) was treated with dicyclohexylcarbodiimide (DCC) (227 mg, 1.2 mmol), and the reaction mixture
was allowed to stand at room temperature overnight. Dicyclohexylurea formed was separated by filtration.
The filtrate was evaporated to dryness and the residue was recrystallized.

Step 2 A solution of IV (1.4 mmol) in AcOH (2 ml) was added to 25% HBr-AcOH (16 ml), and the
reaction mixture was kept at room temperature overnight. The solvent was evaporated off, then the residual
oil was redissolved in acetonitrile, and p-toluenesulfonic acid monohydrate (1.2 g, 6 mmol) was added. After
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standing at room temperature for 1 hr, abs. ether was added. The resulting precipitate was subjected to
recrystallization.

Step 3——Ethyl chloroformate (109 mg, 1 mmol) was added to a solution of benzoyl-amino acid (1
mmol) and triethylamine (112 mg, 1.1 mmol) in abs. tetrahydrofuran (THF) with stirring at —10°. After
stirring for 15 min at —10°, a solution of II (p-toluenesulfonate) (246 mg, 0.8 mmol) in dry DMF was added.
The reaction mixture was kept at —10° for 1 hr, then at room temperature for 2hr. Triethylamine hydro-
chloride was filtered off, and the filtrate was evaporated to dryness.

Step 4——The procedure followed that of step 3, using N-benzyloxycarbonyl-amino acid in place of
N-benzoyl-amino acid.

Step 5 A solution of VI (1 mmol) in methanol (60 ml) containing p-toluenesulfonic acid monohydrate
(290 mg, 1 mmol) was hydrogenated over 109 Pd-charcoal (100 mg) for 2 hr. The catalyst was filtered
off, the filtrate was evaporated to dryness, and abs. ether was added. The resulting precipitate was recry-
stallized.

Step 6——Coupling was carried out by a modification of the method of Mukaiyama et al.”) A solution
of N-benzyloxycarbonyl-amino acid (1 mmol), III (270 mg, 1 mmol) and triethylamine (242 mg, 2.4 mmol)
in DMF (2 ml) was added to a suspension of 1-methyl-2-chloropyridine iodide (307 mg, 1.2 mmgl) in DMF
(8 ml). The reaction mixture was allowed to stand at room temperature overnight. After removal of the
solvent under reduced pressure below 40°, the residue was chromatographed on a silica gel column (eluent,
ethyl acetate) and recrystallized.

Step 7 Removal of the benzyloxycarbonyl groups at the amidino and amino nitrogens was carried
out in the same manner as in step 5.

Step 8 This followed step 1, using III instead of I.

Step 9 Removal of the benzyloxycarbonyl group at the amidino nitrogen atom was carried out in
the same manner as in step 5.

Step 10——This followed step 3, using acetyl-amino acid and IIT instead of benzoyl-amino acid and II.

Step 11 Compound X was used instead of VIII, following the procedure of step 9.

Step 12 -A)® A solution of #-butyloxycarbonyl-amino acid (1 mmol), ITI (270 mg, 1 mmol}, 4-dimeth-
ylaminopyridine (24 mg, 0.2 mmol) and DCC (216 mg, 1.05 mmol) in acetonitrile (3 ml) and DMF (3 ml) was
kept at room temperature overnight. The resulting dicyclohexylurea was filtered off and the filtrate was
evaporated to dryness. The residual oil was sclidified using benzene-#-hexane mixture and recrystallized.

B) The next procedure followed step 4, using N-t-butyloxycarbonyl-amino acid and III instead of
N-benzyloxycarbonyl-amino acid and II.

C)” A solution c¢f N-t-butyloxycarbonyl-dipeptide (1 mmol), dry pyridine (79 mg, 1 mmol), N-ethyl-
piperidine (113 mg, 1 mmol) and 4-dimethylamincpyridine (24 mg, 0.2 mmol) in abs. THF (3 ml) was treated
with pivaloyl chloride (121 mg, 1 mmol) at —10° under stirring. After stirring for a further 20 min at —10°,
a solution of III (270 mg, 1 mmol) in dry pyridine (2 ml) was added. The reaction mixture was kept at
—10° for 2 hr, then at room temperature overnight. After filtration, the filtrate was evaporated to dryness.
The residue was solidified by trituration with acetone.

Step 13 A)®  p-Toluenesulfonic acid monchydrate (2.88 g, 15.1 mmol) in abs. THF (10ml) was
added to an ice-cold sclution of XII (3.03 mmol) in abs. THF (35 ml) over a period of 30 min. The solution
was kept at room temperature overnight, then evaporated to dryness. The residual oil was triturated with
abs. ether and solidified. The product was used for subsequent reaction without further purification.

B) Method A) was modified by replacing p-toluenesulfonic acid with HCl-ethyl acetate (4.3 mmol/ml,
1.2 ml).

Step 14——An ice-cold suspension of XIII (di-p-toluenesulfonate) (5 mmol) in N-methylmorpholine
(1.52 g, 15 mmol) and abs. THF (25 ml) was treated with acetyl chloride (394 mg, 5 mmol) with stirring.
The stirring was continued for 1 hr under cooling. Insoluble material was filtered off and the filtrate was
evaporated to dryness. The residual oil was triturated with acetonitrie, and recrystallized.

Step 15———1-(Dimethylamino)-5-naphthalenesulfonyl chloride (0.81 g, 3 mmol) was added to an ice-cold
suspension of XIII (di-p-toluenesulfonate) (3 mmol), N-methylmorpholine (0.95 g, 6.6 mmol) and 4-dimethyl-
aminopyridine (0.07 g, 0.6 mmol) in abs. THF (60 ml) with stirring. The stirring was continued at 0° for
1 hr, then at room temperature overnight. The inscluble fraction was filtered off, and the filtrate was evap-
orated to dryness. The residual oil was separated by thin-layer chromatography, developing with ether,
and recrystallized.

Step 16 The procedure followed that of step 12 C) but using N-(1-dimethylamino-5-naphthalenesulfon-
yl)-amino acid (1 mmol) instead of N-z-butyloxycarbonyl-dipeptide and omitting 4-dimethylaminopyridine.

Step 17 Compound XIV was used instead of VIII, following the procedure of step 9.
5) T. Mukaiyama, M. Usui, and E. Shimada, Chem. Lett., 1975, 1045.
6) A. Hassuner and V. Alexanian, Tetrahedvon Lett., 1978, 4475.
7) M. Zaoral, Coll. Czech. Chem. Commun., 27, 1273 (1962).
8) J. Goodacre, R.J. Ponsford, and I. Stirling, Tetrahedron Leit., 1975, 3609.
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Kinetic Measurements Bovine trypsin was purchased from Worthington Biochemical (lot TRL).
The operational molarity of the enzyme preparation was determined by the titration method of Shaw e al.®
The acylation rates of trypsin by p-amidinophenyl esters were analyzed usinga Union Giken RA /401 stopped-
flow spectrophotometer and deacylation rates were determined using a Hitachi UV 200-10 double beam spec-
trophotometer, following the reported procedure.?® The reactions were monitored by measuring the libera-
tion of p-amidinophenolate ions at pH 8.0 (dezosnm: 14000).
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Synthesis of 9-Substituted 8-Phenyltheophyllines
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Various 9-substituted 8-phenyltheophyllines (ILI) were prepared in two steps starting
from 5,7-dimethyl-2-phenyloxazolo[5,4-d]pyrimidine-4,6(5H,7H)-dione (I). Thus, treat-
ment of I with amines afforded 5-(N-substituted benzamidino)-1,3-dimethylbarbituric
acids (IT). The reaction of II with thionyl chloride or phosphorus oxychloride gave III.

Keywords 5, 7-dimethyl-2-phenyloxazolo[5, 4-d] pyrimidine- 4, 6 (5H, 7H) - dione;
amines; 5-(N-substituted benzamidino)-1,3-dimethylbarbituric acids; thionyl chloride;
phosphorus oxychloride; 9-substituted 8-phenyltheophyllines

We have recently described the synthesis of oxazolo[5,4-d]pyrimidines and their conversion
into thiazolo{h,4-d]pyrimidines.?? As part of a program directed towards the further exploita-
tion of oxazolo[5,4-d]pyrimidines as synthetic intermediates, we now report the conversion
of 5,7-dimethyl-2-phenyloxazolo[5,4-d]pyrimidine-4,6(5H,7H)-dione (I) into various 9-sub-
stituted 8-phenyltheophyllines (III) wiaz 5-(N-substituted benzamidino)-1,3-dimethyl-
barbituric acids (II). Because of the therapeutic importance of theophylline, extensive
studies have been carried out on the preparation of its derivatives; however, the synthesis
of 9-substituted theophyllines has not been widely investigated.®

5-(N-Substituted Benzamidino)-1,3-dimethylbarbituric Acids

Refluxing of I with an excess of the appropriate arylamines in ethanol for 3 hr afforded
the corresponding 5-(N-arylbenzamidino)-1,3-dimethylbarbituric acids (Ila—e) in 59—819%,
yields. Although the structures of ITa—e are isomeric with those of 6-arylamino-6-benzoyl-
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765 (1978).
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