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Synopsis. Reaction conditions for the phosphazo method
were reinvestigated in order to apply this method to the
synthesis of p-nitroanilide(pNA)s of t-butoxycarbonyl(Boc)-
and benzyloxycarbonyl(Z)-amino acids.

p-Nitroanilides of amino acids and peptides are
among the most popular chromogenic enzyme sub-
strates and their synthesis has been studied intensively.
However, since p-nitroaniline is a very poor nucleo-
phile, the usual peptide bond forming reactions
including the dicyclohexylcarbodiimide-N-hydroxy-
benzotriazole method? and the mixed anhydride
method? could not give sufficient results. As an
alternative, the reaction of N®-protected amino acids
with p-nitrophenyl isocyanate, isolated® or obtained
in situ by the modified Curtius reaction using
diphenyl phosphorazidate,¥ has up until now been
the method of choice. The phosphazo method,®
which had fallen into disuse as a general method for
peptide synthesis, was recently utilized for the synthe-
sis of p-nitroanilides.’ However, its applicability to
Boc-amino acids had not been examined. In this
study we reinvestigated and optimized the conditions
for the formation and reaction of the phosphazo com-
pound from p-nitroaniline in order to establish a
synthetic method for Boc-amino acid p-nitroanilides
including Boc-arginine p-nitroanilide.

Results and Discussion

Optimization of the conditions of the phosphazo
method was achieved by focusing on the following
points; 1) the reaction time necessary for the complete
formation of the phosphazo derivative of p-
nitroaniline, 2) the lowest necessary temperature for
the reaction of the phosphazo compound with acyl
components, and 3) molar ratios.

p-Nitroaniline (1) was mixed with phosphorus
trichloride (2) in pyridine at room temperature for 1 h
to afford the corresponding phosphazo compound,
N,N’-bis(4-nitrophenyl)phospheneimidous amide (3).
To this Z-.-Phe-OH (4) was added (molar ratio of
2:4=1:1) and the mixture stirred for 30 min. Then
the temperature was elevated stepwisely to 30, 40, 50,
and finally to 60 °C maintaining each temperature for
30 min. At the end of each period the amount of Z-1-
Phe-pNA (5) formed was quantitated by HPLC.
The yield dramatically increased (24—84%) when the
temperature was elevated from 30°C to 40°C. There-
fore, it was concluded that the lowest necessary
temperature for the reaction of 3 with the acyl compo-
nent was 40°C. This temperature is much lower
than the boiling point of pyridine which had been

previously used.5

In the above reaction the first step (the reaction of 1
with 2) was carried out for 1 h. When this step was
interrupted after 15 min, as described in the litera-
ture,® by the addition of 4 and warming the mixture to
40°C, the reaction was not complete after 4 h. On
the other hand, when the first step was continued for 1
h, subsequent reaction with 4 was complete after 1 h.
Although this reaction time was not the minimal time
required, it was used in the subsequent reactions.

The molar ratio of 2 to 4 appears to be another
important factor. In the phosphazo method carboxyl
components are usually used in excess, however yields
of p-nitroanilides under these conditions are low.
Better results were obtained when the phosphazo
derivative of p-nitroaniline was used in excess.
When 1.2 and 2.0 equivalents of the phosphazo com-
pound (molar ratios of 2:4=0.6:1 and 1:1, assuming
the complete formation of the phosphazo compound)
were used yields of the p-nitroanilide 5 after 1 h were
81% and quantitative, respectively. Since the former
yield could not be significantly improved by increas-
ing the reaction time, it was concluded that an equi-
molar amount of the phosphazo compound, which
corresponds to 2 equivalents of the acyl component,
should be used.

In summarizing the above results the optimal con-
ditions for the synthesis of protected amino acid p-
nitroanilides were decided as follows: 2 mol of p-
nitroaniline are mixed with 1 mol of PCls in pyridine
for 1 h at room temperature. After the addition of 1
mol of a protected amino acid to the mixture the
reaction is performed at 40 °C for 1 h or more depend-
ing on the structure of the amino acid used.

Under these conditions syntheses of various kinds of
N%protected amino acid p-nitroanilides were per-
formed and the results are summarized in Table 1.
As the result of the lowering of the reaction temperature,
preparation of Boc- and p-methoxybenzyloxycarbonyl-
amino acid p-nitroanilides was possible (Entries 6, 7,
8,9, and 10). Itshould also be noted that dicyclohex-
ylamine (DCHA) salts of protected amino acids could
be used quite as same as the free acids. Using this
technique p-nitroanilide of Boc-r-glutamine was
obtained, albeit in modest yield because of nitrile
formation.1®

N®-Acylated arginine p-nitroanilides are well-
known as substrate for trypsin,'! papain,'? tissue
plasminogen activator, and plasmin.!® In the syn-
thesis of these compounds the guanidino function of
arginine was protected by nitrol3 or arenesulfonyl
groups.’? However strong acid treatment in the total
deprotection step often gives a complex mixture of
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products. The most important feature of the modi-

o — fied phosphazo method is the facile availability of
/A 2 § 2 Boc-L-Arg-pNA, which was obtained as a crystalline
- —| g% | hydrochloride (6) in 75% yield starting from Boc-L-
_|© 2 2NESS Arg-OH-HC1-H20. To the best of our knowledge,
o oo o wmeme |2 = & synthesis of Boc-L-Arg-pNA by direct coupling of
mloxss Soawea | S0 Boc-arginine and p-nitroaniline with phosphorus
SO oSS = N, N 4 . Lk )
°y= trichloride in pyridine has been recorded only in a
<|sous 2882|294 patent.®
ceee eeee CaT Compound 6 thus obtained was then utilized for the
= T Q preparation of a peptide p-nitroaqilid_e, Bz-1L-Ile-1-
o) 66666666666 g9 5 Glu(OMe)-Gly-L-Arg-pNA (7), which is known as a
$HQ | s s |Sn » substrate for the factor Xa.¥ Protected N-terminal
S & SaIIEIJIIII]| L oo tripeptide ester, Boc-1-Tle-1-Glu(OMe)-Gly-OPac,
=R DV R N ek = e ?: g€, was obtained by stepwise elongation by the mixed
A2 SIITYTTTYT I 2 anhydride method using dimethylphosphinothioyl
NG| J,Q chloride.’®  After the Boc group was changed to ben-
S :5% zoyl group, the C-terminal phenacyl ester was
z z |5 '5 removed to give protected tripeptide acid, BZ—'L-HE—L-
" zzzTzz ZZT| 27%0 G.lu(OMe.)—Gly—OH- (8). .S.egmen.t condensat}on of 8
g _ IOInUTLT TTd = OI‘ % with arginine . p-nitroanilide q.lhydrochlorlde (9),
ERRER VLOUZLY OOF E ﬁ: == which was obtained by deprotection of 6 with HCI in
S E5 888888 &&88|T = ch) acetic acid, was performed using dimethylphosphino-
R= g g s rrrzs 72727 |G8ES thioyl azidel® in N,N-dimethylformamide.  Since
— SRR R K8 S & . . . -
L)% | 2222 55E BEAE (e the pure procucs was radily abtained.
:.% go\igg@g @gg Bg:::\a;r synthesis, pure p. ct was y .
i % E /_\i Experimental
g =8
é % % % . Thin-layer chromatography was carried out on silica-gel
< ~>~aExXT plates (Merck, Kieselgel 60 Fas4) in the following solvent
E §§ é E =Q systems; A: CHCIs, B: CHCls: CHsOH=9:1, C: CHCIs:
gl = SIS 55 CHsOH=4:1, D: CHCl3:CH;0H:CHsCO:H=20:5:1.
el ’fa\ s = zz. 98|¢ “é s For amino 'a-cid analysis p.eptiQes_ were hydrolyzed with
E: 3,8 ggggA gag 3 ,\g/ :%: IS ﬁ S constant boiling hydroclzlonc acid in evacuated and sealed
Sl 53 |3 Fodrnas28x| 831 ampoules for 24 h at 110°C. The analyses were performed
g Z|IESEEE=EE &2 == A |7 on an Atto Model 203 Amino Acid Analyzer. Optical rota-
= OL OL OL C{L J: 11 C(L _|‘ g QL L‘L 27 -E'OI tions were determined using a JASCO DIP-360 digital polar-
3 DANCESANZOSS |8 i . ITHNMR tra were observed with a Hitachi R-
g AR B Al b Rt “*éja imeter. spec
o gl X 1100 apd JEOL JNM-PMX-60 spectrometers (60 MHZ).
A 5o —9 Analytical reversed-phase HPLC was performed using a
. % g _L = Unisil Q Cis column (4.6X300 mm) with an isocratic solvent
N clowoosroasonn| g cE T system (0.0l M HCI: CHsOH=35:65, flow rate 1.0 ml
== DT 00O N 5 E 2« min-1) at 60°C using Shimadzu L.C 6A liquid chromato-
[ﬁ 3 E § = graph system monitored at 254 nm (1 M= 1 mol dm~3).
g 5 ‘;" g* General Procedure for the Preparation of Protected
§ o 25 3 < Amino Acid p-Nitroanilides: To a solution of phosphorus
Eo|weneennueos| 8w trichloride (0.872 ml, 10 mmol) in pyridine (10 ml) was
gE|TO YT mmmaw 22 4 added p-nitroaniline (1.38 g, 20 mmol) at 25°C, and the
R 8 o mixture stirred for 1 h. To this solution was added a
EL{ = protected amino acid (Method A) or a protected amino acid
N ol e e DCHA salt (Method B) (10 mmol) in pyridine (20 ml) and
= Q@/ = 5 & cﬁ’ OL Q the mixture stirred at 40 °C for the period given in Table 1.
%5 =<~ s &
2 CZ<@a=zm T|53°~0 Aft.er removal _of the solyent under reduced pressure the
< oD T S 5 g«r_; residue was triturated with ethyl acetate and water and
§ ;:-/3 Ei’:, - 24z EZ zZ | = g B filtered. The organic layer was separated and washed suc-
Z |z <Z< Z Iz N ?“3, T2 g .29, cessively with a 5% citric acid solution (3 times), water, a 5%
3 ?‘$<{f*€% S5 g eEw qé é'r-l o~ sodium hydrogencarbonate solution (3 times), water and
T |2x24 997'7'_1_-, "]_-] "J_-] (i) i £ 5 = (T' saline, and dried over sodium sulfate. After removal of the
& |ARHART CE) Lo T g solvent, the crystalline residue was rinsed with cold benzene
[\T; [:-]] [;] l:]l [: STRRRRR|HEE S or chloroform and then with ether before recrystallization.
&< QJ When necessary silica-gel column chromatography using
o c%dq’ % Z—é dichloromethane for elution was performed prior to
5 —_ ol e H IO O I~ 0O T D — recrystallization.
& - N-(t-Butoxycarbonyl)-L-arginine p-Nitroanilide Hydrochloride
(6): To a solution of the phosphazo compound prepared

from PCls (0.436 ml, 5 mmol) and p-nitroaniline (1.381 g, 10
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mmol) was added Boc-rL-Arg-OH-HCI-H:0 (1.644 g, 5
mmol) in pyridine (5 ml). The mixture was stirred at 40 °C
for 4 h and the solvent removed under reduced pressure.
The residue was dissolved in water (50 ml) and ether (20 ml)
and kept at 0°C overnight. Precipitates were collected by
filtration, washed successively with ether, dichloromethane
and a small quantity of ethanol and recrystallized from
ethanol-ether to give 6 as a colorless granular solid; 1.616 g
(75%); 'H NMR (CDCls+DMSO-ds) 6=1.4 (s, 9H), 1.5—1.9
(m, 6H), 3.1—3.4 (m, 2H), 4.25 (br, 1H), 6.7—7.3 (m, 4H),
7.6—8.2 (m, 5H), 10.9 (s, 1H).

N-(t-Butoxycarbonyl)-L-glutamine p-Nitroanilide and V-
(t-Butoxycarbonyl)-(2-cyanoethyl)glycine  p-Nitroanilide:
Boc-1.-GIln-OH - DCHA (4.276 g, 10 mmol) was treated with
the phosphazo compound as described above. After the
usual washing procedures, the products were separated by
silica-gel column chromatography using dichloromethane-
methanol (50: 1 v/v) as eluent to give 1.578 g (43%) of Boc-1-
GIn-pNA as colorless crystals; TH NMR (CDCls+DMSO-ds)
6=1.4 (s, 9H), 1.8—2.6 (m, 4H), 4.1—4.4 (br, 1H), 6.0—6.4
(br, 2H), 6.8—7.0 (br, 2H), 7.7 (d, 2H), 8.1 (d, 2H), 10.5 (br,
1H). Further elution gave 0.802 g (23%) of Boc-(2-cyano-
ethyl)glycine-p-nitroanilide as a fluffy solid; mp 148—
149°C; [a]Z —21.1° (¢ 1.1, CH3OH); IR (KBr) 2260 cm-!
(C=N); 'TH NMR (CDCls) 6=1.4 (s, 9H), 1.9—2.7 (m, 4H),
4.3—4.7 (br, 1H), 5.5—6.9 (br, 1H), 7.6 (d, 2H), 8.0 (d, 2H),
9.2—9.5 (br, 1H).

L-Arginine p-Nitroanilide Dihydrochloride (9): To a
solution of 6 (1.077 g, 2.5 mmol) in acetic acid (2 ml) was
added 2.17 M HCI in acetic acid (23 ml) at RT. The
mixture was kept standing for 2 h and diluted with ether.
Precipitates were collected by filtration, washed with ether
and dried to give 9 as a pale yellow powder: 883 mg (96%);
mp 262—264°C (decomp); [a]& +73.2° (¢ 1, 0.1 M HCI).
Lit,® mp 245 °C; [«]? +80.6° (¢ 1, water). Found: C, 39.44;
H, 5.55; N, 22.65%. Calcd for C12H1sN¢O3 - 2HCI: C, 39.25;
H, 5.49; N, 22.88%.

N-Benzoyl-L-isoleucyl-L-a-glutamylglycyl-N-(4-nitro-
phenyl)-L-argininamide Methyl Ester [Bz-r-Ile-L-Glu-
(OMe)-Gly-L-Arg-pNA] (7): To an ice-cooled solution of
Bz-1-Ile-L-Glu(OMe)-Gly-OH (0.218 g, 0.5 mmol), 9 (0.184
g, 0.5 mmol) and triethylamine (70 ul, 0.5 mmol) in N,N-
dimethylformamide (I ml) was added dimethylphosphino-
thioyl azide (0.081 g, 0.6 mmol) in N,N-dimethylformamide
(0.5 ml) and triethylamine (70 ul, 0.5 mmol). The mixture
was stirred for 24 h at 0°C and concentrated. The residue
was solidified by trituration with ether and cold 1 M
hydrochloric acid and purified by preparative thin-layer
chromatography (CHCls: CH3OH : CHsCO2H=20:5:1) and
gel chromatography on Sephadex LH-20 (CH30H) to give
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224 mg (58%) of 7 as an amorphous solid: [@]& —31.3° (¢ 0.5,
CH3OH); R;,=0.51. Amino Acid Ratios: Ile, 0.96; Glu, 1.01;
Gly, 1.00; Arg, 1.04. Found: C, 51.76; H, 6.26; 16.65%.
Calcd for CasHgs09Ng-HCI-H20: C, 51.73; H, 6.31; N,
16.45%.
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