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The p-methoxybenzenesulfonyl (MBS) group was used to protect the w-guanidino
function in- arginine and was found to be more easily and completely removed by treat-
ment with methanesulfonic acid and borontristrifluoroacetate (BTFA) than the p-toluene-
sulfonyl group.

In order to evaluate the usefulness of this new protecting group in peptide synthesis,
bradykinin and tuftsin were prepared by using the MBS group.

The tosyl (p-toluenesulfonyl)-protecting group® has been widely used to protect the
w-guanidino group in arginine. It is generally removed by sodium-liquid ammonia reduction®
or by the action of hydrogen fluoride.# However, these removal conditions seem to be
somewhat drastic for the complicated biologically active peptides, as some side reactions®
are known to occur during these treatments.

Although Yajima, ¢f al.9 and Pless and Bauer? recently reported some new methods for
removing the protecting groups, which are currently used in peptide synthesis, by means of
various sulfonic acids, such as methanesulfonic acid and trifluoromethanesulfonic acid, and
borontristrifluoroacetate (BTFA), respectively, the tosyl group is hard to remove with these
reagents under the practical conditions. :

In order to solve this problem, we tried to use the p-methoxybenzenesulfonyl (MBS}
group for the w-guanidino in the arginine residue and found that the MBS group was more
easily cleaved by the treatment with methanesulfonic acid or BTFA than the tosyl group.

Z-Arg(MBS)-OH was prepared from Z-Arg-OH® and p-methoxybenzenesulfonyl chloride®
using a procedure similar to that described in the preparation of Z-Arg(Tos)-OH,® and the
resulting Z-Arg(MBS)-OH was crystallized from acetonitrile as dicyclohexylamine salt (I).

1) The amino acids, peptides and their derivatives (except glycine) in this paper are of the L-configuration.
Their abbreviated designations are those recommended by the IUPAC-IUB Commission on
Biochemical Nomenclature: Biockemistry, 5, 2485 (1966); dbid., 6, 362 (1967).

Other abbreviations used are: MBS=p-methoxybenzenesulfonyl; BTFA=borontristrifluoroacetate;
HONB=N-hydroxy-5-norbornene-2,3-dicarboximide; ONB=N-hydroxy-5-norbornene-2,3-dicarboximide
ester; DCC=N,N’-dicyclohexylcarbodiimide; ONBzl=p-nitrobenzylester; OTCP=2,4,5-trichlorophenyl-
ester; DCHA=dicyclohexylamine,

2) Location: Juso-Honmachi, Yodogawa-ku, Osaka, 532, Japan.

- 3) R.Schwyzer and C.H. Li, Nature, 182,1669 (1958) ; E. Schnabel and C.H. Li, J. Am. Chem. Soc., 82, 4576
(1960); J. Ramachandran and C.H. Li, J. Org. Chem., 27, 4006 (1962).

4) R.H. Mazur and G. Plume, Experientia, 24, 661 (1968).

5) K. Hofmann, H. Yajima, and E,T. Schwarz, J. Am. Chem. Soc., 83,2289 (1961); P.G. Katsoyannis, 4.
J. Medicine, 40, 662 (1966); T. Baba, H. Sugiyama, and S. Seto, Ckem, Pharm. Bull. (Tokyo), 21, 207
(1973); S. Sano and S. Kawanishi, Biochem. Biophys. Res. Commun., 51, 46 (1973); J. Am. Chem. Soc.,
97, 3489 (1975); R.S. Feinberg and R.B. Merrifield, 4bid., 97, 3485 (1975).

6) H. Yajima, N. Fujii, H. Ogawa, and H. Kawatani, J. Chem. Soc., Chem. Comm., 1974, 107; H. Yajima,
Y. Kiso, H. Ogawa, N. Fujii, and H. Irie, Chem. Pharm. Bull. (Tokyo), 23, 1164 (1975).

7) J. Pless and W. Bauer, Angew. Chewm. Intern. Ed. Eng., 12, 147 (1973).

8) R.A. Boissonnas, St. Guttmann, R.L. Huguenin, P.A. Jaquenoud, and Ed. Sandrin, Helv. Chim. Acta,
41, 1867 (1958).

9) M.S. Morgan and L.H, Cretcher, J. Am. Chem. Soc., 70, 375 (1948).
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Hydrogenation of Z-Arg(MBS)-OH over Pd black afforded H-Arg(MBS)-OH (II), which was
easily crystallized from water.

For comparison of removal properties of H-Arg(MBS)-OH and H-Arg(Tos)-OH,® both
compounds were treated with methanesulfonic acid or BTFA.

As shown in Fig. 1, the MBS group was quantitatively removed by methanesulfonic acid
and 8 equivalents of BTFA, while the tosyl group was only partially removed under identical
conditions. These results indicate that the MBS group has many more advantageous features
than the tosyl group as a protecting group of the w-guanidino function in arginine.l®

To confirm the usefulness of the MBS group in peptide synthesis, bradykinin and tuftsin
were synthesized. The synthesis of bradykinin is outlined in Fig. 2. The N*amino group

Reagent

(b) CH,SO,H- (c) BTFA
CF,COOH (1:1)

(a) CH,SO,H

6 eq 8eq 10 eq
H-Arg(Tos)-OH 24.1% 8.2% 1.3% 3.3% 11.5%
H-Arg(MBS)-OH 99.1% 92.4% 72.1% 84.5% 100%

Fig. 1. Removal of MBS group by CHSO;H and BTFA

H-Arg(MBS)-OH and H-Arg(Tos)-OH were treated with (a) methanesulfonic acid or (b)
methanesulfonic acid-trifluoroacetic acid (1: 1) in the presence of anisole at room temperature
(21°) for 36—40 min and also (c) 6, 8, and 10 equivalents of BTFA in trifluoroacetic acid at 0° for
60 min. The reaction products were subjected to quantitative amino acid analysis to estimate
the content of regenerated arginine (%).

: M]|3S MBS
Arg Pro Pro Gly Phe Ser Pro Phe Alrg
Z-+-0H
Z--ONBal (III)
HBr/AcOH
Z--ONB  H+0'Bu BOC+0H  H+OBJ Z-+ONB  H--ONBal
DCC
7 0'Bu(IX) ~ BOC OBz 7 ONBal (IV)
* CF,COOH ‘ Hopa | V) HBr/AcOH |
| Z OH(X) H—-+O0'Bu BOC OH(VI) H ONBul
HONB-DCC HONB-DCC
z 0'Bu BOC ONBal (V1)
H,/Pd CF.COOH |
74oH H 0'Bu BOCHONB H ONBzl
HONB-DCC
7 0'Bu BOC ONBzl (VIII)
CF.COOH (XI) CF.COOH
7 OH(XII) H ONBzl
HONB-DCC
7 ONBazl (XI1)
H./Pd '
H . 0H (XIV)
1. CH:SO:H or 2. BTFA

H~Arg-Pro-Pro- Gly-—Phe~Ser—Pro—Phe-—Arg~OH
Fig. 2. Synthesis of Bradykinin

10) The MBS group is also completely cleaved by hydrogen fluoride.
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and C-terminal carboxylic acid were protected by benzyloxycarbonyl (Z) or ¢-butyloxycarbonyl.
group (BOC) and p-nitrobenzylester (ONBzl), respectively. HONB active ester’” and HONB--
DCC method! were extensively used to extend the peptide chain. Z-Arg(MBS)-OH, derived
from I, was esterified with p-nitrobenzyl bromide in the presence of triethylamine to give-
7-Arg(MBS)-ONBzl (III) in analytically pure state. H-Arg(MBS)-ONBzl, which was
derived from III by treatment with HBr in acetic acid, was acylated with Z-Phe-ONB to-
afford Z-Phe-Arg(MBS)-ONBz! (IV) in crystalline form.

For the synthesis of BOC-Ser—Pro-OH (VI), BOC-Ser—OH and H—Pro—Ole were coupled’
with DCC in acetonitrile to give BOC-Ser—Pro-OBzl (V) in crystalline form. 'V was converted
into VI by hydrogenation over Pd black as catalyst. VI thus obtained and H-Phe-Arg(MBS)—
ONBzl, which was derived from IV by treatment with HBr in acetic acid, were condensed
with DCC in the presence of HONB? to yield BOC-Ser—Pro-Phe-Arg(MBS)-ONBzl (VII),
which was deblocked by treatment with trifluoroacetic acid and then acylated with BOC-Phe—
ONB™ to give BOC-Phe~Ser-Pro-Phe-Arg(MBS)-ONBzl (VIII) in crystalline form.

To prepare Z-Arg(MBS)-Pro-Pro-Gly-O‘Bu (XI), H-Pro-O‘Bu was allowed to react
with Z-Pro-ONBW to afford Z-Pro-Pro~OBu (IX) in crystalline form. Acid solvolysis of
IX with trifluoroacetic acid afforded the corresponding acid; Z-Pro-Pro-OH (X),'® in good
yield. X and H-Gly-O’Bu were coupled with DCC in the presence of HONB to afford Z-
Pro-Pro-Gly—O‘Bu as an oil. The oil was hydrogenated over Pd black and the resulting’
H-Pro-Pro-Gly-O’Bu was condensed with Z-Arg(MBS)-OH using the HONB/DCC method”
to give XI.

Z-Arg(MBS)-Pro-Pro-Gly-OH (XII) and H—Phe~Ser—P_r0—Phe—Arg~(MBS)—ONBZI,,
which were derived from VIII and XI, respectively, by treatment with trifluoroacetic acid,
were coupled with DCC plus HONB™ to yield the fully protected bradykinin, Z-Arg—(MBS)—
Pro-Pro-Gly-Phe-Ser—Pro-Phe-Arg(MBS)-ONBzl (XIII), in analytically pure form. Hydro-
genation of XIII over Pd black as catalyst gave H-Arg(MBS)-Pro-Pro-Gly-Phe-Ser-Pro—
Phe-Arg—(MBS)-OH (XIV), which was treated with methanesulfonic acid in the presence of
anisole as a scavenger at room temperature (21°) for 40 min or 50 equivalents of BTFA i in
trifluoroacetic acid at 0° for 60 min to give crude bradykinin.

The resulting methanesulfonate or trifluoroacetate of the products was exchanged for
the corresponding acetate by Amberlite IRA-400 or 410 (acetate form) and purified by
chromatography on carboxymethylcellulose using gradient elution with ammonium acetate
buffer, on Amberlite XAD-2 using gradient elution with aqueous ethanol and on Bio-Gel P -6
using 1~ acetic acid as an eluting agent.

Both final products thus obtained behaved exactly like the authentic bradykinin'® when
compared by thin-layer chromatography, paper chromatography, paper electrophoresis and
bioassay'¥ (guinea pig ileum contraction), and the amino acid and elemental analyses values
also agreed well with theoretical values.

In these syntheses of bradykinin, treatment of BTFA seemed to be more difficult to handle
due to its instability than that of methanesulfonic acid. Therefore, methanesulfonic acid was
judged as more practical for removal of the MBS group.

Tuftsin®16) was synthesized as shown in Fig. 3. The N®-amino group was protected by
the Z or BOC group and the Nt-amino group by the Z group. The C-terminal carboxylic acid

11) M. Fujino, S. Kobayashi, M. Obayashi, T. Fukuda, S. Shinagawa, and O. Nishimura, Chem. Phaym. Bull.
(Tokyo), 22, 1857 (1974).

) S. Lande, J. Org. Chem., 27, 4558 (1962).

13) M. Fujino and S. Shinagawa, Chem. Phavm. Bull. (Tokyo), 20, 1021 (1972).

We thank Mr. S. Shinagawa of these laboratories for the biological assay.

)
15) K. Nishioka, A.Constantopoulos, P.S. Satoh, and V.A. Najjar, Biochem. Biophys. Res. Commun., 47, 172
(1972); K. N1sh10ka, P.S. Satoh, A. Constantopoulos, and V.A, Najjar, Biochim. Biophys. Acta, 310 230
(1973).

16) H. Yajima, H. Ogawa, H. Watanabe, N. Fujii, M. Kurobe, and S. Miyamoto, Chem. lerm Bull. (To~
kyo), 23, 371 (1975).

NII-Electronic Library Service



No, 7 1571

v4 ' - MBS
Thr 'LLS | Pro :Arg
7Z—-ONB ~  H—OH
Z OH (XV)
BOC——0TCP  H H:/Pd OH
BOC , R OH (XVI)
z-1 onB H : CFBCOQH OH
z ‘ —L0H (xVII,
CHSO:H

H—Tﬁr—Lys-Prd—Arg—OH
Fig. 3. Synthesis of Tuftsin

was blocked by salt formation. The peptide chain was lengthened stepwise using HONB
-active ester and 2,4,5-trichlorophenylester and the final protected tuftsin, Z-Thr-Lys(Z)-
Pro-Arg(MBS)-OH (XVII), was deblocked using methanesulfonic acid. o . ,

The resulting methanesulfonate was exchanged for the corresponding acetate by Amberlite
IRA-410 (acetate form) and purified by chromatography on carboxymethylcellulose using
gradient elution with ammonium acetate and on Sephadex LH-20 using 0.1x acetic acid as an
eluting agent. | , o

The tetrapeptide thus obtained exhibited apparently a single spot on thin-layer chromato-
‘graphy and its optical rotation was the same as the literature value.!® Amino acid and
elemental analyses values also agreed well with theoretical values.1?

The experimental results presented here indicate that the MBS group is promising as a
protector of the w-guanidino function in arginine during peptide synthesis. Further applica-
tions of this method to the synthesis of complicated biologically active peptides are now in
progress in these laboratories. :

Experimental

All melting points were taken by the capillary method and are uncorrected. The purity of the products
was tested by thin-layer chromatography on silica gel or Avicel. Solvent systems used were: CHC} s—MeOH-
AcOH (9:1: 0.5, Rf 1), AcOEt-pyridine-AcOH-H,O (60: 20: 6: 10, Rf 2), 7n-BuOH-AcOH-H,O (4:1:1,
Rf 3), n-BuOH-pyridine-AcOH-H,0O (30: 20: 6: 24, Rf 4), AcOEt-n-BuOH-AcOH-H,O (1:1: 1: 1, Rf 5).

Z-Arg(MBS)-OH-DCHA Salt (I) Z-Arg-OH® (55.5 g, 0.18 mole) was dissolved in a mixture of 180 ml
of 4 x sodium hydroxide and 1300 ml of acetone at room temperature, cooled to 0° and stirred vigorously. To
this solution, p-methoxybenzenesulfonyl chloride® (74.4 g. 0.36 mole) dissolved in 300 ml of acetone was
added dropwise at 0° during a period of 30 min. After being stirred for 2 hr at 0° and then for 2 hr at room
temperature, the reaction mixture was acidified with citric acid and then evaporated under reduced pressure
at 40°, The resulting oily residue was dissolved in AcOEt. The AcOEt layer was washed twice with water,
and then extracted three times with 400 ml of 5% sodium bicarbonate solution. This extract was acidified
with citric acid and the resulting oily residue was extracted with AcOEt. The AcOEt layer was washed twice
with water and dried over anhyd. Na,SO,. The solvent was evaporated i vacuo to give an oil: yield 86.0g.

The oily residue was dissolved in 600 ml of AcOEt and to this solution, dicyclohexylamine (36.0 ml,
0.18 mole) was added. The mixture was allowed to stand in a refrigerator overnight. The resulting crystal-

17) The biological activity of this synthetic tuftsin will be reported elsewhere.
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line material was collected by filtration and then recrystallized twice from acetonitrile: yield, 77.0 (61.1%);
mp 110.0—112.0°; [«]¥ +5.1° (¢=1.35 in MeOH); Rf 1=0.18, Rf 2=0.69. Anal. Calcd. for Cg;H;iO,N;S-CHj-
CN: C, 59.98; H, 7.48; N, 11.99; S, 4.58. Found: C, 59.97; H, 7.74; N, 11.72; S, 4.59.

H-Arg(MBS)-OH (II) The crude oily Z-Arg(MBS)-OH (2.0 g) was dissolved in 20 ml of MeOH and
hydrogenated over Pd catalyst (0.2 g) for 3 hr. Pd catalyst was filtered off and the filtrate was evaporated
in vacuo to dryness. The resulting residue was recrystallized from boiling water: yield, 900 mg; mp 144.0—
146.0° (decomp.); [«]® —6.1° (¢=0.71 in MeOH); Rf 2=0.08, Rf 3=0.25. Anal. Calcd. for C,3H,,0O:N,S-1/2H,-
0: C, 44.18; H, 5.99; N, 15.85; S, 9.07. Found: C, 44.05; H, 5.80; N, 15.75; S, 8.99.

Removal of MBS Group by Methanesulfonic Acid (a) Compound II (34.4 mg, 0.1 mmole) was treated
with 0.5 ml of methanesulfonic acid containing 0.025 m! of anisole at 21° for 40 min. To this reaction mix-
ture, 10 ml of ether was added and the resulting oily precipitate was washed three times with ether by de-
cantation and then subjected to quantitative amino acid analysis. The result is shown in Fig. 1 (a).

(b) Compound II (34.4 mg, 0.1 mmole) was previously dissolved in 0.25 ml of trifiuoroacetic acid and
then treated with 0.25 ml of methanesulfonic acid containing 0.025 ml of anisole at 21° for 35 min. This
reaction mixture was worked up in the manner described above. The result is shown in Fig. 1 (b).

Removal of MBS Group by BTFA Compound II (34.4 mg, 0.1 mmole) was dissolved in 0.5 ml of tri-
fluoroacetic acid and to this solution, 6, 8, or 10 equivalents of BTFA" in trifluoroacetic acid was added under
ice-cooling. After being stirred at 0° for 60 min, the reaction mixture was diluted with 10 ml of ice-cooled
water and then lyophilized. The resulting residue was subjected to quantitative amino acid analysis. The
result is shown in Fig. 1 (c).

Z-Arg(MBS)-ONBzl (III)-—1In a separatory funnel, compound I (7.0 g, 0.01 mole) was suspended in
200 ml of AcOEt and to this, 60 ml of ice-cooled 0.2 N H,SO, was added. The mixture was shaken vigorously
until I dissolved completely. The organic layer was washed twice with water and dried over anhyd. Na,-
SO,. The solvent was evaporated iz vacuo to give an oily residue. This oily residue was dissolved in 30 ml
of DMF and to this, triethylamine (1,68 ml, 0.012 mole) and p-nitrobenzyl bromide (2.5 g. 0.012 mole) were
added under ice-cooling. The reaction mixture was stirred for 2 hr at 80° and poured into 300 ml of water.
The resulting oily residue was extracted with AcOEt. The AcOEt layer was washed with 1 x HCl and 59,
sodium bicarbonate and dried over anhyd. Na,SO,. The solvent was evaporated i# vacuo, then the resulting
oily residue was triturated with pet-ether: yield, 6.2 g (100%); mp 90.0—110.0° (decomp.); [«]5 —3.4° (c=
0.59 in DMF); Rf 1=0.60. Anal. Calcd. for C,H;,O,N;S: C, 54.80; H, 5.09; N, 11.41; S, 5.28. Found: C,
55.49; H, 5.15; N, 11.15; S, 4.36.

Z-Phe-Arg(MBS)-ONBzl (IV)——Compound III (6.1 g, 0.01 mole) was dissolved in 35 ml of 25% HBr
in acetic acid. After 30 min, ether was added to this solution and the resulting precipitate was collected by
filtration and washed with ether then dried over NaOH pellets in vacuo for 12 hr. The dried powder was
dissolved in 30 ml of DMF, This solution was cooled to 0°, then triethylamine (2.8 ml, 0.02 mole) was added.
The resulting salt was filtered off.  To the filtrate, Z-Phe-ONB* (4.6 g, 0.01 mole) was added and the reac-
tion mixture was stirred for 12 hr at room temperature. The reaction mixture was diluted with 300 ml
of water and the resulting oily product was extracted with AcOEt, The AcOEt layer was washed with 1~
HCl and 5% NaHCO, then dried over anhyd. Na,SO,. The solvent was evaporated iz vacuo to give an oil,
which was crystallized by addition of pet-ether. Recrystallization from EtOH gave 4.5 g (59.2%) of IV:
mp 130.0—132.0°%; [o}% —6.8° (¢=0.66 in DMF); Rf 1=0.62. Awnal. Calcd. for CgH,00,,N;S: C, 58.41; H,
5.30; N, 11.05; S, 4.22. Found: C, 58.52; H, 5.19; N, 10.98;S, 4.36.

BOC-Ser-Pro-0Bzl (V) H-Pro-OBz1-HCl (8.5 g, 0.035 mole) was dissolved in 100 ml of acetonitrile.
To this solution, triethylamine (4.9 ml, 0.035 mole) and BOC-Ser-OH (6.2 g, 0.03 mole) were added under
ice cooling. Next, DCC (6.5 g, 0.0325 mole) was added and the reaction mixture was stirred for 48 hr at 4°.
The insoluble materials formed were filtered off and the filtrate was evaporated in vacuo. The residue was
dissolved in 200 ml of AcOEt and washed with 1 n HCI and 5% NaHCO,. The solvent was evaporated in
vacuo. The resulting oily product was crystallized by addition of hexane and recrystallized twice from Et-
OH: yield, 8.6 g (72.0%); mp 65.0—67.0°; [a]3 —55.0° (c=0.57 in DMF); Rf 1=0.83. Awnal. Calcd. for Cy-
H,,0,N,-1/2H,0: C, 59.84; H, 7.28; N, 6.98. Found: C, 59.95; H. 7.38; N, 6.59.

BOC-Ser-Pro-OH (VI) Compound V (2.0 g, 0.005 mole) was dissolved in 50 ml of MeOH and hydro-
genated over Pd black (0.2 g) for 3 hr. The catalyst was filtered off and the filtrate was evaporated in vacuo
to dryness. The resulting residue was crystallized by adding hexane and recrystallized from AcOEt-pet-
ether: vield, 1.5 g (100%); mp 147.0—148.0° (decomp.); [«]§ —52.6° (¢=0.56 in DMF); Rf 1=0.20. Anal.
Calcd. for C,,H,,04N,: C, 51.64; H, 7.34; N, 9.27. Found: C, 51.42; H, 7.30; N, 9.27.

BOC-Ser-Pro-Phe-Arg(MBS)-ONBzl (VII) Compound IV (3.8 g, 0.005 mole) was dissolved in 20 ml
of 25% HBr in acetic acid at room temperature. After 40 min, ether was added to this solution. The re-
sulting precipitate was collected by filtration and dried over NaOH pellets in vacuo for 12 hr. The dried
powder was dissolved in 20 ml of DMF and to this solution, triethylamine (1.4 ml, 0.001 mole) was added
under ice-cooling. The resulting salt was filtered off and to the filtrate, VI (1.5 g, 0.005 mole) and HONB™
(900 mg, 0.005 mole) were added. The mixture was cooled to 0°, then DCC (1.03 g, 0.005 mole) was added.
The reaction mixture was stirred for 48 hr at 4° and then for 24 hr at room temperature. The solvent was
evaporated i vacuo to dryness and the residue was dissolved in 100 ml of AcOEt. The AcOEt layer was
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washed with 0.2 n HCI and 5% NaHCO,, then dried over anhyd. Na,SO,. AcOEt was evaporated iz vacuo
and the resulting oily product crystallized upon adding pet-ether: yield, 3.8 g (83.4%); mp 155.0—160.0°
(decomp.); [a]p —26.0° (¢=0.52 in DMF); Rf 1=0.61. Anal. Calcd. for C,H;,0,,NS-1/2H,0: C, 54.83; H,
6.02; N, 12.18; S, 3.49. Found: C, 54.81; H, 6.00; N, 11.87; S, 3.53. ‘

BOC-Phe-Ser-Pro-Phe-Arg(MBS)-ONBzl (VIII) Compound VII (3.64 g, 0.004 mole) was dissolved
in 30 ml of trifluoroacetic acid at room temperature. After 30 min, the excess of trifiuoroacetic acid was
evaporated off. The residue was triturated with ether, collected by filtration and then dried over NaOH
pellets ¢n vacuo for 12 hr. The dried powder was dissolved in 20 ml of DMF and to this solution, triethyl-
amine (0.56 ml, 0.004 mole) and BOC-Phe-ONB) (1.72 g, 0.004 mole) were added. The reaction mixture
was stirred for 6 hr and the solvent was evaporated i vacuo to dryness. The resulting residue was dissolved
in 100 m! of AcOEt. The AcOEt layer was washed with 0.2 x HCl and 5% NaHCO, and dried over anhyd.
Na,S50O,. The solvent was evaporated ¢» vacuo to give a crystalline residue, which was recrystallized from
AcOEt: yield, 4.0 g (94.6%); mp 165.0—170.0°; [«]% —22.2° (¢=0.59 in DMF); Rf 1=0.65. Anal. Calcd. for
Cs1H30,,N.S-H,0: C, 56.92; H, 6.09; N, 11.71; S, 2.92. Found: C, 56.58; H, 5.76; N, 11.66; S, 3.17.

Z-Pro-Pro-0'Bu (IX)——Z-Pro-OtBu (24.4 g, 0.08 mole) was dissolved in 250 ml of methanol and hydrogen-
ated over Pd black (3.0 g) for 5 hr. The catalyst was filtered off and the filtrate was evaporated i vacuo to
dryness. The residue was dissolved in 100 ml of DMF and to this solution, Z-Pro-ONB (32.8 g, 0.08 mole)
was added. After being stirred at 80° for 8 hr, the reaction mixture was allowed to stand for 12 hr at room
temperature and then was poured into 1000 ml of water. The resulting oily product was extracted with
AcOEt. The AcOEt layer was washed with 0.2 x HCl and 5% NaHCO,, then dried over anhyd. Na,SO,.
The solvent was removed i vacuo and the resulting residue was crystallized by addition of pet-ether: yield,
24.8 g (60.0%); mp 84.0—85.0°; [e]5 —79.2° (¢=0.52 in DMF), Rf 1=0.85. Aunal. Calcd. for C,,H,,O5N,: C,
65.65; H, 7.51; N, 6.96. Found: C, 65.87; H, 7.54; N, 7.04.

Z-Pro-Pro-OH (X) Compound IX (4.1 g. 0.0106 mole) was dissolved in 25 ml of trifiuoroacetic acid
at room temperature. After 30 min, the excess of trifluoroacetic acid was evaporated off and the resulting
residue was dissolved in 100 ml of AcOEt. The AcOEt layer was washed with water, then dried over anhyd.
Na,SO,. The solvent was evaporated i» vacuo and the residue was crystallized by adding pet-ether. Re-
crystallization from AcOEt gave 2.2 g (60.0%) of X: mp 189.0—190.0° (1it.1» mp 187.0—190.0°); [«]% —79.8°
(¢=0.56 in DMF), Rf 1=0.40. Aunal. Calcd. for C,;H,,0,N,: C, 62.41; H, 6.40; N, 8.09. Found: C, 62.32;
H, 6.51; N, 8.01.

Z-Arg(MBS)-Pro-Pro-Gly-0‘Bu (XI) Compound X (4.45 g, 0.0129 mole) and HONBW (2.31 g, 0.0129
mole) were dissolved in 50 ml of dioxane, then DCC (2.6 g, 0.0129 mole) was added under ice-cooling  After
4 hr, the urea formed was filtered off and the filtrate was combined with H-Gly-O’Bu (3.28 g, 0.025 mole).
The reaction mixture was stirred for 48 hr at room temperature, then the solvent was removed i vacuo to
dryness. The resulting oil was dissolved in 100 ml of AcOEt. The AcOEt layer was washed with 0.2 x HCl
and 5%, NaHCO;, then dried over anhyd. Na,SO,. The solvent was evaporated in vacuo and the resulting
oil was washed three times with pet-ether by decantation: yield, 4.9 g (82.2%), Rf 1=0.80. This oily product,
Z-Pro-Pro-Gly-O‘Bu (4.9 g, 0.0106 mole), was dissolved in 70 ml of MeOH and hydrogenated over Pd black
(0.5 g) for 24 hr. The catalyst was filtered off and the filtrate was evaporated é» vacuo to dryness. The re-
sulting residue, Z-Arg(MBS)-OH [prepared from I (7.42 g, 0.0106 mole)] and HONB (2.0 g, 0.0111 mole)
were dissolved in a mixture of 10 m! of tetrahydrofuran and 90 ml of dioxane. To this solution, DCC (2.4
g, 0.0117 mole) was added under ice-cooling. The reaction mixture was stirred for 48 hr at 4° and then the
urea formed was filtered off and the filtrate was evaporated in vacuo to dryness. The resulting oily product
was dissolved in 100 ml of AcOEt. The AcOEt layer was washed with 0.2 x HCl and 5%, NaHCO,, then dried
over anhyd. Na,SO,. The solvent was removed i» vacuo and the residue was triturated with ether., This
product was purified by reprecipitation from AcOEt-ether: yield, 5.5 g (66.2%); mp 120.0—130.0° (decomp.);
[¢]5 —47.7° (¢=0.53 in DMF), Rf 1=0.70. Anal. Calcd. for Cy,H;,0,,N,S-1/2H,0: C, 55.90; H, 6.59; N,
12.33; S, 4.03. . Found: C, 55.89; H, 6.62; N, 12.31; S, 4.05.

Z-Arg(MBS)-Pro-Pro-Gly-OH (XII) Compound XTI (4.72 g, 0.006 mole) was dissolved in 30 ml of
trifluoroacetic acid and the solution was allowed to stand for 30 min at room temperature. The excess of
trifluoroacetic acid was removed % vacuo and the residue was dissolved in 150 ml of AcOEt. The AcOEt
layer was washed three times with water and dried over anhyd. Na,SO,. AcOEt was evaporated in vacuo
and the resulting oily residue was triturated with ether. 'The product was purified by reprecipitation from
hot AcOEt: yield, 3.5 g (85.4%); mp 80.0—90.0° (decomp.); [«]} —46.4° (¢=0.56 in DMF), Rf 1=0.44. Anal.
Calcd. for Cy3H,30,,N,S-H,0: C, 53.00; H, 6.06; N, 13.11; S, 4.29. Found: C, 53.13; H, 6.03; N, 12.60; S,
4.26.

Z-Arg(MBS)-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg(MBS)-ONBzl (XIII)——Compound VIII (1.06 g, 0.001
mole) was dissolved in 12 ml of cold trifluoroacetic acid and the solution was allowed to stand for 30 min at
room temperature. To this solution, 0.17 ml of 5.85 N~ HCl in dioxane was added, then the excess of trifluoro-
acetic acid was removed in vacuo. The residue was triturated with ether and dried over NaOH pellets i%
vacuo for 12 hr. The dried powder was dissolved in 20 ml of DMF, then 1.28 ml of 10%, N-ethylmorpholine
in DMF was added under ice-cooling, followed by XII (730 mg, 0.001 mole) and HONB (270 mg, 0.0015
mole). To this mixture, DCC (247 mg, 0.0012 mole) was added and the reaction mixture was stirred for 72
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hr at 4°, then for 24 hr at room temperature. The urea formed was filtered off and the filtrate was evaporated
in vacuo to dryness. The residue was triturated with ether. The product was purified by reprecipitation
from EtOH: yield, 1.4 g (84.0%), mp 120.0—125.0° (decomp.); [«]% —37.1° (¢=0.56 in DMF), Rf 1=0.60.
Amal. Caled. for CpgHe0,,N,(S-H,0: C, 55.62; H, 5.91; N, 13.14; S, 3.76. Found: C, 55.62; H, 5.87; N,
12.97; S, 3.87. Amino acid Anal. (6 ~ HCL 110°, 24 hr): Arg, 1.94 (2); Ser, 0.96 (1); Pro, 3.08 (3); Gly, 0.96
(1); Phe, 1.98 (2). Average recovery 98.0%. . :
H-Arg(MBS)-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg(MBS)-OH  (XIV) Compound XIII (4.0g, 0.0024
mole) was dissolved in 100 ml of 809, aqueous acetic acid and hydrogenated over Pd black (0.5 g) for 8 hr.
The catalyst was filtered off and the filtrate was evaporated in vacuo to dryness. The resulting oily residue
was triturated with acetone. The product was collected by filtration and washed with hot acetone: yield,
3.4 g (100%), mp 170.0—180.0° (decomp.); [a]¥ —51.3° (¢=0.50 in acetic acid), Rf 2=0.06, Rf 3=0.21. Anal.
Caled. for Cg,Hy;0,,N;5S,-H,0: C, 54.19; H, 6.18; N, 14.81; S, 4.52. Found: C, 54.16; H, 6.35; N, 14.76;
-5, 4.58.  Amino acid 4nal. (6 N HCI, 110°, 24 hr): Arg, 2.07 (2); Ser, 0.93 (1); Pro, 2.90 (3); Gly, 1.00 (1); Phe,
1.95 (2). Average recovery 1009%. . : :
Preparation of H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH (bradykinin) with Methanesulfonic Acid
Compound XIV (280 mg, 0.2 mmole) was treated with 3.0 ml of methanesulfonic acid containing 0.12 ml of
anisole at 21° for 40 min. To this reaction mixture, 100 ml of ether was added, then the resulting oily pre-
cipitate was washed with ether by decantation. The residue was dissolved in 10 ml of water, then passed
through a column of Amberlite IRA-410 (acetate form; 2.5 10 cm). The eluate (100 ml) was then subjected
‘to chromatography on carboxymethylcellulose column (2.5 12 cm). The column was washed with 100 ml
of 0.01 m ammonium acetate (pH 6.9), then eluted by linear gradient method using ammonium acetate (0.01
M/0.3 M=500 m1/500 ml). The desired fractions (200—270 ml) were collected and then Iyophilized: 178 mg.
This material was purified by rechromatography on a column of carboxymethylcellulose in the same manner,
then passed through a column of Bio-Gel P-6 (5 X 35 cm) using 1 n acetic acid as eluting agent.. The desired
fractions were collected and lyophilized: yield, 170 mg; [«]% —80.8° (¢=0.49 in H,0), Rf 3=0.06, Rf 4=0.72
(Avicel), Rf 5=0.11. Anal. Caled. for C4H,,0,,N,5-3CH,COOH -4H,0: C, 51.25; H, 7.14; N, 16.01. Found:
C, 51.02; H, 6.62; N, 16.94. Amino acid 4#ual. (6.x HC], 110°, 24 hr): Arg, 2.03 (2); Ser,0.91 (1); Pro, 3.00
(3); Gly, 1.03 (1); Phe, 1.98 (2)."- Average recovery 88.3%. Paper electrophoresis: —4.2 cm (pH 1.9, 500 V,
60 hr). : Co e, L . ;
‘ Preparation of H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH (bradykinin) with BTFA——Compound
XIV (280 mg, 0.2 mmole) was treated with 50 equivalents of BTFA in 30 ml of triflucroacetic acid at 0° for
1hr. The excess.of trifluoroacetic acid was evaporated 5% vacuo, then the residue was dissolved in' 100 ml of
water. The insoluble material was filtered off and the filtrate was lyophilized.  The lyophilized material was
.dissolved in 20 ml of water, then passed through a column of Amberlite IRA-400 (acetate form; 2.5 cm X 10.0
cm). Next the eluate (100 ml) was subjected to chromatography on a carboxymethylcellulose column (3.0
cm X 10.0 cm). The column was washed with 400 ml of 0.01 M ammonium acetate, then eluted by exponential
gradient method using ammonium acetate (0.01m/0.3 M=700 ml/700 ml). The desired fractions (200—400
ml) were collected, then lyophilized: 190 mg. This product was dissolved in 10 ml of 0.01 M ammonium ace-
tate, then applied to a column of Amberlite XAD-2 (2.5 cm x 10.0 cm) and washed with 100 ml of 0.01 mole
ammonium acetate. The desired material was eluted by exponential gradient method (0.01 M ammonium
acetate/509%, aqueous EtOH containing 0.5%, acetic acid=500 ml/500 ml) and lyophilized. The lyophilized
material was dissolved in 5 ml of 1 ~ acetic acid and passed through a column of Bio-Gel P-6 (5.0 cm x 85.0
cm) using 1 N acetic acid as an eluant. The desired fractions were collected and lyophilized; yield, 153 mg;
{e]b —80.9° (¢=0.43 in H,0), Rf 3-0.06, Rf 4=0.72 (Avicel), Rf 5=0.11. Anal, Calcd. for CyyH,304;,N,5-3CH,—
COOH-4H,0: C, 51.25; H, 7.14; N, 16.01. Found: C, 51.02; H, 7.14; N, 16.47. Amino acid Anal. (6 N HCI,
110° 24 hr): Arg, 2,02 (2); Ser, 0.96 (1); Pro, 2.93.(3); Gly, 1.02 (1); Phe, 1.98 (2). Average recivery 87.09%.
Z-Pro-Arg(MBS)-OH (XV)——Compound II (2.76 g, 8 mmoles) was dissolved in 15 ml of DMF and to
this solution were added triethylamine (1.12 ml, 8§ mmoles) and Z-Pro-ONB) (3,28 g, 8 mmoles). - The reac-
tion mixture was stirred for 6 hr at room temperature, then 1.5 ml of glacial acetic acid was added. After
evaporation of the solvent, the residue was dissolved in. AcOEt. AcOEt layer was washed three times with
water, then evaporated. The residue was triturated with ether and reprecipitated from chloroform—ether:
yield, 3.9 g (856%); mp 80—85.0° (decomp.); [a]¥ —16.3° (c=0.58 in DMF); Rf 1=0.20. Aual. Calcd. for
CoeHgsOsN:S-1/2H,0: C, 53.41; H, 5.86; N, 12.00; S, 5.44. Found: C, 53.37; H, 5.78; N, 11.66; S, 5.20.
BOC-Lys(Z)-Pro-Arg(MBS)-OH (XVI) Compound XV (3.46 g, 6 mmoles) was dissolved in 100 ml of
a mixture of MeOH-water—acetic acid (6:.3: 1) and hydrogenated over Pd black (0.3 g) for 8 hr. The catalyst
was filtered off and the filtrate was evaporated in vacuo to dryness, The residue was dissolved in 10 ml of
DMF together with triethylamine (0.84 ml, 6 mmoles) and BOC-Lys(Z)-OTCP (3.36 g, 6 mmoles), The reac-
tion mixture was stirred for 12 hr at room temperature, then 2 ml of glacial acetic acid was added. After
evaporation of the solvent, the residue was dissolved in AcOEt. The AcOEt layer was washed three times
with water, then evaporated. The residue was triturated with ether and reprecipitated from chloroform—
ether: yield, 3.4 g (70.9%); mp 103—109.0° (decomp.); [«]% —19.4° (¢=0.70 in DMF); Rf 1=0.25. Anal.
Caled. for Cy;H;30,;N;S-1/2H,0: C, 54.67; H, 6.69; N, 12.06; S, 3.94. Found: C, 54.72; H, 6.70; N, 11.78;
S, -3.80.
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Z-Thr-Lys(Z)-Pro-Arg(MBS)-OH (XVII) Compound XVI (1.85 g, 2.3 mmoles) was treated with tri-
fluoroacetic acid (10 ml) for 20 min at 10°. After evaporation of the acid, the residue was triturated with
ether, collected by filtration, then dried over NaOH pellets. The dried powder was dissolved in 10 ml of DMF
together with triethylamine (0.64 ml, 2.3 mmoles) and Z-Thr-ONB™ (952 mg, 2.3 mmoles). The reaction
mixture was stirred for 12 hr at room temperature, then 2 ml of glacial acetic acid was added. After evapora-
tion of the solvent, the residue was triturated with ether, then reprecipitated from AcOFEt-ether: yield, 2.1

g (95.5%); mp 90.0—95.0° (decomp.); [a]§ —15.8° (c=0.62 in DMF); Rf 1=0.15. Anal. Calcd. for C,H,-
OMNSS C, 56.28; H, 6.23; N, 11.93; S, 3.42. Found: C, 55.99; H, 6.22; N, 11.56: S, 3.36.

Preparation of H-Thr-Lys-Pro-Arg-OH (tuftsin) with Methanesulfonic: Acid Compound XVII (1.88
g, 2 mmoles) was treated with methanesulfonic acid (17 ml) in the presence of anisole (1.0 ml) at 21° for 45
min, then ether was added. The resulting oily precipitate was washed with ether by decantation. This
was then dissolved in water (10 ml) and passed through a column of Amberlite IRA-410 (acetate form; 2.5 x
10.0 cm). The effluent (200 ml) was pooled, then applied to a column of carboxymethylcellulose (2.5x15.0
cm), which was washed with water (500 ml), then eluted by linear gradient method using ammonium acetate
buffer (water/0.2 M=500 m1/500 ml). The desired fractions (located by Ninhydrin and Sakaguchi tests; 250—
310 ml) were pooled and lyophilized. The lyophilized material was dissolved in a small amount of 0.1 N acetic
acid, then passed through a column of Sephadex LH-20 (3.0 X 130.0 cm) using 0.1 N acetic acid as an eluting
agent. The desired fractions were pooled and lyophilized to constant weight: yield, 840 mg; [«]® —60.2°
(¢=0.55 in 5% acetic acid) [lit.’® [«]F7 —60.8° (c=0.60 in 5% acetic acid)]; Rf 3=0.04, Rf 4=0.20, Rf 5=0.14.
Amino acid Anal. (6 N HCl, 110° 24 hr): Lys, 1.01 (1); Arg, 1.00 (1); Thr, 0.99 (1); Pro, 1.06 (1). Average
recovery 100%. Anal. Caled. for Cy,H,O,N,-2CH,COOH-1.5H,0: C, 46.35; H, 7.93; N, 17.30. Found:
C, 46.06; H, 7.89; N, 17.28.
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