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T22 ([Tyr>'?, Lys’]-polyphemusin II) was previously synthesized by a solid-phase method and was found to
have a strong anti-human immunodeficiency virus (HIV) activity, comparable to that of 3’-azido-2’,3'-dideoxy-
thymidine (AZT). In the present study, the solution-phase synthesis of T22 was attempted in order to produce this
peptide on a large scale. An 18-residue peptide amide corresponding to the entire amino acid sequence of T22 was
synthesized by assembling four peptide fragments and two amino acid derivatives, followed by thioanisole-mediated
deprotection with 1M trimethylsily! trifluoromethanesulfonate (TMSOTY) in trifluoroacetic acid followed by
air-oxidation. During this deprotection, a significant by-product derived from the transfer of the p-methoxybenzyl
(MBzl) group from the sulfhydryl group of the cysteine residue to the side chain of the tryptophan residue was
formed. This side reaction was found to be efficiently suppressed by adopting a two-step deprotection procedure
using silver trifluoromethanesulfonate (AgOTf)-TMSOT{ or trimethylsilyl bromide (TMSBr)-TMSOTH.
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Tachyplesins I, IT and ITI and polyphemusins I and II,
which are abundant in hemocyte debris of the Japanese
horseshoe crab (Tachypleus tridentatus) and the American
horseshoe crab (Limulus polyphemus), respectively, inhibit
the growth of gram-positive and gram-negative bacteria
and some fungi.? Furthermore, these peptides were shown
to have antiviral activity against vesicular stomatitis virus,
influenza A virus and HIV-1.>* We have synthesized
more than 100 peptide analogs of tachyplesin and poly-
phemusin by the solid-phase method. Among these
peptides, we found a novel compound, T22 ([Tyr>'?,
Lys”]-polyphemusin II), which showed strong anti-HIV
activity and relatively low cytotoxicity in vitro.” The 50%
inhibitory concentration of T22 was 2.6nM, a value com-
parable to that of AZT (5.2nm). T22 is an 18-residue
peptide amide possessing two disulfide bonds, and takes
an antiparallel B-sheet structure with a type-II B-turn as
determined by 'H-NMR.® Our recent studies showed that
T22 exerted its effect on a process, most probably the
virus-cell fusion, immediately after virus adsorption,” and
that the anti-HIV activity of T22 was mediated through
interaction with a chiral component(s) of the cell or virus.®
In order to examine in detail the mechanism of the strong
anti-HIV activity of T22, and its stability and cytotoxicity
in vivo, etc., a large quantity of T22 is required. In the
present study, T22 was synthesized by a solution-phase
method, which is suitable for synthesis on a large scale.
We also report the details of the side reaction observed
during the deprotection, and the optimal conditions to
suppress this side reaction.

Results and Discussion

Synthesis of T22 Four peptide fragments and two
amino acid derivatives were selected as building blocks
to construct the entire peptide backbone, as shown in
Fig. 1, and amino acid derivatives bearing protecting
groups removable by treatment with 1M TMSOT{-thio-
anisole/TFA® were employed, i.e., Cys(MBzl),'® Lys(Z),
Arg(Mts),*? Tyr(Cl,Bzl),'? and Trp(Mts).'? Each
fragment ([ 11, [2], [4], or [6]) was prepared in a stepwise
manner by the WSCD!*® plus HOBt procedure, the Su
active ester procedure!> or the MA procedure,'® followed
by the usual hydrazine treatment (except for [1]) (see
Experimental). Four peptide fragments thus obtained and
two amino acid derivatives were then successively as-
sembled according to the route illustrated in Fig. 1. The
fragment condensations using the azide procedure!”
proceeded from the C-terminal in DMF or DMF-NMP
(1:1), each with the acyl component being employed in
slight excess (1.2 to 1.7eq). Every reaction was carried out
without significant problems and each product was purifi-
ed by precipitation from DMF with MeOH. Consequent-
ly, 19¢g of the protected T22 was obtained in the good
yield of 67% as calculated from the C-terminal fragment
[17].

In the final step, the protected T22 was treated with
1M TMSOTf-thioanisole/TFA to remove all protecting
groups. The deprotected peptide was air-oxidized to form
two disulfide bridges (Fig. 2). HPLC examination of the
crude air-oxidized product showed the presence of two
major components (Fig. 3). Each product was isolated by
HPLC. The product obtained from the front eluate was
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1-2[6] Z(OMe)-Arg(Mts)-Arg(Mts)-NHNH2

azide

3151 Z(OMe)-Trp(Mts)-OH

4-7{4] Z(OMe)-Cys(MBzl)-Tyr(Cl2Bz!)-Arg(Mts)-Lys(Z)-NHNH2

1.WSCD-HOBt
2.TFA

1.azide

8 [3] Z(OMe)-Cys(MBzl)-OH

9-11 2] Z(OMe)-Tyr(Cl2Bzl)-Lys(Z)-Gly-NHNHz

12-18 [1] Z(OMe)-Tyr(Cl2Bzl)-Cys(MBzl)-Tyr(Cl2Bzl)-Arg(Mts)-
Lys(Z)-Cys(MBzl)-Arg(Mts)-NH2

position

2.TFA

1.WSCD-HOBt
2.TFA

TFA

Z(OMe)-Arg(Mts)-Arg(Mts)-Trp(Mts)-Cys(MBzl)-Tyr(Cl2Bzl)- Arg(Mts)-Lys(Z)-Cys(MBzl)-Tyr(Cl2Bzl)-
Lys(Z)-Gly-Tyr(Cl2Bzl)-Cys(MBzl)-Tyr(Cl2Bzl)-Arg(Mts)-Lys (Z)-Cys(MBzl)-Arg (Mts)-NH2

Fig. 1. Synthetic Scheme for the Protected T22
Mjs Mts Mjs MBzl ClzBzl Mis 7 MBzl CLBzl 7 CloBzl MBzI ClBzl Mis 7 MBzl Mis
Z(OMe)-Arg-Arg-Trp-Cys-Tyr-Arg-Lys-Cys-Tyr-Lys-Gly-Tyr-Cys-Tyr-Arg-Lys-Cys-Arg-NH,
1. 1M TMSOTt-thioanisole / TFA+EDT. m-cresol
SH SH SH SH
H----Cys-----Cys-----Cys-----Cys---NH,
¢ 2. air-oxidation
H -CYS ----- Cys-----Cys----- C}/s -NH2
Fig. 2. Deprotection by 1 M TMSOT{-Thioanisole/TFA for the Synthesis of T22
i
H—=C—0
He A b
“H H S|
‘l/i‘rf
ITJH 0
tig. 4. NOE Connectivities between the Protons of the MBzl Group
and the Trp? Residue in NMR Analysis of the By-product
peptide. The yield of T22 was low (12%., calculated from
the protected T22), due to the generation of the by-
product, corresponding to the later eluate (T22: by-
product=1:0.63, w/w).
W Characterization of the By-product The ion spray mass
| m value of the by-product was 120 atomic mass units higher
J] than that of T22. This mass difference corresponds to an
MBzl moiety. Amino acid analysis after LAP digestion of
h : 3:) this by-product detected no Trp. These results suggested
5 (min) that the Trp residue had been modified by the MBzl group.
Hime (min With reference to the NMR assignment of all protons of
Fig. 3. Analytical HPLC of Crude T22 Deprotected by | M TMSOTS: T22,2 NMR analysis of this by-product was performed.

Thioanisole/TFA

found to be T22, based on the retention time on HPLC,
ion spray mass spectrometric examination and amino acid
analysis. [ts disulfide-pairings proved to be identical with
those of T22 based on ion spray mass analysis of peptide
fragments derived from the tryptic digest of the synthetic

In its spectrum, the signal at position 2 of the indole ring
(2-H) of Trp* had disappeared and additional signals
corresponding to an M Bzl moiety appeared. Based on the
presence of NOEs between the protons of the MBzl group
and the Trp? residue shown in Fig. 4, the structure of this
by-product was assigned as [Trp(2-MBzl)*]-T22. Its
disulfide-pairings proved to be identical with those of T22.
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Mts ts Mls ME?ZI Cl BzI Mts ; MBzI Ciszl F

Z(OMe)- Arg Arg-Trp-Cys- Tyr Arg Lys- Cys Tyr Lys-Gly- Tyr Cys- Tyr Arg Lys-Cys- Arg NH»

l 1. AgOTf / TFA-anisole

Mts Mts Mts A ClszI Mts Z

Ag Cl.Bzl 7

H- Arg Arg Trp Cys- Tyr Arg Lys Cys Tyr Lys Gly- Tyr Cys Tyr Arg Lys Cys Arg NH,
2.1 M TMSOTf-thioanisole / TFA+EDT, m-cresol

3. DTT reduction
4. gel-filtration

SH SH SH SH

Fig. 5.

This side reaction was similarly detectable, when an
N*-deprotected sample of the protected T22 (obtained by
treatment of the protected T22 with TFA-anisole) was
treated with 1 M TMSOTf-thioanisole/TFA. In addition,
when an equimolar mixture of Boc-Trp(Mts)-OH and
Z(OMe)-Cys(MBzl)-OH was treated with 1M TMSOTSf

thioanisole/TFA at a high concentration (15mwm), the
parent amino acid, Trp, was quantitatively recovered and
no modification of Trp occurred (data not shown). These
findings suggested that the source of the MBzl group
concerned in the modification of the Trp residue was the
protecting group of the side chain of the Cys residue(s),
not the N*-protecting group (Z(OMe)), and that this
transfer was due to an intramolecular mechanism, not an
intermolecular one. The stability of the reactive cation,
MBzl, liberated by acid, its electrophilic and steric prop-
erties, the cation-trapping ability of the indole moiety as a
scavenger, and the distance between the side chain of the
Cys residue(s) and the indole ring of Trp® were related
to the modification of the Trp residue. In terms of the
spatial distance, the MBzl group might transfer from the
side chain of Cys* to the 2’ position of Trp>. In 1978,
Yajima et al. reported that by-products, such as H-
Trp(2'-MBzIl)-OH, were formed during the treatment of
Z(OMe)-Trp—OH with TFA, and that this type of side re-
action was efliciently suppressed by the use of a scavenger
system, such as thioanisole containing 2% EDT-skatole
or dimethylsulfide containing 2% EDT-skatole.'® How-
ever, the present side reaction could not be suppressed
either by increasing amounts of scavengers (2M thioani-
sole, EDT 300—600eq) or by the addition of indole
(5—200¢eq) to the deprotection system (data not shown).
The result indicated that the present modification of the
Trp residue might be attributed to the short spatial distance
between the side chain of Cys* and the indole ring of Trp?.
Several other papers regarding the modification of the 2
position of Trp have been published, i.e., generation of
2'-phenylthiotryptophan by treatment of Boc—Trp(Mts)—
OH with 1 M TFMSA-thioanisole/TFA,'? modification
by the Pmc protecting group of Arg during TFA depro-
tection,?® modification during treatment with mercury(II)
acetate/2-mercaptoethanol in aqueous acetic acid,?" etc.
Formation of the 1’-substituted by-product by rert-butyl
cation during N*-deprotection of Boc with TFA was also
reported.??

Deprotection by Sequential AgOT{/TFA and | M TMSOT{-Thioanisole /TFA Treatments for the Synthesis of T22

Vol. 43, No. 1
Cl BZ\ ME‘%ZI C|QBZ\ M\S % M$Z| MIS
CLBzl Ag CLBzl Mis Z  Ag M
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LP'”\—*”‘// |
: i . — - il i
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Fig. 6. Analytical HPLC of Crude T22 Deprotected by Sequential
AgOT{/TFA and I M TMSOTTf- Thioanisole/TFA Treatments (a) or by
Sequential | M TMSBr Thioanisole/TFA and 1 M TMSOT{-Thioanisole/
TFA Treatments (b)

Studies on the Optimal Deprotection Conditions We
next looked for efficient deprotection conditions for
suppressing the modification of the Trp residue. First, the
protected T22 was treated with AgOTf/TFA-anisole,*?
then with ImM TMSOT{-thioanisole/TFA. The former
treatment was performed to remove MBzl groups from
Cys residues while leaving the other side chain protecting
groups intact (Fig. 5). All of the other protecting groups
were removed by the latter reagent. The deprotected
peptide was treated with DTT to reduce Cys(Ag) to
Cys(SH), followed by gel-filtration and air-oxidation. The
HPLC elution pattern of the crude peptide is shown in
Fig. 6a. This deprotection procedure almost completely
suppressed the generation of the by-product, and
consequently the yield of T22 was increased to 19%.
However, this procedure has some problems: use of an
expensive reagent and heavy metal (AgOTf), and many
steps (reduction and gel-filtration).

Next, a two-step deprotection procedure involving two
consecutive hard acid treatments was attempted. The
protected T22 was treated with the weak hard acid, 1M
TMSBr-thioanisole/TFA,*# then with the stronger hard
acid, 1M TMSOTf-thioanisole/TFA (Fig. 7). The use-
fulness of this procedure for practical solid-phase peptide
synthesis was demonstrated by comparison with other
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CIZBIZI MBlzI ClgPZ’ Mts ; M?zl IVIIts

Z(OMe)-Arg-Arg-Trp-Cys-Tyr-Arg-Lys-Cys-Tyr-Lys-Gly-Tyr-Cys-Tyr-Arg-Lys-Cys-Arg-NH,

1.1 M TMSBr-thioanisole / TFA+EDT, m-cresol
2.1 M TMSOTf-thioanisole / TFA+EDT, m-cresol

S S SH S
H‘---C‘;s ----- C‘;s ----- Cys----- C)ﬁs---NHg
} 2. air-oxidation

Fig. 7. Deprotection by Sequential 1 M TMSBr-Thioanisole/TFA and 1M TMSOTf-Thioanisole/TFA Treatments for the Synthesis of T22

deprotection methods.?® The first treatment cleaves the
potential carbocation forming benzylic protecting groups
sensitive to TMSBr under mild conditions. The resulting
crude product is precipitated from the reaction mixture
by addition of Et,O with removal of the benzyl cation by
an Et,O-wash. In the second step, the other protecting
groups, which are left intact in the first step, are complete-
ly removed from the peptide. In this peptide, the MBzl
group is completely cleaved from Cys residues by 1M
TMSBr-thioanisole/TFA; however, the Mts group of the
Trp residue is less cleavable, and thus is completely
removed by 1M TMSOTf-thioanisole/TFA. The HPLC
elution pattern of the air-oxidized product is shown in
Fig. 6b. This procedure also suppressed this side reaction.
As a result, 152 mg of the purified T22 was obtained from
1 g of the protected T22 in the yield of 26%.

These two deprotection procedures efficiently sup-
pressed the modification of the Trp residue. In both
procedures, the MBzl groups on the Cys residues were
cleaved prior to cleavage of the Mts group on the Trp
residue. In the one-step deprotection with 1 M TMSOTf-
thioanisole/TFA, the MBzl group on Cys and the Mts
group on Trp were cleaved at almost the same time. The
presence of the Mts group in the Trp residue during
cleavage of the MBzl group on the Cys residue may be
indispensable to avoid the modification of the Trp residue
by the MBzl group. Possibly, an electron-withdrawing
substituent, Mts, acts to protect the indole moiety of Trp
against attack of the MBzl cation.!® As a general
deprotection procedure in the synthesis of Trp and the
adjacent Cys(MBzl)-containing peptides, we recommend
the use of the two-step deprotection procedure consisting
of consecutive TMSBr and TMSOTT treatments.

Conclusion

An anti-HIV peptide, T22, was synthesized by a so-
lution-phase method. During its deprotection, a by-
product derived from the modification of Trp by the MBzl
group was generated. The presence of MBzl in the 2’
position of Trp? in the modified peptide was identified by
ion spray mass and NMR spectrometric analyses. Con-
sideration of the spatial distance led to the speculation
that the MBzl group of the side chain of Cys* might
transfer to the 2’ position of Trp3. This side reaction will
also be investigated by examination of the effect of the
relative position of Trp and Cys(MBzl) residues in the
peptide chain on the extent of this modification using
model compounds. The data presented here provide useful
information for the synthesis of peptides containing Trp

and adjacent Cys(MBzl). The two-step deprotection pro-
cedure involving consecutive TMSBr and TMSOTY treat-
ments was efficient in suppressing this type of side reac-
tion. We have demonstrated the advantageous features
of a two-step hard acid deprotection procedure. By
applying this condition, methodology suitable for sup-
plying T22 on a large scale was established. The EC5, of
the sample synthesized by this solution-phase method was
2.5nM, and it was judged to be equivalent to that of the
sample synthesized by a solid-phase method (2.6 nm).
With a large quantity of T22 in hand, the mechanism of
its anti-HIV activity can be examined in detail.

Experimental

N*-Deprotection The N*-protecting group, Z(OMe)?® or Boc, was
cleaved by TFA (ca. 10 ml per 1 g of a peptide) in the presence of anisole
(2eq or more) at ice-bath temperature for 1h. If the N*deprotected
sample was condensed with the next fragment using the WSCD plus
HOBt procedure, 4M HCl solution in dioxane (1.5eq) was added to the
reaction mixture to convert the TFA salt to the HCI salt.2” After
evaporation of the TFA (HCl/dioxane) in vacuo at 30°C or below, the
product was precipitated with Et,O; the resulting powder was collected
by filtration, dried over NaOH in vacuo for 2h and then used for the
condensation reaction.

Condensation Reactions Every reaction was continued until the
solution became negative to the ninhydrin test. The active ester!® and
WSCD'#-HOBt condensation reactions were performed at room
temperature (17-—25°C). The azide was prepared with isoamyl nitrite,
and the reaction was usually conducted at 4°C.'” A mixed anhydride
was prepared with isobutyl chloroformate and the reaction was per-
formed in an ice-bath.!®

Purification Unless otherwise stated, protected peptides were purified
by the following procedure A or B.

Procedure A: For purification of protected peptides soluble in
AcOEt, the extract was washed with 5% citric acid, 5% NaHCO, and
H,0, dried over Na,SO, and concentrated. The residue was recrystallized
from appropriate solvents.

Procedure B: For purification of protected peptides less soluble in
AcOEt, the crude product was triturated with ether and 5% citric acid.
The resulting powder was washed with 5% citric acid, 5% NaHCO,,
and H,0 and recrystallized or precipitated from appropriate solvents.

TLC was performed on silica (Kieselgel G, Merck). Rf values refer
to the following solvent systems (v/v): Rf; CHCl;-MeOH (10:0.5), Rf,
CHCl3-MeOH-H,0 (8:3:1), Rf; CHCl;-MeOH~AcOH (9:1:0.5).
Amino acid analysis was conducted using a Hitachi 835 instrument.
HPLC was performed on a Waters 600E or a Waters LC Module 1
equipped with a Waters 741 Data Module. The solvents for HPLC were
H,0 and CH;CN, both containing 0.1% (v/v) TFA. For analytical
HPLC, uBondasphere 5 C18-100 A (3.9 x 150 mm) was eluted with a
linear gradient of CH;CN (10—40%, 30 min) at a flow rate of 1 ml/min.
Preparative HPLC was performed on a YMC Packed Column (ODS,
20x250mm) at a flow rate of 7ml/min. The elute was monitored by
UV absorption measurement at 220nm. Ion spray mass spectra were
obtained using a Sciex API IIIE Biomolecular Mass Analyzer. LAP
(microsomal type VI-S, lot no. 61H7045) and trypsin (TPCK treated
type XIII from bovine pancreas, lot no. 100H8130) were purchased from
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Sigma.
7Z(OMe)-Cys(MBzl)-Arg(Mts)-NH, An N*deprotected sample of
Boc-Arg(Mts)-NH, (20.65 g, 45.3 mmol) was dissolved in DMF (200 ml),
then Z(OMe)-Cys(MBzl)-OH (18.38 g, 45.3 mmol), HOBt-H,0 (6.94 g,
45.3 mmol), WSCD (7.89 ml, 45.3 mmol) and TEA (3.0ml, 21.6 mmol)
were added and the mixture was stirred overnight. An N*-deprotected
sample of Boc—Arg(Mts)-NH, (13.2 g, 28.9 mmol), HOBt-H,0 (4.42 g,
28.9 mmol), WSCD (5.03ml, 28.9 mmol) and TEA (2.0ml, 14.4 mmol)
were added and the reaction was continued for an additional 18 h. The
product was purified by procedure A, followed by recrystallization from
AcOEt and Et,0; yield 24.67g (73%), mp 84—86°C, [«]g° —9.35°
(¢=0.2, DMF), Rf, 0.77. Anal. Calcd for C35H,4NgOsS,: C, 56.58; H,
6.25; N, 11.32. Found: C, 56.36; H, 6.54; N, 11.30.
Z(OMe)-Lys(Z)-Cys(MBzl)—-Arg(Mts)-NH, An N“deprotected
sample of the above dipeptide amide (28.38 g, 38.2 mmol) was dissolved
in DMF (200ml), then Z(OMe)-Lys(Z)-OH (18.68g, 42.0mmol),
HOBt-H,O (6.43 g, 42.0mmol) and WSCD (7.32ml, 42.0mmol) were
added and the mixture was stirred overnight. The product was purified
by procedure B, followed by recrystallization from DMF and AcOEt;
yield 27.70 g (72%), mp 176—178 °C, [«]2° —12.2° (¢=0.2, DMF), Rf,
0.75. Anal. Caled for C,oHg,NgO,S,: C, 58.54; H, 6.42; N, 11.15.
Found: C, 58.32; H, 6.37; N, 11.06.
Z(OMe)-Arg(Mts)-Lys(Z)-Cys(MBzl)-Arg(Mts)-NH, An N*-
deprotected sample of the above tripeptide amide (27.70 g, 27.6 mmol)
was dissolved in DMF (200 ml), then Z(OMe)-Arg(Mts)-OH [prepared
from 20.5 g (33.1 mmol) of the CHA salt] in DMF (100 ml), HOBt-H,O
(5.06g, 33.1mmol), WSCD (5.76ml, 33.1 mmol) and TEA (1.91ml,
13.8 mmol) were added and the mixture was stirred overnight. The
product was purified by procedure B, followed by recrystallization from
DMF and EtOH; yield 26.56 g (72%), mp 114—115°C, [o]3° —6.19°
(¢=0.2, DMF), Rf, 0.74. Anal. Calcd for C4,HggN;,0,,S;-H,0: C,
56.37; H, 6.65; N, 12.33. Found: C, 56.67; H, 6.41; N, 12.31.
Z(OMe)-Tyr(Cl,Bzl)-Arg(Mts)-Lys(Z)-Cys(MBzl)-Arg(Mts)-NH,
An N*deprotected sample of the above tetrapeptide amide (26.56g,
19.8 mmol) was dissolved in DMF (200 ml), then Z(OMe)-Tyr(Cl,Bzl)-
OH (11.0g, 21.8 mmol), HOBt-H,0 (3.33 g, 21.8 mmol), WSCD (3.79
ml, 21.8 mmol) and TEA (1.38 ml, 9.9 mmol) were added and the mixture
was stirred overnight. The product was purified by procedure B, followed
by recrystallization from DMF and EtOH; yield 29.76 g (90%), mp
154—156°C, [a]2® —11.23° (¢=0.1, DMF), Rf, 0.92. Anal. Calcd for
CgoHgoClLN30,4S5: C, 57.68; H, 5.99; N, 10.93. Found: C, 57.42; H,
6.21; N, 10.80.
Z(OMe)-Cys(MBzl)-Tyr(Cl,Bzl)-Arg(Mts)-Lys(Z)-Cys(MBzl)-
Arg(Mts)-NH, An N*deprotected sample of the above pentapeptide
amide (29.76g, 17.9mmol) was dissolved in DMF (200ml), then
Z(OMe)-Cys(MBz]))-OH (8.69 g, 21.1 mmol), HOBt-H,0 (3.24g, 21.1
mmol), WSCD (3.68 ml, 21.1 mmol) and TEA (1.24 ml, 8.9 mmol) were
added and the mixture was stirred overnight. The product was purified
by procedure B, followed by recrystallization from DMF and MeOH;
yield 32.34 g (96%), mp 159—160°C, [2]2° —15.3° (¢=0.4, DMF), Rf,
0.93. Anal. Caled for Cy1H;,,Cl,N;,0,4S,: C, 57.86; H, 5.98; N, 10.38.
Found: C, 57.59; H, 5.98; N, 10.42.
Z(OMe)-Tyr(Cl,Bzl)-Cys(MBzl)-Tyr(Cl,Bzl)-Arg(Mts)-Lys(Z)—
Cys(MBzl)-Arg(Mts)-NH, [1] An N*deprotected sample of the above
hexapeptide amide (32.34 g, 17.1 mmol) was dissolved in DMF (200 ml),
then Z(OMe)-Tyr(Cl,Bz])-OH (10.36 g, 20.5 mmol), HOBt-H,0 (3.15 g,
20.5 mmol), WSCD (3.58 ml, 20.5mmol) and TEA (1.19ml, 8.6 mmol)
were added and the mixture was stirred overnight. The product was
purified by procedure B, followed by recrystallization from DMF and
MeOH; yield 31.28¢g (83%), mp 200—203°C, [«]3° —16.28° (¢=0.3,
DMF), Rf, 0.91. Anal. Caled for C,o,H,,5sCI,N; 50,08, -H,0: C, 57.65;
H, 5.74; N, 9.42. Found: C, 57.67; H, 5.63; N, 9.57.
Z(OMe)-Lys(Z)-Gly-OMe HCI-H-Gly-OMe (7.00 g, 55.8 mmol)
was dissolved in DMF (100ml), then Z(OMe)-Lys(Z)-OH (24.8¢g,
55.8 mmol), HOBt-H,0 (8.54 g, 55.8 mmol), WSCD (9.71 ml, 55.8 mmol)
and TEA (5.0ml, 36.0 mmol) were added and the mixture was stirred
overnight. The product was purified by procedure A, followed by
recrystallization from MeOH and Et,0O; yield 21.0g (73%), mp 112—
114°C, [«]2° —12.22° (¢=0.3, MeOH), Rf, 0.90. Anal. Caled for
C,cH;;3N;04: C, 60.57; H, 6.45; N, 8.15. Found: C, 60.58; H, 6.49; N,
8.18.
Boc-Tyr(Cl,Bzl)-Lys(Z)-Gly-OMe An N*deprotected sample of
the above dipeptide (24.80 g, 48.1 mmol) was dissolved in DMF (200 ml)
containing TEA (6.69ml, 1eq), then Boc-Tyr(Cl,Bzl)-OSu (31.01¢g,
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57.7mmol) and TEA (6.69ml, 48.1 mmol) were added and the mixture
was stirred overnight. The product was purified by procedure B, followed
by recrystallization from DMF and isopropyl alcohol; yield 35.33 g
(95%), mp 165—167°C, [«]3° —9.65° (¢=0.3, DMF), Rf; 0.19. 4nal.
Calcd for C33H,6CI,N,O,-1/2H,0: C, 58.31; H, 6.05; N, 7.16. Found:
C, 58.37; H, 6.03; N, 11.32.

Z(0OMe)-Tyr(CL,Bzl)-Lys(Z)-Gly-OMe An N*-deprotected sample
of the above tripeptide (31.22g, 40.4mmol) was dissolved in DMF
(200 ml) containing TEA (5.56ml, 1eq), then MZ-SDP (18.40¢g, 60.5
mmol) and TEA (8.41 ml, 60.5 mmol) were added and the mixture was
stirred overnight. The product was purified by procedure B, followed by
recrystallization from DMF and EtOH; yield 29.00g (86%), mp
175—179°C, [a]3® —10.46° (c=0.5, DMF), Rf, 0.39. Anal. Caled for
C,,H,6CLNLO, 4 1/2H,0: C, 59.58; H, 5.59; N, 6.62. Found: C, 59.62;
H, 5.50; N, 6.79.

Z(OMe)-Tyr(Cl,Bzl)-Lys(Z)-Gly-NHNH, [2] The above pro-
tected tripeptide ester (29.00 g, 34.6 mmol) in DMF (150 ml) was treated
with hydrazine hydrate (16.78 ml, 10eq) overnight. The product was
precipitated from DMF with H,O (400 ml), and then washed with H,O,
followed by recrystallization from DMF and EtOH,; yield 26.99 g (93%),
mp 188—192°C, [«]3® —15.82° (¢=0.3, DMF), Rf, 0.67. Anal. Calcd
for C4 H 6Cl,NgOy-H,0: C, 57.54; H, 5.65; N, 9.82. Found: C, 57.84;
H, 5.65; N, 10.09.

Boc—Arg(Mts)-Lys(Z)-OMe HCI-H-Lys(Z)-OMe (21.20g, 64.1
mmol) was dissolved in DMF (200 ml), then Boc-Arg(Mts)-OH (29.3 g,
64.1 mmol), HOBt-H,O (9.00g, 64.1 mmol), WSCD (11.16mil, 64.1
mmol) and TEA (4.4ml, 32.0 mmol) were added and the mixture was
stirred overnight. The product was purified by procedure A, followed
by recrystallization from AcOEt and isopropyl ether; yield 46.0 g (98%),
mp 54—60°C, [«]3° —6.11° (c=0.4, MeOH), Rf; 0.60. Anal. Calcd for
C;35H,NgOoS-H,0-1/4AcOEt: C, 56.94; H, 7.23; N, 11.07. Found: C,
57.03; H, 7.19; N, 11.10.

Boc-Tyr(Cl,Bzl)-Arg(Mts)-Lys(Z)-OMe An N*deprotected sam-
ple of the above dipeptide (30.00 g, 40.9 mmol) was dissolved in DMF
(200 ml), then Boc-Tyr(Cl,Bzl)-OH (18.05g, 40.9 mmol), HOBt-H,0
(6.25g, 40.9mmol), WSCD (7.12ml, 40.9mmol) and TEA (5.70ml,
40.9 mmol) were added and the mixture was stirred overnight. The
product was purified by procedure A, followed by column chroma-
tography on silica (Kieselgel 60-H, Merck) using AcOEt-CHCl; (4:1)
as an eluant; yield 32.0g (74%), mp 90—91 °C, [a]3° —0.80° (¢=0.5,
MeOH), Rf; 0.41. Anal. Caled for C5,;HgsC1,N,0,,S: C, 58.05; H, 6.21;
N, 9.29. Found: C, 58.08; H, 6.46; N, 9.03.

Z(OMe)-Cys(MBzl)-Tyr(Cl,Bzl)-Arg(Mts)-Lys(Z-OMe An N¢*
deprotected sample of the above tripeptide (30.00g, 28.43 mmol) was
dissolved in DMF (200ml), then Z(OMe)-Cys(MBzl)-OH (12.68 g,
31.3mmol), HOBt-H,0 (4.78 g, 31.3 mmol), WSCD (5.44 ml, 31.3 mmol)
and TEA (1.98ml, 14.3 mmol) were added and the mixture was stirred
overnight. The product was purified by procedure B, followed by
recrystallization from DMF and AcOEt; yield 24.0g (63%), mp
138—139°C, [a]3® —13.75° (¢=0.5, DMF), Rf, 0.32. Anal. Calcd for
CecH75CINg0,S,-H,0: C, 58.27; H, 5.93; N, 8.24. Found: C, 58.30;
H, 5.83; N, 8.50.

Z(OMe)-Cys(MBzl)-Tyr(Cl,Bzl)-Arg(Mts)-Lys(Z)-NHNH, [4]
The above protected tetrapeptide ester (24.00g, 17.9 mmol) in DMF
(50 ml) was treated with hydrazine hydrate (8.69ml, 10eq) overnight.
The product was precipitated from DMF with H,O (400 ml), and then
washed with H,0, followed by recrystallization from DMF and Et,0;
yield 23.6 g (98%), mp 190—191 °C, [«]3° —12.89° (c=0.5, DMF), Rf,
0.80. Anal. Caled for C45H,5ClLN O3S, C, 58.16; H, 5.86; N, 10.43.
Found: C, 57.97; H, 5.99; N, 10.44.

Z(OMe)-Arg(Mts)-Arg(Mts)-NHNH, [6] A mixed anhydride [pre-
pared from 11.94g (23.0mmol) of Z(OMe)-Arg(Mts)-OH] in AcOEt
(100 ml) was added to an ice-chilled solution of an N*-deprotected sample
of Z(OMe)-Arg(Mts)-OMe (12.27g, 23.0mmol) in DMF (100ml)
containing TEA (3.19ml, 1eq), then the solution was stirred overnight.
The product was purified by procedure A. The concentrated protected
dipeptide ester in MeOH (150 ml) was treated with hydrazine hydrate
(5.97ml, Seq) overnight. The product was purified by procedure A,
followed by recrystallization from AcOEt and Et,0O; yield 16.77 g (84%),
mp 121—127°C, [«]3° —1.56° (¢=0.4, MeOH), Rf; 0.66. Anal. Calcd
for C34H 56N, 00,3, -H,0: C, 52.67; H, 6.56; N, 15.72. Found: C, 52.65;
H, 6.61; N, 15.98.

Synthesis of Protected T22 -Successive azide or WSCD-HOBt con-
densations of the four fragments and two amino acid derivatives were
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TaBLE 1. Characterization of the Protected T22 and Its Intermediates
Analysis (%)
Yield o [«J3° (°) . Caled Found
(%) Rf; mp (°C) (¢=0.3, DMF) Formula
C H N C H N

Z(OMe)-(9—18)-NH, 99 0.59 230—233  —1520  C,3oH,56CIN,405S, 58.52 562 933 5849 559 923
Z(OMe)-(8—I18)-NH, 98 0.64 252—255 —16.44 Ci50H;7,CIN,00,5Ss 58.57 564 9.11 58.37 580 9.39
Z(OMe)(4—18)-NH, 92 092 260—270  —10.97  CheH,35ClgN;405S,-3H,0 57.86 575 917 5774 584 917
Z(OMe)-(3—I8)-NH, 85  0.55 273—277  —14.32  CypeH,54ClgN3o0,,Sg- H,O0 5890 569 912 5875 S73 912
Z(OMe)-(1—I18)-NH, 88 035 269—272 =716 C,56H30,ClgN33045S0 5837 578 10.10  58.10 5.75 10.08

carried out according to the indicated route (Fig. 1). Prior to con-
densation, the Z(OMe) group was removed from the respective amino
component. An N®deprotected sample was dissolved in DMF or
DMF-NMP (1:1 for condensations of [2], [4], and [6]) containing
TEA (leq). The corresponding azide of [2], [4], and [6] (the amount
was from 1.2 to 1.7 eq as chain elongation progressed) in DMF or NMP
(for [4]) and TEA (leq to peptide azide) were added to the above
ice-chilled solution and the mixture was stirred at 4 °C until the solution
became negative to the ninhydrin test. H,O was added and the resulting
powder was purified by procedure B, followed by precipitation from
DMF with MeOH. The amino acid derivative of [3] (or [5]) (1.5eq),
HOBt (1.5eq), WSCD (1.5eq) and TEA (0.5 eq) were added to the above
solution of the corresponding N*-deprotected peptide and the mixture
was stirred at 4 °C. The product was purified by procedure B, followed
by recrystallization from DMF and MeOH. Yields, physical constants
and analytical data of the protected T22 and its protected intermediates
are listed in Table I. The yield of the protected T22 was 19.30 g.

Deprotection of the Protected T22 by 1M TMSOT{-Thioanisole/TFA
for the Preparation of T22 and Isolation of the By-product Protected
T22 (309 mg, 58.7 umol) was treated with | M TMSOTf-thioanisole in
TFA (20.7 ml)-m-cresol (1.5ml, 250eq)-EDT (600 ul, 125 eq) in an
ice-bath for 2h, then dry Et,O was added. The resulting powder was
collected by centrifugation. After being washed three times with dry
Et,0, the product was dissolved in 50% AcOH (5ml). The total volume
of solution was brought to 500 ml with H,O and then its pH was adjusted
to 8 with concentrated NH,OH. The HPLC elution pattern of the
solution after a 2-day treatment is shown in Fig. 3. Two major peaks
(retention time 16 min (T22) and 24 min (by-product)) were observed.
The pH of the solution was adjusted to 5 with AcOH followed by the
addition of Diaion HP-20 resin (ca. 10 g). The mixture was stirred for
L h, and the resin was collected by filtration. Peptides were eluted from
the the resin with 80% CH3CN in 1M AcOH (100 ml). The solvent was
removed by evaporation and lyophilization. Each major product was
purified by HPLC; [T22] yield 22.0mg (12% based on the protected
T22). Amino acid ratios after 6 M HCI hydrolysis and LAP digestion
(numbers in parentheses): Gly x 1, 1.13 (0.89), cystine x 2, N.D. (not
determined) (1.52), Tyr x 4, 3.98 (3.74), Lys x 3, 3.06 (2.84), Trp x 1, N.D.
(1.00), Argx 5, 5.00 (5.62). Ton spray mass (reconstructed) m/z: 2485.6
(Caled for CjooH;64N350,,S,: 2485.2), ion spray mass of peptide
fragments derived from tryptic digest (reconstructed) m/z: 1070.5 (Caled
for C,,HggN;,0,3S,: 1070.4, H-Cys(S-)-Tyr-Lys—-OH H-Gly-Tyr-
Cys(8-)-Tyr-Arg-OH), 1198.5 (Caled for Cys3H,gN,,0,,S,: 1198.5,
H-Cys(S-)-Tyr-Lys-OH H-Gly-Tyr-Cys(S-)-Tyr—Arg-Lys—OH),
901.5 (Caled for C33H 35N, 304S,: 901.4, H-Trp-Cys(S-)-Tyr-Arg-OH
H-Cys(S-)-Arg-OH), 1029.5 (Caled for C,,H¢,N,50,,S,: 1029.5,
H-Trp—Cys(S-) Tyr-Arg-Lys-OH H-Cys(S-)-Arg-OH). [«]2° 13.02°
(¢=0.1, H,0). [By-product, [Trp(2'-MBzl)*)-T22], yield 13.9 mg.
Amino acid ratios after 6 M HCI hydrolysis and LAP digestion (numbers
in parentheses): Gly x 1, 1.00 (1.00), cystine x 2, N. D. (1.40), Tyr x4,
3.75 (3.71), Lys x 3, 2.84 (2.81), Trp(2’-MBzl) x 1, N.D. (N.D.), Arg x 5,
4.90 (5.22). Ion spray mass (reconstructed) m/z: 2605.7 (Caled 2605.2
for Cy,,H,,,N330,,S,), ion spray mass of peptide fragments derived
from tryptic digest (reconstructed) m/z: 1070.5 (Caled for C47HgeNy 5-
0,35,: 1070.4, H-Cys(S-)-Tyr-Lys—OH H-Gly-Tyr-Cys(S-)-Tyr—
Arg-OH),1199.0 (Calcd for C53H,gN,,0,,S,: 1198.5, H-Cys(S-)-Tyr—
Lys-OH H-Gly-Tyr-Cys(S-)-Tyr-Arg-Lys-OH), 1121.5 (Caled for
Cy6He3N130,08,: 1121.4, H-Trp(2-MBzl)-Cys(S-)-Tyr-Arg-OH H-
Cys(S-)-Arg-OH), 1149.0 (Caled for Cs,H,sN,50,,S,: 1149.5, H-
Trp(2-MBzl)-Cys(S-)-Tyr-Arg-Lys-OH H-Cys(S-)-Arg-OH). [a]2°
10.98° (¢=0.1, H,0).

NMR Spectroscopy of By-product {[Trp(2’-MBzl)*]-T22} The by-
product was dissolved at a 10mM concentration in either 99.9% D,0
or a mixture of H,0 and D,0 (9: 1). The pH was adjusted to 3.0 in the
NMR tube with ul increments of 0.1 M DCI in D,0. The spectra of T22
were recorded on a Bruker AM 600 spectrometer at 600 MHz 'H fre-
quency and at 28 °C. Chemical shifts are given relative to the internal
standard 4,4-dimethyl-4-silapentane-1-sulfonate. DQF-COSY,?® HO-
HAHA,?? and NOESY3? were all recorded in the phase-sensitive mode
according to States et al.>") For the H,O solution sample, the huge water
resonance was suppressed by selective saturation using irradiation. The
mixing time for the NOESY experiments was set at 250 ms. J (2'-MBzl
in Trp*, D,0): 3.77 (3H, s, OMe), 4.08 (2H, s, benzyl H), 7.18 (2H, d,
benzyl C2, 6H), 6.87 (2H, d, benzyl C3, SH). NOEs observed between
the protons of the MBzl group and the Trp? residue are shown in Fig.
4.

Deprotection of the Protected T22 by AgOTf/TFA+1Mm TMSOTf-
Thioanisole/TFA and the Preparation of T22 Protected T22 (200 mg,
38.0 umol) was treated with AgOTT (1.17 g, 4.56 mmol)/ TFA (11 ml)-ani-
sole (200ul) in an ice-bath for 2h, then dry Et,O was added. The
resulting powder was collected by centrifugation. After being washed
three times with Et,0O, the product was treated with 1 M TMSOTf~thio-
anisole/TFA (13.8 ml)-m-cresol (1.0ml, 250 eq)~EDT (400 ul, 125eq) in
an ice-bath for 2h, then dry ether was added. The resulting powder was
dissolved in 0.2m Tris~-HCl buffer pH 7.5 containing 6M guanidine
hydrochloride (3.0 ml) followed by incubation with DTT (200 mg, 1.30
mmol) at room temperature overnight. The solution was then applied
to a column of Sephadex G-15 (2.1 x 43 cm), which was eluted with 4 M
AcOH. The fractions corresponding to the front main peak (monitored
by UV adsorption measurement at 280 nm) were collected, then the total
volume of solution was brought to 300ml with H,O and its pH was
adjusted to 8 with concentrated NH,OH. The HPLC elution pattern of
the solution after a 2-day treatment is shown in Fig. 6a. The product
was isolated by adsorption on Diaion HP-20 and purified by HPLC
as described in the previous section: yield 18.0 mg (19%).

Two-Step Hard Acid Deprotection of the Protected T22 and the
Preparation of T22 Protected T22 (1 g, 190 umol) was treated with 1 M
TMSBr-thioanisole/TFA (75 ml)-m-cresol (5.0 ml, 250 eq)-EDT (2.0ml,
125¢q) in an ice-bath for 1h, and then the solution was concentrated in
vacuo. Dry Et,O was added to precipitate the product. The product was
treated with 1M TMSOTf-thioanisole/TFA (69 ml)-m-cresol (5.0ml,
250eq)-EDT (2.0ml, 125eq) in an ice-bath for 1h, then dry ether was
added. The product was dissolved in 50% AcOH (15 ml). The total
volume of solution was brought to 1 1 with H,O and its pH was adjusted
to 8 with concentrated NH,OH. The HPLC elution pattern of the
solution after a 2-day treatment is shown in Fig. 6b. The product was
isolated by adsorption on Diaion HP-20 and purified by HPLC: yield
152 mg (26%).
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