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Synthesis of the First Tricyclic Homodetic Peptide.
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Abstract: The discovery of somatostatin antagonists at one or more receptor subtypes remains an important goal.
We therefore undertook the mmfhpmc of the homodetic tricvelic npnhdp (1\ honineg to cause conformational
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distortion and thereby achieve thls biological goal. The synthetic strategy called for five dimensional orthogonal
amino protection. The carboxyl and amino protecting groups were selected to assure the desired selective ring
closures. The amino protecting groups were also chosen to permit differentiation between the two lysine €-amino
groups. An improved general cyclization procedure was achieved, which provided the complex c-octapeptide 13
in 93% yield. Biological assay resuits for 1 are also presented. © 1998 Elsevier Science Ltd. All rights reserved.

ptide analogues/mimetics; protecting groups; cyclization; solid phase synthesis
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The peptide hormone somatostatin y /\/ f/\\\
N
(SRIF) 2, a cyclic tetradecapeptide was first T”\U'I\N/.\[r \)L /‘w/ Q
H S $ NH
isolated, characterized and synthesized by " \7'_‘ /\
. . o o
Brazeau et al! in the early 1970's. Its ability < °=‘/ H
L 14 A cavrarnl lhmiaas niaan A g = E { O
to lIlIllDll the release of several hormones and / H -. -, \n/\/\/\
neurotransmitters including growth hormone, m/\ J\I
insulin, and glucagon, makes it of importance ©

F#Dedicated to our colleague and friend, Professor Madeleine M. Joullié, in celebration of forty years of
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in physiology and pathophysiology. The far more biostable agonist octreotide (a.k.a.
Sandostatin®) has already found use in medicine.2 Conversely, a selective somatostatin
antagonist would be of pharmacologic interest and could serve to clarify the function of the
relevant receptor subtypes.3
In 1976 Hnﬂadav and
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incorporating a 7y-turn based on the CD spectrum Earher R1v1er and coworkers had
T
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had proposed that replacement of an L-amino acid by a D-amino acid in the i+/ position of a
B-turn would enhance the stability of the turn. Veber et al. speculated therefore that SRIF
contains a B-turn rather than a y-turn and that Trp is in the i+/ position of the B-turn, thus
explaining the activity enhancing effect of the D-Trp residue. The Merck group’s8 set out to
test this hypothesis and presented compelling experimental evidence for a B-turn involving the
Phe7-Trp8-Lys®-Thrl0 tetrapeptide sequence, generating an antiparallel B-pleated sheet.

{CH2)2NH2 m
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2 2 H?\ﬂ/ 4 H7\“/ 3 H 8iv1 \_NH

Figure 1. Bioactive conformation of somatostatin (2).

The emerging model® suggested that the B-carbon atoms of Asn> and Thri2 are within
bonding distance and that the B-carbons of Phe® and Phell also appeared to be in close
proximity permitting hydrophobic stacking. Subsequent molecular modeling suggested that
the replacement of Asn3/Thrl2? by a cystine bridge might generate a bicyclic analog of SRIF
without causing conformational perturbation of either the amide backbone or the sidechains at

the B-turn. It had been shown by Rivier ef al.19 via an Ala scan that the AsnS and the Thrl2
cida rhaing ara nnt rammirad faor atthar hindino ar aconiem The Mercl oronn therefore
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agonist, supporting the proposed conformation (c.f., Figure 1).

The side chains of Phe® and Phell also appeared to be within bonding distance.
However, it had been shown at the Salk Institute!! that replacement of these amino acids by
Ala reduced the potency by 99 and 97%, respectively. This did not bode well for the
likelihood that 5§, wherein both of these Phe residues were replaced, would retain significant
biological activity. Nevertheless 5 was synthesized and was found to have high potency. This
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paradox was resolved by assigning primarily a N
conformational rather than a receptor—binding FH)NHe ~/ y
role to Phe6 and Phell. The former involves H f f '13 g
hydrophobic stacking of the two aromatic rings, \V\ﬁ/\n/ \/kﬂ/\n/ Y\(L\NC
a function which cannot be satisfied when two & /\xo P 05-4(\
X
Ala residues replace Phe® and Phell. On the % o). /Mo "
. z TH % H

other hand, introduction of two dicarba bridges wnN_ N,“»\‘/N\n/‘\N/”\rN\H/V\/\NHZ
(4) led to an inactive cyclic dodecapeptide for nH 6 " A ©

£ ') O'Bu

reasons which are not fuily understood. Brady,

et al.'2 have suggested that the difference in
biological activity between 3 and 4 may be

largely due to the difference in the preferred - (CHa)aNH, 7\

. geometry between the disulfide and the biscarba o o K'\‘/ Q
analog. A third bicyclic peptide (6) was also X N ) . R o

found to be hichlv active 13

-t

; e}
distortion of th backbone of SRIF and thereby N ?/O o':\o\/n £ 0% /L/\ R
generate an SRIF antagonist, we undertook the Y\NN \ﬂ/\ - \r“’[\[ v NRe
design and synthesis of the homodetic tricyclic o ° oy
peptide 1 (Scheme 1).14:!5 To our knowledge
no tricyclic homodetic peptide had heretofore
been prepared. The synthesis was viewed as a

significant chemical challenge,!6 both in terms

& H ¢ H
of the required protecting group strategy and e\—N\_)J\NJ\(N \\
i‘\ H o NH
$ o]
s

because it was anticipated that generation of the / A
third ring would induce significant strain ) s I

Many biologically active peptides are \_’: R H WNH
cyclic molecules,!” including for example, \,[‘I/\EJ\I’ i 2
oxytocin, vasopressin, atrial natriuretic factor, - /oty
as well as diverse antibotics such as gramicidin, s
gentamycin, tyrocidine, valinomycin, and the  Figure 2. The structures of compounds 3-6.
phalloidin toxins. It is also now well appreciated that cyclization induces a constraint, thereby
providing important information about side chain and backbone conformations.!8 For
example, cyclization can be an invaluable tool in the elucidation of the bioactive conformation

of a linear molecule. This information also contributes to the successful conversion of
peptides to nonpeptide peptidomimetics.!® Hence, the development of methods for the
synthesis of cyclic, homodetic peptides, both in solution and on solid support, has been the
target of extensive research.20-22 This task is made even more complex in the case of 1,
because we wished to be able to deprotect the two lysine €-amino groups selectively.23
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Synthetic Strategy

In addition to the inherent strain, construction of the tricyclic homodetic peptide 1
appeared formidable because multiple orthogonal protection22 and selective and coordinated
deprotection strategies would be required to avoid unwanted ri ng closures. The choice of the

amino protecting groups was made even more complex, because we wished to be able to

- @

m ™m mi £1 O FR . PR
remove selectively the protecting groups from the €-amino groups of lysine. Thus in order to
avarita rAancaniitivra sima ~l . “ o o + Ao k)
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mm emcr ko A ] 1.

amine protecting groups that could be simultaneously and selectively removed. Towards this
end, we chose t-Boc/t-Butyl, Alloc/Allyl, and finally the trityl/2-chlorotrityl solid support as
the three pairs of amine/carboxyl protecting group partners. To incorporate the capability to
remove the protecting groups of the €-amino groups of the two lysines selectively, five
dimensional orthogonal amino protection with coordinated protecting groups for the carboxyl
groups would also be required.

osures in a controlled manner, we required paired carboxyl and
t

To achieve these goals Scheme 1
we planned to anchor the y
nartinlly merntantad teimnn IOLLY N ﬂ
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aspartyl ester nnkage. and g " uij)r 3 : 7\([)]/ 3 \&\’_NIH
then assemble the linear A o a\.'=° e o
sequence in a stepwise < = NH NH
. = QO = -
manner using Fmoc chem- HN7 TN N Al IL,,‘ e }kv/\v/\
] VS\NN N7 \J, ‘n NH2
istry.24  We would employ T e = 5 H o
0.75% TFA to remove the 1 Ot-Bu
peptide from solid support U
This operation would also ;\\
. (CH2)2NHFmoc
serve to remove the trityl _NeTR = m
~ - -~ 5’ I\_ H \ 1
group from the Dpr® B e LAt 5
amino group while leaving " 7 X
. " 7 ~
t-BuO2C
Fhe other protecting groups woa’ 04\NH
intact. Cyclization of the A"V'Ozc(CHz)s\l . o0 4 / 9 L
Asp!2 and Dpr5 side chains HN\W)\N,L/N\”/'\NJ\/NW\/\NHCM
H
would then be carried out at o H { o Ao BO
t-
hioch dilntion ncine DPPA &-g-(ghl ritvi) Y
LlLbLl NBAANMVAN/ AL “ULII& As A A £ l, v 7
generating the first ring " ﬁ/\\w
which embodies the B and v O

C rings of 1. Catalytic Frmoc-Xaa-OH + FmocNH\)L /k(nv(CHﬂScOZA"Y' + C \ /
Pd(PPh3)2Cli2 and BusSnH :
would next selectively re-
move the Alloc and Allyl 8

C O2H
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protecting groups permitting generation of ring A. Formation of rings B and C would be
accomplished via TFA mediated cleavage of the -Boc/t-Butyl ester protecting group of the
Dprll and AspS, respectively, followed by ring closure. Finally, stepwise removal of the
g-amino protecting groups of Lys# (Fmoc) and Lys® (e-Cbz) using respectively piperidine and
Pd black catalyzed transfer hydrogenation would afford 1.

Synthesis of the First Tricyclic Homodetic Peptide

Construction and Initial Cyclization of the Linear Precursor. The synthesis
of tripeptide 12 is outlined in Scheme 2. Allyl protection of the carboxyl group of
7-aminoheptanoic acid followed by the standard DCC-HOBt coupling with Boc-Ala-OH gave
dipeptide allyl ester 10. Removal of the Boc group with HCI in dioxane, followed by
acylation with Fmoc-Asp(z-Bu)-OH gave 11. Tripeptide 8 was then prepared by removal of
the -Bu group of 11 with 50% TFA in CH,Cl,. Coupling of 8 to a solid support was

achieved by esterification with 2- (‘h]m‘ntntvl chloride resin 925 to afford 12.

L2220 AL 202020

[ A P, |
JLIICIIITC &
1) Aliyl alcohol,
A (2o ol PN {sTs LAY 4} M Adiavana
/\/\/\/C O.H SUtip (V7o) /YN (CH2)5C OQA"Y‘ i) v, GiGRane
HoN 2) Boc-Ala-OH, ~ BocNH 2) Fmoc-Asp(O£Bu)-OH,
DCC, HOBt DCC, HOBt
(98%) {72%, 2 steps)

meN"\/u\ )\gN\/(CHe)sCOeA"Y' S0% TPA_ FmocNH\)L /'\/ N (CHe)sC OzAly

H CH,Cl,
~ (83%)
“C 0ztBu e ~c OzH
11

n O=

®
Z
;T\ G

Ci \
Cl
\5—9” FmocNH\)J\ /'\n/ N.__~(CH2)sC OzAllyt

DIPEA, CHaCl ~c 05-2- (chlorotntvl) resin

Several linkers have been described?6 which permit the release of partially protected
peptide fragments from solid supports under relatively mild conditions. In our hands, the

2-chlorotrityl polystyrene support proved to be the most reliable. It permits one to avoid both
side reactions, such as racemisation during attachement of the first amino acid,?? and

formation of ninerazines at the dinentide sten.28 These side reactions are encountered whe
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stable, sterically hindered trityl cation does not attack the side chains of Trp and Tyr,2 one of
the principal shortcoming of linkers that generate benzyl cations during the acid catalyzed
cleavage of peptides from the solid support.30

Peptide 7 was assembled as outlined in Scheme 3 using Fmoc chemistr d the
HBTU/DIPEA coupling reagents. Treatment of 7 with a solution of 0.25% TFA in methylene
chloride for 30 min effected cleavaoe fraom the cnlid cuinnart Tha racnltinag nradnet
WwALAN/L ANAW ANJR /A7 1RAARL WAAWWLWAE Wi Y u&v AANTIAL LIAL DULLIGG uuyyvlt. A LW Lwoultllls PLUUU\/&,

however, was found to be partially tritylated at position 4 (SRIF numbering). Further

csseal N T la o

treatment with 0.75% TFA in CH,Cl, provided a product shown to be homogeneous by
Fava Tww = vu ow ~ ~

reverse phase analytical HPLC and 500-MHz 'H NMR analysis (cf. >95%). This material was

* used directly for the subsequent cyclization.
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(CH2)2NHFmoc \
o NHTH = 3 i
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FmocNH\)J\ /\(NV(CHz)s O2A \ b1 431A peptide Allylo2C, +BUOLC 04\
2 H o synthesizer ( CI-! ) /NHB°° NH
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pomvmose e WY L0 )
.Bequiv), = CO2tBu
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With the partially protected linear peptide secured, we turned our attention to the
requisite cyclizations. For the construction of cyclopeptides, cyclization is often the step
which limits the overall yield due to competition between dimerization and cyclization even

under highly dilute conditions. This may be attributed to the rigidity of amide bonds of the

tide due to the strong m character and the preference for a transoid conformation
am
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achieve optimal yields, we found it critical to ensure exclusio
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formation of the first ring (embodying the B and C rings, Scheme 3) was mediated by
diphenylphosphoryl azide (DPPA, 1.5 equiv) and solid sodium bicarbonate (15 equiv) in

anhydrous DMF at 4 °C (final concentration ca. 0.008 M). The cyclization was shown by
~ analytical RP-HPLC to be complete in less than 24 hours. The monocyclic 13 was then
isolated in 93% yield after purification by flash chromatography.

,,,,,,,,,, utlileativil 2aaail ARV e S .

Further Cycllzatlon Studles. The high yield for the cyclization step is noteworthy.

ing R_t11em Frrmatinm wrmiild Faniliensa 1.. . L,
1E pP-tulil formation would 1acili Ldawc i (,)’ Zat OI]

process. ldeed it has been reported that cyclization yields depend primarily on the linear
sequence.31.32 Molecular modeling caicuiations performed by Cavelier-Frontin on 4-Ala-
chlamydocm, a HC-toxin analog, suggested that factors affecting the energy of the transition-
state, such as steric hindrance to ring formation and competition with dimerization, also
determine the yield of cyclization. In an interesting study, Brady and coworkers33 found that
treating the linear peptide H-D-Phe-Pro-Phe-Pro-Phe-Pro-OH (14) with DPPA and
tnethvlamme as base, Drov1ded cyclo-(D-Phe-Pro-Phe-Pro-Phe-Pro) (15) in 57% yield

)

To ascertain whether our markedly higher yield in the synthesis of 13 was due to the

linear sequence or whether other factors might also be involved, the linear peptide precursors
14 and 15 were prepared following a similar procedure to that used for the synthesis of 1.
Interestingly, the cyclization of 14 under our improved conditions (1.5 equiv DPPA, 15 equiv
NaHCOs3 in dry DMF, 4-8 mM peptide concentration) provided 15 in 85% yield, while 16

provided monocyclic peptide 15 in 46% yield and the dimer in 42%. This clearly confirms

that the linear sequence does have an effect on the yield, but in addition it demonstrates that
the reaction conditions can be tuned to optimize the cyclization yield.

In an unrelated pepudeuumetic project directed at the synthesis of RGD containing
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conditions.3435 In every instance, the cyclization yield w
(structures not shown). In particular, we found that both the rigorous exclusion of residual
water from the cyclization medium and the use of a large excess of solid sodium bicarbonate
(15 equiv) were essential for high cyclization yields,36 especially with sequences which were
difficult to cyclize or which contained sequences prone to form imides such as Asp-Xaa (Xaa
= Gly or Ser). Sodium bicarbonate, present to buffer the medium, is essentially insoluble in

i
s
=]
=
c
Co

L«
(¢

o J—
ey
¢]
o
jomt

UJ Sed

DMF, but any residual water present in the cyclization medium would partially dissolve the
base and thereby promote side reactions. This rationale is further supported in the later stages
of the synthesis of 1 (vide infra)

With 13 in hand, depfotectior‘l of the Alloc and Allyl groups was accomplished
simuitaneously in 94% yield (Scheme 4) using Pd(PPh3)2Cl, as catalyst and Bu3SnH as the

hydride source.37 Subsequent cyclization under our improved DPPA conditions provided 17
in 72% yield after silica gel chromatography. The simultanous removal of Boc and t-Bu
groups from 17 was then readily achieved by treatment with 50% TFA in CH,Cl,, with 3%
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1,2-dithioethane and 2% water as ion scavengers. The free carboxyl was next activated for
cyclization by DPPA under dilute conditions.

product 18 was formed in

representing the major byproducts.
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make 18 hard to generate and, once formed, susceptible to decomposition via im

and subsequent bridge cleavage.

cyclization step. Support for the latter interpretation was provided by the o

rantiamemt ~F TQ nendaee il o Alel i NG 10 TR AT

treatment of 18 under mild conditions (20% piperidine in DMF) gave
Scheme 4

(CHz)2NHFmoc

)1,
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\ _ \nc By P 0(94"/\
/ o COs 0/\
(CH2)s O=< NHBoc NH 2) DPPA (1.5equiv)
/ o NaHCO; (15 equiv)
,> : 0 £ H 2% i H / DMF (72%)
NN A 0 T i i I
I H N H 0
5 o
- 7 0tBu
13
7\
CHz)2NHFmac L
(/ 2)2l ~ ‘,//\
o )
H\' 9 n I n - \
NMN?\H/ S N/'\n/ \\NC
<§° H\ o L M 9§ 1) TEA/CH,CI/EDT/H,0
Vi NH CO2tBu - A (5:4.5:0.3:0.2), 50 min
cHs  O=X" NHBoc NH 2) DPPA (1.5equiv)
)z o %y / ° w NaHCOj (15 equiv)
oW N S N ~ DMF (24%
HN N’»\/ \n/\N NHCbz o)
H o H
o '~ P
17 ‘< U'Bu
VZn\
{CHz)2NHFmoc \
——
ol o} d \
u Ml W] H ~
AL e IS e ST
\‘O HMs 1 N H 11 e NH
o o 04
NH (o)
(CH2)3 °=< Hfi“ NH
3 o
HN E ?‘ ; n ” I : [\/\/\
\n/'\N)K;/ \H/\H/\l/ \n/ NHCbz
i H g H A 0
o
OH
18
of nroducts containine 19 nlus a wide ranoce of hio olecular weicht s
N A rAv‘-“v\-U vv‘lt“&‘n&l‘b P rll‘-ﬂv - VY AN A“llbv NSA ll.lell ALAN/ AW N WEAVRA Y W b
demonstrated by HPLC and mass spectrometry. Nevertheless, 19 co

N\)L /C’\/\p 1) Pd(PPh;),Cl5,

However, in this case the desired cyclization
only 24% yield, with high molecular weight compounds
The presence of two highly constrained bridges might

1ide formation
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This may explain, at least in part, the low yield in this
UbCl VdU.Ull l.lldl.
a complex mixture
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the final Cbz removal via hydrogenation to afford a mixture
contaimng the desire prod ct 1 (Scheme 5).

R N“Z
HE | 3 H | \\_’f‘iH
o ~
20% Piperidine, DMF <§ \ 0 é’ // 4.4% HCO,H, MeOH
NH S o\ oH,
(CHy)y  O=X H'i‘ NH Pd Black
> = (o] E: H % 9. H /
HN\/\..)\\:’/N\/\N J\/N‘n/l\/\/\NHCbz
N I
0 N
< OH
19

7\
(CHz]zNHz - o

Purification of the Target Molecule. The crude material was purified by
preparative RP-HPLC (C18 column). Analytical RP-HPLC using a C18 column in
conjunction with two different linear gradient and one isocratic solvent systems resulted in all
three cases in a single symmetric peak, suggesting homogeneity (Figure 3a). However, 1H
NMR analysis indicated the presence of an impurity (Figure 4a) which had initially been

thought to represent a minor conformational isomer of 1 (vide infra). Assignment of the 1H
. i .
tum of 1, however, indicated that the resonances of the minor component were due to an

hat was structurally different from 1. Using a C4 column (Vydac) analytical RP-
HPLC enabled us to remove a 10-14% impurity (Figure 3b). A second purification
employing a semi-preparative C4 column afforded a product which was shown by 500-MHz
IH NMR to be pure 1 (Figure 4b). These results serve as an important reminder that, the
widely accepted notion in peptide chemistry notwithstanding, single symmetric peaks by
analytical HPLC in more than two different solvent gradient systems does not assure purity. It
is also worth noting that although C18 columns are the most widely used stationary
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phase in reversed phase HPLC, we have found
C4 and C8 columns to be superior for the
purification of not only cyclic but linear peptides
as well. This was observed not only in the
experiments described above where a C4 column

was requlred but also in a related project,!335 in
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The tricyclic peptide 1 failed to displace
pletely 1251- Tyrll somatostatin

pituitary AtT-20 cells. Maximal dlsplacement of
50% (three experiments) was observed at 1 UM,
with no additional dose-related displacement up
to 10 uM, the highest concentration tested
(Figure 5).38

The much reduced binding affinity of the
tricyclic peptide may be a consequence of at least

two factors. As mentioned above,? replacement

of either Phe6® or Phell of SRIF by alanine
ltad im th T P2 1 £ linl : 1 4swrsdy

resuiteda i uie Sti'h(i"ig 1088 O1 uiOlOgiC?u aCva1Ly,
~ o ab. _ Lt __ 1 =

~ cystine brldge, retained high biological activity,
suggested that the phenylalanines do not directly
interact with the receptor, and the Phe6 and
Phell of the SRIF play an important structural

role in stabilizin e bioactive confor on
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terpretation was recently re-

s in
AAAAAAAA ) » PPN N ~1 PP, . | . M
examined. Brady et al4! sugge 'icu that in

cyclo(Phe- -D- Trp-Lys-Thr-Phe-Pro) the bridging
region Phell-Pro6 (the residues that may mimic
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Figure 3. HPLC traces of 1: (a)
symmetrical peak after initial purification
analyzed with a C18 Dynamax column
(buffer B); (b) initially purified material
analyzed with a C4 Vydac column (buffer B)

shgwmn one mmnr and several minor

impurities; (c) smgle symmetrical peak after
final purification analyzed with a C4 Vydac
column (buffer B).



R. Hirschmann et ai. / Tetrahedron 54 (19

Phe6 and Phelil in SRIF) not only plays a structural
role, but may also be recognized as a component of
ligand-receptor interaction via the phenyl ring. Thus
in the potent analog 5, the disulfide bridge may act as a
oiety of Phell

surrogate for the aromatic mo Such 1-

SRlivVgaty UL LI alulllial

ta
d 1mefacti0n between benzene and

dimethyisuifide contributes 0.8 kcal/mole.43 More re-
cently, Kaupmann and co-workers#4 used site directed
mutagenesis to suggest that the transmembrane
domains V, VI, and VII of the SSTR2 receptor deter-
mine its selectivity. More importantly, Kaupmann's

results suggested that phenyl nuclei of Phell-Phe6 of
the SRIF. as well as the S-S bridee of -Cvsll_C

i WANKEL 3 AT YY WAE W0 iR (P2 9473

0
C
[

Phell
I

1 Nnoteran
HAu = 11 ULLULILVVY

this region of the molecule may be too polar a

functionality, thereby reducing binding.

_ A second possible factor contributing to the low
affinity of 1 for the SRIF receptor is that a con-

formational change may have occurred upon changing

from the m yclic SRIF (2) and bicyclic structures

such ag d 5 containine disulfide hﬂdUPQ to tri
b uuuuuuuuuuuuuu

It is known that
bonds derived from primary
prefer to adopt a trans geometry whereas disuifide
bonds prefer a 90° dihedral angle. In addition,
computer modeling of 1 suggests that four distinct
conformations of similar energy can arise from the

two central bridges as shown in Figure 6. If this

cvclic

S AL

(J)

E:!

1 containing only amide bridges.

amide amino groups

98) 7179--

7202
(a)
O
'
T
h |
VA
7 pem
(b)
n
1T
M
7 ppm
Figure 4. 400-MHz !H NMR
spectrum of 1 (a) after RP-HPLC
purification using C18 Dynamax
column only; (b) after RP-HPLC
purification with both a Cl18
Dynamax and a C4 Vydac column.

7189

model is correct, only one of the four conformers of 1 (e.g., Figure 6a) has a conformation

similar to the nnhhched model4s ]eadmc to loss of potency.



~J
"

2
1
1
!
)

2
S
=
AN
~
2

schmann et al. / Tetrahedron 54 (1998) 7179-7202

NMR studies on 1 indicate that, unlike
" cyclic hexapeptide L-363,301, there are no
uniquely slow exchangeable NHs suggesting that 100w,
a well defined PB-turn is not present. Another
significant conformational feature in the NMR
f 1 is the approximate 0.7 ppm upfield

o

:

PERCENT CONTROL

and above the plane of an aromatic residue.
ROESY and COSY spectra provide further

L ! 1 1

evidence that the Phe is positioned above the
indole ring of Trp. Thus, instead of the Trp8
and Lys? being close to each other in space as
observed in the SRIF supragonists, the Phe7 and

P LS PY

. -~ -~

i 2 3 4
LOG[COMPOUND M

C)o

Figure 5. Dose response curve for the

8
Trp® are close together in 1. Therefore in displacement of 1251-Tyr!! somatostatin by 1
solution the orientation of the Tip aﬁd Lys side on AtT-20 cells.
chains in 1 do not favor receptor binding
(@) « L « L7
o~ H..)(\ ~ T+ T AN

T e < L
v ST o Ve W 0

o> Rg 7 Ky

Figure 6. Molecular modeling (MM2 minimized, stereo view) of 1 showing the
possible orientations of the bridgehead atoms (black) relative to the plane
defined by the rings: (a) above and below and (b) below and above.

L 830 vl ) TRV RLi2ApE W&y QUYL QU DaUW Qe ViU VY Qi QU

wu



R. Hirschmann et al. / Tetrahedron 54 (1998) 7179-7202 7191

Figure 6 (continued). Molecular modeling (MM2 minimized, stereo view) of 1
showing the possible orientations of the bridgehead atoms (black) relative to

the plane defined by the rings: (c) both below “and (d) both above.

EXPERIMENTAL SECTION

Unless otherwise noted, all solvents and reagents were obtained from commercial souces
and used without further purification. Analytical reverse-phase HPLC was carried out
LC controller, 2150 HPLC pump, 2141 variable wavelensoth

n/\}:\;n rad 1rging Daninm on Termant Aaliviac, cuctarm amitinnad

dynamax detector (model UV-D) utlhzmg elther C18 Dynamax 300A (21.4 x 250 mm)
column or C8 Vydac column (10 x 250 mm). The mobiie phase consisted of 0.1% TFA in
water (buffer A) and 0.1% TFA in acetonitrile (buffer B). The FAB-mass spectra were
obtained on a ZAB-E VG analytical spectrometer. !H and 13C NMR spectra were obtained
with a Brucker AMS500 spectrometer. Chemical shifts are reported in & values relative to
tetramethylsilane for proton and solvent for carbon spectra. Optical rotations were measured
on a Perkin-Elmer Model 241 polarimeter.

(=N

Fmoc-DPR(Boc)-OH. To a solution of 12.9 g of PIFA in 30 mL CH3CN was added
N ~ ~AFf Diviinie A MIT £ 11 02.01 L, £N ... T TYNAD g ol VUSRS U, [ JEpE——
7.7 g Ul rimnuc-Asi-url 101owcd vy UV 1, 1LJVIFE. 1HC ICsullalit Ill Xture was VlgUIU Sy

stirred until a clear solution was generated. To this clear solution was added 30 mL H7O.
After stirring at room temp for 15 min, 2.4 mL of pyridine was added dropwise. The
solution was then stirred at room temp for 23 h after which time the solvent was removed,



~
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and the residue was crystallized from water and dried to give 9.7 g pure product. To a 0 °C
solution of 4.89 g of the above product (Fmoc-DPR-OH) in 80 mL THF and 15 mL DMF was
added 3 mL DIPEA, followed by 4.55 g of Boc anhydride. The mixture was stirred at room
temperature for 6.0 h and concentrated in vacuo. The resultant residue was then dissolved in
ethyl acetate, washed with water and brine, dried over NapSOg4, filtered and concentrated.

Flash chromatography on silica gel with hexane/EtOAc (1:2) afforded 4.6 g (72% yield) of

nure nroducts Tay125 £1 50° (~ 1 1R FtOAcY: mp 94-946 °C: Rf 020 (CHCI2/M=aOH /AcOH =
PUiv plunuvi. [AD Ti.JS AV .10, WSIIN Jy LY 77770 Loy AN Ve lU \\111)/iVAV VR AU -
0.1.0 N&KY IU NIRAD /&NN AMLIe ' MANMD) S 1 A0 7c OLIN 220 2 AN f:ev 1 ITN 2 &M 2 CA (e 1
Z:1:0.U5). ‘0 NMR (OQUU Mnz, CD30D) 0 1.42 (8, 9 n), 53.59-3.42 (i, 1 H), 3.52-3.54 (m, 1
H), 4.2 (t, J=6.96 Hz, 1 H), 4.3-4.8 (m, 3 H), 7.29 (t, / = 7.41 Hz, 2 H), 7.37 (t, J = 7.41 Hz,

2 H), 7.65 (t, J = 6.48 Hz, 2 H), 7.77 (d, J = 7.52 Hz, 2 H). 13C NMR (125 MHz, CD30D) &
28.71, 42.62, 48.34, 55.91, 68.16, 80.48, 120.9, 126.26, 128.15, 128.76, 142.54, 145.26,
158.49, 158.59, 173.72; high resolution mass spectrum (CI) m/z 444.2161 [(M+NH4)*; calcd
for C23H26N20¢: 444.2135].

Anal. Calcd for C23H26N206: C, 64.45; H, 6.36; N, 6.27. Found: C,

.3 B 5 5 L d s L

-
-

e
-
-
-

A ST
et 1
ATR<Y P o ® o bendoinin acdnie T 10 el 21151 alanbind cacn Tad s~ 1A O/ oo
AllYyl /7-alllluiicpldalivic Ol 10 11U 111l ailyl alcoulut lJleUU.lUU O -1L4 U wad
- 1 1 _ S N = 2V aYal Py P TR, U, L 11 3 L. 3 1.l L ZON N 1\ L 11
4adcd J.U INL dULlLZ dIopwise, 10110wed DY daadiuon 1 J0VU IIlg \4U IIlIIlO.l) 0Ol S0114d

7-aminoheptanoic acid. The resulting solution was warmed to room temperature and stirred
for 24 h. The solvent was then evaporated and the residue was precipitated with dry diethyl
ether to afford 0.89 g (90% yield) of the desired product as a very hygroscopic solid: mp106-
108 °C; IH NMR (500 MHz, CD30D) § 1.40-1.41 (m, 4 H), 1.64-1.66 (m, 4 H), 2.37 (t, J =

7.30 Hz, 2 H), 2.92 (t, J = 7.59 Hz, 2 H), 4.57 (d, J = 5.48 Hz, 2 H), 5.20 (d, J = 10.4 Hz, 1
H), 5.29 (d, J = 17.2 Hz, 1 H), 5.97-5.89 (m, 1 H); 13C NMR (125 MHz, CD30D) & 25.7,
27.05, 28.33, 29.52, 34.73, 40.68, 65.99, 118.2, 133.8, 174.9; high resolution mass spectrum
(CI) m/z 186.1483 [M*; calcd for C1oH19NO2=HCI: 186.1494].

BOC-Ala-Hep-OAliyl (10). To a solution of 0.953 g (5.04 mmoli) Boc-Ala-OH and
0.93 g (4.2 mmol) allyl 7-aminoheptanoic ester in 10 mL DMF was added 0.877 mL (5.04

~ mmol) diisopropylethylamine at 0 °C, followed by 0.963 g EDIC. After the reaction mixture

was stirred at 0 °C for 0.5 h, the solution was warmed to room temperature and stirred for an
additional 4 h. The reaction mixture was then diluted with methylene chloride, and the

organic layer was separated and sequentially washed with 10% citric acid, 10% NaHCO3, and
rine, then dried over anhydrous Na2S04, filtered, and concentrated

LB S e Y 2 2 23382 = D1dAnIl LAl

(m, 2 H), 4.14 (s, 1 H), 4.56-4.58 (m, 2 H), 5.21 (m, 11-1),5:52.( id, J = 1.5, 3.1 Hz, 1 H),
5.29 (dd, J = 1.5, 3.0 Hz, 1 H), 5.87-5.96 (m, 1 H), 6.4 (s, 1 H); 13C NMR (125 MHz,
CDCl13) & 18.41. 24.68, 26.36, 28.26, 28.63, 29.25, 34.03, 39.26, 50.02, 64.88, 79.93,
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118.04, 132.24, 155.51, 172.55, 173.22; high resolution mass spectrum (FAB) m/z 379.2213
[(M+Na)*; calcd for C1gH32N205: 379.2209].

Anal. Calcd for C1gH32N205: C, 60.63; H, 9.05; N, 7.86. Found: C, 60.41; H, 8.78; N,
7.70.

Fmoc-Asp(tButyl)-Ala-Hep-Allyl (11). To a solution of 1.42 g (3.98 mmol)

1 (10N 3 1N T OIIAMN1A amd N K ] LIAMN z::ac adda
1o (av) i v ML Ln2ei? anag vl Mo n2uU was added 10.0 mL

to
O
@

~ trifluoroacetic acid dropwise at room temperature. The resulting solution was stirred at room
temperature for 1.5 h. The solution was then concentrated to half of its orginal volume and
concentrated from dry benzene (three times) to give the crude material, which was dissolved
in 10 mL DMF and cooled to 0 °C. To this solution was added 1.64 g Fmoc-Asp(‘Bu)-OH and
0.9 g (6.0 mmol) HOBt, followed by 1.04 mL (6.0 mmol) diisopropylethylamine and 1.2 g
(6.0 mmol) EDIC. The solution was stirred at 0 °C for 0.5 h and then at room temperature
for 2 h. The reaction mixture was diluted with 40 mL EtOAC and 10 mL 5% citri

AV & 23R LR 211/ =2 2adxs 2R ARAA

c
the oreanic laver was separated and sequentially washed with 5% NaHCO3 (3x15

VIAVY VigGaaav alty i VOO SVpla v Kaike vnnv AE< B § WA W ) \

brine, then dried over Na2SO04, flltered and concentrated. The resulting re51due was

Ve 1Yl

recrysrau ea Irom ntUAC/nexane io arrora 1.7 Gg OI ll (/4% y161(1) as a Wl’llte crystaume
solid: [a]¥ +19.12° (¢ 0.57, DMSO); mp 110-112 °C, 1H NMR (500 MHz, dg-DMSO) & 1.20
(d, J = 6.94 Hz, 3 H), 1.24 (bs, 4 H), 1.38 (bs, 12 H), 1.46-1.53 (m, 2 H), 2.31 (t, J = 7.26 Hz,
2 H), 2.46 (dd, J =9, 16.1 Hz, 1 H), 2.7 (dd, J = 4.89, 16.1 Hz, 1 H), 3.03-2.99 (m, 2 H),
4.19-4.39 (m, 5 H), 4.53-4.54 (m, 2 H), 5.23 (dd, J = 1.32, 2.3 Hz, 1 H), 5.32 (dd, J = 1.3, 2.3
Hz, 1 H), 5.87-5.94 (m, 1 H), 7.32 (t, J = 7.41 Hz, 2 H), 7.42 (t, J = 7.39 Hz, 2 H), 7.65-7.75
(m, 4 H), 7.89 (d, J = 7.5 Hz, 2 H), 7.93 (d, J = 7.28 Hz, 1 H); 13C NMR (125 MHz, d¢-
R

DMSO) ?\ 1.3, 2429 2584, . 27.62 28.04. 28.73. 3326, 37.42. 38 .36, 46.55. 48 31. 51.33

A AVANT NI l J HI bt o7 a T ', r -\IH, it o \J l, HU.I-}, _/J.H\J, P 'H’ JU-J\I’ ‘I'\I-JJ, TTAJ e JL, ws A .JJ,
A1 £ 71 QN1 11782 179N N2 1795 17 174 QQ 17 &7 12074 1AN LS 1A2 £7 188 7D
O4.1, UJ./1, OU.1, 11/.35, 14&4UNUJ, 1&3.0/, 14&0.77, k&l . Di, LO&. 15, 194U.0), 195.0/, 153,/ 4,
1 L0 A1 11N t'\E’ 1"11 I~fg) 1"1'\ AF\= 1.: L. amm o Do al amm PR S T A TN 1 £y YOt
10¥.41, 1/U.UD0, 1/1.0¥, [4.94, NN TESO1UUO0N IASS SPCCUI \FAD) m/Z 0/4.5201
[(M+Na)*; calcd for C36H47N30g: 672.3255].

2.
Anal. Calcd for C36H47N308: C, 66.53; H, 7.29; N, 6.47.
6.46.

Fmoc-Asp-Ala-Hep-Allyl (8). To a solution of 1.73 g (2.78 mmol) Fmoc-
Asp(’Butyl)-Ala-Hep-Allyl (11) in 9.0 mL CH2C12 and 1.0 mL H20 was added 10 mL

trifloroacetic acid. After stirring at room temp for 1.0 h, the solvent was evaporated and the

ragidna wae ecrugtallinad raym Rt A~ avana tn affard 1 27 o nf R (RRAOL viald) ag a white
1VOIVUL wao \Jl]blalllb\/u 11VU111 LA mu/livadliv wWJU arivia 1.7 S viL O \Oo /Y JI\JIU} ad a vviiitv
enlide Twl125 & 1N QD0 f~ N ADK TINMMCONY e 179_174 O lU NMBR (SNN NMMLT> A TIMCN) K
SULU. WP T 1V.04 L U.T40, IVIONVJ), LY. L7417 O, L1 LNIVIIN \JVUV LWVI114, UH~L/IVIO ) U
1.20 (d, J = 7.03 Hz, 3 H), 1.22-1.25 (m, 3 H), 1.37 (t, J = 6.3 Hz, 2 H), 1.51 (t, J = 6.69 Hz,
2H), 23 (¢, J=7.36Hz, 2 H), 2.53 (dd, J = 8.7, 16.6 Hz, 1 H), 2.73 (dd, J = 5.1, 16.6 Hz, 1

~ H), 3.01 (m, 2 H), 4.16-4.31 (m, 6 H), 4.34-4.38 (m, 1 H), 4.53 (dd, J = 5.4 Hz, 2 H), 5.2 (d,
J=10.4 Hz, 1 H), 5.28 (dd, J = 1.3, 17.2 Hz, 1 H), 5.86-5.93 (m, 1 H), 7.33 (t, J = 7.3 Hz, 2
H), 742 (t, /=743 Hz,2H),7.7(,J=7.65Hz,4H),795(d,/J=734Hz, 1 H),7.89 (d, J =



~J
o
FEN

Fo X0 7 200 AR By Y. . S A | EA4ION0 ™I mana
K, rirsenmann er di. 7 1emranearon 34 (IY98) /1 /9—-/202

- 1 -~Te s

7.53 Hz, 2 H); 13C NMR (125 MHz, dg-DMSO) 5 18.27, 24.32, 25.86, 28.05, 28.74, 33.29,

36.22, 39.01, 46.59, 48.36, 51.30, 64.14, 65.77, 117.58, 120.06, 125.24, 127.05, 127.6,

132.77, 140.67, 143.75, 155.82, 170.35, 171.63, 171.84, 172.48; high resolution mass
spectrum (FAB) m/z 616.2635 [(M+Na)*; calcd for C32H39N308: 616.2657].

Anal. Calcd for C32H39N308-H20: C, 62.82; H, 6.76; N, 6.87. Found: C, 63.17; H,
6.48; N, 6.79.

A . Af o A Ao Ala ENas Allagd 0 A ALY 4. %4 IS . D S
Allalnuicinn U1 rmiot-Adp-~Ald-nicp-Allyl W L-Ciliorowric Cioriae resiin. A
anieeel e LA L1 . ___e_ca 1 L1 21 ___*__ /1N N\ . .1 1 ‘. 1N T Fal & P Wat PN
SdlIpiC O1I 4-CINOIOtityl CINOIIAC 1esin (1.U g) wds Suspendeda in 1 miL L2012 at room

temperature for five minutes. To the above suspension was added 0.6 g (1.0 mmol) Fmoc-
Asp-Ala-Hep-Allyl (8), followed by 3.0 mL diethylpropylamine. The resulting mixture was
stirred at room temperature for 4.0 h, then quenched by addition 10 mL of 20%
diisopropylethylamine in methanol. The suspension was filtered and washed sequentially with
DMF (3 x 10 mL), methanol (1 x 10mL), DMF (3 x 10mL), i-prOH (3 x 10mL), and diethyl
ether. The resin was then dried under vacuum to give 1.25 g peptide resin 12. Substitution

GIILIL] VAL uul PSRl

was determined to be 0.35 mmol/g.
Alloc-Lys(Fmoc)-Dpr(trt)- Asp(iBu)- Phe-D-Trp-Lys(Cbz)- Thr(tBu)-Dpr(Boc)-Asp(O-
2-chlorotrityl Resin-Ala-Hep-Allyl (7). Assembly of protected peptides on solid
support was carried out using either a Beckman Instruments Model 990B peptide synthesizer
or an Applied Biosystems, Inc. Model 431A automated peptide synthesizer. N-o-Fmoc amino
acids, purchased from Bachem, Inc. or prepared according to the literature procedures, with

n

yl\/ VA W vy A AAA AL, AL A4 1Ak P s ALANI ¥ WAL
“\;'\D-‘;l‘l;‘lﬁa 1'1'\ nl‘m ’) n mmn‘ ‘Iﬂl]l"ll“lﬂl nm;nr\ nn;r‘ ﬂ]l\“ﬂ “Ylf“\ HDTTT AV ¢ 7-% - "I‘QA ” ""\ﬂ
y.l.ycl.u.uuc 111 L/ivil' ), 4.V 11111Vl 11l vidual alininuv aviu alUll& Wil 111D 1 U VWUle UdLu 11l Uiy
coupling step. The coupling reaction was carried out at room temperature for 2.0 h. us,

incorporated in order, were: Fmoc-Dpr(Boc)-OH, Fmoc-Thr(tBu)-OH, Fmoc-Lys(Cbz)-OH,
Fmoc-Trp-OH, Fmoc-Phe-OH, Fmoc-Asp(rBu)-OH, Fmoc-Dpr(Trt)-OH, Alloc-Lys(Fmoc)-
OH. An aliquat of the resin was taken after each coupling step and cleaved with 0.5% TFA in
CH2Cl2 or a Kaiser test was performed to monitor the coupling reaction. After completing
the synthesis on solid support, the resin was dried under vacuum to afford 2.3 g peptide resin.

acid in methyler .
washed with 0.5% trifluoroacetic acid in methylene chloride. The filtrate was evaporated to
half of its volume and concentrated from benzene, and the residue was precipitated with dry
diethyl ether to afford 0.75 g of the crude linear peptide of more than 95% purity (Condition:

Analytic column: C18 Dynamax 300A (0.46-25 cm) , Buffer A, 0.1% TFA in H20; buffer B:

o,
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0.1% TFA in Acetonitrile, 70-25'-95% buffer B, flow rate at 0.56 ml/min, monitored at 254
nm). This material was used in the next cyclization step without further purification. [o]%¥
-3.62° (c 0.442, DMSO); !H NMR (500 MHz, dg-DMSO) & 0.95 (d, J = 6.13 Hz, 3 H), 1.14

(s, 9 H), 1.18 (d, J = 6.99 Hz, 3 H), 123(m 5 H), 1.29 (s, 9 H), 1.35 (s, 9 H), 1.35-14
H), 1.70-1.74 (m, 1
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75Hz 1H) 7.05t,J=726Hz, 1 H),7.15(d, J=17.22 Hz, 4H),719(d J 6.72 Hz, 3 H),
©7.24 (m, 1 H), 7.31-7.36 (m, 8 H), 7.41 (t, J = 7.24 Hz, 3 H), 7.60-7.70 (m, 6 H), 7.78 (bs, 2
H), 7.88 (d, J=7.47 Hz, 2 H), 7.92 (d, J = 7.26 Hz, 1 H), 8.12-8.20 (m, 2 H), 8.21-8.28 (m, 2
H); high resolution mass spectrum (FAB) m/z 2024.0283 [(M+Na)*; calcd for
C103H140N16025: 2024.0073].

Aiioc-Lys(Fmoc)-D'p‘r‘-Asp(O"Bu)-Phe-D-Trp-Lys(Cbz)-Thr(fBu)-Dpr(Bec)-;‘\sp-Aia-Hép-Aiiyi
(13). To a suspension of 326.6 mg (0.1632 mmol) Alloc-Lys(Fmoc)-Dpr(NH3+)-
Asp(tButyl)-Phe-Trp-Lys(Cbz)-Thr(tButyl)-Dpr(Boc)-Asp(OH)-Ala-Hep-Allyl and 205.6 mg

(2.448 mmol) solid NaHCO3 in 28.1 mL dry DMF at 0 °C was added 68.8mg (0.245mmol)

DPPA dropwise. The resulting reaction mixture was stirred at 4 °C for 24 h, after which
time analytical RP-HPLC indicated that the cyclization was complete. The reaction mixture
was filtered and washed with dry DMF, and the filtrate was concentrated. Flash
chromatography of the crude material with CH2C12/CH30H (90:6) afforded 300.9 mg (93%

yield) of monocyclic peptide 13 as a white amorphous solid: [a]} -20.88° (¢ 0.455, DMF);
decomposed at 117-120 °C; IH NMR (500 MHz, CD30D) & 1.19 (s, 9 H), 1.25 (d, J = 6.33
Hz, 3 H), 1.28-1.34 (m, 4 H), 1.37 (s, 9 H), 1.38-1.39 (m, 7 H), 1.41 (s, 9 H), 1.42-1.53 (m, 7
H), 1.56-1.61 (m, 2 H), 1.71-1.74 (m, 2 H), 1.80-1.85 (m, 1 H), 1.85-1.92 (m, 1 H), 2.31 (t, J
=7.42 Hz, 4 H), 2.67 (dd, J = 9.20, 15.12 Hz, 1 H), 2.79-2.81 (dd, J = 4.28, 15.24 Hz, 1 H),
2.82-2.95 (m, 2 H), 3.09-3.12 (m, 4 H), 3.17 (t, J = 6.98 Hz, 2 H), 3.20-3.25 (m, 1 H), 3.27-
3.30 (m, 1 H), 3.33-3.41 (m, 1 H), 3.48-3.56 (m, 3 H), 4.05-4.09 (m, 1 H), 4.10-4.18 (m, 2
H), 4.22-4.24 (m, 1 H), 4.30-4.38 (m, 6 H), 4.42-4.46 (m, 1 H), 4.48-4.54 (m, 1 H), 4.51-4.57
(m, 4 H), 4.61-4.67 (m, 1 H), 4.72-4.77 (m, 1 H), 5.04 (s, 2 H), 5.16-5.20 (m, 2 H), 5.26-5.31
(m, 2 H), 5.87-5.95 (m, 1 H), 7.01-7.05 (m, 3 H), 7.07-7.11 (m, 2 H), 7.11-7.15 (m, 3 H),
7.24-7.31 (m, 7 H), 7.32-7.38 (m, 3 H), 7.45-7.51 (m, 1 H), 7.60-7.61 (m, 2 H), 7.75-7.78
(m, 2 H); high resolution mass spectrum (FAB) m/z 2005.9979 [(M+Na)t; calcd for
C103H138N16024: 2005.9968].
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H—Lys(Fmoc)-D"pf-Asp(’Bu)-P'ne-D-Trp—Lys(Cbz)-Thr("Bu)-Dpr('Boc)-Asp-Aia—Hep-Aiiyi-OH.
To a solution of 480 mg 13 and 6.8 mg PdCI2(PPh3)2 in 14 mL CH2CI2 and 0.7 mL H20

- was added 156 pL (0.58 mmol) Bu3SnH dropwise. After 5 min, the color of the reaction

mixture turned from yellow to brownish; at this point, TLC indicated that the reaction was
complete. The reaction mixture was concentrated, and the resulting residue was precipitated
with dry ether and washed with additional ether (3 x 20 mL). The solid was further purified
45-25'-95 9,

hv a cpmi_nrpnnrnhvp DD I—I T C (and on: 21 A mm p]Q nvnumqv coliim
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<

IJJ “ Jwi IJ Vy AL YW ANnA At g « ¥ 1RARR1 1Q111QNA vVU1LIUILL AT v
buffer B flow rater 12 ml /min: monitored at 254 nm- the .,.,.:,., Fractione (RT 72 min) were
vullivl D, 1LIVW 1alC. 14 BlLg/1ili, HIVIHWICU at £J9% 1111, WIC H1ajul 11atuuls (N1, 40 HII) WCIC
PR, PR e | 'I-.A..L'I Py R YRS I A’\") 2 g l‘ﬂA(ﬂ -.:-1.1\ AF than it A T2128 17 £° f~ NN
pooI€a ana 1yopniiiZzea 1o proviae 4.25.0 mg (Y47 yieia) o1 tne peptiae: [Ojy -15.0 (€ U.Z,

CH30H); mp: 153-156 °C; 1H NMR (500 MHz, CD3OD) 0.85-1.02 (m, 1 H), 1.1-1.20 (m,
2 H), 1.16 (s, 9 H), 1.22-1.33 (m, 6 H), 1.37-1.48 (m, 26 H), 1.50-1.53 (m, 4 H), 1.54-1.65
(m, 4 H), 1.70-1.86 (m, 3 H), 1.92-2.08 (m, 2 H), 2.26 (t, J = 7.45 Hz, 2 H), 2.60-2.65 (m, 1
H), 2.79-2.81 (m, 1 H), 2.90-2.96 (m, 2 H), 3.0-3.11 (m, 6 H), 3.18-3.20 (m, 2 H), 3.21-3.35
(m, 2 H), 3.87 (t, J = 6.37 Hz, 2 H), 4.0 (bs, 1 H), 4.10-4.19 (m, 3 H), 4.20-4.36 (m, 4 H),
4.40-4.45 (m, 1 H), 4.46-4.52 (m, 1 H), 4.50-4.56 (m, 1 H), 4.64 (s, 1H), 5.01-5.08 (m, 2 H),
HZ 1R 7ﬂR(t _];’7’76”7, 1 H\ 7.11 ’7’)ﬂ(m ’l Y 721-7 31 (
s.

a2y v Lig of Ah)y Jie&iTia

Hz4 H), 7.60 (d, J = 7.28 Hz, 2 H), 7.78 (d,

A10 fl\)l NaY+t: ralad Fas
ULz \1v1-|-1‘4a} s CaiCa ior

SQ,.
[,¢]

Cyclo-[Lys(Fmoc)-!jpr-Asp('Bu)-Phe-D—Trp—Lys(Cbz)-Thr('Bu)-Dpr(Boc)-.i\sp-AIa-Hep]
(17). To a solution of 96.9 mg (0.052 mmol) of the above peptide and 65.5 mg solid

NaHCO3 in 8.9 mL dry DMF, precooled to 0 °C, was added 17.2 HL (0.078 mmol) of DPPA.

The solution was stirred at 4 °C far 24 h after which time analutical RP_ HPI C indicated that

N AVL LT ll, CLALNL VY ARAW AL LiliiNv u‘.lul) LAW/AAL ANE AR Rav . 11INARW UALW AL LELRAL

tha ~Avnalimatinm werac ~rnrnlata Tha mivhirra xna filtarad and vinchad swxrith MAMME and tha fléenta

LLIC CYUILLIAALIVII Wdd L«UlllplCl . 111IC 1HLLLALUL wad 111 CU allud wadsliitul willl L/21vild I uiC it Lo
Y A 1. ~M 1

was evaporated to give a residue which was purified by flash Chromatograp‘y with
CH2Cl2/CH30H (90:9) to afford 68.8 mg of 17 (72% yield): [c]% -29.14° (c 0.35, CH30H);
decomposed at: 186-189 °C; 1H NMR (500 MHz, CD30D) 6 1.18-1.22 (m, 16 H), 1.27-1.30
(m, 7 H), 1.36 (d, J = 7.27 Hz, 3 H), 1.41 (s, 9 H), 1.49-1.45 (m, 11 H), 1.45-1.53 (m, 6 H),
1.53-1.56 (m, 1 H), 1.66-1.71 (m, 1 H), 1.75-1.78 (m, 2 H), 1.85-1.92 (m, 1 H), 2.19-2.30
(m, 2 H), 2.30-2.40 (m, 2 H), 2.51-2.60 (m, 1 H), 2.87-2.99 (m, 3 H), 3.00-3.16 (m, 4 H),
3.19-3.22 (m, 2 H), 3.31-3.45 (m, 3 H), 3.55-3.57 (m, 1 H), 4.14-4.16 (m, 2 H), 4.24-4.31
1 H), 4.47-4.56 (m, 2 H), 4.56-4.61 (m, 1 H), 4.71-4.73 (m, 1 H)

aixy U dajy T.ONTFLOO0 A1, A3y LETS AV RS ¥ % a N2e2y 2 227,

, 7.07-7.11 (m, 3 H), 7.11-7.15 (m, 3 H), 7.2 739(m9H)
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Cycio-[Lys(Fmoc)—D'pr-Asp(" H)-Phe-D-Trp-Lys(Cbz)-Thr-Dpr{NH,)- Asp Ala-Hep]. To a
solution of 45.2 mg 17 in 2.25 mL CH2CI2, 0.15 mL EDT, and 0.1 mL H20 was added 2.5
mL TFA dropwise at room temperature. After the resultant solution was stirred at room
temp for 70 min, the reaction mixture was concentrated to half of its original volume and then
concentrated from dry benzene (2 x 5 mL). The resultant material was triturated with ice-
cooled dry ether, and the precipitate was collected by filtration and washed with ether (4 x 10

mL). The crude solid was purlfled by a semi-preparative RP-HPLC (Condition: 21.4 mm C18
dynamax column, 50-25'-95 % buffer B, flow rate =12 mL/min. monito
major fractions (RT: 12.5 min) were pooled and lyophilized to pr
bicyclic peptide (74% yield) as a white amorphous solid: [a]¥ -28.6

decomposed at 168-171 °C; 1H NMR (500 MHz, CD30D) § 1.22 (d, J = 6.34 Hz 3 H), 1.25-
1.38 (m, 7 H), 1.35 (d, /= 7.18 Hz, 3 H), 1.42-1.60 (m, 8 H), 1.61-1.68 (m, 2 H), 1.72-1.81
(m, 2 H), 1.82-1.90 (m, 1 H), 2.18-2.23 (m, 1 H), 2.23-2.31 (m, 1 H), 2.62-2.73 (m, 3 H),
2.75-2.83 (m, 2 H), 2.91-2.98 (m, 1 H) 3.07-3.12 (m, 5 H) 3.23-3.21 (m, 4 H) 3.33-3.49
(m,3 H

sion of 28.4 mg (0.0174 mmol) of the above bicyclic peptide and 22 mg (0.26 mmol id
. [¢)

NaHCO3 in 3 mL d"‘y’ DMF precooled to 0 C was added 7.2 mg (0.021 mmol) DPPA. The

solution was kept at 4 °C for 24 h. The reaction mixture was then filtered, washed with DMF,

and the filtrate was evaporated to afford a crude residue which was purified by a semi-
preparative RP-HPLC (Condition: 21.4 mm C18 dynamax column, 50-25'-95 % buffer B,
flow rate: 12 ml/min; monitored at 254 nm). The major fractions with RT of 14.2 min were
pooled and lyophilized to provide 6.8 mg of 18 (24% yield) as a white amorphous solid: [a]}
-12.57° (c 0.175, CH30H); decomposed at: 176-179 °C; IH NMR (500 MHz, CD30D) §

1.16-1.23 (m, 2 H), 1.22 (d, J = 6.39 Hz, 3 H), 1.23-1.35 (m, 5 H), 1.37 (d, J = 7.16 Hz, 3 H),
1.39-1.61 (m, 13 H), 1.68-1.92 (m, 2 H), 2.24 (t, J = 6.14 Hz, 2 H), 2.46-2.55 (m, 2 H), 2.69-
2.81 (m, 2 H), 2.82-2.92 (m, 3 H), 2.94-3.03 (u, 1 H), 3.07-3.18 (m, 5 H), 3.20-3.26 (m, 2
H), 3.52-3.68 (m, 2 H), 3.70-3.82 (m, 1 H), 3.90-3.98 (m, 1 H), 4.07-4.12 (m, 2 H), 4.15-4.18
(m, 1 H), 4.24-4.33 (m, 3 H), 4.46-4.50 (m, 2 H), 4.50-4.70 (m, 3 H), 4.98 (bs, 2 H), 6.60-

6.65 (m, 2 H), 6.94-7.02 (m, 2 H), 7.04-7.07 (m, 3 H), 7.11-7.14 (m, 1 H), 7.22-7.31 (m, 7
H), 7.35-7.39 (m, 3 H), 7.55-7.57 (m, 1 H), 7.63 (d, J=7.37 Hz, 2 H), 7.78 (d, J=7.45 Hz, 2



M.  hich recalition mace enactrmim (BABRY m/r 1622 7470 [(MANaY+F+ calad for
it), 11111 1COUIULIULL  111AadDd BPGDLI nm \i1'mMu) s 1OV /X1 2 L[lv.l"‘l‘d)' , Lditu 101
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g ) 1
Cyclo-(Lys-Dpr-Asp-Phe-D-Trp-Lys-Thr-Dpr-Asp-Ala-Hep) (1). Solid 18 (55.8 mg) was

AT

- treated with 3.0 mL of 20% piperidine in DMF for 20 min at room temperature. The

reaction mixture was then concentrated in vacuo. The resulting residue (1%) along with 45
mg 10% Pd/C was mixed with 4.0 mL CH30H and hydrogenated under 39 psi Hp for 2.5 1

The reaction mixture was then fiitered through celite and washed with CH30OH. The fiitrate
was concentrated in vacuo and the resultant material was purified by reverse-phase HPLC
(Condition: 21.4 mm C18 dynamax column, 10-25'-95 % buffer B, flow rate:12 mL/min;
monitored at 254 nm) to afford 5.3 mg of 1 (12% yield) (RT: 14.8 min) along with a wide

range of higher molecular weight byproducts. The desired material was further purified
using a semi-preparative Vydac-C4 column to afford 1 as a white amorphous s
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10.8, 14.8 Hz, 1 H), 3.53 (dd, J = 4.4, 15.2 Hz, )5395/z(m 5u), 70391(m 21—1),
4.01-4.09 (m, 1 H), 4.23-4.27 (m, 1 H), 4.43-4.48 (m, 3 H), 4.49-4.51 (m, 1 H), 4.53-4.61
(m, 1 H), 4.61-4.65 (m, 1 H), 6.41 (d, /J=7.2 Hz,2 H),7.02 (t, J=7.5Hz, 2 H), 7.15 (t, J =

- 76Hz, 1H),7.22 (t,/J=72Hz, 1 H),7.27 (s, 1 H),7.27(t,J=84Hz, 1 H),7.53(d, J=8.0
Hz, 1 H), 7.58 (d, /= 7.6 Hz, 1 H); high resolution mass spectrum (FAB) m/z 1277.6438
[(M+Na)*; caled for C60H86N16014: 1277.6407].

Nernlirmnatinm octirdiaad am onnhatratnas M oo Dho Dena Dha Do Dhao Deen MNLX 1A\
Lyl’llbdllv 1 SIUUITS Ul J3SUpPUdSLIdily 1I1"D~I 1T "I 19V 1IIC"I 1 U1 1I1C"X 1 U~uUril i)
_ h TT WuR_ _ - k » V! ™ TRL AN & ¢ £ N\ 1 A 3 4 7 T s
and H-Phe-Pro-p-Phe-Pro-Phe-Pro-OH (16). Linear peptides i4 and 16 were

prepared starting from Fmoc-Pro-O-2-chlorotrityl resin using a similar method to that used
for the synthesis of alloc-Lys(Fmoc)-Dpr-Asp(tBu)-Phe-p-Trp-Lys(Cbz)-Thr(tBu)-Dpr(Boc)-
Asp-Ala-Hep-allyl.

A suspension of 33.6 mg TFA-H-p-Phe-Pro-Phe-Pro-Phe-Pro-OH (14) and 49 mg
NaHCO3 in 9.7 mL DMF was treated with 12.56 pL (0.05833 mmol, 1.5 eq.) DPPA at 0 °C
for 48 h. The solution was then filtered and washed with DMF, and the filtrate was

RP-HPI.C ((‘n]nmn 0.46x250 mm, C18 dvnﬂmax
uffer B, monitored at 214 nm) to afford 24.2 mg

concentracted in vacuo and purified
act ed
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gradient: 10-10'-45%, then 45-15-95%
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resolution mass spectrum (FAB) m/z 754.3533 [(M+Na)~; calcd for C SNGOG: 7154.3525].

Under the identical conditions, a suspension of 11.0 mg (0.01273 mmol) TFA-H-Phe-
Pro-p-Phe-Pro-Phe-Pro-OH (16) and 16 mg NaHCO3 in 3.2 mL DMF was treated with 4.11

nL DPPA to afford 4.3 mg (46% yield) cyclo-(p-Phe-Pro-Phe-Pro-Phe-Pro) (15) and 3.9 mg
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(A%, viald) dimer nradnct: cunlan_Pha DPra_Dha_Dean Dha Denln: hiahk sacrndiitimm e oac
\F& /0 yivildy Uliicl ploudutt. LU= o-rat-riv-rue-rio-rne-rig)/. nign résoiulion mass
cmantmitm (TTADY wa/e 1TAOQT 1172 TAAA NI s ncdid Co £V X T NT s mf s m 1 AOQA 1207
Spec I\ AD) IV 140 /.7113 [\IVI+iNG) 7, CalCa 10T UE4 96N 20U 2: 1487./108].
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