@&

g TETRAHEDRON
5%

Tetrahedron 55 (1999) 10713-10734

Pergamon

Synthesis and Biological Evaluation of Dianhydrohexitoi Integrin Antagonists

Frank Osterkamp,” Hermut Wehlan,” Ulrich Koert®*

iall, 7T eIt

LV PR Y17 bn . n_13_._bh 100 r o~ 1 h)
viaunias wiesner,”’ reter Kaaaalz," and >imon L. Uoodman ™

Institut fiir Chemie der Humboldt-Universitit zu Berlin®
Hessische Strafle 1-2, D-10115 Berlin, Germany

Merck KGad Preclinical Research’

Frankfurter Sirafie 250. D-64271 Darmstadit, Germany

Abstract: The synthesis of a series of RGD mimetics is described. All compounds have a 1.4:3.6-
dianhydrohexitol core, a variable linker to a guanidino group. and a serine ether to mimic the
carboxylic acid. Two types of linkers were combined with 1.4:3.6-dianhydro-D-sorbitol (1 - 4) and
with 1,4:3,6-dianhydro-L-iditol (5). The five compounds were tested as potential integrin

antagonists in a receptor binding assay (o3, B3, and o,Bs type). Receptor binding activities in

the wmol range were observed. © 1999 Elsevier Science Ltd. All rights reserved.
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Introduction

Integrins are a class of cell surface proteins who controll cell-cell and cell-matrix adhesion processes. m

These cell surface receptors consist of heterodimeric glycoproteins (GPs) with different numbers and types
of o and B subunits. They bind to exiraceliuiar matrix adhesive proteins such as fibrinogen. fibronectin,
vitronectin and VCAM-1 (vascular cell adhesion molecule-1). Two classes of integrins have gained particular
importance: the oypB3 integrin and the opP3 integrin (also called GPIIb/Illa). The o3 integrin binds the

natural ligands fibrinogen and vitronectin and is involved in angiogenesis, platelet aggregation and tumor

2] - . .. . . .
growth. “" ayP3-Antagonists are promising drug candidates for different diseases such as cancer,

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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osteoporosis and diabetic retinopathy. The ayjpB3 integrin is involved in blood platelet aggregation and its
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Intensive efforts have been made to discover selective ojpfi3 and the a,B3 type antagonists by structural
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potent a,B3 type antagonists display a "glycine centered in a y turn" conformation, while the most active

o1pP3 inhibitors exhibit a "turn-extended-turn" conformation with a CaArg-Ca Asp distance of greater than 6.8

(3] +y- . 7 . C e (8] .
A. 13l Highly potent non-peptide o.vf3 L antagonists and opf3 inhibitors 8] are presently in drug
development.
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has been reported. o] The good access to 1.4:3,6-dianhydrohexitols with different absolute and relative
configuration led us to explore the scope of these compounds in RGD-mimetics. The 1.4:3,6-dianhydro
derivatives of D-sorbitol and L-idito] were selected. The serine ether side chain had been shown to be a useful
ligation of the carboxylic acid group of the RGD-motif. Therefore, we decided to work with this ligation. In
attaching the guanidino function, it seemed reasonable to vary the length of the linker. With these premises
five target structures resulted: compounds 1 - 4 from the D-sorbitol series and compound 5 from the L-iditol

series.
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Results and Discussion
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Synthesis: Starting point for the synthesis was isosorbit (1.4:3.6-dian

fractional distillation and were accessible in multigram scale. A Mitsunobu inversion of the secondary

hydroxy group in 7 delivered compound 9 with the I.-iditol configuration. tl
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ianhydro-D-sorbitol) 6. which was

1111
converted into a 3:2 mixture of the two allyl ethers 7 and 8. © ' The two allyl ethers could be separated by
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The serine-ether side chain was introduced by a Lewis-acid catalysed reaction of the aziridine 10 with the
[i3] - . .
secondary alcohols 7. 8 and 9 U The N-Boc protected aziridine 10 was prepared trom L-serine methyl
P [14] - :
ester according to literature procedures. The regioselective opening of the aziridine gave rise to the

products 11, 12 and 13. The yields of these reactions were only modest, even when an excess (5 equiv.) of
alcohol was used. (51 One side reaction was the attack of the OH group on the Cbz group resulting in a

benzyl ether formation.
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protected guanidis
deprotection of the N-Boc groups and hydrolysis of the methyl esters the two dianhydrohexitol-RGD

mimetics 1 and 3 which were obtained as TFA salts.
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HG THF, 79 %
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Hydroboration of 11, 12 and 13 gave the three primary alcohols 17, 18 and 19. The three alcohols were
transformed into the corresponding N-Boc-protected guanidine derivatives as described above. N-Boc-

deprotection und hydrolysis of the methylesters resulted in the three dianhydrohexitol-RGD mimetics 2, 4

and 5 which were obtained as TFA salts.
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Biological evaluation:

The tive RGD mimetics 1-5 were tested in a receptor binding assay for their biological activity. Activities

in the micromolar range on GijjpP3 Or on 0iyP3 (table 1) were observed for the sorbitol series (1 - 4).

Compound ICso U3 1Cso 0, B3
(umol) (wmol)
1 8 >
2 2 7.5
3 7 >
3 3
5 > >

Table 1. Effect of compounds (1-5) on ligand interaction with integrins. Biotinylated ligands
vitronectin (ayf3) or fibrinogen (opP3) were allowed to bind to immobilized integrins in the
ligand binding is shown. The sign > indicates that the ICs5( had not been reached at the maximum

concentration tested, (10 uM).

Conclusion
. ) . . y o e
The work presented here introduces 1,4:3,6-dianhydrohexitols as core units for RGD mimetics. Synthetic

pronounced receptor selectivity.



General: - All b.p.s and m.p.s are uncorrected values. - IR: Bruker IFS 88. — NMR: Bruker AC-300, DPX-

300, AMX-500 and AMX-600. For 'H NMR, CDCl; as solvent &y = 7.24, [Ds] DMSO as solvent 8y =

2750
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argon in oven- or flame dried glassware. Dry solvents: THF, Et>0, benzene, and toluene were distilled
from sodium benzophenone. All commercially available reagents were used without purification uniess
otherwise noted. All reactions were monitored by thin-layer chromatography (TLC) carried out on Merck
F-254 silica glass plates visualized with UV light and/or heat-gun treatment with 5% phosphomolybdic
acid in ethanol or 1. 2% anisaldehyde in ethanol and 2. 20% H»>S0O4. Column chromatography (CC) was
performed with Merck silica gel 60 (70-200 mesh and 230-400 mesh). PE: light petroleum ether, b.p. 40-60

°C. MTBE: methyl rert-butyl ether; DIAD: diisopropyl azodicarboxylate.

2-0-Allyl-1,4:3,6-dianhydro-D-sorbitol (7) and 5-O-Allyl-1,4:3,6-dianhydro-D-sorbitol (8): A
suspension of isosorbit 6 (48.7 g, 300 mmol), K,CO; (64.8 g, 470 mmol) and allyibromide (30.1 mL, 43.3
g, 358 mmol) in toluene (100 mL) was refluxed for 24 h. After cooling the precipitate was removed by

filtration and the solvent was evaporated in vacuo. The remaining oil was diluted with water (250 mL) and

extracted with MTBE (3 x 150 mL). The aqueous solution was saturated with NaCl and extracted with

CH,Cl (4 x 100 mL) and the organic layer was dried with MgSQ,. After removal of the solvent in vacuo

Vigreux-column. 7 (18.4 g, 30%, bp. 58-61 °C/2 x 10” mbar) and 8 (8.50 g, 15%, Sdp. 78-80 °C/2 x 107
mbar) were obtained as colorless oils. Analytical data for 7: - R,= 0.51 (PE/EtOAc 1:1) . - [alJp = + 34.4.
[als7s = + 56.7; [0]ss6 = + 63.5; [@]azs = + 100.3 ; [a]365 = + 142.7. (c = 1.10, CHCl3, T = 20 °C). - 'H-
NMR (300 MHz, CDCl;): 8 = 2.73 (d, J = 7.0 Hz, 1H, OH), 3.55 (dd, J = 9.4 and 5.7 Hz, 1H, 6-I1,), 3.76 -
3.87 (m, 2H, 6-Hg, 1-Ha), 3.98 - 4.12 (m, 4H, 1-Hp, 1'-H;, 2-H), 4.23 (ddd, J = 11.8, approx. 6.0 and

NnTY

approx. 6.0

T

1
z, 1

=103 and 1.6 Hz, 1H. 3"-Hg), 526 (dd, J = 17.2 and 1.6. 1H. 3'-H;). 5.88 (ddt. /= 15.8. J=10.5.J=5.3.



4), 83.4 (C-2), 85.9 (C-3), 117.6 (C-3"), 134.0 (C- 27). Analytical data for 8: R,= (.36 (PE/EtOAc 1:1)
- [oJp =+ 110.0; [a]s7s = + 114.5; [a)sse = + 128.8; [ot)szs = + 208.0: [a)zes = + 3053 (¢ = 1.03. CHCL;, T
= 20 OC) = lll=N£\Vll\ {300 IVAX 17, CDC!J} § = 2.37 (d, J = 41 nz, !ll. 01 A}. 3.L)9 = 4 32 (m. 8}{ 1‘}'{"" Z‘H,

5-H, 6-H,, 1°-H), 4.41 (d, J = 3.7 Hz, 1H, 3-H), 4.67 (dd, J = 4.2 and 4.2 Hz, 1H, 4-H). 5.19(dd, ] = 9.8
and 1.1 Hz, 1H, 3"-Hg), 5.28 (dd, J = 16.4 and 1.1 Hz, 1H, 3'-Hy), 5.86 - 5.99 (m, 1H, 2’'-H). - BC-NMR

(75 MHz, CDCl3): = 70.0, 71.6 and 75.8 (C-1, C-6, C-1"), 76.6, 79.4, 80.0 and 88.3 (C-2, C-3, C-4, C-5),

PPh; (13.8 g, 52.6 mmol) and DIAD (12.0 mL, 12.4 g, 61.3 mmol) in toluene (110 mL) a solution of 2-O-
allyl-isosorbit 7 (8.15 g, 43.8 mmol) in toluene (10 ml.) was added dropwise. After 15 h at room
temperature NaOH (41 mL of a 1.6 M aqueous solution, 65.7 mmol) was added and the reaction mixture
was vigorously stirred for 2 h. Then it was cooled to 0 °C and the pH was adjusted to 5 — 6 by addition of
conc. aqueous HCI solution. The obtained crystalline precipitate was removed by filtration from a pad of
Celite and washed with little cold toluene. The fiitrate was extracted with EtOAc (3 x 100 mL) and the
combined organic layers were washed with sat. aqueous NaCl solution (50 mL). After drying with Na;SO4
the solvents were removed in vacuo. The crude product was used without purification for ester hydrolysis.
- R, =0.51 (PE/MTBE 1:1). A solution of the crude product in MeOH (150 mL) was treated with K,CO;

(13.8 g, 100 mmol). After stirring for 2 h the reaction mixture was concentrated to 75 mL and MTBE (100
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3.78 -3.92 (m, 4H, 1-H,, 6-H>), 3.98 — 4.11 (m, 3H, 1"-H;, 2-H). 4.33 (br. s, 1H, 5-H), 4.54 (d, J = 4.0 Hz
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1, 4-r1), 4.0 {4,J =4 Z, 11, >-r), 0.21 (adl, J — 1tu.a, 1.oana 1.o nz, i J -rfg),o.z3vaat Jg = 17.o,

1.6 and 1.6 Hz, 1H, 3'-Hz), 5.88 (ddt, ] =17.3, 10.4, and 5.6 Hz, 1H, 2'-H). - BC-NMR (75 MHz, CDCL):
8 =70.6 (C-17), 72.3 and 74.3(C-1, C-6), 75.9 (C-5), 82.8 (C-4), 85.2 and 87.6 (C-3, C-4), 117.6 (C-3"),
134.0 (C-2"). - HRMS [CgH404] caled.: 186.0892; found: 186.0893.



(2°S)-2-0-Allyl-5-O[2°(benzyloxycarbonylamino)- methyl-propionate-3°-yl]-1,4:3,6-dianhydro-D-

sorbitol (11): To a solution of 2-O-allyl-isosorbit 7 (4.90 g, 26.3 mmol) and aziridine 10 (1.17 g. 5.00

hlar rm (7S mlYw
H 1.2 [ 9y

After 20 min at this temperature the reaction mixture was allowed to warm to room temperature and stirred
for 3 h. The reaction mixture was diluted with EtOAc (100 mL) and washed with sat. aqueous NaHCO;

solution (25 mL) and saturated aqueous NaCl solution (25 mL). The organic layer was dried with MgSO,

~ a R S . | n. I o R VAR T .V B as I a Vo N NS A, MNTT o 1 1 M 21 - 4 /1 11
anda concentraied. ruricaton oy Lo {(HVU g s1iiCa, L IToraea serine emer 11 (1.11 g,
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53%) as a colorless viscous oil. Reisolation of the allyl compound 7 (3.15 g, 16.9 mmol) was done by

v,-um.m n.». o P

(CH Ci,/MTBE 2 - |0fp = + 40.0; |otfs78 = + 4i.3; [(X]s.;ﬁ =+ 4()5,

~J

elution with MTBE. - R, = 0.5
[]aze = + 74.4; [0]36s = + 108.4 (¢ = 1.00, CHCI3, T'= 20 °C). - IR (neat): v = 3325 m (NH), 3065 w (CH
olef.), 3030 w (ArH), 2950/2880 m (CH), 1725 s (CO), 1520 s, 1455 m, 1435 m, 1370 m, 1340 m, 1295 m.
1210's, 1170 m, 1140 s, 1070 s, 1030 m, 925 w, 775 w, 740 w, 700 w. - '"H-NMR (300 MHz, CDCl;): 8 =
3.45 - 3.55 and 3.63 — 4.06 (m, 1H and m, 911, 1-H,, 2-H, 5-H. 6-H,. 3-H,, 17"-H>), 3.72 (s. 3H. OMe).
440-447 (m, 2H, 3-H, 2-H), 463 (dd, =45 and 4

2, L5 13V S SN0 S | i, = 1

10.5 and 1.5 Hz, tH, 3""-Hg), 5.25 (dd, J = 17.3 and 1.5 Hz, 1H, 3""-Hy), 5.79 - 5.91 (m, 1H, 2""-H), 6.12

C21H27NOg (421.45): caled. C 59.85, H 6.46, N 3.32; found C 59.57, 11 6.24, N 3.36.

(2°S)-5-0-Allyl-2-0-|2"-(benzyloxycarbonylamino)-methylpropionate-3°-yl]-1,4:3,6-dianhydro-D-

in chloroform (5 mlL.) was treated with BF;-etherate (0.50 ml. of a 10% solution in chloroform) at 0 °C.

under reduced pressure. Purification by CC (200 g silica, PE'MTBE 2:1 — 3:1) afforded serine ether 12
(750 mg, 25%) as a colorless oil. Excess 5-O-allyl-isosorbit 8 was eluted with EtOAc. Thus, allyl ether 8

(4.1 g, 22 mmol) was reisolated. - Ry=0.55 (CH,CLl,/MTBE 2:1). - [allp =+ 71.4; [at]s7s = + 74.2; [0]s46 =



d;5 [adzes = +204.9 (¢ = 0.98, CHCl;, T = 20 °C). - IR (neat): v = 3325 s (NH),

3065 w (CH olef.), 3030 w (Ar-H), 2950/2875 s (CH aliph.), 1725 s (C=0), 1520 s, 1455 m, 1435 m, 1210

J=83 and 8.3 Hz, 1H, m, 1H and m, 7H, 1-H;, 2-H, 5-H, 6-H», 3'-H4, 1""-H>), 3.73 (s, 3H. OMe), 4.16
(dd, J=12.4 and 5.7 Hz, 1H, 3'-Hg), 4.38 (d, ] = 4.3 Hz, 1H, 3-H). 4.44 - 4.53 (m. 2H. 4-H. 2"-H). 5.10 (s.

2H, CH,Ph), 5.18 (dd, J=9.8 and 1.5 Hz, 1H, 3""-Hg), 5.27 (dd, J = 17.3 and 1.5 Hz, IH, 3""-H7), 5.56 (d,

J=8.7 Hz, 1H, NH), 5.81 — 6.00 (m, 1H, 2""-H), 7.30 - 7.34 (m, 5H, Ph). - “C-NMR (75 MHz, CDCl;): &
= 52.6 (OMe), 54.2 (C-2"), 67.1 (CH;Ph), 69.3, 69.9 and 71.6 (C-1, C-6, C-1""), 73.0 (C-3"), 79.3, 80.2,

(Z-CO), 170.4 (COO). - C21Hz7NOs (421.45): caled. C 59.85, H 6.46, N 3.32; found C 59.55, H 6.35, N
3.19.

(2°S)-2-0-Allyl-5-0O-[2-(benzyloxycarbonylamino)-methyl propionate-3°-yl|-1,4:3,6-dianhydro-L-
iditol (13): A solution of 2-O-allyl-isoidit 9 (5.80 g, 31.1 mmol) and aziridine 10 (1.47 g, 6.23 mmol) in

CH,Cl, (10 mL) was treated at 0 °C with BFs-etherate (3 drops). The ice bath was removed after 20 min.
After stirring for 3 h the reaction mixture was diluted with EtOAc (100 mL) and washed with sat. aqueous
NaHCOj; solution (25 mL) and sat. aqueous NaCl solution (25 mL). The organic layer was dried with

MgSO, and the solvents were removed in vacuo. Purification by CC (200 g silica, CH,Cl,/MTBE 8:1) gave

serine ether 13 (610 mg, 23%) as colorless oil. Excess of 2-O-allyl-isoidit 9 (4.30 g, 23.1 mmol) could be

7.30 - 7.38 (m, SH. Ph). - "C-NMR (75 MHz, CDCl;): § = 52.7 (OMe). 54.3 (C-2"). 67.1 (CH,Ph). 69.3.

70.5, 71.8 and 72.7 (C-1, C-6, C-37, C-1""), 82.7 83.9, 85.0 and 85.4 (C-2, C-3, C-4, C-5), 117.5 (C-3""),
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- C31Ho7NOg (421.45): caled. € 59.85, H 6.46, N 3.32; found C 59.59, H 6.47, N 3.24

(2°S)-5-0-[2’-(Benzyloxycarbonylamino)-methyl propionate-3°-yl]-2-O-(2""-hydroxy-eth-1""-yl)-

was treated with a constant stream of ozone at - 78 °C until the characteristic blue color appeared. Excess

Ty

hen a solution of NaBH;

R, e A - '1‘

yZ0ne was a l\Cn out DV pd‘a\lﬂg drgnn lnF()LL C l"CdLllOﬂ Iﬂl\[llrﬁ IOI' mm,
(160 mg, 4.26 mmol) in ethanol (15 mL) was added at - 78 °C and the reaction mixture was allowed to
warm to 0 °C within 5 h. Excess NaBH4 was destroyed by the addition of conc. acetic acid (0.2 mL). After
removing the solvents in vacuo water (30 mL) was added to the residue. It was neutralized by careful
addition of solid NaHCO3 and extracted with EtOAc (4 x 75 mL). After drying with MgSO; the solvents
were removed under reduced pressure. Purification of the residual oil by CC (50 g silica. EtOA¢/PE 5:1 —

EtOAc) gave alcohol 14 (170 mg. 29%) as a colorless oil. - K;= 0.05 (MTBE). - [ot]p = + 34.0; [0]s75 = ~
35.7. [0t)ss6 = + 39.9; [)aze =+ 63.7: [0]305 =+ 91.9 (¢ = 0.96. CHCI5. T=20 °C). - [R (neat): v = 3435 br.
s (OH. NH). 3035 w (Ar-H)., 2950/2880 s (CH). 1715 s (CO). 1530 s. 1455 m. 1440 m. 1213 5. 1070 5. 733

n. - 'H-NM

IAN

— R 13 <
IH, 4-H), 5.11 (s. 2H, CHPh). 6.12 (d. J = 8.0 Hz, IH. NH). 7.30 - 7.34 (m. 5H. Ph). - "C-NMR (75 MHz.
CDCI3): 8 = 52.5 (OMe), 54.5 ( ). 60.9 (C-2"7), 66.8 (CH,Ph). 70.1. 70.4 and 70.7 (C-1. C-6. C-1"")
73.1(C-37). 79.9. 80.4. 84.5 and 86.2 (C-2, C-3. C-4. C-5). 127.9. 128.0. 128.4 and 136.4 (Ph). 156.2 (Z-

CO0), 170.6 (COO). - HRMS [C9Hz7NOy] caled.: 425.1686; found: 425.1688.

v

(2°S)-2-0-|2"-(Benzyloxycarbonylamino)-methyl propionate-3°-ylj-5-O-(2'"-hydroxy-eth-1""-yl)-

4 s P OO R S _1\ 11/\ I BN
QU IINE, .00 ITHTIO1) 1 IVICW ( J ML)
was treated with a constant stream of ozone at - 78 °C until the characteristic blue color appeared. Excess

[aal]
1

\)

.02

'Jl

0zone was driven out by passing argon through the reaction mixture for 5 min. Then NaBH, (190 mg.
mmol) was added at - 78 °C and the reaction mixture was stirred for 15 h at - 23 °C. Excess NaBH; was
destroved by the addition of TFA (2 mL). After | h at - 25 °C toluene (10 ml.) was added and the solvents
were removed in vacuo at room temperature. The residue was codistilled with toluene (2 x 10 mL). The

crude product was dissolved in EtOAc (150 mL) and washed with sat. aqueous NaHCOs solution (30 mL)



61.4; [0]s7s = + 63.2; [0]sa6 = + 71.4; [ot)as = + 116.7; [0]6s = + 174.3 (¢ = 1.04. CHCl;. T = 20 °C). - IR
(neat): v = 3435 s (NH, OH), 3035 w (Ar-H), 2950/2875 s (CH), 1720 s (C=0), 1530 5. 1455 m. 1440 m.

1215 s, 1070 s, 740 m, 700 m. - "H-NMR (300 MHz. CDCl3): 8 = 2.75 (br. s. 1H. OH). 3.55. 3.67 - 3.77

3.74 (s, 3H, OMe), 4.40 (d, ] = 4.2 Hz, 111, 3-1), 4.49 (m., 11, 2"-H), 4.55 (dd. J = 4.5 and 4.5 Hz, 1H, 4-

CDCl;): & = 52.7 (OMe), 54.2 (C-27), 61.8 (C-2""), 67.1 (CH;Ph), 69.3, 70.2 and 72.3 (C-1, C-6, C-1""),
72.9 (C-37), 80.2, 80.6, 84.7 and 85.9 (C-2, C-3, C-4, C-5), 128.1, 128.2. 128.5 and 136.1 (Ph). 155.9 (Z-
CO), 170.4 (COO). - C20Ha7NOg (425.43): caled. C 56.46, H 6.40, N 3.29; found C 56.71, H 6.70, N 2.99.

(2°S)-5-0-[2"-(Benzyloxycarbonylamino)-methyl propionate-3°-yl]-2-O-(3"'-hydroxy-prop-1""-yl)-
1,4:3,6-dianhydro-D-sorbitol (17): A 0.5 M solution of 9-BBN (1.4 mL, 0.72 mmol) in THF was slowly
added to a solution of serine ether 11 (100 mg, 0.237 mmol) in THF (2 mL) at - 10 °C. After stirring for 3 h
at 0 °C sodium acetate (0.5 mL of a 5 M aqueous solution) and H;0, (0.3 mL of a 30% aqueous solution)

were added carefully and the rcaction mixture was allowed to warm to room temperature. After 1 h at this

temperature the reaction mixture was extracted with MTBE (4 x 10 mL). The combined organic layers

were washed with gat. a
were wash with sat. a

4.7 Hz, 1H, 4-H), 5.10 (s, 2H, CH,Ph), 6.13 (d, J = 8.5 Hz, 1H, NH), 7.26 - 7.34 (m, 5H, Ph) . - "C-NMR
(75 MHz, CDCl3): 6 = 32.1 (C-27"), 52.5 (OMe), 54.4 (C-2"), 60.9 (C-3""), 66.8 (CH,Ph). 67.8, 70.1 and

70.3 (C-1, C-6, C-17"), 73.1 (C-37), 79.8, 80.4, 83.3 and 86.2 (C-2, C-3. C-4, C-5), 127.9, 128.0, 128.4 and
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136.4 (Ph), 156.2 (Z-CO), 170.6 (COO). - CyHyuNOs (425.43): caled. C 57.39, H 6.65, N

3.19; found C 57.19, H 6.71, N 3.40.

(2°S)-2-0-[2"-(Benzyloxycarbonylamino)-methyl propionate-3°-yl]-5-O-(3""-hydroxy-prop-1""-yl)-

1
x

nnnnn

r further 5 h. The reaction was quenched at 0 °C by
careful addition of water until the gas evolution stopped. Then sodium acetate (2.5 mL of a 5 M aqueous
solution and H,O; (1.5 mL of a 30% aqueous solution) were added carefully and the ice bath was removed.
After 1 h at room temperature the mixture was extracted with EtOAc (4 x 50 mL). The combined organic
layers were washed with sat. aqueous NaCl solution (20 mL) and dried with MgSQ,. The solvents were
removed in vacuo and the residue was purified by CC (50 g silica, EtOAc/PE 5:1 — 1:1 — EtOAc). The
alcohol 18 (291 mg, 49%) was obtained as a colorless oil. - Ry= 0.22 (EtOAc). - [a]p = + 71.1; [o]s73 = +
74.4; [0)sa6 = + 83.9; [at]aze = + 137.1; [t]365 =+ 204.8 (¢ = 1.05, CHCl3, T=20 °C). - IR (neat): v = 3435
s (NH. OH), 3030 w (Ar-H), 2950/2880 s (CH), 1720 s (C=0). 1530 s. 1455 m. 1440 m, 1215s. 1125 m.

1070 s, 740 m, 700 m. - '"H-NMR

aiiiy il LETINIVIIN

OH), 3.55 and 3.62 — 4.04 (dd, J = 8.1 and 8.1 Hz, 1H, and m, 11H, 1-H», 2-H, 5-H. 6-H,. 3"-H, 1""-H,,

37-Hy), 3.72 (s, 3H, OMe), 4.40 (d, ] = 4.2 Hz, 1H, 3-II), 447 (m,, 1H, 2"-H), 4.58 (dd, J = 4.5 and 4.5 Hz,
13~

1H, 4-H), 5.10 (s, 2H, CH,Ph), 5.55 (d, J = 8.3 Hz, 1H, NI1), 7.29 - 7.34 (m, 5H, Ph). - "C-NMR (75 MHz

CDCL): 6 = 31.8 (C-277), 52.6 (OMe), 54.2 (C-2"), 60.6 (C-37"), 67.1 (CH,Ph), 68.2, 69.3 and 70.2 (C-1

C-6, C-17), 72.9 (C-37), 79.93, 79.95, 84.7 and 85.9 (C-2, C-3, C-4, C-5), 128.1. 128.2, 128.5 and 136.1
(Ph), 155.9 (Z-CO), 170.4 (COO). - C3;H29NOg (439.47): calcd. C 57.39, H 6.65, N 3.19; found C 57.31. H

6.75, N 3.19.

(2°S)-5-0-[2"-(Benzyloxycarbonylamino)-methyl propionate-37-yl]-2-O-(3""-hydroxy-prop-1""-yl)-
1,4:3,6-dianhydro-L-iditol (19): Borane-dimethylsulfide (4
triethylborane (10 mL of a 1 M solution in THF, 10 mmol) in a Schlenk-tube and the mixture was stirred

for 2 h at 0 °C. An aliquot of this diethyl borane solution (2.2 mL, 2.1 mmol) was added dropwise at - 10°C
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solution) and H>O; (0.8 mL of a 30% aqueous solution) were added carefully and the ice bath was
removed. After | h at room temperature the mixture was extracted with EtOAc (3 x 10 mL). The combined

organic layers were washed with sat. aqueous NaCl solution (10 mL) and dried with MgSQ,. The solvents

.M A T

were removed in vacuo and the residue was purified by CC (50 g silica, EtOA¢/PE 5.1 — 1:1 — EtOAc).

The alcohol 19 (170 mg, 54%) was obtained as a colorless oil. - Ry= 0.44 (EtOAc). - [a]p = + 29.2: [at]s7s

6: [0]sa6 = + 34.0; [0]azs =

= 4.0; [o]ses = + 77.9 (¢ = 0.62. CHCls. 7= 20 °C). - IR (neat): v =

[o%]
=]
'J\

3320 br. m (NH/OH), 3065 w (CH olefl), 3035 w (Ar-H). 2950/2875 s (CH), 1720 s (CO). 1530 s. 1455 m.
1440 m, 1400 w, 1340s, 1215 s, 1175 m, 1080 s, 985 m, 915 m, 775 w, 740 w, 700 m. - 'H-NMR (300
MHz, CDCls): 6 = 1.82 (tt, J = 5.8 and 5.8 Hz, 2H, 2"'-H,), 2.01 (br. s, 1H, OH), 3.60 — 4.01 (m, 12H, 1-

Hs, 2-H, 5-H, 6-H,, 3'-H,, 1""-H,, 3""-H,), 3.77 (s, 3H, OMe), 4.46 — 4.55 (m, 3H, 3-H, 4-H, 2’'-H), 5.13 (s,

170.4 (COO). - HRMS [C51H29NOy] caled.: 439.1842; found: 439.1843.

(2°S)-5-0-[2"-(Benzyloxycarbonylamino)-propionic acid-3"-yl]-2-0-(2""-guanidinium-eth-1""-yl)-

1,4:3,6-dianhydro-D-sorbitol triflugre acetate (1): Alcohol 14
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colorless oil. - Ry=0.18 (PE/MTBE 1:1). - [a]p = + 18.4; [0t]s7s = + 20.0; [at]ses = + 21.4; [0]a3¢ = + 33.5;

(C=0), 1640 s, 1610 s, 1510 s, 1455 m, 1435 m, 1390 s, 1370 s, 1275 5, 1245 5, 1150 s, 1100 s, 980 m, 735
m. 700 m. - "H-NMR (300 MHz, CDCl;): 8 = 1.45 and 1.47 (2 s. 9H each, 2 x tBu), 3.73 (s, 3H. OMe).
3.46 - 4.18 (m, 12H, 1-Hs, 2-H, 5-H, 6-H,, 3'-H,, 1""-H,, 2"'-H;), 4.40 — 4.43 (m, 2H, 3-H, 2"-H). 4.56 (dd,



, 1H, NH), 7.28 - 7.34 (m, 5

9.24 (br. s, 2H, NH,). - "C-NMR (75 MHz, CDCls): 8 = 27.9 and 28.3 (2 x C(CHs)3), 43.7 (C-27"), 52.5
(OMe), 54.5 (C-27), 66.8 (CH:Ph), 67.1, 70.1 and 70.2 (C-1, C-6 and C-1""), 73.4 (C-3"), 78.8 and 83.9 (2
x C(CHas)s), 79.8, 80.5, 83.9 and 86.3 (C-2, C-3, C-4, C-5), 127.9, 128.0, 128.4 and 136.4 (Ph). 154.9

the residual oil by preparative HPLC (41 mm ID, Rainin, RP 18, 40 mL/min, 25% B to 30% B in 30 min,

A rrlr\;\ o 1i_ (s ] PR 7ot Fa B L TA T

FA; B: acetonitrile + 0.2% TFA) afforded trifiuoro acetate i (79 mg, 93%). - HPLC: R,
B:

s
1

A: water + §.2%
= 11.0 min (4 mm ID, Rainin, RP 18, 1 mL/min, 20% B to 60% B in 30 min, A: water + 0.2% TFA;
acetonitrile + 0.2% TFA). - "H-NMR (300 MHz, CD;CN): § = 3.28 (m., 2H. 3""-15). 3.47 (dd. J = 8.8 and

6.9 Hz, 1H, 1-Ha*), 3.59 (m,, 2H, 17"-Hy), 3.73 — 4.07 (m, 7H, 1-Hg*, 2-H, 5-H. 6-H,*, 3°-H;). 4.26 — 4.37

(m, 1H, 2°-H), 4.43 (d, ] = 4.3 Hz, 1H, 3-H), 4.62 (dd. J =4.5 an Hz, 1H, 4-
Hz,

G
Q-.
(Jil

). ca. 4.5 — 5.5 (very br.

H
1H, NHZ

=2
%)
Yo

7.7

(98]

s, 3H, 3 exchangeable H's), 5.11 (s, 2H, CH,Ph), 6.39 (d, .

~—’

6.79 (br. s. 3H, 3

exchangeable H's), 7.30 — 7.44 (m, 5H, Ph), 7.61 (br. s, 1H, NSHH); * assignment is possibly
interchangeable. - BC.NMR (75 MHz, CD;CN): 8 =42.7 (C-27")., 55.5 (C-2"), 67.2 (CH,Ph). 68.8 (C-1"")

70.8, 71.0 and 73.7 (C-3", C-1, C-6), 81.2, 81.3, 85.3 and 86.6 (C-2, C-3, C-4, C-5), 128.7. 128.9, 130.0

(2°S)-5-0O-[2-(Benzyloxycarboenylamino)-propionic acid-3"-yl]-2-0-(3""-guanidinium-prop-1-"-yl)-
1,4:3,6-dianhydro-D-sorbitol trifluoro acetate (2): The preparation and purification was done as

described for the protected guanidine derivative corresponding to 1. The following amounts of substrate

and reagents were used: Alcohol 17 (400 mg, 0.910 mmol), protected guanidine 16 (474 mg, 1.82 mmol),
PPh; (358 mg, 1.37 mmol) and DIAD (0.27 mL, 0.28 g, 1.4 mmol) to yield the corresponding protected
title compound (540 mg, 87%) as a colorless oil. - R, = 0.17 (PE/MTBE 1:1). - [ot]p = + 21.0; [oifs7s = +
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each, 2 x tBu), 1.82 (q, ] = 5.7 Hz, 2H, 2"-H,), 3.73 (s, 3H, OMe), 3.44 - 4.05 (m, 12H, 1-H,, 2-H, 5-H
3 73 : & k4 73 =3 3 73 AN ] ] L ) ]

(75 MHz, CDCl;): & = 28.0 und 28.3 [2 x C(CH3)3], 29.1 (C-2""), 42.2 (C-3""), 52.5 (OMe). 54.5 (C-2").
66.8 (CH,Ph), 67.4, 70.0 and 70.1 (C-1, C-6, C-17"), 73.2 (C-3"), 78.7 and 83.7 (2 x C(CHa;)3). 79.7. 80.5.

84.3 and 86.3 (C-2, C-3, C-4, C-5), 127.9, 128.0, 128.4 and 136.4 (Ph), 154.9 (C=N), 156.2 (Z-CO). 160.7

1

P | OV, ool M CL AL IT 711 N Q DY, Lasaead
dlild L/0). CdlCd. U 20.40, N1 /.11, IN 8.2)5, 10UNAd U

.4.)

63.8 (2 x Boc-CO), |
56.57, H 7.07, N 8.13. A solution of this protected guanidine derivative (380 mg, 0.558 mmol) in THF (4

ey ~ ~
mL) was treated with LiOH (£.7

3

L of a 0.3 M aqueous solution, 0.81 mmol) at room temperature. It was

acidified with 5% aqueous citric acid solution to p# 3 atter 20 min. The organic solvent was removed and

i1 A~ A

the residue was extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with sat.

aqueous NaCl solution (20 mL) and dried with MgSQ,. After removal of the solvents in vacuo the residue

was dissolved in CH,Cl; (4 mL) and TFA (1.5 mL) was added. After 2 h at room temperature the reaction

mixture was azeotropically distilled with toluene (2 x 5 mL). The residual oil was purified by preparative

HPLC (41 mm ID, 3 runs, Rainin, RP 18, 40 mL/min, 25% B to 30% B in 30 min, A: water + 0.2% TFA:

B: acetonitrile + 0.2% TFA e-ld trifluoro acetate 2 (172 m

53%). - HPLC: R, = 12.1 min (4 mm ID

iNj H 11 117

Rainin, RP 18, 1 mL/min, 20% B to 60% B in 20 min. A: water + 0.2% TFA; B: acetonitrile + 0.2% TFA).

~<-IJ

and A
ana o

7S]
]

343(dt, J=6 Iz,
2H, 3""-H»). 3.32 — 4.32 (m, 13H, 1-H,, 2-H, 5-H, 6-H,, 3°-H,, 1""-Ha, 3 exchangeable H's*). 4.39 (d, J =
4.5 Hz, 1H, 3-H), 4.56 (dd, J = 4.6 and 4.6 Hz, 1H, 4-H), 5.03 (s. 2H, CH,Ph), 6.82 - 7.52 (m, 8H. Ph. 3
exchangeable H's), 7.67 (t, J = 5.4 Hz, 1H, N* H); * this signal was superimposed by the signal of the
5 MHz, d¢-DMSO): 6 = 28.8 (C-2"). 38
71.8 (COO). — FAB-MS:

C11H;3;N4Og caled. 467.2; found 467.5.
(2°S)-2-0-|2’-(Benzyloxycarbonylamine)-propionic acid-3’-yl]-5-O-(2°"-guanidinium-eth-1""-yl)-
1,4:3,6-dianhydro-D-sorbitol trifluoro acetate (3): The preparation was done as described for the

protected guanidine derivative corresponding to 1. The following amounts of substrate and reagents were



used: Alcohol 15 (270 mg, 0.635 mmol), protected guanidine 16 (330 m
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0.946 mmol) and DIAD (0.18 mL, 0.19 g, 0.94 mmol). Purification by CC (30 g silica, MTBE/PE 1:1 —
3:1) afforded the title compound (365 mg, 87%) as colorless, viscous oil. - R;=0.17 (PE/MTBE 1:1) . -

[alp =+ 50.8; [ot]s7s = + 52.8; [0t]sa6 = + 59.6; [et]aze = + 98.2; [0t]36s = + 149.3 (¢ = 1.06, CHCI;. 7= 20

°CY _ IR (neat): v = 3385 s (NH). 2975/2875 s (CH). 1715 s (C=0). 1640 <. 1610 5. 1510 <. 1455 m_ 1435

\/}- I.L\\IAVM&’ A\ JJU-/O\& ll/9 ow S} W I-UI-/J\\./AI./, LIlJJ\\/ \J}q 1UVUTUYU O LIV D L1\ 9 1770 k. L7770
i

m, 1390 m, 1370 s, 1275 s, 12455, 1150 s, 1100 s, 985 m, 735 m, 700 m. - 'H-NMR (300 MHz, CDCl;): 8

= 1.45 and 1.47 (2 s, 9H each, 2 x tBu), 3.73 (s, 3H, OMe), 3.51,3.58 - 4.07 and 4.11 - 4.29(t,J = 8.1 Hz

7.33 (m, 5H, Ph), 9.20 (br. s, 2H, NH;). - "C-NMR (75 MHz, CDCl;): § = 28.0 and 28.3 (2 x C(CHs)s).
43.3 (C-27"), 52.6 (OMe), 54.2 (C-2). 67.1 (CH,Ph). 68.0, 69.3 and 70.2 (C-1, C-6, C-1""). 72.9 (C-3").
78.6 and 84.0 (2 x C(CHj3)3), 79.5, 80.4, 84.9 and 86.0 (C-2, C-3, C-4, C-5), 128.1, 128.2, 128.5 and 136.1
(Ph), 154.8 (C=N), 155.9 (Z-CO), 160.5 and 163.6 (Z x Boc-CQ), 170.4 (COO). - C3;H4N4O,; (666.73):
caled. C 55.85, H 6.95, N 8.40; found C 55.55, H 7.25, N 7.79. The preparation and purification was done
as described for the trifluoro acetate 1. The following amounts of substrate and reagents were used:

Protected guanidine derivative corresponding to 3 (260 mg, 0.390 mmol), TFA (2 mL) to yield the title

compound (174 mg, 79%) as a colorless oil. - HPLC: R, = 12.0 min (4 mm ID. Rainin, RP 18. 1 mL/min.

20% B to 60% B in 20 min, A: water + 0.2% TFA; B: acetonitrile + 0.2% TFA). - '"H-NMR ¢

2H, NH,). - “C-NMR (75 MHz, CD;CN): & = 43.9 (C-2""), 55.9 (C-2'), 68.0 (CHaPh). 70.4 and 70.9 (C-
, C-177), 71.5 and 74.5 (C-1, C-6), 81.98, 82.04, 86.0 and 86.9 (C-2, C-3. C-4, C-5), 129.4. 129.6. 130.1
and 138.6 (Ph), 157.9 and 159.9 (Z-CO and C=N), 172.8 (COO). - HRMS: C3H29N4Og calcd. 453.1985;

AL nNon

L 1 1
mound: 425.1Y0.<.
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(2'S)-2-0-|2"(Benzyloxycarbonylamino)propionic acid-3-yl]-5-0-(3""-guanidino-prop-1""-yl)-

1,4:3,6-dianhydro-D-sorbitol trifluoro acetate (4): The preparation was done as described for the
protected guanidine derivative corresponding to 1. The following amounts of substrate and reagents were

used: Alcohol 18 (260 mg, 0.592 mmol), protected guanidine 16 (307 mg, 1.18 mmol). PPh; (232 mg.

3:1) afforded the title compound (382 mg, 95%) as a colorless, viscous oil. - R,=0.19 (PE/MTBE 1:1). -

H.OMe). 3.43 -

(9P

= 1.46 and 1.49 (2 s, 9H each, 2 x tBu), 1.86 (tt, J = 6.4 and 6.4 Hz, 2H, 2""-H,). 3.73 (s.
3.55,3.65-3.74 and 3.83 — 4.07 (m, 2H, m, 8H and m, 2H, 1-H,. 2-H. 5-H. 6-H>, 3'-Ha. 1""-H>. 37 "-H»).
4.37(d,J=4.1 Hz. 1H, 3-H). 4.47 - 4.53 (m, 2H. 4-H, 2'-H). 5.10 (s. 2H. CH,Ph). 5.53 (d, ] = 8.7 Hz. 1H.
NH). 7.29 - 7.33 (m. 5H. Ph). 9.25 (br. s. 2H, NH,). - "C-NMR (75 MHz. CDCl;): & = 28.0 and 28.3 (2 x
C(CH3)3),29.1 (C-277),42.2 (C-377), 52.6 (OMe). 54.3 (C-2"). 67.1 (CH,Ph), 68.3. 69.3 and 70.0 (C-1. C-6,

). 73.0 (C-37), 78.7 and 83.7 (2 x C(CHj3)3). 80.0, 80.2, 84.9 and 85.9 (C-2. C-3. C-4. C-3). 128.1.
128.2, 128.5 and 136.1 (Ph), 155.0 (C=N), 155.9 (Z-CO), 160.7 and 163.8 (2 x Boc-C0), 170.4 (COO). -

C32HasN4O12 (680.78): caled. C 56.46, H 7.11, N 8.23; found C 56.20. H 6.79, N 8.06. The preparation and

reagents were used: Protected guanidine derivative corresponding to 4 (200 mg. 0.294 mmol). TFA (2 mL)

to yield the trifluoro acetate 4 {118 mg. 69%) as a colorless oil. - HPLC: R, = 12.7 min {4 mm [D. Rainin.
1

RP 18, I mL/min. 20% B to 60% B in 20 ater + 0.2% TFA: B: acetonitrile + 0.2% TIFA). - H-

-~ . —_ T £ L and &£ £ 1T DT D Iy 218 7.1 T 7N =1 S S 1T, LY

NMR (600 MHz, de-DMSO): 5=1.69(tt,J=6.6 and 6.6 Hz, 2H. 2""-H,). 3.15 {at. v = /.U ana 5.5 Hz. 2H.

3""-Ha), 3.39 (1, J = 8.1 Hz, 2H, 6-H,), AB signal (84 = 3.43, 8p = 3.58, J = 9.6 Hz, additionally split by J
=6.2and 6.2 Hz, Jg = 6.2 and 6.2 Hz, 2H, 1""-H;), 3.66 — 3.71 (m, 2H, 3'-H>). 3.71 — 3.82 (m. 3H. 1-H,, 6-

Hg). ca. 3.8 — 4.8 (very br.s . 3H, 3 exchangeable H's). 3.92 (br. d. J = 3.7 Hz. 1H. 2-H). 3.94 (td. 1 = 7.0

v n ‘

(\II 1
8 (dt, J and

18 B ™ oA

. 5-H), 4

.5 Hz, 1H. 2"-H). 4.4 J

J=4.4 Hz 1H. 3-H). 4.50 (dd. J =

._.
wn
[N
<
'D.‘

nd 4.8 Hz. 1 (

o

4.5 and 4.5 Hz. 1H. 4-H), 5.03 (s, 2H, CH,Ph), 6.80 - 7.38 (m, 7H. Ph, 2 exchangeable H's). 7.55 (d. J =

8.2 Hz, 1H, NHZ), 7.60 (t, ] = 5.5 Hz, 1H, N” H). - "C-NMR (75 MHz, d¢-DMSQ): 6 = 28.8 (C-27"). 38.0



(C-3"7),54.3 (C-2"). 65.5 (CH,Ph), 66.6 (C-1""

18y, L 1

(2°5)-5-0-[2"-(Benzyloxycarbonylamino)-methyl propionate-3°-yl]-2-O-(3""-guanidinium-prop-1""-
yl)- 1,4:3,6-dianhydro-L-iditol trifluore acetate (5): The preparation was done as described for the

ted guanidine derivative corresponding to 1

il b LN e OV WI

mmol) and DIAD (0.066 mL, 69 mg, 0.34 mmol). After

title compound (130 mg, 87%) was obtained as a highly viscous colorless oil. - R;=0.16 (PE/MTBE 1:1). -
[adp = +22.9; [a]ss = + 24.4; [alsae = + 26.9; [0]azs = + 42.3; [0t)3es = + 60.2 (¢ = 0.63. CHCl;. T =20

°C). - IR (neat): v = 3385 w (NH), 2975/2875 w (CH), 1715 s (CO), 1610 w, 1510 w, 1370 w. 1280 m,

1980 142 11&N 1mn NN v QQ& iy Q&N s
120U i, 110V I, UU W, 060 W, 60U W,

(o]

0w
U w,

~3

1 QN <xr TAL x: TN o n 7/ —
1 5 1 OU W, 790 W, /UU W, = T1-INIVIN (_')UU wirz.

—

1.48 and 1.52 (2 s, 9H each, 2 x 1Bu), 1.87 (m., 2H, 2""-H,). 3.51 (m,. 2H., 3""-H5). 3.76 (s. 3H. OMc). 3.68

ll\n NTY 1. 11 N TT £ YY £ TIT A orr 10 o
5]

8 (m. 10H. 1-H-. 2-H. 5-H. 6-H». 3"-H>. 1 7"-H>). 4.46 (m.. 2H. 3-H. 4-H). 4.50 (br. dt. J =8 7 and 2.9
Iz, 111, 2°-11). 5.12 (s. 2H. CH,Ph), 5.65 (d. J = 8.7 Hz. 1H. NH). 7.27 - 7.42 {m. 5H. Ph). 9.25 (br. s. 2H.

— o oxTE [ ~

NHz). - "C-NMR (75 MHz, CDCl3): § = 27.9 and 28.2 (2 x C(CHj3)3), 28.9 (C-277), 42.1 (C-37"). 52.

I~
‘J 1

(OMe), 54.2 (C-2"), 67.0 (CH,Ph), 67.4. 69.2, 71.6 and 72.1 (C-1, C-6. C-3", C-1""). 78.6 and 83.6 (2 x
C(CH3)3), 83.3, 83.9. 84.9 and 85.2 (C-2. C-3, C-4, C-5), 128.0, 128.1, 128.4 and 136.0 (Ph). 154.8 and
155.9 (C=N and Z-CO), 160.6 and 163.7 (2 x Boc-CO), 170.3 {COO). - C12H4gNsO > (680.78); caled. C
56.46, H7.11, N 8.23; found C 56.34, 11 7.13. N 7.96. 1o a solution of this protected guanidine derivative

(53 mg, 0.078 mmol) in acetone (2 mL) and water (2 mL.) | M aqueo
the reaction mixture was stirred at 65 °C (bath temperature). After 15 h at this temperature the solvents
were removed in vacuo. The residual oil was purified by preparative HPLC (21 mm ID, 2 runs. Rainin. RP

18, 20 mL/min, 20% B to 30% B in 20 min, A: water + 0.2% TFA; B: acetonitrile + 0.2% TFA) to yield

Op = 3.54, Jap = 10.0 Hz, additionally split by J4 = 5.9 Hz, Jy = 6.0 Hz, 2H, 1""-115). 3.68 = 3.75 and 3.77 -
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3.80 (m. 3H and m, 2H. 1-H,, 6-H,, 3'-Ha). 3.87 — ca. 3.90 (m. 1H. 3"-Hg). 3.90 (dd. J = 3.0 and
approx. 1.0 Hz, 1H, 2-H*), 3.93 (dd, J = 3.0 and approx. 1.0 Hz, 1H, 5-H*). 4.34 (dd. ] = 4.1 and 4.1 Hz.
1H, 2°-H), 4.47 (m,, almost s, 2H, 3-H, 4-H), 5.07 (m,, almost s, 2H, CH,Ph). 7.28 - 7.38 (m. SH. Ph): *
assignment was done according to a NOESY spectrum, 2-H displayed a strong NOL to 1"'-H, and a weak
NOE to 2""-H,. in contrast 5-H showed a weak NOE to 2°-H. - PC-NMR (75 MHz. CD:CN + 10% D,0): &
=293 (C-27).39.4 (C-3""). 55.2 (C-2"), 67.2 and 67.5 (CH,Ph. C-1""). 69.8 (C-3"). 72.6 (C-1. C-6). 84.3

-~
N

)8
Ja ©

C
N
(@8]

(C-2). 84.6 (C- .6 and 85.8 (C-3. C-4), 128.7. 129.1 and 129.5 (Ph). 157.5 (Z-CO and C=N). 173.1

(COO). - FAB-HRMS [C;H3N4Og] calcd.: 467.2142: found: 467.2153.

Acknowledgements
This work was supported by Merck KGaA, the Deutsche Forschungsgemeinschaft, the Fonds der
Chemischen Industrie, and Schering AG. Support by the NMR group of Dr. C. Miigge is greatfully

acknowledged.

References:
1] Clark, E. A.; Brugge, J. S. Science 1995, 268, 233-239.

2] a) Haubner, R.; Finsinger. D.; Kessler, H. Angew. Chem. 1997, 109, 1440-1456: Angew. Chem. In.
Ed Engl 1997, 36, 1374-1389. b) Samanen, J. M.; Jonak. Z.; Rieman. D.; Yue. T. L. Curr. Pharm.

Design 1997, 3, 545-584.

r—
(V8]
[t}

Ojima, I.; Chakravarty, S.; Dong, Q. Bioorg. Med. Chem. 1995, 3, 337-360.
[4] Hoekstra, W. J.; Poulter, B. L. Curr. Med. Chem. 1998, 5, 195-204.

[51 Giannis, A.; Riubsam, F. Angew. Chem. 1997, 109, 606-609: Angew. Chem. Int. Ed. Engl 1997. 36.

LRR_SQN
JOO~J 7U.
6] a) Haubner, R ; Gratias, R.; Diefenbach, B.; Goodman, S. L; Jonczyk, A ; Kessler. H. J Am. Chem



fr—
~J
o}

[8]

F. E.; Bean, I. W_; Calvo, R.; D"Ambrosio, C. A.; Eggleston, D. S.; Hwang. S. M.:; Kline. T. P.:

Koster, P. F.; Nichols, A.; Powers, D.; Romoff, T.; Samanen, J. M.; Stadel, I.: Vasko. J. A.: Kopple.

K. D. J Med Chem. 1992, 35, 3962-3969. d) Burgess, K.; Lim, D. J. Med, Chem. 1996, 39, 4520-
4526. e) Tran, T.-A.; Mattern. R.-H.; Zhu, Q.; Goodmann, M. Bioorg. Med. Chem. Lett. 1997, 7.

997-1002.

a) Corbett, J. W.; Graciani, N. R.; Mousa, S. A.: Degrado, W. F. Bivorg. Med Chem. Lerr. 1997, 7.
1371-1376. b) Keenan. R. M.; Miller, W. H.: Kwon. C.: Ali. I. E.: Callahan. J. F.: Calvo. R. R.:
Hwang, S.-M.; Kopple, K. D.; Peishoff, C. E.; Samanen, J. M.: Wong. A. S.: Yuan. C. K.:
W. F. J. Med Chem. 1997, 40, 2289-2292, ¢) Gadek, T. R.; McDowell. R. S. Abstracts of Papers,
211th ACS National Meeting, New Orleans, LA. March 1996: MEDI 235. d) Duggan. M. E.: Fisher.,
I. E.: Gentile, M. A.;: Hartman, G. D.; Hoffman, W. F.: Huff. J. R.: lhle. N. C.: Krause. A. E.: Leu. T.
C.; Nagy, R. M.; Perkins, J. J.; Rodan, G. A.; Rodan, S. B.; Wesolowski. G.: Whitman. D. B.

Abstracts of Papers, 211th ACS National Meeting, New Orleans. LA, March 1996: MEDI 234. ¢)

ihal. 7 YISy SpNys B T i led 2 0781 O Q 1 g VoI
HUAIC, I\, L16rdnedron, 1777/, 5. 0/01-0 0. 1) WILU]dUU [ N N

w

Trujillo, J. I.; Jandeleit, B.; Chibale, K.: Rosenfeld, M.; Diefenbach. B.; Cheresh. D. A.: Goodman.
S. L. Bioorg. Med. Chem. 1998, 6. 11
a) Gante. J.; Juraszyk, H.; Raddatz. P.; Wurziger. H.; Bernotat-Danielowski. S.: Melzer. G.:
Rippmann. I. Bioorg. Med Chem. Lett. 1996. 6. 2425-2430. b) Weller. T.: Alig. L.. Beresini. M.;

i) O © I B PR nA.

o) N | . callae NA 1T o T
D1aCKDurn, D Du“llllb, D . Fld.LlVd[y l . IVIUCTI

er, M. H.: Knopp. D.: Levei-irafit. B.: Lipari. M. T.:
Modi. N. B.; Muller, M.; Refino, C. J.; Schmitt. M.; Schonholzer. P.; Weiss, S.: Steiner. B. J Med.
Chem. 1996, 39, 3139-47. ¢) Muller, T. H.; Weisenberger, H.; Bricki. R.; Narjes, H.; Himmeisbach.
F.; Krause, J. Circulation 1997, 96, 1130-1138. d) Kereiakes, D. J.; Kleiman, N.; Ferguson, J. J;
Runyon, J. P.; Broderick. T. M.: Iligby. N. A.; Martin. L. H.: Hantsbarger. G.: McDonald. S.:
Anders. R.J. Circulation 1997, 96, 1117-1121. ¢) Egbertson. M. S.: Chang. C. T.: Duggan. M. L.:
Gould. R. J.; Halczenko. W.; Hartman. G. D.; Laswell. W. L.; Lynch. J. J, Jr.: Lvnch. R. J.: Manjo.
P.D.; Naylor, A. M.; Prugh, J. D.; Ramjit, D. R.; Sitko, G. R.; Smith, R. S_; Turchi, L Zhang, G.

X.J Med Chem. 1994, 37,2537-2551. f) Savi, P.; Badorc, A.; Lale, A.; Bordes. M.-F.; Bomia, J.;



e
O
[}

[10]

(11]

(12]

[13]

[14]

L]
th
[T

—-—
—
(=)

(B

a) Stoss, P.; Schliter, G.; Axmann, R. Arzneim. Forsch. /I')rua Res. 1990, 40, 13-18. b) Stoss

LV 9 & .9 RILARIALNE AR 4, U,

Hemmer, R. Adv. Carbohydr. Chem. Biochem. 1992, 49, 93-173.

a) Bakos, J.; Heil, B.; Marko, L. J. Organomet. Chem. 1983, 253, 249-252; b) Trost, B. M.; Van

49-
Vranken, D. L.; Bingel, C. J. Am. Chem. Soc. 1992, 114, 9327-9343. ¢) Reetz, M. T.; Neugebauer, T.

-- 15, 1. FAY . vl 1., U 1

Angew. Chem. 1999, 111, 134-137;, Angew. Chem. Int. Ed. 1999, 111, 134-137.

Abenhaim, D.; Loupy, A.; Munnier, L.; Tamion, R.; Marsais, F.; Quéguiner, G. Carbohydr. Res.

a) Mitsunobu, O. Synthesis 1981, 1-28. b) Hughes, D. L. Org. React. 1992, 42, 335.
Nakajima, K.; Neya, M.; Yamada, S.; Okawa, K. Bull. Chem. Soc. Jpn. 1982, 55. 3049-3050.

a) Nakajima, K.; Takai, F.; Tanaka, T.; Okawa, K. Bull. Chem. Soc. Jpn. 1978, 51. 1577-1578. b)

nnnnn cTavennn TT Aata MM lnns Chqaad 1004 /0 S11_K14
Calidull, IN., LAldDULL, U, ACIU Uil otuiiid, L x77%, 40, J11-J10U.

n A} /,\nr! A/ Nanvineg Pham T lnel T wivahodvon Tote 1001 29 |7Q2=|7
ll\]ﬁ iva Pl YV il P vy F) rIVUWY L\Iﬂ, ivi . i xxmxx, i E) L\lUUl\’ i PRSI R IS TV Sl ¥4 AIII, - Farals JU ) 100

ikowski, A. P. Terrahedron Lett. 1994, 35, 977-980. b) Anderson, N. G.;

1 70,



