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A. Ceneral Methods

All reactions were run in flame-dried gl assware under an

i nert atnosphere of nitrogen or argon and nonitored by thin-
| ayer chromat ography (TLC). Reaction tenperatures were

noni tored via external bath tenperature. Al nmaterials

obtai ned from conmmerci al suppliers were used as received,
unl ess ot herw se noted. Anhydrous reaction solvents were
distilled as follows: tetrahydrofuran and benzene from

sodi unf benzophenone ketyl; nethylene chloride, triethylam ne
and pyridine fromcal ci um hydri de. DVF was rendered am ne-
free by treatnment with Dowex 50WK8-200 cati on exchange
resin, H form 1g/L. N Chlorosuccininide was recrystallized
from benzene and residual solvent was renoved under high
vacuum (< 0.1 torr). N Bronosuccinimde was recrystallized
fromwater and the crystalline material dried over
phosphorus pentoxi de, under high vacuum (< 0.1 torr). N

| odosucci ni m de was recrystallized from di oxane/ car bon
tetrachl oride, dried under high vacuum and stored in the
dark. Tetrabutyl ammoni um azi de was prepared by the nethod
of Brandstromet al. (A Brandstrom B. Lamm |. Pal nertz,
Acta Chem Scand. B 1974, 28, 699-701.) followed by
azeotropi c renoval of residual noisture with pyridine and
storage over phosphorus pentoxi de.
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H gh pressure liquid chromatography (HPLC) was perfornmed on
a Spectra-Physics UV2000 instrunent using ultraviolet
absorption at 220 nm and/ or 254 nm for anal yte detection.
Sanpl es were eluted on reverse phase C18 colums from
Al'ltech (Econosil L = 250mm ID = 22 mm 10 pparticle size)

or VWdac (L = 220mm ID =5 mm 10 pparticle size).
Infrared spectra were recorded on a Mattson Polaris FT-IR
spectroneter and are reported in wavenunbers (cm?).

'"H and “C NWR spectra were recorded on a Bruker AC 300
spectroneter or Varian Unity 500 spectroneter, and are
referenced to internal standards (CHO , 'H &7.24, “C &

77.0; CHOH 'H & 3.31, “C 49.15). 'H'H couplings are
interpreted as first order. Peak nmultiplicity is reported
as: singlet (s), doublet (d), triplet (t), quartet (q),
multiplet (m, broad (br), and apparent (ap).

Anal ytical thin |layer chromatography (TLC) was carried out
on E. Merck (Darnmstadt) TLC plates pre-coated with silica
gel 60 F
was acconplished using a U/ | anp, and charring with at | east

s (250 p layer thickness). Analyte visualization
one of the follow ng solutions: a p-anisal dehyde stain (18
nmL p-ani sal dehyde, 7.5 nL glacial acetic acid, 25 nL conc.
HSO, 675 nL absolute EtOH), ninhydrin solution (200 ng

ni nhydrin, 95 nL n-butanol, 5 nL 10% AcOH), potassium

per manganate solution (3g KmOQO, 20g KCO, 5 nL 5% aqueous
NaCH, 300 nL HO . Fl ash chronmat ography was perfornmed on
Scientific Adsorbents Incorporated silica gel (32-63 pM 60
A pore size) using distilled reagent grade hexanes and ACS
grade ethyl acetate, nethanol and chloroform The term
“concentrated in vacuo” refers to the renoval of solvents
and other volatile materials using a rotary evaporator at
wat er aspirator pressure (< 20 torr),
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foll owed by residual solvent renoval at high vacuum (< 0.1
torr). The term “high vacuum” refers to vacuum achi eved by
a mechani cal belt-drive oil punp.

Al'l yields are reported as the average of three
i ndependent trials with the exception of the transformation
of conpound 6 to 1 (two trials) and peptide syntheses (one
trial each). This averaging accounts for the discrepancy in
yields reported in the bel ow, representative procedures and
in the text.

B. Detailed Synthetic Procedures

Preparati on of BocTyr (MM Ove:

o

0O
H H
BocN\:)L OMe KOLBU. Na BocN\:)L OMe
< CH3SCH,C

o L

0

OH 0 NsMe
3

2

To a solution of BocTyrOwe (4.05 g, 13.7 nmmol) and sodi um
iodide (206 ng, 1.37 mml) in DMF (30 nL) chilled via an
external ice bath was added a THF (15 nlL) sol ution of
potassiumt-butoxide (1.73 g, 15.1 mmol). To the resultant
phenoxi de (cl ear green solution), chloronethyl nethyl
sulfide (1.33 nL, 15.1 nmol) was added slowy. The reaction
was allowed to warmgradually to roomtenperature. After 4.5
h, the reaction was cloudy and TLC analysis (4:1
hexanes/ Et OAc) i ndi cated conpl ete consunption of starting
material. The reaction m xture was diluted with Et QAc (60
m.) and washed with HO (1 x 45 nL), aqueous citric acid
solution (5% 1 x 45 nL) and brine (1 x 45 nL). The aqueous
washi ng were pool ed and washed with EtOAc (2 x 60 nL). The
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conbi ned organic extracts were pooled and dried over MySO..
The MySO, was renoved by filtration and volatiles renoved in
vacuo. The residue was purified by flash col um

chromat ography (silica, gradient elution 4:1 hexanes/ Et CAc
to 2:1 hexanes/EtOAc) to afford a clear syrup on
concentration (3.99 g, 81%. R = .44 (4:1, hexanes/Et OAc);

IR (Neat): 3368, 1744, 1714, 1510 cmi’; *H NVR (300 Mz,

CDCl ): & 7.02-6.81(AA'BB', J = 9.5, 4H), 5.06 (s, 2H), 4.99
(d, J =5.4, 1H), 4.49 (q, J = 5.8, 1H), 3.66 (s, 3H), 2.18
(s, 3H), 1.36 (s, 9H); “C NMR (75 MHz, CDOl): & 172.2,

156.0, 130.3, 129.1, 116.0, 72.3, 54.4, 52.2, 37.5, 28.3,
14.4; LRMS (ESI): mfz 378 [MrNa® calc’d for C,H.NQS 378. 1]

The sel ective activation of O S-acetal 3 required

consi derabl e optim zati on. The precedented conditions for
H
BOCM(EOMe

b0
BOCN\)LOMe
: ~Conditiong :

: ~0"SMe \©\o’\ X
3

4
this transformati on were unsuitable for our target.

Scheme 2. Activation of O S-Acetal for azidomethylene installation.

Table 1. Activation of O S-acetal under various conditions

entry activator solvent additive X yield (%)
1 NCS CH:CN - Cl 30

2 NCS CH,Cl, - Cl 44

3 NCS CH.Cl, NaBr Br 48

4 NBS CHLCN - Br 22

5 NBS CH,Cl, . Br 38

6 NBS CH,Cl, HFepyr no rxn
7 NBS THF HFepyr no rxn
8 NIS CHJ.Cl, - decomp.
9 SO,Cl, CH,Cl, pyr. decomp.
10 NCS CH.Cl, TMSN; decomp.

I n nost cases,

significant anount of the hydrolysis product (2).

the desired product was acconpani ed by a
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with N-chlorosuccinimde (Table 1, entries 1, 2) yielded
mar gi nal consunption of starting naterial, and sone
hydr ol ysi s acconpani ed the desired product. Activation with
N- br omosucci nimde resulted in greater consunption of
starting material. However, the brononethyl ene ether was
prone to degradation to conmpound 2 upon flash silica gel
chromat ogr aphy, reducing the yield and conplicating the
purification of this internedi ate. Because the corresponding
i odi de, produced by the influence of N-iodosuccinimde was
nore susceptible to hydrolysis, we were unable to isolate
this internediate. W attenpted to drive the activation
reaction to conpletion by the addition of nucleophilic
trappi ng agents such as sodium bronm de (Table 1, entry 3).
In this case greater conversion was observed. Consunption of
the starting material, however, was not conplete and we were
unable to isolate the | abile brom de conpound in
satisfactory purity or yield. W turned to nucleophilic
trapping to produce nore stable derivatives such as the

fl uoronet hyl ene derivative or the azi donethyl ene product.
Attenpts to generate the fluoride (Table 1, entries 6, 7)
wer e unsuccessful. (C. Unverzagt, H Kunz, J. Prakt.

Chem /Chem -Ztg. 1992, 334, 570-578.) Attenpts to instal

t he azi donet hyl ene ether in a “one-pot” reaction by trapping
of the chloride internedi ate using azide sources (e.g.,
Table 1, entry 10) yielded only facile cleavage of the O S-
acetal to the free phenol derivative. This reaction was
acconpani ed by the evolution of a gas, and we attribute this
result to reduction of the nascent azidonethyl ene group by
met hane thiolate present in the reaction mxture. The
reduced i nternedi ate woul d, of course, expel the phenol ate
by the desi gned deprotection pathway. Lewis acid activation
of NCS results in conplete consunption of the O S-acetal and
produces a product of suitable stability for isolation and
characterization.
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Preparati on of BocTyr(CH)d :

0O
BocHN\:/u\OMe NCS, TMSO BOCHN\/&OMe

—— )

CH,Cb <
O * 0
0" sMe o ™a
3 4

The O S-acetal 3 (287 ng, 0.81 mmol) was dissolved in

di chl oronet hane (3.0 nlL), solid NCS (119 ng, 0.89 mml) was
added. The reaction was allowed to stir for 2.5 h, then
trimethylsilyl chloride (0.11 ni, 0.89 mml) was added.

After an additional 2 hours, the crude reaction m xture was
| oaded directly on to a flash silica gel colum. Elution 5:1
hexanes/ Et OAc and drying in vacuo provided the title
conpound as clear oil in pure formfor characterization. The
product was purified by crystallization to yield white
plates (202 ng, 73% . The mass bal ance was recovered as
BocTyrOwve 2 after elution with Et OAc.

R = .40 (4:1, hexanes/EtQAc); 'H NWR (300 MHz, CDd ,):
57.10-6.98 (AABB, J = 8.8 Hz, 4 H), 5.84 (s, 2H), 4.98 (d,
J=7.7 H, 1H), 4.53 (q, J = 7.8 Hz, 1H), 3.68 (s, 3H),
3.05-2.95 (m 2H), 1.38 (s, 9H); “"C NWR (75 MHz, CDC,): &
172.1, 154.6, 130.4, 116.1, 54.3, 52.1, 37.4, 28.1; LRM5
(MALDI, a-cyano-4-hydroxycinnam c acid matrix, positive ion
mode): mz 368.2, 366.1, 318.2 [calc’d M:Na' for C_.H,C NQ
366.11; MtNa" for C,H,NQ 318.13]
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Preparati on of BocTyr (Azm Ove:

(0]
H
BOCN\)LOMe 1. NCS, TMSC‘BOCN\;)LOME

2. NaN, 2
\©\ 87% (2 Steps) \©\
S OAzm

The O S-acetal 3 (4. 28 g) was di ssol ved i5n cHdA, (35 nL) and
solid N-chlorosuccinimde (1.76 g) was added. The reaction
was allowed to stir at roomtenperature for 4 h.
Trimethylsilyl chloride (1.68 nL) was then added sl owy.
After an additional 6 h, the reaction was diluted with CHCO ,
(30 nm.) and saturated NaHCO, sol ution (60 nm.) was added. The
organi c | ayer was separated and the aqueous fraction was
extracted wwth CHC , (2 x 60 nmL). The conbi ned organic
extracts were concentrated via rotary evaporation and the
resi due dissolved in DVF (15 nlL). Sodiumazide (1.2 g, 18.5
mmol ) was dissolved in HO (15 nL) and added to the sol ution
of crude tyrosyl chloride. This reaction was allowed to stir
for 5 h at roomtenperature. The reaction was then dil uted
with saturated NaHCO, solution (15 nL) and washed with Et CAc
(3 x 30 nL). The conbi ned organic extracts were dried
(MySQ,) concentrated in vacuo, and the residue subjected to
flash col um chronmat ography (silica, gradient elution 4:1
hexanes/ Et OAc to 2:1 hexanes/Et OAc). After renoval of

vol atil es, azidomethylene 2.67 was isolated as a clear oil
(3.64 g, 87%9. R = .41 (4:1 hexanes/EtOAc); IR (Neat):

2132, 2110 cnmi’; 'H NVR (300 MHz, CDO,): & 7.08-6.90 (AABB,
J =8.5Hz, 4 H, 513 (s, 2H), 4.95 (d, J = 6.7 Hz, 1H)),
4.55 (d, J =6.7 Hz 1H), 3.71 (s, 3H), 3.0 (m 2H), 1.41 (s,
9H); “C NMR (75 MHz, CDO,): &172.1, 155.4, 130.3,
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115.8, 79.6, 54.3, 51.9, 37.2, 28.0; LRM5 (FAB): mz 373.1
[ MtNa® calc’d for C,H,NQ 373.2]

Preparation of FrmocTyr(Azm Ove:

e e
BOCN\:/lLOMe 1. TMSOTY, CHCl, :mOCN\:/U\OMe

2. FmocOSu, Ei-N
THF
84%
OAzm OAzm

5 6

Boc protected conmpound 5 (769 ng, 2.19 mmol) was dissol ved
in CHO, and cooled with an external ice bath. TMSOTf (0.79
m., 4.4 mmol) was added dropwi se. TLC analysis (4:1
Hexanes/ Et QAc) i ndi cated conpl ete consunption of starting
material after less than 10 mn. 5% aqueous Na,CO, was added
(15 nm), followed by EtOAc (15 nlL). The organic | ayer was
separated and the aqueous phase extracted with EtOAc (3 x 15
m.). Volatiles were renoved in vacuo and the residue was
taken up in THF (7 nL). Triethylamne (0.91 nL, 6.6 nmol)
was added, followed by solid FrocOSu (814 ng, 2.4 mmol ). The
reaction was left to stir for 3.5 h during which tinme a
white precipitate formed. The reaction was diluted with
CHC , (15 nL) and washed with HO, 5%citric acid solution
and brine (15 nL each). The conbi ned aqueous washi ngs were
extracted wwth CHO , (4 x 15 nL). The pool ed organic extracts
were dried over MgSO, and filtered. The sol vent was reduced
toca. 5 nL via rotary evaporation and | oaded directly on a
silica gel colum. Flash chromat ography (2:1 hexanes/ Et QAc)
yielded the title conpound as a crystalline white solid (870

ng, 849%.
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R = .36 (2:1 hexanes/Et QAc); 'H NMR (300 MHz, CDOl): &
7.76-7.74 (d, J = 7.7 H, 2H, 7.57-7.53 (m 2H), 7.41-7.36
(t, J =7.1Hz, 2H), 7.36-7.23 (t, J = 7.3 Hz, 2H), 7.02-
6.88 (AABB', J = 7.4 Hz, 4H), 5.28 (d, J = 8.1 Hz, 1H), 5.09
(s, 2H), 4.63 (dd, J = 7.0, J = 10.6, 1H), 4.44 (dd, J =
7.0, J = 10.6, 1H), 4.16 (t, J = 7.0, 1H), 3.71 (s, 3H)),
3.13-2.99 (m 2H); “C NMR (75 Mz, CDOl,): & 171.7, 155.6,
143.7, 141.2, 130.4, 129.8, 127.6, 126.9, 126.8, 124.9,
119.9, 115.9, 79.6, 66.7, 54.7, 52.2, 47.0, 37.7, LRMS
(ESI): mz 495.1 [MeNa' cal ¢’ d for C,H,N,Q 495.16]

Preparati on of FrnocTyr (Azm OH:

9 S
FmocN FmocN
T OMe LiOH+H,O 0P \:)I\OH
THF/HZ0 A
O, = O
OAzm OAzm
6 1

Met hyl ester 2.71 (339 ng, 0.72 mmol) was dissolved in THF 7
m. and cooled to O «C with an external ice bath. Li OHHO
(60 ng, 1.4 mmol) was dissolved in HO (7 nL) and added
dropwi se over 10 minutes to the chilled solution of nethyl
ester. After an additional 25 mn the starting naterial was
conpl etely consuned as judged by analytical TLC (2:1
hexanes/ Et OAc). The pH was then adjusted to ca. 3 by addi ng
.3 M aqueous HCl . The cl oudy aqueous sol ution was extracted
with EtOAc (4 x 15 nL). The organic extracts were pool ed,
dried over MgSO,, filtered and concentrated in vacuo. Flash
silica gel chromatography (10% MeOH CHCO ) provides the
title conpound as a white solid after drying in vacuo (292
ng, 89% . It should be noted that saponification of

carbamate protected a-am no acid esters can result in
racem zation. As determ ned by synthesis of diastereoneric
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di peptides, below, this step did not result in significant
racem zation. See, main text, footnote 16 for other exanples
using this saponification protocol.

'"H NMR (300 MHz, CDO ): & 10.05 (br s, 1H), 7.78 (d, J = 7.7
Hz, 2H), 7.59-7.52 (m 2H), 7.41 (t, J =7.4 Hz, 2H), 7.32
(t, J = 7.4 Hz, 2H), 7.09-6.90 (AABB', J = 6.9 Hz, 4H), 6.20
(m mnor rotanmer NH), 5.43 (d, J = 8.1 Hz, mjor rotaner
NH), 5.08 (s, 2H), 4.67 (q, J = 6.6, 1H), 4.52-4.46 (m 1H),
4.40-4.34 (m 1H), 4.23-4.17 (m 1H), 3.23-3.05 (m ngjor
rotamer PH), 2.98-2.80 (m minor rotamer BH);™C NWVR (75 MHz,

CDC ,): & 155.4, 147.8, 143.3, 140.9, 130.2, 127.4, 126.7,
126, 124.6, 79.3, 66.7, 46.7, 36.5, LRVS (ESI): mz 457.1,
235.1 [MH calc’d for C,H,QN, 457.15; MHd calc’d for C.,H,QN, —
C.H.,0 235.1].

Attachnent of the Ctermnal amno acid to 2-chlorotrityl
chloride resin:

Amino acid is suspended in dichloronmethane (DCM 10 ni per
gram of resin) and dinethyl formam de (DWF) is added dropw se
until the am no acid dissolves. 1.1 equival ents of

di i sopropyl et hyl am ne shoul d be used relative to the total
nmol es am no acid plus Mol es chloride. The amno acid is
added to the resin along with 1/3 the total anount of

di i sopropyl ethylam ne. After stirring with a small stir bar
for five mnutes the rest of the base is added, and the

m xture is stirred for 1 hour. After 1 hour, 1 nL of

nmet hanol is added to cap the resin. The resin slurry is then
transferred to a fritted funnel and rinsed with DCM (3X),
DMF (2X), iPrOH (2X), DVF (2X), i PrOH (2X), MeOH (2X), and
Et 20 (2X). Solvent volunme for all washes is 8 nlL per gram of

r esin.
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The stability of the carboxylate—chlorotrityl bond is
enhanced by debl ocki ng of the a-am no group. Thus, the Fnoc
group is cleaved by rinsing of the resin with 10%

pi peridine/CHO , (2x), followed by 20% pi peri di ne/ DMF for 20
mnutes. The resin is agitated via sparging with nitrogen
gas during this reaction. At the conclusion of the Fnoc

cl eavage the resin is rinsed, DCM (3X), DWVF (2X), i PrOH
(2X), DVF (2X), iPrOH (2X), MeOH (2X), and Et 20 (2X).

Sol vent volune for all washes is 8 nL per gram of resin. The
resin is then dried under high vacuum and stored at sub-zero
tenperatures. In general, superior |oadings are achieved
using this protocol relative to comercially avail able, pre-
| oaded resins.

Peptide Synthesis: Synthesis using FrnocTyr(Azm CH for the

i ntroduction of sulfotyrosine residues was carried out on 25

UM scal e using an automated synt hesi zer (Applied Biosystens
Model 432A “Synergy”). Standard techni ques were used. (G B
Fields, R L. Noble, Int. J. Pept. Prot. Res. 1990, 35, 161-
214.) The first amno acid was attached as above or the pre-
| oaded resins were purchased from Advanced Chent ech

(Loui sville, Kentucky). Carboxylic and al coholic side chains
were protected with benzyl groups.

Each synthesis cycle is initiated with the cl eavage of the
Fnoc group fromthe a-am no group, using 20% piperidine in
DMF. Three equivalents (75 punol)of the amno acid to be
coupled is dissolved in DVF and added to the resin cartridge
wi th HBTU (2-(1H benzotriazol-1-yl)-1,1,3,3

t et ramet hyl ur oni um hexaf | uor ophosphate) and HOBt (N

hydr oxybenzotri azole). The reaction cartridge is subjected
to continuous flow conditions during each reaction.
Fol l owi ng the coupling of the final am no acid, the
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peptide-resin cartridge is renoved fromthe synthesizer. Al
subsequent mani pul ati ons of the peptide-resin are perforned
manual | y. Subsequent reaction m xtures are agitated by the
“doubl e syringe” nethod. Briefly, a luer lock syringe is
attached to each end of the peptide synthesis cartridge and
the syringes are noved reciprocally and in tandemto agitate
the reaction.

Frnoc- cl eavage: The resin-bound peptide is flushed with 5%

pi peridine/CHC , followed by treatnent with 20%

pi peridine/DMF for 20 mn. The piperidine solution is
renoved, and the resin rinsed [DCM (3X), DWVF (2X), iPrCH
(2X), DMF (2X)].

Acetylation: The terminal amno group is acetylated prior to
further synthetic mani pul ati ons. The peptide synthesis
cartridge (PSC) is flushed with inert gas and rinsed with
DVF (1nmL), 2:1 pyridine/Ac,O (1 nL) is then added and the
acetylation reaction agitated via the double syringe nethod.
After three hours the resinis rinsed with 2:1 pyridine/Ac,0O
(1 nm), and alternately with DM, MeOH, CHO , Et,0(3 x 1
nm. each). Ami ne capping is confirnmed by the Kaiser test.
General protocol for azidonethyl ene cleavage of resin-bound
peptides: To a conical flask charged with anhydrous Snd ,
(57 nmg 0.3 mmol) is added THF (2 mL), PhSH (104pL, 1.2 mol)
and Et,N (170pL, ca.1.2 nmmol). This mxture is stirred
briefly under Ar. The dry resin (.025 mmol peptide) is
flushed with THF (3 x 0.5 nL) and 1 nL of the reducing
cocktail is added to the PSC. The reaction is agitated via

t he doubl e syringe nethod. After ca. 5 mnutes the reducing
m xture is renoved fromthe PSC and the resin rinsed with
THF. The remai nder of the reducing cocktail is added and the
resin is agitated for ca. 5 mnutes. The reducing
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cocktail is then renoved and the resin washed alternately
with moist THF:Et,N (9:1, 4 x 1 nL), CHO, (4 x 1 nL), MOCH
(4 x 1) and DMVF (4 x 1 ).

Sul fation: The PSCis flushed with 4:1 DVF/ pyridine (1 nL).
DVFe SO, (115 ng, 0.75 mmol) is dissolved in 4:1 DVF/ pyridine
and the resultant solution added to the PSC. The sulfation
reaction is agitated by the double syringe nethod. After
eight hours the resin is rinsed with 4:1 DMF/ pyridine (1
m.) and the sulfation repeated with fresh DMFe SO, for an

addi tional eight hours. The resin is then washed alternately
with 4:1 DMF/ pyridine and nethanol (3 x 1 nlL), then DV,
CHd ,, Et,O (3 x 1nL each).

AcYA: This dipeptide was synthesized manual |y using the
doubl e syringe nethod. Fnoc-L-Ala was attached to 2-Ct
resin according to the standard procedure. Fnoc cl eavage was
foll owed by coupling of FnocTyr(Azm (PyBop, DI PEA)
according to the nethod of Castro et. al. Fnoc cl eavage and
acetylation was foll owed by cleavage fromthe support. HPLC
purification [Vydac C18, gradient elution: A = .1% TFA HQ,
B: CHCN . 1% TFA 0-20% B/ 30m n t, = 26. 76 Excision of the
peaks and wei ghing on an anal yti cal bal ance reveal ed

rel ative peak size of 92.3:7.7 (84.6% ee). The synthesis of
this di peptide was repeated using Carpino’'s am de bond

form ng conditions (HATU, HOAt, collidine). Al other steps
were performed in the sane way. This synthesis yiel ded
material with a relative peak size of at least 95:5 (>90%
de). The observed di astereoneric excess is consistent with
t hat observed by Carpino and coworkers using the conditions
descri bed above. See, L.A Carpino, D. lonescu, A El-Faham
J. Og. Chem 1996, 61, 2460-2465.
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'"H NMR (300 MHz, CD,OD): & 8.35 (d, J = 6.5 Hz, anmide NH),
7.10-6.69 (AB g, J = 6.4 Hz, 4H), 4.58 (dd, J = 4.3, J =
5.0, 1H), 4.43-4.36 (m 1H), 3.11-2.73 (m 2H), 1.90 (s,

3H), 1.41 (d, J = 7.5, 3H).

AcY-(D-A: HPLC purification [Vydac C18, gradient elution: A
= . 1% TFA/HO, B: CHCON . 1% TFA 0-20% B/30min t, = 21.4 nin,
Exci si on and wei ghing of the peaks gave a ratio of 92.4:7.6
(84.8% ee). The synthesis of this dipeptide was repeated, as
above, using Carpino’s am de bond form ng conditions (HATU,
HOAt, collidine). This synthesis yielded material with a

rel ative peak size of greater than 95:5 (>90% de).

AcYEYLDYDDF: The peptide was synthesized on .025 mmwol scale
by standard coupling procedures. Comrercially avail able pre-
| oaded resin (.5 mmvl/g) was used. The The N-term nal Fnoc
group was cl eaved and the am no group acetyl ated. The

azi donet hyl ene group was cleaved in the usual way. Sulfation
was performed as descri bed above. C eavage and

| yophilization affords 28 ng of a white solid. HPLC
purification [Alltech Econosil C18, one major peak: t, =

2
22.76 mn, gradient system CHCN.1Maq. NHOAc 5%-75%in
40 min, 8 nL/mn] affords 8 ng (27% based on resin | oading,
m nus resin for characterization) of a flocculent white
solid. IR (KBr): 1244 br, str, 1050 br, str; LRVS (MALDI

0- cyano- 4- hydroxyci nnam ¢ acid matri x, negative ion node):
mz 1138.3 [calc’d M 3SO+NH,” 1138. 48] .

ACYEYLDYDF: A fraction of the phenol-deprotected materi al
(10 ng resin) fromthe synthesis of AcYEYLDYDF above was
cleaved (yield 6 ng), dissolved in MOH/HO (2 nL) and

subj ected to hydrogenati on over Pearlman’s catal yst (10 ny)
for 12 h under an H, filled balloon. Filtration through pre-
rinsed Celite (MeOH HO, 1:1 eluant) afforded 3 ng crude

material after |yophilization. LRVS (FAB a-cyano- 4-
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hydr oxyci nnam ¢ acid matrix, positive ion node): mz 1215.4
[calc’d MH + 2Na" 1215. 44].

ACYEY.LDYDF: The solid phase synthesis was perforned
according to the general procedures described above.

Cl eavage fromthe resin gave 17 ng of crude peptide. This
mat eri al was subjected to hydrogenation over Pearlman’s
catal yst (20 ng) for 12h under an H filled ball oon.
Filtration through pre-rinsed Celite (HO eluant). This

mat eri al was subjected to HPLC (Al ltech Econosil C18) gave
three maj or peaks, two of which appeared to be deletion
pepti des (by MALDI - MS, we were unable to assign a structure
based on the mass spectra, however the peptides appeared to
be sulfated, as judged by HPLC retention tinme). The | ongest
retai ned peptide (t, = 33.48 mn, gradient system CHCN.1M
ag. NHOAc 5%-75%in 40 min, 8 nL/mn] pooling of this HPLC
fraction and |yophilization afforded the desired peptide as
a fluffy white solid (4.6 ng, 5.2 %9 LRVS (MALDI, a-cyano-
4- hydroxycinnam c acid matri x, negative ion node): nmz
1170.4 [calc’d M SO/ +NH, 1169.42]; (MALD, 2,4, 6-

tri hydroxyacet ophenone, negative ion node): mz 1191.6
[calc’d M- SO, + Na" for C,H,NO,S 1191.41] IR (KBr): 1256
br, str, 1049 br, str.

AcY,E,YLD,Y,D,F: After azi donethyl ene deprotection of the
above peptide-resin a snmall portion was cleaved (8 ng resin)
to yield ca. 2.5 ng of internediate crude peptide. LRMS
(FAB, a-cyano-4-hydroxycinnam c acid matrix, positive ion
node): mlz 1642.6 [calc’d MH + Na" 1642.69] O her |ower

nol ecul ar wei ght peaks were observed but not assignable.

Cl eavage of sulfated peptides fromchlorotrityl resin:

The resin is dried under high vacuumfor two hours before
the cl eavage reaction is attenpted.

Di chl oromet hane/tri fl uoroet hanol / acetic acid cl eavage
solution (7:2:1 v:v:v, 10 nL per gramof resin) is cooled to
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0 °C and added to a flask containing dried resin in an ice
bath. The m xture is stirred for 1.5 hours at 0 «C. During
this time the tenperature does not exceed 5 °C. At the end
of the reaction tinme the free peptide is filtered into a
flask. The resin is then washed with the sane vol une of

cl eavage solution (at 0 °C) used in the reaction. Both
washes are conbi ned and nost of the solvent is evaporated on
a rotary evaporator (water bath less than 10 °C). Ether (40
m.) is added to the residue, the peptide is pelleted on the
centrifuge and the ether is decanted. This procedure is
repeated for another ether wash (40 nmL) and for an et hyl
acetate/ ether wash (1.5:1 v:v, 25 nL total). The peptide
pellet is redissolved in nethanol, transferred to a fl ask,
and evaporated to an oil (rotary evaporator water bath |ess
than 10 °C). The oil is redissolved in nethanol and
evaporated to renove acetic acid. The oil is then

| yophilized twice from M) water to renove any traces of
acetic acid. After renoval of acetic acid, the crude peptide
is stored at -25¢C until HPLC purification.

Crystal | ographi c Experinental Section
Data Col | ection
A colorless crystal with approxi mate di nensions 0.09 x 0.02
x 0.02 mm was sel ected under oil under anbient conditions
and attached to the tip of a nylon |oop. The crystal was
nounted in a streamof cold nitrogen at 170(2) K and
centered in the X-ray beam by using a video canera.

The crystal evaluation and data collection were
performed at the a Bruker Kappa CCD- 6000 diffractonmeter with

Ag Kys (A = 0.5594 A) synchrotron radiation and the
diffractoneter to crystal distance of 4.937 cm
The initial cell constants were obtained from one

series of w scans consisting of 120 franmes col |l ected at
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intervals of 0.3 in a 36° range about w with the exposure
time of 3 seconds per frame. The reflections were
successfully i ndexed by an aut omated indexing routine built
in the SMART program The final cell constants were
calculated froma set of 5910 strong reflections fromthe
actual data collection.

The data were coll ected by using the single run
collection routine. The reciprocal space was surveyed to the
extent of a full sphere to a resolution of 0.80 A A total
of 26228 data were harvested by collecting three sets of
frames with 0.3° scans in w with an exposure tinme 3 sec per
frame. These highly redundant datasets were corrected for
Lorentz and pol arization effects. The absorption correction
was based on fitting a function to the enpirical
transm ssion surface as sanpled by nmultiple equival ent
measurenents (see: Blessing, RH Acta Cryst. 1995, Ab5l1l, 33-
38).

Structure Sol ution and Refi nenent

The systematic absences in the diffraction data were
uni quely consistent for the space group P2,22 that yielded
chem cally reasonabl e and conputationally stable results of
refinement. Al software and sources of the scattering
factors are contained in the SHELXTL (version 5.1) program
library (G Sheldrick, Bruker Analytical X-Ray Systens,
Madi son, W).

A successful solution by the direct nethods provided
nost non- hydrogen atons fromthe E-nmap. The renmi ni ng non-
hydrogen atons were |located in an alternating series of
| east-squares cycles and difference Fourier maps. Al non-
hydrogen atons were refined with ani sotropic di splacenent
coefficients. Al hydrogen atons were included in the
structure factor calculation at idealized positions and were
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allowed to ride on the neighboring atons with relative
i sotropic displacenent coefficients.

The final |east-squares refinenent of 317 paraneters
agai nst 2803 data resulted in residuals R (based on F* for

|+20) and wWR (based on F* for all data) of 0.0667 and
0. 2167, respectively. The final difference Fourier map was
featurel ess.

The ORTEP diagramon the follow ng page is drawn with
50% probability ellipsoids.
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