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Chapter 1V
CLaNP-5 derivatives. An approach to

obtain multiple paramagnetic restraints
setsfrom a single mutation site
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Abstract

Site-specific labelingvia disulfide bridges or thioether linkages are widely
employed for paramagnetic probe attachment because cysteidaesesian be
selectively incorporated in protein. In order to investigate prgietein and
protein-ligand interactions, multiple paramagnetic data setsearéred; however,
finding suitable mutation sites is sometimes difficult, espgcialt small proteins.
An alternative is to attach different paramagnetic probes tce ssite. Several
CLaNP-5 derivatives have been synthesized for this purpose and tmenmofvas
tagged to a model protein. The HSQC spectra of methoxyl function&izaNP-5
showed two sets of PCSs. This phenomenon could be explained by an orteracti
with a neighboring amino acid with the methoxyl group.
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Introduction

Lanthanoid complexes have been widely used as paramagnetic ceritigyis
resolution NMR spectroscopy, because the interaction of an udpaleetron
provided by lanthanoids with protein nuclei yields significant struttofarmation
(Chapter 1). To generate unique paramagnetic effects, lanthanoid prae to be
rigidly and site-specifically attached to proteins. So far, nrsgathetic probes are
tagged to proteinsia disulfide bonds or thiol alkylation. The advantages of these
methods are that the cysteine residues can be selectivelponated into proteins
and these residues react specifically with thiol-reactive groaygsding undesired
side-products. Multiple unique paramagnetic restraints are requireeivéluating
protein-protein and protein-ligand interactions. However, finding ideal rontsites
is not easy in many cases, especially for small proteins.dg;éme development of
alternative approaches is desirable.

The 12-membered macrocyclic DOTA, an octadentate ligand, is used as
complexing agent, especially for lanthanoid ions. The coordination of DédibAts
analogs to lanthanoid ions is such that two stable enantiomer grairformed,
namely, capped square antiprism (SA) and twisted capped saqugmesen (TSA).
These two forms inter-convert slowly on the NMR time scale in solution (ChBpter
In 2004, pyridineN-oxide was first introduced into DOTA ring and it coordinated to
lanthanoid ionsia a six-membered ring yielding a single conformation, the SA form,
in solution®%82 Subsequently, two pyridink-oxides were substituted the opposite
acetate arms of a DOTA ring to gi@-symmetry forming a powerful paramagnetic
NMR probe,CLaNP-5. The replacement of pyriding-oxide with para-nitrophenol
resulted in a next generation proki,aNP-7. Both of these probes yielded a single
set of PCSs and were used for the study of protein-protein interm¢Chapter 1).
They exhibit different magnetic susceptibilities at the samackanent site.
Therefore, using different paramagnetic probes at single attathsite could be an
alternative approach to obtain multiple data sets.

To demonstrate this idea, sevefzllaNP-5 derivatives as well as a model
system, theAM C5-series, were designed and synthesized (Chart 1). The proton at
the para-position of the pyridifg-oxide ring was replaced with different functional
groups to modify the magnetic susceptibility of the probes.'FhMR spectra of
Ln** AMC5-series complexes indicate that only a single enantiomeridspaiesent
in solution and the magnetic susceptibilities depend on the substituentsvét,
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two sets PCSs were observed in the HSQC spectru@LaNP-5-OMe tagged
protein and the relative intensity was temperature dependent. Pasgtd@ations
and the implications for deriving multiple paramagnetic data seta & set of
related probes are discussed.
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AMCS5CI X=Cl CLaNP5CI X=Cl

Chart 1. Structures of AMC5 and CLaNP-5 analogs

Results and discussion
Synthesis of caged lanthanoid NMR probe-5 (CL aNP-5) analogs

The para-position in the pyridineN-oxide core is relatively far from the
lanthanoid and the substitutions do not have side effect on the ovaratussrof
Ln** complexes®'*® Consequently, the proton could be replaced with different
functional groups. The synthesisAM C5 is shown in Scheme 1. The commercially
available cyclen was converted to selectively protetéednd1b using a published
protocol?? The protective groups iba and1b were fully removed using TFA and
the crude compounds were then reacted with 2-(chloromethyl)pyridinedé-at 80
°C to obtainAMC5.

0
(0] N=
el T O
[NH HN] a C7)7/EN NSLO b g/[\N/—H\Nj c Q/EN N] \_/
NH HN O o o)
%OT(N\ /N\J( N\H /N\/( 7\ N\ /N\/Z(
R R _ R
o) N
o-
1a R = OMe 2a R =OMe ACC5 R =OH
1b R = NMe, 2b R=NMe, AMCS5 R = NMe,

Scheme 1. Synthesis of AMC5. (a) i) BocOSu, CHCRT, 1 day; ii) methyl bromoacetate
or 2-chloroN,N-dimathylacetamide, }COs;, MeCN, RT, 16 h; (b) TFA, C¥Cl,, RT, 4 h; (c)
K,COs, 2-(chloromethyl)pyridineN-oxide, MeCN, 8CC, 12 h.
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The electron donating (OMe) and withdrawing (Cl) analog€lodNP-5 were
synthesized as depicted in Scheme 2. Comp@uwnas obtained by replacing the
nitro group of a commercially available compound, and then reactinghitasetic
anhydride to yield the rearranged proddicThe treatment of with NaOH resulted
in hydroxyl 5. The hydroxyl7 was also prepared following a published metfdd.
UsingmCPBA, 5 and7 were converted tbl-oxides8a and8b. Treatment oBa and
8b with thionyl chloride gave chloro functionalized compounds, which weretlyirec
alkylated with 2a and 2b, yielding the precursors ofLaNP-5 derivatives and
AMCS analogs, respectively. Removal of the methyl ester of the alkjated
compounds and coupling with aminoethyl-MTS gaveGh@NP-5 derivatives.

Q o
NZ N N N
X a X b X A
QH U %@fo’“ — @fo” B
= = =
OMe OMe OMe

o
NO, f |N\ OH

3 4 5 =

o \ o N X

N d N e N
@OH o @OME} - qOH— 8a X=OMe
P 8b X=Cl
Cl 6 Cl o7

X X
(N
9 _ R=NMey, X=0OMe AMC50Me R +0
R=NMe, X=Cl  AMCS5CI g);/\N’ N
] 0, _ o [N Nj 6]
87 X=OMe AN
R= ¢ P -
NS0 cLanPs-OMe o.+ R
h H o N
s x=ql Nx

5
R= ;‘m/\/s O CLaNP5-CI

Scheme 2. Synthesis of AMC50Me, AMCS5CI, CLaNP-5-OMe, and CLaNP-5-@)
MeOH, K,CO;, 70°C, 14 h; (b) AgO, 100°C, 4 h; (c) NaOH, MeOH; (d) i) SO&IH,0,
reflux, 3 days; ii) MeOH, toluene, TT; (e) NaBH, MeOH/THF, 0°C; (f) mCPBA, CHC};
(9) i) SOC}, CH,Cl,, RT, 4 h; ii)2b, K,COs, MeCN, 50°C; (h) i) SOC}, CH,Cl,, RT, 4 h; ii)
2a, K,CO; MeCN, 50°C; (iii) NaOH, 1,4-dioxane, RT, 4 h; iv) NHS, EDC, DMF,
aminoethyl-MTS, RT, 16 h.

The *H NMR spectra of thé\M C5-series complexes with Buand YB* are
shown in Figure 1. The assignments of the proton signals were based onS&D EX
spectra, which give cross-peaks between exchange pairs, and 2D haaonucl
COSY experiments, which give strong cross-peaks between the geminptd@dhs
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and the vicinal protons of the cyclen ring. The most shifted ayx@éw ring proton
resonances of all of the Eucomplexes were near 20-30 ppm, typical of SA
structures®* indicating that there is only one enantiomer pair in solution. Moreover,
the proton resonances differ between the samples with the differestituents for
both lanthanoid complexes, indicating that the magnetic susceptibififfeisted by
the substituents, although not to a large extend. The lanthanoid induc€dIShifs
the sum of three contributions: diamagnetic, contact, and pseudocontact shifts (eq 1
Olic = Ogia + Oon 10 s (eq 1)
The diamagnetic shift is usually caused by conformational chamgiestive effects,
and electric field effects and its value are usually detexchiusing diamagnetic
lanthanoid ions (L¥, Lu®"), because that they provide isostructural complexes for
the early and the late lanthanoid of the series, respectively. c€ahiéts (CS) are
through-bond interactions of the unpaired 4f electron spin with the coomdlinate
nucleus, and they decrease rapidly as the number of bonds between haroliant
and observed nucleus increases. The pseudocontact shift (PCS) arifioatea
through-space dipolar interaction between the unpaired electron andveabser
nucleus. PCS is relevant for protein-protein and protein-ligand ati@na CS is not
because the nuclei are too far away or even not bonded in stiemsyf the case
of Yb**, the contact shift is usually negligible because it has gredtesge density
in the paramagnetic lanthanoid series. As a result, the LIS Bfi¥lllominated by
PCSs. As shown in Figure 1, the proton resonances Sfcomplexes were shifted
by changing functional groups, suggesting that the magnetic susceptilaliéies
different.

To demonstrate the feasibility of our hypothe£i$,aNP-5-OMe as well as
CLaNP-5 coordinated to diamagnetic f'uand paramagnetic Ybwere attached to
a model protein, ubiquitin (Ub) A28C/D32C and tH&N['H]-HSQC spectra of
labeled proteins are shown in Figure 2. Surprisingly, two sets of R&®sbserved
in the case o€CLaNP-5-OMe, but a single set faCLaNP-5. One of these two sets
of PCSs was similar to the one GL.aNP-5 and most of the paramagnetic peaks
were merged to “CLaNP5-like” peaks when the temperature masased. Some
resonances showed PCSs of the opposite sign compared to the shift obstrved
“CLaNP5-like”. Those amide resonances with different sign ar¢ddda the same
area of protein, as showed in Figure 3. This is indicative of theHat these two
sets of PCSs had differently orientated magnetic susceptiddéinsors, the
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“CLaNP5-like” state and the “additional” state. Thg-tensors and metal positions
of CLaNP-5 and the two states oCLaNP-5-OMe were calculated using
NUMBAT '8 The axial Aya) and rhombic £y+) components are reported in Table
1 and the back-calculated PCSs are plotted versus the observéad Bigese 4. The
Ayax and Ay, of CLaNP-5-OMe are similar to those o€LaNP-5. The metal
positions of the “additional” state and “CLaNP5-like” state basedalculated\y-
tensors are slightly different (2.3 A) ang-tensors show a 4a@lifference ing angle
and 3@ in y Euler angles (Table 1)n the case o€L aNP-7, a histidine sits close to
the attachment site and forms a hydrogen bond with a proposed ninth caogdinat
ligand, namely water. As a result, the symmetry of probe was myrgieding two
sets of PCSs (Chapter 2). Here, the attachment site isdooatana-helix and a
glutamine, GIn31, is close to it. So, in analogy WithaNP-7, the side-chain amide
could form a hydrogen bond with the methoxyl oxygen atonClodNP-5-OMe,
twisting the probe and yielding “additional” state. However, in a mofltie probe
the distance between the side-chain amide proton of GIn31 and the @tpgewnf
methoxyl is too long to form a proper hydrogen bond (Figure 5A).

It is worth noting that the amide resonance of residue Glu34, whidbss to
that attachment site, shows a small shoulder in the HSQQwwpeat Lu-CLaNP-5
and these peaks become two clear peaks in the case @f aNP-5-OMe tagged
protein. This suggests also in tB& aNP-5 case there is a minor second state and
that in the methoxyl functionalizedlL aNP-5 the population of this state is enhanced
to give the “additional” state. DOTA-based lanthanoid complexes sackua
CLaNP-5 are known to undergo enantiomerization with an exchange rate 0’200 s
at 298 K The'H NMR spectrum of YBELaNP-5-OMe complex shows a single
enantiomeric pair in solution (Figure 6). This symmetry is brokken the probe is
bound to a chiral protein, resulting in a pair of diastereocisomers. \Howthe
paramagnetic probe may still present a single set of PARshfdiastereoisomers
are similar enough to have identiggi-tensors or if one of the diastereoisomers is
much more stable than the other. The former seems to be usualbagbefor
CLaNP-5. If the diastereoisomers are sufficiently different or hé tdisulphide
bridges can assume two conformatiismore than a single set of peaks may result.
In the present case, the attachment site A28C/D32C is surroundesddogl samino
acids with long side-chains (Figure 5B), which may interactcstiéyiwith the probe
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and more strongly with the methoxyl group, yielding two clear setBGfs, by
either of these mechanisms.

Table 1.PCSs-basedy-tensors of Ub A28C/D32C tagged with Yb-CLaNP-&nd
Yb-CLaNP-5-OMe.

CLaNP5 CLaN P?—OMe CLgNPS—OMe
(CLaNP5-like state) (additional state)

AYar 9.2+0.5 8.0+0.5 9.5+0.6
A 2.4+0.7 2.7+0.6 3.310.5

a 142+4 13944 14743

B 87+2 90+2 5412

Y 9148 10048 717

Restraints 45 38 33
Q 0.01 0.02 0.01

& The unit of axial and rhombic componentsfandAy;,) is 102 m’.

Conclusion

To develop an alternative method for getting multiple data restrons a
single mutant site, twaCLaNP-5 derivatives as well as a model system were
synthesized. Th&H NMR spectra showed that the paramagnetic shift was affected in
the derivatives and all presented a single enantiomeric pairutiosnlHowever, the
Ayaxand Ay, based on protein data show ti@it aNP-5-OMe and CLaNP-5 have
similar magnetic susceptibility tensors. It is concluded thatote changes in the
coordination system yield changes in thg-tensor that are too small to be of
practical use. The functional group does affect the physical behafvibe probe
after attachment. The HSQC spectraGifaNP-5-OMe tagged protein presented
two sets of PCSs, but a single set @k aNP-5. This could be explained by
interactions of the probe with the surrounding amino acids, becatise ioicreased
bulkiness of th&€€L aNP-5-OMe.
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Figure 5. Structure of Ub A28C/D32C attachment site (PDB entry If8ZThe Cys
residues at positions 56 and 58 were modeled. (A) Model of CLalIM& attached to Ub
A28C/D32C. The position of the Yb(cyanine) is derived from a fit to the PCS data. The
distance between the side-chain amide proton of Q 31 and the medkpggn atom is 3.5
A. (B) The surrounding amino acids with long side-chains are shdhe.protein main
chain is shown in grey. The Ub (A28C/D32C) and the N 25, E 229 KQ 31, and K 33
side-chains are shown in CPK colors. The carbon atoms fro&BaOMe are shown in
green, nitrogen atoms in blue, oxygen atoms in red and sulfur atoms in yellow.
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Materialsand Methods
General

Compoundla® , and were prepared according to
literature procedures and all other chemicals were used esaged without further
purification. TLC-analysis was conducted on DC-alufolien (Merck,s&ligel60,
F254) with detection by UV-absorption (254 nm). Flash chromatography was
performed on Screening Devices silica gel 60 (0.04 - 0.06 mm). A Bidisaoh
HPLC (PerSeptive Biosystems, inc.) and an Akta Basic FPLCHE&d&thcare Inc.)
were used for purifications. Analytical, semipreparative, and paéparreversed
phase C18 columns were obtained from Phenomenex (Torrance, CA). Superdex 7
was obtained from GE Healthcare. NMR spectra were recorded®orkar AV-400
(400/100 MHz) and Bruker Avance-Ill 600 (600/150 MHz) spectrometer.  LC
LCMS system and a Finnigan LTQ Orbitrap system were used RivI$ and
protein conjugation analysis. FTIR was performed on a Perkin-Elnheit¢g, CT)
Paragon 1000 FTIR spectrometer. Melting points were obtained usingP8 SM
scientific melting apparatus (Stuart, Bibby Sterlin Ltd.)

2’ 1b42, 3187’ 4188’ 5188’ 6183 7183

The synthesis of protective cyclen (1a, 1b)
o la and1b were prepared according to literature procedtfres.
MOy~ VO %JF la: *H NMR (400 MHz CDC}): 6 = 1.27 (s, 18H), 2.69 (br,
J¢ j o 8H), 3.21 (br, 8H), 3.28 (s, 4H), 3.51 (s, 6HC NMR (100
%0\\( — \/KOMe MHz CDCL): = 28.14, 46.21, 50.98, 54.36, 54.54, 79.05,
155.51, 171.39. HR-MS: m/z 517.3225 [M+H]calcd
[C24H4sN4Og] 517.3232.
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1b: *H NMR (400 MHz CDC{): § = 1.36 (s, 18H), 2.79 (br,
gANmN%OJF 8H), 2.84 (s, 6H), 2.96 (s, 6H), 3.37 (br, 1283 NMR (100

% [N N] o  MHz CDCh): 5 = 28.5, 35.4, 36.9, 46.3, 54.5, 56.7, 79.4, 155.9,
Owg A~ 170.4. HR-MS: m/z 543.3857 [M+H] caled [GeHsiNeOg]
543.3864.

ACC5
oN+ Compoundla (273 mg, 0.53 mmol) was dissolved in a 1.5 mL
HO — @ TFA/CH.CI, (viv, 3/1) solution mixture and the reaction was
] o stirred at RT for 4 h. After removal the reaction solvent, the
@JN\.JN\J{ residue was co-evaporated with toluene twice and re-dissolved
-\ in 5 mL MeCN. 2-(chloromethyl)pyridindloxide (167 mg,
1.16 mmol) and KCO; (167 mg, 1.2 mmol) were added into the solution mixture
and it was stirred at 8 for 16 h. The excess,RO; was filtered off and the filtrate
was concentratedh vacuo. The concentrated residue was dissolved in a solution
mixture which contains 1,4-dioxane (final concentration was 15 mM) and 3 M
NaOH (final concentration was 0.4 M) and was stirred at RH®for Neutralizing
and removing the solvent, the crud compound was purified by HPLC (0.1% TFA and
a 5-20% acetonitrile gradient on C18 preparative column) to A&ES5 (160 mg,
60%). HR-MS m/z: 503.2610 [M+H]calcd [G4HzsNeOg]: 503.2613. The NMR
data agree with literature reportgd.

AMCS5
, | /\'f\o Compound AMCS5 was prepared using the same protocol with
M~y ~ ACC5 and purified by HPLC (0.1% TFA and a 5-20%
© [ ] o acetonitrile gradient on C18 preparative column) in 9% vyield.
. N\—/N;‘(N_ 'H NMR (600 MHz, RO, 323 K):8 = 8.37 (d, 2H,) = 6.6 Hz),
\N\/ | ' 7.87(d, 2HJ = 7.8 Hz), 7.70 (t, 2H) = 7.2Hz), 7.59 (t, 2H)

= 6.9 Hz), 4.19 (s, 4H), 4.07 (s, 4H), 3.56 (br, 8H), 3.11-3.06
(br, 8H), 2.91 (s, 6H), 2.87 (s, 6HC NMR (150 MHz, RO, 323 K):5 = 165.6,
146.4, 141.1, 131.9, 130.2, 127.8, 54.9, 52.2, 51.7, 49.1, 36.6, 36.4. HR-MS m/z
557.3559 [M+H], calcd [GgHasNgO4]: 557.3558.
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(4-methoxypyridin-2-yl)methanol-N-oxide (8a)
OMe To a solution 06 (139 mg, 1 mmol) in 5 mL CHEmCPBA (295 mg,

\ \/ oH 1.2 mmol) was added. The reaction was stirred at RT for 10 h and was
(Njf directly concentrateth vacuo without extraction. Using silica column

chromatography purified the crude residues yieldifhg (148 mg, 96
%) as a white solid. & 0.06 (10% MeOH in ethyl acetate). m.p. = 280'*H NMR
(400 MHz, CDC}): & = 8.22 (d, 1H,) = 6.8 Hz), 7.78 (d, 1H] = 2.4 Hz), 7.65 (dd,
1H, J = 6.8, 2.4 Hz), 2.49 (s, 3H), 1.56 (s, 9C NMR (100 MHz, CDCJ): 6 =
162.4, 148.6, 138.9, 127.6, 126.1, 123.2, 82.1, 27.7, 17.4. FTIR: 3059.1, 2806.4
1625.9, 1469.7, 1431.2, 1201.6, 1029.9, 736.8.dAR-MS m/z: 156.0654 [M+H]
calcd [GH10NOg]: 156.0655.

(4-chloropyridin-2-yl)methanol-N-oxide (8b)

g: Compound7 (500 mg, 3.5 mmol) anchCPBA (939 mg, 3.8 mmol) were
[ ] ©" dissolved in 25 mL CHGland the reaction mixture was stirred at RT.
¢ However, the starting material was hardly converted to desramtiigt.

After stirring for 16 h, the reaction mixture was concentrateeacuo and purified

by silica column chromatography. The title compound was obtained in &0 Ki

= 0.3 (10% methanol in ethyl acetate). Compound decomposed ovéiC17H

NMR (400 MHz, d-MeOD): 6 = 8.27 (d, 1H, = 6.8 Hz), 7.71 (d, 1H] = 2.8 Hz),

7.5 (dd, 1H,J = 6.8 and 2.8 Hz), 4.76 (s, 2HJC NMR (100 MHz, & MeOD): § =
155.3, 141.4, 136.7, 125.9, 124.7, 59.4. FTIR: 3132.4, 3101.5 3072.6, 3028.2
2918.3, 1850.8, 1606.7, 1423.4, 1211.3, 1055.0, 8622 ER-MS m/z: 160.0158
[M+H]", calcd [GH/CINO,]: 160.0159.

oo AMC50Me

e

/ | /\N\ To a solution of8a (271 mg, 1.75 mmol) in 10 mL dry GAl,
/NWAN/—\N "0 thionyl chloride (229 mg, 1.92 mmol) was slowly added &0

© [N N] o with continuous stirring for 2 h. Few drops of MeOH were added

5 é\—/ ¥‘</N/ to quench the excess thionyl chloride and the reaction solvent
g ovie was dryin vacuo. The crude precursor without any purification

was redissolved in a 10 mL MeCN solution containingC&;

(241 mg, 1.75 mmol) angb (239 mg, 0.7 mmol) and the reaction was stirred at 50

°C for 1 day. After filtration with celite, the filtrate wa®ncentration, diluted with

97



water and purified by HPLC (0.1% TFA and a 5-20% acetonitrildigrd on C18
preparative column) providingM C50Me in 10% yield.*H NMR (600 MHz, RO,

323 K):6 =8.41 (d, 2HJ) = 7.2 Hz), 7.66 (d, 2H] = 3.6 Hz), 7.26 (dd, 2H] = 7.2

Hz, 3.6 Hz), 4.14 (s, 4H), 4.09 (s, 4H), 4.04 (s, 6H), 3.59 (br, 8H), 3.09 (br, 8H),
2.94 (s, 6H), 2.88 (s, 6H}’C NMR (150 MHz, RO, 323 K):5 = 164.8, 164.6,
148.9, 142.8, 116.2, 113.2, 58.2, 55.4, 52.5, 51.6, 48.7, 36.5, 36.4. HR-MS m/z
617.3768 [M+H],calcd [Q;0H49N806]: 617.3769.

Clho AMCH5CI
N, o The title compound was prepared by following same protocol
g’A[N N] with AM50Me and purified by HPLC (0.1% TFA and a 5-35%
) N\_,NJN/ acetonitrile gradient on C30 preparative column) providing
o/
é\(}l

\
=z

" AMCS5CI in 48% yield."H NMR (600 MHz, BO, 323 K):§ =
8.33 (d, 2H,J = 7.2 Hz), 7.97 (d, 2H] = 3 Hz), 7.61 (dd, 2H] =
7.2 Hz, 3Hz), 4.19 (s, 4H), 4.02 (s, 4H), 3.59 (t, 81,5.4 Hz), 3.06-3.01 (br, 8H),
2.92 (s, 6H), 2.90 (s, 6H}’C NMR (150 MHz, RO, 323 K):5 = 164.6, 148.4,
142.0, 137.8, 129.8, 127.8, 55.1, 52.5, 51.6, 48.8, 36.6, 36.4. HR-MS m/z: 625.277
[M+H] +, calcd [Q8H43C|2N804]: 625.2779.

CLaNP-5-OMe
5:81{31 Meow\?}o To a solution of8a (155 mg, 1 mmol) in 10 mL dry
© N;?AN“N] ) CH,ClI, thionyl chloride (143 mg, 1.2 mmol) was dropwise
NN P added at @C with continuous stirring for 2 h. Few drops

Q
+ N _s-§
I NS
.

of MeOH were added to quench the excess thionyl chloride
and the reaction solvent was dny vacuo. The crude
precursor without any purification was redissolved in a 10 mL MegNition
containing kCOs; (207 mg, 1.5 mmol) anga (126 mg, 0.4 mmol) and the reaction
was stirred at 50°C for 1 day. After filtration with celite, the filtrate was
concentration under vacuo and dissolved in 66 mL of 3M NaOH/1,4-dioxane
(v:v/3:20) solvent mixture. The crude reaction mixture was stirfi@d 4 h,
neutralized with acid resin, filtered off, and the filtrate wasevaporated with
toluene twice. To a solution of crude residues (44 mg, 0.08 mmol) in NyRL
dimethylformate NHS (36 mg, 0.3 mmol), EDC (60 mg, 0.3 mmol), and arhiyleet
MTS (46 mg, 0.2 mmol) were added. The reaction was stirred abRI6fh and
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then diluted with 5 mL water. The crude aqueous solution was pubfiedPLC
(0.1% TFA and a 0-25% acetonitrile gradient on C18 preparative columr\ioler

title compound in 15% vyield over 4 stegsl NMR (600 MHz, BO, 323 K):5 =

8.40 (d, 2HJ = 7.2 Hz), 7.59 (d, 2H] = 3.6 Hz), 7.26 (dd, 2H] = 7.8 Hz and 3.6

Hz), 4.27 (s, 4H), 4.01 (s, 6H), 3.72 (s, 4H), 3.58 (t, 3H,6.6 Hz), 3.48 (s, 8H),
3.44 (s, 6H), 3.43 (t, 4Hl = 6 Hz), 3.19 (br, 8H):*C NMR (150 MHz, DO, 323 K):

0 =146.1, 142.5, 116.4, 113.5, 58.0, 55.5, 53.0, 51.5, 50.4, 49.9, 39.6, 36.1. HR-M:
m/z: 837.2762 [M+H)], calcd [G2HsaNgO10Ss]: 837.2762.

CLaNP-5-Cl
_2_51 : I”\'l“o The title compound was prepared by following the same
° Ngﬁ[wmwj ’ protocol with CLaNP-5-OMe and purified by HPLC
- NUNJNXS%/ (0.1% TFA and a 0-25% acetonitrile gradient on C18
N : ° preparative column) providinGLaNP-5-Cl in 20% vyield.

'H NMR (600 MHz, DO, 323 K):5 = 8.38 (d, 2H,) = 6.6
Hz), 7.99 (d, 2H,) = 2.4 Hz), 7.67 (dd, 2H] = 6.6 and 3 Hz), 4.19 (s, 4H), 3.87 (s,
4H), 3.60 (t, 4H,) = 6 Hz), 3.54 (s, 8H), 3.45 (s, 6H), 3.35 (t, 4H 6 Hz), 3.17 (br,
8H). 1*C NMR (150 MHz, RO, 323 K):5 = 146.6, 142.0, 137.5, 129.9, 128.1, 55.4,
52.3, 51.8, 50.5, 49.4, 39.6, 36.1. HR-MS m/z: 845.1774 [Ni+kdhlcd
[CaoH47CloNgOsSy]: 845.1771.

Preparation of the lanthanoid complexes

To a solution of theAMCS5 derivatives (6 mg ~ 10 mg) in 10 D,O was
added 1.1 equiv of Ln(OAg) The solution mixture was stirred at RT for 12 h and
monitored by LC/MS spectroscopy. When the frad1C5 derivatives were
completely converted to lanthanoid complexes, the solution mixture wsdivith
400 uL DO and the pD value was adjusted until 7 by using NaOD. The complexes
without further purification were directly used for NMR expegitts. The'H, 2D
EXSY and COSY spectra were recorded on a Bruker Avance Il 66z M
spectrometer at 298 K.

Paramagnetic Probe Attachment
The lanthanoid complexes @LaNP-5 and CLaNP-5-OMe and attachment
experiments were prepared according to reported protbtThe probe attached
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Ub A28C/D32C sample was concentrated to pD@&nd purified over a Superdex 75
gel filtration column. The vyield of labeling, estimated from theenstty of
diamagnetic peaks in th&lN, *H]-HSQC spectra of samples with paramagnetic tags,
was more than 90%. The mass of the resufiNgUb Yb-CLaNP5-OMe (9534 + 1

Da) agreed with the expected mass of 9535 Da, assuming ®6&trrichment. The

Ub A28C/D32C protein expression and purification were kindly performed by
Carlos Castaneda (University of Maryland). The NMR sampldgbof.n-CLaNP5

and Ub Ln-CLaNP5-OMe (100-2QM) were prepared in 20 mM HEPES, 100 mM
NaCl buffer and pH = 7.2 with 6% (v/v).D. All [N, *H]-HSQC were recorded on

a Bruker Avance Il 600 MHz spectrometer and data were processed witfP§MR
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