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1. Coupling of N-acyl tyrosine methylamide with PTAD or MTAD

R, O
o, R N
yN OJ\N,NH
OH N~“N)§0 OoH
PTAD: R = Ph (2a)
o i MTAD: R = Me (2b) 0 Y
)I\N N\ > )LN N\
H 100 mM Na phosphate buffer (pH 7) H
o MeCN (1:1), r.t., <5 min (0]

1 R = Ph (3a), up to >99 %
R = Me (3b), 57 %

Compound (3a). To a solution of tyrosine 1 (14.2 mg, 0.060 mmol) in 100 mM pH 7.0

NaH,;P04/Na,HPO4 buffer (1.5 mL) - MeCN (1.5 mL) was added the 0.5 M solution of PTAD 2a
(0.132 mL, 0.066 mmol) in MeCN at room temperature. The resulting solution was stirred at room
temperature for 30 min. The reaction mixture was acidified with 12N HCI (0.249 mL) and then
concentrated in vacuo. The obtained crude material was purified by flash column chromatography
(CHCI3/MeOH) to give 3a (16.0 mg, 65%) as a white solid.
'H NMR (300 MHz, DMSO-d6): & 11.57 (br, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.90 (q, J = 4.3 Hz, 1H),
7.74 (d, J= 1.7 Hz, 1H), 7.63 — 7.51 (m, 2H), 7.43 (t, /= 7.8 Hz, 2H), 7.34 — 7.21 (m, 1H), 6.83 (dd,
J=28.2,2.0Hz, 1H), 6.68 (d, J= 8.2 Hz, 1H), 4.33 (m, 1H), 2.85 (dd, J=13.5, 5.1 Hz, 1H), 2.63 (dd,
J =137, 9.2 Hz, 1H), 2.55 (d, J = 4.5 Hz, 3H), 1.78 (s, 3H). °C NMR (150 MHz, DMSO-d6):
0172.64, 170.02, 153.90, 150.86, 148.44, 135.37, 129.22, 129.02, 126.96, 126.48, 126.03, 122.72,
117.74, 55.47, 38.23, 26.51, 23.56. HRMS: calcd for Cy0H2,NsOs (MH ) 412.1615, found 412.1615.

Compound (3b). The compound 3b was prepared from tyrosine 1 (14.2 mg, 0.060 mmol) and
0.5 M solution of MTAD 2b (0.438 mL, 0.132 mmol), and was obtained as white amorphous solid
(11.9 mg, 57%).
'H NMR (300 MHz, DMSO-d6): & 10.51 (br, 1H), 8.05 (d, J = 8.4 Hz, 1H), 7.86 (q, J = 4.4 Hz, 1H),
7.21 (s, 1H), 7.02 (dd, J = 1.9, 8.4 Hz, 1H), 6.77 (d, J = 8.3 Hz, 1H), 4.28 (m, 1H), 2.92 (s, 3H), 2.82
(dd, J=13.8, 4.8 Hz, 1H), 2.60 (dd, J = 13.5, 9.9 Hz, 1H), 2.53 (d, J = 4.5 Hz, 3H), 1.75 (s, 3H). °C
NMR (75 MHz, DMSO-d6): 6172.28, 169.81, 154.68, 153.39, 152.07, 150.78, 130.59, 129.42,
124.27, 117.14, 54.98, 37.38, 26.20, 25.44, 23.22. HRMS: calcd for C;sHoNsOs (MH") 350.1459,
found 350.1460.



Ban, Nagano, Gavrilyuk, Hakamata, Inokuma, and Barbas, 111
S3

: SEEHEENE 501 Banhas L -
| et L S e A s B e N |
O
N
o’(\;«("‘H
OH
o
)I\N H\
H 0]
3a
| B
|
f’f [ |r
M“‘f | | [l
. 1 / [ T
I I
|
1] IJ} I
b o i i‘
! U Li_u

[-5000

(3000

(500

T T T T
120 15 10 105 100 85 90 as 80 75 70 65 6.0 55 50 45 40 a5 a0 25 20 15 10 05 oo



Ban, Nagano, Gavrilyuk, Hakamata, Inokuma, and Barbas, 111

S4

— 1726408
— 1700176
— 1539033
— 150 8604
— 1482979

— 1353608

120.223%

126.4825

1260346

va

—122740

—117.7357

— 55,4650

[-9000

[-8000

[-6000

5000

[-4000

[-3000

-0

T T T T
190 180 170 160

Ac-Tyg@iNMe-MTAD-TLR-recolumn-2 01
Std Pr@ton parameters

Me O

807
i#

8
<756

e
<

\

/

T
120

T
100

#1 (neam)

T
10

430
428
425
286
284
281
279
275
274
263
260
259
254
253
—175

£
A

—

e e

T T
10 105 100 95

55 50 45 40
1 {ppm)



Ban, Nagano, Gavrilyuk, Hakamata, Inokuma, and Barbas, 111
S5

Ac-Tyr-NMe-MTAD-dmso~13C~2 01
Std Carbon experiment

— 17228
—1698
15466
—-15338
_-13058
12042
—12427
—11713
—9598
54
—3738
_-2620
~-2322

— 14118

(4000

3500

3000

2500

2000

1500

1000

220 210 200 190 180 170 160 150 140 130 120 1 |'l) , 100 90 80 70 60 50 40 30 20 10 0 =10
( )

2. Synthesis of the PTAD analogs

2-1. Synthesis of aniline derivatives.

07 NHSO; o #
AcHN l : - Hzﬁg\]‘/@ ~
A 4a

4-Propargyloxy aniline sulfate (4a). A solution of N-(4-(propargyloxy)phenyl)acetamide A
(650 mg, 3.44 mmol) in 4 M H,SO4 (10 mL) was stirred under reflux for 3 h. Obtained white crystals
were filtered and washed with Et,0O to give 4a (577 mg, 68%).
'H NMR (300 MHz, DMSO-d6): § 8.18 (br, 2H), 6.97-6.90 (m, 4H), 4.73 (d, J= 3.0 Hz, 2H), 3.55 (t,
J = 3.0 Hz, 1H). °C NMR (75 MHz, DMSO-d6): §153.92, 134.71, 120.94, 117.17, 80.61, 79.20,

57.06. HRMS: calcd for CoH(NO (MH+) 148.0757, found 148.0754.

O~g 1)Ha PdC O~g NaNg Oy, 4NHC Oy,
— NG, — . HC
OxN 2) (Boc):O0  BocHN BocHN H,oN
B c D 4b
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4-N-Boc-(2-bromoethoxy)benzene (C). A suspension of 1-(2-bromoethoxy)-4-nitrobenzene

B (1.00 g, 4.06 mmol) and 10% Pd/C (100 mg) in THF (20 mL) was stirred at room temperature for 3
h under a hydrogen atmosphere. Hydrogen was replaced with argon, and a solution of (Boc),O (708
mg, 4.06 mmol) in THF (5 mL) was added. After overnight, the catalyst was removed by passing
through Celite. After evaporation, the obtained solids were washed with Hexane/Et,0O to give C (742
mg, 58%) as white solid.

'H NMR (300 MHz, CDCl3): & 7.28-7.25 (m, 2H), 6.87-6.84 (m, 2H), 6.41 (br, 1H), 4.25 (t,J = 6.0
Hz, 2H), 3.61 (t, J = 6.0 Hz, 2H), 1.51 (s, 9H). °*C NMR (75 MHz, CDCls): §154.36, 153.39, 132.52,
120.80, 115.66, 80.67, 68.65, 29.53, 28.69. HRMS: calcd for C;3H;sBrNNaO; (MNa") 338.0362,
found 338.0366.

4-N-Boc-(2-azidoethoxy)benzene (D). A suspension of compound C (1.64 g, 5.19 mmol) and
NaNj3 (1.68 g, 25.9 mmol) in DMF (25 mL) was stirred at 50 °C for 3 h. Then, EtOAc and water were
added. The organic layer was separated and washed once with water. The resulting aqueous layer was
extracted once with EtOAc The combined organic layer was dried over MgSOy, and concentrated in
vacuo. The residue was purified by short silica gel chromatography (Hexane/EtOAc) and washing
with Hexane/Et,0 to give D (1.24 g, 86%) as white crystals.
'H NMR (300 MHz, CDCl3): & 7.29-7.26 (m, 2H), 6.87-6.84 (m, 2H), 6.43 (br, 1H), 4.11 (t,J= 6.0
Hz, 2H), 3.57 (t, J = 6.0 Hz, 2H), 1.51 (s, 9H). °C NMR (75 MHz, CDCly): §154.51, 153.41, 132.42,
120.75, 115.36, 80.63, 67.64, 50.49, 28.67. HRMS: calcd for C;3H;sN4;NaO3; (MNa") 301.1271, found
301.1258.

4-Propargyloxy aniline sulfate (4a). A solution of N-(4-(propargyloxy)phenyl)acetamide A
(650 mg, 3.44 mmol) in 4 M H,SO4 (10 mL) was stirred under reflux for 3 h. Obtained white crystals
were filtered and washed with Et,0O to give 4a (577 mg, 68%).
'H NMR (300 MHz, DMSO-d6): & 8.18 (br, 2H), 6.97-6.90 (m, 4H), 4.73 (d, J = 3.0 Hz, 2H), 3.55 (t,
J = 3.0 Hz, 1H). >C NMR (75 MHz, DMSO-d6): 5153.92, 134.71, 120.94, 117.17, 80.61, 79.20,
57.06. HRMS: calcd for CoHoNO (MH+) 148.0757, found 148.0754.

o} o o
AT NN o . anHa o
/©/ R — _  y» Ha /©/
BocHN KoCOg, KI BocHN H,N
E F 4c
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4-N-Boc-(2-oxopropoxy)benzene (F). To a suspension of 4-N-Boc-aminophenol E (4.00 g,
18.2 mmol), K,CO; (3.05 g, 22.1 mmol) and KI (1.22 g, 7.36 mmol) in acetone (40 mL) was added
chloroacetone (0.703 mL, 8.83 mmol) under reflux. After 2 h, additional chloroacetone (0.703 mL,
8.83 mmol) was added. The resulting suspension was stirred under reflux for 2 h. Then, EtOAc and
water were added. The organic layer was separated and washed once with water. The resulting
aqueous layer was extracted once with EtOAc The combined organic layer was dried over MgSQO,,
and concentrated in vacuo. The generated white solids were washed with Hexane/Et,O to give F (1.63
g, 83%).
'H NMR (300 MHz, DMSO-d6): & 9.13 (br, 1H), 7.33-7.30 (m, 2H), 6.82-6.78 (m, 2H), 4.71 (s, 2H),
2.13 (s, 3H), 1.45 (s, 9H). °C NMR (75 MHz, CDCls): 8206.25, 153.96, 153.37, 132.78, 120.81,
115.23, 80.65, 73.72, 28.65, 26.92. HRMS: calcd for C;4HyNNaO, (MNa") 288.1206, found
288.1199.

4-(2-Oxopropoxy)aniline hydrochloride (4c). A solution of compound F (400 mg, 1.51
mmol) in 4 M HCl/dioxane (10 mL) was stirred at room temperature for 3 h. Solvent was removed in
vacuo and resulting pale brown solids were washed with EtOAc to give 4¢ (303 mg, quant.).

'H NMR (300 MHz, DMSO-d6): & 10.3 (br, 2H), 7.35-7.32 (m, 2H), 7.02-6.99 (m, 2H), 4.87 (s, 2H),
2.16 (s, 3H). >C NMR (75 MHz, DMSO-d6): 5204.68, 158.20, 125.42, 116.32, 73.17, 27.20. HRMS:
calcd for CoH1,NO» (MH+) 166.0863, found 166.0867.

2-2. Synthesis of Aplaviroc derivatives

o
L IO’
NH
o Z >
o o N“/'\p
//\)LO/N o o ) O OH
0, Z H [} o PPhg, H0/E,0 o Aplaviroc (24)

HzN/\e/ \5/3\"3 P N N & N NH; >
G I %

BOP, TEA, DMF
o
i b sy 9 2
o 0 N o WL o 0

i aslege’ oy s Oy T O O

o NH o % )N N=N o :
N A N N
O OH O OH

> HN
H/ CuSO0y4, Na Ascorbate, THPTA, HN’&0 27 H/
26
52 %

t+-BUOH/ H,0 (1:1), 1t,

Compound I:
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To a solution of azido-amine G (Aldrich, 468 mg, 2.391 mmol) in acetonitrile (5 mL) was

added pentynoic acid succinimide ester H (474 mg, 2.391 mmol) at room tempareture and stirred for
12 hours. Then, dichloromethane were added and was separated and washed 0.5 M HCI, sat. NaHCO;
aq. and brine. Combined organic layer was dried over Na,SO4, and concentrated in vacuo. The
residue was purified by silica gel chromatography (EtOAc) to give I (620 mg, 87%) as a white solid.
'H NMR (400 MHz, CDCls): § 6.30 (br s, 1H), 3.75-3.57 (m, 10H), 3.60-3.57 (m, 2H), 3.52-3.47 (m,
2H), 3.49-3.41 (m, 2H), 2.57-2.53 (m, 2H), 2.45-2.41 (m, 2H), 2.04 (t, J = 5.3 Hz, 1H), °C NMR
(125 MHz, MeOD-d4): 6173.09, 82.78, 72.70, 70.67, 70.65, 70.62, 70.60, 70.56, 70.52, 70.48, 70.42,
70.32, 70.12, 69.60, 61.26, 50.81, 48.19, 39.48, 35.47. HRMS: caled for C;3H»N4O4 (MH)
299.1714, found 299.1715.

3. NMR-charts of the PTAD analogs
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4. The reactions of tyrosine derivative with PTAD analogs
'"H NMR of the mixture of the reaction
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5. Peptide modification with PTAD analogs
5-1 HPLC and MS chart
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- NH

Dodecapepnde (10)
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15802
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MS of peptide (10) MS of modified peptide (11a)
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MS of decapeptide (10) MS of 1 modified peptide (11¢)
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5-2. MS/MS analysis of labeling peptides
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6. Albumin modification through three different orthogonal reactions
1) Reaction of albumins with dansyl derivative

o} o) 1%
NH, )LNH }L R, R(U\NH Q A R{ NH
N” a
o
:5%’«:36\&? R1 -COH 4}:@ N,;g é@g‘%@ & Ry (;ﬁ:%’%'g o»_ Ro
% AP R N Oy ‘% st N
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o720
Pty A
HS %2 11 ~
OH
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ffg"\©\
OH
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*ﬁ\} o‘

MALDI-TOF REFLECTRON

Original Filename: d:\dataVoutine\2010yune\062110\2819ss.ms
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o #Z o
S o &

c

OH
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BSA (17a, 17b, 17¢)

Method: BSAK.
Mode: Linear

Voltage: 25000
Grid Votage: 94.000 %
Guide Wire Voltage: 0.300 %
Delay: 50 ON

lector: 26.9 OFF
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N o
Jj\ 5 o
0 S ff;\@ N
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210 6:23 AM

‘Savitsky-Golay Order = 2 Points = 19
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Overlay of MALDI-TOF MS charts of HSA (red) and 12 (blue); molecular weight increase 1592.
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MALDI-TOF REFLECTRON e 85k

Original Filename: d:\data\routine\2010june\061810\2775s3.ms
This File # 1 : DADATAROUTINE\2010\JUNE\061810\SM2775.MS
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2) Reaction of dansyl-albumins with PTAD derivative.

Method: BSAK Laser : 2200

MALDI-TOF REFLECTRON o A e w151
Orignal Filename: d-\dataVoutine\2010yune\0618102779s3.ms 2“9‘““"“ V“":z: fm Pressure: 1.31e-07
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Overlay of MALDI-TOF MS charts of 12 (blue) and 14a (red). Molecular weight increase 1540.
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ate:
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Sample: 60 Collected: 6/19/10 2:47 AM
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Overlay of MALDI-TOF MS charts of 12 (blue) and 14b (red). Molecular weight increase 1681.
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MALDI-TOF REFLECTRON

Original Filename: d:\datavoutine\2010§une\061810\2778s3.ms

This File # 2 : DADATAROUTINE\2010\UNE\061810\SM2778.MS.
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Guide Wire Voltage: 0.300 %
Delay: 50 ON
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‘Savitsky-Golay Order = 2 Points = 19
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Overlay of MALDI-TOF MS charts of 12 (blue) and 14¢ (red). Molecular weight increase 1130
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MALDI-TOF REFLECTRON Hethod BSAC coeer 12300
Mode: Linear Scans Averaged: 185
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3) Reaction of dual labeled albumins with fluorescein-5-maleimide.
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MALDI-TOF REFLECTRON
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MALDI-TOF REFLECTRON
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Fluorescence intensity of fluorescein moiety of 14a-c¢, 15a-c, 16a-c and 17a-c.
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7. Chymotrypsinogen PTAD labeling buffer study
[0}

E\\(NPh o
o) N
N‘ NPh .
Chymotrypsinogen A \\< Ph—N=C=0
(e]

conjugate

buffer, rt, 15 min
Exact Mass: 175.0382 Exact Mass: 119.0371

We noted an experimental artifact in our original PTAD labeling study of chymotrypsinogen
(ref. 1, figure 3B), namely the addition of a mass of approximately 336 daltons to the protein. It is
known that PTADs can decompose to form isocyanates” and a mass addition of 336 is consistent with
isocyanate formation of the PTAD azide derivative used in the original study and its subsequent
reaction with various nucleophilic functionalities present on proteins like amines and hydroxyls. The
simplest PTAD shown above is expected to decompose to an isocyanate of mass 119 (see above).
Reaction of isocyanate derivatives with a protein is expected to be promiscuous whereas direct
reaction with PTADs is highly selective for the phenolic side chain of tyrosine as we have proven in
many cases.” We suspect that with slow reacting proteins with no or poorly exposed/reactive tyrosine
residues like chymotrypsinogen, decomposition of PTADs produces isocyanates that then

promiscuously label the protein.

(0]
Y
S “N,, -CO

In our initial disclosure of PTAD labeling', we had documented that labeling is effective in a
wide variety of buffered solutions, including 2-amino-2-hydroxymethyl-propane-1,3-diol or Tris
buffered solution. Since Tris buffer contains a primary amine, we studied the potential of using Tris
buffer as an isocyanate scavenger in PTAD labeling reactions of chymotrypsinogen. As shown in the
ESI-MS charts that follow, chymotrypsinogen labeling in phosphate buffer revealed significant
isocyanate labeling. Addition of as little as 5% volume Tris to the PBS solution, however, acted to
significantly scavenge the isocyanate decomposition product, while addition of 25% volume Tris
nearly completely removed detectable isocyanate-derived protein labeling as effectively as
performing the reaction in Tris buffer itself. Thus for the PTAD labeling of particular proteins, an
exploration of buffers, including mixed PBS/Tris buffered media is recommended to ensure

tyrosine selective labeling when Tyr specificity is critical. PBS buffer is often fine.
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Study of Chymotrypsinogen labeling with PTAD in PBS/Tris buffered conditions:

To the 1.7 ml microcentrifuge tube was added chymotrypsinogen solution (60.6 uM protein in
98 uL mixed buffer prepared by volumetric mixing of PBS (10 mM, pH 7.4) and Tris (1.0 M, pH 7.4)
buffers) followed by addition of PTAD (100 mM in DMF, 2 uL). The reaction mixture was allowed
to stand at room temperature for 15 min before the unreacted small molecules were removed using

Zeba spin desalting column (7k MWCO). ESI-MS was then obtained and are given below.

1. Ban, H., Gavrilyuk, J., and Barbas, C. F. (2010) Tyrosine Bioconjugation through Aqueous
Ene-Type Reactions: A Click-Like Reaction for Tyrosine. Journal of the American Chemical
Society 132, 1523-1525.

2. Wambhoff, H., and Wald, K. (1977) Zur Photolyse und Thermolyse von 4-Aryl-1,2,4-triazolin-
3,5-dionen. Chem. Ber., 110, 1699-1715.

3. We thank Drs Edmund Graziani and Qi-Yang Hu for also bringing the artifact at ref. 1, Fig.

3B to our attention and Qi-Yang Hu for additional discussion.

ESI-MS charts for Chymotrysinogen labeling with PTAD
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Labeling in PBS
+ PhNCO
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Labeling in PBS/Tris (75/25)
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8. PTAD mediated PEGylation reaction

Preparation of PEG-PTAD

Propargyl amine,

@)

DMF, rt, 3h
- @ s

/

In the 1.5 ml Eppendorf tube were mixed Sk PEG-NHS (NOF Corporation, 98% end group

reactivity) (38 ul of 50 mM solution in DMF, 1.89 umoles, 1 eq) and propargyl amine (1.89 ul of 1M

solution in DMF, 1.89 umoles, 1 eq). The reaction mixture was vortexed gently and kept at room

temperature for 3 hours with intermittent vortexing. Methyl amine (5 ul, neat) was added to the

reaction to make sure all the activated ester groups were consumed; reaction was vortexed and kept at

room temperature for 30 min. The product polymer was precipitated out with cold ether, centrifuged

and ether decanted. The resulting white solid was washed with cold ether two times and dried.

Isolated yield 9.1 mg, 93%. MALDI-TOF MW .= 5656.

PEG-NHS (starting material):

Sovisy sy Ordor =2 Poria = 19

16004

H
8

PEG-alkyne:

e

Savisky-Golay Order =2 Poits = 19

5832

— i
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Overlay of PEG-NHS starting material (red) with PEG-alkyne (blue):

Synthesis of PEG-urazole (23): In the 1.5 ml Eppendorf tube were mixed 5k PEG-alkyne (NOF
Corporation, 98% end group reactivity) (15 ul of 48 mM solution in DMF, 0.72 umoles, 1 eq) and
1,2 A-triazolidine-3,5-dione azide 14 (30 ul of 24 mM solution in DMF, 0.72 umoles, 1 eq) followed
by addition of a small piece of copper wire and copper sulfate (0.72 ul, 100 mM solution in DI water).
The reaction mixture was vortexed gently and kept at 37 °C for 2 hrs with intermittent vortexing.
Copper wire was removed and copper ions were scavenged from the reaction mixture using
“CupriSorb” resin (Seachem) over night at room temperature. The Cuprisorb resin was filtered and
product polymer was precipitated out with cold ether, centrifuged and ether decanted. The resulting
white solid (23) was washed with cold ether two times and dried. Isolated yield 4.0 mg, 95%.
MALDI-TOF MW, = 5921.

PEG-alkyne: Overlay of PEG-NHS (red) with PEG—PTAD(green).
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MALDI-TOF:
Chymotrypsinogen A:
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Chymotrypsinogen-PEG(NHS):

Sample: /9 Collected: 4/10/12 6:56 AM
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Comparison of products of reaction of Chymotrypsinogen A with 5-kDa PEG-PTAD and 5-kDa PEG-
NHS. Products were separated on a NuPage 4-12% Bis-Tris gel (Invitrogen) and the gel was
Coomassie stained: L, molecular weight ladder; lane 1, Chymotrypsinogen A; lane 2, reaction with 10

eq. PEG-PTAD:; lane 3, reaction with 10 eq. PEG-NHS.

9. Trastuzumab (Herceptin) conjugation with Aplaviroc-PTAD
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10. Stability study in human plasma

HPLC charts of the analyzed compounds.
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