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Chemical Synthesis

Benzyl (1-(diphenoxyphosphoryl)-2-phenylethyl)carbamate
Z-Phe?-(OPh), (4)
Benzyl carbamate 1 (3.02 g, 20 mmol, 1 eq.), 2-
@\/ ] O\\ER phenylacetaldehyde 2 (2.33 ml, 20 mmol, 1 eq.), and
OTN\%Q triphenyl phosphite 3 (5.25 ml, 20 mmol, 1 eq.) were
dissolved in DCM (40 ml) and Cu(OT¥), (0.722 g, 2 mmol,
4 0.1 eq.) was added. The mixture was stirred at room
temperature (rt) overnight until benzyl carbamate was consumed, as indicated by TLC.
Then DCM was evaporated in vacuo, and MeOH was added. The resulting solution was
kept at 4 °C until diphenyl phosphonate 4 was precipitated as a yellowish solid (5.5 g,
yield 56%).
Ry: 0.58 (Hexane/EtOAc, 6:4)
TH-NMR (600 MHz, CDCl), & 7.33-7.13 (m, 18H), 7.08 (d, J=7.9 Hz, 2H), 5.24 (d,J=10.3
Hz, 1H), 5.03 (s, 2H), 4.90-4.77 (m, 1H), 3.44-3.39 (m, 1H), 3.07-3.01 (m, 1H).
3SIP-NMR (243 MHz, CDCl3) 8 16.80 (major), 16.37 (minor).
ESI-MS: m/z calcd for [M+Na]* CysHysNNaOsP* 510.14, found 510.27; caled for
[M+K]" CosHysKNOsP* 526.12, found 526.22; caled for [2M+Na]* Cs¢Hs,N,NaO,oP,*
997.30, found 997.37.

Benzyl (1-(diethoxyphosphoryl)-2-phenylethyl)carbamate
Z-PheP-(OEY), (5)

N The stirred solution of diphenyl phosphonate 4 (487 mg, 1
©\/OTH Q‘P\éoJ mmol, 1 eq), potassium fluoride dihydrate (940 mg, 10 mmol,
© \E© 10 eq.), and a catalytic amount of 18-crown-6 ether (20 mg,
0.076 mmol, 0.076 eq) in EtOH (5 ml) was heated to reflux for
10 min and then left to cool at rt overnight. The solvent was
removed in vacuo, and water (20 ml) was added to the residue, followed by extraction
with ethyl acetate (3 x 10 ml). The combined organic extracts were washed with 1 N
NaOH (3 x 10 ml), water (10 ml), and brine (10 ml), dried over Na,SO,4 and
concentrated in vacuo to afford the diethyl phosphonate 5 as a colorless oil (190 mg,

yield 49%).
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R: 0.18 (Hexane/EtOAc, 6:4).

TH NMR (600 MHz, CDCl3) 6 7.31-7.21 (m, 10H), 5.07 (d, J = 9.8 Hz, 1H), 4.99 (s,
2H), 4.42-4.36 (m, 1H), 4.13-3.99 (m, 4H), 3.25-3.21 (m, 1H), 2.88-2.82 (m, 1H), 1.29
(t,J =7.0Hz, 3H), 1.23 (t,J = 7.0 Hz, 3H).

I3C NMR (151 MHz, CDCl;) 6 155.7, 136.6, 136.5, 136.3, 129.2, 128.4, 128.1, 127.9,
126.8, 66.9, 62.8, 62.7, 62.5, 62.5, 49.1, 48.1, 36.0, 16.4, 16.3.

3P NMR (243 MHz, CDCl3) & 23.94 (major), 23.32 (minor).

ESI-MS: m/z calcd for [M+Na]* C,0H,sNNaOsP" 414.14, found 414.15; calcd for
[2M+Na]* C4Hs,N,NaO,oP,* 805.30, found 805.13.

Benzyl (1-(chloro(ethoxy)phosphoryl)-2-phenylethyl)carbamate
Z-Phe?-(OEt)CI (6)

R

©\/ o To a stirred solution of diethyl phosphonate 5§ (194 mg, 0.5
H _Cl
OWN\[ % mmol, 1 eq.) in DCM, one drop of DMF was added. The solution

° cooled at 0 °C, and oxalyl chloride (0.127 ml, 1.5 mmol, 3 eq.)

6 was added dropwise. The mixture was warmed at rt, and the
reaction was monitored by TLC. When 5 was consumed (16 h), the solvent was
removed in vacuo, DCM was added (2 x 5 ml) and evaporated. The residue was used
directly to the following reaction without further purification.

Ry: 0.26 (CHCly/MeOH, 9:1).

Tert-butyl 4-hydroxyphenethylcarbamate
Boc-NH-Tya-OH (8)
To a stirred solution of tyramine (7) (274 mg, 2 mmol, 1 eq.) in

OYO dioxane/water (1:1, 10 ml), sodium carbonate (212 mg, 2 mmol, 1

/@)/NH eq.) was added in one portion. The mixture was cooled at 0 °C, and di-
HO

tert-butyl dicarbonate (Boc,0) (0.5 ml, 2.2 mmol, 1.1 eq.) was added.

One hour after the reaction mixture was left to warm at rt, ethyl

° acetate (20 ml) was added. The mixture was washed with 5% citric

acid (2 x 15 ml), water (15 ml), 5% NaHCO; (15 ml), and finally with brine (15 ml).
The organic layer was dried over Na,SO,, and after evaporation, the crude product was
purified by column chromatography (silica gel, hexane/ethyl acetate 50% to 20%) to
give the desired Boc-protected tyramine 8 as a colorless oil converted to white solid

over several days (460 mg, yield 97%).
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R;: 0.23 (Hexane/EtOAc, 6:4); 0.44 (CHCl3;/MeOH, 9:1).

TH NMR (600 MHz, CDCl3) 3 6.99 (d, J= 8.2 Hz, 2H), 6.79 (d, J = 8.4 Hz, 2H), 4.70
(s, 1H), 3.33-3.32 (m, 2H), 2.70-2.68 (m, 2H), 1.45 (s, 9H).

ESI-MS: m/z calcd for [M+Na]* C;3H;oNNaOs* 260.13, found 260.80.

Benzyl (1-((4-(2-tert-butyl carbonyl aminoethyl)phenoxy)(ethoxy)phosphoryl)-2-
phenylethyl)carbamate
Z-PheP-(OEt)(OTya-Boc) (9)
To a stirred solution of chloride 6 (290 mg, 0.76 mmol, 1
j:k eq.) in toluene (2 ml), Boc-NH-Tya-OH (8) (450 mg, 1.9
mmol, 2.5 eq.) and triethylamine (0.264 ml, 1.9 mmol, 2.5
eq.) were added. The mixture was stirred at rt overnight.
Then diethyl ether (5 ml) was added and extracted with
©VOWN P\(;OJ brine (10 ml). The organic layer was washed with 5%
\E© NaHCO; (4 x 5 ml), dried (Na,SQO,), filtered through celite,
9 and the solvents were evaporated. The crude product was
purified in column chromatography (silica gel, hexane/ethyl acetate 80% to 60%) to
afford 9 as a white solid (50 mg, 11% after two steps).
Ry: 0.33 (Hexane/EtOAc, 1:1).
TH NMR (600 MHz, CDCl3) 6 7.33-7.21 (m, 10H), 7.15-7.08 (m, 4H), 5.16 (t, /= 10.8
Hz, 1H), 5.03 & 4.99 (d, Jag = 24.8 Hz, 2H), 4.20-4.13 (m, 2H), 3.35-3.29 (m, 3H),
2.97-2.95 (m, 1H), 2.77-2.50 (m, 2H), 1.45 (s, 9H), 1.29-1.19 (m, 3H).
I3C NMR (151 MHz, CDCl;) 6 155.8, 155.7, 136.2, 130.1, 129.9, 129.3, 128.5, 128 4,
128.4,128.1, 128.0,127.9, 127.8, 126.9, 120.6, 120.4, 67.1, 67.0, 63.7, 63.6, 63.5, 49.6,
48.5,48.3,41.7,36.0,35.4,28.4,16.7, 16.2.
3IP NMR (243 MHz, CDCls) & 20.84, 20.76.
ESI-MS: m/z calcd for [M+Na]" Cs;H39N,NaO,P* 605.24, found 605.30; calcd for
[M+K]* C5;H39N,KO;P"621.21, found 621.23.

Tert-butyl 4-(((1-amino-2-
ok phenylethyl)(ethoxy)phosphoryl)oxy)phenethylcarba-mate
HN/&O H,N-PheP-(OEt)(OTya-Boc) (10)
To the stirred mixture of Z-PheP-(OEt)(OTya-Boc) (9) (50 mg, 86
umol, 1 eq.) and a catalytic amount of Pd (10% Pd-C, 10 mg, 20%
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w/w) in MeOH (0.5 ml) triethylsilane (140 pL, 860 umol, 10 eq.) was added dropwise
under nitrogen atmosphere. When the reaction was complete, the mixture was filtered
through celite, and solvents evaporated in vacuo. The resulting oil was used for the next
step without further purification (42 mg crude).

R;: 0.08 (Hexane/EtOAc, 6:4).

ESI-MS: m/z calcd for [M+H]* Cy3H34N,O5P* 449.22, found 449.48 .

Tert-butyl 4-(((1-(2- benzyloxycarbonylamino-3-phenylpropanamido)-2-phenyl-
ethyl)(ethoxy)phosphoryl)oxy)phenethylcarbamate
Z-Phe-Phe?-(OEt)(OTya-Boc) (11)
To the stirring solution of the amine H,N-Phe"-
J< (OEt)(OTya-Boc) (10) (38 mg, 0.086 mmol, 1 eq.)
in DCM (1 ml), Z-Phe-OH (62 mg, 0.103 mmol,
1.2 eq) was dissolved, followed by the addition of
TBTU (78 mg, 0.206 mmol, 2.4 eq), HOBt (27
mg, 0.206 mmol, 2.4 eq.), and DIPEA (44 pL,
0.258 mmol, 3 eq). The mixture was allowed to
stir at rt, and DIPEA was added to maintain
" alkaline pH. When the DPP amine 10 was
consumed, the solution was concentrated, ethyl acetate (10 ml) was added, and the
mixture was washed with H,O (4 x 10 ml), 5% NaHCO; (3 x 10 ml), H,O (10 ml), 10%
citric acid (3 x 10 ml), H,O (10 ml) and brine (10 ml). The organic phase was dried
over Na,SOy, and the solvents were removed in vacuo. The crude product was purified
in column chromatography (silica gel, hexane/ethyl acetate 80% to 60%) to give 11 as
a white solid (30 mg, 47% after two steps).
R: 0.54 (Hexane/EtOAc, 6:4).
TH-NMR (600 MHz, CDCl3) 8 7.35-7.06 (m, 19H), 6.98 (d, J= 3.4 Hz, 1H), 6.51-6.47
(m, 1H), 5.06-5.04 (m, 2H), 4.95-7.90 (m, 1H), 4.58-4.52 (m, 1H), 4.35-4.25 (m, 1H),
(4.14-4.04 (m, 2H), 3.34-3.27 (m, 3H), 3.02-2.70 (m, 5H), 1.45 & 1.44 (s, 9H, isomers).
3IP-NMR (243 MHz, CDCl;) 8 20.36, 20.27, 20.22.
ESI-MS: m/z calcd for [M+Na]" C4H4sN3;NaOgP* 752.31, found 752.42; calcd for
[M+K]* C4oH4sKN305P* 768.28, found 768.38.
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Tert-butyl 4-(((1-(2-amino-3-phenylpropanamido)-2-phenylethyl)(ethoxy)phos-
phoryl)oxy)phenethylcarbamate
H,N-Phe-PheP-(OEt)(OTya-Boc) (12)
J< To the mixture of Z-Phe-PheP-(OEt)(OTya-Boc) (11) (20 mg,
i 27 pmol, 1 eq.) and 10% Pd-C (4 mg, 20% w/w) in MeOH
(0.5 ml), was added triethylsilane (44 pL, 270 umol, 10 eq.)
dropwise under nitrogen atmosphere. When the reaction was

complete, the mixture was filtered through celite, and solvents

H Q0O
HoN N P\; / evaporated in vacuo. The crude oil was used without further
© \E© purification (16 mg crude).

Ry: 0.08 (Hexane/EtOAc, 6:4).
ESI-MS: m/z calcd for [M+H]" C3,H43N306P* 596.29, found 596.37.

1-(6-((1-((1-((4-(2-((tert-butoxycarbonyl)amino)ethyl)phenoxy)(ethoxy)
phosphoryl)-2-phenylethyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-6-
oxohexyl)-3,3-dimethyl-2-((1E,3E,5E)-5-(1,3,3-trimethylindolin-2-ylidene)penta-
1,3-dien-1-yl)-3H-indol-1-ium

Cy5-Phe-Phe?-(OEt)(OTya-Boc) (13)

To a solution of 12 (8 mg, 13 umol, 1 eq.) in

N k 150 uL DMSO, a solution of Cy5-NHS (10
\ mg, 15.6 umol, 1.2 eq.) in 150 uL. DMSO
(5 was added, followed by the addition of

DIPEA (11 pL, 8.5 pmol, 5 eq.). The reaction

O WL g i was monitored with HPLC till 12 was

consumed. After 16 h, purification by HPLC
13 (semi-preparatory reverse phase C;g column,
CH;CN/H,0 + 0.1% TFA, 25% for 3 min; 25% to 100% over 15 min, 1 ml/min)
followed by lyophilization, afforded pure the TFA salt of product 13 as a blue powder
(3.7 mg, yield 25% after two steps).
TH-NMR (600 MHz, CDCl;) 6 7.88 (d, /= 8.5 Hz, 1H), 7.44 (d, /= 8.3 Hz, 1H), 7.56
(t, J= 8.4 Hz, 1H), 7.49 (t, J = 8.4 Hz, 1H), 7.44-7.07 (m, 23H), 4.26-4.21 (m, 1H)
4.15-4.04 (m, 4H), 3.67-3.62 (m, 1H), 3.57-3.54 (m, 1H), 3.46 (s, 3H), 2.35 (t, /=7.4
Hz, 6H), 2.26 (t, J = 6.0 Hz, 6H), 2.01 (d, J= 5.5 Hz, 2H), 1.71-1.59 (m, 6H), 1.40 (s,
9H), 1.14-1.19 (m, 3H). 6H peaks overlap with residual solvent peaks.
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tg: peak 1: 30.34 min (70.66% B), peak 2: 30.59 (71.15% B) (diasteromers);
CH;CN/H,0 + 0.1% TFA, 20% for 5 min; 20% to 100% over 40 min, 1 ml/min.
ESI-MS: m/z calcd for [M]" CgH79NsO,P* 1060.57, found 1060.86; calcd for
[M+Na]?*/2 Cg4H79NsNaO;P>" 541.78, found 541.93. Both HPLC peaks gave the same
ESI-MS.

1-(6-((1-((1-((4-(2-aminoethyl)phenoxy)(ethoxy)phosphoryl)-2-
phenylethyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-6-oxohexyl)-3,3-
dimethyl-2-((1E,3E,5E)-5-(1,3,3-trimethylindolin-2-ylidene)penta-1,3-dien-1-yl)-
3H-indol-1-ium
Cy5-Phe-Phe?-(OEt)(OTya-NH,) (14)
To a stirred solution of 13 (2 mg, 1.7 umol, 1 eq.) in DCM (0.1 ml), was added dropwise
0.1 ml TFA. After 2 h, the mixture was co-evaporated with toluene (3 x 0.3 ml) in vacuo
on a rotavap to dryness. The crude amorphous TFA salt was used in the next reaction
without further purification (2 mg crude).
tg: peak 1: 23.08min (56.10% B), peak 2: 23.45
N min (56.57% B) (diastereomers); CH;CN/H,0O +
\ 0.1% TFA, 20% for 5 min; 20% to 100% over 40
Ej min, 1 ml/min.
ESI-MS: m/z caled for [M]" CsoH7NsOsP*

O V\/\)L /i J 960.52, found 960.72; calcd for [(M+H)/2]**

480.76, found 480.91.

14

1-(6-((1-((1-(ethoxy(4-(2-(1-((2-((E)-3-(indolin-1-ium-1-ylidene)-6-(indolin-1-yl)-
3H-xanthen-9-yl)phenyl)sulfonyl)piperidine-4-
carboxamido)ethyl)phenoxy)phosphoryl)-2-phenylethyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-6-oxohexyl)-3,3-dimethyl-2-((1E,3E,5E)-5-(1,3,3-
trimethylindolin-2-ylidene)penta-1,3-dien-1-yl)-3H-indol-1-ium
Cy5-Phe-Phe?-(OEt)(OTya-QSY21) (15)
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To a solution of 14 (2 mg, 1.7 pumol, 1 eq.)
in DMSO (50 pL), a solution of QSY21-
NHS (1.6 mg, 1.91 pmol, 1.1 eq.) in 50 pL
DMSO was added, followed by the addition
of DIPEA (1.5 pL, 8.5 umol, 5 eq.). The
reaction was monitored by RP-HPLC till 14
was consumed. After 16 h, purification by
RP-HPLC (semi-preparative reverse phase
C;g column, CH;CN/H,0 +0.1% TFA, 25%

\¥e) N for 3 min; 25% to 100% over 15 min, 1
O NMN ml/min) followed by lyophilization,
afforded pure the TFA salt of product 15 as
a dark blue powder (1.9 mg, yield 65% for

two reactions).

TH-NMR (600 MHz, CDCl5) & 8.24-8.20 (m, 2H), 7.96-7.92 (m, 2H), 7.88 (d, J = 8.4
Hz, 2H), 7.74 (d, J= 8.4 Hz, 2H), 7.67-7.46 (m, 10H), 7.39-7.01 (m, 26H), 6.76 (d, J =
8.4 Hz, 1H), 4.34-4.07 (m, 9H), 3.75-3.73 (m, 2H), 3.57 (s, 3H) 3.19-3.18 (m, 2H),
2.58-2.53 (m, 6H), 2.36-2.06 (m, 6H), 2.05-1.98 (m, 2H), 1.85-1.69 (m, 8H), 1.65-1.45
(m, 6H), 1.24-1.23 (m, 3H). 10H peaks overlap with residual solvent peaks.

tg: peak 1: 29.30 min (69.48% B), peak 2: 30.18 min (69.95% B) (diastereomers);
CH;CN/H,0 + 0.1% TFA, 20% for 5 min; 20% to 100% over 40 min, 1 ml/min).
ESI-MS: m/z calcd for [M]**/2 Cj0oH;9sNgOoPS?* 812.87, found 812.96; calcd for
[M+H]**/3 542.25, found 542.33.
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NMR, MS and HPLC raw data



'H NMR (600 MHz, CDCl;) of compound Z-PheP-(OPh), (4).
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31P NMR (243 MHz, CDCl,) of compound Z-PheP-(OPh), (4).
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ESI-MS of compound Z-PheP-(OPh), (4).
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m/z calcd for [M+Na]* C,gH,,NNaO:P* 510.14, found 510.27; calcd for [M+K]* C,gH,,KNO:P* 526.12,

found 526.22; calcd for [2M+Na]* C;H-,N,NaO,,P,* 997.30, found 997.37.
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'H NMR (600 MHz, CDCl,) of compound Z-PheP-(OEt), (5).
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13C NMR (151 MHz, CDCl,) of compound Z-PheP-(OEt), (5).
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31P NMR (243 MHz, CDCl;) of compound Z-PheP-(OEt), (5).
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PLW13 0.27831000 W
F2 — Processing parameters
sSI 32768
SF 242.9370770 MH=z
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 2500
S ] I T I [ I I T
100 50 -50 -100 -150 -200 ppm
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ESI-MS of compound Z-PheP-(OEt), (5).

Intens. - +MS, 1.2-1.6min #140-192
x108
: "|.|.
] 805.13
34 -
] 414.15
21
1
T I'| l T l T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z

m/z calcd for [M+Na]* C,,H,,NNaO:P* 414.14, found 414.15; calcd for [2M+Na]* C,,H<,N,NaO,,P,* 805.30,

found 805.13.
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'H NMR (600 MHz, 298 K, CDCl;) of compound Boc-NH-Tya-OH (8).

Bases C><)

O~ - ME s DWW NS O o W WD U WD Ty U~ =P D~ O D Q0 WD O MDD EN o CX)
OMAUNTAOUL TTONOWT MM =MD O oI o s R M A MU S ;D oW
e L L s L R L el ok L R e R R e e e R R Current Data Parameters
WO WWWwWwWwWwWw WwwwwwLwww uwuw s s MMM I NN A OO OO E}P{P:r
\V VA I R VANV AR o
\‘/
O%‘/O
3 NH2
5
& 4 1
5/ |6 HO 5 8
6
DCM
\4
3
! |!
| |
| I |
fi |
J .II |- || .! Ie ,! I."- || ] ,-'I |.
B Nl - R S W — L. N B A N __J'l At ——
T | | | I T I | | I | I T T | 1
75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 1.5 1.0 ppm
g E - £
edl |~ o o o (=]
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ESI-MS of compound Boc-NH-Tya-OH (8).

CK B39 94 (1.737 :
(1.737)Cm {73 ;;6‘3%0 s Scan ES+
100 Ty b 15 6.45e7

¥
i

i

! 12188

|

|

i

|

[

[

204 80
350.84
182 R5 261.80
1:4175
d 204 77 351 85 3
W £ 170 % W ,L.a[l ALY WHTUND ROV USSRV S Sostes
100 200 300 400 . 500 P00

m/z calcd for [M+Na]* C;3H;JNNaO,* 260.13, found 260.80.
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'H NMR (600 MHz, CDCl;) of compound Z-PheP-(OEt)(OTya-Boc) (9).

B43IIc8-11
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8zeE”
he”
0ge”
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6ET"
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09T~
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T0¢”
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99¢6°
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¢09 -
019"
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gETL"
981"
FLT®
€0T”
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LET"
8ET”
getr”
s0c¢-
9Le"
oee-
69¢°
G8Z"
60€"
ELE®
Tce”
ree”

NN NN NN NN N RN O DN I I SIS SIS ONONONNNNNNNNAAAAAAAAA A

TR\ TSN e =

10

*accidental
contaminants
of our CDCl;

Ar

ppm

1.0
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13C NMR (151 MHz, CDCl,) of compound Z-PheP-(OEt)(OTya-Boc) (9).

B43TIIcB-11
w0 NLOLNME-OoODYTONL O
@we  NOoOMANN T T Ao MDD sy S or- o O - © — = r~ s
L T T R R R MNMNom odiewn W o e~ = = o
S WO OXMOOOMT-WOoOo . f e e e . . .. . .o
T Ts] MO NN NN NN Ar-~-Y WM M o ® @ — w0 n @ ww
e T B I B R e I R I [l ol il o Y « JVe AV Ve Ve | = = T = ™ ™M (] —

""""" R P e e ] G P o . e 0 g | O B0 s gt ) W i Py e i B LR
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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31Pp NMR (243 MHz, CDCl;) of compound Z-PheP-(OEt)(OTya-Boc) (9).

B43IIc8-11_31F

20.84
20.76

~<

Current Data Parameters

NAME
EXPNO
PROCNO

B43IIc8-11_31P

1
1

F2 - Acquisition Parameters

Date_ 20191125
O ™M Time 11.39 h
i INSTRUM spect
" PROBHD 72114607_0214 (
oo PULPROG zgpg30
NN TD 65536
SOLVENT CDC13
\/ NS 57
DS 4
SWH 96153.844 Hz
FIDRES 2.934382 Hz
AQ 0.3407872 sec
RG 192.58
DW 5.200 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 242.9249301 MHz
NUC1 319
PO 4.00 usec
Pl 12.00 usec
PLW1 36.85100174 W
T | A T T SFO2 600.1324005 MHz
NUC2 1H
21 20 ppm CPDPRG([2 waltz16
PCPD2 70.00 usec
PLW2 27.59199905 W
PLW12 0.56309998 W
PLW13 0.283239992 W
F2 - Processing parameters
SI 32768
SF 242.9370770 MHz
WDW EM
S5SB 0
LB 1.00 Hz
GB 0
PC 2.00
S A L
-100 -150 200  ppm
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ESI-MS of compound Z-PheP-(OEt)(OTya-Boc) (9).

GK B43IIC8-11 114 (2.107) Cm (107:135)

Scan ES+
100—| e el 5397
|
|
=
606.37
48337
62123
527.33
484.31 l
PR s
i 502.51 . L\ \ ML« k

y u Ty T LS EREEE BRI LER 1y 1 T ! i L
700 450 440 430 480 800 | 520 54D 560 580 600 620 640 660 680 700 720 740 760 780

m/z calcd for [M+Na]* C;;H;,N,NaO,P* 605.24, found 605.30; calcd for
[M+K]* C5,H;5N,KO,P*621.21, found 621.23.
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ESI-MS of crude compound H,N-PheP-(OEt)(OTya-Boc) (10).

GK B46W 124 (2.292) Cm (91:128)

120.53 Scan ES+
1
00 1.34e8
‘ 449.48
;59_,
393.43
655.49
12154 i
274.45 4p0i49 ;
| l656.44
| 4 897.34
394.44
1 i
230,37 471.40 !
‘ , ‘
L i ]- 1 '- !
C- . : PRSP VOt S — e , b , miz
100 200 300 400 500 800 700 800 e 800 Fer e OG0

m/z calcd for [M+H]* C,5H;,N,0.P* 449.22, found 449.48.
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'H NMR (600 MHz, CDCl,) of compound Z-Phe-Phef-(OEt)(OTya-Boc) (11).
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31P NMR (243 MHz, CDCl;)of compound Z-Phe-PheP-(OEt)(OTya-Boc) (11).

20,36
20.27

4::

Current Data Farameters

NAME
EXPNO
PROCHNO

El4¢cl5-20_31P

2
il

F2 - Acquisition Parameters

Date
Time

PROBHD
D

M3
Ds
SWH
FIDRES
AQ
RG
DW
DE
TE
Dl
Dl1
D0
SFOl
NUC1
FO
Pl
PLW1
SFO2
NUC2

FCFD2
PLW2

PLW12
PLW13

SI
SF
WD
S5B
LB
_J GB
PC

556 50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 ppm

INSTRUM
PULPROG

SOLVENT

CPDPRG[2

20210114
16.43 h
spect

Z114607_0214 (

zgpg30
65536
CDC13
101
4
96153.844 H=z
2.934382 H=z
0.3407872 sec
192.58
5.200 usec
6.50 usec
298.2 K
2.00000000 sec
0.03000000 sec
1
242.9249301 MHz
31p
4.00 usec
12.00 usec
36.85100174 W
€00.1324005 MHz
i1
waltzlé
70.00 usec
27.59195905 W
0.56300998 W
0.28323999% W

F2 - Processing parameters

32768
242 .9370770 MHz
EM
[1]
1.00 Hz
0
2.00
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ESI-MS of compound Z-Phe-PheP-(OEt)(OTya-Boc) (11).

Intens. -

x107
1,50

1‘25j
1.00+
0.?5;
0.50+

0.25/

(A alal

652.30

1+
752.42

1+
768.38

674.29 699.78 730.42 788.47

+MS, 0.0-0.5min #2-60

866.38

1+
882.34

m/z calcd for [M+Na]* C,,H,sN;NaOgP* 752.31, found 752.42; calcd for [M+K]* C,oH,sKN;O4P* 768.28, found

768.38.

S26



ESI-MS of compound H,N-Phe-PheP-(OEt)(OTya-Boc) (12).

Intens. ] +MS, 0.0-0.3min #1-35
x1081
47 1+
] 596.37
37
2]
] 1+
L - 752.43
0: 1 . 3?5I‘I39 I l' l li | 1 L 1 13'25.66 I 1 T I L) 1
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z

m/z calcd for [M+H]* C;,H,3N;0,P* 596.29, found 596.37; calcd for [M+Na]* C;,H,,N;NaO.P 618.27, found

618.36.
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'H NMR (600 MHz, CD,0D) of compound Cy5-Phe-PheP-(OEt)(OTya-Boc) (1
M6 IR

NOY M S O~ ip]
Ar~<P PO @
T T TN AO =

Te]

12215

Ar T | 14 J | 7b, ;“} o
M} (. o ! nﬁf \ L/ al }u l (.
201;:3‘.1 \|1 gJJ ‘ IUJ T MJ/J lk)dl/ \lww N«L,WUAU #alﬂz N LJ wl UJJ V““JW i Wl\m
l71SI | IT!DI B I6|5 Glﬂ 5.|5‘ B '5I0 B '415I | 4!0' | ‘315' B I3|0 2:5 2f0‘ | 125 p[:imI
Byzagsle 2R B BEes e 12 e e
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HPLC of compound Cy5-Phe-PheP-(OEt)(OTya-Boc) (13).

mAU
350_'DE1E[tDr’»‘4 Chi:850mm

B.Canc (Method)
1 Lo
300
1 =)
250-]
==
70
200]
T 12 L0
e
et

1 20
-50
1 -10
100
o P Y P P R R N . P I o TP e R T e T s R S
00 25 50 75 100 125 150 175 200 25 250 275 00 25 350 ars 400 25 450 475 min

t;: peak 1: 30.34 min (70.66% B), peak 2: 30.59 min 71.15% (diastereomers)
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ESI-MS of compound Cy5-Phe-PheP-(OEt)(OTya-Boc) (13).

Intens. +MS, 0.0-0.9min #1-101
x108;
] 1+
1.51 1060.86
1.0
0.5-
1 1+ 541.93 E
409.33 l 702.59
OD ] T T T 1 |l l . . |II -l T T T T T T T T T T T T T 209-5.44
200 400 600 800 1000 1200 1400 1600 1800 2000 miz

m/z calcd for [M]* Cg,H,4N;O,P* 1060.57, found 1060.86; calcd for [M+Na]?*/2 C.,H,oN;NaO,P?* 541.78,
found 541.93.
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HPLC of compound Cy5-Phe-PheP-(OEt)(OTya-NH,) (14).

mAU %

{Detector 254nm a
1104 B.Conc.(Method) |-

3 F oo
100 -

4 //' L
90 /// 80
80 3

70
70 i
60 /// 60
50i 50
40 1

] 40

30 s r
T i
20 1 2 /ﬁ,_/ 30
10 s T S . 5
=
o4 . 3
_10-] 10
-204 E
— T T T T T T T T T T e T 0
00 25 5.0 75 100 125 15.0 175 200 225 250 275 300 25 3.0 75 400 425 450 475 min

t,: peak 1: 23.08min (56.10% B); peak 2: 23.45 min (56.57% B) (diastereomers)

S31



ESI-MS of compound Cy5-Phe-PheP-(OEt)(OTya-NH,) (14).

Intens.; +MS, 0.0-1.0min #1-117
%106

480.91
Peak 1

1+ 1+

11 406.34 960.72
114505 |
200 400 600 800 1000 1200 1400 1600 1800 2000  m/z

Intens. | +MS, 0.0-0.5min #2-56
x107

480.91
Peak 2

1+

245.25
200 400 600 800 1000 1200 1400 1600 1800 2000  m/z
m/z calcd for [M+H]?*/2 480.76, found 480.91; calcd for [M]* CsqH,;NsOP* 960.52 found 960.72.
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'H NMR (600 MHz, CD,0D) of compound Cy5-Phe-PheP-(OEt)(OTya-QSY21) (15).
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HPLC of compound Cy5-Phe-PheP-(OEt)(OTya-QSY21) (15).

]
0 25
7] =]
d o
=
- -1
20 /
. -
.
1 R VEN .V
N e
=
e
o0 F13 50 T W0 Z5 1m0 e 00 =5 =0 Fol) 00 =5 0 e 200 a5 250 s m

t,: peak 1: 29.30 min (69.48% B), peak 2: 30.18 min (69.95% B) (diastereomers).
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ESI-MS of compound Cy5-Phe-PheP-(OEt)(OTya-QSY21) (15).

Intens.‘ +MS, 0.0-0.9min #2-104
x10?ﬂ

4 3+ 2 +
" S a12_+95 Peak 1+2

0.6

0.4+

1+ ‘I+
0.2+ 245.25 1738.96

T ' 633.88 | 1979.42
00 | " i y I

200 400 600 800 1000 1200 1400 1600 1800 2000  m/z

m/z calcd for [M]?*/2 C,oH;0sNgO4PS?* 812.87, found 812.96; calcd for [M+H]3*/3 542.25, found 542.33.
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