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Abstract 15 

The combination of positron emission tomography (PET)/photoacoustic imaging 16 

(PAI)/fluorescence imaging (FLI) for diagnosis allows to exploit the strengths and overcome 17 

the weaknesses of each modality. In this context, dyes displaying photophysical properties for 18 

both fluorescence and photoacoustic imaging in the near infra-red (NIR) window are ideal to 19 

maximize their signal-to-noise ratio. Herein, were synthetized a series of new meso-O-alkyl 20 

cyanine-7 derivatives, and the derivative bearing an azide was coupled to a highly 21 

functionalized C-glycosyl platform resulting in an imaging probe which exhibited both high 22 

molar absorptivity and fluorescence quantum yield (>15%), excellent characteristics for FLI 23 

and for PAI. Successfully radiolabeled with fluorine-18 via a [
18

F]F-C bond, this probe 24 

additionally allowed PET imaging. Altogether, these results revealed the multimodal 25 

PET/PAI/FLI imaging potential of this probe based on meso-O-alkyl heptamethine cyanine. 26 

Moreover, a late-stage CuAAC coupling with two model peptides c(RGDfK) was 27 

successfully performed to demonstrate the feasibility and the versatility of the vector 28 

conjugation step, foreshadowing of the expected targeting possibilities of this original 29 

platform for efficient disease diagnosis by multimodal imaging. 30 

 31 
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The combination of positron emission tomography (PET)/photoacoustic imaging 35 

(PAI)/fluorescence imaging (FLI) for diagnosis allows to exploit the strengths and overcome 36 

the weaknesses of each modality in terms of spatial resolution, detection sensitivity and 37 

penetrability. PET is an imaging modality that utilizes radionuclide detection, and thus 38 

requires a radioisotope. Fluorine-18 is an ideal isotope for PET imaging due to the [
18

F]F-C 39 

covalent bond formation, its high molar activity and its suitable half-life (t1/2 = 109.8 min) for 40 

permitting further chemical functionalization with vectors, ideally  those with fast 41 

biodistribution such as peptides.[1] This technique provides a high detection sensitivity (sub-42 

nanomolar range) without depth limitation, but has limited spatial resolution (1 to 5 mm 43 

depending on the scanner).[2] FLI and PAI are two widely used and rapidly evolving optical 44 

techniques for diagnosis and preclinical development that both take advantage of competitive 45 

relaxation pathways occurring in a single photoactive dye, emissive and non-radiative 46 

relaxation respectively. Thus, the lower the fluorescence quantum yield, the higher the 47 

photothermal conversion in PAI. FLI is a well-established technique that provides high spatial 48 

resolution of tens of nm and detection sensitivity in the nanomolar range. However, achieving 49 

high-contrast imaging in vivo is challenging due to the scattering and reabsorption of 50 

excitation and emission light, as well as interferences with intrinsic tissue fluorescence; these 51 

physical hurdles therefore limit the depth of light penetration and the sensitivity due to low 52 

signal-to-noise ratio.[3] To overcome these limitations, fluorophores with an 53 

absorption/emission range in the NIR spectral window are commonly used and permit an 54 

enhanced signal-to-noise ratio. Far reaching beyond imaging applications, FLI is also a key 55 

technique for precise imaging-guided surgery.[4] On the other hand, PAI is a fast, inexpensive 56 

and non-ionizing technique that has a sensitivity in the tens of nanomolar.[5,6] While PAI is 57 

limited to the field of view of an organ, it is gaining popularity in preclinical development due 58 

to its low scattering and deep penetrability of the signal, together with an optical spatial 59 

resolution down to tens of microns, thus making it relevant for in vivo explorations.[7] 60 

Altogether, combination of these three modalities will grant a well-balanced and realistic 61 

diagnosis approach with high potential for future clinical translation using: 1) PET imaging 62 

for a whole-body diagnosis, 2) PAI for a more localized organ imaging with enhanced 63 

resolution and 3) FLI for both fluorescent-guided surgery and ex vivo histopathology. 64 

Thus, a challenging goal in this research field is the design of photoactive dyes displaying 65 

appropriate photophysical properties for concomitant use in both FLI and PAI. This dye must 66 

display a fluorescence quantum yield and brightness sufficient for detecting their fluorescence 67 

emission in the NIR by FLI, while simultaneously promoting thermal relaxation from the 68 
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excited state via non-radiative pathways, for an intense PA signal. Among fluorescent dyes, 69 

cyanines have found extensive use in imaging applications.[8] Heptamethine cyanine 70 

(cyanine-7, Cy7) derivatives are particularly attractive for biomedical use due to their 71 

excellent biodegradability and biocompatibility. Moreover, their fluorescence excitation and 72 

emission in the NIR-I window, and high brightness resulting from their high molar extinction 73 

coefficient [9] makes them well-suited for imaging with high resolution and signal-to-noise 74 

ratio during in vivo FLI and PAI.[7] This stronger absorption coefficient (ε > 200k) in the NIR 75 

region makes cyanines-7 more appealing for optical imaging than other dyes such as 76 

BODIPYs or rhodamines. Their photophysical characteristics and their stability can be 77 

modulated by modifying the heteroatom linked to the meso-position of Cy7 dyes.[9-11]  78 

Meso-O-alkyl Cy7 derivatives, scarcely described in the literature,[12-16] indeed demonstrate 79 

superior stability when compared to their -N-alkyl, -S-alkyl, or -O-aryl counterparts.[10,12] 80 

Overall, Cy7 display the appropriate photophysical balance for performing in both FLI and 81 

PAI using a single entity.  82 

For such multimodal imaging, a major breakthrough in the field is the design of 83 

monomolecular imaging agents, which enable the use of complementary molecular imaging 84 

modalities with a single biodistribution profile.[17] While the monomolecular approaches for 85 

the combination of either PET/FLI or PAI/FLI are well-established,[18,19] monomolecular 86 

central cores that are competent in these three complementary imaging modalities 87 

(PET/PAI/FLI) are scarce. To the best of our knowledge, only one example of a 88 

monomolecular multimodal imaging agent that combined PET/PAI/FLI modalities is 89 

described.[20] Going further toward functionalization of a monomolecular imaging agent 90 

bearing a fluorescent/photoacoustic dye and a radioisotope, with an appropriate biological 91 

vector for targeting remains a synthetical challenge. Yet, to successfully achieve it, we have 92 

recently proved the advantage of a C-glycosyl platform that offers multifunctionalities for 93 

selective introduction of the different entities at specific positions.[21,22] 94 

In this study, we present a synthetic strategy for obtaining a multimodal PET/PAI/FLI 95 

imaging probe based on a monomolecular approach. To achieve this, we first extended the 96 

elegant N- to O-transposition reaction developed by Schnermann et al. to access novel meso-97 

O-alkyl cyanine derivatives for achieving both high stability and appropriate photophysical 98 

properties for PAI and FLI. The meso-O-alkyl cyanine derivatives were designed with 99 

functional groups for further straightforward conjugation, notably to a highly functionalized 100 

C-glycosyl platform.[21,22] 
18

F-radiolabelling by [
18

F]F-C bond formation was successfully 101 

performed, leading to a multimodal imaging probe. Finally, we proved the possibility to 102 
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introduce bioactive vectors, notably RGD peptide derivatives that are typically used as model 103 

for targeting αvβ3 integrins, to afford a unique multimodal conjugate which fluorescent and 104 

photoacoustic properties were fully evaluated.  105 

 106 

2. Experimental section 107 

2.1. General information 108 

This section is summarized in the ESI. Compounds 1[12], 14 to 24[21,23], and 29[21] were 109 

prepared according to previously described methods (see ESI). Physico-chemical 110 

characterization of meso-N-alkyl derivatives are described in the ESI. 111 

 112 

2.2. General N- to O- transposition procedure 113 

To a solution of electrophile carboxylic acid (0.36 mmol, 4.0 eq.) and DIPEA (15 μL, 0.09 114 

mmol, 1.0 eq.) in freshly distilled dichloromethane (3.5 mL) was added EDC (69 mg, 0.36 115 

mmol, 4.0 eq.) at room temperature under inert atmosphere. The solution was stirred for 10 116 

min, then compound 1 (65 mg, 0.09 mmol) was added. The reaction was heated to 40 °C in a 117 

sealed tube for 18 hours, until the mixture’s color changed from dark blue to green. The 118 

reaction mixture was quenched with brine (10 mL), extracted with dichloromethane (2×10 119 

mL), and dried over MgSO4. The solvent was removed under vacuum and the green residue 120 

was purified by silica gel chromatography (0 to 5% MeOH/DCM) affording meso-O-alkyl 121 

(green solid) and meso-N-alkyl (blue solid) cyanine derivatives.  122 

2.2.1 Compound 2. Yield: 72%; green solid; Mp = 97°C. 
1
H NMR (400 MHz, CDCl3) 123 

compound exists as a mixture of two rotamers, major rotamer is designated by * and minor by 124 


: δ 1.05 (t, 6H, J4,5 = 7.5 Hz, H-5), 1.37-1.45 (m, 2H, H-13), 1.55-1.67 (m, 4H, H-12, H-14), 125 

1.69 (s, 12H, CH3), 1.84-1.94 (m, 6H, H-7, H-4), 2.12 (app qt, 2H, J9,8 = J9,10 = 6.5 Hz, H-9), 126 

2.30-2.42 (m, 2H, H-11), 2.57 (bt, 4H, J = 6.0 Hz, H-6), 3.02 (s, 3H, N-CH3

), 3.11 (s, 3H, N-127 

CH3

), 3.25 (t, 2H, J = 7.0 Hz, H-15), 3.64 (t, 2H, J = 7.5 Hz, H-10


), 3.69 (t, 2H, J = 7.5 Hz, 128 

H-10

), 3.99-4.08 (m, 6H, H-8


, H-3), 4.11 (t, 2H, J = 7.2 Hz, H-8


),  6.00 (d, 2H, J = 13.5 129 

Hz, H-1’

, H-7’


), 6.03 (d, 2H, J = 13.5 Hz, H-1’


, H-7’


), 7.09 (d, 2H, J = 7.5 Hz, HAr), 7.20 130 

(t, 2H, J = 7.5 Hz, HAr), 7.32-7.40 (m, 4H, HAr), 8.00 (d, 2H, J = 13.5 Hz, H-2’

, H-6’


), 131 

8.04 (d, 2H, J = 13.5 Hz, H-2’
*
, H-6’

*
). 

13
C NMR (100.6 MHz, CDCl3): δ 11.8 (2C-5), 20.8 132 

(2C-4), 21.1 (C-7), 24.6 (C-12

), 24.7 (C-12

*
), 24.8 (2C-6), 26.6 (C-13


), 26.7 (C-13


), 28.5 133 

(4CH3

), 28.6 (4CH3


), 28.8 (C-9


), 28.9 (C-9


), 29.0 (C-14), 33.4 (C-11), 33.8 (N-CH3


), 36.2 134 

(N-CH3

), 45.1 (C-10


), 46.0 (2C-3), 46.1 (C-10


), 49.0 (2C-2


), 49.1 (2C-2


), 51.3 (C-15


), 135 
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51.4 (C-15

), 75.0 (C-8


), 76.0 (C-8


), 99.5 (C-1’


 and C-7’


), 99.8 (C-1’


 and C-7’


), 110.6 136 

(2CAr

), 110.7 (2CAr


), 122.3 (2CAr


), 122.4 (2CAr


), 123.4 (C-3’


 and C-5’


), 123.5 (C-3’


 137 

and C-5’

), 125.0 (2CAr


), 125.0 (2CAr


), 128.8 (2CAr


), 128.9 (2CAr


), 140.6 (C-2’


 and C-138 

6’

), 140.8 (C-2’


 and C-6’


), 141.0 (2CqAr), 142.5 (2CqAr), 170.9 (C-4’


), 171.4 (C-4’


), 139 

171.5 (2C-1

), 171.5 (2C-1


), 172.7 (C=O


), 173.0 (C=O


). HRMS (ESI): [M

+
] calcd for 140 

[C46H63N6O2
+
] 731.5007, found 731.5002. IR (ῡ (cm

-1
)): 2964, 2928, 2872, 2092, 1726, 1639, 141 

1554, 1508, 1452, 1431, 1394, 13667, 1274, 1259, 1165, 929. 142 

2.2.2. Compound 4. Yield: 76%; green viscous oil; 
1
H NMR (400 MHz, CDCl3) compound 143 

exists as a mixture of two rotamers, major rotamer is designated by * and minor by 

: δ 1.03 144 

(t, 6H, J4,5 = 7.5 Hz, H-5), 1.57-1.68 (m, 4H, H-12, H-13), 1.68 (s, 12H, CH3), 1.81-1.92 (m, 145 

6H, H-7, H-4), 2.19 (app qt, 2H, J9,8 = J9,10 = 6.5 Hz, H-9), 2.36 (t, 2H, J = 7.0 Hz, H-11

), 146 

2.43 (t, 2H, J = 7.0 Hz, H-11

), 2.55 (bt, 4H, J = 6.0 Hz, H-6), 3.01 (s, 3H, N-CH3


), 3.11 (s, 147 

3H, N-CH3

), 3.27 (t, 2H, J = 7.0 Hz, H-14), 3.63 (t, 2H, J = 7.5 Hz, H-10


), 3.67 (t, 2H, J = 148 

7.5 Hz, H-10

), 3.98-4.06 (m, 6H, H-8


, H-3), 4.10 (t, 2H, J = 7.2 Hz, H-8


),  5.98 (d, 2H, J = 149 

13.5 Hz, H-1’

, H-7’


), 6.01 (d, 2H, J = 13.5 Hz, H-1’


, H-7’


), 7.09 (d, 2H, J = 7.5 Hz, HAr), 150 

7.19 (t, 2H, J = 7.5 Hz, HAr), 7.30-7.40 (m, 4H, HAr), 8.00 (d, 2H, J = 13.5 Hz, H-2’

, H-151 

6’

), 8.03 (d, 2H, J = 13.5 Hz, H-2’

*
, H-6’

*
). 

13
C NMR (100.6 MHz, CDCl3): δ 11.7 (2C-5), 152 

20.7 (2C-4), 21.0 (C-7), 22.2 (C-12), 24.7 (2C-6), 28.4 (4CH3

), 28.5 (4CH3


), 28.6 (C-13), 153 

29.0 (C-9), 32.9 (C-11), 33.7 (N-CH3

), 36.2 (N-CH3


), 45.1 (C-10


), 45.9 (2C-3), 47.0 (C-154 

10

), 48.9 (2C-2


), 49.0 (2C-2


), 51.1 (C-14


), 51.3 (C-14


), 75.9 (C-8


), 75.9 (C-8


), 99.4 (C-155 

1’

 and C-7’


), 99.7 (C-1’


 and C-7’


), 110.5 (2CAr


), 110.6 (2CAr


), 122.3 (2CAr


), 122.4 156 

(2CAr

), 123.3 (C-3’


 and C-5’


), 123.4 (C-3’


 and C-5’


), 124.9 (2CAr


), 125.0 (2CAr


), 157 

128.7 (2CAr

), 128.8 (2CAr


), 140.6 (C-2’


 and C-6’


), 140.7 (C-2’


 and C-6’


), 141.0 158 

(2CqAr), 142.4 (2CqAr), 171.3 (C-4’

), 171.4 (C-4’


), 171.5 (2C-1), 172.6 (C=O). HRMS 159 

(ESI): [M
+
] calcd for [C45H61N6O2

+
] 717.4851, found 717.4856. IR (ῡ (cm

-1
)): 2919.83, 160 

2090.50, 1554.10, 1505.68, 1365.84, 1247.99, 1150.00, 1038.94, 920.04, 793.81, 511.76. 161 

2.2.3. Compound 6. Yield: 79%; green solid; Mp = 90°C. 
1
H NMR (400 MHz, CD3CN) 162 

compound exists as a mixture of two rotamers, major rotamer is designated by * and minor by 163 


: δ 1.00 (t, 6H, J4,5 = 7.5 Hz, H-5), 1.60-1.71 (m, 2H, H-12), 1.67 (s, 12H, CH3), 1.76-1.87 164 

(m, 6H, H-7, H-4), 2.02-2.10 (m, 2H, H-13),
 
2.17 (app qt, 2H, J9,8 = J9,10 = 7.0 Hz, H-9


), 2.21 165 

(app qt, 2H, J9,8 = J9,10 = 7.0 Hz, H-9

), 2.29 (t, 2H, J11,12 = 7.5 Hz, H-11*), 2.38 (t, 2H, J11,12 166 

= 7.5 Hz, H-11 ), 2.56-2.63 (m, 4H, H-6), 2.94 (s, 3H, N-CH3

), 3.02 (s, 3H, N-CH3


), 3.57 167 
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(t, 2H,H-10

), 3.62 (t, 2H, H-10


), 3.98-4.06 (m, 6H, H-8, H-3), 4.89-5.02 (m, 2H, H-15), 168 

5.76-5.87 (m, 1H, H-14), 6.09 (d, 2H, J = 14.0 Hz, H-1’

, H-7’


), 6.10 (d, 2H, J = 14.0 Hz, H-169 

1’

, H-7’


), 7.20-7.27 (m, 4H, HAr), 7.38 (t, 2H, J = 7.5 Hz, HAr), 7.46 (d, 2H, J = 7.5 Hz, 170 

HAr),  8.07 (bd, 2H, J = 14.0 Hz, H-2’
*

, H-6’
*,

). 
13

C NMR (100.6 MHz, CD3CN): δ 11.6 171 

(2C-5), 21.3 (2C-4), 22.0 (C-7), 25.0 (2C-12

), 25.2 (2C-6), 25.4 (2C-12


), 28.5 (4CH3), 29.7 172 

(C-9

), 30.6 (C-9


), 32.8 (C-11 ), 33.1 (C-11

*
), 33.6 (N-CH3


), 34.0 (C-13


), 34.0 (C-13


), 173 

35.9 (N-CH3

), 45.3 (C-10


), 46.3 (2C-3), 47.5 (C-10


), 49.9 (2C-2


), 49.9 (2C-2


), 75.8 (C-174 

8

), 76.8 (C-8

*
), 100.3 (C-1’


 and C-7’


), 100.4 (C-1’


 and C-7’


), 111.8 (2CAr


), 111.9 175 

(2CAr

), 115.3 (C-15


), 115.4 (C-15


), 123.2 (2CAr), 123.7 (C-3’


 and C-5’


), 123.7 (C-3’

*
 176 

and C-5’
*
), 125.0 (2CAr


), 125.1 (2CAr


), 129.5 (2CAr), 139.5 (C-14


), 139.6 (C-14


), 141.5 177 

(C-2’

 and C-6’


), 141.7 (C-2’


 and C-6’


), 142.0 (2CqAr), 143.7 (2CqAr), 171.3 (C-4’


), 178 

171.7 (C-4’

), 172.8 (2C-1), 173.0 (C=O


), 173.4 (C=O


). HRMS (ESI): [M

+
] calcd for 179 

[C46H62N3O2
+
] 688.4837, found 688.4832. IR (ῡ (cm-1)): 3406, 2965, 2927, 1637, 1556, 180 

1508, 1452, 1396, 1369, 1251, 1165, 1091, 1047, 1001, 929. 181 

2.2.4. Compound 8. Yield: 50%; green solid; Mp = 74°C. 
1
H NMR (400 MHz, CDCl3) 182 

compound exists as a mixture of two rotamers, major rotamer is designated by * and minor by 183 


: δ 1.01 (t, 6H, J4,5 = 7.5 Hz, H-5), 1.66 (s, 12H, CH3), 1.75-1.90 (m, 9H, H-12, H-7, H-4, H-184 

15), 2.17 (app qt, 2H, J9,8 = J9,10 = 6.5 Hz, H-9), 2.23 (td, 2H, J13,12 = 7.5 Hz, J13,15 = 2.5 Hz, 185 

H-13), 2.43 (t, 2H, J11,12 = 7.5 Hz, H-11

), 2.51 (t, 2H, J11,12 = 7.5 Hz, H-11


), 2.54 (bt, 4H, 186 

J6,7 = 6.0 Hz, H-6), 3.00 (s, 3H, N-CH3

), 3.10 (s, 3H, N-CH3


), 3.61 (t, 2H, J10,9 = 7.5 Hz, H-187 

10

), 3.67 (t, 2H, J10,9 = 7.5 Hz, H-10


), 3.99-4.06 (m, 2H, H-8), 4.01 (t, 4H, J4,3 = 7.5 Hz, H-188 

3), 5.96 (d, 2H, J = 14.0 Hz, H-1’

, H-7’


), 5.99 (d, 2H, J = 14.0 Hz, H-1’


, H-7’


), 7.08 (d, 189 

2H, J = 7.5 Hz, HAr), 7.17 (t, 2H, J = 7.5 Hz, HAr), 7.29-7.36 (m, 4H, HAr), 7.98 (d, 2H, J = 190 

14.0 Hz, H-2’

, H-6’


), 8.01 (d, 2H, J = 14.0 Hz, H-2’

*
, H-6’

*
). 

13
C NMR (100.6 MHz, 191 

CDCl3): δ 11.7 (2C-5), 17.9 (C-13

), 18.0 (C-13


), 20.7 (2C-4), 20.9 (C-7), 23.7 (C-12


), 24.0 192 

(C-12
*
), 24.6 (2C-6), 28.4 (4CH3


), 28.4 (4CH3


), 28.9 (C-9), 31.8 (C-11


), 32.8 (C-11


), 33.7 193 

(N-CH3

), 36.0 (N-CH3


), 45.0 (C-10


), 45.9 (2C-3), 46.0 (C-10


), 48.9 (2C-2


), 48.9 (2C-2


), 194 

69.0 (C-15
*
), 69.1 (C-15


), 74.9 (C-8


), 75.8 (C-8


), 83.5 (C-14


), 83.8 (C-14

*
), 99.3 (C-1’


 195 

and C-7’

), 99.6 (C-1’


 and C-7’


), 110.5 (2CAr


), 110.6 (2CAr


), 122.2 (2CAr


), 122.3 196 

(2CAr

), 123.2 (C-3’


 and C-5’


), 123.3 (C-3’


 and C-5’


), 124.8 (2CAr


), 124.9 (2CAr


), 197 

128.7 (2CAr

), 128.8 (2CAr


), 140.5 (C-2’


 and C-6’


), 140.6 (C-2’


 and C-6’


), 140.9 198 

(2CqAr), 142.3 (2CqAr), 170.7 (C-4’

), 171.3 (C-4’


), 171.3 (2C-1


), 171.4 (2C-1


), 172.3 199 
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(C=O

) 175.4 (C=O


). HRMS (ESI): [M

+
] calcd for [C46H60N3O2

+
] 686.4680, found 200 

686.4708. IR (ῡ (cm
-1

)): 2962, 2924, 2872, 2183, 1734, 1647, 1554, 1450, 1363, 1275, 995. 201 

2.2.5. Compound 10. Yield: 39%; green viscous oil; 
1
H NMR (400 MHz, CDCl3) compound 202 

exists as a mixture of two rotamers, major rotamer is designated by * and minor by 

: δ 1.06 203 

(t, 6H, J4,5 = 7.5 Hz, H-5), 1.71 (s, 12H, CH3), 1.85-1.95 (m, 6H, H-7, H-4), 1.94 (t, 1H, J14,13 204 

= 2.5 Hz, H-14), 2.22 (app qt, 2H, J9,8 = J9,10 = 7.0 Hz, H-9

), 2.26 (app qt, 2H, J9,8 = J9,10 = 205 

7.0 Hz, H-9

), 2.49-2.54 (m, 2H, H-12), 2.56-2.67 (m, 6H, H-11, H-6), 3.06 (s, 3H, N-CH3


), 206 

3.14 (s, 3H, N-CH3

), 3.67 (t, 2H, J10,9 = 7.5 Hz, H-10


), 3.69 (t, 2H, J10,9 = 7.5 Hz, H-10


), 207 

4.02-4.15 (m, 6H, H-8, H-3), 6.02 (d, 2H, J = 14.0 Hz, H-1’

, H-7’


), 6.07 (d, 2H, J = 14.0 208 

Hz, H-1’

, H-7’


), 7.09 (d, 2H, J = 7.5 Hz, HAr), 7.21 (t, 2H, J = 7.5 Hz, HAr), 7.33-7.40 (m, 209 

4H, HAr), 8.02 (d, 2H, J = 14.0 Hz, H-2’

, H-6’


), 8.05 (d, 2H, J = 14.0 Hz, H-2’

*
, H-6’

*
). 

13
C 210 

NMR (100.6 MHz, CDCl3): δ 11.8 (2C-5
,

), 14.6 (C-12

), 14.8 (C-12


), 20.9 (2C-4), 21.1 (C-211 

7), 24.8 (2C-6), 28.5 (4CH3), 28.6 (C-9

), 29.1 (C-9


), 32.6 (C-11), 33.9 (N-CH3


), 36.1 (N-212 

CH3

), 45.3 (C-10


), 46.1 (2C-3), 46.2 (C-10


), 49.1 (2C-2


), 49.1 (2C-2


), 68.8 (C-14), 76.0 213 

(C-8), 83.7 (C-13), 99.7 (C-1’

 and C-7’


), 100.0 (C-1’


 and C-7’


), 110.6 (2CAr


), 110.7 214 

(2CAr

), 122.4 (2CAr


), 122.5 (2CAr


), 123.7 (C-3’


 and C-5’


), 123.8 (C-3’


 and C-5’


), 215 

125.0 (2CAr

), 125.1 (2CAr


), 128.8 (2CAr


), 128.9 (2CAr


), 140.6 (C-2’


 and C-6’


), 140.9 216 

(C-2’

 and C-6’


), 141.1 (2CqAr), 142.6 (2CqAr), 170.6 (C-4’


), 171.1 (C-4’


), 171.4 (2C-1


), 217 

171.5 (2C-1

), 171.5 (C=O). HRMS (ESI): [M

+
] calcd for [C45H58N3O2

+
] 672.4524, found 218 

672.4499. IR (ῡ (cm
-1

)): 2964, 2920, 2872, 2189, 1734, 1647, 1554, 1452, 1363, 1151, 916. 219 

 220 

2.3. Synthesis of compounds 25 and 26. 221 

To a solution of 10 or 11 (0.042 mmol) in ACN (1 mL), 12 mg of 2 (0.046 mmol, 1.1 eq.), 40 222 

µL of sodium ascorbate (1M in water, 0.042 mmol), and 14 µL of copper (II) acetate (0.3 M 223 

in water, 0.038 mmol, 0.9 eq.) were added, and the mixture was stirred at room temperature 224 

for 24 h. The mixture was diluted with EtOAc and washed with brine (3×10 ml). The organic 225 

solvent was dried over MgSO4 and removed under vacuum. The crude product was purified 226 

using a flash chromatography on silica gel (eluent: DCM/MeOH 100/0 to 90/10) to afford 227 

compound 25 or 26.  228 

2.3.1. Compound 25. Yield: 50%. green viscous oil. 
1
H NMR (400 MHz, CDCl3) compound 229 

exists as a mixture of two rotamers, major rotamer is designated by * and minor by 

: δ 0.98-230 

1.05 (m, 48H, H-27, Si-isopropyl), 1.34 (app qt, 2H, J17,18 = J17,16 = 6.5 Hz, H-17), 1.58-1.65 231 

(m, 2H, H-18), 1.66 (s, 12H, CH3), 1.80-1.96 (m, 10H, H-2, H-16, H-26, H-29), 2.11-2.21 (m, 232 
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2H, H-21), 2.29 (t, 2H, J19,18 = 7.5 Hz, H-19
*
), 2.35 (t, 2H, J19,18 = 7.5 Hz, H-19


), 2.54 (bt, 233 

4H, J28,29 = 6.0 Hz, H-28), 2.98 (s, 3H, N-CH3

), 3.06 (s, 3H, N-CH3

*
), 3.56-3.64 (m, 4H, H-234 

20, H-1), 3.95-4.10 (m, 7H, H-25, H-22, H-6), 4.13-4.21 (m, 1H, H-3), 4.21-4.32 (m, 4H, H-235 

4, H-5, H-15), 4.31 (s, 2H, H-8 or H-11), 4.33-4.46 (m, 1H, H-7a), 4.40 (s, 2H, H-8 or H-11), 236 

4.40-4.57 (m, 1H, H-7b), 4.52-4.60 (m, 2H, H-14), 5.98 (d, 2H, J = 14.0 Hz, H-1’

, H-7’


), 237 

6.02 (d, 2H, J = 14.0 Hz, H-1’

, H-7’


), 7.07 (d, 2H, J = 8.0 Hz, HAr), 7.18 (t, 2H, J = 8.0 Hz, 238 

HAr), 7.30-7.37 (m, 4H, HAr), 7.56 (s, 1H, H-triazole), 7.98 (d, 2H, J = 14.0 Hz, H-2’

, H-239 

6’

), 8.01 (d, 2H, J = 14.0 Hz, H-2’

*
, H-6’

*
). 

13
C NMR (CDCl3, 100.6 MHz): δ (ppm) = 11.1 240 

(3C, Si-CH-(CH3)2), 11.1 (3C, Si-CH-(CH3)2), 11.7 (2C-27), 18.5 (6C, Si-CH-(CH3)2), 18.6 241 

(6C, Si-CH-(CH3)2), 20.8 (2C-26), 21.0 (C-29), 24.3 (C-18), 24.6 (2C-28), 26.3 (C-17), 28.4 242 

(4CH3), 28.9 (C-21
*
), 29.7(C-21


), 30.1 (C-2), 30.2 (C-16), 32.7 (C-19


), 33.2 (C-19

*
), 33.6 243 

(N-CH3

), 35.8 (N-CH3

*
), 45.1 (C-20), 45.8 (2C-25), 49.0 (2C-24), 50.1 (C-15), 58.5 (C-8 or 244 

C-11), 59.0 (C-8 or C-11), 64.6 (C-14), 67.4 (C-1), 74.8 (C-22

), 75.8 (C-22

*
, C-4), 77.6 (C-245 

3), 77.8 (d, JC5-F = 6.0 Hz, C-5), 78.5 (d, JC6-F = 18.0 Hz, C-6), 82.8 (d, JC7-F = 173.0 Hz, C-246 

7), 88.6 (C-10 or C-13), 88.8 (C-10 or C-13), 99.4 (C-1’

, C-7’


), 99.7 (C-1’


, C-7’


), 103.2 247 

(C-9 or C-12), 103.0 (C-9 or C-12), 110.5 (2CAr
*
), 110.6 (2CAr


), 122.3 (2CAr

*
), 122.4 (CH-248 

triazole), 122.5 (2Car

), 123.3 (C-3’


, C-5’


), 123.4 (C-3’


, C-5’


), 125.0 (2CAr

*
), 125.1 249 

(2CAr

), 128.8 (2CAr

*
), 128.8 (2CAr


), 140.6 (C-2’


, C-6’


), 140.7 (2CqAr), 140.9 (C-2’


, C-250 

6’

), 142.4 (2CqAr), 145.4 (Cq-triazole), 170.8 (2C-23


), 171.3 (2C-23

*
), 171.5 (C=O), 172.3 251 

(C-4’

), 172.7 (C-4’

*
).

19
F NMR (CD3CN, 376 MHz): δ -231.0 (td, JF,H-7 = 47.0 Hz, JF,H-6 = 252 

27.0 Hz). HRMS (ESI): [M+H]
2+

 calcd for [C80H123FN6O6Si2]
2+

 669.4508, found 669.4530. 253 

IR (ῡ (cm
-1

)): 3387, 3005, 2958, 2939, 2864, 2169, 1637, 1556, 1508, 1394, 1365, 1228, 254 

1163, 1151, 1085, 1043, 929. 255 

2.3.2. Compound 26. Yield: 95%. green viscous oil. 
1
H NMR (400 MHz, CDCl3) compound 256 

exists as a mixture of two rotamers, major rotamer is designated by * and minor by 

: δ 0.98-257 

1.07 (m, 57H, H-27, Si-isopropyl, Si-tert-butyl), 1.32-1.40 (m, 2H, H-17), 1.61-1.68 (m, 2H, 258 

H-18), 1.70 (s, 12H, CH3), 1.75-1.89 (m, 10H, H-2, H-16, H-26, H-29), 2.20 (app qt, 2H, 259 

J21,20 = J21,22 = 7.5 Hz, H-21
*
), 2.23 (app qt, 2H, J21,20 = J21,22 = 7.5 Hz, H-21


), 2.31 (t, 2H, 260 

J19,18 = 7.5 Hz, H-19
*
), 2.39 (t, 2H, J19,18 = 7.5 Hz, H-19


), 2.58 (bt, 4H, J = 6.0 Hz, H-28), 261 

3.00 (s, 3H, N-CH3

), 3.09 (s, 3H, N-CH3

*
), 3.59-3.77 (m, 6H, H-20, H-1, H-7), 3.97-4.08 (m, 262 

7H, H-25, H-22, H-6), 4.13-4.33 (m, 7H, H-3, H-4, H-5, H-15, H-8 or H-11), 4.41-4.60 (m, 263 

4H, H-8 or H-11, H-14), 5.99 (d, 2H, J = 13.5 Hz, H-1’

, H-7’


), 6.01 (d, 2H, J = 13.5 Hz, H-264 
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1’

, H-7’


), 7.08 (d, 2H, J = 7.5 Hz, HAr), 7.20 (t, 2H, J = 7.5 Hz, HAr), 7.31-7.42 (m, 10H, 265 

HAr), 7.46 (s, 1H, H-triazole), 7.62-7.69 (m, 4H, HAr), 8.01 (d, 2H, J = 13.5 Hz, H-2’

, H-266 

6’

), 8.05 (d, 2H, J = 13.5 Hz, H-2’

*
, H-6’

*
). 

13
C NMR (CDCl3, 100.6 MHz): δ (ppm) = 11.2 267 

(3C, Si-CH-(CH3)2), 11.2 (3C, Si-CH-(CH3)2), 11.6 (2C-27), 18.6 (6C, Si-CH-(CH3)2), 18.6 268 

(6C, Si-CH-(CH3)2), 19.3 (C, Si-C), 20.8 (2C-26), 21.1 (C-29), 24.3 (C-18), 24.7 (2C-28), 269 

26.9 (C-17), 26.9 (3C, Si-C(CH3)3), 28.5 (2CH3), 28.6 (2CH3), 29.0 (C-21), 30.2 (C-2), 30.3 270 

(C-16), 32.9 (C-19

), 33.3 (C-19

*
), 33.7 (N-CH3


), 36.2 (N-CH3

*
), 45.1 (C-20), 45.9 (2C-25), 271 

49.0 (2C-24), 50.1 (C-15), 58.5 (C-8 or C-11), 59.0 (C-8 or C-11), 64.6 (C-14), 64.6 (C-7), 272 

67.8 (C-1), 76.0 (C-22), 77.0 (C-3 and C-4), 79.0 (C-5), 81.2 (C-6), 87.9 (C-10 and C-13), 273 

99.5 (C-1’

, C-7’


), 99.8 (C-1’


, C-7’


), 103.1 (C-9 or C-12), 103.4 (C-9 or C-12), 110.5 274 

(2CAr), 122.2 (CH-triazole), 122.3 (2CAr

), 122.4 (2CAr

*
), 123.4 (C-3’


, C-5’


), 123.5 (C-275 

3’

, C-5’


), 125.0 (2CAr), 127.7 (2CAr), 127.7 (2CAr), 128.8 (2CAr), 129.7 (CAr), 129.7 276 

(CAr), 133.4 (CqAr), 133.5 (CqAr), 135.6 (2CAr), 135.7 (2CAr), 140.6 (C-2’

, C-6’


), 140.7 277 

(2CqAr), 141.1 (C-2’

, C-6’


), 142.2 (2CqAr), 145.6 (Cq-triazole), 171.5 (2C-23), 171.5 (C-278 

4’), 172.7 (C=O). HRMS (ESI): [M+H]
2+

 calcd for [C96H142N6O7Si3]
2+

 787.5118, found 279 

787.5082. IR (ῡ (cm
-1

)): 2928, 2891, 2862, 2359, 2341, 1637, 1554, 1506, 1452, 1431, 1396, 280 

1367, 1263, 1226, 1165, 1153, 1089, 999, 920. 281 

 282 

2.4. Synthesis of compounds 27 and 28. 283 

To a solution of 25 or 26 (0.023 mmol) in THF (1 mL), 54 µL of tetrabutylammonium 284 

fluoride (1 M in THF, 0.054 mmol, 2.4 eq.) was added at 0 °C under an inert atmosphere, and 285 

the mixture was stirred at 0 °C for 1h or overnight for 25 and 26 respectively. The organic 286 

solvent was removed under reduced pressure, and the residue was solubilized in CH2Cl2 (10 287 

mL). The organic layer was washed with 0.1 M HCl solution (5 mL) and with brine until pH 288 

= 7. The organic layer was dried over MgSO4, and the solvent was removed under vacuum. 289 

The crude product was purified using a flash chromatography on silica gel (eluent: 290 

DCM/MeOH 100/0 to 90/10) to afford compound 27 or 28. 291 

2.4.1. Compound 27. Yield: 75%. green foam. 
1
H NMR (400 MHz, CDCl3) compound exists 292 

as a mixture of two rotamers, major rotamer is designated by * and minor by 

: δ 1.04 (t, 6H, 293 

J26,27 = 7.5 Hz, H-27), 1.36 (app qt, 2H, J17,18 = J17,16 = 6.5 Hz, H-17), 1.60-1.67 (m, 2H, H-294 

18), 1.69 (s, 12H, CH3), 1.82-1.97 (m, 10H, H-2, H-16, H-26, H-29), 2.15-2.22 (m, 2H, H-295 

21), 2.31 (t, 2H, J19,18 = 7.5 Hz, H-19
*
), 2.37 (t, 2H, J19,18 = 7.5 Hz, H-19


), 2.45 (t, 1H, J = 296 

2.5 Hz, H-10 or H-13), 2.50 (t, 1H, J = 2.5 Hz, H-10 or H-13), 2.51-2.61 (m, 4H, H-28), 3.00 297 
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(s, 3H, N-CH3

), 3.08 (s, 3H, N-CH3

*
), 3.58-3.66 (m, 4H, H-20, H-1), 3.96-4.11 (m, 7H, H-298 

25, H-22, H-6), 4.15-4.21 (m, 3H, H-3, H-4, H-5), 4.27 (d, 2H, H-8 or H-11), 4.35 (t, 2H, 299 

J15,16 = 7.5 Hz, H-15), 4.38 (d, 2H, H-8 or H-11), 4.38-4.51 (m, 1H, H-7a), 4.51-4.63 (m, 1H, 300 

H-7b), 4.55-4.61 (m, 2H, H-14), 6.03 (bs, 2H, H-1’
,*

, H-7’
,*

), 7.09 (bd, 2H, J = 8.0 Hz, 301 

HAr), 7.21 (bs, 2H, HAr), 7.31-7.40 (m, 4H, HAr), 7.67 (s, 1H, H-triazole), 8.02 (bs, 2H, H-302 

2’
*,

, H-6’
*,

). 
13

C NMR (CDCl3, 100.6 MHz): δ (ppm) = 11.8 (2C-27), 20.8 (2C-26), 21.1 (C-303 

29), 24.4 (C-18), 24.7 (2C-28), 26.3 (C-17), 28.5 (4CH3), 29.0 (C-21
*
), 29.5 (C-21


), 29.8 (C-304 

2), 30.3 (C-16), 32.8 (C-19

), 33.3 (C-19

*
), 33.7 (N-CH3


), 35.9 (N-CH3

*
), 45.1 (C-20), 45.9 305 

(2C-25), 49.0 (2C-24), 50.2 (C-15), 58.4 (C-8 or C-11), 58.6 (C-8 or C-11), 64.5 (C-14), 67.3 306 

(C-1), 74.9 (C-22

), 75.0 (C-22

*
), 75.6 (C-4), 75.9 (C-10 or C-13), 76.5 (C-10 or C-13), 77.7 307 

(C-3), 78.3 (d, JC6-F = 18.0 Hz, C-6), 79.1 (d, JC5-F = 6.0 Hz, C-5), 79.3 (C-9 or C-12), 79.9 308 

(C-9 or C-12), 82.7 (d, JC7-F = 173.0 Hz, C-7), 99.5 (C-1’

, C-7’


), 99.8 (C-1’


, C-7’


), 110.6 309 

(2CAr
*
), 110.6 (2CAr


), 122.4 (2CAr

*
), 122.8 (CH-triazole), 123.5 (2Car


), 123.4 (C-3’


, C-310 

5’

), 123.5 (C-3’


, C-5’


), 125.1 (2CAr

*
), 125.1 (2CAr


), 128.8 (2CAr

*
), 128.9 (2CAr


), 140.6 311 

(C-2’

, C-6’


), 140.8 (2CqAr), 141.0 (C-2’


, C-6’


), 142.5 (2CqAr), 145.2 (Cq-triazole), 170.8 312 

(2C-23

), 171.4 (2C-23

*
), 171.5 (C=O), 172.5 (C-4’


), 172.8 (C-4’

*
). 

19
F NMR (CD3CN, 376 313 

MHz): δ -232.0 (td, JF,H-7 = 49.0 Hz, JF,H-6 = 28.0 Hz). HRMS (ESI): [M+H]
2+

 calcd for 314 

[C62H83FN6O6]
2+

 513.3174, found 513.3175. IR (ῡ (cm
-1

)): 3286, 3005, 2987, 2924, 2856, 315 

2318, 1735, 1635, 1556, 1508, 1452, 1396, 1363, 1311, 1224, 1163, 1082, 927. 316 

2.4.2. Compound 28. Yield: 82%. green foam. 
1
H NMR (400 MHz, CD3CN) compound exists 317 

as a mixture of two rotamers, major rotamer is designated by * and minor by 

: δ 1.01 (t, 6H, 318 

J26,27 = 7.5 Hz, H-27), 1.26-1.33 (m, 2H, H-17), 1.51-1.64 (m, 2H, H-18), 1.68 (s, 12H, CH3), 319 

1.76-1.90 (m, 10H, H-2, H-16, H-26, H-29), 2.13-2.24 (m, 2H, H-21), 2.28 (t, 2H, J19,18 = 7.5 320 

Hz, H-19
*
), 2.37 (t, 2H, J19,18 = 7.5 Hz, H-19


), 2.59 (bt, 4H, J = 6.0 Hz, H-28), 2.72 (t, 1H, J 321 

= 2.5 Hz, H-10 or H-13), 2.75 (t, 1H, J = 2.5 Hz, H-10 or H-13), 2.93 (s, 3H, N-CH3

), 3.01 322 

(s, 3H, N-CH3
*
), 3.34-3.64 (m, 6H, H-20, H-1, H-7), 3.72-3.77 (m, 1H, H-6), 3.97-4.07 (m, 323 

8H, H-25, H-22, H-4, H-3), 4.08-4.13 (m, 1H, H-5), 4.22-4.36 (m, 6H, H-15, H-8, H-11), 324 

4.41-4.53 (m, 2H, H-14), 6.07 (d, 2H, J = 13.5 Hz, H-1’

, H-7’


), 6.09 (d, 2H, J = 13.5 Hz, H-325 

1’

, H-7’


), 7.21-7.27 (m, 4H, HAr), 7.39 (t, 2H, J = 7.5 Hz, HAr), 7.47 (d, 2H, J = 7.5 Hz, 326 

HAr), 7.74 (s, 1H, H-triazole), 8.07 (d, 2H, J = 13.5 Hz, H-2’

, H-6’


), 8.08 (d, 2H, J = 13.5 327 

Hz, H-2’
*
, H-6’

*
). 

13
C NMR (CD3CN, 100.6 MHz): δ 11.6 (2C-27), 21.3 (2C-26), 22.0 (C-328 

29), 25.0 (C-18), 25.1 (2C-28), 26.8 (C-17), 28.5 (2CH3), 28.6 (2CH3), 29.7 (C-21
*
), 30.0 (C-329 

21

), 30.3 (C-2), 30.8 (C-16), 32.6 (C-19


), 33.3 (N-CH3


), 33.6 (C-19

*
), 35.9 (N-CH3

*
), 45.3 330 
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(C-20
*
), 46.3 (2C-25), 47.5 (C-20


),  49.9 (2C-24), 50.6 (C-15), 58.7 (C-8 or C-11), 59.1 (C-8 331 

or C-11), 62.8 (C-7), 64.7 (C-14), 67.7 (C-1), 75.7 (C-10 or C-13), 76.0 (C-22), 76.9 (C-3), 332 

77.9 (C-9 or C-12), 78.6 (C-4), 80.8 (C-5), 81.0 (C-9 or C-12), 81.1 (C-10 or C-13), 81.4 (C-333 

6), 100.2 (C-1’

, C-7’


), 100.3 (C-1’


, C-7’


), 111.7 (CAr), 111.8 (CAr), 123.2 (C-3’


, C-5’


), 334 

123.3 (C-3’

, C-5’


), 123.7 (2CAr


), 123.7 (2CAr


), 124.0 (CH-triazole), 125.6 (2CAr


), 125.7 335 

(2CAr

), 129.5 (2CAr), 141.5 (C-2’


, C-6’


), 141.7 (C-2’

*
, C-6’

*
), 142.0 (2CqAr), 143.7 336 

(2CqAr), 145.7 (Cq-triazole), 171.4 (C-4’

), 171.8 (C-4’

*
), 172.8 (2C-23), 173.4 (C=O). 337 

HRMS (ESI): [M+H]
2+

 calcd for [C62H84N6O7]
2+

 512.3195, found 512.3216. IR (ῡ (cm
-1

)): 338 

2929, 2863, 2350, 2335, 1637, 1554, 1506, 1452, 1431, 1396, 1367, 1263, 1226, 1165, 1153, 339 

1089, 999, 920. 340 

 341 

2.5. Synthesis of compound 30 342 

To a solution of 27 (6.3 mg, 5.5 µmol, 1.0 eq.) in a mixture of DMF/H2O (1/1 v/v) (1 mL), 23 343 

mg of 29 (27.3 µmol, 4.2 eq.), 27 µL of copper (II) sulphate (1 M in water, 27 µmol, 3.0 eq.), 344 

and 55 µL of sodium ascorbate (1 M in water, 54.6 µmol, 10 eq.) were added, and the mixture 345 

was stirred at 40 °C for 24 h. The solvent was removed under vacuum and the crude product 346 

was purified using size-exclusion chromatography on Sephadex LH20 in methanol/H2O (1/1 347 

v/v) to afford compound 30 in 15% yield as a green solid after freeze drying. HRMS (ESI): 348 

[M]
3+

 calcd for [C138H204FN30O30]
3+

 926.8442, found 926.8414.  349 

 350 

2.6. Synthesis of compound 32 351 

To a solution of 31 (18 mg, 0.016 mmol) in freshly distilled CH2Cl2 (1.5 mL), 14 μL of 352 

DIPEA (0.079 mmol, 5.0 equiv.) and 11 mg of methanesulfonic anhydride (0.063 mmol, 4.0 353 

equiv.) were added under inert atmosphere. The mixture was stirred for 16 hours at room 354 

temperature. The solution was diluted in CH2Cl2 (20 mL) and the organic layer was washed 355 

with saturated NH4Cl (10 mL) and brine. The organic layer was dried over MgSO4 and the 356 

solvent was removed under vacuum. The crude product was purified by flash chromatography 357 

on silica gel (eluent: DCM/MeOH 4/6) to afford compound 32 in 60% yield as a green foam.  358 

1
H NMR (400 MHz, CD3CN) compound exists as a mixture of two rotamers, major rotamer is 359 

designated by * and minor by 

: δ 1.01 (t, 6H, J26,27 = 7.5 Hz, H-27), 1.28-1.33 (m, 2H, H-17), 360 

1.51-1.64 (m, 2H, H-18), 1.68 (s, 12H, CH3), 1.76-1.90 (m, 10H, H-2, H-16, H-26, H-29), 361 

2.14-2.23 (m, 2H, H-21), 2.28 (t, 2H, J19,18 = 7.5 Hz, H-19
*
), 2.37 (t, 2H, J19,18 = 7.5 Hz, H-362 

19

), 2.59 (bt, 4H, J = 6.0 Hz, H-28), 2.73 (t, 1H, J = 2.5 Hz, H-10 or H-13), 2.79 (t, 1H, J = 363 
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2.5 Hz, H-10 or H-13), 2.94 (s, 3H, N-CH3

), 3.01 (s, 3H, N-CH3

*
), 3.03 (s, 3H, CH3-Ms), 364 

3.46-3.66 (m, 4H, H-20, H-1), 3.92-4.12 (m, 10H, H-25, H-22, H-4, H-3, H-6, H-5), 4.18-4.39 365 

(m, 8H, H-15, H-8, H-11, H-7), 4.42-4.50 (m, 2H, H-14), 6.07 (d, 2H, J = 13.5 Hz, H-1’

, H-366 

7’

), 6.09 (d, 2H, J = 13.5 Hz, H-1’


, H-7’


), 7.20-7.27 (m, 4H, HAr), 7.39 (t, 2H, J = 7.5 Hz, 367 

HAr), 7.47 (d, 2H, J = 7.5 Hz, HAr), 7.70 (s, 1H, H-triazole), 8.07 (d, 2H, J = 13.5 Hz, H-2’

, 368 

H-6’

), 8.09 (d, 2H, J = 13.5 Hz, H-2’

*
, H-6’

*
). 

13
C NMR (CD3CN, 100.6 MHz): δ 11.6 (2C-369 

27), 21.3 (2C-26), 22.0 (C-29), 25.1 (C-18), 25.2 (2C-28), 26.9 (C-17), 28.6 (4CH3), 29.7 (C-370 

21
*
), 30.3 (C-21


), 30.6 (C-2), 30.8 (C-16), 32.6 (C-19


), 33.6 (C-19

*
), 34.3 (N-CH3


), 35.9 371 

(N-CH3
*
), 37.7 (CH3-Ms), 45.3 (C-20

*
), 46.3 (2C-25), 47.5 (C-20


), 49.9 (C-15), 50.6 (2C-372 

24), 59.0 (C-8 or C-11), 59.3 (C-8 or C-11), 64.8 (C-14), 67.6 (C-1), 71.0 (C-7), 75.9 (C-10 or 373 

C-13), 76.5 (C-22), 76.9 (C-6), 77.8 (C-9 or C-12), 78.1 (C-4), 78.5 (C-3), 80.6 (C-5), 80.8 374 

(C-9 or C-12), 81.0 (C-10 or C-13), 100.3 (C-1’

, C-7’


), 100.3 (C-1’


, C-7’


), 111.7 (CAr), 375 

111.8 (CAr), 123.2 (C-3’

, C-5’


), 123.3 (C-3’


, C-5’


), 123.7 (2CAr


), 123.7 (2CAr


), 124.0 376 

(CH-triazole), 125.7 (2CAr

), 125.7 (2Car


), 129.5 (2CAr), 141.5 (C-2’


, C-6’


), 141.8 (C-2’

*
, 377 

C-6’
*
), 142.0 (2CqAr), 143.7 (2CqAr), 145.6 (Cq-triazole), 171.4 (C-4’


), 171.8 (C-4’

*
), 378 

172.9 (2C-23), 173.3 (C=O). 
19

F NMR (CD3CN, 376 MHz): δ -79.5. HRMS (ESI): [M+H]
2+

 379 

calcd for [C63H86N6O9S]
2+ 

551.3083, found 551.3065. IR (ῡ (cm
-1

)): 2930, 2870, 2340, 2330, 380 

1637, 1554, 1506, 1452, 1431, 1396, 1367, 1263, 1226, 1165, 1153, 1089, 998. 381 

 382 

3. Results and discussion 383 

3.1. Synthesis of novel meso-O-alkyl Cy7 derivatives ready for click coupling 384 

The nature of the atom (Cl, N, S, O) on the meso-position of Cy7 affects the stability and 385 

photophysical properties of the dye and, therefore, its potential as imaging agent.[9-11] While 386 

N-alkyl, -S-alkyl or -O-aryl Cy7 are the most described in the literature, the meso-O-alkyl 387 

Cy7 derivatives are known to exhibit greater stability.[10,12] Although direct nucleophilic 388 

substitution on the meso-Cl of the commercial Cy7 derivative (IR780) with amine, thiol or 389 

phenol derivatives is straightforward, it is far more challenging with alkyl alcohols and 390 

explains the lower number of reports concerning meso-O-alkyl Cy7 compounds.[10] 391 

Schnermann et al. reported an efficient method to access these compounds: meso-N-alkyl Cy7 392 

derivatives obtained by nucleophilic substitution of the meso-Cl of IR780 are then 393 

transformed into meso-O-alkyl Cy7 compounds via a N- to O-transposition with electrophiles, 394 

notably exemplified with carboxylic acids activated in situ.[12,13]. We have extended this 395 

reaction with various carboxylic acids to provide new meso-O-alkyl Cy7 derivatives bearing 396 
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functional groups suitable for copper-catalyzed alkyne-azide cycloaddition (CuAAC),[24] 397 

inverse electron demand Diels–Alder (IEDDA),[25] and thiol-ene reactions.[26] 398 

The compound 1 was prepared by the reaction of commercial IR780 and 3-399 

(methylamino)propan-1-ol in acetonitrile (Scheme 1).[12] This key intermediate 1 was then 400 

submitted to the N- to O-transposition under various conditions with different carboxylic 401 

acids bearing an azide, an alkyne or an alkene (Scheme 1). Based on the report of 402 

Schnermann et al., the first assay was performed using 6-azidohexanoic acid with HATU (7 403 

equiv.) as activating agent and DIPEA (8 equiv.) in DMF at 35°C during 18h (Table 1, entry 404 

1). Transposed meso-O-alkyl compound 2 was obtained in poor yield (13%), whereas the 405 

meso-N-alkyl byproduct 3, resulting from O-acylation, was isolated in 53% yield. 406 

Schnermann et al. reported the formation of these type of O-acylated compounds using an 407 

electrophile such as AcCl.[12] The structure of compound 3 was confirmed by 
1
H and 

13
C 408 

NMR spectra and mass spectrometry. Of note, for meso-O-alkyl Cy7 2, two rotamers formed 409 

by the amide function were clearly recognizable on 
1
H NMR spectra, which contrastingly was 410 

not observed for the meso-N-alkyl 3. Compounds 2 (green powder) and 3 (blue viscous oil) 411 

were separated by column chromatography (See ESI Fig S4, for optical spectra). EDC was 412 

then used for preactivation (4 equiv) in a second experiment with DIPEA (1 equiv.) in DCM 413 

at 40°C for 18h (Table 1, entry 2). The meso-O-alkyl Cy7 2 was then successfully obtained in 414 

66% yield along with meso-N-alkyl Cy7 3 in only 12% yield. In the same conditions, another 415 

attempt was performed in a sealed tube (entry 3), which allowed to reach 82% yield for the 416 

desired meso-O-alkyl Cy7 2, the formation of 3 being limited to 8%. While optimizing this 417 

protocol, different parameters have been changed: the number of equivalents of electrophile 418 

(entry 4), the reaction temperature (entry 5) and also the use of another activating agent 419 

(PyBop, entry 6), that yet failed at exceeding previous yield. The best protocol found in entry 420 

3, was then successfully implemented with 5-azidopentanoic acid leading exclusively to 421 

meso-O-alkyl 4 in 76% yield. Other functionalized electrophiles were tested in these optimal 422 

conditions, hex-5-enoic acid and hex-5-ynoic acid (Table 1, entries 8 and 9), which led to 423 

meso-O-alkyl compounds 6 and 8 in 79 and 50% respectively. We can note that meso-N-alkyl 424 

byproduct 9 was also produced in 5% yield, whereas no meso-N-alkyl derivative was isolated 425 

when the reaction was performed with hex-5-enoic acid. In the case of pent-4-ynoic acid, the 426 

predominant compound was the meso-N-alkyl Cy7 11 obtained in 50% yield, the meso-O-427 

alkyl Cy7 10 being nevertheless isolated in 39% (Table 1, entry 10). Finally, we attempted to 428 

use a carboxylic acid displaying a tetrazine moiety for IEDDA conjugation (entry 11), 429 
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however no N- to O-transposition occurred, certainly due to the rigidity generated by the 430 

phenyl spacer. The meso-N-alkyl Cy7 13 was the only compound formed in 81% yield. 431 

 432 

Scheme 1. Reagents and conditions: i) 3-(methylamino)propan-1-ol, acetonitrile, rt, 15min, 433 

96%. 434 

 435 

Table 1. Scope and limitation of N- to O- transposition reaction 436 

Entry Electrophile Reaction conditions 

Product, isolated yield 

meso-O-alkyl 

Cy7 

meso-N-alkyl 

Cy7 

1 
 (8 eq) 

HATU (7 eq.), DIPEA 

(8 eq.), DMF, 35°C, 

18h, round bottom flask 

2, 13%
 

3, 53%
 

2 
 (4 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

40°C, 18h, round 

bottom flask 

2, 66% 3, 12% 

3 
(4 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

40°C, 18h, sealed tube 

2, 82% 3, 8% 

4 
(2 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

40°C, 18h, sealed tube 

2, 64% 3, 7% 

5 
(4 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

50°C, 18h, sealed tube 

2, 66%
a
 3, 6% 

6 
(4 eq) 

PyBop (2 eq), DIPEA 

(3 eq), rt, 20h, sealed 

tube 

2, 45% 3, 20% 

7 
 (4 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

40°C, 18h, sealed tube 

4, 76% 5, traces 
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8 
(4 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

40°C, 18h, sealed tube 

6, 79% 7, 0% 

9 
 (4 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

40°C, 18h, sealed tube 

8, 50% 9, 5% 

10 

 (4 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

40°C, 18h, sealed tube 

10, 39% 11, 50% 

11 

 (4 eq) 

EDC (4eq), DIPEA 

(1eq), DCM,  

40°C, 18h, sealed tube 

12, 0% 13, 81% 

a
degradation products was observed 437 

 438 

3.2. Synthesis of the multimodal probe  439 

Having in hand meso-O-alkyl derivatives ready for click coupling, we then focused on the 440 

synthesis of the targeted multimodal PET/PAI/FLI imaging probe. To this end, we used a 441 

properly functionalized C-glycosyl central platform for enabling the regioselective grafting of 442 

both imaging and targeting entities. C-glycosyl compounds have a stable C-C bond on the 443 

pseudo-anomeric carbon, making them resistant to enzymatic hydrolysis which is crucial for 444 

in vivo applications.[27] We recently developed a clickable C-glycosyl scaffold, designed 445 

with free and temporarily masked triple bonds which is ideal for their activation at the 446 

appropriate synthetic step, thus allowing the sequential introduction of a fluorine atom via 447 

nucleophilic substitution and also a fluorophore and targeting moieties via CuAAC.[21,22] A 448 

similar multi-step synthetic strategy was used to access both the non-radioactive probe (with a 449 

19
F) and the radiolabelling precursor bearing a leaving group required for subsequent 

18
F-450 

radiolabelling process. Briefly, compound 14 was synthesized as previously reported[28] and 451 

further fluorinated
 
with DAST or protected with a TBDPS (Scheme 2). The reduction of 452 

methyl ester on compounds 15 and 16 followed by propargylation of the resulting alcohol led 453 

to compounds 19 and 20 in high yields. In order to sequentially introduce by CuAAC first the 454 

photoactive dye and then the targeting entities in a later stage, two TIPS-protected alkynes 455 

were introduced after removal of the 4,5-isopropylidene protecting group. Ethers 23 and 24 456 

were obtained in 94% and 78% yields, respectively. The azido cyanine 2 was selected for 457 

CuAAC coupling with alkyne 23 and 24, resulting in the formation after purification by 458 

column chromatography of cycloadducts 25 and 26 in 50% and 95% yields respectively. The 459 

temporary TIPS and TBDPS protecting groups were then removed with tetrabutylammonium 460 

fluoride, then providing compounds 27 and 28 in high yields.  461 
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 462 

 463 

Scheme 2. Reagents and conditions: i) DAST, diglyme, 0 °C to 110 ºC, 2 h, 85%; ii) 464 

TBDPSCl, imidazole, DMF, 0 °C to rt, 16 h, 95%; iii) LiAlH4, THF, 0 °C to rt, 2 h, 17: 82%, 465 

18: 80%; iv) propargyl bromide, NaH, 0 °C to rt, 16 h, 19: 95% in DMF, 20: 70% in THF; v) 466 

TFA/H2O, rt, 3 h, 21: 84% or AcOH/H2O, 80 °C, 4 h, 22: 54%; vi) TIPS-propargyl bromide, 467 

NaH, 0 ºC to rt, 5 h, 23: 94% in DMF, 24: 78% in THF. vii) Cu(OAc)2 (0.1 equiv.), sodium 468 

ascorbate (0.2 equiv.), ACN/H2O (1/1 v/v), 12 h, rt, 25: 50%, 26: 95%; viii) TBAF (1 M, 469 

THF), THF, 0°C, 1 h or 0°C to rt, 12 h, 27: 75%, 28: 82%. 470 

 471 

3.3. Coupling of the probe with targeting entities  472 

Conjugation with targeting vectors in the final step allows versatility in receptor targeting and 473 

therefore facilitates further change of vectors for their facile adaptation to imaging another 474 

biological target. Herein, the feasibility of CuAAC coupling with peptide vectors was 475 

demonstrated by reaction with a model peptide c(RGDfK), known for selectively binding to 476 

αVβ3 integrins and widely used as model for cancer diagnosis and tumor imaging.[29] A 477 

c(RGDfK) analog previously modified with an alkyne-PEG4 29[21] selected to increase the 478 

hydrophilicity of the platform, was reacted with the photoactive probe 27. This reaction took 479 

place at 40°C during 24 h in a mixture of DMF/H2O 1/1 using excess of copper(II) sulfate and 480 

sodium ascorbate (Scheme 3). Purification by steric exclusion gel filtration afforded the 481 

conjugate 30 in 15% yield after freeze drying. Importantly, because two vacant positions 482 

remain on the C-glycosyl platform, coupling with two c(RGDfK) peptides would provide 483 
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access to divalence which has been suggested as an attractive option to enhance targeting 484 

efficiency.[21,22,30] This proof of concept with RGD derivatives thus paves the way for 485 

peptide-divalent probes relevant for in vivo imaging applications.  486 

487 
 488 

Scheme 3. Reagents and conditions: (i) CuSO4 (3 equiv.), sodium ascorbate (10 equiv.), 489 

DMF/H2O 1/1 v/v, 40°C, 24 h, 15%. 490 

   491 

3.4. Synthesis of radiolabelling precursor and 
18

F-radiolabelling 492 

The synthesis of the radiolabelling precursor was then implemented. In this context, because 493 

the iodide counter anion of cyanine 28 can compromise the subsequent 
18

F-fluorination by 494 

competitive nucleophilic substitution, it was exchanged with a triflate anion (non-nucleophilic 495 

anion). The anion metathesis of compound 28 was carried out using an Oasis
®
 MCX cartridge 496 

with a solution of silver triflate (0.2 M) to afford compound 31. A leaving group was then 497 

introduced to allow subsequent 
18

F-radiolabelling (Scheme 4). The reaction was carried out at 498 

room temperature with methane sulfonic anhydride and DIPEA during 12 h and mesylated 499 

compound 32 was obtained in 60% yield. 500 
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 501 

Scheme 4. Reagents and conditions: i) Ms2O, DIPEA, DCM, 0°C to rt, 12 h, 60%; ii) 502 

K[
18

F]F-K222, acetonitrile, 95°C, 15 min, 19%. 503 

 504 

The radiolabelling of mesylated precursor 32 with fluorine-18 was investigated using an 505 

AllInOne synthesizer. Building upon our previous successful radiosynthesis of a cyanine-5 506 

(Cy5) based probe via direct radiofluorination for formation of a [
18

F]F-C bond,[21,22] the 507 

same conditions were employed herein, namely using the K[
18

F]F-K222 complex in 508 

acetonitrile at 95°C. Optimization of the reaction time (5, 10 and 15 min) showed that 15 509 

minutes provided the best yield. Analysis of the crude mixture by radio-HPLC showed the 510 

formation of [
18

F]27 with an incorporation yield of 19%, which is a good yield for this type of 511 

radiolabelling involving the formation of [
18

F]F-C bond. The structure of [
18

F]27 was 512 

confirmed by comparison with the non-radioactive compound 27, both displaying identical 513 

retention times in HPLC (see ESI, Fig S2 and S3). We thus proved the successful extension of 514 

this radiofluorination approach from a Cy5-based probe to the more challenging Cy7-based 515 

compound. Automated peptide coupling on [
18

F]27 is currently in progress to perform 516 

preclinical PET imaging. 517 

 518 

3.5. Optical and photoacoustic properties 519 

To explore the influence of functional groups on the photophysical characteristics of meso-O-520 

alkyl heptamethine cyanines (Table 1), we studied the properties of the representative meso-521 

O-alkyl Cy7 derivatives bearing an azide (compound 2), an alkene (compound 6), and an 522 

alkyne group (compound 8). Moreover, the photophysical characteristics of the C-glycosyl 523 

central platform functionalized by the meso-O-alkyl Cy7 derivative 2 (compound 27) were 524 

also evaluated. Thus, the optical properties (absorption and emission wavelengths, relative 525 

fluorescence quantum yield fluo and molecular brightness B) of compounds 2, 6 and 8, as 526 

well as the multimodal imaging probe 27 were characterized by steady-state one photon 527 
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absorption/emission measurements in DMSO and compared to commercial IR780 and ICG 528 

(Table 2, Fig 1). More precisely, the cyanine derivatives 2, 6 and 8 display one major 529 

absorption band with a maximum located at 772 nm and an emission band characterized by a 530 

small Stokes shift (nm, Table 2). All studied derivatives exhibited high molar 531 

absorption coefficients in DMSO that are comparable with the parent dye IR780 (Table 2). 532 

The fluorescence quantum yields are relatively high (fluo >15%) and do not vary 533 

significantly among derivatives of meso-O-alkyl Cy7, thus no apparent effect of the 534 

functional group was observed on their photophysical properties. Introduction of the C-535 

glycosyl platform by CuAAC on compound 2 leading to the probe 27 only had a small effect 536 

on photophysical properties. Hypsochromically shifted absorption and emission profiles were 537 

observed with sufficiently high molar absorptivity and improved fluorescence quantum yield 538 

relative to the IR780 reference, indicating that 27 has excellent characteristics for optical 539 

imaging purpose. Moreover, meso-O-alkyl cyanines compare favorably with the well-540 

established indocyanine green (ICG, Table 2) that is approved by both the FDA and EMA as 541 

an intraoperative fluorescent agent, and granted NIR photoactivation albeit with a moderate 542 

Stokes shift. 543 

 544 
Table 2. Selected photophysical properties of meso-O-alkyl Cy7 derivatives, IR780 and ICG measured in 545 

DMSO. 546 

Compound 
abs 

(nm) 
em 

(nm) 

Stokes shift 

cm
-1

) / nm) 
 

(M
-1

 cm
-1

) 

fluo 
[b]

 

(%) 

B
[c]

 

(M
-1

 cm
-1

) 

2 773 786 214 / 13 226 600 23 52 100 

6 773 786 214 / 13 250 000 15 37 500 

8 773 789 260 / 16 214 000 22 47 100 

27 772 790 295 / 18 202 400 19 38 500 

IR780 794 815 325 / 21 228 200 8
[a]

 18 300 

ICG 795
[d]

 820
[d]

 383 / 25 224 000
[d]

 16.7
[d]

 37 400 

[a] relative to fluo = 8% of IR780 in EtOH[31], [b] ex = 750 nm, [c] Fluorescence brightness = 547 

×fluo, [d] from reference [32] 548 
 549 
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 550 

Figure 1. Molar absorption coefficients (full line) and emission (dotted line) spectra recorded 551 

at 298 K for compound 27 in DMSO, ex = 750 nm. 552 

 553 

Next, we performed phantom imaging to investigate the PA contrast produced by probe 27. 554 

A photoacoustic tomograph using a curved transductor was operated as previously described 555 

[33] with selected samples loaded in PTFE tube and mounted on a rotating holder immerged 556 

into deionized water. Under NIR irradiation at its maximal absorbance wavelength, i.e. 772 557 

nm, compound 27 proved to display intense PA contrast (Figure 2). Its PA amplitude is found 558 

to linearly increase along to concentration (see ESI, Figure S5), which is expected due to its 559 

correlation with the agent’s absorbance.[34-36] Of note, calibration of PA tomograph is a 560 

challenging task,[37] hence instead an internal standard is used for ensuring repeatability 561 

among imaging sessions and for accurate quantification of PA signal. CuSO4 was selected as 562 

the internal standard because it absorbs between 650-1000 nm, showing an intense absorption 563 

at the selected wavelength of 772 nm, and neither suffers photobleaching nor 564 

photodegradation. Compound 27 displayed significant PA amplitude with a detection limit 565 

below the tens of micromolar (Figure S5), and its PA amplitude compared favorably with two 566 

well-established cyanine-7 derivatives, i.e. ICG and IR780 (Figure 2).  567 

 568 

 569 
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 570 

Figure 2. Phantom imaging in photoacoustic under irradiation at 772 nm of 27 and 571 

comparison to golden standards ICG and IR780, diluted in DMSO at 40 µM. A) 572 

Representative PA image of the samples and B) comparison of their PA amplitude normalized 573 

to IR780.  574 

 575 

Because PA imaging relies on a photophysical process that is competitive with fluorescence, 576 

and both modalities are looked after herein, we aimed at reasonably boosting the fluorescence 577 

quantum yield of our dyes for achieving a greater signal-to-noise ratio in FLI, while 578 

maintaining sufficient PA amplitude. This balance between radiative and non-radiative 579 

deexcitation pathways is well demonstrated by weighting out the absorption properties ( 580 

values at the irradiation wavelength) together with fluorescence properties (quantum yield of 581 

fluorescence) of IR780 and 27. As previously shown in Table 2, Cl- to O-substitution of 582 

IR780 has an important impact on the fluo values (8% and 19% for IR780 and 27, 583 

respectively) hence boosting the emissive desexcitation pathway. These results show that 27 584 

displayed a higher fluorescence quantum yield together with a high PA contrast that is 585 

comparable to IR780 at the same molar concentration. Both 27 and IR780 displayed 586 

comparable PA amplitude at 772 nm probably because of the higher absorptivity of 27 at this 587 

selected wavelength than IR780 (143 000 and 202 400 M
-1

cm
-1

 for IR780 and 27, 588 

respectively).   589 

 590 

The development of sophisticated probes competent for multimodal imaging is a daunting 591 

challenge and further illustrated by the limited number of multimodal PET/PAI/FLI imaging 592 

agents described in the literature.[20]. This task encompasses multiple challenges, including 593 

synthesis, radiosynthesis, and the careful selection of a dye suitable for both FLI and PAI 594 

applications. For probing the possibility of overcoming this synthetic challenge, we 595 
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previously, devised a synthetic strategy that permitted the introduction onto a C-glycosidic 596 

platform of a fluorine-18 for forming a stable [
18

F]F-C bond together with a Cy5 dye.[21] 597 

Building upon this successful synthetic proof of concept, we aimed herein at overcoming the 598 

photophysical limitations of Cy5 for optical imaging by adapting this protocol to the more 599 

suitable NIR active cyanine-7 while expanding the landscape of this synthetic approach. 600 

Consequently, we selected herein the challenging meso-O-alkyl Cy7 derivatives that are more 601 

compatible with FLI/PAI imaging owing to their appropriate balance between emissive and 602 

non-emissive desexcitation pathways, for which only a limited number of synthetic routes was 603 

described in the literature.[10,12] This work represents the first proof of concept of a 604 

competent PET/PAI/FLI probe with well-balanced imaging properties, which can be coupled 605 

to diverse vectors for in vivo targeting and thus possesses a strong potential toward clinical 606 

translation. Importantly, because this approach was designed to grant the fast and modular 607 

functionalization with vectors of the platform at a latest stage, which is crucial for versatile 608 

diagnosis and personalized medicine, the present work reaches far beyond cancer diagnosis. 609 

Furthermore, probe 27 that bears two anchoring points, also offered the advantage of 610 

harnessing bivalency for a more specific targeting. Although 27 initially lacked aqueous 611 

solubility, this was successfully overcome by incorporating vectors bearing a hydrophilic 612 

spacer like PEG4. The resulting agent 30 displayed a clogD7.4 of -3.12, hence making it more 613 

likely for translation toward in vivo applications. To the best of our knowledge, the sole 614 

example of a multimodal PET/PAI/FLI agent described in literature [20], constructed on a 615 

croconium vector, capitalizes on its inherent photophysical properties and was radiolabeled 616 

through a stable [
18

F]F-C bond. Compared to this croconium agent, the probe 27 displayed 1) 617 

an appropriate photophysical balance for performing both FLI and PAI, 2) the possibility to 618 

access divalence thanks to two vacant positions on the platform, which could be attractive for 619 

enhancing its targeting efficiency, 3) the conjugation in the final step which should facilitate 620 

the change of vectors to switch to another biological target (versatility in receptor targeting 621 

and pathology to be diagnosed). 622 

 623 

4. Conclusion 624 

In this study, we present a synthetic route for accessing a multimodal imaging probe designed 625 

for PET/PAI/FLI applications and evaluation of their optical properties. By exploiting a N- to 626 

O-transposition reaction, we first synthesized a series of meso-O-alkyl cyanine-7 derivatives 627 

bearing functional groups (azide, alkyne, alkene) of use for further conjugation. These meso-628 

O-alkyl cyanine 7 derivatives demonstrated excellent characteristics for fluorescence imaging 629 
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compared to IR780, with high molar absorptivity and an improved fluorescence quantum 630 

yield (>15%). The meso-O-alkyl Cy7 derivative bearing an azide was coupled to a highly 631 

functionalized C-glycosyl platform and successfully 
18

F-radiolabelled via a [
18

F]F-C bond. Its 632 

non-radioactive analog, the probe 27 proved to display excellent photophysical properties 633 

well-balanced for concomitant fluorescence imaging and photoacoustic imaging. Finally, a 634 

late-stage CuAAC coupling of 27 with two model peptides c(RGDfK) was successfully 635 

performed, thus demonstrating the feasibility and the versatility of this conjugation step. 636 

Altogether, compound 27 undeniably emerged as a promising multimodal PET/PAI/FLI probe 637 

foreshadowing of its great potential across a broad spectrum of imaging modalities and 638 

applications. 639 
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