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Introduction 

Carbohydrates play an important role in many biological processes, such as cell-cell 

communication, pathogen recognition and protein folding. Mannose-6-phosphate 

(M6P), a D-mannopyranose bearing a phosphate group at C-6 position, serves as a 

signaling moiety on the termini of glycan branches mounted on newly synthesized 

proteins in the trans-Golgi network (TGN) and it is essential for the transportation of 

these enzymes to the late endosomes and lysosomes. The mannose-6-phosphate 

receptor (MPR), a P-type lectin, plays an important role in this transportation through 

binding to the M6P.1,2 There are two members of this lectin family: the cation-

independent mannose-6-phosphate receptor (CI-MPR) and the cation-dependent 

mannose-6-phosphate receptor (CD-MPR). The first one is a ~300 kDa transmembrane 

glycoprotein that consists of 15 extracellular repeating domains (Figure 1A), has a low 

affinity for M6P and is able to bind to both M6P and other ligands, such as insulin 

growth factor II (IGFII).3–5 On the other hand, the CI-MPR has high affinity for ligands 

containing multiple M6Ps due to the two M6P binding domains (3 and 9), which can 
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simultaneously bind two M6Ps. Binding to the two M6P domains can also lead to 

dimerization between two receptors. The group of Berkowitz studied the ligand-

receptor interactions with mono- and bivalent probes and two dimeric models for 

multivalent binding of the receptor were suggested: the “ladder” and the “hook” model 

(Figure 1A and 1B, respectively).6,7 The CD-MPR is a ~46 kDa transmembrane protein 

that consists of only one M6P binding site. It does not bind to IGFII and can be found as 

a dimer (Figure 1C). A small fraction of MPRs can be found on the cell surface, where 

only CI-MPR binds and internalizes M6P-bound enzymes (Figure 1D).8 The optimal 

binding of the CD-MPR and domain 9 of the CI-MPR is reported to be at a pH of 6.0-6.5 

and 6.4-6.5, while domain 3 of the CI-MPR binds at a higher pH of 6.9-7.0. These 

observations explain why only the CI-MPR binds M6P-bound enzymes at the cell surface 

(pH = ~7.4).3,9,10 

  

 
Figure 1. Proposed binding models and schematic representations of: A) Bivalent M6P ligand bound to two 

monomers of CI-MPR; B) Bivalent M6P ligand bound to the same receptor; C) CD-MPR; D) MPR-pathway: 

lysosomal enzymes in the TGN are transported to the early endosome. From there, the enzymes are 

transported to the late endosome, where the enzyme is dissociated from the MPR. The enzymes are packaged 

into the lysosome and the MPR is recycled back to the TGN, from where a small portion is moved to the cell 

surface. LE = late endosome; EE = early endosome, L = lysosome. 

 

The MPR can be used as an efficient tool for targeted delivery to the endosomes as the 

conjugation of M6P analogues to acid α-glucosidase improved the treatment of the 

lysosomal myopathy Pompe disease11. The MPR has also been exploited in the delivery 

of doxorubicin via mannose-6-phosphate-modified human serum albumin as carrier or 

N-hexanoyl-D-erythro-sphingosine with M6P-functionalized liposomes.12,13 

Hogendoorn et al. have reported the synthesis of a M6P cluster attached to a covalent 

cathepsin inhibitor and a fluorescent BODIPY dye, which was used to label proteases 



Synthesis of multivalent MPR ligand-antigen conjugates 

 

123 

along the endocytic pathway.14 It was shown that the MPR can also be exploited as an 

effective pathway for immunogenicity.15 This led to the idea that conjugate vaccines in 

which a M6P moiety is covalently bound to an epitope will have improved uptake 

ensuring a more efficient delivery to the endosomes. One of the potential drawbacks 

of the use of M6P is dephosphorylation by endogenous phosphatases. To prevent this, 

several M6P analogues have previously been evaluated, such as a malonyl ether and a 

malonate or a C-phosphonate ester.6,16 The C-phosphonate proved to be a stable and 

effective replacement for the phosphate monoester. 

 

This chapter describes the incorporation of a cluster of mannose-6-phosphonates 

(M6Po) in two types of peptide antigen-conjugates (1-8, Figure 2), wherein two 

different M6Po’s (9 and 10, respectively) are conjugated to either the N- or the C-

terminus of a synthetic long peptide (SLP). In the first type of conjugates (1-4), DEVA5K 

was used as SLP. This model epitope contains the MHC-I antigen SIINFEKL, incorporated 

in a longer peptide motif DEVSGLEQLESIINFEKLAAAAAK. The α-propargyl mannose-6-

phosphonate (O-M6Po) building block (9) was developed since an α-configured linker 

is tolerated by the MPR.7,14 The alkyne function in building block 9 allows the copper 

mediated 1,3-dipolar cycloaddition to azide-functions in the SLP.17 As it was shown that 

bi- or multivalent M6P-ligands are more effective in binding the CI-MPR than ligands 

with only one M6P, six M6Po’s were incorporated in each conjugate.3,18,19 The objective 

to enhance the immune response after transferring the conjugate to the endosomes by 

the MPR, led to the design of bis-conjugates (2 and 4) in which a Toll-like receptor ligand 

7 (TLR7L) is added at either the N- or the C-terminus of the SLP. In the second type of 

conjugates (5-8) the ovalbumin derived (HAAHA) peptide ISQAVHAAHAEINEAGRK, 

which contains an MHC-II epitope, was used as SLP. C-M6Po building block 10 was 

developed as a building block that can be used in the online solid phase peptide 

synthesis (SPPS) of conjugates 5-8. This building block is a C-analogue of M6Po, in which 

the anomeric oxygen is replaced with a CH2, preventing hydrolysis by the acidic 

conditions used in SPPS. An additional advantage of the SPPS compatible building blocks 

is the possibility to prepare conjugates of peptides that are not suitable for copper 

mediated 1,3-dipolar cycloaddition. For example, the HAAHA peptide, used for the 

second type of conjugates, contains two histidines, which can coordinate to copper and 

thereby inhibit the reduction of Cu(II) to Cu(I).20 The SPPS building block 10 is equipped 

with acid labile protecting groups, which will be removed at the end of the SPPS 

concomitantly with the other acid labile peptide protecting groups and release of the 

peptide from the resin.  
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Figure 2. Structures of the 1st type O-M6Po conjugates 1-4, the 2nd type C-M6Po conjugates 5-8 and building 

blocks 9 and 10. 

 

Results and Discussion 
 

O-M6Po-SIINFEKL conjugates 

The first type of O-M6Po conjugates comprises the six-fold addition of α-propargyl 

mannose-6-phosphonate (O-M6Po) building block (9) to azide containing peptides. 

Synthesis of the required building block 9 started with the acetylation of D-mannose, 

followed by BF3·OEt2 catalyzed glycosylation of propargyl alcohol and deacetylation to 

give crystalline compound 11 (Scheme 1). Subsequently, the following protective group 

manipulations were performed: tritylation of the primary 6-OH in 11, isopropylidation 

of 12, and p-methoxybenzylation of 13 to give fully protected mannose 14. The 

presence of the isopropylidene group proved to be an essential conformational lock, 

preventing intramolecular cyclization during the installation of the phosphonate.21–23 

Prior to the installation of the phosphonate, the terminal alkyne in 14 was protected 

with a TMS group using TMSCl and n-BuLi at -78°C. Removal of the trityl in thus obtained 

15 with a catalytic amount of p-toluenesulfonic acid in DCM/MeOH was accompanied 

by partial removal of the isopropylidene ketal. Reinstallation of the isopropylidene and 

subsequent deprotection of the mixed acetal formed on the primary alcohol gave 16 in 

98% over three steps. Alcohol 16 was converted into a triflate using Tf2O and pyridine 

at -40°C. A fast work-up was necessary due to the instability of the formed triflate.24 
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The obtained crude triflate was added to a solution of deprotonated dimethyl 

methylphosphonate in THF at -70°C, giving compound 17 in 72% over two steps. 

Removal of the TMS protecting group gave 18, which was transformed into key building 

block 9 by a two-step deprotection sequence. In the first step, the phosphonate was 

deprotected using TMSBr. Next, the p-methoxybenzyl and isopropylidene were 

removed by treatment of the intermediate with AcOH/H2O at 90°C. Compound 9 was 

obtained in 27% over 15 steps starting from D-mannose.  

 

 
Scheme 1. Synthesis of alkyne building block 9. Reagents and conditions: a) i. Ac2O, pyridine; ii. propargyl 

alcohol, BF3·OEt2, 50°C; iii. NaOMe, MeOH, 70% over three steps; b) TrtCl, Et3N, DMF, 60°C, 83%; c) p-

toluenesulfonic acid, 2,2-dimethoxypropane, 87%; d) p-methoxybenzyl chloride, NaH, DMF, 95%; e) TMSCl, 

n-BuLi, THF, -78°C, 97%; f) i. p-toluenesulfonic acid, DCM/MeOH; ii. p-toluenesulfonic acid, 2,2-

dimethoxypropane; iii. 1 M HCl, EtOAc, 0°C, 98% over three steps: g) i. Tf2O, pyridine, DCM, -40°C; ii. n-BuLi, 

dimethyl methylphosphonate, THF, -70°C to -50°C, 72% over two steps; h) TBAF, THF, quant.; i) i. TMSBr, 

pyridine, MeCN; ii. AcOH/H2O, 90°C, 81% over two steps. 
 

Next the assembly of the (O-M6Po)6-SIINFEKL conjugates was undertaken. Immobilized 

peptides 19 and 22 were prepared through standard SPPS HCTU/Fmoc chemistry using 

Tentagel S Ram as solid support (Scheme 2). TFA/TIS/H2O (95/2.5/2.5 v/v/v) treatment 

removed all protecting groups and cleaved the peptides from the resin to give peptides 

20 and 23 in 1% and 6%, respectively, after purification. Alternatively, the MMT 

protecting group at the C-terminal lysine of 19 was selectively deprotected with a 

cocktail of TFA/TIS/DCM (2/2/96 v/v/v) and the released amine was subsequently 

coupled with the spacer {2-[2-(Fmoc-amino)ethoxy]ethoxy}acetic acid and the Boc-

protected TLR7-ligand building block.25 After deprotection, release from the resin and 

RP-HPLC purification peptides 21 and 24 were both obtained in 2% yield. Coupling of O-
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M6Po building block 9 to peptides 20, 21, 23 and 24 was performed with a cocktail 

containing CuSO4, sodium ascorbate and tris(benzyltriazolylmethyl)amine in 

DMSO/H2O.26 The addition of a 20 mM Tris/150 mM NaCl buffer was essential to get 

conversion of the starting peptides. After RP-HPLC, conjugates 1-4 were obtained in 5% 

(0.3 mg), 18% (0.9 mg), 18% (1.0 mg) and 31% (3.3 mg) respectively. 

 

 
Scheme 2. Solid phase peptide synthesis of O-M6Po conjugates 1-4. Reagents and conditions: a) i. 20% 

piperidine, DMF; ii. Fmoc SPPS cycle for K(N3)-K(N3)-K(N3)-K(N3)-K(N3)-K(N3)-DEVSGLEQLESIINFEKLAAAAAK; iii. 

20% piperidine, DMF; iv. Ac2O, DIPEA, DMF; b) TFA/TIS/H2O (95/2.5/2.5 v/v/v), 3h; c) RP-HPLC; d) 9, 20 mM 

Tris/150 mM NaCl buffer, CuSO4/NaAsc/TBTA, H2O/DMSO; e) TFA/TIS/DCM (2/2/96 v/v/v); f) i. {2-[2-(Fmoc-

amino)ethoxy]ethoxy}acetic acid, HCTU, DIPEA, DMF; ii. 20% piperidine, DMF; g) 4-((2-butoxy-6-((tert-

butoxycarbonyl)amino)-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)benzoid acid, HCTU, DIPEA, DMF; h) i. 20% 

piperidine, DMF; ii. Fmoc SPPS cycle for DEVSGLEQLESIINFEKLAAAAAK-K(N3)-K(N3)-K(N3)-K(N3)-K(N3)-K(N3); iii. 

20% piperidine, DMF; i) Ac2O, DIPEA, DMF; Yield peptides and conjugates: 20) 4.6 mg, 1%; 21) 4.0 mg, 2%; 23) 

17.4 mg, 6%; 24) 8.2 mg, 2%; 1) 0.3 mg, 5%; 2) 1.0 mg, 18%; 3) 0.9 mg, 18%; 4) 3.3 mg, 31%. 

 

C-M6Po-HAAHA conjugates 

The second type of C-M6Po conjugates was generated by an online SPPS synthesis using 

C-M6Po building block 10, which was assembled as depicted in Scheme 3. The first step 

in the synthesis of 10 comprised the C-allylation at the anomeric position of mannose. 

Girard et al. achieved a stereoselective allylation using a Sakurai-type reaction on per-
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benzylated methyl α-D-mannopyranoside.27 However, debenzylation and purification 

turned out to be problematic when this was performed on large scale. Therefore an 

alternative procedure was followed in which D-mannose was acetylated and treated 

with a mixture of allyltrimethylsilane, BF3·OEt2, and TMSOTf in MeCN to give the desired 

allyl mannoside as a 4.2/1 α/β mixture. Known methods28,29 to separate the α/β mixture 

of C-allyl mannose could not be reproduced on large scale, and therefore the following 

procedure was developed. The primary alcohol in the crude α/β-C-allyl mannose was 

protected with a trityl, to produce a mixture of 25 and 26 (55% yield over 4 steps). Next, 

the two anomers were treated with N-bromosuccinimide in THF. The formed 

bromonium ion allows a fast, intramolecular cyclization of the β-mannose while the α-

mannose cyclizes slowly due to the unfavorable ring flip, necessary for nucleophilic 

attack of the 2-O at the bromonium ion. After column purification pure α-C-allyl 

mannose 26 was recovered in 91%. Protection of the C-2-OH and C-3-OH with an 

isopropylidene ketal was followed by installation of a p-methoxybenzyl at the C-4-OH 

to give compound 28. Removal of the trityl group was performed with the same 

conditions used in the synthesis of 16, giving 29 in 72% over three steps. Conversion of 

29 to the primary triflate, followed by nucleophilic attack of the anion of di-tert-butyl 

methylphosphonate 3030 gave phosphonate 31 in 72% over two steps on 3 mmol scale. 

The yield dropped to 49% when increasing the scale to 30 mmol due to the instability 

of the primary triflate. Cross metathesis with methyl acrylate, followed by the reduction 

of the double bond with NaBH4 and ruthenium trichloride gave compound 32.31,32 

Hydrolysis of the obtained methyl ester using LiOH gave acid intermediate 33. Although 

carboxylic acid 33 is suitable for SPPS the spacer length was adjusted to that of the first 

type of conjugates. For this purpose, Fmoc-L-Lys-OMe was condensed with 33 under 

the influence of HCTU and DIPEA to give 34 in 86%. Hydrolysis of 34 with LiOH at 0oC, 

left the Fmoc group unaffected and gave SPPS building block 10 in 80%. 
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Scheme 3. Synthesis of building block compound 10. Reagents and conditions: a) i. Ac2O, pyridine, ii. 

allyltrimethylsilane, BF3·OEt2, TMSOTf, MeCN; iii. NaOMe, MeOH; iv. TrtCl, Et3N, DMF, 60°C, 55% over four 

steps; b) N-bromosuccinimide , THF, 3 h, 91%; c) p-toluenesulfonic acid, 2,2-dimethoxypropane, 93%; d) p-

methoxybenzyl chloride, NaH, DMF, 97%; e) i. p-toluenesulfonic acid, DCM/MeOH; ii. p-toluenesulfonic acid, 

2,2-dimethoxypropane; iii. 1 M HCl, EtOAc, 0°C, 75% over three steps; f) i. Tf2O, pyridine, DCM, -40°C; ii. n-

BuLi, di-tert-butyl methylphosphonate (30), THF, -70°C to -50°C, 72% over two steps; g) i. methyl acrylate, 

CuI, Grubbs 2nd gen. catalyst, DCE, 60°C; ii. NaBH4, RuCl3, MeOH, DCE, 45°C, 72% over two steps; h) LiOH, 

THF/H2O, quant; i) MeI, K2CO3, DMF, 93%; j) 4 M HCl in dioxane, dioxane, 98%; k) HCTU, DIPEA, DMF, 86%; l) 

LiOH, THF/H2O, 0°C, 80%. 

 

With the desired building block 10 in hand, conjugates 5-8 were prepared using semi-

automated SPPS (Scheme 4). Tentagel S Ram resin was elongated with 

ISQAVHAAHAEINEAGRK using automated SPPS, wherein the lysine(MMT) at the C-

terminus will be used for elongation at a later stage of the synthesis. Six subsequent 
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manual coupling and Fmoc removal cycles with building block 10 gave immobilized 

peptide 37. Peptide 38, bearing the C-M6P cluster at the C-terminal end was generated 

by assembling the hexa-C-M6P peptide through manual couplings of building block 10, 

followed by automated SPPS to assemble the rest of the peptide. Immobilized and 

protected peptides 37 and 38 were deprotected and simultaneously cleaved from the 

resin with the TFA/TIS cocktail to furnish conjugates 5 and 7 after purification by RP-

HPLC in 10% and 8% yield respectively, showing the apt behavior of 10 in SPPS. To 

obtain conjugate 6, bearing the TLR7-ligand, the MMT-group in 37 was selectively 

removed with a cocktail of AcOH/TFE/DCM (1/2/7 v/v/v). The obtained free amine was 

elongated with the spacer {2-[2-(Fmoc-amino)ethoxy]ethoxy}acetic acid and TLR7-

ligand 4-((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-oxo-7,8-dihydro-9H-purin-9-

yl)methyl)benzoic acid to give, after removal of all the protecting groups, cleavage from 

the resin and finally RP-HPLC purification bis-conjugate 6 in 2% yield. The same 

sequence of events was applied to the N-terminal amine in immobilized peptide 38 to 

afford bis-conjugate 8 in 8% yield. 

 

 

Scheme 4. Solid phase peptide synthesis of C-M6Po conjugates 5-8. Reagents and conditions: a) 20% 

piperidine, DMF; b) Fmoc SPPS cycle for ISQAVHAAHAEINEAGRK; c) i. 10, HCTU, DIPEA, DMF; ii. 20% 

piperidine, DMF; iii. repeat of i. and ii.; d) Ac2O, DIPEA, DMF; e) TFA/TIS/H2O (95/2.5/2.5 v/v/v), 3h; f) RP-

HPLC; g) AcOH/TFE/DCM (1/2/7 v/v/v); h) i. {2-[2-(Fmoc-amino)ethoxy]ethoxy}acetic acid, HCTU, DIPEA, DMF; 

ii. 20% piperidine, DMF; i) 4-((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-oxo-7,8-dihydro-9H-purin-9-

yl)methyl)benzoic acid, HCTU, DIPEA, DMF; Yield conjugates: 5) 13.3 mg, 10%; 6) 11.0 mg, 8%; 7) 3.1 mg, 2%; 

8) 17.0 mg, 11%. 
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Conclusion 
This chapter describes the synthesis of two type of peptide conjugates (1-4 and 5-8, 

respectively) having a hexavalent M6Po cluster incorporated at either the N- or the C-

terminus. These ligands for the mannose-6-phosphate receptors were designed and 

synthesized to improve the uptake of these conjugates resulting in an enhanced 

immunogenicity. To prevent dephosphorylation by endogenous phosphatases, C-

phosphonates are applied in the conjugates. The assembly of the first type uses copper 

mediated 1,3-dipolar cycloaddition (click chemistry) to append six O-M6Po residues to 

the separately prepared peptides in one event. For this purpose O-M6Po building block 

9 was developed. The second type comprises an online synthesis of the conjugates 

requiring a mannose building block with an anomeric center, resisting the acid 

conditions of SPPS. A new method was found to synthesize an α-C-allyl-mannoside that 

was further elaborated to building block 10. The designed C-M6P building block 10 

proved to be well suited for SPPS allowing for the streamlined assembly of the 

conjugates. To further improve the immune response bis-conjugates were assembled 

provided with a TLR7-ligand. Presently, the immunological evaluation is ongoing. 

 

Experimental 
All reagents were of commercial grade and used as received unless stated otherwise. 
Reaction solvents were of analytical grade and when used under anhydrous conditions 
stored over flame-dried 3Å molecular sieves. All moisture and oxygen sensitive 
reactions were performed under an argon atmosphere. Column chromatography was 
performed on silica gel (Screening Devices BV, 40-63 µm, 60 Å). For TLC analysis, pre-
coated silica gel aluminum sheets (Merck, silica gel 60, F254) were used with detection 
by UV-absorption (254/366 nm) where applicable. Compounds were visualized on TLC 
by UV absorption (245 nm), or by staining with one of the following TLC stain solutions: 
(NH4)6Mo7O24·H2O (25 g/L), (NH4)4Ce(SO4)4·2H2O (10 g/L) and 10% H2SO4 in H2O; 
bromocresol (0.4 g/L) in EtOH; KMnO4 (7.5 g/L), K2CO3 (50 g/L) in H2O. Staining was 
followed by charring at ~150°C. 1H, 13C and 31P NMR spectra were recorded on a Bruker 
AV-400 (400/100/162 MHz) spectrometer or a Bruker AV-500 Ultrashield (500/126/202 
MHz) spectrometer and all individual signals were assigned using 2D-NMR 
spectroscopy. Chemical shifts are given in ppm (δ) relative to TMS (0 ppm) in CDCl3 or 
via the solvent residual peak. Coupling constants (J) are given in Hz. LC-MS analysis were 
done on an Agilent Technologies 1260 Infinity system with a C18 Gemini 3 µm, C18, 110 
Å, 50 x 4.6 mm column. Absorbance was measured at 214 nm and 256 nm and an 
Agilent Technologies 6120 Quadrupole mass spectrometer was used as detector. 
Peptides and conjugates were purified with a Gilson GX-281 preparative HPLC with a 
Gemini-NX 5u, C18, 110 Å, 250 x 10.0 mm column. Peptide fragments were synthesized 
with automated solid phase peptide synthesis on an Applied Biosystems 433A Peptide 
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Synthesizer. Optical rotations were measured on an Anton Paar Modular Circular 
Polarimeter MCP 100/150. High resolution mass spectra were recorded on a Synapt G2-
Si or a Q Exactive HF Orbitrap equipped with an electron spray ion source positive 
mode. Infrared spectra were recorded on a Perkin Elmer Spectrum 2 FT-IR.  
 
Automated solid phase synthesis general experimental information  
The automated solid-phase peptide synthesis was performed on a 250 μmol scale on a 
Protein Technologies Tribute-UV IR Peptide Synthesizer applying Fmoc based protocol 
starting from Tentagel S RAM resin (loading 0.22 mmol/g). The synthesis was continued 
with Fmoc-amino acids specific for each peptide. The consecutive steps performed in 
each cycle for HCTU chemistry on 250 μmol scale: 1) Deprotection of the Fmoc-group 
with 20% piperidine in DMF for 10 min; 2) DMF wash; 3) Coupling of the appropriate 
amino acid using a four-fold excess. Generally, the Fmoc amino acid (1.0 mmol) was 
dissolved in 0.2 M HCTU in DMF (5 mL), the resulting solution was transferred to the 
reaction vessel followed by 0.5 mL of 0.5 M DIPEA in DMF to initiate the coupling. The 
reaction vessel was then shaken for 30 min at 50°C; 4) DMF wash; 5) capping with 10% 
Ac2O in 0.1 M DIPEA in DMF; 6) DMF wash; 7) DCM wash. Aliquots of resin of the 
obtained sequences were checked on an analytical Agilent Technologies 1260 Infinity 
system with a Gemini 3 µm, C18, 110 Å, 50 x 4.6 mm column. The Fmoc amino acids 
applied in the synthesis were: Fmoc-Ala-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Asn(Trt)-OH, 
Fmoc-Asp(OtBu)-OH, Fmoc-Gln(Trt)-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Gly-OH, Fmoc-
His(Trt)-OH, Fmoc-Ile-OH, Fmoc-Leu-OH, Fmoc-Lys(N3)-OH, Fmoc-Lys(Boc)-OH, Fmoc-
Lys(MMT)-OH, Fmoc-Phe-OH, Fmoc-Ser(OtBu)-OH Fmoc-Val-OH. 
 
General procedure for cleavage from the resin, deprotection and purification 
30 μmol resin was washed with DMF, DCM and dried after the last synthesis step 
followed by a treatment for 180 minutes with 0.6 mL cleavage cocktail of 95% TFA, 2.5% 
TIS and 2.5% H2O. The suspension was filtered, the resin was washed with 0.6 mL of the 
cleavage cocktail, and the combined TFA solutions were added dropwise to cold Et2O 
and stored at -20°C overnight. The obtained suspension of the product in Et2O was 
centrifuged, Et2O was removed and the precipitant was dissolved in CH3CN/H2O/tBuOH 
(1/1/1 v/v/v) or DMSO/CH3CN/H2O/tBuOH (3/1/1/1 v/v/v/v). Purification was 
performed on a Gilson GX-281 preparative RP-HPLC with a Gemini-NX 5u, C18, 110 Å, 
250 x 10.0 mm column. 
 
Propargyl α-D-mannopyranoside (11) 

To a solution of D-mannose (28.1 g, 156 mmol, 1.0 eq.) in pyridine (0.22 
L) was added acetic anhydride (0.10 L, 1.1 mol, 6.8 eq.) and DMAP (0.37 
g, 3.0 mmol, 0.02 eq.) at 0°C. After 30 minutes the solution was allowed 
to warm-up to room temperature and stirred for an additional 5.5 
hours. The reaction mixture was cooled to 0°C and quenched by slowly 

adding MeOH. The mixture was diluted with EtOAc, washed with 1 M HCl (3x), dried 
over MgSO4, filtered and concentrated in vacuo. Co-evaporation with toluene (2x) 
under an argon atmosphere yielded acetyl 2,3,4,6-tetra-O-acetyl-α/β-D-mannoside as 
an oil, which was dissolved in DCM (0.45 L). Propargyl alcohol (14.0 mL, 240 mmol, 1.5 
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eq.) and BF3·OEt2 (30.0 mL, 239 mmol, 1.5 eq.) were added and the solution was stirred 
overnight at 50°C. TLC analysis showed complete conversion and the reaction mixture 
was cooled to 0°C, followed by quenching with Et3N to pH 8. The dark solution was 
washed with sat. aq. NaHCO3 (1x), dried over Na2SO4, filtered and concentrated in 
vacuo. Purification by flash column chromatography (50100% Et2O in pentane) 
yielded propargyl 2,3,4,6-tetra-O-acetyl-α-D-mannopyranoside (55.3 g, 143 mmol), 
which was dissolved in MeOH (0.30 L). Sodium methoxide (5.4 M in MeOH, 11 mL, 60 
mmol, 0.40 eq.) was added and the solution was stirred for 30 minutes, after which it 
was acidified by the addition of amberlite H+ resin. The mixture was filtered and 
concentrated in vacuo. Crystallization by EtOH/pentane afforded the title compound 
(22.9 g, 105 mmol, 67% over three steps) as a white solid. Rf: 0.39 (1/4 MeOH/DCM); 

[𝛼]D
25 +145° (c = 0.53, MeOH); 1H NMR (MeOD, 400 MHz, HH-COSY, HSQC): δ 4.96 (d, 

1H, J = 1.6 Hz, H-1), 4.27 (d, 2H, J = 2.4 Hz, CH2 propargyl), 3.84 (dd, 1H, J = 11.8, 2.3 Hz, 
CHH-6), 3.80 (dd, 1H, J = 3.2, 1.7 Hz, H-2), 3.74 – 3.65 (m, 2H, H-3, CHH-6), 3.62 (t, 1H, J 
= 9.4 Hz, H-4), 3.51 (ddd, 1H, J = 8.7, 5.8, 2.2 Hz, H-5), 2.86 (t, 1H, J = 2.4 Hz, CH 
propargyl); 13C-APT NMR (MeOD, 101 MHz, HSQC): δ 99.7 (C-1), 80.0 (Cq propargyl), 
76.0 (CH propargyl), 75.0 (C-5), 72.4 (C-3), 72.0 (C-2), 68.4 (C-4), 62.8 (C-6), 54.8 (CH2 
propargyl); FT-IR (neat, cm-1): 3370, 2931, 2584, 1982, 1639, 1365, 1263, 1132, 1058, 
1007, 965, 912, 880, 812, 685, 515; HRMS: [M+Na]+ calcd. for C9H14O6Na: 241.0688, 
found 241.0684. 
 
Propargyl 6-O-trityl-α-D-mannopyranoside (12) 

Trityl chloride (57.2 g, 205 mmol, 1.5 eq.) and Et3N (46 mL, 0.33 mol, 2.5 
eq.) were added to a solution of compound 11 (29.0 g, 133 mmol, 1.0 
eq.) in DMF (0.44 L). The mixture was heated to 60°C for 4 hours, 
followed by addition of trityl chloride (38.1 g, 137 mmol, 1.0 eq.) and 
Et3N (28 mL, 0.20 mol, 1.5 eq.). After stirring for one hour, TLC analysis 

showed complete conversion of the starting material and the reaction mixture was 
cooled to room temperature. The mixture was diluted with EtOAc, washed with H2O 
(3x), dried over Na2SO4, filtered and concentrated in vacuo. After purification by column 
chromatography (30100% EtOAc in pentane), the title compound (50.4 g, 109 mmol, 

82%) was obtained as a white foam. Rf: 0.65 (1/4 pentane/EtOAc); [𝛼]D
25 +45.3° (c = 

0.91, CHCl3); 1H NMR (CD3CN, 400 MHz, HH-COSY, HSQC): δ 7.53 – 7.45 (m, 6H, Ar), 7.38 
– 7.30 (m, 6H, Ar), 7.30 – 7.22 (m, 3H, Ar), 4.96 (d, 1H, J = 1.2 Hz, H-1), 4.44 – 4.30 (m, 
2H, CH2 propargyl), 3.81 – 3.75 (m, 1H, H-2), 3.67 (ddd, 1H, J = 9.1, 7.1, 1.7 Hz, H-5), 3.55 
(ddd, 1H, J = 9.5, 6.3, 3.5 Hz, H-3), 3.52 – 3.42 (m, 1H, H-4), 3.36 – 3.28 (m, 2H, CHH-6, 
OH), 3.26 (d, 1H, J = 6.4 Hz, OH), 3.18 (dd, 1H, J = 9.9, 7.0 Hz, CHH-6), 3.11 (d, 1H, J = 5.0 
Hz, OH), 2.78 (t, 1H, J = 2.4 Hz, CH propargyl); 13C-APT NMR (CD3CN, 101 MHz, HSQC): δ 
145.2 (Cq Trt), 129.6, 128.8, 128.0 (Ar), 99.1 (C-1), 87.2 (Cq Trt), 80.0 (Cq propargyl), 76.1 
(CH propargyl), 73.3 (C-5), 72.5 (C-3), 71.2 (C-2), 68.6 (C-4), 64.7 (CH2-6), 54.4 (CH2 
propargyl); FT-IR (neat, cm-1): 3412, 3290, 3059, 3033, 2928, 2119, 1597, 1490, 1449, 
1377, 1320, 1221, 1184, 1134, 1074, 1049, 1005, 986, 900, 844, 810, 765, 748, 702, 650, 
633, 582, 531; HRMS: [M+Na]+ calcd. for C28H28O6Na: 483.1784, found 483.1780.  
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Propargyl 2,3-di-O-isopropylidene-6-O-trityl-α-D-mannopyranoside (13)  
To a solution of compound 12 (50.4 g, 109 mmol, 1.0 eq.) in 2,2-
dimethoxypropane (0.55 L) was added p-toluenesulfonic acid (3.22 g, 
16.9 mmol, 0.15 eq.) at 0°C. After stirring for 1.5 hours, TLC analysis 
showed complete conversion of the starting material. The mixture was 
quenched by the addition of Et3N (8 mL), diluted with brine and 

extracted with DCM (2x). The combined organic layers were dried over Na2SO4, filtered 
and concentrated in vacuo. Purification by column chromatography (1050% Et2O in 
pentane) and crystallization in DCM/pentane yielded compound 13 (47.7 g, 95.4 mmol, 

87%) as a white solid. Rf: 0.20 (7/3 pentane/Et2O); [𝛼]D
25 +23.0° (c = 0.67, CHCl3); 1H NMR 

(CD3CN, 400 MHz, HH-COSY, HSQC): δ 7.52 – 7.45 (m, 6H, Ar), 7.38 – 7.30 (m, 6H, Ar), 
7.30 – 7.24 (m, 3H, Ar), 5.21 (s, 1H, H-1), 4.50 – 4.35 (m, 2H, CH2 propargyl), 4.14 (d, 1H, 
J = 5.6 Hz, H-2), 3.98 – 3.92 (m, 1H, H-3), 3.69 – 3.61 (m, 1H, H-5), 3.49 – 3.42 (m, 1H, H-
4), 3.34 (dd, 1H, J = 10.1, 1.7 Hz, CHH-6), 3.24 – 3.14 (m, 2H, CHH-6, OH), 2.79 (t, 1H, J = 
2.4 Hz, CH propargyl), 1.45 (s, 3H, CH3 isopropylidene), 1.32 (s, 3H, CH3 isopropylidene); 
13C-APT NMR (CD3CN, 101 MHz, HSQC): δ 145.1 (Cq Trt), 129.5, 128.8, 128.1 (Ar), 110.0 
(Cq isopropylidene), 96.2 (C-1), 87.3 (Cq Trt), 79.7 (Cq propargyl), 79.6 (C-3), 76.4 (C-2, 
CH propargyl), 70.9 (C-5), 69.9 (C-4), 64.3 (C-6), 54.5 (CH2 propargyl), 28.2, 26.5 (CH3 
isopropylidene); FT-IR (neat, cm-1): 3279, 2935, 1490, 1448, 1374, 1225, 1168, 1136, 
1103, 1075, 1047, 1029, 992, 918, 898, 851, 822, 786, 767, 743, 705, 696, 650, 634, 583, 
543, 532, 471; HRMS: [M+Na]+ calcd. for C31H32O6Na: 523.2097, found 523.2095.  
 
Propargyl 2,3-di-O-isopropylidene-4-O-p-methoxybenzyl-6-O-trityl-α-D-
mannopyranoside (14)  

After co-evaporation with toluene (1x) under an argon atmosphere, 
compound 13 (47.7 g, 95.4 mmol, 1.0 eq.) was dissolved in DMF (0.48 
L) and cooled to 0°C. Sodium hydride (60% dispersion in mineral oil, 
4.59 g, 115 mmol, 1.2 eq.) and p-methoxybenzyl chloride (15.6 mL, 
115 mmol, 1.2 eq.) were added to the mixture. After 3 hours stirring 

at 0°C, the suspension was allowed to warm-up to room temperature and stirred for an 
additional 2 hours. The reaction mixture was quenched by the addition of MeOH at 0°C, 
diluted with H2O and extracted with EtOAc (2x). The combined organic layers were dried 
over Na2SO4, filtered and concentrated in vacuo. After purification by column 
chromatography (540% Et2O in pentane) and crystallization in DCM/pentane the title 
compound (56.4 g, 90.9 mmol, 95%) was obtained as a white solid. Rf: 0.50 (7/3 

pentane/Et2O); [𝛼]D
25 +29.8° (c = 0.94, CHCl3); 1H NMR (CD3CN, 400 MHz, HH-COSY, 

HSQC): δ 7.49 – 7.43 (m, 6H, Ar), 7.36 – 7.25 (m, 9H, Ar), 6.94 – 6.89 (m, 2H, Ar), 6.79 – 
6.74 (m, 2H, Ar), 5.24 (s, 1H, H-1), 4.59 (d, 1H, J = 11.1 Hz, CHH PMB), 4.47 – 4.34 (m, 
2H, CH2 propargyl), 4.29 (d, 1H, J = 11.1 Hz, CHH PMB), 4.21 – 4.15 (m, 2H, H-2, H-3), 
3.76 (s, 3H, CH3 PMB), 3.69 (ddd, 1H, J = 10.2, 6.2, 1.6 Hz, H-5), 3.46 (dd, 1H, J = 10.3, 
6.4 Hz, H-4), 3.38 (dd, 1H, J = 10.1, 1.7 Hz, CHH-6), 3.09 (dd, 1H, J = 10.1, 6.3 Hz, CHH-
6), 2.78 (t, 1H, J = 2.4 Hz, CH propargyl), 1.49 (s, 3H, CH3 isopropylidene), 1.35 (s, 3H, 
CH3 isopropylidene); 13C-APT NMR (CD3CN, 101 MHz, HSQC): δ 160.1 (Cq PMB), 145.0 
(Cq Trt), 131.2 (Cq PMB), 130.5, 129.6, 128.8, 128.1, 114.4 (Ar), 110.1 (Cq 
isopropylidene), 96.2 (C-1), 87.2 (Cq Trt), 79.7 (Cq propargyl), 79.5 (C-3), 76.4 (C-2), 76.4 
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(CH propargyl), 76.3 (C-4), 73.1 (CH2 PMB), 69.7 (C-5), 64.1 (CH2-6), 55.8 (CH3 PMB), 54.6 
(CH2 propargyl), 28.2, 26.5 (CH3 isopropylidene); FT-IR (neat, cm-1): 3286, 1612, 1586, 
1513, 1490, 1449, 1372, 1302, 1245, 1220, 1171, 1145, 1076, 1059, 1029, 998, 915, 899, 
863, 821, 777, 765, 737, 699, 644, 632, 587, 550, 518, 468; HRMS: [M+Na]+ calcd. for 
C39H40O7Na: 643.2672, found 643.2677. 
 
Trimethylsilylpropargyl 2,3-di-O-isopropylidene-4-O-p-methoxybenzyl-6-O-trityl-α-D-
mannopyranoside (15)  

Compound 14 (38.1 g, 61.3 mmol, 1.0 eq.) was co-evaporated twice 
with toluene under an argon atmosphere and dissolved in THF (0.61 
L). The solution was cooled to -78°C, followed by the addition of n-
butyllithium (1.6 M in hexane, 46 mL, 74 mmol, 1.2 eq.). After 15 
minutes, TMSCl (12 mL, 95 mmol, 1.5 eq.) was added dropwise to 
the pink mixture. The resulting yellow mixture was allowed to 

warm-up to -50°C over two hours and the reaction was quenched by the addition of 
sat. aq. NH4Cl. The mixture was diluted with EtOAc and washed with sat. aq. NH4Cl (1x) 
and sat. aq. NaHCO3 (1x). The organic layer was dried over Na2SO4, filtered and 
concentrated in vacuo. Purification by column chromatography (215% Et2O in 
pentane) gave compound 15 in quantitative yield (44.1 g). Rf: 0.38 (9/1 pentane/Et2O); 

[𝛼]D
25 +33.8° (c = 0.45, CHCl3); 1H NMR (CD3CN, 400 MHz, HH-COSY, HSQC): δ 7.49 – 7.43 

(m, 6H, Ar), 7.36 – 7.24 (m, 9H, Ar), 6.94 – 6.89 (m, 2H, Ar), 6.79 – 6.73 (m, 2H, Ar), 5.24 
(s, 1H, H-1), 4.59 (d, 1H, J = 11.1 Hz, CHH PMB), 4.47 – 4.34 (m, 2H, CH2 propargyl), 4.30 
(d, 1H, J = 11.1 Hz, CHH PMB), 4.21 – 4.15 (m, 2H, H-2, H-3), 3.75 (s, 3H, CH3 PMB), 3.71 
– 3.65 (m, 1H, H-5), 3.48 (dd, 1H, J = 10.4, 6.2 Hz, H-4), 3.39 (dd, 1H, J = 10.0, 1.7 Hz, 
CHH-6), 3.10 (dd, 1H, J = 10.0, 6.2 Hz, CHH-6), 1.50 (s, 3H, CH3 isopropylidene), 1.35 (s, 
3H, CH3 isopropylidene), 0.15 (s, 9H, 3x CH3 TMS); 13C-APT NMR (CD3CN, 101 MHz, 
HSQC): δ 160.1 (Cq PMB), 145.0 (Cq Trt), 131.2 (Cq PMB), 130.4, 129.6, 128.8, 128.1, 

114.4 (Ar), 110.1 (Cq isopropylidene), 101.7 (CC), 96.3 (C-1), 92.4 (CC), 87.3 (Cq Trt), 
79.5 (C-3), 76.5 (C-2), 76.3 (C-4), 73.1 (CH2 PMB), 69.7 (C-5), 64.1 (CH2-6), 55.8 (CH3 
PMB), 55.3 (CH2 propargyl), 28.3, 26.6 (CH3 isopropylidene), -0.1 (CH3 TMS); FT-IR (neat, 
cm-1): 3059, 3033, 2988, 2934, 2179, 1613, 1587, 1514, 1491, 1449, 1381, 1372, 1302, 
1248, 1221, 1171, 1146, 1082, 1031, 999, 966, 946, 899, 846, 763, 747, 708, 633, 588, 
551, 522, 475; HRMS: [M+Na]+ calcd. for C42H48O7SiNa: 715.3067, found 715.3068. 
 
Trimethylsilylpropargyl 2,3-di-O-isopropylidene-4-O-p-methoxybenzyl-α-D-
mannopyranoside (16)  

A mixture of compound 15 (42.8 g, 61.3 mmol, 1.0 eq.), p-
toluenesulfonic acid (4.76 g, 24.5 mmol, 0.4 eq.) in DCM/MeOH 
(2/1 v/v, 0.42 L) was stirred at room temperature for 1.5 hours, 
after which TLC analysis showed complete conversion of the 
starting material. The reaction mixture was quenched by the 
addition of sat. aq. NaHCO3 (0.50 L) and extracted with EtOAc (1x). 

The organic layer was dried over Na2SO4, filtered and concentrated in vacuo. The 
obtained residue was dissolved in a mixture of 2,2-dimethoxypropane/DCM (4/1, 0.35 
L). p-Toluenesulfonic acid (1.17 g, 6.02 mmol, 0.1 eq.) was added and the mixture was 
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stirred at room temperature for 25 minutes. The reaction mixture was quenched with 
sat. aq. NaHCO3 (0.50 L) and extracted with EtOAc (1x). The organic layer was dried over 
Na2SO4, filtered and concentrated in vacuo. The obtained intermediates were dissolved 
in EtOAc (0.28 L) and cooled to 0°C. 1 M HCl (30 mL) was added and the mixture was 
allowed to warm-up to room temperature. After stirring for 1 hour, TLC analysis showed 
complete conversion and the reaction was quenched with sat. aq. NaHCO3 (0.50 L) at 
0°C, followed by extraction with EtOAc (1x). The organic layer was dried over Na2SO4, 
filtered and concentrated in vacuo. Purification by column chromatography (2060% 
Et2O in pentane) yielded the title compound (26.0 g, 57.8 mmol, 94%) as an oil. Rf: 0.47 

(4/1 pentane/EtOAc); [𝛼]D
25 +79.6° (c = 0.57, CHCl3); 1H NMR (CDCl3, 400 MHz, HH-COSY, 

HSQC): δ 7.31 – 7.23 (m, 2H, Ar), 6.90 – 6.81 (m, 2H, Ar), 5.23 (s, 1H, H-1), 4.82 (d, 1H, J 
= 11.1 Hz, CHH PMB), 4.56 (d, 1H, J = 11.1 Hz, CHH PMB), 4.36 – 4.29 (m, 1H, H-3), 4.23 
(d, 2H, J = 2.3 Hz, CH2 propargyl), 4.18 (d, 1H, J = 6.2 Hz, H-2), 3.86 – 3.81 (m, 1H, CHH-
6), 3.80 (s, 3H, CH3 PMB), 3.76 – 3.68 (m, 1H, CHH-6), 3.64 – 3.57 (m, 1H, H-5), 3.56 – 
3.49 (m, 1H, H-4), 1.94 (br, 1H, OH), 1.52 (s, 3H, CH3 isopropylidene), 1.38 (s, 3H, CH3 
isopropylidene), 0.17 (s, 9H, 3x CH3 TMS); 13C-APT NMR (CDCl3, 101 MHz, HSQC): δ 

159.4, 130.3 (Cq PMB), 129.8, 113.9 (Ar), 109.6 (Cq isopropylidene), 100.1 (CC), 95.7 

(C-1), 92.3 (CC), 78.8 (C-3), 75.8 (C-2), 75.7 (C-4), 72.7 (CH2 PMB), 69.0 (C-5), 62.6 (CH2-
6), 55.4 (CH3 PMB), 55.1 (CH2 propargyl), 28.1, 26.5 (CH3 isopropylidene), -0.1 (CH3 
TMS); FT-IR (neat, cm-1): 3493, 2936, 2178, 1613, 1587, 1514, 1457, 1372, 1302, 1246, 
1220, 1171, 1142, 1075, 1033, 994, 965, 948, 914, 842, 788, 760, 737, 701, 650, 637, 
580, 515; HRMS: [M+Na]+ calcd. for C23H34O7SiNa: 473.1971, found 473.1968. 
 
Trimethylsilylpropargyl 6-deoxy-2,3-di-O-isopropylidene-4-O-p-methoxybenzyl-6-di-
methoxyphosphonomethyl-α-D-mannopyranoside (17)  

Alcohol 16 (9.05 g, 20.1 mmol, 1.0 eq.) was co-evaporated with 
toluene (2x) under an argon atmosphere and dissolved in dry DCM 
(0.10 L). The solution was cooled to -40°C, followed by the 
addition of pyridine (4.0 mL, 50.0 mmol, 2.5 eq.) and 
trifluoromethanesulfonic anhydride (5.1 mL, 30.3 mmol, 1.5 eq.). 
After stirring for 80 minutes at -40°C, the mixture was diluted with 
cold DCM and washed with cold sat. aq. CuSO4 (1x), cold sat. aq. 
NaHCO3 (1x) and cold brine (1x). The organic layer was dried over 

Na2SO4, filtered and concentrated in vacuo at 30°C. The obtained triflate was co-
evaporated with toluene (2x) under an argon atmosphere and used without further 
purification. Dimethyl methylphosphonate (10 g) was co-evaporated with toluene (2x) 
under an argon atmosphere. 3.0 equivalents of dimethyl methylphosphonate (7.65 g, 
60.8 mmol) were dissolved in dry THF (40 mL) and cooled to -70°C, followed by the 
addition of n-butyllithium (1.6 M in hexane, 38 mL, 60.8 mmol, 3.0 eq.). After 1.5 hours, 
a solution of the obtained triflate in dry THF (2x 17 mL) was added via a canula over 30 
minutes. The reaction mixture was allowed to warm-up to -50°C over 2 hours. The 
reaction was subsequently quenched by the addition of a solution of AcOH in THF (60 
mL, 2 M, 6.0 eq.) and diluted with EtOAc. The organic layer was washed with sat. aq. 
NaHCO3 (1x), dried over Na2SO4, filtered and concentrated in vacuo. Purification by 
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column chromatography (550% acetone in DCM + 0.1% Et3N) afforded the title 

compound (7.31 g, 13.1 mmol, 65%) as an oil. Rf: 0.55 (4/1 DCM/acetone); [𝛼]D
25 +70.6° 

(c = 0.49, CHCl3); 1H NMR (CDCl3, 400 MHz, HH-COSY, HSQC): δ 7.04 (d, 2H, J = 8.6 Hz, 
Ar), 6.63 (d, 2H, J = 8.6 Hz, Ar), 4.94 (s, 1H, H-1), 4.59 (d, 1H, J = 11.3 Hz, CHH PMB), 4.31 
(d, 1H, J = 11.3 Hz, CHH PMB), 4.03 (t, 1H, J = 6.3 Hz, H-3), 3.98 (d, 2H, J = 10.6 Hz, CH2 
propargyl), 3.95 – 3.90 (m, 1H, H-2), 3.54 (s, 3H, CH3 PMB), 3.50 (s, 3H, OCH3), 3.47 (s, 
3H, OCH3), 3.34 – 3.24 (m, 1H, H-5), 3.00 (dd, 1H, J = 9.9, 7.0 Hz, H-4), 1.97 – 1.83 (m, 
1H, CHH-6), 1.73 – 1.58 (m, 1H, CHH-7), 1.58 – 1.38 (m, 2H, CHH-6, CHH-7), 1.28 (s, 3H, 
CH3 isopropylidene), 1.14 (s, 3H, CH3 isopropylidene), -0.04 (s, 9H, 3x CH3 TMS); 13C-APT 
NMR (CDCl3, 101 MHz, HSQC): δ 158.8, 129.7 (Cq Ar), 129.2, 113.2 (Ar), 108.7 (Cq 

isopropylidene), 99.8 (CC), 94.8 (C-1), 91.4 (CC), 78.1 (C-3), 77.6 (C-4), 75.2 (C-2), 71.7 
(CH2 PMB), 67.6, 67.4 (C-5), 54.6 (CH3 PMB), 54.3 (CH2 propargyl), 51.8, 51.7, 51.7, 51.7 
(OCH3), 27.6, 25.8 (CH3 isopropylidene), 24.0 (CH2-6), 20.5, 19.1 (CH2-7), -0.7 (CH3 TMS); 
31P-APT NMR (CDCl3, 162 MHz): δ 35.0; FT-IR (neat, cm-1): 2176, 1612, 1586, 1515, 1458, 
1372, 1302, 1245, 1220, 1170, 1140, 1062, 1029, 916, 842, 808, 760, 736, 701, 636, 584, 
523, 486; HRMS: [M+Na]+ calcd. for C26H41O9PSiNa: 579.2155, found 579.2158. 
 
Propargyl 6-deoxy-2,3-di-O-isopropylidene-4-O-p-methoxybenzyl-6-di-
methoxyphosphonomethyl-α-D-mannopyranoside (18)  

TBAF (1 M in THF, 24.5 mL, 2.0 eq.) was added to a solution of 
compound 17 (6.86 g, 12.1 mmol, 1.0 eq.) in THF (60 mL) at 0°C. 
After stirring for 15 minutes, TLC analysis showed complete 
conversion of the starting material. The mixture was diluted with 
EtOAc and washed with sat. aq. NaHCO3 (1x). The organic layer was 
dried over Na2SO4, filtered and concentrated in vacuo. Purification 
by column chromatography (515% acetone in DCM + 0.1% Et3N) 

gave compound 18 in quantitative yield (5.94 g). Rf: 0.44 (4/1 DCM/acetone); [𝛼]D
25 

+67.9° (c = 1.3, CHCl3); 1H NMR (CDCl3, 400 MHz, HH-COSY, HSQC): δ 7.25 (m, 2H, Ar), 
6.84 (d, 2H, J = 8.0 Hz, Ar), 5.16 (s, 1H, H-1), 4.79 (d, 1H, J = 11.1 Hz, CHH PMB), 4.50 (d, 
1H, J = 11.1 Hz, CHH PMB), 4.27 – 4.21 (m, 1H, H-3), 4.18 (dd, 2H, J = 8.1, 2.4 Hz, CH2 
propargyl), 4.12 (d, 1H, J = 5.6 Hz, H-2), 3.77 (s, 3H, CH3 PMB), 3.71 (s, 3H, OCH3), 3.69 
(s, 3H, OCH3), 3.54 – 3.46 (m, 1H, H-5), 3.21 (dd, 1H, J = 9.8, 7.0 Hz, H-4), 2.44 (t, 1H, J = 
2.4 Hz, CH propargyl), 2.17 – 2.05 (m, 1H, CHH-6), 1.97 – 1.79 (m, 1H, CHH-7), 1.79 – 
1.60 (m, 2H, CHH-6, CHH-7), 1.48 (s, 3H, CH3 isopropylidene), 1.34 (s, 3H, CH3 
isopropylidene); 13C NMR (101 MHz, CDCl3) δ 159.3, 130.2 (Cq Ar), 129.8, 113.8 (Ar), 
109.4 (Cq isopropylidene), 95.4 (C-1), 78.6 (C-3), 78.5 (Cq propargyl), 78.4 (C-4), 75.7 (C-
2), 75.3 (CH propargyl), 72.5 (CH2 PMB), 68.3, 68.1 (C-5), 55.3 (CH3 PMB), 54.2 (CH2 
propargyl), 52.4, 52.4 (OCH3), 28.1, 26.3 (CH3 isopropylidene), 24.6 (CH2-6), 21.1, 19.7 
(CH2-7); 31P-APT NMR (CDCl3, 162 MHz): δ 35.2; FT-IR (neat, cm-1): 3280, 2936, 1612, 
1514, 1458, 1373, 1302, 1244, 1221, 1171, 1140, 1064, 1031, 916, 853, 810, 637, 591, 
521; HRMS: [M+Na]+ calcd. for C23H33O9PNa: 507.1760, found 507.1760. 
 



Synthesis of multivalent MPR ligand-antigen conjugates 

 

137 

Propargyl 6-deoxy-6-phosphonomethyl-α-D-mannopyranoside (9) 
Compound 18 (1.0 g, 2.1 mmol, 1.0 eq.) was co-evaporated with 
toluene (2x) under an argon atmosphere and dissolved in dry MeCN 
(25 mL). Pyridine (1.8 mL, 22 mmol, 11 eq.) was added and the 
solution was cooled to 0°C. TMSBr (5.6 mL, 42 mmol, 20 eq.) was 
added and a glass stopper was put on the flask. After stirring at 0°C 
for 2 hours, the mixture was quenched with pyridine and diluted with 
H2O. The obtained mixture was concentrated in vacuo and co-

evaporated with dioxane (2x). The residue was dissolved in EtOAc and washed with 
brine (2x). The organic layer was dried over Na2SO4, filtered and concentrated in vacuo. 
The obtained intermediate (Rf = 0.14 (MeOH/DCM: 2/3 v/v) was dissolved in a mixture 
of AcOH/Milli-Q H2O (1/1, v/v, 25 mL) and heated to 90°C for 8 hours, after which it was 
cooled to room temperature. The reaction mixture was diluted with Milli-Q H2O and 
concentrated in vacuo. After co-evaporation with Milli-Q H2O (5x), the residue was 
dissolved in Milli-Q H2O, washed with DCM (4x) and concentrated in vacuo. 
Lyophilization yielded the title compound (0.50 g, 1.7 mmol, 81%) as a white solid. Rf: 
0.40 (3/2 DCM/MeOH); 1H NMR (D2O, 500 MHz, HH-COSY, HSQC): δ 4.97 (d, 1H, J = 1.7 
Hz, H-1), 4.36 – 4.23 (m, 2H, CH2 propargyl), 3.92 (dd, 1H, J = 3.4, 1.8 Hz, H-2), 3.73 (dd, 
1H, J = 9.3, 3.5 Hz, H-3), 3.60 – 3.47 (m, 2H, H-4, H-5), 2.90 (t, 1H, J = 2.4 Hz, CH 
propargyl), 2.13 – 2.00 (m, 1H, CHH-6), 1.90 – 1.75 (m, 1H, CHH-7), 1.75 – 1.52 (m, 2H, 
CHH-6, CHH-7); 13C-APT NMR (D2O, 126 MHz, HSQC): δ 98.7 (C-1), 78.9 (Cq propargyl), 
76.3 (CH propargyl), 73.0, 72.9 (C-5), 70.4 (C-3), 70.0 (C-4), 70.0 (C-2), 54.6 (CH2 
propargyl), 25.2 (CH2-6), 24.4, 23.3 (CH2-7); 31P-APT NMR (D2O, 162 MHz, HMBC): δ 
26.1; HRMS: [M+Na]+ calcd. for C10H17O8PNa: 319.0559, found 319.0566. 
 
Ac-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-
Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-Ala-Ala-Ala-Lys-NH2 (20)  

100 µmol of crude H-Asp(OtBu)-Glu(OtBu)-Val-Ser(tBu)-
Gly-Leu-Glu(OtBu)-Gln(Trt)-Leu-Glu(OtBu)-Ser(tBu)-Ile-

Ile-Asn(Trt)-Phe-Glu(OtBu)-Lys(Boc)-Leu-Ala-Ala-Ala-Ala-
Ala-Lys(MMT)-Tentagel S Ram was elongated with Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-
Lys(N3)-Lys(N3) with standard HCTU/Fmoc chemistry concluding in final Fmoc removal 
with a solution of 20% piperidine in DMF (3x 3 min). The resin was treated with a 
mixture of Ac2O/DMF/DIPEA (2x 2.0 mL, 20 min), and washed with DMF (3x) and DCM 
(3x). The peptide was cleaved from the resin after treatment with TFA/TIS/H2O 
(95/2.5/2.5 v/v/v) (4.0 mL) for 3 hours the suspension was filtered and the residue was 
washed with the cleavage cocktail (4.0 mL). The product was precipitated with Et2O. 
After purification by RP-HPLC and lyophilisation, compound 20 (4.6 mg, 1.3 µmol, 1%) 
was obtained as a white solid. LC-MS: Rt = 6.91 min (C18 Gemini, 10 - 90% MeCN, 11 
min run); ESI-MS: m/z 1757.0 [M+H]2+; HRMS: [M+H]2+ calcd. for C150H249N53O45: 
1756.44071, found 1756.44051. 
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Ac-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-
Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-Ala-Ala-Ala-Lys(4-((6-amino-2-
butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-amino-2-
oxoethoxy)ethoxy)ethyl)benzamide)-NH2 (21)  

50 µmol of crude H-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-
Lys(N3)-Lys(N3)-Asp(OtBu)-Glu(OtBu)-Val-Ser(tBu)-Gly-
Leu-Glu(OtBu)-Gln(Trt)-Leu-Glu(OtBu)-Ser(tBu)-Ile-Ile-

Asn(Trt)-Phe-Glu(OtBu)-Lys(Boc)-Leu-Ala-Ala-Ala-Ala-Ala-
Lys(MMT)-Tentagel S Ram was elongated with Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-
Lys(N3) with standard HCTU/Fmoc chemistry concluding in final Fmoc removal with a 
solution of 20% piperidine in DMF (3x 3 min). The resin was treated with a mixture of 
Ac2O/DMF/DIPEA (2x 1.0 mL, 20 min), and washed with DMF (3x) and DCM (3x). The 
peptide was treated with a continuous flow of a mixture of TFA/TIS/DCM (96/2/2 v/v/v, 
15 mL) over 5 minutes. The resin was washed subsequently with DCM (5x), 
TFA/TIS/DCM (96/2/2 v/v/v, 2 mL), DCM (5x), 1 M DIPEA in NMP (2 mL), DCM (3x) and 
DMF (3x). A solution of {2-[2-(Fmoc-amino)ethoxy]ethoxy}acetic acid (41 mg, 106 µmol, 
2.1 eq.) and HCTU (42 mg, 101 µmol, 2.0 eq.) in DMF (1.0 mL) and DIPEA (35 µL, 201 
µmol, 4.0 eq.) were added and the suspension was shaken overnight. The resin was 
washed with DMF (5x), treated with 20% piperidine in DMF (1.0 mL, 2x 20 min) and 
washed with DMF (5x). A solution of 4-((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-
oxo-7,8-dihydro-9H-purin-9-yl)methyl)benzoid acid (47 mg, 102 µmol, 2.0 eq.) and 
HCTU (42 mg, 100 µmol, 2.0 eq.) and DIPEA (35 µL, 200 µmol, 4.0 eq.) were added and 
the suspension was shaken overnight. The peptide was cleaved from the resin after 
treatment with TFA/TIS/H2O (95/2.5/2.5 v/v/v) (2.0 mL) for 3 hours the suspension was 
filtered and the residue was washed with the cleavage cocktail (2.0 mL). The product 
was precipitated with Et2O. After purification by RP-HPLC and lyophilisation, compound 
21 (4.0 mg, 1.1 µmol, 2%) was obtained as a white solid. LC-MS: Rt = 7.13 min (C18 
Gemini, 10 - 90% MeCN, 11 min run); ESI-MS: m/z 1999.8 [M+H]2+; HRMS: [M+H]3+ 
calcd. for C173H278N59O51: 1332.69857, found 1332.69879. 
 
Ac-Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-
Ala-Ala-Ala-Lys-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-NH2 (23)  

100 µmol of crude H-Asp(OtBu)-Glu(OtBu)-Val-Ser(tBu)-
Gly-Leu-Glu(OtBu)-Gln(Trt)-Leu-Glu(OtBu)-Ser(tBu)-Ile-

Ile-Asn(Trt)-Phe-Glu(OtBu)-Lys(Boc)-Leu-Ala-Ala-Ala-Ala-
Ala-Lys(MMT)-Tentagel S Ram was elongated with Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-
Lys(N3)-Lys(N3) with standard HCTU/Fmoc chemistry concluding in final Fmoc removal 
with a solution of 20% piperidine in DMF (3x 3 min). The resin was treated with a 
mixture of Ac2O/DMF/DIPEA (2x 2.0 mL, 20 min), and washed with DMF (3x) and DCM 
(3x). The peptide was cleaved from the resin after treatment with TFA/TIS/H2O 
(95/2.5/2.5 v/v/v) (4.0 mL) for 3 hours the suspension was filtered and the residue was 
washed with the cleavage cocktail (4.0 mL). The product was precipitated with Et2O. 
After purification by RP-HPLC and lyophilisation, compound 23 (17.4 mg, 5.5 µmol, 6%) 
was obtained as a white solid. LC-MS: Rt = 7.11 min (C18 Gemini, 10 - 90% MeCN, 11 
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min run); ESI-MS: m/z 1757.4 [M+H]2+; HRMS: [M+H]2+ calcd. for C150H249N53O45: 
1756.44071, found 1756.44041. 
 
(4-((6-amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-amino-2-
oxoethoxy)ethoxy)ethyl)benzamide)-Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-
Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-Ala-Ala-Ala-Lys-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-
Lys(N3)-Lys(N3)-NH2 (24)  

50 µmol of crude H-Lys(N3)-Lys(N3)-Lys(N3)-
Lys(N3)-Lys(N3)-Lys(N3)-Asp(OtBu)-Glu(OtBu)-Val-

Ser(tBu)-Gly-Leu-Glu(OtBu)-Gln(Trt)-Leu-
Glu(OtBu)-Ser(tBu)-Ile-Ile-Asn(Trt)-Phe-Glu(OtBu)-Lys(Boc)-Leu-Ala-Ala-Ala-Ala-Ala-
Lys(MMT)-Tentagel S Ram was elongated with Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-
Lys(N3) with standard HCTU/Fmoc chemistry concluding in final Fmoc removal with a 
solution of 20% piperidine in DMF (3x 3 min). The resin was washed with DMF (5x), 
followed by the addition of a solution of {2-[2-(Fmoc-amino)ethoxy]ethoxy}acetic acid 
(41 mg, 106 µmol, 2.1 eq.) and HCTU (42 mg, 101 µmol, 2.0 eq.) in DMF (1.0 mL) and 
DIPEA (35 µL, 201 µmol, 4.0 eq.). The suspension was shaken overnight. The resin was 
washed with DMF (5x), treated with 20% piperidine in DMF (1.0 mL, 2x 20 min) and 
washed with DMF (5x). A solution of 4-((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-
oxo-7,8-dihydro-9H-purin-9-yl)methyl)benzoid acid (47 mg, 102 µmol, 2.0 eq.) and 
HCTU (42 mg, 100 µmol, 2.0 eq.) and DIPEA (35 µL, 200 µmol, 4.0 eq.) were added and 
the suspension was shaken overnight. The peptide was cleaved from the resin after 
treatment with TFA/TIS/H2O (95/2.5/2.5 v/v/v) (2.0 mL) for 3 hours the suspension was 
filtered and the residue was washed with the cleavage cocktail (2.0 mL). The product 
was precipitated with Et2O. After purification by RP-HPLC and lyophilisation, compound 
24 (8.2 mg, 2.1 µmol, 2%) was obtained as a white solid. LC-MS: Rt = 7.11 min (C18 
Gemini, 10 - 90% MeCN, 11 min run); ESI-MS: m/z 1978.7 [M+H]2+; HRMS: [M+H]3+ 
calcd. for C171H276N59O50: 1318.69505, found 1318.69517. 
 
Ac-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Asp-Glu- 
Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-Ala-Ala-Ala-
Lys-NH2 (1)  

Azide 20 (4.24 mg, 1.21 µmol, 1.0 eq.) was dissolved in DMSO 
(641 µL), followed by the addition of a solution of compound 
9 in DMSO (91.1 mM, 120 µL, 10.9 µmol, 9.0 eq.). 20 mM 
Tris/150 mM NaCl buffer (787 µL) and click mix (24 µL, 26 
mg/mL CuSO4 in H2O, 120 mg/mL NaAsc in H2O, 52 mg/mL 
TBTA in DMSO) were added. The reaction vessel was shaken 
for 3 hours, after which LC-MS analysis showed complete 
conversion. The reaction was quenched by the addition of 
EDTA (6.6 µL, 0.5 M in H2O) and mixed for 15 minutes. After 
purification by RP-HPLC and lyophilisation, compound 1 (0.3 
mg, 64 nmol, 5%) was obtained as a white solid. LC-MS: Rt = 
4.56 min (C18 Gemini, 10 - 90% MeCN, 11 min run); HRMS: 

[M+H]3+ calcd. for C210H352N53O93P6: 1763.42844, found 1763.42972. 
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Ac-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Asp-Glu-Val-
Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-Ala-Ala-Ala-
Lys(4-((6-amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-
amino-2-oxoethoxy)ethoxy)ethyl)benzamide)-NH2 (2) 

Azide 21 (3.7 mg, 0.93 µmol, 1.0 eq.) was dissolved in 
DMSO (491 µL), followed by the addition of a solution of 
compound 9 in DMSO (91.1 mM, 92 µL, 8.33 µmol, 9.0 
eq.). 20 mM Tris/150 mM NaCl buffer (604 µL) and click 
mix (18 µL, 26 mg/mL CuSO4 in H2O, 120 mg/mL NaAsc in 
H2O, 52 mg/mL TBTA in DMSO) were added. The reaction 
vessel was shaken for 3 hours, after which LC-MS analysis 
showed complete conversion. The reaction was quenched 
by the addition of EDTA (5.0 µL, 0.5 M in H2O) and mixed 
for 15 minutes. After purification by RP-HPLC and 
lyophilisation, compound 2 (1.0 mg, 165 nmol, 18%) was 
obtained as a white solid. LC-MS: Rt = 4.89 min (C18 
Gemini, 10 - 90% MeCN, 11 min run); HRMS: [M+H]3+ 

calcd. for C233H380N59O99P6: 1924.83078, found 1924.83260. 
 
Ac-Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-
Ala-Ala-Ala-Lys-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-
NH2 (3) 

Azide 23 (3.2 mg, 0.92 µmol, 1.0 eq.) was dissolved in DMSO (480 
µL), followed by the addition of a solution of compound 9 in 
DMSO (91.1 mM, 100 µL, 9.11 µmol, 9.0 eq.). 20 mM Tris/150 
mM NaCl buffer (600 µL) and click mix (18 µL, 26 mg/mL CuSO4 
in H2O, 120 mg/mL NaAsc in H2O, 52 mg/mL TBTA in DMSO) were 
added. The reaction vessel was shaken for 2.5 hours, after which 
LC-MS analysis showed complete conversion. The reaction was 
quenched by the addition of EDTA (10 µL, 0.5 M in H2O) and 
mixed for 15 minutes. After purification by RP-HPLC and 
lyophilisation, compound 3 (0.9 mg, 0.17 µmol, 18%) was 
obtained as a white solid. LC-MS: Rt = 4.45 min (C18 Gemini, 10 
- 90% MeCN, 11 min run); HRMS: [M+H]3+ calcd. for 

C210H352N53O93P6: 1763.42844, found 1763.43069. 
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(4-((6-amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-amino-2-
oxoethoxy)ethoxy)ethyl)benzamide)-Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-
Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-Ala-Ala-Ala-Lys-Lys(M6Po)-Lys(M6Po)-
Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-Lys(M6Po)-NH2 (4)  

Azide 24 (7.4 mg, 1.86 µmol, 1.0 eq.) was dissolved in 
DMSO (989 µL), followed by the addition of a solution of 
compound 9 in DMSO (91.1 mM, 184 µL, 16.8 µmol, 9.0 
eq.). 20 mM Tris/150 mM NaCl buffer (1.21 mL) and click 
mix (36 µL, 26 mg/mL CuSO4 in H2O, 120 mg/mL NaAsc in 
H2O, 52 mg/mL TBTA in DMSO) were added. The reaction 
vessel was shaken for 3 hours, after which LC-MS analysis 
showed complete conversion. The reaction was quenched 
by the addition of EDTA (10 µL, 0.5 M in H2O) and mixed 
for 15 minutes. After purification by RP-HPLC and 
lyophilisation, compound 4 (3.3 mg, 0.58 µmol, 31%) was 
obtained as a white solid. LC-MS: Rt = 4.71 min (C18 
Gemini, 10 - 90% MeCN, 11 min run); HRMS: [M+H]4+ 

calcd. for C231H379N59O98P6: 1433.37226, found 1433.37178. 
 
3-(6-O-trityl-α/β-D-mannopyranosyl)-1-propene (25 + 26) 

D-Mannose (52.3 g, 302 mmol, 1.0 eq.) was dissolved in pyridine (0.43 
L) and the reaction mixture was cooled to 0°C. Acetic anhydride (0.20 
L, 2.1 mol, 7.0 eq.) and DMAP (3.69 g, 30.2 mmol, 0.1 eq.) were added. 
After stirring for 25 minutes, the solution was allowed to warm-up to 

room temperature and stirring was continued overnight. The mixture was subsequently 
cooled to 0°C and quenched with MeOH. The solution was diluted with EtOAc and 
washed with 1 M HCl (5x). The organic layer was dried over MgSO4 and concentrated in 
vacuo. The residue was co-evaporated with toluene (2x), which gave acetyl 2,3,4,6-
tetra-O-acetyl-α/β-D-mannopyranoside as a clear oil which solidified on bench in 
quantitative yield (124 g). The intermediate was co-evaporated with toluene (2x) and 
dissolved in MeCN (1.20 L) under an argon atmosphere. After cooling the mixture to 
0°C, allyltrimethylsilane (95 mL, 0.62 mol, 2.0 eq.), BF3∙OEt2 (0.19 L, 1.5 mol, 4.9 eq.) 
and TMSOTf (11 mL, 62 mmol, 0.2 eq.) were added, respectively. After stirring for 30 
minutes, the reaction mixture was allowed to warm-up to room temperature and 
stirring continued for 3 days. The reaction mixture was cooled to 0°C, diluted with 
EtOAc and quenched with Et3N to pH 8. The organic layer was washed with sat. aq. 
NaHCO3 (1x), dried over MgSO4, filtered and concentrated in vacuo. Purification by 
column chromatography (1060% Et2O in pentane) gave a mixture (86.3 g) of 3-(α/β-
D-mannopyranosyl)-1-propene and unreacted acetyl 2,3,4,6-tetra-O-acetyl-α/β-D-
mannopyranoside. After dissolving the mixture in MeOH (0.60 L), sodium methoxide 
(5.4 M in MeOH, 22 mL, 0.12 mol, 0.4 eq.) was added and the solution was stirred for 
1.5 hours. TLC analysis showed complete conversion into a lower running spot (Rf = 0.19 
(MeOH/DCM: 1/9 v/v) and the reaction was quenched using amberlite H+ resin to pH 2-
3. The reaction mixture was filtered and concentrated in vacuo, which gave a mixture 
of the fully deacetylated intermediates (47.2 g, max. 231 mmol) as an oil. After co-
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evaporating with dioxane (1x) under an argon atmosphere, the residue was dissolved 
in DMF (0.77 L). Trityl chloride (100 g, 348 mmol, 1.5 eq.) and Et3N (80 mL, 0.57 mol, 2.5 
eq.) were added and the suspension was heated to 60°C. After stirring for 2.5 h, TLC 
analysis showed complete conversion of the starting material. The reaction mixture was 
cooled to room temperature, diluted with H2O and extracted with EtOAc (2x). The 
combined organic layers were dried over MgSO4, filtered and concentrated in vacuo. 
After purification by column chromatography (2040% EtOAc in pentane) compounds 
25 and 26 (74.5 g, 167 mmol, 55% over 4 steps) were obtained as a foam with an α/β 
ratio of 4.2/1. Rf: 0.46 (1/4 pentane/EtOAc); See compound 26 for analysis. 
 
3-(6-O-trityl-α-D-mannopyranosyl)-1-propene (26) 

A solution of compound 25 and 26 (31.4 g, 70.3 mmol, 1.0 eq., α/β: 
4.2/1) and N-bromosuccinimide (6.3, 35 mmol, 0.5 eq.) in THF (0.70 L) 
was stirred for 2 h, after which LC-MS analysis showed complete 
conversion of the β-mannose. The mixture was quenched by the 

addition of sat. aq. Na2S2O3 (0.50 L). After stirring for an additional 10 minutes, the 
mixture was further diluted with sat. aq. Na2S2O3 (0.25 L) and extracted with DCM (1x). 
The organic layer was washed with sat. aq. NaHCO3 (1x), dried over Na2SO4, filtered and 
concentrated in vacuo. Purification by column chromatography (1060% acetone in 
DCM + 0.1% Et3N) yielded the title compound (23.1 g, 51.7 mmol, 91%) as a white foam. 

Rf: 0.42 (7/3 DCM/acetone); [𝛼]D
25 -18.2° (c = 0.72, CHCl3); 1H NMR (CD3CN, 400 MHz, 

HH-COSY, HSQC): δ 7.54 – 7.44 (m, 6H, Ar), 7.36 – 7.29 (m, 6H, Ar), 7.29 – 7.23 (m, 3H, 
Ar), 6.04 – 5.90 (m, 1H, CH2-CH=CH2), 5.26 – 5.11 (m, 2H, CH2-CH=CH2), 3.88 (ddd, 1H, J 
= 9.5, 5.4, 2.5 Hz, H-1), 3.71 – 3.64 (m, 2H, H-2, H-5), 3.60 (ddd, 1H, J = 9.3, 6.0, 3.5 Hz, 
H-4), 3.45 – 3.37 (m, 1H, H-3), 3.25 – 3.12 (m, 3H, CH2-6, OH), 3.05 (t, 2H, J = 4.6 Hz, 2x 
OH), 2.60 – 2.51 (m, 1H, CHH-CH=CH2), 2.35 – 2.27 (m, 1H, CHH-CH=CH2); 13C-APT NMR 
(CD3CN, 101 MHz, HSQC): δ 145.3 (Cq Trt), 136.3 (CH2-CH=CH2), 129.6, 128.8, 128.0 (Ar), 
117.3 (CH2-CH=CH2), 87.2 (Cq Trt), 77.4 (C-1), 74.4 (C-5), 72.5 (C-4), 71.6 (C-2), 69.7 (C-
3), 65.1 (CH2-6), 34.4 (CH2-CH=CH2); FT-IR (neat, cm-1): 3402, 3060, 2928, 1708, 1643, 
1597, 1490, 1449, 1221, 1073, 1033, 989, 901, 827, 765, 748, 701, 633, 529; LC-MS: Rt 
= 7.15 min (Gemini C18, 10 – 90% MeCN, 11 min run); HRMS: [M+Na]+ calcd. for 
C28H30O5Na: 469.1991, found 496.1991.  
 
3-(2,3-O-isopropylidene-6-O-trityl-α-D-mannopyranosyl)-1-propene (27) 

Compound 26 (43.9 g, 98.3 mmol, 1.0 eq.) was dissolved in 2,2-
dimethoxypropane (0.50 L) and cooled to 0°C. p-Toluenesulfonic acid 
(2.88 g, 15.1 mmol, 0.15 eq.) was added and the reaction mixture was 
stirred for 10 minutes, after which TLC analysis showed complete 

conversion of the starting material. The reaction was quenched by the addition of Et3N 
(7 mL), diluted with DCM and washed with a mixture of sat. aq. NAHCO3/brine (1/1, v/v, 
1x). The organic layer was dried over Na2SO4, filtered and concentrated in vacuo. 
Purification by column chromatography (1050% Et2O in pentane + 0.1% Et3N) gave 

compound 27 (44.6 g, 89.1 mmol, 91%) as a clear oil. Rf: 0.24 (7/3 pentane/Et2O); [𝛼]D
25 

-15.7° (c = 0.19, CHCl3); 1H NMR (CD3CN, 400 MHz, HH-COSY, HSQC): δ 7.50 – 7.44 (m, 
6H, Ar), 7.36 – 7.30 (m, 6H, Ar), 7.29 – 7.23 (m, 3H, Ar), 6.02 – 5.91 (m, 1H, CH2-CH=CH2), 
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5.22 – 5.07 (m, 2H, CH2-CH=CH2), 4.07 – 3.98 (m, 2H, H-2, H-3), 3.92 – 3.86 (m, 1H, H-
1), 3.73 – 3.66 (m, 1H, H-4), 3.59 – 3.53 (m, 1H, H-5), 3.25 – 3.20 (m, 2H, CHH-6, OH), 
3.16 (dd, 1H, J = 10.0, 5.7 Hz, CHH-6), 2.40 (t, 2H, J = 6.9 Hz, CH2-CH=CH2), 1.39 (s, 3H, 
CH3 isopropylidene), 1.30 (s, 3H, CH3 isopropylidene); 13C-APT NMR (CD3CN, 101 MHz, 
HSQC): δ 145.2 (Cq Trt), 135.9 (CH2-CH=CH2), 129.6, 128.8, 128.1 (Ar), 117.5 (CH2-
CH=CH2), 109.8 (Cq isopropylidene), 87.2 (Cq Trt), 79.3 (C-3), 77.1 (C-2), 74.4 (C-5), 73.6 
(C-1), 69.6 (C-4), 64.5 (CH2-6), 37.7 (CH2-CH=CH2), 28.1, 25.9 (CH3 isopropylidene); FT-IR 
(neat, cm-1): 2936, 1612, 1514, 1458, 1373, 1302, 1244, 1221, 1171, 1140, 1064, 1031, 
916, 853, 810, 637, 591, 521; HRMS: [M+Na]+ calcd. for C31H34O5Na: 509.2304, found 
509.2305. 
 
3-(2,3-O-isopropylidene-4-O-p-methoxybenzyl-6-O-trityl-α-D-mannopyranosyl)-1-
propene (28) 

After co-evaporating with toluene (2x) under an argon atmosphere, 
compound 27 (49.9 g, 102.5 mmol, 1.0 eq.) was dissolved in DMF (0.50 
L) and cooled to 0°C. Sodium hydride (60% dispersion in mineral oil, 
4.95 g, 123 mmol, 1.2 eq.) and p-methoxybenzyl chloride (17.0 mL, 

125 mmol, 1.2 eq.) were added and the suspension was allowed to warm-up up to room 
temperature after 20 minutes. After stirring at room temperature for an additional 
hour, TLC analysis showed complete conversion of the starting material. The mixture 
was quenched by the addition of MeOH at 0°C, diluted with Et2O and washed with H2O 
(2x). The organic layer was dried over Na2SO4, filtered and concentrated in vacuo. 
Purification by column chromatography (520% Et2O in pentane + 0.1% Et3N) yielded 

the title compound (60.3 g, 99.4 mmol, 97%) as a clear oil. Rf: 0.63 (pentane/Et2O); [𝛼]D
25 

+12.7° (c = 0.67, CHCl3); 1H NMR (CD3CN, 400 MHz, HH-COSY, HSQC): δ 7.49 – 7.44 (m, 
6H, Ar), 7.35 – 7.24 (m, 9H, Ar), 6.96 – 6.92 (m, 2H, Ar), 6.80 – 6.75 (m, 2H, Ar), 6.06 – 
5.93 (m, 1H, CH2-CH=CH2), 5.24 – 5.10 (m, 2H, CH2-CH=CH2), 4.62 (d, 1H, J = 11.0 Hz, 
CHH PMB), 4.31 – 4.21 (m, 2H, H-3, CHH PMB), 4.08 (dd, 1H, J = 6.4, 5.4 Hz, H-2), 3.99 – 
3.92 (m, 1H, H-1), 3.75 (s, 3H, CH3 PMB), 3.70 – 3.60 (m, 2H, H-4, H-5), 3.31 (dd, 1H, J = 
9.9, 2.1 Hz, CHH-6), 3.08 (dd, 1H, J = 9.8, 5.0 Hz, CHH-6), 2.42 (t, 2H, J = 6.9 Hz, CH2-
CH=CH2), 1.46 (s, 3H, CH3 isopropylidene), 1.34 (s, 3H, CH3 isopropylidene); 13C-APT 
NMR (CD3CN, 101 MHz, HSQC): δ 160.1 (Cq PMB), 145.1 (Cq Trt), 135.9 (CH2-CH=CH2), 
131.3 (Cq PMB), 130.5, 129.6, 128.8, 128.1 (Ar), 117.6 (CH2-CH=CH2), 114.4 (Ar), 109.9 
(Cq isopropylidene), 87.2 (Cq Trt), 79.2 (C-3), 77.2 (C-2), 76.5 (C-4), 73.7 (C-1), 73.2 (CH2 
PMB), 73.0 (C-5), 64.4 (CH2-6), 55.8 (CH3 PMB), 37.4 (CH2-CH=CH2), 28.1, 26.0 (CH3 
isopropylidene); FT-IR (neat, cm-1): 2987, 2934, 1613, 1514, 1491, 1449, 1381, 1302, 
1247, 1212, 1172, 1069, 1034, 1002, 915, 868, 822, 765, 747, 704, 633, 518; HRMS: 
[M+Na]+ calcd. for C39H42O6Na: 629.2879, found 629.2881. 
 
3-(2,3-O-isopropylidene-4-O-p-methoxybenzyl-α-D-mannopyranosyl)-1-propene (29) 

A solution of compound 28 (60.3 g, 99.4 mmol, 1.0 eq.) and p-
toluenesulfonic acid (7.70 g, 39.7 mmol, 0.4 eq.) in DCM/MeOH (2/1 
v/v, 0.66 L) was stirred for one hour, after which TLC analysis showed 
complete conversion of the starting material. The reaction mixture 

was quenched by the addition of sat. aq. NaHCO3 (0.50 L) and extracted with EtOAc (3x). 
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The combined organic layers were dried over Na2SO4, filtered and concentrated in 
vacuo. The obtained residue was dissolved in a mixture of 2,2-dimethoxypropane/DCM 
(4/1, 0.50 L). p-Toluenesulfonic acid (1.93 g, 9.94 mmol, 0.1 eq.) was added and the 
mixture was stirred for 5 minutes, after which it was quenched with sat. aq. NaHCO3 
(0.50 L) and extracted with EtOAc (1x). The organic layer was dried over Na2SO4, filtered 
and concentrated in vacuo. The obtained intermediates were dissolved in EtOAc (0.45 
L) and cooled to 0°C. 1 M HCl (45 mL) was added and after 30 minutes the mixture was 
allowed to warm-up to room temperature. After stirring for an additional 30 minutes, 
TLC analysis showed complete conversion and the reaction was quenched with sat. aq. 
NaHCO3 (0.50 L) at 0°C. The organic layer was separated and the aqueous layer was 
extracted with EtOAc (1x). The combined organic layers were dried over Na2SO4, filtered 
and concentrated in vacuo. After purification by column chromatography (2070% 
Et2O in pentane) the title compound (35.2 g, 96.6 mmol, 97%) was obtained as a clear 

oil. Rf: 0.53 (2/3 pentane/Et2O); [𝛼]D
25 +29.8° (c = 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz, 

HH-COSY, HSQC): δ 7.30 – 7.24 (m, 2H, Ar), 6.90 – 6.84 (m, 2H, Ar), 5.88 – 5.76 (m, 1H, 
CH2-CH=CH2), 5.17 – 5.09 (m, 2H, CH2-CH=CH2), 4.81 (d, 1H, J = 11.1 Hz, CHH PMB), 4.55 
(d, 1H, J = 11.1 Hz, CHH PMB), 4.30 (t, 1H, J = 6.7 Hz, H-3), 4.07 (dd, 1H, J = 6.4, 4.5 Hz, 
H-2), 3.96 – 3.90 (m, 1H, H-1), 3.80 (s, 3H, CH3 PMB), 3.73 (dd, 1H, J = 11.5, 3.0 Hz, CHH-
6), 3.67 – 3.54 (m, 2H, H-4, CHH-6), 3.53 – 3.45 (m, 1H, H-5), 2.43 – 2.31 (m, 2H, CH2-
CH=CH2), 1.97 (br, 1H, OH), 1.52 (s, 3H, CH3 isopropylidene), 1.38 (s, 3H, CH3 
isopropylidene); 13C-APT NMR (CD3CN, 101 MHz, HSQC): δ 159.5 (Cq PMB), 133.9 (CH2-
CH=CH2), 130.2 (Cq PMB), 129.9 (Ar), 118.0 (CH2-CH=CH2), 113.9 (Ar), 109.4 (Cq 
isopropylidene), 78.7 (C-3), 76.3 (C-2), 75.9 (C-4), 72.7 (C-1), 72.7 (CH2 PMB), 71.9 (C-5), 
62.9 (CH2-6), 55.4 (CH3 PMB), 36.4 (CH2-CH=CH2), 27.9, 25.9 (CH3 isopropylidene); FT-IR 
(neat, cm-1): 3480, 2985, 2935, 1642, 1612, 1587, 1514, 1457, 1381, 1302, 1245, 1218, 
1168, 1139, 1062, 1034, 992, 918, 863, 821, 638, 582, 515; HRMS: [M+Na]+ calcd. for 
C20H28O6Na: 387.1784, found 387.1786. 
 
Di-tert-butyl methylphosphonate (30) 

To a solution of di-tert-butyl phosphite (26 g, 0.13 mol, 1.0 eq.) in THF (0.25 
L) was added slowly a solution of n-butyllithium (1.6 M in hexane, 99 ml, 
0.16 mol, 1.2 eq.) at -78°C under an argon atmosphere. After stirring for 1 

h, a solution of iodomethane in THF (2 M, 85 ml, 0.17 mol, 1.3 eq.) was added and the 
reaction was allowed to warm up to room temperature overnight. Concentration in 
vacuo and purification by column chromatography (050% EtOAc in pentane) yielded 
the title compound as a slightly yellow liquid (21.7 g, 104 mmol, 80%). 1H NMR (CDCl3, 
400 MHz, HH-COSY, HSQC): δ 1.50 (s, 18H, 6x CH3 tBu), 1.42 (d, 3H, J = 17.4 Hz, CH3); 13C 
NMR (CDCl3, 101 MHz, HSQC): δ 81.4, 81.3 (Cq tBu), 30.4 (CH3 tBu), 17.1, 15.7 (CH3); 31P 
NMR (CDCl3, 162 MHz): δ 21.9; FT-IR (neat, cm-1): 2980, 1370, 1310, 1257, 1173, 1040, 
983, 771; HRMS: [M+Na]+ calcd. for C9H21O3PNa: 231.11205, found 231.11206.  
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3-(6-deoxy-2,3-O-isopropylidene-4-O-p-methoxybenzyl-6-di-tert-
butoxyphosphonomethyl-α-D-mannopyranosyl)-1-propene (31) 

Alcohol 29 (1.11 g, 3.04 mmol, 1.0 eq.) was co-evaporated with 
toluene (2x) under an argon atmosphere and dissolved in dry DCM 
(15 mL). The solution was cooled to -40°C, followed by the addition 
of pyridine (0.6 mL, 7.4 mmol, 2.4 eq.) and trifluoromethanesulfonic 
anhydride (0.8 mL, 4.8 mmol, 1.6 eq.). After stirring for one hour at 
-40°C, TLC analysis showed complete conversion of the starting 

material. The reaction mixture was diluted with cold DCM and washed with cold sat. 
aq. CuSO4 (1x), cold sat. aq. NaHCO3 (1x) and cold brine (1x). The organic layer was dried 
over Na2SO4, filtered and concentrated in vacuo at 30°C. The obtained triflate was co-
evaporated with toluene (2x) under an argon atmosphere and used without further 
purification. Di-tert-butyl methylphosphonate 30 (4 g) was co-evaporated with toluene 
(2x) under an argon atmosphere. Di-tert-butyl methylphosphonate 30 (1.85 g, 8.88 
mmol, 2.9 eq.) was dissolved in dry THF (6.0 mL) and cooled to -78°C, followed by the 
addition of n-butyllithium (1.6 M in hexane, 5.7 mL, 9.1 mmol, 3.0 eq.). After two hours, 
a solution of the crude triflate in dry THF (2x 2.5 mL) was added via a canula over 10 
minutes. The reaction mixture was allowed to warm-up to -50°C over 2.5 hours. The 
reaction was subsequently quenched by the addition of a solution of AcOH in THF (36 1 
M, 14 mL) and diluted with EtOAc. The organic layer was washed with sat. aq. NaHCO 
(1x), dried over Na2SO4, filtered and concentrated in vacuo. Purification by column 
chromatography (525% acetone in DCM + 0.1% Et3N) and size exclusions 
(DCM/MeOH: 1/1) gave the title compound (1.22 g, 2.20 mmol, 72%). Rf: 0.52 (9/1 

DCM/acetone); [𝛼]D
25 +0.87° (c = 0.11, CHCl3); 1H NMR (CDCl3, 400 MHz, HH-COSY, 

HSQC): δ 7.27 (d, 2H, J = 4.2 Hz, Ar), 6.88 – 6.82 (m, 2H, Ar), 5.88 – 5.73 (m, 1H, CH2-
CH=CH2), 5.14 – 5.02 (m, 2H, CH2-CH=CH2), 4.80 (d, 1H, J = 11.0 Hz, CHH PMB), 4.55 (d, 
1H, J = 11.1 Hz, CHH PMB), 4.23 (t, 1H, J = 6.4 Hz, H-3), 4.03 (dd, 1H, J = 6.2, 4.9 Hz, H-
2), 3.85 – 3.76 (m, 4H, H-1, CH3 PMB), 3.45 – 3.31 (m, 2H, H-4, H-5), 2.43 – 2.24 (m, 2H, 
CH2-CH=CH2), 2.07 – 1.79 (m, 2H, CH2-6/7), 1.76 – 1.54 (m, 2H, CH2-6/7), 1.47 (s, 21H, 
CH3 isopropylidene, 6x CH3 tBu), 1.37 (s, 3H, CH3 isopropylidene); 13C-APT NMR (CDCl3, 
101 MHz, HSQC): δ 159.4 (Cq PMB), 134.2 (CH2-CH=CH2), 130.3 (Cq PMB), 129.9 (Ar), 
117.7 (CH2-CH=CH2), 113.9 (Ar), 109.3 (Cq isopropylidene), 81.4, 81.3 (Cq tBu), 79.1 (C-
4), 78.5 (C-3), 76.4 (C-2), 72.7 (CH2 PMB), 72.3, 72.2 (C-5), 71.9 (C-1), 55.4 (CH3 PMB), 
36.7 (CH2-CH=CH2), 30.6, 30.5 (CH3 tBu), 28.0 (CH3 isopropylidene), 27.4, 26.1, 26.1 
(CH2-6/7), 26.0 (CH3 isopropylidene), 25.9 (CH2-6/7); 31P-APT NMR (CDCl3, 162 MHz): δ 
24.1; FT-IR (neat, cm-1): 2979, 2934, 1643, 1613, 1586, 1514, 1458, 1393, 1369, 1302, 
1244, 1219, 1171, 1077, 1036, 972, 916, 867, 822, 737, 696, 639, 519, 486; HRMS: 
[M+H]+ calcd. for C29H48O8P: 555.30813, found 555.30800. 
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Methyl 4-(6-deoxy-2,3-O-isopropylidene-4-O-p-methoxybenzyl-6-di-tert-
butoxyphosphonomethyl-α-D-mannopyranosyl)-butanoate (32) 

Compound 31 (8.26 g, 14.9 mmol, 1.0 eq.) was co-evaporated 
with toluene (2x) under an argon atmosphere, before being 
dissolved in dry DCE (0.15 L). Methyl acrylate (3.8 mL, 42 mmol, 
2.8 eq.), CuI (0.43 g, 2.3 mmol, 0.15 eq.) and Grubbs 2nd 
generation catalyst (0.76 g, 0.89 mmol, 0.06 eq.) were added 
and the flask was covered in aluminum foil. The suspension was 
heated to 60°C and stirred for 48 hours, after which it was 

concentrated in vacuo and co-evaporated with toluene (5x) under an argon 
atmosphere. The residue was dissolved in dry DCE (75 mL) and cooled to 0°C. Two 
empty balloons were placed on the flask, followed by the addition of ruthenium 
trichloride (0.59 g, 2.8 mmol, 0.19 eq.) and NaBH4 (1.80 g, 47.6 mmol, 3.2 eq.). 
Methanol (12.0 mL, 0.3 mol, 20 eq.) was carefully added to the suspension over 30 
minutes, after which the mixture was allowed to warm-up up to room temperature 
over 15 minutes. The mixture was subsequently heated to 45°C for 5.5 hours. The 
reaction mixture was cooled to room temperature, diluted with brine and extracted 
with DCM (3x). The combined organic layers were dried over Na2SO4, filtered and 
concentrated in vacuo. Purification by column chromatography (1030% acetone in 
pentane + 0.1% Et3N) afforded compound 32 (6.59 g, 10.7 mmol, 72% over two steps). 

Rf: 0.73 (7/3 DCM/acetone); [𝛼]D
25 +15.5° (c = 0.53, CHCl3); 1H NMR (CDCl3, 400 MHz, 

HH-COSY, HSQC): δ 7.23 (d, 2H, J = 8.7 Hz, Ar), 6.83 – 6.77 (m, 2H, Ar), 4.75 (d, 1H, J = 
11.1 Hz, CHH PMB), 4.50 (d, 1H, J = 11.1 Hz, CHH PMB), 4.17 (t, 1H, J = 6.4 Hz, H-3), 3.93 
(dd, 1H, J = 6.2, 4.9 Hz, H-2), 3.73 (s, 3H, CH3 PMB), 3.71 – 3.65 (m, 1H, H-1), 3.60 (s, 3H, 
OCH3), 3.36 – 3.27 (m, 2H, H-4, H-5), 2.32 – 2.23 (m, 2H, CH2-10), 2.02 – 1.89 (m, 1H, 
CHH-6/7/8/9), 1.89 – 1.69 (m, 2H, CH2-6/7/8/9), 1.69 – 1.49 (m, 5H, CH2-6/7/8/9), 1.47 
(s, 3H, CH3 isopropylidene), 1.45 – 1.40 (m, 18H, 6x CH3 tBu), 1.31 (s, 3H, CH3 
isopropylidene); 13C-APT NMR (CDCl3, 101 MHz, HSQC): δ 173.6 (C=O), 159.2, 130.2 (Cq 
PMB), 129.7, 113.7 (Ar), 109.1 (Cq isopropylidene), 81.4, 81.3, 81.3, 81.3 (Cq tBu), 78.8 
(C-4), 78.3 (C-3), 76.9 (C-2), 72.5 (CH2 PMB), 71.9, 71.8 (C-5), 71.7 (C-1), 55.2 (CH3 PMB), 
51.5 (OCH3), 33.5 (CH2-10), 31.2 (CH2-9), 30.4, 30.4, 30.3, 30.3 (CH3 tBu), 27.8 (CH3 
isopropylidene), 27.1, 26.0, 26.0 (CH2-6 or CH2-7), 25.8 (CH3 isopropylidene), 25.6 (CH2-
6 or CH2-7), 21.0 (CH2-8); 31P-APT NMR (CDCl3, 162 MHz): δ 24.5; FT-IR (neat, cm-1): 
2979, 2935, 1737, 1612, 1514, 1457, 1393, 1369, 1302, 1244, 1219, 1170, 1082, 1037, 
1006, 974, 918, 866, 823, 791, 739, 695, 520, 487; HRMS: [M+Na]+ calcd. for 
C31H51O10PNa: 637.3118, found 637.3124. 
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4-(6-deoxy-2,3-O-isopropylidene-4-O-p-methoxybenzyl-6-di-tert-
butoxyphosphonomethyl-α-D-mannopyranosyl)-butanoic acid (33) 

Methyl ester 32 (6.59 g, 10.7 mmol, 1.0 eq.) was dissolved in in 
a mixture of THF/H2O (4/1, v/v, 0.10 L). LiOH (1.35 g, 32 mmol, 
3.0 eq.) was added and the mixture was stirred for 7 hours, 
after which TLC analysis showed complete conversion of the 
starting material. The reaction mixture was cooled to 0°C, 
acidified with 3 M HCl to pH = 4-5 and extracted with DCM (2x). 
The combined organic layers were dried over Na2SO4, filtered 

and concentrated in vacuo. The title compound was obtained in quantitative yield (6.65 

g) and used without further purification. Rf: 0.28 (7/3 DCM/acetone); [𝛼]D
25 +20.0° (c = 

0.18, CHCl3); 1H NMR (CDCl3, 400 MHz, HH-COSY, HSQC): δ 7.27 (d, 2H, J = 8.7 Hz, Ar), 
6.85 (d, 2H, J = 8.6 Hz, Ar), 4.80 (d, 1H, J = 11.1 Hz, CHH PMB), 4.54 (d, 1H, J = 11.1 Hz, 
CHH PMB), 4.22 (t, 1H, J = 6.6 Hz, H-3), 3.97 (t, 1H, J = 6.1 Hz, H-2), 3.79 (s, 3H, CH3 PMB), 
3.73 – 3.65 (m, 1H, H-1), 3.43 – 3.34 (m, 2H, H-4, H-5), 2.35 (t, 2H, J = 7.2 Hz, CH2-10), 
2.03 – 1.57 (m, 8H, CH2-6/7/8/9), 1.56 – 1.42 (m, 21H, CH3 isopropylidene, 6x CH3 tBu), 
1.36 (s, 3H, CH3 isopropylidene); 13C-APT NMR (CDCl3, 101 MHz, HSQC): δ 176.1 (C=O), 
159.4, 130.4 (Cq PMB), 129.9, 113.9 (Ar), 109.4 (Cq isopropylidene), 82.4, 82.3, 82.3, 
82.2 (Cq tBu), 79.1 (C-4), 78.7 (C-3), 77.3 (C-2), 72.6 (CH2 PMB), 72.4, 72.2 (C-5), 71.7 (C-
1), 55.4 (CH3 PMB), 34.1 (CH2-10), 31.9 (CH2-8), 30.5, 30.5, 30.5, 30.5 (CH3 tBu), 27.9 
(CH3 isopropylidene), 27.0, 26.1, 26.1 (CH2-6/7), 25.7 (CH3 isopropylidene), 25.5 (CH2-
6/7), 21.2 (CH2-9); 31P-APT NMR (CDCl3, 162 MHz): δ 24.8; FT-IR (neat, cm-1): 2980, 2935, 
1724, 1613, 1586, 1514, 1458, 1394, 1370, 1302, 1245, 1217, 1158, 1081, 1037, 980, 
918, 867, 822, 793, 735, 701, 661, 519, 486; HRMS: [M+Na]+ calcd. for C30H49O10PNa: 
623.2961, found 623.2971. 
 
Fmoc-L-Lys(Boc)-OMe (34) 

K2CO3 (16.8 g, 0.122 mol, 3.0 eq.) was added to a solution of Fmoc-L-
Lys(Boc)-OH (18.8 g, 40 mmol, 1.0 eq.) in DMF (0.20 L). The mixture 
was cooled to 0°C and MeI (7.5 mL, 0.12 mol, 3.0 eq.) was slowly 
added. The reaction mixture was allowed to warm-up to room 
temperature and stirred for 2 hours. The reaction mixture was 
quenched with H2O and the obtained solution was extracted with 

Et2O (5x). The combined organic layers were dried over MgSO4, filtered and 
concentrated in vacuo. Purification by column chromatography (10100% Et2O in 
pentane) gave the title compound (17.9 g, 37.1 mmol, 93%). Rf: 0.60 (2/8 
pentane/Et2O); [𝛼]D

20 -6.0° (c = 1.0, DCM); 1H NMR (MeOD, 400 MHz, HH-COSY, HSQC): 
δ 7.80 (d, 2H, J = 7.5 Hz, Ar), 7.71 – 7.64 (m, 2H, Ar), 7.42 – 7.36 (m, 2H, Ar), 7.35 – 7.27 
(m, 2H, Ar), 4.41 – 4.31 (m, 2H, CH2 Fmoc), 4.22 (t, 1H, J = 7.0 Hz, CH Fmoc), 4.15 (dd, 
1H, J = 9.3, 4.8 Hz, CH-L-Lys), 3.71 (s, 3H, OCH3), 3.03 (t, 2H, J = 6.8 Hz, CH2 ε-L-Lys), 1.87 
– 1.76 (m, 1H, CHH β-L-Lys), 1.73 – 1.62 (m, 1H, CHH β-L-Lys), 1.51 – 1.35 (m, 13H, CH2 

γ-L-Lys, CH2 δ-L-Lys, 3x CH3 Boc); 13C-APT NMR (MeOD, 101 MHz, HSQC): δ 174.7, 158.7 
(C=O), 145.3, 145.2, 142.6 (Cq Ar), 128.8, 128.2, 126.2, 120.9 (Ar), 67.9 (CH2 Fmoc), 55.4 
(CH-Lys), 52.7 (OCH3), 48.4 (CH2 Fmoc, 41.0 (CH2 ε-L-Lys), 32.2 (CH2 β-L-Lys) , 30.5 (CH2 

γ-L-Lys), 28.8 (CH3 Boc), 24.2 (CH2 δ-L-Lys); FT-IR (neat, cm-1): 2973, 1687, 1421, 1365, 
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1167, 1046, 759, 739; HRMS: [M+H]+ calcd. for C27H35N2O6: 483.24896, found 
483.24895. 
 
Fmoc-L-Lys-OMe·HCl (35) 

Compound 34 (17.8 g, 37 mmol, 1.0 eq.) was suspended in dioxane 
(10 mL) and cooled to 0°C, followed by the addition of 4 M HCl in 
dioxane (90 mL). The reaction mixture was stirred for 3.5 hours and 
the mixture was concentrated in vacuo. Crystallization with 
dioxane/EtOAc/pentane gave the title compound (15.2 g, 36.3 

mmol, 98%) as a white solid. Rf: 0.14 (9/1 DCM/MeOH); [𝛼]D
20 +3.8° 

(c = 2.0, MeOH); 1H NMR (MeOD, 400 MHz, HH-COSY, HSQC): δ 7.79 (d, 2H, J = 7.5 Hz, 
Ar), 7.71 – 7.62 (m, 2H, Ar), 7.43 – 7.35 (m, 2H, Ar), 7.35 – 7.27 (m, 2H, Ar), 4.40 (dd, 
1H, J = 10.6, 6.9 Hz, CHH Fmoc), 4.33 (dd, 1H, J = 10.5, 6.9 Hz, CHH Fmoc), 4.23 – 4.15 
(m, 2H, CH Fmoc, CH-L-Lys), 3.71 (s, 3H, OCH3), 2.95 – 2.87 (m, 2H, CH2 ε-L-Lys), 1.92 – 
1.81 (m, 1H, CHH β-L-Lys), 1.77 – 1.61 (m, 3H, CHH β-Lys, CH2 γ-L-Lys), 1.52 – 1.39 (m, 
2H, CH2 δ-L-Lys).13C-APT NMR (MeOD, 101 MHz, HSQC): δ 174.3, 158.7 (C=O), 145.3, 
145.1, 142.6 (Cq Ar), 128.8, 128.2, 128.1, 126.2, 126.2, 120.9 (Ar), 67.9 (CH2 Fmoc), 55.1 
(CH-Lys), 52.8 (OCH3 Lysine), 48.4 (CH2 Fmoc), 40.5 (CH2 ε-Lys), 32.0 (CH2 β-Lys), 28.0 
(CH2 γ-Lys), 23.8 (CH2 δ-Lys); FT-IR (neat, cm-1): 3302, 2862, 1725, 1689, 1582, 1544, 
1478, 1466, 1447, 1396, 1355, 1306, 1289, 1274, 1239, 1209, 1171, 1149, 1135, 1109, 
1083, 1047, 1023, 1007, 959, 928, 894, 785, 757, 739, 657, 620, 594, 533, 499, 462; 
HRMS: [M+H]+ calcd. for C22H27N2O4: 383.19653, found 383.19633. 
 
Nα-Fmoc-Nε-[butan-4-(6-deoxy-2,3-O-isopropylidene-4-O-p-methoxybenzyl-6-di-tert-
butoxyphosphonomethyl-α-D-mannopyranosyl)-amide]-L-lysine-methyl ester (36) 

Compound 33 (1.78 g, 2.97 mmol, 1.0 eq.) and 
lysine 35 (1.39 g, 3.32 mmol, 1.12 eq.) were 
dissolved in DMF (15 mL). HCTU (1.47 g, 3.55 
mmol, 1.2 eq.) and DIPEA (1.6 mL, 9.2 mmol, 3.0 
eq.) were added and the solution was stirred for 
2 hours. The reaction mixture was diluted with 
EtOAc and was washed with 1 M HCl (1x), sat. 
aq. NaHCO3 (1x), brine (1x). The organic layer 
was dried over Na2SO4, filtered and 

concentrated in vacuo. Purification by column chromatography (10100% acetone in 
DCM) gave compound 36 (2.25 g, 2.33 mmol, 78%) as an oil. Rf: 0.31 (9/1 DCM/MeOH); 

[𝛼]D
25 +14.7 (c = 0.44, CHCl3); 1H NMR (CDCl3, 500 MHz, HH-COSY, HSQC): δ 7.76 (d, 2H, 

J = 7.5 Hz, Ar), 7.61 (t, 2H, J = 8.1 Hz, Ar), 7.40 (t, 2H, J = 7.4 Hz, Ar), 7.31 (t, 2H, J = 7.5 
Hz, Ar), 7.29 – 7.23 (m, 2H, Ar), 6.85 (d, 2H, J = 8.5 Hz, Ar), 6.68 (br, 1H, NH), 5.60 (d, 1H, 
J = 8.1 Hz, NHFmoc), 4.78 (d, 1H, J = 11.2 Hz, CHH PMB), 4.52 (d, 1H, J = 11.3 Hz, CHH 
PMB), 4.45 – 4.38 (m, 1H, CHH Fmoc), 4.38 – 4.30 (m, 2H, CH L-Lys, CHH Fmoc), 4.26 – 
4.18 (m, 2H, H-3, CH Fmoc), 3.95 (t, 1H, J = 6.2 Hz, H-2), 3.79 (s, 3H, CH3 PMB), 3.74 (s, 
3H, OCH3), 3.63 – 3.55 (m, 1H, H-1), 3.42 – 3.32 (m, 2H, H-4, H-5), 3.32 – 3.20 (m, 1H, 
CHH ε-L-Lys), 3.20 – 3.12 (m, 1H, CHH ε-L-Lys), 2.25 – 2.13 (m, 2H, CH2-10), 1.99 – 1.52 
(m, 10H, 5x CH2-6/7/8/9, β/γ/δ-L-Lys), 1.51 – 1.43 (m, 23H, 1x CH2-6/7/8/9, β/γ/δ-L-Lys, 
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CH3 isopropylidene, 6x CH3 tBu), 1.40 – 1.32 (m, 5H, 1x CH2-6/7/8/9, β/γ/δ-L-Lys, CH3 
isopropylidene); 13C-APT NMR (CDCl3, 126 MHz, HSQC): δ 173.1 (C=O), 159.4 (Cq PMB), 
156.2 (C=O), 144.1, 143.9, 141.4 (Cq Fmoc), 130.4 (Cq PMB), 129.9, 127.8, 127.2, 125.3, 
125.2, 120.1, 113.9 (Ar), 109.4 (Cq isopropylidene), 81.8, 81.8, 81.7, 81.6 (Cq tBu), 79.1 
(C-4), 78.6 (C-3), 78.6 (C-2), 72.8, 72.6 (C-5), 72.6 (CH2 PMB), 71.6 (C-1), 67.1 (CH2 Fmoc), 
55.4 (CH3 PMB), 53.9 (CH L-Lys), 52.5 (OCH3), 47.3 (CH Fmoc), 39.0 (CH2 ε-L-Lys), 36.2 
(CH2-10), 32.1 (CH2 β-L-Lys), 31.9 (CH2 δ-L-Lys), 30.6, 30.5, 30.5 (CH3 tBu), 29.2, 27.8 (CH3 
isopropylidene), 27.2, 26.2, 26.2, 26.0 (CH2-6/7), 25.6 (CH3 isopropylidene), 22.6 (CH2 γ-
L-Lys), 22.2 (CH2-9); 31P-APT NMR (CDCl3, 162 MHz): δ 24.3; FT-IR (neat, cm-1): 3281, 
2980, 2935, 1721, 1650, 1613, 1514, 1451, 1370, 1246, 1172, 1082, 1037, 981, 916, 867, 
823, 760, 732, 646, 621, 538; HRMS: [M+Na]+ calcd. for C52H73N2O13PNa: 987.4748, 
found 987.4761. 
 
Nα-Fmoc-Nε-[butan-4-(6-deoxy-2,3-O-isopropylidene-4-O-p-methoxybenzyl-6-di-tert-
butoxyphosphonomethyl-α-D-mannopyranosyl)-amide]-L-lysine (10) 

Compound 36 (2.20 g, 2.28 mmol, 1.0 eq.) was 
dissolved in THF (23 mL) and cooled to 0°C. A 
solution of LiOH in H2O (0.30 M, 15 mL, 4.5 mmol, 
2.0 eq.) was added and the mixture was stirred 
vigorously for 40 minutes, after which the mixture 
was acidified by the addition of 1 M HCl to pH = 3-
4 and diluted with brine. The mixture was 
extracted with EtOAc (2x) and the combined 
organic layers were dried over Na2SO4, filtered 

and concentrated in vacuo. After purification by column chromatography (210% 
MeOH in DCM + 0.1% AcOH), the title compound (1.68 g, 1.77 mmol, 78%) was obtained 

as a white foam. Rf: 0.36 (9/1 DCM/MeOH + 0.1% AcOH); [𝛼]D
25 +31.9° (c = 0.32, DCM); 

1H NMR (MeOD, 500 MHz, HH-COSY, HSQC): δ 7.78 (d, 2H, J = 7.6 Hz, Ar), 7.67 (t, 2H, J 
= 8.4 Hz, Ar), 7.38 (td, 2H, J = 7.4, 1.1 Hz, Ar), 7.30 (td, 2H, J = 7.5, 1.2 Hz, Ar), 7.28 – 7.23 
(m, 2H, Ar), 6.89 – 6.84 (m, 2H, Ar), 4.75 (d, 1H, J = 11.3 Hz, CH2 PMB), 4.53 (d, 1H, J = 
11.3 Hz, CH2 PMB), 4.35 (dd, 2H, J = 7.0, 2.4 Hz, CH2 Fmoc), 4.23 – 4.18 (m, 2H, H-3, CH 
Fmoc), 4.13 (dd, 1H, J = 9.2, 4.6 Hz, CH L-Lys), 4.00 – 3.96 (m, 1H, H-2), 3.77 (s, 3H, CH3 
PMB), 3.71 – 3.65 (m, 1H, H-1), 3.40 – 3.33 (m, 2H, H-4, H-5), 3.19 – 3.13 (m, 2H, CH2 ε-
L-Lys), 2.22 – 2.15 (m, 2H, CH2-10), 1.99 – 1.38 (m, 35H, 7x CH2-6/7/8/9, β/γ/δ-L-Lys, CH3 
isopropylidene, 6x CH3 tBu), 1.33 (s, 3H, CH3 isopropylidene); 13C-APT NMR (MeOD, 126 
MHz, HSQC): δ 175.6, 160.8 (C=O), 158.6 (Cq PMB), 145.4, 145.2, 142.6 (Cq Fmoc), 131.6 
(Cq PMB), 130.9, 128.8, 128.2, 128.2, 126.3, 126.2, 121.0, 114.7 (Ar), 110.3 (Cq 
isopropylidene), 83.5, 83.5, 83.5, 83.5 (Cq tBu), 79.7 (C-4), 79.7 (C-3), 78.2 (C-2), 73.2 
(CH2 PMB), 73.2 (C-1), 72.8, 72.7 (C-5), 67.9 (CH2 Fmoc), 55.7 (CH3 PMB), 55.5 (CH Fmoc), 
48.4 (CH L-Lys), 40.1 (ε-L-Lys), 36.6 (CH2-10), 32.5 (CH2 β-L-Lys), 32.3 (CH2 δ-L-Lys), 30.8, 
30.8, 30.7, 30.7, 30.0 (CH3 tBu), 28.2 (CH3 isopropylidene), 27.6, 27.1, 27.1, 26.4 (CH2-
6/7), 25.9 (CH3 isopropylidene), 24.3 (CH2 γ-L-Lys), 23.2 (CH2-9); 31P-APT NMR (MeOD, 
202 MHz, HMBC): δ 25.7; FT-IR (neat, cm-1): 3301, 2980, 2935, 1716, 1650, 1613, 1514, 
1451, 1394, 1370, 1246, 1161, 1081, 1038, 985, 912, 866, 823, 760, 730, 647, 621, 540; 
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LC-MS: Rt = 8.72 min (C18 Gemini, 10 - 50% MeCN, 11 min run); HRMS: [M+Na]+ calcd. 
for C51H71N2O13PNa: 973.4591, found 973.4603.  
 
Ac-[Lys(butan-4-(6-deoxy-6-phosphonomethyl-α-D-mannopyranosyl)-amide)]6-Ile-
Ser-Gln-Ala-Val-His-Ala-Ala-His-Ala-Glu-Ile-Asn-Glu-Ala-Gly-Arg-Lys-NH2 (5) 

100 µmol of crude H-Ile-Ser(OtBu)-Gln(Trt)-Ala-Val-
His(Trt)-Ala-Ala-His(Trt)-Ala-Glu(OtBu)-Ile-Asn(Trt)-

Glu(OtBu)-Ala-Gly-Arg(Pbf)-Lys(MMT)-Tentagel S Ram 
was washed with DMF (5x) and elongated by the addition 
of a solution of acid 10 (0.19 g, 0.20 mmol, 2.0 eq.) and 
HCTU (84 mg, 0.20 µmol, 2.0 eq.) in DMF (2.0 mL) and 
DIPEA (70 µL, 0.40 mmol, 4.0 eq.). The suspension was 
shaken overnight. The resin was washed with DMF (5x), 
treated with 20% piperidine in DMF (2.0 mL, 2x 20 min) 
and washed with DMF (5x). This was repeated another 5 
times, after which the resin was treated with a mixture of 
Ac2O/DMF/DIPEA (2x 2.0 mL, 20 min), and washed with 

DMF (3x) and DCM (3x). 30 µmol of crude Ac-[Lys(butan-4-(6-deoxy-2,3-O-
isopropylidene-4-O-p-methoxybenzyl-6-di-tert-butoxyphosphonomethyl-α-D-
mannopyranosyl)-amide)]6-Ile-Ser(OtBu)-Gln(Trt)-Ala-Val-His(Trt)-Ala-Ala-His(Trt)-Ala-
Glu(OtBu)-Ile-Asn(Trt)-Glu(OtBu)-Ala-Gly-Arg(Pbf)-Lys(MMT)-Tentagel S Ram was 
taken and the peptide was cleaved from the resin after treatment with TFA/TIS/H2O 
(95/2.5/2.5 v/v/v) (1.2 mL) for 3 hours the suspension was filtered and the residue was 
washed with the cleavage cocktail (1.2 mL). The product was precipitated with Et2O. 
After purification by RP-HPLC and lyophilisation, compound 5 (13.3 mg, 2.9 µmol, 10%) 
was obtained as a white solid. LC-MS: Rt = 6.19 min (C18 Gemini, 0 - 50% MeCN, 11 min 
run); ESI-MS: m/z 1525.6 [M+H]3+; HRMS: [M+H]4+ calcd. for C184H325N41O80P6: 
1143.77568, found 1143.77633. 
 
Ac-[Lys(butan-4-(6-deoxy-6-phosphonomethyl-α-D-mannopyranosyl)-amide)]6-Ile-
Ser-Gln-Ala-Val-His-Ala-Ala-His-Ala-Glu-Ile-Asn-Glu-Ala-Gly-Arg-Lys(4-((6-amino-2-
butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-amino-2-
oxoethoxy)ethoxy)ethyl)benzamide)-NH2 (6) 

40 µmol of crude Ac-[Lys(butan-4-(6-deoxy-2,3-O-
isopropylidene-4-O-p-methoxybenzyl-6-di-tert-

butoxyphosphonomethyl-α-D-mannopyranosyl)-
amide)]6-Ile-Ser(OtBu)-Gln(Trt)-Ala-Val-His(Trt)-Ala-

Ala-His(Trt)-Ala-Glu(OtBu)-Ile-Asn(Trt)-Glu(OtBu)-Ala-
Gly-Arg(Pbf)-Lys(MMT)-Tentagel S Ram was treated 
with a continuous flow of a mixture of AcOH/TFE/DCM 
(1/2/7 v/v/v, 30 mL) over 15 minutes. The resin was 
washed subsequently with DCM (5x), AcOH/TFE/DCM 
(1/2/7 v/v/v, 4 mL), DCM (5x), 1 M DIPEA in NMP (2x 3 
mL), DCM (3x) and DMF (3x). A solution of {2-[2-(Fmoc-
amino)ethoxy]ethoxy}acetic acid (34 mg, 88 µmol, 2.2 
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eq.) and HCTU (34 mg, 82 µmol, 2.1 eq.) in DMF (0.8 mL) and DIPEA (28 µL, 0.16 mmol, 
4.0 eq.) were added and the suspension was shaken overnight. The resin was washed 
with DMF (5x), treated with 20% piperidine in DMF (0.8 mL, 2x 20 min) and washed with 
DMF (5x). A solution of 4-((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-oxo-7,8-
dihydro-9H-purin-9-yl)methyl)benzoid acid (38 mg, 83 µmol, 2.1 eq.) and HCTU (34 mg, 
82 µmol, 2.1 eq.) and DIPEA (28 µL, 0.16 mmol, 4.0 eq.) were added and the suspension 
was shaken overnight. The resin was washed with DMF (3x), DCM (3x) and the peptide 
was cleaved from the resin after treatment with TFA/TIS/H2O (95/2.5/2.5 v/v/v) (1.6 
mL) for 3 hours the suspension was filtered and the residue was washed with the 
cleavage cocktail (1.6 mL). The product was precipitated with Et2O. After purification by 
RP-HPLC and lyophilisation, compound 6 (3.1 mg, 0.61 µmol, 2%) was obtained as a 
white solid. LC-MS: Rt = 5.73 min (C18 Gemini, 10 - 50% MeCN, 11 min run); ESI-MS: 
m/z 1686.9 [M+H]3+; HRMS: [M+H]4+ calcd. for C207H353N47O86P6: 1264.82744, found 
1264.82866. 
 
Ac-Ile-Ser-Gln-Ala-Val-His-Ala-Ala-His-Ala-Glu-Ile-Asn-Glu-Ala-Gly-Arg-Lys-Lys(butan-
4-(6-deoxy-6-phosphonomethyl-α-D-mannopyranosyl)-amide)]6-NH2 (7) 

100 µmol of H-Tentagel S Ram was washed with DMF (5x) and 
elongated by the addition of a solution of acid 10 (0.19 g, 0.20 
mmol, 2.0 eq.) and HCTU (84 mg, 0.20 mmol, 2.0 eq.) in DMF (2.0 
mL) and DIPEA (70 µL, 0.40 mmol, 4.0 eq.). The suspension was 
shaken overnight. The resin was washed with DMF (5x), treated 
with 20% piperidine in DMF (2.0 mL, 2x 20 min) and washed with 
DMF (5x). This was repeated another 5 times, after which the 
resin was elongated using the synthesizer with Ile-Ser(OtBu)-

Gln(Trt)-Ala-Val-His(Trt)-Ala-Ala-His(Trt)-Ala-Glu(OtBu)-Ile-
Asn(Trt)-Glu(OtBu)-Ala-Gly-Arg(Pbf)-Lys(MMT) with standard 
HCTU/Fmoc chemistry concluding in final Fmoc removal with a 
solution of 20% piperidine in DMF (3x 3 min). 30 µmol of crude 

H-Ile-Ser(OtBu)-Gln(Trt)-Ala-Val-His(Trt)-Ala-Ala-His(Trt)-Ala-Glu(OtBu)-Ile-Asn(Trt)-
Glu(OtBu)-Ala-Gly-Arg(Pbf)-Lys(MMT)-[Lys(butan-4-(6-deoxy-2,3-O-isopropylidene-4-
O-p-methoxybenzyl-6-di-tert-butoxyphosphonomethyl-α-D-mannopyranosyl)-
amide)]6-Tentagel S Ram was treated with a mixture of Ac2O/DMF/DIPEA (2x 1.2 mL, 20 
min), and washed with DMF (3x) and DCM (3x). The peptide was cleaved from the resin 
after treatment with TFA/TIS/H2O (95/2.5/2.5 v/v/v) (1.2 mL) for 3 hours the suspension 
was filtered and the residue was washed with the cleavage cocktail (1.2 mL). The 
product was precipitated with Et2O. After purification by RP-HPLC and lyophilisation, 
compound 7 (11.0 mg, 2.4 µmol, 8%) was obtained as a white solid. LC-MS: Rt = 6.00 
min (C18 Gemini, 0 - 50% MeCN, 11 min run); ESI-MS: m/z 1525.6 [M+H]3+; HRMS: 
[M+H]4+ calcd. for C184H325N41O80P6: 1143.77568, found 1143.77518. 
 
 
 
 
 



Chapter 4 

 

152 

(4-((6-amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-amino-2-
oxoethoxy)ethoxy)ethyl)benzamide)-Ile-Ser-Gln-Ala-Val-His-Ala-Ala-His-Ala-Glu-Ile-
Asn-Glu-Ala-Gly-Arg-Lys-[Lys(butan-4-(6-deoxy-6-phosphonomethyl-α-D-
mannopyranosyl)-amide)]6-NH2 (8) 

30 µmol of crude H-Ile-Ser(OtBu)-Gln(Trt)-Ala-Val-His(Trt)-
Ala-Ala-His(Trt)-Ala-Glu(OtBu)-Ile-Asn(Trt)-Glu(OtBu)-Ala-

Gly-Arg(Pbf)-Lys(MMT)-[Lys(butan-4-(6-deoxy-2,3-O-
isopropylidene-4-O-p-methoxybenzyl-6-di-tert-

butoxyphosphonomethyl-α-D-mannopyranosyl)-amide)]6-
Tentagel S Ram was treated with a solution of {2-[2-(Fmoc-
amino)ethoxy]ethoxy}acetic acid (27 mg, 70 µmol, 2.3 eq.) 
and HCTU (25 mg, 60 µmol, 2.0 eq.) in DMF (0.6 mL) and 
DIPEA (21 µL, 0.12 mmol, 4.0 eq.) were added and the 
suspension was shaken overnight. The resin was washed 
with DMF (5x), treated with 20% piperidine in DMF (0.6 mL, 
2x 20 min) and washed with DMF (5x). A solution of 4-((2-
butoxy-6-((tert-butoxycarbonyl)amino)-8-oxo-7,8-dihydro-

9H-purin-9-yl)methyl)benzoid acid (29 mg, 63 µmol, 2.1 eq.) and HCTU (25 mg, 60 µmol, 
2.0 eq.) and DIPEA (21 µL, 0.12 mmol, 4.0 eq.) were added and the suspension was 
shaken overnight. The resin was washed with DMF (3x), DCM (3x) and the peptide was 
cleaved from the resin after treatment with TFA/TIS/H2O (95/2.5/2.5 v/v/v) (1.2 mL) for 
3 hours the suspension was filtered and the residue was washed with the cleavage 
cocktail (1.2 mL). The product was precipitated with Et2O. After purification by RP-HPLC 
and lyophilisation, compound 8 (17.0 mg, 3.4 µmol, 11%) was obtained as a white solid. 
LC-MS: Rt = 5.91 min (C18 Gemini, 10 - 50% MeCN, 11 min run); ESI-MS: m/z 1673.1 
[M+H]2+; HRMS: [M+H]4+ calcd. for C205H351N47O85P6: 1254.32479, found 1254.32528. 
 
Ac-[Lys(butan-4-(6-deoxy-6-phosphonomethyl-α-D-mannopyranosyl)-amide)]6-Asp-
Glu-Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-Ala-Ala-
Ala-Lys-NH2 (43) 

100 µmol of crude H-Asp(OtBu)-Glu(OtBu)-Val-Ser(tBu)-
Gly-Leu-Glu(OtBu)-Gln(Trt)-Leu-Glu(OtBu)-Ser(tBu)-Ile-

Ile-Asn(Trt)-Phe-Glu(OtBu)-Lys(Boc)-Leu-Ala-Ala-Ala-Ala-
Ala-Lys(MMT) was washed with DMF (5x) and elongated 
by the addition of a solution of acid 10 (0.19 g, 0.20 mmol, 
2.0 eq.) and HCTU (84 mg, 0.20 µmol, 2.0 eq.) in DMF (2.0 
mL) and DIPEA (70 µL, 0.40 mmol, 4.0 eq.). The 
suspension was shaken overnight. The resin was washed 
with DMF (5x), treated with 20% piperidine in DMF (2.0 
mL, 2x 20 min) and washed with DMF (5x). This was 
repeated another 5 times. 40 µmol of crude H-[Lys(butan-

4-(6-deoxy-2,3-O-isopropylidene-4-O-p-methoxybenzyl-
6-di-tert-butoxyphosphonomethyl-α-D-mannopyranosyl)-amide)]6-Asp(OtBu)-
Glu(OtBu)-Val-Ser(tBu)-Gly-Leu-Glu(OtBu)-Gln(Trt)-Leu-Glu(OtBu)-Ser(tBu)-Ile-Ile-
Asn(Trt)-Phe-Glu(OtBu)-Lys(Boc)-Leu-Ala-Ala-Ala-Ala-Ala-Lys(MMT)-Tentagel S Ram 



Synthesis of multivalent MPR ligand-antigen conjugates 

 

153 

was treated with a mixture of Ac2O/DMF/DIPEA (2x 0.8 mL, 20 min), and washed with 
DMF (3x) and DCM (3x). The peptide was cleaved from the resin after treatment with 
TFA/TIS/H2O (95/2.5/2.5 v/v/v) (1.6 mL) for 3 hours the suspension was filtered and the 
residue was washed with the cleavage cocktail (1.6 mL). The product was precipitated 
with Et2O. After purification by RP-HPLC and lyophilisation, compound 43 (8.2 mg, 1.6 
µmol, 4%) was obtained as a white solid. LC-MS: Rt = 4.74 min (C18 Gemini, 10 - 90% 
MeCN, 11 min run); ESI-MS: m/z 1740.1 [M+H]2+; HRMS: [M+H]3+ calcd. for 
C216H376N41O93P6: 1739.47874, found 1739.47817. 
 
Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-
Ala-Ala-Ala-Lys-NH2 (39) 

See compound 45, chapter 2. LC-MS: Rt = 4.88 min (C18 Gemini, 10 - 90% 
MeCN, 11 min run); ESI-MS: m/z 1273.7 [M+H]2+; HRMS: [M+H]2+ calcd. for 

C112H187N29O38: 1273.17904, found 1273.17779. 
 
Ac-Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-
Ala-Ala-Ala-Lys(4-((6-amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-
(2-(2-amino-2-oxoethoxy)ethoxy)ethyl)benzamide)-NH2 (40)  

30 µmol of crude H-Asp(OtBu)-Glu(OtBu)-Val-Ser(tBu)-Gly-Leu-
Glu(OtBu)-Gln(Trt)-Leu-Glu(OtBu)-Ser(tBu)-Ile-Ile-Asn(Trt)-Phe-

Glu(OtBu)-Lys(Boc)-Leu-Ala-Ala-Ala-Ala-Ala-Lys(MMT)-Tentagel S Ram 
was was treated with a mixture of Ac2O/DMF/DIPEA (2x 0.6 mL, 20 min), and washed 
with DMF (3x) and DCM (3x). The peptide was treated with a continuous flow of a 
mixture of TFA/TIS/DCM (96/2/2 v/v/v, 11 mL) over 15 minutes. The resin was washed 
subsequently with DCM (5x), TFA/TIS/DCM (96/2/2 v/v/v, 2 mL), DCM (5x), 1 M DIPEA 
in NMP (2 mL), DCM (3x) and DMF (3x). A solution of {2-[2-(Fmoc-
amino)ethoxy]ethoxy}acetic acid (24 mg, 62 µmol, 2.1 eq.) and HCTU (25 mg, 60 µmol, 
2.0 eq.) in DMF (0.6 mL) and DIPEA (21 µL, 121 µmol, 4.0 eq.) were added and the 
suspension was shaken overnight. The resin was washed with DMF (5x), treated with 
20% piperidine in DMF (0.6 mL, 2x 20 min) and washed with DMF (5x). A solution of 4-
((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)benzoid acid (28 mg, 61 µmol, 2.0 eq.) and HCTU (26 mg, 62 µmol, 2.1 eq.) 
and DIPEA (21 µL, 121 µmol, 4.0 eq.) were added and the suspension was shaken 
overnight. The peptide was cleaved from the resin after treatment with TFA/TIS/H2O 
(95/2.5/2.5 v/v/v) (1.2 mL) for 3 hours the suspension was filtered and the residue was 
washed with the cleavage cocktail (1.2 mL). The product was precipitated with Et2O. 
After purification by RP-HPLC and lyophilisation, compound 40 (9.4 mg, 3.1 µmol, 10%) 
was obtained as a white solid. LC-MS: Rt = 5.41 min (C18 Gemini, 10 - 90% MeCN, 11 
min run); ESI-MS: m/z 1536.9 [M+H]2+; HRMS: [M+H]2+ calcd. for C137H217N35O45: 
1536.28784, found 1536.28769. 
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(4-((6-amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-amino-2-
oxoethoxy)ethoxy)ethyl)benzamide)-Asp-Glu-Val-Ser-Gly-Leu-Glu-Gln-Leu-Glu-Ser-
Ile-Ile-Asn-Phe-Glu-Lys-Leu-Ala-Ala-Ala-Ala-Ala-Lys-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-
Lys(N3)-Lys(N3)-NH2 (41)  

30 µmol of crude H-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-Lys(N3)-
Asp(OtBu)-Glu(OtBu)-Val-Ser(tBu)-Gly-Leu-Glu(OtBu)-Gln(Trt)-Leu-

Glu(OtBu)-Ser(tBu)-Ile-Ile-Asn(Trt)-Phe-Glu(OtBu)-Lys(Boc)-Leu-Ala-Ala-Ala-Ala-Ala-
Lys(MMT)-Tentagel S Ram was washed with DMF (5x), followed by the addition of a 
solution of {2-[2-(Fmoc-amino)ethoxy]ethoxy}acetic acid (25 mg, 65 µmol, 2.2 eq.) and 
HCTU (25 mg, 60 µmol, 2.0 eq.) in DMF (0.6 mL) and DIPEA (21 µL, 121 µmol, 4.0 eq.). 
The suspension was shaken overnight. The resin was washed with DMF (5x), treated 
with 20% piperidine in DMF (0.6 mL, 2x 20 min) and washed with DMF (5x). A solution 
of 4-((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)benzoid acid (28 mg, 61 µmol, 2.0 eq.) and HCTU (25 mg, 60 µmol, 2.0 eq.) 
and DIPEA (21 µL, 121 µmol, 4.0 eq.) were added and the suspension was shaken 
overnight. The peptide was cleaved from the resin after treatment with TFA/TIS/H2O 
(95/2.5/2.5 v/v/v) (1.2 mL) for 3 hours the suspension was filtered and the residue was 
washed with the cleavage cocktail (1.2 mL). The product was precipitated with Et2O. 
After purification by RP-HPLC and lyophilisation, compound 41 (4.1 mg, 1.4 µmol, 5%) 
was obtained as a white solid. LC-MS: Rt = 5.34 min (C18 Gemini, 10 - 90% MeCN, 11 
min run); ESI-MS: m/z 1516.0 [M+H]2+; HRMS: [M+H]2+ calcd. for C135H215N35O44: 
1515.78424, found 1515.78242. 
 
Ile-Ser-Gln-Ala-Val-His-Ala-Ala-His-Ala-Glu-Ile-Asn-Glu-Ala-Gly-Arg-Lys-NH2 (42) 

Tentagel S Ram resin loaded with H-Ile-Ser(OtBu)-Gln(Trt)-Ala-Val-His(Trt)-
Ala-Ala-His(Trt)-Ala-Glu(OtBu)-Ile-Asn(Trt)-Glu(OtBu)-Ala-Gly-Arg(Pbf)-

Lys(MMT)-NH2 on 30 μmol scale was washed with DCM (5x). The peptide was cleaved 
from the resin after treatment with TFA/TIS/H2O (95/2/2/1 v/v/v/v) (1.2 mL) for 3 hours 
the suspension was filtered and the residue was washed with the cleavage cocktail (1.2 
mL). The product was precipitated with Et2O. After purification by RP-HPLC and 
lyophilisation, compound 42 (16.8 mg, 8.8 µmol, 30%) was obtained as a white solid. 
LC-MS: Rt = 3.70 min (C18 Gemini, 10 - 50% MeCN, 11 min run); ESI-MS: m/z 1901.0 
[M+H]+; HRMS: [M+H]2+ calcd. for C80H135N29O25: 951.00865, found 951.00848. 
 
Ac-Ile-Ser-Gln-Ala-Val-His-Ala-Ala-His-Ala-Glu-Ile-Asn-Glu-Ala-Gly-Arg-Lys(4-((6-
amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-amino-2-
oxoethoxy)ethoxy)ethyl)benzamide)-NH2 (43) 

30 µmol of crude H-Ile-Ser(OtBu)-Gln(Trt)-Ala-Val-His(Trt)-Ala-Ala-
His(Trt)-Ala-Glu(OtBu)-Ile-Asn(Trt)-Glu(OtBu)-Ala-Gly-Arg(Pbf)-

Lys(MMT)-Tentagel S Ram was was treated with a mixture of 
Ac2O/DMF/DIPEA (2x 0.6 mL, 20 min), and washed with DMF (3x) and DCM (3x). The 
peptide was treated with a continuous flow of a mixture of TFA/TIS/DCM (96/2/2 v/v/v, 
11 mL) over 15 minutes. The resin was washed subsequently with DCM (5x), 
TFA/TIS/DCM (96/2/2 v/v/v, 2 mL), DCM (5x), 1 M DIPEA in NMP (2 mL), DCM (3x) and 
DMF (3x). A solution of {2-[2-(Fmoc-amino)ethoxy]ethoxy}acetic acid (24 mg, 62 µmol, 
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2.1 eq.) and HCTU (25 mg, 60 µmol, 2.0 eq.) in DMF (0.6 mL) and DIPEA (21 µL, 121 
µmol, 4.0 eq.) were added and the suspension was shaken overnight. The resin was 
washed with DMF (5x), treated with 20% piperidine in DMF (0.6 mL, 2x 20 min) and 
washed with DMF (5x). A solution of 4-((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-
oxo-7,8-dihydro-9H-purin-9-yl)methyl)benzoid acid (28 mg, 61 µmol, 2.0 eq.) and HCTU 
(26 mg, 62 µmol, 2.1 eq.) and DIPEA (21 µL, 121 µmol, 4.0 eq.) were added and the 
suspension was shaken overnight. The peptide was cleaved from the resin after 
treatment with TFA/TIS/H2O (95/2.5/2.5 v/v/v) (1.2 mL) for 3 hours the suspension was 
filtered and the residue was washed with the cleavage cocktail (1.2 mL). The product 
was precipitated with Et2O. After purification by RP-HPLC and lyophilisation, compound 
43 (7.6 mg, 3.1 µmol, 10%) was obtained as a white solid. LC-MS: Rt = 6.47 min (C18 
Gemini, 10 - 50% MeCN, 11 min run); ESI-MS: m/z 1214.3 [M+H]2+; HRMS: [M+H]2+ 
calcd. for C105H165N35O32: 1214.11745, found 1214.11682. 

 
(4-((6-amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-yl)methyl)-N-(2-(2-(2-amino-2-
oxoethoxy)ethoxy)ethyl)benzamide)-Ile-Ser-Gln-Ala-Val-His-Ala-Ala-His-Ala-Glu-Ile-
Asn-Glu-Ala-Gly-Arg-Lys-NH2 (44) 

30 µmol of crude H-Ile-Ser(OtBu)-Gln(Trt)-Ala-Val-His(Trt)-Ala-Ala-
His(Trt)-Ala-Glu(OtBu)-Ile-Asn(Trt)-Glu(OtBu)-Ala-Gly-Arg(Pbf)-

Lys(MMT)-Tentagel S Ram was washed with DMF (5x), followed by the addition of a 
solution of {2-[2-(Fmoc-amino)ethoxy]ethoxy}acetic acid (24 mg, 62 µmol, 2.1 eq.) and 
HCTU (25 mg, 60 µmol, 2.0 eq.) in DMF (0.6 mL) and DIPEA (21 µL, 121 µmol, 4.0 eq.). 
The suspension was shaken overnight. The resin was washed with DMF (5x), treated 
with 20% piperidine in DMF (0.6 mL, 2x 20 min) and washed with DMF (5x). A solution 
of 4-((2-butoxy-6-((tert-butoxycarbonyl)amino)-8-oxo-7,8-dihydro-9H-purin-9-
yl)methyl)benzoid acid (28 mg, 61 µmol, 2.0 eq.) and HCTU (26 mg, 60 µmol, 2.0 eq.) 
and DIPEA (21 µL, 121 µmol, 4.0 eq.) were added and the suspension was shaken 
overnight. The peptide was cleaved from the resin after treatment with TFA/TIS/H2O 
(95/2.5/2.5 v/v/v) (1.2 mL) for 3 hours the suspension was filtered and the residue was 
washed with the cleavage cocktail (1.2 mL). The product was precipitated with Et2O. 
After purification by RP-HPLC and lyophilisation, compound 44 (10.3 mg, 4.3 µmol, 14%) 
was obtained as a white solid. LC-MS: Rt = 6.17 min (C18 Gemini, 10 - 50% MeCN, 11 
min run); ESI-MS: m/z 1193.7 [M+H]2+; HRMS: [M+H]2+ calcd. for C103H163N65O31: 
1193.11216, found 1193.11176. 
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