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Introduction 

 

Upon activation of a glycosyl donor in a glycosylation reaction, a mixture of different 

reactive intermediates is formed (Figure 1). Depending on the glycosyl donor, the 

activator, the acceptor (NuH) and external factors, the α-product, the β-product or a 

mixture thereof can be formed, through a SN2 mechanism, featuring a covalent reactive 

intermediate or a SN1-like mechanism, operating via an oxocarbenium ion 

intermediate.1-4 Insight into the “extremes of the mechanistic spectrum” can help to 

better understand and eventually predict the stereochemical outcome of glycosylation 

reactions taking place somewhere along the mechanism continuum. The previous 

Chapter deals with the SN1 side of the spectrum by determining the influence of the 

substitution pattern of the sugar ring on the conformational preference and reactivity 

of the intermediate oxocarbenium ions, using a combination of computational 

chemistry and glycosylation experiments with C- and D-nucleophiles. This Chapter 

will focus on the other end of the mechanistic spectrum by investigating the covalent 

intermediates and the influence of the reactivity of the acceptor on the SN2 mechanism. 

For SN1 reactions and the associated oxocarbenium ions, it is clear that the functional 

groups on C-2, C-3, C-4 and C-6 heavily influence the outcome,5-7 with the 

stereochemistry of C-2 playing an all important role (this thesis, Chapter 2). To 

systematically map the influence of the ring substitution pattern of the donor in SN2-

type glycosylations, in the study of this Chapter all eight diastereomeric pyranosyl 

thiophenol donors‡ were used (Figure 2A) while the reactive intermediates, formed 

upon activation were characterised using variable temperature (VT)-NMR. While VT-

NMR has been used to detect many covalent species for the usual monosaccharides 

(predominantly triflates and oxosulfonium triflates)8-15 the reactive intermediates for 

the more rare diastereomers have not yet been identified.  

 

 
Figure 1: Equilibrium of reactive species in a glycosylation reaction,  

                                                           
‡ For the synthesis of the allose, altrose, gulose, idose and talose donor, see Chapter 2 
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After establishing of the structure of the species formed upon activation of the eight 

diastereomeric pyranosyl donors, the effect of the nucleophilicity of the acceptor on the 

stereoselectivity of the glycosylations was mapped. To this end the well-established set 

of fluorinated model alcohols (Figure 2B) was used. Of these, the most reactive 

acceptor -ethanol- has been shown to react with relatively stable covalent intermediates 

(generally the axially oriented α-triflates), while the weaker nucleophiles (such as 

trifluorethanol) require a more potent electrophile, such as a β-triflate or more 

dissociated oxocarbenium ion-triflate ion pair.9, 10, 14, 16-19  

 

 
Figure 2: A: Donors (1-8) divided by configuration and B: model acceptors (EtOH, MFE, DFE, TFE 

and HFIP) used in this study.  

 

Results and discussion 

 

Characterisation of reactive intermediates 

 

To study the glycosylating properties of the glycosyl donors 1-8 their activation and the 

formation of reactive intermediates was studied by VT-NMR (Figure 3-6). To this end, 

a mixture of the donor (1 eq) and Ph2SO (1.3 eq) in CD2Cl2 (50 mM) was cooled to -80 

°C, after which Tf2O (1.3 eq) added. The reaction mixture was then allowed to warm to 

-60 °C after which the reactive species were characterized. To aid in the identification 

some experiments were repeated using 3 eq. Ph2SO, promoting the formation of 

sulfoxonium triflate species. The results of the VT-NMR are summarized in Table 1. 
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When glucose donor 1 was activated, a mixture of two species was formed (Figure 3), 

which were identified as the α-triflate (A, H-1: 6.15 (d, J = 3.1 Hz)), previously reported 

in literature,20, 21 and the α-oxosulfonium triflate (C, H-1: 6.51 (d, J = 3.4 Hz)). 

Galactose 2 gave three species upon activation: the α-triflate (A, H-1: 6.19 (d, J = 3.3 

Hz)), the α-oxosulfonium triflate (C, H-1: 6.43 (d, J = 3.5 Hz)) and the β-oxosulfonium 

triflate (D, H-1: 5.50 (d, J = 7.9 Hz)), of which the α-triflate has previously been 

described.21 Both allose (3) and gulose donor (4, Figure 4) gave the α- and β-

oxosulfonium triflates upon activation (for allose: C, H-1: 6.13 (d, J = 3.7 Hz) and D, H-

1: 5.79 (d, J = 7.8 Hz); for gulose: C, H-1: 6.21 (d, J = 3.6 Hz) and (D, H-1: 5.80 (d, J = 

8.1 Hz)). The latter two donors provide significantly more of the β-oriented covalent 

species, which can be directly related to the axial C-3-substituent that destabilizes the α-

oriented triflate and oxosulfonium triflate through 1,3-diaxial interactions. Activation 

of mannose donor (5, Figure 5), led to three species: the α-triflate (A, H-1: 6.10 (s)), the 

α-oxosulfonium triflate (C, H-1: 6.44 (s)) and the β-oxosulfonium triflate (D, H-1: 5.86 

(s)). It has been argued that mannosyl β-triflates cannot be formed because of their 

instability, that results from the unfavourable orientation with respect to the ring 

oxygen and the C-2-substituent (the so called 2-effect). The formation of the β-

oxosulfonium triflate however indicates that a role for these species in the glycosylation 

manifold should not a priori be ruled out. Of note, for a conformationally restricted 

mannose-type donor a β-oxosulfonium triflate has also been reported.22 The α-triflate 

and α-oxosulfonium triflate have previously been characterised for the tetra-O-methyl 

donor.23, 24  Talose (6, Figure 5),  forms the α-triflate upon activation (A, H-1: 6.17 (s)) 

as well as an α-oxosulfonium triflate (C, H-1: 6.28 (s)). No β-oriented species could be 

identified from the mixture of this active donor. Altrose (7, Figure 6) also gave two α-

oriented species upon activation: the α-triflate (A, H-1: 5.96 (s)) and the α-

oxosulfonium triflate (C, H-1: 6.26 (s)). The activation of Idose (8, Figure 6) under the 

standard conditions led to the formation of a side product, which unfortunately could 

not be characterized. This may be due to the relatively high reactivity of the idose 

donor, resulting from the three axial ring substituents.25 When three equivalents of 

Ph2SO were used for the activation the α-triflate (A, H-1: 6.17 (s)) as well as the α-

oxosulfonium triflate (C, H-1: 6.28 (s)) were formed 
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1H-NMR of activated donor 1 

 
1H-NMR of activated donor 2 

 
Figure 3: Activated donors 1 and 2 at -60 ℃ in CD2Cl2  
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C 
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D 
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1H-NMR of activated donor 3 

 
1H-NMR of activated donor 4 

 
Figure 4: Activated donors 3 and 4 at -60 ℃ in CD2Cl2  

D 
C 

D 
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1H-NMR of activated donor 5 

 

 
1H-NMR of activated donor 6 

 
Figure 5: Activated donors 5 and 6 at -60 ℃ in CD2Cl2 
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1H-NMR of activated donor 7 

 
1H-NMR of activated donor 8 

  
Figure 6: Activated donors 7 and 8 at -60 ℃ in CD2Cl2 

 

A

A

C 

C
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Table 1: Reactive species observed with VT-NMR at -60 ℃. n.d. = not detected 

Donor 

H-1 : δ (multiplicity, JH1-H2) 

ratio α-OTf  

(A) 

β-OTf 

(B) 

α-OSPh2
+  

(C) 

β-OSPh2
+ 

(D) 

Glucose (1) 
6.15  

(d, J = 3.1 Hz) 
n.d. 

6.51  

(d, J = 3.4 Hz) 
n.d. 

A:C 

49:51 

Galactose (2) 
6.19  

(d, J = 3.3 Hz) 
n.d. 

6.43  

(d, J = 3.5 Hz) 

5.50  

(d, J = 7.9 Hz) 

A:C:D 

37:55:7 

Allose (3) n.d. n.d. 
6.13  

(d, J = 3.7 Hz) 

5.79  

(d, J = 7.8 Hz) 

C:D 

70:30 

Gulose (4) n.d. n.d. 
6.21  

(d, J = 3.6 Hz) 

5.80  

(d, J = 8.1 Hz) 

C:D 

41:59 

Mannose (5) 
6.10  

(s) 
n.d. 

6.44 

 (s) 

5.86  

(s) 

A:C:D 

71:18:11 

Talose (6) 
6.17 

(s) 
n.d. 

6.28 

(s) 
n.d 

A:C 

91:9 

Altrose (7) 
5.96  

(s) 
n.d. 

6.26  

(s) 
n.d 

A:C 

35:65 

Idose (8)a 
6.00 

(s) 
n.d. 

6.21 

(s) 
n.d 

A:C 

19:81 

a: 3 eq. of Ph2SO were used, in VT-NMR with 1.3 eq. Ph2SO only an yet unidentified 

decomposition product was found.  
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Reactions with O-nucleophiles 

 

Next, all eight pyranosyl donors were glycosylated with five different acceptors of 

different nucleophilicity (EtOH, MFE, DFE, TFE and HFIP) to probe the relation 

between stereoselectivity of the glycosylation reaction and reactivity of the acceptor.9, 10, 

17, 18 The results of these glycosylations are summarized in Table 2, together with the 

results of the glycosylation of the donors with the SN1 model nucleophile TES-D (This 

thesis, chapter 2). In Table 2, the donors are organized by configuration of their C-2 and 

C-3 substituents to highlight the correlation between the orientation of these 

substituents and the reactivity-stereoselectivity trends. Of note, the selectivity of HFIP, 

the weakest O-nucleophile, differs significantly form the selectivity obtained with TES-

D. TES-D gives cis selectivity with respect to the C-2-OBn (α when C-2-OBn is 

equatorial and β when C-2-OBn is axial), while the glycosylations of HFIP selectively 

provide the α-products, regardless of the stereochemistry of C-2. The differences 

between the results of the “SN1 nucleophile” TES-D and HFIP suggest that reactions 

between a glycosyl donor and a weak O-nucleophile follow a different pathway than 

nucleophilic addition to an oxocarbenium ion. Another clear trend when looking at the 

stereoselectivity trends going from ethanol (EtOH) to 2,2,2-trifloroethanol (TFE) is 

observed for the donors having an equatorial C-3-OBn group (i.e. glucose, galactose, 

mannose and talose, 1, 2, 5 and 6 respectively): the stereoselectivity observed for these 

donors gradually changes as a function of acceptor nucleophilicity with the more 

nucleophilic acceptors giving more β-product and the less nucleophilic acceptors 

providing more α-product. When the C-3-OBn group is axial (as in the allose, gulose, 

altrose and idose donors 3, 4, 7 and 8) no clear acceptor reactivity-stereoselectivity 

relationship was found. A potential mechanistic rationale for these observations is 

depicted in Figure 7. For the donors with an equatorial C-3-OBn, the α-triflate or α-

oxosulfonium triflate are more stable than the β-species, as revealed by the VT-NMR 

experiments. The α-species can be in equilibrium with the more reactive β-

intermediates, that can form, as indicated by the observation of the galactose and 

mannose β-oxosulfonium triflates. The most reactive acceptors can substitute the α-

triflate or α-oxosulfonium triflates to provide the β-product. With gradually decreasing 

acceptor reactivity, substitution of the more reactive β-intermediates will become more 

important, leading to the formation of more α-product (Figure 7A). In the donors 

having a C-3-OBn is axial, the difference in stability between the α-species and the β-

species is smaller because of the 1,3-diaxial interactions between the α-(oxosulfonium) 

triflate on C-1 and the OBn-group on C-3.26 However, in the SN2-type substitution on 

the β-species, the trajectory for the incoming nucleophile is also hindered by the C-3-

OBn group (Figure 7B). Thus, the ―conflicting‖ steric interactions lead to overall poor 

stereoselectivity in the glycosylation reactions.  
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Table 2: Stereoselectivity of all eight pyranosyl donors with O-nucleophiles and TES-D. Selectivity is 

given as the α:β ratio in the glycosylation product. Eq = equatorial, Ax = axial n.d. = not 

determined 

Donor C-2 C-3 TES-D HFIP TFE DFE MFE EtOH 

1 

Glc 
Eq Eq 

1A 

>98:2 

(70%) 

1F 

>98:2 

(41%) 

1E 

75:25 

(80%) 

1D 

48:52 

(58%) 

1C 

36:64 

(75%) 

1B 

15:85 

(70%) 

2 

Gal 
Eq Eq 

2A 

>98:2 

(86%) 

2F 

>98:2 

(33%) 

2E 

87:13 

(79%) 

2D 

66:34 

(69%) 

2C 

31:69 

(84%) 

2B 

17:83 

(73%) 

3 

All 
Eq Ax 

3A 

>98:2 

(74%) 

3F 

>98:2 

(30%) 

3E 

50:50 

(68%) 

3D 

58:42 

(60%) 

3C 

55:45 

(n.d.)a 

3B 

46:54 

(45%) 

4 

Gul 
Eq Ax 

4A 

>98:2 

(83%) 

4F 

>98:2 

(39%) 

4E 

60:40 

(85%) 

4D 

69:31 

(83%) 

4C 

83:17 

(85%) 

4B 

78:22 

(94%) 

5 

Man 
Ax Eq 

5A 

3:97 

(93%) 

5F 

>98:2 

(39%) 

5E 

>98:2 

(84%) 

5D 

80:20 

(65%) 

5C 

60:40 

(75%) 

5B 

33:67 

(70%) 

6 

Tal 
Ax Eq 

6A 

<2:98 

(51%) 

6F 

>98:2 

(14%) 

6E 

90:10 

(69%) 

6D 

86:14 

(73%) 

6C 

80:20 

(74%) 

6B 

68:32 

(70%) 

7 

Alt 
Ax Ax 

7A 

20:80 

(55%) 

7F 

>98:2 

(16%) 

7E 

85:15 

(73%) 

7D 

69:31 

(64%) 

7C 

58:42 

(60%) 

7B 

75:25 

(79%) 

8 

Ido 
Ax Ax 

8A 

<2:98 

(74%) 

8F 

>98:2 

(22%) 

8E 

69:31 

(66%) 

8D 

55:45 

(72%) 

8C 

57:43 

(72%) 

8B 

57:43 

(76%) 

For reactions with TES-D, see chapter 2. The stereoselectivity of donors 1, 2 and 5 was previously 

published.19 a: an accurate yield can’t be determined because of poor separation of the glycosylated 

product from the hydrolysed donor 
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Figure 7: The impact of the orientation of the C-3-OBn on the acceptor reactivity-stereoselectivity 

trends. A: For donors having an equatorial C-3-OBn the α-oriented intermediates are more stable, 

and the β-intermediates are more reactive. The most nucleophilic acceptors can react with the more 

prevalent former species, while less reactive acceptors need a stronger electrophile. Through a 

Curtin-Hammett type scenario, the reaction of the poor nucleophiles will shift to the substitution of 

the β-configured intermediates. B: The axial C-3-OBn destabilizes the α-triflate and oxosulfonium 

triflate, favoring the formation of the corresponding β-species, but also hinders nucleophilic attack 

of the incoming nucleophile on the β-species. 

 
Conclusion 

After the investigation of the SN1 side of the glycosylation as outlined in Chapter 2, the 

research of this chapter has characterized the covalent reactive species of all eight 

pyranosyl donors that play a role on the SN2-side of the glycosylation reaction 

mechanism continuum. VT-NMR was used to characterise the reactive intermediates. 

In general, activation of the glycosyl donors leads to the preferential formation of α-

triflates and α-oxosulfonium triflates. The galactose and mannose donors do provide a 

minor amount of the β-oxosulfonium triflate, while activation of the allose and 

especially the gulose donor, both having an axial C-3-group, leads to the generation of a 

significant amount of the equatorially oriented oxosulfonium species. Even though only 

minor amounts of the β-oxosulfonium triflates are formed, the existence of these 

species indicates that they may play a role in the glycosylation reactions of the different 

donors. Next, the eight pyranosyl donors were reacted with a set of model acceptors of 

gradually changing nucleophilicity. From the glycosylation with fluorinated acceptors, 

it becomes clear that, while SN1 reactions are typically 1,2-cis selective as observed by 

glycosylation with TES-D and supported by CEL-maps of the oxocarbenium ions, 

glycosylation of (very) weak O-nucleophiles always provide the α-product, regardless of 

the stereochemistry at C-2. This shows that the reactions of weak C/D or O-

nucleophiles do not proceed via the same pathway. This discrepancy can be explained 

by the different nature of the nucleophiles and stereoelectronic effects that play a role in 

the transition states of the addition reactions to the oxocarbenium ions. The 

development of a stabilizing anomeric effect may promote the formation of the α-

products and H-bonding effects between the nucleophile and donor species will also 

play a role in shaping the trajectory of the incoming O-nucleophiles. However, the 

acceptor reactivity-stereoselectivity trends observed here, can also be accounted for 
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with SN2-type product forming reaction pathways. For the donors having an 

equatorially oriented C-3-OBn group, a clear shift from β- to α-selectivity was observed 

with decreasing nucleophilicity of the acceptor. Through a Curtin-Hammett kinetic 

scenario, in which the weaker nucleophiles preferentially react with the less available 

but more reactive intermediates, the acceptor reactivity-stereoselectivity trends can be 

explained. The donors that carry an axial C-3-OBn group typically provide mixtures of 

anomers in a ratio that shows no clear correlation with the nucleophilicity of the 

acceptor. To better understand the stereochemical outcome of the glycosylations 

studied here, systematic computational studies into the nature of the different 

transition states as well as kinetic studies, supplemented by the establishment of kinetic 

isotope effects will prove valuable. 
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Experimental 

 

Procedure for VT-NMR experiments of glycosyl donors 

A mixture of donor (30 µmol) and Ph2SO (39 µmol or 90 μmol) was coevaporated with toluene, 

dissolved in 0.6 mL of CD2Cl2 under nitrogen atmosphere and transferred to an oven-dried NMR 

tube flushed with nitrogen gas and sealed with an NMR tube septum. The magnet was cooled to -

80 °C, locked, and shimmed and the sample was measured prior to activation. In a separate cold 

bath (-80 °C) the sample was treated with Tf2O (39 µmol) and shaken and recooled 3x. The cold 

sample was wiped dry and quickly inserted back in the cold magnet. The first 1H NMR spectrum 

was immediately recorded. The sample was then reshimmed, and spectra were recorded in 10 °C 

intervals with at least 5 min of equilibration time for every temperature. 

 

General procedure for Ph2SO/Tf2O mediated glycosylations 

Donor (0.1 mmol, 1 eq), Ph2SO (0.13 mmol, 1.3 eq) and TTBP (0.25 mmol, 2.5 eq) were 

coevaporated twice with toluene, dissolved in 2 mL DCM and stirred for 30 min at RT with 3 Å 

molecular sieves. The solution was cooled to -80 ⁰C and Tf2O (22 µL, 0.13 mmol, 2 eq) was 

added. The reaction mixture was allowed to warm to −60 ⁰C and then recooled to −80 ⁰C, after 

which the acceptor (0.2 mmol, 2 eq) in DCM (0.4 mL, 0.5 M) was added. The reaction mixture 

was allowed to warm to −60 ⁰C for and stirred for 2 hr at that temperature. The reaction was 

quenched with 2 mL sat aq NaHCO3, and the mixture was diluted with DCM. The solution was 

transferred to a separatory funnel, water was added, the layers were separated, and the water 

phase was extracted once more with DCM. The combined organic layers were dried over MgSO4, 

filtered, and concentrated in vacuo. Purification by silica gel flash column chromatography 

and/or sephadex LH‐20 size-exclusion chromatography yielded the glycosylation product as a 

mixture of anomers. 

 

Ethyl-2,3,4,6-tetra-O-benzyl-α,β-D-allopyranoside (3B) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 3 and ethanol, yielding compound 3B (25 mg, 45 µmol, 45%, 

colourless oil, α:β = 46:54). An analytical amount was separated of both anomers was separated 

for characterisation. α-anomer: 1H NMR (400 MHz, CDCl3) δ, 7.35 – 7.15 (m, 20H, CHarom), 4.97 

(d, J = 12.3 Hz, 1H, CHH Bn), 4.92 (d, J = 4.0 Hz, 1H, H-1), 4.83 (d, J = 12.3 Hz, 1H, CHH Bn), 

4.64 – 4.56 (m, 3H, CHH Bn, CH2 Bn), 4.52 – 4.45 (m, 2H, CHH Bn, CHH Bn), 4.37 (d, J = 11.6 

Hz, 1H, CHH Bn), 4.27 (dt, J = 10.1, 2.5 Hz, 1H, H-5), 4.18 (t, J = 2.8 Hz, 1H, H-3), 3.85 – 3.74 

(m, 2H, CHH Et, H-6), 3.67 (dd, J = 10.5, 2.1 Hz, 1H, H-6), 3.60 – 3.49 (m, 2H, CHH Et, H-4), 

3.43 (dd, J = 4.1, 2.8 Hz, 1H, H-2), 1.28 (t, J = 7.1 Hz, 3H, CH3 Et) 13C NMR (101 MHz, CDCl3) δ 

145.7, 139.7, 138.3, 138.2 (Cq), 131.2, 129.5, 128.5, 128.4, 128.4, 128.0, 128.0, 127.9, 127.9, 127.8, 

127.8, 127.7, 127.1, 124.9 (CHarom), 97.0 (C-1), 76.7 (C-2), 74.9 (C-4), 73.7, 73.5 (CH2 Bn), 72.6 

(C-3), 71.2, 71.2 (CH2 Bn), 69.0 (C-6), 66.2 (C-5), 63.9 (CH2 Et), 15.4 (CH3 Et); β-anomer: 1H 

NMR (400 MHz, CDCl3) δ 7.52 – 7.04 (m, 20H, CHarom), 4.93 – 4.84 (m, 3H, 2x CHH Bn, H-1), 

4.79 (d, J = 12.0 Hz, 1H, CHH Bn), 4.68 – 4.57 (m, 2H, CHH Bn, CHH Bn), 4.54 (d, J = 12.3 Hz, 
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1H, CHH Bn), 4.47 (d, J = 11.5 Hz, 1H, CHH Bn), 4.35 (d, J = 11.5 Hz, 1H, CHH Bn), 4.10 (t, J = 

2.6 Hz, 1H, H-3), 4.06 (ddd, J = 9.8, 4.8, 1.9 Hz, 1H, H-5), 3.99 (dq, J = 9.5, 7.1 Hz, 1H, CHH Et), 

3.76 (dd, J = 10.7, 1.9 Hz, 1H, H-6), 3.70 – 3.55 (m, 2H, CHH Et, H-6), 3.45 (dd, J = 9.8, 2.5 Hz, 

1H, H-4), 3.24 (dd, J = 7.9, 2.7 Hz, 1H, H-2), 1.27 (t, J = 7.0 Hz, 3H, CH3 Et) 13C NMR (101 MHz, 

CDCl3) δ 139.2, 139.0, 138.6, 138.0 (Cq), 128.5, 128.4, 128.4, 128.3, 128.0, 127.9, 127.9, 127.8, 

127.7, 127.6, 127.6, 127.4 (CHarom), 101.1 (C-1), 79.1 (C-2), 75.9 (C-4), 74.9 (C-3), 74.5, 73.6, 73.2 

(CH2 Bn), 72.5 (C-5), 71.6 9, CH2 Bn), 69.6 (C-6), 65.5 (CH2 Et), 15.6 (CH3 Et); HRMS: 

[M+NH4]+ calcd for C36H40O6NH4 586.31631, found 586.31478.  

 

2-Fluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-allopyranoside (3C) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 3 and 2-fluoroethanol, yielding compound 3C (colourless oil, α:β = 

55:45, contaminated with hydrolysed donor). Data reported for a 1:1 mixture: 1H NMR (500 

MHz, CDCl3) δ 7.44 – 7.16 (m, 40H, CHarom), 4.98 – 4.94 (m, 2H, H-1α, CHH Bn), 4.93 (d, J = 7.9 

Hz, 1H, H-1β), 4.90 – 4.86 (m, 2H, 2x CHH Bn), 4.84 – 4.77 (m, 2H, 2x CHH Bn), 4.66 – 4.58 (m, 

6H, 2x CH2-CHHF, 4x CHH Bn/CHH Bn), 4.56 – 4.44 (m, 7H, 2x CH2-CHHF, 5x CHH Bn/CHH 

Bn), 4.38 (d, J = 11.6 Hz, 1H, CHH Bn), 4.35 (d, J = 11.5 Hz, 1H, CHH Bn), 4.32 – 4.28 (m, 1H, 

H-5α), 4.18 (t, J = 2.8 Hz, 1H, H-3α), 4.14 – 4.03 (m, 3H, H-3β, H-5β, CHH-CH2F), 3.97 – 3.87 

(m, 1H, CHH-CH2F), 3.86 – 3.71 (m, 4H, H-6α, H-6β, 2x CHH-CH2F), 3.70 – 3.64 (m, 2H, H-6α, 

H-6β), 3.55 (dd, J = 9.9, 2.7 Hz, 1H, H-4α), 3.48 – 3.43 (m, 2H, H-2α, H-4β), 3.27 (dd, J = 7.9, 2.6 

Hz, 1H, H-2β); 13C NMR (126 MHz, CDCl3) δ 139.6, 139.1, 138.9, 138.5, 138.2, 138.1, 138.0, 

137.9, 137.8, 137.8 (Cq), 128.6, 128.6, 128.6, 128.5, 128.5, 128.5, 128.5, 128.5, 128.4, 128.3, 128.3, 

128.1, 128.1, 128.1, 128.1, 128.0, 128.0, 128.0, 128.0, 127.9, 127.9, 127.9, 127.9, 127.8, 127.8, 127.7, 

127.7, 127.6, 127.6, 127.5, 127.1 (CHarom), 101.5 (C-1β), 97.6 (C-1α), 83.0 (d, J = 169.4 Hz, CH2-

CH2F), 82.9 (d, J = 169.4 Hz, , CH2-CH2F) 78.9 (C-2β), 76.6 (C-2α), 75.7 (C-4β), 74.9 (C-3β), 74.8 

(C-4α), 74.5, 73.7, 73.6, 73.6, 73.2 (CH2 Bn), 72.6, 72.6 (C-3α, C-5β), 71.7, 71.3, 71.2 (CH2 Bn), 

69.4 (C-6β), 68.9 (C-6α, CH2-CH2F), 67.5 (d, J = 20.6 Hz, CH2-CH2F) 66.4 (C-5α); HRMS: 

[M+NH4]+ calcd for C363H39FO6NH4 604.30689, found 604.30531. 

 

2,2-difluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-allopyranoside (3D) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 3 and 2,2-difluoroethanol, yielding compound 3D (36 mg, 60 µmol, 

60%, colourless oil, α:β = 58:42) Data reported for a 1:1 mixture: 1H NMR (400 MHz, CDCl3) δ 

7.60 – 6.88 (m, 40H, CHarom), 5.96 (tddd, J = 55.6, 7.4, 5.0, 3.6 Hz, 2H, 2x CH2-CHF2), 4.96 – 4.88 

(m, 3H, H-1α, H-1β, CHH Bn), 4.86 – 4.76 (m, 3H, 2x CHH Bn, CHH Bn), 4.62 – 4.53 (m, 6H, 6x 

CHH Bn/CHH Bn), 4.52 – 4.44 (m, 4H, 4x CHH Bn/CHH Bn), 4.38 (d, J = 8.4 Hz, 1H, CHHBn), 

4.35 (d, J = 8.4 Hz, 1H, CHHBn), 4.28 (ddd, J = 9.8, 3.4, 2.1 Hz, 1H, H-5α), 4.17 (t, J = 2.7 Hz, 1H, 

H-3α), 4.09 (t, J = 2.6 Hz, 1H, H-3β), 4.05 (ddd, J = 9.8, 4.5, 2.0 Hz, 1H, H-5β), 4.03 – 3.92 (m, 
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1H, CHH-CHF2), 3.90 – 3.71 (m, 5H, H-6α, H-6β, CHH-CHF2, 2x CHH-CHF2), 3.70 – 3.63 (m, 

2H, H-6α, H-6β), 3.55 (dd, J = 9.9, 2.7 Hz, 1H, H-4α), 3.47 (dd, J = 9.8, 2.5 Hz, 1H, H-4β), 3.44 

(dd, J = 4.0, 2.8 Hz, 1H, H-2α), 3.26 (dd, J = 7.9, 2.6 Hz, 1H, H-2β); 13C NMR (101 MHz, CDCl3) 

δ 139.4, 139.0, 138.6, 138.3, 138.1, 137.9, 137.9 (Cq), 128.6, 128.5, 128.5, 128.5, 128.3, 128.1, 128.1, 

128.1, 128.0, 127.9, 127.9, 127.9, 127.9, 127.8, 127.8, 127.7, 127.6, 127.2 (CHarom), 117.3 – 111.7 

(m, 2x CH2-CHF2) 101.8 (C-1β), 98.1 (C-1α), 78.8 (C-2β), 76.5 (C-2α), 75.5 (C-4β), 74.7 (C-4α), 

74.6 (C-3β), 74.6, 73.7, 73.6, 73.6, 73.2 (CH2 Bn), 72.6 (C-5β), 72.4 (C-3α), 71.7, 71.5, 71.3 (CH2 

Bn), 69.2 (C-6β), 68.7 (C-6α), 68.9 – 67.4 (m, 2x CH2-CHF2), 66.7 (C-5α); HRMS: [M+NH4]+ 

calcd for C36H38F2O6NH4 622.29747, found 622.29587. 

 

2,2,2-trifluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-allopyranoside (3E) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 3 and 2,2,2-trifluoroethanol, yielding compound 3E (43 mg, 68 µmol, 

68%, colourless oil, α:β = 50:50). Data reported for a 1:1 mixture: 1H NMR (400 MHz, CDCl3) δ 

7.63 – 7.08 (m, 40H, CHarom), 5.04 – 4.97 (m, 3H, H-1α, H-1β, CHH Bn), 4.96 – 4.80 (m, 4H, 3x 

CHH Bn, CHHBn), 4.68 – 4.49 (m, 9H, 4x CHH Bn, 5x CHH Bn), 4.42 (dd, J = 13.4, 11.5 Hz, 2H, 

2x CHH Bn), 4.33 (dt, J = 10.4, 2.7 Hz, 1H, H-5α), 4.31 – 4.19 (m, 2H, H-3α, CHH-CF3), 4.15 (t, J 

= 2.6 Hz, 1H, H-3β), 4.12 – 4.02 (m, 2H, H-5β, CHH-CF3), 4.01 – 3.89 (m, 2H 2x CHH-CF3), 3.84 

(dd, J = 10.6, 3.3 Hz, 1H, H-6α), 3.78 (dd, J = 10.8, 2.0 Hz, 1H, H-6β), 3.72 (ddd, J = 10.6, 3.3, 2.2 

Hz, 2H, H-6α, H-6β), 3.63 (dd, J = 9.9, 2.7 Hz, 1H, H-4α), 3.57 – 3.49 (m, 2H, H-2α, H-4β), 3.33 

(dd, J = 7.9, 2.6 Hz, 1H, H-2β); 13C NMR (101 MHz, CDCl3) δ 139.4, 138.9, 138.6, 138.3, 138.1, 

138.0, 137.9 (Cq), 128.6, 128.5, 128.5, 128.3, 128.1, 128.0, 128.0, 127.9, 127.9, 127.9, 127.8, 127.8, 

127.8, 127.8, 127.7, 127.6, 127.1 (CHarom), 101.6 (C-1β), 97.9 (C-1α), 78.6 (C-2β), 76.7(C-2α), 75.4 

(C-4β), 74.7(C-3β), 74.6 (CH2 Bn), 74.3 (C-4α), 73.7, 73.6, 73.6, 73.2 (CH2 Bn), 72.7(C-5β), 72.5 

(C-3α), 71.7, 71.5, 71.2 (CH2 Bn), 69.0 (C-6β), 68.6 (C-6α), 67.0 (C-5α), 66.3 (q, J = 34.8 Hz, CH2-

CF3), 65.3 (q, J = 34.8 Hz, CH2-CF3); HRMS: [M+NH4]+ calcd for C36H37F3O6NH4 640.28805, 

found 640.28621. 

 

1,1,1,3,3,3-hexafluoro-2-propyl-2,3,4,6-tetra-O-benzyl-α-D-allopyranoside (3F) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 3 and 1,1,1,3,3,3-hexafluoropropan-2-ol, yielding compound 3F (21 

mg, 30 µmol, 30%, colourless oil, α:β = >98:2) 1H NMR (400 MHz, CDCl3) δ 7.40 – 7.18 (m, 20H, 

CHarom), 5.22 (d, J = 4.0 Hz, 1H, H-1), 4.94 (d, J = 12.1 Hz, 1H, CHH Bn), 4.80 (d, J = 12.0 Hz, 1H, 

CHH Bn), 4.64 (d, J = 12.0 Hz, 1H, CHH Bn), 4.60 (d, J = 12.1 Hz, 1H, CHH Bn), 4.55 – 4.44 (m, 

4H, CH(CF3)2, CHH Bn, 2x CHH Bn), 4.42 – 4.32 (m, 2H, H-5, CHH Bn), 4.18 (t, J = 2.6 Hz, 1H, 

H-3), 3.82 (dd, J = 10.7, 2.9 Hz, 1H, H-6), 3.65 (dd, J = 10.7, 2.1 Hz, 1H, H-6), 3.61 (dd, J = 10.0, 

 

 



  acceptor nucleophilicty-stereoselectivity  

99 
 

2.6 Hz, 1H, H-4), 3.50 (dd, J = 4.1, 2.6 Hz, 1H, H-2); 13C NMR (101 MHz, CDCl3) δ 139.2, 138.0, 

137.9, 137.7 (Cq), 128.6, 128.5, 128.4, 128.4, 128.2, 128.2, 128.1, 128.0, 128.0, 127.9, 127.9, 127.9, 

127.9, 127.8, 127.6, 127.2 (CHarom), 99.0 (C-1), 76.5 (C-2), 73.9 (C-4), 73.8, 73.5 (CH2 Bn), 72.0 

(C-3), 71.4, 71.2 (CH2 Bn), 68.2 (C-6), 67.9 (C-5); HRMS: [M+NH4]+ calcd for C37H36F6O6 

708.27543, found 708.27395. 

Ethyl-2,3,4,6-tetra-O-benzyl-α-D-gulopyranoside (4B) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 4 and ethanol, yielding compound 4B (54 mg, 94 µmol, 94%, 

colourless oil, α:β = 78:22). Data for the α-anomer: 1H NMR (500 MHz, CDCl3) δ 7.38 – 7.22 (m, 

18H, CHarom), 7.14 – 7.08 (m, 2H, CHarom), 4.90 (d, J = 3.3 Hz, 1H, H-1), 4.82 (d, J = 12.5 Hz, 1H, 

CHH Bn), 4.59 (d, J = 9.6 Hz, 1H, CHH Bn), 4.56 (d, J = 12.5 Hz, 1H, CHH Bn), 4.54 – 4.46 (m, 

2H, CHH Bn, CHH Bn), 4.41 (d, J = 12.0 Hz, 1H, CHH Bn), 4.39 – 4.33 (m, 2H, H-5, CHH Bn), 

4.29 (d, J = 11.9 Hz, 1H, CHH Bn), 3.85 – 3.77 (m, 1H, CHH Et), 3.77 (td, J = 3.6, 2.4 Hz, 2H, H-

2, H-3), 3.64 – 3.53 (m, 2H, H-6, CHH Et), 3.52 (dd, J = 3.5, 1.4 Hz, 1H, H-4), 3.49 (dd, J = 9.7, 

6.6 Hz, 1H, H-6), 1.29 (t, J = 7.1 Hz, 3H, CH3 Et); 13C NMR (126 MHz, CDCl3) δ 139.1, 138.4, 

138.1 (Cq), 128.5, 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.0, 128.0, 128.0, 127.9, 127.9, 127.9, 

127.8, 127.7, 127.7, 127.7, 127.6, 127.5 (CHarom), 97.0 (C-1), 75.3 (C-4), 73.5 (C-2, C-3), 73.4, 72.9, 

72.8, 71.6 (CH2 Bn), 69.2 (C-6), 65.5 (C-5), 64.0 (CH2 Et), 15.3 (CH3 Et); diagnostic peaks for the 

β-anomer: 1H NMR (500 MHz, CDCl3) δ 4.10 (td, J = 6.4, 1.5 Hz, 1H, H-5), 3.97 (dq, J = 9.4, 7.1 

Hz, 1H, CHH Et), 3.73 (t, J = 3.5 Hz, 1H), 3.44 (dd, J = 3.7, 1.5 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H, 

CH3 Et) 13C NMR (126 MHz, CDCl3) δ 100.9 (C-1), 76.4, 75.2, 74.8, 73.6, 72.6, 72.0 (C-5), 69.1 

(C-6), 65.2 (CH2 Et), 15.5 (CH3 Et); HRMS: [M+NH4]+ calcd for C36H40O6NH4 586.31631, found 

586.31510. 

 

2-fluoroethyl-2,3,4,6-tetra-O-benzyl-α-D-gulopyranoside (4C) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 4 and 2-fluoroethanol, yielding compound 4C (50 mg, 85 µmol, 85%, 

colourless oil, α:β = 83:17). Data for the α-anomer: 1H NMR (500 MHz, CDCl3) δ 7.37 – 7.08 (m, 

20H, CHarom), 4.94 (d, J = 3.9 Hz, 1H, H-1), 4.83 (d, J = 12.4 Hz, 1H, CHH Bn), 4.67 (ddd, J = 5.3, 

4.7, 2.6 Hz, 1H, CH2-CHHF), 4.63 – 4.55 (m, 3H, CH2-CHHF, CHH Bn, CHH Bn), 4.53 – 4.46 

(m, 2H, CHH Bn, CHH Bn), 4.44 – 4.39 (m, 2H, H-5, CHH Bn), 4.37 (d, J = 11.9 Hz, 1H, CHH 

Bn), 4.31 (d, J = 12.0 Hz, 1H, CHH Bn), 3.92 (dddd, J = 29.9, 12.3, 4.9, 3.5 Hz, 1H, CHH-CH2F), 

3.86 – 3.76 (m, 3H, H-2, H-3, CHH-CH2F), 3.59 – 3.52 (m, 2H, H-4, H-6), 3.48 (dd, J = 9.8, 6.5 

Hz, 1H, H-6); 13C NMR (126 MHz, CDCl3) δ 139.0, 138.4, 138.3, 138.0 (Cq), 128.6, 128.5, 128.5, 

128.4, 128.4, 128.4, 128.3, 128.3, 128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 128.0, 127.9, 127.9, 127.8, 

127.8, 127.8, 127.7, 127.6, 127.6, 127.5 (CHarom), 97.7 (C-1), 83.1 (d, J = 169.0 Hz, CH2-CH2F) 75.2 
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(C-4), 73.5 (C-2/C-3), 73.3, 73.0 (CH2 Bn), 72.9 (C-2/C-3), 72.9, 71.7 (CH2 Bn), 69.1 (C-6), 67.5 

(d, J = 20.6 Hz, CH2-CH2F), 65.6 (C-5); diagnostic peaks for the β-anomer: 1H NMR (500 MHz, 

CDCl3) δ 4.88 – 4.85 (m, 2H, H-1, CHH Bn), 4.10 (ddd, J = 6.3, 5.3, 1.4 Hz, 1H, H-5), 3.74 (t, J = 

3.4 Hz, 1H), 3.44 (dd, J = 3.7, 1.5 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 101.3 (C-1), 82.8 (d, J = 

169.3 Hz, CH2-CH2F), 76.2, 75.0, 74.7, 72.1, 69.0, 68.5 (d, J = 20.3 Hz, CH2-CH2F); HRMS: 

[M+NH4]+ calcd for C363H39FO6NH4 604.30689, found 604.30571. 

 

2,2-difluoroethyl-2,3,4,6-tetra-O-benzyl-α-D-gulopyranoside (4D) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 4 and 2,2-difluoroethanol, yielding compound 4D (50 mg, 83 µmol, 

83%, colourless oil, α:β = 69:31) Data for the α-anomer: 1H NMR (500 MHz, CDCl3) δ 7.38 – 7.20 

(m, 20H, CHarom), 6.05 (tt, J = 55.8, 4.6 Hz, 1H, CH2-CHF2), 4.89 (d, J = 3.9 Hz, 1H, H-1), 4.80 (d, 

J = 12.4 Hz, 1H, CHH Bn), 4.56 (s, 2H, CH2 Bn), 4.50 – 4.45 (m, 2H, CHH Bn, CHH Bn), 4.42 (d, 

J = 12.0 Hz, 1H, CHH Bn), 4.38 – 4.34 (m, 2H, H-5, CHH Bn), 4.32 – 4.28 (m, 1H, CHH Bn), 3.82 

– 3.76 (m, 4H, H-2, H-3, CH2-CHF2), 3.55 – 3.51 (m, 2H, H-4, H-6), 3.45 (dd, J = 9.8, 6.1 Hz, 1H, 

H-6); 13C NMR (126 MHz, CDCl3) δ 138.8, 138.2, 138.1, 137.8 (Cq), 128.6, 128.5, 128.5, 128.4, 

128.4, 128.2, 128.1, 128.1, 127.8, 127.7 (CHarom), 114.7 (t, J = 241.0 Hz, CH2-CHF2), 98.4 (C-1), 

75.1 (C-4), 73.4 (CH2 Bn), 73.3 (C-3), 73.0, 72.9 (CH2 Bn), 72.7 (C-5), 71.8 (C-6), 68.2 (t, J = 29.1 

Hz, CH2-CHF2), 66.0 (C-5); diagnostic peaks for the β-anomer: 1H NMR (500 MHz, CDCl3) δ 

4.90 (d, J = 8.1 Hz, 1H, H-1), 4.72 (d, J = 12.2 Hz, 1H, CHH Bn), 4.15 (td, J = 6.4, 1.5 Hz, 1H, H-

5), 4.05 (dddd, J = 20.0, 11.6, 10.2, 3.3 Hz, 1H, CHH-CH2F), 3.88 (dd, J = 4.5, 1.7 Hz, 1H), 3.77 (t, 

J = 3.4 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 101.7 (C-1), 76.1, 74.9, 74.6, 72.8, 72.7, 72.3, 68.9 – 

68.4 (m, CH2-CHF2); HRMS: [M+NH4]+ calcd for C36H38F2O6NH4 622.29747, found 622.29587. 

 

2,2,2-trifluoroethyl-2,3,4,6-tetra-O-benzyl-α-D-gulopyranoside (4E) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 4 and 2,2,2-trifluoroethanol, yielding compound 4E (53 mg, 85 µmol, 

85%, colourless oil, α:β = 60:40). Data reported for a 1:1 mixture: 1H NMR (500 MHz, CDCl3) δ 

7.57 – 6.96 (m, 40H, CHarom), 4.99 (d, J = 3.8 Hz, 1H, H-1α), 4.95 (d, J = 8.0 Hz, 1H, H-1β), 4.92 – 

4.84 (m, 2H, 2x CHH Bn), 4.74 (d, J = 12.2 Hz, 1H, CHH Bn), 4.65 (d, J = 12.3 Hz, 1H, CHH Bn), 

4.62 – 4.39 (m, 11H, H-5α, 3x CHH Bn, 7x CHH Bn), 4.34 (d, J = 2.1 Hz, 1H, CH2 Bn), 4.23 (dq, J 

= 12.0, 8.7 Hz, 1H, CHH-CF3), 4.14 (td, J = 6.4, 1.5 Hz, 1H, H-5β), 4.07 (dq, J = 12.4, 9.0 Hz, 1H, 

CHH-CF3), 4.01 – 3.91 (m, 2H, 2x CHH-CF3), 3.89 (t, J = 3.6 Hz, 1H, H-2α), 3.87 – 3.84 (m, 1H, 

H-3α), 3.77 (t, J = 3.5 Hz, 1H, H-3β), 3.66 – 3.57 (m, 5H, H-2β, H-4α, H-6α, 2x H-6β), 3.53 (dd, J 

= 9.8, 6.4 Hz, 1H, H-6α), 3.48 (dd, J = 3.8, 1.5 Hz, 1H, H-4β); 13C NMR (126 MHz, CDCl3) δ 

138.9, 138.7, 138.3, 138.2, 138.2, 137.9, 137.8 (Cq), 128.6, 128.5, 128.5, 128.5, 128.5, 128.5, 128.4, 
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128.4, 128.3, 128.3, 128.2, 128.2, 128.1, 128.0, 128.0, 127.9, 127.8, 127.8, 127.7, 127.5 (CHarom), 

125.3, 125.0, 123.1, 122.8 (CH2-CF3), 101.5 (C-1β), 97.9 (C-1α), 75.9 (C-2β), 75.4 (C-4α), 74.9 (C-

3β), 74.6 (C-4β), 73.6 (CH2 Bn), 73.6 (C-2α), 73.5, 73.4, 73.1, 73.0 (CH2 Bn), 72.9 (C-3α), 72.8 

(CH2 Bn), 72.4 (C-5β), 71.8 (CH2 Bn), 68.9 (C-6α, C-6β), 66.3 (C-5α), 66.2 (q, J = 34.8 Hz, CH2-

CF3), 65.2 (q, J = 34.7 Hz, CH2-CF3); HRMS: [M+NH4]+ calcd for C36H37F3O6NH4 640.28805, 

found 640.28617 

 

1,1,1,3,3,3-hexafluoro-2-propyl-2,3,4,6-tetra-O-benzyl-α-D-gulopyranoside (4F) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 4 and 1,1,1,3,3,3-hexafluoropropan-2-ol, yielding compound 4F (27 

mg, 39 µmol, 39%, colourless oil, α:β = >98:2) 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.26 (m, 18H, 

CHarom), 7.18 – 7.12 (m, 2H, CHarom), 5.19 (d, J = 4.0 Hz, 1H, H-1), 4.89 (d, J = 11.9 Hz, 1H, CHH 

Bn), 4.65 (d, J = 12.1 Hz, 1H, CHH Bn), 4.56 – 4.38 (m, 8H, H-5, CH(CF3)2, 2x CHH Bn, 4x CHH 

Bn), 3.89 (dd, J = 4.0, 3.0 Hz, 1H, H-2), 3.86 – 3.80 (m, 1H, H-3), 3.66 (dd, J = 4.1, 1.6 Hz, 1H, H-

4), 3.58 – 3.46 (m, 2H, 2x H-6); 13C NMR (101 MHz, CDCl3) δ 138.9, 138.2, 137.9, 137.8 (Cq), 

128.6, 128.5, 128.3, 128.2, 128.2, 128.0, 127.8, 127.7, 127.7, 127.5 (CHarom), 98.9 (C-1), 75.5 (C-4), 

73.4 (CH2 Bn), 73.3 (C-2), 73.2, 73.2 (CH2 Bn), 73.0 – 71.9 (m, C-3, CH(CF3)2) 71.6 (CH2 Bn), 

68.5 (C-6), 67.0 (C-5); HRMS: [M+NH4]+ calcd for C37H36F6O6 708.27543, found 708.27274. 

 

Ethyl-2,3,4,6-tetra-O-benzyl-α,β-D-altropyranoside (6B) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 6 and ethanol, yielding compound 6B (45 mg, 79 µmol, 79%, 

colourless oil, α:β = 75:25). Data for the α-anomer: 1H NMR (500 MHz, CDCl3) δ 7.42 – 7.12 (m, 

20H, CHarom), 4.83 (d, J = 2.0 Hz, 1H, H-1), 4.64 – 4.57 (m, 3H, 3x CHH Bn), 4.53 – 4.47 (m, 4H, 

CHH Bn, 3x CHH Bn), 4.44 (d, J = 11.8 Hz, 1H, CHH Bn), 4.27 (ddd, J = 8.0, 4.4, 3.0 Hz, 1H, H-

5), 3.87 (dd, J = 8.5, 3.3 Hz, 1H, H-4), 3.84 – 3.78 (m, 1H, CHH Et), 3.77 (t, J = 4.0 Hz, 1H, H-3), 

3.74 (dd, J = 4.7, 2.0 Hz, 1H, H-2), 3.69 (t, J = 3.8 Hz, 2H, 2x H-6), 3.50 – 3.45 (m, 1H, CHH Et), 

1.22 (t, J = 7.1 Hz, 3H, CH3 Et); 13C NMR (126 MHz, CDCl3) δ 138.7, 138.5, 138.3, 138.2 (Cq), 

128.5, 128.4, 128.4, 128.4, 128.3, 128.3, 128.0, 127.9, 127.8, 127.8, 127.8, 127.6, 127.5 (CHarom), 

99.2 (C-1), 76.0 (C-4), 74.0 (C-3), 73.5 (CH2 Bn), 72.9 (C-2), 72.7, 72.0, 71.7 (CH2 Bn), 69.8 (C-6), 

68.3 (C-5), 63.4 (CH2 Et), 15.2 (CH3 Et); 13C-HMBC-GATED NMR (126 MHz, CDCl3): δ 99.2 

(JH1-C1 = 165 Hz, α); diagnostic peaks for the β-anomer: 1H NMR (500 MHz, CDCl3) δ 4.82 – 4.77 

(m, 2H, H-1, CHH Bn), 4.07 (ddd, J = 8.9, 5.9, 2.8 Hz, 1H, H-5), 3.97 (dq, J = 9.5, 7.1 Hz, 1H, 

CHH Et), 1.24 (t, J = 7.1 Hz, 3H, CH3 Et); 13C NMR (126 MHz, CDCl3) δ 99.0 (C-1), 75.5, 73.9, 

73.8, 73.6, 73.6, 73.4, 72.8, 71.8, 70.4, 65.1 (CH2 Et), 15.4 (CH3 Et); 13C-HMBC-GATED NMR 
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(126 MHz, CDCl3): δ 99.0 (JH1-C1 = 155 Hz, β); HRMS: [M+NH4]+ calcd for C36H40O6NH4 

586.31631, found 586.31503. 

 

2-Fluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-altropyranoside (6C) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 6 and 2-fluoroethanol, yielding compound 6C (35 mg, 60 µmol, 60%, 

colourless oil, α:β = 58:42). Data reported for a 1:1 mixture: 1H NMR (500 MHz, CDCl3) δ 7.58 – 

6.94 (m, 40H, CHarom), 4.93 – 4.90 (m, 2H, H-1α, H-1β), 4.85 (d, J = 12.6 Hz, 1H, CHH Bn), 4.67 

– 4.59 (m, 7H, , 2x CH2-CHHF, 5x CHH Bn/CHH Bn), 4.59 – 4.49 (m, 9H, 2x CH2-CHHF, 7x 

CHH Bn/CHH Bn), 4.46 (d, J = 11.8 Hz, 1H, CHH Bn), 4.43 (d, J = 11.7 Hz, 1H, CHH Bn), 4.39 

(d, J = 11.7 Hz, 1H, CHH Bn), 4.31 (dt, J = 8.1, 3.8 Hz, 1H, H-5α), 4.18 – 4.06 (m, 2H, H-5β, 

CHH-CH2F), 4.02 – 3.88 (m, 2H, H-4α, CHH-CH2F), 3.86 – 3.69 (m, 11H, H-2α, H-2β, H-3α, H-

3β, H-4β, 2x H-6α, 2x H-6β, 2x CHH-CH2F); 13C NMR (126 MHz, CDCl3) δ 138.7, 138.6, 138.4, 

138.4, 138.1, 138.1 (Cq), 128.5, 128.5, 128.4, 128.4, 128.3, 128.1, 128.1, 128.0, 127.9, 127.9, 127.9, 

127.9, 127.8, 127.8, 127.7, 127.7, 127.6, 127.6 (CHarom), 99.6 (C-1α), 99.5 (C-1β), 83.0 (d, J = 168.9 

Hz, CH2-CH2F), 82.9 (d, J = 169.1 Hz, CH2-CH2F), 75.5 (C-2α), 75.1 (C-2β, 73.9 (CH2 Bn), 73.7 

(C-3α), 73.6, 73.5 (CH2 Bn), 73.4, 73.4 (C-3β, C-4β, C-5β), 72.9 (CH2 Bn), 72.7 (C-4α), 72.7, 72.0, 

71.8, 71.7 (CH2 Bn), 70.2 (C-6β), 69.7 (C-6α), 68.6 (d, J = 19.8 Hz, CH2-CH2F), 68.4 (C-5α), 66.84 

(d, J = 20.0 Hz, CH2-CH2F); 13C-HMBC-GATED NMR (126 MHz, CDCl3): δ 99.6 (JH1-C1 = 168 

Hz, α), 99.5 (JH1-C1 = 161 Hz, β); HRMS: [M+NH4]+ calcd for C363H39FO6NH4 604.30689, found 

604.30606. 

 

2,2-difluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-altropyranoside (6D) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 6 and 2,2-difluoroethanol, yielding compound 6D (39 mg, 64 µmol, 

64%, colourless oil, α:β = 69:31) Data for the α-anomer: 1H NMR (500 MHz, CDCl3) δ 7.42 – 6.98 

(m, 20H, CHarom), 5.91 (dddd, J = 56.1, 55.2, 5.2, 3.3 Hz, 1H, CH2-CHF2), 4.85 (d, J = 1.4 Hz, 1H, 

H-1), 4.63 – 4.50 (m, 4H, 4x CHH Bn/ CHH Bn), 4.50 – 4.37 (m, 4H, 4x CHH Bn/ CHH Bn), 4.26 

(dt, J = 8.8, 3.7 Hz, 1H, H-5), 3.91 – 3.83 (m, 2H, H-4, CHH-CHF2), 3.77 – 3.74 (m, 2H, H-2, H-

3), 3.70 – 3.64 (m, 3H, 2x H-6, CHH-CHF2); 13C NMR (126 MHz, CDCl3) δ 138.5, 138.5, 138.3, 

138.3, 137.9 (Cq), 128.6, 128.5, 128.4, 128.4, 128.0, 127.9, 127.9, 127.8 (CHarom), 117.0 – 112.1 (m, 

CH2-CHF2) 100.1 (C-1), 75.4, 73.6 (C-2, C-3), 73.6, 72.8 (CH2 Bn), 72.6 (C-4), 72.2, 71.8 (CH2 

Bn), 69.6 (C-6), 68.6 (C-5), 67.1 (dd, J = 29.6, 27.2 Hz, CH2-CHF2); 13C-HMBC-GATED NMR 

(126 MHz, CDCl3): δ 100.1 (JH1-C1 = 168 Hz, α); diagnostic peaks for the β-anomer: 1H NMR (500 

MHz, CDCl3) δ 5.98 (dddd, J = 56.3, 55.0, 5.5, 3.0 Hz, 1H, CH2-CHF2), 4.90 (d, J = 1.4 Hz, 1H, H-

1), 4.81 (d, J = 12.5 Hz, 1H, CHH Bn), 4.10 (ddd, J = 9.4, 5.8, 2.5 Hz, 1H, H-5), 4.08 – 4.00 (m, 

1H, CHH-CHF2); 13C NMR (126 MHz, CDCl3) δ 99.9 (C-1), 74.9, 73.9, 73.8, 73.5, 73.2, 73.0, 71.9, 
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70.0 (C-6); 13C-HMBC-GATED NMR (126 MHz, CDCl3): δ 99.9 (JH1-C1 = 160 Hz, β); HRMS: 

[M+NH4]+ calcd for C36H38F2O6NH4 622.29747, found 622.29581. 

 

2,2,2-trifluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-altropyranoside (6E) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 6 and 2,2,2-trifluoroethanol, yielding compound 6E (46 mg, 73 µmol, 

73%, colourless oil, α:β = 85:15). Data for the α-anomer: 1H NMR (500 MHz, CDCl3) δ 7.38 – 

7.25 (m, 20H, CHarom), 4.94 (s, 1H, H-1), 4.67 – 4.59 (m, 3H, 3x CHH Bn), 4.58 – 4.50 (m, 4H, 

CHH Bn, 3x CHH Bn), 4.47 (d, J = 11.8 Hz, 1H, CHH Bn), 4.30 (ddd, J = 8.9, 4.3, 2.8 Hz, 1H, H-

5), 4.06 (dq, J = 12.3, 9.0 Hz, 1H, CHH-CF3), 3.95 – 3.86 (m, 2H, H-4, CHH-CF3), 3.83 – 3.79 (m, 

2H, H-2, H-3), 3.76 – 3.70 (m, 2H, 2x H-6); 13C NMR (126 MHz, CDCl3) δ 138.4, 138.3, 138.3, 

137.8 (Cq), 128.6, 128.4, 128.4, 128.1, 128.0, 127.9, 127.8, 127.8, 127.7 (CHarom), 124.1 (q, J = 278.3 

Hz, CH2-CF3), 99.7 (C-1), 75.1 (C-2/C-3), 73.6 (CH2 Bn), 73.6 (C-2/C-3), 72.8 (CH2 Bn), 72.5 (C-

4), 72.2, 71.8 (CH2 Bn), 69.4 (C-6), 68.7 (C-5), 64.36 (q, J = 34.5 Hz, CH2-CF3); 13C-HMBC-

GATED NMR (126 MHz, CDCl3): δ 99.7 (JH1-C1 = 169 Hz, α); diagnostic peaks for the β-anomer: 
1H NMR (500 MHz, CDCl3) δ 4.96 (d, J = 1.4 Hz, 1H, H-1), 4.82 (d, J = 12.5 Hz, 1H, CHH Bn), 

4.42 (d, J = 11.7 Hz, 1H, CHH Bn), 4.24 (dq, J = 12.4, 8.9 Hz, 1H, CHH-CF3); 13C NMR (126 

MHz, CDCl3) δ 99.6 (C-1), 74.6, 73.8, 73.8, 73.7, 73.6, 73.1, 73.0, 72.0, 70.0 (C-6); 13C-HMBC-

GATED NMR (126 MHz, CDCl3): δ 99.7 (JH1-C1 = 162 Hz, β); HRMS: [M+NH4]+ calcd for C36-

H37F3O6NH4 640.28805, found 640.28612 

 

1,1,1,3,3,3-hexafluoro-2-propyl-2,3,4,6-tetra-O-benzyl-α-D-altropyranoside (6F) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 6 and 1,1,1,3,3,3-hexafluoropropan-2-ol, yielding compound 6F (11 

mg, 16 µmol, 16%, colourless oil, α:β = >98:2) 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.27 (m, 18H, 

CHarom), 7.21 (ddt, J = 8.4, 5.3, 2.2 Hz, 2H, CHarom), 5.05 (s, 1H, H-1), 4.64 (d, J = 12.1 Hz, 1H, 

CHH Bn), 4.58 – 4.49 (m, 4H, CH(CF3)2, 3x CHH Bn), 4.48 – 4.39 (m, 3H, 3x CHH Bn), 4.35 – 

4.29 (m, 2H, H-5, CHH Bn), 3.96 (dd, J = 9.4, 3.1 Hz, 1H, H-4), 3.80 (dd, J = 4.3, 1.6 Hz, 1H, H-

2), 3.78 – 3.73 (m, 2H, H-3, H-6), 3.66 (dd, J = 10.9, 2.3 Hz, 1H, H-6); 13C NMR (101 MHz, 

CDCl3) δ 138.2 (Cq), 130.5, 128.9, 128.7, 128.6, 128.5, 128.5, 128.5, 128.4, 128.4, 128.4, 128.3, 

128.2, 128.2, 128.0, 128.0, 128.0, 127.9, 127.9, 127.9, 127.7 (CHarom), 100.7 (C-1), 74.3 (C-2), 73.6 

(CH2 Bn), 73.1 (C-3), 72.9, 72.3, 72.0 (CH2 Bn), 72.0 (C-4), 69.1 (C-5), 69.0 (C-6); 13C-HMBC-

GATED NMR (101 MHz, CDCl3): δ 100.7 (JH1-C1 = 173 Hz, α); HRMS: [M+NH4]+ calcd for 

C37H36F6O6 708.27543, found 708.27387. 
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Ethyl-2,3,4,6-tetra-O-benzyl-α,β-D-talopyranoside (7B) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 7 and ethanol, yielding compound 7B (40 mg, 70 µmol, 70%, 

colourless oil, α:β = 68:32) Data for the α-anomer: 1H NMR (400 MHz, CDCl3) δ 7.44 – 7.23 (m, 

20H, CHarom), 5.04 – 4.99 (m, 2H, H-1, CHH Bn), 4.92 (d, J = 12.6 Hz, 1H, CHH Bn), 4.85 – 4.76 

(m, 2H, 2x CHH Bn), 4.62 – 4.57 (m, 3H, CHH Bn, CH2 Bn), 4.54 – 4.51 (m, 1H, CHH Bn), 4.02 

(td, J = 6.3, 1.9 Hz, 1H, H-5), 3.96 (p, J = 1.4 Hz, 1H, H-3), 3.83 – 3.72 (m, 5H, H-2, H-4, 2x H-6, 

CHH Et), 3.50 (dq, J = 9.8, 6.9 Hz, 1H, CHH Et), 1.21 (t, J = 7.1 Hz, 3H, CH3 Et); 13C NMR (101 

MHz, CDCl3) δ 139.2, 138.9, 138.6, 138.4 (Cq), 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.1, 

127.9, 127.2 (CHarom), 99.0 (C-1), 77.6, 74.6 (C-2, C-4), 73.8, 73.7 (CH2 Bn), 73.5 (C-3), 73.2, 71.3 

(CH2 Bn), 70.8 (C-5), 69.6 (C-6), 63.2 (CH2 Et), 15.1 (CH3 Et); 13C-HMBC-GATED NMR (101 

MHz, CDCl3): δ 99.0 (JH1-C1 = 169 Hz, α); diagnostic peaks for the β-anomer: 1H NMR (400 MHz, 

CDCl3) δ 4.45 (d, J = 12.2 Hz, 1H, CHH Bn), 4.42 (d, J = 1.3 Hz, 1H, H-1), 4.08 (dt, J = 9.3, 7.1 

Hz, 1H, CHH Et), 3.93 (dt, J = 3.1, 1.2 Hz, 1H), 3.59 (td, J = 5.4, 4.7, 2.2 Hz, 1H, H-5), 3.44 (t, J = 

3.1 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H, CH3 Et); 13C NMR (101 MHz, CDCl3) δ 102.4 (C-1), 79.0, 

75.3, 74.8, 74.6, 72.6, 70.8, 69.8 (C-6), 64.9 (CH2 Et), 15.3 (CH3 Et); 13C-HMBC-GATED NMR 

(101 MHz, CDCl3): δ 102.4 (JH1-C1 = 154 Hz, β) HRMS: [M+NH4]+ calcd for C36H40O6NH4 

586.31631, found 586.31493. 

2-fluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-talopyranoside (7C) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 7 and 2-fluoroethanol, yielding compound 7C (43 mg, 74 µmol, 74%, 

colourless oil, α:β = 80:20) Data for the α-anomer: 1H NMR (500 MHz, CDCl3) δ 7.45 – 6.98 (m, 

20H, CHarom), 5.01 (d, J = 1.8 Hz, 1H, H-1), 4.96 (d, J = 11.9 Hz, 1H, CHH Bn), 4.86 (d, J = 12.5 

Hz, 1H, CHH Bn), 4.78 – 4.70 (m, 2H, 2x CHH Bn), 4.57 – 4.51 (m, 4H, CHH Bn, CH2 Bn, CH2-

CHHF), 4.49 – 4.44 (m, 2H, CHH Bn, CH2-CHHF), 3.98 (td, J = 6.2, 1.9 Hz, 1H, H-5), 3.91 (dt, J 

= 2.7, 1.4 Hz, 1H, H-3), 3.89 – 3.79 (m, 2H, H-2, CHH-CH2F), 3.79 – 3.76 (m, 1H, H-4), 3.75 – 

3.62 (m, 3H, 2x H-6, CHH-CH2F); 13C NMR (126 MHz, CDCl3) δ 139.1, 138.7, 138.4, 138.3 (Cq), 

128.5, 128.4, 128.4, 128.4, 128.3, 128.3, 128.2, 128.2, 128.1, 128.1, 128.0, 127.9, 127.8, 127.8, 127.7, 

127.6, 127.6, 127.5, 127.4, 127.3, 127.2, 127.2 (CHarom), 99.5 (C-1), 82.6 (d, J = 169.6 Hz, CH2-

CH2F), 77.4 (C-4), 74.3 (C-2), 73.8, 73.6 (CH2 Bn), 73.3 (C-3), 73.3, 71.3 (CH2 Bn), 70.9 (C-5), 

69.6 (C-6), 66.6 (d, J = 19.7 Hz, CH2-CH2F); 13C-HMBC-GATED NMR (126 MHz, CDCl3): δ 99.5 

(JH1-C1 = 170 Hz, α); diagnostic peaks for the β-anomer: 1H NMR (500 MHz, CDCl3) δ 5.06 (d, J = 

12.8 Hz, 1H, CHH Bn), 4.16 – 4.02 (m, 1H, CHH-CF2), 3.55 (t, J = 5.7 Hz, 1H), 3.39 (t, J = 3.1 Hz, 

1H); 13C NMR (126 MHz, CDCl3) δ 102.1 (C-1), 83.0 (d, J = 169.0 Hz, CH2-CH2F), 81.4, 79.2, 

75.3, 74.4, 72.4, 68.21 (d, J = 19.8 Hz, CH2-CH2F); HRMS: [M+NH4]+ calcd for C363H39FO6NH4 

604.30689, found 604.30540. 
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2,2-difluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-talopyranoside (7D) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 7 and 2,2-fluoroethanol, yielding compound 7D (44 mg, 73 µmol, 73%, 

colourless oil, α:β = 86:14) Data for the α-anomer: 1H NMR (400 MHz, CDCl3) δ 7.60 – 6.98 (m, 

20H, CHarom), 5.88 (tdd, J = 55.4, 4.8, 3.5 Hz, 1H, CH2-CHF2), 4.99 (d, J = 1.9 Hz, 1H, H-1), 4.95 

(d, J = 11.9 Hz, 1H, CHH Bn), 4.85 (d, J = 12.4 Hz, 1H, CHH Bn), 4.77 – 4.67 (m, 2H, 2x CHH 

Bn), 4.55 – 4.43 (m, 4H, 2x CH2 Bn), 3.95 (td, J = 6.1, 1.9 Hz, 1H, H-5), 3.89 (p, J = 1.4 Hz, 1H, H-

3), 3.82 – 3.72 (m, 4H, H-2, H-3, H-6, CHH-CHF2), 3.72 – 3.64 (m, 2H, H-6, CHH-CHF2); 13C 

NMR (101 MHz, CDCl3) δ 139.0, 138.6, 138.3, 138.2 (Cq), 128.5, 128.5, 128.3, 128.2, 128.2, 128.2, 

127.9, 127.8, 127.7, 127.6, 127.5, 127.3 (CHarom), 114.1 (t, J = 240.9 Hz, CH2-CHF2) 100.1 (C-1), 

77.1, 74.0 (C-2, C-3), 73.8, 73.6, 73.4 (CH2 Bn), 73.2 (C-4), 71.4 (C-5), 71.4 (CH2 Bn), 69.5 (C-6), 

66.9 (t, J = 28.1 Hz, CH2-CHF2); 13C-HMBC-GATED NMR (101 MHz, CDCl3): δ 100.1 (JH1-C1 = 

171 Hz, α); diagnostic peaks for the β-anomer: 1H NMR (400 MHz, CDCl3) δ 6.10 – 5.78 (m, 1H, 

CH2-CHF2), 4.45 – 4.42 (m, 2H, H-1, CHH Bn), 4.39 (d, J = 12.2 Hz, 1H), 4.07 (dddd, J = 23.5, 

11.8, 9.3, 2.7 Hz, 1H, CHH-CHF2), 3.56 (dt, J = 6.9, 3.5 Hz, 1H), 3.39 (t, J = 3.1 Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 102.1 (C-1), 75.5, 74.6, 74.2, 72.3, 70.8; 13C-HMBC-GATED NMR (101 

MHz, CDCl3): δ 102.1 (JH1-C1 = 156 Hz, β); HRMS: [M+NH4]+ calcd for C36H38F2O6NH4 

622.29747, found 622.29554. 

 

2,2,2-trifluoroethyl-2,3,4,6-tetra-O-benzyl-α,β-D-talopyranoside (7E) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 7 and 2,2,2-fluoroethanol, yielding compound 7E (43 mg, 43 µmol, 

43%, colourless oil, α:β = 90:10) Data for the α-anomer: 1H NMR (400 MHz, CDCl3) δ 7.55 – 6.96 

(m, 20H, CHarom), 5.04 (d, J = 1.9 Hz, 1H, H-1), 4.95 (d, J = 11.8 Hz, 1H, CHH Bn), 4.85 (d, J = 

12.4 Hz, 1H, CHH Bn), 4.77 – 4.69 (m, 2H, 2x CHH Bn), 4.55 – 4.50 (m, 3H, CHH Bn, CH2 Bn), 

4.47 (d, J = 11.9 Hz, 1H, CHH Bn), 4.01 – 3.90 (m, 3H, H-3, H-5, CHH-CF3), 3.88 – 3.78 (m, 2H, 

H-2, CHH-CF3), 3.76 – 3.66 (m, 3H, H-4, 2x H-6); 13C NMR (101 MHz, CDCl3) δ 138.9, 138.4, 

138.2, 138.2 (Cq), 128.5, 128.5, 128.5, 128.4, 128.3, 128.2, 128.2, 128.2, 127.9, 127.8, 127.7, 127.7, 

127.5, 127.4, 127.3 (CHarom), 99.7 (C-1), 76.9 (c-4), 73.8(C-2, CH2 Bn), 73.6, 73.5(CH2 Bn), 

73.0(C-3), 71.6 (C-5), 71.4 (CH2 Bn), 69.4 (C-6), 64.2 (q, J = 34.8 Hz, CH2-CF3); 13C-HMBC-

GATED NMR (101 MHz, CDCl3): δ 99.7 (JH1-C1 = 172 Hz, α); diagnostic peaks for the β-anomer: 
1H NMR (400 MHz, CDCl3) δ 4.38 (d, J = 12.1 Hz, 1H, CHH Bn), 4.21 (dq, J = 12.4, 8.9 Hz, 1H, 

CHH-CF3), 3.57 (dt, J = 6.5, 3.2 Hz, 1H), 3.42 – 3.38 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 75.6, 

70.9, 69.5, a cross-peak for (H-1, C-1) is visible at (4.50, 101.4) in the HSQC spectrum; 13C-
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HMBC-GATED NMR (101 MHz, CDCl3): δ 101.4 (JH1-C1 = 157 Hz, β); HRMS: [M+NH4]+ calcd 

for C36H37F3O6NH4 640.28805, found 640.28619. 

 

1,1,1,3,3,3-hexafluoro-2-propyl-2,3,4,6-tetra-O-benzyl-α-D-talopyranoside (7F) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 7 and 1,1,1,3,3,3-hexafluoropropan-2-ol, yielding compound 7F (10 

mg, 14 µmol, 14%, colourless oil, α:β = >98:2) 1H NMR (500 MHz, CDCl3) δ 7.39 – 7.20 (m, 20H, 

CHarom), 5.22 (d, J = 1.7 Hz, 1H, H-1), 4.96 (d, J = 11.8 Hz, 1H, CHH Bn), 4.81 (d, J = 12.4 Hz, 1H, 

CHH Bn), 4.76 – 4.70 (m, 2H, 2x CHH Bn), 4.54 (s, 2H, CH2 Bn), 4.52 – 4.44 (m, 3H, CH(CF3)2), 

4.03 (td, J = 6.2, 1.8 Hz, 1H, H-5), 3.95 (p, J = 1.4 Hz, 1H, H-4), 3.85 (dt, J = 3.0, 1.3 Hz, 1H, H-2), 

3.74 – 3.65 (m, 3H, H-3, 2x H-6); 13C NMR (126 MHz, CDCl3) δ 138.8, 138.2, 138.0, 138.0 (Cq), 

128.6, 128.5, 128.5, 128.4, 128.3, 127.9, 127.8, 127.7, 127.6, 127.4 (CHarom), 101.2 (C-1), 76.5 (C-3), 

73.8, 73.7, 73.6 (CH2 Bn), 73.4 (C-2), 72.6 (C-4), 72.4 (C-5), 71.5 (CH2 Bn), 69.0 (C-6); 13C-

HMBC-GATED NMR (126 MHz, CDCl3): δ 101.2 (JH1-C1 = 175 Hz, α); HRMS: [M+NH4]+ calcd 

for C37H36F6O6 708.27543, found 708.27354. 

Ethyl-2,3,4,6-tetra-O-benzyl-α,β-D-idopyranoside (8B) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 8 and ethanol, yielding compound 8B (44 mg, 76 µmol, 76%, 

colourless oil, α:β = 57:43). Data reported for a 1:1 mixture: 1H NMR (400 MHz, CDCl3) δ 7.43 – 

7.13 (m, 40H, CHarom), 4.85 (d, J = 5.4 Hz, 1H, H-1α), 4.79 (d, J = 11.5 Hz, 1H, CHH Bn), 4.77 – 

4.70 (m, 3H, H-1β, CHH Bn, CHH Bn), 4.68 – 4.60 (m, 5H, 5x CHH Bn/CHH Bn), 4.58 – 4.46 

(m, 8H, 8x CHH Bn/CHH Bn), 4.21 (dt, J = 7.0, 4.6 Hz, 1H, H-5α), 4.13 (dt, J = 7.4, 4.8 Hz, 1H, 

H-5β), 3.97 (dq, J = 9.5, 7.0 Hz, 1H, CHH Et), 3.91 – 3.84 (m, 2H, CHH Et, H-6β), 3.83 – 3.77 (m, 

3H), 3.77 – 3.72 (m, 1H, H-6α), 3.71 – 3.65 (m, 2H), 3.60 – 3.51 (m, 2H), 3.51 – 3.44 (m, 3H), 

1.23 (t, J = 7.1 Hz, 6H, 2x CH3 Et); 13C NMR (101 MHz, CDCl3) δ 138.7, 138.5, 138.3, 138.3, 138.3 

(Cq), 128.5, 128.5, 128.4, 128.2, 128.1, 128.1, 128.1, 128.0, 128.0, 127.9, 127.9, 127.8, 127.8, 127.8, 

127.7, 127.7 (CHarom), 100.1 (C-1α), 98.9 (C-1β), 80.1, 79.2, 77.8, 75.8, 75.6, 74.3, 74.1 (C-5β), 

73.9, 73.8, 73.7, 73.5, 73.4, 73.2, 72.7, 70.0 (C-5α), 69.9 (C-6β), 68.4 (C-6α), 64.4, 64.3 (2x CH2 Et), 

15.4, 15.1 (2x CH3 Et); 13C-HMBC-GATED NMR (101 MHz, CDCl3): δ 100.1 (JH1-C1 = 165 Hz, α), 

98.9 (JH1-C1 = 161 Hz, β); HRMS: [M+NH4]+ calcd for C36H40O6NH4 586.31631, found 586.31458. 
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 2-fluoroethy-2,3,4,6-tetra-O-benzyl-α,β-D-idopyranoside (8C) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 8 and 2-fluoroethanol, yielding compound 8C (42 mg, 72 µmol, 72%, 

colourless oil, α:β = 57:43). Data reported for a 1:1 mixture: 1H NMR (400 MHz, CDCl3) δ 7.57 – 

6.84 (m, 40H, CHarom), 4.95 (d, J = 5.0 Hz, 1H, H-1α), 4.87 – 4.78 (m, 5H, H-1β, 4x CHH 

Bn/CHH Bn), 4.76 – 4.61 (m, 8H, 6x CHH Bn/CHH Bn, 2x CH2-CHHF), 4.61 – 4.47 (m, 8H, 6x 

CHH Bn/CHH Bn, 2x CH2-CHHF), 4.26 (dt, J = 7.1, 4.4 Hz, 1H, H-5α), 4.22 – 4.08 (m, 2H, H-5β, 

CHH-CH2F), 4.07 – 3.95 (m, 1H, CHH-CH2F), 3.92 (dd, J = 10.1, 7.8 Hz, 1H, H-6β), 3.88 – 3.75 

(m, 6H,, H-3α, H-3β, H-6α, H-6β, 2x CHH-CH2F), 3.76 – 3.67 (m, 2H, H-4α, H-6β), 3.63 – 3.54 

(m, 2H, H-2α, H-2β), 3.54 (dd, J = 5.4, 3.9 Hz, 1H, H-4β); 13C NMR (101 MHz, CDCl3) δ 138.7, 

138.5, 138.4, 138.3, 138.3, 138.2, 138.2 (Cq), 128.5, 128.5, 128.4, 128.3, 128.2, 128.2, 128.1, 128.0, 

127.9, 127.9, 127.9, 127.9, 127.8, 127.8, 127.7, 127.7, 127.7 (CHarom), 100.8 (C-1α), 99.7 (C-1α), 

83.0 (d, J = 169.0 Hz, CH2-CH2F), 82.8 (d, J = 169.4 Hz, CH2-CH2F), 79.4 (C-2β), 78.8 (C-3β), 

77.5 (C-4α), 75.9 (C-2α), 75.2 (C-3α, C-4β), 74.2 (C-5β), 74.1, 73.8, 73.7, 73.6, 73.5, 73.4, 73.2, 

72.7 (CH2 Bn), 69.9 (C-5α), 69.7 (C-6β), 68.6 (C-6α), 68.0 (d, J = 19.8 Hz, CH2-CH2F), 67.5 (d, J = 

19.9 Hz, CH2-CH2F); 13C-HMBC-GATED NMR (101 MHz, CDCl3): δ 100.8 (JH1-C1 = 167 Hz, α), 

99.7 (JH1-C1 = 162 Hz, β); HRMS: [M+NH4]+ calcd for C363H39FO6NH4 604.30689, found 

604.30571. 

 

2,2-difluoroethy-2,3,4,6-tetra-O-benzyl-α,β-D-idopyranoside (8D) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 8 and 2,2-difluoroethanol, yielding compound 8D  (44 mg, 72 µmol, 

72%, colourless oil, α:β = 55:45) Data reported for a 1:1 mixture: 1H NMR (500 MHz, CDCl3) δ 

7.53 – 7.06 (m, 40H, CHarom), 6.11 – 5.84 (m, 2H, 2x CH2-CHF2), 4.93 (d, J = 4.7 Hz, 1H, H-1α), 

4.82 (d, J = 2.4 Hz, 1H, H-1β), 4.80 – 4.45 (m, 16H, 8x CH2 Bn), 4.24 (dt, J = 7.2, 4.2 Hz, 1H, H-

5α), 4.14 (ddd, J = 8.1, 4.8, 3.4 Hz, 1H, H-5β), 4.12 – 4.02 (m, 1H, CHH-CHF2), 3.99 – 3.85 (m, 

2H, H-6β, CHH-CHF2), 3.85 – 3.83 (m, 1H, H-3α), 3.82 – 3.72 (m, 5H, H-3β, H-6α, H-6β, 2x 

CHH-CHF2), 3.70 – 3.67 (m, 2H, H-4α, H-6α), 3.58 – 3.54 (m, 2H, H-2αβ), 3.51 (dd, J = 5.0, 3.6 

Hz, 1H, H-4β); 13C NMR (126 MHz, CDCl3) δ 138.5, 138.4, 138.1, 138.1, 138.0, 138.0 (Cq), 128.5, 

128.5, 128.5, 128.4, 128.3, 128.2, 128.2, 128.1, 128.0, 128.0, 127.9, 127.9, 127.8, 127.8, 127.8, 127.7 

(CHarom), 116.8 – 112.1 (m, 2x CH2-CHF2) 101.4 (C-1α), 100.0 (C-1β), 78.9 (C-2α), 78.5 (C-3α), 

77.3 (C-4α), 75.4 (C-2β), 74.9 (C-3β), 74.7 (C-4β), 74.3 (C-5β), 74.0, 73.8, 73.8, 73.5, 73.5, 73.4, 

73.1, 72.6 (CH2 Bn), 69.9 (C-6β), 69.5 (C-6α), 68.6 (C-5α); 13C-HMBC-GATED NMR (101 MHz, 

CDCl3): δ 101.4 (JH1-C1 = 168 Hz, α), 100.0 (JH1-C1 = 162 Hz, β); HRMS: [M+NH4]+ calcd for 

C36H38F2O6NH4 622.29747, found 622.29604. 
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2,2,2-trifluoroethy-2,3,4,6-tetra-O-benzyl-α,β-D-idopyranoside (8E) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 8 and 2,2,2-trifluoroethanol, yielding compound 8E (41 mg, 66 µmol, 

66%, α:β = 69:31) Data for the α-anomer: 1H NMR (500 MHz, CDCl3) δ 7.40 – 7.24 (m, 20H, 

CHarom), 4.99 (d, J = 4.6 Hz, 1H, H-1), 4.79 (dd, J = 11.5, 10.0 Hz, 2H, CH2 Bn), 4.71 – 4.60 (m, 

3H, 3x CHH Bn), 4.59 – 4.51 (m, 3H, 3x CHH Bn), 4.23 (dt, J = 7.1, 4.2 Hz, 1H, H-5), 4.13 – 4.05 

(m, 1H, CHH-CF3), 3.98 – 3.89 (m, 1H, CHH-CF3), 3.84 (dd, J = 7.2, 5.7 Hz, 1H, H-3), 3.78 – 3.73 

(m, 1H, H-6), 3.70 – 3.65 (m, 2H, H-4, H-6), 3.59 (dd, J = 7.2, 4.7 Hz, 1H, H-2); 13C NMR (126 

MHz, CDCl3) δ 138.4, 138.1, 138.1, 138.0 (Cq), 128.6, 128.5, 128.5, 128.5, 128.3, 128.1, 128.0, 

128.0, 127.9, 127.9, 127.7 (CHarom), 101.0 (C-1), 78.4, 78.3 (C-2, C-3), 77.2 (C-4), 74.0, 73.8, 73.5, 

73.2 (CH2 Bn), 70.0 (C-5), 68.6 (C-6), 64.6 (q, J = 34.5 Hz, CH-CF3); 13C-HMBC-GATED NMR 

(126 MHz, CDCl3): δ 101.0 (JH1-C1 = 169 Hz, α); diagnostic peaks for the β-anomer: 1H NMR (500 

MHz, CDCl3) δ 4.89 (d, J = 2.5 Hz, 1H, H-1), 3.51 (dd, J = 5.2, 3.7 Hz, 1H); 13C NMR (126 MHz, 

CDCl3) δ 99.7 (C-1), 74.4, 73.6, 72.7, 69.4 (C-6), 68.2 – 67.3 (m, 2x CH2-CHF2); 13C-HMBC-

GATED NMR (126 MHz, CDCl3): δ 99.7 (JH1-C1 = 163 Hz, β); HRMS: [M+NH4]+ calcd for C36-

H37F3O6NH4 640.28805, found 640.28690. 

 

1,1,1,3,3,3-hexafluoro-2-propyl-2,3,4,6-tetra-O-benzyl-α-D-idopyranoside (8F) 

 
Title compound was prepared according to the general procedure for Ph2SO/Tf2O mediated 

glycosylations with donor 8 and 1,1,1,3,3,3-hexafluoropropan-2-ol, yielding compound 8F (15 

mg, 22 µmol, 22%, colourless oil, α:β = >98:2) 1H NMR (500 MHz, CDCl3) δ 7.40 – 7.20 (m, 20H, 

CHarom), 5.16 (d, J = 4.2 Hz, 1H, H-1), 4.76 (t, J = 11.4 Hz, 2H, CH2 Bn), 4.67 (d, J = 11.7 Hz, 1H, 

CHH Bn), 4.65 – 4.59 (m, 2H, CH(CF3)2, CHH Bn), 4.57 (d, J = 11.5 Hz, 1H, CHH Bn), 4.54 (d, J 

= 11.8 Hz, 1H, CHH Bn), 4.52 (d, J = 3.1 Hz, 2H, CH2 Bn), 4.26 (td, J = 6.2, 3.6 Hz, 1H, H-5), 3.81 

(dd, J = 7.1, 5.1 Hz, 1H, H-3), 3.72 – 3.68 (m, 3H, H-4, 2x H-6), 3.65 (dd, J = 7.1, 4.2 Hz, 1H, H-

2); 13C NMR (126 MHz, CDCl3) δ 138.3, 138.1, 138.1, 137.6 (Cq), 129.6, 129.3, 128.9, 128.7, 128.6, 

128.6, 128.6, 128.5, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.8, 127.8, 127.7, 127.7 

(CHarom), 101.6 (C-1), 78.1 (C-3), 77.6 (C-2), 73.8, 73.8, 73.6, 73.3 (CH2 Bn), 70.1 (C-5), 68.2 (C-

6), a cross-peak for (H-4, C-4) is visible at (3.70, 76.2) in the HSQC spectrum; 13C-HMBC-

GATED NMR (126 MHz, CDCl3): δ 101.6 (JH1-C1 = 173 Hz, α); HRMS: [M+NH4]+ calcd for 

C37H36F6O6 708.27543, found 708.27396. 
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