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The glycosylation with trichloroacetimidates derived from
different glycopyranoses bearing a nonparticipating group
at C-2 was explored in different ionic liquids as solvents.
The stereoselectivity of the reaction was significantly af-
fected by the reaction media and by the anomeric configu-
ration of the donor.

Ionic liquids (ILs) have recently found increasing
applicability as solvents in organic reactions.! Due to
their high polarity, reactions in ILs have kinetic and
thermodynamic behavior different from classical solvents,
which often leads to improved process performance.?

Relatively few papers have appeared in the literature
describing glycosylation reaction performed in ILs?
where they emerged as suitable solvents. In a prelimi-
nary communication, we reported on the use of [emim]-
[OTf]* and [bmim][PF¢]® (Figure 1) as solvents for glyco-
sylation of 2-propanol or carbohydrate acceptors with
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FIGURE 1. Structure of [emim][OTf], [bmim][PF¢], and
[emim][BF4]% (a) water-soluble coordinating anion; (b) hydro-
phobic noncoordinating anion; (¢) water-soluble noncoordinat-
ing anion.

various trichloroacetimidate donors, under trimethylsilyl
trifluoromethanesulfonate (TMSOTY) catalysis.?d The
coupling reactions proceeded under mild conditions, at
room temperature, and, in some cases, avoiding the use
of the Lewis acid catalyst. Moreover, the ionic liquid could
be recycled without loss of the Lewis acid catalytic
properties, rendering the glycosylation reaction per-
formed in these media appealing especially from an
industrial point of view.

During these preliminary experiments, we observed
that, in [emim][OTf], trichloroacetimidates bearing non-
participating groups at C-2 yielded preferentially the
B-glycoside.?d Similar results were subsequently reported
by Toshima et al.,?® who invoked a possible coordination
from the o-side of the oxonium ion by the triflate,
inducing the nucleophilic attack of the acceptor from the
pB-side. A similar coordination effect is described for
nitriles at low temperature and in the presence of a
strong acid catalyst (such as TMSOTY)” and in Crich’s
works on glycosyl triflates for the synthesis of 1,2-cis-
glycosides.®

To gain further insight into the glycosylation mecha-
nism in ILs, we report herein a systematic study describ-
ing the glycosylation with anomerically pure a- and
B-trichloroacetimidate donors both in coordinating and
noncoordinating ILs.

First, the general efficiency of [emim][OTf] and “clas-
sical” solvents in the glycosylation of 2-propanol with a-
and $-2,3,4,6-tetra-O-benzyl glucopyranose trichloroace-
timidate 1° was compared. The results are reported in
Table 1.

Among the classical solvents, dichloromethane and
diethyl ether (entries 1, 2, 7, and 8) provided products
20,31° with a prevalent inversion of the anomeric con-
figuration of the starting donor, while acetonitrile (entries
3 and 9) gave predominantly the f(-glycoside. Interest-

(4) Bonhaote, P.; Dias, A.-P.; Papageorgiou, N.; Kalyanasundaram,
K.; Gritzel, M. Inorg. Chem. 1996, 35, 1168—1178.

(5) Carda-Broch, S.; Berthod, A.; Armstrong, D. W. Anal. Bioanal.
Chem. 2003, 375, 191—199.

(6) Fuller, J.; Carlin, R. T.; Osteryoung, R. A. J. Electrochem. Soc.
1997, 144, 3881—3886.

(7) (a) Schmidt, R. R.; Michael J. J. Cardohydr. Chem. 1985, 4, 141—
169. (b) Schmidt, R. R.; Behrendt, M.; Toepfer, A. Synlett 1990, 694—
696.

(8) (a) Crich, D.; Sun, S. Tetrahedron 1998, 54, 8321—-8348. (b) Crich,
D.; Sun, S. J. Am. Chem. Soc. 1997, 119, 11217—-11223.

(9) Schmidt, R. R.; Kinzy, W. Adv. Carbohydr. Chem. Biochem. 1994,
50, 21 and references therein.

(10) Vankalayapati, H.; Singh, G.; Tranoy, 1. Tetrahedron: Asym-
metry 2001, 12, 1373—1381.
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TABLE 1. Glycosylation of Isopropanol with a- and
f-2,3,4,6-Tetra-O-benzyl Glucopyranose
Trichloroacetimidates 1 in Different Solvents®

TABLE 2. Glycosylation of Isopropanol with
Trichloroacetimidate Donors in [emim][OTf]

o/fp  Reaction

Entry Donor Acceptor Yield (%) . a . Product
Yield Reaction ratio time
Entry Donor Solvent Product (%) o/B ratio’ time 1 Ph1O R 3 68 5/95 h
o]
BnO
. N 90,8
1 CH,CI, 85 16/84 20 min. % ' ?
= i 2 5012 TR 2" <2/98  48h
2 o8 Et,0 oo géi 96 40/60 20 min. 3 Ph‘g& 3 68 40/60 2h
3 8109 CH,CN BO TNy 84 18/82 20 min. Bro—-—-OTCA 90,B
BnOGoTCA 2 ! -
4 1o femim][OTf] 20,8 67 1684  2h 4 5p' nr. 24h
. 5 QTCA 3 Quant 18/82 4h
5 [emim][OTf]* 79 15/85 30 min. Q7 oBn
OAc 100,
6 CH,CL,;:[emim][OTf] 1:1 65  25/75 20 min. 6 R 3 Quant” 16/84  24h
7 CHCI, 8  70/30 20 min. 7 /ﬁgzgggm 3 85 37/63 10 min.
OAc
8 ELO 68 7228 20 min. OAe \ . 10ap
OBn 8 6B 3 96 28/72 15 min.
9 BES&%O&/OTCA CH,CN - 58 43/57 20 min. 9 BnO Ogn 3 89 18/82 1,5h
10 1B [emim][OTf] ’ Quant. 45/55 20 min. BnO BnObTCA lla,B”
»
1 [emim][OTH] 85 2080  48h 10 7o) 3 64 30770 15k
BnO _OBn 72 46/54 45 min.
12 CH,CL:[emim][OTS] 1:1 72 54/46 20 min. 1 Bn; 0 oren 3 o/ min 5
110,
BnO d
@ All reactions were carried out with 20 equiv of 2-propanol and 12 7p° 3 78 47/53 45 min.
0.01 equiv of TMSOTf in 0.5 mL of solvent at room temperature. 13 smo— o 3 2 50550 >h
b Determined by NMR. ¢ Reaction performed without Lewis acid Bgo&& s
catalysis. " drea . 120,
14 80’ 3 Quant. 50/50  2h
15 BnO—, OBn 3 36 80/20 45 min.
SeHEE 1 Rl oron 120,
ROH )
o) TMSOTF, r.t. o 16 8p'e 3 28" 87/13 45 min.
RO~ X , N—
v lonic Liquid RO~&OR 17 1o 4 83 16/84 4h 130,B"7
XorY=0TCA 18 1B 4 68 25/75  48h 1308
_ Og @ Determined by NMR. ¢ Reaction performed without Lewis acid
ROH = > OH : B?B(RO catalysis. ¢ Also isolated was 28% of the glycoside lacking the
3 4 BnOOMe benzylidene group in a 14/86 o/ ratio. ¢ TMSOTS 0.02 equiv.

ingly, in [emim][OTf], both 1a and 1 afforded mainly
the S-isopropyl glycoside 2/ (entries 4, 5, 10, and 11). This
was particularly evident when donor 15 was allowed to
react in the absence of the acidic catalyst (entry 11; 20/
80 o/f). In addition, experiments performed in a 1:1
[emim][OTf]/CHyCl, mixture evidenced that donor 2/
provided lower o/f3 ratios with growing concentration of
[emim][OTf] (compare entries 7 and 12 with entry 10 in
Table 1).

The investigation of the reaction in [emim][OTf] was
extended to various anomerically pure a- and -donors
bearing nonparticipating groups at C-2, according to
Scheme 1. Each reaction was run both in the presence
(0.01 equiv) and in the absence of the acidic promoter
(TMSOTY).

The results are reported in Table 2. Regardless of their
anomeric configuration, all the glycosyl donors provided
predominantly the f-glycoside, with a-donors showing
higher selectivities. The only exception emerged with
mannosyl donors 8a and 84 (entries 13—16), in line with
the known difficulty in the direct synthesis of f-manno-
sides, where steric effects dominate the reactivity.!®

(11) Discrepancies in the reaction times were mainly due to the
diverse solubility of the substrates in the reaction media. This was
noted even between different batches of the same trichloroacetimidate
(e.g., entries 4 and 5 in Table 1).

(12) Takatani, M.; Nakama, T.; Kubo, K.; Manabe, S.; Nakahara,
Y.; Ito, Y.; Nakahara, Y. Glycoconjugate JJ. 2000, 17, 361—375.

(13) Windmiiller, R.; Schmidt, R. R. Tetrahedron Lett. 1994, 35,
7927—17930.
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Nevertheless, donor 8a gave a 50/50 o/f ratio: This result
is worthy of note when compared with the data obtained
by Crich® with an analogue thioglycoside donor at —78
°C and considering that the reaction was run at room
temperature. 2-Deoxy-2-azido glucopyranosyl donors 5
were poorly reactive in the absence of the acidic promoter.
In fact, compound 5a reacted only in 48 h (entry 2)
providing only 22% of the expected product. The corre-
sponding donor 56 did not yield any product after 24 h
(entry 4).

The same trend in selectivity was observed by using
carbohydrate acceptors (entries 17 and 18): Glucosyl
donors la and 15 reacted with armed acceptor 4,°
affording disaccharides 13a, mainly as the -anomer.

An analogous series of experiments was performed in
ILs containing a noncoordinating anion such as [bmim]-
[PF¢] and [emim][BF,] (Figure 1). The results are sum-
marized in Table 3. In this case, the stereochemistry of
the products was strongly dependent on the anomeric

(14) Mereyala, H. B.; Reddy, G. V. Tetrahedron 1991, 47, 6435—
6448.

(15) Toshima, K.; Nagai, H.; Kasumi, K.; Kawahara, K.; Matsumura,
S. Tetrahedron 2004, 60, 5331—5339.

(16) Rathore, H.; From, A. H. L.; Ahmed, K.; Fullerton, D. S. JJ. Med.
Chem. 1986, 29, 1945—1952.

(17) Chiba, H.; Funasaka, S.; Mukaiyama, T. Bull. Chem. Soc. Jpn.
2003, 76, 1629—1644.

(18) (a) Barresi, F.; Hindsgaul, O. In Modern Methods in Carbohy-
drate Synthesis; Khan, S. H., O'Neill, R. A., Eds.; Harwood Academic
Publishers: Amsterdam, 1996; pp 251—276. (b) Toshima, K.; Tatsuta,
K. Chem. Rev. 1993, 93, 1503—1531.



TABLE 3. Glycosylation of Isopropanol with
Trichloroacetimidates 5—8 in [bmim][PFg] and
[emim][BF4]

yield o/ff  reaction product
entry donor solvent (%)  ratio® time no.
1 lo.  [bmim][PFe] 98 18/82 20 min  2a,
2 la [emim][BF4] 80 12/88 4h 20,5
3 18 [bmim][PFg] 98 76/24 24 h 20,5
4 15 [emim][BFy] 74 85/15 4h 20,
5 500 [bmim][PFs] 64 7/93 2h 90,3
6 58 [bmim][PF¢] 43 95/5 48 h 90,3
7 6a [omim][PFg] quant 25/75 1h 100,53
8 6p3 [bmim][PFg] quant 73/27 5 min 100,
9 Ta [bmim][PF¢] 91 17/83 20 min 110,56
10 76 [bmim][PFg] 93 67/33 20 min 110,68
11 8a  [bmim][PF¢] 94 47/53 1.5h 120,
12 83 [bmim][PFg] 75 76/24 30 min 120,53

@ Determined by NMR. ¢ Performed with 0.1 equiv of TMSOTY.

configuration of the donor: o-donors gave predominantly
[-glycosides, while 3-donors mainly afforded o-products.
Once more, tetra-O-benzyl-mannose donor 8a gave the
poorest stereoselectivity (47/563 o/ in entry 11).

To date, the study of the influence of ILs in the
mechanism of a reaction is still in its early stages. Since
the interaction between the substrate and these media
depends on many factors (H-bonding ability and recipro-
cal ion pairing, viscosity, polarity, presence of cavities
in the ILs, etc.), general trends can hardly be estab-
lished.®

Taken together, our results show a different ability of
[emim][OTf] and noncoordinating ILs in addressing the
stereochemistry of glycosylation products. In particular,
the prevalence of f-products observed in [emim][OTf]
suggests a possible coordination of the triflate anion from
the a-side of the oxonium ion. This hypothesis was
investigated through two low-temperature 'H NMR
spectroscopy experiments.2’ Glucosyl imidates 1o and 18
were dissolved in CDyCl; at —78° in the presence of 1.5
equiv of [emim][OTf]. The donors were subsequently
activated by addition of 0.01 equiv of TMSOT{. '"H NMR
spectra were recorded at regular time intervals (see
Supporting Information). Inspection of the spectra re-
vealed that compound 15 (H-1, doublet at 5.74 ppm, J =
7.4 Hz; NH, singlet at 8.83 ppm) converted within 30 min
to glucosyl imidate 1a (H-1, doublet at 6.40 ppm, J =
3.4 Hz; NH, singlet at 8.71 ppm) and to a third carbo-
hydrate species whose anomeric proton appeared as a
doublet at 6 6.16 ppm with J = 2.9 Hz. This was
identified as the o-glucosyl triflate according to the
chemical shift reported in the literature.®® The peaks
corresponding to 1o and to the a-glucosyl triflate disap-
peared after 40 and 100 min, respectively, affording
degradation byproducts.?! On the contrary, the kinetics
of the reaction of the a-glucosyl imidate was sluggish.
The H-1 peak intensity decreased slowly, and only a
small amount of anomeric triflate (H-1, doublet at 6 6.16

(19) Chiappe, C.; Pieraccini, D. J. Phys. Org. Chem. 2005, 18, 275—
297 and references therein.

(20) Low-temperature NMR experiments in neat [emim][OTf] are
unfeasible, as it freezes at —9 °C.

(21) Chromatography of the mixture revealed the formation of
different degradation byproducts, including the glucosyl-trichloro-
acetamide, the reducing sugar derived from hydrolysis of the trichlo-
roacetimidate, and the penta-O-benzyl glycoside.
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ppm, J = 2.9 Hz) was generated. Its concentration
remained low and constant for the duration of the
experiment (210 min).

Although the experimental conditions used in NMR
experiments were far from those reported in Tables 1—3,
the data obtained disclose some possible reaction inter-
mediates. Starting both from 1o and 1, the covalent
anomeric o-triflate is formed as a transient species,
demonstrating that the triflate of the IL is able to
coordinate the oxonium ion generated by trichloroace-
timidate displacement. In the case of f-imidate, preanom-
erization to the o-imidate also occurs: To our knowledge,
this phenomenon has never been described previously,
and we cannot exclude that it occurs also at room
temperature and in neat IL.

According to these NMR results, a possible interpreta-
tion of the data reported in Tables 1 and 2 is that, in
[emim][OTf], a-donors react directly with the acceptor
and/or through an a-triflate intermediate, affording
mainly S-products. f-Donors seem to provide the g-gly-
cosides both by donor preanomerization and by formation
of the o-triflate intermediate. Moreover, in both cases,
the incomplete stereoselectivity of the glycosylation can
be due to the concurrent contribution of the highly
reactive oxonium ion intermediate, present as a tight/
loose ionic couple. Finally, the higher amount of the
o-glycosides obtained from pS-trichloroacetimidates is
most likely due to the direct attack by the acceptor on
the donors.

In conclusion, we showed that ionic liquid triflate in
[emim][OT] is sufficiently nucleophilic to interact with
the oxonium ion. This influences the stereochemical
outcome of the glycosylation performed in this medium.
On the other hand, when the reaction is performed in
noncoordinating ILs, the prevailing mechanism leads to
inversion of the donor anomeric configuration, as ob-
served in “classical” noncoordinating solvents under the
same reaction conditions.

Experimental Section

General Procedure for the Preparation of Monosac-
charide Glycosides 2, 9—12. The donor (100 mg, 1 equiv) and
2-propanol (20 equiv) were dissolved in the solvent (0.5 mL), and
TMSOTT (0.01 equiv) was added unless specifically mentioned
otherwise. The reaction was stirred at room temperature until
TLC showed complete conversion of the donor. For reaction in
classical organic solvents, workup consisted of neutralization
with triethylamine and evaporation of the solvent. For reactions
in ILs, the workup was performed by addition of water and
extraction of the product with chloroform. The crude mixture
was purified by flash chromatography.

General Procedure for the Preparation of Disaccha-
rides 13a and 13p. The acceptor (60 mg, 1 equiv) and TMSOTf
(0.01 equiv) were dissolved [emim][OTf] (0.5 mL). The donor (1.5
equiv) was added as a solid, and the reaction was stirred at room
temperature until completion. After addition of water and
extraction with chloroform, the crude was purified by flash
chromatography.

Compounds 20.,43,° 110,8,'2 120,3,'® and 130,3'® displayed the
same chemical—physical characteristics already reported in the
literature.

Donors 1 and 4—7 were synthesized according to the proce-
dures already published in the literature,®121316 except donor
6(3, whose preparation is described herein.

3,4-Di-0-acetyl-2-O-benzyl-j-L-fucopyranosyl Trichloro-
acetimidate (65). To a solution of 2-O-benzyl-3,4-di-O-acetyl
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fucopyranose (1392 mg, 4.11 mmol) in dry CHxClz (20 mL),
trichloroacetonitrile (2.06 mL), and KsCO3 (2270 mg, 16.4 mmol)
were added. The reaction was stirred at room temperature until
completion, then it was filtered over a celite pad and the solvent
was evaporated. The crude was purified by flash chromatography
(eluent: 7/3 hexane/EtOAc) providing 1298 mg of the product
(2.67 mmol, 65%). [alp?? —52.4 (¢ 1.1, CHCl3). 'H NMR (400
MHz, CDCl;): 6 8.74 (s, 1H), 7.34—7.28 (m, 5H), 5.84 (d, 1H,
J =8.1Hz),5.28(d, 1H, J = 3.4 Hz), 5.10 (dd, 1H, J = 3.4, J =
10.1 Hz), 4.91 (d, 1H, J = 11.4 Hz), 4.68 (d, 1H, J = 11.4 Hz),
3.98 (q, 1H, J = 6.5 Hz), 3.91 (dd, 1H, J = 8.2, J = 10.1 Hz),
2.19 (s, 3H), 1.97 (s, 3H), 1.25 (d, 3H, J = 6.5 Hz). 13C NMR
(400 MHz, CDCls): 6 171.1, 170.5, 161.8, 98.9, 76.0, 75.6, 73.3,
71.0, 70.7, 21.3, 21.2, 16.6. FT IR (CHCls) v 1678, 1742, 3038
cm~!. Anal. Caled for C19H22O7NCl3 (482.74): C, 47.27; H, 4.59;
N, 2.90. Found: C, 47.32; H, 4.52, N, 2.93.

O-Isopropyl-2-azido-2-deoxy-3-O-benzil-4,6-O-benziliden-
o-D-glucopyranoside (90). Eluent: 9/1 hexane/EtOAc. [a]p?2
+ 115.7 (¢ 0.51, CHCl;). 'H NMR (300 MHz, CDCl3): & 7.52—
7.25 (m, 15H), 5.59 (s, 1H), 4.98 (d, 1H, J = 3.5 Hz), 4.96 (d, 1H,
J = 11.0 Hz), 4.80 (d, 1H, J = 11.0 Hz), 4.27 (dd, 1H J = 4.7,
10.1 Hz), 4.11 (t, 1H, J = 9.3 Hz), 4.02—3.89 (m, 2H), 3.75 (4,
1H, J = 10.1 Hz), 3.70 (t, 1H, J = 9.3 Hz), 3.29 (dd, 1H, J = 3.5,
9.3 Hz), 1.27—1.22 (m, 6H). 13C NMR (300 MHz, CDCls): ¢ 101.3,
97.1, 83.0, 76.0, 75.0, 71.3, 68.9, 62.8, 23.3, 21.5. FT IR (CHCl3)
v 1261, 2110, 2255, 2875, 2924, 2970 cm~!. Anal. Caled for
Ca3Hy705N3 (425.48): C, 64.93; N, 9.88; H, 6.40. Found: C, 64.90;
N, 9.92; H, 6.35.

O-Isopropyl-2-azido-2-deoxy-3-O-benzil-4,6-O-benziliden-
pB-D-glucopyranoside (95). Eluent: 9/1 Hexane/EtOAc. [o]p??
—61.3 (¢ 1, CHCl3). '"H NMR (300 MHz, CDCl3): ¢ 7.49—7.25
(m, 15H), 5.57 (s, 1H), 4.91 (d, 1H, J = 11.4 Hz), 4.79 (d, 1H,
J =11.4 Hz), 444 (d, 1H, J = 7.8 Hz), 4.32 (dd, 1H, J = 4.9,
10.3 Hz), 3.99 (septuplet, 1H, J = 6.2 Hz), 3.80 (t, 1H, J = 10.3
Hz), 3.70 (t, 1H, J = 8.9 Hz), 3.54—3.33 (m, 3H), 1.27—-1.25 (m,
6H). 3C NMR (300 MHz, CDCls): ¢ 101.2,81.5,78.9, 66.2, 73.1,
74.9, 68.7,23.5,21.9. FTIR (CHC]; solution) v 2115, 2245, 2880,
2968, 3010 cm ™. Anal. Caled for Co3Hs705N3 (425.48): C, 64.93;
N, 9.88; H, 6.40. Found: C, 64.92; N, 9.86; H, 6.38

O-Isopropyl-3,4-di-O-acetyl-2-O-benzyl-o-L-fucopyrano-
side (100) and O-Isopropyl-3,4-di-O-acetyl-2-O-benzyl-j3-L-
fucopyranoside (105). The two compounds were obtained in
a o/f anomeric mixture that could not be separated by flash
chromatography. The ratio between the anomers was deter-
mined by NMR, and the peaks of the major component of a 72/
28 and 18/82 o/ff mixture are reported, respectively, to describe
the a- and f-anomer.
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10a.. Eluent: 95/5 toluene/EtOAc. 'H NMR (400 MHz,
CDCls): 0 7.36—7.28 (m, 5H), 5.38—5.29 (m, 2H), 4.95 (d, 1H,
J =3.7THz),4.70 (d, 1H, J = 12.2 Hz), 4.61 (d, 1H, J = 12.2 Hz),
4.22 (q, 1H, J = 6.6 Hz), 3.88 (septuplet, 1H, J = 6.0 Hz), 3.83
(dd, 1H, J = 3.7, 10.0 Hz), 2.15 (s, 3H), 2.01 (s, 3H), 1.25 (d, 3H,
J =6.0 Hz), 1.19 (d, 3H, J = 6.0 Hz), 1.11 (d, 3H, J = 6.6 Hz).
13C NMR (300 MHz, CDCl3): ¢ 171.2, 170.8, 96.2, 74.0, 73.3,
72.4,71.4,64.8,23.8, 22.0, 21.3, 16.5. FTIR (CHCl,): 1740 cm ™.
Anal. Caled for Co0Hss07 (380.43): C, 63.14; H, 7.42. Found: C,
63.12; H, 7.40.

105. Eluent: 95/5 toluene/EtOAc. 'H NMR (300 MHz,
CDCl3): 6 7.29 (m, 5H), 5.18 (d, 1H, J = 3.4 Hz), 4.95 (dd, 2H,
J =3.4,10.1 Hz), 4.88 (d, 1H, J = 11.6 Hz), 4.61 (d, 1H, J =
11.6 Hz), 4.49 (d, 1H, J = 7.8 Hz), 4.01 (septuplet, 1H, J = 6.2
Hz), 3.74 (bq, 1H, J = 6.5 Hz), 3.57 (dd, 1H, J = 7.8, 10.1 Hz),
2.11 (s, 3H), 1.94 (s, 3H), 1.29 (d, 3H, J = 6.2 Hz), 1.23 (d, 3H,
J = 6.2 Hz), 1.18 (d, 1H, J = 6.4 Hz). 3C NMR (300 MHz,
CDCly): 0 170.6,170.2, 102.1, 76.4, 72.7, 70.8, 68.7, 74.7, 23.6,
22.1, 20.7, 16.2. FTIR (CHCIl3) 1740 cm™!. Anal. Caled for
Cg0Has07 (380.43): C, 63.14; H, 7.42. Found: C, 63.10; H, 7.45.

Low-Temperature (—78 °C) 'TH NMR Experiments. Glu-
cosyl imidate 15 (or 1a) was dissolved in CD2Cls in a 5 mm NMR
tube, at —78°, in the presence of 1.5 equiv of [emim][OTf]. The
mixture was stable at these conditions, and therefore the
shimming of the sample (lock on the 2H nuclei of CD2Cl; solvent)
and the acquisition of the first 1H spectrum (labeled with ¢ = 0)
was performed using a 500 MHz spectrometer, equipped with a
5 mm QNP probe (13C, 13P, 19F/1H coils) and with an N
evaporator cooling system unit. The donor was activated by
addition at —78° of 0.01 equiv of TMSOTY, and a second spectrum
was acquired after the necessary manipulation and lock stabi-
lization time (¢ = 5 min). 'H experiments (35 s each one) were
subsequently acquired at regular time intervals (see Supporting
Information) until the spectrum appearance was stable.
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