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ABSTRACT: A straightforward strategy for the synthesis of
triazole-containing MraY inhibitors has been developed. It
involves the sequential introduction of a terminal alkyne at the
S’ position of an uridine derivative and O-glycosylation with a
protected aminoribose leading to an elaborated alkyne scaffold.
An efficient Cu(I)-catalyzed azide—alkyne cycloaddition
(CuAAC) allowed the introduction of chemical diversity
toward a small library of inhibitors.

B INTRODUCTION

The worldwide emergence of multidrug resistant (MDR)
bacteria has become a severe public health problem that
requires the scientific community to discover novel compounds
able to fight MDR strains.”” One way to address antibiotic
resistance is to delay this inevitable phenomenon by focusing
on targets that have been little exploited so far such as the
bacterial translocase MraY.> This transferase involved in the
first membrane-associated step of peptidoglycan biosynthesis
represents such a challenging target.* Indeed, this membrane
protein, which no drug currently used in therapeutics has yet
targeted, is an essential enzyme of peptidoglycan biosyn-
thesis.”® The latter is a cross-linked polymer specific to bacteria
and is a major component of their cell wall, which protects the
cell from osmotic stress. MraY catalyzes the transfer of the
phospho-Mur-N-Ac-pentapeptide moiety from the cytoplasmic
precursor UDP-Mur-N-Ac-pentapeptide to the membrane
acceptor undecaprenyl phosphate (Cgs—P) yielding undecap-
renyl-pyrophosphoryl-Mur-N-Ac-pentapeptide (lipid I) while
releasing uridine monophosphate (UMP).”

MraY is the target of several families of naturally occurring
nucleoside antibiotics®® (Figure 1), which notably include FR-
900493," liposidomycins,""  caprazamycins'> and muraymy-
cins."” Several elegant synthetic approaches toward these
compounds have been described.'*'> All these natural
inhibitors share a common aminoribosyl-O-uridine scaffold,
which has been proven to be essential for biological activity.'®
However, the complexity displayed by such structures hampers
rapid structure—activity relationship studies. Furthermore, the
absence of crystal structure available for the MraY transferase
makes the discovery of new potent inhibitors particularly
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challenging, not only as regards the development of new
antibacterials but also in a possible contribution to MraY
structural characterization.

In the context of an ongoing programlé‘e’i’lsﬁm’17 directed
toward MraY inhibition, our goal was to develop a
straightforward access to a new type of MraY inhibitors (Figure
2) based on the aminoribosyl-O-uridine skeleton displayed by
known natural inhibitors. Structural diversity was planned to be
introduced through a triazole linker at the 5’ position of this
scaffold thanks to Cu(I)-catalyzed azide—alkyne cycloaddition®
(CuAAC). Indeed, this robust process seemed to be particularly
relevant at the ultimate key step since it is compatible with a
large range of functional groulps, occurs under mild conditions
and is generally high yielding. %19 Moreover, the use of a 1,2,3-
triazole to connect various fragments to the aminoribosyl-O-
uridine skeleton appeared to be relevant because of electronic
similarities with the amide bond,”® a function present at the
same position in some of the above-mentioned natural
inhibitors.

B RESULTS AND DISCUSSION

The retrosynthesis we designed (Scheme 1) for the preparation
of the targeted inhibitors A relies on the CuAAC reaction
between individual azides (1la—n, Figure 3) and $'-alkynyl-
aminoribosyl uridine B, which could be derived from O-
glycosylation of the known uridine-derived propargylic alcohol
D, by an anomerically activated and amine protected S-amino-
S-deoxy-p-ribofuranoside C.
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Figure 2. Structure of targeted MraY inhibitors.

In previous synthetic approaches toward caprazamycins and
muraymycins, the S-aminoribosyl moiety was introduced by
glycosylation with a S5-azidoribosyl derivative as a ribosyl
donor, #4e8h15edhm According to the proposed retrosynthetic
analysis, the use of an azido group to mask the primary amine
was excluded to avoid autocondensation during the CuAAC
reaction step. In contrast, the easily cleavable phthalimido
group could be suitable for our strategy. Accordingly, the 5-
phthalimidoribosyl fluoride 8, with pentylidene protection for
the 2,3-dihydroxyl groups, was prepared in four steps (via 5, 6
and 7) from D-ribose in a 47% overall yield (Scheme 2).

Initially, ribose was first protected with the acid labile 3-
pentylidene group, known to hinder the a-face of the ribosyl
donor during the glycosylation step.™® Unfortunately, all
attempts to introduce a phthalimide moiety as a masked
primary amine on compounds exhibiting an unprotected
anomeric hydroxyl, either by nucleophilic substitution from
mesylate 2 or tosylate 3 or by direct Mitsunobu®" reaction on
the alcohol 1, led exclusively to the tricyclic compound 4.

As a highly effective alternative, direct conversion of D-ribose
to f-1-O-allyl-2,3-di-O-pentylidene ribofuranoside §,”* with
concurrent installation of the two useful protecting groups, was
achieved in a single reaction in a 3-pentanone/allylic alcohol
mixture in the presence of sulfuric acid to give 5 as the single
stereoisomer exhibiting a characteristic singlet for H; at 5.13
ppm. The configuration of the hemiketal carbon was also
confirmed by the presence of a NOE between H, and H,
(NOESY).

The primary alcohol § was then converted to the phthalimide
6 by N-alkylation under Mitsunobu conditions. Various
attempts to deprotect the anomeric hydroxyl by using well-
known deallylation conditions proved unsuccessful leading
either to unchanged starting material (Pd(PPh;),, DMBA,
MeOH),”® or to complex mixtures (Pd(PPh;), K,CO;,
MeOH).** Treatment of compound 6 with nickel chloride
and triethylaluminium® allowed allyl deprotection but in
modest and unreproductible yields (44—63%). In contrast,
removal of the allyl protecting group was successfully achieved
by oxidative cleavage in the presence of 4-methylmorpholine-N-
oxide, sodium periodate and a catalytic amount of osmium
tetroxide in a 2/1 dioxane/water mixture*® affording in 97%
yield the anomeric unprotected ribose 7. The latter was
subsequently activated as its fluoride 8 using diethylaminosulfur
trifluoride.

The known propargyl alcohol 9°7 was prepared according to
a literature procedure™ from 2’,3"-O-isopropylidene-uridine by
Dess—Martin oxidation of its primary alcohol function followed
by triethylsilylethynylmagnesiumbromide condensation leading
to a 2/1 mixture of the corresponding 5'R/5’S triethylsilylpro-
pargyl alcohols. The separable major 5'R isomer was then
converted into the desired propargyl alcohol 9 in a two step
sequence allowing inversion of the configuration at Cs under
Mitsunobu conditions (PPh;, DIAD) leading to the 2,5'S-
anhydro-uridine, which was subsequently hydrolyzed into the
alcohol 9 under basic conditions (NaOH, MeOH/H,0). The
established S configuration in alcohol 9*7 was further confirmed
by differentiation from its R diastereoisomer, which is also
known and reported.”®

Next, the propargyl alcohol 9 was submitted to glycosylation
with the ribose derivative 8 in the presence of boron trifluoride
etherate’* at =78 °C to give the alkyne 10 with a high 13/1 8/
a selectivity and in an excellent 90% yield, considering the
steric hindrance of the ribosyl acceptor. Assignment of anomers
for compound 10 was made according to distinguishing

Scheme 1. Retrosynthetic Analysis of Targeted Inhibitors A
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Reagents and conditions: (a) pentan-3-one, H,SO, cat,, DMF, rt, 48 h, (77%); (b) MsCl, NEt;, DMAP cat.,, CH,Cl,, rt, 48 h; (c) TsCl, Pyridine, 0
°C, rt, 48 h; (d) PPhy, DIAD, PhthH, toluene, rt, 16 h, (66%); (e) 2 or 3, PhthK, DMF, rt, 48 h (57% over two steps from 2, 46% over two steps
from 3); (f) allylic alcohol, pentan-3-one, H,SO, cat., 4 h, 60 °C, (60%); (g) PPh;, DIAD, PhthH, toluene, rt, 18 h, (84%); (h) OsO, cat, NMO,
NalO,, dioxane/H,0: 2/1, 70 °C, 18 h, (97%); (i) DAST, CH,Cl,, —30 °C, 30 min, then rt, 1 h (97%) (8/a > 9); (j) 8, BF;-Et,0, M.S. 4 A,

CH,Cl,, =78 °C to rt, (90%) (§/a =13/1).

characteristic "H NMR signals for H,, a singlet at 5.31 ppm for
the major # anomer and a doublet (*Jy;/_y,» = 2 Hz) at 5.30
ppm for the minor @ anomer.

To introduce chemical diversity in the set of final
compounds, we next turned to the synthesis of second partners
for CuAAC, azido building blocks displaying various structures,
complexity and polarity. Thus, several apolar, aliphatic or
aromatic, linear or cyclic, azides such as 11d were selected
(Figure 3). In addition, polar azido-alcohols 1le—f, azido
alkylphthalimide 11g, morpholine 11h and imidazole 11i were
chosen to potentially mimic the polar amine moiety present in
natural MraY inhibitors. The piperazine-azide 11j, with a more
polar and complex structure,” was also involved in this study.
Finally, in order to determine if compounds containing a
benzophenone moiety could inhibit MraY, we also picked four
benzophenone-derived azides 11k—n. Indeed, inhibitors
bearing such a photoactivable group®® and exhibiting different
spacers between the benzophenone and the triazole moieties
could offer some original opportunities for the mapping of the
yet unknown MraY active site.

The synthesis of azides 11 (a—n; groups A—E) is depicted in
Scheme 3. Thus, azides A, 11a and 11c—f, were synthesized
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from corresponding bromide or tosyl derivatives. Azides B, 11b
and 11i, were prepared by diazotransfer reaction on primary
amine 13a and 13b, with imidazole-1-sulfonyl azide hydro-
chloride®" as a diazo donor. Azides C, 11g (a phthalimide) and
11h (a morpholine) were prepared through a common
intermediate 15 resulting from activation of pentane-1,5-diol
as its dimesylate 14, followed by monosubstitution with sodium
azide. Further substitution by phthalimide or morpholine
afforded azides 11g and 11h, respectively. Finally, azides D,
11k—m, and azide E, 11n, all containing the benzophenone
group, were efliciently prepared from the corresponding
dibromo reagent by successive displacement of bromides, by
4-hydroxybenzophenone and azide anion.

With azide partners 1la—n and alkyne 10 in hand, we
undertook the synthesis of the targeted triazole compounds.
Accordingly, alkyne scaffold 10 and azide partners 11a—n were
submitted to CuAAC conditions, at room temperature in a 3/1
tert-BuOH/water mixture using catalytic CuSO, and sodium
ascorbate'® in the presence of DIPEA (Scheme 4).

The CuAAC reactions resulted in 1,4-triazoles 18a—n, which
were isolated in yields of 37—75% (Table 1), which are
reasonable considering the bulkiness of the aminoribosyl

dx.doi.org/10.1021/jo4014035 | J. Org. Chem. 2013, 78, 10088—10105
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Scheme 3. Synthesis of Azides 11a—n
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Scheme 4. Synthesis of the Targeted Triazoles 20a—n
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Table 1. Yields for the Synthesis of 18a—n, 19a—n, and
20a—n

RN, 18 (yield) (%) 19 (yield) (%) 20 (yield) (%)
11a a: 61 a: 65 a: 94
11b b: 64 b: 63 b: 93
11c c: 45 c: S8 c: 89
11d d: 46 d: 55 d: 96
1le e: 46 e: 47 e: 91
11f f: 51 f: 71 f: 69
11g g 75 g: 60 g 957
11h h: 56 h: 74 h: 99¢
11i i: 71 i: 52 i: 999
11j j: 62 j: 47 j: 86
11k k: 52 k: 46 k: 99
111 I: 52 1: 49 I: 96
11m m: 49 m: 51 m: 99
11n n: 37 n: 80 n: 99

“Obtained as a di-TFA salt.

moiety. The phthalimide protecting group was then removed
under mild conditions by methylamine®® to give amino-
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ribosyltriazoles 19a—n. Finally, acidic deprotection of the
ketals in a 4/1 trifluoroacetic acid/water mixture provided the
desired analogues of MraY natural inhibitors 20a—n as their
trifluoroacetate salts in nearly quantitative yield.

Preliminary in vitro biological evaluation of (Table 2) the
synthesized compounds 20k—n, which could further be
exploited as molecular tools for mapping the MraY active
site, was carried out on MraY purified from Bacillus subtilis, as
described in the Experimental Section. The residual activity of
the enzyme was measured in the presence of 1 mM of the
tested compounds, and then the ICy, value was calculated.
Commercially available tunicamycin from Streptomyces sp. was
used as a positive control in the tests and resulted in an ICy,
value equal to 0.012 yM.

Interestingly, all the compounds containing the benzophe-
none group revealed inhibition of the MraY enzyme. The
biological evaluation of the other synthesized compounds on
MraY enzymatic activity is currently in progress and will be

reported elsewhere.
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Table 2. Inhibitory Activity of Compounds 20k—n on the
MraY Enzyme
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Bl CONCLUSION

We developed a straightforward synthesis of a highly
functionalized alkyne scaffold, which was easily prepared on a
multigram scale from D-ribose. Subsequent introduction of
chemical diversity achieved with the CuAAC reaction, at a late
stage of the synthesis, allowed rapid access to variously
substituted triazole-containing compounds including benzo-
phenone derivatives. Preliminary biological evaluation of the
latter showed interesting inhibition of the MraY enzyme, and
these inhibitors will be further exploited as molecular tools for
mapping the MraY active site.

B EXPERIMENTAL SECTION

General Experimental Methods. When needed, reactions were
carried out under an argon atmosphere. They were monitored by thin-
layer chromatography with precoated silica on aluminum foil. Flash
chromatography was performed with silica gel 60 (40—63 um); the
solvent systems were given v/v. Spectroscopic 'H and '*C NMR, MS
and/or analytical data were obtained using chromatographically
homogeneous samples. '"H NMR (500 MHz) and *C NMR (125
MHz) spectra were recorded in CDCly unless indicated. Chemical
shifts () are reported in ppm, and coupling constants are given in Hz.
For each compound detailed peak assignments have been made
according to COSY, HSQC and HMBC experiments. The numbering
of molecules is indicated in the Supporting Information file. Optical
rotations were measured with sodium (589 nm) or mercury (365 nm)
lamp at 20 °C. Melting points were measured on a hot bench. IR
spectra were recorded on a FT-IR spectrophotometer, and the
wavelengths are reported in cm™'. Low resolution mass spectra
(LRMS) were recorded with an ion trap mass analyzer under
electrospray ionization (ESI) in positive ionization mode detection or
atmospheric pressure chemical ionization (APCI). High resolution
mass sprectra (HRMS) were recorded with a TOF mass analyzer
under electrospray ionization (ESI) in positive ionization mode
detection, atmospheric pressure chemical ionization or atmospheric
pressure photoionization (APPI). For MraY activity, the radioactive
spots were located and quantified with a radioactivity scanner (model
Multi-Tracemaster LB28S).

5-Anhydro-2,3-O-isopentylidene-f-p-ribofuranose (4). Via Com-
pound 1 by Mitsunobu Reaction. To a solution of compound 1 (350
mg, 1.6 mmol, 1 equiv), phthalimide (259 mg, 1.76 mmol, 1.1 equiv)
and triphenylphosphine (839 mg, 3.2 mmol, 2 equiv) in anhydrous
toluene (9 mL), diisopropylazodicarboxylate (DIAD) was added

dropwise (630 uL, 3.2 mmol, 2 equiv). The resulting yellow solution
was stirred at rt for 16 h and concentrated in vacuo. The crude oil was
purified by flash chromatography (Cyclohexane/EtOAc 9/1, then 3/7)
to give tricyclic compound 4 as a colorless oil (210 mg, 66%).

Via the Mesylate 2 by Nucleophilic Substitution. To a solution of
compound 1 (350 mg, 1.6 mmol, 1 equiv) in DCM (6 mL) were
successively added DMAP (10 mg, 0.08 mmol, 1 equiv), triethylamine
(337 pL, 2.41 mmol, 1.5 equiv) and MsCl dropwise (190 uL, 2.41
mmol, 1.5 equiv). The mixture was stirred at rt for 48 h. After addition
of EtOAc (30 mL), the mixture was washed with a 1 M HCI aqueous
solution (2 X 30 mL). The aqueous layer was extracted with EtOAc (3
% 30 mL). The combined organic layers were then washed with brine
(50 mL) and water (50 mL), dried (Na,SO,), filtrated and
concentrated in vacuo to give the crude mesylate 2 as a pale yellow
oil (470 mg, 99% yield). To a solution of crude mesylate 2 (470 mg,
1.6 mmol, 1 equiv) in DMF (6 mL) was added in one portion
potassium phthalimide (592 mg, 3.2 mmol, 2 equiv). The mixture was
stirred at rt for 48 h and then poured into Et,0 (15 mL). After
addition of a saturated aqueous solution of NH,Cl (15 mL), the
aqueous phase was extracted with Et,0 (20 mL). The combined
organic layers were dried (Na,SO,), filtrated and concentrated in
vacuo. The residue was purified by flash chromatography (DCM/
Acetone 99/1) to give tricyclic compound 4 as a colorless oil (181 mg,
57% yield from 1).

Via the Tosylate 3 by Nucleophilic Substitution. At 0 °C, to a
solution of compound 1 (2.36 g, 10.8 mmol, 1 equiv) in pyridine (100
mL) was added recrystallized tosyl chloride (3.16 g, 16.6 mmol, 1.53
equiv). The mixture was stirred at rt for 48 h and diluted in EtOAc
(120 mL). The resulting solution was transferred into a separatory
funnel and washed with a 1 M HCI aqueous solution. The organic
layer was washed with brine (2 X 100 mL) and water (100 mL), dried
(Na,S0,), filtrated and concentrated in vacuo to furnish the crude
tosylate 3 as a pale yellow oil (2.89 g, 72% yield). To a solution of
crude tosylate 3 (257 mg, 0.69 mmol, 1 equiv), in DMF (20 mL) was
added in one portion potassium phthalimide (249 mg, 1.34 mmol, 2
equiv). The mixture was stirred at rt for 48 h, and the reaction was
quenched at 0 °C by addition of a saturated aqueous solution of
NH,CI (30 mL). The mixture was extracted with DCM (4 X 30 mL),
and the combined organic layers were dried (Na,SO,), filtrated and
concentrated in vacuo. The residue was purified by flash
chromatography (DCM to DCM/Acetone 95/5) to afford tricyclic
compound 4 as a colorless oil (138 mg, 64% yield, 46% from 1): R
0.73 (DCM/Acetone 97/3); [alp —S1 (¢ 1.0, CH,CL); IR (ﬁlm{
2976s, 2940m, 1350m, 1073s; '"H NMR 6§ 5.43 (s, 1H, H,), 4.69 (d,
1H, Ji—ns. = 4.0 Hz, Hy), 431 (d, 1H, Jip_m; = 5.5 Hz, H,), 4.26 (4,
1H, Jy3-m = 5.5 Hz, Hy), 3.39 (dd, 1H, Jys,—nsp = 7:0 Hz, Jusecrs =
4.0 Hz, Hy,), 3.27 (d, 1H, Jyspns. = 7.0 Hz, H), 1.69 (q, 2H, Ju7-ns
= 7.5 Hz, H,), 1.54 (q, 2H, Jy7_ng = 7.5 Hz, H,), 0.91 (t, 3H, Jis_11v
= 7.5 Hz, Hy), 0.86 (t, 3H, Jyg_u7 = 7.5 Hz, Hg); *C NMR & 116.5
(Cé)’ 99.9 (Cl)z 81.7 (C3); 79.6 (Cz)’ 77.8 (C4)/ 63.0 (CS); 29.5 (C7)’
29.0 (C,), 8.5 (Cg), 7.8 (Cg); HRMS APCI Calcd for C,,H;,0," (M
+ H)* 201.1127, found 201.1123.

1-O-Allyl-2,3-O-isopentylidene-p-p-ribofuranose (5). To a suspen-
sion of p-ribose (10.0 g, 66.6 mmol, 1 equiv) in 3-pentanone (40 mL,
377 mmol, 5.7 equiv) was added allyl alcohol (45 mL, 662 mmol, 9.9
equiv) and concentrated sulfuric acid (0.7 mL, 13 mmol, 0.2 equiv).
The suspension was vigorously stirred at 60 °C for 4 h. The resulting
pale yellow solution was cooled down to rt, neutralized by a dropwise
addition of Et;N (1.88 mL, 13 mmol, 0.2 equiv) and concentrated in
vacuo. After addition of water (200 mL), the residue was extracted
with EtOAc (S X 200 mL). The combined organic layers were dried
(Na,SO,), filtrated and concentrated in vacuo. The resulting pale
yellow oil was purified by flash chromatography (Cyclohexane/EtOAc
8/2) to give protected ribose $ as the single 8 stereoisomer and as a
colorless oil (10.33 g, 60% yield): R;0.34 (Cyclohexane/EtOAc 8/2);
[alp =73 (¢ 1.0, CH,ClL,); IR (film) 3469br, 2942w, 1464w, 1097s,
925s; 'H NMR 6 5.91 (dddd, 1H, Jysio-mn1 = 17.0 Hz, Jig-1; = 10.0
Hz, J10-1oa = 6.0 Hz, Ji10-n0p = 6.0 Hz, H,), 5.32 (dd, 1H, Jr1r—Hio
= 17.0 Hz, Juyy sy = 1.5 Hz, H, ), 524 (br d, 1H, Jiy_npo = 10.0
Hz, Hy,), 5.13 (s, 1H, H,), 4.86 (d, 1H, Ju3_1» = 6.0 Hz, H;), 4.65 (d,
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1H, Jip—p3 = 6.0 Hz, H,), 4.45 (dd, 1H, Jiys_usp = 3.5 Hz, Jigopsa = 2.5
Hz, H,), 424 (dd, 1H, Juosiop = 12.5 Hz, Juosrno = 6.0 Hz, Hy)),
4.07 (dd, 1H, Juob—m9a = 12.5 Hz, Juop_n10 = 6.0 Hz, Hy,), 3.70 (br d,
1H, Jusansy = 12.0 Hz, Hy,), 3.63 (ddd, 1H, Juspnsa = 12.0 Hz,
Jusb—on = 9.0 Hz, Jygp_py = 3.5 Hz, Hsb); 3.19 (br d, 1H, Jorsp = 90
Hz, OH), 1.71 (q, 2H, Jy7_us = 7.0 Hz, H,), 1.59 (q, 2H, Jy7_pg = 7.0
Hz, H,), 0.93 (t, 3H, Jys_11» = 7.0 Hz, Hy), 0.88 (t, 3H, Jyy_py = 7.0
Hz, Hy); *C NMR 6 133.3 (C,,), 118.5 (C,;), 116.7 (Cy), 108.3
(Cy), 88.9 (C,), 86.5 (C,), 82.0 (C3), 69.2 (Cy), 64.3 (Cy), 29.5, 29.0
(C,, Cy), 8.6, 7.6 (Cg, Cg); HRMS APCI Calcd for Cj3H,,0" (M +
H)* 259.1545, found 259.1545.
1-O-Allyl-5-deoxy-2,3-O-isopentylidene-5-phthalimido-f-p-ribo-
furanose (6). To a solution of 5§ (927 g 35.9 mmol, 1 equiv),
triphenylphosphine (18.8 g, 71.8 mmol, 2 equiv) and phthalimide
(6.34 g, 43.1 mmol, 2 equiv), in anhydrous toluene (203 mL), DIAD
was added dropwise (15.4 mL, 71.8 mmol, 2 equiv). The reaction
mixture was stirred at rt for 18 h and concentrated in vacuo. The
residue (SS g) was purified by flash chromatography (Cyclohexane/
EtOAc 9/1 then 8/2) to give compound 6 as a colorless oil (11.64 g
84% vyield): R; 0.44 (Cyclohexane/EtOAc 8/2); [alp, —60 (¢ 1.0,
CH,CL); IR (film) 2975w, 1774m, 1716s, 1395s, 1034s, 926m; 'H
NMR 6 7.87—7.83 (m, 2H, H,,), 7.72—7.70 (m, 2H, H;;), 5.91 (dddd,
1H, Jui0-11r = 17.0 Hz, Jigy0-111 = 10.0 Hz, Jyio-nob = 6.5 Hz, Ji10-H9a
= 5.0 Hz, Hy), 5.31 (dd, 1H, Ji1y—p10 = 17.0 Hz, Jyy—gn; = 1.5 He,
Hyy), 5.19 (br d, 1H, Jiy1;_m10 = 10.0 Hz, Hyy), 5.14 (s, 1H, H;), 4.82
(d, 1H, Jys_m = 6.5 Hz, H;), 4.75 (d, 1H, J_u3 = 6.5 Hz, H,), 448
(dd, 1H, Jusnsa = 90 Hz, Jyynsy = 6.0 Hz, H,), 427 (dd, 1H,
Jioa—tiop = 13.0 Hz, Jyga_mri0 = 5.0 Hz, Hy,), 3.98 (dd, 1H, Jrgp—r1oa =
13.0 Hz, Jugp_n1o = 6.5 Hz, Hy,), 3.89 (dd, 1H, Jys,_psp = 14.0 Hz,
Jsa—na = 9.0 Hz, Hs,), 3.83 (dd, 1H, Jigsp-ps, = 14.0 Hz, Jgsp_pzs = 6.0
Hz, Hsb): 1.65 (Cl; 2H, Juy-ns = 8.0 Hz, H7): LSS (Cb 2H, Ju7-ng = 8.0
Hz, H.), 0.87 (t, 3H, Jys_1zs = 8.0 Hz, Hy), 0.84 (t, 3H, g = 8.0
Hz, Hy); °C NMR 6 168.4 (Cy,), 134.3 (Cys), 133.9 (Cy), 132.2
(C), 123.6 (Cy,), 117.6 (C,,), 1169 (Cy), 107.9 (C,), 86.0 (Cy,),
84.8 (C,), 82.9 (Cy), 68.6 (Cy), 41.3 (Cy), 29.7,29.1 (C,, C,), 8.5, 7.5
(Cg, Cg); HRMS ESI* Calcd for C,H,;NaNOg+ (M + Na)* 410.1580,
found 410.1581.
5-Deoxy-2,3-0O-isopentylidene-5-phthalimido-f-p-ribofuranose
(7). To a solution of 6 (5.62 g, 14.5 mmol, 1 equiv), in a 2/1 dioxan/
water mixture (100 mL) were successively added the N-methyl-
morpholine-N-oxide in one portion (7.90 g, 47.9 mmol, 3.3 equiv) and
an osmium tetraoxide solution in tert-BuOH dropwise (2.5% w/v,
0.084 M, 985 uL, cat.). Sodium periodate was then added in one
portion (10.1 g, 47.9 mmol, 3.3 equiv). The reaction mixture was
stirred at 70 °C for 18 h and concentrated in vacuo. The aqueous
phase was extracted with DCM (4 X 250 mL). The combined organic
layers were dried (Na,SO,), filtrated and concentrated in vacuo. The
resulting oil was purified by flash chromatography (Cyclohexane/
EtOAc 8/2 then 7/3) to give compound 7 as a colorless oil (4.97 g
97% vyield): R, 0.34, (Cyclohexane/EtOAc 7/3); [alp —32 (c 1.0,
CH,CL); IR (film) 3421br, 2974w, 2941w, 1773m, 1710s, 1396s,
1082s, 926s; 'H NMR § 7.88—7.84 (m, 2H, H,,), 7.74—7.71 (m, 2H,
Hy,), 544 (s, 1H, H,), 4.82 (d, 1H, Jy3_u, = 6.0 Hz, H;), 4.76 (d, 1H,
Jir—nz = 6.0 Hz, H,), 4.51 (dd, 1H, Jig4_psa = 9.0 Hz, Jig4_nsp = 6.5 Hz,
H,), 3.86 (dd, 1H, Jiyso—psp = 14.0 Hz, Jyys,_p4 = 9.0 Hz, Hy,), 3.83 (dd,
1H, Jysp_nsa = 14.0 Hz, Jigy_ys = 6.5 Hz, Hgy), 2.37-2.12 (br s, 1H,
OH), 1.67—1.60 (m, 2H, H,), 1.53 (q, 2H, Jiy_ps = 7.5 Hz, H,), 0.86
(t, 3H, Jus-ny = 7.5 Hz, Hy), 0.83 (t, 3H, Jys_ny = 7.5 Hz, Hy); °C
NMR 6 168.1 (C,), 134.1 (C},), 131.9 (C), 123.5 (Cy,), 117.0 (Cy),
104.3 (C,), 85.9 (C,), 84.7 (C,), 82.7 (C;), 40.7 (Cy), 29.5, 29.0 (C,),
8.3,7.3 (Cg); HRMS ESI* Calcd for C,H,,NO¢" (M + H)* 348.1461,
found 348.1462.
1,5-Dideoxy-1-fluoro-2,3-O-isopentylidene-5-phthalimido-p-ribo-
furanose (8). At —30 °C, to a solution of compound 7 (4.94 g 14.2
mmol, 1 equiv) in DCM (173 mL), DAST was added dropwise (2.8
mL, 21.2 mmol, 1.5 equiv). The resulting yellow solution was stirred at
—30 °C for 30 min then at rt for 1 h. The reaction was quenched by
addition of a saturated aqueous solution of NaHCO; (160 mL), and
the aqueous phase was extracted with DCM (4 X 200 mL). The
combined organic layers were dried (Na,SO,), filtrated and

concentrated in vacuo. The resulting oil was purified by flash
chromatography (Cyclohexane/EtOAc 9/1) to give compound 8 as
a f/a mixture (f/a > 9) and as a colorless oil (4.82g, 97%).
Compounds 8f and 8ar were isolated and fully characterized. 8f:
0.44 (Cyclohexane/EtOAc 8/2); [a]p + 12 (c 1.0, CH,CL); IR (film)
2973w, 1773w, 1712s, 1401m, 1130m, 724m; '"H NMR & 7.87—7.84
(m, 2H, H,,), 7.75—=7.72 (m, 2H, H,,), 5.80 (d, 1H, J;;_f = 61.5 Hz,
H,), 490 (dd, 1H, Jy,_13 = 6.0 Hz, Ji,_p = 5.5 Hz, H,), 4.86 (d, 1H,
Jis—m2 = 6.0 Hz, Hy), 4.64 (ddd, 1H, Jiu_psp, = 9.0 Hz, Jigs_ps, = 6.0
Hz, Jiy_r = 3.0 Hz, Hy), 3.88 (dd, 1H, Jusa—nsy = 14.0 Hz, Jys,-nq =
6.0 Hz, Hy,), 3.81 (dd, 1H, Jygp_ps. = 14.0 Hz, Jiygp_n4 = 9.0 Hz, Hyy),
1.65 (q, 2H, Ju7_us = 7.5 Hz, Hy), 1.56 (q, 2H, Ju7_ng = 7.5 Hz, Hy),
0.89 (t, 3H, Jys_ny = 7.5 Hz, Hy), 0.87 (t, 3H, Jug_p» = 7.5 Hz, Hy/);
BBC NMR 6 1682 (Cy), 1344 (Cy,), 133.7 (Cyp), 123.7 (Cyy), 117.6
(C), 1155 (4, Jor_g = 221 Hz, C,), 863 (C,), 85.6 (d, Jp = 41.5
Hz, Cz); 827 (C3)/ 40.6 (CS)) 29.6, 27.1 (C7f C7’)) 85,75 (Cg, CS’)J
HRMS ESI* Calcd for CsH,,NOsFNa* (M + Na)* 372.1223, found
372.1229. 8a: R; 0.26 (Cyclohexane/EtOAc 8/2); [alp + 23 (¢ 1.0,
CH,CL); IR (flm) 2976w, 1715s, 1394m, 1105m, 714m; "H NMR &
7.87—7.84 (m, 2H, H,,), 7.75—7.72 (m, 2H, H,,), 5.64 (dd, 1H, Jy,_¢
= 63.0 Hz, Jiy_ip = 3.5 Hz, H;), 475 (ddd, 1H, Ji,_r = 14.5 Hz,
Jio-m3 = 7-5 Hz, Jip_m = 3.5 Hz, H,), 4.68 (dd, 1H, Jyg3_; = 7.5 Hz,
Ji3-ns = 4.0 Hz, Hy), 4.62 (dt, 1H, Jigy_ps, = 7.0 Hz, Jigy_ps, = 7.0 Hz,
Jus-us = 4.0 Hz, Hy), 3.93 (d, 2H, Jus, 14 = Jusp-na = 7.0 Hz, Hy),
1.80 (q, 2H, Jiy7_us = 7.5 Hz, H;), 1.62 (q, 2H, Jyy7—uy = 7.5 Hz, Hy),
0.94 (t, 3H, Jys—_uy = 7.5 Hz, Hg), 0.88 (t, 3H, Jyyg—pr = 7.5 Hz, Hy);
BC NMR (CDCl;) § 1682 (Cy), 1344 (Cy,), 133.7 (Cyp), 123.7
(Cyy), 121.5 (Cg), 108.0 (d, Joi_r = 235 Hz, C,), 81.5 (C,), 81.3 (4,
Jear = 79,5 Hz, C,), 81.1 (C,), 39.9 (Cy), 29.9 (C,), 294 (C,), 8.5
(Cq), 8.3 Cy); HRMS ESI* Caled for C,gH,)NOFNa* (M + Na)*
372.1223, found 372.1219.

1”,5"-Dideoxy-2",3"-O-isopentylidene-5"-phthalimido-1"-[2',3'-
O-isopropylidene-5'(S)-ethynyl-uridinyl]-p-p-ribofuranose (10). The
propargylic alcohol 9> (1.1 g, 3.1 mmol, 1 equiv) and the fluoride 8
(1.62 g, 4.65 mmol, 1.5 equiv) were dried together by coevaporation
with toluene (3 X 10 mL) and dissolved in DCM (86 mL). The flask
was flushed with argon, and molecular sieves 4 A (11 g) were added in
one portion. The suspension was vigorously stirred at rt for 1 h and
then cooled to —78 °C. At —78 °C, BF;-Et,0 (535 L, 4.65 mmol, 1.5
equiv) was dropwise added, and the reaction mixture was stirred at this
temperature for 10 min and then at rt for 18 h. The suspension was
then diluted in DCM (80 mL), and the reaction was quenched by
addition of a saturated aqueous NaHCOj; solution (50 mL). The
aqueous phase was extracted with DCM (6 X 150 mL). The combined
organic layers were dried (Na,SO,), filtrated and concentrated in
vacuo. The resulting white foam was purified by flash chromatography
(Toluene/Acetone 85/15) to give alkyne 10 as a /o mixture Bla =
13/1) as a white foam (1.79 g, 90% combined yield). The  anomer
was isolated as a white foam (69% yield): R; 0.30, Toluene/Acetone
75/25); mp 135—137 °C; [a]p —43 (¢ 1.0, CH,CL,); IR (film) 3421br,
2974w, 2941w, 1773m, 1710s, 1396s, 1082s, 926s; "H NMR & 8.82 (s,
1H, NH), 7.87—7.85 (m, 2H, H;,.), 7.74—7.73 (m, 2H, H,,-), 7.40 (d,
1H, Jy6-us = 8.0 Hz, Hy), 5.80 (dd, 1H, Jis_is = 8.0 Hz, Jyys.nn = 2.0
Hz, Hy), 5.74 (d, 1H, Jyy_m = 1.5 Hz, H,), 5.30 (s, 1H, H;»), 492—
4.99 (m, 2H, H,, Hy), 4.81 (d, 1H, Ji_p3 = 5.5 Hz, H,.), 4.77 (4,
1H, Juyr—p = 5.5 Hz, Hy), 4.67 (dd, 1H, Jus'—my = 6.5 Hz, Jus wy =
2.0 Hz, Hy), 447 (dd, 1H, Juy_ps, = 10.0 Hz, Juy_psn, = 4.5 He,
H,), 4.34 (dd, 1H, Juy_uy = 6.5 Hz, Juy_uy = 2.5 Hz, Hy), 3.96 (dd,
1H, Jusrspsn = 14.0 Hz, Jusr, pe = 10.0 Hz, Hy,), 3.90 (dd, 1H,
Jus-nsra = 140 Hz, Jus,_ny = 4.5 Hz, Hyy), 2.60 (d, 1H, Juy_ps =
2.0 Hz, H;), 1.65—1.61 (m, 2H, H;»), 1.59 (s, 3H, Hy), 1.52 (q, 2H,
Juzr—ng = 7.5 Hz, Hy»), 1.39 (s, 3H, Hy), 0.85 (t, 3H, Jyygr—pi7» = 7.5
Hz, Hy), 0.82 (t, 3H, Jyg'_py» = 7.5 Hz, Hy); *C NMR 6 168.3 (Cy),
162.9 (C,), 150.1 (C,), 142.1 (Cy), 134.3 (Cypr), 132.1 (Cyq), 123.6
(Cyyv), 1172 (Cg), 114.7 (Cg), 1094 (C,r), 102.9 (Cs), 94.8 (Cy/),
88.6 (C,), 85.9 (C,), 84.9 (C,), 842 (Cy), 82.6 (Cy), 81.5 (Cy),
79.7 (Cg), 76.5 (C5), 68.6 (Cs/), 40.7 (Cs»), 29.6, 28.9 (C,), 272,
25.4 (Cy), 8.4, 7.4 (Cgr); HRMS ESI™ Calcd for C3,H;,N;0,,” (M —
H)~ 636.2193, found 636.2204.

dx.doi.org/10.1021/jo4014035 | J. Org. Chem. 2013, 78, 10088—10105



The Journal of Organic Chemistry

General Procedure for 4-Hydroxy-benzophenone Mono-
alkylation. To a solution of 4-hydroxy-benzophenone in DMF (0.1
M) were added dibromide derivative (2.46 equiv) and potassium
carbonate (S equiv). The solution was stirred at rt for 16 h and then
diluted in Et,0 (150 mL) and water (150 mL). The aqueous phase
was extracted with Et,0 (2 X 150 mL), and the combined organic
layers were washed with brine (2 X 150 mL) and water (2 X 150 mL),
dried (Na,SO,), filtrated and concentrated in vacuo. The residue was
purified by flash chromatography to give the corresponding building
block.

4-0-(3-Bromo-propyl)-benzophenone (16a). Compound 16a was
synthesized according to the general procedure for 4-hydroxy-
benzophenone monoalkylation from 4-hydroxy-benzophenone (1.0
g, 5.0 mmol, 1 equiv) and 1,3-dibromopropane (2.5 g, 12.4 mmol, 2.46
equiv). Flash chromatography (Cyclohexane/DCM 2/1 to 1/1)
afforded 16a as a colorless oil (1.2 g, 75% yield): Ry 0.40
(Cyclohexane/DCM 1/1); IR (film) 3061w, 2928s, 1600s, 1250s; 'H
NMR 6 7.83 (br d, 2H, Ji,_u3 = 9.0 Hz, H,), 7.76 (d, 2H, Jy7_us = 7.5
Hz, H;), 7.56 (t, 1H, Juo_1s = 7.5 Hz, Hy), 747 (t, 2H, Jiss_t10 = Jras—1y
= 7.5 Hz, Hy), 6.97 (d, 2H, Ju3_1» = 9:0 Hz, H;), 4.19 (t, 2H, Jioimp =
5.5 Hz, H,), 3.61 (t, 2H, Jyc_m = 6.5 Hz, H), 2.35 (tt, 2H, Juppe =
6.5 Hz, Jiy_m = 5.5 Hz, Hy); 3C NMR 6§ 195.6 (Cs), 162.4 (C,),
1384 (Cy), 132.7 (Cy), 132.6 (Cy), 130.1 (C)), 129.8 (C,), 1283
(Cy), 1142 (C,), 55.7 (C,), 32.3 (C.), 29.8 (Cy); MS (ESI* m/z (%))
319 (M”Br + H)* (100%), 321 (M®Br + H)* (100%); HRMS ESI*
Calcd for C,¢H,(BrO," (M + H)* 319.0334, found 319.0324.

4-0-(5-Bromo-pentyl)-benzophenone (16b). Compound 16b was
synthesized according to the general procedure for 4-hydroxy-
benzophenone monoalkylation from 4-hydroxy-benzophenone (1.1
g 5.05 mmol, 1 equiv) and 1,5-dibromopentane (2.9 g, 12.4 mmol,
246 equiv). Flash chromatography (Cyclohexane/DCM 1/1 to 1/3)
afforded 16b as a colorless oil (1.3 g 72% yield): Ry 0.49
(Cyclohexane/DCM 1/2); IR (film) 2943w, 1650s, 1699s, 1255s; 'H
NMR 6 7.83 (br d, 2H, Jij,_u3 = 9.0 Hz, H,), 7.76 (d, 2H, Jy7_ps = 7.5
Hz, H,), 7.57 (t, 1H, Juo_ns = 7.5 Hz, Hy), 748 (t, 2H, Juus_11o = Jus—1r
= 7.5 Hz, Hy), 6.95 (d, 2H, Jii3_p1o = 9.0 Hz, Hy), 4.06 (t, 2H, Jyp, sz =
6.5 Hz, H,), 3.46 (t, 2H, Jyo_pa= 7.0 Hz, H,), 1.96 (tt, 2H, Jij4_pc = 7.5
Hz, Jyaone= 7.0 Hz, Hy), 1.86 (tt, 2H, Ji_ri = 7.5 Hz, Jip_rs, = 6.5
Hz, Hy), 1.69—1.63 (m, 2H, H.); *C NMR 6 195.7 (Cs), 162.8 (C,),
138.5 (Cg), 132.7 (C,), 132.0 (C,), 1303 (Cy), 1299 (C,), 1284
(Cy), 1142 (C3), 68.1 (C,), 33.6 (C,), 32.6 (Cy), 28.5 (Cy), 24.9 (C.);
MS (ESI* m/z (%)) 347 (M”°Br + H)* (100%), 349 (M*'Br + H)*
(100%); HRMS ESI* Calcd for CH,,BrO,* (M + H)* 347.0647,
found 347.0651.

4-0-(10-Bromo-decanyl)-benzophenone (16c). Compound 16¢
was synthesized according to the general procedure for 4-hydroxy-
benzophenone monoalkylation from 4-hydroxy-benzophenone (1.0 g,
5.05 mmol, 1 equiv) and 1,10-dibromodecane (3.72 g, 12.4 mmol, 2.46
equiv). Flash chromatography (Cyclohexane/DCM 2/1 to 1/2)
afforded 16c as a white solid (1.70 g, 80% yield): Ry 033
Cyclohexane/DCM 1/1); mp 58—60 °C; IR (film) 2919m, 2850m,
1638s, 1254s; "H NMR 5 7.83 (br d, 2H, Jy_y15 = 9.0 Hz, H,), 7.77 (d,
2H, Jyr_us = 7.5 Hz, H,), 7.57 (t, 1H, Jyo_us = 7.5 Hz, Hy), 7.48 (4,
2H, Jug-n9 = Jus-ny = 7.5 Hz, Hy), 6.96 (d,2H, Jis-m2 = 9:0 Hz, Hy),
4.05 (t, 2H, Jyo-m = 6.5 Hz, H,), 3.42 (t, 2H, Jyj_i; = 7.0 Hz, H)),
1.89—1.84 (m, 2H, H,), 1.61 (tt, 2H, Jip_ic = 8.0 Hz, Jip_p1, = 6.5 Hz,
H,), 151-141 (m, 4H, H, H,), 1.39-1.30 (m, 8H, H, H,, H; H);
BC NMR 6 195.7 (Cy), 163.1 (C,), 138.6 (C¢), 132.8 (C,), 132.0
(Cy), 130.2 (C,), 129.9 (C,), 1284 (Cy), 114.2 (C5), 68.5 (C,), 34.2
(C), 33.0 (C)), 297, 29.6, 29.5, 29.3 (Cy, Cy, C,, Cy), 289 (C,), 28.4
(Cy), 262 (C.); MS (ESI* m/z (%)) 417 (M”Br + H)* (100%), 419
(M®Br + H)* (100%); HRMS Calcd for C,3H,gBrO," (M + H)*
417.1429, found 417.1434.

a-Bromo-a’-(4-O-benzophenone)-p-xylene (17). Compound 17
was synthesized according to the general procedure for 4-hydroxy-
benzophenone monoalkylation from 4-hydroxy-benzophenone (1.0 g,
5.05 mmol, 1 equiv) and a,a’-dibromo-p-xylene (3.27 g, 12.4 mmol,
2.46 equiv). Flash chromatography (Cyclohexane/DCM 1/1 to 1/2)
afforded 17 as a white solid (845 mg, 44% yield): Ry 0.16
(Cyclohexane/DCM 1/1); mp 122—124 °C; IR (film) 3062w,

2862m, 1641s, 16025, 12505; 'H NMR & 7.84 (d, 2H, Jyp_i3 = 8.5
Hz, H,), 7.77 (d, 2H, Ju7-us = 7.5 Hz, H7): 7.58 (t, 1H, Juo-us =
Jus—ur = 7.5 Hz, Hy), 7.48 (t, 2H, Jug_po = 7.5 Hz, Hg), 7.46—7.42 (m,
4H, H, Hy), 7.04 (d, 2H, Jus—_m = 8.5 Hz, Hy), 5.16 (s, 2H, H,), 4.52
(s, 2H, Hy); 'C NMR 6 195.6 (Cs), 162.4 (C,), 138.5 (Cy), 138.0
(Cy), 136.8 (Cy), 132.7 (C,), 132.1 (Cy), 130.8 (C,), 129.9 (C,),
129.6 (Cy), 1284 (Cy), 128.0 (C.), 114.6 (Cy), 69.9 (C,), 33.1 (Cy);
MS (ESI* m/z (%)) 381 (M”°Br + H)* (100%), 383 (M*Br + H)*
(100%); HRMS Calcd for C,;H;(BrO," (M + H)* 381.0490, found
381.0476.

General Procedure for Azides Synthesis by Nucleophilic
Substitution. Caution! The use of azide coumpounds has been shown to
be hazardous.>® In our case and at our scale, no troubles were noticed. To a
solution of bromine or tosyl derivative (1 equiv) in DMF (0.9 M) was
added NaNj; (2 equiv) and Nal (0.5 equiv). The mixture was stirred at
80 °C overnight and then cooled to rt. The mixture was diluted in a 1/
1 Et,O/water mixture (8 mL for 1 mL of DMF). The mixture was
transferred into a separatory funnel, and the aqueous layer was
extracted with Et,0O (3 X 4 mL for 1 mL of DMF). The combined
organic layers were successively washed with brine and then water.
The organic layer was dried (Na,SO,), filtrated and concentrated in
vacuo. The residue was then purified by flash chromatography to give
the corresponding azide.

1-Azido-decane (11a). Azide 11a was synthesized according to the
general procedure for azides synthesis by nucleophilic substitution
from bromo-decane (2 g 9 mmol). Flash chromatography (Cyclo-
hexane/DCM 9/1) afforded 11a as a colorless oil (1.53 g, 92% yield):
R; 0.60 (Cyclohexane/DCM 8/2); IR (film) 29265, 2855s, 2095Ss,
1475m. Other spectral data were in agreement with literature.>*

1-Azido-3-phenyl-propane (11c). Azide 11c was synthesized
according to the general procedure for azides synthesis by nucleophilic
substitution from 1-bromo-3-phenyl-propane (2g, 10 mmol). Flash
chromatography (Cyclohexane/DCM 8/2) afforded 11c as a colorless
oil (1.63 g, 99% yield): R; 0.50 (Cyclohexane/DCM 8/2). Spectral
data were in agreement with literature.>

1-Azido-2-(4-biphenylyl)-ethane (11d). Azide 11d was synthesized
according to the general procedure for azides synthesis by nucleophilic
substitution from 2-(4’-biphenylyl)ethyl tosylate®® (1.04 mmol, 368
mg). Flash chromatography (Cyclohexane/DCM 9/1) afforded 11d as
a white solid (230 mg, 99% yield): R;0.26, (Cyclohexane/DCM 9/1);
mp 102—104 °C; IR (film) 3031m, 2098s, 1487s; '"H NMR § 7.62 (d,
2H, Jugno = 8.0 Hz, Hy), 7.59 (d, 2H, Jiss_ze = 8.0 Hz, Hy), 7.45 (4],
2H, Ju9-ns = Juo-mio = 8.0 Hz, Hg): 7.39-7.36 (m, 1H, Hw); 7.33 (d;
2H, Jia_ns = 8.1 Hz, Hy), 3.58 (t, 2H, Jiy;_1» = 7.2 Hz, H)), 2.97 (4,
2H, Jip_m = 7.2 Hz, H,); 3C NMR § 141.0 (C,), 140.0 (Cq), 137.3
(Cy), 1293 (C,), 1289 (Cy), 127.6 (Cy), 127.4 (Cyp), 127.3 (Cy),
52.6 (C;), 352 (C,); MS APCI (N,) m/z (%) 223 (M)* (100%);
HRMS APPI Caled for C4H;N5* (M)* 223.1109, found 223.1102.
1-Azido-propan-3-ol (11e). Azide 11e was synthesized according to
the general procedure for azides synthesis by nucleophilic substitution
from 3-bromopropan-1-ol (1 g 7.23 mmol). Flash chromatography
(DCM) afforded 11e as a colorless oil (650 mg, 86% yield): R; 040
(DCM). Spectral data were in agreement with literature.>”
1-Azido-pentan-5-ol (11f). Azide 11f was synthesized according to
the general procedure for azides synthesis by nucleophilic substitution
from S-bromopentan-1-ol (800 mg, 4.79 mmol). Flash chromatog-
raphy (DCM) afforded 11f as a colorless oil (561 mg, 91% yield): R,
0.50 (DCM); IR (film) 3375br, 2939m, 2860m, 2096s, 1261m. Other
spectral data were in agreement with literature.*®
4-(3-Azido-propyloxy)-benzophenone (11k). Azide 11k was
synthesized according to the general procedure for azides synthesis
by nucleophilic substitution from compound 16a (1.02 g, 3.2 mmol).
Flash chromatography (DCM) afforded 11k as a colorless oil (798 mg,
88% vyield): Ry 0.42 (Cyclohexane/DCM 1/1); IR (film) 2938br,
20985, 1600m, 1600s; "H NMR 6 7.84 (br d, 2H, Ji,_ys3 = 9.0 Hz, H,),
7.77 (d, 2H, Jyy_us = 7.5 Hz, H;), 7.58 (t, 1H, Jo_1s = 7.5 Hz, Hy),
7.48 (t; 2H, Jug-ny = Jus-ny = 7.5 Hz, HS)) 6.97 (d; 2H, Ju3-m = 9.0
Hz, H;), 4.15 (t, 2H, Jy,_m = 6.0 Hz, H,), 3.55 (t, 2H, Jyc_mp = 6.5
Hz, H,), 2.10 (tt, 2H, Ji_pc = 6.5 Hz, Jip_ = 6.0 Hz, Hy); *C NMR
5 195.7 (Cs), 162.5 (C,), 138.5 (Cq), 132.8 (C,), 132.1 (Cy), 130.6
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(C)), 1299 (C,), 1284 (Cy), 1142 (C,), 649 (C,), 48.3 (C.), 28.9
(Cy); MS (ESI* m/z (%)) 282 (M + H)* (100%); HRMS ESI" Calcd
for C,¢H,N,O," (M + H)* 282.1243, found 282.1248.

4-(5-Azido-pentyloxy)-benzophenone (11l). 111 was synthesized
according to the general procedure for azides synthesis by nucleophilic
substitution from compound 16b (980 mg, 2.82 mmol). Flash
chromatography (DCM) afforded 111 as a colorless oil (835 mg, 96%
yield): R; 0.37 (Cyclohexane/DCM 1/1); IR (film) 2117s, 1639s,
1602s, 1252s; "H NMR 6 7.83 (br d, 2H, Jy1,_p; = 9.0 Hz, H,), 7.76 (4,
2H, Jyy_ns = 7.5 Hz, H,), 7.57 (t, 1H, Jyo_ns = 7.5 Hz, Hy), 7.48 (4,
2H, Jys—no = Jus—n7 = 7-5 Hz, Hy), 6.95 (d, 2H, Jips_yp, = 9.0 Hz, Hy),
4.06 (t, 2H, Ju, g = 6.5 Hz, H,), 333 (t, 2H, Jye_pq = 7.0 Hz, H,),
1.87 (tt, 2H, Jup—ne = 7.0 Hz, Jip—p = 6.5 Hz, Hy), 1.61 (tt, 2H, Jia_pe
= 7.5 Hz, Jy4_ue = 7.0 Hz, Hy), 1.62—1.56 (m, 2H, H_); *C NMR §
195.7 (Cs), 162.8 (C,), 138.5 (Cg), 132.7 (C,), 132.0 (Cy), 130.3
(Cy), 1299 (C,), 128.4 (Cg), 1142 (Cy), 68.0 (C,), 51.5 (C,), 28.9
(Cy), 288 (Cy), 23.5 (C); MS (ESI* m/z (%)) 310 (M + H)*
(100%); HRMS ESI* Calcd for C;3H,(N;0," (M + H)* 310.1556,
found 310.1549.

4-(10-Azido-decanyloxy)-benzophenone (11m). Azide 11m was
synthesized according to the general procedure for azides synthesis by
nucleophilic substitution from compound 16¢ (1.21 g, 2.9 mmol).
Flash chromatography (DCM) afforded 11m as a white solid (980 mg,
90% yield): R 0.49 (Cyclohexane/DCM 1/1); mp 46—48 °C; IR
(film) 2920m, 2851w, 2118s, 1639s, 1602s, 1252s; "H NMR & 7.83 (br
d, 2H, Jip—1i3 = 9.0 Hz, H,), 7.76 (d, 2H, Jy7_s = 7.5 Hz, H,), 7.57 (4,
1H, Juo_us = 7.5 Hz, Hy), 7.48 (t, 2H, Jug_no = Jus—ur = 7.5 Hz, Hy),
6.96 (d, 2H, Jis_1 = 9.0 Hz, H;), 4.05 (t, 2H, Jiy,_mp = 6.5 Hz, H,),
3.27 (t, 2H, Jygj_m; = 7.0 Hz, H;), 1.83 (tt, 2H, Jigp_pc = 7.0 Hz, Jgp_, =
6.5 Hz, Hy), 1.61 (tt, 2H, Jy;_p; = Jui_n= 7.0 Hz, H;), 1.51-1.46 (m,
2H, H,), 1.43-1.30 (m, 10H, Hy, H,, Hy H,, Hy); °C NMR 6 195.7
(Cy), 163.1 (C,), 138.6 (C¢), 132.8 (C,), 132.0 (C,), 130.2 (C,),
129.9 (Cy), 126.1 (Cy), 1142 (Cy), 68.5 (C,), 51.7 (C)), 29.6, 29.6,
29.5, 293 (C,, C; C,, Gy, Cy), 291 (Cy), 269 (C), 262 (Cp); MS
(ESI* m/z (%)) 380 (M + H)* (100%), 781 (2 M + Na)* (50%);
HRMS ESI* Caled for C,;H;0N;0," (M + H)* 380.2338, found
380.2332.

4-(4-Azidoethyl-benzyloxy)-benzophenone (11n). Azide 11n was
synthesized according to the general procedure for azides synthesis by
nucleophilic substitution from compound 17 (840 mg, 2.20 mmol).
Flash chromatography (Cyclohexane/DCM 1/1 to DCM) afforded
11n as a white solid (601 mg, 80% yield): R(0.20 (Cyclohexane/DCM
1/1); mp 133—135 °C; IR (film) 3675w, 2988m, 21295, 1644s, 16005,
1252s; 'H NMR 6 7.84 (d, 2H, Ji_u3 = 9.0 Hz, H,), 7.77 (d, 2H,
Jir—ns = 7-S Hz, H,), 7.58 (t, 1H, Juyo_pns = 7.5 Hz, Hy), 7.48 (t, 2H,
Jus—no = Jus—ny = 7.5 Hz, Hy), 7.48 (d, 2H, Jye_na = 7.5 Hz, H), 7.37
(d, 2H, Jyg—ne = 7.5 Hz, Hy), 7.05 (d, 2H, Jz_m» = 9.0 Hz, H;), 5.17
(s, 2H, H,), 4.38 (s, 2H, Hy); *C NMR § 195.7 (Cy), 1624 (C,),
138.4 (Cg), 136.6 (C.), 135.7 (C,), 132.8 (C,), 132.1 (C,), 130.7
(Cy), 1299 (C;), 128.7 (Cy), 128.4 (Cy), 128.1 (C,), 114.6 (Cy), 70.0
(C,), 547 (Cp); HRMS ESI* Caled for CyH,N;O," (M + H)*
344.1399, found 344.1393.

1,5-Dimethanesulfonyl-pentane (14). To a solution of pentan-1,5-
diol (2.50 g 24 mmol, 1 equiv) in DCM (120 mL) was added
triethylamine (7.68 mL, S5 mmol, 2.3 equiv). At 0 °C, was then added
dropwise methanesulfonyl chloride (4.26 mL, 55 mmol, 2.3 equiv).
The mixture was stirred at 0 °C for 30 min and then at rt for 2 h. The
precipitate was filtrated out, and the filtrate was concentrated in vacuo.
The resulting oil was purified by flash chromatography (Cyclohexane/
EtOAc 4/6 then 3/7) to give compound 14 as a colorless oil (5.92 g,
99% vyield): R( 0.47 (Cyclohexane/EtOAc 4/6); IR (film) 2948br,
1347s, 1170s; '"H NMR & 4.25 (t, 4H, Jip_ne = 6.5 Hz, Hy), 3.01 (s,
6H, H,), 1.87—1.74 (m, 4H, H_), 1.63—1.50 (m, 2H, H,); *C NMR §
69.6 (Cy), 37.6 (C,), 28.7 (C.), 21.8 (Cy); MS (ESI* m/z (%)) 283
(M + Na)* (100%); HRMS ESI* Calcd for C,H;,NaO,S," (M + Na)*
283.0386, found 283.0385.

1-Azido-5-methanesulfonyl-pentane (15). To a solution of
compound 14 (4.75 g 18 mmol, 1 equiv) in acetonitrile (95 mL)
was added sodium azide (1.18 g, 18.2 mmol, 1 equiv). The mixture
was refluxed for 18 h, cooled to rt, and the precipate was filtrated out.

The filtrate was concentrated in vacuo. The resulting oil was purified
by flash chromatography (Cyclohexane/EtOAc 7/3) to furnish
compound 15 as a colorless oil (1.77 g, 47% yield, 60%), and starting
material 14 as a colorless oil (625 mg, 13% yield). 1: Ry 0.45
(Cyclohexane/EtOAc 7/3); IR (film) 2099s, 1351s, 1173s; 'H NMR §
422 (t, 2H, Jup_ne = 6.5 Hz, Hy), 3.29 (t, 2H, Jyrpe = 6.5 Hz, Hy),
3.00 (s, 3H, H,), 1.80-1.66 (m, 2H, H,), 1.69—1.57 (m, 2H, H,),
1.54—1.46 (m, 2H, H,); *C NMR & 69.8 (C;), 51.3 (Cp), 37.5 (C,),
28.8 (C.), 28.4 (C,), 22.9 (Cy); MS (ESI* m/z (%)) 208 (M + H)*
(100%); HRMS ESI* Calcd for CgH;;N,0,S" (M + NH,)* 225.1021,
found 225.1015.

1-Azido-5-phthalimido-pentane (11g). To a solution of mesylate
15 (428 mg, 2.06 mmol, 1 equiv) in DMF (3 mL) was added
potassium phthalimide (1.1 g, 6.2 mmol, 3 equiv). The suspension was
stirred at 80 °C for 12 h, cooled to rt and diluted with ether (15 mL)
and water (15 mL). The aqueous phase was extracted with Et,0 (3 X
15 mL), and the combined organic layers were washed with brine (2 X
20 mL) and water (20 mL), dried (Na,SO,), filtrated and
concentrated in vacuo. The residue was purified by flash
chromatography (Cyclohexane/EtOAc 8/2) to give azide 11g as a
colorless oil (370 mg, 70%): R; 0.49 (Cyclohexane/EtOAc 8/2); IR
(film) 2946m, 2098s, 1773m, 1713s, 1397m; "H NMR & 7.86—7.83 (m,
2H, Hy), 7.73—7.70 (m, 2H, Hy), 3.70 (t, 2H, Jys_u4 = 7.5 Hz, Hy),
327 (t, 2H, Juy_p = 7.2 Hz, H,), 1.75—1.62 (m, 2H, H,), 1.68—1.62
(m, 2H, H,), 1.46—1.40 (m, 2H, H,); *C NMR § 168.6 (C¢), 134.1
(Cy), 132.3 (C,), 1234 (Cy), 514 (C)), 37.9 (Cs), 28.6 (C,), 28.3
(Cy), 242 (Cy); MS (ESI" m/z (%)) 259 (M + H)* (100%) 281 (M +
Na)* (50%); HRMS APCI Caled for Cp3H,N,O,* (M — N, + H)*
231.1134, found 231.1133.

1-Azido-5-morpholino-pentane (11h). To a solution of mesylate
15 (315 mg, 1.51 mmol, 1 equiv) in dry acetonitrile (4 mL) were
successively added morpholine (495 yL, 1.82 mmol, 1.2 equiv) and
triethylamine (410 pL, 2.95 mmol, 1.95 equiv). The resulting solution
was refluxed for 12 h, cooled to rt and concentrated in vacuo. The
residue was purified by flash chromatography (DCM/MeOH/Et;N
98/2/0.5%) to give azide 11h as a colorless oil (268 mg, 90%): R, 0.40
(DCM/MeOH/Et;N 95/5/0.5%); IR (film) 2943m, 2861m, 2807m,
20955, 1121s; 'H NMR 8 3.66 (t, 4H, Jir_nis = 5.0 Hz, H,), 323 (t,
2H, Jy_m» = 7.0 Hz, H,), 2.40—2.38 (m, 4H, Hy), 2.31—2.26 (m, 2H,
H,), 151 (qt 2H, Jip—ui = Jinws 7.0 Hz, Hy), 1.51-1.45 (m, 2H,
H,), 1.39—1.34 (m, 2H, H;); *C NMR & 67.0 (C,), 58.9 (Cs), 53.9
(Cg), 514 (C)), 28.8 (C,), 26.2 (C,), 24.7 (C5); MS (ESI* m/z (%))
199 (M + H)*; HRMS APCI Calcd for C,H;pN,O* (M + H)*
199.1559, found 199.1556.

Cycloheptylazide (11b). Caution! This azide is volatile. To a
solution of cycloheptylamine (292 mg, 2.58 mmol, 1 equiv), K,CO;
(713 mg, 5.16 mmol, 2.05 equiv) and CuSO,SH,0 (65 mg, 0.26
mmol, 0.1 equiv), in methanol (20 mL) was added in one portion
imidazole-1-sulfonyl-azide-hydrochloride®* (649 mg, 3.10 mmol, 1.2
equiv). The mixture was stirred at rt for 18 h. After addition of water
(50 mL), the aqueous phase was extracted with Et,0 (3 X S0 mL).
The combined organic layers were dried (Na,SO,), filtrated and
concentrated without heating in vacuo. The residue was purified by
flash chromatography (DCM) to give azide 11b as a colorless oil (286
mg, 80% yield): R; 0.70 (Cyclohexane/DCM = 8/2); IR (film) 2096s,
1508m, 1231m, 1079m. Other spectral data were in agreement with
literature.*®

1-(3-Azido-propyl)-imidazole (11i). To a solution of 1-(3-amino-
propyl)-imidazole (810 mg, 6.47 mmol, 1 equiv), K,CO; (1.83 g
13.26 mmol, 2.05 equiv) and CuSO,SH,O (162 mg, 0.65 mmol, 0.1
equiv), in methanol (20 mL) was added in one portion imidazole-1-
sulfonyl-azide-hydrochloride® (1.6 g, 7.76 mmol, 1.2 equiv). The
mixture was stirred at rt for 18 h. After addition of water (30 mL), the
aqueous phase was extracted with DCM (3 X 50 mL). The combined
organic layers were dried (Na,SO,), filtrated and concentrated in
vacuo. The residue was purified by flash chromatography (EtOAc/
MeOH 98/2) to give azide 11i as a colorless oil (636 mg, 65% yield):
R;0.30 (EtOAc/MeOH 98/2); IR (film) 3101w, 2942w, 2900w, 2099s,
1629s, 1508m, 1231m, 1079m; 'H NMR & 7.48 (br s, 1H, H,), 7.08
(brs, 1H, Hy), 691 (br s, 1H, Hg), 4.06 (t, 2H, Ji3_, = 7.0 Hz, Hj),
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3.30 (t, 2H, Jy—m = 7.0 Hz, H)), 2.02 (qt, 2H, Ji_p1 = Jip—m3 = 7.0
Hz, H,); 3C NMR § 137.3 (C,), 129.9 (Cs), 118.8 (C), 47.9 (Cs),
43.8 (C,), 30.4 (C,); MS (ESI* m/z (%)) 152 (M + H)* (100%), 303
(2 M + H)* (100%); HRMS APCI Caled for CgH,(Ns* (M + H)*
152.0936, found 152.0937.

General Procedure for Cu(l)-Catalyzed Azide—Alkyne Cyclo-
addition, Preparation of Compounds 18a—n. To a solution of
alkyne 10 (1 equiv) and azide partner 11a—n (1 to 2 equiv) in tert-
BuOH/H,0 (1.5 mL/S00 L) were successively added CuSO, (0.1
equiv), sodium ascorbate (0.3 equiv) and N-ethyldiisopropylamine
(22 equiv). The suspension was sonicated for S min to solubilize all
reagents. The mixture was stirred at rt for 18 h and diluted with DCM
(40 mL) and water (15 mL). The aqueous phase was extracted with
DCM (6 X 40 mL), and the combined organic layers were dried
(Na,SO,), filtrated and concentrated in vacuo. The residue was then
purified by flash chromatography to give the corresponding triazole
18a—n.

Compound 18a. Triazole 18a was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne from alkyne 10
(230 mg, 0.36 mmol) and azido-decane 11a (132 mg, 0.72 mmol, 2
equiv). Flash chromatography (Cyclohexane/EtOAc 1/1) afforded
18a as a white powder (180 mg, 61% yield): R(0.17 (Cyclohexane/
EtOAc 1/1); mp 118—120 °C; [a]p —43 (¢ 1.0, CH,CL); IR (film)
2933m, 1714s, 1386m; 'H NMR 6 7.99 (s, 1H, NH), 7.84—7.82 (m,
2H, H,,»), 7.74-7.72 (m, 2H, Hy,), 7.67 (s, 1H, H;), 7.39 (d, 1H,
Jio-ns = 8.0 Hz, Hy), 5.88 (d, 1H, Jyy_py = 2.5 Hz, H;/), 5.80 (dd,
1H, Jus—us = 8.0 Hz, Jusnu = 2.5 Hz, Hg), 540 (s, 1H, H,»), 5.20 (d,
1H, Jus-ny = 5.5 Hz, Hs’)r 5.00 (dd, 1H, Juy—my = 6.0 Hz, Jyy py =
3.0 Hz, Hy), 4.90 (dd, 1H, Jip_py = 6.0 Hz, Jip = 2.5 Hz, Hy),
479 (d, 1H, Jiypr_ny = 5.5 Hz, Hy), 4.74 (d, 1H, Juz_pr = 5.5 Hz,
Hy), 4.50 (dd, 1H, Jyy_ps = S-S Hz, Juy_pyy = 3.0 Hz, Hy), 4.36—
4.33 (m, 3H, Hy, Hy), 3.64 (dd, 1H, Jysr,—psn, = 14.0 Hz, Jigr,_prar =
10.5 Hz, Hy,,), 3.33 (dd, 1H, Jys—nsa = 14.0 Hz, Jygp_psr = 3.5 Hz,
Hs»,), 1.89—1.86 (m, 2H, Hy), 1.63—1.55 (m, 2H, H,»), 1.56 (s, 3H,
Hyy), 1.52 (q, 2H, Jyr_ns = 8.0 Hz, H,), 1.32 (s, 3H, Hyy), 1.26—
1.14 (m, 14H, Hyy, Hy;, Hyy, Hyy, Hyy, Hyg, Hyg), 0.88—0.80 (m,
9H, Hg,, H,,); *C NMR 6 168.3 (Cy), 162.7 (C,), 1502 (C,), 144.9
(Cg), 1416 (C¢), 1344 (Cyy), 1319 (Cyqr), 123.5 (Cyyry Cy0), 117.2
(Cg), 114.8 (Cyq), 109.5 (Cyr), 103.0 (Cy), 92.9 (C,), 87.8 (Cy),
85.9 (C,), 84.7 (C,), 83.9 (C,), 82.5 (Cy), 80.9 (Cy), 72.7 (Cy),
50.6 (Cg), 40.4 (Cs»), 319 (Cy), 30.3 (Cy), 29.6, 29.5, 29.4, 29.3,
29.0, 27.3, 26.9, 26.5, 25.4, 227 (C», Ci9, Ci0» Ci1» Cray Crzy Crar
Ci, Cis), 87, 84, 74 (Cg, C;»); HRMS ESI” Calcd for
CpHN,O,,~ (M — H)~ 819.3929, found 819.3937.

Compound 18b. Triazole 18b was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (210 mg, 0.33 mmol) and azido-cycloheptane 11b (55
mg, 0.40 mmol, 1.2 equiv). Flash chromatography (Cyclohexane/
EtOAc 4/6) afforded 18b as a white powder (180 mg, 64% yield): Ry
0.31 (Cyclohexane/EtOAc 3/7); mp 143—14S °C; [a]p —30 (c 1.0,
CH,CL); IR (flm) 2980m, 1717s, 1697s, 1396m,1086s; '"H NMR &
9.70—9.65 (m, 1H, NH), 7.79—7.76 (m, 2H, H,;.), 7.69 (s, 1H, H,.),
7.69—7.67 (m, 2H, Hy,.), 7.31 (d, 1H, Jye_ns = 8.0 Hz, Hy), 5.89 (d,
IH, Jiyy—p = 3.0 Hz, Hy), 5.71 (dd, 1H, Jiys_ps = 8.0 Hz, Jysy = 1.5
Hz, Hy), 5.36 (s, 1H, H;), 5.15 (d, 1H, Jys_p4 = 6.0 Hz, Hy/), 5.00
(dd, 1H, Juy— = 6.5 Hz, Juz_uy = 40 Hz, Hy), 4.85 (dd, 1H,
Jir-uy = 6.5 Hz, Jip - = 3.0 Hz, Hy), 475 (d, 1H, Jigpr gy = 6.5
Hz, H,/), 470 (d, 1H, Juy3_m = 6.5 Hz, Hy.), 4.64—4.58 (m, 1H,
Hy), 447 (dd, 1H, Jiy_ns = 6.0 Hz, Juy_ny = 4.0 Hz, Hy ), 427 (dd,
1H, Juy_psa = 10.5 Hz, Juy_usn, = 4.5 Hz, Hy), 3.58 (dd, 1H,
Jusanss = 140 Hz, Jyg, pe = 105 Hz, Hg.), 333 (dd, 1H,
Jusb_nsra = 14.0 Hz, Jusn gy = 45 Hz, Hyy,), 2.15-2.10 (m, 2H,
nga), 1.99—1.89 (m, 2H, ngb), 1.77-1.74 (m, 2H, H,y,), 1.64—1.53
(m, 8H, H7”, HlO’b, Hn’): 1.52 (5; 3H, HIS’)) 1.47 (q, 2H, Jy7r—ng = 7.0
Hz, H,.), 1.29 (s, 3H, H13r), 0.78 (t, 3H, Jyg_pr» = 7.0 Hz, Hy,), 0.76
(t, 3H, Jug'_» = 7.0 Hz, Hy); *C NMR 6 168.1 (Cy), 163.4 (C,),
150.4 (C,), 144.5 (Cg), 141.3 (Cq), 1342 (Cyyr), 1319 (Cyqr), 1234
(Cyy), 1217 (C;), 117.1 (Cy), 114.7 (Cyy), 109.6 (C,), 103.0 (Cy),
92.4 (Cy), 874 (C,), 859 (Cy), 847 (C,), 83.8 (Cy), 82.5 (Cy),
80.8 (Cy), 72.2 (Cy), 62.6 (Cq), 40.4 (Cy), 35.6 (Cy), 29.5 (C),

28.9 (C;), 27.7 (Cy1), 27.2 (Cyy), 254 (Cyy), 24.3 (Cy), 8.3 (Cqr),
7.4 (Cg); HRMS ESI* Caled for C35H,oNGO;* (M + H)* 777.3459,
found 777.3491.

Compound 18c. Triazole 18c was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (200 mg, 0.31 mmol) and 1-azido-3-phenyl-propane
11c (100 mg, 0.63 mmol, 2 equiv). Flash chromatography (Cyclo-
hexane/EtOAc 3/7) afforded 18c as a white powder (111 mg, 45%
yield): R; 0.54 (EtOAc); mp 125—127 °C; [a]p, =34 (¢ 1.0, CH,CL);
IR (film) 2940m, 2350m, 1715s, 1390m; 'H NMR § 8.92 (s, 1H, NH),
7.80—7.77 (m, 2H, H,,), 7.72—7.68 (m, 2H, H,,.), 7.72 (s, 1H, H;),
7.40 (d, 1H, Jize_ns = 8.0 Hz, Hy), 7.27-7.21 (m, 2H, H,,/), 7.16—7.12
(m, 3H, Hy;, Hy,), 5.86 (d, 1H, Jigy—mo = 3.0 Hz, H}/), 5.77 (dd, 1H,
Jias—tie = 8.0 Hz, Jysnu = 2.0 Hz, Hy), 5.40 (s, 1H, H;.), 5.23 (d, 1H,
Jus—aa = 6.5 Hz, Hy), 497 (dd, 1H, Jyy3_pp = 6.5 Hz, Jyyy_py = 4.0
Hz, Hy), 492 (dd, 1H, Jiy—py = 6.5 Hz, Juy_pr = 3.0 Hz, Hy/), 4.79
(d, 1H, Jipr_py» = 6.5 Hz, Hy,), 4.73 (d, 1H, Jyy3_ppp = 6.5 Hz, Hy,),
4.50 (dd, 1H, Jyy—ns = 6.5 Hz, Jyy_pyy = 4.0 Hz, Hy), 4.39—4.32 (m,
3H, Hy, Hy»), 3.65 (dd, 1H, Jusra_psm = 14.0 Hz, Jys, per = 10.0 He,
Hy,), 3.37 (dd, 1H, Jusgv-nsa = 140 Hz, Jusn_py = 4.5 Hz, Hyy),
2.62—2.58 (m, 2H, Hyy), 2.27-2.21 (m, 2H, Hy), 1.64—1.56 (m, 2H,
H,»), 1.55 (s, 3H, Hyg), 1.51 (q, 2H, Jygp—ug = 7.5 Hz, Hy»), 1.30 (s,
3H, Hyg), 0.80 (t, 3H, Jiy_py» = 7.5 Hz, Hy), 0.79 (t, 3H, Jygr—pr =
7.5 Hz, Hg); ®C NMR § 169.2 (Cy»), 163.0 (C,), 150.4 (C,), 144.9
(Cg), 141.8 (Cy), 1402 (Cyy), 134.3 (Cyy), 132.0 (Cyyr), 128.7
(Ci3), 1285 (Cyy), 126.5 (Cyy), 123.8 (C,), 123.6 (Cyyr), 117.3
(Cg), 1149 (Cys), 109.6 (Cyr), 1032 (Cy), 93.3 (C,), 883 (Cy),
86.1 (C,.), 849 (C,), 84.1 (C,), 82.7 (Cs), 81.0 (Cy), 729 (Cs),
46.9 (Cy), 40.6 (Cy), 32.6 (Cy), 318 (Cy), 29.7, 29.1 (C,»), 274,
25.6 (Cy¢), 8.5, 7.6 (Cgr); HRMS ESI* Calcd for CyH,,NcOpH (M +
H)* 799.3303, found 799.3336.

Compound 18d. Triazole 18d was synthesized according to the
general procedure for Cu(l)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (220 mg, 0.35 mmol), and the previously described
azide 11d (107 mg, 0.44 mmol, 1.3 equiv). Flash chromatography
(Cyclohexane/EtOAc = 25/75) afforded 18d as a white powder (135
mg, 46% yield): R; 0.35 (Cyclohexane/EtOAc 25/75); mp 167—169
°C; [a]p —31 (¢ 1.0, CH,CL,); IR (film) 2930m, 1711s, 1693s, 1393m,
1044s; '"H NMR 6 9.13 (br s, 1H, NH), 7.80—7.78 (m, 2H, H,,-),
7.71-7.68 (m, 2H, Hy,.), 7.58 (s, 1H, H,), 7.53 (d, 2H, Jis—me =
7.5 Hz, Hy), 7.50 (d, 2H, Juy—m = 8.0 Hz, Hy,), 740 (t, 2H,
Jaig-ms' = Jme—my = 7.5 Hz, HI&’)! 7.38 (dr 1H, Jue-ns = 8.0 Hz,
Hg), 7.31 (t, 1H, Ji17—me = 7.5 Hz, Hy»), 7.18 (d, 2H, Jy1y—piy = 8.5
Hz, Hll’)’ 5.84 (d«' 1H, Juy—py = 2.5 Hz, Hl’)’ 5.75 (ddl 1H, Jus—ne =
8.0 Hz, Jysnu = 2.0 Hz, Hy), 5.36 (s, 1H, H;»), 5.18 (d, 1H, Jyyg_pa =
6.5 Hz, Hy), 4.95 (dd, 1H, Juy_p» = 6.5 Hz, Jyy_us = 3.5 Hz, Hy),
4.90 (dd, 1H, Jip_yy = 6.5 Hz, i = 2.5 Hz, Hy), 477 (d, 1H,
Jior—uzr = 6.0 Hz, Hy), 4.73 (d, 1H, Jy3_mpr = 6.0 Hz, Hy,), 4.67 (dd,
1H, Jugo-nsby = 140 Hz, Jug,—ny = 7.0 Hz, HS’a)F 4.61 (dd; 1H,
Jusv-nsa = 14.0 Hz, Jygy_po = 7.0 Hz, Hs’b): 4.48 (dd, 1H, Jaa-ns =
6.5 Hz, Juy_yy = 3.5 Hz, Hy), 434 (dd, 1H, Jyy_ps = 10.0 Hz,
Juar—usn = 4.5 Hz, H4"); 3.65 (dd, 1H, Jusra—nss = 14.0 Hz, Jysra par =
10.0 Hz, Hy,), 3.37 (dd, 1H, Jysb—nsa = 14.0 Hz, Jygp_psr = 4.5 Hz,
Hyn), 326 (t, 2H, Juy_nga = Juo—nsp = 7.0 Hz, Hy), 1.60 (m, 2H,
Jurr—ngr = 7.5 Hz, Hy), 1.55 (s, 3H, ng'), 1.50 (q: 2H, Juyrugr = 7.5
Hz, H,.), 1.32 (s, 3H, H,y/), 0.82 (t, 3H, Jyg_p»» = 7.5 Hz, Hg), 0.81
(t, 3H, Jus'—x = 7.5 Hz, Hy); *C NMR § 168.2 (Cy.), 163.2 (C,),
150.4 (C,), 144.9 (Cy), 141.8 (Cg), 140.6 (Cyy), 140.1 (Cyy), 136.2
(Cyo), 134.3 (Cyy), 132.0 (Cyq), 129.3 (Cyy), 1289 (Cyg), 127.6
(Cyp), 127.5 (Cy7), 127.1 (Cyy), 124.1 (C,), 123.6 (Cyyr), 117.3
(Cg), 114.8 (Cyg), 109.5 (Cy), 103.1 (Cy), 93.5 (Cy), 88.3 (Cy),
86.0 (C,), 84.9 (C,), 84.1 (Cy), 82.6 (C3), 81.0 (Cy), 729 (Cy),
51.8 (Cq), 40.6 (Cy), 36.5 (Cy), 29.7 (C5), 29.1 (C5v), 27.4 (Cyo),
25.6 (Cyo), 8.5 (Cgr), 7.5 (Cgr); HRMS ESI* Caled for CyH,oNgO ;"
(M + H)" 861.3485, found 861.3459.

Compound 18e. Triazole 18e was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (220 mg, 0.35 mmol) and azide 1le (45 mg, 0.45
mmol, 1.3 equiv). Flash chromatography (EtOAc/MeOH 95/5)
afforded 18e as a white powder (115 mg, 46% yield): R;0.17 (EtOAc);
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mp 121-123 °C; [a]p —31 (c 1.0, CH,CL); IR (film) 3441br, 2940w,
17155, 1695s; 'H NMR & 9.43 (br s, 1H, NH), 7.83—7.80 (m, 2H,
H,,»), 7.79 (s, 1H, H,,), 7.71=7.35 (m, 2H, Hy,.), 7.35 (d, 1H, Jie_ns
= 8.0 Hz, Hy), 5.82 (d, 1H, Jyy_p» = 2.5 Hz, H;/), 5.76 (br d, 1H,
Jus—ne = 8.0 Hz, Hs); 5.38 (S; 1H, Hl"); 5.20 (d; 1H, Jus—ns = 6.5 Hz,
Hy), 496 (dd, 1H, Jyy_p» = 6.5 Hz, Jyy s = 4.0 Hz, Hy), 4.94 (dd,
1H, Jup—nz = 6.5 Hz, Jyy_p1r = 2.5 Hz, Hz’)y 4.80 (d; 1H, Juy—nz =
5.5 Hz, H,), 4.74 (d, 1H, Jy3r_mr = 5.5 Hz, Hy»), 4.53 (1], 2H, Jyg—po
= 6.5 Hz, Hy), 4.50 (dd, 1H, Jyy_us = 6.5 Hz, Jyy_uy = 4.0 Hz, Hy),
428 (dd, 1H, Jyy—psra = 11.0 Hz, Jyy_ysp = 4.0 Hz, Hy), 3.65 (dd,
1H, Jusraensy = 14.0 Hz, Jysans = 11.0 Hz, Hyy,), 3.61-3.54 (m,
2H, H1o’); 3.30 (dd, 1H, Jus'b-ns7a = 14.0 Hz, Jysrp_pyr = 4.0 Hz, Hs”b);
242-228 (br s, 1H, OH), 2.16—2.11 (m, 2H, H,), 1.62—1.57 (m,
2H, H,), 1.55 (s, 3H, Hy,/), 1.50 (q, 2H, Jy;r_ps' = 7.5 Hz, H,»), 1.31
(s, 3H, H,y), 0.81 (t, 3H, Jug'_n7» = 7.5 Hz, Hy'), 0.80 (t, 3H, Jiygr_py”
= 7.5 Hz, Hy); 3°C NMR 6 168.5 (Cy), 163.4 (C,), 150.5 (C,), 144.8
(Cg), 142.0 (Cy), 134.5 (Cyy), 1312 (Cyy), 124.6 (C;), 123.6
(Cyyv), 117.3 (Cy), 1149 (Cyy), 109.6 (Cy0), 103.2 (Cs), 93.3 (Cy)),
88.3 (Cy), 86.1 (C,), 84.8 (C,), 84.0 (Cy), 82.7 (Cy), 81.0 (Cy),
73.3 (Cs), 58.6 (Cyo), 47.2 (Cy), 40.7 (Csr), 32.4 (Cy), 29.6, 29.1
(Cy), 274, 256 (Cyy), 85, 7.6 (Cg); HRMS ESI* Caled for
CysHysNgOp,t (M + H)* 739.2939, found 739.2925.

Compound 18f. Triazole 18f was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (220 mg, 0.35S mmol) and azide 11f (57 mg, 0.4S
mmol, 1.3 equiv). Flash chromatography (EtOAc to EtOAc/MeOH
95/5) afforded 18f as a white powder (133 mg, 51% yield): R, 0.29
(EtOAc/MeOH 95/5); mp 98—100 °C; [a]p, —31 (c 1.0, CH,CL); IR
(film) 3488br, 2976w, 1714s, 1396s; '"H NMR 6 9.01 (br s, 1H, NH),
7.84-7.82 (m, 2H, H,»), 7.75-7.71 (m, 3H, H, H,,»), 7.35 (d, 1H,
Jus-ns = 8-5 Hz, Hy), 5.84 (d, 1H, Jiyy_m» = 3.0 Hz, H;/), 5.76 (br d,
1H, Jyus_ue = 8.5 Hz, Hy), 5.39 (s, 1H, H;»), 5.20 (d, 1H, Jys_ps = 6.0
Hz, Hy), 5.00 (dd, 1H, Ji3_» = 6.5 Hz, Jyz_pe = 4.0 Hz, Hy/), 4.93
(dd, 1H, Jipp —py = 6.5 Hz, Jip i1 = 3.0 Hz, Hy)), 4.79 (d, 1H, Jipp 1437
= 6.0 Hz, H,/), 473 (d, 1H, Jyz_1p» = 6.0 Hz, H;.), 4.50 (dd, 1H,
Jaw—ns = 6.0 Hz, Juy_uy = 4.0 Hz, Hy), 4.39 (t, 2H, Jyg_no = 7.0 Hz,
Hy), 4.32 (dd, 1H, Juu—psra = 11.0 Hz, Jyp s = 4.5 Hz, Hy), 3.65
(dd, 1H, Jysra—nss = 14.0 Hz, Jiysrape = 11.0 Hz, Hy,), 3.59 (¢, 2H,
Ja—mir = 7.0 Hz, Hyy), 3.32 (dd, 1H, Jysn-nsra = 14.0 Hz, Jyspar
= 4.5 Hz, Hyy), 1.98—1.89 (m, 3H, Hy, OH), 1.64—1.58 (m, 2H,
H,.), 1.58—1.54 (m, 2H, H,,/), 1.56 (s, 3H, H,,), 1.51 (q, 2H, Jiy_ps’
= 7.5 Hz, H,»), 1.42—1.37 (m, 2H, Hy,), 1.33 (s, 3H, H,,), 0.83 (t,
3H, Jug'—ny» = 7.5 Hz, Hy), 0.81 (t, 3H, Jug_ny» = 7.5 Hz, Hy); BC
NMR 6 168.4 (Cy), 163.1 (C,), 150.3 (C,), 144.8 (Cq), 142.0 (Cy),
134.5 (Cyyr), 132.0 (Cyor), 1239 (C;), 123.7 (Cyyr), 117.3 (Cq),
1149 (C3), 109.7 (Cy), 103.2 (Cs), 934 (Cy), 88.0 (C,), 86.1
(Cy), 849 (C,), 83.9 (Cy), 82.6 (Cj5), 80.9 (C,), 72.9 (Cs), 62.3
(Cyy), 50.6 (Cy), 40.6 (Cs»), 31.9 (Cyy/), 30.0 (Cy), 29.7, 29.1 (C),
274, 25.6 (Cyy), 22.9 (Cyy), 8.5, 7.6 (Cg); HRMS ESI* Calcd for
Cy,H,;NOp," (M + H)* 767.3252, found 767.3260.

Compound 18g. Triazole 18g was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (110 mg, 0.18 mmol) and azide 11g (90 mg, 0.37
mmol, 2 equiv). Flash chromatography (Cyclohexane/EtOAc 3/7 to
EtOAc) afforded 18g as a white powder (166 mg, 75% yield): R;0.70
(EtOAc); mp 131-133 °C; [a]p —32 (¢ 1.0, CH,CL); IR (film)
2942w, 2976w, 2251w, 1710s; "H NMR & 9.03 (br d, 1H, Jyg_ps = 2.0
Hz, NH), 7.82—7.79 (m, 4H, H,,,, H,s/), 7.73 (s, 1H, H,,), 7.72—7.68
(m, 4H, H,,» H,g), 7.40 (d, 1H, Jys_ns = 8.0 Hz, Hy), 5.87 (d, 1H,
Juv—mo = 2.5 Hz, Hy), 5.77 (dd, 1H, Jiy5_p6 = 8.0 Hz, Jyysnu = 2.0 Hz,
Hy), 5.39 (s, 1H, H;»), 5.19 (d, 1H, Jys_py = 6.5 Hz, Hy), 497 (dd,
1H, Jyy—my = 6.5 Hz, Jyyy s = 4.0 Hz, Hy), 4.90 (dd, 1H, Jp_py =
6.5 Hz, Jyp_ur = 2.5 Hz, Hy), 4.78 (d, 1H, Jipr_p3r = 6.5 Hz, Hy.),
4.73 (d, 1H, Jyzr_pp = 6.5 Hz, Hy,), 449 (dd, 1H, Jyy_ys = 6.5 Hz,
Jaw—uy = 4.0 Hz, Hy), 4.36—4.32 (m, 3H, Hg, H, ), 3.67—3.62 (m,
3H, Hy,, HS”a)J 3.34 (dd; 1H, Jus'b-ns'a = 14.0 Hz, Jysp_ny = 4.5 Hz,
Hs»,), 2.00—1.89 (m, 2H, Hy), 1.72—1.67 (m, 2H, H,;/), 1.63—1.58
(m, 2H, H7”): 1.56 (S; 3H, HIS’)/ 151 (q, 2H, Jy77_ngr = 7.5 Hz, H7”);
1.40—1.32 (m, 2H, H,,), 1.33 (s, 3H, Hyg), 0.81 (t, 3H, Jiyg'_7» = 7.5
Hz, Hy), 0.79 (t, 3H, Jus'_1r» = 7.5 Hz, Hg,); *C NMR 6 168.5, 168.3

(Cyr, Ci3), 163.1 (C,), 150.4 (C,), 145.0 (Cg), 141.7 (Cq), 1344,
134.2 (Cyy, Cie), 1323, 132.1 (Cyqr, Cyy), 123.8 (C5), 123.6, 123.4
(Ciyy Cis'), 117.3 (Cg), 1149 (Cy5.), 109.7 (Cy), 1032 (Cs), 93.1
(Cy), 879 (C,), 864 (C,), 84.9 (C,), 84.1 (Cy), 82.7 (Cy), 80.9
(Cy), 729 (Cy), 504 (Cy), 406 (Cs), 37.5 (Cyy), 29.8 (Cy), 29.7,
29.1 (C,»), 28.1 (Cyy), 274, 25.6 (Cyg), 23.7 (Cy), 8.5, 7.6 (Cgr);
HRMS ESI" Caled for C4sHyoN,O.35 (M + H)" 896.3467, found
896.3483.

Compound 18h. Triazole 18h was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (210 mg, 0.33 mmol) and azide 11h (79 mg, 0.40
mmol, 1.2 equiv). Flash chromatography (EtOAc/MeOH 95/5 to 85/
15) afforded 18h as a white powder (154 mg, 56% yield): R 0.20
(EtOAc/MeOH 85/15); mp 130—132 °C; [a]p —30 (¢ 1.0, CH,CL);
IR (film) 2936w, 2258w, 1714s, 1458w, 1395m; "H NMR & 9.33 (br s,
1H, NH), 7.82—7.79 (m, 2H, H,,,), 7.73—7.70 (m, 2H, H,,.), 7.68 (s,
1H, H,), 7.36 (d, 1H, Jy6_us = 8.5 Hz, Hy), 5.85 (d, 1H, Jiyy_pgp = 3.0
Hz, Hy), 5.74 (d, 1H, Jys_us = 8.5 Hz, Hy), 5.37 (s, 1H, H;), 5.18 (d,
1H, Jus—ns = 6.0 Hz, Hs’); 4.97 (dd; 1H, Juz—mo = 6.5 Hz, Jyypa =
4.0 Hz, Hy), 4.89 (dd, 1H, Jup 3 = 6.5 Hz, Jip_y1 = 3.0 Hz, Hy),
4.77 (d, 1H, Jypr_uy = 6.5 Hz, Hy,), 471 (d, 1H, Jy3_ypr = 6.5 Hz,
Hy), 447 (dd, 1H, Jyy_ng = 6.0 Hz, Jyy_uy = 4.0 Hz, Hy), 4.34 (4,
2H, Jug—no = 7.0 Hz, Hs'); 4.31 (dd; 1H, Juar—us'a = 10.0 Hz, Juy _psn
= 4.0 Hz, H,), 3.67 (tl, 4H, Ji3_ms = 4.5 Hz, Hyy), 3.62 (dd, 1H,
Jusa-nst = 140 Hz, Jyg,my = 100 Hz, Hg.), 330 (dd, 1H,
Tusbnsa = 14.0 Hz, Jugp_ps = 4.0 Hz, Hgy), 2.42—2.32 (m, 4H,
Hyy), 227 (t, 2H, Juy—mr = 7.5 Hz, Hyy), 191 (qt, 2H, Juy_ug =
Juo—mo =7.5 Hz, Hy), 1.61-1.56 (m, 2H, H,.), 1.54 (s, 3H, Hyy),
1.52—1.46 (m, 4H, H, H,,/), 1.34—1.28 (m, 2H, H,y), 131 (s, 3H,
Hyg), 0.80 (t 3H, Jugr_yr» = 7.5 Hz, Hy), 0.79 (t, 3H, Jyggr_yir = 7.5
Hz, Hg); °C NMR 6 168.2 (Cy), 1632 (C,), 150.3 (C,), 144.9
(Cg), 141.6 (Cy), 134.3 (Cyyr), 1319 (Cyq), 123.6 (Cyyry Co), 117.2
(Cg), 114.8 (Cy5), 109.6 (Cy), 103.1 (Cy), 93.1 (Cy), 87.9 (Cy),
85.9 (C,), 84.8 (C4), 83.9 (Cy), 82.5 (Cy), 80.9 (Cy), 72.8 (Cs),
66.9 (Cy3), 58.6 (Cyy), 53.7 (Cy1y), 50.4 (Cy), 40.5 (Cs»), 302 (Cy),
29.6 (Cyy), 29.0 (C51), 27.3 (C;»), 25.8, 25.5 (Cy¢), 244 (Cyy), 84,
7.5 (Cg); HRMS ESI* Calcd for C,;H,N,0,," (M + H)" 836.3830,
found 836.3863.

Compound 18i. Triazole 18i was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (230 mg, 0.36 mmol) and azide 11i (71 mg, 0.47
mmol, 1.3 equiv). Flash chromatography (EtOAc to EtOAc/MeOH
9/1) afforded 18i as a white powder (200 mg, 71% yield): R 0.21
(EtOAc/MeOH 8/2); mp 151—153 °C; [a]p, —34 (c 1.0, CH,CL); IR
(film) 2977w, 2937w, 1715s, 1394m, 1087m; "H NMR & 10.52 (s, 1H,
NH), 7.76 (s, 1H, H,), 7.74-7.71 (m, 2H, H,,), 7.67—7.64 (m, 2H,
Hy,), 7.52 (brs, 1H, H,y.), 7.33 (d, 1H, Ji_us = 8.0 Hz, H), 6.99 (br
s, 1H, H,,/), 691 (br s, 1H, H,3), 5.73 (d, 1H, Jy;_p = 2.5 Hz, Hy/),
5.70 (d, 1H, Jys_us = 8.0 Hz, Hy), 5.34 (s, 1H, H;»), 5.19 (d, 1H,
Jus'-ny = 7.0 He, Hs')y 4.97 (dd, 1H, Jur—ny = 6.5 Hz, Jyp_py = 2.5
Hz, H,), 4.87 (dd, 1H, Ju3_p» = 6.5 Hz, Jyy_py = 4.0 Hz, Hy), 4.74
(d, 1H, Jipr—ny = 6.5 Hz, Hy,), 4.68 (d, 1H, Jy_ppr = 6.5 He, Hy),
4.46 (dd, 1H, Jyy_us = 7.0 Hz, Jyy_py = 4.0 Hz, Hy), 4.35—4.27 (m,
2H, HS’)) 4.23 (ddl 1H, ]H4”—H5”a = 11.0 Hz, ]H4”—H5”b = 4.0 Hz, H4”)J
4.02—3.87 (m, 2H, H,y), 3.66 (dd, 1H, Jyg,_usp = 14.0 Hz, Jyg—na
= 11.0 Hz, Hy,,), 3.28 (dd, 1H, Jusn-nsa = 14.0 Hz, Jysn s = 4.0
Hz, Hyy), 2.44—2.31 (m, 2H, Hy), 1.54—1.49 (m, 2H, H,.), 1.47 (s,
3H, H,,), 143 (q, 2H, Jy77—_ng* = 7.5 Hz, H;»), 1.22 (s, 3H, Hy,), 0.73
(t, 6H, Jyg'—n7 = 7.5 Hz, Hg); *C NMR § 168.1 (Cy), 163.5 (C,),
150.6 (C,), 145.0 (Cy), 142.0 (Cy), 137.3 (C,y), 1342 (Cyy), 131.7
(Cyo), 129.6 (Cyy), 124.1 (C;), 1234 (Cyyr), 1188 (Cyy), 116.9
(C¢), 114.5 (Cyy), 109.6 (Cyr), 103.0 (Cs), 94.1 (C;.), 88.8 (C,),
85.9 (C,.), 84.6 (Cy), 84.1 (C,), 82.5 (Csy), 81.1 (Cy), 73.2 (Cs),
469 (Cg), 43.4 (Cyq), 40.5 (Cyr), 31.3 (Cy), 29.5, 28.9 (Cyr), 272,
25.4 (Cyy), 84, 7.4 (Cg); HRMS ESI* Calcd for C33H,;sNgO,;" (M +
H)* 789.3208, found 789.3244.

Compound 18j. Triazole 18j was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (220 mg, 0.35 mmol) and azide 11j (111 mg, 0.37
mmol, 1.1 equiv). Flash chromatography (EtOAc/MeOH 98/2)
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afforded 18j as a white powder (198 mg, 62% yield): R;0.44 (EtOAc/
MeOH 95/5); mp 143—145 °C; [a]p —27 (c 1.0, CH,CL,); IR (film)
2940m, 1715s, 1695s, 1081s; "H NMR & 9.19 (br s, 1H, NH), 8.32 (s,
1H, Hy¢), 7.88 (s, 1H, H,.), 7.78—7.76 (m, 2H, H,;,), 7.69—7.67 (m,
2H, Hy,.), 7.58 (dd, 1H, Ji14.13 = 9.0 Hz, Jiy141¢ = 2.5 Hz, Hyy), 7.36
(d; 1H, Jye-us = 8.0 Hz, Hé)» 6.56 (d; IH, Juiy—ms = 9.0 Hz, H13');
5.83 (d, 1H, Jyyy—mo = 3.0 Hz, H;.), 5.74 (d, 1H, Jiz5_pe = 8.0 Hz, Hy),
5.38 (s, 1H, H;»), 521 (d, 1H, Jyg_us = 6.5 Hz Hy), 499 (dd, 1H,
Juzy—m2 = 6.5 Hz, Juz_py = 3.5 Hz, Hs'); 4.94 (dd; 1H, Jyp—nz = 6.5
Hz, Jiyy—mr = 3.0 Hz, H,), 4.78 (d, 1H, Jipr_py = 6.0 Hz, H,,), 4.73
(d, 1H, Jyy3r_io» = 6.0 Hz, H;), 4.56—4.52 (m, 2H, Hy/), 4.52 (dd, 1H,
Jaw—ns = 6.5 Hz, Jiyy_yy = 3.5 Hz, Hy), 4.31 (dd, 1H, J14_ys, = 10.5
Hz, Juy—usn, = 4.5 Hz, H4”); 3.67 (dd, 1H, Jusa—usn = 14.0 Hz,
Juasra—mar = 10.5 Hz, Hyo), 3.62—3.51 (m, 4H, H,,), 3.37 (dd, 1H,
Jusb-tisra = 140 Hz, Jysn_pa = 4.5 Hz, Hyy), 2.99-2.81 (m, 2H,
Hy), 2.61-2.58 (m, 4H, H;,,), 1.59—1.57 (m, 2H, H,.), 1.56 (s, 3H,
Hiy), 149 (q, 2H, Jiy_ns = 7.5 Hz, Hy), 1.31 (s, 3H, H3), 085 (4,
3H, Jusr—ny = 7.5 Hz, Hy), 0.80 (t, 3H, Jygr_gyy = 7.5 Hz, Hy); °C
NMR 6 168.2 (Cy), 163.1 (C,), 160.4 (C,y), 150.4 (C,), 145.9—
145.6 (m, Cy¢), 144.9 (Cy), 141.9 (Cq), 134.6 (Cyy), 1344 (Cyy),
132.0 (Cyq), 124.5 (C;), 123.7 (Cyyr), 121.8 (q, Jei7—r = 71.5 Hz,
Cy), 117.3 (C¢), 1154 (q, Jeis—r = 33.0 Hz, Cyy), 114.8 (Cg),
109.7 (Cy»), 105.7 (C,3), 103.1 (Cs), 93.7 (C,), 884 (C,), 86.1
(Cy), 849 (Cy), 84.1 (Cy), 82.7 (Cy), 81.1 (Cy), 73.0 (Cy), 57.5
(Cy), 52.9 (Cyy), 48.0 (Cy)), 44.8 (Cyy/), 40.7 (Csr), 29.7, 29.1 (C),
27.4, 25.6 (Ciy), 8.5, 7.6 (Cg); HRMS ESI* Caled for
CyHs FsNyOF (M + H)* 938.3660, found 938.3687.

Compound 18k. Triazole 18k was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (250 mg, 0.39 mmol) and azide 11k (166 mg, 0.59
mmol, 1.6 equiv). Flash chromatography (Cyclohexane/EtOAc 3/7)
afforded 18k as a white powder (185 mg, 52% yield): R; 0.15
(Cyclohexane/EtOAc 3/7); mp 127-129 °C; [a]p, —30 (c 1.0,
CH,CL); IR (film) 2972m, 1713s, 1395m, 1074s; '"H NMR & 8.27 (br
s, 1H, NH), 7.81-7.70 (m, 9H, H, H,,, H},», H;3, H,;), 7.58 (t, 1H,
Jro—ms = 7.5 Hz, ng/), 7.48 (t; 2H, Jmig—mo = Jmg—m7 = 7.5 Hz,
HlS’)) 7.36 (dr 1H, Jye-us = 8.0 Hz, Hé)) 6,92 (d; 2H, Jui-my = 7.5
Hz, Hu’); 5.82 (d; IH, Jur-ny = 2.5 He, Hl'); 5.75 (br d, 1H, Jrs—ne =
8.0 Hz, Hy), 5.39 (s, 1H, H;.), 5.19 (d, 1H, Jys_us = 6.5 Hz, Hy/),
5.01—4.97 (m, 1H, Hy/), 4.94—4.91 (m, 1H, H,,), 4.78 (d, 1H, Jp»_p13-
= 5.5 Hz, Hy,), 473 (d, 1H, Ju3 s = 5.5 Hz, Hy), 463 (t, 2H,
Jhi0-no = 6.5 Hz, HIO’)) 4.50 (dd; 1H, Juy-us' = 6.5 Hz, Jyy_uy = 3.0
Hz, H, ), 4.32 (dd, 1H, Jyy_ps7a = 10.5 Hz, Jyy_us = 4.0 Hz, Hy),
4.10—4.02 (m, 2H, Hy), 3.65 (dd, 1H, Jisranss = 14.0 Hz, Jysrapsr =
10.5 Hz, HS”a)l 3.32 (dd; 1H, Jus'b-ns'a = 14.0 Hz, Jysp_ps = 4.0 Hz,
Hs»,), 2.49—2.42 (m, 2H, Hy), 1.63—1.59 (m, 2H, H,.), 1.55 (s, 3H,
H,,), 1.51-1.49 (m, 2H, H.»), 1.32 (s, 3H, H,,.), 0.83—0.81 (m, 6H,
Hg); *C NMR 6 195.5 (C,s), 168.2 (Cy), 163.1 (C,), 162.2 (Cy;)),
150.4 (C,), 145.2 (Cg), 141.9 (Cy), 138.3 (Cy4), 1344 (Cyy), 132.7
(Ci3), 1321 (Cyq), 1319 (Cyy), 130.7 (Cyy), 129.9 (Cyy), 1284
(Cig), 124.3 (C,), 123.6 (Cyyr), 117.3 (Cy), 114.8 (Cyy), 114.2
(C1y), 109.8 (Cyv), 103.1 (Cy), 93.7 (Cy), 88.4 (C, ), 86.1 (C,»), 84.9
(Cy), 84.1 (Cy), 82.6 (Cy), 81.1 (Cy), 73.1 (Cy), 64.6 (Cy), 47.3
(Cyy), 40.6 (Csr), 30.0 (Cy), 29.7, 29.1 (C;), 274, 25.6 (C,y), 8.5,
7.6 (Cg); HRMS ESI* Caled for C,gHg NgO;3" (M + H)* 919.3514,
found 919.3549.

Compound 18l. Triazole 18l was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (230 mg, 0.36 mmol) and azide 111 (223 mg, 0.72
mmol, 2 equiv). Flash chromatography (Cyclohexane/EtOAc 35/65)
afforded 181 as a white powder (177 mg, 52% yield): R 0.33
(Cyclohexane/EtOAc 1/9); mp 119-121 °C; [a]p, —30 (c 1.0,
CH,CL); IR (film) 1715s, 1693s, 1395m, 1090m; '"H NMR & 9.12 (br
s, 1H, NH), 7.79-7.67 (m, 9H, H,, H,;,, Hy5», Hy5, Hyo), 7.55 (4],
IH, Juor-mo = 7.5 Hz, HZl’)r 7.46 (t; 2H, Jmo-mor = Jmo-my = 7.5
Hz, Hyy ), 7.38 (d, 1H, Jy6_ps = 8.0 Hz, Hy), 6,89 (d, 2H, Jiyy s =
9.0 Hz, H,,), 5.86 (d, 1H, Jyy _p» = 3.0 Hz, H,), 5.75 (dd, 1H, Jizs_
= 8.0 Hz, Jisau = 2.0 Hz, Hy), 5.39 (s, 1H, H;»), 5.20 (d, 1H, Jiyg_ps
= 6.5 Hz, Hy/), 4.99 (dd, 1H, Jyy_py = 6.5 Hz, Jyy_ps = 3.5 Hz, Hy),
492 (m, 1H, Jyy_uy = 6.5 Hz, Jip_mr = 3.0 Hz, H,), 479 (d, 1H,

Juor—uz = 6.0 Hz, Hy), 4.73 (d, 1H, Jy3_mpr = 6.0 Hz, Hy,), 4.50 (dd,
IH, Juy—us = 6.5 Hz, Jyy_uy = 3.5 Hz, H4’); 4.40 (tz 2H, Jyiy—mir =
7.0 Hz, Hy,), 4.32 (dd, 1H, Jus_psra = 10.5 Hz, Jysr_psn, = 4.0 Hz,
H4”): 3.99 (t; 2H, ]le’—Hll’ = 7.0 He, HS’): 3.65 (dd; 1H, ]HS”a—Hs”b =
14.0 Hz, Jy57,_psr = 10.5 Hz, Hys,), 3.32 (dd, 1H, Jysp_psre = 14.0 Hz,
Jusrb—nar = 4.0 Hz, Hgyp), 2.02—1.99 (m, 2H, H, '), 1.84—1.61 (m, 2H,
Hy) 1.60—1.55 (m, 2H, H,.), 1.55 (s, 3H, H,;), 1.53—1.31 (m, 4H,
H;. Hiy), 1.31 (s, 3H, Hyy), 0.81 (t, 3H, Jug - = 7.5 Hz Hy), 0.79
(t, 3H, Jugr_ur = 7.5 Hz Hy); *C NMR 6§ 195.6 (C,,), 168.2 (C,),
163.1 (C,), 162.7 (C3), 150.4 (C,), 145.1 (Cy), 141.8 (Cg), 138.5
(Cig), 1344 (Cypy), 1327 (Cy5), 1320 (Cy, Cyy), 1304 (Cyg),
129.9 (Cyy), 1283 (Cyy), 123.7 (C;), 123.6 (C,), 117.3 (Cy),
114.9 (Cyy), 114.2 (Cyy), 109.8 (C,»), 103.1 (Cy), 93.3 (C;/), 88.2
(Cy), 86.1 (Cy), 84.9 (Cy), 84.1 (Cy), 82.7 (Cy), 81.1 (Cy), 73.1
(Cy), 67.9 (Cy), 50.4 (Cyy), 40.6 (Cy), 30.1 (Cyy/), 29.7,29.1 (C),
28.6 (Cy), 274, 25.6 (C,3), 23.2 (Cyq), 8.5, 7.6 (Cgr); HRMS ESI*
Caled for CygHgsNgO5" (M + H)* 947.3827, found 947.3859.
Compound 18m. Triazole 18m was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (220 mg, 0.35 mmol) and azide 11m (266 mg, 0.70
mmol, 2 equiv). Flash chromatography (Cyclohexane/EtOAc 35/65)
afforded 18m as a white powder (174 mg, 49% yield): 0.27
(Cyclohexane/EtOAc 3/7); mp 110—113 °C; [a]p, —28 (c 1.0,
CH,CL); IR (film) 2935m, 1715s, 1600m, 1256s; "H NMR & 8.37 (br
s, IH, NH), 7.85—7.72 (m, 8H, H,,,, H,5,, Hyy, H,y), 7.68 (s, 1H,
H,), 7.57 (t, 1H, Jing_mos = 7.5 Hz, Hyg), 7.48 (t, 2H, Jipps_yioe = 7.5
Hz, Juys -y = 7.5 Hz, st’)z 7.38 (d, 1H, Jus-ns = 8.0 Hz, Hy), 6,95
(d; 2H, Jui9—mao = 8.0 Hz, H19’)J 5.88 (d; 1H, Jur—mo = 3.0 Hz, Hl’)}
5.76 (dd, 1H, Jys_ne = 8.0 Hz, Jysam = 2.0 Hz, Hy), 5.40 (s, 1H, H;»),
520 (d, 1H, Jug_ps = 6.5 Hz, Hy), 5.00 (dd, 1H, Jy3_1p = 6.5 Hz,
Juy—na = 3.5 Hz, Hy), 4.90 (dd, 1H, Jiyp_py = 6.5 Hz, Jip_y1r = 3.0
Hz, Hz'); 4.79 (d; 1H, Jipr—p3yr = 6.5 Hz, Hz”); 4.74 (d; 1H, Juzr—m =
6.5 Hz, Hy»), 4.50 (dd, 1H, Jyy_gs = 6.5 Hz, Jye_my = 3.5 Hz, Hy),
4.37—4.34 (m, 1H, H,); 4,35 (t, 2H, Ji17—1¢ = 7.5 Hz, H,.), 4.03 (t,
2H, Juy_ne = 6.5 Hz, Hy), 3.65 (dd, 1H, Jysransn = 14.0 Hz,
Jus'a—nar = 11.0 Hz, HS":A)/ 3.35 (ddz 1H, Jusrp-ns'a = 14.0 Hz, Jysn,—ps
= 4.5 Hz, Hy»,), 1.91-1.88 (m, 2H, H,y), 1.82—1.77 (m, 2H, Hy),
1.66—1.59 (m, 2H, H,), 1.57 (s, 3H, Hyg'), 1.52 (q, 2H, Jyy7r_psr = 7.5
Hz, H,,), 1.47—141 (m, 2H, H,,), 1.34 (s, 3H, H,g), 1.32—1.22 (m,
10H, H11’, le’: H13’; H14’, HIS’)J 0.84 (tz 3H, ]Hs”—m” =7.5 Hz, Hs”);
0.82 (t, 3H, Jug'_uy = 7.5 Hz, Hg); °C NMR 6 195.7 (C,,/), 168.3
(Cyr), 163.1 (Cy), 162.7 (Cyg), 150.2 (C,), 145.0 (Cy), 141.6 (Cq),
138.6 (C,y), 1344 (Cyy), 132.7 (Cyy), 132.1 (Cyy), 132.0 (Cyg),
130.2 (Cyyr), 1299 (C,,), 1284 (Cy), 123.7 (Cyyr), 123.6 (C,),
1174 (Cg), 1149 (C,;), 1142 (Cyy), 109.7 (C;»), 103.2 (Cy), 93.1
(Cy), 879 (C,), 86.1 (Cy), 849 (C,), 84.0 (Cy), 82.7 (Cy), 81.0
(Cy), 729 (Cy), 68.5 (Cy), 50.7 (Cy), 40.6 (Csr), 30.5 (Cy¢), 29.7
(C), 296, 29.5,29.4, 293 (Cyy, Ciy, Ci3,y Ciy), 292 (2C, Cy, Cor),
27.4 (Cypy), 26.7 (Cys1), 262 (Cyy), 25.6 (Cyg), 8.5, 7.6 (Cgr); HRMS
EST* Calcd for CssHgNO,5+ (M + H)* 1017.4610, found 1017.4644.
Compound 18n. Triazole 18n was synthesized according to the
general procedure for Cu(I)-catalyzed azide—alkyne cycloaddition
from alkyne 10 (220 mg, 0.35 mmol) and azide 11n (151 mg, 0.44
mmol, 1.3 equiv). Flash chromatography (Cyclohexane/EtOAc 25/
75) afforded 18n as a white powder (123 mg, 37% yield): R, 0.26
(Cyclohexane/EtOAc 25/75); mp 141—143 °C; [a]p —24 (¢ 1.0,
CH,CL); IR (film) 2342w, 1713m,1396s, 1249m, 1067s; '"H NMR &
9.16 (br d, 1H, Jyg_us = 2.0 Hz, NH), 7.91 (d, 2H, Ji¢.15 = 9.0 Hz,
Hyy), 7.78=7.77 (m, 2H, H,;»), 7.75 (d, 2H, |,y = 7.5 Hz, Hy,),
7.70 (s, 1H, H,), 7.69—7.67 (m, 2H, H,,.), 7.56 (t, 1H, Jip» —o1 = 7.5
Hz, Hyy), 747 (t, 2H, Ju2v—m0 = Juo-my = 7.5 Hz, H,,), 7.36 (d,
2H, Jyiy-mo = 8.0 Hz, Hyy), 7.33 (d, 1H, Jyge_ps = 8.0 Hz, Hy), 7.27
(d; 2H, Juio-mir = 8.0 Hz, H1o’)» 6.96 (d; 2H, Jis.16 = 9.0 Hz, H15’);
5.86 (d, 1H, Jy_yy = 3.0 Hz, Hy), 5.70 (dd, 1H, Jiy5_p = 8.0 Hz,
Jusm = 2.0 Hz, Hy), 5.58 (d, 1H, Jyga-psn = 15.0 Hz, Hg,), 5.52 (d,
lH, ]HS’b—HS’a =15.0 HZ/ Hs’b)l 5.39 (S; IH/ Hl”); 5.20 (d/ lHl ]HS’—H4’
= 6.5 Hz, Hy/), 4.98 (dd, 1H, Jyy_py = 6.5 Hz, Jyy_us = 4.0 Hz, Hy),
4.97 (s, 2H, Hy;), 4.90 (dd, 1H, Jip gy = 6.5 Hz, Jigp_p1 = 3.0 Hz,
H,), 4.76 (d, 1H, Jir_y3» = 6.0 Hz, Hy,), 4.68 (d, 1H, Jiy3r_por = 6.0
Hz, Hy.), 448 (dd, 1H, Jyy_us = 6.5 Hz, Juy_py = 4.0 Hz, H,), 4.31
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(dd, 1H, Jgu_psra = 11.0 Hz, Jigu_ys = 4.5 Hz, Hy), 3.54 (dd, 1H,
Jus'a-usy = 140 Hz, Jysr, py = 11.0 He, Hs”a): 3.19 (dd; 1H,
Jusb-nis'a = 14.0 Hz, Jysn, e = 4.5 Hz, Hy,), 1.60 (m, 2H, Jiipr_pgr =
7.5 Hz, Hy), 1.54 (s, 3H, Hyy), 149 (q, 2H, Ju7r_uer = 7.5 Hz, Hy),
1.31 (s, 3H, H,y), 0.81 (t, 3H, Jyg—yy = 7.5 Hz, Hy»), 0.79 (t, 3H,
Jus'— = 7.5 Hz, Hy); *C NMR § 195.6 (Cg), 168.1 (Cy), 163.2
(Cy), 162.3 (Cyy), 150.3 (C,), 145.6 (Cg), 141.6 (Cq), 138.4 (Cyy),
137.1 (Cypy), 1348 (Cy), 1344 (Cyy), 132.7 (Cyg), 1321 (Cyy),
132.0 (Cyr), 130.7 (Cyy), 129.9 (Cyy), 128.4 (Cyy), 1284 (Cyy),
1282 (Cyy), 1239 (Cy), 123.6 (Cyyr), 117.3 (Cy), 1149 (Cyy),
114.5 (Cys), 109.9 (C;»), 103.1 (Cs), 93.1 (Cy), 88.0 (C,), 86.1
(Cy), 84.8 (Cy), 84.0 (Cy), 82.6 (Cy), 80.9 (Cy), 73.1 (Cy), 69.6
(Cy3), 54.0 (Cy), 40.4 (Csr), 29.6 (C5r), 29.1 (Cyv), 274 (Cyy), 25.6
(Cyy), 8.5 (Cgr), 7.5 (Cg); HRMS ESI* Caled for Ci;Hi3;NgO3" (M
+ H)* 981.3671, found 981.3702.

General Procedure for Phthalimide Cleavage, Preparation
of Compounds 19a—n. To a solution of protected triazole (1 equiv)
in distilled MeOH (0.1 M) was added dropwise a solution of
methylamine (8.03 M in EtOH, 400 equiv), the mixture was stirred at
rt for S h, and volatiles were removed in vacuo. The residue was
dissolved in DCM (S mL) and filtrated on Millipore to remove the
methylphthalimide byproduct. The filtrate was then concentrated in
vacuo, and the residue was purified by flash chromatography and then
Iyophilized.

Compound 19a. Amine 19a was prepared according to the general
procedure for phthalimide cleavage from triazole 18a (152 mg, 0.19
mmol). Flash chromatography (DCM/NEt; 100/0.3% to DCM/
MeOH/NEt; 97/3/0.3%) afforded 19a as a white solid (83 mg, 65%
yield): R;0.17 (EtOAc); mp 103—105 °C; [a]p, —22 (¢ 0.5, MeOH);
IR (film) 2976m, 2940m, 1697s, 1650m 1383m, 1075s; 'H NMR
(CD;0D) 6 7.98 (s, 1H, H;), 7.63 (d, 1H, Jyys_ys = 8.0 Hz, Hy), 5.74
(s, 1H, Hy), 5.67 (d, 1H, Jys_ye = 8.0 Hz, Hy), 5.28 (s, 1H, Hy.), 5.19
(d, 1H, Jus_p4 = 9.0 Hz, Hy/), 5.10 (br d, 1H, Jypr_yy = 6.5 Hz, Hy/),
4.71 (dd, 1H, Jyy_pp = 6.5 Hz, Jyy_mw = 3.5 Hz, Hy), 4.65 (d, 1H,
Jur—uz = 6.0 Hz, Hy), 4.56 (d, 1H, Juy_u = 6.0 Hz, Hy), 442—
4.35 (m, 3H, Hy H), 4.12 (dd, 1H, Jiyr—psn, = 9.0 Hz, Jrygr_pg57, = 5.0
Hz, H4”); 2.61 (dd, 1H, Jus7a—ns = 13.0 Hz, Jysr, pyr = 5.0 Hz, HS”a)}
2.53 (dd, 1H, Jysrb—ps'a = 13.0 Hz, Jys_pa = 9.0 Hz, Hyny), 1.88 (qt,
2H, Juy 1o = Juo-ns' = 7:0 Hz, Hy), 1.59 (q, 2H, Jyyp_ps» = 7.0 Hz,
H,), 1.52 (q, 2H, Jyy_ns' = 7.0 Hz, H,»), 1.47 (s, 3H, H,y), 1.35—
1.25 (m, 14H, H,o, Hyy, Hyy, Hi, Hyy, His, Hig), 1.24 (s, 3H, Hyy),
0.86 (t, 3H, Ji17—me = 6.5 Hz, Hy,), 0.82 (t, 3H, Jyg_yr = 7.0 Hz,
Hg), 0.81 (t, 3H, Jys'_u» = 7.0 Hz, Hg); *C NMR (CD,0D) §
166.4 (C,), 152.3 (C,), 145.9 (Cy), 145.6 (C¢), 125.0 (C,), 117.3
(Cg), 11583 (Cyy), 1114 (Cy), 103.1 (Cq), 97.0 (Cy), 91.7 (Cy),
89.2 (C,), 87.3 (C,»), 85.7 (Cy), 83.9 (Cyr), 83.1 (Cy), 74.4 (Cy),
51.6 (Cy), 45.3 (Cs»), 33.2 (Cyy), 314 (Cy), 30.6 (C;), 30.0 (C,0),
30.8, 30.2, 27.3, 23.9 (6C, C,y/, C15,C13, Ciyy Cisy Cig), 27.5 (Cryr),
25.6 (Cyy), 14.6 (Cy5), 85, 7.9 (Cg); HRMS ESI* Calcd for
Cy,HNyOy* (M + H)* 691.4031, found 691.4039.

Compound 19b. Amine 19b was prepared according to the general
procedure for phthalimide cleavage from triazole 18b (141 mg, 0.18
mmol). Flash chromatography (DCM/NEt; 100/0.3% to DCM/
MeOH/NEt, 96/4/0.3%) afforded 19b as a white solid (83 mg, 63%
yield): R; 0.40 (DCM/MeOH/Et;N 95/5/0.3%); mp 125—127 °C;
[alp =26 (c 0.5, MeOH); IR (film) 2937m, 1692s, 1460m,
1273m,1158m; 'H NMR (CD,0OD) § 8.03 (s, 1H, H,), 7.63 (d,
1H, Ji6_ns = 8.0 Hz, Hy), 5.79 (d, 1H, Jygy_pp» = 2.0 Hz, H;/), 5.69 (br
d, 1H, Js_us = 8.0 Hz, Hy), 5.32 (s, 1H, Hy»), 5.20 (d, 1H, Jys_pu =
8.5 Hz, Hy), S5.11 (dd, 1H, Jyp_py = 6.5 Hz, Jip_yr = 2.0 Hz, Hy),
4.76 (dd, 1H, Jyy_mo = 6.5 Hz, Jyy s = 3.5, Hz, Hy), 4.75—4.69 (m,
1H, Hs’); 4.67 (d; 1H, Jip'_n3» = 6.0 He, Hz"); 4.58 (d; IH, Juzr - =
6.0 Hz, Hy), 446 (dd, 1H, Jyy_us = 8.5 Hz, Juy_uy = 3.5 Hz, Hy),
4.10 (dd, 1H, Jys_psp = 9.0 Hz, Jyu_ysa = 6.0 Hz, Hy), 2.54 (dd,
H, Jusia-nsw = 13.0 Hz, Jygope = 6.0 Hez, Hy,), 3.33 (dd, 1H,
Jusb-nsa = 13.0 Hz, Jysp_pe = 9.0 Hz, Hgyp), 2.20—2.14 (m, 2H,
H,,), 2.09—1.03 (m, 2H, Hy,), 1.80—1.83 (m, 2H, H,,), 1.74—1.59
(m, 8H, H7”, HIOb’, Hu'); 1.54 (q; 2H, Ju77—ns' = 7.5 Hz, H7”): 149 (S;
3H, Hyy), 1.27 (s, 3H, Hy3), 0.84 (t, 3H, Jug'_y7 = 7.5 Hz, Hy), 0.83
(t, 3H, Jug'—u = 7.5 Hz, Hg); °C NMR (CD,0D) 6 166.3 (C,),

1522 (C,), 145.7 (Cg), 1452 (Cg), 123.1 (C,), 117.6 (Cg), 115.2
(Cyy), 1113 (Cy»), 103.0 (Cs), 96.6 (Cy/), 91.2 (C,.), 89.6 (C,»), 87.2
(Cy4), 854 (Cy), 83.7 (Cy), 829 (Cy), 742 (Cy), 64.1 (Cy), 454
(Cs»), 36.5 (Cy), 304 (C;), 29.8 (C;»), 28.9 (Cyy), 274 (Cy3), 254
(Ciy), 253 (Cyy), 87 (Cg), 7.7 (Cg); HRMS ESI" Caled for
C3H,NgOy* (M + H)* 647.3405, found 647.3387.

Compound 19c¢. Amine 19c¢ was prepared according to the general
procedure for phthalimide cleavage from triazole 18¢c (111 mg, 0.14
mmol). Flash chromatography (DCM/NEt, 100/0.3% to DCM/
MeOH/NEt; 97/3/0.3%) afforded 19c as a white solid (83 mg, 58%
yield): R; 0.30 (DCM/MeOH/Et;N 95/5/0.1%); mp 108—110 °C;
[alp =23 (c 0.5, MeOH); IR (film) 2976m, 2976m, 2940m, 1697s,
1650m 1383m, 1075s; 'H NMR (CD;0D) 6 8.02 (s, 1H, H;), 7.65
(d, 1H, Jis_nus = 8.0 Hz, Hy), 7.28—7.25 (m, 2H, H,,/), 7.18—7.16 (m,
3H, Hyy, Hyy), 5.77 (d, 1H, Jyy—_m» = 1.5 Hz, Hy), 5.69 (d1, 1H,
Jus—ue = 8.0 Hz, Hy), 5.33 (s, 1H, H;), 5.22 (d, 1H, Jug_py = 9.0 Hz,
Hy), 5.12 (dd, 1H, Jyp—py = 6.5 Hz, Juy_pe = 1.5 Hz, Hy/), 4.75 (dd,
IH, Juz - = 6.5 Hz, Juz—na = 4.5 Hz, Hs'); 4.69 (d; IH, Jup—n3y =
6.0 Hz, H,.), 4.59 (d, 1H, Ji3_mor = 6.0 Hz, Hy,), 4.48—4.39 (m, 3H,
H4', Hs’): 4.16 (dd; 1H, ]H4”—H5”a = 9.5 Hz, ]H4”—H5”b = 5.0 Hz, H4");
2.68—2.53 (m, 4H, Hy»,, Hyn,, Hyg), 2.26—2.20 (m, 2H, Hy), 1.62 (g,
2H, Jyrr—ns' = 7.5 Hz, Hy»), 1.55 (q, 2H, Jypr_ngr = 7.5 Hz, Hy»), 1.48
(Sﬁ 3H, Hlé’)/ 123 (S) 3H, Hlé’); 0.84 (t; 3H, Jus'—u7» = 7.5 Hz, HS”);
0.83 (t, 3H, Jygr_yr = 7.5 Hz, Hy); °C NMR (CD;0D) & 166.4
(Cy), 152.3 (C,), 146.0 (Cg), 145.6 (Cg), 142.1 (Cyy/), 129.7 (Cy30),
129.6 (Cyy), 127.4 (Cyy), 1252 (C5), 117.3 (C¢r), 1149 (Cyg), 111.5
(Cy), 1032 (Cs), 97.3 (Cy), 91.6 (C,.), 889 (C,), 87.3 (Cy), 85.6
(Cy), 83.8 (Cy), 83.1 (Cy), 74.5 (Cs), 50.9 (Cq), 452 (Cs»), 33.5
(Ci), 33.0 (Cy), 306, 30.0 (Cyv), 27.5, 25.5 (Cy4), 8.8, 7.8 (Cg);
HRMS ESI* Caled for Cy3H,NgOo" (M + H)* 669.3248, found
669.3219.

Compound 19d. Amine 19d was prepared according to the general
procedure for phthalimide cleavage from triazole 18d (122 mg, 0.15
mmol). Flash chromatography (DCM/NEt; 100/0.3% to DCM/
MeOH/NEt, 95/5/0.3%) afforded 19d as a white solid (61 mg, 55%
yield): R; 0.48 (DCM/MeOH/Et;N 95/5/0.3%); mp 128—130 °C;
[a]p —18 (c 0.5, MeOH); IR (film) 2971w, 2940w, 1696s, 1457m; 'H
NMR (CD;0D) 6§ 7.79 (s, 1H, H.), 7.61 (d, 1H, Jy_1s = 8.0 Hz,
Hy), 7.56 (br d, 2H, Jis—me = 7.5 Hz, Hyg), 7.51 (d, 2H, Juip—mir =
8.0 Hz, le’); 7.40 (t; 2H, ]Hlé’—HIS’ = ]Hlé’—H17’ = 7.5 Hz, Hls’); 7.31
(t; 1H, Jui7-me = 7.5 Hz, H17')» 7.16 (br d» 2H, Juir = 8.0 Hz,
H,), 5.74 (d, 1H, Jyi_1y = 2.0 Hz, Hy), 5.67 (d, 1H, Jys_p6 = 8.0
Hz, Hy), 5.26 (s, 1H, H,.), 5.16 (d, 1H, Jys_pe = 9.0 Hz, Hy/), 5.07
(dd, 1H, Jyy_uy = 6.5 Hz, Jyp_ur = 2.0 Hz, H,), 471 (dd, 1H,
Jusy—m = 6.5 Hz, Jusz—na = 4.0 Hz, H3'); 4.70 (t; 2H, Jug'-ny = 7.0 Hz,
Hy), 4.61 (d, 1H, Jypr_yy = 6.5 Hz, Hy), 4.52 (d, 1H, Ju3_pr = 6.5
Hz, H;.), 441 (dd, 1H, Jyy_ys = 9.0 Hz, Jy_py = 4.0 Hz, H,/), 4.08
(ddr 1H, Juy—usn = 95 Hz, Juy—usa = S5 Hz, H4”)r 3.25 (t; 2H,
Juy—ng' = 7.0 Hz, Hg’); 2.51 (dd; 1H, Jusrans = 13.5 Hz, Jusre-psr =
5.5 Hz, Hy,,), 243 (dd, 1H, Jys_pswa = 13.5 Hz, Jysn_ps = 9.5 Hz,
HS”b): 1.60 (q, 2H, Jy77—ug' = 7.5 Hz, H7")» 1.52 (q, 2H, Ju77—ns” = 7.5
Hz, H;.), 1.47 (s, 3H, Hyy), 1.24 (s, 3H, H,y), 0.82 (t, 3H, Jyygr_p7» =
7.5 Hz, Hy), 081 (t, 3H, Jug_pyr = 7.5 Hz, Hyg); BC NMR
(CD,0D) 6§ 166.5 (Cy), 152.3 (C,), 1459 (Cy), 145.5 (Cy), 142.1
(Cuy), 1412 (Cyy), 1379 (Cyy), 130.5 (Cyy), 130.0 (Cie), 128.5
(Cy7), 1284 (Cyy), 1279 (Cyg), 1254 (C,), 117.8 (Cy), 1152
(Cyg), 1112 (Cyr), 103.1 (Cs), 97.1 (C,1), 91.8 (Cy), 89.7 (C,»), 87.3
(Cy), 85.6 (Cy), 83.9 (Cy), 83.1 (Cy), 74.0 (Cy), 52.9 (Cy), 45.5
(Csr), 372 (Cy), 30.5, 30.0 (Cy), 27.5, 25.6 (Cyo), 8.8, 7.9 (Cy);
HRMS ESI* Caled for Cy;gH,NgOo" (M + H)* 731.340S, found
731.3411.

Compound 19e. Amine 19e was prepared according to the general
procedure for phthalimide cleavage from triazole 18e (110 mg, 0.15
mmol). Flash chromatography (EtOAc/NEt; 100/0.3% to EtOAc/
MeOH/NEt, 97/3/0.3%) afforded 19e as a white solid (42 mg, 47%
yield): R; 0.20 (EtOAc/MeOH/Et;N 8/2/0.3%); mp 120—121 °C;
lalp =13 (c 0.3, MeOH); IR (film) 3126br, 2929m, 2852m, 1694s,
1459m; '"H NMR (CD;0D) 6 7.97 (s, 1H, H,/), 7.60 (d, 1H, Jys_ns =
8.0 Hz, Hy), 5.71 (br s, 1H, H;), 5.64 (d, 1H, Jys_pe = 8.0 Hz, H),
527 (s, 1H, Hy»), 5.17 (d, 1H, Jyys_us = 9.0 Hz, Hy), 5.09 (br d, 1H,
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Jro-nz = 6.0 Hz, Hz'); 4.70 (dd, 1H, Juz—m = 6.0 Hz, Juz—pa = 4.0
Hz, H3’); 4.64 (d; 1H, ]Hz”—l-B” = 5.5 Hz, Hz”); 4.56 (d; 1H, ]H3”—H2” =
5.5 Hz, Hy), 449 (t, 2H, Jug—no = 7.0 Hz, Hy), 4.38 (dd, 1H, Jiy_ps
= 9.0 Hz, Jyy_uy = 4.0 Hz, Hy), 4.15 (dd, 1H, Jyu_ys = 10.0 Hz,
Juar—nsa = 5.0 Hz, H4”); 3.51 (t; 2H, ]HIO’—H9’ = 6.0 Hz, Hw/); 2.68
(dd, 1H, Juga—nsn = 13.0 Hz, Jysrans = 5.0 Hz, Hy,), 2.58 (dd, 1H,
Jusb-tisra = 13.0 Hz, Jysn_pge = 10.0 Hz, Hyyp), 2.16—2.03 (m, 2H,
H9/)J 1.57 (q; ZH! ]H7”—H8” =75 HZ; H7”)1 1.50 (CL ZH) ]H7”—H8” =735
Hz, H,), 1.46 (s, 3H, Hy,), 1.23 (s, 3H, Hy,), 0.79 (t, 3H, Jyg'—py =
7.5 Hz, Hy), 0.78 (t, 3H, Jug—u» = 7.5 Hz, Hy); °C NMR
(CD,0D) 6§ 166.4 (C,), 152.2 (C,), 145.9 (Cy), 145.7 (Cy), 125.7
(C;), 118.0 (Cy), 1154 (Cyy), 111.7 (Cyr), 103.1 (Cs), 97.1 (Cy)),
91.5 (C,), 88.1 (C,), 87.2 (C,»), 85.7 (C,), 83.1 (Cy), 83.1 (Cy),
74.5 (Cy), 51.6 (Cy), 44.8 (Cs), 33.2 (Cyy), 34.0 (Cy), 309 (C;),
30.9 (C,), 27.5 (Cyy), 25.5 (Cyy), 14.6 (Cy), 8.8, 7.8 (Cgr); HRMS
ESI* Calcd for C,;Hy N¢O;," (M + H)* 609.2884, found 609.2897.

Compound 19f. Amine 19f was prepared according to the general
procedure for phthalimide cleavage from triazole 18f (118 mg, 0.15
mmol). Flash chromatography (EtOAc/NEt; 100/0.3% to EtOAc/
MeOH/NEt, 97/3/0.3%) afforded 19f as a white solid (68 mg, 71%
yield): R 0.50 (EtOAc/MeOH/Et;N 8/2/0.5%); mp 115—117 °C;
[alp —12 (c 0.4, CH,CL); IR (film) 3382br, 2940m, 1696s, 1457m,
1274m; "H NMR (CD;0D) 6 8.03 (s, 1H, H,/), 7.65 (d, 1H, Jys_ns =
8.0 Hz, Hy), 5.77 (br s, 1H, Hy.), 5.73 (d, 1H, Jys_ue = 8.0 Hz, Hy),
5.30 (s, 1H, Hy»), 5.20 (d, 1H, Jiys_us = 9.0 Hz, Hy), 5.09 (dd, 1H,
Juz—ny = 6.5 Hz, Jyp_py = 2.0 Hz, H,), 473 (dd, 1H, Juz—my = 6.5
Hz, Jiyy_na = 4.5 Hz, Hy), 4.67 (d, 1H, Jupr_yy3» = 6.5 Hz, H,.), 4.58
(d, 1H, Jyy3r_mo» = 6.5 Hz, Hy,), 4.61—4.42 (m, 3H, H,, Hy), 4.09 (dd,
1H, Jus—nsw = 9.0 Hz, Jyyr_psr, = 5.0 Hz, H4”); 3.53 (t; 2H, Juiz—mr
= 6.5 Hz, Hy,), 2.53 (dd, 1H, Jiysraczsp = 13.0 Hz, Jigsra_par = 5.0 Hz,
Hy,), 2.58 (dd, 1H, Juss-nsa = 13.0 Hz, Jusn_uy = 9.0 Hz, Hyy),
1.96—1.90 (m, 2H, Hy), 1.61 (q, 2H, Jyy_us = 7.5 Hz, H,»), 1.57—
1.49 (m, 4H, H,,,, H,»), 1.48 (s, 3H, H,,), 1.57—-1.49 (m, 2H, H,y),
1.25 (s, 3H, Hy,), 0.82 (t, 3H, Jyg'_y» = 7.5 Hz, Hy), 0.81 (t, 3H,
Jusr—u7 = 7.5 Hz, Hg); 3C NMR (CD,0D) 6§ 166.9 (C,), 152.5
(Cy), 1459 (C¢), 145.6 (C¢), 1252 (C5), 117.9 (Cy), 115.5 (Cy3),
111.3 (C,»), 103.2 (Cy), 96.9 (C,/), 91.6 (C,), 89.7 (C,»), 87.2 (Cyy),
85.6 (C,), 83.8 (C;), 83.0 (Cy), 74.3 (Cy), 62.6 (Cy), 51.6 (Cy),
45.4 (Cy), 32.9 (Cy), 31.0 (Cyy), 30.5, 29.9 (C,»), 27.5, 25.5 (Cyy),
23.8 (Cyy), 8.9, 7.9 (Cg); HRMS ESI* Calcd for CooH,N¢O,o" (M +
H)* 637.3197, found 637.3206.

Compound 19g. Amine 19g was prepared according to the general
procedure for phthalimide cleavage from triazole 18g (140 mg, 0.16
mmol). Flash chromatography (EtOAc/NEt; 100/0.3% to EtOAc/
MeOH/NEt, 8/2/5%) afforded 19g as a white solid (59 mg, 60%
yield): R;0.10 (EtOAc/MeOH/Et;N 8/2/5%); mp 115—117 °C; [a]p
+20 (c 0.5, MeOH); IR (film) 2968w, 2934w, 1687s, 1454m, 1377m;
'"H NMR (CD;0D) 6 8.03 (s, 1H, H,.), 7.56 (d, 1H, Jy4_ns = 8.0 Hz,
Hg), 5.71 (d, 1H, Jyy_py = 1.5 Hz, H}/), 5.62 (d, 1H, Jyys_ps = 8.0 Hz,
Hy), 5.31 (s, 1H, H;»), 5.22 (d, 1H, Jys—ps = 9.0 Hz, Hy/), 5.11 (dd,
H, Jigy—nz = 6.5 Hz, Jip_py = 1.5 Hz, Hy), 476 (dd, 1H, Jyz_py =
6.5 Hz, Jyy_us = 4.0 Hz, Hy), 4.66 (d, 1H, Ji3p_ns = 6.5 Hz, Hy),
4.57 (d, 1H, Jyy3r_m» = 6.5 Hz, Hy,), 4.46—4.43 (m, 3H, H,, Hy), 4.07
(dd; 1H, Jus—usnw = 90 Hz, Jyu_ys, = 5.5 Hz, H4”); 2.72 (t; 2H,
Juiz—mr = 7.0 Hz, le'); 2.50 (ddz 1H, Jusra—nsb = 13.0 Hz, Jysra—par
= 5.5 Hz, Hy,,), 2.43 (dd, 1H, Jyysp_nswa = 13.0 Hz, Jgn_psr = 9.0 Hz,
Hqnp,), 1.97-1.93 (m, 2H, Hy), 1.61 (q, 2H, Jy7_ng = 7.5 Hz, H,»),
1.59—1.52 (m, 4H, H,,;,, H,.), 1.49 (s, 3H, H,,), 1.38—1.31 (m, 2H,
H,yy), 1.26 (s, 3H, Hy,), 0.84 (t, 3H, Jys'_y» = 7.5 Hz, Hg»), 0.83 (4,
3H, Jug'—ny = 7.5 Hz, Hy); 3*C NMR (CD,0D) 6 167.8 (C,), 153.2
(Cy), 146.1 (Cg), 145.2 (Cg), 124.9 (C;), 117.6 (Cg), 115.1 (Cy3),
111.2 (Cy»), 103.1 (Cs), 96.8 (C;.), 91.5 (C,), 89.9 (C,), 87.2 (Cy),
85.5 (Cy), 83.7 (Cy), 82.9 (Cy), 742 (Cy), 51.2 (Cyy), 45.6 (Cy),
41.6 (Cy), 31.4 (Cy), 30.8 (Cyyr), 304, 29.9 (C,»), 274, 25.5 (Cyy),
24.6 (Cyy), 8.7, 7.7 (Cg+); HRMS ESI* Calcd for CyoH,4N,Oy" (M +
H)* 636.3357, found 636.3342.

Compound 19h. Amine 19h was prepared according to the general
procedure for phthalimide cleavage from triazole 18h (145 mg, 0.17
mmol). Flash chromatography (EtOAc/NEt; 100/0.3% to EtOAc/
MeOH/NEt, 8/2/0.3%) afforded 19h as a white solid (88 mg, 74%

yield): R;0.22 (EtOAc/MeOH/Et;N 8/2/5%); mp 115—117 °C; [a]p,
—18 (¢ 0.5, MeOH); IR (film) 2970m, 2940m, 2859w, 2810w, 1697s,
1634m; "H NMR (CD,0D) 6 8.02 (s, 1H, H,), 7.65 (d, 1H, Jizs_pz5 =
8.0 Hz, H), 5.79 (d, 1H, Jy1—u» = 2.0 Hz, Hy), 5.70 (d, 1H, Jys_p6 =
8.0 Hz, Hy), 5.31 (s, 1H, H;), 522 (d, 1H, Jys_ps = 8.0 Hz, Hy),
512 (dd, 1H, Juy_py = 6.5 Hz, Jiy = 2.0 Hz, Hy/), 4.76 (dd, 1H,
Juz—mo = 6.5 Hz, Jyz_py = 4.0 Hz, Ha’); 4.68 (d; 1H, Jupr—p3r = 5.5
Hz, H,/), 4.59 (d, 1H, Jizr_py = 5.5 Hz, Hy), 4.46—4.42 (m, 3H, Hy,
H,), 4.14 (dd, 1H, Jyy_uss = 9.0 Hz, Jyy_psa = 5.0 Hz, Hy), 3.66
(tl, 4H, Jqiy—ms = 4.5 Hz, Hyy), 2.62 (dd, 1H, Jyg,_usp = 13.0 Hz,
Jus'a—nar = 5.0 Hz, HS”a)) 3.30 (dd; 1H, Jusp-nsa = 13.0 Hz, Jysm—pa
=9.0 Hz, Hy), 2.47—2.43 (m, 4H, Hy,), 2.34 (t, 2H, Ji12—m1r = 8.0
Hz, Hyy), 191 (qt, 2H, Juo—ns = Juo-mio' =7-5 Hz, Hy), 1.62 (q, 2H,
Jur—usr =7.0 Hz, Hy»), 1.59-1.52 (m, 4H, H, H,,/), 1.50 (s, 3H,
Hg), 1.35—1.28 (m, 2H, H,y), 1.27 (s, 3H, Hy¢), 0.84 (t, 3H, Jus'—p17"
= 7.0 Hz, Hy), 0.83 (t, 3H, Jyg_u = 7.0 Hz, Hy); *C NMR
(CD,0D) 6§ 166.3 (C,), 152.1 (C,), 145.8 (Cy), 1454 (Cy), 124.9
(C;), 117.7 (Cy), 1152 (Cyy), 111.3 (Cyr), 103.0 (Cs), 96.7 (Cy/),
91.4 (Cy), 89.1 (C,), 87.2 (Cy), 85.5 (Cy), 83.7 (Cy), 829 (Cy),
74.2 (Cy), 67.6 (Cy3), 59.8 (Cyy), 54.7 (Cyy), 51.3 (Cy), 452 (Cy0),
309 (Cy), 30.4 (C,y), 299 (C;), 274 (C;), 258, 25.5 (Cy¢), 252
(Cyo), 8.7, 7.7 (Cgr); HRMS ESI* Caled for C33Hg,N,0,," (M + H)*
706.3776, found 706.3805.

Compound 19i. Amine 19i was prepared according to the general
procedure for phthalimide cleavage from triazole 18i (194 mg, 0.25
mmol). Flash chromatography (EtOAc to EtOAc/MeOH 8/2)
afforded 19i as a white solid (86 mg, 52% yield): R, 0.10, EtOAc/
MeOH/Et;N 8/2/5%); mp 137—139 °C; [a]p —19 (c 0.5, MeOH);
IR (film) 2944w, 1695s, 1459m, 1080s; "H NMR (CD;0D) & 8.04 (s,
1H, H,), 7.66 (d, 1H, Jy6_us = 8.0 Hz, Hy), 7.65 (br s, 1H, H;,/), 7.15
(br's, 1H, H,,), 6.99 (br s, 1H, H,3), 5.77 (d, 1H, Jiy; _ppr = 2.0 Hg,
H,), 5.70 (d, 1H, Jys_ue = 8.0 Hz, Hy), 5.32 (s, 1H, H,»), 5.23 (d, 1H,
Jus—ns = 8.5 Hz, Hs'); 5.14 (dd; 1H, Juy—ns = 6-5 Hz, Jyp gy = 2.0
Hz, H,), 477 (dd, 1H, Juy _p» = 6.5 Hz, Jyy_psy = 4.0 Hz, Hy/), 4.68
(d; 1H, Jupr—ns = 6.5 Hz, Hz”)z 4.59 (d; 1H, Juz'—mr = 6.5 Hz, Hs”);
447-4.37 (m, 3H, H,, Hy), 414 (dd, 1H, Jyy_usp = 9.0 Hz,
Jaa—usa = 5.0 Hz, Hy), 409-3.99 (m, 2H, H,y), 2.62 (dd, 1H,
Jusra—nss = 13.0 Hz, Jysransr = 5.0 Hz, Hy,), 2.53 (dd, 1H, Jysro—psa
=13.0 Hz, Jysp-ns = 9.0 Hz, Hs”b)! 245 (qt, 2H, Juo—ns' = Juo—mio’ =
7.0 Hz, H9’)1 1.62 (q; 2H, Jy7-ug» = 7.5 Hz, H7”); 1.55 (q, 2H, Ju7_ng’
= 7.5 Hz, H,») 149 (s, 3H, H,s), 1.25 (s, 3H, H,¢), 0.84 (t, 3H,
Jusr—u7» = 7.5 Hz, Hg»), 0.81 (t, 3H, Jygr_por = 7.5 Hz, Hg); 3°C NMR
(CD,0D) 6 1663 (C,), 152.1 (C,), 1462 (Cy), 145.6 (Cy), 138.6
(Ciy), 1294 (Cyy), 1251 (C,), 1206 (Ciy), 117.7 (Cy), 1152
(Cy4), 1113 (Cy»), 102.9 (Cs), 97.0 (Cy/), 91.6 (Cy,), 89.7 (C,»), 87.2
(Cy), 85.6 (Cy), 83.7 (Cy), 82.9 (Cy), 74.3 (Cy), 48.3 (Cy), 45.2
(Cyo), 44.7 (Cy»), 32.3 (Cy), 30.4, 29.8 (C,»), 27.4, 254 (Cy5), 8.7,
7.7 (Cg); HRMS ESI* Calcd for C30H3NgOy" (M + H)* 659.3153,
found 659.3157.

Compound 19j. Amine 19j was prepared according to the general
procedure for phthalimide cleavage from triazole 18j (177 mg, 0.19
mmol, 1 equiv). Flash chromatography (DCM/NEt; 100/0.3% to
DCM/MeOH/NEt, 97/3/0.3%) afforded 19j as a white solid (72 mg,
47% yield): R 0.54 (DCM/MeOH/Et;N 9/1/0.3%); mp 108—110
°C; [alp =16 (¢ 0.5, MeOH); IR (film) 2978w, 2939w, 1695s, 1612s,
1328m, 1107s; '"H NMR (CD;0D) & 8.29 (br s, 1H, Hy¢), 8.07 (s,
1H, H7’); 7.67 (dd, 1H, ]H14’—H13’ = 9.5 Hz, ]H14’—H16’ = 2.5 Hz, H14’);
7.62 (d, 1H, Jye_us = 8.5 Hz, Hy), 6.82 (d, 1H, Jyi3_iae = 9.5 Hz,
Hy3), 5.73 (d, 1H, Jygy—me = 1.5 Hz, Hy), 5.66 (d, 1H, Jys_p6 = 8.5
Hz, H), 5.27 (s, 1H, H,»), 5.20 (d, 1H, Jyg_psy = 9.0 Hz Hy), 5.11
(dd, 1H, Jipy—uy = 6.5 Hz, Jiyp—m = 1.5 Hz, Hy), 474 (dd, 1H,
Juy—mo = 6.5 Hz, Jy_pa = 3.5 Hz, Hy), 4.63 (d, 1H, Jypr_pyz = 6.0
Hz, qu), 4.57 (t; 2H, Jyg—ne' = 6.0 Hz, Hs'); 4.54 (d; IH, Juz'—ma =
6.0 Hz, Hy), 444 (dd, 1H, Jyy_ns = 9.0 Hz, Jyy_yy = 3.5 Hz, Hy),
4.07 (dd, 1H, Jyy—usra = 9.0 Hz, Jyy_us = 5.0 Hz, Hy), 3.60 (t, 4H,
Juv—mo = 5:0 Hz, Hyy), 2.89-2.87 (m, 2H, Hy/), 2.59—2.43 (m, 6H,
Hsryy Hsny HlO’)r 1.58 (q; 2H, Juy-nsr = 7.5 Hz, H7")’ 1.51 (q/ 2H,
Jurr—usr = 7.5 Hz, Hy), 144 (s, 3H, Hyy), 1.21 (s, 3H, Hy,), 0.81 (t,
3H, Jug—nr = 7.5 Hz, Hy), 0.79 (t, 3H, Jygg_i» = 7.5 Hz, Hy); BC
NMR (CD;0D) 6 166.5 (C,), 162.1 (Cy,), 152.3 (C,), 146.7—146.5
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(m, Cyg), 1459 (Cy), 1459 (Cy), 135.8 (Cyy), 127.6 (q, Je17—p =
71.5 Hz, C,,), 126.0 (C,), 117.8 (Cy), 1163 (q, Jcis—r = 32.5 Hz,
Cis), 1152 (Cyq), 1114 (Cy), 107.5 (Cy3), 103.1 (Cs), 97.3 (Cy),
91.9 (Cy), 89.9 (C,.), 87.4 (C,), 85.7 (Cy), 83.9 (Cy), 83.2 (Cy),
74.3 (Cy), 58.3 (Cy), 53.8 (Cyy), 48.8 (Cg), 46.0 (Cyy), 45.6 (Cys»),
30.6, 30.0 (C,), 27.5, 27.6 (Cyo), 8.8, 7.9 (Cg); HRMS ESI* Calcd
for C36H,F3NyOo" (M + H)* 808.3605, found 808.3607.

Compound 19k. Amine 19k was prepared according to the general
procedure for phthalimide cleavage from triazole 18k (185 mg, 0.20
mmol). Flash chromatography (DCM/NEt; 100/0.3% to DCM/
MeOH/NEt; 97/3/0.3%) afforded 19k as a white solid (72 mg, 46%
yield): R; 0.16 (DCM/MeOH 95/5); mp 119-121 °C; [a]p —22 (¢
0.5, MeOH); IR (film) 2976m, 2940m, 1697s, 1650m 1383m, 1075s;
'"H NMR (CD;0D) 6 8.05 (s, 1H, H,/), 7.81 (d, 2H, Ji13—1or = 9.0
Hz, H,3), 7.73 (d, 2H, Jii7—mgs = 7.5 Hz, Hy;), 7.67—7.62 (m, 2H,
Hyy, Hé): 7.54 (t; 2H, Jug-my = Jms-mz = 7.5 Hz, H1s’): 7.05 (d;
2H, Jupy—my = 90 Hz, Hyy), 5.77 (br s, 1H, Hy.), 5.70 (d, 1H, Jizs_ns
= 8.0 Hz, Hy), 5.32 (s, 1H, H;), 5.19 (d, 1H, Jys_psy = 9.0 Hz, Hy)),
5.12 (d, 1H, Jip_py = 6.0 Hz, H,/), 4.76 (dd, 1H, Jyg3_1» = 6.0 Hz,
Juy—na = 4.0 Hz, Hy), 4.69 (t, 2H, Jiyo—no = 7.0 Hz, Hyp), 4.67 (d,
1H, Jipr—pyr = 6.5 Hz, Hy), 4.57 (d, 1H, Jyy_mor = 6.5 Hz, Hy), 4.44
(dd, 1H, Jgu—ps' = 9.0 Hz, Jiu_py = 4.0 Hz, Hy), 4.14—4.07 (m, 3H,
Hg, H,), 2.56 (dd, 1H, Jysra—nss = 13.0 Hz, Jiysraps = 5.0 Hz, Hy,,),
2.51-242 (m, 3H, Hyn, Hy), 1.62 (q, 2H, Jir_ug = 7.5 Hz, Hy),
L.55 (qz 2H, Jy7-ng = 7.5 Hz, H7”)) 1.48 (SI 3H, HZI’)/ 124 (SJ 3H,
H,,) 0.84 (t, 3H, Jyg'_ur» = 7.5 Hz, Hg), 0.81 (t, 3H, Jygr_pr» = 7.5
Hz, Hy); *C NMR (CD;0D) 6§ 197.7 (Cys), 166.5 (C,), 164.2
(Ci1), 1523 (Cy), 1462 (Cy), 145.6 (Cy), 139.6 (Cyg), 133.8 (Cy31),
133.5 (Cyy), 1316 (Cyy), 130.8 (Cy7), 129.6 (Cyq), 125.5 (C,),
117.8 (Cg), 115.5 (Cyy), 115.3 (Cyy), 111.4 (Cyv), 103.1 (Cs), 97.1
(Cy), 917 (Cy), 89.7 (Cy), 874 (Cy), 85.7 (Cy), 83.9 (Cy), 83.1
(Cy), 74.1 (Cy), 66.2 (Cg), 49.0 (Cyq), 45.5 (Cs), 30.9 (Cy), 30.6,
30.0 (C,»), 27.5, 25.6 (Cyy), 8.8, 7.9 (Cy); HRMS ESI* Calcd for
CyoH, NGOy, * (M + H)* 789.3459, found 789.3463.

Compound 19l. Amine 191 was prepared according to the general
procedure for phthalimide cleavage from triazole 181 (100 mg, 0.11
mmol). Flash chromatography (DCM/NEt; 100/0.3% to DCM/
MeOH/NEt, 97/3/0.3%) afforded 191 as a white solid (42 mg, 49%
yield): Ry 0.19 (DCM/MeOH/Et;N 98/2/0.3%); mp 127-129 °C;
[alp =26 (c 0.5, MeOH); IR (film) 2895m, 1697s, 1600s 1257m; 'H
NMR (CD,0D) 6 8.03 (s, 1H, H,), 7.78 (br d, 2H, Jiis—me = 8.0
Hz,H,s), 7.71 (br d, 2H, Ji19_ia0' = 7.5 Hz, Hyo), 7.63 (d, 1H, Jyze_ps
= 8.0 Hz, Hy), 7.60 (t, 1H, Jip1—mno = 7.5 Hz, Hyy), 7.51 (t, 2H,
Jio -1 = 7.5 Hz, Jing o = 7.5 Hz, Hyy), 7.01 (br d, 2H, Jiny s
= 8.0 Hz, H,y), 5.76 (d, 1H, Jy;_py» = 2.0 Hz, Hy), 5.68 (d, 1H,
Jus—ue = 8.0 Hz, Hy), 5.31 (s, 1H, H;»), 5.22 (d, 1H, Jyg_ps = 9.0 Hz,
Hs'); 5.10 (dd, 1H, Jrr—ny = 6.5 Hz, Jup_py = 2.0 He, H,), 475 (dd,
H, Juy—my = 6.5 Hz, Jyy_pa = 4.0 Hz, Hy), 4.66 (d, 1H, iy =
6.5 Hz, Hy), 457 (d, 1H, Jyy_m = 6.5 Hz, Hy), 448 (4, 2H,
Juz—my = 7.5 Hz, Hyy ), 444 (dd, 1H, Joa-ns = 9-0 Hz, Jyy _py = 4.0
Hz, H,), 412 (dd, 1H, Jus_us, = 9.0 Hz, Jys_usn = 5.0 He, Hy),
4.07 (t, 2H, Jyg_por = 6.0 Hz, Hy), 2.60 (dd, 1H, Jiygr,_sn = 13.0 Hz,
]HS”a—H4" =50 HZ’ HS”a)! 2.53 (ddr IHI IHS”b—HS”a =13.0 HZ) ]HS”b—H4”
= 9.0 Hz, Hy,,), 2.04—1.98 (m, 2H, H,,/), 1.88—1.82 (m, 2H, H,),
1.61 (q, 2H, Jyypr_us' = 7.5 Hz, H,»), 1.51 (q, 2H, Jiypr_psr = 7.5 Hz,
H,), 1.49—1.46 (m, 2H, H,,), 146 (s, 3H, H,3), 1.23 (s, 3H, Hy;/),
0.83 (t, 3H, Jug'—yr = 7.5 Hz, Hg.), 0.82 (t, 3H, Jys'_gr» = 7.5 Hz,
Hg.); C NMR (CD;0D) 6 197.7 (C,,), 166.6 (C,), 164.7 (Cy3),
152.5 (C,), 146.1 (Cy), 145.5 (Cg), 139.7 (Cyg), 133.8 (Cyy), 133.4
(Cy1), 1312 (Cyq), 130.8 (Cyy), 129.6 (Cyy), 125.1 (C;), 1179
(C¢), 115.5 (Cyy), 115.3 (Cyy), 1115 (Cyr), 103.1 (Cs), 97.0 (Cy),
91.6 (C,), 89.2 (C,.), 87.3 (C,»), 85.7 (C,), 83.8 (Cy), 83.1 (Cy),
74.4 (Cy), 69.3 (Cy), 51.5 (Cyy), 45.3 (Csr), 30.9 (Cyy/), 30.6, 30.0
(Cy), 29.6 (Cy), 27.5, 25.6 (C,3), 24.1 (Cyy), 8.8, 7.9 (Cqr); HRMS
ESI* Calcd for C,,Hs3N(O;" (M + H)* 817.3772, found 817.3808.

Compound 19m. Amine 19m was prepared according to the
general procedure for phthalimide cleavage from triazole 18m (174
mg, 0.17 mmol). Flash chromatography (EtOAc to EtOAc/MeOH 9/
1) afforded 19m as a white solid (76 mg, 51% yield): R;0.56 (EtOAc/
MeOH 9/1); mp 125—127 °C; [a]p —24 (¢ 0.5, MeOH); IR (film)
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2895w, 2840w, 1697s, 1653m, 1600m, 1257m; 'H NMR (CD,0D) §
7.99 (s, 1H, H,), 7.78 (br d, 2H, Jipy_m1o = 9.0 Hz, Hyy), 7.71 (br d,
2H, Jiw—ms = 7.5 Hz, Hyy), 7.63=7.60 (m, 2H, H,e, Hy), 7.51 (t,
2H, Jas—mae = 7-5 Hz, Jups s = 7.5 He, st’); 7.02 (br d, 2H,
Jrio—mo = 9.0 Hz, Hyy), 5.76 (d, 1H, Jyy; g = 2.0 Hz, H}), 5.67 (d,
1H, Jus_ue = 8.0 Hz, Hy), 5.30 (s, 1H, H;»), 5.20 (d, 1H, Jiys_pa = 9.0
Hz, Hy), 5.10 (dd, 1H, Jiyy_yy = 6.5 Hz, Jyy_yy = 2.0 Hz, Hy.), 473
(dd; 1H, Juy 2 = 6.5 Hz, Juy_pa = 4.0 Hz, H3’); 4.66 (d; 1H, Juyr—n3
= 6.0 Hz, H,), 4.57 (d, 1H, Jyy_pr = 6.0 Hz, Hy), 445—4.37 (m,
3H, H17’, H4’); 4.10 (ddr 1H, Juy—usa = 9:S Hz, Juy—usn = 5.0 Hz,
H, ), 408 (t, 2H, Jug_ne = 6.5 Hz, Hy), 2.56 (dd, 1H, Jyseeusn =
13.0 Hz, Jysre_par = 5.0 Hz, Hyy,), 2.50 (dd, 1H, Jygsn_psv = 13.0 Hg,
Jusb-nar = 9.5 Hz, Hyp), 1.95—1.86 (m, 2H, H,4), 1.83—1.77 (m, 2H,
Hy), 1.61 (q, 2H, Juy - = 7.5 Hz, Hy»), 1.54 (q, 2H, Juyr—ng' = 7.5
Hz, H,), 148 (s, 3H, Hyy), 1.41-1.27 (m, 12H, H,¢, H,;, Hyy, Hy3,
Hyy, His), 124 (s, 3H, Hyy), 0.83 (t, 3H, Jys'_117» = 7.5 Hz, Hg»), 0.82
(t, 3H, Jus'_1 = 7.5 Hz, Hg); *C NMR (CD;0D) 6 197.8 (C,,/),
166.3 (C,), 164.9 (Cig), 150.5 (C,), 146.0 (Cy), 145.5 (Cy), 136.8
(Cs3), 1338 (Cyp), 1334 (Cyg), 1311 (Cyp), 130.8 (Cyy), 1296
(Cys), 125.1 (C;), 117.8 (Cg), 1154 (Cyy), 11583 (Cy), 1114
(Cy), 103.1 (Cs), 96.9 (Cy), 91.7 (C,), 89.5 (C,.), 87.4 (C,), 85.7
(Cy), 83.9 (Cy), 83.1 (Cy), 744 (Cy), 69.6 (Cg), 51.6 (Cy7), 45.5
(Cs»), 31.2 (Cyq), 30.6, 30.6, 30.6, 30.5, 30.4, 30.1, 30.0, 27.5, 27.5
(C9'; Cio, Cir, Ciay Cizy Ciyy Cisy C7”); 272, 259 (Cyy), 88, 7.9
(Cg); HRMS ESI* Calced for C,;HgNgOy,* (M + H)* 887.455S,
found 887.4575.

Compound 19n. Amine 19n was prepared according to the general
procedure for phthalimide cleavage from protected triazole 18n (102
mg, 0.10 mmol). Flash chromatography (DCM/NEt; 100/0.3% to
DCM/MeOH/NEt; 95/5/0.3%) afforded 19n as a white solid (70
mg, 80% yield): R(0.22 (DCM/MeOH 9/1); mp 131-133 °C; [a]p
—20 (c 0.5, MeOH); IR (film) 2972w, 2937w, 1691s, 1651m, 1597m,
1253m; 'H NMR (CD,0D) & 8.01 (s, 1H, H,.), 7.75 (d, 2H, Ji¢.15 =
9.0 Hz, Hyy), 7.69 (d, 2H, Jino—mr = 8.0 Hz, Hyy), 7.59 (t, 1H,
Ju2—mr = 8.0 Hz, H,,), 7.56 (d, 1H, Jus-ns = 8.5 Hz, Hy), 748 (t,
2H, Jio1—m0 = Jmar-m2 = 8.0 Hz, Hu'); 745 (d; 2H, Juiy-mo = 85
Hz, Hn’); 7.31 (d; 2H, Juio'—nir = 8.5 He, HIO’)) 7.06 (d; 2H, Juis a6 =
9.0 Hz, Hyy/), 5.76 (d, 1H, Jyy—py = 2.0 Hz, H}/), 5.62 (d, 1H, Jys_pe
= 8.5 Hz, H;), 5.61 (s, 2H, Hy/), 5.30 (s, 1H, Hy»), 5.20 (d, 1H, Jus_py
= 9.0 Hz, Hy), 5.17 (s, 2H, Hyy), 5.03 (dd, 1H, Jip_yy = 6.5 Hz,
Jao-nr = 2.0 He, Hz')» 4.73 (dd, 1H, Juz—ny = 6.5 Hz, Juy _py = 3.5
Hz, Hy), 4.63 (d, 1H, Jygp» 3y = 6.5 Hz, H,), 4.53 (d, 1H, Jyy_yppr =
6.5 Hz, Hy), 441 (dd, 1H, Juy_ps = 9.0 Hz, Juy_py = 3.5 Hz, Hy),
4.05 (dd, 1H, Jyy_psn = 9.0 Hz, Juy_psra = 5.5 Hz, Hy), 2.45 (dd,
1H, Jusaonsn = 13.0 Hz, Jysp_pe = 11.0 Hz, Hy,), 2.81 (dd, 1H,
Jusb-ns'a = 13.0 Hz, Jusn,_ny = 8.5 Hz, Hyy), 1.59 (q, 2H, Jipr_psr =
7.5 Hz, H;»), 1.51 (q, 2H, Jyy_ug = 7.5 Hz, Hy), 143 (s, 3H, Hy,),
121 (s, 3H, Hy,), 0.81 (t, 6H, Jyg_yrr = 7.5 Hz, Hy); *C NMR
(CD;0D) 6 197.5 (Cyg), 166.4 (C,), 164.1 (Cyy), 152.3 (C,), 146.6
(Cg), 1452 (Cy), 139.5 (Cyy), 138.6 (Cyy), 136.6 (Cy), 133.8 (Cy),
1334 (Cyy), 1315 (Cyy), 130.8 (Cyy), 129.6 (Cyyr), 1294 (Cyy),
129.3 (Cyy), 1254 (C;), 117.8 (Cy), 115.8 (Cy51), 1154 (Cyy), 111.3
(Cy), 103.2 (Cs), 96.5 (Cy), 912 (C,), 89.8 (Cy), 87.3 (Cy), 85.5
(Cy), 83.8 (Cy), 829 (Cy), 743 (Cy), 70.8 (Cy3), 54.8 (Cy), 45.6
(Cs), 30.5,29.9 (Cy), 27.6 (Cyy), 25.6 (Cyy), 8.9, 7.9 (Cy); HRMS
ESI* Calcd for C,sHy NgOy;,* (M + H)* 851.3616, found 851.3657.

General Procedure for Ketals Hydrolysis, Preparation of
Compounds 20a—n. At 0 °C, to a suspension of protected amine (1
equiv), in pure water, was dropwise added trifluoroacetic acid (1/4 v/
v, final concentration: 10~ M). The mixture was stirred at 0 °C for 10
min and then at rt for 90 min. Trifluoroacetic acid was then removed
in vacuo without heating. The residue was dissolved in water and
lyophilized. The resulting powder was recrystallized to furnish the
corresponding deprotected compound as a trifluoroacetate or a bis-
trifluoroacetate salt.

Compound 20a. Tetrol 20a was prepared according to the general
procedure for ketals hydrolysis from amine 19a (22 mg, 0.032 mmol).
Recrystallization in Et,O afforded 20a as a white powder (21 mg, 94%
yield): mp 123—125 °C; [a]p + 14 (¢ 0.6, MeOH); IR (film) 29190br,
2301w, 1714s, 1685s, 1462m, 1202m; '"H NMR (CD,0D) § 7.96 (s,
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1H, H;), 7.76 (d, 1H, Jye_us = 8.0 Hz, Hy), 5.76 (d, 1H, Jiyy_pgp = 4.0
Hz, Hy), 5.64 (d, 1H, Jys_u6 = 8.0 Hz, Hy), 5.18 (s, 1H, H;.), 5.06 (d,
1H, Juy_ny = 3.0 Hz, Hy), 4.32 (t, 2H, Jug_ny = 7.0 Hz, Hy), 4.23
(dd, 1H, Jyy_uy = 5.5 Hz, Jyy_uy = 3.0 Hz, H,), 414 (dd, 1H,
Juwo—nz = 5.0 Hz, Jyp_y1r = 4.0 Hz, Hz'); 4.09 (dd; 1H, Juy—ps = 55
Hz, Jyy_uy = 5.0 Hz, Hy), 4.07—4.03 (m, 1H, H,/), 4.01-3.98 (m,
2H, H,,, H3”): 3.13 (dd; 1H, Jus'a-nss = 12.5 Hz, Jysr—psr = 2.0 Hz,
HS”a)! 2.75 (dd; 1H, Jusn-ns'a = 12.5 Hz, Jusp-ns = 9.0 Hz, Hs”b);
1.86—1.80 (m, 2H, Juy—pg = 7.0 Hz, Hy), 1.25—-1.20 (m, 14H, H,y,
Hu', le’, H13', H14’, Hls’, Hm'); 0.82 (t; 3H, ]H17’—H16’ = 6.5 Hz, H17’)5
BC NMR (CD,OD) § 1662 (C, CO TFA), 1523 (C,), 142.5
(Ce),125.2 (C,), 125.1 (Cg), 110.5 (C,»), 102.8 (C5), 91.9 (C,), 86.5
(Cy), 80.6 (Cy), 76.4 (Cyr), 75.3 (Cy), 73.7 (Cy0), 73.5 (Cy), 71.2
(Cy), 51.7 (Cg), 43.5 (Cs»), 31.4 (Cy), 33.1, 30.7, 30.7, 30.5, 30.2,
27-6; 23.8 (CIO'I Cll’l Clz” C13'l C14’/ ClS’; Cls'); 14.5 (C17’)} HRMS
ESI* Calcd for CpsH3sNOo* (M + H)* 583.3092, found 583.3073.

Compound 20b. Tetrol 20b was prepared according to the general
procedure for ketals hydrolysis from amine 19b (62 mg, 0.096 mmol).
Recrystallization in Et,O afforded 20b as a white powder (58 mg, 93%
yield): mp 151—153 °C; [a]p + 4 (¢ 0.8, MeOH); IR (film) 32300br,
2928w, 2863w, 1681s, 1204s, 1134s; "H NMR (CD;0D) 6 8.03 (s, 1H,
H,), 7.82 (d, 1H, Jis_us = 8.5 Hz, Hy), 5.84 (d, 1H, Jy1 o = 3.5 Hz,
H,), 5.72 (d, 1H, Jis_s = 8.5 Hz, Hy), 5.25 (s, 1H, H,»), 5.12 (d, 1H,
Jus—us = 3.5 Hz, Hy)), 4.73—4.67 (m, 1H, Hy), 4.29 (dd, 1H, Jiu_p3
= 5.5 Hz, Jyy_us = 3.5 Hz, Hy), 421 (dd, 1H, Jypy_ny = 5.5 Hz,
Jiar-mr = 3.5 Hz, Hy), 4.16 (t, 1H, Jiyy ' = 6.0 Hz, Jigy_py = 6.0,
Hz, Hy), 4.14—4.06 (m, 3H, H,,Hy, H,»), 3.20 (dd, 1H, Jysapsn =
13.0 Hz, Jysrana = 2.5 Hz, Hy,,), 2.82 (dd, 1H, Jyygp_pse = 13.0 Hz,
Jusb—nar = 8.5 Hz, Hyy), 2.15—2.13 (m, 2H, Hy,), 2.06—2.04 (m, 2H,
H,,), 1.88—1.83 (m, 2H, H,,,), 1.74—1.59 (m, 6H, H,y, H,,); *C
NMR (CD;0D) & 166.1 (C,), 152.2 (C,), 146.5 (Cy), 1424 (Cy),
1232 (C;), 110.3 (C,»), 102.6 (Cs), 91.7 (Cy/), 86.3 (C,), 80.4 (C,),
872 (Cy), 76.2 (Cy), 75.1 (Cs), 73.5 (Cy), 71.0 (Cy), 642 (Cy),
43.3 (Cyr), 36.5 (Cy), 28.8 (Cyy), 25.3 (Cy0); HRMS ESI* Calcd for
Cp3H;3sN(Oy* (M + H)* 539.2480, found 539.2480.

Compound 20c. Tetrol 20c Compound 20c was prepared
according to the general procedure for ketals hydrolysis from amine
19¢ (15 mg, 0.023 mmol). Recrystallization in DCM/MeOH 95/5
afforded 20c as a white powder (13.8 mg, 89% yield): mp 127—129
°C; [alp + 19 (¢ 0.7, MeOH); IR (film) 3423br, 2954s, 2927s, 1733,
1690m; "H NMR (CD;0D) 6 8.02 (s, 1H, H,/), 7.83 (d, 1H, Jiys_ps =
8.5 Hz, Hy), 7.28—7.25 (m, 2H, H,,/), 7.19—7.16 (m, 3H, H,;, H,,),
5.84 (d, 1H, Jyyy—yo = 4.0 Hz, H,.), 5.71 (d, 1H, Jiy5_pe = 8.5 Hz, H),
526 (s, 1H, H;»), 5.13 (d, 1H, Jys_pys = 4.5 Hz, Hy), 441 (t, 2H,
Jus—no = 7.0 Hz, Hy), 429 (dd, 1H, Juy_yy = 6.5 Hz, Jyy_pys = 4.5
Hz, Hy), 422 (dd, 1H, Jiy_py = 4.5 Hz, Juyp_pr = 4.0 Hz, Hy/), 4.16
(dd, 1H, Jyz—py = 6.5 Hz, Juyy_p = 4.5 Hz, Hy), 4.13—4.10 (m, 1H,
H,), 4.09—4.05 (m, 2H, H,,, H;/), 3.20 (dd, 1H, Jysra—ns = 13.0 Hz,
Jus'a—nar = 2.5 Hz, HS”a)J 2.82 (dd; 1H, Jusp-nsa = 13.0 Hz, Jysr,_pa
= 8.5 Hz, Hyn,), 2.63 (t, 2H, Jio—no = 7.5 Hz, Hyy), 2.23 (tt, 2H,
Juo—mio = 7.5 Hz, Jug_ug = 7.0 Hz, Hy); *C NMR (CD,0D) &
166.3 (C,), 152.3 (C,), 142.5 (Cg¢, Cyy), 1419 (Cy), 129.7 (Cy3),
129.6 (Cyy), 127.4 (Cyy), 1255 (C,), 1104 (C,.), 102.8 (Cs), 91.8
(Cy), 86.5 (Cy), 80.5 (Cy), 76.3 (Cy), 752 (Cy), 73.7 (Cy), 73.5
(Cy), 712 (Cg), 510 (Cy), 43.5 (Cs), 33.6 (Cyp), 329 (Cy);
HRMS ESI* Caled for C,H3;3NgO," (M + H)* 5612322, found
561.2322.

Compound 20d. Tetrol 20d was prepared according to the general
procedure for ketals hydrolysis from amine 19d (44 mg, 0.06 mmol).
Recrystallization in DCM/MeOH 95/5 afforded 20d as a white
powder (42 mg, 96% yield): mp 137—139 °C; [a]p + 15 (c 0.5,
MeOH); IR (film) 3384br, 2914w, 2067w, 1678s, 1459m, 1202s; 'H
NMR (CD;0D) 6§ 7.79 (s, 1H, H,), 7.73 (d, 1H, Jis_ns = 8.0 Hz,
Hs)r 7.50 (dr 2H, Jus-me = 8.0 Hz, Hls’)z 7458 (d; 2H, Jui—nir =
8.0 Hz, H,,), 7.35 (t, 2H, Jue—mis' = Jme-my = 7.5 Hz, Hig), 7.25
(t, 1H, Jiy7—me = 7.5 Hz, Hy7), 7.11 (d, 2H, Jeg;1710 = 8.0 Hz, Hy,)),
5.73 (d, 1H, Jyyy—mo = 3.0 Hz, H,/), 5.62 (d, 1H, Ji35_pe = 8.0 Hz, Hy),
5.17 (s, 1H, H;»), 5.07-5.03 (m, 1H, Hy/), 4.69—4.60 (m, 2H, Hy),
4.23—4.19 (m, 1H, H,), 4.16—4.12 (m, 1H, H,), 4.10-4.06 (m, 2H,
Hy, Hy), 404-3.92 (m, 2H, H,, Hy), 3.24-3.16 (m, 2H, Hy/), 3.12

(br d, 1H, Jysra_us = 13.5 Hz, Hy,), 2.70 (dd, 1H, Jysn_pga = 13.5
Hz, Jusp_ne = 8.0 Hz, Hgy); *C NMR (CD,0D) 6§ 1664 (C,),
1522 (C,), 142.2 (Cq), 1419 (Cy), 141.1 (Cyy, Cy3), 137.7 (Cyy),
1304 (Cyy), 1299 (Cig), 1284 (Cyy), 1282 (Cyy), 127.7 (Cys),
125.6 (C;), 1102 (C,»), 1026 (C;), 91.7 (C,), 86.3 (Cy), 80.4 (C,),
76.2 (Cy), 75.2 (Cy), 73.6 (Cy), 73.1 (Cy), 70.9 (Cy), 52.8 (Cy),
434 (Cs), 37.1 (Cy); HRMS ESI* Caled for C30H3sNOo* (M + H)*
623.2466, found 623.2448.

Compound 20e. Tetrol 20e was prepared according to the general
procedure for ketals hydrolysis from amine 19e (9.2 mg, 0.01S mmol).
Recrystalization in Et,O afforded 20e as a white powder (8.4 mg, 91%
yield): mp 161—163 °C; [a]p + 12 (c 0.4, MeOH); IR (film) 3413br,
2917w, 2897w, 1685s, 1198s; '"H NMR (CD,0D) 6 7.98 (s, 1H, H.),
7.77 (d, 1H, Jis_us = 8.0 Hz, Hy), 5.77 (d, 1H, Jyy o = 4.0 Hz, H,.),
5.65 (d, 1H, Jys_us = 8.0 Hz, Hy), S.18 (s, 1H, H;.), 5.07 (d, 1H,
Jus—ua = 4.0 Hz, He), 445 (t, 2H, Jug_no = 7.0 Hz, Hy), 4.22 (dd,
1H, Juy—ny = 6.0 Hz, Jyy_ys = 4.0 Hz, Hy), 4.15 (dd, 1H, Jip_py =
5.5 Hz, Jiy = 4.0 Hz, H,/), 4.10 (dd, 1H, Jigy s = 6.0 Hz, Jyrz g
= 5.5 Hz, Hy)), 4.06—3.99 (m, 3H, H,, H,,, H;,), 3.50 (t, 2H, Ji10—1o
= 6.0 He, Hyy), 3.13 (dd, 1H, Jusra-ns = 13.0 Hz, Jysr, gy = 2.0 Hz,
Hy,), 272 (dd, 1H, Jusp-ns = 13.0 Hz, Jus_pe = 8.0 Hz, Hyy),
2.06—2.01 (m, 2H, Hy); *C NMR (CD,0D) § 166.2 (C,), 152.4
(Cy), 146.8 (Cg), 142.5 (Cy), 1254 (C,), 1104 (C,), 102.7 (Cs),
91.8 (Cl’)r 86.5 (C4’)1 80.4 (C4”)/ 76.3 (C3”)/ 75.3 (CZ’)z 73.7 (CS')’
73.5 (Cy), 71.1 (Cy), 59.4 (Cyy), 49.6 (Cy), 43.5 (Cs»), 33.9 (Cy);
HRMS ESI* Caled for CoHoNO;" (M + H)* 501.194S, found
501.1943.

Compound 20f. Tetrol 20f was prepared according to the general
procedure for ketals hydrolysis from amine 19f (29 mg, 0.045 mmol).
Recrystallization in Et,O afforded 20f as a white powder (20 mg, 69%
yield): mp 161-163 °C; [a]p + 17 (c 0.5, MeOH); IR (film) 3452br,
2925w, 2895w, 1690s, 1200s; '"H NMR (CD,0D) 6 7.97 (s, 1H, H..),
7.76 (d, 1H, Jye_nis = 8.0 Hz, Hy), 5.77 (d, 1H, Jiyy_pz» = 4.0 Hz, H}),
5.65 (d, 1H, Jus_us = 8.5 Hz, H), 5.18 (s, 1H, H,»), 5.07-5.05 (m,
1H, Hy), 4.34 (t, 2H, Jug_1o = 7.0 Hz, Hy/), 4.22—4.20 (m, 1H, H,.),
4.15—4.13 (m, 1H, H,/), 4.10—4.08 (m, 1H, H;/), 4.04—3.92 (m, 3H,
H4”r Hz”r H3”); 3.46 (t; 2H, ]le’—Hll’ =6.0 Hz, le’); 3.12 (br d; 1H,
Jusracss = 12.5 Hz, Hgy), 272 (dd, 1H, Jysp_psa = 12.5 Hz,
Jusb-nar = 8.5 Hz, Hyp), 1.88—1.82 (m, 2H, Hy/), 1.47—1.45 (m, 2H,
H,,), 1.32—127 (m, 2H, H,y); *C NMR (CD,0D) § 166.2 (C,),
152.4 (C,), 143.1 (C¢) 142.5 (C¢), 1252 (C;), 1104 (Cyr), 102.9
(Cs), 91.7 (Cy), 86.6 (Cy), 80.5 (Cy), 76.3 (Cs0), 75.2 (Cy), 73.7
(Cy), 73.5 (Cy), 712 (Cy), 62.7 (C1y), 51.6 (Cy), 43.6 (Cyr), 32.9
(Cy), 31.0 (Cyy), 23.8 (Cyo); HRMS ESI' Caled for CyH;3N4O;0
(M + H)* 529.2258, found 529.2240.

Compound 20g. Tetrol 20g was prepared according to the general
procedure for ketals hydrolysis from amine 19g (52 mg, 0.081 mmol).
Recrystallization in Et,O afforded 20g as a white powder (60 mg, 95%
yield as a bis-trifluoroacetate salt): mp 140—142 °C; [a]y, + 14 (¢ 0.5,
H,0); IR (film) 3164br, 2923m,1673s, 1201s, 11325; 'H NMR
(CD;0D + S0 uL of D,0) 6 7.97 (s, 1H, H,.), 7.84 (d, 1H, Jue_us =
8.0 Hz, Hy), 5.89 (d, 1H, Jiys_56 = 8.0 Hz, Hy), 5.85 (d, 1H, Jigy g5y =
4.0 Hz, Hy), 526 (s, 1H, Hy»), 5.19 (d, 1H, Jys_ns = 3.5 Hz, Hy),
448 (t, 2H, Jug_ny = 7.0 Hz, Hy), 4.32 (m, 2H, H, H,), 4.24 (dd,
1H, Juy o = 6.0 Hz, Juy_py = 5.0 Hz, Hy), 4.18—4.12 (m, 3H, H,"
Hy, H,), 3.26 (dd, 1H, Jisra—ns = 13.5 Hz, Jysrepar = 2.0 Hz, Hyy,),
297 (4, 2H, Juiy—my = 7.5 Hz, Hyy), 2.82 (dd, 1H, Jusb-nsra = 13.5
Hz, Jusn_ms = 8.5 Hz, Hqy,), 2.06—1.94 (m, 2H, Hy/), 1.75—1.68 (m,
2H, H,;/), 1.43—1.36 (m, 2H, H,y); *C NMR (CD;0D + 50 uL of
D,0) § 166.6 (C,), 163.7 (q, J = 35.0 Hz, COryy), 152.3 (C,), 142.7
(Cg C¢), 1254 (C5), 109.5 (C;), 103.0 (Cs), 91.4 (C;.), 86.0 (Cy),
79.7 (Cy), 75.6 (Cy), 74.5 (Cy), 73.3 (Cy), 73.2 (Cy), 70.7 (Cy),
51.2 (Cy), 43.3 (Cs»), 40.2 (Cyy), 30.2 (Cy), 274 (Cyy1), 23.9 (Cyo);
HRMS ESI* Caled for C,;HyN,O," (M + H)* 5282418, found
528.2423.

Compound 20h. Tetrol 20h was prepared according to the general
procedure for ketals hydrolysis from amine 19h (62 mg, 0.088 mmol).
Recrystallization in Et,O afforded 20h as a white powder (73 mg, 99%
yield as a bis-trifluoroacetate salt): mp 128—130 °C; [a]s4 + 80 (c 0.5,
H,0); IR (film) 2922w, 2877w, 2511w, 1674s, 1200s; 'H NMR
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(CD;0D + S0 uL of D,0O) & 8.05 (s, 1H, H,), 7.73 (d, 1H, Jye_us =
8.0 Hz, Hy), 5.84 (d, 1H, Jyys_116 = 8.0 Hz, H), 5.78 (d, 1H, Jiyy—pp =
3.5 Hz, H;/), 5.20 (s, 1H, Hy»), 5.15 (d, 1H, Jyg_py = 4.5 Hz, Hy),
441 (t, 2H, Jus—uo = 7.0 Hz, Hy), 429 (dd, 1H, Jiyp_py = 6.0 Hz,
Jrz—ur = 3.5 Hz, Hz'), 4.26 (dd, 1H, Jua—nz = S5 Hz, Juy_ps = 4.5
Hz, H, ), 4.20 (dd, 1H, Jys_p» = 6.0 Hz, Jiy3 s = 5.5 Hz, Hy), 4.15—
4.12 (m, 2H, H,» Hy), 406—4.04 (m, 3H, Hy Hy3,), 3.77-3.72 (m,
2H, Hy3y), 3.46—3.43 (m, 2H, H,,,), 3.20 (dd, 1H, Jig,nsp = 13.0
Hz, Jisramar = 2.5 Hz, Hy1,), 3.11-3.06 (m, 4H, Hy,, Hy,y), 2.72 (dd,
1H, Jusb-nsra = 13.0 Hz, Jysn_psr = 9.5 Hz, Hyy), 1.94—1.87 (m, 2H,
Hy), 1.74—1.67 (m, 2H, H,;,), 1.32—1.24 (m, 2H, H,,); *C NMR
(CD40OD + 50 uL of D,0) & 166.9 (C,), 163.7 (q, ] = 39.5 Hg,
COrpa), 1523 (C,), 145.8 (Cy), 142.8 (C¢), 125.5 (C5), 109.2 (Cy»),
103.0 (Cs), 91.1 (C,)), 85.8 (Cy), 79.5 (Cy), 75.3 (Cy»), 74.2 (Cy),
73.3 (Cy), 729 (Cy), 70.5 (Cy/), 64.7 (Cy3), 57.8 (Cyy1), 52.6 (Cyy),
51.1 (Cg), 43.2 (Csr), 29.9 (Cy), 23.6 (Cyy), 23.4 (Cyo); HRMS ESI*
Calcd for C,sHyoN,0,0" (M + H)* 598.2837, found 598.2831.

Compound 20i. Tetrol 20i prepared according to the general
procedure for ketals hydrolysis from amine 19i (22 mg, 0.033 mmol).
Recrystallization in Et,O afforded 20i as a white powder (25.4 mg,
99% vield as a bis-trifluoroacetate salt): mp 118—120 °C; [a]p + 13 (¢
0.4, H,0); IR (film) 3146br, 2928w, 2848w, 2352w, 1676s, 1199,
1127s; 'H NMR (D,0) 6 8.76 (br s, 1H, H;;.), 8.10 (s, 1H, H,.), 7.86
(d, 1H, Jus_ns = 8.0 Hz, Hy), 7.53 (br s, 1H, H,,), 7.49 (br s, 1H,
Hiy), 5.95 (d, 1H, Js_ue = 8.0 Hz, Hy), 5.77 (d, 1H, Juy/_py = 3.5 Hz,
H,), 5.30 (s, 1H, H;.), 5.24 (d, 1H, Jyg_ps = 3.5 Hz, Hy), 4.68—4.62
(m: 2H, HS’)) 4.44 (dd} IH, Jipy—ny = 6.5 Hz, Jyy—prr = 3.5 Hz, Hl’);
4.36—4.30 (m, 4H, Hy, H,, H,y), 426—4.21 (m, 2H, H,,, Hy), 4.17—
4.14 (m, 1H, H4")’ 3.30 (dd: 1H, Jus'a—nss = 13.5 Hz, Jysra—psr = 3.0
Hz, HS”a)) 2.82 (dd; 1H, Jus'b-ns7a = 13.5 Hz, Jysp_psr = 8.5 Hz, Hs”b);
2.63—2.60 (m, 2H, Hy); 3C NMR (D,0) 6 167.6 (C,), 164.1 (q, ] =
36.2 Hz, COrpy), 1529 (C,), 146.6 (Cy), 143.4 (Cy), 136.2 (Cyy),
126.1 (Cyy), 123.1 (C), 121.5 (Cy3), 109.7 (C,»), 103.6 (Cs), 91.8
(Cy), 862 (Cy), 799 (Cy), 75.8 (Cy), 747 (Cy), 73.8 (Cy), 73.5
(Cy), 709 (Cy), 489 (Cq), 479 (Cyy), 43.8 (Cs), 309 (Cy);
HRMS ESI* Caled for C,,HyNgO," (M + H)* 5512214, found
551.2209.

Compound 20j. Tetrol 20j was prepared according to the general
procedure for ketals hydrolysis from amine 19j (14.7 mg, 0.018
mmol). Recrystallization in Et,O afforded 20j as a white powder (12.6
mg, 86% yield): mp 137—139 °C; [a]p + 19 (c 0.5, MeOH); IR (film)
3369br, 2925m, 2847m, 2341w, 1686s, 1203s; 'H NMR (CD;0D) &
8.41 (brs, 1H, Hyy), 8.18 (s, 1H, H,), 7.84 (d, 1H, Jj6_ps = 8.5 Hz,
Hy), 7.81 (dd, 1H, Jig14 -y = 90 Hz, Jiy—me = 2.0 Hz, Hyy), 6.99
(d, 1H, Jeny-ma = 9.0 Hz, H13’); 5.83 (d, 1H, Jar-ny = 3.5 Hz, H,),
5.71 (d, 1H, Jus_ue = 8.5 Hz, Hy), 5.26 (s, 1H, H,»), 5.20 (d, 1H,
Jus—ua = 3.5 Hz Hy), 491 (t, 2H, Jyg_ny = 6.5 Hz, Hy), 4.30 (dd,
H, Juy—ny = 5.5 Hz, Juy_ny = 3.5 Hz, Hy), 423 (dd, 1H, Jip—py =
5.5 Hz, Juy 1 = 3.5 Hz, H,), 4.19 (t, 1H, Jus—my = S5 Hz, Juy e =
5.5 Hz, Hy), 4.14—4.10 (m, 1H, H,), 4.08 (d, 1H, Jip_p3 = 4.5 Hz,
H,/), 4.06 (br d, 1H, Jy3_mo» = 4.5 Hz, Hy»), 3.99-3.89 (m, 4H, H,,),
3.71 (t, 2H, Juy_ng = 6.5 Hz, Hy), 3.37—3.32 (m, 4H, H,,/), 3.21 (dd,
1H, Jusanss = 13.0 Hz, Jygapsy = 2.5 Hz, Hy,,), 2.87 (dd, 1H,
Jusrb-nsa = 13.0 Hz, Jysp_ps = 9.0 He, Hs”b)} “C NMR (CD3OD) 6
166.2 (C,), 1612 (Cyy), 152.3 (C,), 147.6—146.5 (m, C¢), 146.6
(Cg), 142.5 (Cg), 136.3 (Cyy), 126.1 (C), 126.0 (q, Jo_p = 270.0 He,
Ci7), 1179 (g Jois—r = 345 Hz, Ci5), 1105 (Cyp), 108.1 (Cy30),
102.9 (Cy), 92.1 (C,), 86.5 (C,), 80.6 (Cy), 76.4 (Cy), 753 (C,),
73.8 (Cy), 73.5 (Cy), 712 (Cy), 59.8 (Cy), 53.3 (Cyy), 46.3 (Cy),
43.7 (Cy), 43.6 (Cyy/); HRMS ESI* Caled for CygH,,FsNgOg" (M +
H)* 700.2626, found 700.2657.

Compound 20k. Tetrol 20k was prepared according to the general
procedure for ketals hydrolysis from amine 19k (30 mg, 0.034 mmol).
Recrystallization in Et,O afforded 20k as a white powder (26.7 mg,
99% yield): mp 157—159 °C; [a]p + 21 (¢ 0.5, MeOH); IR (film)
3272br, 2920m, 1678s, 1600m, 1467m, 1202s; '"H NMR (CD;0D)
8.04 (s, 1H, H,), 7.78 (d, 1H, Jye_us = 8.5 Hz, Hy), 7.75 (d, 2H,
Juiz—u12 = 9:0 Hz, H13/), 7.69 (d; 2H, Ju7-msg = 7.5 Hz, H17’); 7.59
(tz 1H, Juio-ms = 7.5 Hz, H19')’ 7.49 (t; 2H, Juig—mo = Juig-m7 =
7.5 Hz, Hyg), 698 (d, 2H, Juy—my = 9.0 Hz, Hyy), 5.74 (d, 1H,

Jur—my = 3.0 Hz, H,), 5.65 (d, 1H, Jigs_ue = 8.5 Hz, Hy), 5.21 (s, 1H,
H,), 5.19 (d, 1H, Jug_ps = 4.0 Hz, Hy), 4.63 (t, 2H, Juio—uo = 6.5
Hz, H,y), 423 (dd, 1H, Juy_uy = 5.5 Hz, Jyy_ny = 4.0 Hz, Hy), 4.17
(dd, 1H, Jiy—uy = 5.0 Hz, Jyp_ur = 3.0 Hz, H,), 411 (dd, 1H,
Tz —na = 5.5 Hz, Juy_mp = 5.0 Hz, Hj)), 4.09—4.07 (m, 3H, Hy, H,.),
4.05—4.00 (m, 2H, H,, Hy), 3.1 (dd, 1H, Jysranss = 12.5 Hz,
Jusra-nar = 2.0 He, Hyy,), 279 (dd, 1H, Jusp—psra = 12.5 Hz, Jsrp—par
= 9.0 Hz, Hyyp,), 2.40 (tt, 2H, Juo_10= 6.5 Hz, Jiyo_ng= 5.5 Hz, Hy);
BC NMR (CD,0D) 6§ 197.7 (C,s), 1662 (C,, CO TFA), 164.1
(Ci1r), 1522 (C,), 1469 (Cg), 142.4 (Cq), 139.5 (Cy¢), 133.8 (Cy3),
1334 (Cyy), 131.6 (Cyy), 130.8 (C;r), 129.5 (Cig), 125.6 (C,),
1154 (Cyy), 110.5 (Cy»), 102.7 (Cs), 92.0 (Cy), 864 (Cy), 80.5
(Cy), 764 (Cy), 75.3 (Cy), 73.7 (Cy), 73.4 (Cy), 71.1 (Cy), 66.2
(Cy), 48.6 (with CD,0D, C,y), 43.5 (Cs), 30.9 (Cy); HRMS ESI*
Calcd for C;,H3,NO,," (M + H)* 681.2520, found 681.2520.

Compound 20I. Tetrol 201 was prepared according to the general
procedure for ketals hydrolysis from amine 191 (27 mg, 0.033 mmol).
Recrystallization in Et,O afforded 201 as a white powder (26 mg, 96%
yield): mp 146—148 °C; [a]p + 24 (c 0.5, MeOH); IR (film) 3270br,
2914m, 1675s, 1603m, 1452m, 1201s; '"H NMR (CD,0D) & 8.06 (s,
1H, H7’); 7.83 (d; 1H, Jue-us = 8.0 Hz, Hs); 7.78 (d; 2H, Juis i =
8.5 Hz, Hys), 7.71 (d, 2H, Jio—mo = 7.5 Hz, Hyy), 7.62 (t, 1H,
Jrar-mo = 7.5 Hz, Hzr)x 7.51 (t; 2H, Juao—mar = 7.5 Hz, Jipo—nior =
7.5 Hz, Hyy), 7.01 (d, 2H, Juy—ms = 8.5 Hz, Hyy), 5.83 (d, 1H,
Jar—mo = 3.0 Hz, Hy), 5.71 (d, 1H, Jys_pe = 8.0 Hz, Hy), 5.26 (s, 1H,
Hy.), 5.14 (d, 1H, Jys_ny = 4.0 Hz, Hy), 446 (t, 2H, Jyy iy = 7.0
Hz H,,), 4.30 (dd, 1H, Jyy_uy = 5.5 Hz, Jyw_ps = 4.0 Hz, Hy), 4.21
(dd, 1H, Jip—pzy = 6.0 Hz, Jip_y = 3.0 Hz, Hy), 4.17 (dd, 1H,
Juzy—mz = 6.0 Hz, Jyy_ys = 5.5 Hz, Hy), 4.14—4.08 (m, 1H, H,.),
4.08—4.06 (m, 4H, Hy, H,,, Hy), 3.22 (dd, 1H, Jysa_ps = 12.5 Hz,
Jusra-—nar = 2.5 Hz, HS”a)! 2.83 (dd; IH, Jus-ns'a = 12.5 Hz, Jusn,—pqr
= 9.0 Hz, Hy,), 2.03—1.97 (m, 2H, H,,/), 1.87—1.82 (m, 2H, Hy),
1.55—1.49 (m, 2H, H,y); *C NMR (CD;0D) § 197.9 (C,), 166.2
(Cy), 164.6 (Cy3), 1523 (C,), 142.5 (Cq, Cg), 139.7 (Cyg), 133.8
(Cis), 1334 (Cyy), 1312 (Cyy), 130.8 (Cyy), 129.6 (Cyy), 125.2
(C,), 1154 (Cyy), 110.5 (C,r), 102.8 (Cy), 919 (C,), 86.5 (Cy),
80.6 (C,), 76.4 (Cy), 75.3 (Cy), 73.7 (Cy), 73.5 (Cy), 712 (Cy),
69.2 (Cy), 51.6 (Cyy), 43.5 (Cs»), 31.0 (Cyy/), 296 (Cy), 244 (Cyg);
HRMS ESI" Caled for Cy3,H,;NO;" (M + H)* 709.2828, found
709.2853.

Compound 20m. Tetrol 20m was prepared according to the
general procedure for ketals hydrolysis from amine 19m (16 mg, 0.018
mmol). Recrystallization in Et,O afforded 20m as a white powder
(15.9 mg, 99% yield): mp 151—153 °C; [a]p + 26 (c 0.5, MeOH); IR
(film) 3338br, 2930m, 2857m, 1680s, 1597s, 1257s, 1202s; '"H NMR
(CD,0D) 6§ 8.02 (s, 1H, H,.), 7.82 (d, 1H, Jy6_ns = 8.5 Hz, Hy), 7.77
(d, 2H, Jino—m1e = 8.5 Hz, Hyy), 7.70 (d, 2H, Jiny—mns = 7.5 Hz,
H,y), 7.61 (t, 1H, Jusg—ms = 7.5 Hz, Hyg), 7.50 (t, 2H, Jins—me =
7.5 Hz, Jyps_poa = 7.5 Hz, st’)z 7.01 (d; 2H, Juio-mo = 8.5 Hz,
Hyy), 5.82 (d, 1H, Jyy_py = 4.0 Hz, H}.), 5.69 (d, 1H, Jiys_p6 = 8.5
Hz, H), 5.24 (s, 1H, H;»), 5.12 (d, 1H, Jys_us = 4.0 Hz, Hy/), 4.39 (¢,
2H, Jui7-me = 7-S Hz H17’); 4.29 (dd; 1H, Juy—nzy = S-S Hz, Juy_ps =
4.0 Hz, H,), 420 (dd, 1H, Ji 3y = 5.0 Hz, Jip gy = 4.0 Hz, Hy)),
4.15 (dd, 1H, Jyy—us = 5.5 Hz, Juy_po = 5.0 Hz, Hy), 4.13—4.09 (m,
1H, Hy), 4.08—4.02 (m, 4H, Hy, H,, Hy), 3.19 (dd, 1H, Jysranss =
13.0 Hz, Jysrapsr = 2.5 Hz, Hy,), 2.83 (dd, 1H, Jysn—ns. = 13.0 Hz,
Jusbnar = 9.0 Hz, Hgny), 1.92—1.86 (m, 2H, H,¢), 1.82—1.76 (m, 2H,
Hy), 1.50—1.44 (m, 2H, H,,), 1.38—1.27 (m, 10H, H,,, H,,, Hy3,
H,, Hys); *C NMR (CD,0D) 6 197.8 (C,y), 166.2 (C,), 164.8
(Cyg), 152.3 (C,), 146.8 (Cg), 142.5 (Cg), 139.7 (C,5), 133.8 (Cyy),
133.4 (Cy), 1310 (C,y), 130.8 (Cyy), 129.5 (Cys), 125.1 (C),
1154 (Cyy), 1104 (C;.), 102.7 (Cs), 91.8 (Cy), 86.2 (C,), 80.6
(Cy), 764 (Cy), 753 (Cy), 73.7 (Cs), 73.5 (Cyr), 71.2 (Cy), 69.5
(Cg), 51.7 (Cy7), 43.5 (Cy), 31.4, 30.6, 30.5, 30.5, 30.3, 30.1, 27.6,
272 (Cy, Cyy, Cy1, C1y Ci3y Ciay Cigy Cig); HRMS ESI* Caled for
C3oH N0y, " (M + H)" 779.3616, found 779.3597.

Compound 20n. Tetrol 20n was prepared according to the general
procedure for ketals hydrolysis from amine 19n (15 mg, 0.017 mmol).
Recrystallization in DCM/MeOH 95/5 afforded 20n as a white
powder (1S mg, 99% yield): mp 129—131 °C; [a]p + 12 (c 0.,
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MeOH); IR (film) 3384br, 2914w, 2067w, 1678s, 1459m, 1202s; 'H
NMR (CD;0D) 6 8.07 (s, 1H, H;), 7.78 (d, 2H, Ji¢.15 = 9.0 Hg,
Hig), 7.76 (d, 1H, Jus_us = 8.0 Hz, Hy), 7.76 (d, 2H, ], = 7.5 He,
Hyy), 762 (t, 1H, Jip o1 = 7.5 Hz, Hyy), 7.51 (4, 2H, Jroy o =
Jear—wy = 7.5 Hz, Hyy), 749 (d, 2H, Juyy—mo = 8.0 He, Hy, ), 7.37
(d, 2H, Jo -y = 8.0 Hz, Hyp), 7.10 (d, 2H, Juise = 9.0 Hz, Hs),
5.81 (d, 1H, Jigy—uy = 3.5 Hz, H;/), 5.66 (d, 1H, Jus_ss = 8.0 Hz, Hy),
5.62 (s, 2H, Hy), 5.24 (s, 1H, H,»), 520 (s, 2H, Hy3), 5.13 (d, 1H,
Jus—na = 3.5 Hz, Hy/), 428 (dd, 1H, Juyy_py = 6.0 Hz, Jyy_ps = 3.5
Hz, H, ), 4.19 (dd, 1H, Jyy_uy = 6.0 Hz, Jyp_wy = 3.5 Hz, H,/), 4.15
(t, 1H, Juy—mo = Juy—na = 6.0 Hz, Hy/), 4.12—4.09 (m, 1H, H,), 4.06
(d, 1H, Jy iy = 5.0 Hz, Hy»), 4.05 (d, 1H, Juyr_ipor = 5.0 Hz, Hy),
3.18 (dd, 1H, Jys_msa = 13.0 Hz, Jygn_ms = 11.0 Hz, Hyy), 2.81
(dd, 1H, Jusra-ns = 13.0 Hz, Jusn-pe = 8.5 Hz, Hyv); PC NMR
(CD,0D) 6 197.8 (Cyg), 1642 (Cyy, Cy), 152.3 (C,), 148.0 (Cg),
142.5 (Cy), 139.6 (Cy9), 1389 (Cyy), 136.6 (Cy), 133.8 (Cy¢), 133.5
(Cyy), 1316 (Cyy), 130.8 (Cyp), 1296 (Cyy), 1295 (Cyy), 1294
(Cyy), 1254 (C;), 1159 (Cy), 110.5 (Cy), 102.8 (Cs), 91.9 (Cy)),
86.4 (C,), 80.6 (Cy), 76.4 (C5.), 752 (Cy), 73.7 (Cy), 73.4 (Cs),
712 (Cy), 70.8 (C,3), 54.9 (Cy), 43.5 (Cy); HRMS ESI* Caled for
CyHyoNO,,* (M + H)* 7432677, found 743.2672.

Enzymatic Assays. The activities of the compounds against MraY
from Bacillus subtilis were tested as previously described.” The assay
was performed in a reaction mixture of 10 yL containing, in final
concentrations, 100 mM Tris-HCI, pH 7.5, 40 mM MgCl,, 1.1 mM
Css—P, 250 mM NaCl, 0.25 mM UDP-Mur-N-Ac-["*C]pentapeptide
(337 Bq), and 8.4 mM N-lauroyl sarcosine. The reaction was initiated
by the addition of MraY enzyme (S0 ng), and the mixture was
incubated for 30 min at 37 °C under shaking with a thermomixer
(Eppendorf). The reaction was stopped by heating at 100 °C for 1
min. The radiolabeled substrate (UDP-Mur-N-Ac-pentapeptide) and
reaction product (lipid I) were separated by TLC on silica gel plates
using 2-propanol/ammonium hydroxide/water (6:3:1; v/v/v) as the
mobile phase. The radioactive spots were located and quantified with a
radioactivity scanner.
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