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Starting from readily available enantiopure azidomethyl-sub-
stituted bicyclic 1,2-oxazine derivatives and mono-, di- or
trialkynes, their copper-catalyzed (3+2) cycloadditions fur-
nished a series of 1,2,3-triazolyl-linked compounds in good
yields. These click reactions proceeded smoothly at room
temperature when copper iodide as catalyst was used in the
presence of triethylamine and tris[(1-gbenzyl-1H-1,2,3-triazol-4-
yl)methyl]amine as ligand. Generally, the unprotected bicyclic
1,2-oxazine derivatives seemed to show slightly higher reac-
tivity and provided better yields compared with their silyl-

protected counterparts. Exhaustive hydrogenolysis with cleav-
age of the 1,2-oxazine N� O bonds in the presence of palladium
on charcoal as promotor is feasible but was found to be
capricious. Reasonable results were obtained when acetic acid
was employed as cosolvent. By applying these conditions,
several of the bicyclic 1,2-oxazine derivatives were successfully
converted into the expected mono- or divalent aminooxepine
derivatives which can be regarded as aminoseptanose mim-
etics.

Introduction

In previous reports, we enclosed the preparation of multivalent
aminopyran and aminooxepane derivatives which were de-
signed to imitate multivalent carbohydrate conjugates
(Scheme 1).[1,2] Easily available aminopyran derivatives A were
connected by amide bonds to give different multivalent
carbohydrate mimetics B.[3,4] Furthermore, the related azidopyr-
an C and suitable alkynes could be converted into di- and
trivalent systems D[5–7] by applying the well-established copper-
catalyzed (3+2) cycloaddition (CuAAC) approach.[8–10] As alter-
native, we also studied the Sakai-Westermann reaction[11,12]

which directly converted aminopyrans A into triazoles D.[6]

Moreover, the azidooxepanes E were transferred by the CuAAC
method into multivalent triazole derivatives F.[13] The multi-
valent compounds B, D and F bear the connecting functional
groups directly at the heterocyclic core, which results in
restricted conformational flexibility of the synthesized systems.
With the intention to study the biological activity of more
flexible compounds we also prepared pyran[14,15] and oxepane
derivatives[16] which contain a terminal azidomethyl group.
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Scheme 1. Previously prepared multivalent pyran and oxepane systems B, D,
and F and aim of the current work converting azidomethyl-substituted
bicyclic 1,2-oxazine G into intermediates H and finally into aminoseptanose
mimetics I.
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In the current report we describe the employment of the
bicyclic 1,2-oxazine derivative G (Scheme 1) which can be
regarded as a protected precursor of an aminoseptanose
mimetic.[17] The conversion of G into triazole derivatives H and
finally the cleavage of the N� O bonds should lead to a series of
the mono-, di- and trivalent aminoseptanose mimetics I. All final
multivalent compounds of these studies were prepared in order
to assess their potential to act as inhibitors of P- and L-selectin
binding. These glycoproteins[18] are crucial in the inflammation
cascade[19] and several of our earlier prepared compounds
displayed IC50 values in the nanomolar to picomolar range,
however, generally only after O-sulfation of the hydroxyl
groups.[3–7]

Results and Discussion

The key precursor compound 3 of our study is easily available
by a (3+3)-cyclization process from enantiopure L-threose-
derived nitrone 1 and lithiated 2-(trimethylsilyl)ethoxyallene,
which furnished the 1,2-oxazine derivative 2 with excellent
diastereoselectivity.[20] Its Lewis acid-promoted rearrangement[21]

incorporates the 1,3-dioxolane side chain and provided the
bicyclic compound 3 in good overall yield. Standard synthetic
operations introduced the azido group delivering the protected
and unprotected azidomethyl-substituted building blocks 4 and
5. The propargyl ether 6 was also efficiently prepared from
precursor 3 by straightforward reactions (Scheme 2).[20]

We first examined the reactivity of protected and unpro-
tected azides 4 and 5 with simple alkynes. It was found in
earlier studies[13–15] that the copper-catalyzed Huisgen-Meldal-
Sharpless (3+2) cycloaddition (CuAAC) of equimolar amounts
of organic azides and alkynes proceeded efficiently at room
temperature in acetonitrile as solvent when copper iodide,
triethylamine, and TBTA (tris[(1-benzyl-1H-1,2,3-triazol-4-
yl)methyl]amine)[22] were employed as catalyst and additives
(0.2 equivalents each). Under these approved conditions the
CuAAC of unprotected bicyclic azidomethyl-substituted com-
pound 5 with phenylacetylene, 1-heptyne, and 5-hexyn-1-ol,
respectively, furnished the expected triazole derivatives 7–9 in
85–95% yield (Scheme 3). The protected azide 4 similarly reacts

with the propargylic ether 6 to give the unsymmetric divalent
compound 10 in 76% yield. It is noteworthy that for this
cycloaddition a slightly higher temperature (50 °C) is required to
achieve good conversion. The lower reactivity may be caused
by the bulky tert-butyl(dimethyl)siloxy groups at both compo-
nents. Nevertheless, the model reactions illustrated in Scheme 3
demonstrate that the standard reaction conditions of the
CuAAC reactions work well with the azidomethyl-substituted
bicyclic 1,2-oxazines 4 and 5.

Next, we examined the capability of protected azidomethyl-
substituted compound 4 to undergo CuAACs with dialkynes
(Scheme 4). The reactions of 4 with 1,4-diethynylbenzene and
with 1,6-heptadiyne proceeded well under standard conditions
and the two divalent aminoseptanose mimetic precursors 11
and 12 were isolated in 97% and 82% yield, respectively. Both
transformations occur at room temperature which indicates
that steric hindrance by the tert-butyl(dimethyl)siloxy group of
4 is not decisive in this case. The two examples of Scheme 4
reveal that rigid and flexible spacer elements between the two
end groups can be introduced.

The examples shown in Scheme 3 had clearly proven that
the CuAACs of the unprotected azidomethyl-substituted com-

Scheme 2. Origin of key compounds 3–6 which are easily available from
enantiopure nitrone 1 via 1,2-oxazine derivative 2.[20]

Scheme 3. CuAACs of azide 5 with simple monoalkynes and of protected
azide 4 with propargyl ether 6 furnishing triazole derivatives 7–10.

Scheme 4. CuAACs of protected azidomethyl-substituted compound 4 with
dialkynes furnishing divalent systems 11 and 12 with rigid or flexible spacer
units.
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pound 5 proceed efficiently and, if the bulkiness of the
protective group of 4 is returning to mind, the use of 5 may
even have advantages. We therefore employed precursor 5 for
the synthesis of a series of divalent and trivalent compounds. In
Scheme 5 the CuAACs with five dialkynes are presented,
demonstrating that the approved standard conditions provide
the expected divalent systems in satisfying yields in the range
of 75%. Again, rigid spacer elements (compounds 13 and 14) as
well as flexible units (compounds 15–17) can be incorporated
into the products.

Furthermore, compound 5 and two trialkynes furnished the
expected trivalent systems 18 and 19 as illustrated in Scheme 6.
The standard conditions worked reasonably well in the CuAAC
of 5 with 1,3,5-triethynylbenzene whereas the reaction with
tri(prop-2-ynyl)amine gave only a moderate yield of 51%. This
observation was unexpected, since at first glance the flexible

trialkyne should be a better cycloaddition partner than the rigid
compound (electronic effects being neglected). It was also
observed that tri(prop-2-ynyl)amine and the protected precur-
sor 4 reacted quite sluggishly and needed higher amounts of
catalyst and longer reaction times for full consumption of the
starting material.[16] In cases where we could compare the
CuAACs with unprotected azidomethyl-substituted precursor 4
with those of its tert-butyl(dimethyl)siloxy-protected counter-
part 5 we generally observed higher reactivity (shorter reaction
times, higher yields) employing the unprotected compound.[16]

It should be noted that the protected divalent compounds 11
and 12 can easily be converted into the unprotected com-
pounds 14 or 15 by standard application of tetra-n-butylammo-
nium fluoride in tetrahydrofuran, however, this “detour” did not
have any advantage in comparison to the direct route.

During the preparation of compounds 3–6 (Scheme 2) we
also synthesized intermediates 20 and 22.[20] Therefore, the
potential of these compounds was briefly examined in order to
prepare divalent septanose mimetics by alternative methods
(Scheme 7). Progargylic ether 20 (the deprotected form of
compound 6) was oxidatively dimerized applying the method
of Eglington et al.[23] by cuprous chloride, TMEDA (tetrameth-
ylethylenediamine) and DABCO (1,4-diazabicyclo[2.2.2]octane)
in acetonitrile under air atmosphere at room temperature. The
desired dialkyne 21 was isolated in almost quantitative yield.
We also applied the method of Hay[24] employing copper(II)
acetate as oxidation promotor, however, this alternative was
less efficient.[16]

On the route to azide 5 we also prepared the primary amine
22 which was treated with adipoyl chloride by a Schotten-
Baumann protocol to give the expected bisamide. This inter-
mediate was deprotected with tetra-n-butylammonium fluoride
in tetrahydrofuran to furnish the final product 23 of the two-
step sequence in 59% overall yield.

In earlier studies we had already recognized difficulties
during the hydrogenolysis of bicyclic 1,2-oxazine derivatives
which are connected with 1,2,3-triazole moieties.[14,15,25] The
intended reductive removal of the N-benzyl group as a first
step[26] followed by the cleavage of the N� O bonds is apparently
complicated or even retarded by the presence of the triazolyl
unit. Probably, partial cleavage of the benzyl type bond

Scheme 5. CuAACs of unprotected azidomethyl-substituted compound 5
with dialkynes giving divalent systems 13–17 containing rigid or flexible
spacer units.

Scheme 6. CuAACs of unprotected azidomethyl-substituted compound 5
with trialkynes giving trivalent systems 18 and 19 with rigid or flexible
spacer units.

Scheme 7. Syntheses of dialkyne 21 by oxidative dimerization of propargylic
ether 20 and of bisamide 23 by coupling of amine 22 with adipoyl chloride
and subsequent desilylation.
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connecting the triazolyl group with the bicyclic 1,2-oxazine
moiety can occur under the applied hydrogenolysis conditions.
As an alternative approach for the construction of multivalent
systems we changed the sequence and thus performed first the
hydrogenolysis and only subsequently introduced the azido
group and performed the (3+2) cycloadditions.[6,7,13]

The difficulties to obtain clean products with compounds
containing 1,2,3-triazole moieties were confirmed when model
compounds 8 and 9 were subjected to hydrogenolysis reactions
and treated with hydrogen at atmospheric pressure in the
presence of palladium on charcoal in methanol as solvent
(Scheme 8). Relatively high amounts of the catalyst (ca. 0.4
equivalents) were required to achieve reasonable conversion of
the precursor compounds. The bicyclic 1,2-oxazine 8 was
consumed after two days at room temperature and converted
into the expected oxepine derivative 24 in high yield, however,
the obtained sample contained considerable amounts of
unknown impurities.

The second model compound 9 was similarly transferred
into the expected product 25, but in this case, the bicyclic
oxazolidine derivative 26 was isolated and identified as major
component (Scheme 8). This compound was obviously formed
by the reaction of a hydroxyl group and the amino group of
compound 25 with in situ generated formaldehyde. For com-
pound 26 we propose involvement of the 3-OH group,
however, reaction of the 5-OH group providing a constitutional
isomer of the drawn product cannot be excluded. The
generation of formaldehyde from methanol in the presence of
palladium catalysts is a process well known in the literature[27]

and has also been observed in earlier studies of our group.[20,27d]

A similar result was obtained with the divalent compound 14
which provided 27 and 28 as products (ratio ca. 30 :70). Again,

the compound 28 with the proposed oxazolidine structure is
the major component.

Gratifyingly, we found that the reaction leading to oxazoli-
dines can be largely suppressed if the hydrogenolysis was
performed in the presence of acetic acid as co-solvent (ca. 30
vol-%).[20] The protonation of the amino group[28] apparently
prevents the subsequent condensation reaction with
formaldehyde. The hydrogenolysis of phenyl-substituted model
compound 7 hence furnished the anticipated oxepane deriva-
tive with an ammonium group, which was subsequently
converted into the free amine by neutralization employing an
ion exchange resin (Scheme 9). Thus, the simple amino-
substituted oxepine derivative 29 was isolated in moderate
yield over two steps. The related divalent precursor compound
14 was converted under similar conditions into the bisammo-
nium salt 30 in 81% yield, but in this case the neutralization
employing the ion exchange method failed for unknown
reason. It should be noted that the resulting amino polyols are
generally quite sensitive compounds showing considerably
tendency to decompose. On the other hand, the divalent
compound 16 with a flexible spacer moiety could be converted
into the expected bisammonium salt and subsequently into the
deprotonated product 31 with reasonable efficacy (68% overall
yield).[29] The divalent compound 21 without triazole moiety
could smoothly be transferred into the expected divalent
products 32. In this example, the required reduction of the two
central triple bonds of precursor 21 proceeded very well
together with the N-debenzylation and the N� O bond cleavage
as probable final step.[30]

The examples collected in Schemes 8 and 9 revealed that
hydrogenolysis reactions of the studied bicyclic 1,2-oxazine

Scheme 8. Palladium-catalyzed hydrogenolyses reactions of compounds 8,
9, and 14 leading to amino-substituted oxepane derivatives 24–28.

Scheme 9. Hydrogenolyses reactions in the presence of acetic acid as co-
solvent transferring compound 7 and divalent precursor compounds 14, 16,
and 21 into compounds 29–32.
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derivatives and the purification of the resulting products is
challenging. In several cases, the expected mono- and divalent
aminooxepane derivatives were obtained in reasonable purity,
but there is certainly room for further optimization and general-
ization. However, we discontinued the efforts to improve the
hydrogenolysis reactions at this point since none of the
obtained mono- or divalent aminooxepane derivatives could be
satisfactorily sulfated employing the standard methods. Neither
the SO3-pyridine complex[31] nor the SO3-DMF complex[32]

generated clean samples of fully sulfated aminooxepane
derivatives and all attempts to purify the obtained mixtures
failed completely due to the extreme polarity of the samples. It
was found only later that very careful NMR control of the
sulfation process employing the SO3-DMF complex in DMF-d7 as
solvent and a subsequent dialysis afforded reasonably pure
samples in several cases,[4–7,27d] although even this method was
not generally successful. As a consequence of this failure other
divalent or trivalent aminooxepane precursors were not studied
in hydrogenolysis reactions. Furthermore, the intended bio-
logical evaluation of the compounds had to be discarded.

Conclusions

The copper-catalyzed (3+2) cycloadditions of enantiopure
azidomethyl-substituted 1,2-oxazine derivatives 4 and 5 with a
series of alkynes, dialkynes and trialkynes proceeded smoothly
with copper iodide as catalyst in the presence of triethylamine
and TBTA as ligand. The expected simple 1,2,3-triazole deriva-
tives 7–9, the divalent systems 10–17 and the trivalent
compounds 18 and 19 were isolated in good to excellent yields.
These examples prove again the practicality of the azide-alkyne
cycloaddition[33] as prime example of the click approach[34] to
higher order structures and multivalent systems.

The products obtained during this study can be regarded as
protected precursors of aminoseptanose mimetics. However,
the essential reductive transformation of the bicyclic 1,2-
oxazine moieties into aminooxepanes units turned out to be
quite capricious, which is probably caused by the presence of
the 1,2,3-triazole moieties. Although satisfying conditions were
found for a few examples, the applied hydrogenolysis method
is apparently not general. An alternative method to connect
two bicyclic 1,2-oxazine moieties was established by the
efficient oxidative dimerization of propargyl ether 20 which
resulted in diyne 21. This compound lacks the 1,2,3-triazole unit
and it was cleanly reduced to give the divalent aminooxepane
derivative 32. This alternative approach to (multivalent) amino-
septanose mimetics employing bicyclic 1,2-oxazine derivatives
as crucial building block certainly deserves further
exploration.[35]

Experimental Section
For general information, all experimental and analytical details see
Supporting Information.

General procedure 1 (GP1), copper-catalyzed (3 +2)-
cycloaddition in the presence of TBTA as ligand

The corresponding bicyclic azide (1.00–3.05 equiv), the mono-, di-,
or trialkyne (1.00 equiv.), triethylamine, TBTA and CuI (each
0.22 equiv. with respect to azide) were dissolved in acetonitrile (ca.
35 mL/mmol with respect to azide). The slightly yellow reaction
mixture was stirred at room temperature for the time indicate in
the individual experiments. For removal of the copper catalyst, the
work up was carried either by method A or method B.

Method A: An aqueous ammonia solution was added and the
mixture was stirred until the color of the reaction mixture turned to
green or blue. After stirring for 0.5 to 2 h, dichloromethane or ethyl
acetate was added and the aqueous phase was three times
extracted with the corresponding solvent. The collected organic
phases were dried (Na2SO4) filtrated through a pad of cotton and
the filtrate was concentrated under reduced pressure. The resulting
crude product was purified by chromatography.

Method B: A solution of dichloromethane/7 N ammonia in meth-
anol (30 :1) was added and the mixture was stirred until the color
of the reaction mixture turned to green or blue. After 0.5 to 2 h, the
mixture was filtrated through a short silica gel column (elution with
dichloromethane/7 N ammonia in methanol, 10 :1). The filtrate was
concentrated in vacuo and the resulting crude product was then
purified by column chromatography (silica gel) and if required
subsequently by HPLC (reversed phase, Gemini-NX-column, meth-
anol/aqueous ammonia 85 :15).

(1S,4S,5S,6R,10S)-7-Benzyl-2,2-dimethyl-4-[(4'-phenyl-1H-
1',2',3'-triazol-1'-yl)methyl]-3,8-dioxa-7-
azabicyclo[4.3.1]decan-5,10-diol (7)

Following GP1, phenylacetylene (35 mg, 0.34 mmol), azide 5
(80 mg, 0.23 mmol), NEt3 (7.3 mg, 0.072 mmol), TBTA (51 mg,
0.095 mmol), and CuI (18 mg, 0.095 mmol) were stirred in
acetonitrile (8 mL) for 1.5 h. During work-up, the copper catalyst
was removed using method A (extraction with dichloromethane).
The obtained crude product was purified by column chromatog-
raphy (silica gel, hexanes/ethyl acetate, 3 :1 to 1 :1) furnishing
triazole 7 (103 mg, 99%) as a colorless solid.

Melting range: 196–200 °C; [α]22D= +17.8 (c=0.35, CHCl3);
1H NMR

(700 MHz, CDCl3): δ=0.73, 1.45 (2 s, 3 H each, Me), 2.09 (mc, 1 H,
1-H), 3.47 (mc, 1 H, 6-H), 3.69, 3.81 (AB part of ABX system, JAB=

12.5 Hz, JAX=2.5 Hz, 1 H each, 9-H), 3.86, 4.11 (2 d, J=14.2 Hz, 1 H
each, NCH2), 4.30 (sb, 2 H, OH), 4.43 (mc, 1 H, 5-H), 4.53 (mc, 1 H,
10-H), 4.63, 4.70, 4.79 (ABX system, JAB=13.8 Hz, JAX=9.8 Hz, JBX=

3.9 Hz, 1 H each, 4-CH2, 4-H), 7.26, 7.32, 7.37 (3 mc, 1 H, 4 H, 1 H,
Ph), 7.46 (t, J=7.7 Hz, 2 H, Ph), 7.84* (d, J=7.7 Hz, 2 H, Ph), 7.85* (s,
1 H, Tr#) ppm; * overlapping signals, # Tr= triazole; 13C NMR
(175 MHz, CDCl3): δ=23.4, 34.2 (2 q, Me), 47.1 (d, C-1), 52.7 (t,
4-CH2), 58.4 (t, NCH2), 65.3 (d, C-6), 69.0 (t, C-9), 69.6 (d, C-5), 73.7 (d,
C-10), 74.4 (d, C-4), 78.4 (s, C-2), 122.0 (d, Tr#), 125.8, 127.4, 128.2,
128.3, 128.5, 129.0, 130.6, 137.4 (6 d, 2 s, Ph), 147.2 (s, Tr) ppm;
# Tr= triazole; IR (ATR): ν=3045 (O� H), 3140–3025 (=C� H), 2995–
2865 (C� H), 1730–1545, 1495 (C=C, N=N) cm� 1; HRMS (ESI-TOF): m/z
[M+Na]+ calcd for C25H30N4NaO4: 473.2159; found: 473.2180.

Divalent compound 13

Following GP1, 1,3-diethynylbenzene (17.7 mg, 0.140 mmol), azide
5 (100 mg, 0.29 mmol), NEt3 (6.2 mg, 0.062 mmol), TBTA (33 mg,
0.062 mmol), and CuI (12 mg, 0.062 mmol) were stirred in
acetonitrile (10 mL) for 17 h. During work-up, the copper catalyst
was removed using method A (extraction with ethyl acetate). The
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obtained crude product was semi-purified by column chromatog-
raphy (silica gel, dichloromethane/methanol, 50 :1) furnishing
triazole 13 (92 mg) as yellow solid. This sample was further purified
by HPLC (reversed phase, Gemini-NX-column, methanol/aqueous
ammonia, 85 :15) providing 84 mg (73%) of 13 as a slightly yellow
solid.

Melting range: 158–162 °C; [α]22D= +43.3 (c=0.57, MeOH); 1H NMR
(700 MHz, CDCl3): δ=0.73, 1.40 (2 s, 6 H each, Me), 2.09 (mc, 2 H,
1-H), 3.50 (mc, 2 H, 6-H), 3.68 (mc, 2 H, 9-H), 3.79 (B part of ABX
system, JAB=12.5 Hz, 2 H, 9-H), 3.86, 4.09 (2 d, J=14.3 Hz, 2 H each,
NCH2), 4.41 (mc, 2 H, OH), 4.45 (mc, 2 H, 5-H), 4.54 (mc, 2 H, 10-H),
4.65, 4.72, 4.81 (ABX system, JAB=13.4 Hz, JAX=9.8 Hz, JBX=3.6 Hz, 2
H each, 4-CH2, 4-H), 7.22–7.24, 7.28–7.32 (2 m, 2 H, 8 H, Ph), 7.52 (t,
J=7.7 Hz, 1 H, Ar), 7.83 (dd, J=7.7, 0.4 Hz, 2 H, Ar), 8.02 (s, 2 H, Tr),
8.36 (s, 1 H, Ar) ppm; two OH signals could not be detected; 13C
NMR (175 MHz, CDCl3): δ=23.4, 34.3 (2 q, Me), 47.0 (d, C-1), 52.8 (t,
4-CH2), 58.5 (t, NCH2), 65.4 (d, C-6), 69.1 (t, C-9), 69.5 (d, C-5), 73.7 (d,
C-10), 74.4 (d, C-4), 78.5 (s, C-2), 122.5 (d, Tr), 122.9, 125.5 (2 d, Ar),
127.4, 128.2, 128.5 (3 d, Ph), 129.8, 131.3 (d, s, Ar), 137.5 (s, Ph),
146.8 (s, Tr) ppm; IR (ATR): ν=3350 (O� H), 3140–3030 (=C� H),
2975–2860 (C� H), 1620–1455 (C=C, N=N) cm� 1; HRMS (ESI-TOF):
m/z [M+H]+ calcd for C44H55N8O8: 823.4137; found: 823.4143;
C44H54N8O8 (823.0): calcd C 64.22, H 6.61, N 13.62; found: C 64.19, H
6.66, N 13.66.

Divalent compound 16

Following GP1, 3-(prop-2-yn-1yl-oxy)prop-1-yne (20 mg,
0.21 mmol), azide 5 (150 mg, 0.431 mmol), NEt3 (9.2 mg,
0.092 mmol), TBTA (49 mg, 0.092 mmol), and CuI (17.6 mg,
0.092 mmol) were stirred in acetonitrile (15 mL) for 17 h. During
work-up, the copper catalyst was removed using method B. The
obtained crude product was semi-purified by column chromatog-
raphy (silica gel, dichloromethane/ammonia in methanol, 30 :1 to
10 :1) furnishing triazole 16 (147 mg) as colorless solid. This sample
was further purified by HPLC providing 124 mg (75%) of 16 as
colorless solid.

M. p. 128–130 °C; [α]22D= � 11.9 (c=0.63, MeOH); 1H NMR (700 MHz,
CDCl3/CD3OD=2 :1): δ=0.65, 1.38 (2 s, 6 H each, Me), 2.02 (mc, 2 H,
1-H), 3.36 (dd, J=4.9, 2.8 Hz, 2 H, 6-H), 3.67, 3.79 (AB part of ABX
system, JAB=12.9 Hz, JAX=2.9 Hz, 2 H each, 9-H), 3.84, 4.07 (2 d, J=

14.1 Hz, 2 H each, NCH2), 4.28 (mc, 2 H, 5-H), 4.44 (mc, 2 H, 10-H),
4.53, 4.58 (AB part of ABX system, JAB=13.8 Hz, JAX=9.7 Hz, JBX=

3.6 Hz, 2 H each, 4-CH2), 4.67 (s, 4 H, OCH2), 4.70 (dd, J=9.7, 3.6 Hz,
2 H, 4-H), 7.21, 7.28, 7.30 (3 mc, 2 H, 4 H, 4 H, Ph), 7.78 (s, 2 H, Tr)
ppm; 13C NMR (175 MHz, CDCl3/CD3OD=2 :1): δ=23.5, 34.2 (2 q,
Me), 47.7 (d, C-1), 53.1 (t, 4-CH2), 58.8 (t, NCH2), 63.6 (t, OCH2), 65.2
(d, C-6), 69.2 (t, C-9), 70.0 (d, C-5), 73.6 (d, C-10), 74.7 (d, C-4), 78.5 (s,
C-2), 125.8 (d, Tr), 127.7, 128.6, 128.8, 137.9 (3 d, s, Ph), 144.4 (s, Tr)
ppm; IR (ATR): ν=3395 (O� H), 3060–3025 (=C� H), 2970–2860
(C� H), 1740, 1630–1605, 1495–1455, 1375, 1350 (C=C, N=N) cm� 1;
HRMS (ESI-TOF): m/z [M+Na]+ calcd for C40H54N8NaO9: 813.3906;
found: 813.3930; C40H54N8O9 (790.9): C 60.74, H 6.88, N 14.17; found:
C 60.22, H 6.87, N 14.09.

Trivalent compound 19

Following GP1, tri(prop-2-ynyl)amine (18.4 mg, 0.141 mmol), azide
5 (150 mg, 0.431 mmol), NEt3 (9.3 mg, 0.093 mmol), TBTA (49 mg,
0.093 mmol), and CuI (18 mg, 0.093 mmol) were stirred in
acetonitrile (10 mL) for 17 h. During work-up, the copper catalyst
was removed using method B. The obtained crude product was
semi-purified by column chromatography (silica gel, dichloro-
methane/ammonia in methanol, 20 :1) furnishing triazole 19

(135 mg) as yellow solid. This sample was further purified by HPLC
providing 84 mg (51%) of 19 as colorless solid.

M. p. 158–160 °C; [α]22D= +2.36 (c=0.69, MeOH); 1H NMR (700 MHz,
CDCl3/CD3OD=2 :1): δ=0.44, 1.14 (2 s, 9 H each, Me), 1.79 (mc, 3 H,
1-H), 3.15 (mc, 3 H, 6-H), 3.44 (AB part of ABX system, JAB=12.8 Hz,
JAX=2.7 Hz, 3 H, 9-H), 3.52–3.58 (m, 9 H, CH2, 9-H), 3.62, 3.85 (2 d,
J=14.2 Hz, 3 H each, NCH2), 4.08 (mc, 3 H, 5-H), 4.22–4.24 (m, 3 H,
10-H), 4.32–4.38 (m, 6 H, 4-CH2), 4.51 (dd, J=9.3, 4.0 Hz, 3 H, 4-H),
6.99–7.01, 7.05–7.09 (2 m, 3 H, 12 H, Ph), 7.68 (s, 3 H, Tr) ppm; 13C
NMR (175 MHz, CDCl3/CD3OD=2 :1): δ=22.9, 33.4 (2 q, Me), 46.8 (d,
C-1), 47.1 (t, CH2), 52.3 (t, 4-CH2), 58.0 (t, NCH2), 64.6 (d, C-6), 68.5 (t,
C-9), 69.1 (d, C-5), 72.8 (d, C-10), 73.9 (d, C-4), 77.7 (s, C-2), 125.4 (d,
Tr), 126.9, 127.8, 128.0, 137.1 (3 d, s, Ph), 143.2 (s, Tr) ppm; IR (ATR):
ν=3355 (O� H), 3085–3025 (=C� H), 2975–2850 (C� H), 1495–1395
(C=C, N=N) cm� 1; HRMS (ESI-TOF): m/z [M+H]+ calcd for
C60H82N13O12: 1176.6200; found: 1176.6240; C60H81N13O12 (1176.4):
calcd C 61.26, H 6.94, N 15.48; found: C 61.26; H 6.98; N 15.42.

(1S,1'S,4S,4'S,5S,5'S,6R,6'R,10S,10'S)-4,4-{[Hexa-2,4-diyne-1,6-
diylbis(oxy)]bis(methylene)}bis(7-benzyl-2,2-dimethyl-3,8-
dioxa-7-azabicyclo[4.3.1]decane-5,10-diol) (21)

In a 10 mL flask (open to air), alkyne 20 (54 mg, 0.15 mmol) was
dissolved in acetonitrile (0.8 mL) and 1,4-diazabicyclo[2.2.2]octane
(17 mg, 0.15 mmol), tetramethylethylenediamine (30 mg,
0.26 mmol) and cuprous chloride (3 mg, 0.03 mmol) were added.
The resulting green reaction mixture was stirred under air
atmosphere for 3.5 h at room temperature. Since the conversion
was not complete (TLC control) further CuCl (3 mg, 0.03 mmol) was
added. After 4 h, dichloromethane/ammonia in methanol (10 :1)
was added dropwise until the solution became blue. The mixture
was filtrated through a short column (silica gel, dichloromethane/
ammonia in methanol, 10 :1) and the solvents were removed in
vacuo. Purification of the crude product by column chromatog-
raphy (silica gel, hexanes/ethyl acetate, 2 : 1 to 1 :2) furnished 53 mg
(98%) of 21 a colorless solid.

M. p. 67–70 °C; [α]22D= � 26.6 (c=0.14, MeOH); 1H NMR (500 MHz,
CD3OD): δ=1.30, 1.47 (2 s, 6 H each, Me), 2.10 (dd, J=5.5, 1.9 Hz, 2
H, 1-H), 3.33 (dd, J=5.0, 2.5 Hz, 2 H, 6-H), 3.55, 3.70 (AB part of ABX
system, JAB=9.7 Hz, JAX=6.7 Hz, JBX=6.6 Hz, 2 H each, 4-CH2), 3.72,
3.93 (ABX system, JAB=12.8 Hz, JAX=3.1 Hz, 2 H each, 9-H), 3.88,
4.09 (AB system, JAB=14.1 Hz, 2 H each, NCH2), 4.28, 4.32 (AB
system, JAB=17.0 Hz, 2 H each, CH2), 4.36 (d, J=2.5 Hz, 2 H, 5-H),
4.44 (t, J�5.5 Hz, 2 H, 10-H), 4.56 (t, J�6.7 Hz, 2 H, 4-H), 7.22, 7.29,
7.35 (3 mc, 2 H, 4 H, 4 H, Ph) ppm;

13C NMR (125 MHz, CD3OD): δ=

24.7, 34.6 (2 q, Me), 48.7 (d, C-1), 59.4 (t, NCH2), 59.9 (t, O-CH2), 65.9
(d, C-6), 69.9 (d, C-5), 70.0 (t, C-9), 71.0 (s, C-2), 71.8 (t, 4-CH2), 74.4
(d, C-4), 74.8 (d, C-10), 76.9, 79.0 (2 s, C�C), 128.1, 129.2, 129.5,
139.2 (3 d, s, Ph) ppm; IR (ATR): ν=3405 (O� H), 3085–3000 (=C� H),
2975–2860 (C� H), 1640–1605, 1490–1450 (C=C) cm� 1; HRMS (ESI-
TOF): m/z [M+Na]+ calcd for C40H52N2NaO10: 743.3509; found:
743.3506.

(2S,3S,4R,5S,6S)-4-Amino-2-{[4'-(4''-hydroxybutyl)-1H-1',2',3'-
triazol-1'-yl]methyl}-6-(hydroxymethyl)-7,7-dimethyloxepan-
3,5-diol (25) and (2S,2aS,5aS,6S,7S)-2-{[4'-(4''-Hydroxybutyl)-
1H-1',2',3'-triazol-1'-yl]methyl}-7-(hydroxymethyl)-8,8-
dimethyloctahydrooxepino[4,5-d]oxazol-6-ol (26)

In a two-neck flask, palladium (10%) on charcoal (100 mg,
0.094 mmol Pd) was suspended in dry methanol (34 mL) and the
mixture was saturated with hydrogen at room temperature for
30 min. Then, compound 9 (99 mg, 0.22 mmol, dissolved in 9 mL of
ethyl acetate) was added and the mixture was stirred under
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hydrogen pressure (balloon) at room temperature for three days.
The mixture was filtered through Celite, washed with ethanol and
the solvents were removed in vacuo. The resulting mixture was
separated by column chromatography (silica gel, dichloromethane
to dichloromethane/ammonia in methanol, 10 :1) providing starting
material 9 (24 mg, 24%), product 25 (17 mg) and side-product 26
(32 mg) as colorless oils. Calculated yields with respect to
consumed starting material: 25 (28%), 26 (51%).

Data of compound 25: [α]22D= +1.3 (c=0.32, MeOH); 1H NMR
(700 MHz, CD3OD): δ=0.46, 1.20 (2 s, 3 H each, Me), 1.56–1.61,
1.70–1.75 (2 m, 2 H each, CH2), 1.80 (ddd, J=10.2, 7.0, 3.4 Hz, 1 H,
6-H), 2.73 (mc, 2 H, CH2), 3.29 (t, J�8.3 Hz, 1 H, 4-H), 3.58 (mc, 3 H,
CH2, 6-CH2), 3.65 (mc, 1 H, 6-CH2), 3.92 (dd, J=8.3, 3.6 Hz, 1 H, 3-H),
3.95 (t, J�9.8 Hz, 1 H, 5-H), 4.12 (mc, 1 H, 2-H), 4.38, 4.54 (AB part of
ABX system, JAB=14.2 Hz, JAX=9.8 Hz, JBX=2.6 Hz, 1 H each, 2-CH2),
7.76 (s, 1 H, Tr) ppm; 13C NMR (175 MHz, CD3OD): δ=20.1 (q, Me),
26.0, 27.1 (2 t, CH2), 31.2 (q, Me), 33.0 (t, CH2), 52.8 (t, 2-CH2), 59.7 (d,
C-6), 62.5 (t, CH2), 63.3 (d, C-4), 63.4 (t, 6-CH2), 68.1 (d, C-5), 72.7 (d,
C-3), 73.0 (d, C-2), 77.8 (s, C-7), 125.1, 148.8 (d, s, Tr) ppm; IR (ATR):
ν=3260 (O� H, N� H), 2980–2915 (C� H), 1600 (C=C), 1360 (N=N)
cm� 1; HRMS (ESI-TOF): m/z [M+H]+ calcd for C16H31N4O5 359.2289;
found: 359.2295.

Data of compound 26: [α]22D= � 6.7 (c=0.15, MeOH); 1H NMR
(700 MHz, CD3OD): δ=0.45, 1.21 (2 s, 3 H each, Me), 1.59, 1.73 (2 mc,
2 H each, CH2), 1.78 (dt, J�10.6, 5.1 Hz, 1 H, 7-H), 2.73 (mc, 2 H,
CH2), 3.13 (dd, J=8.8, 8.0 Hz, 1 H, 5a-H), 3.50 (dd, J=11.6, 5.3 Hz, 1
H, 7-CH2), 3.55 (dd, J=10.6, 9.2 Hz, 1 H, 6-H), 3.58 (mc, 2 H, CH2),
3.67 (dd, J=11.6, 5.5 Hz, 1 H, 7-CH2), 3.83 (dd, J=7.7, 3.8 Hz, 1 H,
2a-H), 4.06 (mc, 1 H, 2-H), 4.38, 4.51* (AB part of ABX system, JAB=

14.3 Hz, JAX=9.7 Hz, JBX=2.8 Hz,, 1 H each, 2-CH2), 4.44 (d, J=

5.8 Hz, 1 H, 4-H), 4.52* (d, J=5.8 Hz, 1 H, 4-H), 7.72 (s, 1 H, 5’-H)
ppm; * overlapping signals; 13C NMR (175 MHz, CD3OD): δ=19.8 (q,
Me), 26.0, 27.1 (2 t, CH2), 31.5 (q, Me), 33.0 (t, CH2), 53.1 (t, 2-CH2),
57.8 (d, C-7), 62.5 (t, CH2), 63.2 (t, 7-CH2), 71.2 (d, C-5a), 73.6 (d,
C-2a), 75.0 (d, C-2), 77.7 (s, C-8), 78.9 (d, C-6), 81.8 (t, C-4), 125.1,
148.6 (d, s, Tr) ppm; IR (ATR): ν=3290 (O� H, N� H), 3145 (=C� H),
2970–2865 (C� H), 1570, 1550, 1460, 1380 (C=C, N=N) cm� 1; HRMS
(ESI-TOF): m/z [M+H]+ calcd for C17H31N4O5: 371.2289; found:
371.2296; m/z [M+Na]+ calcd for C17H30N4NaO5: 393.2108; found:
393.2120.

General procedure 2 (GP2), hydrogenolysis in the presence of
palladium on charcoal in methanol/acetic acid

In a two-neck flask, palladium (10%) on charcoal was suspended in
dry methanol and acetic acid and the mixture was saturated with
hydrogen at room temperature for 30 min. After addition of the
corresponding substrate, the mixture was saturated with hydrogen
for another 30 min and then stirred under hydrogen pressure
(balloon). After reaction completion (see time indicated in the
individual experiments), the mixture was filtered through Celite,
washed with ethanol and the solvents were removed in vacuo.

In selected experiments, the isolated ammonium salt was dissolved
in water and filtered through a Dowex® column (H2O) which was
washed with water until the complete acid was removed (pH
control). The column was subsequently washed with aqueous
ammonia solution (2 to 5%) to furnish the free amine.

(2S,3S,4R,5S,6S)-3,5-Dihydroxy-6-(hydroxymethyl)-7,7-
dimethyl-2-[(4'-phenyl-1H-1',2',3'-triazol-1'-yl)methyl]oxepan-
4-aminium acetate

Following GP2, compound 7 (91 mg, 0.20 mmol) was stirred with
Pd/C (95 mg, 0.09 mmol Pd), methanol (9.1 mL) and acetic acid
(3.7 mL). After 22 h stirring and filtration through Celite the
expected ammonium salt (�91 mg) was isolated as a colorless
solid which was only analyzed by 1H NMR spectroscopy and HRMS.
1H NMR (700 MHz, CD3OD): δ=0.48, 1.21 (2 s, 3 H each, Me), 1.82
(mc, 1 H, 6-H), 1.96 (s, 3 H, OAc), 3.31 (mc, 1 H, 4-H), 3.55–3.63 (m, 2
H, 6-CH2), 3.93–3.97 (m, 2 H, 3-H, 5-H), 4.18 (d, J�9.2 Hz, 1 H, 2-H),
4.48 (dd, J=14.2, 9.7 Hz, 1 H, 2-CH2), 4.63 (dd, J=14.2, 2.0 Hz, 1 H,
2-CH2), 7.35, 7.44, 7.82 (3 mc, 1 H, 2 H, 2 H, Ph), 8.31 (s, 1 H, Tr) ppm;
HRMS (ESI-TOF): m/z [M� AcO]+ calcd for C18H28N4O4: 363.2027;
found: 363.2021.

(2S,3S,4R,5S,6S)-4-Amino-6-(hydroxymethyl)-7,7-dimethyl-2-
[(4'-phenyl-1H-1',2',3'-triazol-1'-yl)methyl]oxepane-3,5-diol
(29)

The ammonium salt (91 mg) was filtered through a Dowex® column
following GP2 to afford the desired amine 29 (32 mg, 44%) as
colorless solid.

M. p. 173–175 °C; [α]24D= +51.3 (c=0.32, H2O);
1H NMR (700 MHz,

CD3OD): δ=0.46, 1.21 (2 s, 3 H each, Me), 1.78 (dt, J�10.0, 5.5 Hz, 1
H, 6-H), 3.40 (dd, J=9.1, 7.6 Hz, 1 H, 4-H), 3.45 (dd, J=11.5, 4.8 Hz, 1
H, 6-CH2), 3.63 (dd, J=11.5, 6.0 Hz, 1 H, 6-CH2), 3.75 (t, J�10.0 Hz, 1
H, 5-H), 3.89 (dd, J=7.4, 3.6 Hz, 1 H, 3-H), 4.11 (dt, J=9.6, 3.6 Hz, 1
H, 2-H), 4.47 (dd, J=14.2, 9.6 Hz, 1 H, 2-CH2), 4.59 (dd, J=14.2,
2.9 Hz, 1 H, 2-CH2), 7.35, 7.44, 7.82 (3 mc, 1 H, 2 H, 2 H, Ph), 8.30 (s, 1
H, Tr) ppm; 13C NMR (175 MHz, CD3OD): δ=19.7, 31.4 (2 q, Me), 53.3
(t, 2-CH2), 59.3 (d, C-6), 63.6 (t, 6-CH2), 70.9 (d, C-4), 73.8 (d, C-3),
75.0 (d, C-2), 78.8, 79.0 (d, s, C-5, C-7), 124.2 (d, Tr), 126.6, 129.4,
130.0, 131.7 (3 d, s, Ph), 148.4 (s, Tr) ppm; IR (ATR): ν=3350 (O� H,
N� H), 2985–2845 (C� H), 1595, 1440–1325 (C=C, N=N) cm� 1; HRMS
(ESI-TOF): m/z [M+H]+ calcd for C18H28N4O4: 363.2027; found:
363.2051.

(2S,2'S,3S,3'S,4R,4'R,5S,5'S,6S,6'S)-2,2’-{[(Oxybis(methylene))-
bis(1H-1,2,3-triazole-4,1-diyl)]bis(methylene)}bis[4-amino-6-
(hydroxymethyl)-7,7-dimethyloxepane-3,5-diol] (31)

Following GP2, divalent compound 16 (38 mg, 0.048 mmol) was
stirred with Pd/C (90 mg, 0.085 mmol Pd), in methanol (6 mL) and
acetic acid (7 mL). After three days, the mixture was filtrated
through Celite to provide the expected divalent bisammonium salt
(�35 mg, 99%) as a yellow solid.

M. p. 102–105 °C; [α]24D= +156.9 (c=0.55, MeOH); 1H NMR
(700 MHz, D2O): δ=0.36, 1.20 (2 s, 6 H each, Me), 1.90 (mc, 2 H, 6-H),
2.03 (s, 6 H, OAc), 3.42 (t, J�8.7 Hz, 2 H, 4-H), 3.61 (mc, 2 H, 6-CH2),
4.02 (t, J�9.9 Hz, 2 H, 5-H), 4.11 (mc, 2 H, 3-H), 4.18 (d, J�9.4 Hz, 2
H, 2-H), 4.49 (dd, J=14.1, 9.4 Hz, 2 H, 2-CH2), 4.64 (d, J�14.1 Hz, 2
H, 2-CH2), 4.75 (s, 4 H, OCH2), 8.08 (s, 2 H, Tr) ppm; 13C NMR
(175 MHz, D2O): δ=18.7 (q, Me), 21.8 (q, OAc), 29.7 (q, Me), 51.5 (t,
2-CH2), 58.2 (d, C-6), 61.4 (t, 6-CH2), 61.7 (d, C-4), 62.2 (t, OCH2), 65.8
(d, C-5), 71.0 (d, C-3), 71.5 (d, C-2), 77.4 (s, C-7), 126.6, 143.6 (d, s, Tr),
178.9 (C=O) ppm; HRMS (ESI-TOF): m/z [(M� 2(AcOH)+Na]+ calcd
for C26H46N8NaO9: 637.3280; found: 637.3318.

The bisammonium salt (35 mg) was filtered through a Dowex®
column according to GP2 to afford diamine 31 (20 mg, 68% for
two steps) as a yellow solid.
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M. p. 130–133 °C; [α]24D= � 3.4 (c=0.2, MeOH); 1H NMR (700 MHz,
CD3OD): δ=0.43, 1.19 (2 s, 6 H each, Me), 1.76 (mc, 2 H, 6-H), 3.38 (t,
J�8.3 Hz, 2 H, 4-H), 3.45 (dd, J=11.5, 4.8 Hz, 2 H, 6-CH2), 3.63 (dd,
J=11.5, 5.9 Hz, 2 H, 6-CH2), 3.74 (t, J�9.8 Hz, 2 H, 5-H), 3.86 (dd, J=

7.3, 3.5 Hz, 2 H, 3-H), 4.07 (mc, 2 H, 2-H), 4.42 (dd, J=14.2, 9.7 Hz, 2
H, 2-CH2), 4.55 (dd, J=14.2, 2.5 Hz, 2 H, 2-CH2), 4.66 (s, 4 H, OCH2),
7.95 (s, 2 H, Tr) ppm; 13C NMR (175 MHz, CD3OD): δ=19.8, 31.4 (2 q,
Me), 53.2 (t, 2-CH2), 59.3 (d, C-6), 63.5 (t, 6-CH2), 64.0 (t, OCH2), 70.8
(d, C-4), 73.8 (d, C-3), 74.9 (d, C-2), 78.8, 78.9 (d, s, C-5, C-1), 127.1,
145.3 (d, s, Tr) ppm; HRMS (ESI-TOF): m/z [M+H]+ calcd for
C26H47N8O9: 615.3461; found: 615.3557.

(2S,2'S,3S,3'S,4R,4'R,5S,5'S,6S,6'S)-2,2'-((Hexane-1,6-
diylbis(oxy))bis(methylene))bis(4-amino-6-(hydroxymethyl)-
7,7-dimethyloxepane-3,5-diol) (32)

Following GP2, divalent compound 21 (42 mg, 0.058 mmol) was
stirred with Pd/C (89 mg, 0.084 mmol Pd), in methanol (5.1 mL) and
acetic acid (3.4 mL). After 24 h the mixture was filtrated through
Celite to provide the expected bisammonium salt. Filtration
through a Dowex column furnished 24 mg (75%) of diamine 32 as
yellow solid.

M. p. 82–85 °C; [α]22D= +45.2 (c=0.12, MeOH); 1H NMR (700 MHz,
CD3OD): δ=1.19, 1.32 (2 s, 6 H each, Me), 1.39, 1.56 (2 mc, 4 H each,
CH2), 1.77 (mc, 2 H, 6-H), 2.97 (mc, 2 H, 4-H), 3.40, 3.52 (AB part of
ABX system, JAB=10.3 Hz, JAX=7.4 Hz, JBX=4.3 Hz, 2 H each, 2-CH2),
3.46 (mc, 4 H, CH2), 3.56 (mc, 2 H, 3-H), 3.67 (mc, 4 H, 6-CH2), 3.77 (t,
J=9.6 Hz, 2 H, 5-H), 3.84 (mc, 2 H, 2-H) ppm; 13C NMR (175 MHz,
CD3OD): δ=21.1 (q, Me), 27.1, 30.8 (2 t, CH2), 31.6 (q, Me), 60.1 (d,
C-6), 64.0 (d, C-4), 64.1 (t, 6-CH2), 70.6 (d, C-5), 72.2 (d, C-2), 72.4 (t,
2-CH2), 72.5 (t, CH2), 76.0 (d, C-3), 77.3 (s, C-7) ppm; IR (ATR): ν=

3355 (O� H, N� H), 2975–2865 (C� H) cm� 1; HRMS (ESI-TOF): m/z [M+

Na]+ : C26H52N2NaO10: 575.3514; found: 575.3534.

Supporting Information

All experimental procedures, analytical details and copies of the
NMR spectra are given in the Supporting information.
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