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Even though our knowledge concerning many classes of Table 1. Synthesis of Sulfamidates on Carbohydrate Templates?
carbohydrates has expanded dramatically over the past decade,

) . K K L Entry Starting Material Product Ratio o:f  Yield (%)

glycosylamines persist as an understudied group, especially in light
of their prominence in glycopeptides and glycoproteins and their BnO o. o Bn0 o R
potential as selective RNA-binding ageht$his state of affairs . "“N:S::O o1 88
primarily reflects the difficulty in achieving their synthesis, as 2 BnO“ Y OH  BnO“ "0 O sy 15
available methods, based on the use of glycosyl azides, gRcals, 8 OBn OBn. 151 83
Kochetkov amination$,and a-hydroxy nitriles} among others, 12 :35 E;%%Me
lack substrate generality and often result in variable stereoselectivity, 15:R= A(';'%ZMe
especially in complex contexts. In this communication, we report . ’V‘e:[Oj:OH Me,, O N‘S//o o1 e
an operationally simple method for the synthesis of bwtrand BnO” " “OH BnoJ/\IO' o '
p-glycosylamines that overcomes many of these limitations in a OBn OBn
bare minimum of synthetic steps. o B0 7 come

Drawing insight from our recent exploraticnsto the novel 5 O._+OH 0N /20 >201 79
chemistry that can be achieved with Burgess-type reagént ( .,,,O/S\:o
or 3, Scheme 1), we anticipated that exposing a carbohydrate of Bn0 OBn OH B0 Sen
general structurd to an excess amount of one of these salts would on 18 19
lead to the formation of a sulfamidate produ6} (ith complete 6 ..o MeOzC~N’\Si7""° . 91
regio- and stereocontrol. Such an outcome is in accordance with k5_7 )< 0-5-g ,,,,0)<
the established prefererfé®f the more activated hydroxyl group HO 200 0 21
to depart in the cyclization event, either by the indicate@® S TBSO TBSO
mechanism or via an oxonium alternative, with the C-2 group 7 O\ ~OH 0 ‘,,,N'C02Me >2011 74
orchestrating the stereoselective delivery of nitrogen. Once con- Rt ., 50
structed, the newly installed sulfamidate ring could then be opened TBSO - OH SO O 0

with a variety of heteroatomic nucleophiles to afford rans

difunctionalizqd G'VCOSY'ami“¢ products’ Thus, based on Fhis aAll reactions were performed using 2.5 equiv of the appropriate
model, a starting material derived fromglucose would provide Burgess-type reagert, (2, or 3) in THF/CH,CI, (4:1) with heating at reflux

Scheme 1 for 6 h.
RO an a-glycosylamine product 7), arguably the more difficult
RO o RO Q (o) ﬁ glycosylamine anomer to synthesize in a controlled manner.
RO%OH h2o3 | Ro 5 TCoyY Alternatively, if lactols bearing C-2 protectio)(were exposed
RO - 0/0‘300 Y, aring -2 protec p
HO Q.0 OiS\ o to the same general reaction conditions, it would be reasonable to
4 Et3N/S~NJ\oy vol s expect that these materials would affdigD-acetal products instead
1:Y 2 Me 2 ' of sulfamidates through the indicated mechanism, with stereocontrol
2:Y = CH,CH=CH, RO ¥ in this “self-displacement” reaction arising from the established
RO~ Ny 3:Y=CH200'3® RO 0 preference for anomeric triflates to exist @sanomers 10) over
RS 2 <N RO—=4 ! their 8-disposed counterpart8)@ As suchp-glucose-based materi-
NHCO,Y (T_'S"gj) 0/:“0/ “COY als would afford only3-glycosylamine productd() in this reaction
7: a-glycosylamine 6: sulfamidate paradlgm.
- _ Gratifyingly, when these propositions were tested in the labora-
RO RO o tory, they proved to be highly accurate. Indeed, as shown in Table
Rg&&ﬂw 1,2,0r3 Rg&\po\éfjo 1, a variety of diols on diverse carbohydrate templategl(cose,
RO RO @N\ D-galactose,L-rhamnose) were smoothly converted into their
8 L ? co2Y | a-disposed sulfamidate counterparts over the coufseoupon
- RO L the action of 2.5 equiv of, 2, or 3 in refluxing THF/CHCI,
RO RO&% o (4:1). As revealed through the selected examples in Scheme 2, these
Rgoﬁﬂvwcozv ‘[-'s'c-);]" RO =51 N-CO2Y products could be subsequently opened with nucleophiles to afford
RO 0 %% a-disposed glycosylamines such2éor, alternatively, converted
11: B-glycosylamine - 10 - into functionalized sulfamidates such 2§ simply by removing
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aReagents and conditions: (a) Naf$.0 equiv), DMF, 6C0C, 5 h, 83%;
(b) Pd(OACc} (0.1 equiv), TPPTS (0.2 equiv), /&H (40 equiv), MeCNHO
(2:1), 25°C, 30 min; (c) NaH (5.0 equiv), DMF, 2%C, 5 min, then allyl
bromide (4.0 equiv), 28C, 15 min, 73% over two steps.

Table 2. Direct Conversion of Anomeric Alcohols to Amines?

Entry Starting Material Product Ratio B:oc  Yield (%)

MeO

NHCO,Me

1 >20:1 68
‘OMe
NHAlloc
2 >20:1 78
‘OBn
Me_O._,NHCO,Me
3 Bnop:OBn >20:1 72
OBn
31
4 >20:1 73
5 8:1 72
OBn
34 35
TBSO TBSO
L@wH L@,NHCOZMe
6 SN dxb 370
36 37

aAll reactions were performed using 1.5 equiv of the appropriate
Burgess-type reagent, (2, or 3) in THF/CH,CI, (4:1) with heating at reflux
for 6 h.
the Alloc protecting group and alkylating. Although both of these
manipulations should prove important in future applications relevant
to chemical biology and medicinal chemistry, compounds of type
25 offer several unique advantages as their sulfamidate ring provides
untapped structural novelty and ensures that the disposition of the
N-atom cannot anomerize (as often occurs with unprotected
a-glycosylamines simply upon standing in solution). As indicated
in Table 2, C-2 protected lactols reacted with Burgess-type reagents
in a level of smoothness that matched their diol counterparts,
affording a f5-disposed, protected glycosylamine on every six-
membered carbohydrate probed (entriest), as verified by both
X-ray crystallographic andH NMR analyses. Five-membered

furanose substrates performed equally well (entries 5 and 6), with
anomeric stereochemistry in these products presumably controlled
by the orientation of the C-2 substituent on a level commensurate
to its bulk? Finally, it is important to note that, in addition to
generating highly predictable products within this reaction manifold,
Alloc-protected amines were readily liberated to afford free
glycosylamines for additional synthetic applications. For example,
Alloc-protected?29 was transformed into 2,3,4,6-tet@benzylf-
p-glucosylamine in near quantitative yield (95%) using condifibns
that did not initiate any anomerization.

In conclusion, we have developed a new approach for the
synthesis of botho- and 5-glycosylamines on a wide variety of
carbohydrate scaffolds using a reaction protocol that is exceedingly
mild, operationally simple, and tolerant of numerous functional and
protecting group$! In addition, these reactions appear to be
applicable for large-scale syntheses (reactions up to 5 mmol have
been performed with no drop in efficiency) and late-stage operations
relevant to the synthesis of complex aminoglycosides and/or
N-linked glycopeptides. Accordingly, this synthetic technology
provides certain advantages over those currently available and
should enhance our capability to study the chemical biology of both
natural and designed glycosylamines. Equally important, this
methodology continues to underscore the impressive power of the
Burgess reageni) and its relatives3, 3) to effect transformations
of critical importance in chemical synthedfs.
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