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ABSTRACT: The synthesis of 1,2-diamines has been
achieved through a single-step, tandem sequence involving
Rh-catalyzed aziridination followed by Nal-promoted
rearrangement to an isomeric cyclic sulfamide. Facile
ring opening of these products in hot water and pyridine
affords differentially protected vicinal diamines. Demon-
stration of the utility of this method for the syntheses of
(+)-enduracididine and (z)-allo-enduracididine is high-
lighted.

S tructures comprising 1,2-diamino functional groups are
recurrent in natural products and synthetic materials and
find utility across disparate fields of molecular science that
include catalysis, supramolecular chemistry, agrochemical and
pharmaceutical research.' The prevalence of 1,2-diamine
derivatives in high-value targets has inspired considerable effort
to devise expedient methods for crafting such compounds from
simple precursors.lf’2 Among the most direct and general
approaches for synthesizing 1,2-diamines is the diamination of
olefins.>* The development of such a process, however, is
complicated by several factors, including functional group
compatibility with redox reaction conditions and product
inhibition of catalyst turnover. In considering basic design
criteria, an optimal process for 1,2-diamine assembly would
enable differentiation of the two amino groups. Herein, we
describe a Rh-catalyzed aziridination/rearrangement method
for 1,2-diamine synthesis that offers a solution to these
challenges (Figure 1).
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Figure 1. 1,2-Diamine synthesis through a two-step sequence.

Previous developments in our lab have provided methods for
the facile aziridination of alkenes using dirhodium-based
catalysts and hypervalent iodine oxidants.*® Following this
work and related studies on C—H amination with urea,
sulfamide, and hydroxylamine-derived sulfamate esters, we
recognized the potential of utilizing a bifunctional nitrogen
source that could engage in an initial aziridination reaction
followed by a simple isomerization to give a diaza-heterocyclic
product (Figure 1).” Ring opening of the heterocycle would
then furnish the desired diamine. Reports describing the
rearrangement of N-acyl aziridines to the corresponding
oxazolines serve as useful precedent for this plan.®
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A series of urea, sulfamate, and sulfamide derivatives were
tested in initial exploratory reactions with styrene as a model
substrate (Table 1).° Reactions with N-sulfonylated urea and

Table 1. Styrene Aziridination Using Bifunctional Nitrogen
Sources

N 2 mol% Rhy(esp),
©/\ + HN-X-NHR — o
PhI(OAC),, MgO

N-X-NHR

1 equiv 1.1 equiv FPrOAc
Entry X R % Conversion®
1 C=0 Tces 40
2 S(0),0 Mbs 0
3 S(0),0 Troc 0
4 S(0),0 Boc 0
5 S(0), Troc 70°
6 S(0), Boc 100 (76)
7 S(0). CO,Me 100 (84)
8 S(0), CH,Ph 0

“Conversion estimated from integration of the "H NMR spectrum of
the reaction mixture. Parentheses denote isolated yields. Product
could not be isolated due to its instability on SiO,. Tces = 2,2,2-
trichloroethoxysulfonyl.

hydroxylamine-derived sulfamate reagents showed little prom-
ise and resulted primarily in decomposition of both the
nitrogen source and styrene (entries 1—4). By contrast, alkene
aziridination occurred smoothly using N-carbamoyl sulfamides
(entries 5—7). Experiments with N-benzylsulfamide, however,
failed to give any of the desired product (entry 8). In the
presence of PhI(OAc),, MgO, and 2 mol % Rh,(esp),,
reactions with H,NS(O),NHBoc (entry 6) and the corre-
sponding methylcarbamate derivative (entry 7) performed best
and gave the desired aziridine products in yields exceeding
75%."° Both aziridine derivatives are stable to isolation by silica
gel chromatography (the Troc compound, entry $, is not) and
were used in subsequent experiments to optimize the desired
rearrangement to the cyclic sulfamide. The Boc-derivative
(entry 6) was ultimately selected given the ease of preparation
of this reagent and the convenience of the tert-butoxycarbonyl
as an amine protecting group. As depicted in Figure 2, the
successful rearrangement of the aziridine product furnishes the
corresponding cyclic sulfamide in high yield. These hetero-
cycles are broadly useful materials that appear in pharmacologic
molecules and serve as precursors to N-Boc-1,2-diamines."!
Isomerization of aziridine 1 to sulfamide 2 can, in principle,
be induced by a Lewis acid catalyst or with an appropriate
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Figure 2. An optimized, one-flask process for cyclic sulfamide
preparation.

nucleophilic reagent.® While the former failed to give any of the
desired cyclic sulfamide, treatment of aziridine 1 with Nal in
DMEF proceeded at room temperature and furnished the
desired product in 74% yield as a single isomer.'> The efficiency
and selectivity of this process and the preceding aziridination
step are sufficiently high that isolation of the intermediate
aziridine is superfluous. Accordingly, the optimized protocol for
conversion of styrene to 2 is performed in a single flask; once
the aziridination reaction is complete, a solution of Nal in DMF
is added and the desired isomerization ensues. Under these
conditions, the product heterocycle is obtained in 73% yield as
a white crystalline solid.

Cyclic sulfamide formation occurs in modest to high yield
with a range of mono- and disubstituted alkenes under
conditions that employ limiting amounts of substrate (Table
2). Reactions with styrene-type olefins are most efficient and
products are furnished as single isomers, consistent with I~
opening of the intermediate aziridine at the benzylic carbon
center (entries 1—4). Both acyclic and cyclic aliphatic olefins
will engage in this diamination reaction (entries S—12). In
general, product yields from oxidation of terminal alkenes are
elevated compared to those obtained when cis- or trans-
disubstituted olefins are employed as substrates. The rearrange-
ment reaction in these cases proceeds regioselectively to give
the sulfamide products as single isomers. For alkenes that
engage less effectively in the aziridination reaction, increasing
the number of equivalents of the substrate can result in marked
improvement in reaction performance."® Aziridination of both
1,1-disubstituted and trisubstituted olefins is also effective
under these reaction conditions. Surprisingly, however, these
products have proven recalcitrant to isomerization under a
variety of conditions tested.

Although cyclic sulfamides generally require forcing con-
ditions of heat and strong acid to induce ring opening, N-Boc-
protected derivatives are considerably more labile. When these
materials are heated in an aqueous solution of pyridine, the
SO,-moiety is excised to give the mono-Boc diamine (Figure
3).” The product can be isolated following an extractive
workup and purified as needed. These conditions have been
employed on substrates bearing functional groups that include
nitriles, esters, and even pinacolboron. The application of cyclic
sulfamides as precursors to 1,2-diamines should enjoy greater
use with the availability of this mild method for ring opening.

Syntheses of (+)-enduracididine and (#)-allo-enduracidi-
dine, amino acid components of the naturall?r occurring
macrocyclic polypeptide antibiotic enduracidin,'>'® are made
possible from allylglycine by employing our alkene diamination
reaction (Scheme 1). Treatment of 3 with MgBr,-OEt,
promotes selective cleavage of the N-Boc sulfamide.'’
Chromatographic separation of the syn and anti diasteromers

Table 2. Cyclic Sulfamide Formation with Selected Alkenes

Entry? Substrate Product Yield?
BocN 2
0CN~S5
o, 0
2 ©A\/\OAC BooN' > NH 77¢
Ph ""'/OAc
o O\\ «/O
N
2 A BooN">"NH 75
3 )_/
Ar
Me N O\S,/O
4 \Ej\ BocN™"NH 20
Me
Ar

2

H
o o) N o
vm /©/ V\[ S:i 45
(pin)B N O

(pin)B oc
BocHN BocHN HN-§=0
6 NBoc 564
MeO,C ~ MeO,C

AcO o “‘“Ovﬁ
7 3 |
AcO"
OAc

H
0,0 N 0O
heo K 55¢
AcO™ N O
OAc

H
91 o Mg .
8 N N N o 63
Boc
0,0
9 — BocN™ ™ 'NH 39¢
Me—/_\—OSi‘BuMez )—&,
Et OSi'BuMe,
o0
B N'S‘NH
10 Me/\/\CN oC| 18¢
Me *—CN

H
@ N O ;
S c,
11 o 42
B
N o
(:[ < 770/
N O
H

“Reactions were performed in i-PrOAc with 1 equiv of substrate, 2
mol % Rh,(esp), 1.1 equiv of BocNHSO,NH,, 1.1 equiv of
PhI(OAc),, and 2.3 equiv of MgO. After the completion of the
aziridination reaction, 1.1 equiv of Nal and DMF were added to
induce rearrangement. bIsolated yields following chromatographic
purification. “Product isolated as a single diastereomer. “dr = 1:1. “See
ref 14./Reaction performed with 10 equiv of substrate.

is followed by a one-step transformation of 4 to Tces-protected
guanidine 6. Deprotection of this material is achieved in a single
operation that involves ester hydrolysis with LiOH and
hydrogenolytic Tces-cleavage to furnish (+)-enduracididine.
(£)-Allo-enduracididine can be prepared from sulfamide §
following an analogous sequence. Overall, the preparation of
both natural products requires just four steps from
commercially available (+)-allylglycine N-Boc methyl ester,
underscoring the effectiveness of the alkene diamination
reaction.
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Figure 3. Facile hydrolytic ring opening yields differentially protected
1,2-diamines.

Scheme 1. Synthesis of Enduracididine and Allo-
enduracididine®

O\\SfQ a ~d Os¢
S-NH NHB S-NH NHB S-NH NHB
BocN ¢ — N oc HN 3 oc
CO,Me CO,Me CO,Me
3 4 5
o ® b RN *H,N
> NH  NHBoc HN%NR c HN>\\NH NHg*
AL ’ A AN -
CO,Me CO,
4 6 (+)-enduracididine
+
O\‘S'Q R’\i\\ . H,N
T +
un NH NHBoc L JUNR W = HN NH NH;
CO,Me A €O,
5 7 (z)-allo-enduracididine

“Conditions: (a) MgBr,-OEt,, CH;CN, 60 °C, 61% (separable 1:1
mixture of diastereomers); (b) TcesN=C(SMe)CI, Pr,NEt, DMAP,
CH,CN, —25 °C; then CLLCCH,OH, 50 °C, 42%; (c) LiOH (aq),
THF/H,0; then CF;CO,H, cat. Pd/C, H,, 44%. R = Tces.

An efficient and selective process has been delineated for the
synthesis of differentially protected 1,2-diamine derivatives
through a two-step sequence involving alkene oxidation/
isomerization and sulfamide ring opening. This chemistry is
easily performed and applicable for use with a range of
structurally disparate mono- and disubstituted alkenes. The
effectiveness of such technologies for the construction of C—N
bonds is displayed in a concise preparation of the guanidinium
natural products, (+)-enduracididine and (+)-allo-enduracidi-
dine.
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