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ABSTRACT
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A general, high yielding method for the synthesis of 1,2-diamine derivatives is described that capitalizes on selective, rhodium-catalyzed C—H
insertion of hydroxylamine-based sulfamate esters. The resulting Troc-protected oxathiadiazinane heterocycles are easily modified and can be
reduced under the mild action of Nal to afford differentially substituted diamine products. This technology offers a number of salient
improvements over related C—H and s-bond amination tactics for diamine synthesis.

Vicinal diamines, particularly those with non-equivalent
nitrogen substitution, appear as ubiquitous structural
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elements in designed molecules and natural products
(Figure 1)." Such compounds enjoy far-ranging applica-
tion in areas that include materials science,” catalysis and
coordination chemistry,’ and medicinal chemistry.* The
lack of convenient methods for the preparation of 1,2-diamine
derivatives, however, remains a problem in synthesis,’
complicated by an unavoidable reliance on serial functional
group interconversion. The application of C—H amination
technology for 1,2-diamine assembly can, in principle,
streamline access to such structures.*’ Our efforts to
delineate a general solution for preparing differentially
substituted 1,2-diamines have led to the identification of a
novel family of N-protected hydroxylamine sulfamates
that react under the action of a dirhodium catalyst to give
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[1,2,3,6]-oxathiadiazinane-2,2-dioxide he:terocycles.8 Herein,
we describe the synthesis and unique properties of N-Troc-
derived oxathiadiazinanes as masked 1,2-diamine equiva-
lents. This chemistry offers a general method for vicinal
diamine preparation in a minimal number of steps from
simple alcohol starting materials.

excitatory
amino acid

antimalarial antithrombotic steroidal derivatives
Figure 1. 1,2-Diamine derivatives as a recurring structural motif
in biologically active, naturally occurring and designed mole-
cules.

In considering the potential utility of C—H amination
for the preparation of substituted 1,2-diamine products,
our earliest efforts focused on the development of intra-
molecular oxidative cyclization of urea substrates.” Such
compounds were found to engage in dirhodium-mediated
amination to afford imidazolin-2-one heterocycles. The
stability of these products toward hydrolysis, coupled with
the somewhat restricted substrate range of the C—H
amination process, prompted subsequent investigations
to identify alternative nitrogen sources that would (1)
engage in C—H amination reactions with functionally rich
starting materials and (2) afford heterocyclic products that
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could be easily modified and cleaved to give the desired vic-
diamines. Hydroxylamine-based sulfamate esters appear
to satisfy both of these requirements (Figure 2).'°
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Figure 2. Access to differentially substituted vicinal diamine
products is facilitated through directed C—H amination to form
oxathiadiazinane heterocycles. Tces = 2,2,2-trichloroethoxy-
sulfonyl; Troc = 2,2,2-trichloroethoxycarbonyl.

Reagents of the general form RNHSO,NH; in which R
is either a sulfonyl or carbamoyl group are accessible in
multigram quantities from hydroxylamine hydrochloride.
These sulfamate derivatives react with 1° and 2° alcohols
under Mitsunobu conditions to give substrates suitable for
C—H amination. The choice of R group influences the
performance of RNHSO,NH, in the displacement reac-
tion, as evidenced in Table 1. Treatment of cyclohexyl-
methanol with either MbsNHOSO,NH, or TrocNHOSO,-
NH, leads efficiently (>85%) to the respective sulfamate
derivatives. By contrast, use of the analogous N-Boc
reagent results in a decreased yield of 1 due to competing
formation of the regioisomeric N-alkylated material (2:1
mixture of N- and N’-products). It appears that a large
differential acidity between the NH protons in these
sulfamate nucleophiles is necessary for optimal perfor-
mance in the Mitsunobu process.

For substrates such as 1, we have found that the effici-
ency of the Rh-catalyzed C—H insertion reaction is depen-
dent on the choice of hydroxylamine protecting group
(Table 1). Tertiary and benzylic substrates derived from
MbsNHSO,NH, can be oxidized with 2 mol % Rhy(esp),
and PhI(OAc), in modest to high yields. These starting
materials show a strong bias toward six-membered ring
formation, as noted with other sulfamate derivatives.'%!!
Analogous N-Boc structures perform poorly, generally
giving products in low to modest yields and returning
variable amounts of unreacted starting material. Attempts
to optimize C—H amination with the N-Boc substrate class
by changing solvent conditions, catalyst, and reaction
temperature have met with limited success.

N-Troc-protected hydroxylamine sulfamates can be
oxidized efficiently in the presence of a dirhodium catalyst
and PhI(OAc), to furnish oxathiadiazinanes across a range
of different structural types (Table 2). Oxidative cyclization

(10) Olson, D. E.; Du Bois, J. J. Am. Chem. Soc. 2008, 130, 11248—
11249.

(11) Rhy(esp), = Rhy(a,0,0’ o -tetramethyl-1,3-benzenedipropionate),
and is commercially available from Aldrich.
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Table 1. Evaluating N-Activating Groups for Both Mitsunobu
Coupling and C—H Amination Reactions

Table 2. Oxidative Cyclization of N-Troc Hydroxylamine-
Derived Sulfamate Esters

OH RNHOSO,NH o, 0 [0 0“5”0 00 2 mol % Rhy(esp) Og?
b N P g7 mol % es PN
Koz 4ot M op; A9 Ry o, T TERPR AN TO
. NR '
PPh,, DEAD NR Rh cat. O\’ R1/\/NT'°° PhI(OAC),, MgO RR foe
THF PPrOAc !
1 2
a iald?
entry® R group yield 1 solvent conversion 2° entry substrate product yield
1 Mbs 97 PhH 100 (99) 0,0 0P
1 i HN "0 88
2 Boc 52 PhH 29 () O\/Q NH, Wroc
3 Boc - "PrOAc 76 (-) NTroc OV
4 Troc 88 ‘PrOAc 100 (88)
0P 0P
“ Amination reactions were performed with 2 mol % Rhs(esp),, 1.1 HN"""0 HN"""0
equiv of PhI(OAc),, and 2.3 equiv of MgO. Product conversion 2 NTroc GNTFOC 75
estimated by 'H NMR integration of the unpurified reaction mixture. O/
Values in parentheses represent isolated product yields following chro-
matography on silica gel. O\S,,O Q\s,,o
HN"""0 HN7"0
. . 3 NTroc NTroc 81°¢
of substrates possessing 3°, benzylic, ethereal, and 2° C—H Cﬁ Cﬁ’
centers matches or exceeds the performance of the analo-
gous Mbs-derivatives.!? Additionally, the Troc hetero- o, .0 0, 0
. . . e i
cycles may be purified using standard chromatographic MeO H,N"""0 MeO HN""O
or crystallization techniques and are stable to subsequent 4 /@ONTW" /@@/NT“’C 83°
manipulations (vide infra). Mbs-substituted oxathiadia- MeO MeO
zinanes are prone to unusual base-mediated fragmenta- 0 o o o
tion reactions, which can complicate purification, reduce Me o:\s’iNH HNI‘S’ZO
. . . . 2 -
isolated product yields, and prevent any modification of MeO. C)\/r'q‘rroc MeO. C‘\\~+\/NTroc 61
the heterocycle except for reductive ring opening.'* N-Troc 2 7 Me
oxathiadiazinanes suffer none of these liabilities. N o. o
2| 27 N\

The potential utility of our diamination method is
perhaps best illustrated with the cyclopentyl-derived sulfa-
mate depicted in entry 2 (Table 2). C—H amination reac-
tions of carbamates and ureas derived from 2° cyclo-
alkanols generally fail to give even trace product.'* The
cyclopentyl sulfamate, however, affords the desired inser-
tion product as a crystalline solid in 75% yield, a com-
pound that can be readily processed to the corresponding
diamine (see Figure 4). This particular insertion reaction
has been performed on > 1 g scale with no dimunition in
yield. Similarly, we have prepared a related diamine deri-
vative from 2-indanol (entry 3). In this example, the analo-
gous Mbs-substituted oxathiadiazinane could not be iso-
lated due to its intrinsic instability.

The oxidation of unfunctionalized 2° methylene centers
in acyclic substrates is often complicated by poor catalyst
turnover numbers and low isolated product yields. This
point is exemplified with the n-butyl-derived substrate

(12) In general, Rh-catalyzed oxidations of Troc-protected sub-
strates are quite efficient. The product oxathiadiazinanes, however,
are typically isolated in slightly lower yields than would be expected
from "H NMR analysis of the unpurified reaction mixtures, a result that
may stem from problems of solubility of these crystalline materials. In
some cases, isolation of the pure crystalline product can be accomplished
without recourse to chromatography. Details are provided in the
Supporting Information.

(13) (a) Trost, B. M.; Malhotra, S.; Olson, D. E.; Maruniak, A.; Du
Bois, J. J. Am. Chem. Soc. 2009, 131, 4190-4191. (b) Olson, D. E.;
Maruniak, A.; Malhotra, S.; Trost, B. M.; Du Bois, J. Org. Lett. 2011,
13, 3336-3339.

(14) Espino, C. G.;, Ph.D. Thesis, Stanford University, July 2004.
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equiv of PhI(OAc),, and 2.3 equiv of MgO. bIsolated yield of product
following chromatography on silica gel, except where noted. ¢ Product
isolated by filtration of the reaction mixture; see Supporting Informa-
tion for details. “Value represents product conversion based on 'H
NMR integration of the unpurified reaction mixture.

MegSi _~_ NTrac

shown in entry 7. Mechanistic evidence for related sulfa-
mate oxidation reactions suggests that insertion proceeds
through a concerted asynchronous transition state.'” In
principle, judicious placement of a silyl substituent one
carbon removed from this center could impact the overall
efficiency of the amination process by stabilizing charge
polarization in the transition structure. This effect has been

(15) (a) Lin, X.; Zhao, C.; Che, C.; Ke, Z.; Phillips, D. L. Chem.—
Asian J. 2007, 2, 1101-1108. (b) Huard, K.; Lebel, H. Chem.—FEur. J.
2008, /4, 6222-6230. (c) Fiori, K. W.; Espino, C. G.; Brodsky, B. H.; Du
Bois, J. Tetrahedron 2009, 65, 3042-3051.
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Figure 3. Troc-protected compounds are readily functionalized
at the sulfamate nitrogen.

documented once prior in carbenoid C—H insertion chem-
istry and appears to translate to the Rh-catalyzed oxida-
tion of sulfamate esters, as shown in entry 8.

00 Nl B NHAc

RN 0C

RN O . NHTroc
Mo ———=  MegSis_J\_NHTroc é’

R; DMF

Rz 69% 62%

Figure 4. Mild reductive cleavage of oxathiadiazinanes yields
differentially protected diamines.

Troc-protected oxathiadiazinanes may be easily mod-
ified at the N3 position under standard acylation or
alkylation conditions (Figure 3). These results contrast
rather markedly the chemistry of analogous Mbs-derived
heterocycles, which fragment to liberate MbsNH, even
under mild base treatment.'*> We have ascribed these
differences in reactivity to subtle alterations in ring con-
formation influenced by the different N6 protecting
groups; the mechanism(s) for N-Mbs oxathiadiazinane
cleavage, however, remains opaque. In practice, the avail-
ability of N-Troc oxathiadiazinanes and their favorable
reactivity with electrophilic reagents should expand the
utility of this family of heterocycles for diamine synthesis.

Differentially modified 1,2-diamines can be accessed by
mild N—O bond reduction. We have previously shown
that hydrogenolytic N—O cleavage of Troc-protected ox-
athiadiazinanes is feasible with H, and catalytic Pd/C;'**

(16) (a) Ishii, S.; Zhao, S.; Mehta, G.; Knors, C. J.; Helquist, P. J.
Org. Chem. 2001, 66, 3449-3458. (b) An analogous observation has been
noted in Rh-carbene C—H insertion reactions. H. M. L. Davies, personal
communication.
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competitive deprotection of the Troc-group, however, can
sometimes interfere with the application of this method.
This problem is completely avoided by utilizing Nal as a
reducing agent (Figure 4). Under these conditions, the
mixture of N-Troc oxathiadiazinane and I~ turns red,
presumably due to the formation of I,. This change in
solution color provides a convenient indicator of reac-
tion progress. The reaction of oxathiadiazinanes with I~
is one of only few reports demonstrating the use of this
reagent for heteroatom bond reduction.'” As evidence of
the unique reactivity of N-Troc oxathiadiazinanes toward
1", other hydroxylamine derivatives, such as uracil sulfa-
mate 3, fail to undergo N—O bond reduction when sub-
jected to Nal, even at elevated temperatures. Instead,
hydrolysis of the sulfamoyl group simply results in the
formation of the corresponding hydroxylamine 4 (eq 1).

HoN. 9
O. ==
ﬁ/\\ o Nal §\/\N O o~y -OH
HN N NN
\(( Troc \\( Troc
0 DMF, 70 °C o d b
>< 88% MeXMe

Troc-protected hydroxylamine-derived sulfamates are
made available from alcohol starting materials and have
proven to be effective substrates for Rh-catalyzed C—H
insertion. Oxathiadiazinane products of varying complex-
ity are formed in high yield, are stable to isolation and
derivatization, and submit to mild reductive cleavage
to afford value-added, differentially substituted diamine
structures. All told, these findings should serve to advance
C—H amination as a tool for chemical synthesis.
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