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Amination reactions of saturated—@& bonds hold great
potential as methods for the synthesis of amines and amine
derivativest? We have recently delineated one such process that
makes possible the conversion ¢f darbamates to oxazolidin-
2-ones using dinuclear Rh carboxylate cataly$isrther explora-
tions of this chemistry have guided us to sulfamate edtéfiggure
1). This uniquely reactive class of compounds affords six-
membered ring insertion produc®sthrough exclusivey-C—H
bond aminatior.Such findings contrast distinctly the reactions
of carbamates and serve to define a new, exceptionally versatile
strategy for the preparation of 1,3-amino alcohols and related
B-amino acidg. Additionally, we have demonstrated that these
seldom described oxathiazinane heterocy2lean be converted
following N-carbamoylation into reactive alkylating agents.
Nucleophilic displacement reactions of these electrophiles afford
1,3-difunctionalized compounds with marked efficiency. The
chemistry described herein thus offers powerful methodology for
the construction of myriad amine-derived materials through
selective, intramolecular €H oxidation.
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Figure 1. Rh-catalyzed oxidative cyclization of sulfamate esters.

Reported protocols for the synthesis of sulfamate esters
typically employ sulfamoy! chloride, CISDH,, a convenient
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Table 1. Oxidative Cyclization of Sulfamate Estérs
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a(a) Catalyst: A = Rh(OAc)s, B = Rhy(octh. (b) Reactions
conducted for~2 h with 2 mol % catalyst, 1.1 equiv Phl(OA¢hand
2.3 equiv MgO in CHCI; at 40°C; in two cases (entries 5 and 8), 5

reagent for preparative scale use made easily from inexpensiveMol % catalyst loading was employed. (c) Exclusive product as

CISO,NCO and formic acid. Condensation of CISENH, with
most T and 2 alcohols (pyridine, CECl,) furnishes the target
sulfamates in 6575% yield® These substrates react rapidty

h) at 40°C with Phl(OAc), MgO, and 2 mol % R}{OAc), to
afford the corresponding six-membered ring insertion products
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Soc.1999 121, 8959-8960. (e) Horstmann, T. E.; Guerin, D. J.; Miller, S.
J. Angew. Chem., Int. EQ00Q 39, 3635-3638.
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determined by'H NMR of the unpurified reaction mixture. (d)
Exclusive product as determined By NMR of unpurified reaction
mixture; stereochemistry established by nOe experiments. (e) 13:1 syn/
anti by 'H NMR. (f) 4:1 syn/anti by!"H NMR. (g) 8:1 cis/trans byH

NMR. (h) Product isolated by crystallization; conversiorr 7% from

'H NMR of the unpurified reaction mixture.

through selective’-C—H insertion (Table 1§:® The strong bias
for oxathiazinane formation is presumably accounted for by the
elongated SO and S-N bonds (1.58 A) and the obtuse-$—0
angle (103) of the sulfamate, which match closely the metrical
parameters of the heterocy€leNonetheless, it is possible to
generate efficiently the five-membered sulfamidate in systems for
which no alternative cyclization pathway is available (entry 9).
C—H amination under Rh-catalysis has general applicability
with a range of structurally disparate starting materials. High
product yields are obtained for sulfamates possessthgn@l
benzylic C-H centers nearly without exception. Although
3° C—H bonds react in preference t 2 CH, units (entry 1),
amination of unactivated-CH, groups is catalyzed effectively.

(7) As determined byH NMR of the unpurified reaction mixture.

(8) Rhy(OAC), and Rh(oct), can be employed interchangeably with no
apparent difference to the reaction outcome.

(9) An X-ray structure of the product from entry 4 has@ and S-N
bond lengths of 1.59 A and an-N6—0O angle of 108. Conversely, the
N—S—0O angle in sulfamidates is 95see: Gritsonie, P.; Pilkington, M.;
Wallis, J. D.; Povey, D. CActa Crystallogr.1994 C50, 763-765.
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Figure 2. Representative oxathiazinane ring-opening reactions.

Notably, good to excellent levels of 1,3-diastereoselective induc-
tion are recorded for substrates derived frohalzohols having
prochiral —CH, centers (entries 2, 4, 5, 1 Preference for the
1,3—synisomer ranges from 4 te 20:1, as evidenced in entries
2,4, and 5, and is consistent with the cyclization event proceeding
through a chairlike transition statel1,3-Asymmetric induction
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a(a) CISQNH;, CsHsN, CH:Cly, 70%; (b) 2 mol % RKHOAC)s,
PhI(OAc), MgO, CHCl,, 91%; (c) CBzClI, Na@u, 75%; (d) aq CHCN,
then cat. TEMPO, NaOCI, NaCK)81%.

of a single-step method for the conversion ®to the corre-
spondingN-CBz-3-amino acid8 (eq 1)#¢ Addition of H,O to 3
followed by treatment of the resulting alcohblwith catalytic
TEMPO, NaOCI, and NaCl9(phosphate buffer, pHz 3—4)
produces the target compoumtCBz-3-phenylalanine, in 80%

ield without recourse to intermediate purification sté&p8y

in systems such as these can be exploited for the purpose ofopjoining sulfamate ester cyclization with this oxathiazinane ring

establishing stereogenic amine centers from remote alcohol
groups. Importantly, reactions with chiral substrate probes (entry
3) confirm that sulfamate insertion is stereospeéificThus, C-H
amination is suited ideally for thenantiospecifipreparation of

guaternary stereocenters given the challenges associated with th

asymmetric synthesis of such functional units.

The structural homology between oxathiazinar®scyclic
sulfates, and sulfamidates suggested to us that the forme
compounds could serve as useful electropHitég our knowl-
edge, only two prior reports have demonstrated that nucleophilic
ring-opening of these heterocycles is indeed possible. In both
examples, however, vigorous reaction conditions were employed
(e.g., NaCN, DMF, 130C).1> We reasoned that carbamoylation
of the —NH moiety might improve the electrophilic reactivity of
2. Accordingly,N-CBz oxathiazinane8 and5 were synthesized
using CBzCl and NaBu (80-90%). Ring-opening of these
compounds occurs smoothly wittf Aand 2 amines, thiolates,
AcO™~, and Ny~ nucleophiles (Figure 2¥ At slightly elevated
temperatures (4%5C), even weakly reactive species such as water,
1° and 2 alcohols add to3 and 5.7 The remarkably facile
displacement reactions BFCBz oxathiazinanes vis-@s 2 raise
considerably the utility of these heterocycles for synthesis.
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The effectiveness of the hydrolytic ring-opening fCBz
oxathiazinang& in aqueous CkECN has enabled the development

(10) Stereochemical assignment is basedtdtNMR coupling constants
and an X-ray crystal structure for entry 4. Product ratios are determined by
H NMR integration of the unpurified reaction mixture.

(11) A similar proposal has been made by Yang to account for the observed
levels of diastereoselectivity in intramolecular oxidation reactions of dioxiranes,
see: Yang, D.; Wong, M.-K.; Wang, X.-C.; Tang, Y.-€.Am. Chem. Soc.
1998 120 6611-6612.

(12) Stereospecific €H insertion has been shown in Rh-catalyzed reactions
of diazoalkanes, see: Taber, D. F.; Petty, E. H.; Raman]. K&m. Chem.
So0c.1985 107, 196-199. Also, see: Taber, D. F.; Stiriba, S.€€hem. Eur.

J. 1998 4, 990-992 and references therein.

(13) For a leading review on the synthesis d&tereocenters, see: Corey,
E. J.; Guzman-Perez, MAngew. Chem., Int. EA.998 37, 388-401.

(14) For recent references on the chemistry of cyclic sulfates and sulfa-
midates, see: (a) Lohray, B. B.; Bhushan,Atlv. Heterocycl. Chem1997,

68, 89—-180. (b) Boulton, L. T.; Stock, H. T.; Raphy, J.; Horwell, D. C.
Chem. Soc., Perkin Trans. 1999 1421-1429 and references therein. (c)
Byun, H.-S.; He, L.; Bittman, RTetrahedron200Q 56, 7051-7091.
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opening-oxidation protocol, we have further advanced a concise,
asymmetric synthesis oR[-N-CBz3-isoleucinel3 (Scheme 1}°
Synthesis 0fL3 (1.8 g) is thus accomplished in four straightfor-
ward and readily scalable steps fro8)-8-methyl-1-pentandd.?°

§he multigram preparation df3 illustrates the salient potential

of our C—H insertion reaction for the efficient assembly of chiral
amino acids and optically pure quaternary centérs.
Intramolecular C-H amination using commercial Rh-catalysts,
PhI(OAc), and MgO offers a practical solution for the controlled
oxidation of saturated €H bonds. Reactions of sulfamates with

2 mol % Rh(OACc),, PhI(OAc), and MgO vyield selectively six-
membered ring oxathiazinanes. These novel heterocycles are
shown to have exceptional value as precursors for 1,3-amino
alcohols S-amino acids, and numerous other 1,3-difunctionalized
amine derivatives. In addition, asymmetric quaternary centers are
constructed with absolute stereocontrol. As such, these new
chemistries should find broad application in synthesis.
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