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The dirhodium tetracarboxylate, Rh  ,(S-TCPTAD),, derived from adamantylglycine, is an effective chiral catalyst for both inter- and intramolecular
C-H aminations.
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The development of practical catalytic methods for the been greatly enhanced due to improved methods for the
functionalization of unactivated -€H bonds is an area of  synthesis of rhodium nitrene intermediates (Scheme 1). The
intense current interetConsiderable advances have been
made in recent years in many types of transformations, suc

as C—H oxidatiorf, C—H borylation?} C—H alkylation? Scheme 1. Generation of Rh Nitrene Intermediates
C—H arylation? and C—H aminatiof.C—H amination has o® Nl
X/N_NEN Breslow _ X’ =IPh
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process has been beautifully illustrated by Du Bois in the

total synthesis of complex natural products such as tetro-

dotoxin'® and saxitoxint! Recently, Lebel reported that

During our studies on enantioselective intermolecutaiHC
alkylation, we discovered that adamantane could be readily
functionalized, and we have applied this chemistry to the

tosyloxycarbamates can be used as a nitrene precursor, andynthesis of the adamantylglycine catalyst,(PTAD),

this approach also has great synthetic poteftial.
The next natural extension for the C—H amination field
is the development of effective chiral catalysts for this type

(Scheme 2}2 This catalyst tends to give higher enantiose-

of transformation. Chiral copper catalysts were successfully scheme 2. Synthesis of R{S-PTAD) and RR(S-TCPTAD)

applied to intermolecular aziridinatidf, but dirhodium

tetracarboxylates are the most widely used catalysts for the

C—H amination chemistr§/-° Several chiral catalysts have

been applied using preformed iodinanes as the nitrene

precursoi* One of the most notable catalysts has been the
rhodium phthalimide catalyst developed by Hashimoto, of
which Rh(STCPTTL), is considerably better at asymmetric
C—H amination than the unchlorinated analogue;(Bh
PTTL)..!® The related catalyst R{S-NTTL), developed by
Mdiller (Figure 1) also shows promise in this chemisfry.
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Figure 1. Chiral dirhodium catalysts.

Other effective catalysts have been manganese salen catalysts

developed by Katsuki®fand manganese porphyrin catalysts
developed by Ch&!4*~9Che has also demonstrated that a
ruthenium porphyrin catalyst is effective in Gtaminations
where the iodinane is generatidsitu.l’
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lectivity than RR(SPTTL), in carbenoid reactionS.There-
fore, we became interested to see how effective(®h
PTAD), and its chlorinated derivative RS-TCPTAD)
would be in C—H amination reactions.

The new catalysts were tested under the €ba Bois
conditions where the nitrene precursors are genemtsitL.
As can be seen in the standard reaction for functionalizing
indane, RS TCPTAD), was the most effective catalyst
studied (94% ee) (Table 1). Our traditional catalyst for

Table 1. Comparison of Chiral Dirhodium Catalysts

NHNs
NsNH,/PhI(OAC), :
©:> TFT, catalyst @
5

catalyst yield, % ee, %
Rhy(OAc)4 45
Rhy(S-TCPTAD), 95 94
Rhy(S-PTAD), 86 59
Rhy(S-TCPTTL)4 88 79
Rho(S-PTTL)4 81 43
Rha(S-DOSP)4 49 (=11
Rho(S-TBSP),4 25 (-)31
Rho(S-NTTL)4 56 34
Rho(S-MEOX), 12 10

carbenoid chemistry, R{S-DOSP), resulted in low enan-
tioselectivity (11% ee) as did R{5-MEOX), (10% ee) and
Rhy(S-NTTL), (34% ee). As expected from the literatipe,
Rh(S TCPTTL), gave relatively high asymmetric induction
(79% ee) but did not match the results with £
TCPTAD),.
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The Rh(S-TCPTAD)-catalyzed reactions were then ex-

the reaction temperature. The absolute configuratio@pf

amined with a range of substrates, and the results are7a, and7c were shown to beR) by comparison of optical

summarized in Table 2. The most efficient conditions for

Table 2. Rhy(S-TCPTAD)-Catalyzed Intermolecular C—H
Aminatior?

NsNH,/PhI(OAc), NHNs
17 Np2 T
RUR 2% Rhy(S-TCPTAD), R'R2
6 7
compound product yield, % ee, %
NHNs
a [::]/\\ 86 74
NHNs
s 92 62
- D
MeO
NHNs
- 82 73
- O
NHNs
\ 75 76
d
(o]
NHNs
: 85 74
e
MeO
(e}
NHNs
\ 70 73
f
Br
o
NHNs
' 65 78
g

=

aGeneral procedure: A solution of Phl(OAdL.5 equiv) in trifluoro-
toluene (10 mL) was added over 30 min to a solution of substrate (5 equiv),
NsNH; (1 equiv), MgO (2.3 equiv), and the catalyst (2 mol %) in
trifluorotoluene (15 mL) at 23C. The reaction mixture was sirred for 3 h
and then filtered to remove the precipitated solids. The filtrate was
concentrated, and the residue was purified by column chromatography.

carrying out these reactions were addition of a solution of
PhI(OAc), in trifluorotoluene to a solution of the substrate
(5 equiv), NsNH, MgO, and the catalyst in trifluorotoluene
at room temperature. This resulted in the formation of the
products in good vyields (6592%) and reasonable enanti-
oselectivities (62—78%). An excess of the substrate is
optimal for these reactions as the efficiency of the reaction

decreases considerably if less trapping agent is available.

rotation with literature value®.The absolute configurations
of the other products are tentatively assigned to Rehy
analogy.

Selective C-H amination could be very useful for the
rapid synthesis of pharmaceutical agents. An illustration of
this potential is the enantioselective synthesis of the (R)
enantiomer of the anti-Parkinson agent Rasagi®etiown
in Scheme 3? Alkylation of the sulfonamide5a with

Scheme 3. Synthesis of Rasagiline

propargy!
bromide. Eggi-l CH,OH @E?
KoCO3 2112

75% HN\\\

9

NsN
\ 64%
s\

propargyl bromide to forn8, followed by removal of the
nosyl group in8 using Fukuyama’'s protocé?, readily

generates®. Both enantiomers of RGTCPTAD), can be
accesseéf and so, in principle, either enantiomer®¢ould

be selectively formed.

The RB(S-TCPTAD)-catalyzed enantioselective C—H
amination can be extended to intramolecular reactions as
illustrated in Table 3. Lebel's meth&dwas used for
generating the nitrene precursors in these examples. Reaction

Table 3. Rh(S-TCPTAD)-Catalyzed Intramolecular C—H
Aminatior?

[o]
R4
H HN%
o _N. KoCOs
Rz)\/ 3 "OTs  RnyS-TCPTAD) R17K/O
S DCM, rt Ro
10 11
compound product yield, % ee, %
O
a HN"/<O 72 82
o
O
b HN//<O [ 78
A d/k/
O
HN//<o 62 79
[
Ph/\)\/
H
O
N
d f 69 43

Because of solubility issues associated with the reagents used

in this study, the reaction could not be improved by lowering
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a General procedure: 03 (1.5 mmol, 3 equiv) and the catalyst (2
mol %) were added to a solution df-tosyloxycarbamate (0.5 mmol) in
dichloromethane (10.0 mL) at Z&. The resulting suspension was stirred
for 4 h. The mixture was filtered to remove the precipitate, and the solvent
was removed under vacuum. The product was then purified by column
chromatography.
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of theN-tosyloxycarbamatek0 generated the oxazolidinones
11 in good yields. With acyclic substratef0a—c, the
enantioselectivity was quite reasonable{82% ee) but the
C—H amination of the cyclic substraté0d was less
enantioselective (43% ee).

In summary, these studies demonstrate thab(Rh
TCPTAD), is an effective catalyst for enantioselective B—

amination. Further studies are in progress to refine the

higher enantioselectivity in both inter- and intramolecular
C—H aminations.
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