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ABSTRACT

The rhodium-catalyzed intermolecular C

—H insertion of the nitrene derived from 2,2,2-trichloroethyl-

N-tosyloxycarbamate proceeded in good

to excellent yields to produce a variety of Troc-protected amines. With cyclic aliphatic alkanes, it is possible to use only 2 equiv of substrate,
whereas the reaction with aromatic alkanes is run neat. Not only does the nitrene insertion proceed in benzylic, secondary, and tertiary C -H
bonds but also primary C —H insertion products were obtained in good yields. Finally, the use of chiral rhodium catalysts to provide an

enantioselective version of this process is discussed.

Synthetic methods to access amines are of primary impor-ported leading too-chiral amineg™ In contrast to the
tance due to the major role of nitrogen-containing molecules previous processes based on functional group transforma-
in the pharmaceutical industries. Recent advances have ledions, the G-H amination reactiorts allow the direct
to the development of various processes to produce arhines,transformation of a €H bond into a G-N bond. Hyper-

including the hydrogenation of enamideshe reductive
amination of carbonyl compoundsand the addition of
organometallic reagents to iminésAmong them, very

valent oxidative iodine reagefitare typically used in
transition-metal-catalyzed-€H insertion reactions of nitrene
species. Whereas a number of intramoleculatHCamina-

efficient catalytic enantioselective versions have been re-tions have been reportédynly a few intermolecular pro-
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cesses have been developeehd examples of highly
enantioselective reactions are even more limit¥de have
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recently reported a rhodium-catalyzed intramoleculatC || AN

insertion usingN-tosyloxycarbamates, the first alternative
method that does not require the use of hypervalent oxidative
iodine reagent¥? In this communication, we now present
the firstintermolecularrhodium-catalyzed C—H amination

of 2,2,2-trichloroethyN-tosyloxycarbamate to produce amines
in high yields. Furthermore, chiral rhodium catalysts were
evaluated for the preparation afchiral amines.

Our recent publication showed that a variety of oxazoli-
dinones could be synthesized fravrosyloxycarbamates in
the presence of potassium carbonate and a rhodium(ll)
triphenylacetate dimer as the catalyst, via an intramolecular
C—H insertion reaction (eq 2.

R? o}
H .
KoCOj3 (3 HN
RZJ\/O\H/N‘OTS _KeCO4 B equiv) '40 ™)
X Rh,(TPA), (6 ol %) R1%
R

©
DCM, 25 °C 64.84%

Intermolecular nitrene insertion processes are more chal-

lenging due to the propensity of the metal nitrene species to
readily decompos&. Furthermore, competition between
intermolecular and intramolecular reactions must be avoided,
and thus an intermolecular reaction also require®N-a
tosyloxycarbamate reagent with no (or less) reactiveHC
bonds that could compete via an intramolecular pathway.
We prepared a number bFtosyloxycarbamate derivativés

to be tested as reagents in the intermolecutaHGnsertion

of cyclohexane (Table 1). Initially, we used 10 equiv of

Table 1.

Intermolecular Rhodium-Catalyzed C—H Amination
using VariousN-Tosyloxycarbamates (Equation 2)

O (10 equiv)
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R J ors _feCO@emim Q @
0" N Rho(TPA), (5 mol %) 0 H
DCM (0.1 M), 25 °C
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a|solated yieldsPintramolecular insertion product isolated in 41% yield.

replacing the reactive-€H bond by a carbonhalogen bond,
such as in 2,2,2-trifluoroethyl- or 2,2,2-trichloroethyi-
tosyloxycarbamate, proved to be successful (entries 7 and
8). The 2,2,2-trifluoroethyN-tosyloxycarbamate is prone to
readily decompose and led mostly to the corresponding
carbamate (CIEH,OC(O)NH,). This is probably due to the

cyclohexane and the same reaction conditions developed forStrong electronegativity of the fluorine atom. Using the 2,2,2-

the intramolecular process. Both methyl- and etNyl-

trichloroethyl-N-tosyloxycarbamate, which contained less

tosyloxycarbamates were found to be quite unstable under€l€ctronegative chlorine atoms, led to higher yields, and the
the reaction conditions and readily decomposed (entries 19€sired Troc-carbamate product was obtained in 71% yield

and 2). Primary €&H bonds of thetert-butyl-N-tosyloxy-

(entry 8). Generating amines containing a Troc protecting

carbamate were reactive enough to lead to the formation of 9r0UP iS very convenient, as it can be readily and selectively

the corresponding oxazolidinone in 41% yield (entry 3).
Allyl- and benzylN-tosyloxycarbamates, in which the reac-

tive C—H bond is replaced by an alkene or a phenyl group,
led to a mixture of products (entries—). Conversely,
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removed using mild reaction conditiohs.

We have optimized the reaction conditions for the
intermolecular C—H insertion of 2,2,2-trichloroethyl-N-
tosyloxycarbamate with cyclohexane and Indane using vari-
ous catalysts and solvents (see Supporting Information for
details). We found that a higher concentration helps the
desired intermolecular reaction. Furthermore, for aliphatic
alkanes, a more polar and aprotic solvent such as tetrachlo-
roethane led to a better yield for the-@&l insertion product.
Indeed, when using 10 equiv of cyclohexane, 92% yield of
the desired amine was obtained (Table 2, entry 1). Decreasing
the number of equivalents of cyclohexane to 5 and 2 provided
the protected cyclohexylamine in 85% and 73% yield,
respectively. Similar yields were obtained with cyclooctane
(entry 2). For substrates containing different C—H bonds,
moderate yields were obtained, due to a lack of selectivity
(entries 3-5). For instance, adamantane furnished a 3:1 ratio
of tertiary C—H vs secondary €H insertion products using
the standard reaction conditions with JRRAPA),. Other
achiral catalysts such as RB®Ac), or Rhy(oct), led to a

(12) TheseN-tosyloxycarbamate reagents have been chosen, as neitherbetter selectivity but with low reactivit}# Conversely, chiral

contained reactive C—H bonds (entries 1 and 5—8) that could compete via
an intramolecular pathway. Furthermore, substrates containing priméty C

bonds or terminal alkenes (which are typically less reactive) were also tested

(entries 2—4).
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catalyst RB[(S)-NTTL],*¢ showed good selectivity and

(13) Mineno, T.; Choi, S. R.; Avery, M. ASynlett2002, 883—886.
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Table 2. Rhodium-Catalyzed Intermolecular C—H Insertion
with Aliphatic Alkanes (Equation 3)

TrocNH-OTs (1 equiv), KoCO3 (3 equiv) NHTroc
RT - R2 (3)
X Rh,(O,CR)4 (5-6 mol %), Solvent, 25 °C g1” ™~R2
5 equiv
entry product Rhy(TPA),&? Rho[(S)-NTTL],2¢
NHTroc 92%
1 1 85% 80%
73%°
NHTroc 86%"
2 2 81% 74%
62%°

45% (2:1)9 64% (9:1)9

3 /O/'NHTroc
3

39% (3:1)9 58% (12:1)
70%" (14:1)9

68% 84%

alsolated yield 6 mol % of TCE (0.5 M).5 mol % of DCM (0.5 M).
410 equiv of substrat&2 equiv of substratél0 equiv of substrate in DCM
(0.1 M). 9Ratio of tertiary C-H insertion vs secondary-€H insertion.

reactivity, thus the desired tertiary and secondary amines

were obtained in good yields (58—84%) using 5 equiv of
starting material (Figure 1).

X

I

PhEPh O N It—Bu
00 % o0
| | -a |1 da
Rh—Rh Rh—Rh
Rha(TPA), X=H Rhy[(S)ntt],
X=Br Rh{(S)-Brnttl],
Cl Cl
al O X X
cl N X o
O X N tBu
7 L
4
Rh—Rh ?AC"
4
Rhy[(S)-teptad], Rh—Rh
X=H Rhyl(S)-pttl,
X=Cl Rhy[(S)-tepttl],

Figure 1. Chiral rhodium complexes.

With aromatic alkanes, it was possible to run the reaction
without solvent, as both 2,2,2-trichloroethyHosyloxycar-
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bamate and the rhodium catalyst were soluble enough to
perform the reaction (Table 3). Using 5 equiv of substrate,

Table 3. Rhodium-Catalyzed Intermolecular C—H Insertion
with Aromatic Alkanes (Equation 4)
TrocNH-OTs (1 equiv), KoCOg3 (3 equiv) NHTroc

T
A7 TR 4
Rhy(TPA), (6 mol %), Neat, 25 °C Ar)\Fﬂ

entry product 5 equiv? 15 equiv®
NHTroc
1 ©i§ 6 68% 75%
NHTroc
2 ©?7 78% 87%
NHTroc
3 61% 71%
8
NHTroc 35%
50%
4 ©/9\ 42%"
NHTroc
5 10 52% 67%
65%°

a|solated yield PRh[(S)-NTTL]4 (5 mol %) as catalyst in DCM (0.5
M).

61—78% vyields were obtained for benzylic secondarytC
insertion products (entries-13). Primary C-H insertion was
also possible using toluene or mesitylene as substrate. Better
yields could be obtained by using 15 equiv of substrate or
Rhy[(S)-NTTL], as catalysts (entries 4 and 5).

We have also examined the enantioselectivity of the
reaction using various chiral dirhodium tetracarboxylate
catalysts, particularly, the one derived frdert-leucine!?

The best results were achieved using[R®)-NTTL],,% and
product6 was isolated in 56% and 2.57:1 er (eq 4, Table
4).15In contrast to previous results reported with preformed
or in situ generated sulfonyliminophenyliodingfiécatalysts
derived from tetrachlorophtaloyl led to lower enantioselec-
tivity. This clearly illustrates that the decomposition of
tosyloxycarbamates to a nitrene metal species may involve
a different pathway, and further experiments will have to be
performed to explain these intriguing results. Furthermore,
these results also suggest that a new catalyst design will be
necessary to achieve high enantioselectivitfes.

In conclusion, we have devised the first tosyloxycarbamate
reagent to perforrmtermolecularC—H insertion reactions.

(14) For instance, €H insertion into adamantane with 5 mol % of Rh
(OAC)s led to 27% of the desired aminkwith a ratio of tertiary CG-H
insertion vs secondary C—H insertion, of 21:1, whereas 5 mol % ¢f Rh
(Octy gave 42% yield of amind with a 15:1 ratio.

(15) The enantiomeric ratio was measured on the crude material. A
purification procedure cannot be used as an argument to explain the
enantiomeric enrichment, thus the chiral catalyst must be involved to account
for the observed enantioselectivity.
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s desired amine products with good yields. With cyclic

Table 4. Rhodium-Catalyzed Intermolecular Enantioselective ~ aliphatic alkanes, it is possible to use only 2 equiv of

C—H Insertion with Indane (Equation 5) substrate. Furthermore, this process is one of the rare
NHTroc examples which provides primary— insertion products
@Q TrocNH-OTs, KoCOg 6 ) in decent yields. Studies are currently underway to develop
Rh,(O,CRY), (5 mol %) novel reagents and chiral catalysts to reach high enantio-
selectivities.
entry Rh2(02CR)4 temp er®
1 Rh,[(S)-PPTLI4 25 °C 1.83:1 Acknowledgment. This research was supported by
92 Rhs[(S)-TCPTTL], 25 °C 1.78:1 NSERC (Canada), the CFI (Canada), AstraZeneca Canada
3 Rh,[(S)-NTTLI, 25 °C 2.08:1 Inc., Boehringer Ingelheim (Canada) Ltd., Merck Frosst
4 Rh,[(S)-NTTL]4 -20°C  2.57:1 (56% yield) Canada Ltd., and the Université de Montréal. K.H. thanks
5 Rh,[(S)-Br-NTTLl,  25°C 1.95:1 NSERC (Canada) for a graduate scholarship. We thank the
6 Rh[(§)-TCPTADl,  25°C 1671 Charette group (Université de Montréal) and the Davies
aDetermined by HPLC using a Chiralcel OD column. group (University of New York at Buffalo) for generous gifts

of chiral rhodium catalysts.

This very practical rhodium-catalyzed process does not

require the use of hypervalent iodine reagents and led to the Supporting Information Available: - Experimental pro-

cedures, compound characterization data, ®&hepectra of
(16) We do not think that the low er’s are due to a background reaction, all the prOdUCtS' This material is available free of charge

as under our reaction conditions in the absence of the rhodium catalystvia the Internet at http://pubs.acs.org.
N-tosyloxycarbamates only decomposed to lead to the corresponding
carbamate ROC(O)NH OL062953T
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