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ABSTRACT

A direct nitrene insertion into C�N bonds is observed upon treatment of methano-Tr€oger bases with arylsulfonyl iminophenyliodinanes under
copper and dirhodium catalysis. Novel cyclic imino-methano Tr€oger bases are obtained (55�88%). Enantiopure products (ee g 99%) can be
obtained with tailored substrates.

The metal catalyzed decomposition of arylsulfonyl imi-
nophenyliodinanes is a powerful method to generatemetal
nitrenes. These intermediates are frequently used to pro-
mote aziridinations and C�H aminations (insertions).1

When reacted with tertiary sp3 and sp2 nitrogen atoms,
they afford Nþ�N� ylides (aminimides) as products.2

Usually, sulfonyl aminimides are inert compounds decom-
posing only at a very high temperature.2,3 Herein, in sharp
contrast, we report that metal nitrenes derived from

arylsulfonyl iminophenyliodinanes reactwithmethano-Tr€oger
bases14 to formhighly reactiveaminimides thatundergo facile
C�N insertion reactions (Scheme 1). Novel imino-methano
Tr€oger bases 2 are afforded in good yields (55�88%) under
mild reaction conditions (20�40 �C). Both copper and rho-
diumcatalystsmediate the reaction, andenantiopureproducts
(eeg 99%) can be obtained with tailored substrates.
Recently, it was shown that compounds 1, interesting

chiralmolecules due to the presenceof stereogenic nitrogen

Scheme 1. Reactivity with Arylsulfonyl Iminophenyliodinanes
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atoms, react with metal carbenes to afford configuration-
ally stable ethano-Tr€oger bases in a single step.5 Most
probably, these products result from the formation of
Nþ�C� ylide intermediates that undergo a Stevens-like
rearrangement.6 Considering the analogy between car-
benes and nitrenes,7 focus was directed toward studying
the reactivity of Tr€oger bases 1 with arylsulfonyl
iminophenyliodinanes.8

Compound 1a (Scheme 1, R = Me) was treated with
PhINTs9 in the presence of copper salts and rhodium(II)
complexes. To our satisfaction, the reaction proceeded
at ambient temperature in the presence of 5 mol % of
Cu(OTf)2, CuTC, or CuI to afford the insertion product
(Table 1, entries 1 to 3). The structure of 2awasdetermined
by NMR spectroscopy and confirmed by X-ray crystal-
lographic analysis (see Supporting Information).10 Better
yields were obtained with Cu(OTf)2 over CuTC and CuI

(67%vs 48%and 24%respectively).WithCu(OTf)2 as the
catalyst, improved yields were obtained using a shorter
reaction time (1 h vs 16 h), increased catalyst loading
(10mol% vs 5mol%), and acetonitrile instead of CH2Cl2
as the solvent (Table 1, entries 4 to 6).11 With dirhodium

Table 1. Optimization of Reaction Conditionsa

entry catalyst mol % solvent time yield (%)b

1 Cu(OTf)2 5 CH3CN 16 h 67

2 CuTC 5 CH3CN 16 h 48

3 CuI 5 CH3CN 16 h 24

4 Cu(OTf)2 5 CH3CN 1 h 81

5 Cu(OTf)2 10 CH3CN 1 h 88

6 Cu(OTf)2 10 CH2Cl2 30 h 36

7 Rh2(esp)2 2 CH2Cl2 4 h 76

8 Rh2(OAc)4 2 toluene 24 h (12)c

9 Rh2(OAc)4 2 CH2Cl2 24 h (40)c

a 1a (1 equiv), copper salt or Rh(II) complex, PhINTs (2 equiv),
solvent (0.05 M), 20 �C. b Isolated yields. cConversion (%) by NMR.

Table 2. Substrate Scopea

entry R substrate methodb time yield (%)c

1 OMe 1b A 6 h 84

2 CO2Et 1c A 24 h 77

3 I 1d A 24 h 61

4 OMe 1b B 6 h 72

5 CO2Et 1c B 16 h 69

6 I 1d B 8 h 56

aTr€oger base (1 equiv), PhINTs (2 equiv), 20 �C. bMethod A:
Rh2(esp)2 (2 mol %), CH2Cl2 (0.05 M). Method B: Cu(OTf)2 (10 mol %),
CH3CN (0.05 M). c Isolated yields.

Table 3. In SituGeneration of Sulfonyl Iminophenyliodinanesa

a Isolated yields.
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catalysts, as expected the Rh2(esp)2
12 complex performed

quite better (76% yield, Table 1, entry 7) than Rh2(OAc)4.
In the latter case, only partial conversion of starting
material 1a was observed even after a prolonged reaction
time (Table 1, entries 8 and 9). It is also worth noting that
the above reactions exhibited excellent chemoselectivity
since, despite the presence of reactive benzylic positions,
products of C�H insertion (amination) reactions are not
observed.13

With optimized conditions in hand (Table 1, entry 5 or 7),
electron-rich and -poor substrates were studied. Tr€oger
bases carrying methoxy, ethyl ester, and iodo substituents
were prepared (1b to 1d,R=OMe,CO2Et and I, Scheme1,
Table 2).14 The reactions proceeded in all instances. Better
yields were obtained under Rh2(esp)2 catalysis (method A,
61�84% yields) over Cu(OTf)2 (method B, 56�72%
yields). Reactions were faster with electron-rich 1b (R =
OMe,Table 2, entries 1 and 4) over electron-poor substrates
1c and 1d. With 2d, a certain sensitivity to the purification

conditions was noticed explaining probably the lower
yields.15

Care was taken to also perform the reaction under
conditions permitting the in situ formation of the metal
nitrene intermediates directly from sulfonamides.16 To our
satisfaction, product 2a was formed in 67% yield (Table 3,
entry1). In this caseand in the followingreactionsofTable3,
it was necessary to warm the medium to 40 �C and extend
the reaction time to 16 or even 48 h. Substrates 1a and 1b

reacted well with p-nitrobenzenesulfonamide to afford pro-
ducts 2e and 2f in 79%and 74%yields respectively (Table 3,

Scheme 2. Deprotection of the Nosyl Group

Scheme 3. Mechanistic Rationalea

aPreferred regioselectivity withX=NO2 andY=OMe (substrate 6
and product 7).

Table 4. Reactivity of Bis-ortho Substituted Tr€oger Basesa
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entries 2 and 3). Only in the case of electron-withdrawing
substrate 1c, product 2g was afforded in moderate yield
(55%, Table 3, entry 4). With 2e, it was possible to remove
the p-nosyl group by treatment with thiophenol/K2CO3 and
afford the unprotected hydrazine 3 (Scheme 2, 75%yield).17

The reaction was then performed with enantiopure
(þ)-1a. Unfortunately, product 2awas isolated in racemic
form using optimized conditions for Cu(II) and Rh(II)
catalysts and variants performed at lower temperatures.
To understand the origin of the racemization, 2a was
separated into single enantiomers using a CSP-HPLC
resolution protocol (see the Supporting Information).
The compound was found to be configurationally stable
in neutral media. However, by subjecting one of the
enantiomers to the reaction conditions for 4 h, a decrease
of the enantiomeric excess of 2a from 99% to 50% in the
case of Rh2(esp)2 and a complete racemization in the pre-
sence of Cu(OTf)2 were observed. This indicates that the
racemization canoccur notonlyduring the formationof 2a
but also after the product has been formed.
The racemization and the insertion reactivity as a whole

can be rationalized in terms of mechanism (Scheme 3).
It involves the catalytic generation of electrophilic metal
nitrenes and additions of Tr€oger bases 1 to these inter-
mediates. Sulfonyl aminimide moieties of type 4 result.
Then, by aC�Nbond cleavage that is traditional inTr€oger
base chemistry upon quaternization of one of the nitrogen
atoms,18 zwitterionic ring-opened species of type 5 are
formed that collapse subsequently to form the imino-
methano Tr€oger bases 2. Under this hypothesis, the ob-
served loss of enantiomeric purity results probably
from the formation of monocyclic intermediates 5 which
have the possibility to racemize through a complete

planarization of the core. Intermediates 5 can be formed
either directly from 4 or from products 2 through a ring
opening induced by the Lewis acid metal catalysts.19

This proposal also explains the lower reactivity of
electron-poor bridgehead nitrogen atoms (e.g., in 1c and
1d) which was further confirmed by an experiment using
unsymmetrically substituted Tr€oger base 6 (Scheme 3:
X=NO2, Y=OMe) carrying both electron-donating and
-withdrawing substituents on the two aromatic rings.20 A
single regioisomer was obtained (7, 45%). It results clearly
froman initial attackon the electron-richnitrogenatom(para
to the methoxy group), the structure being ascertained by
X-ray crystallographic analysis (Supporting Information).21

Finally, to address the lack of configurational stability
of rearranged products 2, the introduction of substituents
ortho to the nitrogen atoms was pursued (Table 4).22

Treatment of 8a (R1 = Me, R2 = H, R3 = Me) with
PhINTs andRh2(esp)2 affordeddesired product 9a in 24%
yield alongwith novel C�Hamination product 10a (22%)
as a single diastereomer (Table 4, entry 1). The reaction
required 3 equiv of PhINTs and a longer duration for
completion. Similar results were obtained with Cu(OTf)2
(Table 4, entry 2). The structure of 10a was confirmed by
X-ray analysis. Clearly, in this present case, the hindrance
around the nitrogen atoms23 favors an alternative amina-
tion on the benzylic position. A similar reactivity was
observedwith8band 8c carryingortho-methyl substituents
(Table 4, entries 3 and 4).24 A stronger inclination toward
the C�H insertion reaction was noticed in the presence of
bromine atoms at meta and ortho positions (Table 4,
entries 4 and 5). Substrate 8awas then resolved into single
enantiomers.25 Satisfyingly, under Cu(OTf)2 catalysis, the
reaction of (�)-8a yielded rearranged product (�)-9a with
a complete transfer of chirality (8a g 99% ee).26 In the
presence ofRh2(esp)2, using (þ)-8a as the substrate, (þ)-9a
was obtained in 92% ee along with racemic 10a.
In conclusion, methano-Tr€oger bases 1 react with aryl-

sulfonyl iminophenyliodinanes (Cu(II) or Rh(II) catalysis,
20 to 40 �C) to form imino-methano Tr€oger bases 2 in
good yields (55�88%). Sulfonyl aminimides are probably
formed that insert in adjacent C�N bonds via a two-step
mechanism.While classic enantiopure Tr€oger bases afford
racemic products, bis-ortho substituted derivatives can
react with a full transfer of chirality (ee g 99%).
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