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ABSTRACT: The combination of a tailored sulfamate with a Cs-symmetrical rhodium(II) tetracarboxylate allows to uncover a se-
lective intermolecular amination of unactivated homobenzylic C(sp®)-H bonds. The reaction has a broad scope (>30 examples) and
proceeds with a high level of regioselectivity with homobenzylic:benzylic ratio of up to 35:1, thereby providing a direct access to -
arylethylamines that are of utmost interest in medicinal chemistry. Computational investigations evidence a concerted mechanism,
involving an asynchronous transition state as key intermediate. Based on a combined activation strain model and energy decomposi-
tion analysis, the regioselectivity of the reaction was found to rely mainly on the degree of orbital interaction between the [Rh,]-
nitrene and the C—H bond. The latter is facilitated at the homobenzylic position due to the establishment of specific non-covalent

interactions within the catalytic pocket.

INTRODUCTION

Catalytic C(sp®)-H functionalization reactions are revolutioniz-
ing the art of organic synthesis. The ability to directly convert
unactivated C(sp®)-H bonds into functional groups provides
new avenues for retrosynthetic analysis, with bond disconnec-
tions allowing the design of step-economical synthetic strate-
gies.! In the context of late-stage diversification of drug candi-
dates, C(sp®)-H functionalization reactions are of paramount
importance to give streamlined access to new derivatives that it
would be time-consuming, or even impossible, to prepare using
classical organic reactions. The ubiquity of C—H bonds in or-
ganic chemistry makes them ideal starting points to explore new
molecular spaces provided that orthogonal conditions are avail-
able for the selective conversion of every type of C—H bonds.>

The selective functionalization of a specific methylene unit
within linear alkyl chains fits perfectly into this objective of step
economy and new molecular diversity; however, it remains one
of the most challenging transformations to achieve in intermo-
lecular C(sp®)-H functionalization reactions.’ Linear alkyl
chains indeed possess multiple secondary C(sp®)-H bonds of
very similar electronic and steric properties, making their chem-
ical differentiation notoriously highly difficult, although innate
factors might favor the functionalization of one particular meth-
ylene unit.* In this context, a textbook case is provided by the
arylalkyl motif that undergoes selective functionalization reac-
tions at the benzylic C(sp*)-H bond as a result of its lower bond
dissociation energy (BDE 85 kcal.mol!) (Scheme 1a).’ It has
been shown that the design of reagents and catalysts can over-
come such substrate-controlled selectivity. For example, the
steric and/or the electronic properties of metal-carbenes, -
nitrenes, and -oxos species are known to afford selectivities that
are not driven by the BDE’s.® Among those examples and in the
context of our study, Davies reported a sterically demanding
rhodium(II) complex for the selective carbene C—H insertion at
the terminal methylene unit of arylpentane (Scheme 1b).%

In the same manner, the use of weak non covalent interactions
to direct the relative positioning of the substrate and the catalyst
proved to be a versatile strategy to tune the selectivity of a re-
action.” This elegant strategy pioneered by Breslow® was ap-
plied to the site-selective oxidation of C-H bonds.’ Particularly

Scheme 1. Selective Functionalization of Arylalkyl Motifs
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recent contributions from the groups of Costas and Tiefen-
bacher demonstrated that supramolecular complexes can be de-
signed for the catalyst-controlled selective oxidation of linear
alkyl chains.'” A similar supramolecular approach was used to
address the issue of enantioselectivity in intermolecular C(sp®)—
H amination reactions.'! However, these directed reactions pro-
ceed selectively at the more activated benzylic site, as observed
in catalytic nitrene C(sp*)-H insertions.'? Nevertheless, seminal
investigations in catalyst-controlled C(sp*)-H functionalization
processes suggest that a directing effect could be envisaged to
go beyond the innate reactivity of benzylic sites towards nitrene
species.'? Non-covalent interactions in particular might be ap-
propriate to tune the site-selectivity of intermolecular C(sp®)-H
amination and favor the formation of the C—N bond at the ho-
mobenzylic position of a linear alkyl chain. If successful, such



a process would afford B-arylethylamines, which are a pharma-
cophore of utmost importance in medicinal chemistry (Scheme
1c)."* For example, the arylethylamine motif forms the core of
CNS acting agents such as Selegilin, or metabolic agents such
as Sitagliptin. Classical synthetic methods for their preparation
rely on functional group transformations such as reductive ami-
nation or alkene hydroamination.'® In comparison, the direct in-
termolecular amination of arylalkyl motifs could offer a new
bond disconnection for the synthesis of arylethylamines. In this
communication, we thus describe such a novel approach by the
discovery of a sulfamate-derived rhodium-bound nitrene that
allows the selective C(sp®)-H amination of homobenzylic meth-
ylene sites directed by non-covalent interactions.

RESULTS AND DISCUSSION

Searching for conditions favoring the catalytic homoben-
zylic C(sp’)-H amination. Chiral rhodium(II) complexes,
that display C>-, D»-, or C4-symmetries according to the struc-
ture of the carboxylate ligand, are exquisite catalysts for selec-
tive carbene and nitrene C—H insertions. It is worth noting that
the site-selectivity of the reaction can be tuned by both the ge-
ometry of the tetracarboxylate complexes and the structure of
the carbene or nitrene precursors.'® For the catalytic C-H ami-
nation reaction, the combination of rhodium(IT) complexes with
sulfamates was found optimal to efficiently catalyze the selec-
tive functionalization of C(sp®)-H bonds.!” On the one hand,
chiral Cy-symmetrical thodium(II) tetracarboxylates proved to
be unique catalysts owing to their tunable hydrophobic pocket
(Figure 1). The latter delineates a confined environment in
which the nitrene addition can be directed as shown in the case
of alkene aziridination.!® On the other hand, according to the
nature of the sulfamate, it was possible to selectively function-
alize either a benzylic (B) or a tertiary (T) C(sp®)-H bond.!7*¢
Based on these results, we decided to search for an appropriate
combination of a rhodium(Il) complex and a sulfamate to ad-
dress the challenge of the selective homobenzylic (H) C—H ami-
nation.

Chiral tunable hydrophobic

Rhy(L")a [ F Rhin+ Rh1a+
F Sulfamate 2e Sulfamate 2b
F (B)17c n (T)17e
V2 o]

Rh#0 H N=q Ph Rh +
R’l » { Sulfamate (H)?

Figure 1. C,-Symmetrical Dirhodium(II) Tetracarboxylate
Catalysts and Sulfamates

Our investigations started with the screening of sulfamates to
perform the selective homobenzylic amination of 1-phenylpro-
pane 3a in the presence of the chiral complex dirhodium(II)
tetrakis[ N-tetrafluorophthaloyl-(S)-tert-leucinate] (Rhy(S-
tfpttl)s) 1a (Scheme 2). The use of sulfamate TBPhsNH, 2b un-
der the conditions reported for the selective amination of ter-
tiary C(sp*)—H bonds'”® led to the isolation of the homobenzylic
amine with a H:B ratio of 3:1. Then, we screened other sulfa-
mates 2¢-f'7*¢ that were previously described for intermolecular
C—H amination reactions but without significant success; the
benzylic amine was often formed in major quantity. Reduced
levels of H:B selectivity were also observed upon modification
of the para substitution (2g and 2h; see also SI Scheme S1)
whereas the presence of substituents at the meta position fa-
vored the amination of the benzylic center (2i). Therefore, we
turned our attention to the ortho substituents which proved to

Scheme 2. Screening of Sulfamates with the Rh,(S-tfpttl),
Complex 1a.
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Scheme 3. Screening of Chiral Rhodium(II) Complexes with
DbesNH; 2a.
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be important to promote the formation of homobenzylic amines.
An improved H:B ratio of 4:1 was obtained following the intro-
duction of a bromo substituent at both ortho positions of the
aromatic ring (2m). More significantly, the replacement of the
para t-butyl group by a smaller methyl substituent increased
both the yield and the selectivity. Accordingly, the 2,6-dibro-
mocresolsulfonamide (DbcsNH,) 2a afforded the homoben-
zylic amine with an H:B ratio of 5.8:1 (85% yield for the mix-
ture of homobenzylic and benzylic amines).



Scheme 4. Screening of the Iodine(IIT) Oxidant.
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Sulfamate 2a was therefore chosen to further optimize the con-
ditions. We then screened the amino acid ligands of the rho-
dium(II) tetracarboxylate catalyst 1 (Scheme 3). For the N-
phthaloyl protecting group, the presence of the perfluorinated
aromatic ring was found crucial to secure both a high yield and
a good H:B ratio (1a vs. 1b-d). The four fluorine substituents
are necessary to this end as the 3,6-difluoroaryl motif (1e) led
to a reduced yield of 62% and a H:B ratio of 2:1. With respect
to the side chain of the amino acid, the #-butyl group gave the
best compromise between reactivity and selectivity. Particu-
larly, although the adamantyl-derived complex 1h afforded a
slightly higher H:B ratio of 6:1 compared to 1a, the yield of
69% was much lower than the one obtained with the #-butyl
complex 1a (85%).

The subsequent screening of the iodine(III) oxidant using sulfa-
mate 2a and rhodium(IT) complex 1a revealed a critical influ-
ence of this reagent on the reactivity, a key result not only re-
lated to the carboxylate ligand but also to the iodoarene moiety
(Scheme 4). Whereas the replacement of PhI(OPiv), by
PhI(OAc), decreased the yield by approximately 20%, the in-
troduction of chloro substituents' on the iodoarene ring could
restore the initial reactivity. More interestingly, while the p-ni-
tro-iodobenzene(diacetate)?° allowed us to isolate the homoben-
zylic amine in 61% yield, the use of an analog having a m-chlo-
robenzoic acid ligand (mCBA)*' gave the same product with an
improved yield of 91%. Replacing the acetate by a pivalate lig-
and proved beneficial and delivered the homobenzylic com-
pound in 97% yield with the same H:B ratio of 5.8:1. The
bis(pivaloyloxy) analog proved to be as efficient (98% yield)
but its more tedious preparation led us to choose the p-
NO,CsH4I(OPiv)(mCBA) reagent as the optimal oxidant.

The fact that the carboxylate ligand has an influence on the ef-
ficiency of the C—H amination reaction is not unprecedented as
demonstrated by the group of Du Bois.?? In contrast and to the
best of our knowledge, the non-innocent role of the iodoarene
moiety on the course of iodine(IIl) oxidant-mediated nitrene
transfer reactions has not been documented so far.** In a seminal
paper on the mechanism of catalytic alkene aziridination, the
group of Jacobsen concluded on the absence of any influence of
the iodoarene part.”* However, this work involved the use of

Scheme 5. Catalytic Homobenzylic C(sp®)-H Amination of
1-Arylpropanes.®
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@Reaction conditions: substrate (0.3 mmol), sulfamate 2a (0.36 mmol),
iodine oxidant (0.48 mmol), and rhodium catalyst 1a (I mol%) in
tBuCN:acetone 4:1 (0.6 mL) at 0 °C. The yields are fo

preformed iminoiodinanes. More recently, the in situ formation
of the latter was shown by Du Bois to be rate-limiting, at least
in the early stage of the rhodium-catalyzed intramolecular C—H
amination.®** This hypothetical mechanistic scenario could
suggest that the increased reactivity observed with the p-nitro-
iodoarene motif might result from an easier generation of the
corresponding iminoiodinane.

A final screening of reaction parameters such as the temperature
and the amount of the iodine(IIl) oxidant or the rhodium com-
plex 1a (SI Tables S1, S2, and S3) further improved the regi-
oselectivity of the amination. Thus, the homobenzylic amine
derived from 1-phenylpropane was isolated with a H:B ratio of
10:1 (90% yield for the mixture of homobenzylic and benzylic
amines) by performing the reaction in a 4:1 mixture of pivalo-
nitrile:acetone at 0 °C, using 1.6 equivalent of p-
NO,CsHiI(OPiv)(mCBA)*® in the presence of 1 mol% of the
rhodium complex 1a.

Scope of the rhodium(II)-catalyzed homobenzylic C-H
amination. At first, the scope of the homobenzylic C(sp*)-H
amination reaction first focused on 1-arylpropanes used in stoi-
chiometric amounts (Scheme 5). The optimal conditions proved
to deliver the homobenzylic amines with high yields (from 45
to 90% for the mixture) and excellent H:B ratios of up to 35:1.
Particularly high regioselectivities were observed with sub-
strates having an ortho substituent (4b-d, 4g) that further pre-
vents the reaction to proceed at the benzylic position due to



Scheme 6. Catalytic Homobenzylic C(sp®)-H Amination of
Functionalized Arylalkanes
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Scheme 7. Catalytic Homobenzylic C(sp®)~H Amination of
1,n-Diarylalkanes
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steric reasons in addition to the control provided by the rho-
dium-nitrene species. In the case of p-substituted derivatives
(4i-41 and 4n-4r), the regioselectivity was found to depend also
on electronic factors. For example, while a H:B ratio of 15:1
could be obtained in the case of the trifluoromethyl analog 4j, a
reduced ratio of 3:1 was observed with the p-methoxy deriva-
tive 4i that possesses more electron rich benzylic position. In
terms of chemoselectivity, the reaction tolerates the presence of
either an electron-donating group (alkyl, aryl, alkynyl, meth-
oxy) or an electron-withdrawing group (fluoro, trifluoromethyl,
ester, boronic acid) at any position of the aromatic ring. Finally,
whereas the reaction proceeded selectively at the homobenzylic
position in the case of the i-propyl analog 4r, the presence of a
p-ethyl substituent led to a 1:1 mixture of the homobenzylic
amine 4q and the benzylic amine resulting from the functional-
ization of the ethyl substituent that is known to be highly reac-
tive in catalytic intermolecular C(sp*)-H aminations.'?

We then turned our attention to more challenging derivatives
having a longer alkyl chain (Scheme 6). Application of the re-
action conditions to 1-arylbutane derivatives (3s and 3t), 1-phe-
nylhexane 3u and 1-phenyloctane 3v led to the highly selective

Scheme 8. Gram-Scale Synthesis of Homobenzylic Amine
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formation of the homobenzylic amines with H:B ratios between
5:1 and 20:1. In each case, the amination of the terminal meth-
ylene unit was observed in small to moderate quantities. The
formation of this side-product, however, could be suppressed
following the introduction of functional groups on the alkyl
chain (4x-4aa). Particularly worth to mention are the homoben-
zylic amines 4y-4aa having a terminal ester group that were iso-
lated almost exclusively with yields ranging from 48% to 71%.
This result highlights the synthetic potential of our method for
the streamlined synthesis of - or y-analogs of phenylalanine
derivatives. Importantly, product 4w showed that the homoben-
zylic C(sp®)-H bond can be selectively functionalized in the
presence of both a benzylic and a tertiary center.
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We also investigated the reactivity of I,n-arylalkanes S
(Scheme 7). Remarkably, whereas the reaction using 1,3-diphe-
nylpropane afforded a 1:1 mixture of the benzylic and the ho-
mobenzylic amines 6a, the exclusive formation of the homo-
benzylic amines 6b and 6d-e was observed when using sym-
metrical 1,4-diarylbutanes. More significantly, a comparable
high level of regioselectivity was obtained starting from the
non-symmetrical 1,4-diarylbutane 4f having four non equiva-
lents methylene sites, as a consequence of combined opposite
electronic effects on each aromatic ring. Likewise, the reaction
with 1,5-diphenylpentane Sc proved equally regioselective.

The reaction starting from 1,4-diphenylbutane Sb can be per-
formed with the same efficiency on a 20 mmol scale by using
only 0.1 mol% of the rhodium complex 1a (Scheme 8). Moreo-
ver, because the homobenzylic C(sp®)-H amination reaction in-
volves the use of a chiral dithodium(II) complex, we evaluated
the levels of enantioselectivity for the formation of the amines.
Preliminary studies revealed that whereas the homobenzylic
products 4a and 4y were isolated with enantiomeric ratios of 3:1
and 4:1 respectively, the diphenylbutyl derivative 6b was ob-
tained nearly enantiopure (e.r. 98.5:1.5). The latter can be
deprotected by simple heating in a 10:1 mixture of acetonitrile
and water to afford the free amine 7 in 95% yield.

Computational investigations of the mechanism. To pro-
pose a rationalization of the selective homobenzylic C(sp®)-H
amination, a DFT study was conducted on the model amination
reaction of propylbenzene with DbcsNH, 2a as the nitrogen
source and Rhy(S-tfpttl)4 1a as the catalyst. It is commonly ac-
cepted that the active species in the reaction is a metal nitrene
intermediate generated upon reaction of the dirhodium catalyst
with the sulfamate in the presence of the iodine(IlI) oxidant.?”
33 However, there is less consensus on the mechanism for the
nitrene C—H insertion step which, depending on the system, can
proceed by either a concerted transfer, or a stepwise H-abstrac-
tion/rebound sequence. Based on physical organic experiments,
early work from Du Bois supported a concerted pathway with
Rhy(esp), as a catalyst.*>* Such a mechanism was later
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dibromophenyl. ISC = intersystem crossing. S = singlet, T = triplet species.

confirmed by the theoretical study performed by Wang to ex-
plain the tertiary vs benzylic selectivity of intramolecular C-H
amination.”” However, the same study evidenced that a stepwise
mechanism is operating in the intermolecular version.” Re-
cently, Dang and Liu showed that the Rhx(S-zerz-pttl)s catalyst
was likely to induce diastereoselective C—H amination via a tri-
plet stepwise mechanism.*® These findings suggest that the sub-
strate and catalyst can influence the reactivity pattern, high-
lighting the need for detailed mechanism examination within
our specific system in order to explain the preferential for-
mation of homobenzylic (Pu) vs benzylic (Pg) C—H amination
product.

For both products, we could find a stepwise pathway involving
hydrogen abstraction then radical recombination, and an asyn-
chronous concerted pathway for the formation of the C—N bond
via a unique TS. Their computed Gibbs free energy profiles are
shown on Figure 2, in red and green respectively. They feature
distinct trends depending on the C—H bond site activated.

The stepwise mechanism starts with the H abstraction from the
substrate by the triplet [Rhy]-nitrene species Tint1, This step oc-
curs with a lower activation barrier at the benzylic compared to
the homobenzylic position (+7.7 kcal/mol vs +11.7 kcal/mol re-
spectively) in agreement with their relative BDE (See Table
S1). However, the radical Tint2g is much more stabilized than
Tint2y, which can be explained by both its benzylic character
and an effect of the catalytic pocket environment (Figure S1).
A much higher activation barrier (+20.4 kcal.mol™) is therefore
needed to reach "ts2p and induce the subsequent radical recom-
bination at the benzylic position. On the other hand, rebound at
the homobenzylic position operates at a lower cost via Tts2u
(+9.8 kcal.mol™"). These results show that along the triplet path,
distinct steps govern the rate of the stepwise C—H amination.

The radical recombination is limiting for the C—H amination at
the benzylic position, while it is the H transfer that is decisive
for the homobenzylic C—H amination. Furthermore, we observe
an overstabilization of the benzylic radical within the catalytic
pocket that kinetically disfavors this mechanism in our system.

Alternatively, a concerted path can occur from the energetically
accessible singlet nitrene species *intl (+3.2 kcal.mol™!). At the
benzylic position, the reaction proceeds via hydride transfer
(Sts1p, +9.5 kcal.mol™) to form a stabilized zwitterionic inter-
mediate Sint2 (Figure S2) prior to C-N bond formation. Sub-
sequently, Pg is obtained without activation barrier, as indicated
by the scan analysis along the C—N bond formation (Figure S3).
The scenario is slightly different for the homobenzylic C—H
bond amination, which proceeds via a concerted asynchronous
transition state (Stsly, +8.7 kcal.mol") leading directly to the
final product Py. Again, this difference can be explained by the
instability of the homobenzylic cation.

Overall, our calculations show that the concerted mechanism
(singlet path) follows a flatter energy profile than the stepwise
one (triplet path), and is therefore kinetically favored for the
formation of both products. Of note, a two-spin state mecha-
nism was also considered, but the minimum energy crossing
points (MECP) found are too high in energy to compete with
the singlet mechanism (Table S2 and Figure S4). Accordingly,
the —0.8 kcal.mol™! energy difference between Stsly and Stslp
predicts a H:B discrimination of 4:1 for the C—H amination of
propylbenzene, in good agreement with the selectivity obtained
experimentally (5.8:1). Several analyses were then performed
to interpret the small energy difference between the two Stsl
transition states and disclose the key factors controlling this re-
versed regioselectivity.
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Rationalization of the catalyst-controlled regioselectivity
by ASM-EDA analysis coupled with steric map and non-
covalent interactions plots. A way to assess the impact of the
catalytic pocket shape and rigidity on the regioselectivity con-
sists in quantifying the deformation occurring in the substrate
and catalyst to reach the transition state geometries (tsly and
Sts1g). This information can be extracted from the activation
strain model (ASM) analysis, also known as the distortion/in-
teraction model.***® In this decomposition, the activation en-
ergy is split into two terms as shown on Figure 3, with AEainx)
representing the energy required to distort the reactants (here
the substrate and the [Rhy]-nitrene), and AE*;, the interaction
energy between them.

AE* = [ AEistrain(Sub) +

-32.0 -30.2
36.1 36.0
I 45 6.9

Sts1 H Sts1 B

] +AE¢int

Figure 3. Comparative ASM analysis of the activation ener-
gies of the concerted transition states Sts1y and Sts1p. Ener-
gies (in kcal.mol™”) computed at the PCM(t-BuCN)-OPBE-
D3(BJ)-def2-tzvp//OPBE-D3(BJ)-def2-svp level of theory.

At first glance, the two activation energies exhibit similar de-
composition trends. Both reveal a pronounced destabilizing
strain term for the substrate, a weakly destabilizing strain term
for the [Rh,]-nitrene, and a partially compensating interaction
term. The relative order of magnitude of the strain terms reflects
a conformational control of the substrate by the catalyst, which
is a prerequisite for an efficient site-selectivity.*

A first parameter influencing this regiocontrol was evidenced
from the slightly smaller strain contribution computed from the
[Rhy]-nitrene fragment in Sts1y compared to Sts1p (AAE sainrn)
=—0.7 kcal.mol ™). This result suggests a better catalytic fit for
the homobenzylic activation than the benzylic. Due to the

complexity of the [Rh,]—nitrene geometry, this hypothesis was
conveniently corroborated by building the steric map plots of
these species (Figure S9), from which the free volume of the
catalytic pocket was extracted. Their comparison confirmed a
smaller geometric reorganization of the catalyst pocket operat-
ing on going from ‘int1 to Sts1y compared to Sts1p.

In addition to these subtle differences in the strain terms, a more
significant discrimination arises from the interaction term,
which is found more stabilizing in the case of Stsly (AAEY, =
—1.8 kcal.mol™). Therefore, it appears that the key factor con-
trolling the regioselectivity of the reaction is the degree of in-
teraction between the catalyst and the substrate. In fact, weak
interactions were recently described to control the tertiary vs
benzylic selectivity in rhodium-catalyzed C—H amination with
tert-butylphenol sulfamate.** The tertiary C—H amination was
found to be assisted by the establishment of attractive n—m stack-
ing interactions between the substrate and the catalyst, while
such non-covalent interactions were absent from the benzylic
C—H amination transition state. In our case, the analysis of non-
covalent interactions plots featured in Sts1p and Sts1g, indicates
the presence of stabilizing n—m stacking interactions at both
transition states. But additional interactions between the methyl
group of propybenzene and the oxygen of an acetate ligand of
the catalyst were also found in Sts1g (see Figure S10). To com-
plete this qualitative analysis, and possibly identify other
sources of stabilization of Sts1y, we decided to perform the En-
ergy Decomposition Analysis (EDA) of the AE% term.

This approach allows to split AE;, into electrostatic interaction
(AE.is), Pauli repulsion (AEpaui), orbital interaction (AEqx) and
dispersion energy (AEqis) terms.*'*? The results are tabulated in
Figure 4. They confirm that the homobenzylic C—H bond ami-
nation displays a higher stabilizing interaction energy due to
electrostatic effects (AAEqy =—4.9 kcal.mol™), but they also re-
veal that the orbital interaction term plays an even greater role
(AAEq, = —13.5 keal.mol™). To identify the orbital involved in
this interaction, we then applied the Natural Orbital for Chemi-
cal Valence (NOCV)*® analysis. A two-electron donation from
the o(C—H) orbital of the substrate to the ©* orbital of the 3-
center RhRhN superelectrophile** was identified as the domi-
nant contribution to the AE. term in both transition states.
However, this interaction is much more stabilizing in the case



of the homobenzylic transition state (AAEqw1)=—10.6 kcal.mol
1, despite a less reactive o(C—H) orbital. Both a stronger dona-
tion of the less elongated homobenzylic C—H bond, suggesting
a more concerted transition state; and a better orbital overlap
with the LUMO of the [Rh,]-nitrene electrophile are indeed ob-
served for Stsly. Hence the favored orbital interaction results
from an optimized substrate-catalyst positioning, facilitated by
suitable non-covalent interactions.

CONCLUSION

In conclusion, the design of the trisubstituted sulfamate
DbcsNH, 2a combined with the chiral Cy4-symmetrical dirho-
dium(Il) complex (Rha(S-tfpttl)s 1a led to a catalytic system
enabling an intermolecular homobenzylic C(sp*)-H amination
reaction mediated by an iodine(III) oxidant. This transformation
proceeds with a H:B ratio of up to 35:1 and tolerates a wide
substrate scope (>30 examples). It can be performed with equal
efficiency on a multigram scale by using a rhodium catalyst
loading of only 0.1 mol%. Theferore, this method offers a new
streamlined access to homobenzylic amines, a motif that builds
the core of many biologically active molecules. Preliminary re-
sults also show that the homobenzylic amine 6b derived from
1,4-diphenylbutane can be isolated with a high degree of enan-
tiopurity. To the best of our knowledge, this is a very rare ex-
ample of an enantioselective amination of an unactivated
C(sp*)-H bond (BDE > 95 kcal.mol!), as most of the reported
methods are limited to the functionalization of activated sites
such as benzylic, allylic, or propargylic positions.'** Im-
portantly, for the first time the key influence of the iodoarene
part of hypervalent iodine reagents on the efficiency of catalytic
nitrene transfers was revealed.

The complete reaction mechanism, involving the concerted and
stepwise paths for the homobenzylic vs benzylic C-H amination
of propylbenzene, was investigated using DFT calculations.
The concerted path was identified as the favored mechanism,
with the formation of an asynchronous transition state as the key
step. As a result, the homobenzylic C—H amination product is
kinetically preferred, which is consistent with the experimental
observations. According to our ASM-EDA(NOCYV) analysis,
this is not only due to the slightly relatively lower deformation
energy required by the initial [Rh],—nitrene to adopt the homo-
benzylic C—H amination transition state structure, but also to
the stronger interaction energy establishing between the de-
formed fragments. The main factor controlling this interaction
stems from a stronger orbital interaction between the
propylbenzene and the [Rh],—nitrene complex. Owing to the in-
herent reactivity of the substrate (B > H) and with the insights
from our DFT calculations, we argue that particular non-cova-
lent interactions enable the catalyst to induce a specific orienta-
tion of the substrate towards the [Rh],-nitrene. This orientation,
in turn, promotes enhanced orbital overlap in the homobenzylic
transition state, thereby favoring the excellent selectivity shift
observed experimentally. Taken altogether, these results pro-
vide new avenues for the search of rhodium(Il)-catalyzed
nitrene additions with new selectivities.
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* Low catalyst loading: 0.1-1 mol% and broad scope (>30 examples)
« Yields up to 90% and Homobenzylic:Benzylic ratio of up to 35:1
* Regioselectivity through specific non-covalent and orbital interactions
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