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ABSTRACT: Herein, we report the first example of group
transfer radical addition (GTRA) of O-vinylhydroxylamine
derivatives onto unactivated alkenes. By utilizing O-
vinylhydroxylamine derivatives as both the N- and C-donors, this
reaction enables intermolecular carboamination of unactivated
alkenes in an atom economical fashion. As the process is initiated
through N-radical addition followed by C-transfer, linear
carboamination products are afforded. This differs from canonical
radical carbofunctionalization of olefins which typically favors
branched product owing to initiation by C-radical addition.

Over the past decades, numerous advances have been made in
the realm of olefin functionalization, seminal synthetic
methodologies in this area have spawned developments in the
field of medicinal chemistry, polymer science, and materials
science.! In this context, the difunctionalization of alkenes, which
permits the concomitant construction of two covalent chemical
bonds across the m-systems, is particularly empowering, as it
allows the rapid buildup of molecular complexity from ubiquitous
starting materials.> Amongst the plethora of ionic and radical
methods for alkene difunctionalization, the atom transfer radical
addition (ATRA) protocol pioneered by Kharasch is of particular
prominence because of its compatibility with polar functionalities
that are oftentimes not tolerated in transition metal catalysis.’
While the original Kharasch reaction focuses on the
carbohalogenation of olefins, efforts spanning the past century
have expanded the scope of similar processes, allowing
incorporating of a gamut of functionalities across alkenes
(Scheme 1a).* Notably, the elegant contribution from the Zard
group demonstrated that xanthates (dithiocarbonates) can add
across alkenes in a group transfer radical addition (GTRA) using
catalytic amounts of radical initiators.” In general, ATRA and
GTRA reactions capitalize on the homolysis of the relatively
weak R’—X bond. Therefore, while GTRA-based carboamination
appears as an attractive means for amine synthesis, such processes
remain largely elusive owing to the inertness of C—N bonds as
well as the potential deactivating effects of nucleophilic nitrogens
on transition metals (Scheme 1b).

Since the seminal work of Wolfe, reports on olefin
carbomaination exclusively featured intramolecular annulative
reactions.® The intermolecular variant of the process has only
received attention from the synthetic community recently. Elegant
works emanating from the groups of Rovis,” Glorius,® Liu’ and
Engle'® demonstrated the tremendous potential of intermolecular
olefin carboamination as a convenient gateway to access diverse
arrays of nitrogen containing scaffolds. Nonetheless, these prior

work generally require activated alkenes or substrates with
tethered

Scheme 1. Intermolecular carboamination of unactivated
alkenes
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chelation groups. In addition, the ionic nature of these reactions
potentially pose chemoselectivity issues when applied to densely
functionalized substrates, particularly those comprising polar
moieties. On the other hand, a radical-initiated alkene-
carboamination method offers an attractive means to circumvent
these limitations (Scheme 1c)."" A few examples of such reaction
manifold are known, however, the majority of reported protocols
generate branched products via the C-radical initiation,''*® with
only sporadic examples of multicomponent reactions that favor
linear structural isomers via N-radical initiation.''*® Additionally,
known methods of radical alkene carboamination are often
plagued by low atom economy and narrow scope with respect to
alkenes. Functionalization of unactivated aliphatic alkenes
remains virtually unexplored. Homolysis of C—N bonds followed
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by the addition of the resulting radicals onto olefins appears to be
the most direct means to achieve carboamination. However, the
inertness of C—N

Table 1. Reaction conditions optimization®

o,
R 0.2 mol % Photocatalyst
Solvent, 85 equiv H,O
o NN —m8Mm8m ———————
/§ 15 W Blue LEDs, Ny, 1t, 12 h

1a1,R=H 2a 4a1, R=H
1a, R = Me 4a, R=Me

entry catalyst yield (%)

1 [Ir(dF(CF3)ppy)2(bpy)](PF) 62

2 Jac-Ir(ppy) 3 15

3 Ru(bpy)s(PF), NR

4 Fosin Y 29

5 [Ir(dF(CF3)ppy)(bpy)1(PF¢) 68"

6 [Ir(dF(CF5)ppy)a(bpy)](PF) 71

7 - NR¢

8 [Ir(dF(CF3)ppy)(bpy)](PFs) NR“

“Reaction conditions: 1a-1 (0.1 mmol), 2a (0.5 mmol), H,O (8.5
mmol), photocatalyst (0.2 mol %) in solvent (1 ml), irradiating
with 15 W blue LEDs under N, atmosphere at room temperature
for 12 hours. NMR yields were indicated. 6.5 equiv of 2a was
employed. “1a was used. “Without H,O or light irradiation.

bonds presents a formidable challenge (vide supra). In 2010,
Renaud reported a solution to this long-standing problem by
taking advantage of desulfonylative azide transfer manifold
(Scheme 1d)."* Renaud’s inspiring study coupled with our interest
on N-radical generation through visible-light photosensitized N—O
bond cleavage' prompted us to investigate the use of O-
vinylhydroxylamine as a radical progenitor in GTRA reaction
with alkenes. We hypothesized such a system may be
advantageous for the following reasons: i) the N—O moieties have
a well-documented propensity to engage in photo-mediated
radical generation via either homolytic cleavage or SET/mesolysis
pathway;'* ii) the enol part of this molecule could tautomerize and
act as C-donors (e.g., as radical receptors or through radical-polar
crossover pathways) (Scheme le).

Initially, the visible-light-promoted reaction between O-
vinylhydroxylamine derivative 1a-1 and ethyl vinyl ether 2a was
probed (Table 1). Gratifyingly, by using
[Ir(dF(CF3)ppy).(bpy)|(PFs) as a photocatalyst, the reaction
proceeded smoothly at room temperature in aqueous MeCN under
the irradiation of blue LEDs. The carboamination product 4a-1
was afforded in 62% NMR yield. Intriguingly, formation of this
linear adduct indicated reaction initiation by N-radical addition.
Exchanging [Ir(dF(CF;)ppy).(bpy)](PFs) for photocatalysts that
are more reducing in their excited states such as fac-Ir(ppy)s
(B, [V = -1.73 V versus SCE), eosin Y (E;,™
[EY */EY"] =-1.11 V versus SCE) led to diminished yields or no
desired product formation. The observation appears
counterintuitive at first, given the prior work on the oxidative
quenching  of  photocatalysts by  redox-active  N-
hydroxyphthalimide derivatives. However, it may be explained by
the possible involvement of triplet energy transfer process in this
reaction.”” By fine tuning the reaction stoichiometry, the NMR
yield of product 4a-1 could be increased to 68%. After extensive
experimentation, the 4-methylphthaloyl (abbreviate as Phth™)
derivative 1a were eventually identified to be the optimal choice
in terms of reaction efficiency, which afforded the desired product
4a in 71% NMR yield (see SI for details). Control experiments
with respect to each reaction parameter further demonstrated the

necessity of H,O, light irradiation as well as photocatalyst for this
transformation.

With the optimized reaction conditions in hand, we proceeded
to investigate the scope of this transformation. At the first, a
variety of O-vinylhydroxylamine derivatives were examined with
2a as the reaction partner (Table 2). It was found that electron-
deficient aromatic substrates (e.g., those with arenes substituted
with halogen atoms or trifluoromethyl) delivered products
efficiently (4f-4h), while those with electron-donating groups
tended to afford products in moderate yields (4a-4e). In addition,
fused aromatic substrate could also be used, albeit providing the
desired product 4i in a lower yield. Gratifyingly, alkoxycarbonyl-
substituted substrates were found to be viable substrates for this
reaction, generating the a-ketone ester derivatives in good yields
(4j-41). The incorporation of versatile a-ketone moieties could
potentially allow a diverse range of downstream synthetic
transformations. Subsequently, the reaction generality with
respect to alkene substrates was investigated. A variety of
electron-rich alkenes such as vinyl ether and enamides were all
found to readily engage methyl 2-((5-methyl-1,3-dioxoisoindolin-
2-yl)oxy)acrylate 1j in the GTRA reaction. Capitalizing on such a
process allowed the expedient construction of 5-amino-4-
hydroxy-2-oxopentanoate  derivatives (4m-4r). Meanwhile,
enamide-carboamination led to a series of diamine-derived a-
ketonester analogs (4s-4w). The chemoselectivity of this reaction
is underscored by the tolerance of protic functionalities. It is also
noteworthy that the reaction can be applied to 1,2- or 1,1-
disubstituted alkenyl ethers to generate respective products with
contiguous stereocenters or tetra-substituted carbon centers,
although the former was afforded with lower yields, presumably
due to inefficient N-radical addition to internal alkenes (4x, 4y).
Simple and unactivated aliphatic alkenes as well as those with
remote functionalities were amenable to this transformation, albeit
with moderate efficiency (4z-5b). This result prompted further
explorations to improve the efficiency of the present system. The
employment of para-trifluoromethylphenyl (abbreviate as PTP)
derived O-vinylhydroxylamines 1h with 1-hexene afforded the
desired y-amino ketone product 5¢ in 55% yield. Efforts in this
direction eventually revealed a high reactivity of 1h with regard to
unactivated alkenes. Across the substrates examined, a diverse
selection of polar functionalities such as halide, ketone, ester,
amide, hydroxyl or even carboxyl group were left unscathed, in
contrast to transition metal catalyzed processes which usually
require protection of nucleophilic atoms (5d-51). Pleasingly, boron
and silyl functionalities were also well tolerated as showcased in
the smooth formation of 5m and 5n. In comparison with
allyltrimethylsilane, the reaction of the vinyl congener, however,
resulted in much lower yield possibly because of the steric
influence. In addition, vinylcyclohexane also participated in this
reaction with ease and product 5p was furnished in 44% yield.
Notably, internal aliphatic alkenes devoid of activation elements,
which are notoriously recalcitrant to GTRA processes, took part
in this reaction uneventfully. For example, the reaction of 1h and
(Z2)-3-hexene delivered the desired product 5q in synthetically
useful yield. It is also of note that 1,1-disubstituted alkenes readily
engaged in this reaction, thus offering an elegant method for the
access of quarternary-carbon-containing y-amino ketone
derivatives (5r-5v). Methylenecycloalkanes containing exo-alkene
groups also proved to be suitable substrates as represented in the
cases of Su and 5v. Moreover, less reactive alkenyl moieties
embedded in cycloalkane substrates could be smoothly
functionalized, wherein the ring size of cycloalkenes had minimal
impact on reaction yields (Sw-5z). Although products 5z and 6a
were obtained in relatively low yields because of severe steric
congestion, these constitute rare examples of GTRA type
functionalization of unactivated tri-substituted alkenes.
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3 Table 2. Substrate scope”
4
e 0.2 mol % [Ir(dF(CF3)ppy)2(bpy)I(PFs) e
5 o~ \Phth R® MeCN, Hzoa(as eqzuiv) ° o RY :SP""'M
6 R«g R%Ra 15WBlue LEDs, Ny, t, 12h R'JJ\IR,,
7 1 20r3 4,5
8 NPhth"e 0 NPhth'e NPhth'e NPhthVe . )
9 4a,R=H,68% de R=mOMe, 50% o N N NPhth :"m " ’BBu7:7;3/%
4b, R = p-Me, 57% 4f, R = p-F, 69% o 0 u, 157
10 j 4c,R = mMe, 58% 4g, R = p-Cl, 62% OO J o J P N R
11 4d, R= p-'Bu, 55% 4h, R = CF3, 80% 4p,R=Cy, 65%
12 4i, 30% 4j, R = Me, 85% 41, 66%
NPhthMe 4k, R = Bn, 65%
13 o NPhth"e ° NPhth'e ° NPhthMe NPhthMe N . N
() 0. MeO.
14 Meo. 0 NH N N MeON
15 ° oy ° A ° 4‘3 rom
16 4q, 48% (dr = 2.2:1) 4, 55% 4s, 62% at, 55% 4u, 62% av, 46% (1r = 4:1) 4w, 47%
17 NPhth™e NPhthMe NPhth'e NPhth'® NPhthMe NPhthMe NPhth™e
o
'8 5 M vo I
19 ) O Bz0. o ™S
20 4x, 35% (dr = 2:1) 4y, 60% 4z, 30% 5a, 34% (ir = 10:1) 5b, 49% 5¢, 55% 5d, 47%
21 NPhth'® NPhth"® NPhth*e o NPhthMe o NPhthMe NPhth"e NPhthMe
2 *5 *5
PTP PTP
23 HOLC o 1850 PhthN Me0,C
24 e, 52% (T = 62 1) 5, 65% (r = 56 1) 59, 48% (T = 6.2:1) 5h, 52% (it = 7.3:1) 5i, 40% 5§, 52% 5k, 52% (I = 8.1:1)
25 NPhthMe NPhthMe NPhthMe NPhthMe NPhthMe
26 )k/g )k% Nphmm i o Ny ”""‘“"“
PTP
27 Bpin TMS
28 51, 50% 5m, 41% 5n, 61% 50, 32% 5p, 44% 5q, 45% (dr = 1:1) 5r, 45% 5s, 54%
29 NPhth™e NPhthVe NPMhMe NPhth"e NPhthMe NPhth"e NPhth¥e
30
th""e
31
TBSO PTP’ ]
PTP
gg 5t, 50% 5u, 54% 5v, 40% 5w, 62% 5x, 69% 5y, 59% 5z, 30% (dr =1.1:1) 6a, 40% (dr = 1:1)
34 “See the Supporting Information for reaction details. Isolated yields were provided. rr, regioisomeric ratio. dr, diastereomeric ratio.
35 In order to gain some mechanistic insights of the reaction, amount of initiator was required for appreciable conversion
36 several radical clock experiments were conducted, which (Scheme 2d). Furthermore, a quantum yield of 12.9 was identified
37 provided evidence for the radical nature of C—N bond forming between reaction 1j and 2a, which indicated the involvement of a
process. Specifically, when 1,6-diene probe 7a was employed, chain process.'®
38 only the radical annulation product 8a was observed instead of Scheme 2. Control experiments
39 1,2-difunctionalization products (Scheme 2a). When f-pinene was
40 subjected to the standard reaction conditions with 1h, product 8b o
41 which resulted from g-fragmentation of cyclobutylmethyl radical a NPhtnte N tanderd condions® | —
. + —_—
42 was exclusively afforded (Scheme 2b). Furthermore, when 1h was oo weod Scon
43 treated with cycloocta-1,5-diene 7¢, the 1,2-difunctionalization 1h a Meore” “coMe
42 product 8d was formed in 10% yield accompanied by the 83, 60% (dr=45:1)
generation of considerable amount of transannulation product 8c b ot O/\Npmh'“
45 as well as hydroamination byproduct 8e (Scheme 2c¢). The radical e ‘ng e ""’M’
46 nature of this reaction is also supported by the observation that the 8b, 55%
47 addition of TEMPO as a radical scavenger inhibited this we
. . . . ¢ o’ NPhth as above Nth"'e NPhth e
48 transformation. Two essentially contrasting working modes of A *
49 photocatalysis could be envisaged for the generation of N- . - o a2 e Choame 8. 100
centered radicals: one follows ftriplet energy transfer from '° X=H 80, 27%
50 activated photocatalyst “Tr'™ to 1, and the other takes place via . P o AP
51 photocatalyst-engaged single electron transfer (SET) manifold. Meo\n/§ +NONF DLPnea) MeON
. . . . MeCN/H0, reflux, 12h g
52 The experimental results with different photocatalysts in the o 4 2a ° P
53 foregoing sections point to the likelihood of the triplet energy oo 163": 10 40%
54 transfer ~model.  Stern-Volmer  fluorescence  quenching Based he ab ioned | o
55 experiments verified that the excited state ‘Ir'" was quenched Ese, on the at ?Vriglignﬁne CSO)Ht"rF(L exper;mentf, ?pr(?fhoiﬁd
. mechanism is put fo cheme 3). The reaction starts wi e
56 effegtlve?ly by ll-l bu-t ot the alkene. substrates. O~f note, the visible light seIr)lsitization of I'™ catalyst to its excited state “Tr'"
application of radical initiator such as dilauroyl peroxide (DLP) in hich gh . 4 . ’
57 place of photosensitization is also feasible, while stoichiometric which  then undergoes triple energy transfer with O-
58
59
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vinylhydroxylamine substrate 1. The ensuing homolytic cleavage
of N-O bond in activated 1 give rise to O-radical I and N-radical
II, respectively. Subsequently, the emerging electrophilic N-
radical selectively engages electron-rich alkene 2a to afford a
secondary alkyl radical III. Consequently, this nucleophilic
radical intermediate is disposed undergo further radical addition
to substrate 1, which is comparatively electron-deficient. The
following pf-fragmentation of N—O bond in intermediate IV
delivered the desired carboamination product 4 while regenerating
N-radical II to enable a chain sustention process. Taken together,
radical polar effect likely plays a central role in dictating the
selectivity of the reaction.

Scheme 3. Proposed reaction mechanism

/\OE( _NPhthMe
! Nphen ME\Y

§ i

MLCT

Energy
Transfer, + NthMe

‘Ir'“ |
NPhth Ve
!
/‘g OE( [
Ry OEt o : R'
NPhthMe [V

_ NPhthVe

-
NPhthte 4

In summary, using O-vinylhydroxylamine derivatives as both
the N- and C-donors under visible-light-sensitization,
intermolecular carboamination of unactivated alkenes was
successfully accomplished. The polarity effect underpins the
exquisite regiochemical control of this process, affording linear
products exclusively. In addition, this atom economical reaction
features mild reaction conditions, broad scope, and high
chemoselectivity. This reaction not only provides an alternative
strategy for alkene-carboamination, but also enables the
application of GTRA reactions to incorporate both carbon and
nitrogen groups onto olefins, which proves to be elusive until the
present report.

ASSOCIATED CONTENT

This material is available free of charge via the Internet at
http://pubs.acs.org.

AUTHOR INFORMATION

Corresponding Author

*lamcfeng@njtech.edu.cn
Notes
The authors declare no competing financial interest.

ACKNOWLEDGMENT

We gratefully acknowledge the financial support of the
“Thousand Talents Plan” Youth Program, the “Jiangsu Specially-
Appointed Professor Plan”, the Natural Science Foundation of
Jiangsu Province (BK20170984), and SICAM Fellowship by
Jiangsu National Synergetic Innovation Center for Advanced
Materials. We are grateful to Dr. Ming Yan for helpful discussion,
Prof. Genping Huang (Tianjin University) for the calculation of
triplet energy, Prof. Jin Xie (Nanjing University) for suggestion in
quantum yield determination.

REFERENCES

(1) (a) Patai, S. The Chemistry of Alkenes (Wiley Interscience, 1964).
(b) McDonald, R. L; Liu, G.; Stahl, S. S. Chem. Rev. 2011, 111, 2981.

(2) Togni, A.; Grutzmacher, H. Eds. Catalytic Heterofunctionalization
(Wiley-VCH: Weinheim, 2001).

(3) Kharasch, M. S.; Jensen, E. V.; Urry, W. H. Science 1945, 102, 128.

(4) (a) Curran, D. P.; Eichenberger, E.; Collis, M.; Roepel, M. G.;
Thoma, G. J. Am. Chem. Soc. 1994, 116, 4279. (b) Crich, D.; Chen, C.;
Hwang, J.-T.; Yuan, H.; Papadatos, A.; Walter, R. 1. J. Am. Chem. Soc.
1994, 116, 8937. (¢) Yorimitsu, H.; Shinokubo, H.; Matsubara, S.;
Oshima, K.; Omoto, K.; Fujimoto, H. J. Org. Chem. 2001, 66, 7776. (d)
Nguyen, J. D.; Tucker, J. W.; Konieczynska, M. D.; Stephenson, C. R. J.
J. Am. Chem. Soc. 2011, 133, 4160. (¢) Chen, B.; Fang, C.; Liu, P.; Ready,
J. M. Angew. Chem. Int. Ed. 2017, 56, 8780. (f) Bagal, D. B.
Kachkovskyi, G.; Knorn, M.; Rawner, T.; Bhanage, B. M.; Reiser, O.
Angew. Chem. Int. Ed. 2015, 54, 6999. (g) Tang, X.-J.; Dolbier, Jr. W. R.
Angew. Chem. Int. Ed. 2015, 54, 4246. (h) Arceo, E.; Montroni, E.;
Melchiorre, P. Angew. Chem. Int. Ed. 2014, 53, 12064.

(5) (a) Zard, S. Z. Angew. Chem. Int. Ed. 1997, 36, 612. (b) Zard, S. Z.
Aust. J. Chem. 2006, 59, 663.

(6) (a) Ney, J. E.; Wolfe, J. P. Angew. Chem. Int. Ed. 2004, 43, 3605.
(b) Rosewall, C. F.; Sibbald, P. A.; Liskin, D. V.; Michael, F. E. J. Am.
Chem. Soc. 2009, 131, 9488. (c) Liwosz, T. W.; Chemler, S. R. J. Am.
Chem. Soc. 2012, 134, 2020. (d) Brenzovich, Jr.; W. E.; Benitez, D.;
Lackner, A. D.; Shunatona, H. P.; Tkatchouk, E.; Goddard, III, W. A.;
Toste, F. D. Angew. Chem. Int. Ed. 2010, 49, 5519. (e) Hayashi, S.;
Yorimitsu, H.; Oshima, K. Angew. Chem. Int. Ed. 2009, 48, 7224. (f)
Orcel, U.; Waser, J. Angew. Chem. Int. Ed. 2016, 55, 12881.

(7) Piou, T. K.; Rovis, T. Nature 2015, 527, 86.

(8) Lerchen, A.; Knecht, T.; Daniliuc, C. G.; Glorius, F. Angew. Chem.
Int. Ed. 2016, 55, 15166.

(9) Cheng, J.; Qi, X.; Li, M.; Chen, P.; Liu, G. J. Am. Chem. Soc. 2015,
137,2480.

(10) Liu, Z.; Wang, Y.; Wang, Z.; Zeng, T.; Liu, P.; Engle, K. M. J.
Am. Chem. Soc. 2017, 139, 11261.

(11) (a) Liu, Y.-Y.; Yang, X.-H.; Song, R.-J.; Luo, S.; Li, J.-H. Nat.
Commun. 2017, 8, 14720. (b) Gockel, S. N.; Buchanan, T. L.; Hull, K. L.
J. Am. Chem. Soc. 2018, 140, 58. (c) Hari, D. P.; Hering, T.; Konig, B.
Angew. Chem. Int. Ed. 2014, 53, 725. (d) Qian, B.; Chen, S.; Wang, T,;
Zhang, X.; Bao, H. J. Am. Chem. Soc. 2017, 139, 13076. (e) Wang, D.;
Wu, L.; Wang, F.; Wan, X.; Chen, P.; Lin, Z.; Liu, G. J. Am. Chem. Soc.
2017, 139, 6811. (f) Zhang, H.; Pu, W.; Xiong, T.; Li, Y.; Zhou, X.; Sun,
K.; Liu, Q.; Zhang, Q. Angew. Chem. Int. Ed. 2013, 52, 2529.

(12) Weidner, K.; Giroult, A.; Panchaud, P.; Renaud, P. J. Am. Chem.
Soc. 2010, 132, 17511.

(13) Cai, S.-H.; Xie, J.-H.; Song, S.; Ye, L.; Feng, C.; Loh, T.-P. ACS
Catal. 2016, 6, 5571.

(14) (a) Okada, K.; Okamoto, K.; Morita, N.; Okubo, K.; Oda, M. J.
Am. Chem. Soc. 1991, 113, 9401. (b) Qin, T.; Cornella, J.; Li, C.; Malins,
L. R.; Edwards, J. T.; Kawamura, S.; Maxwell, B. D.; Eastgate, M. D.;
Baran, P. S. Science 2016, 352, 801. (c) Fawcett, A.; Pradeilles, J.; Wang,
Y.; Mutsuga, T.; Myers, E. L.; Aggarwal, V. K. Science 2017, 357, 283.
(d) Allen, L. J.; Cabrera, P. J.; Lee, M.; Sanford, M. S. J. Am. Chem. Soc.
2014, 136, 5607. (e) Davies, J.; Booth, S. G.; Essafi, S.; Dryfe, R. A. W.;
Leonori, D. Angew. Chem. Int. Ed. 2015, 54, 14017. (f) Wang, D.; Zhu,
N.; Chen, P.; Lin, Z.; Liu, G. J. Am. Chem. Soc. 2017, 139, 15632. (g)
Zhen, W.; Morales-Rivera, C. A.; Lee, J. W.; Liu, P.; Ngai, M.-Y. Angew.
Chem. Int. Ed. 2018, 57, 9645. (h) Zhao, W.; Wurz, R. P.; Peters, J. C.;
Fu, G. C. J. Am. Chem. Soc. 2017, 139, 12153. (i) Candish, L.; Teders,
M.; Glorius, F. J. Am. Chem. Soc. 2017, 139, 7440. (j) Zhang, J.; Li, Y.;
Zhang, F.; Hu, C.; Chen, Y. Angew. Chem. Int. Ed. 2016, 55, 1872. (k)
Cecere, G.; Konig, C. M.; Alleva, J. L.; MacMillan, D. W. C. J. Am.
Chem. Soc. 2013, 135, 11521.

(15) A DFT calculation of the triplet energy of substrate 1j was
conducted and the obtained E1" (calc) = 60.1 Kcal/mol is within the range
that should be accessed using [Ir(dF(CF;)ppy)(bpy)](PFs) as a triplet
sensitizer (Er = 60.4 Kcal/mol). See SI for details.

(16) The cross over experiment of la, 1h and 2a suggested the
intermolecular delivery of N- and C-donors for this carboamination
reaction. See SI for details.
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NPhthMe s 0.2 mol % [Ir(dF(CF3)ppy)2(bpy)1(PFe) RZ__NPhth"e
o’ . R MeCN, H,0 (85equiv) ﬁ\/\ERs

2

R1,§ R\/\Ra 15 W Blue LEDs, Ny, 1t, 12 h - Ré

m 100% atom economy m linear selectivity ® mild conditions m broad substrate scope

oNOYTULT D WN =
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