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Yan-Na Ma,'® Xi Zhang,"® and Shang-dong Yang*?!

KAbstract: An efficient metal-free tandem\
intramolecular oxidative C-H amination and iodization
of phosphinamide has been performed and a series of
novel phosphorus heterocyclic compounds was
obtained. This method provides a concise and highly
valuable pathway for the synthesis of difunctional
Katropoisomeric P-stereogenic phosphinamides. j

Selective C-H bond amination has emerged as a powerful
tool for the synthesis of complex nitrogen-containing molecules.*
This methodology allows one to bypass the installation and
subsequent removal of classical leaving groups and to reduce
wastes and synthetic steps. Therefore, C-H bond amination has
attracted a growing amount of attention in the past decades. In
general, C-H amination has been propelled by transition metals to
activate C-H bonds.?2 Additionally, metal free catalyzed direct
oxidative C-H amination by different oxidants has also provide a
concise and efficient pathway.® Because chiral amine compounds
are powerful pharmacophore for defining new pharmaceutical and
pivotal synthon for synthesis of chiral alkaloids and N-hybridize
ligands.* Thus, the exploration and establishment of the novel and
high effective methods of the asymmetric C-H amination become
a challenging task.

Chiral aminophosphines are versatile building blocks that
have been employed in modular syntheses of chiral ligands and
organocatalysts.® Especially these ligands possessing both axial
chirality and a P-stereogenic were proven very efficient and
stereochemically stable.® However, catalytic asymmetric methods
for highly enantioselective synthesis of P-stereogenic phosphines,
especially the methods for P-stereogenic phosphorus heterocycles,
remain very rare.” As an alternative strategy, selective asymmetric
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C-H activation using an atom-efficient phosphamide precursc
has become an increasingly common topic for research. Recently
Duan and Liu groups almost simultaneously report a Pd-catalyze
enantioselective intramolecular C-H arylation to synthesize chire
phosphinic amide (A, Scheme 1).® Moreover, subsequent studie
by Han and coworkers demonstrated the enantioselectiv
synthesis of P-stereogenic phosphinamides through Pd-catalyze:
desymmetric ortho C-H arylation of diarylphosphinamides wit
boronic acids (B, Scheme 1).° Chang and coworkers hav
developed the direct C-H amidation of arylphosphoryl compound
by using an Ir'"" catalyst system under mild conditions.®® Ver
recently, Cramer group discloses an enantioselective synthesis o
cyclic phosphinamides with a P-stereogenic phosphorus (V) ator
catalyzed by a CpxRh'"' complex (C, Scheme 1) Thes
significant advances towards chiral phosphinamides have bee
driven by the transition metals to activate C-H bonds. To the bes
of our knowledge, no example involves in preparation of chire
phosphinamides via the metal free oxidative asymmetric C-t
amination, which avoids the employment of expensive transitio
metal and chiral ligand, and promises a potential for large-scal
preparations. If the key challenge of overcoming the conflic
between enantioselectivity with metal free C-H functionalizatio
could be addressed, such sequence would offer great advantages
In the last year, by using the chiral phosphrous oxide as directin
group, we have succeeded to achieve the Pd(ll)-catalyze
asymmetric C-H activation via dynamic kinetic resolution.? W
have questioned whether chiral phosphinamide and metal fre
direct oxidative C-H amination might be successfully combined t
create a new pattern for the synthesis of compounds containin
both axial chirality and a P-stereogenic in large-scale throug
dynamic Kinetic resolution or desymmetrisation proccess (C
Scheme 1).

With this design principles in mind, we have firstl
synthesized the chiral phosphinic amide la through our previou
Pd-catalyzed cascade asymmetric cross-coupling reaction an
further reacted with lithium methylamide in high yield witl
excellent enantioselectivity,’® and wished to achieve th_
asymmetric synthesis of atropoisomeric azaphosphaannulation
compounds under metal free reaction conditions. We initially
studied the asymmetric metal free C-H amination reaction of 1a
with different oxidants in CH3;CN (Table 1, entries 1-5). To our
delighted, when NIS was used, the desired azaphosphaannulated
product 2a with iodization at 5° position was obtained in 31%
yield with good diastereoselectivity through desymmetrisation
process. In many metal free oxidative C-H amination reactions,
hypervalent iodine(I1l) species possessing an iodine-nitrogen
bond are efficient reagents in oxidative C-H amination of
nonprefunctionalized arenes and heteroarenes.** Encouraged by
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Scheme 1. Various Strategies for Synthesis of Chiral
Phosphinamides

this result, we further optimized the reaction conditions and
screened other hypervalent iodine catalytic system. When we used
PhI(OACc),+1, to prompt this reaction, the desired product was
improved to 75% yield with good diastereoselectivity (entry 6).
Based on this result, the influence of other oxidants was also
examined, BPO, mCPBA, K,S,0g, (NH4)28208 could also
propelled the reaction and the desired product was obtained in
different yields with good dr value with I, as the iodine sources
(entries 7-11). Next, we have evaluated other iodine sources,

Table 1. Reaction Conditions Screening.™

Nt
2 2 7N\
P=Ph solvent P=Ph BV
NHMe
4§ '

)

+ Oxidant —— = o TN
N. st

Me SN

TN\

TN

1a 2a
entry oxidant (2 eq) additive (2 eq) salvent result®®

1 PhI(OAc), CH4CN n.r.

2 PhI(TFA), CH3CN nr.

3 K»S5;08 CH3CN nr.

4 NIS CH4CN 31%, dr > 20:1
5 AgOAc CH;CN n.r.

6 Phi{OAc), Iz CH3CN 75%, dr > 20:1
7 PhI(TFA), la CH;CN trace

8d BPO I3 CH;CN 73%, dr > 20:1
9 mCPBA [ CH3CN 48%, dr > 20:1

10 K25;08 [ CH4CN 21%, dr > 20:1
11 (NH4),S,0¢ Io CH3CN 19%, dr > 20:1
12 PhI(OAc), Kl CH4CN nr.

13 Phl(OAc), Nal CH;CN n.r.

14 Phi(OAc), NH,! CH4CN n.r.

15 Phi(OAc), BuyNI CH3CN nr.

16 Phi(OAc), [ DMF 75%, dr > 20:1
17 Phi(OAc), Iy toluene 75%, dr > 20:1
18 Phl(OAc); Iz DME 75%, dr > 2011
19 Phl{OAc), Iy dioxane 59%, dr > 2011
20 Phl(OAc), Iz DCE 71%, dr > 20:1
21 PhI(OAc), [ CH3NO, 1%, dr > 20:1

[a] Reaction conditions: 0.2 mmol of 1a, 0.4 mmol of oxidants and 0.4 mmol
iodine sources in different solvents (2.0 mL) under air atmosphere. [b] Isolated
yields. [c] The values of p/o and dr were determined by *H NMR and 3P NMR.
[d] BPO = Benzoperoxide.
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while no product was obtained when K1, Nal, NH;NI, BuyNI were
used (entries 12-15). Results of solvents screening indicated that
the reaction could proceed smoothly in almost all of the solvents
and showed good reactivity (entries 16-21). Finally, we selected
CH3CN as the solvent which exhibited the best reactivity when
other substrates were used and the optimized reaction conditions
are as follows: I, as the iodine source, Phl(OAC), as the oxidant in
CH4CN at 80 °C under air atmosphere.

With the optimized reaction conditions in hand, we firstly
examined the N-protecting group. When N-alkyl or N-benzyl
phosphinic amides were used, the desired products were obtained
in good yields with excellent diastereoselectivities (Table 2, 2a-
2d). Meanwhile the free phosphinic amide can also been used into
this reaction and the desired product was obtained in 27% yiel
with good selectivity (2e). While when the protecting group wa
electronic-withdrawing tosyl or pentafluorobenzyl, we only gc
the racemic substrates. When these two substrates were used, w
obtained the intramolecular C-H hydroxylation product and th
iodine atom didn’t been introduced (3). Base on these result:
different substituted phosphinic amides were screened unde
metal free reaction conditions to demonstrate the scope an
limitations of this reaction. For the 2'-substituted biphenyl-2-y
phosphinic amides, we want to achieve the synthesis of axiall
chiral azaphosphaannulated product through dynamic kineti
resolution process, while we didn't obtain the pure product whicl
illustrated that the steric effect impacted the reactivity. So w
trained our attention to the asymmetric C-H amination throug
desymmetrisation process. For our reaction, the dynamic kineti
resolution mainly toward the 2'-substituted biphenyl-2-y
phosphinic amides, which can easily take racemization under th
reaction conditions. The desymmetrisation process mainly towar
the substrates with no substituents at the 2 position and the

Table 2. Scope of the Metal Free C-H Amination.?

Ph(OAC),
_ .

A~ HN CH4CN, 80 °C

P=Ph R=Ts, 57%, dr > 20:1
R = CgFs, 60%, dr > 20:1

P‘Ph 2b, R = Et, 55%, dr > 20:1
2¢, R = Pr, 47%, dr > 20:1
2d, R = Bn, 60%, dr > 20:1
2e, R=H, 27%, dr > 20:1

L
O g
7 e
p_Ph P*Pr “\’,j\ ]\4/{;.-.’
N-pe /I/ >
1Ty
2f /

2h
78%, dr > 20:11

2a, R = Me, 75%, dr > 20:1
74% (24 mmaol), dr > 20:1

65%, dr > 20:1

Cle
P P~pn
N P».O 2j, R =F, 67%, dr > 20:1 N e
““Ph 2k, R =Cl, 64%, dr > 20:1
d N.yie 21 R=Ph, 75%, dr > 20:1
OMe
2i

46%, dr > 20:1

59%, dr> 201

58%, dr > 20:1

[a] Reaction conditions: 0.5 mmol of 1, 1.0 mmol of Phl(OAc), and 1.0 mmol
I, in different CH3CN (5.0 mL) under air atmosphere. [b] Isolated yields. [c]
The values of p/o and dr were determined by *H NMR and P NMR. [d] 0.5
mmol 1h and 1.25 mmol NIS in DCM at 70 °C.

This article is protected by copyright. All rights reserved.



Chemistry - A European Journal

symmetry will be broken when the C-H amination occurred. To
our delight, the 6'-substituented substrates showed good reactivity
and diastereoselectivity through desymmetrisation process (2f and
29). When the phenyl group was replaced by thiophene, the
corresponding poly heterocycle product 2h and 2i was obtained
with good yield and excellent selectivity which was confirmed by
single-crystal X-ray crystallography (2h). For the substrates with
the substituted group lies on the meta-position of the phosphinic
amide group, good results were obtained (2j-21). Moreover, the
4’-substituted phosphinic amides also exhibited good activity
accompanying with excellent selectivities (2g and 2m). Finally,
we also extended this method to modify estrone and afforded
chiral atropoisomeric product 2n in moderate yield with high
diastereoselectivity, which is an important steroid.

In light of the above results, we next changed the iodine
sources to other halogenation reagents and anticipated to achieve
the bromination and chlorination. Firstly, KBr was used instead of
I, to the bromination reaction with 1a as the model substrate. As
we expected, the desired bromination product 4a was obtained in
62% yield with excellent selectivity when toluene/H,0 (4:1) was
used as the solvent (eq 1, Scheme 2). A higher yield of 82% was
gained if the Phl(OAc), was changed to oxone. While when NaCl
was used, we only obtained the N-chlorination compound 5a as
the N-CI bond was relatively stable which indicated that the N-X
compounds were the reaction intermediate (eq 2, Scheme 2).

g Cle
F<Ph toluene/H,0 (4:1) P=ph

+ oxidant ————— N (eq 1)

4 +
NHMe rt N
O PhI(OAc),, 62%, dr > 20:1

e
1a oxone, 82%, dr > 20 :1 4a
OF:; Bt
4 u,Ph
P=Ph R’

toluene/H,0 (4:1)
+ + Oxong —MmM8M8Mm ™=

O NHMe it O jN—%VIe (eq2)
1a 5a
Scheme 2. Intramolecular Metal Free C-H Amination

Bromination.

Next, the reaction mechanism was studied, when free radical
scavengers TEMPO or BHT were added to the reaction mixture,
no product was detected. So we proposed that the reaction went
through a radical process. Meanwhile the intramolecular
amination compound 3a was subjected to the reaction conditions
and the desired iodization product 2a was obtained in 88% yield
(Scheme 3). So we suggested that 3a was initially formed as an
intermediate.

Clg e
P=Ph PhI(OAc); P=Ph
- +
CH;CN, 80 °C

- -
N.
o
88%, dr > 20:1

3a 2a

Scheme 3. Study of Mechanism.

On the basis of these results and previous reports,’® a plausible
mechanism is shown in Scheme 4. Firstly, the N-I bond is formed
under the effect of Ph(OAc), and I, which is very unstable, and
easily undergoes thermal homolytic cleavage to generate the
phosphonamidyl radical B. Then the radical is trapped by the
arene to give intermediate C. Rearomatization of C under the
PhI(OAc), to provide intermediate 3a. As the intermediate 3a is

10.1002/chem.201700218

an electron-rich arene which can immediately occur iodization
under the reaction conditions to give the desired product 2a.

O iy O P O o
F=Ph Phi(OAc), P-Ph J P~Ph
NHMe N-pe “N-pe
O J “
A

o]
Fh'(OAC}z ..ph O F;.~Ph Phl(OAC)z P Ph
N-pe Nk N-pe
HOAc O HOAI:
A
3a

Scheme 4. A Plau5|ble Mechanism.

To demonstrate the versatility of iodinated products in cross
coupling reactions, we explored various coupling reactions wit
2a (Scheme 5). Suzuki-Miyaura coupling with phenylboronic acii
afforded triaryl derivative 6a in quantitative yield. Reacting wit|
NaN; gave the azide compound 7a in 68% vyield.® Th
phosphinated product 8a was achieved in 76% yield wit
Pd(OAC), as the catalyst.)” Heck coupling with ethyl acrylat
gave the vinylation derivative 9a in 86% yield.®.

PhB(OH),

Pd,dbag, s-phos, K3PO, 6a, 99%, dr > 2|

tol, 100 °C

o
Cul, L-proline, NaOH 7a, 68%, dr > 2(

DMSO, 60 °C

<IN Cls
I HP(OE), PaPh
2a N Y
Pd(OAC),, dppf, ELN Ny B2 70% dr>2
KOAc, THF, 70 °C
(EtO)-(O)P

| Fcoet

Pd(OAc EtN
DMF, 95 °C

9a, 86%, dr > 2(

EtO,C”

Scheme 5. The Coupling Reactions of 2a.

The “click chemistry” has recently emerged to become one @
the most powerful tools in drug discovery, chemical biology, ani
proteomic applications. Herein, we also selected the product 2a a
starting material to undergo the click chemistry with 5'-azido-5'
deoxythymidine 12 by the Cu(ll)-catalyzed 1,3-dipolar azide
alkyne cycloaddition (CUAAC) reactions (Scheme 6). Firstly, 2
was installed the terminal alkyne through the Sonogashir
coupling reaction and removal of trimethylsilyl to obtain 11 i
96% yield.'® Following a “click” reaction,® compound 11 wa
reacted with 5'-azido-5'-deoxythymidine 12 to afford the desire
cycloaddition product 13 in 93% yield with excellent dr value.

[
O o A O 0
7 P<ph KE

[ Pd(PPh;),Cl, Cul Fupr
e =y — ‘e fen
“Me Et;N dioxane MeOH “Me
1 98%, dr > 20:1 98%, dr > 20:1 O
2a " 10 "
O NaAsc (20%)
e _CusOuf10%) (S
O \ THF + H,0 (1:1) P
0=P.

11 12 13
93%, dr > 20:1

Scheme 6. Click chemistry with 2a.
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To demonstrate the existence of the axial chirality, the P-N
bond cleavage of 6a was examined using "BuLi as the
nucleophilic reagent.% The dr values of the ring-opening product
were 84:16 under -78 °C and 1.2:1 when the temperature was
increased to room temperature (Scheme 7). As the ring-opening
compound 14a only contain two substituents at the axis, so the
axial chirality cannot be keeped at room temperature and took
racemization. While for the cyclization products, the biaryl axis
cannot rotate easily. This maybe attribute to the rigid structure of
the 6-membered N,P-heterocycle. So we think our products exist
axial chirality.

o
. o
O P="Bu

P=Ph THF

N + "Buli - Ph
O “Me 78°C O NHMe
Ph

6a 14a

under -78 °C, dr = 84:16
underrt, dr=1.2:1

Ph

Scheme 7. The experiment to certify the existence of axial
chirality.

In summary, we have described a metal-free radical tandem
oxidative C-H amination and iodization reaction under mild
reaction conditions. With this method, we achieved the synthesis
of azaphosphaannulation compounds with iodization or
bromination at 5° position in good yield and selectivity and the
iodization product can be further used into various coupling
reactions and the “click chemistry” to modify the
pharmacologically relevant molecules.

Experimental Section
General procedure for the asymmetric C-H amination and iodization:

A solution of 154 mg (0.5 mmol, 1.0 equiv) 1a, 322 mg (1.0 mmol, 2.0 equiv)
PhI(OAc), and 254 mg (1.0 mmol, 2.0 eq) I, in 5 mL CH3CN was stirred at 80
°C until the substrate 1a disappeared. Then the reaction mixture was cooled to
room temperature and diluted with 15 mL dichloromethane. After 20 mL water
was added and the aq. layer was was extracted with dichloromethane (20 mL x
2). The combined organic layers were dried over Na,SO,, filtered, and
concentrated in vacuo. The crude reaction mixture was purified by flash
chromatography on silica gel to give the pure product 2a (162 mg, 75%, dr >
20:1, ee = 99%).

Acknowledgements

We are grateful for the NSFC (Nos. 21472076 and 21532001) and Program for
Changjiang Scholars and Innovative Research Team in University (IRT_15R28)
financial support, and the Fundamental Research Funds for the Central Universities
(lzujbky-2016-sp05) financial support.

Keywords: Metal free « Oxidative C-H Amination « lodization * P-
Stereogenic Phosphinamides

[1] The selected reviews for the C-H aminations: a) F. Collet, C. Lescot, P.
Dauban, Chem. Soc. Rev. 2011, 40, 1926-1936; b) S. H. Cho, J. Y. Kim, J.
Kwak, S. Chang, Chem. Soc. Rev. 2011, 40, 5068-5083; c) T. A. Ramirez, B.
Zhao, Y. Shi, Chem. Soc. Rev. 2012, 41, 931-942; d) M.-L. Louillat, F. W.
Patureau, Chem. Soc. Rev. 2014, 43, 901-910; €) J.-P. Wan, Y. Jing, Beilstein
J. Org. Chem. 2015, 11, 2209-2222; f) J. Yuan, C. Liu, A. Lei, Chem.
Commun. 2015, 51, 1394-1409; g) K. Shin, H. Kim, S. Chang, Acc. Chem.
Res. 2015, 48, 1040-1052; h) P. Subramanian, G. C. Rudolf, K. P. Kaliappan,
Chem. Asian J. 2016, 11, 168-192; i) J. Jiao, K. Murakami, K. Itami, ACS
Catal. 2016, 6, 610-633.

[2] Transition-metal-catalyzed C-H aminations: a) J. A. Jordan-Hore, C. C. C.
Johansson, M. Gulias, E. M. Beck, M. J. Gaunt, J. Am. Chem. Soc. 2008, 130,
16184-16186; b) G. He, Y. Zhao, S. Zhang, C. Lu, G. Chen, J. Am. Chem.
Soc. 2012, 134, 3-6; c) E. T. Nadres, O. Daugulis, J. Am. Chem. Soc. 2012,

31

41

[51

(61

71

(81

[l

[10]

[11]

[12]
[13]

10.1002/chem.201700218

134, 7-10; d) S. M. Paradine, M. C. White, J. Am. Chem. Soc. 2012, 134,
2036-2039; €) Q. Michaudel, D. Thevenet, P. S. Baran, J. Am. Chem. Soc.
2012, 134, 2547-2550; f) J. L. Roizen, M. E. Harvey, J. Du Bois, Acc. Chem.
Res. 2012, 45, 911-922; g) Q. Nguyen, K. Sun, T. G. Driver, J. Am. Chem.
Soc. 2012, 134, 7262-7265; h) G. He, S.-Y. Zhang, W. A. Nack, Q. Li, G.
Chen, Angew. Chem. Int. Ed. 2013, 52, 11124-11128; Angew. Chem. 2013,
125, 11330-11334; i) H. Zhang, Y. Song, J. Zhao, J. Zhang, Q. Zhang, Angew.
Chem. Int. Ed. 2014, 53, 11079-11083; Angew. Chem. 2014, 126, 11259-
11263; j) D. E. Olson, J. Y. Su, D. A. Roberts, J. Du Bois, J. Am. Chem. Soc.
2014, 136, 13506-13509; k) A. McNally, B. Haffemayer, B. S. L. Collins, M.
J. Gaunt, Nature. 2014, 510, 129-133; I) M. Yang, B. Su, Y. Wang, K. Chen,
X. Jiang, Y.-F. Zhang, X.-S. Zhang, G. Chen, Y. Cheng, Z. Cao, Q.-Y. Guo,
L. Wang, Z.-J. Shi, Nat. Commun. 2014, 5, 4707-4712; m) S. M. Paradine, J.
R. Griffin, J. Zhao, A. L. Petronico, S. M. Miller, M. C. White, Nat. Chem.
2015, 7, 987-994; n) X. Huang, T. M. Bergsten, J. T. Groves, J. Am. Chem.
Soc. 2015, 137, 5300-5303; 0) O. Villanueva, N. M. Weldy, S. B. Blakey, C.
E. MacBeth, Chem. Sci. 2015, 6, 6672-6675; p) A. Sharma, J. F. Hartwig,
Nature. 2015, 517, 600-604; q) S. Choi, T. Chatterjee, W. J. Choi, Y. You, E.
J. Cho, ACS Catal. 2015, 5, 4796-4802; r) H. Jiang, X. An, K. Tong, T.
Zheng, Y. Zhang, S. Yu, Angew. Chem. Int. Ed. 2015, 54, 4055-4059; Ange'
Chem. 2015, 127, 4127-4131, s) G. J. Choi, R. R. Knowles, J. Am. Chem. Sc
2015, 137, 9226-9229; t) W. Xie, J. H. Yoon, S. Chang, J. Am. Chem. So
2016, 138, 12605-12614; u) Z. Yuan, R. Cheng, P. Chen, G. Liu, S. H. Lian(
Angew. Chem. Int. Ed. 2016, 55, 11882-11886; Angew. Chem. 2016, 12¢
12061-12065; v) C. C. Pattillo, I. I. Strambeanu, P. Calleja, N. A. Vermeuler
T. Mizuno, M. C. White, J. Am. Chem. Soc. 2016, 138, 1265-1272; w) R.-Y
Zhu, M. E. Farmer, Y.-Q. Chen, J.-Q. Yu, Angew. Chem. Int. Ed. 2016, 5!
10578-10599; Angew. Chem. 2016, 128, 10734-10756; x) P. Ramirez-Lcpe:
A. Ros, A. Romero-Arenas, J. lglesias-Siglenza, R. Ferné&ndez, J. N
Lassaletta, J. Am. Chem. Soc. 2016, 138, 12053-12056.

Metal-free mediated C-H aminations: a) R. Fan, W. Li, D. Pu, L. Zhang, Or¢
Lett. 2009, 11, 1425-1428; b) K. Mohanan, A. R. Martin, L. Toupet, N
Smietana, J.-J. Vasseur, Angew. Chem. Int. Ed. 2010, 49, 3196-3199; Angev
Chem. 2010, 122, 3264-3267; c) G. Cecere, C. M. Konig, J. L. Alleva, D. W\
MacMillan, J. Am. Chem. Soc. 2013, 135, 11521-11524; d) C.-L. Sun, Z.-,
Shi, Chem. Rev. 2014, 114, 9219-9280; e) G. J. Choi, R. R. Knowles, J. An
Chem. Soc. 2015, 137, 9226-9229; f) N. A. Romero, K. A. Margrey, N. E
Tay, D. A. Nicewicz, Science. 2015, 349, 1326-1330; g) N. Fuentes, W
Kong, L. Fern&ndez-Sénchez, E. Merino, C. Nevado, J. Am. Chem. Soc. 201
137, 964-973.; h) G. Pandey, R. Laha, Angew. Chem. Int. Ed. 2015, 5«
14875-14879; Angew. Chem. 2015, 127, 15088-15092; i) S. Ahamad, F
Kant, K. Mohanan, Org. Lett. 2016, 18, 280-283.

a) J. Xu, X. Li, Y. Gao, L. Zhang, W. Chen, H. Fang, G. Tang, Y. Zha
Chem. Commun. 2015, 51, 11240-11243; b) W. Li, J. Zhang, Chem. Soc. Re
2016, 45, 1657-1677.

a) P. J. Guiry, C. P. Saunders, Adv. Synth. Catal. 2004, 346, 497-537; b) N
P. Carroll, P. J. Guiry, Chem. Soc. Rev. 2014, 43, 819-833; c) Y. Wei, M. St
Acc. Chem. Res. 2010, 43, 1005-1018; d) R. Martin, S. L. Buchwald, Act
Chem. Res. 2008, 41, 1461-1473; e) X. Q. Shen, G. O. Janes, D. A. Watsor
B. Bhayana, S. L. Buchwald, J. Am. Chem. Soc. 2010, 132, 11278-11287; -
P. Kogovsky, S. Vyskogil, M. Smréina, Chem. Rev. 2003, 103, 3213-3246; ¢
G. Helmchen, A. Pfaltz, Acc. Chem. Res. 2000, 33, 336-345.

a) P. Ruiz-Castillo, D. G. Blackmond, S. L. Buchwald, J. Am. Chem. Sor
2015, 137, 3085-3092; b) S. H. Kim, S. H. Park, J. H. Choi, S. Chan(
Chem.-Asian J. 2011, 6, 2618-2634.

a) C. Popovici, P. Ona-Burgos, I. Fernéndez, L. Roces, S. Garcia-Granda, M
J. Iglesias, F. Lopez Ortiz, Org. Lett. 2010, 12, 428-431; b) M. Casimiro, L
Roces, S. Garcia-Granda, M. J. Iglesias, F. Lopez Ortiz, Org. Lett. 2013, 1!
2378-2381; c) S. Park, B. Seo, S. Shin, J.-Y. Son, P. H. Lee, Chem. Commur
2013, 49, 8671-8673; d) Y. R. Kim, S. Cho, P. H. Lee, Org. Lett. 2014, 1¢t
3098-3101; e) M. Stankevi¢, Org. Biomol. Chem. 2015, 13, 6082-6102; f) v
Dutartre, J. Bayardon, S. Jugé Chem. Soc. Rev. 2016, 45, 5771-5794.

a) Z.-Q. Lin, W.-Z. Wang, S.-B. Yan, W.-L. Duan, Angew. Chem. Int. Ec
2015, 54, 6265-6269; Angew. Chem. 2015, 127, 6363-63677; b) L. Liu, A.-#
Zhang, Y. Wang, F. Zhang, Z. Zuo, W.-X. Zhao, C.-L. Feng, W. Ma, Or¢
Lett. 2015, 17, 2046-2049.

a) J. Guan, G.-J. Wu, F.-S. Han, Chem. Eur. J. 2014, 20, 3301-3305; b) Z.-.
Du, J. Guan, G.-J. Wy, P. Xu, L.-X. Gao, F.-S. Han, J. Am. Chem. Soc. 201!
137, 632-635.

D. Gwon, D. Lee, J. Kim, S. Park, S. Chang, Chem. Eur. J. 2014, 20, 12421-
12425.

Y. Sun, N. Cramer, Angew. Chem. Int. Ed. 2017, 56, 364-367; Angew. Chem.
2017, 129, 370-373.

Y.-N. Ma, H.-Y. Zhang, S.-D. Yang, Org. Lett. 2015, 17, 2034-2037.

a) L.-B. Han, C.-Q. Zhao, S.-Y. Onozawa, M. Goto, M. Tanaka, J. Am. Chem.
Soc. 2002, 124, 3842-3843; b) Q. Xu, C.-Q. Han, L.-B. Zhao, J. Am. Chem.
Soc. 2008, 130, 12648-12655; c) T. Yamamoto, Y. Akai, Y. Nagata, M.
Suginome, Angew. Chem. Int. Ed. 2011, 50, 8844-8847; Angew. Chem. 2011,
123, 9006-9009; d) S. L. Wang, J. J. Li, T. T. Miao, W. H. Wu, Q. Li, Y.
Zhuang, Z. Y. Zhou, L. Q. Qiu, Org. Lett. 2012, 14, 1966-1969; €) Y.-N. Ma,
S.-D. Yang, Chem. Eur. J. 2015, 21, 6673-6677; f) Z. S. Han, L. Zhang, Y.

This article is protected by copyright. All rights reserved.



Chemistry - A European Journal

[14]

Xu, J. D. Sieber, M. A. Marsini, Z. Li, J. T. Reeves, K. R. Fandrick, N. D.
Patel, J.-N. Desrosiers, B. Qu, A. Chen. D. M. Rudzinski, L. P.
Samankumara, S. Ma, N. Grinberg, F. Roschangar, N. K. Yee, G. Wang, J. J.

Song, C. H. Senanayake, Angew. Chem. Int. Ed. 2015, 54, 5474-5477; Angew.

Chem. 2015, 127, 5564-5567.

a) M. Ochiai, K. Miyamoto, T. Kaneaki, S. Hayashi, W. Nakanishi, Science,
2011, 332, 448-451; b) A. A. Kantak, S. Potavathri, R. A. Barham, K. M.
Romano, B. DeBoef, J. Am. Chem. Soc. 2011, 133, 19960-19965; c) A. P.
Antonchick, R. Samanta, K. Kulikov, J. Lategahn, Angew. Chem. Int. Ed.

2011, 50, 8605-8608; Angew. Chem. 2011, 123, 8764-8767; d) J. A. Souto, D.

Zian, K. Muiliz, J. Am. Chem. Soc. 2012, 134, 7242-7245; ) M. C. Dobish, J.
N. Johnston, J. Am. Chem. Soc. 2012, 134, 6068-6071; f) E. T. Hennessy, T.
A. Betley, Science, 2013, 340, 591-595; g) Y. Yan, Y. Zhang, Z. Zha, Z.
Wang, Org. Lett. 2013, 15, 2274-2277; h) S. Manna, A. P. Antonchick,
Angew. Chem. Int. Ed. 2014, 53, 7324-7327.; Angew. Chem. 2014, 126,

7452-7455; i) L. Fra, A. Mill&n, J. A. Souto, K. Muiiiz, Angew. Chem. Int. Ed.

2014, 53, 7349-7353; Angew. Chem. 2014, 126, 7477-7481; j) M. Hartmann,
A. Studer, Angew. Chem. Int. Ed. 2014, 53, 8180-8183; Angew. Chem. 2014,
126, 8319-8322; k) T. W. Greulich, C. G. Daniliuc, A. Studer, Org. Lett.
2015, 17, 254-257; 1) B. DeBoef, Strategies and Tactics in Organic
Synthesis 2015, 11, 151; m) C. Zhu, Y. Liang, X. Hong, H. Sun, W.-Y. Sun,
K. N. Houk, Z. Shi, J. Am. Chem. Soc. 2015, 137, 7564-7567; n) T. Liu, T.-S.
Mei, J.-Q. Yu, J. Am. Chem. Soc. 2015, 137, 5871-5874; o) J. Davies, T. D.
Svejstrup, D. F. Reina, N. S. Sheikh, D. Leonori, J. Am. Chem. Soc. 2016,
138, 8092-8095; p) E. A. Wappes, S. C. Fosu, T. C. Chopko, D. A. Nagib,
Angew. Chem. Int. Ed. 2016, 55, 9974-9978; Angew. Chem. 2016, 128,

[15]
[16]
[17]

[18]
[19]

[20]

10.1002/chem.201700218

10128-10132; q) S. Murarka, A. P. Antonchick. Top. Curr. Chem. 2016, 373,
75-104; 1) S. V. Kohlhepp, T. Gulder, Chem. Soc. Rev. 2016, 45, 6270-6288;
s) K. Muiiiz, C. Martinez, A. Iglesias, Chem. Red. 2016, 16, 2561-2572.

D. Saki¢, H. Zipse, Adv. Synth. Catal. 2016, 358, 3983-3991.
W. Zhu, D. Ma, Chem. Commun. 2004, 888-889.

M. Kalek, M. Jezowska, J. Stawinski, Adv. Synth. Catal. 2009, 351, 3207-
3216.

C.-Y. Zhou, J. Li, S. Peddibhotla, D. Romo, Org. Lett. 2010, 12, 2104-2107.

A. Arcadi, S. Cacchi, M. D. Rosario, G. Fabrizi, F. Marinelli, J. Org. Chem.
1996, 61, 9280-9288.

a) F. Amblard, J. H. Cho, R. F. Schinazi, Chem. Rev. 2009, 109, 4207-4220;
b) G. Godeau, C. Brun, H. Arnion, C. Staedel, P. Barthéémy, Tetrahedron.
Lett. 2010, 51, 1012-1015.

Received: ((will be filled in by the editorial staff,
Revised: ((will be filled in by the editorial staff,
Published online: ((will be filled in by the editorial staff,

This article is protected by copyright. All rights reserved.



Chemistry - A European Journal 10.1002/chem.201700218

Entry for the Table of Contents (Please choose one layout only)

Layout 2:
Catch Phrase

0 . 0

or , Phl(OAc -

Yan-Na Ma,™ Xi Zhang,™ and P=Ph (OAC) P=Ph
Shang-dong Yang*(I ... NHR CH4CN, 80 °C N.o
Page — Page @ @
Tandem Oxidative C-H X = Br. |
Amination and lodization to ’
Synthesize Difunctional An efficient metal-free tandem intramolecular oxidative C-H amination and
Atropoisomeric P-Stereogenic iodization of phosphinamide has been performed and a series of novel
Phosphinamides phosphorus heterocyclic compounds was obtained. This method provides a

concise and highly valuable pathway for the synthesis of difunctional
atropoisomeric P-stereogenic phosphinamides.

This article is protected by copyright. All rights reserved.



