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ABSTRACT: Microwave-assisted annulation of cyclic imine
dibenzo[b,f][1,4]oxazepines and diaryl(aryl)phosphenes generated
from diazo(aryl)methyl(diaryl)phosphine oxides through the Wolff
rearrangement accesses pentacyclic benzo-d-phospholactams,
4b,16-dihydrodibenzo[b,f ]benzo[4,5][1,2]azaphosphinino[1,6-d]-
[1,4]oxazepine 15-oxides, in good yields.

he reaction of ketenes and imines generally gives rise to

P-lactams whether the ketenes are generated from the
organic base elimination of acyl chlorides or the Wolff
rearrangement of a-diazomethylketones and linear or cyclic
imines. The reaction is well-known as the Staudinger
cycloaddition.1 However, in some cases, different six-
membered heterocyclic annulated products are generated
from two ketenes and one imine or one ketene and two
imines, respectively, showing diverse annuloselectivities
(Scheme 1a).”

For the reaction of sulfenes and imines, sulfenes are
generated from alkanesulfonyl chlorides in the presence of
weak organic bases and react with various non-N-aryl imines
and very limited cyclic imines, affording f-sultams in most
cases’ but different six-membered thiaheterocyclic annulated
products in some cases as well. Similarly, the six-membered
thiaheterocycles are generated from two sulfenes and one
imine or one sulfene and two imines, showing also various
annuloselectivities (Scheme 1b).*

To continuously explore the reactivity and annuloselectivity
of different ketene analogues and imines, herein, we
investigated the annulation of cyclic imine dibenzo[b,f][1,4]-
oxazepines and diaryl(aryl)phosphenes generated from (diazo-
(aryl)methyl)diarylphosphine oxides. Obviously different from
the reactions of cyclic imines with ketenes and sulfenes, the
reaction of diaryl(aryl)phosphenes and cyclic imines generated
benzo-5-phospholactam  derivatives, 4-hydrobenzo[d][1,2]-
azaphosphinine 3-oxide derivatives, in which the aryl groups
in diaryl(aryl)phosphenes participated in the annulation
(Scheme 1c). Benzo-S-phospholactam derivatives are impor-
tant compounds and have mainly been prepared previously
through the palladium-catalyzed C—H arylation, the cobalt-
catalyzed functionalizations of a phosphinamide sp> C—H
bond with terminal alkynes or allenes,’ the cyclization of
phenyl phosphite with 2-ethynylanilines,” and radical oxidative
intramolecular aryl C—H phosphinamidation.®

We initially selected the reaction of (diazo(phenyl)methyl)-
diphenylphosphine oxide (1a) and dibenzo[b,f][1,4]oxazepine
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Scheme 1. Reactivities and Annuloselectivities of Cyclic
Imines with Ketenes, Sulfenes, and Phosphenes
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(2a) as a model reaction for the reaction condition
optimization (Table 1). First, a solution of la and 2a in
different representative anhydrous solvents, including DCE,
MeCN, toluene, and chlorobenzene, was heated at 130 °C in a
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Table 1. Optimization on the Reaction Conditions”

Ph

—N
//O Ny, solvent P
/P\Ph + D E— PR
Ph o) temp., H N
MW, 10 min.
1a 2a O D
O
3a
entry la (mmol) 2a (mmol) solvent  temp. (°C)  vyield (%)”

1 0.20 0.40 DCE 130 45

2 0.20 0.40 MeCN 130 31

3 0.20 0.40 PhMe 130 50

4 0.20 0.40 PhCl 130 54

S 0.20 0.40 PhCl 140 68

6 0.20 0.40 PhCl 150 68

7 0.20 0.40 PhCl 160 73

8 0.20 0.40 PhCl 170 56

9 0.40 0.20 PhCl 160 86 (84°)
10 0.30 020 PhCl 160 77 (729)
11 0.24 0.20 PhCl 160 74

“Reaction conditions: 1 and 2 in 3 mL of anhydrous solvent in a
capped microwave reaction tube filled with nitrogen were heated
under microwave irradiation for 10 min. ®Yield based on the 'H NMR
analysis with 1,3,5-trimethoxybenzene as an internal standard. “Yield
of the isolated product in parentheses.

capped microwave reaction tube filled with nitrogen under
microwave irradiation for 10 min, affording phospholactam 3a
in a higher yield in chlorobenzene (entries 1—4). The reaction
was further optimized in chlorobenzene at different temper-
atures (entries 4—8). It can be seen that the yield improved
along with the increase of temperature from 130 to 160 °C and
decreased at 170 °C. A higher yield of 73% was obtained at
160 °C (entry 7). The molar ratio of la:2a was further
evaluated in chlorobenzene at 160 °C. The target product 3a
was obtained in 84% yield (86% NMR yield) when the diazo
compound la and imine 2a were 0.40 and 0.20 mmo],
respectively (entry 9). No f-phospholactam was observed in all
tests.” Therefore, the optimum conditions were determined as
follows: a solution of 1a (0.40 mmol) and 2a (0.20 mmol) in
anhydrous chlorobenzene (3 mL) was heated at 160 °C in a
capped microwave reaction tube filled with nitrogen under
microwave irradiation for 10 min.

Under the optimal conditions, we first investigated the
general scope of cyclic imines 2 (Scheme 2). 7-Methyl- and 7-
chlorodibenzo[b,f][1,4]oxazepines (2b and 2c) yielded the
corresponding products 3b and 3c in excellent yields (94% and
96%). 8-Substituted dibenzo[b,f][1,4]oxazepines 2d—2h also
gave rise to the corresponding desired products 3d—3h in
good yields varied from 71% to 88% whether the substituents
were electron-donating or weak withdrawing halo groups. 4-
Substituted dibenzo[b,f][1,4]oxazepines 2i and 2j worked as
well, affording the desired products 3i and 3j in the yields of
72% for Me and 86% for Cl. However, strong electron-
withdrawing 2- and 7-nitrodibenzo[b,f][1,4]oxazepines (2k
and 2I) generated their products 3k and 31 in low yields of 47%
and 24%, respectively. The influence of 7-nitro is stronger than
that of the 2-nitro group on the reaction yield. Two 3,7-
disubstituted dibenzo[b,f][1,4]oxazepines 2m and 2n were
tested, giving the corresponding products 3m in an excellent
yield of 97% for the chloro substituent and 3n in a satisfactory
yield of 61% for the methyl group. Furthermore, we also
explored the reactivity of the sulfur analogues of dibenzo[b,f]-
[1,4]oxazepines. Both dibenzo[b,f][1,4]thiazepine (30) itself

Scheme 2. Scopes of Cyclic Imines 2“
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/
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3d, R = Me, 88%
3e,R=F 81%
3f, R=Cl, 87%
39, R =Br, 83%
3h, R=0Me, 71%

3a, R=H, 84%

3b, R = Me, 94%
700 mg, 70%°

3¢, R =Cl, 96%

3i, R = Me, 72%
3j, R=Cl, 86%

3m,R=Cl, 97%
3n, R=Me, 61%

30,R=H, 75%

3p, R = Me, 69% 39, 72%

“Reaction conditions: 1a (0.4 mmol) and 2 (0.2 mmol) in 3 mL of
anhydrous PhCl were heated at 160 °C in a capped microwave
reaction tube filled with nitrogen under mlcrowave irradiation for 10
min (200 W), yield of the isolated product. Large -scale preparation.

and its derivatives, 3-methyl, 4-fluoro, and 8-chlorodibenzo-
[bf][1,4]thiazepines, 2p—2r, produced the desired products
30—3r in satisfactory to good yields. As a result, imines 2 with
electron-donating groups (methyl and methoxy) and weak
electron-withdrawing halo groups can give good yields, but for
those with strong electron-withdrawing groups (such as nitro),
the yields significantly decreased due to the reduced
nucleophilicity of the imines.

Because there are only limited protons in the products 3 and
Slp_B¢ spin—spin coupling splitting, resulting in their more
complex *C NMR spectra, to verify the structures of products
3, pure compound 3c crystallized from ethyl acetate was
further grown as a single crystal from chloroform and
determined by XRD single-crystal analysis (Figure 1). The
results indicate that two hydrogens and the oxygen of the P=
O group in the §-phospholactam ring are cis configurations.

The scope of the phosphene precursors, (diazo(aryl)-
methyl)diarylphosphine oxides 1, was evaluated (Scheme 3).
The reactions of (diazo(2-fluorophenyl)methyl)diphenylphos-
phine oxide (1b) with imines 2b and 2c generated the
corresponding desired products 3s and 3t in satisfactory to
good yields. While the reactions of (diazo(4-methyl/4-
chlorophenyl)methyl)diphenylphosphine oxides (1c and 1d)
with imine 2b and (diazo(4-trifluoromethylphenyl)methyl)-
diphenylphosphine oxide (1e) with imine 2a gave rise to pairs
of 6-phospholactam derivatives 3u and 3u’, 3v and 3v’, and 3w
and 3w/, respectively, in satisfactory to good yields. However,
the reaction of (diazo(4-methoxyphenyl)methyl)-
diphenylphosphine oxide (1f) and imine 2a produced a trace
amount of d-phospholactam derivatives 3x and 3x’ possibly
because diazo compound 1f-generated phosphene Af with a
strong electron-donating 4-methoxyphenyl group showed very
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Figure 1. XRD structure of product 3c (the ellipsoid probability
50%).

poor electrophilicity, disfavoring the first nucleophilic attack
(vide post). Similarly, the reactions of (diazo(phenyl)methyl)-
di(4-methyl/4-chlorophenyl)phosphine oxides (1g and 1h)
with imines 2b and 2c¢ produced pairs of J-phospholactam
derivatives 3y and 3y’, 3z and 3z, and 3aa and 3aa/,
respectively, in satisfactory to good yields. A heteroaryl diazo
compound, (diazo(pyridine-3-yl)methyl)diphenylphosphine
oxide (1i), was also attempted in the reaction with imine 2a,
giving the desired 6-phospholactam 3ab in a low yield of 29%.
The ratios of 3 and 3’ were determined on the basis of their 'H
NMR spectra, and the major isomers are the -phospholactam
derivatives involving the electron-rich fused benzo moiety
derived from diaryl(aryl)phosphenes (vide post).

To further extend the scopes of imines and diazomethyl-
phosphine oxide compounds, 11-methyl and 11-phenyl
dibenzo[b,f][1,4]oxazepines (2s and 2t), (diazomethyl)-
diphenylphosphine oxide (1j), and ethyl (diazo(phenyl)-
methyl)phenylphosphinate (1k) were prepared and attempted
for the reaction. However, no desired reaction was observed.
The reactions of (diazo(phenyl)methyl)diphenylphosphine
oxide (1a) with linear imines, PhCH = NMe, 4-MeC;H,CH
= NBn, and PhCH = NC4,H,OMe-4, were tested as well, and
no desired reaction occurred, either. The results indicate that
the steric hindrance of imines is very sensitive to bulky
diphenyl(phenyl)phosphenes. Only (Z)-cyclic imines 2 with-
out substituents on the imine C=N bond can give rise to the
desired products 3 (Scheme 4).

A large-scale preparation was performed in 70% yield with
700 mg of the product 3b (Scheme 2). A further application of
product 3g was conducted in the Suzuki coupling with
phenylboronic acid, affording the desired product 4 in 59%
yield (Scheme ).

The reaction mechanism is assumed on the basis of the XRD
structure of product 3¢ and the product ratios involving
phosphenes with different aryl groups (Scheme 3). (Diazo)-
(phenyl)methyl(diphenyl)phosphine oxide (1a) first under-
goes a Wolff rearrangement under microwave-irradiated
heating to generate diphenylmethylidene(phenyl)phosphine
oxide (phosphene A)."' Cyclic imine dibenzo[bf][1,4]-
oxazepine (2a) nucleophilically attacks the phosphene A to
give rise to zwitterionic intermediate B. It can resonate into
another zwitterionic intermediate C. The electron-rich phenyl
group in the benzylcarbanion in C nucleophilically attacks the
iminium moiety (intramolecular Friedel—Craft alkylation)

Scheme 3. Scopes of Diazo Compounds 1¢

N
A A o 160 °C, 10 min
1 2a,b,c R

1c,R=Me
1d,R=Cl

3u 36:64 3u’

R = Me, 39%

3y 36:64 3y'
R =Cl, 94%

3z 60:40 3z'

3ab 29%

“Reaction conditions: The same as those in Scheme 2.
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Scheme 4. Further Attempts
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Scheme 5. Application

0.15 mmol PhB(OH),
5 mol% Pd(PPhj3),
0.2 mmol K3PO4
—_—
PhMe
100 °C

0.1 mmol

through a chairlike six-membered ring transition state TS1, in
which two phenyl groups locate on the equatorial bond, to
generate cyclized intermediate D. Intermediate D further
aromatizes into final product 3a in the presence of imine 2a as
a base. In the last protonation step, the acid iminium 2aH*
accesses the carbanion from the less steric top side, resulting in
the formation of product 3a with the indicated stereostructure
(Scheme 6). The cyclic imines with electron-donating and
weak electron-withdrawing halo substituents give rise to the
corresponding products in obviously higher yields than those
with a strong electron-withdrawing nitro group, indicating that
the imine nucleophilic attack step is the possible rate-limiting
step. According to the proposed mechanism, the major
products are assigned as the products with the electron-rich
benzo-fused d-phospholactams because the electron-rich
phenyl groups predominately nucleophilically attack the
iminium moiety in the cyclization step.

There are two other possibilities to generate products 3.
One is that the intermediate B undergoes a disrotatary Ge
electrocyclization to yield intermediate F. However, the
disrotation is very hard due to the existence of the rigid
benzene and dibenzo[b,f][1,4]oxazepine rings in the 6e
conjugated system. Dearomatic hetero-Diels—Alder cyclo-
addition of the phosphene A and imine 2a is another possible
pathway through transition state TS2. However, the cyclo-
addition would give intermediate G, which would aromatize
into cis,trans-3a rather than product 3a (Scheme $).
Arylmethylphosphonochloridate-generated arylphosphenes
also underwent a stepwise annulation with a,f-unsaturated
ketones rather than cycloaddition,'’ supporting our assumed
stepwise nucleophilic addition, intramolecular Friedel—Craft
alkylation, and aromatization pathway.

Scheme 6. Proposed Reaction Mechanism

N

o
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P Ph
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H

<Ph Note: Only one enantiomer was drawn

cis,trans-3a

To verify the proposed mechanism, we conducted the
competitive experiments (Table 2). When equivalent amounts

Table 2. Competitive Experiments
dry PhCl 1.5 mL

Ny, MW
1a + 2a + 2 3a + 3
0.1 mmol 0.05 mmol  0.05 mmol 160 °C, 10 min
relative rate (k)“
entry 2 'H NMR 3Ip NMR Average o’

1 2b = 35.1 35.1 -0.17
2 2a 1.00 1.00 1.00 0

3 2c 1.11 1.10 1.10 0.23
4 21 0.54 0.52 0.53 0.78
S 2i - 1.41 1.41 -0.17
6 2j 0.76 0.75 0.75 0.23
7 2k 0.63 0.62 0.62 0.71

“Relative rate is calculated by the ratio of 3/ 3a ®Hammett constant.
“Yield of the isolated product in parentheses. “Inseparable.

of two different cyclic imines were reacted with diazo
phosphine oxide 1la, the electron-rich imines generally
produced the corresponding products in higher yields than
the electron-deficient ones. Hammett plot analyses indicate
that both plots show negative reaction constant p values
(Figure 2), supporting that the imine nucleophilic attack step is
the rate-limiting step. Although one Hammett plot shows a low
correlation coeflicient, its tendency is clear with a negative
reaction constant p value.

In conclusion, the microwave-assisted reaction of dibenzo-
[b,f][1,4]oxazepines and diazo(aryl)methyl(diaryl)phosphine
oxides efficiently gives rise to 4b,16-dihydrodibenzo[b,f]-
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Figure 2. Hammett plots.

benzo[4,5][1,2]azaphosphinino[ 1,6-d][1,4]oxazepine 15-oxide
derivatives, pentacyclic fused d-phospholactams, in good yields.
The reaction follows a sequence of cyclic imines nucleophilic
attack on diaryl(aryl)phosphenes which generated from
diazo(aryl)methyl(diaryl)phosphine oxides through the Wolff
rearrangement, intramolecular Friedel—Craft alkylation, and
aromatization. It is a metal-free and efficient method for the
synthesis of polycyclic benzo-6-phospholactam derivatives.

Il ASSOCIATED CONTENT
@ Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02346.

Experimental details, compound characterization, and
spectra (PDF)

Accession Codes

CCDC 2015827 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
via www.ccdc.cam.ac.uk/data_request/cif, or by emailing
data_request@ccdc.cam.ac.uk, or by contacting The Cam-
bridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION
Corresponding Author

Jiaxi Xu — State Key Laboratory of Chemical Resource
Engineering, Department of Organic Chemistry, College of
Chemistry, Beijing University of Chemical Technology, Beijing

100029, People’s Republic of China; ® orcid.org/0000-0002-
9039-4933; Email: jxxu@mail buct.edu.cn

Author

Yun Luo — State Key Laboratory of Chemical Resource
Engineering, Department of Organic Chemistry, College of
Chemistry, Beijing University of Chemical Technology, Beijing
100029, People’s Republic of China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c02346

Author Contributions

All authors have given approval to the final version of the
manuscript.

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was supported by the National Natural Science
Foundation of China (project no. 21772010). We thank Mr.
Zhicheng Fu and Miss Xingyang Fu for their help in the
preparation of diazo compounds le, 1f, and 1i and products
3w (3w’), 3x (3x’), and 3ab.

B REFERENCES

(1) (a) Hosseyni, S.; Jarrahpour, A. Recent Advances in f-Lactam
Synthesis. Org. Biomol. Chem. 2018, 16, 6840—6852. (b) Aranda, M.
T.; Perez-Faginas, P.; Muniz, R. G. An Update on the Synthesis of -
Lactams. Adv. Org. Synth. 2013, 6, 296—354. (c) Fu, N. Y.; Tidwell, T.
T. Preparation of ff-Lactams by [2 + 2] Cycloaddition of Ketenes and
Imines. Tetrahedron 2008, 64, 10465—10496.

(2) (a) Li, X. Y.; Xu, J. X. Annuloselectivity in Cycloadditions of
Ketenes with Imines: A DFT study. J. Org. Chem. 2013, 78, 347—355.
(b) Yang, Z. H; Li, S. Q; Zhang, Z; Xu, J. X. Base-Switched
Annuloselectivity in the Reactions of Ethyl Malonyl Chloride and
Imines. Org. Biomol. Chem. 2014, 12, 9822—9830. (c) Li, X. Y.; Jin,
X.; Xu, J. X. Annuloselectivity in Reactions of Diacyl Dichlorides and
Imines: Combined Experimental and Theoretical Studies. J. Org.
Chem. 2015, 80, 6976—698S. (d) Yang, Z. H.; He, W.; Cheng, B. X;
Xu, J. X. Stereochemistry and Mechanistic Insight in the [2°+2'+2']
Annulations of Ketenes and Imines. J. Org. Chem. 2016, 81, 4506—
4515. (e) He, W,; Zhuang, J. P.; Dy, H. G;; Yang, Z. H; Xy, J. X.
Stereochemistry and Mechanistic Insights in the [2t + 2i + 2i]
Annulations of Thioketenes and Imines. Org. Biomol. Chem. 2017, 15,
9424—-9432.

(3) (a) Tsuge, O.; Iwanami, S. The Cycloaddition Reactions of
Benzoylsulfene with Anils. Bull. Chem. Soc. Jpn. 1970, 43, 3543—3549.
(b) Gordeev, M. F.; Gordon, E. M.; Patel, D. V. Solid-Phase Synthesis
of f-Sultams. J. Org. Chem. 1997, 62, 8177—8181. (c) Yang, Z. H.; Xu,
J. X. Insights into the pA-Sultam Ring Formation in the Sulfa-
Staudinger Cycloadditions. J. Org. Chem. 2014, 79, 10703—10708.

(4) (2) Yang, Z. H; Chen, N; Xu, J. X. Substituent-Controlled
annuloselectivity and stereoselectivity in the sulfa-Staudinger cyclo-
additions. J. Org. Chem. 2018, 80, 3611—3620. (b) Yang, Z. H.; Xu, J.
X. Annuloselectivity and stereochemistry in the sulfa-Staudinger
cycloadditions of cyclic imines. RSC Adv. 2015, S, 78396—78405.
() Wu, Q. Y; Yang, Z. H; Xu, J. X. Temperature-dependent
annuloselectivity and stereochemistry in the reactions of methane-
sulfonyl sulfene with imines. Org. Biomol. Chem. 2016, 14, 7258—
7267.

(5) (a) Lin, Z.-Q.; Wang, W.-Z.; Yan, S.-B.; Duan, W.-L. Palladium-
Catalyzed Enantioselective CPH Arylation for the Synthesis of P-
Stereogenic Compounds. Angew. Chem., Int. Ed. 2015, 54, 6265—
6269. (b) Guan, J; Wy, G.-J; Han, E.-S. Pd"-Catalyzed Mild C-H
ortho Arylation and Intramolecular Amination Oriented by a

https://dx.doi.org/10.1021/acs.orglett.0c02346
Org. Lett. XXXX, XXX, XXX—XXX


https://pubs.acs.org/doi/10.1021/acs.orglett.0c02346?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c02346/suppl_file/ol0c02346_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2015827&id=doi:10.1021/acs.orglett.0c02346
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jiaxi+Xu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-9039-4933
http://orcid.org/0000-0002-9039-4933
mailto:jxxu@mail.buct.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yun+Luo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02346?ref=pdf
https://dx.doi.org/10.1039/C8OB01833B
https://dx.doi.org/10.1039/C8OB01833B
https://dx.doi.org/10.1016/j.tet.2008.08.028
https://dx.doi.org/10.1016/j.tet.2008.08.028
https://dx.doi.org/10.1021/jo302216d
https://dx.doi.org/10.1021/jo302216d
https://dx.doi.org/10.1039/C4OB01454E
https://dx.doi.org/10.1039/C4OB01454E
https://dx.doi.org/10.1039/C4OB01454E
https://dx.doi.org/10.1021/acs.joc.5b00573
https://dx.doi.org/10.1021/acs.joc.5b00573
https://dx.doi.org/10.1021/acs.joc.6b00279
https://dx.doi.org/10.1021/acs.joc.6b00279
https://dx.doi.org/10.1039/C7OB02212C
https://dx.doi.org/10.1039/C7OB02212C
https://dx.doi.org/10.1246/bcsj.43.3543
https://dx.doi.org/10.1246/bcsj.43.3543
https://dx.doi.org/10.1021/jo9713316
https://dx.doi.org/10.1021/jo9713316
https://dx.doi.org/10.1021/jo5020933
https://dx.doi.org/10.1021/jo5020933
https://dx.doi.org/10.1021/acs.joc.5b00312
https://dx.doi.org/10.1021/acs.joc.5b00312
https://dx.doi.org/10.1021/acs.joc.5b00312
https://dx.doi.org/10.1039/C5RA15717J
https://dx.doi.org/10.1039/C5RA15717J
https://dx.doi.org/10.1039/C6OB01259K
https://dx.doi.org/10.1039/C6OB01259K
https://dx.doi.org/10.1039/C6OB01259K
https://dx.doi.org/10.1002/anie.201500201
https://dx.doi.org/10.1002/anie.201500201
https://dx.doi.org/10.1002/anie.201500201
https://dx.doi.org/10.1002/chem.201303056
https://dx.doi.org/10.1002/chem.201303056
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02346?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02346?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02346?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02346?fig=fig2&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c02346?ref=pdf

Organic Letters pubs.acs.org/OrgLett

Phosphinamide Group. Chem. - Eur. J. 2014, 20, 3301—330S. (c) Liu,
L. T.; Zhang, A.-A.; Wang, Y. F,; Zhang, F. Q;; Zuo, Z. Z.; Zhao, W.-
X.; Feng, C.-L; Ma, W. J. Asymmetric Synthesis of P-Stereogenic
Phosphinic Amides via Pd(0)- Catalyzed Enantioselective Intra-
molecular C-H Arylation. Org. Lett. 2015, 17, 2046—2049.

(6) (a) Nguyen, T. T.; Grigorjeva, L.; Daugulis, O. Cobalt-
Catalyzed, Aminoquinoline-Directed Functionalization of Phosphinic
Amide sp* C-H Bonds. ACS Catal. 2016, 6, 551—554. (b) Yao, X.; Jin,
L.; Rao, Y. Synthesis of Phosphaisoquinolin-1-one by Annulation of
Aryl Phosphinamides with Allenes through Cobalt-Promoted C-H
Functionalization. Asian J. Org. Chem. 2017, 6, 825—830.

(7) Vonnegut, C. L.; Shonkwiler, A. M.; Khalifa, M. M.; Zakharov, L.
N.; Johnson, D. W.; Haley, M. M. Facile Synthesis and Properties of
2-F*-Phosphaquinolines and 2--Phosphaquinolin-2-ones. Angew.
Chem., Int. Ed. 2015, 54, 13318—13322.

(8) (a) Chen, Y. H; Qin, X.-L,; Han, F.-S. Efficient Synthesis of
Cyclic P-Stereogenic Phosphinamides from Acyclic Chiral Precursors
via Radical Oxidative Intramolecular Aryl C-H Phosphinamidation.
Chem. Commun. 2017, 53, 5826—5829. (b) Ma, Y.-N.; Zhang, X;
Yang, S.-D. Tandem Oxidative C-H Amination and Iodization to
Synthesize Difunctional Atropoisomeric P-Stereogenic Phosphina-
mides. Chem. - Eur. J. 2017, 23, 3007—3011. (c) Ma, Y.-N.; Cheng,
M.-X,; Yang, S.-D. Diastereoselective Radical Oxidative C-H
Aminations toward Chiral Atropoisomeric (P,N) Ligand Precursors.
Org. Lett. 2017, 19, 600—603.

(9) Xu, J. X. Synthesis of 1,2-Azaphosphetidine 2-oxides/sulfides.
Chem. Heterocycl. Compd. 2020, 56, 308—310.

(10) Fu, Z. C.; Sun, S. M,; Yang, A. J.; Sun, F; Xu, J. X. Transition
Metal-free Access to 3,4-Dihydro-1,2-oxaphosphinine-2-oxides from
Phosphonochloridates and @,-Unsaturated Ketones through Tandem
Michael Addition and Cyclization. Chem. Commun. 2019, 55, 13124—
13127.

(11) Regitz, M.; Eckes, H. Carbene 22. Phosphene: Abfangreaktio-
nen von Phosphinyl-carbenen—Intermedidres Auftreten von Phos-
phenen. Chem. Ber. 1971, 104, 2177—2194.

https://dx.doi.org/10.1021/acs.orglett.0c02346
Org. Lett. XXXX, XXX, XXX—XXX


https://dx.doi.org/10.1002/chem.201303056
https://dx.doi.org/10.1021/acs.orglett.5b00122
https://dx.doi.org/10.1021/acs.orglett.5b00122
https://dx.doi.org/10.1021/acs.orglett.5b00122
https://dx.doi.org/10.1021/acscatal.5b02391
https://dx.doi.org/10.1021/acscatal.5b02391
https://dx.doi.org/10.1021/acscatal.5b02391
https://dx.doi.org/10.1002/ajoc.201700215
https://dx.doi.org/10.1002/ajoc.201700215
https://dx.doi.org/10.1002/ajoc.201700215
https://dx.doi.org/10.1002/anie.201507696
https://dx.doi.org/10.1002/anie.201507696
https://dx.doi.org/10.1039/C7CC02263H
https://dx.doi.org/10.1039/C7CC02263H
https://dx.doi.org/10.1039/C7CC02263H
https://dx.doi.org/10.1002/chem.201700218
https://dx.doi.org/10.1002/chem.201700218
https://dx.doi.org/10.1002/chem.201700218
https://dx.doi.org/10.1021/acs.orglett.6b03625
https://dx.doi.org/10.1021/acs.orglett.6b03625
https://dx.doi.org/10.1007/s10593-020-02660-1
https://dx.doi.org/10.1039/C9CC06352H
https://dx.doi.org/10.1039/C9CC06352H
https://dx.doi.org/10.1039/C9CC06352H
https://dx.doi.org/10.1039/C9CC06352H
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c02346?ref=pdf

