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A Rh(lll)-catalyzed cascade C-H activation/intramolecular
cyclization of 3-aryl-5-isoxazolones with cyclic 2-diazo-1,3-
diketones was described, leading to the formation of
isoxazolo[2,3-flphenanthridine skeleton. The protocol features the
simultaneous one-pot formation of two new C-C/C-N bonds and
one heterocycle in moderate-to-good yields with good functional
group compatibility. It is amenable to large-scale synthesis and

further transformation.

Nitrogen-containing heterocyclic compounds are frequently
found as fundamental units in biologically active natural and
non-natural products,! and designing novel heterocyclic motifs
has become an increasingly urgent mission for chemists and
biologists.? Among them, phenanthridine scaffolds are very
important core structural units and possess a wide spectrum of
biological activities, such as antitumor,? anti-HIV,* and
antileukemic.> In addition, isoxazolones represent an
interesting class of heterocycles that display inhibitory
activities against Escherichia coli and Yersinia pestis CDP-ME
kinases® and as well demonstrate antagonistic antiandrogen
activity on human prostate tumor LNCaP cells.” Moreover, the
N-functionalized isoxazolones have been found as core
structures in many natural products and pharmaceutical
molecules.® From a synthetic point of view, to date, methods
for obtaining isoxazolone-fused phenanthridine derivatives are
still limited.

Transition-metal-catalyzed direct selective conversion of
unactivated C-H bonds has emerged as an attractive and
arguably ideal new strategy to synthesize heterocyclic
molecules,® which generally require directing groups (DGs) to
resolve the regioselectivity.’® The heteroatom as a directing
group participated in the annulation reaction to avoid the
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removal of the DGs after transformations.!! Recently, isoxazol-
5(4H)-ones have attracted chemists’ attention used as DGs
mainly because their nitrogen atom could serve as a strong
donor atom and undergo cyclometalation at the adjacent
position, followed by a subsequent reaction with various
partners.2 Thus 3-aryl-5-isoxazolone could be considered as a
novel and facile coupling partner to synthesize diverse
isoquinolines through simple C-H bond activation followed by
intramolecular annulation.12® 13 |n continuation of our efforts
to enrich catalyzed cascade C-H
activation/intramolecular cyclization for heterocycle
synthesis,* We herein disclosed a simple and efficient strategy
for the synthesis of isoxazolo[2,3-fl[phenanthridines via the
Rh(lll)-catalyzed cascade C-H bond activation and sequential
intramolecular annulation of 3-aryl-5-isoxazolones and cyclic 2-
diazo-1,3-diketones (Scheme 1). Remarkably, one C-C bond
and one C-N bond were formed simultaneously with releasing
by-products of H,O and N, in the reaction make the process
environmentally benign.

transition-metal

0 o)
10
PN Nzﬂ =3 [CPR1Cl] (2 moi%) R
RI-C i S R2 toluene, 110°C, 8 h
NNy (n=0,1)

Scheme 1 Synthesis of isoxazolo[2,3-flphenanthridines via Rh(Ill)-catalyzed cascade
reaction of 3-aryl-5-isoxazolones with cyclic 2-diazo-1,3-diketones.

The study was initiated to establish the optimal conditions
with  3-phenylisoxazol-5(4H)-one (1a) and 2-diazo-5,5-
dimethylcyclohexane-1,3-dione (2a) as the starting materials.
The reaction was performed by [Cp*RhCl,], as catalyst in DCE
at 90 9C, affording the desired product 3aa in 39% yield (Table
1, entry 1). However, the replacement of [Cp*RhCl,], with
other Rh- or Ru-catalysts failed to produce the desired product
(Table 1, entries 2-6). Increasing or decreasing the loading of
catalyst gave inferior outcomes (Table 1, entries 7,8). Next,
when the solvent was changed to tetrahydrofuran (THF),
ethanol, and acetonitrile, no improvements could be achieved
(Table 1, entries, 9, 10, 12). Importantly, higher yield was
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obtained when toluene was used as solvent (Table, entry 11).
Furthermore, the vyield was improved to 72% when the
amount of diazo compound 2a was increased to 2 equivalents
as well as the reaction mixture was heated to 110 °C (Table 1,
entry 15). Afterward, further optimization of the additive,
including AgSbFg, CsOAc, and PivOH, as more competent for
this reaction protocol, the product 3aa was delivered with no
remarkable improve in terms of yield (Table 1, entries 17-19).

Table 1 Optimization of the Reaction Conditions.?

Organic & Biomolecular Chemistry

investigated under the standard conditions. Both {,.alkyl. (¢:&«
methyl) and aryl (e.g., phenyl) R group¥ wkreOwenototerated
affording the corresponding products 3ab-3ad in 63%, 58%,
and 54% yields, respectively. Additionally, 2-
diazocyclopentane-1,3-dione was also found to undergo this
transformation, generating the corresponding product 3ae in
46% yield. However, the protocol is not suitable for noncyclic
diazo substrates, such as 3-diazopentane-2,4-dione and ethyl
2-diazo-3-oxobutanoate.

0 0
\N/O+ NzﬁMe catalyst (2 mol%)
S Me Solvent, 90 °C,8h
H 2a

ta 3aa Me

Entry catalyst solvent yield(%)?
1 [Cp*RhCl,], DCE 39
2 [Cp*IrCl,], DCE nd
3 Ru(Ph;P),Cl, DCE nd
4 Rh(PPhs)Cl DCE nr
5 Rh,(OAc), DCE nr
6 [(p-cym)RuCl,], DCE nr
7 [Cp*RhCl,], DCE 27
8d [Cp*RhCl,], DCE 21
9 [Cp*RhCl,], THF 13
10 [Cp*RhCl,], EtOH nr
11 [Cp*RhCl,], toluene 48
12 [Cp*RNCl,], MeCN nr
13¢ [Cp*RhCl,], toluene 58
14ef [Cp*RhCl,], toluene 65
15e9 [Cp*RNCl,], toluene 72
16" [Cp*RhCl,], toluene 68

17¢ [Cp*RhClL,], toluene trace

18¢/ [Cp*RhCl,], toluene 33
19k [Cp*RhCl,], toluene 45

9 Reaction conditions: 3-phenylisoxazol-5(4H)-one (1a) (0.25
mmol), 2-diazo-5,5-dimethylcyclohexane-1,3-dione (2a) (0.25
mmol), and catalyst (2 mol%) in solvent (4 mL) at 90 °C for 8 h
under air atmosphere. ? Isolated yields. ¢ 1 mol% of catalyst. ¢ 4
mol% of catalyst. ¢ 1a:2a = 1:2. f 100 °C. 9 110 °C. " 120 °C. ' 8
mol% of AgSbFs as additive./ 20 mol% of CsOAc as additive. ¥ 20
mol% of PivOH as additive. nd = not detected. nr = no reaction.

After establishing the optimal reaction conditions (Table 1,
entry 15), the substrate scope was examined for the
preparation of various functionalized isoxazolo[2,3-
flphenanthridine derivatives (Table 2). In general, the reaction
proceeded smoothly with a broad spectrum of 3-arylisoxazol-
5(4H)-ones. Electron—deficient (e.g., -F, -Cl, -Br, and —CF3), —
neutral (e.g., -Me, -Et, -Pr, and -tBu), and —rich (e.g., -OMe)
groups at the para-position of beneze ring in substrate 1 were
well-tolerated, affording the corresponding products 3aa-3ja
in 53-83% vyields. In addition, changing the substituents to
meta- and orth-position of beneze ring in the starting material
1 could also generated the desired products 3ka-3pa in 52-
74% vyields. Moreover, the disubstituted 3-arylisoxazol-5(4H)-
ones were found to react with diazo-5,5-dimethylcyclohexane-
1,3-dione 2a yielding the corresponding products 3qa, 3ra in
53% and 48% vyields, respectively. Furthermore, it was found
that the aryl framework could be extended to naphthalene,
affording the desired product 3sa with a percentage yield of
63%. Next, the suitability of cyclic diazo compounds was

2 | Org. Biomol. Chem., 2020, 00, 1-3

Table 2. Substrate scope.*?

O o)
1
° +N2j\\:(}2R3 [CP*RAClol, (2 mol%) R
R! g R2 toluene, 110°C, 8 h
H

(n=0,1)

Me
3ea: R' = Me, 76%
3fa: R' = Et, 73%
3ga: R'=Pr, 71%
3ha: R" = Bu, 83%

3aa: R' = H, 72% !
3ba:R' = F, 53% X-ray structure of 3aa
3ca: R' = Cl. 57% (CCDC 2045428)

3da: R' =Br, 78%

Me
3ka: R' = Cl, 52%
3la: R = Br, 54%
3ma: R' = Me, 74%
3na: R' = OMe, 70%

3ia: R' = OMe, 82%

30a:R'=F, 68%
3ja: R' = CF3, 73%

3pa: R' = Me, 72%

3ga: R' = Me, 53%
3ra; R' = OMe, 48%

. 0, O
3ad: 54% 3a6: 46%

O™ “Me
3af: 0%

a Reaction conditions: 3-arylisoxazol-5(4H)-one 1 (0.25 mmol), cyclic 2-
diazo-1,3-diketones 2 (0.5 mmol), and [Cp*RhCL,], (2 mol%) in toluene
(4 mL) at 110 °C for 8 h under air atmosphere. ® Isolated yields.

To further study the applicability of this strategy by
preparation of compound 3aa on a scale-up synthesis (3 mmol
of 1a with 6 mmol of 2a) under the standard conditions as

This journal is © The Royal Society of Chemistry 20xx
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described above (Scheme 2a). The large-scale synthesis
proceeded smoothly to give the desired product 3aa in 66%
yield (557 mg). In addition, derivatization of 3aa was
performed by reacting with pyridinium tribromide in the
presence of K,CO3z in DCM (dichloromethane) at room
temperature for 5 h, affording the bromo-substituted product
4 in 78% yield (Scheme 2b).

c & Biomolecular Chemist
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(a) Scale-up synthesis

0
\N,o . N,  [Co*RNCL3L, (2 mol%)
e 16P"RNChL, (2 molve)
g Me toluene, 110°C, 8 h
H 2a (6 mmol)
1a (3 mmol)

(b) Further transformation
(o)

Pyridinium tribromide (1 equiv.)
K2COj3 (5 equiv.), DCM, rt, 5 h

[e) Me
Me
3aa (1 mmol)

Scheme 2. Scale-up synthesis and further synthetic transformation.

In order to gain insight into the reaction mechanism, we
initially performed the H/D exchange experiment in deuterium
oxide under the standard conditions (Scheme 3a). The
deuteration reaction of 1a mainly occurs at the C(sp?)-H bond
(D, 23%) on the benzene ring, while no deuterated product
was detected at the C(sp3)-H on the isoxazol-5(4H)-one ring.
This result showed that the activation process of the C(sp?)-H
bond is favorable and fast and no alkenylation occurred on the
isoxazol-5(4H)-one ring at the initial stage of the reaction. As
we expect, more than 99% of product 3aa-d was deuterated at
the a-H of carbonyl group on the isoxazol-5(4H)-one ring when
the reaction of substrates 1a with 2a in the presence of
deuterium oxide under the standard conditions (Scheme 3b).
Furthermore, an intermolecular competition experiment was
conducted to examine the electron-rich substrate 1i and its
electron-deficient counterpart 1j (Scheme 3c). The higher yield
for 1i than 1j highlights the fact that electron-rich substrates
are inherently more reactive, implying that stronger
coordination ability of the N-atom in these substrates with the
Rh(lll) catalyst, which in turn facilitates the following C-H
activation step. Furthermore, we determined the kinetic
isotope effect (KIE) of this cascade C-H activation/cyclization. A
KIE value of 1.5 was determined from two parallel reactions
(Scheme 3d), and a KIE value of 2.2 was determined from a
competition reaction (Scheme 3e). These results suggested
that C(sp?)-H bond cleavage might be the limiting step.

This journal is © The Royal Society of Chemistry 20xx

(a) H/ID exchange experiment with substrate 1a View Article Online

0%=DH O  DOI 10.1039/DOOB02310H
@\/F( [CP*RhClyl (2 mol%) @L?H
54 toluene, 110°C, 2 h
N TToopsmy
H HID=<23%

1a (3 mmol)

(b) H/ID exchange experiment with product 3aa

M o standard conditions

D,0 (0.3 mL)

(c) compectitive expenment

MeO/F;C

3aa-d (64%)

ICp*RNClal, (2 mol%)

toluene, 110 °C 8h
H

1i1j = 1:1

(d) KIE experiment (paraIIeI reactions)

(o]
[CP*RAClyl, (2 mol%) 5
HDe L ’ \N toluene, 110°C, 2 h Ha/Dy~L NN
& kkp=1.5 AP
1aor 1a-ds o Me

Me
3aal3aa-d,
(e) KIE experiment (competitive reaction)

o}
[Cp*RhCly], (2 mol%) S
HD N toluene, 110°C,2h | H,p, L Y N
s 5\ Kikp = 2.2 A~
1aand 1a-ds o) Me

Me
3aal3aa-d 4

Scheme 3. Mechanistic studies.

On the basis of the above control experiment results and
literature reports,'® a plausible mechanism is proposed for the
formation of product 3aa (Scheme 4). Initially, the reaction of
the Rh-catalyst with the substrate 1a leads to the five-
membered rhodacycle intermediate A by deprotonation.
Subsequently, the cyclic 2-diazo-1,3-diketone 2a coordinates
with intermediate A to form the intermediate B by releasing
N,. Then, migratory insertion of carbine into Rh-C bond
completes the C-C coupling and affords the six-membered
intermediate C, which can be protonated with hydrochloric
acid to generate intermediate D and release the Rh(lll)-
catalyst. In the next stage of this cascade process, an
alkenylation occurs with the in situ generated intermediate E
via 1,3-H shift. Finally, the desired product 3aa was formed
through an intramolecular nucleophilic addition of the amino
group to carbonyl in intermediate E to form intermediate F,
followed by water elimination.

Org. Biomol. Chem., 2020, 00, 1-3 | 3
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o N
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H
J [CpRRCLL, 12
O C-H HCI
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fo O
o
F Ln®
Nei
/
Rh~cp
H,0 O o]
3aa 2.
oo %,
(o] ”f}%’l
cr

Scheme 4. A plausible mechanism.

Conclusions

In summary, we have developed rhodium-catalyzed cascade C-
H activation/intramolecular cyclization of 3-aryl-5-isoxazolones
with cyclic 2-diazo-1,3-diketones. Under the reaction
conditions, structurally diverse isoxazolo[2,3-f]phenanthridine
scaffolds could be produced in moderate-to-good yields. The
advantages of the current strategy include additive-free
conditions, good functional tolerance, and broad substrate
scope. Particularly noteworthy is that the by-products of N,
and H,0 in the reaction make the process environmentally
benign. In addition, a large-scale synthesis and further
transformation are also presented to show the practicality and
potential of the current reaction.

Conflicts of interest

There are no conflicts to declare.

Acknowledgement

The work was partially supported by the National Natural
Science Foundation of China (No. 21772001), the Anhui
Provincial Natural Science Foundation (No. 1808085MBA41),
and Cultivation Project for University Outstanding Talents of
Anhui Province (2019).

Notes and references

1 (a) J. Liu, S. Narva, K. Zhou and W. Zhang, Mini-Rev. Med.
Chem., 2019, 19, 1571; (b) Z. Hosseinzadeh, A. Ramazani and
N. Razzaghi-Asl, Curr. Org. Chem., 2018, 22, 2256; (c) K. Du,
W. Yu, C. Shen, X. Chen and P. Zhang, Curr. Org. Synth., 2016,
13, 544; (d) M. Zhang, Q. Wang, Y. Peng, Z. Chen, C. Wan, J.
Chen, Y. Zhao, R. Zhang and A. Zhang, Chem. Commun.,
2019, 55, 13048; (e) M. R. Sk, S. S. Bera, S. Basuli, A. Metya
and M. S. Maji, Asian J. Org. Chem., 2020, 9, 1701.

4 | Org. Biomol. Chem., 2020, 00, 1-3

2 A.R. Katritzky, C. A. Ramsden, E. F. V. Scriven, I\D)‘.e\JN.AI&JeaCyAf‘)nré

Comprehensive Heterocyclic Chemistryolll;oRerganyemPress:
Oxford, 2008.

3 (a) D. Bellocchi, A. Macchiarulo, G. Costantino and R.

Pellicciari, Bioorg. Med. Chem., 2005, 13, 1151; (b)
Vangrevelinghe, E.; Zimmermann, K.; Schoepfer, J;
Portmann, R.; Fabbro, D.; Furet, P. J. Med. Chem., 2003, 46,
2656.

4 S, Patil, S. Kamath, T. Sanchez, N. Neamati, R. F. Schinazi and

J. K. Buolamwini, Bioorg. Med. Chem., 2007, 15, 1212.

5 R. Zeecheng, S. J. Yan and C. C. Cheng, J. Med. Chem., 1978,

21, 199.

6 M. Tang, S. |. Odejinmi, Y. M. Alette, H. Vankayalapati and K.

Lai, Bioorg. Med. Chem., 2011, 19, 588.

7 T. Ishioka, A. Tanatani, K. Nagasawa and Y. Hashimoto,

Bioorg. Med. Chem. Lett., 2003, 13, 2655.

8 (a) L. V. Rompuy, N. Schamp, N. D. Kimpe and R. V. Parijs,

Tetrahedron Lett., 1974, 5, 2503; (b) J. E. Baldwin, R. M.
Adlington and D. J. Birch, Tetrahedron Lett., 1985, 26, 5931;
(c) J. E. Baldwin, R. M. Adlington and L. C. Mellor,
Tetrahedron, 1994, 50, 5049; (d) S. Jost, Y. Gimbert and A. E.
Greene, J. Org. Chem., 1997, 62, 6672; (e) P. Rozan, Y. H. Kuo
and F. Lambein, Phytochemistry, 2001, 58, 281; (f) L. B.
Snyder, Z. Meng, R. Mate, S. V. D. Andrea, A. Marinier, C. A.
Quesnelle, P. Gill, K. L. DenBleyker, J. C. F. Tomc, M. B.
Frosco, A. Martel, J. F. Barrett and J. J. Bronson, Bioorg. Med.
Chem. Lett., 2004, 14, 4735; (g) S. K. Laughlin, M. P. Clark, J.
F. Djung, A. Golebiowski, T. A. Brugel, M. Sabat, R. G.
Bookland, M. J. Laufersweiler, J. C. VanRens, J. F. Townes, B.
De, L. C. Hsieh, S. C. Xu, R. L. Walter, M. L. Mekel and M. J.
Janusz, Bioorg. Med. Chem. Lett., 2005, 15, 2399.

9 Forrecent reviews, see: (a) S. H. Cho, J. Y. Kim, J. Kwak and S.
Chang, Chem. Soc. Rev., 2011, 40, 5068; (b) G. Song, F. Wang
and X. Li, Chem. Soc. Rev., 2012, 41, 3651; (c) K. Shin, H. Kim
and S. Chang, Acc. Chem. Res., 2015, 48, 1040; (d) P. Ruiz-
Castillo and S. L. Buchwald, Chem. Rev., 2016, 116, 12564; (e)
D. A. Petrone, J. Ye and M. Lautens, Chem. Rev., 2016, 116,
8003; (f) R.-Y. Zhu, M. E. Farmer, Y.-Q. Chen and J.-Q. Yu,
Angew. Chem., Int. Ed., 2016, 55, 10578; (g) J. R. Hummel, J.
A. Boerth and J. A. Ellman, Chem. Rev., 2017, 117, 9163; (h)
S. Debbarma, M. R. Sk, B. Modak and M. S. Maji, J. Org.
Chem., 2019, 84, 6207; (i) A. Ford, H. Miel, A. Ring, C. N.
Slattery, A. R. Maguire and M. A. McKervey, Chem. Rev.,
2015, 115, 9981.

10 Selected literatures, see: (a) H. Wang, H. Xu, B. Li and B.
Wang, Org. Lett., 2018, 20, 5640 (b) Z. Yang, C. Pi, X. Cui and
Y. Wu, Org. Chem. Front., 2019, 6, 2897; (c) M. S. Sherikar
and K. R. Prabhu, Org. Lett., 2019, 21, 4525; (d) S. Huang, H.
Li, X. Sun, L. Xu, L. Wang and X. Cui, Org. Lett., 2019, 21,
5570; (e) C. Li and H. L. Qin, Org. Lett., 2019, 21, 4495; (f) Z.
Shen, C. Pi, X. Cui and Y. Wu, Chin. Chem. Lett., 2019, 30,
1374.

11 Selected literatures, see: (a) Y. Zhang, J. Zheng and S. Cui, J.
Org. Chem., 2014, 79, 6490; (b) X. Xu, Y. Yang, X. Zhang and
W.Yi, Org. Lett., 2018, 20, 566; (c) Y. Fukui, P. Liu, Q. Liu, Z.-
T. He, N.-Y. Wu, P. Tian and G.-Q. Lin, J. Am. Chem. Soc.,
2014, 136, 15607; (d) L. Song, X. Zhang, X. Tang, L. V.
Meervelt, J. Van der Eycken, J. N. Harvey and E. V. Van der
Eycken, Chem. Sci., 2020, 11, 11562; (e) B. Jiang, J. Jia, Y. Sun,
Y. Wang, J. Zeng, X. Bu, L. Shi, X. Sun and X. Yang, Chem.
Commun., 2020, 56, 13389; (f) S. Cai, C. Chen, P. Shao and C.
Xi, Org. Lett., 2014, 16, 3142; (g) X.-F. Cui and G.-S. Huang,
Org. Biomol. Chem., 2020, 18, 4014; (h) A.-Z. Cao, Y.-T. Xiao,
Y.-C. Wu, R.-J. Song, Y.-X. Xie and J.-H. Li, Org. Biomol. Chem.,
2020, 18, 2170; (i) C. Li, H.-B. Xu, J. Zhang, M. Liu and L.
Dong, Org. Biomol. Chem., 2020, 18, 1412.

12 (a) H. Huang, X. Ji, W. Wu and H. Jiang, Chem. Soc. Rev.,

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 6


https://doi.org/10.1039/d0ob02310h

rganic & Biomotecular Ghemist

Organic & Biomolecular Chemistr COMMUNICATION
2015, 44, 1155; (b) T. Wan, C. Pi, Y. Wu and X. Cui, Org. Lett.,, 15 (a) Y. Zuo, X. He, Y. Ning, Y. Wu and Y. Sbgwghigfegﬁg.
2020, 22, 6484. Chem., 2018, 83, 13463; (b) Y. Zuo, X.{te, ﬁb.fdeb’obMQ:ﬁDa
13 P.C.Too, Y. F. Wang and S. Chiba, Org. Lett., 2010, 12, 5688. Y. Shang. ACS Omega, 2017, 2, 8507; (c) Y. Ning, X. He, Y.
14 (a) C. Yang, C. Chen, S. Li, X. He, Y. Zuo, W. Hu, T. Zhou, J. Zuo, J. Wang, Q. Tang, M. Xie, R. Li and Y. Shang. Org.
Wang and Y. Shang. Org. Lett., 2020, 22, 2506; (b) Y. Ning, X. Biomol. Chem., 2020, 18, 2893; (d) H. Chu, P. Xue, J.-T. Yu
He, Y. Zuo, P. Cai, M. Xie, J. Wang and Y. Shang. Adv. Synth. and J. Cheng, J. Org. Chem., 2016, 81, 8009; (e) K. Yan, Y. Lin,
Catal., 2019, 361, 3518; (c) X. He, G. Han, Y. Zuo and Y. Y. Kong, B. Li and B. Wang, Adv. Synth. Catal., 2019, 361,
Shang. Tetrahedron, 2018, 74, 7082; (d) C. Yang, X. He, L. 1570; (f) E. M. Simmons and J. F. Hartwig, Angew. Chem., Int.
Zhang, G. Han, Y. Zuo and Y. Shang. J. Org. Chem., 2017, 82, Ed., 2012, 51, 3066.
2081.
s
<
g
S
[Te)
N
8
R
N
N
—
c
o
B
®
o
[
3
o
S
o
N
o]
&
3
o
o]
—
c
(]
B
B
5
T
This journal is © The Royal Society of Chemistry 20xx Org. Biomol. Chem., 2020, 00, 1-3 | 5

Please do not adjust margins



https://doi.org/10.1039/d0ob02310h

Published on 18 December 2020. Downloaded on 12/22/2020 5:40:43 AM.

Organic & Biomolecular Chemistry Page 6 of 6

View Article Online

Table Of COIltelltS DOI: 10.1039/DO0OB02310H

o 0
1
o +N2X\\j>)2R3 [Cp"RACl,], (2 mol%) R
R! G R2 toluene, 110 °C,8h
H (n=0,1)

mild conditions, scalability & practicality

N, & H,0 as the only by-products

two new bonds and one heterocycle formation in one-pot

good functional group tolerance, e.g. -F, -Cl, -Br, -CF3, -OMe, alkyl.....

A Rh(III)-catalyzed cascade C-H activation/intramolecular cyclization of 3-aryl-5-isoxazolones
with cyclic 2-diazo-1,3-diketones was described, leading to functional isoxazolone-fused
phenanthridine derivatives in moderate to good yields.
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