O ( ‘The Journal of Organic Chemistry
Subscriber access provided by UNIV OF NEW ENGLAND ARMIDALE

Synthesis of Isoindoles from Intramolecular
Condensation of Benzyl Azides with #-Aryldiazoesters
Jing Zhu, Rui Li, Yan Su, and Peiming Gu
J. Org. Chem., Just Accepted Manuscript « DOI: 10.1021/acs.joc.8b03180 « Publication Date (Web): 21 Mar 2019
Downloaded from http://pubs.acs.org on March 21, 2019

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a service to the research community to expedite the dissemination
of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts appear in
full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been fully
peer reviewed, but should not be considered the official version of record. They are citable by the
Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered to authors. Therefore,
the “Just Accepted” Web site may not include all articles that will be published in the journal. After
a manuscript is technically edited and formatted, it will be removed from the “Just Accepted” Web
site and published as an ASAP article. Note that technical editing may introduce minor changes
to the manuscript text and/or graphics which could affect content, and all legal disclaimers and
ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors or
consequences arising from the use of information contained in these “Just Accepted” manuscripts.

is published by the American Chemical Society. 1155 Sixteenth Street N.W.,
Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the
course of their duties.

N4 ACS Publications



Page 1 of 16

oNOYTULT D WN =

The Journal of Organic Chemistry

Synthesis of Isoindoles from Intramolecular Condensation of Benzyl

Azides with a-Aryldiazoesters

Jing Zhu, Rui Li, Yan Su, Peiming Gu*

Department of Chemistry, Ningxia University, Yinchuan 750021, China
Phone: +86(951)206-2274

Fax: +86(951)206-2323

E-mail: gupm@nxu.edu.cn

Tables of contents

Ny CO,R3
=z 3 Rhy(oct), (1 mol % =
R CSZR 2(0ct)y ( O, =t T Nen
NS R N A
2
N R

13 examples, yield up to 99%

Abstract

Rh-catalyzed intramolecular condensation of the benzyl azides with a-aryldiazoesters was explored.
The reaction proceeded through the nucleophilic attack of the organic azide onto a rhodium
carbenoid while releasing nitrogen gas, affording the o-imino esters as the primary product.
Tautomerization of the imino esters efficiently gave thirteen desired isoindoles with good to
excellent yields.

The isoindoles and their derivatives are very reactive compounds, and they have been widely
applied in multi-disciplinary research fields. For examples, the isoindoles are employed as synthetic
building blocks for tetracenes,' and also they are embedded in the material chemistry.? Due to their
important usage, quite a few synthetic methods towards the isoindoles have been reported.** The
organic azides are very powerful materials for synthesizing aza-cycles compounds, however it was
less involved in isoindoles chemistry, and only Chiba’s group had reported an intramolecular 1,3-
dipolar cycloaddition of azides onto alkenes for synthesis of isoindoles.* In this paper, we will
report the Rh-catalyzed intramolecular condensation of benzyl azides with o-aryldiazoesters for
addressing the isoindoles.

The rhodium(II) catalyzed interception of the diazo compounds with organic azides was initially
reported by Wee and co-workers, and two unexpected imines were observed during their exploration
of the C-H insertion with indoline diazoamides.’ Then the conversion was confirmed by Lecourt
and Micouin,® and further explored in our group’ and Doyle group,® demonstrating its excellent
efficiency in synthesis of a-imine esters. We envisioned that the isoindole 2a could be accessed with
the interception reaction of 1a, featuring an azidomethyl moiety attached on the ortho-position of
the a-aryldiazoester (Scheme 1). The rhodium catalyst would promote the formation of carbenoid I
from the diazo compound, then the azide would attack on to the rhodium complex with the
nucleophilic inner nitrogen atom, resulting in an intermediate II. Rhodium-carbon bond cleavage
and nitrogen extrusion of intermediate II would give the a-imino ester III, which would rapidly
proceed via a tautomerization process for producing the desired isoindole 2.
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Scheme 1. Designed process for synthesis of isoindoles

With the above vision in mind, the first substrate 1a was prepared from the commercially
available 3-isochromanone 3a (Scheme 2). Treatment of 3a with HBr gas in EtOH at 50°C for 5 h
gave the corresponding ethyl 2-(2-(bromomethyl)phenyl)acetate as a sole product according to
Vincent’s procedure,’ then azidation of the corresponding bromide with sodium azide in DMF
delivered the benzyl azide 4a with 95% yield for two steps. Further Regitz diazo transfer reaction'”
of 4a with 4-acetamidobenzenesulfonyl azide (p-ABSA) in the presence of DBU gave the desired
substrate 1a'' with 88 % yield.

N
0]
@ 1) HBr, EtOH CO,Et p-ABSA, DBU CO,Et
O  2)NaN,
0, v)
3a 95% for two steps 4a N3 88% 1aNs

Scheme 2. Synthesis of substratela.

The substrate 1a was a bit sensitive to the natural light, and it should be kept in dark place.
Otherwise, trace isoindole 2a could be observed if the sample was exposed to natural light for
several days. The rhodium (I1) salts®%'® and copper salts™ ' had been employed as the
catalysts for the interception reaction, therefore, Cu(OTf),, CuPFs(MeCN)a, Rhay(OAc)s and
Rhy(oct)s were selected for promoting the reaction of 1a. All the experiments were performed with
0.2 mmol of 1a in the presence of 1 mol % of copper salts or thodium salts in dichloromethane at
room temperature (entries 1-4, Table 1). To our delight, the known isoindole 2a'? could be observed
with each case. Rha(oct)s was demonstrated as the best catalyst, and the isoindole 2a was isolated
in 97% yield. It should be noted that the isoindole was regarded as a potentially instable substance,
therefore purification of the isoindoles by flash column chromatography should be quickly finished.
Otherwise, the yield would be reduced. Further evaluation of the solvents did not improve the yield
(entries 4-7, Table 1), and the halogenated hydrocarbon solvents seemed to be more suitable for the
conversion. The conversion failed to give isoindole 2a if the reaction of 1a was carried without
catalyst in DCM at room temperature (entry 8, Table 1) or at refluxing DCM (entry 9, Table 1).
Themolysis of the substrate 1a in refluxing DCE (at about 80 °C) for 17 h could be successful, where
the isoindole 2a was produced with only 56% yield (entry 10, Table 1).

Table 1. Optimization reaction conditions for synthesis of isoindole 2a®.
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N CO,Et
CO,Et  Metal catalyst : NH
1a N3 2a
Entry Catalyst Solvent Time (h) Yield (%)°
1 Cu(OTf): DCM 18 31
2 CuPF¢(MeCN)4 DCM 4 62
3 Rhy(OAc)4 DCM 12 74
4 Rhs(oct)4 CH:Cl, 4 97
5 Rha(oct)s DCE 10 64
6 Rha(oct)s THF 24 38
7 Rha(oct)s CHCl; 4 82
8 no catalyst DCM 48 -
9° no catalyst DCM 12 trace
104 no catalyst DCE 17 56

a) Reaction of 1a (0.2 mmol) with metal catalyst (0.002 mmol) in the solvent (2.0 mL) for the above
mentioned time; b) Isolated yield; c) At refluxing DCM; d) At refluxing DCE.

Then the scope of substrates was examined with Rha(oct)s, and the results were summarized in
Table 2. As disclosed, isoindoles are very reactive compounds, especially in solution.® Therefore,
the handling time for the isoindoles and their stability would affect the isolated yields. All the azides
1 examined here could be converted into the corresponding isoindoles 2 with good to excellent
yields, and generally the isoindole was observed as the sole product from the NMR of the each crude
reaction mixture (entries 1-4 and entries 7-13, Table 2), which demonstrated the powerful efficiency
of reaction. All the isoindoles were purified as soon as possible, then the yield difference should be
mainly due to the stability of the products during the purification process. The reaction of azide 1a
(0.4 mmol) was re-examined in CH,Cl,, and 2a was isolated in 92% yield (entry 1, Table 2). It was
reported that stabilization of the isoindoles could be accessed by introduction of electron
withdrawing groups,® which would be beneficial to good isolated yield. Isoindoles 2b and 2¢, both
attaching a bromo substituent, were obtained with excellent isolated yields from the substrates 1b
and 1c, and the reaction time was 3 h and 6 h, respectively (entries 2 and 3, Table 2). The reaction
of 4-CF; substrate 2d for 5 h afforded the isoindole 1d with 82% yield. Though the isoindole 1e
with a cyano group was supposed to be more stable, but the substrate 2e was less reactive, which
might be due to the long-distance n1-1 conjugation between the cyano group and the diazo group. It
took 20 h for the substrate 2e to be consumed, where the long reaction time led to the reduced yield
(entry 5, Table 2). The electron donating substituents at the aryl ring were supposed to be negative
for the stability, and the reactions of the substrates with a methyl or a methoxyl groupin 2 hto 7 h
gave the isoindoles in 75%-88% yields. It should be noted that there was still a bit of azide 1f left
when the reaction was stopped at 4 h. If the reaction was prolonged to 16 h, the 2f was produced
with only 66% yield, and excessive reaction of the isoindole might be proceeded. The 2f had been
isolated with 98% yield when the substrate was employed as 0.29 mmol, where all the material 1f
was consumed. The azide 1k bearing an additional phenyl group at the benzylic carbon were
converted into a 1,3-disubstituted isoindole 2k with 88% yield, and 2k could be produced with 99%
yield when 0.8 mmol of 1k was applied for the conversion (entry 11, Table 2), where the structure
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assignment was supported by an X-ray crystallographic structure determination. Also, the reaction
of azide 11 with a methyl group at the benzylic carbon gave 21 with 74% yield, and the yield
difference between 2k and 21 might be due to the conjugated system (entry 11 vs entry 12, Table 2).
Fortunately, the yield of 21 could be improved to 85% if the reaction was performed in CHCl3. Then
the methyl a-aryldiazoester 1m was also successfully converted into the isoindole 2m with 87%
yield (entry 13, Table 2).

Table 2. Conversion of azide 1 to isoindole 22.

Ny CO,R3
R1—i | :g)st Rhy(oct), (1 mol %) R1—i : N—H
1 N3 2 RZ
entr Azidel Time (h) Isoindole 2 Yield (%)°
y
Y CO,Et
CO,Et _
1 C;LN 4 @““ 92
la 2a
Ny
Br\@il\coZEt o CO,Et
2 3 C@““ 93
N3
1b 2b
N,
COLEL CO,Et
3 Br/(i\ 6 Br/@NH 90
N3
1c 2¢
N
COEt
CO,Et _
4 | Frc C i 5 Fsc/@’“” 82
N
1d 2d
N
COEt
CO,Et _
5 NC/©<‘\ 20 NC/(ENH 70(:
N3
le 2e
N,
Me\@i‘\coza 16 Me _ [ 66
6 ) 4 @j”' 75¢
. 4 08¢
1f 2f
Nz
CO,Et
CO,Et _
7 Me/©<: 2 Me/©j/NH 86
1g 2g
N
MeO. CO,Et oo CO,Et
8 Of 4 U | 88
N3
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1h 2h
N2
CO,Et
COE _
9 Meo/©<: 4 Meo/@NH 82%0
1i 2i
Ny CO,Et
(X\coza @NH
10 7 80%
OMe N3 OMe
1j 2j
N, CO,Et
. @iﬁf - 3 C@NH 88
N3 4 Ph 99f
1k 2k
N, CO,Et
L CCE | s | T | ow
N3 10 Me 858
11 21
N, CO,Me
CO,Me =
Cl O
13 17 87
N3 Me
1m 2m

a) Reaction of azide 1 (0.4 mmol) with Rh.(oct), (3 mg, 0.004 mmol) in CH.Cl. (4.0 mL) for the above
mentioned time; b) isolated yield; ¢) 0.2 mmol azide 1 was employed; d) a bit of azide 1f was left; e) 0.29

mmol azide 1f was employed; f) 0.8 mmol azide 1 was employed; g) reaction in CHCl;,

In summary, a synthetic method toward isoindoles has been designed and developed, and the
intramolecular interception of benzyl azides with a-aryldiazoesters is practical and efficient,
affording thirteen isoindoles with good to excellent yields.

EXPERIMENTAL SECTION

All the reagents were purchased from Acros, Sigma-Aldrich, Alfa-Aesar, Aladdin, Accela or Adamas,
and they were used as received. All the solvents were distilled using the classic method before use.
The reactions were monitored by thin layer chromatography (TLC) on 2.5%10 c¢cm, 250 pm analytical
plates coated with silica gel 60 F254, and they were purchased from Qingdao Haiyang Chemical
Co. Ltd. The thin layer chromatography plates were visualized by exposure to the ultraviolet light
(UV, 254 nm) or Phosphomolybdic acid. Purification of the synthetic compounds by the flash
column chromatography employed the neutral Silica gel (200-300 mesh or 300-400 mesh), which
were purchased from Qingdao Haiyang Chemical Co. Ltd. The NMR spectra were recorded on a
Bruker 400 MHz spectrometer, and the tetramethylsilane (6 = 0 and & = 7.26 for CDCl3, 6 = 0 and
8 =2.05 for acetone-d6, 5 = 0 and & = 2.50 for DMSO-d6) was used as an internal standard for 'H
NMR (400MHz) and CDCl; (8 = 77.16), acetone-d6 (5 = 29.84), DMSO-d6(8 = 39.92) for '*C
NMR(100 MHz), and the *C NMR were plus APT [methyl and methine (down), methylene and
quaternary carbon (up)]. The IR spectra were recorded on a Perkein Elmer with potassium bromide

crystal optic rectangle. High-resolution mass spectra (HRMS) were measured on a LTQ Orbitrap
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XL Domain35A (Thermo Fisher) spectrometer, and the electro spray ionization (ESI) was used as
the ion source. The isoindole 4a had been previously prepared by Mathias’s procedure'®. And azides
4b-4m were prepared according to the method that our previously reported procedure’, and
isochromanones 3a was purchased from Accela. The lactone 3b was prepared from the known
dicarboxylic acid.'* The lactones 3¢ and 3h were prepared from the known dicarboxylic acids.'® The
lactone 3e was prepared from the known dicarboxylic acid.'® The lactones 3f and 3g were prepared
from the known dicarboxylic acids.!” The lactone 3i was prepared from the known dicarboxylic
acid.'® The lactones 3k and 31 were prepared from the known dicarboxylic acids.!” And the
isoindoles 2a, 2k and 21 had been previously prepared by Satoshiltoa’s procedure'. All the reaction
of the benzyl azides with a-aryldiazoesters were carried out in dry reaction vessels or flasks under
a positive pressure of nitrogen or argon.

6-bromoisochroman-3-one(3b). To a stirred solution of the known 4-bromo-2-(2-methoxy-2-
oxoethyl) benzoic acid'* (3.10 g, 11.4 mmol) in THF (36.0 ml) was added 2.0 M BH;MeS (6.3 ml,
12.6 mmol), and the mixture was heated to 40°C for 4 h. Then it was cooled to room temperature
and 4.0 M HCI (30 ml) was added to quench the reaction. The mixture was extracted with ethyl
acetate (20 mL x 3), and washed with brine (20 mL). The organic phase was dried over anhydrous
Na»SOj4 and concentrated. The residue was purified by flash chromatography to give the lactone 3b
as a white solid (1.80 g, 70% yield), known compound®*®; R;= 0.62 (Et20/0.5 M aqueous
NaH,PO4+/HOAC/PE = 0.9/0.09/0.01/1); 'H NMR (CDCl;, 400 MHz) 6 7.45 (d, J = 8.0 Hz, 1H),
7.40 (s, 1 H), 7.14 (d, J = 8.0 Hz, 1H), 5.27 (s, 2H),3.70 (s, 2H); *C{'H} NMR (CDCl;, 100 MHz,
plus APT) 6 (up) 169.9, 133.3, 130.7, 122.8, 69.7, 35.9, 6 (down) 130.7, 130.2, 126.5.

7-bromoisochroman-3-one(3c). The lactone 3¢ (2.03 g) was prepared from the known 5-bromo-
2-(2-methoxy-2-oxoethyl)benzoic acid'"” (3.22 g, 11.8 mmol) by the procedure for the preparation
of lactone 3b, and the yield was 76%, known compound®*®, R,= 0.44 (EtOAC/PE = 1/1); '"H NMR
(CDCls, 400 MHz) 6 7.47 (d, J = 8.0 Hz, 1H), 7.40 (s, 1H), 7.11 (d, J = 8.0 Hz, 1H), 5.27 (s, 2H),
3.66 (s, 2H); *C{'H} NMR (CDCls, 100 MHz, plus APT) & (up) 170.0, 133.6, 130.0, 121.1, 69.3,
35.8, 0 (down) 131.9, 128.8, 127.9.

7-(trifluoromethyl)-1H-isochromen-3(4H)-one(3d). The lactone 3d (1.81 g) was prepared from
the known 2-(carboxymethyl)-5-(trifluoromethyl)benzoic acid'* (2.87 g, 11.6 mmol) by the
procedure for the preparation of lactone 3b, and the yield was 72%, Mp: 158-159 °C, Ry= 0.63
(EtOAC/PE = 1/1); '"H NMR (CDCl;s, 400 MHz) 6 7.63 (d, J = 8.0 Hz, 1H), 7.53 (s, 1H), 7. 37 (d,
J = 8.0 Hz, 1H), 5.37 (s, 2H), 3.79 (s, 2H); 3C{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up)
169.6, 135.2, 132.5, 130.1 (q, Jcr = 33 Hz), 123.8 (q, Jcr = 270 Hz), 69.6, 36.2, 6 (down) 127.8,
125.9 (q, Jcr = 3 Hz), 121.9 (q, Jcr = 3 Hz). IR (film) 1734 cm™'; HRMS (ESI-TOF) m/z [M + Na]*
caled for C1oH7F302Na 239.0290, found 239.0290.

3-oxoisochromane-7-carbonitrile(3e). The lactone 3e (705.0 mg) was prepared from the known
5-cyano-2-(2-methoxy-2-oxoethyl)benzoic acid'® (1.23 g, 5.6 mmol) by the procedure for the
preparation of lactone 3b, and the yield was 72%, Mp:147-149 °C, Ry= 0.26 (Et20/0.5 M aqueous
NaH,PO4/HOAC/PE = 2.7/0.27/0.03/1); '"H NMR (CDCl3, 400 MHz) 6 7.68 (dd, J = 8.0 Hz and 1.6
Hz, 1H), 7.59 (s, 1H), 7.39 (d, J = 8.0 Hz, 1H), 5.36 (s, 2 H), 3.81 (s, 2H); *C{'H} NMR (CDCl;,
100 MHz, plus APT) ¢ (up) 169.3, 136.5, 133.0, 118.1, 111.5, 69.1, 36.3, 6 (down) 132.7, 128.4,
128.2. IR (film) 1737 cm™'; HRMS (ESI-TOF) m/z [M + Na]" caled for C10H;NO>Na 196.0369,
found 196.0369.

6-methylisochroman-3-one(3f). The 3f (413.0 mg) was prepared from the known 2-
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((methoxycarbonyl) methyl)-4-methylbenzoic acid'’(1.33 g, 6.3 mmol) by the procedure for the
preparation of lactone 3b, and the yield was 40%, known compound,”*® R,= 0.37(EtOAC/PE =
1/3); "H NMR (CDCls, 400 MHz) J 7.09-7.15 (m, 2H), 7.04 (s, 1H), 5.28 (s, 2H), 3.67 (s, 2H), 2.37
(s, 3H); BC{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up) 171.0, 138.8, 131.0, 128.7, 70.1, 36.3,
0 (down) 128.0, 127.7, 124.6, 21.3.

7-methylisochroman-3-one(3g). The 3g (614.0 mg) was prepared from the known 2-(2-
methoxy-2-oxoethyl)-5-methylbenzoic acid'® (1.22 g, 5.8 mmol) by the procedure for the
preparation of lactone 3b, and the yield was 65%, known compound®*®, R;= 0.36(EtOAC/PE =
1/3); '"H NMR (acetone-d6, 400 MHz) 6 7.15-7.20 (m, 3H), 5.31 (s, 2H), 3.70 (s, 2H), 2.33 (s, 3H);
BC{'H} NMR (acetone-d6, 100 MHz, plus APT) ¢ (up) 170.3, 136.6, 132.5, 129.0, 69.4, 35.4, §
(down) 128.9, 126.6, 125.2, 20.1.

6-methoxyisochroman-3-one(3h). The 3h (430.0 mg) was prepared from the known 4-methoxy-
2-(2-methoxy-2-oxoethyl) benzoic acid'® (2.00 g, 8.9 mmol) by the procedure for the preparation of
3b, and the yield was 27%, known compound >°©, R;= 0.46 (EtOAC/PE = 1/2); 'H NMR (CDCl;,
400 MHz) 6 7.16 (d, J = 8.0 Hz, 1H), 6.82 (dd, J = 8.0 Hz and 2.4 Hz, 1H), 6.76 (d, J = 2.4 Hz, |
H), 5.27 (s, 2 H), 3.82 (s, 3 H), 3.69 (s, 2 H); *C{'H} NMR (CDCl3, 100 MHz, plus APT) 6 (up)
170.9, 160.2, 132.7, 123.8, 69.9, 36.7, ¢ (down) 126.0, 112.9, 112.7, 55.6.

7-methoxy-1H-isochromen-3(4H)-one(3i). The 3i (697.0 mg) was prepared from the known 2-
(carboxymethyl)-5-methoxybenzoic acid'® (1.87 g, 8.9 mmol) by the procedure for the preparation
of 3b, and the yield was 44%, known compound '¥, R;= 0.48 (EtOAC/PE = 1/2); '"H NMR (CDCl;,
400 MHz) 6 7.13 (d, J = 8.4 Hz, 1H), 6.87 (dd, J = 8.4 Hz and 2.8 Hz, 1H), 6.79 (d, J = 2.8 Hz, |
H), 5.27 (s, 2 H), 3.82 (s, 3 H), 3.65 (s, 2 H); *C{'H} NMR (CDCl3, 100 MHz, plus APT) 6 (up)
171.0, 158.9, 132.7, 122.6, 70.1, 35.3, 6 (down) 128.1, 114.2, 110.4, 55.5.

8-methoxy-1H-isochromen-3(4H)-one(3j). The 3j (539.0 mg) was prepared from the known 2-
(carboxymethyl)-6-methoxybenzoic acid'® (1.81 g, 8.6 mmol) by the procedure for the preparation
of 3b, and the yield was 35%, Ry= 0.47 (EtOAC/PE = 1/2); '"H NMR (CDCl;, 400 MHz) 6 7.28 (t,
J = 8.4 Hz, 1H), 6.80 (t, J = 8.4 Hz, 2H), 5.40 (s, 2 H), 3.85 (s, 3 H), 3.67 (s, 2 H); *C{'H} NMR
(CDCl3, 100 MHz, plus APT) 6 (up) 170.9, 155.2, 132.4, 119.7, 65.4, 35.7, 6 (down) 129.8, 119.2,
109.1, 55.6. IR (film) 1750 cm™'; HRMS (ESI-TOF) m/z [M + H]" caled for C1oH;;03 179.0703,
found 179.0701.

1-phenylisochroman-3-one(3k). To a stirred solution of known 2-(2-benzoylphenyl) acetic
acid'®(1.20 g, 5.0 mmol) in EtOH (4 ml) was added NaBH4 (209.0 mg 5.5 mmol) in small portion,
and the reaction temperature was controlled bellow 10 °C. The mixture was warmed to room
temperature for 8 h, and the EtOH was removed under vacumn. Then 10% aqueous HCI (2 ml) was
added, and the mixture was extracted with CH>Cl, (2 mLx 3), washed by water (3 mL), dried over
anhydrous Na>SOs and concentrated. The residue was purified by flash chromatography to give the
lactone 3k (1.20 g, 92% yield) as a pale-yellow solid, known compound 2°@, R;=0.71 (EtOAC/PE
=1/1); "H NMR (CDCl3, 400 MHz) § 7.23-7.46 (m, 8 H), 6.96 (d, J = 7.6 Hz, 1 H), 6.39 (s, 1 H),
3.74 (d,J = 18.0 Hz, 1H), 3.63 (d, J = 18.0 Hz, 1H); '*C{'H} NMR (CDCl;, 100 MHz, plus APT)
d (up) 170.7,137.0, 134.7, 131.1, 36.6, 6 (down) 129.1, 129.0, 128.9 (2), 127.6 (2), 127.4 (2), 126.1,
82.2.

1-methylisochroman-3-one(3l). The lactone 31 (844.0 mg) was prepared from the known 2-(2-
acetylphenyl) acetic acid'® (1.00 g, 5.6 mmol) by the procedure for the preparation of lactone 3h,
and the yield was 93%, known compound 2°@, Ry= 0.33 (EtOAC/PE = 1/3); '"H NMR (CDCls, 400
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MHz) ¢ 7.20-7.36 (m, 4H), 5.48 (q, J = 6.8 Hz, 1H), 3.74 (d, J = 18.4 Hz, 1H), 3.68 (d, J = 18.4
Hz, 1H), 1.76 (d, J = 6.8 Hz, 3H); *C{'H} NMR (CDCl;, 100 MHz, plus APT) § (up) 170.8, 135.8,
130.7,36.2, 6 (down) 128.6, 127.5, 127.1, 123.6, 76.4, 19.1.

ethyl 2-(2-(azidomethyl)phenyl)acetate(4a). To a stirred solution of 3-isochromanone 3a (1.80
g, 12.1 mmol) in dry EtOH (30 mL) was introduced HBr gas for 5 h, then EtOH was evaporated to
afford the ethyl 2-(2-(bromomethyl) phenyl)acetate (3.05 g) as a brown oil. Then the crude ethyl 2-
(2-(bromomethyl) phenyl) acetate was dissolved in DMF (40 ml), and NaN3 (1.50 g, 23.0 mmol)
was added into the mixture. The mixture was kept at 70 °C for 40 min, then it was partitioned
between EtOAc (15 mL) and H>O (10 mL). The organic phase was separated and the aqueous phase
was extracted with EtOAc (30 mL x 2). The combined organic phase was washed with water (30
ml x 4), dried over anhydrous Na;SO4 and concentrated. The residue was purified by flash
chromatography to give the azide 4a as a yellow oil (2.53 g, 95% yield from 3a), known compound'?,
"H NMR (CDCls, 400 MHz) J 7.28-7.36 (m, 4H), 4.42 (s, 2H), 4.15 (q, J = 7.2 Hz, 2H), 3.71 (s,
2H), 1.25 (t, J = 7.2 Hz, 3H); *C{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up) 171.3, 134.1,
133.4,61.2, 53.0, 38.7, 6 (down) 131.3, 130.1, 129.0, 127.9, 14.3.

ethyl 2-(2-(azidomethyl)-5-bromophenyl)acetate(4b). The azide 4b (1.46 g) was prepared from
3b (1.80 g, 7.9 mmol) by the procedure for the preparation of azide 4a, and the yield was 97%, Ry
= (.52 (EtOAC/PE = 1/6); '"H NMR (CDCls, 400 MHz) 6 7.43 (d, J = 2.0 Hz, 1H), 7.39 (dd, J =
8.4 Hz and 2.0 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 4.34 (s, 2H), 4.13 (q, J = 7.2 Hz, 2H), 3.64 (s,
2H), 1.23 (t, J = 7.2 Hz, 3H); *C{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up) 170.3, 135.2,
133.1,122.4,61.2,52.0, 38.0, § (down) 133.9, 130.6, 131.2, 14.0. IR (film) 2102, 1733 cm™; HRMS
(ESI-TOF) m/z [M + Na]" caled for C;1H12BrN3O,Na 320.0005, found 320.0003.

ethyl 2-(2-(azidomethyl)-4-bromophenyl)acetate(4c). The azide 4¢ (1.43 g) was prepared from
3¢ (1.98 g, 8.7 mmol) by the procedure for the preparation of azide 4a, and the yield was 59%, R/=
0.37 (EtOAC/PE = 1/7); '"H NMR (CDCls, 400 MHz) § 7.48 (d, J = 2.0 Hz, 1H), 7.44 (dd, J = 8.0
Hz and 2.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 4.38 (s, 2H), 4.14 (q, J = 7.2 Hz, 2H), 3.64 (s, 2H),
1.24 (t, J = 7.2 Hz, 3H); BC{'H} NMR (CDCls, 100 MHz, plus APT) ¢ (up) 170.6, 136.3, 132.1,
121.5,61.3,52.3, 38.1, 6 (down) 132.8, 132.5, 131.8, 14.2. IR (film) 2102, 1732 cm’'; HRMS (ESI-
TOF) m/z [M + Na]" calcd for Ci1H;12BrN3O2Na 320.0005, found 320.0004.

ethyl 2-(2-(azidomethyl)-4-(trifluoromethyl)phenyl)acetate(4d). The azide 4d (597.0 mg) was
prepared from 3d (900.0 mg, 4.2 mmol) by the procedure for the preparation of azide 4a, and the
yield was 50%, Ry=0.72 (EtOAC/PE = 1/3); '"H NMR (CDCls, 400 MHz) 6 7.60 (s, 1H), 7.58 (d, J
= 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 4.49 (s, 2H), 4.17 (q, J = 7.2 Hz, 2H), 3.76 (s, 2H), 1.26 (t,
J =7.2Hz, 3 H); BC{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up) 170.4, 137.2, 135.3, 130.2 (q,
Jcr = 33 Hz), 123.93 (q, Jcr = 270 Hz), 61.6, 52.5, 38.5, J (down) 131.8, 126.4 (q, Jcr = 3 Hz),
125.7 (q, Jcr = 3 Hz), 14.2. IR (film) 2102, 1734 cm™'; HRMS (ESI-TOF) m/z [M + Na]" calcd for
C12H12F3N302Na 3 10.0774, found 310.0775.

ethyl 2-(2-(azidomethyl)-4-cyanophenyl)acetate(4e). The azide 4e (175.0 mg) was prepared
from 3e (326.0 mg, 1.2 mmol) by the procedure for the preparation of azide 4a, and the yield was
62%, Ry= 0.42(EtOAC/PE = 1/3); '"H NMR (CDCls, 400 MHz) 6 7.66 (s, 1H), 7.62 (d, J = 8.0 Hz,
1H), 7.42 (d, J = 8.0 Hz, 1H), 4.48 (s, 2H), 4.17 (q, J = 7.2 Hz, 2H), 3.76 (s, 2H), 1.26 (t, J = 7.2
Hz, 3 H); *C{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up) 170.0, 138.4, 135.9, 118.3, 111.9,
61.7,52.1,38.7, § (down) 132.8, 132.3, 132.1, 14.2. IR (film) 2100, 1732 cm™'; HRMS (ESI-TOF)
m/z [M + Na]" caled for C12H12NsO2Na 267.0853, found 267.0851.
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ethyl 2-(2-(azidomethyl)-5-methylphenyl)acetate(4f). The azide 4f (465.0 mg) was prepared
from 3f (413.0 mg, 2.5 mmol) by the procedure for the preparation of azide 4a, and the yield was
78%, Ry=0.60 (EtOAC/PE = 1/5); "H NMR (CDCls, 400 MHz) 6 7.20 (d, J = 7.6 Hz, 1H), 7.10-
7.12 (m, 2H), 4.37 (s, 2H), 4.15 (q, J = 7.2 Hz, 2H), 3.67 (s, 2H), 2.35 (s, 3H), 1.26 (t, J = 7.2 Hz,
3H); 3C{'H} NMR (CDCl;, 100 MHz, plus APT) ¢ (up) 171.3, 138.8, 133.1, 130.9, 61.1, 52.6,
38.5, 6 (down) 132.0, 130.1, 128.4, 21.1, 14.2. IR (film) 2096, 1733 cm™'; HRMS (ESI-TOF) m/z
[M + Na]" caled for C12H;sN302Na 256.1057, found 256.1054.

ethyl 2-(2-(azidomethyl)-4-methylphenyl)acetate(4g). The azide 4g (700.0 mg) was prepared
from 3g (610.0 mg, 3.8 mmol) by the procedure for the preparation of azide 4a, and the yield was
80%, R/=0.53 (EtOAC/PE = 1/10); "H NMR (CDCls, 400 MHz) § 7.13-7.20 (m, 3H), 4.38 (s, 2H),
4.14 (q,J = 7.2 Hz, 2H), 3.67 (s, 2H), 2.36 (s, 3H), 1.25 (t,J = 7.2 Hz, 3H); *C{'H} NMR (CDCl;,
100 MHz, plus APT) ¢ (up) 171.5, 137.6, 133.8, 130.2, 61.2, 53.0, 38.3, 6 (down) 131.2, 130.8,
129.7, 21.2, 14.3. IR (film) 2098, 1733 cm; HRMS (ESI-TOF) m/z [M + Na]" calcd for
C12H15sN30O,Na 256.1057, found 256.1055.

ethyl 2-(2-(azidomethyl)-5-methoxyphenyl)acetate(4h).The azide 4h(200.0 mg) was prepared
from 3h (430.0 mg, 2.4 mmol) by the procedure for the preparation of azide 4a, and the yield was
32%, Ry=0.72 (EtOAC/PE = 1/2); '"H NMR (CDCls, 400 MHz) 6 7.21 (d, J = 8.4 Hz, 1H), 6.85 (d,
J=2.4Hz, 1H), 6.80 (dd, J = 8.4 Hz and 2.4 Hz, 1H), 4.33 (s, 2H), 4.14 (q, J = 7.2 Hz, 2H), 3.79
(s, 3H), 3.67 (s, 2H), 1.24 (t, J = 7.2 Hz, 3H); *C{'H} NMR (CDCls, 100 MHz, plus APT) ¢ (up)
171.0,159.8,134.8,126.0,61.1, 52.4,38.7, 6 (down) 131.5, 116.9, 112.6, 55.3, 14.1. IR (film) 2097,
1732 cm’'; HRMS (ESI-TOF) m/z [M + Na]" caled for C12H;sN303Na 272.1006, found 272.1004.

ethyl 2-(2-(azidomethyl)-4-methoxyphenyl)acetate(4i). The azide 4i (238.0 mg) was prepared
from 3i (348.0 mg, 1.9 mmol) by the procedure for the preparation of azide 4a, and the yield was
49%, Ry= 0.72 (EtOAC/PE = 1/5); '"H NMR (CDCl;s, 400 MHz) 6 7.19 (d, J = 8.4 Hz, 1H), 6.87 (d,
J=2.4Hz, 1H), 6.83 (dd, J = 8.4 Hz and 2.4 Hz, 1H), 4.37 (s, 2H), 4.12 (q, J = 7.2 Hz, 2H), 3.78
(s, 3H), 3.62 (s, 2H), 1.23 (t, J = 7.2 Hz, 3H); *C{'H} NMR (CDCls, 100 MHz, plus APT) & (up)
171.4,158.9,135.2,125.0,61.0,52.8,37.7, 6 (down) 132.2, 115.4, 113.7,55.3, 14.1. IR (film) 2100,
1733 cm’'; HRMS (ESI-TOF) m/z [M + Na]* caled for C12H;sN303Na 272.1006, found 272.1000.

ethyl 2-(2-(azidomethyl)-3-methoxyphenyl)acetate(4j). The azide 4j (369.0 mg) was prepared
from 3j (539.0 mg, 3.0 mmol) by the procedure for the preparation of azide 4a, and the yield was
49%, Ry=0.70 (EtOAC/PE = 1/5); '"H NMR (CDCls, 400 MHz) 6 7.23 (d, J = 8.0 Hz, 1H), 6.85 (t,
J =8.0 Hz, 2H), 4.43 (s, 2H), 4.10 (q, J = 7.2 Hz, 2H), 3.82 (s, 3H), 3.65 (s, 2H), 1.21 (t,J = 7.2
Hz, 3H); *C{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up) 171.2, 158.5, 135.3, 122.8, 61.2, 45.4,
38.8, d (down) 129.8, 123.2, 109.9, 55.8, 14.2. IR (film) 2097, 1735 cm™'; HRMS (ESI-TOF) m/z
[M + Na]" caled for C12HisN303Na 272.1006, found 272.0996.

ethyl 2-(2-(azido(phenyl)methyl)phenyl)acetate(4k). The azide 4k (485.0 mg) was prepared
from 3k (998.0 mg, 4.5 mmol) by the procedure for the preparation of azide 4a, and the yield was
40%, Ry=0.28 (EtOAC/PE = 1/5); '"H NMR (CDCls, 400 MHz) 6 7.38-7.42 (m, 1H), 7.24-7.34 (m,
8H), 6.00 (s, 1H), 4.03 (q, J = 7.2 Hz, 2H), 3.58 (s, 2H), 1.17 (t, J = 7.2 Hz, 3H); C{'H} NMR
(CDCls, 100 MHz, plus APT) 6 (up) 171.0, 138.8, 137.8, 132.4, 61.0, 38.7, J (down) 131.5, 128.7
(2), 128.5, 128.4, 128.1, 127.8, 127.5 (2), 65.3, 14.1. IR (film) 2098, 1732 cm’'; HRMS (ESI-TOF)
m/z [M + Na]" caled for Ci17H17N30,Na 318.1213, found 318.1213.

ethyl 2-(2-(1-azidoethyl)phenyl)acetate(4l). The azide 41 (983.0 mg) was prepared from 31
(844.0 mg, 5.2 mmol) by the procedure for the preparation of azide 4a, and the yield was 81%, Ry=
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0.68 (EtOAC/PE = 1/3); '"H NMR (CDCls, 400 MHz) 6 7.42 (d, J = 7.6 Hz, 1H), 7.22-7.32 (m, 3H),
491 (q,J = 6.8 Hz, 1H), 4.15 (q, J = 7.2 Hz, 2H), 3.73 (d, J = 15.6 Hz, 1H), 3.63 (d, J = 15.6 Hz,
1H), 1.53 (d, J = 6.8 Hz, 3H), 1.25 (t,J = 7.2 Hz, 3H); *C{'H} NMR (CDCl;, 100 MHz, plus APT)
0(up) 171.3,139.5,131.9,61.3,38.7,6 (down) 131.3, 128.3, 128.2,126.5,57.2,21.1, 14.3. IR (film)
2103, 1733 cm™'; HRMS (ESI-TOF) m/z [M + Na]" calcd for C12H;sN3O2Na 256.1057, found
256.1054.

methyl 2-(2-(1-azidoethyl)phenyl)acetate(4m). To a stirred solution of ethyl 2-(2-(1-azidoethyl)
phenyl)acetate 4m (337.0 mg, 1.4 mmol) in THF/H,O (1:1, 5.0 ml) was added LiOH'H,O (14.4
mmol). The mixture was heated to 70°C for 12 h, then it was cooled to room temperature and
acidified with aqueous HCI (2.0 M) to pH = 1-2. The mixture was extracted with ethyl acetate (4
mLx3), and washed by brine, dried over anhydrous Na;SOs, and concentrated. The residue was
purified by flash chromatography to give the corresponding 2-(2-(1-azidoethyl) phenyl) acetic acid
(290.0 mg) as a colorless oil. The sample was dissolved in MeOH (5 ml), and AcCl (0.2 ml, 2.0
mmol) was added at 0 °C. The reaction mixture was kept for 5 h, then MeOH was removed. The
residue was purified by flash chromatography to give the azide 4m (260.0 mg, 70% yield) as a
colorless oil, Ry= 0.44 (EtOAC/PE = 1/6); 'H NMR (CDCls, 400 MHz) 6 7.24-7.46 (m, 4H), 4.90
(q,J = 6.8 Hz, 1H), 3.73 (q,J = 16.0 Hz, 2H), 3.70 (s, 3H), 1.53 (d, J = 6.8 Hz, 3H); *C{'H} NMR
(CDCls, 100 MHz, plus APT) ¢ (up) 171.7, 139.6, 131.8, 38.6, 6 (down) 131.3, 128.4, 128.3, 126.6,
57.3, 52.4, 21.1. IR (film) 2104, 1738 cm’; HRMS (ESI-TOF) m/z [M + Na]' caled for
Ci1H13N302Na 242.0900, found 242.0903.

ethyl 2-(2-(azidomethyl)phenyl)-2-diazoacetate(la). To a stirred solution of 4a (1.00 g, 4.6
mmol) in CH3CN (15 ml) under nitrogen atmosphere was added DBU (1.04 g, 6.8 mmol). 30 min
later, the p-ABSA (1.63 g, 6.8 mmol) was added into the mixture. The reaction was kept for an
additional 18 h, then CH3CN was removed. The residue was purified by flash chromatography to
afford 1a (1.00 g, 90% yield) as a yellow oil, R;= 0.61 (EtOAC/PE = 1/4); "H NMR (CDCls, 400
MHz) 6 7.36-7.46 (m, 4H), 4.40 (s, 2H), 4.29 (q, J = 7.2 Hz, 2H), 1.30 (t, J = 7.2 Hz, 3H); C{'H}
NMR (CDCls, 100 MHz, plus APT) ¢ (up) 165.7, 135.8, 124.6, 61.4, 52.9, ¢ (down) 131.2, 129.7,
129.5, 128.8, 14.5. IR (film) 2096, 1704 cm™'; HRMS (ESI-TOF) m/z [M + Na]" caled for
C11H11N502Na 268.0805, found 268.0810.

ethyl 2-(2-(azidomethyl)-5-bromophenyl)-2-diazoacetate(1b). The 1b (358.0 mg) was
prepared from 4b (434.0 mg, 1.5 mmol) by the procedure for the preparation of 1a, and the yield
was 76%, Ry= 0.59 (EtOAC/PE = 1/7); '"H NMR (CDCls, 400 MHz) § 7.57 (d, J = 2.0 Hz, 1H),
7.52 (dd, J = 8.4 Hz and 2.0 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 4.37 (s, 2H), 4.30 (q, J = 7.2 Hz,
2H), 1.32 (t, J = 7.2 Hz, 3H); *C{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up) 165.2, 134.7,
126.6, 122.4, 61.7, 52.4, 6 (down) 133.8, 132.5, 131.2, 14.6. IR (film) 2094, 1694 cm™'; HRMS
(ESI-TOF) m/z [M + Na]" caled for C11H1oBrNsO,Na 345.9910, found 345.9913.

ethyl 2-(2-(azidomethyl)-4-bromophenyl)-2-diazoacetate(1c). The 1c (473.0 mg) was
prepared from 4¢ (403.0 mg, 1.4 mmol) by the procedure for the preparation of 1a, and the yield
was 92%, Ry= 0.43 (EtOAC/PE = 1/7); '"H NMR (CDCls, 400 MHz) & 7.63 (d, J = 2.0 Hz, 1H),
7.52 (dd, J = 8.4 Hz and 2.0 Hz, 1H), 7.27 (d, J = 8.4 Hz, 1H), 4.40 (s, 2H), 4.14 (q, J = 7.2 Hz,
2H), 1.32 (t, J = 7.2 Hz, 3H); *C{'H} NMR (CDCls, 100 MHz, plus APT) 6 (up) 160.1, 137.9,
123.7, 123.5, 61.7, 52.4, 6 (down) 132.6, 132.5, 132.0, 14.6. IR (film) 2091, 1695 cm'; HRMS
(ESI-TOF) m/z [M + Na]" caled for C11H1oBrNsO,Na 345.9910, found 345.9919.

ethyl 2-(2-(azidomethyl)-4-trifluoromethyl)-2-diazoacetate(1d). The 1d (597.0 mg) was
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prepared from 4d (597.0 mg, 2.1 mmol) by the procedure for the preparation of 1a, and the yield
was 93%, Ry= 0.68 (EtOAC/PE = 1/3); '"H NMR (CDCls, 400 MHz) 6 7.74 (s, 1H), 7.63 (dd, J =
8.4 Hz and 1.6 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 4.49 (s, 2H), 4.32 (q, J = 7.2 Hz, 2H), 1.33 (t, J
= 7.2 Hz, 3 H); *C{'H} NMR (CDCls, 100 MHz, plus APT) ¢ (up) 165.0, 136.5, 131.3 (q, Jcr =
33 Hz), 128.5, 123.7 (q, Jcr = 270 Hz), 61.8, 52.5, 6 (down) 131.2, 126.4 (q, Jcr = 3 Hz), 125.5 (q,
Jcr = 3 Hz), 14.4. IR (film) 2095, 1699 cm™'; HRMS (ESI-TOF) m/z [M + Na]" caled for
C12H10F3NsO2Na 336.0679, found 336.0676.

ethyl 2-(2-(azidomethyl)-4-cyanophenyl)-2-diazoacetate(1e). The 1e (109.0 mg) was prepared
from 4e (175.0 mg, 0.7 mmol) by the procedure for the preparation of 1a, and the yield was 56%,
R;= 0.46 (EtOAC/PE = 1/3); '"H NMR (acetone-d6, 400 MHz) § 7.93-7.96 (m, 1H), 7.83 (dd, J =
8.4 Hz and 1.6 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 4.67 (s, 2H), 4.29 (q, J = 7.2 Hz, 2H), 1.29 (t, J
= 7.2 Hz, 3H); BC{'H} NMR (acetone-d6, 100 MHz, plus APT) 6 (up) 164.2, 136.9, 130.2, 117.8,
112.0, 61.2, 51.6, 6 (down) 132.8, 131.7, 131.4, 13.8. IR (film) 2092, 1694 cm™'; HRMS (ESI-TOF)
m/z [M + Na]" calcd for Ci12H10N¢O2Na 293.0757, found 293.0757.

ethyl 2-(2-(azidomethyl)-5-methylphenyl)-2-diazoacetate(1f). The 1f (467.0 mg) was prepared
from 4f (465.0 mg, 2.0 mmol) by the procedure for the preparation of 1a, and the yield was 90%,
Ry= 0.70 (EtOAC/PE = 1/5); '"H NMR (acetone-d6, 400 MHz) 6 7.42 (d, J = 8.0 Hz, 1H), 7.36 (s,
1H), 7.27 (d, J = 8.0 Hz, 1H), 4.47 (s, 2H), 4.26 (q, J = 7.2 Hz, 2H), 2.42 (s, 3H), 1.27 (t,J = 7.2
Hz, 3H); *C{'H} NMR (acetone-d6, 100 MHz, plus APT) J (up) 165.1, 138.7, 133.0, 124.8, 60.9,
52.2, § (down) 131.8, 130.0, 129.9, 20.0, 13.9. IR (film) 2090, 1697 cm™'; HRMS (ESI-TOF) m/z
[M + Na]" caled for C12H13NsO2Na 282.0962, found 282.0961.

ethyl 2-(2-(azidomethyl)-4-methylphenyl)-2-diazoacetate(1g). The 1g (506.0 mg) was
prepared from 4g (600.0 mg, 2.6 mmol) by the procedure for the preparation of 1a, and the yield
was 76%, R;=0.30 (EtOAC/PE = 1/10); '"H NMR (DMSO-d6, 400 MHz) 6 7.24-7.42 (m, 3H), 4.45
(s, 2H), 4.20 (q, J = 7.2 Hz, 2H), 2.35 (s, 3H), 1.21 (t,J = 7.2 Hz, 3H); *C{'H} NMR (DMSO-d6,
100 MHz, plus APT) ¢ (up) 165.7, 139.7, 135.9, 121.7, 61.4, 52.3, 6 (down) 132.0, 130.9, 129.8,
21.2, 14.7. IR (film) 2090, 1698 cm™'; HRMS (ESI-TOF) m/z [M + Na]" calcd for C12H13NsO2Na
282.0962, found 282.0959.

ethyl 2-(2-(azidomethyl)-5-methoxyphenyl)-2-diazoacetate(1h). The 1h (216.0 mg) was
prepared from 4h (200.0 mg, 0.80 mmol) by the procedure for the preparation of 1a, and the yield
was 98%, Ry=0.72 (EtOAC/PE = 1/2); '"H NMR (DMSO0-d6, 400 MHz) 6 7.44 (d, J = 8.8 Hz, 1H),
7.12 (d, J = 2.8 Hz, 1H), 7.03 (dd, J = 8.8 Hz and 2.8 Hz, 1H), 4.40 (s, 2H), 4.22 (q, J = 7.2 Hz,
2H), 3.78 (s, 3H), 1.22 (t,J = 7.2 Hz, 3H); 3C{'H} NMR (DMSO-d6, 100 MHz, plus APT) J (up)
165.4, 159.6, 127.8, 126.1, 61.4, 52.0, 6 (down) 132.1, 117.2, 115.3, 55.8, 14.7. IR (film) 2087,
1692 cm’'; HRMS (ESI-TOF) m/z [M + Na]* caled for C12H13NsO3Na 298.0911, found 298.0912.

ethyl 2-(2-(azidomethyl)-4-methoxyphenyl)-2-diazoacetate(1i). The 1i (172.0 mg) was
prepared from 4i (238.0 mg, 0.9 mmol) by the procedure for the preparation of 1a, and the yield
was 66%, Ry=0.71 (EtOAC/PE = 1/5); '"H NMR (DMSO-d6, 400 MHz)  7.45 (d, J = 8.4 Hz, 1H),
7.10 (d, J = 2.8 Hz, 1H), 7.02 (dd, J = 8.4 Hz and 2.8 Hz, 1H), 4.45 (s, 2H), 4.20 (q, J = 7.2 Hz,
2H), 3.80 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); C{'H} NMR (DMS0-d6, 100 MHz) § 165.8, 160.5,
138.0, 133.8, 116.3, 115.9, 114.5, 61.3, 55.8, 52.3, 14.8. IR (film) 2087, 1692 cm™'; HRMS (ESI-
TOF) m/z [M + Na]" calcd for C12H13NsO3Na 298.0911, found 298.0913.

ethyl 2-(2-(azidomethyl)-3-methoxyphenyl)-2-diazoacetate(1j). The 1j (195.0 mg) was
prepared from 4j (200.0 mg, 0.8 mmol) by the procedure for the preparation of 1a, and the yield
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was 89%, R;=0.68 (EtOAC/PE = 1/5); '"H NMR (CDCls, 400 MHz) § 7.36 (t,J = 8.0 Hz, 1H), 7.04
(d, J = 8.0 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 4.43 (s, 2H), 4.29 (q, J = 7.2 Hz, 2H), 3.87 (s, 3H),
1.30 (t, J = 7.2 Hz, 3H); C{'H} NMR (CDCls, 100 MHz, plus APT) ¢ (up) 165.9, 158.8, 127.0,
124.0, 61.4,47.1, § (down) 130.0, 123.4, 111.3, 55.8, 14.5. IR (film) 2091, 1699 cm™'; HRMS (ESI-
TOF) m/z [M + Na]" calcd for C12H13NsO3Na 298.0911, found 298.0911.

ethyl 2-(2-(azido(phenyl)methyl)phenyl)-2-diazoacetate(1k). The 1k (368.0 mg) was prepared
from 4k (414.0 mg, 1.4 mmol) by the procedure for the preparation of 1a, and the yield was 82%,
R;= 0.44 (EtOAC/PE = 1/4); '"H NMR (DMSO-d6, 400 MHz) § 7.22-7.60 (m, 9H), 6.14 (s, 1H),
4.12 (t,J = 6.8 Hz, 2H), 1.15 (t, J = 6.8 Hz, 3H); 3C{'H} NMR (DMSO-d6, 100 MHz, plus APT)
o0 (up) 165.58, 140.73, 139.01, 123.98, 61.39, ¢ (down) 133.3, 130.7, 129.2, 129.1 (2), 128.6 (2),
127.5 (2), 65.3, 14.8. IR (film) 2094, 1694 cm™'; HRMS (ESI-TOF) m/z [M + Na]* calcd for
Ci7H15sNsO,Na 344.1118, found 344.1118.

ethyl 2-(2-(1-azidoethyl)phenyl)-2-diazoacetate(11). The 11 (450.0 mg) was prepared from 41
(646.0 mg, 2.8 mmol) by the procedure for the preparation of 1a, and the yield was 63%, Ry= 0.44
(EtOAC/PE = 1/6); '"H NMR (CDCls, 400 MHz) 6 7.54 (d, J = 7.6 Hz, 1H), 7.36-7.50 (m, 3H), 4.81
(q, J = 6.8 Hz, 1H), 4.29 (q, J = 7.2 Hz, 2H), 1.53 (d, J = 6.8 Hz, 3H), 1.31 (t, J = 7.2 Hz, 3H);
BC{'H} NMR (CDCls, 100 MHz, plus APT) § (up) 161.0, 141.7, 123.9, 61.6, § (down) 131.7, 130.3,
128.8, 127.1, 58.0, 21.3, 14.6. IR (film) 2090, 1699 cm™'; HRMS (ESI-TOF) m/z [M + Na]" calcd
for C12H13Ns0,Na 282.0962, found 282.0961.

methyl 2-(2-(1-azidoethyl)phenyl)-2-diazoacetate(1m). The 1m (233.0 mg) was prepared from
4m (260.0 mg, 1.2 mmol) by the procedure for the preparation of 1a, and the yield was 80%, Ry=
0.46 (EtOAC/PE = 1/6); '"H NMR (CDCls, 400 MHz) 6 7.24-7.46 (m, 4H), 4.81 (q, J = 6.8 Hz, 1H),
3.83 (s, 3H), 1.53 (d, J = 6.8 Hz, 3H); *C{'H} NMR (CDCls, 100 MHz, plus APT) ¢ (up) 171.1,
141.8, 120.8,  (down) 131.7, 130.4, 128.8, 127.2, 58.0, 52.5, 21.3. IR (film) 2092, 1698 cm';
HRMS (ESI-TOF) m/z [M + Na]" calcd for CiiH11N5sO,Na 268.0805, found 268.0804.

ethyl 2H-isoindole-1-carboxylate(2a). To a stirred solution of Rhx(oct)s (3.0 mg, 0.004 mmol)
in DCM (4 ml) was added 1a (100.0 mg, 0.40 mmol), and the mixture was keep for 4 h. Then the
mixture was concentrated and the residue was purified by flash chromatography to give the
isoindole 2a (73.0 mg, 97% yield from 1a) as a white soild, Mp:120-122 °C, Ry= 0.28 (EtOAC/PE
= 1/4); '"H NMR (DMSO-d6, 400 MHz) § 13.28 (s, 1H), 7.96 (d, J = 8.8, 1H), 7.64-7.71 (m, 2H),
7.19-7.23 (m, 1H), 7.02-7.06 (m, 1H), 4.33 (q, J = 7.2 Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H); *C{'H}
NMR (DMSO-d6, 100 MHz, plus APT) ¢ (up) 161.1, 127.4, 125.6, 110.7, 59.7, ¢ (down) 125.3,
121.8,121.7, 120.5, 117.6, 14.8. IR (film) 3195, 1645 cm™'; HRMS (ESI-TOF) m/z [M + H]" calcd
for C11H12NO> 190.0863, found 190.0862.

ethyl 6-bromo-2H-isoindole-1-carboxylate(2b). The 2b (100.0 mg) was prepared from 1b
(130.0 mg, 0.40 mmol) by the procedure for the preparation of 2a, and the yield was 93%, Mp:140-
141 °C, Ry= 0.25 (EtOAC/PE = 1/3); 'H NMR (DMSO-d6, 400 MHz) 6 13.50 (s, 1H), 8.11 (s, 1H),
7.71 (s, 1H), 7.69 (d, J = 8.8, 1H), 7.14 (dd, J = 8.8 Hz and 2.0 Hz, 1H), 4.34 (q, J = 7.2 Hz, 2H),
1.36 (t,J = 7.2 Hz, 3H); C{'H} NMR (DMSO-d6, 100 MHz, plus APT) § (up) 160.8, 128.1, 123.9,
119.1, 110.5, 60.0, 6 (down) 124.8, 124.3, 122.4, 118.5, 15.0. IR (film) 3231, 1666 cm™'; HRMS
(ESI-TOF) m/z [M + H]" calcd for Ci;iHiiBrNO, 267.9968, found 267.9977.

ethyl 5-bromo-2H-isoindole-1-carboxylate(2c). The 2¢ (96.5 mg) was prepared from 1¢ (130.0
mg, 0.40 mmol) by the procedure for the preparation of 2a, and the yield was 90%, Mp:141-142 °C,
Ry=0.25 (EtOAC/PE = 1/3); 'H NMR (CDCls, 400 MHz) 6 11.15 (s, 1H), 7.95 (d, J = 8.8 Hz, 1H),
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7.82 (s, 1H), 7.43 (s, 1H), 7.31 (d, J = 8.8 Hz, 1H), 4.47 (q, J = 7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz,
3H); BC{'H} NMR (DMSO-d6, 100 MHz, plus APT) ¢ (up) 160.9, 126.5, 125.4, 114.6, 111.4, 60.0,
6 (down) 128.2, 123.9, 122.7, 117.2, 15.0. IR (film) 3225, 1665 cm™'; HRMS (ESI-TOF) m/z [M +
H]" caled for CiiHiiBrNO, 267.9968, found 267.9963.

ethyl 5-(trifluoromethyl)-2H-isoindole-1-carboxylate(2d). The 2d (84.0 mg) was prepared
from 1d (125.0 mg, 0.40 mmol) by the procedure for the preparation of 2a, and the yield was 82%,
Mp:171-172 °C, R/= 0.44 (EtOAC/PE = 1/3); '"H NMR (DMSO-d6, 400 MHz) § 13.75 (s, 1H), 8.17
(s, 1H), 8.13 (d, J = 8.8 Hz, 1H), 7.88 (s, 1H), 7.39 (dd, J = 8.8 Hz and 1.6 Hz, 1H), 4.36 (q, J =
7.2 Hz, 2H), 1.37 (t,J = 7.2 Hz, 3H); 3C{'H} NMR (DMSO-d6, 100 MHz, plus APT) 6 (up) 160.9,
127.6, 125.5 (q, Jcr =270 Hz), 123.8, 122.3 (q, Jcr = 33 Hz), 111.7, 61.3, 6 (down) 122.0, 120.7 (q,
Jcr = 5Hz), 120.4 (q, Jor = 3Hz), 120.0, 15.0. IR (film) 3221, 1685 cm™'; HRMS (ESI-TOF) m/z
[M + H]" calcd for C12H11F3NO> 258.0736, found 258.0734.

ethyl 5-cyano-2H-isoindole-1-carboxylate(2e). The 2e (34.0 mg) was prepared from le (54.0
mg, 0.20 mmol) by the procedure for the preparation of 2a, and the yield was 72%, Mp:178-180 °C,
R;=0.21 (EtOAC/PE = 1/2); '"H NMR (DMSO-d6, 400 MHz) 6 13.90 (s, 1H), 8.36 (s, 1H), 8.07 (d,
J=28.8Hz, 1H), 7.90 (s, 1H), 7.41 (d, J = 8.8 Hz, 1H), 4.35 (q,J = 7.2 Hz, 2H), 1.37 (t,J = 7.2 Hz,
3H); BC{'H} NMR (DMSO-d6, 100 MHz, plus APT) 6 (up) 160.8, 127.1, 124.1, 120.6, 112.1,
130.9, 60.3, 6 (down) 130.0, 125.3, 121.9, 120.2, 14.9. IR (film) 3216, 1678 cm™'; HRMS (ESI-
TOF) m/z [M + Na]" calcd for C12H19N2O>Na 237.0635, found 237.0633.

ethyl 6-methyl-2H-isoindole-1-carboxylate(2f). The 2f (53.0 mg) was prepared from 1f (104.0
mg, 0.40 mmol) for 16 h by the procedure for the preparation of 2a, and the yield was 66%. Further,
the 2f (60.0 mg) could be produced from 1f (104.0 mg, 0.40 mmol) for 4 h, and the yield was 75%.
In addition, the 2f (58.0 mg) had been prepared from 1f (75.0 mg, 0.29 mmol) for 4 h, and the yield
was 98%. Mp:115-116 °C, Ry= 0.23 (EtOAC/PE = 1/5); '"H NMR (DMSO-d6, 400 MHz) 6 13.10
(s, 1H), 7.73 (s, 1H), 7.59 (d, J = 8.8 Hz, 2H), 6.89 (dd, J = 8.8 Hz and 1.2 Hz, 1H), 4.32 (q, J =
7.2 Hz, 2H), 2.39 (s, 3H), 1.36 (t,J = 7.2 Hz, 3H); *C{'H} NMR (DMSO-d6, 100 MHz, plus APT)
o (up) 161.2, 134.4, 128.1, 124.3, 110.0, 59.6, 6 (down) 124.5, 121.6, 119.1, 117.7, 22.4, 15.1. IR
(film) 3237, 1657 cm™'; HRMS (ESI-TOF) m/z [M + H]" caled for C12H14NO> 204.1019, found
204.1016.

ethyl 5-methyl-2H-isoindole-1-carboxylate(2g). The 2g (70.0 mg) was prepared from 1g (104.0
mg, 0.40 mmol) by the procedure for the preparation of 2a, and the yield was 86%, Mp:147-148 °C,
R/= 0.44 (EtOAC/PE = 1/5); '"H NMR (DMSO-d6, 400 MHz) J 13.14 (s, 1H), 7.86 (d, J = 8.8 Hz,
1H), 7.52 (d, J = 3.6 Hz, 1H), 7.43 (s, 1H), 7.06 (dd, J = 8.8 Hz and 3.6 Hz, 1H), 4.31 (q, J = 7.2
Hz, 2H), 2.34 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H); *C{'H} NMR (DMSO0-d6, 100 MHz, plus APT) &
(up) 161.1, 130.4, 126.1 (2), 110.6, 59.6, 6 (down) 128.0, 120.3, 120.1, 116.7, 21.8, 15.1. IR (film)
3215, 1646 cm’!; HRMS (ESI-TOF) m/z [M + Na]" caled for C12H;3NO2Na 226.0839, found
226.0832.

ethyl 6-methoxy-2H-isoindole-1-carboxylate(2h). The 2h (77.0 mg) was prepared from 1h
(110.0 mg, 0.40 mmol) by the procedure for the preparation of 2a, and the yield was 88%, Mp:150-
151 °C, Ry=0.46 (EtOAC/PE = 1/2); '"H NMR (DMSO-d6, 400 MHz) 6 12.94 (s, 1H), 7.52-7.62 (m,
2H), 7.28 (s, 1H), 6.71 (d, J = 8.8 Hz, 1H), 4.31 (q, J = 7.2 Hz, 2H), 3.80 (s, 3H), 1.36 (t, J =7.2
Hz, 3H); 3C{'H} NMR (DMSO-d6, 100 MHz, plus APT) ¢ (up) 161.2, 157.9, 128.8, 121.5, 110.1,
59.5, 6 (down) 123.3, 118.2, 116.0, 98.0, 55.2, 15.1. IR (film) 3207, 1649 cm™'; HRMS (ESI-TOF)
m/z [M + H]" caled for C12H1sNO;3 220.0968, found 220.0969.
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ethyl 5-methoxy-2H-isoindole-1-carboxylate(2i). The 2i (36.0 mg) was prepared from 1i (55.0
mg, 0.20 mmol) by the procedure for the preparation of 2a, and the yield was 82%, Mp:121-122 °C,
R/=0.50 (EtOAC/PE = 1/2); '"H NMR (DMSO-d6, 400 MHz) J 13.05 (s, 1H), 7.85 (d, J = 9.2 Hz,
1H), 7.48 (d, J = 3.2 Hz, 1H), 7.01 (d, J = 2.4 Hz, 1H), 6.89 (dd, J = 9.2 Hz and 2.4 Hz, 1H), 4.31
(q, J = 7.2 Hz, 2H), 3.76 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H); 3C{'H} NMR (DMS0-d6, 100 MHz,
plus APT) J (up) 161.0, 154.9, 125.9, 123.5, 110.9, 59.7, 6 (down) 121.8, 119.5, 116.2, 98.75, 55.5,
15.0. IR (film) 3239, 1667 cm™'; HRMS (ESI-TOF) m/z [M + Na]" calcd for C12H;3NO3Na 242.0788,
found 242.0786.

ethyl 4-methoxy-2H-isoindole-1-carboxylate(2j). The 2j (70.0 mg) was prepared from 1j
(110.0 mg, 0.40 mmol) by the procedure for the preparation of 2a, and the yield was 80%, Mp:117-
118 °C, Ry=0.51 (EtOAC/PE = 1/2); '"H NMR (DMSO-d6, 400 MHz) 6 13.16 (s, 1H), 7.54 (d, J =
3.2 Hz, 1H), 7.50 (d, J = 8.8 Hz, 1H), 7.12 (t,J = 8.0 Hz, 1H), 6.89 (d, J = 7.2 Hz, 1H), 4.31 (q, J
= 7.2 Hz, 2H), 3.88 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H); C{'H} NMR (DMSO-d6, 100 MHz, plus
APT) ¢ (up) 161.2, 154.0, 129.1, 118.8, 111.3, 59.7, 6 (down) 126.5, 115.2, 112.9, 99.3, 55.3, 15.0.
IR (film) 3235, 1660 cm™; HRMS (ESI-TOF) m/z [M + H]" caled for C12H14NOs3 220.0968, found
220.0968.

ethyl 3-phenyl-2H-isoindole-1-carboxylate(2k). The 2k (94.0 mg) was prepared from 1k (129.0
mg, 0.40 mmol) for 3 h by the procedure for the preparation of 2a, and the yield was 88%. Further,
the 2k (210.0 mg) could be prepared from 1k (258.0 mg, 0.80 mmol) for 4 h, and the yield was 99%.
Mp:142-143 °C, R/= 0.41 (EtOAC/PE = 1/4); "H NMR (DMSO-d6, 400 MHz) 6 13.45 (s, 1H), 8.06
(d,J=8.8Hz, 1H), 7.92 (d, J = 8.8 Hz, 1H), 7.85 (d, J = 7.6 Hz, 2H), 7.53 (t, J = 8.0 Hz, 2H), 7.41
(t,J=72Hz 1H), 7.28 (t,J = 8.0 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 4.37 (¢, J = 7.2 Hz, 2H), 1.39
(t, J = 7.2 Hz, 3H); ¥C{'H} NMR (DMSO-d6, 100 MHz, plus APT) ¢ (up) 161.2, 131.4, 129.3,
129.1, 123.1, 111.4, 59.9, 6 (down) 129.3 (2), 128.5 (2), 128.2, 125.7, 123.0, 121.2, 121.0, 15.1. IR
(film) 2925, 1660 cm™'; HRMS (ESI-TOF) m/z [M + Na]" calcd for C17H;sNO>Na 288.0995, found
288.0991.

ethyl 3-methyl-2H-isoindole-1-carboxylate(2l). The 21 (69.0 mg) was prepared from 11 (104.0
mg, 0.40 mmol) for 10 h by the procedure for the preparation of 2a, and the yield was 85% where
the solution was CHCls. Further, the 21 (60.0 mg) could be produced from 11 (104.0 mg, 0.40 mmol)
for 8 h, and the yield was 74% where the solution was CH.Cl,. Ry= 0.31 (EtOAC/PE = 1/4); 'H
NMR (DMSO-d6, 400 MHz) ¢ 13.05 (s, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H),
7.20 (t,J = 7.6 Hz, 1H), 6.99 (t,J = 7.6 Hz, 1H), 4.30 (q, J = 7.2 Hz, 2H), 2.58 (s, 3H), 1.35 (t, J =
7.2 Hz, 3H); *C{'H} NMR (DMSO-d6, 100 MHz, plus APT) ¢ (up) 161.1, 127.9, 123.9 (2), 108.2,
59.3, 6 (down) 125.6, 121.0, 120.7, 120.4, 15.1, 11.2. IR (film) 3231, 1666 cm™'; HRMS (ESI-TOF)
m/z [M + H]" caled for C12H1sNO, 204.1019, found 204.1013.

methyl 3-methyl-2H-isoindole-1-carboxylate(2m). The 2m (66.0 mg) was prepared from 1m
(98.0 mg, 0.40 mmol) by the procedure for the preparation of 2a, and the yield was 87%, Mp:186-
187 °C, Ry= 0.29 (EtOAC/PE = 1/4); '"H NMR (DMSO-d6, 400 MHz) 6 13.10 (s, 1H), 7.89 (d, J =
8.8 Hz, 1H), 7.66 (d,J = 8.8 Hz, 1H), 7.20 (t,J = 7.2 Hz, 1H), 6.99 (t,J = 7.2 Hz, 1H), 3.82 (s, 3H),
2.58 (s, 3H); *C{'H} NMR (DMSO-d6, 100 MHz, plus APT) J (up) 161.3, 128.1, 123.9 (2), 107.9,
6 (down) 125.7, 121.1, 120.7, 120.3, 51.0, 11.2. IR (film) 3226, 1640 cm™'; HRMS (ESI-TOF) m/z
[M + H]" calcd for C11H12NO> 190.0863, found 190.0858.
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