Accepted Manuscript

PPh3/12/HCOOH: An efficient CO source for the synthesis of phthalimides

Yingying Wang, Yang Zhou, Min Lei, Jinjun Hou, Qinghao Jin, Dean Guo, Wanying
Wu

Pll: S0040-4020(19)30051-1
DOI: https://doi.org/10.1016/j.tet.2019.01.023
Reference: TET 30075

To appear in:  Tetrahedron

Received Date: 7 November 2018
Revised Date: 9 January 2019
Accepted Date: 11 January 2019

Please cite this article as: Wang Y, Zhou Y, Lei M, Hou J, Jin Q, Guo D, Wu W, PPh3/Io/HCOOH: An

efficient CO source for the synthesis of phthalimides, Tetrahedron (2019), doi: https://doi.org/10.1016/
j-tet.2019.01.023.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.tet.2019.01.023
https://doi.org/10.1016/j.tet.2019.01.023
https://doi.org/10.1016/j.tet.2019.01.023

Graphical Abstract

PPhs/I ,/JHCOOQOH: an efficient CO sour ce for
the synthesis of phthalimides

Leave this area blank for abstract info.

Yingying Wang, Yang Zhou, Min Lei, Jinjun Hou, Qimap Jin, Dean Guo, Wanying Wu

I (1.1 equiv)
- PPh (1.3 equiv) o
R Pd(0AC), (1.5 mol%) N
X" "N~ 2 + HCOOH Ry N-R,
Ry P H Ets3N (3 equiv) &
| toluene o)
80°C, 2h 24 examples

up to 95% yield

@
KEtsN
co

Et;N-Hl + PhsPO




Tetrahedron

journal homepage: www.elsevier.com

PPh3/l /JHCOOH: an efficient CO sourcefor the synthesis of phthalimides

Yingying Wang®*! Yang Zhod* Min Lei ] Jinjun Hou*®, Qinghao Jiri*’, Dean Gud*® and

Wanying W0

#Shanghai Research Center for Modernization of Traditional Chinese Medicine, National Engineering Laboratory for TCM Standar di zation Technology,
Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203, PR China

PUniversity of Chinese Academy of Sciences, Beijing 100049, PR China

ARTICLE INFO ABSTRACT

Article history:

Received

Received in revised form
Accepted

Available online

Keywords:
Phthalimide
PPh/I,/HCOOH
2-lodobenzamide
Pd(OAc)

CO source

A straightforward and general method has been dpeel for the synthesis of phthalimide
derivatives from 2-iodobenzamides and #BHHCOOHIn the presence of a catalytic amour
Pd(OAc}. The reaction results demonstrate thats#lPHCOOH is a facile, efficient and se
CO source. The whole process is carried out inetwuat 80°C and furnisheghe desire
products in good to excellent yields.

2009 Elsevier Ltd. All rights reserved

1. Introduction

Phthalimides are a category of important compow®stause
of their significant biological activities as welb avide-ranging
utility in organic synthesi$For example, the Gabriel synthesis, a
famous named reaction first reported by S. GahmidlB872 is an
efficient method for the synthesis of primary ansiieom alkyl
halides and phthalimid®ln recent years, phthalimides also apply
in synthesis of dyestuff,pesticide, and rubbef. Due to the
importance mentioned above, the synthesis of pihtidds
towards milder reaction conditions and improved dsel
receives widespread attention.

Recently, methods have been discovered to synthafsis
phthalimides: (ap-phthalic anhydride with nitrogen sourtéb)
phthalic acid with nitrogen sourfe; (c) hydration of
phthalonitrile® (d) 2-iodobenzoic acid with DMF/POEY (e)
1,2-diiodobenzene with DMF/POEH (f) coupling with
CO;* (g) and other method3 Although, a number of modified
methods under improved conditions have been regomeany of
them suffer from drawbacks such as unsatisfacteeidgj high
temperatures, and long reaction times, and theofisxpensive
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or toxic reagents. For example, Fe(¢®)highly volatile, tough
handle and very toxic. Therefore, searching forerfacile and
practical synthetic routes to synthesis of phthalés is still
highly desirable work.

CO is an important C1 source which applies in indaistr
manufacture widely. However, laboratorial utilizatiohgaseous
CO suffers from storage, transportation, handlingwedl as
safety regulations. Recently, although several Garces are
reported, such as N-formylsacchatin,9-methylfluorene-9-
carbonyl chloridé? acetic formic anhydrid®, Fe(CO}),*’ etc!®
these reagents have one or more drawbacks in UHagefore,
there has been considerable interest to explore rfamile and
practical agent as C1 source in organic synthesis.

During the course of our studies, we found PRRCOOH
could release CO efficiently and rapidly (SchemeThis result
inspired us that PRh,/HCOOH might be as CO precursor used
in organic synthesis. In order to examine our ideacarried out
the model reaction of 2-iodobenzamide and AFHCOOH in
the presence of Pd(OAc)n toluene at 8GC for 2 h. To our
delight that the desired product phthalimide wasioled in 78%
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yield (Scheme 2). Hence, we would like to report apsm
efficient and practical method for the synthesispbthalimides

Tetrahedron

Table 1. Screen of solvent
1> (1.3 equiv)

using PPKI,/HCOOH as CO source. o P:TSZS'QE;?:;‘{;) o 2
> o
©kaH2 + HCOOH NH; NH
| Et3N (6 equiv)
solvent e}
PPhy/l, ) 1a sore.2h 22 3
HCOOH + o|ll —— CO Yield (%)°
Ph3P’O\7 Entry Solvent
la 2a 3a
Scheme 1. PPh/I,/HCOOH is an efficient CO precursor. T DMSO > 9% >
2 DMF 2 90 8
1> (1.3 equiv) 3 MeCN 36 28 36
o PPhs (1.3 equiv) o e
" Pd(OAC), (3 mol%) 4 THF 14 32 54
2+ HCOOH NH
| Et,N (6 equiv) 5 EtOAC 1 31 68
toluene 0 6 toluene 1 21 78
80°C,2h

78%
Scheme 2. Synthesis ophthalimide usind®Ph/I,/HCOOH
as CO precursor.

2. Results and Discussion

For further improve the yields of this syntheti@acgon, the
model reaction was carried out under different ctowk.
Initially, to investigate the solvent effects, thmeaction was
carried out in different solvents, and the resals summarized
in Table 1. De-iodo produ@a was obtained in 96% and 90%
yields in DMSO and DMF as slolvents, respectively. &lihe

®Reaction conditionsta (1 mmol), HCOOH (4 mmol, 4 equiv}, (1.3 mmol,
1.3 equiv), PPH(1.3 mmol, 1.3 equiv), Pd(OAcj0.03 mmol, 3 mol%), BN
(6 mmol, 6 equiv), solvent (4 mL), 80 °C for 2 h.

®Yields were determined by LC-MS.

Table 2. Screen of Pd catalyst

desired producBa was obtained with low yields (2% and 8%
yields, respectively). These results indicated thigh polar
solvents were not suitable for this model reactidable 1,

entries 1 and 2). Moderate yields 3 (36—68%) were obtained
when the reaction carried out in MeCN, THF, EtOAc (€ab)
entries 3-5). In all examined solvents, toluenewsdtbthe best
solvent effect, and the desired prodBatwas obtained in 78%
yield (Table 1, entry 6). Hence, toluene was choseth@& solvent
for all further reaction.

Then, the other factors, such as equivalences of HC@@H
Et;N, were also investigated, and the results showed 2hat
equivalences of HCOOH and 3 equivalences g Etere more
suitable (see Tables S2 and S3 in the SI). In mddiPd catalysts
were also examined and the results are summariZeahie 2.

15 (1.3 equiv)
o PPhs (1.3 equiv) 0 0
Pd-cat
CﬁLNHz + HCOOH “ NHz + NH
| EtzN (3 equiv)
toluene (@]
80°C,2h
1a 2a 3a
Yield (%)
Entry [Pd] (mol %)

la 2a 3a

1 PdsQ (3) 23 2 75
2 PA(TFA), (3) 2 14 84
3 Pd(PPB), (3) 11 1 88
4 PdCh (3) 9 3 88
5 Pd(OAC), (3) 3 5 92
6 Pd(OAC) (2.5) 3 4 93
7 Pd(OAC) (2) 1 4 95
8 Pd(OAC) (1.5) 1 2 97
9 Pd(OAC) (1) 10 1 89

Among the Pd catalysts screened, Pd(QAbpwed excellent
activity in terms of yield (88%) in producing thequired product
(Table 2, entry 5). Next, we optimized the amounPd{OAc)
in the model reaction, and the optimum amount dO2¢t), was
found to be 1.5 mol % (Table 2, entry 8).

Furthermore, the amount of &nd PPk was also optimized
(see Table S5 in the Sl). After extensive experimgm (see
Tables S1-S5 in the Sl), the optimal condition wetslaished as
HCOOH (2 equiv), EN (3 equiv), Pd(OAg)(1.5 mol %), J (1.1
equiv), PPk (1.3 equiv) in toluene at 8 for 2 h. Moreover,
92% isolated yield of3a was obtained under the optimal
condition.

#Reaction conditionsta (1 mmol), HCOOH (2 mmol, 2 equiv}, (1.3 mmol,
1.3 equiv), PPh(1.3 mmol, 1.3 equiv), Pd(OAG)ELN (3 mmol, 3 equiv),
toluene (4 mL), 80 °C for 2 h.

PYields were determined by LC-MS.

In order to gauge the scope of the conditions, resef 2-
iodobenzamide derivative were examined under thémiged
conditions (Table 3). At first, a series of N-alki;benzyl and
N-aryl substituted 2-iodobenzamides were synthesasestarting
materials. As shown in Table 3, except 8r(47%), all the N-
alkyl and N-benzyl substituted substrates couldtremoothly to
obtain the desired produc® in good yields (84-95%). Most
importantly, aryl carrying either electron-donating electron-
withdrawing substituents reacted efficiently givingcellent
yields (83—95%). Heteroaryl substrate was also sgitbé and
used for the reaction, and desired prodiavas obtained in 83%
yield. Furthermore, 2-iodo-5-methylbenzamide andhibro-2-
iodobenzamide were also examined under the optimized
conditions to obtain the desired produde and3x in 95% and



3
75% yields, respectively. Obviously, the yield f was much ' substrate. Moreovedd was selected as substrate to synthesis
lower than3w under similar reaction conditions in that de-cblor of 3d under gram-scale, and desired prodictiwas obtained in
product3a was formed when using 4-chloro-2-iodobenzamide a85% yield.

Table 3. Synthesis ophthalimide derivativés

I, (1.1 equiv)
o PPh; (1.3 equiv) o
. Pd(OAC), (1.5 mol%) N
Xy N2+ HCOOH R N-R;
R P H Et;N (3 equiv) =
| toluene 0
1a-x 80°C,2h 3a-x
0 0 0 0
NH N— N— N
e) e) 0 o)
3a, 92% 3b, 95% 3¢, 95% 3d, 94%
0 0 0 0
Co Copt Coed OO
6) 6 o) 6
3e, 92% 3f 47%C 39, 87% 3h, 84%
O 0 0 0
N ) @Q@ :
O 0 0 o)
3i, 88% 3j, 92% 3k, 94% 31, 95%
/
0 o0 G 0 o— 0
/
N N N N o)
O 5 e) 0
3m, 94% 3n, 94% 30, 94% 3p, 94%
0 0 0 0
N—@—CI N—@—CN ©f§N—@—COOEt N@N
0 0 o) 6)
3q, 91% 3r, 95% 3s, 87% 3t, 83%
0 o 0 0
N 0 N , NH NH
S o v
0 0— 5 6 0
3u, 94% 3v, 93% 3w, 95% 3x, 75%

®Reaction conditionsta (1 mmol), HCOOH (2 mmol, 2 equiv) (1.1 mmol, 1.1 equiv), PRK1.3 mmol, 1.3 equiv), Pd(OAcf1.5 mol %), EN (3 mmol, 3
equiv), toluene (4 mL), 80 °C for 2 h.
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P|solated Yields.

°The reaction proceeded for 3 h.

Based on the experimental results and previousrtgpa
plausible reaction mechanism was proposed (Schetrfie Rt
was reduced by PRho form Pd complex A.® Through a
oxidative addition process of aryl iodide to°P form Pd
complexB. Then, HI was released under the action of base to
form C. At same time, ,land PPh formed complexD, which
promated the release of CO from formic acid. The®, Was
captured by palladium intermediafeto form E. Upon reduction
elimination, complexE gave the final produc8 and P4 that
launched another catalytic cycle.

For the further study why the yield 8f was much lower than
other cases, we carried out the reaction ofteN-putyl)-2-
iodobenzamide 1f) and PPHI,/HCOOH under the optimized
conditions. The reaction used LC-MS to track anchitoo. The
result showed that a main by-product with m/z 22247+ H]"
was formed. Then, the by-product) (was isolated and the
structure was established by NMR (Scheme 3). The meaison
for phenomenon might result from large steric hamde oftert-
butyl which effected the intramolecular cyclization.

Pd"(OAc), + 4 PPh,

H,0 + Et;N
Y
PhsPO + AcOH + Et;NH
—| —
Ph3
Phy— Pd° OAc
product A
PPh;
N N
T H,
I, + PPhy
o -
R N
- 17 |
I [I—PPhy] D Pl
XL,
HCOOH E ELN
- 3
HCOO |1—PPh,] o
s A N
R, N-R, EtzN-HI
P\/d"
_ . Et;N XLy
I'[HCcOO-PPhy] co
c
EtsN-HI + PhsPO
X: AcO, L: PPhg
Scheme 4. Plausible mechanism for the formation of phthadiesi.
PF"zh“}gqu'V) methodology are: (a) operational simplicity, (b)odghreaction
0 J< Pd(oic)z 195“:1"3% times, (c) high yields of products, and (d) the ofeelatively
du + HCOOH —————————» {» non-toxic reagents. The present study provided efuls
| Bl (3 2quiv) CooH supplement for the synthesis of phthalimides.
80°C,3h
1 3, 47% 4,41% 4. Experimental section
Scheme 3. Reaction oflf with PPh/I,/HCOOH.
4.1. General information
3. Conclusion All reactions were performed in flame-dried glasswaseg

) _ ~ sealed tube. Liquids and solutions were transfesiéu syringes.

In conclusion, we have developed a simple and effici Al solvents and chemical reagents were obtained from
method for the SyntheSiS of phthallmlde derivatifresn from 2- commercial sources and used without further punm 1H
iodobenzamides and PAWHCOOH in the presence of a and™C NMR spectra were recorded with tetramethylsilanaras
catalytic amount of Pd(OAg) The main advantages of this internal reference at 400 MHz and 101 MHz, respeltive



Spectra were referenced to the residual solvent pe&OCL or
DMSO-dsunless otherwise noted. Low and high-resolution mas
spectra were obtained in the ESI mode. Flash colum
chromatography on silica gel (200-300 mesh) was tigethe
routine purification of reaction products. The guluoutput was
monitored by analytical thin-layer chromatograpfyLC) on
silica gel (100-200 mesh) precoated on glass plétésx 50
mm), and spots were visualized by ultraviolet ligh254 or 365
nm. Melting points were recorded on a WRS-1B melfoint
apparatus and are uncorrected. Commercially aveildiemicals
were obtained fromAcros Organics, Srem Chemicals, Alfa
Aesar, Adamas-beta, J&K and TCI.

4.2. Experimental procedurefor the synthesis of compound
3a-x

PPh (1.3 mmol, 1.3 equiv),,1(1.3 mmol, 1.3 equiv) and
toluene (4 mL) were added to a 20 mL test tube gepapwvith a
stir bar, which was stirred for 10 min at room tenapere. Then
2-iodo-benzamide 1j (1 mmol), Pd(OAg (0.015 mmol, 1.5
mol%), and EN (3.0 mmol, 3.0 equiv) were added into the
solution. At last, HCOOH (2 mmol, 2 equiv) was added, thred
tube was immediately sealed and stirred at@@or 2 h (3 h for
1f). After completion of the reaction, the mixture wamled to
room temperature, and diluted with DCM (20 mL). Thédswas
removed by filter, and the filtrate was washed withterg20
mL) and brine (20 mL). The organic layer was driegero
NaSQ,, filtered, and concentrated under reduced presdire
residue was purified by column chromatography oitasibel
(petroleum ether/acetone = 8/1, v/v) to afford gheduct3a-x.

4.2.1. Phthalimide (3a).

Yield: 135 mg (92%); white solid; mp: 244.4-246@; 'H
NMR (400 MHz, DMSO¢d,) 6 11.31 (s, 1H), 7.81-7.80 (m, 4H);
¥C NMR (101 MHz, DMSOds) & 169.19, 134.28, 132.59,
122.89; MS (ESIyv/z 148.6 [M+H].

4.2.2. N-Methylphthalimide (3b).

Yield: 153 mg (95%):; white solid’H NMR (400 MHz,
CDCly) § 7.84-7.82 (m, 2H), 7.70-7.68 (m, 2H), 3.17 (s, 3H) ;
*C NMR (101 MHz, CDG)) ¢ 168.58, 133.98, 132.33, 123.27,
24.05; MS (ESInz 162.6 [M+H]".

4.2.3. N-Ethylphthalimide (3c).

Yield: 167 mg (95%); white solid'H NMR (400 MHz,
CDCly) § 7.83-7.81 (m, 2H), 7.70-7.68 (m, 2H), 3.73 1g7.2
Hz, 2H), 1.26 (s, 3H)**C NMR (101 MHz, CDGJ)) § 168.15,
133.80, 132.21, 123.07, 32.87, 13.94S (ESI) mz 176.4
[M+H]".

4.2.4. N-Propylphthalimide (3d).

Yield: 178 mg (94%); white solid’H NMR (400 MHz,
CDCly) ¢ 7.81-7.79 (m, 2H), 7.68-7.66 (m, 2H), 3.62J47.2
Hz, 2H), 1.67 (h,J=7.2 Hz, 2H), 0.91 (t)=7.2 Hz, 3H);*C
NMR (101 MHz, CDC)) § 168.41, 133.86, 132.17, 123.14,
39.61, 21.96, 11.384S (ESI)m/z 190.6 [M+H]".

4.2.5. N-Isopropylphthalimide (3e).

Yield: 173 mg (92%):; white solid’H NMR (400 MHz,
CDCL) 6 7.81-7.79 (m, 2H), 7.69-7.68 (m, 2H), 4.59-4.44 (m
1H), 1.48 (ddJ=7.2, 0.8 Hz, 6H)*C NMR (101 MHz, CDG)) §
168.34, 133.77, 132.13, 122.98, 43.00, 20M5 (ESI) m/z
189.5 [M+HT".

4.2.6. N-(tert-Butyl)phthalimide (3f).

Yield: 95 mg (47%); white solidH NMR (400 MHz, CDC}))
6 7.76-7.73 (m, 2H), 7.67-7.62 (m, 2H), 1.68 (s, 9HJQ;:NMR
(101 MHz, CDC}) ¢ 169.76, 133.75, 132.26, 122.66, 57.93,
29.20; MS (ESIyWz 204.5 [M+HT".
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4.2.7. N-Cyclopentylphthalimide (3g).
S Yield: 187 mg (87%); white solid'H NMR (400 MHz,
CDCl;) 6 7.84-7.74 (m, 2H), 7.69-7.66 (m, 2H), 4.61 Jp8.4
Hz, 1H), 2.13-2.01 (m, 2H), 1.98-1.88 (m, 4H), 1.6631(18,
2H); °C NMR (101 MHz, CDGJ)) ¢ 168.40, 133.72, 132.08,
122.92, 50.90, 29.56, 25.09; MS (E8i) 216.6 [M+HT.

4.2.8. N-Cyclohexylphthalimide (3h).

Yield: 192 mg (84%); white solid'H NMR (400 MHz,
CDCly) 6§ 7.82-7.78 (m, 2H), 7.70-7.66 (m, 2H), 4.10J4t]12.4,
4.0 Hz, 1H), 2.20 (qdJ=12.4, 3.2 Hz, 2H), 1.90-1.83 (m, 2H),
1.74-1.67 (m, 3H), 1.40-1.24 (m, 3HYC NMR (101 MHz,
CDCl,) ¢ 168.58, 133.85, 132.22, 123.12, 51.04, 30.01,66.1
25.26; MS (ESIyn/z 230.7 [M+HT.

4.2.9. N-Benzylphthalimide (3i).

Yield: 209 mg (88%); white solid'H NMR (400 MHz,
CDCly) 6 7.86-7.83 (m, 2H), 7.72-7.69 (m, 2H), 7.49-7.41 (m,
2H), 7.35-7.32 (m, 2H), 7.30-7.28 (m, 1H), 4.87 (s,;2F0p
NMR (101 MHz, CDCJ) § 168.04, 136.44, 134.01, 132.17,
128.72, 128.65, 127.86, 123.36, 41.65; MS (E®Iy 238.9
[M+H]".

4.2.10. N-Phenylphthalimide (3j).

Yield: 205 mg (92%); white solid'H NMR (400 MHz,
CDCl,) § 7.97-7.95 (m, 2H), 7.80-7.78 (m, 2H), 7.54-7.38 (m,
5H):; C NMR (101 MHz, CDGJ)) § 167.38, 134.50, 131.88,
131.81, 129.22, 128.21, 126.69, 123.86; MS (H8H 224.7
[M+H]".

4.2.11. N-(o-Tolyl)phthalimide (3k).

Yield: 223 mg (94%); white solid'H NMR (400 MHz,
CDCL) 6 7.98-7.94 (m, 2H), 7.81-7.77 (m, 2H), 7.40-7.30 (m,
3H), 7.21 (d,J=7.6 Hz, 1H), 2.22 (s, 3H}*C NMR (101 MHz,
CDClL) 6 167.47, 136.68, 134.44, 132.17, 131.29, 130.73,
129.58, 128.86, 127.01, 123.90, 18.18; MS (E@ly 238.7
[M+H]".

4.2.12. N-(m-Tolyl)phthalimide (3l).

Yield: 225 mg (95%):; white solid’H NMR (400 MHz,
CDCLy) ¢ 7.93-791 (m, 2H), 7.77-7.75 (m, 2H), 7.39X7.6
Hz, 1H), 7.26-7.15 (m, 3H), 2.42 (s, 3HJC NMR (101 MHz,
CDClL) ¢ 167.36, 139.12, 134.37, 131.81, 131.58, 129.04,
128.95, 127.29, 123.78, 123.69, 21.43; MS (E@ly 238.8
[M+H]".

4.2.13. N-(p-Tolyl)phthalimide (3m).

Yield: 223 mg (94%):; white solid’H NMR (400 MHz,
CDCL) 6 7.95-7.90 (m, 2H), 7.78=7.74 (m, 2H), 7.31 (s, 4H),
2.41 (s, 3H);®C NMR (101 MHz, CDC)) & 167.43, 138.17,
134.35, 131.86, 129.80, 129.06, 126.50, 123.62&2MS (ESI)
m/z 238.8 [M+H]".

4.2.14. N-(2-Methoxyphenyl)phthalimide (3n).

Yield: 238 mg (94%):; white solid’H NMR (400 MHz,
CDCl) § 7.96-7.91 (m, 2H), 7.79-7.74 (m, 2H), 7.48-7.39 (m,
1H), 7.26 (dd,J=7.6, 1.6 Hz, 1H), 7.13-6.97 (m, 2H), 3.79 (s,
3H); °C NMR (101 MHz, CDG) ¢ 167.41, 155.49, 134.17,
132.30, 130.72, 130.04, 123.69, 120.91, 120.35,2P155.88;

MS (ESI)mz 254.7 [M+HT.

4.2.15. N-(3-Methoxyphenyl)phthalimide (30).

Yield: 238 mg (94%):; white solid’H NMR (400 MHz,
CDCly) ¢ 7.96-7.93 (m, 2H), 7.80-7.77 (m, 2H), 7.41J&48.0
Hz, 1H), 7.03 (dJ=8.0 Hz, 1H), 7.00-6.90 (m, 2H), 3.83 (s, 3H);
¥Cc NMR (101 MHz, CDGJ) ¢ 167.33, 160.17, 134.52, 132.79,
131.87,129.91, 123.87, 118.99, 114.24, 112.4%653S (ESI)
vz 254.6 [M+HJ.
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4.2.16. N-(4-Methoxyphenyl) phthalimide (3p).
Yield: 238 mg (94%); white solid’H NMR (400 MHz,

CDCly) 6 7.91-7.88 (m, 2H), 7.76-7.73 (m, 2H), 7.36-7.29 (m,

2H), 7.01-6.99 (m, 2H), 3.82 (s, 3H)C NMR (101 MHz,

CDCl;) ¢ 167.63, 159.28, 134.38, 131.83, 128.01, 124.29,

123.71, 114.51, 55.57; MS (EStyz 254.4 [M+H] .

4.2.17. N-(4-Chlorophenyl) phthalimide (3q).
Yield: 234 mg (91%); white solid'H NMR (400 MHz,

CDCly) § 7.97-7.93 (m, 2H), 7.82-7.78 (m, 2H), 7.48-7.46 (m,

2H), 7.42-7.40 (m, 2H)*C NMR (101 MHz, CDCJ) § 167.05,
134.66, 133.84, 131.64, 130.27, 129.37, 127.75,9R23MS
(ESI)mz 258.8 [M+HT".

4.2.18. N-(4-Cyanophenyl)phthalimide (3r).

Yield: 236 mg (95%); white solid'H NMR (400 MHz,
CDCly) § 7.97-7.95 (m, 2H), 7.84-7.81 (m, 2H), 7.78 Jd8.4
Hz, 2H), 7.67 (dJ=8.4 Hz, 2H):*C NMR (101 MHz, CDC)) &
166.54, 135.98, 135.03, 133.02, 131.40, 126.55,192418.35,
111.34; MS (ESIy/z 249.9 [M+H].

4.2.19. Ethyl 4-(1,3-dioxoisoindolin-2-yl)benzoate
(3s).

Yield: 257 mg (87%); white solid'H NMR (400 MHz,
CDCl,) ¢ 8.14 (d,J=8.6 Hz, 2H), 7.91 (dd}=5.4, 3.1 Hz, 2H),
7.77 (dt,J=5.4, 3.4 Hz, 2H), 7.56 (d]=8.6 Hz, 2H), 4.37 (q,
J=7.1 Hz, 2H), 1.38 (tJ=7.1 Hz, 3H);**C NMR (101 MHz,

CDCly) ¢ 166.73, 165.75, 135.76, 134.63, 131.49, 130.28,

129.53, 125.87, 123.83, 61.17, 14.33; MS (EB¥r 296.6
[M+H]".

4.2.20. N-(4-Pyridyl)phthalimide (3t).

Yield: 186 mg (83%); white solid; mp: 247.2—-248@3; 'H
NMR (400 MHz, DMSO#€) 6 8.74 (d,J=5.4 Hz, 2H), 8.02—-8.00
(m, 2H), 7.95-7.93 (m, 2H), 7.59 (&5.4 Hz, 2H) ;**C NMR
(101 MHz, DMSO+dg) J 166.19, 150.45, 139.52, 135.01, 131.38,
123.69, 120.64; MS (ESiWz 225.7 [M+H]; HRMS (ESI) calcd
for C3HgN,O, [M+H] " 225.0659, found225.0655.

4.2.21. Methyl 2-(1,3-dioxoisoindolin-2-
yl)propanoate (3u).

Yield: 229 mg (94%); white solid'H NMR (400 MHz,
CDCly) ¢ 7.68-7.63 (m, 2H), 7.59-7.54 (m, 2H), 3.81J&7.2
Hz, 2H), 3.51 (s, 3H), 2.57 (8=7.2 Hz, 2H);"*C NMR (101

MHz, CDCL) ¢ 171.29, 168.04, 134.12, 132.11, 123.42, 51.99,

33.85, 32.87; MS (ESHVz 234.4 [M+H].

4.2.22. (S)-N-Phthaloylphenylglycine methyl ester
(3v).

Yield: 275 mg (93%); white solid; mp: 107.9-116a; *H
NMR (400 MHz, CDC)) 6 7.78-7.76 (m, 2H), 7.62-7.60 (m,
2H), 7.59-7.53 (m, 2H), 7.39-7.27 (m, 3H), 6.05 (s,, )8 (s,
3H):; *C NMR (101 MHz, CDGJ)) ¢ 167.99, 166.50, 134.06,
133.77, 131.18, 129.24, 128.13, 128.06, 123.0616{755.29,
52.53; MS (ESm/z 296.7 [M+H]; HRMS (ESI) calcd for
C,;H1NO, [M+H] *296.0917, found 296.0921.

4.2.23. 4-Methylphtalimide (3w).

Yield: 151 mg (95%); white solid’H NMR (400 MHz,
DMSO-ds) 6 11.22 (s, 1H), 7.73-7.53 (m, 3H), 2.48 (s, 313
NMR (101 MHz, DMSOsdg) ¢ 169.26, 169.17, 145.13, 134.65,
132.96, 129.99, 123.28, 122.80, 21.32; MS (E385 160.6 [M—
H]™.

4.2.24. 4-Chlorophthalimide (3x).

Yield: 134 mg (75%); white solid; mp: 228.7-229G3; 'H
NMR (400 MHz, DMSO¢g) 6 11.47 (s, 1H), 8.03—7.56 (m, 3H);
¥C NMR (101 MHz, DMSOds) § 168.26, 167.87, 139.08,
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134.61, 134.05, 131.16, 124.69, 122.98; MS (E%1)180.5 [M—
H]~; HRMS (ESI) calcd for gHsCINO, [M+H]"182.0003, found
182.0006.

4.2.25. 2-(tert-Butylcarbamoyl)benzoic acid (4).

Yield: 90 mg (41%); white solid; mp: 158.1-1586 ; 'H
NMR (400 MHz, DMSO#dg) 6 12.90 (brs, 1H), 7.84 (s, 1H), 7.79
(d, J=7.2 Hz, 1H), 7.54 (t}=7.2 Hz, 1H), 7.47 (t}=7.2 Hz, 1H),
7.37 (d,J=7.2 Hz, 1H), 1.38 (s, 9H)C NMR (101 MHz,
DMSO-ds) ¢ 168.52, 168.13, 139.98, 131.23, 130.40, 129.28,
128.67, 127.90, 50.76, 28.63; MS (ESHjz 222.7 [M+HT[;
HRMS (ESI) calcd for GH;NO; [M+H]* 222.1125, found
222.1125.
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