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1. Introduction Recently,N-hydroxyphthalimide has gained growing interest

in PINO-mediated difunctionalization of styrenes tdtain

Cerium(IV) compounds hold a special place among theyygenated product&® The use of various oxidants allows to
variety of oxidants used in organic synthesis. Tigh redox implement oxyimidation in conjunction with oxynitia,*

potential (+1.61 Vvs NHE), low toxicity, ease of handling, ogination***2or double oxyimidation of styrerf¢Scheme 1).
commercial availability and high solubility in omga solvents

favorably distinguishes Ce(lV) and its compoundsnirother Brovious works: P
transition metals. Ce(lV) salts, especially cerilviiGmmonium AT 4 N-OH
nitrate (CAN, (NH).Ce(NQy)e) are widely used as an effective LBUOND cuct S |
single-electron oxidant in various oxidattdnand oxidative air Phi(OAC), PhI(OAc)QérI-BuOOH
coupling®reactions. Large number of papers is devoted to CAN- [ref. 40] [ref. 43] [ref, 41,42]
catalyzed processé$! ONO, o
|

CAN is known to generate radicals from 1,3-dicarbonyl Ar 0 Mo o
compounds®®® azide anion$!*® thiocyano-aniorfs® and Y ..OAr)\/O‘N Arj\'o\ 7
sulfinates'® Under the action of CANN-hydroxyphthalimide o T 5 %
(NHPI) is oxidized to the phthalimidg-oxyl (PINO) radical,’ T
which is the effective mediator of aerobic oxygematiand | ° l2
various processes of C-H functionalizati8 The CAN/NHPI
system was employed in the aerobic oxidation ofmatx AK\*CQNOH
alcohols?® Ritter-type amidation of alkanes and alkylarefies, by
benzylic oxynitratiof® and oxyimidatio. Scheme 1. The present work is in the context of the oxidati

oxynitration-oxyimidation I(), dioxyimidation (1) and iodo-
oxyimidation (11) of styrenes usiniy-hydroxyphthalimide.

OCorresponding author. Tel.: +7-916-385-4080; e-nt@ientev@ioc.ac.ru
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Table 1. Screening of the conditions of the reaction gfestela with N-hydroxyphthalimide2 and CAN.2

o ONO,

©/\ _(NHg)Ce(NOg)s _
+ N-OH —————

solvent, rt, 0.5-2 h

1a 2 0

P o St

Entry Molar ratiola/2 Molar ratio CAN2  Solvent Time, h  Yield 08a® (%) Yield of47 (%) Yield of5a® (%)
1 2 3 MeCN 2 26 (14) <5 47
2°¢ 2 3 MeCN 2 40 (29) 12 15
3¢ 2 2 MeCN 2 41 (31) 16 9

4° 1 3 MeCN 2 30 13 10
5¢ 1 2 MeCN 2 27 20 7
6% 2 2 MeCN 2 55 (45) <5 10

7 2 3 AcOH 2 10 8 46

8 2 3 acetone 2 9 <5 65

9 2 3 MeOH 2 5 <5 53 (42)
10 0.5 1 MeOH 2 <5 <5 56

11 0.5 1 MeOH 0.5 <5 <5 53

12 0.5 15 MeOH 0.5 <5 <5 74 (65)
13 2 3 EtOAc/HO (2/1) 0.5 <5 <5 68
14 2 3 PhMe/kD (2/1) 0.5 <5 <5 61
15 2 3 DCM/HO (2/1) 0.5 <5 <5 68
16 2 3 AcOH/HO (2/1) 0.5 14 <5 53
17 2 3 MeCN/HO (2/1) 0.5 12 <5 66
18 2 3 dioxane 2 10 21 32
19¢ 2 3 dioxane 2 <5 32 (20) 5
20%¢ 2 3 MeCN 2 19 28 8

@ General reaction conditions: CAN (1.0-3.0 mmolswalded to a mixture of styreha (0.5-2.0 mmol) andN-hydroxyphthalimide? (1.0 mmol) in a solvent
(6.0 mL), and stirred at 20-25 °C for 0.5-2 h undieratmosphere. For entries with a mixture of ente, v/v ratio is in parentheses.

®Yield was determined b4 NMR spectroscopy usingmethoxyacetophenone as an internal standardtésbjéelds are given in parentheses.

¢ Solution ofN-hydroxyphthalimide2 in MeCN (15.0 mL) was added dropwise for 30 mittht® mixture of styrengéa and CAN in MeCN (3.0 mL).

4 At 0 °C, under argon atmosphere.

€ Under Q atmosphere.

In this work, the combination of CAN and NHPI is propbse
as a versatile system for selective difunctionéliraof styrenes,
opening the direct way to three different types rafdpicts.

2. Results and discussion

In the present work, the oxidative difunctionalipati of
styrenes under the action dfi-hydroxyphthalimide 2 and
cerium(lV) ammonium nitrate was carried out. At thestfistage
the model reaction of styrerfia with N-hydroxyphthalimide2
and CAN was examined (Table 1). In the experiment IETdb
entry 1, in MeCN) with the molar ratio styretaNHPI 2:CAN
= 2:1:3 dioxyphthalimide&sa was identified as the main product
with the 47% vyield along with the high amount of aii&r esteBa
(26% vyield). The goal of our research was to find tptimal
condition for the selective synthesis of the prad@a and5a.

The influence of reaction parameters on the yidlditate
ester3a was evaluated in entries 2-6. In order to decrelse t
yield of dioxyphthalimidesa a solution ofN-hydroxyphthalimide
2 was added dropwise to the mixture of styréaeand CAN in
MeCN. Slow addition ofN-hydroxyphthalimide improved the
yield of 3a to 40% (Table 1, entry 2). Molar ratio of styretee

N-hydroxyphthalimide2 and CAN was optimized in entries 3-6.

The optimal molar ratio of styrerim, N-hydroxyphthalimide2
and CAN, allowing to obtain the produ8a with the yield of
41%, was 2:1:2 (Table 1, entry 3). In these conadgithe yields
of side-products were 16% fdrand 9% forsa. Carrying out the
reaction in an inert atmosphere at 0 °C allowed lmost
completely avoid the formation of side-produdt@nd 5a, and
thereby the yield of nitrate est8a increased to 55% (Table 1,
entry 6).

When using AcOH, acetone or MeOH (Table 1, entries)7-12
as well as binary single- or two-phase systems (EtGYdle,
DCM, AcOH and MeCN mixed with 0, Table 1, entries 13-
17) as a solvent with the ratio of styreleeNHPI 2:CAN = 2:1:3
the main pathway of the reaction was the double iatddf N-
hydroxyphthalimide2 to the C=C bond of styrenta with the
formation of dioxyimideba. The highest yield (74%) dda was
achieved by carrying out the reaction in MeOH witke tholar
ratio of styrenela, NHPI 2 and CAN 0.5:1:1.5 (Table 1, entry
12). In the reaction of styreria with N-hydroxyphthalimide2 in
dioxane (Table 1, entries 18 and 19) keto-oxyimilevas
observed as one of the major product, and in thetien under
oxygen atmosphere (Table 1, entry 19) the yield @fas 32%.
Comparable yield of the produdt (28%) was obtained using
MeCN as the solvent (Table 1, entry 20).



Table 2. Scope of the oxynitration-oxyimidation of
vinylarenesla-h with N-hydroxyphthalimide? under the
action of CAN.2

ONO, 0
(6]
. A _o.
(NHg4)2Ce(NO5)g (2 equivto 2) R N
R * N-OH
MeCN, 0° C, Ar, 2h o
1a-h 2 0 3a-h (yield, %) ®

1a-g: R = CgHs, p-MeCgHy, p-CICgHg4, p-FCgHy,
m-MeCgHy4, m-BrCgHy; 0-MeCgHy;

1h: indene
ONO, le) ONO, o) ONO;, e}
[¢] o] Cl o
3a (45) 3b (60) 3¢ (62)
ONO, o ONO, o ONO, o
F d o ©
Br
3d (55) 3e (51) 3f (43)
oNO, o ONO,
O
o N
39 (56) O%

3h (69)

@ Reaction conditions: solution bEhydroxyphthalimide2 in MeCN (15.0
mL) was added dropwise for 30 min to a mixtureioflarenela-h (2.0
mmol) and CAN (2.0 mmol) in MeCN (3.0 mL), and thirred at 0 °C for 2
h under argon atmosphePdsolated yield.

3

Table 3. Dioxyimidation of styrenesa,c,d and estergj ,k
with N-hydroxyphthalimide? under the action of CAN.

o]
o} N\O
CAN (1.5 equiv to 2 [0]
N ¢ Non CANOSeamoD g ]
MeOH, rt, 30 min R N
1a,c,d,j,k 2 O 5a,c,d,j,k (yield, %) bo

R = CeHs, p-CICeHa, p-FCeHa, OC(O)Me, CO.Me

B, Bt S,

[e] o [e]

5a (65) 5¢ (50) 5d (36)
< 2 O < 2 o
Nj)\/ o N‘O R
© o] O‘N /% (oN
A o o)% EH\/O%
5k (64)

5j (66)

# Reaction conditions: vinyl substréta,c,d,j,k (0.5 mmol),N-
hydroxyphthalimide2 (1.0 mmol), CAN (1.5 mmol), MeOH (6.0 mL), at 20-
25 °C for 30 min under air atmosphétésolated yield.

It was found, that the formation of products coritagriodine
atom in the benzylic position occurred. The infloenof the
nature of a solvent, as well as oxidant and a soofréedine on
the yield of iodo-oxyimidesa was studied in the model reaction
of styrene la with iodine wunder the action ofN-

In order to study the scope of the developed metho@ydroxyphthalimide? (Table 4).

vinylareneslb-h were involved in the reaction under optimized

conditions for the synthesis @& (Table 1, entry 6) to obtain
nitrate ester8b-i with yield from 43% to 69% (Table 2).

The direction of the process is highly dependenthennature
of a solvent. Thus, carrying out the reaction inQ#g MeCN,
DCM, H,O or MeCN/HO mixture (Table 4, entries 1-5) resulted

The obtained results show that the reaction has rgene in the formation of produdba with the yield of 11-42%. Two-

character, and successfully proceeds with styrepasiry both
electron-withdrawing substituents in the aromatig rinCl @3c,
62%), F Bd, 55%) and Br 3f, 43%), and electron-donating
methyl group 8b, 3e, 3g, 51-60%). Reaction with indengh
gave producsh with the yield of 69%.

Treatment of terminal olefins — 1-hexene, 1-octemad
allylbenzene with NHPI/CAN system led to a complex nmgtu
of products presumably due to the numerous sideegees of
oxidation of the allylic methylene fragmefit.

Using optimized conditions for the synthesisbaf (Table 1,
entry 12), dioxyimidessc,d were obtained from styrends,d
with the yields of 50% and 36%, respectively (TaBjelt was
found that the reaction scope was not limited ®\tmylarenes.
In the reaction of vinyl acetatij and methyl acrylaték with N-
hydroxyphthalimide2 and CAN under the optimal conditions for
dioxyimidation (Table 1, entry 12), as well as usitige
conditions for oxynitration-oxyimidation (Table &ntry 6) only
dioxyimides5j and5k were isolated with 66% (dioxyimidation
conditions; 78% — oxynitration-oxyimidation conditis) and
64% (dioxyimidation conditions; 36% oxynitration-
oxyimidation conditions) yields.

Based on the literature dat4" we assumed that the reaction
of styrenes with N-hydroxyphthalimide and cerium(lV)
ammonium nitrate proceeds through the formationstable
benzylic radical. Aiming to expand synthetic apgitiy of this
process with the radical formation Was introduced into the
reaction with styrenes under the action of NHPI and CAN.

phase DCM/HO system permitted to increase the vyield of
compound6a to 70% (Table 4, entry 6). With the use of
DCM/H,0 system molar ratio of starting reagents and tHa&
source were optimized (Table 4, entries 7-11). Tl ratio
of CAN to NHPI is 1.5; the reaction with 1.2 equivaleot<AN
(Table 4, entry 7) led to the formation of prodéet with the
decreased vyield (64%vs 70% with 1.5 equiv. of CAN).
Employing Nal<2HO, TBAI or NH,l as the iodine source (Table
4, entries 8-10) producBa was obtained with the vyields
comparable to the reaction with molecular ioding ibuthese
cases, it was necessary to use a large amountdizioxj agent.
The introduction of twofold molar excess of styre@eallowed
us to obtairba in 86% vyield (Table 4, entry 11).

Among the other tested metal-based oxidants
(NH,)4Ce(SQ)4+2H,0, Ce(SQ), and Mn(OAc)2H,0 showed
good results (Table 4, entries 12, 13 and 16, yoékBh 60-66%).
Catalytic oxidative system of Ce(IV)/KBgTable 4, entry 14,
yield of 6a 10%)* and Ce(IV)/Ag(I1)/(NH,),S,0s (Table 4, entry
15, yield of 6a 43%)° exhibited poor efficacy in the iodo-
oxyimidation of styrene la. When Fe(ClQ);*8H,0O and
Pb(OAc), were used the yield of the desired prodéectdid not
exceed 34% (Table 4, entries 17-19).

With the optimal conditions (Table 4, entry 11) ftre
synthesis oba in hands, we obtained iodo-oxyimidés-i with
the yields from 62% to 72% in the reactions withwareneslb-

h and vinyl acetatéi (Table 5). The reaction was successful with
styrenes bearing Cl, F and Br atoms (prodécised, 6f, yield
70-72%).
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Table 4. Optimization of the iodo-oxyimidation of styrene
1a under the action of thg-hydroxyphthalimide?, iodine
and oxidant with the formation of produg.

. Ciﬁ i ©)v i
solvent rt
1a 2 0
oo g s O
1 (NH4)Ce(NQy)s (1.5) MeOH 14
2 (NH,).Ce(NQy)s (1.5) MeCN 42
3 (NH4)Ce(NQy)s (1.5) DCM 11
4 (NH4):Ce(NQ)s (1.5) HO 27
5 (NH4)Ce(NQy)s (1.5) MeCN/HO (2/1) 32
6 (NH4):Ce(NQ)s (1.5) DCM/H,0 (2/1) 70
7 (NH,),Ce(NQy)s (1.2) DCM/H,0 (2/1) 64
8¢ (NH4):Ce(NQ)s (3.0) DCM/HO (2/1) 71
9¢ (NH4)Ce(NQ)s (3.0) DCM/HO (2/1) 70
10°  (NH,).Ce(NQ)s (3.0) DCM/HO (2/1) 48
117 (NH.):Ce(NO3)s (1.5) DCM/H,0 (2/1) 86
12 (NH5)4Ce(SQ)#2H,0 (1.5) DCM/HO (2/1) 66
13 Ce(SQ); (1.5) DCM/HO (2/1) 60
149 (K'\gr'gzc(lel(gq")ﬁ ©.1) DCM/H,0 (2/1) 10
(NH4)4Ce(SQ)4#2H,0 (0.05)
15" [Ag(bipy);]S:0s (0.1) DCM/H,O (2/1) 43
(NH4)2S,05 (3.0)

16 Mn(OAC)s2H,0 (1.5) AcOH 65
17 Fe(ClQ)z8H.0 (1.5) MeCN 13
18 Fe(ClQ):8H:0 (1.5) DCM/HO (2/1)  ND
19 Pb(OAc) (0.6) DCM 34

@ General reaction conditions: oxidant (0.6-3.0 mmas added to a mixture
of styrenela (1.0 mmol),N-hydroxyphthalimide (1.0 mmol) and.I(0.5
mmol) in a solvent (6.0 mL), and stirred at 20-25fér 30 min under air
atmosphere. For entries with mixture of solventg ratio is in the
parentheses. ND = Not detected.

® Isolated yield.

¢ Nals2H,0 (1.0 mmol) was employed.
4 TBAI (1.0 mmol) was employed.

€ NH,l (1.0 mmol) was employed.

" Styrenela (2.0 mmol) was employed.
9 Reaction time 1 h.

" Reaction time 2 h.

The iodo-oxyimidation of styrenes with methyl groumpthe
aromatic ring proceeds with slightly lower yieldsogucts6b, 6e
and6g were isolated with yields froi®4% to 67%. When indene
1h was introduced into the reaction, prodétt was obtained
with the yield of 62%;p-methyl styreneli gave equimolar
mixture of diastereomeric iodo-oxyimides with theatoyield of
53% (Table 5,6i). Vinyl acetatelj gave the product of iodo-
oxyimidation6j in 65% yield.

On the basis of our previous experieHand literature data
describing the reaction ®f-hydroxyphthalimide with CAN and
the addition of resulting O-centered radical torestes’** a

mechanism of the interaction of styrenes withi-

hydroxyphthalimide, cerium(lV) ammonium nitrate ahdwas
proposed (Scheme 3).

Table 5. Scope of the iodo-oxyimidation of vinylarerfesi
and vinyl acetat@j with N-hydroxyphthalimide2 under the
action of b and CAN.2

0 I, (0.5 eqiuv to 2) I
. iv to 2
R1/\/R2 . N-OH CAN (1.5 equiv to0 2) R1J\|/R2 o
DCM/H,0 (2:1 viv) o
1a 2 O rt, 30 min N
1a-g: R' = CgHs, p-MeCgHy, p-CICgH,4, p-FCgH., 0
m-MeCgHjs, m-BrCeHs, 0-MeCgHy; R2=H 6a-j (yield, %) ®
1h: indene
1i: R" = CgHs; R2= Me
1j: R' = OC(O)Me
| Ie) | le) | e}
o o cl o
6a (86) 6b (64)
6¢c (72)
I o
o}
6d 70) &
( 6e (66) 6f (71)
6g (67) %
6h (62)
| [¢] | o)
oYY oy
O\N e
o 6 (65)

6i (53),dr=1:1

# Reaction conditions: vinyl substrata-j (2.0 mmol),N-hydroxyphthalimide
2 (1.0 mmol), 4 (0.5 mmol), CAN (1.5 mmol), DCM/¥D (2:1 v/v, 6.0 mL),
at 20-25 °C for 30 min under air atmosphé&replated yield.

The applicability of the developed method for cargyout
synthesis on a gram scale was demonstrated by¢panation of
compounds3a and 6a with the vyields of 38% and 80%,
respectively (Scheme 2).

(6]
X
o, @EEN
o
a 2
(10 mmol, 1.04 g) (5 mmol, 0.816 g)

o
X
+ N-O
o

(10 mmol, 1.04 g) (5 mmol, 0.816 g)
Scheme 2. Gram-scale synthesis of the compouBalsnd6a.

ONO,

WO U

3a (0.63 g, 38%)

Satas

6a (1.57 g, 80%)

CAN (10 mmol, 5.48 g)
MeCN, 0°C, Ar, 2h

I, (2.5 mmol, 0.635 g)
CAN (7.5 mmol, 4.11 g)

DCM/H20 (2:1 viv)
rt, 30 min

At the first stage,N-hydroxyphthalimide2 is oxidized by
CAN to form phthalimideN-oxyl radical (PINO), which adds to
a terminal carbon atom of the double C=C bond gfesie 1
giving benzylic radical A, which can undergo further
transformations, depending on the solvent and oofleddition
of reagents, by radical or ionic routes. In thesprece of the large
amount of NHPI in a solution PINO is generated morieiefitly
and it traps intermediat& with the formation of producs.
When } is in the reaction medium, it traps radiéalto form
product4.**? In the case when NHPI is added dropwise to the
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mixture of styrend and CAN, concentration of PINO is low and turnings. Toluene (PhMe) was distilled over sodiuretah
radical A undergo oxidation by Ce(IV) to form carbocatiBn  Acetone was distilled over KMnOGlacial acetic acid (AcOH)

which reacts with N@ anion yielding nitrate est&c* and dioxane were used as is from commercial sources.
P cell) Ce(v) 9 Vinylarenes la-i, vinyl acetatelj, methyl acrylatelk, N-
C[:éNO N—OH hydroxyphthalimide (NHPI)2, cerium(lV) ammonium nitrate
PING s o ((_:AN, (NH,),Ce(NGy)s). cerium(IV) ammonium sulfate
o 2 dihydrate ((NH)4Ce(SQ)4+2H,0), cerium(lV) sulfate
1 (Ce(SQ),), potassium bromate (KBED ammonium
ph o PINO peroxydisulfate ((NH),S,0g), manganese(lll) acetate dihydrate
A ONO, (Mn(OAC)z*2H,0), iron(l11) perchlorate hydrate

PINO ”e Ce(lV) Ce(lll) o o | hvd basi _ 0 lead
PINO - l 2 N A, o~ PINO NOs Ph)\,Pwo (Fe(ClQ)s*nH,0O) (anhydrous basis purity ca. 65%), lead(IV)
5

:‘NO | B tetraacetate (Pb(OA9) sodium iodide dihydrate (Nal-28),
ph)\/P'NO tetrabutylammonium iodide (TBAI) and ammonium iaslid
4 (NH4l) were commercial reagents (Acros, Sigma, Alfa Aesar).

Scheme 3. Mechanismlof oxidative difunctio_na_lization of Tetrakis(bipyridine)silver(ll) peroxydisulfate ([AQPY),]S:00)
styrenel under the action dfi-hydroxyphthalimide2, was synthesized according to the literaftire.

cerium(IV) ammonium nitrate ang. | ) ) )
All the new compounds3(l, 5j, 5k and6j) were characterized

3. Conclusion using*H and**C NMR spectroscopy, FT-IR spectroscopy, HR-
) ) o ) MS and/or elemental analysis. Compourts and 5d were
Tunable difunctionalization of styrenes using cexflV)  characterized usinijF spectroscopyH and**C NMR spectra of

ammonium nitratéd-hydroxyphthalimide system was developed. the known compounds3é-c, 3e-i, 4, 5a,c,d and 6a-i) were in
Depending on the reaction conditions, such as nafusesolvent, agreement with the literature dat4>**

molar ratio of starting reagents and temperatuoinal oxynitro- )
oxyphthalimides or dioxyphthalimides were synthesize 4-2.Experimental procedure for Table 1

Reaction of styrenes with iodine in the presence Nof -

> . : . N-hydroxyphthalimide2 (163 mg, 1.0 mmol) and CAN (548-
h):jdroxypht_r(ljallm|deB anc(jj cerlutm(IV) ammcl)m;Jm r;tr;it_fordg 1644 mg, 1.0-3.0 mmol) were added to a stirred ®wluof
1000-OXyimides. esiaes  styrenes,  electron-ceticiean styrenela (52-208 mg, 0.5-2.0 mmol) in MeCN, AcOH, acetone,

e e e i e EIOAGIRO, PhiekiO, DCMIO ACOHIO or dotane (60
y y y mL; for the mixture of solvents the ratio was 2:¥)wt 20-25°C

with NHPI/CAN system. The proposed mechanism involves th under air atmosphere. In the entries 2-6 soluticn No

generation of phthalimidstoxyl radical, its addition to a h L .
i _ ydroxyphthalimide2 (163 mg, 1.0 mmol) in MeCN (15 mL)
terminal carbon atom of the double C=C bond resgltC- . ? :
- . A was added dropwise for 30 min to the mixture of stgfa (104-
e e oot dor'® ©f 208 mg, 10:2 ) and CAN (1096-1644 g, 20r800)
P a ) in MeCN (3 mL). In the entry 6 reaction was carried at 0 °C

4. Experimental part under argon atmosphere. After stirring the reaatiixture at 20-
25 °C for 0.5-2 h, aqueous solution of,8#), (200 mg in 30 mL
4.1.General methods of water)was added and the mixture was extracted with DCM

(3x10 mL), combined extracts were washed with satdrate
. aqueous NaHCPsolution (20 mL), then with water (20 mL),
.“ 300 spectrometer (30.0'13 MHz and 75'4.7 MHz, resvﬂy) . _dried over anhydrous N8O, and filtered. DCMwas rotary

in CDCl. Chemlcall shifts were reported in parts per m'"'onevaporated at 40-45 °C under reduced pressure q2@¢8Hg).
(ppm), and the residual solvent peak was used amtamal  q,q vields of product8a, 4 andsa were determined bH NMR
reference:H (CDCl 5=7.26 ppm),“C (CDCh 5=77.16 ppm).  gyociroscopy usingp-methoxyacetophenone as the internal
Multiplicity was indicated as follows: s (singlet), (doublet), t -0 4ard. Inthe selected entries (1, 2, 3, 62%rd 19) desired
(t_riplet), q (q_uartet), dd (doublet of QOubIetsl, @oublet of product was isolated by column c,hr(,)m,atography oicasigel
triplets), td (triplet of doublets), m (multiplet). using DCM/EtOAc mixture as eluent (with the volume pairt

High-resolution mass spectra (HR-MS) were measurea on EtOAc gradually increased from 0% to 3%).

Bruker maXis instrument using electrospray ionizati@&SI). 4.2.1.2-((1,3-dioxoisoindolin-2-yl)oxy)-1-
The measurements were performed in a positive iomemo phenylethyi nitrate 3a)

(interface capillary voltage — 4500 V); mass ranmgenfm/z 50 to White solid: 45% yield (148 mg): mp = 112-114 %6.NMR

m/z 3000 Da; external calibration with Electrospray Balnt T _
. ) i S - (300.13 MHz, CDQJ): 6 = 7.90-7.73 (m, 4H), 7.42-7.35 (m, 5H),
Solution (Fluka). A syringe injection was used fdraadetonitrile 6.30 (dd.J, = 9.4 Hz,J,= 3.0 Hz, 1H), 4.55 (dd}, = 12.6 Hz,J,

solutions (flow rate 3 pL/min). Nitrogen was appliesl adry  _ 9.4 Hz, 1H), 4.35 (dd}, = 12.6 Hz.J,= 3.0 Hz, 1H)“C NMR

gas; interface temperature was set at 180 °C. (75.47 MHz, CDCl): 6 = 163.5, 134.9, 1336, 129.9, 129.2
The TLC analysis was carried out on standard siieh 128.8,126.9, 123.9, 82.7, 77.3.

chromatography plates (ALUGRAMR Xtra SIL G/UV254). (9 ayn.o. feni .

Column chromatography was performed using silica(@€l60- 3|§n2e %4)(2 oxo-2-phenylethoxy)isoindoline-1,3

0.200 mm, 60 A, CAS 7631-86-9, Acros). White solid: 20% yield (56 mg); mp = 177-178 &l NMR
Column chromatography was performed using silica ge(300.13 MHz, CDG)): § = 8.03-7.94 (m, 2H), 7.87-7.70 (m, 4H),
(0.060-0.200 mm, 60 A, Acros). 7.65-7.56 (m, 1H), 7.54-7.44 (m, 2H), 5.44 (s, 2HL NMR

Dichloromethane (DCM) was  distilled over ,@Os. (75.47 MHz, CDCJ): & = 192.3, 163.1, 134.8, 134.5, 134.2,

Acetonitrile (MeCN) and ethyl acetate (EtOAc) were dedi 129.0,128.7,128.4, 123.8, 78.6.
over BOs. Methanol (MeOH) was distilled over magnesium

'H and**C NMR spectra were recorded on Bruker AVANCE
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4.2.3.2,2'-((1-phenylethane-1,2-

diyl)bis(oxy))bis(isoindoline-1,3-dioneka)

White solid: 65% yield (139 mg); mp = 179-180 “6.NMR
(300.13 MHz, CDQ)): 6 = 7.84-7.65 (m, 8H), 7.61-7.53 (m, 2H),
7.41-7.32 (m, 3H), 5.86 (dd; = 7.4 Hz,J,= 3.7 Hz, 1H), 4.94
(dd, J;= 115 Hz,J,= 7.4 Hz, 1H), 4.57 (dd); = 11.5 Hz,J,=
3.7 Hz, 1H).®*C NMR (75.47 MHz, CDG): & = 163.6, 163.3,
134.6, 134.4, 134.3, 129.9, 129.1, 129.0, 128.8.3,2123.7,
123.6, 85.9, 79.6.

4.3.General procedure for synthesis of compouseis
(experimental for Table 2)

Solution of N-hydroxyphthalimide2 (163 mg, 1.0 mmol) in
MeCN (15.0 mL) was added dropwise for 30 min to arestir
mixture of vinylarenela-h (208-366 mg, 2.0 mmol) and CAN
(2096 mg, 2.0 mmol) in MeCN (3.0 mL) at°@ under argon
atmosphere. After stirring at 0 °C under argon aphesge for 2 h

Tetrahedron

6.29 (dd,J, = 9.4 Hz,J,= 2.9 Hz, 1H), 4.56 (dd}, = 12.6 Hz,J,
= 9.4 Hz, 1H), 4.36 (dd}; = 12.6 Hz,J,= 2.9 Hz, 1H), 2.37 (s,
3H). °C NMR (75.47 MHz, CDG): § = 163.5, 139.2, 134.9,
133.6, 130.6, 129.2, 128.9, 127.5, 124.0, 82.%, Z.5.

4.3.5.1-(3-bromophenyl)-2-((1,3-dioxoisoindolin-2-
yl)oxy)ethyl nitrate 8f)

White solid: 43% yield (175 mg); mp = 124-125 “6.NMR
(300.13 MHz, CDG)): & = 7.93-7.74 (m, 4H), 7.60-7.48 (m, 2H),
7.40-7.23 (m, 2H), 6.25 (dd; = 9.1 Hz,J, = 3.2 Hz, 1H), 4.52
(dd, J; = 12.6 Hz,J,= 9.1 Hz, 1H), 4.34 (dd); = 12.6 Hz,J,=
3.2 Hz, 1H)."®*C NMR (75.47 MHz, CDG): & = 163.5, 136.0,
135.0, 133.1, 130.9, 130.0, 128.8, 125.5, 124.8,31B1.7.

4.3.6.2-((1,3-dioxoisoindolin-2-yl)oxy)-1-(o-
tolyl)ethyl nitrate @Qg)

White solid: 56% yield (192 mg); mp = 110-111 “6.NMR
(300.13 MHz, CDG)): 6 = 7.92-7.76 (M, 4H), 7.38-7.18 (m, 4H),

reaction mixturewas concentrated on a rotary evaporator to &.58 (dd,J; = 9.5 Hz,J,= 2.5 Hz, 1H), 4.53 (dd}, = 12.7 Hz,J,

volume of 5 mL at 40-45 °C under reduced press@@30
mmHg) and aqueous solution of 4850, (200 mg in 20 mL of

= 9.5 Hz, 1H), 4.28 (dd}; = 12.7 Hz,J,= 2.5 Hz, 1H), 2.48 (s,
3H). °C NMR (75.47 MHz, CDG): § = 163.5, 135.6, 134.9,

water)was added. The mixture was extracted with DCM (3x10132.1, 131.2, 129.6, 128.9, 127.0, 125.8, 124.(,8(6.8, 19.1.

mL), combined extracts were washed with saturated cague
NaHCG; solution (20 mL), then with water (20 mL), dried ove
anhydrous N#5O, and filtered. DCMwas rotary evaporated at
40-45 °C under reduced pressure (20-30 mmHg). Pte@aeh
were isolated by column chromatography on silica gghg
DCM/EtOAc mixture as eluent (with the volume part cOBtC
gradually increased from 0% to 3%).

4.3.1.2-((1,3-dioxoisoindolin-2-yl)oxy)-1-(p-
tolyl)ethyl nitrate @b)

White solid: 60% yield (205 mg); mp = 128-130 “6.NMR
(300.13 MHz, CDGJ): § = 7.92-7.76 (m, 4H), 7.30 (d, = 9.0
Hz, 2H), 7.22 (dJ = 9.0 Hz, 2H), 6.29 (dd};, = 9.5 Hz,J,= 3.0
Hz, 1H), 4.56 (ddJ, = 12.6 Hz,J,= 9.5 Hz, 1H), 4.35 (dd], =
12.6 Hz,J, = 3.0 Hz, 1H), 2.36 (s, 3H}’C NMR (75.47 MHz,

HRMS (ESI): m/z [M+NH,]" calcd for G;H;4N,Os: 360.1190;
found 360.1198.

4.3.7.2-((1,3-dioxoisoindolin-2-yl)oxy)-2,3-
dihydro-1H-inden-1-yl nitrate h)

White solid: 69% yield (235 mg); mp = 162-163 “6.NMR
(300.13 MHz, CDQ)): 6 = 7.92-7.74 (m, 4H), 7.53-7.28 (m, 4H),
6.65 (m, 1H), 5.18-5.11 (m, 1H), 3.62 (dig= 17.8 HzJ, = 7.1
Hz, 1H), 3.41-3.28 (m, 1H}*C NMR (75.47 MHz, CDG): & =
163.9, 142.1, 134.9, 134.1, 131.1, 128.8, 128.85.9,2125.4,
124.0, 90.2, 89.5, 36.1.

4.4.General procedure for synthesis of compousals,d,i,j
(experimental for Table 3)

CAN (822 mg, 1.5 mmol) was added to a stirred mixtire

CDClg) o = 1635, 1400, 1349, 1306, 1299, 1289, 1269V|ny| substrate ]_a,cld,i,j (43_70 mg, 0.5 mm0|) andN-

123.9, 82.8, 77.3, 21.3.

4.3.2.1-(4-chlorophenyl)-2-((1,3-dioxoisoindolin-
2-yl)oxy)ethyl nitrate 8c)

White solid: 62% yield (224 mg); mp = 127-128 “6.NMR
(300.13 MHz, CDG)): § = 7.92-7.74 (m, 4H), 7.44-7.32 (m, 4H),
6.28 (dd,J; = 9.2 Hz,J,= 3.2 Hz, 1H), 4.54 (dd], = 12.5 Hz,J,
=9.2 Hz, 1H), 4.35 (dd}; = 12.5 Hz,J,= 3.2 Hz, 1H)*C NMR
(75.47 MHz, CDCJ): 3 = 163.5, 136.0, 135.0, 132.2, 129.5,
128.8, 128.4, 124.0, 81.9, 77.1.

4.3.3.1-(4-fluorophenyl)-2-((1,3-dioxoisoindolin-2-
yl)oxy)ethyl nitrate 8d)

White solid: 55% yield (190 mg); mp = 136-137 “6.NMR
(300.13 MHz, CDGQ): & = 7.91-7.74 (m, 4H), 7.41 (dd, = 8.5
Hz, J, = 5.2 Hz, 2H), 7.22 () = 8.5 Hz, 2H), 6.28 (dd], = 9.1
Hz, J,= 3.2 Hz, 1H), 4.54 (dd), = 12.5 Hz,J,= 9.1 Hz, 1H),
4.34 (dd,J,; = 12.5 Hz,J, = 3.2 Hz, 1H)."*C NMR (75.47 MHz,
CDCL): 6 = 163.52 (d,) = 249.5 Hz), 163.46, 135.0, 129.6 {d,
= 3.3 Hz), 129.1 (dJ = 8.6 Hz), 128.8, 124.0, 116.4 (#z= 21.9
Hz), 81.9, 77.2"%F NMR (282.40 MHz, CDG): & = -111.57. IR

(KBr) v(cmi®): 1792, 1734, 1644, 1607, 1513, 1469, 1377, 1275

1187, 1128, 1081, 1020, 1020, 1001, 877, 853, 840, 530,
517. Anal. Calcd for gH;;FN,Os: C, 55.50; H, 3.20; N, 8.09.
Found: C, 55.54; H, 3.09; N, 8.03.

4.3.4.2-((1,3-dioxoisoindolin-2-yl)oxy)-1-(m-
tolyl)ethyl nitrate @e)

White solid: 51% yield (174 mg); mp = 119-120 “6.NMR
(300.13 MHz, CDG)): 6 = 7.92-7.76 (m, 4H), 7.34-7.18 (m, 4H),

hydroxyphthalimide2 (163 mg, 1.0 mmol) in MeOH (6.0 mL) at
20-25 °C. After stirring the reaction mixture under air
atmosphere at 20-25 °C for 30 min, agueous solwiddaS,0,
(200 mg in 30 mL of watenvas added and the mixture was
extracted with DCM (3x10 mL), combined extracts wersiveal
with saturated aqueous NaHg®olution (20 mL), then with
water (20 mL), dried over anhydrous JS&, and filtered. DCM
was rotary evaporated at 40-45 °C under reducedyme$20-30
mmHg). Products 5a,cd,i,j were isolated by column
chromatography on silica gel using DCM/EtOAc mixture a
eluent (with the volume part of EtOAc gradually in@ed from
0% to 3%).

4.4.1.2,2'-((1-(4-chlorophenyl)ethane-1,2-
diyl)bis(oxy))bis(isoindoline-1,3-dione)¢)

White solid: 50% yield (116 mg); mp = 106-107 “6.NMR
(300.13 MHz, CDG)): 5 = 7.85-7.67 (m, 8H), 7.55 (d, = 8.4
Hz, 2H), 7.35 (dJ = 8.4 Hz, 2H), 5.81 (dd}, = 7.0 Hz,J,= 4.3
Hz, 1H), 4.88 (ddy); = 11.3 Hz,J,= 7.0 Hz, 1H), 4.55 (dd}; =
11.3 Hz,J, = 4.3 Hz, 1H).”C NMR (75.47 MHz, CDGQ): § =
163.6, 163.3, 135.9, 134.7, 134.6, 132.9, 129.8,112129.01,
128.96, 123.8, 123.7, 85.1, 79.1.

4.4.2.2,2'-((1-(4-fluorophenyl)ethane-1,2-
diyl)bis(oxy))bis(isoindoline-1,3-dione)()

White solid: 36% yield (80 mg); mp = 108-109 “€l NMR
(300.13 MHz, CDQ)): 6 = 7.88-7.65 (m, 8H), 7.64-7.54 (m, 2H),
7.12-7.01 (m, 2H), 5.82 (dd; = 7.0 Hz,J, = 4.3 Hz, 1H), 4.89
(dd, J; = 11.3 Hz,J,= 7.0 Hz, 1H), 4.57 (dd}, = 11.3 Hz,J,=
4.3 Hz, 1H)."*C NMR (75.47 MHz, CDG): 5 = 163.6, 163.3,



134.7, 134.5, 130.5 (d, = 8.5 Hz), 130.3X = 3.2 Hz), 129.01,
128.96, 123.8, 123.7, 115.9 £ 21.6 Hz), 85.1, 79.2%F NMR
(282.40 MHz, CDGJ): § = -111.96.

4.4.3.1,2-bis((1,3-dioxoisoindolin-2-yl)oxy)ethyl
acetate bj)

White solid: 66% yield (135 mg); mp = 176-178 “6.NMR
(300.13 MHz, CDG)): & = 7.87-7.72 (m, 8H), 6.66 (dd, = 7.4
Hz, J, = 3.5 Hz, 1H), 4.76 (dd), = 12.2,J, = 3.5 Hz, 1H), 4.44
(dd, 3, = 12.2,J, = 7.4 Hz, 1H), 2.18 (s, 3H}*C NMR (75.47
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then with water (20 mL), dried over anhydrous,8i@, and
filtered. DCMwas rotary evaporated at 20-25 °C under reduced
pressure (20-30 mmHg) Produ@a-i were isolated by column
chromatography on silica gel using DCM/EtOAc as eluerith

the volume part of EtOAc gradually increased from10%9%).

4.6.1.2-(2-iodo-2-(p-tolyl)ethoxy)isoindoline-1,3-
dione (mixture of regioisomers 4:1pl§)

White solid: 64% yield (260 mg); mp = 135-136 “6.NMR
(300.13 MHz, CDG)): 6 = 7.84-7.66 (m, 4H), 7.47-7.35 (m, 2H),

MHz, CDCL): 6 = 169.9, 163.3, 163.1, 134.83, 134.80, 128.83,7.17 (d,J = 7.8 Hz, 0.4H), 7.09 (dl = 7.9 Hz, 1.6H), 5.56-5.45

128.79, 124.0, 123.9, 96.1, 75.0, 20.9. IR (KB@m’l): 1798,
1779, 1740, 1375, 1360, 1207, 1185, 1128, 985, 893, Anal.
Calcd for GH14N,Og: C, 58.54; H, 3.44; N, 6.83. Found: C,
58.49; H, 3.43; N, 6.81.

4.4.4.Methyl 2,3-bis((1,3-dioxoisoindolin-2-
yl)oxy)propanoate §k)

White solid: 64% yield (131 mg); mp = 134-136 J8.NMR
(300.13 MHz, CDGJ): 6 = 7.89-7.72 (m, 8H), 5.29-5.23 (m, 1H),
4.88-4.72 (m, 2H), 3.89 (s, 3I—f‘f'.C NMR (75.47 MHz, CDG):

5 =166.6, 163.3, 163.1, 134.7, 128.9, 123.9, 128/, 53.3. IR

(m, 1H), 4.97-4.87 (m, 0.8H), 4.67 (dij= 10.7 Hz,J,= 5.6 Hz,
0.8H), 3.73 (ddJ, = 10.4 Hz,J,= 6.2 Hz, 0.2H), 3.57 (ddJ, =
10.4 Hz,J, = 8.0 Hz, 0.2H), 2.33 (s, 0.6H), 2.25 (s, 2.4HE
NMR (75.47 MHz, CDG): & = 163.3, 138.7, 136.8, 134.7,
129.7,128.8, 127.7, 123.7, 81.3, 25.6, 21.3.

4.6.2.2-(2-(4-chlorophenyl)-2-
iodoethoxy)isoindoline-1,3-dione&¢)

White solid: 72% yield (307 mg); mp = 137-138 “6.NMR
(300.13 MHz, CDG)): 6 = 7.87-7.70 (m, 4H), 7.50 (d,= 8.5
Hz, 2H), 7.30 (dJ = 8.5 Hz, 2H), 5.50 (ddl;= 10.2 Hz,J,= 5.3

(KBr) v(cmi®): 1795, 1747, 1466, 1422, 1375, 1310, 1272, 1187Hz, 1H), 4.97-4.86 (m, 1H), 4.68 (dd,= 10.7 Hz,J,= 5.3 Hz,

1131, 1080, 1063, 1016, 984, 875, 780, 696, 517. BRESI):
m/z[M+NH,]" calcd for GoH1,N,Og: 428.1088; found 428.1074.

4.5.Experimental procedure for Table 4

lodine (127 mg, 0.5 mmol) was added to a stirredtumé of
styrenela (104 mg, 1.0 mmol) and-hydroxyphthalimide? (163
mg, 1.0 mmol) in MeOH, MeCN, DCM, @, MeCN/HO,

DCM/H,O or AcOH (6.0 mL; for the mixture of solvents the

ratio was 2:1 v/v) at 20-25 °C. Then, oxidant (()}@e(NOy)e,
(NH4)4Ce(SQ)422H;0, Ce(SQ):, (NH,).Ce(NQ;)¢/KBrOs;,
(NH,),Ce(SQ)4+2H,0/[Ag(bipy).]S;0¢/(NH,),S,0s,  MN(OAC)e
2H,0, Fe(ClQ)s*8H,O or Pb(OAc), 222-1644 mg, 1.5-3.0
mmol) was added. In the entries 8-10 NabQHTBAI or NH,l
(145-369 mg, 1.0 mmol) were employed instead ,oflrl the
entry 11 styrendla (208 mg, 2.0 mmol) was employed. After
stirring the reaction mixture under air atmospher20-25 °C for
30 min, DCM (30 mL) was added. The mixture was washi¢al
aqueous solution of N&0z*5H,0 (200 mg in 20 mL of water),
saturated aqueous NaHg$blution (20 mL), then with water (20
mL), dried over anhydrous B8O, and filtered. DCM was rotary
evaporated at 20-25 °C under reduced pressure (20f8Hg).

Product6a was isolated by column chromatography on silica ge

using DCM/EtOAc mixture as eluent (with the volume pafrt
EtOAc gradually increased from 0% to 5%).

4.5.1.2-(2-iodo-2-phenylethoxy)isoindoline-1,3-
dione (6a)

White solid: 86% yield (338 mg); mp = 135-136 “6.NMR
(300.13 MHz, CDG): & = 7.85-7.68 (m, 4H), 7.54 (d,= 7.4
Hz, 2H), 7.36-7.17 (m, 3H), 5.53 (dd, = 9.8 Hz,J, = 5.7 Hz,
1H), 5.00-4.88 (m, 1H), 4.71 (dd,= 10.7 Hz,J,= 5.7 Hz, 1H).
*C NMR (75.47 MHz, CDG): & = 163.3, 139.8, 134.7, 128.9,
128.7, 128.6, 127.9, 123.7, 81.4, 25.2.

4.6.General procedure for synthesis of compoubeds
(experimental for Table 5)

lodine (127 mg, 0.5 mmol) was added to a stirredtuméxof
vinyl substrate la-i (172-366 mg, 2.0 mmol) andN-
hydroxyphthalimide2 (163 mg, 1.0 mmol) in DCM/}D (6.0
mL, 2:1 v/v) at 20-25C. Then, CAN (822 mg, 1.5 mmol) was
added. After stirring the reaction mixture underamosphere at
20-25 °C for 30 min, DCM (30 mlyas added and the mixture
was washed with aqueous solution of,8&:*5H,0 (200 mg in
20 mL of water), saturated aqueous NaHGOlution (20 mL),

1H). ®C NMR (75.47 MHz, CDG): & = 163.3, 138.5, 134.8,
134.4,129.3,129.2, 128.8, 123.7, 81.2, 23.7.

4.6.3.2-(2-(4-fluorophenyl)-2-
iodoethoxy)isoindoline-1,3-dionesd)

White solid: 70% yield (288 mg); mp = 153-154 “6.NMR
(300.13 MHz, CDG)): 6 = 7.87-7.68 (m, 4H), 7.57-7.48 (m, 2H),
7.00 (t,J = 8.5 Hz, 2H), 5.50 (ddl, = 10.1 Hz,J,= 5.4 Hz, 1H),
4.98-4.80 (m, 1H), 4.66 (dd; = 10.7 Hz,J,= 5.4 Hz, 1H).”*C
NMR (75.47 MHz, CDGCJ): 6 = 163.3, 162.5 (d) = 248.6 Hz),
135.8 (d,J = 3.4 Hz), 134.8, 129.8 (d,= 8.4 Hz), 128.8, 123.7,
115.9 (dJ=21.8 Hz), 81.5, 24.1.

4.6.4.2-(2-iodo-2-(m-tolyl)ethoxy)isoindoline-1,3-
dione (Ge)

White solid: 66% yield (269 mg); mp = 123-124 “6.NMR
(300.13 MHz, CDGJ)): & = 7.82-7.67 (m, 4H), 7.34-7.27 (m, 2H),
7.20-7.13 (m, 1H), 6.98 (d} = 7.4 Hz, 1H), 5.48 (dd}, = 9.7
Hz,J, = 5.7 Hz, 1H), 4.97-4.88 (m, 1H), 4.67 (d4,= 10.7 Hz,
J, = 5.7 Hz, 1H), 2.30 (s, 3H}*C NMR (75.47 MHz, CDG): 5
= 163.2, 139.7, 138.6, 134.7, 129.5, 128.9, 1288,4, 125.0,
123.6, 81.3, 25.5, 21.45.

I4.6.5. 2-(2-(3-bromophenyl)-2-
iodoethoxy)isoindoline-1,3-diones{)

White solid: 71% yield (334 mg); mp = 134-135 “6.NMR
(300.13 MHz, CDGJ): § = 7.84-7.70 (m, 4H), 7.69-7.64 (m, 1H),
7.50-7.44 (m, 1H), 7.36-7.29 (m, 1H), 7.22-7.14 (H),15.42
(dd, J, = 5.4 Hz,J,= 10.1 Hz, 1H), 4.93-4.84 (m, 1H), 4.65 (dd,
J; = 10.8 HzJ, = 5.4 Hz, 1H)*C NMR (75.47 MHz, CDG): §
= 163.2, 142.1, 134.8, 131.7, 131.0, 130.5, 1282h.7, 123.8,
122.7,81.2, 23.2.

4.6.6.2-(2-iodo-2-(o-tolyl)ethoxy)isoindoline-1,3-
dione (69)

White solid: 67% vyield (273 mg); mp = 112-113 J8.NMR
(300.13 MHz, CDG)): 6 = 7.82-7.69 (m, 4H), 7.59 (&, = 7.5
Hz, 1H), 7.21-7.09 (m, 3H), 5.69 (dd, = 9.7 Hz,J, = 5.9 Hz,
1H), 5.11-5.02 (m, 1H), 4.75 (dd, = 10.6 Hz,J, = 5.9 Hz, 1H),
2.40 (s, 3H).13C NMR (75.47 MHz, CDG): 4 = 163.2, 137.5,
136.3, 134.7, 131.3, 128.8 128.6, 126.8, 126.1,7189.4, 22.4,
19.3.

4.6.7.2-((1-iodo-2,3-dihydro-1H-inden-2-
yl)oxy)isoindoline-1,3-dione6h)
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White solid: 62% yield (251 mg); mp = 164-165 °t
NMR (300.13 MHz, CDG): & = 7.91-7.76 (m, 4H), 7.52-7.45
(m, 1H), 7.31-7.25 (m, 3H), 5.95 (m, 1H), 5.36 (#t= 5.6 Hz,
J, = 1.4 Hz, 1H), 3.55 (dd}, = 17.6 Hz,J, = 5.6 Hz, 1H), 3.33
(d,J = 17.6 Hz, 1H)*C NMR (75.47 MHz, CDG): & = 164.1,
143.0, 139.6, 134.9, 129.2, 128.9, 128.1, 125.%,.212123.9,
96.2, 36.0, 29.5.

4.6.8.2-((1-iodo-1-phenylpropan-2-
yl)oxy)isoindoline-1,3-dionef()

White solid: 53% yield (215 mg), mixture of diagemers
1:1; mp = 118-119 °CH NMR (300.13 MHz, CDG): 6 = 7.92-
7.66 (m, 4H), 7.60-7.48 (m, 2H), 7.37-7.11 (m, 3H%25(d,J =
7.5 Hz, 0.5H), 5.32 (d] = 6.8 Hz, 0.5H), 4.84-4.68 (m, 1H), 1.69
(d,J = 6.1 Hz, 1.5H), 1.32 (d} = 6.3 Hz, 1.5H)"*C NMR (75.47
MHz, CDCk): 6 = 164.1, 163.8, 140.3, 139.9, 134.8, 134.6,
129.13, 129.07, 128.9, 128.74, 128.67, 128.6, 1In81%28.3,
123.8, 123.6, 87.4, 85.5, 34.3, 32.2, 19.4, 16.8.

4.6.9.2-((1,3-dioxoisoindolin-2-yl)oxy)-1-iodoethyl
acetate 6j)

White solid: 65% yield (244 mg); mp = 132-133 “6.NMR
(300.13 MHz, CDGJ): 6 = 7.88-7.74 (m, 4H), 7.02 (dd, = 10.3
Hz, J, = 2.4 Hz, 1H), 4.72 (dd, = 12.7 Hz,J, = 10.3 Hz, 1H),
4.56 (dd,J, = 12.7 Hz,J, = 2.4 Hz, 1H), 2.15 (s, 3H}°C NMR
(75.47 MHz, CDCJ): 6 = 168.7, 163.4, 135.0, 128.8, 123.9, 81.3,
48.8, 21.2. IR (KBr)v(cm?): 1792, 1759, 1734, 1466, 1439,
1376, 1209, 1186, 1134, 1111, 1081, 1038, 1013, 946, 901,
877, 842, 785, 702, 669, 517. HRMS (ESM)z[M+H] " calcd for
Cy,H10INOs: 375.9676; found 375.9668.

4.7.Gram scale synthesis of compoBad(experiment for
Scheme 2)

Solution of N-hydroxyphthalimide2 (0.816 g, 5.0 mmol) in
MeCN (75.0 mL) was added dropwise for 30 min to arestir
mixture of styrenda (1.04 g, 10.0 mmol) and CAN (5.48 g, 10.0
mmol) in MeCN (15.0 mL) at @®C under argon atmosphere.
After the stirring at 0 °C for 2 h reaction mixturgas
concentrated on a rotary evaporator to a volum&OofL at 40-

45 °C under reduced pressure (20-30 mmHg) and aqueou
solution of NaS,0, (200 mg in 100 mL of watewas added. The
mixture was extracted with DCM (3x30 mL), combinedracts
were washed with saturated aqueous Naki€@ution (50 mL),
then with water (50 mL), dried over anhydrous,8@, and
filtered. DCMwas rotary evaporated under reduced pressure (20-
30 mmHg). ProducBa was isolated by column chromatography
on silica gel using DCM/EtOAc mixture as eluent (withe
volume part of EtOAc gradually increased from 0% #4)5
Yield of 3awas 0.63 g (38%).

4.8.Gram scale synthesis of compowad(experiment for
Scheme 2)

lodine (0.635 g, 2.5 mmol) was added to a stirredtumé of
styrenela (1.04 g, 10.0 mmol) andN-hydroxyphthalimide2
(0.816 g, 5.0 mmol) in DCM/FD (90 mL, 2:1 v/v) at 20-25C.
Then, CAN (4.11 g, 7.5 mmol) was added. After stirrthg
reaction mixture under air atmosphere at 20-2506tG30 min the
mixture was washed with aqueous solution of,@z*5H,0
(200 mg in 50 mL of water), saturated aqueous Naki&@ition
(50 mL), then with water (50 mL), dried over anhyasdNaSO,
and filtered. DCMwas rotary evaporated at 20-25 °C under
reduced pressure (20-30 mmHg). Prod@atwas isolated by
column chromatography on silica gel using DCM/EtOAc as
eluent (with the volume part of EtOAc gradually in@ed from
0% to 5%). Yield o6a was 1.57 g (80%).
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