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Abstract: N-Alkoxyphthalimides, stable and readily accessible from 0o 0

alcohols and alkyl halides, are found to be very efficient alkoxy radical DME

precursors. R-X + NaO—N methoa a2~ FO—N (1)
. . - . o o]

Alkoxy radicals have unique characteristic properties suclB-as 1

fragmentatiol and hydrogen atom abstract? due to their high 3

reactivity, as compared with alkyl and aminyl radicals. Various

precursors for the generation of alkoxy radicals are normally prepared o

from alcohols and include nitritS.nitrates? hypohalite€ and sulfenyl

ethersS in which nitrates and certain sulfenyl etl! are relatively ROH + HO—N PhsP/DEAD, THF 3 @

stable to be isolated. However, their preparations often require acidic method B

conditions and/or reactive reagents which can not be compatible with 2 o

other labile functional groups in the molecuN-Alkoxypyridine-2-

thiones have been developed as stable alkoxy radical precdirsors.

However, the selectiveO-alkylation of the sodium salt of 2- Table 1. Preparation of A-Alkoxyphthalimides and
mercaptopyridineN-oxide with alkyl halides is still a problem due to Generation of Alkoxy Radicals®
competingS-alkylation® Although a new procedure for the preparation ield %P eld.%°
of N?alkoiypyri)(ljine-Z-thionesghas apper;red recel? the inIdz are RX (1), RoH @) method fimeh° y](%l;j’/ gzlglg'(/z)
not generally high. PhCH,Br A 10 86 95

. . . o . PhCH,OH B 18 92
During our studies on the functionalization of unactivated C-H bonds

via 1,5-hydrogen transfer from carbon to oxygen, a stable and efficier ~Ph(CH,)sBr A 5 63 95
alkoxy radical precursor was neec:! Thus, we turned our attention to

the possibility of usiniN-alkoxyphthalimides as possible alkoxy radical ~ PM(CHz)sOH B 18 84
precurs.,ors becausN-aIkoxyph_thahmldes are very staple and easily Ph(CHy)sBr A 18 3 80 (87) 95
accessible from alkyl halides and alcohols (Figure N-
Acyloxyphthalimides are known to generate alkyl radicals both undel PhO(CH,)4Br A 10 87 99
photolysid? and under the standard radical conditions usingSnH/
13 PhO(CHa)4l A 7 92

AIBN.
N-Alkoxyphthalimides were readily prepared from alkyl halides and  NC(CH,),Br A 16 (2) 81 (82) 9
alcohols in high yield by routine operations. Experimental results for the
preparation of3 and for the generation of alkoxy radicals fr3 are trans-PhCH=CHCHoBr A 10 81 90
shown in Table 1. FirsFIy,. tref‘ﬂment of alkyl halil with the .SOdil.Jm trans-PhCH=CHCH,Br g 18 o1
salt of N-hydroxyphthalimide in DMF gavN-alkoxyphthalimide3 in
high yields (method A) (eq 27 The reaction normally was complete trans-PhCH=CHCHOHCH; B 18 75 91
within 10 h at room temperature and the reaction time could be
considerably shortened by performing the reaction £C. Secondly, CHGCHBICO,CHPh A 6 o1 92
N-alkoxyphthalimides were prepared by treatment of alc2 with N- Ph(CH,),CHBICH,CH; A ) 62)

o . ) . . 93
hydroxyphthalimide, diethyl azodicarboxylate, and triphenylphosphine
using the well-known Misunob procedure (method B) (e}>2¢ Two Ph(CH,),CHOHCHCH; B 20 26
procedures were equally effective and worked well with primary anc

Ph(CH,)oCHICH, A @) (78) 91

secondary alkyl halidel and alcohol2. As we expected,N-
alkoxyphthalimides were very stable and could be kept for severe HO(CH,)sBr A 14 65 93
weeks without any decomposition.

2The yield refers to the isolated yield. ®The numbers in the parentheses indicate
o) the reaction time and the yield at 70 °C. Otherwise, the reaction was carried

out at room temperature. ° The reaction was complete within 2 h
BusSnH/AIBN P P

R-x (1), R—OH ) —— RO—N B — . . - . .
CeHs We began our studies wiN-alkoxyphthalimide4. Radical reaction c4
o with BusSnD/AIBN in refluxing benzene under a high dilution afforded
0SnBu 3 7in 99% yield (95% deuterium exchange), resulting from the generation
3

/ BugSnH
RO—N — RO+ ——>
(o]

of alkoxy radical5 and the subsequent 1,5-hydrogen transfer from
R—OH carbon to oxygen (eq 3). Encouraged by this result, we carried out
several experiments to examine the reactivitN-alkoxyphthalimides

2 relative to other radical precursors toward tributyltin radical. Treatment
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of an equimolar amount df-alkoxyphthalimide8 and alkyl bromid®a
with BugSnH/AIBN afforded alcoholO (9%) and reduction produtil

(88%) (eq 4), indicating th& was much less reactive than brom@de
However, 8 was more reactive than phenylselenigle. Table 1

©)

summarizes experimental results and shows the clean generation of

alkoxy radicals from the correspondiNealkoxyphthalimides under the

standard conditions (B&nH/ AIBN).17 The reaction was complete

4)

within 2 h in refluxing benzene and the yields were consistently high.
Radical cyclization of an alkoxy radical onto the double bond was

successfully carried out with? to afford 2-benzyltetrahydrofuran3)
in 93% yield (eq 5). We also found thais(trimethylsilyl)silané® was
equally effective for the generation of alkoxy radicals frdwn
alkoxyphthalimides (eq 6).

(o]
BugSnD/AIBN
CeHs

ok

pho” SO PhO

e}

D

OH
— Pho)\/\/

6 7: 99%(95% D)

[1,5-H] .

—— pro” M @)

BusSnH

_—

AIBN

R'— X R—-OH + R—H (4)

o R" = PhO(CHy)14

8: R =Ph(CHy)s 9a: X=Br 10 (9%)

(90%)})

11 (88%)

9b: X=SePh (10%)

o}

Bu3$nH
P XN 0- )

Ph
it O_/ (s)
AIBN o

12 13 (93%)

(TMS)3SiH/AIBN
—_—_—

CeHs

RO—N R—OH (6)

o]
8:R = Ph(CHy)s
14:R = CN(CH,),

10 (85 %)
15 (90 %)
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Method A: To a solution dfl-hydroxyphthalimide (200 mg, 1.2 mmol)
and sodium hydride (64 mg, 1.6 mmol) in DMF (4 ml) was added 5-
bromovaleronitrile (1954, 1.6 mmol) at 25°C under N. After being
stirred for 16 h at room temperature, the reaction mixture was diluted
with water and extracted with ether. The organic layer was dried over
anhydrous MgS@ filtered and concentrated. The product was purified
by passing through a column of silica gel using an eluent (2:1, n-hexane-
ethyl acetate) to giv&-alkoxy phthalimide3 (RO=NC(CH,),O, 242

mg, 81 %).'H-NMR (200 MHz, CDC}) 5 1.86-1.93 (m, 4H), 2.49 (t,
J=6.9 Hz, 2H), 4.20 (t, J=5.6 Hz, 2H), 7.69-7.81 (m, 4-NMR (75
MHz, CDCL) 6 16.6, 21.8, 26.8, 76.9, 119.4, 123.4, 128.6, 134.5, 163.4;
IR (KBr) 3098, 2952, 2239, 1789, 1727, 1462, 1130, 708.cm

Method B:To a solution oN-hydroxyphthalimide (40 mg, 0.26 mmol),
benzyl alcohol (3§, 0.38 mmol) and triphenyl-phosphine (74 mg, 0.28
mmol) in THF (1.5 ml) was added diethyl azodicarboxylate (4#5.28
mmol) in THF (0.6 ml) at 28C under N. After being stirred for 18 h at
room temperature, the reaction mixture was diluted with water and
extracted with ether. The organic layer was dried over anhydrous
MgSQy, filtered and concentrated. The product was purified by passing
through a column of silica gel using an eluent (2:1, n-hexane-ethyl
acetate) to givéN-alkoxyphthalimide3 (RO=PhCHO, 58 mg, 92 %).
IH-NMR (200 MHz, CDC}) & 5.19 (s, 2H), 7.34-7.77 (m, 9H)3C-
NMR (75 MHz, CDC}) & 79.8, 123.4, 128.5, 128.8, 129.3, 129.8,
133.6, 134.3, 163.4; IR (KBr) 3076, 2954, 1789, 1730, 1382, 1131, 976,
698 cml.

Mitsunobu, OSynthesid981, 1.

General procedure for the generation of alkoxy radicals fiém
alkoxyphthalimides 3. To a solution of N-alkoxyphthalimide 3
(RO=PhCHO, 60 mg, 0.24 mmol) and AIBN (6 mg) in benzene (4.8
ml, 0.05 M) was added BBnH (72ul, 0.26 mmol). The reaction
mixture was degassed for 20 min with nitrogen. After being refluxed in
refluxing benzene for 2 h, the reaction mixture was concentrated and
purified by silica gel column chromatography to give benzyl alcohol
(24.6 mg, 95 %).
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