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Tris(trimethylsilyl)silane/O,-Promoted and Photo-accelerated
Conversion of Alkyl lodides to Alcohols
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Abstract A mild method for the conversion of alkyl iodides to alcohols was developed. The transformation was promoted by
tris(trimethylsilyl)silane/O, and accelerated by photoredox catalysis under visible light irradiation conditions. Various alkyl
iodides, including primary, secondary and tertiary iodides, can be smoothly converted to the corresponding alcohols in 38%~

99% yields.

Keywords tris(trimethylsilyl)silane; photoredox catalysis; carbon radical; alkyl iodide; alcohol

1 Introduction

The conversion of alkyl halides to alcohols is an im-
portant transformation in organic synthesis.!"! The conver-
sion can be achieved by direct hydroxylation of alkyl hal-
ides with hydroxyl anion or nucleophilic substitution with
oxygenated reagents such as acetate or formate via
two-step processes.' 2! However, these traditional ap-
proaches are mainly applied to primary alkyl halides and
often suffer from f-elimination side reactions. The C—X
bonds undergo heterolytic cleavage during the replacement
of the halogen atoms. On the other hand, homolysis of the
C—X bonds to generate carbon radicals followed by oxy-
genated with appropriate O-reagents may provide an alter-
native method for the transformation from alkyl halides to
alcohols.”! For example, Nakamura et al"’! found that
Bu;SnH/O, could promote the conversion of alkyl bro-
mides and iodides to alcohols (Scheme 1, a). Reductive
cleavage of the carbon-halogen bond by the tin hydride

generated carbon radical intermediates, which were
trapped with O, and then reduced by BuzSnH to form al-
cohol products. Under UV light irradiation conditions, the
transformation can be realized without the toxic tin hydride
reagent (Scheme 1, b)."*) In the presence of a photoredox
catalyst,' visible light irradiation also promoted the trans-
formation from benzyl halides to alcohols (Scheme 1, ¢).”!
Recently, we found that alkyl iodides can be smoothly
converted to the corresponding alcohols in moderate to
good yields in the presence of (SiMe;);SiH!"! and air under
photoredox catalyzed visible light irradiation conditions
(Scheme 1, d). The reaction worked well for primary, sec-
ondary as well as tertiary iodides. Herein, we report the
preliminary results on this project.

2 Results and discussion

Initial investigation was carried out with alkyl iodide 1a
as the standard substrate due to its high fluorescence
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(a) BuzSnH/O, promoted conversion of alkyl halides to alcohols
Br(l) OH
RITNR3 * O, + BusSnH —— R1/}\R3
R2 RZ

(b) UV light-induced conversion of alkyl halides to alcohols

Br(l) O
hy (UV)
R1/’\R3 + 0, + EH4N —— R1/{\R3
R? R?

(c) Visible light-induced conversion of arylmethyl bromides to alcohols
1 ! » on
4\ + 0,
Ar H H LED Ar/i'\H

(d) This work: TTMSS/O,-promoted and photo-accelerated alkyl
iodides to alcohols

[Ir{dF(CF3)ppy}.(dtbbpy)]PFg (1 mol%)
R1*R3 R R1/¥\R3
(2.2 equiv.), air
1 Na,COs3, DMF, 8 W LED, r.t. 2

Scheme 1 Strategies for the conversion of alkyl halides to al-
cohols via carbon radical processes

intensity for thin-layer chromatography (TLC) analysis
(Table 1). In the presence of 1 mol% of [Ir{dF(CF;)ppy}»-
(dtbbpy)]PF; as the photoredox catalyst,'®” compound 1a
was treated with tris(trimethylsilyl)silane (TTMSS) in
N,N-dimethylformamide (DMF) under air atmosphere and
blue LED light irradiation to produce alcohol 2a in 94%
yield with a trace amount of reduction by-product 3a (Ta-
ble, Entry 1). Change of the solvent from DMF to dime-
thylacetamide (DMA) or dimethyl sulfoxide (DMSO) re-
sulted in decreased yields of 2a (Table 1, Entries 2 and 3 vs
1). Silyl reagent TTMSS and O, both are crucial for the
reaction. Without TTMSS or O,, no or a trace amount of
alcohol product 2a was detected under otherwise the same
conditions (Table 1, Entries 4 and 5). The absence of pho-
toredox catalyst or/and LED light led to much lower yields
of 2a (Table 1, Entries 6~8), indicating the photoredox
catalyzed irradiation can efficiently accelerate the trans-
formation. In the absence of Na,CQOj, the reaction became
very messy, leading to an obvious decrease of the yield of
2a (Table 1, Entry 9).

Under the optimal conditions, substrate scope was in-
vestigated for the transformation from alkyl halides to al-
cohols (Table 2). Various primary (for 2a~2k), secondary
(for 21~2p) and tertiary (for 2q and 2r) alkyl iodides were
all effective substrates for the reaction, to give the corre-
sponding alcohols in 38%~99% yields. Heteroaromatic
rings such as thiophene (for 2j) and heteroatomic groups
such as ether (for 2h) and piperine cycles (for 20 and 2p)
were all well tolerated. Cyclic iodides could be smoothly
converted to the alcohol products (for 2m, 2s, and 2t) but
with low frans/cis selectivity, likely due to the nature of
the radical process. Under the reaction conditions, only a
trace amount of benzylic alcohol was obtained from ben-
zylic iodide. Alkyl bromides such as (3-bromobutyl)benzene
and alkyl chlorides such as (3-chloropropyl)benzene are
both ineffective for the reaction.

3854 http://sioc-journal.cn/

Table 1 Investigation of the impact of reaction conditions on
the TTMSS/O, promoted conversion of alkyl iodides to alcohols”

[Ir{dF (CF3)ppy},(dtbbpy)PFs (1 mol%)

(2.2 equiv.), air

1a Na,COj3, DMF, 8 W LED, r.t.
jopton
Ph HO Ph
2a 3a
Yield”/% Recovered
E Conditi
niry - Conditions 2a 3a 1a"/%
1 As shown 94 Trace 0
DMA instead of
2 DMF 86 Trace 7
DMSO instead
3 of DMF 24 6 31
4  NoTTMSS 4 0 95
5 Under N, atmo- 0 99 0
sphere
6 No photoredox 13 ) 63
catalyst
7 No blue LEDs 39 0 57
No photocataly-
8 st and no blue 32 0 65
LED
9 No Na,CO; 32 6 15

© 2020 Chinese Chemical Society & SIOC, CAS

“ The reaction was carried out with 1a (0.10 mmol), TTMSS (0.22 mmol),
Na,COs (0.10 mmol), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (0.0010 mmol) in DMF
(1.0 mL) under 8 W blue LED light irradiation at room temperature for 24 h
unless otherwise stated. ” The NMR yields of 2a and 3a and the recovery
percentage of 1a were determined by "H NMR analysis of the crude reaction
mixture.

Introducing a radical-trapping reagent, 2,2,6,6-tetra-
methylpiperidine 1-oxyl free radical (2,2,6,6-Tetramethyl-
piperidinooxy, TEMPO) (4), to the reaction system result-
ed in the formation of a trace amount of alcohol product 2a
along with compound 5 in 14% yield (Scheme 2), demon-
strating that a carbon radical related to alkyl iodide 1a was
involved in the reaction.

3 Conclusions

In summary, we have developed an interesting method
for the transformation from alkyl iodides to alcohols with a
wide substrate scope. Various types of alkyl iodides were
efficiently converted to alcohols in 38%~99% yields by
TTMSS/O, under mild conditions. The visible light photo-
redox catalysis condition can accelerate the transformation
greatly.

4 Experimental section

4.1 General method

All commercially available reagents were used without
further purification unless otherwise stated. Column chro-
matography was performed on silica gel (200~300 mesh).

Chin. J. Org. Chem. 2020, 40, 3853~3857
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Table 2 Substrate scope investigation for the transformation from alkyl iodides to alcohols”

[ [I{dF (CF3)ppyla(dtbbpy)IPFs (1 mol%)

e

1

(Me3Si)3SiH (2.2 equiv.), air
Na,COs3, DMF, 8 W LED, r.t.

R#Rs

@J@q@J@jQWJ@Y ey

2a, 94% 2b, 84% 2¢, 67% 2d, 72%
O OH OH TBDPSO
OH
"o a4
S
O
2h, 78% 2i, 47% 2j, 84% 2k, 74%
H
s alss sl
Ph N OH
Ts/N \ﬂ/
20, 82% 2p, 59% 2q, 38% 2r, 64%

2e, 73% 2f, 83% 2g, 85%

Co " O T

2l, 64% 2n, 71%

2m, 99%”

2s, 83%° 2t, 50%

“ All the reactions were carried out with 1 (0.20 mmol), TTMSS (0.44 mmol), Na,COj3 (0.20 mmol), [Ir{dF(CF;)ppy}2(dtbbpy)]PFs (0.0020 mmol) in DMF (2.0 mL)
under 8 W blue LED light irradiation at room temperature for 24 h. The isolated yields of 2 were based on 1. ® The cis/trans ratio was determined as 1 : 1.1 by 'H

NMR analysis of the crude reaction mixture. “ The dr value (epicholesterol/cholesterol) was determined as 1 -

1.3 by "H NMR analysis of the crude reaction mixture.

“The dr value was determined as 2.5 : 1 by 'H NMR analysis of the crude reaction mixture.

[IF{dF(CF3)ppy}s(dtbbpy)]PFs (1 mol%)

4 (3.0 equiv.)

(Me3Si)3SiH (2.2 equiv.), air
Na,CO3, DMF, 8 W LED, r.t.

O - LD

a (trace) 5 (14%)

Scheme 2 Carbon radical capturing with TEMPO

'H NMR spectra were recorded on a 400 MHz NMR spec-
trometer and °C NMR spectra were recorded on a 100
MHz NMR spectrometer. 'H NMR and ?C NMR shifts
were referenced to CDCl; (dy 7.26, d¢c 77.16).

The photoredox catalyst [Ir{dF(CF;)ppy}.(dtbbpy)]PFs
was prepared according to literature mothed®®.

The alkyl iodides 1a~1g, 1li~1p and 1s~1t were syn-
thesized by the reaction of the corresponding alcohols with
I,, PPh; and imidazole according to the literature proce-
dure.!"™ 1q~1r were prepared from the corresponding
alcohols via the reaction with KI and methanesulfonic acid
in acetonitrile according to the literature procedure.!'” 1h
was prepared from methylparaben via the reaction with
diiodopropane according to the literature procedure.!""

4.2 Representative produce for the conversion of
alkyl iodides to alcohols (Table 2, for 2a)

To a 10 mL vial equipped with a magnetic stirrer were
added [Ir{dF(CF;)ppy}.(dtbbpy)]PFs (2.5 mg, 0.0020
mmol), Na,CO; (21.2 mg, 0.20 mmol), 4-(3-iodopropyl)-
1,1'-biphenyl (1a) (64 mg, 0.20 mmol) and DMF (2.0 mL).
To the mixture was added tris(trimethylsilyl)silane
(TTMSS) (110 mg, 0.44 mmol). The reaction vial was
opened to the air, irradiated with 8W blue LEDs from 13
cm away, and cooled with an electronic fan. After stirring
at room temperature for 24 h, ethyl acetate (20 mL) and
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brine (20 mL) were added to the mixture. The organic lay-
er was separated, washed with brine (20 mL X2), dried
over Na,SQ,, filtered, concentrated, and purified by chro-
matography on silica gel [V(petroleum ether) : V(ethyl
acetate)=10 : 1] to give 3-([1,1'-biphenyl]-4-yl)propan-
1-ol (22)!"™ (39.8 mg, 94%) as a white solid. m.p. 72~
74 C (Lit.'"™ 60~63 “C); '"H NMR (400 MHz, CDCl5)
0: 7.59 (d, J=7.2 Hz, 2H), 7.53 (d, J=8.0 Hz, 2H), 7.44
(t, J=7.2 Hz, 2H), 7.34 (t, J/=7.2 Hz, 1H), 7.29 (d, J=8.0
Hz, 2H), 3.72 (t, J=6.4 Hz, 2H), 2.77 (t, J=7.6 Hz, 2H),
1.99~1.90 (m, 2H); “C NMR (100 MHz, CDCl;) ¢:
141.2, 141.1, 139.0, 129.0, 128.8, 127.3, 127.2, 127.1,
62.4,34.3,31.8.

Compounds 2b~2t were prepared according to the
synthetic method of compound 2a.

2-Phenylethan-1-ol (2b):"'! Yellow oil. '"H NMR (400
MHz, CDCl;) d: 7.36~7.30 (m, 2H), 7.27~7.21 (m, 3H),
3.87 (t, J=6.8 Hz, 2H), 2.88 (t, J=6.8 Hz, 2H); °C NMR
(100 MHz, CDCl3) o: 138.6, 129.1, 128.7, 126.6, 63.8,
39.3.

3-Phenylpropan-1-ol (2¢):!"'! Colorless oil. 'H NMR
(400 MHz, CDCl3) d: 7.32~7.26 (m, 2H), 7.23~7.16 (m,
3H), 3.68 (t, J=6.4 Hz, 2H), 2.72 (t, J=7.6 Hz, 2H),
1.95~1.85 (m, 2H); “C NMR (100 MHz, CDCl;) ¢:
141.9, 128.55, 128.53, 126.0, 62.4, 34.3, 32.2.

5-Phenylbutan-1-ol 2d):"Y Colorless oil. '"H NMR
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(400 MHz, CDCl;) d: 7.31~7.26 (m, 2H), 7.21~7.16 (m,
3H), 3.66 (t, J=6.4 Hz, 2H), 2.65 (t, J=7.2 Hz, 2H),
1.76~1.66 (m, 2H), 1.66~1.57 (m, 2H); >C NMR (100
MHz, CDCLy) d: 142.5, 128.5, 128.4, 125.9, 63.0, 35.8,
32.5,27.7.

5-Phenylpentan-1-ol (2e):!''*! Colorless oil. '"H NMR
(400 MHz, CDCl;) d: 7.31~7.25 (m, 2H), 7.21~7.16 (m,
3H), 3.64 (t, J=6.8 Hz, 2H), 2.63 (t, J=7.6 Hz, 2H),
1.71~1.56 (m, 4H), 1.47~1.36 (m, 2H); >C NMR (100
MHz, CDCLy) d: 142.7, 128.5, 128.4, 125.8, 63.0, 36.0,
32.7,31.4,25.5.

2-Phenylpropan-1-ol (2f):""'"! Yellow oil. "H NMR (400
MHz, CDCl;) d: 7.38~7.31 (m, 2H), 7.27~7.22 (m, 3H),
3.71 (d, J=6.8 Hz, 2H), 3.01~2.91 (m, 1H), 1.28 (d, J=
6.8 Hz, 3H); °C NMR (100 MHz, CDCl;) J: 143.8, 128.8,
127.6, 126.8, 68.9, 42.6, 17.7.

Methyl 4-(3-hydroxypropyl)benzoate (2g):"''¢! Yellow
oil. 'H NMR (400 MHz, CDCl;) d: 7.95 (d, J=8.0 Hz,
2H), 7.27 (d, J=8.0 Hz, 2H), 3.90 (s, 3H), 3.67 (t, J=6.4
Hz, 2H), 2.77 (t, J=8.0 Hz, 2H), 1.95~1.85 (m, 2H); "*C
NMR (100 MHz, CDCLy) d: 167.3, 147.6, 129.8, 128.6,
62.0,52.1,33.9, 32.2.

Methyl 4-(3-hydroxypropoxy)benzoate (2h):!''"™ White
solid, m.p. 52~53 C (Lit""! 54 ‘C); '"H NMR (400
MHz, CDCL;) 6: 7.97 (d, J=9.2 Hz, 2H), 6.91 (d, J=9.2
Hz, 2H), 4.16 (t, J=6.0 Hz, 2H), 3.87 (s, 3H), 3.86 (t, J=
6.0 Hz, 2H), 2.10~2.02 (m, 2H); *C NMR (100 MHz,
CDCly) 6: 167.0, 162.7, 131.7, 122.7, 114.2, 65.6, 59.9,
52.0, 32.0.

2-(Naphthalen-1-yl)ethan-1-ol (2i):"'! White solid, m.p.
59~61 C (Lit"" 63~65 C); '"H NMR (400 MHz,
CDCl;) 6: 8.06 (d, J=8.0 Hz, 1H), 7.87 (d, J=8.0 Hz,
1H), 7.77 (d, J=8.0 Hz, 1H), 7.57~7.46 (m, 2H), 7.46~
7.34 (m, 2H), 4.00 (t, J=6.8 Hz, 2H), 3.36 (t, J=6.8 Hz,
2H); *C NMR (100 MHz, CDCl5) §: 134.5, 134.1, 132.2,
129.0, 127.5, 127.3, 126.2, 125.8, 125.6, 123.8, 63.2, 36.4.

2-(Thiophen-2-yl)ethan-1-ol (2j):""™ Yellow oil. 'H
NMR (400 MHz, CDCL3) 6: 7.18 (d, J=5.2 Hz, 1H), 6.96
(dd, J=5.2, 3.2 Hz, 1H), 6.88 (d, J=3.2 Hz, 1H), 3.86 (t,
J=6.4 Hz, 2H), 3.09 (t, J=6.4 Hz, 2H), 1.68 (brs, 1H);
C NMR (100 MHz, CDCl;) d: 140.9, 127.1, 125.7, 124.1,
63.6,33.4.

6-((Tert-butyldiphenylsilyl)oxy)hexan-1-ol (2k):!"
Colorless oil. '"H NMR (400 MHz, CDCl;) 6: 7.69~7.64
(m, 4H), 7.45~7.35 (m, 6H), 3.69~3.59 (m, 4H), 1.63~
1.50 (m, 4H), 1.44~1.28 (m, 4H), 1.05 (s, 9H); °C NMR
(100 MHz, CDCly) 6: 135.7, 134.3, 129.6, 127.7, 64.0,
63.1,32.9, 32.6,27.0,25.7, 25.6, 19.4.

4-Phenylbutan-2-ol (2I):'"'™ Colorless oil. 'H NMR
(400 MHz, CDCl;) J: 7.32~7.26 (m, 2H), 7.23~7.17 (m,
3H), 3.89~3.78 (m, 1H), 2.82~2.62 (m, 2H), 1.87~1.71
(m, 2H), 1.24 (d, J=6.4 Hz, 3H); °C NMR (100 MHz,
CDCly) 6: 142.2, 128.5, 125.9, 67.6, 41.0, 32.3, 23.8.

4-Phenylcyclohexan-1-ol (2m):!""™"'9 ¢is-2m: White
solid, m.p. 97~100 ‘C (Lit"'” 76~77 C); '"H NMR
(400 MHz, CDCl;) d: 7.33~7.27 (m, 2H), 7.27~7.22 (m,
2H), 7.22~7.15 (m, 1H), 4.16~4.10 (m, 1H), 2.60~2.47
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(m, 1H), 1.97~1.82 (m, 4H), 1.74~1.62 (m, 4H); "°*C
NMR (150 MHz, CDCly) 8: 147.5, 128.5, 127.0, 126.1,
65.8, 44.0, 33.2, 27.9. trans-2m: White solid, m.p. 109~
113 C (Lit!"" 118~118.5 ‘C); 'H NMR (400 MHz,
CDCly) d: 7.33~727 (m, 2H), 7.24~7.17 (m, 3H),
3.75~3.65 (m, 1H), 2.55~2.45 (m, 1H), 2.17~1.88 (m,
4H), 1.65~1.38 (m, 5H); *C NMR (150 MHz, CDCl5) ¢:
146.7,128.5, 126.9, 126.2, 70.8, 43.6, 36.1, 32.6.

2,3-Dihydro-1H-inden-2-ol (2n):!""! White solid, m.p.
62~63 C (Lit!"" 67~69 C); 'H NMR (400 MHz,
CDCly) §: 7.28~7.22 (m, 2H), 7.21~7.16 (m, 2H),
4.73~4.67 (m, 1H), 3.22 (dd, J=16.4, 6.0 Hz, 2H), 2.92
(dd, J=16.0, 3.2 Hz, 2H); *C NMR (100 MHz, CDCl;) ¢:
140.9, 126.8, 125.1, 73.4, 42.8.

1-Tosylpiperidin-4-ol (20):!''"™ Yellow solid, m.p. 126~
128 C (Lit'"™ 130~132 ‘C); 'H NMR (400 MHz,
CDCly) d: 7.64 (d, J=8.0 Hz, 2H), 7.32 (d, J=8.0 Hz,
2H), 3.80~3.70 (m, 1H), 3.35~3.25 (m, 2H), 2.88~2.78
(m, 2H), 2.43 (s, 3H), 1.98~1.88 (m, 2H), 1.70~1.60 (m,
2H); *C NMR (100 MHz, CDCly) d: 143.7, 133.3, 129.8,
127.7, 66.0, 43.3, 33.3, 21.6.

(4-Hydroxypiperidin-1-yl)(phenyl)methanone ~ (2p):"'"”!
White solid, m.p. 83~86 ‘C (Lit'""! 82~84 C); 'H
NMR (400 MHz, CDCl;) d: 7.43~7.35 (m, 5H), 4.35~
4.08 (m, 1H), 4.00~3.92 (m, 1H), 3.80~3.57 (m, 1H),
3.50~3.28 (m, 1H), 3.28~3.08 (m, 1H), 2.06~1.90 (m,
1H), 1.90~1.73 (m, 2H), 1.70~1.40 (m, 2H); *C NMR
(100 MHz, CDCLy) ¢: 170.5, 136.1, 129.7, 128.6, 126.8,
67.0,45.0, 39.5, 34.6, 33.9.

2-Methyl-4-phenylbutan-2-ol (2q):"™ Yellow oil. 'H
NMR (400 MHz, CDCly) d: 7.32~7.25 (m, 2H), 7.23~
7.15 (m, 3H), 2.75~2.67 (m, 2H), 1.84~1.75 (m, 2H),
1.30 (s, 6H); °C NMR (100 MHz, CDCl3) 6: 142.7, 128.5,
128.4,125.9,71.1, 45.9, 30.9, 29.5.

Adamantan-1-ol (2r):!""" White solid, m.p. 210 ~
211 C (Lit."™ 220 ‘C sublimes); '"H NMR (400 MHz,
CDCly) d: 2.18~2.09 (m, 3H), 1.71 (d, J=2.8 Hz, 6H),
1.67~1.55 (m, 6H); °*C NMR (100 MHz, CDCl3) 6: 68.3,
45.4,36.2,30.8.

Compound 2s: White solid. epicholesterol-2s:"""*! m.p.
119~120 C (Lit!"Y 135~136 ‘C); 'H NMR (400
MHz, CDCl;) d: 5.43~5.38 (m, 1H), 4.04~3.97 (m, 1H),
2.62~2.52 (m, 1H), 2.10~0.95 (m, 30H), 0.91 (d, J=6.4
Hz, 3H), 0.86 (d, J=6.4 Hz, 6H), 0.68 (s, 3H); °C NMR
(150 MHz, CDCl3) d: 138.7, 124.2, 67.3, 56.9, 56.3, 50.5,
42.5, 40.0, 39.9, 39.7, 37.5, 36.3, 36.0, 33.4, 32.1, 32.0,
29.1, 28.4, 28.2, 24.4, 24.0, 23.0, 22.7, 21.0, 18.9, 18.8,
12.0. cholesterol-2s:!"'" m.p. 141~143 C (Lit.!""™! 147~
152 C); '"H NMR (400 MHz, CDCl3) d: 5.37~5.32 (m,
1H), 3.58~3.46 (m, 1H), 2.35~2.17 (m, 2H), 2.05~0.95
(m, 29H), 0.91 (d, J=5.6, 1.6 Hz, 3H), 0.86 (d, J=6.4 Hz,
6H), 0.67 (s, 3H); °C NMR (150 MHz, CDCl;) 6: 140.9,
121.9, 72.0, 56.9, 56.3, 50.3, 42.48, 42.46, 39.9, 39.7, 37.4,
36.7, 36.4, 35.9, 32.07, 32.06, 31.8, 28.4, 28.2, 24.5, 24.0,
23.0,22.7,21.2,19.6, 18.9, 12.0.

(1R,2S,5R)-2-1sopropyl-5-methylcyclohexan-1-ol
(2t):'"**1 White solid. m.p. 40~41 C (Lit.!""* 38~

Chin. J. Org. Chem. 2020, 40, 3853~3857
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40 °C); '"H NMR (400 MHz, CDCl;) 6: 3.41 (td, J=10.4,
4.4 Hz, 1H), 2.23~2.10 (m, 1H), 2.00~1.92 (m, 1H),
1.70~1.55 (m, 2H), 1.48~1.34 (m, 2H), 1.15~1.06 (m,

1H),

1.02~0.84 (m, 9H), 0.80 (d, J=7.2 Hz, 3H); "°C

NMR (100 MHz, CDCly) d: 71.7, 50.3, 45.2, 34.7, 31.8,

26.0,

23.3,22.4,21.1, 16.3.

Supporting Information Procedure for radical capturing
experiment with TEMPO and the characterization data for
compound 5. '"H NMR and ""C NMR spectra copies for
alcohols 2. The Supporting Information is available free of
charge via the Internet at http://sioc-journal.cn/.
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