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Photoinduced a-C—H Bond Functionalization of Linear Ethers

Sun, Jing" Peng, Xinhua™*“ Guo, Hao**
(“ School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094)
¢ Department of Chemistry, Fudan University, Shanghai 200433)

Abstract A new and effective method for the direct functionalization of ethereal C—H bond was reported. This reaction
undergoes smoothly under UV irradiation at room temprature without any additive, which presents a new environmentally
friendly protocol to access f-hydroxyl ethers highly selectively. In addition, a possible mechanism of this reaction was pro-

posed.

Keywords photochemistry; C-H functionalization; mechanism; radical reactions; green chemistry
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IREEZRAL AV R B, BEAEAE 1R R RIALE, S
HHAE. T HFFOZ RN RS ETa E, A1
B R AN TAR R R 2 b, 4kEem 7t T IR
BE RGN a-Tk-FEEE REML B, FRAT 1A SRR IX
LR — L A BT R A (R T 4G
1 SRS
1.1 XIitie

5, IO F AR R (1a) 1 L BE(2a) 1E N
FRUERRAD, W HAE AN T R BEHAT 7440
FITF (R 1), SZIGEE SRR 1E 365 nm EAMNEEAET,
R NAE IR N AT 35 h AT LA e 4, BL15% 50 58
FERRE] T HAREY) 3aa( 1, Entry 1). N TIRE RN
BIreEE, AT ARE RSB EERE. MUK
4313 nm I, B EREEE R T 30%(K 1, Entry 2).
RN 254 nm B, NP KR, A
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T 61%(3K 1, Entry 3). Ht—DRREHAIEHEKE 185 &
254 nm B, PP RE TR, JfH 43%, R
TOBEIESBEENRITYI(E 1, Entry 4). T2, &
AITEEL 254 nm A IR AR, TEIXZ S5, FAT1 Ut
TV W P RN R S LR S g S S I B AR B —
20 CHF, SR ALZEF = 240 B . FEK(K 1, Entry
5). T 24 e BRI FE T A FAE RIS A T EAT IS, R
NP R E R TR, RIS A 2> & Tevk o) B % e 1)
B (1, Entry 6). 2%, HR¥E ik sesh e,
T 1 S I B OSSR H R N AE 254 nm (1)
LA T T, T2, AT I AE T mE
o-T— SV e A OB R T b R PRI B 2Rk R R 3
THERIRIERAR ZR . AT SEIL T FEIRIESENT 75 A B2k &

#1

YINTEBEIN, N e A R p- 3w SR 4t 7
(5 1%,
1.2 TEMHR

FERAE RN SR, FRATX 1% SN AR 2 1 S i
PEHET 752, W3k 2 B, 5 RS A YR I
FiHh 5 2.8k BT 5 R 7 R AT O O,
DAH 25 31 A7 17 A5 2 H AR (K 2, Entries 1~4).
75 FE Bt B T LS 2 BT A A RN, DA AR R
AL D1 B4R 2] — X 5 R AR =R A (R 2,
Entry 5). {H/2, 75565t Ei 5 2% AR 1) s B FE #5105 4
J&, HIARBES B R B AR P 2, Entry 6). 2 K,

SR ZAFALAL ¢

Table 1 Optimization of the reaction conditions

(0] EtO
additive-free HO
+ /\o/\
RS
MeO OMe
MeO OMe
1a 2a 3aa
Entry Wavelength/nm Temperature Time/h Isolated yield/% of 3aa

1 365 r.t. 35 15
2 313 r.t. 22 30
3 254 r.t. 12 61
4 185 & 254 rt. 11 43t
5 254 —20 C 33 6°
6 254 reflux 10 44°

“ All reactions were carried out using a Matrix-10 reactor with sixteen ultraviolet lamps (10 W per lamp) as the irradiation source in deaerated ether (¢c=20 mmol®

L") under argon atmosphere; ” some unidentified products were observed; © 50% of 1a was recovered.

K2 HRIREESI7 AR B RN ¢

Table 2 The photoreaction of linear ethers with aromatic aldehydes or ketones

additive-free
R3 O\R4 hv (1 =254 nm)

O/

R4

O HO
R2 E/ r.t. R2 R3
1 2 3
Entry 1 (R, RY 2 (R, RY Time/h 3 Isolated yield/% of 3

1 1a (4-MeO, 4-MeOC4H,) 2a (Me, Et) 12 3aa 61
2 1a (4-MeO, 4-MeOC4H,) 2b (H, Bu-1) 115 3ab 71
3 1b (H, C¢Hs) 2¢ (Me, CgHs) 115 3be 45
4 1c (F, 4-FCgH,) 2a (Me, Et) 3 3ca 46
5 1d (4-MeO, Me) 2a (Me, Et) 14 3da 56"
6 1d (4-MeO, Me) 2¢ (Me, CgHs) 245 3dec Trace
7 le (4-MeO, H) 2a (Me, Et) 2 3ea 65°
8 le (4-MeO, H) 2b (H, Bu-1) 4 3eb 60
9 le (4-MeO, H) 2¢ (Me, CgHs) 15.5 3ec NR (95)°
10 1f (4-Bu-t, H) 2a (Me, Et) 2.5 3fa 56"
11 1g (H, H) 2a (Me, Et) 2 3ga 56"
12 1h (4-NO,, H) 2a (Me, Et) 115 3ha Trace
13 1i (4-CF, H) 2a (Me, Et) 15 3ia Trace
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“ All reactions were carried out using a Matrix254-10 reactor with sixteen 254 nm lamps (10 W per lamp) as the irradiation source in deaerated ether (¢c=20 mmol®

L") under argon atmosphere; © threo-3 : erythro-3=1 : 1%¥); ¢ recovered yield of 1e.

BAVRFTE T 05 B WAL A VITEARHESAE R I SO Bi . 52
IREE IR, MORIR LA A X R g T A
B, BEW 5 ZWEEE BT B BRI R B, DA A
ZAE R E PR 2, Entries 7, 8). 4R, ¥4 H 5%
FIEEAT IO, A ARAT RN R AE(GR 2, Entry 9). Z
Je, BATHRTE T 7575 BEI Y 75 0 b i) T 28] 3
IR, R B S5 R §94h T R s S R T
i, B A S [F R RS IR E 4T (3R 2, Entries 10, 11).
SRT, 053 IS v W T SRR, e AN BE IR
AR H AR 2, Entries 12, 13).

1.3 HUIBMERE

PR 3R S 6 &85 S e A S SCRR AR L B A7
BT %N T RE AL (Scheme 1). B 5, EE4M
FEZEAE T, oo R AR 2R R IR A e =08 B s e 2 1)
WoRA. ZJa, Gl & () g B JASC) H B = 2
O (o i3 PO {OF /- = i = R C el SN =l B Y
JR, E AT UAEEL 2B o- SN A BRI RS AMS TR
REEE HIE B, XA B R — P kAR, F
AERR T R, XA AL AT AR 4 Hh g R b IR SIS
AL B U O R AR SR X FE AR R R R =
LA, WA R T IR~ 2GR 1, Entries
1~3); T4k ERe Rt S i, X AR 3 = 2K B DRy
IREUR m R R PR A, IR 255 7 f, PRI e
NFERAE TFER(ER 1, Entry 4). 4R MNIRER, H
EH AR IE S 7 1) 2ok 2 Bl PR AR, R, ARG T 1
MNIERLBRGE 1, Entry 5). A ERER, BARASRS
E ISR G S N R 2, EA, [A] I 2 ffg it B ) — L
L, MR B AR = I (3R 1, Entry 6).

H
(0] hy 3 0 )\O/\
L, e A T
Ar” CAr ISC Ar” DAr
Ar = 4-MeOCgH,
) j>\H EtO
/\O/\ + A Ar —> HO
B A A" CAr

B 1 ATRERI S ML B

Scheme 1 The possible reaction mechanism
2 #Hig

FATEIH A IS AF T IS o-B - H RE
M B HFRARIE SRR R Y R 2 T BRI A 2R, WOk
It RE B LU B RONE X B N R S BEAT T BRI A,
MRS TN, xRV @ AT 7T, JF
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feth TN RERIHLER. i T2 R BN TR E AT
IFRl, BRI, SAmRE R p-FRikBESRAL SER AL 1T ORTY)
I IESENpIRrS

3 LIRS
3.1 UE5EHH
FT Yotk 2 [ N A5 7E Matrix-10 7k f 3 38 3k 4T
1 SRR A WRS-2 44 554%; "H NMR (400 MHz)#1
C NMR (100 MHz) &R Ff AVANCE 111 400 A% fi 4t
PRAL; LEAMSER F AVATAR 360 BU(FT-IR)ZL /MG
X (€ B Nicolet 74 &); MS (ESI) il K H 1100
LC/MSD SL JFi 4% (3 E Agilent 72 &]); HRMS (EST)f
MR APEX III™ ESI-FTICRMS Ji ##{% (35 [ Bruker
Daltonics A #); HRMS (EI) #: % H Water GCT
CAL76 JRIEAL. To/K LMk ToAGHUT 3 RS Tk
PR K 5] ph iy 2 28 AR ), L e R A 24 i 4 A Tl
W E R,
3.2 XWHE

e NARHE RS, AETK T BRI T,
1) 10 mL A3 S B AR O 75 & e Bl 1 (0.20
mmol) L BEIREE 2 (10 mL), Z/FEL&ESMWA 10 min.
7E Matrix254-10 J't & Mg o % il ROV 2 TLC il s 3
WAL SE AR, A PERE E M aiin g 271 3.

1,1- —(4- AL R IE)-2- Z S 3 - 1- T i (3aa): =K
61%, LK. 'TH NMR (CDCl, 400 MHz) 6: 7.40 (d,
J=8.8 Hz, 2H), 7.29 (d, J=9.2 Hz, 2H), 6.84~6.76 (m,
4H), 4.24 (q, J=6.4 Hz, 1H), 3.75 (s, 3H), 3.73 (s, 3H),
3.69~3.61 (m, 1H), 3.44~3.34 (m, 1H), 3.12 (s, 1H),
1.09 (t, J=7.2 Hz, 3H), 1.01 (d, J=6.4 Hz, 3H); *C NMR
(CDCls, 100 MHz) §: 158.02, 157.97, 139.1, 137.1, 127.7,
127.0, 113.2, 113.1, 79.4, 78.6, 64.5, 55.1, 15.5, 13.6; IR
(neat) v: 3564, 1608, 1506, 1465 cm™'; MS (ESI) m/z: 339
(M+Na"); HRMS (ESI) calcd for C,oH,,NaO,339.1567,
found 339.1574.

1,1 (4- U SR H6)-2- A T S8 0E-1- £ (3ab): 7
K 71%, Lk '"H NMR (CDCls, 400 MHz) 6: 7.32
(d, J=8.8 Hz, 2H), 6.83 (d, J=8.8 Hz, 2H), 3.80~3.76
(m, 2H), 3.79 (s, 3H), 3.78 (s, 3H), 3.53 (s, 1H), 1.21 (s,
9H); *C NMR (CDCls;, 100 MHz) d: 158.4, 137.6, 127.9,
113.2, 73.6, 68.2, 55.18, 55.15, 27.6; IR (neat) v: 3554,
1614, 1506, 1460 cm '; MS (ESI) m/z: 353 (M+Na");
HRMS (ESI) caled for C,0HpsNaO, 353.1723, found
353.1722.
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1,1- B2 - 1- 2 BEBbe) ' 2 45%,
K. mp. 97~98 C (lit."? 99~100 C); 'H NMR
(CDCls, 400 MHz) d: 7.55~6.85 (m, 15 H), 4.46 (s, 2H),
3.42 (s, 1H).

1,1-Z(4-500R 3)-2- LA - 1- TN B (3ea): 23 46%,
Tk, 'TH NMR (CDCls, 400 MHz) 6: 7.47~7.42 (m,
2H), 7.36~7.30 (m, 2H), 7.01~6.91 (m, 4H), 4.27 (q, J=
6.4 Hz, 1H), 3.73~3.64 (m, 1H), 3.44~3.35 (m, 1H), 3.16
(s, 1H), 1.10 (t, J=7.2 Hz, 3H), 1.00 (d, J=6.4 Hz, 3H);
C NMR (CDCls, 100 MHz) d: 161.4, 142.3, 127.9, 114.8,
79.4, 78.4, 64.6, 15.5, 13.4; IR (neat) v: 3491, 1598, 1507
cm !, HRMS (ED) caled for Ci7HgF,0,292.1275, found
292.1272.

2-(4- AR L R JE)-3- 2 5 Fk -2- T i (3da) (threo-
3da : erythro-3da = 1:1): 7= % 56%, L O K k.
threo-3da: "H NMR (CDCls, 400 MHz) d: 7.42~7.30 (m,
2H), 6.89~6.83 (m, 2H), 3.80 (s, 3H), 3.72~3.25 (m,
3H), 3.13 (s, 1H), 1.47 (s, 3H), 1.14 (t, J=7.2 Hz, 3H),
0.88 (d, J=6.4 Hz, 3H); *C NMR (CDCl;, 100 MHz) ¢:
158.5, 137.9, 127.1, 113.3, 82.3, 76.0, 65.2, 55.2, 27.4,
15.5, 14.1; IR (neat) v: 3537, 1613, 1510, 1461 cm '; MS
(ESI) m/z: 2469 (M+Na'); HRMS (ESI) calcd for
C13Hy0NaO5 247.1305, found 247.1307. erythro-3da: 'H
NMR (CDCls, 400 MHz) d: 7.42~7.30 (m, 2H), 6.89~
6.83 (m, 2H), 3.80 (s, 3H), 3.72~3.25 (m, 3H), 2.74 (s,
1H), 1.56 (s, 3H), 1.21 (t, J=6.8 Hz, 3H), 1.01 (d, J=6.4
Hz, 3H); "C NMR (CDCl;, 100 MHz) §: 158.0, 137.3,
126.5, 113.3, 81.6, 75.8, 65.1, 55.2, 22.6, 15.5, 13.9; IR
(neat) v: 3537, 1613, 1510, 1461 cm '; MS (ESI) m/z:
246.9 (M+Na'); HRMS (ESI) caled for C;3HyNaOs
247.1305, found 247.1307.

1-(4- AR R 56)-2- 2 A FE - 1- T I (3ea)™ (threo-
3ea : erythro-3ea=1: 1): =% 65%, LEWRIK. threo-
3ea: 'H NMR (CDCl;, 400 MHz) ¢: 7.27 (d, J=8.4 Hz,
2H), 6.87 (d, J=8.8 Hz, 2H), 4.33 (d, J=8.4 Hz, 1H), 3.80
(s, 3H), 3.69~3.40 (m, 3H), 3.36~3.31 (brs, 1H), 1.25 (t,
J=6.8 Hz, 3H), 0.98 (d, J=6.4 Hz, 3H). erythro-3ea: 'H
NMR (CDCls, 400 MHz) 0: 7.27 (d, J=8.4 Hz, 2H), 6.87
(d, J=8.8 Hz, 2H), 4.80 (d, J=3.2 Hz, 1H), 3.80 (s, 3H),
3.69~3.40 (m, 3H), 2.68~2.63 (brs, 1H), 1.20 (t, J=7.2
Hz, 3H), 0.96 (d, J=6.4 Hz, 3H).

1-(4- FARBE DR JE)-2- U T 4 2k - 1- £ B (3eb): 77 3%
60%, #E A, "H NMR (CDCls, 400 MHz) o: 7.32 (d,
J=8.4 Hz, 2H), 6.89 (d, J=8.8 Hz, 2H), 4.77~4.70 (m,
1H), 3.80 (s, 3H), 3.50~3.43 (m, 1H), 3.35~3.24 (m,
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1H), 1.22 (s, 9H); *C NMR (CDCls, 100 MHz) d: 159.5,
132.3, 127.5, 113.8, 72.8, 67.8, 55.3, 27.6; IR (neat) v:
3567, 1610, 1561, 1513, 1467 cm'; HRMS (ESI) calcd
for C;3H,0NaO5 247.1305, found 247.1308.

1-(4- BT R 58)-2- £ 5 3 -1- TH 8% (3fa)  (threo-
3fa : erythro-3fa=1:1): ;=% 56%, JLEIRIE. threo-
3fa: '"H NMR (CDCl;, 400 MHz) §: 7.38~7.32 (m, 2H),
7.30~7.26 (m, 2H), 4.36 (d, /=8.0 Hz, 1H), 3.72~3.41
(m, 3H), 3.30 (s, 1H), 1.31 (s, 9H), 1.27 (t, /=6.0 Hz, 3H),
0.99 (d, J=6.0 Hz, 3H); *C NMR (CDCl;, 100 MHz) §:
151.0, 137.5, 127.0, 125.2, 80.1, 78.1, 64.5, 37.1, 31.4,
15.6, 13.4; IR (neat) v: 3467, 1516, 1464 cm '; MS (ESI)
m/z: 258.9 (M+Na"); HRMS (ESI) calcd for CsH,,NaO,
259.1669, found 259.1680. erythro-3fa: "H NMR (CDCls,
400 MHz) ¢: 7.38~7.32 (m, 2H), 7.30~7.26 (m, 2H),
4.86 (d, J=3.4 Hz, 1H), 3.72~3.41 (m, 3H), 2.56 (s, 1H),
1.31 (s, 9H), 1.22 (t, J=6.8 Hz, 3H), 0.99 (d, /=6.4 Hz,
3H); *C NMR (CDCl;, 100 MHz) §: 150.1, 137.1, 126.0,
125.0, 79.0, 74.8, 64.4, 37.1, 31.4, 15.6, 13.4; IR (neat) v:
3467, 1516, 1464 cm '; MS (ESI) m/z: 258.9 (M+Na");
HRMS (ESI) caled for C;sH,sNaO, 259.1669, found
259.1680.

1-2R3E-2- 254 3 -1-TA £ (3ga) (threo-3ga :© erythro-
3ga=1:1): J°% 56%, FOWE. threo-3ga: 'H NMR
(CDCl;, 400 MHz) 6: 7.38~7.26 (m, 5H), 4.38 (d, J=8.0
Hz, 1H), 3.76~3.42 (m, 3H), 3.36 (brs, 1H), 1.25 (t, J=
6.4 Hz, 3H), 0.98 (d, J=6.4 Hz, 3H); °C NMR (CDCl,
100 MHz) ¢: 140.7, 128.3, 128.0, 127.3, 80.1, 79.0, 64.5,
15.6, 13.3; IR (neat) v: 3470, 1446, 1375 cm™'; MS (ESI)
m/z: 202.9 (M—|—Na+); HRMS (ESI) calcd for C;H;sNaO,
203.1043, found 203.1041. erythro-3ga: 'H NMR (CDCl,,
400 MHz) J: 7.38~7.26 (m, 5SH), 4.89 (d, /=3.6 Hz, 1H),
3.76~3.42 (m, 3H), 2.66 (brs, 1H), 1.22 (t, J=6.4 Hz,
3H), 0.99 (d, J=6.0 Hz, 3H); *C NMR (CDCl;, 100 MHz)
0: 140.5, 128.1, 127.3, 126.3, 78.3, 74.8, 64.4, 15.5, 13.3;
IR (neat) v: 3470, 1446, 1375 cm'; MS (ESI) m/z: 202.9
(M+Na+); HRMS (ESI) caled for C;;H(NaO,203.1043,
found 203.1041.
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