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ELSTMEE S T HEREESS THA K- HaE B

woOwE O TANEC FmEC I OFC
BB  FRRAL g gt
(“HRM K2R 2 SRR TR S4B #RIH 325035)
CWIF R AL T 2B Kb 410082)
(CPEECRZESHEFUIT(AIST) 5 Ik 305-8565 [ A%)

WE 1 Cu(OAc),/TMEDA A RMEAL T, J5IIIIR 5 IEBERR — LWE T 75 =il 1 LA Uh B A A8 I 48 A IR e I A
JRTT BRI B, 2SN BN BRI AR R A AR R, AR AR, RPIERNEEEY ™, Hbsr- k%
Phm B RAF. I, 5 OB A i A5 R PR B — A AR TG S IS AH A — b A O S AR i 28 ) 5 15 I R I 1) 77 4.
REEA AL YR, WRERREE, ARG BR-BEEAEE; D7 AR IR IS

Copper-Catalyzed Aerobic Oxidative C—P Coupling of Aryl-
boronic Acids and Diethyl Phosphite under Air

Xu, Qing™* Jia, Xiaojuan“ Li, Xiaohui“ Sun, Qing”
Zhou, Yongbo” Yin, Shuangfeng” Han, Libiao™"*
(“ College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou 325035)
(¢ College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082)
(¢ National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki 305-8565, Japan)

Abstract By using Cu(OAc),/TMEDA as the catalyst and air as the direct oxidant, arylboronic acids and diethyl phosphite
can readily undergo an aerobic oxidative C—P coupling reaction under air at room temperature to give the useful arylphos-
phonates. This reaction uses relatively cheaper and less toxic copper salts as the catalyst, tolerates moisture and aerobic condi-
tions. is suitable for a comparatively broad scope of substrates, and can give the target arylphosphonates in high selectivities
and good yields. In comparison with conventional metal-catalyzed C—P coupling reactions of aryl halides, it is a relatively
mild and efficient method for the synthesis of arylphosphonates.

Keywords copper catalysis; arylboronic acids; diethyl phosphite; oxidative coupling; C—P bond construction; arylphos-

phonates
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ML, LA 0 A 57 R BRI Suzuki IS VA B £ 1)
sk, B4 AW Z AN AP 5k
(1 BT 0 JA R A A PR o R SRR AR DS A L, 5
MR EEPEAR . AR A, S E5MRE RNV T
PMEPEARRGRY, HIE T 8 Ik U RE A R,
I AT KR TR R N A A RO, (RIS  J T  NE 1) RY i
A AR 36 IV P 1998 4F, Chan, Lam Al
Evans 25/NHAHARIRIE T HI7E T P BRI S 4R
110 SR~ SRR 1y 110 A~ VB 5 T 0 IR 1 e — S R Al — A
WS I B e B ZRIR RO A B . %2 F
IXURIE )JE K, BRI T2 AT NN T 3 U 4
e A FH A A 55 T R 5 2% JE 1~ S A B P I s~ 2% s T
RIS NS, HHLEIRE T 1R 22 M1 R A B g 950545571,
AN 5 IR 2% S~ A B W 1 s B ] AR H 2 5
PRS0 Wi BB, by ki T DU
Bk AR e SR TR A A R S
P B A BB g R B35 A L 2 R S R -
Ak B IR T - B OB S N RIE STAR D R FRATT T 4,
F) 2009 44 11 Larhed /NP P ARG T i S 10k
N HHEAL DT TR S Y R R TR (1 B - A I S .
Zhao /INLPHRGE T by BEATY AR RTAR A R4k R 4
M- AR I T 0. ST I7 R 1 A 55 FE A A i 4 i )
LA S A A0 7 VR AR AR I S N P (K 2 A AR T2
JHUOM R IRAT AT WAL & B i 7 1R A i 4
AL R I R R R, AT AR, A Ak 5y
T 5 - B D TR S A AR I S B2, ] S S B e —
BRI A A BB S P — R A ik ARSIk
I 4RIE Cu(OAc)/TMEDA AL I5 IR 5 W kiR 2

BB AE SR T BB AR IR A il 07 SRR B A S
IOPIpFS

1 HR5E

W 1 Frw, BATUEMER(1a)5 = L0 iR I
(2a) 1) S N AR S AT, FRATTE S H Cu(OAc),
(5 mol%) A AL, HAEM I ZL(0.5 mL) K7,
TlAE, B, EIRQ5~30 C), &4 HTR.
[V 24 h )5, iR GC-MS Kl E] T /b H AR A
iR £l 3a (Entry 1). /£ ERSAET, FATWIDZ
T DMSO, THF, 1,4- S /NIE LR T A HLE 7,
RINTC N 88 A D =y ek, Horp CHLCL, 3SR
U (Bntry 1), SCHREAIF 71 80 (610 R0 5 B R (1) A I S
N PR AARARE AT A 2 4R RO D AT
AR CH,LClLy k575 e AR A A b 47 T % 8¢
bk e b HOn AN BC AR an NN N N'-DY TR 20
(TMEDA)J&E, F=#fsA 38N, H27r= R 8RR (Entry
2); MU KoCO; B, P8 B hn, {1 ]I 4=
AN IR R R I P P (Entry 3). X OKMESE I T4
FAMET, % R ER A S A A R R R
H 5 AR A IBE S i A Y DAk, Ay 3B S IR R 1)
P SRt BN G L NS E Y = S R A ) P S NA B 2 7 e <
BATHEAFAE RIS SEOMAT TAFA AL, HE—
SRS, S [) IR A A ) AR T K
P HARPEH) 3a (RIE B PERI P2 3 (Bntry 4). {H)E, Hn
BC ARG, AN 0 b R B W B AN 43 & A (Entry 5),
T, 3 H AR SN R R B . SR R N AE R

R HEACRIIIR S WRER — £ BRI S N A ik

Table 1 Condition screening for Cu-catalyzed coupling reaction of phenylboronic acid and diethyl phosphite

o] 0 00
Il cat. Cu(OAc),/TMEDA Il [l
PhB(OH), + H—P(OEt), (OAc), @P(OEt)z + (EtO),P—P(OEt),

air, base, solvent, r.t.

1a 2a 3a 4a

Entry Cu(OAc),/TMEDA (mol%) Base (equiv.) Solvent Time/h 3a%% 3a/4a‘
1 5 — Solvents? 24 Trace —
2 5(10) — CH,Cl, 24 Trace —
3 5 K,CO;5 (1) CH,Cl, 24 23 47/53
4 5(10) K,CO;5 (1) CH,Cl, 24 81 83/17
5 (10) K,CO;5 (1) CH,Cl, 24 — —
6° 5(10) K,CO; (1) CH,Cl, 24 Trace —
7 5(10) Cs,CO; (1) CH,Cl, 24 90 (79) 90/10
8 5(10) Cs,CO; (0.6) CH,Cl, 12 90 93/7
9 5(10) Cs,CO; (0.6) CH;CN 12 97 (86) 97/3
10 2 (4) Cs,CO; (0.6) CH;CN 12 95 (85) 97/3

“ The mixture of PhB(OH); (1.5 mmol, 1.5 equiv.), HP(O)(OEt), (1.0 mmol), Cu(OAc),*H,0, ligand, and a base in a solvent (0.5 mL) was stirred at room tempera-
ture (25~30 °C) in a Schlenk tube equipped with an air balloon. The reaction was then monitored by TLC and/or GC-MS. ? GC yields (isolated yields in parenthe-
sis) based on 2a. “ Ratios determined by GC-MS analysis. 4 The usual solvents (toluene, DMSO, THF, dioxane, CH,Cl,, etc.) were tested. ¢ Reaction performed under

No.
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MRIEX

SRR AT, W BB S22 > =) (Entry 6), ik
A S RS R AR R IR, A mT g L 4
2 5T A AR IBE i R TR R R AT 4
A BCARS Bl FEFRIERNE S AR T I, Fk
TR E, BB I 4 i A s BV o e 7 B 4 Y,
PR 2 53 T 25 AN ) (R JE WL A B R 4 ML, CO5 (M =L,
Na, Cs, 1 equiv.). w8 MOH (M=Li, Na, K, Cs, 2
equiv.). -BuOK (2 equiv.)5§, 3 ZIEFNEFN ™2 S lA
S PR R, SR E R Cs,COs HIRUR AT,
AT A B0 AR = R I H AR = ) (Bntry 7). £ 1)
Cs,COs MBIy, A W98 2 0.6 equiv., SNV [H]
W TG F 12 h, AEAYRCRIFAR I 1R S S5 AN =i
K (Entry 8). {5 /DR Cs,CO;5 (41 0.5 equiv.) M FEL
SV TR IERS . =i R B, R & F T, &
MR T 2 52, RIS B s ), Al 45
B i R P2 R ) (Entry 9). FRATIZRE0H 4 1
i i 1k 7] (CuCl,, CuBr,, Cu(NOs),, CuSO,, Cu(CF;C-
00),, CuCl, CuBr, Cul, CuCN Z5)F1# WML 14 (PPhs,
Et;N, MEBE. BELE . NN- I EE 4 155 T T %542,
I Cu(OAc), 1 TMEDA {5 & B I AL T AT AR, 3k
AT ZRANR « AL AN ECAA I P FE AT T 3205 52,
Cu(OAc), 1 TMEDA ¥ F £ 43 7 v] B E 2 F1 4 mol%,
JUTP AN [ N R, & n] 13 ikt B 85% R Uf 43 2
WCR = H)(Entry  10). B8R I 2 10 A R %) I N e A
HH A R R VR T, E s 1 2R 1 D) ] 5 SR AN 5
A PEYIBCR R, X TR TR A S KR
IR P AR B A P ), T AE T 1 — 3 3 2R 1
IOEZ 38

P A3 B ROV 41 J5 (% 1, Entry 10), Al
AN [F ) JERIEAT T % 42 LAY a5 i e L.
2 PR, SEEURZRINERSAL, 2 HE b 7 5E ]
ASE. WL (Entries 2~7)F1IS W L FIE N 3. =91
PRI, BE3E. 335 (Bntries 8~ 14)H 5 MERAR vT LA W ik
PR — T8 B LA A5 21 RIS e 49 B AR Y. 1) 05 IR IR
LG SR B AR 5 IR A A EA S A R 1-
ZEIN PR AR 52 B HARIE A A7 BH E [ 52 ma, 75 F=#iies
A T (Entries 4, 7, 11, 15). EAUALHI RNV AAET,
R SRR IR IE < 2 LA AL A A LA b
N #8738 T AR B (Entries 8~11, 13, 14), MASKAE
5 55 W () A IR B ok A8 SRR b A A 1) T RE ) 5
G S WO SR RN R S i AR B N A PR (R i 25
SOR A AT LA R A 2, R TR
" A6 A1 36 78RR 7 0 1 5 — S B e — Bl A B e . 11
FEEREE. OR IR SRR I T RE S, T AL
RN RI, SCELE 0 A U H . Ak, AT
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Table 2 Copper-catalyzed oxidative coupling of arylboronic
acids and diethyl phosphite under air

R o Cu(OAc); (2 mol%)
{ 0,

@B(OH)z + H-boEy,  TMEDA (4 mol%)

— 4 2a Cs,CO3 (0.6 equiv.)

air, CHyCN, r.t., 12 h

R, o]
@B(oa)z
3

Entry ArB(OH), (1) Product (3) Yield”/%

i
B(OH)
- Oeom [hboen
1a 3a
i
MeOOB(OH)
) 2 MeO@P(OEt)z 36
1b 3b

MeO MeO (\)\
3 @B(OH)Q %}P(OEt)z 87
1c 3c
i
QB(OH)z QP(OEUZ
4 OMe oMo 71
1d 3d
i
Me@B(OH)
5 2 Me@P(OEt)z g5
1e 3e
Me Me
0
6 B(OH), P(OEt), 82
1f 3f
f
Qom Oyren
7 Ve " 74
19 39
i
F—QB(OH)
g 2 F@P(OEt)z 74
1h
3h
i
CI@B(OH) < >
0 2 Cl P(OEt), g7
1 3i
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Entry ArB(OH), (1) Product (3) Yield®/%
cl cl o
Il
10 @B(OH)Z @P(OE% 86
1j 3
i
<:%W%b <:%H%m
11 Cl - 74
1k 3k
i
12 F3C@B(OH)Z FSCQP(OE“Z 84
1 3l
I
NC B(OH
3 @ (OH)2 NC@P(OEt)Z %
1m 3m
4 2 " P(OEt), -
1n
3n
BOH)2 O\\P(OEt)z
15 78
10
30
BN BN
16 o~ “B(OH); o~ ~P(OEt), -
1p 3p
0
I\ I\ _TI
17 Q\B(OH)Z Q\P(OEt)g _
1q 3q
a i
18 NQB(OH)Z NgP(OEt)z _

1r

“See Entry 10 of Table 1 for similar conditions.  Isolated yields based on 2a.

T 2205 FEAN R AN eI R . WEWY L bR JEA R S
VA3 12 Wi P A BB 52 N (Entries 16~18), {H & 5 SCikIRiE
FAUBN TATH TR B R H br e, LR A
R, MTRERADT TR ARE I AL A AR TR
10T BRI I S, PRI Rt — DR

T AR E A AR I S N (R HLEE, AR L id s
IRGRNRA, FRATTIA K 55 0 B R 1 T At de — % Jo 1 g
P 0 A A BB g 7 LB 2R RIS R0 T 25 2 ok 9 4 s i 4K
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55 TR (A AN S A A B S B BT e -k B Y
B AR S S M LEE, BRI T A B B AR AT AE
IR PLEE (Scheme 1). FEAMAMASE M H1EE CuX,
(X=O0Ac, %5 &) RIUBCA 459 5,
TEBRIIER R, — M S5 S4B A Ul PR I S 4 A4
2a SERIAL RECAT BE ) SR I A R IS 2a'; 5 A 2a°
YERA G 6. fERLERAET, 6 WTHES 2a'9h4E %
A SRR 4l LERALII AR T, % N ] 15 2
PR, SN SR B H R A SRR ) VAT, e,
FMR S2EY) 6 AN w8 RNV IE L&Y 1, RN
THEROMRRAT AN, 7 AR W B S LR — Tt B 1 AR AT
B H AR 07 FWEIR NG 3, JERE — R4 &4,
T RS TGS R R A S A A
IR 80T, A A A R
Y5, ITTSERC A HEALIGER. bl T Bopl e o R e 5
WAL AT 5 4 i I N mT AR il 5 B ER 11 - SR A AR I 11
B 75 FE i et i LR B s R A e ) 5
P LS TR s AR, DRLETE e ALER TR, 2859 5
55 MRSeAE &4 6, #5 2afEM AR 7, &
Ji B ) 3 RN T AR A AR AL IB IR B A2 VT REAE
TEH.

2 it

PAFE T i 28T Ak 5 T 5 0 R i
MRV AR IR S Y, TR T — Tl v st o — okt ] 48 5 ke
BEIEIR ISR (1) 7325, %7104 P AT P 1) A IS 2 1 £
PEAGTR, 755 T AR A O, RN S AT )
B U, RS R E RS VELE, P
ST FIART e 1) 05 BE IR IR IR (1) & il 7 v, Bk — 0 4k
Jo T AT — % Dt A A B e I R i — Tl e A 11
G ROTIE.

3 XBEH
3.1 E5RHA

BT FHAREAR RS 2t R 10350 S T 5 23 iy i sl A 2 4

WG, BB AL, REAE HBAH. WK 2

R R R4l IS 1 (72~74 “C/1067 Pa). NAE
I N A AT, T8I )2 AT (TLC) B A - i e
FI(GC-MS) il e Nk B, F=4) R AL 20T 7248 A
TR LR LW Rk pERI 2L, R REE (500 MHz) Fili
(202 MHz)f# ] Bruker Avance-III 500 {28152, LA
G A TMS B8 85% Ml A /KA kR, TR
T 1S A - 5% 16 FH (GC-MS)Shimadzu GCMS-QP2010
Plus JFUHEC(H AR B A A=) IAE .
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BNl =E AEILL
o ArB(OH),
Tl base
H—P(OEt), — $P(OH)(OEt), (N\C X 1
2a 2a Ny
5
XB(OH
HX H,0 (OH)2
HX
o 28 N PO)OEt), ~N_ O_ N N Ar
EtO),P—P(OEt)y <<~ (" ey o Ned B or .
(BO),F (O, (N,CU\X A (N,ou\o/cU\N) CN/C;\X ArAr
ArP(O)(OEt),
ArB(OH -
reror) ar () 3 2P(OH)(OEY),
N, P(O)OEt), 2a'
C e
X = OAc, etc. XB(OH), N Ar HX
7
Scheme 1
32 FEBREEHUASHTE - HAA R R ) B — 2 /)M LRy,

Py =
T

\

Tﬁ S TR T IR R (1a) (0.182 g,
1.5 mmol). W#§MR — ZFH(2a) (0.1380 g, 1.0 mmol). —
KA 52 4 (0.004 g, 0.02 mmol, 2 mol%). TMEDA
(0.0046 g, 0.04 mmol, 4 mol%). FEM4:(0.1955 g, 0.6
mmol, 60 mol%)F LJEHFH)(0.5 mL), 32 HC b oiias
RINAER, RJGAE ST N 25~30 C)HitHE, TLC M
GC-MS MM WY, [ 12 h s se 4. IBa a2
BT o S AiALGRVER: A AN 1R O F8), fabh 85%
EWCRIS RN ELFRNR — 4 WE. Hoe 5 KL BRR R A A0
TIEG A, SR A IS 2 O SCER B Ao —
.

FIEIER — L FEGa)™: kY. "H NMR (500
MHz, CDCly) &: 7.83~7.79 (m, 2H), 7.58~7.54 (m, 1 H),
7.49~7.45 (m, 2H), 4.19~4.04 (m, 4H), 1.32 (t, J=7.0
Hz, 6H); *'P NMR (202 MHz, CDCl;) d: 18.9. MS (EI) m/z
(%): 214 (25), 186 (14), 158 (91), 141 (88), 105 (48), 94
(44), 77 (100), 65 (13), 51 (37).

(4- T R R B e — 2 e 3p)!': et iR .
'H NMR (500 MHz, CDCl5) ¢: 8.17 (d, J=8.0 Hz, 2H),
7.02 (d, J=8.0 Hz, 2H), 4.26~4.17 (m, 4H), 3.90 (s,
3H), 1.35 (t, J=7.0 Hz, 6H); *'P NMR (202 MHz,
CDCl5) d: 19.8; MS (EI) m/z (%): 245 (4), 244 (35), 216
(49), 188 (100), 171 (49), 135 (33), 123 (20), 108 (94), 77
(29), 65 (15).

(G- PRI R B — 2.30)": TRy, !
NMR (500 MHz, CDCl5) §: 7.40~7.35 (m, 3H), 7.10~
7.08 (m, 1H), 4.19~4.04 (m, 4H), 3.85 (s, 3H), 1.33 (t,
J=17.0 Hz, 6H); *'P NMR (202 MHz, CDCl,) 6: 18.7.
MS (EI) m/z (%): 245 (7), 244 (59), 216 (45), 188 (28),
172 (77), 135 (35), 108 (100), 92 (28), 77 (44), 65 (18).

1344
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'H NMR (500 MHz, CDCly) J: 7.30~7.26 (m, 1H),
7.14~7.11 (m, 1H), 6.96~6.89 (m, 2H), 4.28~4.21 (m,
4H), 3.87 (s, 3H), 1.36 (td, J=7.0, 1.0 Hz, 6H); *'P
NMR (202 MHz, CDCl;) J: 19.7; MS (EI) m/z (%): 245
(7), 244 (50), 215 (39), 187 (35), 170 (100), 159 (44), 142
(40), 141 (54), 94 (25), 77 (70).

(- FIE I B2 — 2.6 3e)!"™: Tauky. 'H
NMR (500 MHz, CDCl;) d: 7.70 (dd, J=13.0, 7.5 Hz,
2H), 7.28~7.26 (m, 2H), 4.17~4.02 (m, 4H), 2.40 (s,
3H), 1.31 (t, J=7.0 Hz, 6H); *'P NMR (202 MHz,
CDCl3) d: 19.6; MS (EI) m/z (%): 229 (3), 228 (24), 172
(100), 156 (42), 155 (49), 119 (41), 108 (23), 92 (46), 91
(88), 65 (35).

(3-FOERIE) IR — A BE3H: k. !
NMR (500 MHz, CDCl3) §: 7.65~7.58 (m, 2H), 7.38~
7.33 (m, 2H), 4.19~4.03 (m, 4H), 2.40 (s, 3H), 1.33 (t,
J=17.0 Hz, 6H); *'P NMR (202 MHz, CDCl;) J: 19.3;
MS (EI) m/z (%): 229 (4), 228 (27), 182 (24), 172 (97),
156 (42), 155 (48), 119 (39), 92 (59), 91 (100), 65 (38).

Q- IE) Wime — 216 (3g)™: TRy, !
NMR (500 MHz, CDCl3) §: 7.91~7.87 (m, 1H), 7.28~
7.24 (m, 3H), 4.18~4.03 (m, 4H), 2.57 (s, 3H), 1.32 (t,
J=17.5 Hz, 6H); *'P NMR (202 MHz, CDCl;) J: 19.5;
MS (EI) m/z (%): 229 (8), 228 (66), 213 (27), 172 (100),
156 (46), 155 (45), 154 (71), 119 (61), 91 (88), 65 (33)

(4- A B R — T G2 Ttk .
NMR (500 MHz, CDCls) §: 7.85~7.80 (m, 2H), 7.18~
7.14 (m, 2H), 4.19~4.04 (m, 4H), 1.33 (t, J=7.0 Hz,
6H); *'P NMR (202 MHz, CDCl;) §: 17.8; MS (EI) m/z
(%): 233 (2), 232 (20), 176 (100), 160 (53), 159 (80), 123
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(40), 112 (47), 96 (52), 77 (28), 65 (16).

(4RI PR — 2B GD™: Bk y. 'H
NMR (500 MHz, CDCl3) §: 7.77~7.75 (m, 2H), 7.46~
7.44 (m, 2H), 4.19~4.04 (m, 4H), 1.33 (t, J=7.0 Hz,
6H); *'P NMR (202 MHz, CDCl;) §: 17.6; MS (EI) m/z
(%): 249 (4), 248 (21), 192 (100), 176 (39), 175 (49), 139
(49), 128 (38), 112 (39), 75 (37), 65 (16).

G- A B — 2 W @) Leaiky. 'H
NMR (500 MHz, CDCly) d: 7.79 (td, J=14.0, 1.5 Hz,
1H), 7.72~7.67 (m, 1H), 7.54~7.52 (m, 1H), 7.44~
7.40 (m, 1H), 4.20~4.06 (m, 4H), 1.34 (t, J=7.0 Hz,
6H); *'P NMR (202 MHz, CDCl;) J: 16.5; MS (EI) m/z
(%): 249 (5), 248 (26), 194 (35), 192 (100), 175 (48), 139
(37), 128 (29), 112 (50), 75 (42), 65 (19).

Q-F IR — 2/ EK™: Kaumky. 'H
NMR (500 MHz, CDCl;) ¢: 8.01 (dd, J=14.0, 7.5 Hz,
1H), 7.49~7.44 (m, 2H), 7.37~7.34 (m, 1H), 425~
4.10 (m, 4H), 1.36 (t, J=7.0 Hz, 6H). *'P NMR (202
MHz, CDCl;) d: 14.5; MS (EI) m/z (%): 249 (2), 248 (6),
213 (100), 192 (45), 185 (81), 175 (54), 139 (67), 112
(47), 75 (37), 65 (22).

(4- =5 PR BERR — BRGNS LRy
'H NMR (500 MHz, CDCl;) 6: 7.95 (dd, J=13.0, 8.0
Hz, 2H), 7.75~7.72 (m, 2H), 4.23~4.08 (m, 4H), 1.34
(t, J=7.0 Hz, 6H); *'P NMR (202 MHz, CDCls) J: 16.3;
MS (EI) m/z (%): 283 (3), 282 (21), 255 (26), 227 (100),
210 (40), 209 (78), 162 (35), 145 (49), 110 (33), 65 (15).

(4-TRAEEI R — 4 B63m)>: TRy, 'H
NMR (500 MHz, CDCl5) d: 7.93 (dd, J=13.5, 8.5 Hz,
2H), 7.78~7.76 (m, 2H), 4.23~4.09 (m, 4H), 1.35 (t,
J=17.0 Hz, 6H); *'P NMR (202 MHz, CDCl;) §: 15.3;
MS (EI) m/z (%): 240 (4), 239 (18), 212 (26), 184 (100),
167 (45), 166 (85), 130 (47), 119 (40), 103 (46), 75 (14).

(4- LI BEIR — Z. B Bm)!': TE A pR 4.
'H NMR (500 MHz, CDCl3) J: 8.04~8.02 (m, 2H),
7.92~7.89 (m, 2H), 4.21~4.07 (m, 4H), 2.63 (s, 3H),
1.33 (t, J=7.0 Hz, 6H); *'P NMR (202 MHz, CDCL) ¢:
19.8; MS (EI) m/z (%): 257 (3), 256 (22), 241 (54), 213
(100), 185 (58), 167 (33), 148 (31), 139 (19), 77 (21), 65
(23).

1-28 3L IR — 278 30)' ™ k. '"H NMR
(500 MHz, CDCl;) d: 8.52 (d, J=8.5 Hz, 1H), 8.25 (dd,
J=16.0, 7.0 Hz, 1H), 8.04 (d, J=8.0 Hz, 1H), 7.89 (d,
J=8.0 Hz, 1H), 7.61 (t, J=17.5 Hz, 1H), 7.56~7.51 (m,
2H), 4.25~4.04 (m, 4H), 1.31 (t, J=7.0 Hz, 6H); *'P
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NMR (202 MHz, CDCl;) d: 19.2; MS (EI) m/z (%): 265
(7), 264 (49), 235 (38), 191 (18), 155 (94), 154 (31), 128
(100), 127 (64), 115 (37), 77 (15).
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