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Organic Base Catalyzed Cascade Phospho-Aldol-Brook
Rearrangement Reaction of Isatins with H-phosphonates

Fang, Wei’ Liu, Guoguib
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Jia, Jun™®* Wang, Xingwang’

(“ Analysis and Testing Center, Soochow University, Suzhou 215123)
(* College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Abstract A cascade phospho-aldol-Brook rearrangement reaction of isatins with H-phosphonates was reported by the use of
the organic base, such as 1,1,3,3-tetramethylguanidine (TMQG) or 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), as an organo-
catalyst. Two series of 2-oxoindolin-3-yl phosphates were obtained in good to excellent yields under mild reaction conditions.
Keywords a-oxindole-phosphonates; isatins; H-phosphonates; Brook rearrangement; cascade reaction
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H- IV 4 9 G 5 5 21 1) HR BT Aldol-Brook FEHE i W AJFA.
e A RIEAT IR, ROV AR AR 1 G R R
W 5 LKL SIS, AT IA 2 A AL 5%
PER SOV A RERS A K BEAT (35 1, Entries 1, 2). 53
AP SNAEAN AL T A6 T ANBEIUR HEAT (36 1,
Entry 3). 4Bl =SNG, RNV BRI AT (R 1,
Entry 4), T2 3ATHZ N BE— 22 0F — L6 45 LA -
dibenzyl amine, TMG, DBU, DMAP, TMEDA L\ &
EtONa )bt GEREAT 7% %¢(3K 1, Entries 5~10), 45
RE7R TMG. DBU BEW A (AR N, [ N R
75 5 min W SERE, 435 LA 99%F1 98% ()= 43 5 a-F2s|
Wk—BElR — LTI &%) 3a (3% 1, Entries 6, 7). WL
A2 1 mol%, AKX TMG, DBU ] [ N3] 1)
FHEAT T ECRL, TLC Rl g5 AR W], A ALK TMG fEAL I
SV R RT DBU fiE4L 7.
-3 W v NI T
Table 1 Screening of the different catalysts

o, 0
o ¢
CE%: O g cat (10moi%) H 4o\
O+ pC
N H OOEt  THF %o
H 2 N
1a H
3a
Entry Cat. Yield®/%
1 PhCOOH NR
2 CH;COOH NR
3 NR
4 EtN 95
5 (PhCH,),NH 92
6 TMG 99
7 DBU 98
8 DMAP 94
9 TMEDA 92
10 EtONa 85

“Unless otherwise indicated, all reactions were carried out with isatin 1a (1
mmol), Diethyl phosphite 2 (1.2 mmol) and the catalyst (0.1 mmol, 10 mol%)
in THF (1.0 mL) at room temperature in 5 min. ® The isolated product after
column chromatography.

N T B H RN G, AL TMG
FI DBU 1E AL THF W5, =T, MAAN
[ (P e 20 A7 2R 20 S AN -V IR — LB HEA T S Wi (26 2).
M 25 KT, K2 HEPk i, TMG 2456 DBU (1)
AR B — 2, fEREAM R, ANE R 558 L
(R AR 5 S W L P35 (F, CL, Br). i 2 4t i 3k (Me,
OMe), B AR IARFE N BIEAEFL AR 4-7, 5-
Rrif S 6-17, BELLATEY) 1a~1h, 1j F1 1k 5 EHRE — 2
BE(2) X Y. 20 min # RS R 5E B N, 5% 43 3l LA
80% ~98% IS % 14 B FRAL P F=#) (£ 2, Entries 1~38,

1178 http://sioc-journal.cn/

10~11). {HEMEELATAEY 10 10 7-07 EHURIE Ry =i
LI, Ak 70 A S 1IN 3 15 mol%, S B HFa] 2 h 4351
L 86%H11 89%)™ #1454 2|74 3i (3 2, Entry 9).

F2 R ZHE 2 SELATAEY 1a~1k KIS

Table 2 Reaction of isatin derivatives la~1k and diethyl
phosphite 2

0
o)
R : 0. /H\/OEt DBU or TMG (10 mol%)
H H™ “OEt  rt THF, 20 min.
2
1a ~ 1]
O\\P/O\/
H o o\
‘ X
SONS
Z N
H
3a~ 3j
. bo
Bnty E—— 7 Yield”/%
DBU TMG
1 3a H 98 98
2 3b 5-Cl 97 96
3 3¢ 5-F 97 95
4 3d 5-Br 85 94
5 3e 5-Me 88 98
6 3f 4-Br 80 92
7 3g 6-Br 98 94
8 3h 4-Cl 91 92
9 3i 7-CF; 86 89
10 3j 5,6-2F 91 92
11 3k 5-OCH, 82 84

© 2014 Chinese Chemical Society & SIOC, CAS

“Unless otherwise noted, reactions were carried out with 1 (1 mmol), 2 (1.2
mmol) and catalyst DBU or TMG (10 mol%) in THF (1 mL) at room tem-
perature. * The isolated product after column chromatography. ¢ 15 mol%
catalyst loading for 2 h.

[ FATEL TMG Al DBU 1E A4k 5. THF ¥
F, FWAAE N, X H-TE @R R 4) 5 &AL
FEY) 1a~1k (MR NVIEAT T 554K 3). 1EXHELL DY
A UL HL T RUN(F, CL, Br, Me). £7 BHAU. (4-
i 5-Piv 6-P0)HEAT 5T, FRATRIL 1a~1h 5 H-TE
IR — SR RN FEAREL. 1a~1h 5 H- TR
RN 20 min, B2 B 86%~98% I Z 15 FI|
K74 3a~3h (3% 3, Entries 1~8). 4L 7-07 0 =& F
FERBELLAT A VAR SN RIS, 24 s HE Ak 510 1)
PR, A5 W12 5 N 75 AR K IR I 1) 4 REREAT 52 bE. BRI
{FALEAEAL A 10 mol%3HE =% 15 mol% K I | i%
MMNABEERELT 2 h (3% 3, Entry 9). 1M1 5,6- IR 1 EiE
LLRTHW) 1§ HIBRIRLF S H-ERERR — TR (4) )V,
PL 92% %A 3] o- R M- IR — BRI &4 5 (R
3, Entry 10). 1 5-FAAERARBEELLATAEY) 1k 5 H-TE
TR — IR 4 SO PE T RIS, 7 10 mol%(K) DBU Al
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TMG FIHEAL T Y 20 min, 43 5ILL 77%F1 73% 1177 5
3 EI7=4) Sk(3 3, Entry 11).
#3 UHERR TG 4 SELATEY 1a~1k IR

Table 3 Reaction of isatin derivatives la~1k and dimethyl

phosphite 4
(0]
R o . ﬁ/ome DBU or TMG ( 10 mol%)
~ N H” “OMe  rt, THF, 20 min
: 4
1a~1j
Q. O0—
H O/P\O*
N
R—— 0
Z N
H
5a ~ 5j
o bo
Entry Product R DBUYleld / A]TMG
1 S5a H 90 91
2 5b 5-Cl 93 9
3 Sc 5-F 86 08
5 Se 5-Me 90 94
6 5f 4-Br 94 38
7 5g 6-Br 86 97
8 5h 4-Cl 91 93
9" 5i 7-CF 87 87
1 5k 5-OCH, 77 73

“Unless otherwise noted, reactions were carried out with 1 (1 mmol), 4 (1.2
mmol) and catalyst DBU or TMG (10 mol%) in THF (1 mL) at room tem-
perature. ” The isolated product after column chromatography. ¢ 15 mol%
catalyst loading for 2 h.

DABEL Y H-TWER — L BRI S N A, BT T%
M HLEEHEN A0 R fEA PR DBU 204 TMG 354 T,
H-W iR — ZBE(2)VE A9 S A% AR 5 20 EA T I s s Y,
PFBBRIER) 1,2-IE =4 1, L AEAHUIAE ] 4k 250
TEIREL, TR Brook EEHESON £ 247 B Hh (R 44 11,
SR TR SR 1A R 277 ) 3al'),

2 Zig

i LRTIR, BATRIA L TMG, DBU 1] MR 4F
PIMEHTLL S H- TR — e H- B — SR
Aldol-Brook HHE & WV, 7E il AT S W 4514 F m LAyl
FAG B a-FRN| IR — HE . a-fRWIR LR — &

SREH. TV N R b I BARIE & W H s
At IR AR RE SR AN AL R, 1T B TMG, DBU
JE— o FEAR BN WL AR, & — TR
T2 U BARIR A B N A, Z AR R IR N
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W, BRI IR ELE, AL E . m
R ARMA S NGRS 1L, A -2
S-WERER S ML S IPEOE T — SR Ji(Eiigts.

3 RIS
31 X5

WIS PR S RO RS K T Bruker AV 400 A% 14 3L
AL, TMS AW FE, CDCly A H; 5% LL DMSO-ds A
AL I SR R B 4 FE SIS AX (Micromass
GCT-TOF) Iz . 52 56 ask B o Pir FH 14 3 770 R0 711 408 2
AR 211, FEEHTRA 300~400 [k EHTRERR. SELLAT
AW R NLIE A, N-BUAREELLAT A 2 2 SCHR TV k.
3.2 ERLIAN H-TEREER R AY N AR A KL

E—/> 5 mL BB R, IIABELL(1 mmol), H-
WAERRIFR(1.2 mmol). HIVES#HMA THF (1.0 mL)FIH
BUBH(10~15 mol%), &3 FHiHE % J5Ukl AUl 9 (TLC
PREZASI). S SOBE T )G FH SR S BE A, A HLZH
TR RN TR 5, W BET¥ ), R IRAT JZ Ao kL
FE AT AR VE I VO R | MR TR =2 ¢
1].

O-(3-FAM | iR — 2 lH(3a): % 98% (DBU),
98% (TMG). "H NMR (400 MHz, CDCl;) 8: 9.54 (s, 1H),
7.48 (d, J=7.4 Hz, 1H), 7.24 (t, J=7.7 Hz, 1H), 7.01 (.
J=17.5 Hz, 1H), 6.88 (d, J=7.8 Hz, 1H), 5.55 (d, J=12.9
Hz, 1H), 4.21 (ddd, J=21.5, 14.9, 7.4 Hz, 4H), 1.41~1.22
(m, 6H); °C NMR (100 MHz, CDCl;) d: 15.8, 64.5 (dd,
Jep=1, 25 Hz), 72.8, 72.9, 110.7, 122.6, 124.4, 125.9,
130.5, 142.0, 174.0; *'P NMR (162 MHz, CDCl;) §: 1.14.
ESI-MS caled for C;,H;(NNaOsP [M+Na]" 308.0658;
found 308.0663.

O-(3-5-F 2 W W ) B 8 — Z R (3b): 1= 2 97%
(DBU), 96% (TMG). "H NMR (400 MHz, CDCl;) J: 9.63
(s, 1H), 7.43 (s, 1H), 7.20 (d, J=8.2 Hz, 1H), 6.81 (d, J=

http://sioc-journal.cn/ 1179
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8.3 Hz, 1H), 5.50 (d, J=13.8 Hz, 1H), 4.21 (tt, J=13.2,
6.8 Hz, 4H), 1.34 (t, J=7.0 Hz, 6H); >*C NMR (100 MHz,
CDCly) d: 15.9, 64.7 (dd, Jep=7, 21 Hz), 72.2, 111.8,
125.9, 126.2, 127.9, 130.5, 140.7, 173.4; *'P NMR (162
MHz, CDCl) ¢: 1.07. ESI-MS calcd for C;,H;sCINNaOsP
[M+Na]" 320.0448; found 320.0451.

O-(3-5-F IR MW IE) W IR — 4B (Be): 7% 97%
(DBU), 95% (TMG). 'H NMR (400 MHz, CDCly) d: 9.36
(s, 1H), 7.32~7.18 (m, 1H), 6.97 (t, J=8.8 Hz, 1H), 6.83
(dd, J=8.5, 4.0 Hz, 1H), 5.54 (d, J=13.6 Hz, 1H), 4.23
(dp, J=22.1, 7.2 Hz, 4H), 1.37 (dd, J=13.4, 6.6 Hz, 6H);
C NMR (100 MHz, CDCLy) d: 15.9, 64.5 (dd, Jep=17, 25
Hz), 72.6, 111.3, (d, Jor=8 Hz), 113.7 (d, Jor=25 Hz),
116.8 (d, Jop=24 Hz), 125.7 (d, Jcr=8.0 Hz), 138.0,
158.8 (d, Jop=240 Hz), 173.6; *'P NMR (162 MHz,
CDCl;) o: 1.17. ESI-MS calcd for C,H;sFNNaOsP [M—+
Na]" 304.0745; found 304.0753.

O-(3-5- LI M| W B R — 2 R (3d): 77 % 85%
(DBU), 94% (TMG). 'H NMR (400 MHz, CDCLy) 0: 9.41
(s, 1H), 7.59 (s, 1H), 7.37 (d, J=7.9 Hz, 1H), 6.76 (d, J=
8.1 Hz, 1H), 5.52 (d, J=14.2 Hz, 1H), 4.36~4.08 (m,
4H), 1.36 (t, J=6.7 Hz, 6H); *C NMR (100 MHz, CDCl5)
9: 159, 64.7 (dd, Jep=7, 20 Hz), 72.3, 1123, 1152,
126.3, 129.0, 133.3, 140.9, 173.4; *'P NMR (162 MHz,
CDCl;) d: 1.26. ESI-MS calcd for Ci,H;sBrNNaOsP [M+
Na]" 385.9763; found 385.9780.

O-(3-5- AL FR 5| L) 5 1R — L 1R (3e): 1= % 88%
(DBU), 98% (TMG). 'H NMR (400 MHz, CDCl5) ¢: 9.35
(s, 1H), 7.29 (s, 1H), 7.02 (d, J=7.9 Hz, 1H), 6.75 (d, J=
7.9 Hz, 1H), 5.51 (d, J=12.6 Hz, 1H), 431~4.11 (m,
4H), 2.26 (s, 3H), 1.33 (dt, J=14.0, 7.1 Hz, 6H); >C NMR
(100 MHz, CDCls) d: 15.9 (dd, Jcp=2, 8 Hz), 20.8, 64.5
(dd, Jep=7, 25 Hz), 72.8, 110.3, 124.4, 124.5, 126.6,
130.8, 139.4, 174.0; *'P NMR (162 MHz, CDCl;) &: 1.10.
ESI-MS caled for C;3H;sNNaOsP [M+Na]* 322.0815;
found 322.0828.

O-(3-4- I F2 g B0 B 1R — £ B (3): 77 & 80%
(DBU), 92% (TMG). 'H NMR (400 MHz, CDCL5) : 9.68
(s, 1H), 7.09 (s, 2H), 6.81 (s, 1H), 5.48 (d, J=17.2 Hz,
1H), 4.19 (ddd, J=21.3, 14.0, 6.9 Hz, 4H), 1.30 (dt, J=
21.7, 6.7 Hz, 6H); *C NMR (100 MHz, CDCl;) J: 15.9,
64.5 (dd, Jep=6, 10 Hz), 73.6 (d, Jep=6 Hz), 109.8,
120.5, 123.9, 123.9, 125.9, 144.4, 172.1; *'P NMR (162
MHz, CDCls) o: 2.89. ESI-MS calcd for C;,H;sBrNOsP
363.9944; found 363.9951.

1180 http://sioc-journal.cn/
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O-(3-6- BRI WE I B IR — £ T8 (3g): 7% 98%
(DBU), 94% (TMG). 'H NMR (400 MHz, CDCl5) ¢: 9.51
(s, 1H), 7.36 (d, J=7.8 Hz, 1H), 7.16 (d, J=7.7 Hz, 1H),
7.04 (s, 1H), 5.48 (d, J=13.8 Hz, 1H), 4.21 (dq, J=21.1,
7.2 Hz, 4H), 1.47~1.26 (m, 6H); *C NMR (100 MHz,
CDCl3) d: 15.9, 64.5 (dd, Jep=7, 25 Hz), 72.2, 109.7,
114.0, 123.2, 123.3, 125.4, 143.56, 173.4; *'P NMR (162
MHz, CDCl;) ¢: 1.43. ESI-MS calcd for C;,H;sBrNNaOsP
[M+Na]” 385.9763; found 385.9780.

O-(3-4-F 2 W W) B 8 — Z R (3h): 1= 2% 91%
(DBU), 92% (TMG). 'H NMR (400 MHz, CDCl5) ¢: 9.69
(s, 1H), 7.17 (d, J=8.0 Hz, 1H), 6.95 (d, J=8.1 Hz, 1H),
6.79 (d, J=7.8 Hz, 1H), 5.61 (d, J=16.8 Hz, 1H), 432~
4.07 (m, 4H), 1.32 (dt, J=18.6, 6.9 Hz, 6H); *C NMR (75
MHz, DMSO-dq) 6: 16.4, 64.3 (dd, Jcp=8, 27 Hz), 73.0
(d, Jep=9 Hz), 109.6, 122.8, 131.8, 145.6, 173.1; °'P
NMR (162 MHz, CDCly) d: 2.67. ESI-MS caled for
C1,H,sCINNaOsP [M+Na]" 342.0268; found 342.0281.

O-(3-7- =5 B FR | W IR ) B R — SR (3i): 7= %
86% (DBU), 89% (TMG). 'H NMR (400 MHz, CDCl5) ¢:
8.81 (s, 1H), 7.76 (d, J=6.7 Hz, 1H), 7.53 (d, J=7.7 Hz,
1H), 7.19 (t, J=7.3 Hz, 1H), 5.65 (d, J=12.2 Hz, 1H),
4.42~4.13 (m, 4H), 1.38 (dt, J=23.0, 6.7 Hz, 6H); "°C
NMR (75 MHz, DMSO-d;) 6: 16.3, 64.6 (dd, Jcp=8, 23
Hz), 71.8 (d, Jcp=8 Hz), 111.9 (d, Jor=33 Hz), 122.8,
125.8, 127.1 (d, Jep=>51 Hz), 130.1, 140.84, 174.3 (d,
J =6.75 Hz). ESI-MS calcd for C;,H,(F;HNOsP [M+H]"
354.0713; found 354.0723

O-(3-5,6- i F2M[REL) B IR — LR 3)): 772 91%
(DBU), 92% (TMG). 'H NMR (400 MHz, CDCl) 8: 9.77
(s, 1H), 7.31 (t, J=8.3 Hz, 1H), 6.83~6.67 (m, 1H), 5.44
(d, J=13.2 Hz, 1H), 4.26~4.11 (m, 4H), 1.32 (dd, J=
11.1, 6.6 Hz, 6H); °*C NMR (100 MHz, CDCl;) J: 15.8,
64.7 (dd, Jep=7, 23 Hz), 72.2, 100.9 (d, Jor=23 Hz),
115.5 (d, Jop=21 Hz), 119.5 (q, Jcr=4 Hz), 138.8 (q,
Jer=3 Hz), 146.5 (dd, J=243, 13 Hz), 151.6 (dd, J=235,
14 Hz, 4H), 173.6; >'P NMR (162 MHz, CDCl;) d: 1.22.
ESI-MS caled for C,H;F,HNOsP [M+H]™ 344.0470;
found 344.0483.

O-(3-5- F AR JE F2 W] Wk B0 B IR — L R (3k): F= %
82% (DBU), 84% (TMG). 'H NMR (400 MHz, CDCl5) ¢:
7.82 (s, 1H), 7.16 (d, J=0.8 Hz, 1H), 6.84~6.82 (m, 1H),
6.77~6.75 (m, 1H), 5.57 (d, J=12.4 Hz, 1H), 4.33~4.17
(m, 4H), 3.78 (s, 1H), 1.41~1.34 (m, 6H); *C NMR (100
MHz, CDCl;) 6: 16.2, 56.0, 64.5 (dd, Jep=7, 25 Hz), 72.9
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(d, Jop=6 Hz), 110.9, 112.9, 115.9, 125.8, 134.6, 156.3,
173.6; *'P NMR (162 MHz, CDCl;) §: 0.98. ESI-MS calcd
for C13H sNOGP 315.0872; found 315.0977.

O-(3-FZM W) B IR — FlH(Sa): 772 90% (DBU),
91% (TMG). 'H NMR (400 MHz, CDCl;) d: 9.31 (s, 1H),
7.47 (d, J=17.4 Hz, 1H), 7.24 (t, J=7.4 Hz, 1H), 7.02 (t,
J=17.5 Hz, 1H), 6.87 (d, J=7.8 Hz, 1H), 5.55 (d, J=12.9
Hz, 1H), 3.84 (dd, J=20.9, 11.3 Hz, 6H); *C NMR (100
MHz, CDCly) 6: 54.7 (dd, Jop=6, 26 Hz), 72.9 (d, Jcp=6
Hz), 110.7, 122.9, 124.3, 125.9, 130.6, 141.9, 173.9; *'P
NMR (162 MHz, CDCly) 6: 1.17. ESI-MS caled for
C1oH;;NNaOsP [M+Na]" 280.0345; found 280.0357.

O-(3-5- S M| W I ) B 2 — FH R (Sb): 77 % 93%
(DBU), 92% (TMG). 'H NMR (400 MHz, CDCl;) 6: 9.50
(s, 1H), 7.43 (s, 1H), 7.22 (d, J=8.1 Hz, 1H), 6.82 (d, J=
8.3 Hz, 1H), 5.53 (d, J=13.5 Hz, 1H), 3.86 (dd, J=11.3,
7.3 Hz, 6H); C NMR (75 MHz, DMSO-d) d: 55.3 (dd,
Jep=9, 27 Hz), 72.9 (d, Jcp=9 Hz), 112.3, 126.1, 126.7,
127.3, 130.9, 142.3, 173.4; °'P NMR (162 MHz, CDCl;) ¢:
1.23. ESI-MS caled for C,oH;;CINNaOsP [M + Na] "
313.9956; found 313.9961.

O-(3-5- G 52 Mgl W ) B 1R — T IR (Se): 7 % 86%
(DBU), 98% (TMG). 'H NMR (400 MHz, CDCl5) &: 9.47
(s, 1H), 7.22 (d, J=7.0 Hz, 1H), 6.96 (t, J=8.4 Hz, 1H),
6.88~6.70 (m, 1H), 5.53 (d, J=13.3 Hz, 1H), 3.86 (t, J=
11.6 Hz, 6H); *C NMR (75 MHz, DMSO-dj) d: 55.2 (dd,
Jep=7, 21 Hz), 73.1 (d, Jep=7 Hz) (d, J=6.75 Hz),
111.7 (d, Jor=8.25 Hz), 113.8 (d, Jop=26.25 Hz), 117.4
(d, Jep=25.5 Hz), 126.9 (d, Jor=11.25 Hz), 139.5 (d,
Jer=12 Hz), 158.6, (d, Jor=236.25 Hz), 173.7 (d, J=
6.75 Hz); *'P NMR (162 MHz, CDCl;) d: 1.16. ESI-MS
caled for C,(H;;FNNaOsP [M—|—Na]+ 298.0251; found
298.0250.

O-(3-5- 1R F2 | WKL) i 18 — AR (Sd): 7= % 95%
(DBU), 90% (TMG). 'H NMR (400 MHz, CDCL3) : 9.69
(s, 1H), 7.50 (s, 1H), 7.30 (t, J=7.6 Hz, 1H), 6.74 (d, J=
8.3 Hz, 1H), 5.48 (d, J=13.2 Hz, 1H), 3.81 (dd, J=11.4,
7.2 Hz, 6H); *C NMR (75 MHz, DMSO-d;) d: 55.1 (dd,
Jep=6, 21 Hz), 72.8 (d, Jop=06 Hz), 112.9, 114.2, 127.7,
127.8, 133.8, 142.8, 173.2, 173.3; *'P NMR (162 MHz,
CDCl5) 0: 0.96. ESI-MS calcd for C,oH;;BrNNaOsP [M+
Na]" 357.9450; found 357.9446.

O-(3-5- W AL FRI5| L) B 12 — T IR (Se): =% 90%
(DBU), 94% (TMG). 'H NMR (400 MHz, CDCl5) ¢: 9.22
(s, 1H), 7.29 (d, J=10.4 Hz, 1H), 7.07 (d, J=7.7 Hz, 1H),
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6.78 (d, J=7.9 Hz, 1H), 5.54 (d, J=12.5 Hz, 1H), 3.87
(dd, J=23.3, 11.3 Hz, 6H), 2.30 (s, 3H); °C NMR (75
MHz, DMSO-dq) 6: 21.2, 55.0 (dd, Jep=7, 19 Hz), 73.3
(d, Jep=7 Hz), 110.6, 125.4, 126.7, 131.3, 131.8, 140.9,
173.7; *'P NMR (162 MHz, CDCL;) §: 1.27. ESI-MS calcd
for C;;H;;NNaOsP [M+Na]" 294.0502; found 294.0498.

O-(3-4- IR F2 15| W 5 ) ol R — PG (S): 7= 28 94%
(DBU), 88% (TMG). 'H NMR (400 MHz, CDCl;) J: 9.58
(s, 1H), 7.13 (s, 2H), 6.83 (d, J=5.5 Hz, 1H), 5.54 (d, J=
16.6 Hz, 1H), 3.86 (dd, J=24.9, 11.5 Hz, 6H); *C NMR
(75 MHz, DMSO-dy) d: 55.1, 74.1 (d, Jep=7 Hz), 110.1,
120.5, 124.8, 125.9, 133.2, 145.7, 172.9; *'P NMR (162
MHz, CDCl;) J: 0.35. ESI-MS calcd for C,oH;;BrNOsP
[M+H]" 335.9631; found 335.9637.

O-(3-6- YR F2 5| Wk 56 ) i 2 — IR (Sg): 1™ % 86%
(DBU), 97% (TMG). 'H NMR (400 MHz, CDCl;) J: 9.43
(s, 1H), 7.36 (d, J=7.8 Hz, 1H), 7.18 (d, J=7.9 Hz, 1H),
7.06 (s, 1H), 5.50 (d, J=13.5 Hz, 1H), 3.95~3.71 (m,
6H); °C NMR (75 MHz, DMSO-dg) 6: 59.9 (dd, Jcp=6,
21 Hz), 77.5 (d, Jep=7 Hz), 118.5, 128.6, 129.5, 130.2,
132.7, 149.8, 178.4; *'P NMR (162 MHz, CDCl;) §: 1.28.
ESI-MS calcd for C;oH;;BrNNaOsP [M+Na]" 357.9450;
found 357.9464.

O-(3-4-F R W WKL) W5 1R — B (Sh): 7= % 91%
(DBU), 93% (TMG). 'H NMR (400 MHz, CDCl5) ¢: 9.44
(s, 1H), 7.21 (t, J=7.8 Hz, 1H), 6.99 (d, J=8.2 Hz, 1H),
6.79 (d, J=7.6 Hz, 1H), 5.65 (d, J=16.5 Hz, 1H), 3.87
(dd, J=19.3, 114 Hz 6H); “C NMR (75 MHz,
DMSO-dg) 6: 59.5, 77.7,109.7, 114.2, 127.2, 136.2, 137.5,
150.0, 177.6; *'P NMR (162 MHz, CDCl;) d: 0.22. ESI-
MS caled for CH;;CINHOsP [M+H]" 292.0136; found
292.0149.

O-(3-7- =9 TR B2 ) W ) Il e — FH R (Si): 7 3
87% (DBU), 87% (TMG). '"H NMR (400 MHz, CDCls) ¢:
8.60 (s, 1H), 7.75 (d, J=7.5 Hz, 1H), 7.54 (d, J=8.1 Hz,
1H), 7.21 (t, J=7.6 Hz, 1H), 5.66 (d, J=12.0 Hz, 1H),
3.91 (dd, J=36.3, 11.3 Hz, 6H); “C NMR (100 MHz,
CDCl3) 6: 59.7 (dd, Jep=6, 22 Hz), 76.4 (d, J=6 Hz),
116.5, 127.4, 129.8, 131.9, 134.5, 1453, 178.8 (d, J=6
Hz); *'P NMR (162 MHz, CDCl;) d: 1.28. ESI-MS calcd
for C;;H;FsNHOsP [M+H]" 326.0400; found 326.0415.

O-(3-5,6- SRR IE) BRI — HR(S)): 772 90%
(DBU), 92% (TMG). 'H NMR (400 MHz, CDCl) : 9.47
(s, 1H), 7.35 (t, J=8.2 Hz, 1H), 6.77 (dd, J=9.7, 6.3 Hz,
1H), 5.49 (d, J=13.8 Hz, 1H), 3.88 (dd, J=11.3, 7.4 Hz,
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6H); *C NMR (100 MHz, CDCl5) d: 54.9 (dd, Jop=7, 21
Hz), 72.3 (d, J=6 Hz), 100.7 (d, Joy=42 Hz), 115.3 (d,
Jep=15 Hz), 119.5 (t, Jop=3 Hz), 138.4 (d, Jcr=3 Hz),
146.7 (dd, Joy=243, 14 Hz), 151.7 (dd, Jcp=245, 13 Hz),
173.5 (t, J=7 Hz). ESI-MS calcd for C,oH;(F,NNaOsP
[M+H]" 316.0172; found 316.0174.

O-(3-5- W 58 56 F2 5| W 56 ) 19 1% — W S (Sk): 72 %6
77% (DBU), 73% (TMG). 'H NMR (400 MHz, CDCLy) 6:
7.85 (s, 1H), 7.15~7.13 (m, 1H), 6.84 (dd, J=8.4, 2.4 Hz,
1H), 6.78~6.76 (m, 1H), 5.70 (d, J=12.0 Hz, 1H), 3.92
(d, J=11.4 Hz, 3H), 3.85 (d, J=11.7 Hz, 3H), 3.78 (s,
3H); *C NMR (100 MHz, CDCL3) §: 54.8 (dd, Jcp=6, 29
Hz), 55.8 (d, Jop=5 Hz), 72.9, 72.9, 110.9, 112.8, 115.8,
125.6, 134.5, 156.3, 173.4; *'P NMR (162 MHz, CDCl;) &
1.29. ESI-MS calcd for C;H;4;NOGP 287.0559; found
287.0660.
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