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Potassium Hexamethyldisilazide-Catalyzed Synthesis of
1,3,5-Triaroyl Cyclohexanes

Gao, Nana®  Yao, Zhigang™®  Xu, Fan™“
(“ College of Chemistry, Chemical Engineering and Material Science, Soochow University, Suzhou 215123)
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Abstract 1,3,5-Triaroyl cyclohexane is highly valuable due to its uniqueness of structure. The development of a catalytic and
efficient method for the synthesis of 1,3,5-triaroyl cyclohexane is of great value. The cyclotrimerization of chalcones catalyzed
by potassium hexamethyldisilazide is described, which effectively produces a series of 1,3,5-triaroyl cyclohexanes in moderate
to high yields. A mechanism involving sequential Michael addition catalyzed by silylamide anion is proposed. This method

provides a simple, efficient, and atom-economical route for the synthesis of 1,3,5-triaroyl cyclohexanes.
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E RN 1,3,5- = BUR XS FRER Ot Fh AAR 26 1 45 44
1,3,5- = 75 F R 2 B U0t 19 BRI 4 5K 52 31— 58 1 %
VELS9 2016 4F, ZEFUE A E A E AL H (KOH) AR A
T, LA ORI B, BRI T X
=75 HIESE B REAL FI 2R 2 bE(Scheme 1A, a). 2017 4F, b
ARG ROV JE T T BEAN(‘BuONa) fll N-Z2 38 R 52
(NHO)F:[F] 5] & i 2 /R Wil () B AR Y [2 42+ 2] b
N, A2 B P — AN L B R B PR = 45 H, [
I DL SR A 1 1,3,5- = 28 FE R 36 2K 2 B¢ (Scheme
1A, b). 2018 4, DKBUNATILIZE /. %2 % F A —
H AR IaY), TERIRVER T4 id Mannich B il %
3-F 24 WIA[3.3.1]1 £ 4 (3-ABN), HjaI3k1E T I B A ]
£ 1,3,5- =K 3 2bi(Scheme 1A, ¢). FRATTER R,
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KT 1,3,5- =04 WIS e & iidk g % A IR, A
15 A 4R IE rp ik i el & R 1 436 2 3 i
TR BEAT b E 4. Sk EI, fEARSRIIRI 461 T
CATS I 5 B B A ZR T A S AR 2 1) S 8 B 22 e 1) 2B
Z HUARIR 010141 =l M2 2 7 PRI 1,3,5- =1
RIF TR “ =587 Fetk. BT BN, K
A PR R RS RR 1,3,5- =95 HER IR Ut
R AR A = SR, AT 71X 07 T AT A
TAE, BTl DOS(= 2 A 2 ) & A1 (KIN(SiMes ))!)
AT, FEIRAN A N A B RE R =R B,
Rl es 1 1,3,5- =75 I E A O 4t (Scheme 1B).

(A) Previous work:

(@) (0] (6]
Ca 1.5 equiv. KOH  Ar Ar
d=c * ArCHO
O~ "Ar
(b) o
[/\® cCl Os__Ph

Ph Mes/NVN‘Mes Ph HQ, ~Ph
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sz 7R L
150 mol% 'BuONa  pp o
0 B
Ph Ph Ph Ph
yield 80% yield 0 ~ 17%
(c)
Ph 0
o H 2 equiv. HCI (conc.) O Ph
oS+ (HOHO), + N
Ph” 0O
(B) This work:
JoI Ar' ?
,\)OJ\ cat. KN(SiMe;), Ar? "'-@J\A#
\ i ———
Ar'! Ar2 A - Ar
Ao

BR 1 F=RRMEK1,3,5-= 77 FBIEI Cbe
Scheme 1 Synthesis of 1,3,5-triaroyl cyclohexanes through
cyclotrimerization

1 &HR510R

T DA (= H S Ak 2 ) 4 [LN(SiMes o A 4K
FIT LR /R 1a R PIRAR [ ST TR ZE (Eq. 1).
TEL LK T AR BRI (1) SO NN LiN(SiMes), (50.2
mg, 0.3 mmol), Fifif5 A #/KEH(208.3 mg, 1.0 mmol)f]
HZR(1.0 mL)R, WRAIJEE 60 CMEHHidE R M 12
h, KK, RNAAREE AL, 8k E a5
BRI A AR, SARREIEIR . = PR A
X SHERATH S RAERME, BN T HMSE WS N
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1,3,5- K IR JE-2,4,6- = R FEIA e, — X Y 534
&, EFEY) 2a 05 7 — NSRRI, 2Ok b iER R
ANTRIETEIR I — M, 53— AR = AN 2K F I AR 3A
1) 5 — M. Y729 3a 15 T SRR, B dh X 2RAT
S R (CCDC 2362162) %7, ke B0 p A
RIS T EATIME — 2K BRI AEER R — ], 73 4k
—ANRERI AN 2K LRI 5 — . 2a (7R 30K
50%, 3a =22 10%.

g T8
Q 30 mol% LiN(SiMes), ph) "-@‘J\ph
/\)J\ +
Ph Ph 1.0 mL toluene PR Ph
60 °C,12 h B
1a 1.0 mmol PhAO
2a yield 50%
O Ph O
| \
Ph) - J\Ph
. 1
Ph" Ph A
Ph” 0O

3a yield <10%

1E BR g R sent 2 b, 5O &R AT T R4k
o, MEAFIET T IRIEGR 1). 2T LiN(SiMes), ©
I A R VE B (Bntry 1), 8T AN 2%
(EtN). 1,8- & W [5.4.0] +—B%-7-45(DBU)FI AL
BB IR #(Cs2CO5)« KOH, AHBAT TR ABEAR S B33 R Sl s
S AL fE S (Entries 2~5). 1E T 348 ("Buli) (AL 15 1
KT LiN(SiMes), (Entry 6). 48275 %¢ [ hi e )& Hhik
2 HE 4 [NaN(SiMes),] Al i & 3 £ [KN(SiMes)2], 45 5
(Entries 7, 8)¥& 71, KN(SiMes), 7E1X = /NI KA 4> 8
WG . T R SR R, SR B TE e
FAAIAEALTR], =4 3a IR G AR (< 10%).

1AL «
Table 1 Screening of catalyst

Entry Catalyst Yield?/% of 2a
1 LiN(SiMes)2 50¢
2 Et;:N 0
3 DBU 0
4 Cs2COs3 0
5 KOH 0
6 "BuLi 16¢
7 NaN(SiMes), 50
8 KN(SiMe3) 68¢

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Reaction conditions: 1.0 mmol of chalcone 1a, 30 mol% catalyst (relative to
1a), 1.0 mL of toluene, 60 ‘C, 12 h. ?Isolated by column chromatography.
¢Isolated yield of 3a is less than 10%.

B FZ S B e RS AR K. BA KN(SiMes), A
LTI SEIR S5 (R 2)RW, SOSLTE R P 77 1
mERZE, RAERIRERF“Y)(Entries 1, 2); BE&E IR
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PERIBEAR, RMVEVESE &, YR HE A 1K (Entries 3~6);
FF 8 o ) S SV I B s, 2a0 VRGBT 70% (Entry 7).
FEA 0 R LR E AT T 5%, RN ARSI E] 90 C
XN 2a FOYSCER I ATE 26 L T (Entries 7~11), 3
(] 40 “CHIF S N Sy, B2 75%. 4 MR 12
h IZWiBE A 4 h, A REAERR A S, dkeldns =
2 h, WA BN M (Entries 9, 12~14), Bkt &
NIFIEA 4 h, F5 BRI, TR KN(SiMes), 1)
A& 30 mol%iZi fF 2 5 mol% ML 2, PP INeR
SIS KE TS, b AR AESN 10
mol% I PEIU R B i, A 86% (Entries 13, 15~17). =%
FaRih gt RR I, & RBA ML, 2B @i
(TLO) S n B /RE A KA, [ SIASGE K A4 (Entry 18),
LI KN(SiMes), HEALTIRIAEAE 2 BRI R A =z
L P Db T 2% A

2, #iE T KN(SiMes), LA AL 1,3,5- = 2K HI it
FIR b e S N 24 1.0 mmol E/REH 1a 5 10
mol%[H] KN(SiMes), 7E 0.5 mL H &7 H R &, 40 “CHit
PN 4 h, FEFAAFRAGEFEF, 729 3a 15> EICR LG
AR, RWZ S N A R B SR PR

T B R BE 2% A4 T % 5 T A2 2 7 i 2R 4K P 1

WE T T R 3 MR, SR E
IR B L5 B 5 A e B, DA H &5 22 vy WA 236 A8 R B2 1)
1,3,5- =75 HE IR UG A& . % 25 Ji B 1 i 2 )
IR, XU IS (1) FE RN S B A — e R
M. dr TS IRBURIE PR B E M T4 T
MR AL, FRER A, FH =P U 26 35 ] 1A 2|
70%UA _F(2b~2e), 7 /KR R SCEEAN 5 PR P L 250 U
2. 2SOV AN R PR 1 5 A7 BUAR 2 R 45 f 1 3 [ F R
B IR, RMWCRRE, BT 80% (2f, 2g); Xt
TR IE AW IR &l S = P IR, N
WA B T B (2h~2k). 42 R EDSURAN 57 IR 4-B 2R
B, SR TR D), XA g AT BH R
FIVE R, 2400088055 3 oy 3-mLme FE AN 4-Mme JEm, e
T T I R T O PR (2m, 2m), X AT RE S &R TR
L e L RSy =R N e Y W VA S B S G BU R 9 VAL T 135S
248 h, ZH MR FTEE, oA E] 65%F
35%.

RHE—BHIATY) 2 AR, 55 9R TP 1,3,5-=
K EERE-2,4,6- = (4-BR I O e 2h) 1 s AR, FFEET
X R B AT 0 M (CCDC 2362156), 45 5RAIESE 2h
Wkt BRI A E A S 2a 2 —EU1.

K2 IRPLGEAER S REE R R @

Table 2  Effects of reaction conditions on reactivity

O Ph O
/\)OL cat. KN(SiMes), Ph) L"@\”\Ph
Ph Ph conditions Ph" " Ph
12 )
2a
Entry Solvent Temp./C t/h Catalyst loading/mol% Yield®/%

1 DMF 60 12 30 Trace
2 CH3;CN 60 12 30 Trace
3 1,4-Dioxane 60 12 30 11

4 THF 60 12 30 14

5 DCE 60 12 30 Trace

6 PhCl 60 12 30 30

7 Toluene 60 12 30 68

8 Toluene r.t. 12 30 61

9 Toluene 40 12 30 75 (74)°
10 Toluene 75 12 30 57
11 Toluene 90 12 30 45
12¢ Toluene 40 8 30 75
13¢ Toluene 40 4 30 75
14¢ Toluene 40 2 30 68
15¢ Toluene 40 4 15 82
16¢ Toluene 40 4 10 86
17¢ Toluene 40 4 5 68
18¢ Toluene 40 4 0 0

“ Reaction conditions: 1.0 mmol of chalcone 1a, KN(SiMe3), as catalyst (loading relative to 1a), 1.0 mL of solvent. ” Isolated by column chromatography. ¢ 0.5 mL of

toluene.
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# 3 KN(SiMes) AL A AL 1,3,5- =75 IR SL IR CLe @
Table 3 KN(SiMes)2-catalyzed synthesis of 1,3,5-triaroyl cyclohexanes

o A' O
/\)(i 10 mol% KN(SiMej3), ArZJL"' -“‘”\Ar2
Ar' Ar? AN N
! A@?O

Cl Br :

Br

c, 85%
OMe

Me OMe

Me I Me
©/\29 80%

3

Ph

CF3

o)
l,
i
N~ =
J S
2m, 65%"

2n, 35%"°

@ Reaction conditions: 1.0 mmol of chalcone, 10 mol% KN(SiMes), (relative to chalcone), 0.5 mL of toluene, 40 “C, 4 h. Isolated by column chromatography. * 48 h.

Chin. J. Org. Chem. 2025, 45, 1402~1410 © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 1405



BIKE

LU KB O B (4) B AR E R S 5 Y
(Eq. 2)iF, FZRVET B R SBCRA L, RARIRER
FEW. TR AR RN 7R 9 DY SR (THF) FH 4E K B
A2 6 h, B2 2575 2Rl A G k. SRR
i 4 R R RN B X S 2R AT 4 (CCDC 2362163 .
2362164) % F=WAT RAE, XA =YIN 1,3,5- =K H
P A Lot (1) — % A A, WL 30 53% 1 35%.

NTIRZIR PR Z | RO T, 7T H
FH AR SR SE 90 (Eq. 3). TEmAERBIAAET, AR B
RN T E AR 2,2,6,6- P03 IR nE S AL
(TEMPO), &R0 B a] ARF]EAT, H =4 2a (FU
R 5K TEMPO %A+ FHZELIL, WIZRMIEAZL
it | AR

HEM T R BE A S R ALEE, NN RN 4 =D S
Michael B & 2 (Scheme 2). %%, AL RS
FA BT E R 1a, FRUGEE S FrHEAE A; A
4k 5 55— 4> F AR & A2 Michael s P IR A R i
MY B, B 5% =4 T8 /KNI K4E Michael I,

40 °C,0.5mL THF, 6 h

FreE s Rk € &0 FHNIMEAERG=Y) 2a, [FIRRE
J KN(SiMes), 4k 22 HfEALIEIR.

IRAEAZATLER, DA s 23 HE 3 0 1% s S AT 1
T FR 2K FR 0N S50 5 ) B 1) K B A e 2 R, 40 C
S 2 he ROBJFER LI R R BT S, s M
I3, 45T HhiAlMA ALBL C I[M+H] )45 5 (Scheme
3). X2 RESL T IX = A ARAEAE AT Be P, 10
Tk S A AL 7 R W 3 = 28 [ N ] BEZS Scheme 2 )
T 5E R

2 g

TR T — MR S4B A KN(SiMes), 8
W R R =5 R, AR S5 3 m e il g 17—
AU 1,3,5- =75 FEEEEIR O R &, 1% B JE R
AT 513, SRR, BIERME, RYEEN R
JENREIZ, REEARRNE T2, N RAM
RS GE R AN ANME R 1,3,5- =55 LR IA et
BV AR T R I E R BT R A

0 0 o) )
0 |, Jd |, R
10 mol% KN(SiMes), O
, + @)
o o)

Cr

4 1.0 mmol
5, yield 53% 6, yield 35%
O Ph O
o 1.0 mmol TEMPO )| JJ\
10 mol% KN(SiMe3), Ph” " “Spp
oA, : - ®)
0.5 mL toluene, 40 °C, 4 h Ph Y Ph
1a, 1.0 | -
a mmo PhAO

(=
Ph Ph Ph

1a

Ph Ph O

N\
N
K Y o~
) Ph X
o] i Ph
Ph Ph 4 Ph Ph
P N0 KN(SiMe3),
2a

©
K+_ K m)l\/(\/\ljh
(0 ( N(SiMes), Qj’\/“k(s”‘"%)z o P
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Scheme 2 Proposed reaction mechanism
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O Ph O
| L
0 1.0 equiv. KN(SiMe3), Ph) " " “Ph
/\)J\ '
Ph Ph 2.0 mL toluene, 40 °C, 2 h PR™ ™" "Ph
1a 1.0 mmol PhAO
J 2a
o

o

A

N SiMeg 2

Ko N(siMes), Ph
Ph)\/‘\Ph K O
Ph N

( )
Ph

ph W o

N
0 Ph
KO Ph
Ph Ph
Ph SO
c

HRMS calcd for [M + H]*
408.1576, found 408.1584

HRMS calcd for [M + HJ*
616.2464, found 616.2464

HRMS calcd for [M + HJ*
824.3353, found 824.3349

B3 HAfk A, B, CHIRIF

Scheme 3  Verification of intermediates A, B and C

3 EES
3.1 UHFES5HF

J& R KA XT-4 BUXH RS A e
FLHRIR R A Bruker 24 7] Avance 111 HD (400 MHz)# t;
HIRAX, ARG NIEF, TMS AW bR; ZLAMGREAE
Magna-500 ARG EGE; &5 BB HE £ Bruker 2
] MicroTOF-Q TIT Ji i 4 i, A /R ESSk Aol
1- 2R - 1- 20 A U8 2 S AR AT STk i) 2. 4 71U 38 AR 4
T AT TR A 2 )5 251845 .
3.2 ZWHE

FTA 1 [ S35 Schlenk FUA, 7ETC/K I LA K.
SRR T AT, DA R 3 = IR NN 7
TARTARSFE T, FREC KN(SiMes)s (19.9 mg, 0.1
mmol) T~ Schlenk S NHEHT, KM /KAH(208.3 mg,
1.0 mmo)FHZK(0.5 mL). ¥ RRHEFE 40 Ciliig+
PR 4 h RN AR & I 2 857K (0.2
mL)A 4R ABE(1.0 mL), T Z i FHFE 30 min DUF K
SSE. Rl R 220 5, R P AR A S AT U R —
ST/ CTR CBRATHEE, VIV V=312 20)0 515
WA EE A, BN Ok 2a # 3a.

1,3,5- = A L L -2,4,6- = K FEIF b (2a): A (]
1 179 mg, W 86%. m.p. 303~304 C; 'H NMR (400
MHz, CDCls) d: 7.65~7.63 (m, 4H), 7.46~7.42 (m, 2H),
7.33~7.32 (m, 8H), 7.18~6.94 (m, 14H), 6.86~6.82 (m,
2H), 4.80 (dd, J=12.0, 5.2 Hz, 2H), 4.47 (dd, J=11.8 Hz,
11.8 Hz, 2H), 4.22 (t, J=11.6 Hz, 1H), 4.00 (t, J=4.8 Hz,
1H); 3C NMR (100 MHz, CDCL3) 0: 205.1, 197.9, 141.5,
138.9, 137.4, 136.1, 132.8, 131.9, 130.5, 128.7, 128.5,
128.3, 128.2, 127.78, 127.75, 127.6, 127.4, 126.8, 58.3,

Chin. J. Org. Chem. 2025, 45, 1402~1410
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53.7, 47.4, 43.5; IR (KBr) v: 3027, 2918, 1680, 1596,
1580, 1495, 1447, 761, 698 cm™'; HRMS (ESI) calcd for
C4sH3eNaOs [M+Na]" 647.2557, found 647.2549.

1,3,5- = (4- 504 B ik 35 )-2,4,6- = 2K 3£ 35 C 5 (2b):
HE Ak 197 mg, BR 81%. mp. 275~276 C; 'H
NMR (400 MHz, CDCly) d: 7.56~7.54 (m, 4H), 7.32~
7.28 (m, 8H), 7.20~7.19 (m, 3H), 7.04~7.00 (m, 8H),
6.95~6.87 (m, 4H), 4.72 (dd, J=12.0, 5.2 Hz, 2H), 4.43
(dd, J=12.0 Hz, 11.6 Hz, 2H), 4.13 (t, J=11.6 Hz, 1H),
3.92 (t, J=5.2 Hz, 1H); 3C NMR (100 MHz, CDCl) §:
203.7, 196.6, 141.1, 139.4, 138.4, 137.0, 135.62, 135.57,
130.3, 129.2, 129.1, 128.7, 128.5, 128.1, 128.0, 127.1,
58.3, 53.5,47.4, 43.5; IR (KBr) v: 3031, 2969, 1694, 1672,
1588, 1571, 1496, 1455, 1091, 840, 770, 700 cm ™ '; HRMS
(ESI) caled for C4sH3sClO3 [M+H]™ 727.1569, found
727.1560.

1,3,5- = (4- R 7 F I 9L )-2,4,6- — 2K FE 3 5 (2¢):
HEE A 244 mg, BE 85%. mp. 279~280 C; 'H
NMR (400 MHz, CDCl3) d: 7.50~7.45 (m, 8H), 7.29~
7.27 (m, 4H), 7.20~7.17 (m, 3H), 7.12~7.10 (m, 2H),
7.04~7.00 (m, 6H), 6.95~6.88 (m, 4H), 4.70 (dd, J=
12.0, 5.2 Hz, 2H), 4.42 (dd, J=12.0, 11.6 Hz, 2H), 4.11 (t,
J=11.6 Hz, 1H), 3.90 (t, J=5.2 Hz, 1H); 3C NMR (100
MHz, CDCl3) 8: 203.9, 196.8, 141.1, 137.4, 136.0, 135.6,
132.1, 131.0, 130.3, 129.2, 128.8, 128.7, 128.5, 128.11,
128.06, 128.0, 127.2, 127.1, 58.3, 53.5, 47.3, 43.5; IR
(KBr) v: 3030, 2975, 1692, 1672, 1585, 1567, 1495, 1454,
1071, 852, 767, 700 cm™'; HRMS (ESI) calcd for CasHss-
Br"%,Br'NaO; [M+Na]" 882.9852, found 882.9850.

1,3,5- = (4- 1 2K B Bk 36 )-2,4,6- = R FE U5 (2d):
HEE A 158 mg, R 71%. mp. 314~315 C; 'H

http://sioc-journal.cn/ 1407
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NMR (400 MHz, CDCl3) 6: 7.60~7.58 (m, 4H), 7.33~
7.31 (m, 4H), 7.17~7.10 (m, 9H), 7.06~7.03 (m, 2H),
7.00~6.96 (m, 4H), 6.84~6.81 (m, 2H), 6.75~6.73 (m,
2H), 4.79 (dd, J=12.0, 5.2 Hz, 2H), 4.46 (dd, J=12.0,
11.6 Hz, 2H), 4.19 (t, J=11.6 Hz, 1H), 4.02 (t, J=5.2 Hz,
1H), 2.32 (s, 6H), 2.11 (s, 3H); 3C NMR (100 MHz,
CDCly) d: 204.5, 197.4, 143.6, 142.5, 141.7, 136.30,
136.28, 134.8, 130.5, 129.4, 128.4, 128.3, 128.2, 127.9,
127.6, 127.5, 126.6, 58.0, 53.5, 47.7, 43.5, 21.7, 21.5; IR
(KBr) v: 3030, 2920, 1683, 1661, 1605, 1571, 1494, 1455,
837, 754, 698 cm™'; HRMS (ESI) calcd for C4gHiNaO;
[M+Na]" 689.3027, found 689.3023.

1,3,5- = (4- FH AR 2 O R 0L )-2,4,6- — R R BR b
(2e): AEIA 167 mg, HE 70%. m.p. 283~284 C;
'H NMR (400 MHz, CDCl;) 6: 7.69~7.67 (m, 4H),
7.32~7.30 (m, 4H), 7.18~7.09 (m, 7H), 7.00~6.97 (m,
4H), 6.85~6.83 (m, 6H), 6.45~6.43 (m, 2H), 4.75 (dd,
J=12.0, 5.2 Hz, 2H), 4.45 (dd, J=11.6, 11.6 Hz, 2H),
4.14 (t, J=11.6 Hz, 1H), 4.00 (t, J=5.2 Hz, 1H), 3.79 (s,
6H), 3.63 (s, 3H); '3C NMR (100 MHz, CDCls) §: 203.1,
196.3, 163.2, 162.5, 141.9, 136.4, 131.9, 130.5, 130.4,
130.0, 129.8, 128.4, 128.2, 127.6, 126.6, 113.9, 112.8,
57.7, 55.5, 55.2, 53.3, 48.1, 43.5; IR (KBr) v: 3032, 2919,
1678, 1651, 1598, 1574, 1495, 1455, 1260, 1028, 832, 757,
698 cm '; HRMS (ESI) caled for CysHis0s [M+H]'
715.3055, found 715.3052.

1,3,5- = 7K H ik %5 -2,4,6- = (4- AR B 2K 35 3R e
2f): AEEE 195 mg, R 82%. m.p. 335~336 °C;
'H NMR (400 MHz, CDCl;) 6: 7.65~7.63 (m, 4H),
7.47~7.43 (m, 2H), 7.36~7.32 (m, 4H), 7.24~7.22 (m,
4H), 7.18~7.15 (m, 3H), 7.02~6.94 (m, 4H), 6.70~6.68
(m, 2H), 6.55~6.53 (m, 4H), 4.69 (dd, J=12.0, 4.8 Hz,
2H), 4.36 (dd, J=12.0, 11.6 Hz, 2H), 4.17 (t, J=11.6 Hz,
1H), 3.93 (t, J=5.2 Hz, 1H), 3.74 (s, 3H), 3.52 (s, 6H); 13C
NMR (100 MHz, CDCl;) d: 205.6, 198.2, 158.8, 158.1,
139.0, 137.4, 133.6, 132.8, 131.9, 131.5, 129.2, 128.7,
128.2, 127.8, 127.7, 127.4, 113.9, 113.7, 58.5, 55.12,
55.07, 54.0, 46.7, 42.7; IR (KBr) v: 3028, 2938, 1677,
1650, 1598, 1574, 1495, 1454, 1262, 1028, 832, 760, 697
cm '; HRMS (ESI) caled for CysHsoNaOs [M+Na]®
737.2874, found 737.2871.

1,3,5- = 2K PR 5L -2,4,6- = (4- F R 2R 30 3F U (2g):
HE A 178 mg, Y% 80%. m.p. 332~333 C; 'H
NMR (400 MHz, CDCls) d: 7.65~7.63 (m, 4H), 7.47~
7.44 (m, 2H), 7.37~7.33 (m, 4H), 7.18~7.08 (m, 7H),
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6.99~6.90 (m, 6H), 6.80~6.78 (m, 4H), 4.70 (dd, J=
12.0, 5.2 Hz, 2H), 4.38 (dd, J=12.0, 11.6 Hz, 2H), 4.15 (t,
J=11.6 Hz, 1H), 391 (t, J=5.2 Hz, 1H), 2.26 (s, 3H),
2.02 (s, 6H); 3C NMR (100 MHz, CDCls) 6: 205.4, 198.1,
139.1, 138.5, 137.5, 137.1, 136.0, 133.1, 132.7, 131.6,
130.2, 129.1, 128.7, 128.1, 127.8, 127.5, 127.4, 58.5, 53.9,
47.1,43.1,21.2,20.9; IR (KBr) v: 3024, 2918, 1682, 1665,
1594, 1579, 1514, 1447, 851, 778, 702 cm ™ '; HRMS (ESI)
caled for CiHyNaO; [M + Na]l© 689.3027, found
689.3021.

1,3,5- = 7% H Bt 3 -2,4,6- = (4- 1R 5 35) 3K L2 (2h):
H A 213 mg, R 74%. mp. 305~306 C; 'H
NMR (400 MHz, CDCly) d: 7.64~7.62 (m, 4H), 7.51~
7.47 (m, 2H), 7.39~7.35 (m, 4H), 7.31~7.29 (m, 2H),
7.25~7.23 (m, 1H), 7.20~7.13 (m, 10H), 7.07~7.04 (m,
2H), 6.88~6.86 (m, 2H), 4.70 (dd, J=12.0, 5.2 Hz, 2H),
434 (dd, J=11.6, 11.6 Hz, 2H), 4.14 (t, J=11.6 Hz, 1H),
3.95 (t, J=5.2 Hz, 1H); 3C NMR (100 MHz, CDCl;) ¢:
204.2, 197.3, 140.1, 138.2, 136.7, 134.8, 133.4, 132.6,
131.9, 131.7, 131.6, 129.8, 129.0, 128.0, 127.7, 127.4,
122.4, 120.8, 57.3, 53.2, 46.8, 43.0; IR (KBr) v: 3025,
2919, 1682, 1661, 1594, 1579, 1507, 1447, 1076, 843, 785,
705 cm !'; HRMS (ESI) caled for CysH33Br’°Br®';NaO;
[M+Na]" 884.9832, found 884.9826.

1,3,5- = FK HEERE-2,4,6- = (4-5 A )M Ok (2i): H
taE A 180 mg, WK 74%. m.p. 285~286 °C; '"H NMR
(400 MHz, CDCls) 8: 7.65~7.63 (m, 4H), 7.49~7.46 (m,
2H), 7.38~7.34 (m, 4H), 7.27~7.21 (m, 5H), 7.18~7.15
(m, 4H), 7.06~6.94 (m, 8H), 4.72 (dd, J=12.0, 5.2 Hz,
2H), 437 (dd, J=12.0, 11.6 Hz , 2H), 4.17 (t, J=11.6 Hz,
1H), 3.98 (t, J=5.2 Hz, 1H); 3C NMR (100 MHz, CDCl;)
5: 204.2, 197.4, 139.6, 138.2, 136.8, 134.3, 134.0, 133.3,
132.6, 131.6, 129.5, 129.0, 128.7, 128.6, 128.0, 127.7,
127.4, 57.4, 53.2, 46.7, 42.9; IR (KBr) v: 3037, 2918,
1682, 1656, 1595, 1579, 1492, 1447, 1095, 818, 778, 707
cm '; HRMS (ESI) caled for C4sH3Cl0s [M+H]"
727.1569, found 727.1565.

1,3,5- =K HI i 5E-2,4,6- = (4- B A )R O bE2)): A
E R 122 mg, W 54%. m.p. 274~275 C; 'H NMR
(400 MHz, CDCls) §: 7.67~7.65 (m, 4H), 7.47~7.43 (m,
2H), 7.36~7.30 (m, 8H), 7.20~7.17 (m, 3H), 7.04~7.00
(m, 4H), 6.91~6.87 (m, 2H), 6.73~6.69 (m, 4H), 4.77
(dd, J=12.0, 5.2 Hz, 2H), 4.43 (dd, J=12.0, 11.6 Hz, 2H),
422 (t, J=11.6 Hz, 1H), 4.04 (t, J=5.2 Hz, 1H); 13C
NMR (100 MHz, CDCL3) d: 204.6, 197.7, 162.3 (d, J=246
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Hz), 161.4 (d, J=244 Hz), 138.3, 136.94 (d, J=3 Hz),
136.87, 133.2, 132.5, 131.9 (d, J=8 Hz), 131.8 (d, J=3
Hz), 129.6 (d, J=7 Hz), 128.9, 127.9, 127.6, 127.3, 115.4
(d, J=22 Hz), 115.3 (d, J=21 Hz), 57.8, 53.4, 46.6, 42.8;
E NMR (376 MHz, CDCly) §: —114.4, —115.5; IR
(KBr) v: 3043, 2922, 1686, 1671, 1597, 1579, 1510, 1447,
1231, 824, 766, 703 cm™'; HRMS (ESI) caled for CysHas-
F3NaO; [M+Na]" 701.2274, found 701.2266.

1,3,5- =K HE5E-2,4,6- = (4- = H FE 2K 30 IR b
(2k): AEEE 166 mg, ULE 60%. m.p. 296~297 C;
'H NMR (400 MHz, CDCl;) 6: 7.66~7.64 (m, 4H),
7.54~7.51 (m, 2H), 7.47~7.39 (m, 10H), 7.30~7.28 (m,
4H), 7.22~7.18 (m, 1H), 7.14~7.12 (m, 2H), 7.08~7.07
(m, 2H), 7.02~6.98 (m, 2H), 4.82 (dd, J=12.0, 5.2 Hz,
2H), 4.49 (dd, J=12.0, 11.6 Hz, 2H), 4.20 (t, J=11.6 Hz,
1H), 4.11 (t, J=5.2 Hz, 1H); 3C NMR (100 MHz, CDCl5)
5:203.7, 197.1, 145.1, 139.7, 139.4 (q, J=274 Hz), 138.2,
136.6, 133.6, 132.8, 129.6, 129.2, 129.1, 128.6, 127.7,
127.3, 125.6 (q, J=3 Hz), 125.5 (q, J=3 Hz), 123.8 (d,
J=270 Hz), 57.3, 53.1, 47.1, 43.5; F NMR (376 MHz,
CDCly) 9: —62.6, —62.8; IR (KBr) v: 3020, 2921, 1691,
1656, 1596, 1581, 1508, 1450, 1326, 854, 772, 714 cm " !;
HRMS (ESI) caled for CisH3FoNaO; [M + Na] *
851.2179, found 851.2174.

1,3,5- = K ik 3E-2,4,6- = (4-(1, 1'-BEZE ) 3K O e
1: AfE A 156 mg, WK 55%. m.p. 353~354 C;'H
NMR (400 MHz, CDCl3) 6: 7.72~7.70 (m, 4H), 7.57~
7.55 (m, 2H), 7.46~7.41 (m, 8H), 7.39~7.34 (m, 5H),
7.31~7.20 (m, 16H), 7.17~7.13 (m, 4H), 7.10~7.06 (m,
1H), 6.95~6.92 (m, 2H), 4.89 (dd, J=12.0, 5.2 Hz, 2H),
4.58 (dd, J=12.0, 11.2 Hz, 2H), 4.32 (t, J=11.6 Hz, 1H),
4.11 (t, J=5.2 Hz, 1H); 3C NMR (100 MHz, CDCl;) §:
205.4, 198.0, 140.8, 140.6, 140.2, 139.6, 139.1, 137.4,
135.1, 133.0, 131.9, 130.9, 128.8, 128.7, 128.6, 127.8,
127.6, 127.4, 127.3, 127.1, 126.94, 12691, 58.6, 53.8,
472, 43.3; IR (KBr) v: 3028, 2917, 1686, 1661, 1596,
1579, 1486, 1447, 833, 764, 710 cm™'; HRMS (ESI) calcd
for C3HysNaOs [M+Na]™ 875.3496, found 875.3506.

1,3,5- = 7K Ik 3L -2,4,6- = (3- ML i 35) 3 2 bE (2m):
HERE A 136 mg, IR 65%. mp. 260~261 C; 'H
NMR (400 MHz, CDCl;) d: 8.71~8.70 (m, 2H), 8.49~
8.47 (m, 1H), 8.24~8.22 (m, 1H), 8.16~8.14 (m, 2H),
7.66~7.64 (m, 4H), 7.60~7.58 (m, 2H), 7.54~7.50 (m,
2H), 7.42~7.38 (m, 6H), 7.25~7.21 (m, 3H), 7.08~7.04
(m, 2H), 6.95~6.92 (m, 2H), 4.88~4.85 (m, 2H), 4.39~
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430 (m, 3H), 4.04 (t, J=52 Hz, 1H); *C NMR (100
MHz, CDCL3) 0: 203.3, 197.3, 150.6, 149.6, 148.7, 148.5,
137.7, 137.5, 136.9, 136.44, 136.41, 133.8, 133.1, 131.4,
129.2, 128.3, 127.8, 127.5, 123.6, 123.5, 56.6, 52.9, 44.4,
41.8; IR (KBr) v: 3020, 2956, 1687, 1674, 1595, 1579,
1507, 1445, 1001, 849, 803, 758, 714, 689 cm !; HRMS
(ESI) caled for C4H34N305 [M+H]" 628.2595, found
628.2600.

1,3,5- = 7K H ik 55 -2,4,6- = (4- 1L e 36) 36 & 45¢ (2n):
O E A 73 mg, YR 35%. mp. 251~252 C; '"H NMR
(400 MHz, CDCl;) &: 8.47~8.46 (m, 2H), 8.26~8.25 (m,
4H), 7.69~7.67 (m, 4H), 7.57~7.53 (m, 2H), 7.44~7.40
(m, 4H), 7.27~7.21 (m, 7H), 7.07~7.03 (m, 2H), 6.92~
6.91 (m, 2H), 4.83 (dd, J=12.0, 5.2 Hz, 2H), 4.39 (dd, J=
11.6, 11.6 Hz, 2H), 4.20 (t, J=11.6 Hz, 1H), 4.00 (t, J=
5.2 Hz, 1H); '3C NMR (100 MHz, CDCl;) §: 202.7, 196.6,
150.0, 149.9, 144.3, 137.5, 136.2, 133.9, 133.4, 129.2,
128.3, 127.7, 127.4, 125.3, 123.4, 55.5, 52.2, 46.6, 43.1; IR
(KBr) v: 3028, 2925, 1681, 1595, 1580, 1493, 1447, 1001,
848, 754, 716 cm '; HRMS (ESI) calcd for CsH34N303
[M+H]" 628.2595, found 628.2586.

(£)-1,3,5- =K HEEE-2,4,6- = FH I O bE(3a): A
Ok <21 mg, WHE<10%. mp. 221~222 C; 'H
NMR (400 MHz, CDCl3) d: 7.62~7.56 (m, 6H), 7.43~
7.37 (m, 4H), 7.35~7.32 (m, 4H), 7.30~7.19 (m, 6H),
7.11~7.03 (m, 4H), 7.00~6.98 (m, 2H), 6.93~6.89 (m,
1H), 6.82~6.75 (m, 3H), 5.39 (dd, J=12.0, 6.0 Hz, 1H),
5.31~5.25 (m, 1H), 4.44~4.38 (m, 1H), 4.25~4.22 (m,
2H), 3.67~3.66 (m, 1H); 3C NMR (100 MHz, CDCl;) §:
205.6, 205.2, 199.6, 142.9, 140.9, 139.6, 138.9, 137.9,
137.4, 133.2, 132.6, 132.2, 129.7, 128.9, 128.8, 128.63,
128.60, 128.5, 128.3, 128.1, 127.9, 127.82, 127.77, 127.5,
126.9, 126.7, 52.1, 49.8, 48.3, 46.0, 45.0, 44.3; IR (KBr) v:
3027, 2957, 1671, 1663, 1595, 1579, 1494, 1447, 718, 698
cm !; HRMS (ESI) caled for CisHisNaOs [M—i—Na]+
647.2557, found 647.2556.

1,3,5- =K HIEE R IR Cbi(5): A4k 70 mg, 1R
53%. m.p. 177~178 °C; '"H NMR (400 MHz, CDCls) &:
7.96~7.94 (m, 6H), 7.57~7.53 (m, 3H), 7.47~7.43 (m,
6H), 3.74~3.66 (m, 3H), 2.25~2.22 (m, 3H), 1.89~1.80
(m, 3H); *C NMR (100 MHz, CDCls) d: 201.5, 135.9,
133.3, 128.9, 128.3, 44.4, 31.6; IR (KBr) v: 3062, 2955,
1678, 1596, 1580, 1462, 1446, 775, 697; HRMS (ESI)
caled for Co7H,50; [M+H]" 397.1799, found 397.1803.

1,3,5- = K HIEE R IR CLbi(6): Ml 44 46 mg, R
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35%. m.p. 129~130 C; 'H NMR (400 MHz, CDCL) §:
8.00~7.94 (m, 6H), 7.62~7.58 (m, 1H), 7.53~7.49 (m,
4H), 7.42~7.38 (m, 4H), 3.97~3.83 (m, 3H), 2.43~2.39
(m, 2H), 2.14~2.11 (m, 1H), 1.96~1.88 (m, 2H), 1.86~
1.76 (m, 1H); C NMR (100 MHz, CDCl) §: 204.4,
202.4, 136.1, 135.8, 133.3, 133.2, 129.0, 128.8, 128.51,
128.46, 40.8, 40.7, 31.2, 30.4; IR (KBr) v: 3055, 2977,
1680, 1671, 1594, 1579, 1460, 1447, 781, 699 cm '
HRMS (ESI) caled for Co7HNaOs [M+Na]® 419.1618,
found 419.1612.

4 Bh#1 B} (Supporting Information) 774 i) % 1l 3L R
S SE TR ARk e TS =y v p YDk g N B
¥l (http://sioc-journal.cn/) b~ %%,
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