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Tiadl. TEEFIBWE R ZERE-2,4-F5%-8,10- A FHER[5.5]
+—%%-1,5,9- =BT E 4
wHEL B OB AERLC

(CYLTEIMVE R =2 T2t B & 330022)
CF B T AP RE I S AT TR B B S 330029)

x| 48 A&

WE  ELERRMLETIEET, UI5ERE. 2,2-T T 3%-1,3- "MEk-4,6- Bl 2,2-10 523 1,3- M kE-4,6- —FAR
FNEEL, BEHYIRBIA T 12 Ph 2R HE-2,4- 5448, 10- B IR[5.5] F—Ke-1,5,9- = FHfT A= 4. [RMTEIEFNG H,
AR AN, A 49%~63%. IbAbh, IETTie T IR BOEE S BURIEMI S R, PRI T ATREMI4E & RS HLE, JFRIH TH
NMR. “CNMR. IR ¥ ESI-MS &3 AT BfiE 17 5h h 451,

ki AN RN ERE2 4 28-8,10- B AR IB[5.5] T —Kw-1,5.9- =B, VAT, ML

Efficient One-Pot Synthesis of Diphenyl-2,4-dioxa-8,10-diazaspiro-
[5.5]undecane-1,5,9-trione Derivatives under Solvent-Free and
Catalyst-Free

Xu, Zhaohui™* Zhou, Peng” Lin, Chunhua’ Liu, Deyong®
(“ Chemistry and Chemical Engineering Department, Jiangxi Normal University, Nanchang 330022)
(® School of New Energy and Enviroment Engineering, Nanchang Institute of Technology, Nanchang 330029)

Abstract Twelve kinds of diphenyl-2,4-dioxa-8,10-diazaspiro[5.5]undecane-1,5,9-trione derivatives were synthesized by the
three-component one-pot reaction of aromatic aldehydes with urea and 2,2-butylidene-1,3-dioxane-4,6-dione or 2,2-pentyli-
dene-1,3-dioxane-4,6-dione under solvent-free and catalyst-free. The yields ranged from 49% to 63%. Its advantages were no
solvent pollution and mild reaction conditions. Furthermore, a proposed reaction mechanism for this condensation reaction was
speculated and the relationship between reaction speed and substituent groups was also described. All the compounds synthe-

sized were confirmed by "H NMR, *C NMR, ESI-MS and IR techniques.
Keywords three-component reaction; diphenyl-2,4-dioxa-8,10-diazaspiro[5.5]undecane-1,5,9-trione derivatives; solvent-

free; catalyst-free

TOREE-2,4-5H 2R -8,10- AR IR[5.5] + — %E-1,5,9- =
P2 —REHES AR TRUEAR L&Y, A E
EREYEHDY, CEPUREE. PO, BIE. IRR
JREER B H R A ZG B TP, R, XA &
B K R I 9T A AT ORI I £ L 2 oy OB
(MCRS)E A BB g Maifb 2R | ki
R FAF SN 07 2k e N T 3,3-—
B - ORI, 4- 5 24 -8,10- B 4B [5.5]+—k¢-1,5,9- =

* E-mail: gotoxzh@163.com
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i, NBS/AIBNP!, TMSCI'. SnCL!" & NicL!"™. i
R, BOCHRE R TR B 2w AgER
TR RN A (R AV A I3 31 3,3- — F k- — 8L D 4- 51 -
8,10- AR [5.5]1 1+ ¥¢-1,5,9- =M. HTAEG & T
PRAFAE SON I TR K . ORI 38 75 A A AL i 70 sl Ak
FIEAE, TR AR ) AN = 0 A & T 15
EAFNCNIE Y.
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TRFNENLE BT T B ik k. ma.
28 T SR T A 52 T, A LA BRI I # s, I
SRR B KB I TEIA 7 SOBE R SCRR AR IE 1) R X
et A A ANl B RE J HAA F l 2b  f  7R) Af A =
V), B SLISREA BN — P E T EMFR. H,
T 7 CUEN N F It 34K S B - Knoevenagel
ity i, Biginelli Je ", Hantzsch Jo "% 3
Tk, & KR THETER TREAFIESE TP 5 &
L REA 220 T #-1,3- 8 ki-4,6- —FHEL 2,2-T0 %
Fe-1,3-WEkE-4,6- W A A A R SLA R 12 Fh oK
2 4-5 24-8,10- B AR [5.5]+ —Ke-1,5,9- =W fiT £
(RFTEL. ARL . A 2k W Scheme 1.

1 SRS
1.1 REEHRIHL

B, DLRHESJRER2,2-0 T %-1,3- W ki-4,6-
TR R N, SEER T N TCVE R OB ]
S S S SR S e, FLEE R ILER 1.0 R 1 ATLh
B, R T AR =, RO
400 ZJEHEE. K, KRR 3,3-00 T H- K2 4-
-8, 10-F AR [5.5]—HE-1,5,9-=H(EE 1 " Entries
1~4), mEAEF TR DMF 8% DMSO #%5)H =
SRR SR, R, 2R CEETP USR] 42% )
e, TTETCIE TSR OB R R i, BRI E] 62% (3K 1
1 Entries 5~10). 35 %52 7 [ S A s B )X 7=

0o )
ofé P
o5
__!14LR//
3

O H
o}
Joj\ N Catalyst-free o) 5a~ 5f
HN" NH, X Solvent-free O<o Q
1 R
2a~2h
B 1 fhE 5a~5f Rl 6a~6f ({4
Scheme 1 Synthesis of 5a~5f and 6a~6f
£ 1 EY 5a BRS¢
Table 1 Optimization of reaction conditions for the synthesis of 5a
Entry Solvent Temperature/C Time/h Yield’/%
1 Glycerol 80 8.0 <5
2 Polyethylene glycol 400 80 8.0 <5
3 Ethylene glycol 80 8.0 <5
4 H,O 80 8.0 <5
5 DMF 80 8.0 21
6 DMSO 80 8.0 18
7 CH;CH,0H Reflux 8.0 46
8 CH;COOCH,CH; Reflux 8.0 42
9 Methylbenzene 80 8.0 38
10 None 80 5.0 62
11 None 70 6.0 51
12 None 80 5.0 62
13 None 90 5.0 60
14 None 80 5.0 48", 56¢

“Reaction conditions: benzaldhyde (10 mmol), urea (5.5 mmol) and 2,2-butylidene-1,3-dioxane-4,6-dione (5 mmol), solvent (10.0 mL) or solvent-free; b urea (5.0

mmol); ¢ urea (6.0 mmol); ¢ isolated yield.
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VISR S I 25 R, BERMNIREN 80 C, i
B[R 5.0 he 2% FRTR, AL R B2 o
R, RNJFERCERRE. JRES 2,2-T T #-1,3-—
BEE-4,6- BRI A 2011 01, NI
80 °C, FfERNETE]A 5.0 h

=) 5a (45 R IR, '"H NMR. °C NMR 23 #r #fiiiF.
TELLAMEIE T, 3198, 3061 e 4 NH HHE (R 45 4R 2h L
Wglkg; 1772, 1735 ecm™ 'y C=0 B 4E4RENR g, #%
WEIARERE S, 1F 0.65~0.81.1.27~1.33 HILF T Hf
Wi, fE 0 5.30 HEL CH BRI, 76 6 7.20~7.22.
7.35~7.41 I EARIZ EIE, 786 7.32 L NH [1)H$
U, ARG LIRS 7 BT B 5 5 AV &5 BSI-MS HHE
BT 407.2 [M+H] HITELE.
22 FKE-24-5F2%-810-FFIR[5.5]+—H-1,5,9-
=ERETEYIRIE AL

TEAE R N AR, it SO AN R S F RS IR R
2,2-30 T HE-1,3- HEEE-4,6- BAVEAT =40 di A RN,
GRT 6 B 3,3-W T - ORHE-2 45 4R -8,10- A4 IR
[5.5]1F—4E-1,5,9-—FATAYI(Sa~50)(EK 2). MK 2 %
P EH, fELEFIZGT, REHAFIRKE TS
5 e LB ATIRAIBEAT, L 51%~62% K15 m i R 15 5
FHSE ) E bR =4, i W FEL 225 1 2 PP I O3 P PR T3y
L TR S, IX ARG & BT i R RS T
RUBLBEAR T FRIE HL T = 5 P T A R T I SEEAT, T %f
T it o [ U] 8 356 0 5 2 H T o 2 BN R OBk
17, W 4-HARIK PR GRS 2 B AR, R AMESLER
ORI A7 BELASEOK 1) 75 B g 3-8 HR e ) T
B2 H b=

2 B Sa~5f AR
Table 2 Synthesis of Sa~5f

Entry Product R Time/h  Yield"/%
1 5a H 5.0 62
2 5b 4-F 4.0 56
3 5¢ 4-Cl 4.0 54
4 5d 4-CH;, 6.0 51
5 Se 4-NO, 4.0 60
6 5f 3-Cl 5.0 57
7 5g 4-CH;0 6.0 68°

¢ Reaction conditions: aromatic aldehyde (10 mmol), urea (5.5 mmol),
2,2-butylidene-1,3-dioxane-4,6-diones (5 mmol), temperature 80 C, solvent-
free conditions; ® isolated yield; © observed Knoevenagel reaction product.

RHER 2 FISRIGEE R, 5L 2,2- WK FE-1,3- 0
be-4,6- B 2,2-0F T FE-1,3- —WEke-4,6- BT =
HOGERN, AT 6 Ff 3,3- K- 2K3E-2,4-4
7% -8,10- & A WA [5.5]+ — ¢ -1,5,9- = Wi i1 4 ¥ (6a ~
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6N 3), [FAFELL 49%~63%%% i i 45 B M 1 H
FRrEY).

£3 A 6a—6f (4L
Table 3 Synthesis of 6a~ 6f

Entry Product R Time/h Yield®/%
1 6a H 5.0 63
2 6b 4-F 4.0 57
3 6¢c 4-Cl 4.5 52
4 6d 4-CH;, 6.0 49
5 6e 4-NO, 4.0 58
6 6f 3-Cl 6.0 55
7 6g 4-CH;0 6.0 71¢

© 2016 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: aromatic aldehyde (10 mmol), urea (5.5 mmol),
2,2-pentylidene-1,3-dioxane-4,6-diones (5 mmol) , temperature 80 C, sol-
vent-free conditions; ? isolated yield; © observed Knoevenagel reaction product.

2.3 ETiBEF. TEAFIRG TR 8RR LR

AR 7= ) ) 25 R R0 S LR ARE S, 23726 SCHR[20~22]
7%, BFRVURHE, JREE 2,2-W T 5-1,3- 18k
-4,6- [ P S5 AR A G e LT R FR s BREALER. 7R
2R NI FE A R 25 A S ) 2 B 38 I TR RO S
BEYEN S SR T, ST Bk T ) 52 SR AR
B, 5 o22-0 T 3 -1,3- Z0E B -46- K A
Knoevenagel i & S S AE i )4 8. R 2 (1 ZUs 1)
VE R TR I SEAZ R B Al 8 77 5 43 1 FEL A Y o-C,
M550 EAWH T BREERS, H o-C IERERE N, 5
Bl R 2 R AR SR A B R R4S B R (144 9, [R] B A ]
& 9 55— PR R A RIS 28 & IOV, T R [
10, 10 F K44 F M Mannich x N1 3] B ¥riL &4 5a.
AT RER SIS HE, G0 Scheme 2 Fio.

2 #ig

TELIHEFIF AT FA T, LS EBE. 22- T
Feo1,3- T WERE-4,6- A ER 2,2-30 % FE-1,3- Tk -4,6-
A0 PR 2 AR AL, G =y BB T 12 Fh 2R3
2,4- %8 4% -8,10- B A2 MR [5.5] + — %e-1,5,9- =B AT A= 4,
80 ‘C/M. 4.0~6.0 h, &N 49%~63%. 1% NI
GG, L&A IRAN, AR = 2H 5 4 A O I
R, 1 H A ERERE R RNEAE . RS
=y

3 SCIEES
3.1 RS

2.2-W T H-1,3- 08 kE-4.6- —FAAFN 2,2-T0 % Fk-1,3-
TEE-4,6- % SCRR[23 ] 4 RS, 4-FF SRR
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B2 AWEY 5a mTEErIHLEE

Scheme 2 Possible mechanism for the imformation of 5a

B A-THIEOR . 4-SUORFRE. 3-SURHEE. 4-500K
I J 4- RO B o dr ;. e e 4,

XT4A B EGUE AL R RHMC A R A 7)), iR
FEF AR AR IE; 5 E Bruker 400 MHz AU 0 3L 4RAX (15
Bruker A ), DMSO-ds N¥ 7, TMS A #%, 'H NMR
HIREIZARZE N 400 MHz, *C NMR HIHIZ5E A 100
MHz; FT-IR-8400 B4 £ AN (H A% i3 A 7)), KBr H i
32 ZEHE-24-F%-810-FRME[5.5]+—%-1,5,9-
=ERAETEYIHIE L

£ 50 mL =R IMA TS FEE(10 mmol). JRE
(5.5 mmol). 2,2-V. T 3E-1,3- M f5z-4,6- (5 mmol)ak,
2,2-W0 [ HE-1,3- I )5E-4,6- (5 mmol), Jn#F 80 C
N 4.0~6.0 h, JRMFERE, IMAZMAK 15 mL, o),
TEMR IEZ B K UE D R K BB . RO BRE 4
i~ TS HARb &) Sa~5g, 6a~6g.

3,3-0F T - IR FE 2 4- 5 k-8, 10- AR IR [5.5] +—
Fi-1,5,9- =i (5a): [ A&, % 208~210 C; 'H
NMR (400 MHz, DMSO-ds) 6: 0.65~0.81 (m, 4H),
1.29~1.33 (m, 4H), 5.30 (s, 2H), 7.20~7.22 (m, 2H),
732 (s, 2H, NH), 7.36~7.39 (m, 6H); *C NMR (100
MHz, DMSO-de) J: 22.21, 38.26, 58.98 (Cyiro), 61.98,
114.28, 128.10, 129.21, 129.75, 135.98, 155.71, 160.45,
166.30; IR (KBr) v: 3198, 3061, 1772, 1735, 1683 cm ';
ESI-MS m/z: 407.2 [M+H]".

3,3-0F T 3t - (4- TR 2 )-2,4- S 44 -8,10- & 4 IR
[5.5]F —%E-1,5,9- = Fiil (5b): H B E 44, 1 A 206~
208 “C; "H NMR (400 MHz, DMSO-dq) d: 0.77~0.92 (m,
4H), 1.34~1.40 (m, 4H), 5.32 (s, 2H), 7.24~7.28 (m,
8H), 7.37 (s, 2H, NH); *C NMR (100 MHz, DMSO-d;) o:
22.37, 38.47, 59.06 (Cypiro), 61.24, 114.44, 116.02,116.24,
130.28, 132.12, 132.16, 155.58, 160.53, 164.17, 166.23; IR
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(KBr) v: 3212, 3075, 1768, 1730, 1684 cm ™ '; ESI-MS m/z:
443.1 [M+H]".

3,3-0F T 2t - (4- SR AL )-2,4- S 44 -8,10- & 44 IR
[5.5]1F —E-1,5,9- = i (S¢): M [l A&, 4 55 207 ~
209 ‘C;'H NMR (400 MHz, DMSO-dg) d: 0.77~0.93 (m,
4H), 1.36~1.39 (m, 4H), 5.33 (s, 2H), 7.21 (d, J=8.0 Hz,
4H), 7.42 (s, 2H, NH), 7.48-7.63 (m, 4H); >*C NMR (100
MHz, DMSO-ds) J: 22.49, 38.63, 58.29 (Cyiro), 61.25,
114.82, 124.40, 129.81, 142.93, 148.52, 155.33, 160.09,
165.68; IR (KBr) v: 3201, 3062, 1766, 1731, 1692 cm™';
ESI-MS m/z: 475.1 [M+H]".

3,3-MF T HE - (4- YRR R AR )-2,4- S % -8, 10- U R
[5.511 —%¢-1,5,9- = 0 (5d): [ o [E 4K, 155 195~
198 C; "H NMR (400 MHz, DMSO-dj) d: 0.70~0.86 (m,
4H), 1.22~1.31 (m, 4H), 2.29 (s, 6H), 5.25 (s, 2H), 7.12
(d, J=8.0 Hz, 4H), 7.48 (d, J=8.0 Hz, 4H), 7.24 (s, 2H,
NH); “C NMR (100 MHz, DMSO-d;) J: 22.33, 28.26,
38.47, 58.61 (Cyio), 61.66, 114.78, 127.95, 129.35,
133.00, 139.01, 155.67, 156.11, 166.23; IR (KBr) v: 3226,
3081, 1773, 1735, 1686 cm™'; ESI-MS m/z: 4352 [M+
H]".

3,300 T HE - T (4- B R R AR )-2,4- S R -8, 10- U AR R
[5.5]F —kE-1,5.9- = i (Se): M & &l 44, 4 55 201 ~
202 °C; 'H NMR (400 MHz, DMSO-d;) d: 0.72~0.90 (m,
4H), 1.28~1.36 (m, 4H), 5.56 (s, 2H), 7.50 (d, J=8.0 Hz,
4H), 7.66 (s, 2H, NH), 8.30 (d, J=8.0 Hz, 4H); °*C NMR
(100 MHz, DMSO-ds) 0: 22.49, 38.63, 58.29 (Cypiro)s
61.25, 114.82, 124.40, 129.81, 142.93, 148.52, 155.33,
160.09, 165.68; IR (KBr) v: 3231, 3081, 1767, 1729, 1692
cm'; ESI-MS m/z: 497.1 [M+H]".

3,3-00 T - (3- 5 2K 2 )-2,4- 5 4% -8,10- & 2% I3
[5.5]F —%i-1,5,9- = Wil (56): ([ &, #8192~
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194 °C; 'H NMR (400 MHz, DMSO-d) d: 0.80~0.90 (m,
4H), 1.36~1.40 (m, 4H), 5.34 (s, 2H), 7.16 (d, J=4.0 Hz,
2H), 7.23 (s, 2H, NH), 7.42~7.49 (m, 6H); >C NMR (100
MHz, DMSO-ds) J: 22.37, 38.49, 58.70 (Cyiro), 61.23,
114.59, 127.02, 127.91, 129.84, 131.22, 133.86, 138.18,
155.42, 160.37, 165.95; IR (KBr) v: 3202, 3062, 1767,
1730, 1692 cm™'; ESI-MS m/z: 475.1 [M+H]".

5-(4- H A R 2R 2L 7 FR 2 )-2,2- I T 2 -1,3- I e -
4,6- — T (5g): ¥k ¥ L lE 4A; 'TH NMR (400 MHz,
DMSO-dg) 6: 1.90~1.85 (m, 4H), 2.18~2.23 (m, 4H),
3.90 (s, 3H), 6.98 (d, J=8.97 Hz, 2H), 8.19 (d, J=8.97
Hz, 2H), 8.32 (s, 1H); *C NMR (100 MHz, DMSO-d;) ¢:
23.26, 38.41, 55.68, 111.65, 113.37, 114.38, 124.71,
137.48, 157.56, 161.19, 164.62.

3,3- 0 3 Ak - R HE -2, 4- S 98-8, 10- B R I [5.5] 1+ —
Bi-1,59- =l (6a): A€, ¥ 220~220 C; 'H
NMR (400 MHz, DMSO-d;) 0: 0.43 (s, 4H), 1.07 (s, 6H),
5.30 (s, 2H), 7.21~7.23 (m, 4H), 7.31 (s, 2H, NH), 7.35~
7.40 (m, 6H); C NMR (100 MHz, DMSO-d;) J: 21.88,
23.28, 36.99, 59.06 (Cypiro), 62.01, 105.99, 128.16, 129.13,
129.72, 136.04, 155.72, 160.35, 166.17; IR (KBr) v: 3201,
3060, 1771, 1734, 1685 cm ™ '; ESI-MS m/z: 421.2 [M+H]
.

3,3- 301 8 3 — . (4- 9 R 2 )-2,4- 0% -8,10- AL 2% IR
[5.5]1 1+ —%E-1,59- = Fif (6b): & [E A&, 1% & 216~
217 “C; "H NMR (400 MHz, DMSO-d) 6: 0.54 (s, 4H),
1.12 (s, 6H), 5.32 (s, 2H), 7.22~7.28 (m, 8H), 7.36 (s, 2H,
NH); *C NMR (100 MHz, DMSO-d,) J: 21.87, 23.22,
37.16, 59.17Cqiro), 61.27, 106.11, 115.94, 116.16 130.34,
130.42, 132.20, 132.23, 155.55, 160.45, 161.75, 164.20,
166.12; IR (KBr) v: 3207, 3074, 1768, 1734, 1683 cm ™ ';
ESI-MS m/z: 457.1 [M+H]".

3,3- WP [ 3t — - (4- S 3 )-2,4- S 44 -8,10- & 4 12
[5.51F —%E-1,5,9- = (6¢): F B[ 1A, 1% 5 210~
212 C; 'H NMR (400 MHz, DMSO-d) : 0.54 (s, 4H),
1.12 (s, 6H), 5.33 (s, 2H), 7.22 (d, J=6.0 Hz, 4H), 7.41 (s,
2H, NH), 7.49 (d, J=4.0 Hz, 4H); *C NMR (100 MHz,
DMSO-ds) J: 21.89, 23.17, 37.15, 58.91 (Cqyiro), 61.34,
106.17, 129.20, 130.09, 131.63, 134.89, 155.52, 160.36,
166.00; IR (KBr) v: 3208, 3086, 1771, 1729, 1683 cm ';
ESI-MS m/z: 489.1 [M+H]".

3,3- W0 3 2 — = (4- FR AL DR L )-2,4- A 44 -8, 10- L A% 1B
[5.5]1 1+ —%E-1,59- = Wi (6d): 1 £ [&E 4, & A 202~
205 “C; '"H NMR (400 MHz, DMSO-d) 6: 0.46 (s, 4H),
1.08 (s, 6H), 2.26 (s, 6H), 5.23 (s, 2H), 7.08 (d, J=8.0 Hz,
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4H), 7.18 (d, J=8.0 Hz, 4H), 7.22 (s, 2H, NH); °C NMR
(100 MHz, DMSO-d) J: 21.11, 21.94, 23.31, 37.03, 59.15
(Copiro), 61.87, 106.11, 128.03, 129.55, 133.07, 139.19,
155.78, 160.55, 166.35; IR (KBr) v: 3226, 3081, 1773,
1735, 1686 cm™'; ESI-MS m/z: 449.2 [M+H]".

3,3- W7 [ H - (4- A 2 DR R )-2,4- 5 4+ -8,10- 2 1R
[5.5]+— ki-1,59- = i (6e): [ €0 [ A, Jo5 & 211~
212 C; 'H NMR (400 MHz, DMSO-d) : 0.49 (s, 4H),
1.07 (s, 6H), 5.57 (s, 2H), 7.50 (d, J=8.0 Hz, 4H), 7.67 (s,
2H, NH), 8.30 (d, J=8.0 Hz, 4H); *C NMR (100 MHz,
DMSO-dy) d: 21.80, 23.07, 37.24, 58.48 (Cqpiro), 61.37,
106.54, 124.32, 129.91, 143.01, 148.55, 155.34, 160.14,
165.62; IR (KBr) v: 3229, 3078, 1769, 1727, 1691 cm™';
ESI-MS m/z: 511.1 [M+H]".

3,3-30 SR - — (3-EUAHE)-2,4- 5 24-8,10- AL 2 [ 5.5]
+—HE-1,59- = FH(6f): AR, 1558 196~198 C;
'H NMR (400 MHz, DMSO-d) 0: 0.55 (s, 4H), 1.13 (s,
6H), 5.34 (s, 2H), 7.16 (d, J=4.0 Hz, 2H), 7.23 (s, 2H,
NH), 7.41 ~ 749 (m, 6H); “C NMR (100 MHz,
DMSO-dg) 6: 21.81, 23.16, 37.11, 58.84Cg0), 61.28,
106.32, 127.11, 127.97, 129.80, 131.13, 133.90, 138.24,
155.42, 160.32, 165.86; IR (KBr) v: 3201, 3064, 1771,
1734, 1689 cm™'; ESI-MS m/z: 489.1 [M+H]".

5-(4- F AR 2R I W0 R L )-2,2- 30 3 3 - 1,3- I -
4,6-—fif(6g): W EEA; '"H NMR (400 MHz, CDCl;)
0: 1.42~1.45 (m, 2H), 1.61~1.69 (m, 4H), 1.91~1.95
(m, 4H), 3.82 (s, 3H), 6.89 (d, J=8.88 Hz, 2H), 8.13 (d,
J=8.85 Hz, 2H), 8.26 (s, 1H); “C NMR (100 MHz,
CDCLy) &: 2221, 24.19, 36.39, 55.66, 104.88, 113.46,
114.32, 124.79, 137.49, 157.36, 160.41, 163.97, 164.50.

#HBh#1 Bl (Supporting Information) ¥4 H btk &4
5a~5c Ml 6a~6¢ ] 'TH NMR. C NMR Eit. ix bkt
AT PA A B MAS T ] 3t (http://sioc-journal.cn/) | R %K.
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