hitps ://hxsj.cbpt.cnki.net fb2#i83  CHEMICAL REAGENTS o547 B 8

BRBIRNFTER S X

o', PR AR,
(LAEARBIT A fL2 550 F TR, L 200037, LIRS TR RA AR, Ll 201506)

WE - AFIBER R R EE WAL, F AT BA F 2 Lz &0 B A MR 25 R4S , % IR T4
BAEYILE YA PR, 2 — R BB A2 G s IR ; O — 07 SRR — e A DU Re BG40 B, vl LA
T3 SEAZ NS I e A o LA VAR B D R 7 HLIECAAS , AT H, NG 52 A5 21/ R id 5 s Fnds 20k, #1 HCN Jin
AT B o-FEBENE , 5590 0 A TR B A5 B 0 AR R A IR AR, AEMRTRTF Y o, o 0B A N T | AR SR
5 RS RIRATT AL &9, A 9 TSR & PR, IR TR AE A 9 & s gt T BRIk, DISFEN R
b At G I B AL B BRI 4 25 RN, = ICRAS B T — R A0H A ZUIR IR I R AL A, B 7 AR i
"HNMR " CNMR \HRMS #47 T 3RAE, BiIA T 454, Il g 55 Xoray AT TN T HAS IS5, 32 /R F 0, & A 40
s (] AL G FATE . AFSE SRR A iU B BRI B P R Y AR S

KHWR A GRS, SR A, AR TS

FESES:065 XERFRIRA A X ERS:0258-3283(2025)08-0098-10

DOI:10.13822/j.cnki. hxsj.2025.0098
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Abstract; a-Azaspiro rings are a class of important organic ligands, because of the nucleophilic nitrogen atoms and the unique
spatial structure of these compounds, often used as organic ligands for spirochiral metal-organic compounds. Actually, they are
important intermediates in the synthesis of drugs.On the other hand, carbonyl is a potential organic functional group conversion
precursor that can be converted into organic ligands with potential coordination functions through nucleophilic addition reactions,
such as Schiff bases,oximes, hydrazones,and semicarbazides obtained by reacting with H,NG, and a-hydroxynitriles obtained by
adding with HCN, reaction with cyclopentadienyl metal salt to obtain fulvene, which then serves as a metallocene ligand, etc.
Carbonyl and amino groups at the a, @'-positions of the spiro atom were introduced to form nitrogen-containing spirocyclic
aromatic ketone compounds,which serve as chiral spiro ligands and provide important technical support for the synthesis of spiro
chiral catalysts. Aromatic ketones was used as raw materials, a series of novel nitrogen-containing spirocyclic aromatic ketone
compounds were obtained in high yield through four steps of oxime introduction, reduction, cyclization,and deacetylation.All these
products were well characterized by "HNMR, >CNMR , and HRMS to confirm their structures. The spatial structure of P5 was
confirmed by single-crystal X-ray diffraction,and the nitrogen-containing heterocycles were spatially distorted irregular pentagons
influenced by nitrogen atoms.The research results indicate that the method proposed in this article has the advantages of simple
process , high product yield,and thermal stability of the product.
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1 SKIEB4SY
1.1 FEERSEH

AVANCE I 400 MHz RIAZREIIRAN (Fi+ A
55/ 1)) 5 Nicolet 380 HUAH B AR 421 P 34X
( 35# Thermo Fisher A H]) ; XEVO G2 TOF #l Jf
TEAY (5 Waters 24 )) o

PR 1-PU 2SR | R S G | 2 TR T
(Ac,0) BUT EE W EIR G R (TsOH) |, =3 &
BRI &7 (HCCL ) | = H 3 — SRk ke (TMSCL) |
AT J6 /8 (MTBE) (1E T 548 (n-Buli) (B R
(H,S0,) EEALH (NaOH) HeER R (HCD) |1, 3-
TIRNREL T, 4- IR R S AL BN (NaH) | BE B
(Zn) \LTR TR AThEE 50 F e U &0k g |
2% N N, N-Z 5L e ( DMIF) () 245 4 A1 4k
2R BRA T ) 5 B R34 Sk 3 Al 4 A i
RAATALEE AR A X A T B ot
1.2 STk
1.2.1  ZHEISEE YA

S CHR[ 15 ] OTIE A K 3, 4- 5 - 1-Z51R-
2-J5 (X1, 1) : R FAR#E Schlenk A, ] 200
mL Schlenk H 71 A 10. 78 g(96 mmol ) AU T i
BN 60 mL oK Z R 60 mL AT BE, FEVK
KB T8N 14 mL(104 mmol ) 7l iR 5 1% Fi
FAEFE 30 min, P22 N 11,7 2( 80 mmol) B 1-74
LR | SO AR ZR F e B0 T VR A T A R R R
WL ROR VORI IR A 208 RS OB 12 h, HhETS
FER A0 A FHITCK b A, K2 [ A fim A
200 mL( 1 mol/L) ¥ 1) HC %W 4>, T — 4%
FBEAE I (30 mLx3) , # F1 & £R K PE ¥ (30 mLx

3), B I MM, TR R AN T4, a5 e 4,
LR PRI SE i, Mg f5 5] 10. 51 g WR ¥ (0 [E 14
&Y X1, RN 75%, 81t 5 SRk [ 15 ] bR
HETE DG H A LA 2= 254

(0] (0]

t-BuOK, Et,0,7-BuOH (jé/N\ OH

/I\/\0/N\\0 X1

B1 k&YW X1 AR
Fig.1 Synthesis of compound X1

"HNMR ( CDCl,,400 MHz) ,8:10.85(s,1H) ;
8.12(dd,1H,J=7.9,1.5 Hz);7.54(dd, 1H, J =
1.2 Hz) ;7.39(dd,1H,J=7.7,1.2 Hz) ;7.30(d,
1H,J/=7.6 Hz) ;3.19~3.17(m,2H) ;3. 08(t,2H,
J=6.7 Hz) .

S SR 16 ] 1T 6 i 3-4- 1-Efi i-2- 15
(X2, 2) . K FHARME Schlenk £ A 1 Fx
0.66 g(5 mmol) 1-Efifili /il A 25 mL Schlenk i,
HIA S mL (@ PR ERUT JElE, TE0OKIR R 20 10
min, Il A 0. 81 mL(6 mmol ) MEAH AR 5 X HEF1 0. 76
mL(6 mmol ) = HI LA fESE Y 30 min, HE VKK
WA S IR ARSIV 2 b TR R AR T, R
VR = 2 A E I S~ 1 R R S
(10 mLx3), BIf55] 0. 74 ¢ IR M W KL &9
X2, W% H 92% , JE 5 SCHRT 16 ] bR i T R
FefiiA Ak 24 454 . "HNMR ( DMSO, 400 MHz) ,
8:12.64(s,1H) ;7.77~7.70(m,2H) ;7. 65~7. 60
(m,1H);7.48(d,1H,J=1.1 Hz) ;3.78(s,2H) ,

0 g 0
“mscrmee ~ [ )N
X2 OH

2 B X2 B
Fig.2 Synthesis of compound X2

SR 1T T A i N-(2- 255 ) -
CMERE (Y1, B 3) . R FIARUE Schlenk AR [7]
100 mL Schlenk JF A 3.50 g(20 mmol) fL 5 %)
X1, MK ANA 30 mL AcOH .20 mL Ac,0, FEVK/K
W R EAN 30 min, HERINA 3.9 ¢(60 mmol ) £F
By R VoK PR S RN 30 h, BRI G PE
PN R E e R AR T N KB O L 3 8 81
JMAYEHY 200 mL (2 mol/L) NaOH IE¥ HF A, &
VWA, S BEAE (20 mLx3) , ff il
IR VES, A IFE DL, oK BT R B0 T, JE
Wedi, A 1R TR T3CE VKA T 25 &, g 5 21
2.23 g HEABEIRLAY Y1, 0K 55%, it 53



100 & snvil

CHEMICAL REAGENTS

5547 B4 8 W]

Mk [ 171 B9 bR o 3% B X H B A 5 Ak 2 25 4
"HNMR ( CDCl, ,400 MHz) ,8:7.99(d,1H,J=7.9
Hz);7.55~7.46 (m, 1H);7.31(d, 1H,J=15.2
Hz);7.25(d, 1H, J=7.7 Hz);6.64 (s, 1H);
4.80~4.46(m,1H);3.38~3.16(m, 1H) ;3. 07~
2.92(m,1H);2.85~2.73(m,1H) ;2.08(s,3H);
1.90(d,1H,J=8.6 Hz) .

0 0 H
NS OH Ac,0,AcOH NT
Zn powder 0
X1 Y1

B3 Law YL am
Fig.3 Synthesis of compound Y1

N-(2-FALE 5L ) - Wil (Y2) 196 i 48
PSS Y1, 3.22 g(20 mmol) L& # X2 1%
B G X1,1535) 3. 59 ¢ O ERLEY Y2(F
4) R 95% , a5 SCER 17 ] bR i X E
WA AL 2454, "HNMR ( CDCL,,400 MHz) ,8;
7.73(d,1H,J=7.7 Hz) ;7.61 (s, 1H) ;7.43(d,
1H,J=7.7 Hz);7.37(s,1H);6.51 ~6.34 (m,
1H);4.51(td,1H,J=7.9,5.7 Hz) ;3.72(dd, 1H,
J=16.7,8.0 Hz);2.95(dd, 1H, J = 16.8,5.5
Hz);2.06(d,3H,J/=1.5 Hz) .

0 0

CézN Ac,0,AcOH @E&N}H_
\

Zn powder
OH d
X2 Y2

B4 LAY Y2 AR
Fig.4 Synthesis of compound Y2

1.2.2  ERIRATFI A AL

SRR 13 ] Ik A 2-(2' - T Fk ) T
W KE-3, 4- T & -1-Z5 0 (P, B 5) 2 R bR
Schlenk AR . 1] 200 mL Schlenk JH A 4. 67 g
(23 mmol) L& Y1, B 50 mL AYJC/K DMF A
il A, RN IR T, 122 13. 79 ¢(69
mmol) 1,3- IR %E, i+ 15 min, S8 #EK A
60% 2.3 g(57.5 mmol) 1Y NaH, 5 +E S 5 h, A
SIFHRE BN Z IR, 4RS00 6 h, LA 500 mL [vksK
VRN, TE 90 °C T BEZEKE DMF BR 25, #EMIK i
B, TR R FEHL (20 mLx3) (AT Eh /K YE %
(20 mLx3) , & A HLAH , JEK B R BE 10, I
Wi O CFRE LS &, 19 4,92 ¢ 1A [E 4L
&% Pl, W& N 88%, 'HNMR ( CDCL,, 400
MHz) ,5:8.08 (dd, 1H, /=7.9,1.5 Hz);7.48 ~
7.41(m,1H);7.30(t,1H,J=7.4 Hz);7.20(d,

1H,J=7.6 Hz);3.80~3.72(m, 1H) ;3. 67 ~3.59
(m,1H);3.22~3.13(m,1H);3.04(s,1H) ;2. 95
(d,1H,J=2.4 Hz) ;2. 17(s,1H) ;2. 11~2.08(m,
1H);2.07(s,3H);2.05(d,1H,J=4.9 Hz) ;2.02
(d,1H,J=3.0 Hz);1.86(d,1H,J=14.6 Hz).
BCNMR ( CDCl,, 100 MHz), 8: 196. 14, 168.39,
142.25,133. 13, 133. 03, 131. 58, 128. 08, 126. 51,
69.29,49. 34,34.02,31.42,31.33,26.95,23. 33,
23.17,23.06, HRMS (EI), C,; H,, NO,, 52l {&
(A4 ,m/z:243. 125 7(243. 125 9) ,

0 H (0]

S oL ool
Y1 °
B Loy PliA R

P1
Fig.5 Synthesis of compound P1

2-(2' -k L) I 3E-3, 4- (- 1-25 1
(P2) & Ll # i R R4 54 P, 14.76 g(69
mmol ) 1,4-Z R T KU 1,3- N i, 15 3
4.61 g HOBEALEY P21 6), 105 78%,
"HNMR( CDCl, 400 MHz) ,8:8.11(d,1H,J=7.8
Hz);7.40(wd,1H,J=7.5,1.5 Hz);7.30(t, 1H,
J=7.5Hz);7.16 (d,1H,J=7.6 Hz);3.75(d,
1H,/=13.1 Hz);3.31~3.21(m, 1H);2.88(q,
2H,J/=4.4 Hz);2.54(d,1H,J=5.3 Hz) ;2. 18 ~
2.09(m,1H);2.05(s,3H);2.01~1.92(m,1H);
1.82~1.75(m,4H);1.59 (t,1H, J=5.8 Hz).
“CNMR ( CDCI;, 100 MHz), 8: 194.97, 170. 61,
141.12,133.25,132.98,128.77,128. 61, 127. 23,
62. 48 ,43.35,28.98,28. 37,26.38,24.12,22. 86,
18.11, HRMS (EI), C,, H,, NO, 52 {4 (it
) ,m/z:257. 141 8(257. 141 6) ,

BT\/\/Br
NaH, DMF

(0]
2 H Br.

oYy B Oy
0 NaH, DMF 0)\

Y1 P2

BEe6 & P2MEMK

Fig.6 Synthesis of compound P2
2-(2'-£ Mk A -3 -H L) U Y 33, 4
A-1-Z5[0d (P3) A1 2-(2'-Z W 44 KE-57-H1 3% U TE.
H3E-3 4- & 1-Z500 ( P4) 1Y & ) &5 i 72 TRl 4k
AW P, 14.76 g(69 mmol) 13- 7R T ket %
1,3- RNk, 85 2.66 ¢ H @AY P3
(I 7) % 45%, 'HNMR(CDCI,,400 MHz) ,5:
8.02(d,1H,J=7.7 Hz);7.39(td, 1H) ;7. 24 (t,



55 47 45 8 )

SRR AT - 5 FIRER T R 195 B 101

1H,/=7.5Hz);7.15(d,1H,J=7.5 Hz) ;4. 22(t,
1H,J=6.5 Hz) ;3.43~3.24(m,1H) ;3.07~2.91
(m,1H);2.89(ddd,1H,J=16.8,5.0,2.8 Hz);
2.22~2.10(m,2H) ;2.04(s,1H);1.97(m,1H);
1.79~1.72(m,3H) ;1.57(d, 1H) ;1.25(d, 3H,
J=6.6 Hz), “CNMR ( CDCl,, 400 MHz), §:
195.51,168.98,143. 08,133. 69, 131. 38, 128. 87,
128.57, 127.20, 70.41, 55.88, 35.49, 33.38,
29.98,27. 64,23.20,22.22. HRMS(EI), C, H,,NO,,
SIS (HEE) , m/z:257. 141 8(257.141 6)
A5 2] 2.37 ¢ H@EEMLEG Y P4, IE R
40%, '"HNMR ( CDCl,, 400 MHz) ,5:8.01 ~7.95
(m,1H);7.37~7.26(m,1H);7.22~7.16 (m,
1H);7.09(d,1H,J=7.6 Hz) ;4.03(s,1H) ;2. 90
(d,3H,J=1.3 Hz) ;2.23~2.07(m,2H) ;1. 96 (s,
3H);1.92~1.81(m,1H);1.75(d, 1H, J=7.6
Hz);1.72~1.62(m,1H);1.32(d, 1H, J=6.4
Hz). “CNMR ( CDCl,, 100 MHz), §: 196.31,
167.35,141.72,132.59,132.01,128. 05, 127. 73,
126.52, 69.79, 55.07, 31.30, 30.11, 29.01,
26.69,22.11,20.16, HRMS(EI), C, H,,NO,, 5¢
*ﬂ'lﬁ(fr%;{ﬁ) m/z:257. 141 4(257.141 6) .

coxie oo gloe

B 7 L&Y P3O PA AR
Fig.7 Synthesis of compound P3 and P4

2-(2'-L MRS ) DU F BE-3-E-1-Efi i ( PS)
I 2-( N-J5 P9 BE-N- Bt 4 ) 2 BE-2-0 T3 B6-3- 4
1-Efi B (K1) 09 & il & o #2 WAL &% Pl
4.35 g(23 mmo) fb&H) Y2 (REEMLEY Y1, Z
R CBREZE iy Hhis B 50, 15 4. 48 g 1 (5[]
RGPS 8) IR 85% ., IHNMR( CDCl,,
400 MHz) ,8:7.79~7.74(m,1H) ;7.54(dd, 1H,
J=7.6,1.3 Hz);7.37~7.30(m,2H) ;3. 67 (dd,
2H,/=5.0,3.6 Hz);3.51(d,1H, J=16.4 Hz);
3.00(d,1H,J=16.3 Hz);2.18~2.11(m, 1H);
2.10~2.08(m,1H);2.06 ~2.04(m, 1H) ;2.03
(s,3H);1.80(dd,1H,J=5.9,2.8 Hz), "CNMR
(CDCL,, 400 MHz) , 8:204. 58, 168. 54, 150. 57,
135.74,135. 13, 127. 60, 126. 80, 124. 56, 71. 19,
49. 46 ,40. 46 ,38. 66,25.25,22. 67, HRMS(EI) ,
C,HisNO,, SEI & (358 ), m/z:229.110 0

(229.110 3) , g 5e & I U8, WO M 40, A1 )2
Br(VATEE) V(LR TR )=2:1) ,195]0.62 ¢
A ARG K1L(E8) 1% 10%, 'HNMR
(CDCl, , 400 MHz) ,8:7.64(d,1H,J=7.7 Hz) ;
7.39(d, 1H,J=7.5 Hz);7.21(q,2H,J=17.7
Hz);5.78 (dt,1H,J=8.7,3.2 Hz);5.38 ~5. 16
(m,3H) ;4.93(dt,1H,J=16.9,1. 8 Hz) ;4. 73(d,
1H,/=10.1 Hz) ;4.06(ddd,2H,J=11.4,5.1,2. 1
Hz);3.19(d,1H,J=16.5 Hz);3.05(d,1H, J =
16.4 Hz) ;2.63~2.52(m,1H);2.41(dd,1H,J=
13.5,7.3 Hz),1.97(d,3H,/=2.1 Hz) ., “CNMR
(CDCL,, 101 MHz), 8:202.57, 171.30, 149. 05,
136.09,134. 70, 134. 49, 131. 09, 127. 49, 125. 46,
123.50, 119.28, 116.92, 67.34, 47.68, 40.68,
39.97,22. 11, HRMS(EI) ,C,,H,,NO,, SZi{E (i3
) ,m/z:269. 141 2(269. 141 6) .

0
T et ©5’>D ©f>ff
NaH DMF

O
Y2

B8 ks Ps KL 4
Fig.8 Synthesis of compound P5 and K1

L&) 2-(2' - E L) T F HE-3-5(-1-8f
Wil (P6) 196 L A i FE AL 59 P1, 4.35 g(23
mmol)ﬂﬁﬁ%f Y2 REMREY Y1, 14.76 g (69
mmol ) 1, 4-Z R T LA 1,3- N i, 15 5
4.76 ¢ LI E ARG P6 (I 9), 1% 85%,
"HNMR ( CDCl,, 400 MHz),8:7.80(d, 1H, J =
7.7 Hz);7.51(td,1H,J=7.4,1.2 Hz);7.37 ~
7.30(m,2H);3.86~3.77(m, 1H) ;3.25~3.12
(m,2H);3.00(dd, 1H,J=16.4,1.5 Hz);2.03
(s,3H);1.91~1.87(m, 1H);1.84 ~1.76 (m,
2H);1.72(ddd,1H,J=13.4,4.2,1.4 Hz) ;1. 56
(dd,1H,J=5.0,3.9 Hz);1.49~1.42(m, 1H),
BCNMR ( CDCl,, 100 MHz) , 8: 203. 05, 171. 69,
148.93,135.49,134.39,127. 68, 126. 63, 125. 06,
124. 87,65. 06,45. 14 ,44. 88,38.75,33. 11,24. 44,
22.30,19.93,19.82, HRMS(EI),CH,NO,, 5
IE(TH5AE) ,m/2:243. 126 1(243.1259)

0 0
NH Br\/\/\Br
— NaH, DMF N
) X
Y2 P6

B9 i Po 13k
Fig.9 Synthesis of compound P6
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G 2-(2'- Tk 2 Fk-3-H 5L ) Ol -
3-S-1-Ei R (P7) Al 2-(2'-Z Bt & FE-5"-F 3 ) Y
7 P -3 12T (P8 ) Y5 i il 2 ik 72 ) Ak &
Y pP1, BARG L BRER TIHEY P, 4.35 ¢
(23 mmol ) k&%) Y2 IREAL G Y1,14.76 g(69
mmol ) 1, 3-8 T HeACH 1,3- IR KL, SBfE L
iz LR LS A B 2L &4 PT R P8 IR
GV, FAE RN (A0l ) 158 2,52 ¢ AR
& P71 10) , W% 45% . "HNMR (CDCl;,
400 MHz) ,8:7.76(d,1H,J=7.6 Hz) ;7. 58~7. 51
(m,1H);7.40~7.28 (m,2H);3.62(d,2H, J =
10.1 Hz);3.15(d,2H,J=8.2 Hz);2.47~2.32
(m,1H);2.18~2.07(m,1H) ;2.00(s,3H);1.76
(dd,1H,J=11.0,8.7 Hz);0.72(d,3H,J=6.8
Hz)., “CNMR ( CDCl,, 101 MHz), §: 204.02,
167. 87,150. 41, 135.98,134.79,134. 54 ,127. 17,
126. 88, 125.77, 125.46, 123.74, 72. 62, 47.74,
47.49 42.14,41.95,33. 81,32.80,32.70,32. 62,
32.51,21.87,21.69,11.96,11.71, HRMS(EI),
CisH,, NO,, SEE (518 ) , m/z: 243.126 1
(243.1259) , [AIHHAEE] 2. 18 g F @ FEKRILA Y
P8( & 10) , W% 39%, 'HNMR ( CDCI,,400 MHz) ,
8:7.82~7.75(m,1H) ;7.58~7.53(m,1H) ;7. 38 ~
7.33(m,2H) ;4. 13 (s, 1H) ;3.49(d, 1H,J=16.2
Hz);2.97(d,1H,J=16.2 Hz);2.32~2.16 (m,
2H);2.07(s,3H);1.83~1.78(m, 1H) ;1.74 ~
1.67(m,1H) ;1.41(d,3H,J=6.4 Hz), "CNMR
(CDCl,, 100 MHz) , 8: 203. 84, 167. 67, 149.95,
135.34,134. 67, 127. 25, 126.24,123.97, 71. 67,
55.33,39. 83,36.02,32.36,21.71,20. 48, HRMS
(EI),C\sH,,NO, , SS{E (FH3E) ,m/2:243. 125 4

(243.1259)
0
)\A A
O
Y2 P7
10 ALY PT R P8 (4
Fig.10 Synthesis of compound P7 and P8
G 2-(2'-A2%) DU H -3, 4-— A -1-2%
B (S2) WA R 11) . HEfFR & 4.87 g (20
mmol )t &4 P1 LA 200 mL [ Schlenk i , F-H1
A 60 mL HTC/K SBER R FEVKAKIR T S8 A
30 mL VR ERTR , T VKK, 3840 1l 3 3 i, 18
PR 140 °C B3 2 d, KRG P ELA 200 mL

(1 mol/L) NaOH IFW H A1, I8 =i, LM &
FBEZE (20 mLx3) A A Eh /K e (10 mLx3),

TCKBRIR B T 1 | B v 4, DLl 4 (VAT
BE) V(ZTRZHEG) :=6:1) 135 3. 42 g VREC (O
HAEE W) S2, W& K 85% ., '"HNMR ( CDCL, , 400
MHz) ,8:7.91(dd,1H,J=8.0,1.5 Hz) ;7.35(m,

1H,/=1.5Hz);7.18(s,1H) ;7. 11(d,1H,J=7.7
Hz);3.12(m, 1H);2.97 (dd, IH, J=5.3,3.0
Hz);2.86(m,3H) ;2.05(m,2H) ;1. 78 (m,3H) ;
1.58 (m, 1H), “CNMR ( CDCl,, 100 MHz), §:
200. 82,143.57,133.70,133. 42, 131. 16, 129. 06,
128.78,128.24, 128.09, 126. 89, 126. 59, 68. 56,
47.60,47.53,36.44,33.73,27.10,26.74,26. 61 ,
HRMS(EIL), C,; H,sNO, SZIAE (H5AE) , m/z:
201. 115 2(201. 115 7) ,
0 0
cHCL, EtOH
Pl0 S2
B11 a2 Mam
Fig.11 Synthesis of compound S2
2-(2'-AZ%) B -3, 4- A -1-Z500 (S3)
(- B L FE R AL A9 S2., 5. 14 (20 mmol )
aw P2 RIS P1, 1533 3. 66 g MR BT A
WAL G S3 (B 12) , W 85%., i it 5 SCHk
13 ] bm e 3 BT e DA AL 22 2544, "HNMR
(CDCl,,400 MHz),6:7.93(d,1H,J=7.9 Hz);
7.41~7.32(m,1H);7.20(t,1H, J=7.6 Hz);
7.13(d,1H,J=7.7 Hz);3.04 ~2.85(m,3H) ;
2.77(s,1H);2.33(d,1H,J=13.8 Hz) ;2. 17 (s,
1H);2.01~1.88(m,1H);1.72~1.53(m,3H);
1.51~1.42(m,2H) ;1.37(d,1H,J=13.3 Hz) ,

0 0
Cé(j cHC], EtOH C(B[j
N - N
)\ H
[0)
P2 S3

B12 fbaw S3 e
Fig.12 Synthesis of compound S3
G 2- (2 - R Z4-3" - 3L ) DUV F 3E-3 4-—
A-1-Z00 (S4) A U & R R LS S2,
5. 14 g(20 mmol ) b &9 P3 IUEALE W) P1, 155
3.79 g IRH ARG ) S4(1& 13) Ui 88%
"HNMR (400 MHz,CDCl,) ,8:7.96(d,1H,J=7.8
Hz);7.40(s,1H);7.24(s,1H);7.16(d,1H,J=
7.7 Hz) ;3.48(d,1H,J=6.5 Hz);2.97(d,2H,
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J=4.9 Hz);2.68(s,1H);2.20~2.05(m,2H);
1.89(ddt,2H, J=10.4,6.7,2.8 Hz);1.42 (s,
1H);1.22(d,1H,J=11.3 Hz);1.11(d,3H,J=
6.3 Hz) , "CNMR( CDCl,, 100 MHz) ,5:201. 41,
143.66,133.75,131.65,129. 17,128.92,128. 52,
126.82, 68.65, 54.64, 37.63, 33.50, 32.67,
27.66,22.91, C,;H,,NO,SZI{E (FH3MH) , m/z:
215. 130 8(215.131 0)

0 0
w ¢HCL EtOH Oib(lé\
A H
(0]
P3 S4

13 fbaw) s4 1Ak
Fig.13  Synthesis of compound S4

2-(2'-Z%) VUV H FE-3-5- 1-#i il (S5 ) F &
il AR e A9 S2, 4.58 ¢(20 mmol ) A
Y P5 AL G P1, A5 E 3.35 g IR AR IATL
EW S5 14) ,M0% 90%, 'HNMR ( CDCl, , 400
MHz) ,8:7.61(d,1H,J=7.7 Hz) ;7.44(dd, 1H,
J=7.4,1.3 Hz);7.25(dd,2H,J=14.5,7.6 Hz) ;
3.22~3.13(m,1H);3.07~2.96(m,2H) ;2. 94
(dd,1H,J=8.2,2.6 Hz);2.38(s,1H);1.93 ~
1.72(m,3H); 1.68 ~ 1.57 (m, 1H), “"CNMR
(CDCl,, 100 MHz) , 6:208.93, 151.98, 135. 47,
135. 14, 127.77, 126. 82, 124.42, 72. 11, 47.93,
43.56,38.76,26.46, C,H,NO, S {E (115
i) ,m/z:187.099 9(187.099 7).

(0] 0

cHCL EtOH
N N
3 i
0
P5 S5

B 14 L& ss E M
Fig.14 Synthesis of compound S5

2-(2'-F4%) F W H -3 -1 ( S6) A
B R AL G S2. 4.86 ¢(20 mmol) fb&
Y P IR LAY P1, 155 3. 63 ¢ VT (A I4fk
&1 S6(E 15) 1% 90%, '"HNMR ( CDC, , 400
MHz),8:7.72(d,1H,J=7.7 Hz) ;7.55(td, 1H,
J=7.5,1.2 Hz);7.39(dt,1H,J=7.7,1.0 Hz) ;
7.31(t,1H,J=7.5 Hz);3.20(d, 1H, J = 16. 8
Hz);3.13~3.05(m,2H);2.74 (ddd, IH, J =
13.8,11.5,3.1 Hz) ;1.92~1.83(m,1H) ;1. 70 ~
1.55(m,4H) ;1.41(d,2H,J=2.9 Hz) , “CNMR
(CDCl,, 100 MHz) , 8:207. 10, 151.52, 134. 77,
134.12, 127.07, 125.98, 123.81, 63.73, 42.13,

38.95,32.58,25.80,21.75, C,,H,NO,sZii{g (&

{8) ,m/2:201. 115 1(201. 115 4) ,
0

cHCl
j\ EiOH

0

0
orfy
H

15 fbE9 6 AR
Fig.15 Synthesis of compound S6

2 H#R5IHR
2.1 F5EM - MRS

AR SCHETS T BRI i 5| A 5L R I8
JE I 2 AR 4 (1 16) . BRI S TCHR 3R
sk J/INF HITIR NSRS TOI A P P R e PR e
W, SR A SE B 45 BT 1, b A9 X1 R
K 75% AL X2 IR K 95% , Zn K338 R
FEPEREEE AR B A Y ek 2 SRk,
NICERZE G B AL 59 Y1 WORALR 55% , 11
FHIOCA IS B LAY Y2 ISR 95%
XM, PRI L EALs A, SRR b, T
O SO IR R R A SF- T 5 i
FARCE T, RO E A 3 56l S5 Ak T 1
ShCET) R T Zs A AEBE, S8 7= 4 X Fis
JE=) Y WOREA PTREAG,

0 0 0 4
—o-N=0 Nog  Ac0 Ny
H AcOH,Zn (0]
’ X Y
N
OO Gy Oy, OO
0 OH d

X1 75% Y155% X2 92% Y2 95%

B 16 5 E a-f 3N

Fig.16 «-amination reaction of aromatic ketones

0 [}
17 SACEE S S AR i 5
Fig.17 Conformations of hydrogenated indanone and

hydrogenated naphthone

2.2 F5EM a-fEFALIFSE

AR SCHEIESCHR [ 16] J7 A IR 3R, SR A NaH
R —NH A, B R T X i AR i I
Az B C—N g, NaH ZRE2 1B BUL A4 Y A0 B 3
(0 a-H, 75 3 5% t1 55 1% i 488 i Bk AT c—C
TEEE S O M T AT 38, 5 R MR IREE R P,

BT RBHR S EWGY, L&Y
P3 #l P4 LI K AL& Y PT A1 P8 43 il &[] 43 544
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BrC H, Br
DMF NaH

w _HCL _
EtOH
(0] 0

o~ H o~ "

P1 88%

%

S2 85%

0 0 0 0

P3 45%

P2 78% S3 85%

S4 88%

0 0 [0}

P6 85%

P5 85% S5 90%

S6 90%

0 0
COG OOk
0~ 02~

P7 45%

P4 40%

P8 39%

E 18  FyERIR N

Fig.18 Construction of spiro ring reactions

I, &g, Hoar BRI 7F 80% LA I, W]
DLRIR, [FIRES AT ZURF T AE 38 R HITIRRT
MR =Y R B, A P1(88%) >P2(78%) , F%
T e B L T 7 ) PR 485 40 S FL T IR Y B R A A
B, P6(85% ) >P2(78% ) HoJF A, nl fig [A) BE &
HIBHE
2.3 ERIRERDT A I S5 R AT

AR SO I B 25 R 55 B R4 T T B
FE % AT AT T A RERAE LR A
STEIILIE 19,050 S Feg A Al L3R 1,

B 19 RSN SY PS I MRS

Fig.19 Crystal structure of spiroamino ketone

compound P5

ALK IR, BRT T EE R BR (LR B RR AR
FNETERA P ( LAT SR FRER 5 ) #R 2 A KL 9 LT3R,
AP 5 R AER C—N #K (C1—N Fl C4—N)
LAY C—C BT, A Y T m BRI, =
B C(4)—N(1)—C(1)ffMAfA, N 112.94°, [A]
AR TS8R FRTAE R N(1)—C(4)—C(3) 4

R ALBY PS5 RIS AR f B
Tab.1 Interatomic distances and bond angles for

related compound P5

Bond lengths/ A Angles/ (°)
C(1)—N(1)  1.4775(19) || N(1)—C(4)—C(3) 101. 70(12)
C(4)—N(1)  1.463 8(19) | C(2)—C(3)—C(4)  103.02(13)
C(H—C(2)  L517(3) | c(h—c@)—c3)  103.20(13)
C(2)—C(3)  1526(2) | N(hH—C(DH—C(2)  102.73(13)
C(3)—C(4)  1.540(2) || C(4)—N(1)—C(1)  112.94(12)
COI3)—N(1)  1.346(2) | c(12)—C(4)—C(5)  104.47(12)
C(4)—C(12) 1.544(2) || C(6)—C(5)—C(4) 106.97(12)
C(4)—C(5) 1.546(2) || C(11)—C(6)—C(5)  110.11(13)
C(11)—C(12)  1.507(2) || C(6)—C(11)—C(12) 111.32(14)
C(5)—C(6) 1.470(2) || C(11)—C(12)—C(4) 104.48(13)
C(6)—C(11) 1.388(2)

L,k 101, 70, (EASERRIE N(1)—C(13)
K B AUH 1. 346 A, X 5 i T 385 S 2800
SR AR, RS Y 53 — SRR R AR T
N(1)—C(1)—C(2)—C(3) By H Mk 31.39°,
M C(1)—C(2)—C(3)—C (4) WM N
-40. 98°, FH UL AT DA ), 33 2 — N il i 3R R0
HITH, B C(6)—C(11) #EK i, X
SRR TR HOR: C(5)—C(6) #K,
KN 1.470 A, W] /T HALA C—C K, X R
BRI SR S8, K M2 S S AN
PR B AL C(5)—C(6)—C(11) Fl C(6)—
C(11)—C(12) 528 K, FR M L 1100, 177 82 55
T TE BB £ B R 45, C(12) —C (4)—C(5) HEAfT
LR 104.47°, i A A A2 H M 4549, C (12)—
C(4)—C(5)—C(6) % fh—14. 82° FHHI L L
RIREN, SZIRALERE I, R A R
W C(8)—C(9)—C(10)—C(11) ¥4 0.9°,
2.4 SRBIHGEWEG R T MM

BAGHUS L LAY X Y I, B

WA BT 28—k, A& b &

Yy P IS WOCHD BT Tk

ik P A R T AR % RN
KA A Y B P, dgh e PR AL B
WAL ER W5 K B PIUGEAZ B, H R N B s 4 S
& PIE B B D e, LB & ) PS B G iR
Ry BAR ST 43 HT

BT EY Y2 1 a A ZBRIER N BT
L RO R YR f 5, NaH B JE %t a (37 8 0738 il
[ M1, 5 1, 3-8 N BEIE B [R] 44 M2, NaH
PR AE Y Y2 IR b SETH8 A, Y
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0 0
NH NaH NH - .
Co, g

b
%ﬁ (\/Bl’
M1 Br

0 >r 0
. - o :;1 CE%Q%
NH aH P5
M2 8)76
i ™, —QﬁQ

M4

B 20 Pk Ps R Y S TR

Fig.20 Reaction process of intermediate P5 formation

# c MiE, S CE TR B Q1, FEIA ) 2
ORERE T b A, SR M2 TR
FENIMEE B OCIHME G TER 22 R E
1, ATAS E A PS5,

ARG N e e FH o A IS

TR B [E) S R E) A P& i T 25104 T %%,

2.4.1  TREBCEH ST

TRAENE B B PR 2 25 SR L3 2,

®2 bR R

Tab.2 Screening the amount of dibromoalkane

Y2

Entry BrCH, CH, CH, Br/mmol Yield? /%
1 1.1 7
2 2.0 25
3 2.5 42
4 3.0 63
5 4.0 48
6 5.0 31

Note : Reaction condition: Y1 (2 mmol) ,NaH (4.4 mmol) ,DMF

(20 mL) ,-78 °C,3 h,1t,6 h. 1)Isolated yield.
IR 2 A0 % TG B A O R
Fae , e 1,3- RN e sl 1,3-20R T4
R HITES BB 1, 4- R T Sl af LIS 25T
o, ME2TLIAEN, S 1.1 2.0 mmol
1,3-ZIRKE, P2 AL, 24 TLC kg, F 2=
Yk BN FE-B- £ B FE-1- DU S 250, — IR e ke
fifi Ry 3 ISR B 3k B i e, 4k 238 fin 4

0
OO @f%f
}.— " NaH,DMF

0
Y2

B 21 H™ Y K2 IR
Fig.21 Synthesis of by-product K2

PR S BUSCR T ,EFI%E&%?H’ S
BN I AL ) KL (& 21) , 5@t ! HNMR
“CNMR Fl HRMS FAEGHIAHE5H
2.4.2  FALHI AT L

A SCAH ] NaH AR 48 A5, %8 T NaH {iff
FHERRCR A SE M, SCRR R IR 3,

R3 AR LT
Tab.3 Screening the amount of Sodium hydride

Entry NaH/mmol Yield" /%
1 1.1 0
2 1.5 15
3 2.2 43
4 2.5 69
5 3.0 55
6 5.0 39

4 Reaction condition; Y2 (2 mmol ), BrCH,CH,CH,Br
(6 mmol) ,DMF (20 mL),~78 °C,3 h,rt,6 h. 1) Isolated yield.

M EERAT AL B, S5 1.1 mmol E AL
BT, TLC 4387 & IRA B ot , 43 88 e il i i 52
i B (ESD) 431 oK & 3L H bR 7=, 43+ 12 H
Wi B-Js TN 8- £ T e - 1- DU A 25, A AL 4
i RIS E] 1.5 mmol BFA B W4 1, 73
HA 15% , FALANRZE N3] 2. 2 mmol B H bR
Y= ZR 3 43% ik — P4 m LA 2 3. 0 mmol
IF P2 RN 2 55% , I I 4k 5 4 v S Ak A i i
FREEARRAS BT EZE 39%, K, A SO E
[ 2. 5 mmol FIEALEN,
2.4.3 IR S [ B i a2k

TN 5 KB PR IR A SURN SR A2 AR TR Ik T
o7 I B A ) AR AR R, AR SCHE-T8 C &
T, An A EALE (5. 0 mmol ) | IRAFFE-78 °C
N )RR FE AR AR N 6 h, SEEG 4E R L
*4,

R4 AE-78 CF NI ] Y e

Tab.4 Screening of reaction time at =78 C

Yield" /%
1 12
3 35
5 86
6
8

Entry t/h
1

87
88
10 90

AN W R W

Note: Reaction condition; Y2 (2 mmol ), BrCH,CH,CH,Br
(6 mmol ) ,NaH (5.0 mmol) ,DMF(20 mL),-78 °C ,1t,6 h. 1) ;Isolated
yield.

M 4 ATLIE H ARIR SN ] R 1 h AP
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K 12% , TLC A5 & IR AT Ko JEOkE, T R v g &
FEARIR S50 A0 A48 S0 R o B K1, = ik
R IR A5 BA S 8] EAH G, H AR 7 P A B ][]
SR T G w5, 24 B [E] A 10 h B SRk F
90% ., RNIKZR—BWRE =, 5 Rk
I BT OB 8 RN B I RN A I, S
HoEPCRIE T . SRR 5 h B, 7RGk ]
T 86% , FRAE R AR TR [B] P F MG R 4/ 25 A
S ASCR AR S N B E] R S b,

ZE LA, @b A PS A B R P Y -
78 °C AR S B ) AR 1, 3- RN
Bt FH LT 18, e 2 e AL &0 P& it (I
NEEEAER-T78 C R R HHE] A 5 h 2.5 mmol %
AEANFT 3.0 mmol —TREERE

AW S AR T 20k A SOk &4 P
B S R T2 (B 22) #4717k

(0] 0
cHCIEtOH
N - N
foN N
P1 S1

22 R PR O BIEG RIS S
Fig.22 Elimination of the acetyl group by

intermediate P yielded compound S

PATEIK ZBE A5, P1 (10 mmol ) VR b iR
[¢HCL] (20 mmol) , 7£ A [l 3 5 & [l 3 )5 Ji —
Ji SRR A R IR S

x5 R ET

Tab.5 Screening of reflux temperature

Entry T/C /d Yield" /%
1 90 7.0 30
2 105 7.0 36
3 118 7.0 55
4 125 7.0 60
5 130 7.0 65
6 140 2.0 80

Note ; Reaction condition: P1 ( 10 mmol) ,¢(HCI) (20 mmol) ,
EtOH (20 mL),7 d.1)Isolated yield.

M 5 AT LA BLAE 90 °C F IR 2 d, i@ i
TLC WS J oA & A BI5 3 d B i BUE
i, 56 7 d B IEATC AR L, EAT 5 AL 3L, PR e R
30% 442 F IR E & 105 CHF N 7 d 72K K
36% , 4k L2 HE I E F) 140 C PR EH] T 80%,
TE 140 C BRI EIHE 2 d 2 )5 7= R A R f g
fb, DRI s ol T B R 3 T 7R, LT T
I IE], 255 2 18, B0 & T A 1 i [ 3 T8 R sf

6] 735020 140 CHI 2 d, % BVER TAFE1E N IR
M5, AT ) TR B SRR B
T, BN Z Gk s B AR g, ek 1O SE

3 #ig

ASSCAE TR J5ORL 38 2o LT 3k R A
BT — RN EA AL R IRIR S Y, W
IHEAT T 3RAE BN T 454, BFFE4 R8T, oo
BRIR LN TCH R ) I A, 8 i B AT A, BN T
FEAS RIS PSR 2 A LA oA, i T
S IR P I8 P 5 S AR, R PRI 2R A 7
NHREERIHR A T R, C—N K L C—C 28
Ji AN ZEHY . ASOT AR T7 i il
PEBRFC S AR 7 BT A A, o BRI LA A4S
R T AR TR AR
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