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WIR[3.3.1]Fk:-2,6,9-=HHBY & X

(ERZE TR S

(P TR T2 BIaT 210094)

WE R T AEYROR[3.3.1]T4¢-2,6,9-=Fi LA 1,3-58 O 4R a R =45 & it 2k, 0 I | AL EIEEAT T
WREHEDN. 35— Bk DL 1,3-30 C W 5 N K & 2E Michael MR 23T aldol 454 LA KA =543 BIXGA[3.3.1]T
$t-2,6,9-= M, S7HA 43%. B SEREEN 13-E0 O S M S R AR i i, TS A IR S BREAT IR G, LD C—
B VERBIHARTEY), PR 20%. BB EARERER Y 1,3-30 O S N IR IR L BRZS S Michael BN, FREEATER AL 4
T C-BRAGII B HART=d), MF=Zh 83%, XML HABRAEMRI . SRR, 7= 38 m SR AU S5 A

KRR 1,3-IR 0 W XOR[3.3.1]1 T4E-2,6,9-—; NG, INIGIR LI, b

Synthesis of Bicyclo[3.3.1]nonane-2,6,9-trione

Ren, Xiaoli Ling, Yifei Luo, Jun™
(School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094)

Abstract A novel compound bicyclo[3.3.1]nonane-2,6,9-trione was synthesized from cyclohexane-1,3-dione through three
routes and some reaction mechanisms were proposed. The first route afforded bicyclo[3.3.1]nonane-2,6,9-trione in a total yield
of 43% via Michael addition with cyclohexane-1,3-dione and acrolein, intermolecular Aldol condensation and oxidation. The
second route gave target product in 20% yield via a one-pot process including formation of enamine with morpholine and cy-
clization with acrylic ethyl ester. The third route also used cyclohexane-1,3-dione and acrylic ethyl ester as start materials and
resulted bicyclo[3.3.1]nonane-2,6,9-trione with a high total yield of 83% via Michael addition and intermolecular C-acylation.

This process has the advantages of simple operation, mild reaction conditions, high yield and environmental friendship.

Keywords cyclohexane-1,3-dione; bicyclo[3.3.1]nonane-2,6,9-trione; acrolein; acrylic ethyl ester; cyclization

WUIR[3.3.1]) e S AT AP e — SRR = I A%
HHELER, WA IR RN T TR Y T — R S ROk
N XOR[3.3.1] Tt 2 il Ak & W) I AEAR 22 A0k A
BKMIE, W), = TR EEHL. mRea s
Mk RGP N2 82 5 30075 12K =9} (PPAPs) A&
— PN H 28] 2 G RAR =), X RAA AR
G WIE R 4 NIBE = I SR ), FH Ty B vy &5 Fh
JRIR S, AR LR . RS R JULPE SO
B —m 7R, ARGRME S U B 22 0 — W1 B R AR
FENE 1 FRP L AR IR L TR
TR, MRGE B P IR, e ks 7 |k
VAR N, AR H1E /D

Mehta 255 408 T ILR KRR PRI A ik, 3
HOE L AU [3.3.1] T 456-2,6,9- — I B 42 AthATT LAEAR
1,3-38 0 il J5URl, 7 1,8- A WUIR[5.4.0] 1 F%-
T-4OBUYELL FLL “—4038 7 746 2-A73E/T Michael

* E-mail: luojun@njust.edu.cn

IR EREAL SN, SR I 15 T A A A A N FRR IR, T
7E NaOAc-Ac,O R R INIE] 140 °C YA UM I
BefT4:4, 4% )5 1 DIBAL-H #H T8 )5~ aldol-aldol H
W56 S A i 9-48A - XK [3.3.1] Fde-2,6- WEfiT B4,
I T G206 I NG I 43 8 (PC.C) BEAT S8 AL 15 51 5 28 1R XUFR
[3.3.11T%¢-2,6,9- =i 4. XML BRE . [N 44T
WAL WAL, AR Michael BIEGHIS T+ N 46 445
BT R T RUR[3.3.1]F 46-2,6,9- il B 42, ST
T ARG Rk S, 2 WA RN R AT 3R A H ki
Y, AT T RE SR A 7k, W Scheme 1 TR,
1 #HR5TE

Scheme 1 FI7s i =4 & R 2R # LA 1,3- 2R & i 4
FEA 5k Romain 20 PHRIE T 1,3-F8 2 i 1] 5

% & A Michael IS AL &) 1, (HP=24L 37%. 43K
TG ONAR AP R B, AR & 1 S48 ] N AR
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Figure 1 Selective derivatives containing bicyclo[3.3.1]nona-

netrione skeleton
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R RS T W aldol 4 & A UL &9 2, BAEY)
2 - BEA T UA R B LAY 3. 0TI T kLR 2
F7nH “—HAA&7 15, AL 13- 30 1w 2t 5
¥ B2 N A S e, P NN TR P SR EAT IR e B, 5
BOUFSE B H b= e s, AR IBCR B, 3L B
FBRER IS R FRAI Bt T84k 3, 15T Michael
IR A &4 4, TR R AL K A2 5> 7 N aldol 4
G 3, G it R NI, SR ]k R
85%. X —HELR VR JEEL G R
1.1 AHEEEELE 1)E B XIA3.3.1]Fkx-2,6,9- =
1.1.1  1,3-3R & =85 &M B 69 Michael An %-aldol 45
o B PR R A A a4 2

LERFI AL 7% Michael Jnpk-aldol 4545 AR 6 S N
PRI, Jefa e T it as . WReE S Mgk, BT
P A N BRI J LRI AR, g5 SRR 1. RIAEAE
FH NS IR FIR E (AL B = 2 ARA, 2000l AT 25%F0 30%;
A5 PR AU T T AR T A A A TV R IR R TR 2, R R
N6 h 5 JERHEAT KEB AT ek, AR e 25 H H bR~
W, AR RS VAR AR, R I R B R,
JERHEE 6 h G 4k 58 45 (TLC BRER), P73l ik 3] 48%.
W5 T PR s N A FH v M AR A AR R AR, R ok %2
TR R RV R . RIS S
equiv., thEW) 2 = dm, PRI &= %A W
Ak DI ERA TR e TE A S B T R 5 equiv.
1.1.2  FBACR L AF 69424

W TARSEAFI A 2 TR, Sege g
W 2 fios. RIAEAEH PCC 86, T v A i

o)

(0]
O/\l \)kOEt
piperidine K/N
PhMe, 130 °C, 6 h \K:/[/ Tonc,
45°C,8h
Route 2 3 0
(0] O OEt
H,SO,@SiO,
HO o) 130°C, 48 h
4
Scheme 1
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Table 1 The effect of catalysts on the yield of compound 2

Entry Catalyst Amount of catalyst/equiv. Yield/%
1 AlLO; 5.0 48
2 Morpholine® 0.2 25
3 Piperidine® 0.2 30
4 #-BuOK” 15 —
5 K,CO, L5 —
6 AlLO; 4.5 35
7 AlLO; 4.7 45
8 AlLO, 5.5 48

“Reaction conditions: Cyclohexane-1,3-dione 1.68 g (15 mmol), 25 °C, 6 h, neat. ® Dichloromethane (50 mL). ¢ Isolated yield.

R SR A 20 P 7 A T S VR B, = L
Ao B HR, SEGERAR, A 55%; Jones ALK
Swern 4 AL OIE B IFORFAR, = A4 BRI e K AR R
PRI P50 70%, ERNRIZE . RSkl 4 et
A E AR IS SRS T WD P, v e R A AR
WA 1 KHSOs AL P2 3R Al ik 90%, R
e, 10 HLJE ACERE L, RIURAf e KHSOs A fE4 ik
. Z %4527 KHSOs F& 0t s W 25 i g, I
KHSOs &4 0.8 equiv.if, F=#)7= b, 8% b
FUFHE = R0 W B . PRI KHSOs A4 0.8
equiv.

R2 EAFILED) 3 2RI
Table 2 The effect of oxidant on the yield of compound 3

Entry Oxidant Amount of  Tempera- Time/ Yield”
oxidant/equiv.  ture/'C h %
1 KHSOs" 0.80 70 7 90
2 CrOs/Py’ 4.00/8.00 25 3 70
3 pcC’ 4.00 25 6 55
4 Jones reagent* 4.00 0 5 30
5 (COCl),/DMSO’ 1.15/2.24 —68 6 60
6 KMnO,’ 2.00 25 3018
7 NalO 2.00 25 6 <5
8 KHSOs" 0.70 70 7 80
9 KHSOs" 0.75 70 7 86
10 KHSO;" 0.85 70 7 90

“ Reaction conditions: compounds 2 0.8 g (4.76 mmol), ethyl acetate (13 mL).
* Dichloromethane (20 mL). ¢ Acetone (20 mL). ¢ Acetic acid (20 mL). © Water
(20 mL).” Isolated yield.

1.2 “—RE” R (% 2)&HMWIA3.3.1]F%k-2,6,9-
=i
1.2.1 & H) 5 R 6G 778

13- O — NEAFAE I 54 ] UR A i K
i A O PO, S SR 1,338 O N,
JERGEFEFH TLC PREFR NV IEFE, Wb NV 45 5
IONIRGIRR 2B, 8K E Michael W N G #56 K 4
TN C-BRAL Y, N AT LA 43 2 HE AR i H b
FEW). 58T AN TR N S R B RE i, S 45 S
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® 3 Pos. WK 3 ATUUEH, BRI, H 55
. Herb A SR A v i S ] AE R T ik
AT, PR 20%.

K3 OWARS B TEEE RIS ¢
Table 3 The effect of solvent on the “one-pot” route for the
synthesis of compound 3

Entry Solvent Temperature/C Yield”/%
1 PhMe 130 <5
2 CH;CN 70 12
3 CH,Cl, 45 20

© 2014 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: cyclohexane-1,3-dione 2.24 g (20 mmol), morpholine
5.23 mL (60 mmol), 13 h. * Isolated yield.

122 “—4ik” RO A 694K 3T

FR A S a6 285 B, FRATTHEN T« —4Rik” & ORI
[3.3.1] T-4¢-2,6,9- Rl ff) ;< AL #E (Scheme 2). 1,3-FA %
T T e S K A A A W Tk, S 28 R T T
th, S5NKER CEE KA Michael ik, A2 51 2h
5, 5 AAE AR SRk 6, Tt 251 IR CUbE IR 4-47 B3
I — AN SR F (BLS TCH AR I A AT £330 | 44 7,
SRIG A-Di i 57 S - 1 MO )1, i 2s SRS T
JE AR BIRUIR G 8, AF oAb FE I R rh R A T K A5 2R
[3.3.11F4¢-2,6,9- = i ANk,
1.3 BHEEEE 3)& MWIR3.3.1]FK%%-2,6,9- =

FET UL g, IRATIHAE T 3560%, K Michael il
SN RN TN C-FA S N o) P 0 JEAT . Je e AL T
PR O 5 VIR IR Z R IEAT Michael AR N, IR
LEDAL St R Ak P 1 4 177 b vk 92%. ARG
&Y 4 FARBA T RAES TN C-Iitk s v A% H
FRPEY) 3, PER kR 90%. PiL N MR N 83%.
1.3.1 1,3-3RT =85 AMBR LHEE4Y Michael An R

WAB% T Mitoshi 25412, e T A Lh1E
9 1,3-30 2 5 IR IR B8 Michael 1 S5 M Fr
13, g T R EX RN R, SRUE 4 PR,
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Scheme 2

RIS A 1.5 equiv. b, & 4 1077 %5
&, PERITIR 92%.

F 4 NaH HENED) 477070 ¢
Table 4 The effect of NaH loading on the yield of compound 4

Entry NaH loading/equiv. Yield”/%
1 1.00 67
2 1.25 80
3 1.50 92
3 1.75 65

“ Reaction conditions: Cyclohexane-1,3-dione 2.24 g (20 mmol), ethyl acrylate
2.13 mL (20 mmol), 80 ‘C, 4 h, DMF (8 mL). * Isolated yield.

132 4F "N C-Brtb R AL

MRPE R L 2 ILE IR, S8 T Rty +
W C-BRAL S, e SIS FH el bk Ay e A 7R I LT3 2
BFEY, AT RN . URIE . BT IR R A )
LI A5 T, AEAf T S A LI, R IR B =4 2%
A8 A B R R A R K AR

ST RCR AR 25 3R, 2 5 R R R ik
A, T Z2MITR, KR RmE 5 Pon. Rk
DU R I 45 TR LA BAR. FVRBR IRV AL AR, d o
BN HAN TN G T 0, TG 23 A 7K AR A9 20 AN (1R 1R
TN 310 ] 36 G X B G 1) A A, A VAR, 2t
48 h VAl A E] 45%I0 =R, i ] 22 SRR IR Rk A T
e, FEAR By ALY, 3R HUR T LR R I
WASELLD, (B4 F 6 AR BERR I, nTLALL 80%[H 7= 2K
FENEFRr=4). Al AR B BRIR I, A I S .
FRNGR, T FLe s al AR 90% (172K, HIEURRN 5
15, NG, AT R 4R Al 7 SR, g5 B %
J&, B R IR SR IR R A B FE R M AR, e T i
B2 S5, WFFC T IR S s, I
WFHIHER 0.4 equiv. B F=Hr= 5 5 im. PR 2 i 1k
i 4 0.4 equiv.
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RS RTINS TN C-BAL SN 52

Table 5 The effect of acid on intermolecular C-acylation

Entry Catalyst Amount of catalyst/equiv. Yield®/%
1 98% H,S0, 0.40 45
2 PPA 0.40 <5
3 MsOH 0.40 <5
4 TsOH 0.40 80
5 H,S0,@Si0, 0.40 90
6 H,S0,@Si0, 0.30 80
7 H,S0,@Si0, 0.35 85
8 H,S0,@Si0, 0.45 82

“ Reaction conditions: compound 4 4 g (18.6 mmol), 130 °C, 48 h, dry toluene
(50 mL). ? Isolated yield.

1.3.3 AR HABAMEIL ST A C-BEAL R R ALEE 69
#it

IG5 FoRgs B, a4 11T W C-lik
IR R S R P A P L IR R R R B . AR
FEU R RO A AR A B A rh, R AL MR A oK
L1~ 57 A8 R 8 YA 1) 2 R T R I 11 359 R 1P
TR, DL SR DR R R LSRR S 5 A B R A
THEMGI T, & SR S N, A T s K
[ o} R P A B2 35 T A DA AUBHE A 2 A SRR, 43 S 0 3
SyHEATE. R, RATHENIL A 4 AErERE 5 8 iR
WIS T I C-BAk WAL Scheme 3 FToR. 14
SEALE Y 4 TR B S e e S T R A, X
ANGUE AT DL SR B L (I B LAY, TR R R )
ST IRBE R IR LSRRG A, Wk QS T I AR Rt
FEAE BT SR BRI IF 21 1 SO 1 v 1 U 52 kAL
S

&ie

PL1,3-BR O i JsUkl, & T — R B0 22 Bk
FAL S VIR [3.3.1] T 4¢-2,6,9- =, FHHEM H 52 W B

2
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0 OH o} OH
n
EtO/U\/ji‘j EtO)

H* Oy -OEt H* o“ H* 0N
803y, S0y SO05 H
| 0 . 7 ° ?

|
| Si0, o ° — | Si0, | = Si0, |
EtOH‘/i
O o} o}
4;1( '%125]
9 é g o)
SO, SO=- H
/ + 3 A
? \?/H (I)/ \(|),H
I SiO, | = | Sio, |
Scheme 3

B, ONXR[3.3.1] 48 25 1 B S8 R i) gl 1t T — Fofr i £
BRI IR Tk, Wt = Ak gk, A3 ALV
ForP o — 4 2R L 1,3-3K O MR TN A 1 b DUkl ik
Michael JIE. 73 TN Aldol 454 A4 AL = L4334,
BRI 43%. B4R AR DL 1,3-FR AN IR &
B g JEURE, 7E M IBR A7 AE £0445 61K  Michael Ji RS RTARAEE f1
ST C-BAL =20 N “— i 13 EIH b=, rR
K 20%. B AR 1,3- 382 S N IRIR L8 N JEUR)
2¢ Michael JIISCRIRR (AL 531 P C-IEA SRR 45 A6 1 H
ey, RCRIESR] 83%. ABLIRIERIM. .
S AL FR T BREE ACUE
3 XWEH
3.1 UESIKF
Nicolet {# B2 2T 4614, €[ Thermofisher
/N H]; Bruker Avance-III DRX 500 MHz #Z i 3L9R %, #4
[E Bruker A W]; Vario EL-III 8524 Hrix, 4 [H
Elemetar 23 7] ; WRS-1B B2 44 54X, Rl G A AR
HIRAF]; B2y AR o0 [ =i 8 o frall, K&
AEFR AT, K AR e T 0 Ab T
32 LWHPE
3.2.1 6-F A RIR[3.3.1]F45-2,9- —FA(2) 894 A,
AMER(7.65 g, 75 mmol)7E 200 C RiEfk 6 h £EH].
TEWHER IO 1,3- 382 (1.68 g, 15 mmol) 5G4k
AALER(7.65 g, 75 mmol), Eilh FHFEE 10 min, 7EUKE S
1N 248 I I (1.02 mL, 15 mmol), i In5e G,
TLC BREFRVHERE, 6 h Ji [ NVE5H. I & H 56100
mL), 98, ISP Rt w4an, ARV CH

380 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

M) @ MR ZEE) =1 : 31182k E¥ 2 (1.2 g 48%).
(1 E 4K, mp. 67.9~682 C; 'H NMR (500 MHz,
CDCLy) §: 5.49 (m, 1H), 4.12 (d, J=4.7 Hz, 1H), 2.40~
2.38 (m, 4H), 2.34 (t, J=6.8 Hz, 2H), 2.02~1.87 (m, 2H),
1.82 (s, 2H); *C NMR (126 MHz, CDCly) J: 198.67,
169.50, 111.59, 93.80, 36.55, 28.60, 26.99, 20.83, 14.23;
IR (KBr) v: 3442 ,766 (O—H), 2940, 1452 (C—H), 1683,
(C=0), 1228 (C—O0) cm . Anal. caled for CoH;,05: C
63.30, H 7.08; found C 63.07, H 7.16.
322 3-Q-%#K-6-FARIKT-1-4-1-20) R BR T Be(4)
895 AR,

¥ 1,3-3F 2 ffl(2.24 g, 20 mmol)i% - DMF (8 mL)
W UK R b AN AL E5(0.72 g, 30 mmol), SEATIER
J5, WL N IR R ZE(2.13 mL, 20 mmol), JN#E
80 ‘C M, TLC BRERJ WEFE, 4 h J5 ) V45 o, A ER
F2(15 mL, 2 molVL)¥F¥ii R RYVE, KRG AK
(50 mL)H, BT KEG A G, g, 75 80 CHEAH
TR 10 h, BEMLE4 (4 g, 92%). FLEGFEE, m.p.
125.0~126.2 “C; "H NMR (500 MHz, CDCl;) &: 9.58 (s,
1H), 4.16 (q, J=7.0 Hz, 2H), 2.51~2.46 (m, 4H), 2.45 (t,
J=6.5 Hz, 2H), 2.31 (t, J=6.5 Hz, 2H), 1.90 (p, J=6.5
Hz, 2H), 1.25 (t, J=6.5 Hz, 3H); *C NMR (126 MHz,
CDCLy) d: 198.32, 177.52, 173.08, 114.08, 61.13, 36.08,
32.65, 28.94, 19.95, 16.18, 13.52; IR (KBr) v: 3450, 722
(O—H), 3060, 903 (C=C), 1768 (C=0), 2940, 1452
(C—H), 1230 (C—0) cm . Anal. caled for C;H;404: C
62.25, H 7.60; found C 62.08, H 7.49.
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3.2.3  MIF[3.3.1]FE5-2,6,9- = FR(1Lo-4 3)49 6 A%,

Bk 10 AEBF BRI N LR R &UBF (2.35 g, 3.8
mmol), I FHFEE 10 min, A LR LSS mL)H i
P 2 he e fE ISR HT2(0.09 g, 0.38 mmol). b5
Y2 (0.8 g, 4.76 mmol)] LR LBK(5 mL) W, Jni |
WY, TLC BRIV HERE, 8 h JaRNEiw, g, &
TR LBRES, W, FEIRAEZT [V LTR LBR) © V(A1 il
k=1 :3158MLEY 3 (0.7 g 90%). HGE K, mp.
144.2~145.0 'C; '"H NMR (500 MHz, CDCl;) d: 2.72~
2.67 (m, 1H), 2.64~2.55 (m, 2H), 2.47~2.44 (m, 1H),
2.13~2.06 (m, 1H); *C NMR (126 MHz, CDCL) ¢:
198.67, 169.50, 111.59, 93.80, 36.55, 28.60, 26.99, 20.83,
14.23; IR (KBr) v: 1770, 1644 (C=0), 2950, 1438, 1354
(C—H) cm” L. Anal. caled for CoH,4O5: C 65.05, H 6.07;
found C 64.82, H 5.92; HRMS calcd for CoH,003 (M+H)"
166.9603, found 167.0630.

ek 2: ¥ 1,3-FR 0 (2.24 g, 20 mmol). M
(5.23 mL, 60 mmol)INAF| /K FI (50 mL)H, & 100
TN 1 h, RJGFHRE 130 CIW. TLC B v BE
B, 5 h RVEER, AR LS TG, INAWGIR
ZFE(2.13 mL, 20 mmol). 5 F%E(30 mL). K145 1
(1) 4A 43198, TR SO, TLC B NV ERE, 8 h 5
RN, 8, H SRk, wan, mEkAE =
(N LIR TR - VB =1 5~1 : 31521k &549 3
(0.66 g, 20%).

PRk 3: KAk (60~80 H, 20.08 ) A ZIGiE(10
mL, 98%)5 & HHE(50 mL)F, InFIR RN, 4 h 5
NIV EEH, W4E, 500 CHge 4 h, 193] 3 ORPIREER
TR IR (24 g). ¥tk &Y) 4 (4 g, 18.6 mmol). FER 7
BRIRIR(1.17 g)~ D ORI 4 A 4r T I F
JoKFZR@BO mL)H, 46 100 CM 1 h, JEFHiR 4 130
C M, TLC BRI SV HERE, 48 h J5 e gh . ik, H
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ZATHE(200 mL)PEGRIEDE, W4, IR V(LR
LT D V(AR =1 : 33 A 3 (2.81 g, 90% ).
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