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Synthesis of 1,3-Oxo-Spirocyclic Compounds
LI Zhengyi, QIAN Jisheng, YIN Yue, SUN Xiaoqiang
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Abstract: The systematically synthetic methods for different aliphatic and aromatic 1, 3-oxo-spirocyclic
compounds were studied. Aliphatic 1, 3-oxo-spirocyclic compounds were synthesized by reflux of pentae-
rythritol with aliphatic aldehydes or ketones in cyclohexane using p-toluenesulfonic acid as the catalyst.
Aromatic 1,3-oxo-spirocyclic compounds were synthesized by reflux of pentaerythritol with aromatic alde-
hydes or ketones in toluene using p-toluenesulfonic acid as the catalyst. Compared with conventional meth-

ods, this process shows some advantages such as extensive substrates,simple operation, high yield and en-

vironment friendly. The structures were characterized by 'H NMR , "C NMR and MS,
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1.1 X5 F

AVANCE 300 MHz B4 @ 248 {1 (Bruker 2%
F L, TMS N AR 3 H A B H LCMS-2020 B Jf 1% 4% ;
SGW X-4 5 s s AN GRLBETHR &8 1) s B2 T H
TR G S vE e T A BRA w1 . B A 35 o 4y
trali,

1.2 PERAMRER (BR) 2K 1,3-E & BHUEY
B & BX

TEAE A 8]0 5 B 50m L = HB TP R v A
fg W5 & B (B (18mmol), Z= 1% W B (1. 2g,
9mmol) , A&k 20mL, Xt FF RS R 2%, 23 /K 2% 47
AR IR P /NI A VROV AR T L 45
RSN ¥ H G AR D 2R BN . LA R A R
A s g L 8 UF oK L BER L 5 3 H AR e
Yy 3a F1 3b; i 7 R 2 BN S N R U6 VA 4 S 4 ek
JRE A J2 BT (2T T AR A 3ol ik 1 A R 8 7)) 3 5 15 )
HAR™=9 3¢ Al 3d.

3,9- T 3E-2,4,8,10-P0 R A MR [5.5]+ — ki
(3a): H & [# 5 mp: 55 ~ 56°C (Lit.!"*, 54 ~
55°C);'H NMR (300MHz, CDC1;)68:0.88(t, ] =
6.7Hz,6H, CH,), 1. 28 ~ 1. 43 (m, 12H, CH, ),
1.59~1.63(m.,4H,CH,),3.34(d, ] = 11.5Hz,
2H,CH,).3.51~3.59(m,4H,CH,),4.43(t,] =
4.9Hz, 2H, CH), 4.55 (d, J = 10.1Hz, 2H,
CH,);"” C NMR (75MHz, CDC1,)6: 14.0,22.6,
23.4,31.7,32.4,34.7,70.2,70. 6,102. 9,

3,9-" M #-2,4,8,10-TU A LR [5.5 ]+ — ke

(3b) : I 4K s mp: 142 ~143°C (Lit.'",143°C) ;'
H NMR(300MHz,CDC1,)8:1. 04~1. 27(m, 10H,
CH,),1.43~1.54(m,2H,CH),1.63~1.78(m,
10H,CH,),3.32(d.J =11.5Hz,2H,CH,), 3. 47
~3.58 (m, 4H, CH,), 4.18 (d, J] = 4. 7THz, 2H,
CH),4.53(dd,J =11.3Hz.2.3Hz,2H,CH,) ;" C
NMR (75MHz, CDC1;)6:25.8,26.5,27.1,32.6,
42.3,70.2,70.5,105. 7,

3,9- 2 Fk-3,9- N HE-2,4,8,10-PU A AR [ 5.
5]+t —%E(3c): TR Y ;' H NMR (300MHz,
CDC1;)6:0.85~0.94(m,12H,CH;), 1. 32~1. 42
(m,4H,CH,).1.61~1.75(m,8H,CH,).3. 70 (s,
4H,CH,),3.72(s,4H,CH,);" C NMR (75MHz,
CDC1;)6:6.5,13.4,19.4,25.1,31.0,34.4,62.5,
100. 4, ESI-MS:m/z=301((M+H]"),

5,9,14,17-PU% 212 3.2.2.3.2.2 ]+ L k£ (3d) :
H 0[5 4K mp: 128 ~ 130°C ;' H NMR (300MHz,
CDC1;)6:1.68~1.79(m,4H,CH,).2. 23(t,8H,J
=8.0Hz, CH,), 3.66 (s, 8H, CH,);"” C NMR
(75MHz,CDC1,)8:11.6,32.2,64.6,101.9, ESI-
MS.m/z=241(IlM+H]").

1.3 FERE(MR)EX1,3-2XBRULEY
& B

TEA A B B A 50mL = B PR vom A
J5 & M (EI) (18mmol), Z& % MU B (1. 2g,
9mmol), B K 20mL, i b | & B X B 2K i R
(2000 a3 K as K . s [l i BN iy, TLC
I Js2 17 28 DRk T 2R BOAS B8/ 45 1k R, ¥ RS
FE . OF FEME S RN, T R A A TR A
UE LUV JCK LBV L BV B B AR 3e A 315
Ty B J L ) A8 S N7 o 2 I VAR U R i A 3 2 B OKG A
Yo mATE TSR e e R BT L iR AR
> PR TEK CBE R 45 i, 13 B 4l i) B AR =4 3g
Shiy 05 BE B 28 0, 5 0 R DR s Vi A S 4 AT
JEMT (LR T A i Bk S BRI D 43 2545 21 B A5
=M 31 35,

3,9- (4R T IR IE)-2, 4,8, 10-PU S 2 1 [ 5.
5] —%E (3e): A [E {K; mp: 202 ~203°C;' H
NMR (300MHz, CDC1,)6:1.31 (s, 18H, CH,),
3.65(d, J =11.6Hz,2H,CH,), 3. 81 ~ 3. 86 (m,
4H,CH,).4.87(d,J =11. 0Hz,2H,CH,) ,5. 44(s,
2H,CH), 7.38 ~ 7.44 (m, 8H, CH);"” C NMR
(75MHz, CDC1;)6:31.3,32.5,34.6,70.6,71. 1,
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102.2,125.3,125.7,135.1,152. 1, APCI-MS:m/
+=425((M+H]"),

3.9- " (A- = HH H K IH)-2,4,8,10-P0 A 4 12
(5.5 ]t —%e (3D : I K mp: 247 ~249°C ;' H
NMR (300MHz, CDC1;) §: 3.70 (d, ] = 11. 7THz,
2H,CH,),3.84~3.89(m,4H,CH,),4.84(d, ] =
9.8Hz,2H,CH,),5.51 (s, 2H,CH), 7. 60~ 7. 67
(m,8H,CH);"”C NMR(75MHz,CDC1,)8:32. 1,
64.7, 65.2, 100.8, 127.4, 131.0, 133.3, 134.6,
135.1, ESI-MS:m /2 =449([M+H]").

3,9- R B3, 9- R B2, 4,8, 10- I A R IR
[5.5] 1+ — % (3g): A & [ {£; mp: 210 ~ 212°C
(Lit."""1,210~212°C) ;' H NMR(300MHz,CDC1;)
8:3.21 ~3.32 (m, 4H, CH,), 3.44 (dd, J] =
20. 6Hz,11. 1Hz,4H,CH,),3.67(d,J =11. 7Hz,
2H,CH,),4.83(d,J =9.8Hz,2H,CH,),7. 38 ~
7.46(m,10H,CH) ;" C NMR(75MHz, CDC1;)4:
32.1, 40.6, 64.8, 65.2, 99.3, 127.7, 129.1,
129.2,135. 8,

3,9- "W -3,9- 7 (2,4 K HEH-2,4,8,10-
VUSR8 [ 5.5 ] — %t (3h) . [ & [ & ; mp: 165 ~
166°C ;'H NMR (300MHz,CDC1,)6:1. 58 (s, 6H,
CH,), 3.15 ~ 3.28m, 4H, CH,), 3.54 (d, ] =
11.9Hz,2H,CH,) ,4. 46 (dd, J = 11. 8Hz, 2. 0Hz,
2H,CH,).7.27~7.30(m,2H.,CH),7.42~7. 46
(m, 2H, CH), 7.49 (s, 2H, CH);* C NMR
(75MHz,CDC1,)6:28. 6,32.2,64.7,65.2,100. 8,
127.4,131.0, 131.7,133.3, 134.6, 135.1, ESI-
MS.m/z=479((M+H]").

3,3,9,9-PUFIE-2,4,8,10-PY A Z 2 [ 5.5 ]+ —
$E (31 144 [ 44 ; mp: 163 ~164°C (Lit.""", 163~
164°C) ;' H NMR(300MHz,CDC1;)6:3. 87(s,8H,
CH,), 7.23 ~ 7.50 (m, 20H, CH);"” C NMR
(75MHz, CDC1;) 8: 32.9, 65.3, 101.6, 126.5,
128.0,128.4,141. 4,

3,9- TR -3, 9- T (4-H R BE)-2,4, 8, 10-1
AR 5.5 —%E (3D A A & 45 mp. 186 ~
187°C ;'H NMR (300MHz, CDC1;)6:2. 32 (s, 6H,
CH),3.85(s,4H,CH,),3.89(s,4H,CH,), 7. 12
~7.49(m,18H,CH) ;" C NMR(75MHz, CDC1,)
6:21.1,32.8,65.35,65.38,101.7,126.4,126.5,
127.9,128.4, 129.1, 137.7, 138.4, 141. 8, ESI-
MS.m/z=493([M+H]"),

2 #ZRE5iTR
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H W (3a Fl 3e) AAREAY SN, % F A Ak ) RN HE 7K 550 %
ey ASEA TN
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204 SR P e 7 1 1 A8 Ak 500 A 503 O K T i T A
W T 5 A 5 R Y B R A A 1 WA S o T R R
LT A0 T 0 A AR 8 B A O o 2 32 B X T S A R
AR

1 OEAFFEISRULAY 3a# 3e WM

Table 1 Effects of different catalysts on the synthesis of com-

pounds 3a and 3e %
AL W H.SO0,  XFHUREAR AR SRS
3a M 60 79 73 —
3e M 66 80 73 —

Ul BT ZE R DU B2 (9mmol), 1F B BF B AT L PO
(18mmol) . L7 (2 %) , BRC s Ml 417 7K

2.1.2 HAKRFIHIERE

DA R T 1R Ay A Ab R 5 S KR X 3a Al
Se WK 45 R ILE 2, WK 2 iTIEH LK
(T ER O e L R R R 3 A R S KR
AW 3a G W . R AR HF KGR B A i 3 A
I, 7T RE A PR A Y 2R A s K v T I R T D £k
Bk S K ZAE 100°C AT 1 TR K e N4
e Al s 6 1 D) 8 43 % o B8 e UL A1k 3 B0 B A 7
WOCR T RE, R 2R AR KR B IR & 3R O
Bt AH R BETEREOR , 25 B % L 3k 3R e AR i
LA K . A e B I 3R C e A
80T KGR B RS AR G BT IR, X T 05
A T (IR A6 G 9 A X T B 107 1 1 (D A6 5 40 5 ik
JHE P I PR ARG L SSORE X B v, B R SRR, AT LA
PR R N7 T BE , B Ny T M PRI O A I I (TR £k
G W) 5 2 8 0 P LA A SR T ER ORAE S A
IKHL
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Table 2 Effects of different solvents on the synthesis of com-

pounds 3a and 3e %
5 K EINR S LiFS
3a M 79 83 12
3e MU 80 81 88
Vb B B R R S i Ak ) AN RO A TR K 1
2.2 KMHE

TG DI IR R S AL R L B O e S i [l
T K SO AT R TG T CRID JE W0 ¥ i (5% 3. %
WL 1~4), Z5RFRWIZTT I T A 5 26 B9 g
TE W AR JC W o {EL phy T 2 8 O s U4 i s T R 3R A
AW (3a 1 3b) AR P AR X 85 i LAY 2 1oy v )
Ja U RERE NER B be b AR Tt i Ak B 5
A /N ) 2 8 I P XL R U R 3R A 5 W (3 A
SAVTEIN O ot Hh I A B B A, 7 R AR 2 AT 20 B 4
A BRI 2 D U I i R R
A5 Myl A< e TR 107 B SR AL 5 1 X e T e
P8 25 PR A58 N T2 () o7 BEL AR TS B30 07 i ) 335 44 A
X

£3 1L,IERERUSYHER

Table 3 Synthesis of 1,3-oxo-spirocyclic Compounds

R;:O HOXOH X AR A K R‘X”XOXR'
+ -
HO I3 7K R2 0 0 R

R? OH
1 2 3

Hit R R? K ] PR/ %
1 H n-Cs Hi H ok 3a 79
2 H cyclohexane I b 3b 88
3 Et Pr H ok 3c 49
A cyclobutanone e ke 3d 76
5 H 4-'BuCs Hs H 28 3e 88
6 H 4-F3CCs Hs IEN 3f 88
7 BrCH: CsHs EFS 3g 82
8 Me 2,4-Cl,Cs Hs FIE 3h 80
9  CsHs CsHs IS 3i 56
10 CsHs 4-MeCs H, LIPS 3 38

SRIG SR TR Y b 1 A i A ), PP A AR )
PEAT I T AT CBRD SR 40 88 . DADT SR | O7 B Joe
i A1 57 B A g O 3 i) 5 2 N D e XA T
— RYN AR (B2 1. 3- A4 I &1 (3 3,
FCRE 5~10) o HTF57 Bl | 57 e brg J2k i A1 55 il
HR R R 1Y) D R AR U AT S BB AT S N D
XUAE B SR BT B 3 . A =l SRz 19 )i Ak

7 A AR 22 57t - 55 FE B 8 S g I Ak B 5 3k
RNt/ I R NG S e T TR YD
ek BIVAT 5 57 i g i I 26 F 17 45 oI L G [ A T
it 1o SIS IR 4R S A i S e 2 T AR A A
W] PP FH JC K T 0 45 ot A B 4 5 5 R 26 I
JO7 77 9 ) 5 2R P e B A J2 T ik S A RE AR AT 2 H
BRI

3 4

25 I3 Y T X 45 B 0 T 15 340 2% R ER AL A 0 1Y
R A AR PR R LA H R R A i AR ), 36 e
AE KR s D7 A 13-4 AR R ER AL & W 1 Fe A S
R L2 DA KT B ik I g TR P R DR i KR
2 A 1 R XS 446 i 7 T T R 55k T R B AL 5 W) i Ak
7 W TR 77 W0 L DT R0 v A Y 5 55 5 g ik I R B
P Py 5 2R T S R e A L [ 0 L P 28 O L 4
r A B Al 7 4y 5 TR 07 R A 5 S R R R L &
W 5 £8 3 A JE A 23 B 3R Al F bR =)

B ARCRGEIIE T — RIA 8] 26 B 5 197 e
N7 A R TE (D 5 2 I DU e 0040 il 7 1, 3-%A 2% 1R
WALEW T SESITEML %07k B AR
W3 VG L 32 R A BT P AT 3R A vy A A 5 A e 26
P, SRR RN 1, 3- AR IR GG
IR T ARG 9 2 8

S Uk

[1JLIM C K, LEEJ S, HA T H, et al. Cleavage-induced
fluorescence change via hydrophilicity control: A new
strategy for biological application[ ]J]. J Photochem Pho-
tobiol A,2007,188:149-154.

[2]JSONDHI S M. JAIN S, DINODIA M, et al. One pot
synthesis of pyrimidine and bispyrimidine derivatives and
their evaluation for anti-inflammatory and analgesic ac-
tivities[ J ]. Bioorg Med Chem Lett, 2007, 15 (10):
3334-3344.

[3]JSONDHI S M, DINODIA M, JAIN S, et al. Synthesis
of biologically active novel bis schiff bases, bis hydrazone
and bis guanidine derivatives[ J]. Indian J] Chem Sect B,
2009,48(8):1128-1136.

[4]CRAWFORD E D, CONNELL G W. Polyester composi-
tions which comprise spiro-glycol, cyclohexanedimeth-
anol, and terephthalic acid: WO 2010080117 [ P].2010-
07-15.

[5]JGOKHAN A, HAYAL B S, FRED W, et al. Synthesis,

characterization and properties of novel polyspiroacetals



¢« 28 o

MR FFROEARAFR

2016

[J]. ] Polym Res,2012,20:97-101.

L6181 2% 52 M AL & W) b 2= [ M b 50« A 2% Tl Hh ARt
2007:178-186.

[7JSACHSE A, WUTTKE C, LISSNER E, et al. Ordered
mesoporous ZSM-5 employing an imidazolium-based ionic
liquid[J]. Chem Eur J,2014,20(46):14996-14999.

[8]JLI Z Y. CHEN L, GE L, et al. Synthesis and crystal
structure of 3, 9-bis ( pyridin-2-yl )-2, 4, 8, 10-
tetraoxaspiro[ 5.5 ] undecane [ J]. Chin J Struct Chem,
2012,31(5):728-732.

[9JAKBULUT G, SONMEZ H B, WUDL F. Synthesis,
characterization and properties of novel polyspiracetals
[J7. J Polym Res,2013,20(3):1-8.

[10]JKANNAN V., SREEKUMAR K, GIL A, et al. Aceta-
lation of pentaerithritol catalyzed by an Al-pillared
saponite[ J]. Catal Lett,2011,141(8):1118-1122.

[11]JZHAO Y C, ZHANG L M, WANG T, et al. Micro-
porous organic polymers with acetal linkages: synthesis,
characterization, and gas sorption properties[ J]. Polym
Chem,2014,5(2):614-621.

[12JSHATERIAN H R, RIGI F. Acetalization of carbonyl
compounds as pentaerythritol diacetals and diketals in the
prensence of cellulose sulfuric acid as an efficient. biode-
gradable and reusable catalyst[J]. Chin J] Chem,2012,30
(3):695-698.

[13]JALBADI J, IRAVANI N, SHIRINI F, et al. A green

recyclable poly (4-vinylpyridine)-supported copper iodide
nanoparticle catalyst for the chemoselective synthesis of
pentaerythritol diacetals form aromatic aldehydes[J]. J
Chem Res,2012,36(10):610-611.

L1404 55 R AR AR B be 45, SO 4R 5 T 2% 00 I /et X448 %o
P SR R A AL A L ] A TRR L 2010, 18 (1)
32-34.

[15JWANG Y Y, GONG X X, WANG Z Z, et al. SO; H-
functionalized ionic liquids as efficient and recyclable cat-
alysts for the synthesis of pentaerythritol diacetals and
diketals[J]. J Mol Catal A: Chem,2010,322(1/2):7-16.

C16 B H . B AR, AL T, . K B R Bk M Ak & L2
TR DY s X4 4 R RE LT ], AR TR ], 2003,17(12) £ 39-41.

L1790 55, Jo) S AR 600 A 0 R 6 e Ak 1 23 30 I e X
i HRELT ], fL2#%iK50] 2008,30(4) : 293-294.

L1875 Se A« i . Bl I8 42 39 35 P ¢ B 8l 489 TR A b & LR
B 2 I DU B A B () ] A 27, 2007, 15(4) : 487-490.
[19]JGROSU I, MAGER S, PLE G, et al. The stereochem-
istry of some new chiral brominated compounds with a 2,
4, 8, 10-tetraoxaspiro [ 5. 5 ] undecanic skeleton [ ] ].

Monatsh Chem,1995,126(8/9):1021-1030.

[20]JSUN X Q, CHEN L, JIANG Y, et al. 3,3,9,9-Tetra-
phenyl-2,4, 8, 10-tetraoxaspiro[ 5.5 ] undecane[ J]. Acta
Cryst,2010,E66(11) :03035.

CFUAE % 5 BT AT



