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ZHOU Pengcheng', WANG Bowei'?¥, YANG Shanglong®,
LI Yang"™?, YAN Xilong™**, CHEN Ligong"**

(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China; 2. Institute of Shaoxing, Tianjin
University, Shaoxing 312300, Zhejiang, China; 3. Tianjin Engineering Research Center of Functional Fine Chemicals,
Tianjin 300350, China; 4. Zhejiang Longsheng Group Co., Ltd., Shaoxing 312368, Zhejiang, China )

Abstract: 4-Ethoxycarbonyl-3,5-dimethyl-2-cyclohexen-1-one was obtained in 95% vyield via Robinson
annulation of ethyl acetoacetate with acetaldehyde over anhydrous sodium carbonate. The Robinson
annulation catalyzed by anhydrous sodium carbonate system was extended to diverse substrates. Under the
catalysis of this system, both aiphatic aldehydes and aromatic aldehydes could be converted into
corresponding disubstituted cyclohexenones. The cyclization product, 4-ethoxycarbonyl-3,5-dimethyl-2-
cyclohexen-1-one could be amost quantitatively converted into key intermediate 3,5-dimethyl-2-
cyclohexenone with 99% yield through saponification and decarboxylation. The targeting compound
3,5-dimethylphenol was obtained by direct dehydrogenation aromatization of 3,5-dimethyl-2-cyclohexenone.
The structures of product and intermediates were characterized by '"HNMR and *CNMR. The total yield of
3,5-dimethylphenol was 66% under the synthesis route established in this paper. This process was suitable
for the synthesis of 3-methyl-5-propylphenol and had certain universality.

Key words: 3,5-dimethylphenol; Robinson annulation; cyclohexanone; dehydrogenation aromatization;
fine chemical intermediates
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Fig. 1 Drugs synthesized from 3,5-dimethylphenol
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Fig. 2 Synthetic route of 3,5-dimethylphenol by m-xylene
sulfonation alkali melting
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Fig. 3 Synthetic route of 3,5-dimethylphenol by isophorone

aromatization
O

2 )]\/COZEHCH@HOﬂ> M

CO,Et
(o} OH 1

b\ BRE I /@\

I
H: Eth CHs, R,

B4 ASCHESTHY 3,5- H LA A0 A5 it £k
Fig. 4 Synthesis route of 3,5-dimethylphenol established in
this paper
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-35- " -2- M 4R -1-F 3.71g, UK 95%.,
'HNMR (400 MHz, CDCls), 6: 5.97 (s, 1H, C=CH),
4.25~4.21 (m, 2H, OCH,CHs), 3.10 (d, J = 8 Hz, 1H,
CHCO,C,Hs), 2.57 (m, 2H, CH,C=0), 2.17~2.06 (m,
1H, CHCHj), 2.00~1.93 (m, 3H, CH=CCHa)
1.33~1.29 (m, 3H, OCH,CH,), 1.08 (d, J =8 Hz, 3H,
CH-CHj); ®CNMR (101 MHz, CDCl), 4: 198.07
(C=0), 171.93 (OC=0), 155.99 (CH=C), 128.06
(CH=C), 61.28 (OCH,CH3), 54.47 (CHC=O0), 43.09
(CH,C=0), 32.87 (CHCH3), 22.68 (CH=CCHjy),
19.80 (CHCHy3), 14.22 (OCH,CH3).,
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fit) : M(CTRATE) =4« LIRAVER ) Wl sy iR,
HE 1 5k 485 m RV R R i A 10 mL 1.84
mol/L FBilR, [BIGN 15 ming [ e 31 2%
M, CPROERAE, GIFANAE, AP ICK R
FREN T 5 BR 5050, AR ak iRy 3,5-—H
F-2- 3R AR 2.45 g, 1% 99%., "THNMR (400 MHz,
CDCls), 0: 5.87 (s, 1H, CH=C), 2.44~2.28 (m, 2H,

CH,C=0), 2.26~2.12 (m, 1H, CHCH3), 2.09~1.99 (m,

2H, CH,CH), 1.97 (s, 3H, CH=CCH3), 1.07 (d, / = 8
Hz, 3H, CHCH,); *CNMR (101 MHz, CDCly), o:
200.10 (C=0), 162.10 (CH= C), 126.27 (CH=C),
45.21 (CH,C=O0), 39.38 (CH,), 30.04 (CHCH,),
24.40 (CH=CCHj), 21.13 (CHCH3).
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B A A 35- T HEIRE 1.01 g, W% 70%.

'HNMR (400 MHz, CDCl3), d: 6.58 (s, 1H, PhOH),
6.46 (s, 2H, CH=COH), 4.73 (s, 1H, CH=CCHj),
2.26 (s, 6H, 2CH=CCHs); *CNMR (101 MHz,
CDClg), 6: 155.40 (COH), 139.57 (CCHs), 122.55
(CH=COH), 113.04 (CH), 21.19 (2CHa).
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Fig. 5 Mechanism of Robinson annulation between ethyl acetoacetate and acetaldehyde
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Table1l Effect of alkali on Robinson cyclization reaction

BB ZEAT

T3 T %1%
R HEIC
WR JooK 2B 47 80
R B TR LBz 40 80
BT BT 41 100
TCoK Bk AR 4N WG 89 80
TeAK R R ZhE 78 80

. ZBEZBR 21 40 mmol, £ 30 mmol . ] HH
23 30mL . B HE 20 mmol,

HH2e LA, Y0 IR BE AR5 R,
TooK CEEAE RN, RN R 80 °CHY, Hifm {4k
I BCRR 47%; 25 DL BER o s f Ak R A, A
ST AR T MR 2 40%; 24400 A T BERT
V) R BCT B, 7E 100 °CTF it Ariafk 1 sk
FAUR 41%, IEEHEE, UA DL B 2
SR, AR T PR R B, 58 R AT RE
SR ZR B P i B R R B L B S TR TR
H S 456 RO AT, DTS 350U by e BRI
FRUL, BB PR

zi b, AP RER ZUEL OB TR TR
f %) Robinson A& i o BRI, 25 ik FH JoHLaR R
ERAE AR AL F IR A RO o X 3B R A Bk
PR ER S TR 55 TR £ L T LA R R AL 5 55 ) M 1k A 5%
MR LA, HUATCKERIR A AEALR, G s
FIEL S A, R E A T AGISCR A 89%; 1T IRl FE 4%
PR AR R B0 A AL IR, Rl T AR [ =
78%; —MRUL, BRIRER BRPESR TRRRR AN, ELAE
S R A R e TR TR A . X RN R rT e
S50 PR A AR 32 RN R A AR 32 7™ AR A [ 2 3 245 2R g AR
AR, #FH 2, ToKBRER AN T T0K ik R4 T
Pk 2Bk 2.2 TR A 205 (1) Robinson B4 [ iy 23t
FIE RIS, N4 = AR e R
222 EAEHEE

B, DAIC/KRRFREA- ML, HEERIXT &
T 2, 1% Z, 15 Fl1 2, T Robinson ¥4 [ W 1 50, 45
Rk 2 .

2 RN Robinson ¥4 SN 5
Table2 Effect of solvent on Robinson annulation

Wil TR W 1%
ik TR BEI°C
2N TR BRI AN 80 89
TooK 4 TCAK R IR #H 80 95
FH TeAK BRI M 80 80

H: LBEEZ R 1 40 mmol . Z 7 30 mmol , &I R
J330mL ., A EFIH 20 mmol.,

M 2 alo, FEAFER B AT, MUUTKS
BNV RIS, AR T BeE R 95%, m LG
VERE R R, se R AT AR, oK S EE
WHREAE B AR T 2B 2R BB
Robinson & o AN, BRI AR T OB,
M AILHR R, I 6 A R Tl AR g i 7K st
Fio L, DIJOKCEAEREERIRS, RN S5 H 5,
223 RALFH R FHE K

TE L TCK B BR BN AR5 . To/K B
80 CAM T, HE T AL RN LBk LR L Bs Fn
Z % Robinson Y& W 52, S5 535 3 iR .

# 3 Ak X Robinson R4S 5 i
Table 3 Effect of dose of catalyst on Robinson annulation

AL 7] /mmol el /%
el sl
10 TooK kR M JoK L BE 82
20 TR BRIR AN Jook & 95
30 TR IR AN Tk EE 69

. LBEZ R TS 40 mmol . £ 30 mmol . %5 &Y
b 30mL,

M % 3T AL, ML E S 10 mmol B,
A T BSCRA 82%, 4 Ak 571 A% £ 385 i 2 20 mmol
A, R T AR S 95%; E— AR mfifk
A HE, BEr- e eREEAL . SR AT AR 2 —
A HEIEAL R A R B, SO AR R B B AN T 3 0
M W ALEERE , VAR RS FmEl, 54
MEWNRIAE T, SR B R

gi s, WL TR LT Al B B Robinson 27
BN AR SR . AITCKBRBR AN i . oK &
BN L 80 °C. FEIRR N Z&MT, JEYIL
Tl LUE s, AR R S S 95%. Hilt,
ARSCHENE T —Fp H JC KRR R EM 4 R ALY Robinson
IRA TN il 4% 3,5- U H 3 2- 30 U R B O 1k
23 TKBRERSHELERNARNH

AR T, X K ik R M 1R & i 1k 19
Robinson ¥4 f b i i FHHEAT T 40, i =X an
Kl 6 fiin, 255N 4 frs.

(o}
2 con - nenoSE%
2 CO,Et + R-CHO C,H.0H R
CO,Et

¥ 6 Robinson ¥4 J N 4 b 3 X
Fig. 6 Genera formula for the broad application of Robinson
annulation
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Table 4 Application of anhydrous sodium carbonate catalytic

system
FINES B3
. g WA &S]
B W EEEC %
CeHs o ToKEEmMN Gk 80 69
|‘Hh‘ 2.1
O CO,Et
4-OMeCgH, O Tkmkman Xk 80 65
‘ LB
MeO O O,E!
4-NO,CgH .4

Q  Jkmms xk 80 60
B -
02N O OzEt

CsHy 0

ToKweiggh gk 80 75
N@ 2
0,Et

TokmemRiy ok 80 90
LB

C4Hg

L

CO,Et

H: LBEEC R 21 20 mmol . BE231EE&4 10 mmol . %7
FHESN 30 mL . JC/K Bk RN A 308 10 mmol, Me JyH L,

24 Robinson MEFYEHRKRER 35-—FE-

2-3h C R

TG K Bk TR #1484k 1 £ Bk 2 TR £ TR R O R 1Y
Robinson ¥4 s i 1 = &k T 3,6- —H 3E-2- 34 1
St (R ) P9 SO R T — MR I 1Y is
%o M E ST H AR 3,5- F 3-2- 3 L Bl 0 3K
AT R T i —20 iR Ee st . HAT, B Amest
M A PR —FORTE R AL R TE S T LA
AL S 77 2 B R 125 ) — Rl B ALk 1
Jra, BUSCKE R ISR IR T KM, SRS TE IR
BZST Y IFZY S 5 S I Y 0 A8 L € R =
BBk 2, AR, BRI A, AL
T 2RI, FEAN BB R A L 91 R 2R
TRy RIE, A PRIE B AR 7= 5 AR R DR T, e,
MehaA I AN 4.00 g ( 20.3 mmol ) i, NaOH
U 0.24 g (6.0 mmol ), 1.84 mol/L Fi#i BRI
10 mL, BEAPE TR paik 1 JLF 5 efktl, Piak Il
IRl 99%.
25 35-"HE-2-HEHEWFTHULER 35-"HE

K

AT, RO S 07 A s 251k & i)

HARFEHWIF . —FOEEBEEARENT, 7
T A R R R E SR S — R R
Ko7tk WIFE L —FoOr R AE T, BIMARRZ
WOl HE B S0 AR, HRE R R R P30 3k
BRI B P P AN A 2 AR B I ) T B
B S5 W JE o B R HL R A 2 . IR, AR
K B EOF AR T2, 1 e i A Ak ) gk
177, 24 T E 2R . S L FT 10% Pd/C 3 il
AL, R IR 10% Pd/C AL 1% M e dT-

TR o B S AR A R A s s B
TIREXT 3,5 HEIKBmIBCRIEm, 2R mE 5
JiRe 5 Al 0L, SR IS VR R 50 B 30 s o s
JEAR T LAF- AN SR 5 24 5 700 4 i S A = 1 1,2,3-—
A, PIGRET A YA il e s
B B R 1) £ R, BARY) 3,5 H HER
ISR AT A 70%, FF HAELRIELEEA 5k, Hin
FEPIRSCR IEAR AR, 25 LA 7,

*5 WAL RA R

Table 5 Reaction conditions optimization of dehydrogenative

aromatization
R £
= /%

gl HRREIC
2N 85 —
1,2,3-=HIZ 167 IR
% 197 70
e “—7 RHILEAIRN; 3,5-H 3e-2- 3 U4 1.47 g

(11.8 mmol ). 10% Pd/C 0.147 g. %5 H&EH 20 mL,

80
o\\o 70
¥ 60
£
£ 50
)
# 40
bl
= 30
1] 20
wv
10

(=)

TEFR B

{7 10% Pd/C 191 E P fE
Fig. 7 Recycling properties of 10% Pd/C catalyst

26 35-"_HEXMAERIZHVTHK

J it — N T LR A B A R, K T
SEHY 3,5- T ERIR I A BT T TR OR S
g BARBCREIE T . Robinson ¥4 5 N 52 40 1
Bk (LB R TR ) i 59, WORA 95%, Kiik
BHECRZE 150 g, =Y HBCR 29k 83%. AL R
R ECERE 4 g (PR T ), okl
99%, WHCEHETIKRZE 200 g, IR LN 90%,,
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ST WA R e ) Bk a2 1.5 g (R EMA T ),
PRI R 70%, F PRI 2 100 g, FRIICR
2100 62%, FEA T LRI SRS 66%, IR
J& B SR 2 R 52%

WA RT A SN 3 TR 7 ) B SR AR
A TR Robinson PG5 B 0l B8 JE T HlFERCR
AMERF R EECRAEM SR THERRZ,
T BO= PPCRREAL ;B AR I Al =05 14
Al A2 1T RE I B T s N s [R]85 Bl P FEUR AN
FECHPRPICOR N R I T A — R B ORAL
N, T
27 3BHESAEXRBMHIERK

FEF IR O M A B S5 F ARk A R 3,5- I R
My B EBEELE . OB AR A SGHE— %
TN F 55— B 254 o B 3-H 3-5- P9 S8 8 1Y
AR, WE 8 s

0
)Ol\/co Et + cuo N&C0s
2 HEt C,H,OH
CO,Et
KHET5%
0 OH
@ NaOH, EtOH 10%Pd/C
@ H,S0, Z"F
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P18 3-HH k-5 BRI 1) 15 J I 26
Fig. 8 Synthetic route of 3-methyl-5-propylphenol

3 Jk-5- TR BE 2 i th 2 — o 8 2 S 40k T
BEFA LA B ER . ZERFERAET, CBtCRE
fisi F11E T ) Robinson & i BRIl 75%, fe#t
HARr=4) 3-H 3k-5-TH LR B B IR R 68%, A 1L
BEA— RS

3 #it

LT A AL 3,5- RS A A0S T
4o LOBEOTROBEM O M RRL, 241 Robinson
G BACBR LR A M R N, B A 8 T
Hbrr=4 3,5- " F SEA W
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