HFEHEBIEXRE TR F21% (199 143

a-3 T - A FIJ-0-F £ U p-E
b4 BB FIVEORML

7K F* AN
£t % % =
(19694F 9 A11H 2H)

Isomerisation of Ethyl @-Cyano-8-Methyl-o-
and p-Substituted Cinnamates

Wakatu Nacai

Department of Chemistry
(Received September 11,1969)

The Cope-Knoevenagel condensations of o- and p-substituted acetophenones with ethyl
cyanoacetate give the stereoisomeric mixtures of ethyl @-cyano-g-methyl-o- and p-substitu-

ted cinnamates.
equilibrium under the reaction conditions.

The cis/trans ratios of those products are fixed by the thermodynamic
The results are, except 0-NO; ester, as follows;

the ratio is trans>>cis in p-substituted esters and trans==cis in o-substituted esters.
When these reaction products are let alone at room temperature in oily state or in a

solution, cis/trans ratios do not change unless the products crystallize out.
isomerized by distillation and mostly crystallize out in cis form.

Pp-B; ester is
o- and P-NO; esters

change slowly into crystals of cis form when they are allowed to stand.
Under the conditions of the Cope-Knoevenagel reaction, all the pure isomers give the
same cis/trans ratio as the Cope-Knoevenagel condensation product but part of the original

ester undergoes the retroaldol condensation.

In the above reactions, p-NO; ester reacts more easily than o-NO; ester.

Single isomer

of either 0-NO; or p-NO;, ester can isomerize by heating, distillation or UV irradiation,
but both p-B: (cis) and p-Cl (cis) esters do not isomerize by those procedures.
In 0. IM-E3N-Bzl solution, all cinnamates isomerize and arrive at equilibrium, where

the ratios are very different from those of the Cope-Knoevenagel condensation products,

but in 0. IM-HCOOH-Bz! solution, they do not isomerize at all.

In Me3SO solution, p-NO,

ester readily reaches its isomerization equilibrium, while 0-NO, and p-B, esters reach the

equilibrium very slowly.

The mechanisms of the above transformations are also discussed.
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XBbERvEYEHEEL, Y7 VBB FNVERELT
(1) ovz, b7 y2ERELbDE, IHREY
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0-NO, {ki 180°C DLEDOMBARLIEEINC & o Th Rk
IEL Ty AMELBIE T v AMEEREL B DT, HDOER
HizE 1 oL D X BB Y 2RRFEARL DTS
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1X#E 2 D p-MO hOBHBCEWCHETH DA, @
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Table ] . The cis/trans Ratios of Ethyl «-Cyano-
B-Methyl-0-and p-Substituted Cinnamates.

Yield 1 Condition of

| :
e ) e, e[
H %EWMI%&M *1/1.46 | dist. in CCl,
s | 65.3|buies165| 1/1.59| 4
p-Cl ’69.2 [b4 164-168 | *1/1.42 |  ~
” |649imow24%{ /105
p-Br |70 | be 180-184 | *1/1.83 |oNagl CaoEe
p-MO|61.2 | by 180 | 1/1.42 ] dist. in CCl,
s | 88.8 bio 195 12.04] 4
s |81l boier200| 1/1.08] ~
z  |Crude|  — *1/2.76 C?I%H/:cglom
p-NOg[Crude| — *1/1.18 [NHLEQORE
s | 45 — 1/1.18 4
s lorude| — | 1/2.08 NIRRT
0-NO, | 84.2 | by 183185 | *1.83/1 | dist. in CCl,
0-M.0| 77.7 | by 195-107 | *L03/1|  »
o-M, |25 | bo160-161] *1.04/1 | ~

Table . The Redistillations of Ethyl «-Cyano-8-

Methoxycinnamates. Ratio------ cis/trans
Befo}{z distillation After Redistillation
— . isti- o . .
Sani)le Ratloi bPC DIStilate bp C Yield | Ratio
. b3
First 130-165 269™¢ 18.25/1
Second |bz 180 | 810™¢ [1.15/1
8.5% [1/1.450bs 180 bs
i g
Third 185-189 5.361% |1/1.41
. b3
! Residue | o0 2. 0442 [1/2.53
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Fig.I. GLC of Ethyl «-Cyano-g-Alkyl-p-Substitu-
ted Cinnamates
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(b)--=--- Ethyl @-Cyano-g-Methyl-p-Chlorocinna-
mate
(S IEEED Ethyl @-Cyano-g-Isopropylcinnamate

HEHE LR I NRIEWEREMT X 5> TB LR RO
(1) #=RICI30H~210HMHKEL T, ¥ A, 7~
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Tablell. Changes of the cis/trans Ratios of Ethyl

«-Cyano-g-Methyl-o-and p-Substituted
Cinnamates, in their Qily States.
(Leaving Alone at Room Temperature)
Ratio cis/trans

[ Su-

bst.

none [p-MO| p-Cl | p-NO; | 0-NOy | p-B:

0

Obscu-
rity,

1/1.46| 1/1.42/1/1.42 1/2.03| 1.83/1

130

cis pure
Cryst.

cis pure|
Cryst.

cis pure]
Cryst.

1/1.43| 1/1.41{1/1.51

210

1/1.50}1/i:25

1/1.51 —‘

EAEW L LT (8 50mg/0.5ml) NMR JHIEECHEL
THELESDTHD, ZOFERLELOFTHLRWE
DiboBEEELAWD O & #H 2bhb, LL, p-

TablelV. Changes of the cis/trans Ratios of Ethyl a-
Cyano-g-Methyl-o- and p-Substituted Cinna-

mates, in their Solutions.
(Leaving Alone at Room Temperature)

Technology Vol. 21 (1969)

Table V. Isomerization of Ethyl @-Cyano-g-Methyl-
o-Nitrocinnamate (cis form), Containing
NH, OA., A.OH in Bzl

Ratio
@

Time
2.17

cis/trans

O ®

5.42 | 4.67

.
~_

.
~_

©

2.09

®

2.10

Water

None Separated

3.21 2951210213 2.07

Separated

6 hrs refluxed

6 hrs refluxed and 40 hrs leaving alone
12 hrs refluxed and 55 hrs leaving alone
18 hrs refluxed and 7Q hrs leaving alone

24 hrs refluxed and 8¢ hrs leaving alone
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BROBASTIE o-=tr T2+ 7 2/ ¥ DY T F NV

Ratio:-+-- cis/trans
N st \Pays
. Ivent! 0/ 1|6 |7 12|13 |14 |31 |54
X N | | |
p-NO,| Bz1'1.17 1.17
p-MOCCLi2. 04 2.02 2. 04
s |2 lLe2 162 1.64
|
H |/ (159 1.60 1.58
P il. 46 — 11,43
1
pCL| 7 105 |—1.05—]L04 —{1, 05
oM. | # |0.96 |°'95i 0. 96,
0-NOz | # |0.54 } } { | 0.520. 52

NO, A DMHHLRBEW T ¥ RO 24&EL,
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HIEDE, WANWALREETEMELERSL, FELER
L7,

NRELEND, KABETbRWEERYT v~
MBEWNTbNT, o-=tr 7t 72/ YDAF
NEDOY ZFFVHREETH D, BT IDORMELL
FebDHREBRLTEVH LD TIERY 2 1.86/F7 ~
1oy, Blekirs (1) X=0-NO; DA
by 2 1.83/ + 7 v 2 1 OERIZIF—ET B,
¥z, #ir (1) X=p-NO; (¥ ) KOHER,
Ry ¥y 6 RATENE (BFR140~160°C) 3572 Tk
BHEAL LW, BEERR XUER7 v & = v L OFLE
T, BIR140~160Cic 6 BRI T 5L, v 2 1/F 7
>~ 21.17 (NMR in Bzl) CR&¥A(bERT, ZhEFR
Cp-=tu7et7/vey7 VEBRZFNVND ¥ T
FNREETHLY, o-NO; (kL Vikdhic Bkl &
V7 Vv F— VREEAED L,
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U% (1) X=p-NO; D&ty 21/t7 2118 &
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Fig.. NMR Spectra of the g-Me Signals of the
Isomerized Esters Under the Cope-Knoeven-
agel Condition

a e Ethyl @-Cyano-B- Methyl-o- Nitrocinna-
mate 6 hrs, Water Separated

boeerers Ethyl @-Cyano-B-Methyl- o- Nitrocinna-
mate 24 hrs, Water Nonseparated

Corerene Ethyl @-Cyano- 8-Methyl-p-Nitrocinna-
mate 6 hrs, Water Separated
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Bubw—HExRT,

0-NO; f&, p-NO; {kicH\\T, #fiv 2Afko Cope-
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W E DRGSR TIC B\ TENFREECER L
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Fig.lV. Isomerization of the Esters in DMSO

Aveeees Ethyl @-Cyano-8-Methyl-p-Bromocinna-

30 60

mate

Boereree Ethyl «-Cyano-8- Methyl-o-Nitrocinna-
mate

Croneee Ethyl «-Cyano-g-Methyl-p- Nitrocinna-
mate

SRS E I o TEXADNDEDEELDBND,

F6ITIZNAWAREEEY S 5 (1) ORER—
O RMEEE FOMD WA WS RFET CRELES
IR EF LD,

(1) & 0.1M-HCOOH-Bzl HrGII24REAETH R
Yefb%x RS, 0. IM-EsN-Bzl 1Gi315~304T
HONCEELL TG e BT5, - OFFh
Cope-Knoevenagel RIGEBOERILE K& REND D
DL, BHEAOBBIREBOSENLREC LD LDOEEL

Table V. Isomerization of Ethyl «-Cyano-g-Methyl-o- and p-Substituted Cinnamates
(Pure Isomers) at Various Conditions

Ratio------cis/trans
T X | p-NO, p-NO; 0-NO; p-B:r p-Cl p-MO
e cis trans cis cis cis trans
Condition | mp 144° | mp 94° | mp 77° | mp 84° | mp 88° | by 184°
In 0.IM-Etz N-Bzl 1/1.62 2.05/1 1/2.55 1/3.40 1/5.51
In 0. IM-HCOOH-Bzl none none none none none
1/1.21 1/1.18
 In DMSO 4 &ty | @ davey
In DMSO 1/1.26 3.03/1 1/1.87
| (purified) (141 hrs) (1200 hrs)|(1224 hrs)
Heating 3.43/1 2.00/1 none none
(bath 180 °C) (8 hrs) (80 min) | (8 hrs) (8 hrs)




148 Bulletin of Nagoya Institute of Technology Vol.21 (1969)

b, ZOEEFEMP OF UYLz ¥y FRTOFE
HHELRRDMETH D,
P-NO; (KiZksl} B JAF NV ANKF Y F RTOLHE
Hai 2 OB HCERT B & & KBV,
YAFNVANVEEY FRIZRT 5 BELOHE XXX 4
CRF & Hi p-NOp (RnFREic#l S ARCET 50
i, 0-NOz {k=° p-Br fRCIEIFHITIE,

2.4 EM{ICBIFIREKBOESR

FYVZFNVNT I VRIS AFNVANVEEY FRTO
Rk, FEEE LT (4) R=E;, (6) O
HEHLDEE 2 BND, ¥/, Cope-Knoevenagel X
IGREFT TR (4) R=H THAHPHENELDND,
Z DBEDSIRI IR R & S OBIRA B —fRk (7], (8]
DI FEAMALL T, Bk B (Base) 2EENT S
B A VR T =4 v D pETN T AR & BT

BB IS & U CEBHK S,
\
CéQR\ — CéLC
"\ COOE \\@ CN
N
=R =R
A 5
X X
(3] R=H ¥/i3 B, (4)
H,C H,C COOEt
\aY /° N\ e
Cif‘\ — c%LQ\
E
o COOE} \o\ CN
N PN
CH CH
X 5C 3 X H3C 3
(5] (6]

Cope-Knoevenagl & KIGIEBWT, 55 WEE 4
OWEMET ORMEIZ FEH LT, —KiT
7], (8] DHikD A BN LR ERY D#
TR BN, LMoY A7y AERETD
LDTHHETIE, Nr¥rvRAEEEER T T
s p-ERE AR LU EERER TSR L D AEOKE
WHNVET b AFVEIR Y VR EOHEREROD R
WET Y AERE L ETBIETTHY, B-AFVEE
NYEYREN IEEEL RTLELBND o-BEHk
TR YR/ 7y 2EE 1 RIEWNETTh 5,

N o #1k Cope-Knoevenagel [ (Base=
NH3) D&kibe—#$T %, L L, Base BRI Dizfk
BICEBE NIV TFVT I v DESRY A, 72l

Ak e‘,COOEt#__, Ar, CN
TN D ¢
HC? | CN He? |

Be > B

9l

DN S R WA IS i 5, 1z, 0-NOg{k

CEWTIREFOY AMEL (9) Rokie=ruFEer
VR P AFVEENFBENCIED > Tnbid, ¥
AEDFR T ¥ AMELDZBPEER L LW EELD
na,

[9) ROFHIXZ DFRINFID ve=oNujol 1710cm
~1, v.-oCHCl; 1730cm™=! 75, s TIERAVFE=v
ERINEAERL D, BEECTEABTLTWS LE
Z2BNDHENBTH S,

EMAbD EECEWT, p-NO; kTl +0E TR
MDjzd T F v EEOSE (10) REVELTHD,
BEMEALILE VA, P-MeO kTR EOBFHEMD D
SIBELEEL, o-NO KT ABEET LB Xy € VEO
RURHRAZELT, =F VIV BEOMBERHTH=r
EOFBENRD AL 5 TnD, FORDICING DBE
IR EENEL T 5 Tw5,

ZHTET, MT V- MEESTEWT p-NO; D
FH% 0-NOy kX 0 $D L WEE b—HT 5,

CH;, CN CH; CN
AN / AN /
c=C c—c¢C
/ AN /® O\

COOE;, —> A\ COOE,
foﬂ X+ |
N N
(10)
COCHj CH; CN
VA AN s
X+ | c—c¢C
N 1IN
— \OH H COOE;
i X+ |
CNCH,COOE, (1
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3 = ER
3.1, a-oFr-B-AFi-0- BLU p-BRETrA KRB
IFI)I (1)

—RIT @~ T v-B- A Fv-0- I XU p-BIRT A KR
TFMERD X HIC LTI, o- ¥7cid p-BE#7 & b
72720 1%N, ¥T UEBRTF 068N, BERT ¥
E=v 40,13, BER0.5 =NV EF ABIT I 2T A
n, ERXYEY 10ml 2Nz CHEKOBESE O,
1% F#1R140~160°C CISKRIE R L T AER 10ml %
BT D, UK TEI0%EHATLH, BREN
YraEEl, BEWEEETD,

ZOFERITER LR Ui,

3.2 NMRH =

HAET C-60 (f554 60M.:) #{fH, #FHkEL 40~
7077 H I 0.4~0.5ml WML, TMS *PygiEss
& L7z,

33 GLCH =

HEERS GC-S7T MA{HH, a-vy7 v -B-4 V7 al’
WA RBTFNVOBEFIEY T AT VDS BT LEE
R, ~V v AaFAAOES 0.6kg/cm2, 7 T LIRE165
C, F4— FHESmm/min Thd, ZOE, FF
B (RT) kv A5.5%%, + 7 v 2K T7.00CHD,
HHED L — 7 XL LT,

Z DMDOFRNT TN THERIGAFT BT b 40 B Hsk
3, DCB50 # ¥ & {ER, ~V v LA AAAES 1. 0kg
Jem?, Wil 48ml/min, #» I ARE 240C, F+ — b
HEE 10mm/min & Ul, ZOFE, (1) X=H {4
ERWTik, YA RT4.4 4, +5 % RT5.6 Th
D, DEERTREETHD, (1) X=p-CULTIX, +*
RT7.6 43, }7 > % RTO.0 pe#ExPNDH, 2B
IFHSR R,

3.4, (1) X=0-NO; #i XA Cope-Knoeven-
agel FUGHRHGTTO ZML - KE 4B LA
W& -

30ml BEEDOF AR 7 5 22t 1])X=0-NO; mp 77

°’C, 207mg & Ah, E:E 1.59, BEE7 v == A1y,
AR VEY 20ml #AN, 40cm DEKEHHE L *
DRI T v o 9 LEE O RIS # 85 & DuF
T, #iR150~160CIBH L, FiE orlE i KIGES
¥ 0.4ml HFERL, £0% % NMR % HE L7,

(1) X=p-NO; #is 2tk mp 144'C T\ TH FEE

IR Uz, TN B OREFRILES TR LA,

3.5. (1) X=0-NO; #i X{k® Cope-Knoeven-
agel FUGHRHTTORMIL
------ KEHRYTHHE :

F 2B 75 22k (1) X=0-NOy; mp 77°C 898mg
w AN, Bk 39, BT v E=V & 20, HERNVHEY
50ml % AN, EHELAKIEESE DT, #HR150~160C
WL, FEORREER W TRISER 0.4ml 50%
BE L, NMR % #EL,

(1) X=p-NO; mp 144C T o\ THRRCERL
Tro TNBDIERIZES KR L,

3.6, (1) X=0-NO; i X0 ENAREHICLS
KL
(1) X=0-NO; #is Ak mp 77°C 395mg % 50ml
REDF2H7 5 2ak AN, ME(LHEE 40ml N
BB o BHT, 198N T3, SR TH
PR LIRESEE LT 8ml RIBHEL, ZOBEOE E
NMR % JlE Uiz, #EREY % 3.32/ 5 A1 DR
PR R LTz, AAHTRWT, RIMREEBE Lic Wi
BIRREME R REI RN,
RIMRMESII B L2 AR 7 >~ 77 SHL-100UV £
BIOEZEAZAKAES ~ 7 EEEE SHL-1002 %
HAL, RISHRIEA Y T A,

3.7. (1) $i¥ 2k X=p-NO; mp 144C, 0-NO;
mp 77°C, p-B, mp 84C, p-Cl mp 88C
EC & B EME

¥ 0.19 # NMR JlzFic Ah, 180COMlHFIC

BLUTHREORMEM#AL, B 0.5ml ©EH» LT NM
R %L, TOMBRITER66 T LI

3.8. (1) X=p-M.O |5 RHkK®

-V 7 v-p-A L XY A RBRTF NV mp 82~84C
3g T ~7)V 80ml WL, =trY 2FNVRE 29
e T ARYD O —F R 10ml &
2T 130 =REHEL, =~ T VEEELTOD
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