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2 % o X3 GEFEY ofAR e B3} YRFHAYEET 2 39t Eeddeln)
ZAsANA FA g3t $FEF conjugated enals & JAJNAS, BEYH ofANEEA  acrolein
diethyl acetal & methacrolein diethyl acetal & X183l o] &4 W27 ¢} olaxgPAlz sy
283 JREAFEEH 100°CAA B4R H PHEES LN F8902 A2 P29
conjugated enals & ¥¥A3tgct. o-bromotoluene # methacrolein diethyl acetal #¢] ul<-2 A ¢
Hue TF 60% o4 F& +58& 9% 4+ Aged A48 F2E proon NMRF} R
HAergoz Y3}y, 3-Bromopropenal dimethyl acetal 2@ (E)-3-bromo-2-methylpropenal
diethyl acetal & #2713} vl Q3£ 4He FH2 Stz 1-GAt ethyl acrylate 5¢ Sl
< 292 e S5 9z (reverse combination)d] 93t A Z 2] 2 4-dienals & 50% ©)
B9 +5E2 AT + A5k

ABSTRACT. Acetals of a, S~unsaturated aldehydes reacted readily with aryl bromides in the
presence of palladium catalyst and triethylamine to form aryl conjugated enals. Acrolein diethyl
acetal and methacrolein diethyl acetal were reacted with phenyl bromides with substituents such
as methyl and isopropyl groups at 100°C. The reaction products yield aryl conjugated enals on
treatment with aqueous ozalic acid in moderate to good yields except the reaction of o-
bromotoluene with methacrolein diethyl acetal. The products were identified by proton nuclear
magnetic resonance and infrared spectroscopy. In the reverse combination of reactants to prepare
aliphatic 2, 4-dienals in good yield of above 50%, 3~bromopropenal dimethyl acetal and (E)-3-
bromo-2-methylpropenal diethyl acetal were used as vinylic halide reactants and 1-alkenes and
ethyl acrylate as olefin reactants.

1 & olal=he] HebFg Eoi3 uh3S  conjugated
M B dienes %= allylic amines & A4 e =S &
F2AZR v dFEES LHAHRFEE 2 L3 343 Qo] »aE ul gz o] HY
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3} whg-S o]-&38le] conjugated dienals & I3
A wtgoz F45 AT whEss] RS9
wrga 24 AA vl et

E dFelAe o] utgs} FaAel vl g yt
29 ¢ 4AS STz WHEEETY 3
$A4 D kg QB 583 QA Sl
W AAs dES7] 9%t o, m-, p~bromo-
toluene 2 4-bromoisopropylbenzene 3} acrolein
diethyl acetal @ methacrolein diethyl acetal-&
2 2R Z 3l YurAR] FebE 0 A
gkge] oA w¥E2] conjugated enals
A& A=

=% 3-bromopropenal dimethyl acetal 7}
(E}-3-bromo~-2-methylpropenal diethyl acetal 2
g2zt v @3FEe] g FH2 3o S
HIFEEF] w3559 g2 (reverse com-
bination) 22 A y%£e] 2, 4-dienals 5 ¥4}
o FA AR 33 wgdF 589
vl g AAEEY] A TE A B

2.4 H

2.1 Ak g A8l BES Y =E
FEAYEESA SAAIYEES m-bromoto-
luene(Junsei Chemical Co.), p-bromotoluene
(Junsei Chemical Co.), 1-hexene(Tokyo Kasei
Co.), 1l-octene (Tokyo Kasei Co.) ¥ ethyl
acrylate(Tokyo Kasei Co.)8} ]z A}£3
palladium acetate{Aldrich Chemical Co.), <
AR A-g3E Egddolal (Tokyo Kasei Co. )&
55 Age TEsd a2 Agsg

o-Bromotoluene!?, (E)-3-bromo-2-methylpro-
acrolein
diethyl acetal!?, methacrelein diethyl acetal!2=}
2|7tz 2 A1&3 triorthotolylphosphine & ZG®
of wte} §A3te ALz 099 nSEE
& o33 3w ew §ATY AgEg )

4-Bromoisopropylbenzene: Lamneck¥] & £
£3te] 120g(1 mol)8] cumene, 50mlS} acetic
acid, 0.25g 2] Fe powder £} 0.25g 2] iodine &
oo} 10~20°Col A 100mi ) acetic acid 8}
128g (0. 8 mol) 8] bromine EFRV & A3 7}3F

penal diethyl acetal®, 1-heptenell,

F A7 A7z oW Ho] FaA oA
o}, dkgo] Fudd #& EAAR 15 E B
28] ¥l 3 sodium bicarbonate 484 o2 AH
Bz A2AN oF AgFHF 2- ¢ 4-bro-
moisopropylbenzene (30 : 70) S 9 2 (70%) w4
73 E vigreux column & A}R-3te] L8 4-
bromoisopropylbenzene (bp  106~108°C/18mm
Hg) & d3leh

{E, Z)-3-Bromopropenal Dimethyl Acetal: &
Qi%el we} AR 20. 55¢ (0. 15mol) £] 3-bromo
~2-propen-1-ol &} 50m! 2] methylene chloride
E39¢ Attenburrow g %] =zt 34§ 65.
2g(0. 75mol)2) active manganese dioxide ¢} 150
ml 2] methylene chloride B &6 (°C ¢l A
FubA g e AR F AL 7TA7 T =
wLA 71 o}, o 38t manganese residues 2 A| A
33 o] & o 29 methylene chloride 2 A3}
o A oA3}NRe] 17.55g(0. 15mol)2] trime-
thylorthoformate, 7.5mi 2] ] et-2-5} 0.525g 9
ammonium nitrate & 7}3l2 A0 A 3L E<Q
ZWkA A vl otAgg At el ¥
Y & 4282 ammonium hydroxide 48l 5}
52 AAS2 sodium carbonate 2 AR, F
A F 74dEF (bp. 456~63°C/12mmHg) 3l o
6.8g(25%)2] bromo acetal((E) : (2)=1:1.7)
< 43

NMR(CDCly) : 63.1(d, J=4Hz,6H); 4.4~
5.00n, 1H); 5.8~6.4(m, 2H)

2.2 HE7I171, AA4E F=9] F<J| = proton
NMR spectrophotometer (Varian S-60T, JNN-
MH-100)%} IR spectrophotometer (Beckman 18-
AYE gt whs A9 A3 A EY
28] % 918 AE GLC (Shimadzu GC-6A, Per-
kin Elmer Sigma-3B)& Alf3lgeon Ay
10% SE 30/Chromosorb W NAW 2 Z=)5 1)
7 1/47, Aol 2m 9 29d& 2L ALE33
vt

2.3 Conjugated dienals @] QUIx] EHA{EIH
15mmol &] B.E3} ¥]d ¥2E, 18mmold £
4 ub3E, 45mmole Eslddelnl, 0.15
mmol 9] palladium acetate ¢} . 3mmol & trior-

Journal of the Korean Chemical Society



R2HE o085 )Y AGRSE o148 Conjugated Dienals 9 4 -

thotolylphosphine 2- wk-g8lof 3§ @ hypodermic
syringe & AM8E 4~ A R 2 9 F
Z 5o g0l HA I} 424 2z E
£ )& FRAA WgAATT e EF
4 EE9 GLC 444 BE w39 7
a7t AAAY o o ZasA GE AT
uS Aoz A 489 fee 3G
J b ERE a3 ddzsh Tl 10%
sodium hydroxide §&4 & 7Fsla] $7) %3 4
3oz ot 45958 dlze F2
P FE24E #7155t $H F9 magnesium
sulfate 2 Az, ZA45Fiz FRdte €5
conjugated dienal acetals @4ltl. o] acetals £
sl 5% S #eYo G TAE
4l conjugated dienals & dArt. AAE o7
He-E | E2A e AL o 2 dE
A) A kel o

(E)-3- (3-methyl) phenyl-2-propenal & 34 :
2.565g (15mmol) ] m-bromotoluene, 2.34g(18
mmol) 8] acrolein diethyl acetal, 4.454g(45
mmol) ] Ez]cidel  0.0336g(0. 15mmol) 2
palladium acetate £} 0.0912g (0. 3mmol) 2} trior-
thotolylphosphine &} F£§&& whgulo] Yz I
Qo] HA & F 10°Ce € FrRA 3%
2o w3 ARTt oW GLC EAHA m-bro-
motoluene 0] BF k33t 7 a7t vEA o
steb, wtg EFEE WAAN=Z AFE 10%
sodium hydroxide 58 2 2 A& 3l o =
2 22331 %5 magnesium sulfate 2 73 ZA]
Rl BYEF(126~128°C/3mmHg) 8t (E)-
3-(3-methyl) phenyl-2-propenal diethyl acetal
& AL ¥ o] acetal & 2o ¥ g
5% SAAL S8R5 FedAq 447 F¢ =
DA F #15E Bt FEAFE ¥
22 2~33 2389 §7153 #¥3 F sodium
bicarbonate -8R} B2 AH 3l T4 mag-
nesium sulfate & ZAZ, F&AA 1.53g(70%)
9] (E)-3-(8-methyl) phenyl-2-propenal & ¢
At

(E, E)-2-Methyl-2, 4-undecadienal 8] 4 :
3.345g(15mmol)®)  (E)-3-bromo-2-methylpro-

Vol. 28, No.5 1984

penal diethyl acetal, 2.016g{(18mmol)¢] 1-oct-
ene, 4.454g(45mmol)9) E|o]Felxl, 0.0336g
(0. 15mmol) 9] palladium acetate, 0.0912¢(0.3
mmol) 9] triorthotolylphosphine 9] E &2 ub
Sl ¥o 2 EE FL40) HAE A 130
°Cel 71E FEo0A 947 Bt w3 AAH.
ol GLC £4l4 B g3} 3Ty sart v}
Btz okskoh, whg AR EY EaE 99
(E)-3-(3-methyl) phenyl-2-propenal  diethyl
acetal 8] $A4 3 & WP o2 39 (K, E)
-2-methyl-2, 4~undecadienal diethyl acetal (bp.
130~132°C/10mmHg) & 3 o] acetal £ o) H]
2ol Ho e} 5% AL 28U} 50°C ¢l
A 447k 3t 2k A 1.618(60%)9 (E, E)
~2-methyl~2, 4-undecadienal & GLC ZA e 2]
3 o HAANER FHHE 0.14g(5%)2) ul A4
AEES 43

3. d1 8 ni

B 23} w3kE3l8-29) o-bromotoluene, m-
bromotoluene, p-bromotoluene 3 4-bromoiso-
propylbenzene 2 acrolein diethyl acetal o
methacrolein diethyl acetal 3} palladium ace-
tate-triorthotolylphosphine Zoje} = z|o]do}
Bl EAsl egAA 4SS conjugated
enal acetals € ¥ F ek 5% 44
TN 0.2 A2 st enals & B 5 JAAch

a, -8 23} g sl =y AL F2A3 6
EEFAA gl A AAAA F3 ¢E S
£ 1,4-571EgE doFmed 43 Bl e
ol A& = protecting A1 A W&o AR, E
T 9N2e 33 okl E=elddokwe At
£33l f e E 9 238k A quarterni-
zation 2 4 27 A ¢ triorthotolylphosphine
< A8

o] % uE3} RYZA[J TS L3 oY
e g 2F AYFH oz (E) |32 A
enalsgt-3 AA3g e wbg 233 49 2
#HE PP LS9 proton NMR3} IR 2® ez}
dol el gt A Table 1] AA 3R .

o-Bromotoluene, m-bromotoluene ¥ p-bro-
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EHE- 2R
Table 1. Palladium Catalyzed Reactions of Aromatic Halides with Unsaturated Acetals and Amines

N ') 3 ¢
Aromatic Halide | Unsaturated Acetal T%nép. Tlfle ( gﬁuﬁmﬁ%swam, IR sm?;lg?(neat)
o ppm, CDCls)
2-CHsCHuBr | CH2=CHCH(OCHs) 2 100 12! (E)-2-CH:C{H,CH=CH-
CHO (65)
2.45(s5, 3H); 6. 3~6.7(d | 3080(Ar C—H); 2950
of d, J=16He, 1H);7.2 | (C—H); 1700(C=0);
{bs*, 4H);7.6(d, J=16H | 1620(C=C); 980(C=C
z, 1H); 9.8(d, J=7Hz, | trans); 750(ortho)
1H)
2-CHeCeHBr | CHp=C(CH3)CH(OC, 100] 5days| (E)-2-CHiCeH,CH=C
Hs)2 (CH3)CHO(40)
1.9(s, 3H); 2.3(s, 3H);: | 3065(Ar C—H); 2050
7.2(bs, 4H); 7. 4(s, 1H); | (C—H); 1690(C=0);
9.9(s, 1H) 1625(C=C); 1015;
750 (ortho)
3-CHsCeHBr | CH,=CHCH(OCzHs)2 100 3| (E)-3-CHiCeH,CH
=CHCHO(70)
2.3(s,3H); 6.4~6.8 (d | 3080(Ar C—H); 2980
of d, J=16Hz, 1H); 7. | (C—H); 1685(C=0);
3(bs,4H); 7.6(s, 1H) ;9. | 1620 (C=C); 980(C=C
8(d, J=7Hz, 1H) trans) ; 790(meta)
3—CHiCeliBr | CH.=C(CH;) 100 51| (E)-3-CH3CeH CH=C
CH(OC,Hs)» (CHy) CHO(64)
2.0(s,3H); 2.2(s,3H); | 3080(Ar C—H); 2950
6.8(s, 1H); 7. 2(bs, 4H); | (C—H); 1685(C=0);
9.9(s, 1H) 1620(C=C); 1010;
790 (meta)
4—-CH{LCgHPBe | CH;=CHCH(OC,Hs)2 100 2 (E)-4-CH,CeH,CH
=CHCHCO(70)
2. 25(s, 3H); 6.4~6.7(d | 3060(Ar C—H): 2950
of d,J=16Hz,1H); 7.2 | (C—H): 1680(C=0);
(bs,4H); 7.5(5,1H}; 10 | 1625(C=C): 970(C=C
(d,J=7Hz, 1H) trans); 830(para)
4-CHiCeHliBr | CH;=C(CHj) 100 26 (E)-4-CHyCsH,CH
' CH(OGC,Hs) =C(CHy) CHO(66)
1.9(s,3H); 2.3(s,3H); | 3070(Ar C~H); 2080
7.3(3s,4H}; 7.4(s, 1H); | (C~H); 1680(C=0);
9. 8(s, 1H) 1625(C=C); 1015; 835
(para)
4-(CHa)2 CH,=CHCH(OC;Hy)1 100 6 (E)-4-(CHy) LHCeH,CH
CHCgH¢Br =CHCHO(68)

1. 2{(d, J=7Hz, 6F1);3.5
(s, 1H): 6.3~6.7(d of
d, 1=16Hz, 1H) ;7. 3(bs,
4H); 7.5(s, 1H); 10(4,
J=THz, 1H)

3080(Ar C—H); 298¢
(C—H); 1885(C=0);
1620{C=C); 985(C=C
trans); 830(para)
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4-(CH3),CHCs | CH=C(CHz)CH(OC, 100
HBr Hg)2

72 (E)-4-(CH,),CHCsH,CH

=C(CH3)CHO(65)
1.2(d, J=THz, 6H); 2.2 | 3070(Ar C—H); 2985(C

(s 3H); 8.5(s,1H); 6. —H); 1680(C=0);
2(s,1H); 7.2(8s, 4H); | 1620(C=C); 1015; 830
9.9(s, 1H) (para);

*b5; broad singlet

“Reactants; 15mmol of Aromatic Halides, 18mmol of Acetals, 45mmol of Amine, 0.15mmol of Palladium
acetate and (. 3mmol of Triorthotolylphosphine. & Products obtained after hydrolysis of isolated dienal acetals
with excess 5% aq. oxalic acid. ¢ Yields of isolated products,

motoluene 3 ££3} ol g WhSo HE p-
., =, o-bromotoluene &] 4202 Wg4o] i
5925 53] o-bromotoluene 3 methacrolein
diethyl acetal 9] g2 wj$- w24 A=
KEw (100°C, 5days) o] WA He) A=) =)
219 QA AN fEez At p-bromo-
toluene ¥ acrolein diethyl acetal 32 ulg&
100°C oA 2Azkglel] $ASPeon PHE
proton NMR ~#dl e gd] A ¥)dr] 4259 H
% 497} 16Hz & veblel 2 7251 (E)
FAALE FAT § YAk

4-Bromoisopropylbenzene &  p-bromotoluene
of v ukg4go] of ke o] = vl )
B 4oz Az ojAg FAE me-
thacrolein diethyl acetal©] acrolein diethyl
acetal Brh BE ulgo)A] wpLo] wz)H 2y
Qer 585 ok}

CHy
Pdmb + ZP':O—tO[b

¥ + N
/\L‘.H(OCZHS)Z £y 00°C | Zhes
& ;
H0
9 T —————) .
CH32H5J2 5% Oralc ool Cﬁ*@“-;uo
{73°%)

Anr&o] 2 4-dienals$] H-E2 Az
23 fYozA  (E)-3-bromo-2-methylpro-
penal diethy! acetal ¥} 3-bromopropenal dime-
thyl acetal & BE3[JISEES] wg 34
2 A4t SAASPEES w2 AAY
727 1-bromoalkene 3} ¥ X3} olA|24e] 130
2ok o F2 434S v 2R 50% 9
A9 585 2 4-dienals & 9L 5 i),
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—_—
5% Oxalic qcid

29

g 27, 49 A3 4 Y4 E9] proton NMR
IR 29 e WolH & Table 20) A A3k
o

(E)-3-Bromo-2-methylpropenal diethy! ace-
tal o 1-hexene 9] #Hg-& 130°Co) A 1747k
T ol AYHAAr YA ERA (K E)-2-
methyl-2, 4-nonadienal (50%) 2 Q9 glen GLC
oA ¥ tE YAAER FAHYE 3
ZHA Y Al AP EEA0%) & B4 AL 1-
octene %= 9 A7k, 1-heptene I} 1547} E4F
wh3ol AP o] 1-hexene d] -9} o] 4k
o AP EES G (B, E)o)JRA9 2, 4-
dienals & A& ¢ ek

Br, ’ RIDAC), » 2MG-40t
M/‘\_/
\)\cuoczus)z + F * EtgN hit——b—*m ores

Hy0
OHCM + urknowns

(60%) {5%)

o]  (E)-3-bromo-2-methylpropenal diethyl
acetal ?} 1~ 7ol wh2o]A)E 1-bromoalkene
st E23} ofAlgte) ub3hnt: vtz 1-gAl .
g A< ZolA AFE wgAe] o Fgo

%3 3-bromopropenal dimethyl acetal ((Z)
:(E)=17: D% 23 1-heptene L -

PO )y + 2Plo-t0l)y
BCHECHOHOO ) ¢ o ey v BN — et —— v

H\0

— OHC .
5% Oxalic acd \‘N\COZEt (654
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Table 2. Palladium catalyzed reactions of bromo unsaturated acetals with olefins and amine®

Product® (%yield):

Bromo Acetal Olefin T%rgp. T‘;‘e ép;.:;;? Eg{clﬁa)spectmm IR SPCCtgr';Ell (neat)

(E) —CH(Br)= | CH,=CH(CH)sCH;s 130 17| (E, E) ~CH;3(CHp)sCH=

C(CHa) CH—CH=C(CHz)CHO

CH(OCHs)2 (50) +unknowns (10) 2840~2920(C-H) ; (1670
1.1(8s*, 3H); 1.3(bs. ¢ | (C=0); 1650(C=C);
H): 1.6(bs, 3H): 2.3 | 1180; 1120; 1080; 1010;
(¥s, 2H); 6.0~7.1(m, | 980
3H); 9.8(s 1H)

(E) —CH(Br) = | CH;=CH(CHz)(CHjs 130 15| (E, E) —CH3(CH;)4CH=

C(CHs) CH—CH=C(CHg) CHO

CH(OC:Hs)2 (60) + unknowns{3)
0.8(ks, 3H); 1.25(bs, 6 | 2840~2930(C~H):
H): 1.65(s, 3H): 2.1 | 1675(C=0); 1650(C=
(bs, 2H); 6.0~7.2(m, 3 | C); 1180; 1120; 1185;
H); 9.9(,1H) 10105 980

(E) —CH(Br) = | CHa=CH{CH3)sCHs 130 9| (E, E)—CHj; (CHp);CH=

C{CHa) CH—CH= C(CHj3) CHO

CH{(QC.Hs) (60) + unknowns (5)
0.92(5s5, 3H); 1.3(bs, 8 | 2830~2950(C—H);
H); 1.78(s 3H); 2.2 | 1675(C=0); 1655(C=
(bs,2H); 6.0~7.3(m,3 | C); 1185; 1120; 1090;
H); 9.8(s, 1H) 1010; 980

Br CH=CHCH | CH,=CH{(CH,)(CHa 100] 51| CHs(CHgz)(H=CH--CH

(OCH3)z%¢ =CHCHOf (50)
0.8~1.5(bs, 9H); 2.0~ | 2840~2930(C—H);
2.4(8s, 2H); 6.0~7.0 | 1670(C=0); 1650(C=
(m,4H); 9.9(d, J=710C)
Hz, 1H)

Br CH=CHCH | CH,=CH(CHz)sCHs 100 48| CH3(CHz)sCH=CH--CH

(OCHg)2?* =CHCHO(50)
0.9~1.8(bs, 11H); 2.1 | 2840~2840(C—H):
~2.6(bs,2H); 6.2~7.3 | 1675(C=0); 1655(C=
(m, 4H) ; 10(d, J=7Hz, | C)
1H)

Br CH=CHCH | CH=CHCOEt 100 9| OHCCH=CH~CH=

(OCHg) g%¢ CHCO,E#(65)

1.4(¢, J=THz, 3H):4.2
(g J=THz,2H); 6.0~
7.3(m, 4H); 10(d, J=
7Hz, 1H)

2860~2930(C—H);
1715(C=0); 1670(C=
0); 1650(C=C)

*bs; broad singlet
s Reactants; 15mmol of Bromo Acetals, 18mmol of Olefins, 45mmol of Amine, 0. 15mmol of Palladium acetate
and 0. 3mmol of Triorthotolylphosphine. ¢ Products obtained after hydrolysis of isolated dienal acetals with 5%
¢ Yields of isolated products,
¢ Acetonitrile used as solvent. /Mixture of four isomers. * Mixture of two isomers.

aq. oxalic acid.

d Mixture of (£) and (Z) isomer,

((E): (2)=1:1.7)
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octene & urSA 7 A (E)-3-bromo-2-met-
hylpropenal diethyl acetal ¥t} © 2 492
AL veler GLC 2477 4714 o434
AEY EFE2A 2,4-dienals & dS F 9%
o ol E kSN E A 1429 A&y A
o7t A4E o FL& A S Vet

Eihyl acrylate ¢}2] gl A& GLC 2 NMR
A4l 23l (E, E)¢} (E, )2 335%E 27}
A8 AHEE 65% v*5EE 4& 5 %

o| Azt 72 vl A8 & o] 83l conjugated
dienals & ZH93HA $E + A5¢ & F 3
K=t

E A7FE EFEAE QFu 9 3o
o] FA Zoz oo FA=AG,

g 8 EH
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