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g, °] 2 10715k8] YAbsteba EA) sloll4] A Y-S of diethylbenzoylmalonate -E42] 455
Astol wlaked Z7baksich,

ABSTRACT. Diethylbenzoylmalonates with various substituents were synthesized in moderately good

yields through palladium-catalyzed carbonylative coupling of aryl iodide and diethylmalonate with car-
bon monoxide. Palladium-catalyzed carbonylative coupling reaction usually proceeded well in polar aprotic
solvents in the presence of three equivalents of inorganic bases and palladium(II) catalyst. When the reaction
was carried out under 10 atm pressure of carbon monoxide, the yield of diethylbenzoylmalonate derivatives
was much better than that of reaction under atomspheric pressure of carbon monoxide.
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AR @A Rl FgeA o] APREol o8t o xElE A sHaEe] Fadubs
He dkgoleh. CO A P2 1970d0 olF Algkel dAabsbeks Zslell Pab =& o]z ofwl
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o}, @ FFHUA F wlast AdAz Fgee
CO #H7Prge] o= 22 =3l wld 3L tin
3} vl 33HEe) el F9) EA] sl CO H
7hakol o3k divinylketone Al 33E %
arylvinylketone A 3gE159] o] HuE|g]
o, 223, £ A7 TetE EFoE o)
& CO A7Mk-& ¥% arylvinylketone o
arylvinyl a-diketone 52| gAjubyieo] wry g
ob leh, o] HkS e 2F BEI AEF
gAuboz FEI gghEe] FEAdAR o]
2= dhgolnh, mepd, £ Aol HelE
ZulE o] 88t ofE 3HFEo AT ukg it o]
45 v} 2l& diethylmalonate & 2% F&A
A2 slo] dAalstelsr EA) dlol] 9.0 =3} uigk
£ e YebE E20iE o84 CO #H7l A
Euk-& 53t FATFE o B-ketoester
TZE Zisle] A, AFA2 7l Eold
pyrasoline-5-one 7&% 2+ aminimide $4%
ol 83 diethylbenzoylmalonate <45 3t
A, obgel HH Y =AE s} o},

4 ¥

Alek, vkl A8l A]eF £ chlorobenzene,
bromobenzene, iodobenzene (Tokyo kasei Co.),
3-iodotoluene, 4-iodoanisole, 4-iodonitroben-
zene, 4-iodotoluene, 3-iodobenzoic acid(Al-
drich Chem. Co.)}, diethylmalonate (Fluka). <
Ar3}el4 (Union Carbide Co.) tributylamine,
triethylamine, (BDH Chem. Co.) MgO, CaO,
K,CO,;, NaHCO, (Junsei Chem. Co.) 52 &%
Alekg FRlsted a2 ARRslgle, iz AR
5 nm-hexane, DMF, DMSO, diethylether %
acetone 5 UFAIUE Tolsked HAG ¥ A
£3tct, o2 ol&3l palladium (II) chlo-
ride, palladium(II) acetate(Aldrich Chem.
Co)t EFAYE o5k 2dl2 ARsidln,
a2 99 dichlorobis (triphenylphosphine) pal-
ladium (I1)?2, dichlorobis(acetonitrile)
palladium?® (II) % tetrakis(triphenylphos-
phine) palladium (0)** & T3l wa} FAI3s)
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of AR2-3}dct,

&M, #4739 2FE=zl:  tetramethyl-
silane € WHE EFEAZ 3l Varian Model
S-60T spectromether & ARg3le] Agizm, =9
A B33 24 ~"ezgtd:  Nicolet 5-DX FT IR
spectrophotometer & AR&-3tod A, H&4
% A & Fisher-Johns Electrothermal Melting
point Apparatus & om 25 ¥ AL d=] ¢igt
ot TLC #4¢ vlg] z8'H9 silica gel plates
(0.2mm 60F 254, E. Merck)& AHgslgln, #
Hdazvete ozl dol£ silica gel (kiesel gel 60,
70~230 mesh. E. Merck) & A28} =},

Diethylbenzoylmalonate {2} Auixiol
B

ArQteb2 . Diethylbenzoylmalonate 2] &4
S HEAHQl uhg-] ol A4kt

sladg wlE e 100m/ 9 17 Zeha3o
A27153elA 0.013g(1mol%)9]  dichlorobis
(acetonitrile) palladium(II ), 10mZ/ ¢ DMF, 1.
02g(5mmol)9] iodobenzene, 1.12g(7 mmol) 4]
diethylmalonate % 0.84g(15mmol)8} CaO & .
Yo Fekea S-S dalsiriaz ofed T
b dabsfetAa s A TA1E septum 2} FApu}
55 AHEsle] RS wbE&E 507ColA 724

Fe uRAI e, uhse] S TLC & &9l

b b

2

A|A F3AA g oel 2z 33] &8, §0)
SolES T Fabebndlge s Az 3 7
3k sloll A ofle| 28 A AAIZ] TR Aol Qe o
4% ZiEzzvtEadslz Redo 43
diethylbenzoylmalonate 0.63g(48.0%)% 2%
o},

Diethylbenzoylmalonate : 'H NMR (CDCl,)
éppm 0.96(t, /=7Hz, 6H), 3.98(q, /J=7Hz,
4H), 5.09(s, 1H), 6.85~7.93(m, 5H) IR(KBr)
1742, 1705cm™!

7l & 4+ 2. Diethyl 4-methoxybenzoyl-
malonate ¢ ¥AuPHE I FH Q) kS o2 A
Aletgdet, wkadlE vlE Y 100m/ 9 A=l
2% 78hRS-7]oll 0.013 g(1mol%)<) dichlor-
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obis(acetonitrile) palladium(II), 10m/ ¥
DMF, 1.17g(5mmol)2] 4-iodoanisole, 1.12g(7
mmol)$] diethylmalonate % 0. 84g(15 mmol)
9 CaO & ¥ ngfukgr] WE-5 dAdtelas
ozl &3 o AelA °'4§1'F’V‘E 10714
22 3skkg7lel FAA1Z F vk % 50°Coll
A 120417 <t HRgAIZIeE, o] o] %9 workup
AL gl 2As FUI} wilez AHg
3t £ 43 diethyl 4-methoxybenzoyl-
malonate 0.62 g (42.0%)2 <ic},

Diethy 4-methoxybenzoylmalonate : 'H
NMR (CDCl;) éppm 1.06(t, /=7Hz, 6H), 3.75
{s,3H),4.16(q,J=8Hz,4H),5.31(s, H), 6.85(d,
J=9Hz, 2H), 7.82(d, J=9Hz, 2H)

IR (KBr) 1740, 1700cm™!

mp 170~173°C

4 3 3

203} vuskE 313ME3 diethylmalonate 919
JAstets EA sloll Bebg FulE o]€% CO
Aot ASHR-E AAE A3 CO A7hks &
AEHubgo] A=l ekt ABAE 2 8-
ketoester A ¢] 31§24l diethylbenzoylmalonate
FEAZ vlad 2L $552 AT £ YA
w, 1 9bAlE ofzfe} Flo] FAIE 4 9t
olsh Ze Azg Aze) CO A7 AZUUE
2 %3 diethylbenzoylmalonate ‘:ﬂlél =gl
FAzAE 98] el EFole] FF o 29
o, gol, 7], w2 W CO < ¢ Fol o
E b4 o e ZESIAC, Aske] dakg

"Pd"
@-1 + €O + CNL(CO,C,Hg), + Base
@ t CH(CO,C,I15), + @z ol

: W, cli,, OCly, NO,

Scheme 1.

Bt EA) slof] WM 5 100°ColA &uiE DMF
10m/, 3 <=ske] NaHCO; o4l iodobenzene
7} diethylmalonate #¢] CO A7} #Z3ule-%
chokgl 2i7l=E A palladium complex & =
oj 2 ARGsled ubgell m|A = o] S HE
& AAE Table 191 AASIAS, Table 1)
Rl ulel Zre] RE Zuiyl A4S Jeplond
3RHE FRA uSAE dol FALE Fold T
Ada-g PAsA R3leleln F33  tetrakis
(triphenylphosphine) palladium (0) 2 «Ju}d o
2 v ds}l ubg ZoiAlz odeixl palladium(IT)
acetate & AHEHS 77 FoEAde] vl o
# diethylbezoylmalonate 7} #+& 4582 o
ozet, dH EFiEAE A kg ov) &
o} % dichlorobis(acetonitrile) palladium (II)
£ AHd A M £ 4582 diethylben-
zoylmalonate & 4% 4 3 % thentry 4,
Table 1). 131‘4 Zofake Tl 58 CO A
7b AEHRSE AAYE W, 239
(1) 5% 3 Zhadle o2 vepdc) (entry
5). ol TLC &<l A# E4E7 o & RALS
Zte AAEo] vehd Zlog ¥ol qlEx] oke

A2

Table 1. Effect of catalysts on the carbonylative coupl-
ing of iodobenzene and diethylmalonate

@-1 +C0 +CHA{CO,C,Hy); + NaHCO;

0
@-é—CH(COZCZH 9o+ @
(I)

“pd”

————
100°C, 24 hr
0O

i
~-C-OH

(1D
P(CO) = atmosphere

Entry Catalyst Product (% yield)?

0 (1D
1 PdACly(PPhy), 28 20
2 Pd(OAc), 7 8
3 Pd(PPhy), 8 8
4 _PACI{CH4CN), 36 15
5¢ PACI(CH,CN), 30 18

4General condition: 5 mmol of iodobenzene, 7 mmol of
diethylmalonate , 15 mmol of NaHCO3, 0.05 mmol of ca-
talyst, 10 ml of DMF.?%Yield of isolated product.<0.1
mmol of Pd catalyst was used.
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Tabie 2. Eff_ect of solvents on the carbonylative coupl-
ing reaction®
PdCl(CH3;CN),

-1+CO + CHYCO,CyHg)g + NaHCOg ————>
0 24 hr

@ C—CH(C02C2H5)2+ @ _C-0H

(In
P(CO) = atmosphere

Table 3. Effect of temperature on the carbonylative
coupling reaction?

PdCl,)CH4CN),
@1 +CO + CHy(CO,C3Hg)p + NaHCO3 — o
DMF
1) i
C-CH(CO:CoHs)2 + C-OH

I (I1)
P(CO) = atmosphere

Entry  Solvent Reaction  Products(% yield)? Entry  Reaction Reaction Product (% yield)
Temp.(°C) I (In Time(hr) Temp.(°C) I (In
1 NONE 100 0 0 1 100 r.t 10 trace
2 Benzene 80 0 0 2 72 50 40 9
3 THF 72 0 0 3 24 100 36 15
4 Acetone 58 trace 0 4 24 150 21 23
2 gxio igg gg ig 4General condition; 5 mmol of iodobenzene, 7 mmol of

2General condition: 5 mmol of iodobenzene, 7 mmol of
diethylmalonate, 15 mmol of NaHCOj3, 0.05 mmol of
PdCl, (CH3CN),, 10 mi of solvent. % Yield of isolated
product.

Fukgo]l £A oz Az, azlm, L
Zo) 4% 714 dichlorobis(acetonitrile) pal-
ladium (I1) & Fvi2 o]8-dle] Lolo] ZFol ut
£ 559 HWH3E Table 20| AA s,
Table 20 ZA19 vie} o] Lulg ALgslr] o
+ 3%, =t n-hexane, THF & & u]=4
FlE 2 Bole] BeAA AFdAA g A
A Z ot BAE (1)E 2L 4 2ot (entry
1~3, Table 2), =3}, <3 344 o+ acetone
<+ A& =2 Ex2uto diethylbenzoyl-
malonate & Aot (entry 4). Zaju, SAlo]
73§ DMSO, DMF #} 22 &5 o4 CO H7}
ﬂ_g-%lu‘l.gqg_ = z]isg;,]mou:] _l::_f,-] DMF &
AREEE 735 714 £ 4552 diethylbenzoyl-
malonate & < ‘:Hentry 6), =3, °L°ﬂ/‘1 E}
s 743 A Jf& Fol| 5l Beofz27] dlol A wkg-2
ol wE ANE (1)9 “F—"é g ‘F—l—:r%*—
Table 3 Jeligich, CO 7l #A &=
Ao AME Y=o}, s whg
iodobenzene ¢ H3}E-2 ylol YAE (1)9
&2 U9l (entry 1, Table 3), ¥4 upg-2
50°CollA] diethylbenzoylmalonate 8] 4-5-%-9]

.3
i olo
rie me I'
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diethylmalonate, 15 mmol of NaHCOj, 10 m/ of DMF,
0.05 mmol of PACI;(CH3CN), . 8Yield of isolated prod-
uct.

Table 4. Effect of bases on the carbonylative coupling
reaction?

PACI{CH,CN),
I+CO +CHHCO,C,H;), + Base ——— 5

50°C, 72 hr
@ C—CH(C02C2H5)+ @

- C—OH
(In
P(CO) = atmosphere.

Entry Base Product(% yield)?
I (1D

1 n-Et;N 0 0

2 n-BusN 0 0

3 Pyridine 0 0

4 NaHCO, 40 9

5 Ca0 48 13

6 MgO trace 10

7 K00, 35 17

2General condition; 5 mmol of iodobenzene, 7 mmol of
diethylmalonate, 15 mmol of base, 10 m/ of DMF, 0.05
mmol of PACICHCN),. % Yield of isolated product.

7 F%ov HR2E 100, 150CE 9L
H A4E (1)9 4582 2459t (entry 3,
4). °ol& Tehg Fvlrh dHoz Lobgsle o
4 FoiAle] Asely] wlEel Ao Azt=n
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Table 5. Effect of pressure on the Carbonylative Coupl-
ing reaction®

Pd
[+CO + CHHCO,C;Hg), + Cal
@‘ 2C2Hs), 50°C
0
N 1"
C-CH(CO,C;H) + @ C’CH
@I (In
Product(%
P(CO
Entry  Catalyst (:tm)) yield)?
® D
1 PACIACH;CN), 1 48 13
2 PACI;(CHACN), 5 51 15
3 PACIACH,CN), 10 64 16
4 PdCI(PPhy, 10 33 25
5 Pd(OAC); 10 10 14

2General condition; 5 mmol of iodobenzene, 7 mmol of
diethylmalonate, 15 mmol of CaO, 10 m/ of DMF, 0.05
mmol of Pd catalyst. #% Yield of isolatued product.

a2lx, FAHE4ql benzoic acid & A4dglele 3
A=Al kAIgE ¥ES Foll F7]%47]9k diethyl-
malonate ¢] 4t-<37|dbgo 2 AAH o
acylpalladium complex ¢} 4Fg-5le] A== A
© 2 benzoic acidd 552 w2l %
5 Ut Yoz Fely Fef ukgolA]
dzlel ze-e Fetg UEFHE CO AH7Pke-e
A& E defAl drte] Hels FAE AN
7]% 7o 2 diethylbenzoylmalonate & #Adell
o] 43S HES Table 40l AAlsHTH
CO #Art #E% 4L triethylamine,
tributylamine, pyridine 3} & A7l & a9k
719718 AH88 7%, Table 49 Jehd ulol
7ol AAE (1)& 4% 4 $1%le (entry 1~3,
Table 4) 77197158 AHE3lE2 Hbg-2 £2FA
Ag=lgeony, &3], CaOF AH3 A% 73
Z2 4552 diethylbenzoylmalonate 5 3
}(entry 5), 22 d4alstelio] o] ulE
8oz Zujq] dichlorobis(acetonitrile)pal-
ladium(I)§ °]&3ld CO A7t AEFH4RS-l
foiA BAE (1) £5F o whsel =lH+&
Aee ZAE3l] Table 50 JHebidcth, 7igkel
gAabstetL EA) o Felg FolE ol&F CO

A7b AFHRgolA dAlsElA) o] & AsiE
ARES dT Aoz JdElgod, 4534 &
3193, Table 5o eRd uie} 7ol diethyl-
benzoylmalonate | 55-& JAbStekA o] 44
o] F71d4E F/HEE ¢4 4 Uk entry 1-3,
Table 5). 22y} vl Z dichlorobis{triphenyl-
phosphine) palladium (II )+ palladium (II) ace-
tate & A% 7% dAlsielAY] AR, JIF 2
F EEL 4 w%on, daistelio sl
Wi 559 ks A JepA ¢kt 2
2l3, iodobenzene 2 o|&3lod lojxl CO A7}
AEHRSe A 22E 22 s YL B¥E
3} diethylmalonate & CO #7} #Z418-8 4
oF = 107]9ke] LAbstetL EA] slell A4
ul 2 A3E Table 6 Vepidel, =31 39
uk2ojl4] alojzl  diethylbenzoylmalonate §%
Ao &4 w214 44, 'HNMR AFE3 ¢
ole] % IR 2" 3] dlo|el & Table 7o el
Aet, Table 691 JeRR vlel Fo] jodobenzene
o] 749} vhabrix|2 o E AEU)E sl 822
3} wlE S3hEn YAbsiriae] qiRe] Folo
upel zt AR 4580 TS o+ U
o}, &, 28] dol wlFw AxE e
4-iodoanisole, 3-iodobenzoic acid & At4& U=k
7} palladium complex 2}¢] wi¢|= <lgt &3
Aol Aas ohE 8.2 3l uiekE 33tEol v
uhg-Ao] o} F5Fo] e oz A7)
(entry 2,7, 10, Table 6), 22iv}, 78 A= &
J4¢ e JYEZ7E Z2  4-nitroiodoben-
zene & 7% dAMBEEA-O] AR, VISE 25 PR
& 45EF2Z diethyl 4-nitrobenzoylmalonate
g d%itt(entry 4,9). =g A 3% 3
12 % chlorobenzene % bromobenzene ol i
A5 FUE ez CO A7b A EH
g Ao, ukgol Ads=] dsket, ol
o]E5-9] 4t8lA A7l (oxidative addition)2] HF
AJo] iodobenzene 2| 7$-¥rc} AA Holz]=
o2 Az, wpAwte 2 diethylmalonate
g A2F AAA R o] 83 CO M7 AERuS
9] wlFh]EE dAbStREA A 7lel| 23 amide ¥
ester 72 kg wlFAUZ3} fabeHA APEE A

(]

o O ok

Ir o

fu >, olo ¢
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Table 6. Carbonylative coupling of aryl iodide and diethylmalonate?

Entry Arly Iodides Reaction P(CO) Product (% yield)®
Timethr) (atm)

0
1 @ I 72 1 @- C-CH(CO.C-Hs): (48)

0
1}

2 H3CO~©—I 120 1 H5CO- @ C-CH(COLCHy), (35)
' ?

3 HoC- @ -1 72 1 HyC— @ C-CH(CO,C,Hy), @7
1%

4 OZN—© 1 72 1 ON- @ C-CH(CO,C;Hy), (66)
?

5 @4 96 1 @ C-CH(CO,C,Hy), (40)

HsC HC

]

6 @4 72 10 C-CH(CO,C,Hy), (58)
0

7 H3CO—©—I 120 10 H4CO @ C-CH(CO,C;Hy), (42)

0
i
8 H3C—© I 72 10 H3C—©- C-CH(CO,C;Hy), (58)

0
i
9 OZN—©—I 72 10 OzN—@-C—CH(COZCZHs)z 73)
9
10 @-1 120 10 @‘C—CH(COZCsz)z (35)
HOOC HOOC
1l
1 O 9% 10 @C‘CH(Cozcsz)z )
HLC HC

2General condition: 5 mmol of aryl iodide, 7 mmol of diethylmalonate, 15 mmol of CaO, 10 m! of DMF, 0.05 mmol of
PACI(CH4CN),

Vol. 33, No. 5, 1989
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oz Az o o2 7l=E Ay JlF
Zufl 9} arylxodlde«l O!]i uke w7 2S¢ one
catalytic cycle & 3] o9} 7o} Jehdgich,

Acldlt,
)
Ar-1

N g—
S

I'll((l)l.z. )

11,0 + GO, + Hat
)\
Nollcoy \ (&}

1ed ll.2

(2) Arcordir,
CIII(COZCIN_,')’

H
Iu'-e-CII(GlJzCsz)2

by A5z ie A4 COo bk &
AZol|g) oJrte] HebE Foir) aryliodide o Ak
34 A7) dolut arylpalladiumiodide 7} A4
(1) Z1AAEe dAkstelA sl palladium
complex ol| ¥j9d F TelE} shazte] At
olo] migratory addition 5o} ®¥g F7iAz
aroylpalladiumiodide 7} A=} (2), o =i A4
%l aroylpalladium complex W&] 7l2X d7]7}
x342] diethylmalonate ¢+ 433l diethyl-

benzoylmalonate 7} 344 A A (reductive elim-
ination)”7} %o|v} hydriopalladium complex 7}

A (3),
£ oA A el BehE 4%

A5 hydriopalladium complex
oo} Abe 2 g

of, AA=lsabe] Fr13716l A3 F3EE A

(4) 2.2 catalytic cycle°] 2A=+E

Hret,

2 B
2 AFelAE

Aoz 4%

2258 WYE HYEH

diethylmalonate 8] 2&}5&E |43 CO A

7} ABYNLL Salo] WA

% Foll chekd &

715 A B-ketoester A ﬂf{-}% 1 diethylben-
zoylmalonate 545 vlad £& $£E§7 3§
AR obgEl A4 follollA 4A AR &
o] & ¥ A3l diethylmalonate & ©]-83lod )
2¥ W A2E s o=@ CO Mot A

X 9.0
aaohj\_o L

Zol2  dichlorobis (acetonitrile)

palladium (I1) & AH&-3la 7Iqte] AAlslels &
A 3o 4712 3 @Eke] Ca0, JAo| A

Table 7. Physical properties, 'THNMR and IR spectral data of substituted benzoylmalonate

Compound m.p(°C) IHNMR(ppm) IR(cm-1)
0 7.82(d, J=9Hz, 2H), 6.85(d, J = 9Hz, 2H), 1740
H3CO '@-C—CH(COZCszh 170-173 5.31(s, 1H) 4.16(q, ) = 8Hz, 4H), 1700
3.75 (s, 3H), 1.06(t, J = 7Hz, 6H) (CDCl3) (KBr)
0 8.12-7.90 (m, 4H) 1726
oN{O)-C-CHCOLH: 9345 5.206, 1H) 4.13(q, ] = 7Hz, 4H) 1780
1.16(t, J = 7Hz, 6H) (DMSO-dg) (KBr)
0 7.73(d, ] = 9Hz, 2H), 7.60(d, ] = 8Hz, 2H), 1735
Hsc@'C—CH(COZCZHQZ 61-63 5.16(s, 1H), 4.15(q, J=7Hz, 4H), 2.30(s, 3H), 1698
1.13(t, J = 7Hz, 6H) (CDCly) (KBr)
0 7.93-6.85(m, 5H), 1742
©- C-CH(CO,C,Hy), 5.09(s, 1H), 3.98(q, ] = 7THz, 4H) 1705
0.96(t,] = 7Hz, 6H) (CDCly)
HzC 0 7.46-6.96(m, 4H), 5.12(s, 1H), 1738
"
@-C—CH(COZCZHS)Z 4.05(q, ] = 8Hz, 4H) 2.16(s, 3H), 1701
1.06(t, J = 7Hz, 6H) (CDCl,)
i 12.85(s, 1H), 8.15-7.20(m, 4H), 1740
C-CH(CO4C,H3), 5.15(s, 1H), 4.03(q, ] = 7THz, 4H), 1698

HOOC

1.02(t, J = 7Hz, 6H) (DMSO-dg)
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