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Direct Hydroacylation of Polybutadiene by Wilkinson's Complex

Jae-Hun Kim" and Chul-Ho Jun*

Division of Organic Synthesis, Kukje Pharmaceutical R&D Center, Seoul 143-210, Korea
Department of Chemistry, Yonsei University, Seoul 120-749, Korea
Received September 15, 1998

It has always been a goal of polymer scientists to prepare After the reaction, the resulting mixture was purified by
well-established functional polymers with desirable physicalcolumn chromatography to give theN4N-dimethylami-
properties and functional groupBolybutadiene is a good nobenzoyl group-impregnated polynterin a 60% conver-
starting material for this purpose, since the desirable funcsion rate (60% of the vinyl group lhis converted into a 4-
tional group could be introduced into an available unsaturN,N-dimethylaminobenzoylethyl group). Polymér was
ated site in this polymer. A variety of methods for chemicalcharacterized by IRH NMR and'3C NMR spectra. The IR
modification of polybutadiene for a new specialty polymerband of the carbonyl group appears at 166%.crhe inten-
have been reported: hydroformylatibaminomethylatiof sity of the vinyl group (-CH=C}J at 911 cnt diminishes
hydrocarboxylatiort, hydrosilatiorf, and hydrogenatioh.  while that of the trans-1,4-internal olefin at 967camd the
Chemical modification of polybutadieneia catalytic  cis-1,4-internal olefin at 699 chstill remain unchangeX.
hydroacylation offers an efficient synthetic route to novelThe13C NMR spectra also show the characteristic peaks of
polymers containing ketone functional groups. Catalytica. The newly formedx-CH, group next to the carbonyl
introduction of the acyl group into polybutadiene hasgroup appears at 35.4 ppm, and the carbonyl group appears
already been reportéchydroiminoacylation of polybutadi- at 199.0 ppm. In th&H NMR spectrump-CH, group next
ene with carboxaldimine, followed by hydrolysis of the to the carbonyl group in linear alkyl ketone appears at 2.8
resulting ketimine-impregnated polybutadiene. ppm. No signal around 3.5 ppm from the secondary CH

group attached to the carbonyl group was found, implying
1) that any branched alkyl ketone was not formed. This
explains partly that the real active species is aldimine, gener-

This indirect modification of polybutadiene requires sev-ated from aldehyde and 2-amino-3-picoline, since sterically
eral steps to achieve C-C bond coupling. Recently we deveflindered iminoacylrhodium(ll)hydride intermediate should
oped a direct chelation-assisted hydroacylation method of 1-
alkene with aldehyde using 2-amino-3-picoline (ed.akjd . . . .
it has been further extended to the hydroacylation of primarg\%ﬂﬁydts Iz)ydroacylatlon of Polybutadienel)( with Various
alcohol? Here, we report a method for incorporating the acyl droacviated Comversion
groups into r\on—functlonahzed polybutadlene. . Entry R- Aldehyde®) %rodugt’s) rate (m/m+n)

Polybutadiene I; phenyl-terminated polybutadiene con-

fecHO  + R Rh(l) (,:Q
=/ 2-amino-3-picoline RTR

sisted of 27% of the vinylic olefin and 73% of the internal Mew-@- 2a) (53) 60%
olefin; average M.W. 3400) was allowed to react with 4-
dimethylaminobenzaldehyd@4d) at 130°C for 24 h under
the mixture of 10 mol% of RhCI(PBA(3), 10 mol% of 2 CHaO_@' (2b) (5b) 42%
PPh, 0.28 mmol of HO and 100 mol% of 2-amino-3-
picoline @). 3 CHSO @9 (50) 41%
GH: G,
CH CH <:>
i R-CHO
Ph-(CH,-CH=CH-CHy), (CHp—CH)y(CHy—CH),-Ph * 4 CHsS (2d) (5d) 30%
1. (=73 %. m+n=27%) 2
3 < > @9 (5¢) 32%
10 mol% (PPh3)sRhCI (3)
10 mol% 10mol% PPhy 2
}ggorgolz"/z h2-ammo-3-ptco|me 4) 6 F—@— @f) (59) 2306
o]
R 7 CFS‘Q_ 29 (59) 8%
GHa G,
GH, CH <
Ph~(CH,-CH=CH-CH,), (CH,—CH),(CH;—CH),-Ph 8 @ (2h) 21%

5




28 Bull. Korean Chem. Sot999 Vol. 20, No. 1

add the vinyl group ofla in anti-Markovnikoff's fashioft 3.
The conversion rate of the vinyl group to the ketone group
can be calculated by the integration ratio of m/(ni#nJhe
reactivity of aldehyde varies with the substituent in a phenyl 4.
group of benzaldehyde derivative.

Aldehyde?a bearing the dimethylamino group (entry 1) is
most reactive angg having the trifluoromethyl group (entry
7) is least reactive. This means that reactivity of the alde-
hydes is related to the electronic effect of the substituent in
the phenyl group. The electron-donating substituent in the
phenyl group of benzaldehyde accelerates hydroacylation,
while electron-withdrawing substituent retards the rate of 6.
hydroacylation (entry 6 & 7). In the case of a moderately
electron-donating substituent such as the methoxy and
methyl group, about 40% of the vinyl group inwas
hydroacylated (entry 2 & 3). The thiomethylphenyl group
shows no improvement compared with phenyl group bear-
ing no substituent (entry 4 & 5). In the case of ferrocenecar-
boxaldehyde Zh), it was observed that only 21% of the
vinyl group was hydroacylated (entry 8) although the ferro- g
cenyl group is regarded as a very electron-rich group. The
reason must be that the bulkiness of the ferrocenyl group9.
may play an important role for this hydroacylation. One
equimolar addition of PRhs required for a good result.
Without adding PPf the conversion rate &fato 5awas  10.
dropped to 36% from 60%. Added triphenylphospine is sup-
posed to enhance the catalytic activity of the rhodium com-
plex, probably due to freshly regenerated RhCIgRRiom
trans[RhCI(CO)(PPb),] which is partly generated from the
decarbonylation of aldehyde or from the exchange with oxi-
dized phosphine, PR+0 13

In conclusion, the vinyl group in polybutadiene is directly 13.
hydroacylated with aromatic aldehyHeElectron-donating
substituent in benzaldehyde showed better conversion rafit.
than electron-withdrawing one.
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General procedure for the preparation of hydroacy-
lated polybutadiene 5a5h. A screw-capped vial was
charged with 37 mg (0.04 mmol) of Wilkinson's Complex
(3) dissolved in 1 mL of toluene and 100 mg of PTRB (
was added. To this mixture 0.4 mmol of aldehy®je43.3

mg (0.4 mmol) of 2-amino-3-picolinel){ 10.5 mg (0.4
mmol) of triphenylphospine and 0.28 mmol ofCHwere
added. The resulting solution was heated at 130 for 24 h,
and purified by a column-chromatograph (hexane:ethylac-
etate=2:5) to give the corresponding hydroacylated PTPB
5a-5h.

Spectroscopic Data of 5a'H NMR (300 MHz, CDJ) 6
(ppm) 7.87 (d, Hs-2,6 in phenyl ring), 7.64 (d, Hs-3,5 in
phenyl ring), 5.7-5.3 (br, -CH=), 4.96 (br, &), 3.04 (s,
(CHs)2N-), 2.83 (t, -CHto CO), 2.2-1.1 (m, saturated €H
and CH);3C NMR (75 MHz, CDG) & (ppm) 199.0
(C=0), 153.3-110.7 (phenyl, -CH= & G#), 40.0
((CH3)2N-), 36.4-27.4 (saturated CH and g§H35.4 (-

CH; to CO); IR (neat) 3073, 3005, 2918s, 2846, 1667s
(C=0), 1446, 1367, 1186, 1065, 8&h: *H NMR (300
MHz, CDCk) & (ppm) 7.93 (d, Hs-2,6 in phenyl ring),
6.92 (d, Hs-3,5 in phenyl ring), 5.7-5.3 (br, -CH=), 4.96
(br, CH=), 3.85 (s, OCH), 2.88 (m,a-CH; to CO), 2.2-

1.1 (m, saturated GHand CH);3C NMR (75 MHz,
CDCl) & (ppm) 199.3 (C=0), 142.7-113.7 (phenyl,
-CH=CH- & CH,=), 55.4 (OCH), 36.4-27.4 (saturated
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CH and CH), 35.7 (1-CH. to CO); IR (neat) 3074, 3006,
2917s, 2845, 1682s (C=0), 1601, 1258, &4H NMR
(300 MHz, CDC}) (ppm) 7.85 (d, phenyl ring), 5.7-5.3
(br, -CH=), 4.96 (br, Ck¥), 2.91 (t,a-CHz to CO), 2.34
(s, CH in phenyl ring) 2.2-1.1 (m, saturated £End
CH); 13C NMR (75 MHz, CDGJ) 3 (ppm) 200.3 (C=0),
143.5-114.2 (phenyl, -CH=CH- & CH), 35.9 (1-CH: to
CO), 21.6 (CH in phenyl ring); IR (neat) 3073, 3006,
2918s, 2846, 1667s (C=0), 1608, 1290, 1180, Bd7H
NMR (300 MHz, CDC4) o (ppm) 7.86 (d, phenyl ring),
5.7-5.3 (br, -CH=), 4.96 (br, GH), 2.89 (m,a-CH: to
CO), 2.51 (s, SCh), 2.2-1.1 (m, saturated GHind CH);
13C NMR (75 MHz, CDGJ) & (ppm) 199.6 (C=0), 142.7-
114.2 (phenyl, -CH=CH- & Ck¥), 36.4-27.4 (saturated
CH and CH), 35.8 (1-CHz to CO) 14.8(SCh}; IR (neat)

3074, 3006, 2918s, 2846, 1682s(C=0), 1590, 1288, 1184,

1093, 8155e H NMR (300 MHz, CDGJ) & (ppm) 7.95-
7.47 (m, phenyl ring), 5.7-5.3 (br, -CH=), 4.98 (br, €}
2.94 (br,a-CH, to CO), 2.2-1.1 (m, saturated glind
CH); 3C NMR (75 MHz, CDCJ) 6 (ppm) 200.6 (C=0),
143.0-114.2 (phenyl, -CH=CH- & GH), 36.4-27.4 (satu-
rated CH and CLJ, 36.0 (1-CHz to CO) ; IR (neat) 3073,
3006, 2917s, 2846, 1688s, 1597, 1026, 1179, S42H
NMR (300 MHz, CDC}) 6 (ppm) 7.99-7.94 (m, Hs-
2,3,5,6 in phenyl ring), 5.7-5.3 (br, -CH=), 4.96 (br,
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CH>=), 2.91 (bra-CHz to CO), 2.2-1.1 (m, saturated €H
and CH); 13C NMR (75 MHz, CDGJ) (ppm) 198.9
(C=0), 167.3 (C-4 in phenyl ring), 142.7-114.2 (phenyl,
-CH=CH- & CH=), 36.4-27.4 (saturated CH and §H
36.0 @-CH. to CO) ; IR (neat) 3074, 3007, 2917s, 2846,
1688s, 1598, 1233, 1119, 84y *H NMR (300 MHz,
CDCls) 6 (ppm) 8.04 (d, Hs-2,6 in phenyl ring), 7.72 (d,
Hs-3,5 in phenyl ring), 5.7-5.3 (br, -CH=), 4.96 (br,
CH.=), 2.96 (bra-CH; to CO), 2.2-1.1 (m, saturated €H
and CH); 3C NMR (75 MHz, CDC)) & (ppm)
199.4(C=0), 143.1-114.2 (phenyl, -CH=CH- & &
124.5 (Ch), 36.4-27.4 (saturated CH and §H36.3 (-

CH, to CO); IR (neat) 3074, 3007, 2917s, 2846, 1696s
(C=0), 1639, 1324, 1171, 1134, 84&h: 'H NMR (300
MHz, CDCk) & (ppm) 5.7-5.3 (br, -CH=), 4.96 (br,
CHy=), 4.77 (br, Hs-2,5 in substituted Cp), 4.48 (br, Hs-
3,4 in substituted Cp), 4.19 (s, unsubstituted Cp), 2.66 (br,
a-CH, to CO), 2.2-1.1 (m, saturated €lnd CH);*C
NMR (75 MHz, CDC4) & (ppm) 204.6 (C=0), 145.6-
125.2 (=CH-), 114.3 (Ck), 72.1 (C-2,5 in substituted
Cp), 69.7 (C-3,4 unsubstituted Cp), 370¢GH. to CO),
36.3-27.4 (saturated CH and gH IR (neat) 3100, 3000,
2920s, 2840, 1670s, 1450, 1380, 1250, 1110, 1050, 970,
820.




