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Catalytic hydroacylation has been achieved by the reaction of 8-quinolinecarboxaldehyde (1) and various vinyl derivati-
ves such as 2a, 2b and 2¢ with Wilkinson's complex (3) to give linear alkyl ketones. 4a, 4b and de, respectively.
However, stoichiometric ligand-promoted hydroacylation of 2a and 2b with [(CsH,;RhCl], (8) resulted in a mixture
of the branched alkyl ketones and the linear alkyl ketones in different ratios. Stoichiometric hydroacylation of some
other olefin derivatives such as 6, 11, 12 and 26, produced functionalized alkyl ketone compounds.

Introduction

The activation of C-H bond by transition metals is one
of current interests in organometallic chemistry.! Especially,
aldehydic C-H bond cleavage and its application to organic
synthesis of ketone through hydroacylation have received
much interest.? One major limitation for this process is de-
carbonylation® There are some ways to overcome this limita-
tion; for example, pressurizing the reaction with carbon
monoxide or using special aldehyde such as 8-quinolinecar-
boxaldehyde and 2-iminopicoline systems which can cyclo-
metallate the catalyst. Although carbon monoxide pressure
retards decarbonylation of the acylmetal hydride interme-

diate formed from the aldehydic C-H bond cleavage by metal
complexes, the reaction still requires vigorous conditions.*
8-Quinolinecarboxaldehyde is a good cyclometallation subst-
rate, since it does not show any decarbonylation due to its
formation of the stable S-membered metallacyclic complex.’

As a model study for hydrometallation through C-H bond
activation, hydroacylation has been applied to many different
reactions such as C-C bond cleavage of the strained ring
molecule® synthesis of @, y-unsaturated ketones,” and the
elucidation of olefin isomerization mechanism?® Recently,
catalytic hydroacylation of @, w-diene has been repored.® In
this paper, we report the results of the catalytic hydroacyla-
tion and the stoichiometric ligand-promoted hydroacylation
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Scheme 1. Catalytic hydroacylation of vinyl derivatives with
8-quinoline-carboxaldehyde (1) under 10 mol% Wilkinson's com-
plex (3).

of various vinyl derivatives.
Results and Discussion

Compound 1 reacted with styrene (2a) at 110C for 24
h in the presence of 10 mol% Wilkinson's complex (3) to
give 8-quinolinyl 2-phenylethyl ketone (4a) in 13% yield after
chromatographic isolation (Scheme 1). Under the identical
reaction conditions, hydroacylation of 2,3,4,5,6-pentafluorosty-
rene (2b) and vinylcyclohexane (2¢) with 1 gave 8-quinotinyl
2-pentafluorophenylethyl ketone (4b} and 8-quinolinyl 2-cyc-
lohexylethyl ketone (4¢) in 21% and 32% yields, respective-
ly.

Hydroacylation has close similarity to hydroformylation in
terms of hydrometallation of olefins by the metal hydride
intermediate. In the case of hydroformylation, the branched
alkyl aldehydes were usually produced as side products in
addition to the linear ones.”* However, in the above metioned
catalytic hydroacylation, any branched atkyl ketone was not
obtained. The reason must be that the hydride, formed from
C-R bond cleavage of 1 by Rh(I) in 3, might migrate into
the vinyl group according to anti-Markownikoff's rule due
to the steric hindrance.

As olefins to be hydroacylated, the functionalized olefins
such as dimethyl maleate (6), triethoxylvinylsitane (11) or
methyl vinyl ketone (12) are quite interesting, because hy-
droacylated products of these olefins might have various fun-
ctional groups like carboxylic ester, triethoxysilyl, and §-di-
ketone groups, respectively. However, catalytic hydroacyla-
tion of these olefins, 6, 11, and 12, with 1 did not take place
with Wilkinson's complex (3) as a catalyst. Therefore, stoi-
chiometric ligand-promoted hydroacylation by [CsH,);RhCl],
(5) was applied to 6, 11, and 12. It has been reported that
dimethy] maleate can be coordinated to Rh(l) by olefin-ex-
change reaction of § with 6 to generate 7 in sifu, which
will be used for C-H bond activation in t (Scheme 2).

Without isolation of 7, addition of 1 gave an yellow precipi-
tate, which was supposed to be 9, and ligand-promoted re-
ductive-elimination’ of this precipitate with 2 mixture of py-
ridine and trimethylphosphite produced 10 exclusively in 75
% vyield after chromatographic isolation. The mechanism can
be inferred that Rh{I) in 7 might oxidatively add the alde-
hydic C-H bond in 1 to give 8 as a transient intermediate,
and the subsequent hydride-migration into the coordinate
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Scheme 2. Stoichiometric ligand-promoted hydroacylation of
dimethylmaleate with 1 by 5 through olefin-exchange reaction
(L : methyl maleate).
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Scheme 3. Stoichiometric hydroacylation reaction of vinyl deri-
vatives with 8-quinoline~carboxadehyde (1) by § through hydro-
metallation and reductive elimination (L : CH,=CH-R).

maleate in 8 gave 9.

When triethoxyvinylsilane (11) and methyl viny! ketone
(12) were used as hydroacylation substrates, 8-quinolinyl 2-
triethoxysilylethyl ketone (13) and 8-quinolinyl 3-oxobutyl
ketone (14) were obtained in 54% and 37% yields, respec-
tively. Any branched alkyl ketone has not been isolated in

the final product.
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On the contrary, the stoichiometric hydroacylation of sty-
rene (2a) with 1 by § gave quite different results. As shown
in Scheme 3, the stoichiometric ligand-promoted hydroacyla-
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Table 1. Stoichilmetric Hydroacylation of R-CH=CH, with 1
by § through C-H Bond Cleavage by Rh(l), Hydride-insertion,
and Reductive-elimination of the Resulting Acylrhodium(IDalkyl
Complexes

E Starting Hydroacylated products Isolated
ntry olefin ratio (product, 19/4) yield
1 2a 64/36 (19a/4a) 62%
2 P 35/65 (19b/4b) 52%
3 2¢ 0/100 (19¢/4c) 78%

tion of styrene (2a) with 1 gave a mixture of the branched
alkyl ketone 19a and the linear alkyl ketone 4a in a 64 : 36
ratio in 62% yield (Table 1, entry 1). This result is very
unusual since only linear alkyl ketone has been observed
in the catalytic hydroacylation by 3. From the ratio of 19a
and d4a, that of pre-reductive elimination products, 18a and
17a, was inferred as 64 :36. Higher yield of 18a than that
of 17a is unreasonable on the base of the steric considera-
tion. In some cases of a hydrogen transfer into styrene, the
similar result has been reported and explained by the radical
pair mechanism."?

N
SRh—C=0 SRb—C=0
"CHCH, CH,
Ph CH,
Ph
20 2

In the intermediate 16a, a hydride insertion into the coor-
dinated styrene might generate the complex 20 in perference
to the complex 21, since the benzyl radical 20 is much more
stable than the primary alkyl radical 21, although sterically
the complex 21 is more stable than the complex 20. More-
over, contrary to catalytic reaction with 3, (PhyP};RhCl, the
stoichiometric reaction with § does not experience the severe
steric hindrance due to the absence of the sterically demand-
ing triphenylphosphine in intermediate 18a. In case of 2b,
the ratio of 19b and 4b was dropped to 35:65 (Table 1,
entry 2). It is not clear whether the pentafluorophenyl group
less stablizes the benzylic carbon radical than the phenyl
group or the former experiences a little bigger steric hin-
drance than the latter in 20. The use of vinylcyclohexane
(2c) for the stoichiometric hydroacylation supports the plau-
sibility of the radical pathway for styrene derivatives, be-
cause it gave the linear alkyl ketone 19¢, exclusively. This
can be explained by that the cyclohexyl group would make
much smaller contribution to the stability of the radical inte-
rmediate analogous to 20, even though the size of the cyclo-
hexyl group in 18¢ is comparable to that of the pentaftucro-
phenyl group in 18b.

The results of the stoichiometric hydroacylation of 2a, 2b,
and 2c also can be explained by the steric effect of R group
in olefin. However, when 1l-hexene (22), in which the alkyl
substituent is less sterically hindered #-butyl group compa-
red with those of 2a, 2b, and 2¢, was used in the stoichiomet-
ric hydroacylation, 8-quinoliny! 1-hexyl ketone (23) was ob-
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tained in 80% yield. Trace amount (about 1.6%) of presumed
8-quinolinyl hex-2-yl ketone (24) was detected by GC-MSD.
This result supports the formation of the benzy! radical inter-
mediate for styrene derivatives. Predominant formation of
the linear alky] ketone from 1-hexene is hard to be explained
on the base of the steric effect in connection with the results
of the other wvinyl derivatives, 2a, 2b, and 2¢. In case of
methyl vinyl ketone (12), even though the ketone group can
stabilize the a-carbon radical which should have given the
secondary alkyl radical, the stable 5-membered ring metalla-
cycle intermediate 28 might play an important role in this
reaction to give the linear product, exclusively.

9
NN N
¢=0
22 CHyCHyCH,CH,CH,CH;
0
| [ )
N LN
G0 CI=Rh—C=0
CHg~CH-CH,CH,CH,CH; o, 5.2
\C/CHZ
" CH,
25

Another interesting olefin substrate is o-methylstyrene
(26). The hydrogen transfer to this olefin was expected to
give 29 as an intermdiate because it might generate very
stable tertiary a-dimethylbenzyl radical. However, stoichio-
metic ligand-promoted hydroacylation of 26 produced only
27. Compound 28 has not been detected in this reaction,
maybe due to the strong contribution of the steric bulkiness

of a-dimethylbenzyl group.
>=CH2 c=0 N L.t

- “Rh—C=0
Me CH2 (I:-O Cl .¢
L CH3;-C-CHy | CH3~C-CH,4
26 GHCH, ' Ph
Ph Ph
27 28 29

Up to now, the hydroacylation of the olefin drivatives were
examined catalytically and stoichiometrically. Major factor
which determines the regioselectivity of hydrometallation of
the coordinated olefin in the metal hydride intermediate
might be steric. But in case of styrene, the formation of
the stable alkyl radical intermediate seems to play another
major role in regioselectivity of the hydrometallation step.

Experimental

Compound 1" and complex §' were prepared by the pub-
lished procedures. Wilkinson's complex (3), styrene (2a), 2,3,
4,5.6-pentafluorostyrene (2b), vinylcyclohexane (2¢), dimethyl
maleate (6), triethoxyvinylsilane (11), methyl vinyl ketone
(12), 1-hexene (22) and a-methylstyrene (26) were purchased
from Aldrich Chemical Co. and used without further purifi-
cation. All solvents were distilled and stored over molecular
sieves (4 ﬁ). NMR spectra were recorded with a Bruker
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AC-300F (300 MHz) or a Buker AC-200 (200 MHz) spectro-
meter. The chemical shifts (8) of the '"H-NMR and “C-NMR
resonances are in ppm relative to internal Me,Si. Infrared
spectra were recorded with a Bruker IFS 88 FT-IR or a
Perkin-Elmer 683 spectrophotometer. Microanalyses were
conducted by ADD Analytical Laboratory. Mass spectra were
obtained on Hewlett-Packard HP 5971A mass spectrometer
equipped with a HP 5890 series II Gas Chromatograph. Col-
umn chromatography was performed on Merck Silica Gel
60.

Catalytic Hydroacylation of Styrene (2a) with 1
Using 3. A screwcapped pressure vial was charged with
0.0588 g (0.0637 mmol) of Wilkinson's complex (3) dissolved
in 3 m! of THF, the solution was flushed with nitrogen, and
0.1 g (0637 mmol) of 1 was added. To the mixture was
added 0.133 g (1.28 mmol) of 2a and allowed to be heated
at 110C for 24 h, After cooling to room temperature, the
products were extracted with 20 mi/ of ether and purified
by column chromatography to give 32.6 mg (13% vield) of
8-quinolinyl 2-phenylethyl ketone (4a). 4a: 'H-NMR (300
MHz, CDCl) & (ppm) 895 (dd, J=181 Hz & 4.1 Hz 1H,
H-2 in quinoline group), 8.2-74 (m, 5H, quinoline group),
7.24 (br, 5H, C¢Hs), 3.69 (t, J=78 Hz, 2H, a-CH; to CO).
313 (t, J/=7.8 Hz, 2H, B-CH; to CO); “C-NMR (75 MHz,
CDCly) 8 (ppm) 2055 (C=0), 1504-1214 (C's of quinoline
& phenyl group), 464 (a-CH; to CO), 305 (B-CH; to CO):
IR (neat) 3060, 3026, 2925, 1949, 1683 (s, CO), 1584, 1569,
1496, 1453, 1359, 1287, 1255, 1167, 1089, 1059, 1030, 969,
827, 793, 750, 699 cm™!; mass spectrum m/e (assignment,
relative intensity) 261 (M*, 22.8), 233 (M*-CO, 3.7), 170 (M-
CH,, 475), 156 (QCO*, 30.2), 129 (QH", 100), Anal. Caled
for CgHisNO: C, 82.73; H, 5.79; N, 536. Found: C, 81.90;
H, 571; N, 529. TLC R,=0.65, hexane : ethylacetate=5:2,
Si0;.

Catalytic Hydroacylation of 2,3,4,5,6-Pentafluoros-
tyrene (2b) with 1 Using 3. Under the identical reaction
conditions with catalytic experimental section using 0248 g (1.27
mmol) of 2b instead of 2a, the reaction proceeded. The final
extract was purified by column chromatography to give 0.473
mg (21% vyield) of 8-quinolinyl 2-pentafluorophenylethyl ke-
tone (4b). 4b: 'H-NMR (300 MHz, CDCl;} & (ppm) 8.93 {dd.
J=177 Hz & 4.2 Hz, 1H, H-2 in quinoline group), 8.2-74
(m, 5H, quincline group), 3.72 {. J=7.7 Hz, 2H, a-CH. to
C0), 3.23 (t, J="7.7 Hz, 2H, -CH; to CO); “C-NMR (75 MHz,
CDCly) & (ppm) 203.6 (C=0), 150.5-1215 (C's of quinoline
& pertaflucrophenyl group), 434 {e¢-CH: to CO), 176 (B-CH,
to CO); IR (neat) 3067, 3009, 2916, 1956, 1694 (s, CO), 1593,
1572, 1495, 1451, 1366, 1285, 1265, 1171, 1114, 1066, 1032,
966, 944, 832, 800, 773, 656, 604 cm™'; mass spectrum m/e
(assignment, relative intensity) 351 (M*, 16.7), 331 (M*-F-
1, 6.2), 194 (CFsCH=CH,, 9.3), 170 (M*-C;F:CH,, 100), 156
{(QCO*62.7), 129 (QH*, 75.3). Anal. Caled for C,3H;0FsNO:
C, 6155 H, 287; N, N, 399. Found: C, 62.1; H, 278; N,
391. TLC R/=0.74, hexane : ethylacetate=5:2, SiO;.

Catalytic Hydroacylation of Vinylcyclohexane (2¢)
with 1 Using 3. Under the identical reaction conditions
with catalytic experimental section using 0.163 g (1.48 mmol) of
2¢ instead of 2a, the reaction proceeded. The final extract
was purified by column chromatography to give 0.0542 g (32
% yield) of 8-quinolinyl 2-cyclohexylethyl ketone (4c). 4e:
'H-NMR (300 MHz, CDCly) 8 (ppm) 895 (dd. /=1.76 Hz
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& 4.2 Hz, 1H. H-2 in quinoline group), 82-7.4 (m, 5H, quino-
line group), 3.33 (1, /=78 Hz. 2H, a-CH, to CO), 18-0.88
{m, 13H, cyclohexylmethylene group); “C-NMR (75 MHz,
CDCly) & (ppm) 2074 (C=0), 150.4-121.3 (C’s of quinoline),
425 (CH in cyclohexyl group) 374-26.2 (C's of cyclohexyl
group & B-CH: to CO); IR (neat) 3048, 2921 (s). 2849, 1950,
1685 (s, CO), 1594, 1569, 1496, 1449, 13564, 1322, 1274, 1170,
1134, 1103, 1049, 1030, 961, 832, 793, 761, 719 ¢cm™'; mass
spectrum m/e (assignment, relative intensity) 267 (M~, 6.2),
239 (M*-CO, 4.8), 184 (M~ -cyclohexyl, 97.8), 171 (QC(=CH,)
OH', 79.0), 156 {QCO*, 100.0), 128 (Q", 50.2). Anal. Caled
for CxHNO: C, 81.17; H, 7.57; N, 526. Found: C, 81.70;
H, 749; N, 510. TLC R,=0.77, hexane : ethylacetate=5: 2,
Si0,.

Stoichiometric Hydroacylation of Dimethylmateate
(6) with 1 Using Complex 5. To 0.1 g (0.28 mmol} of
chlorobis(cyclooctene)rhodium (1), [RhCHCsHu),): (5). in
a 5 m! vial was added 05 g (3.5 mmol} of 6 at ambient
temperature under nitrogen. The mixture was stirred at
room temperature for 10 min. To this suspension was rap-
idly added 0.044 g (0.279 mmol) of 1 in 3 m/ of benzene.
A white-yellow precipitate formed on addition of aldehyde
solution. After the reaction was allowed to proceed for 30
min, 0.5 m/ of pyridine and 0.5 m/ of trimethylphosphite
were added, successively, during which time the precipitate
was dissolved to give a clear red solution. The solution was
evaporated to dryness at 80C under reduced pressure. The
crude residue was purified by column chromatography to
give 0.063 g (75% overall yield) of 10. 10: '"H-NMR (200
MHz, CDCl;) & (ppm) 892 (dd, /=184 Hz & 4.14 Hz, 1H,
H-2 in quinotine group), 8.25-74 (m, 5H, quinoline group),
554 (t, J=7.1 Hz, 1H, a-CH to CO), 3.66 (s, 3H, MeQ), 3.63
(s, 3H, MeQ). 3.12 (dd. 2H, two diastereotropic protons of
CH;); “C-NMR (505 MHz, CDCl;) & (ppm) 198 (C=0 to
quinioline), 172 (CO-OMe), 170 (CO-OMe), 150-121 (C's of
quinoline group), 554 (a-CH to QCO), 523 (-OCHs), 519
(-OCH3), 33.0 (CH,); IR (neat) 2980, 2940, 1730 (s, O-C=0),
1680 (s, QCO), 1560, 1490, 1430, 1330, 1270, 1220, 960, 1020,
940, 830, 790 cm '; mass spectrum m/e (assignment, relative
intensity) 301 (M*, 8.21), 242 (M*-CO,Me, 18.1), 228 (M"-
CH,CO:Me, 9.3), 210 (QCOC,H,CO’, 48.9), 182 (QCOC,H,",
9.5), 156 (QCO", 100.0), 128 (Q*, 48.6). Anal. Calcd for CiHs
NO;: C, 63.78; H, 5.02; N, 465. Found: C, 63.95: H, 503;
N, 464. TLC R,=0.30, hexane : ethylacetate=5:2, Si0,.

Stoichiometric Hydroacylation of Triethoxyvinylsi-
lane (11) with t Using Complex 5. Under the identical
reaction conditions with stoichiometric experimental section us-
ing 0.5 g (263 mmol) of 11 instead of 6, the reaction proceeded.
The final crude residue was purified by column chromato-
graphy to give 0.052 g (54% overall yield) of 13. 13: 'H-NMR
(200 MHz, CDCly) 8 {ppm) 8.94 (dd, /=183 Hz & 419 Hz,
1H, H-2 in quinoline group), 8.20-7.39 (m, 5H, quinoline
group), 3.85 (g, /=70 Hz 6H, SiOCH,), 343 (2H, o-CH: to
CO), 123 (t, J=7.0 Hz, 9H, CHy), 1.14 (8-CH, to CO); “C-
NMR (50.5 MHz, CDCL) & (ppm) 206.8 (C=0), 150-121 (C's
of quinoline group), 584 {(a-CH, to QCO). 38.1 {B-CH: to
COy; 182 (O-CHy), 4.5 (CHy): IR (neat) 2970, 2922, 2890,
1680 (s, QCQ), 1565, 1492, 1387, 1290, 1250, 1190, 1165, 1100,
1075, 960 790 cm " }; mass spectrum m/e (assignment, relative
intensity) 347 (M*, 8.21), 332 (M*-CH, 506), 301 (M"-
HOCH:CH;, 54.1), 184 (QCOC.H,*, 21.7), 156 (QCO*, 100.0),
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128 (Q', 34.6). Anal. Caled for CwHsNOSI: C, 62.22; H,
7.25; N, 4.03. Found: C, 62.29; H, 7.34; N, 4.10. TLC R=0.57,
hexane : ethylacetate=5: 2, Si0,.

Stoichiometric Hydroacylation of Methyl Vinyl Ke-
tone (12) with 1 Using Complex 5. Under the identical
reaction conditions with stoichiometric experimental section us-
ing 0.5 g (7.1 mmol) of {2 instead of 6, the reaction proceeded. The
final crude residue was purified by colum chromatography
to give 0027 g (37% overall yieid) of 14. 14 'H-NMR (200
MHz, CDCl;) 8 (ppm) 8.96 (dd, /=189 Hz & 4.33 Hz, 1H,
H-2 in quinoline group), 8.23-7.40 (m, S5H, quinoline group),
364 (t, /=63 Hz, 2H, o-CH; to QCO), 298 (t, /=63 Hz,
2H, B-CH; to QCO); 2.26 (s, 3H, CH.); “C-NMR (50.5 MHz,
CDCly) § (ppm) 150-121 (C’s of quinoline group), 38.8 (a-CH.
to QCO), 37.9 (B-CH, to QCD), 30.0 (CH,CO); IR (neat) 2920,
2840, 1720-1670 (s, QCO), 1565, 1429, 1460, 1350, 1250, 1160,
830, 790 cm ' '; mass spectrum m/e {assignment, relative in-
tensity) 227 (M*, 0.17), 184 (M'-CH,CO, 100), 156 (QCO"*,
61.0), 128 (Q’, 30). Anal. Caled for C,uH3NQ,: C, 73.99; H,
5.77; N, 6.16. Found: C, 73.1; H, 556 N, 6.29. TLC R/=0.13,
hexane : ethylacetate=5: 2, Si0,.

Stoichiometric Hydroacylation of Styrene (2a) with
1 Using Complex 5. Under the identical reaction condi-
tions with stoichiometric experimental section using 0.5 g (4.8
mmol) of 2a instead of 6, the reaction proceeded. The final crude
residue was purified by colum chromatography to give 0.042
g (62% overall yield) of a mixure of 8-quinolinyl a-methyl-
benzyl ketone (19b) and 4b in a 64 : 36 ratio. 19a: 'H-NMR
(200 MHz, CDCl3) & {ppm) 897 (dd, /=182 Hz & 42 Hz,
1H, H-2 in quinoline group), 8.1-7.1 (m, 10H, quinoline &
phenyl group), 525 (q, /=698 Hz, 1H, a-CH to CO), 1.66
(d, /=6.98 Hz, 3H, CH, to CO); “C-NMR (50.5 MHz, CDCl)
& (ppm) 207.3 {C=0), 1504-121.3 (C's of quinoline & phenyl
group), 53.2 (¢-CH to CO), 17.9 (CHj); IR (neat) 1680 c¢m !
(s, CO); mass spectrum m/e (assignment, relative intensity)
261 (M*, 25.3), 156 (QCO", 100.0), 128 (Q*, 24.0). Anal. Calcd
for CgHisNO: C, 82.73; H, 5.79; N, 5.36. Found: C, 81.99:
H, 580; N, 5.31. TLC R,=0.64, hexane : ethylacetate=5:2,
Si0,.

Stoichiometric Hydroacylation of 2,3,4,5,6-Pentaf-
luorostyrene (2b) with Using Complex 5. Under the
identical reaction conditions with stoichiometric experimental sec-
tion using 0.5 g (2.6 mmol) of 2b instead of 6, the reaction pro-
ceeded. The final crude residue was purified by colum chro-
matography to give 0.051 g (52% overall yield) of a mixure
of 8-quinoliny] a-methyl-pentafluorobenzyl ketone (19b) and
4b in a 35: 65 ratio. 19b: 'H-NMR (200 MHz, CDCls) 8 (ppm)
893 (dd, /=185 Hz & 42 Hz, 1H, H-2 in quinoline group),
81-7.5 (m, 5H, quinoline), 583 (q, /=7.2 Hz, 1H, «-CH to
CO), 156 (d, /=7.2 Hz, 3H, CH; to CO); *C-NMR (50.5 MHz,
CDCly) 8 (ppm) 207 (C=0), 150-121 (C's of quinoline & pen-
tafluorophenyl group), 53.2 (¢-CH to CO), 17.9 (CH; to CO);
IR (neat) 1685 cm™' (s, CO); mass spectrum m/e (assign-
ment, relative intensity) 351 (M*, 06), 331 (M~-F-1, 1.9),
195 (CFsCH,CH?", 1.9), 156 (QCO*, 100.0), 128 (Q~, 27.2).
Anal. Calcd for CzH,0FsNQ: C, 61.54; H, 2.85; N, 3.99. Found:
C, 6198; H, 257; N, 3.75. TLC R,=0.69, hexane : ethylace-
tate=5:2, Si0,.

Stoichiometric Hydroacylation of Vinylcyclohe-
xane (2¢) with 1 Using Complex 5. Under the identical
reaction conditions with stoichiometric experimental section us-

Chul-Ho Jun e al.

ing 0.5 g (4.55 mmol) of 2¢ instead of 6, the reaction proceeded.
The final crude residue was purified by colum chromatogra-
phy to give 0058 g (78% overall vield) of 4c.

Stoichiometric Hydroacylation of 1-Hexene (22)
with 1 Using Comple 5. Under the identical reaction
conditions with stoichiometric experimental section using 0.5
g (2.6 mmol) of 22 instead of 6, the reaction proceeded. The final
crude residue was purified by colum chromatography to give
0.0539 g (80.2% overall yield) of 8-quinolinyl 1-hexyl ketone
{23) which was contaminated with trace amount (1.6% based
on 23} of 8-quinolinyl hex-2-yl ketone (24), determined by
GC-MSD and 24 cannot be clearly characterized. 23: 'H-
NMR (200 MHz, CDCl;) § (ppm) 894 (dd, /=16 Hz & 4.0
Hz, 1H, H-2 in quinoline group), 8.2-7.4 (m, 5H, quinoline),
3.3 {t. 2H, /=71 Hz, «-CH; to CO), 1.8-1.3 (m, 8H, -(CHy),-),
09 (t. /=70 Hz, 3H, -CHy); “C-NMR (505 MHz, CDCl,)
& (ppm) 150-121 (C’s of quinoline), 45 (a-CH, to CQ), 317,
290, 244 & 225 («(CH.)s-), 14.0 (-CHy); IR (neat) 2970, 2940,
2870, 1690 (C=0), 1600, 1560, 1505, 1472, 1365, 1275, 1250,
1170, 1120, 1065, 830, 785, 720, 540 cm™'; mass spectrum
m/e (assignment, relative intensity) 241 (M~, 6), 231 (M~
-CO, 8), 198 M*-C;Hy), 184 M*-C,H,, 67), 171 (QC(OH)=CH,,
21), 156 (QCO', 100.0), 128 (Q*, 39), TLC R,=0.67, hexane :
ethylacetate=5: 2, SiO..

Stoichiometric Hydroacylation of o-Methylstyrene
(26) with 1 Using Complex 5. Under the identical reac-
tion conditions with stoichiometric experimental section using 0.5
g (4.2 mmol} of 26 instead of 6, the reaction proceeded. The final
crude residue was purified by colum chromatography to give
0.0324 g (42% overall yield) of 8-quinolinyl 2-phenypropyl
ketone (27) 27: 'H-NMR (200 MHz, CDCly) 5 (ppm) 895
(dd, /=180 Hz & 4.2 Hz, 1H, H-2 in quinoline group), 8.2-
7.1 (m, 10H, quinoline & phenyl group), 3.8-34 (m, 3H, CH,-
CH), 1.35 (d, J=6.7 Hz, 3H, CHy); "C-NMR (50.5 MHz, CDCl5)
& {(ppm) 207 (C=0), 150-121 (C’s of quinoline & phenyl
group), 53.0 (a-CH, te €O0), 359 (B-CH to CO), 22.1 (CHy);
IR (neat) 3020, 2960, 2920, 1685 (s, C=0), 1590, 1565, 1490,
1450, 1270, 1165, 1050, 1010, 975, 828, 790, 760, 700 cm™’;
mass spectrum m/e {assignment, relative intensity) 275 (M*,
17), 170 (QCOCH,*, 41.8), 156 (QCO*, 49), 129 (QH*, 100).
Anal. Caled for C(HpNOQs: C, 82.88; H, 6.23; N, 5.09. Found:
C, 8290; H, 627; N, 521. TLC R,=0.64, hexane : ethylace-
tate=5:2, SiO..
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Two unknown values among three electrochemical values, fe. electrode area, diffusion coefficient, and concentration,
are simultaneously obtained by nonlinear regression analysis of a single chronoamperometric faradaic current curve
at a microdisk electrode, The approach is an analytical application of the semi-empirical equation presented by Shoup
and Szabo for the chronoamperometric response at a disk electrode. To demonstrate the usefulness and accuracy
of this approach, the chronocamperometric current at a platinum disk electrode of 50 um radius in solutions of Ru(NH,)}",

ferrocene, Fe(CNR~, and Ce, were analyzed.

Introduction

The chronoamperometric response at a disk electrode has
been studied for determination of the diffusion coefficient
of electroactive species'™. In most cases, at least two sepa-
rate measurements and the approximate expressions for ch-
ronoamperometric current were used. In this study, two un-
known parameters among diffusion coefficient (D), concent-
ration (C), and electrode radius (2), are simultaneously dete-
rmined from a single chronomperometric faradaic current
at a disk electrode of small radius.

In general, the physicochemical unknowns are obtained
by the endeavor to fit the experimental data with the propos-
ed model. Therefore, if the equation for the model is proven
to be accurate, it can be applied to obtain unknown values.
The diffusion controlled chroncamperometric response at a
disk electrode was solved by Ksenzhek ¢f al’ and Aoki ef
al®. The former describes the current function as an integral
equation of the 1st order Bessel function and the latter de-
scribes that as a serial sum of Gamma function. The calcula-
tion itself of these functions may be challenging. Therefore,
both are hardly applicable to fit the experimental data. A
simple semi-empirical nonlinear equation which is accurate
to 0.6% in arbitrary time domain was presented by Shoup
and Szabo®. In the electrochemical experiment where 1%
error is allowed, it may be regarded as a de facto solution.

In principle, since the accurate equation is known, it can
be applied to the experimental data for the analytical pur-
pose. It can be easily analyzed by the nonlinear curve fitting
or the nonlinear regression analysis using ubiquitous person-
al computers in electrochemical laboratories, especially a co-
mputer with a data acquisition hoard. In the potential step
experiment, the charging current is not negligible at the be-
ginning time, but quickly {exponentially) decreases with time®,
ie. i, % exp (—i(R.Cs)) where R, is the solution resistance
and C; is the double layer capacitance. Therefore, the time
domain for dominated faradaic current can be adjusted to
fit the Shoup and Szabo equation which describes the fara-
daic current at a disk electrode. The time domain can be
extended to very short time for the high concentration of
electroactive species and electrolytes. For the arbitrary con-
centrated solutions, the chronoamperometric faradaic current
should be obtained by the total current subtracted by non-
faradaic current which can be approximated from the current
in the same electrolyte solution without the electroactive
species and in the same experimental conditions. In this
work, the latter method is employed.

To demonstrate the usefulness and accuracy of the nonli-
near regression appreach, it is applied to the chronoampero-
metric faradaic current at a platinum disk electrode of 50
um radius in various solutions. In result, we report values
of diffusion coefficients of ferricyanide in agueous solution,



