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C-H bond activation is one of the recent interests in orga
nometallic chemistry1. Although the C-H bond of aldehyde 
can be easily cleaved by transition metals, subsequent decar
bonylation of the acylmetal hydride and reductive-elimina
tion of the resulting alkylmetal hydride gives alkane2. This 
decarbonylation can be prevented by cyclometallation, since 
a five-membered ring is the right size for a stable metallacy- 
cle complex3. The C-H bond activation of 8-quinolinecarboxa- 
Idehyde (1), a good cyclometallation substrate, by Wilkinson's 
complex (2) gives a stable acylrhodium(III) hydride (3) 
(Scheme I)4. This report describes the hydrometallation of 
the acylrhodium(IIl) hydride 3 into vinylcyclopropanes and 
subsequent ring-cleavage of the cyclopropyl group of the hy
drometallated intermediate complexes.

Compound 1 was allowed to react with a solution of 2 
in THF at room temperature for 15 min. The white precipi
tate was isolated in 95% yield with addition of pentane to 
the resulting reaction mixture and characterized as a stable 
acyl rhodium(III) hydride 3, the coordinatively saturated 
complex4. Addition of one equivalent of AgBF4 into the com
plex 3 in THF generated a vacant coordination site like 4,
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a coordinatively unsaturated 16-electron species, since Ag+ ab
stracted a chloride from 3 to afford precipitation of AgCl. 
Vinylcyclopropane5 was added to the solution of 4 and the 
reaction mixture was stirred for 30 min at room temperature 
to give a brown solution. Without further isolation of the 
complexes, the ligand promoted reductive-elimination6 of this 
resulting mixtures by trimethyl phosphite gave 8-quinolinyl 
pent-3'-enyl ketone (Ila) and 8-quinolinyl pent-B'-en^'-yl 
ketone (12a) in a 4:6 ratio in 92% overall yield, after chro
matographic isolation; Ila: XH-NMR (200 MHz, CDC13) 8 
(ppm) 8.9 (dd, J—4.2 Hz, J =1.8 Hz, 1H, H of C-2 in quino
line) 827.3 (m, 5H, Hs of quinoline) 5.5 (m, 2H, -CH=CH- 
)3.3 (t, J=7.5Hz, 2H, COCH2) 2.4 (m, 2H, -CH2-CH=) 1.6 
(d, 3H, =C・CH3); 13C-NMR (50.5 MHz, CDCk) 8 (ppm) ISO- 
121 (Cs of quinoline & -CH = CH-) 44.6 (s, C of a-CH2 to 
CO) 22.0 (s, C of p-CH2 to CO) 16.6 (s, C of CH3); 12a: 
】H・NMR (200 MHz, CDC13) 8 (ppm) 8.9 (dd, J=4.2 Hz, J =1.8 
Hz, 1H, H of C-2 in quinoline) 8.2-7.4 (m, 5H, Hs of quino
line) 5.5 (m, 2H, -CH=CH-) 4.5 (q, J=6.2 Hz, 1H, CO-CH) 
1.6 (dd, J=4.8 Hz, J=0.8 Hz, 3H, =C-CH3) 1.35 (d, J=6,8 
Hz, 3H, CO-C-CHs); 13C-NMR (50.5 MHz, CDC13) 150-121 
(m, Cs of quinoline & -CH—CH-) 503 (s, a-C to CO) 17.9 
(C of CH in =CH-CH3) 16.4 (C of CH3 in CO-CH-CH3); 
IR (neat) 2960, 2940, 1680, 1565, 1490, 1250, 963, 830 cmf 
mass spectrum, m/e: 225 (M+), 224 (M+ —l)t 210, 196, 156; 
TLC Rf— 0.50, hexane: ethylacetate—5:2, SiO2. Although the 

metal complexes were not completely characterized because 
of complication of the 파LNMR spectra for two complex mix
tures, the structures of the acylrhodium(III) pent-B^-enyl co
mplex (9a) and the acylrhodium(III)-n3-l,3-dimethylallyl com
plex (10a)7 were inferred from the reductive-elimination pro
ducts, Ila and 12a. Under prolonged reaction times (24 hrs) 
to allow complete isomerization of 9a, only 12a was isolated 
in 90% yield. Already the allyl-hydrido mechanism has been 
proposed for the isomerization of the acylrhodium(III) alke
nyl complexes to the acylrhodium(III) T]3-allyl complexes with 
some evidences7,8. One of the interesting features was the 
hydride addition into vinylcyclopropane in 5a. When vinylc
yclopropane was hydrometallated in 5a, two possible positio
nal isomers such as 6a and 8a might be formed. Even though 
6a has a higher stability owing to primary C-Rh bond compa
red with that of 8a which has a secondary C-Rh bond which 
causes more steric congestion, any evidence for generating 
6a or 7a has not been observed. Instead, the hydride in
serted into the terminal olefinic carbon of vinylcyclopropane 
in 5a to give the cyclopropylcarbinyl rhodium(III) complex 
(8a) as a transient intermediate, and the consecutive C-C 
bond cleavage of the cyclopropyl group afforded 9a. The rea
son for generating 8a, not 6a, is not clear, but the formation 
of the cyclopropylcarbinyl group of 8a and a subsequent 
ring-opening of the cyclopropyl group to generate the strain- 
free alkenyl group of 9a may give a driving force for this 
reaction. The ring-cleavages of the cyclopropyl-or cyclobutyl 
carbinyl rhodium(III) complexes generated from hydride inser
tion into methylenecyclopropane and methylenecyclobutane, 
have been reported8,9. The rapid isomerization of the cyclop
ropylcarbinyl radical to the allyl carbinyl radical is well 
known in free radical chemistry10. Since there are many evi
dences that both the 'insertion' and the hydrogenation reac
tion of the transition metal hydrides proceed via the radical 
pair mechanism rather than via conventional migratory inse
rtion processes11, it is possible to explain the formation of 
the stable secondary alkyl radical in 8a rather than that of 
the less stable primary alkyl radical in 6a with hydrogen 
atom transfer. The evidence for the radical formation by Rh- 
C bond homolysis12 due to the relatively weak Rh-C bond 
in the quinolinyl acylrhodium(III) alkyl complex may give 
a clue for the Rh-H bond homolysis to generate a hydrogen 
atom which can be transferred into olefin forming alkyl radi
cal. This kind of hydrogen atom transfer mechanism from 
the metal hydride complex to vinylcyclopropane has been 
proposed recently13.

Very interesting result was obtained from the reaction of 
4 and a-methyl vinylcyclopropane, more sterically hindered 
olefin than vinylcyclopropane, a-methyl vinylcyclopropane 
was added to the solution of 4 and the resulting solution 
was stirred overnight at room temperature to allow complete 
isomerization of 9b. Ligand-promoted reductive-elimination 
of the resulting dark brown solution of 10b by a mixture 
of pyridine and trimethylphosphite gave only 8-quinolinyl 4'- 
methyl-3,-en-2,-yl ketone (12b) in 97% yield after chromato
graphic isolation; 12b: 】H-MNR (200 MHz, CQ。6 (ppm) 
8.6 (dd, J=4.2 Hz, J =1.8 Hz, 1H, H of C-2 in quinoline) 
7.7-6.7 (m, 5H, Hs of quinoline) 5.3 (d, J=9.8 Hz, 1H, -CH=) 
4.9 (q, J=6.7 Hz, 1H( CO-CH) 1.5 (d, J 그 6.7 Hz, 3H, CO-C- 
CH3) 1.48 (s, 3H( C=C-CH3) 1.26 (s, 3H, C = C-CH3)； nC- 
NMR (50.5 MHz, Cd)6)5 (ppm) 150-121 (Cs of quinoline 
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& -CH = ) 47.1 (s, C of a-CH to CO) 25.6 (s, C of CH3 in 
= C-CH3) 18 (s, C of CH3 in =C-CH3) 16.8 (s, C of CH3 
in CO-CH-CH3); IR (neat) 3040, 2970, 2930, 2870, 1690, 1570, 
1492, 1450, 1375, 1260, 1170, 1065, 955, 825, 795 cm-1; mass 
spectra, m/e; 239 (M+)t 224 (M+-CH3), 211 (M+-C0), 156, 
128; TLC，=0.55, hexane; ethylacetate=2;5r S1O2. The reac
tion mechanism is similar to that of vinylcyclopropane. Hy
drogen addition to the terminal olefinic methylene group of 
a-methyl vinylcyclopropane in 5b gave 8b, a sterically much 
more congested cyclopropylcarbinyl complex than 6b. Ring
opening of cyclopropyl group of 8b and subsequent isomeri
zation of the resulting 9b gave 10b. Above hydride insertion 
reaction, 5 to 8, follows the Markovnikov's rule which is 
the unusual cases for the hydrometallation due to the steric 
hindrance. All these results confirm the radical involvement 
in hydrogen atom insertion in 5 to generate secondary or 
tertiary alkyl complexes of 8. More detailed mechanistic in
vestigation is under study.
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2,3»5-Trimethyl-l(4-hydroquinone (2), an intermediate for

Table 1. Products (yields, %) Formed on Treatment of Isopho
rone (6), 4-hydroxyisophorone (7) and 4-oxoisophorone (1) with 
Sulfuric Acid

Products, yields (%)
Starting material 3 4 5 11 12 13 14

isophorone (6) — — — 46 1 9 1
4-hydroxyisophorone(7) ---11 36 23 2
4-oxoisophorone (1) 37 24 7 一 — _ _

O OH o p/kc OH

느--凄如
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Scheme 1.

the production of vitamin E1, is being prepared by rearrange
ment of 4-oxoisophorone1, or by oxidation of trimethylphenols2, 
isophorone38, or 2,5,6-trimethyl-2-cyclohexen-l-one3b. Thus, 
much attention has been paid to the preparation of 4-oxoiso
phorone4, or trimethylphenols53. During our investigation on 
the method for the production of 2,3,5-trimethyl-lt4-hydro- 
quinone (2)6, we found that 4-oxoisophorone (1) was conver
ted to the 2,3(5-trimethyl-l,4-hydroquinone under an acidic 
conditionlb. Thus, we examined the products formed from 
isophorone and 4-hydroxyisophorone when treated similarly 
with sulfuric acid, and isolated many products which seemed 
to be formed by multiple oxidations and rearrangements. 
The results are summarized in Table 1.

As shown in Table 1, when 4-oxoisophorone (1) was dis
solved in acetic anhydrde to give a 5% solution and added 
with concentrated sulfuric acid (5 e이) portion by portion at 
room temperature, 2,3,5-trimethyl-l,4-benzoquinone (3), 2,3,5- 
trimethyl-4-acetoxyphenol (4), and 2,3,6-trimethyl-4-acetoxy- 
phenol (5) were isolated in 37%, 24% and 7% yields, respec
tively7. However, 4-hydroxyisophorone (7) was converted to 
completely unexpected products under a similar treatment 
of sulfuric acid; 3,4,5-trimethylphenol (13)다〉, 2t3.5-trimethyl- 
phenol (14), 3,4,5-trimethyl-lt2-hydroquinone (12)7, and 4,5- 
dimethyl-3-hydroxymethylphenol (ll)7 were isolated in 23%, 
2%, 36%, and 11% yields, respectively. Treatment of isopho
rone (6) with sulfuric acid gave similar products as in the 
case of 4-hydroxyisophorone (7); 3,4»5-trimethylphenol (13),
2.3.5- trimethylphenol (14), 4,5-dimethyl-3-hydroxymethylphe- 
nol (11) and 3t4,5-trimethyl-l,2-hydroquinone (12) were iso
lated in 9%, 1%, 46%, and 1% yields, respectively. The reac
tion proceeded at room temperature in 3-4 hrs.

Clearly, the products obtained from 4-oxoisophorone (1) 
should occur by an acid catalyzed rearrangement to give
2.3.6- trimethyl-l,4-hydroquinone (2), which was further oxi
dized or acetylated to the final products. However, formation 
of the prducts obtained from 4-hydroxyisophorone (7) and 
from isophorone (6) was not mechanistically quite clear. The 
phenols (11-14) obtained from isophorone (6) seemed to be 
produced by multiple oxidations of the carbonium ions for
med by protonation on the oxygen atom of the carbonyl 
group followed by rearrangements (Scheme 2).

To prove the multiple oxidative rearrangement mecha-


