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NMR 6 3.67 (s, 2 H) [3.64 (AB q, 2 H, J = 16.6 Hz)], 2.43 (dt,
1H,J=42,15.0 Hz) [2.61 (dt, 1 H, J = 4.2, 15.0 Hz), 2.12-1.10
(m, 6 H), 1.02 (s, 3 H) [1.07 (s, 3 H)], 0.98 (s, 3 H) [0.92 (s, 3 H)],
0.90 (s, 3 H); 13C NMR 4 172.4, 101.0, [101.6], 55.6 [54.6], 49.4
[49.0], 47.7, 45.6 [45.1], 33.3 [31.9], 29.6 [31.6], 26.5, 20.5, 20.3
[21.0], 11.6 [9.8]. Anal. Calced for C;;H,;40,8: C, 63.67; H, 8.01.
Found: C, 63.74; H, 7.91.

Hydrolysis and Cyclization of 5b. In exactly the same
manner as described above for 5a, ester 5b was converted to 6b
(53%). Gas chromatographic analysis of (column B) 6b again
showed two peaks. The NMR spectra clearly indicated the
presence of two diastereomers in a ratio of 3:2: 'H NMR 4 4.10
(q,1H,J =7.3Hz) [3.95(q, 1 H, J = 7.0 Hz)], 2.65-1.60 (m, 7
H), 1.54 (d, 3 H, J = 6.9 Hz) [1.55 (d, 3 H, J = 7.0 Hz)}, 0.97 (s,
3 H) [1.04 (s, 3 H)], 0.93 (s, 3 H) [0.99 (s, 3 H)], 0.91 (s, 3 H) [0.90
(s, 3 H)]. Anal. Calcd for C,3H,,0,S: C, 64.96; H, 8.38. Found:
C, 64.47; H, 8.26.

Preparation and Hydrolysis of 5¢. In the same manner as
described for the preparation of 5a, thione 1 was alkylated with
ethyl 2-bromophenylacetate to afford, after chromatography (20%
ether in petroleum ether as eluant), a 62% yield of 5¢ as a 1:1
mixture of diastereomers. The major impurity was diethyl 2,3-
diphenylfumarate: 'H NMR 6 7.6-7.1 (m, 5 H), 5.60 (dd, 1 H,
J =16.3, 3.3 Hz), 4.84 (d, 1 H, J = 19.6 Hz), 3.70 (m, 2 H), 2.41
(m, 1 H), 1.90-0.65 (m, 13 H).

Hydrolysis of 5¢ according to the method outlined for 5a and
5b led to a mixture of compounds. The NMR of this mixture
showed only two absorptions in the region of 5.0-6.0. Therefore
it can be stated that only two of the four possible stereoisomers
of 6¢ were formed.
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Introduction

Fatty acids and their derivatives (esters, alcohols,
amines) are important chemicals which mostly originate
from natural oil and fats except for fatty alcohols which
are produced synthetically.? |

Synthetic fatty acids are available by ethylene oligom-
erization (Alfen® and Shop* processes) followed by various

(1) Part 1 of the series Carbonylation of Organic Allyl Moieties.

(2) Kirk-Othmer Concise Encyclopedia of Chemical Technology;
Grayson, M., Ed.; Wiley: New York, 1985; pp 52-55 and 217-220.
Hofmann, P.; Kosswig, K.; Schaefer, W. Ind. Eng. Chem. Prod. Res. Dev.
1980, 19, 330. Hofmann, P.; Miller, W. H. E. Hydrocarbon Process. 1981,
60, 151,

(3) Weissermerl, K.; Harpe, H. J. Chimie Organique Industrielle;
-Masson: Paris, 1981; pp 68-76.
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oxo processes (hydroformylation, hydrocarbonylation, ...).5
These methods afford a distribution of linear fatty acids
with odd carbon numbers which are often contaminated
by less valuable regioisomers.

The preparation of a specific linear carboxylic acid can
be achieved by applying the above—mentioned oxo methods
to a particular olefin®® and by various chemical methods,’
the most valuable of which being the oxidative cleavage
of the carbon-carbon double bond of a terminal olefin by
neutral permanganate under phase-transfer conditions.?
However, these methods require the synthesis or the sep-
aration of a given starting olefin.

We report here an alternative synthesis, based on 1,3-
butadiene, of two useful linear carboxylic esters and hence
carboxylic acids, namely, pelargonic and margaric acid
methyl esters, through a telomerization—carbonylation—
hydrogenation sequence.

We previously described that mixtures of 1,3-butadiene
and methanol can be easily transformed, with the aid of
a cationic palladium catalyst, to telomers with an even
number of butadiene units, with predominant formation
of Cg (n = 2;20%) and Cy¢ (n = 4; 34%) telomers (eq 1).°

n N + MeOH
~<F’d] VAN T R R TR R T OMe

[—— . n=246 (1)
80°C OMe

= SN Z
From the reaction mixture, we were able to separate a Cg
fraction which contained 1l-methoxyocta-2,7-diene (1)
(90%) and 3-methoxyocta-1,7-diene (2) (10%) and a Cy;4
fraction which consisted of 1-methoxyhexadecatetraene 3
(8%), 3-methoxyhexadeca-1,6,10,15-tetraene (4) (87%),
and a hexadecapentaene (5%) (see Experimental Section).

We therefore envisioned that the carbonylation of these
allylic ethers, followed by a hydrogenation step, could be
a simple way to produce the corresponding saturated esters
(eq 2). Carbonylation of allylic derivatives can be per-

RS Me G0 R~ coome _Ha |
R\/\/COOMG @)

formed by using cobalt,' iron,® rhodium,''2 nickel,1%13-15
platinum,!'® and mainly palladium?!'7-2 catalysts and has

(4) Freitas, E. R.; Gum, C. R. Chem. Eng. Prog. 1979, 75, 73. Lutz,
E. F. J. Chem. Educ. 1986, 63, 202.

(8) Cornils, B. New Synthesis with Carbon Monoxide; Falbe, J., Ed.;
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York, 1985; p 1157.

(8) Lee, D. G.; Shannon, E. L.; Chang, V. S. Org. Synth. 1981, 60, 11.

(9) Grenouillet, P.; Neibecker, D.; Poirier, J.; Tkatchenko, . Angew.
Chem., Int. Ed. Engl. 1982, 21, 767.
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Table I. Carbonylation of Mixtures of Allylic Ethers 1 + 2¢
expt catalyst precursor (mmol) solvent (mL) temp, °C CO pressure, atm reactn time, h 5 %
1 Pd(dba), (0.17) MeOH (2) 80 20 20 0
PPh, (0.17)
2 Pd(dba), (0.34) MeOH (2) 80 20 20 0
PPh, (1.33) PhMe (8)
3 Pd(dba), (0.34) PhMe (8) 120 20 20 0
PPh, (1.33)
4 Pd(OAc), (0.33) MeOH (2) 120 20 20 0
PPh; (1.33) PhMe (8)
5 Pd(OAc), (0.33) PhMe (8) 120 20 20 10
PPhy (1.33)
6 Pd(OAc), (0.33) PhMe (8) 120 60 20 0
PPh, (1.33)
7 Pd(OAc), (0.33) PhMe (8) 150 20 20 0
PPh, (1.33)
8 PdCl, (1.0) MeOH (2) 100 30 20 12
PhMe (8)
9 6 (0.5) CCl, (8) 100 30 20 25
PhMe (8)
10 6 (0.5) CClL, (8) 100 30 20 0
MeOH (8)
11 6 (0.5) CClL, (8) 120 30 20 10
PhMe (8)
12 6 (0.5) CCl, (8) 100 40 40 50
PhMe (8)
13 6 (0.5) MeOH (8) 100 30 20 9
. 50 28
14 6 (0.5) PhMe (8) 100 30 50 52
90 72
190 80
15 6 (0.5) PhMe (8) 120 30 20 17
90 34

¢ All reactions were carried out with 50 mmol of 1 + 2. ®Yields were determined by GC analysis.

already been reported in the case of chlorides,!1:18-1617-19.27
alcohols,!161719.28 gmineg, ! esters,17192526:28 carhonates, 222
and phosphates.1#?® However, the carbonylation of allylic
ethers has received much less attention and was examined
only for short-chain cases. Tsuji and co-workers first de-
scribed the carbonylation of allyl ethyl ether to ethyl
but-2(or 3)-enoate (total yield 65%) in the presence of 5
mol % of PdCl, at 80 °C under 100 atm of carbon mon-
oxide.l” Later, Medema and co-workers reported that the
reaction could be more easily performed at 90 °C under
80 atm of carbon monoxide in toluene or CCl, as solvent
by using [(3*-allyl)PdCl]}, as a catalyst precursor.’® More
recently, Chan disclosed the carbonylation of 1,4-dimeth-
oxybut-2-enes as a route to dimethyl dihydromuconates
and hence to dimethyl adipate by the use of chloro-con-
taining palladium compounds in aprotic polar nonbasic
solvents,? and Hanes and Baugh claimed the carbonyla-
tion of 8-methoxy-1,6-octadiene to the corresponding ester
in the presence of nickel halides as catalyst at 150 °C under
150 atm of carbon monoxide.!0

Results and Discussion

The reaction of 1 + 2 mixtures with carbon monoxide
(eq 3) was attempted with various palladium catalyst

(21) Tsuji, J.; Sato, K.; Okumoto, H. J. Org. Chem. 1984, 49, 1341.

(22) Yamamoto, K.; Deguchi, R.; Tsuji, J. Bull. Chem. Soc. Jpn. 1985,
58, 3397.

(23) Himmele, W.; Hoffmann, W.; Janitschke, L. Ger. Offen. 3345375,
1985,

(24) Chan, A. S. C. Chem. Eng. News 1984, 62, 28. Chan, A. S. C;
Morris, D. E. U.S. Patent 4611082, 1986.

(25) Koyasu, Y.; Matsuzaka, H.; Hiroe, Y.; Uchida, Y.; Hidai, M. J.
Chem. Soc., Chem. Commun. 1987, 575.

(26) Kljl, J.; Okano, T.; Ono, L; Komshl, H. J. Mol. Catal. 1987, 39,

55.

(27) Kiji, J.; Okano, T.; Nishiumi, W.; Konishi, H. Chem. Lett. 1988,
957

(28) Murahashi, S.-1.; Imada, Y.; Taniguchi, Y.; Higashiura, S.-Y.
Tetrahedron Lett. 1988, 29, 4945,

precursors under various conditions in order to optimize
the yield of methyl nona-3,8-dienoate (5) (Table I). The

NN R OMe
] co
— M/\ COOMe (3)
OMe 5
W

use of Pd(0)/PPhy or Pd(II)/PPh; combinations which
were reported to be good catalytic systems for the carbo-
nylation of allylic esters,?® carbonates,?* or phosphates?®
completely failed (experiments 1-4, 6, and 7) or gave poor
results (experiment 5). Similarly, PdCl, afforded a low
yield of ester 5 (experiment 8). As stated by Medema and
co-workers,'® [(7°-methyl-2-allyl) PdCl], (6) was found to
be a better carbonylation catalyst. However, working with
CCl, or CCl -containing mixtures as solvent led to low
yields of ester 5 although the starting materials 1 + 2 were
completely consumed (experiments 9-12). Apart from the
ester 5, we were able to characterize by mass spectrometry
chlorinated ethers and esters resulting from the addition
of CCl, to the starting ethers and to the produced ester.
This result may be rationalized from the fact that CCl, is
known to add to olefins in the presence of palladium? or
ruthenium?® catalyst and to react with olefins and carbon
monoxide in the presence of palladium catalysts.®
Therefore, the terminal double bonds in 1 and 2 are more
reactive toward CCl, than the allylic C-O bond toward
carbonylation.

Avoiding CCl,, it appeared that the best solvent was
toluene (experiments 13-15). In that solvent (experiment
14), mixtures of ethers 1 + 2 reacted cleanly with carbon

(29) Tsuji, J.; Sato, K.; Nagashima, H. Tetrahedron 1985, 41, 393.

(30) Grigg, R.; Devlin, J.; Ramasubbu, A.; Scott, R. M.; Stevenson, P.
J. Chem. Soc., Perkin Trans. 1 1987, 1515.

(31) Tsuji, J.; Sato, K.; Nagashima, H. Tetrahedron 1985, 41, 5003.
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Scheme I°
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monoxide to afford only methyl nona-3,8-dienoate (5),
which could be easily isolated in fair yields (70%) through
distillation. The most crucial reaction parameter is tem-
perature. The highest yield was obtained at 100 °C (ex-
periment 14). At temperatures higher than 100 °C, de-
composition of the catalyst precursor 6 to metallic palla-
dium occurred, thus leading to lower yields of ester 5 and
to side reactions (experiment 15). Thus, the optimal
conditions are 100 °C and 30 atm of carbon monoxide.

The isolated ester 5 was then hydrogenated over Adams
platinum to afford quantitatively methyl pelargonate.
Taking into account that the methoxyoctadienes 1 + 2 are
available in nearly quantitative yields from 1,3-butadiene
and methanol mixtures through Pd(0)/PPh; catalysis, the
above reaction sequence represents an easy and efficient
synthesis of either methyl nona-3,8-dienoate or methyl
pelargonate from very accessible feedstocks.

The most important feature of the carbonylation reac-
tion is to provide the linear ester 5 from either the linear
1 or the branched 2 allylic ether. We therefore thought
that the carbonylation of the above-mentioned C,; fraction
which contains mostly the branched ether 4 and a small
amount of the linear ether 3 could give rise to the same

methyl ester of heptadecatetraenoic acid (eq 4). Ac-
OMe
//\/\/\\M/\)\?
4 CO, NN RN CO0Me  (4)
PR N OMe 7

3

cordingly, carbonylation of the C,q fraction under condi-
tions of experiments 14 (Table I) afforded, after 70 h, a
single product in 50% isolated yield tentatively described
as methy! heptadeca-3,7,11,16-tetraenoate (7). Full hy-
drogenation of the isolated ester 7 furnished in quantitative
yield a single product in all respects identical with methyl
margarate.

Thus, we have demonstrated that the carbonylation of
allylic ethers, easily available from 1,3-butadiene, can be
an effective way for a total synthesis of pelargonic and
margaric acid methyl esters.

The mechanism of the carbonylation reaction is pres-
ently unclear. On the basis of our results, it can be inferred
that Pd-Cl bonds are a prerequisite for good catalytic
activity to be observed. Their role is possibly to provide
the reaction medium with hydrochloric acid, which can
activate the oxidative addition of the allylic C~O bond onto
a palladium(0) or palladium(II) catalyst by protonation
of the oxygen atom giving rise to allylic complexes 8 and
9. The oxidative addition of allyl acetate or allyl phenyl
ethers in the presence of zero-valent palladium?® or nickel®
complexes has already been described but does not require
the assistance of a proton source. In our case, the presence

(32) Yamamoto, T.; Saito, O.; Yamamoto, A. J. Am. Chem. Soc. 1981,
103, 5600. Yamamoto, T.; Akimoto, M.; Yamamoto, A. Chem. Lett. 1983,
1725.

(33) Yamamoto, T.; Ishizu, J.; Yamamoto, A. Chem. Lett. 1979, 1385.
Yamamoto, T.; Ishizu, J.; Yamamoto, A. J. Am. Chem. Soc. 1981, 103,
6863.

of hydrochloric acid may be necessary to improve the poor
leaving-group character of the methoxy group and to fa-
cilitate the formation of 8 and 9. The intermediacy of
complexes 8 and 9 would explain the obtention of only one
ester from mixtures of either 1 + 2 or 3 + 4. From these
intermediates, the insertion of carbon monoxide could
occur into the Pd-X bond leading to 10 or more probably
into the Pd-C bond of the 5'-allylic complex 9 leading to
11 as it has recently been demonstrated® by migration of
either carbon monoxide or the n'-allyl group.®® The final
step is the reductive elimination to give the acid deriva-
tives. At the same time, the catalytically active species
is regenerated (Scheme I).

Finally, although the catalytic system should be im-
proved with respect to catalyst activity, we feel that it can
be applied to other allylic ethers than those described in
this paper. As allylic alcohols and therefore allylic ethers
are easily available, the carbonylation reaction described
here represents a good synthetic method for linear car-
boxylic acids.

Experimental Section

General Procedure. 'H NMR spectra were recorded on a
Bruker CW 80 spectrometer in CDCl; solution at 80 MHz using
tetramethylsilane as internal standard. Data are reported in the
following form: & value of signal (peak multiplicity, number of
protons, attribution). Infrared spectra were obtained on a Per-
kin-Elmer 597 spectrophotometer as neat liquid. GC analyses
were performed on an Intersmat IGC 120 flame ionization detector
gas chromatograph fitted with a 1.5 m X 1/4 in. column (10% SE
30 on Gas Chrom Q, 80-100 mesh) working in the range 70-250
°C (10 deg min™) with N, as carrier gas (flow rate 20 mL min™),
the injector and detector temperatures being respectively 300 and
250 °C. Yields of esters 5 and 7 were determined relative to
respectively tetradecane and dodecane as internal standards.
Reactions under pressure were performed in homemade 100- or
300-mL glass-lined stainless steel autoclaves magnetically stirred
and conventionally equipped. Boiling points are uncorrected.

Starting Materials. All solvents were carefully dried, distilled,
and stored according to literature procedures.® Similarly, all
reagents were stored under argon after distillation or recrystal-
lization. Carbon monozxide (N20) and hydrogen U were available
from P'Air Liquide. Triphenylphosphine (Janssen Chimica, 98%)
was recrystallized from methanol. PdCl, and Pd(OAc), were
commercially available from Johnson Matthey, Pd(dba),;*" and
[(n*-methyl-2-allyl)PdCl],% (6) were prepared according to the
literature. )

Synthesis of Mixtures of 1 + 2 and 3 + 4.° Pd(dba), (0.25
mmol, 115 mg) and [(2-methylallyl)oxy]tris(dimethylamino)-
phosphonium hexafluorophosphate® (0.25 mmol, 95 mg) were
weighed in a 100-mL autoclave under argon. Toluene (10 mL)
was added and the mixture stirred for 2 h, a procedure known
to generate a cationic (n°-allyl)palladium complex.¥ Methanol

(34) Matsuzaka, H.; Hiroe, Y.; Iwasaki, M.; Ishii, Y.; Koyasu, Y.; Hidai,
M. Chem. Lett. 1988, 377.

(35) Koga, N.; Morokuma, K. J. Am. Chem. Soc. 1986, 108, 6136.

(36) Perrin, D. D.; Armarengo, W. L. F. Purification of Laboratory
Chemicals, 3rd ed.; Pergamon Press: New York, 1988,

(37) Rettig, M. F.; Maitlis, P. M. Inorg. Synth. 1977, 17, 134.

(38) Dent, W. T.; Long, R.; Wilkinson, A. J. J. Chem. Soc. 1964, 1585.

(39) Neibecker, D.; Castro, B. J. Organomet. Chem. 1977, 134, 105.

(40) Grenouillet, P.; Neibecker, D.; Tkatchenko, 1. Inorg. Chem. 1980,
19, 3189.
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(75 mmol, 3 mL) was introduced, and buta-1,3-diene (300 mmol,
16.2 g) was distilled into the autoclave cooled at —20 °C. Heating
for 20 h at 80 °C gave rise to a total conversion of butadiene. GC
and GC-MS analysis of the crude reaction mixture revealed the
formation of small amounts of butadiene dimers (4-vinylcyclo-
hexene, octa-1,3,6- and -1,3,7-triene) (2%), Cg telomers (m/z =
140) (20%), a small amount of a C,; telomer (m/z = 194) (1%),
a small amount of a butadiene tetramer (m/z = 216) (3%), and
Cig telomers (m/z = 248) (34%) together with some higher oli-
gomers and telomers. Distillation of the reaction mixture afforded
a low-boiling fraction (bp 50-55 °C, 1 Torr) and a high-boiling
fraction (bp 50-60 °C, 10~2 Torr).

The low-boiling fraction consisted of a mixture of 1 (30%) and
2 (10%), which were identified by comparison of their GC re-
tention time and spectral data :H NMR, MS) with those of
authentic samples.4!

The high-boiling fraction was analyzed by GC and GC-MS and
found to be a mixture of a butadiene tetramer (m/z = 216) (5%)
and two Cyq telomers (m/z = 248) 3 (8%) and 4 (87%). Distillation
of this fraction gave pure compound 4, which presented the
following spectroscopic properties: IR (neat) 1640, 1100, 990, 970,
920 cm™%; 'H NMR (CDCl;) 8 1.3~1.7 (m, 4 H, CH,), 1.8-2.3 (m,
10 H, allylic), 3.3 (s, 3 H, CHy), 3.55 (g, 1 H, CHO, J = 6 Haz),
4.9-6.0 (m, 10 H, HC==); mass spectrum, m/z (relative intensity)
248 (M*, 0.4), 216 (M* - MeOH, 0.6), 107 (43), 79 (86), 71 (100),
67 (61), 41 (64).

Hydrogenation of compound 4 over Adams platinum gave
quantitatively 3-methoxyhexadecane, which was identical (IR,
IH NMR, MS, GC retention time) with an authentic sample
prepared from commercial 3-hexadecanol.

From these data, compound 4 is 3-methoxyhexadeca-1,6-
(7),10(11),15-tetraene. However, the characterization of 4 as
3-methoxyhexadeca-1,6,10,15-tetraene is favored on the basis of
mechanistic studies.*?

Column chromatography of a sample of the high-boiling fraction
on silica gel eluting with 5% ethyl acetate in cyclohexane afforded
a mixture of compounds 3 and 4 (1/3). 'H NMR spectroscopy
showed the resonances of compound 4 and resonances as § 3.25
(s, 3H, CH3) and 3.80 (d, 2 H, CH,,0, J = 4 Hz). Hydrogenation
of this mixture quantitatively furnished a mixture of 1-meth-
oxyhexadecane and 3-methoxyhexadecane, identified by com-
parison (GC retention time) with authentic samples prepared from
commercial 1- and 3-hexadecanol, respectively. From these data,
compound 3 is a 1-methoxyhexadeca-3,x,x,x,-tetraene.

Alternatively, the methoxyoctadienes were synthesized as
follows.

Preparation of 1-Methoxyocta-2,7-diene (1) and 3-Meth-
oxyocta-1,7-diene (2). Pd(dba), (0.3 mmol, 172 mg) and PPh,
(0.6 mmol, 157 mg) were weighed in a 300-mL autoclave under
argon. Methanol (80 mL) was introduced, and buta-1,3-diene (90
mL, 55 g, 1 mol) was distilled into the autoclave cooled to —20
°C. After heating at 80 °C for 20 h and cooling, the reaction
products were submitted to distillation to afford 63 g (90%) of
a mixture of 1 (97%) and 2 (3%), bp 62-68 °C (13 Torr), whose
spectral data are in agreement with the reported values.*

Procedure for the Carbonylation Reaction. The catalyst
precursor was weighed in a 100-mL autoclave under argon. A
solution of the Cgq fraction (50 mmol, 7 g) or of the C 4 fraction
(20 mmol, 5 g) was introduced, and the autoclave was pressurized
with carbon monoxide and heated to the temperature reported
in Table I. After the desired reaction time, the products were
analyzed by GC or isolated through distillation.

Methyl Nona-3,8-dienoate (5). Distillation of the products
of experiment 14 afforded 5.88 g (70%) of methyl nona-3,8-die-
noate, bp 90-100 °C (17-18 Torr), which was identical (IR, 'H
NMR, GC) with an authentic sample prepared according to ref
43.
Methyl Heptadeca-3,7,11,16-tetraenocate (7). Distillation of
the reaction products afforded 2.78 g (50%) of methyl heptade-

(41) Takahashi, S.; Shibano, T.; Hagihara, N. Bull. Chem. Soc. Jpn.
1968, 41, 454. Beger, J.; Reichel, H. J. Prakt. Chem. 1973, 315, 1067.

(42) Poirier, J. Thesis, Docteur Ingenieur, Lyons, 1981. Neibecker, D.;
Poirier; J., Tkatchenko, L., to be published.

(43) Kiji, J.; Okano, T.; Odagiri, K.; Ueshima, N.; Konishi, H. J. Mol.
Catal. 1983, 18, 109.

ca-3,7,11,16-tetraenocate, bp 120-124 °C (1 Torr), which presented
the following spectroscopic properties: IR (neat) 1740, 1640, 990,
970,910 cm™; *H NMR (CDCly) 6 1.3-1.7 (m, 2 H, CH,), 1.8-2.3
(m, 12 H, allylic), 3.05 (m, 2 H, CH,CO,Me), 3.7 (s, 3 H, CHj),
4.8-5.1 (m, 2 H, =CH,), 5.3-5.8 (m, 7 H, HC=CH).

Hydrogenation of 5 and 7. A solution of compound 5 or 7
(0.5 mmol) in hexane (4 mL) was introduced in a 100-mL autoclave
containing Adams platinum (20 mg). The autoclave was pres-
surized with hydrogen (30 atm) and heated to 50 °C for 4 h. After
filtration of the cooled solution through Celite and evaporation
of the solvent, a quantitative yield of methyl pelargonate or methyl
margarate was obtained. Their IR and 'H NMR spectra and their
GC retention times were identical with those of commercial
products (Fluka).
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The pioneering studies of Rice and co-workers? estab-
lished that 1-metallacyclohexan-4-ones could be efficiently
converted to the pharmacologically important 2-aza-8-
metallaspiro[4.5]decanes. “Spirogermanium” (2), for ex-
ample, is reported to have antitumor, antiarthritic, anti-
malarial, and immunoregulatory activity® and is available
in several steps from 1,1-diethyl-1-germacyclohexan-4-one
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For some time, we have had an interest in the prepa-
ration and chemistry of such metallacyclohexan-4-one
systems (1).* After finding the reported methods to this
and other ring systems to involve many steps and give low
overall yields,?® we took advantage of several newer or-
ganoborane-based routes to cyclic ketones and applied
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