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mixture was concentrated in vacuo. The residue was digested
with hot hexane. The hexane was evaporated, leaving the crude
urethane which was recrystallized from ethyl acetate—hexane
mixed solvent to afford pure 10: 0.32 g, 57%; mp 133-134 °C;
H NMR (CDCly) 6 1.3 (s, 9 H), 1.51 (AB, J,5 = 11 Hz, 1 H), 2.26
(AB, J,p = 11 Hz, 1 H), 2.9-3.7 (m, 7 H), 5.1 (s, 1 H); 13C NMR
(CDCly) 6 28.34 (q), 35.29 (d), 37.67 (t), 42.22 (d), 43.57 (d), 45.30
(d), 45.96 (d), 47.31 (d) 58.14 (d), 67.14 (s), 80.20 (s), 128.36 (s),
154.14 (s); IR (KBr) 3330 (s), 2980 {m), 1660 (vs), 1550 (vs), 1360
(m), 1185 (s), 785 (m) cm™; mass spectrum (70 eV), m/e (relative
intensity) (no molecular ion), 235.15 (3.8), 189.05 (10.0), 115.05
(9.1), 66.05 (21.6), 64.95 (10.0), 59.05 (32.9), 57.05 (100.0), 56.05
(15.9), 55.05 (11.1), 53.05 (12.0), 50.95 (15.4), 43.95 (31.2), 43.05
(11.5), 41.05 (59.3).

Anal. Caled for C;;H;gN3Oq: C, 53.41; H, 5.68. Found: C, 53.67;
H, 5.55.

3,5,5-Trinitropentacyeclo[5.3.0.026,0310,0*%]decane (1). Ur-
ethane 10 (100 mg, 0.297 mmol) was dissolved in dry methanol
(10 mL). This solution was cooled via external application of a
dry ice-acetone bath, and dry hydrogen chloride gas was bubbled
through the solution for 8 h. The reaction mixture was then
allowed to warm to ambient temperature and was stirred over-
night. The reaction mixture was then concentrated in vacuo, and
the residue was washed with hexane. A colorless microcrystalline
solid, 5,5-dinitropentacyclo[5.3.0.026,0%10,048]decyl-3-amine hy-
drochloride, (11, 73 mg, 90%), mp >200 °C, was thereby obtained.

Amine salt 11 (250 mg, 0.91 mmol) was dissolved in water (10
mL}), and the resulting aqueous solution was extracted with ether
to remove organic contaminants. The aqueous solution was
rendered basic by careful addition of excess saturated aqueous
sodium bicarbonate solution. The resulting turbid mixture was
extracted with ether (20 mL). The ether extract was washed
successively with water and with brine, dried (anhydrous sodium
sulfate), and filtered, and the filtrate was concentrated in vacuo.
The free amine, 12 (210 mg, 82%), was thereby obtained.

A solution of amine 12 (210 mg, 0.886 mmol) in dichloroethane
(2 mL) was added dropwise to a refluxing solution of m-chloro-
perbenzoic acid (611 mg, 3.54 mmol) in dichloroethane (10 mL).
After all of the amine had been added, refluxing was continued
for an additional 3 h. The reaction mixture was then cooled to
room temperature, and methylene chloride was added. The
resulting mixture was washed sequentially with dilute aqueous
sodium bicarbonate solution, with water, and with brine, dried
(anhydrous sodium sulfate), and filtered, and the filtrate was
concentrated in vacuo. The residue was recrystallized from ethyl
acetate—hexane mixed solvent, furnishing 1 (150 mg, 61.3%) as
a colorless microcrystalline solid, mp 191-192 °C: 'H NMR
(CDCly) 6 1.70 (AB, Jp = 9.5 Hz, 1 H), 2.29 (AB, J,5 = 9.5 Hz,
1 H), 2.9-3.4 (m, 3 H), 3.45-3.68 (m, 1 H), 3.7-3.9 (m, 2 H), 4.0-4.2
(m, 1 H); 3C NMR (CDCl,) 6 35.23 (d), 37.99 (t), 42.43 (d), 43.19
(d), 44.93 (d), 46.66 (d), 50.72 (d), 58.79 (d), 92.11 (s), 126.24 (s);
IR (KBr) 3000 (m), 1550 {(vs), 1510 (vs), 1350 (vs), 1320 (s) cm™;
mass spectrum (70 eV), m/e (relative intensity) (no molecular
ion), 175.05 (38.1), 144.05 (20.2), 129.05 (26.4), 128.05 (63.8), 127.05
(32.7), 117.05 (40.6), 116,05 (53.1), 115.05 (100.0), 105.05 (31.9),
103.05 (31.1), 102.05 (27.5), 91.05 (61.9), 79.05 (33.2), 78.05 (24.8),
77.05 (69.7), 66.05 (52.3), 65.05 (41.7), 54.95 (42.2), 51.05 (63.8).

Anal. Caled for C;gHgN;Og: C, 44.95; H, 3.40. Found: C, 45.08;
H, 3.59.
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The formation of basic species from probasic compounds
(PB) under the conditions of electroreduction has attracted
much attention from mechanistic and synthetic points of
view, though only limited types of PBs such as azo-
benzenes,? a,8-unsaturated compounds,®® and oxygen®1°
have been reported in the latter case so far. We have
previously reported that a novel electrogenerated base
(EGB, 2) is formed by the cathodic reduction of 2-
pyrrolidone (1) in DMF (Scheme I), and 2 is effective in
promoting the aldol condensation of aldehydes,!! the
Stevens rearrangement,'? and the condensation of chlo-
roform with aliphatic aldehydes.!?

In this paper, we report that 2 is also effective as a
catalyst to promote a-alkylation of methyl arylacetates
leading to the synthesis of some a-alkylarylacetic acids
which possess high antiinflammatory and analgesic activ-
ities, 1415

Although one of the most convenient methods for the
synthesis of a-alkylarylacetic acids seems to be the direct
alkylation at the a-position of alkyl arylacetates 3, the
exclusive o-monoalkylation of 3 is not easily achievable
under the reaction conditions with the usual bases. For
example, a-monoethylation of ethyl phenylacetate in the
presence of potassium'® gave the desired product only in
35% yield, and a-methylation of alkyl phenylacetate using
sodium amide!” or sodium hydride as a base gave a mixture
of alkyl 2-phenylpropanocate and alkyl 2-methyl-2-
phenylpropanoate in 69-90% yield.!®* Because of the

(1) Electroorganic Chemistry. 83.

(2) Iversen, P. E.; Lund, H. Tetrahedron Lett. 1969, 3523.

(3) Troll, T.; Baizer, M. M. Electrochim. Acta 1975, 20, 33.

(4) a-Carboxylation of ethyl phenylacetates by using EGBs generated
by the electroreduction of azobenzenes has been reported. Hallcher, R.
C.; Baizer, M. M. Liebigs Ann. Chem. 1977, 737.

(5) Bellamy, A. J.; MacKirdy, L. S.; Niven, C. E. J. Chem. Soc., Perkin
Trans. 2 1983, 183.

(6) Baizer, M. M.; Chruma, J. L.; White, D. A. Tetrahedron Lett. 1973,
5209.

(7) Mehta, R. R.; Pardini, V. L.; Utley, J. H. P. J. Chem. Soc., Perkin
Trans. 1 1983, 2921.

(8) Bellamy, A. J.; Kerr, J. B.; McGregor, C. J.; MacKirdy, 1. S. J.
Chem. Soc., Perkin Trans. 2 1982, 161.

(9) Allen, P. M.; Hess, V.; Foote, C. S.; Baizer, M. M. Synth. Commun.
1982, 12, 123.

8 (10) Monte, W. T.; Baizer, M. M.; Little, R. D. J. Org. Chem. 1983, 48,
03.

(11) Shono, T.; Kashimura, S.; Ishizaki, K. “Abstracts of Papers”, the
47th Annual Meeting of the Chemical Society of Japan, Kyoto, Japan,
April 1983, Vol. I1, p 931.

(12) Shono, T.; Kashimura, S.; Nogusa, H.; Ishizaki, K.; Ishige, O.
“Abstracts of Papers”, the 4th Symposium on Electroorganic Chemistry,
Yokohama, Japan, May 1983, p 34.

(18) Shono, T.; Kashimura, S.; Ishizaki, K.; Ishige, O. Chem. Lett.
1983, 1311.

(14) Shioiri, T.; Kawai, N. J. Org. Chem. 1978, 43, 2936.

(15) Shen, T. Y. Angew. Chem., Int. Ed. Engl. 1972, 11, 460.

0 2%2) Cope, A. C.; Holmes, H. L.; House, H. O. Org. React. (N.Y.) 1957,

(17) Kenyon, W. G.; Meyer, R. B.; Hauser, C. R. J. Org. Chem. 1963,
28, 3108 and other references cited therein.

(18) The separation of these products is not always easy.
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Notes

Table I. Alkylation of Methyl Acrylacetates

run RZNC0Me alkyl iodide product® yield,® %
1 0,Me Mel 2
m@/\c 2 3 /©)\°°2”° ’
HeO B
2 C0,Me Mel 88
censx\o)@/\ z 10 oM
CSHS/\
3 V©/\ CO,Me u Mel 86
c Cj’ ~C0,Me
cl % 5
4 11 i-Prl 81
] :oo Me
¢l z 6
5 COoMe Mel COyMe Q9
. v
¢ All the products gave satisfactory spectroscopic values for the assigned structures. ?Isolated.
Scheme 1 Scheme II1
CHO
D te ,,{ )} hB) 992
0N > gy COOK CHO N m% Y 0,te
DMF / ET,NOTs 7 2
K 4 ) w /O/\ 2) SOCL/MeOH
2
1 2 18 862 19
Scheme II . H 2 0
2 Q RI 2) kel 602 ©i('N G COte
Cghs™ > C0pMe —;? Cohs™ > CogMe ——> csHs)\ COpMe e
[} DMF 5 6 R=Me  84% 20
7 R=Et 74% L. . . .
g R=l-Pr 75% dition of a solution of 19 in DMF to a DMF solution of

difficulty in a-monoalkylating 3, most of the recent
syntheses of a-alkylarylacetic acids use aryl alkyl ke-
tones'#1%2! or diethy! arylmalonate?? as the starting ma-
terials, though these methods involve many steps and
troublesome operations. On the other hand, the basicity
of 2 seems to be adequate as a base to achieve the selective
a-monoalkylation of 3, and it has indeed been confirmed
as shown in Scheme II.

Thus, the addition of a solution of methyl phenylacetate
(4) in DMF to a DMF solution of 2 followed by the trap-
ping of the resulting anionic species 5 with alkyl iodides
gave the corresponding methyl a-alkylphenylacetates 6-8
in high yield; dialkylation was not observed. Similar anion
to 2 may be generated by the reaction of 1 with sodium
hydride. The a-methylation of 4 using this anion, however,
gave a mixture of 6 (85%) and dialkylated product (4%).

This method using 2 as a base is also applicable to the
a-alkylation of a variety of methyl arylacetates 9-12; ex-
amples are summarized in Table I. In addition, it is
noteworthy that methyl 2-(4-chlorophenyl)-3-methyl-
butanoate (16) (run 4), which is one of the important
components of a synthetic pyrethroid,?® is easily syn-
thesized in high yield. One of the significant applications
of this reaction is shown by the transformation of com-
mercially available p-aminophenylacetic acid (18) to the
methyl ester of indoprofen (20), which shows high antiin-
flammatory activity.?> As shown in Scheme III, the ad-

2 followed by the trapping of the corresponding anion with
methyl iodide gave 20 in 60% yield.

Because of the simplicity of operation and satisfactory
yields, the present method is highly useful in the synthesis
of a variety of a-alkylarylacetic acid esters.

Experimental Section

Alkylation of Methyl Arylacetates 4 and 9-12. The elec-
trochemical reduction of a solution of 1 (10 mmol) in 20 mL of
DMF containing Et,NOTs (10 mmol) as a supporting electrolyte
was carried out in a divided cell equipped with a glass filter
diaphragm and platinum anode and cathode. After 2 F/mol of
electricity was passed through the cell under the conditions of
constant current (0.2 A, cathode potential was more negative than
-2.4 V vs. SCE), methyl acrylacetate (2.5 mmol) was added to
the catholyte at 78 °C under an atmosphere of nitrogen. To this
solution was added 3.5 mmol of alkyl iodide and the reaction
mixture was stirred for 15 min at 78 °C. All the products were
isolated through silica gel column using a mixed solvent of hexane
and ethyl acetate (10:1) and identified by spectroscopic comparison
with the authentic samples (6,'° 7,2 8,2° 13,% and 15%) and ele-
mental and spectroscopic analyses (14, 16, and 17).

6: IR (neat) 3050, 3000, 2970, 1730, 1180 cm™; NMR (CCl,)
6142 (d,3H,J =7.0 Hz), 3.54 (s, 3 H), 3.60 (q, 1 H, J = 7.0 Hz),
7.23 (s, 5 H).

7: IR (neat) 2970, 1740, 1170 cm™!; NMR (CCl,) 6 0.88 (t, 3
H, J = 7.5 Hz), 1.50-2.30 (m, 2 H), 3.47 (t, 1 H, J = 7.5 Hz), 3.67
(s, 3 H), 7.33 (s, 5 H).

8: IR (neat) 2970, 1735, 1160 ecm™'; NMR (CCl,) 6 0.69 (d, 3
H,J = 6.0 Hz), 1.00 (d, 3 H, J = 6.0 Hz), 2.10-2.50 (m, 1 H), 3.06

(19) Ogura, K.; Mitamura, S.; Kishi, K.; Tsuchihashi, G. Synthesis
1979, 880.

(20) Walker, J. A.; Pillai, M. D, Tetrahedron Lett. 1977, 3707.

(21) Tsuchihashi, G.; Kitajima, K.; Mitamura, S. Tetrahedron Lett.
1981, 22, 4305.

(22) For example: Domagala, J. M.; Bach, R. D. J. Org. Chem. 1979,
44, 2429.

(23) a-(4-Chlorophenyl)isovaleric acid is the acid moiety of insecticide
“fenvalerate”.?

(24) Yoshioka, H. J. Synth. Org. Chem. Jpn. 1980, 38, 1151.

(25) For examples: (a) Tsuchihashi, G.; Ogura, K. Ger. Offen.
2709 504; Chem. Abstr. 1977, 87, P201300t. (b) Kigasawa, K.; Hiiragi,
M.; Ishimaru, H.; Haga, S.; Shiroyama, K. Japan Kokai 78 37 655; Chem.
Abstr. 1978, 89, P43093n. (c) Ogura, K.; Tsuchihashi, G.; Arai, K. Japan
Kokai 78 82 745; Chem. Abstr. 1979, 90, P22591d. (d) Ogura, K.; Tsuch-
ihashi, G.; Arai, K. Japan Kokai 7882747, Chem. Abstr. 1979, 90,
P22607p. (e) Kigasawa, K.; Hiiragi, M.; Ishimaru, H.; Haga, S.; Shiro-
yama, K. Japan Kokai 78249970; Chem. Abstr. 1979, 90, P186785w.

(26) Schauble, J. H.; Walter, G. J.; Moein, G. J. Org. Chem. 1974, 39,
755.
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(d, 1 H, J = 10.5 Hz), 3.59 (s, 3 H), 7.28 (s, 5 H).

13: IR (neat) 2950, 1740, 1240 cm™; NMR (CCl,) 4 1.42 (d, 3
H,J = 7.0 Hz), 3.54 (g, 2 H, J = 7.0 Hz), 3.60 (s, 3 H), 3.74 (s,
3H),6.76(d, 2H,J =70Hz),7.14(d, 2 H, J = 7.0 Hz).

14: IR (neat) 1735, 1240, 790 cm™; NMR (CCl,) 6 1.42 (d, 3
H, J = 7.0 Hz), 3.57 (s, 3 H), 3.57 (q, 1 H, J = 7.0 Hz), 5.00 (s,
2 H), 6.73-7.50 (m, 9 H). Anal. Calcd for C{;H;304: C, 75.53;
H, 6.71. Found: C, 75.66; H, 6.67.

15: IR (neat) 2990, 1740 cm™'; NMR (CCl,) 6 1.43(d, 3 H, J
= 8.0 Hz), 3.60 (s, 3 H), 3.61 (q, 1 H, J = 8.0 Hz), 7.23 (s, 4 H).

16: IR (neat) 1950, 1740 cm™; NMR (CCl,) 6§ 0.70 (d, 3 H, J
= 6.0 Hz), 1.00 (d, 3 H, J = 6.0 Hz), 2.05-2.65 (m, 1 H), 3.04 (d,
1 H, J =10.5 Hz), 3.45 (s, 3 H), 7.26 (s, 4 H). Anal. Calcd for
C,Hy5Cl0,: C, 63.58; H, 6.69. Found: C, 63.34; H, 6.63.

17: IR (neat) 3050, 3000, 1740 cm™'; NMR (CCl,) 4 1.60 (d, 3
H, J = 7.0 Hz), 3.60 (s, 3 H), 4.41 (q, 1 H, J = 7.0 Hz), 7.30-8.10
(m, 1 H). Anal. Caled for C,H;,0,: C, 78.48; H, 6.59. Found:
C, 78.40; H, 6.68.

Synthesis of 20. Synthesis of 19 was carried out according
to the known method.?” Into a solution of 2 (10 mmol) in 10 mL
of DMF was added 2.5 mmol of 19 in 5 mL of DMF at -78 °C.
After the reaction mixture was stirred for 15 min at the same
temperature, the solution was added dropwise to a solution of
methyl iodide (10 mmol) in 10 mL of DMF at —78 °C. The product
20 was isolated by using a silica gel column (CH,Cl,).

20: IR (KBr) 1730, 1670, 1610, 740 cm™; NMR (CDCl;) 6 1.51
(d,3H,J=75Hz),365(,3H),3.37(q,1 H,J = 7.5 Hz), 4.74
(s, 2 H), 7.30-8.00 (m, 8 H). Anal. Calcd for C,gH;;NOgz C, 73.20;
H, 5.80. Found: C, 73.15; H, 5.73.

Registry No. 1, 616-45-5; 2, 45373-29-3; 4, 101-41-7; 6,
31508-44-8; 7, 2294-71-5; 8, 72615-27-1; 9, 23786-14-3; 10,
68641-16-7; 11, 52449-43-1; 12, 2876-78-0; 13, 50415-73-1; 14,
89618-33-7; 15, 50415-70-8; 16, 86618-06-6; 17, 72221-62-6; Mel,
74-88-4; i-Prl, 75-30-9; EtI, 75-03-6.

(27) Erba, C., S.p.A. Austrian Patent 337 178; Chem. Abstr. 1977, 87,
P152017v.
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Meerwein—Ponndorf-Verley reductions of aldehydes and
ketones! and Oppenauer oxidations of alcohols? have been
known for a long time.® These reactions are useful tools
for the synthesis of vitamins and steroids*® but otherwise
have restricted synthetic applications. Extensive studies
of the experimental conditions of the reaction have been
performed, dealing with the nature of oxidizing and re-
ducing agents!®7 or of catalysts. The most widely used
catalysts are aluminum alkoxides,?® but potassium,? so-

(1) Wilds, A. L. Org. React. 1944, 2, 178.

(2) Djerassi, C., Org. React. 1951, 6, 207.

(3) Meerwein, H.; Schmidt, E. Justus Liebigs Ann. Chem. 1925, 444,
221.
(4) Kirk, D. N,; Slade, C. J. J. Chem. Soc., Perkin Trans. 1 1980, 2591.
(5) Kamernitzky, A. V.; Levina, L. S.; Kulikova, L. E.; Ignatov, V. N.;
Korkhov, V. V.; Nikitina, G. V.; Terekhina, A, L. J. Steroid Biochem.
1982, 16, 61.

(6) Holick, S. A.; Holick, M. F,; Frommer, J. E.; Henley, J. W.; Lenz,
J. A.; Potts, J. T., Jr. Biochemistry 1980, 19, 3933.

(7) 2-Furaldehyde was mentioned as a very efficient oxidant of allylic
primary alcohols in the presence of aluminum alkoxides as catalysts:
Ehmann, W. J., British Patent 1479 228.

dium,° and zirconium!! alkoxides, alumina,'? and some
transition-metal complexes have also been reported as
catalysts.!?

Oppenauer oxidations can be achieved uncer mild con-
ditions as compared with many other oxidation methods.
Moreover, oxidants (ketones or aldehydes) are cheap.
However, a drastic limitation to its use for a wide range
of organic substrates is the requirement of great amounts
of metal alkoxides. Usually, stoichiometric quantities (or
an excess) are used for these reactions. Recently, Seebach
reported a system using a catalytic amount of zirconium
tert-butoxide, but few examples using aluminum alkoxides
in catalytic amounts have appeared in the literature.”4

In 1977,'5 we mentioned the occurrence of a competitive
Meerwein-Ponndorf reaction to explain the product dis-
tribution obtained in the “pseudo-Barbier” alkylation of
aldehydes by organic halides using diiodosamarium. Re-
cently, we prepared secondary samarium alkoxides in a
similar way using a benzylic halide as the alkylating
agent.'® We directly verified their reducing activity in the
Meerwein—Ponndorf reduction of pivalaldehyde. Reaction
1 has been performed in stoichiometric conditions, in THF,
at room temperature.

25ml,

n-C7H15CHO + PhCH,Br n-C7H1sCHCH,Ph + SmI,Br

0smI,

. 1-8BuCHO (1 iv}
L CHysCCHaPh =+ £-BuCHROH (1)
2. Hy0

(74%)

When samarium triiodide is added to a magnesium al-
koxide (reaction 2), the mixture reduces octanal, whereas
no reaction occurs with the magnesium alkoxide alone. So
n-BuCH-7-Bu + SmIy —= p-BuCH-7-Bu + Mgl

OMqT 0SmI,

1. C7H1sCHO (1 equiv)
s

s n-BuC-7-Bu + C7H,5CH,0H (2)

(78%)

we assume an exchange reaction and formation of sa-
marium alkoxide. Although this reaction needs a stoi-
chiometric amount of samarium triiodide, it is interesting
to point out that it can be considered as a quite genzral
preparation of dissymmetrical ketones. Encouraged by
these preliminary results, we explored the potential of
samarium alkoxides in oxidoreduction reactions. We now
report new methods of synthesis of samarium alkoxides
and their catalytic activity in Meerwein-Ponndorf-Verley
reductions and Oppenauer oxidations.

Catalysts

Several routes have been described for the synthesis of
alkoxy lanthanide compounds:®!7 (i) reaction of an alcc’10l

(8) “Metal Alkoxides”; Bradley, D. C., Mehrotra, R. C., Gaur, D. P.,
Eds.; Academic Press: New York, 1978.

(9) Woodward, R. B.; Wendler, W. L.; Brutschy, F. J. J. Am. Chem.
Soc. 1945, 67, 1425,

(10) Koenig, J. J.; De Rostolan, J.; Bourbier, J. C.; Jarreau, J. X.
Tetrahedron Lett. 1978, 2779.

(11) Seebach, D.; Weidmann, B.; Widler, L. In “Modern Synthetic
Methods™; Scheffold, R., Ed.; Bern: New York, 1983; Vol. 3, p 217.

(12) Horner, L.; Kaps, U. B. Liebigs Ann. Chem. 1980, 192,

(13) Vinzi, F.; Zassinovich, G.; Mestroni, G. J. Mol. Catal. 1983, 18,
359.
(14) Miller, P.; Blanc, J. Tetrahedron Lett. 1981, 715.
(15) Namy, J. L.; Girard, P.; Kagan, H. B. Nouv. J. Chim. 1977, 1, 5.

(16) Souppe, J.; Namy, J. L.; Kagan, H. B. Tetrahedron Lett. 1982,
3497.
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