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solution was washed with three 20-mL portions of brine and dried
over MgSO,. After the solvent was removed under reduced
pressure, the residue was found to contain only dibenzyl sulfide
(by 'H NMR analysis).

2. Sodium (0.05 g, 2 mmol) was added to a solution of 5 (0.5
g, 2 mmol) in 5 mL of toluene. The mixture was heated at reflux
for 8 h and was then allowed to cool to room temperature. The
solution was washed with three 20-mL portions of brine and dried
over MgS0O,. The solvent was removed under reduced pressure,
giving a complex mixture from which 7 was specifically absent
(GC-MS analysis).

Parallel reactions with 4 also failed to produce 7. (The yield
of 7 was less than 1% by GC-MS analysis.)
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Activated metallic nickel powder, prepared by the reduction of nickel halides with lithium and with naphthalene
as an electron carrier, is a simple and a convenient reagent for the dehalogenative coupling of iodobenzenes and
bromobenzenes under mild conditions. The intermediates, ArNiX and Ar,Ni species (Ar = CgFj), were isolated

as the phosphine complexes.

Recently, considerable interest has centered on the use
of zerovalent transition metals and their complexes as
selective and mild reagents in organic synthesis.! How-
ever, some of the useful complexes coordinated with lig-
ands such as phosphine or carbon monoxide are unstable
and not easy to prepare or are toxic. Other studies using
the metal atom vaporization technique have also been
successful in employing transition metals in synthesis.? In
many cases, however, this approach does not lend itself
to being completely general.

There are few reports of oxidative addition of metallic
transition metals under mild conditions;® two reports in-
volving group 8 elements have appeared. Fischer and
Biirger reported the preparation of w-allylpalladium com-
plex by the reaction of palladium sponge with allyl brom-
ide.* The Grignard-type addition of allyl halides to al-
dehydes has been carried out by reacting allylic halides
with cobalt or nickel metal prepared by reduction of cobalt
or nickel halides with manganese/iron alloy-thiourea.®

In a series of our studies on the chemistry of activated
metals, we have shown that the transition-metal powders
prepared by the reduction of metal halides with alkali
metal in an ethereal or a hydrocarbon solvent have high
reactivities in their metallic state toward organic and in-
organic substrates.? In a previous paper, we reported

(1) Tsuji, J. “Organic Synthesis by Means of Transition Metal
Complexes”; Springer-Verlag: Berlin/Heidelberg/New York, 1975.

(2) Klabunde, K. J. “Chemistry of Free Atoms and Particles”; Aca-
demic Press: New York, 1980.

(3) The oxidative addition of aryl halide to palladium black is postu-
lated in the catalytic arylation of olefin with aryl halide. For example:
Mizoroki, T.; Mori, K.; Ozaki, A. Bull. Chem. Soc. Jpn. 1971, 44, 581.
Mori, K.; Mizoroki, T.; Ozaki, A. Ibid. 1973, 46, 1505. Heck, R. F.; Nolley,
J. P, Jr. J. Org. Chem. 1972, 37, 2320. Metallic copper is employed in
the Ullmann synthesis of biaryls; however, drastic conditions in the range
of 150-280 °C are required (see ref 9).

(4) Fischer, E. O.; Burger, G. Z. Naturforsh., B: Anorg. Chem., Org.
Chem. 1961, 168, 702.

(5) Agnés, G.; Chiusoli, G. P.; Marraccini, A. J. Organomet. Chem.
1973, 49, 239.
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preliminary results showing that activated nickel powder
can induce the dehalogenative coupling of iodo- or bro-
mobenzene.” We report here the application of activated
metalic nickel as a reagent for the homo coupling of a
variety of halobenzenes. In addition, the mechanistic
considerations will be discussed on the basis of the isolation
of intermediates, ArNiX and Ar,Ni species (Ar = CgF5),
as their phosphine complexes.

Results and Discussion

Activated nickel powder employed for the reactions was
simply prepared by stirring a 1:2.3 mixture of nickel halide
and lithium metal (eq 1) under argon with a catalytic

Li (2.3 equiv)/CoHs (0.1 equiv)
NiX, - [Ni] ®
glyme
[Ni]

’ 1
ArX glyme (Me,SO or DMF) /2ATAr 2)

amount of naphthalene (10 mol % based on nickel halide)
at room temperature for 12 h in 1,2-dimethoxyethane
(glyme). The resulting black slurry, which slowly settled
after the stirring was stopped, was washed with freshly
distilled glyme to remove the naphthalene and was used
for the reaction with halobenzenes. As the presence of the
naphthalene did not disturb the following reaction, the
removal procedure is optional. The dehalogenative cou-
pling reactions were carried out at 80 °C by using a
0.7-0.8:1 mixture of halobenzene and the nickel powder
(eq 2). The course of the reaction was followed, and the
yields were determined by GLC.

(8) Rieke, R. D.; Ofele, K.; Fischer, E. O. J. Organomet. Chem. 1974,
76, C19. Rieke, R. D.; Wolf, W. J.; Kujundzic, N.; Kavaliunas, A. V. J.
Am. Chem. Soc. 1977, 99, 4159. Rieke, R. D.; Kavaliunas, A. V. J. Org.
Chem. 1979, 44, 3069. Rieke, R. D.; Rhyne, L. D. Ibid. 1979, 44, 3445.
Rieke, R. D.; Kavaliunas, A. V.; Rhyne, L. D. J. Am. Chem. Soc. 1979,
101, 246.

(7) Kavaliunas, A. V.; Rieke, R. D. J. Am. Chem. Soc. 1980, 102, 5944.
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Table I. Reaction of Iodobenzenes with Activated Nickel Powder

product, %°

iodobenzene NiX, time, h coupling reduction % conversion?
CH,I Nil, 2 83 15 100
4-CH,OC.H,I Nil, 2 85 (68)° 15 100
4-CIC H,I Nil, 4 75 22 100
4-CICH,I NiBr, 4 77 25 100
4-CIC,H I NiCl, 5 74 23 96
4-NCC,H,I Nil, 2 85° <1 100
C,F,I Nil, 2 100 0 100
2-CH,0C.H,I Nil, 4 <1 85 56
2-0,NC,H,1 Nil, 6 <1 <1 <1

¢ The yields were determined by GLC based on the iodobenzene consumed unless otherwise noted. ? Conversion = 100
X [(millimoles of the iodobenzene consumed)/(millimoles of the iodobenzene charged)]. ¢ Isolated yield.

Table II. Reaction of Bromobenzenes with Activated Nickel Powder

product, %°

b

bromobenzene NiX, solvent time, h coupling reduction % conversion
4-C1C,H Br NiBr, glyme 20 36 55 100
4-CIC,H,Br NiBr, Me,SO 15 41 52 95
4-CIC,H,Br NiBr, DMF 4 <1 89 100
4-CIC ,H Br Nil, glyme 20 61 32 100
4-CH,0C H Br NiBr, glyme 30 0 100 43
4-CH,COC H Br NiBr, glyme 18 57 43 75
4-CH,COCH Br Nil, glyme 8 46°¢ d 100
4-NCC_,H Br Nil, glyme 21 71¢ d 100
4-NCC,H Br NiBr, DMF 15 55 <1 100
C.F.Br NiBr, glyme 8 37 32 100
C,F.Br Nil, glyme 4 49 22 100

@ The yields were determined by GLC based on the bromobenzene consumed unless otherwise noted. ? Conversion =
100 X [(millimoles of the bromobenzene consumed)/(millimoles of the bromobenzene charged)]. ¢ Isolated yield. ¢ Not

determined.

The results of the homo-coupling reaction of iodo-
benzenes by activated nickel powder are summarized in
Table I. Metallic nickel worked well for the dehalogen-
ative coupling of unsubstituted and 4-substituted iodo-
benzenes. For instance, the reaction of 4-iodomethoxy-
benzene reached completion in 2 h at 80 °C to afford
4,4’-dimethoxybiphenyl in 85% yield (via GLC), along with
the reduction product, anisole (15%). The usual workup
of the reaction mixture gave the biphenyl in 68% isolated
yield. Previous workers obained 4,4’-dimethoxybiphenyl!
in 85% yield using copper powder; however, drastic con-
ditions (225 °C) were required to promote the reaction.?

In the case of 4-iodochlorobenzene, oxidative addition
occurred exclusively at the carbon-iodine bond, and the
chlorine—carbon bond was unreactive toward the nickel
powder. In this particular reaction, the effect of varying
the halide of the nickel salt reduced was examined. There
was essentially no difference in the yield of the reaction
in the series NiCl,, NiBr,, or Nil,. This effect was not
studied in detail for the other iodobenzene reactions but
most probably would have been the same.

Ortho substituents on the aryl groups seems to inhibit
the coupling. For example, 2-iodomethoxybenzene failed
to couple and gave exclusively anisole in moderate yield.
2-Iodonitrobenzene did not react at all under similar
conditions. These facts are significantly different from
those of copper-promoted reaction, in which electron-
withdrawing substituents such as a nitro group in the ortho
position enhance the reactivity.’

Table II summarizes the results of the reaction of bro-
mobenzenes with activated nickel. Although the reactivity

(8) Mascarelli, L.; Long, B.; Ravera, A. Gazz. Chim. Ital. 1938, 68, 33;
Chem. Abstr. 1938, 32, 4565.

(9) Fanta, P. E. Synthesis 1974, 9; Chem. Rev. 1974, 64, 613. Goshaev,
M.; Otroshchenko, O. S.; Sadykov, A. S. Russ. Chem. Rev. (Engl. Transl.)
1972, 41, 12,

of bromobenzenes toward nickel was relatively lower than
that of iodobenzenes, they reacted at 85 °C to give bi-
phenyls in moderate to good yields, together with the
corresponding reduction products. The reaction of 4-
bromochlorobenzene with nickel powder from nickel
bromide in glyme afforded chlorobenzene as the major
product. Dimethyl sulfoxide and dimethylformamide were
tried; these solvents did not greatly improve the yield of
the coupled product. However, the yield of 4,4’-di-
chlorobiphenyl could be improved to 61% by using nickel
powder obtained from nickel iodide. This observation
suggests that the reaction was facilitated by the halogen—
halogen exchange reaction which occurred between the
substrate and iodide present.

Electron-donating substituents seem to lower the re-
activity. For example, 4-bromomethoxybenzene failed to
couple and gave only anisole in 43% yield. Substituents
such as carbonyl and cyano groups were compatible with
the reaction conditions employed, and the corresponding
biphenyls were obtained in good yields.

As for mechanistic considerations of homogeneous zer-
ovalent-nickel-induced biaryl synthesis, several possibilities
have been discussed. Semmelhack et al.’ suggested the
coupling of aryl halides using bis(1,5-cyclooctadiene)-
nickel(0) in DMF occurs via Scheme I. This scheme

Scheme I (L. = Solvent or COD)
ArX + NiL, — ArNi'XL,
ArNi'XL, + ArX — Ar,NilVX, + 2L
Ar,Ni'VX, — ArAr + NiX,

involves a second oxidative addition of the initially formed

(10) Semmelhack, M. F.; Helquist, P. M.; Jones, L. D. J. Am. Chem.
Soc. 1971, 93, 5908.
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arylnickel(II) halide complex, yielding the diarylnickel(IV)
species, which yields the biaryl product by reductive
elimination.

On the basis of detailed studies, Tsou and Kochi'l
concluded that the nickel(I) and arylnickel(III) species are
the reactive intermediates in a radical chain process
(Scheme II). However, these studies were carried out in

Scheme 11
Ni’X + ArX — ArNilX,

ArNi™X, + ArNi'X — Ni'X, + Ar,Ni'"X
Ar Ni""'X — ArAr + Ni'X

hydrocarbon solvents, and the conclusion, as pointed out
by Semmelhack et al.,!? is not completely consistent with
the product studies performed in DMF.

The following experiments were made concerning the
mechanism of the coupling reaction mediated by metallic
nickel. The reaction of iodopentafluorobenzene with nickel
powder prepared from nickel iodide was investigated in
detail. Iodopentafluorobenzene was found to react with
nickel at room temperature; however, decafluorobiphenyl
could not be detected in the reaction mixture. Tri-
phenylphosphine (2 equiv) was then added to the mixture
to trap the arylnickel intermediate as the phosphine com-
plex, and a usual workup afforded bis(triphenyl-
phosphine)bis(pentafluorophenyl)nickel(II) in 45% yield.
As the diarylnickel(II) species seemed to be derived by
disproportionation from an initially formed oxidative ad-
duct, (pentafluorophenyl)nickel(II) iodide, the trapping
of the arylnickel(II) iodide was tried. In the presence of
2 equiv of triethylphosphine, the reaction of iodopenta-
fluorobenzene with nickel was carried out at room tem-
perature, and bis(triethylphosphine)(pentafluorophenyl)-
nickel(II) iodide was isolated in 15% yield.

These results strongly suggest that the initial oxidative
addition of aryl halide yields the arylnickel(II) halide
species, which most likely is coordinated with glyme.
Klabunde has shown that the arylnickel(II) halide species
are not stable unless they are coordinated to some ligand.!?
The arylnickel(II) halide then disproportionates to di-
arylnickel(II) and nickel halide. The final step is the
formation of biaryl by reductive elimination of diaryl-
nickel(IT) under the reaction conditions employed (Scheme
IID).

Scheme III (L = Solvent)
[Ni] + ArX + L, — ArNi"XL,
2ArNilXL, — Ar,NilL, + Ni'X, + L,
Ar,NiL,, — ArAr + [Ni] + L,

It is well-known that thermal decomposition of aryl-
nickel(II) halide complexes such as bis(triphenyl-
phosphine)phenylnickel(II) bromide'* or bis(triethyl-
phosphine)(4-fluorophenyl)nickel(II) chloride!® gave the
corresponding biphenyls by successive disproportionation

(11) Tsou, T. T.; Kochi, J. K. J. Am. Chem. Soc. 1979, 101, 7547.

(12) Semmelhack, M. F.; Helquist, P.; Jones, L. D.; Keller, L.; Men-
delson, L.; Ryono, L. S.; Smith, J. G.; Stauffer, R. D. J. Am. Chem. Soc.
1981, 103, 6460.

(13) Klabunde, K. J.; Anderson, B. B.; Bader, M.; Radonovich, L. J.
J. Am. Chem. Soc. 1978, 100, 1313.

(14) Otsuka, S.; Nakamura, A.; Yoshida, T.; Naruto, M.; Ataka, K. J.
Am. Chem. Soc. 1973, 95, 3180.

(15) Parshall, G. W. J. Am. Chem. Soc. 1974, 96, 2360.
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and reductive elimination reactions.’® Scheme III is also
consistent with these facts.

In conclusion, oxidative addition of aryl halides to
metallic nickel proceeded smoothly under mild conditions,
and the corresponding biaryls were obtained in good yields.
The present reaction is superior to the Ullmann synthesis
in the scope of the reaction conditions® and to the coupling
reaction of Grignard reagents catalyzed by transition
metals.)” Finally, because of the simple and easy proce-
dure for the preparation of the nickel powder, it is far more
convenient to work with than zerovalent nickel complexes
such as tetrakis(triphenylphosphine)nickel(0) or bis(1,5-
cyclooctadiene)nickel(0).12

Experimental Section

Measurement. Melting points were uncorrected. The infrared
spectra were measured on a Perkin-Elmer 283 spectrophotometer
with samples as KBr disks. The nuclear magnetic resonance
spectra were obtained by the use of a Varian EM 390 spectrometer
with Me,Si as the internal standard. Analytical gas chroma-
tography was carried out on a Hewlett-Packard 5702A with
stainless steel columns (0.5 X 100-150 cm) packed with silicone
SE-30 (10%), OV-17 (83%), and Apiezon L (10%) on Chromsorb
P AW-DMCS (80/100 mesh).

Materials. Halobenzenes were commercially available and
were used as received. 1,2-Dimethoxyethane (glyme) was distilled
prior to use from sodium-potassium alloy under argon. Di-
methylformamide (DMF) and dimethyl sulfoxide (Me,SO) were
distilled under argon from calcium hydride. Anhydrous nickel
halides were purchased from Cerac, Inc., and were used as received.

Preparation of nickel powder and its reaction with halobenzenes
were carried out in essentially the same manner under an at-
mosphere of argon, and a typical procedure is described below.
The coupling and reduction products were identified by the
comparison of their physical and spectral properties with those
of commercially available authentic samples or reported values.
Conversion of reactions and yields of products were determined
by GLC using an appropriate internal standard calibrated against
the pure sample.

Preparation of Activated Nickel Powder. A 50-mL two-
necked flask was equipped with a magnetic stirrer, a rubber
septum, and a condenser topped with an argon inlet. The flask
was charged with nickel iodide (3.82 g, 12.22 mmol), freshly cut
lithium (0.195 g, 28.1 mmol), naphthalene (0.16 g, 1.25 mmol),
and glyme (80 mL), and the mixture was stirred vigorously at room
temperature for 12 h. The nickel powder precipitated as a black
slurry in a colorless clear solution after the stirring was stopped.
The top of the glyme was removed by syringe, and freshly distilled
glyme (20 mL) was added and was stirred for 5 min. This pro-
cedure was repeated two times to remove the naphthalene.

In those cases where the coupled product was easily separable
from naphthalene, the removal procedure of napthalene was
optional because the naphthalene did not disturb the coupling
reaction at all. Glyme could be replaced with other solvents such
as DMF or Me,SO0, after the evaporation of the glyme under
reduced pressure.

Reaction of 4-Iodomethoxybenzene with Activated Nickel
Powder. To the nickel powder (12.22 mmol) was added 4-
iodomethoxybenzene (1.88 g, 8.02 mmol), and the mixture was
stirred at 85 °C for 2 h. The reaction mixture changed to reddish
brown, and most of the nickel powder was consumed. GLC
analysis of the reaction mixture showed that 4,4’-dimethoxybi-
phenyl and anisole were formed in 85% and 15% yields, re-
spectively. The reaction mixture was poured into ether (100 mL)
and was filtered. The filtrate was washed with water (50 mL)
and dried over anhydrous magnesium sulfate. The solution was
concentrated to 10 mL, and ethanol (10 mL) was added to pre-
cipitate the product (0.69 g, 78%). Recrystallization from eth-
er—ethanol (1:1) gave 4,4’-dimethoxybiphenyl (0.58 g, 68%) as
colorless flakes: mp 176-177 °C (lit.®* mp 176-178 °C); IR (KBr)

(16) Nakamura, A.; Otsuka, S. Tetrahedron Lett. 1974, 463.
(17) Kharasch, M. 8.; Reinmuth, O. “Grignard Reactions of Non-
metallic Substances”; Constable and Co., Ltd.: London, 1954.
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1250 em™ (C-0); NMR (CDCl;, Me,Si) 6 3.83 (s, OCHj, 6 H), 6.95
(d, J = 9 Hz, arom, 4 H), 7.50 (d, J = 9 Hz, arom, 4 H).

In the case of less soluble biphenyls in ether such as 4,4’-di-
cyano- or 4,4’-diacetylbiphenyl, chloroform was used for extraction.
The reaction mixture was poured into chloroform (150 mL) and
washed with 3% HCI solution followed by water (100 mL).

4,4-Dicyanobiphenyl: mp 236-237 °C (sublimation) (lit.!?
mp 237-238 °C); IR (KBr) 2220 cm™ (C=N); NMR (CDCl,,
Me,Si) 6 7.69 (d, J = 9 Hz, arom, 4 H), 4.82 (d, J = 9 Hz, arom,
4 H).

4,4’-Diacetylbiphenyl: mp 190-191 °C (glyme) (lit.® mp
192-193 °C); IR (KBr) 1675 cm™ (C=0); NMR (CDCI;, Me,Si)
4 2.60 (s, CH;CO, 6 H), 7.70 (d, J = 9 Hz, arom, 4 H), 8.05 (d,
J = 9 Hz, arom, 4 H).

Trapping of Bis(pentafluorophenyl)nickel(II) Species
with Triphenylphosphine. Activated nickel was prepared by
stirring a mixture of nickel iodide (2.54 g, 8.14 mmol), lithium
(0.130 g, 18.7 mmol), and naphthalene (0.104 g, 0.81 mmol) at room
temperature for 12 h. To the nickel powder was added iodo-
pentafluorobenzene (1.85 g, 6.29 mmol), and the mixture was
stirred for 24 h at the same temperature. To the formed reddish
brown reaction mixture was added triphenylphosphine (4.27 g,
16.28 mmol), and this was stirred overnight at room temperature.
The glyme was removed under reduced pressure, the residue was
dissolved in benzene (30 mL), and the solution was filtered under
argon. The benzene solution was concentrated to 3 mL, and
methanol (20 mL) was added. The yellow powder which pre-
cipitated was separated by filteration. Recrystallization from

(18) McKillop, A.; Elsom, L. F.; Taylor, E. C. Tetrahedron 1970, 26,
4041.

(19) Ogliaruso, M. A.; Shadoff, L. A.; Becker, E. L. J. Org. Chem. 1963,
28, 2725,

(20) Sloan, G. J.; Vaughan, W. R. J. Org. Chem. 1957, 22, 750.

benzene-methanol gave the yellow crystalline solid bis(tri-
phenylphosphine)bis(pentafluorophenyl)nickel(II): 1.31 g (45%);
mp 203-204 °C dec (lit.?! mp 201-204 °C dec); IR spectrum is
consistent with the reported values.?!

Trapping of (Pentafluorophenyl)nickel(II) Iodide Species
with Triethylphosphine. To nickel powder in glyme (30 mL)
prepared from nickel iodide (3.95 g, 12.7 mmol) in a similar manner
was added triethylphosphine (2.99 g, 25.3 mmol) at room tem-
perature. After the mixture was stirred 1 h, iodopentafluoro-
benzene (3.01 g, 10.3 mmol) was added and the mixture stirred
at room temperature for 24 h. The reaction mixture was evap-
orated under reduced pressure, benzene (20 mL) was added to
the residue, and the mixture was filtered under argon. The filtrate
was evaporated, and the residue was recrystallized from methanol
to give the brown crystalline solid bis(triethylphosphine)(pen-
tafluorophenyl)nickel(II) iodide: 0.91 g (15%); mp 149-149.5 °C
(lit.2! mp 151-152 °C). Anal. Calcd for C;gHoF;INiP,: C, 37.10;
H, 5.19. Found: C, 36.96% H, 5.17.

Acknowledgment. We gratefully acknowledge support
of this work by the Division of Chemical Sciences, De-
partment of Energy (Contract No. DE-AC02-80ER10603).

Registry No. CsH5I, 591'50'4; 4'CH30C6H4I, 696-62-8; 4-
CIC¢H,I, 637-87-6; 4-NCCgzH,I, 3058-39-7; CcFsI, 827-15-6; 4-
CIC4H,Br, 106-39-8; 4-CH,COCGH,Br, 99-90-1; 4-NCC4H,Br,
623'00'7; CGF5B1', 344'04'7; 2'CH3006H41, 529'28'2, 2-02NCGH4I,
609-73-4; 4-CH3;0CgH Br, 104-92-7; nickel, 7440-02-0; bis(tri-
phenylphosphine)bis(pentafluoropheny!)nickel(II), 14832-18-9;
bis(triethylphosphine)(pentafluorophenyl)nickel(II) iodide,
13978-69-3.

(21) Phillips, J. R.; Rosevear, D. T.; Stone, F. G. A. J. Organomet.
Chem. 1964, 2, 455,

Method for the Racemization of Optically Active Amino Acids

Shigeki Yamada,* Chikara Hongo, Ryuzo Yoshioka, and Ichiro Chibata

Research Laboratory of Applied Biochemistry, Tanabe Seiyaku Co., Ltd., 16-89, Kashima-~3-chome,
Yodogawa-ku, Osaka, Japan

Received April 8, 1982

A practical method for the racemization of optically active amino acids has been developed. A wide variety
of optically active a-amino acids, including neutral amino acids, acidic amino acids, basic amino acids, and imino
acids, could be racemized by heating in a medium of acetic acid at 80-100 °C for 1 h in the presence of 0.05 molar
equiv of an aliphatic or an aromatic aldehyde. The factors influencing the racemization were investigated.
Phenylglycine, (p-hydroxyphenyl)glycine, and serine could be racemized without complete dissolution of the
optically active isomers. Thus, isolation of the racemic modification was easily achieved by simple filtration
of the racemic modification suspended in the reaction mixture. The mechanism of the racemization is discussed.

In order to improve the industrial production of optically
active amino acids, we have been studying optical resolu-
tion of DL-amino acids by preferential crystallization
procedures. Since one enantiomer of the racemic modi-
fication has economical use, it is desirable to racemize the
unwanted enantiomer obtained by optical resolution to
recycle it for the resolution process.

Various methods for racemization of optically active
amino acids are known. For example, optically active
amino acids can be racemized (i) by heating with water in
the presence of strong base or strong acid,! (ii) by heating

(1) Neuberger, A. “Advances in Protein Chemistry”; Anson, M. L.,
Edsall, J. T., Eds.; Academic press: New York, 1948; Vol. 4, p 339.

with water in the absence of strong base or strong acid in
a sealed vessel at 150-250 °C,? (iii) by heating with water
in the presence of an aldehyde and a metal ion under
neutral or weakly alkaline conditions,? (iv) by heating with
water in the presence of pyridoxal or pyridoxal analogues,
including the so-called resin catalyst, and metal ion,*® or
(v) by heating with a lower aliphatic acid such as acetic

(2) Sasaji, I.; Hara, M.; Tatsumi, S.; Seki, K.; Akashi, T.; Ohno, K. U.S.
Patent 3213106, 1965.

(3) Ogasawara, H.; Tatemichi, H.; Suzuki, S. Japanese Patent 42-
13445, 1967.

(4) Metzler, D. E.; Ikawa, M.; Snell, E. E. J. Am. Chem. Soc. 1954, 76,
648.

(5) Toi, K.; Izumi, Y.; Akabori, S. Bull. Chem. Soc. Jpn. 1962, 35, 1422.
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