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Description
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The invention described herein relates gener-
ally to the field of reductive hydrogenation of organic
compounds. In particular, the invention relates to the
treatment of organic compounds by lithium in a mixture
of a lower molecular weight amine and a polyamine in-
cluding at least two amino groups, selected from the
group consisting of primary and secondary amino
groups and mixtures thereof, e.g, ethylenediamine, to
effect reduction.

BACKGROUND OF THE ART

[0002] Reductions using alkali metals in ammonia or
lower alkyl amines are synthetically useful reactions for
the reduction of organic compounds. The metals com-
monly employed include the alkali metals --lithium, so-
dium and potassium -- as well as calcium and magne-
sium and occasionally zinc and iron. The alkali metals
and calcium dissolve into solutions in liquid ammonia (b.
p. -33° C), in low molecular weight amines such as
methylamine and ethylamine, or in certain ethers such
as 1,2-dimethoxyethane. Reactions with metal solutions
in liguid ammonia often use a cosolvent such as ether,
tetrahydrofuran, or 1,2-dimethoxyethane toincrease the
solubility of the organic substrate in the reaction mixture.
This sometimes has the disadvantage of resulting in a
two phase reaction mixture. A variant of these latter re-
actions using ether cosolvents is described by Jablonski
etal. [Chem.Abstr., 91, 122959u (1979); Pol. Patent 99,
419]and Mejeret al. (Chem.Abstr., 88, 151673q (1978);
Rocz. Chem., 51, 2477 (1977)] who use lithium in equal
volumes of ethylenediamine and tetrahydrofuran to re-
duce substituted benzenes to cyclohexadienes.

[0003] The Birch reduction is perhaps the best known
form of these metal reductions and utilizes sodium met-
al, liquid ammonia, and an alkyl alcohol such as n-bu-
tanol or t-butanol. The Benkeser reduction is another
form of the reduction which utilizes lithium metal and a
lower alkyl amine along with one of the already men-
tioned alcohols. These reductions as a class are called
dissolving metal reductions; this term being descriptive
since the metals dissolve into solution which is generally
blue in color as a result of ionization of the metal atoms.
[0004] A proton source (frequently ethanol, isopropa-
nol, t-butanol, or water) may be necessary and present
in the reaction medium, and is added concurrently with
the compound to be reduced, or is added during the iso-
lation.

[0005] An early hypothesis that dissolving metal re-
ductions were effected by reaction of the 'nascent' hy-
drogen liberated from reduction of the hydroxylic solvent
by the metal with the molecule being reduced has since
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been dismissed as untenable. In fact, the formation of
hydrogen

gas during these reactions is normally an undesirable
side reaction which makes the use of excess metal nec-
essary. Presently it is believed that "solvated" electrons
in the solution add to the substrate to form a radical an-
ion which can add a proton from the solvent to form a
radical which can in turn add another electron to form a
further reduced anion and so forth until the reaction has
reached completion. Alternatively, without an acidic pro-
ton source (i.e. a source of protons more acidic than am-
mania or alkylamine) the reaction may proceed via a dif-
ferent route to form a less reduced or isomerically dif-
ferent product. Examples of the latter type of process
using lithium in ethylenediamine have been reported in
the literature. In Corey etal.[J. Am.Chem.Soc., 81,1743
(1959) cited in Fieser, L.F., "Reagents for organic syn-
thesis", John Wiley and Sons, New York, 1967, pp.
614-5] 1,1-disubstituted olefins are reduced to methyl
groups. Reggel etal. (J. Org.Chem., 22, 891 (1957) cit-
ed in Fieser, L.F., ibid] report the reduction of tetralin to
octahydronaphthalene. The reduction of epoxides into
alcohols is reported by Brown et al. [J. Org.Chem, 35,
3243 (1970)]. All three of these processes appear to re-
quire elevated temperatures of at least 50°C.

[0006] The use of lithium in a mixed solution of lower
alkyl amine and a polyamine, such as ethylenediamine,
is a very potent reducing system which may be attribut-
able to the superior electron solvating ability of the eth-
ylenediamine / alkyl amine solvent mixture.

[0007] A.J. Birch and G. Subba Rao reviewed many
types of dissolving metal reductions in a monograph en-
titled "Reduction by Metal-Ammonia Solutions and Re-
lated Reagents" in Advanced Organic Chemistry, No.8,
pp. 1-65 (1972).

[0008] R.A. Benkeser, et al., [Journal of Organic
Chemistry, 28, pp. 1094-96 (1962)] described the use
of low molecular weight amines in lithium metal reduc-
tions and compared the yields and regioisomers to re-
ductions of the same group of compounds using Birch
reduction conditions.

[0009] Edwin M. Kaiser wrote a review entitled "A
Comparison of Methods Using Lithium/Amine and Birch
Reductions Systems" [Synthesis, 1972 pp. 391 - 415]
which also compares reports of yields and conditions for
these two reaction types.

SUMMARY OF THE INVENTION

[0010] The invention is directed to a process for re-
ducing or reductively cleaving an organic compound
susceptible to dissolving metal reduction comprising ex-
posing the organic compound to lithium in a mixed so-
lution of a polyamine including at least two amino
groups, selected from the group consisting of primary
and secondary amino groups and mixtures thereof,
wherein said polyamine comprises from 2 to 4, e.q. 2,
nitrogen atoms and from 2 to about 30, e.g. from 2 to
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about 20 carbon atoms, and may be selected from the
group consisting of alkyl and cycloalkyl amines such as
ethylenediamine, N, N'-dimethylethylenediamine, pip-
erazine, diaminopropane, diaminobutane, dimethyl di-
aminobutane, tris-(aminoethyl) amine, etc., e.g ethylen-
ediamine, and R-NH, wherein R is selected from the
group consisting of lower alkyl radicals, having from 2
to 6 carbon atoms, preferably ethyl, propyl, and butyl,
including all straight and branched chain isomers there-
of, optionally containing a lower alkyl alcohol, for a time
sufficient to effect reduction.

[0011] The present process for reducing susceptible
organic chemical compounds uses lithium metal as an
electron source, the above lower alkyl amines as solvent
and the above polyamine, e.g. ethylenediamine (1,2-di-
aminoethane), as the cosolvent. Lithium is dissolved in
the alkyl amine along with at least one equivalent of said
polyamine, e.g. ethylenediamine, per gram-atom of lith-
ium. Optionally, a lower alkyl alcohol can be added to
the solution to improve yields of desired products. A dis-
cussion of these protonation mechanisms and reaction
kinetics can be found in the review on dissolving metal
reductions by Birch, et al. (vide supra).

[0012] Examples of compounds susceptible of being
reduced or reductively cleaved by this system (products
follow in parentheses) are: anisoles (methoxycyclohex-
adienes), naphthalenes (isotetralins), o, B-unsaturated
ketones (ketones), ketoximes (amines), aldoximes
(amines), thioanisoles (thiophenols), reduction of terti-
ary amides, cleavage of sulfonate esters (to the alco-
hols) and reductions of p-toluenesulfonamides (to
amines, or in the case of tertiary sulfonamides to the
thiophenol).

DETAILED DESCRIPTION OF THE INVENTION

[0013] Preliminary experiments with lithium in lower
alkyl amines alone, such as in n-propylamine or isopro-
pylamine made clear that reduction is very slow and
subsequently the yields are not as high. Essentially the
reaction does not proceed without the addition of a
polyamine, such as ethylenediamine, to the reaction
mixture. The addition results in reaction times that are
faster than comparable reductions done under Birch
conditions or lithium in amine (Benkeser) conditions. At
least one mole of polyamine, e.g. ethylenediamine, per
gram atom of lithium is used in reactions utilizing the
processes of the present invention, optionally more than
one equivalent may be added. The present invention
may be carried out without any hydroxylic solvent, but
in some reactions, an added hydroxylic solvent, such as
t-butanol, may be beneficial to the yield of a desired
product or isomer of a product. Addition of an alcohol
provides a source of protons more acidic than the amine
groups present in the reaction solution. This can assist
in protonation of intermediates or products in the reac-
tion and so speed the reaction, reduce formation of un-
wanted by-products or isomers, or allow the reduction
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to proceed beyond that which would occur without pro-
tonation of an intermediate. One skilled in the art can
determine when such addition is beneficial, either
through the analysis of the predicted reaction mecha-
nism or through experimentation.

[0014] Temperatures atwhich the reaction can be run
vary from -20° C to 65° C. Preferred temperatures for
the practice of the present invention are from 0° C to
55° C, with the most preferred temperature being at or
about room (ambient) temperature. The reaction is run
at ambient (atmospheric) pressure, and o, in any case,
the reaction temperature cannot be above the boiling
point of the reaction solution chosen.

[0015] Preferred alkyl amines for use in the present
invention are n-propylamine, isopropylamine and t-
butylamine. Most preferred of these amines for use in
the present process is n-propylamine, however, t-
butylamine is preferred when there is a need for a non-
nucleophilic amine such as in reductions of N-benzyl-
amides. The more lipophilic nature of these alkylamines
causes better solubility of the organic substrate.
[0016] The order of addition of the reactants to the
alkyl amine - polyamine, e.g ethylenediamine, solvent
can vary. Lithium can be added first to the mixture, orin
portions after addition of the organic substrate. If the re-
action is exothermic, solvent can easily be returned to
the reaction mixture by equipping the reaction flask with
a water-cooled reflux condenser.

[0017] Reaction times vary with different conditions
and substrates being reduced, but are of sufficient
length to allow the starting materials to be reduced to
the desired products, but not of such a length of time to
allow unwanted double bond isomerizations or side re-
actions to occur. Monitoring of reaction progress is rou-
tinely conducted in the practice of synthetic chemistry
and varies with the type of reaction. Examples of meth-
ods used in monitoring are thin layer chromatography,
proton NMR, fluorescence spectrophotometry and
measurement of solution pH. One skilled in the art
knows which method to select depending on the starting
materials, products and conditions utilized in running the
reaction. Generally, after all of the lithium metal has dis-
solved into the solvent, the reaction is considered to
have finished. Time spans of between 5 minutes and 24
hours are typically required.

[0018] Once the reaction is complete, the solvent
phase is customarily removed under reduced pressure,
typically on a rotary evaporator, which allows recovery
of the solvents from the reaction mixture. After evapo-
ration, a semisolid or viscous oil remains. This residue
is treated with water, which in some reactions can be
quite exothermic, to dissolve or dilute the residue. An
organic solvent that is immiscible in water yet has the
necessary solubilization characteristics to dissolve the
product of the reaction is then added to the aqueous
mixture. One skilled in the art of synthetic chemistry is
knowledgeable in the selection of suitable solvents for
the dissolution and extraction of a given compound or
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class of compounds.

[0019] The aqueous phase is extracted one or more
times with the selected solvent and the organic phases
are combined, dried and the solvent is removed under
reduced pressure or by distillation at low pressure. The
resulting products can either be oils or solids. Oils, if of
sufficient stability, can be distilled under vacuum. Oth-
erwise column chromatography may be employedin ob-
taining the product in purified form. Solids can be recrys-
tallized from a suitable solvent or combination of sol-
vents to effect purification.

[0020] One advantage of this reduction system is the
faster reaction times that are obtained with the addition
of a polyamine, such as ethylenediamine, to the lower
molecular weight amine solvent.

[0021] Another advantage is obviation of the need to
wait for liquid ammonia or methylamine to evaporate
from the reaction mixture after the reduction is complet-
ed, as is the case with other reduction conditions. The
use of higher boiling amines allows for their recovery
and recycling from the reaction mixture.

[0022] A still further advantage is that using an
aliphatic amine permits solubilization of the organic sub-
strate without ether or tetrahydrofuran which avoids the
use of highly flammable ether cosolvents, and also the
possibility of two phase reaction mixtures.

[0023] Another further advantage is that the reaction
may be run at or around room temperature, instead of
having the necessity for low temperature apparatus,
such as Dewar condensers, and fume hoods to remove
ammonia or methylamine as it evaporates. Ammonia
boils at -33° C and methylamine at -6.3° C while ethyl-
amine, the lowest boiling of the amines useful in the
present invention boils at 16.6° and the highest boiling,
n-butylamine, at 78°. Room temperature (68° F) con-
verts to 20° C. n-Propylamine has a bp of 48-49° C and
isopropylamine has a bp of 33-44° C.

[0024] The reaction can be conveniently carried out
on a variety of saturated compounds (i.e. compounds
without carbon-carbon double bonds) to reduce suscep-
tible functional groups or to cleave them, and on unsatu-
rated compounds to reduce some or all of the double
bonds present, or on molecules which contain both sus-
ceptible functional groups and carbon-carbon unsatu-
rated bonds, such as a, B-unsaturated ketones. The fol-
lowing examples are given for the purposes of illustra-
tion of the invention and should not be construed as lim-
iting the scope of the present invention.

EXPERIMENTAL

[0025] All reductions were carried out under nitrogen.
Proton magnetic resonance spectra were measured at
60 MHz using a Varian T-80 NMR spectrometer. Mate-
rials were analyzed by glpc on a Hewlett Packard model
5890 gas chromatography instrument equipped with a
thermal conductivity detector using helium as carrier
gas. Column: HP-5, 10 M x 530 microns (unless other-
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wise noted).
Example 1

[0026] irans-N-Benzylpilolactam. A solution of pilo-
carpine hydrochloride (98 g, 0.40 mol) and 300 g (2.8
moal) of freshly distilled benzylamine was heated under
reflux in a nitrogen atmosphere for 40 hr. After 22 hr, the
reaction mixture contained about 12% of pilocarpine.
The cooled reaction mixture was treated with 100 mL of
3N sodium hydroxide and the layers were separated.
The aqueous layer was washed with two 100 mL por-
tions of dichloromethane. The combined organic mate-
rial was washed twice with water, and the dichlorometh-
ane was evaporated. The benzylamine was distilled fi-
nally at 75° (15 mm). The gas chromatogram of the res-
idue, 140 g, showed 2% pilocarpine, 74% trans-N-ben-
zylpilolactam, and 10% of material eluting near the ma-
jor product which might be the ¢is-isomer. The remain-
ing material was a number of minor impurities. The
crude material was used for the next step.

Example 2

[0027] trans-Pilolactam. Debenzylation with lithium
in n-propylamine. A solution of N-benzylpilolactam (29.7
9, 0.1 mol) in 400 mL of n-propylamine and 40 mL of
ethylenediamine in a three-neck flask fitted with a me-
chanical stirrer under nitrogen was cooled to 0°in an ice
bath. Lithium (7.0 g, 1.0 gram-atom) in small pieces was
added quickly. After 20 min the internal temperature
rose to 20° and remained there for an hour. When the
temperature began to drop, the ice bath was removed.
After an additional 4 hr all of the lithium was gone. The
reaction develops a deep maroon color. The volatile
amines were evaporated under reduced pressure and
300 mL of cold water was cautiously added to the resi-
due (very exothermic). The aqueous solution was ex-
tracted three times with 100 mL portions of ether which
removed the majority of the impurities and only a trace
of the product. Three extractions with 100 mL portions
of chloroform afforded 19 g of crude product after evap-
oration of the solvent. The gas chromatogram showed
93% of trans-pilolactam. The crude lactam was dis-
solved in 50 mL of acetone and filtered to remove 0.2 g
of insoluble material. Another 50 mL of acetone was
added and the solution was cooled in an ice bath. A so-
lution of p-toluenesulfonic acid (20 g) in 50 mL of ace-
tone was added dropwise over 20 min to the magneti-
cally stirred solution. Stirring was continued for another
20 min and then the mixture was filtered to give 17.6 g
(50% for two steps) of trans-pilolactam p-toluenesul-
fonate salt. If the p-toluenesulfonic acid is added rapidly
to the crude base, the salt separates first as a viscous
oil and a less pure product is obtained. The free base
may be obtained from the saltin essentially quantitative
yield by treatment with aqueous sodium hydroxide and
extraction with chloroform.
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Example 3

[0028] Amides of n-decanoic acid. The N-benzyl-N-
methyl, N-methyl, N-propyl, and N-(2-aminoethyl)
amides of n-decanoic acid were all prepared by treating
n-decanoyl chloride with the appropriate amine in pyri-
dine. The amides could be purified by crystallization or
distillation under reduced pressure.

Example 4

Reduction of N-benzyl-N-methyldecanoic acid
amide.

[0029]

A. n-Propylamine and ethylendiamine solution.
A solution of N-benzyl-N-methyldecanoic acid
amide (2.76 g, 10 mmol) in n-propylamine (30 mL)
and ethylenediamine (3.6 g, 60 mmol) was cooled
to -18°. Lithium (0.42 g, 0.06 gram-atom) was add-
edin small pieces. The reaction mixture warmed to
-8° and then cooled to -10°. After 1 hr, the reaction
mixture turned blue and glpc analysis of an aliquot
indicated complete reaction. The reaction mixture
was poured onto a mixture of 50 g of ice and 50 mL
of water and extracted with ether (2 x 50 mL). The
combined ether extracts were washed with water (1
x 50 mL) and brine (1 x 50 mL) and the ether was
evaporated under reduced pressure to give an oil
(1.8 g). The crude product was crystallized from
hexane (25 mL) with cooling to 0° to give 1.3 g
(70%) of N-methyldecanamide. Glpc analysis indi-
cated N-methyldecanoic acid amide (94%) contam-
inated with N-propyldecanoic acid amide (1%), and
N-(2-aminoethyl)decanoic acid amide (5%).

B. t-Butylamine and ethylenediamine solution.
A solution of N-benzyl-N-methyldecanoic acid
amide (0.55 g, 2 mmol) in t-butylamine (8 mL) and
ethylenediamine (0.72 g, 12 mmol) was cooled to
-18° and lithium (0.084 g, 12 mmol), in small pieces,
was added rapidly. After 2 hr the reaction mixture
was allowed to warm to room temperature. After 5
hr, an aliquot of the reaction mixture showed 75%
of N-methyldecanoic acid amide and 17% of N-
(2-aminoethyl)decanoic acid amide.

C. t-Butylamine and N,N'-dimethylethylenedi-
amine solution. A solution of N-benzyl-N-methyl-
decanoic acid amide (2.75 g, 10 mmol) in t-
butylamine (30 mL) and N,N'-ethylenediamine (5.3
g, 60 mmol) was cooled in anice bath. Lithium (0.42
g, 0.06 gram-atoms) in small pieces was added at
once. After 11 hr, the reaction mixture was poured
into a mixture of 1M hydrochloric acid (100 mL) and
ice (50 g). The crystalline product was collected by
filtration and washed with water (50 mL). The crude
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N-methyldecanoic acid amide (1.3 g, 70%) was
91% pure by glpc. The material was stirred with 0.5
M hydrochloric acid (20 mL), filtered and dried to
give 1.14 g (61%) of product which was 96.4% pure
by glpc. The crude amide was recrystallized from 7
mL of hexane, cooled to freezer temperature, to
give 1.07 g (58%) of N-methyldecanoic acid amide
which was more than 98% pure by glpc.

D. n-Propylamine solution with t-butanol. A so-
lution of N-benzyl-N-methyldecanoic acid amide
(10 g, 0.036 mol) in n-propylamine (100 mL), ethyl-
enediamine (13 g, 0.216 mol) and t-butanol (16 g,
0.216 mol) was cooled to -18° and lithium (1.77 g,
0.252 mol), in small pieces, was added rapidly. After
15 min, the temperature raised to 12° and then low-
ered. After another 45 min, the reaction turned blue
and after another 30 min a yellow solution was ob-
tained. The reaction mixture was poured over 75 g
of crushed ice and water (75 mL). The mixture was
extracted with ether (2 x 75 mL) and the combined
ether extracts were washed with brine (2 x 50 mL).
The ether was evaporated and the residue was dis-
solved in THF (50 mL) and 3 N hydrochloric acid
(15 mL). The solution was heated under reflux for 2
hr and then cooled and diluted with brine (50 mL).
The mixture was extracted with ether (2 x 75 mL)
and the combined ether extracts were washed with
brine (1 x 50 mL) and filtered through 1PS filter pa-
per. The ether was evaporated and the residue was
distilled to give 2.0 g (36%) of n-decanal having a
bp 100-105°(15 mm).

Example 5

[0030] Reduction of anisole. Lithium, in small piec-
es, (8.75 g, 1.25 gram-atoms) was added to a solution
of anisole (54 g, 0.5 mol) in n-propylamine (400 mL),
ethylenediamine (105 g (1.75 mol) and t-butanol (111 g,
1.5 mol) cooled to -18°. The temperature increased to
12° andthen decreased to-5°. After 2 hrall of the lithium
had reacted and the reaction mixture was diluted with
800 mL of water added slowly. The mixture was extract-
ed with ether (3 x 250 mL). The ether extracts were
washed with water (3 x 200 mL) and brine (1 x 100 mL)
and evaporated. The residue was distilled to give 27.5
g (50 %) of 1-methoxy-1,4-cyclohexadiene containing
10% of 1-methoxy-1,3-cyclohexadiene by glpc and nmr.

Example 6

[0031] Reduction of naphthalene. Lithium (3.5 g,
0.5 gram-atom), in small pieces, was added in one por-
tion to a solution, cooled to -16°, of naphthalene (12.8
g, 0.10 mol) in n-propylamine (100 mL), ethylenedi-
amine (30 g, 0.5 mol) and t-butanol (44.4 g, 0.6 mol).
The solution warmed to 45° and cooled to 0° in 15 min.
After 15 min, the reaction mixture was poured over 150
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g of ice and 100 mL of water and then extracted with
ether ( 3 x 150 mL). The ether was washed with water
(2 x 100 mL) and brine (1 x 100 mL). The ether was
evaporated under reduced pressure to give 12.2 g of a
colorless solid which was triturated with methanol, fil-
tered and dried to give crude 1,4,5,8-tetrahydronaph-
thalene which was crystallized from methanol (25 mL)
to give 8.6 g (65%) of 1,4,5,8-tetrahydronaphthalene
which was 93% pure by glpc.

Example 7

[0032] Reduction of 3-methyl-2-cyclohexen-
1-one. Lithium (0.154 g, 0.022 gram-atom) was added
to a solution of 3-methyl-2-cyclohexen-1-one (1.1 g,
0.01 mol) in n-propylamine (10 mL) and ethylenedi-
amine (1.32 g, 0.022 mol) at 0°. After 1.5 hr, the reaction
was diluted with water (25 mL) and extracted with ether
(2x25mL). The ether was washed with brine and evap-
orated under reduced pressure to give a quantitative
yield of 3-methylcyclohexanone which showed an nmr
spectrum identical with that of authentic material.

Example 8

[0033] Reduction of 4-methylcyclohexanone oxi-
me. In a three-neck flask fitted with a condenser, me-
chanical stirrer and a thermometer was placed a solu-
tion of 4-methylcyclohexanone oxime (12.7 g, 0.1 mol)
in 100 mL of n-propylamine and ethylenediamine (30 g,
0.50mol). Lithium (3.5 g, 0.5 gram-atom), in small piec-
es, was added all at once. After about 25 min, the tem-
perature rose to 55° and the mixture refluxed briskly. Af-
ter 1 hr, the reaction was blue-green and all of the lithium
had reacted. The reaction mixture was mixed with 200
g of ice and extracted with ether (3x 100 mL). The ether
solution was washed with 15% sodium hydroxide (100
mL) and brine (2 x 100 mL) and then dried over magne-
sium sulfate. The ether was evaporated and the residue
was distilled to give 7.9 g (70%) of 4-methylcyclohexy-
lamine, bp 148-150° (atm), which was 93.5% trans and
6.5% cis by glpc on a J&W column, CDXB, 30 M x 0.25
mm. at 100°.

Example 9

[0034] Reduction of 4-methylcyclohexanone O-
methyloxime. A solution of 4-methylcyclohexanone O-
methyloxime (21.15 g, 0.15 mol) in n-propylamine (150
mL), ethylenediamine (72 g, 1.2 mol) and t-butanol (89
0, 1.2 mol) was treated with lithium (8.4 g, 1.2 gram-
atoms) added in two portions. Addition of half of the lith-
ium caused a temperature rise to 62° and vigorous re-
flux. After the reaction subsided and the reaction cooled
to 50°, the remaining lithium was added which cause
another exotherm and vigorous reflux. After the blue
color dissipated, the reaction mixture was poured onto
100 g of ice. The mixture was extracted with hexane;
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the combined hexane extracts were washed with brine
and filtered through 1PS filter paper. After distillation of
the hexane at atmospheric pressure, 4-methylcyclohex-
ylamine (12.6 g, 72%), bp 148-150° (atm) was obtained
after distillation through a short Vigreux column.

Example 10

[0035] Reduction of n-heptanal oxime. In a 1 L
3-neck round bottomed flask fitted with a condenser and
a thermometer were placed n-heptanal oxime (28.5 g,
0.22 mol), n-propylamine (280 mL), t-butanol (32.6 g,
0.44 mol), and ethylenediamine (66 g, 1.1 mol). The re-
action was run under nitrogen. Lithium (7.7 g, 1.1 gram-
atoms) was added in two portions. Addition of one-half
of the lithium raised the temperature to 53° and afterthe
reaction mixture cooled to 40° the remaining lithium was
added. The reaction refluxed and tumed blue. After the
color dissipated, the reaction mixture was poured onto
ice and the resulting solution was filtered. The filtrate
was treated with solid sodium hydroxide until layers
formed. The organic layer was treated with solid sodium
hydroxide and decanted. The organic layer was parti-
tioned between 200 mL of hexane and 200 mL of satu-
rated brine to remove the ethylenediamine. The brine
was extracted with hexane (200 mL) and the hexane so-
lutions were combined. The hexane was distilled
through a short Vigreux column leaving 19 g of crude n-
heptylamine. The original agueous layer was extracted
with ether (2 x 100 mL) and the ether was distilled
through a short Vigreux column. The residue from the
ether was partitioned between 50 mL of hexane and 50
mL of brine. The hexane was distilled through a short
Vigreux column and the residue was combined with the
material from the organic layer. Distillation through a
short Vigreux column yielded 13.8 g (55%) of pure n-
heptylamine, bp 152-158° (atm).

Example 11

[0036] Reduction of n-nonanal O-methyloxime.
Lithium ( 1.6 g, 0.228 mol) was added in one portion to
a solution of n-nonanal O-methyloxime (5.13 g, 0.030
mal) in n-propylamine (50 mL), ethylenediamine (9 g,
0.15 mol) and t-butanol (11 g, 0.15 mol). After 3 hr, an
aliquot was analyzed by glpc and no oxime was present.
The reaction mixture was poured into ice-water (150
mL) and the mixture was extracted with ether (3 x 100
mL). The combined ether extracts were washed with
brine (4 x 100 mL), dried over magnesium sulfate and
concentrated under reduced pressure. Distillation of the
residue afforded n-nonylamine (3.0 g, 70%), bp 98-100°
(20 mm). The nmr spectrum was identical with that of
an authentic sample.

Example 12

[0037] Reduction of undecanenitrile in n-pro-
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pylamine and ethylenediamine. Lithium, (0.21 g, 30
mmol) in small pieces, was added to a stirred solution
of undecanenitrile (0.84 g, 5 mmol) in n-propylamine
and ethylenediamine (1.0 mL). The temperature began
to rise after 20 min and reached 32° after 30 min and
the reaction mixture turned blue. An aliquot of the reac-
tion mixture showed no nitrile by glpc. The reaction mix-
ture was poured over crushed ice and extracted with
ethyl acetate (2 x 50 mL). After distillation of the ethyl
acetate the residue deposited crystals. The crystals
were collected and dried to give 2-(n-decyl)imidazoline
(0.23 g, 22%)

Example 13

[0038] Reduction of undecanenitrile in n-pro-
pylamine, ethylenediamine, and t-butanol. Lithium,
(0.28 g, 40 mmol) in small pieces, was added to unde-
canenitrile (0.775 g, 4.63 mmol) in n-propylamine (10
mL), ethylenediamine (1.5 g, 25 mmol) and t-butanol
(2.22 g, 30 mmol). After 20 min, the temperature in-
creased to 55° and decreased slowly. After another 2
hr, the reaction mixture was poured onto a slurry of water
(25 mL) and ice (25g). The reaction mixture was extract-
ed twice with ether (25 mL and 50 mL). The ether extract
was analyzed by glpc using ethyl benzoate as internal
standard. Glpc analysis showed n-decane in 17% yield
and undecylamine in 83% yield. A similar reaction using
methanol in place of t-butanol in the same mole ratio
gave the same percentages of n-decane and undeca-
neamine.

Example 14

[0039] Reaction of n-undecanenitrile with ethylen-
ediamine. A solution of ethylenediamine (9.0 g, 0.15
mol) in tetrahydrofuran (25 mL) in a three-neck flask fit-
ted with a mechanical stirrer, and a thermometer was
cooled to -20°. A solution of n-butyllithium (14.4 mL of
2.5 M in hexane, 0.036 mol) was added over 5 min and
after an additional 10 min, n-undecanenitrile (5.0 g, 0.03
mol) in tetrahydrofuran (10 mL) added over 15 min. The
cooling bath was removed and the reaction mixture was
stirred at room temperature for another 30 min. An alig-
uot of the reaction mixture showed no n-undecanenitrile
by glpc. Water (25 mL) was added to the reaction mix-
ture and it was extracted with ethyl acetate (2x 50 mL).
The ethyl acetate extracts were washed with brine (2x
25 mL), filtered through 1PS filter paper and concentrat-
ed under reduced pressure to give a solid (6.5 g). The
material was triturated with hexane (25 mL) and filtered
to give 2-(n-decyl)-2-imidazoline (59, 79% after drying).
Glpc analysis showed a purity of 100%.

Example 15

[0040] Reaction of henzonitrile with ethylenedi-
amine. A solution of ethylenediamine (15 g, 0.25 mol)
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in tetrahydrofuran (40 mL) in a three-neck flask fitted
with a mechanical stirrer, and a thermometer was cooled
to -20°. A solution of n-butyllithium (24 mL of 2.5 M in
hexane, 0.06 mol) added over 10 min and after 30 min,
benzonitrile (5.15 g, 0.05 mol) added over 15 min. Cool-
ing bath was removed and the reaction mixture stirred
at room temperature for another hour.

[0041] An aliquot of the reaction mixture showed no
benzonitrile by glpc. Water (50 mL) was added to the
reaction mixture which contained gummy material. The
mixture was extracted with ethyl acetate (2 x 60 mL).
The ethyl acetate extracts were washed with brine (2 x
25 mL), filtered through 1PS filter paper and concentrat-
ed under reduced pressure to give a solid (6.1 g). The
crude product crystallized from acetone (10 mL) to give
5 g (68%) of 2-phenyl-2-imidazoline, which was 100%
pure by glpc.

Example 16

[0042] Reduction of thioanisole. Thioanisole (1.24
9, 0.01 mol) in n-propylamine (10 mL) and ethylenedi-
amine (1.8 g, 0.03 mol) at 0° was treated with lithium
(0.21 g, 0.03 gram-atom). The reaction mixture turned
dark blue. After 1 hr the ice bath was removed, and the
reaction was continued for 3 hr at room temperature.
The reaction mixture was then poured onto concentrat-
ed hydrochloric acid (25 mL) and ice (25 g). The mixture
was extracted with ether (2 x 75 mL). The ether solution
was dried over sodium sulfate and evaporated to give
0.9 g (82 %) of thiophenol which was 90% pure by glpc
(6% thioanisole).

Example 17

[0043] Reduction of morpholine p-toluenesulfon-
amide. Lithium (3.9 g, 0.56 gram-atom) was added in
two portions to a solution of morpholine p-toluenesul-
fonamide (15 g, 0.062 mol) in n-propylamine (250 mL),
ethylenediamine (37 g, 0.62 mol) and t-butanol (9.2 g,
0.12 mol) at room temperature. One half of the lithium
was added and after an hour most of it had dissolved
and the second portion was added. The reaction was
continued to another 3.5 hr and then cooled in an ice
bath and treated with methanol (30 mL). Water (120 mL)
was added and the reaction mixture was evaporated un-
der reduced pressure. Water (100 mL) was added and
the reaction mixture was concentrated under reduced
pressure, cooled and acidified with concentrated hydro-
chloric acid. The mixture was extracted with ether (2 x
100 mL) and the combined ether extracts were washed
with brine (100 mL). The ether was filtered and distilled
at atmospheric pressure. The residue was distilled
through a short path still at 12 mm. to give 2.9 g (38%)
of p-toluenethiol which was 95% pure by glpc.
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Example 18

[0044] Cleavage of 1-adamantanamine p-tolue-
nesulfonamide. 1-Adamantanamine p-toluenesulfona-
mide (4 g, 0.13 mmol), n-propylamine (50 mL}), and eth-
ylenediamine (6.3 g, 0.11 mol) were placed in a 3 neck
round bottomed flask equipped with a mechanical stir-
rer, condenser and thermometer. Lithium wire (0.64 g,
0.091 gram-atom) was added in two portions. Addition
of one half of the lithium gave a dark color and the tem-
perature rose to 42°. After an hour the temperature be-
gan to fall and the remainder of the lithium was added.
The blue color dissipated over 45 min and the reaction
mixture was poured onto ice and the resulting mixture
was exacted with ether (3 x 50 mL). The ether was
washed with brine and distilled at atmospheric pressure.
The residue was sublimed at 90°(12 mm) to give 1.79
(91%) of 1-adamantanamine.

Example 19

[0045] Reduction of 1-adamantanemethyl p-tolue-
nesulfonate. Lithium (0.61 g, 0.087 gram-atom) was
added to 1-adamantanemethyl p-toluenesulfonate (4.0
0, 0.012 mol) in n-propylamine (50 mL) and ethylenedi-
amine (6 g, 0.10 mol) in athree neck flask equipped with
amechanical stirrer, condenser and a thermometer. Ap-
proximately half of the lithium was added at once. The
remainder of the lithium was added after most of the first
portion had dissolved. After 2 hr, the lithium had all re-
acted and the reaction mixture was poured onto ice and
extracted with ether (2 x 50 mL). The ether was evapo-
rated to give 1.9 g of crude 1-adamantanemethanol
which was sublimed under vacuum to give 1.5 g (75%)
of slightly yellow 1-adamantanemethanol. This sample
showed the same nmr spectrum as authentic material.

Example 20

[0046] Reduction of 1-adamantanemethyl meth-
anesulfonate. Reduction of a sample of 1-adaman-
tanemethyl methanesulfonate by the procedure de-
scribed above gave a 70% yield of 1-adamantanemeth-
anol.

[0047] The invention has been described by refer-
ence to certain preferred embodiments and to exam-
ples; however, it should be understood that it may be
embodied in other specific forms or variations thereof
without departing from its essential characteristics. The
embodiments described above are therefore consid-
ered to be illustrative in all respects and not restrictive,
the scope of the invention being indicated by the ap-
pended claims rather than by the foregoing disclosure.

Claims

1. A process of reducing an organic compound sus-
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11.
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13.

ceptible to dissolving metal reduction comprising
exposing the organic compound to a solution of lith-
ium in a polyamine, including at least two amino
groups and selected from the group consisting of
primary and secondary amino groups and mixtures
thereof, wherein said polyamine comprises from 2
to 4 nitrogen atoms and from 2 to about 30 carbon
atoms and R-NH,, wherein R is chosen from the
group consisting of lower alkyl radicals, having from
2 to 6 carbon atoms, including all straight and
branched chain isomers thereof, optionally contain-
ing alower alkyl alcohol, for a time sufficient to effect
reduction.

The process of claim 1 wherein said polyamine is
selected from the group consisting of ethylene di-
amine, N, N'-dimethylethylene-diamine, piperazine,
diaminopropane, diaminobutane, dimethyldiami-
nobutane and tris-(aminoethyl) amine.

The process of claim 1 wherein said polyamine is
ethylenediamine.

The process of claim 1 wherein said polyamine is
N, N'dimethylethylenediamine.

The process of claim 1 wherein the reaction is con-
ducted at ambient temperature and at ambient
pressure.

The process of claim 5 wherein the temperature of
the solution is maintained between 0° and 55° C by
heating or cooling as necessary.

The process of claim 1 wherein R-NH, is chosen
from the group consisting of n-propylamine, isopro-
pylamine, n-butylamine and t-butylamine.

The process of claim 7 wherein R-NH, is n-pro-
pylamine.

The process of claim 3 wherein the reduction pro-
ceeds more rapidly than the same reaction mixture
lacking any ethylenediamine.

The process of claim 1 wherein one or more double
bonds of an aromatic hydrocarbon, which optionally
has other substituents, is reduced.

The process of claim 1 wherein one or more func-
tional groups chosen from the group consisting of a
ketone and an oxime is reduced in the organic com-
pound.

The process of claim 1 wherein an aryl sulfonamide
is reduced to a corresponding thiophenal.

The process of claim 1 wherein naphthalene is re-
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duced to isotetralin.

A process of reductively cleaving an organic com-
pound susceptible to dissolving metal reduction
comprising exposing the organic compound to a so-
lution of lithium in a polyamine including at least two
amino groups, selected from the group consisting
of primary and secondary amino groups and mix-
tures thereof, wherein said polyamine comprises
from 2 to 4 nitrogen atoms and from 2 to about 30
carbon atoms, and R-NH,, wherein R is chosen
from the group consisting of lower alkyl radicals,
having from 2 to 6 carbon atoms including all
straight and branched chain isomers thereof, op-
tionally containing a lower alkyl alcohol,, for a time
sufficient to effect reductive cleavage.

The process of claim 1 wherein said polyamine is
selected from the group consisting of ethylene di-
amine, N, N'-dimethylethylene diamine, piperazine,
diaminopropane, diaminobutane, dimethyl diami-
nobutane and tris-(aminoethyl) amine.

The process of claim 1 wherein said polyamine is
ethylenediamine.

The process of claim 1 wherein said polyamine is
N, N'-dimethylethylenediamine.

The process of claim 14 wherein the reaction is con-
ducted at ambient temperature and at ambient
pressure.

The process of claim 18 wherein the temperature
of the solution is maintained between 0° and 55° C
by heating or cooling as necessary.

The process of claim 16 wherein the cleavage pro-
ceeds more rapidly than in the same reaction mix-
ture lacking any ethylenediamine.

The process of claim 14 wherein an aryl thioether
is cleaved to a provide an aryl thiol.

The process of claim 14 wherein an sulfonate ester
is cleaved to provide an alcohol.

The process of claim 14 wherein a tertiary benzyla-
mide is cleaved to provide a secondary amide.

The process of claim 23 wherein R-NH, is t-
butylamine.

The process of claim 14 wherein a secondary or ter-
tiary sulfonamide is cleaved to an amine.

The process of claim 14 wherein R-NH, is chosen
from the group consisting of n-propylamine, isopro-
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pylamine, n-butylamine and t-butylamine.

27. The process of claim 26 wherein R-NH, is n-pro-

pylamine.

Patentanspriiche

1.

Verfahren zur Reduktion einer organischen Verbin-
dung, die einer Metall-Ldsungs-Reduktion zugang-
lich ist; umfassend das Aussetzen der organischen
Verbindung gegendber einer Loésung von Lithium in
einem Polyamin, das zumindest zwei Aminogrup-
pen einschlieBt und aus der Gruppe ausgewahltist,
die aus primaren und sekundaren Aminogruppen
und Mischungen hiervon besteht, wobei das Poly-
amin von 2 bis 4 Stickstoffatome und von 2 bis un-
gefédhr 30 Kohlenstoffatome und R-NH, umfaBt,
wobei R aus der Gruppe ausgewahlt ist, die aus
Niederalkylradikalen mit 2 bis 6 Kohlenstoffatomen,
einschlieBlich allen gerad- und verzweigtkettigen
Isomeren hiervon, optional einen Niederalkylalko-
hol enthaltend, besteht, fir eine Zeit, die ausreicht,
um eine Reduktion zu bewirken.

Verfahren nach Anspruch 1,

bei dem das Polyamin aus der Gruppe ausgewahlt
ist, die aus Ethylendiamin, N, N'-Dimethylethylen-
diamin, Piperazin, Diaminopropan, Diaminobutan,
Dimethyldiaminobutan und Tris-(aminoethyl)amin
besteht.

Verfahren nach Anspruch 1,
bei dem das Polyamin Ethylendiamin ist.

Verfahren nach Anspruch 1,
bei dem das Polyamin N, N'-Dimethylethylendiamin
ist.

Verfahren nach Anspruch 1,
bei dem die Reaktion bei Umgebungstemperatur
und bei Umgebungsdruck durchgefiihrt wird.

Verfahren nach Anspruch 5,

bei dem die Temperatur der Loésung zwischen 0°
und 55°C gehalten wird, indem nach Bedarf erhitzt
oder abgekihlt wird.

Verfahren nach Anspruch 1,

bei dem R-NH, aus der Gruppe ausgewahlt ist, die
aus n-Propylamin, Isopropylamin, n-Butylamin und
t-Butylamin besteht.

Verfahren nach Anspruch 7,
bei dem R-NH, n-Propylamin ist.

Verfahren nach Anspruch 3,
bei dem die Reduktion schneller ablauft als bei
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demselben Reaktionsgemisch, dem jedes Ethylen-
diamin fehlt.

Verfahren nach Anspruch 1,

bei dem ein oder mehrere Doppelbindungen eines
aromatischen Kohlenwasserstoffs, der optional
weitere Substituenten aufweist, reduziert wird.

Verfahren nach Anspruch 1,

bei dem eine oder mehrere funktionelle Gruppen,
die aus der Gruppe ausgewahlt sind, die aus Keton
und einem Oxim bestehen, in der organischen Ver-
bindung reduziert werden.

Verfahren nach Anspruch 1,
bei dem ein Arylsulfonamid zu einem entsprechen-
den Thiophenol reduziert wird.

Verfahren nach Anspruch 1,
bei dem Naphthalin zu Isotetralin reduziert wird.

Verfahren zur reduktiven Spaltung einer organi-
schen Verbindung, die einer Metall-L&sungs-Re-
duktion zugénglich ist, umfassend das Aussetzen
der organischen Verbindung gegentiber einer Lithi-
um-Losung in einem Polyamin, das zumindest zwei
Aminogruppen einschlieBt, die aus der Gruppe aus-
gewahlt sind, die aus priméren und sekundaren
Aminogruppen und Mischungen hiervon besteht,
wobei das Polyamin von 2 bis 4 Stickstoffatome und
von zwei bis ungeféhr 30 Kohlenstoffatome und R-
NH, umfaBt, wobei R aus der Gruppe ausgewahlt
ist, die aus Niederalkylradikalen mitvon 2 bis 6 Koh-
lenstoffatomen besteht, ein- schlieBlich aller gerad-
und verzweigtkettigen lsomere hiervon, optional
enthaltend einen Niederalkylalkohol, fiir eine Zeit,
die ausreicht, um eine reduktive Spaltung zu bewir-
ken.

Verfahren nach Anspruch 1,

bei dem das Polyamin aus der Gruppe ausgewahit
ist, die aus Ethylendiamin, N, N'-Dimethylethylen-
diamin, Piperazin, Diaminopropan, Diaminobutan,
Dimethyldiaminobutan und Tris-(amino-ethyl)amin
besteht.

Verfahren nach Anspruch 1,
bei dem das Polyamin Ethylendiamin ist.

Verfahren nach Anspruch 1,
bei dem das Polyamin N, N'-Dimethylethylendiamin
ist.

Verfahren nach Anspruch 14,
bei dem die Reaktion bei Umgebungstemperatur
und bei Umgebungsdruck durchgefiihrt wird.

Verfahren nach Anspruch 18,
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bei dem die Temperatur der Loésung zwischen 0°
und 55°C gehalten wird, indem nach Bedarf erhitzt
oder abgekihlt wird.

Verfahren nach Anspruch 16,

bei dem die Spaltung schneller ablauft, als bei dem-
selben Reakttionsgemisch, dem jedes Ethylendia-
min fehlt.

Verfahren nach Anspruch 14,
bei dem ein Arylthioether zur Bereitstellung eines
Arylthiols gespalten wird.

Verfahren nach Anspruch 14,
bei dem ein Sulfonatester zur Bereitstellung eines
Alkohols gespalten wird.

Verfahren nach Anspruch 14,
bei dem ein tertidres Benzylamid zur Bereitstellung
eines sekundaren Amids gespalten wird.

Verfahren nach Anspruch 23, bei dem R-NH, t-Bu-
tylamin ist.

Verfahren nach Anspruch 14,
bei dem ein sekundéres oder tertidres Sulfonamid
Zu einem Amin gespalten wird.

Verfahren nach Anspruch 14,

bei dem R-NH, aus der Gruppe ausgewahlt ist, die
aus n-Propylamin, Isopropylamin, n-Butylamin und
t-Butylamin besteht.

Verfahren nach Anspruch 26,
bei dem R-NH, n-Propylamin ist.

Revendications

Un procédé de réduction d'un composé organique
sensible a une réduction par métal dissous compre-
nant I'exposition du composé organique a une so-
lution de lithium dans un polyamine, comportant au
moins deux groupements amines et choisis le grou-
pe consistant en groupes amines primaires et se-
condaires et des mélanges de ceux-ci, ou ce poly-
amine comprend de 2 a 4 atomes d'azote de2a 30
atomes de carbone et R-NH,, ou R est choisi dans
le groupe consistant en radicaux alkyles ayant de 2
a 6 atomes de carbone, y compris des isomeéres a
chaine droite et ramifiée, facultativement un alcool
alkylique inférieur, pendant une période de temps
suffisante pour effectuer la réduction.

Procédé selon la revendication 1 dans lequel cette
polyamine est de I'éthyléne diamine, N, N'-diméthy-
léthylene -diamine, pipérazine, diaminopropane,
diaminobutane, diméthyl-diaminobutane et tris-
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(aminoéthyl)amine.

Procédé selon la revendication 1 dans lequel cette
polyamine est de I'éthyléne-diamine.

Procédé selon la revendication 1 dans lequel cette
polyamine est la N, N'-diméthyléthylene-diamine.

Procédé selon la revendication 1 dans lequel la
réaction est mise en oeuvre & température ambian-
te et & pression ambiante.

Procédé selon la revendication 5 dans lequel la
température de la solution est maintenue entre 0°
et 55°C en chauffant ou en refroidissant selon les
nécessités.

Procédé selon la revendication 1 dans lequel R-
NH, est choisi dans le groupe consistant en n-pro-
pylamine, isopropylamine, n-butylamine et t-butyla-
mine.

Procédé selon la revendication 7 dans lequel R-
NH, est n-propylamine.

Procédé selon la revendication 3 dans lequel la ré-
duction a lieu plus rapidement que dans le cas du
méme mélange réactionnel ne comportant pas
d'éthyléne-diamine.

Procédé selon la revendication 1 dans lequel une
ou plusieurs doubles liaisons d'un hydrocarbure
aromatique, qui facultativement comprend d'autres
substituants, sont réduites.

Procédé selon la revendication 1 dans lequel un et
plusieurs groupements fonctionnels choisis dans le
groupe consistant en une cétone et un oxime sont
réduits en un composé organique.

Procédé selon la revendication 1 dans lequel un
aryl sulfonamide est réduit en thiophénal corres-
pondant.

Procédé selon la revendication 1 dans lequel la
naphtaléne est réduite en isotétraline.

Un procédé de clivage par réduction d'un composé
organique sensible & une réduction par métal dis-
sous comprenant I'exposition du composé organi-
que a une solution de lithium dans une polyamine,
comportant au moins deux groupements amines
choisis dans le groupe consistant en groupes ami-
nes primaires et secondaires et des mélanges de
Ceux-ci, ou cette polyamine comprend de 2 & 4 ato-
mes d'azote et 2 & 30 atomes de carbone et R-NHj,
ou R est choisi dans le groupe consistant en radi-
caux alkyles ayant de 2 a 6 atomes de carbone, y
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compris des isoméres & chaine droite et ramifiée,
facultativement contenant un alcool alkylique infé-
rieur, pendant une période de temps suffisante pour
effectuer un clivage réducteur.

Procédé selon la revendication 1 dans lequel cette
polyamine est choisie dans le groupe consistant
d'éthyléne diamine, N, N'-diméthyléthyléne-diami-
ne, pipérazine, diaminopropane, diaminobutane,
diméthyl-diaminobutane et tris- (aminoéthyl) ami-
ne.

Procédé selon la revendication 1 dans lequel cette
polyamine est de I'éthyléne-diamine.

Procédé selon la revendication 1 dans lequel cette
polyamine est la N, N'-diméthyléthylene-diamine.

Procédé selon la revendication le dans lequel la
réaction est mise en ceuvre a température ambian-
te et & pression ambiante.

Procédé selon la revendication 18 dans lequel la
température de la solution est maintenue entre 0°
et 55°C en chauffant ou en refroidissant selon les
nécessités.

Procédé selon la revendication 16 dans lequel le
clivage a eu lieu plus rapidement qu'avec le méme
mélange réactionnel ne comportant pas d'éthyléne-
diamine.

Procédé selon la revendication 14 dans lequel un
aryl thioéther es clivé pour obtenir un arylthiol.

Procédé selon la revendication 14 dans'lequel un
sulfonate d'ester est clivé pour obtenir un alcool.

Procédé selon la revendication 14 dans lequel une
benzylamide tertiaire est clivée pour obtenir une
amide secondaire.

Procédé selon la revendication 23 selon lequel R-
NH, est le t-butylamine.

Procédé selon la revendication 14 dans lequel une
sulfonamide secondaire ou tertiaire est clivée en
une amine.

Procédé selon la revendication 14 dans lequel R-
NH, est choisi dans le groupe consistant en n-pro-
pylamine, isopropylamine, n-butylamine et t-butyla-
mine.

Procédé selon la revendication 26 dans lequel R-
NH, est la n-propylamine.



