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Allenes and Acetylenes. XXIV. Synthesis of a-Allenic Amines
by Organocuprate Reactions of Acetylenic Aminoethers
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S-751 23 Uppsala, Sweden

Tertiary a-allenic amines 1a—d are formed in good
yields in reactions of acetylenic aminoethers with
an organocuprate reagent, derived from butyl-
magnesium bromide and 5—20 % of Cul, in tetra-
hydrofuran (THF) or THF —diethyl ether 3:1. The
overall reduction reaction proceeds through an
organometallic intermediate which is protonated
on work-up. Primary and tertiary a-allenic amines
7a—d are formed in moderate to good yields in
1,3-substitution reactions (Sy2') of acetylenic amino-
ethers with organocuprates in diethyl ether. The
organocuprate reagents are derived from methyl-
magnesium or benzylmagnesium halide and 10 9
of Cul or CuBr. The choice of solvent in these allene-
forming reactions is of crucial importance in steering
the reactions in one of the two directions.

Mitochondrial monoamine oxidase (MAO) is an
enzyme which plays an important role in the oxi-
dative deamination of transmitter amines.! MAO is
inhibited by several types of compounds,? some of
which can be used clinically, mainly in the treatment
of depression.® Acetylenic (propargylic) amines are
among the most studied inhibitors. They are mecha-
nism-based irreversible inhibitors of MAO and their
mode of action involves enzyme-mediated formation
of an unknown reactive intermediate which reacts
in the active site to form covalent bonds with the
flavin unit of MAO. The allenic amine Ia, a known
inhibitor of MAO,* was shown by Krantz and
Lipkowitz to give an unidentified adduct with

Gy
Ph-CH,-N-R

Ja R= CHy~CH=C=CH,
2 R = CHp-C=C-CHy
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MAO.® The unstable adduct is not identical with
that obtained from the isomeric acetylene 2 which
gives a flavocyanine.® The structure of the adduct
is currently being elucidated through collaborative
efforts by the research groups of Professor Krantz,
Dr. Salach and our group.” For these studies a
method for preparing isotope-labeled «-allenic
amines, particularly amine la, was needed. Since
the work, on our part, involves studies of structure-
activity relationships of allenic amines as MAO
inhibitors, it was highly desirable to use synthetic
methods which permit structure variation. The
synthetic methods ® known at the time of commence-
ment of this work were not judged suitable. Since
then some synthetic methods for allenic amines
have been reported.® The above considerations have
led us to develop new synthetic methods for a-
allenic amines. A method for primary a-allenic
amines has been published.'® The present paper

{ CuRsy /H(D) N /R
_Cl...c-c_ U_z. >C=C'C\ + /C"C’c\
3 4
(1)

describes in detail !! a synthetic method for tertiary
a-allenic amines which is based on the known
ability of organocuprates to give “reduced” allenes
3 besides alkylated allenes 4 in reactions with
propargylic acetates 2 and other propargylic deriv-
atives'3 (eqn. 1). The method has been applied in
synthesis of allenic prostaglandins.!* Speculations
have been made about the mechanism of this
reduction reaction!%,!3* and studies on the same
type of reduction of allylic ethers have been re-
ported.$
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(?CH;
CH3=CH-C=C~CHN(C4Hyg)2

13

A synthesis of allenic primary and tertiary amines
by, formally, S\2' reactions of the same amino-
ethers with organocuprates is also reported in the
present paper (Scheme 2).

RESULTS

The starting aminoethers (5a— f) were prepared
in high yields from a secondary amine, para-
formaldehyde and a propargylic methyl ether by
the Mannich reaction. Compound 5g was synthe-
sized as outlined in eqn. 2.

The aminoethers 5a — e were allowed to react with
a butylcuprate, derived from butylmagnesium bro-
mide and Cul in tetrahydrofuran (THF) or THF —
diethyl ether (ether) 3:1. The allenic amines (I1a—d)
were obtained in good yields (Table 1, Scheme 1).

1. BrCN
NH3

CH3
CH3-CH-C=C~CH,NH, (2)

5¢

In entry 1, allene 1a was accompanied by an equal
amount of the isomeric amine 2. Compound la
was isolated by preparative GLC. In entries 2, 3 and
4, allenes 1b— d were formed in good isolated yields,
and only small amounts, <5 %, of isomeric acety-
lenes were detected. The existence of the organo-
metallic intermediate 6 was confirmed by hydro-
lyzing the reaction mixture in entry 8 with D, 0. The
allene 1b-d, thus obtained had a deuterium in-
corporation of >99 9 as determined by mass
spectrometry and NMR. Several unsuccessful
attempts were made to achieve reduction of the
aminoether Se under the above conditions. Prelimi-
nary attempts (not shown in Table 1) to prepare
primary and secondary a-allenic amines by the
method described in Scheme 1 led to mixtures of
products and further attempts were not made.

CHj CHs . R Metal
R'-C-CuC-CH.N-R3 BuMgBr+ 5-20°% Cul \C-C=C CHs
he 2 THF or THF-ether 3i1  ,~ NCHahi-RS
S5a-e 6
H, O
R H
Sc=c=c cHy
R? CHaN-R3
la-d
Scheme 1.
Table 1. Reactions of 5 with BuMgBr+ Cul in THF —ether 3:1 (Scheme 1).
Reaction Allenic Isolated
Entry  Methyl R! R? R3 Cul (%)*  time amine yield
ether 5 (h) 1 (%)
1 Sa H H CH,Ph 20 3 la 40
2 5b CH, H CH,Ph 20 3.5 1b 62
AT T T A T
317 3
5 Se C(CH,;); H CH,Ph 20 0
6 5a H H CH,Ph 10 2.5 la 40°
7 5b CH, H CH,Ph 5 3 1b 80°
84 5b CH, H CH,Ph 20 25 1b—d, 80°

“Relative to BuMgBr. * GLC-yield. ¢ Solvent: THF. ¢ Hydrolyzed with D,0.
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o
Ph=CHz—N-CH;-CD=C=CHCH,
1b-dy

If, instead of THF, ether is used as the solvent in
similar organocuprate reactions, alkylated allenes
are obtained. Thus, amines 7a,b,f and g were ob-
tained in variable yields through reactions of the
aminoethers 5a,b,f and g with a methyl or benzyl
cuprate in ether (Table 2, Scheme 2). This reaction

CHz0CH,
Ph-CH,=C=CH~CHsN(CH3),
8

was found to be 100 9 regioselective, since in no case
were acetylenic amines obtained. From the reaction
of compound 5f with benzylmagnesium chloride
and 10 % of CuBr, the addition product 8 was iso-
lated in a yield of about 20 9.

DISCUSSION

The results in Table 1 indicate that the reduction
depicted in Scheme 1 is quite general and that it
can be used as a synthetic method for many tertiary
oa-allenic amines. However, certain bulky substitu-
ents (R! or R?) on the propargylic carbon in the
aminoether 5, as in Se, obviously present hindrance
when 5e is attacked by the cuprate (entry 5, Table
1). No other reasons but steric ones are available
to explain this unexpected result. Similar failures
to reduce a propargylic aminoether containing an

CH 3
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amide function in the R! substituent (R?>=H) have
been reported.!®

In the two types of reactions described above the
acetylenic aminoethers are either reduced or under-
go substitution, mainly depending on the solvent.
Thus, THF gives reduction and ether gives substi-
tution. Butylmagnesium bromide plus 10 % of a
Cu(I) halide, however, gives about 35 % of reduction
products on reaction with the aminoether 5b when
the solvent is ether.!” Neither we!® nor other
authors,'® however, have noted any reduction under
similar conditions when the acetylenic ether does
not contain an amino group. The ability of the
solvent to steer the reaction in either direction can
be explained by considering the reaction mecha-
nism(s) which, however, is not yet fully elucidated.
It is generally assumed that cuprate reagents, like
other d'° complexes, often react with electrophiles
by oxidative addition, i.e. a copper(III) species is a
transient intermediate which then gives the products
by reductive elimination.?° An alternative explana-
tion pertaining to substrates having n-electrons is
loose complex formation followed by addition
(unsaturated ketones) or addition—elimination
(e.g. the present propargylic compounds).?!

As mentioned above, reduction of propargylic
compounds has been encountered earlier. Other
authors ! 2,13 have attempted to explain the forma-
tion of these products by postulating a stable tri-
alkylcopper(III) species which is hydrolyzed during
work-up. Since no such alkyl complex has ever
beenisolated,?? the postulation is indeed remarkable
and, if true, has far-reaching consequences. A more
likely explanation is a reduction — oxidation process

2 ether

39
R‘-(':—th-CHzN-R‘
R

5a,b,t.9
Scheme 2.

R! R
RMgX+ 10 % CuX_  “c=c=¢” Rr?
R \CHzN‘R‘
7a,b.1,9

Table 2. Reactions of 5 with RMgX+10 % CuX in ether (Scheme 2).

Reaction  Allenic  Isolated
Entry Methyl R! R? R3 R* RX CuX  time amine  yield
ether 5 (h) 7 (%)
1 5a H H CH,Ph CH; CH,l Cul 3 7a 60
2 5b H CH; CH,Ph CH; CH,I Cul 21 7b 70
3 5f H H CH, CH; PhCH,CI CuBr 15 7f 20
4 5g H CH; H H CH,I CuBr 20 79 42
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in which the cuprate is oxidized to alkanes by the
acetylenes, which are thus reduced. In some un-
known way, THF obviously promotes this reduction
reaction more than ether does. We have also found
that propargylic methyl ethers are reduced to a
somewhat greater extent than are propargylic
acetates.!” This is in accordance with the more
pronounced differences found in the corresponding
reactions of certain allylic ethers and acetates.!®
The results in both cases might be explained by
relative slowness of a reductive elimination of a
copper-(I1I) intermediate caused, at least in part,
by a copper-bound methoxide ligand. It is con-
ceivable that such an intermediate complex might
simply be reduced by another copper(I) species or
rearrange internally before elimination.!® In both
cases an ambident propynyl —propadienyl anion
9, ¢f. 6, would be the result. The possible role of
the solvent could be to alter the structure and/or
dynamics of the copper(IIl) intermediate (e.g. o

(<]
>C=C=C\

!

o
-C-C=C—
: 9
versus m-complex). These speculative mechanistic
considerations are developed more fully elsewhere
for the allylic case.!’

The protonation of the ambident anion 9 was
surprisingly regioselective when R! and/or R?
equalled the alkyl. Only <59; acetylenic amines
were formed, which were readily removed. However,
when R! =R?=H the allenic and acetylenic amines
laand 2, respectively, were formed in equal amounts.
The same regioselectivity was not displayed by a
corresponding anion which lacked the amino func-
tion.!” Here, the acetylene was the main product.
The role of the amino nitrogen is not readily
apparent, but some kind of chelating effect in the
anion 6 might be invoked.

Formation of tertiary a-allenic amines by reac-
tions of Grignard reagents with acetylenic amino-
ethers of the present type is known.>* However, the
yields increase when catalytic amounts of CuBr are
used, as we have done (Table 2, Scheme 2). Similar
improvements of the yields have been observed
in the synthesis of allenic hydrocarbons from
acetylenic ethers.'® The alkylation reaction in
Scheme 2 was highly regioselective when R=Me,
CH,Ph. Moreover, no reduced products were

detected. However, reactions of 5b with ethyl- or
butylcuprate also gave “reduced” allenes besides
alkylated ones.!’

The mechanism of the reaction in Scheme 2
might be either an oxidative addition—reductive
elimination process2® or a cis addition of alkyl-
copper over the acetylenic bond followed by 1,2-
elimination of copper methoxide.?* Similar addi-
tions of organocopper reagents to acetylenes are
known.?® The last-mentioned mechanism might be
valid in some cases since the reaction of 5f with a
benzylcuprate (entry 3, Table 2) produced equal
amounts of the addition product 8 and the allene
7f.

The alkylation reaction in Scheme 2, in contrast
to the reduction reaction, is applicable to the
synthesis of primary amines (cf. entry 4, Table 2).
The yields are not, however, as high as for the
synthesis of tertiary amines.

EXPERIMENTAL

General. IR spectra were recorded on a Perkin-
Elmer Infracord 157G spectrophotometer, and
mass spectra (at 70 eV) on an LKB 9000 instru-
ment. These spectra were routinely recorded and
are in full accordance with the proposed structures.
Melting points were determined in open capillary
tubes and are uncorrected. Elemental analyses
were carried out by the Microanalytical Laboratory,
Royal Agricultural College, Uppsala. GLC analyses
were performed on a Varian 1700 chromatograph
equipped with a 2.7 m glass column packed with 8 %
Carbowax 20 M+2 9% KOH on Chromosorb W
(60— 80 mesh) or, for preparative use, a 3.0 m steel
column packed with 20 9; Carbowax 20 M on
Chromosorb W (60— 80 mesh). THF was distilled
from LiAlH,. All reactions with organocopper
reagents were carried out under nitrogen.

Preparation of starting materials

3-Methoxy-1-hexyne (10). This was prepared by
standard methods, using 3-hexyn-3-ol, NaH and
CH,l in ether —dimethyl formamide (DMF) 1:1.
Yield: 41 %, b.p. 48°C/32 mmHg. NMR (CDCl;)
0.95 (t,3H), 1.4~ 1.9 (m,4H), 2.46 (d, *J ~2Hz, 1H),
3.44 (s, 3H), 3.85—4.1 (m, 1H).

4,4-Dimethyl-3-methoxy-1-pentyne (11). This was
prepared by standard methods, using 4,4-dimethyl-
1-pentyn-3-ol, prepared according to a general
procedure,?® NaH and CH;,l in ether—DMF 1:1.
Yield: 50 %, b.p. 52°C/75 mmHg. NMR (CDCl;)
0.96 (s, 9H), 2.34 (d, *J ~2Hz, 1H), 3.37 (s, 3H), 3.48
(d, *J ~2Hz, 1H).
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1-Bromo-4-methoxy-2-pentyne (12). To a stirred
solution of cyanogen bromide (32.0 g, 0.3 mol) in
ether (400 ml) at 25°C was added N,N-dibutyl-4-
methoxy-2-pentynylamine (13) (68.0 g, 0.3 mol) over
a 30-min period. The mixture was stirred for an
additional 12 h and then washed with 1 M HCI
(3 x 50 ml) and water (2 x 50 ml). The organic phase
was dried over MgSO,, concentrated in vacuo and
distilled at reduced pressure to give 39.2 g (74 %) of
12, b.p. 70—75°C/10 mmHg. IR (film) 2200 cm~*.
NMR (CDCl,) 1.35 (d, 3J ~7Hz, 2H), 3.37 (s, 3H),
3.94 (d, 5J ~2Hz, 2H), 3.9—4.3 (m, 1H).

4-Methoxy-2-pentynylamine (S5g). 8.5 g (0.048
mol) of 12 was added to about 50 ml of liquid NH; in
a tube which was sealed for 3 h. The excess of NH,
was then allowed to evaporate and ether (200 ml)
was added. The ether phase was washed with
H,0 (10 ml) and dried over Na,CO,. The ether was
distilled off and the residue was distilled in vacuo
to give 5.4 g (60 %) of 5 g, b.p. 62— 63 °C/12 mmHg.
NMR (CDCl,) 1.32 (s, 2H), 1.38 (d, 3J ~7Hz, 3H),
3.33 (s, 3H), 3.42 (d. 5J~7THz, 2H), 3.8—4.2 (m,
1H).

General procedure for preparation of acetylenic
aminoethers ( Mannich reactions). A mixture of an
appropriate secondary amine (1.1 equiv.), para-
formaldehyde (1.2 equiv.), an appropriate acetylenic
methyl ether (1.0 equiv.) and CuCl (0.01 equiv.)
in dioxane was refluxed for 2 h. The solvent
was removed in vacuo and the reaction mixture
was poured into ice-water. The mixture was acidified
and extracted twice with ether. The aqueous layer
was made basic and extracted three times with
chloroform. Drying over K,CO,, evaporation of the
solvent and distillation in vacuo gave the appropriate
aminoether.

N-(4-Methoxy-2-butynyl)-N-methylbenzylamine
(5a). The standard procedure was followed, using
3-methoxy-1-propyne 26 and N-methylbenzylamine.
Yield: 899, bp. 90—-92°C/0.2 mmHg. NMR
(CDCl3) 2.33 (s, 3H), 3.35 (t, 2H), 3.40 (s, 3H),
3.58 (s, 2H), 4.15 (t, 3H), 7.35 (s, SH).

N-(4-Methoxy-2-pentynyl )-N-methylbenzylamine
(5b). The standard procedure using 3-methoxy-1-
butyne2? and N-methylbenzylamine gave 5b in a
yield of 71 %, b.p. 106—108°C/0.6 mmHg. NMR
(CDCly) 143 (d, 3J~7Hz, 3H), 2.32 (s, 3H), 3.33
(d, 2H), 3.41 (s, 3H), 3.55 (s, 2H), 3.95—4.3 (m, 1H),
7.35 (s, 5H).

N-(4-Methoxy-4-methyl-2-pentynyl)-N-methyl-
benzylamine (5c). The standard procedure was
followed, using 3-methoxy-3-methyl-1-butyne 28 and
N-methylbenzylamine. Yield: 76 %, b.p. 87°C/0.1
mmHg. NMR (CDCl;) 1.50 (s, 6H), 2.32 (s, 3H) 3.34
(s, 2H), 3.41 (s, 3H), 3.56 (s, 2H), 7.35 (s, SH).

N,N-Dimethyl-4-methoxy-2-heptynylamine (5d).
The mixture was heated in a sealed tube; otherwise
the standard procedure was followed, using 10,
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dimethylamine hydrochloride and one equivalent
of K,CO;. Yield: 53 %, b.p. 84—86°C/12 mmHg.
NMR (CDCl,) 095 (t, 3H), 1.35—1.8 (m, 4H),
2.30 (s, 6H), 3.29 (d, 2H), 3.39 (s, 3H), 3.8—4.2 (m,
1H).

N-(5,5-Dimethyl-4-methoxy-2-hexynyl )-N-meth-
ylbenzylamine (Se). The standard procedure using
11 and N-methylbenzylamine gave 5e in a yield of
70 %. B.p. 98—99°C/0.06 mmHg. NMR (CDCl,)
1.00 (s, 9H), 2.35 (s, 3H), 3.3—3.5 (m, 5H), 3.5-3.7
(m, 3H), 7.35 (s, SH).

N,N-Dibutyl-4-methoxy-2-pentylamine (13). The
standard procedure was followed, using 3-methoxy-
1-butyne®’ and dibutylamine. Yield: 82 %, b.p.
84—87°C/0.4 mmHg. NMR (CDCl;) 0.90 (t, 6H),
1.15—1.75 (m, 11H), 2.45 (t, 4H), 3.35— 3.50 (m, SH),
39-4.3 (m, 1H).

N,N-Dimethyl-4-methoxy-2-butynylamine ( 5f) was
prepared according to Ref. 29.

General procedure for organocuprate reactions
of acetylenic aminoethers. A Grignard reagent,
derived from Mg (0.065 mol) and an organic halide
(0.065 mol) in an appropriate solvent, was cooled
to —30°C. Cul or CuBr (0.0038 —0.013 mol) was
then added over a 5-min period. A solution of an
aminoether 5a—g in THF or ether was then added
dropwise in 5-min. Thereafter the reaction mixture
was allowed to slowly reach room temperature.
The mixture was quenched with water (10 ml) when
the reaction was complete (2 —21 h), as determined
by GLC. Diluted NH; solution (0.01 M, 40 ml) was
added to the mixture and it was extracted with
ether (3 x50 ml). The organic phase was washed
with additional NH solution and water, dried over
Na,SO,—K,CO; and concentrated in vacuo. Distil-
lation at reduced pressure gave the allenic amines
la—d, 7abf and g. They were characterized by
NMR, IR and elemental analyses of their oxalates
or hydrochlorides.

N-2,3-Butadienyl-N-methylbenzylamine  (1a).*
Purified by preparative GLC. IR (film) 1955 cm ™.
NMR (CDCl,) 2.24 (s, 3H), 3.0—3.2 (m, 2H), 3.53
(s, 2H), 4.8 —4.55 (m, 2H), 5.0—5.35 (m, 1H), 7.32 (s,
5H).

N-2,3-Pentadienyl-N-methylbenzylamine ~ (1b).
B.p. 94—96°C/1.0 mmHg. IR (film) 1960 cm™!.
(CDCl,) 1.66 (dd, 3H), 2.25 (s, 3H), 3.04 (dd, 2H),
3.53 (s, 2H), 495—-5.3 (m, 2H), 7.31 (s, SH). The
oxalate of 2b had a m.p. of 135—136°C after re-
crystallization from  ethanol —ether.  Anal.
C,sH,,NO,: CHN.

N-(4-Methyl-2,3-pentadienyl )-N-methylbenzyl-
amine (1c). B.p. 78—79°C/0.25 mmHg. IR (film)
1960 cm ™. NMR (CDCl,) 1.69 (d, °J ~3 Hz, 6H),
2.24 (s, 3H), 3.03 (d, 3J ~ THz, 2H), 3.55 (s, 2H), 4.5 —
5.3 (m, 1H), 7.32 (s, 5H). Oxalate of 2¢: m.p. 150 —
151°C (recrystallized from ethanol—ether). Anal.
C,¢H,;NO,: CHN.
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N,N-Dimethyl-2,3-heptadienylamine (1d). B.p.
98—101°C/65 mmHg. IR (film) 1960 cm~'. NMR
(CDCl3) 095 (t, 3H), 1.2—2.2 (m, 4H), 2.30 (s, 6H),
298 (dd, 2H) 4.9 —5.25 (m, 2H). Oxalate of 2d: m.p.
122—123°C (recrystallized from ethanol —ether).
Anal. C,,H,,NO,: C,H,N.

N-(2-Methyl-2,3-butadienyl ) - N - methylbenzy!-
amine (7a). B.p. 64—65°C/0.6 mmHg. IR (film)
1960 cm~!. NMR (CDCl,;) 1.64 (t, 5J~3Hz,3H),
2.16 (s, 3H), 2.91 (t, 5J~2Hz, 2H), 3.49 (s, 2H),
4.5—4.75 (m, 2H), 7.30 (s, SH). 7a was converted
to a hydrochloride which, after recrystallization
from ethyl acetate, had an m.p. of 119—121°C.
Anal. C,;H, CIN: CHN.

N-(2-Methyl-2,3-pentadienyl)- N - methylbenzyl -
amine (7b). B.p. 76—77°C/0.2 mmHg. IR (film)
1960 cm~'. NMR (CDCl,), 1.61 (d, 3J ~7Hz, 3H),
1.73 (d, °J ~3Hz, 3H), 2.18 (s, 3H), 2.90 (d, °J ~ 2Hz,
2H), 3.50 (s, 2H), 4.8 — 5.2 (m, 1H), 7.32 (s, 5H). Oxa-
late of 7b: m.p. 124—125°C (recrystallized from
ethanol —ether). Anal. Calc. for C,4H,NO,: C
66.0; H 7.3; N 4.8. Found: C 65.4; H 7.4; N 4.8.

N,N-Dimethyl-2-benzyl-2,3-butadienylamine (7f).
B.p. 56—60°C/0.15 mmHg. IR (film) 1960 cm™!.
NMR (CDCl;) 2.21 (s, 6H), 2.76 (t, 2H), 3.36 (t, 3H),
4.45—4.8 (m, 2H), 7.28 (s, SH). Hydrochloride of
7f: m.p. 125—127 °C (recrystallized from ethanol —
ether). Anal. C,;H,4CIN: C,H,N.

2-Methyl-2,3-pentadienylamine (7g). B.p. 76—
78°C/100 mmHg. IR (film) 1960 cm~!. NMR
(CDCl,) 1.52 (s, 2H), 1.62 (d, 3J~7Hz, 3H), 1.66
(d, °J ~4Hz, 3H), 3.05 (d, 3J ~3Hz, 2H), 4.8—5.35
(m, 1H). Hydrochloride of 7g: m.p. 148—149°C
(recrystallized from  ethanol—ether).  Anal.
C¢H,,CIN: C,H,N.
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