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Table 1. Reaction of N-Nitrosodibenzylamine (1) with

Azides®
Recov- PhCHjy- Other
Registry ered CHyPh, prod-
no. Azide 1,% % ucts
622-37-7 (1) Phenyl azide 81.5 Traces b
1516-60-5 (2) 4-Nitrophenyl azide 485 46
18523-41-6 (3) 4-Cyanopheny! azide 93.7 48
31656-77-6 (4) 2-Cyanophenyl azide 66.5 47
3296-05-7 (5) 4-Chlorophenyl azide 79.5 0 ¢
62416-01-7 (6) 2-Chloro-4-nitro- 63 14 d
phenyl azide
62416-02-8 (7) 2,3-Dichlorophenyl 0 1 ¢, d
azide
16714-27-5 (8) 2-Benzoylphenyl 90 Traces e
azide
1516-58-1 (9) 2-Nitrophenyl azide 80 O f
62460-41-7 (10) 2-Cyano-4-nitro- 9.7 695 d
phenyl azide
941-55-9 (11) Tosyl azide >99 Traces
1070-19-5 (12) tert-Butyl 89 0
azidoformate

a All reactions were carried out in enough chlorobenzene to give
a homogeneous solution using 5 mmol of N-nitrosodibenzylamine
and 10 mmol of the azides. The yields of bibenzyl are based on the
amount of unrecovered nitrosamine. Other products such as the
azo compounds and biphenyls were formed. ? In this reaction,
azoxybenzene was sought (see ref 8) and detected by thin-layer
chromatography. ¢ Trace amounts of benzylidenedibenzylhy-
drazine (5) were detected. ¢ Benzaldehyde was identified as a
by-product. ¢ 3-Phenylanthranil was isolated in nearly quanti-
tative yield. / Benzofuroxan was isolated in 32% yield.

the deoxygenation of 1. That this expectation was fully war-
ranted was shown by the fact that a 70% yield of bibenzyl was
obtained with less than 10% of recovered N-nitrosamine. Our
results indicated that aryl azides may be useful for the removal
of semiionic oxygen in compounds such as N-oxides, azoxy
compounds, and nitrones.

Experimental Section

Materials. N-Nitrosodibenzylamine was prepared according to
the literature procedure.l2 The azides were obtained from the corre-
sponding amines.!? Three new azides were prepared by the same
method.

2-Chloro-4-nitrophenyl azide (70% yield): mp 65-66 °C, pale
yellow needles from a mixture of acetone-95% ethanol. Anal. Caled
for CeHsCIN,O2: C, 36.29; H, 1.52; N, 28.22. Found: C, 36.23; H, 1.71;
N, 28.29.

2,3-Dichlorophenyl azide (76% yield): mp 61-62 °C, pale yellow
needles from 95% ethanol. Anal. Caled for CgH3ClsN3: C, 38.33; H,
1.61; N, 22.35. Found: C, 38.54; H, 1.90; N, 22.50.

2-Cyano-4-nitrophenyl azide (17% yield): mp 107-108 °C, pale
yellow needles from 95% ethanol. Since this azide deteriorates on
standing, an elemental analysis was performed on its triphenyl-
phosphine imine adduct, mp 247-248 °C (from benzene). Anal. Calcd
for Co5H1sN304P: C, 70.92; H, 4.25; N, 9.93. Found: C, 71.09; H, 4.35;
N, 9.87.

Typical Procedure. A solution of 1.14 g (5 mmol) of N-nitroso-
dibenzylamine and of 2-cyano-4-nitrophenyl azide (1.89 g, 10 mmol)
in 40 mL of chlorobenzene was purged with nitrogen for 30 min. The
solution was then heated to reflux for 48 h with stirring in a nitrogen
atmosphere. After careful evaporation of the solvent, the residue was
chromatographed on silica gel (60-200 mesh, 50 g) using hexane,
varying mixtures of hexane-benzene, and finally benzene.

All products reported were characterized by direct comparison with
an authentic sample by at least one of the following methods: IR,
NMR, mixture melting point, and TLC retention time.1*
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The propargylamines, N-[3-(2,4-dichlorophenoxy)pro-
pyl]-N-methyl-2-propynylamine (clorgyline, la) and L-
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N,a-dimethyl-N-2-propynylphenethylamine (L-deprenyl,
1b) have been shown to be selective irreversible inhibitors of
the isoenzymes of monoamine oxidase (MAQ) type A and B,
respectively.23 Another propargylamine of this type, N-
methyl-N-2-propynylbenzylamine (pargyline, le), a more
general MAOQ inhibitor, has been used therapeutically as an
antihypertensive agent.4

In our studies of the metabolic fate of suicide enzyme in-
activators of MAO A and B, we required a synthetic sequence
which could be used to label the methylene carbon of the
propargyl group of clorgyline (1a) and deprenyl (1b) with ei-
ther radioactive (14C or 11C) or stable (13C) isotopes of carbon.
The introduction of isotopic carbon at this position using la-
beled formaldehyde in the Mannich reaction with acetylene
and the appropriate secondary amine formally represented
a sequence which could be used to yield the appropriately
labeled propargylamines. However, the inconvenience and
potential hazards associated with the use of acetylene as well
as the formation of disubstituted by-products prompted us
to investigate an alternative synthesis of la and-1b. 2-
Methyl-3-butyn-2-ol {bp 104 °C) appeared to offer an at-
tractive alternative to the use of acetylene in the Mannich
reaction since it has been reported to act as an active hydrogen
compound in the presence of cuprous catalysts,® and it is well
known that acetylenic carbinols undergo KOH-catalyzed
decomposition to the acetylene and carbonyl compound.56

We report here the synthesis of la-c via the Mannich re-
action with 2-methyl-3-butyn-2-ol followed by KOH-cata-
lyzed elimination of acetone from the acetylenic carbinols
3a-c (Scheme I). This reaction sequence has been used to
synthesize 14C-labeled 1a and 1b.”

In summary, this two-step reaction results in the formation
of propargylamines in moderate yields (33—48%). The overall
transformation is that of the Mannich reaction of acetylene
without the hazards and inconvenience of using acetylene or
the formation of complex mixtures of products by the sub-
stitution of both active hydrogen atoms on acetylene.

Experimental Section

Melting points are uncorrected. NMR spectra were run on a JEOL
JNM-MH-100 using Me,Si as an internal standard. Optical rotations
were obtained using a Rudolf Research automatic polarimeter (Model
26202).

N-[3-(2,4-Dichlorophenoxy)propyl]- N-methyl-2-propyn-
ylamine (Clorgyline, 1a). To 0.048 g (0.177 mmo!) of 3-(2,4-di-
chlorophenoxy)-N-methylpropylamine hydrochloride® (2a HC1)in 0.2
mL of HoO was added 0.0144 mL (0.177 mmol) of 37% CH20 in 0.2
mL of H20. This was warmed slightly and 9 mg of CuCl added. The
mixture was adjusted to pH 8 with 0.2 mL of 7.5% NaHCO; and 0.0172
mL of 2-methyl-3-butyn-2-ol in 0.6 mL of dioxane. The mixture was
heated (110 °C) and stirred for 3 h and allowed to cool to room tem-
perature, and 0.6 mL of ammonium hydroxide (concentrated) was
added. The mixture was extracted with ether, the extracts were dried
(K5COs3), and the solvent was removed to yield 0.050 g (86%) of 3a a
pale yellow oil having NMR (CDCl3) 6 7.46-6.76 (m, 3 H, aromatic H),
4,06 (t,2 H,J = 6 Hz, -OCHj-), 3.34 (s, 2 H, -C=CCH,N<), 2.60 (t,
2H,J =7Hz, >NCH;CH3), 2.30 (s, 3 H, > NCH3), 1.96 (p, 2H, J =
7 Hz, -CH.CH,CHj-), 1.50 {s, 6 H, (CH3)2C-]. The compound was
used in the next step without further purification.

Toa film of KOH (0.2 mL of 1 M KOH, lyophilized on the bottom
and sides of a test tube with a vacuum adapter and heated under
vacuum for 2 min at 150 °C) was added an ethereal solution of 3a
(0.050 g). This was evaporated to dryness using a stream of Ny, a cold
finger attached, and the residue heated under vacuum (1 mm) at 150
°C for 1 min. The material adhering to the cold finger was dissolved
in ether-hexane (1:1) and passed over a 4 X 0.5 cm silica gel column
and eluted with ~3 mL of the same solvent. The solvent was removed
leaving 0.023 g (48% based on 2a) of 1a, a pale yellow oil, having NMR
(CDClg) 6 7.46-6.76 (m, 3 H, aromatic H), 4.04 (t, 2 H, -OCH»-), 3.32
(d,2H,J =2 Hz, HC=CCHy-), 2.60 (t,2 H,J = 7 Hz, >NCH,CHy-),
2.30 (s, 3H, >NCHjy), 2.18 (t, 1 H, J = 2 Hz, HC=C-), 1.96 (p, 2 H,
J =7 Hz, -CH,CH,CHjz-). The NMR spectrum was identical with
that of an authentic sample of clorgyline.® TLC on silica gel in
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ether-hexane (1:1) showed one spot with Ry 0.36. Treatment of 0.023
g of la in dry ether with HCI produced 0.025 g of 1a HCl, mp 97-99
°C (lit.8 mp 98.5-100 °C).

L-N,a-Dimethylphenethylamine (2b). To 1.6 g (0.0098 mo!) of
L-N-formyl-1-phenyl-2-aminopropane (prepared from L-am-
phetamine according to the procedure of Cavallito and Gray!?) in 15
mL of ether at 0 °C was added dropwise 8 mL of LiAlH, solution (1
M in ether). The mixture was stirred at 25 °C for 8 h and decomposed
with 1.25 mL of 3% NaOH. The mixture was filtered and the filtrate
extracted with 1 N HCI. Addition of NaOH to the HC! solution fol-
lowed by extraction with ether gave 0.63 g (43%) of a colorless oil. The
NMR (CDCl;) showed 6 7.50-7.14 (m, 5 H, aromatics), 3.02-2.54 (m,
3 H, ~-CH;CH<), 2.42 (s, 3 H, >NCH3), 1.34 (s, 1 H,-NH-), 1.06 (d,
3 H, J = 6 Hz, CH3CH<). Treatment of an ethereal solution of the
amine with HCI produced 2b HC! which had mp 168-171 °C (lit.1!
170-171 °C) and o?5p —12.6° (¢ 16.1, Ho0) (lit.1! a22p —14.8°).

L-N,a-Dimethyl- N-2-propynylphenethylamine (L-Deprenyl,
1b). Using the same general procedure described above, 0.033 g (0.178
mmol) of 2b HCl was allowed to react with formaldehyde and 2-
methyl-3-butyn-2-ol at 110 °C for 4 h to yield 0.037 g of a pale yellow
oil which NMR showed to contain 71% of 3b (60% yield). The NMR
(CDCl3) showed & 7.42-7.06 (m, 5 H, aromatics), 3.42 (s, 2 H,
—-C=CCH,N<), 3.14-2.90 (m, 2 H, -CH.,CgHj), 2.52-2.22 (m, 1 H,
>NCH<), 2.38 (5, 3 H, >NCH3), 1.52 [s, 6 H, (CH3)2C<], 0.96 (d, 3
H, J = 6 Hz, CH3CH<). This compound was used in the next step
without further purification.

Pyrolysis of 3b as described above yielded 11 mg of 1b (33% based
on 2b), a colorless oil having NMR (CDCls) 6 7.4-7.04 (m, 5 H, aro-
matics), 3.42 (d, 2 H, J = 2 Hz, HC=CCH,-), 3.16-2.84 (m, 2 H,
~-CHoCgH35), 2.56-2.32 (m, 1 H, >NCH<), 2.40 (s, 1 H, > NCH3), 2.22
(t,1H,J = 2 Hz, HC==C-), 0.96 (d, 3 H, J = 6 Hz, CH;CH<). The
NMR spectrum was identical with that of an authentic sample of
deprenyl!? and showed no other signals. Treatment of 1b (0.011 g) in
dry ether with HCI followed by crystallization from methanol-ether
gave 0.0095 g of 1b HCl, mp 141-142 °C (lit.13 mp 141 °C), a?5p —10.8°
(c 6.48, Ho0) (1it.13 o205 —11.2°).

N-Methyl-N-2-propynylbenzylamine (Pargyline, 1c). The
reaction of 2¢ HCI (0.028 g, 0.178 mmol) with CH20 and 2-methyl-
3-butyn-2-ol at 110 °C for 8 h as described yielded 0.032 g of 3¢ (83%),
a pale yellow oil having NMR (CDCl3) 6 7.45-7.21 (m, 5 H, aromatics),
3.57 (s, 2H, CeH;CH,N<), 3.31 (s, 2 H, > NCH,C=C-), 2.32 (s, 3 H,
>NCHy), 2.28 (s, broad, 1 H, -OH), 1.55 [s, 6 H, (CH3)C<].

To 0.2 mL of 1 M KOH was added 3¢ (0.032 g) in 0.2 mL of MeOH.
The mixture was evaporated (1 mm), leaving a residue which was
pyrolyzed and purified as described previously to yield 8 mg (41%
based on 2¢) of 1¢, a colorless oil having NMR (CDCly) 6 7.44-7.16 (m,

a, R=
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5 H, aromatics), 3.58 (s, 2 H, CéHsCHyN<), 3.32 (d, 2 H, J = 2 Hz,
>NCHC=C-), 2.33 (s, 3 H, >NCHj), 2.25 (t, 1 H, J = 2 Hz,
HC=C-). The NMR spectrum was identical with that of authentic
pargyline.}4 Treatment of 1¢ in dry ether with HC] followed by crys-
tallization from MeOH-ether gave 0.007 g of 1¢ HC], mp 158.5-159
°C (1it.15 mp 154-155 °C).
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In recent years various methods have been developed to
effect alkylation of amino acid derivatives at their « carbon.!
One of the more versatile variants is the alkylation of depro-
tonated a-isocyano esters developed by Schéllkopf.i2 Yet most
of these procedures—the latter one included—suffer from the
drawback of a multistep procedure necessary to sequentially
protect carboxylic acid and amine functions in order to pre-
pare a derivative suitable for a-deprotonation. We here wish
to report a new and practical approach which is general for all
a-amino acids and obviates the need for a laborious sequential
protection.

The treatment of carboxylic acids in general and N-pro-
tected amino acids in particular with the acetals of dimeth-
ylformamide is known as an efficient and high-yielding
method to prepare the corresponding esters.2-6 Aminolysis
of these reagents, on the other hand, particularly with primary
aromatic amines, leads to substituted formamidines.’® The
simultaneous application of these two reactions for the con-
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version of a free amino acid into its a-formamidine methyl
ester has not been used previously for preparative synthetic
purposes.1® Qur results indicate that such ester formamidines
are ideally suited as intermediates for «-alkylations.

By refluxing any a-amino acid 1 in 2-2.5 equiv of dimeth-
ylformamide dimethyl acetal (cf. ref 10) for 1-6 h, an essen-
tially quantitative conversion to the distillable and reasonably
stable!! amidino esters 2 is achieved.!2 As we have discovered

RCHCOOCH — RCHCOOCH,

NH, N=CHN(CH,),
1 2
R, R‘
_ | I
;Ex R—C—COOCH, —> R—C—COOH
N=CHN(CH,), NH,
4-12 13
CH0
R—C—COOCH; — ® / gi
N
_ |
N=CHN(CH,), 3 k N(CH;),
a b

independently, the conditions for deprotonation to 3 as well
as its reactivity are very similar to those recently reported by
Stork!P for the benzylidene derivative of glycine ethyl ester.
Deprotonation can be achieved either with lithium diisopro-
pylamide in THF at temperatures ranging from 0 to —70 °C
or in certain instances with potassium tert-butoxide in
CH30H. The anion 3 is sufficiently reactive toward alkylating
agents such as alkyl iodides, allylic halides and even epoxides
to give the products 4-12 in good to excellent yieldsl3 (see
Table I). We have reason to believe that deprotonation of 2
initially leads to 3a which readily tautomerizes to the lithium
enolate 3b, highly favored by the chelating effect of the un-
shared pair of electrons of the amidine nitrogen. In the case
of the phenylglycine derivative 2¢ (R = CgHj;), low-tempera-
ture (=78 °C) deprotonation by LDA produces an intense
red-orange color, characteristic of stabilized benzylic anions,
gradually fading to a light orange-yellow. The infrared spec-
trum of the anionic species 3 (in CH3;CN) indicates no ester
absorption but instead a strong band at 1630 cm~! (C=N and
C=C).14

The high degree of chelation in 3 appears to be the reason
for its unusually soft character (cf. ref 1b): in sharp contrast
to the reactivity of the a-isocyano esters,1516 3 does not react
with ketones (benzophenone), and only sluggishly with
benzaldehyde. This reactivity pattern is ideal for 1,4-additions
which indeed occur readily either in aprotic or protic solvents
(cf. ref 1b) (see Table I). Hydrolysis of the products 4-12 can
be achieved in refluxing concentrated hydrochloric acid to
produce the amino acids 13-15. Unlike the imine functionality
(cf. ref 1b), the dimethylformamidine moiety appears to be
remarkably stable toward dilute mineral acids at room tem-
perature.

Thus, we have outlined a practical method which permits
the effective a-alkylation of any a-amino acid in a total of
three steps: (1) simultaneous protection of both functional
groups with dimethylformamide dimethyl acetal, (2) a-al-
kylation (or Michael addition), (3) acidic hydrolysis.

Experimental Section

The physical data were obtained as follows: melting points in a
Thomas-Hoover melting point apparatus (uncorrected); IR spectra
on a Perkin-Elmer 521; mass spectra on a AEI MS 902 by direct in-



