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Catalytic Aminomercuriation of Propargyl Ethers and
Thioethers: Synthesis of f-Oxy- and f-Thioenamines
and Related Compounds

José BARLUENGA*, Fernando AzNaR, Ramon Liz

Departamento de Quimica Organica, Facultad de Quimica, Univer-
sidad de Oviedo, Oviedo-7, Spain

Enamines® and, on a small scale, enol ethers®** are two

classes of compounds whose reactivity has attracted much
attention. In previous work®¢, we have described a facile
synthesis of enamines via catalytic aminomercuriation of ter-
minal alkynes. We now report an extension of this method to
propargyl ethers and thioethers with a terminal triple bond
and some characteristic reactions of the enamines prepared.

When the reaction of a propargyl ether or thioether 1, a sec-
ondary amine 2, and a catalytic amount of mercury(ll)
chloride or acetate is carricd out at room or moderate tem-
perature, usually in the presence of potassium carbonate, the
corresponding p-alkyloxy-, f-phenoxy-, or f-phenylthio-
enamine 3 with the more substituted double bond is obtained
(Table 1).

SYNTHESIS

On the other hand, enamines derived from unsymmetrical keiones
have been reported to exist as a mixture of isomers differing in the
double bond position”™®. However, spectroscopic studies on enol
ether- or enol thioether-cnamines 3 only allow us to ascertain the
presence of the more substituted isomer. This finding can be related
with the higher degree of electron delocalisation to be expected for
the isomer with the internal double bond. This result is particularly
interesting in the cases of morpholino enamines 3k, 1, whose
N—C=C moiety should reach coplanarity with less strain in the less
substituted form®. Compounds 3a—g are produced asa ~ 2 : 1 mix-
ture of (Z)- and ( E)-isomers. Stereoelectronic factors account for
the predominance of the (Z)-stereoisomer and also that it displays
the lowest field signals for H-g and C-f in the 'H-N.M.R. spec-
tra'®' 12 In contrast, a single stereoisomer, probably (£}, is pre-
sent in compounds 3h—1.

On hydrolysis with acid, compounds 3 behave as enamines
and lead in all cases exclusively to the corresponding mono-
substituted acetones 5. 2-Aminopropanals derived from the
enol ether or enol thioether hydrolysis could not be detected.
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The above results and the known existence of some meta-
stable secondary enamines!?® prompted us to substitute pri-
mary for secondary amines in the previously described reac-
tion. However, only the corresponding imines 4 (Table 2)
were always isolated under our reaction conditions. Com-
pounds 4a—d were obtained asa ~ 5 : 1 mixture of ( E)-and
(Z )-isomers, determined by 'H-N. M. R.; compounds 4e, f
appear as a single stereoisomer, tentatively assigned as the
( E )-isomer.

Potassium carbonate is added to avoid the acid-catalysed
self-condensation processes of enamines'®'®. Otherwise,
some lowered yields in compounds 3 are usually obtained
when secondary amines are employed. However, a surprising
behaviour is observed in the mercury(11) chloride-catalysed
reaction of propargyl cthers 6 with N-methylaniline 7 at
room temperature, which lead to the formation of the corre-
sponding 2.4-bis[alkoxymethyl]- or 2,4-bis [aryloxymethyl]-
1,4-dimethyl-1,4-dihydroquinolines 9 (Table 3).
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Table 1. Enol Ether- or Enol Thioether-enamines 3 prepared

Prod- R'Y

uct

No.

3a H,CO CHs CH,
3b  H,CO CoHs C,H,
3¢ H,C0 3H,C—C4H, C,H,
3d  C4H,CH,O CHq CH,
3¢ CH,0 CoH; CH,
3 CH0 CeHs C,H,
3¢ CH0 3H,C—CgH, C,H,
3 CHS CeHs CH,
3i CeHS CeHs C,H,
3 CH.SS 3FH,C—CgH, C,H,
3K CHS ~~CHy),—O—(CH,),—
¥ CHO —~(CHy),—O—(CH,),—

R? R

* Sec Experimental.
Based on alkyne.

" All new compounds 3a-1 gave satisfactor

C+025 H+019; N +0.15.

Recorded in a Varian FT-80a s
* Unresolved long-

atoms was observed for 3a-g.

time/

temp.

/

Sh/
t.

24hy/
r.t.

24h/
67°

20h/
r.t.

21 h/

~o

17h/
r.t.

4hy
100°

16 h/
r.t.

Reaction
conditions

[l

Me-
thod*

AW

B/Y

A/W

AlY

A/X

A/X

A/X

A/X

B/X

A/X

E/X

Yield® b.p.

Y Cls formula®
[torr]
41 50°/ C,HsNO
0.05 (177.2)
46 587/ C,,H;;NO
0.05 (191.3)
63 657 C3HoNO
0.001 (205.3)
60 1067/ C;H oNO
0.001 (255.3)
76 907/ C,6H1sNO
0.001  (239.3)
17 1057/ C,,H;oNO
0.001 (253.3)
62 1107/ C,gH,NO
0.001 (267.4)
70 1187/ C,6H NS
0.001 (255.4)
31 1237/ Cy,HoNS
0.001 (269.4)
45 1267/ (gH, NS
0.001 (283.4)
55 130°/  C3H,NOS
0.001 (235.3)
73 101°/ C43H;,NO,
0001 (219.3)
f
£

y microanalyses:

pectrometer with a D, 0 capillary.

range coupling between C--f and C—f’ h ydrogen

'H-N.M.R.
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' BC-NM.R. (CCI,/TMS)*!
ofppm] B
C-p

(CCl,/TMS) &
o {ppm]

C-a

154

1429, 1222, '
11.7Q2q)

1.65 (s, 3H): :
2.95(s,3H); 148.1(2d) 125.4(2s)
3.45,3.55(2s,3H);
5.65,6.05(2s, 1H);
6.35-7.2 (m. SH)
1.15(t,3H);

1.65 (s, 3H);
3.35(q,2H);
3.45,3.55(2s,3H),
5.7,6.0(2s, 1H);
6.4-7.2(m, 5H)
1.15(¢, 3H);

1.65 (s, 3H):;
2.25(s,3H);
3.3(q,2H);
3.45,3.55(2s,3H);
5.05,6.0(2s,1H);
6.2-7.0(m, 4H)
1.6,1.7(2s, 3H),
3.0,2.95(2s, 3H);
4.7,475(2s,2H),
5.85,6.25(2s, 1 H);
6.5-7.5(m, 10H)®
1.75,1.85(2s,3H);
3.1,3.052s,3H);
6.25,6.5(2s, 1H);
6.55-7.35 (m, 10H)
1.25(1, 3H):
1.75,1.85(2s,3H);
3.55,3.45(2q,2H);
6.2,6.5(2s, 1H);
6.6-7.3(m, 10H)
1.1(t,3H);

1.55(s, 3H);
2.2(s,3H);
3.3,3.5(2q, 2H);
5.7,6.0 (2s. 1H);
6.2-7.1 (m, 9H)
1.9(s, 3H):
3.1(s,3H);

5.1¢s, 1H);
6.85-7.4(m, 10H)
1.2(t, 3H);
1.9(s,3H):
3.65(q,2H);
5.15¢s, 1 H);
6.85-7.35(m, 10H)
1.15(t, 3H);
1.8(s,3H):
2.3(s,3H):

3.6(q, 2H);

51, 1H):
6.55-7.3(m,9H)
2.05(s, 3H);
2.95(m,4H);

3.65 (m, 4H);
4.95(s, 1H);
6.85-7.3 (m, 5H)
1.75(s, 3H): b
275 (m, 4H);

3.65(m, 4H);
6.8(s, 1 Hj:
6.65-7.35 (m, 5H)

119.3,
122.9(25)

16.5.
12.7(2q)

143.5,
149.02d)

15.3,
11.4(2q)

1414,
147.1(2d}

1189,
121.8(29)

141.0,
146.4(2d)

122.0.
125.7(25)

5.3,
11.7Q2qQ)

1362, "
140.1(2d)

16.0,
129(24)

16.9.
13.52q)

135.8, n
140.9(2d)

928 1542(s)  19.0(q)

902(d) 1533(s)  18.9¢q)

885(d)  1569¢s)  17.5(g)

136.7¢s)

12.2(g)

First value in duplicate signals concerns to the (E)-isomer.

In CDCI,.

wn

Cp

" The corresponding carbon nucleus resonates in the range of the
aromatic carbons.

The starting alkyne is prepared according to Ref.29,

The starting alkyne is prepared according to Ref.*!,
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SYNTHESIS
Table 2. Imines 4 prepared
Prod-R'Y R? Reaction Yield® m.p.[°C]/ Molecular 'H-N.M.R. BC-N.M.R.
uct conditions [*] (solvent) formula® (CDCly/ (CDCl,/TMS)*®
No. e or b.p. or lit. data TMS)%¢ d [ppm]
tie/  Me- [CY/ltorr] 3 [pm] S
temp.  thod® C-a C-p Cf
[cl
42’ C,H.O0 C.H; 5h/ A/X'" 88 571 76-71.5° 1.9,2.3(2s,3H); 168.3, 73.5, 16.2,
r.t. (hexane) (hexane)'®  4.7,445(2s,2H);  167.7(25) 66.92t) 23.5(2q)
' 6.55-7.45 (m, 10H)
4 CH, O 2-H,C—CH, 3h/ A/X' &4 100/ CigH(NO  1.85,2.1(25,3H);  168.7, 73.8, 17.2,
r.t. 0.001 (239.3) 2.1,235(2s,3H);  168.1(2s) 65.7(2t) 24.2(2q)
4.75,4.35(2s, 2H);
‘ 6.5-7.45 (m, 9H)
4! CH,0 2-H,CO—C¢H, 13h/ A/X" 67 112°/ C,¢H,;NO, 1.8,2.3(2s,3H), 170.8, 741, 17.6,
r.t. 0.001 (255.3) 3.75,3.7(2s.3H);  170.6(2s) 67.9(2t) 24.2(2q)
4.75,4.4(2s,2Hy;
6.55-7.45(m, 9H)
4d* C,HS  CoHs Sh/ A/XT 8t 44-46°  37-39° 1.8,2.25(2s,3H);
rt. (hexane)® (ethanol)™3 3.7,3.35(2s,2H);
‘ 6.25-7.55 (m, 10H)!
4¢' C,Hs,O n-C,H, 12h/ - E/X 53 56°/ C3H oNO  0.9(t,3H); 166.2(s)  75.1(1) 15.0(q)
r.t. 0.001 (205.3) 1.15-1.85(m, 4H);
1.9¢s,3H);
3.3(t,2H);
4.5(s,2H);
6.7-7.5(m, 5H)
4fi C,H,O0 C¢H,CH, 1.25h/D/X 56 120°/ C¢H;sNO  1.9(s,3H);
100° 0.001 (239.3) 4.45(s,2H);
4.5(s,2H);
6.7-7.35 (m, 10 H)'
4 See Experimental.
® Based on alkyne.
° All compounds 4 gave satisfactory microanalyses: C £0.3; H £0.15; N £0.06.
4 Recorded in a Varian FT-80A spectrometer with a D,0 capillary.
: First value in duplicate signals concerns to the (E)-isomer.

Similar yields were reached when reactions were carried out with commercial tetrahydrofuran, air atmosphere and absence of potassium

carbonate and a moist work-up (a 10 min basic sodium borohydride reduction, extraction with ether) is selected.

b.p. 123°/0.001.

In CDCH;.
The starting alkyne was prepared according to Ref.2".
The starting alkyne was prepared according to Ref. .

= e = o om

HgCly, r.t.
RO—CH,~C=CH + CgHs=NH—CHz ——>

6 7 H3C/
L
[ Hs @, CHs |
CgHany~CHs Ce 5\?]‘3?’ 3
|
RO—CHz-ﬁ—CHZ—C-CH3 = RO—CHz—?=CH—(I:-CH3
N CH,—OR N CH2—OR
H3C/e\C3H5 H3‘C/ \C5H5

L -

Ro-CHz—?‘ész +

\C gHg

A

CeHs\
- /NH
H3C

Tautomeric equilibrium with a 10% amount of the corresponding secondary enamine.

CSHS\'?‘/CHEI
‘*~~--*®?—CH3 -—
CH,~OR
B
H3C
CHp,—OR 3% CH,—OR
Ha R 2 H z
.,:;"| — Y
N”CH;—OR I\|l CH,—OR
(|:H3 CH,
8 v
H3C_ CH,—OR
@ '3] (3
H N7 CH—OR
CHs
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Table 3. 1,4-Dihydroquinoline Derivatives 9 prepared?

Yield® Molecular

'H-N.M.R.

Communications 307

Prod- R 13C-N.M.R. (CDCL,/TMS)*¢ § [ppm]
0 0t “DC1 /TMSd,c . S . e
glcé . [%] formula E) ([ppma]' ) o2 o Ca C
9a®  CH, 89 CsH(oNO,  1.4(s,3H); 2.8 (s, 3H): 119.7(¢s)  109.8(dy  77.7(1) TL5(1)
' (245.3) 3.25(s. 3H); 3.30 (s. 3H):
' 3.31(s.2H); 4.1 (s, 2H);
5.35(s. 1H); 6.3-7.1 (m, 4H) N
9"  CH,=CH—CH, 70 CoHysNO, 1445, 3H): 2.85(s, 3H); 1219(s)  111.9(@)  76.7(t)  T1.1(1)
(299.4) 3.45(s, 2H);
3.85-4.1 (m, 4H);
4.3 (s, 2H); 4.95-6.15
(m, 7H); 6.45-7.45 (m,4H) ‘
9¢i H,C—CH=CH—CH, 46 i HNO, 13¢5 3H): 1.7 (m, 6 H); 1221()  112.1(d) 764  70.9(1)
(327.5) 2.85 (s, 3H): 3.4 (s, 2H);
’ 3.75-4.0 (m. 4H);
4.25(s, 2H):
5.5 (s. 1H); 5.55-6.3 (m, 4H);
6.45 7.3 (m,4H)
9d'  C Hs—~CH, 65 CoH3oNO,  1.35(s,3H), 285(s,3H);  122.0(s)  112.2(d) 76.7() 70L.4(0)
(399.5) 3.45(s, 2H); 4.3 (s, 2H);
4.45 (s, 2H); 4.5(s, 211);
5.5(s. 1H); 6.5-7.5(m, (14 H)
9¢*  ( H, 83 CysHasNO,  15(s.3H); 2.9(s, 3H); 1194(s)  1104(d) 7220 67.3()
(371.5) 5.6(s, 2H)b: 4.8 (s, 2H);
5.6 (s. 1H); 6.5-7.3 (m, 14H) _
9fi 3-H,C—C H, 84 Cy7HyoNO,  1.55(s,3H); 225(s,3H);  121.5(s)  113.0(d) 738 () 689 (0)
(399.5) 2.3(s.3H); 2.9(s, 3H);

3.9(s,2H): 4.8 (s, 3H);

* Reuctions were carried out at room temperature during 18 h. Reaction conditions C

Experimental),
Based on alkyne.

Recorded in a Varian FT-80A spectrometer.

M.S., mfe =245 (M").
MS., mje =371 (M").

S ® = e o a o

pattern.
The starting alkyne is prepared according to Ref2°.
! The starting alkyne is prepared according to Ref.2!.

Dihydroquinolines 9 are also formed from the corresponding f-
alkyloxy- or f-aryloxyenamines 3 and gaseous hydrogen chloride as
shown by the conversion of 3e to 9e. The formation of compounds 9
can be rationalized in terms of an initial self-condensation pro-
cess'*'® of enol ether-enamines 3, followed by an artho-cyclisation
of the protonated dienamine intermediate 8!7. Although the signals
for the protons of the less substituted isomers A are not distin-
guishable in the 'H-N. M. R. spectra of compounds 3. trace amounts
of A might be in equilibrium with 3 to allow the progress of the
reaction as shown in above,

When other amines, different from N-methylaniline, are used in the
latter reaction, none or small amounts of impure dihydroquinoline
derivatives are obtained.

The formation of compounds 9b, ¢, in which a carbon-carbon
doubie bond originally present in the starting propargyl cther 6 has
remained unchanged, implies that the well known stoichiometric
aminomercuriation of olefins’31° cannot compete against the cata-
lytic aminomercuriation of terminal acetylenes.

Preparation of Compounds 3,4 and 9; General Procedure:
See Tables 1-- 3 for choice of the appropriate reaction conditions and
work-up procedure.

5.65(s, 1H);6.5-7.3 (m, 12H)

All new compounds 9a-f gave satisfactory microanalyses: C +0.23; H 4 0.13; N +0.11.

Unresolved long-range coupling between C-3 and C-a hydrogen atoms was always observed.

In CCl, solution the o’ methylene hydrogen atoms are not accidentally equivalent and this signal displays the typical pseudoquatriplet

Method A: Potassium carbonate (0.55 g. 4 mmol) and mercury(Il)
chloride (0.27 g. 1 mmol) are successively added. under argon, to a
solution of propargyl ether or thiocther 1 (20 mmol) and the dry
amine 2 (100 mmol) in dry tetrahydrofuran (10 ml). and the mixturc
is stirred. An external water bath is used when the reaction is carried
out at room temperature.

Method B: Analogous to Method A, but without potassium
carbonate.

Method C: Analogous to Method A, but potassium carbonate.
argon atmosphere, and tetrahydrofuran are not employed.
Method D: Potassium carbonate (1.38¢g. 10 mmol) and mer-
cury(Il) chloride (1.36 g, 5mmol) are succesively added, under
argon, to a solution of propargyl ether or thioether 1 (20 mmol) and
the dry amine 2 (100 mmol) in dry dioxan (30 ml). and the mixture is
stirred under reflux.

Method E: Mercury(Il) acctate (4.76 g. 15 mmol) is added under
argon to a solution of 3-phenoxy-1-propyne (1; R'-Y = CeH0:
2.64 g, 20 mmol) and the dry amine 2 (60 mmol) in dry dichloro-
methane (50 ml) at room temperature, and the mixture is stirred.

Work-up Procedures:

Method W, (under argon): Volatile components and reaction pro-
ducts are suceessively distilled in vacuo from the crude reaction
mixture,

and work-up procedure Z were selected (see
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Method X, (under argon): The volatile components are evaporated
in vacuo and the crude products treated with dry ether (3 x 20 ml)
and filtered. Insotuble matter is discarded and the liquid phase con-
centrated and distilled in vacuo.

Mecthod Y: Aqueous 3 molar potassium hydroxide is added until
basic to the resultant mixture which is then extracted with cther
(3 x 20ml), washed, and dried with sodium sul-
phate. Volatile components and reaction producets are succesively
distilied in vacuo.

Method Z, (for compounds 9): Aqueous 3 molar potassium hydro-
xide 13 added until basic to the resultant mixture which is then ex-
tracted with ether (3 x 20 ml), washed, and dried with sodium sul-
phate. The volatile components are evaporated in vacuo and the crude
mixture is treated with n-hexane (3 x 20 ml) and filtered. Insoluble
matter is discarded and the liquid phase concentrated. For com-
pounds 9a and 9¢ and additional chromatographic purification
(silica gel; cyclohexane/ether, 1 : 1) is required. Compounds 9 are
stable brown oils or amorphous solids which could not be
crystallised.

Received: October 12, 1933
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