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Abstract. Conjugate addition of organocuprates to the 2-
ethynyl-substituted cyclic iminium triflates 3 generates ami-
noallenes which tautomerize immediately to semicyclic 2-
amino-1,3-dienes (6, 8) or exocyclic 1-amino-1,3-dienes (9,
10) with the enamine function incorporated into or attached
to a 5-, 6-, or 7-membered ring. In those cases where tauto-

meric equilibria between the two aminodiene species are
possible, the five-membered ring exists virtually exclusively
with an exocyclic enamine double bond, but the six-mem-
bered ring prefers the exocyclic form. The seven-membered
ring can accomodate both forms quite well.

The combination of the enamine and 1,3-diene func-
tionalities makes 1- and 2-amino-1,3-dienes (,,linear*
and ,,conjugated” dienamines) to attractive building
blocks in organic synthesis [1-4]. Among the various
methods to prepare these aminodienes, the more or less
rapid thermal [5-7] or base-induced [8] isomerization
of aminoallenes bearing a CHR, substituent at either
terminus of the allene unit has not found due attention
in the past. Recently, we have reported that such ami-
noallenes can be prepared by conjugate addition of or-
ganocuprates to propyniminium salts; the rapid isomer-
ization of the allenes, by a formal 1,3-hydrogen shift to
the central allenic carbon atom, provides an access to a
variety of functionalized, highly substituted amino-1,3-
dienes [9, 10]. Whilst our previous work was focussed
on dialkylamino-substituted, acyclic dienes, we report
now on aminodienes where the enamine function is in-
corporated into or attached to a 5-, 6-, or 7-membered
ring.

Synthesis of Semicyclic Propyniminium Triflates

The required propyniminium triflates 3 were prepared
conveniently by O-sulfonylation of the enaminoketones

1 with triflic anhydride, followed by elimination of tri-
flic acid (HOTY) from the resulting trifloxypropenimin-
ium triflates 2. The synthesis of salts 3a—d,i,j by this
method has already been described [11,12]. Enaminoke-
tones le--g were obtained by condensation of a (het)aryl
methyl ketone with 2,2-diethoxy-1-methyl-piperidine.
In line with our previous experience, the elimination
step 2 — 3 occured more easily, when the aryl substitu-
ent in 2 was electron-rich. Thus, the elimination of tri-
flic acid from (4-chlorophenyl)-substituted salts 2e,h
was achieved at 120-160 °C, whereas salts 2f,g were
not isolated because of rapid loss of HOTf under the
conditions of their synthesis from 1 at or below 20 °C.
Salts 3e,g,h are crystalline compounds that could be
isolated easily. In contrast, reaction of the furyl-enami-
noketone 1f with triflic anhydride yielded a black vis-
cous mass that consisted mainly of salt 3f and triflic
acid in approximately equimolar ratio, together with a
smaller amount of the C-protonated enaminoketone. The
formation of the latter could not be suppressed by per-
forming the reaction in the presence of diisopropyl-
ethylamine, nor could the triflic acid be removed by
addition of a tert-amine base of by attempted vacuum
distillation.
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Organocuprate Addition Reactions

Among the various organocopper reagents [13], the so-
called higher-order cyanocuprates, prepared in-situ from
an organolithium compound (R-Li) and copper(I) cya-
nide in a 2:1 molar ratio and represented either as
R,Cu(CN)Li, or as R,CuLi-LiCN, have recently found
wide acceptance because of their favorable combina-
tion of thermal stability, reactivity and selectivity. By
analogy with the reactions of acyclic propyniminium
salts [9], the cuprate (+-Bu),CuLi-LiCN underwent con-
jugate addition to the salts 3a—i. However, the expected
aminoallenes 4 tautomerized rapidly to the semicyclic
2-amino-1,3-dienes 6 which were isolated in yields of

42-87% after non-aqueous workup. As described
above, the furyl-substituted salt 3f was available only
in company with triflic acid. Therefore, an excess of
the cuprate (3 equivalents) was applied in this case.
Unfortunately, the resulting aminodiene 6f, similar to
6¢, could not be separated from impurities. However,
as shown for 6c¢ [14], further transformations with the
crude aminodiene are possible.

In all cases except 6h, only one diastereomer was
detected. 'H-NMR-NOE experiments with 6a-e,i es-
tablished the Z-configuration at the exocyclic double
bond, since saturation of the r-Bu resonance resulted in
considerable (15-40%) intensity enhancement of the
=CH signal. This assignment is in agreement with a crys-
tal structure determination on a product which resulted
from a reaction at the enamine function of 6a [14]. In
the case of 6h, a small amount of the E-isomer was also
detected by TH-NMR.

When salt 3e was combined with (+-Bu),Cu(CN)Li,,
deprotonation of the cation, leading to alkynyl-enam-
ine Se, occurred as a side reaction [15].

(+-Bu),Culi « LICN
THF, - 60—+20°C

()
n
4 +_/>%~ Ar
)
Me TIO~
3
() )
28 Ar n \
.=< + = Ar
N
f;l t+Bu |
Me Me
4 5
(n=2, Ar= C,H,-4-Cl)
) Ar 3,4,6 n Ar
n
4 \ S/ “VtBu a 1 CgH,-4-Cl
hll b 1 CsH4'OMe
Me c 1 2-furyl
6 d 1 2-thienyl!
e 2 CgH,-4-Cl
f 2  2-furyi
g 2  2-thienyl
h 3 Cg4H,-4-Ci
i 3 2-thienyl

The reaction of propyniminium triflates 3 with the
cuprate Me,CuLi-LiCN led to aminoallenes 7 that tau-
tomerized instantaneously to provide semicyclic 2-ami-
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no-1,3-dienes 8 as well as exocyclic 1-amino-1,3-dienes
9. It is likely that the tautomerization generally proceeds
in the sequence 7 — 8 — 9, which we could confirm
indeed for 8i/9i (see below). Interconversions of 1- and
2-amino-1,3-dienes are quite common, and it is clear
that structural aspects influence the relative stability of
the two species {1, 3]. For the equilibrium between the
semicyclic, ,,cross-conjugated dienamines 8 and the
exocyclic, ,linear” dienamines 9, the results sampled
in Table 1 as well as the thermal and photochemical
isomerization studies reported below underline the im-
portance of the ring size.

Me,CuLi  LiCN
“ 5 THF, 60——20 °C
+

I -
Me TiO

O=

| ) H
Me Me
z8 E-8 9

Table 1 Aminodienes 8 and 9; yields and isomer

ratios

79 n Ar yield (%) ratio ?)
of 8+9) 8/9

a 1  CgHs4-Ct 77 <1/>99
d 1 2-thienyl 78 <1/>99
e 2 CHu4-Cl 829 94/6
f 2 2-furyl 69 >99 /<1
g 2  2-thienyl 77 97173
h 3 CgHs4Cl 65 76 /249
i 3 2-thienyl 76 3/27

?) Measured in CDCl; solution. The ratios reported for
a-e are those obtained after distillation at > 150 °C, ex-
cept for 8f (crude product) and 8i (equilibration in so-
lution, see Scheme 1).

%) Compound 5 was also found (yield: 5%).

©) The ratio was 52:48 after 15 h in CDClj; solution.

For the five-membered rings, only the exocyclic forms
9a,d were detected by 'H-NMR spectroscopy. Howev-
er, reactions with dimethyl acetylenedicarboxylate gave
addition products derived from the endocyclic enamine
form 8 exclusively [14]. In sharp contrast, the amino-
dienes 8f,g dominate to a large extent for the six-mem-
bered ring systems. Finally, the seven-membered rings
can accomodate both forms rather well (8/9 h,i). The
preference of the five-membered ring for the exocyclic
double bond (9a.d) is in complete agreement with the

observation of a 9:1 equilibrium in the system 2-alkyli-
denepyrrolidine/5-alkyl-2,3-dihydro-1H-pyrrole, in con-
trast to the predominance of the analogous endocyclic
six-membered enamine [16]. 13C-NMR investigations
on related 5- and 6-membered cyclic enolethers with
an exo- or endocyclic double bond allow the conclu-
sion that 2-methylene-tetrahydrofuran is strongly sta-
bilized relative to 2-methylene-tetrahydropyran because
of better n-% conjugation, whereas a much smaller sta-
bility difference exists between the corresponding en-
docyclic 5- or 6-ring enolethers [17]. Furthermore, ther-
modynamic investigations showed the lability of 2-
methylene-tetrahydropyran towards the endocyclic
tautomer [18].

As arepresentative example, the dienamine intercon-
version in the system 8i/9i was studied by 'H-NMR (T
=298 K). To this end, the diastereomeric mixture E/Z-
8i, which was obtained by extraction with pentane from
the reaction mixture, was used without further purifi-
cation. The observations can be interpreted as follows:
a) In agreement with the analogous behavior of acyclic
morpholinoallenes [9], the tautomerization 7 — 8 yields
first the thermodynamically less favored diasteromer
Z-8i which slowly isomerizes into E-8i.

b) Both the Z — E isomerization of 8i and the tautomer-
ization 8i — 91 appear to be acid-catalzyed since they
occur faster in (unpurified) CDCl; than in CgDg¢ solu-
tion. While this conclusion appears trivial it should be
noted that we have found earlier some 2-morpholino-
1,3-dienes to isomerize at approximately the same rate
in the two solvents [9].

¢) In the absence of an acid, a valence equilibrium,
maintained by a sigmatropic 1,5-H shift, connects E-8i
and 9i. Since the linear dienamine is the energetically
less favored component, the isomerization E-8i — 9i

1:1.2-1.6 mixture

CiDs, 15h | |cocu, 25n
E-8i + Z-8i + 9i N N / + E-8i
. . ¥
16 : 13 : 1 Me / S
9i y
quant. hv (A > 300 nm) 1 . 27
CeDe. 2h
CeDg, ca. 82h 1
9i
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can be induced photochemically (1,5a-H shift), where-
as 9i is slowly transformed to the 8/9 equilibrium mix-
ture by a thermal 1,5s-H migration.

The isomerization processes in the system 8g/9g were
similar to those just described. A pentane extract of the
reaction mixture contained Z- and E-8g in a 86:14 ra-
tio. A NMR spectrum recorded immediately after dis-
tillation showed a 45:52: 3 mixture of Z-8g, E-8g, and
9g. The fraction of 9g could be raised by irradiation of
the mixture in benzene for 4 h (Z-8g: E-8g:9g = 12.6:
28.8:58.6), but after several hours, the composition of
this solution had returned to the thermal equilibrium
(91.5:5.3:3.2).

The mechanistic proposal of a pericyclic process in-
terconnecting 8i and 9i requires the E-configuration at
the exocyclic double bonds in both compounds. The
observation of significant positive NOE effects on the
exocyclic olefinic proton in the 'H-NMR spectra (Z-8i:
saturation of the =C-Me resonance; 9a and 9i: satura-
tion of the N-Me resonance) supports the stereochem-
ical assignments. In line with these arguments, the
olefinic proton appears at 6 = 6.56 in E-8i and at 6 =
5.88 in Z-8i (Table 2). The low-field shift in the E-iso-
mer is to be expected if the heteroaromatic ring and the
olefinic moiety are coplanar. In fact, such an arrange-
ment was found by crystal structure determination in a
product derived from 8i [14]. Based on this difference
in 8(=CH), the diastereomer assignments were also
made for compounds 8f,g (Table 2).

In contrast, attempts to establish the Z or E configu-
ration of the 4-chlorophenyl-substituted 2-aminodienes
8¢.h solely by 'H chemical shift comparison with 8f,g.i
were not successful because of some discrepancies. For
8e, NOE experiments support the assignment given in
Table 2, but the evidence is not as strong as in the case
of 8i. Further efforts were not made, since facile Z/E
isomerization and tautomerization was observed in these
cases, too (see experimental part).

Conjugate methyl addition to the propiolthioamid-
ium triflate 3j could also be achieved. In this case, tau-
tomerization of the initially formed allene was unequivo-
cal and yielded the butadiene derivate 10 in good yield.

2
@'E

b TO
3j
Me,CuLi » LICN } <: :> a
l THF, - 60 =20 °C s
74% N y
|
Me

10

It should not be concealed that the ,,Normant-type rea-
gent* prepared in situ from 2 equivalents of vinylmag-
nesium chloride and one equivalent of CuCN delivered
the vinyl group at the iminium function of salts 3a,c
rather than in a conjugate manner. The same result, but
with lower yields, was obtained when CuCN was re-
placed by CuBr - Me,S (2:1 stoichiometry as before,
1:1, or catalytic amounts of copper salt). The formation
of 11a,c contrasts with the successful formation of 1-
morpholino-3-vinylallenes, when (2-propynylidene)
morpholinium triflates were combined with the same
reagent [9]. Although a straightforward explanation is
not at hand, the lower reactivity and the lower solubil-
ity (in THF or ether) of magnesium cuprates as com-
pared to lithium cuprates [19] may be the key factors
for this divergent behavior. Furthermore, it should be
recalled that reagents obtained from RMgX and CuHal
are likely to exist in solution as a mixture of different
species, among them mixed-metal clusters and organo-
copper compounds, all of which are less efficient in
conjugate addition reactions than lithium cuprates [13a].

2 (CH,=CH)MgCl + CuCN
THF, - 60—»20 °C =

VN

l\llle TO l\lne N

Ar

3 11

3N | a c
- [0~
(o}
yield (%) 67 72

In summary, we have presented a convenient synthesis
of novel exocyclic 1-amino-1,3-dienes and semicyclic
2-amino-1,3-dienes using organocuprate chemistry,
Since a wide variety of organocopper reagents are avail-
able, other, differently substituted aminodienes will be
easily accessible by this method. The chemistry of these
elctron-rich dienes, such as thermal isomerization re-
actions, hydroboration, and cycloaddition reactions, will
be the subject of forthcoming papers.

This work was supported financially by the Deutsche For-
schungsgemeinschaft and the Fonds der Chemischen Industrie.
We thank the Ube Research Center of Central Glass Company
Ltd. (Ube, Japan) for a gift of triflic acid and triflic anhydride.

Experimental

The NMR spectra were taken on Varian EM 390 (1H: 90
MHz), Bruker AC 200 (1H: 200 MHz) and Bruker AMX 400
(1H: 400.1 MHz; 13C: 100.6 MHz) instruments. If not stated
otherwise, CDCl; was used as solvent; 8 values (ppm) are
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Table 2 'H-NMR data of 2-amino-1,3-dienes 6 and 8 [8/ppm] ?)

Prod. N-CH, N-CH, N-C=CH N-C-CH= other signals
6a 2.50 2.82 3.88 5.95 1.11 (s, t-Bu), 2.12 (m , 3-H,), 6.96/7.27 (AA'BB’, 4 H)
6b 2.51 2.82 3.85 5.93 1.10 (s, t-Bu), 2.12 (m, 3-H,), 3.79 (OMe), 6.83/6.92 (AA'BB’, 4 H)
6d 2.43 2.78 4.39 6.13 L.11 (s, t-Bu), 2.14 (m, 3-H,), 6.66 (dd, 1 H), 6.79 (dd, 1 H), 6.96
dd, 1 H)
6e 2.54 2.75 4.09 6.00 1.09 (s, t-Bu), 1.54 (m,, 3-H)), 1.71 (m,, 4-H,), 6.95/7.21 (AA'BB’, 4 H)
6f 2.52 2.83 4.30 6.08 1.12 (s, t-Bu), 1.65 (m 3- Hz) 1.85 (m 4H. ,), 6.04 (m, 1 H),
6.30 (m, 1 H), 735(dd 1 H)
6g 2.56 2.80 4.29 6.10 1.14 (s, t-Bu), 1.60 (m,, 3-H,), 1.77 (m_, 4-H,), 6.68 (dd, 1 H),
6.90 (dd, 1 H), 7.15 (dd 1 H)
Z-6h 2.56 2.83 4.32 5.96 1.09 (s, t-Bu), 1.35 (m, 4-H,), 1.61 (m,, 3-H,), 1.83 (m, 5-H,),
6.95/7.22 (AA'BB’, 4 H)
E-6h 2.78 3.10 4.60 5.66 1.18 (s, t-Bu), 2.69 (m_, 5-H,); remaining signals covered by those
of Z-6h
6i 2.61 2.94 4.47 6.05 1.14 (s, t-Bu), 1.34-1.48 (m, 2 H), 1.60-1.69 (m, 2 H), 1.84-1.92
(m, 2 H), 6.69 (dd, 1 H), 6.91 (dd, 1 H), 7.15 (dd, 1H)
E-8e® 255 2.94 4.61 6.17 2.18 (s, Me), 1.76-1.83 (m, 2 H, 3-H,), 2.10-2.17 (m, 2 H, 4-H,),
7.24/7.33 (AA'BB’, 4 H)
Z-8e¢ 2.64 2.85 4.20 5.88 2.02 (s, Me); remaining signals covered by those of Z-8¢ and 9e
E-8f 2.53 2.93 4.62 6.43 1.77(m,, 3-H,), 2.08-2.10 (5 H, Me + 4-H,), 6.20 (d, 1 H), 6.35 (dd, 1
H), 7.30(d, 1 H)
Z-8g° 250 291 449 5.76 2.07 (s, Me), 1.71 (m, 2 H, 3-H,), 2.01 (m, 2 H, 4-H,), 6.80 (dd,
1 H), 6.90 (dd, 1 H), 7.00 (dd, 1 H)
E-8g 2.45 2.86 4.55 6.23 2.13 (s, Me), 1.76 (m_, 2 H, 3-H,), 1.95 (m_, 2 H, 4-H,)
8hA Y 263 3.15 4.74 6.13 2.14 (d, FJ1 = 1.2 Hz, Me) 2.22 (rn 2H, 5- H,)
8hB 2.44 2.90 444 5.83 1.94 (m, 2 H, 5-H,), 2.04 (d, ]I = 1.5 Hz, Me) Common signals
of A and B: 1.50- 1 55 (m), 1.66 (m,), 1.80 (m ), 7.15-7.41 (H-aryl)
Z-8iY 2.59 4.96 5.88 2.00 (d, 1)1 = 1.4 Hz, =C-Me)
E-8i 2.51 4.84 6.56 2.21(d, "]l = 1.4 Hz, =C-Me). Common signals: 1.55-1.75 (m, 4 H),

2.14-2.16 (m, 2 H), 3.00-3.09 (m, 2 H), 6.72-6.80 (m, 2 H),
1 H), 7.00 (dd, ~ 0.5 H), 7.16 (broad s, ~ 0.5 H)

#) Solvent: C D, for 8i, CDC, for all others. Operating frequency: 200 MHz for 6a-d, 8i, and 400 MHz for all others.

®) The configurational assignment is supported by a NOE difference spectrum (irradiation at 8 6.17) and observation of the aromatic
ortho-protons). ©) The configurational assignment is supported by a NOE difference spectrum (irradiation at 8 (N-C=CH)).

49) The configurational assignment is supported by NOE experiments on the two diastereomers; see text.

given. As the internal reference, Me,Si was used for the proton
spectra, and the solvent signal for the '*C-NMR spectra [8
(CDCl3) = 77.0, 8 (CD;CN) = 118.2 ppm]. IR spectra were
recorded on a Perkin-Elmer IR 1310 spectrometer. Micro-
analyses were carried out with Perkin-Elmer EA 240 and EA
2400 instruments. Melting points were determined in a copper
block and are not calibrated. Solvents were dried by established
procedures. Triflic anhydride was distilled from phosphorus
pentoxide prior to use.

Synthesis of Enaminoketones le-g

The following procedure, carried out in analogy to a published
method [20], is typical.

2-[2-(4-Chlorophenyl-2-oxoethylidene |- 1-methylpiperidine
(1e)

A mixture of 2,2-diethoxy-1-methylpiperidine [21] (12.80 g,
©9.3 mmol) and 4-chloroacetophenone (10.79 g, 69.3 mmol),
protected from atmospheric moisture, was stirred for 90 h at
20 °C and was then kept at 90 °C for 3 h. The product
crystallized when the solution was allowed to assume ambient

temperature, and was purified by recrystallization from
ethanol.

Pale-yellow crystals, m.p. 110 °C; yield: 14.05 g (86%). — IR
(KBr): v = 1599, 1546, 1470, 1398, 1470 cm™!. - 'H-NMR
(90 MHz): 6 = 1.55-2.00 (m,4 H, 4-H, 5-H), 2.97 (s, 3 H, N-
Me), 3.20-3.50 (m, 4 H, N-CH,, 3-H), 5.53 (s, 1 H, =CH),
7.25 and 7.30 (AA'BB' system, 4 H).

Ci4H;sCINO  Caled. C 6730 H645 N 35.60
(235.7) Found C 67.10 H6.50 N5.70

2-[2-(2-Furyl-2-oxoethylidene |- 1-methylpiperidine (1f)

The compound was prepared from 2,2-diethoxy-1-methyl-
piperidine (13.06 g, 70.5 mmol) and 2-acetylfuran (7.76 g,
70.9 mmol) as described for le.

Brown crystals, m.p. 112 °C; yield: 12.01 g (83%). - IR (KBr):
v = 1602, 1584, 1562, 1531, 1482 cm!. — 'H-NMR (400
MHz): 8 = 1.62 and 1.80 2 m,, 4 H, 4-H, 5-H),2.97 (s, 3 H,
N-Me), 3.29 (m., 4 H, N-CH,, 3-H), 5.65 (s, 1 H, =CH),
6.40 (m,, 1 H), 6.86 (m, 1 H), 7.33 (m,, 1 H). A difference
NOE experiment (irradiation at 8 = 5.65) established the E, s-
trans configuration at the enaminone unit [11].
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C1;H,sNO, Caled. C7022 H737 N6.82
(205.3) Found C69.70 H7.40 N6.70

1 -Methyl-2-[2-o0x0-2-(2-thienyl)ethylidene -piperidine (1g)

The compound was prepared from 2,2-diethoxy-1-methyl-
piperidine (14.00 g, 75.6 mmol) and 2-acetylthiophene (9.68
g, 75.6 mmol) as described for le. During stirring of the
mixture for 70 h at 20 °C, yellow crystals of 1g separated;
yield: 13.39 g (80%), m.p. 98-99 °C (from ethanol). — IR
(KBr): v = 1580, 1540-1500 cm™! (s). — '"H-NMR (200 MHz):
§=1.62and 1.75 2 m,, 4 H, 4-H, 5-H), 3.00 (s, 3 H, N-Me),
3.25 (m,, 4 H, N-CH,, 3-H), 5.55 (s, 1 H, =CH), 6.93 (dd, 1
H), 7.30 (d, 1 H), 7.45 (d, 1 H).

CyoH sNOS Caled. C65.12 H6.83
(221.3) Found C65.10 H6.90

N 6.33
N 6.40

Synthesis of Iminium Triflnoromethanesulfonates (Tri-
flates) 2 and 3

6-12-(4-Chlorophenyl)-2-(trifluoromethylsulfonyloxy)
ethenyl]-2,3,4,5-tetrahydro-1-methylpyridinium Triflate (2e)

At =50 °C, a solution of 1e (13.00 g, 55.1 mmol) in CH,Cl,
(20 ml) was added within 30 min to a solution of triflic
anhydride (9.50 ml, 56.6 mmol) in CH,Cl, (90 ml). After
stirring for 1 h at-35 °C and for 1 h at 20 °C, the solution was
concentrated to half of its volume. Ether was added until 2e
separated as an orange-colored solid. The supernatant solution
was decanted off, and the solid residue was recrystallized from
CH,Cl,/ ether; yield: 28.13 g (96%); m.p. 87 °C. - IR (KBr):
v = 1625-1580, 1400, 1260-1205, 1180, 1145, 1120, 1015,
970 cm™l. — 'TH-NMR (CD;CN, 400 MHz): § = 1.84-1.90
(m, 2 H, 3-H), 1.90-2.02 (m, 2 H, 4-H), 3.06 (m., 2 H, 5-H),
3.65 (s, 3 H,N-Me), 3.91 (1,2 H, N-CH,), 7.05 (s, 1 H,=CH),
7.57 and 7.76 (AA'BB', 4 H). - 3C-NMR (CD,CN): 8= 17.0
(C-4), 20.9 (C-3), 33.1 (C-5), 47.0 (N-Me), 56.3 (N-CH,),
114.9 (N=CCH=), 118.9 (q, covalent CF3505), 121.8 (q,
anionic CF;380;), 129.5 (d), 129.7 (s), 130.3 (d), 139.2 (s),
151.1 (s), 180.7 (C-2).

C6H6CIFgNOgS, Caled. C36.13 H3.03
(5319 Found C 36.3

N 2.63
H3.10 N2.60

7-[2-(4-Chlorophenyl)-2-(trifluoromethylsulfonyloxy)ethe-
nyl]-2,3,4,5-tetrahydro-1-methyl-1 H-azepinium Triflate (2h)

The salt was prepared from enaminoketone 1h [20] and triflic
anhydride as described above for 2e.

Colorless crystals, m.p. 124 °C, yield 70%. — IR (KBr): v =
1685, 1410, 1275-1180, 1150-1120, 1080, 1020, 965 cm™!.
~ H-NMR (400 MHz): 8= 1.83 (m,, 4 H), 1.89-1.95 (m, 2
H), 3.20 (m,, 2 H, 6-H), 3.70 (d, ] =0.7 Hz, 3 H, N-Me), 4.15
(m¢, 2 H, 2-H), 7.18 (d, J=0.8 Hz, 1 H, N=C-CH=), 7.57 and
7.75 (AA'BB', 4 H). — 13.C-NMR (CD;CN): § = 22.3, 23.8,
29.3 (C-3,-4,-5), 36.9 (C-6), 48.9 (N-Me), 61.2 (C-2), 116.6
(N=C-CH=), 119.2 (q, covalent CF;803), 122.2 {q, anionic
CF;S05), 129.7 (d), 129.9(s), 130.5 (d), 139.5 (s), 151.8 (=C-
OTY), 185.7 (N=C).
(545.9)

Caled. C3740 H332 N257
Found C3747 H340 N2.58

The synthesis of salts 3a,c,d,i,j [11] and 3b [12] has been
described.

6-[(4-Chlorophenyl)ethynyl]-2,3,4,5-tetrahydro- 1-methylpy-
ridinium Triflate (3e)

Solid 2e (5.30 g, 9.97 mmol) was thermolyzed in a bulb-to-
bulb distillation unit for 60 min at 165 °C/0.001 mbar. After
cooling the crude product was dissolved in a minimum amount
of acetonitrile and precipitated by addition of ether; yield:
3.10 g (82%). The product was obtained in the same yield,
when a solution of 2e was heated for 6 h at 120 °Cin a Schlenk
pressure tube.

Yellow crystals, m.p. 143146 °C. IR (KBr): v = 2180 (C=C),
1625, 1575, 1390, 1225, 1080, 1025 cm™l. - 'H-NMR
(CD+CN, 400 MHz): § = 1.81-1.86 and 1.96-2.03 2 m, 4 H,
3-H, 4-H), 3.03 (m,, 2 H, 5-H), 3.77 (s, 3 H, N-Me), 3.84 (t,
2 H, N-CH,), 7.54 and 7.73 (AA'BB' system, 4 H). — 13C-
NMR (CD;CN): & = 17.0 (C-4), 21.0 (C-3), 34.3 (C-5),47.5
(N-Me), 55.0 (N-CH,), 83.0 (N=C-C=), 112.6 (=C-aryl),
117.8 (s), 121.9 (q, CF5S03), 130.3 (d), 135.7 (d), 139.4 (s),
166.6 (N=C).
C,5H sCIF;NO;S
(381.8)

Caled. C47.19 H396 N3.67
Found C47.10 H4.00 N3.70

6-[(2-Furyl)ethynyl]-2,3,4,5-tetrahydro-1-methylpyridinium
Triflate (Complex with Triflic Acid) (3f)

At =50 °C, a solution of enaminoketone 1f (tl 1.00 g, 53.6
mmol) in CH,Cl, (20 ml) was added within 30 min to a solution
of triflic anhydride (9.7 ml, 58.9 mmol) in CH,Cl, (50 ml).
After stirring of the mixture for 1 h at-30 °C and for 1 hat 20
°C, it was concentrated to half of its original volume. A dark
oil was separated by addition of ether. The supernatant solution
was decanted off, and the remaining oil was redissolved in
acetonitrile (30 ml). A dark oil was separated again by addition
of ether, isolated, and kept at 0.01 bar to remove the remaining
volatiles. A black, viscous and hygroscopic mass was obtained,
which consisted mainly of salt 3f and triflic acid (CF;SO;H)
in an approximately 1:1 composition (according to 'H-NMR
and microanalysis); yield: 15.16 g (58%). The triflic acid could
not be removed by exposure to dimethylaminomethyl-poly-
styrene nor by treatment of the product at 150 °C/0.01 mbar.
IR (KBr): v =3680-2660 (SO;-H), 2180 (C=C), 1280-1210,
1155, 1020 cm™1. — 'TH-NMR (CD;CN, 400 MHz): 8 = 1.75~
1.84 (m, 2 H, 4-H), 1.89-1.99 (m, 2 H, 3-H), 2.97 (m,, 2 H, 5-
H), 3.66 (s, 3 H, N-Me), 3.77 (2 H, N-CH,), 6.69 (m, 1 H),
7.45 (m,, 1 H), 7.84 (m, 1 H), 9.45 (s, br, HOTY). - 1*C-NMR
{CD;CN): 0 = 14.1 (C4), 21.2 (C-3), 33.9 (C-5), 47.5 (N-
Me), 55.1 (N-CH,), 88.9 (N=C-C=), 104.3 (=C~furyl), 114.2
(d), 121.3 (q, CF;S503), 126.6 (d), 134.2 (s), 151.0 (d), 165.8
(N=C).

Depending on the batch, up to 20% of the material consisted
of 6-[2-(2-furyl)-2-oxoethyl]-1,2,3,4-tetrahydro-1-methyl-
pyridinium triflate. This material could be prepared independ-
ently from enaminoketone 1f and triflic acid in dichloro-
methane as a red-brown solid in 62% yield, m. p. 103 °C. -
'H-NMR (CD;CN, 400 MHz): 8 = 1.84 (m, 2 H, 4-H), 1.98-
2.04 (m, 2 H, 3-H), 2.91 (m,, 2 H, 5-H), 3.59 (s, 3 H, N-Me),
3.93 (2 H, N-CH,), 4.56 (s, 2 H), 6.65 (dd, 1 H), 7.44 (d, 1
H), 7.71 (d, 1 H), 9.45 (s, br, HOTY). — 13C-NMR (CD;CN): &
=16.3 (C-4),20.3 (C-3),34.5 (C-5), 44.7 (N-Me), 46.0 (C(O)-
CH,), 55.8 (N-CH,), 113.1 (d), 120.5 (q, CF;S03), 120.5
(d), 150.3 (s), 148.5 (d), 179.2 (C=N), 190.0 (C=0).
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2,3,4,5-Tetrahydro-[(2-thienyl)ethynyl]-1-methylpyridinium
Triflate (3g)

At 0 °C, a solution of enaminoketone 1g (4.00 g, 18.0 mmol)
in CH,Cl, (100 ml) was added within 30 min to a solution of
triflic anhydride (3.34 ml, 19.9 mmol) in CH,Cl, (50 ml).
After 30 min, during which time the color of the solution
changed from yellow to dark-brown, half of the solvent volume
was evaporated, and ether was added until a black oil separated.
This mixture was stirred for 60 h, the upper layer was decanted
off, and the remaining o0il was dissolved in acetonitrile. Salt
3g was precipitated by addition of ether, isolated and recry-
stallized from acetonitrile/ether; yield: 3.82 g (60%); Yellowish
solid, m.p. 95 °C. — IR (KBr): v = 2180 (C=C), 1620, 1370,
1260-1220, 1140, 1010 cm~!. - 'H-NMR (CD;CN, 400 MHz):
8 =1.82 (m, 2 H, 4-H), 1.91-1.96 {(m, 2 H, 3-H), 2.99 (m,, 2
H, 5-H), 3.69 (s, 3 H, N-Me), 3.78 (t, 2 H, N-CH,), 7.26 (dd,
1 H), 7.81 (dd, 1 H), 7.93 (dd, 1 H). - 3C-NMR (CD;CN): &
=17.3 (C-4), 21.3 (C-3), 34.2 (C-5), 47.0 (N-Me), 54.6 (N-
CH,), 86.9 (N=C-C=), 108.2 (=C-thienyl), 121.9 (g, CF3S03),
130.0 (d), 137.4 (d), 139.9 (d), 165.3 (N=C).

Ci3H 4F3NOsS, Caled. C44.19 H3.99 N3.96
(353.4) Found C44.10 H4.00 N390

7-[(4-Chlorophenyl)ethynyl]-2,3,4,5-tetrahydro-1-methyl-
1H-azepinium Triflate (3h)

Solid 2h (1.55 g, 2.84 mmol) was placed in a bulb-to-bulb
distillation unit and thermolyzed for 20 min at 160 °C/0.009
mbar. After cooling the crude product was dissolved in
acetonitrile (15 ml) and precipitated by addition of ether; yield:
0.84 g (75%). Colorless powder, m.p. 76 °C. —~ IR (KBr): v =
2160 (very weak, C=C), 1415, 1255, 1220, 1195, 1130, 1085,
1020 cml. - 'TH-NMR (400 MHz): & = 1.81-1.90 (m, 4 H),
1.97 (m,, 2 H), 3.29 (m,, 2 H, 6-H), 4.00 (3 H, N-Me), 4.29
(m,, 2-H), 7.43 and 7.63 (AA'BB' system, 4 H). - 13C-NMR:
§ =217, 23.7, 28.7 (C-3,-4,-5), 37.6 (C-6), 48.8 (N-Me),
59.1(C-2), 84.4 N=C-C=), 116.5 (=C-aryl), 116.7 (s), 120.8
(q, CF;380,), 129.4 (d), 134.8 (d), 139.6 (s), 170.4 (N=C).
C6H;CIF3NO;S  Caled. C48.55 H4.33 N354
(395.8) Found C 4850 H4.55 N3.54

Synthesis of Amino-1,3-dienes 6; General procedure

A solution of lithium di-tert-butyl(cyano)cuprate (3 mmol) in
THF was prepared as described [9] and cooled to 60 °C. A
suspension of a propyniminium triflate 3 (3 mmot) in THF
{20 ml) was gradually added. The mixture was allowed to warm
up to —35 °C, kept at this temperature for 1 h, and was then
brought to room temparature within 2 h. The solvent was
evaporated at 0.01 mbar, and the dark residue was extracted
with three 50 ml portions of pentane. Removal of the solvent
from the combined extracts left an oil which was purified
further by bulb-to-bulb distillation as described below (oven
temperatures are given). NMR data for the individual com-
pounds are given in Tables 2 and 3.

5-[(1Z)-2-(4-Chlorophenyl)-3,3-dimethyl-1-butenyl]-2,3-di-
hydro-1-methyl-1H-pyrrole (6a)

Buib-to-bulb distillation at 150 °C/0.005 mbar; yield 75%. -
IR (film): v = 1600, 1580, 1475, 1380, 1345, 1255, 1090,

1080, 1005 cm™.
C17H22C1N Caled. C74.03
(275.8) Found C 74.3

H 8.04
H8.2

N 5.08
N52

2,3-Dihydro-5-[(1Z)-2-(4-methoxyphenyl)-3,3-dimethyl-1-
butenyl]-1-methyl-1H-pyrrole (6b)

Bulb-to-bulb distillation at 155 °C/0.005 mbar; yield 66%. —
IR (film): v = 1620, 1590 cm™1.
C18H25N0 Caled. C 79.66
(271.4) Found C 78.8

H9.29
H9.4

N 5.16
N 4.7

5-[(1Z)-2-(2-Furyl)-3,3-dimethyl-1-butenyl]-2,3-dihydro-1-
methyl-1H-pyrrole (6¢)

The product could not be purified. Attempted bulb-to-bulb
distillation at 150 °C/0.01 mbar resulted in extensive decom-
position.

2,3-Dihydro-1-methyl-5-[(1Z)-2-(2-thienyl)-3,3-dimethyl-1-
butenyl]-1H-pyrrole (6d)

Bulb-to-bulb distillation at 150 °C/0.01 mbar; yield 66%. —
IR (film): v= 1610 cm™!,
CisHy NS Caled. C72.82
(247.4) Found C73.2

H 8.56
H9%.0

N 5.66
N5.3

6-[(1Z)-2-(4-Chlorophenyl)-3,3-dimethyl-1-butenyl]-1,2,
3,4-tetrahydro-1-methylpyridine (6€)

The crude oil consisted of 6e and 6-/2-(4-chlorophenyl)ethy-
nyl]-1-methyl-1,2,3,4-tetrahydropyridine (5) in a 3.5:1 ra-
tio (yield of 6e: 65%). This mixture could not be separated
by bulb-to-bulb distiilation at 150 °C/0.001 mbar.

NMR data for 5: "H-NMR (400 MHz): 6 = 1.71 (m,, 2 H, 3-
H), 2.11 (m, 2 H, 4-H), 2.79 (s, 3 H, N-Me), 2.95 (t, 2 H, N—
CH,), 5.15(t, 1 H, 5-H), 7.22 and 7.26 (AA'BB' system, 4 H).
— I3C-NMR: & = 21.6 (C-3), 22.8 (C-4), 40.7 (N-Me), 50.7
(N-CH,), 88.0 (N-C—-C=), 110.0(C-5), 121.6 (=C-aryl), 128.5
(d), 130.9 (s), 132.5 (d), 133.8 (C-2), 139.0 (s).

6-[(1Z)-2-(2-Furyl)-3,3-dimethyl-1-butenyl]-1,2,3,4-tetrahy-
dro-1-methylpyridine (6f)

A solution of the organocuprate was prepared [9] from CuCN
(1.48g, 16.5 mmol) and tert-butyllithium (19.4 mlofa 1.7 M
solution in hexane) in THF (20 ml). At -70 °C, a suspension
of the (unpurified) complex 3f - CF;SOsH (2.30 g, 5.50 mmol)
in THF (30 ml) was added gradually. The mixture was allowed
to react at —30 °C for 1 h, then at 0 °C for 90 min. After eva-
poration of the solvent, the residue was extracted with 5 x 20
ml of pentane. From the combined extracts, a viscous yellow
oil (0.59 g) was obtained that contained 6f in a ca. 65% purity
(H-NMR). Attempted bulb-to-bulb distillation led to decom-
position at 120 °C.

1,2,3,4-Tetrahydro-1-methyl-6-[(1Z)-2-(2-thienyl)-3,3-dime-
thyl-1-butenylJpyridine (6g)

Bulb-to-bulb distillation at 185 °C/0.03 mbar furnished a
yellow oil which turned dark rapidly; yield 87%. — IR (film):
v=1615cm™.

CisHxNS  Caled. C73.51
(261.4) Found C73.2

H 8.87
H 8.7

N 5.36
N5.3
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Table 3 3C-NMR data of 2-amino-1,3-dienes 6 and 8; 8 [ppm] *)

Product N-CH, N-CH, N-C=CH N-C-CH=  other signals

6a 39.8 56.5 104.2 117.7 29.2 (C-3), 30.2 (CMe,), 37.4 (CMe,), 128.6 (d), 132.4 (d), 132.8 (s), 140.6
(s), 150.6 (s), 154.1 (s)

6b 39.6 55.6 104.0 115.4 29.0 (C-3), 29.5 (CMe,), 36.9 (CMe,), 54.9 (OMe), 112.9 (d), 115.4 (d),132.7
(s), 148.8 (s), 154.0 (s), 158.0 (s)

6d 39.6 56.0 103.6 120.6 29.6 (CMe,), 29.8 (C-3), 36.9 (CMe,), 124.8 (d), 126.4 (d), 126.9 (d), 140.8
(s), 146.6 (s), 149.4 (s)

Ge 40.5 51.3 104.8 123.6 20.9 (C-3), 22.7 (C-4), 29.6 (CMe,), 36.3 (CMe,), 127.1 (d), 131.2 (d), 131.5
(s), 139.0 (s), 142.9 (s), 150.9 (s)

6f 40.6 51.4 104.0 127.5 21.1(C-3), 22.8 (C-4), 29.5 (CMe,), 36.6 (CMe)), 108.5 (d), 109.9 (d), 140.3
(d), 141.0 (s), 142.1 (s), 152.4 (s)

6g 40.8 51.3 103.6 126.8 20.9 (C-3), 22.7 (C-4), 29.6 (CMe,), 36.4 (CMe,), 123.7 (d), 125.7 (d), 126.6

(d), 140.8 (s), 143.1 (s), 144.6 (s)

25.9/26.4/27.2 (3 x CH,), 29.9 (CMEg,), 36.3 (CMe,), 125.2 (d), 126.9 (d),

131.0 (d), 139.6 (s), 146.4 (s), 151.5 (s)

25.7/26.4/27.2 (3 x CH,), 29.7 (CMe,), 36.5 (CMe,), 123.5 (d), 125.6 (d),

126.3 (d), 141.2 (s), 145.4 (s), 146.4 (s)

17.4 (C-Me), 21.3 (C-3), 22.9 (C-4), 127.7 (d), 128.3 (d), 132.6 (5), 136.1 (s),

14.8 (C-Me), 20.9 (C-3), 22.9 (C-4), 105.6 (d), 111.0 (d), 126.2 (s), 141.3 (d),

143.1 (s), 156.0 (s)

17.4 (C-Me), 20.9 (C-3), 22.9 (C-4), 122.8 (d), 123.4 (d), 127.2 (d), 131.0 (s),

143.2 (s), 147.6 (s)

17.1 (C-Me}, 26.3/26.6/27.5 (C-43, -4, -5), 127.0 (d), 128.2 (d), 132.6 (s),

136.7 (s), 142.0 (s), 147.1 (s)

Z-6h 389 53.1 112.6 131.4
6i 39.2 53.0 111.6 128.3
E-8e 40.6 51.5 103.6 126.4
143.7 (s)
E-8f 40.6 51.3 104.2 122.6
E-8g 40.7 514 104.3 124.4
8hA 39.5 534 1121 128.1
E-8i 39.5 53.2 112.6 126.3

17.1 (C-Me), 26.2/26.6/27.4 (C-3, -4, -5), 122.8 (d), 123.4 (d), 127.2 (d),

131.7 (s), 146.7 (s), 147.9 (s)

%) The following solvents were used: CD,CN (6a), C,D, (6d), CDCL, (all others).

7-[(1Z)-2-(4-Chlorophenyl)-3,3-dimethyl-1-butenyl]-2,3,4,5-
tetrahydro-1-methyl-1H-azepine (6h)

Bulb-to-bulb distillation at 170 °C/0.006 mbar gave a yellow
oil containing (Z)- and (E)-6h ( (Z)/(E) = 14.3); yield: 42%. -
IR (film): v= 1628 cm™®,

CigHyCIN  Caled. C75.10
(303.9) Found C74.74

H 8.62
H8.74

N 4.61
N 4.50

2,3,4,5-Tetrahydro-1-methyl-7-[(1Z)-3,3-dimethyl-2-(2-
thienyl)-1-butenyl]-1H-azepine (6i)

Bulb-to-bulb distillation at 145 °C/0.005 mbar gave an orange-
red oil; yield 58 %. — IR (film): v = 1610, 1590 cm™!.
(275.5) Found C74.1 H9.2 N 5.0

Synthesis of Aminodienes 8—10; General procedure

A solution of lithium dimethylcyanocuprate was prepared as
follows: To a slurry of CuCN (0.269 g, 3.0 mmol) in THF (20
mi), cooled at —60 °C, a 1.6 M solution of methyllithium in
ether (3.75 ml, 6 mmol) was added. The mixture was brought
to 0 °C within 5 min, kept at this temperature for 15 min, and
the solution so obtained was cooled to —60 °C. Addition of a
propyniminium triflate 3 (3 mmol) and further processing was
identical to the procedure described above for aminodienes 6.

2(E)-[2-(4-Chlorophenyl)-2-propenylidene |-2, 3-dihydro-
1-methylpyrrolidine (9a)
Bulb-to-bulb distillation at 150 °C/0.005 mbar; yield 77 %. —

IR (film): v= 1650, 1600, 1560 cm™!. -TH-NMR (200 MHz):
8=1.79 (quin, 2 H), 2.42 (m,, 2 H), 2.72 (s, 3H, N-Me), 3.15
(t, 2 H), 4.72 (broadened s, 1 H, N-C=CH), 4.86/4.89 (25, 2
H,=CH,), 7.23 and 7.34 (AA'BB', 4 H). - 3C-NMR (CD;CN}:
6=21.9 (C-4), 31.1 (C-3), 33.4 (N-Me), 53.4 (N-CH,), 91.2
(N-C=CH), 107.5 (=CH,), 128.3 (d), 129.2 (d}, 132.9 (s),
144.0 (s), 147.0 (s), 152.1 (s).
CiHi(CIN Caled. C71.94 H6.90
(199.3) Found C71.2 H6.9

N 5.99
N6.0

1-Methyl-2(E)-[2-(2-thienyl)-2-propenylidene Jpyrrolidine
(9d)

Buib-to-bulb distillation at 155 °C/0.005 mbar; yield 78%. —
IR (film): v = 1600, 1555 cm™!. — 'H-NMR (400 MHz): 8=
1.86 (quin, 2H), 2.69 (t, 2H), 2.74 (s, 3H, N-Me), 3.19 (t,
2H), 4.75/4.76/5.21 (3 s, 3 H, N-C=CH-C=CH,), 6.95 (m,,
1H), 7.11 (m,, 2 H). - BC-NMR: § = 21.7 (C-4), 30.8 (C-3),
33.6 (N-Me), 53.7 (N-CH,), 89.0 (d, N-C=CH), 105.2
(=CHy), 123.3 (d), 123.6 (d, J = 185.4 Hz, 5-Cipjcny1), 126.9
(d), 139.6 (s), 148.6 (s), 152.7 (s).
CppHsNS  Caled. C70.20
(250.3) Found C70.3

H7.36
H73

N 6.82
N 6.8

6-[2-(4-Chlorophenyl)-1-propenyl]-1,2,3,4- tetrahydro-1-
methylpyridine (Z- and E-8e) and 2(E)-{2-(4-Chlorophenyl)-
2-propenylidene - 1-methylpiperidine (9e)

Bulb-to-bulb distillation at 170-176 °C/0.04 mbar yielded an

orange-colored oil which consisted of 8e (yield: 78%), e
(5.4 %), and 5 (4.9%). The original E/Z diastereomer ratio of



G. Maas et al., Synthesis of Semicyclic/Exocyclic Amino-1,3-dienes 449

8e remained unchanged after storing at —30 °C for one week,
but changed from 1.3 to 7.4 after 72 h in C¢Dg solution; after
one week, the Z isomer could no longer be detected.

NMR data of Z- and E-8e: Tables 2 and 3. Compound 9e was
detected in the product mixture by the following 'H-NMR
signals: 6 =4.93 and 5.30 (2 broadened s, =CH,).

The microanalysis of the mixture gave the following values:
C72.6;H7.2;N5.7. C;sH;3CIN requires: C 72.72; H7.32; N
5. 65.

6-[2-(2-Furyl)-1-propenyl]-1,2,3,4-tetrahydro-1-methyl- py-
ridine (8f)

A THF solution of Me,CulLi - LiCN (11.2 mmol) was
combined with the (unpurified) complex 3f - CF;SO;H (1.56
g, 3.2 mmol). Attempted purification of the crude product
(yield: 69%) by bulb-to-bulb distillation failed because of
decomposition above 120 °C. Only one diastereomer was
detected in the 'H-NMR spectrum, and the E configuration
was tentatively assigned.

IR (film): v=1625-1575 cm~!. - NMR data: Tables 2 and 3.
The 'H-NMR spectrum showed a multitude of small signals
in the range 8 = 1.5-3.1, probably resulting from oligomeric
impurities.

1,2,3,4-Tetrahydro-1-methyl-6-[2-(2-thienyl)-1-propenyl]-
pyridine (Z- and E-8g) and I-Methyl-2(E)-[2-(2-thienyl)-
2-propenylidene Jpiperidine (9g)

Bulb-to-bulb distillation at 178 °C / 0.03 mbar furnished an
orange-colored oil that rapidly turned dark and consisted of a
52: 45 : 3 mixture of E- and Z-8g (yield: 75%) and 9g (2%).
Compound 9g was detected in the product mixture by the
following 'H-NMR signals: 8 =4.70, 4.97, 5.38 (3 broadened
s, =CH-C=CH,).

C13H17NS) Calcd. C71.19
(219.3) Found C 71.00

H7.81
H7.70

N 6.39
N 6.30

2,3,4,5-Tetrahydro-1-methyl-7-[2-(4-chlorophenyl)-1-prope-
nyl]-1H-azepine (8h) and Perhydro-1-methyl-2(E)-[2-(4-
chlorophenyl)-2-propenylidene Jazepine (9h)

Bulb-to-bulb distillation at 190 °C/0.005 mbar furnished an
oil that consisted of 8h [mixture of diastereomers, 8hA (major)
and 8hB (minor)] and 9h in a 76 : 18 : 6 composition; yield:
65%. After 15 h in CDCl; solution, the ratio had changed to
52 1 5 : 43. After irradiation of a solution of this mixture in
C¢Dg for 2 h (A = 300 nm), about 95% consisted of 9h which
gave rise to the following NMR data: 'H-NMR (C¢Dg): 3 =
1.2-1.5 (m, 6 H), 2.48 (m,, 6-H,), 2.57 (s, N-Me), 2.88 (m,,
N-CH,),4.74 (s, 1 H,=CH), 5.11 and 5.34 (AB system, 2Jl=
2.2 Hz, =CH,). — BC-NMR (C¢Dy): 6 =27.8/28.7/28.9/29.2
(C-3,-4,-5,-6),40.7 (N-Me), 54.2 (N-CH,), 95.8 (N-C=CH),
110.1 (=CH,), 127.9 (d), 128.3 (d), 132.7 (s), 142.6 (s), 146.3
(s), 153.4 (s).

The microanalysis of the mixture gave the following values:
C72.50; H7.70; N 5.27. C;6HoCIN (261.8) requires: C73.41;
H7.70; N 5. 37.

2,3,4,5-Tetrahydro-1-methyl-6-[2-(2-thienyl)-1-propenyl]-
1H-azepine (Z- and E-8i)

Work-up by extraction into pentane provided a dark-yellow

oil, which was already sufficiently pure according to micro-
analysis and 'H-NMR spectrum; yield: 76%, mixture of
diastereomers, Z: E=1: 1.2-1.6. See text for Z/E equilibrium.
IR (film): v = 1610-1570 cm 1.
CiHoNS  Caled. C72.05
(2334) Found C72.1

H8.21
H8.2

N 6.00
N6.0

Perhydro-1-methyl-2(E)-[2-(2-thienyl)-2-propenylidene]
azepine (91)

A mixture of Z- and E-8i (0.20 g, 0.86 mmol) in benzene-
[Dg] (0.5 ml) was placed in an NMR tube and allowed to
equilibrate for 15 h, leading to a 16.3:1.3:1 mixture E-8i, Z-
8i, and 9i. Irradiation with a Philips HPK high-pressure mer-
cury lamp (125 W, A > 300 nm) for 2 h produced 9i quantita-
tively, but after standing in the dark for ca. 82 h, an equilibri-
um mixture of E-8i and 9i (2.7:1) had formed. — tH-NMR
(C¢Dg, 200 MHz): 8 = 1.23-1.62 (m, 6 H), 2.50-2.57 (m, 2
H), 2.67 (s, N-Me), 2.84 —2.88 (m, N-CH,), 4.85 (broad-
ened s, 1 H), 4.96 (d, 1H, J = 1.4 Hz), 5.62 (broadened s, 1
H),6.76 - 6.82 (m, 1 H), 6.85-6.88 (m, 1 H), 7.16-7.21 (m,
1 H).

2-[2-(4-Chlorophenyl)-2-propenylidene |-2,3-dihydro-
3-methyl-benzothiazol (10)

The crude oil was dissolved in ether, and pentane was added.
At =30 °C, yellow crystals separated, m.p. 118 °C; yield:
74%. — IR (KBr): v = 1530, 1440 cm™!. — 'H-NMR (400
MHz): 6 =3.27 (s, 3 H, N-Me), 5.13 (s, 1 H), 5.24 (s, 1 H),
5.27 (s, 1 H), 6.73 (d), 6.86 (), 7.14 (1), 7.23 (d), 7.30 and
7.37 (AA'BB', 4 H). - 13C-NMR: § = 31.3 (N-Me), 90.7 (N-
C=CH), 107.5 (d), 108.5 (=CH,), 120.2 (d), 121.3 (d), 124.3
(s), 126.0 (d), 128.3 (d), 128.7 (d), 133.3 (s), 141.6 (s), 142.3
(s), 144.4 (s), 146.3 (s).

C;;H,,CINS Caled. C68.10 H4.71
(299.8) Found C679 HA49

N 4.67
N 4.6

2-[(4-Chlorophenyl)ethynyl]-2-ethenyl-1-methylpyrrolidine
(11a)

A suspension of CuCN (0.269 g, 3.0 mmol) in ether (20 ml)
was cooled at —60 °C. A 15% solution of vinylmagnesium
chloride in THF (3.74 ml, 6.0 mmol) was added slowly. The
mixture was brought to 0 °C within 5 min, kept at this tem-
perature for 3 min, and cooled again at —60 °C. To the brown
suspension so obtained was added a suspension of salt 3a
(1.10 g, 3 mmol) in THF (15 ml). After Lhat-35°Cand2h
at 20 °C, the solvent was removed, and the residue was
extracted with pentane (3 x 50 ml). Bulb-to-bulb distillation
of the combined extracts at 160 °C/0.01 mbar gave a yellow
oil; yield : 0.49 g (67%). — IR (film): v =2190 (w, C=C), 1605
(s, C=C) cm!. — 'H-NMR (CD;CN, 400 MHz): 8 = 1.87-
2.03 (m, 3 H), 2.13-2.19 (m, 1 H), 2.27 (s, N-Me), 2.59 (g, 1
H), 3.06-3.11 (m, 1 H), 5.26 (dd, J =9.6, 1.9 Hz, 1 H,
CH=CH,), 5.62 (dd, ] =17.0, 1.9 Hz, 1 H, CH=CH), 5.73
(dd, J=17.1,9.7 Hz, 1 H, CH=CH,), 7.27/7.37 (AA'BB', 4
H). - 3C-NMR (CD3;CN): 8 = 21.9 (C-3), 36.1 (N-Me), 41.2
(CHy), 54.2 (CH,), 67.7 (C-2), 88.0 and 88.8 (C=C), 116.8
(=CH,), 122.8 (s), 129.6 (d), 134.0 (d), 134.5 (C-Cl), 142.0
(CH=CH,).
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CisHiCIN  Caled. C7331  H6.56
(245.8) Found C73.0 H65

2-Ethenyl-2-[(2-furyl)ethynyl)]-1-methylpyrrolidine (11b)

Bulb-to-bulb distillation at 145 °C/0.02 mbar gave a yellow
oil; yield : 0.43 g (72%).

IR (film): v = 2200 (w, C=C), 1595 (s, C=C) cm™!. - 'H-NMR
(400 MHz): 8 = 1.80 — 2.02 (m, 2 H), 2.14-2.20 (m, 2 H),
2.26 (s, N-Me), 2.58 (q, 1 H), 3.07 (m, 1 H), 5.25(dd, J =9.6,
1.9 Hz, 1 H, CH=CH,), 5.61 (dd, J = 17.1, 1.9 Hz, 1 H,
CH=CH,), 5.71 (dd, T = 17.1, 9.6 Hz, 1 H, CH=CH,), 6.36
(dd, J=3.3, 1.9 Hz, 1 H), 6.54 (dd, ] =3.3,0.8 Hz, 1 H), 7.35
(dd, J = 1.9, 0.8 Hz, 1 H). - 13C-NMR: & = 21.3 (C-3), 35.7
(N-Me), 40.4 (CH,), 53.6 (CH,), 67.1 (C-2), 78.6 and 91.0
(C=0), 110.8 (d), 114.5 (d), 116.8 (=CH,), 137.1 (s), 140.3
(CH=CH,), 143.0 (d, C-5¢yy))-

C;3H;sNO  Caled. C77.58 H7.51
(201.3) Found C77.7 H7.8
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