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Introduction

Partially reduced isoquinoline (e. g., A, Figure 1)[1]

and pyrido[1,2-b]isoquinoline (e. g., B)[2,3] derivatives
are frequently found in a variety of natural products
and biologically active compounds. Although several
syntheses of these heterocycles have been re-
ported,[4±6] most of them have yielded racemic mate-
rials or have furnished scantily functionalized com-
pounds. In connection with an ongoing project on
the synthesis of peptide conjugates bearing peptidic
fragments on a heterocyclic scaffold,[7,8] we have re-
quired efficient accesses to some chiral functiona-
lized heterocycles with isoquinoline and pyrido[1,2-
b]isoquinoline backbones (A and B). The retrosyn-
thetic analysis for these compounds is indicated in
Figure 1 and involves intramolecular Heck reac-
tions[9] as the key steps for the formation of the bicy-
clic and tricyclic systems. The substrates for these cy-
clizations (compounds C and D) can be prepared, in
enantiomerically pure form, from readily available
chiral amino acids (E) and amino alcohols (F), re-
spectively. In this paper we report straightforward
and stereoselective syntheses of some enantiomeri-
cally pure isoquinoline (5) and pyrido[1,2-b]isoquino-
line (10) derivatives. Furthermore, we describe some
interesting observations that show that the outcome
of the Heck cyclization of N-(2-iodobenzoyl)-g-ami-
no-a,b-unsaturated esters and related compounds de-
pends on the experimental conditions and the struc-
ture of the substrate. During the development of this
project,[7,10] the synthesis of isoquinoline derivatives

using intramolecular Heck reaction has been re-
ported by the groups of Tietze,[11] Goff,[12] Gibson,[13]

and De Mesmaeker.[14]

Results and Discussion

The synthesis of the isoquinolidinone derivatives 5a±
c is indicated in Scheme 1. The hydrochlorides of (S)-
alanine methyl ester (1a), (S)-valine methyl ester
(1b), and (S)-phenylalanine methyl ester (1c) were
converted in nearly quantitative yield to the corre-
sponding N-(2-iodobenzoyl) derivatives 2a, 2b, and
2c, respectively, by acylation with 2-iodobenzoyl
chloride. Compounds 2a±c were transformed in high
yield to the corresponding N-acylated-1,2-amino al-
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Abstract: The palladium(0)-catalyzed reaction of
derivatives of g-amino-a,b-unsaturated esters bear-
ing an N-(2-iodobenzoyl) substituent results in an
intramolecular Heck reaction, the outcome of which
depends on the structure of the substrate as well as
on the experimental conditions. The methodology

developed has been ap-
plied to the efficient synth-
eses of chiral isoquinoline
and pyrido[1,2-b]isoquino-
line derivatives.
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Figure 1. Structure of the target molecules and retrosyn-
thetic analysis of the heterocycles A and B.



cohols 3a, 3b, and 3c by reduction of the methoxycar-
bonyl group with lithium borohydride/methanol.[15]

The preparation of the N-acylated-g-amino-a,b-unsa-
turated esters 4a±c was achieved by two-step, one-pot
sequential Swern±Wittig reactions[16,17,18] from alco-
hol 3a±c, that we have previously shown to be an effi-
cient method for this kind of transformation.[19,20]

This reaction is totally stereoselective, giving the E-
olefin as the single product. The overall conversions
of 1a±c to 4a±c proceeded in four steps and high yield
(68% for 4a, 89% for 4b, and 77% for 4c).[21]

With a ready access to compounds 4a-c, we set out
to perform the key cyclization. The Heck reaction has
been carried out under a diversity of variants,[22]

which include modifications in the source of palla-
dium(0), ligand, solvent, additives, as well as some
other experimental parameters. In our previous
work,[7] we found that both Jeffery's conditions[23,24]

[Pd(OAc)2, Ph3P, KOAc, Bu4NI] and Overman's condi-
tions[25,26] [Pd(OAc)2, Ph3P, AgNO3, Et3N] worked effi-
ciently. We have found that the outcome of the palla-
dium(0) catalyzed reaction of 4a±c depends on the
experimental conditions. Thus, when compounds 4a

and 4b were submitted to the Heck±Overman proce-
dure, we did not obtain the expected isoquinolidi-
nones 5a and 5b, but the biaryls 6a and 6b
(Scheme 1).[27] A plausible explanation for the forma-
tion of the biphenyls 6 is through an oxidative dimer-
ization of an arylpalladium intermediate promoted by
silver(I), which is consistent with the finding that
compounds 6 are not formed in the absence of silver
nitrate. Recently, Lemaire[28] and Rawal,[29] indepen-
dently, have reported Ullmann-type reactions cata-
lyzed by palladium complexes, but in some cases the
2,2'-disubstituted biaryl could not be obtained[29] or
have been prepared in low yield.[28] We have not opti-
mized the experimental procedure for the synthesis
of 6a and 6b, and although these compounds were ac-
tually obtained in low yields of isolated products, it is
worthy of mention that the biphenyls 6a and 6b were
the single reaction products, the starting materials 4a
and 4b accounting for the rest of the material.[30,31]

On the other hand, when the (S)-valine derivative
4b was reacted under the Heck±Jeffery conditions,[23]

the isoquinolidinone 5b was obtained as the single
product, albeit in low yield.[32] More satisfactory re-
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Scheme 1. Synthesis of the isoquinolidinones 5a, 5b, and 5c; and the biphenyls 6a and 6b.
(a) o-I-C6H4COCl (1 mol equiv), 1 M aqueous K2CO3 (4 mol equiv), THF, 0 °C to r. t., overnight. (b) LiBH4 (3 mol equiv),
MeOH (5 mol equiv), THF, ±10 °C to r. t., 30 minutes. (c) (i) DMSO (3.2 mol equiv), (COCl)2 (1.6 mol equiv), CH2Cl2,
±70 °C; Et3N (5.8 mol equiv), ±70 °C to r. t.; (ii) Ph3P=CHCO2CH3 (1.5 mol equiv), r. t., overnight. (d) Pd(OAc)2 (0.035 mol
equiv), Ph3P (0.11 mol equiv), Et3N (2 mol equiv), CH3CN, 70 °C, 48 hours. (e) Pd(OAc)2 (0.06 mol equiv), Ph3P (0.3 mol
equiv), Et3N (2 mol equiv), AgNO3 (1 mol equiv), CH3CN, 80 °C, 60 hours.



sults were achieved using Heck±Overman condi-
tions[25] in the absence of a silver(I) salt, thus the N-
(2-iodobenzoyl)-g-amino-a,b-unsaturated esters 4a
and 4b were transformed to the heterocycles 5a and
5b in good yields as single stereoisomers and regio-
isomers (Scheme 1).[33,34] On the other hand, we have
found that 4c reacted more slowly, and, although 5c
was obtained as a single olefinic regioisomer and
stereoisomer, it was racemic.[35]

The synthesis of the chiral pyrido[1,2-b]isoquino-
line derivative (S)-10 is depicted in Scheme 2. (S)-N-
Benzyloxycarbonyl-2-(hydroxymethyl)piperidine (7),
that is available through a chemo-enzymatic ap-
proach,[19,36] was N-deprotected and acylated with 2-
iodobenzoyl chloride to give the amide 8, that, in turn,
was submitted to a one-pot sequential Swern oxida-
tion±Wittig olefination[16] to give the E-olefin 9 as a
single diastereoisomer. The Heck cyclization was
done under both Jeffery's and Overman's conditions,
observing that meanwhile the Heck±Overman condi-
tions afforded enantiomerically pure (S)-10 in quanti-
tative yield as a single stereoisomer at the exocyclic
double bond,[37] and that the Heck±Jeffery conditions
did not give any of 10, and only starting material (9)
was recovered.

Scheme 2. Synthesis of the pyrido[1,2-b]isoquinolone 10.
(a) (i) H2 (45 p.s.i.), Pd±C, MeOH, r. t., 8 hours; (ii) o-I-
C6H4COCl (1 mol equiv), 13 M aqueous NaOH (4 mol equiv),
THF, 0 °C to r. t., overnight (86%, 2 steps). (b) (i) DMSO
(2.8 mol equiv), (COCl)2 (1.4 mol equiv), CH2Cl2, ±70 °C;
Et3N (5 mol equiv), ±70 °C to r. t.; (ii) Ph3P=CHCO2CH3

(1.3 mol equiv), r. t., overnight (98%, 2 steps). (c) Pd(OAc)2

(0.03 mol equiv), Ph3P (0.1 mol equiv), Et3N (2 mol equiv),
AgNO3 (1 mol equiv), CH3CN, r. t., overnight (98%).

For the sake of comparison, the deoxo analogue of 10
(compound 11)[38] furnished the expected tricyclic
compound (12) as a 9 : 1 mixture of the Z and E-iso-

mers under Jeffery's conditions (Scheme 3), and did
not react under Overman's conditions.[39]

Scheme 3. Result of the Heck reaction of the 2-(iodo)benzyl-
amine 11.
(a) Pd(OAc)2 (0.05 mol equiv), Ph3P (0.15 mol equiv), KOAc
(4 mol equiv), (nBu)4N+I± (1.1 mol equiv), DMF, 80 °C,
6 hours, (75%).

Conclusion

We have reported efficient (short, high yielding, and
totally selective) syntheses of the functionalized chir-
al heterocycles 5a, 5b, and 10 using intramolecular
Heck reaction as the key step. It is worthy of mention
that regio- and stereo-defined trisubstituted olefins
are generated in the Heck reaction, a goal that has
been reported to be difficult.[12,14b,40] The presence
of two kinds of carbonyl compounds and an electro-
philic double bond makes compounds 5 and 10 inter-
esting chiral building blocks for further selective
transformations. The first application of these chiral
heterocycles to the synthesis of novel peptide-hetero-
cycle hybrids has been realized, and will be reported
in a forthcoming paper.[8]

Experimental Section

General Methods

All the reactions with sensitive materials were carried out
using dry solvents under an argon atmosphere. All the sol-
vents and reagents were commercially available and, unless
otherwise indicated, were used as received. Anhydrous sol-
vents were purchased from ALDRICHÒ kept over molecular
sieves under argon atmosphere. 1H NMR and 13C NMR spec-
tra were measured in Varian UNITY 500, Varian INOVA 300,
Varian Gemini 200, or Bruker AM 200 spectrometers; chemi-
cal shifts (d) are reported in parts per million, and the cou-
pling constants are indicated in Hz. Unless otherwise indi-
cated, all the NMR spectra were taken at room temperature
(ca. 295 K). 1H NMR spectra were referenced to the chemical
shit of either TMS (d = 0.00 ppm) or the residual proton in
the deuterated solvent. 13C NMR spectra were referenced to
the chemical shift of the deuterated solvent. The multiplicity
of the signals in the 13C NMR spectra was determined by
APT, DEPT, or HMQC experiments. The IR spectra were
measured in a Perkin-Elmer 657 spectrometer; the frequen-
cies in the IR spectra are indicated in cm±1. All the mass
spectra were low-resolution using electron-impact ioniza-
tion and were recorded in either RMU-GMG spectrometer
(Hitachi-Perkin-Elmer). Combustion analyses were realized
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in a Carlo Erba EA 1180-Elemental Analyzer. The optical ro-
tations were determined in a Perkin-Elmer 241 MC polari-
meter at room temperature (ca. 295 K). The melting points
were measured on a Kofler hot-stage apparatus and are un-
corrected. All the preparative chromatographies were done
with silica gel (40±63 nm) using the technique of flash chro-
matography.[41]

General Procedure for the N-Acylation of 1a±c;
Synthesis of the Amides 2a±c

K2CO3 (4.0 mol equiv) was added to a solution of 1 in H2O±
THF (1:1, ca. 8 mL per mmol). The mixture was cooled at
0 °C and portionwise treated with 2-iodobenzoyl chloride
(1.0 molar equivalent). The reaction mixture was allowed
to warm up to room temperature overnight. THF was re-
moved by evaporation in vacuum, and the aqueous phase
was extracted with AcOEt. The combined organic extracts
were washed with brine and dried (MgSO4). The solvent
was evaporated to give the amides 2a±c, whose analytical
and spectroscopic data are indicated below.

(S)-Methyl 2-[(2-Iodobenzoyl)amino]propionate (2a):
Starting from 1a (10 g, 72 mmol), 2a was obtained as a white
solid, which was purified by crystallization from AcOEt/hex-
ane; yield: 21.0 g (88%); mp 126±127 °C. [a]D: +3.8 (CHCl3,
c = 1.0); 1H NMR (300 MHz, CDCl3): d = 7.86 (d, J = 8.1 Hz,
1 H), 7.40 (m, 2 H), 7.10 (m, 1 H), 6.40 (broad d, J = 6.2 Hz,
1 H), 4.80 (quintuplet, J = 7.1, 1 H), 3.78 (s, 3 H), 1.55 (d,
J = 7.1 Hz, 3 H); 13C NMR (75 MHz, CDCl3): d = 174.0 (s),
169.5 (s), 142.3 (s), 140.8 (d), 132.2 (d), 129.2 (d), 129.1 (d),
93.3 (s), 53.5 (q), 49.5 (d), 19.3 (q); IR (KBr): n = 3400, 3250,
1730, 1640, 1525, 1320, 1210, 1000 cm±1; MS (EI): m/z = 333
(M+, 15), 274 (53), 231 (100), 203 (22), 132 (6), 105 (9), 76
(37); anal.: calcd. for C11H12INO3: C, 39.66; H, 3.63; N, 4.20;
found: C, 39.83; H, 3.91; N, 4.34.

(S)-Methyl 2-[(2-Iodobenzoyl)amino]-3-methylbuta-
nonate (2b): Starting from 1b (10 g, 60 mmol), 2a was ob-
tained as a white solid, that was purified by crystallization
from AcOEt/hexane; yield: 21.5 g (99%); mp 108±109 °C.
[a]D: +2.6 (CHCl3, c = 0.6); 1H NMR (300 MHz, CDCl3):
d = 7.87 (d, J = 7.9 Hz, 1 H), 7.40 (m, 2H), 7.10 (m, 1 H), 6.29
(broad d, J = 8.6 Hz, 1H), 4.77 (dd, J = 8.6 Hz, J = 4.6 Hz,
1 H), 3.77 (s, 3 H), 2.32 (m, 1 H), 1.07 (d, J = 6.8 Hz, 3 H), 0.99
(d, J = 6.9 Hz, 3 H); 13C NMR (75 MHz, CDCl3): d = 172.0 (s),
168.9 (s), 141.7 (s), 149.9 (d), 131.2 (d), 128.3 (d), 128.1 (d),
92.2 (s), 57.4 (d), 52.2 (q), 31.4 (d), 19.0 (q), 17.9 (q); IR
(KBr): n = 3400, 3250, 1720, 1625, 1565, 1525, 1315,
1195 cm±1, 1000; MS (EI): m/z = 361 (M+, 4), 302 (23), 247
(36), 231 (100), 203 (25), 132 (12), 105 (11), 76 (37); anal.:
calcd. for C13H16INO3: C, 43.23; H, 4.47; N, 3.88; found: C,
43.08; H, 4.71; N, 3.92.

(S)-Methyl 2-[(2-Iodobenzoyl)amino]-3-phenylpro-
pionate (2c): Starting from 1c (10 g, 46.5 mmol), 2c was ob-
tained as a white solid, that was purified by crystallization
from AcOEt/hexane; yield: 18.6 g (98%); mp 96±97 °C; [a]D:
+63.8 (CHCl3, c = 1.2); 1H NMR (300 MHz, CDCl3): d = 7.85
(dd, J = 7.9 Hz, J = 1.1 Hz, 1 H), 7.38±7.14 (m, 7 H), 7.08 (m,
1 H), 6.27 (broad d, J = 7.8 Hz, 1 H), 5.08 (X of ABX, 1H), 3.76
(s, 3 H), 3.28 (A of ABX, JA,B = 13.9 Hz, 1 H), 3.26 (B of ABX,
JA,B = 13.9 Hz, 1 H); 13C NMR (50 MHz, CDCl3): d = 171.7 (s),
168.7 (s), 141.3 (s), 140.2 (d), 135.8 (s), 131.4 (d), 129.5 (d,
2 C), 128.7 (d, 2 C), 128.3 (d), 128.2 (d), 127.3 (d), 92.5 (s),

53.7 (d), 52.6 (q), 37.9 (t); IR (KBr): n = 3380, 3220, 1715,
1620 1500, 1185, 985 cm±1; MS (EI): m/z = 409 (M+, 4), 350
(9), 247 (85), 231 (100), 203 (23), 162 (29), 131 (15), 104 (9),
91 (25), 76 (22); anal.: calcd. for C17H16INO3: C, 49.90; H,
3.94; N, 3.42; found: C, 50.11; H, 4.25; N, 3.51.

General Procedure for the Reduction of the Esters
2a±c; Synthesis of the Alcohols 3a±c

LiBH4 (3 mol equiv) was added to a stirred solution of the es-
ter 2 in THF (ca. 2 mL per mmol) at ±10 °C. Then, MeOH (ca.
5.5 mol equiv) was slowly added. The reaction mixture was
allowed to warm up to room temperature for 30 minutes and
quenched by the addition of H2O. THF was removed under
reduced pressure and the residue was thoroughly extracted
with AcOEt. The combined organic extracts were washed
with brine, dried (MgSO4) and evaporated to give the N-pro-
tected amino alcohols 3a±c, whose analytical and spectro-
scopic data are indicated below.

(S)-2-[(2-Iodobenzoyl)amino]-1-propanol (3a): Start-
ing from 2a (7.5 g, 22.5 mmol), the alcohol 3a (white solid)
was obtained, that was purified by crystallization from
AcOEt/hexane; yield: 6.5 g (95%); mp 98±100 °C; [a]D: +1.0
(CHCl3, c = 1.0); 1H NMR (200 MHz, CDCl3, mixture of con-
formers, M and m): d = 7.83 (d, J = 7.6 Hz, 1 H, M), 7.74 (dd,
J = 8.0 Hz, J = 1.6 Hz, 1 H, m), 7.50±7.30 (m, 4 H, M + m), 7.08
(m, 2 H, M + m), 6.39 (very broad s, 1 H, m), 6.02 (broad d,
J = 5.1 Hz, 1 H, M), 4.25 (m, 2 H, M + m), 3.83±3.57 (m, 2 H,
M + m), 2.65 (broad s, 1 H, M), 1.70 (very broad s, 1 H, m),
1.28 (d, J = 6.8 Hz, 3 H, M), 1.27 (d, J = 6.8 Hz, 3 H, m);
13C NMR (50 MHz, CDCl3, major diastereoisomer): d = 170.1
(s), 142.9 (s), 140.5 (d), 131.9 (d), 129.0 (d, 2C), 93.4 (s), 66.8
(t), 49.0 (d), 17.6 (q). IR (KBr) n 3280, 3220, 1615, 1505 1010;
MS (EI): m/z = 305 (M+, 2), 274 (59), 248 (39), 231 (100), 203
(31), 148 (11), 105 (29), 76 (22); anal.: calcd. for C10H12INO2:
C, 39.37; H, 3.96; N, 4.59; found: C, 39.53; H, 4.04; N, 4.80.

(S)-2-[(2-Iodobenzoyl)amino]-3-methyl-1-butanol
(3b): Starting from 2b (13.0 g, 36.0 mmol), 3b (white foamy
solid) was obtained. It was purified by crystallization from
AcOEt/hexane; yield: 11.2 g (94%); mp 96±98 °C; [a]D: ±29.0
(CHCl3, c = 1.0); 1H NMR (300 MHz, CDCl3, mixture of con-
formers, M and m): d = 7.83 (d, J = 8.0 Hz, 1 H, M), 7.74 (d,
J = 7.1 Hz, 1 H, m), 7.48±7.31 (m, 4 H, M + m), 7.10±7.04 (m,
2 H, M + m), 6.41 (broad s, 1 H, m), 6.04 (broad d, J = 6.1 Hz,
1 H, M), 3.95±3.85 (m, 2 H, M + m), 3.85±3.72 (m, 4 H,
M + m), 2.80 (broad s, 1 H, m), 2.55 (broad s, 1 H, M), 1.98
(m, 2 H, M + m), 1.02 (d, J = 6.7 Hz, 6 H, M), 0.99 (d,
J = 6.2 Hz, 6 H, m); 13C NMR (50 MHz, CDCl3, mixture of
conformers): d = 170.8 (s), 169.0 (s), 143.1 (s), 140.4 (d),
135.1 (d), 132.1 (d), 131.7 (d), 129.2 (d), 128.8 (d), 127.7 (d),
93.1 (s), 64.0 (t), 63.7 (t), 58.2 (d), 58.0 (d), 29.8 (d), 29.6 (d),
20.3 (q), 19.9 (q), 19.8 (q); IR (KBr): n = 3400, 3250, 1630,
1530; MS (EI): m/z = 333 (M+, 1), 302 (40), 290 (5), 248 (13),
231 (100), 203 (23), 176 (10), 105 (48).

(S)-2-[(2-Iodobenzoyl)amino]-3-phenyl-1-propanol
(3c): Starting from 2c (10 g, 24.4 mmol), the alcohol 3c
(white solid) was obtained, that was purified by crystalliza-
tion from AcOEt/hexane; yield: 8.5 g (92%); mp 139±140 °C;
[a]D: ±20.6 (CHCl3, c = 1.0); 1H NMR (300 MHz, CDCl3):
d = 7.82 (dd, J = 7.9 Hz, J = 1.1 Hz, 1 H), 7.37±7.19 (m, 7 H),
7.06 (m, 1 H), 6.02 (broad d, J = 7.6 Hz, 1 H), 4.39 (m, 1 H),
3.86±3.67 (m, 2 H), 3.00 (d, J = 7.3 Hz, 2 H); 13C NMR
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(50 MHz, CDCl3): d = 169.8 (s), 142.1 (s), 139.8 (d), 137.6 (s),
131.2 (d), 129.4 (d, 2C), 128.7 (d, 2C), 128.2 (d), 128.1 (d),
126.8 (d), 92.5 (s), 63.5 (t), 53.3 (d), 36.8 (t); IR (KBr):
n = 3400, 3277, 1645, 1538, 698 cm±1; MS (EI): m/z = 381
(M+, 5), 350 (7), 290 (57), 248 (18), 231 (100), 203 (23), 105
(18), 91 (19), 76 (19); anal.: calcd. for C16H16INO2: C, 50.41;
H, 4.23; N, 3.67; found: C, 50.50; H, 4.51; N, 3.76.

General Procedure for the Sequential Swern±Wittig
Reaction of 3a±c; Synthesis of the a,b-Unsaturated
Esters 4a±c

A solution of dry DMSO (3.2 mol equiv) in CH2Cl2 (ca. 2.5 mL
per mmol) was dropwise added at ±78 °C to a 1 M oxalyl
chloride solution in CH2Cl2 (1.6 mol equiv, generated from
commercially available 2 M solution). After stirring for 25
minutes at this temperature, a solution of the alcohol 3 in
CH2Cl2 (2 mL per mmol) was added via cannula. The mix-
ture was stirred at ±78 °C for 1 hour, and then dry Et3N
(5.8 mol equiv) was slowly added. Stirring was maintained
at this temperature while the formation of the aldehyde was
monitored by TLC. When the reaction was completed (ca.
1 hour), solid Ph3P=CHCO2Me (1.5 mol equiv) was added
and the reaction mixture was allowed to slowly warm up to
room temperature overnight. The solvent was removed un-
der vacuum and the crude product was purified by column
chromatography (85 : 15 hexane:AcOEt) to give the a,b-un-
saturated esters 4a±c. The analytical and spectroscopic data
of these compounds are indicated below.

(S,E)-Methyl 4-[(2-Iodobenzoyl)amino]-2-pentenoate
(4a): Following the general procedure, from the alcohol 3a
(3.9 g, 12.7 mmol), the a,b-unsaturated ester 4a was ob-
tained; yield: 3.7 g (80%); white solid; mp 74±76 °C. [a]D: ±
3.0 (CHCl3, c = 1.0); 1H NMR (300 MHz, CDCl3): d = 7.85 (m,
1 H), 7.39 (m, 2 H), 7.10 (m, 1 H), 6.98 (dd, J =15.7 Hz,
J = 5.0 Hz, 1 H), 6.04 (dd, J = 15.7 Hz, J = 1.8 Hz, 1 H), 5.76
(broad d, J = 7.8 Hz, 1 H), 4.94 (m, 1 H), 3.73 (s, 3 H), 1.42 (d,
J = 7.0 Hz, 3 H); 13C NMR (75 MHz, CDCl3): d = 168.9 (s),
166.9 (s), 148.6 (d), 142.0 (s), 140.0 (d), 131.4 (d), 128.4 (d),
128.3 (d), 120.7 (d), 92.6 (s), 51.9 (q), 46.4 (d), 20.0 (q); IR
(KBr): n = 3435, 3265, 1720, 1641, 1531, 1430, 1293, 1196,
1015, 979, 723 cm±1; MS (EI): m/z = 359 (M+, 5), 231 (85),
203 (30), 128 (100), 105 (6), 96 (21), 76 (22); anal.: calcd. for
C13H14INO3: C, 43.45; H, 3.93; N, 3.90; found: C, 43.56; H,
3.94; N, 3.86.

(S,E)-Methyl 4-[(2-Iodobenzoyl)amino]-5-methyl-2-hex-
enoate (4b): Starting from 3b (8.6 g, 25.8 mmol), the a,b-un-
saturated ester 4b was obtained; yield: 9.4 g (95%); white so-
lid; mp 82±84 °C; [a]D: ±4.3 (CHCl3, c = 1.0); 1H NMR
(200 MHz, CDCl3): d = 7.86 (d, J = 8.0 Hz, 1 H), 7.38 (d,
J = 4.2 Hz, 2 H), 7.12 (m, 1 H), 6.94 (dd, J = 15.7 Hz,
J = 5.6 Hz, 1 H) 6.07 (dd, J = 15.7 Hz, J = 1.5 Hz, 1 H), 5.85
(broad d, J = 9.2 Hz, 1 H), 4.72 (m, 1 H), 3.73 (s, 3 H), 2.04
(m, 1 H), 1.03 (d, J = 6.9 Hz, 3 H), 1.01 (d, J = 6.8 Hz, 3 H);
13C NMR (75 MHz, CDCl3): d = 169.1 (s), 166.8 (s), 146.5 (d),
142.4 (s), 140.1 (d), 131.4 (d), 128.5 (d), 128.4 (d), 122.2 (d),
92.4 (s), 56.0 (d), 51.9 (q), 32.3 (d), 19.2 (q), 18.6 (q); IR
(KBr): n = 3380, 3220, 2900, 1690, 1615, 1500, 1400 cm±1. MS
(EI): m/z = 387 (M+, 3), 344 (23), 248 (5), 231 (100), 203 (25),
156 (34), 140 (10), 114 (10), 105 (12), 76 (28); anal.: calcd. for
C15H18INO3: C, 46.53; H, 4.69; N, 3.62; found: C, 46.54; H,
4.93; N, 3.58.

(S,E)-Methyl 4-[(2-Iodobenzoyl)amino]-5-phenyl-2-
pentenoate (4c): Following the general procedure, starting
from the alcohol 3c (7.5 g, 19.6 mmol), the ester 4c was ob-
tained; yield: 7.2 g (85%); white solid; mp 99±101 °C; [a]D:
+1.0 (CHCl3, c = 1.0); 1H NMR (200 MHz, CDCl3): d = 7.81 (d,
J = 7.9 Hz, 1 H), 7.36±7.05 (m, 8H), 6.99 (dd, J = 15.7 Hz,
J = 5.3 Hz, 1 H) 6.03 (dd, J = 15.7 Hz, J = 1.7 Hz, 1 H), 5.85
(broad d, J = 8.2 Hz, 1 H), 5.13 (m, 1 H), 3.72 (s, 3 H), 3.03
(m, 2 H); 13C NMR (50 MHz, CDCl3): d = 169.0 (s), 166.7 (s),
146.9 (d), 142.0 (s), 140.1 (d), 136.3 (s), 131.4 (d), 129.6 (d,
2 C), 129.0 (d, 2 C), 128.3 (d, 2 C), 127.3 (d), 121.7 (d), 92.5
(s), 51.9 (q), 51.6 (d), 40.4 (t); IR (KBr): n = 3430, 3270, 1725,
1642, 1529, 1433, 1315, 1173, 1016 cm±1; MS (EI): m/z = 435
(M+, 3), 344 (80), 231 (100), 203 (34), 188 (12), 129 (14), 105
(16), 91 (19); anal.: calcd. for C19H18INO3: C, 52.41; H, 4.17;
N, 3.22; found: C, 52.70 ; H, 4.42 ; N, 3.46.

General Procedure for the Heck Cyclization of the
2-Iodobenzamides 4a±4c; Synthesis of the
Dihydroisoquinolones 5a±c

A vigorously stirred solution of Pd(OAc)2 (0.035 mol equiv),
Ph3P (0.11 mol equiv), Et3N (2 mol equiv), and the amide 4
in dry CH3CN (24 mL per mmol) was heated at 70 °C for 48
hours under an argon atmosphere. After cooling at room
temperature, the mixture was diluted with H2O and thor-
oughly extracted with CHCl3. The combined organic ex-
tracts were washed with brine and dried (MgSO4); the sol-
vent was removed, and the residue was purified by
chromatography (9 : 1 hexane±EtOAc) to give the isoquino-
line derivatives 5a±c. The analytical and spectroscopic data
of the lactams 5a, 5b, and 5c are indicated below.

(S,Z)-4-Methoxycarbonylmethylidene-3-methyl-3,4-
dihydro-2H-isoquinoline-1-one (5a): From 4a (850 mg,
2.36 mmol), compound 5a was obtained as a white solid;
yield: 330 mg (61%); mp 185±187 °C; [a]D: ±344.1 (CHCl3,
c = 0.53); 1H NMR (300 MHz, CDCl3): d = 8.18 (m, 1 H), 7.63±
7.52 (m, 3 H), 6.50 (broad s, 1 H), 6.32 (s, 1 H), 5.71 (m, 1 H),
3.77 (s, 3 H), 1.38 (d, J = 6.6 Hz, 3 H); 13C NMR (75 MHz,
CDCl3): d = 166.0 (s), 163.7 (s), 151.6 (s), 133.8 (s), 133.0 (d),
131.1 (d), 128.5 (d), 128.3 (s), 124.8 (d), 114.5 (d), 51.9 (q),
48.2 (d), 23.9 (q). IR (KBr): n = 3432, 1716, 1693, 1626, 1597,
1432, 1371, 1282, 1169, 767 cm±1. MS (EI): m/z = 231 (M+,
52), 216 (28), 198 (23), 184 (16), 172 (100), 156 (15), 129
(16), 101 (14), 84 (25); anal.: calcd .for C13H13NO3: C, 67.52;
H, 5.67; N, 6.06; found: C, 67.22; H, 5.65; N, 6.14.

(S,Z)-3-Isopropyl-4-methoxycarbonylmethylidene-
3,4-dihydro-2H-isoquinoline-1-one (5b): Following the
general procedure, the heterocycle 5b was obtained from
4b (4.0 g, 10.4 mmol) ass an amorphous foam-like white so-
lid; yield: 2.2 g (82%); mp 38±40 °C; [a]D: ±349.2 (CHCl3,
c = 1.0); 1H NMR (200 MHz, CDCl3): d = 8.13 (m, 1 H), 7.58±
7.50 (m, 3 H), 6.85 (broad s, 1 H), 6.34 (s, 1 H), 5.40 (m, 1 H),
3.76 (s, 3 H), 1.86 (m, 1 H), 0.93 (d, J = 6.8 Hz, 3 H), 0.80 (d,
J = 6.7 Hz, 3 H); 13C NMR (50 MHz, CDCl3): d = 166.0 (s),
164.3 (s), 150.8 (s), 135.4 (s), 132.8 (d), 130.7 (d), 128.6 (s),
128.1 (d), 123.8 (d), 116.2 (d), 56.8 (d), 51.7 (q), 35.6 (d),
19.4 (q), 17.9 (q); IR (KBr): n = 3198, 2962, 1715, 1671, 1597,
1367, 1246, 1167, 768 cm±1; MS (EI): m/z = 259 (M+, 32), 216
(100), 200 (18), 184 (30), 156 (20), 129 (18), 102 (11); anal.:
calcd. for C15H17NO3: C, 69.48; H, 6.61; N, 5.40; found: C,
69.70; H, 6.45; N, 5.23.
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(±)-(Z)-4-Methoxycarbonylmethylidene-3-phenyl-3,4-
dihydro-2H-isoquinoline-1-one (5c): The racemic hetero-
cycle (±)-5c was obtained from 4c (3.0 g, 6.9 mmol)[36] as a
white solid; yield: 930 mg (44%); mp 145±146 °C; 1H NMR
(200 MHz, CDCl3): d = 8.22 (m, 1 H), 7.72±7.58 (m, 3 H),
7.33±7.20 (m, 5 H), 6.44 (s, 1 H), 5.98 (broad s, 1 H), 5.77 (m,
1 H), 3.83 (s, 3 H), 3.07 (dd, J = 13.0 Hz, J = 3.6 Hz, 1 H), 2.73
(dd, J = 13.0 Hz, J = 9.9 Hz, 1 H); 13C NMR (50 MHz, CDCl3):
d = 166.7 (s), 164.1 (s), 150.8 (s), 137.6 (s), 134.7 (s), 133.6
(d), 131.8 (d), 130.6 (d, 2 C), 129.4 (d, 2 C), 129.2 (d), 129.1
(s), 127.7 (d), 125.2 (d), 115.7 (d), 54.7 (d), 52.6 (q), 44.7 (t);
IR (KBr): n = 3432, 1713, 1676, 1434, 1366, 1299, 1245, 1175,
731 cm±1. MS (EI): m/z = 307 (M+, 12), 216 (100), 188 (14),
184 (25), 156 (19), 129 (16), 102 (12), 91 (28); anal.: calcd.
for C19H17NO3: C, 74.25; H, 5.58; N, 4.56; found: C, 74.55; H,
5.70; N, 4.49.

General Procedure for the Homo-Coupling
Reaction of the 2-Iodobenzamides 4a and 4b;
Synthesis of the Biphenyls 6a and 6b

A vigorously stirred mixture of 4, Pd(OAc)2 (0.06 mol equiv),
Ph3P (0.2 mol equiv), Et3N (2.0 mol equiv), and AgNO3

(1.0 mol equiv) in CH3CN (60 mL per mmol) was heated at
80 °C for 60 hours under argon. Then, the reaction mixture
was cooled down to room temperature, diluted with H2O
and thoroughly extracted with CHCl3. The combined organ-
ic extracts were washed with brine, dried (MgSO4) and con-
centrated in vacuum to provide the crude product, that was a
mixture of unreacted starting material (4) and biphenyl 5,
that were separated by chromatography (85 : 15 and 60 : 40
hexane : EtOAc). The analytical and spectroscopic data of
the biphenyls 6a and 6b are indicated below.

(E,E)-N,N '-Di-[1-(methoxycarbonyl)but-1-en-3-yl]-
2,2'-biphenyldicarboxamide (6a): Starting from 4a
(800 mg, 2.2 mmol), the biphenyl 6a along unreacted 4a
(412 mg, 52%) were obtained following the procedure above
indicated; yield of 6a: 123 mg (24%); mp 56±58 °C; 1H NMR
(300 MHz, CDCl3, mixture of two atropoisomers): d = 7.59±
7.50 (m, 2 H), 7.47±7.39 (m, 4 H), 7.22 (d, J = 8.2 Hz, 1 H),
7.16±7.10 (m, 2 H), 7.06 (d, J = 8.2 Hz, 1 H), 6.78 (dd,
J = 15.8 Hz, J = 4.6 Hz, 1 H), 6.53 (ddd, J = 15.7 Hz, J = 7.8 Hz,
J = 5.2 Hz, 1 H), 5.81 (dt, J = 15.8 Hz, J = 1.9 Hz, 1 H), 5.60
(ddd, J = 15.7 Hz, J = 11.2 Hz, J = 1.5 Hz, 1 H), 4.63 (m, 2 H),
3.72 (s, 3 H), 3.71 (s, 3 H), 1.18 (d, J = 6.8 Hz, 3 H), 0.99 (d,
J = 7.1 Hz, 1.5 H), 0.96 (d, J = 7.1 Hz, 1.5 H); 13C NMR
(75 MHz, CDCl3, mixture of atropoisomers): d = 169.5 (s),
169.4 (s), 166.8 (s, 2 C), 148.5 (d, 2 C), 139.2 (s), 138.9 (s),
136.1 (s, 2 C), 130.1 (d, 2 C), 129.6 (d, 2 C), 128.4 (d), 128.2
(d), 127.2 (d), 127.1 (d), 120.3 (d), 120.2 (d), 51.8 (q, 2 C),
46.1 (d), 46.0 (d), 20.0 (q), 19.5 (q); IR (KBr): n = 3435, 1725,
1637, 1543, 1437, 1277, 1177 cm±1; MS (EI): m/z = 464 (M+,
14), 432 (8), 336 (44), 308 (100), 224 (29), 206 (28), 196 (31),
181 (86), 152 (25), 128 (24), 113 (26).

(E,E)-N,N '-Di-[1-(methoxycarbonyl)-3-methylpent-1-
en-3-yl]-2,2'-biphenyldicarboxamide (6b): Starting from
4b (500 mg, 1.3 mmol), the biphenyl 6b along unreacted 4b
(325 mg, 65%) were obtained; yield of 6b: 94 mg (30%),
white solid; mp 58±60 °C;1H NMR (300 MHz, CDCl3, mixture
of atropoisomers): d = 52±7.28 (m, 8H), 7.04 (m, 2 H), 6.77
(dd, J = 15.7 Hz, J = 5.5 Hz, 1 H), 6.49 (dd, J = 15.6 Hz,
J = 6.3 Hz, 1 H), 5.81 (dd, J = 15.7 Hz, J = 1.3 Hz, 1 H), 5.47
(dd, J = 15.6 Hz, J = 1.2 Hz, 1 H), 4.38 (m, 2 H), 3.68 (s, 3 H),

3.67 (s, 3 H), 1.74 (m, 1 H), 1.63 (m, 1 H), 0.81 (d, J = 6.9 Hz,
3 H), 0.79 (d, J = 6.7 Hz, 3 H), 0.68 (d, J = 7.0 Hz, 3 H), 0.64 (d,
J = 6.9 Hz, 3 H); 1H NMR (300 MHz, C6D6, 303 K, mixture of
atropoisomers): d = 8.59 (d, J = 8.8 Hz, 1 H), 8.43 (d,
J = 8.6 Hz, 1 H), 7.44 (m, 2H), 7.12±6.92 (m, 5 H), 6.74±6.66
(m, 3 H), 6.05 (d, J = 15.9 Hz, 1 H), 5.71 (d, J = 15.6 Hz, 2 H),
4.50 (m, 2 H), 3.43 (s, 3 H), 3.38 (s, 3 H), 1.66 (m, 1 H), 1.56
(m, 1 H), 0.74 (d, J = 6.3 Hz, 3 H), 0.72 (d, J = 6.3 Hz, 3 H),
0.63 (d, J = 6.7 Hz, 3 H), 0.58 (d, J = 6.7, 3 H); 13C NMR
(75 MHz, CDCl3, mixture of atropoisomers): d = 169.6 (s),
169.5 (s), 166.5 (s), 166.4 (s) 146.5 (d), 146.3 (d), 138.8 (s),
138.7 (s), 136.0 (s), 135.9 (s), 129.5 (d), 129.4 (d, 2 C), 129.3
(d), 127.9 (d), 127.7 (d), 127.2 (d), 127.0 (d), 121.2 (d), 121.1
(d), 55.7 (d), 55.6 (d), 51.3 (q, 2 C), 31.8 (d, 2C), 18.6 (q, 2 C),
18.2 (q), 17.7 (q); IR (KBr): n = 3435, 2962, 1725, 1636, 1543,
1436, 1318, 1175, 1039, 757 cm±1; MS (EI): m/z = 520 (M+, 8),
477 (38), 364 (100), 336 (18), 224 (37), 206 (17), 181 (83), 152
(16), 141 (12), 109 (9); anal.: calcd. for C30H36N2O6: C, 69.21;
H, 6.97; N, 5.38; found: C, 69.47; H, 7.05; N, 5.09.

Synthesis of (S)-2-Hydroxymethyl-
1-(2-iodobenzoyl)piperidine (8)

A mixture of (S)-1-benzyloxycarbonyl-2-(hydroxymethyl)pi-
peridine (7)[19] (2.9 g, 11.6 mmol) and 10% Pd/C (580 mg) in
MeOH (50 mL) was hydrogenated at room temperature un-
der a hydrogen pressure of ca. 45 psi in a Parr shaker for 8
hours. The solid was filtered off through a short bed of Celite
and washed with MeOH. The solvent was removed under
vacuum to give (S)-2-(hydroxymethyl)piperidine (1.3 g,
11.3 mmol, 97% yield), that without purification was dis-
solved in THF (10 mL), cooled at 0 °C, and sequentially treat-
ed with 13 M aqueous NaOH (3.4 mL, 44.2 mmol) and a solu-
tion of 2-iodobenzoyl chloride (3.0 g, 11.3 mmol) in THF
(4 mL). The mixture was allowed to slowly warm up to room
temperature and stirred overnight. Then, saturated aqueous
NaHCO3 solution was added, the aqueous phase was satu-
rated with NaCl, and thoroughly extracted with Et2O. The
organic phase was washed with brine and dried (MgSO4).
Removal of the solvent gave chromatographically homoge-
neous 2-iodobenzamide 8; yield: 3.4 g (88%). An analytical
pure sample was obtained by chromatography (25 : 75 hex-
ane-AcOEt); white solid; mp 130±132 °C; [a]D: ±28.0 (CHCl3,
c = 1.0); 1H NMR (300 MHz, CDCl3, as a mixture of confor-
mers): d = 7.80 (m, 1 H), 7.42±7.17 (m, 2 H), 7.10 (m, 1 H),
5.00±4.60 (m, 1 H), 4.10±3.70 (m, 2 H), 3.70±3.20 (m, 1 H),
3.20±2.60 (m, 2 H), 2.05±1.20 (m, 6 H); 13C NMR (50 MHz,
CDCl3, mixture of conformers): d = 171.1, 170.7, 142.8,
142.4, 140.0, 138.8, 129.90, 129.86, 129.6, 128.3, 128.0, 127.1,
126.5, 92.4, 91.9, 61.2, 60.9, 60.0, 55.8, 50.8, 43.9, 43.2, 37.3,
25.8, 25.6, 25.3, 24.8, 19.7, 19.5, 19.3; IR (KBr): n = 3400,
2930, 1600, 1580, 1475, 1440, 1430, 1375, 1285, 1060, 1050,
1015, 1015, 780, 750 cm±1; MS (EI): m/z = 345 (M+, < 1), 314
932), 231 (100), 203 (23), 105 (34), 76 (50), 55 (19), 50 (18),
41 (13); anal.: calcd. for C13H16INO2: C, 45.21; H, 4.63; N,
4.05; found: C, 45.43; H, 4.71; N, 4.03.

Synthesis of (S,E)-Methyl 3-[1-(2-
Iodobenzoyl)piperidin-2-y]acrylate (9)

A solution of dry DMSO (11.4 mL, 162.3 mmol) in CH2Cl2
(100 mL) was dropwise added at ±78 °C to a solution of oxalyl
chloride (81.1 mmol) in CH2Cl2 (150 mL). After stirring for
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30 minutes at this temperature, a solution of the alcohol 8
(20 g, 58 mmol) in CH2Cl2 (100 mL) was added via cannula.
The mixture was stirred at ±78 °C for 90 minutes, and, then,
dry Et3N (40 mL, 290 mmol) was slowly added. Stirring was
maintained at this temperature while the formation of the
aldehyde was monitored by TLC. When the reaction was
completed (ca. 1 hour), solid Ph3P=CHCO2Me (23.7 g,
75.3 mmol) was added and the reaction mixture was al-
lowed to warm slowly up to room temperature overnight.
The solvent was removed under vacuum and the crude prod-
uct was purified by column chromatography (80 : 20 hex-
ane : AcOEt) to give the a,b-unsaturated esters 9 as a single
stereoisomer; white solid; mp 105±108 °C; [a]D: ±99.0 (CHCl3,
c = 1.05); 1H NMR (500 MHz, CDCl3, mixture of conformers):
d = 7.81 (m, 1 H), 7.38 (m, 0.7 H), 7.32 (m, 0.3 H), 7.21 (m,
0.3 H), 7.16 (m, 0.2 H), 7.11±7.02 (m, 1.5 H), 7.05 (dd,
J = 15.9, 3.8 Hz, 0.4 H), 6.97 (dd, J = 15.9, 3.8 Hz, 0.3 H), 6.77
(dd, J = 15.9, 3.8 Hz, 0.3 H), 6.28 (dd, J = 15.9, 2.2 Hz, 0.3 H),
5.94 (dd, J = 15.9, 2.2 Hz, 0.3 H), 5.69 (m, 0.7 H), 4.73 (m,
0.4 H), 4.19 (m, 0.3 H), 3.77 (s, 0.8 H), 3.75 (s, 1 H), 3.74 (s,
1.2 H), 3.25 (m, 0.8 H), 3.19 (m, 0.4 H), 3.01 (m, 0.4 H), 2.84
(m, 0.4 H), 2.20±1.30 (m, 6 H); 13C NMR (75 MHz, CDCl3,
293 K, mixture of conformers): d = 169.2 (s), 169.13 (s),
169.09 (s), 166.3 (s), 166.1 (s), 165.8 (s), 147.4 (d), 147.0 (d),
146.9 (d), 143.3 (s), 143.2 (s), 143.1 (s), 139.3 (d), 139.2 (d),
130.1 (d), 130.0 (d), 129.9 (d), 128.4 (d), 128.3 (d), 127.3 (d),
127.2 (d), 126.6 (d), 123.3 (d), 122.6 (d), 125.5 (d), 93.0 (s),
92.8 (s), 92.7 (s), 55.6 (d), 51.33 (q), 51.30 (q), 49.4 (d), 49.2
(d), 43.7 (t), 43.0 (t), 37.8 (t), 30.0 9t), 28.8 (t), 28.4 (t), 26.1
(t), 25.7 (t), 25.1 (t), 20.5 (t), 20.1 (t); IR (KBr): n = 2950,
2860, 1725, 1635, 1590, 1425, 1310, 1280, 1200, 1170, 1015,
970, 770, 750, 730; MS (EI): m/z = 338 (M+, < 1), 231 (50),
212 (3), 203 (20), 184 (4), 136 (22), 105 (17), 76 (25), 41 (8);
anal.: calcd. for C16H18INO3: C, 48.12; H, 4.55; N, 3.51; found:
C, 48.49; H, 4.21; N, 3.40.

Synthesis of (S,Z)-11-
Methoxycarbonylmethylidene-2,3,4,6,11,11a-hex-
ahydro-1H-pyrido[1,2-b]isoquinoline-6-one (10)

Pd(OAc)2 (304 mg, 1.35 mmol), Ph3P (1.2 g, 4.51 mmol),
AgNO3 (7.6 g, 45.1 mmol), and Et3N (14 mL, 90.2 mmol)
were sequentially added to a solution of the amide 9 (18 g,
45.1 mmol) in dry CH3CN (180 mL) under argon. The mix-
ture was stirred at room temperature overnight; then, it
was cooled at 0 °C, diluted with H2O (200 mL) and CHCl3
(200 mL). The phases were separated, the aqueous one was
extracted with CHCl3 (2 ´ 100 mL). The combined organic
extracts were dried (MgSO4), the solvent was removed, and
the residue was purified by chromatography (80 : 20 to 70 : 30
hexane±EtOAc) to give 10; yield: 12 g (98%), white solid; mp
124±127 °C; [a]D: ±317 (CHCl3, c = 1.07); 1H NMR (300 MHz,
CDCl3): d = 8.28 (m, 1 H), 7.67 (m, 1 H), 7.54 (m, 2 H), 6.37
(d, J = 1.4 Hz, 1 H), 5.53 (m, 1 H), 4.88 (m, 1 H), 3.79 (s, 3 H),
2.79 (dt, J = 12.6 Hz, J = 3.1 Hz, 1 H), 1.98±1.42 (m, 6 H);
13C NMR (75 MHz, CDCl3): d = 165.8 (s), 160.4 (s), 150.7 (s),
132.6 (s), 132.0 (d), 130.9 (d), 128.7 (d), 128.2 (s), 123.5 (d),
113.6 (d), 59.1 (d), 51.5 (q), 44.9 (t), 34.4 (t), 25.5 (t), 25.0 (t);
IR (KBr): n = 2950, 1715, 1650, 1625, 1595, 1470, 1440, 1430,
1375, 1285, 1195, 1180, 1160, 1100, 1030, 1010, 975, 965, 775,
685 cm±1; MS (EI): m/z = 271 (M+, 22), 256 (9), 238 (17), 213
(15), 212 (100), 210 (27), 184 (17), 156 (13), 129 (25), 128

(19), 127 (12), 115 (30), 101 (29), 77 (13), 75 (14), 55 (17), 41
(10); anal.: calcd. for C16H17NO3: C, 70.82; H, 6.32; N, 5.16;
found: C, 70.96; H, 6.16; N, 5.21.

The Heck Reaction of (S,E)-Methyl 3-[1-(2-Iodo-
benzyl)piperidin-2-yl]acrylate [(±)-11] under
Jeffery Conditions

Pd(OAc)2 (2 mg, 0.01 mmol), Ph3P (8 mg, 0.03 mmol), KOAc
(82 mg, 0.84 mmol), and tetrabutylammonium iodide
(85 mg, 0.23 mmol) were sequentially added to a solution of
the amine 11 (80 mg, 0.21 mmol) in dry DMF (3 mL) under
argon. The mixture was heated at 80 °C for ca. 6 hours (until
the all the starting material has reacted, TLC control). The
mixture was allowed to cool down to room temperature,
the solid was filtered-off, and the solution was diluted with
Et2O (12 mL) and water (3 mL). The phases were separated,
the aqueous one was extracted with Et2O, and the combined
ethereal extracts were washed with brine and dried
(MgSO4). The solvent was removed under reduced pressure,
and the residue was chromatographed (80 : 20 hexane±
EtOAc) to give an inseparable 9 : 1 mixture of the olefins
(±)-Z-12 and (±)-E-12 as a thick oil. The NMR data for the
Z-isomer are indicated next; 1H NMR (300 MHz, CDCl3):
d = 7.58 (m, 1 H), 7.24 (m, 2 H), 7.11 (m, 1 H), 6.14 (d,
J = 1.8 Hz, 1 H), 4.35 (m, 1 H), 3.73 (s, 3 H), 3.67 (AB system,
JA,B = 14.2 Hz, 1/2n = 111 Hz, 2 H), 3.05 (m, 1 H), 2.74 (m,
1 H), 1.98±1.42 (m, 6 H); 13C NMR (50 MHz, CDCl3):
d = 166.5, 156.4, 138.5, 131.0, 129.3, 127.2, 126.4, 124.5,
112.9, 61.8, 54.6, 52.8, 51.2, 28.6, 25.2, 22.4.
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