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New Methods for the Syntheses of «,f-Unsaturated Ketones, Aldehydes, and Nitriles by the
Palladium-Catalyzed Reactions of Allyl $-Oxo Esters, Allyl 1-Alkenyl Carbonates, and

Aliyl o-Cyano Esters

Tehiro Minami, Mohammad Nisar, Masami Yuhara, fsao Shimizu, Vo Tsuji*

Tokyo Institute of Technology, Meguro, Tokyo 152, Japan

Allyl f-oxo esters, allyl T-alkeny! carbonates, and allyl x-cyuno esters
are converted inte o f-ursaturated ketones, aldehydes, and itriles by
palladium-catalyzed intramolecular decarboxylation-dehydrogenation.
Palladium-phosphine coreplexes such as PA(OAC),-PPh. Pd(OAC),-
dppe, or Pdy(dba)s - CHCLL,-PPhy are effective catalysts. Yiclds depend
on solvents and on the mole ratio of palladium to phosphine. The
optimum Pd/P ratio for ¢ach substrate was determined. Use of nitriles
as solvents is essential for the dehydrogenation.

The conversion of saturated carbonyl compounds mto o.f-
unsaturated carbonyl compounds is a synthetically important
reaction. There are several established methods which usually
involve the intzoduction of hetero atoms X suck as halogen.’
5.2 and Se® at the a-position, followed by their elimination as

HX together with the fi-hydrogen. Several years ago, we found
that the palladium-catalyzed decarboxylation-allylation reac-
tion of allyl f-oxo esters gives s-allvl ketones 7.* Further, we
have discovered that allyl f-oxo csters undergo palladium-
catalyzed  decarboxylation-dehydrogenation 1o give  a.fi-
unsaturated ketoaes under modified reaction conditions, parti-
cularly. in terms of solvents and ligands.® The decarboxylation-
allylation, decarboxylation-dehydrogenation, and deallyloxy-
carbonylation (decarboxylation-protonation) of allyl f-oxo
esters arc competitive reactions, so that caretul selection of
reaction conditiens is crucial lor the differentiation of these
three reactions. The discovery of the decarboxylation-
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dehydrogenation lead us to establish a new synthetic method
for o, f-unsaturated ketones 6 which consists of the formation
of (n-allyl)palladium enolate complexes Sa or 5b, followed by
elimination of the -hydrogen to liberate propene via reductive
coupling of the allyl group with the f-hydrogen. At the same
time, the Pd(O) catalyst is regenerated. In other words, the
(m-allyl)palladium complex acts as a dehydrogenating agent or
hydrogen acceptor, which is converted into propene and Pd(O)
catalyst. No other dehydrogenating agents are required and
hence the reaction can be carried out under mild and clean
conditions. The (n-allyl)palladium enolate complexes 5 can be
derived from allyl B-oxo esters 2** or allyl 1-alkenyl carbon-
ates 3° by intramolecular reactions. Furthermore, we have
found that the key intermediates, (m-allyl)palladium enolate
complexes 5a or 5b, can be prepared by intermolecular reaction
of various ketone enolate equivalents such as enol silyl ethers
(42)"%'% and enol acetates (4b)7*®!%" with allyl car-
bonates. The intramolecular method is synthetically useful
since only gaseous by-products, namely carbon dioxide and
propene, are generated during the reaction. Similarly, allyl a-
cyano esters undergo the palladium-catalyzed decarboxylation-
dehydrogenation to give «, f-unsaturated nitriles.!! In a pre-
liminary communication, we have reported that the enone
formation proceeds with Pd(OAc),-dppe catalyst in acetonitrile
or dimethylformamide.® Later, we have found that also PPh,
can be used as a ligand, and more importantly, even phosphine-
free palladium catalyst in acetonitrile gave better selectivity with
regard to o, f-unsaturated ketones.® However, turnover of the
phosphine-free palladium catalyst is not always satisfactory.
Usually, the reaction proceeds with 10 mol % of the catalyst. In
the course of further studies, we have found that addition of a
small amount of phosphine ligand increases the turnover of the
catalyst. As outlined in Scheme A, the dehydrogenation, allyl-
ation, and protonation reactions proceed via the same inter-
mediates 5. These competitive reactions can be well controlled
by modifying the reaction conditions, particularly with respect
to the mole ratio of palladium to phosphine (P).
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Usually, the allylation proceeds in any solvents with a high
selectivity when the Pd/P mole ratio is < 0.5. On the other
hand, the clean dehydrogenation without contamination of 1
or 7 with palladium-phosphine catalyst is a critical reaction.®*
We have found that the optimum mole ratio Pd/P depends on
the structure of the substrates. For clean enone formation,
careful selection of the reaction conditions for each substrate is
essential. Here we report details and results of the preparation
of a.f-unsaturated ketones, aldehydes, and nitriles by the
palladium-catalyzed intramolecular decarboxylation-dehydro-
genation of allyl f-oxo esters 2, allyl 1-alkenyl carbonates 3
(Scheme A), and allyl a-cyano esters 8 (Scheme B).

Careful selection of reaction conditions is crucial for selective
enone formation according to Scheme A. One of the factors to
be controlled is the selection of solvents. Nitriles seem to be the
best ones; dimethylformamide is another good solvent, but it is
somewhat inferior to nitriles, giving saturated ketones as by-
products. In tetrahydrofuran or dioxan, allylation takes place.*
Thus, acetonitrile is used most conveniently; however, in some
cases, propanenitrile gave better results. As regards the reac-
tion temperature, the reactions should be carried out at
80-100°C. At room temperature, the reaction proceeds slowly
and allylation is the main path even in acetonitrile.

The most crucial factor is the mol ratio of palladium to
phosphine ligand (Pd/P). At first, we found that bis(diphenyl-
phosphino)ethane (dppe) is a good ligand,® but later we con-
firmed that triphenylphosphine is satisfactory in most cases.
We carefully studied the effect of the mol ratio Pd/P in the reac-
tion of allyl 1-methyl-2-oxocyclopentanecarboxylate (10) to give
2-methyl-2-cyclopentenone (11) which is an important inter-
mediate for the synthesis of certain natural products. A number of
methods for the synthesis of the rather simple compound 11
are known,'? but none of them is satisfactory. We therefore
examined the synthesis of 11 from 10 by our method under
various conditions in order to find optimum conditions for
the desired enone formation. As we have reported previously,
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Scheme A
the dehydrogenation to give 11 took place selectively in 79 %
0 . yield, without contamination by 2-allyl-2-methylcyclo-
R/\(LKOW _-_%ﬂ__...ﬁm", R/\,JCN pentanone or 2-methylcyclopentanone, using the Pd(OAc),-
N 23 acetonitrile system which contains the phosphine-free palladium
8 9 catalyst.®® However, reproducibility of the reaction was some-
‘ times unsatisfactory. In such a case, Pd-black deposited
Scheme B during the reaction and conversion was low (20-60%). Use
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of the stable zero-valent palladium complex Pd,(dba), - CHCI,
showed the same tendency. Addition of a small amount of
triphenylphosphine increased the conversion. Apparently, the
selectivity of enone formation depends strongly on the mol
ratio of palladium to phosphine.®® Careful experiments to
find out the optimum Pd/P mole ratio were carried out using
Pd,(dba);CHCl; with different amounts of added triphenyl-
phosphine. The best results were obtained (Table1) when the
mole ratio was 1:0.4-1:0.5. In these cases, neither allylation
nor protonation to give 13 or 14 took place. When the mol ratio
was 1:0.6, allylation began to take place. The ratio of 13
increases as the Pd/P ratio decreases. When the mole ratio was
1:2, allylation took place predominantly. With freshly distilled
acetonitrile, almost no protonation to give 14 took place. Under
the optimized conditions, product 11 was isolated in 84 % yield
(Table 2) by distillation. As the sole by-product, a small amount
of 2-methylenecyclopentanone (12) was formed.

The preparation of «,f-unsaturated carbonyl compounds from
allyl f-oxo esters and allyl 1-alkeny! carbonates was performed
with several substrates (Table 2). The most suitable Pd/P mole
ratio depends slightly on the structure of the substrates. For
example, the effective Pd/P mole ratio for the conversion
15 — 16 was found to be 1:1. In all cases, the dehydrogenation
proceeds with good conversion (> 98 %, GLC analysis) and
with good selectivity.

From a mechanistic point of view, both allyl B-oxo esters 2 and
allyl 1-alkenyl carbonates 3 give the (zn-allyl)palladium enolate
complex 5 as the common intermediate upon treatment with
zero-valent palladium complex. From a synthetic viewpoint, the
two substrates 2 and 3 for enone formation should be used
complementarily. a-Alkyl-a,f-unsaturated ketones such as 11,
16, or 24 can be prepared vig allyl f-oxo esters, since introduc-
tion of an «-alkyl group into a B-oxo ester is a well-established
method.'? On the other hand, it is rather difficult to convert allyl
f-oxo esters bearing an active H-atom at the a-position (C-2)
into «, B-unsaturated ketones due to intramolecular proton
transfer, followed by allylation and thermal decarboxylation to
afford 7 as a major product, as shown in Scheme C. For example,
the reaction of allyl 2-oxocyclopentanecarboxylate produced 2-
allylcyclopentanone and cyclopentanone as major products. In
this case, allyl 1-alkenyl carbonates 3 are suitable substrates for
enone formation since there is no active hydrogen. 2-Cyclo-
pentenone (20) was obtained in high yield from allyl 1-cyclo-
pentenyl carbonate (19). Also «, S-unsaturated aldehydes can
be prepared in good yields from allyl 1-alkenyl carbonates.

0 0

PdL, RJI\R
0

0 Pd‘*}>
h

Scheme C 7
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Table 1. Selectivity of Enone Formation from Allyl 1-Methyl-2-
oxocyclopentanecarboxylate (10)*

o } 0 0 o 0
MO R 6} . é& R w . @7"
12 13 14

10 n

mole Ratio  Reaction Conversion  Ratio of Products
Pd/P Time (%) 11:12:13: 14
(h)
1/0 1 72 9: 3: 1: 0
1/0.2 1 87 9: 3: 1: 0
1/0.3 1 89 94: 3: 2: 1
1/0.4 1 91 97: 3: 0: 0
1/0.5 1 94 98: 2: 0: 0
1/0.6 1 58 84: 2:14: 0
1/0.7 1 33 62: 7:31: 0
1/0.8 1 52 46: 0:54: 0
11 1 98 30: 0:70: 0
1/2 1 98 2: 0:98: 0

* Reactions were carried out using 10 (1 mmol) and Pd,(dba); - CHCl,
(0.025 mmol) in MeCN (5 mL) under argon. Conversion and ratic of
11:12:13: 14 were determined by GLC analyses.

The decarboxylation of the salts of f-oxo carboxylic acids
proceeds smoothly, because the carbanion generated by the
decarboxylation is stabilized by a ketonic group. Thus, a similar
decarboxylation is expected for allyl carboxylates which have
other electron-withdrawing groups at C-2. Based on
this expectation, we examined the palladium-catalyzed de-
carboxylation-dehydrogenation of allyl esters of substituted
malonic, cyanoacetic, and nitroacetic acids. The de-
carboxylation-dehydrogenation of allyl a-cyano esters pro-
ceeded smoothly with Pd,(dba); - CHCl;-PPh; (2:1) catalyst
in propanenitrile at 100°C (Table 3). In boiling acetonitrile, the
reaction was not complete even after 10 h. A mixture of E and
Z forms was obtained from 34 and 37. The isomers { E)-38 and
(Z)-38 were isolated by preparation GLC and identified by
comparison of their 'H-NMR spectra with the reported spec-
tra.!* Under the reaction conditions used, the expected allyl-
ation did not take place with the allyl a-cyano ester 37 even
though it has an active H-atom at C-2.'° As a sole by-product,
hexanenitrile (39) was detected in minor amounts. Contrary to
our expectation, the selectivity for the decarboxylation-de-
hydrogenation is highly dependent on electron-withdrawing
groups. With allyl esters of substituted malonic and nitroacetic
acids, protonation took place predominantly and «.f-
unsaturated compounds were obtained in low yields (0--20%).

GLC analyses were performed on a Shimadzu Model GC-4C(PT) gas
chromatograph (column: 3 m x 3 mm &; 10 % silicone SE-30 on 80/100
Celite 545; carrier gas: He): IR spectra were obtained on a JASCO
Model IRA-2 spectrometer. '"H-NMR spectra were recorded on a
JEOL Model FX-90Q Fourier transform spectrometer at 90 MHz or on
a Hitachi Model R-24 A at 60 MHz. '3C-NMR spectra were recorded
on a JEOL Model FX-90Q Fourier-transform spectrometer at
22.5MHz.

Acetonitrile and propanenitrile were dried with P,O5 and distilled
under argon before use. The catalysts Pd,(dba)y- CHCI;'® and
Pd(OAc),"” were prepared by the published procedure. Triphenyl-
phosphine and bis(diphenylphosphino)ethane were purchased and re-
crystallized from EtOH. Authentic a-allyl ketones 13, 17, 21, 25, 29, and
aldehyde 32 for GLC analysis were prepared via palladium-catallyzed
allylation of allyl S-oxo esters or enol silyl ethers.*+* Authentic 2-
methylenecyclopentanone (12) was prepared by the palladium-cata-
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lvzed  decarboxylation-deacctoxvlation of  allyl T-ucetomethyi-2-
oxocyclopentanecarboxylate. ™ Allyt  1-methyl-2-oxocy-lopentane-
carbosvlate (10) was prepared by the reported procedure.”’

Allyl 2-Ox0-1-(3-0x0-7-octenyl)cyclopentanecarboxylate (155

A solution of 1. 7-cvtadien-3-one [12.4 ¢, 0.1 mol; prepared by Pd-
catalyzed ielomerization of butadienc and acetic acid.'” fnfiowed by
hydredysis with K,CO, (2 equivy in MeOH. and Ru-catahzed oxid-

Table 2. Synthesis of »,fi-Unsaturated Ketones and Aldehydes

Fapers 995

ation o the resultant 1, 7-octadien-3-ol with alivl methy i carbonate™™ ]
in div acetone (15 mL) is added dropwise to a stirred suspension of
KLU0, (3458 0.23moly and allyl 2-oxocyclopentanecirboxylate
{126 ¢, 0.75mol; prepared by Dieckmann condensation of  diallyl
adipate™) in dry acctone (15 mL). Stirrmg is continued for 2h. When
the reaction is complete (TLC analvsis), the mixture is cooled to roorm
temperature and liliered through celite. The filtrate 1= neutralized with
ieevodd 1 onommal HOT and extracted with EGO (32100 mb)y The

Substrate Catalyst Solvent Product eld® Conversion” By-preducts Selectvity?
PP ) (o)
(raiso)
10¢ Pd (dba)y - CHCL,/ MeCN it N3 98 12 112 29004
PPh, (2:1) =
gt I'o) Fan
o S
{ ?“J O s} I !
T ) g . ] . [
Ay Pd,dbar, CHCL,  MecN Mo L o s 161718
\w_f ‘"vq/o"»/’\\% P ph} ” . l) ("—j?/ AUNS = N4 T
2 o] 0
15 16 . PN N
\/ S ~ TN
S
< v , 18
15 Pd.(dba}, - CHCL,/ McCN [ 98 161718 =
P, (2:1) R R K
05 PdiOAC), McCN i6 ) 16:17: 18 =
PPhy (1:1) N3
o 3 (1)
O/U\ NS 0 Cf = O
’ PdcOAC),, McCN )l 71 [ "/L\Y"'J ! 00:21:22 =
\,\)? PPy (5:2) C L \_ 960 5135
o 21 22
19 20
19 PdiOAC),/ McCN 20 us 19:20:21 =
PP, (1:1) 921503
19 PdiOAC),/ EACN 2 99 19:20:21 =
PPi (1:0.4) SRR
2 - p 0
(& «O‘\/ T PAIOAC), MeCN A~ 2 Y] .)L e ;/1 o 24:25:26 -
L\/‘ dppe 2:1) E H i B L AR
. 0 g S
23 24 25 26
2 PdcOAC), McCN 24 ] 24:25:26 =
PPhy (1:1) N3 TR
23 PAiOAe),/ MeCN X1 98 242526 =
9 dppe 2: 1) birs-od
oo 9 0
SN PAOAC),/ MeCN . ‘r’k‘"\] 77 v w/uﬁ/”\f? 28:20:26 -
{\/] PPhy (50 4) E\ML §\/, RN B
27 28 29
27 PdiOAC),/ MeCN p2 1 G4y 82920 =
PP, (1:1) YR
27 PdiOAc),; MeCN 28 ton 28:29 26 =
PPh, (2:1) 07
~ 0 » .
AP GHO CRC
H i N A Tl CHO
Ji\ D . N /\/\/\ ,/i ~
( PAOACH MeCN (Y 99 C) N U323
“ PPay (1:1) N o o RN EABE SN
30 31 32 33
20 PdiOAc),/ MeCN R 100 3i:32:33 =
* PPhy (1:1) w3
30 PdiOAc),/ MeCIN M 100 3§.32:33 =

PPhy (2:1)

* Yield of distilled product. Procedure given in the experimental part.

G901

" Determined by GLC analysis,
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Table 3. Preparation of 2 §-Unsaturated Nitriles®

SYNTHESIS

Yield®

Substrate Solvent Product
(0/'0
0 y .
Ne g™ o
N e EtCN S g 78
34 35
34 MeCN 35
N
NN N -
3}) : EtCN S SF Ny 63
37 38
= UN e,
X o =N
- ;},wo\f?\ EION &f 81
40 41
e ON
N N,
A FtCN [p-on 78
RSN i
43 14
a

Procedures are given in the experimental part.
Yield of pure oroduct isolated by column chromatography on silica

gel.

b

combined extract is washed with saturated NaCl solution (50 mL).
dried (MgSO,), and evaporated. The residue is purified by columm
chromatography on silice gel using Et,O/hexane (1:7) as cluent; yicld
of 15: 19.2 g (88 %); oil.

Ci-H,,04 cale. C 7056 HR.36

(292.4) fourd 7047 8.48

IR ineat): v = 2962, 1780, 1755, 1645, 1210¢cm .

TH-NMR (CDCL/TMS): 5 - 1.64-2.14 (m, 10 H); 2.32° 2,48 (m, 6 H);
4.60 (d, J = 5.5 Hz, 2H); 4.89--5.39 (m, 4H); 5.68--6.02 (m, 2H)

Allyl 1-Cyclopentenyl Carbonate (19):

A solution of cyclopentanone (25 g, 0.3mol) in dry THF (36 mLj is
added to a stirred suspension of +BuOK (50.4 ¢, 0.45mel) in dry THIE
(500 mL) at 20-30°C under N. Stirring is continued for 2h, the
restltant vellow solutior: is added dropwise to a solution of allyl
chloroformate (53.9 g, 0.45mol) in dry THF (50 mL) at 0°C, and the
mixture is stirred for $ h., "Wheu the reaction is compiete (TLC analysis),
the mixture was diluted with Ei,0 (1000 mL), washed with saturated
NaCl solution (100 mL), and dried (MgSQ,). Product 19 is solated by
distillation; vield: 21.3 g (41 %); b.p. 58°C/2 Torr.

MS: mje = 67 (CsH, ™),

IR {neat): v = 2650, 1760, j635¢cm’ '

'H-NMR (CCl,/TMS): 6 = 1.70--3.00 (m, 6 H): 4.52.(d. J = 6 Hz, 2 H);
5,00 5.50 (m, 3H); 5.50--6.30 (m, 1H).

Allyl Cyclohexylidenemethyl Carbonate (3):

Prepared from cyclohexancearboxaldehyde (22.44 ¢, 0.2 moly and allyl
chloroformate (36.16 g, 0.2 mol) by the procedure described for 19;
vield of 36: 32 g (739%); b.p. 83°C/2 Torr.

MS: mije = 196 (M ™).

IR (neat): v == 29350, 176¢, 1690, 1650 cm ™.

U{-NMR (CClL): § = 1.30-2.90 (m, 10H); 4.52 (d, /= 6 Hz, 2H):
5.00--5.50 (m, 2H); 5.50--6.30 (m, 1 H); 6.55 (brs, 1 H).

Allyl 1-Methyl-2-0xocyclohexanecarboxylate (23):

Allyl 2-Oxocyelohgxanecerboxylate: A solution of methyl 2-oxocyclo-
hexanecarboxylate (80 g, 0.51 mol, prepared from cyclohexanone and
dimethyl carbonate,*® and sodium (15 mg, 0.23 mmol} in allyl alcohoi
(300 mL) is refluxed for 24 h with continuous removal ol methanol
using a Claisen head. After the reaction is complete (GLC analysis), the
mixture is diluted with CH,Cl, (500 mL). washed with saturated
NH,C! solution (50 mL) and saturated NaCl solution (S0mL), and

By-product

Conversion® Selectivity®
(V)
%?
98 e N 35:36==90:4
36 (£)-35: (7-35) = 811
38 35:36 =34
26 e M ey 38:39 =991
(£)-38: (£)-38=15:3
39
¢ _W\\/.u( N
100 N 41:42 =928
42
BN 44 : 45 =99 1

45

© Determined by GLC analysis.

dried (MgSO,). Remaval of the solvent, followed by distiifation of the
residuc (Kugelrohr} aflords the allyl ester which 1s nsed in the next step
without further purification; yield: 67 g (72%); b.p. 140°C (bath)/ 0.1
Torr.

Allyl 1-Methyl-2-0xocyclohexanccarboxylate (23): A misture of the
crude allyl 2-oxocyclohexanecarbosylate (69 g, 038 mol), K,CO;
(103 g, 0.74mol), and iodomethane (105 g, 0.74mol) in dry acetone
(500 mL) is refluxed for 5h under N,. After the reaction is complete
(TLC analysis), the mixture is filtered through celite. The filtrate 18
diluted with Et,O (1000 mL), washed with saturated NaCl solution
(100 mL), and dricd (Mg80,). Product 23 is isolated by distillation;
vield: 57.7 g (77%}): b.p. 80°C/0.1 Torr.

CH,05 cale. C67.32 HR&22

(196.2} found  67.56 3.27

IR (ricat): v = 2930, 1735, 1715, 1645cm .

TH-NMR (CCly): & = 1.20 (s, 3H) 1.40--2.00 (m, 6 H); 2.20 2.60 (m,
2H): 445 (¢, J = 6 Hz, 2H); 4.50 - 3.40 (m, 2 H); 5.50--6.00 (m. 1 H).

Altyl 6-Methyl-1-cyclohexenyl Carbounate (27):

A solution of potassitm bis(rrimethylsilyl)amide in THF is prepared
from KH (16.3 g, 0.4 mol) and hexamethyldisilazane (48.8 g, 0.28 mol)
in THE (250 mL) by the published procedure, under N,.2' The THF
solution of the base is cooled to - 78°C and a solution of 2-methylcy-
clohexanone (22.4 ¢, 0.2 mol) in dry THF (30 mL) is added dropwise
over 1 h with stirring at — 78°C. The resultant solution is stirred for 2h
at — 7%°C. Then. a solution of allyl chloroformate (33.6 g, 0.28 mol) in
dry THF (20 mL) is added in one portion at — 78°C. The mixture was
gradually warmed to 25°C and stirred for 3 h. After the reaction is
complete (TLC analysis), the mixture is diluted with E,O (300 mL),
washed with saturated NaCl solution (3 > 100 mL). and dried (MgSO,).
Product 27 is isolated by distillation; yseld: 29 g (74%): b.p. 70°C2
Torr.

MS: mije = 196 (M ™).

IR (ncat): v = 2950, 1760, 1685 cm

TH-NMR (CCLy): 6 = 0.95 (d, J == 6 Hz, 3H): 1.15-3.06 (m, 7H): 4.52
(d, J = 6 Hz, 2H): 5.00-5.50 (m, 3H); 5.50--6.20 (m, 1 H).

Preparation of a,f-Unsaturated Ketones and Aldehydes:

2-Methyl-2-cyclopentenone (1), Typical Procedure: T a 50 mL two-
necked flask, equipped with a dropping funnel and a reflux condenser
are placed PPhy (65 mg, 0.25 mmol) and Pd,(dba);, - CHCI; (259 mg.
0.25 mmiol, PA/P ratio 2:1) and the apparatus is flushed with argon.
Acetonitrile (10 mL.) is added and the mixture is stirred at 20--30°C fo1

Downloaded by: National University of Singapore. Copyrighted material.



November 1987

19min The reaction ilask is then immersed in a pre-heated o1l bath
(100°C and a solution of ally} 1-methyl-2-oxocyclopentancearboxylate
10: 9.1 ¢, 50 mmol) in McCN (19 mL) is added dropwise over 10min
with stirring. The resultant solution is refluxed for 1.5h. After the
reaction is complete (1LC and/or GLC analyses), the misture is cooled
10 toom temperature and filiered through Florisil®. Fractional distilla-
tion of the filtrate affords product 11; yield: 4.63 ¢ (84 %) b.p. 87°C/70
Torr (Lit.°" h.p. 74°C44 Torr).

2-(3-Ovo-T-octenyl j-2-cyclopenienone (16). A solution of allvi 2-oxo-1-
(3-ox0-7-octenyl)-cyclopentunone  (15; 11.7g, 40 mmol), Pd,(dba),
CHCL, (318 g, 0.5numol), and PPhy (262mg, 1mmol) in MeCN
(35 mL) is refluxed for 2h, Product 16 is isolated by colunin chroma-
tography on silica gel Et,O/hexane 1:8); vield: 6.5 ¢ (79%); oil.

Fxact Mass: cale. for €y H, <0, 206.2844, found: 206.1321.

IR (neat): v = 2900, 1700, 1635, 1435, 1000, 910cm ',

TH-NMR (CDCHy): 8= 158 -1.82 (m, 2H); 1.94-2.08 {(m, 2H}
2.32.-2.62 (m, 10 H); 4.89-5.07 (m, 21); 5.54--5.91 (m, 1 H): 7.28-7.35
(brs, 1H).

2-Cyciopentenone (20): A solution of allyl 1-cyclopentenyl carbonate
{(19; 18 g, 0.1 mol), Pd(OAc), (440 mg, 2mmol), and PPh; (208 me.
0.8 mmol) in MeCN (60 mL) is refluxed for 1.5 h. Product 20 is isolated
by filiration through Florisil® and distillation; yield: 6.3 g (71 %0): b.p.
65°C/20 Torr (Lit.*% h.p. 43.5°C/11 Torr).

IR (neat): v = 2920, 2200, 1720, 1585, 1180, 915, 750 em ™!

H-NMR (CDCE): ¢ = 231241 (m, 2H); 2.66-2.76 (m. 2H); 6.2]
{dt, J = 5.6, 2.2 Hz, 1 H); 7.73 (dt. J = 5.6, 2.6 Hz, 1 H).
2-Methvl-2-cyelohexenone  (24): A solution  of allyl i-methyl-2-
oxocyclohexanecarbosylate (23: 19.8 g, 0.1 mol), Pd(OAc;, (440 mg,
2 mmol), and dppe (406 mg, 1 mmol) in MeCN (50 mL) is refluxed for
4h. Product 24 is isolated by distillation; yield: 7.9 g (72%); b.p.
73°CA5 Torr (Lit.*? bop. 83--85.5°C/35 Torr).

IR {neat): v = 2920, 1675cm™ ",

'H-NMR (CCL): 6 = 1.67 (4, J=2Hz, 3H) 1.80 2.6i (m, 61):
0,50-6.80 (m, 1 H).

6-Methyl-2-cyclohexenone  (28): A solution of allyl o-methyl-1-
cyclohexenyl carbonate (27; 19.6g. 0.1 mol), Pd(OAcy (270 mg,
1.25mmol), and PPhy (304 mg, .16 mmol) in MeCN (60 mL) 15 re-
fluxed for 2 h. Product 28 is isolated by distillation; yield: 8§ 5 ¢ (77%):
h.p. 80°C/20 Torr (Lit.** b.p. 75°C/18 Torr).

IR (necat): v = 2920, 1675¢cm ™",

"H-NMR (CCLy): 6= 1.07 (d, J = 6 Hz, 311); 1.50--2.10 (m. $1); 5.84
idi, J =10, 2 Hz, TH); 6.79 (dt, J = 10, 4 Hz, 1 H).
Cyclohexene-1-carboxaldehyde (31): A solution of allyl cyciohexylide-

nemethyl carbonate (30; 19.6 g, 0.1 mol), PA(OAC¢), (220 mg. 1 mmol).
and PPhy (262 mg, 1 mmol) in McCN (60 mL) is refluxed for 1.51,
product 31 is isolated by distillation; yield: 88 g (X2%); b.p.
63-65°C/14 Torr (Liz.* b.p. 69-717C/18 Torr).

IR (neat): v == 2920, 1680, 1640, 1180 cm ™",

TH-NMR (CCly): 8 = 1.50-2.50 (m, 8 H); 6.50-6.80 (brs, 1 11): 9.36 (s,
tH).

Allyl 2-Cyanohexanaate (37):

A suspension of K,C 0, (2.76 g, 20 mmol), allyl cyanouacetate (2.50 g,
20 mmol), and T-iodobutane (3.68 g, 20 mmol) in dry acetoue (100l
is refluxed for 4 h under N,. The reaction is monitored by GLC. As
soon as dialkyiaied product s detected, the mixture is filtered through
Celite 10 remove inorganic salts. The filtrate is diluted with CH,Cl,
{130 1mi), washed with satwrated N1{,Cl solution (20 miand with
saturated Na(Cl soluzion (20 mL), dried (MgSQy), and purified by
column chromatography on silica gel; vield: 3.0 g (83%); oil.

CioH sNO. cale. ©66.27 H 834 N7}

{181.2) found  66.42 8.36 7.87

IR (neat): v = 2950, 2850, 2240, 1745, 1645, 1450, 990. 933 cm "
TH-NMR  (CCL): ¢ =0.70-1.10 (m, 3H): 1.10-1.60 {m, 4H);
1.60--2.10 (m, 2H); 330 (1, J = 6.5z, 1H); 442 (d. J = 5 Hz, 2H),
4.95-5.40 (m, 2 H; 5.45--6.15 (m, 1 H).

Allyl 2-Butyl-2-cyanohexanoate (34):

This compound is similarly prepared from allyl cyanoacetate (6.26 g,
S0 mmol), T-odobutane (27.6 g, 150 mmol), and K.CO, (34.55¢g,
250 mmol), and isolated by distillation; yield: 12--7 g (X6%); b.p.

90--91°C/1 Torr.
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CyaH23NO,  cale, C 7085 H 977 N 5.90

{(237.3) found  70.86 9,71 3R

IR (neat): v = 2930, 2850, 2230, 1740, 1640, 1450, 990, 935em
TH-NMR (CCL): 0 = 0.65-1.05 (m, 6H). 1.05 1.55 (m. S H);
1.55-2.20 (m, 4 Hy; 4.40- 4.80 (m, 2H); 4R5- 345 (m. 2H) 545 6.8
(m, 1 H).

Allyl 1-Cyanocyclohexanecarboxylate (40):

This compound is similarly prepared from allyl cvanoacetate (6.20 2,
50 mmol), 1,5-dibromopentane (11.5 g, 50 mmol), and K;CO, (20.74 ¢,
130 mmol), and isolated by distillation; yield: 7.0, 73%): b.p.
%4 -85°C/1 Torr.

CyH sNO,  cale. € 6837 H 782 N 7.25

(193.2) found 6847 7.83 7.55

IR (neat): v = 2930, 2870, 2240, 1740, 1645, 1440, 997, 935¢m
VINMR (CCLY: 6 = 1.00-2.35 (m, 1011 440 465 (m. 2HY)
4.95-545 (m, 2H); 5.45-6.12 (m, 111).

Allyl §-Cyanocyclopentanecarboxylate (43):

This compound 1s similarly prepared from allyl cyanoacctate (6.26 ¢,
50 mmol), 1 4-dibromobutane (10.77 g. 30 mmol), and K,CO, (20,74 ¢,
150 mmol), and isolated by distillation; yicld: 7.0¢ (85%); b.p.
80- %2°C/1 Torr.

Cyofl,3NO, cale. Co07.02 H 731 N782

(179.2) found 67.0% 7.31 8.00

IR (neat): v = 2950, 2870, 2240, 1740, 1645, 1440, 995, 935 em !
THANMR (CCLY: 8 = 1.60-2.05 (m, 4H); 205245 (m, 4H);
445375 (m. 21D); 495 540 (m, 2H): 540 6.25 (. 1D,

Preparation of x,f-Unsaturated Nitriles (2-Alkenenitriles):

(Z)- and (F)-5-Cyano-4-nonene [(Z)-35 + (E)-358]: Tvpical Procedure: Tn
a 30mL two-necked flask fitted with a reflux condenser are placed
Pd,idba)y - CHCl;  (13mg, 0.0125mmol), and  PPhy (S.0mg,
0.025 mmol) and the Rask is filled with argon. Propanenitrile (2 mL) is
added to the flask and the catalyst is dissotved. Te this solution. a
solution of allyl 2-butyl-2-cyanohexanoate 34; 237 mg. 1 mmel) in
propancnitrile (3 mL) is udded and the mixture is reffuxed for Uh under
argon. The misture is then analyzed by GLC to determine the selectiv-
ities |35:36 = 96:4 and (£)-35: (£)-35 = 8:1], and the product is
isokited as a mixture of (£)-35 and (£)-35 by column chromatography
on silica gel (cther/hexane 1:10); yicld: 118 mg (78 %), The analyticaily
pure 1semers are isolated by preparative GLC.

(7)-3-Cyano-4-nonene | (7)-35]:*

IR (ncat): v = 2940, 2860, 2240, 1460, 910, 740 cm ™

H-NMR (CDCL): 6 092 (1 J = 7.7 Hzy 3H); 0.94 L = 7.7 He
AH); 128 1,80 (m, 6 H); 2.21- 237 (m, 4 H): 6,13 (1 /= 7.5 Hz, 1H).
BCNMR (CDCE): ¢ = 13.5, 1306, 21.7, 219, 302, 33.4, 339, 1130,
1178, 147.3.

(E)-3-Cyano-4-nonene [ (£)-35]:"

IR qneat): v = 2950, 2920, 2860, 2210, 1630, 1460, 910, T30 em .
'TH-NMR (CDCly): 8 =093 (t J =68, 6H);, 1.23-1.65 (m, 6H);
2.03-2.28 (m, 4H), 6.33 (1, J = 7.6 Hz. 1H).

BCNMR (CDCLy)y o = 137, 2108, 22,1, 28.3, 3022, 30,4, 115.2, 1202,
147 8

(Z)-and (E)-2-Hexenenitrile [(Z)-38 + (£)-38]: A soiution of allyi 2-
cyanohexanoate (37; 181mg. 1 mmol), Pd,(dba), - CHCl; (26 mg.
1025 mmol), and PPh; (5.6 mg, 0.025 mmol) in propanenitrile (S mbLj s
refluxed for 2 h and then worked up as described above; vield: 62 mg
(()5 Y.

(K)-2- Hexenenitrile | (1)-38]:

IR (neat): v = 2960, 2870, 2220, 1620, 1460, 915, 7em '

TH-NMR (CDCL): 6 = 0.96 (t, J = 6.8 Hz, 3H): 1.28- 1.75 (m. 2 H);
2.20--2.56 (m, 2H): $.30 (dt, J = 108, 1.1 Hz. 1 H): 6.46 (dt, J = 10.8,
7.6 Hz, 1H).

(7)-2-Hexenenitrile | (7)-38):

IR (neat): v = 3020, 2960, 2860, 2220, 1630, 960, 76iiem ',

"TH-NMR (CDCL): 6 =094 (1, J = 7 Hz, 3H): 137 138 (m, 2H);
210- 233 (m, 2H); 5.32 (dt, J =163, 1.5 Hz. 1 H), 672 (dt. J = 10.3,
6.9 He, 1 H).

1-Cyanccyelohexene (14): A solution of ailyl 1-cyanocyclohexancecar-
boxylate (40; 193 mg, 1 mmol), Pd,(dba), - CHCI, (52 mg, 0.05 mmol),
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and PPhy (5.6 mg, 0.025 mmolj in propanenitrile (3 mL) is refluxed for
1h and then worked up as described above: vield: 87 mg (31 %),

IR (neat): v == 2930, 285}, 2200, 1640, 1440, 920 ¢cm
TH-NMER(CDCLY: 6 = Las 186 (m, 4H); 236 (brs, 4Hy 644072
(m, 1H).

1-Cranocyclopentzne (44 A solation of aliyl {-cvanocyclopentancear-
boxylate (43; 179 mg, 1 mmwol), Pd,(dba), - CHCL (32 mg, 9 05 mmol).
and PPhy (5.6 mg, 0.025 nmmol) in propancnitrile (S mL) is refluxed for
1.5k and then worked un as described above; vield: 72 mgp (77 %).

IR {neat): v = 2940, 2200, 1670, 1440 em ™"

VH-NMR O (CDCL): 650160 224 (m, 270y 2.36-2.88 (m, 4Hk
045 680 (m, 1E).
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