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Abstract: Efficient Pd-catalyzed cyclization of homoallylatgd Mg to bromoaldehydes (Scheme 1) in tetrahydrofuran
bromo-vinylalcohols via a domino process to carbocycle derivg-!_HF) to afford bromo alcohold4-6a, Table 1) in good
tives in presence of different bases is reported. An unexpected g0

novel palladium-mediated Heck-type intramolecular oxidativpplying Heck reaction to the compountis—6a under
cyclization of 1-bromohexa-1-ene-5-yn-3-ol derivatives is alsgtandard conditions, produced substituted cyclohex-

described. enones (Scheme 2) exclusively througkx6é-trig cycli-
Key words: Heck reaction, palladacycles, tandem reactions, oxidg4tion pathways.
tion, isomerization

Br

The formation of carbon—carbon bonds using in situ ge{ || PA(OAC) [PPhs

erated organometallic reagens of fundamental impor- OME gf‘iﬂfw
tance in organic synthesisPalladium catalysts have H oH TBAC o

emerged as extremely powerful tools for the construction
of carbon—carbon bondsTheir popularity stems in part S
from their capability to oxidizé&reduce’*disomerizéef

as well as to form new bonds. Substituted carbocycles rép-our previous communication, we opted for HCOONa
resent a common structural component of naturally occus the base, but later, we performed the reaction with other
ring and biologically active moleculé3.he cyclization of bases (NfO;, K,CO;, NaOAc, EfN) and acetonitrile as
unsaturated substrates usamgintramolecular Heck reac- solvent. In all these cases we successfully isolated the
tion promoted by organopalladium complexes is of fursyclized products. To improve the yield further, we in-
damental importance for the construction of a vast arraprporated tetrabutyl ammonium chloride as additive,
of mono- and polycarbocyclic and also polyheterocyclighich was found to be effective in all cases (Table 2).
systemsand is therefore a highly attractive feature in thghe structure o8b was unambiguously determined by X-
synthesis of cyclic natural produéﬁ_Sl.n this context, we ay crystallographic analysis (Figure 1).

have recently reportéc new palladium-promoted domi-
no C-C cyclopalladation sequence allowing the facil~
one-pot synthesis to cyclopentenones with promising sy
thetic value. The 1-bromohexa-1,5-diene-3-ol derivative
underwent Pd-catalyzed oxidative cyclization to function
alized cyclopentenones in very good yields. In this con
munication we wish to report the reactivity of new
sensitive substrates towards palladium-catalyzed intr
molecular Heck reaction, which provides an efficien
route to cyclopentenones and cyclohexenones.

The starting materials were synthesized by addition of tl
Grignard reagents derived from 4-bromo-1-butene ar

Br Mg, 4-bromo-1-butene |
| THF,-78 Tto 0 C
CHO

heme 2

Br

H OH Figurel ORTEP view of the structuigb
Scheme 1
As we could not isolate any intermediate for this reaction,
SYNLETT 2005, No. 14, pp 2135-2140 we speculate that the mechanism follows the sequence in
Advanced online publication: 22.07.2005 Scheme 3. During the search for an intermediate, we syn-
DOI: 10.1055/s-2005-872241; Art ID: DO9305ST thesized compound by O-alkylation of 1-(2-bromo-
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Tablel Homoallylation of theg-Bromo-vinylaldehydes Using Mg/4-Bromo-1-buténe

Entry Substrate Product Time (h) Yield (%9
1 Br 6.0 69
(L "
CHO
H
OH
la
2 Br 55 63
(X B,
CHO
H OH
2a
3 Br 55 64
Br
H
OH
3a
4 Br 6.5 61
CHO
H OH
4a
5 Br = 5.5 72
CHO
Br
O o
T
5a
6 Br CHO = 5.5 75
i OH
O el

(]
QD

@ Reagents and conditions: 3-bromo-vinylaldehydes (1 mmol), 4-bromo-1-butene (1.3 mmol), THF (6—8 mL), Mg metal (1.2 mmol),atirred
—78 °C.
b Yields are of isolated product.

acenaphthylen-1-yl)-but-3-en-1-ol with methyl iodide ir ) PdBr

presence of sodium hydride &Y% yield. Heck reaction
: T~HPdBr
; ),
OH

of I (Scheme 4), under identical conditions, produce: n
compoundll in 54% vyield, which readily underwent on (
isomerization and afforded ketoriél in presence of Pd(0)
mild acid in 45% vyield. This may be considered as partiin=1,2

evidence in favor of the cyclization followed by iso- A\deBr
merization. >.‘ ) =
. . . ' n
Our continuing interest was then focused towards the st ! PdBr
; )

OH OH

cessive coupling of 1-bromo-hexa-1-ene-5-yn-3-ol deri\ OH
atives via novel palladium-catalyzed oxidative cyclizatiol
and isomerization. Attempted Heck reaction of substrat:
(entries1c—8c, Table 3) did not produce the anticipated _ _
cyclopentanoid moiety containing an exocyclic doublg®"eMe 3 The plausible mechanism
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Table2 Palladium-Catalyzed Cyclization indium-mediated propargylati®mith propargyl bromide
o (Scheme 5). The propargyl indium reagent generated in
Substrate Product Yield (%) situ readily underwent regioselective addition to the car-

bonyl group of bromo-vinylaldehyde at 0 °C.

la 44
% I:[Br In, propargyl bromide D;Bf
d |

DMF, 0 T
1b CHO

H OH

2a 38
Scheme5
When we subjected the appropriate propargylgtedo-
(0]

mo-vinylalcohols to Pd(OAg) (10 mol%), PPh (0.25
2b equiv), HCOONa (1 equiv)rel DMF, we found the same

sa 51 3-methyl cyclopentenones (Schemd&;8d) as the only
isolable products (Table 4).

ab 0 | Br = Pd(OAc), / PPhs

4a 51 HCOONa
DMF
H OH O
C>¢ Scheme 6
(0]

b It has been previously reporféthat the alkyne insertion
reactions are terminated by anion capture. In this case, the

5a 53
‘ alkynyl-palladiuni® intermediate formed by intramole-
o cular insertion of the unactivated triple bonds could be ter-
minated by hydrogenolysis with formic acid to generate

the terminal alkene, which undergoes isomerization to
thermodynamically stable ketone. All these substrates

6a 65
. o (entrieslc—8c) underwent cyclization through theese-
dig pathway and were reduced through isomerization
II under the reaction conditiodsAs the Pd(0)-catalyzed

isomerization is unusual, it may proceed through a Pd(ll)
intermediate?

We obtained the reduced cyclopentenone as the only
2Yield refers to isolated yield. All of the compounds gave satisfactorisolable product. However, the cyclization of 1-(1,7-di-
H NMR, ®C NMR spectroscopic and MS spectrometric data. bromo-3,4-dihydro-naphthalen-2-yl)-but-3-yn-1-ol (entry
7¢) failed under the same reaction conditions and we
obtained a complex mixture of products.

N In conclusion, we have outlined a palladium-catalyzed
cycloisomerization towards the synthesis of fused car-
bocycles. The developed methodology serves an effective
transition metal-catalyzed protocol for the cyclization of
OO unactivated alkenes, alkynes via a tandem process. The

palladium acetate—HCOONa protocol could be used for
intramolecular Heck reactions, though the mechanistic
aspects are not yet fully understood. Our efforts are
Scheme 4 currently directed towards further exploitation of this
procedure for sequential allylations and cyclizations.

o
geis
R
&=

bond but we found the 3-methyl cyclopentenone as the

only isolable product. Attempts to perform the reactiopcknowledgment
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Table3 Propargylation of th@-Bromo-vinylaldehydes Using In/Propargyl Bromide

Entry Substrate Time (h) Product Yield (%)
1 Br Br & 4.5 80
/\j/\CHO
H OH
1c
2 Br Br // 55 78
: :CHO
H OH
2c
3 Br Br é 4.0 75
K. S
H OH
3c
| X S '
CHO 4c
H OH
4c
5 Br || 5.0 79
CHO
Br
O‘ o
T
5c
. 2
6 Br. CHO % " 5.0 8
o Br‘ )
6c
7 Br 55 75
Br CHO \\
O‘ P
Br
o
7c
8 CHO HO, 5.0 78
Br &
L O‘ i
8c

@ Reagents and conditions: 3-bromo-vinylaldehydes (1 mmol), propargyl bromide (1.3 mmol), DMF, In metal (1.2 mmol), stirred at 0 °C.

b Yields are isolated yield.
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Table4 Pd-Catalyzed Cyclization

Substrate Product Yield (%)
1c i 40
o]
1d
2c i 38
o]
2d
3c / 48
o
3d
4c : 42
0
4ad
5¢c 34
|°
5d
6c ' o 40
6d
7c Messy mixture 7d) -
8c 35

T
9

(o]
QO

2Yields refers to isolated yield. All of the compounds gave satisfac
tory 'H NMR, *C NMR spectroscopic and MS spectrometric data.

The structure 06d was unambiguously determined by X-ray
crystallographic analysis.
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General Procedurefor the Palladium-Catalyzed
Cyclization.

The appropriate homoallylated or propargylgteatomo-
vinylalcohols, Pd(OAG)(10 mol%), PPH(0.25 equiv), base
(1 equiv)[HCOONa (1 equiv) for propargylated compound
only] and DMF (6-8 mL) were placed in a two-neck round-
bottom flask. After degassing with,lkhe mixture was
heated to 70 °C for 4 h. After cooling, the reaction mixture
was diluted with cold KD and extracted with ED (4x 25
mL), and dried (Ng50,). The solvent was evaporated, and
the product was isolated by column chromatography (PE—
EtOAc 9:1).

General Procedurefor Propargylation.

A mixture of B-bromo vinylaldehyde (1 mmol), propargyl
bromide (1.3 mmol), indium metal (SRL, India) (1.2 mmol),
Nal (3 mmol) in DMF (4-5 mL) was stirred at 0 °C until
completion of the reaction (checked by TLC). The reaction
mixture was quenched with aq INE solution diluted with
H,O and extracted with ED (3x 25 mL). The solvent was
removed at r.t. under vacuum.
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Spectral Data of Representative Compounds.

7-M ethoxy-9-methylene-8,9-dihydr o-7H-
cyclopenta[a]acenaphthylene (11):

IH NMR (200 MHz, GDg): 8§ = 3.01-3.16 (m, 2 H), 3.20 (s,
3 H), 4.48 (dd, 1 H)=2.87 Hz,J =2.96 Hz), 5.02 (br s, 1

H), 5.49 (br s, 1 H), 7.20-7.31 (m, 3 H), 7.45-7.60 (m, 3 H).

Anal Calcd for G,H,,0: C, 87.15; H, 6.02. Found: C, 88.25;
H, 5.92.
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3-Methyl-3,4,5,6,7,8-hexahydr o-2H-azulen-1-one (3d):

IR (CHCL): vipa= 1685 cmt. *H NMR (200 MHz, CDC)):
8=1.15(d, 3HJ)=6.96 Hz), 1.42-1.67 (m, 6 H), 1.73-1.83
(m, 4 H), 2.26-2.58 (m, 2 H), 2.67-2.7 (m, 1 HE NMR
(75 MHz, CDC)): 6 = 18.98, 23,09, 26.33, 26.50, 31.13,

31.42,37.04,43.13,141.72,181.02, 208.11. MS (El, 70 eV):

m/z = 164 [M']. Anal Calcd for G;H;¢O: C, 80.44; H, 9.82.
Found: C, 80.65; H, 9.62.

10-M ethyl-9,10-dihydr 0-8H-fluor anthen-7-one (6b):

IR (CHCL): Ve = 1660 cmt. *H NMR (200 MHz, CDC)):
8=1.55(d, 3HJ=7.12 Hz), 2.06-2.09 (m, 1 H), 2.39-2.78
(m, 3 H), 3.39-3.45 (m, 1 H), 7.53 (m, 2 H), 7.79 (d, 1 H,
J=8.20 Hz), 7.92—-7.98 (m, 2 H), 8.26 (d, 13+ 6.79 Hz).
13C NMR (75 MHz, CDCJ): § = 20.38, 29.19, 31.32, 35.68,
126.11, 126.21, 126.96, 127.54, 128.41, 128.66, 130.86,
136.81, 161.66, 196.89. MS (El, 70 eXyz = 234 [M'].

Anal Calcd for GH,,0: C, 87.15; H, 6.02. Found: C, 86.92;
H, 5.93.
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