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Hydropalladium carboxylates, formed framellylpalladium chloride dimer plus carboxylic acids, have been
shown to catalyze cyclization of structurally diverse enediynes to form the corresponding six- or five-mem-
bered rings depending upon the reaction conditions. Some enediynes having an oxygen linker in an appropriate
position under the similar condition yielded the corresponding cyclopropanation products in highly stereose-
lective manner. A study using deuterated formic acid has proven that the alkylpalladium intermediates formed
in our conditions were reduced by the pendant formate ligand. The dien&@iyredded only the tricyclic
productl2in 67% yield, although it was expected to form the cyclic protilicAll these cyclizations seemed

to occuniathe corresponding alkylpalladium intermedidteshich could proceed to the corresponding cyclic
products depending on the reaction conditions and the substrates. The study using deuterated formic acid could
provide an important information to understand the present cyclization mechanism. Overall the present study
could play an important role in developing new synthetic methodologies for constructing complex polycyclic
compounds.

Introduction
[2+2+2]
Palladium catalyzed reactions have long been widely stuc

ied for invention of new organic reactions and also for syn- S
theses of complex natural products because palladiur | ) mpax P [2+2+1)
compounds offer more possibilities of carbon-carbon bonc

formation than any other metal compoufad&mong the !
substrates, polyunsaturated compounds such as enediyr

and enynes have been subjects for organic synthetic cher

ists mainly due to their possibilities for constructing polycy-

clic compounds in a convenient and efficient one step

reaction. Terminal or activated triple bonds are known to We have long been studied alkylpalladium intermediates
undergo facile hydropalladation with HPdX species to formin the following reasons. First, are these alkylpalladium
the corresponding vinylpalladium spectesrost disclosed intermediates really formed? Second, could we alter the next
such idea to invent palladium catalyzed [2+2+2] cyclizationspathways of these alkylpalladium intermediates? Our inter-
starting from enediynésNegishi and his coworkers also est in palladium catalyzed enediyne cyclizations has
studied similar cyclizations starting of dienyne substrates.required the substrates which should form neopentyl-type
They employed terminal iodoolefins pending a triple bondalkylpalladium intermediates as shown in Scheme 1. The
and another double bond. Oxidative addition of palladiumneopentyl-type alkylpalladium intermediatdd baving a

(0) compounds to iodoolefins could lead to the vinylpalla-conjugated diene unit were expected to undergo three differ-
dium species, the same type of intermediates formed in Trognt types of cyclization to form the corresponding i, (
enediyne cyclization. One other variation developed by ddive (B), and three membered ring)(depending on reaction
Meijere was bromoene-yne-ene cyclizattddegishi and de  conditions and substrates (Schemé e to the complex-
Meijere employed dienyne substrates, which should eventuty of these reactions, little attention has been devoted to
ally form the corresponding neopentyl type alkylpalladium clarify which factors govern each of these cyclization path-
intermediates. Both groups have shown that neopentyl typerays. We have reported an important clue to change those
alkylpalladium intermediates formed cyclopropane ring sys+eaction pathways to form chemoselectively either the six-
tems. Grigg reported the first [2+2+2] palladium catalyzedmembered ringA or the five-membered ring.° We also
cyclization of aryl iodides with enynes, where the neopentylreported that some oxygen-containing enediynes could
type alkylpalladium intermediates have been propésed.undergo cyclopropanation as a major rd@te.this full arti-
Trost also proposed that the neopentyl type alkylpalladiuntle, we wish to report the scope and limitations of the
intermediate formed from enediyne cyclization underwentpresent enediyne cyclizations including the experimental
cyclopropanation as a major rogte. details and the mechanistic aspects obtained by use of deu-

[2+1]

BB

Scheme 1
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terated formic acid. cyclization to form the corresponding produBzt in 87%
yield (entry 5). These preliminary results prompted us study
Results and Discussion unprecedented [2+2+1] cyclizations which could provide

diverse types of tricyclic [m,5,n]-tricyclic compounds from
Enediynelaandlb served as our initial substrates shown the corresponding acyclic enediynes and study mechanistic

in eq 1. When a dimethylformamide solution of substtafe  details in which the present cyclization could oceiar a
reallylpalladium chloride dimer (7 mol 98},triphenylphos-  direct carbopalladation of the resultant alkylpalladium inter-
phine (14 mol %) and acetic acid (7 mol %) was stirred for Gnediate. Under these standard conditions, enedigneas
h at 90°C, the reaction was completed to give the corre-exclusively transformed to the [5,5,5]-tricyclic prod@ctin
sponding cyclized produ@a in 86% vyield (entry 1). Note 72% yield (eq 2). Endiyndd, however, did not undergo
that a neopentyl type alkylpalladium intermediate has beeryclization under the similar condition even at 22qeq 3).
successfully cyclized to form [6,6,5]-tricyclic com-

pounds'a2When the substratéb under the similar condi- = 5 ol (ralyyPaaC H
. . . . o {1~ 2rd2v2
tion was stirred for 4 h at 10C,the reaction was sluggish to = 20 mol % PPhy y @)
give the corresponding cyclized prod@&tin 10-20% as a ued’ I OTes  HeoOH @3 eau) Me; 5 orBs
e ¢ © 3¢, 72%

mixture of diastereomers (entry 2).

X
R ' \ | 5 mol% (n-allyl)oPd,Cly
= 20 mol % PPh3
// i oTBS (3)
OTBS oTBS oTBS oTBS HCOOH (2-3 equiv)
1d DMF, 100 °C, 4h 3d.0%

1a, R=COOEt
1b, R=H

Note that these palladium-catalyzed reactions afforded the
Attempts to cyclize the substrdtb using other palladium corresponding tricyclic carbocycles in highly stereoselective
catalysts such as palladium chloride, palladium acetate, antianners determined by NMR spectra. We have chosen the
tetrakis(triphenylphosphine)palladium in DMF have not product3b and confirmed its relative stereochemistry by
been successful because the dimeric product was readitywo-dimensional NOE (NOESY). In order to gain more
formed by C-C coupling between the terminal acetylenensight into the mechanism for these reactions, we have stud-
groups of two substratés. ied the enediyned4a and4b, whose structures are different
Use of formic acid instead of acetic acid has altered thérom the enediynéa-d in their olefin region. The enediynes
reaction pathway dramatically. For example, when a dimeth4a and 4b would form the corresponding alkylpalladium
ylformamide solution of substraté, rrallylpalladium chlo-  intermediates that were expected to undggtimination to
ride dimer (5 mol %), triphenylphosphine (10 mol %), andthe corresponding 1,3,5-trienes more readily than any other
formic acid (20 mol %) was stirred for 4 h at®@) the reac- pathways. Surprisingly, the substratizsand4b under our
tion afforded the corresponding [6,6,5]-tricyclic proddbt  conditions cleanly underwent cyclization to afford the corre-
and the [6,5,5]-tricyclic producdb in 57 and 17% yields, sponding 5-membered rin§a and5b without formation of
respectively (entry 3). This implies that formic acid has parthe corresponding 1,3,5-trienéa and 6b, respectively (eq
ticipated in this reaction as a reagent. When we used tw4, 5).
equivalents of formic acid based on the enedi{hewe

could isolate the [6,5,5]-tricyclic produgb as a single iso- 5 mol% (u-allyl)Pd,Cly
mer in 82% vyield (entry 4). Likewise, the substrhseat 90 20mo%PPhs ﬁé_ﬁo< 4)
.. oy oTBS HCOOH (2 3 equiv), DMF oTBS OTBS
°C for 6 h under the similar condition also cleanly underwen 58,74 % 6a.0%
!
Table 1 Palladium Catalyzed Reactions of Enediybasndlb in 5 Mol (r-allylzPd:Cly i .
DME 20mol%PPhy y 7 (5)
omss HCOOH (2-3 equiv, DV oTBS oTBS
enedi- o products 5b, 66 % 6b. 0%
entry catalysts and conditions o ) ] ) o o
ynes (%) While working on enediyne cyclization, we found a limi-
1 la 7 mol % (=CsHs),PtkCly, 14 mol % PPhH 2a (86%) tation of this present methodology, that a substtatgave
7 mol % AcOH, 90C, 6 h an unexpected produdt along with the desired tricyclic
2 1b 5 mol % (+CsHs).PcdCl,, 10 mol % PPh 2b(10-20%) product (eq 6).
5 mol % CHCOOH, 100°C, 4 h
3 1b 5mol % (-CsHs)PcClz, 10 mol % PPh 2b (57%) i N o Py H
20 mol % HCOOCH, 86C, 4 h 3b (17%) = 20 mol % PPh; 6
4 1b 7 mol % (+CsHs)PcCl, 14 mol % PPh 3b (82%) HOQOH (2:3 equi), OMF o (6)
200 mol % HCOOH, 6eC, 4 h 1e 7,31%

5 la 7 mol % QT-C3H5)2PC&C|2, 14 mol % PP@ 3a (87%)

200 mol % HCOOH, 98C. 6 h Our study showed that the substraesd possessing an

etheral oxygen in the appropriate position afforded the corre-
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sponding cyclopropanation products in moderate to higt AH

yields summarized in eq 7-9. We should note that thes e HpdoocH (cHKC?%H %\\R
products9a-dwere stereochemically pure when analyzed by N ™ H

H NMR andC NMR spectra. s po" fa PO’ c

| 5 mol% (n-allyl)oPd,Cly H
10 mol % PPh3 Q Substrate Dependent
O

| -
O, SN HCé)OH (3 equiv), DMF
70°C,2h,51% PAOOCH
8a ©

=
9a, 51% excess H* = PJdOOCH
' CH,; slow (CH.
(CH2)2 R [242+1) ©Hz [ Jor o 22 [
| 5 moi% (n-allyl),Pd,Cly EtOOC R Ic N
| 10 mol % PPhs 000 H W pg” b pg PO
K O

EtO0C

N HCOOH (3 equiv), DMF
Etooc 70°C,2h fast catalytic H"
8b o 9b, 71% [2+2+2] HPAX
Pd(0) + CO,
| 5 mol% (n-allyl);PdyCh o HCOOPd
| 10 mol % PPh >< H
o S e} (CH)2 R
#\ HCOOH (3 equiv), DMF R 9
o 4 70°C, 2h Y 9
R te PO
8¢, R = CH,CH,CH3 9c. 59%
8d, R = CH(CHy)2 94, 50% Scheme 3

We have further studied our cyclization method in order to
apply to construction of the more complex carbocycles like In order to gain more insight in the present cyclization, we
11. Thus, when the readily available dienedi{feinder the  prepared deuterated produgth by employing deuterated
similar condition was heated at 140 for 4 h in DMF as formic acid (DCOOD, 90% deuterium content) (eq 10). As
shown in Scheme 2, the reactions chemo- and stereoseleexpected, about 1.3 deuterium per the pro8hatas found
tively afforded the corresponding [6,5,5]-tricyclic compound by analyzing mass spectral analysis of the molecular ion
12in 67% yield. peaks. This revealed that our proposed mechanism would be
These results could be understood in terms of our previeperatingt
ously proposed mechanism as shown in Scheme 3. The acti-

vated triple bond in substrai&regioselectively reacts with I = 8 mors (walPoCz OH P —

the HPdX and then with the internal triple bond to form the Z “ocoob Zeay H>E/Q:>< (10)
vinylpalladium intermediatda, which then further reacts ot OiRste an ores

with a pendant double bond stereoselectively to form the 1 %

(neopentyl type) alkylpalladium intermediate. Although In the case of enediynes possessing an ether oxygen, the

[B-elimination was known to be a major route for some casesntermediatelb might chelate with the etheral oxygen, so
we could not detect any such products. Under these milthat subsequent carbopalladation could form the intermedi-

conditions, carbopalladation should compete g8<etimi- atelf. In the presence of formic acid, the intermedifte
nation (tolc) to form the next alkylpalladium intermediates could reductively cleave to form the cyclopropanation prod-
Id or le depending upon the reaction conditions. uctC and palladium(0), which can reform HPdX with for-

In the presence of only a catalytic amount of acids, thamic acid as shown in eq 11.
intermediatelb can irreversibly cyclize to form the [6,6,5]- .
tricyclic productA via the intermediatée. In the presence of P: = X
excess formic acid, however, the intermedlatenay form (:ik/g - dﬁ—’ % (11)
the unstable intermediate which reductively cleaves to w " x p
form the stable producB and palladium(0) which can
reform HPdX with formic acid. In conclusion, the present cyclizations seemed to adaur
the corresponding alkylpalladium intermediateswhich

could proceed to the corresponding cyclic products depend-
ing on the reaction conditions and the substrates. The study

5 mol% (n-allyl),Pd,Cly

X 10 mol % PPhs ) . X X X .
—_—
= HGQ0H @3 e, O s using deuterated formic acid provided an important informa-

oBs tion to understand the present cyclization mechanism. Over-
all the present study could play an important role in
developing new synthetic methodologies for constructing

complex polycyclic compounds.
Experimental Section

General procedure for the [2+2+2] cyclization of
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enediynes.In a 5 mL test tube were placed enediiie = MHz, CDCk) 6 145.01, 139.72, 76.58, 59.69, 54.34, 51.41,
(77.8 mg, 0.19 mmol), triphenyl phosphine (7.0 mg, 0.02649.16, 45.41, 44.34, 31.95, 29.92, 27.77, 25.81, 24.91, 24.81,
mmol), allylpalladium chloride (2.4 mg, 0.013 mmol) and 24.31, 22.45, 18.14, -4.54, -5.33; FT-IR (Ckj@hrY) 2955,
dry N,N-dimethylformamide (1.0 mL). The resulting mix- 2928, 2858, 1463, 1371, 1254, 1084, 1069, 1043; HRMS
ture was treated with acetic acid (745 0.013 mmol) under calcd for G:H40OSi (M*) 348.2848, found 348.2838.
argon atmosphere. The mixture was stirred for 10 min at 3c. 'H NMR (300 MHz, CDCJ) d 3.69 (s, 1H), 3.36 (s,
room temperature and for 6 h at 9D preheated oil bath. 3H), 3.36-3,28 (m, 2H), 3.30 (s, 3H), 3.13 (Abg; 9.0 Hz,
Then, the reaction mixture was concentrated under reduced?.8 Hz, 2H), 2.05 (Abq] = 15.9 Hz, =25.2 Hz, 2H), 1.83
pressure and separated on silica gel chromatography using/&bq, J = 12.3 Hz, =14.7 Hz, 2H), 1.50 (Abg,= 13.2 Hz,
5:95 mixture of ethyl acetate and hexane to give the cyclized13.2 Hz, 2H), 1.35 (s, 3H), 1.27 (s, 3H), 1.23 (Abg;
product2a (66.7 mg, 86%) as a colorless @k H NMR 13.5 Hz, =22.5Hz, 2H), 1.04 (s, 3H), 0.94 (s, 3H), 0.87 (s,
(300 MHz, CDC}) ¢ For major isomer 4.41 (d,=2.0 Hz,  9H), 0.04 (s, 3H), 0.00 (s, 3HFC NMR (75 MHz, CDCJ)
1H), 4.22-4.08 (m, 2H), 3.30-3.04 (m, 1H), 2.45-2.2.20 (m,d 145.37, 144.61, 77.79, 77.33, 77.24, 61.24, 59.18, 59.06,
3H), 2.20-2.02 (m, 1H), 1.80-0.82 (m, 7H), 1.28)(ts 7.2  58.66, 57.44, 54.43, 49.15, 48.07, 45.48, 31.28, 30.08, 29.84,
Hz, 3H), 1.09 (s, 3H), 1.03 (s, 3H), 0.98 (s, 3H), 0.94 (s, 9H)27.45, 25.77, 24.80, 18.13, -4.41, -5.38; IR (neath)c2920,
0.10 (s, 6H)*C NMR (75 MHz, CDCJ) 6 169.40, 150.11, 2845, 1450, 1245, 1105.
147.65, 147.49, 145.12, 127.52, 127.35, 120.93, 119.33, 5a'H NMR (300 MHz, CDCJ) 6 3.74 (s, 1H), 3.19 (m,
82.17, 79.83, 59.74, 59.65, 51.93, 50.24, 43.71, 42.72]1H), 2.36 (m, 1H), 2.01 (dd,= 11.7, 7.5 Hz, 1H), 1.97-1.84
40.26, 39.68, 38.76, 34.95, 28.31, 28.05, 27.80, 27.73m, 1H), 1.80 (ddJ = 11.7, 10.5 Hz, 1H), 1.82-1.68 (m,
27.50, 25.97, 25.78, 25.72, 24.39, 24.15, 23.65, 23.3&H), 1.55-1.40 (m, 1H), 1.31-1.15 (m, 3H), 1.07 (s, 3H),
22.85, 22.71, 22.03, 18.20, 18.00, 14.23, 13.96, -3.97, -4.1Q,.02 (s, 3H), 0.99-0.82 (m, 2H), 0.86 (s, 9H), 0.83 (s, 3H),
-4.12, -4.68; IR (neat, crt) 2905, 1696, 1562, 1440, 1358, 0.02 (s, 3H), -0.05 (s, 3H}3C NMR (75 MHz, CDCJ) &
1238. 142.96, 138.80, 75.88, 51.95, 50.60, 46.23, 43.42, 43.05,
2b: 'TH NMR (300 MHz, CDCJ) o For major 5.40-5.17 42.94, 29.27, 27.31, 25.71, 25.02, 23.95, 22.54, 21.91,
(m, 1H), 3.83 (s, 1H), 2.42-2.22 (m, 1H), 2.22-2.07 (m, 1H),18.08, -4.62, -5.31; IR (neat, cth2975, 2900, 1480, 1280,
2.06-1.65 (m, 3 H), 1.64-1.45 (m, 2H), 1.30-1.18 (m, 4H),1100, 1035.
1.04 (s, 3H), 0.94 (s, 3H), 0.90 (s, 9H), 0.88 (s, 3H), 0.95- 5b:H NMR (300 MHz, CDCJ) 64.54 (t,J =3.0 Hz, 1H),
0.82 (m, 2H), 0.06 (s, 3H), 0.02 (s, 3H). 3.95 (m, 1H), 2.36 (m, 1H), 1.93 (dil= 12.6, 7.8 Hz, 1H),
General procedure for the [2+2+1] cyclization of 1.91-1.80 (m, 1H), 1.78-1.50 (m, 7H), 1.28-1.20 (m, 2H),
enediynes.In a 5 mL test tube were placed enediilie  1.14 (s, 3H), 1.12-1.03 (m, 1H), 1.01 (s, 3H), 0.88-0.80 (m,
(88.8 mg, 0.21 mmol), triphenyl phosphine (7.7 mg, 0.0291H), 0.87 (s, 3H), 0.84 (s, 9H), 0.01 (s, 3H), -0.06 (s, 3H);
mmol), allylpalladium chloride (2.7 mg, 0.015 mmol), and 3C NMR (75 MHz, CDCJ) 4 140.09, 134.46, 64.56, 50.20,
dry N,N-dimethylformamide (1.0 mL). The resulting mix- 47.98, 47.04, 46.35, 42.54, 36.52, 33.91, 31.38, 27.47,
ture was treated with formic acid (0.025 mL, 0.4 mmol) 27.23, 25.68, 23.60, 23.39, 22.84, 17.82, -4.62, -5.17.
under argon atmosphere. The mixture was stirred for 10 min General procedure for cyclopropanation of enediynes.
at room temperature and for 6 h at®@preheated oil bath. In a 5 mL test tube were placed enedigag79.5 mg, 0.45
Then, the reaction mixture was concentrated under reducadmol), triphenyl phosphine (11.8 mg, 0.045 mmol),
pressure and separated on silica gel chromatography usingadlylpalladium chloride (4.1 mg, 0.022 mmol), and dry N,N-
5:95 mixture of ethyl acetate and hexane to give thedimethylformamide (1.0 mL). The resulting mixture was
cyclized producBa (77.3 mg, 87%) as a colorless olil. treated with formic acid (0.050 mL, 1.4 mmol) under argon
3a H NMR (300 MHz, CDC)) 4.21-4.08 (m, 2H), 3.79 atmosphere. The mixture was stirred for 10 min at room
(s, 1H), 2.75 (dJ = 13.2 Hz, 1H), 2.44-2.32 (m, 2H), 2.25 temperature and for 2 h at ¥0 preheated oil bath. Then, the
(d,J =13.2 Hz, 1H), 2.16-2.07 (m, 1H), 2.04-1.75 (m, 2H), reaction mixture was concentrated under reduced pressure
1.72-1.48 (m, 5H), 1.29 (s, 3H), 1.25 §t= 7.0 Hz, 3H), and separated on silica gel chromatography using a 5: 95
1.32-1.24 (m, 1H), 1.04 (s, 3H), 0.98-0.86 (m, 1H), 0.87 (smixture of ethyl acetate and hexane to give the cyclized
9H), 0.84 (s, 3H), 0.04 (s, 3H), -0.03 (s, 3 NMR (75  product9a(40.9 mg, 51%) as a colorless oil.
MHz, CDCk) 6172.59, 146.67, 138.25, 76.61, 59.84, 54.87, 9a 'H NMR (300 MHz, CDCJ) 6 5.09 (ddJ = 4.4, 2.1
54.40, 51.69, 51.63, 45.30, 40.48, 39.89, 31.53, 30.014z, 1H), 4.92 (ddjJ = 4.4, 2.4 Hz, 1H), 4.36 (d,= 13.8 Hz,
27.38, 25.76, 24.83, 24.71, 22.03, 18.10, 14.18, -4.57, -5.3%H), 4.29 (dg) = 13.8, 2.4 Hz, 1H), 4.03 (dd,= 8.7, 7.2
IR (neat, cmt) 2910, 2845, 1721, 1450, 1248, 1164, 1084. Hz, 1H), 3.79 (dJ = 7.8 Hz, 1H), 3.76 (d] = 9.9 Hz, 1H),
3b: 'H NMR (300 MHz, CDCJ) 63.79 (s, 1H), 2.34 (ddd, 3.71 (t,J =7.8 Hz, 2H), 3.53 (d] = 7.8 Hz, 1H), 2.56 (1] =
J=126, 6.0, 1.8 Hz, 1H), 1.93 (dddl= 12.6, 11.8, 6.0 Hz, 6.9 Hz, 1H), 1.29 (s, 3H), 0.72 (@l= 4.5 Hz, 1H), 0.30 (dJ
1H), 1.84-1.70 (m, 1H), 1.76 (d,= 12.6 Hz, 1H), 1.62 (dI = 4.5 Hz, 1H);3C NMR (75 MHz, CDCJ) 6 148.63,
= 12.6 Hz, 1H), 1.57-1.48 (m, 1H), 1.52 M= 12.9 Hz, 105.65, 74.82, 73.24, 72.26, 69.80, 45.01, 32.51, 27.58,
1H), 1.32-1.16 (m, 2H), 1.30 (s, 3H), 1.26 Jd= 12.9 Hz,  18.27, 14.55; IR (neat, cA 2910, 2840, 1650, 1440, 1065.
1H), 1.21 (s, 3H), 1.05 (s, 3H), 0.96-0.86 (m, 2H), 0.89 (s, 9b:H NMR (300 MHz, CDCJ) 65.10 (bs, 1H), 4.77 (bs,
9H), 0.84 (s, 3H), 0.06 (s, 3H), -0.00 (s, 3HE NMR (75  1H), 4.20 (m, 4H), 3.81 (d,= 8.1 Hz, 1H), 3.80 (] = 7.8
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Hz, 1H), 3.66 (d,) = 7.8 Hz, 1H), 3.57 (dJ = 8.1 Hz, 1H),

3.06 (bdJ = 16.8 Hz, 1H), 2.92 (dg} = 16.8, 2.4 Hz, 1H),

2.60 (m, 1H), 2.43 (m, 1H), 1.95 (d#l= 12.6, 11.7 Hz, 1H,

1.26 (t,J = 7.2 Hz, 6H), 1.22 (s, 3H), 0.72 (d,= 4.2 Hz,

1H), 0.30 (d,J = 4.2 Hz, 1H)23C NMR (75 MHz, CDCJ) &
171.79, 171.55, 147.69, 108.57, 75.23, 69.53, 61.54, 61.49,
58.07, 43.73, 41.14, 39.08, 3257, 27.74, 18.41, 1453,
13.91; IR (neat, crd) 2910, 2840, 1725, 1640, 1450.

9c 'H NMR (300 MHz, CDCJ) 55.09 (s, 1H), 4.76 (bs, 3
1H), 4.02 (dJ = 6.3 Hz, 1H), 3.73 (] = 8.1 Hz, 1H), 3.67 4.

(Abg, J = 11.4 Hz, =9.3 Hz, 2H), 3.59 (Abd,= 11.7 Hz,
=1.8 Hz, 2H), 3.49 (dJ = 8.1 Hz, 1H), 2.48-2.38 (m, 2H),
2.19-2.04 (m, 2H), 1.60-1.25 (m, 5H), 1.43 (s, 6H), 1.17 (s,
3H), 0.91 (tJ = 6.6 Hz, 3H), 0.72 (dJ = 4.5 Hz, 1H), 0.20

(d, 45 Hz, 1H);3C NMR (75 MHz, CDC)) & 149.24, 5

109.68, 98.01, 79.20, 73.82, 69.54, 67.09, 41.61, 41.34,
39.97, 37.49, 35.46, 35.19, 28.05, 24.15, 23.21, 19.73,
15.64, 14.59, 14.25; IR (neat, 2900, 1645, 1450.

9d: *H NMR (300 MHz, CDCJ) 5.10 (s, 1H), 4.76 (bs, ¢
1H), 3.91 (dJ = 3.0 Hz, 1H), 3.70 (d] = 8.1 Hz, 1H), 3.66

(Abg, J = 11.4 Hz, =6.6 Hz, 2H), 3.58 (Abd,= 11.7 Hz, 7.

=2.4 Hz, 2H), 3.44 (dJ = 8.1 Hz, 1H), 2.47 (m, 1H), 2.41
(m, 1H), 2.19-2.06 (m, 2H), 1.82 (m, 1H), 1.52 (did;, 12.9,

11.4 Hz, 1H), 1.43 (s, 6H), 1.15 (s, 3H), 1.01X&; 6.9 Hz, 8.

3H), 0.93 (dJ = 6.9 Hz, 3H), 0.88 (dJ = 4.8 Hz, 1H), 0.25
(d, J = 4.8 Hz, 1H);3C NMR (75 MHz, CDCJ) & 148.93,
109.98, 98.02, 82.66, 73.50, 69.55, 66.93, 41.68, 41.59,
40.01, 37.40, 33.20, 31.14, 26.37, 24.14, 23.22, 21.18,
16.43, 16.09, 14.62; IR (neat, 2925, 1850, 1650, 1455,
1385, 1370, 1200.

12 'H NMR (300 MHz, CDCJ) & 4.81 (s, 1H), 4.62 (s,

1H), 3.80 (s, 1H), 3.13 (d] = 18.9 Hz, 1H), 2.54 (d) = 9.

18.9 Hz, 1H), 2.39 (m, 3H), 2.30 (s, 3H), 2.16Jd; 13.2
Hz, 1H), 2.10 (m, 1H), 1.90 (m, 1H), 1.77 (m, 1H), 1.64-
1.46 (m, 4H), 1.33-1.20 (m, 2H), 1.28 (ty 13.2 Hz, 1H),

1.19 (s, 3H), 1.14 (s, 6H), 1.04 (s, 3H), 0.88 (s, 9H), 0.84 (s10.

3H), 0.05 (s, 3H), 0.00 (s, 3HFC NMR (75 MHz, CDCJ)

5 214.65, 146.40, 142.70, 139.16, 114.05, 79.13, 55.4111-

54.27, 51.70, 50.89, 47.44, 47.10, 45.31, 40.85, 39.21,
32.18, 29.98, 27.41, 25.80, 25.31, 25.27, 25.08, 24.83 ,
24.34,22.40, 18.12, -4.49, -5.28; IR (neat;§r2900, 2825,
1695, 1440, 1240, 1060.

Acknowledgment. The work was financially supported
by the Korea Science and Engineering Foundation (971-
0302-016-2).

References

1. (a) Tsuji, J.Palladium Reagents and Catalyst#/iley:

14.

Bull. Korean Ch&88%vWol. 20, No. 6 647
Chichester, England, 1995. (b) Ojima, I.; Tzamarioudaka,
M.; Li, Z.; Donovan, R. JChem. Rev1996 96, 683.

(c) Trost, B. M.Sciencel991, 254, 1471. (d) Abelman,
M. M.; Overman, L. EJ. Am. Chem. Sod988 110,
2328. (e) Grigg, R.; Dorrity, M. J.; Malone, J. F.; Sridha-
ran, V.; Sukirthalingam, STetrahedron Lett199Q 31,
1343.

. For reviews, see (a) Trost, B. Btiencel 991, 254, 1471.

(b) Trost, B. MAAcc. Chem. Re499(Q 23, 34.

Trost, B. M.; Shi, YJ. Am. Chem. Sot992 114, 791.

(a) Zhang, Y.; Negishi, E.-J. Am. Chem. So&989 111,
3454. (b) Negishi, E.-1.; Harring, L. S.; Owczarczyk, Z.;
Mohamud, M. M.; Ay, M.Tetrahedron Lett1992 33
3253. (c) Owczarczyk, Z.; Lamaty, F.; Vawter, E. J.;
Neigishi, E.-I.J. Am. Chem. Sot992 114, 10091.

(a) Grigg, R.; Dorrity, M. J.; Malone, J. F.; Sridharan, V.;
Sukirthalingam, STetrahedron Lett199Q 31, 1343. (b)
Grigg, R.; Sridharan, V.; Sukirthalingam, Btrahedron
Lett 1991, 32, 3855. (c) Meyer, F. E.; Parsons, P. J.; de
Meijere, A.J. Org. Chem1991, 56, 6487.

. Brown, S.; Clarkson, S.; Grigg, R.; SridharanTatrahe-

dron Lett 1993 34, 157.

(a) Trost, B. M.; Lautens, M.; Chan, C.; Jebaratnam, D. J.;
Mueller, T.J. Am. Chem. Sot991, 113 636. (b) Trost, B.
M.; Grese, T. AJ. Am. Chem. Sot991, 113 7363.

(@) Meyer, F. E.; Parsons, P. J.; de Meijere,).AOrg.
Chem 1991, 56, 6487. (b) Meyer, F. E.; de Meijere, A.
Synlett1991, 777. (c) Meyer, F. E.; Brandenburg, J.; Par-
sons, P. J.; de Meijere, A. Chem. Soc., Chem. Com-
mun 1992 390. (d) Negishi, E.-l.; Hawing, S. L.
Owczarczyk, Z.; Mohamud, M. M.; Ay, Mletrahedron
Lett 1992 33, 3253. (e) Owczarczyk, Z.; Lamaty, F,;
Vawter, E. J.; Neigishi, E.-I. Am. Chem. So&992 114,
10091.

(a) Oh, C. H.; Kim, A.; Rhim, C. Y.; Kang, J. H.; Park, B.
S.Bull. Korean Chem. So&996 17, 879. (b) Oh, C. H,;
Rhim, C. Y.; Kang, J. H.; Kim, A.; Park, B. S.; Seo;¥t-
rahedron Lett1996 37, 8875.

Oh, C. H.; Kang, J. H.; Rhim, C. Y.; Kim, J. &hem.
Lett. 1998 375.

Allylpalladium chloride dimer was prepared according to
the literature procedure. Tatsuno, Y.; Yoshida, T.; Otsuka,
S.Inorg. Synth1981, 28, 342.

. Trost, B. M.; Shi, YJ. Am. Chem. Sot993 115 12491.
13.

The H chemical shifts and coupling constants of the
dimeric product were almost identical to those of the start-
ing materiallb except disappearance of the acetylenic
proton peak and its related couplings.

The intensity ratio at 350 £D,H3s0Si), 349 (G:DHso
0OSi), and 348 (&H400Si) was 50 : 100 : 0, indicating that
deuterium content from formic acid would be at least 1.3
per product molecule.




