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Treatment of bis-acetylenic amides or esters 3 with (2-propene)Ti(O-i-Pr), generates functionalized titanacyclopentadienes which, upon hydrolytic
workup, give exo,exo-cyclic conjugated dienes 4 in good yields. Some regio- and stereochemical aspects of their Diels—Alder reaction with
dienophiles are also disclosed.

exo-Cyclic conjugated dienes shown in eq 1 are useful prone to undergo DietsAlder and related reactions to enable
intermediates in organic synthesis. Particularly, the charac-convenient preparation of polycyclic compourds.recent
teristic structure of a diene fixed in a cisoid conformation is and straightforward method to prepare dienes of ®pe
the transition metal-mediated cyclization of diyngésas
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took place to afford functionalized diené#s an intramo-
lecular cyclization of diynes connected by an amide or an Table 1. Preparation oexo-Cyclic Conjugated Dienes Fused
ester linkage such a3 has not yet been investigated, We 14 |actams or Lactones

were interested in the viability of this mode of cyclization.

R1
Herein the preliminary results as well as the regio- and 3\//R1 1 52quiv) HHD") ° O
stereoselective Diels—Alder reaction of the resultant dienes x — — X ©)
. . " conditions H(D)
of type 4 will be disclosed. " R2 R 2
The starting material8 (X = NR) were prepared by R
st_andard met_hods II'_]VO|VII’]g acyla_tl_on of _propargylan;mes entry substrate conditions workup product yield (%)
with a propiolic chloride as exemplified f&in Scheme T.
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The cyclization was carried out by the treatment of the diyne S
with (2-propene)Ti(O-i-Pr) (6) prepared in situ from Ti- C;\\// SiMeg /[ o) iMeg
. . 8 . .
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Z,Z configuration (by NOE study oiH NMR spectroscopy)
in good yield. Alternatively, deuteriolysis gave the bis-
deuterated produd-d,, confirming the presence of func-

3482 Org. Lett., Vol. 2, No. 22, 2000



tionalized titanacyclopentadieng before the workup. A through NOE correlation of their protons (for examid,
variety of N-hetereocyclic dienes were prepared by this in Figure 1). The carbonyl group conjugated to the diene
method, the results of which are summarized in entrie€ 1

of Table 1. The reaction proceeded in good yield to give
relatively strained five-membered lactams having &o-
methylene substituents. A bulky substituent close to the
reaction center in substrafe (entry 5) did not retard the
cyclization at all. Even when the regiochemistry of the
cyclization (entry 2) is not in accord with the intrinsic
preference observed in the intermolecular coupling reac-
tion,”°the desired produdt6 was successfully obtained. Bis-
acetylenic ester$4 and15, prepared from the corresponding
propargyl alcohols and the propiolic chloride, affordea-
cyclic conjugated dienegl and 22 fused to butyrolactone
as well (entries 7 and 8). The lower yields recorded for these
lactones as compared to the aforementioned lactams are most
likely attributable to the ester cleavage by the elimination
reaction as shown in eq 2 or, possibly, by the nucleophilic
attack of the Grignard reagent 6to the carbonyl group. In

fact, the released propargyl alcohol was detected i 12
25% yield in these cases.

(25) (26)

Figure 1. Values in % refer to selected NOE enhancements.
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7/\\ - 07/““\\ moiety apparently contributed to the regioselective reaction
H2 R with the above unsymmetrical dienophiles. Besides the
OH regioselectivity, dien® showed very high stereoselectivity,
. Rg)\ (2) e_ndoprefgrence, in the reaction Witﬂl—phenylmaleimide to
gt give a single adduct25 (eq 4). More importantly, a
With the desired diene(eq 1) in hand, we proceeded to 7
the next stage to see their behavior in Diefdder reaction. o  SiMes [‘IEN Ph MesSi H
The reaction of dien®, having equal substituents (h82) 3

at both terminal carbons, with ethyl propiolate or an alkynone BnN ———— BN N-Ph (4)

provided an answer to the regiochemical issue (eq 3). The t?e'ffjlﬁr;e

R SiMes R Messi H
_ Il R=H () R=H (25) 83% single adduct
o  SiMeg Pr (12) Pr (26) 95% d.s.=>95:<5
0”R
BnN —’t | . . . .
ol proximate substituent (i-Pr) to the reacting centerlin
SiMeg showed efficient chiral induction to form again an almost
SiMes oMessi single adduct26, out of the four possible sterecisomers. The

structures o5 and26 were verified by*H NMR spectros-
+ BnN
(9) In an intermolecular cyclization where no positional bias exists, a

nonsilylated propiolic amide29 was incorporated into the dieng0

MesSi SiMe3 exclusively with its amide group being placed at the terminal position of
R= OEt (23) 66% 85 : the diene system, which is not the caseléof entry 2, Table 1.
CgHq7 (24) 63% 93 : 7 CONEt
CeHyz G
|| |‘| 6 6M3
. . . . . + _—
diene exhibited good regiochemical control with ethyl S
. . . . IMe

propiolate, which was further improved by acetylenic ketone CONEt, ° SiMeg

to be 93:7. In both cases, the major add2@br 24 has two (29) (30)

acyl groups in thepara-position'® which was established (10) Fleming, I.Frontier Orbitals and Organic Chemical Reactions;

Wiley: London, 1976; pp 132136.
(11) Juaristi, E.; Le6bn-Romo, J. L.; Reyes, A.; Escalantelelrahe-

(8) Sato, F.; Urabe, H.; Okamoto, Bure Appl. Chem1999 71, 1511~ dron: Asymmetn1999,10, 2441—-2495. Bloch, RChem. Re»1998,98,
1519. Sato, F.; Urabe, H.; Okamoto, Synlett2000, 753—775. Sato, F.; 1407—-1438. Enders, D.; Reinhold: Wetrahedron: Asymmetr§997,8,
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copy as shown in Figure 1. It is interesting to note that the These dienes proved to be versatile substrates for the-Diels

N-phenethyl group i13 (eq 5)1* the chiral carbon of which

is the fifth atom from the reacting center, still showed
appreciable chiral induction (better than 2:1) to give two
separable stereoisome2g and 28. This nontrivial remote
chiral induction should be attributable to the flat and rigid
shape of diend 3.

(0]
o  SiMes QN_Ph
L 0
Ph” "N —_—
toluene
reflux
SiMes
(13
SiMe:.
Q ITHP
S H
SiMe3O

(27)  50% (or 22%)

(28) 22% (or 50%)

In conclusion, titanium-mediated intramolecular cycliza-
tion of an amide- or ester-tethered diyne afforéedcyclic
dienes incorporated in lactams or lactones in good yilds.
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Alder reaction with electron-deficient acetylenes or olefins
to give heteropolycyclic compounds in a regio- and stereo-
selective mannéef4
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(12) Representative procedure for the preparation of 8:To a stirred
solution of bis-acetylenic amid® (40 mg, 0.117 mmol) and Ti(®Pr)s
(0.052 mL, 0.176 mmol) in 3 mL of ED was added a 1.35 M solution of
i-PrMgCl in ether (0.260 mL, 0.351 mmol) at78 °C under argon to give
a yellow homogeneous solution. The solution was warmed30 °C over
60 min, during which period its color turned brown. After stirring-e20
°C for an additional 4 h, the reaction was terminated by the addition of 1
N HCI, and the organic products were extracted with ether. The combined
organic layers were washed with an aqueous solution of Naji@ed
over MgSQ, and concentrated in vacuo to give a crude oil, which was
chromatographed on silica gel (hexanegher) to afford the title compound
(32 mg, 80%) as an oil.
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Chapman and Hall: London, 1989. Glasby, J. S., Hityclopedia of the
Alkaloids; Plenum Press: New York, 1975.
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Verlag: Berlin, 1983. Colvin, E. W. IrSilicon in Organic Synthesis
Butterworth: London, 1981. Fleming, I|.; Dunogués, J.; Smithers, R. In
Organic Reactions; Kende, A. S., Ed.; Wiley: New York, 1989; Vol. 37,
pp 57—575. Fleming, |.; Barbero, A.; Walter, @hem. Re»1997,97,
2063-2192.
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