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ABSTRACT

up to 98% diastereoselective
A=CO (1atm), cat. PdL,,, NEt;, MeOH, H,O, DMF, O,

Pd-catalyzed reaction of iododienes and iodoarylalkenes represented by 1, 8, and 10 under 1 atm of CO and a small amount of O, in the
presence of a base, e.g., NEt;, as well as MeOH and H,O in DMF can undergo a highly diastereoselective cyclic carbopalladation—carbonylative
esterification tandem process (Type Il C—Pd process) to give in high yields the corresponding ester-containing cyclization products, e.g., 2,
9, and 11, in as high as 98% diastereoselectivity.

Herein reported is a diastereoselective cyclic carbopallada- The cyclic carbopalladation—carbonylative esterification
tion—esterification tandem procédgdisplaying 1,4-chirality was discovered by Bss an unwanted side reaction of cyclic
transfer in as high as 98% diastereoselectivity, as demon-acylpalladation of alkynes. This process, termed Type I
strated by the transformations {> 2) shown in Scheme 1. C—Pd proces$ hereafter to distinguish it from the more
Coupled with various known asymmetric syntheses of allylic conventional cyclic carbopalladation terminated by the Heck
alcohol$? this reaction promises to provide a stereocontrolled alkene substitution (Type | €Pd process), has since been
route to various cyclic natural products, as exemplified by shown to be a useful method for terminating cascade cyclic

the conversion ofainto the Colvin—Raphael lactoh¢5), carbopalladatioi.The Type ||l C—Pd process has also been
which has served as an intermediate for trichodefr(fiy applied to the cyclization of iododienes and iodooligoehes.
and trichodien®(7) (Scheme 2). With iodoalkenes, at least one asymmetric carbon center is

generated. Although chirality transfer in the Type | C—Pd
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Scheme 1

CO (1 atm}
#  5%CLPd(PPhgr, | )= ~ . >
70" R NEt; (4equiv) 707 R Z0 R z0™- R

Hoy DMF, MeOH, H,0 R 3 "4
a ©,
Z=tBuMe,Si ©2785°C

Entry R 2° 3 4
a H 91 (94) <2 <3
b Bu 84 (95) <2 5
c ~CHy),CH=CH, 65 (85) <2 <2
d ~(CH,),CH=CMe, 80 (93) <2 <2

2 After mixing all compounds, the reaction mixture was exposed to air for 20-30 seconds, flushed
again with CO, and stirred until the mixture turned black over 0.5-1 h. bThe number in parentheses
indicates diastereoselectivity.

transfer has also been observed in the formation of a five-

Scheme 2 membered ring X0 — 11). On the other hand, the corre-
\\\\\ N =~ sponding reaction d3b protected with a CkDCH, (MOM)
/(j COOMG%» Q CcooMe group gives a 1:1 diastereomeric mixture in 94% NMR yield.
Z0 2a omso © 87% These results can be rationalized on the basis of the following
1. MeMgCl assumptions. (i) The reaction must proceed via a boat or
2. NaOH boatlike transition stat®. (ii) For carbopalladation, which
3. H,S0, mo may be thought to proceed by a concerted process, #fedC
o bond and the interacting -€C z-bond must become es-

5

OAc H sentially coplanar. Even simple molecular models readily
e indicate that the proposed boatlike conformation would be
®) ul by far the most favorable one for satisfying the second
o assumption. (iii) Whereas the bulky TBSO group strongly
H favors the pseudoequatorial orientation, this tendency is
counterbalanced by the chelation effect favoring the axial
orientation of the MOM group in the latter case (Scheme

3). Although the stereochemistry assigned?{®, and11

was consistent with both their NMR spectral data and the
interpretation presented above, an unequivocal establishment

o

process mainly in conjunction with the formation of spiro-
cycles has been investigat¥d, little or nothing has been
investigated regarding chirality transfer in the Type HEd

process. _ o of the stereochemistry depended on the X-ray crystal-
The following findings pertinent to observing high-yielding lographic analysis of thp-nitrobenzoyl derivative o2b (R
and highly diastereoselective Type IHPd processes are  — n-Bu).

noteworthy. (1) As reported earhéngvorabIe '_pre I C_!Dd_ It is noteworthy that the diastereoselectivity also signifi-
processes have been observed in a medium consisting o,y gepends on the method of termination of carbo-
1:2:0.1 MeOH—DMF—HO, and it is essential to heat the 1 qation. Thus, the Pd-catalyzed bicyclization reaction of
reaction mixture at reflux to minimize premature esterifica- 1cin the absence of CO and MeOH gave a 2:1 mixture of
tion, i.e., the formation o# in Scheme 1. (2) Although cis- andtrans-12along with a minor amount{3—5%) of

Pd-in_dug:eed cyclopropanatidh can be a _significant side 13 (Scheme 4). The observed low diastereoselectivity may
reaction]® none of the substrates shown in Scheme 1 gave also be due, in part, to the presence of a homoallyl group

_cyc_lopropanatl_o_n products in _detectable yields under_thethat can exert a chelation effect. Clearly, further studies are
indicated conditions. (3) Selection of the hydroxy protecting necessary to clarify these intricate stereochemical details.

group is a][so critically (ijmpgr;ant.lerlkus, for exgmple, the Nonetheless, it does appear that the carbonylative trapping
reaction of8a protected with a bulkyt-BuMe,Si (TBS of organopalladium intermediates (Type IHEd process)

hgrlga}fter)ogrgpp leads t? thle.formr?tionngin 94% '\;Mﬁ i offers favorable features which may not be shared by the
yield in 98% diastereoselectivity. The same sense of chirality |\ /.o \sal Type | €Pd process. It should also be pointed

(8) (@) Abelman, M. M.. Overman. L. 1. Am. Chem. S00.988,110. out that, in sharp contrast with the previously developed

2328. (b) Abelman, M. M.: Overman, L. E.: Tran, V. D.Am. Chem. Soc.  CYclic acylpalladation reactiorf8;'° the Type Il C-Pd

é%%é% 6191559. 2(gzlé)verman, L. E.; Ricea, D. J.; Tran, V.DAm. Chem. reaction requires alkynes and 1,1-disubstituted alkenes. Thus,
oc. , , . . .
(9) Owczarczyk, Z.; Lamaty, F.: Vawter, E. J.; NegishiJEAm. Chem. for example, the reaction d4 under the conditions that are

So0c.1992,114. 10091. satisfactory for the Type Il C—Pd reaction df 8, and10,
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Scheme 3

94% NMR yield
‘ 98% diastereoselectivity|

94% NMR yield
1:1 mixture

76% NMR yield
94% diastereoselectivity

A=CO (1 atm), 5% ClLPd(PPhg),, O, DMF, MeOH, H,0, 85°C

M = PdL,J
Scheme 4
P 5% Pd(QAC),, 20% PPhj
w Ag,CO; (1.2 equiv)
0,
TBSO” P DMF, 90 °C
1c
+
TBSO TBSO
12 |70% yield 13 (<3-5%)
cigltrans = 2

Scheme 5
E M A E H
s 0 @han
E
ZSpun very slow Bun
14 15 (<3%)
E E Me
Bun Bu-n
16a 16b

E=COOMe. A: See Scheme 3. 54% (2:1)

H H —COOMe
PdL
R =0 R 0
R’ —

17 R
{ Type 1l Ac-Pd
H
= Type | C-Pd
H | R + isomers
\¢<R1 = R!
\ CPd
b P H
Type Il CPd COOMe
18 R R

R = C, or Gy tether, R' = H or C group.

group. This effect is absent i18 formed via cyclic
carbopalladation (Scheme 5).

With 2a(R = H) in hand, we converted it into the Colvin
Raphael lacton&** in 44% overall yield by (i) treatment
with BuyNF followed by oxidation with (COC}and DMSO
and (ii) addition of MeMgCl to the ketone followed by
lactonization and elimination according to the literature
proceduré* (Scheme 2).

The required iodoallyl alcohol% are readily preparable
via reduction of the corresponding propargylic alcohols with
LiAIH, and NaOMé! followed by iodinolysis. Since
propargyl alcohols are enantioselectively preparable by
known methodg,the overall process can, in principle, be
enantioselective.
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