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ABSTRACT

| OBn ) OBn
", 1) 9-BBN, THF, reflux, 3 h “

2) Pd(PPhs), (50 mol%)

MOMO - NaOH (4.0 equiv) b
OBn CHACN/H,0 (10:1) MOMO A
reflux, 72 h
y. 85%
Construction of eight-membered carbocyclic rings via the intramolecular B-alkyl Suzuki —Miyaura cross-coupling reaction has been studied.

This protocol proved its potency through the formation of the eight-membered ring possessing a quaternary carbon on its ring in high yield,
affording promise of a new access to the eight-membered ring of Taxol.

Palladium-mediated cross-coupling reactions have been The B-alkyl Suzuki—Miyaura reaction, first reported by
utilized in organic synthesis because of their high efficiency Suzuki and Miyaura in 1986, is an important variant,
and mild conditions. Among these reactions, the most utilized occurring between an alkyl borane and an aryl or vinyl halide,
C—C bond-forming cross-coupling reactions are Mizoreki triflate, or enol phosphateThe formation of five- and six-
Heck! Stille,> and Suzuki—Miyaura reactiofBecause the  membered rings by the intramolecul&alkyl Suzuki—
Suzuki—Miyaura cross-coupling reaction is a powerfut-C Miyaura reaction has been reported to occur in a facile
bond-forming reaction under mild conditions, an increasing manneré however, the closing of larger ring sizes by this
number of its variants have been reported.
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Table 1. IntramoleculaB-Alkyl Suzuki—Miyaura Cross-Coupling Reaction bf
! 1) 9-BBN, THF
reflux, 3 h
2) conditions
OMOM reflux, 72 h MOMO
1 2
entry Pd (mol %) ligand (mol %) base (equiv) solvent yield (%)*
1 PdClx(dppf) (50) AsPh3 (100) Cs2COs3 (2.0) THF/DMF/H30 (6:3:1) 32
2 PdClz(dppf) (50) AsPhg3 (100) TI,CO3 (2.0) THF/DMF/H0 (6:3:1) 37
3 PdClz(dppf) (50) AsPh3 (100) TI,CO3 (2.0) CH3CN/H20 (10:1) 41
4 PdClz(dppf) (50) TI,CO3 (2.0) CH3CN/H20 (10:1) 18
5 Pd(PPhs), (50) TI,CO3 (2.0) CH3CN/H20 (10:1) 8
6 Pd(PPhs)4 (50) NaOH (4.0) CH3CN/H20 (10:1) 33
7 Pd(PPhs), (50) CsF (4.0) CH3CN/H20 (10:1) 51

a|solated yields.

palladium-mediated reaction has been reported in either verygave lower yields (entries 4 and 5, 18% and 8%, respec-
poor yield or not at all. tively). We found that the conditions in entry 6, which
Eight-membered carbocyclic rings are difficult to construct afforded 2 in 33% yield, were comparable to Johnson’s
because of entropy reasons, ring strain, the transannularconditions; furthermore, the use of CSHratifyingly in-
interaction, and competing oligomerization processes; hencecreased the yield to 51% (entry 7). Encouraged by these
their synthesis has been a challenging problem. Although preliminary studies that disclosed the first synthesis of the
the macrocyclization by the intramolecuBalkyl Suzuki— eight-membered carbocyclic ring by the intramolecular
Miyaura reaction has been reported, no examples of its B-alkyl Suzuki—Miyaura cross-coupling reaction, we next
application to the synthesis of eight-membered rings have examined the reactions of more complex substrafbss,

been reported as far as we knéwWe report herein our

substrate3, prepared according to Danishefsky’s proceddre,

studies on the synthesis of eight-membered carbocyclic ringswas subjected to the intramolecuBalkyl Suzuki—Miyaura

by the intramolecularB-alkyl Suzuki-Miyaura cross-
coupling reaction and the promising result toward construc-

reaction (Table 2).
As shown in Table 2, the reaction 8funder Johnson’s

tion of a taxane skeleton.
First, we investigated the intramolecuBualkyl Suzuki-
Miyaura reaction of a simple substraté (Table 1). As

conditions produced the deprotected prodai@h only 9%
yield (entry 1). Hence, the reaction condition was optimized
considering the results obtained in Table 1. Thus, Pd{ZPh
shown in Table 1, the reaction of under Johnson’s in agqueous acetonitrile gave a better yield (31%, entry 2),
conditions® produced the cyclized produztbut in 32% yield but TLCO; did not improve the yield (22%, entry 3). Use
(entry 1). Hence, the reaction conditions were optimized by of NaOH in aqueous acetonitrile did not improve the yield
changing the base, solvent, and catalyst. By the usef Tl of 5(14%, entry 4); furthermore, use of £X0s, TI,CO;, or
COs® instead of CgCO; under Johnson’s conditions, the NaOH in aqueous acetonitrile merely produced the depro-
yield slightly increased (entry 2, 37%). When the solvent tected produch (entries +-5). Fortunately, when the reaction
was changed to aqueous acetonitrile, the yield was furtherwas carried out using less basic CsF, the desi#eslas
increased (entry 3, 41%); however, the reactions in the obtained without formation df (entries 6 and 7). In the use
absence of AsRhor with the use of Pd(PRh as catalyst of CsF, aqueous acetonitrile as solvent was crucial for high
yield again, affording4 in 62% yield (entry 6). To our
knowledge, the conditions for the intramolecuBralkyl
Suzuki—Miyaura reaction affording the eight-membered ring
in good yield shown in Tables 1 and 2 have never been
reported.

These optimization studies in Table 2 indicate the impor-
tance of the base and solvent in this reaction. Moreover, the
yield was surmised to be reduced by hydrolysis of the cyclic
carbonate group under the rather basic conditions because
some unidentified byproducts formed in entriessl Hence,
other protective groups for the C1 and C2 hydroxyls stable
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Soderquist, J. A.; Leon, G.; Colberg, J. C.; MartineZl étrahedron Lett.
1995,36, 3119—3122.
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Table 2. IntramoleculaB-Alkyl Suzuki—Miyaura Cross-Coupling Reaction 8f

1) 8-BBN, THF

EEELINE e
o : HO :
7]/0 CH

2) conditions
reflux, 72 h

5

entry Pd (mol %) ligand (mol %) base (equiv) solvent product/yield (%)*
1 PdCls(dppf) (50) AsPhs (100) Cs2CO3 (2.0) THF/DMF/H20 (6:3:1) 5/9
2b Pd(PPhs), (50) Cs2CO03 (4.0) CH3CN//H20 (5:1) 5/31
3 Pd(PPhs), (50) T1,CO3 (2.0) CH3CN/Hz0 (10:1) 5/22
4 Pd(PPhs), (50) NaOH (4.0) CH3CN/Hz0 (10:1) 5/14
5 Pd(PPhs), (50) NaOH (4.0) THF/H>0 (10:1) 5/36
6 Pd(PPhs), (50) CsF (4.0) CH3CN/Hz0 (10:1) 4/62
7e Pd(PPhs), (50) CsF (4.0) DMF/H0 (5:1) 4/28

a|solated yieldsP Reaction time was 74 K.Reaction temperature was 86.

under the reaction conditions were examined. That is, mol %; CsF, 4.0 equiv; C¥CN/H,O, 10:1; reflux; 72 h) gave
acetonidel0 was prepared according to the literatiffend 11and12in 58% and 59% yields, respectively. These results
the substrat® having an MOM group at the C1 hydroxyl indicate that conditions A are the better conditions for these
group and a benzyl group at the C2 hydroxyl group was substrates. The protective groups were also shown to be
prepared as shown in Scheme 1. Reduction of the knownimportant to increase the yield. Thus, the protective groups
of the hydroxyls on the forming eight-membered ring should

] be stable under the basic conditions, and the acyclic

protective groups such as®are better than the cyclic ones

Scheme % . . .
1) Ac,0, Py, DMAP, GH,Cly such as ca_rbonate or apetomde. Thg cyclic protective groups
| 1>NaOBH4, MeOH | t, 96% were surmised to restrict free rotation of the-822 bond
[ /. 2MOMI, DIPEA, Nal to enhance the ring closure; however, the transition state of
., T e the substrate possessing the cyclic protective group would
TMSO c”) 2) K;CO3, MeOH HO | = 3)cat K,COs, MeOH, rt, 97% be energetically unfavored as a result of the increasing
6 1.5 h, quant. 7 4) Dess-Martin periodinane strain4

CH,Cly, 1t, 97%

1) 2-iodostyrene, n-Buli, THF, -78 °C
then 8, quant. (a/B=10/1)

Scheme 2
1) 9-BBN, THF, reflux, 3 h

2) (A) Pd(PPhs)4 (50 mol%),
NaOH (4.0 equiv), CH;CN/H,0 6 O
(10:1), reflux, 72 h, 70%
o :

nonchiral aldehyd&'? (79%) and removal of TMS gave (B) PA(PPhy)s (50 mol%), CsF
(quant). Selective acetylation (96%), protection of the tertiary Y (4.0 equiv), CH3CN/H,0 (10:1) 1

alcohol with methoxymethyl ether (97%), removal of the reflux, 72 h, 58%
1) 9-BBN, THF, reflux, 3 h

acetyl group (97%), and Dess/artin oxidation generated 2) (A) Pd(PPhy); (50 mol%)
aldehydeB (97%). Treatment of 2-iodostylene withBuLi NaOH (4.0 equiv), CHzCN/H,0

Momo I 2)BnBr, NaH, TBAI, THE/DMF=10/1
o rt, 88%.

and then with8 produced an inseparable mixture of diaster- 0 (10:1), reflux, 72 b, 82% g
eomers (quanta/f = 10/1), which was converted to (B) PA(PPha)s (50 mol%), CsF MO OBn 12
separable benzyl ethr(88%). (4.0 equiv), CH3CN/H,0 (10:1)

The intramolecularB-alkyl Suzuki-Miyaura cross- reflux, 72 h, 59%

coupling reactions o0 and9 were carried out under the
optimized conditions in Table 2. As shown in Scheme 2,
the reactions 010 and9 under the conditions A (Pd(PBhi

50 mol %; NaOH, 4.0 equiv; C¥N/H,O, 10:1; reflux; 72

h) gavell and 12 in dramatically improved vyields (70%
and 82% yields, respectively). On the other hand, the
reactions ofL0 and9 under the conditions B (Pd(PEkh 50

Finally, we examined the reaction of the more complex
substratel 7 possessing a quaternary carbon on the forming
eight-membered ring (Scheme 3). Previously reported chiral
alcohol 13 (>99% ee)®> was converted tdl4 by hydro-

(14) For the similar results obtained, see: Miyamoto, S.; Doi, T.;
Takahashi, TSynlett2002, 9799.

(13) Masters, J. J.; Jung, D. K.; Bornmann, W. G.; Danishefsky, S. J. (15) lwamoto, M.; Kawada, H.; Tanaka, T.; Nakada, Metrahedron
Tetrahedron Lett1993,34, 7253—7256. Lett. 2003,44, 7239—7243.
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Scheme 3
Ph 1) hydrazine, TEA Ph
(])Bn OH  1yH, PdiC,MeOH I EtOH, sealed tube 1
b 10h "9 130°C, 2d 9
o} 2) cat. CSA b 2) Iy, DBU, Et,0, rt b
13 PhCH({OMe), 9] 15 min, then !
0
2:2H2tCI2’)3 h, 88% 14 benzene, rt, 30 min 15
steps
85% (2 steps
1) DIBALH, CH,Cl, (2 steps)
[V
1d,87% 1) n-BuLi, THF, -78 °C
2) Dess-Martin 0Bn ) I | OBn
periodinane ‘ 30 min, then, (+)-8 ‘
CHoClp, 11, 91%_ ™ -78 °C, 15 min, 99%
3) Zn, cat. PbCly ! 2) BnBr, KH, cat. TBAl  MOMO
CHaly, MeAl 16 THF, 2 h, 88% OBn 47

THF, 14 h, 93%

genolysis and the following benzylidene formation (88%,

steps). Ketoné&4 was transformed to hydrazone, which was

then treated withland DBU to afford iodide15 (85%, 2

steps). The selective reduction of the benzylidene group of
15 (97%), Dess-Martin oxidation (91%), and olefination by

Takai's reagent afforded 16 (93%). Coupling of the
alkenyllithium derived from16 with aldehyde (+)-&
afforded the desired product as a single diastereomer (9
which was protected as a benzyl etli&r(88%).

With 17 in hand, the intramoleculaB-alkyl Suzuki-

Miyaura cross-coupling reaction was executed under condi-
tions A and B (Scheme 4). Gratifyingly, we succeeded in

(16) (a) Barton, D. H. R.; Bashiardes, G.; Fourrey, JFetrahedron

1988, 44, 147-162. (b) Grandi, M. J. D.; Jung, D. K.; Krol, W. J.;

Danishefsky, S. JJ. Org. Chem1993,58, 4989—4992.
(17) (a) Okazoe, T.; Hibino, J.; Takai, K.; Nozaki, Hetrahedron Lett.

1985,26, 5581—-5584. (b) Takai, K.; Kakiuchi, T.; Kataoka, Y.; Utimoto,

K. J. Org. Chem1994,59, 2668—2670.

(18) lwamoto, M.; Miyano, M.; Utsugi, M.; Kawada, H.; Nakada, M.

Tetrahedron Lett2004,45, 8647—8651.
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Scheme 4

1) 9-BBN, THF, reflux, 3 h

2) (A) Pd(PPhs), (50 mol%),
NaOH (4.0 equiv), CHsCN/H,0
(10:1), reflux, 72 h, 85%

OBn

17

(B) Pd(PPh3)4 (50 mol%), CsF ~
(4.0 equiv), CH;CN/H,0 (10:1)  MOMO 6Bn
reflux, 72 h, 65% 18

producing the cyclized produdi8 in 85% yield under the
conditions A. Because the produt8 possesses a 6—8—6
carbon skeleton required for the synthesis of Taxol, the
intramoleculaB-alkyl Suzuki-Miyaura reaction was found
to be a promising method to construct the eight-membered
ring of Taxol.

In summary, we have succeeded in constructing eight-

o membered rings via the intramoleculBralkyl Suzuki—

Miyaura cross-coupling reaction under new conditions. This
protocol proved its potency through the formation of the
eight-membered ring possessing a quaternary carbon on its
ring in high yield. We are now developing this protocol to
synthesize the more advanced synthetic intermediate pos-
sessing the tricyclic 68—6 carbon skeleton of Taxol. The

9%)further studies will be reported in due course.
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