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Transannular macrocyclizations via intramolecular B-alkyl Suzuki reactions are described. Regioselective terminal olefin hydroboration with
9-BBN followed by Pd(0)-catalyzed Suzuki reaction in the presence of a base such as TIOEt at high dilution generates macrocycles with a high
degree of control over olefin geometry with isomerically pure E or Z vinyl iodide substrates. These reactions are complementary to ring
closing metathesis (RCM) macrocyclizations and may prove superior in cases where control of olefin geometry is required.

The intermoleculaB-alkyl Suzuki reactioh? has emerged
as a valuable method for the construction ofsgp* C—C
bonds. Its growing application is evidenced by its use in
methodology demonstratiohsnd in natural product syn-
thesed.This reaction played a key role in our total syntheses
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of epothilones A and B as well as in 7-epi-Cp-263,114
and halichlorine"

In contrast, the intramolecular variant of tBealkyl Suzuki
reaction has not found wide usage. Although the formation
of five- and six-membered rings has been reported to occur
in a facile manne?,the closing of larger ring sizes through
intramoleculaB-alkyl Suzuki reaction has been reported in
either very poor yield or not at dllSeveral years ago we
attempted to effect a route to epothilone A via an intramo-
lecularB-alkyl Suzuki reaction. However, none of the desired
product was obtainetiNonetheless, possible approaches to
the total synthesis of several contemporary natural products
(including phomactin A;° Figure 1) occasioned revisitation
of such a possibility.
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context of transannular macrocyclization. Such a capability
could serve well in a synthetic venture directed at phomactin
A. The E and Z vinyl iodides 7 and 8, respectively, were
designed to help address the overall feasibility issue. These
compounds were synthesized as shown in Scheme 1.

M intramolecular
€ B-alkyl Suzuki reaction (?) Scheme 1

phomactin A o TBS

Figure 1.

The most obvious advantage of the intramolecBlalkyl
Suzuki reaction over the complementary ring closing me-
tathesis (RCM) reaction is the potentially higher degree of
control of olefin geometry of the resulting macrocyclic
adduct. Lack of control of olefin geometry is a common
problem associated with macrocyclizations via REM.
Conversely, several methods for the stereoselective genera-
tion of the vinyl iodides which are relevant to the Suzuki
substrates have been reportéd@hus, one can imagine the
stereospecific formation of exocyclic as well Bsand Z
disubstituted, trisubstituted, and even tetrasubstituted olefins
contained in macrocycles via this transformation (potential
intramolecularB-alkyl Suzuki transformations, eqs—B).

— W

|
R1 R2 R1 R2

exocyclic olefin

(a) AllMgBr, Et,0, -78 °C, 92% (dr = 5:1); (b) TBSOTL
2.6-luitidine, CH,Cl,, 81%; (¢) i) 9-BBN, THF, ii) NaOH, H.0, .
80%: (d) TI(NO)s. MeOH, THF, H,0, 64%; (e) TIPSCL, imidazole,
. . DME, 99%; (f) i) KOt-Bu, +-BuOH., if) HOAc, H,0, 36% (+ 35%
| @ sm.), (g) AllIMgBr, Et,O, -78 °C, 82% (dr = 3:1); (h) NatL, Mel,
| THF, reflux, 80%; (i) TBAF, DMF, THF, 96%; (j) oxalyl chloride,
R, R, DMSO, CH.Cl,, -78 °C, then Et;N, 23 °C, 76%; (k) CHI,, CrCl,,

THF, dioxane, 62% (£:Z = 11:1); (1) ICH,PPh;Br, NaHMDS, THF,

E-olefin HMPA, 55% (Z:E = 13:1).

> 3) Ketonel®? was stereoselectively converted to the tertiary
| R, R silyl ether2, which upon hydroboration and removal of the

Ry I dithiane ketaP?yielded3. Protection of the primary alcohol

Z-olefin followed by deconjugation of the olefin yielded ketode
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Stereoselective allylation dfand protection of the resulting
tertiary alcohol as a methyl etdérgave 5.2 Silyl ether5 Scheme 2
was converted to aldehyd#® which in turn was used to
provide theE andZ vinyl iodides7 and8 using the methods
of Takal'aband Storkid respectively.

Gratifyingly, the intramoleculaB-alkyl Suzuki reaction
of vinyl iodide 7 using aqueous CsGQ@s the base afforded
macrocycle9 in 40% yield (eq 4). A dramatic improvement
to 60% vyield was realized when TIOEt was used as the
base'® Using the latter conditions, macrocyclization of
vinyl iodide 8 was also effected, forming0 in 46% yield

e
(eq 5). Not surprisingly, selective hydroboration of the OTBS
Me Me
OTBS OTBS
MeO, aorb MeO.
— @
conds. a: 40%
conds. b: 60% |
| N \
7 9 (a) 1) 9-BBN, THEF,; ii) H,0, TIOE; iii) vinyl bromide, Pd(dppf)Cl,,
| AsPh;, THF, DMF; (b) TBAF, DMF, 65% (2 steps); (¢) oxalyl
chloride, DMSO, CH,Cl,, -78 °C, then Et;N, 23 °C; (d) CH;PPh,Br,
e Me NaHMDS, THF, -78 °C, 64% (2 steps). (¢) CH,Cl, (0.002 M),
oTBS OTBS reflux, (Cy;P),Cl,Ru=CHPh, 48 h.
MeQ. b MeQ
- . ®)
46%
| S| — higher order oligomeric products. Thus, it appears that in
8 10 this case the intramoleculBralkyl Suzuki macrocyclization
Reaction conds.: (a) i) 9-BBN (1.5 equiv), THF (0.5 M), 23 °C; ii) the is superior to the RCM even at the level of gross feasibility.
borane solution was diluted with THF and added via syringe pump to a In a cursory effort to establish the scope and limitations
solution of Pd(dppf)Cl, (0.2 equiv). AsPhs (02 equiv). CsCO; (3 of the intramoleculaB-alkyl Suzuki reaction, three other
equiv) and H,O (40 equiv) in a 10:1 THE/DMF solution (0.003 M w/r - . !
to substrate). (b) H,O (5 equiv) and TIOEt (3 equiv) were added to substrates were investigated (egs8). Compound4.3 and

the borane solution prior to addition to the catalyst solution (CsCO,
and additional H,O were omitted from these reactions).

©\Ao/\/ b o)
terminal olefin in the presence of the vinyl iodide and | 22% ©:\) ©

trisubstituted olefin moieties of these substrates was
it 13 14
realized?
We were interested in comparing the efficiency and 0 0

selectivity € vs Z) of the B-alkyl Suzuki macrocyclizations o a
S

of 7 and 8 with the ring-closing metathesis of the corre- - ° (7)
sponding substraté2 (Scheme 2). The latter was prepared
in four steps from intermediats, a common precursor to 15 16
vinyl iodides7 and8. A conversion of a terminal olefin (cf. OTBDPS
5) to a two-carbon homologated terminal olefin (t1) was
devised for this purpose. This method involved an apparently
unprecedenteB-alkyl Suzuki hydrovinylation reactidfwith X b ®)
vinyl bromide with maintenance of double bond integfity. OY\/\/l 41%

Attempted RCM of substrat&2 with Grubbs’ catalysf
[(CysP)xCl,Ru=CHPh] afforded a mixture of dimeric and

17 O 18
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