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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  of epothilones A and 8 as well as in 7-epi-Cp-263,144
as a valuable method for the construction of-sgp® C—C and halichloringh

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

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
(1) (a) Miyaura, N.; Ishiyama, T.; Ishikawa, M.; Suzuki, Fetrahedron

Lett. 1986.27. 6369, (b) Miyaura, N.- Ishiyama, T.. Sasaki, H.. Ishikawa, IntramoleculaB-alkyl Suzuki reaction has been reported in
M.; Satoh, M.; Suzuki, AJ. Am. Chem. S04989,111, 314. (c) Oh-e, T.; either very poor yield or not at dllSeveral years ago we
Miyayra, N.; Suzuki, A. J. Org. Cheml993, 58, 2201. (d) Sato, M.; i ; i _
Miyaura, N.. Suzuki, AChem. Lett1989, 1405, attempted to effect 9 routg to epothilone A via an mtra.mo
(2) For recent mechanistic studies, see: (a) Ridgway, B. H.; Woerpel, lecularB-alkyl Suzuki reaction. However, none of the desired
Ehé;#igég' gshe4’21998-63’ 458. (b) Matos, K.; Soderquist, J. A. J.Org. - product was obtainetiNonetheless, possible approaches to
(3) For use in recent methodologies, see: (a) Corey, E. J.; Roberts, B. the total synthesis of several contemporary natural products
E. Tetrahedron Lett1997,38, 8919. (b) Sasaki, M.; Fuwa, H.; Inoue, M., (including phomactin A;° Figure 1) occasioned revisitation
Tachibana, KTetrahedron Lett1998,39, 9027. (c) Kamatani, A.; Overman, —
L. E. J. Org. Chem1999,64, 8743. (d) Sabat, M.; Johnson, C. @g. of such a possibility.
Lett. 2000, 2, 1089.
(4) For use in recent total syntheses, see: (a) Johnson, C. R.; Braun, M.
P. J. Am. Chem. So&993,115, 11014. (b) Ohba, M.; Kawase, N.; Fuijii, (5) (a) Miyaura, N.; Ishikawa, M.; Suzuki, Aletrahedron Lett1992,
T.J. Am. Chem. So&996 118 8250. (c) Narukawa, Y.; Nishi, K.; Onoue, 33, 2571. (b) Soderquist, J. A.; Leon, G.; Colberg, J. C.; Martinez, I.
H. Tetrahedron1997,53, 539. (d) Trost, B. M.; Lee, C. Bl. Am. Chem. Tetrahedron Lett1995,36, 3119.
Soc.1998,120, 6818. (e) Balog, A.; Harris, C.; Savin, K.; Zhang, K.-G.; (6) (a) Kwochka, W. R.; Damrauer, R.; Schmidt, M. W.; Gordon, M.
Chou, T.-C.; Danishefsky, S. J. Angew. Chem., Int. 298,37, 2675. (f) W. Organometallics1994,13, 3728. (b) Smith, B. B.; Kwochka, W. R.;
Meng, D.; Danishefsky, S. Angew. Chem., Int. EA.999,38, 1485. (g) Damrauer, R.; Swope, R. J.; Smyth, J. R. J. Org. Ch#997,62, 8589.

Meng, D.; Tan, Q.; Danishefsky, S. Angew. Chem., Int. EAL999, 38, (c) Bracher, F.; Schulte, Bl. Chem. Soc., Perkin Trans.1D96, 2619.
3197. (h) Trauner, D.; Schwarz, J. B.; Danishefsky, SArlgew. Chem., (7) Meng, D.; Su, D.-S. 1997, unpublished results from our labs.

Int. Ed. 1999, 38, 3542. (i) Marshall, J. A.; Johns, B. A. Org. Chem. (8) Sugano, M.; Sato, A,; lijima, Y.; Oshima, T.; Furuya, K.; Kuwano,
1998 63, 7885. (j) Furstner, A.; Konetzki, J. Org. Chem1998 63, 3072. H.; Hata, T.; Hanzawa, Hl. Am. Chem. S0d.991,113, 5463.
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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 1—3).

— 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 ketaPyielded3. Protection of the primary alcohol

Z-olefin followed by deconjugation of the olefin yielded ketode

Our initial objective in this program was to establish the  (11) Methods forE vinyl iodide synthesis: (a) Takai, K.; Nitta, K.;
ihili Sy ; _ ; i Utimo, K. J. Am. Chem. S0d986,108, 7408. (b) Evans, D. A.; Black, W.

feasibility of the ring-closindB-alkyl Suzuki reaction in the C.J. Am. Chem. S0d993, 115, 4497. (c) Brown, H. C.. Hamaoka, T.:
Ravindran, NJ. Am. Chem. So&973 95, 5786. Methods foZ vinyl iodide

(9) For partial syntheses and syntheses of related structures, see: Footesynthesis: (d) Stork, G.; Zhao, Rletrahedron Lett1989,30, 2173. (e)
K. M.; Hayes, C. J.; Pattenden, Getrahedron Lett1996,37, 275. (b) Concellon, J. M.; Bernad, P. L.; Perez-Andrez, J.Ahgew. Chem., Int.
Miyaoka, H.; Saka, Y.; Miura, S.; Yamada, Yetrahedron Lett1996,37, Ed. 1999 38, 2384. (f) Corey, E. J.; Cashman, J. R.; Eckrich, T. M.; Corey,
7107. D. R.J. Am. Chem. S0d.985,107, 713. Methods for trisubstituted vinyl

(20) (a) Control of olefin geometry in the RCM reaction has been reported iodides: (g) Negishi, E.-i.; Van Horn, D. E.; King, A. O.; Okukado, N.
to be problematic in several instances. Several key references are cited bySynthesisl979, 501. (h) Chen, J.; Wang, T.; Zhao, Retrahedron Lett.
Firstner, A.; Grela, KAngew. Chem., Int. E®000,39, 1234. (b) For an 1994,35, 2827.
impressive example of attainment of stereoselectivity by RCM, see: Houri,  (12) (a) Bosch, M. P.; Camps, F.; Coll, J.; Guerrero, A.; Tatsuoka, T.;
A. F.; Xu, Z.; Cogan, D. A.; Hoveyda, A. H.. Am.Chem. Soc1995,117, Meinwald, J.J. Org. Chem1986,51, 773. (b) Golinski, M.; Brock, C. P;
2943. Watt, D. S.J. Org. Chem1993,58, 159.
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Stereoselective allylation dfand protection of the resulting
tertiary alcohol as a methyl etiérgave5.14 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

. . i e
(eq 5). Not surprisingly, selective hydroboration of the OTBS
Me Me
OTBS OTBS
MeQ, aorb MeQ,
— @
conds. a: 40%
conds. b: 60% |
| < N
7 9 (a) 1) 9-BBN, THF; ii) H,0, TIOEL; 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
I ®)
46%
| S| — higher order oligomeric products. Thus, it appears that in
8 10 this case the intramoleculBralkyl Suzuki macrocyclization
Reaction conds.: (a) 1) 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(dppt)Cl, (0.2 equiv), AsPh; (0.2 equiv), CsCO; (3 : _ : ;
equiv) and H,0 (40 equiv) in a 10:1 THE/DMF solution (0.003 M wir of the mtramolegulatB .aIkyI Suzuki reaction, three other
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 (Evs Z) of theB-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 intermediateé, 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 (tt) 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

(13) Posner, G. H.; Babiak, K. A.; Loomis, G. L.; Frazee, W. J.; Mittal,
R. D.; Karle, I. L.J. Am. Chem. S0d.980,102, 7498. ] - ]
(14) The corresponding tertiary allylic ether, derived from the conjugated ~ Reaction conds.: see conditions for equations 4 and 5.
ketone, was highly unstable under a variety of conditions.
(15) Mancuso, A. J.; Swern, CBynthesid981, 165.
(16) (a) Frank, S. A.; Chen, H.; Kunz, R. K.; Schnaderbeck, M. J.; Roush, 15 bearingo-iodo substituents proved to be relatively poor

W. R. Org. Lett. 200Q 2, 2691. (b) Humphrey, J. M.; Aggen, J. B.; i . -
Chamberlin, A. RJ. Am. Chem. S0d.996,118, 11759. substrates for the cyclization reaction, yielding seven-

(17) Miyaura, N.; Suzuki, AChem. Rev1995,95, 2457. membered rind.4 (eq 6) and ten-membered ririd (eq 7)

(18) An analogous hydrovinylation using a Negishi-type coupling has ; 0 0/ \si ; ; i ;
been reported by Hoveyda, seé ref 10b. in 22% and 23% yields, respectively. Increasing the ring size

(19) Pd-catalyzed olefin isomerization is a potential problem. See:
Whang, K.; Cooke, R. J.; Okay, G.; Cha, J. K.Am. Chem. S0d.990, (20) Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, R.Ahgew.
112, 8985. Chem., Int. Ed. Engl1995,34, 2039.

Org. Lett., Vol. 2, No. 17, 2000 2697



and extending the centers of reactivity away from the  Acknowledgment. NIH Postdoctoral Fellowship support
aromatic ring, as in substraie, led to an improvement of is gratefully acknowledged by S.R.C. (F32 Al10439-01). We
the cyclization efficiency (eq 8). The issues of scope and would also like to thank Professor W. R. Roush and co-
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In summary, we have demonstrated thatBredkyl Suzuki their preliminary results, in which they developed the use
reaction can be an effective method for transannular mac-of TIOEt and HO in Suzuki couplings.
rocyclization. This reaction is complementary to ring-closing
metathesis and potentially offers greater control over olefin
geometry. We are encouraged by the promising results
obtained with7 and 8. Application of this methodology to
the total synthesis of appropriately challenging target struc-
tures is in progress. 0L0062547
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