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ABSTRACT
0 R
o Me 1) Bl'z n N Br
o n | 2) LIOH/DMF/H,0 &
& n=0,1,2;R=H, Et R' = Me, H

An effective, readily scalable two-step synthesis of trisubstituted (
by hydrolytic fragmentation has been developed. Several trisubstituted (
2-methyl-3-pentenol, a synthetic intermediate required for the C(8)
the utility of this protocol.

E)-vinyl bromides involving bromination of
E)-vinyl bromides, including multigram quantities of (
—C(11) moieties of ( +)-tedanolide (1) and ( +)-13-deoxytedanolide (2), illustrate

o, f-unsaturated lactones followed
+)-(E)-4-bromo-

Trisubstituted E)-halo alkenes comprise important synthetic

intermediates often employed in natural product total syn-
theses, in particular for macrolides such as scyphostatin,

octalactin? phomactir borreliding apoptolidin? FK9014645
phorboxazole A fostriecing taxifolial A,° and kendomycii?
tedanolide 1), and deoxytedanolide2).**
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In connection with our continuing interest in defining the
biochemical mode of action of architectually complex
macrolides, we recently initiated preparative-scale syntheses
of both (+)-tedanolide {) and ()-13-deoxytedanolide?],
based on our now successful first-generation synthesis of
13-deoxytedanolide?j. For this venture we required mul-
tigram quantities offf)-vinyl iodide 3 to serve as the C(8)
C(11) fragment (Scheme 1). Although our first generation

Scheme 1
H = ¢

(+)-Tedanolide (1) R = OH
(+)-Deoxytedanolide (2) R=H

route to ()-5, employing the Pd-catalyzed hydrostannylation
of alkyne (-)-4 followed by iodination, proved effective, a
somewhat difficult to separate mixture (ca. 6:1) of the
and Z-isomers resulted (eq 1, Scheme 2).

We reasoned that hydrozirconation might be more effective
given the anticipated efficiency and higheselectivity after
the iodination (eq 2)-¢ This reaction sequence, however,



Scheme 2 Scheme 3. Bromination of Enoic Acid and Enoate

s 1) BuzgSnH, s Br. Br
(\ > Pd(PPh3);Cly C e 2 CO,Et
| (Eq. 1) : PO
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2) Iy, CHyCly, 0 °C IoBr
14a (P = MOM), 14b (P = Trt)

(-y4 79% (2 steps) (-5 (E/Z, 6:1) 14c (P = PMB) 16a: P = MOM
o 1) PPh3/CBry ‘ Br
~ L, 2)nBuli; Mel [ EtOH/NaOH WO H
PMBO” X 2
PMBO™ Y H — G /\/Y (Eq. 2) —x= PO I
6 4) 1 ()7 B 17
B 2 PO" R 2 Br
r LDA/HMPA HO B . CO.H ;
Ho\)\(Me V\( ' (Eq. 3) 15a - 15¢ WCO H
8 Br -78°C o Ve 18 O 72
Br NaHCO3 Br
Br Y drolysis of d id15 for the f
DME/60 °C Me rolysis of unsaturated esté4 to acid15 for the fragmenta-
10 COOH 1" ;
tion protocol (Scheme 3).
) Me For example, witll.5aor 15b bearing an acid-labile group,
LiOH °  Eq5) bromination not surprisingly produced tetrahydrofurks
THF/H,0 instead of dibromidel7. Apparently, trace HBr generated
HO (+)13 during the bromination unmasked the protected hydroxyl,

which in turn intercepted the bromonium intermediate to
provide bromoethet8. Attempts to remove trace acid from

requires the use of excess Schwartz reagent, rendering Iargethe reaction mixture by adding NaHGN&COs, or E&N

scale application both expensive and possibly cumbersomedid notimprove the reaction; pnly complex product mixtu_res
Additional concerns include the large-scale use of Pl 'result_ed.. In case ol5c bearing a PMB group, arom_atlc
CBrs in the Corey-Fuchs protocéf en route to the requisite brom!nat!on occurred before that of the olefin. AIt.ernatl.ver,
2-alkyne. Alternative methods based on stannocuprafidt bromination of ethy! estet4a cleanly gfforded d'brom'.d €
and/or s.ilanocupratidf‘l would also require 35 equiv of 16a Hoyvever, ;upsequent hydronS|s' fbfia resulted in
concomitantS-elimination of HBr. A similar result was

expensive reagents_and as such did not appear attractive fOE) btained with the methyl ester.
large-scale synthesis.

A careful survey of the literature revealed few alternatives. Esterl9 pozsess[{nfg trr;]esgoge rr]eadlly 4rer2(|)t\r/]ablehTES group
Roush and co-workers, in their elegant work directed at the was prepared hext fro (Scheme 4). ough bromi-

total syntheses of kijanolide and tetronoli@g@repared E)-
3-bromo-2-buteno® from erythro-2,3-dibromobutand in _
50% yield, upon treatment with LDA (eq 3). Their approach, Scheme 4

however, was not immediately applicable to our system,
given the regioselectivity issue upon HBr elimination. An

TNOW TBSCI O XN

: , : . 150 ©  COH 83% 19 = CO,TBS
innovative two-step sequence t@){vinyl bromide 11 was
reported by Cha et al. (eq A similar fragmentation was Bry 197%
observed by Khim and co-workers to furnist8 as a Br Br
byproduct from iodolactoné&?2 (eq 5)*’ 12 h
. . . . HO - Br -— TrtO : Br

Direct application of the Cha sequence in our system, i Co,TBS 99% : CO.TBS

however, did not prove straightforward because of the 21 2 20 2

incompatibility of various hydroxyl protecting groups during

the bromination step, in conjuction with the required hy-
nation furnished the dibromid20 in excellent yield (ca.

(12) Corey, E. J.; Fuchs, P. Metrahedron Lett1972 3769. 97%),20 proved too unstable to be easily manipulated. For

(13) Betzer, J.-F.; Delaloge, F.; Muller, B.; Pancrazi, A.; Pruned. J. i i
Org. Chem 1097 63, 7768, example, pure20 loses the trityl group to provide alcohol

(14) (a) Archibald, S. C.: Barden, D. J.: Bazin, J. F. Y.; Fleming, I.. 21 upon standing overnight at room temperature.
Foster, C. F.; Mandal, A. K.; Mandal, A. K.; Parker, D.; Takaki, K.; Ware,
A. C.; Williams, A. R. B.; Zwicky, A. B.Org. Biomol. Chem2004 2, Taken together, these res_u!ts S.UQQeSt the use. of /&1
1051. (b) Fleming, I.; Newton, T. W.: RoessldrChem. Soc., Perkin Trans. ~ UNsaturated lactone, comprising internal protection of the

11(915335527}-1 WoR.B B B). Am. Chem. Sod993 115 2268 hydroxyl group and at the same time imposing at most
oush, W. R.; Brown, B. BJ. Am. Chem. So . . . .
(16) () Jeffery. D. W.; Perkins, M. V.. White, J. Ndrg. Lett 2005 7, m.odest sterlc' hindrance for the hydrolysis step compared
1581. (b) Kim, H.; Lee, S.-K.; Lee, D.; Cha, J. Bynth. Commuri99§ with the acyclic counterpart.
28, 729. (c) Overman, L. E.; Shim, J. Org. Chem1993 58, 4662. - 3 -

(17) Khim, S.-K.: Dai, M. Zhang, X.. Chen, L.. Pettus, L.; Thakkar, Wg fII’S.t focuse'd on unsaturated Ia'ctcﬂﬂe?L Surprisingly,
K.; Schultz, A. G.J. Org. Chem2004 69, 7728. bromination furnished all four possible diastereomers, two
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Scheme 5. Bromination of Lactone)-22 Table 1. Tandem HydrolysisFragmentation of-{)-23a

O
Br B r Br
(0] s (6] I (0] i LiOH
o + ‘ 24 + 25 + 26
Br -~ “Br 7 VBr 7 "Br
oij/ ., : 23a i 23p P ()28
- 0} (o} : " : -
: Br Br entry equiv  conditions result (isolated yield)
) (0] T + O 3
22 ) 1 3.0 DMF/rt/12 h 24 (37%), 25 (40%), 26 (7%)
" Br <" "Br

2 3.0 DMF/70°C/2 h 24 (trace), 25 (62%)

3 1.5 THF/H,0 (9:1)/12 h 24 (30%), 25 (27%)
. 4 5.0 MeCN/rt/12 h low conversion
trans (23aand23b) and twocis-isomers 23cand23d) as ©

depicted in Scheme 5. The ratio determinedtNNR was 5 20 DMFH0@1)t16h 24 (65%)
50:25:5:1, respectively. The relative stereochemistries of 6 30  DMF/H,0 @1)r12h 24 (71%)
23a—c, initially assigned via'lH NMR coupling constants o
of the adjacent methine protons, were in each case confirmed Br 0.0

by X-ray crystallography. Presumably formation of ttig- HOW /&iBf WP
dibromides 23cand23d) arises via the intermediacy of the 24 : 25 Br
C(3) carbocation rather than the conventional bromonium

ion, with possible stabilization by the lactone ether oxygen 25, With additional HO, the reaction did not go to

atom?® . VT ) .
completion, thereby diminishing the yield. Elevation of the

'Il'hehmsrdlbr_om|de was, of course,da S|fgn|f_|cra]m:1|szuez az reaction temperature resulted in the increased formation of
only thetransisomers were expected to furnish the desired g ojimination product25 and 26. For the base, lithium

trisubs]:[ituted E)-v_ini)klp!bbromide uylaon hydro!ysis ?nhd sdu_gse— hydroxide proved uniformly superior to NaOH or Ba(QH)
quent fragmentatioft Fortunately separation of the dibro- in terms of yield. Direct subjection of the bromination

mide ISomers, and n particular removal of gis-bromides, mixture to the hydrolytic fragmentation conditions, without
proved readlly .ac.h|evable by. flagh chromatography. chromatographic removal of thas-dibromides, improved
Best selectivity in the b.romlnano.n was ot_)talned when the the overall yield (52%— 67% from22), albeit with modest
reaction was conducted in Qaloz W'tr; 3 eqlu.|v ?f Bb oye;r sacrifice of the stereochemical purity 24 (ca.E/Z, 10:1).
a8t0err.1peras;[u.re ra_ng>e eféo 00 (r:] (IC ' tOt?]I'S? dat?d y_|ehd, d To demonstrate the scalability of the two-step bromination-
78%; trangcis ratio > 10:1). Methylene chloride furnishe hydrolytic fragmentation sequence, multigram quantities (ca.

slighly higher yields than than CgICHCL, or ether. : )
Reaction temperatures higher thah@increased formation 1323) of br0m|_de24 were prepared from) 2.2 (S_chem_e
6).2° Both relative and absolute stereochemical integrity of

of the undesirectis-isomers, whereas temperatures below
—10°C provided no advantage in terms of yield or treng

cis ratio. The minortransdibromide 23b proved quite
unstable upon silica gel column chromatography.

)

26

Scheme 6. Preparation of {)-23

The hydrolytic fragmentations proceeded under somewhat 0.0 Br, 00 00
different conditions fo23aand23b. For example, treatment (;E " \\,uljBf + \\,.qﬁ
of 23b with lithium hydroxide in DMF readily led toH)- ' v i L
vinyl bromide24in near quantitative yield, whereas similar (+)-22 (-)}-23a (+)-23b

treatment o233 possessing the C(3)Br and C(4)H oriented

anti-coplanar, required significant optimization, as not only _ LiOH HOWB’ 1) TBSCI HO/\;/\(I
the desired vinyl bromid@4 but also elimination products 73% : 2) tBuLi; I :
25 and 26 resulted, depending on the exact reaction condi- (-)-24 3) TBAF )3

tions employed (cf. Table 1). 68% (3 steps)

Best results for the hydrolytic fragmentation involved 1) 5o pyr S
DMF/H,0 as a 4:1 mixture (entry 6). Under these conditions,  2) HS(CH,);SH S)\'/YI
the desired trisubstitutedE)-vinyl bromide24 (>99:1E to
Z by NMR) was obtained in 73% vyield frord3a Without
H,0, the reaction gave predominantly elimination product

67% (2 steps) )5 -

(—)-24 were confirmed by conversion td)-vinyl iodide
(18) (a) Yoneda, E.; Zhang, S.-W.; Zhou, D.-Y.; Onitsuka, K.; Takahashi, 5.21

S.J. Org. Chem?2003 68, 8571. (b) Andrus, M. B.; Li, W.; Keyes, R. F. :

J. Org. Chem 1997 62, 5542. (c) Collum, D. B.; McDonald, J. H., IlI;

Still, W. C. J. Am. Chem. S0d98Q 102 2118. (20) The vinyl iodide ¢)-3 can be prepared froniR{-(—)-Roche’s ester
(19) Bromination of 2-methyl-2-cyclohexenone provided a single dibro- via the route in eq 2 in eight steps with 30% overall yield. Also see: Organ,
mide (e.g. trans-2,3-dibromo-2-methyl cyclohexanone). M. G.; Wang, JJ. Org. Chem2003 68, 5568.

Org. Lett, Vol. 7, No. 16, 2005 3571



Scheme 7. Preparation of {)-36 Table 2.
OH THPO

H = lactone trans-dibromide (E)-vinyl bromide

- ~ CHO
Et/\/\ Et/\/ Mes’NYN‘Mes ) (0]

(-)-31 34 cl. Br

o= d =
PCy,Ph o | o HO Br
55% | methacryloyl ~ 57% | 1) EtCO,Et, LDA 33 37 g 40 (93%) 43 (59%)
chloride (2 steps) | 2) TsOH, PhH, reflux o

HO\/\/LBF

©»
-3
(o]
(@]
i

i Oij(
33 1) Bry OH

(o) O Br 41 (65%) 44 (80%)
Et/?\/\ 57% o B | 2) LIOH EtWBr . ] N (] o
Me -
(-)-32 (-)-35 42% (2 steps) (-)-36 AN Br HOT")/\)\
0 o 2 Br
39

42 (55%) 45 (62%)

Application of the two-step bromination decarboxylation-

debromination sequence to lactone){35 (Scheme 7),  forward. Subsequent hydrolytic fragmentation afforded vinyl
readily available either by ring-closing metathesis (RCM) bromides44 and 454 in 80% and 62% isolation yield,
from 32 or by aldol reaction 084 followed by lactonization,  respectively.

furnished bromide <)-36, a key subunit in our on going In summary, an effective, scalable sequence for the
program to construct the potent cytotoxic agent, irciniastatin synthesis of trisubstitutedEj-vinyl bromides from the
A.2% Importantly, this sequence could be carried out on a corresponding,S-unsaturated lactone involving a bromi-

gram scale. nation/hydrolytic fragmentation protocol has been developed.
In similar fashion, commercially available 3-methyl buteno- , i i

lide 37 provided 2-bromo-2-butendi3in 55% overall yield Acknowledgment. Financial support was provided by the

(Table 2). For38 and 39,23 formation of the undesiredis- National Instituted of Health (Institute of General Medical

he Science) through grant GM 29028. C.-G.C. is grateful for

dibromides became a more significant problem, reducing the : i :
financial support from Hanyang University (HY-2004-I).

yields of thetrans-dibromide41 and42. Separation of the
cis-bromides from théransisomers again proved straight- Supporting Information Available: Details of experi-
(1) St A, B.. I Gallagher, W. P. Unpublished : mental procedures and compound characterizations. This
mith, A. B., lll; Gallagher, . P. Unpublished results. H H H H
(22) Pettit, G. R Xu, J.-P.. Chapuis, J.-C.: Pettit, R. K. Tackett, L. P material is available free of charge via the Internet at

Doubek, D. L.; Hooper, J. N. A.; Schmidt, J. M. Med. Chem2004 47, http://pubs.acs.org.
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(23) Prepared fromb-valerolactone (55%, 2 steps); see: Slouggi, N.; OL051376Q
Rousseau, Gletrahedronl985 41, 2643. Both38 and39 are also available
via the RCM or aldol route used for-)-35in Scheme 7. (24) Marumoto, S.; Kogen, H.; Naruto, $etrahedronl999 55, 7145.
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