ORGANIC
LETTERS

Synthesis of the Eastern Portion of e 208
Ajudazol A Based on Stille Coupling 10631066

and Double Acetylene Carbocupration

Oliver Krebs and Richard J. K. Taylor*

Department of Chemistry, University of York, Heslington, York, YO10 5DD, UK
riktl@york.ac.uk

Received December 30, 2004

ABSTRACT

A strategy for the synthesis of ajudazol A, an unusual, pharmacologically active metabolite from myxobacteria, based on the Stille cross-
coupling of a 2-stannyl-oxazole with a vinyl iodide unit is described; the vinyl halide unit containing a ( Z,Z)-diene was prepared in one pot by
the double acetylene carbocupration of a functionalized alkyl cuprate followed by trapping with 2,3-dibromopropene.

There is increasing interest in novel, bioactive natural In addition to the unusual isochromanone moiety, the
products produced by myxobacteria. Myxobacteria are terminal N-methyl amide of 3-methoxybutenoic acid is
“social bacteria” often found in animal dung and organic- apparently unprecedented, as is the oxazole-linked polyene
rich soils, some of which secrete antibiotics to kill other fragment. The internalZ,Z)-diene unit is also an unusual
bacteria that are then digeste@he myxobacteriaChon- feature in myxobacterial natural products, although examples
dromyces crocatulsas proved to be a rich source of bioactive are known from other natural sources (see below). In later
natural products that include the cytostatic chondramides studies, the ajudazols were shown to be antimicrobial agents
and the Crocacin%,vvhich inhibit the growth of fungi and _
yeasts by interfering with electron flow within cytochromes

in the respiratory chain. More recent studies by Jansen et al. 2 24w
have resulted in the isolation of two additional, novel natural 19 2 AN
products fromC. crocatus, which were named ajudazol A 2
and ajudazol B.Extensive spectroscopic studies (HRMS,
IR, and UV but mainly two-dimensional NMR) resulted in
the assignment of the novel dihydroxylated methyliso- OH ©
chromanone structurelsa and 1b as shown in Figure 1.
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that also inhibit mitochondrial electron transpoithus, the therefore became the first target for this studg,Z)-Diene
ajudazols are interesting synthetic targets, and substructureunits are increasingly common in natural prodasd some
bioassay should shed light on their mode of action. In this time ago we developed a double acetylene carbocupration
Letter, we outline our synthetic approach to ajudazol A and procedure for their stereocontrolled synthésigis meth-
illustrate the viability of this approach by describing the odology was utilized to prepare the Navel orangeworm
successful preparation of analogBewhich possesses the pheromonéand has subsequently been employed by other
oxazole ring and the complete eastern side chain. groups to prepare insect pheromofdbe myxobacteria-
The retrosynthetic analysis, shown in Figure 2, is based derived apicularen$and salicylihalamide A, isolated from
on the key Stille disconnection, which generates the substi-a marine spong&!® Double acetylene carbocupration is a
tuted 2-stannyl-oxazold and an eastern side chain u#it variant of the Normant reactidhin which organocuprates
terminated by a vinylic halide function. This convergent route react with four molecules of acetylene to give the corre-
involving the introduction of the complete eastern side chain sponding four-carbon homologated,Z)-dienyl cuprates,
at a late stage of the synthesis was devised to minimize thewhich can be trapped to producg Z)-dienes via a one-pot
chances of intramolecular reactions between the oxazole orprocess with excellent stereocontfol.
chromanone portions of the molecule and reactive intermedi- 1 date, the double acetylene carbocupration procedure
ates needed during the construction of the polyene side chainy, 54 always been carried out with unfunctionalized di(alkyl)-

cuprates. The synthesis of target molectilgScheme 1) is
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Scheme 1
w OTHP
Ajudazol A (1a) LiCui ~
ii. CuBr.SMe;, Et,0, -78 °C 2

jii. 6 HC=CH, -15°C, 1 h 10

i. +BuLi, E,0, -78 °C
Ieo~_OTHP

9

Stille coupling then 7 HC=CH, -5 °C, 20 min
OTHP Montmorillonite OH
P O>\ BFWAB, = K10, MeOH Z
N/ SnBuy Br. & 50°C,2h Br =
HMPA

(54%; >95% 7 83%

-50t0 0°C,5h 11 Z Z-selectivity)

B Me
= 2 N?:m/OMe
X = 6]

PO O
3 4 Wittig reaction, reduction,
amination, amide coupling i .
therefore noteworthy in that it employs the tetrahydro-
pyranyloxypropylcuprat® derived from the readily avail-
_ L0 o oMe able? THP-protected 3-iodopropan®l Treatment oB with
X P PhsP=CHCO,Et W 2 equiv oft-BuLi at —78 °C followed by addition of CuBr
5 © 6 SMe, produced the functionalized dialkylcupraes a clear
solution. Addition of 6 equiv of acetylene (gas buret)-t5
H °C over 1 h generated a dark-green solution of the presumed
4 equiv vinyl cuprate, and an additional 7 equiv of acetylene was
o S, XT\X HOU{A-OP) then added at-5 °C over 20 min to produce the desired
X /K ; double acetylene 8 2 (Z,2)-dienyl cupratel0. The solution was immediately cooled
7]/ carbocupration to —40 °C, and 2,3-dibromopropene in HMPA was added,

Figure 2. Retrosynthesis of ajudazol Al4); in practice, a
measured excess of acetylene gas is required in the final step

depicted.

giving, after workup and chromatography (StAgNOs;

We decided to test the viability of this Stille coupling
approach using 2-tributylstannyloxazole (as a modeBior
and vinyl halide4. Retrosynthetic analysis of side cha&n
suggested an amide coupling with 3-methoxybutenoic acid
6 in the final step and arH)-stereoselective Wittig reaction
on aldehydeb to produce a suitable precursor. Th&4)-
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to remove theZ)-alkene resulting from simple carbocupra- ||| N

tion, 16%), the desired dierfEl in 54% yield on a 4 mmol Scheme 2
scale. The (Z)-configuration of the diene portion ihl was

; ; ; pZ OH  Dess-Martin = CHO
confirmed by NMR spectroscopy of the internal diene 5 P periodinane P
protons (J= ca. 11 Hz). It should be noted that the ' CHoCly

. . . 7 20 °C, 30 min 5 |PhsP

corresponding sequence was also studied using other protect- EHCO,EL
ing groups for the 3-iodopropanol (TBDMS, TBDPS, TIPS, CHoCly
and MOM), as well as with 1,1-diethoxy-3-iodopropane, but 207C.16h
without success. The THP-derived organocopper reagent was OTHP COLEt
also less reactive in the carbocupration process than the
correspond_ing gnfunctionalized diglkylcuprates, _but the . D,BALH THE 2 (92% over 2 steps;
acetylene insertions could be achieved by adding more 43 (ss% over2steps) -78°C, 1h 2 >05% Eselectivity)
acetylene gas at higher temperatures over a longer period . i. DHP, PPTS
according to the procedure mentioned above and described " E?Z%L,'THF CHzClz, 20°C. 20
in detail in Supporting Information. The best solvent mixture 100 °c

for this double carbocupration was diethyl ether/hexane (ca.

NHMe
4:1). With more polar solvents, acetylene deprotonation oTHP
(formation of copper acetylide, CUC=CR) occurred; in less

. . . i Montmorlllomte K10
polar mixtures, the vinyl/dienyl cuprate completely decom- MeOH. 50 °C, 2 h, 87%

posed at the temperature of the second insertion st&p ( 0o BS. MesS, CHaCly W

°C).M113 Stabilizing additives such as Me or P(OEt) 0 °C, 20 min, 84% O

prevented acetylene insertion. The resulting THP-protected iii. MeNHy, THF EDCI, HOBY, CH;Cz
0°C, 3h, 82% °C,

diene1l0 was deprotected to give the free alcofiah 83%
yield by stirring with Montmorillonite K10 in methanadf.

Me

The alcohol 7 was oxidized using the Dess—Martin = ~ NWOMe
periodinane to give the corresponding aldehgdehich was : / ©
used immediately in a Wittig reaction with ethyl (triphenyl-
phosphoranylidene)acetate to give the desiEgeconfigured
(J = 15.6 Hz)o,B-unsaturated estdr2 in 92% yield over
the two steps (Scheme 2). The est@rwas reduced with
diisobutylaluminum hydride to the corresponding alcoho
(85%), which was protected as the THP derivath&in
quantitative yield. Subsequent studies revealed that the vinyl
bromide (4, X= Br) was insufficiently reactive as a Stille
coupling partner. We therefore carried out a halogen

exchange by treating vinyl bromid&3 with t-BuLi and _

4 (95%)

described gives the acid exclusively as tHe)-isomer
| (confirmed by NOESY) in high purity.

The Stille coupling of side chait (X = 1) with
2-(tributylstannyl)oxazolel)*® was investigated next (Scheme
3). It should be noted that no success was achieved in the

quenching the resulting organolithium reagent with iodine Scheme 3

to produce vinyl iodidel4. Compoundl4 was then depro- 4 P
tected and the resulting alcohol converted into the corre- [ A 8% PdClo(PPhs), [o P z E/ﬁ/
sponding bromide by treatment with dimethyl sulfide/NBS. ”16 SnBug 50:3gAF2d N 2 6o

The use of PPJCBr, occasionally gave higher yields but
was unreliable. The bromide was then transformed into amine
15 by treatment with excess methylamine; all three reactions
proceeded in yields of 80%. Aminel5 was then coupled
with 3-methoxybutenoic acid to give the requisite Stille
coupling partned (X = 1) in 95% yield.

3-Methoxybutenoic acid6) was prepared from methyl
acetoacetate in 50% overall yield by treatment with trimethyl
orthoformate according to a literature procedfifellowed
by hydrolysis of the intermediate ester with lithium hydrox-

coupling of 16 with the vinyl bromide4 (X = Br):
temperatures of ca. 10C were required before any reaction
was observed, but at these temperatures the diene system
proved to be unstable. A range of palladium catalysts,
including Pd(PP$), and PACJ(NCMe),, were employed for

the Stille coupling of4 (X = 1) with 2-(tributylstannyl)-
oxazole (16), but the best yields were obtained using

ide!” Other syntheses @ are availablé? but the procedure (17) Preparation of (E)-3-methoxybutenoic acid (6):
0 ¢ HC(OMe); o LiOH o
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PACK(PPh), in DVIF at 50°C, which gave the required G

adduct2 in 60% yield. Compoun@ was fully characterized 1 pe 1. Comparison of the NMR Data of Ajudazol A)
(including HRMS). Unlike ajudazol Acompounds appears and Analogue?
to be stable during silica gel chromatography and at higher
temperatures (80C). The thermal and acid sensitivity of
la therefore appears to be associated with the hydroxy-
isochromanone portion.

Compound?2 is a close analogue of ajudazol Ag) but
lacks the isochromanone side chain at the oxazole C-12 site.

CH ©

The NMR data for2 were therefore compared with those Ajudazol A (1a)
reported for ajudazol A (1a) as shown in Table 1. : :

As can be seen, théH and 3C NMR data of both synthetic 2 ajudazol A (1a)!
compounds are in good accord, providing strong support for C* TH® 15Ct H® 15Ct
the proposed structure, particularly for the unusual structural 14 161.0 161.0
features of ajudazol A such as th&Z)-diene functionality, 15 134.0 134.4
theexamethylene group, and tiié-methyl methoxybutenoic 15’ 5.44/5.95 (2 x bs) 117.0 5.85/5.35(2 x bs)  117.4
acid amide. In addition, both compounds ajudazol A and 16 3.39(d, 7.6 Hz) 29.7 327(d,J=178Hz) 300
analogue2 show a distinct UV absorption at 320 nm in 17~ 5.39-5.61(m) 127.6  5.52 (m) 127.6
methanol. 184  6.33(dd, 10.7Hz) 124.8 6.29(dd,~11Hz) 1252

. . 19¢¢  6.40(dd, 10.7Hz) 123.2 6.37(dd,~11Hz)  123.6

In summary, double acetylene carbocupration using a o, 5.39-5.61 (m) 1315 5.45 (m) 132.0
functionalized alkylcuprate and 2,3-dibromopropene as the 91¢ 2 15 (dt, 7.0 Hz) 264 2.19 (m) 26.8
trapping reagent was employed as the cornerstone of a2e¢  2.28 (dt, 7.3 Hz) 31.0 2.08 (m) 314
synthesis of the polyene side chain of ajudazol A, an 23 5.39—5.61 (m) 1314 5.54 (ddt) 132.0
antimicrobial agent isolated from the myxobacte@ihon- 24 5.39-5.61 (m) 125.5 5.39 (m) 125.7
dromyces crocatusThis new methodology (using function- 25 3.90(d, 6.0 Hz) 49.6 3.84(d, 5.7 Hz) 50.1
alized cuprates) could be useful for the preparation of other 12\2/[ ¢ 287() ég? 282 122'8
(Z,2)-diene-containing natural products such as the bi- 97e 5.17 (s) 914 594 ©) 91.8
tungolides A—F52 leustroducsin B or disorazole C¢ In 08 166.4 167.0
addition, a Stille coupling procedure has been developed to 29 2.11(s) 177 2.04(s) 18.1
link the polyene side chain vinyl iodide and 2-(tributyl- OMee 3.60 (s) 54.3 3.53(s) 54.8

Stannyl)oxazme to prOdu_Ce the novel aJUd_aZOI A gnalogue aData for carbons 413 are given in ref 4% In DMSO-g; at 80°C, if

2, which lacks only the isochromanone side chain at the not stated otherwisé.iIn CDCl; at 50/55°C. 4 J; = J,. © Doubling of the

oxazole C-12 site. We are currently utilizing the methodology 'H and **C NMR signals at room temperature is observed for both
. . . . . compounds.

described herein to complete a synthesis of ajudazol A itself.
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