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ABSTRACT

1: borrelidin

An efficient, enantioselective synthesis of the C1-C12 fragment 2 of borrelidin is presented. Construction of the “skipped” polymethylene
chain of 2 was accomplished by iteration of Myers’ alkylation, while formation of the C3 stereocenter was achieved by Roush’s asymmetric

allylboration methodology.

First isolated fronStreptomyces rochéi 1949! borrelidin

(1, Figure 1) is a macrolide antibiotic with a unique chemical
structure and exciting medicinal attributetitial studies
indicated thatl exhibits a broad antiviral and antibacterial
profile® that may arise by inhibiting the enzymatic activity
of threonyl-tRNA synthetask.In fact, borrelidin was so
named because of its specific cytotoxicity agaBstrelia,
the spirochete of relapsing feveRecently,1 was also found
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to display antiangiogenfcand antimitotic propertiesThe
latter may be due to inhibition of cyclin-dependent kinase
(CDK), a mode of action not previously manifested by any
other macrolide antibiotics.

From a chemical point of view, borrelidin is an atypical
18-membered macrolide distinguished by a 1,3,5,7-“skipped”
methylene chain (C4C10), a cyclopentane carboxylic acid
fragment, and a conjugated cyanodiene BHitThe latter
motif is unprecedented in natural products structures and may
play an important role in the biological mode of action of

1: borrelidin

Figure 1. Chemical structure of borrelidin.
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Figure 2. Retrosynthetic analysis of borrelidin.

this natural product. The combination of unusual chemical
architecture and diverse biological profile has prompted the
development of synthetic routes toward borreftiédithat have
recently culminated to the first total synthesisldfy Morken
and collaborator# In continuation of our synthetic effotg,
we present herein an enantioselective synthesis of the C1
C12 fragment (2) of borrelidin.

A plausible scenario for the synthesislotould rely upon
the union of two fragments across the macrolactone func-
tionality and the C12C13 double bond. On the basis of
this approach, ketonitril®, carrying six of the nine total

Scheme 1. Synthesis of Fragmer& via Myers’ Iterative
Alkylation Proces3
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aReagents and conditions: (a) 1.1 equiv of Tjd.1 equiv of
iPr,EtN, 2.0 equiv of BhOCHKLCI (6), CH,Cl,, 0 °C, 6 h, 85%; (b)
2.2 equiv of LiBH,, 2.2 equiv of HO, THF, 0°C, 1 h, 80%; (c)
1.2 equiv of PPk 1.35 equiv of §, 1.5 equiv of imid, 2 h, CC,

stereocenters of borrelidin, was selected as a key synthetic96% for 7, 95% for11, 97% for13; (d) 2.1 equiv of {) 8, 4.0
intermediate (Figure 2). Further disconnection across the €auiv of LDA, 12 equiv of LiCl, THF, 0°C, 18 h, 97%; (e) 4.0

C11—-C12 bond and C2—C3 bond 2fresults in fragment
3, which is highlighted by the presence of the skipped
methylene motif* Among the different strategies for con-
struction of this type of scaffoléf, the most applicable to
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our case appeared to be Myers’ alkylatiéA? This iterative
approach could ensure the construction of the chiral centers
with a high degree of enantio- and diastereoselectiign

'the basis of these considerations, compodimds projected

to be the starting material for our synthetic effort (Figure
2).
Our synthesis of the C1C12 fragment of borrelidin is
delineated in Schemes 1 and 3 and departs from readily
available oxazolidinoné&.1® Stereoselective alkylation &

(15) For selected examples of related syntheses, see: Evans, D. A.; Ennis,
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(17) Use of other chiral auxiliaries in conjunction wjtkbranched iodides
are low yielding due to the reduced reactivity of the electrophile. This,

rapamycin, and related macrolides. For a recent monograph on macrolides however, is not an issue for the pseudoephedrine-based alkylation reported
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by Myers and collaborators (ref 16). See also: Myers, A. G.; Yang, B. H.;
Chen, H.; Kopecky, D. JSynlett1997, 457—459.
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Scheme 2. Confirmation of Stereochemistry of Alkylation via
Symmetry Elements
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aReagents and conditions: (a) 1.4 equiv of NaH, 1.3 equiv of
BnBr, 0.1 equiv of TBAI, THF, 0°C, 3 h, 92% forl4, 95% for
15, 96% for16; (b) 5.0 equiv of LAH, E{O, 10 h, 84%.

with benzyl chloromethyl ether6] followed by reductive
cleavage of the chiral auxiliary with LiBfafforded alcohol

4, containing the C4 methyl group, in 68% yield (Scheme
1). Treatment of4 with triphenylphosphine, iodine, and
imidazole produced iodide (96% yieldf° and set the stage
for the installation of the second methyl group (C6 center).
To this end, alkylation of the enolate of }-pseudoephedrine
propionamideB with 3-branched iodid& afforded the 1,3-
syn-alkylated substrae Reduction of amid® with lithium
amidotrihydroborate (LAB) gave rise to alcohtd in 90%
yield as a single diastereomer 5% de), as evidenced by
IH and 3C NMR studies. Unequivocal proof for the
stereochemistry ofl0 was obtained by alkylation of the
hydroxyl group with benzyl bromide (Scheme 2). Such a
maneuver produced benzyl etHefthat was expected to be

Scheme 3. Synthesis of the Fragme@tof Borrelidin?
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aReagents and conditions: (a) 1.2 equiv of EtOH, 1.4 equiv of
DCC, 0.1 equiv of DMAP, CECl,, 2 h, 25 °C, 95%; (b) 2.0 equiv
of CHzCN, 2.0 equiv ofnBuLi, THF, =78 °C, 1 h, 90%; (c) 1.2

a meso structure based on the anticipated alkylation outcomeequiv of NaBH, MeOH, 1 h, 96%; (d) 1.5 equiv of TIPSCI, 2.0

Indeed, both the symmetry displayedid and3C NMR
data and the absence of specific rotationlffédemonstrated

equiv of 2,6-lutidine, 0.1 equiv of DMAP, Cil,, 6 h, 25°C,
94%; (e) B, 0.1 equiv of Pd/C (10%), 60 psi, 12 h, THF, 89%

unambiguously that the two methyl groups are syn to each (15% SM recovered); (f) 1.5 equiv of DesMartin reagent, 2.0

other.
Conversion of alcohol 0 to the corresponding iodidEl

equiv of pyridine, CHCI,, 1 h, 0°C, 92%; (g) 1.4 equiv oR2,
toluene, 4 AMS~78°C, 1 h, 87%; (h) 5.0 equiv of MEMCI, 8.0
equiv ofiPrNEL, 92%; (i) cat. Os@ 2.0 equiv of NMOtBuOH/

provided the appropriate electrophile for a second round of THF/H,0 10/3/1, 6 h; then 1.5 equiv of Pb(OAC)CH,Cl,, 0 °C

alkylation. Along this line, quenching of the lithium enolate
of (+)-8 with 11 produced, after reduction with LAB, the
homologated alcohol? (89% over two steps). The syn,-
syn-relationship of the C4, C6, and C8 methyl
again examined following benzylation of alcoHd (Scheme
2). The newly produced benzyl eth#® was proved to be a

meso structure on the basis of the absence of specific rotation.

(18) For selected applications of Myers’ alkylation in natural products
synthesis, see: Sudau, A.; Munch, W.; Bats, J. W.; NubbemeydtulJ.
J. Org. Chem2002, 19, 3315—3325. Myers, A. G.; Siu, M.; Ren, F.
Am. Chem. So2002,124, 4230—4232. Bode, J. W.; Carreira, E. 8.
Org. Chem2001,66, 6410—6424. Kopecky, D. J.; Rychnovsky, S.D.
Am. Chem. So2001, 123 8420-8421. Keck, G. E.; Knutson, C. E.; Wiles,
S. A.Org. Lett.2001,3, 707—710. Snider, B. B.; Song, ©rg. Lett.2001,
3, 1817-1820.
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10 min, 74%; (j) 3.0 equiv of NaCl§) 3.0 equiv of NaHPQ,, 3.0

equiv of 2-methyl-2-buteneéBuOH/H,O 2/1, 0.5 h, 81%; (k) 1.6
equiv of TMSCHN,, MeOH/CHCN 1/1, 20 min, 91%; (I) 1.5
equiv of TBAFTHF, THF, 2 h, 84%; (m) 3.0 equiv of PCC,

groups was cp,cl,, 12 h, 75%.

Installation of the C10 methyl group with the desired
stereochemistry required use of the unnatural enantiomer of
pseudoephedrine derivative-Y 8 as the chiral auxiliary.
Iteration of the alkylation sequence was accomplished by
initially converting alcoholl2 to the corresponding iodide

13 (97%). Subsequent treatment &8 with the lithium
enolate of (—)8 followed by hydrolysis of resulting
homologated amide with excess tetrdputylammonium
hydroxide produced carboxylic aciélin 75% yield (over
two steps). As with the previous alkylations, compoughd
was reduced to the corresponding alcohol and transformed
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to the benzyl etherl6 (Scheme 2). As predicted, this one-pot dihydroxylation and oxidative cleavage of the
compound exhibited a specific rotation, indicating that it was terminal alkene followed by (2) oxidation of the resulting
not a meso structure. This, in turn, confirmed the anti,syn,- aldehyde to the carboxylic acid and (3) esterification with
syn,syn orientation of the four methyl stereocenters. TMS-diazomethane. This manipulation produced methyl
Elaboration of carboxylic aci@ to ketonitrile2 is shown  ester24in 63% yield. Exposure a24to TBAF as a fluoride

in Scheme 3. Esterification of acRiwith ethanol and DCC ~ source and oxidization of the newly generated secondary
afforded ethyl estet 7 that upon alkylation with the lithium  alcohol gave rise tg-ketonitrile 2 representing the fully
salt of acetonitrile producefi-ketonitrile 18 in 86% yield. ~ functionalized C1—-C12 fragment of borrelidin.

Since this functionality was found to be incompatible with ~ In conclusion, we have presented herein an efficient and
subsequent synthetic manipulations, it was reduced to theenantioselective synthesis of the ©112 fragment of
corresponding secondary alcohol and subsequently protectedporrelidin (1). Highlights of our strategy include the con-
with TIPS chloride. This maneuver afforded silyl ettg®  struction of the skipped polymethylene segmentloby

in 90% vyield as a 1.3:1 mixture of stereoisomers at the C11 iteration of Myers’ alkylation methodology and the formation
center. This product was carried forth as a mixture since the Of the C3 stereocenter using Roush’s allylboration reaction.

hydroxyl group was projected eventually to be reoxidized Both methods proceeded in high yield with exceptional
to the desired ketone. stereocontrol. Extension of the above strategy to a total

synthesis of borrelidin and structural activity investigation

Exposure of benzyl ethe20 to hydrogenation produced i ¢
is currently underway in our laboratories.

the corresponding alcohol, which after treatment with Bess
Martin periodinane gave rise to aldehy2®(82% over two
steps). Concerned with potential epimerization of the C4
center, we treated aldehy@& immediately after extraction
with allyl boronate22 using Roush’s asymmetric allylbo-
ration conditiong! The resulting homoallylic alcohol was
then protected with MEMCI to afford eth@Bin 80% overall
yield as a single diastereomer at the C3 center. Supporting Information Available: 'H and 3C NMR
Transformation of compoung3 to methyl este24 was spectra for compound&—4, 7, and 10—18 and selected
achieved by a sequence of three steps that included (1) aexperimental procedures for compour@@$, 10, 3, and17.
This material is available free of charge via the Internet at
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