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A key structural feature of the Neocarzinostatin chromophore is a reactive epoxydiyne. We present here a new method for the preparation of
epoxydiynes by the addition of an allenyl zinc bromide to a propargylic ketone.

Neocarzinostatin (NCS), isolated from the bacterigtrep- The structure of the chromophore was elucidated in 1985
tomyces carzinostaticugar,! is a potent antibacterial and and found to contain an extremely strained epoxydiyne
antitumor agent. NCS exists as a 1:1 complex of a protein motif.

and a highly reactive chromophaotgFigure 1). A polymer- NCS chromophore has been the subject of many synthetic
studies in recent yeafssulminating in two successful total
syntheses to date by Myé&rand Hiraméf Much of the work

in this area has utilized epoxydiynes of the typas key
intermediates (Scheme 1). The synthesis of these compounds
has been reported in-43 steps from the commercially
availablep-mannitol derivative3, applying sharpless epoxi-
dations of enediynes as the key step in each €ase.

Our own previous synthetic studies toward NCS chro-
mophore have focused on a different strategy, involving a
MeHN&%Me conjugate addition/intramolecular aldol sequehte.extend
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Figure 1. Neocarzinostatin chromophore.
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s chlorohydrin, which was then cyclized with DBY.The

Scheme 1. Previous Routes to Key Epoxydiynes diastereomeric epoxidgsand8 were obtained as a mixture
o in a 3:5 ratio. Further purification allowed small amounts of
><o 9 13 steps A/O each epoxide to be obtained separately, allowing full
HO _ . Or. characterization. Thus the major product was confirmed as

OH trans due to its smaller coupling constat.
8>< 7\ The stereochemical outcome is consistent with the major
3 5 SiRg stereoisomer being generated from a transition state minimiz-

ing the steric interaction between the alkyne and the chlorine
atom (Scheme 3).

this strategy we require the attachment of the C-8 carbon
to the alkyne component prior to the union of the two
fragments. This strategy requires that we find a general route Scheme 3. Proposed Transition State Model for Selectivity
to unsymmetrical epoxydiynes and despite considerable work R
we have been unable to extend any of the methods previously cﬁ\ =0 ' HQ @
utilized for the synthesis of NCS chromophore and related \H(ZnBr_ Disfavoured F?\

Y
structures. The purpose of this letter is to describe a new H ™S

approach to unsymmetrical epoxydiynes that is not based
on utilizing a Sharpless asymmetric epoxidation approach. )=0 HO cl

It has recently been reported that allenyl zinc brondde C|>,:’R_\\\\ZnBr Favoured R’ \
can be added to a number of aldehydes and ketones to give H s /_\
halohydrins, which are subsequently cyclized to give prop- ™S
argylic epoxides. Inspired by this work, we conceived of
an approach to the desired epoxydiynes by addition of an
allenyl zinc bromide to a propargyl ketone. Preliminary It was then considered that according to this transition state
studies directed toward assessing the feasibility of this model, propargylic ketones including a bulky substituent in
approach and in particular the stereochemical outcome werethe o position would preferentially form the epoxide with
initiated. Treatment of propargyl chloridewith 2 equiv of ~ the alkynes in ais configuration. With NCS chromophore
zinc bromide followed by 2 equiv of LDA at low temperature in mind the ketoned was synthesized from the-mannitol
led to the formation of an organozinc reagent, which we derivative3 via periodate cleavage of the diol, followed by

assumed to bé (Scheme 2) Addition of 2-0ctyna| to this the addition of TMS'acety”de and f|na”y oxidation with
pyridinium dichromate (Scheme 4).

T™S

Scheme 2. Preparation of the Allenyl Zinc Bromide and the

Synthesis of Simple Epoxydiynes Scheme 4. Synthesis of Chiral Keton8
1) ZnBr; (2 equiv 1) NalO4, DCM
TMS—= TLF e — ><8 2)> —ws Ao/,:D
5 C 2)LDA (2 equiv) H 4 T™S HO LIHMDS, THF o
H OH 3) PDC, DCM y
0o O>< 66% over 3 steps 7
HO Cl 3 © ™S 9
4
n05H11 // \\
nCsHqq ™S There was also literature precedent to presume that the
Y chiral center at the-position of9 would guide the addition
Ha A Hb Ha of the allenyl zinc species to the ketone to favor the resultant
1) KF, DMF A + g h alcohol with the desiredR-stereochemistr? This can be
2)DBU, DCM 7 N 7 rationalized by proceeding via the transition state shown in
st 7 ”C5H11 8 Scheme 5, following a nonchelation FelkiAnh model or

42% over 3steps alternatively g3-chelation effect.

SJ(Ha'Hb) =3.8Hz 3J(Ha-Hb) =20Hz
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mixture qu to the formation of two ne_W prOdUCtS’ p_roposed NaOH solution led to an incomplete reaction after one week. This was also
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isolation and characterization, and thus reliable diastereo-
meric ratios could not be obtained. The stereochemistry of
the isolated products in these cases could be confirmed as
they are known compounds reported by Hirdmand
Myers2 respectively. In the latter case the completion of
the synthesis of Neocarzinostatin with this fragment unam-
bigously confirmed the stereochemistry. Comparison of the
op values ofl1 and12 with the literature also suggested no
racemization of the chiral keton@ had taken place. The
removal of the TES group from1 with TBAF gave 10,
With four possible diastereomers obtainable in this reac- thus confirming the stereochemistry in the above case as well.
tion, it was promising to see one major chlorohydrin from  As mentioned previously, our general strategy toward NCS
crude NMR analysis. Subsequent treatment with KF led to chromophore has been to include C-8 on the epoxydiyne
the removal of both silyl groups and cyclization, to give a fragment To do this using the allenyl zinc methodology
mixture of diastereomeric epoxydiynes of which only the required starting with an appropriately substituted propargylic
desired productlO was cleanly isolable in moderate yield chloride. This is a challenging test of the methodology, as it
(Scheme 632 Confirmation of the stereochemistry of this is complicated by the potential for cumulene formation. The
product is discussed below. required propargylic chloridel5 was readily made by
treatment of commercially available alkyd8 with dieth-
_ ylphenyl orthoformate and ethyl magnesium bromide fol-
" . lowed by immediate desilylation to give acefal.'* Mesy-
Scheme 6. Addition to a Chiral Ketone lation followed by displacement with chloride afforded the

Scheme 5. Proposed Stereoselective Nucleophilic Attack%n

o] desired producl5 in good yield (Scheme 8).
// Scheme 8. Synthesis of the Propargyl Chloride
1) PhOCH(OEt),,
™S 9 o EtMgBr, THF B
KF, DMF, H,0 1 OTMS  2)K,CO3,MeOH  EtO . OH
70%

1) MsCl, EtsN, Et,0 BO
2) CHCl3, BuyNCl, A EO ,5 C

80%

For this methodology to be generally useful, it needed to
be applicable to unsymmetric disubstituted diyne epoxides.
This methodology was therefore applied to the TES- and
TBS-protected propargyl chlorides. In these cases the
intermediate chlorohydrins were treated withO; at —10
°C to selectively remove the TMS groups. A mixture of
diastereomeric epoxydiynes was formed in each of these
reactions, from which the major componentd, and 12,

respectively, were the only ones isolable (Scheme 7). It_

[ Scheme 9. A Key Fragment towerd Neocarzinostat
Ao
1) ZnBry (2 equiv),

Scheme 7. Synthesis of Key Silylated Epoxydiynes

As previously mentioned there was a possibility that on
treatment with base tha6 would decompose via a cumulene
intermediate. Gratifyingly, however, we found that treatment
of 15with ZnBr, and LDA, followed by propargyl keton@
led to chlorohydrin formation and subsequent treatment with
KF afforded a mixture of diastereomeric epoxydiynes from
which 16 was isolated in good yield (Scheme 9).

EtQ

V= THF, -78 °C
EtO 15 Cl 2)LDA (2 equiv)
3)9
4) KF, DMF
66%
11 R=TES 62% - . .
’ 12 R=TBS 61% The addition of allenyl zinc bromides to alkynyl aldehydes

and ketones offers a new method for the synthesis of

. . P (13) Attempts to close the halohydrin with DBU led to a complex mixture
should be noted that the minor diastereomers in theseof silylated and desilylated epoxide products being obtained.

reactions were present in complex mixtures, preventing their  (14) Le Strat, F.; Maddaluno, @rg. Lett.2002 4, 2791-2793.
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epoxydiynes. This protocol provides a shortened synthesisto CEM Microwave technology, GSK, Novartis, AstraZeneca

of functionalized epoxydiynes which have found use in the for generous support of our program. Provision of mass

synthesis of Neocarzinostatin chromophore. It has also spectra by the EPSRC Mass Spectrometry Service is also

proved possible to apply the method to form epoxydiynes ackowledged.

containing a pendent acetal functionality. Studies are un-

derway to apply this reaction in the total synthesis of NCS  Supporting Information Available: Full experimental

chromophore. procedures and characterizations. This material is available

free of charge via the Internet at http://pubs.acs.org.
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