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Abstract
The synthesis of a functionalised bicyclic ring system related to the naturally occurring dienediynes, NCS
and K darcidin Chromophores is presented. K_cy steps involve: conjugate addition of an enediyne to a

aldol reaction. ©

Q-"D

functionalised enone and intramolecular boron mediate 999 Elsevier Science Ltd. All rights reserved.
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Introduction

The dienediyne chromoprotein antibiotics have been the subject of significant
attention from synthetic, biological and medicinal chemists [1]. Interest in these molecules
arises from their unusual synthctically challenging, molecular structure and their potent
biological activity [2]. Members of this class include Neocarzinostatin (MCS), Kedarcidin,
C-1027 and Maduropeptin which are all isolated from natural sources, and each comprise a

1:1 complex of an apoprotein and a chromophore [3]. The structures of the chromophores
ori

are depicted in scheme 1. The current opinion is that biological activity originates from the

ability of the chr
ia

acid damage vi

chromophores and it is only recently that the first completed synthesis of a dienediyne
chromoprotein natural product (NCS Chrom) has been reported [5]. This work provides
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opportunities for the evaluation of strained analogues of NCS which shouid further our

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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The purpose of this paper is to describe our recent efforts toward the synthesis of

functionalised bicyclic ring systems related to naturally occurring dienediynes. This work

details some problems encountered and demonstrates that an aldol strategy can be used for

the practical construction of functionalised bicyclic ring systems related to dienediynes [6].
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many elegant methods ublished toward such strained ring systems [7],
w

which 1 en pu
few have incorporated a dihydroxylated five-membered ring [8]. Moreover we felt that it

wae hlaly that a r‘;k:r:‘ﬁnvtylnfgfq rurlanantanana ~ranl ha ncad tn mranara hath
wady linaui tiat a Jiiyuilvayildivu Vyuvivpuiiiviiviae vuUulu vue wyou v pxcymc UuLl
functionalised monocyclic NCS analogues [9] and the natural product chromophores. Thus,
central to the philosophy of our programme is the preparation and utilisation of a

functionalised five-membered ring in the construction of natural dienediynes and

functionalised monocyclic analogues (scheme 2).
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We herein present our work which describes our efforts towards the development of a
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Results and Discussion

(i)  Cyclopentenone Synthesis: After a considerable amount of investigation into
methods for cyclopentannulation we found that we could promote an isomerisation of
pyranone 5 (Scheme 3) [10]. This pyranone is readily prepared on large scale and such
species have been widely used, most notably in recent years as precursors to oxopyrilium
for cycloaddition reactions [11]. Thus treatment of § with Et;N in DMF at 80 °C for 16-24

hours enables us to isolate the product 6 in 75-85% yield (scheme 3). We have found that

S

these conditions offer the most effective method for this transformation and we have
nared 30-50 g batches of the desired material using this method [ [12].
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widely exploited in organic synthesis and is attractive because of the mildness of the reaction
conditions and considerable functional group compatibility [13]. Work from the groups of
Wender [14] and Buszek [15] demonstrated the applicability of such methods toward
strained dienediyne ring systems, and we decided to evaluate the methods for the production
of functionalised systems. The proposed approach is illustrated retrosynthetically in scheme
4.

Scheme 4

coupling with 1-butynol and a sub-stoichiometric palladium (II) pre-catalyst led us to isolate
the desired product 9 in excellent yield. It is noteworthy that this transformation is only
successful with careful control of the reaction conditions. If, for example, slow addition
techniques are not used, then we see none of the desired products and only traces of what we
suspect to be enone dimer. In our experience, the application of these palladium “catalysed”

protocols can be very effective in enyne and enediyne synthesis, but care must be taken in

the preparation and storage of pre-catalysts and careful attention must be paid to
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Scheme 5
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Reagents and conditions . i. TBSCI, Im, DMF, 0°C, 92%. ii. Br,, Et,N, CH,CL,, 81%. iii. Pd(PPh,),Cl, (4%),
Cul (9%), DIPA, 3-Butyn-1-ol (slow addn, 3h), THF, 50 °C, 98%. iv. HCCCH,MgBr, Et,0, -84 °C to r.t.,
47%. v. 1,, morpholine, benzene, 50 °C, 44%. vi. DMP, CH,Cl,, r.t.

(iti) Ring Closure: Aldol Approach

enediyne synthesis [16]. Of particular note are the pioneering contributions of Magnus and
co-workers who have made extensive use of this type of approach in synthesis [17].
However to our knowledge, application to appropriately functionalised nine-membered rings

related to NCS and Kedarcidin had not been achieved. In order to evaluate this type of

offer a verv co

Vaiswa & xJ

Synthesis of the enediyne fragment 20 is presented in scheme 6. Addition of Br, to
ethyl propiolate gave the dibromide 12, which could, as reported, undergo regioselective

e AL a1 12 el a2 ~ele

palladium mediated coupling with trimethylsilyl acetylene (T1

TRAC AN INMMOT LYncsrnzraes zxz A
TMSA) [18]. However we found

that coupling of the iodide was preferable, and that bromide-iodide displacement could be
readily achieved by a vinylogous Finkelstein reaction employing sodium iodide in acetone.
Reduction and protection using TBDPSCI proceeded without event and TMS deprotection
gave enyne 17. Functionalisation of the terminal alkyne using a zinc assisted acetalisation
gave acetal 18, which, under carefully optimised conditions, could be transformed into

enedlyne 19 using a Pd(II) pre-catalyst. Deprotection using potassium carbonate provided

lengthy, can be used to deliver multi-gram quantities of the desired enediyne 20.
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Scheme 6
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i 12, X=8Br o I L R'=TMS,P=H OMe
L aveeiitn .
13, X =1 —— 16, R' =TMS, P = TBDPS 19, R2 =TMS
i v viii
™ 14, X =CC-TMS —> 17,R'=H, P = TBDPS L. 20 A2 = H
vi

— 18, R! = CH(OMe),, P = TBDPS

Reagents and Conditions. i. Nal, acetone, 60°C, 94%. ii. Pd(PPh,),, Cul, i-Pr,NEt, TMSA, DMF, 0°C, 87%.
iii. DIBALH, Et,0, -78°C to 0°C, 97%. iv. TBDPSCI, DMAP, Im, DMF, 97%. v. K,CO,, MeOH, 75%. vi.
(MeO),CH, ZnCl,, 160°C, 96%. vii. PdC1,(PPh,) ,, Cul, n-PtNH,, TMSA, THF, 60°C, 82%. viii. K,CO,,
MeOH, 78%

AVAUNSA 2y

in order to effect a conjugate addition of enediyne 20 with an enone, we needed to

make use of a neighbouring hydroxyl group, and thus unmasking of the tert-butyl protecting

1 Cani
ted using TiCl, to give enone 21. C

aluminium species to enones has been shown to be effective in the presence of a proximal
hydroxyl group, presumably via some intramolecular delivery process [19]. These early
reports specifically recommend the use of a non-polar solvent to effect such reactions.
However our early attempts to use non-polar solvents were singularly unsuccessful, and it
was only when we used THF as solvent that we were able to effect the clean conjugate

addition. Under these conditions we were able to isolate the desired conjugate addition

en
is assigned on the basis of nOe differ

Manipulation of adduct 22 required benzoate protection and thence cobalt carbonyl

complexation (84%). Regioselectivity was assigned on the basis of chemical shift values by
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Reagents and Conditions i. 20, n-BuLi, THF, 0 °C, -78 °C, 30 min then Et,AlCl, r.t. 1 h, then 21, 51%. ii
PhCOCI, Pyr, DMAP, CH,Cl,, 89%. iii C‘z’CO)s, CH,Cl,, 0°C, 84%. iv. TFA, CH,Cl,, 96%
Treatment of the aldehyde 25 with di-n-butylboron triflate and triethylamine effected
the ring closure in good yield (75%) (scheme 8). Spectroscopic studies confirmed the

structure of the major product (ratio 10:1) as the desired product 26 as a single diastereomer,
e

assigned on the basis of extensive NMR spectroscopic experiments. In particular the

Alhoosrad nfia anha ad tha
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goserved nile ennancements contirmea the Syn reiation 0ip o

protons at C-12, C-1, C-8 and
C-9 (NCS-numbering). Careful analysis of the minor isomeric product using 2D COSY
allowed us to carry out useful nOe experiments; a key enhancement between the protons at
C-11 and C-8 (6.1%) established the stereochemistry at C-11, and a single observed
enhancement of the proton at C-12 on irradiation of the OH corroborated the position of the
benzoate group. From our data we propose the structure of the minor product to be

consistent with 27 which is epimeric at C-8 and in which the benzoate group has migrated.

Tha lack nf n anhanramant hatwaeaan t nrataone at (- and (C_Q ic alen ciinnartive nf the
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proposed structure
Scheme 8
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bicyclic dienediynes, using a convergent and 'nighiy stereocontrolied synthetic approach. The

control of relative stereochemistry is an important feature of the work and the following

hd

synthesis of enediyne 13; conjugate addition to give 15; alkyne complexation to give 16;
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mediated aldol reactions of cobalt hexacarbonyl complexed a kynyl aldehydes in the
preparation of highly functionalised dienediynes. Our future work will concentrate on
extending this strategy to further elaborated natural and unatural dienediynes.
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Generai: All giassware was oven or flame dried prior to use. All reagents and solvents were
purchased from commercial sources and used as supplied or purified using standard

JERPE T | Iry rr SDe Mmoo o s SN LN N AATY

mewmodas. 1IN pCL {ra wWere r COI'UCU on Dl' UKCI bp frometers at JWJ, J0U Or DGG 1Virlz.
®C NMR spectra were recorded at 125.6 or 75 MHz in CDClI, using residual CHCl, as
internal reference. IR spectra were obtained on a Perkin Elmer 1710 FTIR spectrometer as
thin films, solutions or KBr discs. Tlc was carried out on pre-coated silica-gel plates and

visualised using standard procedures. Melting points are uncorrected.

trans-[4-(1,1-Dimethylethoxy)-5-(hydroxy)-2-cyclopenten-1-one 6
atismmad anlirtinm AL & (A a NIK manl) im NDME QNN Y anA B+ N 714 mnl 1 A4 mal) wao
A SULICU »uluuovnl vl o \"" 5, V.4J 11U1) 11 L/1vi1° \OUV 1111) aliu Lal3l‘ \1V 111, 1.47 111VL) WwWad

-~ 5]
1§ L
heated at 80 °C for 24 h. The black reaction mixture was allowed to cool to room
d concentrated in vacuo and purified by flash column chromatograph
silica eluting with 2:1 petrol/ether to give 6 as a white solid (32.8 g, 78 %
2 , 1

)
393, 1266, 922; &, 7.28 (1H, dd, J 6.1, 1.8 Hz), 6.18

vmax (cm’) 3430,

71YT 1 T - 1 IT_\ A £N AL 1YY N\ AND F1IY 1 T ADTI_NX 2 AN 7117 L.\ 1 D& /OTY N\ N
(1H, d, J 6.1 Hz), 4.55 - 4.56 (1n, m), 4.05 (1N, q,J 2.2 nz), 5.42 (1N, vs), 1.23 (Jn, 8); O¢
205.0, 161.5, 131.3, 80.7, 76.4, 75.1, 28.2; HRMS (EI) calcd. for C;H,,0, (M-CH,)"
155.0708, found m/e 155.0703
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trans-[4-(1,1-Dimethylethoxy)-5-[[(1,1-dimethylethyl)dimethylsilyl]oxy]]-2-cyclopenten-

To a solution of 6 (10.3 g, 60.6 mmol) in dry DMF (94 ml) at 0 °C was added teri-
butyldimethylsilyl chloride (11.1 g, 73.3 mmol) and the mixture stirred for 15 min.

.

e mn 11

3.3 mmol) was then added to the mixture in 4 portions over 10 min, after
uenched with saturated NaHCO, solution and extracted with ether. The
na

and dried usine MaSQO, The filtrate wag
SALivE WAL AWna LRI A .16 AVAEU'\J4 A Ki%s l‘l‘.u A ¥ Yo

concentrated in vacuo and purified by flash column chromatography on silica eluting with
15:1 petrol/ether to give 7 as le R58,

7.19 (1H, dd, J 6.3, 1.6 Hz), 6.07 (1H, d, J 6.3 Hz), 4

Hz), 1.24 (9H, 5), 0.88 (9H, s), 0.14 (3H, 5), 0.09 3H, 5); & 203.3, 160, 132.3, 81.7, 77.6,
75.3, 28.8, 26.2, 18.8, -3.8, -4.7; HRMS (FAB) calcd. for C,;H,,0,Si (M+H)* 285.1886,
ound 285.1886.

e

trans-[4-(1,1-Dimethylethoxy)-5-[[(1,

iy

-dimethylethyl)dimethylsilyljoxy]]-2-bromo-2-
cyclopenten-1-one 8

(1.13 g, 3.9 mmol) in dry disti
N,. Br, (0.3 ml, 5.6 mmol) in CH,Cl,

thereaction mixture was allowed to stir at O °C under N, for 30 min. Et;N (0.65 ml, 4.7

TP el § i ol B2, NSO L .,L:_._,: _____
1CU ULy 3.0 11 Wdad SUIT!

i
3.5 ml) was added dropwise over 15 min and

0

mmol) in CH,Cl, (3.5 ml) was added dropwise over 20 min and the reaction mixture was
stirred at 0 °C under N, for a further 60 min. The reaction mixture was then stirred at room
temperature overnight, diluted with CH,Cl, (50 ml), washed with H,O (15 ml), and brine (15
ml). The resultant organic solution was dried (Na,SO,, 30 min) and reduced in vacuo to yield

tha Amida mendiint ag an aranoa N1 (1 QAN Th mida matarial wac
Wuiv Vi uue Pluuu\-’l ady all Ulallé\w Vil (1. . {® 4 1

P
chromatography on silica using a gradient elution of petrol/ether 10:
yellow oil (1.15 g, 81 %). vmax (film) cm-1 2931, 2858, 1743, 1586, 1392, 1366, 1071,

L D’ LS L11131) w111

1257, 841, 782, 701, 632. &,; 7.38 (1H, s), 4.51 (1H, 5), 4.18 (1H, d, J 2.0),
)

(9H, s), 0.20 (3H, s), 0.15 (3H, 5). 8. 196.7, 158.2, 124.5, 80.5, 77.0, 75.8
3.9, -4.7. HRMS calcd f‘rb,5H27O3Sf’/m M) *: 362.09128, found: 362.0913
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trans-[4-(1,1-Dimethylethoxy)-5-[[(1,1-dimethylethyl)dimethylsilyljoxy]]-2-(4-hydroxy-

1 -hntvnvh-Z-cvclonenten-l -one 9

A solution of 8 (0.075 g, 0.21 mmol), N,N-diisopropylamine (0.15 ml, 1.1 mmol), Cul
(0.032 g, 0.16 mmol) and (PPh,) ,PdCl, (0.0052 g, 0.0075 mmol) stirred in dry distilled THF

o }‘\A"‘.- A e O A ~leelno. 1

MNNTL 1 AT oINS A 32 .01
d to 50 °C. A solution of 3-butyn 1(U.U10 mi, U.21 mmol) in dry distilied

(5 ml) ica -ol
THF (2 ml) was added dropwise over 2 hours and the resultant mix was stirred at 50 °C
i d

saturated aqueous NH,Cl solution (2 ml) and the aqueous layer was extracted with ether.
The combined organic layers were dried (MgSO,, 30 mins) and reduced in vacuo to yield the
crude product as a brown oil. The crude material was purified by flash column
chromatography (gradient petrol/ether 3:1 to 1:1) to give 9 as a yellow oil (0.070 g, 98 %).

vmax (nm-l\ ’24’)R ’)9<Q '701(\ ’)SZ<Q '73&’) 1372. 1392 13467 1’7(’7 1084 220 781 o

T by LI T huy LINT] Ty OJ 7, JO1. Uy

2.68 (2H, t, J 6.2), 2.10 (1H,

cyclopent-2-ene-1-ol 10

Propargylmagnesium bromide (1.5 ml of 1.03 M solution, 1.5 mmol) was added to a solution
of 9 (0.299 g, 0.84 mmol) stirred in dry/distilled ether (12 ml) at -84 °C under N,. The
mixture was stirred at -84 °C for 15 mins, allowed to warm to room temperature, stirred for a
further hour and then quenched with saturated aqueous NH,Cl1 solution (8 ml). The aqueous

layer was extracted with ether. The combined organic layers were dried with MgSO4 and

umn chromatography (gradient, petrol/ether 20:1 to 5:1) a
(0.154 g, 47 %). mpt. 117 - 120 °C. vmax (cm) 3600, 3312, 2959, 2929, 2896,

2857, 1618, 1473, 1463, 1390, 1365, 1257, 1047, 839, 779. 8, 5.98 (1H, s), 4.31 (1H, d, J
5.6),3.96 (1H, d, J 5.6), 3.76 (2H, t,J 6.0), 2.70 - 2.60 (4H, m), 2.05 (1H, t, J 6.0), 1.21 (9H,

D.‘--

yellow solid

N NOAMOIT N N1E /D A NITAMUT N R 1220 170£ 011 Q&2 QN1 1012 TL L TED
$), U.Y4 (¥, 8), U.15 {151, §), U.13 {511, §). O¢ 150.5, 126.06, J1.1, 03.3, 0U.1, /7.3, 10.06, /0.4,

73.1, 70.0, 59.8, 27.4, 24.9, 24.5, 22.9, 16.9, -3.9, -4.0. HRMS calcd for C,,H,,NO,Si
(M+NH,)": 410.27266, d

AvATTANA 24/



S. Caddick et al. / Tetrahedron 5
. dron 5

£141¢
- bbbl

L
-~
~
Ne)
Ne
O

trans[4-(t-butoxy)-5-(¢-butyldimethylsilyloxy)]-2-(4-hydroxy-1-butynyl)-1-(3-iodo-2-

nmnvnvl) cvclnnent.Z«ene-l -0l 11

Morpholine (1.12 ml, 12.9 mmol) was added to a suspension of 1, (1.0 g, 4 mmol) stirred in
dry/distilled benzene (1 ml) at room temperature. The mixture was stirred until all the iodine

n s Q e TN S
U (U./ g, 1.0 1I1NnVl)

o

esultant mixture wa

saturated aqueous sodium thiosulfate solution (10 ml), dried (MgSO,, 30 mins) and reduced

in vacuo to give the crude product as a brown oil. The crude material was purified by flash

1

column chromatography on silica (gradient petrol/ether 10:1 to 5:1) to give 11 as a brown
solid (0.41 g, 44 %). mpt. 62 - 64 °C. vmax (cm™) 3608, 3354, 2959, 2930, 2898, 2857,

3
'711].1 ’)')"’) ] R')n 1473 1462 1301 1365 13472 17250 1134 1087 1048 RA1 R0 460 {
1371, 1300, 1394, 1407, 113%, 107, 1US0, OU1, O37,

Mt W T g Lot s s LT 1 Jg LETTUY, 3 Y Py Y s ' . Py ) V7. Uy
5.98, (1H, d,J 1.4),4.29 (1H, d, J 5.8), 3.95 (1H, d, J 5.8), 3.80 (2H, t, ] 6.1), 2.83 - 2.59
(4H, m), 1.94 (1H, s), 1.21 (9H, 5), 0.94 (9H, s), 0.14 (3H, s), 0.13 (3H, s5). §. 138.6, 129.8,
92.7,92.7, 90.7, 86.8, 81.8, 78.1, 76.4, 74.6, 61.4, 28.8, 28.3, 26.3, 24.5, 18.4, -3.8, -4.0
HRMS calcd for C,;H,,0,Sil (M-7-Bu)’: 461.06452, found: 461.0645.

(Z)- Ethyl 2-bromo-3-iodopropenoate 13

To a stirred solution of the dibromide 12 (21.0 g, 81.0 mmol) was added a solution of
sodium iodide (28.5 g, 190 mmol) in dry acetone (70 ml) and the resulting orange
suspension was heated at reflux for 3 days (reaction monitored by I1H NMR). The reaction
was cooled to room temperature and concentrated in vacuo. The crude mixture was filtered
through silica (10:1 petrol/CH,Cl,) to give 13 as a colourless oil (23.1 g, 94 %) vmax (cm)

2936, 2904, 1730, 1559, 1464, 1298, 1246, 1192, 1033, 733 cm-1; &, 8.71 (1H, s), 4.28 -

4721 (MH 171
Wl d \

re| 7T
Lok Ly \i,d 7.1 ArPL

for C,;H,0,79BrI (M)* 303.8596, found 303.8596.
(

11’1!Llrl’7lur7\316ﬂ1 129.1. 102.8. 63.2. 14.8: HRMS calcd
st \ Ly J AL 1 Ly W e

~TA Ly LY L PR VAVEE TR F -l Y T bt e\ T o Soky ALTWIy LAENLYANT \/ul\/

AA~A Ous 1A A~
Uucu. \,upx us 1034iae

(1.4 g, 11.2 mmol) were

ammonium chloride solution and extracted with ether. The organic layers were washed with

brine, dried with MgSO,, filtered and concentrated in vacuo. Purification of the residue was
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carried out by flash column chromatography on silica (45:1 petrol/ ether) to give 14 as a pale

e oil (5.90 g, 87 %) which was used imme ia!ply in the followin

o
eI as VY 2i2N31 ¥ I LRIV NRARR LW Taiw ANS i £5 Lwiawex

solution of 14 (7.40 g, 27 mmol) in ether (80 ml) at -78 °C was added dropwise
diisobutylaluminium hydride (10.5 ml, 59 mmol). After 15 min the reaction flask was placed

} &) .
(1,1-Dimethylethyl)[(2-bromo-2-pentene-5-trimethylsilyl-4-ynyl)oxy]diphenylsilane 16
Imidazole (4.50 g g, 66 mmol), and t-but ldlp enylsilylchlnnd (15.0 ml, 58 mmol)

xaa Aiiaiavay AN ¥ vu‘- a AiAay NS 2i

°C. After 3 hours the reaction was quenched with saturated sodium bicarbonate solution and

w Mhn e nta wxrama srach st Lladad ..A.-....
1Ii€ EXUTacis wWEere wasr ICU Wllll Wwalicr, oriic dllU UllCU WIUI lVlg\)U4 IUC

oy Wy

extracted with ether.
crude reaction mixture was purified by flash column chromatography eluting with 20:1
petrol/ether to give 16 as a clear oil (24.1 g, 97 %). vmax (cm-1) 3072,2959, 2931, 2896,
2858, 2144, 1959, 1889, 1825, 1488, 1472, 1463, 1250, 1114, 1091, 844, 825, 70lcm-1; §,
7.65 - 7.63 (4H, m), 7.47 - 7.37 (6H, m), 6.57 (1H, s), 4.31 (2H, s), 1.26 (9H, s), 0.19 (SH,

\7 %35

s); 0:136.8, 136.4, 132.6, 130.2, 128.0, 109.1, 101.4, 101.3, 68.0, 26.8, 19.4, 0.00; HRMS
(ED) calcd. for C, H,,BrOSi, (M+H)" 471.1175, found 471.1175.

concentrated in vacuo, and the residue diluted with ether, washed with water, brine and dried

with MgSO, and concentrated in vacuo. The crude residue was purified by chromatography

i 177 v owaxrhita oAl A L QOQ AAent T T2 OV vremnnwr
hite solid (6.88 g, 75 %). Mpt 72-73 °C; vimax

266, 2956, 2931, 2881, 2857, 1624, 1587, 1469, 1427, 1282, 1254, 1130, 1113,
702, 609, 451; 3, 7.58 - 7.56 (4H, m), 7.41 - 7.30 (6H, m), 6.46 - 6.44

To/ & \ TA Ky Aiijy N \WA Ay i3]y e

(1H, m), 4.25 - 4.24 (2H, m), 3.23 (1H, d, J 2.2 Hz), 1.00 (9H, s); & 137.7, 135.8, 133.0,
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130.5, 128.4, 108.5, 83.7, 80.4, 68.3, 27.1, 19.7; HRMS (CI) calcd. for C21H27BrONSi
(M+NH,)" 416.1045, found 416.1045.

nrsm

(1,1-DimethylethyD)[(2-bromo-6,6-dimethoxy-2-hexen-4-ynyl)oxy]diphenyisiiane 18
A mixture of 17 (4.91 g, 14.5 mmol) and zinc (II) chloride (2.0 g, 14.5 mmol) in

rlaethh o QN el 32 A T Conalr Asvsamemtren ssrmn mae ~zY ha ~s 1
uuucun] lUlulUlUlllmlC \ U lu} il 4 v€an-dlark d.l]l)d.ldluh wad lm‘w ll all ULl baul at 1OV o

for 9 hours. The mixture was cooled to room temperature and filtered through celite with

(10:1 petrol/ether) to give 18 (5.62 g, 96 %) as a pale brown oil. vmax (cm-1) 3071, 2958,
2932, 2892, 2857, 2829, 2225, 1737, 1629, 1590, 1568, 1487, 1472, 1463, 1449, 1 1

1241 179€9 1114 1NET QL2 QYA 1NN
1341, 1252, 1114, 1057, 963, 824, 702

6.51 (1H, m), 5.26 (1H, d, J 1.5 Hz), 4.25 (2H, d, J 1.5 Hz), 3.37 (6H, s), 0.99 (9H, s); 8.
137.9, 135.8, 132.9, 130.5, 128.3, 108.2, 93.9, 89.7, 82.7, 68.3, 53.1, 27.1, 19.7;, HRMS (EI)
calcd. for C,,H,81Br0,Si (M-OMe)* 443.0866, found 443.0866.
(1,1-Dimethylethyl)[(2-(2-(1,1,1-trimethylsilyl)ethynyl)-6,6-dimethoxy-2-hexen-4-

ynyhoxyldiphenylsilane 19
To a suspension of 18 (7.50 g, 16.0 mmol) and (PPh,) ,PdCl, (460 mg, 0.64 mmol) in dry
1

THE (1720 ™I wac addad »w_nranvliamin
1111 \14V 111 1

Y and tha sacn 1
y t.u u UIU ivoul

stirred for 15 mins. Cuprous (I) i

mi, 240 mmol). The reaction mixture was then placed in an oil bath at 6
and

hours. The reaction mixture was cooled to room temperature

MMMMMMMMM wwida amliitbimim and averamtad o hae Tha ammaliinad Ancacnnia lazracs oo
auuuvuxuxu L«l 11UC SLIUUVUIL dllu CTAUaLiCUu willl CTUICl 11iIC CUllIUIIICU Ulgalllb 1ayc:1b wdad
washed with brine, dried with MgSQO,, filtered and concentrated in vacuo. The residue was

urified by flash column chromatography (20:1 petrol/ether) to give 19 as a pale yellow oil

>~

1251, 1161, 1096, 1058, 963,

m), 6.28 - 6.27 (iH, m), 5.34 (IH, ,J 1.5Hz),422 (2H,d,J 1.5 42
(9H, s), 0.15 (9H, s); . 136.2, 135.7, 133.1, 130.2, 128.2, 128.1, 112.7, 103.9,
90.1, 83.8, 65.3, 52.9, 27.0, 19.5, 0.00; HRMS (EI) calcd. for C,iH;;,05Si, (M)* 490.2360,
found 490.2360.



2750 S. Cuddick et al. / Tetrahedron 55 (1999) 2737-2754

(1,1-Dimethylethyl)[(2-ethynyl-6,6-dimethoxy-2-hexen-4-ynyl)oxy Jdiphenylsilane 20
To a solution of 19 (452 mg, 0.92 mmol) in dry methanol (15 ml) was added potassiu

Salsxas

17 o

carbonate (13 mg, 0.09 mmol) and stirred for 3 hours. The reaction mixture was then
concentrated in vacuo and the residue was then diluted with ether, washed with water, brine

and dmoad with M QN A Frae Annnant
QLI WLV WM VAR 4. MWL VULIVLLL

m/e (EI) 418, 417 , 387, 361, 331, 239, 199, 135.
trans-[S-[[(1,1-dimethylethyl)dimethylsilylloxy]]-4-hydroxy]-2-cyclopenten-1-one 21

To a stirred solution of 7 (2.38 g, 8.36 mmol) in CH,Cl, (33 ml) at 0 °C was added titanium
(IV) tetrachloride (1.0 ml, 9.2 mmol) and the resulting dark red solution stirred for 15 mins.

The reaction was then quenched with saturated NaHCO, solution and extracted with ethyl

acetate. The combined organic layers was washed with brine, dried using MgSO, and

hydroxy-cyclopentanone 22

To a stirred solution of 20 (1.22 g, 2.9 mmol) in THF (11 ml) at -78 °C was added dropwise
n-BuLi (2.0 ml, 1.6 M in hexanes, 3.2 mmol) and the resulting red solution stirred for 40
mins while maintaining the temperature (-78 °C). A solution of diethylaluminium chloride
(3.8 ml, I M in hexanes, 3.80 mmol) was addded dropwise and the mixture was then allowed
to warm to room temperature and stirred for 1 hour. The aluminate r

via canula to a solution of 21 (0.31 g, 1.36 mmol) in THF (11 ml) a

mixture was then warm to room temperature and stirred for 6 h, after which point saturated

0 °C. The reaction
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NH,Cl was added and the aqueous layer extracted with ethyl acetate. The combined extracts
were washed with brine, dried using MgSO, and concentrated in vacuo. The crude residue

was purified by flash column chrornatography (3:1 petrol/ether) to give 22 as a pale yellow
oil (0.45 g, 51 %; 99 % based on recovered enediyne 0.93 g). vmax (cm- 1y 3050, 2930,

2857, 2218, 1761, 1590, 1472, 1463, 1428, 1360, 1254, 1191, 1173, 1113, 1057, 839, 782
703, 6105 &,; 7.64 - 7.61(4H, m), 7.46 - 7.36 (6H, m), 6.26 (1H, s), 5.32 (1 ), 4.22 -4.21
(2H, m), 4.0 ( 1H, app.q, J 4.1 Hz), 3.9 (1H, d, J 4.0 Hz), 3.52 - 3.44 (1H, m), 3.4 (6H, s),
272 (1H, d, J 4.4 Hz), 2.52 - 2.47 (2H, m), 1.05 (9H, s), 0.86 (9H, s), 0.11 (3H, s), 0.09 (3H,
s); 8- 214.0, 138.5, 138.0, 135.3, 132.6, 114.7, 98.4, 96.0, 92.5, 86.3, 83.8, 80.5, 77.8, 67.6,
N A1 77T 2A0 NYNNOY2 N"NOY "1 O AMINO N 1 AL IIDRAMMC /T ANIIT N . 1.1 £ . _ M YT ARIMN O
53.2,41.7, 34.9, 29.3, 28.2, 21.8, 20.8, -2.1, -2.5; HRMS (Cl, NH,) calcd. for C;;H;,NGSi,
(M+NH,)" 664.3490, found 664.3490. n.O.e enhancement between protons at: C-3, C-4, 7%
Rl Ronz»vinvv Ve [1(1 1.dimeothviasthv\dimathvlcilvil. vtr],AR...f'x et 1
(%4 \u‘lllllJlUAJl LAV ll\l,l u.ll.‘i‘».lll‘i'..Jl’ul..l‘f‘vll lBllJ I_I J_' _'P L" ll'_ ,.l

dimethylethyl)diphenylsilyl]-oxy]methyl]-7,7-dimethoxy-3(E)-heptene-1,5-diynyl}-3c.-

hydroxy-cyclopentanone 23

1‘1 ~

(o o U N R £ FNTY
To a solution of 22 (1.26 g, 1.95 mmol), in CH2

1

(')

2 (25 mi) at 0 °C was added pyridine (1.7
ml, 21.2 mmol), 4-dimethylaminopyridine (25 mg, 0.20 mmol) and benzoyl chloride (1.7 ml,

147 mr

ﬂ‘\ N 'l"lm: raantin ] no than
1"‘. 11 VijJ. 111y i1vavuv

ra Wy a ot
Uly wad wivil sully

=3

1 mixt 8 h. The
reaction mixture was then quenched with saturated NaHCO, solution and extracted with
ether. The organic layer was then washed with HCI (10 %), brine, dried MgSO, and
concentrated in vacuo. The crude residue was purified by flash column chromatography on
silica (18:1 petrol/ether) to give 23 (1.30 g, 89 %) as a colourless oil. vmax (cm-1) 3072,
2955, 2931, 2892, 2857, 2216, 1766, 1728, 1602, 1589, 1472, 1463, 1428, 1360,1269, 1175,
1113, 1057, 962, 839, 703, 610 &, 7.80 (2H, d, J 7.7 Hz), 7.45 - 7.40 (4H, m), 7.33 - 7.18

(7TH, Au\ 7.11 -7(\6(’7“ m), 6.12 (1H, S\ 5.12 (1H, d T'7nH7\ 5.09 (1H, s) A.")R(”—[’ d,_]
7.5 Hz), 3.91 - 3.90 (2H, m), 3.74 - 3.67 (1H, q, J 6.5 Hz), 3.23 (6H, s), 2.57 (2H, d, ] 7.0
Hz), 0.88 (9H, s), 0.72 (9H, s), 0.00 (3H, s), -0.05 (3H, s); 3. 209.7, 166.1, 135.8, 133.8,
133.1, 130.4, 130.0, 129.6, 128.8, 128.3, 112.1, 95.8, 93.9, 90.2, 83.7, 80.6, 77.4, 77.0, 65.3,
52.9, 41.3, 29.0, 27.1, 26.0, 19.6, 18.6, -4.2, -4.6; HRMS (CI, NH,) calcd. for C,;H;;NO;Si,

MANH Y 74Q ’2‘7(“ fannd 76 278N
UVITINIDDy) 1U06.J7Jy, 10ul .
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[p—[30—(Benzyloxy)-20-[[(1,1-Dimethylethyl)dimethylsilyl]-oxy]-43-[(5,6-1:5,6-1)-3-
[[[(1,1-dimethylethyl)diphenylsilylloxylmethyl]-7,7-dimethoxy-3(E)-heptene-15-

e e A A A B LR LU 8 £ e S e whhd g

diynyl]jcyclopentanone]]Jhexacarbonyldicobalt 24
Dicobalt octacarbonyl (0.90 g, 2.63 mmol) was added to a solution of 23 (1.30 g, 1.73

wrnaan ~TY Zan VLT 7Y /1IN oI e NNOTY AL D LA.._,,E L PR U, [ = PP B . |
1MoL 1 L)Ll OV IIL) dl U L. ALKCT O 1nours uc gark rcu bUlUI.lUll was UIC Concemrdica
in vacuo and the residue was purified by flash column chromatography (15:1 petrol/ether) to

e , 84 %) as a red oil. vmax (cnrl) 2956, 2932, , 2830, 2093, 2055, 2027,
1767, 1729, 1473, 1317, 1268, 1113, 840, 710, 613; §,, 7.86 - 7.83 (2H, m), 7.59 - 7.53 (4H,
m), 7.44 - 7.23 (7TH, m), 7.17 - 7.12 (3H, m), 5.38 (1H, s), 5.25 (1H, t, J 6.1 Hz), 4.24 (1H, d
T IT. naAa T Y TY_\Y 2 AN 72X _\ D AN /ITT _\ N LL N LD ALY N\
J . Z), 3.42{511, 8§}, 3.4U (o, §), £.00 - £.0Z (Zn, m},

99.4, 93.9, 83.0, 81.2, 76.9, 76.2, 66.3, 54.6, 40.1, 31.7, 29.5, 26.6, 25.5, 19.2, 18.1, -4.8, -
5.2; HRMS (FAB) calcd. for C,H;,0,Si,CO, [M-(CO),]* 868.2072, found 868.2083.
(u-[(2,3-n:2,3-n)-70-[20—(benzyloxy)-3p-{((1,1-dimethylethyi)dimethyisiiyi)oxy]-4-
oxocyclopentyl]-S-[[[[(l 1-dimethylethyl)diphenylsilyljoxy]methyl]-4-heptene-2,6-

Alerer a1l hawvananhanagldianha
ulyix J iEXacaroon lylulLUl)

alt 25

To a solution of 24 (1.50 g, 1.45 mmol) in CH,Cl, (140 ml) at room temperature was added
aqueous trifluoroacetic acid (14 ml, 30 %v/v). After 30 min the reaction was quenched with
saturated NaHCO, solution and extracted with CH,Cl,. The extract was washed with brine,
dried MgSO,, concentrated in vacuo and the residue was purified by flash column
chromatography (4:1 petrol/ether) to give 25 (1.37g, 96%) as a red oil. vmax (cm™) 3071,
2931, 2890, 2858, 2100, 2064, 2035, 1766, 1728, 1628, 1473, 1464, 1429, 1268, 1113, 738,
710, 702, 613; §,, 10.28 (1H, s), 7.85 (2H, d,J 7.3 Hz), 7.57 - 7.52 (4H, m), 7.45 - 7.29 (7TH,
m), 7.20 - 7.14 (2H, m), 7.03 (1H, s), 5.24 (1H, t, J 6.0 Hz), 4.20 (1H, d, J 6.2 Hz), 4.00 (2H,
s), 3.81 - 3.75 (1H, m), 2.65 (2H, AB), 1.03 (9H, s), 0.84 (9H, s), -0.10 (3H, s), -0.13 (3H,
s); 8. 209.6, 198.2, 190.6, 165.9, 135.7, 133.8, 133.3, 133.2, 130.4, 129.9, 129.5, 129.1,

128.8, 128.3, 126.7, 100.4, 88.0, 85.7, 81.6, 77.3, 76.7, 66.1, 40.3, 29.9, 27.1, 26.0, 19.7,

1246 A2 A7 HRMCQC (FARY ralnd for C H O Si COY TN COY 17892 1653 found
10.U, “t.J, = ./, ILINIVILD 1 N ) LAl 1UL U ppllggl/adigpo U,y (i v ) 6 ULl 1 UJTT, 1UULIU

822.1654.
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o

(ZR*, 3S*, 3aR*, 6E, 10S*, 10aS*)-[u-[(8,9-n:8,9-n)-3-(benzyloxy)-4,5,8,9-tetra-
dehydro-2-[[(1,1-dimethylethyl)dimethylsilylloxy]-6-[[[(1,1-

S J gt ¥ | LLa\TET

dimethylethyl)diphenylsilylJoxylmethyl]-3,3a,10,10a-tetrahydro-10-hydroxy-1-2(H)-
cyclopentacyclononenone]]-hexacarbonyldicobalt 26 & (2R*, 3S*, 3aR*, 6E, 10R*,

10aCEY N /2O e O 10O (hanavlavy ALSQA éntrn dohowdwn I 1
ARV JTLMTLI O 7T | e Uy =1 | )= IV'\UCIILJ IUAJ}"T,J,O,."I'CIJ ucnyu: U‘"ll\_l a=

dimethylethyl)dimethylsilylJoxy]-6-[[[(1,1-dimethylethy)diphenylsilylJoxy]methyl]-

3,3a,10,1 0Oa-tetrahydro-3-hydroxy-1-2( H)-cyclopentacyclononenone]l-

hexacarbonylidicobait 27
To a solution of freshly distilled di-n-butylboron triflate (70.0 pl, 0.34 mmol) in CH,CI, (5
i 0

completion of addition, the reaction was warmed to room temperature and stirred for a

further 6 h. The reaction mixture was then quenched with saturated NH,Cl solution and

A tva~to A sps sl el L L ¥ e e oo oo 1t L 8t

concentrated in vacuo. The residue was punﬁed by flash column chromatography on silica
(7:1 and 3:1 petrol/ether) to give both 26 and 27 (45.4 mg) and (4.4 mg); overall yield 75%
as ared oil. 27 (less polar) vmax (cm-1) 3500, 3072, 2956, 2931, 2859, 2091, 2052, 2029,
1731, 1590, 1472, 1374, 1293, 1261, 1113, 1069, 909, 841, 737, 702; &, 7.96 - 7.79 (2H, m),

7.4 -7.13 (13H, m), 6.97 (1H, s, H), 5.40 (1H, d, J 10.7 Hz, H,) 5.36 (1H, dd, J 7.7 3.5 Hz,
H,,), 447 (1H, s, OH), 4.27 (1H, d, J 3.6 Hz, H,,), 3.94 (1H, m, H,), 3.89 - 3.58 (2H, m,

H, dd, J 10.5, 6.9 Hz, H,), 0.97 (9H, s), 0.91 (9H, s), 0.13 (3H, s), 0.09 (3H
n, G 1v.), 0.7 nZ, ny), U.7/ \¥n, §), U.71 \7n, §), U.13 N, §), U.Uy {an, b},

, 164.3, 134.6, 134.3, 132.2, 132.0, 131.8, 128.8, 128.7, 128.5, 126.7, 126.6, 124.0,
97.2, 88.2, 83.8, 82.5, 70.4, 62.1, 51.6, 34.8, 25.6, 24.9, 24.6, 24.4, 18.2, 17.1,

e (FAB) 991, 909, n.O.e enhancement between protons at: C-8, C-11,
.3%. 26 (more polar) : vmax (cm-1) 3479, 3073, 2957,
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enhancement between protons at: C-8, O-H, 2.7%; C-8, C-9, 2.4%; C-1, C-12, 6.4%; C-1, C-
9 6.0%

S TS IV
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