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1. Introduction olefin in macrolacton@ and subsequent deprotection of the silyl
. . o ) ) . . groups. Synthesis of the macrolactdghes planned by RCM of
During the investigations on isolation of bio-active naturaliye ester3. Formation of the C1-C11 fragmedt which is the
products, the group at Schering-Plough Company isolated a 14giqg nit of the ester was envisaged by elaboration of the 1,3-diol
membered macrolactone natural product Sch7256Y4fig. 1) g Oxidative opening of the fur&in 6 and further oxidation to
from the culture oAspergillus sp.” The natural produdt consists  the acid with require@-geometry is planned to assemble the C1-
of ana, B unsaturated lactone and three free chiral secondary11 acid fragment, while asymmetric allylation ehexanal is

hydroxy groups in which two are contiguous. While the structurgnyisaged for the synthesis of the homoallylic alcohol fragment
of Sch725674 was assigned based on extensive NMB

experiments, absolute stereochemistry of the chiral centers was OH oP

not assigned. We undertook the total synthesis and assignment of B A 2OP
the stereochemistry of the natural product keeping in mind the ]
requirement for a general procedure to access all sterecisomers of — ‘op

the natural product. During the course of our investigations, The Z oo
Curran’s group at the University of Pittsburg disclosed the total NR
synthesis of Sch725674They assigned the stereochemistry of R = 3

the natural product asRES7R13R by synthesizing all the P=TBS M

possible diastereomers using an elegant ingenious flourous

tagging technology developed in their group and comparison of

the data with that reported for the natural product. We have been

involved in the total synthesis of macrolidlesd in this article J\

we disclose our efforts in detail towards the total synthesis of oY =
Sch725674 which culminated in the successful assembly of the OH OH

macrolactone core; an analogue of a key intermediate in Curran’s .
synthesis. Scheme-1. Retrosynthesis for Sch725674

2. Results and Discussion

Accordingly, synthesis of the C1-Cllfragmeénbegan with
the addition of 1-butenylmagnesium bromide to the Weinreb
amide8® to furnish the silyloxy keton® in 97% yield. Exposure
of 9 to HF- pyridine afforded the hydroxy ketob@in 97% vyield.
Stereoselective reduction of the ket% group 10 with

(1. tetramethylammoniumtriacetoxy borohydrigave the 1,3-diob
Fig 1: Sch 7256741) 8‘[; 97% yield. Protection of both hydroxy groupstims thebis-
1silylether 11 was accomplished using standard reaction
conditions in 96% yield. Pivotal oxidation of the furarilihwith

As depicted in Scheme-1, our approach for the synthesis
Sch725674 relied on the selective hydrogenation of the C10-C
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NBS proceeded smoothly to afford the keto aldetyzim 76%

yield, which on further oxidation with NaClQurnished the acid

13 in 93% vyield. Stereoselective reduction of the keton&3n

under Luche reduction conditions rendered the alcdblin

99% yield which was protected as the TES elfsan 97% yield

using TESOTTf in presence of 2,6-lutidine (scheme-2).

Me NN
/N okt _refs_ [ \ - Ny g ~
0 g o7 ™ OMe Mg, THF, 0 °C 07y
OH O ™SO O 1h,97% SO O
7 8 9
HFe Pyr, /\ N(CHy)s BH(OAC); _ [/ \ TBSCI, Imidazole
CH,Cly, rt oY N CHCN/CHSCOOH 0" Y ™ " DMAP, DCM
1 b 97% OH O -20°C,6h, 97% OH 60H A 6h 96%
’ 10 Y
o)
I\ NBS, NaHCO3, Acetone /H,0 _ H._~ N
(0] H Y _ o = H
TBSO  OTBS Furan, Pyridine,— 20 °C, 0.5 h o TBSO OTBS
76% 12
11
0
NaCIO,, 2-methyl-2-butene HO\ o~ : X __NaBHy/ CeCly
£ H
BuOH/buffer (pH-3.5)/H,0 O  TeSO OTBS MeOH, 0.5 h
i, 1h, 93% 13 ~78°C, 99%
OH TESOTf OTES
HO N N 2,6-Iutld|£1e -~ HO § N
O TBSO OTBS CH;Cly, =50 Cto rt O TBSO OTBS
14 1h, 97%, dr = 86:14 15

Scheme-2: Synthesis of the C1-C11 acid fragment of Sch725674

After successfully synthesizing the acid fragment, the required OH
known homoallylic alcohob was synthesized from-hexanal OTES /\/\/'5\/\

i 1 1 i ificati HO. -
using a pro_cedur_e described earfiatamaguchi esterlflpatmn of N ' 46 trichiorobenzoyl chioride ™
the acid unitl5 with the alcohob produced the estdi6 in 83% O TBSO OTBS NEt. DMAP. B
yield. At this stage, selective deprotection of the TES eth&8 in 15 % - Senzene

in presence of the TBS ether was effected by using EtOCOCI in 0 Ctort5h, 83%

MeOH to afford the allylic alcohal7 in 54% vyield. Mitsunobu QTES EtOCOCI. MeOH
inversion of the alcohol furnished the corresponding p- \/\ X Y 0 Cto rt: 0min
nitrobenzoatel8 in 89% yield. Reaction ofl8 with K,CO,/ 0 TBSO OTBS 54%

MeOH produced a 1:1 mixture of the required inverted alcohol 16

and methyl 4-nitrobenzoate as an inseparable mixture. However, H

nQ

protection of the free alcohol as the TBS ether cleanly furnished

o) : PPh;, PNBA, DIAD
3 (61% yield for two steps), which on reaction with Grubbs' > " Y YN “oiene i 2h 8%
second generation afforded the macrolac®@ia excellent yield R O TBSO OTBS
(Scheme-3). 17
OPNB

i) KoCO3, MeOH, rt

AN ‘,\\\O d d ' o
e MYW ii) TBSOTY, 2,6-utidine

R O TBSO18 OTBS CH,Cl,

-50°Ctort,1h
61% for two steps

oTBS
W“\“O SN ' N G-Il (cat 2
R O TBSO OTBS CH2Cly, 0.003 M
S A,3h, 97%

Scheme-3: Synthesis of the macrolactdne

After the eventful assembly of the macrolactone corg, efe
faced an unexpected difficulty in selective hydrogenation of the
active olefin at C10-C11 position in macrolactéhia presence
of the unsaturated C2-C3 olefin. Standard hydrogenation with
Pd/C, Pd/BaC@ and with Pd/CaC@ produced a mixture of
compounds. In a solitary instance, we could see the formation of
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product 19 arising from the reduction of the required olefin, bromobut-1-ene (6.7 mL, 64 mmol) and Mg turnings (2.3 g,
however the reaction was non-reproducible. Similar tendencie35.4 mmol)] dropwise over a period of 1 h, maintaining the
were observed in the hydrogenation of a structurally similatemperature at OC. After the reaction was complete (TLC), it
macrolactone20 by the Curran’s grouf. The Curran’s group was quenched by careful addition of sat.,SHsolution (20 mL)
circumvented the problem arose in the partial hydrogenation cft 0°C. The aqueous layer was extracted with EtOAg33 mL)
the olefin in a structurally similar lactor containing florous and the combined organic layer was washed with brine solution
tagged silicon by using Pd/SrgOfor the hydrogenation (30 mL). The pale yellow residue obtained after evaporation of
(Scheme-4). They have elaborated the resultant la@biethe  the solvent was purified by silica gel column chromatography
natural productl. We believe such a hydrogenation should(PE-EtOAc, 98:2) to obtair® (9.52 g, 30.9 mmol, 97%) as a
provide the required macrolactone which can be elaborated tlorless oil. §i]?° -69.3 € 1.0, CHC}) IR (neat):Vmay 2956,
Sch7256741) using the procedure reported by Curran’s group. 2932, 1720, 1216crh *H NMR (CDCL): & (ppm) = 7.33 (dJ =
OTBS OTBS 1.6 Hz, 1H), 6.29 (dCU = 32, 1.8 Hz, 1H), 6.17 ( d,= 3.2 Hz,
: “_ .OTBS 1H), 5.79 (ddtJ = 16.8, 10.2, 6.4 Hz, 1H), 5.21 (dbi= 8.4, 4.4
' Hz, 1H), 5.01 (dJ = 17.2 Hz, 1H), 4.96 (dJ = 10.2 Hz, 1H),
3.05 (dd,J = 15.2, 8.6 Hz, 1H), 2.68 (dd,= 15.2, 4.4 Hz, 1H),
2.51- 2.55 (m, 2H), 2.29-2.33 (m, 2H), 0.81 (s, 9H), 0.03 (s,

Selective /1
hydrogenation /7~

o} 3H), -0.10 (s, 3H).*C NMR (CDCL): & (ppm) = 207.6, 155.8,
R 141.6, 137.0, 115.2, 110.1, 106.1, 65.0, 49.4, 43.4, 27.3, 25.7 (3
19 x C), 18.0,-5.1, -5.3. HRMS (ESI):mvz [M + Na]" calcd for
- s C,7H,g05SiNa: 331.1705; found: 331.1705.
oTIPS OTIPS (9)-1-(furan-2-yl)-1-hydroxyhept-6-en-3-one  (10): To a
| OTIPS™ N OTIPS™ solution of9 (0.84g, 2.72 mmol) in THF (3 mL), pyridine (0.5
mL, 6.2 mmol) and HRPyridine complex (70% wi/v, 0.5 mL) was
L, added dropwise at 8C, and was stirred at rt for 1 h. After the
Pd/ SrCO; —> 1 ; :
0 o reaction was complete (TLC), solid NaHE@0.5 g) was
reported by - introduced into the reaction mixture portionwise until the
Curran's group R effervescences ceased. The contents were filtered through a short
20 see ref. 2 21 pad of celite and the solvent was evaporated to obtain a pale
Scheme -4: Synthesis bfreported by Curran’s group yellow oil which was purified by silica gel column
) chromatography (PEEtOAc, 9:1) to obtairiO (0.51 g, 97%) as a
3. Conclusions colorless oil. §]p*® =32.1 € 1.0, CHCY). IR (neat):Vmay 3447,

715, 1406, 1011, 740 ¢m'H NMR (CDCL): & (ppm) = 7.35
d,J = 2.4 Hz, 1H), 6.32 (dd] = 3.2, 2.0 Hz, 1H), 6.25 (d, =

Hz, 1H), 5.79 (ddf] = 16.8, 10.2, 6.4 Hz, 1H), 5.17-5.23 (m,

), 5.03 (dJ = 18.4 Hz, 1H), 4.99 (d] = 11.2 Hz, 1H), 3.34 (s,
H), 3.03 (ddJ = 17.2, 8.8 Hz, 1H), 2.88 (dd,= 17.2, 3.2 Hz,
H), 2.56 (tJ = 7.2 Hz, 2H), 2.34 (dd] = 13.8, 6.8 Hz, 2H)"°C
NMR (CDCL): & (ppm) = 209.8, 154.8, 142.1, 136.6, 115.5,
110.2, 106.2, 63.7, 47.2, 42.5, 27.3. HRMS (ESIZ[M + Na]'
4. Expe“menta] section calcd for G;H,405Na: 217.0841; found: 217.0841.

(1S,3R)-1-(furan-2-yl)hept-6-ene-1,3-diol (6):

General Procedures: Unless stated otherwise, all reagents wereTetramethylammonium triacetoxyborohydride (2.7 g, 10.3 mmol)
purchased from commercial sources and were used withowas added to a mixture of acetonitrile/acetic acid (2:1, 15 mL) at
additional purification. All reactions were performed under anQ °C and stirred at rt for 0.5 h. The mixture was cooled3®°C
inert atmosphere unless noted otherwise. THF was freshlynd a solution 010 (1.0 g, 5.15 mmol) in acetonitrile/acetic acid
distilled over Na-benzophenone ketyl. Petroleum ether (PER:1, 15 mL) was added dropwise to the reaction mixture. The
refers to the fraction boiling in the 60-80 °C range. Columneaction mixture was allowed to warm upt@0 °C and was
chromatography was performed on silica gel (Acme grade, 100stjrred for additional 6 h. After the reaction was complete (TLC),
200 mesh). TLC plates (Merck pre-coated silica gel 60 F25¢ was quenched by addition of sat. sodium potassium tartrate
plates) were made visual with UV light, in an iodine chamber, ogg|ution (5 mL) and with sat. NaHGGolution (15 mL). The
Wit_h phosphomqubdic acid spray. Mel'_[ing points were recorde%queous layer was extracted with EtOAc (10 mL3), the
using a Buchi M-560 melting point apparatus and argompined organic layer was washed with brine (10 mL), dried
uncorrected. IR spectra were recolrgled on a Perkin-EImefyer NgSO, Evaporation of the solvent gave a pale yellow oil
spectrophotometerH (400 MHz) and™*C (100 MHz) NMR  which on purification by silica gel column chromatography
spectra were recorded on a Bruker 400 MHz spectrometer us'QﬁE—EtOAC, 2:1) affordeds (0.99 g, 97%) as a colorless oil.
CDCl; or CD,OD as the solvent. High-resolution mass O(]D25 ~34.0 € 1.1, CHCJ). IR (neat):v ., 3378, 2924, 1642
spectrometry (HRMS) was performed using a Waters Micromass, ;= o7 4" 738 ety 14 NMR (CDC): Sma(lgpm) - 737 ’(dJ _
Q-TOF operating in the ESI mode. Optical rotations were, H’Z 1|_’|) 6.33 (ddJ = 3.2, 2.0 Hz IlH) 6.25 (dl': 3.9 Hz
measured on a Rudolph Autopol IV polarimeter at 25 BC. 1i—|) 5.,81 (d’dtj - 16.8 100 6'_8 Hé lH’) '5.02—5.07.(m éH)
Silyloxy amide 8 was synthesized according to the procedure4.97’ (d.J = 10.2 Hz, 1H'), 3.9é—3.98 (r,n, 1|_i)’ 3.52 (bs, lH,), 2.8b

described earliéiby us. (bs, 1H), 2.11-231 (m, 2H), 1.99-2.02 (m, 1H), 1.87-190 (m,
. _ 1H), 1.56-1.61 (m, 2H)C NMR (CDCH): & (ppm) = 156.6,
(S)-1-((ter t-butyldimethylsilyl)oxy)-1-(furan-2-yhhept-6-en-3- 1,15 1382 114.9, 110.1, 105.6, 68.6, 65.3, 41.0, 36.3, 29.9.

one (9): To an ice-cold solution & (10.0 g, 31.8 mmol) in dry . + . .
THF (30 mL) was added 4-butenylmagnesiumbromide (64 mL o, Oirl\]/lds. 2(1E7889g22 M+ NaJ" caled for GiHicOsNa: 219.0997;

1 M solution in THF, 64 mmol) [freshly prepared from 4-

In conclusion, enantioselective synthesis of the macrolacton
core of Sch725674 is accomplished from furfural. Pivotal steps i
the synthetic sequence include the assembly of the required a
unit by elaboration of a chiral furyl carbinol and ring closing
metathesis (RCM) to construct the macrolactone. Th
macrolactone is structurally similar to that reported by th
Curran’s group which was elaborated to the natural product.
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(1S,3R)-1,3-bis((tert-butyldimethylsilyl)oxy)-1-(fur an-2- Hz, 1H),74.96 (dJ = 10.2 Hz, 1H), 4.36 (] = 6.0 Hz, 1H), 3.83
yl)hept-6-en (11): To a solution of the did (0.24 g, 1.22 mmol) (quin,J = 5.6 Hz, 1H), 2.07 (AR J = 14.4, 6.8 Hz, 2H), 1.76—
in CH,Cl, (5 mL) was added TBDMSCI (0.9 g, 6.0 mmol), 1.82 (m, 2H), 1.57-1.64 (m, 2H), 0.91 (s, 9H), 0.88 (s, 9H), 0.07
imidazole (0.49 g, 7.2 mmol) and 4-(dimethylamino)pyridine(s, 3H), 0.06 (s, 3H), 0.05 (s, 3H), 0.03 (s, 3HC NMR
(0.73 g, 6.0 mmol). The reaction mixture was refluxed for 6 h(CDCl;): 8 (ppm) = 200.1, 169.8, 138.2, 137.2, 130.6, 114.7,
and after the reaction was complete (TLC), it was poured int@6.0, 68.8, 42.0, 36.7, 29.2, 25.8X&), 25.7 (3x C), 18.0 (2x
water (10 mL). The aqueous layer was extracted wis® Et0  C), —-3.9, —4.2, —4.5, —4.8. HRMS (ESH)z [M + Na]’ calcd for
mL x 3). The combined organic layer was washed with brine (1@€,3H,.0sSi,Na: 479.2625; found: 479.2628.
mL), dried over NgSQ, and the solvent was evaporated to obtain
a yellow oil which on purification by silica gel column (4S5S,7R,E)-5,7-bis((tert-butyldimethylsilyl)oxy)-4-
chromatography (PEEtOACc, 99:1) to yieldll (0.5 g, 96%) as a hydroxyundeca-2,10-dienoic acid (14): CeCk-7H,O (0.25g,
colorless oil. §]p>° -31.6 € 1.0, CHC}). IR (neat):vm, 2956, 0.68 mmol) was added to a solution1® (0.2 g, 0.45 mmol) in
2930, 1255, 1078, 836, 774 ¢m'H NMR (CDCL): & (ppm) = MeOH (5 mL) at rt and the reaction mixture was stirred for 0.5 h
7.36 (d,J = 1.6 Hz, 1H), 6.300 (dd), = 3.2, 2.8 Hz, 1H), 6.16 (d, at room temperature. The reaction mixture was cooled to —78 °C

J = 2.8 Hz, 1H), 5.81 (ddfl = 16.8, 10.0, 6.6 Hz, 1H), 5.00 @, @and NaBH (0.03 g, 0.81 mmol) was added slowly portion wise.
= 16.8 Hz, 1H), 4.94 (d] = 10.2 Hz, 1H), 4.80 (ddl = 8.0, 5.2 The mixture was stirred for an additional 0.5 h at the same
Hz, 1H), 3.83 (tJ = 6.0 Hz, 1H), 2.04-2.11 (m, 3H), 1.86-1.87 temperature and then quenched by careful addition of water (2
(m, 1H), 1.50-1.55 (m, 2H), 0.89 (s, 9H), 0.85 (s, 9H), 0.07 (snL). Most of the solvent was evaporated off and water (10 mL)
3H), 0.04 (s, 3H), 0.02 (s, 3H), —0.20 (s, 3KE NMR (CDCL): was added to the white solid thus obtained. The aqueous layer
8 (ppm) = 156.9, 141.3, 138.7, 114.3, 110.0, 106.2, 68.8, 65.%as extracted with EtOAc (3 x 10 mL). The combined organic

44.4,36.8, 29.2, 25.9 (8C), 25.8 (3x C), 18.1 (2x C), —4.1, — layer was washed with brine (10 mL), dried over anhydrous
4.3, -4.8, -5.0. HRMS (EShm/z [M + Na]' calcd for NaSQ, and the solvent was evaporated off to give a colorless oil.
CpsHaOSiNa: 447.2727: found: 447.2729. This crude oil was subjected to silica gel column chromatography
(5S,7R,E)-5,7-bis((ter t-butyldimethylsilyl)oxy)-4-oxoundeca- (PE-EtOAc, 4:1) to afford secoacitid (0.2 g, 99%) as a

2.10-dienal (12): To a stirred suspension df (0.19 g, 0.45 colorless oil. §]5*° =10.0 € 1.5, CHCY). IR (neat):Vyay 3420,
mmol) and NaHC®(0.075 g, 0.89 mmol) in acetong®i(9:1, 4 2957, 2928, 1715, 1260, 835 tntH NMR (CDCk): 8 (ppm) =
mL) at —20 °C was added N-bromosuccinimide (0.095 g, 0.54.07 (dd,J = 15.6, 3.6 Hz, 1H), 6.14 (dd,= 15.6, 1.6 Hz, 1H),
mmol) portion wise and was stirred at the same temperature f8 79 (ddtJ = 17.2, 10.2, 6.4 Hz, 1H), 5.01 @z 17.2 Hz, 1H),
0.5 h. Furan (0.16 mL, 2.23 mmol) was introduced into thet.96 (d,J = 10.2 Hz, 1H), 4.26 (s, 1H), 3.78-3.86 (m, 2H), 2.05-
reaction mixture at —20 °C to quench the excess NBS and w&s10 (m, 2H), 1.86-1.93 (m, 1H), 1.55-1.60 (m, 3H), 0.89 (s,
stirred for additional 0.5 h. Pyridine (0.04 mL) was added to th&H), 0.87 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H), 0.04 (s, 3H), 0.03 (s,
mixture and was stirred at rt for additional 2 h. The reactior8H). “C NMR (CDCE): 8 (ppm) = 171.2, 151.5, 138.1, 120.9,
mixture was then poured into pH-7.5 buffer (5 mL) and thell4.8, 73.1, 72.2, 69.9, 41.2, 36.9, 29.2, 25.8 (3), 25.7 (3x
aqueous layer was washed with EtOAc (5 mL3). The C), 18.0, 17.9, —4.0, -4.1, —4.3, -4.5. HRMS (E&iE [M +
combined organic layer was washed with brine, dried oveNa] calcd for GiHaeOsSiNa: 481.2781; found: 481.2784.

N&SO, and the solvent was evaporated to obtain a yellow colofS,5S,7R,E)-5,7-bis((tert-butyldimethylsilyl)oxy)-4-

oil which on purification by silica gel column chromatography ((triethylsilyl)oxy)undeca-2,10-dienoic acid (15): To a solution
(PE-EtOAc, 99:1) furnished?2 (0.15 g, 76%) as a colorless oil. 0f 14 (0.19 g, 0.414 mmol) and 2,6-lutidine (0.28 mL, 2.5 mmol)
[a]o®® 4.2 € 0.5, CHCY). IR (neat):Vmy 2956, 2932, 1703, in CH,CI, (5 mL) was added TESOTf (0.28 mL, 1.24 mmol) at —

1698, 1446, 1256, 1110, 837 ¢nfH NMR (CDCL): § (ppm) = 20 °C. The mixture was allowed to warm up to room temperature
9.77 ,(dJ: 76 Hz. 1H) 708 (A= 16.2 Hz, 1H), 6.93 (dd,= and was stired at this temperature. After the reaction was

16.1, 7.6 Hz, 1H), 5.79 (ddl,= 16.6, 10.2, 6.4 Hz, 1H), 5.01 (d, complete (TLC), it was qugncheq by agditio_n .qf sat. aq NaHCO
J=17.2 Hz, 1H), 4.96 (d] = 10.2 Hz, 1H), 4.39 (0 = 6.8 Hz, gol_unon 5 mL)_. _The reaction mixture |s_aC|d|f|ed with 1N HCI
1H), 3.83 (quinJ = 6.0 Hz, 1H), 2.04-2.08 (m, 2H), 1.78-1.82 till is sllght_ly acidic, apd was extracted with _EtOAc (3x10 mL).
(m, 2H), 1.59-1.63 (m, 2H), 0.91 (s, 9H), 0.88 (s, 9H), 0.08 (SThe combined organic layer was washed with brine (5 mL)_, dried
3H), 0.06 (s, 3H), 0.04 (s, 3H), 0.03 (s, 35 NMR (CDCL): & over NaSQ, and the solvent was evaporated off to give a

(ppm) = 200.2, 192.9, 140.7, 138.3, 138.1, 114.8, 76.0, gg.golorless oil. Purification by _silica gel column chromatography
42.2,36.6,29.2, 25.8 (8C), 25.7 (3x C), 18.2, 18.1, 3.9, —4.3, (PE-EtOAc, 4:1) afforded acith (0.23 g, 0.4 mmol, 97%) as a
—4.5, —4.6. HRMS (ESIz [M + Na]" calcd for GsHaO,Si, + cplorless oil. ThéH NMR spectrurr;SOf the compound showed a
CH:OH + Na: 495.2938; found: 495.2939. diastereomeric mixture of 86:14]p~ -31.5 € 1.35, CHle). IR
(5S,7R,E)-5,7-bis((ter t-butyldimethylsilyl)oxy)-4-oxoundeca- (neat): Vimax 3493, 2956, 2884, 1703, 1255, 835, 774 criH
2,10-dienoic acid (13): A solution of NaCIQ (0.075 g, 0.85 NMR (CDCE): 5 (ppm) = 7.24 (ddJ = 15.6, 3.2 Hz, 1K), 7.06
mmol) in HO (1 mL) was added to a solutioni# (0.25 g, 0.57 (dd, J = 15.6, 5.6 Hz, 0.16k), 6.08 (dd,J = 15.6, 1.6 Hz,
mmol) 2-methylbut-2-ene  (0.26 mL, 2.26 mmol) in 1Hma). 5.98 (d.J = 15.6 Hz, 0.16H), 5.79 (ddtJ = 17.2, 13.2,
'‘BuOH/phosphate buffer pH 3.5 (2:1, 3 mL) at 10 °C. After6-4 HZ, 1.16B.mi), 4.99 (d.J = 17.2 Hz, 1.16KLj:min), 4.36 (S,
stirring at rt for 1 h, the reaction mixture was diluted witoH5 ~ 1Hms), 4.14 (d, J = 6.8 Hz, 0.16K), 3.80-3.87 (m,
mL) and was acidified with 1 N aq. HCI solution (2 mL). The 2.32Hujemi),  1.99-2.11 (m, 2.32Kmi), 1.68-1.73 (m,
aqueous layer was extracted with EtOAc (3 x 5 mL) and thd-16Hnajm), 1.48-1.58 (M, 1.168mn, 1.26-1.30 (m,
combined organic layer was washed with brine (10 mL) and-32Hnajsmi), 0.96 (t, J = 7.9 Hz, 10.4FLmn), 0.90 (s,
dried over NgSO,. The solvent was evaporated off to afford a10.4Hnsjmin), 0.87 (s, 10.4kKkjmin), 0-21 (9,3 = 7.8 Hz,
pale yellow oil, which on purification by silica gel column 7Hmajmi), 0.04-0.10 (m, 13.9K:mn). “C NMR (CDCL): &
Chromatography (PE—EtOAC, 91), gave adt@l (024 g, 0.52 (ppm) = 1715, 1506, 1387, 1206, 1142, 745, 726, 694, 401,
mmol, 93%) as a pale yellow o], -5.5 ¢ 1.0, CHCY). IR~ 372, 26.0(3< C), 25.8 (3x C), 22.6, 18.1, 17.9, 6.8 8C), 48
(neat):vay 3419, 2955, 2931, 1709, 1257, 837 tn'H NMR g,x C), -3.9, -4.0, —-4.1, —4.4 (Minor isomer was +not observed in
(CDCL): & (ppm) = 7.51 (dJ = 15.6 Hz, 1H), 6.80 (d] = 15.6 C NMR.spectrum). HRMS (ESImv/z [M + Na]  calcd for

Hz, 1H), 5.79 (ddt) = 17.0, 10.2, 6.4 Hz, 1H), 5.01 @@= 17.2  CosHeoOsSisNa: 595.3646; found: 595.3647.



5
Preparation of (R)-non-1-en-4-ol (5): Ti(O'Pr), (0.45 mL) was  Ethyl chloroformate (26iL, 0.28 mmol) was added to an ice-
added to a stirring solution of Tig§0.05 mL) in CHCI, (10 mL)  cold solution of16 (0.05 g, 0.071 mmol) in MeOH (4 mL) and
at 0 °C. The solution was allowed to warm up to roomwas stirred at room temperature. After ~20 min, TLC indicated
temperature and was stirred at rt for 1 h,®3¢0.23 g, 1.0 mmol) the completion of the reaction. Solid NaHC(0 mg) was
was added to the reaction mixture and the stirring was continudgdtroduced into the reaction mixture, stirred for 5 mins, and was
for further 5 h under exclusion of light. The mixture was thenfiltered through a short pad of celite. The solvent was evaporated
diluted with CHCI, (20 mL) and §-BINOL (0.57 g, 1.99 mmol) off and the crude residue thus obtained was purified by silica gel
was added and the stirring was continued for additional 2 h. Thelumn chromatography (PE-EtOAc, 97:3) to afford the alcohol
catalyst thus prepared was cooled-1® °C, hexanal (1.0 g, 9.98 17 (0.016 g, 0.038 mmol, 54%) as a colorless oi]p}* -8.0 €
mmol) and allyltributyltin (3.4 mL, 10.98 mmol) were added 0.35, CHCJ). IR (neat):Vma 3492, 2932, 1718, 1462, 1255, 774
sequentially. The temperature was raised to 0 °C and the reactigii™®, '"H NMR (CDCL): & (ppm) = 6.93 (ddJ = 15.6, 3.6 Hz,
was stirred for 24 h at the same temperature. After the reactiorH), 6.11 (dJ = 1.6 Hz, 1H), 6.07 (d] = 1.6 Hz, 1H), 5.70-5.84
was complete (TLC), sat. NaHG®olution (100 mL) was added (m, 2H), 4.95-5.08 (m, 5H), 4.22 (t,= 2.4 Hz, 1H), 3.78-3.82
to the reaction mixture and was stirred vigorously. The aqueoysn, 2H), 2.57 (dJ = 8.8 Hz, 1H), 2.33 (1] = 6.4 Hz, 2H), 2.05—
layer was extracted with 2 (3 x 30 mL) and the combined 2.11(m, 2H), 1.88-1.95 (m, 1H), 1.58 (bs, 2H), 1.26 (bs, 8H),
organic layer was washed with brine, dried ovesS@ and the (.89 (s, 12H), 0.86 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H), 0.08 (s,
solvent was evaporated in vacuo to obtain orange red oil whichH), 0.07 (s, 3H)**C NMR (CDCL): & (ppm) = 165.9, 148.7,
was purified by silica gel column chromatography (PE-EtOAc;138.2, 133.7, 121.8, 117.5, 114.7, 73.2, 73.0, 72.2, 69.7, 41.3,
99:1) to afford homoallylic alcohd (1.35 g, 9.14 mmol, 92%) 386, 36.8, 33.5, 31.6, 29.2, 25.8&), 25.7 (3 C), 24.9, 22.5,
as a colorless oil. The enantiomeric purity of the alcéhelas 180, 17.9, 13.9, -4.0, 4.1, —4.2, —-4.5. HRMS (ESIZ[M +
determined by HPLC analysis of its 4-nitrobenzoate ester a9a]" calcd for G,Hg,0sSi,Na: 605.4033; found: 605.4038.
described by Fengt al. [a]p™ +9.0 € 1.0, CHCY), Lit.” [alo® (4R /5S,7R E)-5,7-bis((tert-butyldimethylsilyl)oxy)-1-(R)-non-
1“9-0 € 1.0, CHCY). IR (neat)Vp,, 3493, 2956, 1475, 1150 ¢ 1-en-4-yloxy)-1-oxoundeca-2,10-dien-4-yl 4-nitrobenzoate
H NMR (CDCk): & (ppm) = 5.83 (ddd) = 17.2, 9.6, 7.6 Hz, (18): Diisopropylazodicarboxylate (72iL, 0.37 mmol) was
1H), 5.13 (dJ = 17.2 Hz, 1H), 5.13 (d] = 11.6 Hz, 1H), 3.64 added to a solution of alcoha¥ (0.072 g, 0.123 mmol), PPh
(dt,J =7.2, 4.4 Hz, 1H), 2.27-2.33 (m, 1H), 2.10-2.17 (m, 1H),0.097 g, 0.37 mmol) and 4-nitrobenzoic acid (0.062 g, 0.37
1.70 (bs, 1H), 1.45 (bs, 1H), 1.30 (bs, 5H), 0.89 & 6.8 Hz,  mmol) in toluene (0.6 mL) at 6C and was allowed to stir at
3H).C NMR (CDCL): § (ppm) = 135.2, 118.3, 70.9, 42.2, 36.7, rgom temperature for 2 h. The solvent was evaporated off and the
31.8, 256, 22.8, 14.3. HRMS (EShVz [M + Na]" calcd for  ¢ryde residue thus obtained was purified by silica gel column

CoH1gONa: 165.1255; found: 165.1253. ) chromatography (PE—EtOAc, 99:1) afforded the ek8¢(0.08 g,
(4S,55,7R E)-(R)-non-1-en-4-y| _ S7-bis((tert- - 011 mmol, 89%) as a pale yellow oila]f? +20.1¢ 0.75,
butyldimethylsilyl)oxy)-4-((triethylsilyl)oxy)undeca-2,10- CHCL). IR (neat)v,, 2955, 2930, 1728, 1266, 1116, 837 tm

dienocate (16): To a solution ofl5 (0.475 g, 0.83 mmol) in H NMR (CDCE): 5 ( — —
: 8 (ppm) = 8.32 (dJ = 8.8 Hz, 2H), 8.23 (d]
benzene (5 mL) was added NE(0.58 mL) and 24.6- _ggy, >H) 6.98 (dd] = 15.6, 5.6 Hz, 1H), 6.03 (d,= 15.6

trichlorobenzoyl chloride (0.15 mL, 0.96 mmol) at 0 ° C and wagy, 1H), 5.70-5.86 (M, 2H), 5.66 &= 1.6 Hz, 1H), 4.96-5.08
stirred at rt for 0.5 h. After the formation of mixed anhydride(m’ 5H), 413 (bs 1H)' 384 @ = 5.6 Hz 1H,) 299_2 37 m
(TLC), the solution was cooled to 0 °C and a solution of 4'2H’) 210 (ABq.J — 144 68 Hy 2H) 1.70 @ ~ 6.0 Hz 2H) '
(dimethylamino)pyridine (0.5 g, 4.1 mmol) and alcof¢0.149, 13 1 6a m, ,2H), 1.26 (bs, SH), 0.88 (s, iZH), 0.85 (s, ,9H),

1.0 mmol) was introduced dropwise in to the reaction mixture0 13 (s, 3H), 0.07 (s, 3H), 0.05 (s, 3H), —0.01 (s, 3%).NMR

The reaction mixture was warmed to room temperature and W?&DCI ): & (ppm) = 165.1, 163.7, 150.6 ¢ C), 140.8, 138.2
3)- - WLy My . ] 0O, ey

?}'Ir_rce;j ;OJVSS‘;'SEQSL e‘E’d %y’;f;%ritit:ﬁ 0‘}02;?'8,\}:” Ofllt.lt:ii nre(i‘g“onle,s.z (2x C), 133.5, 130.8, 124.4, 123.6, 117.7, 114.7, 77.7,
’ Hco 3.9, 71.2, 69.3, 41.6, 38.5, 36.9, 33.5, 31.6, 29.2, 258QR

mL) and the aqueous layer was washed with EtOAc (3 x 10 mL),
5.7 (3x C), 24.9, 225, 18.0, 17.9, 13.9, -3.6, —4.0, 4.2, —-4.3.

The combined organic layer was washed with brine (5 mL), drie ) ; S
over NaSQ, and the solvent was evaporated off to give a palé"R'\/IS (ESD): mz [M + NaJ]' calcd for GeHesNOgSiNa:

yellow oil. Purification of the residue by silica gel column /24-4146; found: 754.4146. ,

chromatography (PE-EtOAc, 99:1) afforded estér(0.47 g, l()tFtay?;ZnFét?yl(sF:&/Bgzéuer?d:cgl210 dienoate (?3{5¥£)tr;5(§ie}rrgd

0.674 mmol, 83%) as a colorless oit]§** -21.0 € 0.8, CHC}). : g :

IR (neat): vy, 2957, 2932, 1741, 1571, 1273, 1119, 917 857so|ut|on 0f18 (0.08 g, 0.11 mmol) in MeOH (3 mL), was added
31y i e ’ ' _’ : ’ K,CO; (0.03 g, 0.22 mmol) and stirred at room temperature for

cm~. "H NMR (CDCL): 8 (ppm) = 7.10 (ddJ = 15.6, 3.2 Hz . - - .

1H E 6.91(dd) = 156 6.0 Hz O 1%) 6.05 (d J' - 1'6 Hz’ 0.5 h. After completion of the reaction (TLC), it was filtered

1Hmal)’ 601 ’d_J o 1.6 H, .O 16, ’ 5 7’0 },94 ' through a short pad of celite and the solvent was evaporated off.

> 3";2’11 'rD 4 (91 5 0;3 (m' 5 Shzg, rD- 4@5),(5 1H3 4 08 E:in The crude residue thus obtained was purified by silica gel column

. aj+min)s - —9. y O j+min/y - 7 aj)y - f

chromatography (PE—-EtOAc, 99:1) to afford a 1:1 inseparable
J = 4.8 Hz, 0.16K;,), 3.75-3.85 (M, 2.32k}j:min, 2.31-3.36 (M, : : .
2.32H maom)s 167173 (m, 116Hwmy. L1.45-1.60 (m, mixture of the inverted alcohol and methyl 4-nitrobenzoate as

judged by théH NMR spectrum.
gg%agrﬁ”%mlggéf gn)zg%gfg)og?ri_?_??grém ;Ai%ﬂlj\]nl\q/llr)R To a stirred solution of the mixture obtained above (0.054 g) was
(éDCI ) 5 (p’pm') =]+T66 1‘ 147'5 13’8 3 '135’% '121 6 117 5added 2,6-lutidine (3@L, 0.28 mmol) and TBSOTf (26L, 0.14
11423%45 732 726 .69’)4 4'0 ’1 38.6, 371' ’33 6 '3’1 6 z'glmmol) at —-50 °C. The mixture was allowed to warm to room
N L S S T T témperature and was stirred at room temperature for 1 h. The
igg (gz g( 2?94(5?3?552 (92?25)6)24'2’Oz(zz'f’cl)g("?ﬂ’inl;'g’ reaction mixture was poured into sat. aqueous NafH&@ition

isomer was not observed ffC NMR spectrum). HRMS (ESI): (5 mL) and the aqueous layer was extracted WIDES x S
. > : *mL). The combined organic layer was washed with brine (5 mL),
mz [M + NaJ' calcd for GeHnO.SiNa: 719.4898: found: M- ' ganic ‘ayer was W with brine (5 mL)

9.4899 dried over NgSQO, The residue obtained after evaporation of
719.4899. solvent was purified by silica gel column chromatography (PE—

(4S,55,7R,E)-(R)-non-1-en-4-y| 5,7-bis((tert- . 0
butyldimethylsilyloxy)-4-hydr oxyundeca-2,10-dienoate (17): EtOAc, 99:1) to afford the est8r(0.047 g, 61% for two steps) as
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a colorless oil. ¢]p*® =2.9 € 1.0, CHCY). IR (neat):V ., 2956,
2931, 1716, 1256 crh 'H NMR (CDCkL): 8 (ppm) = 6.90 (ddy
= 15.6, 5.6 Hz, 1H), 5.93 (d, = 15.6 Hz, 1H), 5.70-5.84 (m,
2H), 4.90-5.08 (m, 5H), 4.14 (,= 1.6 Hz, 1H), 3.84-3.87 (m,
1H), 3.78-3.81 (m, 1H), 2.33 (bs, 2H), 2.03-2.08 (m, 2H), 1.54—
1.58 (m, 4H), 1.27 (bs, 8H), 0.86-0.92 (m, 30H), 0.09 (s, 3H),
0.08 (s, 3H), 0.07 (s, 3H), 0.06 (s, 3H), 0.05 (s, 3H), 0.03 (s, 3H).
¥C NMR (CDCL): & (ppm) = 165.9, 147.4, 138.5, 133.7, 122.3,
117.5, 114.5, 77.0, 74.1, 73.3, 69.4, 42.1, 38.6, 37.3, 33.5, 31.6,
29.2,26.0 (3 C), 25.9 (2x C), 25.8 (2x C), 25.7 (2¢x C), 24.9,
225, 18.3, 18.2, 18.0, 13.9, -3.5, -3.6, —-3.9, —4.0, -4.4, —-4.6.
HRMS (ESI):mvz [M + Na]" calcd for GgH760sSisNa: 719.4898;
found: 719.4896.
(3E,5R,6S,8R,14R)-5,6,8-tris((tert-butyldimethylsilyl)oxy)-14-
pentyloxacyclotetradeca-3,11-dien-2-one (2): To a stirred
solution of 3 (0.016 g, 0.023 mmol) in CEl, (7.5 mL) was
added Grubbs’ second generation catalyst (2 mg, 0.0023 mmol)
and was heated to reflux for 3 h. After the reaction was complete
(TLC), the solvent was evaporated off and the crude residue thus
obtained was purified by silica gel column chromatography (PE—
EtOAc, 99:1) to afford the macrolactoe(0.015 g, 97%) as a
colorless oil. fi]p* +36.2 € 0.8, CHC}). IR (neat):Vmay 2958,
2942, 1715, 1262, 832 ¢h'H NMR (CDCE): & (ppm) = 6.79
(dd,J = 15.6, 4.4 Hz, 1H), 5.96 (dd,= 15.6, 1.6 Hz, 1H), 5.30-
5.34 (m, 2H), 4.98 (tdd] = 8.0, 4.8, 2.8 Hz, 1H), 4.46 (d= 2.4
Hz, 1H), 3.72-3.77 (m, 1H), 2.31-2.38 (m, 2H), 2.21-2.25 (m,
1H), 1.95-2.08 (m, 1H), 1.87-1.91(m, 1H), 1.63-1.72 (m, 1H),
1.50-1.56 (m, 1H), 1.25-1.55 (m, 9H), 0.86-0.94 (m, 30H), 0.13
(s, 3H), 0.12 (s, 3H), 0.11 (s, 3H), 0.08 (s, 3H), 0.07 (s, 3H), 0.06
(s, 3H)."*C NMR (CDCL): & (ppm) = 166.8, 148.4, 133.3, 126.1,
120.8, 77.7, 73.2, 73.0, 65.5, 42.9, 38.8, 35.3, 34.2, 31.6, 27.4,
26.0 (3x C), 25.9 (3x C), 25.8 (3x C), 25.3, 22.5, 18.4, 18.2,
18.1, 13.9, -3.3, 4.4, -4.6, —4.7, —4.8, -5.0. HRMS (ES8Y:

[M + NaJ* calcd for GgH-,0sSisNa: 691.4585; found: 691.4588.
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'H NMR spectrum of compound 16

SK-2-229

EVEL—
L —
zOvIEE—

BIEEL—
vIgeEl —

s —

vereel—

3C NMR spectrum of compound 16

10



SK-2-231

60000~
H«s}
ss.fﬁr
22800
Y9000~
20600
569810
91680~
19Se'
§ELZL-
968
mss._..//.
0669’1+
:;.,HW
gves —=
62564
£6502-)
LT
55607
geNT
PRIET
£08ee
08ve'z
¥E9ST
25952
08t
BEM
rhige
£vese
ssIzY
[Fr2
0622
1%y~
6EL6Y /)
1886
18667
£620'G
921G
2990
55.0'9 -
¥6.09
SpiLe
goIe
V069
8169
06169 \x‘
¥2569
18RL

e e =

'S

0.0 ppm

T
0.5

Y /4]

S —

65102

BOED')

i

Wro's

00002

R
—.0vi60

—..0698°0
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'H NMR spectrum of compound 18
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'H NMR spectrum of compound obtained by reaction of 18 with K,CO4/MeOH
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'H NMR spectrum of compound 2
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