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Abstract

Assembly of 13-membered TCC macrocyclic trienes are described and their transannular Diels-Alder reaction are
investigated as a model study for the asymmetric synthesis of the ABC-ring system of (+)-maritimol. Albeit the

original expectations that the pro-3(S5)- and 4(R)-functionalities induce perfect absolute and relative control in the
strateoic sten has not been Ilv met a nosition at pro-12(R) complving with these reguirements is recogenized
€g1C step has not been hully met a position at pro-1.2(K) complymg with these requirements s recognized
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1. Introduction

One of the most mwc.,.l.l tools that Pmer ged recently in polycyclic chemistry is the
uuuuuuuuu Tre ala AT A e A\ otentanes Aasrontal acmithn A Antmntatianal abadias
Transannular Diels-Alder \ A) St xatcgy Fundamental synthetic and com nputationai stuaies

show that high relative stereocontrol of the forming TADA tricyclic product can be predicted and
achieved by controlling the double bonds geometry.? Moreover, the conformation of the TADA
transition state can be successfully influenced by appropriately placed chiral substituents on the
macrocycle leading to absolute stereocontrol. It follows that the perfect accord of these two
parameters in the TADA substrate can introduce a new level of stereocontrol by inducing four
new chiral centers in the strategic step. Since in the past decade, the degree and diversity of

control in double bond formation and acyclic chiral induction improved dramatically, the tools for
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the investigation of this strategy have become widely available. Thus, the stage is set to test the
crmmgs e leaas fMtO Ac TiIra Ao A smmantianl fmmnlarmantatianag ~
sC d limitations as well as the practical implementations of TADA strategy. To this end,

certain natural products, among them (+)-maritimol (1) isolated from Stemodia maritima L.
(Scrophulariaceae) used as a Caribbean folk medicine for treatment of venereal diseases was

selected as a target. Diterpene 1 represents a real synthetic challenge with its unique tetracyclic
adans framewnrl (a tromc.decalin (rino A/RY fused to a hlt\vn]n[q ]]nﬁtaﬂe ( C/)
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system), which requires the construction of seven chiral centers, especially the two adjacent
quaternary carbons at C-9 and C-10 (Scheme 1). On the other hand, from a synthetic point of
view, its tricyclic A B.C[6.6.5] trans,syn,cis (TSC) ring system correlates well with our previous
fundamental model studies demonstrating the stereospecific transformation of 14- and 15-
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rans,cis,cis (1CC) 1 yum trienes into the corm CSponaiig A.D.C.[0.0.6] ana

-tricycles. Accordmgly, the requisite TSC-tricycie 2 is potentially availabie by an
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extension o these model studies to the 13-membered TCC macrocyclic triene 3. Furthermore,
using an appropriately functionalized tetrasubstituted dienophile, the C-9 functionality obtained,
together with the C-12 functionality, a remainder of the former macrocyclization connector, could

?

serve later as a foothold for the construction of ring D as it had been demonstrated in an earlier
successful synthesis.” Moreover, examination of the transition states of TADA shows that of the
four hypothetical possibilities, only the two endo-states should be considered as the alternative

two exo-states are conformationally restricted LA quasi 1,3-diequatorial alignment of the pro-

exo s are conformationally restricted. si 1,3-diequa gnment
3(S)-oxygen- and the pro-4(R)-methyl functionalities in the endo transition state 4 is expected to
be favored over a quasi tnaxial alignment of these and the additional pro-10-methyl groups in the
competing transition state 5, thus, inducing the desired absolute stereocontrol leading to key
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final 4-gem-dimethyl system of ring A in mantnnol (l) To realize all the above requirements, a
linear synthesis was designed to assemble the key macrocycle 3. An acetylenic ester tandem
vicinal difunctionalization mastered in our laboratory® was used to deliver the appropriately
functionalized tetrasubstituted dienophile. This was followed by an Evans’ aldol reaction’ to
introduce the necessary chirality. Two Homer-Emmons olefinations'™'' furnished the correct
diene system and the sequence was concluded by the macrocyclization via a cyanoester or a
malononitrile connector'? followed by some functional group modifications.

In this paper, we report the synthesis of the key macrocycles, our results on their TADA
et iy brsotaen v dlan e i mana maibliand alhncia amd tha anmnkhicinne Aafthaca mndal chrdias
reaction testing the presuppositions outlined above and the conclusions of these model studies

2. Results and Discussion
2.1. Synthesis of TCC Macrocyclic Trienes:

Preparation of the tetrasubstituted dienophile and introduction of the chirality presented a
synthetic challenge by itself due to an inevitably intensive protective group manipulation. Two

sequences, Route A and Route B were carried out (Scheme 2 and 3).
oM
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HO R'O R'O R'o—/
6 7a:R'=THP 8a : R'=THP, R>=Me 9a: R'=THP, R>=Me
7b: R'=PMB 8b : R'=PMB, R*=Et 9b : R'=PMB, R’=Et
(d)l
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HO—/ R'o—/ R'0—
13a : R>=TBDPS 12a : R°=TBDPS 11a : R'=THP, R>=TBDPS 10a : R'=THP
13b : R®*=TBDMS 12b : R®>=TBDMS 11b : R'=PMB, R°>=TBDMS 10b : R'=PMB

Scheme 2: Route A: (a) DHP, CSA (90%). (b) n-BuLi then CICO,Me (86%). (c) Me,CuLi then MOMI. (d) DIBAL-H
(83% over 2 steps). (e) TBDPSCI, imidazole. (f) PPTS (89% over 2 steps). (g) (COCl),, DMSO then Et;N (93%).
Route B: (@) NaH, PMBCI, (n-Bu)4Ni (95%). (b) n-BuLi then CICO,Et (83%). (c) Me,CuLi then MOMI (87%). (d)
DIBAL-H (90%). (e) TBDMSCI, imidazole. (f) DDQ (73% over 2 steps). (g) (COCI);, DMSO then Et;N (33%).
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In Route A, a tetrahydropyranyl (THP) protection of pentynol (6) under standard conditions

with dihydropyran (DHP) and camphorsulfonic acid (CSA), then quenching the lithium acetylide

of 7a with methyl chloroformate furnished acetylene ester 8a. It was subjected to organo-
cupration and the intermediate vinyl cuprate was quenched with iodomethyl methylether (MOMI)
to give the tetrasubstituted olefin 9a with a Z/E ratio of 20:1.° This mixture was separated after
reduction to isolate allyl alcohol 10a in 83% yield over 2 steps. Sequential protection as fert-
butyldiphenyisilyl (TBDPS) ether ila, deprotection of the THP ether with pyridinium para-
toluenesulfonate (PPTS) to primary alcohol 12a and its Swern oxidation'® provided aldehyde 13a
as a substrate for the Evans’ aldol reaction’ with chiral imide 14.'* The aldol product 15a was

transamidated using Weinreb’s tec.mqw” then secondary alcohol 16a was protected as
............ l...- <1 FTTDCY il 177 Jh Sy Vi andemzizan b dil Ao MATIIAT TIV e denndcnen ~F ook k
uubupmpyl yl 11PS) etner 17a, ansoouty ariae (DIBAL-n) reauction o1 whicn

13a : R>=TBDPS 14 i}j' % ;\n—o\
13b : R*=TBDMS Bn”
16a : R°=TBDPS
15a : R°>=TBDPS 16b : R°=TBDMS
15b : R>=TBDMS

TIPsO— © @  mpso=< o ©
§ ’\H § N-o
/A
18a : R°=TBDPS 17a: R3=TBDPS
18b : R3=TRDMS 17b : R3=TBDMS
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Scheme 3: Route A: (a) n-Bu,BOTf, Et:N (74%). (b) HN(OCH:)CH; * HCI, AlMe; (94%). (c) 2 6-lutidine, TIPSOTf

(89%). (d) DIBAL-H (99%). Route B: (a) n-Bu,BOTf, Et:N (82%, 99% corr.). (b) HN(OCH3)CH; * HCI, AMe; (94%).

(€) 2,6-lutidine, TIPSOTf (94%). (d) DIBAL-H (96%).

Route B paralleled route A starting with p-methoxybenzyl (PMB) ether 7b. The same sequence
was used to get tetrasubstituted allyl alcohol 10b with a Z/E ratio of 9:1 and an isolated yield of
87% in the tandem difunctionalization of acetylene ester 8b. Here, deprotection of PMB with
dichlorodicyanobenzoquinone (DDQ) offered the opportunity to protect allyl alcohol 10b with
the less acid resistant fert-butyidimethyisilyl (TBDMS) ether in 11b to conciude the sequence
from primary alcohol 12b to aldehyde 18b as in Route A with a yield of 35% over the 11 steps.

For further progression, aldehyde 18a was selected because of the excellent stereocontrol
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ionalization.” The Z E-diene s system was completed in three steps
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methyl—carbamoyhnethyl;:-hosphonate]0 dellvered the trans double bond in amide 19 with 86:14
selectivity and 86% isolated yield. Then, following a DIBAL-H reduction to aldehyde 20, a
second olefination with Still’s phosphonate'' gave the cis double bond in ester 21 with 30:1
selectivity and 89% isolated yield. Preparation for the macrocyclization was made as follows:
DIBAL-H ester reduction of 21 to aicohol 22 and a subsequent chiorination with triphenyi-
phosphine/hexachloroacetone (PPhs/HCA) system'® to allylic chloride 23 gave the electrophile
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Scheme 4: (a) NaH, (EtO),POCH,CON(Me)OMe. (b) DIBAL-H (99%). (c) KN(TMS),, (CF;CH,0),POCH,CO:Me,
18-Crown-6. (d) DIBAL-H (98%). (e) PPh3, HCA. (f) NaOMe, CNCH,CO,Me (82% over 2 steps). (g) PTSA, MeOH
(h) Syringe pump addition to Cs,C0O5 in MeCN (81%). (i) Syringe pump addition of admixtured 28 and connector o
Cs,C0O3 in MeCN. (j) NaOH in THF (97%). (k) Cu,O (cat.) reflux in MeCN, Argon (85%). (I) Me;:BBr. (m) NaOAc in
DMF. (n) K;CO; in MeOH (79% over 3 steps). (0) TPAP, NMO (87%). (p) CICOOEt, Et;N then NH; then

CI;CCOCI, Et3N. (q) HCO;Na in DMF. (r) HCl in THF (65% over 3 steps). (s) Dess-Martin periodinane (85%).
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for the alkylation of connector methyl cyanoacetate. Here, a large excess of connector was
aetill 2394 f htn_a“(\llntprl
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product was observed. Selective deprotection of TBDPS in cyanoester 24 to alcohol 25 with
para-toluenesulfonic acid (PTSA) in methanol (86%) and chlorination as above (95%) gave
precursor 26 for macrocyclization. This step was accomplished under high dilution conditions
(cana=2 mM) with a 10 hour syringe pump addition of chloride 26 to a suspension of 5 eq.
Cs,CO; in acetonitrile at 70°C to give macrocycle 27 as an 1:1 epimeric mixture in 81% yield.
The observation that the second alkylation competes successfully with the first one at the
connector coupling stage, led us to develop a novel double alkylation macrocyclization
methodology, as alcohol 22 afforded ready access to diol 28 then dichloride 29 as described

- 17w

suspension of Cs,COj; in acetonitrile at 70°C gave the same macrocycle 27 in 53% yield. “The

final modifications on 27 consisted in a decarboxylation'” via acid 30 to the 1:1 epimeric mixture
of cyanide 31 (82% yield), deprotection of the methoxy group via a three step sequence involving
Me,BBr cleavage'® to bromide 32, substitution to acetate 33 and basic hydrolysis to alcohol 34
(79% yield) to conclude with a tetrapropylammonium perrhuthenate/N-methyi-morphoiine N-
oxide (TPAP/NMO) oxidation'’ to produce aldehyde 35 (87% yield).

The double alkylation macrocyclization methodology described above worked even better with

malononitrile to produce the enantiopure dinitrile macrocycle 36 in 73% combined yield from diol
LY IV U S DS, P SIS, NPUREIPNEE B SO B ¥ SRS P <9 20 - r
40.  MAacCroCycCi€ >0 was aiSo Ootained 1mrom acia Jv via its amiae 6.3 /0 overau lelCl mom L 7.

Final conversion of the methoxy group to an aldehyde was performed slightly differently from the
protocol described for aldehyde 35. Here, the same Me,BBr cleavage'® of the methoxide afforded
bromide 37, however, it was transformed to formate 38, acidic hydrolysis of which afforded the

b =TT Y My 2 SR REREEARISAAS SISERS S SRS LIS wy SFEEREEY 2y RN iadalasadbnd

made using the non-basic Dess-Martin periodinane method21 in 85% yield.
2.2. Transannular Diels-Alder Studies:

For these investigations, macrocycles 27, 35 and 40 were selected. While the first macrocycle
could undergo Diels-Alder reaction only with thermal activation, the other two having a
conjugated dienophile offer an opportunity for Lewis acid catalyzed reactions to decrease the
activation barrier thus the reaction temperature in order to improve selectivity.

Preliminary thermal experiments conducted on epimeric macrocycles 27 at 230°C showed the
formation of four tricyclic products. For correct evaluation of the reaction, the separation of the

epimeric macrocycles became inevitable. Though hard, they could be separated by

P aha TTT TS TTT T T s T T T T .
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unambiguously (figure 1). The results of the Diels-Alder experiments are summarized in Scheme
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5. Accordingly, a pair of tricycles were
different ratio. After separation of the products from both reactions, thorough inspection of their
'H NMR spectra revealed a structural cross correlation between those pairs. A lower (7 Hz)

-oupling constant of the C-4 methyl and the broad high field multiplets of 3-H (~3.3 ppm) and 5-

H (~1.8 ppm) in isomers 41 over the respective higher (8 Hz) coupling constant and the narrow

JRUSRPU b

low field muitiplets (~3.8 ppm) and (3.0 ppm) in isomers 42 confirmed a 3,4-frans-diequatonal
arrangement in the formers over a 3,4-frans-diaxial arrangement in the latters. The total skeletal
diastereoselective excess of the expected tricycle 41 was about 30%. It is clear that, under a

thermal activation, the pro-
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3 and pro-4 functionalities do not induce enough control in the TADA

reaction through the equilibrium of transition states 4 and 5, the decisive fac fact, the

bulkier CO,Me-group at the pro-12 position which prefers to end up in an anti-position with the
pro-9 functionality.
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Scheme 5: (a) 230°C, 3 hours, PhMe, sealed tube.
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The next model studies were conducted under Lewis acid catalyzed conditions. A 1:1 epimeric
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tricycles in a Lewis-acid catalyzed TADA at 0°C. However, according to their 'H NMR spectra,
these compounds, instead of being epimers, are structural isomers showing the characteristics of
isomers 41 and 42. It was verified by repeating the experiment with separated epimers 3SR and
35S to obtain clean tricycles 43 and 44a, respectively (Scheme 6). Moreover, by changing the
silyloxy group in 44a to 4-nitrobenzoate, the crystalline 44b was obtained, X-ray analysis of
which confirmed its structure unambiguously (figure 2). Though the difference in the activation
temperature of epimers 3SR and 35S reflects the conformational expectations outlined in the
introduction, now it is perfectly clear that the original pro-3(S)- and 4(R)-functionalities intended

~la 4l n ATY A - e ..} nfn rratral ot thoade
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mfluence 1s totally overruled by the pro-12 functionality. On the other hand, a position for
excellent control has just been located there.

CHO
L on CHO ] CHSR“\CN
TIPSO~% 7 @ | 1o O H /\I/D
\ — | Pso Y -
SN/ > !_ H N()Vj\ “Jl Tu:'so'J‘3 V'LV‘J
35R 4c " a3
\ CHO r NC _H | -
— N oTIPS |, oo, CN
o " () M\ _ F
R U T N=t/ | di A
A ! ' tHo | RO™ 7
L 4 H
358 5c R=TIPS

@ 4a:R=TIPS
» 44D :

Scheme 6: (@) 5eq. Me,AICI, CH,Cl,, -40°C, 2 hours. (b) same as (a) at 0°C. (c) BuyNF then 4-NO.-PhCOCI, pyr.

The undisturbed influence of the pro-3(S)- and 4(R)-functionalities upon selectivity control can
be weighed by the reaction of 1,1-dicyano-macrocycle 40 symmetrized at the pro-12 position.
Though with long reaction period, the best ratio of 45 and 46 (9:2 or 63% d.e.) was achieved at
0°C. After a week, the conversion was 98%, however, selective deprotection of the equatorial

silyloxy group also occurred to isolate 45b and 46 (Scheme 7). Mom'toring the reaction did not

reveal any change in the ratio of 245/46, i.e., the diastereoselective excess remained constant to
demonstrate an equal controlling effect of both the protected and the mprotected 8(S)-alcohol.
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Figure 1: X-ray structure of macrocycle 27R in stereoview.
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Figure 2: X-ray structure of tricycle 44b in stereoview.

3. Conclusion

With macrocycles 27, the bulkier COOMe group at pro-12 ends up preferably anti to the C-9
substituent in the TADA products. This result is somewhat surprising as the bulkier COOMe

“ (RIS ¢ 3 H (BAN A AN 1111

prefers to be “inside” the boat-like conformation (5a and 4b being preferred over 4a and Sb,
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respectively) at the transition state level. This tendency is even more pronounced when the

COOMe groun is renlaced bv a hvdrooen gince the nitri

trila group ic found avelcivaly anti to the
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formyl group in the TADA products of macrocycles 35. With macrocycle 40, there is not an
overwhelming preference for the diequatorial transition state 4d. This could be explained if the
“chair-boat” fransition state 8d for ring AB can be replaced by a “hoat-boat” transition state
with two quasi equatorial substituents at pro-C-3 and C-4. Indeed, there may be no large energy
difference between a chair-like or a boat-like I‘xﬁg A conformation at the transition state level. A
possibie explanation of these resuits would be that there is a steric or electrostatic repuision
between syn aligned pro-C-9 and C-12 substituents at the transition state level. However,

attempts to obtain theoretical support for this assumption by molecular modeling at the transition

From the view of the asymmetric total synthesis of (+)-mantimol, it appears clear now that
only one chiral center at the pro-C-12 position on the macrocycle is sufficient to obtain complete
stereochemical control. We are presently working in this direction while trying, at the same time,

0 conceilve a more convergent svnthetic route
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4. Experimental

Reactions were performed under nitrogen or argon atmosphere with flame-dried glassware. All

anlvente were fiﬂﬂ Qﬂ{" {‘lc‘ 1"[—‘[‘ thrﬂv
1 L ¥ A\ N AKX

o
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efore use: h:h-ahvr]rnﬁwnn (TI—":\ ether mf Y from
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sodium/benzophenone ketyl; benzene, acetonitrile, dichloromethane, dimethylsulfoxide (DMSO)
and toluene from calcium hydride; methanol from magnesium/iodine. Most amines were dried
over calcium hydride and distilled, hexachloroacetone was also distilled. Cesium carbonate was
flame-dried under reduced pressure before use. All other starting materials and reagents were
obtained commercially and used as such or purified by standard means. All solvents and reagents
purified or dried were stored under nitrogen. Thin-layer chromatography were carried out on
precoated glass plates with silica gel 60F-250 (Merck). Materials were detected by visualization

under an ultraviolet lamp and by dipping into a solution of phosphoceric acid ( 10% in ethanol)

.0"2

ANnN Attt

40v IVleSﬂ ) was Ubﬁ(.l AqUGOUS worK-ups Were DlelC(l out WlUl Cllﬂﬁr cmcr nexane, emyl acelalc
(EtOAc) washed with reasonable quantity of brine or, with dichloromethane washed with water.
All organic solutions were dried over MgSO, and evaporated under reduced pressure.

The optical rotation ([alp) values were obtained with a Perkin-Elmer 141 polarimeter. The

infrared (IR) spectra were recorded on a v-scale in cm™, on a Perkin-Elmer 1600 FT-IR
spectrometer. 'H (300 MHz) and *C (75 MHz) NMR spectra were recorded on a Bruker AC-
300 instrument. For '"H NMR, the following abbreviations were used: br broad; s singlet; d
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doublet: t trinlet: a aquartet: an auintet and m multinlet Chemical chifte are re A in nnm
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ORI PCE Fal 7l TN 2 o VA U R (7.15 ppm) as o
units, relative to CHCl; (7.26 ppm) or benzene (7.15 ppm) as internal standards. Proton

decoupled >°C NMR spectra used CDCl; (77.00 ppm) or benzene-ds (126.00 ppm) as internal
standards. When necessary, decoupling experiments and 2D techniques were applied. Mass
spectra (MS) were obtained on a VG Micromass ZAB-2F instrument. Crystallographic analyses

were performed on an Enraf-Nonius CAD-4 diffractometer (Mo Ka radiation; A=0.70930 A).

5-(Tetrahydropyranyl)oxy-1-pentyne (7a): To a solution of 4-pentynol (6) (35.3 g, 0.42 mol)
and camphorsulfonic acid (9.96 g, 4.20 mmol) in CH,Cl, (1.0 L)), 3,4-dihydro-2H-pyrane (51.0

at {\0(‘ Thn mivhire wace ctirred nuverniaht A Na-C0).

ml.. 542 mmol a
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solution (250 mL, sat.) was added and the resulting mixture was stirred for an addiiional 15 min.
After an aqueous work-up with CH,Cl,, the crude product was purified by chromatography (5%
EtOAc in hexane) to afford acetal 7a (63.5 g, 90%) as a colorless oil. IR (film): 3298, 2944,
2871, 2118, 1441. '"H NMR (CDCl): 4.50 (1H, t, J=3.5 Hz, OCHO), 3.75 (2H, m, CH,OTHP),
3.40 (2H, m, CH;0), 2.21 (2H, td, J=7.0, 2.5 Hz, CH,C=), 1.87 (1H, t, J=2.5 Hz, =CH), 1.60
(8H, m, 4xCH,). 'C NMR (CDCl3): 98.3, 83.5, 68.3, 65.3, 61.6, 30.3, 28.4, 25.2, 19.2, 15.0.
MS (m/z): 167 (M-H)". HR-MS, calcd for C;oH,60, (M-H)": 167.1072; found: 167.1074.

Y 1l N Y e
L4 UL, V.0 11U

. 13.13 g, 300 mmol, 60% dispersion in oil) was added at 0°C. The mixture
was allowed to warm to 22°C. After 30 min stirring, para-methoxybenzyl chloride (40.48 mL,
299 mmol) and BuyNI (4.42 g, 11.9 mmol) were added. The milky white emulsion was refluxed

for 2h. then upon coolin

r 2h, then upon ing, a saturated NH;Cl solution (500 mL) was added. The phases were
separated. After an aqueous work-up with ether, a slush of the crude product and wet silica (200

mL) in 20% EtOAc in hexane (500 mL) was vigorously stirred for 30 min at 22°C to destroy the
excess of the reagent then MgSO,4 was added. The mixture was filtered through a silica plug and
eluted with EtOAc. The filtrate was evaporated and purified by chromatography (20% EtOAc in
hexane) to afford ether 7b (57.6 g, 95%) as a pale yellow oil. IR (film): 3294, 2936, 2858, 1612,
1512. 'H NMR (CDCl3): 7.28-7.25 and 6.89-6.87 (2x2H, m, p-CH;OPh), 4.44 (2H, s, ArCH,0),
3.81 (3H, s, ArOCHs), 3.55 (2H, t, J=6.5 Hz, OCH,), 2.31 (2H, td, J=6.5, 3.0 Hz, CH,C), 1.94

(1H, t, J=3.0 Hz, CH), 1.82 (2H, gn, J=6.5 Hz, CHaCHoO) NMR (CDCl5): 159.2, 130.6, 129.3,

1138. 840 726.684.553.287.15.3. MS (m/z): 204 (M)" HR-MS. caled for C-H..O, (M)
J B P U’ U—'.\l, IL‘.U’ \IU._" —/_I...I’ T, I’ | T lVlU \llllﬂ/. ot \T X \l'l} « AAANW AYlu’ WAL WAL i \./] L[()\I‘_f‘ \L'L} -
204.1150; found: 204.1154.

Methyl 6-(tetrahydropyranyl)oxy-2-hexynoate (8a): To a solution of acetal 7a (63.5 g, 378
I\ in THF (') L \ hntvlhthmm (] 6 M in hexane. 236 mL. 378 mmol) was added dmnwme vig

212 a2 iia ARATARRRRRRR VA A2 AAVAGIIY, &N aaald, O 2232002 G2 AL 2 2%

canula at -78°C. The mixture was stirred at -78°C for 30 min, at -20°C for 75 min then methyl



chloroformate (90.0 mL, 1.15 mole) was added. It was stirred for 30 min at -20°C then allowed to
slowly warm up to 22°C over 90 min. NH,4Cl solution (300 mL, sat.) was added and the major
part of the volatiles were evaporated. After an aqueous work-up with ether, the crude product

as purified by chromatography (10 to 15% EtOAc in hexane) to afford 8a (73.5 g, 86%) as a
,__.lc yellow oil. IR (film): 2947, 2872, 2237, 1716, 1437, 1258, 1033. 'H NMR (CDCl,): 4.59
(1H, t, J=3.5 Hz, OCHO), 3.85 (2H, m, CH,OTHP), 3.76 (3H, s, OCHs), 3.55-3.40 (2H, m,

CH;0), 2.47 (2H, t, J=7.0 Hz, CH;C), 1.87 (2H, q, J=7.0 Hz, CH,CH,OTHP), 1.80-1.45 (6H, m,
3xCH,). °C NMR (CDCl): 153.2, 98.0, 88.3, 724, 64.7, 61.3, 51.7, 30.0, 27.3, 249, 188,
14.9. MS (m/z): 225 (M-H)". HR-MS calcd for C,H;304 (M-H)": 225.1127, found: 225.1106.

Ethyl 6-(p-methoxybenzyi)oxy-2-hexynoate (8b): The previous procedure was followed with
ether 7b (1.21 g, 5.92 mmol), THF (42 mL), butyllithium (4.80 mL, 6.51 mmol, 1.36 M in

hexane) and ethyl chloroformate (1.70 mL, 17.8 mmol). Chromatography (15 to 20% EtOAc in
led 8b (1.37 g, 83%) as a pale yellow oil. IR (film): 3397 (br), 2938, 2862, 2234,

1exane) afforc 2, 83% ye 2

1708, 1256. 'H NMR (CDCL): 7.25 and 6.87 (2x2H, m, p-CH;OPh), 4.43 (2H, s, ArCHL0),
421 (2H, q, J=7.0 Hz, OCH,CHs), 3.80 (3H, s, ArOCH3), 3.53 (2H, t, J=6.5 Hz, OCH.,), 2.45
(2H, t, J=6.5 Hz, CH,C=), 1.85 (2H, gn, J=6.5 Hz, CH,), 1.30 (3H, t, J=7.0 Hz, CH,CH;). ’C
NMR (CDCls): 158.9, 153.3, 130.0, 128.9, 113.5, 88.3, 72.3, 67.6, 61.4, 54.8,27.5, 152, 13.7.
MS (m/z): 276 (M)". HR-MS, calcd. for C1sH004 (M)™: 276.1361; found: 276.1354.

(Z)- and (E)-Methyl 2-methoxymethyl-3-methyl-6-(tetrahydropyranyl)oxy-2-hexenoate
(9a): To a suspension of Cul (13.2 g, 69.3 mmol, 99,99%) in THF (600 mL), MeLi (98.0 mL,
137 mmol, 1.4 M in ether) was added dropwise via canula at 0°C. The mixture was stirred at 0°C

1.5 <:a ORGP I A, ol ~

Ior 13 mln l‘\Her [ﬂC ulbbmuuon OI tne yCll()W pICblplldlﬁ J.UlIIlCU a pleUUlCU SO1LON Ur

acetylenic ester 8a (5.5 g, 68.5 mmol) in THF (170 mL) was added via canula at -78°C. The
mixture was stirred for 100 min at -78°C and MOMI (13.8 mL, 158 mmol) was added dropwise.
erature was kept at -78°C for an additional 30 min, then the cooling bath was replaced

X mp was Ke Ior
i of  d
(54

t.rv-;ﬁn at N \TLT(‘}

by an ice bath. After another 60 min s HTINRg al v ©, iNiygo solution (500 mL, s t) ether (500
mL) and NH4OH (5mL, cc.) were added. Foliowing an aqueous work-up with ether, crude 9a

(19.5 g) was used in the next step without any characterization and further purification.

:1

{F\-2-Mothgxvm athvl.3_mat v!gég(tetrah

“_1’ _lvl\;l.l.lU.ilJ ll.l\/‘l.ll l""‘l‘lll\«lllJ J ’VAJ M RANAWAAVR | AES e L Oviwws

of crude ester 9a (19.5 g, 68.1 mmol) in an 1:1 mixture of hexane/CH,Cl,, DIBAL-H (204 mL,
204 mmol, 1 M in hexane) was added dropwise via canula over 25 min at -78°C. The mixture
was stirred at -78°C for 1 h, then MeOH (70 ml) was slowly added. It was warmed up to 22°C
with further 30 min stirring. Ether (1 4 L) was added then the resulting slush was poured into an

mm o ask containing brine 7~ . o I WP m-u o was a a
Erlenmeyer flask containing brine (70 mL). After st 15 min, MgS0, (120 g) was added.

yr“uv Noxv-2-hexengl (10a): To a solutior
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Lneds fe}

After sturing for 10 min, it was

1 AR tra nf th 1da matarial indic
H NMR Speiira OI uiC Crude materia: inaic:

to 50% EtOAc in hexane) afforded 10a (14.6 g, 83% for 2 steps) as a pale yellow oil. IR
(CH,ClL,): 3603, 3464, 2945, 1660, 1454. 'H NMR (CDCl): 4.54 (1H, m, OCHO), 4.25 and 4.15
(2H, 2d, J=12 Hz, CH,OH), 4.08 (2H, s, CH,OCH3), 3.85 and 3.70 (2H, 2m, CH,OTHP), 3.45

—AAIINS L 1

(2H, m, CH,OCHO), 3.35 (3H, s, OCH3), 2.62 (1H, s, OH), 2.30 (2H, m, CH,C(CH3)=), 1.75
(4H, m, 2xCH,), 1.76 (3H, s, C(CHs)=), 1.60-1.45 (4H, m, 2xCH,)."*C NMR (CDCl;): 137.4,
130.4, 98.9, 71.3, 66.2, 62.6, 60.7, 58.0, 30.6, 30.3, 27.8, 25.2, 19.7, 17.9. MS (m/z): 259

(M+H)", 276 (M+NH,)". HR-MS, calcd for C,4H04 (M+H)": 259.1909; found: 259.1904.

u‘y’l—ﬁ-u‘i-i‘ﬁc oxybenzyljoxy-2-meth 0iy’ﬁelnyl-£-ﬂéiéﬁﬁif€ (9'!7}

The procedure to prepare 9a was applied with Cul (2.419 g, 12.65 mmol, 99 99%), THF (120
mL), MeLi (17.98 mL, 25.17 mmol, 1.4 M in ether), ester 8b (3.478 g, 12.69 mmol) in THF (15

mL + 2x7 mL rinse) and MOMI (2.44 mL, 28.7 mmol). '"H NMR spectra of the crude product

. . _ wifiad ko oh
mdicated a Z/E olefin ratic of 9:1. An analytxcal sample 9b was purinea oy ClﬁOm&LOgTa}'juy (7 to

20% EtOAc m hexane) affording a pale yellow oil for characterization. IR (film): 3401.5 (br),
2978, 1711.0 (br), 1247.0, 1094.5. '"H NMR (CDCl): 7.22-7.23 and 6.88-6.85 (2x2H, 2m, p-
CH;OPh), 4.42 (2H, s, ArCH,0), 4.20 (2H, q, J=7.0 Hz, OCH,CH), 4.15 (2H, s, CH,OCHj3),
3.80 (3H, s, ArOCHs), 3.46 (2H, t, J=6.5 Hz, PMBOCH,), 3.31 (3H, s, CH,OCHs), 2.41 (2H, t,

__ o N e o) N PRSI
J=8.0 Hz, CH,C(CHj3)=), 2.04 (3H, s, C(CHs)=, (£)-isomer), 1.89 (3H, s, C(CHs)=, (Zj-isomer),

1.86-1.73 (2H, m, CH,), 1.27 (3H, t, J=7.0 Hz, CH,CHs). *C NMR (CDCl;): 168.5, 159.1,
151.3,130.6, 129.1, 126.0, 113.6, 72.6, 69.8, 69.1, 60.2, 57.9, 55.2, 33.3, 284, 19.8, 14.2. MS
(m/z): 304 (M)". HR-MS, calcd. for C19Hz305 (M)™: 304.167; found: 304.1671.

(E)-3-Methyl-6-(p-methoxybenzyl)oxy-2-methoxymethyi-2-hexenol (10b): The procedure to
prepare 10a was applied to reduce a crude mixture of 9b (29.87 g, 88.8 mmol) in a mixture of

hexane (400 mL) and CH,Cl, (800 mL) with DIBAL-H (270 mL, 266 mmol, 1.0 M in CH,Cl,).
Chromatooranhv (20 to 60% EtOAc in hexane) afforded 10h (23 62 g, 0%\ ag a paln rallaw Ail

AN VILGWELGPILY &V WU UV U W ALIVIUVU AV \ Lo UL sV /Uy oa wIEU VY Ull.

IR (film): 3442 (br), 2931, 2865, 1512, 1247. 'H NMR (CDCl3): 7.25 and 6.87 (2x2H, 2m, p-

CH;OPh), 4.42 (2H, s, ArCH,0), 4.20 (2H, s(br), CH,OH), 4.07 (2H, s, CH,-OCHj), 3.80 (3H,

s, ArOCHg) 3.42 (2H, t, J=6.0 Hz, CH,OPMB), 3.34 (3H, s, CH,OCHj>), 2.52 (1H, s, OH), 2.26

Hz, CHC(CHs)=), 1.75 (3H, s, C(CH3)=), 1.70 (2H, m, CH,-CH,0). "*C NMR
71

11{\ 30 1’)0’)Il’1£ 77 '71’7[.8061

1 1
JU.Z, 1 L, 147.£, 113.0, 71£.5,

3 '0’ kl
A rm et W ru o ~ .5
9 found: 2

4 (M)". HR-MS, calcd for C7H604 (M)": 294.1831,

(£)-1-(tert-Butyldiphenylsilyl)oxy-2-methoxymethyl-3-methyl-6-(tetrahydropyranyl)oxy-

): A solution of tarf_hnhflr\hlgrcd1pheqylm]un
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(£)-6-(tert-Butyldiphenylsilyl)oxy-5-methoxymethyl-4-methyl-4-hexenol (12a): Pyridinium
p-toluene-sulfonate (PPTS) (840 mg, 3.28 mmol) was added to a 2-propanol (180 mL) solution of
the previous alcohol 11a at 65°C. After 6h stirring, it was cooled to 22 °C for quenching with

NaHCO; (1 g). The solution was then allowed to stir for another 15 min. The volatiles were

evaporated, then EtOAc/hexane (150 ml, 3:7) was added. The salts were filtered off and washed
with the same solution. The filtrate was evaporated to near dryness and then chromatographied

(20 to 40% EtOAc in hexane) to afford alcohol 12a (12.0 g, 89% for 2 steps) as a pale yellow oil.
IR (film): 3423, 3069, 2932, 1660, 1467, 1106. '"H NMR (CDCL): 7.70 and 7.40 (4H+6H, 2m,
ArH), 4.25 (2H, s, CH,0S1), 3.97 (2H, s, CH,OCHs), 3.50 (2H, t, J=6.0 Hz, CH,OH), 3.22 (3H,
s, OCH3), 2.09 (2H, t, J=7.5 Hz, CH,C(CH3)=), 1.77 (3H, s, C(CH;)=), 1.68 (1H, s, OH), 1.60-
1.50 (2H, m, CH,CH,OH), 1.06 (9H, s, C(CHs);). *C NMR (CDCl,): 138.6, 135.5, 133.5,
129 5,129.4,127.4, 693, 61.7,61.0,57.6,30.8, 30.1, 26.7, 19.1, 18.1. MS (m/z): 413 (M+H)",

30 (M+NH,)". HR-MS, calcd for C,5H3603Si (M+H)": 413.2512, found: 413.2508.

(Z)-1-(tert-Butyldimethylsilyl)oxy-2-methoxymethyl-3-methyl-6-(p-methoxybenzyl)oxy-2-
hexene (11b): The procedure to prepare 11a was applied for the protection of alcohol 10b (5.67
Y in THE (400 oI ) with imidasrnla (6 §8A& o O0A 2 mmaly and o2 _hntulahlarads
} a1l 111k \“TUU llLLJ} Wllll HmnuazZuliv \U AV 5, ZU,J uuuux/ aliul cri Uul_yl\/luuluul‘
methylisilane (11.61 g, 77.0 mmol). A 10 mg sample was purified by chromatography (40%
EtOAc in hexane) for characterization to afford 11b as a pale yellow oil. IR (film): 3452 (br),
2931., 2867, 1250. '"H NMR (CDCl;): 7.25 and 6.87 (2x2H, 2d, J=8.5 Hz, p-CH;OPh), 4.42 (2H,

s, ArCH,0). 4.21 (2H, s, CH,0S1), 4.00 (2H, s, CH,OCH;). 3.79 (3H, s, ArOCH;), 3.42 (2H, t

J’ A A L\.Ij .l L \‘-LL’ AJ’ \/LJ_L\JLII} T VWV \L'LA’ L” \/LL:’\I\-/‘. J JA.A LJ £ uvv;;_)}, \ LJ.’ L,
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J=6.5 Hz, PMBOCH,), 3.29 (3H, s, CH,OCH,), 2.22 (2H, t, J=7.5 Hz, CH,C(CH3)=), 1.78 (3H,
. 3

s, C(CH3)=), 1.71 (2H, qn, J=6.5 Hz, CH,), 0.90 (9H, s, C(CHs)3), 0.07 (6H, s, Si(CHs),). °C

NMR (CDCls5): 159.0, 138.0, 130.6, 130.0, 129.0, 113.6, 72.3, 69.5, 69.1, 600 57.6,55.1,30.8,
28.5,25.9, 25.6, 18.4, -5.42. MS (m/z): 376 (M-CH,OH)", 351 (M-C4Ho)". HR-MS, calcd. for

AViv) WAVl 9

C23I’“I4()O4SI (M—C4H9) :351.1991; 5 found: 351.1997.

(Z)-6-(tert-Butyidimethyisilyl)oxy-5-methoxymethyi-4-methyi-2-hexenol (12b): A solution
of crude alcohol 11b in CH,Cl; (190 mL) and water (10 mL) was added with DDQ (4.81 g, 21.2
mmol). It was stirred for 4h, then a saturated NaHCO; solution (20 mL) was added. The phases
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T

were separated, the organic one was dried, evaporated and the crude product was directly
P i B NI, NI T Gy AN b ENO/ TN A o s Lhncnzen s ~fCn 1 1L /A NO . M0/ L.
puiiiied 0y COluiiii criomatogiapny (2u 10 5U% CtUAC i nexaiiej to aiiorda 140 {(4.Uo g, /370 10

o steps) as a pale yellow oil. IR (film): 3440.2 (br), 2928.1, 1255.1, 1062.3 (br), 836.4. 'H
NMR (CDCh): 4.21 (2H, s, CH,0Si), 3.97 (2H, s, CH,OCHs;), 3.54 (2H, t, J=6.5 Hz, CH,OH),
3.29 (3H, s, OCHs), 2.31 (2H, t, J=6.5 Hz, CH,C(CH3)=), 1.76 (3H, s, C(CH3)=), 1.68 (2H, qn,
J=6.5 Hz, CHy), 0.90 (9H, s, C(CHs)3), 0.09 (6H, s, Si(CH3),). °C NMR (CDCl;): 138.9, 129.9,
69.6, 60.8, 60.1, 57.6, 30.2, 30.0, 25.9, 18.3 17.9, -5.5. MS (m/z): 243 (M-CH,OCH;)", 241
(M-C4Hy)". HR-MS, caled. for C,5sHy,03S1 (M-CH,OCH3): 243.1780; found: 243.1775.

(N-6-(tert-ButvidinhenvlsilvDoxv-5-methoxvmethvl-4-methvl-4-hexenal (13a): A solution
(£)-6-(teri-Butyldinhenvisilvlloxy-d-methoxymethyi-4-methyl-4-hexenal (13a)
P o '\ T [P | . MIT MM 1N T\ o adAad dencezricn ¢4 o FLT 1T ST aT )
Ol 1no1) m CripClp {1V ML) was aaaca Luupwmc toamln Uz.u TiL)

f
solution of alcohol 12a (11.7 g, 28 4 mmol) in CH,Cl, (25 mL) was added dropw1se via canula

The resulting mixture was stirred for an hour at -78°C; then triethylamine (19.4 mL, 139 mmol)
‘‘‘‘‘ added. Stirrine was continued for 15 min at -78°C and 45 min at 22 °C. Water (40 ml) was

was added. Stirring was continued for 15 min and 45 min at Water (40 ml) was
added and the phases were separated. Following an aqueous work-up with CH,Cl,, the crude
product was passed through silica (150 mL) and eluted with 30% EtOAc in hexane (750 mL) to
afford aldehyde 13a (11.5 g, 99%) as a pale yellow oil after evaporation. IR (CHCls): 3072,
3009, 2931, 2859, 1723, 1428. 'H NMR (CDCl;): 9.63 (1H, s, CHO), 7.68 and 7.40 (4H+6H

2m, Arll), 4.23 (2H, s, CH,OSi), 4 ("h s, CH:OCH;), 3.27 (3H, 5, OCHs), 2.45-2.20 (4H, m,
2xClL), 1.76 (3H, s, C(CHs)=), 1. 5( C(CHs)s). *C NMR (CDCls): 201.6, 136.6, 135.6,

133.6, 130.9, 129.6, 127.6, 69.5, 61.1, 579 42.6, 268, 26.6, 19.2, 18.2. MS (m/z): 353 (M-
C4Ho)". HR-MS, caled for CasHz403S1 (M-C4Hyg)": 353.1573; found: 353.1568.

(£)-6-(tert-Butyldimethyisiiyi)oxy-5-methoxymethyi-4-methyi-4-hexenal (13b): The former
Swemn oxidation was applied to oxidize alcohol 12b (8.92 g, 30.9 mmol) in CH,Cl, (30 mL+

2x10 ml rinse) with DMSO (5.27 mL, 74.2 mmol) activated with oxalyl chlonde (3.26 mL, 34.0
mmol} in CH-Cl, f] 50 mL) and guenched with triethvlamine {7] 6 m[ 155 mmol),

1I1REENIL ) (93 S yA 2 y) irin g s YU wiiviivie ¥alax VR AN/uAL y AlRaasRiaN ARARRARSL)

Chromatography (20 to 40% EtOAc in hexane) afforded 13b (8.24 g, 93%) as a pale yellow oil.
IR (film): 2955, 2820, 1727, 1255, 1062, 837. '"H NMR (CDCl3): 9.72 (1H, s, CHO), 4.13 (2H,
s, CH,0Si), 3.92 (2H, s, CH,OCH3), 3.23 (3H, s, OCHa3), 2.51-2.39 (4H, m, CH,CH,CHO), 1.72

(3H, s, C(CHs)=), 0.84 (9H, s, C(CHa)s), 0.01 (6H, s, Si(CHas),). *C NMR (CDClL): 20135,

+
136.4, 130.9, 693, 60.1, 57.7, 42,7, 26.5, 25.8, 18.2, -5.6. MS (m/z): 255 M-OCHY, 241 (M-
T e IET T = ey ~ AOTT N QO AA NI\, AmE 1mon O 1. ANEL 1mAs
CH,OCH3)". HR-MS, calcd. for Cy5sH3003S1 (M-OCH3s)"™: 255.1780; found: 255.1775.

nFIA(AAO lRan ol) in
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CH,CL (70 mI ) dibutv n triflate (S 45 ml. 217 o) was added dropwise over 10 min a
ULl (/U mL), aibutylporon tritlate (0.4o mb, 21./ mmol) was aaaed aropwise o 10U mmn at
NOM T AT £ A woid A € oo N oo e 110  the e .

U L. CBIN {0494 1L, £494.0 Ianl) was aqadacda over lé II 11 uicn UIU rcbulmlg mlurc was L«OO!UU o

-78°C. A -78°C precooled solution of aldehyde 13a (8.13 g, 19.8 mmol) in CH,Cl, (15 mL) was
added dropwise via canula. After stirring for 2h, phosphate buffer (20 mL, pH:7) and methanol

(65 mL) were added at -78°C. The temperature was allowed to warm to 0°C over 20 min then a

-1 ‘ rr
2:1 mixture (60 mL) of methanol and 30% H,0, was added dropwise. After 30 min stirming at

0°C, the volatiles were evaporated. Following an aqueous work-up with ether, the crude product
was chromatographied (25 to 50% EtOAc in hexane) to afford 15a (9.44 g, 74%) as a thick
colorless oil. [o]*’p: -34.0° (c: 1.00, CHCIs). IR (CHCl3): 3541, 3013, 2932, 2361, 1781, 1688,
1428, 1384, 1225. '"H NMR (CDCls): 7.75-7.15 (15H, m, ArH), 4.70-4.60 (1H, m, (Bn)CH),
428 (2H, AB m, CH,0Si), 4.16 (2H, d, J=5.0 Hz, (Bn)CHCH,0), 4.01 and 3.93 (2H, 2d, J=10.5
Hz, CH,OCH3), 3.85-3.75 (1H, m, CHOH), 3.67 (1H, m, CH(CH3)), 3.23 (1H, dd, J=15.0, 3.5
Hz, HCHPh), 3.21 (3H, s, OCH3), 3.01 (1H, d, J=3.5 Hz, OH), 2.78 (1H, dd, J=15.0, 9.5 Hz,

HCHPh), 2.30-2.05 (2H, m, -CH,C(CH;)=), 1.78 (3H, s, C(CH3)~), 1.60-135 (2H, m,
C@CHGH), 1.21 (3H, d, J=7.0 Hz, CH(CHj)), 1.06 (9H, s, C(CHj)3). °C NMR (CDCl3): 176.9,
152.8, 138.5, 135.6, 135.0, 133.6, 129.9, 129.5, 129.3, 128.9, 127.5, 127.3, 70.7, 69.3, 66.0,

61.1, 57.8, 55.0, 42.5, 37.7, 32.3, 30.5, 26.9, 19.1, 18.3, 11.1. MS (m/z): 644 (M+H)", 661
(M+NH,)". HR-MS, caled for C3gH9NOgSi (M-C4Hg)': 586.2625; found: 586.2617.

(Z2)-[3(2R,3S5),4R]-3-[8-(tert-Butyldimethylsilyl)oxy-3-hydroxy-7-methoxymethyl-2,6-
dimethyl-6-octenoyl]-4-benzyl-2-oxazolidinone (15b): The previous Evans’ aldol protocol was
applied to a solution of oxazolidinone 14 (9.69g, 41.6 mmol) in CH,Cl, (100 mL), dibutylboron
triflate (12.0 mL, 47.8 mmol), Et;N (7.53 mL, 54.0 mmol) and a solution of aldehyde 13b (12.5

. e s . ,.l...,-.m.-. PRSIy P 2 TA TR
g, 43.7 mmol) in CH,Cl, (50 mL). The crude product was purified by chromatography (20 to

40% EtOAc in hexane) to afford 15b (18.17 g, 84%, 99% corrected after recovery of unreacted
13b) as a thick pale yellow oil. [a]*p: -49.0° (c: 2, CHCL3). IR (film): 3446.1 (br), 2930, 1780,
1695, 1459, 1383, 1248, 1210, 1090. 'H NMR (CDCl3): 7.36-7.19 (5H, m, ArH), 4.70-4.63 (1H,

5 1

m, (Bn)CH), 4.2 ( H’ d, J=11.0 112’ H 1), 42'1 A'IR NI m MNCHCH.NO)) /1_10 (1 A4

ii.
HCHOCHq) 3.84-3.77 (lH m, CH(OH)) 3.80-3.71 (1H, m, CH(CHs)) 3.61 (1H, m, OH) 330

(3H, s, OCHa), 3.25 (1H, dd, J=13.5, 3.5 Hz, HCHPh), 2.78, (1H, dd, J=13.5, 9.5 Hz, HCHPh),
249 (1H, dt, J=13.5, 9.0 Hz HCHC(CH-)=). 2.18 (1n ddd, J=135, 75, 55 Hz

L. Lidg, | L 7.V A M.y LANCAANANCRAS )T )y ey )

HCHC(CH;)=), 1.79 (3H, s, C(CH;)=), 1.64-1.56 (2H, m, CH,CHOH), 1.25 (3H, d, J=7.0 Hz,
CH(CHy)), 0.91 (9H, s, C(CHs)3), 0.10 (6H, s, Si(CHs),). "C NMR (CDCL): 176.7, 152.9,
138.8, 135.1, 130.1, 129.4, 1289, 127.3, 70.2, 69.6, 66.0, 60.1, 57.8, 55.1, 42.9, 37.7, 32.1,
304, 29.9, 18.4, 10.1, 11.7, -5.4. MS (m/z): 520 (M)*, 488 (M-OCH;)". HR-MS, calcd. for
520.3083.

ATCQ: Aamnt YN ANOA. £azzen -
\«281'145U61‘101 (V1) | J2U.5UY4] IOUINQ. OLv
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(2R 3-8~(tert-RutvldinhenvisilvDoxv-3-hvdroxv-N-methoxv-7-methoxvmethvl-N.2 _6-
(£)H LK, 3))-0-{lert-Butyldiphenyisilyl)oxy-3-hydroxy-/y-methoxy-/-methoxymethyl-/V,2,6
dorteun adlee:]l £ nndomecamertda TLaxe KA. Al /37 A LT A Q aninn~l AN ANA e 4~ AYTTTNAL
trimethyl-6-octenamide (16a): Me;Al (37.4 mL, 74.8 mmol, 2.0 M in toluene) (CAUTION.:

Pyrophoric) was added dropwise to a stirred CH,Cl, (165 mL) suspension of N,O-dimethyl-
hydroxylamine hydrochloride (7.34 g, 75.2 mmol) at 0°C. It was stirred for 2h at 22°C then
cooled to -20°C. A solution of 15a (22.7 g, 35.3 mmol) in CH,Cl, (55 ml.) was added dropwise
via canula. It was allowed to warm up to 22°C and the stirring was allowed to continue for an
additional 4.5 h. It was poured in a vigorously stirred tartaric acid solution (1.0 M, 215 mL) at
0°C. Stirring was maintained for 1h at 22°C, then the phases were separated. Following an

aqueous work-up with CH,Cl,, the crude product was purified by chromatography (45% to 65%

EtOAc in hexane) to afford 17.5 g alcohol 16a (94%) as a white solid. [a]p -10.1° (¢ 1.00
MIIMT Y TD /M TYIYE . YdALELCS ANLTT AN LE 1£71% 1 ALL l‘rT\‘r\m Ifa) nYa I ﬂﬂt')[: ~ee AT AZ T L
LIrilis). I urivlis). 5499, _)UU/, 4733, 1000, 1400. I1 INIVIIN \bubl3) [.72=-71.03 Al /. 423-7.23D
(4H+6H, 2m, ArH), 4.31 and 4.22 (2H, 2d, J=11.5 Hz, CH,0Si), 4.02 and 3.91 (2H, 2d, J=10.5

Hz, CH,OCHs;), 3.85 (IH, s, OH), 3.69 (1H, m, CHOH), 3.62 (3H, s, NOCHj), 3.20 (3H, s,
CH,0OCHa,), 3.17 (3H, s, NCH»), 2.85-2.70 (1H, m, CH(CHa,)), 2.30-2.00 (2H, m, CH,C(CH;)=),
1.78 (3H, s, C(CH3)=), 1.65-1.50 and 1.45-1.30 (2H, 2m, CH,CH(OH)), 1.11 (3H, d, J=7.0 Hz,
CH(CHs)), 1.05 (9H, s, C(CHa)s). C NMR (CDCl): 138.9, 135.7, 133.7, 129.5, 127.6, 71.0,
69.4, 61.4,61.1,57.8,39.2,32.7,32.0,30.6,26.9,19.2, 18.3, 11.0. MS (m/z): 528 (M+H)", 496

(M-OCH3;)". HR-MS, calcd for C30H4sNOsSi (M+H)": 528.3145; found: 528.3142.
(£)-(2R,35)-8-(tert-Butyldimethylsilyl)oxy-3-hydroxy- V-methoxy-7-methoxymethyl-V,2,6-

trimethyl-6-octenamide (16b): The previous Weinreb’s procedure was applied to a suspension

of N,O-dimethylhydroxylamine hydrochloride (6.68 g, 68. 4 mmol) in CH,Cl, (140 mL) with

Me;Al (34.2 mL, 68.4 mmol, 2.0 M in toluene) and a solution of 15b (16.94 g, 32.6 mmol) in
CH,Cl, (85 mL). Chr";m"togr“phy (45 to 65% EtOAc hexaﬁe) afforded 16b (12.31 g, 4“‘) as
a pale yellow oil. [a]*h: -23.9° (c: 2, CH,Cl,). IR (film): 3450, 2933, 1654, 1463, 1254. 'H

NMR (CDCL): 4.29 and 4.17 (2H, 2d, J=11.0 Hz, CH,0Si), 4.02 and 3.92 (2H, 2d, J=11.0 Hz,
CH,OCH3), 3.69-3.64 (1H, m, CH(OH)), 3.68 (3H, s, NOCH3), 3.29 (3H, s, OCH,CH), 3.18
(3H, s, NCH;), 2.92-2.80 (1H, m, CH(CHs)), 2.48 (1H, dt, J=13.0, 8.0 Hz, HCHC(CHj;)=), 2.14
(1H, dt, J=13.0, 6.5 Hz, HCHC(CHs)=), 1.77 (3H, s, C(CHs)=), 1.58-1.50 (2H, m,
CH,CH(OH)), 1.18 (3H, d, J=7.0 Hz, CH(CHs)), 0.90 (9H, s, C(CHs)3), 0.09 (6H, s, Si(CHs),).
BC NMR (CDCly): 139.1, 129.9, 70.7, 69.6, 61.5, 60.1, 57.8, 40.1, 32.5, 32.0, 30.5, 26.0, 18.5,

+
18.1, -5.3. MS (m/z): 356 (M-C;H,0)", 346 (M-C;Hy)". HR-MS, calcd. for CyollyOsSi (M-
CIT MW 284 DIVKT anAd s V. lNal u Ve AL INEN. Frvmnd 286 AL and AL INAD racnantivaly
Lari7\U) © 33024457 ait 107 UVI-4119) .« 54U.20 0V, 10UIII. 500.2400 dlll 299.4va 2, I0SpLLuvLy.

(Z2)-(2R,35)-8-(tert-Butyldiphenylsilyl)oxy- N-methoxy-7-methoxymethyl-V,2,6-trimethyl-
3-(triisopropylsilyl)oxy-6-octenamide (17a): To a solution of alcohol 16a (5.00 g, 9.48 mmol)
in CH,Cl, (250 mL), 2,6-lutidine (4.50 mL, 38.6 mmol) and triisopropylsilyl trflate (5.78 mL,
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continued for an additional 3
mL) and NH4Cl (50 mL,, sat.). After an aqueous work-up with CH,Cl,, the crude product was
purified by chromatography (15% EtOAc in hexane) to afford amide 17a (5.77 g, 89%) as a
colorless oil. [alzsn: +18.5° (¢: 1.00, CHCIl;). IR (film): 3069, 2939, 2865, 1665, 1464. 'H NMR

e § 9 o g L S et S ) A 4

(CDCly): 7.75-7.65 and 7.45-7.35 (4H+6H, 2m, ArH), 4.28 (2H, AB-d, CH,OTBDPS), 4.15-4.05
(1H, m, CH(OTIPS)), 4.05 (2H, s, CH,OCHj), 3.42 (3H, s, N(OCHs)), 3.26 (3H, s, CH,OCHs),
3.00 (3H, s, N(CH3)), 2.85-2.75 (1H, m, CH(CH3)), 2.10-1.90 (2H, m, CH,C(CH;)=), 1.75 (3H,

s, C(CH3)=), 1.60-1.40 (2H, m, CH,CH(OTIPS)), 1.09 (3H, d, ]=7.0 Hz, CH(CH5)), 1.03 (9H, s,

C(CHa)y), 1.01 (21H, s, TIPS). *C NMR (CDCly): 137.8, 135.5, 133.9, 129.5, 127.6, 73.5, 69.0,
£1 1 £1 N £7 0 AN 2477 29N AN A L0 101 A 107 1270 19 0 WNAQ /- /_N\. LAN /NA
61.1, 61.0, 57.8, 40.2, 34.7, 32.0, 29.4, 26.8, 19.3, 18.4, 18.2, 13.0, 12.8. MS (m/z). 64C (M-
33H7)#. HR. -MA‘, calcd for C39H65NO5Si2 (M (‘,3[‘17)T 640. 3853 found: 640.3848.

(2)-(2R,35)-8-(tert-Butyldimethylsilyl)oxy-/N-methoxy-7-methoxymethyl-V,2,6-trimethyl-

T T T T T T TS T T

3-(triisopropylsilyl)oxy-6-octenamide (17b) The previous procedure was applied to protect

hydroxyamide 16b (559 mg, 1.38 mmol) in CH,Cl, (6 mL) with 2,6-lutidine (657 pL, 5.68 mmol)
and triisopropylsilyl triflate (856 pl, 3.19 mmol). Chromatography (20% EtOAc in hexane)
afforded 17b (733 mg, 94%) as a colorless oil. [o]*’p: +17.6° (¢: 1.83, CH,Cl,). IR (film): 2941,

AT1S (1T w (CHII/OYTIDCY A 10 MDY

VIRAS 1AAS 1AA7 l’)E’l by NNMR (N Q
, (S -1, 10 \111, i, CIin\J11rgjj, 9.17 (&1, S,

Y A1
, 14035, JS3. 11 INIVIN (LUl ), el

CH,OTBDMS), 3.97 (2H, s, CH,OCHj3), 3.68 (3H, s, N(OCHs)), 3.28 (3H, s, CH,OCHj,), 3
(3H, s, N(CH3)) 3.02-2.92 (lH m, CH(CH3y)), 2 -2. 4 (2H CH,C(CH3)=), 1.75 (3H s,
S5 ¢( Hz

H(CH3)), 1.07 (21H, s,
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(£)-(2R,3S5)-8-(tert-Butyldiphenylsilyl)oxy-7-methoxymethyl-2,6-dimethyl-3-(triisopropyl-

silyl)oxy-6-octenal (18a): To a solution of amide 17a (16.4 g, 24.0 mmol) in THF (250 mL),
DIBAL-H (72.0 mL, 72.0 mmol, 1.0 M in CH,Cl,) was added dropwise over 0.5h at -78°C. It
was stirred for 1h, then acetone (4 mL) was added. Stirring was continued for an additional 5 min

at -78°C, then the mixture was poured in a vigorously stirred mixture of hexane (170 mL) and

tartaric acid (260 mL, IM). After 1 h of stirring and an aqueous work-up with ether, the crude
,,,,,,, b S R | Sl - AND/ T4\ A L Do s s e
pTO(lllC[ was passea tnrougn a plug OI Siiica dIl(l GlUl a wiitn a 4u7o EJAC lIl nexane. Lvaporauon

afforded aldehyde 18a (14.9 g, 99%) as a colorless oil to be used in the next step without delay.

[0]*°: -8.3° (c: 1.00, CHCL,). IR (film): 3069, 2940, 1729, 1661, 1464. 'H NMR (CDCl3): 9.73
(M ¢ CLINN 7 787 A5 and A“; =725 (AH4+6H Im +HY A2 () ¢« CH.OTRNDPSY 4 15
VirL, 5, ViV, /./J-7.0J aliu 7.45-7 .35 \FmOI, A0, ALy, 5.44 (LML, S5, LIUVLIDL/IES3), 9.
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(1H, m, CH(OTIPS)), 4.04 (2H, s, CH,OCH3), 3.28 (3H, s, OCHj3), 2.24 (1H, qd, J=7.0 Hz, 3.0
Hz, C}_{(CHZ,QHO), 1.90-1.80 (2H, m, CHLC(CH;)=), 1.76 (3H, s, C(CHs)=), 1.55-1.45 2H, m,
CH,(OTIPS), 1.04 (9H, s, C(CHs)3), 0.98 (21H, s, TIPS), 0.92 (3H, d, J=7.0 Hz, CH(CH;)CHO).
3C NMR (CDCl): 205.0, 137.3, 135.6, 133.7, 130.0, 129.6, 127.6, 72.6, 69.1, 61.0, 57.9, 50.6,
33.4,30.7,26.8,19.3, 18.5, 18.1, 12.7, 6.9. MS (m/z): 581 (M-C;H,)", 567 (M-C4H,)". HR-MS,
caled for C37HgoQ4St; (M-C3Hy)': 581.3482; found: 581.3478

(£)-(2R,35)-8-(tert-Butyldimethylsilyl)oxy-7-methoxymethyl-2,6-dimethyl-3-(triisopropyl-
silyl)oxy-6-octenal (18b): The previous procedure was applied to reduce amide 17b (435 mg,
0.78 mmol) in THF (6.9 mL) with DIBAL-H (2.6 mL, 3.89 mmol, 1.5 M in toluene)

\

nlaey /’)I'\O/ T+ A~ lhavan

Cnromatogr: l.}uy o 0L0/\ na o mala

el

0% EtOAc in hexan ic) afforded 1Y)

c: 2, CH,CL). IR (film): 2943, 2865, 1729, 1464. '"H NMR (CDCls): 9.85 (1H, s,

CHO), 4.31 (1H, td, J=6.5, 3.0 Hz, CH(OTIPS)), 4.17 (2H, s, CH,OTBDMS), 3.98 (2H, s,

CH,OCHa,), 3.30 (3H, s, OCH,), 2.51 (1H, qd, J=7.0, 3.0 Hz, CH(CH;)CHO), 2.22-2.00 (2H, m,
m, C

N e 27
,C(CH3)=), 1.78 (3H, s, C(CHs)=), 1.72-1.55 (2H CH(OTIPS)

LI
LLINANIL3 T ), L.

QL A m oo
o a4 Hig, 7V/0) ad a l}al yv

/—
[

IS

2
1

Q ]

Hz, CH(CH,)CHO), 1.05 (ZiH, s, TIPS), 0.90 (9H, s, C(CHa)s),
NMR (CDCl;): 205.2, 137.4, 130.3, 73.0, 69.1, 60.1, 57.9, 51.0, 33.4, 30.8, 260 18.6, 18.2,
12.8, 7.4, -5.3. MS (m/z): 457 (M-C:H,)", 443 (M-C4Hy)". HR-MS, caled. for CyHss04Si; (M-

C:H-Y" 457 3169; found: 457.3160.

3117 J - - Jad A A, AU

2(Z2),8(Z)- and 2(E),8(Z)-(4R,5S)-10-(tert-Butyldiphenylsilyl)oxy-/N-methoxy-9-methoxy-
methyl-V,4,8-trimethyl-5-(triisopropylsilyl)oxy- 2,8-decadienamide (19): NaH (1.20 g, 31.2
mmol, 60% dispersion in oil) was slowly added to a stirred THF (240 mL.) solution of diethyl (N-
methoxv-N-methvlcarbamovimethvDohosphonate (7.47 ¢ 31.2 mmol) at 0°C. After 30 min

methoxy-N-methylcarbamoyimethyl)phosphonate (7.47 g, 31.2 mmol) at 0 After

stirring, a solution of aldehyde 18a (14.9 g, 23.9 mmoi) in THF (25mL) was added by canuia.
Upon removing the ice bath, the stirring was continued for 2.5 hours at 22 °C, then the reaction
was quenched with NH,4Cl (100 mL, sat.). Following an aqueous work-up with ether, the crude

product was purified by chromatography (20 to 30% EtOAc in hexane) to separate the isomers to
yield 14.60g 19(E) (86%) and 2.33g 19(2) (14%) as pale yellow oils. 19(E): [a]”’p: -4.5° (¢: 1,
CHCl5). IR (film): 3070, 2940, 2865, 1740, 1667, 1636, 1463, 1381. 'H NMR (CDCly): 7.75-

7.35 (10H, m, ArH), 7.07 (1H, dd, J=15.5 Hz, 7.0 Hz, (CH;;)CHC(H) =), 6.33 (1H, d, J=15.5 Hz,
C-C(H)C=0), 422 (2H, s, CH,OTBDPS), 4.03 (21, s, CH,OCHs), 3.70 (1H, m, CHOTIPS),

LLe R&AL, o, WA ISL YY) LES 4 ST IYANA S ]

3.66 (3H, s, N(OCH3)), 3.27 (3H, s, CH,OCHs), 323 (3H, s, N(CHaj)), 2.45-2.35 (1H, m,
(CH;)CHC(H)=), 2.05-1.85 (2H, m, CH,C(CH3)=), 1.74 (3H, s, C(CH3)=), 1.45-1.35 (2H, m,
CH,CHOTIPS), 1.04 (9H, s, C(CHj3)3), 1.00 (21H, s, TIPS), 0.92 (3H, d, J=7.0 Hz, CH(CHa).
BC NMR (CDCl): 166.9, 150.4, 138.3, 135.6, 133.8, 129.5, 127.5, 118.0, 76.0, 69.2, 61.5,
610,578,415 33.0,323,31.0,268, 193, 185,182, 13.6, 12.9. MS (m/z): 666 (M-C H)"

Y, , TL.J, AVaS DL v ,, .
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HR-MS, calcd. for C3gHgoNO5Si; (M-C3H,)™: 666.4010; found: 666.4003. 19¢2): [a]*’y: +43.9°
{n CTIICLY TR /fila) 2N4AR I0A1 IQ14 1£KQ 1442 179484 1L NINAD /0OTW L. 7 K& 100D e
(v 1, R3] N (1), JVUS0, 4 1, 401V, 1VUJ0, I9VJ, 14J49. I IMIVIIL \L/.L}Lzls} 1.0 L1Vl i,

ArH), 6.20-6.15 (2H, m, CH=CH), 4.24 (2H, s, CH,OTBDPS), 4.03 (2H, s, CH,OCH,), 3.7
(1H, m, CHOTIPS), 3.66 (3H, s, N(OCH3)), 3.60-3.50 (1H, m, (CH;)CHCH=), 3.25 (3H, s,
CH,OCHs), 3.18 (3H, s, N(CHs), 2.10-1.90 (2H, m,CH,C(CHj3)=), 1.76 (3H, s, C(CH3)=), 1.60-
1.40 (2H, m, CH,CHOTIPS), 1.04 (9H, s, C(CH,);), 0.98 (21H, s, TIPS), 0.88 (3H, d, J=7.0Hz,
CH(CH»)). "C NMR (CDCls): 167.2, 151.5, 138.3, 135.6, 133.9, 1294, 12583, 127.5, 116.5,
75.9,69.0,61.4,61.0,57.7,364, 338, 32.1, 30.7, 26.9, 19.3, 18.8, 18.2, 13.3, 12.9. MS (m/z):
666 (M-C;H;)". HR-MS, caled. for C3sHgoNOsSi, (M-C3H7)": 666.4010; found: 666.4003.

2(E),8(2)-(4R,5S)

isopropyisilyi)oxy-2,8-decadienal (20): This aidehyde was prepared the same way as alaenyde

thoxymethyl-4,8-dimethyl-5-(tri-

18a in 99% yield as a pale yellow oil and used without delay in the next step. 20: [o]*p: -10.2°
(c: 1, CHCIy). IR (film) : 3071, 2942, 2865, 1694, 1635, 1463. 'H NMR (CDCly): 9.46 (1H, d,
J=8.0 Hz, CHO), 7.75-7.35 (10H, m, ArH), 6.96 (1H, dd, J=15.5, 6.0 Hz, (CH;)CHC(H)=), 6.04
(1H, dd, J=15.5, 8.0 Hz, C=C(H)CHO), 4.22 (2H, s, CH,OTBDPS), 4.02 (2H, s, CH,OCHs),
3.73 (1H, m, CHOTIPS), 3.28 (3H, s, OCH3), 2.55-2.45 (1H, m, (CH,)CHC(H)=), 1.93 (2H, m,
CH,C(CHs)=), 1.75 (3H, s, C(CHs3)=), 1.45-1.35 (2H, m, CH,CHOTIPS), 1.04 (9H, s, C(CHs)3),

lnl (DTH < TIPSY 0 Q) f’fl” A I=70 H7» { HCH.Y B NM (CDCLY 103 78 1A1 10
AV \Llll’ D! A AR u!’ AV N ) oF i\ llb’ ,ll A a5 l/ s A NLVYERLN \\/u\/ljl. l/J.lu’ l\llal\}’
137.62, 135.49, 133.61, 132.12, 129.73, 129.47, 127.47, 75.52, 69.04, 60.94, 57.84, 41.67,
32.75, 30.87, 26.73, 19.16, 18.44, 18.06, 12.70. MS (m/z): 593 (M-C4Hq)". HR-MS, calcd. for
C35Hs304S1; (M-C4Hg)™: 593.3482; found: 593.3475.
Methvl 2( ) 4(F). 1 6 7 Q\ 12-(tert-butvldinhenvisilvhoxv-11-methoxvmethvl-6_10-
Methyl 2(2),4(E),10(Z)- A&TECTImDRR QAP AT Y ISAY /Oy 2 A-ARAR R0 R AR =D,

dlmethyl—7—(tmsopropylsnlyl)oxy-Z 4,10-dodecatrienoate (21): A solution of potassium bistn-
methylsilyl amde (5.72 mL, 2.86 mmol, 0.5 M 1n toluene) was added dropwise to a stired THF
(40 mL) solution of bis (2,2,2-trifluoroethyl) methoxycarbonylmethylphosphonate (947 mg, 2.97

mmol) and 18-Crown-6 (3.27 g, 12.4 mmol) at -78°C. After an hour stirring at -78°C, a solution
fald“l“ Ao MN (1 A0 o D 70 mmalyin THE /185 mT ) wag latad tn tha reagant Tty firr d

Vilyuyv av \1 ST By &4/ HHUIVLIY L 111K 1J llLLJ} vvas \.aaluu.uat\/u U v 1vagviit. it vvaS SUITC
T

V

0
for 2.5 h then, after allowing it to warm to 22 °C, the reaction was quenched with NH;Cli (40 mL,
sat.). Following an aqueous work-up with ether, the crude product was purified by
chromatography (7% EtOAc in hexane) to yield 1.44 g (89%) ester 21 (Z/E ratio 30:1) as a pale

yp"n\xi otl. I~125 - R A° {r- 1 CHCIN. IR (film): 3071, 2943, ’)ROﬂ I7IQ IAFZ'Z 1112, IT—T NMR

IV VY L Nrd AN L F. AAN \ALRNXR) ANAVAAN

(CDCly): 7.75-7.25 (11H, m, ArI_{ and HC=C}_1HC—CHC02CH3), 6.51 (1H, dd, J=11.5, 11.5 Iz,
HC=CHCO,CH;), 6.17 (1H, dd, J=15.5, 7.0 Hz, HC=CHIC=CHCO,CHs), 5.56 (1H, d, J=11.5
Hz, HC=CHCO,CH3), 422 (2H, s, CH,OTBDPS), 4.03 (2H, s, CH,OCHs), 3.72 (3H, s,
CO,CH;), 3.65 (1H, m, CHOTIPS), 3.27 (3H, s, OCHs), 2.40 (1H, m, CH(CH3)), 1.95-1.85 (2H,
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m, CH,C(CH3)=), 1.74 (3H, s, C(CH3)=), 1.45-1.30 (2H, m, (TIPSO)CHCH,), 1.04 (9H, s,
CfCOHANY 000 M1 o TIPSY NQ1 21T A T =70 WU OO W 130 NMR (CDCD: 1669
CAMIL3 )3 ), V.77 (41X, S, 1S ), V.71 (311, G, J FVU 04, UH\al3 ). O INIVIER (Csed) 1007,
148 4, 145.7, 138.3, 135.6, 133.8, 1295, 127.6, 126.0, 115.2, 76.3, 69.1, 61.0, 57.9, 51.0, 41.7,

33.0, 31.0, 26.9, 19.3, 18.6, 18.2, 13.5, 12.9. MS (m/z): 706 (M)*, 675 (M-OCHs)". HR-MS,
calcd. for C39Hs005Si; (M-C3H7)"™: 663.3901; found: 663.3894.

W AMEY HMNAGR T\ 1) _(tort_hntvidinhanvicilvlnavy_11_mathnvvmathvl £ 10 _dimathul_
- N i ] B A TANTTY A4 T YY 7 A a4 & A W 4

7-(triisopropylsilyijoxy-2,4,i0-dodecatirienol {22): DIBAL-H (4.6 mL, 4.65 mmoi, 10 M mn
CH,Cl,) was added dropwise to a CH,Cl, (20 mL) solution of ester 21 (1.31 g, 1.85 mmol) at -
78°C. After 1h stirring, the excess reagent was destroyed with methanol (2.5 mL). Sodium

tartrate (25 mL, sat.) was added, then it was allowed to warm to 22°C in 1 h. Following an
LL LY ™ P S B S YN ANOQ/ DN A A 2en Lacrnaan ~1 1 172
dunUub wmx\-up Wil vy, CInOIdiug Pll k U-4u /0 DLUAL l.l.l llU]&d.l.lC) dJJUlUCU 1.0 g

. v (2
(98%) alcohol 22 as a colorless oil. [a]*’p: -1.2° (¢: 1, CHCls). IR (film): 3398, 2939, 2865,
1656, 1464. '"H NMR (CDCly): 7.75-7.35 (10H, m, ArH), 6.21 (1H, dd, J=15.0, 11.0 Hz, CH-
HC=CH), 6.01 (1H, dd, J=11.0, 11.0Hz, HC=CHCH,OH), 5.81 (1H, dd, J=15.0, 7.0 Hz, CH-
HC=CH), 5.48 (1H, dt, J=11.0, 7.0 Hz, HC=CHCH,OH), 4.26 (2H, d, J=7.0 Hz, CH,0H), 4.23
(2H, s, CH,OTBDPS), 4.03 (2H, s, CH,OCH;), 3.62 (2H, m, CHOTIPS), 3.27 (3H, s, CH,-
OCHjs), 2.30 (1H, m, CH(CH3)), 2.0-1.90 (2H, m, CH,C(CH3)=), 1.75 (3H, s, C(CH;)=), 1.45-
1.30 (3H, m, CH,CHOTIPS and OH), 1.04 (9H, s, C(CHs)3), 1.00 (21H, s, TIPS), 0.88 (3H, d, J

5,135.5,133.8, 131.1, 129.5, 129.4, 127.5,
0
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phenvlsilyDoxy-2-cvano-13-methoxy-
e ol o o "7 o o o

1 -
x

_____

Methy! H2),6(E),12(2)-(8R 9S)- 14-(fert-butyldi
4

trricanranyla: ilvyNavy A
(24 DUPI upy lblly l,UAy YU,y

THF (50 mL) solution of alcohol 22 (2.81 g, 4.14 mmol), PPh; (1.56 g, 5.95 mmol) and, aﬂer
cooling to -40 °C, HCA (900 uL, 5.93 mmol) was added. After another 15 min stirring at -40 °C,
the reaction was allowed to rewarm. By this time, chloride 23 was formed. It was then cannulated

‘744,.! ,4..:,.....\
ot u

into a preformed solution of sodium methyl cyanoacetate made by a dropwise addition of a
solution of sodium methoxide (37.0 mL, 162 mmol, 25% in MeOH) to a solution of methyl
cyanoacetate (14.7 mL, 167 mmol) in MeOH (60 mL) and THF (80 mL) at 23 °C followed by 30
min stirring. After 3h stlrrmg at 23 °C, the reaction was quenched with NH4ClI (75 mL, sat.) at 0

°C. Fnllnwmo the evaporation of the bulk of the solvents and an agueous work-up with ether, the

A1 VL A (2 1 i w2 Qi Gai Gyl VWRIATSY a2

..J xre &Q o+ £OQN0/ ~ximr
uae proauct was pu .20 g (6270 OVET
50, 1754, 1654,
~CH) 5.90-

DPS), 4.03

two steps) epimeric cyanoester 24 as a pale yellow oil. IR (tﬂm) 2942, 865 2‘
1463. 'H NMR (CDCly): 7.75-7.30 (IOH m, ArH), 6.20-6.05 (2H, m, HC=CHCH
5.80 (1H, m, CH-HC=CH), 5.30-5.20 (1H, m, HC=CHCH,), 4.23 (2H, s, CH,OTB
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,2.3 (
_2C(CH3)) 175 (3H s, C(CH3)-), (2H, m, CH(OTIPS)C_&:) 1.04 (9H, s,
C(CHs)3), 1.00 (21H, s, TIPS), 0.88 (3H, d, J—7.0 Hz, CH(CH3)). >C NMR (CDCL): 166.1,
140.7, 138.4, 135.6, 133.8, 133.5, 129.5, 127.6, 123.5, 120.9, 116.1, 76.5, 69.2, 61.0, 57.9, 53 .4,
41.6, 37.4, 32.9, 31.0, 28.0, 26.8, 19.3, 18.6, 18.2, 14.1. MS (m/z): 647 (M-C;H;)". HR-MS,

AN1 L 3 MmN ANnNnL

calcd. for CyHeoNOsSi; (M-CyHy ) 702.4010; found: 702 .4005.

Methyl 4(2),6(E),12(Z)-(8R,95)-2-cyano-14-hydroxy-13-methoxymethyl-8,12-dimethyl-9-

(triisopropylsilyl)oxy-4,6,12-tetradecatrienoate (25): PTSA (363 mg, 1.91 mmol) was added
tn a AAANLT (&N enl) ambiséimm ~F ciliilathoe P4 (1 AL ~+ 1 O snsenl) 24 32 O/ P .
1 d IVIO\UUT \JU uu) SOIULILIT Ul bllleLllCl LR \l.‘l'.) g, 1.71 11 IlUl) at 20 . [\llcl ‘i l_l buumg,

NaHCOj; (193 mg, 2.3 mmol) was added. Solvents were evaporated. An aqueous work-up with
EtOAc, chromatography (0 to 40% EtOAc in hexane) afforded 250 mg (17%) silylether 24 and
715 mg (72%, 86% corrected) alcohol 25 as a pale yellow oil. IR (film): 3450, 2944, 2251,
1751, 1656. 'H NMR (CDCL): 6.35-6.10 (2H, m, HC=CHCH=CHCH,) 5.90 (1H, m,
HC=CHCH=CHCH,), 5.35-5.25 (1H, m, HC=CHCH,), 4.16 (2H, d, J=1 Hz, CH,OH), 4.05
(CH,OCH3), 3.80 (3H, s, CO,CHs), 3.76 (1H, m, CHOTIPS), 3.58 (1H, m, CH(CN)), 3.34 (3H,
s, CH,OCHj), 2.85-2.75 (2H, m, CH,CH(CN)), 2.47 (1H, m, CH(CH,)), 2.30-2.00 (2H, m,
74 ( H, s, (C“ =). 1.60-140 (’)H m, CH ﬂTTPQ\(“T—L\ 106 (9H
0

Il
N’

o—

~3

(S0 1 VY A\, 7> L1y Ai7), 1.V (A

{
U (v 1,
T™WCQY 1 NY 7217 4 ¥ N N 13 A A M N, 144
rs), 1. /.0 3)). "C NMR (CDCl3): 166.

=

) 2 {on,q,J =

1, 123.6, 121.1, 116.1, 76.3, 7]9 61.5, 58.3, 535,419, 41.8, 374,
5,28.0,18.5, 18.2, 14.9, 14.7, 13.0. MS (m/z): 489 (M-CH;OH)". HR-MS, calcd.
Si (M-CH;OH)": 489.3274; found: 489.3285.

Methyl 4(2),6(E),12(Z)-(8R,9S5)-14-chloro-2-cyano-13-methoxymethyl-8,12-dimethyl-9-
(triisopropylsilyl)oxy-4,6,12-tetradecatrienoate (26): PPh; (731 mg, 2.79 mmol) and HCA
(420 mg, 2.77 mmol) was sequentially added to a stirred CH,Cl, (10 mL) solution of alcohol 25
(1.32 g, 2.53 mmol) at -40 °C. After 15 min stirring, the mixture was warmed to 22 °C. The crude

product was purified directly by chromatography (0-25% EtOAc in hexane) to yield 1.30

chloride 26 as a pale yellow oil used without delay for macrocyclization.

Methyl (Z) 5(E),11(2)-(1&,7R,85)-1-cyano-12-methoxymethyl-7,11-dimethyl-8-(triiso-
nronvisily 3,5,11-cyclotridecatrienecarboxylate (27): A solution of chloride 26 (360 me

pE vPJmJll J-V,V’AA EAAZ AT carooxyiate \=1y LoSU: Vi VALY &3V \JVV 2Ge,

667 umol) in MeCN (10 mL) was syringe pumped over 10 h into a stired MeCN (400 mL)
suspension of Cs,CO; (1.12 g, 3.44 mmol) at 70°C. Following 2 h stirring, the bulk of the solvent
was stripped, the residue was dissolved in hexane/ether (100 mL, 1:1) then water (30 mL) was
added. Following an usual work-up, chromatography (0-20% EtOAc in hexane) afforded 272 mg
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(81%) macrocycle 27 as a 1:1 mixture of epimers. It was separated for characterization and
C.

28,.+50 70 ¢~ 1 LI TR (YL 2Q446 DQAR D0AA 174D ‘IAIC’J 1T_.'l'

ndal ctiadia Tl
moae: studgies. 275 &) p: 7.2 (L1, \/11\./13} IR (LUCI3) 2740, 2000, L4484, 1744,

NMR (CDCl): 6.55 (1H, m, 5-H), 6.50-6.35 (1H, m, 4-H), 5.60 (1H, m, 3-H), 5.49 (1H, dd,
J=15.0, 10.0 Hz, 6-H), 3.93 (2H, s, CH,OCH35), 3.78 (3H, s, CO,CH3;), 3.62 (1H, m, 8-H), 3.25
(3H, s, CH,OCHs), 3.01 (1H, m, 2-Ha4), 2.93 and 2.50 (2H, 2d, J=15.0 Hz, 13-H,), 2.58 (1H, dd,
J=13.0, 7.0 Hz, 2-Hg), 2.45-2.30 (1H, m, 7-H), 2.19 and 2.02 (2H, 2td, J=13.0, 4.0 Hz, 10-H,),
1.73 (3H, s, 11-CHj), 1.65-1.50 and 1.45-1.30 (1H, m, 9-H,), 1.13 (3H, d, J=6.5 Hz, 7-CH;, 1.08

(21H, s, TIPS). °C NMR (CDCl;): 169.8, 139.7, 138.0, 135.1, 126.2, 125.3, 122.2, 120.0, 77.6,
69.8, 58.0, 53.3,47.4,45.5,36.8,36.4,349,29.2 194, 188, 18.5, 13.1. MS (m/z): 503 (M)",

460 (M-C;H;)". HR-MS, caled. for CysHigNO,Si (M)': 503.3431; found: 503.3427. 27R: [a]®y:
+79.2° (¢: 1, CHCL). IR (film): 2948, 2250, 1743, 1225. "H NMR (CDCh): 6.51 (1H, m, 5-H),
6.42 (1H, m, 4-H), 5.70 (1H, m, 6-H), 5.43 (1H, m, 3-H), 3.90 (2H, AB-d, CH,OCH3), 3.82 (3H,
s, CO,CHs), 3.80 (1H, m, 8-H), 3.19 (3H, s, CH,OCHj), 3.00-2.90 (1H, m, 2-Ha), 2.79 and 2.61
(2H, 2d, J=15.0 Hz, 13-H,), 2.69 (1H, dd, J=13.5, 7.5 Hz, 2-Hg), 2.55-2.40 (1H, m, 7-H), 2.34
and 1.99 (2H, 2td, J=13.0, 4.0 Hz, 10-H,), 1.74 (3H, s, 11-CH;), 1.70-1.55 and 1.35-1.20 (2H,
2m, 9-H,), 1.10 (24H, s, 7-CH, and TIPS). '>C NMR(CDCl;): 169.9, 138.7, 137.6, 134.5, 125.9,

125.3, 1219, 1194, 76.2, 70.8, 57.8, 53.3, 47.9, 44.0, 36.2, 34.5, 32.8, 28.1, 192, 182, 17.5,
12.8. MS (m/z): 503 (M)". HR-MS, caled. for C9H4gNO,4Si (M)*: 503.3431; found: 503.3427.

pan—— 3 PO = -1 PV Qysenn Py N |

X i-6,10—dime‘ihyl-7 {triisopropylsilyljoxy-2,4,10-
dodecatrien-1,i2-diol (28): The same procedure as for allyi aicohol 25 was used to deprotect
silylether 22. Chromatography (25-60% EtOAc in hexane) afforded diol 28 in 72% (91% corr.)

ove

yield (21% silylether 22 was recovered). Diol 28: [a]”’p: - 5.7° (c:1 ,CHCL). IR (film): 3363,
2942, 2866, 1654, 1463, 1382, '"H NMR (CDCl3); 6.47 (IH, dd, J=15.0, 11.0 Hz, CH-HC=CH),
6.08 (1H, t, J=11.0 Hz, HC=CHCH,), 5.74 (1H, dd, J=15.0, 8.5 Hz, CH-HC=CH), 5.56 (1H, m,
HC=CHCH,), 4.39 (1H, dd, J=13.0, 8.5 Hz, CH=CHCHa,), 4.20-4.00 (5H, m, CH=CHCHj,
CH,OH and CH,OCHz3), 3.75 (1H, m, CH(OTIPS)), 3.34 (3H, s, OCH3), 2.50-2.40 (1H, m

CH(CHa)), 2.33 and 2.05 (2H, 2td, J=13.0, 4.5 Hz, CHLC(CHs)=), 2.25 (2H, s, 2xOH), 1.74 (3“,
s, C(CH3)=), 1.70-1.55 and 1.50-1.35 (2H, 2m, CH(OTIPS)CH), 1.08 (21H, s, TIPS), 1.06 (3H,

d, J=7.0 Hz, CH(CHs)). *C NMR (CDCl;): 139.0, 138.7, 130.8, 128.8, 128.3, 124 .4, 76.0, 72.2,
61.6,58.2,42.6,33.8,29.0,18.5, 18.3, 16.6, 12.9. MS (m/z): 441 (M+H)", 458 (M+NH,)". HR-
MS, calcd. for C25H4904Si (M+H)": 441.3400; found: 4413412, and calcd. for CysHs;NO,Si

/AALRTIT T, 420 N/ £ 1

{(M+NH,) : 458.3605; found: 458.3661.
Methyl 3(2),5(E),11(Z2)-(1&,7R,85)-1-cyano-12-methoxymethyl-7,11-dimethyl-8-(triiso-

ropvlsnlvl)oxv—S.S 11-cyclotridecatrienecarboxylate (27) (via dialkylation from diol 28): To a
27.3 wmol) in 500 pL CH,Cly, PPh; (15.8 mg, 2.2 eq) and

Ay AR\ R7, LKLY (1Y u iy, 4.4 W) ail

Cl-'
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HCA (9.1 uL, 2.2 eq) was added at -78°C. The temperature was allowed to warm up to 22°C in
the mi n washed with 50% ether in

E Fl

hexane. The piug was eluted fast with hexane to get rid of the chioroacetones then with 50%
ether in hexane. Fractions of dichloride 29 were collected and evaporated to use immediately for
the macrocychzation as follows. A mixture of dichloride 29 and methyl cyanoacetate (33 plL, 1.2

ea 1 M aeahitinon in MaCN) in Ma(N (R mI Y wacg iniectad hy eurinoe numn aver 27 min intn a
V\i, A AVE JVULLIVAIVIA 13X ij.w\_/-l.‘, AAA AVANAN AN \—l lllu} \AR?S) I.IJJVVLV\J u h’J‘ul&v lely A VL s o l.l..l.l_ll RRERLS &3

suspension of Cs,CO; (89 mg, 10 eq) in acetonitrile (30 mL) at 70-75 °C. The same work-up as
for the stepwise reaction furnished 8.0 mg (58%) identical epimeric mixture of macrocycle 27.

3(Z),5(E),11(Z)—(1&,,7R 85)-12-methoxymethyl-7,11-dimethyl-8-(triisopropylsilyl)oxy-3,S,

acrnl i PR L UL VA APRPIRI N Sy N Py SO PRURY | e taan et smm twsde e actor

LyLlUll"l(lCLilll cnccarunnIruc lJl} lU a blulCU SOIution ot 1: l CPUIICIIC HUXIULC Ul CHICI L /
(342 mg, 680 pumol) in THF (10 mL), a NaOH solution (2.72 mL, 2.72 mmol, 1M) was added. It

stirred for 17h at 50°C. Upon cooling, it was acidified with HCI (3.0 mL, 3.0 mmol, 1M),
usual work-t up with CH,CHL (50 ml) furmn

A

1, is an 1:1 mixture of e epimeric acid 30 (323 mg,
L waa damarhevola
11 1

1 2.4 AaRALSAAV &=

\.

o £ : PR
€ 104 Wllb

cu

Yy naviig occn refluxed in dcuz&yg 1ate
MeCN (15 mL) with CuyO (9 mg, 63 mmol) for 24h under Argon. Upon cooling, this suspension
was filtered through a pad of silica and washed with 40% EtOAc in hexane. After evaporation of

this solution, a purification with chromatography (10% EtOAc in hexane) furnished an 1:1
animeric mivinre of nitrila 31 (D48 mo R79% avar 7 < ons) aq a white fnam M- TR (film) 2049

WRFLLIVIIVC LAWY UL Lu v & \&T0 g, UL /70 UVl L Suwep as a vvuu, AVGILL. FRe LIV (ALLEL). L7 4&,

2866, 2237, 1653, 1464. '"H NMR (CDCl5): 6.40-6.15, 5.80-5.70 and 5.60-5.40 (2H+0.5H+1.5H,
3m, vinyl protons), 4.13 and 3.92 (2H, 2d, J=11.0 Hz, CH,OCH;) or 3.99 (2H, AB-d,
CH,OCHs), 3.78 or 3.62 (1H, m, 8-H), 3.32 (3H, s, OCH3), 1.74 or 1.73 (3H, 2s, 11-CH3), 1.15-
1.05 (24 H, 7-CHs and TIPS). *C NMR (CDCL): 139.1, 138.1, 137.5, 137.1, 132.7, 132.0,

177 177N 17485 1279641 17950 1274Q 1721 1797 Q 770 7462 T A ’710 Cﬂﬂ AL 1 AA D

1£8.2, 127.U, 120.3, 120.1, 123.7, 124.0, 12J3.1, 124.7, 11.U, /3.5, /2%, /1.0, 53/.7, 40.1, 44.U,

36.0,35.1, 34.1, 33.2, 31.8, 31.0, 30.6, 30.4, 26.9, 18.7, i8.5, 184, 18.1, 13.6, 13.3. MS (m/z):
445 (M)", 402 (M-C;3H,)". HR-MS, calcd. for Cp7H47NO,Si (M)*: 445.3376; found: 445.3383.

3(2),5(E),11(2)-(1&,7R,85)-12-hydroxymethyl-7,11-dimethyl-8-(triisopropylsilyl)oxy-3,5,

ll-rvclntndm‘atnpnornrhnmfrlle (34\ To a stirred solution of 1:1 enimeric mixture of ether 31

SR R AN G LR A AL S PR RSN 40 G 222000 DALV VL A peraiwaal AAALA L 2 RN

(82 mg, 184 umol) in CH,Cl; (20 mL), Me,BBr (734 pl, 734 umol, 1.0 M in 1,2-dichloroethane)
was added at -10°C. After 20 min stirring, the excess reagent was destroyed with a saturated
solution of NaHCOj; (10 mL) at -78°C. Following an aqueous work-up with CH,Cl,, DMF (4 mL)
and dry sodium acetate (151 mg, 1.84 mmol) were added to the evaporated crude bromide 32 and

tha cnlitinn wwae hoatad fAar &k at A89%7 TTnan ronling fallawvunng an aananng “7.’\"1’_ n unith athar
UIC DULUUULL vywad 1ivatcll 11Ul VIl al UJ . UPUIL LUULLL E 1UIIUWI 15 ati aquuuua VWOIN—UR) VViul Vel
the crude acetate 33 was hydroilyzed in MeOH (3 mL) with anhydrous K,COj; (255 mg, 1.85

mmol) for 3h at 23°C. Following an acidification with a solution of HCI (3.6 mL, 3.6 mmol, 1.0
N) and an aqueous work-up with ether, the crude product was purified by chromatography (20%
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EtOAc in hexane) to furnish 1:1 epimeric mixture of alcohol 34 (62.7 mg, 79% from 31) as a
cnlarlace ail TR (CTYCLY 2410/ D040 T4 M40 145) 1464 IIITNMD /(O £ 255 14
CO1011€SS Oli. FEAN \\/U\/lj} JVEUV UL ), L 7VUV, LOUOD, L&TT7, TVUJL, 17U, 11 1TIVIIN \\JU\/!}I V.oJ~uv. 17,

5.85-5.75 and 5.65-5.45 (2H+0.5H+1.5H, 3m, vinyl protons), 4.31 and 4.21 (2H, 2d, J=12.5 Hz,
CH,OH) or 4.24 (2H, s, CH,OH), 3.80 or 3.60 (1H, m, 8-H), 1.75 or 1.74 (3H, s, 11-CHs), 1.15-
1.05 (24 H, m, 7-CH; and TIPS). °C NMR (CDCL): 138.3, 137.2, 136.8, 132.3, 131.7, 130.0,
129.9, 126.6, 125.5, 124.2, 123.1, 76.6, 74.7, 63.0, 62.2, 45.8, 43.6, 35.8, 35.20, 33.78, 33.19,

21 230 I 17 INNDN0O N T £ L LN 10 A oON sV i

AL 1774 12 1£ 1 A 100 X
21.07, J21.1/7, JU.LY, DU.10, LO.0U, 10.£0, 1/./4, 10.13, 1£.07. MS (MIZ} 4.31 UVI} 380 (ivl-

C;H,)". HR-MS, caled. for CpsHysNO,Si (M)': 431.3219; found: 431.3215.

M SE1U(Z2)(1E, TR . 85)-12-formyl-7,11-dimethyl-8-(triisopropylsilyDoxy-3.5.11-cyclo-

Y FrN I d X FJ T2 Ed rd o ¥ of AN © ©J o -7 '3 Eab o
bprcdnnatmiamanashanittla €Y TA o ativrnd cnliitinm AF o 1T anmirrraris savtiirn nf nla~h~l 24
[ 5 WUTLSLE AL IT A UUEEILE BN ‘JJ’- 10U aAd SULIICTLU DULULL 1 U1 41l 1.1 C}Ju ICLIA 11HAL C Ul 4AiVUlIuUl o=

4

(58.2 mg, 135 pumol) in CH,Cl, (5 mL), NMO (20.5 mg, 1.3 eq), molecular sieve (100 mg, 4A)
and TPAP (3.3 mg, 7% eq) were added at 0°C. After 20 min stirring at 22°C, the bulk of the
solvent was stripped, then the resulting suspension was purified directly by chromatography (40%
ether in hexane) to isolate 15.4 mg (27%) 35S, 14.2 mg (25%) 35R and 21.6 mg (37%) of the
mixture of 358 and 35R as colorless oils. These aldehydes needed to be used without delay in the
next step. 355: 'H NMR (CDCL): 10.15 (1H, s, CHO), 6.35-6.25, 5.78-5.68, 5.62-5.50
(2H+1H+1H, 3m, vinyl protons), 3.91-3.85 (1H, m, 8-H), 2.215 (3H, s, 11-CHs), 1.13 (3H, d,

J=6.8 Hz, 7-CH), 1.11 (21H, s, TIPS). °C NMR (CDCl): 190.4, 162.0, 136.4, 1339, 13128,
1YL A 1L 77 11 A ~TA ™M /l“,f "1’7‘1 1N N SN - N A ~ N 10 1 10 N 1 N 17 1
1209, 140./7, 1414, /4.1, 42.0, 33,0, 34L.7, 0VU./, LT.4, £/.J, 10.0, 10.£, 1/.7, 13.1. lVlD \m/;’}

429 (M)', 386 (M-C;H,)". HR-MS caled. for CasHusNO,Si (M) 429.3063; found: 429.3072.
35R: 'H NMR (CDCl;): 10.13 (1H, s, CHO), 6.49-6.25, 5.63-5.50 (2H+2H, 2m, viny! protons),
3.72-3.64 (']H m, SH\ 2.21 (3 s II—(‘IL\ 1.16 (3H d, J=6.6 Hz, 7-CH,, 1.12 (21H, s,

S, Hs), 1.16 a, 0.0 I 75 CI |

- kd =3
87 8 1240 12

JiJd, 13%.7, 1IL. /, 2IV. L, 1.7, 1£L0.7,

J »

TIDQ) 13F NMDR (.1 1QQ )
LIEWD ). INIVIN \\./()Llﬁj 100.4,

33.5,30.2, 289, 28.0, 25.0, 17.0, 16.8, 15.8, 11.6. MS (m/z): 429 (M)", 386 (M-C3H;)". HR-
MS, caled. for CosHisNO,Si (M)™: 429.3063; found: 429.3072.

1201 12740 19727 119 4 TFAQ AAD
174, /4.7, 4%.U,

ot |

3(2),5(E),11(£)-(7R,85)-12-methoxymethyl-7,11-dimethyl-8-(triisopropylsilyl)oxy-3,5,11-
cyclotridecatrienedicarboniiriie (36) (via doubie alkylation from diol 28): Diol 28 (499 mg,
1.132 mmol) was transformed into dichloride 29 as described for the preparation of 27 via double
alkylation macrocyclization. Then a solution of dichloride 29 and malonommlc (600 mg, 8 eq) in

MeCN (10 ml, \ was svringe m mped_ over 3 h f Cs,COs (% 690 g, 10

....... iV LA gy et v JL0LV 1Y p 2

Aan) in ANAANT (&8N 3T N a¢ 7NN
Cy) lll IVIC U IN \JJU i) (A AV

evaporated, hexane/ether (100 mL, 50%) were added, washed with dil. HCl and brine, dried and
evaporated. The crude product was purified by chromatography (20% cther in hexane) to isolate
389 mg (73%) macrocycle 36 as a pale yellow oil. 36: [a]*p: +80.5° (¢:2 ,CHCL). IR (film):
2941, 2867, 2371, 1461, 1107. 'H NMR (CDCl): 6.53-6.40 (2H, m, 4-H, 5-H) 5.70-5.55 (2H,

. a tha hall, ~AFf NAAMNT
1 1, Ul UULA UL 1IVICU N was
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m, 3-H, 6-H), 4.06 (2H, AB-d, CH,OCH;), 3.74 (1H, ddd, J=8.3, 6.1, 2.2 Hz, 8-H), 3.38 3H, s,
Nng (111 A4 1-—-12 4 N> 27.17Y 2701 (1T AAd T—-1217 A £Q LI D 11 Y 7 QQ /11T A
\}\/113], J.VO \lll, uu, o LrJ. “' V.4 JIL, 4 %}, L. 7 \l.ll, uu, J .lJ.",U.) llL, L"m], .07 \lll. u

10. 1

J=14.9 Hz, 13-H,), 2.56 (1H, d, J=14.9 Hz, 13-Hg), 2.40 (1H, m, 7-H), 2.23 (1H, td, J=13.3,4.5
Hz, 10-H,), 2.02 (1H, td, J=13.3, 4.0 Hz, 10-Hg), 1.77 (3H, s, 11-CH3), 1.61 (1H, tt, J=14.0, 4.5
Hz, 9-Hy), 1.27 (1H, m, 9-Hp), 1.12 (3H, d, J=6.7 Hz, 7-CH;), 1.09 (21H, s, TIPS). >’C NMR
(CDCl;): 140.0, 138.8, 135.9, 125.1, 124.9, 120.1, 116.9, 115.9, 76.1, 70.2, 58.1, 44.7, 37.3,

AL & A4 7 241 A1 104 1062 100 110 ATy At ~ TIND AAQ
0.0, 4./, I4.1, £0.0, 17.4, 10.4, 10.VU, 147 lVlD \II’I/Z) 4/U (ivl) ‘-lLl UVI—L3H7) IN-IVLD,

calcd. for CosHygN,O,Si (M)*: 470.3328; found: 470.3337.

3(£),5(E),11(Z)-(7R,85)-12-methoxymethyl-7,11-dimethyl-8-(triisopropylsilyl)oxy-3,5,11-
aunlonterdonatsmanmadinanhamidnila ML) (Hram mmanranunla Y. Dotor 7 MDESA o SNQ oAl wvrac
CyGotrigecarriencaicaroonitruc (O0) (Iroi 1 muuuyuc &/ ). ESICT &/ (250 g, SUY liNoi) was
saponified to acid 30 by the procedure applied for the preparation of 31. Ethyl chioroformate (74

ul, 1.5 eq) was added to a stirred mixture of crude acid 30, THF (5 mL) and Et;N (143 uL, 2 eq)

at -40°C. The mixture was stirred for 30 min at -5°C then cooled back to -40°C to condense about
Sl N, (D in i

1 o v o ag a nf NH.
2 M INI13 &) L1 1L OC MIXTUre was auowea 10 warm (o 22 i ali Ul W 1€ €XCECSS O iNI13

evaporate. Following an aqueous work-up with CH,Cl,, the dry crude amlde was dissolved in
CH,Cl, then Et;N (180 uL, 2.5 eq) and trichloroacetyl chloride (86 pL, 1.5 eq) were added at
0°C. After 2h stirring, the reaction was quenched with 2 drops of cc. NH4;OH. Following an
aqueous work-up with CH,Cl,, the crude product was purified by the same way as in the

~ YNN 7O "in/_ ,,,,, 7\ J

previous procedure to give 200 mg (83% over 4 steps) identical macrocycle 36.

3(2),5(E),11(Z)-(7R,85)-12-hydroxymethyl-7,11-dimethyl-8-(triisopropylsilyl)oxy-3,5,11-
. tri .

cyclotridecatrienedicarhonitrile (39): To a stirred solution of ether 36 ( 31 mg, 278 pmol) in
MIY M (ML =T AAA DD.. /1T NO .1 1 ..A A-'I. \ was addad ¢ 1NOM
(3§ 51 y) ‘\DJ llL), VIC2 D DI \1 JOo 1, "f Cq, l .U 1V1 ul 1 ,L"Ulblu 1UCUIALIC) wdd auucu L =1 |

After 15 min stirring, the excess reagent was destroyed with a saturated solution of NaHCO; (5
mL) at -40°C. Following an aqueous work-up with CH,Cl,, DMF (5 mL) and dry sodium formate
(183 mg, 10 eq) were added to the dry crude bromide 37 and the solution was heated for 3h at

SN 'Tr\r\n canling  fallawing an aanannc “rnrlr un with athar the ~rmide forma
Ju . uplil COGuE, 10u0WILE dll aullus WUOIR-UP Wil Suilr, W€ CruGf idrma

hydrolyzed in THF (20 mL) with HCI (4 mL, 1M) for 3 days at 22°C. Following an aqueous
work-up with ether, the crude product was purified with chromatography (20% to 30% Et,0O in
hexane) to furnish 83 mg (65% over 3 steps) alcohol 39 as a colorless oil. 39: [a]*’p: +83° (c:2,
CHCLs). IR (film): 3524(br), 2944, 2867, 2248, 1459. 'H NMR (CDCl3): 6.55-6.40 (2H, m, 4-H,

5-H) :’-n £ /YT IT £ I\ A %) OIY AT 278 F1LT 311 T.Q £ A4 11, QO IT
J-r), J./4L- 330 [éﬂ m, J"I‘.l O-11), ‘+.3/ (.{.1‘1 S, Cihuri), J. I.J(ln add, J—0, O dlld £ 114, 0-11),

3.09 (1H, dd, J=13.5,10.1 Hz, 2-Hy), 2.94 (1H, d, J=15.0 Hz, 13-H,), 2.93 (1H, dd, J=15.0, 13.4
Hz, 2-Hg), 2.62 (1H, d, J=15.0 Hz, 13-Hg), 2.41 (1H, m, 7-H), 2.21 (1H, td, J=13.3, 4.5 Hz, 10-
Hy), 2.02 (1H, td, J=13.3, 4.1 Hz, 10-Hy), 1.80 (3H, s, 11-CH;), 1.61 (1H, tt, J=14.1, 4.5 Hz, 9-

Ha), 1.27 (1H, m, 9-Hg), 1.12 (3H, d, J=6.7 Hz, 7-CH3), 1.09 (21H, s, TIPS). *C NMR (CDCl;):

TIA ), L&/ ALk, M, J-11RJ, 1.0 \Ji1, U, J Iid., 113), l.Vl \& LML, D, 110 J) INIVLIN \\ 1/ 13 ).
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140.6, 138.9, 136.0, 126.6, 125.0, 119.9, 116.9, 115.9, 76.1, 60.2, 44.7, 37.0, 36.4, 34.0, 28.4,
1097 129 170 17 Q NMSQ (/) ASA (ANMNYT A12 (N HN vt LID ANQ  ~alnd fae . NN
17.L, lU.L-, 17 /’ 14.7, 1YL \flllé}  gVAV] \l\’].} 5 “+1. \l\ﬁl \/SIL',’} AEN. JVIL), walvil. IUI \/271]441‘2\)201
(M)": 456.3172; found: 456.3182.

3(£),S(E),11(Z)-(7R,85)-12-formyl-7,11-dimethyl-8-(triisopropylsilyl)oxy-3,5,11-cyclotri-

decatrienedicarbonitrile (40): To a stirred solution of alcohol 39 (204 mg, 447 pmol) in CH,Cl,
/1“ ml Y NoaceMartin narindinana (984 mo 1 § an) wag addad at N Aftar a chirring nariad ~f

v l.l.]_l_J/ UUBD TLVECER LARE y\il AU N \A-U'r 1115 1. U\l} vy aD uuuvu a!. V N £MAWVA &G utuluxs P\IIIUU i

ARGy Lt Pa

20 min at 22°C, the reaction was quenched with cc. Na,S;0; (5 mL). After an aqueous work-up
with CH,Cl,, the crude product was purified by chromatography (10% to 30% Et,O in hexane) to
afford 173 mg (85%) aldehyde 40 as a pale yellow oil. 40: [a]*: +184° (¢:2, CHCI;). IR (film):

2943, 2867, 2249, 1665, 1621, 1463. "H NMR (CDCL): 10.17 (1H, s, CHO), 6.57-6.44 (2H, m,
S

i H E]

~

TY_ NN 71 T 11

u\:
\SD’-

4]
7=

U'Iu
C\t

M
A TT TN “TY ") TY £ YT\ “) o ¥ ~4
4-H, 5-H 1D

H .59 (2H, 11, 3-H, 6-H), 3.75 (iH, ddd, j=8.7, 4.3, 2.1 Hz, 8-H), 3.09 (iH, dd,
J=134, 10.6 Hz, 2-H,), 2.93 (1H, dd, J=13 4, 6.4 Hz, 2—_B), 2.7 (IH d, J=15.0 Hz, 13-H,),
2.65 (1H, d, J=15.0 Hz, -___B) 2.56 (1H, td, J=13.1, 4.6 Hz, 10-Ha), 2.38 (1H, m, 7-H), 2.30

(3H, s, 11-CH3), 2.24 (1H, td, J=13.1, 3.5 Hz, 10-Hg), 1.66 (1H, tt, J=14.0, 4.0 Hz, 11-Ha), 1.33
(1T m 11,_J_\ 118 /720 A Qy 3¢, T\H\A’D COTMYLY 100 A
\111, lll, 11 LB}, 1.1J \Jll, U 1 } L% \\/ \./13}. ]./U.U,
164.1, 138.3, 135.7, 132.5, 1255, 1206, 116.6, 115.4, 75.5, 44.7, 38.0, 34.2, 33.9, 32.3, 29.7
19.4, 18.3, 18.2, 13.0. MS (m/z): 454 M)", 411 (M-C;3H;)". HR-MS, caled. for Cy7H4N,0,Si

(M)": 454.3015; found: 454.3019.

'-a

A:U'—I 12 f‘LI, 11 /MIH < TIDS
U.J 114, 1J=CIl3), 1 LE\ZirL, S, TIF
7,

athyl oR 10C 17 17 _cvan
La=C

Methyl (9R,105,125)-
16-seco-50,8p-stemod-6-en-16-oate (41S) and Methyl ( S IOR,12S)-12-cyano—14-methoxy-
3p-(triisopropylsilyl)oxy-15,17,19-trinor-14,16-seco-58,8a-stemod-6-en-16-0oate  (425): A
solution of macrocycle 275 (64.0 mg, 127 umol) in toluene (2.0 mL) was heated for 3 h in a
sealed tube at 230°C to produce a 4:6 mixture (‘"H NMR) of tricycle 415 and 42S. These were
separated and purified by chromatography (10% EtOAc in hexane) to 1solate tricycle 418 (22.0
mg, 34.4%) as a colorless oil and tricycle 425 (34.2 mg, 53.4%) as a white foam. Tricycle 415"
[o]?®p: -88.8° (c: 1, CHClLs). IR (CHCl3): 2945, 2892, 2240, 1746, 1461. "H NMR (CDCl;): 5.78

(1H, dm, J = 10.5 Hz, 7-H) and 5.53 (1H, dt, J=10.5, 3.0 Hz, 6-H), 3.81 (3H, s, CO,CH;), 3.44

1 N NITT N1 T A LS TYY_ o MYY MATT N - A Ny AT 1TT - A YT\ s MW BVEh f | — el B SVaYal i Y N 01
and 3.26 (2H, 2d, J = 9.5 Hz, CH,OCHj), 3.33-3.23 (1H, m, 4-H), 3.24 (3H, s, CH,0OCH;), 2.81
(1H, dd, J=13.5, 8.0 Hz, 13-Hy), 2.65 (1H, m, 8-H), 2.44 (2H, AB-d, 11-H,), 2.11 (1H, d, J=13.5

Hz, 13-Hg), 1.90-1.50 and 1.20-1.10 (SH+1H, 2m, 5-H, 4-H, 2-H, and 1-H,), 1.14 (3H, d, J=6.5
Hz, 4-CHs), 1.07 (21H, s, TIPS), 0.94 (3H, s, 10-CHs). *C NMR (CDCl,): 170.1, 130.0, 128.6,

=213, 2 T 2 L 213 L St X

121.8, 77.6, 76.2, 58.8, 544 53.6, 46.2, 440 435 404, 396, 384, 37.7, 322, 31.1, 18.3,
16.7, 158, 12.9. MS (m/z): 460 (M-C;H;)". HR-MS, calcd. for CysHipNO4Si (M-CsHy)'™:
460.2883; found: 460.2879. Tricycle 428: [a]*®p: -47.3%(c:1, CHCL;). IR (film): 2944, 2890,

2241, 1748, 1462. "H NMR (CDCly): 5.40-5.30 (2H, m, 6-H and 7-H), 3.85-3.80 (1H, m, 3-H),
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3.73 (3H, s, CO,CHs), 3.47 and 3.41 (2H, AB-d, J=9.5 Hz, CH,OCH3), 3.35 (3H, s, CH,OCHs)
700 (TH m S HY 2207 A5 (OH 11T.H, and 12.H.Y 2742 (1TH m 2.\ 217 MOU I =
4.7V (ini, M, J=41), £.0U=£.03 (a1, i, 11=04 allG 15=04), .07 (i, M, 0°11), 2.5/ («11, G, 7

14.0 Hz, 11-Hg and 13-Hg), 1.95 (1H, m, 4-H), 1.85-1.30 (4H, m, 2-H, 1-H,), 1.05 21H, s,
TIPS), 0.94 (3H, d, J=8.0 Hz, 4-CHs), 0.92 (3H, s, 10-CH;). 3C NMR (CDCL): 170.0, 130.0,
122.3, 76.0, 71.4, 58.8, 55.5, 53.4, 45.6, 43.9, 41.1, 40.9, 39.7, 38.4, 34.0, 27.3, 25.0, 18.1,
16.8, 153, 12.2. MS (m/z): 460 (M-C;H,)*. HR-MS, caled. for CyHiNO,Si (M-CsHy)*:

0‘) L‘,... -

Methyl (9R,108,12R)-12-cyano-14-methoxy-3B-(triisopropylsilyl)oxy-15,17,19-trinor-14,
16—seco-5a,8[5-stemod-6—en—16—0ate (41R) and Methyl (9S5,10R,12R)-12-cyano-14-methoxy-
3B3-(triisopropylsilyl)oxy-15,17,19-trinor-14,16-s SR 8a-stemod-6-en-16-0ate (42R): A

3B-(triisopropylsilyl)oxy-15,17,19-tri 8a-stemod-6-en-16-0ate  (42R):
solution of macrocycle 27R (31.0 mg, 61.6 pmol) in toluene (2.0 mL) was heated for 3 h in a
sealed tube at 230°C to produce a 9:1 mixture (‘H NMR) of tricycle 41R and 42R. These were
separated and purified by chromatography (5 to 10% EtOAc in hexane) to obtain tricycle 41R
(23.4 mg, 75.5%) as a white foam and tricycle 42R (2.6 mg, 8.4%) as a colorless oil. Tricycle

AITA ATD

41R: [oq  -73.1° (c: 1, CHCl,). IR (CHCl,): 2945, 2867, 2241, 1745. 'H NMR (CDCly): 5.60
(1H, dm, J=10.0 Hz, 7-H), 5.35 (1H, dt, J=10.0, 3.0 Hz, 6-H), 3.78 (3H, s, CO,CH;), 3.49 and
3.37 (2H, 2d, J=9.5 Hz, CH,OCHj;), 3.34 (3H, s, CH,OCHs), 3.33-3.23 (1H, m, 3-H), 2.78 (1H,

dd, J=13.5, 8.5 Hz, 13-H,), 2.59 and 2.37 (2H, 2d, J=14.0 Hz, 11-H,), 2.53 (1H, m, 8-H), 2.32
(1 A 14 H 1 QL and 1981 1N (ST Dev S H AL D I and 1_U A
J.J 14, 1 . 1.491.1 \Jll' 111, L1y, 2711, <711, L"'__z dli\d 1 _2},

3 0 .
170.0, 129) 127.4, 122.0, 77.5, 76.1, 58.8, 54.6, 53.6, 45.5,43.4,43.2, 41 .3, 38.5, 38.3, 380

32.2,31.0,18.3,16.6, 15.9, 12.9. MS (m/z): 472 (M-OCH3)", 460 (M-C3H,)". HR-MS, calcd. for
CasHiaNO;Si (M-C3H7)': 460.2883; found: 460.2887. Tricycle 42R: '"H NMR (CDCls): 5.60-

I SV R LW T ) ave 35 TUV.LUUY, AVHIM, TUV.L00 )Y Vi "Ra&s e L X

5.45 (2H, m, 6-H and 7-H), 3.87-3.82 (1H, m, 3-H), 3.81 (3H, s, CO,CH3), 3.42 and 3.28 (2H,
2d, J=9.5 Hz, CH,OCH3), 3.24 (3H, s, CH,OCHs), 3.06 (1H, m, 5-H), 2.73 (1H, dd, J=13.0, 8.0
Hz, 13-Ha), 2.70 (1H, m, 8-H), 2.55 and 2.44 (2H, 2d, J=15.0 Hz, 11-H,), 2.12 (1H, d, J=13.0
Hz, 13-Hg), 2.05-1.20 (5H, m, 4-H, 2-I, 1-H,), 1.07 (21H, s, TIPS), 0.97 (3H, d, J=7.0 Hz, 4-

MTY N NnNNng /17X ~ TN MIET N
CHs), 0.95 (3H, s, 10-CHs).

'.»

(9R,10S8,12R)-14-0x0-3B-(triisopropylsilyl)oxy-15,17,19-trinor-14,16-seco-Sc.,83-stemod-
6-en-16-nitrile (43): Me,AlICI (150 pL, 5 eq, IM in CH,Cl,) was added to a stirred CH,Cl, (5

olution of macrocvcle 38R (12 9 me. 30 umol) at _An C under Aroon atmosnhere. After two
Uil Ul 1HaviVUv Y viv JJis {1 &7 Lllb VML) Al TV W WIUWL M SUIL GULIVOPIIVE . L AvE LY

lllu} SULULL
hours at this temperature, the reaction was quenched with NaHCO; (2 mL, 1M). After an

aqueous work-up with ether, the product is filtered through a plug of silica to afford 12.8 mg
(100%) tricycle 43 as a colorless oil. 43: [a]*'p: -129.3° (c:1, CHCl,). IR (CHCly): 3026, 2945,
2867, 2241, 1716, 1463. 'H NMR (CDCL): 9.74 (1H, s, CHO), 5.73 (1H, d, J=10.5 Hz, 7-H),
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5.66 (1H, dt, J=10.5, 3.0 Hz, 6-H), 3.31 (1H, ddd, J=4.9, 9.6, 10.7 Hz, 3-H), 3.08 (1H, m, 8-H),
28R MH e 171N 246 (1TH dd =131 7 Hz 11.H). 220 (1H m. 13_-H,y 197 (1H dd
4,00 (113, I, 14731, 4. 90 (11%, U4, J710.1, / 14, 1 1=K1AJ, &.4V 1K1, M1, 8J°F3AJ, 1.77 111, U,

(0]
.1, 9.2 Hz, 11-Hg), 1.90-1.70 (3H, m, 5-H, 13-Hg, 2-Ha), 1.68-1.35 (4H, m, 4-H, 2-Hg, 1-
Hy), 1.14 (3H, d, J=6.2 Hz, 4-CH;), 1.07 (21H, s, TIPS), 1.02 (3H, s, 10-CHs). *C NMR
(CD,CL,): 205.1, 130.0, 126.8, 122.8, 77.6, 65.0, 43.4, 38.6, 38.4, 37.9, 35.4, 32.4, 31.5, 30.9,
25.1, 18.4, 16.8, 15.8, 13.2. MS (m/z): 386 (M-C5H,)". HR-MS, caled. for CasHasNO,Si (M-

M IT V. 204 N1€1&. £aiinnd. 20£ €YD
Liri7) . 200. L.) 1] 10U 500.L5442.

(95,10R,125)-14-0x0-3P-(triisopropylsilyl)oxy-15,17,19-trinor-14,16-seco-5p3,8a-stemod-6-
en-16-nitrile (44a): The same procedure was applied as for the preparation of 43 but at 0°C
i s oil. 44a: [a]*y: +86.6° (c: 1

b

H) 3 15(1H m, 8-H), 2.95 (1H, m, 5-H), 2.61-2.51 (lH m, 12-H) 241 (lH dd J—135 80
Hz, 11-Ha), 2.30-1.32 (8H, m, in the order of 13-Ha, 11-Hg, 4-H, 1-Hy, 2-Ha, 13-Hg, 2-Hg, 1-
Hg), 1.07 (21H, s, TIPS), 0.98 (3H, s, 10-CH;), 0.96 (3H, d, J = 8.0 Hz, 4-CHs). ’'C NMR
(CD,Cl,): 205.4, 130.3, 129.7, 122.8, 71.7, 66.0, 41.1, 38.9, 38.1, 35.4, 34.4, 32.0, 27.7, 25.0,
249,183, 18.1, 15.2, 12.7. MS (m/z): 386 (M-C3;H,)". HR-MS, calcd. for CosHy3sNO,Si (M-
C:3H,)": 386.2515; found: 386.2522.

(0C 10R_1)_cvana_TAd_ava_ YR _(triicanranvicilvNavy_18 17 10_¢trinar_14 16 _carn_- SR Q. v_
\IU,AU.I.‘.’ AT Y EARAUT AT UAWY h".l ‘ll IIJUPI" lﬂllJl]vA ].J’l I"J R ALAVUR .l""\’ AN R -JP’U\J'
stemod-6-en-16-nitrile (46) and (9R,108)-12-cyano-3p-hydroxy-14-ox0-15,17,19-trinor-14,

16-seco-50,8p-stemod-6-en-16-nitrile (45b): To a stirred solution of macrocycle 40 (172 mg,
378 pmol) in CH,Cl, (10 mL), SnCly (2.27 mL, 6 eq, IM in CH,Cl,) was added at -78°C. After a

7 davs reaction with occasional stirring at 0°C. the reaction was guenched with Nq”f‘ﬂ (A ml
i ouLJ A WwlANWRIWVIR ¥YYiLil \JV\JMOA\J A ’ & i ¥ A YL

Llul SULIIs au Ny UV IVWAVLIVL Ao juw. Aiik.,

2M) at -78°C. After an aqueous work-up with CH,Cl,, '"H NMR spectra shows >98% conversion
with a ratio of 46/45b = 2:9. Chromatography (30% to 100% Et,O in hexane) afforded 28 mg
(16%) 46 and 82 mg (72%) 45b as colorless oils. Tricycle 46: [a]**p: +107° (c: 1.8, CHCL). IR
(CHCly): 2944, 2867, 2250, 1721, 1464. '"H NMR (CDCl;): 9.81 (1H, s, CHO), 5.64-5.58 44

(IH, m, 6-1T and 7-H), 3.91-3.87 (1H, m, 3-H), 3.40-3.34 (1, m, 8-H), 3.04-2.98 ( H, m, 5-H),

2.91 (1H, d, J=15.2 Hz, 11-Ha), 2.75 (1H, d, J=152 Hz, 11-Hg), 2.42 (1H, d, J=13.7 Hz, 13-

H,), 2.29 (1H, dd, J=13.7 and 7.3 Hz, 13-Hg), 2.13-2.03 (1H, m, 4-H), 1.83 (2H, AB-d, 2-Ha

and 1-Hy), 1.68-1.57 (1H, m, 2-Hg), 1.30-1.20 (1H, m, Hn) 1.08 (21H, s, TIPS), 1.06 (3H, s,
10-CHs), 0.97 (3H, d, J=7.8 Hz, 4-CHs). "C NMR (CDCly): 202.9, 133.1, 127.1, 116.7, 116.6,

70.9, 66.0, 42.1, 40.6, 39.7, 39.2, 38.7, 33.8, 31.6, 27.3, 24.3, 18.1, 17.6, 14.9, 12.2. MS (m/2):
411

(M C3H7) HR- MS caled. for C24H35N20281 (M”C3H7) 411 2468 found: 411.2471.
Tricycle 45b: [a]**: -202° (c: 2, CHCI;). IR (CHClL:): 3516, 3275(br), 2934, 2256, 1712, 1455,
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'"H NMR (CDCly): 9.84 (1H, s, CHO), 5.90 (1H, dd, J=10.2, 1.7 Hz, 7-H), 5.67 (1H, dt, J=10.2,
3.1 Hz, 6-H), 3.31 (1H, m, 8-H), 3.18 (1H, ddd, J=10.8, 9.8, 5.1 Hz, 3-H), 3.02 (1H, d, J=14.9

Hz, 11-Hy), 2.55 (1H, d, J=14.9 Hz, 11-Hg), 2.42 (1H, dd, J=13.9, 1.3 Hz, 13-H,), 2.29 (1H, dd,
J=13.9, 7.3 Hz, 13-Hp), 1.93-1.85 (1H, m, 4-H), 1.78 (1H, ddd, J=11.4, 3.1, 1.7 Hz, 5-H), 1.65-
1.28 (4H, m, 2-H,, -__2)1.16 (3H, d, J=6.2 Hz, 4-CHs), 1.12 (3H, s, 10-CH;). ’C NMR
(CDClL;): 202.7, 129.6, 12 116.7, 116.3, 75.6, 65.1, 43.0, 41.7, 39.5, 38.2, 38.1, 36.8, 31.9,

A’)(\L 14 }

C
Jl s &7.0, lUJ

<
J.\J,

la¥Wa rr\\*' J T |
WVI-rmpu-wnuv) 280 \Nknlu ) 411 \1Vl ) I11\~1v10 Ccaica.

L
for C1gH2aN,O, (M)™: 298 1681; found: 298.1688.

* =
o
-
3

S. Acknowledgments

Financial help from NSERC-Canada and FCAR-Quebec is highly appreciated. A NATO-

TOT

NSERC postdoctoral feliowship to A. Tordo and a FCAR, Bio-Mega/Boehninger Ingelheim
graduate and a NSERC doctoral fellowship to G. Bélanger are also gratefully acknowledged.

6. References

Deslongchamps, P. Pure Appl. Chem. 1992, 64, 1831-1847.
Dory, Y.L.; Soucy, P.; Drouin, M.; Deslongchamps, P. J. Am. Chem. Soc. 1995, 117, 518-529.

Hufford, C.D.; Guerrero, R.D.; Doorenbos, N.J. J. Pharm. Sci. 1976, 95, 778-780.

Pearson, A J.; Fang, X..J. Org. Chem. 199762, 5284-5292 and rcfcrences cited therein.

Lamothe, S.; Ndibwami, A _; Deslongchamps, P. Tetrahedron Lett. 1988, 29, 1641-1644.

Hall, D.G.; Caillé, A-S_; Drouin, M.; Lamothe, §.; Miiller, R.; Deslongchamps, P. Synthesis, 1995, 1081-1088.
Picrs, E., Abeysekera, B.F.; Herbert, D.J.; Suckling, 1.D. Can. J. Chem. 1985, 63, 3418-3432.

Hall, D.G.; Chapdelaine, D.; Préville, P.; Deslongchamps, P. Synlets, 1994, 8,
Evans, D.A.; Black, C. J. Am. Chem. Soc. 1993, 115, 4497-4513.

Netz - Seidel, 1 L. Tetrahedron Lett. 1992 33 1957-1958.

i, EGTON L€ AP, 33, 272

til .; Gennari, C. Tetrahedron Letr. 1983, 24, 4405-4408.

Chann gny, Y., Toro, A.; Lemelin, C-A.; Deslongchamps, P. Tetrahedron Lett. 1998, 39, 7839-7840.
Mancuso, A.J.; Swern, D. Synthesis, 1981, 165-185.

Evans, D A ; Gage, J.R. Org. Synth. 1989, 68, 77-82.

15.  Levin, J.I; Turos, E.; Weinreb, S.M. Synth. Commun. 1982, 12, 989-993.

16.  Magid, RM.; Fruchey, O.S.; Johnson, W.L.; Allen, T.G. J. Org. Chem. 1979, 44, 359-363.

17.  Toussaint, O.; Capdewe]le P.; Maumy, M. Synthesis, 1986, 1029-1031.

660-662.

S B O

s
13

é ;:
\'j f‘TJ

_— = =
bl B e
w7

10 <7 b U g N a . TTTD T MNNeore YL THoa AN IN1A T0ON
18. UUlIIUUll Y., YOa& Kim, U IVIOIOIL, I1.C. J. Urg. Laem. 1704, 47, 3714-35LU.
10 1 oy Q ‘7 Narman T Griffith W D Marchden S P Sunthoacic 1004 410646
17, LAY, L, aNOTIan, 4. UTHIUL, vyv.r., MalSnGln, 5.0 SYRINESIS, 17755, 037000
20 Saednva, A. S'\/,nlhgys 1985 1R4-1R85,

21.  Dess, D.B.,; Martin, J.C. J. Am. Chem. Soc. 1991, 113, 7277-7287.



