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Total Synthesis of Amphidinolide X
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¢ ° * esterification of Cand A, C and B
Ak an T portant u(’ra%we»\‘t‘ whith g
Febrosyuhesized to epoxide 3
. epoxiJa Opaning have & be sy process  for
the desivedl stereochemistiry
© dilvdrofurave derivabive L caw ke symtlesiaed
by Brawsition metal- catalyped cydlization of 2

epoxide opening. Via Sy process I Yeguived
Table I: Opurmizanon of the ants process

*antl product is wajor

Bu, H H* Bu - i
, Wl w t
200 Butiox ) wf hen G reagent s used
5% CuBr, Ligand * ¢
Et0/ -50°C 10 20°C, 1h
4 A 4B

5
"ANTI" "SYN"
Entry RMgX Ligand Antl / Syn? yleigb By-products
%
1 BuMgBr 2P(OEt)3 46/54 95%
2 BuMgBr P(NMe2)3 99/1 52% § (30%)
3 BuMgBr 2P(NMe2)3 100/0 75% § (10%) +
. 2 (5%)
4 BuMgBr PBuj 88/12 50% | 5(25%) +
’ 2 (10%)
5 BuMgBr 2PBus 100/0 74% 5 (18%) AIQK& "‘N A, ot ol
90, 4 [
6 BuMgC! 2PBu3 94/6 45% several -[Eth" ;\edhm / A1} '
7 BuMgl 2PBus 90/10 31% saveral
a) the syn/ants ratio was determined by 13C NMR speciroscopy It 1s also possible to distingursh the
two corresponding acetates on capillary glass GC (OV 101 column, 25 m)
b) Yield of isolated matenal, by column chromatography on S1O2




Iron-Catalyzed Cross-Coupling Reactions:
Efficient Synthesis of 2,3-Allenol Derivatives** : 3

. Alois Fiirstner* and Maria Méndez

Argow, Chown. L. £, 2003 42| 5355
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Table 3: Iron-catalyzed s}ﬁ{ﬁcsis of 2..3.-ail‘enojsyﬁg';rﬁ p}o.‘;argyl epoxides™ )
Entry Substrate R R*MgX Major product - Solvent synfanti Yield {%)]
1 H CH\sMgBr toluene 78:22 72M
2 H PhMgBr toluene 75:25 83
3 H MeMgBr toluene 55:45 n
4 gl Me CHyMgBr R! £t,0 86:14 93
5 Z  Me CeHy;MgBe - Et,0 78:22 75':'I
6 ° Me C¢Hy,MgBr £,0 50:50 541
7 Me - iPrMgcl . £4,0 84:16 79
8 Me iPrMgCl OH toluene 90:10 70
9 Me PhMgBr Et,0 66:34 98
10 Ph MeMgBr E1,0 65:35 69
n CH,0H CHy,MgBr Et,0 92:3 65k
1 R'
Z
12 o/ Me CiHy;MgBr <:/ R toluene 80:20 B
13 ' Me CeHyMgBr ‘AL toluene . 88212 80
14 4 Me iPrMgCl ~g2 toluene 84:16 79
“OH
s a Me CH,,MgBr A toluene 92:8 62
16 ) VA Me CgH,sMgBr - £t,0 75:25 90
17 0 Me iPrigCl toluene 86:14 751
18 Me iPeMgCl o Et,0 60:40 - 89
19 - CsHa iPrMgCl \ toluene [ 91:9 94
f20 o \ CsHy iPrMgCl HO' Et,0 75:5 64
W=R!
R! RZ
o = R! ]2 : .
21 P = CHy, EtMgBr 1/\'2, toluene 82:18 55t
: Ph .

[a] The reactions were carried out at —$°C in the presence of [Fe(acac),] (3-5 mol %) precatalyst and Grignard reagent (1.3 equiv), unless stated

otherwise. [b] Fe-salen precatalyst. [¢] - 30°C, [d] — 60°C. [e] Grignard reagent (2.3 equiv). [f} Aby-product (9%) was isolated that is formed by direct
attack of the Grignard at the epoxide ring of the substrate. [g] In addition to the allenol, approximately 159 of by-products were formed from direct

attack of the Grignard reagent at the epoxide ring of the substrate,

* Syw process 1s realtaed o . R

e to{ugy\e s Leﬁfelr So\V,ev\t thaw Fho n the !‘\31\"? of 91"\./ amt?_S'el.eCﬁVTt‘/

r chemicl yreld varies depending on the solvest, but which 15 better 15 not
consistent

‘ cl.iAstereose[ccﬁu'it7 olecheases whew reaction temperature is lowered . but
the Yeasow 1s wot cled%
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'O\"F “ca o \'(‘ © Judging fow procedure and  stereoselectiit
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RO.
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X 8 X=8r
gx=H3191

2 Conditions: {a] Ti(OiPr)4 cat., L-(+)-DET, tBuOOH, MS 4 A, CH.Cl,,

10

97% (ec = 83%), [b] (i) oxalyl chloride, DMSO, Ey;N, CHCly: (i)

(MeO),P(O)C(N2)COMe, K2CO3, MeOH, 67%; [c] LIHMDS, MeOTf, THF,
95%: [d] PrMgCl, Fe(acac); cat., toluene, 62% (syn:anti = 8:1); [e] AgNO;,
CaCO;, aqueous acetone, 90%; [f] NBS, DMF/H,0 (15/1), 65%: [g] AIBN,
-(TMS);SiH, toluene; [h) NaHCO;, MeOH, 90% (over both steps); (i)
PMBOC(=NH)CCl3, PPTS, CH,Cl,/C¢Hy2, 76%: [j] TBAF, THF, 97%,
[k] Iy, PPh;, imidazole, MeCN/Et;O, 92%.
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829 clewage of Br)  Chatgilialoglu. € Acc Guew. Pes. B2, 2, 152
(Mea§) s8N ( Tris (Briwetiydsil ,Jz)sl\ave) s rather expensive Veageaf . but ,t';

less ot thaw ™ BaS Whide e “often Used 1w radicolic reaction

(MeaSt)sSiH ¥Rjoo/5 o
Pusz NN %3000/10% (MO\HCL)

o construcion of wc'ka‘gfwev\f R audl ¢

Scheme 4¢

ay \/ B d b R v' “ '\' 12 —’ i
)<11/§0 e T 1 R=H. g Pd - Catdl red FBta2. - 'w\eol\ateol ao\ol\'l:\c
12 eIy 1 R = PMB o w\egylate (l & a olel\yole 11

! ‘OPMB / \QR

[l o _o0: ;
— 7 W, 0,0 ; | —>B OMs
h Chy=CH,
15 16 R=PMB CH:CHS ~Me

[ 1[: 7TR=H -
- : p - PA(PPhs),
TIPSO ~ANO — npsowﬁrome
18 19 o
. 2PPhg 2 PPh,

LU A
—_— A OMe PA(PP YmemyMe
HOJI\/V\IC‘)/ 20 ﬁ C ELPA(PPhy), P:Pd = o

Ph:,P
a Conditions: [a] ElzZn Pd(OAc)z cat,, PPh3 cat., THF 65% (ann syu >'= =‘H OMs
= 4.5:1); [b) PMBCI, NaH, TBAI, DMF, 94%; [c] LiHMDS, Mel, THF,
95%; (d] (i) Cp,ZrHCl, CsH; (ii) I, CH,Cly, 61%: [e] DDQ, CH,Cl,, pH
7 buffer, 89%; [f} (Et0),P(O)CH,COOMe, LiCl, DBU, MeCN, 94%:; [g} Ph p\
-~ HF-pyridine, MeCN, quant.; [h] (i) oxalyl chloride, DMSO, EtzN, CH,Cly; ' Phs 'Pd "’
(if) NaCl0,, NaH;POy, (CH3);C=CHCHj, tBuOH, 92%. EZnOMs EZnOMs

Figure 1. Possible catalytic cycle for Pd(0) catalyzed zincation
of propargylic mesylates.
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o linking the Fragments
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24 R=H
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HO' {9} 1
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25

7 Conditions: [a) 2,4, 6-trichlorobenzoyl chloride, EtN, tolueac; then 17, |

DMAP, 56%: [b] tBuLi, Et,0/THF; then 9-MeO-9-BBN; [c] (dppf)PCl,,
PhsAs, K3PO4, aqueous DMF, 74%; [d] Lil, pyridine, 125 °C; [¢] aqueous
HOAc, 53% (over both steps); (f) DDQ, CH:Cl,, pH 7 buffer, 84%; [g]

2,4,6-trichlorobenzoyl chloride, Et;N, THF; then DMAP, toluene, 62%.
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Wnn 1. Two complementary ways for performing Suzuki reactions: FG = functional group
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Table 1. Palladium-catalyzed arylations of alkynyl metal reagents mediaied by 9-OMe-9-BBN.A

Ey . Substrat ™ , Yield(%) N R |
| | | T " @ =Yy 7

1 4-bromobenzophenone  PhCeCK , ta R=Ph 89 R ___,B}'_____ ——— SO — tta R= Me(gng)

2 MaCaCNa

3 4bromobenzaldehyde  MeCaCNa
‘ ) PhOwCK

Product
t
 d
5 ettyl 4-bromobenzoate MeCoCNa Z/O/Lm 3 86 f | 12 79%
. o

h///O/”‘
p
%Q

O<

) methyl 2-bromobenzoate  MeC=CNa

T 4bromobenzoniirie PhCaCK 5 &
5 a2 - - e e
8 2-bromopyridine PhCaCK
9 1,2 dibromobenzenc PhCsGK 7 & I e e e
10 9,10-divomoanthracene  PhCaCK s gsb — e e e S - — e ——
11 g10-dbromoanthracene  PhCeCLi 84b
* Reaction conditions: ArBr {) equiv.), 9-OMe-9-BBN (1.2 equiv.), RM (1.2 equiv.), PdCly(dppl) (3 mol%), " ’ " ) ) ' ’ KOKUYG

THE, seffux unless stated otherwise. b with 6 mol% of PACI(dpp). .

r B — 24
Se\ec’t\/e Qe&\/d%e ot 'Me’d\y,Q ester (i1, Pyk\o\n\e| 125 °c )

Rﬁovmﬁ’\ I° 2 R/&Oe + ARI Y
0}3\ React. (316, 24 187
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Synthesis of Amphidinolide T1 via Catalytic, Stereoselective Macrocyclization
- Elizabeth A. Colby, Karen C. O'Brien, and Timothy F. Jamison*

Massachusetts Institute of Technology, Department of Chemistry, Cambridge, Massachusetts 02139

:]-\AW\~C1'\€M.§0(‘ 2004, |26, 9%
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Awphickinolide T1

° Ni- catalyzed coupling of alkyne with various electrophiles

Prof Montgomery | Prof. Mori, Prof Tamaru . aud othevs have
d@VQlO\)@d Ny - catal\(geol eﬁ?u\e\/\t juv\ct\\cv\ of two n- e\ec‘b\"ﬂ/\ S\/Stew\s

SUC\,\ as a[k\(v\e“ a\ole\\yoie \ Alk\{ne - €hnone \ L3‘o\?e\/\e ‘A\ae‘.\\{qk av\ok Oﬂ'\elr
Combinations.  (Review : Tamaru, Y. I Orgavowet . Chan . 1119, 50L& | 215 | o
N\omt%owe\hy\ J. ACC, Chem. RQS. 2000 3_3_,4*6'7, Houpfsl TN st ol Tﬁt\f‘&“eﬂlm\f\ _

2000 5’1' S’lr\) Whew alk\(ke s useod, it g \re%aydﬁd as V?vx‘]p\avx?ovx
Syv\{"/\ovx.

+ example (a\\qv\e‘ a\o\clwo\e CO“P““%)

A New Stereoselective Method for the Preparation
of Allylic Alcohols

Eric Oblinger and John Montgomery* J . A’VV\\C‘)\GW Soc . quq “ I qoés
Department of Chemistry, Wayne State University ‘ ‘ ‘
Detroit, Michigan 48202-3489
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Scheme 1. Proposed Mcchanism for Ynal Cyclizations and

Three-Component Couplings ) l|_ P}'DPbse Ol '\"\td\a'\l\\tSW\ ‘S S"\Ok) T \ E'ﬁ-_ < 0\&
; .
B R —:0 R _L“ﬂ'(_o)_. o\\/NI\//R large substituent
Rt . .
L TRTREE when phohne hgavd 15 added, Veductive
) \ product 15 obtatned  only T Tntrawdecdlar
R‘ L“)&,Ra L =PBuy Rz OL;&RS ZnR‘2 ﬁl;z’Ra C’ase
Zn0, -— n -—
AN a4 B RN W
2 1
L=THF
OH H ‘ oH R

(intmmolg;lar variant only)
<\reducﬁwe procluct Alkylative precluct

Highly Selective Catalytic Intermolecular
Reductive Coupling of Alkynes and
Aldehydes

Wei-Sheng Huang, Johann Chan, and Timothy F. Jamison*

Org. Lett . 20w, 2 422

Department of Chemistry, Massachusetts Institute of Technology,
" Cambridge, Massachusetts 02139

Jamiso's group sbudied related  reaction tntensively awd achieved fivst
catalytic and wterwolecubr reductive couplivg of alkyne and alolelxycle,

Ni(COD)z(ﬂ)md%) ) . N
R—= Rz"'HJOLHa 6B (200 o) RI/\AOHR“ A0 ml %o of BEL 1s employed
toluene or THF Ry
Ry = alkyl, aryl
ool e Ni(eop)a [/ Busb = 1/2
R‘-E—“RZ L; /L ‘1\ I\ (L
+ -—’li—(‘—’l; (\)\/ Ni‘\/// . Cgﬁ} R mechanism IS sv\PpoS_eol to
p\BiH g R R< H : be like shown Ta left side
lBEtS

L
L L kt

s
CH — H iz g @‘e\iw?mhou L:-N’: R
R-A R )au;oxzk S b oﬁ z

R : K e H o
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. N{CODY, (10 motse) oH
— o} P (20mol%) -
R—==—R; + HJLR:’ © EtgB (200 moi%) Rl/\/'\ Ry @
100 mol% 100mol%  Soivent, 23 *C, 18h Rz
T 1a Ry =Ph, Ry =Me 2aRg=Ph .
ﬂ?R:IPh,Rgl:SiMos 23)2.?-0—?1’ Ja-12a
1¢Ry=Ph,Ry=H 2¢Rg=

1dR1=h—Bu,R2=SIM93 2d Ry =
19R,=n—Hex.R2=H 20 Ry = 0-Tol

. Table 2. Intermolecular Catalytic Reductive Couplings of

Intcrnal and Terminal Alkynes with Aromatic and Aliphatic B A .
* Aldchydes . two isomeyv  (Aw %eve»afie

major yield, L
product  regioseleclivity® OH H

- R vd/or P2 2
4 la 2a N TI% (92:8) /ﬁ)\ drol/or /ﬁ/k 3
Pn/\ucr‘m 3a R}_ RS | R
2 1a 2b* Ph/\\./'\‘w,_ﬁ 4a 85% (92:8) R

emtry alkyne  aldehyde

%pr. 5a 49% (>98:2) . V‘Q&TOSQ\GZ‘&U\*Y \\S UP .[:O >0‘9 /2

4 Ib 2¢ 6a 89% (>98:2) -

/\QEHM «ylelol s ap to & Yo

5¢ 1cf 2 AN e TR 45%(>98:2)

6 1d 2 M‘,\if 58% (>98.2) ‘ aoloptecl Tw towﬁ( SYV\H\QQS oF
:  Awphichudide T1

vl 1e* 2a W,\rm 9a 76% (96:4)

& 1a 2d /\/(q,\ 41% (94:6)
P Me 102 3adr)

KLOA | 2a

Me Me
oH
9 1b 2d 31% (>98:2)
m"" Ma “ssamay -
Me

? Except where noted, all reactions were conducted using the conditions

indicated in eq 2 (1 mmol of alkyne, 1 mmol of aldehyde, toluene, Ar

—.. atmosphere). ® Combined isolated yield of regioisomers. < Minor regioiso-

mers (3b—12b) not shown. Regioselectivity (a:b) was determined either

by separation of regioisomers (silica gel chromatography) or with a 'H NMR

spectrum of the product mixture. ¢ THF used as solvent. < 200 mol % used.
fReaction conducted under reflux. & Reaction conducted at 0 °C.

Catalytic Asymmetric Reductive Coupling of Alkynes and Aldehydes:
Enantioselective Synthesis of Allylic Aicohols and a-Hydroxy Ketones

Karen M. Miller, Wei-Sheng Huang, and Timothy F. Jamison* \T (A!M‘C‘\e\« \&C, 1003‘ l}i { ?fﬂl

Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

Ni(cod), (10 mof) Jawmison  succeadedin Asymmetic
O (+)-NMDPP (20 moi%) OH

e mememm AR O reaction, ubilizing chival phospne

EtOAC:DMI (1:1) R? N
. 1 \&E\\,\o\ Y
e

A= Ar R¥= A1 400w cis addition
R2 = Alkyl Tas Ak L9010 10 >qu$ Me\'

CH,0 regioselocti H R o N

CH NHBoc < up to 96% ee Me PPh, DMT + | 3~ dl%“\YKIM\O\&%\(D‘,(T\DV\Q

Sitdes (+)-NMDPP

H.c 1 i
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Ni{cod), (10 mots)
(+1-NVOPP (20 mot) o N

0 0
Ri-=—n2 + Plabitiiokii -
WL BB omry N R

EtOACDM (1:1) a2 :
e MYl =g F%J e e ' .
R 2 R joselectiviy (%
product R . regt y ™% Scheme 1. Proposed Steric and Electronic Control in Catalytic
1 Ph Me i-Pr 95(>95:5) 90 Asymmetric Reductwe Couphngs
2 Ph Me c-CeHin  97(>95:5) 90
——— 3 Ph Me Ph 79 (91:9) 3 -
4 Ph Me n-Pr 82 (>95:5) 65 \
5 (McOPh  Me i-Pr 80(>95:5) 88 s,ma,,y %AN, /AN i @
6  (p-ChPh Me i-Pr 75(>95:5) 83 disfavored, Mo Me (B)
7 1-naphthyl Me iPr 93 (>95:5) 90 electronically “Me Stencarlyand
8 Ph Et i-Pr 81 (>95:5) 93 favored
9%  Ph Et oCeHy  78(>955) 89 Me d’“a'fmd
10 Ph n-Pr i-Pr 74 (>95:5) 92 Me
11 Ph i-Pr i-Pr 58(>95:5) 92 © H'g {_\
12 Ph CH,OTBS i-Pr 59 (>95:5) 85 - Nl\
13 Ph CH;NHBoc  i-Pr 60(>95:5) 96 jf““”y P "/Lo A Me} N M
14 Ph SiMe; nPr 43 (>955) 92 clectron ““ca,,y ﬁ o tterlcally and
15 nbr n-Pr i-Pr 35¢(-) 42 distavored  \d Me electronicaily
“See eq 1. Experimental procedure (see Supporting Information): Ph
solution of Ni(cod); (0.05 mmot), (-++)-NMDPP (0.10 mmol), and Et;B (1. 0 Me OH
mmol) in EIOA¢DMI (1:1, total volume 0.50 mL) was cooled to —25 “C. D — fa ]
An alkyne (0.50 mmol) was added via syringe, and then an aldehyde (1.0 - -~ Ni-PR; ——— Ph/ﬁ/\n
mmol) was added via syringe over 8 h. The solution was allowed to stir 36 g O - major Me

h, and silica gel chromatogra‘)hy afforded allylic alcohols 1—15. Regiose-
lectivity was determined by 'H NMR; enantioselectivity was determined
by chiral GC or HPLC analysis.  Performed on 5.0 mmo} scale. © Some

- alkylative coupling was observed (transfer of Et group (instead of H) from
Et;B).

»up e MNP yield | up to %%
. }‘OPCSed T8 (Sd\ewu': 1) |
Pl\ehyﬁ Ping o phosphine awids Tuleracton with ZSoVYOWX ‘&N‘P‘
dekyde wordinates B less cyowded side (€. D) b way of
the electron paivr cis to aldelyde H and P‘&Cewemf oF the aldehyde
R group ARy frown the metal center-

. Anore Q\ecfwm rich carbon of allkywe aftacks  aldehyde

§+ §-
Ph—=—me
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Regioselective Reductive Coupling of
‘Alkynes and Aldehydes Leading to
Allylic Alcohols o Lo 23, 3, b3

Kazuhiko Takai,* Shuji Sakamoto, and Takahiko Isshiki
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— Ligand-Switchable Directing Effects of Tethered Alkenes in Nickel-
Additions to Alkynes
Karen M. Miller and Timothy F. Jamison*
Massachusetts Institute of Technology, Department of Chemistry, Cambridge, Massachusetts 02139
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Catalytic Three-Component Coupling of Alkynes,
Imines, and Organoboron Reagents**
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Sejal J. Patel and Timothy F. Jamison*
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Nickel-Catalyzed Reductive Coupling of Alkynes and Epoxides

Table 1. Intermolecular Reductive Coupling of Alkynes and

* Epoxides®

Carmela Molinaro and Timothy F. Jamison*

I\AM\C'AQ\M\SOC. 03, 25 kNG

t. 24
Ni(cod), (10 moi%)

BugP (20 mol%)

R1’\|/\',R3

3
Ri-=—p2 + [> R RZ OH (1)
Et3B (200 moi%%) 1a-d

yield __ regioselecivty
emy R R R} addiive  product (%)  akme  epoxide
1* Ph Mc Me Et;p 1a 0 >955 >955
2> Ph Me Me BusP la 36 >955 >955
3 Ph Me Me (n-Oct)7 1a 35 >95:5 >95:5
4 Ph Me Me Bu3P Ia 25 =>955 >955
59 Ph Me Me Bu;P la 34 >95:5 >955
6 Ph Me Me BusP 1a 71 >955 >95:5
7 Ph Me n-Hex BuP b 68 >955 >95:5
8 Ph Me Ph BusP e 50¢ 8812 8317
9 nPr nPr Et BusP 1d 35¢ na >95:5

?See eq 1, ref 9, and Supporting Information. ¢ Ether used as solvent.
“ Toluene used as solvent. < Ethyl acetate used as solvent. < Overall yicld
after conversion to TBDPS ether.

Scheme 1. Reductive Cyclization via a Proposed

Nickella(ll)oxetane

R

Catalytic Reductive Coupling of Epoxides and
Aldehydes: Epoxide-Ring Opening Precedes

H
RJ\OOH .

!

H-Ni-PBu,
R

Carbonyl Reduction**

R‘Bﬂa

A

Et.

Ni
OBEt, BN

-—

Et,B

.PBug

Carmela Molinaro and Timothy F Jamison*

RBus
Ni-

OBEt,

talyst o
R:’<? L i = RO
RH o 1a)
>85 : § regioseiactivity
{all cages)

Entry R R? Catalyst Product  Yield [%)]
1 m® Ph [Ni(cod);), Bu,p  1a 64
2 & Ph [(Bu,P),NiCl,) 1a 62
3 Rt Ph [(Ph;P),RKCI] 1a 90
4 ph Ph [(Ph;P);RKCI] b 7
5 iPr Ph {{Ph,P),RhC] Tc 26
6 Bu  Ph [{Ph,P),RhCl] 1d 12
7 P Ph [{Ph,P),RHCI], ELN 1c 9%
8 tBu  Ph {(Ph,P),RhCI), E;,N 1d 90
9 K 2-naphthyl  [(Ph,P),RhCI], EKLN  Te 70

10 nhexyl p-anisyl [(PhyP},RhCI], Et, N 3f 67

n n-hexyl  2-furyl [(Ph;P),RhCl}, Et;N  1g 57

12 nhexyl iPr {(Ph;P),RACI], ELN  Th 15

[a] Standard procedure: To the catalyst specified and, where indicated,
Et;N (20 mol %) at room temperature were added the epoxide, aldehyde,
Et;B (200 mol %, dropwise). The mixture was stirred for 16 h and purified

— by silica-gel chromatography. See Supporting Information for details.
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Sch 1. Enantioselective Synthesas of the C13~C21 (3) « 2 3
Fra;nm:nt of 1 Using a Nickel-Catalyzed Alkyne~Epoxide =
Reductive Coupling
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Scheme 2. Synthesis of the C1—C12 Fragment (7) of o M ﬁ < .
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Five-Membered-Ring Oxocarbenium Ions

_ Catharine H. Larsen, Brian H. Ridgway, Jared T. Shaw, and
K. A Woerpel*

Department of Chemistry, University of California
Irvine, California 92697-2025

Nu Nu
1

RN o
N | staggered procuc * Dransttion. state %\/‘ sfa%%ereo' B P)’Ocluct

\
: IS Fa\/o\red
3 H
e I
2 U1H disfavored N 4 ‘3 [
N
s

L3
eclipsed product

8n0. k4 A~SMe; | Bro, . )
[4‘*’3&’]1?:} Me?'_zo © * ’Y\lAO‘tD{:L\T{e aPPijd\eS Frou 1 V\STOQC O%: ﬂ\e

13 o Nvg and denerate  A3- Brows product
B0 i _~SiMe; 3_4/~08n
%_&M ZX L My (10)
3 i =
Me 2

19 1,3-cis product




0 ’macroo'rc'l Ration

21Me

o

132 x L

- *
Me 2y
Toso Mo O o - T
et —_— H - .
L — e
Ph
Me T :

3 PR
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Alkyne—Aldehyde Reductive Coupling
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