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A New Synthetic Route to Macrolides
— Synthesis of 8-membered Lactone —
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Abstract — An efficient synthetic route to macrolide is described. Eight-membered lactone was syn-
thesized via palladium catalyzed intramolecular alkylation of allylic carbonate in high yield.
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AAE Foll B2 macrolide To] F98 A2 o}, AAEL ol9k R FAHL WAFA Tl
2 AR YLols Bakm §4l oledes B 9 C-O bond F4el & lactonization XEHE
A F2Z Qlile] Moz FES ukx] B3 synthetic designol glol BE FEAlol Foixn
o7} £% gk, Ak AT A2ZE synthetic  reactive site o A RS FEIE S5F0
methodology ¢ 7Nz} 3 Agel 4w 71 & ol&3 C-C bond ¥4l & lactonization

2 oldlo] o]F9 o] FbslAl AdlEw ik, wbgE 23 =3ick, Scheme 2+ lactone 4%
o2 E9 Erythromycin A, B~} macrolide CO,H 0
antibiotics 241 ®lepFo2 AHgEloldn gle #  COH . G)
ot olezl macrocyclic fungal metabolite ¢ E/\I = O
Brefeldin A+ antibiotic ™ antiviral activity 1 2 OH 3
£ HojFe] B groupSell flajA Aol A= Scheme 1.
Eojew gleh v

AAEY] AgAels dAE FA HBeisle E\_,?
theFdt ring size 2] lactone& A 23 gle RO E o . OH
w» Rzl e WYz Scheme 13 ol § Q — p0 % 0y "
-membered lactone & F43& A1 =33t R’ \é;, PO *

3}zlak 9 = 10-membered lactone & Aol 4 5 \\_<-OH
0] 259 Mukaiyama® 2. 2%& ring strain g R’
o] o2& 8 membered lactoneo] FA=A gk Scheme 2.
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Scheme 4.

o17] 13} convergent synthetic route &} 747} =
gAd ez ooja acid portion A2 alcohol
portion B 7} cyclizationo] =7] Aol Ex}7le]
esterification ol &JsiA A== FHE BolFn
Utt,

Acid portion A+ ethyl benzensulfonyl-
acetate 9 alkali 7[Rz A APFgoz AL
4 2ug%lem alcohol portion B+ Scheme 3ol
2okslo] 9l wie} Zo| diethyl methylmalonate
2HE 7stepe A A 4 3+,
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Malonate 79} LAH 3o g olo}x] diol 82
1 equivalent®] TBSCl#e] A=<l  mono-
silylation o] 2814 silyl ether 9% 44% &%
Al (from 7) &t FAEE AA4H bissilyl
ether + desilyation ® ¥ 345 v[Hks-¢] diol
3} 3 recycle Hlo] thA] silyl ether 9% 3=
gic}, Aldehyde 102 alcohol 92 PCC Abzlol
a4 sdojxior] e wlA oz glsle] work-up
F #7189 E A 5" F 292 Emmon-
s-Wadsworth-Horner condensation[4]2E a,
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B-unsaturated ester 112 A3 =g}, E-olefin
3} Z-olefing] AAB]EL 5:1°]%27 flash
column chromatography ol a4 77 &o)&}
A =g olefinic
protion 9] coupling constant(E ; J=15, 4 Hz,
Z;J=10Hz)24 #<l=l3ich, Conjugated ester
112 DIBAL 3le 2 allylic alcohol 122 =3
allylic alcohol 12&= t©}4] carboethoxylation
(CICO,Et, pyridine)ell ©]-& desilylation &2
alcohol portion B & =53]

Portion B Scheme 40l EAlElo] 9l njet
7+o] acid portion A 2} Mitsnobu® uhgo2 7
4593 intermediate 132 Pd(0) Fwis}l =
-allylpalladium complex 145 343 % intra-
molecular alkylationo] 28]4 S-7-=olx]+= §
-membered lactone 155 92%¢] £& 482 A
Asldcl, Lactonedl £A3H double bond 2|
Z-stereochemistry = coupling constant (J=11
Hz)oll a4 Sl=lfa FAEZE A 7H5d 6
-membered lactone® HA=R] ¢igkow] ulg
mechanism & Scheme 40 & A=slo] o}, =
8} cyclization & #38301% benzenesulfonyl
group< 6% Na-Hg®%l ojsix L-olsiA A"
4 et

7AEH 02 PA(0)E 9= & allylic carbon-
ate 2] intramolecular alkylation-2 ring strain
o] %2 8-membered lactone 2 mild gk 274
A 75skAl stz 53 allylic carbonate ¢
o] €2 allylic acetate®] Pd(0O) Zulol 23
alkylation” &7lol| #lsfl A4 *& 2z ol F4o)
Ax qbgol 7hssldeh, =& FelEkl] g
in situ® A=+ base %2 allylic acetate 9
alkylation o4 FA|=o]-& tiafe] Galjalgol <
gk ub-gol o] 3A-FA1E AT 4 Asich

o]e} 72 synthetic route & £31A3d lactone
o] Aol deksiAl 8= 4 Ug Aoz o
AbEle] HAl xz2bEe] AdAel4  8-membered
lactone & o83 HAE FAo] AY Fofl e},

stereochemistry +

4 ¥

'H-NMR spectrat+= TMS & W& IFEA=z

slod  Bruker WP80SY (80 MHz) NMR spec-
trometer 5 AFg-tod ¢3¢l om Sunit @] chemical
shift 2 7|&3l9i}. Infrared spectra+ Perkin
-Elmer 1710 fourier transform infrared spec-
trometer 2 &A=|9lon]
A= ek,

F4e ¥ARR 49k Gallen Kamp 4 &
AAxZ ZA=<ch  Analytical thin layer
chromatography + precoated silica gel(0, 25
60G254, Merck)e] AHE533  column
chromatography += column chromatography -
silica gel(Kisel gel, 70~230, 230~400mesh,
Merck) o] AH&-= %k,

2E AR A4 FollA AYEdn
Ao Az FFEA

2-Methyl-1, 3-propanediol(8)—Lithium alu-

frequency © cm~'Z

mm,

Sohe A%

‘minum hydride(38mg, 1mmol)el THF(3m/)

£ 7}3} 32 diethyl methylmalonate (86 mg, 0,
5mmol)] THF(4ml) A& A-oli A3
7Fste] 417k adkek & H,0(0.3m/l)E 7kska 10
27 skskgdeh, oj7oll ethyl acetate(15ml)%
7bsked A7 mwk ¥ oFEa oJdg F4
MgSO,2 723 vhg 7stslol] ubg-&lE Al A%
9t} oA AFEL column chromatography
(ethy] acetate)Z H&|sle] 54 U] 85 42
mg(94%)< 23t

IR (neat) : 3340 (OH)cm™!

'H-NMR(CDCl,) ¢3.09~3.41(m, 4H, 2CH,0),
1.46~1.68(m, H, CH), 0.50(d, 3H, J=7.0 Hz,
CHs)

2-Methyl-3-(tert-butyldimethylsiloxy)-1
-propanol(9)—Propanediol 8(40mg, 0,44
mmol)# imidazole(33mg, 0.49mmol)-= =3l
DMF(1m/) €4 —5~0CZ B2 ¥ tert-
butyldimethylsilyl chloride(67mg, 0,44 mmol)
2] DMF(1m/) €48 1272k Skl AF 4413
Azlslgeh, ukgod-g 2L x4 542k wyk &
pentane (20m/)-& 713 ¥ EE AHsL Fo
MgSO,2 7A=3 ohg 7l &0iE AAZ A
t}, oA AFES column chromatography
(ethyl acetate: Hexane=1:6)2 2|5l F4
$ Q49 mono-silylether (9) 40mg(44%)
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bis-silylether 31 mg(22%)& 77+ 2igic},

IR (neat) : 3360 (OH)cm™

TH-NMR (CDCl;) 63.39~3.78 (m, 4H, 2CH,0),
2.88(bs, 1H, OH), 1.65~2.07 (m, 1H, CH), 0.86(s,
9H, 3CH,), 0.82(d, 3H, J=7.5 Hz, CH,), 0.03(s,
6H, 2CH;)

Ethyl(E)-4-methyl-5-(tert-butyldimethyl-
siloxy)-2-pentenoate{11)—Mono-Silyether
9(35mg, 0.17mmol)3} anhydrous sodium
acetate(11,5mg, 0,l4mmol)-2 methylene
chloride(I1m/)el] =9l £4g oCcz Y43 %
pyridinium chlorochromate (74 mg, 0, 34 mmol)
T 20 7o = 33lof A s1EE ohg AbolA 4
A7k aabeledet, Hbg-gololl ether (20mi)E 7}3t
$ 10% NaHCO, Sz} Z3pAgd42 A4 sk
4 MgSO,2 7zd ohd 7tslel w=3te]
o] 21 2-methyl-3-(tert-butyldimethylsiloxy)
-propanal®] ether §-o-& ] o]Ake] AAlgle] o}
& ukgof A5}, Sodium hydride (60% in
oil, 8.2mg, 0, 21mmobel THF(0,5ml)% 7}
d F 0Cc2 ¥ A3 v triethylphos-
phonoacetate (58 mg, 0,26 mmol)E Z713 & 1
AZE wakstelet, o] whgelg —10CE WAe o
+ 2-methyl-3-(tert-butyldimethylsiloxy)
-propanal ¢ ether €& 30% 5k 4413 =7}
T F AZollA 1A7E abergic), wl-Sodell ether
(15m7)%& Vst 38 NH,Cl $9=2 &, =289z

ZHAei4s AEG F 54 MgSO,2 Azd o
o Askelell SolE AASSIY, Qo AFEE
column chromatography (ethyl acetate : Hex-
ane=1:10)2 Hujsle] FA odatel 11% 26
mg (56%) 231

IR (neat) : 1730(CO) cm™!

'H-NMR (CDCl;) 66.93(dd, 1H, J=154 Hz,
olefin CH),5.82(d, 1H, J=15.4 Hz, CHCO,EY), 4.
12(q, 2H, J=7.1 Hz, COOCH,), 3.53(d, 2H, J=8.
1 Hz, CH,0), 2.33~2.66(m, 1H, methine CH), 1
28(t, 3H, J=7.1 Hz, CH,), 1.05(d, 3H, J=6.8 Hz,
CH,), 0.89(s, 9H, 3CH,), 0.04(s, 6H, 2CH,)

(E)-4-Methyl-5(tert-butyldimethylsiloxy)-2
-penten-1-0l(12) —Pentenoate 11(24mg, 0. 088
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mmol) & toluene(0,5ml)ol 53l &l 0C=
W7k % diisobutylaluminium hydride(1M in
CH,Cl,, 0.26m!/, 0,26mmol)E A3 ZH7}g
o AbRellAl 3417F aisleivh,  Ethanol (0, 01
m{)= H,0(0,0lm{)& 7}a}ar ¢°Coll4 1047k s
UkgE $ ofA] ether (10m/)E 7Fatod adigt oh%
T Na,SO.4& 41 247 aabsigdel, A
gelatinous solid & ©#5}aL ether 2 A A& o
Zhekslol BelE AASS 288 column
chromatography (ethyl acetate : Hexane=1:6)

2 Hefsle] Al 2ollel 122 15mg(74%) 2
R

IR (neat) : 3330 (OH)cm™!

'"H-NMR (CDCl;) 65.63~5.67 (m, 2H, CHCH),
4.11(bd, 2H, CH,0), 3.45(dd, 2H, J=6.1, 1.6 Hz,
CH,0), 2.26~2.42(m, 1H, methine CH), 1.00(d,
3H, J=7.1 Hz, CH,), 0.89(s, 9H, 3CH,), 0.03(s,
6H, 2CH,)

(E)-1-(Ethoxycarbonyloxy)-4-methyl-2
-penten-5-0l(B)—Pentenol 12(14mg, 0,061
mmol)2} pyridine(5.3mg, 0,067 mmol)<$-
benzene(1m/)ell =<l 3 ethyl chloroformate
(7.3mg, 0.067mmol)9) benzene(lmil) £H-2
R B B s B e B P e M A R e A e
Ethyl acetate(15ml)% 7}k & 5% HCI &1,
+ aela Zspdse ARsla F4 MgSO,2
Azgt oy Asksiel] SelE AARY (B)-1-
(ethoxy carbonyloxy)-4-methyl-5-(tert-butyl-
dimethylsiloxy)-2-pentene & 18, 4mg A9},
ol7]o] AcOH-H,O-THF(3:1:1.5 Z3&H
(0.6ml)= 7hsla AHZelr 47k gt &
ethyl acetate(15m/{)E 7[5} o2 5% NaHCO,
|, & azln Z3AAE4E AHIn F
MgSO, & Zzxst o Zhgfslel felg A3k
o, AFES
acetate . Hexane=1:1)2 H2}3jo} &
2] 132 11mg(96%) 33iet,

IR (neat) : 3400(OH), 1750(CO)cm™

'H-NMR (CDCl;) 65.60~5.68 (m, 2H, CHCH),
453(4, 2H, J=4.3 Hz, CH,0CO), 4.13(q, 2H, J=
7.1 Hz, COOCH,), 3.42(d, 2H, J=6.5 Hz, CH,0),

column chromatography (ethyl
20 99 xl



170

A7 T

ol. 0
=4

2.26~2.42(m, 1H, CH), 1.24(t, 34, J=71 Hz,
CH,), 0.96(d, 3H, J=7.0 Hz, CH,)

(E)-1-(Ethoxycarbonyloxy)-4-methyl-2
-penten-5-yl-benzenesulfonylacetate(13)—
Pentenol B(8.6 mg, 0.046 mmol)$} benzenesul-
fonylacetic acid(27.5 mg, 0.137 mmol) 8]
triphenylphosphine (24 mg, 0, 092 mmol)el| tolu-
ene(l1m/)& 7} % diethyl azodicarboxylate
(16 mg, 0.092mmol)2| toluene(1ml) &-BE A
2ol AA8] HoFetdeh, 247wk & ether
(15ml)E 718 =% 23 NaHCO, &%, £ 2
2la 2342 AHst F4 MgSO.& Az
5 kst Eulg AARAE, AFEE column
chromatography (ethyl acetate : Hexane=1:
2)& Helstd 74 2949l 138 12, 5mg(73%)
A%t

IR (neat) @ 1740(CO)cm™!

'H-NMR (CDCl,) 67.97(dd, 2H, J=8.0, 1.9 Hz,
2 aromatic protons), 7.57~7.65(m, 3H, 3 aro-
matic protons), 5.58~5.65(m, 2H, CHCH), 4.56 (d,
2H, J=4.0 Hz, CH,0CO), 4.21(q, 2H, J=7.1 Hz,
OCOOCH,), 4.12(s, 2H, CH,S0,), 3.99(d, 2H, J=
7.0 Hz, COOCH,), 2.50~2.57(m, 1H, CH), 1.31 (&,
3H, J=7.1Hz, CH,), 1.00(d, 3H, J=6.5 Hz, CH,)

(Z)-2-Benzenesulfonyl-5-methyl-4-hepten-7
-olide(15)— Benzenesulfonylacetate 13(11,5
mg, 0,0311mmol)-2 THF(2m/)dl =539 & bis
[1, 2-bis(diphenylphosphino) ethane] Pal-
ladium{o] (4. 2mg, 0.005mmol)-g 7}k 847}
RS oh2 Zslslell &ulE AAsA ), AR
column chromatography (ethyl acetate : Hex-
ane=1:2)2 F2isle WA Aefe] 155 8
mg(92%) <3t

mp, : 101~102¢C

IR (nujol) : 1740 (CO)cm™!

TH-NMR (200 MHz, CDCl,) : 67.95(dd, 2H,
J=8.0,1.9 Hz, 2 aromatic protons), 7.32~7.68 (m,
3H, 3 aromatic protons), 5.45~5.59(m, 2H,
CHCH), 4.01~4.21 (m, 2H, OCH,), 4.00(dd, 1H,
J=15.4, 4.3 Hz, CHSO,), 2.96~3.21(m, 1H,
protone of CH,), 2.656~2.96(m, 1H, protone of
CH,), 2.53~2.62(m, 1H, CH), 0.95(d, 3H, J=6.9
Hz, CH.)
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