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2 9 Cyclopentadecanone(2)2.25-E 2-cyclopentadecen-1-one(@)71x)9} kAl Y7 2E S
A7} Qg 4 ok B AR 4E $A G929 A BEHEE §13o AlICLE A AED
dsiete] 91 AYYE FPIROE, BE Fa olgngel el Ao LiCO,LiBr-DMF %3¢ 43l
28024 HPEHE 94 4 & Uk o] FAYelA Arle ENAY ® ALF (Y2 AEF E
Ether £9)& ¢4 CHMgl-Cu,Cl, %-@&#le) Hslsto] WAl 3%, B5 14-H7PEE5o] di-Muscone(l)
£ YR AT d9ck 2 A4, cyclopentadecanone(2) 25 dl-Muscone(1)714] 2] 3uhA| #3-&
E3 249 d-Muscone()& ¥ 85%9 £& F&E A9led, Yo ety FeldAlE AHAA Uk
FARHE 7)29) o)x yrE 73 ¥E £ YAk

ABSTRACT. New routes have been developed for the practical syntheses of df-Muscone(1} employing
cyclopentadecanone(2) as the starting material. In this experiment, addition of bromine to cyclopentadeca-
none in dried E. Ether solution with a trace of AlCl, as the catalyst were produced 2-bromocyclopentade-
canone(3). This process was enhanced formation of regioselective enolate anion at C, position. 2-Bromocy-
clopentadecanone was put into Li;CO5-LiBr-DMF solution at 140~-150 ¢, were produced #ans- and ¢is-2-
cyclopentadecen-1-one(4) mixture. Other by-products were reduced by control of reaction temperature
and time. Trans- and ¢is-2-cyclopentadecen-1-one(4) mixture was directly put into dried E. Ether solvent
and induce to react dropwise with CH,MgBr-Cu,Cl, complex, all of them got into 1,4-addition, d/-Muscene
(1) was formed as the resuit. Conculsion, through three steps procedure from cyclopentadecanone(2)
to dI-Muscone(1), the pure di-Muscone was obtained with the high proportion of 85%, and synthetic
cost was able to be much lower than any other conventional methods as there were no chemical separating
steps.
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Fig. 1. A newer short synthetic scheme of di-Mus-
cone(1).
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2 ¥ E Fig. 13 o] HE2F & A2E
A3le, cyclopentadecanone(2).2 2% df-mus-
cone(1)7hA] 2] wbgell Z iAo YHEES 7
T3 Hel2 crudedtdl 2 o} HAE Y 9
$A1AA di-muscone(1)}2- total chemical yield 85
%= §A43tdr)

A H

Algt U 221 APl A18-5 A2k F Cyclopen-
tadecanone(exaltone, 1)-2 Lancaster SynthesisA}
o] AEE, G FRARE ZFEE ) AokE
T3t TR e v)el SeiFel o) duky
Aol oja AAY U AFFale] ALgsiedch

BT 439 A Ase AdacieadqaE
AL-g-3le] fAs} o, o) AL SE-303} OV-1
€ AHEt 27]|FARRE 160T, 2H7)1AIR N,
£, H271E FIDE AHgsieich 72 2nle2d
Hel| 24" 7)FL Gaskuror}e] GC-9Ac|c). ¥
H#d F9 YEESLS 'H NMR# 5C NMR&
g3t F2E "alsidch o)y A3 v|Fe
Bruker ACP 200 NMR Spetrometero)c}, n& 3}
Ied CDCL, 3¢ Svj2 &3] o, 3ehao]
& 'H 245319 2% WEIEEUQ tetrame-
thylsilane(TMS)2. 2 7 €12 53k (ppm) 2.2 eI
2vf, UC 24 egle] A4 WFEFEAL CDC
T71.0F AHgdtded Stppm)e vehigich
GC-MSD{Mass Selective Detector)s= HP 5970
MSDE AHg-3teict. olefl A}8-31 A3& SE-54(1D:
0.2 mm, Length: 17m, F.T: 033 m)s|%c}l. 24z
AE FWIAEN E§¢ 10ml/ming f5og

FFon, FqdFe 2 2807, A&7l &
T+ 3009t FT-IR AHEH L oild 4B E
fefde) Felsle] Perkin-Elmer 1760 Infrared
Fourier Transform SpectrometerE Ab4-3tsich.

7} dAd Y] Ao, 2PPENY FRE
w2, &Ql3lr] $3le] AetES 5 MerckAb A
2|7} 8(70~230 mesh ASTM)& 148l Y =
2ol A S AAISKIT.

2-Bromocyclopentadecan-1-one(3)2| 4

F2ubet o] F ZFab2~32(250 mL)ell cyclopentade-
canone(2) (1122 g, 50 mmol)E 55 E. Ether 100
mLol] 50 '$ 7, ice-bath2 J7}sled Zo|2 AICL
234 et Iee-bathstel] A7) & AL4-3)e
Br,(7.99 g, 2.6 mL, 50 mmol)& 308-¢| ZH Pukg
A Brpsigde) g4 BE Wk ¥, 49dg
g e &4 13} N325203- brine ¥ H,02
Z AAsd. #7138 79 MgSO,E T8 A
st Ashslel] 4o)E el ZYAYE 16g8 A2
PREH(143~ 145 /03 mm) P Helzhd AY =2
Eol& 28 5)(Hexanen : Benzene=2: 1) 423}
o] #73% 2-bromocyclopentadecancne(3) 14.95¢g
(98.6%)& Lt}

IR(neat, cm™") 2928, 2856, 1716, 1457, 1407,
1357, 1280, 1194, 1116, 1064, 730

'H NMR(CDCl,, 8) 1.08~150broad m with s
at 1.32 and a shoulder at 1.28, 18H), 1.50~1.81(m,
4H), 1.84~2.30{(m, 2H), 2.67(t, 2H, f=7.0 Hz),
427~435 (m, 1H, -CHBr-)

BC NMR(CDCl,, 8) 23.5~38.1(13CH,), 52.5
(-COC*HBr-), 205.1(-C*0O-)

2-cyclopentadecen- 1-one(4)2] £4J

2-bremocyclopentadecan-1-one(3) (14.95¢g, 49.3
mmoD)E FIRF o|F FEA (250 mL)el T
DMF 100 mL2 5o @&t} LiBr 6.95 g(80 mmol)
# Li,CO; 924 g(125 mmo) S & o}, 7| & '?%
o] £5£% 140~150TR 3o 2uEA| 2F
€% W7kA) b e 4084 8). W %é
¥, b4 E Bt FE 24 4o AFo)
dojil= AL Foste] B2 o}, wale g 33
FE¥) §7132E29 % brinedt H02 & A3
¥, 7T MgSO,E HAzstz, 89& 3itato] A7
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st 2AAE 1124g8 Lok AGEFAI5~
125°/0.3 mm)et ez AE F0dd ghd gol)
ste] 7]7] 243k A}, Rf 0.289] frans-2-cyclopen-
tadecen-1-one(4)o} 68%<} Rf 0519 cis-2-cyclo-
pentadecen-1-one(4) 3 Rf 0479 trans-, cis-3-cy-
clopentadecen-1-one(5)°) 30%2 EHEYL ¥4l
stgich. 2 9] RAMES 2% v|3teE Rf 0.839] 2-
bromocyclopentadec-13-en-1-one(7), Rf 0.17¢] cy-
clopentadec-2,13-dien-1-one(8), Rf 0.20¢] cyclo-
pentadec-2,4-dien-l-one(g} 3l Rf 0389 cyclo-
pentadec-2,12-dien-1-one(10)2] A, Egl g &
gEo] EMYL el

Trans-2-cyclopentadecen-1-one(d). mp 25~27
T, bp 123~5 /0.3 mm. IR(neat, cm ') 2929, 2857,
1693, 1668, 1458, 1445, 1346, 1287, 1211, 980
'H NMR(CDCl,, 8) 1.10~1.45(broad m with two
s at 1.30, 1.31 and a two shoulders at 1.25, 1.28,
16H), 145~ 1.88(m, 4H), 1.18~2.37(m, 2H), 2.50(t,
2H, /=64 Hz), 6.1%d, 1H, /=15.8 Hz and long ra-
nge coupling /= 1.2 Hz), 6.82(m, 1H, /=153 Hz and
J=176Hz). *C NMR(CDCl;, 8 25.3~40.0(12CH,),
130.7(-COC*H=CH-), 1480(-COCH=C*H-), 2018
(-C*Q-). Mass spectrum{m/e) 222(M*), 41(base
peak, 0=C=CH"), 55(*O= C-CH=CH2), 67, 98,
179.

Cis-2-cyclopentadecen-1-one(d). bp 120~3%C/
0.3mm. [R(neat, cm™') 2929, 2857, 1693, 1668,
1458, 1445, 1346, 1287, 1211, 980. 'H NMR(CDCl;,
8) 1.06~1.3%broad m with two s at 1.23, 1.28 and
a two shoulders at 1.25, 1.26, 16H), 1.40~1.76{(m,
4H), 2.46(m, 2H), 2.68(m, 2H), 6.01(tt, /=11.7 He,
J=73Hz, J=70Hz), 622(dd, /=114 Hz, J=17
Hz). ¥C NMR (CDCl, 8) 24.2 (12CH,), 25.5~28.2
(10CH,), 43.7(CHy), 127.3(-COCH=C*H-), 1480
(-COC*H=CH-), 203.08(-C*O-). Mass spectrum
{m/e) 222(M*), 4l{base peak, O=C=CH"), 55
(*0=C-CH=CHy,), 67, 98, 179.

Mixture of ¢is-, mrans-3-cyclopentadecen-1-one
(5. mp225~247C, bp 112~5 /0.3 mm. IR(neat,
cm ") 2927, 2857, 1713, 1660, 1623, 1460, 1442,
1353, 1290, 1083, 967. 'H NMR(CDCl,, §) 1.11~
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1.50(broad m with s at 1.33 and a two shoulders
at 1.28, 1.29, 16H), 1.50~1.72(m, 4H), 1.97~2.18(m,
2H), 2.45(t, 2H, f=7.6 Hz), 3.04(d, 1H, /=58Hz
and long range coupling /=12 Hz), 552(m, 1H,
J=111Hz and J=58Hz). “C NMR(DCl, §) 226
~47.8(12CH,), 122.9(rans, -COCH,CH=C*H-),
135.7(trans, ~COCH,C*H=CH-), [1214{cis, -COCH,-
CH=C*H-), 133.7(cis, -~COCH,C*H=CH-)], 210.2
(-C*Q-). Mass spectrum{m/e) 222(M*), 41(base
peak, O0=C=CH"), 55(*0 C-CH=CH,), 67, 81,
98, 137.
2-bromocyclopentadec-13-en-1-one(7). IR
(neat, cm™") 2930, 2857, 1691, 1627, 1455, 1344,
985. 'H NMR(CDCl,, 8) 0.74~1.74(broad m with
two tops s at 123, 1.31 and a shoulder at 121,
18H), 1.90~2.50 (m, 4H), 4.31(q, 1H, /=58 Hz),
6.53(d, 1H, f=15.2 Hz, long range f=1.2 Hz), 7.01
(m, 1H, j=15.2 Hz, /=53 Hz). “C NMR(CDCI;, 8)
24.8~34.9(12CH,), 52.3(-C*HBr-), 124.9(-COC*H
=CH-), 150.8(-COCH=C*H-), 1928(-C*O-).
Cyclopentadec-2,13-dien-1-one(8). IR(neat,
cm™") 2929, 2857, 1666, 1626, 1456, 1344, 1278,
1211, 978. '"H NMR(CDCl;, &) 1.17~ 1L45(broad m
with three tops s at 1.25, 1.32, 1.38, 12H), 147~
1.65(m, 4H), 2.22~2.37(m, 4H), 6.3%(d/t, 2H, J=
15.8 Hz, long range /=12 Hz), 6.71(t/t, 2H, /=158
Hz, J/=7.0Hz). *C NMR(CDCl,, &) 23.8~32.3(12
CH,), 1301(2X-COC*H=CH-), 14792X-COCH
=C*H-), 193.2(-C*0-).
Cyclopentadec-2,4-dien-1-one(9). IR(neat,
cm™Y) 2929, 2858, 1659, 1633, 1454, 1446, 1343,
1228, 998, 912, 'H NMR(CDCl,, §) 1.10~ 1.45(broad
m with two tops s at 1.25, 1.32 and a shoulder
at 129, 12H), 145~1.62 (m, 2H), 1.65~1.80(m, 2
H), 2.27~243(m, 2H, J=5.3 Hz), 261, 2H, J=70
Hz), 586(q, 1H, J=10.5Hz, /=88 Hz, long range
J=12 Hz), 6.10(d, 1H, /=158 Hz), 6.26(t, 1H, j=
11.1 Hz, /=10.5 Hz), 746{q, 1H, /=158 Hz, /=11.1
Hz). ®C NMR(CDCl;, §) 25.4~35.0(10CH,), 128.2
(-COCH=CH-CH=C*H-~), 132.7(-COCH=CH-C*
H=CH-), 139.5(-COC*H=CH-CH=CH-), 1419
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(-COCH=C*H-CH=CH-), 204.0(-C*O-). Mixture
of cis-, mans-cyclopentadec-2,12-dien-1-one(10).
IR(neat, cm~"Y) 2929, 2857, 1667, 1626, 1453, 1345,
1291, 1212, 983. '"H NMR(CDCI;, 8) 1.04-1.46(broad
m with two tops s at 1.24, 1.31, 12H), 1.48~1.63(m,
2H), 1.99~2.17(m, 2H), 2.19~2.33(m, 2H), 3.10{(d,
trans, J=6.4 Hz), cis 3.22], 5.28~5.86(m, 2H), 6.22
(d, 1H, f/=155Hz, long range j=12 Hz), 6.70~
6.98(m, 1H). ®C NMR(CDCl,, 5). (a) Trans-cyclo-
pentadec-2,12-en-1-one(10). 25.6~46.2(10CH;),
123.0(-COCH-CH=C*H-), 129.0(-COC*H=CH-),
136.0(-COCH-C*H=CH-), 147.7(-COCH=CH*-),
197.8(-C*0O-). (b) Cis-cyclopentadec-2,12-dien-1-
onc(10). 25.6~46.2(10CH,), 122.5(-COCH-CH=
C*H-), 129.3(-COC*H=CH-), 133.0(-COCH-C*H
=CH-), 148.2(-COCH=CH*-), 198.7(-C*O-).

di-Muscone[ (1), 3-Methylcyclopentadecan-1-
one)12| B4

52 uhet AR F2pA (500 mL)el A 3oty E
A8t T E. Ether 150 mLol| -5 Cu,Cl4 g,
40 mmol)®} CH;MgBr(3.0M in E. Ether soln. 31
mL, 925 mmol}E 2ir}k

2008 258 52 31, Fol A 2L 2_cyclopen-
tadecen-1-one(4)-3- L33 ZYE 1124 g8 F
E. Ether 50 mLell o Asgd7]d &4 ¥ 1
A7kl HA ¥ wed Frp3icich §17) i,
ool 2E7} A3 22xE & 10T 2
Azt 7hek & mukgich $9EAR] B ubgahw,
L000 £X8 0CR 3o 2 10% WA+ 100 mLE
AEol dojuie RS Fosle Hrkstelct ALY
A A#}5 T, F715E et o3
E. Ether 100 mLZ 23] F&3c}. #7]1%& x5
NaHCO;, brine % H,02 & AH3}x T4 MgS0,
2 RS AAY F S9E 2 Bt kT
23E 1145 g% 24 e} ol RN &7 di-Mu-
scone(1)}& 27 $18ted 7htFF(124~5 /0.3 mm)
9 A2]7bR Y &e|(Pet.Ether: E. Ether=19:1)
£ 3l &4 3 dI-Muscone(l) 10.06 gJCPD(2)E+-
8 F48& 845%]% 24t =3, TLCA dl-Mus-
cone2et Ri7} e #2lel e 3% FAYNEL
silica gelv¢ll4] 3-methyl-2-cyclopentadecen-1-

methy! ether(11)®} 5-methyl-2-cyclopentadecen-
1-one(12)22 WHiHe Ee|¥4lsisict

dl-Muscone(1)"’. bp 124~5 €/0.3 mm. IR(neat,
cm™Y) 2926, 2856, 1711, 1457, 1407, 1367, 1279,
1132, 1061, 719. 'H NMR(CDCl;, 8) 0.93(d, 3H, /=
6.75 Hz), 1.10~145(broad m with s at 1.3 and a
shoulder at 1.28, 20H), 1.50~1.82(m, 2H), 2.05(m,
1H), 2.18(dd, 1H, J=14.9 Hz, f=4.9 Hz), 241 (t, 2H,
J=67Hz and dd, 1H, j=149Hz, j=82Hz). *C
NMR(CDC;, 8) 21.0(-CH;), 22.9~50.3(13CH,), 28.9
(-C*H[CH;]), 211.7(-C*0O-). Mass spectrum(m/e)
238(M™), 41{O=C=CH"), 55(base peak, *O=C-
CH=CH,), 85, 97, 69(*O= C-CH=CH-CHy), 180,
209(M*-29), 220(M*-18), 223(M*-15).

3-Methyl-2-cyclopentadecen-1-methyl ether
(11). IR(neat, cm ') 2929, 2858, 1715, 1667, 1453,
1371, 1215, 1098, 946, 805. 'H NMR(CDCl; &)
0.73~1.50(broad m with s at 1.20 and a two shoul-
ders at '1.25, 1.31, 22H), 1.67(s, 3H, -CH,), 2.07~
2.18(m, 2H), 3.24(s, 3H, -OCH,), 3.89(d/t, 1H, J=
9.1 Hz, /=35 Hz), 5.01(d, 1H, /=9.1 Hz, long range
J=12Hz). ®C NMR(CDCl,, §) 18.3(-CH,), 23.6~
39.0(12CH), 554(-OCH,), 774[-CH(-OCH,-1, 1269
[-C*H=C(CHy)-], 139.6[ quarterary, -CH=C*
(OCHp1.

5-Methyl-2-cyclopentadecen-1-one(12). IR
(neat, cm™') 2930, 2858, 1692, 1666, 1623, 1458,
1350, 1293, 985. 'H NMR(CDCl,, 8) 0.97(d, 3H, /=
6.46 Hz, -CHy), 1.01~-1.79(broad m with a two s
at 1.29, 1.32, 18H), 2.02(m, 1H), 2.12~2.72(m, 4H),
6.19(d, ¢, 1H, /=155Hz long range /=12Hz),
6.82(m, 1H, f=15.5 Hz, J=6.4 Hz). "C NMR(CDCl;,
8 204(-CH,), 304[-C*H(CHj)-], 24.4-~49.0(11
CH), 130.8(-COC*H=CH-), 147.9(-COCH=C*H-),
201.0(-C*0O-).

a2 ¥ af

Cyclopentadecanone(2)] 2-$12)ol| cfgk o)y
BEEHgo) A AEe o8] fhdA Axso
gob' £ Ayl 20§2 T4 Aluminum chlo-
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Br Br
<|)\|> + et
(CHy)y IO&). (Chyy

(Sl
98 .6% 1.4%

(2l {3t (6}
{n) Brp.AICH, E.Ener

Fig. 2. Regioselective bromination of cyclopentadeca-
none(2).

ride§ Ag3le] ALt 2E JAAZoEH, Ay
A AE e BE3hged At AXAdANE
F7A1A Fig. 2942} 7o) 2-Bromecyclopentade-
can-1-one(3)& & 98.6%E Adrt 23§E6)2
%%‘—:-" C MSD<¢} NMR ¥474#, 2yda &
F22 Z 2,2-dibromocyclopentadecanone} 2,
14- dlbromocyclopentadecanone 54 EYEE #
&9 2% olgke)ch

2-Bromocyclopentadecan-1-one(3)4 Y5354
o]=ul-2of] 2]3l 2-cyclopentadecen-1-one(4)2] 3t
Aukg oA] o2} Zxois =} gioh £ A
o4 EleB d7hdE &3 AlANEE F )7
9 3lod DMF 4ol 8} LiBr#} Li,CO,2| E2-vl 3ol
140~150 C2 7l FR2doh” Fig. 3004 vieht
d=0) I 2AA oil(mp 25°) EFE frans-2-cyclo-
pentadecen-1-one(d}¢} c¢is-2-cyclopentadecen-1-
one(d) L cis-, frans-3-cyclopentadecen-1-one(5)
29 EES 378 8%E 2Uch

A% A}, DMF £71 3} Li,CO; @5 2%, Li,
COy-LiBr £5tzA3ld A FAHYEe] €53 ¥
TEE e M FEEIH R
1 2)7be) gl A3 ¥ 7)Ade S
@+ sl

Cyclopentadecanone(2)2%-F 2-bromocyclopen-
tadecan-1-one(3)9] #4349 F 2% nl3te] -4
AEO)E W ¥ $9} 28 Li,CO,-LiBr-
DMF =7eo2 Afsdg o, Fig. 4o} 22
FEESol AA4EE ¢+ Udek

(N~(10)8] EEL ¥ BE3io|edukga
A Fol ¢ 2% sl LR, g F R
HBrell 2j3) AXsle 2o AR Aoy
HAYEES 2eHAR FoA MAE 2R Ry o)

NG r!o
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RATTLAR

(CHy) ¢ (CHy) ¢
(7)-(10}

(b} L1,y L187-CuF, 140-150 . 40min

Fig. 3. Dehydrobromination of crude 2-bromocyclo-
pentadecan-1-one(3).

RATARANS

(cH) g (CHy) ¢

Lo
(8D L1004 i -ONF, 140150 . 40mia

Fig. 4. Dehydrobromination of Brominated compou-
nds(6).

Aol A dojyl AP 2 UEF F iR o
ukg-ol ARg-3hsch

9% HER 43 olFAFANIZEAEHRYE
@), (6) 59 £¥E2 B. D. Mookherjee So] B.2"
st shg® o] CHMgl-Cu,Cl, 2345 A4
sl 14-H7PHEE AA =AAE 11458 A
o} o) A& VIMIZolEIA A S F A, dl-
Muscone®| cyclopentadecanone(2)2£€] Z5go]
93%2 9 HFcuck EeAsle ot dl-
Muscone$ 7] $13 A4EF R da712 A
g Y3l =43 d-Musconed 1006ge 2
etk ©l= cyclopentadecanone(2)Z %€ 3d#e
2582 85%0) 1, dI-Musconee A7t WPy
2 A A% ol FAEE ¢ 7+ sdch =¥
3% nlgte] nlgtal FAGES A=A YA
olzll 9] 2P} o] 53E 3-methyl-2-cyclopenta-
decen-1-methylether(11)¥} 5-methyl-2-cyclopen-
tadecen-1-one(12)Z W g2 3eldlgix},

OCH, 0

(CHg)ﬁ (CH2)5/\CH3

{11] (12)



248

2 8 & 8

. a) Mookherjee, B. D.; Wilson, R. A. Fragrance che-
mistry, Theimer, E. T., Ed.; Academic Press: New
York, 1982; p 433. b) Yin, S.; Dai, W. Acta Therio-
logica Sintca 1991, 11, 9. ¢) Yu, D. Acta Pharma-
ceutica Sinica 1980, 15, 306. d) ZfRE— (Ih L
1978 98, 483.

. Buchi, G. H.; Wuest, H. Eur. Pat. Appl. EP15412
800917.

. a) Tanaka, E.; Kurata, N.; Kohno, M.; Yoshida,
T.; Kuroiwa, Y. Biochem. Pharmacol 1987, 36,
4263. b) Morishita, S. 1; Mishima, Y.; Shoji, M.
Gen. Pharmaco! 1987, 18(3), 253. ¢) Takayama, Y.
J Exp. Med. 1930, 15, 435. d) RHEM &» R0
HEREBEEIE 1986 3, 324.

. Ruzicka, L. Hely. Chim. Acta 1926 9, 715.

. Ruzicka, L.; Stoll, M. Helv. Chim. Acta 1934, 17,
1308.

. Ziegler, K.; Weber, K. Liebigs Ann. Chem. 1934,

10.

11

12.

13.

fERH - AR - HhKE

512, 164.

. a) Stallberg-Steahagen, S. Avkiv Kemi 1951, 3,

517. b) Felix, D.; Schreiber, T.; Ohloff, G. Helv.
Chim. Acta 1971, 54(8), 2896.

. a) Tanaka, K; Suziki, H. . Chem. Soc., Chem. Com-

mun. 1991, 101. b} Seiichi, I; Kikumasa, S.; Hiro-
hito, O. Jpn. Kokas. Tokko Koho JP04139 A2. ¢}
Oppolzer, W.; Radinov, R. N. J Am. Chem. Soc.
1993, 115, 1593.

. Perrin, D. D.; Armarego, W. L. F. Purification of

Laboratory Chemicals, 2nd Ed.; Pergamon Press:
1988.

Snowden, R, L.; Rautenstrauch, V. Fr. Demande
FR2645530 Al 901012.

Nelson, K. A.; Mash, E. A. J Org. Chem. 1986
51, 2721.

Corey, E. J.; Horfmann, A. G. J Am. Chem. Soc.
1965 87, 5736.

Mookherjee, B. D.; Patal, R. R.; Ledig, W. O. /.
Org. Chem. 1971, 36, 4124.

Journal of the Korean Chemicat Sociely



