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8 9 Cyclopentadecanone(2)>- 2% 2-cyclopentadecen-1-one(4)7+] 2} gdupA el FAAZE o7
ARt Qle 4 Qloh B AReE $4 C-AA) A BEHES $3ed AICLE AA AL
Astate] NAMYNE Z/HIRLT, BFS Fi o]@ge) A8l Aok LyCO,LiBr-DMF 21& A3
2oz YEDE 44 D& 5 Ak o] FHAA Ae 2dxy F ALY SHEE4)E E
Ether £v§<:0]| 4 CH;Mgl-Cu,Cl, 2o A3tate] w212 7%, 25 14-H7P-E= ] di-Muscone(l)
2 YA e A Aqich B Ayl A, cyclopentadecanone(2) 2. E5-E dI-Muscone(1)744] 2] 354 42
%3 4 di-Muscone(E % 85%°) ¥ F&2 dglon, Hoe A4 FAUAS AXA Yot
FADE 7|29 ol iRt 743 W& 5 Utk

ABSTRACT. New routes have been developed for the practical syntheses of di-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 AlICl, 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,CO;-LiBr-DMF solution at 140~150 C, were produced trans- and cis-2-
cyclopentadecen-1-one(4) mixture. Other by-products were reduced by control of reaction temperature
and time. Trans- and cis-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/-Muscone
(1) was formed as the result. Conculsion, through three steps procedure from cyclopentadecanone(2)
to dl-Muscone(1), the pure dl-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 dl-Mus-
cone(1).

et

& AYAE Fig. 15} o] AZE BE H2E
A }ed, cyclopentadecanone(2) - 2#€ dl-mus-
cone(1)7}h2] 8] HkgellA] 7} wiA|e] BAEEE 7}
©E 222 crudestAl 93 kg HAE A ut
$A1AA dl-muscone(1)&
%= FAstdch

total chemical yield 85
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Alek gl 7|71, Adel A8 A|<F F Cyclopen-
tadecanone(exaltone, 15)-2 Lancaster SynthesisA}
o] AEE, b2 oAk 39 #rf AtE
T3 2 == 7)et Sel{el o] Unky
Aol oja AAA P AFFsl] Agsisich

2E AgY A8 A3l rAaIeieadqes
AHE-3te] FHaslgl oH, o) A& SE-303 OV-1
£ AHEEt 27)HHRXEE 160 T, SHP7|AR N,
E HE7]& FIDE AM-3hgich 7iAl a3l e 2
o] Alg® 7)E2 Gaskuro*}-"«] GC-9Ae]t}. 3t
Ao o 33EE5e 'H NMR# ®C NMR&
ARt 2 Qf"‘lﬁ}‘ﬁ‘:}. oluf A&l 71FE
Bruker ACP 200 NMR Spetrometero]c}. ®.& 3}
FE2 CDCL, 59 Sz fa)slgion, 318130
52 'H 2~29E39 79 WiEEFEA tetrame-
thylsilane(TMS).2. 2 2-€12] §3k(ppm) .2 Ielllgl
on, BC A" e Ao YWRESZEAZ CDCL,
(77.00F A&t o™ 83tppm)oE el
GC-MSD(Mass Selective Detector)x= HP 5970
MSDE AR&-3toict. ol AMg-qF H3-e SE—54(ID-
0.2 mm, Length: 17 m, F.T: 0.33 m)o]glt} &%
AL #EIARA AFS 1.0mL/ming —’-’,‘— z

FeFEglen, F9ql7e 225 280T, HE7Y 2
Z& 300Ceslch FT-IR ~2¥9 e oilid A8 S
frejAdlel Z=3le] Perkin-Elmer 1760 Infrared
Fourier Transform SpectrometerZ A}-£-3}ich.

Zt dAed 8] el A, 2BV A4S
e, gl 3t AtEF 5L MerckAt A
2]7}3(70~230 mesh ASTM)S- AH4-3lo] 4y =
EutEadsE Ao

2-Bromocyclopentadecan-1-one(3)2] &4

Skt o] - Eeh2~=(250 mL)el cyclopentade-

canone(2) (11.22 g, 50 mmol)& - E. Ether 100
mLell %o Y1, ice-bath® ¥ 7}3led &vjj 2 AIC]
4%-g gt Iee-bathdlel] A3ty 7] & AH-8-31e
Bry(7.99 g, 2.6 mL, 50 mmol)& 30+ A IIuhg
A Rtk EHEAC] BT v ¥ £98
Bz 716 &7 £3} Na,S,0,, brine ¥ H,0Z
2 ARz #§71%8 79 MgSOE T8& A
7L Fhetatell ol g de] AN E 16gS A2
7% F(143~145C/03 mm) 2 AejsHd Ay =
Zu}e 7] 9)(Hexanen : Benzene=2: 1)& 4113}
o] £3%F 2-bromocyclopentadecanone(3) 14.95g
(98.6%)& 2t

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

'H NMR(CDCl,, 8) 1.08~1.50(broad 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, J=7.0 Hz),
427~4.35 (m, 1H, -CHBr-)

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

2-cyclopentadecen-1-one(4)2] &M

2-bromocyclopentadecan-1-one(3) (14.95g, 49.3
o o] EFehA=(250 mL)ol| T
DMF 100 mL& 5¢§ g+=t}. LiBr 6.95 g(80 mmol)
7} Li,CO; 9.24 g(125 mmol) & 92 s
o] EE 140~150 TR 3slod Eurgao] B wb
<% WA shed murghel(ef 4084 8). W £4
F, HhE- &4 S Y sle] F& A 4A o A Fo)
dojrte 7S Fosle] B2 rhE, Wale R 33

3l #7133 9% brinest H;02 & A 3§
F, 7 MgSO,2 2zstx, &vi& zhststel AA

mmol) & 52
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st} 2AA4E 1124gE Aok AEFRA~
125°/0.3 mm)¢} Aeizhd Ay FjiAl 2d8oh)
alod 7)71B-A1g A3}, Rf 0.289 trans-2-cyclopen-
tadecen-1-one(4)¢] 68%<} Rf 0.512] cis-2-cyclo-
pentadecen-1-one(4) 2 Rf 0479 trans-, cis-3-cy-
clopentadecen-1-one(5)°) 30%9 &3&9< &
akedek. 1 9] HAHEL 2% wivke.2 Rf 0.839] 2-
bromocyclopentadec-13-en-1-one(7), Rf 0.172] cy-
clopentadec-2,13-dien-1-one(8), Rf 0.202] cyclo-
pentadec—2,4—dien—1—one(§) 2 Rf 0389 cyclo-
pentadec-2,12-dien-1-one(10)8] A, EgA3 &
FEo] ENFS Fejgalsisch

Trans-2-cyclopentadecen-1-one(4). 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), 1.45~1.88(m, 4H), 1.18~2.37(m, 2H), 2.50(t,
2H, J=6.4 Hz), 6.19(d, 1H, /=15.8 Hz and long ra-
nge coupling /= 1.2 Hz), 6.82(m, 1H, /=15.3 Hz and
J=176Hz). ®C NMR(CDCl;, 8) 25.3~40.0(12CHy),
130.7¢-COC*H=CH-), 148.0(-COCH=C*H-), 2018
(-C*O-). Mass spectrum(m/e) 222(M"), 41(base
peak, 0=C=CH"), 55(" 0= C-CH=CH2), 67, 98,
179.

Cis-2-cyclopentadecen-1-one(4). bp 120~3C/
0.3mm. IR(neat, cm™") 2929, 2857, 1693, 1668,
1458, 1445, 1346, 1287, 1211, 980. 'H NMR(CDCl,,
8) 1.06~1.39(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 Hz,
J=73Hz, J=70Hz), 622(dd, /=114 Hz, j=17
Hz). ®C NMR (CDCl;,, &) 24.2 (12CH,), 25.5~28.2
(10CH,), 43.7(CH,), 127.8(-COCH=C*H-), 148.0
(-COC*H=CH-), 203.08(-C*O-). Mass spectrum
(m/e) 222(M"), 41(base peak, O=C=CH"), 55
(*O=C-CH=CH),), 67, 98, 179.

Mixture of cis-, trans-3-cyclopentadecen-1-one
(5). mp 22.5~24 C, 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, J=7.6 Hz), 3.04(d, 1H, /=58 Hz
and long range coupling /=12 Hz), 5.52(m, 1H,
J=111Hz and J=58Hz). ®C NMR(CDCl, 8) 22.6
~47.8(12CH,), 122.9(trans, -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*0-). Mass spectrum(m/e) 222(M"), 41(base
peak, O=C=CH"), 55(*0 C-CH=CHy), 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 1.23, 1.31 and a shoulder at 1.21,
18H), 1.90~2.50 (m, 4H), 4.31(q, 1H, j=5.8 Hz),
6.53(d, 1H, J=15.2 Hz, long range /=1.2 Hz), 7.01
(m, 1H, /=15.2 Hz, J=5.3 Hz). ®C NMR(CDCl,, 8)
24.8~34.9(12CH,), 52.3(-C*HBr-), 124.9(-COC*H
=CH-), 150.8(-COCH=C*H-), 192.8(-C*O-).
Cyclopentadec-2,13-dien-1-one(8). IR(neat,
cm™ ') 2929, 2857, 1666, 1626, 1456, 1344, 1278,
1211, 978. 'H NMR(CDCl;, 8) 1.17~1.45(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), 6.37(d/t, 2H, J=
15.8 Hz, long range J=1.2 Hz), 6.71(t/t, 2H, /=15.8
Hz, J=7.0 Hz). *C NMR(CDCI;, 8) 23.8~32.3(12
CH,), 130.1(2X-COC*H=CH-), 147.9(2X-COCH
=C*H-), 193.2(-C*O-).
Cyclopentadec-2,4-dien-1-one(9). I[R(neat,
em™Y) 2929, 2858, 1659, 1633, 1454, 1446, 1343,
1228, 998, 912. '"H NMR(CDCl,, 8) 1.10~ 1.45(broad
m with two tops s at 1.25, 1.32 and a shoulder
at 1.29, 12H), 145~1.62 (m, 2H), 1.65~1.80(m, 2
H), 2.27~2.43(m, 2H, /=53 Hz), 2.61(t, 2H, /=70
Hz), 5.86(q, 1H, J=10.5 Hz, /=8.8 Hz, long range
J=12 Hz), 6.10(d, 1H, /=158 Hz), 6.26(t, 1H, /=
11.1 Hz, J=10.5 Hz), 7.46(q, 1H, /=158 Hz, /=11.1
Hz). ®C NMR(CDCIl,;, 8) 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-, trans-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(mn,
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, J=15.5Hz, long range /=12 Hz), 6.70~
6.98(m, 1H). ®C NMR(CDCI,, 8). (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*0-). (b) Cis-cyclopentadec-2,12-dien-1-
one(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-).

dl-Muscone[ (1), 3-Methylcyclopentadecan-1-
one)]9| &M

2w A Z2ks3(500 mL)ol A s A7) &
A=) 5k 51 24 E. Ether 150 mLell % Cu,Cl,(4 g,
40 mmol)¥} CH;MgBr(3.0M in E. Ether soln. 31
mL, 925 mmol)E ¥¢ich

folel v 52 3o, el A AL 2_cyclopen-
tadecen-1-one(d)2 T3 YA E 1124 g2 7
E. Ether 50 mLell o] AHapbddz|dl &7 ol 1
AlZboll HA & e Fotstedch Frbh Eubd,
o9 257} MAMF] LEEE 3o 10TeA 2
A7k 7V R mikke) £9EA] B 9ee,
§4e] 228 0CE sfo] 3 10% 94t 100mLE
Aol ddelvhe A Felstel Arlsisick HeA
aHE A3t gz, §715S Festy £
E. Ether 100 mLZ 23) &3} §715¢ £3)
NaHCO,, brine ® H,0& & A3} 3 F4 MgSO,
2 FEE AAT F S E I 2kt x4
ZAE 1145 g8 9k o1l &54+3 dI-Mu-
scone(1)& 47] 918t 7HEF(124~5 €/0.3 mm)
9 Alg]zpA #HEE2](Pet.Ether : E. Ether=19:1)
& &t £4§ di-Muscone(1) 10.06 glCPD(2) &%
e 35§ 845%]& Igich =3 TLCA di-Mus-
cone®t} Rf7} 2h& Aol Q= 3% FAAEL
silica gel\lell4l 3-methyl-2-cyclopentadecen-1-

methyl ether(11)3} 5-methyl-2-cyclopentadecen-
1-one(12)2.2 W& Fej&qlzidch

dl-Muscone()". 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), 1.10~1.45(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, /=14.9 Hz, /=49 Hz), 241 (t, 2H,
J=6.7Hz and dd, 1H, J=149 Hz, J=82Hz). BC
NMR(CDCl;, 8) 21.0(-CHy), 22.9~50.3(13CH,), 28.9
(-C*H[CH,]), 211.7(-C*O-). Mass spectrum(m/e)
238M™), 41(0=C=CH"), 55(base peak, *O=C-
CH=CH,), 85, 97, 69(* 0= C-CH=CH-CHj,), 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(CDCI;, 8)
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, -CHj), 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). BC NMR(CDCl,, §) 18.3(-CH,), 23.6~
39.0(12CH), 55.4(-OCH,), 77.4[-CH(-OCH,)-], 1269
[-C*H=C(CHy)-], 139.6[ quarterary, ~-CH=C*
(OCHy) .

5-Methyl-2-cyclopentadecen-1-one(12). IR
(neat, cm™Y) 2930, 2858, 1692, 1666, 1623, 1458,
1350, 1293, 985. 'H NMR(CDCl,, 8) 0.97(d, 3H, J=
6.46 Hz, -CH,), 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, t, 1H, J=155Hz, long range /=12 Hz),
6.82(m, 1H, J=15.5 Hz, J=6.4 Hz). ®*C NMR(CDCl,,
8) 204(-CHj), 304[-C*H(CHj-], 24.4~49.0(11
CH), 130.8(-COC*H=CH-), 147.9(-COCH=C*H-),
201.0(-C*O-).

gt ¥ o
Cyclopentadecanone(2)2] 2-$]=x]of izt A=A
HEShEe] g Age o8] A4 A xHe
Stcht B Agel e )2 24 Aluminum chlo-
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Br Br
({JB + etc
(CHy)y (Chale

(CHy)g mﬁ)c
98 .6% 1.4%

(2} (3) (6)
{a) Bry.AICty, E.Ether

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

rideE AH8-3te] A
A Ae Si}i}iwl

4 48 YA 2H, diA
F3hkgol gk $IXAYAE
Z7 217 Fig. 26 A9} 7re] 2-Bromocyclopentade-
can-1-one(3)% & 986%= Al #H3HE(6)2
EAES GC-MSD¢} NMR #4435}, a3} 72
Tz
14-dibromocyclopentadecanone %9 &£3E2 &
THE] 2% v]ate]rt,
2-Bromocyclopentadecan-1-one(3)¢] BE354
olegtut-g-oll 2]%l 2-cyclopentadecen-1-one(d)2] 3t
Aubg A o] Zdxer FFHe o B oA
ol M= ElcB #7hiE gt AlAEE fx317]
$15ted DMF 4-i3} LiBrz} Li,CO;2] &§&v) 5}l
140~150 C2 7}edZebstelct.? Fig. 3004 jeht
gl=o] A oil(mp 25°) EIE trans-2-cyclo-
pentadecen-1-one(d)¢} c¢is-2-cyclopentadecen-1-

zt= 2,2-dibromocyclopentadecanone®} 2,

one(d) 2 cis-, trans-3—cyclopentadecen—1-0ne(5)
2o EF¢EL F5¢ 98%E Atk

A A, DMF 403} Li,CO; &5 278, Li
CO;-LiBr E3x718}ell4] 538} 3H-Eo] %4_53] *
o g olojAlche AT FEIHL B3
5 Albe] Sl AT A%E 7)Aok wi
& 4 Agdeh

Cyclopentadecanone(2) %€ 2-bromocyclopen-
tadecan-1-one(3)9] FAAA F 2% vk 4
AE6)S utE Fejste] $9} 22 Li,COs-LiBr-
DMF z7e2 Afzde o, Fig 4d1x9 2
gese) 449e ¢ 5 AT

D~10)8] F3HEEL ¥ HESFaoldubs
A Foll oF 2% sidshe Ao, vk F sl
HBro} oJs AAsle Aoz Atgsicth Aj2aygde]
SFEELS FeHA Fol AAE Ao B o

rl
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NATTLAR

(CHy) ¢ (CHy) ¢
(7)-(10}

(b) L1,005~LiBr-CVF, 140-150 C, 40min

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

RATATANS

e (cH.) g (CHy) ¢

ties
{b} LIz05~LiBr-OMF, 140-150 C.. 40min

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

HHol| A dojAl 2PALELS B 2T F vtz o5
uhgoll AMg-ahgdrh

98% A= P43 o|FAIANZEAENGE
(@), (6) =9} &3}2-& B. D. Mookherjee S-0] B2
st uhg# 2e] CHMgl-Cu,Cl, 585 AHE-
sle] 14-AH7Pi38 A|A 2AAE 11458 44
o} o)A & A AZutE A AR S & A, di-
Muscone®] cyclopentadecanone(2)2¥-¢] F4-80)
93%=2 FAEES At Eeldld 4% di-
Muscones 7] $l8l 243F ¥ AHelshA AH
H2 & H3te] <438 dI-Muscone2 1006g2 <
lrt. el cyclopentadecanone(2)Z24¥ 3xtAl <]
Z7§2 85%°] 1L, dl-Muscone2- A&]7}4 Z“_l"%j—‘i—
A AFHE% o) FAEE 4 F Uk =
3% w]ute] mgel FAHES "d"«]ﬂ’é‘lé%ﬁwﬂ
ot o] 292 7o) #3HE 3-methyl-2-cyclopenta-
decen-1-methylether(11)3} 5-methyl-2-cyclopen-
tadecen-1-one(12)= H3-S #<lslgdch

OCHy 0

(CHg)ﬁ (CHZ)G/\CH3

(1) t1e)



248

28 & #®

. 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 Stnica 1991, 11, 9. ¢) Yu, D. Acta Pharma-
ceutica Sinica 1980, 15, 306. d) A{FE— |3h $k
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. I.; Mishima, Y.; Shoji, M.
Gen. Pharmacol 1987, 18(3), 253. ¢) Takayama, Y.
] Exp. Med. 1930, 15, 435. d) KF{IERE &4
et 1986, 3, 324

4. Ruzicka, L. Helv. 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.

fEAHE - AR - FhRE

512, 164.

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

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

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

mun. 1991, 101. b) Seiichi, I; Kikumasa, S.; Hiro-
hito, O. Jpn. Kokai. Tokko Koho JP04139 A2. c)
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. /. Am. Chem. Soc.
1965, 87, 5736.

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

Journal of the Korean Chemical Society



