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.&ka@~ -The syathe&s of the C,, C,, macroeye& suboair or~~~~o E from comic is de&bed. 
The key feature of this rynth&s is the photo-induad rear~angcment of epoxy diazomrthyl kttonr: E to a y- 
hydroxy alkcrmic ester (Scheme 2). The intermediate epoxy alcohol F was prepared using the asymmetric 
Sharpkss cpoxidation. ConsidersMe attention was given to the preparation d allylic alcohol tC having a t- 
buty~~~hy~y~oxy protecting function, as starring materiat Tar the asymmetric epoxidation, however, 
several onro~d~~l~ wereencounRred (Schemes 3 81x3 4). Sarislactory resuitb were otxninsd using the 
methoxy group as protecting function (Weme S). The aiiylic alcohol 2~2 wat prepared from bromide 20 by 
chain kngrhening with propargyt atcohot. The Sharp&s rpoxrdation of 21 took place with high in&&on. 
Canverslon to epoxy +Jter 24 to diaro ketone 25 and photo-rrarraqemenr to 26 and deprotectian to @ve 
24$ compkra the scqWrKz 

fn rCOcnt yurfs we studied the chemistry of +q?oxy 
diazomcthyl ketones A cspbcially with the aim to 
Worm scketive tran~o~atjons with these 
compounds, i d Rotan scids sekxtivcly ww at the 
diaro moiety,’ palladium acetate inducbd cyclopropa- 
nation can be carried nut leaving the epoxide function 
in taa,* photo-induced rearrangement” initially kads 
to epoxy ketenes % and boron trifluoridc causes a 
selective rearrangement of the cpoxide gro~p.~ From a 
synthetic point of view the photo-induced rearrange- 
ment is of particular interest as it enables the 
preparation of r-hydroly-~~-unsturatad aters C by 
~~o~ing the i~diation of epoxy d;~~thyi 
ketones in alcoholic solutions” (akohalysis of the 
primary epoxy ketcnes % Scheme If. Moreover, 
optically active y-hydroxy alkenaic esters C can be 
obtained in this manner bust the chiratity at C, is 
retained when enaatiomericafty pure epoxy diazo- 
methyl ketones A are taken as the substratcs.7 

in order lo evaluate the usefulness of this 
enantiospccific synthesis of y-hydroxy alkcnoic esters 
w~~ho~~~~ha~a~~n B 1. which ~ont~n~~u~h a unit in 
the macrocyclic ring, a& tbc challenging target 
mokcule, Cytochalasin 3, 1 fphomin, a 24oxa-f14]- 

~~~~~QR~ toa~o~~~~~yd~y 
related naturally occurring substanas, which exhibit 
intereating biological properties8 Most synthetic 
approaches of cytochalasans focus on the construction 
of the bicyciii ~~ydroisoindol~ system.‘.‘* Hitherto, 
onmty two tot& synthges of f have been repor@&.’ f fn 

- ._.‘_“. .-_ .- . 

f For the lake of dariry the aumt>ning of ntot~ in the 
subunit snd its precur~rr is taken as that in cytochaladn 8. 

these syntheses the ttercocentre at C,, was introdu#d 
using( + )-citronellol and that at CzO using either malic 
acid”* or an asymmetric reduction of an acetyknic 
kelonc.“’ Recently, the C,, Cz3 subunit of t was 
prepared using monomethyl (R~3~mcthylglutaratt 
and (S&lutamie acid BS the chital starting materials.” * 
Xn fact, this publication prompted us to report the 
rest& of our approach. 

In our synrhctic design of 1 we plan to connect CI f 
with C,, in an appropriately fun~j~~a~~ bicyctir: 
pcrhydroisoindolr: and to Finalize the synthesis by 8 
rna~oi~~tonj~t~on to form the C1,-Q,, bond. The 
retrosynthetic scheme for the C,,-C,, subunit D is 
depict& in Scheme 2. The basic feature of this scheme 
is the introduction of the hydroxyalk~oi~ ester part 
C,,-C2, ria epoxy diazoketone E. Epoxy alcohol F is 
an attractive starting material for E as it is probably 
accessible byanasymmctricSharpf~Essepoxidationl3af 
G The chiral ccntre at C, o comes from ( + )=pulegonc I 
which viu ring opening and chain fcngthening can be 
convert& to G. For function X at C,, a protected 
akohoi seems appropriate because the final formation 
of the C,,-C,. double bond then can readily be 
HWiSagGlk 

The first choia of X was the popular t- 
bnty~djm~thyi~i~y~oxy group. The conversion of 
pulcgo~2tosu~tar~t H with X ~ingt-~u~~2Sj~j~ 
depicted in Sehcme 3. ( + )-Citroneltol3 was prepared 
from 2 by known prtmdures.‘4 The isopropylidcne 
group was removed by periodate ckavagc of the 
epoxide from the acetate of3. The aIdehyde function at 
C,, was transformed to the bromide by Liar treatment 
of the tosylatc of alcohol 5. The silyl ether at C,* was 
obtained by treating bromoakohd 7 with t- 
buty~jmethy~silyl~h~o~de. invariably a 5: 1 mixtureof 
bromide & and chtaridc I?& was obtained.’ ’ 

For the introduction of the C20-Ca, three C atom 
unit we first considered a two step sequence, oit 
conversion of halide 8 into aldehydc 10 t?ia cyanide 9, 
foBlow& by a ~~tt~~-~orn~r reaction to give l3 
(Scheme 4). The direct reduction of cyanide 9 to $0 by 
D&al met with practical diffkultics bccausc of 
formation ofan unid~ntjfi~ product during work-up, 
Similar problems were encountered during attempts to 
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Scheme 2. 

prepare 10 by carbonylationL6 of 6 using disodium 
irontetracarbonyl. Therefore, cyanide 9 was converted 
to ester I I (during the acidification the silyl ether was 
lost, it had to he reintroduced after the diazomethant 
treatment), reduced to alcohol 12 and subsequently 
oxidized to 10 using pyridinium chlorochromate. 
Unfortunately, the attempted selective reduction of 
alkenoic ester 13 to ally1 alcohol 14 using LiAlH, or 
AlH, met with limited success. Therefore, it was 
decided to introduce the three C unit CrO-CTI in one 
step using propargyl alcohol as the building block. 
However,treatment of6 with thedianion of Z-propyne- 
l-01 in liquid ammonia resuLted in a mixture of C- and 
0-alkylated product, with the desired 15 in a yield of 
WI; only. Because of this unexpected difficulty 8 was 
lengthened with IWO carbon atoms first by reaction 
with lithio aatylide in liquid ammonia. The thus- 

obtained alkyne 16 was then treated with para- 
formaldehyde togiveaLkynoll5. Subsequent reduction 
with LiAIH, gave the d&red allylic alcohol 14 (440/,) 
together with some alkne (12%) and desilylated 14 
(20%). 

All in all the results with the approaches based on 8 
are disappointing, therefore we opted for an almost 
inert function X in sub-target H, twit themethoxy group. 
The total sequence of events starting with citroncllol3 
leading to the Z&cetate of the target molecule D (with 
X = OH) is outlined in Scheme 5. Gratifyingly, this 
sequence proceeded without serious problems. 

The methyl ether of3 was converted into alcohol 19 
using the periodate cleavage of the epoxidt of 17 
followed by reduction of 18 with LiAIH, (c/Scheme 3, 
convcrsion3in~.Amuch~ttcra~shortcr route to 19 
is ozonolysis of 17 followed by reduction of the ozonide 
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Scheme 4. 

with LiAlH,. The bromide 20 was obtained by purity ofthetpoxy akohol23 was determined by a ‘H- 
tasyfation of IOandsubsc+ttnt reactianwith LiBr.The NMR analysis of its aatate using shift rcagcnt 
chain elongation using the dianion of propargyl (Expwimntal). Only a single signal was obscrvcd for 
alcohol now proceeded smoothly to give 21. ThcaIlylic the acetate methyl protons meaning that 23 is 
al~ohoI22,obt~n~virtu~iyquantitativ~lyfromZ~ by cn~tiom~~Iyp~e~~~ the~tsof~uf~. For 
reduction with LiAlW., was subjected to Sharptess a series of 2,3-epoxy aikanols this NNR analysis of 
cpoxidation using titanium tctraisopropoxide, t-butyl their acetate was shown to be a reliable: method to 
hydroperoxide and (-)diethyl tartrate. The optical establish the enantiomeric composition.” Epoxi- 
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dation of 22 with mchloroperhenzoic acid gave the 
diasterevmeric 1: f mixture of epoxy alcohols 23 as 
was shown by ‘H-NMR as outhcd above. Oxidation 
of 23 was carried out with ruthenium tetroxide 
(prepared in sitar from R&l, and NaiO,). Purification 
oftbe giycidic acid could only IX performed through the 
methyl ester {removal of Ru contaminants).‘* The 
epoxy diazomethyl ketone 25 (sub-target E, !5chane 2) 
was obtainal’ oiu saponification, conversion to the 
mixed anbydride with i-butyl cbloro formate and 
subsequent treatment with diazometbane. Pboto- 
rearrangement of 25 in ethanol gave the desired 20- 
bydroxy unsaturated ester which was transformad in 
Ihe 2t)-acetate 26 right away. ‘H-NMR analysis of &is 
acetate using shift reagent revealed that this material 
was ~~tio~~~ly pure. In the final step of the 
sequena the methoxy group was removed by means of 
boron tribromide in the presence of 2-methyl-2- 
butene,‘pyieiding28astbeprtdominantproduaalong 
with a smail amount of the M-bromide 29. We plan to 
use this C14 C1, fragment in the total synthesis of 
cytocbalasin B. 

EXPERIMENTAL 

‘H-NMR spa%ra were recardd on a Varian EM-390 
spectrometer using TMS as an internal star&a& unless more 
resolved spectra wcrr rcquirad (see experiments). IR spectra 
were run on a P&in-Elmer 257 grating spectrometer. Mass 
spectra were nm by Mr. P. W. M. W&s using a Varian MAT 
SM,Bmurs~m~~.Ruaionproduaswerefhsckaifor 
puri~ywithaHewktt-?ackard 57lOA gaschromatograph on 
a KXASE30Cbromosorb WHPcolumn(6’1/8~Thcmajority 
of the re.ac&ns was monitored by GLC. For normal column 
chromatography Kicsclgd 60 (Merck) was used. For llash 
chromatography K.&&e1 6OH (Merck) was used applying a 
pressure of 1.5 kg&d. All the SOIYCW were dried carefully 
before distillation ; THF and Et,0 from LiAIH,; dichloro- 
methane from P,O, snd DMSO from CaH,. Micro 
analyses were prformed by Mr. J. Dierarnann from our 
analytical departmtnt. 

(R)-( + )-Pulegone (45.0 g, 0.3 mol) was aooled in ia and 
salurrted wiwith gaseous HCl. After standing for one night the 
rcsuking brown oil was pourai in KOH 4 (VW 1 1) and 
stimd for 3 hr aI room temp. The mixture was exmctcd wil 
etbcr (2 x 200 ml) and the water layer acid&d. Extraction 
with erha (2x 1150 mlh drying (MgSO,) and removal of 
soIventgaw29.4gda brownoil,whichwasdistilkd(b.p. 102’. 
0.1 Ton) &r&g cfrrcwvfff~ acid (27.3 e %$Q, [z]:: + 8.35” 
(n~1).A~lnof~h~a~d(2S.4~O.lSmol)ind~e~h~(l~ml) 
was gradually added lo a ma&&caIly stid suspension of 
WIH, (8.0 a 0.21 mol) in dry etk 1looO ml) that was km 
under %i.Km the mix&e w&stir&l for 5 hi at room temp. 
Wat+rfSOmi)wusddedaurio~y.fhenrullingmi 
filtered with suction and the flltacake was washal wivith 
EtOAc After drying (MgSO+) and evaporation of the solvent 
the Z’C!SUkiSIg oil wu distilled (b.p. 80“. 0.5 mm) yielding 3 
(21.2 & 90%). (a]u + 5.4Y (neal). 

~4R)bAcaox+methy~kxanai 4 
Tou!~cookd~dstirrrdrolnof3(21.2~0.136mol)ia 

pyridinc (50 ml) AcCl (40 ml) was gradually added. Alla 
stirring for 5 hr rhe mixture was pour& onto ice and exltactcd 
with ether (3 x i S0 ml). The organic layers were washed with 4 
N HCl and water, then dnaf (MgSO,) and cooccntrarcd to 
give an oil that was d&i&d &.p. 78”. 0.2 Ton); yield on the 
aatateof324.0~(~~IR(aut):5960~l700r 123O3cm ‘I; 
‘H-NMR(CCl.):60.9(d.3H.J-6Ht).l.@-l.8(m,13H),l.90 
(a 3Hb4.00(1, ZH, J = 6 Hz), S.O(r. 1H. J =I 6 Hz). 

This acetate (24.0 or,, 0.12 mol) was d&so&d in CHCl,, 

cooled m &and mCPBA(25.5gO.l3mol)w~addediosmall 
portions with stirring After slandiag ovemigbt in the 
refrigerator the pndpitatcd acid was removed, the filtrate 
washed with NaHSO, aq. then with Na,CO, aq (3 x ), drial 
(M~03Pndconcmlrated.‘Ihtraidwwvludirtilkd(b.p.PD”, 
0.2 Ton). yield 24.8 6 I%‘/,) of &7+poxy-3,7dimeihyl-I- 
octanol;lali@ +3.6& II. l.MeOH~:IRlnea~):2960s.2930s. _ -_ 
1740s. ~~~s~-‘;~H-N.~R(~~:~~.~(~~H,J :6Hx), 
1.2 (2 x s, 6H), l&l.8 (m, 7H). 1.90 (m, lH), 4.OO (1, 2H. 
J-6Ht). 

Asolnol~hcepoxide(24.8g0.l6mol)inerber(l00ml)was 
gradually addad lo an iot+oolul and stirred soln of 
H10,*2H,0(28g0.12mol)inTHF~l00ml).Af1ers~iningfor 
90 min the mixture was poured onto ia, and extracted with 
ether(3 x ~The~mbintdexrractswercw~lhbdWithNn,CO, 
soln, drial (MgS03 and coaan~rated. Tbs rwidue was 
disrilkd (b.p. 78’,O.SXxr), yield d4 16.08(%0%1): [a%* + 52 
(c- 1,MeOH);IR(nat):2960r,2930s,t710m,1?30~1210:, 
an-‘;‘H-NMR(CCl,):dOZJO(d,3H,J - 6Hz), 1&1.9(m, 
SH).l.95(~.3H),t37(~2H).4.OO(t,ZH.J - 6Hz),9.67(m,lH). 

To an iccoookd and stirred soln of 4 ( 16.0 8,93 mmol) in 
MeOH (100 ml) was added NaBH, (1.4 g 38 mmol) in small 
ponions.Aftastandinpfor l6hrthesolvcnrwasremovedand 
leruiduepourcdon~oia. Extractionti~hetber(3 x Adrying 
(M&O,) and removal of solvent gave an oil Ihat was 
cmenGally~re. Distillation gave 5 (13.2 g, 81%. b.p. 96”. 0.2 
Torr);[a]i +3.07(c- l.SMcOH);IR(aert):5450t~OH), 
i?W)san-‘;‘H-NMR(CC13:60.90(63H.J - 6Hz),l.0-1.8 
(m.7H). l.9O(s,3H~3.23(s,lH,OJ&3.49(t,2H,J =I 6Hz),4.00 
(t.2H. J = 6 Hz). 

Freshly purified ptoiuenaulfonyl chloride( 19.0 e 0.1 moi) 
was added lo 5 (14.0 g, 80 mmol) al - 10’ with stirring then 
pyridim (SO ml) was added dropwise. Tbc mixture was kept at 
- 10” for 16 hr. stirred a1 0” for 5 hr and then poured onto ice. 
After acidification with 4 N H,SO, the mixture wascxrractal 
with CHCl, (5 x ). The extracts were washed with NaHCO, 
aq. Work-up gave 28.0 g ol rhe tosyiatt that was used without 
purification.iR(ncat): 1735a1360s(S0,1,1240~1180s(S0,) 
em-‘;iH-NMR(C~.):60.90fd,3H,J~6Hz),l.~l.9(m, 
?H), 1.90 (s, 3H), 2.40(s, 3H), 4.0O(m, 4H1,7.1-7.8 (ABq, 4H). 
The msylale wastreated with LlBr (16.08.0.18 mol) m acetor~ 
(125 ml) aI reflux temp for 2 hr. The solvent was removed and 
ice-wateradded. Ext~~ion~~heth~(3 x )followed bywork- 
uppve17.3dcrudc6,aRadistillation(b.p.76”,0.7T0n)13.87 
almost pure 6 was obtained. C’hromatography of a lower 
boiling fraction (silica gel. hexaac ether 4: 1) gave M 
additional 1.878of6(roralyield820~). ‘H-NMR(CClJ:60.90 
(d.3H.J = 6Hz). I.@-1.9O(m. 7H). 1.%&,3H),3.3@(t2H,J 
= 6 Hz). 4.Qo (1. 2H. J = 6 Hz). MS m!r 176; 178 (H’ 
- CH ,COQ). 

A soln of 6 f 15.64 0 66 mmol) in ether (40 ml) was gradually 
added to a stirred. ice-cooled suspenrion of LiAtH, (1.07 & 28 
mmol) in ether (100 ml) and kept under N,. Stirring was 
continued lor 2 hr at 0” and 16 hr aI room lemp. Water was 
carefully added (10 ml), the white ppt was f&red df and 
washed with EtOAc. The filtrate was dried @&SO,) and 
removal d solvent gave crude 7 (13.46 8) which was 
chromarographed on silica 8el. Elution wirh light petroleum 
(40-60)-ether 10: 1 mnovd some by-product and starting 
material (0.84 t& with light ~rdcum-ctha 1: 1 product ‘I 
(10.82g8s~)w~obtoinad.IR(aut):3430s(OH);’H-NMR 
@Xl,): & 0.90 (d. 3H, J - 6 Hz), 1.0-2.1 (m. ?H), 3.35 It. 2H. J 
= 6 HZ), 3.84 (s. I H. OH). The alcohol was converted inro its 
3.Sdinitrobcnxoa~e. m.p. 30-32”. (Found : C. 43.45.43.49; H, 
4.2?,4.2?:N,7.23,7.25.CakforC,,H,,BrN,O,(389.X)7):C, 
43.20; H. 4.40; N. 7.xT/,.) 



Ennatm-controlW syntbcsis of tbc macrocyclic C&Z,, subunit of cytocbalasin B 2953 

fo~~~d?(8.6S~44.4mmol)inDMF(2Sml)was#Mcd 
t-~ty~tb~yl cbloridc (7,x, g, SO mmol) with &ring 
under i ceading Then a soln of imidaxok (6.89 g 0. I mol) in 
DMF (5 mI) was gradually add&. Tbc mixture was kept al 0” 
for td and then pourd cmto ice. Extra&on with pentanc(4 x ) 
nave. after work-uo, 16.5 g crude product tbat was 
&romatograpbaI onsilicagd~gbt pctr&umCH,Q~ 5: 1) 
alTordinx 128nof&+bIratio8: 1 acoordinntoCtLCO75”L 
R,(Ea) 533m&. R,@b)4.>5 mitt]. ‘H-NMR $X&): 50.07&, 
6H~~.~i.O(~ l2H). LO-LO(m, 7H). 3.25 ft. 2H. J - 7 HxL 
3.6O(t, ZH, J = 6 Hz). GC/h%I (Finnigan 3109): & 251,253 
(M’ -t-h); 167. 169 [H,C==U-SiMest-Bu]‘; 137, 139 
[Me$iBr]‘. %I 207 (M’ -I-Bu); 123 [H,C=O-SiMe,t= 
Bu] l : 93 [Me&Cl]’ (dret. 20). 

A soln of & + b (4.90 g) in dimctboxyctbanc (10 ml) wax 
~~ly~~toa~lnofNa~(l.O~~~ol)inDMSO 
(2S mI) at 8@, After 30 mm at 80”. tbc mixture was coolal to 
room tcmn and nourcd onto ia. Extraction with btxane (4 x ) 
and work:up gave oily 9t3.8 & 96%) (bat was pra&=lly pure 
accordinn to GLC. IR &at): 2960 s. 2930 s. 2860 a 2250 w 
(CN~l2~bslW5~840~7~scm-‘;‘H-NMR(CC13:S0.07 
(~6H~~.7~l.O(m.l2~~1.~2.~~m.7H~224(t,2H.J - 6Hx), 
3.60 (t, 2H, J = 6 Hz). 

Mcrhyf (SR) - 5 * m*kyl - 7 - f - ~fy~~~yI~iy~#xy - 
fupfamcaft 1 I 

To a soln of9t6.6 g, 25.9 mmol) in EtOH (SO ml) was added 
KOH (IOP) in H,O (30 ml) and then tbc mixture was heated 
under tcaux for 24 hr. After conaatratioa water (SO ml) was 
added, followed by acidibation. The mixture was extracted 
with ether and tba extract treated with tt.bmcxI diazometbane 
until tbcydlow mlourpcrsistod. AftcrdryingfMgSD& work- 
up gavs nn almost colourlm oil(3,W a). OR @cat) : strong OH 
absorotion.) Tbis oil was tree& v&b t-~ty~~etbyl~yl 
cblo&k (4.2 g, 28 mmol) m dry DMF (20 ml).and imi&olc 
(4.2 g, 62 mmd) in DMF (10 mI) umkr cooling with ice. After 
16 br the mixture wax poured onto icqcxtraction with bcxane 
(3 x ) md work-up gave II (6.2 9) that wax purified by 
~ro~to~~by #lica gel, cyclobcxane followed by 
cyclobcxano+tbcr 5: 1). Yield 5.53 g(fP/d; IR (neat): 2Q6Os. 
29W)s2860~1740~1260s,lW5~,8405780s~n-’;’H- 
NMR (CQ,): d 0.07 (s, 6H). 0.8-1.0 (s+d. 12H, t-BuMc,Si 
+C,--C&b l.O-l.Q(m,7H),222(t.2H, J = 6Hx). 3.6O(s+t, 
SH.COOC~~+Cff,-OSi).(Found:C,64.20;H.l1.15:Cnlc 
for C,,H,,O,Si~28S.Sl):C,6245;H, ll.lV!) 

(SR)_S-‘Unhyl-7-t-by~~~y~ly~~~l-htprmroi 12 
Esta II fS.S3 g, 19.2 mmolf dissolved in ether (10 mIl was 

gradually addcdjo a stirred suspmuion of LiAIH, (570 mg 
19.2mmolllnaba(Samll.~tastirrinpfor 16br wata(lOml) 
was carcfuily added. The ppt was lilt&J oUand wasbai with 
EtOAc After drying (MgSO,) of combined organic soln, 
work-up gave pure 12 (42Q g. 85%). GLC : R, 5.25 at i 75” ; IR 
(~t)~3~~s~OH)~ i;‘H-NMR(CDCf,):d0.07(s 
6H), 0.8-1.0 Q+d. 12H, t-BuiC,-CH,), la-l.9 (m, QHL 
3.20-3.80 12 overlapping t. SH, CHIO& C&OSi). 

To a stirrod suspension ofpyridinium chlorocbromatc(253 
~ll.3~ol)in~~~~(l5ml)w~ad~d~NaOAc~~ 
m~f~1ow~bya~~~12(2.14~8.2mm~)~~~~~(5~~ 
After stirring for 1 br at room tamp the mixrue w poured ia 
ctber (250 mIX filtered through a c&imn of Rorixil a& 
conceat~td~ontina10(1.89g8~~fR(~ti:29601,t930 
s.28#~2710~17251.1260~1095~,&00~780srrm”;’H- 
NM~(C~.I:~O.O7(~6H~O.?~l.O(m. 12HX 1.0 2.O{m?H), 
2.30 (m, 2H). 3.60 (t, 2H. J = 6 Hx), Q.QO (tn. IH). This 
compouod was also obtained from nirritc 9 by Dibal 
raduction:Toastimdzolnof9(fODmg.2.7mmol)wu~ 

a DibaI soin in bcxaac f2.3 ml, 1 M) by means of a syring+. 
under Nx at - 78”. Stirring waxcontinuai for xmin at - 78’. 
#kr 1 hr at room ~ernp all nitrik bad reacted (CU.2 and a 
sir&product w~~~.NH.~4~~~t~~~~ 
lam cxtractod with c&m (3 x ), tbe oombii organic layers 

&taidcrable amount oi an Undo by-p&duct. On a 
larger wale (co 5 9) almost no nitrile 10 was obtainal but 
undesired by-product instead. 

Erhyt (7R) - 7 - mnhyi - 9 - f - ~y~j~thy~y~xy - non - 2 - 
rrware I3 

Trictbyl pbospbonoaoctate (1.75 g 7.8 mmol) dissoIved in 
dimctboxyctbanc (5 ml) wax added to a stirred swpcnsioa of 
NaH(l~rn~7,S~oi)~nDME(lO~~fo~o~bya~ln~ 
I@(i.89~7.3~ol)in DME(5ml). Aftcrrtiningkr 16 br the 
mixture was poured into water containing a few drops of 
AcOH.Extractionwitbbcxattc(3x Aw~ngoft~~rn~ 
extractswith NaHCQ3nq,and work-upgaveuudt I3(ZWB) 
that wa*chrornatoara~~o~s~i~~(~~~~ I), 
yield t.36g(M”l,f.~(~at):2960a~-~a2860aif20a 16% 
~(~~G).I~SS~I~~~~~~S~~%~S~~-~;‘H-NMR~CDCI,, 
mdscc. Bruker M90): d 0.07 1s. 6Ht. 0.8-1.0 (s+d 12H. t-Bu 
‘+ Me), l&1.8 (m + I. IOH, t of extcr CH,, J - 7.2 Hz), 20-23 
(tn. ZH, CHx at C.), 3.66 (t. 2H, J = 6.3 Hz CH,OSi). 4.21&. 
2H.J I ?.ZH~~,CW,).6.70Md7.08(doft. IH. J - 17.1 
and 6.6 Hz), 5.84 id, 1 H, J = 17. I Hz, nllylic coupling 1.3 Hx) ; 
MS:m/‘e271(N* -t-Bu). 

(7R]- 7. Merhyf * Q-r-~y~~r~y~~yi~xy- non- 2 -n- 1 -of 
$4 

Asolnofenoicavr33(1.36~4.1mmoI)inaber(l0mi)wn 
graduallyaddai toastirrcd s~~on~~AlH~(Il4rn~ 3 
mmol)in ctbcr(25 ml)undcr N,. ~~sti~ngfor 16 brat room 
tanp tbe mixtum was hydrolymd with a small amount d 
wat&. After filtration, wuhing~of tbc ppt with EtOAc, drying 
ofthefittnteIMa50.lrodwork-ug~ve0.90gdproductt~t 
was chromatbpnphsd (silica pt. CHCI,) to &ni.sb 0.37 p d 
oily 14(3l~)stiflconuiningromeimpuritia(GLC3. tR(nat): 
3~~s~OH~~~~~s,28~s,l2SSs,lWS~83S% 
775 J cm-‘; 'H-NMR (CD& pulse+ Brukcr MO): 6 0.07 
It6Ht.O.g l.O~l2H.satO.Qt o~t.Bu~dofMeatC,~ lo-l.7 
(m8H,indudi~pra~l.56010~1.~22(m,2Hi,3.66(t,tH,J 
= 6.3 Hz),4.lO(unsba+l,2H.Cfl,QH), 5.7O(m.2H,=CH). 
MS: asje 229 (M’ -t-Bu) This product was also obtained 
fromynol1S:p.opyn-1-d(168mg,3mrodfwPirLddedto8 
sti~~n~~~~~vd~NH~(fr~rn4QrngLilind~NH~l~ 
(100 ml) under N,. followed by a soln of &+b (1.0 gl tn 
bMSOi5 ml) and&r (5 mI). S&ring was continued for-3 br 
and tbc NH, was cvaporatod, tbcn water was added and 
extracted with nbtt (3x). Work-up gave an oil that on 
~o~to~~y (silica gel) furnisbcd (8R~3~me~yl-l~t- 
butyldimctbylsilyloxy4-oxadccyne f34S mg, 37%. dution 
with CHrCl,. IR (neat): 330s m; ‘H-NMR (CC.&): d 0.07 (s, 
6H),0.l3-l.0(12H,sat0.91oft-BuanddofMeatC,),l.l-1.9 
(m,7H),22O(t, lH.J -i 2.5 HtZH), 3.39ft.2H.J - 6.3 Hz), 
3.%6(t,ZH.J = 6HzA3.W~~2H,J = 25Hx,-CH,~H)f 
~d(7R)-7-m~byl-Q-t~buty~~~by~y~xy-~n-2*~- 
1 -ol(lSl. l~rnRt~~lution~(bCH~~~b~ 1: l,oil).IR 

6~~O.~l.O(l2~,sa~~.Qloft-~~dofMeat~,~l.l-l~Q 
(m. IH), Z&2.3 (m, 2H). 2.7OtIx s,OJj), 3.GXt. ZH, J = 6 Hz), 
I.fO(br42H). Compound ISwasconvcrted to Ilasfollows: 
To a stirred ruspauion of LiAlH, ( 100 mg 25 mmol) in ctbcr 
(#)ml)wuaddcdvnol15(362m~ t.3mmol)disaolvedinetbcr 
iS mI) Rdluxing f&r 1 br did notauac any ma&on, however. 
~~tiono~F(2S~~~tingu~~uxfor2Sbrl~ 
to oompkte diaap pea&a ol15. *atcr was car&By ad&d, 
the pmcipitate 5ltered off and wasbul with EtOAc Work-up 
gave an oily product (300 mg) tbat was cbromatograpbod 
@ilii gel) Elution with CH,Cl, gave a by-product (probably 
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an allcnc), with CHCI, compound I4 (161 mg 44’k1, with 
CHCI, ether I : I tbc bu-alcohol corresponding with 14. 

Thcynol i5wasPlsoob1Pinedasfollows:Astrcpmofethyne 
was p8ssaI through a soln of LiNH, (from 210 mg of Li) in 
NH, liq (125 ml), foIlowed by a slow sddition of & + b (6.6 g) 
dtssolvcd in DMSO (40 ml) and DME (15 ml). After 1 hr the 
NH, was allowed to evaporate and the residue poured into 
watcr.Thcmixrurc wruextracted ~(hether(3 x ),lheexttacts 
were dried (h&SO+) 8nd conanrratcd. The remaining oil 
gave on chromatography (silica gel. hcxnncCH,CI, 9: I) a 
mixture (3.1 I a) consisting of (6R) - 6 - methyl - W - I - 
butyldi~thy~lyloxy-~ - yne I6and(6R)-6-~thyl- 8- t - 
butyldtmethylsilyloxy - I - I - butyldimcthylsilyloct - I - ync, 
ratio IO: l.~~mix~urcwasdi~lv~inTHF(~ml~asmall 
amoun1ofPh~CH w~8dd~follow~ by BuLiin hexancuntil 
the pink colour persisted. An excess of dry pamfommldchyde 
was added. then the mtxlurc was stirred for 2 hr 81 room temp 
and 881 NIi,CI aq w8zt added. Extraction with ether (3 x ) 8nd 
work-upgavcaftcrchromatography(silicagel)thcbis-silyl by- 
product(3I2mg)mcntioncdabovcwithCHCI,-CCI, I : 1 and 
ynol lS(l.43 g, 6804) with CHCI,. 

A~lnof3(~.O~l28mmolIindryTHF(l~ml)wasadd~ 
to a stirred suspmsion tiNaH (3.36 g 140 mmol) in dry THF 
(XX, ml). The mixture w8.s then healed under nflux for I.5 hr. 
MeI (21.3 g, IS0 mmol) was added, which caused a vigorous 
reaction. After being heated under refIux for another hour the 
mixture wa3 w8shod with sat NaCI aq. Work-upgave 22.3gof 
~dcpr~~,distillatton(b.p.8~,~To~)gavcpu~ 17asan 
oil(20.2a93°~).IR(neat):29W)s.2860s,ZPZOs, Il2Oscm ‘; 
‘H~NMR(Cdl,):60.9l(d.3H.J = 6Ht).l.l l.R(lIH.mand 
2 xsat l.S?and 1.62),1.85 2.~(m.2H~3.2l(s,3H~3.28(t,2H, 
J-SHzi.5.04(t,lH,J-SHz,. 

(4R)4Methyf-bmcthnxyiuxa~ ill 
T~~ant~~~~lnofl7(l9.2g~ll3mmol)inCHCl,(2~ 

ml) was ddcd mCPBA (24.0 g, I20 mmol) in small portions, 
while keep&g the tcmp below lo’. After stirring for I hr at 
room tcmp the alkenc was consumed complctdy according to 
GLC. The mixture was cooIcd in ice. the prccipiI81ed m- 
chlorobcnwicacid wasIiltcraiotT, thcppt washcd with hcxanc 
8nd the filtrates washed with NaHSO, aq followed by 
Na,CO, aq (3 x ). Work-up gave crude marrrial still con- 
taming 8 small amount dmCPB& most of it wps removed by 
filtering an ioz-c.ooIcd soln in hexanc. aflording after rcmov8I 
of solvent, the epoxtde corrupondmg wtth 17 (21.5 g). IR 
(ncat):2%Os,292Os, I l2Oscm i; *H-NMR(CCI,):60.91 (d, 
3H.J-6Hz~l.O~l.7(l3H,mwith2xs8tl.~8ndI.2~~2.~ 
(t,ZH,J = 4Hz),3.25(~.3H),3.33(t.2H.J = 6Hr).Awlnofthe 
aboveepoxtde(2l.Sg,ll3mmol)inether(75ml)wasgradu8Ily 
add~to8ni~~andsti~~ln~HID..2H*G(27.4~ 
I20 mmol) in THF (100 ml). Soon a precipitate was formed 
which l8tCr bcc8mc a sticky mass. The mixture was stirred for 
another hour, ether (MO ml) was added and then the mixture 
was poured on ia. extracted with ether (200 ml) and exIr8cts 
washed with NatCO,aqsoln. Work-upgavccrudcproduct III 
(19.4 g) which ~8s distilled, b.p. 80’. 20 Ton, yield I I .32 & 
69.5~~.IR(neat):~s,29Mr.2R60~,2g2Or,2720(m).I?40s, 
lI2Oscm-‘;‘H-NMR(CCl,):60.9l(d,3H.J : 6Hrkl.l 1.8 
(m, 5Hk 2.36 (m, 2H). 3.25 (5 3H). 3.32 (t. 2II. J - 6 HrI, 
9.68 (1. 1 H. J - 2 Hr). 

Asolnofl8(ll.32g.79mmoI)inctha(SOmI)was8ddcdtoa 
stirred and ice-cooled suspension of LiAIH, (I.42 g. 40 mmol) 
in dry ether (85 ml). After standing for 2 d ether (IM) ml) ~8.8 
added fo1Iowcd by water (S ml). The ppt WBS filtered off and 
wasbed with AcGEt. The combined filtrates were drtal 
(MgSO,) and concentrated. The r&due was distilled 
8lTordtng 19(7.31 g639/d,b.p. 106’.2OTorr. IR(neat): 3400(8 
OHI. 2920 s, 2860 s. 1235 s, I I20 s, I050 s cm ‘, ‘H-NMR 
(CCl.): 6 0.91 (d. 3H, J - 6 Hz). 1.1 1.9 (m, 7Hk 3.25 1s. 3H), 
3.20-3.63 (4H. 2 overlapping 1). 3.70 (I. 1 H. OH). The alcohol 

w8s an8Iyzed as Il.5 3,5dinitrobcnxoaIe (oil a1 room tctnp). 
(Found: C. 52.96; H, 5.73; b, 8.11. Calc for C,,H,,NxO, 
(340.33): C, 5294; H. 5.1)8; N. &23”i,.) 

A direct preparation of 19 from 3 was performed as follows : 
A steam of 0, containing 0, (I.5 g of Ox&r) WOI passed 
throu~a~Inof3(lO.O~S8.8mmoI)ind~hexane(l~~)8t 
- 78”. After 2 hr the uptake of 0, dtcnased sharply. Thirty 
mitt thereafter the 0, stream was stopped 8nd extras of 0, 
ranovcd by passing through N, a: a temp of -20”. Small 
portions d LiAIH, (3.25 g 88 mmol) were cautiously added. 
The reaction vessel was equipped with an cff~cicn~ condcnsor 
8nd the tcmp of the mixture was aIIowuI to riitc Iill room 
temp. Somerimes a vigorous rcacnon was observed. After 
stirring for 2 hr at room tctnp the mtxtun WBJ hydrolyzed by 
adding 8 sm8lI 8mounl of w8tcr The white salts were filtcrvd 
ogand carefully washad with ether. Work-up g8vc 19 (8.5 & 
9Q) which could be used for the synthesis of PO wtthout 
dtstiilalion (GLC control) 

A mixture of 19 (155 g. 106 mmol), ~t~~uUony1 
chloride (20.3 g, 106 mmol) and dry pyndiat (160 ml) was 
stirred for 2.5 hr 81 -2O- and kept at th8f tctnp for I6 hr 
(rcfngcrator). The mixture was poured on me and actdifisd 
with 4 N H,SO,. Extraction with crhcr (4 x 125 ml) and then 
work-up gave 28.9 g of the corresponding ~osylatc (8%). This 
product cBn be used without further purification. IR (neat): 
2920 s. 1355 s, 1170 s. 960 s. 920 s, 660 s cm-‘; ‘H-NMR 
(CCl.): 6 0.91 (d, 3H. 3 - 6 Hz), l.l-2.0&n, 7HA 2.44(s 3H), 
3.251~ 3H), 3.3O(t, 2H, J - 6 Hz), 3.9S(t, 2H. I = 6 Hz), l.S4 
(ABq. 4H). 

A soln of the above losylate (28.9 g, 926 mmol) end LiBr 
( 19.9 g, 228 mmol) in aatone (350 ml) was heated under r&r 
for two hr and then poured on ice. Extraction with ether (3 
x 125 ml) and usual work-up &PVC crude bromide 20 (18.9 g). 
Dtsttllation (b.p. 88 92’. I8 mm) gave pure product (16.3 g, 
IM?:). ‘H-NNR (CCI,): 6 0.91 (d, 3H, J - 6 He), 1.1-2.0 
(m. 7H). 3.25 (s, 3H). 3.20 3.55 (4H. IWO overlapping t). 

AsoInofpropargyIaIcohol(24.0g0.25mol)inetha(25~) 
was added to a soln of LiNH ,, pnp8rccI from 3.5 g of Li (0.5 
moI),~NH,Iiq(~mI)ov~~~~~~of2O~n.A~~~~~ng 
for 90 mitt 8 soIn of a(34.7 g, 0.165 mol) in ether (5Oml) w8S 
8ddcd in I hr. After stirring for 1 hr DMSO( lOOmI) was 8ddcd 
and stirring was continual for OS hr. Then the NH, W8S 
allowed locvaporalcovcmight. Etha(2OOml)and W8tCr(XW) 
ml) were added. The aqueous layer was extracted with ether 
(3 x ) and the combined organic layers dried (MgS0J and 
conocntratal affording an oilv residue which was distilled, b.p. 
106’. 0.8 Torr, 29.3 g-of 21 (SSO,). IR (mat): 3400 S. 2920 S, 
28#s22~w.2~Ow.Il2S~lO~s~-‘~‘H~NMR(CCI~~~ 
6 0.91 (d. 3H..J = 6 Hz), 1.1: I.9 (m, ?H), 2.00 2.35 (m, 2& 
3.25 (m, 3HI. 3.33 (I, 2H). 3.41 (s, OH), 4.12 (4 2H). 

AsoInof21 (lS.Og RI mmol)tnether (25ml)wargr8duaIIy 
added to a stirred and tce-cookd suspension of LiAlH, (6.2 g, 
163 mmoI)inethcr( IOOmI). Dry THF(lSOm1) wasadded and 
the mixture heated under rcRux for 2 hr. Then water was 
~~fuIlyadd~.~whi1eppt w8sfiIterodoffand washal with 
ether. The combined filtrates were dncd (NgSO,) and 
worked-up.yicld 14.7g(9P0). AccordmgtoGLC thematerial 
contained a small amoun: of by-product (probabIy an allcne, 
1R abs 1950 cm i) which could be removed easily by Rash 
chromatography (silica gcI. hcxantAcOEt IO: I followed by 
hexane-A&Et 3: I). IR (neat): 3400 (s, OH), 2920 s, 2860 S. 
lllOr1OgOs.1OOOs.%5scm “:‘H-NMR(CCI.):60.91(d, 
3H, J = 6 Hz!, I.1 I:R (m, fH), 1.9-2.2 (m, 2H). 3120 (r OH), 
3.25 (s, JH), 3.40 (t, 2H, J = 6 Hz), 4.05 (m. 2HI. 5.76 (m, 2H). 

(2R.3R.7R)-~3-Epo.xy-7-m*hyl-9-mcrhoxyno-Inl23 
t~-)~ethylIartr81e(6.l8~~~ol)w~~~~lyadd~ 

to 8 cookd (- 23‘, CO,;iPrOH) and stirred soln of Ti- 



Enantio-contrvli~ syntbeus of the macroc@ic C,, C,, subunit ofcy!ochalssin B 2955 

tctra&propwkk (8.52 & 30 nmd) in CH,Cft (275 ml), After 
uirringfor 5minenol~fS.58~SO~oi)w~added,fvlbwad 
by a soin of t-BuOOH in IZdichlorocttroae (IS.5 ml, 4.4 
molar, 726 mmoi), The resulting homogeneous soln was kepi 
at - 20’ for 18 hr. While tbc mixture was kept at - 20” using a 
CO,liPrOH bath a soln of tartar& acid 17.5 gj in watcr(75 ml) 
was added. After stirring for 0.5 hr the cooling bath was 
~~~~~tu~~for i br.TbcorganktajTrwu 
washed wtth water, dried (hig!XI,) and oonantrmted. The 

ctber layer &s washed with water, dried $&SO,) and 
oonoentrated to give an 03 @.0&j which was subjected to ftash 
~ro~to~ohy (s&at nel, A&Et bcxanc 1: 3t. Yiehi d 23 
4.i0g(W/,f;T[aj~ I +‘iS.O(c = l.CHCig. 1R (neat): 3400 
(m,OH),2920~28bOx.liIOsnn-‘;‘H-NMR(CIXI1,.400 
MH~~t~t~:~~82~43H,j = 6Hr,CHSatC,j,1.1 1.6 
(m9H. mctbyknc protons at C,, C,,C, and C, ; and rnetbine 
urotonatCX264ibrs. iH.OHL2.85(a2H.metbine~rotons 
it C, and C,), 3.23 (s, 3H. C&f,), j.30 (m. 2H, &thykne 
proton5stC~~3.~2(d,iH.J = 12Hz~3.~(d.lH.J = iZH& 
A mixtunofdiastcreomersolt3 was obtained by oxidation of 
envl22 with mCPBA (yield SP/,f and as dcscribrzd above by 
leaving out the dictbyl tartrate (yield %“/,I. Comparing the 
NMR spectra of this mixture of diastcrcotncrs with that 
obtained by the asymmetric cpoxidarion rev&cd that tbc 
induction w~~mpkte~ex~rn~ts with shift reagent on the 
corresponding acetates, dcompound 29). 

U&f (2S3R7R) - 23 - epoxy - 7 - awrhvf - 9 - mrhoxy- 
Mn5nMlC 24 

Epoxy akoboi 23 (3.6 8,, 27.7 ramof) was added to a stirred 
mixture of aatonitrik (60 mtb CCI, (MI mlX water (90 ml). 
RuQ,-H&I, Ru-asmy 37o/,(lx)m~ 5‘7mmoljand NaJO,(26 
8 121 mmoi). After stirring for 75 min at room tcmp water was 
addaJ to dissolve the sob formed. Then the mixture waj 
exrracuzd withCH,Cl,(3 x & t~ext~~$d~~(~~~and 
concentrated. The Mdual oit was dissolved m ctber (SO ml) 
and treated with cxonas ethereal diazomcthaoc. ‘I-be crude 
ester obtained after removal of the volatiks was purified by 
flash chromatography (silica gel, bcxanc-A&Et 4: I), 
product Mb&g thefirrtelutafonc(2.6g,4i”/kl [a]$ f +43 
(~=0.5,McOH~.~R(nrrat):2920~860~1?35~,lMO~1i1Os 
axt”;‘H-NMR(CDCI,):60.88fd,3H),f.O 1.9(m,9H~3.13 
Im.2H),3.28(~.3H).3.36fm,2H),3.73(r,3Hf.(Found:C.62.8I!; 
H. 9.65. Cak lor CllHflOI (230.30): C, 62.58; H, 9.6%.) A 
second product (ca 2@<) arising from oxidation at Co (Kc ref. 
18) was always obtainad as welt. 

yz$- 1 &lro- 3,4-fpoxy-7-merhy~- to-rwrkox*- 

A~lnofNaU~tp~~~dfrom3iUm~o~Na(l3.Smmo~~~n 
EtOM(IOmt)wasaddcdtoa~lnofepoxyuter~(3.l~~f3.5 
mmol)in EtOH (IOml), After ~tu-ring for f mitt at room temp 
water (243 mg, 13.5 mmot) wap added wing a microsyrntgc. 
Stirring was umdnusd for one ni8J1~ then the solvent was 
removed. The thus-obtained ctudc Na @yddatc was us& 
without further purificatian. Tbe sati was dissolved in water, 
once washed with ether, acid (7.5 mi, 2 N H,SUa was added 
under ice-coofia~ and the giycidic add extractad with cthCt 
(3 x ). After drying (Mt#Q.) this etbcreai Iuln war treated, 
whik &tin& titb isobutyi ~~~~te (1.91 & 14 mmoif 
followed by tricthylaminc (1.5 g- 15 mmvtf in ether (5 ml). 
Stirring was continued toor 30 min and then Et,N * HC1 was 
mmovcd by filtration (1.74 g). Tbc fiitrare was added to m 
excess of ethereal diamtmthonc. ARer standing ovcrmgbt the 
mixture was Rusk&l with N,. filtered and conmntratod. The 
r&dual oil was aubjectcd to Bash cbromatograpby @iha gel, 
hexanc-A&Et 4: 1) giving diatr, ketone ZS(226 & pA$ and 
ester M, csmntiatiy unconverted startine mat&al (10%). IR 
~nudt~:3120~.~~,2920s,2860s2ito~i6U)~,1~X)s. 
1llOscm ‘~‘H-NMR(CDCl,~:O.RS(d,3H.f = bHz),l.b 
i.Ll(m,9H),2.9@ 3.OO(m,1Hf.3.23(d, 1H.J I 2.5H43.32(r, 
3H). 3 40 (t. ZH, J = 6 Hz). 5.47 (a 1H). 

tfky~f4R,BRt-E-4-ocnoxy-Il-mrrkyl- IO-mrrhoxy-i&-2- 
enuufefli 

A soln of ZS (0.96 g 4 mmol) in ab EtOH (300 ml) was 
irradiated at 360 urn with 4 Sylvania biacklite Flfl8 bunps 
wbik N, WPS siowly bubbkd tbrougb. The reaction was 
monitored by 1R. When tbed~a~~~n bad vanisbcd(~u 
6 br) the sotvent was removed and the residue immediately 
twttd~thAc,OfSOOmat.pyridibc(soom~andacatalytic 
amount ~~by~nop~ After stirrin8for 16 hr at 
roomtcrnplhemtxturcwaspourodontoiceandextractcdwttb 
bcunt (3~). The extracts were washed with I N ii&)+ 
followed by NaHCO, aq. A&r work-up the crude 26 was 
purifkd by R~bchromato~~y~~~ get, kxane A&Et 
ether 20: 4 : 1 f. The product 26 was obtain& as an oil, 640 mg 
(53~~1.IR(nest):bX)5.2860s.i740s.l7M5,i660w,i24Qs 
cm“; ‘H-NMR (OXi,): d 0.87 (d. 3H, J = 6 Hz), I.1 
2O(t2 H,m with t at 1.2S.J - 8 If& 2.10(s- 3Ht. 3.32(s, 3H). 
3.39(t,tH,J = 6Hzl4.25(q,2H,f w 8Ht.),5.4Y(m, lffX5.98 
(d, 1H, J = 15 Hz). 6.88 (d of d fH, J = 15 and 4.5 Hz). 
MS:m:e285(M- -CH,).24i(M‘ -CH,C’OO).(Found:C, 
64.00; H, 9 33. <Talc for C,,H,,O, (380.95): C, 63 97; H, 
Y.409/,.1 

Erhyr(4R,8R)-E-l-o~- f0-hydrox~-S-mPrs)~-~pc-2- 
mfwe tll 

A win of BBr, (5 ml, 1 N) in C-H&l, w&s added to an ice- 
cookdandstimdoofndt616W)ma213mmd)inCHtC1,(S 
ml) containing 2-methyl-2-dutme$ ml), The &ume-of &c 
ma&on was monitored by GLC. Afta 3 br tbc starting et&r 
26 was absent. Then the mixture was poured in a mixture of 
etbcr. water, Na>CO, and ice and vigorously stirred for i hr. 
Extraction with ether (3 x ) and work-up gave crude 28 that 
was purifkd by flasrf chromato~a~y. Eiution with bcxanc 
AcOEt4: 16ntgwsomeby-productandtbenctbyt(4R.8Rt 
K-29 (60 mg. R”/,). (Found C. 51.50: H. 7.13, Gtlc for 
C,,H,,BrO, 049.271: C, 51.57; H, 7.26%.) Ebttion with 
h&an-&A&Et I : f gave 28(4LKf mg, 747,) as&t oil. JR (neat) : 
3400 35031m.OH1292Or286Os. 174Osh. iX?tk, MOW. 1230 
Jan-‘; ~~-NMR~~C~~~~~O.~~ (d,3i$ J = 6~rh i.O-1.8 
(13H.mwithtat 127.5 = SHr),2.11(9.3H),3.69(t,2H.J = 6 
H&4.24(a.2H.J -. RHz),5.47(m.iHL.S.%(d.iH.J w 15Hrk 
6.8Y(dofd, 1H.J i- 15Hzand5Hz).YS:m:r286[M’f,269 
FM’ 171.227 rw 597. (Found C. 62.0% : H. 9.12 Cak 
ior c,&& (zsb.37): c 6591: H,9.&.) The %NMR 0f 

bromid~~isasfollowo:(C~~:60.91{d,3Wf,l.i-J.9(i2H,m 
witbtat 1.27.3 = SHz),2.02(5.3HI,3.34(t,2H,J = 6Hrk4.12 
fq.2H.J - 8H~~,5,36(m,iH~S.88(d,~H.J -. lSHz16.?3(dvf 
d, iH. J w IS and 5 Hz). Experiments with vpttsbift 
t~~ept~Buoroprvpyiox~ctby~~ne camphorato Eunt n- 
vatkd ahc prcscnut d only one cnantiomcr. MS: m/e 306, 
308(M’ -.H,CIO); 289, 291 (M’ -CH,CO,); 277,279 
[M- -7lJ;261.263{M’ -871. 
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