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Abxlrsct-2.8.1MJndccatricnals have been found to undergo facile Dick-Alder cyclization upon treatment 
with alkylaluminum chlorides in mcthylcne chloride at low tcmperaturc. The reaction is highly endo-.s&ctive. 
Protected alcohol subxtitumts at the C-4 and C-7 positions are fully ~mmodatcd and TBDMS protaztcd 
alcohols show a strong axial preference. The methodology has betn applied to a hydronaphthalmccarboxylic 
acid of possible use in a projcctcd total synthesis of the macrocyclic antitumor antibiotic, chlorothricolide. 

The macrocyclic antitumor antibiotics chlorothricin’ 
and kijanimicin2 share a number of interesting and 
unusual structural features. Roth possess a substituted 
1,2,3,4,4a,5,6,8a-octahydronaphthalene nucleus (I) 
fused to a macrocyclic lactone or a carbocyclic ring 
incorporating an additional fused cyclohcxenc ring and 
a spirocyclic tctronic acid moiety as a bridging unit. In 
recent years a number of reports describing synthetic 
approaches to the hydronaphthalene. spirolactone, 
and macrocyclic subunits of chlorothricolide. the 
aglycone of chlorothricin, have appeared.‘,* A favored 
strategy for the hydronaphthalene system has been the 
intramolecular Diels-Alder bicyclixation of an ap 
propriate 2,8,10_undecatrienoate such as IK3*f 
Unfortunately, such cyclizations show poor endo- 
selectivity and lead to mixtures of cis and trans fused 
products. Attempts to promote endo-selectivity 
through Lewis acid catalysis causes extensive 
decomposition of the sensitive allylic alcohol 
functionality. 

cycloadditions, there were several considerations that 
encouraged us to persevere. To begin with, conjugated 
aldehydes have rarely been employed in such 
cyclixations and never under Lewis acid catalysis. The 
only examples known to us were thermal reactions 
leading to substituted hydrindanes.’ Furthermore, 
conjugative effects should appreciably enhance the 
dienophilic reactivity of a Lewis acid-enal complex.” 
An additional, though possibly less important 
consideration, was the placement of an electron- 
withdrawing substituent Z as in II to enhance the 
dienophilicity of the enal further. Finally, by deferring 
introduction of the contiguous R’ and CHS group 
ings, potentially adverse steric effects that might 
disfavor a cyclixation leading directly to V would be 
minimized. 

Our initial aim was to test the feasibility of a Lewis- 
acid promoted cyclization on a simple trienal. Funk 
and Zeller described a straightforward approach to the 
undecatrienoic ester VIII via selective addition of 4.6- 

Chtomlhrlcoltds 

. 

Ktjanollda 

We were interested in examining an a$proach to the 
hydronaphthalene subunit V involving 1,Caddition of 
an appropriate side chain R’ to a cyclohexadienaJ such 
as IV followed by in situ methylation of the resulting 
enolate. In considering possible routes to dicnal IV we 

\ were drawn to the intramolecular Diels-Alder 
cychxation strategy as applied to a tritnal such as II. 
While this strategy might be considered unwise in light 
of the unsuccessf~ attempts by others to effect simifar 

heptadienylmagnesium bromide to ester aldehyde 
VII.’ Ester VIII and various hydroxyl protected deriva- 
tives were found to cyclixe both thermally and under 
Lewis a&J catalysis. The catalyzed cychxations showed 
high endo-stereo-selectivity. These promising obser- 
vations prompted our selection of the unsubstituted 
analog. trienal 11, as a test system (Scheme I). 

Addition of formaldehyde to the tetrahydropyranyl 
ether of Cpentynol followed by reduction of the triple 
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RCJ + RJ4y -yq 
H 

VI(R=CHI) 
VIIW-CH3 

bond with Red-Al, oxidation of the allylicalcohol to the 
corresponding aldehydc 2, and Wittig methyknation 
alTordcd dkne 3. Hydrolysis of the tctrahydropyranyl 
grouping with Dowex acidic ion exchange resin in 
methanol gave the alcohol 4. Conversion to the 

.-lx 
1 R=CH OH X=OTHP 

: 
R=CHb X’=OTHP 
R=CH=‘CH~.X=OTRP 

: 
R=CH=CH2.X=OH 
R=CH=CH~.X=O& 

: 
R=CH=CHz.X=Br 
R=CH=CH~.X=M~BI 

VIII(R-R’-CHL) 

bromide 6 was elkcted via treatment of the mcsylatc 
derivative 5 with lithium bromide in tetrahydrofuran. 
The Grignard reagent 7, prepared via ultrasonication 
of the bromide 6 and mannesium turninas in 
tetrahydrofuran at 0”. added &ctively to isoGopyl 

I’ 5) u 

R/ 
R’ 

s R=C02r-Pr. R’= H 
0 R=COzrJ’r.R’=TBDMHS 

1: 
R=CH2OH,R’=TBDMS 
R=CHO.R’=TBDMS 

12 R=CHfOHEzHs.R’=TBDMS 

H 

Q? 
I Ii 

iI OTBDMS 

I3 R=CO?r-R 
I4 R=CHO 
16 R = CHlOHEzH5 

a) 1.Pr0$32H =CHCHO. Et20 b) TBDMSCI. DMF. imidarolc c) DIBAH. E@. 
-78-C d) tCOClh2. DMSO. EtIN. CHxCl2 l ) MnOz. CH$& ‘25-C I3 EtAIClz. 
CHzCIz. -78’C 

lb) THP = TBDMS = f.BuWe#i 

scheme l.‘b 
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Table 1. Comparative cyclizations of 2,8,l@undecatrienes 

qs-ggs 

R Conditions 
Temp Yield 

(“) Time (%) R 

CH,OH MnO,, CH,Cl, 25 30h 64 CHO 
CHO EtAICl,,’ CH,Cl, -78 lmin 62 CHO 

CO&Pr EtAKl,,b CH,CI, 8 18 h 60 CO,i-Pr 

‘0.2 quiv. 
b 1.0 equiv. 

(Eb3-fotmylpropenoatc (VII, R’ = i-Pr) to give the 
hydroxy ester 8 in high yield. Theformylpropionate VII 
(R’ = i-Pr) was secured by selective ozonolysis of 
isopropyl sorbate as reported by Funk for the methyl 
ester.’ We found the isopropyl ester easier to handle 
and more selective in reactions with Grignard reageots. 

The hydroxy ester 8 was protected as the t- 
butyldimethylsilyl (TBDMS) ether, then reduced with 
bis-isobutylalumioum hydride (DIBAH) to the allylic 
alcohol 10. Oxidation with MOO, in methylene 
chloride proceeded surprisingly slowly and uo- 
expectedly a5orded aldehyde 14, the Diels-Alder 
cycloadduct, as the sole product Oxidation of alcohol 
10 via the Swem method gave the conjugated akiehyde 
11. This aldehyde was recovered unchanged upon 
treatment with MOO, in methylene chloride even after 
several days. Apparently the observed oxidatio+ 
cychzatioo of alcohol 10 to the bicyclic aldehyde 14 is 
promoted by a reduction product of MOO, rather than 
MnO, itself.” Aidehyde 11 was found to cyclize readily 
in the presence of a catalytic amount of ethylahrminum 
dichloride (Table 1). IO contrast, the ester 9 required a 
full equivalent of the catalyst at an appreciably higher 
temperature and considerably longer time to achieve a 
comparable degree of cyclization. The aldehyde 
grouping thus imparts a profound rate enhancement to 
the catalyzed Diels-Alder cyclization. The stereo- 
chemistry of the bicyclic eater 13 and aldehyde 14 was 
readily deduced from the ‘H-NMR spectra The 
observed high endo-sclahity and the nearly complete 
axial preference of the OTBDMS substituent parallel 
previous Endings with the methyl analog of 9. ’ 

Seeking even milder cychzatioo conditions we 
subjected aldehyde 11 to diethylaluminum chloride in 
methyleoe chloride at low temperature. The sole 
product was a 3: 1 mixture of alcohols 12 and 15 
resulting from ethyl addition to the aldehydes 11 and 
14. Such additions have bcco previously noted in 
connection with catalyzed ene reactions of aldehydes9 

Our Endings with trienal 11 indicated that coo- 
jugated aldehydes can be highly effective dieoo- 
philes, cqnxiahy under Lewis acid catalysis. However, it 
should he recognized that the strategic placement of the 
alcohol function in trienalll e5ectively precludes acid- 
promoted dissociative side reactions which could 
undermine the intended application of the cyclization 
as a route to bicychc alcohols such as III. It remained to 
be seen whether the cychzatioo of an enal such as 25 
could be e5ected under conditions mild enough to 
allow survival of the sensitive allylic alcohol 
fuoctiooality. 

Our route to coal 25 is outlined in Scheme 2. Partial 
reduction of &valerolactooe(l6) with DIBAH followed 
by addition of vinylacetylene a5orded the diol 17. 
Reduction ofthe acetylene with Red-Al proceeded with 
high stereoselectivity to give the trarts-diene diol 18. 
Conversion to the silyl protected diol21 was e5ected via 
a three-step procedure involving selective esterification 
of the primary alcohol with pivaloyl chloride, silylatioo 
of the remaining secondary alcohol with t-butyl- 
dimethylsilyl chloride and then cleavage of the pivalate 
with lithium aluminum hydride. The alcohol 21 was 
oxidized and the derived aldehyde was treated with 
(carbethoxymethyl)triphenylphosphorane to give the 
rrans-enoate 23, which was smoothly reduced to the 
allylic alcohol 24 by DIBAH. This alcohol was readily 
oxidized to the aldehyde 25 by MOO, in methyleoe 
chloride. In this case, oone of the bicyclic aldehyde 26 
was ohaerved, even when the reaction was allowed to 
proceed for 3 days at room temperature. The “reduced 
MOO,” catalysis of intramolecular DieBAlder 
additions thus appears to be somewhat substrate 
dependent. 

Eoal25 could be smoothly cyclized with dimethyl- 
aluminum chloride at -78” to -23” to give bi- 
cyclic aldehyde 26. The ‘H-NMR spectrum of 26 
confirmed the assigned stereochemistry. Thus both 
tricoals 11 and 25 cyclize with high endo-selectivity and 
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IS 17 lS.R=R’=H 
IS.R=H.R’=Piv 
20.R=TBDMs.R’=Piv 
21. R=TBDMS. R’=H 

22 

a) DIBAH.THF..?B’C bl CH =CHC-CYSBr.THF.-78’to25’C e) Red-Al. 
Et 0 (r to 25’c d) ICH~,$XXkI C H$4 -4O’C l ) TSDMSCI. DMF. imidamlc 
l-l lik,. EtsO.0-C S) PDC.CH;Cf 3A’ ma ecu ar rieva I I 
CHzClz i) Mn02. CHzCI2 J) YQAI& C&4&. -7S*to -23’c 

h) PhsP =CHCO& 

(b) PIv=(CH~)sCCO.TBD.HS=f.Bu(Mel2Si 

both show a strong preference for axial orientation of 
the OTBDMS grouping. Whereas the observed endo- 
spacificity is typical of Lewis acid promoted Diels- 
Alder additions, the preference for axial OTBDMS is 
indicative of a subtle transition-state conformational 
effect. The phenomenon is clearly relevant to asym- 
metric syntheses of intermediates such as III. 

Interestingly, in the cyclization leading to 26 there 
was no sign of methyl addition to either the product or 
the starting aldehyde. The contrasting behavior of 
dimethyl vs diethylahuninum chloride with aldehydes 
11 and 25 reflects the differing nucleophilicities of these 
two reagents.9 

Our success with Lewis acid promoted Diels-Alder 
cyclizations of even acid-labile trienals such as 25 
encouraged further applications to more substituted 
trienals as a possible route to hydronaphthalenes such 
as V. For preliminary studies the Roush ester 27 seemed 
well suited.” Accordingly. the published route to 
this material starting with sorbic aldehyde and y- 
bromobutanal diethyl acetal was repeated. Reduction 
of ester 27 with DIBAH afforded the alcohol 28 which 
was converted to the aldehyde 29 via Swern oxidation. 
Attempted cyclization of this aldehyde with ethyl- 
aluminum dichloride as the catalyst led to extensive 

decomposition even at low temperature as had been 
reported for the ester 27. ” However, with the milder 
Lewis acid, diethylaluminum chloride, the cychzation 
proceeded readily in methylene chloride at -78” to 
-23” with high e&-selectivity to give a 75: 15: 10 
mixture of the carbinyl epimexs 30.31 and the cir fused 
counterpart of 30 in 84% yield (Scheme 3). In contrast 
to our findings with trienal 11, no products of ethyl 
addition could be detected in this reaction. Evidently 
the a-methyl substituent decreases the carbonyl reac- 
tivity of aldehydes 29-31 sufficiently to block this 
reaction. 

Since cyclization of the methyl substituted 2,8,10- 
undecatrienal 29 actually proceeded in higher yield 
than the unsubstituted case it was of interest to explore 
further applications of the methodology to systems of 
possible value for natural product synthesis. A likely 
target was the diacid 42 prepared by Ireland and 
Thompson1o in some 17 steps from the Diels-Alder 
adduct of 2-methylcycloheptenone and Danishefsky’s 
diene. Our route to this diacid started with S- 
(benzyloxy)pentanal, obtained via oxidation of 5- 
(benxyloxy)pentanol with pyridinium chlorochromate 
in methylene chloride (Scheme 4). Condensation with 
methyl (E)+diethylphosphono~2-butenoate in THF 

EtSAlCl 

- CM% 
.7cto-23-C / 

30 

Scheme 3. 
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32, R = KX~)4OCH~Pb. R’ = C&-Me 
33.R=(CHzkOCHzPh.R’=CHO 

OR’ 

3l,fr=CH,OYe 
38. W=TBDHS 

34,R’=H 
36.R’=CHzO#e 
Jb.R’=TBDMS 

QCH,OMo 

10) 
a) BrY%CHz),CH(OEt 
CO Me, CHsCIz. 25-C 

THF. O’c bl tC02H Hz.O.25-C. 18 h cl PhtP=C(M\lel 

D?A?F. imidazole 
!I $ ) McOCHzCI. (t.Pr)zN t. CH2Cl.s 0.~0 25’C el TBDMSCI, 

D I-BuzAIH. EtzO. .78% 2) Mn@.CH 
b) EtzAlCl. CHzClz. .78’ to 23’c. 14 h i) Na. NH, j) C 

Cl*. 25’C. 6 h 
IJ 1. HzSO,. acelose. O’C 

lb1 TBDMS =rrrf.Bu.MezSi 

afforded the ester 32 ofgreater than 95xstereochemical 
purity according to high-field ‘H-NMR analysis. 
Reduction with DIBAH at -78” followed by Swem 
oxidation gave the aldehyde 33. From this point the 
route was patterned after Roush’s preparation of the 
triene ester 27.” Thus addition of 4,4diethoxybutyl- 
magnesium bromide followed by hydrolysis of the 
acetal with 50% aqueous oxalic acid and treatment of 
the resultant &lactol with (carbomethoxy)triphenyl- 
phosphorane alforded the triene ester 34. The hydroxyl 
grouping of this ester was protected both as the 
methoxymethyl 35 and the TBDMS ether 36. 
Reduction of ester 35 and subsequent oxidation with 
MnO, gave the trienal37 in 92% yield. High-field ‘H- 
NMR analysis indicated an isomeric purity of over 
W/,. Cyclixation of 37 was effected with diethyl- 
ahtminum chloride at -78“ to -23” to afford a 
separable 45 : 55 mixture of the bicyclic aldehydes 39 
and 40 (R’ = CH,OMe) in 93% yield. The TBDMS 
protected trienal 38, on the other hand, gave a 95 : 5 
mixture of the corresponding aldehydes 39 and 40 
(R’ = TBDMS) when treated analogously. In each 
case a small (co 10%) peak at 9.3 ppm in the ‘H-NMR 
spectrum could be attributed to cis fused cyclixation 
products. Thus both trienals show high en&-selectivity 
but the directing effects of the ether substituents differ 
markedly.7 The origin of these effects is a matter of 

t The preference for the a(axial)-epimer in a similar 
situatioahasbeenattributedtoestereoelectronice5ect.*‘The 
e5ect appears to be absent in methoxymethyl and other alkyl 
ethers we are currently investigating. 

interest which we are currently examining in con- 
nection with directed asymmetric synthesis of more 
substituted hydronaphthalene systems such as I and 
Hr. 

Aldehydes 39 and 40 (R’ = CH,OMe) were easily 
distinguished through high-field iH-NMR analysis. 
After separation, the a-epimer 39 was treated with 
sodium in ammonia to cleave the benxyl ether. The 
resultant diol 41 upon oxidation with excess Jones 
reagent atforded the Ireland diacid 42.” Comparison 
by TLC, mixed melting point and high-field ‘H- 
NMR analysis established the identity of the two 
samples. 

EXPERIMENTAL 

The apparatus and methods described by Kramer et nl.” 
were used to maintain an argon or nitrogen atmosphere in the 
reaction flask. IR absorption maxima are reported in 
wavenumbers (cm-‘) and are standard&d by reference to 
the 1601 cm-’ peak of polystyrene. ‘H-NMR spectra 
were recorded on Varian EM-390 and Brukcr WH-400 
spectrometers. Chemical shifts (a) are repotted downfield from 
This @le,Si) in ppm of the applied fidd. Peak multiplicities 
are abbreviated : singlet, s ; doublet, d ; triple& t ; quartet, q ; 
envelope, c; multiplet, m. Combustion microanalyses were 
performed by Atlantic Laboratories, Atlanta, GA. Column 
chromatography was performed on E. Merck silka gel 60 
(230-400 ASTM mesh) according to the proadun of Still et 
al.” In the interest of brevity, experimental details for the 
conversion of alcohol 34 to diol41 are only provided for the 
methoxymethyl protected derivatives. The analogous 
TBDMS derivatives were treated identically. 
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(06-Tetruhydropyranyloxy-2-hexene-l-ol (l) 
The pro+ure of Denmark’* was modified. To a stirred, 

cooled (0”) soln of 4.3 ml (30.7 mmol) of sodium bis- 
methoxyethoxyaluminum hydride (Red-Al) in 25 ml of Et,0 
was added 1.95 g (9.6 mmol) of 6-tetrahydropyranyloxy-2- 
hcxyn- 1-01 in 10 ml of Et,0 over 1 h. The soln was warmed 10 
room temp and stirred for 12 h. The mixture was again cooled 
to 0” and cautiously quenched with I&O. The aq layer was 
saturated with NaCl and extracted with Et,O. The combined 
organic layers weredried (MgSO.). Solvent was removed and 
the residue was purified by chromatography on silica gel 
eluting with 25% EtOAc in hexana to a5ord 1.85 11: (95%) of 
(E)-alljlic ala&i 1 as a colorless oil. 

_. ._. 

IR (film) Y 3380.2920, 2805, 1650, 1460, 1355 cm-‘; ‘H- 
NMR (CDCI,, 90 MHz) d 1.70-1.30 (8H. br m, CH,), 2.3-2.1 
(2H, m, allylic CH,), 3.80-3.30 (4H, m, CH,O), 4.0 (2H. br s, 
allvlic CH,O). 4.5 IlH. br s. acttal Hl. 5.85-5.6012H. m. vinvl 
H):(Foun~:~,66.64;fi, ld.09.CalcibrC,,H,,b,:c,s5.9i; 
H, lO.O%.) 

Thcprocedurc&o&zy’J wasmodified.Toastirrad,coolcd 
( - 10”) soln of 180 I (478 mm011 of nvridittium dichromate in 
i.o10idi~~dtylf0-‘ ’ -_ rmamide was added 79.6 g (398 mmol) of 
allylic alcohol 1 over 15 min. The mixture was warmed to 0” 
andstirredfor2 h.Thcmixturewaspouruliinto 1 IofH,Oand 
was extracted 4 times with Et@-pentant. The combined 
organic layers were washed with H1O, sat CuSO, aq and 
brine, and dried (MnSO,). Distillation under reduced ~rcssu~e 
afforded 67g (85%)ofaihchyde as a colorless liquid. iR (film) 
v 2920.2850.2710. 1690. 1640. 1440. I360 cm-‘: ‘H-NMR 
(CDci,,90MHx)d2.~1:40(8H, br&CH,),2.62.3 (ZH,dt, 
J = 6 Hz, H4), 4.0-3.3 (4H, m. CH,O), 4.55 (IH, br s, acctal 
H).6.10(1H.dd,J = 8.15Hz,H2),6.80(IH,dt.J = 15,6Hz, 
H3), 9.50 (IH, d, J = 8 Hz, HI). (Found: C, 66.54; H. 9.19. 
CalcforC,,H,,Q:C,66.64;H.9.17%.) 

(E)-4,6-Heptadien-l-al(4) 
To a stirred, a~lcd (- 78”) suspension of 151 g (422 mmol) 

of methyltriphcnylphosphonium bromide in 600 ml of dry 
THF was added 150 ml (420 mmol) of n-BuLi (2.8 M in 
hexanes). The mixture was stirred at - 78” for 30 min and 66 g 
(333mmol)ofaldchydcZwasaddedin 5Oml ofdry THF. After 
stirringat -78”for 1 handwarmingtoroomtcmpthemixturc 
waspouredinto400mlofH,Oand wasextracted3timeswith 
Et@-pentane. The combined organic layers were dried 
(MgS03 and conamtrated. The residue was suspended in 
pcntaneand6ltcrcdthrough lOOgofsilicapl.The6hratewas 
concentratedanddissolvcdin 150mlofMcGHwhcrcupon 1.0 
g of activated Dowcx AG 5oW acidic ion exchange rcain was 
added and the mixture was heated to 40” for 3 h, cooled to 
room tcmp and Eltcred. Distillation (105”, 47 mmHg) afforded 
24.7 g (66%) of hcptadienol4 as a colorleru liquid. IR (film) v 
3320.2930.2860.1650,1610.1440cm-’: ‘H-NMR (CDCI,. 
400 MHz) a 1.661.59 (2H, m, H2), 2.11 i2H, dt, J =. 7.2 H& 
H312.57IlH.brs.OHL3.5612H.t.J =6.5H~HlL5.06-4.91 
(2~;4lines,H7),j.6ej:60(1H,m,fI4X6.~5:99(iH,m, HS), 
6.30-6.20 (lH, m, H6). (Found: C. 75.01; H, 10.73. talc for 
C,H,,O: C, 74.95; H. 10.78%.) 

(E)-1-Brom&@eptldfene (6) 
To a stirred. cooled (0”) soln of 770 ma (6.86 mmol) of 

alcohol 4 in 15 ml of dt$ kHICII was addad 2.35 ml (i6.9 
mmol) of Et,N followed by 0.95 t+ (12.3 mmol) of freshly 
distilled mcthancsulfonyl chloride. The turbid mixture was 
stirred at 0” for 1 h, poti into ice water, and extracted with 
Et20 (2 x ). The combined organic layers were dried (MgSO,) 
ana the s&cnt was rcmov~undcr ;educad pressure. Crude 
mesylateSwasdissolvtdin 10mlofdrvTHFcontainina 1.47g 
(16.9 mmol) of anhydrous LiBr. The &In was heatal to&l& 
for 18 h. cooled, poured into H,O and extracted with Et,O. 
The organic layer was dried (MgSOA and solvent was 
removal to afford 1.06 g (90%) of crude bromide, which was 
suitable at this point for preparation oftheGrignard rcagettt 7. 

1R(f11m)v3000,2950,1605.1445.1250,1010cm~’;’H-NMR 
(CDCI,, 400 MHz) 6 1.90(2H, t. J = 7 Hz, H2). 225 (2H, dt, J 
= 7 Hz, H3). 3.45 (2H, t, J = 6.3 HS Hl), 5.24.9(2H, m, H7), 
5.7-5.6(1H,m.H4),6.116.05(1H,m.H5),6.3~.25(1H.m, 
H6). 

(Q-4,6-Heptadienyhgnesium bromide (7) 
A cooled (0“) suspension of 195 mg (8.0 mmol) of Mg metal 

(50 mesh, oven dried) in 2 ml ofdry THF was trcatd for 5 min 
in an ultrasound bath. While sonication was maintained, 1.06 
g(b.Ommol) ofbromide6in 3 ml ofdryTHF was added over 1 
h. The sonication was discontinued and the supematant was 
decanted from the excess Mg metal. The soln was found to be 
0.85 M in Grigttard reagent by titration with 1.0 M Zpropanol 
in xylcnc using l,l~phcnanthrolcnc as the end-point 
indicator. 

Isopropyl (E,E) - 4 - hydroxyundeca - 28.10 - nfenwle (8) 
To astirrad, cool&l (-78’) soln of 213 g (15.0 &oi) of 

isonronvl (E)-3-formvlnroDcnoate’6 in 100 ml of dn THF 
was ad&i a soln 01 i7.8 ml (15.0 mmol) of 0.85 M 4,& 
heptadicnylmagncsium bromide in 15 ml of dry THFover 1 h. 
The mixture was stirred at - 78” for 1 h and was poured into 
lOOmlofEt,Oand lOOmlofsatNH&l.Thcorganiclayerwas 
washed with sat NH&l and the combined aq washes were 
extracted with Et,O. The organic layers were dried (Na,SO,- 
K,CO,) and the solvent was removed under reduced pressure 
to aIford 4.0 g (r looo/, crude) of an orange oil which was 
puritial by chromatography on tricthylaminedeactivatal 
silica gel, &ting with i5% EtOAc in he&a to afford 3.2 g 
(90”/ of product as a colorless oil. IR (film) v 3400,310o. 2950, 
2900,1705,16fX, 146Ocm- ’ ; ‘H-NMR (CDCI,, 400 MHz) 6 
1.25 (6H, d. J = 6.2 m CH(Q&), 1.40-1.80 (4H, m, CH,), 
2.0-2.2 12H. m. allvlic CH,14.28 IlH. m. CHOHl4.90-5.10 
(2H, m,‘ tiH,X 5.05 (iii, scpt., J = 6.23s (&(CH,),), 
5.62-5.69(1H,5lines,C=CH),5.98(1H,dd.J = 15.7,1.6Hz, 
H2), 5.95-6.07 (lH, m, C=CH), 6.23-6.32 (lH, 6 lines, 
C=CH), 6.87 (1 H,dd, J = 15.7,5.0 HZ H3). (Found : C, 70.49 ; 
H, 9.28. Calc for ClrHz103: C, 70.56; H, 9.30%.) 

Isopropyl (E,E) - 4 - (I-butyldime~hylsilyloxyjundecu - f8.10 - 
trfenoate (9) 

Toastirredsolnof3.0g(126mmol)ofgin25mlofdryDMF 
was added 2.18 g (3.0 mmol) of imidaxole followed by 241 g 
(16.0mmol)oft-butyldimcthylchlorosilanein asingleportion. 
Themixturewasstirrcdat25”for 18h,thendilutcdwith lOOmI 
of Et,0 and washed twice with H,O. The organic layer was 
dried (Na,SO& the solvent was removed under reduced 
pressure, and the residue was chromatographcd on 
triethylamincdeactivatcd silica gel eluting with 2”/. EtOAc in 
hexanca to afford 4.27 g (96%) of silyl ether 9 as a colorless oil. 
1R(6lm)v2940,2860,1715,1660,1610,1480,1380cm-’;‘H- 
NMR(CDCl,,400MHz)60.02,0.04(6H,29,SiCH,),0.90(9H, 
s,C(CH,),), 1.26(6H,d.J = 6.2mCH(CI&)3.1.40-1.80(4H, 
m, CH,). 207 (2H, 5 lines, allylic CH,), 4.30 (1H. m, CHOH), 
4.90-5.10 (2H. m, C=CH& 5.05 (lH, scpt, J = 6.2 Hz, 
CH_(CH,)& 5.56-5.63 (1H. 5 lines, C=CH), 5.92 (1H. 
dd. J = 15.5. 1.7 H& H2), 5.95-6.08 (lH, m, C=CH), 6.211 
6.34 (lH, m, C==CH), 6.87 (IH, dd, J = 15.5, 4.7 Hr, H3). 
(Found: C, 68.28; H, 10.33. Calcfor C,,H&,Si: C, 68.13; 
H, 10.290/,.) 

(E,E)-4- (t-Buryldiwzthylsi/yloxy)w&ca - 2,8.10- rrienol(10) 
To a stirred, coolal (- 78”) soln of 216 g (6.1 mmol) of 9 in 

1OOmlofEt,0wasaddcd12.4ml(124mmol)of1.OMDIBAH 
in hcxanes. The soln was stirred at - 78” for 1 h. The reaction 
was quenched by addition of sat sodium potassium tartrate 
soht. The mixture was extracted with Et,0 and the organic 
layer was dried (Na,SO, and K,CO,). Solvent was rcmovbd 
under reduced prcssurcand the residuewas chromatographal 
on triethylaminedeactivated silica gel eluting with 10% 
EtOAcinhexanes toafford 1.83g(990~~oflOasa-colorlcssoil~ 
IR(film)v3300,3020.2910.2840.1600,1460,1M5,l~5an~‘; 
‘H-NMR (CD&, 90 MHz) 6 0.04,0.06(6H. 29, SiCH,). 0.90 
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Y 3350,2930,2850,1605.1460,1265 cm- ’ ; ‘H-NMR (CD& 
400 MHz) 6 O.O,O.OS (6H, 2s, SiCH,),0.89 (9H, s, SiC(CH,),i 
3.64f2H.t.J = 6.5 Hz Hll.4.14UH.dt.J = 6.5 Hz H5). 5.2- 
5.0(2H.8lk,H9),5.65(l’H,dd,J =-6.5.15H&H6i6.lij(lH, 
dd, J = 12, 15 HZ H7), 6.35-6.25 (lH, m, H8). (Found: C, 
66.72; H. 11.15. Calcfor C,,H,,O,Si: C, 66.61; H. 11.18x.) 

To a stirred cooled (10”) soln of 657 mg(2.43 mmol) of 21 in 
4OmlofdryCH,Cl,wasadded4gofdrycrushed3Asieve~.’~ 
To this mixture was added 1.37 g (3.6 mmol) of pyridinium 
dichromate in portions over 0.5 It. Themixture was warmed to 
room temp and stirred for 2 h, then diluted with 50 ml of 
pentane and 100 ml of Et,0 and filtered through C&e. The 
lilter cake was washed with 3 additional 25 ml volumes of soo/, 
ether in pentane. The organic washes were combined and 
concentrated under reduced pressure and the residue was 
chromatographed on triethylamine-deactivated silica gel to 
afford 485 mg (74%) of 22 as a pale oil. (Found : C, 66.99; H, 
10.49. Calcfor C,,HI,O,Si: C, 67.11; H, 10.51x.) 

Ethyl (E,E) - 7 - (t-buryldinsethylsily/oxy)un&ca - 28,lO - 
trienoate (23) 

To a stirred, cooled (Oq soln of 669 mg (2.0 mmol) of 
(carbocthoxymethylenc)triphenylphosphorane in 15 ml ofdty 
CH,Cl,wasaddedasolnof485ma(1.8mmol)ofZ2in5mlof 
CHiCI;. The soln was allowed to &m slowl; to room temp 
and to stir for 18 h, then it was concentrated under reduced 
pressure. The residue waschromatographed on triethylamine- 
deactivated silica gel cluting with 2% EtOAc in hexanes to 
&ford 545 mg (8VA) of 23 as a pale oil. IR (film) v 2920.2850, 
1715. 1630, 1465, 1440, 1270 cm-‘; ‘H-NMR (CD&, 400 
MHz) 60.01.0.03 (6H, 2s. SiCH,),0.88 (9H, s, C(CH,),), 225 
2.15(2H,dt,J=6.8H~H4),4.16-4.10(1H,m,H7),5.20-5.05 
(2H, m. Hll), 5.62 (lH, dd, J = 6.5, 15.2 Hz), 58O(lH, br d, 
J = 15.5 Hz. H2), 6.16-6.08 (lH, m. H9). 6.52-6.25 (lH, m, 
HlO),694(1H,dt,J = 15.5,6.8H%H3).(Found:C,67.49;H, 
10.24. C&z for C,9HB40JSi : C, 67.41; H, 10.25%) 

(E,E)-7-(t-&tyldimethylsilyloxy)undeca - 2,8,10- trien- l-01 
(24) 

To a stirred, cooled ( - 78”) soln of 980mg (2.89 mmol) of 23 
in 40 ml of dry Et,0 was added 4.0 ml (6.0 mmol) of 1.5 M 
DIBAH in toluenc.Thc soln wasstirredat -78”for 1 h, l.Oml 
of MeOH was added to quench the excess hydride, and the 
mixture was warmed to room temp whereupon 100 ml of sat 
sodium potassium tartrate soln was added and stirring was 
continued for 1 h. The layers were separated and the organic 
phase was washed with 5Oml of sat sodium potassium tartrate 
soln. The combined aq washes were extracted with Et,O; the 
combined organic layers were dried @IalSO.) then 
concentrated under reduced pressure. The residue was 
chromatographed on triethyla&edeactivated silica gel to 
afford 8.5 a f96”/.) of 24 as a colorless hauid. 1R (lilm) Y 3340. 
294Q 28%: ‘1605, 1470. 1370 cm-l ; II-~-NMR (CD&. 4Oti 
MHz) 6 0.01,0.03 (6H, 29, SiCH,), 0.86 (9H, s, C(CH,),), 2.05- 
2.01 (2H, m, H4), 4.08 (2H. br s, HI), 4.15-4.10(lH. m, H7), 
5.20-5.00 (2H. m, Hl l), 5.70-5.55 (3H. m, H2, H3, H8), 6.15 
6.08(1H.m,H9),5.35-5.25(1H,m,H10).(Found:C.68.91;H, 
10.81. Cak for C,,H,sO,Si: C, 68.86; H, 10.88x.) 

(E,JZ) - 7 - (t-Butyldimer~yylsilyloxy)undeco - 2.8.10 - rrfenal (25) 
To a stirred soln of457 mg(1.54 mmol) of 24in 25 ml of dry 

CH,CI, was added 1.2 g of freshly prepared MnO,.” The 
mixturewasstirredatroomtempfor6h.Celitc(5g)wasadded 
and the mixture was filtered. The filter cake was washed with 
three 15 ml portions of CH,Cl,. The filtrate was concentrated 
to afford 418 mg(9PA) of unstable 25 as a pale yellow oil. This 
aldchyde was carried on without further purification. IR (lilm) 
v 2940,2850,2710, 1690. 1620, 1465. 1260 cm-‘; ‘H-NMR 
(CDCI,, 90 MHz) d 0.0, 0.05 (6H. 2s. SiCH,), 0.90 (9H, s, 
C(CH,)s), 1.65-1.50 (4H, m, CH& 2.40-2.20 (2H, m, allylic 
CH~.4.3O4.lO(lH,m,allylicCHOSi),5.0(2H11). 
5.6O(lH,dd.J = 6.5.14Hz,H8),6.5-6.0(3H,m,H9,HlO,H2), 
6.80(1H,dt,J=l5,6Hz,H3),9.50(1H,d,J=8.0Hz,HI). 

5a- (t-Butyldimerhylsilyloxy) - 1,2$@,5.6.7,8,8aa - octahydro- 
~phtb&ne - lu - carboxa&hy& (26) 

Toastirred,cooled( - 78”)soln of 120mg(0.41 mmol)of25 
(dried azeotropiadly with C,H,) in 10 ml of dry CH,Cl, was 
added 0.41 ml (0.41 mmol) of 1.0 M dimethylahuninum 
chlorideasasolnin hexanas.TbebrightyeUowsolnwarstirrad 
at - 78” for 1 h then warmed to -40”. immediatedy poured 
into sat NaHCO, aq and prootssed as described for 13 to 
afford 92 mg (774) of chromatographed aldehyde 26 as a 
colorleseoil.IR(film)v3050,2930,UISO,2700,173O,l47O,l26O 
cm- ’ ; ‘H-NMR (CDCI,, 400 MHz) d 0.01, 0.03 (6H. 2s. 
SiCH,),O.86(9H,o,C(CH,),),4.O(lH,m,CHOSi),5.5O(1H,br 
d, J = 10.5 Hz, H4). 564(H,ddd, J = 10.5,4.9,22.8 Hz, H3), 
9.58(1H,d,J = 4.5H~,CHO).(Found:C,69.17;H,10.33.Calc 
for C,,H,,O$Ii: C, 69.33; H, 10.2%.) 

(E&E)-2-Methyl-7 - (t-butyldimethyLr~~yfoxy)dodeca - 2,8.1@ 
trien- 1-01 (2s) 

To a stirred, cooled ( - 78”) soln of 5.2 g (15.0 mmol) of 27, 
prepared by the method of Roush,~ in 100 ml of Et,0 was 
added 30 ml (30 mmol) of 1.0 M DIBAH in hexanes. The soln 
wasstirredat -78”for 1 h, then warmed torcom temp,treated 
with 50 ml of sat sodium potassium tartratc soln, and 
processed as described for 10 to afford 4.8 g (98%) of 
chromatographedalcohol28 as a colorless oil. IR (him) v 3300, 
2900.2830.1460.1380.1255 cm-‘: ‘H-NMR (CDCL. 400 
MI&) 6 Ok?, 0.03 (6H, .2.s, SiCH,), 0187 (9H. s, C(CH&~ 1.63 
(3H, br s, vinyl CH,), 1.72(3H, brd, J = 6.5 m vinyl CH,), 20 
(2H,dt, J = 6.5 Hz, H4), 3.97 (2H, br s, HI), 4.07 (lH.dt, J = 6 
H1 H7), 5.37 (WI, dt, J = 1.1, 6.5 m H3), 5.47 (HI, dd, J = 
14.5,6 Hz, H8), 5.70-5.6O(lH, m, H9), 6.1-5.90(2H. m, HlO, 
Hll). (Found: C, 70.04; H. 11.23. Calc for C,9H,,0,Si: 
C, 70.31; H, 11.18x.) 

(E&E) - 2 - Methyl - 7 - (t-butyUmethyLr~yloxy)dodeca - 
2,8,10-trier& (29) 

Toastirred,cooled( -78”)solnof226pl(2.6mmol)ofoxalyl 
chloridein 25ml ofdryCH&l, wasadded 367pl(5.18mmol) 
of DMSO over 5 min. The mixture was stirred at -78” for 2 
minandasolnof600mg(184mmol)off8in5mlofCH,Cl, 
wasadded.After 1 h,348ml(25mmol)ofEt,Nwasadded,and 
the mixture was warmed to room temp. H,O was added to 
dissolve the solids and the mixture was processed as described 
for 11 to afford 460 mg (770/.) of chromatographed enal dienc 
29 as a pale yellow oil. IR (tilm) v 3ooO,2920,2840,2700,1685, 
1645,1470,1374 1260 cm- ’ ; ‘H-NMR (CDCI,, 400 MHz) 6 
0.01,0.03(6H,2s,SiCH,),0.87(9H,s,C(CH,),), 1.47-1.57(4H, 
m. CH,I. 1.72 (3H. s. vinvl CH,I 1.73 (3H. d. J = 8.5 Hz 
tiHkI& 2.%2.36i2H, t&I4), 4.i 1 (iHi m, CHOSi), 
5.W5.50 (1H. m, C=CH). 5.62-5.69 (HI, m, (=cH), 5.97- 
6.09(2H,m,C=CH),6.46(1H, br t, J = 7.4 Hz, H3).(Found: 
C,70.67.H,10.63.CalcforC,9H,.OOISi:C.70.75;H,10.620/..) 

1sJu - Dimethyl - 5a - (t-buty/dimerhyLrilyloxy) - l&ta/3, 
5,6,7,8,saa~ahy&oMphtholPM_la_cclrboxoldehyde (Xt) 

To a stirred cooled (- 78’) soln of 580 mg (1.8 mmol) of 29 
(dried azeotropically with &HI) in 50 ml of dry CH,Cl, was 
added 1.8 ml (1.8 mmol) of 1 M diethylahnninum chlonde in 
hexanes over 5 min.The bright yellow soln was stirrod at - 78” 
for I h then warmed to - 23”. stirred for 6 h, and procesmd as 
described for 14 to afford 489 mg (84%) of aldehyde, a 
75: 15: 10mixtureof38itscarbinylepimer31andtheci.rfused 
counterpart of 30, according to glass capillary GC analysis. 
The latter aldehyde showed a characteristic signal at 9.3 ppm 
(CHO) in the ‘H-NM R spectrum. Aldehyde 30 could be-s&- 
arated byextremclycarefulchromatography. IR (film) ~3000. 
2910, 2840, 2670, 1720, 1460, 1375, 1260 cm-‘; ‘H-NMR 
(CDCI,, 400 MHz) 6 0.03.0.05 (6H, 2s. SiCH,), 0.89 (9H. s, 
C(CH,),), 0.99 (3H, s, CH,), 1.04 (3H. d, J = 7.1 Hz, CH,), 
2.45 (IH, dt, J = 2. 11.4 Hz, H8a), 4.06 (1H. br s, CHOSi). 
5.36(lH,brd.J = 10.2H~C-=CH),5.53(IH,ddd.J = 10.2, 
4.9, 2.8 Hz. CkCH), 9.65 (lH, s, CHO). (Found: C, 
70.82; H, 10.63. Cak for CIPH,,OISi: C, 70.75; H, 10.67%.) 
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Methyl (E,&9~benzyloxy)nona-&i-d&mate (32) 
To a stirred cooled ( - 40”) solo of 2.1 ml (15.0 tnmol) of 

diisopropyiamincin 15OmlofdryTHFwasadded9.4ml(15.0 
mmol) of 1.6 M o-BuLi in hexanes. The soln was stirred at 
-40” for 15 mitt then 3.54 g (15.0 tnmol) of methyl 
diethylphosphooccrotonate’O was added. The sobs was 
stirred at -40” for 30 tnin and 2.36 g (123 mmol) of 5- 
(benxyloxy)pentaoaI” was added. The mixture was warmed 
to room temp over 1 h then poured into sat NH&l aq and the 
product was isolated by extraction with Et,0 to afford 3.05 g 
(WA) of chromatographcd ater 32 as a pale yellow oil. IR 
(film) Y 3010,2930,2840, 1720, 1660, 1435. 1270, 1250, 1145 
cm-‘;‘H-NMR(CDCI,,200MHz)b2.30-210(2H,m,allylic 
CH2), 3.46 (2H. t, J = 6 Hz. OCHb3.75 (3H, s, OCH,), 4.50 
(2H, s, PhCH,O), 5.78 (lH, d, J = 15 Hz, C=CHCO,CH,), 
6.0@-6.20(2H,m,C=CH),7.25(1H,m,C=CH),7.42(5H,m, 
aromatic H). (Found: C, 74.46; H, 8.11. CaIc for Ci,HxxO,: 
C, 74.42 ; H, 8.08%.) 

(EJ+9~Benryloxy)nona-2,4-dknal(33) 
?& a stirred, co&d (- 78”) soln of i2 g (8.0 mmol) of 32 in 

100mlofEt,0wasadded18.0mIf18.0mmol)ofl.Oh4DIBAH 
in hcxanes. ?he solo was stirred at - 78”for i h then the excess 
DIBAH was quenched by slow addition of 1.0 ml of MeOH, 
the mixture was warmed to room temp and processed as 
described for 10 to a6ord 2.0 g (looO/,) of alcohol which was 
used without further purification. 

To a stirred, cooled ( - 78”) solo of 1.05 ml (12.0 mmol) of 
oxaIylchloridcio MmIofdryCH,Cl, wasadded 1.77ml(25.0 
mmol) of DMSO over 5 min. The mixture was stirred at - 78” 
for 2 min and a soln of 2.0 g (8.0 mtnol) of the above alcohol in 
IO ml of CH,Cl was added. The mixture was stirred at - 78 
for 1 h, 35 ml (250 mmol) of Et,N was added, and the mixture 
was warmed to 0” and processed as described for 11 to afford 
1.95 g of crude chrotnatographed aIdehyde (9%) as a pale 
yellow oil which decomposed rapidly upon attempts at further 
purification. 

Merhy/(E,E,E)-2-methyl-7-hyakoxy- 15-(benzyloxy)penla- 
&a-2,8. IO-frienoare (34) 

Toastirredsuspensiooof 1.6g(65.8mmol)ofMgpowder in 
30 ml of refluxing THF was added 5.0 g (22.2 mmol) of 4- 
bromobutyraldehyde diethyl ace&’ in 100 ml of dry THF 
over 3 h. The mixture was further heated at refhrx for 1 h after 
complete addition of the bromoacetal solo. The soln was 
cooledto0”andtoitwasadded1.95g(8.0mmol)ofcrude33in 
10mlofdryTHF.Thcsolnwasstirredat0”for0.5hthcexctss 
organometallic was quenched with 2.0 ml of MeOH, and the 
mixture was hltered into a mixture of sat NH&l aq and 
CHICI,. The aq layer was extracted twice with CH,CI, then 
the. combined organic layers were washed with brine and 
concentrated under reduced prarsure to agord 3.0 g ( > looo/,) 
of the hydroxyacetal as a pale orange oil. The oil was dissolved 
in 50 ml of THF and the soln was cooled to 0”. After stirring 
with 50 ml ofO.5 M aq oxalic acid at room tcmp for 18 h, the 
soln was poured into sat NaHCO, aq, and the product was 
isolated by extraction with CH,Cl, to afford 2.85 g (1 100%) 
of the crude lactol as a pale orange oil. This oil was dissolved in 
30 ml of dry CHICI,. cooled to 0” and 3.48 g (10.0 mmol) of 
(carbomethoxymethylene)triphenylphosphorane was added 
in small portions over 0.5 h. The mixture was stirred at room 
temp for 18 h. concentrated under reduced pressure, and the 
residue was chromatographed on triethylaminedeactivated 
silica gel eluting with 15% EtOAc in hexanes to afford 1.76 g 
(5% from ester 32) of hydroxy ester 34 as a colorless oil. IR 
(film) Y 3410,3010,2930,2850,1718,1655.1450,1270cm-’; 
‘H-NMR(CDCl,,4OOMHx)61.82(3H,brs,vinylCH,),2.10 
(2H, m. allylic CHx), 2.20 (2H. m, ahylic CH& 3.46 (2H. t, 
J = 6.5 Hz CH,OC), 3.72 (3H. s, OCH,), 4.11 (HI, m, allylic 
CHOHl 4.49 (2H. s. PhCH,OI. 5.52-5.57 (1H. 4 lines. 
CkH), 5.64-5.72(1H. 5 Iin& &CH), 5.9716.03 (IH, m 
C=CH),6.126.18(1H.4lioes,C=CH),6.74(1H,dt,J = 1.5. 
7.4 Hz, CH=C(CH,)COrCH,), 7.s7.34 (5H. m, aromatic 
H).(Found:C.74.47;H,8.92.CalcforC1,H,,O,:C,74.58;H, 
8.87%) 

Mezhyl (E&&l - 2 - methyl - 7 - (merhoxvmethoxv) - 15 - 
(ben2jbij)pmtodcco - 2,8jo - trieniate (3Sj _. 

To a stirred. cooled (0”) solo of 1.38 P (3.6 mmol) of 34 in 10 
ml of dry C&Cl, wpd added 683 1J79.0 mmol) of chloro- 
methyl methyl ether followed by 3.5 ml (20.0 mmol) of 
diisopropylethylamine. The soln was warmed to room temp 
and stirred for 18 h. then diluted with CHrCl, and washed with 
cold 1% HCI. water and brine The organic layer was dried 
(Na,SO,) and the solvent was removed under reduced 
pressure. The residue was chromatographed on silica gel 
eluting with zoo/, EtOAc in hexana to a5ord 912 mg(6OX,) of 
35 as a colorless oil. IR (film) v 2930.2840,1715,1645.1460, 
1440.1265cm-1;1H-NMR(CDCI,,400MHx)61.82(3H,br 
s, vinyl CH,), 2.08 (2H. m, allylic CH,), 2.18 (2H, m, allyhc 
CH,), 3.35 (3H. s, OCH,), 3.46 (2H. t., J = 6.5 Hz CH,OC), 
3.72 (3H, s, OCH,), 4.0 (lH, m, allylic CHOC), 4.49 (2H, s, 
PhCH,OL 4.59 (2H. ABo. J = 6.7 Hz Av,. = 76.3 Hz _ I. 

OCHrO). 5.31-5.38 (1H. 4’iioes, C=CH), 5.c5.71 (lH, 5 
lines, C=CH),6.00-6.04(1H, m,C=CH), 6.10-6.16(1H. m, 
C=CH), 6.74 (lH, dd, J = 7.5, 1.5 Hz, C=CH), 7.32 (5H, m, 
aromaticH).(Fouod:C.72.64;H,8.91%.CalcforC,,H,,O,: 
C. 72.53 ; H, 8.W/,.) 

(E,E,E) - 2 - Methyl - 7 - (methoxyrn&cxy) - 15 - 
(benryloxy)nenkadeca - 2.8.10 - tricnal(37) 

To~ast&d,coo1ed( - 78”)soln of7~mg(1.72mmol)of35 
in15mlofdrvEt,Owasadded3.Sml(3.5mmol)ofD1BAHas 
a 1.0 M soln IO h&arms. The solo was stirred at - 78” for 1 h. 
then 25 ml of sat aq sodium potassium tartrate soln was added 
and themixturewasnrocessedasdcscribedfor lOtoatTord665 
mg (96%) of chromatographed alcohol as a colorless oil. IR 
(film1 Y 3400.2920.2850.1460.1370cm - ’ : ‘H-NMR (CDCI.. 
400 MHz) hi.65 (3H, br’s, vinyl CH,), 2.12-2.02(4H, m, allylk 
CH,),3.36(3H,qOCH,).3.46(2H.t,J = 6.4HgCHx0).4.00 
(2H, br s, allyk CHrO), 4.59 (2H, ABq, J- = 6.7 Hz. 
Av,. = 77.2 Hz, OCHIO), 4.49 (2H, s, PhCH,O), 5.41-5.34 

Calcior C,,Hs,Ct,:C, 74.59;‘H; 9.52x.) 

..- 
(2H, m, H3. H8), 5.7-5.61 (lH, m, H9), 6.042597 (1H. m, 

’ ’ 
HlO). 6.15-6.09 

Toast&d soln of55Omg(1.36mmol)oftheaboveakohol 

(1H. m. Hll). (Found: C. 74.42: H. 9.55. 

in25mlofdryCH,Cl,wasadded2.5gofMnO,.Themixture 
was stirred at room temp for 10 h and processed as described 
for 25 to aIiord 470 mg (85%) of chromatographed enal diene 
37 as a colorless oil. IR (tilm) v 3000,2930,2840,2690, 1680, 
1640.1455, 1360 cm-‘; ‘H-NMR (CDCl,. 400 MHz) 6 1.74 
(3H, br s, vinyl CH,), 2.09 (2H. m, ahylic CHJ, 2.37 (2H. m. 
allylic CH,X 3.36 (3H. s, OCH,), 3.46 (2H, t. J = 6.4 Hz, 
CHrOC), 4.02 (lH, m, allylic CHOC). 4.49 (ZH, s, PhCH,O), 
4.59 (2H, ABq, J, = 6.7 Hz, Av, = 77.2 Hz, OCH,O), 5.32- 
5.38(1H.4lines,C=CH).5.6~5.70(1H,5lines,C=CH),5.98- 
6.05(lH,m,C=CH),6.116.17(1H,m,C=CH),6.47(~H,dt, 
J = 7.4. 1.4 Hz C=CHL 7.32 (5H. m. aromatic Hk 9.39 (1H. 
s, CHO). (Found: C. 74.97; H, 9.08. Calc for d H ‘0 I 2, 36 l 
C, 74.96: H, 9.06%.) 

I/I - Methyl - 2u - (4 - benzyloxybutyl) - 5 - (methoxynwthoxy) - 
l,2,4ar!I,5,6,7,8,8aor - octahydronaphthafene - lu - carboxal- 

dehyde (39140) 
To a stirred, cooled ( - 78”) solo of 427 mg (1.1 mmol) of 37 

(dried twice by C,H, axeotrope) in 20 ml of dry CHxClx was 
added 1.1 ml (1.1 mmol) of 1.0 M diethylaluminum chloride in 
hexanes dropwise over I mm. The bright yellow soln was 
warmed to -23” over I h and stirred at -23” for 14 h. The 
reaction was processed as described for 26 to aIford 400 mg 
(93%) of a chromatographed 1: I mixture of carbinyl epimers 
39and4lJandca lO%ofthecir fusedisomer (asdetetmined by 
400 MHz iH-NMR integration) as a colorless oil. IR (film) 
v 3010,2910, 2849, 2680: 1718,‘1455, 1365 cm’; ‘H-NMR 
(CDCI,, 400 MHz) 6 0.98, 1.02 (3H, 2s. CH,), 3.30-3.21 (0.5 
H,m.5aH),3.40,3.34(3H.3~, 10:48:42,OCH,).3.94(0.5H, 
m,5BH),9.34.9.6O,9.64(lH.2s,CHO).(Found:C.75.05;H, 
9.07. Calc for Cz,H,60,: C. 74.96; H, 9.06%.) 

Ifi- Methyl-2a-(4- benzyloxybutyl)- Sa-(methoxymethoxy)- 
1,2.4a~,S.6,7,8.8aa-oc1ahydro-Ir-naphfhybnerhanol(41) 

To a rapidly stirred soln of 108 mg (0.27 mmol) of a 1: I 
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mixtureof39and40in3OmlofrefluxingdryNH, wasadded 
3 1 mg (1.35 g atom) of Na metal in portions over 3 min. The 
blue &in wai stir&i for 10 min. th& the reacti011 was rapidly 
aucnchal bv addition of solid NH,Cl. The NH, was 
evaporated and the residue was taken upin Et,O. The organic 
layer was concentrated and the residue was chromatographcd 
on silica gel cluting with 3% McGH in CH,C& to atford 38 mg 
(45%) ofthe de&d axial 41 and 39 mg (46%) of its carbinyl 
coimer. IR (film) v 3330.2920.2840.146s. 1380 cm- ’ : ‘H- 
NM, (CD& 400 MHx) d 0.89 (3H; s, Cl.CH,), 3.37 (3H, s, 
GCH,), 3.55 (2H, ABq, J, = 9.91 Hz, Av*s = 14.64 Hz. Cl, 
C&OH), 3.66 (ZH, 1. J = 6.5 Hs C&OH), 3.80 (lH, m, HS). 
4.63 (ZH, ABq, J- = 6.0 Hz, Av,,a = 28.41 Hs OCHxO), 5.44 
(IH, d, J = 10.5 H& H4), 5.85 (lH, ddd, J = 2.8,S.O. 10.5 Hq 
H3).(Found:C,68.96;H,10.30.CalcforC,,H,,O,:C,69.19; 
H, 10.320/,.) 

18 - Methyl - 2.z - (4 - carboxybutyl) - 5K - (methoxynterhoxy) - 
1,2,4&5,6,7,8,8aa - octahydronaphthalene - la - cmboxylic 

acid (42) 
To a stirred, cooled (0”) soln of 20 mg(0.664 mmol) of 41 in 3 

ml of Me,CO was added 97 pl(O.26 mmol) of 2.67 M Jones 
reagent. ss The mixture was stirred at 0” for 2 h then it was 
extracted 3 times with loo/, Na,CO, aq. The basic extracts 
were acid&d with lo”/, HCI and extracted 3 times with 
CH,Cl,.Theorganiclayerwasdricd(MgSO,)andthesolvcnt 
was- r&tovcd under &ced pros&. The residue was 
chromatoaranhed on silica acl elutina with 50% EtOAc in 
hexancs c&ning 0.1% A&H to aIfo;d 15 mg (690/,) of42 as 
a whitesolid (m.p. 144-145”; lit. m.p.‘O 149150”; mixed m.p. 
144145”). 
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