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Abstract - Sane benzylic-type acetels possessing the 2,&dioxa- 

bicyclo[3.2.l]cctsne ring system are cleaved in a regioselective 

manner when treated with lithiwn in ensrmia. lhe results fran 

vsricus reductions implicate coordination of lithium as a signi- 

ficant factor involved in reduction mechanisms. 

It is well d -ted that allylic end benzylic ethers, acetals, and to a lesser extent 

alcohols are reductively cleaved in metal in anmonia solutions.'~* Similar cleavages have been 

observed with related derivatives (refer-z-& to in this paper as henzylic derivatives) in the 

2-substituted fume'-' and the 3-substituted furen6-lo series. In addition to the observation. 

that the 2-substituted canpolnrds undergo reductive cleavage of the leaving group faster then in 

the J-substituted series it was fwnd that the outcane of the reduction in the latter series 

depended on whether or not the reduction was done in the presence of en added proton source. In 

particular, reduction of the benzylic acetal (la) with lithium in amn0ni.a in the presence of 

ethanol gave extensive reduction and cleavage of the funsn ring.l' In contrast, in the absence 

of an added proton scurce reduction gave a mixture of the -fission product 2-[l'-(fursn-31'-yl)- 

nonyloxylethsnol and the bisfission product, 3-nonylfuran in a ratio of approximately 3:l.l' 

Iiydrogenolysis of the first oxygen of the acetsl is faster t&n hydrogenolysis of the second which 

cleaves at a mte caspsr&le with that of the ether, 3-(l'-methoxynonyl)furan.10 Consequently, 

the lithium a&oxide derived fxwn the monofission product nukX have little influence on its 

sllbsquent cleavage. 

Ccanpoundspx-eperedfmnthesesquiterpene mcetal Gla)ll provide suitable models for 

the investigation of the metel in sneonis cleavage of the 2,8-dioxabicycloC3.2.11cctane system. 

In particular,these wqcurxlshaveaclearly defined stereochemistry and allcwa study to be 

made of the selectivity of bond cleavage. Also, the possible influence of lithium chelation 

can he assessed by using a series of alcohols with en hydrcxyl group in the side chain at C3. 

The results of these investigations ere presented in this paper. 

The reductions were donewith lithi~inamnonisat -33O under standardized conditions 

with no added proton source. ktment of dihydroeraroacetel (Z&l" for 15 min returned 97% 

of starting material. After a reaction time of 3 h starting material (63%), oxepanes (3) and 

(4) (17%) and diol (Sal (7%) were isolated and after a 7 h reduction starting material (30%) 

was recovered in addition to the oxepanes (20%) and diol NO%). lhe slmess of the cleavage 
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la : R = C,H15 

lb : R = CHzOH 

lc : R = CHSCHzCsHs 

Id : R = C&.CTi,OH 

10 : R = CH~CH~CKH~CGHS 

lf : R = cH&H,CH,CH,OH 

lg : R = ai#i,CX&H,OCH&sH~ 

lh : R = CO&t 

OH 

(--pqR 
5a:R=CH&H(q), ;R'=H 

5b : R = CH,OH ;R'=H 

5c:R=CH,QPr ;R'=Ac 

5d:R=CH$xH&H~ ;R'=H 

5e : R = CH,C(OH)(CH3)2 ; R1 = H 

5f : R = C(OH)(CJi,), ;R'=H 

0 

6 R 

0 

0 \’ 
0 

2a : R = CH=C(CH,), 

2b : R = CH,CHUX,)2 

2c : R = CH,CH&H, 

-7-J 
I\ 
0 

2x3 : R = CH,OH 

2e:R=CH,OCH~KH, 

2f : R = CH,C(OH)KIi,)2 

Zg : R = C(OH)(cH,), 

OH 

4 

H ~--y, 

(9 / \ 

0 

6a: R = CH,CHKH,), 

6b : R = CH=C(CH,), 
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of the acetal (2b) is noteworthy, as is the fact that the tetmhydmfuran iscmrs, e.g. (6a), 

wepe not detected. Parallel results have been observed with the reduction of Gc).'~ 

lhe folkwing reductions xredone onmxlelalc&ols where the hydroxylgmupis present 

in a chain at C3 of the 2,8-dicxabicycloE3.2.1lcctane skeleton.* Reduction of the primary alcokA 

GM)" for 5.5 h gave starting material (b2%), trio1 C&I (41%) and a minor product (2%), tenta- 

tively assigned as an oxepane derivative. Reduction of the protected derivative (2e) for the 

same tims gave mre of the bisfission prcduct (!!d) (68%) and a miller quantity of starting 

mterial (9%). 

7a : R = c?i(CH,), ; R’ = H 

7b : R = CH(&), ; R1 = & 

70 :R=M3 ;R'=H 

7d : R = Cl& ; R1 =AC 

8 

OR 

lOa:R=H 

lob : R = AC 

Reduction for 3 h of the secondary alcolml (?a)'" gave starting material (40%) and trio1 

(8) (37%). Under the sam conditions the alcohol (Qa) gave the corresponding bisfission 

product (10s) (79%) with only a trace of starting material. Under identical reduction conditions 

the terti;lry alcohols (WI and @g) gave the following similar results: 12f) gave starting 

material (19%) and the trio1 (Se) (60%) while (Zg) gave starting mterial (18%) and the trio1 

(5f) (62%). 

Tm important pints emsrge frmthe results described. Notetrahydmfuranmx~~leavage 

prcducts were detected in my of the lithium in ammnia reductions and the reduction note and 

product cmmsition is clearly depsndent on the nature of the group at C3 of the 2,9-dimabicyclo- 

13.2.1 loctme system. When-this grcup &es notcxdainancocygenated substituent,e.g. WI, the 

oxepanewasisolated asthemajor v. &wever,whenanoxygenated substituent is present 

the reduction mte is enhanced and little, if any, of the oxepane pxducts were isolated. 



2454 A. D. ABLXL and R. A. ~~ASSY-W~~TR~PP 

Regamling the absence ofthetetnshydmfumn products fmthe reductions, it is possible 

thatprefenantial cleavage of the Cl-08 bmdhadcmurmd to yield only oxepanes or, altematively, 

the reductions of the tetrehydmfunsn products arising fxwn cleavage of the Cl-02 bond, e.g. Ma), 

if formed, occurred rapidly relative to the oxepanes, e.g. (3). Information about the relative 

rates of cleavage of tetmhydmfuran and oxepane derivatives was obtained by doing a reduction 

of a mixture (1:l) of the oxepane (3) and the tetrahydrofuzan N%Q for 1 h. Isolation and chans- 

cterisation of the products revealed that the tetrahytifuran (Whad been reduced to the diol 

(5s) to the extent of 95% whereas the oxepane (9) was resistant tmaxds reduction (90% recovery). 

Therefore, if (Whad been formed in the reduction of Ub) then it would have been xapidly 

reduced. These obsexvations about the reduction of tetnahydmfumn and oxepane derivatives have 

been confirmed with model canpmnds and will be discussed later. 

A ccanpetitive raducticn of the epimsric oxepanes (3) and (4) for 3 h gave approximately 

equal *duction of each canponent and yielded the diol (5s) (lo%), a yield canparable with that 

obtained (7%) fmn the similar reduction of dih ydmemmacetal (2b) after 3 h. The reduction 

of dihydmeremacetal (2b), at least, would therefore appear to proceed predaninantly, if not 

exclusively, via the oxepanes (3) and (4). It is likely that the conformation of the furan ring 

is a factor crucial for the preferential cleavage of the Cl-08 bond leading to the oxepanes. 

The lithium cation is knmn to co-ordinate via 4,s (mst favourable) and g-membered 

intennediates.'ry'5 EWmnced rates of cleavage of the oxepanes bearing the extna oxygen substi- 

tuentare unlikely because,as it has already been noted,the reductive cleavage of themmo- 

fission prcduct fmn (la) is slow even though it is possible in this case to have optimnn co- 

ordination. Fleming in mind the slu.mess of the oxepane fission discussed above, it is considered 

that when the side-chain at C3 of the 2,8-dioxabicycloC3.2.11cctane ring system is oxygenated the 

reduction proceeds significantly, or probably exclusively via the tetnahydmfuren intermediate 

which would then mdergo further fast reduction to give the observed product, e.g. (8) fmn (7a). 

The oxygemted substituents in the side-chain of the reduction substrates UdM2g), (7a) and 

(9s) offer the potential to co-ordinate lithium cations to the benzylic oxygen (02) of the 2,8- 

dioxabicycloC3.2.11octane nucleus via a five or six membered ring. Co-ordination involving the 

other acetal oxygen (08) wcmld involve unfavourable seven or eight membered rings. In addition 

to facilitating electmn addition to the fumn ring, cc-oxdimtion would direct the cleavage of 

the Cl-02 bond to yield U-E intemediate tetrahydmfumn. Fast reduction would then produce the 

observed bisfission products. 

0 (-” I \ 
0 

2 0 / \ 
0 

11 12 
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R 

d- I\ l 
0 

14a:R= H; R1 = CHaOH 

14b : R = H; R1 = CHaCHaOH 
14c :R= H; R1 = CHaCHaCHaOH 

14d:R= OCH,; R1 = n&HI, 

14e :R= H; R' = OH 

14f :R= OCHaCHaOH; R' = OH 

14g:R: H; R1 = CHaOH 

14b :R= CCHaCHaOH; R1 = CHaOH 

141 :R= H; R1 = CHaCHaCHaOH 

14j:R= OUiaCHaOH; R1 = UiaCHaCHaOH 

14k:R= OH; R1 = C&OH 

141 :R= OH; R1 = CHaCHaOH 

14llI :R= OH. R1 = l CH CH CH OH a a 7. 

14n:R= H; R' = ~&HI, 

140 :R= OH; R1 = CHaOCHaCsHs 

14p : R = OH; R1 = CHaCHzKHaCaH5 
14q:R= OH; R1 = CH2CH2CHaCCHaC~Ha 

CT R 

1Ss : R = OH 
151, : R = CHaOH 

0 

C-P R 

I \ 
0 

168 : R = CHaCIi20CsH5 
16b : R = CH2CH2CH2WH2C6HS 
16lI : R = CH2CHaCHaCHaCCH2CsHs 
16d : R = CO&t 

In order to confirm the results found with the reduction of the oxnplex substretes, 

tetrahydrofuren (Ba)and oxepane (31, the three simple benzylic ethers tllb(13) were prepsred 

to investigate their relative rates of r&.&ion. Sune model canpounds with enhydroxylgrxp 

at varying chain lengths fmn the benzylic dioxolane ring were also prepared. These reductions 

were carriedoutunder stsndaxlizedconditionswith lithium in emmnia,usingtetnahydrofuren 

as co-solventwitboutsnadded proton scurce. The crude ether extracts fxun the reductions were 

analysed directly by GIL end the products were subsequently isolated and chsxecterized. A 

nuakr of substrates were reduced under cunpetitive conditions in order to assess their relative 

rates of reduction. 

The results showed thatafter15 lain KeductionthetetMhydrofuran (ll) was reductively 

cleaved substentielly fester to yield the product (14s) (93% by GLC; 90% isolated) than either 

the tetrehydropyran (12) to eltil (14b) (18% by GIL; 17% isolated) or the oxepane (13) to the 

ccmpound (14c) (13% by GLC end isolation). A ampetitive experiment for 11 min gave (by GLC): 

U..L) loo%, (12) 10% snd (13) 8% reduction. In a further canpetitive reduction the tetrahydro- 

pyren (12) reducedattwice the rate ofthemethylether (14d). A possible explanstion for these 

resultscanbefoundintheambnxticndste I6 which shtm that tetrehydrofuren possesses about 

19.7 kJ/mole nor-e strsin energy thsn tetrshm. The ability of the ethers to co-ordinate 

the lithiwa cation akay be significent lxt attempts to rank the bssicities of the cyclic ethers 

have been conflicting." 

The follcuing results were found for the -ion (15 min) of each of the alcohols (lb), 

(Id) end (If). (lb) gave a mixture of the bisfission alcohol (14e) (55%), the monofission diol 

(14f) (13%), the 2,5-clihydxofurxn (1Sa) (10%) and starting material (5%). The higher hcmologue 

(Id) yielded the analogous products (14g) W%), (14b) (lo%), (1Sb) (5%) and starting materiel 

(29%). Significantly less reduction of (Id) relative to (lb) had occWred,a result confirmed 

by a cunpetitive reduction of these two substrates. In a coapetitive reduction of (lb) end (If) 
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it was found that (lf) gave the alcohol (141) &l%), the diol (14.j) (13%) and starting material 

@+3%). 

It is clear that the r&e of acetal cleavage and the quantity of the dihydmfumn are 

dependent on the positionof the hydmxylgmup. Although it is knum" that the fumn ring is 

reduced napidly in the presence of an added proton source, it is unlikely that the enhanced rate 

of reduction of (lb) relative to both (Id) and (If) is attributable to the ammt of furan 

reduction. Reduction of the benzyl ether (1~) for 15 min gave the parent alcohol (lb) CL(%), 

mnccleavage ptiuct (141) (13%) and the biscleavage pxxxluct (Me) (70%). lhe alcohol (lb) can 

be prepared preparatively fmn (lb) at -78O, indicating a fast cleavage of the benzyl ether 

relative to the acetal. Significantly, at -33O, fast hydmgemlysis of the acetal was still 

observed but no dihydmfuranwas detected, showing that its formation was dependent on the 

presence ofapmton source otherthanammia. lhe factthatthe amuntofdihydmfuran 

decreases as the distance of the hydroxyl grwp fxwn the acetal increases in the series (lb), 

(Id) and (lf) suggests that the hydroxyl proton is transferred by an intmmlecular mchanisn 

in one of the titian intermdiates leading to the dihydmfumn. lhis is supported by the 

results of the reduction of dihym cetal (2b) in the presence of an equivalents-butyl 

alcohol. The same prcductratiowas observedwithnoreductionofthe furen ring. Because both 

the alcohol (lb) and its benzyl ether (1~) (effectively the alkoxide in the reduction medium) 

are cleaved faster then (Id) and (lf) it is likely that lithium co-adination is important. Here 

m-ordination, involving a six manber‘edring,wouldbe~~fav~leandpmnoteelectron 

addition to the fumn ring and subsequent cleavage. In addition to the significance of co- 

ordination in acetal cleavage, it shwld be noted that in all examples with an additional side- 

chain oxygen substituent (hydmxyl, methoxymethyl ether and benzyl ether) significantly less 

nmtofission product was observed. lhese results strongly suggestthatcc-ordination is also 

important in the mechanism for fission of the second C-O bond. 

The 2,8-diox&icyclo[3.2.1~octane substnaes were prepared from the sesquiterpene erem- 

acetal as described in the acperimental. lhe cyclic ethers (llM13) were made fmn fumn-3- 

carlwxylic acid by the follcwing route. The benzyloxy ketones (16a)-(16~) were synthesized by 

the method described' using alkyllithiwn reagents prepared in the presence of lithium fumn-3- 

cxbxylate. Successive rahxtion with N~BHI, end then with lithium in mnia at -78O gave the 

l,&diols (14k)-(141~) which readily cyclized to the ethers with ~toluenesulphonic acid in 

dichlomnethane. 

Fom-&ion of the aceixiis (le) and (lg) fmn the ketones (16a) end (Xc), follmed by 

selective reduction with lithiwn in dmmnid at -78O gave the alcohols (Id) and (lf) in good 

yields. Lithium alrrminilrm hydride reduction of the acetal (lh), prepared fmn the 6-keto ester 

(16d)” gave the alcchol (lb). 

EXPERIHENTAL 

IR spectmwere reco&ed on Jasco IRA-land A- spectmneters. &ass spectra were 
reccmled withan Hitachi Perkin Elmer RMJ-7DordnAEZ MS-30 instxumnt. GLC-MSwere done with 
the AEXMS-30 spectruneterccupledtoa Pye-UnicamlO4 gas chrwnatogr@. Analytical GLcwas 
camiedoutcm a F’erkin-Elmzr Sigma 3B ins tnnnent equipped with a flame ionisation detector, 
coupledtoa Perkin-EZ.mrM-2 printing integmtor. The follcwing calms were used: 

A. 5% 0V17 cm VaMport (80/100), 4.5 m x 8 m, glass, 

B. 2% mrbuax 2OM on VaMport (301, 1.5 m x 8 n, glass, 

C. 5% carbowax 2oM on Varaport (301, 1.5 m x 4 nm, glass. 
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N2 uas usedas carriergasata flcwrate of 4OmI/m.in forcolunns Aand C and 25 mI/min for B. 

IHNMR spectra were ~rdedwithJEDLWR3x60 or BmkerWF80 Ds spectraneters and13C 
t@lR spectra with the Bmker WF80 ES instnnnent at 20.1 MHz. Chemical shifts are in p.p.m. dcwn- 
field fram l'M6. 

PrepaMtive TLC plates were prepared frun kick KieseIgel G and HF254 (1:l). Flash 
chtwnatography uas done using Merck Kieselgel 60 (230-400 mesh). Light petroleumreferstothe 
fraction b.p. 60-70°. ngsO+ wasusedasthe dryingagent. Melting points were determined 
usingatiflerhot-stageapparatus andare uncorrected. Microanalyses were performed by the 
AustraIianMicmanaIyticaI Sexvice,Melbourne. 

ckneral lbductlon Details: Li wire (0.02% Na), stored under paraffin, was cut with a stainless 
steelspatulaandwashedwith light petroleum. Li, in sndll pieces, was added to NH, under N,. 
'DiFand etherwere distilled fzwnNa/benzophenoneunderN,. NH, was purified in the follkng 
way: NH, (100 ml) was distilled fran the cylinder into a flask containing Na (4 g) and anhydrous 
FeCl, (100 I&. After refluxing for 30 min the NH, was distilled under N,. AI1 reductions were 
carried out under a positive pressure of N, in a gmduated, milti-necked Erlenmeyer flask fitted 
with an acetone/dry ice condenser and sedls. Reagents were added with a syringe and stirring 
was done magneticdlly with a glass encased bar. Glassware was washed with aqueous Et,N cl%), 
then with distilled H,O and dried overnight at 130°. The assembled apparatus was flame dried 
and the joints seakd with Teflon tape. 

A soln of the terpene derived substrate in THF was added over 5 min to a soln of Li in NH, 
(stirred for 15 min prior to the addition). lhe mixture was stirred and after the time indicated 
isoprene was added to remove the excess of Li. Solid NH+?,1 was added and the NH, allowed to 
evaporate. H,O was added and the sol.n extracted with CH&l, (4 times). The canbined organic 
extracts were driedand evaporated utxkrreduced pressure. The crude product was analysed by 
'H NMR and, where specified, the individual canponents were isolated by preparative TLC. 

The GLC response ratios for the synthetic substrates and their reduction products were 
determined. A soln of the substrate and butyl ncnyl ether (GLC standard) in THF was analyzed 
by GLC on the specified colurrm. The reducticnwasthen done for10 min. Isoprene andNH+Cl 
were addedandtheNH, allcwedto evamte (evaporation of NH, from severeI substrates and 
products showed insignificant volatility during the evaporation). Hz0 was added and the mixture 
extracted with ether (4 times). lhetotdl etherextrectwasar?aIyzed by GLC,then dried and 
evaporated. The products were identified by GLC retention time ccmparison with authentic 
samples and isolatedwhere indicated. The individual canponents of the product mixture are 
quoted in the order of elution. 

Reduction of Dihydmerenoacetal(2b)” A soln of (2b) (110 mg, 0.41 ml) in 'DE (1 ml) was 
reduced with Li (40 me. 5.76 ml) ik NH, (10 ml) for 3 h. Purification bv oreoarative TLC 
(ether/light petrole~; 1:2) gave start&g material (63%), oxepanes (3) and ?4)'(17%) and diol 
(6a) (7%). The products were identified by cunparison with the authentic samples described 
below. A similar reduction, using (2b) (1.7 g) gave, in addition to recovered (2b) (1.1 g, 65%), 
the highest Rf pr&uct (2R.4R)-7-(fuMn-3'-yl)-4-methyl-2-(2"-methylproWl)oxepal (3) 
(116 ng, 6.8%), m.p. 67-68O. (F d C 71 7 H 9 8 C 1sHzr03 requires: c 71.4; 
IR (Nujol) 3300, 1500, 1140, 112~~lb70,'104~,i101~, 94;, 900, 870, 800, 780, 7iO cm-' 

H 9.6%). 
'H NMR 

6 (CD&) 0.90 (6H, d, J=6.5 Hz), 1.26 (3H, s), 3.66 (lH, ml, 4.26 (lH, dd, J=4.5, 9.6 Hz), 6.34 
(lH, m), 7.35 (2H, m). m/z 252 CM), 234, 206, 193, 155, 151, 145, 133, 124, 110, 108, 97 (1001, 
95, 82, 81, 79, 71, 69,55: 

The lmst Rf product (2R,4R)-7-(fuMn-3'-yl)-4-methyl-2-(2"-methylpropy~)oxe~-4~1 (4) 
(160 mg, 9.4%), m.p. 46-47O. (Found: C, 71.7; H, 9.4. C~~HZ*O~ requires: C, 71.4; H, 9.6%) 
IR (Nujol) 3370, 3140, 1500, 1120, 1090, 1075, 1050, 1030, 1020, 910, 875, 730 an-'. lH NMR 
(CIXX,) 6 0.75, 0.83 (each 3H, d, J=6.5 Hz), 1.37 (3H, s), 3.67 (lH, m), 4.7 (lH, dd, J-3.5, 
9.5 He), 6.38 (lH, m), 7.35 (lH, m), 7.37 (l.H, m). m/z 252 (Ml, 234, 206, 197, 191, 177, 151, 
133, 127, 125, 124 (1001, 110, 108, 97, 95, 81, 71, KS: 

lhe diol (4R,6R)-l-(furan-3'-yl)-4,8-dinmthyl.nonane-4,6-diol (6s~) (120 mg, 7%) was also 
obtained. IR (film) 3400, 1500, 1020 870 770 I t&fit 6 (63s) 0.93 (6H d J=7 Hz) 
1.16 (3H, s), 2.44 (2H, m), 4.0 (¶H, ;I, 4:4 C2Hfmbr.s, D,O exch.), 6.28 (lH, m)' 7:30 (1H i) 
7.37 (lH, m). m/z 254 CM), 236, 221, 219, 218, 179, 153, 152, 145, 137, 136, 
95, 94 (1001, ST,-81, 71, 69. It was further chamcterized as the acetonide 

13;, 134, 12;, 169, 
(2,2_dinmthoxy- 

propane, acetone and TsOH), b.p. 100°/0.05 (block). (Fad: C, 73.3; H 10.0. ClsH,oO, 
requires: C, 73.4; H, 10.3%). IR (film) 1500, 1020, 960, 875, 780 an-l: 

Reduction of Dib -t-al (P) In the Presence of t-Duty1 Alcohol. A soln of (2b) (SC10 q, 
2 -1) and t-butyldlcohol (148 mg, 2 -1) in THF (3.9 ml) was reduced with Li (85 mg, 12.25 
mnol) in NH,-(30 ml) for 3 h. Rrepsrative TLC (ether/light petroleum, 1:2) gave starting naterial 
(330 mg, 66%) and a fraction containing oxepanes (3) and (4) and diol (5a) (121 mg, 24%; oxepane 
to diol ratio 7:3 by 'H-NMR). 
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Coupetitive Reduction of oxelxulea (3) and (4). A soln of (3) (49 mg, 0.19 ml) and (4) (50 rr(g, 
0.20 ml) in THF (lml) was rezh~ed with Li (40 mg, 5.76 mrol) in NH, (10 ml) for 3 h. prepsrs- 
tive TLC (ether/light petileun, 1:l) gave recove.red cxepsnes (3) (43 n\g, 88%), (4) (40 mg, 80%) 
and diol Ga) (9.5 mg, 9%). 

Reduction of FTknary Al-1 (2~0.'~ A soln of (2d) (200 mg, 0.89 mrol) in THF (2 ml) was 
reduced with Li (70 n\g, 10.09 mrpl) in NH, (20 ml) for 5.5 h. Preparative TLC (ether/methanol, 
99:l) gave starting rrraterial (83 w, 42%) and a fraction (3%) tentatively assigned as an 
oxepsnol. 'H NMR 6 (CDcl,) 1.16 (3H, s), 3.50 (2H, m), 4.00 (lH, m), 4.80 (lH, m), 6.30 (lH, m), 
7.25 (2H, m). 
(83 mg, 41%). 

The lowest Rf fnxtion was (2S,4R)-7-(furan-3'-yl)-4-methylheptane-l,2,4-triol (5b) 
IH NMR 6 (ClXl,) 1.16 

(lH, m), 7.16 (lH, m), 7.25 UH, m). 
(3;, s), 1.62 (6H, m), 2.43 (2H, m), 3.50-4.00 (6H, m), 6.22 

C NMR 6 KEl,) 25.0 (t), 25.3 (t), 28.1 (q), 40.7 (t), 
42.4 (t), 67.2 (t), 69.7 cd), 73.2 k), 111.1 cd), 125.1 (s), 139.1 cd), 143.0 cd). The trio1 
(!jb) was further chaMcterized as its diacetate, (2S.4R)-2-acetoxv-7-(furan-3'-vl)-4-hvdruxv 
nEthvlheDtv1 acetate (5c). (HIpIs Found: 312.1582. C16H2V06 requires: 312.1572). IR (film;"- 
3400, 2950, 1740, 1370, 1230, 875 can-'. 'H NMR 6 (CD&) 1.20 (3H, s), 1.30-1.85 (6H, m), 2.03 
(6H, s), 2.40 (2H, ml, 4.10 (2H, m), 5.25 (lH, m), 6.20 (¶H, m), 7.15 (lH, ml, 7.25 (lH, ml. 
"C-NMR 6 (ClXl,) 10.9 (q), 21.3 (q), 24.2 (t), 25.1 (t), 26.7 (q), 42.0 (t), 42.8 (t), 66.2 (t), 
69.2 (d), 71.5 (s), 111.1 (d), 125.0 (s), 138.1 cd), 143.1 cd), 171.1 (s). m/z 312 CM), 294, 
143, 135, 100, 95, 94 (loo), 83, 43. 

-- 

Preparation and Reduction of the Me-thy1 Ether (2e). (i) To a stirred soln of the alcohol 
(2d) (520 2 36 1. CH Cl (5 ml) und N 
(3.1 g, 23?'&1) ~'&~i&yf mkhyl ether :.4'g 

at O" were added ethyldiisopropylsmine 
54 7 mml) The solnwas stirred at 

lo-lS" for 24 h. CH,Cl, (2Om.l) was addedandthe soln'wss'washedkthwater (4 x15 ml),dried 
and evaporated under reduced pressure to yield (lR,3S,5R)-l-(furan-3'-yl)-3-(metkxymethyloxy- 
methyl)-5-methyl-2,8-dioxabicyclo~3.2.lkxtane n 84%) (HIIMS F d 268 1308 
‘c1+Hz005 requres: 268.1311). IR (fiLmI sizs 2910, 286?'1600 '1500 137y1;40 li45 iO30 
930, 870, 790 cm-l. lH m 6 (CDCl,) 1.42 (3;. s). 1.50-2.40 (;H. rn): 3.20'(38. 2). 3.{4 (2H! 
m),~4.15~(1H, m), 4.58 (2H, s), 6.35-(18, m), 7120 ilH, m), 7.40 (iH, ml. m/z 269,-568 CM), 
193, 165, 147, 113, 95 (loo), 45, 43, 41, 39. 

-- 

(ii) The ether (28) (400 mg, 1.49 ml) in 'EiF (3.5 ml) was reduced with Li (120 n\g, 
17.29 mrpl) in NH, (35 ml) for 5.5 h. PrepaMtive TL.C (ether/light petroleum, 9:l) gave 
starting mterial (36 mg, 9%) and (2S,4R,R)-~-3'-yl)-l-(methoxymethyloxy)-4_methylheptane- 
2,4-dial (5d) (272 mg, 68%), b.p. llP/O 001 mn (block) (Found: C, 62.0; H, 8.9. Cl,,H2,,05 
requires: C, 61.7; H, 8.9%). 
915, 870, 770 an-'. 

IR (filmi 3400, 2960, l'sO0, 1460, 1440. 1370, 1140, 1100, 1030, 
'H t@lR 6 (CrxX,) 1.16 (3H, s), 1.65 (6H, m), 2.40 (2H, m), 3.30 (3H, s), 

3.40 (2H, d), 3.95 (lH, m), 4.56 (2H, s), 6.20 (lH, m), 7.13 (lH, m), 7.23 (lH, m). "C NMR 6 
(CD&) 24.9 (t), 25.1 (t), 28.0 (q), 40.3 (t), 42.5 (t), 111.0 cd), 124.9 (s), 138.9 cd), 
142.8 cd). m/z 272 CM), 270, 254, 193, 179, 135, 95, 94, 83, 81, 45 (1001, 42. Aminor (1%) 
1oW fractioii, possibly an oxem1, was present with 6 (CEl,) 6.28 (lH, m), 7.28 (2H, m) 
for e fume pmtons. 

Reduction of the &cc&ary Alcchol (7a). 'IXe alcohol (7a) (150 mg, 0.56 ml) in lliF (1 ml) was 
reduced With Ll (40 llu.. mm 111 NH, (15 ml) for 3 h. PremMtive TLC (ether) cave startinn 
mterial (60 mg, 40%)-&l (3S.4S.6R)-9-(&ran-3'-vl)-2.6-dimeth~~-3.4.6-triol 78) (55 n\g, y 
37%), b.p. 8S"/0.001mn (block). (Found: C, 67.0; H, 9.7. ClsH260~ requires: C, 66.7; H, 
9.7%). IR (film) 3400, 2980, 2940, 1510, 1475, 1030, 880 cm-'. 'H NMR 6 ((XXX,) 0.93, 0.96 
ketch 3H, d), 1.16 (3H, s), 1.56 (6H, m), 2.45 (2H,m), 2.65, 3.00, 3.50 (each lH, br s, D,O exch), 
3.82 (2H, m), 6.15 (lH, m), 7.10 (W, m), 7.20 (lH, m). "C P@lR 6 @XXX,) 17.0 (q), 19.6 (q), 
25.0 (t), 28.3 (q), 29.8 cd), 39.9 (t), 42.7 (t), 69.3 cd), 73.2 (s), 79.5 cd), 110.9 cd), 124.8 
k), 138.8 cd), 142.8 cd). m/z 270 (Ml, 252, 197, 135, 95, 94 (loo), 43. No fuzxn proton 
~Z~~IEKYZS were present in a-siklllow Rf fnactionisolated. 

R&u&ion of the Alcohol @a). The insepxuble mixture of the two alcohols (7~) and @a) was 

nxde. the ~x-zduct acetvlated and the acetates semruted as described.13 Acetate (7d). on 
mu&ion kth I&Y& -& ether, gave t~,l'R,3'S.,S'R)-l-~l'-(fuMn-3"-yl)-S'~thyl-2',8'- 
dioxabicyclo[3.2.l]oct-3'-yllethsn-l-o1 (7~). 'H NMR 6 (CLEl,) 1.16 (3H, d, 5~6 Hz), 1.30 
(3H, s), 1.50-2.30 (7H, m), 3.74 (2H, ml1 6.32 (lH, ml, 7.20 (lH, m), 7.32 (lH, m). Similarly, 
the acetate (Bb) gave the epimer @a). H UlR 6 &XX&) 1.14 (3H, d, J=6 Hz), 1.30 (3H, s), 
1.60-2.56 (7H, m), 3.68 (2H, m), 6.40 (lH, ml, 7.25 (lH, m), 7.40 (1H. ml. 

The alcok11 @a) (50 n\g, 0.21 ml) in THF (lml) was reduced with Li (30 mg, 4.32 mn>l) 
in NH, (10 ml) for 3 h. IH NMR of the crude prcduct showed starting msterial and trio1 (10) 
in r&i0 of appnx. 1:49. R-epaMtive TLC (ether) gave (2R,3S,SR)-8-(fuMn-3'-yl)-S-methylcctane- 
2,3,5-trio1 (lOa) (40 mg, 79%). IR (film) 3400, 2990, 2960, 1500, 1370, 1160, 1120 870 -I 
'H EMR 6 (CD&) 1.14 (3H, d), 1.20 (3H, s), 1.60 (6H, br s), 2.40 (2H, m), 3.50-4.60 CSH"m ’ 
3 x OH D40 exch), 6.17 (lH, m), 7.15 (lH, m), 7.23 (lH, ml. It was further characterized'as' 
the d&et&e (lob), prepped with acetic anhydride and pyridine. (m Found: 308.1620. 
C I,I&~O~-H~O requires 308.1623). 
1215, 1010, 905, 870 a~-'. 

IR KY&,) 3600, 3700, 2950, 2930, 2850, 1735, 1365, 1255, 
'H t@fR 6 KECl,) 1.08 (3H, s), 1.11 (3H, d), 1.98 (6H, s), 2.32 

(2H, m), 4.60-4.95 (2H, m), 6.12 (l.H, m), 7.10 (2H, m). 
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Reduction of the Tertiary Alcohol (2f). The alcohol (2f) (100 mg, 0.38 -1) in TIiF (1 ml) 
was reduced with Li (40 ng, 5.76 rmpl) in NH3 (10 ml) for 3 h. Prepenative TLC (ether/light 
petxoleun,4:1) gave starting material (19 mg, 19%) and (4R,6R)-9-(funar+3'-yl)-2,6_dimethyl- 
m~ne-2.4_6-triol(5e) (61 me. 60%) as a viscous oil. (Found: C. 66.4; H, 9.6. C1sH260,, - ~.~~~.~~. ..-.-_- , 
requires: C, 66.6; H, 9.7%). IR (film) 3400, 1510, 1160, 1025;875, 865;785 cm-l. lH NMR 6 
(Ccl,) 1.1, 1.2, I.3 kxh 3H, s), 2.4 (2H, m), 4.3-4.7 (4H, m,, 3 x OH D,O exch), 6.2 (IH, m), 
7.2 (lH, m), 7.3 (lH, m). m/z 270 CM), 268, 252, 237, 234, 219, 216, 179, 178, 161, 153, 135, 
134, 125, 95, 94 (1001, 87,-85, 83, 82, 81, 79, 59. 

Reduction of the Tertiary Alcohol (2g). A soln of the alcohol @g) (100 mg, 0.40 ml) in THF 
31 ml) was reduced with L,i (35 mg. 5.04 mrpl) in NH, (10 ml) for 3 h. PrepaMtive TLC (ether) 
gave starting material (18 mg, 18%) and (3S.5R)-8-&en-31-yl)-2,5xH.meth~loctane-2,3,5-triol 
(5f) (63 mg, 62%), m.p. 79-82", sublimed 7S"/0.001 mn. (Found: C, 65.7; H, 9.7. C1*HzrOc 
requires: C, 65.6; H, 9.5%). IR (CHCl,) 3650, 3400, 2925, 1600, 1495, 1455, 1370, 1150, 1100, 
1015, 945, 895, 870 on-l. lH NMR 6 (CD&) 1.10, 1.13, 1.16 (each 3H, s), 1.35-1.60 (6H, m), 
2.40 (2H, m), 3.60 (lH, t, J=6 Hz), 6.15 (lH, m), 7.10 (lH, ml, 7.22 (IH, m). '"C NMR 6 (CDCl,) 
23.6 (q), 25.3 (t), 26.5 (q), 29.1 (q), 40.0 (t), 40.5 (t), 72.9 cd), 73.6 (s), 111.1 cd), 125.0 
(s), 139.2 k), 143.1 (s). m/z 256 (M), 238, 153, 152, 135, 129, 95, 94, 91, 82, 81, 71, 43 (100). 
A fnxtion (5%) with m fur& &ton nzso~n ces was also isolated. 

preparation of the Tetrahydrofuran Derivative (6a). ‘Ike alcohol (Sb)l' (90 mg) was reduced with 
I (1 maol)] in ethanol for 3 dsys. Isolation and prepare- Pa-Nii9 [ psred fawn nickel acetate 

tive TLC (Eger/kxane, I:31 gave starting material (15 mg, 17%) and-(2R,2'R,5'S)-l-CS1-(fuDan- 
3"-yl)-2'-nmthyltetrahvcbofuran-2'-vl]-4-methvloentan-2-ol @a) 
b.D. 110°/0.05 mn (block). (Fcund: C. 72.1; H. I 

(70 mg, 77W, as a colourless oil, 
1.1; HPMS 252.1729. C15H2+03 requires: C, 

71:4; H, 9.6%; 252.1725). IR (film1~3500, 3158, 1600, 1505, 1160, 1025, 920, 880; 785. lH.NMR 
6 (ccl,,) 0.88 (6H, d, J=6 HZ), I.23 (3H, s), 3.3 (lH, br s), 3.84 (lH, ml, 4.80 (lH, t, J-6.8 
Hz), 6.25 (lH, m), 7.22 (2H, ml. m/z 252 (Ml, 234, 219, 177, 152, 151 (loo), 135, 134, 133, 110, 
107, 97, 95, 81, 79, 77, 69. -- 

mtitive Reduction of the Tetrabydrofuran (6s) and the Oxepane (3). A mixture of (6a) (52 mg) 
and (3) (52 ~1 in THF (12 ml) was reduced with L.i (20 mn) in NH, (70 ml) for 1 h. Preparative 
TLC (ether/h&e, 4:l) gave the tetrahydrofuran (Sal (3_mg, 6%); the oxepene (3) (45 mg, 90% 
recovery) end the diol (5a) (50 mg). 

Reduction of the Tetrah~furan (11). A soln of (II) (105 mg, 0.76 nnol) end butyl nonyl ether 
(60 IIILI) in THF (3 ml) was enalvsed bv GLC (Colunm A, 120-200° at SO/min). The soln was added 
over ? min to Li (90 mg, 12.97-rmpl)-in NH, (40 ml)-end the reduction was terminated after a 
further14min. GIL on the crude ether extract shz+ed starting material (< 1%) end alcohol (14a) 
(93%). PrepaMtive TLC (ether/light petroleum, 1:l) gave 4-(furen-3'-yl)butan-l-o1 (14a) (94 mg, 
90%), b.p. 35'=/0.002 mn (black). (Found: C, 68.6; H, 8.6. CeHlzOz requires C, 68.6; H, 
8.6%). IR (film) 3400, 2970, 2890, 1505, 1160, 1065, 1030, 880 cm-'. 'H NMR 6 (CCL,) 1.30-1.80 
(4H, ml, 2.37 (2H, ml, 3.64 (lH, De0 exch), 3.8 (2H, m), 6.10 (lH,m), 7.03 (lH, ml, 7.16 (lH, 
m). m/z 140 (Ml, 95 (1001, 94, 82, 81, 69, 53, 41. 

Rednction of Tetrahm (IS). A soIn of the tetrehydropynan (12) (150 mg, 0.99 mrol) end 
butyl nonyl ether (71 mg) in THP (3.9 ml) was subnitted to GLC analysis (Column B, 7S" (kc- 
thenmiL5mi.n) - 1510~ at 6°/min). The above soln was added overlminto a stirred soln of Li 
(120 mg, 17.3 -1) in NH, (50 ml). 'Ihe reduction was terminated after a further I4 min and 
the crude ether extract was submitted to GIL analysis (Calm B, 7S" (isothennxl 5 min) - 150° 
at 6O/min). The GIL data revealed starting material (76%) and alcohol (14b) (18%). Px-epxetive 
TLC (ether/light p-etx-olelrm, 1:3) gave starting material (97 mg, 65%) end 5-(furen-3'-vlkentan- 
m (14b) (26 mg, 17%), b.p. 45'=/0.002 nm (block). (Found: C, 70.5; H, 8.8; HIUIS 154.0933. 
C3HLr02 requires: C, 70.1; H 
1160, 1065, 1025, 870, 780 cm-'. 

9.2%; 154.0994). IR (film) 3350, 2925, 2850, 1505, 1460, 1380, 
'H NMR 6 (CD&) 1.20-1.90 (7H, m), 2.36 (2H, m), 3.51 (2H, t 

J=6 Hz), 6.11 (lH, m), 7.05 (lH, ml, 7.17 (IH, ml. m/z 154 CM), 95, 94, 82, 81 (IOO), 69, 67, -- 
53, 40, 38, 31. 

Reduction of Ox- (13). A soln of the oxepane (13) (125 mg, 0.75 ml) and butyl nonyl ether 
(62 mg) in THP (3 ml) was submitted to GLC analysis (Calm B, 75O (isothermal 4 min) - 150° at 
6°/mi&. Theebove solnwaseddedoverlmintba stirred soinof L.i (92 mg,13.3mnzL) inNH, 
(40 ml). The reductionwastermitntedaftera further 14 min and the crude ether extract was 
submitted to GIL ahdlysis (Cc&am B, 75" (isothermal 4 m.in) - I5Oo at 6O/min). The GLC 
revealed starting material (85%) end alcohol (14C) (13%). Preparative TLC (ether/light petrc- 
lem, 1:3) gave starting materiel (93 mg, 74%) and 6-(furmn-3'-vl)-hexan-I-o1 (14C) (17 n\g, 13%), 
b.p. 45'=/0.008 nm (block). (Found: C, 71.7; H, 9.4. C10H1602 requix-es:C, 71.4; H, 9.6%). 
IR (film) 3350, 2925, 2820, 1500, 1460, 1380, 1160, 1020, 870, 775 an-'. lHNMR6 KDcl,) 
1.15-1.65 (8H, m), 1.85 (IH, br 6, OH), 2.32 (2H, m), 3.50 (2H, t, J=6 Hz), 6.12 (lH, m), 7.05 
(lH, m), 7.20 (IH, m). _ _ m/z 168 CM), 95, 94, 82 (IOO), 81, 67, 53, 41, 39, 31. 
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CaDetitive Reduction of compounds (11) - (13). A sol.n of (Xl), (12) and (13) (170 mg) and 
butyl nonyl ether in 'IWF (4 ml) was analysed bv GLC (Cc&mm A, IOO-200° at 6°/min). 'Ihe four 
cc&one& ware observed in a ratio of 1,02:1.3:1.3:1, respectively. The soln was added over 
1 min to a stirred soln of Li (105 mg, 15.1 nnrol) in NH, (50 ml). The reduction was terminated 
after a further 11 min and the crude ether extract was submitted to GLC analysis (Colurrm B, 75O 
(isothermal 4 min) - 150° at 6°/min and Column A for the detection of (ll) only, IOO-200° at 
6O/min). GLC revealed (l.l.) (< I%), (12) (88%), (13) (87%) and the corresponding cleavage 
products (14a) (98%), (14b) (10%) and (14c) (8%), respectively. 

Canoetitive Reduction of Tetrabm (12) and Methyl Ether (14d). A soln of the tetrahydro- 
~vren (12) (13.5 nnz. 0.10 ml). mathvl ether (14d) (18 me. 0.08 no11 and butvl nonvl ether 
18.8 ng) in THF tOT5 ml) was s&nit& to GLC analysis (&&mm B, 75O (isotherkl 5 &.n) - 200° 
at 6°/min). The sol.n was added over 0.5 min to a stirred soln of Li (20 mg, 2.88 mrrol) in NH, 
(IO ml). 'lhereductionwstemrinatedaftera further16.5 minand the crude etherextractwas 
analysed by GLC (Cc&mm B, 75O &othennaI 5 min) - 200° at 6°/min). GIL revealed (12) (68%), 
(14d) (78%) and the corresponding cleavage products (14b) (30%) and (14n) (15%), respectively. 

Reduction of Acetal Akchol (lb). (i) A sol.n of the alcohol (lb) (58.5 mg, 0.32 mrpl) and butyl 
nonyl ether (16.5 mg) in 'IHF (0.75 ml) was submitted to GIL analysis (Column B, 75O (isothermal 
3 min) - l9Oo at 6°/min). The above soln was added overlminto a stirred s0l.n of Li (22 mg, 
3.17 mnol) in NH, (IO ml). The reduction was t enninated after a further 14 min and the crude 
ether extract was analysed by GIL (Cokmn B, 75O (isothermal 3 m.in) - 190" at 6O/min). lhe GLC 
data revealed alcohol (148) (55%), 2,Sdihyd~ofuran (15a) (IO%), starting material (lb) (3%) and 
diol (14f) (13%). GIL-ME data (Calm C, 160° (isothermal 5 min) - 230" at 5O/min) on mnponent 
(15a) shaJed m/z 128 (Ml. -- 

Preparative TLC (ether/light petroleum, 4:l) gave 2,5-dihytifuran (16s) (5 mg, 8%). 
(HiW9 Found: 128.0838. CPH~ZOZ requi.res:128.0837). 'H NMR 6 (ClXl,) 1.10 (lH, s, D20 exch), 

1.50 (2H, m), 2.15 (2H, m), 3.60 (2H, t, J=5 Hz), 4.50 (4H, br s), 5.50 (IH, br s). "C NMR 6 
(CDcl,) 23.7 (t), 30.9 (t), 62.7 (t), 76.3 (t), 119.6 cd). (15s) was not further investigated. 

(ii) In a larger scale reaction a soln of the alcohol (lb) (300 mg, 1.63 -1) in 'IXF 
(4.8 ml) was added dropwise over 5 min to a stirred soln of Li (115 mg, 16.57 ~1) in NHrM, (50 
ml). The reductionwasterminatedaftera further13 min. Preparative TLC (ether/light petro- 
leum, 4:l) of the crude material (210 mg) gave starting material (7 mg, 2%) and 3-(furan-3'-yl)- 
;~~xIP;"~ (148) (113 3, 55%), b.p. 45'=/0.5 mn (block). (Found: C, 66.1; H, 8.0; HRMS 

115;), 1050, 
C7H1002 x-equires:C 66.6; H, 8.0%; 126.0681). 
1020, 870 cm-'. 

IR (film) 3360, 2960, 2890, 150; 
'H NlR 6 (CDCl,) 1.80 (2H, m), 2.45 (2H, t, J=7 Hz.), 3.06 (IH, 5, 

DzO exch), 3.52 (2H, t, J=6M), 6.10 (IH, ml, 7.05 (lH, m), 7.16 (IH, m). m/z 126 (M), 82, 81, 
44 (1001, 40, 34, 32. 

-- 

The low Rf fraction was 3-(funan-3'-yl)-3-(2"-hydxoxyethoxy)propan-l-o1 (14f) (59 mg, 19%), 
b.p. 80"/0.002 mn (block). (Found: C, 57.7; H, 7.2; HR?lB:186.0893. C 9H1rO1, requires: C, 
58.0; H, 7.6%; 186.0892). IR (film) 3400, 2960, 2880, 1500, 1150, 1100, 1050, 1020, 870 cm-'. 
'H NMR 6 (CD&) (2H, 2.02 m), m, OH, D,O exch), (IH, dd, 3.40-3.90 (8H, 2 x 4.50 J=5, 7 Hz), 
6.30 (IH, m), 7.26 (2H, m). m/z 186 (Ml, 141, 122, 97, 95 (IOO), 94, 66, 65, 43, 41. -- 

Reduction of AcetaI Alccbol (Id). (i) A soln of the alcohol (Id) (56.5 mg, 0.29 -1) and butyl 
nonyl ether (II.2 mg) in THF (0.75 ml) was anaIysed by GLC (Cc&mm B, 7S" &othennal 3 min) 
- l9Oo at 6°/min). lhe above s0l.n was added over 1 min to a stirred soln of Li (24 mg, 3.46 ~1) 
inNH, (1Oml). The reduction was t exminated aftera further14 min and the crude ether extract 
was submitted to GIL analysis (Colunm B, 75O &othernml 3 m.in) - 190° at 6°/min). The GLC data 
revealed alcohol (14g) (48%), 2,5-dihydrofuran (l5b) (5%), starting material (28%) and diol (14h) 
(10%). GLC-MS data (Calm C, 160° (isothermaI 5 min) - 230° at 5°/min) on canpment (1Sb) 
showed m/z 142 CM). -- 

(ii) (14g) and (14h) were isolated fmn a larger scale reaction. The alcohol (Id) (200 mg, 
1.01 mnol) in lliF (3 ml) was added droIa&se over 5 mi.n to a stirred soln of Li (70 rrg, 10.09 nnkol) 
in NH3 (30 ml). The reduction was terminated after a further 13 min. Preparative TLC (ether/ 
light petroleum, 4:l) gave starting material (68 mg, 34%) and 4-(furan-3'-yljbutan-l-01 (14g) 
(59 mg, 42%), identical with the sample obtained frwn the Li in NH, reduction of tetrahydrofuran 
(11). 

The 1~ Rf fraction was 4-(fuMn-3'-yl)-4-(2"-hydroxvethoxy)butan-l-ol (14h) (30 mg, 15%), 
b.p. 85°/0.002 mn (block). (Found: C, 58.7; H, 8.2. C~OH~~O+~H~O requires:C, 58.7; H, 8.1%; 
ti: 200.1060. C1~H160, requires: 208.1049). IR (film) 3400, 
1055 1020 870 an-l lH 

2960, 2890, 1508, 1150, 1100, 

(6H,'m), 4r30 (lH, t; J=7 
WR 6 (CDcl,) 1.40-1.90 (4H, m), 2.76 (2H, br D,O exch), 3.30-3.77 
Hz), 6.29 (IH, m), 7.30 (2H, m). m/z -- 200 (Ml, s, 155, 141, 97 (IOO), 95, 

79, 77, 45, 44, 39, 32. 
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Qxpetitive Reduction of Acetal Alcohols (lb) and (Id). A soln of (lb) (53.7 w, 0.29 ml), 
(id)(S2 n\g, 0.26 n01) and butylnonyl ether (13.9 mg) in 'l?IF (1.5 ml) was analysed by GE 
(Colurrm B, 75“ (iscthexmsl 3 min) -1900 at 6”/min). The above soln was added.over 1 min to a 
stirred S&I of Li (40 ng, 5.76 nm11) in NH, (20 ml). The reduction was termvlated after a 
further 14 min and the crude ether met was subnitted to GLC analysis (Column B, 75" (iso- 
t-1 3 min) -190° at 6O/min). lhe Gu: data showed alcohol (14e) (52%), 2,S-dihydrofuran 
(15a) (la%), starting material (lb) (3%) and diol (14f) (12%) for (lb) and alcohol (14g) (SO%), 
2,S-dihyhfuMn (15b) (2%), starting material (Id) (33%) and diol (14b) (12%) for (Id). 

Carpetitive Reduction of (lb) and (If). A mixture of (lb) and (lf) (160 mg) and butyl nonyl 
ether m THF (2.2 ml) was &nutted to GLC analysis (Column B, 7S" (isotheml 4 min) -200“ at 
6O/min). The three ments were observed in a ratio of 5.34:5.89:1, respectively. The soln 
was added over 1 min to's stirred soln of Li (80 mg, 11.53 mrol) in NH, (30-ml). The reduction 
was te &ted after a further 14 min and the crude ether extract was analysed by GIX (Column B, 
7S" (is&he-l 4 min) -200“ at 6O/min). The GLC data showed alcohol (14e) (38%), 2,5-dihydro- 
furan (15a) (18%), starting mterial (lb) (2%) and diol (14f) (16%) for (lb) and alcohol (141) 
(41%). startine mterial (lf) (43%). diol (14j) (13%) for (If). Alcohol (141) and diol (14j) 
are c&.nacteri&d belckl. 

Reduction of Benzyloxy Acetal (le). A soln of benzyloxy acetal (le) (84 mg, 0.30 rrmol) and 
butyl nonyl ether (22 ) mO.75 ml) was subnitted to GLE analysis (Colunn B, 75O (iso- 
thermal 3 min) -190° a?6O&). The above soln was added over 1 min to a stirred soln of Li 
(20 me. 2.88 mn>l) in NH, (10 ml). The reduction was texminated after a further 14 min and the 
crude ether extract was &bnitted to GLC andlysis (Colunm B, 75' (isothermal 3 min) -190° at 6O/ 
mill). The GE data revded alcohol (141~) (41%). bibenzyl. parent alcohol (Id) (43%) and diol _ 
(14h) (1%). 

Reduction of Benzyloxy Acetal (lg). A soln of benzyloxy acetal (lg) (220 mg, 0.70 ml) and 
butyl nonyl ether (55 mg) in THF (1.75 ml) was sub&ted to GLC analysis (Column B, 75O (iso- 
them1 3 min) -220° at 6O/min). l'he above soln was added over 1 min to a stirred soln of Li 
(55 rr(g, 7.93 mrol) in NH, (20 ml). The reduction was te rminated after a further 14 min and the 
crude ether extract was suhnitted to GLC analysis (Column B, 7S" (isothermal 3 min) -220" at 
6'=/min). The GLC data revealed alcohol (141)- (29%), bibenzyl, parent alcohol (If) (54%) and 
diol (14j) (16%). -paMtive TLC (ether/light petroleum, 4:l) gave alcohols (141) (37 mg, 31%) 
and (If) (79 mg, 50%) (identical with authentic samples above) and a low R 
3'-yl)-6-(2"-hy dxvxyethoxy)hexan-l-o1 (14j) (26 mg, 16%). (HlWS Found: 22 .1357. Q 

fraction, 6-(furan- 
ClzHzoOr 

requires: 228.1362). IR (film) 3400, 2940, 2860, 1505, 1460, 1160, 1110, 1060, 1020, 910, 870 
In-l. lH NMR 6 (al,) 1.25-1.85 (8H, m), 2.00 (2H, br s, D,O exch), 3.30-3.70 (6H, m), 4.25 
(lH, t, J=6 Hz), 6.30 (H, m), 7.31 (2H, m). 

yi;iv&Reduction of Benzyloxy Acetals (lb) and (lg). A soln of (lb) (40.5 mg, 0.15 ml), 
( ) (7 0.12 ~1) d butyl nonyl ether (15 mg) in THF (0.75 ml) was mtted to GLC 
analysis (C&mm B, 75O (?&thermal 4 min) -220° at 6"/min). The soln was added over 1 min to 
a stirred soln of Li (23 mg, 3.31 ml) in NH3 (10 ml). The reduction was terminated after a 
further 14 m_in and the crude ether extMct was stitted to GLC analysis (Column B, 75" (iso- 
thermal 4 min) -220° at 6O/min). The GLC shcwed alcohol (14e) (70%), parent alcohol (lb) (4%) 
and diol (14f) (12%) for (lb) and alcohol (141) (29%), parent alcohol (If) (49%) and diol (14j) 
(17%) for (lg). Bibanzyl was also evident by a. 

Reduction of Al-1 (140) to l-(FUran-3'-yl)-butane-1,4diol (14k). Alcohol (140) (2.13 g, 
8.66 mrpl) in dry 'IW (25 ml) was added to a stirred soln of liquid NH, (300 ml, distilled) and 
Li (1 g) at -78O. The blue soln was stirred at -78O for 30 min, isoprene was then added to 
discharge the blue colour and the NH, was all-d to evaporate. H,O (20 ml) was added and the 
mixture was extracted with CH,Cl, (5 times), dried and evaporWed under reduced pressure to 
yield a pale yellow oil. Flash mtography (ether/light petroleum, 1:l to 1:0) gave l-(furan- 
3'-yl)-butane-1,4-dial (14k) (1.15 g, 85%). (HWS Found: 156.0784. CeH~203 requires: 156.0786). 
IR (film) 2350 2925 2850, 1500, 1155, 1040, 1020, 870 cm-'. lH EMR 6 (CWl,) 1.75 (4H, m), 
3.30 (2H, br, l&O e.x&), 3.58 (2H, m), 4.60 (lH, m), 6.30 (lH, m), 7.26 (2H, m). m/z 156 (M), 
138, 110, 97 (loo), 69, 41, 39. This sample was used without further puriflcationT_ 

Cyclization of Dial (14k) to Tetrahytifuran (11). Diol (14k) (1.12 g, 7.18 mnol), ptoluene 
sulfonlc acid (80 mg) in CH,Cl, (250 ml) containing 4A sieves, was stirred at 0" under N, for 
2 h. ?he soln was sti.rzed at 2S" for a further 24 h. washed with NaHco, (10% aqueous. 50 ml). 
driedandevapox&edunderreduced pressure to yield-3-(tetn&yhf--?I-yl)fu&n (li) (975 'mg, 
98%), b.p. 92-96='/22 mn (block). (Found: C, 69.8; H, 7.5. CIH~~,OZ requires C 69.6; H, 
7.3%). IR (film) 2975, 2860. 1600, 1500. 1155, 1050, 1020, 875 an-'. 'H NMR 6 iCE1,) 2.00 
(4H, m), 3.95 (2H, m),-4.85 <lH, mj, 6.40 (lH,-m), 7;38 (2H, m). 13C NMR 6 (CDcl,) 28.0 (t), 
32.8 (t), 68.1 (t), 73.7 (d), 109.1 (d), 127.5 (s), 139.4 (d), 143.5 (d). 
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preparation of f&enzyloxy-1-(fursn-3'-yljpentan-l-one (16b). lhe reaction has done using 
furan-Lcar~lic acid (4.48 g, 40 mnol), Mebi (40 mnol) 1-benzyloxy-4-chlorobutane [prepared 
from 4-benzyloxybutano120 with Ph,P and CClrzl in 86% yield, b.p. 78-800/0.5 mn (lit." 75O/ 
0_7111n)] (9.9 g, 50 mx11) and Li alloy (2% Na, 750 mgl by the literature method.' After 1 h at 
-45O and 8 h at -30° to -20°, isolation gave a yellow oil. Chxmstography on alumina (ether/ 
light petroleum, 1:l to l:O)-gave 5-benz;laxy-l-(f~-3'-yl)pentan-?-one-(16b) (2.85g, 27.6%1, 
b.p. 88-90°/0.005 mn (block). (Fad: C, 74.5; H, 7.2. ClsHlaO, requires:C, 74.4: H, 7.0%). 
IR (film) 
700 cm-' 

3120, 3050, 3020, 2925, 2850, 2750, 1675, 1600, 1560, 1505, 1450, 1150, 1100, 870, 735, 

7.35 (5H; 
iH NMR 6 (CD&) 1.72 (4H, ml, 2.75 (2H, m), 3.48 (2H, m), 4.48 (2H, s), 6.75 (lH, m), 
s), 7.39 (lH, m), 8.00 (lH, m). m/z 258 (Ml, 215, 167, 152, 123, 95 (1001, 91. -- 

Reduction of Ketone (16b) to Alcohol (14~). Ketone (16b) (2.5 g, 9.69 ml) was reduced with 
N&HI (200 mg) in &OH (50 ml). Workup as before gave 5-benzyloxy-1-(fur-an-3'-yl)pentan-l-o1 
(14~) (2.5 g, 99%). WWS Found: 260.1414. C16H200) requires: 260.1412). IR (film) 3400, 3075, 
3050, 3025, 2925, 2850, 1600, 1500, 1450, 1360, 1155, 1100, 1020, 870, 730, 700 cm-l. iH NMR 6 
(CDCl,) 1.60-1.96, 7H;l x OH, D,O exch), 3.45.f2H, m), 4.42 (2H; s), 4.60.(lH, ml, 6.34 (lH, ml, 
7.25 (7H, s). m/z 260 (Ml, 188, 151, 97 (loo), 92, 91. 
prepare (141). -- 

This pxcduct was used directly to 

Reduction of Alcohol (14~) to give Diol (141). Alcohol (14~) (2.45 g, 9.42 mrpl) was reduced 
with distilled liquid NH (400 ml) Li (1 g) and dry THF (50 ml) at -78O for 1 h. Workup as 
above and flash chmnato&aphy (e&r/light petroleum, 1:l to 1:O) gave 1-(furan-3'-yl)pentane- 
1,5_diol (1411 (1.12 g, 70%). IR (film) 3350, 2940, 2855, 1500, 1160, 1060, 1020, 875 on-'. 
'H NMR 6 (CD&) 1.38-1.88 (6H, m), 3.15 (2H, D,O exch), 3.63 (2H, m), 4.60 (lH, t, J=5 Hz), 
6.35 (lH, m), 7.35 (2H, m). m/z 170 (M), 151, 97 (loo), 95. This diol (141) (1.10 g) was 
cvclized directlv in CHXL (75n ml) containinn TsOH (100 IIUX) and 4A sieves with stirrinn under 
N; for 6 h at O"*and th& I2 h and 200. Isol&on gave 2-(?m-3'-yl)tetrahydxopyran (I21 
(895 mg, 91%1, b.p. 130-133'='/20 nnn (block). (Found: C, 70.9; H, 8.1. C9H1202 requires: C, 
71.0; H, 8.0%). 
790, 760 cm-'. 

IR (film) 3140, 2930, 2850, 1600, 1505, 
'H NMR 6 (CDCl,) 1.38-1.85 (6H, m), 3.55 

1440, 1270, 1205, 1160, 1090, 905, 875, 
(lH, m), 4.05 (lH, m), 4.25 (1H; m), 

6.38 (lH, m), 7.36 (2H, m). m/z 152 (Ml, 151, 95 (100). -- 

preparation of f3-Benzyloxy-1-(furan-3'-yljhexsn-l-one (l&o). The reaction was done using furan- 
3-carboxylic acid (4.48 g, 40 nol), MeLi (40 mnol), 1-benzyloxy-5-chloropentane [prepared frun 
5-benzyloxypentano120 with Ph,P and cCls21 in 73% yield, b.p. 67-69°/0.005 mn (lit.22 86O/O.l mn)] 
(10.5 g, 49.5 -1) and Li alloy (2% Na, 750 mg) by literature method.' After 3.5 h at 30° to 40° 
and 12 h at 20°, wor)cup gave a yellow oil. Chmnatogrsphy on alumina (ether/light petroleum, 2:3 
to 1:O) save 1-benzvloxvnsn tane (6 n) CIH NMR 6 (CDL) 1.88 (3H. br t). 1.10-1.80 (6H. m). 
3.40 (2H; br t), 4.30 t?ii, s), 7.20-(58, s)] and 6-ben~yloxy-l-(f&an-3'~yl)hexan-l~ne~(16& 
(2.85 g, 26.2%), b.p. 130-133°/0.006 nm (block). (Found: C, 75.0; H, 7.3. C17H200) requires: 
c, 75.0; H, 7.4%). IR (film) 3110, 
870, 735, 695 an-'. 'H t@fR 6 (CDCl,) 

3050, 3010, 2920, 2840, 1675, 1560, 1510, 1450, 1150, 1100, 
1.50-1.85 (6H, ml, 2.72 (2H, brt), 3.48 (2H, br t), 4.48 

(2H, s), 6.70 (lH, m), 7.26 (5H, sl, 7.36 (lH, ml, 7.95 (lH, m). m/z 272 CM), 222, 186, 95 (1001, -- 
91, 65, 39. 

Reduction of Ketone (161~) to Alcohol (14). Ketone (Xc) (2.5 g, 9.19 mnol) was reduced with NaBH, 
HRMSzun~ (250 ) MeOH 274.1565. (50 ml) C,,H220,p~~&s: ~zylcxy-1-(furan-3'-yl)hexan-l-01 274.1569). IR (film) 3400, 3090, (14) 3060, (2.5 g, 99%). 

3030, 
1450. 1365. 1160. 1100. 1025. 875. 795. 740. 700 can-'. 'H NMR 6 

2940, 
2850. 1600. 1505. 1495. (ClXl,) 
1.18-1.85 i9H, ml 1 x CH, D,b exchj, 3.46 (2H,-br t); 4.42 (2H; s),'4.50 (lH, m). 6.26 (lH, rn): 
7.20 (7H, s). m/z 274 (Ml, 183, 165, 97 (1001, 92, 91, 41. -- 

Reduction of Alcohol (14q) to Dlol (14m). Alcohol (14q) (2.48 g, 9.05 nn~11) was reduced with 
distilled liauid NH, (400 ml) axI Li (1.5 JZ) at -78O for 1 h. Isolation and preparative TLC 
(ether) gave'l-(fur&-3~-yl)-hexane-l,6-di~l (14s1) (1.35 g, 81%). (HRMS Found: ‘184.1098. 
C1oHIGO, x-equxes: 184.1099) IR (f1l.m) 3350, 2940, 2850, 1505, 1160, 1055, 1025, 910, 875 cm-'. 
lH W? 6 (CD&) 1.35-1.85 (8H, m), 2.65 (2H, D,O exchl, 3.59 (2H, br t), 4.62 (lH, t, J=6 Hz) Hl; 
6.37 (lH, m), 7.33 (2H, ml. m/z 184 CM), 167, 97 (1001, 95, 81, 41. -- 

Cyclieation of Diol (14m) to Oxepane (13). Diol (14m) (1.2 g, 6.52 nnxol) in C&Cl, (250 ml) 
wnamg TsCH (100 mgl and 48 sieves was stirred under N, for 5 h at O" and then at 15O for 36 h. 
Isolation and preparative TLC (ether/light petroleum, 1:9) gave 2-(furan-3'-ylloxepane (13) (685mg, 
63%), b.p. 135O/18 mn (block). (Found: C, 72.3; H, 8.5. CloH11,Oz requires: C, 72.3; H, 8.5%). 
IR (film) 3140, 2945, 2850, 1600, 1505, 1165, 1120, 1040, 1025, 880 cm-'. 'H m 6 (CIKl,) 1.40- 
1.85 (8H, ml, 3.62 (2H, ml, 4.50 (lH, ml, 6.35 (lH, ml, 7.34 (2H, ml. m/z 166 (Ml, 97, 96, 95 -- 
(1001. 

Prepsration of 3,3-Ethylenedioxy-S-(furs+8'-yllpropsn-l-o1 (lb). The t3-keto ester (16d) was 
prepared" frwn monoethyl nmlcnate and furan-3-carbonyl chloride. A mixture of I-keto ester (16cll 
(3 g), ethylene glycol (8.91 g) and TsOH (120 mg) in 1,2_dichloroethane (60 ml) was heated 
under reflux for 15 h under N, in a system equipped with a modified Dean and Stark apparatus 
in which the solvent passed through a short calm of 4A sieves before returning to the 
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