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Abslnact The factle as well as regto- and stereoselecttve reacttvtty of 3-C-ethynyl-1.2 5,6-dt-O-tsopropyltdene-a-D- 
alloftuanose denvarrves for LtAlH4 redactron tnto the correspondtng ethenyl dertvattves were tnvesttgated The eflect 
of oxygen atoms on the reductton ts dtscussed by means of semt-emptrtcal MO calctdatton 

LlAlH4 reduction of propargyl alcohol systems IS among simple and convement entnes to ally1 alcohols 
and has been widely used m a number of natural product syntheses 1 One of the drawbacks of tins 
tmnsfonnatlon IS that regmchernlcal outcome of the reaction usually vanes depending upon ather the substrate or 
the reaction condltlons 2 Interestingly enough, however, we found that 3-C-ethynyl-1,2 5.6~ch-O-lso- 
propyhdene-a-D-allofuranose 1 and its alky1ate.d denvatlves were so reactive toward the. LlAlH4 reduchon that 
the correspondmg ethenyl denvatlves were prepared under mtld con&ions (at 0 “C or even below) through 
stereo- and regloselectlve mtroductlon of the hydnde as shown m the Scheme 1 34 This facile and selechve 
reactivity prompted us to investigate the mtrmsuz natures, especmlly of the effects of oxygen atoms, m 1 

1) LtAIH, 

THF, 0°C 

2) *H20 
t 

99 % 

Scheme 1 

Corey et al 2 reported some uncertainty of the regiochemlcal outcome that reduction of a long-chain 
propargyl alcohol with LiAlH4 m THF, followed by hydrolysis with 2H20, resulted m giving a mixture of ally1 
alcohols substituted with a deutenum either at the y-position or at the p-position to the OH group m varymg raho 
of regolsomers from one expenments to another Dependency of the re@ochemlstry upon the baslcity of the 
solvent was described by DJerassi et al ,5 who suggested a possible reaction mechanism Denmark et al 6 also 
described partuzlpatlon of oxygen atoms m the reduction of propargyl alcohol systems with Red-AP 
([(CH30CH$ZH20)2AlH2]Na) Borden7 suggested a five-membered ate-complex for the mtermedlate. m such 
reactions where the y-deuterated olefins are formed by 2H20 quench However, under such con&tons that p- 
deuterated olefins are formed by 2H20 quench, it seems less likely to form a four-membered ate-complex The 
mechanism suggested by Djerassi et al seems plausible in these cases 5 
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Table 1 LlAlH4 Reduction of Propargyl Alcohols 

a 

Propargyl Alcohol Producta 

4 

Ho % =3 5 

I -I 

+ 
7 8 

HO 

0 

* 11 
HO 

TMS 
7 

13 
HO 

Condlhonsb Yield’ 

rt, 3 h 94 %d 

rt, 3 h No Reachon 

rt, 3 h No Reactlon 

rt, 2 h No Reactlone 

reflux, 7 hr 28 % 

rt, 3 hr 93 % 

12’ 

(*H) HO 

rt, 1 hr 68 % 

14 
*H HO 

rt, 1 hr 76% 

15 
OCH, 

17 

OCH, 

rt, 2 hr 65 %g 

16 
HO 

1E rt, 3 hr 65 %g 

“Structures are shown m the case ot quenchmg the reacttons wti ‘1 
DAll reacttons were camed out m THF 

See expenmental ‘Yields are mdlcated m the case of quenchmg the reachons wth Hz0 
dSee ref 8 

%eacetylated product was obtamed ‘The deuterated posltlon was vaned dependmg on the source of the reducmg 

agent m this case gYlelds were. determmed by NMR spectra 
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Since our particular compound 1 reacts with LIAIH~ quite readily with high regloselectlvlty. we first 
compared reactlvlhes of vanous tertiary acetylene carbmols under standard conditions (room temp, 5 mol eq 
LIAIHJ m THF solvent) First, the homologs of 1,3-C-(3-methylbut-l -ynyl)- 1,2 5,6-dl-O-lsopropyhdene-a-D- 
allofuranose 2 and 3-C-(propyn- 1 -yl) analog 3 were proved to be reduced readily under these condltlons or at 0 
“C m the presence of I 5 eq of LIAIH~ 8 In contrast, two ethynyl carbmols, 1 e 1 ethynylcyclopentanol 4 and 
3P-ethynylcholestanoi 59, and an internal acetylene, cholest-5-en-23-yne-3,25-diol 30acetate 69.10 were 
unreactive and no olefimc products were obtained under the same reaction conditions As an exception, l-(3- 
methylbut-1-ynyl)-2,5-dlmethylcyclohexanol7 afforded an ally1 alcohol 8 m 28 % yield only under reflux with 
large excess of LIAIH~ These results apparently suggest that the stereochemlcal bulkiness of the nelghbonng 
groups around the acetylemc bond 1s not a maJor cause of these unreachveness, but rather, some specific features 
of 1 and 2 may faclhtate susceptlblhty of the acetylemc bond toward the reduction As might be anticipated, 
ethereal oxygens at the C-5 and C-6 posltlons could play a crucial role through a chelation with metal in the case 
of 1 and 2 as suggested by Denmark 6 Interestingly however, the reduction of a 5,6-dldeoxy analog 9 
underwent quite smoothly to afford a p-deuterated oletin 10 after quenching with *Hz0 What this meant was 
that there must be still other major factor(s) controllmg the reactivity, I e , either the 1,2-0-lsopropyhdene 
oxygens or the furanose oxygen, or both To test this, we further prepared 1 -ethynyl-3-oxacyclopentanol 11 
To our surpnse, this simple oxygen analog of 4 was easily reduced per se to the correspondmg olefin 12 m good 
yield This result strongly suggests an mtnnslc higher reactivity of 11 toward LlAIH4 compared with 4 This 
reactivity might well be due to the electron-withdrawing effect of the C-O bond m the rmg resulting in the 
lowenng the energy levels of the correspondmg frontier orbltals To get some mslght into these reactivity 
differences, we attempted rather simple theoretical calculation of the energy levels involved in the acetylenic 
carbons of these compounds, since the most cruaal step of this reduction would be the transfer of a hydnde into 
the acetylemc bond In other words, It was antlclpated that the reactlvlty of mdrvldual compounds might reflect 
the electron-accepting capability of the LUMOs Calculations were camed out at the seml-empmcal level with the 
MOPAC AM-l programtt and the results are summarized in Table 2 

Table 2 LUMO Level of Pmpargyl Alcohols by AM-I Calculation 

CH,O 

TMS 

+ 
HO HO OCH, HO 

4 11 13 15 16 

LUMO (eV) 1 677 1 416 1 179 1 752 1 672 

Based on a preliminary calculation of the most stable conformation of I-ethynylcyclopentanol, the 
dihedral angle between the O-H group bemg coordinated with the aluminum atom of LlAlH4 dunng the redution 
and the acetylemc bond was determined to be fixed to 60” throughout the present calculation Since the 
carbohydrate denvatlve 1 was not suitable for calculation, rather simple model structures were used 

The energy levels of the acetylemc LUMO of I-ethynyl-3-oxacyclopentanol 11 was lower by 0 26 eV 
than that of I-ethynylcyclopentanol 4 This difference of the LUMO level seemed to be significant and might 
well be attnbuted to the major factor for the higher reactivity of the former compound In this context, we 
anticipated that, m contrast to 1 -ethynylcyclopentano14, 1-(2-tnmethylsdylethynyl)cyclopentanol 13 would be 
susceptible to the LlAla reduction, smce the vacant 3d orbltals of the attached sdrcon would lower the LUMO 
energy level of an acetylemc bond The sdylated compound 13 was subjected to the reduction and tis prediction 
turned out to be the case Thus, 13 was readdy reduced under the standard condltlons to give an olefin 14 m 77 
% yield Thus, although the present study deals only with tertiary carbmols, all the results apparently suggest 
that the reactlvlty of the propargyl alcohol systems toward the LlAlH4 reduction well corresponds to the energy 
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level of the LUMO of the acetylemc bond TheoretIcal reasomng for the lower LUMO energy level of 11 1s not 
clear at present 

Quite mterestmgly, the product 14, after quenchmg the reaction with 2H20, turned out to be deuterated at 
the y-posltlon rather than at the P-poslhon, whtch was rigorously assigned by the tH-tW COSY and 
INADEQUATE expe-nments The reglochemlstry of this particular case was completely opposite to the all 
reactions described above Based on the frontier orbital theory, the reglochemlstry may reflect the LUMO 
coefficients of the relevant atoms This seemed to be the case, smce m every case, except the sllylated acetylene 
13, the absolute values of LUMO coeffclents of the y-carbons are larger than those of the p-carbons as shown in 
the Table 3 The coefficients of 13 are actually reversed However, care must be taken to predtct the 
reglochemlstry of the hydnde mtroductlon based on the difference of the LUMO coefflaents, because It seems 
difficult to assign the border between the slgmficant difference of the LUMO coefficients and the insignificant 
level, and because we expenenced m one experiment that the reglochemlcal outcomes of the reduction of 11 
reversed This might be due to unknown lmpunhes or the freshness of the reducmg agent 

Table 3 LUMO Coefficients of j3 and y-Carbons of Propargyl Alcohols 

13 11 15 
OCH, 

LUMO P -0 5410 0 4745 0 5953 
Coefficient y 0 4894 -0 5134 -0 6408 

To study the effects of the side-cham for the reduction of 1.2 and 3, we prepared model compounds, CIS- 
and trans-l-ethynyl-2-methoxymethylcyclopentanol 15 and 16, which were separately subjected to the standard 
reduction condltlons In either case, reduction underwent slowly to give p-deuterated olefins and starting matenal 
remained even after 18 hr of stlmng However, the reduction did t&e place, which implied some partlclpation of 
the side chain oxygen to the reaction The AM-l calculation as above showed no slgmficant lowenng of the 
acetylene LUMO compared with that of I-ethynylcyclopentanol 5. Therefore, the effect of the side-chain 
oxygen 1s presently attnbuted, as suggested by Djerassi et al 5 and Denmark et al ,6 to the coordmatlon for the 
counter metal of the transltlon state as shown m the Scheme 2 to gam entropically favorable forces A similar 
effect can be extrapolated for 1,2 and 3 

H’ ‘H 
Scheme 2 

In conclusion, the high reactivity and regloselectlvlty of a senes of 3-C-alkynyl-1.2 5,6-dl-O- 
lsopropyhdene-a-D-allofuranoses toward the LlAIH4 reduction can be attnbuted to its mtnnsic architecture In 
addition, although the results described above deal only with L~Alfi reductton of substituted ternary propargyl 
carbmols, this approach may ad to estimate chemical reactnWes of other propargyi alcohols by rather simple 
calculation 
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Experimental 

Melting pomts were measured with a Yanaglmoto BY-I mlcromeltmg point apparatus and are 
uncorrected IR spectra were taken on a JASCG IR-810 or a Hltachl285 Infrared spectrometer tH and t3C 
NMR spectra were recorded on JEOL FX-200, JEOL GSX-270, and/or JEOL GSX-500 spectrometers. 
Deutenochloroform (99 75 % atom ennched, Merck) was used for the NMR solvent throughout tH NMR 
chermcal shlfts were reported m ppm relative to the signal of mtemal tetramethylwlane 1% NMR chemical shifts 
were calculated from the resonance frequency of the center peak (77 0 ppm) of the solvent sIgnal Column 
chromatography was carned out wtth a Kleselgel 60 (70-230 mesh, Merck) All reactions, except for coupling 
reactions of magnesmm acetyhde with ketone, were camed out m an mert (Ar or Nz) atmosphere 

General procedure for LiAIH4 reduction of propargyl afcohok 
A soluhon of propargyl alcohol (1 mmol) m THF (5 ml) was added to a suspension of LlAlH4 (5 eq ) m 

THF (10 ml) at 0°C The mixture was stlrred at room temperature and the reacnon was morutored by TLC 
analysts After the reaction was completed (ca l-5 hr), water (or 2H20) was added, followed by anhydrous 
Na2S04 The Insoluble mater& were filtered and washed wtth ether The filtrate and washmgs were combmed 
and concentrated to dryness The product was analyzed by tH NMR spectroscopy without further punticahon 
Analy~cal samples were obtamed after punficatlon by column chromatography 

(2R*,SR+)-2,5-dimethyl-l-(3-methylbut-l-ynyl)cyc~opentano~ (7) 
A solution of n-BuLt m hexane (57 ml, 1 5 moVl) was added dropwlse to a solution of 1 ,I-Qbromo-3- 

methyl- 1 -butene (10 0 g, 44 mmol) m THF (20 ml) at -7O’C The mixture was shrred for 1 hr at -7O’C, and then 
for 1 hr at room temperature The mixture was re-cooled to -7oOC and a soluhon of 2,5-dunethylcyclopentanone 
(4 8 g, 43 mmol) In THF (10 ml) was added dropwlse After addltlon was completed, the reamon mixture was 
poured into aqueous NH&I solutlon The mixture was extracted with ether The extract was washed wtth 1M 
HCI, aqueous NaHC03 solution, and brine, successively, dned over Na2S04, filtered, and concentrated to 
dryness The obtamed residue was chromatographed over sthca gel (400 g) with hexane-CHZCIZ (3 l-1 2) to 
give 7 (1 91 g, 25 %) as an orl, IR (neat) 3420, 2950, 2860, 2210, 1445, 1375, 1315, 945 cm-t, tH NMR 
(200MHz) 6 1 03 (3H, d, J=7 1 Hz, CH3), 1 04 (3H, d, J=6 8 Hz, CH3). 1 I6 (6H, d, J=6 8 Hz, 
CH(CH3)2), 2 04 (2H, m), 2 59 (lH, septet, J=6 8 Hz, CH(CH3)2), t3C NMR (50 MHz) 6 13 1, 19 2, 20 5, 
232, 298, 305, 437, 450, 800, 889, 91 7 

(2R*,5R*)-2,5-d~methyl-l-[(E)-3-methylbuten-l-yl]cyclopentanol (8) 
A solution of 7 (249 mg, 1 38 mmol) and LlAIH4 (145 mg, 3 0 mmol) m THF (18 ml) was refluxed for 

7 hr After coohng to room temperature, water was added The mixture was dned over anhydrous Na2S04 
The insoluble matenals were filtered and washed with ether The filtrate and washmgs were combined and 
concentrated to dryness The residue was chromatographed over slhca gel (18 g) with hexane-ethyl acetate (20 1) 
to give 8 (70 mg, 28 %) as an 011, IH NMR (200MHz) 6 0 86 (3H, d, J=7 8 Hz, CH3), 0 87 (3H, d, J=6.6 Hz, 
CH3), 1 00 (6H, d, J=6 6 Hz, CH(CH3)2), I 91 (2H, m, 2-H and 5-H), 2 34 (IH, m, CH(CH3)2), 5 40 (lH, 
dd, J=15 6, 1 0 Hz, II-H), 5 59 (lH, dd, J=15 6, 6 6 Hz, 2’-H), t3C NMR (50 MHz) 6 12 7, 18 8, 22 8, 
306, 31 1, 31 2, 407, 458, 839, 1305, 1362 

5,6-Dideoxy-3-C-ethynyl-1,2-O-isopropylidene-~-D-r~~o-hexofuranose (9) 
A three-necked flask was eqtupped with a drymg tube, a gas Inlet, and a droppmg funnel. Dry THF (20 

ml) was placed In the flask and acetylene gas was introduced through the gas mlet Acetylene gas was 
contmuously Introduced until the couplmg reactlon was completed A solution of ethylmagneslum bromrde m 
THF (8 ml, 0 9 moI/l) was added dropwlse durmg I hr with stlmng The mixture was cooled in an Ice-water 
bath and a solutton of 5,6-dldeoxy- 1,2-O-lsopropylldene-a-D-erythro-hexofuraos-3-uloset2 (1 12 g, 6 0 mmol) 
m THF (10 ml) was added dropwlse over a penod of 50 mm The mixture was stirred for ad&tional4 hr at room 
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temperature, and then poured mto aqueous NH&I solution The mixture was extracted with ether The extract 
was washed with brine, dned over Na2S04, filtered, and concentrated to dryness The residue was 
chromatographed over silica gel (100 g) with hexane-ether (3 l-l 1) to gve 9 (336 mg, 26 %) as colorless ml, IR 
(neat) 3470, 3275.2980, 2950, 2890,2120, 1460, 1380, 1220, 1145, 1105, 1070, 1020, 1000,875 cm-l, 1H 
NMR (270 MHz) 6 1 06 (3H, t, J=7 3 Hz, 6-H), 1 38 (3H, s, C-CH3), 1 58 (3H, s, C-CH3). 1 80 (2H, dq, 
J=6 8, 7 3 Hz, 5-H), 2 59 (lH, s, acetylene), 2 86 (lH, s, OH), 3 69 (lH, t, J=6 8 Hz, 4-H), 4 54 (lH, d, 
J=3.9 Hz, 2-H), 5 86 (lH, d, J=3 9 Hz, I-H), 13C NMR (67 9 MHz) 6 10 3, 22 7, 26 3, 26 7, 76 1, 76.4, 
80 4, 83 1, 83 8, 103 6, 112 9 Anal Calcd for CllH1604 C, 62 25, H, 7 60 Found C, 62 53, H, 7 88 

5,6-Dideoxy-1,2-O-isopropylidene-3-C-ethenyl-a-D-rrbranose (10) 
Compound 9 (99 mg, 0 47 mmol) was treated under the general conditions for LiAlH4 reduction to give 

10 (94 mg, 93 %) 1H NMR (200 MHz) 6 0 98 (3H, t, J=7 3 Hz, 6-H), 1 36 (3H, s, C-CH3), 1 50 (2H, dq, 
J=7 3, 6 8 Hz, 5-H), 1 60 (3H, s, C-CH3), 2 66 (lH, d, J=l 0 Hz, OH), 3 71 (lH, t, J=6 8 Hz, 4-H), 4 21 
(lH, d, J=4 4 Hz, 2-H), 5 30 (lH, dd, J=10 7, 2 0 Hz, 2’E-H), 5 50 (lH, dd, J=17 1, 2 0 Hz, 2’Z-H), 5 75 
(lH, ddd, J=l7 1, 10 7, 1 0 Hz, II-H), 5.82 (lH, d, J=4 4 Hz, 1-H) Anal Cacld for CllHlg04 C, 61.66, H, 
8 47 Found C, 61 64, H, 8 75 The corresponchng deuterated product obtamed by quenchmg with 2H20 
showed the followmg olefimc IH NMR signals (200 MHz) 6 5 29 (lH, brs), 5 48 (lH, brs). 

1-Ethynyl-3-oxacyclopentanol (11) 
A mixture of 3-hydroxytetrahydrofuran (900 mg, 104 mmol), molecular Sieves 3A (10 g), and 

pyndlmum chlorochromate (8 7 g) m CH2Cl2 (10 ml) was stirred for 1 hr at room temperature The mixture was 
diluted with ether and passed through a column of Flonsll The eluent was concentrated to @ve an oily residue 
(594 mg) 1H NMR (200 MHz) 6 2 50 (2H, t, J=7 4 Hz, 4-H), 3 88 (2H, s, 2-H), 4 23 (2H, t, J=7 4 Hz, 5- 
H) This was subjected to the next step without further punficatlon A three-necked flask was equipped with a 
drying tube, a gas inlet , and a droppmg funnel Dry THF (20 ml) was placed m the flask and acetylene gas was 
introduced through the gas inlet Acetylene gas was contmuously mtroduced until the coupling reaction was 
completed A solution of ethylmagnesmm bromide m THF (8 ml, 1 01 mol/l) was added dropwise dunng 10 
mm with stnrmg After 1 hr of stlmng at room temperature, a soluhon of the residue (594 mg) m THF (6 ml) 
was added dropwlse dunng 10 nun The nuxture was stirred for 1 hr at room temperature and then poured into 
aqueous NH&l soluhon The nuxture was extracted three hmes with ether and four hmes with ethyl acetate 
The combined organic layer was washed with bnne, dned over Na2S04, filtered, and concentrated to dryness 
The residue was chromatographed over silica gel (50 g) W&I hexane-ethyl acetate (2 l-l 2) to @ve ll(l54 mg, 2 
steps 13 %) as an ml, IR (neat) 3370,3250,2940,2860,2100,1240, 1035,650 cm-l, IH NMR (200 MHz) 6 
2 30 (2H, m, 4-H), 2 59 (lH, s, acetylene), 2 99 (lH, s, OH), 3 87 (lH, d, J=9 5 Hz, 2-H), 3 91 (lH, d, 
J=9 5 Hz, 2-H), 4 03 (2H, m, 5-H), 13C NMR (50 MHz) 6 41 8,67 3, 72 1,73 0.79 4, 83 6 Anal Calcd 
for C6H802 C, 64 27, H, 7 19 Found C, 64 13, H, 7 40 

1-Ethynyl-3-oxacyclopentanol (12) 
Compound ll(56 mg, 0 5 mmol) was treated under the general comhhons for LiAlH4 reduction to give 

12 (39 68 %) 1H NMR (200 MHz) 6 2 0 (2H, mg, m, 4-H), 2 59 (lH, s, OH), 3 65 (lH, d, J=9 5 Hz, 2-H), 
3 71 (lH, d, J=9 5 Hz, 2-H), 4 0 (2H, m, 5-H), 5 19 (lH, dd, J=10 7, 1 2 Hz, 2’E-H), 5 43 (lH, dd, 
J=l7 2, 1 2 Hz, 2’Z-H), 5 97 (lH, dd, J=17 2, 107 Hz, II-H) 

1-(2-Trimethylsilylethynyl)cyclopentanol (13) 
A solution of n-BuL1 m hexane (16 ml, 1 58 mol/l) was added to a solWon of 1-ethynylcyclopentanol 

(1 1 g, 10 mmol) m THF (12 ml) at 0°C and the mixture was stirred for 50 mm at the same temperature 
Chlorotnmethylsilane (3 4 ml, 26 8 mmol) was added and stimng was continued for an addItiona 20 mm 
Aqueous NH&l solution was added and the mixture was extracted three times with ether The organic layers 
were combined and successively washed with 1M HCI, aqueous NaHC03 soluhon, and bnne After drying over 
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NaZS04, the solvent was removed The residue (2 13 g) was dissolved m methanol (15 ml) and 2M HCI (25 ml) 
was added After bemg stmed for 2 hr at room temperature, the mixture was diluted with water and extracted 
three times with ether The organic layers were combined and washed with aqueous NaHC03 solution and 
bnne, successively After drying over Na2S04. the solvent was removed The residue was puntied by column 
chromatography over s111ca gel (50 g) with hexane-ethyl acetate (20 l-5 I) to give 13 (I 33 g, 73 %) as an oil, 
which was kept 1n a refngerator to give colorless needles m p 31-32 “C , IR (neat) 3580, 2940, 2150, 1245, 
985,840 cm-l, IH NMR (200 MHz) 6 0 17 (9H, s, S1Me3), 1 8 (4H, m), 1 9 (4H, m), 13C NMR (67 9 MHz) 
6 -0 06, 23 5, 42 5, 74 6, 86 9, 109 8 Anal Calcd for CloH180S1 C, 65 87, H, 9 95 Found C, 66 16, H, 
10 11 

l-[(E)-2-trlmethylsilylethenyl]cyclopentanol (14) 
Compound 13 (185 mg, 1 0 mmol) was treated under the general conditions for LIAIH~ reduction to give 

14 (141 76 S) mg, tH NMR (200 MHz) 6 0 05 (9H, s, S1Me3). I 65 (6H, m), 1 85 (2H, m), 5 86 (lH, d, 
J=18 9 Hz, 2’-H), 6 12 (lH, d, 5=18 9 Hz, II-H), 13C NMR (67 9 MHz) 6 -1 2, 23 9, 40 3, 83 1, 124 8, 
151 8 Anal Calcd for CtoH200S1 C, 65 15, H, 10 94 Found C, 64 88, H, 11 23 The corresponding 
deuterated product obtaned by quenching with 2H20 showed the following olefimc tH NMR signals (200 
MHz) 6 6 14 (lH, t, J=O 9 Hz) 

CM- and truns-1-Ethynyl-2-methoxymethylcyclopentanol (15 and 16) 
A three-necked flask was equipped with a drying tube, a gas Inlet, and a dropping funnel Dry THF (30 

ml) was placed 1n the flask and acetylene gas was introduced through the gas inlet Acetylene gas was 
continuously introduced until the couphng reaction was completed A solution of ethylmagnesium bromide 1n 
THF (21 ml, 1 01 mol/l) was added dropwise dunng 30 m1n with stlmng The mixture was stirred for 1 5 hr 
and a solution of 2-methoxymethylcyclopentanonel3 (2 43 g) 1n THF (5 ml) was added dropwise dunng 30 m1n 
The mixture was stirred for 30 m1n at room temperature, and then poured rnto aqueous NH&I solution The 
mixture was extracted three times with ether The combined organic layer was washed with bnne, dned over 
Na2S04, filtered, and concentrated to dryness The residue was chromatographed over s1lrca gel (50 g) with 
hexane-ethyl acetate (2 l-l 2) to give 011y products 15 (1 72 g, 59 %) and 16 (26 3 mg, 1%) 15, IR (neat) 
3400, 3280, 2940, 2860, 2090, 1445, 1385, 1295, 1195, 1095,610 cm-l, IH NMR (500 MHz) 6 1 22 (IH, 
m, 3-H). 162 (2H, m), 169 (lH, m), 179 (lH, m, 5-H), 198 (lH, m, 5-H), 2 I1 (lH, m, 2-H), 244 (lH, 
s, acetylene), 3 25 (3H, s, OCH3). 3 39 ( 1 H, m, CH20), 3 5 1 (lH, m, CH;?O), 3 61 (1 H, br, OH), 13C NMR 
(67 9 MHz) 6 20 3, 25 3, 40 7, 49 6, 58 8, 73 3, 74 4, 77 2, 85 0 Anal Calcd for C9Ht& C, 70 10, H, 
9 15 Found C, 69 91, H, 9 44 16, IH NMR (270 MHz) 6 1 69 (lH, m,), 1 8 (3H, m), 2 0 (2H, m), 2 18 
(lH, m, 2-H), 2 49 (lH, s, acetylene), 3 39 (3H, s, OCH3). 3 64 (IH, m, CH20), 3 85 (lH, m, CH;?O), 3 91 
(s, lH, OH), 13C NMR (679 MHz) 6 21 6, 256,42 1, 500, 592, 71 0, 71 9, 755, 874 

crs-1-Ethenyl-2-methoxymethylcyclopentanol (17) 
Compound 15 (130 mg, 1 0 mmol) was treated under the general conditions for LIAIH~ reduction The 

crude product (119 mg) was analyzed by 1H NMR without punficatlon The tH NMR spectrum exhibited 
signals due to 17 (65 %) and the starting material 15 (35 %) IH NMR (270 MHz) 6 3,30 (3H, s, OCH3), 3 6 
(2H, m, CH20), 5 15 (IH, dd, J=17 1, 10 7 Hz, 2’E-H), 5 32 (lH, dd, 5=17 1, 1 7 Hz, 2’Z-H), 5 99 (lH, 
dd, J=lO 7,l 7 Hz, II-H) The corresponding product obta1ned by quenchmg with 2H20 showed the following 
olefinlc 1H NMR signals (200 MHz) 6 5 14 (lH, m), 5 30 (lH, m) 

truns-1-Ethenyl-2-methoxymethylcyclopentanol (18) 
Compound 16 (15 mg, 0 I 1 mmol) was treated under the general cond1trons for L1AlH4 reduction The 

crude product was analyzed by IH NMR without punficatlon Tbe 1H NMR spectrum exhibited signals due to 
18 (65 %) and the starting matenal 16 (35 %) IH NMR (270 MHz) 6 3 33 (3H, s, OCH3), 3 54 (2H, m, 
CH20), 5 10 (IH, dd, J=l7 1, 10 7 Hz, 2’E-H), 5 36 (lH, dd, J=17 1, 1 7 Hz, 2’Z-H), 5 91 (lH, dd, 
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J=10.7, 1 7 Hz, II-H) The correspondmg product obtamed by quenching the reactron wtth 2H20 showed the 
followmg olefimc 1H NMR stgnals (200 MHz) 6 5 10 (1 H, m), 5 35 (1 H, m) 
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