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Abstract: Scandium(IIl) triflate-catalyzed allylation of carbonyl compounds with
tetraailyigermane proceeded readily in aqueous nitromethane to afford homoaiiyi

alcohols in exceilent to good yields. The presence of H2O is indispensabie for the
allylation of aldehydes to proceed smooiiily. Aldehydes were allylated highly

chemoselectively in the presence of ketone moieties. © 1999 Elsevier Science Ltd. All rights reserved.
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Introduction
Lewis acid mediated allylations of carbonyl compounds constitute one of the most important class of
synthetic reactions leading to homoallylic alcohols. Application of the method for the preparation of poly-
oxygenated natural compounds have been studied extensively. Numerous kinds of allylic organometallics as

well a¢ various kinds of effective [ewis acids have heen develoned so far 1 In narticular allvlic meatals aring
WE1L a8 Varicus xands of eliective 1.ewis acCits nave peen Ceveloped so far.t in particu.ar, any:ic metals pearing
1A armtrnm alamanto cnnrh ao allulailanae oamd allulctanmmanac hava hann thananiahler snvncticantad oo 11oafial A1l 1A
14 Zroup €iemenis, SucCl as anyisiiafcs ana auyisiannanes nave oeen inorougnly invesiigalea as userul auyic

organometallics.2 For example, allyistannanes react with aldehydes under varieties of conditions;3 catalyzed by
Lewis acid,4 transition metal,5 heat, high pressure,” Brgnsted acid,3 or protic solvent.® Highly
enantioselective allylation has also been achieved.!0 They currently enjoy wide application in organic synthesis.
Although allylsilanes are less reactive than allylstannanes,!! they attracted much attention as allylic metals!2 and
Lewis acid mediated stereoselective as well as enantioselective!? allylation of aldehydes have been reported.
Lewis base promoted allylations with allyltrichlorosilane have been reported recently.!4 Generally, allyltins
showed higher reactivity than allylsilanes. The practical usage of organotin compounds, however, has been

Sc(0Tf)3 OH

Ge S—
RCHO + (/ ) ,k/\\ Scheme 1

CH3NO»-H,0 RT ™%
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plagued by its inherent toxicity. In strikin
compounds by synthetic organic chemists!3 irrespective of its lower toxicity.16 With respect to allylgermanium
compounds, Sano et al. studied the Lewis acid mediated allylation reaction of aldehydes with allylgermane!7 for
the first time and Yamamoto et al. studied the conjugate addition of functionalized allylgermanes.18 Barbier type
reaction using germanium(Il) iodide has been investigated by Hashimoto and Saigo et al.19:20

Recently, lanthanide trifluoromethanesulfonates [lanthanide triflates, Ln(OTf)3] and scandium(III) triflate
have attracted attention as a water tolerant Lewis acid exhibiting catalytic ability in numerous carbon-carbon
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tle attention has been paid to organogermanium
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bond forming reactions,2! such as Diels-Alder reactions,22 Michael addition.23 Lanthanide triflate mediated

vlation reactions of aldehvdes with a
yiauon reacuons of aiGenyces wili a:

of aldimines by allylstannanes also proceeded in good yields.26 Kobayashi et al. have reported lanthamde(III)
triflate promoted allylation reactions of aldehydes with tetraallylstannane in aqueous media.?’ Lanthanide triflate
mediated allylation of allylgermane, however, had not been reported so far. As part of our continued interest in
developing synthetic utility of allylic metals of group 14 elements,28 we started our program toward developing
synthetic utility of allylgermanium compounds,29 and focused on tetraallylgermane30 as a stable allylic metal for
the first time. It was found that scandium(III) trifluoromethanesulfonate-promoted allylation reactions of
carbonyl compounds with tetraallylgermane in aqueous nitromethane proceeded smoothly to afford homoallylic
alcohols in high yields.3! Furthermore, highly chemoselective allylation toward aldehydes in the presence of

ketones was achieved.
Results and Discussion

Tetraaliyigermane was prepared in one step by the reaction of aiiyimagnesium bromide and germanium(IV)
chloride in high yields.3¢ We have found that addition of benzaldehyde to a nitromethane solution of
scandium(III) triflate (10 mol%) and tetraallylgermane at room temperature afforded a homoallylic alcohol (1) in
good yield. The effect of the solvent was studied and the results are shown in Table 1. Polar solvents such as
acetonitrile and nitromethane promoted the allylation reaction smoothly to afford 1 in good yields, but bis-
allylated ether (2) was obtained in low yield as a by-product. Quite recently, Aggarwal and co-workers also
recently observed the formation of an ether of the similar type as a by-product in Sc(OTf)3 catalyzed allylation

reaction of aldehyde with allylsilane.25¢ Interestingly, addition of water significantly improved the yield of the
(PH
cHO / . \Ge Sc(OTf); 10mol%
Ph + (/\}’u r(\/\
7 N4 r.t P N
Table 1. Effect of Solvent 1
Fr———— | - . A N Y 3
| n ! 9 Iv. I’“I
Entry Solvent . [¢] wz-'xte 5.'35 equiv f)f wate P P>
Time Yieldof1/% Time  Yieldof1/%
o
1 E0  10min 40 3d 25 P
, PH MR
2 CHyCl, 5min 39 5d 49
3 CH4iCN 1 min 73 10h 85
4 CH3NO, 1min 72 45 min 94
5 DMSO 7d no reaction — _—

a) Molar equivalent based on Sc(OTf)3
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adduct and formation of 2 was suppressed though the rate of the reaction got slower. High yields were obtained
when 30-40 mol equiv of water based on Sc(OTf)3 was employed in nitromethane. Thus, use of 35 molar
equivalent of water in CH3NO,, afforded 1 in 99% yield. This effect on the yields appears to level off at about
40 mol equivalent of water based on Sc(OTf)3. Further increase of the amount of water considerably retarded
the reaction.

Recently development of carbon-carbon bond forming reactions in aqueous media is a challenging target in

organic synthesis. 32 Yanagisawa and Yamamoto disclosed a chemoselective allylation of carbonyl compounds

in acidic aqueous media.8 Kobayashi reported the improvement of the yields by addition of water in the
Innthanida triflate madiatad raartinn 2 a Wa cnarnlate that QJA 1nn nf watar danrancad tha T awuric aridite nf
LAIUIIAIIVG LEILIARWG LIRVUIGRVAL Lvav vl l. Yy W DiMulﬂl\f MIGL GUUILIVIL VUl Walld ULLUILAdAL UiV LA WIS a\alull] \V:

Sc(OTf)3 thereby suppressing the formation of the by-product.

Other ianthanide trifiates were examined and the resuits are shown in Table 2. Although other lanthanide
triflates such as Yb(OTf)3 and Sm(OTf)3 also promoted the allylation reaction, Sc(OTf)3 turned out to be most
effective as a Lewis acid in our system.

H
PhCHO ’/A \Ge Lewis Acid 10 mol% ?
+
\7 >4 CHACN TN
H,O 12 equiv.? 1
Table 2. Effect of Lewis Acids .t

Entry Lewis Acid Time Yield of 1/ %

1 Sc(OTh)3 45 min 81

2 Yb(OTH)3 30.5h 8
3 Sm(OTf)g 6d 83

a) Molar equivalent based on Sc(OTf)3

of the loading of tetraallylgermane was studied and the results are shown in Table 3. At least 2 moles of the allyl

group worked efficiently as allylating reagents though the first allyi moiety is much more reactive than the

second one.
GH
PhCHO + ( /\),Ge Sc(OTt);3 10 mol% nk/\
4 MeNO,-H,0 P N
r.t. 1
Table 3. Effect of the loading of tetraallylgermane
Tetraallylgermane . .
Entry / equiv. Time  Yieldof1/%
1 1.00 45 min 99
2 0.75 7h 88
3 0.50 27 h 73

4 0.25 4d 39




DALO ///\ \;Ge Sc(OTf)3 10-20 mol% (f. i
A MeNOZ-H0 RN
r.t.

Table 4. Allytation of Various Aldehydes®
i Carbonyl

Entry Compounds Product OTHb Amount of H;0°  Reaction time/h  Yieid/%¢
% K
H
1 PhCHO 3 1 0.10 35 0.75 99(72)
- Y S N £ QH _
2 NOZ_pCHO nod YA~ 3 0.10 36 2.7 99
p— OH
3 CH )-CHO C,_@)\/\ 4 0.10 36 2.0 quant
OH
4 PhCHoCHCHO ~ 5 0.15 43 35 92(33)
CeHg ™" "%
5 C11H23CHO r/\ 6 0 92(45)
n-Cy 20 43 4
e n-C11Hzg =
6 { )cHo L 7 020 39 25 75
\__/ \_/W\\\
H
HO#H,0
7 PhyCHOH, CeHﬁi/\ 8 0.20 28 0.5 87
o o
Q OQOEt
8 Ph\"')Lo,_! CoHe o ? 0.20 0 114 0(92)

a) The reactions were carried out using tetraailirlgcrmane (1.0 equiv) and a carbonyl compound at room temperature in
CH;3NO;. b) mol e?uwalent based on carbonyl compounds. c) mol equivalent of H,O based on Sc(OTf)3. d) Parenthesis
refers to the yield of the reaction without water.

The results of the scandium(III) triflate catalyzed allylation of several carbonyl compounds with
tetraallylgermane are summarized in Table 4. The yields in parenthesis refer to the yield of the reaction carried

out under anhydrous conditions. Allylation of both aromatic and aliphatic aldehydes proceeded smoothly to

afford the corresponding homoallylic alcohols in excellent to good yields. Whereas 10 mol% of the catalyst
sufficed for the aramatic aldehvdes nce of 15-20 mol% of the catalvet wag reanicite for the alinhatie aldehvdecg
SUiLILLU UL WL AlUiiaul aillinyGls, ush Ul 1074V HHIVL 70 Ul UiC Latday st wad IC{uishiv 101 Ul dilpiidul auluiiyues

propanal and lauraldehyde, wherein removal of the water noticeably reduced the yields of the corresponding
homoallyl alcohols (entries 4 and 5). Phenylglyoxal monohydrate, which possesses water of crystallization,
afforded the mono-allylated product predominantly in 87% yield (entry 7). Ketones were usually inert under the
standard conditions. For example, acetophenone did not give the corresponding homoallyl alcohol. An
activated ketone afforded the corresponding adduct. While allylation of an a-keto ester under the optimized
reaction conditions did not take place, allylation of an «-keto ester completed without water after 114 h to
furnish the adduct (9) in 92% yield (entry 8). Cyclohexanone underwent allylation readily to afford the adduct
(10) in 2 gg_d yie]d {entry 9).

A=y EEARS \FEERS 7
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germyl substituents is noteworthy. Allyitriethylgermane did not react wi
under the optimized reaction conditions. Thus treatment of allyitriethylgermane and benzaldehyde in the
presence of Sc(OTf)3 (10 mol%) in nitromethane at room temperature for 2 days, 1 was obtained less than 5 %

yield,33

Chemoselectivity
Discrimination of aldehydes and ketones in the allylation reaction is not always a trivial issue, For
example, chemoselective allylation of benzaldehyde in preference to acetophenone proceeded in modest

allylic organometallics.34 Quite recently, Yamamoto et al.

selectivity using several
selective allylation reactions by tetraallyltin promoted by a Brgnsted acid.8 A high level of chemoselectivity has
not been achieved except in a few insta nces.23 It is worth noting that the present system exhibited high
chemoselectivity toward aldehydes. Competitive allylation reactions of aldehyde and ketone were thus examined
under the influence of 10 mol% of Sc(OTf)3; based on benzaldehyde in CH3NO; in the presence of water (35
mol equivalent) and the results are shown in Table S. In the presence of equimolar amounts of benzaldehyde,
acetophenone, and tetraallylgermane, benzaldehyde exclusively underwent allylation to afford 1 in 94% yield
(entry 1). Chemoselective allylation of benzaldehyde also proceeded in the presence of an o-keto ester (entry

2). 1-Octanal was also allylated highly selectively in the presence of several ketones (entries 4, 5, and 6).

o 10 mol% s
H~ H* OH un
1 Sc(0Tf)3
AicHo + T (NGG PSS J\/\+ 2/4\/\
0 4 CHyNOp-H.0 R! X RN
1.0 mol 1.0 mol 1.0 mol rt.
Table 5. Chemoselectivity to aldehyde and ketone
Entry  Carbonyt Compounds Yield/%® Ratio
1 PhCHO + PhCOCH3, 94 54:1
2 PhCHO + PhCOCOOEt 96 >99:«1
3 PhCHO + l, §=O 90 70:1
~/
4 nCsHisCHO +  PhCOCHj3 64  >99:<1
5 n-CsHisCHO + n-CsHy1COCH; 79 57:1
6 n-C7HisCHO + Q:o 86 >99:<1
a) combined yields of the alcohols.
Comparison with Sn and Si
| » PR ..o—-. l»‘ “nlh,-...mﬂ“.\ wvrnana Amnsmarad serith thoana ~F lerlotannmanas and alleilailana anmd tha saoialés aea
NEaciiv 1Ly VI dllylgClilalitc WeIe CULLIPAITU Wil LLHUSL UL y StaliiidliCc dliu ally1d. Siian Cy iU IO 1OOULIL alT
shown in Table 6. Although tetraallyistannane underwent allylation much faster than tetraallyigermane,

allylation reaction of tetraallylsilane was sluggish under the identical reaction conditions. Thus the

(%)
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ic metals are in the order allyistannane > allylgermane > allylsilane, which is in
good agreement with the nucleophilicity elucidated by the kinetic study on the reactions of allylmetal with diaryl
carbenium ions.!11 Advantage of allylgermane over allylstannane lies in its chemoselectivity toward aldehyde,
which is ascribed to its moderate reactivity.

H
PhCHO  + (NM 10 mol% Sc(OTf)3
4 CH3N02'H20 \
rt.
Table 6. Effect of the center metal

Entry M Time Yieid/%
1 Sn 5min 8
2 Ge 45 min 9
3 Si 25h 18
a) 35 mol equiv of water based on Sc(OTf); was
amployed.
Conclusions

The present allylation reactions of aldehydes required 30-40 equiv of HyO based on Sc(OTf)3 for the
reaction to proceed smoothly. Appropriate Lewis acidity appears to be essential to achieve the smooth reaction.

urther amount of

Alei il amount of

H>O would coordinate to scandium and lower the Lewis a .jdi[y of the catalv:

LS YA, dmm (831 oS

water decreased the Lewis acidity of Sc(OTf)3 si gmﬁcantly, s retarding thy ylan n reaction emarkably
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the present allylation reaction are: i) the less toxic organogermanium compounds have been utilized as
allylmetal, 2) allylation took place smoothly in the presence of water, 3) readily accessible tetraallylgermane was
employed as an allylating reagent for the first time, 4) high chemoselectivity toward aldehydes was observed in
the presence of ketones.

Experimental Section
General Methods. !H and 13C NMR spectra were recorded on a Varian Inova 400 spectrometer in

CDCl;. Tetramethylsilane (TMS) served as internal standard (8 = Q) for lH NMR, and CDCl3 was used as
imtaraanl ctnmdard (K — TT N\ Fae 130 NIMD Dirrifinntinm ~f tha meadiinte urne masfarmead ko Anlizome
1HlCLHLIIAl Stalldadld \VU = /7 /7.U) 1ul o INLIVAIN uliiivativll vl o PIUUUULD wad PCIIUIIL{CU Uy CULULIIL
chromatography on silica gel (Fuji sylisia D60L) or preparative TLC on silica gel (Wako gel B-5F). All solvents

were purified according to the standard procedures.

Tetraallylgermane:30 Allyl bromide (23.2 mL, 0.268 mol) was added dropwise to a mixture of Mg
(6.51 g, 0.268 mol) in Et;0 (83 mL) for 1 h at 0 °C. To the solution of allylmagnesium bromide was added
dropwise a solution of GeCly (3.8 mL, 33.3 mmol) in Et2O (17 mL) for 1 h at the temperature. After being
heated to reflux for 3 h, the mixture was cooled to 0 °C and was quenched by addition of IN HCl. After

iltration over Celite, the agueous layer was extracted with ethyl acetate and the combined organic layers were

hiltra 1 ver
washed with brined dried over anhvdrous Na>SQy, and concentrated to dryness. Purification of the crude

yarous INazol4, anc concentrated (o aryness. ruriication of the cruae
R P her Aictillatinn ey TN °0Y A saen TS affardad tatvanllulosrmanas (& TAE &) in QLOL «rinlAd 1y
IHITALULC Uy Uidtiilativil \Up- AV} i “ 1l 1115} aliviucu LCLLaallylsCl 1allc \U. /v 5} i1 OV /U lelU 11
NMR(CDCIl3) 6= 5.82 (ddd, 1H, J=17.0, 10.1, 8.4 Hz), 4.89 (ddd, 1H, J=17.0, 1.3, 1.3 Hz), 4.84 (dddd,
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1H, J=13.1, 13.1, 1.0, 1.0 Hz), 1.77 (ddd, 2H, J= 8.2, 1.0, 1.0 Hz); 13C NMR (CDCl3) &= 135.06, 113.19,
19.05.

Allyltriethylgermane:36 !H NMR(CDCl3) 8= 5.82 (dddd, 1H, J=16.9, 10.0, 8.3, 8.3 Hz), 4.82 (dd,
1H, /=169, 1.2 Hz), 4,72 (dd, 1 =10.0, 0.9 H2). 1.51 (dd. 2 I= 10.0. 09 H2) 100 (t. 3H J=7 QO
sady v=2.7, 2 AVNey 223y VAV Ve Zikjy dewr i (W, &idy v AV Ve LiliJy LUV \Ly JEly J=i .7
Hz), 0.76 (q, 2H, J=7.9 Hz); 13C NMR (CDCl3) &= 136.50, 111.58, 18.84, 8.88, 3.83.

A typical experimental procedure for the allylation of aldehydes (Table 4, Entry 1); To a
suspension of scandium trifluoromethanesulfonate (9.9 mg, 0.020 mmol) in nitromethane (0.70 mL) and H,0
(13 uL, 0.721 mmol) was added successively tetraallylgermane (47 uL, 0.202 mmol) and benzaldehyde (20.5
KL, 0.202 mmol) at room temperature. After being stirred at that temperature for 1.5 h, the reaction was
quenched by addition of IN HCl solution. The aqueous layer was extracted with ethyl acetate and the combined
organic layers were washed with brine, dried over anhydrous Na;SQO4, and concentrated to dryness.

Purification of the crude mixture by column chromatography (SiO, hexane: ethyl acetate = 6 : 1, v/v) gave 1
(29.7 mg) in 99% yield.
i-Phenyi-3-buten-i-oi (1):>7 'H NM 7.41-7.23 (m, SH), 5.81 (ddt, iH, J =i7.2,

: NMR(CDCl3) 8=
10.2, 6.9 Hz), 5.19-5.12 (m, 2H), 4.73 (dd, 1H, J=17.
NMR (CDCl3) 8= 143.82, 134.43, 128.39, 127.52, 125.

-
1

[ —

5, 5.3 Hz), 2.53-2.47 (2H, m), 2.09 (s, lH), i3c
78, 118.43, 73.25, 43.83.

1-(4-Nitrophenyl)-3-buten-1-o0l (3):37 1H NMR(CDCl3) 8= 8.19 (d, 2H, J=7.0 Hz), 7.41 (d, 2H,
=7.0 Hz), 5.78 (dddd, 1H, J= 17.8, 9.9, 7.5, 6.4 Hz), 5.18 (dd, 1H, J= 17.8, 9.9 Hz), 5.17 (dd, 1H, J=
9.9, 1.5 Hz), 4.86 (dd, 1H, J=7.9, 5.3 Hz), 2.56 (ddd, 1H, J= 14.5, 6.4, 5.3 Hz), 2.47 (s, 1H), 2.46 (ddd,
1H, J= 14.5, 7.9, 7.5 Hz); 13C NMR (CDCl3) 8= 151.12, 147.18, 133.18, 126.51, 123.53, 119.44, 72.16

124 [ S0 PONS AN TN S 0N 1175 Tdwe ANFy

42 0

TFI.OV.

- Pl T ] "]"l - - v - = - ===2 = .o o o.

i-{4-Chiorophenyi)-3-buten-i-oi (4):37 !H NMR(CDCI3) 8= 7.32-7.26 (m, 5H), 5.77 (dddd,
IH, J=17.3, 10.5, 7.3, 7.2 Hz), 5.15 (d, 1H, J=17.3 Hz), 5.15 (d, 1H, J=10.5 Hz), 4.71 (dd, 1H, J=7.7,
5.1 Hz), 2.53-2.41 (m, 2H), 2.10 (brds, 1H); 13C NMR (CDCl3) 8= 142.24, 133.94, 133.13, 128.50,
127.17, 118.83, 72.53, 43.83.

5-Phenyl-1-hexen-3-ol (5):37 lH NMR(CDCI3) 8= 7.30-7.16 (m, 5H), 5.81 (dddd, 1H, J= 17.2,

10.6, 7.9, 6.4 Hz), 5.14 (d, 1H, J= 17.2 Hz), 5.14 (d, 1H, J= 10.6 Hz), 3.67 (brs, 1H), 2.81 (ddd, 1H, J=
14.6, 7.5, 6.6 Hz), 2.68 (ddd, 1 J=146,75. 66 Hz), 229 ¢ 1H). 2.13 (m. 1H). 2.04-1.75 m 2H)
14.6, 7.5, 6.6 Hz), 2.68 (ddd, 1H, 6, 7.5, 6.6 Hz), 2.29 (m, 1H), 2.13 (m, 1H), 2.04-1.75 m 2H),
1.65 (s, 1H); 13C NMR (CDCl3) 8= 142.02, 134.60, 128.41, 128.38, 125.80, 118.33, 69.88, 42.07, 38.44,
21N NA
JL.US

1-Pentadecen-4-ol (6):38 1TH NMR(CDCls) 8= 5.83 (dddd, 1H, J= 16.6, 10.2, 8.0, 6.8 Hz), 5.13 (d,
1H, J= 16.6 Hz), 5.13 (d, 1H, J= 10.2 Hz), 3.64 (brs, 1H), 2.30 (m, 1H), 2,14 (ddd, 1H, J= 14.4, 79, 6.8
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Hz), 1.65 (brs, 1H), 1.46 (m, 1H), 1.26 (m, 1H), 0.88 (t, 3H, J=6.8 Hz); !3C NMR (CDCl3) 8= 134.90,
118.03, 70.96, 41.95, 36.83, 31.92, 29.67, 29.64, 29.62, 29.36, 25.68, 22.69, 19.06, 14.12.

1-Cyclohexyl-3-buten-1-0l (7):37 'H NMR(CDCIl3) 8= 5.84 (dddd, 1H, J= 17.7, 9.7, 8.2, 6.2
Hz), 5.15 (d, 1H, J= 17.7 Hz), 5.14 (4, 1H, J= 9.7 Hz), 3.39 (brs, 1H), 2.37-2.30 (m, 1H), 2.16-2.09 (m,
HY 1 RR_1.00 (m. 1IH)Y 13FN AR (CTM Y &= 13844 11703 7471 42308 8L 2000 272 11 26 &1
Axfy L.OUT 1.7 \11Ly 1 21X), N LNLAVAIN \NrBARN LY] F™ AJTTTTy R L7770y 17771y TTIUQ, JOOLy LT UT, LOL 1y LU.JL,

an
()
PO
S
N
—
+a

1-Phenyl-1-0x0-4-penten-2-o0l (8):3%9 1H NMR(CDCI3) 6= 7.96-7.43 (m, 5H), 5.80 (dddd, 1H,
J=17.1, 10.2, 7.0, 7.0 Hz), 5.16 (ddd, 1H, J=6.8, 6.6, 4.0 Hz), 5.04 (brd, 1H, J=10.2 Hz), 5.01 (ddd, 1H,
J=17.1, 1.5, 1.5 Hz), 3.75 (d, 1H, J=6.6 Hz), 2.67 (ddddd, 1H, J= 14.5, 7.0, 6.8, 1.4, 1.3 Hz), 2.36
(ddddd, 1H, J= 14.5, 7.0, 4.0, 1.3, 1.1 Hz); 13C NMR (CDCl3) 8= 201.15, 133.95, 132.41, 128.87, 128.49,
118.39, 72.63, 40.03.

Ethyl 2-hydroxy-2-phenyl-4-pentenoate (9):40 1H NMR(CDCl3) 8= 7.62-7.26 (m, 5H), 5.80
(AAA4d 111 Jew 1771 IN1T 768 AGAT2Y €17 /A 1T Ju. 1771 Hed £ 12 74 1L T_ 1N 1 I A7 74~ 1LY
tuuuld, i1i, 4= 1/7.4, 1U. 4, /.U, U.U X01L), J.1/ \4, IXX, J= 1/.1 F1L), J.1J \U, 111, J= 1VU.1 INZ), 4.2/ \G{, 111,

EWagNe) TE N\ A 1y Lo B § TY__\ o Bier V.V 1¥TN ne~y s 1.1 h 4 1 Fa% ~ -y
= 10.8, Hz), 4. /.1 Hzj, 3.760 (s, iH), 2.97 ( 0, 7.6
I CDCla) & .

1-Allylcyclohexanol (10); 37 'H NMR(CDCl3) 6= 5.88 (dddd, 1H, J= 17.2, 10.1, 7.5, 7.3 Hz),
5.14 (d, 1H, J= 10.1 Hz), 5.10 (d, 1H, J= 17.2 Hz), 2.21 (d, 2H, J= 7.7 Hz), 1.65-1.24 (m, 11H); 13C NMR
(CDCl3) 6= 133.72, 118.69, 70.91, 46.72, 37.40, 25.77, 22.17.

Bis(1-phenyl-3-buten-1-yl)ether (2) (1:1 mixture of diastereomers): 1H NMR(CDCl3) 8= 7.38-7.14
(m, 10H), 5.82-5.61 (m, 1H), 5.05-4.88 (m, 2H), 4.42 (dd, 1H(one isomer), J= 6.3, 6.3 Hz), 4.09 (dd,
1H(another isomer), J= 7.3, 6.2 Hz), 2.65-2.29 (m, 4H); 13C NMR (CDCl3) 8= 142.28, 141.98, 134.91,
134.73, 128.26, 127.98, 127.57, 127.15, 126.74, 117.00, 116.70, 79.33, 78.26, 42.87, 41.63; Found:
C.,86.42; H, 8.30 %. Calcd for CygH»,0: C,86.28; H,7.96%.
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