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Abstract - Trimcthylsilyl trlflate wlth or without added hfndered tertiary 

amlnea catalyres directed condensation of enol trlmethylsllyl ethers with acetals. 

orthoformate, or 2-~etoxytetrahydrofuran or -pyrens to give the correspondlng 

6-alkoxy carbonyl compounds. Reactlon of en01 sllyl ethers and cartnxonlum 

trrflate ion-p&r intermediates occurs VIII acycllc transltlon states and exhiblts 

moderate to high erythro selcctlvity Independent of the geometry (E/&l of the 

enol sllyl ethers. 

Dlrected aldol reactloo Is one of the most fundamental carbon-carbon bond-formmg reactlonsl 

This reaction IS capable of controlllng stereochemlstrles of several contiguous asymmetrlc centers2 and 

hence provides a powerful tool for syntheses of complex natural products3 React Ions of eq I IM = 

metellrc spectesl are well precedented In aprotlc medfa, some preformed enolates having a Lewis 

acidic counter Ion undergo nucl~phlllc reaction co carbonyl compounds vla a six-membered pericyclic 

trunsltlon state I to give the 8-oxldo carbonyl products, Eq 2 Is the comblnatlon of a “naked’ enolate 

snd unactrvatcd csrbunyl compound, while eq 3 represents reaction of a rather unreactive enolatc 

toward a catlonlcally ectlvated carbonyl substrate (M . non-Lewis acldlc atom, E’ * catlonlc acttvating 

rpeclcs). These condensattons, unlike reactions of eq I, are characterized by the absence of species 

that assemble the two oxygen utoms of the enolates and carbonyl compounds and, consequently. would 
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a Reactlon wu carried out In the presence of 5 mol 96 TMSOTf In 

dlchloromethane at -78 l C for 4-12 h b Heactlon ualng 10% TMSOTf. 

c Reactlon for 19 h. 



The ease with which the reaction occurs is sensitive to steric environment. For Instance, reac- 

tion of the cycIic enot silyl ether 48 or fts g-methyl derivative 4m and acetone dimethyl acetal (5ff 

proceeded ordinarl~y but the Z-methyIated analogue 41 failed to give the condensation product; the lat- 

ter was recovered without change in both independent and competttive ex~rIment~ Aithoagh 

trimethyi ortboformate 151) reacted readily with 41, trimethyl orthoacetate (Sj) did not afford the aldol 

product, partly because of decomposition of TMSOTf catalyst. When 41, S], and TMSOTf were mixed 

in 1:1:1 ratlo in dichloromethana at 25 “C, methy acetate, methoxytr~methylsi~ane, and methyl trtflate 

were formed In quantitative ytelds and 41 was recovered without change. 

Notably, formaldehyde acetals of type 7 were Inert to the TMSOTf catalyzed reaction under the 

standard conditions. A simple solutlon of this problem, however, was obtained by addition of a steti- 

tally hindered tertiary amine to the reaction mixture, Thus reaction of eq 5 was effected in df- 

chloromethane at room temperature by using an equlmolar mixture (5-10 mol %I of TMSOTf and 2,6- 

OR’ cat TMSOTf/amine 
0 OR’ 

+ 
R 

* (CH&$3OR’ (6) 

R 
R R 

4 78, I?’ t f&H&Hz 
7b, R” o CH3 

8 

amine = 2,~l-t~u~ipyridi~e (88) at 
dlcyclol\exylmettrylamlne (8b) 

enol shy! dialkoxy- added 
ether methane amine 

433 78 9a 

product 

structure no. % yield 

8a 92 

6c 76 

2 Reaction was carried out with 5 mot % of the catalyst in dichloromethane at room 

temperature (12-22 “Cl for 12-16 h. b Reaction was carried out with 1 mol % catalyst 

for too h. 
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dl-1-burylpyrldlne (9a) or dlcyclohexylmechylaml~ (9b) as a catalyst system. 2.6-Dlphenylpyrldlne or 

dl~lsopropylkthylamlne was less effective and unhindered pyrldlne or trlethylamlne was totally 

lneffectlve The results are Ilsted In Table 2. Benzyl group In the ketones (6. R . C6HgCH2) was 

removed by hydrogenolysls over Pd/C catalyst. Tha hydroxymethyl and olkoxymethyl ketones arc 

masked forms of synthetlcally useful o-methylene ketonea. The TMSDTf/amIne combined system also 

catalyzed the reactlon of eq 4 proceeding at roM temperature. 

Reactlon Mechanism 

WC consldar that the aldol-type reactlon Is occurrlng by mechanism OutlIned by eq 6-g.’ Frrst, 

acetal oxygen gives an electron palr to the slllcon atom In NSOTI In a reversible lashton to form 

the complex IO leq 61.” This complex then undergoes fragmentation to generate the key car- 

boxonlum trlflace ran pair, II, and alkoxytrlmethylsllane (eq 7). The reactive carboxonlum Ion Is 

trapped by the cnol sllyl ether 12 to glve the adduct IS (eq 8), which ultimately collapses Into the 

B-alkoxy ketone I4 and TMSDTf catalyst (eq 9). Fragmentatlon of eq 7 is facllltated by electron- 

donatlng property of RI substltuents and perhaps by 

tlvlty of simple dlalkoxymethancs of type 7 Is thus 

of I I leq 8) is not rapld, I I may collapse Into the 

(eq 101. 

relief of sterlc compresslon In IO. I.ack of reac- 

easily understandable. When nucleophlllc trapplng 

corresponding carbonyl compound and alkyl trrflate 

Operatlon of such mechanism was supported by ‘ti and 13C NMR study (Table 31. First. when 

benzaldchyde drmethyl acetal (Sc) and TMSOTf were mlxed In I:1 ratlo In dlchloromethane-3 at 25 

‘C, productlon of benraldehyde and methyl trlflate (4% each) was detected. The remalnlng eceral SC 

(96%) exhlblted broad signals at somewhat lower field, lndlcatlng the reversrble nature of eq 6. In 

addltlon, an equlmolar mlxture of benraldehyde and methyl trlflate was found to generate a small 

amount (ca. 4%) of Q-methylated benzaldehydct’ The signal tuslgnment was conflrmed by Indepen- 

dent meesuremenc of the spectra of these compounds and thelr mlxtures under comparable condlttons. 
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Table 3. ‘H and 13C NMR Spectra!+! 

‘3C ‘H 

compound 6 lppm 
(width@ 

dfstrl- 
or system signal 

6 /ppm 
slgnal butlon (wldth$ 

C6H5CH0 CHO 

CH30Tf 

TMSOTf 

cH30 

CH3Si 

C6H5CHfOCH312 

and TMSOTf 

(1:l) 

C6H&HO 

C6H5CH(OCH3)2 

cH30Tf 

C6H5CHfOCH3J2 

(~H313SiOTf 

C6H5CHO and 

CH30Tf (1: 1) 

C6H5CHO and 

TMSOTf (1:lJ 

(CH30@ 

cH30 

C6H5CHO 

cH30Tf 

C6H5CHO 

&H3)3SiOTf 

102.7 (6) 

51.9 (5) 

191.5 (6) 

61.4 (5) 

0.3 (5) 

191.7 (20) 

105.8 (48) 

61.4 (5) 

52.1 (5) 

-0.8 (5) 

192.8 (20) 

61.4 (4) 

192.6 (8) 

0.0 (6) 

(CH30)2CH 

CH30 

CH30 

Cl&s1 

CfjH5Cio+ 96% 

c,jH+i-oc~3 4% 

CH30Tf 4% 

C6H5CljO 

fCH3J3SIOTf 

4% 

96% 

4% 

96% 

96% 

100% 

100% 

5.31 (2) 

3.35 (I) 

9.94 (2) 

4.11 (2) 

0.47 (2) 

9.93 (8) 

5.43 (8) 

4.11 (5) 

3.28 (3) 

0.39 (IO) 

9.92 (5) 

4.57 (4) 

4.13 (4) 

9.90 (3) 

0.38 (4) 

8 Measure,d on a JEOL GX-270 spectrometer In CD2C12 at 25 “C by using cyclohexane as an 

internal standard K, 6 = 26.4; H, 6 - 1.36). b At half bight of the peak. 

Addltfon of tertiary amines tends to decrease the reaction rate. Nevertheless, TMSOTf/hfndered 

amine combined catalyst systems promote the reaction of otherwise unreactive dlalkoxymethanes. Here 

the tertiary amlnes modlfy the reaction mechanism. As shown In eq 11, Si-OTf bond In the catalyst 

is cleaved by addition of a tertlary amlne to form the silylated ammonium triflate, 15,12 acting as 

the actual silylatlng agent for the acetal substrate. Now the oxonlum species I6 formed by eq 12, 

In comparison to 10, has a much better leaving group and, even when R’ is hydrogen, readily gen- 

erates the carboxonium trlflate I1 feq 13) accompllshlng the aldol reaction. 

(CH,)sSiOTf + NR, _ 
+ 

(CH,),Si-NR, TfO- (11) 

15 

+ R’ 
\C#OR2 R’ 

(CHs)sSi-NR, TfO- + ’ ‘OR;2 TfO- + NR, (12) 

15 R” ‘OR2 - R’+ 

&(CH2)2 

16 

R’ \ #OR2 
R&,R2 TfO- - 

R’\ 
C=6R2 TfO- + 

RJ 
(CH3)2SiOR2 

I 
(13) 

$i(CH2)2 11 

16 
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Selectlvltles 

Chemoselectlvity. Ketones end alkanals dld not reect with enol sliyl ethers in the presence of 

T.MSOTf or a TMSOTflslr mtxture. Certain conjugated eldehydes such as benrsldehydc, I&?-hexeoaf, 

or cinnameldehyde underwent ThlSOTf-catalyzed condensation with II brt only slugglshly.s For 

example. the rtactlon of knreldehyde and If, leedlng to the eldol ttlmethylsIlyl ether, appeared to be 

*lOO-fold slower thsn the renctlon of the dlmethyl acetel SC and 41.j3 As demonstreted by the in- 

termolecular and lntremoleculttr competltlon experiments of eq I4 and IS, the condenurtlon is highly 

selective to acetels. l.Mer such cstlonlc condltlons, ececal functlonallty Is regarded as an acrlvartng 

group of carbonyl molety rather than a protective group. Carbonyl compounds could hrrve lntcrrrctlon 

with MSOTf’ to lead reversibly to pentecoordlnate silicon species. I* but such actlvsrton Is not 

enough for ketones or alkanels to cause smooth reectton wlth weakly nucl~phllic enol sllyl ethersi 

j3C and ‘Ii NMR spectra of benreldehyde, uPon eddltlon of an cquimolar amounr of TMSOTf, dld not 

cause any slgnlflcant change except some slgnal broadenlng (Table 31. 

lfi 

Regroselectlvlty. The absence of doublt-bond mlgratlon In enol sllyl ethers allows for the 

rcglospeclflc condensation at orlglnal sp2-hybrldlred carbon. For example, e single product was ob- 

telned wlth 4m. 

Stereoselectlvltles. Prochlrsl enol sllyl ethers and cnrboxonlum Ions possess enanclofects, and 

energy difference in thelr dlastcreomerlc face-matching results In the formatlon of threo end erythro 

products 1171 In unequal nmmnts feq 161. As summerlzed In Tuble 4, the klnerlc stereoselcctlon of 

the present aldoi reactlon exhibited moderate to high crythrolthreo retlos regardless of geometry (5 or 

zl of enol silyl ethers. The stereochcmlstrles of the 6 -eikoxy cerbonyl products were conflrmed by 

@rlkylatlon of stereo-authentic uldol products, This general erythro-selection Is In marked contrast to 

the ordrnery aldot reaction of Lewts acidic metal coordinated enolates feq II whose stereochemistry IS 

defined by enolate geometry.‘r2 Addition of tertlery amlnes did not alter the steroselectlvlty, as con- 

sistent with the proposed mechanism. I5 

(CH~3Si0 

A 
cm’ 

R’ ‘c”A2 + f@ 
+ 

OR’ 
cat TMsoTf ? R,A0rR3 + JyrR3 (16) 

H A2 R’ 
EOC‘I 

t%r7 -17 
fmfrW 
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Table 4. Erythro/Thmo Selectivity in the lWSOTf Catalyzed AI&I Reactio& 

product 

en01 sflyl 
ether 

acetal or 
compound maJor structure fl0. % yield erythro:threo 

4c 

4& 

4e 

4e 

de 

4f 

43 

4g 

4! 

ul 

41 

41 

41 

41 

5c 

Sh 

!ic 

se 

5h 

SC 

!ic 

5h 

5h 

SC 

58 

Sb 

0 

Ii 4.0 
jn 0 

17a 83 

17b 78 

17a 97G 

17c 9& 

17d 91 

17e 94 

17f 92 

17g 83 

17g 

17h 74 

171 91s 

171 

i7k 

17k 

71:29 

70:30 

76:2& 

62:38 

95:s 

78~22 

67:33 

78:2ti 

5345 

89:lic 

86:i& 

937s 

75:2& 

a Reaction was carried out with 5 mol % of TblSOTf In dichloromethane at -78 ‘C for 

4-10 h, b A 65:35 mixture of the z and 5 enol silyl ether. c Reaction using 1 mol % of 

TMSOTf. 9 Reaction in pentane. c Based on consumed starting material (49%). f A TMSOTf/2,6- 

di-t-butylpyrldlne mixture (5 mol %) as catalyst. 
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The erythro-selective aldol reaction Is reminiscent of reaction of TAS enolates and aldehydes 

which is categorized into eq 2.4 We have made a slmllar argument on the transitlon state structure, 

which coincides niceiy wlth molecular orbital calculations on gas-phase reaction of an enolate and 

formaldehyde.16 Closely related mechanisms have been adopted to explatn the stereochemfcal outcome 

of some other cationlc aldol condensations. 17 

Another characteristic steroselectlon was observed In reaction of certain chiral carboxonlum In- 

termediates possesslng diastereofaces. Thus reaction of the bicyclic tetrahydropyranyl acetate 2% 

fequatorial/axiat = 3: 1)18 and enot silyl ether 4a catalyzed by TMSOTf produced the equatorial isomer 

31 exclusively. This stereoselectlvity is interpretable in terms of the preferred structure of the In- 

termediary Ion pair shown in Scheme II. When the possible dfastereomerlc ion pairs, 29 and 30, are 

compared, the former havfng triftate In the o face is the more stablized by Interaction between the 

C(2) vacant orbita and triflate anion through anomertc effect.i9 The o-ion pair 29 reacts with the 

enol silyl ether on the B-face via a half-boat transition state,20 leadlng to the equatorial product 31. 

Conformationally flexible acetate substrates, 32a and 32b, behaved similarly to afford the cis conden- 

sation products, 33a and 33b, respectively.’ 

4a 

-TMSOTf * 

1 TfO- 

29 30 

=??z+JI 
0 

31 

Scheme II. 

32a, I?’ = CHs; R2 = H 33a, Ri = C&Is; R* = Ii 

32b, R’ = H; R* = CHs 33b, R’ = H; R2 = CH, 

Conclusion 

In the presence or absence of hindered tertiary amlnes, TMSOTf catalyzes aldol-type condensation 

of enol trimethylsilyl ethers and acetats (but not ketones and alkanals), orthoesters, acylals, etc. The - 

reaction conditions are extremely mild flow temperatures, aprotic, nonbasic, and only very weak 

nucleophile present). The dlrected aldol reaction is irreversible and the B-alkoxy carbonyl compounds 

are kinetically determined. No 6 -ellminatlon forming o, g-unsaturated carbonyl compounds takes place. 

The reaction proceeds by way of carboxontum triflate ion pairs generated from TMSOTf and acetals or 

related compounds. The electrophllic reactlon toward enol silyl ethers occurs via acyclic, extended 

transitlon states and exhibits unique stereoselectivitles, particularly, erythro selectivity independent of 

en01 geometry. 
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General. 

Chemical shifts of ‘H NMR spectra were reported as 5 values In parts per mllllon relaclve to 
tetramethylsllane ( 6 = 01. 

the standard ~~~~“’ 
trlfluoromerha~~lfonic acid-free TMSOTf was used. Thrs 

after stlrrlng with ca. 3 ~01% of 
Absence of tr,ethyl~~~~~~‘r~~‘~~“~~NMR. Enol stlyl ethers (4) were 

syncheslzed by the standard procedures, Dlmethyl and dlbenzyl ucccals (b-E) were prepored by 
acid catalyzed reactlon of the corresponding aldehydes end ketones with alcohols 2- 
Acetoxycetrahy&ofuran (S(r) and -pyran ISIt) were obtalned by acctyiatlon (Ac2O/pyrldlne) of the cor- 

cetoxytetfehydropyfans (26, 32a, and 32bl were synthesized by procedures 
Commerctally avairable compounds were dlstllled before use. 

General Procedures for Aldot-Type Condensatcon of Enol Sllyl Ethers and Acetals. 

Reactfon of I-~~fimethyls~lQxy-I-phenylethenc f4af wtth Hutanal Dlmethyi acetal (Sa). fo a solu- 
tlon of 4a (0.20 g, 1.0 mmol) and Se (0.12 g, 1.1 mmoll In CH2C12,(5 
solution of TMSOTf (0.5 ml. 0.05 mmolt at -78 ‘C. 

ml) was edded 0.1 M CH2C12 
After 10-h stlrrmg, the mtxture was poured Into 

satd NaHCO 
3, 

aqw solution and extracted by CH2Cl 
? 

(30 ml x 3). Comblned extracts were 
passed chroug n short K2C0 
elutlng with a 1O:I mixture o $ 

column and concentrated olumn chromatography on sglica gel (30 gt 
petroleum ether and ether geve 3-methoxy-I-phenylhcxan-l-one Gt, 0.15 

g, 75%) as colorless oll. 
Unless otherwlse stated, results In Table 1 end Teble 4 were obtalnrd by sjmtlar reaction and 

workup procedure& 

Reactjon of I-Trlmtthylslloxycyclopencene (4k) with Dfbenryloxymcthane (7~). To a mixture of 
4k (0.50 R. 3.2 mmoll. 78 (0.77 g, 3.1 mmol). and 2,6~l-~-~ty~~yrld~~ f9e. 0.06 g. 0.3 mmoil in ._ 
CH2C12 (6 ml) kept at I2 ‘C wa; added 0.1 .W Clt2C12 solillon of TMSOTf (3 ml. 6.3 mmoll. ‘The 
mlxture was srlrred for IO h and then worked up as described above. Chromatography on a srltca-gel 
(30 gl column eluting with a 3:1 mlxture of petroleum ether and ether gave 2- 
benzyloxyme~hyIcyclop?ntenone (&, 0.48 g, 76%) as colorless Qli. 

Results lndlceted In Table 2 were obtrrmcd by the slmiler procedures, 

Conflrmatton of the Stereochemlstrles of 3-Alkoxy iCetom* 
Auchenclc 6 -alkoxy ketones were obtalned by 0-melhvlatlon or -benrvlaclon of llchlum alkoxldes 

of the corresponding 8 lhydroxy ketones.” As &WC In Table 5, although’sQme ktnetlc dI~rlmlnation 
was observed between the dltutereomerlc aldols, depending on the substrates, the good matcrlal 
balance and dlastereomtrtc raftos Indtcate that WJ slgnlfrcsnt erythrolthreo IsQmerlzatlon occurred 
during the react Ion. A general procedure for the alkylaclon IS Illwcfatcd by reactlon as follows, 

Methylatlon of crythro-2-Hydroxybenrylcyclohexanone (erythro_34e), Sterling erythro-34e was ob- 
action of the cyclohexanone llrhlum enolate with benzayde followed by chromatographlc 

ZrsTdgt Pd;,_lSa This aidol 196 mg, 0.47 mmol) WBS treated wlth 1.6 M hexane solution of g-butyl- 
llthlum (0.28 ml, 0.45 mmol) In a I:1 mixture of TIO and ether (5 ml) at -78 “C for IO mln. TQ 
this was added methyl f~uorosulfonete (0.52 ml, 0.50 mmolt and the mlxturc was sclrred for en addt- 
tlonal 1 h. The resulting mlxturc wax diluted by additron of ether 130 ml) and washed with sacd 
KaHCO3 aqueous solut ioh After drylng and concentrating the mixture in usual manner, the crude oil 
was subJected co column chromatography on s~llca gel 15 g). Eluclng by a IO:1 mixture of petroleum 
ether and ethyl acetate afforded IesJ polar erythro-2-methoxy~nzylcyclohexa~ne (erythro-17k, 29 mg, 
31%) as colorless 011, and s&sequent clutlon by a 3:) mlxcure of petroleum ether end ethyl ece(ate 
gave e-l7k (4 mg, 4%) together wlth crythro-37e (51 mg, 53% recovery). 

The stcreochemiscrles of 17b. lid, 171, 17g, and l7h were establlshed by transformacton from the 
known compouds as follows 

Methyl ~hr~)-3-Me~hoxy-2-methyi-3-p~nyiprop~onete (three-17ttl. _ threo-2-Methyl-I-phenyl-3-buten-l- 
01 which WBS obtalned by CrCl 0 (2.44 g. 20 mmolj medlated~tinsation of bentaldehvde 10.53 I(. 5 
mmoll with I-bromo-2-buiene (I.20 g, 10~~mmo1)25 was treated by Nafl (8 mmol) In DMb (20 ml)‘fol- 
lowed by methyl lodlde (I.5 ml) at 0 ‘C. Ozone was passed through an ethyl acetate solution of rhe 
above ohtalned methyl ether at -78 Y and then the mlxcure was treeced with a mtxcure of 35% 
Ii202 I5 ml) rod satd NaltCO3 aqueous solution 110 ml) at 25 l C. After the mixture was acldlflcd 
by addition of dll ttCl. rhc or&enic layer was separated ond evaporated. The restdue was treated by 
ethereal solution of CH2!U2 (30 ml). generated from ~-methyl-~-nlcro~urea (281, and the crude product 
was subjected to column chromatography on sllca gel (30 g) elutmg wvlth a 4:1 mtxcure of petroleum 
ether and ethyl acetate to give --l7It 10.57 g, 55%). 

(0.2 6) at 0 “C. 
preparatlve slltca-gel ILC being developed wlth e 2:) mixture of petroleum ether and ether. Methyl 
erythro-3-methoxy-2-methyl-3-phenyiproplonate ferythro-17h, IS mg, 40%) was obtelned as colorless oil. 

erythro-I-fDhenyl-2-~tcfrahydropyren-2-yl~prQpan-~~~ ferychru~ To a THF 130 ml) solurlon of 
proplophenone lithium enolete prepared from proplophenone (2.71 g, 20 mmoll and LDA (21 mmol) was 
added 5-(cetrahydropyren-2-yloxy)pentanel (3.43 g, 20 mmol) at -78 ‘C. 
worked up In usual manner. 

After 3 min. the mlxture was 
WCs-gel (100 g) column chromatography elufrng wtth a 3:l mixture Qf 

hexane and ethyl acccate Rave an lsomerlc mlxcure of the corresponding ti -hydroxy ketone (3.83 g, 
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Table 5. Q-Alkyletkm of 6 -Hydroxy Ketones 

B-hydroxy ketone 34 

structure no. ds purityg 

recovered 
f3-alkoxy ketone 17 hydroxy ketone 34 

no. % yield ds purttyc % yield ds purityg 

OH Oy: 

CY-CJ 37f 
I 

100 

100 

97 

98 

97 

100 

100 

erythro-17a 

ervthro-17c 

erythro-t7e 

ervthro-f7i 

erythro-f7j 

ervthro-I’ll 

threo-17k 

24 81 67 80 

18 92 58 83 

27 93 37 81 

16 100 67 92 

17 IO0 55 95 

31 100 53 93 

22 100 43 100 

g Percent diastereomerlc purity. 

62%). This mixture, was treated by pyridlnlum ptoluenesulfonate (50 mg) in boiling methanol (50 ml) 
followed b 

iy 
methanesulfonyi chloride (0.5 ml) in pyrldfne (I5 ml) at 0 “C. After the usual workup, 

silica-gel 50 gl column chromatography elutlng wlth a 2O:l mixture of chloroform and ethanol gave 
less polar methanesulfonyl diester (0.383 gl and more polar monoester (1.27 gl. The latter was sub- 
jected to preparative silica-gel TLC and the plate was developed seven times by 9 2.5:1 mixture of 
cyclohexane and THF to give the less polar erythro-mfthanesulfonate (96% isomerlc purity) and the 
more polar threo isomer (89% purity) as colorless oil. H NMR spectrum of the erythro Isomer, upon 
irradiation of the neighboring methyl signal at 6 1.23, exhlbited the CO)-H slgnal at 6 3.45 as 
doublet with coupling constant of 3.7 Hz. The coupling constant of the threo-Isomer was 6.7 Hz. 

To a solution of the erythro-methanesulfonate 124 mg, 0.08 mmolf inTHF (I ml) was *added 1 M 
THF solution of LiAIH4 (0.04 ml) at -78 “C. After the usual workup, the organic residue was 
treated with 30% methanolic KOH In methanol (3 ml) followed by treatment with pyridinlum 
chlorochromate (0.1 gl in CH Cl2 
and ether as solvent gave 95 9 

15 ml). TLC puriflcatlon using a 2:1 mixture of petroleum ether 
stereoisomerically pure erythro-17d (I4 mg, 89%) as colorless 011. 

Conversfon of 2-(Tetrahydropyran-2-yllpropanal (17b) to 176 A dlastereomerlc mixure of 17b (7:3 
ratio, 20 mg, 0.14 mmoll was mixed with I equlv of phenyllithium In ether (I ml) at -78 “C and 
then with Jones reagent in acetone (2 ml) at 0 “C. A mixture of erythro- and a-17d f?5:25 
ratio, I4 mg, 46%) was obtalned by preparative TLC using a 2:1 petroleum ether/ether mixture as 
solvent. 

Conversion of erythro-2-(Tetrahydropyran-2-~llpropanolc Acid t-ButyIthio Ester brythro-17& to 
erythrn- I7d. A 
ethereal-u&ion 

ation of the thio ester (17g) (27 mg, 0.12 mmoll in ether (I ml) was treated wlth 
of phenylllthium (0.08 ml, 0.12 mmoi) at -78 “C for 30 min. Workup by usual pro- 

cedure followed by preparative TLC being developed with a 2:1 petroleum ether/ether mixture gave 
erythro-l7d (6 mg, 22%) together with starting erythro-lfg (Ilmg, 41% recovery). Neither e-17g 
nor threo-l7d was detected. 

Chromatograohlc, Spectral, and Analytical Data of Products. 

3-Methoxy-I-phenylhexan-I-one #a). L quid chromatography (IX): silica gel, 10~1 petroleum 
ether/ether as eluant. IR (neat) 1680 cm-‘* ’ H 
aromatic), 3.79 (m, IH, CHO), 3.37 (s, 3H, dH 01, 

NMR (CC14) 7.91 lm, 2H, aromatic), 7.40 (m, 3H, 

(dd IH 1 = 16.6 and 6.0 Hz CH CO) 1.53 i)m, 
3.21 Idd, iH, 1 = 16.6 and 6.4 HZ, CH CO), 

4H, CH I, 0.92 (t, 3H, 1 = 6.3 Hz, CH$; MS 
2.75 

(reiativd intensity) 71 (141, 77 ‘~331,2105’(100f, 173 1271, 183 (171, 191 (131, 206 (II). Found: C, 
m/z 

7-j.8: 
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)I, 8.7%. Calcd for C13H,802: C, 75.7; }I, 8.8%. 

3-Bcnzy~oxy-4-methyl-1-phenylDtntan-1-ocn: (Bbl. 1.c: rlllce gel, ?:I petroleum ether/ether as 

eluanr. IR (neat) 1683 cm -I “tf NMR (Ccl41 8.1-7.8 (m, ZH, aromerlc). ‘i.S--1.3 lm. 3lf. aromatic), ; 
7.12 (bts, 511, aromatic), 4.45 (s, 2H. CH2Ph),4.2-3.9 lm. ltf, CHO), 3.5-2.7 Im, 2H, Ctf2CO1, 2.0 (m, 
IH, Ctfl, 1.00 (d, 6tf, 1 - 6.4 Hz, CH3). Found: C, 80.6; )f, 7.996. Calcd for C19tf2202: C, 8o.g; 
11, 7.9%. 

3-Mcthony-3-methyl-I-phenylbuten-l-one (&cl. LC: s1llca gel, ?:1 petroleum ether/ether as e&ant. 
IH Inca0 1674 cm-‘; ‘tf NMR (CC141 7.92 (m, 2ti, eromstlc), 7.42 Im. 3H, aromarlc), 3.15 ls, 314. 
Clf O), 3.02 fs. 2H, Cbf2CO), 1.27 Is. 6}l, Cli3). Found: C, 75.2; if, 8.5%. Cokd for C12111602: C:, 
75. ; I3 H, 8.4%. 

I-Phenyl-2-ftetrehydfofurltn-Z-yikthnn-IQne (6dl. 1.C: wlrca gel, 7~1 petroleum ether/ether as 
e1usnt. IR Incat) 1680 cm-‘; ‘Ii NMH [Ccl ) 8.1-7.8 Im, 2H, aromallcl, 7.6-7.2 (m, 3ti, aromaticI, 
4.5-4.0 (m, IH, CHO). 3.9-3.6 (m, 2tl, Clf 8), 3.12 (dd, tff, 1 = 15.6 and 5.4 tit. C)I CD), 2.gS (dd, 
111, 1 m 15.6 and 7.8 Hz, CH2COI, 2.4-l. 3 (m, 411, CH2). Found: C, 75.5; )I, 7.4 4 . Calcd for 

C12H,402: C, 75.8; l-l, 7.4%. 

y&than-l-one (Se& LC: slhca gel, ?:I petroleum erherlethrt as 
NMH (CC 1 8.1--7.8 lm, 2rf, aromatkt, 7.6-7.2 (m, 3H, aromatIci, 

4.1-3.4 fm, 3H, CifO and CH20), 3.25 (dd~411f. 1 = IS.2 and 6.4 Hz, CH CO), 2.68 ldd, ItI, j. * 
15.2 and 7.6 liz, C)I2COI, 2.0-1.2 (m, 6}t, Ct121. Found: C, 76.2; H, 8.0 4 . Cakd for C,3111gD2: 

C, 76.4; if, 7.9%. 

S-Benzyloxy-2,2,6-trimethylhepten-3-one (WI. LC: SIttea gel. 10: I perroleum erherlether us 
eiuant. lR (neat) 1708 cm-‘; ‘H NMR KDCI 1 7.18 Is, SH, aromatk), 4.43 ls. 2tf, CH ph), 3.85 
lddd, IH. 1 = 8.2, 6.1, and 4.3 Hz, CHOl, 2.77 9 dd, IH, 1 = 16.0 and 6.2 Hr. Cli2COI, 2.2 5 Idd, Iti, 
I- 16.0 and 4.3 Hz, CH2CP 1, 1.83 Im, 111, Ctf), 1.08 IS, 

Found: C, 77.9; H, 9.9%. 
9H, CH31, 0.95 Id, 3ti, 1 = 7.2 HZ, Ci13). 

Cakd for C171t2602: C, 77.8; ff, 10.0%. 

3,3-DImethyl-l-(~etrahydr~yrs~-2-y~)~;an-2~~ (S&. Lf: silkn gel, 4:l ptroieum ctherlether 
as elusnl. IR (newt) 1705 cm-‘; ‘H KMR (CC1 ) 3.9-3.2 fm. 3}f, CitO and CH Ol, 
16.3 and 7.0 Hz, CH CO), 2.21 (dd, IH, 1 . 1 b .3 and 

2.71 ldd, IIf, 1 m 

3 
7.0 

Is, 9H, cii3t. Foun : C, 71.8; 11, 11.2%. 
lfz, Cti_2CO), 1.9-I. 3 1m, 6H, (:)121. 1.03 

Cakd for Clltf2002: C., 71.7; 11. 10.9%. 

3-Me~hoxy-2~2-dl~et~lhex~na1 (6hl. LC: sllfca gel, IO: I petroleum ether/ether as cluant. III 
(neat1 2700, 1722 cm-‘; ‘H NMR (CCi,) 9.46 IS, ltf, HCO), 3.37 IS, 3)1, CH 

? 
01, 3.14 11, 111, 1 = 5.0 

Hr. C1lO), 1.8-0.8 Im, 711, CIi2 ond CIi 1, 
Cakd for CgH1802: C, 68.3; ? 

1.03 ls, 311, CIi3). 0.98 Is, 31 , CH3). Found: C, 68.5; 
H, 11.3%. f, 11.5%. 

3-.Methoxy-2,2,3-trjmefhylbutanal (611, LC: slllca gel, 10: I petroleum ether/ether as tluant. IR 
(neat) 2700, 1715 cm-‘; ‘H NMH lCCt4f 9.45 (s. IH, HCOl, 3.20 (s, 3ff, CH 01, 1.11 (s, 6H, CrI3). 
1.01 (s, 6H, CH3). Found: C, 65.8; Il. 11.5%. C&cd for C8tf1602: C, 66.0; 5. 11.5%. 

4-Methoxy-3 3 4-~r~ethyl~ntan-2-one (61). 1.C: stlka gel, l&l petroleum ether/ether as fluent. 
IR Ineatl 1698 ~2%; ‘tf KMR (Ccl41 3.16 fsl W, Ctf30), 2.09 (s, 3tl, COCtf ), I,10 fs, 6tf, CH$, 
1.07 ls, 6H, CH3). F‘ound: C, 68.4; H. 11.7%. Calcd for C9H1802: C, 68.3; 2 11.5%. 

2-(2-Meethoxypropan-2-ylkyclqpentanone (6kl. LC: slllca gel, IO:1 petroleum ether/ether as 
cluant. 1H (neat) 1739 cm-‘; ‘H NMR (CC1 \ 3.09 15, 3H, Cli O), 2.3-1.5 (m, 7H, CH and Cl{ I, 
1.27 (s. 3H, Cfi31. I.12 Is. 3H, Cii3). Found: C, 69.2; tf, 10.34. Cakd for Cgtf1602: C. 69.2; K, 
10.3%. 

2-(2-hlethoxyprppan-2-ylkyclohexafww (611. LC: slllca gel, IO:1 petroleum ctherlether as efuant. 
IR (neat) 1708 cm“; ‘H WMR &Xi 1 3.07 (s, 3H, C1!30), 2.5-1.2 Im, 9H, CIi and CH 1, I.21 Is, 3H, 
Cff3), 1.14 Is, Jlf, CH3). Found: & 70.3; )f, 10.4%. Cakd Ior CjOcfl802: C, 70.5; a, IO. 7%. 

LC: sllIca gel, 7~1 petroleum ether/ether as eluant. IR 

911, Ctf and Uf2). d 
6.0 liz, OCHOI, 3.34 (s, 6H, Cli3Ol, 2.7-1.4 (m, 

for CgH16D3: C. 62.8; )l, 9.4%. 

2-(2-Wcthoxyprouan-Z-y1)-6-metbylcyclohexanone (6n). LC: slllca get. IO: I petroleum ether/ether 
as eluant. JR Incat) I703 cm-‘; ‘H NMR Kc14) 3.13 (s, 3H, <X30), 2.7-2.2 tm, 2H, CffCO1, 2.l- 
1.2 lm, 6H, Cif and CIf2). 1.22 Is, 3H, Clf 1. 1.1l (s, 311, Cti ), I.01 (d, 31f. 1 = 6.8 Hz, Cli3). 
Found: C, 71.6; H, 11.0%. Calcd for Cll~f20 2. b . c, 71.7; )f, ro.9G. 

2-~l-Met~xy-4-methy~-6~xobe~Iy~kycI~exa~ IGo). LC: silica gei, 10: 1 petroleum ether/ether 
as eluant. IH (near) 1708 cm-‘; ‘ti NMR (CCI k 3.55 (m, IH, CtiO1, 3.27 (s, 2.4H, CIf 01, 3.21 ls, 
0.6}1, Ctf30), 2.5-1.2 Im. I4)f, CH and CH2I, 2.b4 Is. 3H, Cff CO), 0.89 (d, 3)f, 1 l 

Pound: C, 70.5; tl, 19.3%. Calcd for C15H2603: c, 70.8; H. 123%. 
6.3 Hz, Cti3), 

3-f?enryloxy.- 1 -phenylpropen- I-one @Jab LC: sltlca gel, 5:i petroleum ether/ether 8s eluonr. IW 
(neat) t683 cm-‘; ‘H KMR ICCl,l 8.0-7.8 (m, 2H, aromatltt, 7.6-7.0 (m, 3H, aromntk), 7.23 (s, Stf, 
aromatlcl, 4.48 ls, 2H. CIi2Ph), 3.82 (t, 2lf, 1 - 6.9 Hz, CH OI, 3.15 (I, 211, 6.9 )fr, 
MS m/r (rerarive -- - Intensity) 77 (Jot, 91 1501, IO5 (IOO), 134 (74, 135 (100). 240 Found: 

Ctt2COI: 
C, 80.0; 

II, 6.6%. Calcd for C,6H,&: Ci-, 80.0; H, 6.7%. 

3-~nzyloxy-2-methyI-l-phenyl~~an-1~~ (lb). LC: tlllca gel, 10:1 petroleum ether/ether as 
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eluant. 1R (neat) 1680 cm-l; IH NMR (CC14) 8.0-7.7 (m, 2H, aromatic), 7.5-7.1 fm, 3H, aromatic), 
7.18 (s, SH, aromatic), 4.43 (s, 2H, CH2Ph), 3.8-3.4 (m, 3H, CHO and CH 0). I.20 (d, 3H, J_ = 6.0 
HZ, CH3); Ms m/z (rerative incenslty) 71 I35), 91 (65), 105 (LOO), 134 (20), 749 (80). 254 (2). 
C, 80.5; H, 7.1%.- 

Found: 
Calcd for CI7H1802: C, 80.3; H, 7.1%. 

2-Benzyloxymethylcyclopentanone (8~). LC: sllica gel, 3:l petroleum ether/ether as eluant. IR 
(neat) 1738 cm-‘; ‘H NMR (CC1 1 7.23 is, 5H, aromatic), 4.43 (9, 2H, CH Ph), 3.58 (d, 2H, 1 = 3.5 
Hz, CH20), 2.5-1.6 (m, 7H, Cd and CH ); MS m_/& (relative Intensity) St (IMf), 97 (IOO), 107 (35), 
204 (15). Found: C, 76.2; H, 7.8%. Calc 2 for C13H1602: C, 76.4; H, 7.9%. 

P-Benzyloxymethylcyclohexanone &I). LC: silica gel, 5:l petroleum ether/ether as eluant. IR 
(neat) 1712 cm-‘; ‘H NMR (CC1 ) 7.23 (s, 5H, aromatic), 4.45 (s, 2H, CH Ph), 3.72 (dd, 1l-L J_ = 9.0 
and 4.8 Hz, CH20)! 3.30 (dd, l& L = 9.0 and 7.5 Hz CH 0), 2.7-1.2 ?m, QH, CH and CH )’ MS 
Z/L (relative intensity) 91 (loo), 218 (20). Found: C, 7i.9; &, 8.5%. Calcd for C14HI802: Cf ‘77.0; 
H, 8.3%. 

2-Methoxvmethvlcyclohexanone (8e& 
(neat) 1715 cm-‘; ‘H NMR (CC1 ) 

LC: slllca gel, 3:l petroleum ether/ether as eluant. IR 
6 3.62 (dd, IH, 1 = 9.8 and 4.5 Hz, CH 0), 

2F 
3.27 Is, 3H, 3.22 (dd, IH, 1 = 9.8 and 8.0 Hz, 

H 0), 2.7-1.2 (m, QH, CH and CH2). 
CH3), 

Calcd for C8H,402: C, 67.6; H, Q.&k. 
ound: C, 67.4, H, 10.2%. 

2-Benzyloxymethyl-6-methylclohexanone (8f). 
Less polar isomer (25% yield). 

LC: silica gel, 7~1. petroIeum ether/ether as e/uapt. 
TLC R 0.36 (5:l 

NMR (CC14) 7.22 Is, 5H, aromatic), 4.45 fg, 
petroleum ether/ether); IR (neat) 1708 cm- ; H 

and CH ), 0.95 (d, 3H, I = 6.3 HZ, 
72 

CH ). 
2H, CH Ph), 4.0-3.1 (m, 2H, CH20), 2.7-1.3 (m, 8H, CH 
Found: 6, 77.4; H, 8.5%. 

cH;n-B: 
More polar Isomer (49% ytel ). a 

‘H NMR (CC1 f 7.22 (s 5H, aromatlc), 
TLC R 

Calcd for Cl~H~~Ode,“;, :;F; 
0.31 (5~1 petroleum ether/ether ; 

4.45 -t 
(m, 8H, 

2H, CH Ph), 3.8-3.3 (m, PH, CH20), 2.8-1.6 
CH and CA,), 1.05’ (d, 3H, J_ = 7.0 Hz, ‘CH3). l?ound: C, 77.5; H, 8.7%. Calcd for 

C15H2OO2: C, 77.6; H, 8.7%. 

erythro-3-Methoxy-2-methyl-l,3-diphenylpropan-l-one (erythro-17a). 
ether/ether as eluant. 

-d 

LC: sillca gel,, 10~1 petroleum 
TLC R 0.41 (51 petroleum ether/ether~(neat) 1675 cm- ; H NMR (CC14) 

8.1-7.0 (m, lOH, aromatic), .36 (d, IH, 1 = 8.2 Hz, CHO), 3.74 (dq, IH, L - 8.2 and 7.8 Hz, 
CHCO), 3.18 (s, 3H, CH30), 1.31 Id, 3H, 1 = 7.8 Hz, CH3). Found: C, 80.3; H, 7.2%. Calcd for 
C17H,802z C, 80.3; H, 7.1%. 

threo-3-Methoxy-2-methvl-l,3-dlohenvIoropan-l-one (three-178). 
ether/ether as eluant. 

LC: silica g_“i, IO: 1 petroleum 
TLC f?r 0.37 (5:t petroleum ether/ether);lR (neat) 1677 cm ; ‘H NMR (CC1 ) 

8.1-7.0 (m, lOH, aromatic), 4Z36 Id, IH, I = 8.2 Hz, CHO), 3.9-3.6 (m, lH, CHCO), 3.07 (s, 3;1, 

7.14. 
CH 0), 0.78 (d, 3H, 1 = 7.4 Hz, CH3). Found: C, 80.5; H, 7.2%. Calcd for C17H1802: C, 80.3; H, 

A Mixture of erythro- and thre~2-(Tetrahy~ooyran-2-yI~ropanaI (17b). LC: silica gel, 4: I 
petro-leum ether/ether as eluant. IR (neat) 2730, 1725 cm-‘; ‘H NMR (CC1 ) 9.67 (m, IH, HCO), 
4.2-3.3 (m, 3H. CHO and CH20), 2.6-2.1 (m, IH, CHCO), 2.0-1.3 (m, 6H, &H and CH2), 1.08 (d, 
2.1H, 1 = 7.0 HZ, CH ), 1.04 (d, 0.9H, L = 7.4 Hz, CH3). Found: C, 67.6; H, 10.0%. CaIcd for 
C8H1402: C, 67.6; H, d9%. 

A Mixture of erythro- ~threo-3-8enzyIoxy-bmethyi-1,3-diphenyIpropan-l-one (17~). LC: silica 
gel, IO:1 petroleum ether/ether as eluant. IR (neat) 1680 cm-‘; ‘H NMR (CC 
aromatic), 4.7-3.7 (m, 4H, CH2Ph, CHO, and CHCO), 1.37 (d, 2.6H, j_ = 7.5 Hz, ‘d,“;‘;:: :; O!:!: 
L = 7.4 Hz, CH3). Found: C, 84.0; H, 6.7%. Calcd for C23H22O2: C, 83.6; H, 6.82.’ 

erythro-2-(Tetrahydropyran-2-yl)-l-phenyloropan-l-one (erythrwm 
ether/ether as eluant. 

LC: siifca gel, 5:l petrpley; 

NMR (CC14) 8.0-7.8 Im, 
TLC % 0.33 (1O:l petroleum ether/ethyl acetate); 1R (neat) 1676 cm ; 

2H, aromatic), 7.5-7.3 (m, 3H, aromatic), 3.94 (dm, IH, 1 = 11.0 Hz, CHO), 
3.6-3.2 (m, 3H, CHCO and CH 0), 
77.0; H, 8.3%. Calcd for Cl4 i? 

1.9-1.3 (m, 6H, CH2), 1.20 (d, 3t-1, 1 = 6.6 HZ, CH3). Found: C, 
1802: C, 77.0; H, 8.3%. 

threo-2-(Tetrahydropyran-2-yl)-l-phenylpropan-l-one Cthreofl 
ether/ether as eluant. 

LC: silica gel, 5~1 pet:pIeym 
TLC lXf 0.31 (IO:1 petroleum ether/ethyl acetate); 1R (neat) 1680 cm ; H 

NMR (CC!,) 8.0-7.8 (m, 2H, aromatic), 7.5-7.3 (m, 3H, aromatic), 3.83 (dm, lH, I = 12.0 Hz, CHO), 
3.7-3.2 (m, 3H, CHCO and CH 0), 
76.8; H, 8.4%. Calcd for Cl4 & 

2.0-1.3 (m, 6H, CH2). 1.06 (d, 3H, 1 = 6.8 Hz, CH3). Found: C, 
1802: C, 77.0; H, 8.3%. 

erythro-I-Methoxy-2,4,4-trimethyI-l-ohenyIpentan-3-one (erythro-17e). 
petroleum ether/ether as etuant. 

LC: silica gel, _I lp:l 

NMR (CC1 ) 
TLC s 0.47 (5~1 petroleum et-her); 1R (neat) 1708 cm ; H 

Hz, CHCO , 4 
7.23 Is, 5H, aromatic), 4.11 ?d, IH, = 10.0 HZ, CHO), 3.10 (dq, IH, i = 10.0 and 6.3 

H, 9.5%. 
3.00 (s, 3H, CH 0), 1.17 (s, 9H, CH3, 0.66 (d, 3H, L = 6.3 Hz, CH3). 

Calcd for C15H22b2: C, 76.9; H, 9.5%. 
f Found: C, 77.2; 

threo-l-Methoxy-2,4.4-trimethyl-l-~henyIpentan-bone (threo-17e). 
ether/ether as eluant. 

LC: silica 4~1, , IO:1 petroleum 
TLC R 0.41 (51 petroleum etherlether); (neat) 1710 cm H NMR (CC1 ) 

7.18 (s, 5H, aromatic), 4.13 ( $ lH, L = 11.0 Hz, CHO), 3.2-3.0 (m, IH, CHCO), 
1.16 (d, 3H, ,/_ = 6.5 Hz, CH3), 0.80 (s, QH, CH3). Found: C, 77.1; H, 9.4%. 

3.:3 (s, 3H, CH3C$ 

C, 76.9; H, 9.5%. 
Calcd for C15H2202: 

erythro-3-Methoxy-2-methyl-3-phenvlprooionic Acfd t-Butvlthlo 
l&l petroleum ether/ether as eluant. TLC 3 0.62 (5~1 petroleum 

LC: silica gel, 
(neat) 1680 cm- ; 
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iH NMR KC14) 7.25 (s, 51,. aromatk), 4.23 ,d, ,H, J_ * 7.4 Hz, CHOi, 3.18 (s, 3H. 2.70 Idq. 
i& I = 7.4 and 7.4 Hz, CHCO), 

CH30). 

67.5; H, 8.5%. 
1.12 Is. 9i1, CH I, I.08 (d. 3H. 1 - 7.4 Hz, Cii3t. 

Calcd for C,5H220$: C. 67.6; H, 8.&b. 
Found: C, 

thr~3-Methoxy-2-methy,-3-phenylproplonlc Acid t-&tylthlo Ester fthrtqa 
{&I petroleum ether/ether as eluant. TLC R 0.60 (5:l 

LC: silks gel: 

H IWR KCI4) 7.23 (s, SH, aromatic), 4.20-&l, IH. 1 
petroleum ether/ether); IR ineat) 1693 cm 

= 9.3 Hz, CHO), 3.0-2.4 ,m, IH, CHCO), 3.14 
,s, 3H, Cii 01, 1.47 fs, 9H, CH ), 0.78 Id, 3H, 1 = 6.2 Hz, Cli3). Found: C, 67.7; H, 8.4%. Cakd 
for Ci5H22b2S: C, 67.6; ii, 8.32 

erythro-2-(Tetrahydropyran-2-yliwopionlc Acid t-Hutyithlo Fater (erythrom 
petroleum ether/ether as eiuant. 

IX: silica gc!, I !j;: 

NMR KC1 1 3.87 ldm, lH, 1 = 
T1.C R-( 0.55 ,lO:l petroleum cther/ethcri; IR Ineat, 1680 cm , 

6.8 Hz, C i! CO& 2.0-1.3 (m, 6H, 
12.0 Hz,-CtiO), 3.6-3.1 fm, 2H, Ci,20,, 2.38 ldq, Iii, 1 = 9.0 and 

62.6; Ii, 9.6%. Calcd for Ci2H220 
1.40 (s, 9H, CH3). 1.10 (d, 3ti, 1 l 6.8 Hr. CH31. Found: C, 

. C, 62.6; tl, 9.6%. 

threo-2-(Tetrahydroyran-2-yihwwlonlc Acid I-Dutylthio Ester (threom 
petroleum ether/ether as eluant. 

1-C: slllca gel:i lj;\ 

NMR (Ccl 1 3.90 ,dm, IH, J_ = 
TLC i?f 0.48 ,lO:l petroleum ether/erheri; IR lneati i68O cm ; 

12.4 Hr;-CHO), 3.7-3.1 ,m, 2H, Cii20i, 2.55 ,dq, Iti, 1 = 7.0 and 
7.0 Hz, CfiCOi. 2.0-1.3 (m, 6H, Cft I, 1.12 (s, 9,t. C,i 1 I.03 fd, 3,i, 1 
62.3; it, 9.S%, Caicd for Ci2ii2202~ C, 62.6; Il. 9.62’ 

= 7.0 112, CII3J. Found: C, 

Methyl erythro-3-Methoxy-2-methyl-3-phenylpropionate (erythro-ilh). 
ether/ether as eluaot. 

1.C: sillca_,ge\ 5: I ptroleum 
TLC R 0.61 I2:i petroieum ether&herl; meat) 1738 cm ; tf NMH (CC1 1 

7.20 Is, 5H, aromatIcI, 4.32 & iH, 1 l 7.3 Hz, CHO), 3.43 Is, 3H, CH301. 3.18 (s, 3H, CIi 01. 2.& 
(dq, lH, L 2 7.3 and 7.3 Hr. CHCO), 1.18 ,d, 3ii, 1 = 7.3 iiz, C,i3i. Found: <:, 69.5; ?,, 7.8%. 
CaIcd for C,2,1,603: C, 69.2; ,i. 7.7%. 

.Methyi threo-3-.~ethoxy-2-met~yl-3-phe~yi~roplonat~ Ithrco-17hl. IL: siilcu 
ether/ether as eluant. TLC R 0.52 l2:i petroleum etherletherm loeatf 1735 cm 

ti 

-Pi 
5: I petroleum 

7.23 Is, Sii, aromatlci, 4.15 l,i, 1 = 
, tf NYR ICCi4i 

9.6 Hz. CHOi, 3.66 Is, 3H, C,,301, 3.11 ,s, 3it. CH 01, 2.9- 
2.3 fm, IH, CHCOt, 0.80 ,d. 3,i, 1 = 7.0 ,it, CH3,. Found: C, 68.9; H. 7.5%. Calcd for 2i2Hi603: 
C, 69.2; Ii, 7.7%. 

erythro-2-,l-~thoxy~tyi~yci~exan~ lerythro-i?,). LC: sliica gei, 
es eluant. 

iti 1 pe{ro\eum ether/ether 
TLC R O&O f7:I petroleum cther/ethy~tatei; IR (neat) 1718 cm- ; 

3.62 ,m, iii, CHC -i-k, 
ii PiMR KC14) 

ctt3i. 
3.26 (5, 3ti, CH301, 2.4-1.2 lm, i3H, CH and CH ), 0.92 it, 3fi, J_ = 5.0 Hz, 

Found: C, 71.7; tf, 10.9%. Calcd for CiiH2002: c, 71.7; ti, IO.&. 

thr~-2-(I-.~ethuxy~tyi~ycioh~xano~ (_threoa 
eluant. 

1.c: sillca gel, l&L ~trpleum ether/ether as 
TLC & 0.54 ,7:l petroleum etherlethyi acetate); IR (neat) 1720 cm , H !WR ,CCi4i 3.52 

(m, IH, Ci,COi,3.24 (s. 311, Cit 01, 2.5-1.2 ,m, l3H, Cl1 and Cii2i, 0.93 It, 3H, j_ l 5.0 fir, CH3,. 
Found: C, 71.5; Pi, 11.2%. Ctilc d for C,lH2002: C, 71.7; H, 10.996. 

crythro-2-(I-Methoxy-2-methyipropylkyciohexan~e Qzrythrom 
ether/ether as eluant. 

LC: slilccr gel, IO:1 pet_releyt;l 
TLC R 0.56 ,iO:i petroleum ether/ethyl acetate); IR (neat) 1717 cm , 

?JNR KC1 i 3.5-3.3 (m, Ill, 
3H, 1 = 4,O Iiz, Cti31, 0.89 

74 KOI, 3.36 (s, 3ti, CH 0). 0.96 (d, 
Id, 3I1, 1 = 7.0 Hz, C i3). ? 

2.5-1.2 (m. IOH, CH and CH2), 
Found: C, 71.6; ii, 10.9%. falcd for 

C,iii2O02: C, 71.7; ti, 10.996. 

threo-2-~l-Meth~xy-2-methyl~ropylkyciohexa~ne Cthrco- 
ether/ether as eluant. TLC R 

LC: slilca gel, i&i petrelcym 
0.49 (i&l petroleum ether/ethyl acetate); IR (neat) 1720 cm- ‘ ti 

!WR KC1 1 3.4-3.2 ,m, IH, -&i CO), 3.37 (s, 3,i, 
3ii, 1 l I!.3 Hr. CH3i, 0.86 fd. 3H, j_ 

CH 01, 
= 7.0 Hz, c i3). 7 

2.6-1.2 ,m, IOH. Cti and C!i2), 0.92 (d, 
Found: C, 71.5; ii, ii.i%. Cakd for 

c,,,i2002: c. 71.7; H, 10.9%. 

erythro-2-Methoxy~nzyicycloh~ano~ terythro-17kl 
es etunnr. 

LC: stiica gel,, IOil petroleum ether/ether 
TLC % 0.63 (IO:1 benrenelethyt acet=IR (neat1 1707 cm ; if NMH (CC14) 7.22 Is, 

Sfi, aromatic), 4.2?- ,d. Iii, 1 = 3.9 HZ, CltO), 3.22 Is. 3H, Cti 0), 2.5-1.2 ,m, 9H, C,i and CH I; 
MS m/z (relattve IntensItyi 77 ,23i, 91 (IS), 121 (IOO), 186 f4), 2d3 (3,. 218 (61. 
8.2%: - 

F.ound: C, 77.2; Pi, 
Caicd for C14H,802: C, 77.0; H, 8.3%. 

three-2-S4ethoxybenrykyclohexenone ,threo-lfk 
elunnt. -+ TLC R_r 0.51 (IO:1 benzene/ethyl acetate, 

LC: sfiicr gel, 
IR (neat) 1712 cm-i; 

iv1 petroleum ether/ether as 

aromatlc). 4.51-Id, iii, 1 l 7.0 Hz. CHO), 3.16 la, 3,i, CH 0). 2.5-1.2 (m, Sii, 
Found: C. 76.9; )i, 8.3%. Calcd for Ci41ii602: C. 77.0; It, 8.3& 

ti NMR ‘““‘&7.‘.“,,‘s~,S~~: 

2-(~tahrdr~nz~oyran-Z-yil-i-p~n~t~n-i~~e 
acetate as &ant. 1R (neat) I682 . 

LC: SliIC% ei, 

8.8 Hz, aromatic), 7.48 ;r 

‘,., NMR 

k, I& 1 l iti, 1 
i3) 7.96 (d, 2 k1 

I@ 1 petroleum ether/ethyl 
, = 8.8 Hz, aromatlci, 7.56 

5.2 Hz, CtiO,, 3.43 (dd. IIt, 1. * 
= 8.8 Hz, aromatlci, 4.26 Mdd, IH, 1 m 7.6, 6.9, and 

IS.9 and 5.2 Hz, CH CO), 
Cit COi, 3.23 Mcid, it,, 1 = 
C. 39-o; H, 8.6%. 

10.4, 10.4. and 3.5 Hz, CHO, 2.1-1.0 (m, 13H, CH and CH2,. P 
3.30 (dd, IH. J_ - 15.9 and 7.6 Hz, 

Found: 
Caicd for C )7H22O2: C, 79.0; H, 8.6%. 

cls-2-(4-Methyltetrehydrovvren-2-yi)-l-p~nyJethan-i-o~ (JJa). 
ether/ether as eluant. 

LC: silica gel, 3:l petroleum 
IR beat) ,690 Cm-‘; ‘H NMR KCi4) 6.0-7.8 ,m, 2fi, aromatic), 7-S-7.2 lm, 

3H. arOmatiCi, 4.16 (m, iH, CHO), 3.66 ,m, 2H. CH201. 3.21 ,dd, iti, 1 I 14.0 and 6.0 HZ, CH CO), 
2.75 (dd. i!i, 1 z 14.0 and 7.0 Hz, CH CO), 
CH3). Found: C. 76.9; H, 8.6%. Ca,C 8 

2.3-1.2 tm, SH, CH and CH2i, 1.13 (d, 3H, J, . 7.8 )iz, 
for C,4H,802: C, 77.0; Ii, 8.3%. 
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cis-2-(6-Methyltetrahydropyran-2-yl)-l-phenylethan-l-one (33b). LC: silica ge1, 3:l petroleum 
ether/ether as eluant. IR (neat) 1690 cm-‘; ‘H NMR (CC14) 8.0-7.8 (m, 2H, aromatic), 7.5-7.3 (m, 
3H, aromatic), 4.33 (m, IH, CHO), 3.92 (m, IH, CHO), 3.22 (dd, lH, J_ = 15.0 and 6.0 Hz, CH CO), 
2.90 fdd, IH, J_ = 15.0 and 7.6 Hz, 
Found: C, 76.8; H, 8.5%. 

CH CO), 1.9-1.2 (m, 6H, CH2). 1.17 (d, 3H, J = 7.2 Ha, PH3). 
Calcd for Cl4 % 1802: C, 77.0; H, 8.3%. 
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