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AMmet-The reaction between 2,3-O-iwpropyli&ne-~-gl~e-Dglyceraldehyde and dimetbsne, dimethyl- 
sulfonium metbyfidc and dimetbyioxosuffonium methylide has been studied. The ruifur ylidcs yield 
two epimerfc epoxides. 1,2-anbydro-3,4-O-iiropylidene-u-crytbritol and 1.2~anbydro-3.4O-&o- 
propylidene-rHbreito1, with a slight preference for the cryduo isomer. 

The reaction with diazomctbane yields in addition to the cpoxides a methyl ketone, l-deoxy-3,4-O- 
isopropylidcne-o-&zero-tettulosc. The relative yields of the three products ltave been discus& 
the basis of mcclmnisms previously pmposcd for the reactions. The yield of methyl ketone was low: 
when the reaction was carried out in pure dietltyi ether solution. This solvent also gives the greatest 
preference for the erytfuo isomer of the two epoxides. Constitution and stcreocbcmistry for the three 
products have been &wn by synthesis. 

Epoxidatioa of the CO group ia ketoses is a useful 
technique for the synthesis of carbohydrates with a 
C-C-O-branching. Our attention was drawn to this 
method during aa attempt to aynthosizc 2-G 
methyl-D-erythritcil (1) which has been isolated 
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from Conaolaulus glomeratusz aad showa to have 
the absolute configuration-as given.’ Since epoxi- 
dationa of pyranoses and furanosea are rather weU 
studied we have undertaken a systematic study of 
the course of some epoxidatioa reactions of open 
chain carbohydrate derivatives. Although the pro- 
ducts rue not branched, we have started with 2,3- 
0-isopropylideae+&ceraldehyde (2) whkh wua 

H\_/” 
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obtained from 13:5,6di-O-iaopro~ylideaempropytidene-~ 
maaaitol: The reactions are additions of diaxo- 
methaae, dimethyhlfonium methylide aad di- 

methyloxosulfoaium methyl&, to the aldehyde 
group. 

The addition of diaxomethaae to ketones aad 
aldehydes is a well-kaowa reaction.’ The four 
primary products which are summarized ia Scheme 
1 are two epiareric epoxides (A aad B) aad two 
homologous ketones (C aad D). Reaction with aa 
aldehyde (Rr=H) yielda either the homologous 
aldehyde Q or a methyl ketone (D) along with the 
epoxides. With excem of diaxomethaae the CO 
compouads are capable of reactiag further. Since 
aldehydes are more react& thaa ketones homolog- 
ous aldehydes are rarely isolated. 

For preparative purpose the point of interest is 
which ofthefourproductawillbethedo~tiagia 
the particular case. A lot of work has been put into 
elucidation of the reaction mechaalsmP It is estab- 
lished that ia 19-dipoles with a central N, this 
atom is positively charged while the two others are 
negative. For diaxomethaae the charges are: CI-I* 
(- 0.26) N (+ 0.31) N (- 0.14): Basically the prob- 
lem is to decide whether it is a concerted or a two 
step mechanism. A two step mechanism which ia- 
valves polar iatenaediitea (Scheme 2) has seemed 
unlikely because of lack of aay clearly defiaed 
dependency of reaction rate on solvent p~htrity.~ A 
coaserted 19-dipolar cycloaddition reactioa ls 
supposed to take either of the two courses via the 
cyclic latennediates I-IV as showa la Scheme 3.6 
Oaly the reaction passing through intermediate III 
aad IV gives CO products. Whether the reaction 
will take the one or the other path la a matter of Rr 
aad Rz aad also of the medima ia which the 
reaction is carried out. Ia a polar medium like 
methanol the lower process is favoured leading to a 
higher yield of CO compounds C aad D. The 
reasoa for this may be formation of aa H-bond 
between methanol aad the CO oxygea, thus 
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polpizing the bond and favouring an attack. of CX& 
attheCOcarboninsteadofN.Morepowerful 
co-ordination of the CO oxygen with Lewis acids 
fxnnpletely eliminates the formation of epoxides. 

‘Ihe dependency of RI and & ia best illustrated 
by the fact that electronegative groups favour epox- 
ide formation. Thus l,l,l-trichloro-2-ppanone 
and chloral (trichloroacetal) yield almost exclu- 
aively epoxidec6 However, the epoMe dilated 
from reaction with chloral in due to reaction of one 
mole of diazomethane with two moles of chloral. 

A similar higher yield of epoxido was observed 
when going from acetone (R,=+Me) to 2- 

undccanone (R&Me, RFn-G&J wkfl must 
be due to a steric effect. 

The reaction between 29-0-iqropylidene-D- 
glyceraldehyde and diazomethane was followed 
both by glc and 13C NMR spectroscopy. The molar 
ratio of aldehyde to’ diazomethane at the start of 
the reaction was in all cases approximately 1: 2. 

The solvent systems that were used were 
diethyl ether with 0, 6, 12, 18 and 25% methanol 
corrcaponding to a molar ratio of methanol to 2 of 
17, 34, 51 and 70. 

Figure 1 shows the yield of methyl ketone 5 and the 
two epoxides 3 and 4 after 145min reaction time 
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Fig. 1. The relative yields of 3, 4 and 5 after 145 miu 
when 2 im reacted with diazOxlMllaM? rt various cOIueot- 
rationa of mcthtol in dkthyl ether. 

with varying amounts of methanol. The data are 
baaed on the amount of aldehyde that had reacted. 
They were slightly lower when unreacted aldehyde 
wastakoninto mt. It has been re 

Ptedthat polar solvents apeed up the reaction and abo 
in- the ketone to apoxide ratio. It is seen from 
Fig.lthatthe maximum yield of methyl ketone in 
thir case was obtained with 12% methanol. Higher 
percentage of ~~~thanol slightly dcmcasd the 
methyl ketone to cpoxidc ratio. By methyI ketone 

(31 (41 

here is meant the sum of methyl ketone and pro- 
ducts due to further reaction with another mole of 
diazomethane. The reaction of the methyl ketone 5 
with diazomethane will be published in a coming 
paper. 

Itieai8o8eenfromFiifthattbeamountofthe 
three epoxide 4 was increasing slightly with incrcas- 
ing amount of methanol while the percentage of 
eryrhro epoxide 3 decreased on addition of 
‘methanol to reach a minimum at 12% methanol 
and then slightly inaeased again at higher methanol 
concentration. It seems reasonable to conclude that 
the methyl ketone 5 is formed at the cost of the 
eryrhro epoxide 3. 

We feel that this result is best accounted for on 
the basis of the two step mechanism as shown in 
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Schemes 2 and 4. All products may arise from an 
initial nucleophilic attack by CI-& at the CO car- 
bon. The ratio of the two epoxides 3 and 4 is then 
primarily determined by the initial ratio of two 
epimeric intermediates V and VI. 

It is well established that the most stable confor- 
mation of simple aliphatic aldehydes such as prop- 
anal is the conformation in which the Me group 
eclipses the CO group (6): A study of vicinal 
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coupling constants in aldehydesg shows that the 
magnitude in most cases is l-3 Hz, thus indicating 
dominance of the eclipsed comformation (6). In the 
‘HNMR qectrum of 2.3~isopropylidene-L+ 
glyceraldehyde the vi&ml aldehyde coupling con- 
stant is of comparable sixe (J13 - 1.5 Hz) indicating 
only low population of the conformation in which 
H1 and Hx are in an anti-periplanar relationship 
Q. 

0 

Q 

Analogous to electronegative a-substituents in 
ketonesP the dosest ring oxygen (Ox), for dipol- 
dipol repulsion reasons, is supposed to be anti- 
periplanar to the aldehyde oxygen (8). A domi- 

(8) 

nance of this conformation which explains the ob- 
served vi&ml coupling constant, will give best ac- 
cess to the CO carbon by the CI& group of 
diaxomethane from the &-side as shown (9). This 
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leads to the intermediate V in Scheme 4. Now 
assuming a coordination due to elechxxta tic forces 
between the positive N atom and the ring oxygen 
0, as shown in 10 there is an ideal arrangement for 
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an epoxide to be formed by a back-side attack of 
the negatively charged 0 atom at the newly intro- 
duced CI& group (process b in Scheme 4). 

Addition of methanol weakens the attraction be- 
tween 0, and N; since the ring-oxygens now will 
also coordinate with the solvent molecules (large 
excess of methanol). 

Then the CNx-l$-grouping will be more free 
to rotate around the C,-CH,-bond, thus forming 
among others, a conformer in which H1 (the former 
aldehyde proton) occupies an anti-periplanar posi- 
tion to the I$ group. This makes a hydrogen shift 
possible thus forming the methyl ketone 5 by pro- 
cess a in Scheme 4. 

An attack of diaxomethane from the opposite 
side of the one shown in 9 is sterically hindered 
explaining the low yield of 4. Moreover, if this 
attack occurs, thus leading to intermediate VI in 
Scheme 4, then loss of Nz yields exclusively epox- 
ide. An arrangement in which Hi is in an anti- 
periplanar relationship to the l$ group in this cast 
is for steric reasons unlikely. 

The generally observed effect of loss of stereo- 
specScity in epoxide formation on going from a 
non-polar to a polar medium is well understood on 
the basis of the mechanism given. The ratio of 3 to 
4 changed from 12: 1 in diethyl ether to approxi- 
mately 5: 1 when a large molar excess of methanol 
was added. The course of the reaction proposed in 
Scheme 4 includes that the initial stereoselectivity 
of this particular reaction in diethyl ether solution 
was 19:l. 

As already mentioned, and which may be seen 
from F@ 1, the amount of dv#, epoxkle (4) 
increases slightly with increasing amount of 
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methanol. ‘Ihis observation may be due to the 
lower preference for conformation 8-9 in a more 
polar medium. Thus other conformations which 
may allow an attack of diaxomethane from the 
opposite aide, may be slightly more probable than 
in unpolar medium. 

The behaviour of 2-undccanone may also be 
explained on a stereochemical basis. fn order to get 
homologation to the ethyl ketone it is necesmry 
that the CHx-Nz+ group be lined up along the 
n-C&Hlp chain which is not likely for steric reasons. 
‘Ihe formation of epoxides does not require this 
arrangement. 

Epoxidation with the sulfur ylidea such as 
dimethylsulfonium methyl& and dimethyloxo- 
sulfonium methyl& is known to yield only epox- 
ides and no homologation. However, the relative 
yield of the epoxides formed on addition to unsym- 
metrical ketones seems to be somewhat unpre- 
dictablC.10 

The reaction6 in both c8se8 seem to be simple 
nucleophilic additions similar to the one suggested 
in Scheme 2. For cyclic ketones there is a marked 
dit?erence between the two ylides in the 
stereochemistry of their reactions. Dimethyloxo- 
sulfonium methylide is generally the most stereo- 
selective one and it gives the epoxide with opposite 
stereochemistry from the epoxide formed with 
dimethylaulfonium methyl&. lhia ditIerence is 
suggested to have its origin in steric interaction6 and 
variation in the ability of the S atom to interact 
with the 0 atom of the CO group. 

In agreement with thin the reaction between 2,3- 
0-isopropylidene-o-glyceraldehyde and the two 
sulfur ylides gave no trace of the methyl ketone 5. 
However, the formation of the epoxides 3 and 4 
was not par&ularly stereoselective with either of 

theylida.Theoxoylidegave3and4intheratio 
70:30 while the ratio with the other was approxi- 
mately 60 : 40. llis small difference may be due to 
reason8 previously mentioned, but may just as well 
be attriiutcd to the fact that the reactions were 
carried out in different solvents. The medium for 
the oxosulfur ylide reaction was dimethyl sulfoxide 
while the other reaction required the addition of 
tetrahydrofuran. This addition wan necessary so 
that the reaction temperature could be kept at 0” 
which ia below mp of pure DMSO. 

The three primary products 3,4 and 5 formed in 
these addition reactions were separated and iden- 
tified by synthesis. The two epoxides 3 and 4 of 
which one was always dominating, were separable 
on a silica column under medium pressure (30% 
ether in hexane, lkgAxn2). The ratio of the two 
epoxidea was also very easily demonstrated in the 
‘% NMR spectrum of the mixture. Particularly une- 
fulweretheresonance.softhetwoC,nudeiwhich 
appeared at 45.4 (3) and 43.7 (4) ppm. The a5sign- 
ments were made on the basis of the non- 
decoupled qectra. The ‘J~*I,, coupling constants of 
the two methylene groups were approximately 177 
Hx in the oxirane part (W and 150 Hx in the 
dioxolane part (CA. It was assumed that the spin- 
gitter relaxation times of the C,-nuclei in 3 and 4 
are of similar ma 

I#tm 
‘tude 80 that the relative inten- 

sities of their C resonances give an adequate 
measure for their relative amounts. 

However, in order to decide whether 3 or 4 was 
the dominating product we have synthesixed the 
racemic mixture of dl-erytfuobutantriol via 
H&/formic acid trcmr-hydroxylation of crotyl al- 
cohol 11 (Scheme 5).‘l The commercial crotyl al- 
cohol that was used was approximately 90% trons 
isomer and in the mentioned synthesis it yielded 
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eryduo/thrco butantriol lW13 in the ratio 9: 1. 
This mixture of butantriols was then compared (glc, 
13C NMR) with the product obtained when the 
epoxide mixture was reduced with lithiumtrie- 
thylborohydride and then hydrolyzed with diluted 
acetic acid.” It was then clear that the erythro 
isomer 3 was the dominating epoxide. 

The methyl ketone 5 WBB ~yntheshcd from 2,3- 
0-isopropylidene-o-glyceraldehyde (2). The Grig- 
mud reaction with methyhnagnesiumiodide gave a 
mixture of 70: 30 of l-deoxy-3,4-O-isopropyl- 
idene-D-erythritol(l4) and -threitol (15). This mix- 
ture was oxidized with ruthenium tetroxide without 

H 

4 H20r?CH3 

(14 w) 

separation of the two epimers to yield the methyl 
ketone 5. ‘I&is ketone showed identical chromatog- 
raphic and spe&osopic properties with 5 formed 
in the diazomethane reaction. 

-AL 

chromrrtogrophy. For glc was used a Perkin Elmer - _ _ 
F-11 instrument with FI-ihxtor and the temp VII kept 
at W. llm c&mm war S’Xl/r in wiza and packed 
with 5% TCEP [tri-1.2.3-(2quloethoxy)qYrop&l on 
Cbromosorb W 80/!00. llc wrp~ performed on “‘Merck 
Fertigplatteo*’ 0.25 mm Silicagel OF 254 and preparative 
separationn on “Merck Fertig&len” ‘Siil 60 site B 
applying a pressure of 1.0-1.2 k@n2. 

Spe&oscopy. NMR spectra wem recorded on Jeol FX- 
100, a Pulac-Fourier transform instrument, at 99.6 MHz 
for ‘H and 25.1 MHz for 13C. Solvent was CDC& con- 
taining 1% TM!L Interpretations of both m of spectla 
were performed with cxtenaive use of double irradiatior~ 
Ma8s~pactrawerereandedwitbAEIhiS902andoptkal 
rotations with a Perkin Elmer 241 polarimeter. 

MoMmctkoncWaspmparedinetbawlnfnnnN- 
methyl-N-nitroso-p-t~-~o~d,‘” and the sulfur 
vlidtr aa described by Corev and Ch~kowky.‘* 

In this work the& hu been eatebtve Ore of -a 
fllltng mod& of type ‘VUVG-Atommodelle”, Karl Kurt 
Jucbbeim, Germany. 

2J-0-Jsqropylidcne-D-&ceml&hyde (2). To a vig- 
oroualy stirred auspmion of 1,2:5,64-tXqropyl- 
idene-D-manni& (6g) in dry benzene (17Oml) was 
grad&y added Pb(OAc), (10.2 g) which bad been dried 
over KOH in vacuum. 

Afterrtirringfor9hratroomtemp,rolldMterirlwrr 
5ltere.d off and solvent removed in vacuum. The mmain- 
ing syrup was distilled (40-45’. 10 mm Ii& to yield 2 (2 g, 
33%). ‘H NMR, g ppm: 1.42 and 1.47 (both 3 H and s), 
4.10 (2H3.4.32 w and 9.72 (HI, cf. J13= 1.5 Hz). “C 
NMRz 20.7, 22.0 and 113.0 (isoprop), 64.5 (0, 79.8 
(Q and 211.4 (q). 

&ct&nof2&d&~&ancTofreablyprepued 
aolna of 2 in die&l ether with varv& amounta of MeOH 
(0, 6, 12, 18, and-25% of total vciuie reaction mixture) 
wu added ether sobu of diazometbane (molar ratio 
2:diazomethane==1:2). The mixtmw wem left in tba 
darkatroomtempandtbereactionsmonitoredbyglcfor 
24 hr at intervab- bejinning immediately after the w 
tionaweminitiated.l CNh4Rrwctrawemahomcord8d 
from time to time as a double c&01. It was asaumed that 
the relative intensities of the UC resonances gave an 
adequate measure for the relative amounb of 3 and 4 
since the relaxation time8 of the carbon8 compared proba- 
bly weie of similar magnibuk. Products due to fur&w 
reactiona with 5 wem added to the values recorded for 5. 
Fig. 1 gives the relative amounb of 3,4 and g for varying 
f&OH conantmthm after 145 min reaction bime. After 
tbia time the reactioM had terminated. 

Reauion of 2 with dim&yloxosulfonium mctllylk To 
a vigorousIy- rtirmd miahlic of &lethyloxoaillfon 
methvlidc 12.1 p. 23 mmol) and dimethvlrultorids (30 ml). 
2 (2.5 g, 2i &ol) was aided at rook temp ani undei 
&. After stirring for 4 br water (100 ml) wan added and 
the mixture was e&acted with ether (50 mlx 3). ‘Ibe 
combined ether extract8 were waabed with water (6Omlx 
2), dried over MgSO4 and concentrated in vacuum to 
vield a vellow oil (1.3 P. 9 mmol. 39%). Gk lowed the 
iwo &x&s in tbi n& 3:4=68:32~c&rmed by “C 

R~c1&nof2with&merhylaulfoniwnmethyudcToa 
vigorously stirrui mixture of dimethylsulfonium metllylide 
(& 3.5g, 46mmol), dimetbyl s&oxide (3Oml) - and 
tctrahydrofuran (3Oml) was added at -13” (ulurcc) 
and under N, dropwire during 3min 2 (7g, Slmmol) in 
THF(66).‘Ihe~wPI~foranother2br.The 
6rat iOn& at low temp. then at room temp. Water 
(3OOml)wa#addedandafterSnlintbemixturewas 
extmcted with ether (200 ml x 3). Ihe combined sxtrMa 
wem wasbed with water (200 ml X 2). dried over &a 
and mnccntrated in vacuum to yield a brown oil (2.5 g, 
34%).Ciicafthirollrhonsdtheinoepo~inthem~ 
3:4-62:38 wbicb was con5rmed bv ‘C NhiR. 

Jicdafh of l,2-anhydro-3,4&qmpysoptoWlidcnc-D- 
eryfhriod (3) and &2-anhydfu3,4-o-isopmpyfideJle-D- 
U&to1 (4). A mixture (0.95 e) of 3 and 4 resulting from 
the reaction of 2 with dfmethyloxo6ulfonium metbylide 



Additionofdkxomcthaneandaalfarylidertotbcoxo-groap 2589 

was applkd to a “Merck EMig&k- and eluted with 
30% ether in hexane with a pressme of LO-l.2 ke/ana. 
Fracdonswerecollectcd(2Omlx35)and~Q~ 
fractiom10to15werekknticalandpure.’fluzsefrac&ns 

+8X* (c -0.41, CHCJ,), [uge= 8.69, 

M’+), m/e 143 (M-H’), ob6. 143.0710, ak. for 
GH,,Oa 143.070& m/r 129 (40%, M-.CH& m/e 101 
(4%. C&Q+), m/c72 (13%, C,H@+), m/c 43 (lOO%, 
GHsO+). ‘H NMR 8 ppm: 1.37 and 1.46 (both 3H and 
I), 2.64 (ii,,), 2.82 @in,) end 3.00 &) (J,.,,,‘Jlb2= 4.9 
Hz-J,. J = 2.9 Hz= J,). 3.82 and 3.97 @I&) end 
4.10 (I&).& NMR, 8 ppm: 25.2 and 26.5 (both q and 
J= 127.4 Hz), 109.7 (s)‘(isopmpylidene group), 43.6 (t, 
J= 176.4 Hz C.). 51.9 (d. J1177.0 Hz. CL,). 66.8 
J= 148.9 Hz,- C&-76.2 (4 i- 150.2 Hz, a.-- 

(t 
. 

Fractiona 18-25 were combined and concentrated in a 
stream of N, to yield the oily three epoxide 4 (85 mg), 
[up- + 3.84’ (c = 0.8, CH 
4.94”, [ar*= 11.38”. [a 

, [aI% - 4.OF. [a& - 
%I¶ -23.64’. MS: ohs. 

143.0710, talc. for C,H,,Os 143.0708, the spectmm was 
almost identical with the MS mcorded for the eryfhro 
epoxide 3. ‘H NMR, g ppm: 1.36 and 1.44 (both 3H and 
s), 2.68 (Ii& 2.79 (I&,,) and 3.01 (H3 coupling axmtaob 
811 for 3 3.95*0.10 (W, and Ha. “C NMB, 8 ppm: 25.4, 
26.4, 109.7.43.7,51.8,65.8 and 76.1, coupling-b 
and assigmnenb as for 3. 

TmnrfamotionoftL~mmirnac3+4intoamit- 
tun of i-dcory-D&k&d d I-dcaxy-detd (u+ 
13). To a 1 molar soln of fiJLBH in drv THF IS.25 ml) 
waaaddeddro~amlMder~~aa~~nTHF2ml)oi 
the epoxide mixture (3+4) (O.Sg) remdting from the 
reaction of 2 with dimethyioxoeulfonium methyl&. The 
mixturewasstirredfor~bratroomtempandaaat 
NH&l soln (6ml) was added. Dmpwfse a commercial 
(Merck p.a.) 30% Hz& soln (4.2 ml) was added followed 
by &Co, (1 g). The mixture was 5ltered, and the organic 
layer was separated and the water layer extmcted with 
dktllyl ether (20 mlx 2). The combined extracta were 
saturated with K&G,. washed with water (15ml). dried 
over K&G, and-con&rated in vacuum & yiel& ; mix- 
ture of the oilv 14+lS (0.44 d. From the ‘* NMR 
spectrum of &is mixture’ the “L&o of the erythritol: 
threitol was 8een to be approximately 70 : 30. Besonancea 
assignable to the erythritol were found at 18.2 (Cl), 64.5 
(Cd and 66.7 (C;, while the corresponding peaka in the 
spectmm of the threitol were at 18.9, 66.0 and 68.7. 

Separation of the two products wem unauccusfuL To 
the mixture (0.51 a) m then added a 12% acetic acid 
solution (2.5 ml). After 30 min on a steam bath, water and 
A&H were mmoved by azeotropic di@illation with ben- 
zene (20 mlx6). The residue (0.42 g) was washed with 
CHCI, and the re mnining yellow syrup gave after evap- 
oration in vacuum a mixture (0.37 g) of l2+l3. The 
epimcric ratio was shown by “C NMB to be l2:U = 
68:32. Rewnancca due to l-deoxy-~erythritol were 
found at: 25.3 (Cl), 70.5 (Cd, 75.6 (q and 83.3 CC-,). 
and the corresponding resonance6 for the duco epimer at: 
26.2, 70.7, 75.6 end 83.3. 

l-fkoxy-D.L-cfyhi'td and I-deoxy-D.L-threitol (n+ 

13) from crotylalcohol. To a mixture of commercial 30% 
&O, soln (28 ml, 0.78 mol) and formic acid (12Oml. 
2.74mol) waa added dmpwiae aotylalcohol (15 g, 
0.21 mol). Commercial crotylakohol is a mixture of iwm- 
ers,thisone(Fh&a)wasahownbyNMRtocormiatof 
trans:cis-9O:lO. The temp of the mixture was during 
thtadditioa~ptbclow3oo.After24hratnxrmtemptbt 
mixture was evaporated to dryneaa in vacuum. A aolu of 
NaOHinwater(16gin30ml)naraddedvery&wlyin 
order to keep the temp below 45”. After neatmlization 

with 70% HQ and concentration, the mixture w ex- 
tractedwithboilingEtGAc.The5lteredextractwas 
concentreted in vaamm to yield a mixture of l-deoxy-D. 
&tlu5n5<dzl {log, 45%) aa a colou&ss 

soectmm showed reaormncca at the 
s&po&onsaswereioundforthemixtureof l-deoxy- 
tetritofsproduadfromtheepoxidemixture,thesignals 
duetotheaythro isomer being the most prominent onea. 

l- Dwxy-3,4-G-iropmpylidelu-D-glycero-tewu&Ne (5). 
A soln of 2 (17 g, 0.13 mol) in anhyd diethyl ether 
(1OOml)wasaddeddropw&toMeMgI(preparedfrom 
11 g Mg and 32 ml MeI) in anhyd ether (150 ml) at 0”. 
The mixture was 3tirred for 2 br at room temp. neut- 
ralized with a sat NH&l soln, extracted with ether 
(100 mix 3). the combined extract5 washed with water, 
dried over Na.#G, and concentrated in vacuum. Distilla- 
tionat76’.10mmHg,gaveanoilymixture(12g)of14 
and 15. Gk and ‘)C NMR &owed the iromeric mixture 
to be ery&fo:thno=70:30. The epimerk mixture (301 
0.02 mall was diwolved in EtOH-free chloroform (SO ml) 
and w&r (50 ml), K&G, (0.7 g), potas6ium meta +iod~ 
ate (6g, 0.026mol) and ruthenium dioxide (O.l6g, 
0.0015 mol) was added. The mixture wan shaken for 4 lu 
at room temp and excess ruthenium tetroxide destroyed 
by addition of i-PrCM. The mixture was f&red, the 
water layer extxackd with chloroform (50 mix 3), the 
combined &racts we&d with water and dried over 
CM&. DMlfation at 6P, 10 mm Hg gave 5 (1.93g, 
65%), [ub- +47.1” (C’1.87, CHa& MS: M’ 
144.0787 talc. for C,H,,O, 144.0786, m/c 129 (13%. 
M-CH& m/e 101 (58%. C&O,+), m/e 43 (100%. 
qH,O+). ‘H NMB a, ppm: 1.38, 1.47 and 2.21 (all 3H 
and s), ABC-system: v,= 3.93, v, = 4.12 (2 II,), v,= 
4.33 0, J-19Hz, J,=6Hz, J,=9Hz. “C NMR 
25.0, 26.0 and 110.7 (iaoprop), 26.1 (Cl), 66.3 (Cd and 
80.3 (C& 
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