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Figure 3. Correlation of the chemical shift of the methyl carbon 
of NMA's with the Hammett constant, a; correlation coefficient 
= 0.954. 

produce an upfield shift for that carbon. Alternatively, 
these small shift differences can be attributed to substit- 
uent field effects, as has been proposed to explain the 
anomalous shift effects in the proton spectra of benzal 
imines.14 

The foregoing discussion of the chemical shifts suggests 
that the NMR properties of the nitrosamine moiety are 

(14) Inamoto, N.; Masuda, S.; Tokumaru, K.; Tori, K.; Yoshida, M. 
Tetrahedron Lett. 1975,111. Cf. Westerman, P. W.; Botto, R. E.; Rob- 
erta, J. D. J.  Org. Chem. 1978,43,2590-2596. 

largely dictated by the unique features of that functional 
group. These data also suggest that while nitrosamines 
have to be considered as resonance hybrids, the importance 
of the two principal canonical forms can be manipulated 
by appropriate substitution. Various chemical properties, 
such as the acidity of the a-hydrogens,15J6 and various 
biological reactions, such as enzymatic N-demethylati~n,~ 
ought to be influenced by that effect. 
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High Diastereoface Selection in an Ester Enolate Addition to a- Alkoxy 
Aldehydes: Stereoselective Synthesis of a-Methylene-0-hydroxy-y-alkoxy 
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The aldol-type condensation of P-(dimethy1amino)propionates 3 and 4 with a series of a-alkoxy aldehydes 
proceeds with unprecedented high stereoselectivity (up to 24:l) to give anti a-methylene-0-hydroxy-y-alkoxy 
esters. The best results were obtained when the reaction was carried out in diethyl ether and the ester enolate 
was allowed to equilibrate to the thermodynamically more stable geometric isomer. 

During the course of our studies directed toward the Scheme I 

QR2 total synihesis of the antibiotic conocandin (1): we became 
- 

/H c o 2 R 3  a R l ~ c H o  t - j i C 0 z R 3  n -CGH13 
>c=c 

H3C OH 

COGH 
1 

interested in developing a method for the stereoselective 
synthesis of anti3 ( t h r e ~ ) ~  esters of general formula Z5 We 
thought that the most straightforward way to achieve this 

(1) Part of this work was preliminarly presented Banfi, L.; Colombo, 
L.; Gennari, C.; Scohtico, C. J.  Chem. Soc., Chem. Commun. 1983,1112. 

(2) Muller, J. M.; Fuhrer, H.; Gruner, J.; Vaser, W. Helu. Chim. Acta 
1976,59, 2506. 

Chem., Int. Ed. Engl. 1980. 557. 
(3) Masamune, S.; Ali, Sk. A.; Snitman, D. L.; Garvey, D. S. Angew. 

(4) Heathcock, C. H.; White, C. T.; Morrison, J. J.; VanDerveer, D. J .  
Org. Chem. 1981,46, 1296. 

2 

goal was an aldol-type condensation between a chiral a- 
alkoxy aldehyde and a synthetic equivalent of acrylate 
a-anion (Scheme I). 

Actually optically pure a-alkoxy aldehydes are easily 
available in a multigram scale by stereoselective reduction 
of optically active a-(p-tolylsulfiny1)-a-(p-tolylthio) ke- 
tones.6 Moreover, condensation of simple metal enolates 

(5) In this paper we use the nomenclature proposed by M a s a m ~ n e : ~  
drawing the carbon backbone in a 'zig-zag" fashion, the isomer projecting 
the two substituents either toward or away from the viewer has been 
defined syn and anti the other one. 
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Scheme IVa 
OH 

Me2N-C02R1 - R2,& R2,$ 
C02R C02R' 

I I 
3, R' = Me OH OH 
4, R' = t-Bu 

Reagents: (i) LDA, THF; (ii) R2CH0,  -78 "C; 
(iii) MeI, MeOH, -15 "C, 20 h; (iv) DBU, acetone, room 
temperature, 5 h.  

Scheme IIIa 

5 6. R = PhCH,OCH, 
7; R = CH,OCH, 
8, R = CH,OCH,CH,OCH, 

/ liii 

J 1 
g R  P R  - 

A c t i o  I V  +"pen 
11, R = PhCH,OCH, 
12, R = CH,OCH, 
13, R = CH,OCH,CH,OCH, 

n-hexane, -90 "C; (iii) LiAIH,, E t 2 0 ,  room temperature; 
(iv) Cr03.Py2, CH2C12. 

with a-alkoxy aldehydes is known to give predominantly 
anti adducts,7V8 although with moderate diastereoface se- 
lectivity. 

Several metal enolates have been used as synthetic 
equivalents of acrylate anion in reaction with alkyl hal- 
idesgJO and aldehydes.11J2 Out of them we chaw Helquist's 
methodlo that involves the reaction of the lithium enolates 
of fl-(dimethylamino)propionates 3 and 4 with electro- 
philes, followed by N-methylation and base-catalyzed 
elimination of the resulting quaternary ammonium salt 
(Scheme 11). Although these synthons (which can be very 
easily prepared from acrylate esters and dimeth~lamine)'~ 
had been previously used only in alkylation reactions, 
preliminary experiments with simple aliphatic aldehydes14 
proved their feasibility also in aldol-type reactions, pro- 
vided that milder conditions than those described'O for the 
methylation-elimination steps were used. 

Results and Discussion 
In order to carefully assess the stereochemical course of 

the condensation, we changed several parameters, that is 
the ester group (R3 in 2), the aliphatic residue (R1), the 
protective group at  the OH (R2), and last but not least the 
enolization conditions. 

9, R = PhCH,OCH, 
10, R = CH,OCH, 

a Reagents: ( i )  RCl, EtN(i-Pr),, CH,Cl,; (ii) DIBAH, 

(6) Guanti, G.; N h o ,  E.; B d i ,  L.; Scolastico, C. Tetrahedron Lett. 
1983,24, 817. Guanti, G.; Narisano, E.; Pero, F.; Banfi, L.; Scolastico, 
C. J .  Chem. SOC., Perkin Trans. 1 1984, 189. 

(7) Heathcock, C. H.; Young, S. D.; Hagen, J. P.; Pirrung, M. C.; 
White, C. T.; VanDerveer, D. J. Org. Chem. 1980,45,3846. 

(8) Murakami, M.; Mukaiyama, T. Chem. Lett. 1982, 241. 
(9) Barddi, P. G.; Barco, A.; Benetti, S.; Moroder, F., Pollini, G. P.; 

Simoni, D.; Zanirato, V. J. Chem. SOC., Chem. Commun. 1982, 1265. 
(10) Yu, L. C.; Helquist, P. J. Org. Chem. 1981, 46, 4536; Synth. 

Commun. 1981,11,591. 
(11) Semmelhack, M. F.; Wu, E. S. C. J. Am. Chem. SOC. 1976, 98, 

3384. 
(12) Seebach, D.; Henning, R.; Mukhopadhyay, T. Chem. Ber. 1982, 

115, 1705. 

1971, 1721. 
(13) Rouvier, E.; Giacomoni, J. C.; Cambon, A. Bull. SOC. Chim. Fr. 

(14) Arosio, R. Thesis, UniversitB. di Milano, 1983. 

SpTol S-p-Tol 

14 
OR OR 

S - p  -To1 

15, R = PhCH,OCH, 
16, R = CH,0CH2 
17, R = CH, 

18, R = PhCH,OCH, 
19, R = CH,OCH, 
20, R = CH, 

a Reagents: ( i )  €or 15 and 16 RCl, EtN(i-Pr),, NaI, 
CH,C12, and for 17 NaH, CH,I, DMF; (ii) €or 18 and 19 
HgO, BF3.Et20, THF, H,O, and for 20 NaHCO,, I,, THF, 
H,O. 

Scheme V 

R1 'CHO t M e 2 N w  C O ~ R ~  

OR2 I OR2 

21, R'  = Me, R 2  = PhCH,OCH,, R3 = Me, 22 
23, R' = Me, R 2  = PhCH,OCH,, R3 = t-Bu, 24 
25, R' = Me, R 2  = CH,OCH,, R3 = Me, 26 
27, R1 = Me, R 2  = CH,0CH2; R 3  = t-Bu, 28 

29, R1 = Me, R 2 =  CH,OCH,CH,OCH,, R3 = Me, 30 
31, R' = n-C,H.,. R 2  = PhCH,OCH,. R3 = t-Bu. 32 

33, R' = n-k6HlS, R 2  = CH,0CH,:'R3 = Me, 34 
35, R' = n-ChH,,, R2 = CH,OCH,, R3 = t-Bu, 36 

37, R' = nChH13,  R 2  = Me, R3 = t-Bu, 38 

For this purpose we synthesized two series of a-alkoxy 
aldehydes 11-13 and 18-20. 0-Protected lactaldehydes 
11-13 were prepared in optically active form15 starting 
from easily available (-)-@)-ethyl lactate via the O-pro- 
tected lactates 6-816 (Scheme 111). Esters 6-8 were re- 
duced (LiAlH4) to the alcohols and reoxidized with Collins' 
reagent1' or directly transformed into the aldehyde using 
diisobutylaluminium hydride (DIBAH) at  low tempera- 
ture.18 This last reaction showed a very high chemose- 
lectivity for all tested a-alkoxy esters. Since other similar 
results recently appeared in the literature,lg this selective 
reduction is probably of general application for such sub- 
strates. 

a-Alkoxy octaldehydes 18-20 were prepared in racemic 
form from the "masked" a-hydroxy aldehyde 14, obtained 
in quantitative yield by condensation of n-heptanal with 
the "formyl anion equivalent" lithium bis(ptoly1thio)- 
methane (Scheme IV). 0-Methylation of 14 was realized 
in a quantitative yield by using NaH/Me I in dimethyl- 
formamide (DMF), while methoxymethyl- and (benzyl- 

(15) Stork, G.; Kreft, A. F., III; J. Am. Chem. SOC. 1977, 99, 3851. 
(16) Corey, E. J.; Gras, J. L.; Ulrich, P. Tetrahedron Lett. 1976,809. 
(17) Collins, J. C.; Hess, W. W. Org. Synth. 1972, 52, 5. 
(18) Bernady, K. F.; Floyd, M. B.; Poletto, J. F.; Weiss, M. J. J. Org. 

Chem. 1979,44,1438. Zakharkin, L. I.; Khorlina, I. M. Tetrahedron Lett. 
1962,619. 

(19) Roush, W. R.; Harris, D. J.; Lesur, B. M. Tetrahedron Lett. 1983, 
24, 2227. 



3786 J. Org. Chem., Vol. 49, No. 20, 1984 Banfi e t  al. 

Table I. Asymmetric Induction in the Condensations 
between Aldehydes 11-13 and 18-20 and Esters 3 and 4 

Preparing the Enolate at -78 "C in THF with LDA" 
anti:syn yield,c 

entry aldehyde ester ratiob 70 
1 11 3 65:35 55 
2 11 4 80:20 68 
3 12 3 77:23 42 
4 12 4 83:17 41 
5 13 3 65:35 52 
6 18 4 79:21 72 
I 19 3 13:27 60 
8 19 4 82:18 69 
9 20 4 80:20 I1 

Metalation time: 1 h. *Determined by GLC except for entry 6 
which was determined by 'H NMR. yield of anti  and syn 
compounds after chromatography. 

0xy)methyLprotected compounds 16 and 15 were obtained 
in good yields (96% and 80%) by using the chloro ether, 
(i-Pr)zNEt,16 and 1 equiv of anhydrous NaI.,O Finally, 
hydrolysis of the thioacetal was performed with Na- 
HC03/12 for the methylated compound 17,l (85%) and 
with HgO and BF,.Et,O for 15 and 1622 (77 and 83%). 

First of all we carried out the condensation of these 
aldehydes with @-(dimethy1amino)propionates 3 and 4 
(Scheme V) by using the following procedure: metalation 
at  -78 OC in THF with lithium diisopropylamide (LDA) 
and condensation at  the same temperature for 5 min. The 
products of the aldol-type reactions were not isolated and 
were immediately subjected to the methylation-elimination 
procedure to give mixtures of anti and syn a-methylene- 
0-hydroxy-y-alkoxy esters 21-38. The diastereomeric 
ratios were determined by GLC on the crude products and 
confirmed by 'H NMR (200 MHz) on the chromato- 
graphed diastereomeric mixtures (see Table I). 

0-Silylated aldehydes could not be used because the 
t-BuPh,Si protecting group was extensively cleaved during 
the Hofmann elimination step, even operating at  low 
temperatures (-30 "C). 

The anti configuration of a-methylene esters 33 and 35 
was undoubtedly proved by their transformation into ep- 
oxides 49 and 47 (Scheme VI), which were assigned as trans 
by their characteristic 3,4 proton vicinal coupling constants 
(2.1 Hz). On the contrary the syn compound 36 gave the 
cis-epoxide 48 with a coupling constant of 4.6 Hz. 

The epoxide ring closure of 41,42,45, and 46 was rather 
difficult. While many attempted procedures (NaH, KH, 
or CaHz in DMF, Me2S0, or THF; Ph3CLi in THF; KzC03 
in MeOH or MeOH/H,O; NaOH in MeOH or MeOH/ 
H,O) failed or gave poor yields, under phase-transfer 
conditions (40% rz-Bu,NOH, CH2C1z),23 tert-butyl esters 
42 and 46 could be cyclized in good yield (70-75%) to the 
respective epoxides. Unfortunately these conditions af- 
fected competitive ester hydrolysis when the methyl esters 
41 and 45 were employed. Eventually trans-epoxide 49 
was obtained in 50% yield by using milder conditions 
(10% n-Bu,NOH, CH,Cl,) and very short reaction time 
(1-2 min), but all attempts to isolate the cis isomer 50 
remained unsuccessful. The configuration of the remaining 
products was assigned by very clear shifts in the I3C and 
'H NMR spectra which were very regular all along the 
series of studied compounds.24 

(20) Narasaka, K.; Sakakura, T.; Uchimaru, T.; Morimoto, K., Mu- 

(21) Colombo, L.; Gennari, C.; Scolastico, C.; Guanti, G.; Narisano, E. 

(22) Vedejs, E.; Fuchs, P. L. J. Org. Chem. 1971, 36, 366. 
(23) Corey, E. J.; Pan, B. C.; Hua, D. H.; Deardorff, D. R. J .  Am. 

(24) Banfi, L.; Potenza, D.; Ricca, G. S. Org. Magn. Reson. 1984, 22, 

kaiyama, T. Chem. Lett. 1982, 455. 

J .  Chem. Soc., Perkin Trans. 1 1981, 1278. 

Chem. Soc. 1982, 104,6816. 

224. 

Scheme  VIa 

39, R = Me 41, R = Me 
40, R = t-Bu 42,R= t-Bu 

- - 
0 Ms OMS 

45, R = Me 43, R = Me 
44, R =  t-Bu 40, R = t-Bu 

602-t- Bu 
48 

C02Me 

50 

a Reagents :  ( i )  MsC1, Et ,N,  CH,Cl,;  ( i i)  HC1, H ,O,  T H F ;  
(i i i)  40% n-Bu,NOH,  CH,Cl,; ( iv) 10% n-Bu,NOH, CM,Cl,. 

Chart  I 

I 
H ant i  

Felkin's  m o d e l  
M 

Cram's  cyclic mode l  
OH 

55 

Regarding the stereochemical results reported in Table 
I, it is interesting to observe the following feat'clres: (1) 
Anti compounds are always preferred. (2) An increase in 
the steric hindrance of the ester group (R3) leads to higher 
stereoselectivities (cf. entry 1 and 2, 3 and 4, and 7 and 
8). (3) Although the methoxymethyl group gave the best 
results, the influence of the protective group does not seem 
to be very relevant. (4) Very little differences were found 
passing from the lactaldehydes to a-alkoxy octaldehydes 
(cf. entries 2 and 6, 3 and 7 ,  and 4 and 8). 

The quite general preference for the anti isomer can be 
explained (see Chart I) assuming that the Felkin's model 
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Table 11. Asymmetric Induction in the Condensations 
between Aldehydes 19 and 20 and Ester 4 on Varying the 

Metalation Conditions" 
metalation anti:syn 

entry aldehyde conditions solvent ratiob 
1 !9 KDAc/-78 "C/l h THF 5545 
2 19 MgBrDAd/ THF 73:27 

3 19 LDA/-78 OC/1 h THF 82:18 
4 19 LDA/HMPF/ THF/HMPT 63:37 

-78 -t 0 OC/2 h 

-78 OC/1 h 
5 19 LDA/-78 OC/l h THFIHMPTf 67:33 
6 20 LDA/-78 OC/l h THF 8020 
7 20 LDA/-30 OC/l h THF 87:13 
8 20 LDA/O°C/l h THF 88:12 
9 20 LDA/-78- THF 86:14 

10 20 LDA/-30°C/1 h EhO 92:8 

12 20 LDA/O°C/4 h E40 96:4 
13 20 LDA/O°C/ THF 76~24 

0 OC/l h 

11 20 LDA/O OC/1 h Et20 93:7 

ZrCpZClf/2 h 

"Condensations were always performed at  -78 OC for 5 min. 
* Determined by CLC. KDA = potassium diisopropylamide. 

MgBrDA = magnesium diisopropylamide, prepared from diiso- 
propylamine and EtMgBr. e HMPT = hexamethylphosphoric tri- 
amide; 3.75 equiv added before metalation. f3.75 equiv added just 
before condensation. 8 ZrCpzC12 = bis(cyclopentadieny1)zirconium 
dichloride. 

for asymmetric induction25 is followed and the alkoxy 
group plays the role of "large" group. This means that 
chelation between the metal and the alkoxy oxygen occurs 
only at  a little extent, and the Cram's cyclic 
predicting the syn compound as the major product, is not 
operating. This explanation was already proposed by 
Heathcock7 who also found that diastereoface selection was 
increased by using protecting groups containing an acetal 
moiety, such as the (benzy1oxy)methyl group. This be- 
havior has been explained on the basis of the reduced 
basicity of the a-oxygen, caused by the inductive effect of 
the second oxygen, which disfavors a chelated transition 
state. 

Our results do not seem to agree with the interpretation 
since, for example, a-methoxy aldehyde 20 gave approxi- 
mately the same anti-syn ratio as a-(benzy1oxy)methoxy 
aldehyde 18 (entries 6 and 9). It is worth noting that 
methoxymethyl and methyl protective groups gave the best 
results. 

In order to improve the observed moderate selectivity 
(ca. 4:1), we changed other factors, like temperature of 
metalation, counterion, and solvent. The results, listed 
in Table 11 show that these parameters have a dramatic 
influence on the asymmetric induction. 

The most interesting points are (1) an increase of the 
anti:syn ratio when the enolate is formed at  higher tem- 
peratures and (2) an increase of the stereoselectivity 
passing from more to less dissociating conditions (i.e., 
K+/HMPT vs. Li+/Et20). 

One possible explanation may involve an equilibration 
between the two geometric isomers of the ester enolate (see 
Scheme VII). I t  is well-known that esters tend to give the 
Z-enolate (in our case 51) on kinetic deprotonation with 
lithium dialkylamide~.~~ On heating 51 could equilibrate 
to the E-enolate 52 which is likely to be more stable be- 

(25) Cherest, M.; Felkin, H.; Prudent, N. Tetrahedron Lett., 1968, 
2201. 

(26) Cram, D. J.; Kopecky, K. R. J. Am. Chem. SOC. 1969,81, 2737. 
(27) Ireland, R. E.; Muller, R. H.; Willard, A. K. J. Am. Chem. SOC. 

1976, 98, 2868. Heathcock, C. H.; Pirrung, M. C.; Montgomery, S. H.; 
Lampe, J. Tetrahedron 1981,23, 4087. Schmierer, R.; Grotemeier, G.; 
Helmchen, G.; Selim, A. Angew. Chem., Int. Ed. Engl. 1981, 20, 207. 

Scheme VIIa 
H 

(2)-51 

/ Me\ /Me 

I 
0 - t - B u  b-t-B" 

(E)-5S (E)-52 (2) -54  

(I Reagents: (i) t-BuMe,SiCl, HMPT. 

cause of lithium coordination by the dimethylamino group. 
If the E-enolate 52 is more "anti-selective" than its isomer 
51, this equilibration can justify the increased ratio on 
raising the metalation temperature. This assumption is 
quite logical considering that a tight intramolecular co- 
ordination of lithium in the enolate makes more difficult 
an intermoleculw metal coordination in the transition state 
following Cram's cyclic model (Chart I). Similarly Ma- 
samune has recently observed that intramolecular chela- 
tion in the starting enolate strongly disfavors intermole- 
cular chelation during an aldol condensation.28 This effect, 
moreover, is expected to be larger in ether than in THF, 
which could effectively compete with the NMe2 for coor- 
dination sites at lithium.29 

In order to prove the actual existence of this equilibra- 
tion we quenched the enolates with tert-butyldimethylsilyl 
chloride (TBDMSCl) according to the procedure by 
Rathke30 and Irelandz7 to give a mixture of two isomeric 
silylketene acetals A and B. The A:B ratio, which was 
67:3331 carrying out the deprotonation with LDA at -78 
"C in THF, reversed to 14:86 operating in ether a t  0 OC 
for 4 h. Unfortunately we were not able to assign unam- 
bigously the E or PZ configurations 53 and 54 to these 
silylketene acetals. Actually a spectroscopic method to 
assess stereostructures of this class of compounds is still 
l a ~ k i n g . ~ ~ , ~ ~  So we were only able to prove the existence 
of an equilibration between the two isomeric enolates, but 
not its direction. Anyway, the mechanism proposed in 
Scheme VI1 seems the most probable on the basis of the 
known preference for Z-enolates in kinetic deprotonations 
by LDA and of the supposed greater stability of E isomer 
52 in ether solutions. 

Conclusion 
The high level of asymmetric induction reached in the 

aldol-type condensation with a-alkoxy aldehydes (24:l) is 

(28) Masamune, S.; Ellingboe, J. W.; Choy, W. J. Am. Chem. SOC. 
1982,104, 5526. 

(29) Jastrzebski, J. T. B. H.; Van Koten, G.; Goubitz, K.; Arlen, C.; 
Pfeffer, M. J. Organomet. Chem. 1983, 246, C 75. Jastrzebski, J. T. B. 
H.; Van Koten, G.; Konijin, M.; Stam, C. H. J. Am. Chem. SOC. 1982,104, 
5490. 

(30) Rathke, M. W.; Sullivan, D. F. Synth. Commun. 1973, 3, 67. 
(31) Since quenching conditions involve slow raising of the tempera- 

ture from -78 to 0 "C, this ratio may not correspond to the actual A:B 
ratio since some equilibration could have occurred before reaction with 
TBDMSCl. The real value should be however >67:33. 

(32) Note that Z / E  notations are opposite for corresponding lithium 
enolates and silylketene acetals. 

(33) Helmchen, G.; Selim, A.; Dorsch, D.; Taufer, I. Tetrahedron Lett. 
1983, 24, 3213. 
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unprecedented and is probably due t o  the  presence in the 
ester molecule of a P-dimethylamino group. Since optically 
pure a-alkoxy aldehydes are  easily obtained either from 
natural  compounds or via an asymmetric synthesis6 and 
since a-methylene-0-hydroxy-yalkoxy esters possess sev- 
eral functionalties which can be further elaborated, this  
stereoselective condensation can be utilized as a key s tep 
in the transformation of simple chiral building blocks into 
more complex natural  products.  

Experimental Section 
'H NMR spectra were recorded with Varian XL-200 or Bruker 

WP-80, while 13C NMR spectra were recorded with a Varian 
XL-100 instruments in the FT mode with tetramethylsilane as 
internal standard. IR spectra were recorded with a Perkin-Elmer 
457 spectrophotometer. Optical rotations were measured in l-dm 
cells of l-mL capacity by using a Perkin-Elmer 141 polarimeter. 
Mass spectra were recorded with a Varian MAT 112 spectrometer. 
Elemental analyses were performed with a Perkin-Elmer 240 
instrument. Silica gel 60 FZM plates (Merck) were used for both 
analytic and preparative TLC; 70-230 mesh or 270-400 mesh (for 
"flash ~hromatography"~~) silica gel (Merck) or 60-100 mesh 
Florisil (BDH) was used for column chromatography. GLC 
analyses were performed on a Carlo-Erba FRACTOVAP 2400 V 
with a SE-30 10% (3 m) column (for all diastereomeric mixtures 
except 35/36) or on a Dani 3900 with a capillary OV-1 column 
(for 35/36) by using a Hewlett-Packard 3390 A integrator. Organic 
extracts were dried over NaZSO4 and filtered before removal of 
the solvent under reduced pressure. "Dry" solvents were distilled 
under dry N2 just before use: diethyl ether and tetrahydrofuran 
(THF) were distilled from sodium metal in the presence of 
benzophenone as indicator, n-hexane from sodium metal, meth- 
anol from magnesium methoxide, CHZClz, dimethylformamide 
(DMF), hexamethylphosphoric triamide (HMPT), diisopropyl- 
amine, and triet,hylamine from CaHz, and acetone from KzC03. 
All reactions employing "dry" solvents were run under a nitrogen 
(from liquid N,) atmosphere. For numbering of carbons and 
protons in NMR spectra see the general formula 55. 
(S)-(-)-Ethyl2-[(Benzyloxy)methoxy]propanoate (6). A 

solution of (S)-(-)-ethyl lactate 5 (19.5 mL, 0.165 mol) in an- 
hydrous CH2ClZ (100 mL) was treated at 0 "C with chloromethyl 
benzyl ether (27 mL, 0.19 mol) and diisopropylethylamine (44 
mL, 0.24 mol). The solution was stirred overnight a t  room tem- 
perature and then evaporated under reduced pressure to give an 
oil which was purified by silica gel chromatography (n-hex- 
ane/ether) to give pure 6 as a colorless liquid (22.6 g, 56%). Anal. 
Found: C, 65.8; H, 7.9. C13H1804 requires: c, 65.51; H, 7.62. [aID 
-45.3' (c 1.7, 95% ethanol) [lit.14 -48.3 (c 1.73, ethanol)]; umax 
(CHCl,) 1740 (C=O), 1270 (acetal), 1175 and 1120 (ester), 905 
cm-' (acetal); 'H NMR 6 (80 MHz, CDCI,) 1.24 (3 H, t, J = 8 Hz, 
CHSCH,), 1.45 (3 H, d, J = 8 Hz, CH&H), 4.18 (2 H, q, J = 8 
Hz, CH,CHJ, 4.30 (1 H,  9, J = 8 Hz, CHCH,), 4.65 (2 H,  9, 

CHZPh), 4.85 (2 H, 9, OCHZO), 7.33 (5 H, 9, Pm. 
(S)-(-)-Ethyl 2-(Methoxymethoxy)propanoate (7). A so- 

lution of @)-(-)-ethyl lactate 5 (9.6 mL, 0.0845 mol) in anhydrous 
CH2C12 (120 mL) was treated at 0 "C with freshly distilled 
chloromethyl methyl ether (10.9 mL, 130 mmol) and diiso- 
propylethylamine (33 mL, 190 mmol), stirred overnight, and then 
quenched with diluted HC1 to pH 1-2. After extraction with 
CHpC12 and washing with water to neutrality, the organic phase 
was distilled (179-181 'C) to give 7 as a colorless liquid (12.45 
g, 91%). Anal. Found C, 51.7; H 8.7. C&04 requires: C, 51.w 

(acetal), 1160 and 1120 (ester), 915 (acetal); 'H NMR 6 (80 MHz, 

CH,CH), 3.40 (3 H, s, CH30), 4.20 (3 H, q, J = 7 Hz, CHCH3 and 
CH2CH3), 4.70 (2 H, s, OCH,O); MS, m/z  161 (M+ - 1,0.35), 131 
(10.7), 118 ( l l .O) ,  103 (14.5), 102 (12.6), 89 (loo), 88 (72.4), 59 (40.0). 
(S)-(-)-Ethyl2-[(2-Methoxyethoxy)methoxy]propanoate 

(8). This compound was prepared from (S)-(-)-ethyl lactate and 
(methoxyeth0xy)methyl chloromethyl ether (MEM-C1) with the 
same procedure employed for 7. Distillation under reduced 
pressure [120-122 'C (20 mmHg)] gave 8 as a colorless liquid 
(78%). Anal. Found C, 52.0; H, 8.65. C,H1805 requires: C, 52.41; 

H, 8.7. [ a ] ~  -84.0' (C 1.6, CHC1,); vmar (CHC13) 1735 (C=O), 1270 

CDC13) 1.28 (3 H,  t, J = 7 Hz, CH3CHz), 1.43 (3 H, d, J = 7 Hz, 

H, 8.80. [N]D -64.0' (C I, CHClJ; Y,,, 1740 (C=O), 1180-1100 

Banfi e t  al. 

and 910 cm-l (acetal); 'H NMR 6 (80 MHz, CDC1,) 1.29 (3 H, t, 

s, OCH,), 3.40-3.93 (4 H, m, CHzCHz), 4.20 (2 H, q, J = 7 Hz, 

MS, m/z  131 (M+ - 75, 11.8), 89 (loo), 59 (98), 45 (35.3). 
(S )- (+)-24 (Benzyloxy)methoxy]propan- l-ol (9). To a 

suspension of LiAIH4 (3.8 g, 100 mmol) in anhydrous tetra- 
hydrofuran (THF) (100 mL) was added dropwise a solution of 
6 (22.4 g, 94 mmol) in the same solvent (150 mL). After 10 min 
the reaction was complete. The mixture was treated sequentially 
with ethyl acetate (7.7 mL, 100 mmol) and 10% aqueous KOH 
(22.5 mL) and then stirred for 30 min. The precipitate was fitered 
off and washed with ether, and the filtrate evaporated under 
reduced pressure to give pure 9 as a liquid (18.2 g, 99%). Anal. 
Found: C, 67.6; H, 8.35. CllHlGO3 requires: C, 67.30; H,. 8.22. 
[@ID +2.71" (C 1.9,95% ethanol); vmax (CHC13) 3660-3440 (OH), 
1160 and 1140 (acetal), 1030 (C-OH), 900 cm-' (acetal); 'H NMR 
6 (80 MHz, CDC1,) 1.18 (3 H, d, J = 7 Hz, CH,CH), 2.70 (1 H, 
broad s, OH), 3.51 (2 H, d, J = 6 Hz, CHzOH), 3.69 (1 H, dt,  J 
= 7, 6 Hz, CHCHJ, 4.67 (2 H, 9, CHzPh), 4.85 (2 H, S, OCHZO), 
7.38 (5 H, s, PW; MS, m/z 166 (M+- 30,2.7), 165 (3.8),152 (2.7), 
151 (2.2), 135 (13.1), 120 (25.7), 108 (21.9), 107 (24.8), 92 (43.8), 
91 (loo), 77 (11.0). 

(S )-( +)-24 Methoxymethoxy)propan- l-ol (10). This com- 
pound was prepared from 7 (3.95 g, 24.4 mmol) as described for 
9 in 98% yield (2.87 g). Anal. Found C, 49.6; H, 10.2. C5H12O3 
requires: C, 49.98; H, 10.07. [a]D +18.7" (c 1.7, CHCl,); umax 
(CHCI,) 3680-3440 (OH), 1260 (acetal), 1030 (C-OH), 860 cm-' 
(acetal); 'H NMR 6 (80 MHz, CDC1,) 1.17 (3 H, d, J = 7 Hz, 
CH,CH), 2.16 (1 H, s, OH), 3.43 (3 H, s, CH,O), 3.46 (2 H, d, J 
= 6 Hz, CH,OH), 3.43-3.97 (1 H, m, CHCH,), 4.72 (2 H, s, 
OCH,O); MS, m/z 90 (M+ - 30,65.4), 89 (29.0), 77 (71.8), 58 (38.5), 
43 (100). 

(S)-(-)-2-[(Benzyloxy)methoxy]propan-l-a1(11). (i) From 
9. A solution of 10 (2 g, 10 mmol) in anhydrous CH2C1, (50 mL) 
was added to a solution of Collins' reagent17 (16 g, 42.5 mmol) 
in the same solvent (150 mL) at  0 'C. After 30 min the mixture 
was filtered through a silica gel column (30 g) eluted with ether 
to give, after evaporation under reduced pressure to dryness, 11 
as a colorless liquid (1.68 g, 86%). (ii) From 6. A solution of 
6 (2.84 g, 11.90 "01) in anhydrous n-hexane (45 mL) was treated 
at  -90 "C with a solution of 20% diisobutylaluminium hydride 
in n-hexane (12.1 mL, 12.1 mmol). After 10 min the reaction was 
quenched with saturated aqueous NH4C1, diluted with ether, and 
filtered through a Celite cake. The organic phase was separated 
and evaporated under reduced pressure to give a crude product 
which was purified by "flash"  chromatograph^^^ (n-hexane/ 
AcOEt) (2.26 g, 80%). Anal. Found: C, 67.75; H, 7.35. CllH14O3 
requires: C, 68.00, H, 7.27. [a]D -13.4' (C 1.6, CHCl,); v- (CHCI,) 
2720 (O=C-H), 1730 (C==O), 1190,1170, and 900 cm-' (acetal); 
'H NMR 6 (80 MHz, CDC13) 1.23 (3 H, d, J = 7 Hz, CHSCH), 4.05 
(1 H, dq, J = 7,1.4 Hz, CH-0), 4.60 (2 H, 9, CHzPh), 4.78 (2 H, 
9, OCH,O), 7.30 (5 H, 8, PhH), 9.63 (1 H, d, J = 1.4 Hz, @=C!-H); 
MS, m/z 194 (M+, 0.04), 165 (4.3), 164 (5.4), 135 (28.6), 120 (9.8), 
107 (27.7), 92 (35.71, 91 (loo), 77 (9.8). 
(S)-(-)-2-(Methoxymethoxy)propan-l-a1 (12). It was pre- 

pared as already described for 11 either by Collins' oxidation of 
10 or by diisobutylaluminium hydride reduction of ester 7. In 
both cases the crude product was purified by distillation [bp 90 
"C (23 mmHg)] to give pure 12 in 45% and 38% yield, respec- 
tively, Anal. Found C, 50.6; H, 8.25. C6Hl0O3 requires: C, 50.83; 

1730 (C=O), 1240,1030, and 915 (acetal); 'H NMR 6 (80 MHz, 
CDCl,) 1.37 (3 H, d, J = 7.2 Hz, CH,CH), 3.40 (3 H, s, CH30), 
4.03 (1 H, dq, J = 7.2, 1.4 Hz, CHCH,), 4.73 (2 H, S, OCHzO), 
9.67 (1 H, d, J = 1.4 H-C=O); MS, m/z  117 (M+ - 1, LO), 103 
(1.2), 89 (loo), 87 (14.7), 74 (3.11, 61 (11.8), 59 (24.31, 58 (16.21, 
57 (47.3). 
(S)-(-)-2-[(2-Methoxyethoxy)methoxy]propan-l-a1(13). 

It was prepared, as described for 11, by diisobutylaluminium 
hydride reduction of ester 8 (4.2 g, 20.4 mmol) to give a crude 
product which was purified by "flash" ~hromatography~~ (eth- 
er/acetone 95:5) (1.9 g, 46%). Anal. Found: C, 51.3; H, 8.8. 

J = 7 Hz, CH&Hz), 1.43 (3 H, d, J = 8 Hz, CH,CH), 3.38 (3 H, 

CHZCHS), 4.25 (1 H, 9, J = 8 Hz, CHCH,), 4.81 (2 H, S, OCHZO); 

H, 8.53. [ a ] ~  -12.6' (C 1.6, CHCl3); U- (CHCl3) 2720 (O=C-H), 

(34) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. 
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C7H1404 requires: C, 51.84; H, 8.70. [aID - 12.1" ( c  1.0, CHCl,); 
v- (CHC13) 2800 (O=C-H), 1735 cm-' (C=O); 'H NMR 6 (80 
MHz, CDCl,) 1.30 (3 H, d, J = 6 Hz, CH,CH), 3.40 (1 H, s, OCH,), 
3.40-3.90 (4 H, m, CHzCHz), 4.10 (1 H, dq, J = 6,2 Hz, CHCH,), 
4.81 (2 H, s, OCH,O), 9.70 (1 H, d, J = 2 Hz, Qc-m; MS, m/z 
162 (M+, 0.17), 161 (0.25), 133 (5.1), 131 (5.5), 105 (14.7), 103 (14.0), 
89 (83.0), 87 (52.1), 73 (26.1), 59 (loo), 57 (62.3), 45 (70.1). 

l,l-Bis(p-tolylthio)octan-2-ol (14). To a solution of bis@- 
t01ylthio)methane~~ (38.7 g, 0.149 mmol) in anhydrous tetra- 
hydrofuran (300 mL) was slowly added a t  0 OC a 1.63 N solution 
of n-butyllithium in n-hexane (100 mL, 0.163 mol). The resulting 
solution was stirred for 1 h at 0 OC, cooled to -78 "C, treated with 
freshly distilled n-heptanal(25 mL, 179 mmol), stirred for 30 min 
at  the same temperature, and finally quenched with saturated 
aqueous NH4C1. After extraction with ether, the organic phases 
were evaporated to dryness to give a crude product which was 
purified by silica gel (700 g) chromatography (n-hexane/AcOEt) 
to give pure 14 as an oil (54.1 g, 98%). Anal. Found: C, 70.9; 
H, 8.3. CzzH300Sz requires: C, 70.59; H, 8.07. v,, (neat) 3450 
(OH), 1090 (C-0), 720, 700 cm-' (C-S); 'H NMR 6 (80 MHz, 
CDC1,) 0.85 (3 H, t, J = 6 Hz, CH,CHJ, 1.05-1.70 (10 H, m, CHz), 
2.35 (6 H, s, CH,-Ar), 2.75 (1 H, broad s, OH), 3.77 (1 H, q, J 
= 4 Hz, CHOH), 4.35 (1 H, d, J = 4 Hz, SCHS), 7.12 (4 H, d, J 
= 8.4 Hz, H ortho to CH3Ar), 7.36 and 7.38 (2 X 2 H, 2d, J = 8.4 
Hz, H meta to CH,Ar); MS, m/z  374 (M', 3.7), 280 (6.1), 260 
(12.2), 259 (5.8), 251 (57.8), 246 (LO), 233 (7.3), 137 (loo), 123 (29.7), 
109 (28.1), 91 (34.4). 
1,l-Bis(p -tolylthio)-2-[(benzyloxy)methoxy]octane (15). 

A solution of 14 (10 g, 26.7 mmol) and anhydrous NaI (16 g, 107 
mmol) in anhydrous CHzClz (100 mL) was treated with diiso- 
propylethylamine (27.7 mL, 160 mmol) and with freshly distilled 
chloromethyl benzyl ether (15 mL, 107 mmol). The mixture was 
stirred for 2 days at  room temperature, quenched with water, 
extracted with CHZClz, and evaporated to dryness to give a crude 
oil which is purified by "flash" ~hromatography~~ (n-hexane/ 
AcOEt 96:4) (10.6 g, 80%). Anal. Found: C, 72.85; H, 7.7. 
C30H3802S2 requires: C, 72.83; H, 7.74. v- (neat) 1100, 1040, 
and 905 (C-0), 735 and 700 cm-' (C-S); 'H NMR 6 (80 MHz, 
CDC1,) 0.88 (3 H, t, J = 6 Hz, CH,CH,), 1.05-1.70 (10 H, m, 
(CHJ,), 2.33 (6 H, s, CH3Ar), 3.80-4.17 (1 H, m, CH-O), 4.58-4.77 
(1 H, m, SCHS), 4.67 (2 H, s, CHzPh), 4.88 (2 H, s, OCHzO), 
6.33-7.60 (13 H, m, Arm; MS, m/z  494 (M+, 6.4), 371 (1.7), 341 
(100), 260 (91), 259 (64), 235 (13), 233 (27), 214 (59), 167 (ll), 165 
(lo), 157 (82), 138 (91), 123 (73), 121 (25), 108 (14), 107 (77), 91 
(92), 77 (50). 
1,l-Bis(p -tolylthio)-2-(methoxymethoxy)octane (16). It  

was synthesized as described for 15 starting from 14 (5.4 g, 14.4 
mmol) and freshly distilled chloromethyl methyl ether. Purifi- 
cation was performed by chromatography on silica gel (200 g) 
(n-hexane/AcOEt 91) (5.8 g, 97%). Anal. Found: C, 68.75; H, 
8.25. Cz4H3,O2Sz requires: C, 68.85; H, 8.19. vmB, (neat) 1150, 

0.90 (3 H, t, J = 6 Hz, CH3CHz), 1.10-1.67 (10 H, m, (CHz)5), 2.30 
(6 H, s, CH3Ar), 3.40 (3 H, s, OCH,), 3.67-4.00 (1 H, m, CH-0), 

H, d, J = 8.0 Hz, H ortho to CH3Ar), 7.70 (4 H, d, J = 8.0 Hz, 
H meta to CH,Ar); MS, m/z 418 (M+, 2.5), 295 (23.5), 265 (24.7), 
263 (23.4), 259 (18.5), 179 (45.7), 197 (loo), 124 (24.7), 91 (23.5). 

l,l-Bis(p-tolylthio)-2-methoxyoctane (17). NaH (55% 
dispersion in mineral oil) (1.855 g, 43 mmol) was washed three 
times, by decantation, with anhydrous n-hexane. A solution of 
14 (10.6 g, 28 mmol) in anhydrous dimethylformamide (280 mL) 
was then added at  0 "C and the resulting mixture stirred for 30 
min at  room temperature, treated with methyl iodide (3.53 mL, 
56.7 mmol), and stirred for 10 min more. After the reaction was 
quenched with water and extracted with ether, the crude product 
was purified by silica gel chromatography (n-hexanelether) (10.7 
g, 100%). Anal. Found: C, 70.8; H, 8.45. C23H320S2 requires: 
C, 71.08; H, 8.30. v- (CHCl,) 1465,1380,1110,720 cm-'; 'H NMR 

(10 H, m, (CHz)5), 2.26 (3 H, s, CH3Ar), 3.30 (3 H, s, CH30), 
3.50-3.85 (1 H, m, CHOMe), 4.40 (1 H, d, J = 2 Hz, SCHS), 
7.00-7.43 (8 H, m, Arm. 

1100, and 915 (C-O), 720 ~ m - '  (C-S); 'H NMR 6 (80 MHz, CDClJ 

4.57 (1 H, d, J = 2.0 Hz, SCHS), 4.70 (2 H, 9, OCHZO), 7.10 (4 

6 (80 MHz, CDC1,) 0.83 (3 H, t, J = 6 Hz, CH,CHZ), 0.99-1.49 
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2-[(Benzyloxy)methoxy]octan-l-al (18). A suspension of 
yellow HgO (3.1 g, 14.3 mmol) in tetrahydrofuran/water 85:15 
(187 mL) was treated with freshly distilled BF3-Eh0 (1.8 mL, 14.6 
mmol) and then with a solution of 15 (5.1 g, 10.3 mmol) in the 
minimum quantity of tetrahydrofuran. After 1 h the reacti 'n 
was quenched with saturated aqueous NaHC03 to pH 8. Aft :r 
the reaction was extracted with CHzClz and washed with water 
to neutrality, the organic phase was evaporated under reduced 
pressure to dryness, taken up with ether, and filtered or cen- 
trifugated to eliminate most of the mercuric salts. This crude 
product was then filtered through a column of Florisil eluted with 
ether and further purified by "flash" ~hromatography~~ (n-hex- 
ane/AcOEt 8812) to give 18 (2.1 g, 77%). Anal. Found C, 72.8; 
H, 8.95. Cl&& requires: C, 72.69; H, 9.15. Y,, (neat) 2810 
(O=C-H), 1730 (C=O), 1100, 1040, and 905 cm-' (C-0); 'H 

(10 H, m, (CHz)5), 4.02 (1 H, dt, J = 6, 2 Hz, CH-0), 4.73 (2 H, 

d, J = 2 Hz, O=C-m; MS, m/z  264 (M+, 0.2), 246 (8.3), 180 
(4.5), 165 (l.O), 157 (10.0), 138 (30.0), 127 (loo), 121 (95.0), 91 (99.0), 
85 (22.0), 77 (78.0). 
2-(Methoxymethoxy)octan-l-a1 (19). It was prepared like 

18 starting from 16 (2 g, 4.78 mmol). Pure 19 can be obtained 
either via the procedure above described (750 mg, 83%) or by 
bulb-to-bulb distillation (10 mmHg) (oven temperature 120 "C) 
(633 mg, 70%). The latter method gave purer samples. Anal. 
Found C, 63.85; H, 10.6. C & ~ O 3  requires: C, 63.78; H, 10.71. 
vmax (neat) 2810 (O=C-H), 1730 (C=O), 1210, 1030, and 915 
cm-' (C-0); 'H NMR 6 (80 MHz, CDC1,) 0.87 (3 H, t, J = 6 Hz, 
CH3CHz), 1.17-1.83 (10 H, m, (CHz)5), 3.47 (3 H, s, OCH3), 3.85 

H, d, J = 2.0 Hz, O=C-H); MS, m/z 159 (M+ - 29, 10.61, 157 
(1.7), 129 (15.2), 55 (8.6), 45 (100). 
2-Methoxyoctan-1-a1 (20). A solution of 17 (9 g, 23 mmol) 

in THF/HzO 85:15 (200 mL) was treated with iodine (11.8 g, 46 
mmol) and NaHC0, (3.5 g, 42 mmol). The reaction was stirred 
for 30 min and then a second portion of iodine (11.8 g) and 
NaHC0, (3.5 g) was added. The treatment was repeated again 
after 30 min and the reaction stirred for 1 h more, diluted with 
water, and extracted with CHpC1,. Evaporation to dryness under 
reduced pressure gave an oil which was purified by bulb-to-bulb 
distillation [40 OC (0.1 mmHg)] to give pure 20 (3.09 g, 85%). 
Anal. Found C, 68.25; H, 11.4. C9H180z requires: C, 68.31; H, 
11.46. v,, (CHCld 1735,1465,1380,1110 cm-'; 'H NMR 6 (80 

m, (CHz)5), 3.48 (3 H, s, CH,O), 3.48-3.63 (1 H, m, CH,OCH), 
9.63 (1 H, d, CH=O, J = 2.6 Hz). 
Synthesis of a-Methylene-B-hydroxy-y-alkoxy Esters 

21-38. General Procedure. To a solution of a base (see Tables 
I and 11) (1.5 mmol) in anhydrous tetrahydrofuran or ether (0.5 
mL) were added the esters 3 or 4 at  the proper temperature (see 
tables). The solution was stirred for the requested time and then 
cooled to -78 "C. A solution of the a-alkoxy aldehyde (1 mmol) 
in tetrahydrofuran or ether (0.2 mL) was added and, after 5 min, 
the solution was treated with a solution of CH3COOH in the same 
solvent. The organic phase was extracted with ether and evap- 
orated under reduced pressure to give an oil which was dissolved 
in anhydrous MeOH (0.42 mL), cooled to -15 "C, and treated with 
methyl iodide (5.8 mmol). The mixture was stirred overnight a t  
-15 "C and 5 h at room temperature. The solvent was evaporated 
under reduced pressure (bath temperature 30 "C) to give a crude 
solid which was taken up in anhydrous acetone (1.5 mL) and 
treated with 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) (1.8 "01). 
The mixture was stirred for 5 h at room temperature, quenched 
with saturated aqueous NH4Cl, and extracted with CHzClz after 
removal under reduced pressure of acetone. The organic extracts 
were evaporated to give a crude oil which was analyzed by GLC 
(see Tables I and 11). Purification by "flash" chromatograph? 
+hexane/ AcOEt) furnished the pure diastereomeric mixtures. 
In the case of 21-22 and 23-24, pure 21 and 23 were obtained by 
a second chromatographic separation. Full spectroscopic and 
analytical data for these compounds, including 13C spectra, are 
reported in the supplementary material. 
Methyl 2-Methylene-3-(mesyloxy)-4-(methoxymethoxy)- 

decanoates (39 and 43). A 73:27 mixture of 33 and 34 (685 mg, 
2.5 mmol) was dissolved in anhydrous CHzClz (10 mL), cooled 

NMR 6 (80 MHz, CDC13) 1.00 (3 H, t, J = 6 Hz, CH3), 1.17-2.00 

9, OCH,Ph), 4.87 (2 H, 8, OCHZO), 7.43 (5 H, 8, Arm, 9.75 (1 H, 

(1 H, dt, J = 5.4, 2.0 Hz, CH-0), 4.77 (2 H, 9, OCHZO), 9.73 (1 

MHz, CDClg) 0.93 (3 H, t, J = 6 Hz, CH&HZ), 1.06-1.85 (10 H, 

(35) Corey, E. J.; Seebach, D. J. Org. Chem. 1966, 31, 4097. 
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to 0 "C, and treated with freshly distilled mesyl chloride (0.39 
mL, 5.0 "01) and with anhydrous ESN (0.7 mL, 5.0 "01). The 
resulting solution was stirred for 15 min and then quenched with 
saturated aqueous NH4C1. The phases were separated and the 
aqueous layer extracted twice with ether. The organic extracts, 
evaporated under reduced pressure, gave a crude product which 
was purified by "flash" ~hromatography~~ to give pure 39 (516 
mg, 59%) and 43 (199 mg, 20%). 

ter t -Butyl  2-Methylene-3-(mesyloxy)-4-(methoxymeth- 
0xy)decanoates (40 and 44). They were prepared as described 
above for 39 and 43. If an 82:18 mixture of 35 and 36 (1.20 g, 
3.79 "01) was used, pure 40 (895 mg, 60%) and 44 (225 mg, 15%) 
were obtained. 

Methyl 2-Methylene-3-(mesyloxy)-4-hydroxydecanoates 
(41 and  45). A solution of 39 or 43 (175 mg, 0.5 mmol) in tet- 
rahydrofuran (10 cc) was treated with concentrated aqueous HC1 
(2 cc) and stirred for 1 h at room temperature. After neutralization 
with NaHCO, and extraction with ether, evaporation of the solvent 
under reduced pressure gave an oil which was purified by "flash" 
~hromatography~~ (n-hexane/AcOEt) to afford pure 41 (97 mg, 
63%) or 45 (108 mg, 70%). 

2-Met hylene-3- (mesy1oxy)-4- hydroxy-  
decanoates (42 and  46). A solution of 40 or 44 (50 mg, 0.127 
mmol) in tetrahydrofuran (2.5 mL) was treated with concentrated 
aqueous HCl (0.82 mL), stirred for 2 h at room temperature, and 
then neutralized with a pH 7 posphate buffer solution. Extraction 
with ether and evaporation of the solvent under reduced pressure 
gave an oil which was purified by "flash" chromatograph? (n- 
hexane/AcOEt) to give pure 42 (33 mg, 75%) or 46 (32 mg, 73%). 

tert -Butyl 2-Methylene-3,4-epoxydecanoates (47 and 48). 
To a solution of NaOH (140 mg, 3.5 mmol) in water (1 mL), solid 
(n-Bu4N)HS0, was added (92 mg, 0.27 mmol), and the solution 
was stirred for 30 min at  room temperature. A solution of 42 or 
46 (56 mg, 0.16 mmol) in CH2C12 (1 mL) was then added. After 
7 min the mixture was diluted with CH2ClZ and the organic phase 
was separated, washed with saturated aqueous NH4Cl, and 
evaporated to dryness under reduced pressure to give a crude 
product which was purified by preparative TLC (n-hexane/AcOEt 
9:l) to afford pure 47 (30 mg, 75%) or 48 (27 mg, 66%). Anal. 
Found 47: C, 70.6; H, 10.4. 48: C, 70.55; H, 10.4. C15H2603 
requires: C, 70.83; H, 10.30. lH NMR 6 (80 MHz, CDC1,) 47 0.88 
(3 H, t, J = 5.8 Hz, CH3CH2), 1.20-1.80 (10 H, m, (CH2)5), 1.51 

tert - B u t y l  

(9 H, S, C(CH,)J, 2.68 (1 H,  dt, J = 2.2, 4.8 Hz, Hd), 3.44 (1 H, 
dd,J=2.2,1.2H~,H,),5.67(1H,t,J=1.2H~,Hb),6.12(1H, 
d, J = 1.2 Hz, Ha); 48 0.88 (3 H, t, J = 5.8 Hz, CH,CH,), 1.20-1.80 

5.5 Hz, Hd), 3.77 (1 H, dd, J = 4.6, 1.2 Hz, HJ, 5.67 (1 H, t, J 
1.2 Hz, Hb), 6.30 (1 H, d, J =  1.2 Hz, Ha); 13C NMR 6 (100 MHz, 
CDC13) 47 164.6 (C-l), 139.2 (C-2), 122.9 (C-2'), 81.2 (C(CHJ,), 
62.8 (C-3), 55.2 (C-4), 32.2 (C-5), 31.8 (C-8), 29.1 (C-7), 28.1 (C- 
(CH3)3), 26.0 (C-6), 22.6 (C-g), 14.0 (C-10); 48 164.6 (C-1), 139.3 
(C-2), 125.7 (C-2'), 81.2 (C(CHJ,), 59.0 (C-3), 55.4 (C-4), 31.8 (C-8), 

(10 H, m, (CH2)5), 1.51 (9 H, s, C(CH,),), 3.14 (1 H, dt ,  J = 4.6, 
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29.1 (C-7), 28.1 (C(CH,),), 26.4 (C-5), 25.8 (C-6), 22.6 (C-9), 14.0 
(C-10). 

Methyl 2-Methylene-3,4epoxydecanoate (49). To a solution 
of NaOH (28 mg, 0.7 mmol) in water (1 mL), was added solid 
(n-Bu4N)HS04 (48 mg, 0.14 mmol), and the solution was stirred 
for 30 min at  room temperature. A solution of 41 (49 mg, 0.16 
mmol) in CH2C12 (1 mL) was added. The resulting mixture was 
stirred for 1-2 min at  room temperature, and after dilution with 
CH2C12, the organic phase was suddenly separated and washed 
with saturated aqueous NH4C1. Evaporation to dryness and 
purification through preparative TLC (n-hexane/AcOEt 9:1) gave 
pure 49 (17 mg, 50%). Anal. Found C, 67.95; H, 9.55. C12HzoO3 
requires: C, 67.89; H, 9.50. 'H NMR 6 (80 MHz, CDC1,) 0.90 (3 
H, t, J = 6.5 Hz, CH3CHz), 1.10-1.80 (10 H, m, (CH2)5), 2.68 (1 

3.79 (3 H, s, OCH,), 5.75 (1 H, t, J = 1.2 Hz, Hb), 6.21 (1 H, d, 
J = 1.2 Hz, Ha). 

NMR of 1-[ (dimethyl- tert  -butylsilyl)oxy]- 1- tert -butoxy- 
3-(dimethy1amino)propenes (53 and 54): 'H NMR 6 (80 MHz, 
CDCl,) A (see Results and Discussion) 0.19 (6 H, s, CH,Si), 0.91 
(9 H, s, (CH,),CSi), 1.32 (9 H, s, (CHJ,CO), 2.22 (6 H, s, N(CH,),), 

0.15 (6 H, s, CH3Si), 0.91 (9 H, s, (CH3),CSi), 1.34 (9 H, s, 

3.94 (1 H, t, J = 7 Hz, CH). 
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