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The nBuLi-induced tin/lithium exchange reactions of the di- 
astereomeric y-[(methoxyethoxy)methoxy]-a-(tributylstannyl) 
sulfides anti- and syn-8 delivered the a-(lithioalkyl) benzyl 
sulfides anti- and syn-11, respectively. Within 1 h at -78°C 
these species underwent [2,3]-thia-Wittig rearrangements in 
THF via the de-aromatized cyclohexadiene intermediates 
syn- and anti-12. Tautomerization and protonation yielded 

81: 19 (85%) and 19:81 mixtures (96%) of the ortho-functio- 
nalized toluenes syn- and anti-13. Probably, both Wittig rear- 
rangements proceeded with 100% inversion of configuration 
at the carbanionic stereocenter, and the overall loss of stere- 
oselectivity is due to an epimerization anti-11 * syn-11 of the 
lithio sulfide intermediates at a rate which is 3.3 times 
slower than the rearrangement. 

Recently, we have shown that the (a-lithioalkyl) allyl sul- 
fides 1 (epi-1) undergo stereospecific [2,3]-thia-Wittig re- 
arrangements[’] leading to thiolates 2 (epi-2)I21. On the one 
hand, this finding implied that no epimerization 1 epi-1 
of these lithio sulfides took place prior to rearrangement 
and constituted thus one of the few examples for a certain 
configurational stability of such species[3]. On the other 
hand, it was demonstrated that (2,3/-thia-Wittig rearrange- 
ments proceed with 100% inversion of configuration at the 
carbanionic stereocenter; i.e., stereochemically they follow 
the analogous course of oxa-[2,3]-Wittig rearrangementsL4]. 

In the same studyF21 we reported that the (a-lithioalkyl) 
benzyl sulfides 3 (epi-3) underwent [2,3]-thia-Wittig re- 
arrangements giving thiolates 4. These rearrangements ex- 
hibited only moderate albeit opposite stereoselectivities 
(71:29 and 28:72, respectively). This was probably due to a 
partial epimerization 3 * epi-3 of the starting material 
whose rearrangement should be retarded compared to that 
of the allyl sulfides 1 and epi-1: The [2,3] shifts of the benzyl 
sulfides 3 and epi-3 proceed via the de-aromatized cyclo- 
hexadienes 4, a structural change which is not required in 
the rearrangements of 1 and epi-1. 

However, we could not elucidate the steric course of the 
benzyl sulfide thia-Wittig rearrangements. Whether they 
display inversion or retention of configuration at the former 
carbanionic and then sulfur-bearing stereocenter was there- 
fore not clarified. In the present communication this ques- 
tion is solved for thia-Wittig rearrangements of the (meth- 
oxyethoxy)methyl (“MEM”)-protected analogs syn-11 and 
anti-11 of lithio sulfides 3 and epi-3. 
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1, 2 ,  3 :  R’ = Ph, RZ = BzlO 

e p i - 1 ,  e p i - 2 ,  e p i - 3 :  R’ = BzlO, R2 = Ph 

These intermediates were obtained in situ (Scheme 3) 
from the stannylated sulfides 8 which were synthesized and 
stereochemically assigned as summarized in Scheme 2. Ace- 
talization of 1 -phenyl-3-buten-l-01[~~~~] with MEMCl pro- 
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vided the unsaturated ether 5 which was ozonolyzed to give 
aldehyde 6. Addition of LiSnBu3L61 furnished an a-stannyl- 
ated alcohol after quenching with water. This alcohol was 
treated crude with CBr4/PPh3[71 and gave a configur- 
ationally unassigned 73 : 27 mixture of bromides syn- and 
anti-7. These bromides were stirred with a suspension of 
K+-SCH2C6H5 in THF to give the desired stannylated sul- 
fides 8 as a 30:70 anti:syn mixture. Several filtrations 
through a flash-chromatography column charged with silica 

allowed separation of the stereochemically homo- 
geneous constituents anti-(35%) and syn-8 (10%) after. 

The stereochemistry of the sulfides 8 was inferred from 
an independent synthesis (Scheme 2, bottom half). It 
started from chromatographically purified tributylstannyl- 
ated alcohol 10 (which we had earlier used as an unpurified 
intermediate in the conversion of aldehyde 6 into the bro- 
mides syn,anti-7). Pure syn- and anti-configured epimers of 
alcohol 10 were isolated after careful flash chromatography 
on silica y-Alkoxy alcohols like syn- and anti-10 con- 
tain an intramolecular hydrogen bond which fixes them in 
six-membered chair-like rings as depicted in Scheme 2[2,9]. 
The syn-configured diastereomer prefers unequivocally one 
chair conformation while the anti-isomer constitutes a mix- 
ture of two rapidly interconverting chair conformers (of 
which Scheme 2 shows only one). Accordingly, the 'H- 
NMR resonance signals of the diastereotopic methylene 
protons on C-2 of the diastereomers of alcohol 10 are dis- 
tinctly different: In syn-10, one 2-H displays two large Jvic 
values (52,1 = 11.4, J2,3 = 9.2 Hz) and the other two small 
ones = 1.6, J2,3 = 4.6 Hz) since the former 2-H is axi- 
ally fixed and couples with two axially fixed vicinal protons 
and the latter 2-H is equatoriallyfixed. In the isomeric al- 
cohol anti-10, 2-HA and 2-HB reveal one large and one 
small Jvic value each (2-HA: J2,3 = 10.0, J2,1 = 2.1 Hz; 2- 
HB: JZ,, = 12.3, 52,3 = 2.5 Hz). If an intramolecular hydro- 
gen bond exists this indicates an equilibrium between two 
distorted - otherwise the conformational average should 
result in one small and one medium J value for each 2-H - 
chair-like conformations. 

The stannylated alcohol syn-10 was converted without af- 
fecting its stereocenters into mesylate syn-9, its counterpart 
anti-10 into the epimeric mesylate anti-9. Then, each mesyl- 
ate was treated separately with potassium phenylmeth- 
anethiolate in THE The anti-configured mesylate provided 
a single subsitution product (53%) to which stereostructure 
syn-8 was therefore assigned. To our surprise - halides are 
more likely than sulfonates to be replaced by nucleophiles 
by an electron transfer-mediated substitution mechanism 
and hence without rigorous stereocontrol - mesylate syn-9 
and potassium phenylmethanethiolate gave a 81 : 19 mixture 
of sulfides 8 (51%). However, since the major component 
was different from the only substitution product obtained 
from anti-9, it was in all likelihood the anti-isomer. 

Their stereostructures being established, the stannylated 
sulfides anti- and syn-I) were treated in separate experiments 
at -78°C in THF with 2 equiv. of nBuLi (Scheme 3). They 
are presumably first converted by SnILi exchange with re- 
tention of configuration[10] into the corresponding lithio 
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a) LiSnBu,, THF, -7SoC, 1 h; -tO"C, aq. workup; CBr4, PPh3, 
CH2C12, room temp., 12 h; 38% over the 2 steps (73:27 mixture of 
unassigned diastereomers of syn,anti-7). - b) 03, CH2C12, -78°C; 
PPh3; -+room temp. during 12 h; 76%. - c) K+-SCH2C6H5 in THF, 
O°C -+ room temp., 12 h; 95% (anti:syn 30:70; from this mixture 35% 
of pure syn and 10% of pure anti isomer). - d) K+-SCH2C6H5 in 
THF, room temp., 14 h; 51% of a 81:19 mixture of anti:syn-8 from 
syn-9, 53% of syn-8 from anti-9. - e) MsC1, NEt,, CHZCl2, -2O"C, 
1 h; 68% of syn-9 from syn-10, 56% of anti-9 from anti-10. - 
f).LiSnBu3, THF, -78"C, 30 min; 47% (syn:anti 62:38; from this 
mixture 18% of pure syn-10 and 15% of pure anti-10). 
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Scheme 3 
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a) nBuLi ( 2  equiv.), THF, -78"C, 60 min; 85% of a 81:19 mixture of 
syn- and anti-13. - b) Same asa); 96% of a 81:19 mixture of anti- and 
syn-13. 

sulfides anti- and syn-11, respectively. The latter compounds 
then undergo [2,3]-thia-Wittig rearrangements which pro- 
ceed chemoselectively - without competing [1,2] shifts - 
via the intermediacy of the de-aromatized cyclohexadiene 
intermediates 12. Aqueous workup after 60 min delivered 
the toluene-derived thiols 13 whose formation from 12 re- 
quires re-aromatization by tautomerism and protonation. 
The thiols 13 were obtained by flash chromatography[*] as 
non-separable syn,anti mixtures. Starting from anti-8, we 
obtained a syn:anti ratio of 13 of 81:19 (85Y0 yield), 

whereas with syn-8 as starting compound it was exactly re- 
versed (19:81; 96% yield). 

Accordingly, these [2,3]-thia-Wittig rearrangements occur 
with preponderant inversion of configuration at the car- 
banionic center. But since the need to de-aromatize a ben- 
zene ring must slow down the sigmatropic bond shift 11 -i 
12, since the configurational stability of a-lithiated sulfides 
is low anywayL41, and since the [2,3]-thia-Wittig rearrange- 
ments 1 -+ 2 and epi-1 -+ epi-2 proceed with 100% inversion 
of configuration at the carbanionic center, the toluenes syn- 
and anti-13 stem most likely from (2,3 1-thiu- Wittig re- 
arrangements anti-11 -+ syn-12 and syn-11 + anti-12 which 
show 100% inversion of configuration at the lithium-bearing 
stereocenter. That the stereoselectivity of the overall process 
8 + 13 is incomplete is explicable by an epimerization anti- 
11 2 syn-11 of the lithio sulfides which competes with their 
rearrangement. (In the less likely scenario that the lithio 
sulfides of this study do not epimerize under the reaction 
conditions, their [2,3]-thia-Wittig rearrangements would 
proceed with 8 1% retention and 19% inversion of configur- 
ation at the carbanionic stereocenter.) 

In what we consider the more likely interpretation, each 
of the lithio sulfides anti,syn-11 is partitioned between epi- 
merization and rearrangement. This partitioning is de- 
scribed (cf. Scheme 3) for lithio sulfide anti-ll by the ratio 
kepim.antjlkreurr,rlnti of the rate constants ke,j,n,anti for the epi- 
merization anti-11 + syn-11 and kreUrKanti for the rearrange- 
ment anti-11 + syn-12. Similarly, the partitioning of lithio 
sulfide syn-11 between epimerizing syn-11 .--, anti-11 with 
the rate constant kepim,,yyn and rearranging syn-11 --$ anti-12 
with the rate constant krearr,,~yrr is characterized by the ratio 
k~,~,n,s~nlkreurr,s~,n. When in our experiments the competition 
between epimerization vs. rearrangement pathways con- 
cerned lithio sulfide anti-11 as the starting material or con- 
cerned lithio sulfide syn-11 as the starting material the ex- 
tent of stereocontrol (81 : 19 ratio of product isomers) was 
the same. This observation requires that both lithio sulfides 
are subject to the same partitioning (henceforth abbreviated 
as kePjmlkr,,,,) between these pathways. This makes it pos- 
sible to express the obtained fraction of the configurationally 
inverted rearrangement product by the rate constants of Eq. 
(I) ,  the fraction of the configurationally retained rearrange- 
ment product by those of Eq. (2). Factorizing Eq. (2) as 
Eq. (3) and dividing Eq. (1) by Eq. (3) provides in Eq. (4) 

krear,.synlkep;m,syn = 3.3: The thia-Wittig rearrangement of 
each lithio sulfide 11 is 3.3 times faster than its epimeri- 
zation. 

The configurational assignment of the rearrangement 
products syn- vs. anti-13 was made after their acid-catalyzed 
cyclization to the oxathianes cis- and anti-14 (Table 1). This 
reaction was capricious in that isomerically oppositely com- 
posed rearrangement products (entry 1 : synlanti-13 = 
82:18, entry 2: synlanti-13 = 19:81) cyclized uniformly with 
cis preference (entry 1: -+ cis:trans-14 = 90:lO; entry 2: 
cis:trans-14 = 77:23) by treatment with HBF4 for 12 h. 
Control experiments (entries 3 - 5) revealed two reasons for 
that. Firstly, the syn-configured rearrangement product cy- 

- a means of quantifying krearrlkeppim = krrurr,unri/kepm,,unt~ - 
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(Eq. 1) 
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clizes faster than its anti isomer; i.e., if the starting material 
was only partially cyclized, thiol syn-13 delivered cis-14 
more rapidly than unti-13 afforded truns-14. Thus, truns- 
oxathiane enrichments only attained a 80:20 ratio even if 
unti-rich fractions of 13 were cyclized (entries 3, 4); con- 
comitantly, reisolated non-cyclized rearrangement product 
13 was essentially devoid of syn-13I"I in these experiments. 
However, these kinetic resolutions succeeded only if expo- 
sure time to HBF4 was drastically reduced from the initially 
used 12 h to 10- 15 min. This is because HBF4 converts the 
less stable truns-configured oxathiane trans-14 nearly com- 
pletely into the more stable cis isomer when present for a 

sufficiently long time (entry 5, 23 h). One is forced to as- 
sume that this isomerization proceeds via protonated oxa- 
thiane truns-14 and the benzylic cation 15 formed from 
the former. 

Under these circumstances, the sequence 77:23, 55:45, 
and 20:SO of cis:truns selectivities of the increasingly pru- 
dent cyclizations of increasingly anti-rich fractions of re- 
arrangement product 13 of entries 2-4 (Table 1) must be 
taken as evidence for configurational identities between syn- 
13 and cis-14 and between unti-13 and truns-14, respectively. 

The final step of the elucidation of the stereochemical 
course of our thia-Wittig rearrangements was the distinc- 
tion between cis- and tuuns-oxathiane 14 by 'H-NMR com- 
parison with reference compounds 16 and 17 (Table 2). 
Since the Jvic values of the methylene protons at C-5 of 
one isomer of 14 coincide with those of the cis-substituted 
oxathianes cis-16/cis-17, this isomer is also designated as cis. 
The correspondence of the Jvic values of the remaining iso- 
mer of 14 with those of truns-16/truns-17 is low; however, 
this is not astounding considering that truns-14 other than 
truns-16/trans-17 is likely to consist of two equilibrating 
chair conformers. The assignment of cis- vs. truns-oxathiane 
14 is supported by the I3C shifts of the ring carbons C-2, 
C-4, C-5, and C-6: They are deshielded in the former com- 
pared to the latter isomer (A6 = 5.86, 6.26, 5.47, and 7.03 
ppm, respectively) similarly as previously determined for 
the oxathiane pair cis- vs. truns-16 (A6 = 5.02, 4.69, 22.87, 
and 6.37 ppm)L21. 
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dustrie is gratefully acknowledged. E. s. thanks the ERASMUS 
program of the EC for financing a stage in Gottingen. We thank 
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least we are very grateful to R. Machinek, A. Godawa, and C. Zolke 
for continuous assistance in solving NMR problems. 

Experimental 
All reactions were performed in oven-dried (100°C) glassware 

under N2. THF was freshly distilled from m a ;  CH2C12 from 
CaH2. Products were purified by flash chromatography['] on Merck 
silica gel 60 (eluents given in brackets) and isolated as oils. Yields 
refer to analytically pure samples. Isomer ratios of diastereomeric 

Chem. Ber. 1994,127, 1949-1957 



[2.3]-Thia-Wittig Rearrangements of a-Lithiated Sulfides 

Table 1. Elucidation of the stereostructure of rearrangement products 13 

~~~~~ 

cis-1 4 Ph o-C6H4Me 
cis-16 P h  ally1 
cis-17 Me Me 

B 
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~ ~ 

trans-1 4 
trans-1 6 
trans-1 7 
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Oxathiane Preparation No. I 

a) In addition, non-cyclized starting material was retrieved (footnote["]) 

Table 2. Selected 'H-NMR shifts of the newly prepared (14, 500 MHz, 
CDC13) and known 1,3-oxathianes (16i2], 400 MHz, CDCI,; 171121, 60 

MHz, CC1.J 

I3 RL 

I R1 I R2 I 

4.3a) 5.8a) 7.5') 4.4') 
rrans-14 
rrans-16 I 10.7 2.4 1 3.9 3.9 1 ':" 

3 . 8 1  t rans-1 7 
9.7 3.0 4.5 4.0 

a) 'I'hese J values are painvise all at once exchangeable. 

mixtures were derived from suitable 'H-NMR integrals. - IH and 
I3C NMR [tetramethylsilane or CHC13 (C,HD,) as internal stan- 
dard in CDC& (C6D6)]: Varian XR 200, Bruker AMX 300, and 
Varian VXR 500s; integrals in accord with assignments; coupling 
constants in Hz; AB spectra: HA refers to high- and HB to low- 
field resonance; 13C spectra: values refer to 6(VDCI3)  = 77.00, 
6(I3C6D6) = 128.00; I3C APT spectra: "t" for CH or CH,. "-" 
for CH2 or C. - IR: Perkin Elmer FT-IR 1600. - Combustion 
analyses: Mr. Beller. Instituted of Organic Chemistry, University of 
Gottingen. - MTB = methyl rerf-butyl ether. 

4-[/2-Methoxyethoxy)methoxy]-4-phenvl-l -butene (5): At 0°C 
to a suspension of NaH (1.86 g, 77.3 mmol, 1.05 equiv.) in THF 
(100 ml) was added slowly l-phenyl-3-b~ten-l-oI[~~l (10.9 g, 73.6 
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mmol) in THF (30 ml). The suspension was warmed to room temp.. 
stirred for 6 h, and then recooled to 0°C. (2-Methoxyethoxy)methyl 
chloride (10 nil, I 1  g. 88 mmol. 1.2 equiv.) was added. and the 
reaction mixture was stirred overnight at room temp. The reaction 
was quenched at 0°C with a satd. aqueous NHJCl solution (25 ml) 
and extracted with water (100 ml) and ether (3 x 50 ml). The com- 
bined organic extracts were dried with NaZS04, and the solvent 
was evaporated under reduced pressure to yield alkene 5 (17.0 g, 
98%). - 'H NMR (200 MHz): 6 = 2.37-2.70 (m, 3-H2), 3.38 (s, 
OCH,), 3.41 -3.63 and 3.75-3.90 (2 m, 3 M and 1 H. respectively; 
OCHZCHZO), AB signal (6, = 4.62, 6 B  = 4.68, J A B  = 7.1, 
OCH20), superimposes in part 4.67 [dd, J4,3."(I) = 8.1, J4,3.t1,2) = 
5.4, 4-HI, 5.03 (dm,, Jc,s -- 10, J,,,,, and JUllvl incompletely resolved. 
cis-I-B), 5.08 (dm,, J,,, i= 18, JRe,,, and Jr,,/y/ incompletely re- 
solved. trans-l-H), 5.79 (ddt, J,,,,, = 17.1. Jci, = 10.2, Jz ,3  = 6.9. 
2-H), 7.20-7.40 (m, C,H,). - IR (film): C = 3070 cm-:. 2935, 
2885, 2815, 1640, 1495. 1455. 1365, 1260. 1105, 1025: 915. 845, 
805, 760, 700. - Cj4HZVO3 (236.3): calcd. C 71.16, H 8.53; found 
C 71.31, H 8.32. 

3-1 ( 2 - M ~ t l i o . ~ ~ ~ e ~ l i ~ ~ , ~ ~ ~ ) m e t ~ o x y  j-3-phenylpropanal (6): Alkene 5 
(12.74 g, 53.91 mmol) in CH2C12 (100 ml) was ozonolyzed at 
-78°C until the solution turned blue (4 h). Triphenylphosphane 
(16.97 g, 64.70 mmol, 1.2 cquiv.) was added, and the solution was 
warmed with stirring very slowly (12 h) to room temp. The re- 
sulting triphenylphosphane oxide was removed by diluting the 
crude product with petroleum ethedether (1 : 1,400 ml). Flash chro- 
matography [petroleum ether/MTB ( 8 : l )  --f MTR] of the residue 
obtained by evaporation of the solvents yielded aldehyde 6 (9.824 
g, 76%). - 'H NMR (200 MHz): 6 =: AB signal (6, = 2.68. bB = 
2.97, JAB = 16.4, in addition split by JA,3 = 4.2, JA,I = 1.3. JB,3 = 
9.3. JB.1 2 2.7, 2-H2), 3.37 (s. OCH3), 3.42-3.61 and 3.67-3.88 (2 
m, 3 H and 1 H. respectively: OCH2CH20), AB signal (6, = 4.61, 
8~ = 4.65, JAB = 7.0, OCH20). 5.22 (dd, J3,2.3(B) 9.3, J3.2.li(A) = 
4.1, 3H), 7.28-7.39 (m, C6H5), 9.81 (dd, J I , z . H ( B )  = 2.7, J I . ~ . ~ I ( A ~  = 
1.5, I-H). - IR (film): 3 = 2930 cm-', 2890. 2725. 1725, 1495, 

calcd. C 65.53, H 7.61; found C 65.50, H 7.70. 
1455, 1365, 1170, 1105, 1025. 850, 765, 700. - C13H1~04 (238.3): 

syn- and anti- I -Brotna-3-[ (2-rnethoxyetho?cy)tnethoxy]-3-phenyl- 
I-(rribut~~l.rtann~l)~ropune (syn,unti-7): Diisopropylamine (3.6 g, 36 
mmol, 1.2 equiv.) in THF (50 rnl) was treated with nBuLi (1.85 
moYl in hexane; 17.6 ml, 32.6 mmol, 1.1 equiv.) for 10 min at 
-78°C. After 30 min tributyltin hydride (9.48 g, 32.6 mmol, 1.1 
equiv.) was added followed 1 h later by aldehyde 6 (7.051 g, 29.59 
mmol) in THF (20 ml). After another 1 h at --78"C the mixture 
was allowed to warm to room temp., the reaction was quenched 
with a satd. aqueous NH4CI solution (200 ml) and the mixture 
extracted with MTB (2 X 70 ml). The combined organic extracts 
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were washed with a satd. aqueous NaCl solution (250 ml), dried 
with Na2S04, and the solvent was evaporated under reduced pres- 
sure. The residue, tetrabromomethane (9.813 g, 29.59 mniol, z 1 
equiv.), and triphenylphosphane (7.761 g, 29.59 mmol, 2 1 equiv.) 
were stirred in CH2C12 (160 ml) at room temp. for 12 h. Aqueous 
workup (CH2CI2/H20), trituration of the crude product with pe- 
troleum ether (3 X 50 ml), and flash chromatography [petroleum 
etherlMTB (50:l + 2:1)] led to a configurationally unassigned 
73:27 mixture of syn,anti-7 (6.589 g, 38%). 

Major Diastereomer: ’H NMR (500 MHz): 6 = 0.85-1.06 (m, 
3 X SnCH2, 3 X CH2CH3), 1.32 (tq, both J values = 7-8, 3 X 

CH,CH,CH,), 1.40- 1.55 (111, 3 X CH2CH2CH2), AB signal (6, = 
2.11,6B=2.25,J~B= 15,3,inadditionsplitbyJ*,I = 13.2,JA,3= 
2.3, JB.3 = 10.2, JB.2  = 2.3, 2-H2), 3.36 (s, OCH3), 3.41-3.62 and 
3.85-3.92 (2 m, OCH2CH20), 4.01 (dd, topping a “mountain” of 
tin satellites, J~,~.H(A) = 13.2, J ~ , z - H ( B )  = 2.2, 1-H), AB signal (6, = 

J ~ , ~ . H ( A )  = 2.3, 3-H), 7.25-7.40 (m, C6Hs). 

Minor Diastereomer: Superimposed in part by the major diaster- 
eomer. ‘H NMR (500 MHz): 6 = 1.26 (tq, both J values = 7-8, 
3 X CH2CH2CH3), 2.20-2.30 (m, 2-H’), 2.51 (ddd, Jgem = 14.6, 
J ~ . H ( ~ ) , I  = 12.9, &H(2),3 = 4.5, 2-H2), 3.05 (dd, topping a “moun- 
tain” of tin satellites, Jl,2.H(2j = 12.6, JI,~.H(~) = 2.5, I-H), 3.37 (s, 

AB signal (FA = 4.61, 6 B  = 4.67, JAB = 6.7, OCH20), 4.95 (dd, 
J3,2.H(I) = 9.5, J3,2.H(2) = 4.4, 3-H). - IR (film): 0 = 3030 cm-I, 
2955, 2925, 2870, 1685, 1455, 1200, 1110, 1075, 1040, 865, 760, 
700. - C25H45Br03Sn (591.2): calcd. C 50.70, H 7.66; found C 
50.85, H 7.63. 

syn- and anri-I- (Benzylthio j -3-[ (2-methoxyethoxy)methoxy]-3- 
phenq.1-l-(tributylstanny1)propane (s,yn- and anti-8): Phenylmeth- 
anethiol (3.29 ml, 3.45 g, 27.8 mmol, 2.5 equiv.) was added at 
-78°C to KH (0.970 g, 24.18 mmol, 2.2 equiv.) in THF (30 ml). 
After 1 h the suspension was first warmed to room temp. and then 
recooled to 0°C. A configurationally unassigned 73:27 mixture of 
syn,anti-7 (6.589 g, 11.12 mmol) in THF (7 ml) was added with 
stirring. After 12 h at room temp. the reaction was quenched with 
a satd. aqueous NH4Cl solution (100 ml) and extracted with ether 
(2 X 100 ml). The crude product was subjected to flash chromatog- 
raphy once [petroleum etherlether (30: 1 -+ 10: l)] to give syn,anti- 
8 as a 70:30 mixture (6.714 g, 95%) and subsequently several times 
[petroleum ether:ether (15:1)] to yield syn-8 (2.463 g, 35%) in the 
early and anti-8 (0.732 g, 10%) in the late fractions. - IR (film): 
0 = 3060 cm-’, 3030, 2955, 2925, 1495, 1455, 1375, 1200, 1110, 
1070, 1025, 865, 760, 700. - C32Hs20SSn (635.5): calcd C 60.48, 
H 8.25; found C 60.52, H 8.18. 

syn-8: ‘H NMR (500 MHz): 6 = ca. 0.84-0.93 (m, 3 X SnCH2), 
superimposed by 0.87 (t, J = 7.2, 3 X CH2CH3), 1.27 (tq, both J 
values = 7-8, 3 X CH2CH2CH3), 1.37-1.47 (m, 3 X 

4.9, 2-H’), 2.27-2.37 (m, 1-H, 2-H’), 3.33 (s, OCH,), superimposes 
3.28-3.44 and 3.38-3.48 and 3.62-3.68 (3 m, I H, 2H, and 1 H, 
respectively; OCH2CH20), AB signal (6 ,  = 3.64, 6~ = 3.71, JAB = 

13.1, SCH2), AB signal (6, = 4.60, 6~ = 4.64, JAB = 6.7, OCH20), 
4.72 (dd, J3,2.H(2) = 8.4, J3,2.H(1) = 4.7, 3-H), 7.19-7.36 (m, 2 X 
C6H5). - 13C NMR (broad-band-decoupled and APT spectrum at 
75 MHz, CDC13 as internal standard in CDCl,): 6 = “-” 9.79 
(including doublet satellites for 1JC,l19Sn = 323.0 and ‘JC,lh7Sn = 
308.7, 3 X SnCH?), “+” 13.60 (3 X CH2CH3), “+” 22.34 (C-l), 
“-” 27.38 (including doublet satellites for 3JC,Sn = 58.4, 3 X 
CH2CH2CH3), “-” 28.96 (including doublet satellites for 2JC,sn = 

19.7, 3 X CH2CH2CH2), “-” 37.21 and “-” 42.01 (C-2, SCH,), 

4.65, 6~ = 4.73, JAB = 6.9, OCHlO), 5.01 (dd, J ~ , z . H ( B ~  = 10.1, 

OCH?), 3.76 (ddd, J = 8.9, J = 6.0, J = 3.0, 1 H of OCH2CH20), 

CH,CHzCH>), 2.13 (ddd, JKem = 14.0, Jz.H(I),I = 6.3, &(1),3 = 

“+” 58.85 (OCH3), “-” 67.12, ‘‘-” 71.53 (OCHlCHzO), “+” 
77.51 (C-3), “-” 93.75 (OCH20), “+” 126.55, “+” 127.01*, “+” 
127.53, “+” 128.19*, “+” 128.27*, “+” 129.11* (6 X Ar-CH), “-” 
138.60, “-” 142.04 (2 X ipso-Ar-C); *o- or m- and not p-C because 
of relatively high intensity. 

anti-8: ’H NMR (500 MHz): 6 = 0.84-0.94 (m, 3 X SnCH,), 
superimposed by 0.87 (t, J = 7.4, 3 X CH2CH3), 1.28 (tq, both J 
values = 7.4, 3 X CH2CH2CH3), 1.36-1.50 (m, 3 x 
CH~CH~CHZ),  2.15-2.22 and 2.24-2.36 (2 m, 2H and l H ,  re- 
spectively; 1-H, 2-H2), 3.32 (s, OCH3), 3.33-3.39, 3.42-3.47, 
3.48-3.54, and 3.70-3.75 (4 m, OCH2CH20), AB signal (6, = 

3.59, 6~ = 3.65, JAB = 12.7, SCH*Ph), AB signal (6 ,  = 4.57, 6B = 
4.64, JAB 7.0, OCH,O), 4.68 (dd, J3,2.”(1) = J3,2.H(2) = 6.2, 3-H), 
7.10-7.36 (m, 2 X C6H5). - 13C NMR (broad-band-decoupled 
and APT spectrum at 75 MHz, CDCl3 as internal standard in 
CDC13): 6 = “-” 9.65 (including doublet satellites for ‘ J , - , l l 9 ~ ~  = 
319.9 and 1JC,~17Sn = 305.7, 3 X SnCH,), “+” 13.56 (3 X CH2CH3), 
“+” 22.65 (C-l), “-” 27.29 (including doublet satellits for 3Jc,s, = 
56.9, 3 X CH2CH2CH3), “-” 28.93 (including doublet satellites for 
2JC,sn = 19.9, 3 X CH2CH2CH2), “-” 37.70 and “-” 43.40 (C-2, 
SCHZ), “+” 58.78 (OCH3), ‘‘-” 67.06, ‘‘-” 71.52 (OCH2CH’O), 
“+” 77.46 (C-3), ‘‘-” 93.47 (OCHZO), “+” 126.46, “+” 127.02*, 
“+” 127.57, “+” 128.16*, “+” 128.32*, “+” 128.83* (6 X Ar-CH), 

138.54, “-” 141.92 (2 X @so-Ar-C); *o- or rn- and not p-C 
because of relatively high intensity. 

syn- and anti-3-[ (2-Methoxyethoxy)methoxy]-l-(2-methyl- 
phenyl) -3-phenyl-1-propanethiol (syn- and anti-13) 

a) At -78°C nBuLi (1.85 moVl in hexane; 2.13 ml, 3.95 mmol, 
2.0 equiv.) was added dropwise to stannyl sulfide syn-8 (1.254 g, 
1.973 mmol) in THF (10 ml). After 1 h the reaction was quenched 
with a satd. aqueous NH4C1 solution (10 ml) and the resulting 
mixture extracted with ether (3 X 40 ml). Purification of the crude 
products by flash chromatography [petroleum etherlether (100: 1 i 
2:1)] yielded the thiols 13 (0.656 g, 96%) as a 19:81 synpnti mix- 
ture. A similarly conducted second experiment gave 86% of a 18:82 
syn,anti mixture. 

b) At -78°C nBuLi (1.85 moll1 in hexdne; 0.48 ml, 0.88 mmol 
2.0 equiv.) was added dropwise to stannyl sulfide anti-8 (0.292 g, 
0.440 mmol) in THF (5 ml). After 1 h the reaction was quenched 
with a satd. aqueous NH4C1 solution ( 5  ml), and the resulting mix- 
ture extracted with ether (3 X 20 ml). Purification of the crude 
products by flash chromatography [petroleum etherlether (100: 1- 
2:1)] yielded the thiols 13 (0.129 g, 85%) as a slightly impure 82:18 
syn,anti mixture. A similarly conducted second experiment pro- 
vided 84Y0 of a 79:21 syn,unti mixture which, too, could not be 
entirely liberated from contaminations. - IR (film): 0 = 3025 
an-’ ,  2925, 2885, 2550, 1600, 1490, 1455, 1365, 1245, 1200, 1105, 
1025, 850, 755, 700. - C20H2603S (346.5): calcd. C 69.33, H 7.56; 
found C 69.36, H 7.53. 

syn-13: ‘H NMR (500 MHz, signals in part superimposed by 
those of anti-13): 6 = 1.86 (d, JSH.1  = 6.5, SH), 2.25 (s, C6H4CH3), 
AB signal (6, = 2.39, 6 B  = 2.53, JAB = 14.1, in addition split by 

3.22-3.32, 3.39-3.45, and 3.51-3.56 (3 m, 2H and 1 H  and l H ,  
respectively; OCH&H20), 4.22 (ddd, J ~ , z + I ( A )  = Jl,Z.H(Bj = J I , S H  
7.2, I-H), 4.53 (s, OCH;?O), 4.57 (dd, J 3 , 2 - ~ ( ~ 1  = 8.5, J~,~.H(A) = 5.8, 
3-H), 7.09-7.40 (m, C6H5 and C6H4CH3). - I3C NMR (broad- 
band-decoupled and APT spectrum at 75 MHz, CDCI3 as internal 
standard in CDC13): 6 = “+” 18.96 (C-l), “+” 35.50 (CH3), “-” 
46.96 (C-2), “+” 58.76 (OCH3), “-”66.75, “-” 71.39 (OCH,- 

126.59, “+” 126.90, “+” 127.83, “+” 130.59 ( 5  X Ar-CH), “+” 

“->, 

JAJ = 7.9, JA.3 = 5.7, JB.3 = 8.4, JB,i  = 7.2, 2-H2), 3.29 (s, OCH3), 

CHZO), “+” 76.54 (C-3), ‘‘-” 93.26 (OCH’O), “+” 125.35, “+” 
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126.80, "+" 128.39 (2 X 0- and 2 X m-C because of relatively high 
intensity), "-" 135.08 (CH3-Ar-ipso-C), "-" 141.19, "-" 141.62 
(2 X ipso-Ar-C). 

anti-13: 'H NMR (500 MHz, signals in part superimposed by 
those of syn-13): 6 = 1.99 (d, JSHJ = 6.8, SH), 2.30 (s, C6&CH3), 
superimposes in part AB signal (8, = 2.23, 6s = 2.48, JAB = 14.4, 
in addition split by JA,~ = 9.5, J A , ~  = 4.7, J B , ~  = 9.2, J B , ~  = 5.3, 2- 
H2), 3.39 (s, OCH,), 3.47-3.63 and 3.87-3.93 (2 m, 3 H  and IH,  
respectively; OCH2CH20), 4.31 (ddd, J].2.H(A) = 9.6, JI,SH = 6.7, 
JI,z.H(B) = 5.3, 1-H), AB signal (6 ,  = 4.61, 6 B  = 4.67, JAB = 7.1, 

(m, C6H5 and C6H4CH3). - 13C NMR (broad-band-decoupled and 
APT spectrum at 75 MHz, CDCl3 as internal standard in CDC13): 

OCHZO), 4.86 (dd, J3.2.H(B) = 9.2, J3,2-H(,4) = 4.6, 3-H), 7.08-7.38 

6 = "+" 19.03 (C-1), "+" 35.67 (CH,), ''-" 47.06 (C-2), "+" 58.89 
(OCH3), ''-" 67.16, ''-" 71.26 (OCH2CH20), "+" 75.93 (C-3), 
"-" 93.22 (OCHZO), "+" 125.44, "+" 126.53, "+" 126.84*, "+" 
127.74, "+" 130.47 ( 5  X Ar-CH), "+" 126.48*, "+" 128.37** (2 
X 0-C, 2 X rn-C), "-" 134.77 (CH,-Ar-ipso-C), "-" 141.29. "-" 
142.15 (2 X ipso-Ar-C); *since the total intensity of this resonance 
is three times as high as that of 125.44 or 126.53 or 127.74 or 
130.47, it is interpreted as a superposition of 1 Ar-CH and 2 X o- 
or 2 x m-C; **assigned 0- or m-C because of relatively high inten- 
sity. 

cis- and trans-4-(2-Methylphenyl)-6-phenyl-l,3-oxathiane (syn- 
and anti-14) 

a) To a 82:18 syn,antimixture of thiols 13 (0.132 g, 0.381 mmol) 
in CH2CI2 ( 5  ml) were added at room temp. 2 drops of HBF4 (54% 
solution in EtZO). After 12 h the reaction was quenched with a 
satd. aqueous NaHCO, solution ( 5  ml), the mixture was extracted 
with ether (3 X 30 ml), the combined extracts were dried with 
Na2S04, and the solvent was evaporated in vacuo. Flash chroma- 
tography [petroleum ethedether (100: 1 +. 20: l)] of the residue 
yielded oxathianes 14 as a 93:7 cis,trans mixture (0.075 g, 73%). A 
similarly conducted second experiment provided 66% of a 90:lO 
cis,trans mixture. 

b) To a 19:81 syn,anti mixture of thiols 13 (0.411 g, 1.19 mmol) 
in CH2CI2 (5 ml) were added at room temp. 2 drops of HBF4 (54'Yn 
solution in Et20). After 12 h the reaction was quenched with a 
satd. aqueous NaHC03 solution (5 ml), the mixture was extracted 
with ether (3 X 30 ml), the combined extracts were dried with 
Na2S04, and the solvent was evaporated in vacuo. Flash chroma- 
tography [petroleum etherlether (1OO:l + 5:1)] of the residue 
yielded oxathianes 14 as a 77:23 syn,anti mixture (0.173 g, 54%). A 
similarly conducted second experiment gave 48% of an identically 
composed mixture. 

c) To a 18:82 syn,anti mixture of thiols 13 (0.101 g, 0.292 mmol) 
in CH2C12 (2 ml) was added at room temp. I drop of HBF4 (54% 
solution in Et20). After 15 rnin the reaction was quenched with a 
satd. aqueous NaHC0, solution (3 ml), the mixture was extracted 
with ether (3 X 10 ml), the combined extracts were dried with 
Na2S04, and the solvent was evaporated in vacuo. Flash chroma- 
tography [petroleum ethedether (1OO:l +. 2:1)] of the residue 
yielded oxathianes 14 as a 55:45 syn,nnti mixture (0.026 g, 33%; 
67% with respect to reisolated starting compound["]) and in the 
late fractions nearly isomerically pure anti-13 contaminated with 
an impurity"'] (ca. 80:20 mixture, 0.051 g, 50Y1). 

d) To a 7:93 syn,anti mixture of thiols 13 obtained by kinetic 
resolution by partial cyclization of a 18:82 syn,anti mixture with 
HBF4 (0.065 g, 0.19 mmol) in CHzC12 (2 ml) was added at room 
temp. 1 drop of HBF4 (54% solution in Et,O). After 10 min the 
reaction was quenched with a satd. aqueous NaHCO, solution (3 
ml), the mixture was extracted with ether (3 X 10 ml), the com- 

bined extracts were dried with Na2S04, and the solvent was evapo- 
rated in vacuo. Flash chromatography [petroleum ethedether (30: 1 
-+ 2:1)] of the residue yielded a 20:80 cis,trans mixture of oxa- 
thianes 14 (0.022 g, 43%; 83% with respect to reisolated starting 
compound[' '1) and in the late fractions nearly isomerically pure 
anti-13 contaminated with an impurity["] (ca. 70:30 mixture, 0.03 1 
g, 48%). 

e) To a 55:45 cis,trans mixture of oxathianes 14 (0.022 g, 0.081 
mmol) in CH2CI2 (2 ml) was added at room temp. 1 drop of HBF4 
(54% solution in Et,O). After 23 h the reaction was quenched with 
a satd. aqueous NaHCO, solution (3 ml), the mixture was ex- 
tracted with ether (3 X 10 ml), the combined extracts were dried 
with Na2S04, and the solvent was evaporated in vacuo. Flash chro- 
matography [petroleum ether/ether (30: l)] of the residue yielded 
nearly isomerically pure oxathiane syn-14 (0.018 g, 82Yn). 

IR (film): 5 = 3060 cm-', 3025, 2950, 2900, 1600, 1490, 1450, 
1305, 1250, 1205, 1160, 1070, 1030, 995, 960, 910, 760, 725, 700. 
- C17H180S (270.4): calcd. C 75.51, H 6.71; found C 75.27, H 6.62. 

cis-14: 'H NMR (500 MHz): 6 = AB signal (6 ,  = 2.15, 6 B  = 
2.31, JAB = 13.9, in addition split by JA,4 = J A , ~  = 2.2, 5B,4 = 
J B , ~  = 11.4, 5-H2), 2.49 (S, C&CH3), 4.50 (dd, J4,5.H(B) = 11.7*, 
J ~ , ~ . H ( A )  = 2.3*, 4-H**), 4.60 (dd, J ~ , ~ - H ( B )  = 11.0*, J~.~ .H(A)  = 
1.8*, 6-H**), AB signal (6 ,  = 5.15, 6 B  5.21, JAB = 11.3, 2-H2), 
7.13-7.44 (m, C6H5 and C6H4CH3); *assignments of the coupling 
constants are simultaneously interchangeable; **4-H and 6-H were 
assigned by a C,H correlation spectrum. - 13C NMR (broad-band- 
decoupled and APT spectrum at 75 MHz, CDCI3 as internal stan- 
dard in CDCI,): 6 = "+" 19.23 (C6H4m3), "-" 40.90 (C-5), '*+" 

128.48 (2 X 0- and 2 X m-C because of relatively high intensity), 
"+" 126.56, "+" 126.85, "+" 127.40, "+" 127.86, "+" 130.56 (5  
X Ar-CH), "-" 135.41 (CH3-Ar-ipso-C), "-" 138.97, "-" 141.72 
(2 X @so-Ar-C). 

trans-14: 'H NMR (500 MHz): 6 = 2.35 (s, C6H4CH3), AB sig- 
nal (presumably with transition to higher-order spectrum, tentative 
evaluation: SA = 2.60, 6B = 2.63, JAB = 14.4, in addition split by 

43.08 (C-4), ''-" 72.42 (C-2), "+" 82.38 (C-6), "+" 125.83, "+" 

J A , ~  = 7.4, J A , ~  = 4.3, J B , ~  = 5.8, J B , ~  = 4.3, 5-H2), 4.51 (dd, 
J4,5.H(A) = 7.6, J ~ , ~ . H ( B )  = 4.4, 4-H*), AB Signal (6, = 4.95, 6~ = 
5.11, JAB= 11.3, 2-H2), 5.17 (br. dd, J ~ , ~ . H ( A )  J ~ , ~ . H ( B )  5 ,  
6-H*), 7.14-7.23 and 7.26-7.43 ( 2 m, 8 X Ar-H), 7.63 (br. d, 
J, = 7.6, o-Ar-H); *4-H and 6-H were assigned by a C,H corre- 
lation spectrum. - "C NMR (ATP spectrum at 125 MHz, CDC1, 
as internal standard in CDC13): 6 = "+" 19.34 (C6H4CH3), "-" 

"+" 126.37, "+" 127.09, "+" 127.31, "+" 127.65, "+" 130.89 ( 5  
X Ar-CH), 126.57, "+" 128.81 (2 X 0- and 2 X m-C because of 
relatively high intensity), "-" 135.77 (CH3-Ar-ipso-C), "-" 139.96, 
"-" 140.14 (2 X @so-Ar-C). 

syn- and anti-3-[(2-Methoxyethoxy)methoxyj-3-phen~l-l-(tri- 
butylstanny1)-I-propanol (syn- and anti-10): A solution of diisopro- 
pylamine (0.40 ml, 0.29 g, 2.8 mmol, 1.4 equiv.) in THF (5 ml) was 
treated with nBuLi (1.85 mol/l in hexane; 1.43 ml, 2.65 mmol, 1.3 
equiv.) at -78°C. After 30 rnin tributyltin hydride (0.70 ml, 0.77 g, 
2.6 mmol, 1.3 equiv,) was added and after another 30 min aldehyde 
6 (0.485 g, 2.04 mmol) in THF (10 ml). After 30 min the reaction 
was quenched with a satd. aqueous NH4CI solution (10 ml) and 
the mixture extracted with brine (30 ml) and ether (3 X 30 ml). 
The crude product was purified by flash chromatography [pe- 
troleum etherlether (1O:l -+ 1:1)] to yield anti-10 (0.166 g, l%), a 
80:20 mixture of syn- and anti-10 (0.148 g, 140/0), and syn-10 (0.190 
g, 18%); i.e., the alcohol was produced as a 62:38 syn,anti mixture 
of diastereomers (0.504 g, 47%). - IR (film): 0 = 3490 cm-', 3030, 

35.43 (C-5), "+" 36.82 (C-4), "-" 66.56 (C-2), "+" 75.35 (C-6), 
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2925, 1495, 1455, 1415, 1375, 1245, 1040, 845, 760, 700, 595. - 
Cz5H4604Sn (529.3): calcd. C 56.73, H 8.76; found C 56.06, H 8.52. 
- No better combustion analysis could be obtained. 

syn-10: 'H NMR (300 MHz, CDCI3): 6 = 0.76- 1.02 (m, includ- 
ing flanking multiplets caused by zJH,Sn, 3 X SnCH2), superim- 
posed by 0.88 (t, J =  7.2, 3 X CH2CH3), 1.29 (tq, both J =  va- 
lues = 7-8,3 X CHZCH~CH~), 1.38-1.63 (m, 3 X CH2CHzCH2), 
1.92 (ddd, Jgem = 14.9, JZ.H(1),3 = 4.6, J2-H(i),l = 1.6, 2-H1), 2.41 
(ddd, Jgem = 14.9, Jz.H(2),1 = 11.4, J 2 - H ~ l . 3  = 9.2, 2-H2), 3.11 (d 
including Sn satellites, JOH,l = 2.7, OH), 3.37 (s, OCH3), 3.42-3.62 
and 3.81-3.91 (2 m, 3H and IH, respectively; OCH2CH20), 4.23 
(ddd, J1,2.H(2) = 11.3, J I , O H  = J l , z - H ( I )  = 2.1, I-H), AB signal (6, = 
4.57, 6~ = 4.64, JAB = 7.2, OCH20), 4.89 (dd, J3,2-H(2)  = 9.0, 
J 3 , 2 - ~ ( 1 )  = 4.5, 3-H), 7.24-7.38 (m, C6Hs). - I3C NMR (broad- 
band-decoupled and APT spectrum at 75 MHz, C6D6 as internal 
standard in CsD6): 6 = "-" 8.86 (including doublet satellites for 
1JC,l19Sn = 306.5 and 1JC,"7Sn = 292.9 3 X SnCHz), "+" 13.95 (3 X 
CH2CH3), "-" 27.85 (including doublet satellites for 3JC,Sn = 51.2, 
3 X CH2CH~CH3), "-" 29.65 (including doublet satellites for 

(OCH3), "+" 66.99 (C-l), "-" 67.72, "-" 72.12 (OCH2CH20), 
"+" 81.09 (including flanking doublet satellites caused by 3JC,Sn, 
C-3), "-" 93.11 (OCHZO), "+" 127.28*, "+" 128.00, "+" 128.78* 
(Ar-CH), "-" 141.96 (ipso-Ar-C); *o- or m- and not p-C because 
of relatively high intensity. 

'Jc,sn = 20.2, 3 X CH2CH2CH2), "-" 46.23 (C-2), "+" 58.66 

anti-10: 'H NMR (300 MHz, CDC13): 6 = 0.83-0.93 (m, 3 X 
SnCH2), superimposed by 0.88 (t, J = 7.4, 3 X CH2CH3), 1.30 
(tq, both Jvalues = 7-8, 3 X CH2CH2CH3), 1.38-1.59 (m, 3 X 

CHZCH2CH2), AB signal (6, = 1.91, 6 B  = 2.16, JAB = 14.5, in 
addition Split by J A , ~  = 10.0, J A , ~  = 2.1, JB,I = 12.3, J B , ~  2.5, 2- 
H2), 3.36 (d, J o H , ~  = 6.3, OH), 3.40 (s, OCH3), 3.48-3.64 and 
3.94-4.05 (2 m, 3H and 1 H, respectively; OCH2CH20), 4.43 (ddd, 
JI,Z-H(B) = 12.4, J1.0~ = 5.6, Jl,2.H(A) = 2.0, I-H), AB Signal (FA = 

4.60, SB = 4.64, JAB = 7.2, OCHZO), 5.03 (dd, J3,2.H(A) = 10.0, 
J ~ , ~ - H ( B )  = 2.5, 3-H), 7.22-7.38 (m, C6H5). - 13C NMR (broad- 
band-decoupled and APT spectrum at 75 MHz, C6D6 as internal 
standard in C6D6): 6 = "-" 8.82 (including doublet satellites for 
lJC,+n = 302.4 and 'JC,1i7sn = 289.1, 3 X SnCH,), "+" 13.94 (3 
X CHZCH,), "-" 27.84 (including doublet satellites for 3JC,Sn = 
50.1, 3 X CH2CH2CH3), "-" 29.70 (including doublet satellites 
for 2JC,Sn = 20.1, 3 X CH2CH2CHz), "-" 47.70 (C-2), "+" 58.70 
(OCH3), "+" 62.39 (C-I), "-" 67.27, "-" 72.08 (OCH2CH20), 

"+" 128.73* (Ar-CH), "-" 143.47 (ipso-Ar-C); *o- or m- and not 
p-C because of relatively high intensity. 

"+" 74.29 (C-3), ''-" 92.67 (OCHZO), "+" 126.96*, "+" 127.54, 

syn- {3-[ (2-Methoxyethoxy)methoxy J-3-phenyl-1- (tributyl- 
stanny1)propyl) Methanesulfonate (syn-9): At -20°C methanesul- 
fonyl chloride (0.07 ml, 0.1 g, 0.9 mmol, 2.5 equiv.) and NEt3 (0.25 
ml, 0.18 g, 1.8 mmol, 5.0 equiv.) were added to alcohol syn-10 
(0.190 g, 0.359 mmol) in CHzClz (3 ml). After 1 h the reaction was 
quenched with a satd. aqueous NaHC03 solution (5 ml), the mix- 
ture extracted with ether (3 X 25 ml), the combined extracts were 
dried with Na2S04, and the solvent was evaporated in vacuo at 
0°C. Flash chromatography [petroleum etherlether (100: 1 + 1 : l)] 
of the residue yielded syn-9 (0.149 g, 68%). - 'H NMR (300 MHz, 

SnCH2), 1.34 (tq, both J values = 7-8, 3 X CH2CHzCH3), 
1.50- 1.64 (m, 3 X CH,CH,CH,), 2.35 (s, SCH3), AB signal (FA = 

2.43, sB = 2.77, JAB = 14.9, in addition split by JA.1 = 7.7, JA,3 = 

3.39-3.48, and 3.73-3.80 (3 m, 2H and 1 H and 1 H, respectively; 
OCHZCH~O), AB signal (6, = 4.60, SB = 4.62, JAB = 6.6, 

C6D6): 6 =  0.92 (t, J =  7.4, 3 x CH,CH3), 1.04-1.15 (m, 3 x 

4.5, JB,3 = 9.0, JB,~ = 5.9, 2-H2), 3.10 (S, OCH3), 3.21-3.34, 

OCHZO), 4.99 (dd, J~,~.H(B) = 8.9, J3,2-~( ,4)  = 4.4, 3-H*), 5.06 (dd, 
J!,Z-H(A) = J ~ , ~ . H ( B )  = 6.8, l-H*), 7.02-7.30 and 7.40-7.49 (2 m, 
3 H and 2 H, respectively; C6Hs); *the assignments of I-H vs. 3-H 
and their coupling constants are interchangeable. - 13C NMR 
(broad-band-decoupled and APT spectrum at 75 MHz, C6D6 as 
internal standard in C6D6): 6 = "-" 10.29 (including doublet satel- 
lites for 'JC,llgSn = 330.2 and 1JC,l17Sn 5 315.5, 3 X SnCH,), "+" 
13.86 (3 X CHzCH3), "-" 27.75 (including doublet satellites for 
3JC,Sn = 58.0, 3 X CH2CHzCH3), "-*' 29.28 (including doublet 
satellites for 2JC,Sn = 20.0, 3 X CH2CHzCH2), "+" 37.65 (SCH3), 

43.43 (C-2), "+" 58.61 (OCH-J, "-" 67.69, "-" 72.09 
(OCHzCH2O), "+" 74.69, "+" 75.73 (C-I, C-3), ''-" 93.48 
(OCH20), "+" 127.68*, "+" 128.20, "+" 128.78* (Ar-CH), "-" 
141.48 (ipso-Ar-C); *o- or m- and not p-C because of relatively high 
intensity. - IR (film): 0 = 2955 cm-', 2925, 1455, 1335, 1200, 1170, 

7.97; found C 51.88, H 7.78. 
anti- (3-1 (2-Methoxyethoxy)methoxy J-3-phenyl-1- (tributyl- 

stanny1)propyl) Methanesulfonate (anti-9): A similar experiment as 
described above starting from alcohol anti-10 (0.166 g, 0.313 rnmol) 
gave anti-9 (0.106 g, 56%). - 'H NMR (300 MHz, C6D6): 6 = 0.93 
(t, J =  7.4, 3 x CH2CH3), 1.08-1.16 (m, 3 X SnCH2), 1.36 (tq, 
both J values = 7-8, 3 X CH2CH2CH3), 1.56-1.69 (m, 3 X 

CH2CH2CH2), 2.29-2.51 (m, 2-Hz), 2.54 (s, SCH3), 3.07 (s, 
OCH3), 3.24-3.30, 3.40-3.48, and 3.76-3.84 (3 m, 2H and 1 H 
and IH, respectively; OCH2CH20), AB signal (6, = 4.64, 6~ = 

" - 1 )  

1110, 1045, 965, 895. - c26H4@6ssn (607.4): calcd. c 51.41, H 

4.70, JAB = 6.6, OCH2O), 5.03 (dd, J~,Z.H(~) = 9.6, J3,2.~(2) = 2.5, 
3-H*), 5.53 (dd, J ! , 2 - ~ ( 1 )  = 11.2**, J1,2.H(2) = 2.9**, I-H*), 
7.00-7.43 (m, C6H5); *assignments interchangeable, ** dto. - l3C 
NMR (broad-band-decoupled and APT spectrum at 75 MHz, 
C6D6 as internal standard in C6D6): 6 = "-" 10.12 (including 
doublet satellites for 'JC,l19Sn = 322.1 and 'JC,l17Sn = 315.9, 3 X 

SnCH2), "+" 13.85 (3 X CH2CH3), "-" 27.72 (including doublet 
satellites for 3JC,Sn = 57.3, 3 X CH2CH2CH3), "-" 29.31 (includ- 
ing doublet satellites for 2JC,Sn = 20.3, 3 X CH2CH2CH2), "+" 
37.43 (SCH3), "-" 44.70 (C-2), "+" 58.58 (OCH3), "-" 67.98, 

94.17 (OCH20), "+" 126.91*, "+" 128.00, "+" 128.85* (Ar-CH), 
"-" 142.65 (ipso-Ar-C); *o- or m- and notp-C because of relatively 
high intensity. 

anti-1 -( Benzylthio) -3-[ (2-methoxyethoxy)methoxy J-3-phenyl-l- 
(tributylstnnnyl)propane (anti-8): Phenylmethanethiol (0.06 ml, 
0.07 g, 0.5 mmol, 3.0 equiv.) was added at -78°C to KH (0.018 g, 
0.44 mmol, 2.5 equiv.) in THF (3 ml). After 1 h the suspension was 
first warmed to room temp. and then recooled to 0°C. With stirring 
methanesulfonate syn-9 (0.108 g, 0.177 mmol) in THF (1 ml) was 
added. After 14 h at room temp. the reaction was quenched with a 
satd. aqueous NH4CI solution (5 ml), the mixture extracted with 
ether (3 X 20 ml), and the combined extracts were dried with 
Na2S04. The crude product was subjected to flash chromatography 
[petroleum ethedether (20:l -+ 5:1)] to give a 81:I9 mixture of 
anti~yn-8 (0.057 g, 51%) as evidenced by its 500-MHz 'H-NMR 
spectrum in CDC13. 

syn-1- (Benzylthio) -3-[ (2-methoxyethoxy) methoxy J-3-phenyl-l- 
(tributylstanny1)propane (syn-8): A similar experiment as described 
above starting from methanesulfonate anti-9 (0.106 g, 0.175 mmol) 
gave pure syn-8 (0.059 g, 53%) as evidenced by its 500-MHz 'H- 
NMR spectrum in CDC13. 

['I General references: Ref.r21. 
r2] K. Brickmann, R. Bruckner, Chem. Ber. 1993,126, 1227-1239. 
l31 I? G. McDougal, B. D. Condon, M. D. Laffosse, Jr., A. M. 

Lauro, D. VanDerveer, Tetrahedron Lett. 1988,29, 2541-2550; 

"-" 72.09 (OCHZCHZO), "+" 75.05, "+" 75.76 (C-1, C-3), "-" 
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hydroxy thiol 20 which could revert to the 0-protected com- 
pound 13 or give the S-protected isomer 21. 

W O M e  
0 
I 

19 2 0  
1992, 125, 2731-2739. 

[lo] Retention of configuration was proven in 1-propenylstannanes 
[D. Seyferth, L. G. Vaughan, J Am. Chem. Soc. 1964, 86, 
883-8901 and in a-stannylated ethers w. C. Still, C. Sreekumar, 
J Am. Chem. Soc. 1980, 102, 1201-12021. 

yield; entry 4: ca. 48%) were essentially free from syn-13 yet not 
pure: In the 500-MHz 'H-NMR spectra the following ad- 
ditional signals were recorded: 6 = 1.87 (d, 1 H, exchangeable 
with DzO), 2.31 (s, 3H), 4.36 (ddd, IH), and 4.94 (br. dt, 1H). 
Speculatively, the contaminant(s) idare considered as 0,s-ace- 
tal(s) 21. Compound 21 could form from MEM ether 13, if 
protonation by HBF4 led not only via the carboxonium ion 19 
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