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Synthesis and Intramolecular Aldol Reactions of 1,6- and 1,7-Bis(acylsilanes)
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A series of 1,6- and 1,7-bis(acylsilanes) have been prepared
using a strategy of substitution of dihalo derivatives with a
synthetic equivalent of the trialkylsilylcarbonyl anion. These
bis(acylsilanes) could easily be converted, under Lewis acid

activation, into cis-B-hydroxyacylsilanes or the corres-
ponding o,f-unsaturated derivatives, by means of a com-
pletely stereoselective intramolecular aldol reaction.

Since their discovery by Brook in 1957, acylsilanes have
been widely studied and employed in organic synthesis, !
including in organofluorine® and carbohydrate* chemi-
stry. In contrast, the chemistry of bis(acylsilanes) has been
much less well investigated, despite the high potential of
transformations one can expect from compounds of this
type as a result of a combination of the usual properties of
dicarbonyl compounds with the specific properties of acyl-
silanes. Only a few syntheses have been reported to datel>6-7]
and accounts of their further transformations are even more
scarce.’%%71 We have recently undertaken a program of
syntheses and applications of various functionalized bis-
(acylsilanes). First papers dealt with the preparation of 3-
hydroxy- or B-oxo-bis(acylsilanes)’* and some interesting
cyclization reactions.?7%l We now report on the synthesis
of various bis(acylsilanes) with the two carbonyl groups in
a 1,6- or 1,7-relative orientation, as well as on intramolecu-
lar aldol reactions leading to five- or six-membered organo-
silicon carbocycles.

Synthesis of the Starting Bis(acylsilanes)

The previous syntheses of bis(acylsilanes) were based on
coupling reactions between two acylsilanes, or on estab-
lished methods for acylsilanes that were adapted to difunc-
tional precursors. Michael addition of a 2-chloroacetyltrial-
kylsilane to an a,B-unsaturated acylsilane®* gave the corre-
sponding 1,2-bis(trialkylsilyl)carbonylcyclopropane. Pd'-
catalyzed coupling between B-iodo- and B-tributylstannyl-
a,B-unsaturated acylsilanes>®! gave the conjugated 1,6-bis-
(acylsilane). Another Pd"-catalyzed method involved Su-
zuki-type coupling between a 1,w-alkanediyl-bis(boronic
ester) and p-bromobenzoylsilane.’ Phthaloyldisilane and
adipoyldisilane have been prepared by coupling of the cor-
responding diacyl dichlorides with lithium bis(trimethylsil-
yl)cuprate.*¥ Heptanedioylsilane has successfully been ob-
tained by a sequence of alkylation of methoxy(phenylthio)-
trimethylsilylmethane and oxidation with NalO,.!>! One of

[al Unité Mixte de Recherche CNRS, Université de Reims (UMR
6519), Faculté des Sciences,
B.P. 1039, F-51687 Reims Cedex 2, France
Fax: (internat.) +33 (0)3 26 05 31 66
E-mail: charles.portella@univ-reims.fr

Eur. J. Org. Chem. 1999, 15711580

0 WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999

the more convenient sources of acylsilanes is the corre-
sponding aldehyde, following the reaction sequence dithio-
ketalization—silylation —dethioketalization, proposed sim-
ultaneously by Brook and Corey.® A variant of this meth-
odology involves the metallation and treatment of 2-tri-
methylsilyl-1,3-dithiane 1a with an electrophile. This
sequence, previously mentioned by Brook,®¥ can be con-
sidered as an Sy reaction with an equivalent of the trimeth-
ylsilylcarbonyl anion, and has been widely used in this lab-
oratory for the synthesis of functionalized acylsilanes and
bis(acylsilanes).[”l It has also been used by Tsai in the prep-
aration of functionalized acylsilanes and bis(acylsilanes)
from mono- and dihalogenated compounds.[©!

The bis(acylsilanes) reported here were prepared accord-
ing to this method, via the corresponding bis(dithiane) de-
rivatives 10—14, 16, 19, 20, 23, and 24. The nucleophilic
displacement of a halide by 2-lithio-2-trialkylsilyl-1,3-dithi-
ane la or 1b (Scheme 1, Table 1) gave excellent yields with
the simple bis-primary alkyl halides 2—4, 7—9 (entries 1—4,
7—10). Some competing elimination (entries 5, 6) occurred
when one (dibromide 5) or two (dibromide 6) halogens were
attached to secondary carbon atoms. Some substitution
leading to compounds 21 and 22 was also observed (entry
8).

M)

1) BuLi, THF, 0°C

S._S —_— S._S S_S
B siMeR! 2 X—2R9—X RIMeySi~ R “SiMe,R!
R'=Me:1a
R'= t-Bu:1b
Scheme 1

The conversion of the bis(dithioketals) into the corre-
sponding acylsilanes (Scheme 2, Table 2) proved to be more
problematic. Many methods™ have been described for such
a transformation, because an efficient general one does not
exist. Several procedures were attempted with varying de-
grees of success. Chloramine-T, a cheap and convenient re-
agent,!'% gave moderate yields of the saturated compounds
25 and 27 (entries 1, 4). Using mercuric reagents,!'!l the
aliphatic bis(acylsilanes) 26, 27, 28, 29, and 30 were ob-
tained efficiently (entries 3, 5—8). Finally, a good method
for obtaining 25 was found to be dethioketalization with
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Table 1. Preparation of 2-bis(trialkylsilyl)-1,3-dithianes

Table 2. Preparation of bis(acylsilanes)

Entry Halides R! Dithianes By-products Entry Dithianes Hydrolysis  Conv. Bis(acylsilanes)
2-9 (% vield) (% yield) Methodlal (%) (% yield)
1 I-(CHp)41: 2 Me 10 (89) o o
2 2 +Bu  11(85) A PN
CH
3 Br-(CHps-Br:3 Me 12 (97) 1 10 i 100 TMS™ =(CHz)g ~~ ~TMS
4 Br-(CHpg-Br:4 Me 13 (92) 25 (65)
" ™ 2 10 iii 100 25 (86)
€.
N ~"er : S
5 5 Me 143D MeBSWMe 9 0
15 (44l 3 11 i 100 TBDMS™ ~(CHp) A tepws
26 (34)
6 Me Me 16 (20) . N o
Br MesSi~ ™ |
Br 4 Me 4 12 i 100 TMSJ\(CHz)s)\ ™S
17 + 18 (25 27 (60)
Br 5 12 ii 98 27 (17
7 Br Me 19 (85)
7 O (I)
,—-—S| 6 13 i 100 TMS).L (CH2)e )\ T™S
? 28 (83)
8 7 tBu 20 (30) [ ; TBDMS o
3
2 7 14 ii 98 TMS)J\KHYTMS
21 (32 Me O
Br 29 (77)
9 é\/ Me  23(88) o o
Br W
8 16 i 100 TMS TMS
] Me Me
30 (75)
10 a=w-C Me 24 (89)ld]
old) 0
TMS
lal Mixture of stereoisomers (86:14). — [ Mixture of isomers 17 9 19 iv 100 ™S
and 18. — ¥l Compound 22 (yield 8%), derived from a substitution 0
reaction with nBuLi, was additionally isolated. — [9 Mixture of 311! (50
cisltrans stereoisomers (93:7).

o}
methyl iodide,['?l which gave a high yield of the desired TBDMS
compound (entry 2) without the drawback of using heavy 10 20 iv 100 TBDMS
metal salts. In some cases, minor amounts of by-products o
(yield <10%), generally deriving from partial dethioketali- 303
zation or side reactions, were detected in the crude prod- T™MS
uct mixtures. o

11 23 iv 100
Q o TMS
S._S S.__§
R'Me,Si <2 XSiMele RlMezsi)kRz)kSiMele 34 (83)
0
Scheme 2 /Lo|\/=\k)j\
12 24 iv 100 TMS TMS
35t )

Attempts to prepare aromatic derivatives 31, 33, and 34
using chloramine-T or methyl iodide were unsuccessful.
Whereas iodinel!¥! gave a poor yield of aliphatic bis(acyl-
silane) 25, it gave the best results in the aromatic series (en-
tries 9—12). After filtration through silica gel, the aromatic
derivative 31 was found to be contaminated by a small
amount of the corresponding cycloaldol 32 (vide infra),
even though NMR analysis of the crude reaction product
showed the acylsilane to be the sole product. The unsatu-
rated bis(acylsilane) 35 was also prepared according to the
same method (entry 12), but quickly decomposed at room
temperature to give a small amount of aldol 36. On the

1572

[a] Method i: chloramine-T, MeCOMe/MeOH/H,O (1:4:1), room
temp., 0.5h. Method ii: Hg(ClO,), - x H,O, CaCOs;, THF/H,O
(4:1), room temp., 2—5 h. Method iii: Mel, CaCO3;, MeCN/H,O
(1:1), 55°C, 8—15 h. Method iv: I,, CaCO;, THF/H,O (4:1), room
temp., 3—7 h. — [®) Mixture of bis(acylsilane) 31/aldol 32 (9:1). —
[l This compound was characterized in the crude mixture but
quickly decomposed into a small amount of its aldol 36 (15%).

basis of 1>*C-NMR and IR data (vide infra), its stereochem-
istry could be assigned as having a cis relationship between
the hydroxyl and carbonyl groups.

Eur. J. Org. Chem. 1999, 15711580
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Acid-Induced Aldol Cyclizations

As mentioned above, some spontaneous cyclization oc-
curred during purification of acylsilane 31 on silica gel. This
observation prompted us to further investigate the gener-
ality of this transformation, which might lead to interesting
multifunctional cycloacylsilanes. In view of the acidic
character of silica gel and the sensitivity of the acylsilane
function to basic conditions,!'¥ this cyclization was mainly
investigated under acidic activation. Thus, the enol form of
an acylsilane function underwent addition to the activated
carbonyl of the second group.

Only one example of a cycloketol of this type has been
mentioned by Tsai, namely compound 37, which was ob-
tained as a by-product in the reaction of bis(acylsilane) 25
with samarium diiodide.[®! On the other hand, intramolecu-
lar aldol reactions of 1,6- and 1,7-dialdehydes and -dike-
tones have been described in many reports,['>) most of these
being base-promoted and leading directly to the enone. The
most comparable situation to that described here is that of
dialdehydes or diketones that are non-enolizable at the ex-
ternal a- and o’-carbon atoms under conditions where an
enamine (i.e. piperidine, AcOH)['®! or an enoxysilane (Mu-
kaiyama aldol reaction)!'”] is involved.

The saturated aliphatic bis(acylsilane) 25 underwent
spontaneous yet very slow cyclization to the aldol 37; a 45%
conversion was measured after storage for six months in a
refrigerator. At the same time, a minor amount (12%) of
the corresponding condensation product 38 was produced.
When a solution of 25 in petroleum ether/AcOEt was
treated with a suspension of silica gel, less than 15% of the
aldol 37 was obtained after stirring for 24 h. Thus, more
vigorous conditions were clearly required to efficiently in-
duce the cyclization of such simple aliphatic bis(acyl-
silanes). Both Brensted and Lewis acid activation were then
investigated. Addition of a catalytic amount (10%) of p-
toluenesulfonic acid to 25 and distillation in a kugelrohr
apparatus gave a mixture of the aldol 37 (46%), the conden-
sation product 38 (16%), and the starting material (7%)
(Scheme 3). The same conditions gave only a poor yield of
the corresponding cyclohexene derivative 39 (18%).

(¢] T™MS
PTSA, A nf nf
TS MTMS _PTSAA Q/,,OH + T™S
QO
O H 7 o
™S T™S

n=1:25 n=1:37(46%) n=1:38(16%)

n=2:27 n=2:39 (18%)
Scheme 3

More interesting results were obtained using Lewis acid
catalysts (Scheme 4, Table 3). Titanium tetrachloride,['71[!8]
trimethylsilyl trifluoromethanesulfonate,['”) and boron tri-
fluoride etherate! proved to be effective, furnishing high
yields of 37 (entries 1—4). When the reaction with TMSOTf
was performed at higher temperatures (entry 2), no aldol
37 was detected but rather the a,B-unsaturated acylsilane
38 and aldehyde 40 were obtained in moderate yields. The
TBDMS analogue 26 and the higher homologue 27 were
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similarly cyclized under Lewis acid activation, although in
these cases titanium tetrachloride was found to be the only
effective catalyst, giving the cycloaldols 41 and 43 in 73%
and 77% yield, respectively (entries 6, 10). Boron trifluoride
or TMSOTT gave only poor yields of aldols 41 and 43,
along with small amounts of the dehydrated product 42 (en-
tries 5, 7-9, 11).

O
RMeZSi/U\/\/H{WSiMCZR R
(0]
25-28
( SiMe,R _ ,
n Q{”OH . SiMe,R %SlMQ
"0
H 7 /=0 o
RMe,Si RMe;Si H
37,41, 43 38,42 40
Scheme 4

Only one diastereomer was observed in these cyclizations
leading to five- or six-membered adducts. We were unable
to detect any trace of the other, even by careful NMR
analyses of the crude reaction products. The stereochemi-
stries of 371 and 43 were determined by NOE experiments.
Irradiation of the MesSi group (at 6 = —0.01in 37; at & =
—0.04 in 43) induced an 18% NOE on the a-proton in 37
and a 10% NOE on the a-proton in 43, indicating a cis
relationship between the hydroxyl and silylcarbonyl groups
(Scheme 5). This relative stereochemistry was confirmed by
an internal hydrogen bond between these groups. This hy-
drogen bond induced a shift of 7—10 ppm (downfield) and
20—25 cm™! (lower frequency) for the carbonyl group in
the "*C-NMR and IR spectra, respectively.?') Moreover,
the fact that the positions of the hydroxyl and the carbonyl
bands were found to be independent of the concentration
corroborated this intramolecular association. It is worth
noting that the hydroxyl group of 43 appeared as a doublet
(J = 2.3 Hz) at 5 = 3.87 in the 'H-NMR spectrum. This
splitting could be attributed to the intramolecular hydrogen
bond, which imposes a rigid W-geometry that leads to long-
range coupling between H, and H, (Scheme 5).*%

The optimized aldol conditions (TiCl,, —25°C) were then
applied to the a-methyl-substituted bis(acylsilane) 29, giv-
ing a good yield of the aldol product 44 (Scheme 6). Inter-
estingly, the high stereoselectivity of the cyclization was il-
lustrated by the formation of only two diastereomers, de-
spite the presence of a third asymmetric carbon. The spec-
tral observations mentioned above (shift of the carbonyl
group in the '*C-NMR and IR spectra) applied here too,
indicating that in the two diastereomers, obtained in a 4:1
ratio, the hydroxyl and silylcarbonyl groups have a mutual
cis relationship.

These electrophilic activated aldol additions involved an
enol intermediate. As the diastereoselectivity was indepen-
dent of the nature of the catalyst, irrespective of its chelat-
ing (TiCly) or non-chelating (APTS, TMSOTf, or
BF; - OEt,) character, the diastereoselectivity was most
probably controlled by steric interactions and hydrogen-
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Table 3. Reactions of bis(acylsilanes) 25—28 with Lewis acids

Entry Bis(acylsilanes) n R Method®! T[°C) React. time [h]  Conv. (%) Aldols Unsaturated acyl- Aldehyde
(% yield) silanes (% yield) (% yield)
1 25 1 Me i -50 4 93 37 (78) 38 (10) -
2 0 1 100 - 38 (13) 40 (26)
3 il =25 2 89 37 (63) 38 (9) -
4 il =25 6 93 37 (77) 38 (5) -
5 26 1 tBu i =25 7 57 41 (5) 42 (8) -
6 il =25 S 88 41 (73) - -
7 il [l [l 60 41 (10) - -
8 27 2 Me i —25 4 100 43 (25) - -
9 0 3 95 - - -
10 il -25 8 92 43 (77) - -
11 il -25 22 13 43 (5) - -
12 28 3 Me il =25 8 0 - - -
13 [d] [d] 90 — — —

[al' All reactions were performed in dry CH,Cl,. Method i: TMSOTT (1.0—5.0 equiv.). Method ii: TiCl, (1.5—2.0 equiv.). Method iii:
BF; - OEt, (1.5—3.0 equiv.). — ® Only one diastereomer was detected in the crude product mixture. — [ 8§ h at —25°C then 24 h at

room temp. — [ 2 h at 0°C then 18 h at room temp.

5% NOE

10% NOE

Scheme 5

O SiMes
Mess iMSiMq TiCly, CHoCly, | o -
0 -25°C, 4h =0

Me H F
29 Me;Si
44

Conv.: 87%
Yield: 74% (4:1)

Scheme 6

bonding in chair-like cyclic transition states. Tentatively fav-
ored transition states are depicted in Scheme 7.

™S

Scheme 7

Initially observed during the silica gel purification of
acylsilane 31, aldol cyclization of the aromatic bis(acyl-
silane) proceeded smoothly under the adapted conditions.
Compound 31 was converted directly into the correspond-
ing aldol 32 after dethioketalization by contact with silica
gel or neutral alumina for several hours in a petroleum
ether/AcOEt mixture (Scheme 8). Such spontaneous intra-
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molecular aldol reaction during silica gel®? or alumina
purification®¥ has previously been mentioned in the litera-
ture for 1,6- and 1,7-dialdehydes and -diketones. In the case
of the aliphatic compounds 25, 26, and 27, the cyclization
was completely diastereoselective, giving the same relative
configurations. The stereochemistry of 32 was also deter-
mined by NOE experiments. Irradiation of the Me;Si group
at 6 = 0.0l induced an 8% NOE on the o-proton, con-
firming the cis relationship between the hydroxyl and silyl-
carbonyl groups.

™S
1) I, CaCO; : 49% ©;>/OH
"z Q)
-

2) Si0, or Al,O5 : 100%
) Si0; 503 0 H o s

32 (49%)

Scheme 8

In view of the small amounts of unsaturated compounds
38, 39, and 42 sometimes observed as by-products in the
aldol reactions [especially those performed with p-tolu-
enesulfonic acid (Scheme 3) and with TMSOTT (Table 3,
entries 1—3, 7)], we investigated the reaction conditions
with regard to optimizing this dehydration. a-Hydroxy-y-
oxoalkyltrimethylsilanes were generally dehydrated under
acidic or basic conditions to produce stereoselectively the
(Z2)- and (E)-y-oxovinyltrimethylsilanes.”>! The cyclopen-
tane derivative 37 was effectively dehydrated upon mesyl-
ation and treatment with base, giving the expected product
38 along with a minor amount of the deconjugated isomer
45 (Scheme 9). The same conditions gave only poor yields
of the corresponding cyclohexene compounds 39 and 46.
The unusual dehydration of 37 and 43 to give B,y-unsatu-
rated ketones could be rationalized in terms of steric effects.
Similar observations have previously been mentioned in the
literature for B-keto-cyclopentanol and -cyclohexanol.[??]

Under weakly acidic conditions, aldol 37 was slowly con-
verted with a high selectivity back to the parent bis(acyl-
silane) 25, through an acid-catalyzed retro-aldol reaction
(Scheme 10). This behavior is in contrast to that of the a-

Eur. J. Org. Chem. 1999, 15711580
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TMS
""wOH MsCl, Et;N, CH,Cl,,

=0 0°Ctort
™S ™S ™S
n=1:37 Conv.:94%, Yield: 77% n=1:38 (88/12) n=1:45
n=2:43 Conv.: 57%, Yield: 15% n=2:39 (70/30) n=2:46
Scheme 9

hydroxy-y-oxotrimethylsilane analogues, which gave excel-
lent yields of dehydrated products using camphorsulfonic
acid or pyridinium p-toluenesulfonate.23b-25¢l

TMS  ppTS, CH,Cl,, 0

reflux, 38h
[on el it TMS)WH/TMS
. s 9
T™MS .
37 Conv.: 55%, Yield: 41%
Scheme 10
Conclusion

A series of aliphatic and aromatic 1,6- and 1,7-bis(acyl-
silanes) have been prepared and characterized. These bis(a-
cylsilanes) could easily be converted, under Lewis acid acti-
vation, into cis B-hydroxyacylsilanes or the corresponding
o,B-unsaturated derivatives through a completely stereose-
lective intramolecular aldol reaction. This cyclization led to
the generation of new functionalized organosilicon com-
pounds with various potential synthetic applications.

Experimental Section

Melting points are uncorrected. — FT-IR spectra were recorded on
a MIDAS Corporation apparatus. — 'H- and '*C-NMR spectra
were recorded on a Bruker AC-250 spectrometer. Tetramethylsilane
(6 = 0.00) or CHCl; (6 = 7.27) were used as internal standards,
and CDCl; was used as the solvent. — MS data were generally
obtained on a JEOL D 300 apparatus at 70 eV in the electron im-
pact mode. — Elemental analyses were performed with a Perkin-
Elmer CHN 2400 apparatus. — All reactions were monitored by
TLC (Merck silica gel F 254). Merck silica gel 9385 (40—63 pum)
was used for flash chromatography. — All anhydrous reactions were
performed under a blanket of dry argon. THF and CH,Cl, were
distilled under argon from sodium benzophenone ketyl and calcium
hydride, respectively. Dihalogenated compounds 2—9 and 2-tri-
methylsilyl-1,3-dithiane 1a were obtained from commercial sources
and were distilled prior to use.

General Procedure for the Alkylation of 2-Trimethylsilyl-1,3-dithiane
(1a) or 2-(tert-Butyldimethylsilyl)-1,3-dithiane (1b) with Dihalogen-
ated Compounds 2—9: To a solution of the 2-trimethylsilyl-1,3-di-
thiane 1a or 2-(fert-butyldimethylsilyl)-1,3-dithiane 1b (2.4 mmol,
2.4 equiv.) in 7 mL of THF cooled in an ice-water bath, a solution
of n-butyllithium in hexane (2.4 mmol, 2.4 equiv.) was added drop-
wise over a period of 5 min. After stirring for 2 h at 0°C, a solution
of the dihalogenated compound (1.0 mmol, 1.0 equiv.) in 3 mL of
THF was added over a period of 5 min. The mixture was stirred
for a further 2 h at 0°C, and then the reaction was quenched by
the addition of water (10 mL). After stirring for 10 min, the crude
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mixture was poured into diethyl ether (30 mL) and extracted four
times with further ether (4 X 30 mL). The combined organic phases
were washed with brine (20 mL), dried with MgSQO,, and concen-
trated in vacuo. The excess 1,3-dithiane 1a or 1b was generally dis-
tilled off in a kugelrohr apparatus (70—100°C/2:10~> mbar) and
then the residue was either recrystallized (petroleum ether or petro-
leum ether/ethyl acetate) or chromatographed on silica gel using
petroleum ether/ethyl acetate as eluent.

Reaction of 1,4-Diiodobutane (2) — 1,4-Bis|2-(trimethylsilyl)[1,3]-
dithian-2-yl]butane (10): Yield 89%. Recrystallization from petro-
leum ether. White solid; m.p. 137—139°C. — TLC (petroleum ether/
AcOEt, 99:1): Ry = 0.52. — 'H NMR: § = 0.22 (s, 18 H), 1.57
(quint, J = 3.9 Hz, 4 H), 1.8—-2.1 (m, 4 H), 2.23 (m, 4 H), 2.48
(ddd, J = 13.7, 3.8, 3.7 Hz, 4 H), 3.05 (ddd, J = 13.4, 13.0, 3.1 Hz,
4 H). — 3C NMR: § = —2.6 (SiMe3), 23.3 (SCH,), 24.9 (CH,),
28.1 (CHy), 37.3 (CH,), 38.4 (C,). — IR (KBr): v = 2950, 2930,
2863, 1424, 1404, 1271, 1244, 1113 cm~!. — MS: m/z = 438 [M*],
365, 292, 259, 227, 191, 153, 111. — C;gH35S,4Si,: caled. C 49.26,
H 8.73; found C 48.95, H 8.78.

1,4-Bis|2-(tert-butyldimethylsilyl)[1,3]dithian-2-yl|butane (11): Yield
85%. Recrystallization from petroleum ether. White solid; m.p.
118—119°C. — TLC (petroleum ether/AcOEt, 99:1): Ry = 0.35. —
'H NMR: § = 0.23 (s, 12 H), 1.05 (s, 18 H), 1.5—1.6 (m, 4 H),
1.8=2.1 (m, 4 H), 2.3-24 (m, 4 H), 2.43 (ddd, J = 14.1, 3.8,
3.4 Hz, 4 H), 3.07 (ddd, J = 14.5, 11.8, 2.7 Hz, 4 H). — 3C NMR:
8§ = —5.2 (SiMe,), 19.7 (Cy), 23.4 (SCH,), 25.0 (CH,), 28.2 (CH3;),
28.6 (CH,), 37.9 (CH,), 40.9 (Cy). — IR (KBr): v = 2928, 2899,
2856, 1474, 1462, 1429, 1364, 1271, 822 cm™!'. — MS: m/z = 522
[M™], 507, 465, 407, 259, 233, 221, 185, 149, 115. — CyH50S4Siy:
caled. C 55.11, H 9.63; found C 55.01, H 10.03.

Reaction of 1,5-Dibromopentane (3) — 1,5-Bis[2-(trimethylsilyl)-
[1,3]dithian-2-yl]pentane (12): Yield 97%. The excess 2-trimethyl-
silyl-1,3-dithiane 1a was distilled off in a kugelrohr apparatus.
White solid; m.p. 81—83°C. — TLC (petroleum ether): Ry = 0.35.
— 'H NMR: & = 0.21 (s, 18 H), 1.3—1.5 (m, 2 H), 1.5-1.7 (m, 4
H), 1.8=2.1 (m, 4 H), 2.2-2.3 (m, 4 H), 2.47 (ddd, J = 14.1, 3.8,
3.7Hz, 4 H), 3.05 (ddd, J = 14.5, 11.8, 2.7 Hz, 4 H). — 3C NMR:
8 = —2.5 (SiMe3), 23.5 (SCH,), 25.1 (CH,), 27.7 (CH,), 30.8
(CH,), 37.5 (CH,), 38.7 (C4). — IR (KBr): ¥ = 2926, 2858, 1420,
1410, 1271, 1244, 909, 841 cm™!. — MS: m/z = 452 [M*], 437, 379,
347, 273, 241, 191, 145. — C 9H40S4Siy: caled. C 50.38, H 8.90;
found C 50.55, H 9.14.

Reaction of 1,6-Dibromohexane (4) — 1,6-Bis[2-(trimethylsilyl)[1,3]-
dithian-2-yl]hexane (13):(° Yield 92%.

Reaction of 1,4-Dibromopentane (5) — 1,4-Bis[2-(trimethylsilyl)-
[1,3]dithian-2-yl]pentane (14): Yield 31%. Recrystallization from
petroleum ether. White solid; m.p. 104—106°C. — TLC (petroleum
ether): Ry = 0.16. — '"H NMR: & = 0.22 (s, 9 H), 0.25 (s, 9 H),
1.25(d, J = 69Hz, 3 H), 1.4-1.5 (m, 1 H), 1.6—1.8 (m, 1 H),
1.8—2.3 (m, 6 H), 2.4—2.5 (m, 6 H), 2.9-3.1 (m, 5 H). — 13C
NMR: § = —2.5 (SiMe;), —0.2 (SiMes), 18.0 (CHs), 23.5 (SCH,),
23.6 (SCH,), 23.8 (SCH,), 24.7 (CH,), 25.1 (CH,), 27.5 (CH,), 35.3
(CH,), 37.5 (CH,), 38.7 (C4), 39.9 (CH), 44.8 (C4). — IR (KBr):
v = 2980, 2908, 1461, 1418, 1375, 1021, 838 cm~'. — MS: m/z =
452 [M*], 437, 379, 347, 273, 199, 191, 145, 125. — C;9H4(S4Si,:
caled. C 50.38, H 8.90; found C 50.28, H 8.51.

(2-Pent-3-enyl[1,3]dithian-2-yl)trimethylsilane (15): Yield 44%; oil;
mixture of stereoisomers (86:14). Chromatography: petroleum
ether. TLC (petroleum ether): Ry = 0.29. — IR (film): ¥ = 3015,
2930, 2855, 1455, 1424, 1250, 843 cm™~!. — MS: m/z = 260 [M*],
245, 205, 191, 187, 155, 133.
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Major Stereoisomer: 'H NMR (500 MHz): § = 0.21 (s, 9 H), 1.67
(d, J = 6.5Hz, 3 H), 1.85—1.95 (m, 1 H), 2.01-2.08 (m, 1 H),
2.13-2.20 (m, 2 H), 2.20—2.26 (m, 2 H), 2.45 (ddd, J = 13.6, 4.4,
3.5Hz, 2 H), 3.04 (ddd, J = 14.6, 12.6, 2.9 Hz, 2 H), 5.4—5.5 (m,
2 H). — BC NMR: § = —2.5 (SiMe3), 17.9 (CH3), 23.4 (SCH»),
25.1 (CH»,), 30.9 (CH,), 37.3 (CH,), 38.5 (Cy), 125.2 (CH), 130.9
(CH).

Minor Stereoisomer: Selected NMR data: '"H NMR (500 MHz):
8 =0.23(s, 9 H), 1.65(d, J = 6.0Hz, 3 H). — 3C NMR: § =
25.5 (CH,), 29.7 (CH,), 37.0 (CH,), 124.2 (CH), 129.9 (CH).

Reaction of 2,5-Dibromohexane (6) — 2,5-Bis|2-(trimethylsilyl)[1,3]-
dithian-2-ylJhexane (16): Yield 20%. Chromatography: petroleum
ether. Recrystallization from petroleum ether/AcOEt. White solid;
m.p. 154—156°C. — TLC (petroleum ether): Ry = 0.43. — 'H
NMR: 6 = 0.25 (s, 18 H), 1.26 (d, J = 6.9 Hz, 6 H), 1.8—2.1 (m,
4 H), 2.3-2.4 (m, 4 H), 245 (d, J = 14.1 Hz, 4 H), 2.98 (ddd, J =
14.1, 11.8, 2.7 Hz, 4 H), 3.0—3.1 (m, 2 H). — '*C NMR: § = —0.1
(SiMes), 18.3 (CHj), 23.7 (CHy), 23.9 (CH,), 24.7 (CH,), 35.2
(CH,), 40.9 (CH), 45.0 (C4). — IR (KBr): ¥ = 2949, 2907, 2872,
1460, 1421, 1378, 1246, 843 cm™!. — MS: m/z = 466 [M*], 451,
393, 298, 287, 219, 191, 179, 159, 149, 119. — CyyH4,S,4Si,: caled.
C 51.44, H 9.07; found C 51.56, H 9.20.

Mixture of Compounds 17 and 18: Yield 25%; oil. Chromatography:
petroleum ether. TLC (petroleum ether): Ry = 0.39. — IR (film):
v = 2953, 2930, 2856, 1559, 1540, 1507, 1424, 1372, 1248, 843
cm~!. — MS: m/z = 274 [M*], 259, 219, 201, 191, 179, 169, 147,
119.

[2-(1-Methylpent-3-enyl)[1,3]dithian-2-yl]trimethylsilane  (17). —
Major Stereoisomer: 'H NMR: § = 0.24 (s, 9 H), 1.21 (d, J =
6.9 Hz, 3 H), 1.69 (d, J = 6.5 Hz, 3 H), 1.8—2.1 (m, 3 H), 2.4-2.5
(m, 2 H), 2.8—3.1 (m, 4 H), 5.4—5.6 (m, 2 H). — *C NMR: § =
—0.2 (SiMe;), 17.4 (CH3), 17.5 (CH3), 23.7 (SCH,), 24.7 (CH,),
32.3 (CH,), 40.9 (CH), 44.7 (Cy), 124.6 (CH), 130.5 (CH).

Minor Stereoisomer: Selected NMR data: '"H NMR: & = 1.20 (d,
J = 73Hz, 3 H), 1.66 (d, J = 6.3Hz, 3 H). — 3C NMR: § =
38.0 (CH,), 40.6 (CH), 45.4 (C,), 126.0 (CH), 131.3 (CH).

[2-(1-Methylpent-4-enyl)[1,3]dithian-2-yl]trimethylsilane (18): 'H
NMR: 6 = 0.27 (s, 9 H), 1.26 (d, J = 6.1 Hz, 3 H), 1.8—2.1 (m, 7
H), 2.4-2.5(m, 2 H), 2.8—3.1 (m, 2 H), 4.9-5.1 (m, 2 H), 5.4-5.6
(m, 1 H). — BC NMR: § = —0.2 (SiMej3), 17.9 (CH3), 23.7 (SCH»),
24.7 (CH,), 29.7 (CH,), 33.8 (CH,), 38.9 (CH), 46.5 (Cy), 114.7
(CH,), 138.8 (CH).

Reaction of a,a’-Dibromo-o-xylene (7) — a,a’-Bis-[2-(trimethyl-
silyl)[1,3]dithian-2-yl]-o-xylene (19): Yield 85%. Recrystallization
from petroleum ether/AcOEt. White solid; m.p. 167—168°C. —
TLC (petroleum ether): Ry = 0.41. — "H NMR: § = 0.28 (s, 18 H),
1.5—1.7 (m, 4 H), 2.02 (ddd, J = 134, 11.8, 3.1 Hz, 4 H), 2.15
(ddd, J = 13.4, 3.8, 3.7 Hz, 4 H), 3.82 (s, 4 H), 7.22 (dd, J = 5.7,
3.4 Hz 2 H), 7.75 (dd, J = 5.7, 3.4 Hz, 2 H). — 3C NMR: § =
—3.5 (SiMe3), 23.3 (CH,), 25.1 (SCH,), 36.2 (C,), 44.4 (CH,),
126.5 (CH), 132.6 (CH), 139.4 (C,). — IR (KBr): v = 2951, 2913,
2899, 1493, 1435, 1420, 1271, 1248, 847 cm~'. — MS: m/z = 486
[M*], 471, 413, 295, 191, 149, 115. — C5,H33S4Si: caled. C 54.26,
H 7.87; found C 54.11, H 8.02.

«,0’-Bis-[2-(tert-butyldimethylsilyl)[1,3]dithian-2-yl]-o-xylene (20):
Yield 30%. Chromatography: petroleum ether/AcOEt, 99:1.
Recrystallization from petroleum ether/AcOEt. White solid; m.p.
155—157°C. — TLC (petroleum ether): Ry = 0.47. — '"H NMR:
8 =0.32(s, 12H), 1.12 (s, 18 H), 1.5—1.7 (m, 4 H), 1.89 (ddd, J =
14.5,11.1, 3.4 Hz, 4 H), 2.08 (ddd, J = 13.4, 3.8, 3.4 Hz, 4 H), 4.04
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(s, 4H), 7.22 (dd, J = 5.7, 3.4 Hz, 2 H), 7.75 (dd, J = 5.7, 3.8 Hz,
2 H). — 3C NMR: § = —6.4 (SiMe,), 20.2 (C,), 23.1 (CH,), 25.6
(SCH,), 28.7 (CHs), 38.8 (C4), 45.9 (CH,), 126.4 (CH), 133.2 (CH),
139.5 (C4). — IR (KBr): ¥ = 3063, 2961, 2930, 2917, 1491, 1464,
1424, 1248, 914 cm~". — MS: m/z = 571 [M*], 570, 555, 513, 455,
357, 337, 233, 149, 115. — CagHsS,Six: caled. C 58.89, H 8.82;
found C 58.72, H 8.74.

Dimer of tert-Butyldimethyl-[2-(2-methylenebenzyl)[1,3]dithian-2-
ylJsilane (21): Yield 32%. Chromatography: petroleum ether/
AcOEt, 99:1. Recrystallization from petroleum ether/AcOEt. White
solid; m.p. 219—-221°C. — TLC (petroleum ether): Ry = 0.40. —
'H NMR: § = 0.27 (s, 12 H), 1.09 (s, 18 H), 1.5—-1.7 (m, 4 H),
1.9-2.1 (m, 8 H), 3.29 (s, 4 H), 3.36 (s, 4 H), 7.1-7.2 (m, 6 H),
7.70 (d, J = 7.2Hz, 2 H). — *C NMR: § = —6.5 (SiMe,), 20.1
(Cy), 23.1 (CH,), 25.6 (CH,), 28.9 (CHj3), 35.5 (CH,), 38.6 (Cy),
44.6 (CH,), 125.6 (CH), 127.0 (CH), 129.8 (CH), 132.7 (CH), 137.5
(Cy), 141.7 (C4). — IR (KBr): ¥ = 3058, 3019, 2959, 2928, 2911,
2857, 1489, 1472, 1464, 1422, 1364, 1273, 1246, 916, 829 cm ™!, —
MS: m/z = 674 [M™*], 659, 617, 559, 411, 368, 341, 233, 115. —
C36Hs5S4S15: caled. C 64.03, H 8.66; found C 64.03, H 8.50.

tert-Butyldimethyl-[2-(2-pentylbenzyl)[1,3]dithian-2-yl|silane  (22):
Yield 8%. Chromatography: petroleum ether/AcOEt, 99:1. Yellow
oil. TLC (petroleum ether): Ry = 0.57. — '"H NMR: § = 0.31 (s, 6
H), 091 (t, J = 6.1 Hz, 3 H), 1.12 (s, 9 H), 1.3—1.4 (m, 4 H),
1.5-1.7 (m, 4 H), 2.0—-2.2 (m, 4 H), 3.08 (dd, J = 8.0, 7.6 Hz, 2
H), 3.52 (s, 2 H), 7.1-7.2 (m, 3 H), 7.77 (d, J = 7.3 Hz, 1 H). —
I3C NMR: § = —6.5 (SiMe,), 14.0 (CH3), 20.2 (Cy), 22.6 (CH,),
23.2 (CH,), 25.6 (CH,), 28.8 (CH3), 31.4 (CH»), 32.0 (CH,), 33.7
(CH,), 38.7 (Cy), 44.8 (CH,), 125.3 (CH), 126.9 (CH), 129.4 (CH),
132.7 (CH), 137.3 (Cy), 143.0 (Cy). — IR (film): ¥ = 3019, 2957,
2928, 2857, 1489, 1464, 1426, 1273, 1248 cm™'. — MS: m/z = 394
[M™], 379, 365, 337, 279, 233, 149, 115.

Reaction of «,a’-Dibromo-m-xylene (8). — «,a’-Bis-[2-(trimethyl-
silyl)[1,3]dithian-2-yl]-m-xylene (23): Yield 88%. Recrystallization
from petroleum ether/AcOEt. White solid; m.p. 135—136°C. —
TLC (petroleum ether): Ry = 0.15. — 'H NMR: § = 0.11 (s, 18 H),
1.7-2.0 (m, 4 H), 2.41 (ddd, J = 13.4, 4.2, 3.4 Hz, 4 H), 2.82 (ddd,
J=14.1,12.2,3.1 Hz,4 H), 3.45 (s,4 H), 7.21 (dd, J = 7.6, 7.3 Hz,
1 H), 7.41 (dd, J = 7.6, 1.5Hz, 2 H), 7.59 (dd, J/ = 1.2, 1.0 Hz, 1
H). — BC NMR: § = —3.1 (SiMe3), 24.0 (SCH,), 24.3 (CH»), 38.2
(Cy), 44.1 (CH,), 127.1 (CH), 129.3 (CH), 134.1 (CH), 138.3 (C,).
— IR (KBr): v = 2952, 2923, 2898, 1483, 1424, 1414, 1249, 847
cm~ ! — MS: m/z = 486 [M*], 471, 413, 339, 307, 191. — HRMS:
caled. for C5,H34S,4Si, m/z = 486.1395; found 486.1409.

Reaction of cis-1,4-Dichlorobut-2-ene (9) (Mixture of Stereoisomers,
93:7). — 1,4-Bis|2-(trimethylsilyl)[1,3]dithian-2-yl]but-2-ene (24):
Yield 89%. Mixture of stereomers (93:7). Chromatography: petro-
leum ether/AcOEt, 98:2. White solid.

Major Stereoisomer (24a): Recrystallization from petroleum ether/
AcOEt; m.p. 137—139°C. — TLC (petroleum ether/AcOEt, 99:1):
Ry =0.14. — 'TH NMR: § = 0.21 (s, 18 H), 1.8—2.1 (m, 4 H), 2.50
(dt, J = 14.1, 3.8 Hz, 4 H), 3.07 (m, 8 H), 5.74 (t, / = 42 Hz, 2
H). — BC NMR: § = —2.9 (SiMe3), 23.4 (SCH,), 24.9 (CH,), 35.3
(CH,), 38.0 (Cy), 128.4 (CH). — IR (KBr): ¥ = 2951, 2905, 1441,
1424, 1244, 1022 cm ™~ '. — MS: m/z = 436 [M '], 421, 363, 230, 191,
179, 171, 149, 117. — C,3H34S4Si5: caled. C 49.49, H 8.31; found
C 49.25, H 8.54.

Minor Stereoisomer (24b): Selected '*C-NMR data: § = —3.3
(SiMes), 23.2 (SCH,), 37.8 (Cy), 129.6 (CH).

General Procedure for the Dethioketalization of Bis(1,3-dithianes).
— Dethioketalization with Chloramine-T (/V-Chloro-p-toluenesulfon-
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amide, Sodium Salt). — Method i: A solution of bis(1,3-dithiane)
(5.0 mmol, 1.0 equiv.) in acetone (20 mL) was treated with a solu-
tion of chloramine-T trihydrate (40.0 mmol, 8.0 equiv.) in 4:1
MeOH/H,O (40 mL) at room temperature. After stirring for
30 min, the crude mixture was diluted with 9:1 petroleum ether/
diethyl ether (50 mL), filtered through Celite, and extracted with
9:1 petroleum ether/diethyl ether (6 X 25 mL). The combined or-
ganic extracts were dried with MgSQO,, filtered, and concentrated
in vacuo. The residue was chromatographed on silica gel with
petroleum ether/AcOEt as eluent.

Dethioketalization with Mercury(II) Perchlorate. — Method ii: To a
solution of bis(1,3-dithiane) (1.0 mmol, 1.0 equiv.) in 4:1 THF/H,O
(5 mL) was added calcium carbonate (6.1 mmol, 6.1 equiv.) fol-
lowed by mercury(Il) perchlorate trihydrate (6.0 mmol, 6.0 equiv.).
The mixture was stirred at room temperature until total conversion
(2—5 h), then partitioned between 30 mL of CH,Cl, and 20 mL of
brine. After filtration through Celite, the filtrate was extracted with
CH,Cl, (5 X 20 mL). The combined organic extracts were dried
with MgSOQ,, filtered, and concentrated in vacuo. The residue was
chromatographed on silica gel using petroleum ether/AcOEt as elu-
ent.

Dethioketalization with Methyl Iodide. — Method iii: Methyl iodide
(28.89 mmol, 20.4 equiv.) was added to a stirred suspension of the
bis(1,3-dithiane) (1.42 mmol, 1.0 equiv.) and calcium carbonate
(31.14 mmol, 22.0 equiv.) in 1:1 MeCN/H,O (50 mL). The mixture
was heated to reflux (oil-bath temperature 55°C) for 8—15 h. After
complete conversion (TLC control), the crude mixture was diluted
with AcOEt (30 mL), filtered through Celite, and extracted with
AcOEt (5 X 25 mL). The combined organic extracts were dried
with MgSQ,, filtered, and concentrated in vacuo. The residue was
chromatographed on silica gel using petroleum ether/AcOEt as elu-
ent.

Dethioketalization with Iodine. — Method iv: To a solution of the
bis(1,3-dithiane) (3.87 mmol, 1.0 equiv.) in 4:1 THF/H,O (20 mL)
at room temperature were added calcium carbonate (60.37 mmol,
15.6 equiv.) and iodine (46.44 mmol, 12.0 equiv.). The mixture was
stirred at the same temperature until total conversion (3—7 h), and
then partitioned between 50 mL of diethyl ether and 30 mL of
saturated aqueous Na,S,0j3 solution. After stirring for 10 min, the
crude mixture was filtered through Celite and extracted with diethyl
ether (5 X 30 mL). The combined organic extracts were dried with
MgSO,, filtered, and concentrated in vacuo. The residue was either
recrystallized (petroleum ether/AcOEt) or chromatographed on
silica gel with petroleum ether/ethyl acetate as eluent.

Dethioketalization of 10. — Method iii. — 1,6-Bis(trimethylsilyl)-
1,6-hexanedione (25):1% Yield 86%.

Dethioketalization of 11. — Method ii. — 1,6-Bis(zert-butyldimeth-
ylsilyl)-1,6-hexanedione (26): Yield 84%; oil. Chromatography:
petroleum ether/AcOEt, 97:3. TLC (petroleum ether/AcOEt, 96:4):
Ry = 0.38. — 'H NMR: & = 0.17 (s, 12 H), 0.92 (s, 18 H), 1.46
(quint, J = 3.4 Hz, 4 H), 2.59 (t, J/ = 5.3 Hz, 4 H). — 13C NMR:
§ = —7.1 (SiMe,), 16.4 (C4), 21.4 (CH,), 26.3 (CH;), 50.1 (CH,),
247.0 (CO). — IR (film): ¥ = 2930, 2859, 1642, 1464, 1364, 1250,
837 cm~!. — MS: m/z = 342 [M*], 301, 285, 257, 233, 199, 171,
147, 133, 115. — HRMS: calcd. for C;3H330,Si, m/z = 342.2410;
found 342.2416.

Dethioketalization of 12. — Method ii. — 1,7-Bis(trimethylsilyl)-1,7-
heptanedione (27): Yield 77%; oil. Chromatography: petroleum
ether/AcOEt, 96:4. TLC (petroleum ether/AcOEt, 96:4): Ry = 0.27.
— 'H NMR: & = 0.20 (s, 18 H), 1.2—1.3 (m, 2 H), 1.52 (m, 4 H),
2.59 (t, J = 7.3 Hz, 4 H). — 3C NMR: § = —3.2 (SiMej3), 21.8

Eur. J. Org. Chem. 1999, 15711580

(CH,), 28.9 (CH,), 48.1 (CH,), 248.2 (CO). — IR (film): ¥ = 2940,
2862, 1642, 1403, 1249, 846 cm~'. — MS: m/z = 272 [M*], 257,
217, 171, 147, 133, 129. — C,;3H,30,Siy: caled. C 57.29, H 10.36;
found C 57.02, H 10.55.

Dethioketalization of 13. — Method ii. — 1,8-Bis(trimethylsilyl)-1,8-
octanedione (28):(°! Yield 83%.

Dethioketalization of 14. — Method ii. — 2-Methyl-1,6-bis(trimeth-
ylsilyl)-1,6-hexanedione (29): Yield 77%; oil. Chromatography:
petroleum ether/AcOEt, 96:4. TLC (petroleum ether/AcOEt, 96:4):
Ry = 0.35. — '"H NMR: § = 0.20 (s, 9 H), 0.21 (s, 9 H), 0.97 (d,
J =173Hz, 3 H), 1.1-1.2 (m, 1 H), 1.4—1.7 (m, 3 H), 2.59 (dd,
J =69, 6.7Hz, 2 H), 2.86 (m, 1 H). — 3C NMR: § = —3.4
(SiMes), —2.8 (SiMe;), 14.3 (CH3), 19.8 (CH,), 30.5 (CH,), 48.2
(CH,), 50.1 (CH), 247.4 (CO), 250.1 (CO). — IR (film): ¥ = 2961,
2903, 2874, 1642, 1456, 1250, 843 cm™~!. — MS: m/z = 272 [M ],
267, 257, 231, 199, 171, 147, 135. — C3H230,Si,: caled. C 57.29,
H 10.36; found C 57.51, H 10.71.

Dethioketalization of 16. — Method ii. — 2,5-Dimethyl-1,6-bis(tri-
methylsilyl)-1,6-hexanedione (30): Yield 75%; oil. Chromatography:
petroleum ether/AcOEt, 97:3. TLC (petroleum ether/AcOEt, 96:4):
Ry = 0.35. — 'TH NMR: § = 0.21 (s, 18 H), 0.97 (d, / = 6.9 Hz, 6
H), 1.0—1.1 (m, 2 H), 1.5—-1.7 (m, 2 H), 2.8—2.9 (m, 2 H). — 13C
NMR: § = —2.7 (SiMe,), 14.6 (CH;), 29.7 (CH.,), 50.5 (CH), 250.5
(CO). — IR (film): v = 2963, 2930, 2857, 1642, 1460, 1250, 843
cm™!'. — MS: m/z = 286 [M*], 271, 239, 231, 185, 169, 147. —
HRMS: calcd. for C;4H300,Si, m/z = 286.1784; found 286.1802.

Dethioketalization of 19. — Method iv. — a,0'-Bis-[1-(trimethyl-
silyl)-2-oxo]-o-xylene (31): Yield 50%. Mixture of bis(acylsilane) 31
and aldol 32 (9:1). Chromatography: petroleum ether/AcOEt, 97:3.
Recrystallization from petroleum ether/AcOEt. Yellow solid; m.p.
55—57°C. — TLC (petroleum ether/AcOEt, 98:2): Ry = 0.16. — 'H
NMR: § = 0.17 (s, 18 H), 3.81 (s, 4 H), 7.16 (dd, J = 5.5, 3.7 Hz,
2 H), 7.29 (dd, J = 5.5, 3.1 Hz, 2 H). — 3C NMR: § = -3.0
(SiMes), 53.7 (CH,), 127.1 (CH), 131.2 (CH), 133.0 (C,), 243.7
(CO). — IR (KBr): ¥ = 3020, 2957, 2903, 2889, 1642, 1399, 1313,
1250, 845 cm™ . — MS: m/z = 307 [M* + 1], 306 [M*], 250, 217,
205, 188, 147, 116. — HRMS: caled. for C;sH,50,Si, m/z =
306.1471; found 306.1459.

Dethioketalization of 20. — Method iv. — o,a’-Bis-[1-(zert-butyldi-
methylsilyl)-2-oxo]-o-xylene (33): Yield 15%; yellow oil. Chroma-
tography: petroleum ether/AcOEt, 97:3. TLC (petroleum ether/Ac-
OEt, 98:2): Ry = 0.15. — '"H NMR: & = 0.20 (s, 12 H), 0.94 (s, 18
H), 3.85 (s, 4 H), 7.03 (dd, J = 5.3, 3.4 Hz, 2 H), 7.21 (dd, J =
5.3, 3.4 Hz, 2 H). — 3C NMR: § = —6.7 (SiMe,), 16.7 (Cy), 26.4
(CHs;), 55.5 (CH,), 127.0 (CH), 131.1 (CH), 133.2 (C,), 243.2 (CO).
— IR (film): ¥ = 2926, 2897, 2855, 1640, 1462, 1402, 1316, 1260
cm~ L. — MS: m/z = 390 [M*], 333, 307, 247, 189, 147, 133, 115.
— HRMS: calcd. for C,,H330,Si, m/z = 390.2410; found 390.2395.

Dethioketalization of 23. — Method iv. — «,a’-Bis-[1-(trimethyl-
silyl)-2-oxo]-m-xylene (34): Yield 83%; oil. Chromatography: petro-
leum ether/AcOEt, 94:6. TLC (petroleum ether/AcOEt, 96:4): Ry =
0.17. — '"H NMR: § = 0.14 (s, 18 H), 3.84 (s, 4 H), 6.90 (s, | H),
7.01 (d, J = 7.6 Hz, 2 H), 7.27 (dd, J = 8.0, 6.9 Hz, 1 H). — 13C
NMR: 6 = —3.0 (SiMes), 55.0 (CH,), 128.2 (CH), 128.5 (CH),
131.3 (CH), 133.4 (Cy), 243.4 (CO). — IR (film): ¥ = 2959, 2900,
1650, 1633, 1603, 1413, 1249, 846 cm™!. — MS: m/z = 306 [M*],
278, 263, 222, 205, 190, 175, 162, 147, 118. — HRMS: calcd. for
C16H260,S1, m/z = 306.1471; found 306.1460.

Dethioketalization of 24. — Method iv. — 1,6-Bis(trimethylsilyl)-hex-
3-ene-1,6-dione (35): This compound was characterized in the crude
product mixture, but quickly decomposed into a small amount of
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aldol 36. Yellow oil. TLC (petroleum ether/AcOEt, 98:2): Ry =
0.35. — '"H NMR: & = 0.22 (s, 18 H), 3.33 (d, J = 5.4 Hz, 4 H),
5.78 (t, J = 4.6 Hz, 2 H). — 3C NMR: § = —3.2 (SiMes), 47.3
(CH,), 124.0 (CH), 244.1 (CO). — Selected IR data (film): Vv =
1642 cm™!.

2-(2-Hydroxy-2-trimethylsilylcyclopent-4-enyl)-1-formyl-
trimethylsilane (36): Yield 15%; oil. Chromatography: petroleum
ether/AcOEt, 95:5. TLC (petroleum ether/AcOEt, 96:4): Ry = 0.41.
— 'H NMR: & = 0.04 (s, 9 H), 0.24 (s, 9 H), 2.53 (ddd, J = 17.4,
2.3, 1.9 Hz, 2 H), 3.44 (s, OH), 3.91 (m, 1 H), 5.69 (dd, J = 5.7,
2.3Hz, 1 H), 596 (dd, J = 5.7, 2.7Hz, 1 H). — 3C NMR: § =
—4.1 (SiMe;), —2.9 (SiMe;), 44.8 (CH,), 66.2 (CH), 77.3 (C4),
126.2 (CH), 133.4 (CH), 252.9 (CO). — IR (film): V = 3461, 2957,
2900, 1626, 1250, 844 cm™~!. — MS: m/z = 256 [M*], 255, 241, 239,
183, 155, 149, 138, 123.

Aldolization of Bis(acylsilanes) 25 and 27 with p-Toluenesulfonic
Acid (PTSA): A mixture of bis(acylsilane) 25 or 27 (0.26 mmol, 1.0
equiv.) and PTSA (0.03 mmol, 0.1 equiv.) was heated in a kugelrohr
apparatus (60—80°C/2:10~2 mbar) for 10 min. After cooling to
room temperature, the crude mixture was chromatographed on
silica gel using petroleum ether/AcOEt (99:1 to 96:4) as eluent, to
give the aldol 37 (46%) along with compounds 38 or 39 (16% or
18%, respectively).

General Procedure for the Aldolization of Bis(acylsilanes) 25—27
and 29 with Lewis Acids: To a cooled solution of the bis(acylsilane)
25—27 or 29 (0.75 mmol, 1.0 equiv.) in 20 mL of dry CH,Cl, (gen-
erally at —50°C or —25°C), was added a solution of the Lewis acid
(TMSOTT, TiCly, or BF3-OEt,) (1.0—2.0 equiv.). The mixture was
stirred at the same temperature for 3—8h, then diluted with
CH,Cl, (20 mL), hydrolysed with brine (15 mL), and allowed to
warm to 0°C (15 min). The crude mixture was extracted with
CH,Cl, (5 X 25 mL) and the combined organic extracts were dried
with MgSQ,, filtered, and concentrated in vacuo. The residue was
chromatographed on silica gel with petroleum ether/AcOEt as elu-
ent.

Aldolization of 25 with Trimethylsilyl Trifluoromethanesulfonate

At —50°C: (2-Hydroxy-2-trimethylsilylcyclopentyl)formyltrimeth-
ylsilane (37):1! Yield 78%. (2-Trimethylsilylcyclopent-1-enyl)formyl-
trimethylsilane (38): Yield 10%; yellow oil. Chromatography: petro-
leum ether/AcOEt, 99:1. TLC (petroleum ether/AcOEt, 98:2): Ry =
0.44. — "H NMR: & = 0.09 (s, 9 H), 0.23 (s, 9 H), 1.90 (tt, J =
7.6,7.3 Hz, 2 H), 2.4—2.6 (m, 2 H), 2.7-2.9 (m, 2 H). — 3*C NMR:
d = —2.5 (SiMe;), —0.9 (SiMes), 24.3 (CH,), 35.3 (CH,), 38.5
(CH,), 151.2 (Cy), 157.9 (Cy), 240.0 (CO). — IR (film): ¥ = 2955,
2901, 2847, 1605, 1539, 1408, 1248, 1076, 841 cm™!. — MS: m/z =
240 [M*], 225, 197, 167, 147, 133. — HRMS: calcd. for C,,H,,0Si,
mlz = 240.1366; found 240.1360.

At 0°C: Yield of 38: 13%. — (2-Trimethylsilylcyclopent-1-enyl)carb-
aldehyde (40): Yield 26%; oil. Chromatography: petroleum ether/
AcOEt, 98:2. TLC (petroleum ether/AcOEt, 98:2): Ry = 0.39. —
'"H NMR: § = 0.27 (s, 9 H), 1.86 (tt, J = 7.6, 7.3 Hz, 2 H), 2.6—2.8
(m, 4 H), 10.02 (s, 1 H). — 3C NMR: § = —0.04 (SiMes), 23.0
(CH,), 29.7 (CH,), 31.9 (CH,), 169.2 (Cy), 179.5 (C,), 190.3 (CH).
— IR (film): ¥ = 2924, 2853, 1667, 1466, 1252, 837 cm~'. — MS:
mlz = 169 [M™* + 1], 149, 121, 105.

Aldolization of 26 with Trimethylsilyl Trifluoromethanesulfonate:
Yield of 41: 5%. [2-(tert-Butyldimethylsilyl)cyclopent-1-enyl]formyl-
(tert-butyldimethyl)silane (42): Yield 8%; yellow oil. Chromatogra-
phy: petroleum ether/AcOEt, 99:1. TLC (petroleum ether/AcOEt,
98:2): Ry = 0.67. — 'H NMR: § = —0.01 (s, 6 H), 0.20 (s, 6 H),
0.92 (s, 9 H), 0.95 (s, 9 H), 1.84 (tt, J = 7.6, 7.3 Hz, 2 H), 2.50
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(tdd, J = 7.3, 2.3, 1.9 Hz, 2 H), 2.70 (ddt, J = 7.6, 7.3, 1.9 Hz, 2
H). — IR (film): ¥ = 2955, 2928, 2857, 1603, 1464, 1260, 1020
em~!. — MS: m/z = 324 [M*], 267, 233, 209, 149, 133, 115, 111.

Aldolization of 26 with Titanium(IV) Chloride — [2-Hydroxy-2-(tert-
butyldimethylsilyl)cyclopentyllformyl(zert-butyldimethyl)silane (41):
Yield 73%; oil. Chromatography: petroleum ether/AcOEt, 98:2.
TLC (petroleum ether/AcOEt, 98:2): Ry = 0.33. — 'H NMR: § =
—0.053 (s, 3 H), —0.047 (s, 3 H), 0.19 (s, 3 H), 0.25 (s, 3 H), 0.95
(s, 18 H), 1.6—1.8 (m, 3 H), 1.8—2.1 (m, 3 H), 3.22 (dd, J = 10.3,
8.8 Hz, 1 H), 4.40 (s, OH). — '3C NMR: § = —6.6 (SiMes), —6.3
(SiMes), —6.0 (SiMes), 16.9 (Cy), 17.8 (Cy), 23.0 (CH»), 26.5 (CH3),
27.7 (CHs), 29.7 (CH,), 38.9 (CH,), 61.8 (CH), 78.7 (C4), 257.3
(CO). — IR (film): v = 3455, 2955, 2930, 2859, 1618, 1464, 1364,
1250, 833 cm ™. — MS: m/z = 342 [M '], 325, 317, 301, 285, 227,
199, 154, 147, 125, 115. — HRMS: calcd. for C;gH330,Si, m/z =
342.2410; found 342.2417.

Aldolization of 27 with Titanium(IV) Chloride — (2-Hydroxy-2-tri-
methylsilylcyclohexyl)formyltrimethylsilane (43): Yield 77%; oil.
Chromatography: petroleum ether/AcOEt, 97:3. TLC (petroleum
ether/AcOEt, 96:4): Ry = 0.39. — 'H NMR: § = —0.04 (s, 9 H),
0.23 (s, 9 H), 1.2—1.3 (m, 2 H), 1.4—1.6 (m, 2 H), 1.7-1.9 (m, 4
H), 3.04 (dd, J = 11.5, 3.8 Hz, 1 H), 3.87 (d, / = 2.3 Hz, OH). —
13C NMR: § = —2.8 (SiMes), —2.7 (SiMe3), 19.4 (CH,), 22.5
(CH,), 25.9 (CH,), 33.0 (CH,), 56.2 (CH), 66.2 (Cy), 255.8 (CO).
— IR (film): v = 3480, 2934, 2855, 1622, 1447, 1314, 1250, 845
cm~ L — MS: m/z = 272 [M*], 271, 243, 239, 199, 182, 171, 167,
147, 139, 105. — HRMS: calcd. for C;3H,50,Si, m/z = 272.1628;
found 272.1629.

Aldolization of 29 with Titanium(IV) Chloride — (2-Hydroxy-3-
methyl-2-trimethylsilylcyclopentyl)formyltrimethylsilane (44): Yield
74%. Mixture of diastereomers (4:1).

Major Diastereomer: Chromatography: petroleum ether/AcOEt,
98:2. Oil. TLC (petroleum ether/AcOEt, 96:4): R; = 0.33. — 'H
NMR: § = —0.01 (s, 9 H), 0.21 (s, 9 H), 1.00 (d, J = 6.1 Hz, 3 H),
1.6—2.0 (m, 5 H), 3.33 (dd, J = 9.2, 9.0 Hz, 1 H), 4.36 (s, OH). —
I3C NMR: § = —3.0 (SiMe;), —2.4 (SiMe;), 13.5 (CH3), 27.2
(CH,), 32.2 (CH,), 43.3 (CH), 60.5 (CH), 78.3 (Cy), 257.0 (CO). —
IR (film): ¥ = 3453, 2959, 2903, 2878, 1620, 1373, 1360, 1250, 845
cm~ L. — MS: m/z = 272 [M*], 271, 257, 243, 199, 182, 171, 167,
147, 139. — HRMS: caled. for C;3H,30,Si, m/z = 272.1628;
found 272.1626.

Minor Diastereomer: Chromatography: petroleum ether/AcOEt,
97:3. Oil. TLC (petroleum ether/AcOEt, 96:4): Ry = 0.25. — 'H
NMR: & = 0.05 (s, 9 H), 0.23 (s, 9 H), 0.91 (d, J = 7.3 Hz, 3 H),
1.6—1.8 (m, 3 H), 2.0—-2.2 (m, 2 H), 3.49 (dd, J = 9.5, 9.2 Hz, 1
H), 4.27 (s, OH). — Selected '*C-NMR data: § = —3.2 (SiMej3),
—1.9 (SiMe,), 18.6 (CH3), 26.8 (CH,), 31.7 (CH,), 46.3 (CH), 56.9
(CH), 80.9 (C4). — IR (film): ¥ = 3455, 2959, 2874, 1620, 1462,
1250, 843 cm ™.

Aldolization of Acylsilane 31 with Silica Gel or Alumina: To a solu-
tion of the acylsilane 31 (0.75 mmol, 1.0 equiv.) in 20 mL of petro-
leum ether/AcOEt, 98:2, was added 2.0 g of either silica gel or alu-
mina. The suspension was stirred overnight (15—19 h) at room tem-
perature. The solid was then removed by filtration and washed with
AcOEt (2 X 10 mL). After concentration of the combined filtrates
in vacuo, the residue was recrystallized from petroleum ether/Ac-
OEt to give quantitatively the aldol 32. (2-Hydroxy-2-trimethyl-
silylindan-1-yl)formyltrimethylsilane (32): Yellow solid; m.p.
102—104°C. — TLC (petroleum ether/AcOEt, 98:2): Ry = 0.11. —
'H NMR: § = 0.01 (s, 9 H), 0.18 (s, 9 H), 2.63 (s, OH), 3.17 (d,
J =57Hz, 2H),450 (s, 1 H),7.04 (d,J = 6.9Hz, 1 H), 7.1-7.3
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(m, 3 H). — 3C NMR: § = —4.3 (SiMes), —2.7 (SiMe,), 44.8
(CH,), 65.9 (CH), 77.5 (Cy), 124.7 (CH), 125.2 (CH), 126.6 (CH),
127.5 (CH), 140.2 (Cy), 143.1 (C,), 252.6 (CO). — IR (KBr): v =
3496, 2956, 2899, 2872, 1618, 1478, 1298, 1254, 1241, 844 cm~'. —
MS: m/z = 306 [M*], 278, 229, 205, 188, 173, 147, 132, 115. —
C16Ha4058i5: caled. C 62.69, H 8.55; found C 62.62, H 8.22.

General Procedure for Dehydration of Aldols 37 and 43 with Meth-
anesulfonyl Chloride: To a solution of the aldol 37 or 43
(0.30 mmol, 1.0 equiv.) in dry CH,Cl, (4 mL) at 0°C were added
Et;N (3.78 mmol, 12.6 equiv.) and MsCI (1.80 mmol, 6.0 equiv.).
The mixture was stirred for 40 min at 0°C, and then was allowed
to warm to 25°C (45 min). After dilution with CH,Cl, (20 mL)
and hydrolysis with brine (15 mL), the aqueous phase was extracted
with CH,Cl, (5 X 20 mL). The combined extracts were dried with
MgSO,, filtered, and concentrated in vacuo. The residue was chro-
matographed on silica gel with petroleum ether/AcOEt as eluent.

Dehydration of Aldol 37: Mixture of stereoisomers 38 and 45
(88:12). Yield 77%. Conversion 94%. Chromatography: petroleum
ether/AcOEt, 99:1. Oil. TLC (petroleum ether/AcOEt, 96:4): R; =
0.51.

(2-Trimethylsilylcyclopent-2-enyl)formyltrimethylsilane ~ (45): 'H
NMR: 6 = 0.04 (s, 9 H), 0.23 (s, 9 H), 1.7-1.9 (m, 1 H), 2.0-2.2
(m, 1 H), 2.43 (m, 2 H), 4.0—4.1 (m, 1 H), 6.23 (dd, /= 1.9, 1.7 Hz,
1 H). — 3C NMR: § = —2.4 (SiMe3), 1.0 (SiMes), 26.6 (CH,),
34.3 (CH,), 66.6 (CH), 142.9 (Cy4), 144.8 (CH), 247.9 (CO). —
Selected IR data (film): v = 1640, 1539 cm~!.

Dehydration of Aldol 43: Mixture of stereoisomers 39 and 46
(70:30). Yield 15%. Conversion 57%. Chromatography: petroleum
ether/AcOEt, 98:2. Oil. TLC (petroleum ether/AcOEt, 98:2): Ry =
0.35. — IR (film): ¥ = 2959, 2928, 2857, 1642, 1615, 1539, 1449,
1410, 1262, 841 cm™!. — MS: m/z = 254 [M*], 239, 181, 147, 138,
133, 123, 109. — HRMS: calcd. for C;3H,60Si, m/z = 254.1522;
found 254.1515.

(2-Trimethylsilylcyclohex-1-enyl)formyltrimethylsilane  (39): 'H
NMR: § = 0.08 (s, 9 H), 0.24 (s, 9 H), 1.5-1.8 (m, 4 H), 2.2—-2.3
(m, 2 H), 2.3-2.4 (m, 2 H).

(2-Trimethylsilylcyclohex-2-enyl)formyltrimethylsilane ~ (46): 'H
NMR: § = 0.05 (s, 9 H), 0.24 (s, 9 H), 1.5—-1.8 (m, 4 H), 2.0—-2.1
(m, 2 H), 3.7-3.8 (m, 1 H), 6.26 (dd, J = 3.4, 3.2 Hz, 1 H).

Retro-Aldol Reaction of 37 with Pyridinium p-Toluenesulfonate
(PPTS): A mixture of aldol 37 (0.16 mmol, 1.0 equiv.) and PPTS
(0.04 mmol, 0.3 equiv.) in dry CH,Cl, (4 mL) was refluxed for 38 h.
After cooling to room temperature, the crude mixture was extracted
with AcOEt (5 X 10 mL). The combined extracts were washed with
brine (20 mL), dried with MgSQ,, filtered, and concentrated in
vacuo. The residue was chromatographed on silica gel with petro-
leum ether/AcOEt (97:3) as eluent, to give the bis(acylsilane) 25
(yield 41%) and the starting material 37 (conversion 55%).
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