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Summary: With 4,4,5,5-tetramethyl-2-(3,5,5,8,8-pentamethyl-5,8-
disila-5,6,7,8-tetrahydro-2-naphthyl)-1,3,2-dioxaborolabeg

new building block for the synthesis of biologically aeti,8-
disila-5,6,7,8-tetrahydronaphthalene deatives has been made
available. The high synthetic potential 6fhas been demon-
strated by the deelopment of a new synthesis of the retinoid
agonist disila-bexarotenely.

Introduction

Disila-substitution of the 5,6,7,8-tetrahydronaphthalene skel-
eton (—5,8-disila-5,6,7,8-tetrahydronaphthalene) has been dem-
onstrated to be a very useful approach for the development of
novel silicon-based drugs and odorahhe retinoid agonists
disila-bexaroten¥ (1) and disila-TTNPB" (2), the musky
odorant disila-versalidé(3), and the ambergris odorant disila-
okoumal? (4) are examples of this principle.

The synthesis of such compounds is not trivial. The 5,8-disila-
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approach has been applied to an alternative synthesis of disila-

5,6,7,8-tetrahydronaphthalene skeleton can be built up by usingbexarotene X) and to the synthesis of the 5,8-disila-5,6,7,8-

[2+2+2] cycloadditions of the silicon-containing diyne 1,2-
bis(ethynyldimethylsilyl)ethane and appropriately functionalized
monoynes in the presence of CpCo(g@)Co(CO). However,

in all cases studied so far the yields were very poor, and the
workup and product isolation were difficult and tedidus.
Recently, we have reported on a new catalytic systemy(Col
Zn in acetonitrile) for such [22+2] cycloadditions that can
overcome these problerddJsing this particular method, we
have succeeded in preparing a novel and versatile building block,
the 2-(5,8-disila-5,6,7,8-tetrahydro-2-naphthyl)-1,3,2-dioxaboro-
laneb, that can be used for the synthesis of various biologically
active 5,8-disila-5,6,7,8-tetrahydronaphthalene derivatives. This
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tetrahydronaphth-2-d@, which can also serve as a precursor in
the synthesis of related biologically active silicon compounds.
We report here on the syntheses and crystal structure analyses
of 5 and6 and a new synthesis of disila-bexarotet (

Results and Discussion

Compoundd, 5, and6 were synthesized according to Scheme
1. Disila-bexarotenel) was prepared in a multistep synthesis,
starting from the 1,3,2-dioxaborolarfe Thus, treatment of
with propyn-1-yllithium provided the 2-alkynyl-1,3,2-diox-
aborolaneB (89% yield)2 which was allowed to react with the
silicon-containing diyné in the presence of Cg¥n to afford
the 2-(5,8-disila-5,6,7,8-tetrahydro-2-naphthyl)-1,3,2-dioxaboro-
lane5 in 48% vyield (in this context, see also ref 4). Compound
5 was then treated with the triflat&0,> in the presence of
(PPh),PdCb,6 to provide the disila-bexarotene precursdr
(86% vyield), which upon treatment with potassium hydroxide
in methanol/water and subsequent acidification with hydrochlo-

(3) CompoundB has already been reported in the literature, but to the
best of our knowledge, a detailed procedure for its synthesis is missing.
Concerning the NMR and physical data&fsee also: Hansen, E. C.; Lee,
D. J. Am. Chem. So2005 127, 3252-3253 (Supporting Information).
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Table 1. Crystal Data and Experimental Parameters for the
Crystal Structure Analyses of 5 and 6

COX

/Si\

Notes

Scheme 1
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ric acid afforded disila-bexaroteng)(in 96% yield. Compound
6 was prepared in 62% yield by treatment%ivith hydrogen

5 6 peroxide in the presence of sodium hydroxide and water.
empirical formula GoH33BO,Si Ci3H2,0Sh Compoundsl, 5, 6, and 11 were isolated as colorless
formula mass, g mof 360.44 250.49 crystalline solids, whereg&was obtained as a colorless liquid.
collectionT, K 193(2) 173(2) The identities of these compounds were established by elemental
A(Mo Ka), A 0.71073 0.71073 ) Ln 13- 290
cryst syst monoclinic triclinic analyses (C, H) and NMR StUdleH B, 3C, Sl), and5
space group (No.) P2y/c (14) P1(2) and 6 were additionally characterized by crystal structure
g iggfggﬁg g'oziéég?) analyses. The crystal data and experimental parameters used
c A 11.1157(12) 16.445(3) for these studies are giv_en in Table 1. The molecular structures
a, deg 90 92.22(3) of 5 and6 are depicted in Figures 1 and 2 (for further details
B, deg 108.847(12) 102.27(3) concerning the crystal structure analyses, see the Supporting
v, deg 90 100.55(3) nf i
Vv, A3 2167.6(4) 1522.9(5) nformation).

z . 4 4 In summary, with compoun8 a new building block for the

E(?rlrt]:_dl), genm (1)-19‘2‘ é'gi’i synthesis of biologically active 5,8-disila-5,6,7,8-tetrahydronaph-

F(000) 784 544 thalene derivatives has been made available. The high synthetic

cryst dimens, mm 0.%0.5x 0.4 0.3x0.3x 0.1 potential of5 has been demonstrated by the development of a

iznedg‘)‘(”?aen'gdeesg _%255-2020 455600, new synthesis of the retinoid agonist disila-bexarotaheaich
“17<k=<17 ~13<k=<13 is much more advantageous compared to the original synthesis
—14<1=<14 —21=<1=<21

no. of collected reflns 24 408 22192

no. of indep reflns 5141 6771

Rint 0.0695 0.0400

no. of refins used 5141 6771

no. of params 226 301

S 1.038 1.027

weight paramsv/bP 0.0510/0.7449 0.0564/0.5354

R [l > 20(1)] 0.0498 0.0413

wR (all data) 0.1072 0.1132

max./min. residual electron  +0.344/-0.195 +0.546/-0.587

density, e A3

aS = {3y[w(Fe? — FA/(n — p)}°5 n = no. of reflectionsp = no. of
parameters?w—! = 02(Fs2) + (aP)2 + bP, with P = [max(F.2,0) + 2F2/
3. %Ry = JIIFol — IFcll/X|Fol. WRe = { X [W(Fe® — F)/ 3 [W(Fc?)7}0>.

Figure 1. Molecular structure ob in the crystal (probability level

of displacement ellipsoids 50%).

Figure 2. Molecular structures of the two crystallographically
independent molecules in the crystal ®f(probability level of
displacement ellipsoids 50%).



Notes Organometallics, Vol. 26, No. 19, 2004837

reported in the literatur& As shown with the synthesis & NMR (CgDg): 6 —1.5 (2 C, SCH3), —1.3 (2 C, SCH3), 8.0

compounds may additionally serve as a building block for the  (SICH,C), 8.2 (SCHC), 22.8 (GCHs), 24.9 (4 C, CCHs),), 83.3

synthesis of biologically active 5,8-disila-5,6,7,8-tetrahydronaph- (2 C, C(CHs),), 135.3 C-1, Naph), 141.2@-3, Naph), 142.0¢-

thalene derivatives with OR (R organyl) substituents at the 4, Naph), 144.8G-4a, Naph), 149.2G-8a, Naph), & not detected.

carbon atom C-2. 29Si NMR (CGDe) 0 —7.1,—7.4.118 NMR (CGDG): 0 31.3. Anal.
Calcd for GoH33BO,Si: C, 63.31; H, 9.23. Found: C, 63.2; H,
9.1.

Experimental Section Preparation of 3,5,5,8,8-Pentamethyl-5,8-disila-5,6,7,8-tet-
rahydronaphth-2-ol (6). A 30% solution of hydrogen peroxide in
water O, 1.11 g cnt?; 1.14 mL, 11.2 mmol of KO,) was added
dropwise over a period of 3 min to a stirred mixturesaf400 mg,
"1.11 mmol), sodium hydroxide (1.25 g, 31.3 mmol), water (13 mL),
and THF (16 mL). The reaction mixture was stirred for 15 min at
20 °C, and diethyl ether (24 mL) and water (24 mL) were added.
The organic layer was separated, the aqueous layer was extracted
with diethyl ether (4x 25 mL), and the organic extracts were
combined and dried over anhydrous sodium sulfate. The solvent
was removed under reduced pressure, and the residue was dried in
vacuo (0.001 mbar, 20C, 2 h) to give a yellow oil, which was
crystallized fromn-hexane (3 mL; crystallization at20 °C over
a period of 8 days), followed by recrystallization frawhexane,
to afford 6 in 62% yield as a colorless crystalline solid (173 mg,
691 umol); mp 138-139°C. 'H NMR (CD,Cl,): ¢ 0.186 (s, 6 H,
SiCHg), 0.190 (s, 6 H, Si€l3), 0.96 (s, 4 H, Si€I,C), 2.22-2.25
(m, 3 H, CtH3), 4.6 (br s, 1 H, ®), 6.86-6.89 (m, 1 H,H-1,
Naph), 7.22-7.24 (m, 1 H,H-4, Naph).13C NMR (CD.Cl,): 6
—1.5(2 C, SCH3), —1.3 (2 C, SCH3), 7.5 (SICH,C), 7.7 (SCH,C),

15.6 (QCH3), 119.6 C-1, Naph), 124.1¢-3, Naph), 136.7 -4,
Preparation of 4-[1-(3,5,5,8,8-Pen.tame.thyl-.5,.8-disila-5,6,7,8- yggf)lr\l)Mle ?ggzéz)ng—h%;4572%82ng|apch§|cld5?o?q@j4;:§2?
tetrahydro-2-naphthyl)ethenyl]benzoic Acid (Disila-bexarotene, C, 62.34: H, 8.85. Found: C, 62.2: H. 8.6.

(19))6;:]; e(ig)m pound was synthesized frdr according to ref 1d Preparation of 4,4,5,5-Tetramethyl-2-propyloxy-1,3,2-dioxa-
g borolane (7). This compound was synthesized according
Preparation of 4,4,5,5-Tetramethyl-2-(3,5,5,8,8-pentamethyl- ref 7.
5,8-disila-5,6,7,8-tetrahydro-2-naphthyl)-1,3,2-dioxaborolane (5).
lodine (17.0 mg, 134imol) was added to a stirred suspension of
zinc (40.0 mg, 612:mol) in acetonitrile (10 mL), and the mixture
was heated for 1 min until the yellow color disappeared. Compoun
8(1.66 g, 10.0 mmol) and a 0.1 M solution of cobalt(ll) iodide in
acetonitrile (1.25 mL, 12@mol of Col) were added sequentially,
each in a single portion, and after warming of the resulting mixture
to 50 °C, compound (972 mg, 5.00 mmol) was added within 5
min. The reaction mixture was stirred for 15 min at 80 and
then for 30 min at 20C. After addition of sodium carbonate (100
mg, 943umol), the resulting mixture was applied to the top of a
pad of silica gel in a glass frit (frit dimensions,>6 6 cm; silica
gel (63-200 um, 60 g), and the product was washed out of the
residue with diethyl ethemthexane (4:1 (v/v), 100 mL). The wash
solutions were combined, the solvent was removed under reduce
pressure, triethylamine (1 mL) was added to the residue, and the
resulting mixture was purified by column chromatography on silica
gel (column dimensions, 3% 3 cm; silica gel (3263 um), 180
g; eluentn-hexane/ethyl acetate (96:4 (v/v))). The relevant fractions
(GC control) were combined, activated carbon (150 mg) was added,
and the suspension was heated under reflux for 30 min. The hot
mixture was applied to the top of a pad of silica gel in a glass frit . X ) - )
(frit dimensions, 5x 6 cm; silica gel (63-200um), 60 g), and the Preparation of 1,2-B|§(ethynyld|methyIS|IyI)ethane (9).This
product was washed out of the residue withexane/ethyl acetate ~ COMpound was synthesized according to ref 1d.
(96:4 (v/v), 150 mL). The total volume of the solution was reduced ~ Preparation of Methyl 4-[1-(Trifluoromethylsulfonyloxy)-
in vacuo to 2 mL, and the product crystallized from this mixture ethenyl]benzoate (10)This compound was synthesized according
(crystallization at 20°C over a period of 2 h). The product was to ref 5.
then recrystallized fronm-pentane (5 mL; crystallization at 2@ Preparation of Methyl 4-[1-(3,5,5,8,8-Pentamethyl-5,8-disila-
over a period of 24 h) to affor® in 48% vyield as a colorless  5,6,7,8-tetrahydro-2-naphthyl)ethenyl]benzoate (11\PhP)PdCh
crystalline solid (865 mg, 2.40 mmol); mp 13334°C. 'H NMR (48.6 mg, 69.2¢mol), 5 (600 mg, 1.66 mmol), aha 2 Msolution
(CsDg): 6 0.36 (s, 6 H, Si€l3), 0.38 (s, 6 H, SiEl3), 1.13 (s, 4 H, of sodium carbonate in water (4.80 mL, 9.60 mmol of,8@&s)
SiCH,C), 1.23 (s, 12 H, C(H3),), 2.87-2.89 (m, 3 H, CCEly), were added one after another to a stirred solutioh®430 mg,
7.57-7.61 (m, 1 H,H-4, Naph (Naph= 5,5,8,8-tetramethyl-5,8- 1.39 mmol) in THF (16 mL). The mixture was stirred @ h at 20
disila-5,6,7,8-tetrahydro-2-naphthyl)), 8.58 (s, 1H41, Naph).13C °C, while its color changed from colorless to red. Additiod8l

General Procedures All syntheses were carried out under dry
nitrogen. The organic solvents used were dried and purified
according to standard procedures and stored under dry nitrogen
Melting points were determined with & Bloi Melting Point B-540
apparatus using samples in sealed glass capillaries!HTh¥B,
13C, and?°Si NMR spectra were recorded at 2@ on a Bruker
DRX-300 NMR spectrometertl, 300.1 MHz;1B, 96.3 MHz;
13C, 75.5 MHz;2%Si, 59.6 MHz). GD¢ or CD.Cl, was used as
the solvent. Chemical shifts were determined relative to internal
CeHDs (*H, 0 7.28; GDg), internal GDg (*3C, 6 128.0; GDe),
internal CHDC} (*H, 6 5.32; CQCly), internal CQCI, (*3C, 0 53.8;
CD,Cl,), external TMS °Si, 6 0; CsDe, CD-Cl,), or external B
OEt, (1B, 6 0; GeDe). Assignment of the'H NMR data was
supported by'H,'H gradient-selected COSYLCH gradient-
selected HMQC and gradient-selected HMBC, 8%il'H gradient-
selected HMQC experiments (optimized f8dsy = 7 Hz).
Assignment of the'3C NMR data was supported by DEPT 135
and the aforementionedC,'H correlation experiments. THduy
coupling constant reported for the<@©H, group of11 represents
an absolute value.

—

(0]

Preparation of 4,4,5,5-Tetramethyl-2-prop-1-ynyl-1,3,2-di-
oxaborolane (8).A 2.5 M solution ofnn-butyllithium in hexanes
d (80 mL, 200 mmol ofn-BuLi) was added dropwise at75 °C
within 30 min to a stirred solution of propyne (9.05 g, 226 mmol)
in diethyl ether (250 mL), and the resulting suspension was stirred
for 1.5 h at—=75°C. A solution of7 (37.2 g, 200 mmol) in diethyl
ether (150 mL) was added dropwise to the reaction mixture within
1 h, and the suspension was then allowed to warm toC2@ithin
4 h and was stirred for 16 h. A 2.0 M solution of hydrogen chloride
in diethyl ether (100 mL, 200 mmol of HCI) was added dropwise
to the stirred reaction mixture at @ within 45 min, and the
resulting mixture was then stirred for 30 min at’G and for a
further 1.5 h at 20C. The precipitate was filtered off and washed
dWith n-hexane (2x 50 mL), the organic solutions were combined,
and the solvent was removed under reduced pressure. The resulting
residue was purified by fractional distillation to gi8én 89% yield
as a colorless liquid (29.6 g, 178 mmol); bp-683 °C/5 mbar.*H
NMR (CgDg): 0 1.12 (s, 12 H, C(Bl3),), 1.51 (s, 3 H, CEly). 3C
NMR (CgDg): 0 4.0 (CCHs), 24.6 (CCH3)2), 82.5 (C(CHa)y),
BC not detectedB NMR (CgDg): 6 23.5. Anal. Calcd for
CoH1sBO,: C, 65.11; H, 9.11. Found: C, 64.8; H, 9.3.
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(200 mg, 645:mol) was added, and the reaction mixture was stirred transferred to the cold nitrogen gas stream of the diffractometer
for 3 h at 20°C. Water (20 mL) was added, the aqueous layer was (Stoe IPDS; graphite-monochromated Moo Kadiation ¢ =
separated and extracted with diethyl ether20 mL), and the 0.71073 A)). The structures were solved by direct mettfolls.
combined organic solutions were dried over anhydrous sodium non-hydrogen atoms were refined anisotropic&lyriding model
sulfate. The solvent was removed under reduced pressure, and thevas employed in the refinement of thedtydrogen atoms. The
residue was dried in vacuo (0.001 mbar, 20, 1 h) and then OH hydrogen atoms were localized in difference Fourier syntheses
purified by column chromatography on silica gel (column dimen- and refined freely.

sions, 70x 5 cm; silica gel (32-63um), 400 g; eluentn-hexane/ Crystallographic data (excluding structure factors) for the
ethyl acetate (97:3 (v/v))). The relevant fractions (GC control) were structures reported in this paper have been deposited with the
combined, and the solvent was removed under reduced pressureCambridge Crystallographic Centre as supplementary publication
The residue was redissolved in boilinghexane (2 mL), and the  nos. CCDC-6531225) and CCDC-6531234). Copies of the data
product was crystallized (slow cooling to°C and crystallization can be obtained free of charge on application to CCDC, 12 Union
at this temperature over a period of 2 h) to affddin 86% yield Road, Cambridge CB2 1EZ, UK (fax:+44)1223/336033; e-

as a colorless crystalline solid (560 mg, 1.42 mmol); mp-1230 mail: depositqccdc.cam.ac.uk).

°C. 'H NMR (CDxCly): ¢ 0.22 (s, 6 H, Si€l3), 0.25 (s, 6 H,

SiCH3), 1.04 (s, 4 H, Si€,C), 1.98-2.00 (m, 3 H, CEl3), 3.88 Supporting Information Available: Tables of atomic coordi-

(s, 3 H, C(O)O®3), 5.31 (d,2Juy = 1.2 Hz, 1 H, G=CHaHy), nates and equivalent isotropic displacement parameters, anisotropic

5.87 (d,2J4y = 1.2 Hz, 1 H, G=CHaHy), 7.30-7.38 (m, 4 H, displacement parameters, experimental details of the X-ray dif-
H-3/H-5, Phe (Phe= 1-(methoxycarbonyl)phenyli-1/H-4, Naph), fraction studies, and bond lengths and angles5@nd 6. This
7.92-7.97 (m, 2 HH-2/H-6, Phe)13C NMR (CDCl,): 6 —1.42 material is available free of charge via the Internet at http://pubs.acs.
(2 C, SCH3), —1.40 (2 C, SCH3), 7.86 (SCH,C), 7.89 (SCH,C), org.

20.2 (QCHg), 52.3 (C(O)ArCHg), 117.2 (CG=CH,), 126.8 C-3/C-5,

Phe), 129.6C-1, Phe), 129.9-2/C-6, Phe), 135.1G-1, Naph), M /00570F

135.7 C-4, Naph), 136.0@-3, Naph), 141.1G-2, Naph), 143.3 (7) Andersen, M. W.; Hildebrandt, B.; Iter, G.; Hoffman, R. WChem.
(C-4a, Naph), 145.4Q-4, Phe), 145.7G-8a, Naph), 149.4Q—=  Ber.1989 122 17771782,

CHy), 167.0 C(O)OCH;). 2°Si NMR (CD,Cly): 6 —7.1,—7.0. Anal. (8) (a) Sheldrick, G. MSHELXS-97University of Gdtingen: Gitingen,

Calcd for GsHs0,Sk,: C, 70.00: H, 7.66. Found: C, 70.0: H, 7.5. gsee?rﬂﬁf?rg/ 1997. (b) Sheldrick, G. Mcta Crystallogr., Sect. A99Q 46,

Crystal Structure Analyses.The crystals were mounted in inert (9) Sheldrick, G. M.SHELXL-97 University of Gadtingen: Gatingen,
oil (perfluoroalkyl ether, ABCR) on a glass fiber and then Germany, 1997.



