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SYNTHESIS OF (R)-4,5-DIHYDRO-3H-DINAPHTHO-
[2,1-c:1',2'-]SELENEPIN OXIDE AND PRELIMINARY
STUDIES ON ITS USE IN THE OXIDATION OF SULFIDES

David J. Procter! and Christopher M. Rayner*

School of Chemistry, University of Leeds, Leeds LS2 9JT, UK.
Email chrisr@chem.leeds.ac.uk

Abstract: The first synthesis (R)-4,5-dihydro-3H-dinaphtho-[2,1-c:1',2"-€]-
selenepin oxide 1 has been achieved from (R)-(+)-1,1'-bi-2-naphthol, which in
turn was obtained by resolution of rac-1,1'-bi-2-naphthol. Palladium catalyzed
alkoxy-carbonylation of ditriflate 4 gave dimethyl ester § which was then reduced
and the resultant diol converted to key intermediate chloride 8. Cyclization with
sodium selenolate gave novel enantiomerically pure selenide 9, which upon
oxidation yielded the desired selenoxide (R)-1. Preliminary studies on the
oxidation of sulfides to sulfoxides using 1 and 2,2,2-trifluoroethane sulfonic acid
are also described.

In recent years binaphthyl-containing compounds have been used
extensively as chiral auxiliaries and enantiomerically pure ligands in asymmetric
synthesis.2 A limited number of heterocyclic derivatives are now beginning to
appear and are being investigated as new reagents in a variety of asymmetric
processes. For example, binaphthyl-based oxaziridinium salts have been used for
the asymmetric oxidation of unfunctionalized alkenes;3 a cyclic binaphthyl-based
tin hydride reagent has been used in asymmetric radical chemistry;# and sulfur

based reagents containing a binapthyl group have also been reported.>

*To whom correspondence should be addressed.
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Our interest in the chemistry of selenoxides coupled with our work in
other areas of sulfur and selenium mediated asymmetric synthesis,% has led us to
examine new routes to enantiomerically pure selenides and sulfides.” As part of
this study we wished to prepare novel binaphthyl-based selenoxide (R)-1. Due to
the Ca-symmetry in the precursor selenide 9, simple oxidation with an achiral
oxidant was expected to give a single, enantiomerically pure selenoxide with no
complications arising from prochirality at the selenium atom. To date, to the best
of our knowledge, only one selenium-containing binaphthyl compound has been
used in asymmetric synthesis.3%

Rac-1,1'-bi-2-naphthol was resolved using a literature procedure involving
the formation of diastereomeric thiophosphoramidate esters using (S)-(-)-o-
methylbenzylamine and thiophosphoryl chloride.!0 Fractional recrystallization
allowed (R)-(-)-1,1'-binaphthyl-2,2'-diyl N-((S)-o-methylbenzyl) thiophosphor-
amidate 2 to be isolated and subsequent reduction gave (R)-1,1'-bi-2-naphthol 3.
Isolation of the other thiophosphoramidate ester diastereoisomer, leading to (S)-
1,1'-bi-2-naphthol, was less successful in our hands.

(R)-Bi-2-naphthol was then converted to the corresponding ditriflate 4
with  trifluoromethanesulfonic ~ anhydride,  2,6-lutidine  and  N,N-
dimethylaminopyridine  (scheme 1).11  Palladium catalyzed methoxy-
carbonylation!! with Pd(OAc)p, diphenylphosphinopropane and N,N-
diisopropylethylamine in methanol and DMSO gave a mixture of the mono-
methyl ester 6 and the desired diester 5!2. In accord with the literature, increasing
the carbon monoxide pressure gave improved yields of 5, however, on the
relatively large scales involved, it proved more convenient to simply expose the
monoester 6 to the reaction conditions for a second time. In this way a satisfactory

yield of diester 5 was obtained.
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oot
R-2
ot
R3,R=H R-6 X=CO,Me, Y= COMe 15%
a, 80%[ + Jb, 85%
R4 R=Tf 6 X= COMe, Y=OTf 50%

a Tf20, 2,6-lutidine, DMAP, CH,Cl, -30°C-rt; b Pd(OAc); 15moi%, dppp, CO,
MeOH, DMSO, 80°C, 72h.
Scheme 1

Reduction of § with LiAlHg then gave diol 7.13 Our original strategy to
form the selenium-containing ring involved the nucleophilic reaction of NajSe
with the ditosylate derived from diol 7. In an attempt to form the ditosylate, diol 7
was treated with TsCl in pyridine, however, known cyclic ether 1014 and
dichloride 815 were formed in approximately equal amounts as the only products.
It was recognised however that dichloride 8 was an equally suitable substrate for
selenide anion-mediated cyclization and we found it could be conveniently
prepared from diol 7 by treatment with N-chlorosuccinimide and
triphenylphosphine (scheme 2). Subsequent addition of dichloride 8 to a freshly
prepared solution of NazSe in EtOH16 gave novel Cp-symmetrical selenide 9 in
excellent yield. Oxidation with mCPBA then gave the desired selenoxide (R)-1.

Our approach to enantiomerically pure 2,2-hydroxymethyl and

chloromethyl compounds, ie. 7 and 8, and to cyclic systems likc selenide 9, is
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particularly attractive as it involves resolution at an early stage in the synthesis
unlike previous routes which carry out resolutions on advanced intermediates
using chiral columns,!7:9 or vig the formation of diastereomeric quaternary

ammonium salts.18

A
Z
S
RT.X = OH Z
b 75%
R8,X=Cl d R10
95%
R

a LiAlHg4, THF, 0°C, 30min; & NCS, PPh3, THF, rt, 5h; ¢ Se, NaBHy4, EtOH,
0°C-rt; d mCPBA, K2CO3, CH2Cla, 1t, 10min.
Scheme 2

Our interest in the development of selenoxides as oxidising agents has led
to the discovery of novel selenoxide-sulfonic salts, and subsequently to a new,
selective oxidation of sulfides using these salts.58 We have previously reported
the preparation of the first enantiomerically pure selenoxide-sulfonic acid salt 11
derived from menthol. An analogous enantiomerically pure salt R-12 is the
expected intermediate in the oxidation of dialky] sulfides with selenoxide 1 in the
presence of a stoichiometric amount of 2,2,2-trifluoroethanesulfonic acid.

Oxidation of dialkyl sulfides with R-1 and 2,2,2-trifluoroethanesulfonic
acid were found to proceed efficiently but with low enantioselectivity. For
example, methyl "octyl sulfide, and cyclohexyl methyl sulfide, were oxidized to

the corresponding sulfoxides in 90% and 80% yield respectively.!9 Importantly,
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selenide 9 was recovered from the oxidation in near quantitative yield and could

be reused.

wﬁ& 00‘ .
--osozcriacw3 OO ‘QH_ ~0S02CH,CF3

R-12

In summary, an efficient synthesis of novel (R)-4,5-dihydro-3H-
dinaphtho-[2,1-c:1',2"-¢]-selenepin oxide 1 has been achieved via oxidation of the
novel Ca-symmetrical selenide 9. The route utilizes the previously reported
palladium catalyzed alkoxy-carbonylation of (R)-1,1'-binaphthalene-2,2'-
ditrifluoromethane sulfonate 4 to introduce the necessary single carbon units at
the 2 and 2' positions. In the presence of 2,2,2-trifuoroethane sulfonic acid,
selenoxide 1 was found to oxidize dialkyl sulfides to the corresponding sulfoxides
in good yield and with clean regeneration of selenide 9. Further studies on the
oxidation of a variety of substrates using selenoxide 1 are currently under
investigation in our laboratories, along with other applications of 9 in asymmetric

synthesis.
Experimental Section.

Melting points were determined on a Reichert Hot Stage apparatus and are
uncorrected. Nuclear magnetic resonance spectra were recorded on a General
Electric QE 300 spectrometer or a Bruker AM400 spectrometer. Chemical shifts
are expressed in parts per million (ppm) downfield of tetramethylsilane for |H

resonances, and referenced to the central peak of the deuterated chloroform triplet
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for 13C resonances. Infrared spectra were recorded on a Philips PU 8706 infrared
spectrophotometer and signals were referenced to the polystyrene 1601 cm-1
absorbtion. Mass spectra were recorded on a VG Autospec mass spectrometer.
Optical rotations were measured on an Optical Activity AA-1000 polarimeter and
calibrated using a solution of camphor in ethanol of known rotation, [(x]D20
+44.1 (c 10, ethanol). Microanalyses were carried out at the University of Leeds
Microanalytical Laboratory. All C, H, N, and S analytical figures are percentage
values. Flash chromatography signifies column chromatography on Merck silica
gel (230-400) or equivalent according to the method of Still.20 Thin layer
chromatography was carried out using precoated aluminium (or plastic) backed
silica plates which were visualised using either ultraviolet light, permanganate or
anisaldehyde stain. All glassware was washed with acetone, oven dried overnight
at 125°C and allowed to cool under a stream of dry nitrogen prior to use.
Reactions were carried out under a positive pressure of dry oxygen - free
nitrogen. Solvents were removed under reduced pressure using a Buchi rotary
evaporator at water aspirator pressure, followed by drying under high vacuum at
0.5 mm Hg. Solvents were purified prior to use by established pmcedures21 and
other reagents used as received. Petroleum ether refers to petroleum ether (bp 40-
60°C) unless otherwise stated. Rac-1,1'-bi-2-naphthol was resolved using a
literature procedure via diastereomeric thiophosphoramidate esters using (S)-(-)-

a-methylbenzylamine and thiophosphory! chloride.10

(R)-1,1'-Binaphthalene-2,2"-dimethyl dicarboxylate!2 5 and (R)-1,1'-

binaphthalene-2-methyl carboxylate-2'-trifluoromethane sulfonate 6
Methanol (18.9ml) and N,N-diisopropylethylamine (7.40ml) were added to

a solution of (R)-1,1'-binaphthalene-2,2'-ditriflate 4 (5.30g, 9.64mmol, leq) in

dimethylsulfoxide (50ml). The above solution was then transfered to a reaction
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vessel  containing  Pd(OAc); (325mg, 1.45mmol, 0.15eq) and
diphenylphosphinopropane (596mg, 1.45mmol, 0.15eq), flushed out with carbon
monoxide and fitted with a condenser. The solution was then heated under reflux
under an atmosphere of carbon monoxide (balloon pressure) at 80°C for 72h.
Saturated aqueous NaCl (70ml) was then added and the aqueous layer separated
and extracted with diethyl ether (4x30ml). The combined organic extracts were
then dried (MgSO4) and concentrated in vacuo. Purification by column
chromatography [silica gel, 20% ethy! acetate, petroleum ether (bp 40-60°C)
eluant) gave diester § (0.54g, 1.45mmol, 15%) as a colourless crystalline solid,
mp 157-158°C [c¢f. 156.5-157.5°C]12, which was used without further
purification; 8y (300 MHz; CDCl3) 3.49 (6H, s, MeCO), 7.07 (2H, d, J 9.0Hz),
7.23 (2H, t, ] 6.0Hz), 7.51 (2H, t, 6.0Hz), 7.95 (2H, t, J 9.0Hz), 8.02 (2H, s) and
8.18 (2H, d, J 6.0Hz); Vmax (KBr)fem-! 3060-2940m (C-H), 1725s (C=0),
1620w, 1600w (C=C), 1460m (C=C), 1435m, 1335w, 1285s, 1245m, 1190s,
1140s, 1070m, 835m and 770m; MS (EI) m/z 370 (M+, 100%), 339(32), 311(35),
295(24), 280(29), 268(16), 252(52), 239(26), 213(7.6), 163(7) and 125(15); [alp
+21.6 (c 1.0, MeOH) [cf. +22.4 (¢ 1.0, MeOH)]!2. (R)-1,1'-binaphthalene-2-
methyl carboxylate-2'-trifluoromethane sulfonate 6 was also isolated (2.22g,
4.82mmol, 50%). Recrystallisation (CHCl3, hexane) gave 6 as pale yellow
needles; 8y (400 MHz; CDCls) 3.60 (3H, s, MeCO), 7.21 (2H., t, J 8.5 Hz), 7.36
(2H, br.s), 7.54-7.63 (4H, m), 8.01 (2H, t, J 6.9 Hz), 8.11 (1H, 1. J 8.6 Hz) and
8.29 (1H, d, J 8.7 Hz); 8¢ (400 MHz; CDCl3) 52.12 (MeCO), 118.13 (CF3, q, 1J
(13C-19F) 318 Hz), 119.29 (CH), 126.14 (CH), 126.45 (CH), 126.87 (CH),
127.17 (CH), 127.35 (CH), 127.59 (CH), 128.11 (CH), 128.14 (CH), 128.24
(CH), 128.66 (C), 129.39 (CH), 129.66 (C), 130.28 (CH), 132.11 (C), 132.56
(C), 133.41 (C), 133.78 (C), 135.14 (C), 144.36 (C) and 166.62 (C); Vmax
(neat)/cm-! 3050-2940m (C-H), 1720s (C=0), 1615m, 1590m (C=C), 1500m
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(C=C), 1450s, 1410s (SO2-0), 1360m, 1325s, 1270s, 1220s (SO2-O), 1130s,
1060s, 990m, 950s and 930s; MS (EI) m/z 460 (M*, 14%), 327(13), 311(68),
295(12), 283(16), 268(100), 239(42), 120(8) and 69(11) ; [a]p?0 -45.2 (¢ 2.9,
CHCl3); (Found: C, 60.20; H, 3.0; S, 7.0. Calc. for Co3F3H1505S: C, 60.00; H,
3.28; S, 6.96%). Ditriflate starting material 4 (0.63g, 1.45mmol, 15%) was also

recovered and recycled.

(R)-2,2"-bis hydroxymethyl-1,1'-binaphthyl 722

LiAlH4 (107mg, 1.08mmol, 1.0eq) was added cautiously to a solution of
1,1'-binaphthalene-2,2'-dimethyl dicarboxylate 5 (400mg, 1.08mmol, leq) in
THF (20ml) at 0°C. After addition, the solution was stirred at room temperature
for 30min. H,0 (20ml) and aqueous HCI (2M, 20ml) were added and the aqueous
layer separated and extracted with CH2Clz (4x30ml). The combined organic
extracts were dried (MgSO4) and concentrated in vacuo to give diol 7 as a white
solid (333mg, 1.06mmol, 98%). Recrystallisation gave a microcrystalline solid,
mp 191.4-192.6°C (ethyl acetate, petroleum ether (bp 60-80°C)); 8y (400 MHz;
CDCl3) 2.86 (2H, br.s, OH), 4.16 (2H, d, J 11.6 Hz, CH,OH), 4.39 (2H,d, J 11.6
Hz, CH,0H), 7.04 (2H, d, J 8.4 Hz, ArH), 7.24 (2H, t, J 8.0 Hz, ArH-7,7' or
ArH-8,8"), 7.46 (2H, t, J 7.1 Hz, ArH-7,7" or ArH-8,8", 7.72 (d, J 8.4 Hz, 2H),
7.93 (d, J 8.2 Hz, 2H) and 7.99 (d, J 8.4 Hz, 2H); 8¢ (400 MHz: CDCl3) 63.23
(CH20H), 126.09 (ArCH), 126.30 (ArCH), 126.56 (ArCH), 127.33 (ArCH),
128.08 (ArCH), 128.72 (ArCH), 133.11 (ArC), 133.22 (ArC), 134.35 (ArC) and
137.20 (ArC); vmax (CH2Cla)/cm-1 3450br (OH), 3100-3050m (C-H), 1470m
(C=C), 1380m, 1320m, 1270s, 1230s, 1180m and 1080; MS (EI) m/ 314 (M™,
12%), 296(M-H20, 72), 277(M-2H20, 100), 265(52), 252(56), 239(18), 226(7),
139(20), 126(22), 120(11) and 113(7); [a)p20 +53.0 (c 1.2, acetone) [cf. +110°



Downloaded by [Texas Technology University] at 18:52 05 January 2015

OXIDATION OF SULFIDES 2983

(dioxane)]22; (Found: C, 83.90; H, 5.65. Calc. for C2oHi3072: C, 84.05; H,
5.77%).

(R)-2,2"-bis chloromethyl-1,1'-binaphthyl 815

Triphenylphosphine (2.01g, 7.66mmol, 2.4eq) and N-chlorosuccinimide
(1.18g, 8.84mmol, 2.8eq) were dissolved in THF (75ml) and stirred at room
temperature for 15min. To the resulting white suspension was added (R)-2,2'-
bishydroxymethyl-1,1"-binaphthyl 7 (0.99g, 3.15mmol, leq) and the solution
stirred for 5h. Diethyl ether (100ml) and H20 (75ml) were added and the aqueous
layer extracted with diethyl ether (60ml). The combined organic extracts were
washed with saturated aqueous NaCl (50ml), dried (MgSO4) and concentrated in
vacuo . Chromatography [silica gel, 10% ethyl acetate, petroleum ether (bp 40-
60°C) eluant] gave dichloride 8 (829mg, 2.36mmol, 75%) as a white solid which
was used without further purification; 8y (300 MHz; CDCl3) 4.32 (4H, s,
CHCl), 7.07 (2H, d, J 8.4Hz, ArH), 7.26 (2H, t, J 8.1 Hz, ArH-7,7' or ArH-8,8"),
7.48 (2H, t, 7.8Hz, ArH-7,7' or ArH-8,8"), 7.93 (2H, d, J 8.4 Hz, ArH) and 8.03
(2H, d, J 8.4Hz, ArH); Vmax (CH2Clp)/cm-! 3050-2950m (C-H), 1600w (C=C),
1500m (C=C), 1440w, 1350w, 1320w, 1250s, 1215s, 1150m, 1050m, 1020m,
900m and 810s; MS (EI) m/z 351 (M, 43%), 350(63), 315(9), 279(60), 266(100)
and 138(30); [a]p20 +155.1 (¢ 1.2, CHCl3) [¢f. +145°]15.

(R)-4,5-Dihydro-3H-dinaphtho-[2,1-c:1',2'-e]-selenepin 9

Ethanol (40ml) was added with stirring to selenium (0.24g, 2.99mmol, 3eq)
and NaBH4 (0.12g, 3.29mmol, 3.3eq) at 0°C. After 15min, (R)-2,2-
bischloromethyl-1,1'-binaphthyl 8 (350mg, 1.00mmol, leq) was added and the
solution heated under reflux for 30min. Aqueous dilute HC1 (50ml) and H20O

(20ml) were added and the aqueous layer separated and extracted with CH2Cla
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(3x40ml). The combined organic extracts were dried (MgSQO4) and concentrated
in vacuo . Recrystallisation gave selenide 9 as a pale yellow microcrystalline solid
(286mg, 0.80mmol, 80%), mp 241.8-243.9°C (CHCl3, ethanol); 8y (400 MHz;
CDCl3) 3.48 (2H, d, J 11.2 Hz, CH28e), 3.53 (2H, d, J 11.2 Hz, CH3Se), 7.22-
7.28 (4H, m, ArH), 7.43-7.47 (2H, m, ArH), 7.57 (2H, d, J 8.4 Hz, ArH), 7.93
(2H, d, J 8.2 Hz, ArH) and 7.97 (2H, d, J 8.4 Hz, ArH); 8¢ (400 MHz; CDCl3)
24.71 (CHjSe, t, 1J(13C-77Se) 144.0 Hz), 125.38 (ArCH), 126.07 (ArCH),
126.31 (ArCH), 126.56 (ArCH), 128.19 (ArCH), 129.12 (ArCH). 131.93 (ArC),
132.76 (ArC), 133.35 (ArC) and 134.45 (ArC); Vmax (CH2Clp)/cm-! 3000-2900m
(C-H), 1600w (C=C), 1500m (C=C), 1400s, 1340w, 1320w, 1220s, 1160m,
1000w and 800s; MS (ED) m/z 359 (MY, 5%), 316(16), 291(11), 281(69),
266(40), 239(9), 137(11), 109(25), 95(48), 81(56), 69(86) and 55(100); [&]p20 -
198.7 (c 0.6, CHCl3); (Found: C, 73.55; H, 4.40. Cy2H16Se requires C, 73.54; H,
4.49%).

(R)-4,5-Dihydro-3H-dinaphtho-[2,1-c:1',2'-¢]-selenepin oxide 1

mCPBA (55% H20, 60.0mg, 0.18mmol, 1.1eq) and saturated aqueous
K2CO3 (1ml) were added to a solution of (R)-binaphthyl derived selenide 9
(60.0mg, 0.17mmol, leq) in CHyCly (4ml) and the solution stirred at room
temperature for 10min. Saturated aqueous NapCO3 (2ml) was added and the
aqueous layer separated and extracted with CHaCly (4x4ml). The combined
organic extracts were then dried (MgSQO4) and concentrated in vacuo to give
selenoxide 1 (60.0mg, 0.16mmol, 95%) as a white solid which was used without
further purification; 8y (300 MHz; CDCl3) 3.19 (1H, d, J 10.8 Hz, CH3Se), 3.56
(1H, d, J 12.3 Hz, CH;Se), 3.82 (1H, d, J 12.3 Hz, CH3Se), 4.38 (1H, d, J 10.8
Hz, CHzSe), 7.25-7.33 (4H, m, ArH), 7.50-7.53 (3H, m, ArH), 7.65 (1H, dd, J
8.4, 2.7 Hz, ArH) and 7.94-8.05 (4H, m, ArH); vipax (thin film)/cm-! 3020-2900s
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(C-H), 1580m (C=C), 1500m (C=C), 1400m, 1350m, 1310m, 1250m, 1215m,
1020m and 810s (Se=0); MS (EI) m/z no M™ detected, 360(M-0, 69%), 310(34),
295(32), 281(71), 265(100), 252(66), 239(12), 167(10), 149(34), 138(33),
126(32), 113(12), 71(11) and 57(18).

Oxidation of methyl %octyl sulfide with (R)-1 and 2,2,2-trifluoroethane
sulfonic acid

To a solution of (R)-1 (50mg, 0.13mmol, 1.2eq) in CH2Cl> (2ml) at room
temperature was added 2,2,2-trifluoroethane sulfonic acid (0.02ml, 0.13mmol,
1.2eq). After 10min, methyl octyl sulfide ( 0.02ml, 0.11mmol, leq) was added
and the reaction mixture stirred at room temperature for 1.5h. Saiurated aqueous
NazCOs3 (1ml) was then added and the aqueous layer separated and extracted with
CHCl; (4x1ml). The combined organic extracts were then dried (MgSQO4) and
concentrated in vacuo to give a pale yellow oil. Purification by column
chromatography [silica gel, petroleum ether (bp 40-60°C) eluant] gave recovered
selenide (R)-9 (47mg, 0.13mmol, 94%). Increasing the solvent polarity (30%
petroleum ether (bp 40-60°C), 50% ethyl acetate, 20% ethanol) gave methyl
foctyl sulfoxide (17mg, 0.10mmol, 90%) as colourless crystals [mp 36.5-38.1°C
("pentane) cf. 37-38°C23]
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