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AbstractÐ6,6- and 6,5-Spiroketals were prepared in good overall yields by alkylation and epoxide-opening reactions of 3,4-dihydro-6-
[(para-toluenesulfonyl)methyl]-2H-pyran (1) and subsequent acid catalysed cyclisation. The diastereoselectivity of the cyclisations was
determined by a combination of 2D-NMR spectroscopy and X-ray crystallography. Attempted preparation of a 7,6-spiroketal using the same
methodology was unsuccessful. q 2001 Elsevier Science Ltd. All rights reserved.

Spiroketals are found in a wide variety of natural products,
from the simple spiroketals used as pheromones by a large
number of insect species1±3 to more complex molecules
such as okadaic acid4 and the spongistatins/altohyrtins,5

and this diversity has led to signi®cant interest in the
development of methods for the synthesis of spiroketals.6

Our recent work on the preparation7 and reactions8,9 of sul-
fonyl-substituted cyclic enol ethers suggested a versatile
method for the synthesis of spiroketals (Scheme 1), with
3,4-dihydro-6-[(para-toluenesulfonyl)methyl]-2H-pyran
(1) being elaborated to an alkoxy-substituted dihydropyran
(2) followed by acid catalysed cyclisation to give the corre-
sponding spiroketal (3). A number of similar approaches
have been reported previously, with a variety of methods
being used to prepare the intermediate alkoxy-substituted
dihydropyrans.10±14

We initially investigated the synthesis of spiroketals via
alkylation of the starting heterocycle (1), as previous work
in this laboratory8 had shown that this compound could be
alkylated in good yield and excellent regioselectivity with a
variety of alkylating agents. The alkylating agents required
for the proposed spiroketal synthesis, 3-(t-butyldimethyl-
silyloxy)-1-iodopropane and 4-(t-butyldimethylsilyloxy)-1-

iodobutane, were prepared from propane-1,3-diol and tetra-
hydrofuran respectively using standard methods.15±17 Alkyl-
ation of the dihydropyran (1) with these v-(silyloxy)alkyl
iodides under the conditions described in our previous
report8 gave the corresponding v-(silyloxy)alkyl dihydro-
pyrans (4) and (5) in good yields (Scheme 2).

Deprotection of the 4-(silyloxy)butyl dihydropyran (4) and
subsequent cyclisation were effected in a single pot by treat-
ment with hydrochloric acid in aqueous THF (Scheme 3).
The 6,6-spiroketal (7) was obtained in excellent yield as a
7.8:1 mixture of diastereoisomers. The 1H NMR spectrum
of the mixture showed a full set of signals corresponding to
the major isomer, but most of the signals due to the minor
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Scheme 1.

Scheme 2. Reagents and conditions: (i) n-BuLi, THF, 2788C, 08C, 15 min.
(ii) HMPA, v-(silyloxy)alkyl iodide, 2788C!rt, 5 h.
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isomer were obscured by those of the major isomer. One
signal that could be clearly distinguished for both isomers
was the a-sulfonyl proton signal, which appeared at 3.04
(dd, Jax,ax�12.8 Hz, Jax,eq�4.2 Hz) ppm for the major
isomer and 3.15 (t, Jeq,ax�4.9 Hz, Jeq,eq�4.9 Hz) ppm for
the minor isomer. The observed coupling constants indicate
that this proton is axial in the major isomer and equatorial in
the minor isomer. On the basis of this analysis, and the
known preference of spiroketals for a diaxial C±O confor-
mation with axial substituents,6,18 the major and minor
isomers were assigned the (5Rp,6Sp) and (5Rp,6Rp) con-
®gurations respectively.

Under the same conditions the 5-(silyloxy)pentyl dihydro-
pyran (5) did not give the expected 7,6-spiroketal (8).
Instead, a dihydroxy ketone (11) resulting from ring opening

of the intermediate hydroxyalkyl dihydropyran (9) was
isolated in 95% yield (Scheme 4). The dihydroxy ketone
(11) was also isolated as the sole product when the reaction
was carried out under re¯ux rather than at room tempera-
ture. The failure of this reaction is surprising given the
successful preparation of a 7,6-spiroketal by Nakamura et
al. under similar conditions.19 The reaction was also
attempted under anhydrous conditions, using a catalytic
amount of camphorsulfonic acid in dry dichloromethane,
however no deprotection occurred and the starting material
was recovered unchanged.

In order to extend the scope of this methodology for the
synthesis of spiroketals, reactions of the sulfonyl-substituted
dihydropyran (1) with epoxides were examined. Thus, treat-
ment of the lithiosulfone derivative of the dihydropyran (1)
with cyclohexene oxide or propylene oxide in the presence
of HMPA and boron tri¯uoride gave the corresponding
g-hydroxy sulfones (12) and (13) in 71%20 and 66% yields
respectively (Scheme 5). In both cases the products were
isolated as 1:1 mixtures of diastereoisomers.

Subsequent treatment of the cyclohexene oxide adduct (12)
with hydrochloric acid in aqueous THF gave the corre-
sponding 6,5-spiroketal (14) as a mixture of diastereo-
isomers in 96% overall yield (Scheme 6). Three isomers
were separated by ¯ash chromatography. (It is interesting

Scheme 3. Reagents and conditions: (i) HCl, aq. THF, rt, 27 h.

Scheme 4.

Scheme 5. Reagents and conditions: (i) n-BuLi, THF, 2788C, 08C 15 min.
(ii) HMPA, BF3´OEt2, epoxide, 2788C!rt, 5 h.

Scheme 6. Reagents and conditions: (i) HCl aq. THF, rt, 72 h.
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to note that the fourth possible diastereoisomer was not
formed, although it is not clear why this should be the
case.) The relative stereochemistry shown in Scheme 6 for
each structure was assigned on the basis of NOESY corre-
lations and con®rmed by single crystal X-ray diffraction of
(14a) and (14c) (Figs. 1 and 2).

The propylene oxide adduct (13) was also cyclised under
acidic conditions to give the corresponding 6,5-spiroketal
(15) as a mixture of diastereoisomers in 80% overall yield
(Scheme 7). In contrast with the previous example, all four
diastereoisomers were formed, but they could not be
completely separated by ¯ash chromatography. Instead,

Figure 1. Structural diagram for (14a).21

Figure 2. Structural diagram for (14c).21

Scheme 7. Reagents and conditions: (i) HCl, aq. THF, rt, 72 h.
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two pairs of isomers were obtained. The relative stereo-
chemistry of each isomer was assigned on the basis of
NOESY correlations. Within each pair the stereochemistry
of the sulfone relative to the spiro carbon was the same,
while the relative stereochemistry of the methyl substituent
varied.

In conclusion, we have shown that 6,6- and 6,5-spiroketals
can be prepared in good overall yields from 3,4-dihydro-6-
[(para-toluenesulfonyl)methyl]-2H-pyran (1) by a two step
alkylation/cyclisation or epoxide-opening/cyclisation
procedure. Moderate to good diastereoselectivity was
observed in the cyclisation reactions, with the a-sulfonyl
stereocentre exerting a greater in¯uence on the relative
stereochemistry than the C2 stereocentre in the 5,6-spiro-
ketals. This suggests that it may be possible to use the
sulfone as a removable directing group in a stereoselective
synthesis of spiroketals.

1. Experimental

1.1. General

1H NMR spectra were recorded as deuterochloroform
solutions on a Bruker AC300F (300 MHz), DMX300
(300 MHz), or DMX600 (600 MHz) spectrometer. Chemi-
cal shifts are measured in parts per million (d , ppm) down-
®eld from tetramethylsilane (TMS) relative to chloroform
(dH�7.26 ppm) as an internal reference. Coupling constants
(J) are reported in hertz (Hz). Multiplicities are designated
as follows: singlet (s), doublet (d), triplet (t), quartet (q),
multiplet (m), and broad (br). 13C NMR spectra were
recorded as deuterochloroform solutions on a Bruker
AC300F (75.5 MHz), DMX300 (75.5 MHz), or DMX600
(150.9 MHz) spectrometer and are proton decoupled.
Chemical shifts are reported in parts per million down®eld
from TMS relative to the central peak of the deuterochloro-
form triplet (dC�77.04 ppm). In assignments of spectra, Ar
refers to quaternary aromatic carbons and ArCH refers to
aromatic carbons bearing one hydrogen. Infrared spectra
were obtained on a Perkin±Elmer 298 infrared spectro-
photometer either as thin ®lms of liquids or paraf®n mulls
of solids. Absorptions of medium or strong intensity are
reported in cm21. Mass spectra, in electron ionisation
mode, were obtained on a VG Quattro mass spectrometer
at 70 eV ionising potential and with an ion source tempera-
ture of 2108C. Melting points were determined on a Reichert
melting point apparatus and are uncorrected. Elemental
analyses were performed by the School of Chemistry Micro-
analysis Service, UNSW, or the Research School of
Chemistry Microanalysis Service, ANU.

Flash chromatography22 was carried out using Merck
Kieselgel 60 (230±400 mesh; No. 9385), using distilled
solvents. Reagents and solvents were puri®ed by standard
procedures. Dry acetone refers to AR grade reagent distilled
from anhydrous calcium sulfate and stored over 4 AÊ molec-
ular sieves. n-Butyllithium was titrated by the method of
Suffert.23 Dry dichloromethane refers to AR grade reagent
pre-dried over calcium chloride, stored over calcium
hydride, and distilled freshly when required. Hexamethyl-
phosphoric triamide (HMPA) was distilled under reduced

pressure from calcium hydride and stored over 4 AÊ molec-
ular sieves. Light petroleum refers to a hydrocarbon fraction
boiling in the range 60±808C. Dry pyridine refers to AR
grade reagent distilled from potassium hydroxide and stored
over fresh potassium hydroxide. Sodium iodide was heated
gently under vacuum (,0.5 mmHg) until no further evolu-
tion of gas was evident. Dry tetrahydrofuran refers to AR
grade reagent treated with sodium sul®te for the removal of
peroxides, pre-dried over potassium hydroxide, heated at
re¯ux over calcium hydride then distilled, stored over
sodium metal and benzophenone, and distilled freshly
when required. All other reagents were used without further
puri®cation.

3-(t-Butyldimethylsilyloxy)propan-1-ol,15 3-(t-butyldimethyl-
silyloxy)-1-iodopropane,16 and 4-(t-butyldimethylsilyloxy)-
1-iodobutane17 were prepared according to standard litera-
ture procedures.

1.1.1. 3,4-Dihydro-6-[4 0-(t-butyldimethylsilyloxy)-1 0-(para-
toluenesulfonyl)-1 0-butyl]-2H-pyran (4). A solution of
3,4-dihydro-6-[(para-toluenesulfonyl)methyl]-2H-pyran (1)
(1.00 g, 4.0 mmol) in dry tetrahydrofuran (60 mL) was placed
under an argon atmosphere and cooled to 2788C. n-Butyl-
lithium (1.36 M in hexanes, 2.7 mL, 3.67 mmol) was added
dropwise then the temperature was allowed to rise to 08C.
After 15 min the solution was cooled to 2788C and HMPA
(0.70 mL, d 1.030, 0.72 g, 4 mmol), followed by 3-(t-butyl-
dimethylsilyloxy)-1-iodopropane (1.12 g, 3.7 mmol), was
added. The solution was allowed to warm to room temperature
over a period of 5 h. The reaction was quenched with brine
(80 mL) then the mixture was separated and the aqueous layer
was extracted with diethyl ether (3£60 mL). The combined
organic extracts were washed with brine (200 mL) then dried
over magnesium sulfate and the solvent removed under
reduced pressure. Flash column chromatography (10%
ethyl acetate/light petroleum) of the crude product gave the
title compound (4) as colourless needles (1.36 g, 80%), mp
44±468C. (Found: C, 62.1%; H, 8.2%. C22H36O4SSi requires
C, 62.2%; H, 8.5%). nmax (paraf®n) 1665, 1600, 1390, 1360,
1310, 1300, 1290, 1250, 1230, 1205, 1180, 1140, 1105,
1100, 1080, 1060, 1005, 975, 910, 830, 810, 775, 705,
660, 610 cm21. 1H NMR (300 MHz, CDCl3) d 0.01 (s,
6H, Si(CH3)2), 0.85 (s, 9H, C(CH3)3), 1.41±1.76 (m, 4H,
H31H3 0), 1.79±2.09 (m, 4H, H2 01H4), 2.42 (s, 3H,
ArCH3), 3.46 (dd, J�11.7, 3.9 Hz, 1H, H1 0), 3.58 (t,
J�6.4 Hz, 2H, H4 0), 3.73 (ddd, J�10.6, 6.5, 3.8 Hz, 1H,
H2a), 3.83 (ddd, J�10.6, 6.5, 3.7 Hz, 1H, H2b), 4.70 (t,
J�3.8 Hz, 1H, H5), 7.29 (d, J�8.5 Hz, 2H, ArH), 7.73 (d,
J�8.5 Hz, 2H, ArH). 13C NMR (75.5 MHz, CDCl3) d 25.4
(Si(CH3)2), 18.3 (C(CH3)3), 20.4 (C4), 21.6 (ArCH3), 21.8
(C3), 22.2 (C3 0), 25.9 (C(CH3)3), 29.8 (C2 0), 62.5 (C4 0),
66.3 (C2), 70.8 (C1 0), 104.4 (C5), 129.2 (ArCH), 129.3
(ArCH), 135.2 (Ar), 144.2 (Ar or C6), 146.0 (Ar or C6).
m/z 425 (M1H, 21%), 367 (M2But, 16), 269 (M2TolSO2,
100), 137 (M2TolSO2±ButMe2SiOH, 50), 91 (Tol, 43), 57
(But, 50).

1.1.2. 3,4-Dihydro-6-[5 0-(t-butyldimethylsilyloxy)-1 0-
(para-toluenesulfonyl)-1 0-pentyl]-2H-pyran (5). The
product was prepared from 3,4-dihydro-6-[(para-toluene-
sulfonyl)methyl]-2H-pyran (1) (1.00 g, 4.0 mmol) and
3-(t-butyldimethylsilyloxy)-1-iodopropane (1.12 g, 3.7 mmol)
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as described for 3,4-dihydro-6-[4 0-(t-butyldimethylsily-
loxy)-1 0-(para-toluenesulfonyl)-1 0-butyl]-2H-pyran (4).
Flash column chromatography (10% ethyl acetate/light
petroleum) of the crude product gave the title compound
(5) as colourless needles (1.44 g, 82%), mp 56±588C.
(Found: C, 62.9%; H, 8.5%. C23H38O4SSi requires C,
63.0%; H, 8.7%). nmax (paraf®n) 1665, 1595, 1460, 1380,
1340, 1305, 1300, 1290, 1250, 1240, 1140, 1105, 1095,
1080, 1060, 980, 925, 840, 830, 820, 770, 710, 700, 655,
640, 630, 605 cm21. 1H NMR (300 MHz, CDCl3) d 0.01 (s,
6H, Si(CH3)2), 0.86 (s, 9H, C(CH3)3), 1.20±1.34 (m, 1H,
H3 0a), 1.37±1.56 (m, 3H, H31H3 0b), 1.61±1.73 (m, 2H,
H4 0), 1.79±2.04 (m, 4H, H2 01H4), 2.43 (s, 3H, ArCH3),
3.42 (dd, J�11.7, 3.9 Hz, 1H, H1 0), 3.56 (t, J�6.2 Hz,
2H, H5 0), 3.71 (ddd, J�10.5, 6.4, 4.0 Hz, 1H, H2a), 3.81
(ddd, J�10.5, 6.6, 3.9 Hz, 1H, H2b), 4.67 (t, J�3.8 Hz, 1H,
H5), 7.29 (d, J�8.2 Hz, 2H, ArH), 7.73 (d, J�8.2 Hz, 2H,
ArH). 13C NMR (75.5 MHz, CDCl3) d 25.3 (Si(CH3)2),
18.3 (C(CH3)3), 20.4 (C4), 21.6 (ArCH3), 21.8 (C3), 23.2
(C4 0), 25.1 (C3 0), 25.9 (C(CH3)3), 32.3 (C2 0), 62.7 (C5 0),
66.3 (C2), 71.2 (C1 0), 104.3 (C5), 129.1 (ArCH), 129.3
(ArCH), 135.2 (Ar), 144.2 (Ar or C6), 146.1 (Ar or C6).
m/z 439 (M1H, ,1%), 225 (M2TolSO2±ButH, 14), 151
(M2TolSO2±ButMe2SiOH, 100).

1.1.3. 5-(para-Toluenesulfonyl)-1,7-dioxaspiro[5.5]-
undecane (7). To a solution of 3,4-dihydro-6-[4 0-
(t-butyldimethylsilyloxy)-1 0-(para-toluenesulfonyl)-1 0-butyl]-
2H-pyran (4) (0.25 g, 0.59 mmol) in tetrahydrofuran
(10 mL) and water (2.5 mL) under an argon atmosphere
was added conc. hydrochloric acid (0.5 mL). After 27 h
the reaction was quenched with saturated aqueous sodium
hydrogen carbonate (5 mL) then the mixture was extracted
with diethyl ether (2£10 mL). The combined organic
extracts were dried over magnesium sulfate and the solvent
removed under reduced pressure. Flash column chroma-
tography (15% ethyl acetate/light petroleum) of the crude
product gave the title compound (7) as colourless needles
(0.17 g, 7.8:1 mixture of the (5Rp,6Sp) and (5Rp,6Rp) dia-
stereoisomers by comparison of the a-sulfonyl proton
signals at 3.04 (major) and 3.15 (minor) ppm in the 1H
NMR spectrum, 93%), mp 124±1268C. (Found: C, 61.8%;
H, 6.9%. C16H22O4S requires C, 61.9%; H, 7.1%). nmax

(paraf®n) 1340, 1315, 1305, 1285, 1270, 1255, 1235,
1195, 1185, 1170, 1140, 1095, 1090, 1065, 1050, 1040,
980, 960, 815, 800, 720, 710, 690, 670, 615 cm21. 1H
NMR (600 MHz, CDCl3, major isomer only) d 1.46±1.50
(m, 1H, H9a), 1.56±1.70 (m, 5H, H3a1H3b1H9b1
H10a1H11a), 1.75±1.86 (m, 2H, H4a1H10b), 2.00
(dddd, J�12.5, 7.7, 3.8, 1.4 Hz, 1H, H4b), 2.88 (td,
J�13.4, 4.6 Hz, 1H, H11b), 3.04 (dd, J�12.8, 4.2 Hz, 1H,
H5), 3.58±3.63 (m, 4H, H21H8), 7.30 (d, J�8.2 Hz, 2H,
ArH), 7.74 (d, J�8.2 Hz, 2H, ArH). Assignment was deter-
mined with the aid of COSY and HSQC experiments. 13C
NMR (150.9 MHz, CDCl3, major isomer only) d 18.4
(C10), 21.6 (ArCH3), 22.1 (C4), 24.7 (C9), 25.3 (C3),
32.6 (C11), 59.0 (C2), 60.9 (C8), 69.3 (C5), 95.6 (C6),
129.0 (ArCH), 129.9 (ArCH), 135.9 (Ar), 144.1 (Ar).
Assignment was determined with the aid of HSQC and
HMBC experiments. m/z 310 (M, 6%), 210 (M2SO2±
2£H2O, 57), 155 (M2TolSO2, 90), 91 (Tol, 75).

1.1.4. Attempted preparation of 11-(para-toluenesul-

fonyl)-1,7-dioxaspiro[5.6]dodecane (8). Method A: Treat-
ment of 3,4-dihydro-6-[5 0-(t-butyldimethylsilyloxy)-1 0-
(para-toluenesulfonyl)-1 0-pentyl]-2H-pyran (5) (0.50 g,
1.14 mmol) with conc. hydrochloric acid in aqueous tetra-
hydrofuran as described for 5-(para-toluenesulfonyl)-1,7-
dioxaspiro[5.5]-undecane (7) did not give the desired
product.

Workup as described above gave 1,10-dihydroxy-6-(para-
toluenesulfonyl)-5-decanone (11) (0.37 g, 95%) as a colour-
less oil. The crude product was spectroscopically pure, and
was characterised without further puri®cation. (Found: C,
62.5%; H, 7.7%. C17H26O5S±(0.9£H2O) requires C, 62.6%;
H, 7.5%). nmax (®lm) 3430(br), 2940, 2880, 1720, 1600,
1440, 1400, 1300, 1210, 1185, 1140, 1075, 810, 725, 705,
680, 660, 610 cm21. 1H NMR (300 MHz, CDCl3) d 1.22±
1.33 (m, 2H, H8), 1.42±1.61 (m, 6H, H21H912£OH),
1.63±1.73 (m, 2H, H3), 1.83±1.93 (m, 2H, H7), 2.46 (s,
3H, ArCH3), 2.63 (dt, J�18.3, 6.8 Hz, 1H, H4a), 2.93 (dt,
J�18.3, 7.1 Hz, 1H, H4b), 3.57 (t, J�5.8 Hz, 2H, H1 or
H10), 3.64 (t, J�5.7 Hz, 2H, H1 or H10), 4.09 (dd, J�8.8,
5.8 Hz, 1H, H6), 7.35 (d, J�8.2 Hz, 2H, ArH), 7.64 (d,
J�8.2 Hz, 2H, ArH). Assignment was determined with the
aid of COSY and HSQC experiments. 13C NMR (75.5 MHz,
CDCl3) d 19.5 (C3), 23.2 (C8), 25.6 (ArCH3), 26.9 (C7),
31.6 (C2), 32.0 (C9), 44.7 (C4), 61.8 (C1 or C10), 62.2 (C1
or C10), 75.0 (C6), 129.4 (ArCH), 129.8 (ArCH), 133.4
(Ar), 145.5 (Ar), 202.8 (C5). Assignment was determined
with the aid of HSQC and HMBC experiments. m/z 324
(M2H2O, 8%), 169 (M2H2O±TolSO2, 41), 155 (TolSO2,
15), 91 (Tol, 100).

Method B: 3,4-Dihydro-6-[5 0-(t-butyldimethylsilyloxy)-1 0-
(para-toluenesulfonyl)-1 0-pentyl]-2H-pyran (5) (0.25 g,
0.57 mmol) was treated with conc. hydrochloric acid in
aqueous tetrahydrofuran as described for 5-(para-toluene-
sulfonyl)-1,7-dioxaspiro[5.5]undecane (7), with the excep-
tion that the reaction mixture was heated under re¯ux
overnight. Examination of the 1H NMR spectrum of the
crude product showed only 1,10-dihydroxy-6-(para-toluene-
sulfonyl)-5-decanone (11).

Method C: To a stirred solution of 3,4-dihydro-6-[5 0-(t-
butyldimethylsilyloxy)-1 0-(para-toluenesulfonyl)-1 0-pentyl]-
2H-pyran (5) (0.25 g, 0.57 mmol) in dry dichloromethane
(50 mL) under an argon atmosphere was added camphor-
sulfonic acid (0.15 g, 0.63 mmol). After 18 h, 1H NMR
showed only starting material.

1.1.5. 3,4-Dihydro-6-[(2 0-hydroxycyclohexyl)-(para-
toluenesulfonyl)methyl]-2H-pyran (12). A solution of
3,4-dihydro-6-[(para-toluenesulfonyl)methyl]-2H-pyran
(1) (1.00 g, 4.0 mmol) in dry tetrahydrofuran (60 mL) was
placed under an argon atmosphere and cooled to 2788C.
n-Butyllithium (2.34 M in hexanes, 1.6 mL, 3.74 mmol)
was added dropwise then the temperature was allowed to
rise to 08C. After 15 min the solution was cooled to 2788C
and HMPA (0.70 mL, d 1.030, 0.72 g, 4.0 mmol), was
added dropwise, followed by cyclohexene oxide (0.40 mL,
d 0.970, 0.39 g, 4.0 mmol) which was added all at once, then
boron tri¯uoride etherate complex (0.50 mL, d 1.154,
0.58 g, 4.0 mmol). The solution was allowed to warm to
room temperature over a period of 5 h then the reaction
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was quenched with brine (80 mL). The mixture was sepa-
rated and the aqueous layer was washed with diethyl ether
(3£60 mL). The combined organic extracts were washed
with brine (200 mL) then dried over magnesium sulfate
and the solvent removed under reduced pressure. Flash
column chromatography (30% ethyl acetate/light petro-
leum) of the crude product gave the title compound (12)
as colourless prisms (1.00 g, 1:1 mixture of diastereoi-
somers by comparison of the vinyl proton signals at 4.55
and 4.82 ppm in the 1H NMR spectrum, 71%), mp 95±978C.
(Found: C, 65.0%; H, 7.3%. C19H26O4S requires C, 65.1%;
H, 7.5%). nmax (paraf®n) 3500(br), 1660, 1600, 1345, 1320,
1300, 1285, 1255, 1230, 1215, 1160, 1140, 1110, 1080,
1070, 1050, 1020, 920, 805, 800, 780, 770, 710, 700, 655,
635, 625, 615 cm21. 1H NMR (300 MHz, CDCl3) d 1.18±
1.52 (m, 2£H3 0a12£H4 0a12£H5 0a12£H6 0a), 1.59±1.77
(m, 4£ H412£H4 0b12£H5 0b11£H6 0b), 1.80±1.93 (m,
4£H31 1£OH), 1.97±2.06 (m, 2£H3 0b11£OH), 2.17±
2.32 (m, 2£H1 011£H6 0b), 2.41 (s, 1£ArCH3), 2.42 (s,
1£ArCH3), 3.25±3.35 (m, 1£H2 0), 5.53 (dd, J�2.7,
0.8 Hz, 1£CHSO2), 3.58±3.67 (m, 1£H2 0), 3.79±3.92 (m,
4£H2), 4.09 (d, J�3.0 Hz, 1£CHSO2), 4.55 (t, J�3.9 Hz,
1£H5), 4.82 (t, J�3.9 Hz, 1£H5), 7.28 (d, J�8.3 Hz,
2£ArH), 7.29 (d, J�8.2 Hz, 2£ArH), 7.75 (d, J�8.3 Hz,
2£ArH), 7.75 (d, J�8.2 Hz, 2£ArH). Assignment was
determined with the aid of an HSQC experiment. 13C
NMR (75.5 MHz, CDCl3) d 20.3 (2£C3), 21.4 (1£C4),
21.6 (2£ArCH3), 21.7 (1£C4), 24.2 (1£C4 0 or C5 0), 24.8
(1£C4 0 or C5 0), 25.4 (1£C4 0 or C5 0), 25.6 (1£C4 0 or C5 0),
27.2 (1£C6 0), 31.0 (1£C6 0), 34.5 (1£C3 0), 35.8 (1£C3 0),
44.3 (1£C1 0), 45.0 (1£C1 0), 66.2 (1£C2), 66.4 (1£C2),
69.3 (1£ CHSO2), 70.9 (1£C2 0), 71.2 (1£C2 0), 74.9
(1£CHSO2), 105.2 (1£C5), 105.5 (1£C5), 128.9
(1£ArCH), 129.0 (1£ ArCH), 129.1 (1£ArCH), 129.2
(1£ArCH), 135.6 (1£Ar), 136.2 (1£Ar), 144.1 (1£Ar or
C6), 144.4 (1£Ar or C6), 145.4 (1£Ar or C6), 145.8
(1£Ar or C6). m/z 351 (M1H, 34%), 333 (M2OH, 17),
195 (M2TolSO2, 100), 177 (M2 TolSO2±H2O, 48), 91
(Tol, 24).

1.1.6. 3,4-Dihydro-6-[3 0-hydroxy-1 0-(para-toluenesul-
fonyl)-1 0-butyl]-2H-pyran (13). The product was prepared
from 3,4-dihydro-6-[(para-toluenesulfonyl)-methyl]-2H-
pyran (1) (1.00 g, 4.0 mmol) and propylene oxide
(0.28 mL, d 0.830, 0.23 g, 4.0 mmol) as described for 3,4-
dihydro-6-[(2 0-hydroxycyclohexyl)-(para-toluenesulfonyl)-
methyl]-2H-pyran (12). Flash column chromatography
(30% ethyl acetate/light petroleum) of the crude product
gave the title compound (13) as a colourless oil (0.82 g,
1:1 mixture of diastereoisomers by comparison of the
vinyl proton signals at 4.67 and 4.69 ppm in the 1H NMR
spectrum, 66%). (Found: C, 61.9%; H, 7.0%. C16H22O4S
requires C, 61.9%; H, 7.1%). nmax (®lm) 3400(br), 2920,
2880, 1660, 1595, 1440, 1380, 1355, 1335, 1310, 1300,
1290, 1250, 1220, 1200, 1160, 1140, 1120, 1090, 1060,
1040, 1020, 815, 800, 705, 655 cm21. 1H NMR
(300 MHz, CDCl3) d 1.19 (d, J�6.2 Hz, 3£H4 0), 1.23 (d,
J�6.2 Hz, 3£H4 0), 1.57±1.73 (m, 4£H3), 1.85±1.96 (m,
4£H4), 1.98±2.06 (m, 2£H2 0a), 2.19 (dd, J�5.9, 5.2 Hz,
1£H2 0b), 2.24 (dd, J�6.0, 5.3 Hz, 1£H2 0b), 2.42 (s,
2£ArCH3), 3.64±3.86 (m, 4£H212£H1 012£OH), 3.99±
4.14 (m, 2£H3 0), 4.67 (t, J�4.0 Hz, 1£H5), 4.69 (t,
J�4.0 Hz, 1£H5), 7.30 (d, J�8.1 Hz, 4£ArH), 7.72 (d,

J�8.3 Hz, 2£ArH), 7.73 (d, J� 8.3 Hz, 2£ArH). 13C
NMR (75.5 MHz, CDCl3) d 20.3 (1£ C3), 20.4 (1£C3),
21.6 (2£ArCH311£C4), 21.8 (1£C4), 23.1 (1£C4 0), 24.2
(1£C4 0), 34.4 (1£C2 0), 35.3 (1£C2 0), 65.0 (1£C1 0), 65.8
(1£C1 0), 66.3 (1£C2), 66.4 (1£C2), 68.2 (2£C3 0), 104.2
(1£C5), 105.0 (1£C5), 129.2 (2£ ArH), 129.2 (1£ArH),
129.3 (1£ArH), 134.8 (1£Ar), 135.0 (1£Ar), 144.3 (1£Ar
or C6), 144.5 (1£Ar or C6), 145.8 (1£Ar or C6), 146.9
(1£Ar or C6). m/z 310 (M, ,1%), 155 (M2TolSO2, 17),
91 (Tol, 31).

1.1.7. Decahydro-3-(para-toluenesulfonyl)spiro[benzo-
furan-2(3H),2 0-[2H]pyran] (14). To a stirred solution of
3,4-dihydro-6-[(2 0-hydroxycyclohexyl)-(para-toluenesul-
fonyl)methyl]-2H-pyran (12) (0.25 g, 0.71 mmol) in tetra-
hydrofuran (10 mL) and water (2.5 mL) under an argon
atmosphere was added conc. hydrochloric acid (0.5 mL).
After three days the reaction mixture was poured into satu-
rated aqueous sodium bicarbonate (5 mL) then extracted
with diethyl ether (2£10 mL). The combined organic
extracts were dried over magnesium sulfate and the solvent
was removed under reduced pressure to give the title
compound (14) as a mixture of diastereoisomers.

Flash column chromatography (10% ethyl acetate/light
petroleum) of the crude product gave ®rst (2Rp,3Rp,3aSp,
7aSp)-decahydro-3-(para-toluenesulfonyl)spiro[benzofuran-
2(3H),2 0-[2H]pyran] (14a) as colourless prisms (0.06 g,
24%), mp 154±1578C. (Found: C, 64.9%; H, 7.5%.
C19H26O4S requires C, 65.1%; H, 7.5%). nmax (paraf®n)
1355, 1305, 1295, 1280, 1230, 1205, 1180, 1145, 1080,
1070, 1045, 1030, 970, 935, 900, 890, 880, 810, 750, 700,
650, 635 cm21. 1H NMR (600 MHz, CDCl3) d 0.84 (dtd,
J�12.8, 11.8, 3.7 Hz, 1H, H4ax), 0.87±0.94 (m, 1H, H4eq),
1.04 (dtt, J�13.5, 12.8, 4.1 Hz, 1H, H5ax), 1.20 (dtt,
J�14.2, 13.1, 4.0 Hz, 1H, H6ax), 1.42 (dtd, J�12.9, 11.5,
4.0 Hz, 1H, H7ax), 1.46±1.53 (m, 2H, H5eq1H5 0a), 1.63
(qdd, J�13.1, 5.0, 3.9 Hz, 1H, H5 0b), 1.69±1.73 (m, 1H,
H4 0a), 1.78±1.84 (m, 2H, H3a1H6eq), 1.86 (qt, J�13.3,
3.9 Hz, 1H, H4 0b), 2.09±2.15 (m, 2H, H7eq1H3 0a), 2.34
(td, J�13.3, 4.6 Hz, 1H, H3 0b), 2.45 (s, 3H, ArCH3), 3.36 (d,
J�10.9 Hz, 1H, H3), 3.38 (ddd, J�11.4, 10.2, 3.7 Hz, 1H,
H7a), 3.62 (ddt, J�11.2, 5.0, 1.6 Hz, 1H, H6 0a), 3.88 (ddd,
J�12.9, 10.9, 2.3 Hz, 1H, H6 0b), 7.35 (d, J�8.2 Hz, 2H,
ArH), 7.76 (d, J�8.2 Hz, 2H, ArH). Assignment was deter-
mined with the aid of COSY and HSQC experiments. 13C
NMR (150.9 MHz, CDCl3) d 19.6 (C4 0), 22.1 (ArCH3), 24.3
(C6), 25.4 (C5 0), 25.7 (C5), 28.5 (C4), 31.1 (C7), 31.8 (C3 0),
48.4 (C3a), 63.0 (C6 0), 77.2 (C3), 79.8 (C7a), 106.7 (C2),
128.6 (ArCH), 130.2 (ArCH), 138.1 (Ar), 145.1 (Ar).
Assignment was determined with the aid of HSQC and
HMBC experiments. m/z 351 (M1H, ,1%), 195 (M2
TolSO2, 100), 155 (TolSO2, 17), 91 (Tol, 44).

Further elution gave (2Rp,3Sp,3aRp,7aRp)-decahydro-3-
(para-toluenesulfonyl)spiro[benzofuran-2(3H),2 0-[2H]pyran]
(14b) as colourless needles (0.09 g, 36%), mp 157±1608C.
A satisfactory elemental analysis could not be obtained.
(Found: C, 64.4%; H, 7.3%. C19H26O4S requires C,
65.1%; H, 7.5%). nmax (paraf®n) 1595, 1460, 1440, 1360,
1290, 1280, 1250, 1210, 1200, 1190, 1150, 1140, 1120,
1110, 1080, 1070, 1045, 1030, 1015, 970, 950, 930, 915,
900, 880, 830, 810, 750, 705, 680, 635, 610 cm21. 1H NMR



D. C. Craig et al. / Tetrahedron 57 (2001) 563±570 569

(600 MHz, CDCl3) d 1.15±1.28 (m, 3H, H4ax1H5ax1
H6ax), 1.35±1.43 (m, 3H, H7ax1H5 0), 1.46±1.48 (m, 1H,
H3 0a), 1.54±1.57 (m, 1H, H4 0a), 1.70±1.75 (m, 3H,
H5eq1H3 0b1H4 0b), 1.79±1.82 (m, 1H, H6eq), 2.02±2.10
(m, 2H, H3a1H7eq), 2.26±2.29 (m, 1H, H4eq), 2.45 (s, 3H,
ArCH3), 3.10 (d, J�12.0 Hz, 1H, H3), 3.26 (ddd, J�11.2,
10.3, 3.9 Hz, 1H, H7a), 3.60 (m, 1H, H6 0a), 3.78 (dd,
J�15.5, 11.2 Hz, 1H, H6 0b), 7.31 (d, J�8.2 Hz, 2H, ArH),
7.79 (d, J�8.2 Hz, 2H, ArH). Assignment was determined
with the aid of COSY and HSQC experiments. 13C NMR
(150.9 MHz, CDCl3) d 19.9 (C4 0), 22.1 (ArCH3), 24.4 (C6),
24.8 (C5 0), 25.5 (C5), 28.5 (C4), 32.0 (C7), 34.4 (C3 0), 45.3
(C3a), 62.2 (C6 0), 76.4 (C3), 82.0 (C7a), 103.8 (C2), 129.4
(ArCH), 130.3 (ArCH), 137.2 (Ar), 144.7 (Ar). Assignment
was determined with the aid of HSQC and HMBC experi-
ments. m/z 350 (M, ,1%), 195 (M2TolSO2, 100), 155
(TolSO2, 13), 91 (Tol, 53).

Further elution gave (2Rp, 3Sp, 3aSp, 7aSp)-decahydro-3-
(para-toluenesulfonyl)spiro[benzofuran-2(3H),2 0-[2H]pyran]
(14c) as colourless needles (0.09 g, 36%), mp 140±1438C.
(Found: C, 64.8%; H, 7.2%. C19H26O4S requires C, 65.1%;
H, 7.5%). nmax (paraf®n) 1595, 1440, 1355, 1340, 1315,
1305, 1290, 1270, 1250, 1205, 1145, 1135, 1080, 1070,
1045, 1030, 970, 945, 910, 895, 815, 805, 730, 710, 680,
620 cm21. 1H NMR (600 MHz, CDCl3) d 0.91±1.03 (m,
2H, H3 0a1H5 0a), 1.15 (qt, J�12.9, 3.8 Hz, 1H, H5ax),
1.27±1.39 (m, 4H, H6ax1H7ax1H4 0a1H5 0b), 1.45±1.49
(m, 1H, H3 0b), 1.65 (qt, J�13.4, 3.8 Hz, 1H, H4 0b), 1.81±
1.86 (m, 2H, H5eq and H6eq), 1.90 (dtd, J�12.6, 10.5,
3.2 Hz, 1H, H3a), 2.06 (qd, J�12.8, 3.6 Hz, 1H, H4ax),
2.14±2.18 (m, 1H, H7eq), 2.27±2.32 (m, 1H, H4eq), 2.45
(s, 3H, ArCH3), 3.57 (d, J�10.2 Hz, 1H, H3), 3.61 (ddt,
J�11.3, 4.9, 1.8 Hz, 1H, H6 0a), 3.82 (ddd, J�13.1, 11.3,
2.5 Hz, 1H, H6 0b), 3.85 (td, Jav 11.2, 3.9 Hz, 1H, H7a),
7.31 (d, J�8.2 Hz, 2H, ArH), 7.80 (d, J�8.2 Hz, 2H,
ArH). Assignment was determined with the aid of COSY
and HSQC experiments. 13C NMR (150.9 MHz, CDCl3) d
19.7 (C4 0), 22.0 (ArCH3), 24.3 (C6), 24.7 (C5 0), 26.3 (C4),
26.7 (C5), 31.6 (C7), 35.4 (C3 0), 48.7 (C3a), 62.0 (C6 0), 74.2
(C3), 80.6 (C7a), 104.4 (C2), 129.2 (ArCH), 129.7 (ArCH),
139.3 (Ar), 144.3 (Ar). Assignment was determined with the
aid of HSQC and HMBC experiments. m/z 350 (M, 1%),
195 (M2TolSO2, 100), 177 (M2TolSO2±H2O, 25), 155
(TolSO2, 17), 91 (Tol, 63).

1.1.8. Crystallography data for (2Rp,3Rp,3aSp,7aSp)-
decahydro-3-(para-toluenesulfonyl)-spiro[benzofuran-
2(3H),2 0-[2H]pyran] (14a). Crystal data: C19H26O4S, M
350.5, orthorhombic, space group Pbca, a�10.935(6),
b�18.613(6), c�17.608(7) AÊ , V�3584(3) AÊ 3, Dc�
1.30 g cm23, Z�8, mMo�1.90 cm21. Sample was an irregu-
lar fragment ca 0.1 mm radius, 2umax�508. The number of
re¯ections was 1534 considered observed out of 3145
unique data. Final residuals R, Rw were 0.042, 0.058 for
the observed data. Full details have been deposited at the
Cambridge Crystallographic Data Centre.

1.1.9. Crystallography data for (2Rp,3Sp,3aSp,7aSp)-deca-
hydro-3-(para-toluenesulfonyl)-spiro[benzofuran-2(3H),
2 0-[2H]pyran] (14c). Crystal data: C19H26O4S, M 350.5,
monoclinic, space group P21/c, a�8.200(5), b�11.328(3),
c�19.805(13) AÊ , b�104.87(3)8, V�1778(2) AÊ 3, Dc�

1.31 g cm23, Z�4, mMo�1.92 cm21. Sample was an irregu-
lar fragment ca 0.1 mm radius, 2umax�468. The number of
re¯ections was 1570 considered observed out of 2413
unique data, with Rmerge�0.010. Final residuals R, Rw

were 0.040, 0.055 for the observed data. Full details have
been deposited at the Cambridge Crystallographic Data
Centre.

1.1.10. 2-Methyl-4-(para-toluenesulfonyl)-1,6-dioxa-
spiro[4.5]decane (15). Treatment of 3,4-dihydro-6-[3 0-
hydroxy-1 0-(para-toluenesulfonyl)-1 0-butyl]-2H-pyran (13)
(0.25 g, 0.81 mmol) with conc. hydrochloric acid as
described for decahydro-3-(para-toluenesulfonyl)spiro-
[benzofuran-2(3H),2 0-[2H]pyran] (14) gave the title
compound (15) as a mixture of diastereoisomers.

Flash column chromatography (10% ethyl acetate/light
petroleum) of the crude product gave ®rst a mixture of
(2Rp,4Sp,5Sp)-2-methyl-4-(para-toluenesulfonyl)-1,6-dioxa-
spiro[4.5]decane (15a) and (2Rp,4Rp,5Rp)-2-methyl-4-
(para-toluenesulfonyl)-1,6-dioxaspiro[4.5]decane (15b) as
colourless prisms (0.05 g, 1.5:1 by comparison of the
a-sulfonyl proton signals at 3.65 (major) and 3.68 (minor)
ppm in the 1H NMR spectrum, 20%), mp 106±1098C.
(Found: C, 61.5%; H, 7.1%. C16H22O4S requires C,
61.9%; H, 7.1%). nmax (paraf®n) 1360, 1315, 1300, 1285,
1265, 1255, 1240, 1230, 1200, 1185, 1140, 1110, 1070,
1060, 1040, 985, 945, 880, 810, 730, 705, 680, 660, 645,
615 cm21. 1H NMR (600 MHz, CDCl3) d 1.28 (d, J�
6.3 Hz, 3H(minor), 1£RCH3), 1.33 (d, J�6.1 Hz,
3H(major), 1£RCH3), 1.47±1.52 (m, 1H(major)11H(minor),
2£H8a), 1.56±1.68 (m, 1H(major)11H(minor), 2£H8b),
1.69±1.74 (m, 1H(major)11H(minor), 2£H9a), 1.82 (ddd,
J�13.0, 8.9, 7.6 Hz, 1H(major), 1£H3a), 1.84±1.90 (m,
1H(major)11H(minor), 2£H9b), 2.00±2.05 (m, 2H
(minor), 1£H3a11£H10a), 2.07 (ddd, J�13.0, 8.9,
5.9 Hz, 1H(major), 1£H3b), 2.16±2.25 (m, 2H(major)1
1H(minor), 1£H10a12£H10b), 2.32 (ddd, J�13.8, 7.1,
2.5 Hz, 1H(minor), 1£H3b), 2.44 (s, 3H(major), 1£
ArCH3), 2.45 (s, 3H(minor), 1£ArCH3), 3.56±3.59 (m,
1H(major)11H(minor), 2£H7a), 3.65 (dd, J�8.9, 7.6 Hz,
1H(major), 1£H4), 3.68 (ddd, J�8.5, 2.5, 0.6 Hz,
1H(minor), 1£H4), 3.82 (ddd, J�12.7, 11.2, 2.6 Hz,
1H(major), 1£H7b), 3.92 (ddd, J�12.4, 11.3, 2.7 Hz,
1H(minor), 1£H7b), 4.08 (d of quintets, J�8.9, 6.0 Hz,
1H(major), 1£H2), 4.50 (quintet of dd, Jav�6.7, 1.6,
0.7 Hz, 1H(minor), 1£H2), 7.34 (d, J�8.5 Hz, 2H(major),
ArH), 7.36 (d, J�8.4 Hz, 2H(minor), ArH), 7.76 (d,
J�8.5 Hz, 2H(major), ArH), 7.78 (d, J�8.4 Hz,
2H(minor), ArH). Assignment was determined with the
aid of COSY and HSQC experiments. 13C NMR (150.9
MHz, CDCl3) d 19.8 (C9(major)), 20.0 (C9minor)), 20.3
(RCH3(major)), 22.0 (ArCH3(major1minor)), 23.4 (RCH3

(minor)), 25.4 (C8(major)), 25.5 (C8(minor)), 31.4
(C10(major)), 31.9 (C10(minor)), 34.9 (C3(minor)), 36.3
(C3(major)), 62.2 (C7(major1minor)), 72.1 (C2(major)),
72.8 (C4(minor)), 72.9 (C4(major)), 75.5 (C2(minor)),
106.3 (C5(major)), 106.5 (C5(minor)), 128.7 (ArCH(major)),
128.8 (ArCH(minor)), 130.2 (ArCH(major)), 130.3 (ArCH
(minor)), 136.8 (Ar(minor)), 137.4 (Ar(major)), 145.0 (Ar
(major)), 145.1 (Ar(minor)). Assignment was determined with
the aid of HSQC and HMBC experiments. m/z 310 (M, 3%),
256 (M23£H2O, 11), 155 (M2TolSO2, 83), 91 (Tol, 96).
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Further elution gave a mixture of (2Rp,4Rp,5Sp)-2-methyl-4-
(para-toluenesulfonyl)-1,6-dioxaspiro-[4.5]decane (15c)
and (2Rp,4Sp,5Rp)-2-methyl-4-(para-toluenesulfonyl)-1,6-
dioxaspiro[4.5]decane (15d) as colourless needles (0.15 g,
1.3:1 by comparison of the a-sulfonyl proton signals at 3.34
(minor) and 3.38 (major) ppm in the 1H NMR spectrum,
60%), mp 144±1468C. (Found: C, 61.7%; H, 7.1%.
C16H22O4S requires C, 61.9%; H, 7.1%). nmax (paraf®n)
1595, 1450, 1360, 1320, 1290, 1285, 1265, 1240, 1205,
1195, 1150, 1140, 1120, 1085, 1070, 1040, 1015, 970,
945, 900, 890, 870, 810, 730, 705, 670, 630 cm21. 1H
NMR (600 MHz, CDCl3) d 1.21 (d, J�6.2 Hz, 3H(major),
1£RCH3), 1.28 (d, J�6.2 Hz, 3H(minor), 1£RCH3), 1.44±
1.65 (m, 4H(major)14H(minor), 2£H8, 2£H9a12£H10a),
1.71±1.77 (m, 1H(major)11H(minor), 2£H9b), 1.80 (ddd,
J�12.7, 10.4, 5.9 Hz, 1H(major), 1£H3a), 2.02 (td, J�13.3,
4.8 Hz, 1H(major), 1£H10b), 2.12 (td, J�13.3, 4.8 Hz,
1H(minor), 1£H10b), 2.21 (td, J�12.1, 8.7 Hz,
1H(minor), 1£H3a), 2.34 (ddd, J�12.0, 7.7, 6.7 Hz,
1H(minor), 1£H3b), 2.44 (s, 3H(major)13H(minor), 2£
ArCH3), 2.64 (ddd, J�12.7, 8.8, 8.0 Hz, 1H(major), 1£
H3b), 3.34 (dd, J�12.2, 7.7 Hz, 1H(minor), 1£H4), 3.38
(dd, J�10.4, 8.8 Hz, 1H(major), 1£H4), 3.62±3.66 (m,
1H(major)11H(minor), 2£H7a), 3.73 (ddd, J�12.6, 11.1,
2.6 Hz, 1H(major), 1£H7b), 3.81 (ddd, J�12.7, 11.1, 2.5
Hz, 1H(minor), 1£H7b), 4.18 (d of quintets, J�8.7, 6.3 Hz,
1H(minor), 1£H2), 4.24 (d of quintets, J�8.1, 6.2 Hz,
1H(major), 1£H2), 7.32 (d(br), Jav�8.6 Hz, 2H(major)1
2H(minor), ArH), 7.79 (d, J�8.3 Hz, 2H(minor), ArH),
7.80 (d, J�8.4 Hz, 2H(major), ArH). Assignment was deter-
mined with the aid of COSY and HSQC experiments. 13C
NMR (150.9 MHz, CDCl3) d 20.2 (C9(major1minor)),
21.7 (RCH3(major)), 22.1 (ArCH3(major1minor)), 23.5
(RCH3(minor)), 25.0 (C8(major)), 25.2 (C8(minor)), 32.8
(C10(major)), 33.1 (C10(minor)), 33.8 (C3(major)), 34.3
(C3(minor)), 61.6 (C7(major1minor)), 71.1 (C4(major)),
71.9 (C2(major)), 72.0 (C4(minor)), 74.1 (C2(minor)),
104.3 (C5(minor)), 104.9 (C5(major)), 129.7 (ArCH(major1
minor)), 129.9 (ArCH(major1minor)), 137.0 (Ar(minor)),
137.2 (Ar(major)), 144.8 (Ar(minor)), 144.9 (Ar(major)).
Assignment was determined with the aid of HSQC and
HMBC experiments. m/z 310 (M, 1%), 155 (M2TolSO2,
44), 91 (Tol, 100).
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