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Trityl Antimonate-Catalyzed Sequential Reactions of Epoxides with Silylated
Nucleophiles. Rearrangement of Epoxides and C—C or C—O Bond Forming
Nucleophilic Reaction onto the Intermediate Carbonyl Compounds

Tsunehiro HARADA and Teruaki MUKATYAMA™
Department of Applied Chemistry, Faculty of Science, Science University of Tokyo, Kagurazaka, Shinjuku-ku, Tokyo 162
(Received October 1, 1992)

In the presence of a catalytic amount of trityl hexafluoroantimonate, sequential reactions of epoxides with
silylated nucleophiles, rearrangement of epoxides and C—-C or C-O bond forming nucleophilic reaction onto the
intermediate carbonyl compounds, proceed smoothly to afford the corresponding products in fairly good yields
by one-pot procedure. Trityl hexafluoroantimonate (5 mol %) efficiently promotes the above plural sequential

reactions.

B-Hydroxy ester units constitute important building
blocks of numerous natural products,’’ and these com-
pounds have generally been synthesized starting from
carbonyl or related compounds. On the other hands,
the preparation of ethers is conventionally accomplished
by coupling reactions of alkyl halides and sodium alk-
oxides,? however, formation of olefins from the halides
sometimes takes place under these basic conditions. Re-
cently, there have been reported several methods for
the preparation of ethers by reductive condensation re-
action from carbonyl or related compounds using tri-
alkylsilane and some Lewis acids, for example, iodotri-
methylsilane, TMSOT{, TrClOy4, and Znl,.» Here we
would like to report a one-pot catalytic synthesis of
the above-mentioned two types of compounds, §-hy-
droxy ester derivatives and several ethers, by way of
the TrSbFg-catalyzed sequential reactions of epoxides,
rearrangement of epoxides followed by the respective
nucleophilic reactions onto the initially formed carbon-
yl compounds with several silylated nucleophiles.

In the previous communications,® we have reported
that, in the presence of catalytic amounts of metal
halides and silver salts, fundamental synthetic reac-
tions such as esterification, glycosylation, the Friedel-
Crafts acylation, the Beckmann rearrangement, and
pinacol rearrangement proceed smoothly to give the
corresponding products in good yields. In order to ex-
pand the synthetic utility of these catalyst systems, new
sequential reactions using epoxides and silylated nu-
cleophiles were studied. Then, it was found that the
sequential reactions, rearrangement and reductive con-
densation of epoxides proceeded in the presence of a
catalytic amount of SbCls—AgSbFg or TrSbFg, as it has
been briefly reported in preliminary communication.”
We also found that the sequential reactions, rearrange-
ment of epoxides and addition reaction of ketene silyl
acetals onto the intermediate carbonyl compounds pro-
ceeded smoothly under the similar reaction conditions
to give G-hydroxy ester derivatives.

We now describe in full the results of our investigation
on the above-mentioned several types of sequential re-
actions promoted by a catalytic amount of antimony (V)
salt, and further application to the possible use of the

other silylated nucleophiles as allyltrimethylsilane, cya-
notrimethylsilane, and alkoxytrimethylsilane including
allyltributyltin.

Results and Discussion

One-Pot Reactions of Epoxides and Ketene Si-
lyl Acetals. First, the one-pot reaction of 7-oxabicy-
clo[4.1.0lheptane (1a) with 1-(#butyldimethylsiloxy)-
1-ethoxyethene (2a) was tried in several solvents us-
ing an antimony(V) salt. This salt is easily prepared
in situ from SbCl; and AgSbFg and was effective in
the catalytic Beckmann rearrangement®®*®) and pina-
col rearrangement,*? as a catalyst. It was found that
in the presence of the above catalyst (10 mol%) the se-
quential reactions proceeded smoothly at 15—20°Cin 1,
4-dioxane to afford ethyl 3-(¢-butyldimethylsiloxy)-3-cy-
clopentylbutanoate (3a) and 1-(¢#-butyldimethylsiloxy)-
2-chlorocyclohexane (4) in 46 and 19% yields, respec-
tively (Scheme 1). It is noted that only 1,4-dioxane
was a suitable solvent whereas the reaction did not pro-
ceed in CH,Cly, CH3CN,® toluene, THF, and ether.
The pathway of this method is postulated as shown in
Scheme 2. The catalyst is considered to promote two
sequential reactions; the rearrangement of epoxides and
addition reaction of the intermediate cyclopentanecarb-
aldehyde (5) with 2a.

Next, several Lewis acids and the amount of those
Lewis acids were examined by taking the above-men-
tioned reaction of la with 2a as a model (Table 1).
When the amount of SbCl;—AgSbFg was decreased from
10 to 2 mol%, the yield of the desired compound 3a
was 56%, though the yield of 4 decreased from 19 to
4% (Entries 1—3). When the combinations of SnCly
or TiCly and AgSbF¢ were employed as catalyst sys-
tems, 4 was also produced as a by-product. Only 4 was
produced and the desired 3a was not produced at all
when SbCl; was employed alone as a catalyst (Entry 9).
AgSbFg itself exhibited a rather good catalytic activity
and 3a was isolated in 40% yield (Entry 10). Next, tri-
phenylmethylium salts such as TrSbFg, TrSbClg, and
TrClO, were employed as catalysts in the above re-
action and the best result was obtained when la and
2a were added at once to the solution of a catalytic
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OTBDMS
SbCls - AGSbFg (10 mol %) OTBDMS
O O - G
OTBOMS COEt
1a et 2a 3a 4
1,4-Dioxane, 15-20 C,7 h Yield: 46% Yield: 19%
Scheme 1.
Table 1. Effect of Catalyst (Method A)
OTBDMS
2a OTBOMS cl
O *
1,4-Dioxane, 15-20 °C, 7 h CO:Et
ia 3a 4
Yield/%
Entry Catalyst (mol%) 3a 1
1 SbCls—AgSbFe (10) 46 19
2 SbCls—AgSbFe (5) 52 10
3 SbCls—AgSbFe (2) 56 4
4 SbCls—AgClO, 2) — —2)
5 SbCls—AgBF4 (2) — —2)
6 SbCls—AgOTf (2) — —=2)
7 TiCl,~AgSbFs (2) 51 —2)
8 SnCls~AgSbFs 2) 50 —2)
9 SbCls (10) — 23
10 AgSbFe (2) 40
11 BF3:0OEt» (10) —
12 PhsCSbFs (2) 55
13 Ph3CSbFs (5) 66
14 Ph3CSbFg (10) 42
15 PhsCClO, (10) —
16 Ph3CSbCls (10) — —2)
a) 4 was not isolated.
o TrSbFg (5 Mol %) Ph_ OTBDMS
ia ———— O—GHO — 3a /<]/Ph
Ph
OTBOMS Ph CQ:Me -
5 1b _< 2b 3b
OMe
Scheme 2. Tolene, -23 °C, 2h
Yield: 74 %

amount of TrSbF in 1,4-dioxane at 15—20°C (Method
A). Tt is noted that SbFg played an important role
as a counterion of the active catalyst in this reaction
(Table 1). Next, Method A was applied to the reaction
of trans-2,3-diphenyloxirane (1b) and 1-(¢-butyldimeth-
ylsiloxy)-1-methoxyethene (2b), but the reaction was
not effectively promoted. Then, another method was
investigated in which 1b was added to the solution of
a catalytic amount of TrSbFg in toluene at —23°C, and
after stirring for 1 h, 2b was added to the above reac-
tion mixture (Method B). It was found that the one-pot
reaction proceeded smoothly to afford methyl 3-(#bu-
tyldimethylsiloxy)-4,4-diphenylbutanoate (3b) in 74%
yield (Scheme 3).

Several examples of the present reaction are demon-
strated in Table 2. In all cases, the reaction proceeds

Scheme 3.

smoothly to give the corresponding products in mod-
erate yields. The results show that, in the case of the
substrates in which phenyl group or alkyl group mi-
grates, the products were obtained in fairly good yields
(Entries 1-—4). While, in the case of the substrates in
which hydrogen atom migrates, the products were ob-
tained below 50% yield (Entries 6, 7). An interesting
and unusual SB-hydroxy ester derivative (3d) having a
spiro unit, was also obtained by choosing a starting ep-
oxide (Entry 5). The facility of rearrangement of phenyl
group in the two geometric isomers 1b or 1c was not
varied, and the same results were obtained starting from
1b or 1c (Entry 3, 4). The Method A was successfully
applied to electron-rich epoxides with little steric hin-
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Table 2. One-Pot Synthesis of 3-Hydroxy Ester Derivatives from Eposides

Entry Substrate Nucleophile Product Method® Solvent Temperature/°C  Yield/%
OTBDMS

1 1a 2b O—<_ 3¢ A 1,4-Dioxane 15—20 73
CO,Me

la 2a 3a 1,4-Dioxane 15—20 66

3 1b 2b 3b B Toluene —23 74

o]
4 A\ e 2b 3b B Toluene —23 74
Ph Ph
CO,Me
[0}

5 O/_;O 1d 2b TBOMSO 3d B Toluene 0 50
CO,Me

6 ,/\k/tme 2b (\|\/( 3e A 1,4-Dioxane 15—20 48
OTBDMS

B Toluene —23 45

[o]
7 <:>L\1f 2b

: OTBDMS
CO,Me

a) Method A: Epoxides and nucleophile were added at once to the solution of the catalyst in 1,4-dioxane at 15—20°C. B:
First epoxide was added to the solution of the catalyst in toluene or CH2Cly at —23°C or 0°C, and after stirring for 1 h, a

nucleophile was added to the reaction mixture.

o TrSbFg (5 mol%) Ph o_>
pH Ph Ph: PH
Ph/\/OTMS, Et3SiH
1c 6a 7a
CHCL,0°C,2h
Yield: 87%
Scheme 4.

drance (Entries 1, 2, 6).

One-Pot Synthesis of Ethers from Epoxides.
The above results indicate that a catalytic amount of
TrSbFg would be effective for the sequential reactions
of epoxides. This method was applied to a one-pot
synthesis of ethers by treating cis-2,3-diphenyloxirane
(1c) with trimethyl(2-phenylethoxy)silane (6a). The
sequential reactions proceeded smoothly to afford 2,
2-diphenylethyl 2-phenylethyl ether (7a) in 87% yield
(Scheme 4). The catalyst is considered to promote the
two reactions; rearrangement of the epoxide and re-
ductive condensation of diphenylacetaldehyde (8) with
6a and triethylsilane. After screening detailed reaction
conditions, it was shown that by-product, 2-2-diphen-
ylethenyl 2-phenylethyl ether (9) was produced in 33%
yield when TrClO,4 was used as a catalyst, while 9 was
obtained as a main product when TMSOT{ was used as
a catalyst. Concerning the effect of solvent, CH,Cl, was
found to give the best result. While the rearrangement
of the epoxide was not smoothly promoted in CH3CN
or ether. After all, the best promotion of the above se-

quential reactions was achieved when the reaction was
carried out in CH3Cls in the presence of a catalytic
amount of TrSbFg (Table 3).8)

Several examples of the present reaction are demon-
strated in Table 4. Regardless of the type of the mi-
grating groups (phenyl group (Entries 1—7, 10, 11), al-
kyl group (Entries 8, 12), or hydrogen atom (Entries
9, 13)), the reaction proceeds smoothly to give the
corresponding products in good yields. Primary, sec-
ondary, and tertiary alkoxytrimethylsilanes are success-
fully employed in the present reaction. Among the re-
actions using the above silanes, (benzyloxy)trimethylsi-
lane, t-butoxytrimethylsilane, or (allyloxy)trimethylsi-
lane provides a convenient method for the preparation
of alcohols having synthetically useful protecting groups
(Entries 3, 5, 6). When alkoxysilane was not added
to the reaction mixture, a symmetrical ether (7b) was
produced in good yield (Entry 1, 7). Since epoxides are
starting materials of this new sequential procedure, the
preparations of ethers are successfully performed even
when the corresponding carbonyl compounds are un-
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Table 3. Effect of Catalyst and Solvent®

Ph Ph O
S e
Ph PhCH,CH,OTMS LPh OTMS EtsSH
8 \ Ph o—>
Ph: PH
9
-
Entry Catalyst (5 mol%) Solvent ———-—;7aYleld % 9
1 SbCls—AgSbFs CH:Cl, 60 —b)
2 SbCl5—AgClOy4 CH,Cl, 39 —b
3 Ph3CSbFsg CH.Cl, 87 2
4 Ph3CClO,4 CH:Cl, 47 33
5 TMSOTf CH:Cl, Trace 43
6 BF5-OEt, CH;Cl, — —b
7 Ph3CSbFs Toluene 65 —b
8 Ph3CSbFs CH3CN — —
9 Ph3CSbFg Ether — =

a) Reactions were carried out at 0°C for 2 h.

stable.

One-Pot Reaction of 2,3-Diphenyloxiranes
with Various Nucleophiles. In order to expand
the scope of effectiveness of the above-mentioned new
sequential reactions, one-pot reactions of 2,3-diphen-
yloxiranes with various nucleophiles were studied. As
shown in Scheme 5, three types of routes (A—C) were
considered to give the desired products, homoallyl alco-
hol, a-alkoxy nitrile, and 8-hydroxy ketone derivatives,
and it was found that the corresponding products were
obtained in fairly good yields by choosing the best con-
ditions for each nucleophile. Several examples of the
reactions are demonstrated in Table 5. Route A9 is
successfully applied to the reactions using allyltin or si-
lyl enol ethers as a nucleophile (Entries 3, 4, 10, 11, 12).
Route B'? is the best route for the one-pot synthesis of
ethers using epoxides, alkoxysilanes, and triethylsilane
(Entries 1, 2). Route C') is successfully applied to the
reactions using allylsilane or TMSCN as a nucleophile
(Entries 6, 8). Acetal (10e) is also obtained in 74%
yield by this one-pot procedure using 2,2 times molar
quantity of TMSOMe to the epoxide (Entry 9).!? It
is noted that in the case of the reactions using allyl-
silane or TMSCN as a nucleophile, TrSbFg (5 mol%)
efficiently promotes the three sequential reactions; that
is (1) rearrangement of an epoxide, (2) acetalization of
the initially formed 8, and (3) cyanation or allylation
of the formed acetal (10e).

It is concluded that in the presence of a catalytic
amount of TrSbFg, two types of sequential reactions;
(1) the reaction of epoxides with ketene silyl acetals,
(2) the reaction of epoxides with alkoxysilanes and tri-
ethylsilane, are promoted smoothly by one-pot proce-
dure. Furthermore, sequential reactions of epoxides, re-
arrangement of epoxides followed by acetalization onto

b) 9 was not isolated.

the initially formed carbonyl compound, or followed by
C-C bond forming reactions onto the initially formed
carbonyl or related compounds by way of allylation,
cyanation, or aldol reaction, have been achieved accord-
ing to the present one-pot procedure.

Experimental

General Procedures. All the melting points were
uncorrected. Infrared spectra were taken with a Hitachi
IR-215 or an Analect FX-6200 FT-IR spectrophotome-
ter. NMR spectra were recorded with a Hitachi R-90H,
a JEOL JNM-FX-200 or a JEOL JNM-GSX-400 spectrom-
eter. Chemical sifts are given as 6 values from tetrameth-
ylsilane as an internal standard. The following abbrevia-
tions are used; s=singlet, d=doublet, t=triplet, g=quartet,
dt=doublet triplet, dg=double quartet, ddt=double dou-
ble triplet, ddd=double double doublet, dddd =double dou-
ble double doublet, ddddd =double double double double
doublet. Mass spectra (EI) or (CI) were recorded with a
Finnigan Mat INCOS 50 or a JEOL JMS-HX 100 mass spec-
trometer. Microanalyses were performed on a Perkin—-Elmer
2400 C, H, N, analyzer, a Yokogawa IC-100 ion chromato-
graphic analyzer and a Hitachi Z-8000 atomic absorption
spectrophotometer. Preparative thin-layer chromatography
was carried out on Kieselgel 60 Fas4 (Merck). Silica Gel
60 K-230 (230—400 mesh) (Katayama) were used for flash
column chromatography.

Materials. TrSbFe,'® TrSbCls,'* and TrCl04'®
were prepared by the previously reported methods. trans-2,
3-diphenyloxirane (1b), 7-oxabicyclo[4.1.0]heptane (1a), 2-
phenyloxirane (1i), 2-hexyloxirane (1e), methoxytrimethyl-
silane, ethoxytrimethylsilane, (allyloxy)trimethylsilane were
commercially available and were purified by distillation or
recrystallization. cis-2,3-Diphenyloxirane (1c) and 2,2,3,3-
tetramethyloxirane (1h) were prepared by oxidation reac-
tion of the corresponding olefins with m-chloroperbenzoic
acid. 1-Oxaspiro[2.5]octane (1f) was prepared by the pre-
viously reported method.'® 11-Oxadispiro[4.0.4.1]undecane
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Table 4. One-Pot Synthesis of Ethers from Epoxides®

Entry Substrate R (ROTMS) Product Temperature/°C Time/h Yield/%
Ph [o]
1 1c — Ph 7b 0 2 85
Ph)_/ P_h>_
2 1c PR NS 7Ta 0 2 87
Ph 00—,
3 1c PN Ph)—’ Ph 7c 0 2 83
Ph Ph
Ph [o]
4 1c wl <. 7d 0 3 65
Ph
Me Me
Ph [o] M
5 lc Me—}— _.L: ° e 0 3 65
Me Ph
Ph o]
6 1c o~ ) 0 2 89
Ph
Ph [o]
7 1b — Vot _>—Ph 7b 0 2 84
Ph Ph
[o]
8b) la 7 15—20 2 73
PN\ O—/ ;,} g
o] [o]
9 OL\ f e~ (O~ ;} 7h 0 2 85
) Ph O Ph Ph OMe
C Ph . o .
10 Me)”(Me 1g Me ran RN ¢ 15—20 Overnight 88
Ph OEt
119 1g Et Ph 7j R.T. 48 49
Me Me
Me. O Me Me O—\_
Me Ph
12 N T L R s 7k 0 2 74
o . Ph Ph
13 <] L e~ /\o 71 0 2 31

a) Catalyst: PhgCSbFg (5 mol%). Solvent: CH2Cla.

b) The reaction was carried out in 1,4-dioxane. After addition

of epoxide and 6a to a solution of the catalyst, Et3SiH was added. ¢) MeOTMS was used 3 times molar quantity to

the epoxide.

(1d) and cis-2,3-diphenyl-2,3-dimethyloxirane (1g) were pre-
pared by reductive coupling reaction!” of the correspond-
ing ketones, followed by oxidation reaction of the produced
olefins with m-~chloroperbenzoic acid. Silyl enol ethers or
ketene silyl acetals were prepared by silylation of the corre-
sponding enolates of ketones or esters, and purified by dis-
tillation. Alkoxysilanes except for #-butoxytrimethylsilane
were prepared by treatment of the corresponding alcohols
with chlorotrimethylsilane and triethylamine, and purified

by distillation. ¢ Butoxytrimethylsilane was prepared by
treatment of ¢-butyl alcohol with chlorotrimethylsilane and
imidazole in DMF, and purified by distillation.
Preparation of 8-Hydroxy Ester Derivatives from
Epoxides. SbCls—AgSbF¢ as a Catalyst: A CHCl,
solution of 1.0 M (1 M=1 moldm™?) antimony(V) chloride
(0.05 ml, 0.05 mmol) was added to a solution of AgSbFg
(17.2 mg, 0.0501 mmol) in 1,4-dioxane (3.0 ml) under ice
cooling with the protection from the light. After stirring for
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[pn)_ ] Ph  OMe ] Ph  OMe
Pha=nePh PH MeOTMS Ph} o: T™S| MeOTMS Ph; :om
1b,c 10e
Nucleophile Nucigophile Nucleophile
Route A Route B Route C

Ph  OR!
PN R?
10a-f

R'=H, TBDMS, Ma.

R%= CHzCH=CHp, CN, CH,COMe, OMe, H

Scheme 5.

1 h, a 1,4-dioxane (1.5 ml) solution of 7-oxabicyclo[4.1.0]-
heptane (1a) (49.1 mg, 0.500 mmol) and 1-(¢butyldimeth-
ylsiloxy)-1-ethoxyethene (2a) (151.8 mg, 0.7500 mmol) was
added. After stirring for 7 h at 15—20°C, the mixture was
quenched with aqueous saturated NaHCOs. The organic
materials were extracted with CH2Clz, and combined ex-
tract was dried over Na2SO4 and evaporated in vacuo. The
residue was purified by flash column chromatography on sil-
ica gel (70:1 hexane—ethyl acetate as an eluent) to give 3a
(68.5 mg, 46%) and 1-(¢-butyldimethylsiloxy)-2-chlorocyclo-
hexane (4) (23.6 mg, 19%). IR, 'THNMR, and MS spectra
of 3a were identical with those of the authentic sample pre-
pared by Method A in Table 2.

1-(t-Butyldimethylsiloxy)-2-chlorocyclohexane (4).

IR (neat) 1010, 840, and 780 cm™'; "THNMR (CDCl3) 6=
0.08 (3H, s), 0.11 (3H, s), 0.90 (9H, s), 1.2—1.4 (3H, m),
1.6—1.8 (3H, m), 1.9—2.0 (1H, m), 2.1—2.3 (1H, m), 3.59
(1H, dt, J=3.9 and 7.8 Hz), 3.72 (1H, ddd, J=3.9, 7.8, and
8.8 Hz); MS m/z (rel intensity) 249 (M1 +1; 0.014), 247
(M*—1; 0.042), 235 (0.2), 233 (0.6), 193 (8), 191 (23), 125
(11), 123 (39), 93 (34), 91 (base peak), and 75 (23). Found:
C, 57.77; H, 10.28; Cl, 13.94%. Calcd for C12H250CISi: C,
57.92; H, 10.13; Cl, 14.25%.

TrSbFg as a Catalyst (Method A): A typical pro-
cedure is described for methyl 3-(¢-butyldimethylsiloxy)-3-
cyclopentylpropanoate (3c) from 7-oxabicyclo[4.1.0]heptane
(1a) using TrSbFe as a catalyst: Under an argon atmo-
sphere, a solution of 7-oxabicyclo[4.1.0]heptane (1a) (49.1
mg, 0.500 mmol) and 1-(¢butyldimethylsiloxy)-1-methoxy-
ethene (2b) (113 mg, 0.600 mmol) in 1,4-dioxane (1.5 ml)
was added to a solution of TrSbFe (12 mg, 0.025 mmol) in 1,
4-dioxane (3.0 ml) at 15—20°C. After stirring for 7 h, the re-
action was quenched with phosphate buffer (pH 7). The or-
ganic materials were extracted with CH2Clz, and combined
extract was separated and dried over NaSO4. The evapora-
tion of the solvent gave a crude product which was purified
by flash column chromatography on silica gel (70 : 1 hexane—
ethyl acetate as an eluent) to give 3¢ (104.1 mg, 73%). IR
(neat) 1740 cm™! (C=0); '"HNMR (CDCls) §=0.02 (3H,
s), 0.06 (3H, s), 0.87 (9H, s), 1.2—1.8 (8H, m), 1.9—2.1
(1H, m), 2.46 (2H, d, J=6.4 Hz, CH,CO,CHj), 3.66 (3H, s,
CO,CHjs), 4.05 (1H, m); MS m/z (rel intensity) 285 (Mt —1;
0.1), 271 (1.7), 255 (1.6), 229 (78), 197 (16), 89 (base peak),
73 (51), 59 (25), and 41 (14). Found: C, 62.72; H, 10.55%.
Caled for C15H3003Si: C, 62.89; H, 10.55%.

Physical properties of other products are presented:

Ethyl 3-(t-Butyldimethylsiloxy)-3-cyclopentylpro-
panoate (3a). IR (neat) 1740 cm™' (C=0); 'HNMR
(CDCl3) 6=0.03 (3H, s), 0.06 (3H, s), 0.87 (9H, s), 1.26 (3H,
t, J=7.3 Hz, CH,CHs), 1.3—1.8 (8H, m), 1.9—2.1 (1H, m),
2.44 (2H, d, J=5.7 Hz, CH,CO;Et), 4.0—4.15 (3H, m); MS
m/z (rel intensity) 299 (M1 —1; 0.04), 285 (0.7), 255 (2.4),
243 (48), 215 (21), 173 (21), 103 (31), 81 (36), 75 (base
peak), 59 (24), and 41 (23). Found: C, 64.01; H, 10.72%.
Calcd fOI‘ 016H3203Si: C, 63.95; H, 10.73%.

Methyl 3-(t-Butyldimethylsiloxy)decanoate (3e).
IR (neat) 1740 cm ™! (C=0); *HNMR (CDCl;) §=0.03 (3H,
s), 0.06 (3H, s), 0.86 (9H, s), 0.88 (3H, t, J=6.4 Hz), 1.2—
1.5 (12H, m), 2.43 (2H, d, J=6.4 Hz, CH,CO2Me), 3.66
(3H, s, CO2CHs), 4.0—4.1 (1H, m); MS m/z (rel intensity)
315 (M*—1; 0.1), 301 (1.3), 285 (0.8), 259 (63), 217 (12),
159 (12), 131 (14), 89 (base peak), 73 (35), 59 (16), and 41
(9). Found: C, 64.68; H, 11.70%. Calcd for C17H36038Si: C,
64.50; H, 11.46%.

TrSbFe as a Catalyst (Method B): A typical pro-
cedure is described for methyl 3-(¢#butyldimethylsiloxy)-4,4-
diphenylbutanoate (3b) from trans-2,3-diphenyloxirane (1b)
using TrSbF¢ as a catalyst: Under an argon atmosphere, a
solution of trans-2,3-diphenyloxirane (1b) (98.1 mg, 0.500
mmol) in toluene (1.5 ml) was added to a solution of TrSbFs
(12 mg, 0.025 mmol) in toluene (2.0 ml) at —23°C. After
stirring for 1 h, a solution of 1-(¢butyldimethylsiloxy)-1-
methoxyethene (2b) (113 mg, 0.600 mmol) in toluene (0.5
ml) was added to the reaction mixture. After stirring for
1 h, the reaction was quenched with phosphate buffer (pH
7). The organic layer was separated and dried over NazSO4.
The evaporation of the solvent gave a crude product which
was purified by preparative thin-layer chromatography on
silica gel (10:1 hexane-ethyl acetate as a developing sol-
vent) to give 3b (142.3 mg, 74%). IR (neat) 1740 cm™*
(C=0); "HNMR (CDCl3) §=-0.49 (3H, s), —0.07 (3H, s),
0.72 (9H, s), 2.44 (1H, dd, J=5.3 and 15.6 Hz, CH,CO2Me),
2.54 (1H, dd, J=5.3 and 15.6 Hz, CH>CO2Me), 3.61 (3H,
s, CO2CHs), 4.10 (1H, d, J=7.3 Hz, PhoCH), 4.7—4.9 (1H,
m), 7.1—7.4 (10H, m); MS m/z (rel intensity) 383 (M* —1;
0.1), 369 (0.9), 327 (46), 253 (11), 217 (42), 165 (12), 115
(30), 89 (91), 73 (base peak), 59 (37), and 41 (6). Found: C,
71.74; H, 8.41%. Calcd for C23H3203Si: C, 71.83; H, 8.39%.

Physical properties of other products are presented:

Methyl 6-(t-Butyldimethylsiloxy)spiro[4.5]decane-
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Table 5. One-Pot Reactions of 2,3-Diphenyloxirane and Various Nucleophiles®

Entry  Substrate Equiv (MeOTMS) Nucleophile Product Route  Yield/%
O Ph OMe
1 Ph/ \Ph 1c 1.2 Et3SiH Pl'l; 10a B 84
2 1c 2.2 Et3SiH 10a C 67
Ph OH
3 1c — CH,=CHCH,SnB 10b A 87
2 2003 phw
Ph OMe
" 1c 1.2 CHp=CHCHSnBu; X/ 10c B —
5 1c 1.2 CH2=CHCH:SiMe3 10c B 39
6 1c 2.2 CH,=CHCH:SiMe3 10c C 74
Ph OMe
7 1c 1.2 TMSCN Ph> (CN 10d B 51
8 1c 2.2 TMSCN 10d C 72
Ph OMe
9 1c 1.2 TMSOM > ( 10 74
€ Ph OMe ©
OTBDMS Ph OTBDMS
10 1c — 10f A 70
Me Ph COMe
QO Ph Ph OH
11 Ph/A‘ 1b — CH,=CHCH,SnBus Ph)——(_// 10b A 79
OTBDMS Ph OTBDMS
12 1b — 10f A 66
Me PhH—COMe

a) Reactions were carried out by Method B in Table 2.

6-acetate (3d). IR (neat) 1740 cm™! (C=0); 'HNMR
(CDCls) 6=0.03 (3H, s), 0.11 (3H, s), 0.87 (9H, s), 1.0—2.2
(16H, m), 2.54 (1H, d, J=13.7 Hz, CH,CO,Me), 2.78 (1H,
d, J=13.7 Hz, CH,CO:Me), 3.64 (3H, s, CO2CHs): MS m/z
(rel intensity) 325 (M —15; 0.9), 283 (base peak), 131 (39),
89 (57), 73 (37), 59 (14), and 41 (8). Found: C, 67.01; H,
10.82%. Calcd for C19H36035Si: C, 67.01; H, 10.65%.

Methyl 3- (t- Butyldimethylsiloxy)- 3- cyclohexyl-
propanoate (3f). IR (neat) 1740 cm™! (C=0); "HNMR
(CDCl3) §=0.01 (3H, s), 0.05 (3H, s), 0.87 (9H, s), 0.9—
1.8 (11H, m), 2.41 (2H, d, J=6.4 Hz, CH,CO,Me), 3.66
(3H, s, CO2CHs), 3.9—4.0 (1H, m); MS m/z (rel intensity)
299 (M*+—1; 0.1), 285 (1.8), 243 (base peak), 211 (14), 159
(14), 131 (21), 95 (39), 89 (88), 73 (56), 59 (37), and 41
(25). Found: C, 63.98; H, 10.94%. Calcd for C16H3203Si:
C, 63.95; H, 10.73%.

Preparation of Ethers from Epoxides. TrClO4

as a Catalyst:  TrCl (7.0 mg, 0.025 mmol) was added
to a CH2Cly (2.0 ml) solution of AgClO4 (5.2 mg, 0.025
mmol) under ice cooling with the protection from the light.
After stirring for 1 h, a CH2Cly (1.5 ml) solution of cis-2,3-
diphenyloxirane (1c) (98.1 mg, 0.50 mmol) was added. The
reaction mixture was stirred for 1 h. A CH:Cl; (0.5 ml)
solution of trimethyl(2-phenylethoxy)silane (6a) (117 mg,
0.602 mmol) was added to the mixture, followed by addtion
of a CH;Cl; solution of triethylsilane (64 mg, 0.55 mmol).
After stirring for 1 h, the reaction was quenched with phos-
phate buffer (pH 7). The organic layer was separated and
dryed over Na2SQOy4. The evaporation of the solvent gave a
crude product which was purified by preparative thin-layer
chromatography on silica gel (toluene as a developing sol-
vent) to afford 7a (76 mg, 50%) and 2,2-diphenylethenyl 2-
phenylethyl ether (9) (49 mg, 33%). IR, 'HNMR, MS spec-
tra of 7a were identical with those of the authentic sample



March, 1993]

prepared by the method in Table 4.

2,2-Diphenylethenyl 2-Phenylethyl Ether (9). IR
(neat) 1200, 1120, and 1020 cm™*; "H NMR (CDCl;3) 6=3.00
(2H, t, J=7.1 Hz), 4.13 (2H, t, J=7.1 Hz), 6.47 (1H, s), 7.1—
7.4 (15H, m); MS m/z (rel intensity) 300 (M¥; 4), 195 (2),
105 (base peak), 91 (3), and 77 (9). Found: C, 87.75; H,
6.76%. Calcd for C22H200: C, 87.96; H, 6.71%.

TrSbFe¢ as a Catalyst: A typical procedure is de-
scribed for 2-2-diphenylethyl 2-phenylethyl ether (7a) from
cis-2,3-diphenyloxirane (1c) using TrSbFe as a catalyst:
Under an argon atmosphere, a solution of cis-2,3-diphen-
yloxirane (1¢) (98.1 mg, 0.50 mmol) in CH2Cl; (1.5 ml)
was added to a solution of TrSbFs (12 mg, 0.025 mmol) in
CH:Cl; (2.0 ml) at 0°C. After stirring for 1 h, a solution of
trimethyl(2-phenylethoxy)silane (6a) (117 mg, 0.602 mmol)
in CH2Cl; (0.5 ml) was added, followed by addition of a so-
lution of triethylsilane (64 mg, 0.55 mmol) in CH2Clz (0.5
ml). After stirring for 1 h, the reaction was quenched with
phosphate buffer (pH 7). The organic layer was separated
and dried over Na2SO4. The evaporation of the solvent gave
a crude product which was purified by preparative thin-layer
chromatography (toluene as a developing solvent) to give Ta
(131 mg, 87%). IR (neat) 1100 cm™'; 'HNMR (CDCls)
§=2.83 (2H, t, J=7.1 Hz), 3.67 (2H, t, J=7.1 Hz), 3.97
(2H, d, J=7.2 Hz, PhoCHCH,), 4.27 (1H, t, J=7.2 Hz,
Ph,CHCH,;), 7.0—7.3 (15H, m); MS m/z (rel intensity) 301
(M*—1; 17), 197 (4), 181 (75), 167 (19), 105 (base peak),
91 (24), and 77 (12). Found: C, 87.20; H, 7.37%. Calcd for
Ca2H220: C, 87.38; H, 7.33%.

Physical properties of other products are presented:

Bis(2,2-diphenylethyl) Ether (7b). IR (neat)
1120 ecm™!; 'HNMR, (CDCl3) 6§=3.98 (4H, d, J=6.8 Hz,
Ph;CHCH,), 4.23 (2H, t, J=6.8 Hz, PhoCHCH,), 7.0—7.3
(20H, m); MS m/z (rel intensity) 379 (M*+1; 1.7), 197 (8),
181 (base peak), 167 (21), 154 (46), 137 (37), 119 (45), 103
(28), 91 (32), 77 (23), and 39 (13). Found: C, 88.68; H,
6.90%. Calcd for C2gHa60: C, 88.85; H, 6.92%.

2,2-Diphenylethyl Phenylmethyl Ether (7c). IR
(neat) 1100 cm™}; 'HNMR (CDCl3) 6=3.98 (2H, d, J=7.3
Hz, PhoCHCH,), 4.33 (1H, t, J=7.3 Hz, PhyCHCH>), 4.54
(2H, s, CH,Ph), 7.1—7.4 (15H, m); MS m/z (rel intensity)
288 (M™; 0.7), 167 (base peak), 152 (11), 91 (42), 77 (6), 65
(12), 51 (4), and 39 (4). Found: C, 87.23; H, 7.03%. Calcd
for C21Ho00: C, 87.46; H, 6.99%.

2,2-Diphenylethyl 1-Phenylethyl Ether (7d). IR
(neat) 1100 cm™!; 'HNMR (CDCl;) 6=1.36 (3H, d, J=6.6
Hz, CHs), 3.82 (2H, m, PhoCHCH3), 4.26 (1H, t, J=7.1 Hz,
Ph,CHCH,), 4.39 (1H, q, J=6.6 Hz, PhCHCH3), 7.1—7.4
(15H, m); MS m/z (rel intensity) 302 (M*; 0.2), 167 (base
peak), 105 (65), 91 (6), 77 (20), 65 (3), 51 (6), and 39 (4).
Found: C, 87.37; H, 7.40%. Calcd for Co2H220: C, 87.38;
H, 7.33%.

t-Butyl 2,2-Diphenylethyl Ether (7e). IR
(neat) 1080 cm™}; 'HNMR (CDCl3) 6=1.14 (9H, s), 3.87
(2H, d, J=6.8 Hz, Ph,CHCH,), 4.17 (1H, t, J=6.8 Hz,
Ph,CHCHy), 7.1—7.3 (10H, m); MS m/z (rel intensity) 254
(M™; 0.8), 196 (2), 181 (10), 167 (base peak), 152 (8), 103
(8), 77 (9), 57 (73), 51 (4), and 41 (17). Found: C, 84.87;
H, 8.77%. Calcd dor Ci1sH220: C, 84.99; H, 8.72%.

Allyl 2,2-Diphenylethyl Ether (7f). IR (neat)
1100 cm™!; 'HNMR (CDCl;) 6=3.96 (2H, d, J=7.3
Hz, Ph,CHCH:), 4.00 (2H, dt, J=5.4 and 1.5 Hz,
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OCH,CH=CH,), 4.29 (1H, t, J=7.3 Hz, Ph,CHCH,), 5.14
(1H, dq, J=9.5 and 1.5 Hz, OCH,CH=CHj,), 5.21 (1H, dq,
J=15.6 and 1.5 Hz, OCH,CH=CH>), 5.87 (1H, ddt, J=9.5,
5.4, and 15.6 Hz, OCH,CH=CH,), 7.1—7.4 (10H, m); MS
m/z (rel intensity) 239 (M™+1; 5), 197 (6), 181 (base peak),
167 (34), 103 (17), 91 (28), 77 (8), and 41 (22). Found: C,
85.71; H, 7.56%. Calcd for C17H150: C, 85.68; H, 7.61%.

Cyclopentylmethyl 2-Phenylethyl Ether (7g). IR
(neat) 1110 cm™'; 'HNMR (CDCls) é=1.1—1.3 (2H, m),
1.4—1.6 (4H, m), 1.6—1.8 (2H, m), 2.0—2.2 (1H, m), 2.88
(2H, t, J=7.3 Hz), 3.31 (2H, d, J=7.3 Hz, CsHoCH,0), 3.63
(2H, t, J=7.3 Hz), 7.1—7.3 (5H, m); MS m/z (rel intensity)
204 (M*; 0.7), 135 (0.1), 122 (1), 113 (2), 105 (15), 91 (16),
83 (base peak), 77 (12), 55 (55), and 41 (25). Found: C,
81.92; H, 10.11%. Calcd for C14H200: C, 82.30; H, 9.87%.

Cyclohexylmethyl 2-Phenylethyl Ether (7h). IR
(neat) 1120 cm™'; "HNMR (CDCls) 6=0.8—1.0 (2H, m),
1.1—1.4 (3H, m), 1.5—1.8 (6H, m), 2.88 (2H, t, J=7.3 Hz),
3.23 (2H, d, J=6.4 Hz, CeH1;CH,0), 3.61 (2H, t, J=7.3
Hz), 7.1—7.3 (5H, m); MS m/z (rel intensity) 218 (M1;
11), 127 (14), 113 (2), 105 (33), 97 (base peak), 91 (23), 77
(21), 55 (78), and 41 (26). Found: m/z 219.1731. Calcd for
Ci15H220: M+H, 219.1749.

1,2,2-Trimethylpropyl 2-Phenylethyl Ether (7k).
IR (neat) 1100 cm™!; 'HNMR (CDCl;) §=0.84 (9H, s),
1.03 (3H, d, J=6.3 Hz, CHCHs), 2.85 (2H, m), 2.98 (1H,
q, J=6.3 Hz, CHCH3), 3.4—3.5 (1H, m), 3.7—3.8 (1H, m),
7.1—7.3 (5H, m); MS m/z (rel intensity) 206 (M™; 0.7), 191
(0.1), 149 (56), 105 (base peak), 91 (13), 85 (34), 77 (25),
65 (6), 57 (18), 51 (6), and 43 (31). Found: m/z 207.1777.
Calcd for C14H220: M+H, 207.1749.

Methyl 1-Methyl-2,2-diphenylpropyl Ether (7i).
IR (neat) 1100 cm™'; '"HNMR (CDCl3) 6§=0.97 (3H, d,
J=6.1 Hz, CHsOCHCHj;), 1.66 (3H, s, Ph,CHCHs), 3.34
(3H, s), 4.05 (1H, q, J=6.1 Hz, CHsOCHCHs), 7.0—7.4
(10H, m); MS m/z 181 (M*+—59; 27), 165 (22), 103 (21),
91 (6), 77 (12), and 59 (base peak). Found: C, 84.80; H,
8.46%. Calcd for C17H200: C, 84.96; H, 8.39%.

Ethyl 1-Methyl-2,2-diphenylpropyl Ether (7j). IR
(neat) 1100 cm™?}; *HNMR, (CDCls) 6=0.99 (3H, d, J=6.4
Hz, CH;CH,OCHCHs), 1.11 (3H, t, J=7.2 Hz, OCH,CHs),
1.67 (3H, s, Ph,CHCHs), 3.2—3.4 (1H, m, CHsCH;O),
3.5—3.7 (1H, m, CHsCH;0), 4.10 (1H, q, J=6.4 Hz,
CH3CH,OCHCH3s), 7.0—7.4 (10H, m); MS m/z (rel inten-
sity) 253 (M* —1; 6), 239 (2), 209 (40), 181 (12), 105 (32),
91 (33), 73 (base peak), and 45 (67). Found: C, 84.80; H,
8.86%. Calcd for C18H220: C, 84.99; H, 8.72%.

Bis(2-phenylethyl) Ether (71). IR (neat) 1110 cm™";
IHNMR (CDCls) 6=2.88 (4H, t, J=7.1 Hz), 3.66 (4H, t,
J=17.1 Hz), 7.1—7.4 (10H, m); MS m/z (rel intensity) 226
(M*; 0.5), 135 (13), 105 (base peak), 91 (20), and 77 (18).
Found: m/z227.1436. Calcd for C16H150: M+H, 227.1394.

Methyl 2,2-Diphenylethyl Ether (10a). IR (neat)
1120 em™Y; 'HNMR (CDCls) 6=3.36 (3H, s, CHs), 3.92
(2H, d, J=17.3 Hz, CH,OCHs), 4.28 (1H, t, J=7.3 Hz,
PhoCHCH,); MS m/z (rel intensity) 213 (M*+1; 38), 181
(base peak), 167 (21), 135 (6), 91 (2), 85 (2), and 73 (4).
Found: C, 84.63; H, 7.61%. Calcd for C15H160: C, 84.87;
H, 7.60%.

Preparation of Homoallyl Alcohol Derivatives and
B-Hydroxy Carbonyl Compound from Epoxides
(Route A). A typical procedure is described for 1,1-
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diphenyl-4-penten-2-ol (10b) from cis-2,3-diphenyloxirane
(1c) using TrSbFg as a catalyst: Under an argon atmo-
sphere, a solution of cis-2,3-diphenyloxirane (1c) (98.1 mg,
0.500 mmol) in CH2Cl; (1.5 ml) was added to a solution of
TrSbFe (12 mg, 0.025 mmol) in CH2Cl; (2.0 ml) at 0°C.
After stirring for 1 h, a solution of allyltributyltin (173.8
mg, 0.5250 mmol) in CH;Cl; (0.5 ml) was added to the
mixture. After stirring for 1 h, the reaction was quenched
with phosphate buffer (pH 7). The organic layer was sepa-
rated and dried over NasSO4. The evaporation of the sol-
vent gave a crude product which was purified by preparative
thin-layer chromatography on silica gel (15:1 hexane—ethyl
acetate as a developing solvent) to give 10b (100 mg, 84%).
IR (neat) 3560, 3450 (OH), 1640, 1600, 1500, 1450, 1060,
and 910 cm™!; 'HNMR (CDCl;3) §=1.74 (1H, d, J=3.5
Hz, OH), 2.13 (1H, ddddd, J=14.2, 8.0, 7.8, 1.5, and 1.2
Hz, CH,=CHCH), 2.32 (1H, ddddd, J=14.2, 6.4, 3.7, 1.5,
and 1.2 Hz, CH,=CHCH,), 3.92 (1H, d, J=8.5 Hz, PhoCH),
4.43 (1H, dddd, J=8.5, 8.0, 3.7, and 3.5 Hz, CHOH), 5.07
(1H, dddd, J=17.1, 2.2, 1.5, and 1.2 Hz, CH,=CHCH3), 5.12
(1H, dddd, J=10.5, 2.2, 1.5, and 1.2 Hz, CH,=CHCHs,), 5.90
(1H, dddd, J=17.1, 10.5, 7.8, and 6.4 Hz, CH,=CHCHa),
7.1—7.2 (10H, m); MS m/z (rel intensity) 238 (M™; 0.1),
220 (0.2), 197 (5), 168 (base peak), 152 (15), 105 (13), 91
(18), and 77 (10). Found: C, 85.39; H, 7.62%. Calcd for
Cl7H180: C, 85.68; H, 7.61%.

Physical properties of other products are presented:

5,5-Diphenyl-4-methoxy-1-pentene (10c). IR
(neat) 1100 cm™!; 'HNMR (CDCl3) §=2.17 (1H, ddddd,
J=14.6, 7.1, 5.1, 1.5, and 1.2 Hz, CH,CH=CH,), 2.34 (1H,
ddddd, J=14.6, 7.0, 5.1, 1.5, and 1.2 Hz, CH,CH=CH,),
3.23 (3H, s, CHs), 3.95 (1H, dt, J=8.3 and 5.1 Hgz,
CHOCH3), 4.02 (1H, 4, J=8.3 Hz, PhyCH), 4.99 (1H, dddd,
J=17.1,1.9, 1.5, and 1.2 Hz, CH,CH=CH), 5.07 (1H, dddd,
J=10.1,1.9, 1.5, and 1.2 Hz, CH,CH=CH>), 5.87 (1H, dddd,
J=17.1, 10.1, 7.1, and 7.0 Hz, CH,CH=CH2); MS m/z (rel
intensity) 251 (M*—1; 0.02), 220 (0.08), 211 (11), 167 (13),
165 (18), 105 (8), 91 (7), 85 (base peak), 77 (6), and 55 (23).
Found: C, 85.55; H, 7.99%. Calcd for C18H200: C, 85.67;
H, 7.99%.

4- (- Butyldimethylsiloxy)- 5, 5- diphenyl- 2- pen-
tanone (10f). IR (neat) 1720 cm™' (C=0); 'HNMR
(CDCl3) 6=-0.48 (3H, s), —0.11 (3H, s), 0.71 (9H, s), 1.97
(3H, s, COCHs), 2.62 (2H, d, J=5.9 Hz, CH,COCH3), 4.03
(1H,d, J=6.4 Hz, Ph,CH), 4.8—5.0 (1H, m), 7.1—7.4 (10H,
m); MS m/z (rel intensity) 353 (Mt —15; 0.1), 311 (6), 253
(12), 201 (22), 165 (17), 129 (17), 115 (base peak), 75 (44),
59 (5), and 43 (12). Found: C, 75.12; H, 8.88%. Calcd for
Cz3H3202$i: C, 74.95; H7 8.75%.

Preparation of a-Alkoxy Nitriles from Epoxides
(Route B). A typical procedure is described for 2-meth-
oxy-3,3-diphenylpropanenitrile (10d) from cis-2,3-diphenyl-
oxirane (1c) using TrSbFs as a catalyst: Under an argon
atmosphere, a solution of cis-2,3-diphenyloxirane (1c) (98.1
mg, 0.500 mmol) in CH2Cl2 (1.5 ml) was added to a solu-
tion of TrSbF¢ (12 mg, 0.025 mol%) in CH2Cls (2.0 ml) at
0°C. After stirring for 1 h, methoxytrimethylsilane (0.083
ml, 0.60 mmol) was added, followed by addition of a so-
lution of trimethylsilyl cyanide (59.5 mg, 0.600 mmol) in
CH;Clz (0.5 ml). After stirring for 1 h, the reaction was
quenched with phosphate buffer (pH 7). The organic layer
was separated and dried over NasSO4. The evaporation

[Vol. 66, No. 3

of the solvent gave a crude product which was purified by
preparative thin-layer chromatography on silica gel (10:1
hexane—ethyl acetate as a developing solvent) to afford 10d
(60.1 mg, 51%). IR (neat) 2240 (CN), 1600, 1500, 1450, and
1120 cm™!; YTHNMR (CDCl3) 6=3.51 (3H, s, OCHj), 4.40
(1H, d, J=7.8 Hz), 4.67 (1H, d, J=7.8 Hz), 7.1—7.4 (10H,
m); MS m/z (rel intensity) 237 (M*; 0.06), 167 (base peak),
and 152 (16). Found: C, 80.70; H, 6.29; N, 5.53%. Calcd
for C16H15NO: C, 80.99; H, 6.37; N, 5.90%.

Preparation of Acetals from Epoxides. (2,2-
Dimethoxy-1-phenylethyl)benzene (10e). Under an
argon atmosphere, a solution of cis-2,3-diphenyloxirane (1c)
(98.1 mg, 0.500 mmol) in CHzCl2 (1.5 ml) was added to a
solution of TrSbF¢ (12 mg, 0.025 mmol) in CH2Clz (2.0 ml)
at 0°C. After stirring for 1 h, methoxytrimethylsilane (0.15
ml, 1.1 mmol) was added to the mixture. After stirring for
1 h, the reaction was quenched with phosphate buffer (pH
7). The organic layer was separated and dried over a 1:1
mixture of NasCO3 and NazSO4. The evaporation of the
solvent gave a crude product which was purified by prepar-
ative thin-layer chromatography on silica gel (25: 2 hexane—
ethyl acetate as a developing solvent) to afford 10e (90.1
mg, 74%). IR (neat) 1600, 1500, 1450, 1190, 1080, 1060,
and 1120 cm™?!; 'HNMR (CDCls) §=3.30 (6H, s, OCHzs),
4.23 (1H, d, J=7.8 Hz), 4.99 (1H, d, J=7.8 Hz), 7.1—7.4
(10H, m); MS m/z (rel intensity) 211 (M* —15; 0.1), 165
(16), 152 (6), 75 (base peak), and 47 (22). Found: C, 79.31;
H, 7.49%. Calcd for Cl6H18023 C, 79.36; 7.46%.
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