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Summary

The zinc chloride-catalyzed reaction of oxetane with methylthiotrimetayl-
silane yields (8-chloropropoxy)trimethylsilane (minor) and (3-methylthio-
propoxy)trimethylsilane (major). Similar results have been obtained with
2-methyloxetane, 3,3-dimethyloxetane and 2,2-dimethyloxetane. These results
have been interpreted in terms of competing Sy 1 and Sy 2 processes.

Organosilicon compounds have increasingly been utilized as reagents in
organic synthesis. The zinc chloride-catalyzed reaction of methylthiotrimethyl-
silane with ethylene oxide and oxetane yields (2-methylthioethoxy)trimethyl-
silane and (3-methylthiopropoxy)trimethylsilane, respectively [1]. Closely
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related synthetically useful reactions have recently been reported. Specifically,
the combination of methylthiotrimethylsilane, zinc iodide and tetra-n-butyl-
ammonium iodide has proved valuable for the cleavage of methyl ethers to yield
alkoxytrimethylsilanes and dimethyl sulfide [2]. Unlike trimethylsilyl iodide, this
combination of reagents neither results in the competitive formation of alkyl
iodides nor the cleavage of esters [ 3]. The regiospecific reaction of S-trimethyl-
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silyl derivative of glutathione dimethyl ester N-trifluoroacetamide with methyl-
E . 5,6-epoxy-E.E,Z,Z-7,9,11,14-eicosatetraenoate is a key step in the synthesis
of A-Leukofriene [4].

With the goal of understanding the mechanism of this ether cleavage reaction,
we have studied the zinc chloride-catalyzed reactions of methylthiotrimethyl-
silane with oxetane, 2-methyloxetane, 3,3-dimethyloxetane and 2,2-dimethyl-
oxetane.

We have found that oxetane reacts with methylthiotrimethylsilane and dry
zinc chloride at 80°C to give (3-methylthiopropoxy)trimethylsilane (568%) and
(8-chloropropoxy )trimethylsilane (4%). The formation of (3-chloropropoxy)-
trimethylsilane in this reaction has not been previously observed [1]. This is not
an isolated observation, but rather the formation of (3-chloroalkoxy )trimethyl-
silanes is observed with all the oxetanes we have studied with the exception of
2,2-dimethyloxetane. Therefore, 3,3-dimethyloxetane undergoes zinc chloride-
catalyzed reaction with methylthiotrimethylsilane to yield (8-methyithio-2,2-
dimethylpropoxy)trimethylsilane (66%) and (3-chloro-2,2-dimethylpropoxy)-
trimethylsilane (16%).
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Before attempting to interpret these experiments, there are several additional
pieces of information which we have obtained which should be considered.
First, methylthiotrimethylsilane does not react with oxetane in the absence of
zine chloride. Second, methylthiotrimethylsilane reacts with zinc chloride to
yield trimethylchlorosilane and bis(methylthio)zinc. Third, bis(methylthio)zinc
does not react with (3-chloro-2,2-dimethylpropoxy )irimethylsilane.

2 (CH,)sSi—SCHj; + ZnCl, » 2 (CH;);3SiCl + (CH;S),Zn

Fourth, bis(methylthio)zinc, which is only slightly soluble under the reaction
conditions, is a catalyst for the reaction of methylthiotrimethylsilane and
oxetanes.

On the basis of this data, one might suggest the following sequence of events.
Zinc chloride first reacts with methylthiotrimethylsilane to yield trimethyl-
chlorosilane and bis(methylthio)zinc. The trimethylchlorosilane thus formed
reacts with oxetane to yield (3-chloropropoxy)trimethylsilane. There are
numerous examples of the cleavage of epoxides and oxetanes by chlorosilanes
[{5—8]. Finally, the (3-chloropropoxy)trimethylsilane might react with methyl-
thiotrimethylsilane to yield (3-methylthiopropoxy)trimethylsilane and regener-
ate the trimethylchlorosilane. Unfortunately, control experiments with (3-chlo-
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ro-1-methylpropoxy)trimethylsilane have shown that this final step does not
occur. Therefore, the formation of (3-methylthiopropoxy)trimethylsilane does
not involve prior formation of (8-chloropropoxy)trimethylsilane. While a smail
amount of (3-chloropropoxy)trimethylsilane is undoubtedly formed by reaction
of trimethylchlorosilane and oxetane, this process can not be important since
only a catalytic amount of zinc chloride is used.

Given this information, a possible alternative mechanism for zinc chloride or
bis(methylthio)zinc catalysis might involve coordination of zinc chloride, a
borderline hard-soft Lewis acid [9], to the sulfur atom of methylthiotrimethyl-
silane. Nucleophilic attack by 2 lone pair of electrons of the oxygen of oxetane
on this complex would yield a trimethylsilyl-substituted oxonium cation—
methylthiozinc dichloride anion pair. Nucleophilic attack by the zinc-coordi-
nated methylthio anion on an a-carbon of the trimethylsilyl-substituted oxo-
nium cation would lead to (3-methylthiopropoxy)trimethylsilane, while nucleo-
philic attack by zinc-coordinated chloride anion would form (3-chloropropoxy)-
trimethylsilane. The fact that 3,3-dimethyloxetane leads cleanly to (3-methyl-
thio-2,2-dimethylpropoxy)trimethylsilane and (3-chloro-2,2-dimethylpropoxy)-
trimethylsilane is consistent with this interpretation since any Sy1-type opening
of the trimethylsilyl-substituted oxonium cation would lead to an unstable pri-
mary carbonium ion which would be expected to rapidly undergo a neopentyl-
type rearrangement to form a stable tertiary carbonium ion by way of 1,2-
Wagner-Meerwein shift of a methyl group [10]. No neopentyl-type rearrange-
ment products are observed.
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2-Methyloxetane undergoes zinc chloride-catalyzed reaction with methylthio-
trimethylsilane to yield (4-methylthio-2-butoxy )trimethylsilane (59%),
(3-methylthiobutoxy)trimethylsilane (8.4%) as well as (3-chlorobutoxy)tri-
methylsilane (6%) and (4-chloro-2-butoxy)trimethylsilane (3%). These results
are consistent with the above mechanistic interpretation if the zinc-coordinated
methylthio anion has a greater selectivity for nucleophilic attack at a primary
a-carbon compared to a secondary a-carbon of the trimethylsilyl-substituted
oxonium cation than does the zinc-coordinated chloride anion.

Alternatively, the secondary sulfide and secondary chloride products may
result from competitive Sy1 cleavage of the trimethylsilyl-substituted oxonium
cation to yleld secondary carbonium ion. This pathway may be favored for the
chloride anion which is a weaker nucleophile than methylthio anion [11].
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The reaction of 2,2-dimethyloxetane with methylthiotrimethylsilane and
zinc chloride at 70°C yields (3-methylbut-3-en-1-oxy)trimethylsilane (29%),
(4-methylthio-2-methyl-2-butoxy)trimethylsilane (13%), and (3-methylthio-3-
methylbutoxy)trimethylsilane (16%). Similar results were obtained at 50°C.
These results are consistent with competitive Sy1 and Sy2 processes. (4-Methyi-
thio-2-methyl-2-butoxy)trimethylsilane results from Sy2 nucleophilic attack by
the zinc-coordinated methylthio anion on the primary a-carbon of the tri-
methylsilyl-substituted oxonium cation. An Sy1 cleavage of the trimethylsilyl-
substituted oxonium cation yields a tertiary carbonium ion which reacts with
the zinc-coordinated methylthio anion to yield (3-trimethylthio-3-methylbutoxy)-
trimethylsilane. Loss of methyl thiol under the reaction conditions from this
latter product yields (3-methylbut-3-en-1-oxy)trimethylsilane. At higher tem-
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perature (4-methylthio-2-methyl-Z-butoxy)trimethylsilane loses trimethylsilanol,
isolated as hexamethyldisiloxane, to yield 2-methylthio-3-methyl-2-butene. We
believe our results are consistent with the hypothesis that these oxetane cleavage
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reactions occur by way of trimethylsilyl-substituted oxonium cation-methylthio-
zinc dichloride anion pairs. These concepts may prove useful in predicting the
regiospecificity of such reactions. :

Experimental

All reactions were carried out under an atmosphere of prepurified nitrogen.
NMR spectra were obtained on a Varian XL-100 spectrometer using 1% solu-
tions in deuterochloroform. Chloroform was used as an internal standard. IR
spectra were obtained on a Perkin—Elmer 281 instrument. IR bands were
calibrated against known bands of a polystyrene film. Mass spectra were ob-
tained on a Hewlett—Packard 5985 GC-MS instrument. A 6’ X 1/4” 5% OV-101
column was used in the gas chromatograph. GLPC analysis was performed on a
Hewlett—Packard F&M 700 using a 28' X 1/4" 20% SE-30 on 60/80 mesh
Chromosorb W column. Yields were calculated by GLPC using n-decane or
n-hexadecane as internal standards. Elemental analyses were obtained from
Galbraith Laboratories, Knoxville, TN. Starting materials and some products
are known compounds. They had spectra in complete agreement with literature
values. In those cases where spectral properties are not known, we have reported
these values.

Methylthiotrimethylsilane was prepared by the method of Allred [12].
Oxetane, 2-methyloxetane and 3,3-dimethyloxetane were obtained from Ald-
rich. 2,2-Dimethyloxetane was prepared from 4-bromo-2-methyl-2-butanol [13]
and tributylmethoxytin [14].

Reaction of oxetane with methylthiotrimethylsilane and zinc chloride

The general procedure described below was used for all of the reactions. A
few crystals of zinc chloride (anhydrous) were placed in a glass tube of approxi-
mately 2 ml volume and heated to 120°C under vacuum for 3 h. After this, the
tube was filled with nitrogen, oxetane (568 mg, 1.0 mmol), methylthiotrimethyl-
silane (177 mg, 1.5 mmol), n-dodecane (68 mg) and 1 ml of 1,2-dichloro-
ethane were added. The mixture was degassed by three ““freeze and thaw’ cycles.
The tube was sealed and then heated to 80°C for 20 h. After the mixture had
cooled to room temperature, the finely divided precipitate was separated by
centrifugation. GLPC analysis of the liquid indicated the formation of (3-methyl-
thiopropoxy)trimethylsilane [1] (68%) and (3-chloropropoxy )trimethylsilane
{(4%).

(3-Chloropropoxy)trimethylsilane had the following spectral properties:
NMR: 6 3.64 (t, 2H, J = 6 Hz), 83.56 (t, 2H, J = 6 Hz), 1.88 (qgint, 2H, J = 6 Hz),
0.11 (s, 9H). IR »(Si—0—C) 1110 cm !. MS M* — 15, 151 (30.2%), 153 (10.9%);
CI(CH,),SiOCH," 123 (68.8%), 125 (24.8%), (CH;),Si* OCH=CH, 115 (33.4%),
(CH;),SiOCH, 103 (10.7%), (CH;),Si*Cl 93 (100.0%), 95 (38.0%), (CH;),Si*OH
75 (5.7%), (CH;);81i* 73 (25.2%). These mass spectral results are consistent with
those reported by McCloskey [15]. An authentic sample prepared by reaction
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of 3-chloropropano! (Aldrich) with trimethylchlorosilane in pyridine had iden-
tical spectral and GLPC properties.

The reaction of 3,3-dimethyloxetane with methylthiotrimethylsilane and zinc
chloride

A mixture of 1 ml 1,2-dichloroethane, 158 mg (1.3 mmol) methylthiotri-
methylsilane, 114 mg (1.3 mmol) 3,3-dimethyloxetane, 839 mg n-hexadecane
and a few crystals of zinc chloride was heated to 90°C for 16.5 h in a sealed
tube. GLPC analysis showed the production of (3-methylthio-2,2-dimethyl-
propoxy)trimethylsilane and (3-chloro-2,2-dimethylpropoxy)trimethylsilane in
66% and 16% yields respectively.

(3-Methylthio-2,2-dimethylpropoxy)trimethylsilane had the following spec-
tral properties: NMR 8 3.30 (s, 2H), 2.47 (s, 2H), 2.11 (s, 3H), 0.91 (s, 6H),
0.09 (s, 9H). IR »(Si—O—C) = 1100 cm™!' . MS M* 205 (7.6%), M* — 15 191
(4.9%), M+ — 15 — CH,SH 143 (41%), CH3;SCH,(CH;),C=CH" 116 (21.6%),
CH,SSi(CH3)," 105 (20.1%), (CH3)3SiOCH,” 103 (33.2%), CH3SCH,(CHj;),-
C=CH*— 15 101 (24.6%), (CH3),Si*OH 75 (61.5%), (CH3);Si* 73 (100%).
Anal. found: C, 52.29; H, 10.66. caled. for CgH,,0S88i: C, 52.37; H, 10.74%.

(3-Chloro-2,2-dimethylpropoxy)trimethylsilane had the following spectral
properties. NMR 6 3.40 (s, 2H), 3.32 (s, 2H), 0.91 (s, 6H), 0.08 (s, 9H) MS
M*—15 179 (13.3%), 181 (4.4%), CI(CH;).SiOCH,CH," 137 (24.0%), 139
(8.7%), C1(CH,),SiO*=CH, 123 (20.9%), 125 (7.6%), (CH;);SiOCH," 103
(55.6%), (CH3),Si*Cl 93 (46.7%), 95 (19.8%), (CH,),Si*OH 75 (23.8%),
(CH5);Si* 73 (100.0%). IR v(Si—0—C) 1103 c¢m™!. An authentic sample was
prepared by reaction of 3-chloro-2,2-dimethyl-1-propanol [16] and trimethyl-
chlorosilane in the presence of pyridine. It had identical spectral properties and
GLPC retention time.

Reaction of 2-methyloxetane with methylthiotrimethylsilane and zinc chloride

A mixture of 1 ml 1,2-dichloroethane, 101 mg (1.4 mmol) 2-methyloxetane,
169 mg (1.4 mmol) methylthiotrimethylsilane, 75 mg n-hexadecane and a few
crystals of zinc chloride was heated to 90°C for 21 hours in a sealed tube.
GLPC analysis of the reaction mixture showed the formation of a 7 : 1 mixture
of (4-methylthio-2-butoxy)trimethylsilane and (3-methylthiobutoxy )trimethyl-
silane in 67% combined yield and a 2 : 1 mixture of (3-chlorobutoxy)trimethyl-
silane and (4-chloro-2-butoxy)trimethylsilane in 9% combined yield. These iso-
mers could not be separated by GLPC, but were analyzed by NMR.

(4-Methylthio-2-butoxy )trimethylsilane. NMR § 3.87 (m, 1H, J = 6 Hz), 2.49
(t, 2H, J =7 Hz), 2.07 (s, 3H), 1.81—1.53 (m, 2H), 1.13 (d, 3H, J=3.6 Hz, 0.09
(s, 9H).

(3-Methylthiobutoxy)trimethylsilane. NMR § 3.66 (t, 2H, J = 6 Hz), 2.50 (m,
1H), 1.80 (s, 3H), 1.81—1.53 (m, 2H), 1.26 (d, 3H, J = 7 Hz), 0.08 (s, 9H). The
7 : 1 mixture of (4-methylthio-2-butoxy)trimethylsilane and (3-methylthio-
butoxy)trimethylsilane had the following properties: MS: M* 192 (8.2%), 194
(0.6%); M*— 15 177 (15.7%), 179 (1.4%), CH3S(CH;),SiO(CH;)CH™ 149 (5.3%).
151 (0.5%), M* — CH;3SH 144 (25.3%), (CH;5);SiO(CH;)CHCH," 129
(31.4%), (CH,)3SiO(CH;)CH" 117 (25.5%), CH3S(CH;),Si* 105 (34.6%), 107
(3.1%), (M — 15) — (CH,),Si"OH 102 (76.3%), 104 (5.1%), (M —15) —
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(CH,),SiOH) — 15 87 (48.4%), 89 (3.9%), (CH,),Si"OH 75 (64.2%), (CH,),Si"
73 (100.0%), IR v(Si—O—C) 1080 cm™!. Anal. found: C, 49.68; H, 10.54; calcd.
for CzH,,088Si: C, 49.94; H, 10.48%.

(4-Chloro-2-butoxy jtrimethylsilane. NMR & 3.97 (sext. 1H, J = 6 Hz), 3.54
(t, 2H, J = 6 Hz), 1.80 (quart, 2H, J = 6 Hz), 1.15 (d, 3H,J = 6 Hz), 0.13 (s, 9H).

(3-Chlorobutoxy )trimethylsilanie. NMR 8§ 4.10 (sext, 1H, J = 6 Hz), 3.71 (¢,
2H, J =6 Hz), 1.80 (quart, 2H, 6 Hz), 1.52 (d, 3H, J = 6 Hz), 0.11 (s, 9H). The
1 : 2 mixture of (4-chlorobutoxy)trimethylsilane and (3-chlorobutoxy)tri-
methylsilane had the following properties: MS M — 15 165 (18.7%), 167
(2.7%), (CH;),CISiIOCH,CH," and (CH,),CISiO(CH;)CH" 137 (38.3%), 139
(10.3%), (CH;),CISiOCH," 123 (66.3%), 125 (24.7%), (CH,;),CISi" 93 (100%),
95 (41.3%), (CH,),Si"OH 75 (34%), (CH;)58i* 73 (86.1%). IR v(Si—0—C)
1090 cm ™. An authentic sample of (4-chlorc-2-butoxy)trimethylsilane was pre-
pared by reaction of 4-chloro-2-butanol and trimethylchlorosilane in pyridine, it

had spectral properties in agreement with the above values.
4-Chloro-2-butanol was prepared by reduction of 4-chloro-2-butanone with

NaBH, in MeOH [17]. \

Reactions of 2,2-dimethyloxetane with methylthiotrimethylsilane and zinc
chloride

A) A mixture of 1 ml 1,2-dichloroethane, 170 mg (1.4 mmol) methylthiotri-
methylsilane, 120 mg (1.4 mmol) 2,2-dimethyloxetane, 36 mg n-decane and a
few crystals of zinc chloride was heated to 90°C for 24 h in a sealed tube. GLPC
analysis of the reaction mixture showed the formation of 2-methylthio-3-methyl-
2-butene in 36% yield [18] and hexamethyldisiloxane in 28% yield.

B) A mixture of 0.7 ml 1,2-dichloromethane, 116 mg (1 mmol) methylthio-
trimethylsilane, 83 mg (1 mmol) 2,2-dimethyloxetane, 33 mg n-decane and a few
crystals of zinc chloride was heated to 70°C for 21 h in a sealed tube. GLPC
analysis indicated the formation of (3-methylbut-3-en-1-oxy)trimethylsilane
(29% yield), (4-methylthio-2-methyl-2-butoxy)trimethylsilane (18% yield) and
(3-methylthio-3-methylbutoxy)trimethylsilane (16% yield) and methyl mercap-
tan. Due to its volatility the yield of methylthiol was not determined.

(4-Methylthio-2-methyl-2-butoxy)trimethylsilane and 3-methylthio-2-
butoxy)trimethylsilane could not be separated by preparative GLPC but were
analyzed by NMR spectroscopy and GC-MS.

(4-Methylthio-2-methyl-2-butoxy)trimethylsilane. NMR 6 2.53 (m, 2H,
[/(AX) + J(AX")]/2 = 8 Hz), 2.11 (s, S8H), 1.63 (t, 2H, J = 8 Hz), 1.23 (s, 6H),
0.12 (s, 9H).

(3-Methylthio-3-methylbutoxy )trimethylsilane. NMR & 3.72 (t, 2H, J = 8 Hz),
2.00 (s, 3H), 1.79 (¢, 2H, J = 7 Hz), 1.29 (s, 6H), 0.12 (s, 9H). The mass spec-
trum of the mixture of the above isomers: M 206 (4.7%), 208 (0.4%), M*— 15
191 (8.5%), 193 (0.2%), M* — 48 158 (12.3%), (M*— 48) — 15 143 (47.1%),
(M*—48)— 27 131 (16.3%), (M*—48 —15) — 27 116 (16.9%), (CH;),Si*SCH;
105 (13.0%), 107 (1.4%), M™ — 103 103 (47.6%), M* — 105 101 (18.3%),
(CH,),Si*OH 75 (53.7%), (CH,)Si 73 (100.0%).

The IR spectrum of the mixture had v(Si—O—C) = 1080 em™!. Anal. found:
C. 57.47; H, 10.06; calcd. for CoH,,0SSi: G, 52.37; H, 10.74%.

(3-Methyibut-3-en-1-oxy )Jtrimethylsilane. NMR 6§ 4.70 (m, 2H), 3.66 (t, 2H,
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J =17 Hz), 2.24 (t, 2H, J = 6 Hz), 1.73 (s, 3H), 0.10 (s, SH). MS: M* 158 (1.0%),
M*— 15143 (12.5%), M* — 55 103 (74.5%), (M* — 15) — 42 101 (23.4%),
(CH,),SiOH 73 (18.4%), (CH;);Si* 73 (100.0%). IR »(C=C) 1662 cm™'.
v(Si—O—C) = 1103 em™*. These spectroscopic data were in agreement =ith an
authentic sample prepared from 3-methylbut-3-en-1-ol (Aldrich) and trimethyl-
chlorosilane.

C) A mixture of 1.1 ml 1,2-dichloroethane, 179 mg (1.5 mmol) methylthio-
trimethylsilane, 186 mg (1.5 mmol), 2,2-dimethyloxetane, 45 mg n-decane and
a few crystals of zinc chloride were heated to 50°C for 20 h in a sealed tube.
After this time GLC analysis indicated the formation of (3-methylbut-3-en-1-
oxy)trimethylsilane (24% yield) and a 2 : 1 mixture (determined by NMR) of
(3-methylthio-3-methylbutoxy)trimethylsilane and (4-methylthio-2-met.yl-2-
butoxy)trimethylsilane (28% combined yield).

Reaction of methylthiotrimethylsilane and zinc chloride

A mixture of 9 g (0.065 mol) zinc chloride (heated to 110°C in vacuo over-
night prior to use), 6 g methylthiotrimethylsilane (0.05 mol) and 15 ml 1,2-
dichloroethane was refluxed for 24 h. After this time, the formerly crystalline
zinc chloride had disappeared and a white, very finely divided precipitate had
formed. 10 ml of 1,2-dichloroethane were added to the mixture, which was
then filtered under an atmosphere of dry nitrogen. Distillation of the filtrate
gave 1 g of pure trimethylchlorosilane (yield 14%). The white precipitate was
washed with water and dried at 60°C in vacuo. The yield was 2 g. Anal. found:
S, 38.53; Cl1 2.16. calced. for ZnS,C,Hg: S, 40.19; Cl, 0.00%.

Reaction between oxetane and methylthiotrimethylsilane without solvent

A mixture of 0.4 g (6.9 mmol) oxetane, 0.75 g (6.3 mmol) methylthiotri-
methylsilane 0.13 g (1 mmol) and 0.2 g n-decane and a few crystals of zinc
chloride was heated to 70°C for 22 h in a sealed tube. After this time, GLPC
analysis showed the formation of (3-methylthiopropoxy)trimethylsilane (26%
yield) and (3-chloropropoxy), trimethylsilare (4% yield).

Reaction of oxetane and methylthiotrimethylsilane in the presence of bis-
(methylthio)zinc

A mixture of 16.1 mg (1.34 mmol) methylthiotrimethylsilane, oxetane (58
mg, 1 mmol), 65 mg n-decane, 1 ml 1,2-dichloroethane and a few crystals of
bis(methylthio)zinc was heated to 85°C for 22 h in a sealed tube. GLPC
analysis indicated the formation of (3-methylihiopropoxy)trimethylsilane in
57% yield. No (3-chloropropoxy)trimethylsilane was formed.

Attemnpted reaction between (3-chloro-2,2-dimethylpropoxy )trimethylsilane
and bis(methylthio)zinc

A mixture of 257 mg (1.32 mmol) (8-chloro-2,2-dimethylpropoxy)trimethyl-
silane, 105 mg bis(methylthio)zinc (0.66 mmol), 50 mg n-hexadecane and 1 ml
1,2-dichloroethane was heated in a sealed tube for 20 h to 90°C. After this time,
no reaction had occurred as determined by GLPC.
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Attempted reaction between (4-chloro-2-butoxy)trimethylsilane and methylthio-

trimethylsilane

A mixture of 190 mg (1.05 mmol) (4-chloro-2-butoxy)trimethylsilane, 171
mg (1.4 mmol) methylthiotrimethylsilane, 1 ml 1,2-dichloroethane and a few
crystals of zinc chloride was heated to 85°C for 24 h in a sealed tube. GLPC
analysis only showed unchanged starting materials.
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