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Anal. Calcd for ClsHIBOS: C, 70.36; H, 4.97. Found C, 70.11; 
H, 5.04. 
l-Hydroxy-4,5,8-trimethoxynaphthalene (6). Compound 

10 (200 mg, 0.59 "01) and Dowex 2 x 4  reain (200 mg, OH- form) 
were placed in degassed absolute ethanol (20 mL) under N2 and 
refluxed for 3 h. The reaction mixture was filtered to remove the 
resin and the filtrate cooled in an ice bath. The product crys- 
tallized from the filtrate and was collected to afford 88.0 mg of 
6. The mother liquor was evaporated and the residue cryst.alhed 
from CHC13/hexane to afford an additional 12.5 mg of 6: total 
yield 100.5 mg (73%); mp 148-149 "C; IR 2.95 (OH), 6.27,6.60, 
6.85, 6.95, 7.10, 7.28, 7.81, 8.00, 8.35, 8.78, 8.90, 9.38, 9.72, 9.98, 
11.00, 12.15, 12.45, 13.40, 13.75, 14.70 pm; NMR 6 3.90, 3.92 (2 
s, 6,4- and 5-OMe's), 4.03 (8,  3, &OMe), 6.76 (s, 2, 6- and 7-H's), 
6.85 (m, 2, 2- and 3-H's), 9.43 (8 ,  1, OH); UV (MeOH) A,, 223 
nm (c 50400), 310-134 (8400), 334 (7800), 353 (8600); TLC (CHC1-J 

Anal. Calcd for CI3Hl4O4: C, 66.65; H, 6.02. Found C, 66.62; 
Rf 0.6. 

H, 6.01. 
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Reaction of dimethyldichlorosilane, sodium metal, and 
oxetane in refluxing toluene yields 2,2-dimethyl-l-oxa-2- 
silacyclopentane (42%, eq l), while a similar reaction with 
3,3-dimethyloxetane gives 2,2,4,4-tetramethyl-l-oxa-2-si- 
lacyclopentane (47 %). 

Since photochemically generated dimethylsilylene is 
known to react with oxetanes to yield similar products,' 
one might be led to propose that dimethyldichlorosilane 
undergoes reduction by sodium metal under these reaction 
conditions to form dimethylsilylene. While this explana- 
tion is economical, we are reasonably certain that it is not 
correct. Rather we have evidence that the reaction prob- 
ably occurs by the following sequence of events. Initial 
reaction of dimethyldichlorosilane with oxetane (eq 2) 

I NO 

I 
Cl?, + (CH3)2SiC12 - CI -o-s,-c, - 

CH3 

(O/JSIICH3)Z ( 2 )  

yields (3-chloropropoxy)dimethylchlorosilane2 which then 

(1) T. Y. Y. Gu and W. P. Weber, J. Am. Chem. Soc., 102,1641 (1980). 
(2) I. M. Goverdtsiteli, R. Y. Papava, and E. S. Gelaehvili, Zh. Obshch. 

Khim., 36, 112 (1966). 
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Scheme I 
I 

r e a r r a n g e d  produc ts  fi 0-S I (CH,), 
CI 

undergoes reductive cyclization with sodium to form 2,2- 
dimethyl-1-oxa-2-silacyclopentane. Independent experi- 
menta are consistent with this interpretation. Oxetane 
does react with dimethyldichlorosilane to give (3-chloro- 
propoxy)dimethylchlorosilane in virtually quantitative 
yield. In addition, 2,2-dimethyl-l-oxa-2-silacyclopentane 
has been prepared by treatment of (3-ch1oropropoxy)di- 
methylchlorosilane with sodium metal.3 The ethyl iodide 
catalyzed reaction of tetrahydrofuran with dimethyldi- 
chlorosilane and magnesium metal to yield 2,kdimethyl- 
1-oxa-2-silacyclohexane is probably closely In 
addition, we have found that oxetane reacts with tri- 
methylchlorosilane and sodium metal in refluxing toluene 
to yield [3-(trimethylsiloxy)propyl]trimethylsilane (55 %) 
and (3-chloropropoxy)trimethylsilane (8%). Similar re- 
actions of 2-methyloxetane and 3,3-dimethyloxetane yield, 
respectively, [3-methyl-3-(trimethylsiloxy)propyl]tri- 
methylsilane (52%) and [2,2-dimethyl-3-(trimethylsil- 
oxy)propyl] trimethylsilane (48%). 

These observations, we believe, provide insight into the 
mechanism of carbon-oxygen bond cleavage of oxetanes 
by chlorosilanes. The cleavage of epoxides by chlorosilanes 
has been thoroughly The following sequence 
of events is consistent with our data. Nucleophilic attack 
by oxygen lone pairs of electrons of the oxetane on the silyl 
center of the halosilane leads to a silyl-substituted oxonium 
ion/chloride ion pair (eg 3). Nucleophilic attack by 

+ (CH3)3SlCI - 16 1 -.+ I (C H3  l3 
L J 

(CH3)3SiCI r ( o s l ( C H 3 ) 3  S I  (CH3)3 (3)  
SI(CH,)~ 

chloride on the least substituted alpha carbon of the silyl 
substituted oxonium ion results in carbon-oxygen bond 

(3) W. H. Knoth, Jr., and R. V. Lindsey, Jr., J. Am. Chem. Soc., 80, 

(4) R. P. Anderson, U.S. Patent 3083219 (1963); Chem. Abstr., 59, 

(5) C .  L. Smith, and R. Gooden, J. Organomet. Chem., 81,33 (1974). 
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(9) A. A. Lavigne, J. Tancrede, R. M. Pike, and C. T.  Tabit, J. Orga- 

4106 (1958). 

8789 (1963). 

Obshch. Khim., 36, 328 (1965). 

nomet. Chem. 15, 57 (1968). 

0 1982 American Chemical Society 



J. Org. Chem. 1982,47,1977-1979 1977 

scission and formation of (3-chloropropoxy)trimethyl- 
silanes. In the presence of sodium metal these undergo 
further reaction. 

An alternative possibility, SN1 cleavage (Scheme I) of 
the silyl-substituted oxonium ion/chloride ion pair to a 
carbocation/chloride ion pair, can be eliminated since no 
products resulting from a neopentyl rearrangement are 
observed with 3,3-dimethyloxetane.l0 Neopentyl rear- 
rangement would rapidly convert a primary carbocation 
to a more stable tertiary carbocation via a 1,2 Wagner- 
Meerwein rearrangement. In addition, 2-methyloxetane 
would be expected to open to a more stable secondary 
carbocation rather than a primary one if the silyl-substi- 
tuted oxonium ion underwent SN1-type cleavage. No 
products predicted from such an SN1 cleavage are ob- 
served. 

We believe these results provide additional evidence that 
great caution should be used in proposing the existence 
of dimethylsilylene in the solution-phase reaction of di- 
methyldichlorosilane and sodium metal." In addition, 
our results provide evidence for the mechanism of C-0 
cleavage of oxetanes by chlorosilanes. 

Experimental Section 
IR spectra were recorded as 2% CC14 solutions on a Perkin- 

Elmer 281 spectrometer. 'H NMR spectra were recorded on a 
Varian XL-100 spectrometer operating in the FT mode by using 
1% solutions in CDC13 with an internal standard of chloroform. 
Elemental analysis were performed by Galbraith Laboratories, 
Inc. Samples of all compounds for spectra and elemental analysea 
were purified by preparative vapor-phase chromatography on a 
Hewlett-Packard F&M 700 wing a 26 f t  X 0.25 in. 20% SE-30 
on Chromosorb W (60-80 mesh) column. 

Oxetane, 3,3-dimethyloxetane, and 2-methyloxetane were 
purchased from Aldrich Chemical Co. Trimethylchlorosilane and 
dimethyldichlorosilane were purchased from Silar Chemical Co. 
Reaction of Oxetanes with Dimethyldichlorosilane and 

Sodium. A typical run of dimethyldichlorosilane, oxetane, and 
sodium is described below. Oxetane (0.05 mol), sodium (2.3 g, 
0.1 mol), and 20 mL of toluene were placed in a 100-mL, three- 
necked, round-bottomed flask equipped with a pressureequalizing 
addition funnel, a reflux condenser, and a Teflon-covered magnetic 
stirring bar. Freshly distilled dimethyldichlorosilane (0.055 mol) 
in 20 mL of toluene was added dropwise to the refluxing, stirred 
solution. After the addition was complete, the solution was re- 
fluxed for 8 h. The reaction mixture was cooled to room tem- 
perature. Ethanol was added to the solution to destroy residual 
sodium. The reaction mixture was washed with water, dried over 
N@04, and filtered. The filtrate was subjected to GLPC analysis. 
22-Dimethyl- 1-oxa-2-sila~yclopentane~ was obtained from 

the reaction of dimethyldichlorosilane, oxetane, and sodium in 
toluene as above: 42% yield; NMR 6 3.85 (t, 2 H, J = 6 Hz), 
2.02-1.70 (m, 2 H), 0.70 (t, 2 H, J = 8 Hz), 0.18 (8, 6 H). 
2,2,4,4-Tetramethyl-l-oxa-2-silacyclopentane1~14 was ob- 

tained from the reaction of dimethyldichlorosilane, 3,3-di- 
methyloxetane, and sodium in toluene: 47% yield; NMR 6 3.35 
(s, 2 H) 1.04 (e, 6 H), 0.67 (8, 2 H), 0.21 (8, 6 H). 
Reaction of Oxetane and Dimethyldichlorosilane. Oxetane 

(2.9 g, 50 "01) and freshly distilled dimethyldichlorosilane (7.1 
g, 55 mmol) were placed in a 25-mL round-bottomed flask 
equipped with a reflux condenser and a Teflon-covered magnetic 
stirring bar. The mixture was stirred at  reflux for 2.5 h. The 
reaction mixture was cooled and subjected to fractional distillation 

(IO) J. March, "Advanced Organic Chemistry Reaction Mechanisms 
and Structure", 2nd Ed., McGraw-Hill, New York, 1977, pp 964, 967. 

(11) D. Tzeng and W. P. Weber, J. Org. Chem. 46, 693 (1981), and 
references cited therein. 
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through a 15-cm Vigreux distillation column. There was obtained 
(3-chloroproxy)dimethylchlorosilane: 8.9 g (47.6 mmol, 95.2 %); 
bp 190-194 OC [lite3 bp 72 "C (16 mm)]; NMR 6 3.90 (2 H, t, J 
= 5.5 Hz), 3.61 (2 H, t, J = 6 Hz), 2.01 (2 H, q, J = 6 Hz), 0.48 
(6 H, 5). 
Reaction of (3-Chloropropoxy)dimethylchlorosilane and 

Sodium Metal. (3-Chloropropoxy)dimethylchlorosilane (8.9 g, 
47.6 mmol), 50 mL of n-decane, and sodium metal (1.2 g, 52 m o l )  
were placed into a 100-mL round-bottomed flask equipped with 
a reflux condenser and a Teflon-covered magnetic stirring bar. 
The mixture was stirred at reflux for 10 h. The reaction mixture 
was cooled. Ethanol (10 mL) was added into the mixture slowly 
to destroy excess sodium metal. The mixture was washed with 
two portions of 10 mL of water. The organic layer was dried and 
subjected to fractional distillation through a 15-cm Vigreux 
distillation column to give 2,2-dimethyl-l-oxa-2-silacyclopentane: 
2.58 g (22.2 mmol, 47%); bp 93-95 OC (lit.3 bp 95 "C). 
Reaction of Oxetanes with Trimethylchlorosilane and 

Sodium. A typical reaction of trimethylchlorosilane, oxetane, 
and sodium is described below. Oxetane (0.05 mol), sodium (2.3 
g, 0.1 mol), and 20 mL of toluene or n-decane were placed in a 
100-mL, three-necked round-bottomed flask equipped with a 
pressure-equalizing funnel, reflux condenser, and a Teflon-covered 
magnetic stirrer. Freshly distilled trimethylchlorosilane (0.11 mol) 
in 20 mL of toluene or n-decane was added dropwise to the 
refluxing, stirred solution. After the addition was complete, the 
solution was refluxed for 3 h. The reaction mixture was cooled 
to room temperature. Ethanol was added to destroy residual 
sodium metal. The reaction mixture was washed with water, dried 
over Na2S04, and filtered. The filtrate was subjected to GLPC 
analysis. 
[3-(Trimethylsiloxy)propyl]trimethylsilane1z was isolated 

from the reaction trimethylchlorosilane, oxetane, and sodium in 
n-decane as above: 55% yield; NMR 6 3.50 (t, 2 H, J = 7 Hz), 
1.72-1.36 (m, 2 H), 0.55-0.34 (m, 2 H), 0.10 (8,  9 H), -0.03 (s, 9 
H); IR P 1094 (Si-0-C), 1248 and 840 cm-' (Si(CHJZ). 

(3-Chloropropoxy)trimethylsilane13 was found in 8% yield 
NMR 6 3.76 (t, 2 H, J = 6 Hz), 3.68 (t, 2 H, J = 6 Hz), 1.96 (4, 
2 H, J = 6 Hz), 0.12 (s,9 H); IR P 1250 (Si-0-C), 1100 and 848 
cm-' (Si(CH3)2). 
[2~-Dimethyl-3-(trimethylsiloxy)propyl]trimethylsilane 

w& obtained from the reaction of trimethylchlorosilane, 3,3-di- 
methyloxetane, and sodium in toluene as above: 48% yield; NMR 
6 3.15 (8 ,  2 H), 0.88 (8,  6 H), 0.59 (s, 2 H), 0.07 (9, 9 H), 0.02 (8,  

9 H); IR P 1078 (Si-0-C), 1250 and 840 cm-' (Si(CHJZ). Anal. 
Calcdfor Cl1HB0Si: C, 56.82, H, 12.14. Found C, 56.75, H, 12.11. 
[3-Methyl-3-(trimethylsiloxy)propyl]trimethylsilane was 

obtained from the reaction of trimethylchlorosilane, 2-methyl- 
oxetane, and sodium in toluene: 52% yield; NMR 6 3.70-3.42 
(m, 1 H), 1.54-1.22 (m, 2 H), 1.13 (d, 3 H, J = 6 Hz), 0.54-0.33 
(m, 2 H), 0.11 (a, 9 H), -0.03 (s,9 H). Anal. Calcd for Cl&zaOSiz: 
C, 54.97, H, 11.99. Found: C, 54.74, H 12.37. 

Acknowledgment. This work was supported in part 
by the Air Force Office of Scientific Research (Grant No. 
80-0006). 

0 

Reactions of 2,g-Di-tert -butylpyridine Derivatives 
with Methyl Fluorosulfate under High Pressure 

C. J. Hou and Yoshiyuki Okamoto* 

Department of Chemistry, Polytechnic Institute of New 
York, Brooklyn, New York 11201 

Received September 1 I, 1981 

Introduction of alkyl groups into the 2- and 6-positions 
of pyridine results in a decrease in the rate of reaction with 
alkyl halides which becomes more and more pronounced 
as the size of the alkyl group increases.l The most highly 

(1) W. J. Le Noble and Y. Ogo, Tetrahedron, 26, 4119 (1970). 
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