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Abstract Methyllithium added to 2,2,4,4-tetramethylcyclobutaq-l-one-3-throne to produce 

lithium 3-methylthlo-2,2,4,4-tetramethylbicyclo[l 1 O]but-1-oxide This blshomoenolate was 

alkylated on carbon by methyl iodide, but retained the blcyclo[l 1 O]butane skeleton when 

sllated with chlorotrlmethylsllane The ease of oxidation of a series of 1,3-dlheteroatom 

substituted blcyclo[l 1 Olbutanes was determined 

Recently, we reported that 2,2,4,4-tetramethylcyclobutan-1,3-dlthlone (k) reacted with 

organollthium reagents to give 2 which on alkylatlon yielded 1 1 These results made us 

suspect that related studies reported2 for the addition of organometalllc reagents to 2,2,4,4- 

1 % 

tetramethylcqclobutan-l-one-3-throne ($) might have been mechanlstlcally mlslnterpreted We 

now wish to reinterpret this literature and to report the capture of a blshomoenolate anion 

by chlorotrlmethylsllane 

Literature reports2 lndlcate that $ reacted with alkylmagneslum bromides to produce 2 

after hydrolysis The rationale which was provided ln explanation of this observation attrib- 

uted the selective attack at sulfur to steric hindrance of attack at the carbonyl carbon 3ur 

experience with i suggested that a more likely explanation might involve the addition of the 

organometalllc reagent to t to yield the blshomoenolate anion, &, which on hydrolysis would 

produce 2 This hypothesis would explain the apparent lack of reactlvlty of the carbonyl 
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function of 2, since the carbonyl would be tied up as a bishomoenolate anion. In addition, 

C"3 

CH3 CH3 

this hypothesis would be consistent with the known transannu?ar electronic interactTons of 

the thlocarbonyl and carbonyl moletIes of 2 3 

Treatment of ,$ with methylllthlum followed by aqueous workup gave ,$ (R=CH3) in analogy 

to the literature report When the methyllithium addition was followed by methyl iodide 

addition rather than aqueous workup, we obtained a 69% yield of [ 4*5 Neither the Isolation 

of 2 nor of x provided evidence for the Intermediacy of g However, when chlorotrrmethyl- 

sllane was added in place of methyl iodide we obtarned a 76% yield of the blcycJo[l 1 Olbutane 

derivative, 8 The structural assignment of 5 was based on correct elemental analysis, and on 

mass spectral, IR, and NMR data The proton NMR (Ccl,) showed peaks at 6 2 09 (3H, s), J 25 

(6H, s), 1 11 (6H, s), and 0 15 (9H, S) Carbon NMR (benzene-d6) showed absorptions at 6 -0 1, 

17 8, 22.0, 23.3, 36.8, 54 4, and 72 8 

Chemical evidence for the structure of c was provided by its facile hydrolysis to 5. 
Q 

Treatment of ? with aqueous methanol resulted in the complete conversion of g Into 5 In 
1, 

addition, when g was passed through a column of basic alumina, small amounts of 2 were ob- 

tained in addition to 2 It 1s interesting to note that 2 would formally result from cleavage 

of the Cl-C3 and C2-C3 bonds of 2, a process which JS remrnlscent of the "retrocarbene" 

cleavages observed in certain transition metal complex promoted rearrangements of blcyclo- 



Cl 1 Olbutanes 6 

(CH3)3SlO 

CH3 CH3 

Our original interest in the preparation of 3 (R=R'=CH3) was an outgrowth of our studies 

of the electrochemical oxldatlon of highly strained polycycllc molecules 7.8 In view of our 

detailed investigation of the oxldatlon of methylated derivatives of blcyclo[l.l Olbutane, we 

became interested in the effect of heteroatom substltutlon at Cl and C3 of this highly reac- 

tive ring system This led us to evaluate the ease of oxldatlon of the series of 2,2,4,4- 

tetramethylblcyclo[l 1 O]butane derivatives9 listed in Table 1 Measurements were made by 

single-sweep voltammetry (sweep rate 100 mV/s) on a Princeton Applied Research Model 174 

polarographic analyzer equipped with platinum electrodes All measurements were made in hlgh- 

Table 1. Half-wave Potentials for the Oxidation of Derivatives of 2,2,4,4_Tetramethyl- 
bicyclo[l l.Dlbutane (J,Q) 

Compound Rl - 

H 

GH3 

CH3 
CH3S 

(2) CH3S 

CH3S 

(8) CH3S 

R2 E+ vs SCE (&O 02V)a - 

H 1.57b 

H 1 2ob 

CH3 0 93b 

H 0 96 

CH3S 0 57 

(CH3)3S1S 0.71 

(CH3)3S10 0 44 

(a) The values cited assume that the measured electrode potentials are kinetically 
shifted (due to follow-up reactions) relative to the r~~rszbZs potentials for 
each compound studied (b) Values taken from ref 8. (c) For the mode of preparation 
of E see ref 9 

purity acetonitrile contalnlng 0 1 M tetraethylamnonlum fluoroborate as the supporting electro- 



lyte Substrate concentration was ca 10m3M 

As can be seen from the data in Table 1, the presence of a heteroatom at the bridgehead 

of a blcyclo[l 1 Olbutane skeleton has a significant effect on the ease of oxidation of the 

molecule One might question whether this oxldatlon involves the removal of an electron from 

the orbital associated with the Cl-C3 bond of the blcyclo[l 1 O]butane or the removal of a non- 

bonding electron from one of the heteroatoms While this question cannot be answered rigorous- 

ly at this time, it 1s evident that either the presence of the heteroatom substantially raises 

the energy level of the HOMO of the bicyclo[l 1 O]butane nucleus" or that the attachment of a 

bicycIo[l,l.O]butane moiety greatly increases the ease of oxidation of the heteroatom For 

comparison purposes half-wave oxldatlon potentials of & lg, and M were measuredlO and found 

to be 1 54 V, 1 53 V, and >2 5 V, respectively It is clear that the heteroatom groups of &i, 

CH3(CH2)$(CH2)$H3 CH3(CH2)11SSl(CH3)3 CH3CH20Sl(CH3)3 

M 1; U 

k$, and ?i are considerably more resistant to oxidation than are compounds ,@,$ through 3 

The great ease of oxidation of i& compared to Q&l and 12 suggests that the primary site of 

oxidation may still be the Cl-C3 bond of the blcyclo[l 1 O]butane a 

&c&l#@$$%ti We are indebted to the National Science Foundation for a grant which sup- 

ported this investigation 
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