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Abstrx-The details of electron transfer from strained, saturated hydrocarbons in electrochemical oxidations on 
platinum have been studied. Among the systems investigated were tetracyclo13.2.0.dJ.~~]lteptatte, tri- 
cyclo[4.l.O.@*‘]heptane, pentacyclo[4.3.0.~c.0’8.0’J]nonane, pentacyclo[4.4.0.~J.0s~.0’*7]decane, pentacyclo- 
[4.2.0.d-s.ds.o’*7]octanectane, pentacyclo[4.3.0.dJ.dd.0’J] nonane, bicyclo[2.l.O]pentane, and a variety of bicyclo- 
[l.l.O]butane derivatives. The oxidation of 1,2,2-trimethylbicyclo[l.l.0]butane is discussed in detail. 

Electron transfer from saturated hydrocarbons has been 
of interest to organic chemists for some time. Several 
studies of electrochemical oxidation exist. In general, 
anodic oxidation of saturated hydrocarbons requires 
voltages of 2.53.2V vs saturated calomel reference 
electrodes (reported voltages sary widely with solvent 
and electrode systems).’ Cyclopropane derivatives have 
been found to oxidize at somewhat lower potential than 
unstrained hydrocarbons.’ 

Our interest in electron-transfer reactions from 
strained, saturated hydrocarbons originated with our 
studies of transition-metal-promoted rearrangements of 
polycyclic systems.’ In particular, our work’ and that of 
Holgeveen and Volge? on the transition-metal-complex- 
promoted conversion of tetracyclo[3.2.0.~‘.O”lheptane 
(1, quadricyclane) to bicyclo[2.2.1] hepta - 2,5 - diene has 
attracted considerable attention as the chemical basis for 
a solar energy storage ce11.6 Among the numerous studies 
which have been carried out on this transition-metal- 
promoted isomerization was an investigation of the 
silver-ion-induced reaction of 1 in methanol.’ Koser and 
Faircloth found that 1 gave a mixture of products which 
contained the three possible stereoisomers of 2 and 
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equivalent amounts of reduced silver.’ These obser- 
vations suggested to us that a relationship might exist 
between the transition-metal-complex-promoted rear- 
rangement of strained poiycyclic molecules and the abil- 
ity of these same strained polycyclic molecules to 
undergo electron-transfer reactions. In order to establish 
whether highly strained polycyclic molecules were reac- 
tive electron sources, we embarked on a detailed study 
of the electrochemical oxidation of several different 
series of highly strained molecules. 

Our initial studies involved 1 and related quadricyclic 
systems.9 Much to our surprise and delight, we found 
that 1 had a half-wave oxidation potential versus a 

saturated calomel electrode (SCE)‘” of 0.91 V. This ws u 
full volt lower than any previously siudied saturated 
hydrqcarbon. As shown in Table 1, the effect of in- 
corporating heteroatoms into the quadricyclic skeleton, 
which were more electronegative thin carbon, resulted in 
an increase in the half-wave oxidation potential. 
Similarly, the addition of electron-withdrawing sub- 
stituents to 1 had the expected effect of also increasing 
the half-wave oxidation potential. 

It is instructive to compare the quadricyclic compounds 
listed in Table 1 with their olefinic isomers. In each case 
the quadricyclane derivaiive was the more easily oxi- 
dized of the isomeric pair. On the basis of what is known 
about transition-metal-promoted rearrangements of 
quadricyclane derivatives to bicyclo[2.2.l]hepta - 25 - 
diene derivatives, it is also apparent that, for each pair of 
isomeric compounds listed in Table 1, the ther- 
modynamically more stable isomer is the more difficult to 
oxidize. This should not lead one to believe that any type 
of straightforward relationship exists between ease of 
electron transfer and thermodynamic stability. Electron 
transfer undoubtedly occurs from the highest occupied 
molecular orbital (HOMO) of the strained ring system. 
Such orbital energies do not correlate, in general, with 
either thermodynamic stability or strain energy. A clear 
illustration of this point is provided by a comparison of 
the electron-releasing properties of the isomeric com- 
pounds 13 and 14. Under conditions of silver-ion cataly- 
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E,,*= 1.73 V El/2 = 1.54 v 

sis, 13 was readily converted to 14,” establishing 14 as 
the thermodynamically more stable isomer. However, 14 
was oxidized almost 0.2 V lower than 13, indicating that 
14 had the higher energy HOMO. 

In order to explore the range over which strained 
polycyclic hydrocarbons would transfer electrons to an 
anode and to obtain a better understanding of the 
HOMO energies of various highly strained systems, we 
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Table 1. Half-wave oxidation potentials for a series of quadricyclane type compounds and their diene isomers 

COMPOUND El/2 (“1 COMPOUND El/2 (“’ 

L&l 0.91 

L 

& CF3 2.19 

2 (3 

& CO,CH, 
1.64 

2 
co, CH, 

0 

& 

CO,CH, 
I.95 

5 
CO,CH, 

/Ts 

& CO2 CH, 

1.95, 2.36 

8 
CO, CH, 

Lb 
2.12 

B 

1.56 

z 

2.51 

2.06 

0 

2.26 

/Ts 

2.20, 2.37 

compared the oxidative half-wave potintials (in acetoni- 
trite) with the ionization potentials (gas phase) of the 
compounds shown in Table 2.12 Figure 1 gives a plot of 
the half-wave oxidation potentials vs the adiabatic ion- 
ization potentials. The correlation coefficient of 0.988 
indicated the presence of a clean relationship between 
the gas phase ionization potentials and the solution oxi- 
dation potentials. The relationship between these two 
sets of measurements was: 

of which bond of 20 is initially involved in its transition- 
metal-complex-promoted rearrangement. It is well 
established that 20 eventually is converted to the metal- 

IP = 1.28 El,* t 6.25. 

The quality of the correlation clearly established that the 
electron transfer from the strained hydrocarbon to the 
anode was occurring from the HOMO in a straightfor- 
ward fashion. This indicated to us that a variety of 
reactions which involved the HOMO of the highly 
strained ring system should show good correlations with 
the measured half-wave oxidation potentials (uide post). 

The ease with which highly strained polycyclic mole- 
cules entered into electron-transfer reactions suggested 
that electrochemical oxidation might be able to be used 
in experimentally establishing the nature of the HOMO 
of individual strained ring skeletons. Of particular inter- 
est to us, both because of the existing theoretical stu- 
diesL3.14 and because of our extensive studies of its 
transition-metal-promoted rearrangements: was the 
bicycle [l.l.O]butane system. 

1 
IO I.2 1.4 1.6 1.6 2.0 i 

E,,, (V “I. SCEI 

2 

Theoretical calculations’3”4 indicated that the HOMO 
of 24 was associated with the C& bond. Typical of the 

Fig. 1. Plot of ionization potentials (gas phase) versus anodic 
half-wave potentials (in acetonitrile) for the series of highly 

problems which revolve around this point is the question strained polycyclic molecules listed in Table 2. 
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Table 2. Measured oxidative half-wave potentials and ionization potentials of selected highly strained hydro- 
carbons 

COMPOUND El/2 (” 
vs. SCEI 

ADIABATIC 

IP (eV1 

l&7 
1. 

Al 
I5 

Lb 
& 

0.91 

1.50 8.15 

1.54 8.18 

1.54 8.36 

1.62 8.37 

1.73 8.4 6 

1.74 

1.91 

7.40 

8,47 

8.60 

2.12 9.02 

carbene complex, 21.j.” Whether the formation of 21 We reasoned that we could obtain experimental evi- 
from 2tI is a concerted process, or whether a stepwise dence for a HOMO to bond relationship through a 
process involving 22 and/or 23 is involved, has been of systematic study of electron transfer from 24 and a 
considerable interest. Because of the well-established series of Me-substituted derivatives of 20. Table 3 lists 
rapid interconversion of cyclopropylcarbinyl and cyclo- the measured anodic half-wave potentials and the cal- 
butyi cations, trapping experiments have not provided 
any definitive evidence. However, the nature of the 

culated gas phase ionization potentia1s.‘3*‘6 Fig 2 shows a 
plot of the half-wave potentials versus the calculated 

HOMO of 20 was central to this mechanistic con- ionization potentials. The calculated ionization potentials 
sideration. are derived from a theoretical treatment which also 
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associates the HOMO with the C, -CS bond. Thus, the 

MX 

X quality of the correlation between measured half-wave 
potentials and calculated ionization potentials supports an 
argument that the electrochemical oxidation involves 

3 electron transfer from an orbital which is primarily asso- 
ciated with the C,-C, sigma bond. Added evidence for this 
suggestion is provided by the comparison of substituent 
effects on the bridge (2- and Cpositions) versus the 
bridgehead (l- and 3-positions). Comparison of the El,* 
values of the compounds in column I to those of the 

Mx-1 + Mx-’ compounds in column II showed that substitution of a Me 

N \+ = LX 
group on the 2-position gave an average decrease in 
half-wave potential of 0.05 V per Me group. Comparison of 
column II with column III showed a similar average 

22 ZJ decrease of 0.05 V per Me group. In sharp contrast, 

Table 3. Measured anodic half-wave potentials and calculated Ionization Potentials for Bicyclo[l.l.O]butane and its 
Methylated DerivativesI 

COMPOUND No. E,,2 (t 0.02V) IP (eV) 

20 

CH3 

A 
cH3 L?. 

CH, xi_ 1.56 8.77 

1.27 8.4 6 

1.03 8.1 2 

C”3 
CH3 29 

- 

CH;, CH3 

cH3 
74 

CH,a 

CH, CH3 

CH3 
CH3 

CH3 
A 

CH3 z 

CH, CH3 

1.69 8.97 

1.47 8.66 

1.10 8.24 

1.57 8.60 

1.20 8.31 

0.93 8.00 
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COLUMN I COLUMN II 

ROW I 

ROW II 

ROW III 

A 

CH3 

A 

CH3 

CH3 

8.6 

IP *w 1 
a.4 - 
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7.81 
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4 
CH3 

CH3 

Fig. 2. Plot of measured half-wave oxidation potential versus 
calculated ionization potentials for the series of methyl-sub- 
stituted biiyclo[l.l.O]butanes listed in Table 3. Correlation 

coefficient = 0.978; 1P = 1.16 Eln t 6.94. 

comparison of row I with row II showed an average effect 
of a Me group at the l-position of 0.29V. Similar com- 
parison of row II with row III showed that the effect of 
placing a Me at the second bridgehead position was 
identical to the effect of the first Me group, namely an 
average of 0.29V per Me sub&tent. Since the sub 
stitution at the two bridgehead positions has approximately 
six times the effect of substitution at the 2-or dposition, we 
believe that the electron transfer occurs from the bond 
connecting C, to C,. Thus, the use of an electrochemical 
oxidation approach provided a strong cot&nation of the 
theoretical predictions. 

In a directextkns~n of the work described above on 
derivatives of bicycle [ 1.1 .Ol butane, the effect of 
heteroatom substitution on C, and C, was investigated.” 
In this regard, compounds 32-35 were prepared and their 
anodic half-wave potentials were measured. The effect of 
a single bridgehead- thiomethoxyl group (32) was ap- 
proximately equal to the effect of two bridgehead Me 
groups (31). Comparison of 32 to 29 shows that the 
incorporation of the bridgehead thiomethoxyl function 
reduces the E,,* by approximately 0.6 V. Addition of a 

CH3 

CH, 

COLUMN III 

CH3 
4% 

CH3 

CH, CH3 

CH3 

CH3 

CH3 

CH3 CH3 

bH, tH3 

s (E,,2= 0.96V) 

SCH3 

iH3 CH, 

E (E,,*= 0.57 VI 

CH3 CH:, 

CH3 

CH, CH, 

s (E,,* q 0.7 I V) 

SCH3 

CH3 

CH, CH3 

j55_ (El/g =0.44V) 

second thiomethoxyl as in 34 resulted in an additional 
0.4 V increase in the ease of election transfer. 

An obvious question relative to heteroatom substituted 
bicycle [ 1 .l .O] butane oxidation is whether the heteroatom 
or the hydrocarbon nucleus is undergoing oxidation. 
Dialkyl sulfides and silylated thiols undergo oxidation 
under our conditions at approximately 1.5 V.” Thus, it is 
evident that either the substitution of a heteroatom at the 
bridgehead of a bicycle [ 1.1 .O] butane significantly in- 
creases the HOMO of the hydrocarbon skeleton, or the 
attachment of the bicyclo[l.l.O]butyl group to a heteroa- 
tom makes the heteroatom more prone to electron trans- 
fer. The failure of 34 to yield sulfoxides or sulfones 
under conditions where sulfides are normally oxidized 
indicated that the bicycle [ 1.1 .O] butane was undergoing 
the oxidation, and that the sulfide groups of 32-35 were 
more resistant to oxidation than normal sulfides. This 
would be consistent with the known electron-withdraw- 
ing properties of the bicycle [ 1.1 .O] butyl group.‘* 

Product studies of electrochemical oxidations were 
extremely complex for reactions carried out in acetoni- 
trile. As a result, those product studies which have been 
completed were carried out in methanol. Even in 
methanol, certain problems occurred. Trace amounts of 
acid generated through the oxidation of methanol led to 
rapid acid-catalyzed rearrangement of certain of the 
highly strained polycyclic hydrocarbons. In order to 
avoid this undesirable side reaction, pyridine was added. 
In 50: 1 methanol-pyridine containing 0.1 M lithium 
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perchlorate as electrolyte with platinum electrodes, 15 strated that the primary oxidation products could be 
gave a half-wave potential of 1.63 V vs SCE (compared further oxidized to a complex mixture of secondary 
to 1.50 V in acetonitrile). Preparatively, 1519 gave a 65% products. As a result, the products of twoelectron oxi- 
yield of volatile products. Of this, 91% was the acetal, dation were studied at low conversions. When 27 was - 
36. The remaining 9% consisted of a mixture of four oxidized at platinum electrodes in 50: 1 methanol-pyri- 

Al - e’ 

40 _--. 

components, one of which was 2- 
methoxyhicyclo 14.1.01 heptane, the product of acid- 
catalyzed addition of methanol to 15. The structure of 36 
was established on the basis of spectral data’* and 
through catalytic reduction to cyclohexanecarboxalde- 
hyde dimethyl acetal, which was compared to an 
authentic sample. 

The formation of 36 required a two-electron process. 
Mechanistically, we view the overall process as one 
which involves electron transfer to generate initially the 
cation-radical 37. Theoretical calculations I3 indicate that 
the cation-radical generated by removal of an electron 
from the C,-C, sigma bond of bicyclo[l.l.O]butane 
would be structurally stable (although it would be- 
expected to react readily with available nucleophiles). In 
view of the proposed structure of 37, nucleophilic 
solvents would be expected to add from the “inside” of 
the bicycle [l.l.O]butane envelope to give the radical, 38. 
A second electron-transfer reaction should produce 39, 
which would be expected to rearrange to the more stable 
cation 40. Addition of a second equivalent of methanol 
would then produce the acetal, 36. 

A second system which was studied in some detail was 
27.20 This system was far more difficult to analyze than 
was 15 due to its extreme sensitivity to acid-catalyzed 
additions of methanol. In addition, it could be demon- 

dine containing 0.1 M tetraethylammonium perchlorate as 
electrolyte, a mixture of 41,” 42.43.44, and the product of 
acid-catalyzed addition of methanol, 46, was obtained. 
Examination of the reaction mixture after 0.10 Fara- 
daylmol had been passed, showed 43 to be the major 
oxidation product.41 to be a minor product and42 and U to 
be very minor products. As the reaction proceeded, the 
relative amount of 43 decreased indicating that is was being 
converted into secondary products.22 After the. passage of 
1 Faraday/mol of current (50% reaction) the ratio of 
41:42.*~44#! was 13:9:21: 13:44. 

The structure of 45 was established through com- 
parison with an authentic sample? Unfortunately, com- 
pounds 41-44 were unknown. The olefin, 41, was 
identified through analysis of its ‘H- and “C-NMR spec- 
tra (Experimental). The diether, 42, was identitied 
through comparison with an independently synthesized 
sample. Addition of dimethyl ketene to methyl vinyl 
ether according to the literature procedure gave the 
cyclobutanone, 47?3 Addition of methyl Grignard 
reagent to 47 gave a 1: 2.2 mixture of the tertiary alco- 
hols, 48 and 49, respectively. The stereochemistry of 48 
and 49 was assigned on the basis of both mechanistic 
speculation and spectral data. It was anticipated that the 
Grignard reagent would add preferentially from the side 
of the methoxyl group, due to partial complexation to 
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YH3 : C”3 C”3 O 
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CH&C(CH&!H d CH@C(CH&CH(OCH& (CH3)$=CCH2CH (OCH& 

z!? s 44 

/- 
- e’ 

CH3 
“c=c 

CH3/ 

El 

1 CH,OH 

Ii x 

1 

b 

CH30+ 

Hs 
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isomer should have the OH and OMe groups trans to 
each other. In agreement with this assignment, the major 
isomer, 49, had a ‘H-NMR spectrum in which HA and HB 
appeared as a single multiplet centered at S 2.21. In 
contrast, the minor isomer, 48, showed HAz4 as a doublet 
of doublets at S 2.22 (J=7 Hz and 12 Hz) and HBi4 as a 
doublet of doublets at S 1.86 (J = 7 Hz and I2 Hz). This 
difference in the chemical shifts of HA and H, of the 
minor isomer was consistent with the cis relationship of 
the OMe and OH groups. Methylation of the OH group 
of 48 and 49 with sodium hydride and methyl iodide gave 
42 and 50, respectively. The dimethoxylated cyclobutane 
derivative obtained from the minor isomer, 48, was iden- 
tical to the material obtained in the electrochemical 
oxidation of 27. No trace of the epimeric compound, SO, 
was detected in the electrochemical oxidation. 

Compounds 43 and 44 were prepared in a straightfor- 
ward manner as shown above. The methyl ester, 51, was 
PrL~~~~~~~B~~f~pl~~Tdlllpry~~~upuzC W&icm, 
aluminum hydride reduction of 51 gave 52, which on 
oxidation with Collins reagent% gave the aldehyde, 53. 
Conversion of 53 to its dimethyl acetal gave a compound 
which was identical in all respects to the oxidation product 
44 than a similar fashion, conversion of the known” 
aldol&e,3+,‘ln1o’fs lhrnQ% actr&gave a~~robud~ yjlii% 

was identical to the oxidation product 43. 
Mechanistically, these products can be readily 

explained as shown above. Removal of an electron from 
27 should produce the cation-radical, 55. Addition of 
mcCI,~& +a 55 wv& ^fivSr,-, % W&S&, 56. L2fs ~4 ‘b 
second dectron would Ihen produce 57 which, as a 
“classical” cyclobutyl cation, would have many possible 
reziction pa&. Loss 0% a pr&3n IKS~ 51 wou\d g&e 41,. 
while collapse with solvent would yield 42. Cleavage of 
bond (Y of 57 would produce the homoallylic cation 58, 
which would be expected to collapse with solvent to give 
44. Cleavage of bond 6 of 57 should give the other 
reason&e hvmff&+ic catio~lS9, wG& OR react&z with 
the nucleopti\ic solvent wo~lld give 0. 

IU.0 

60 
, 1 1.0 1.2 1.4 1.6 1.6 2.0 

El/2 (V vs. SCE) 

Fig. 3. Plot of log kg for quenching of naphthalene fluorescence 
by Gghiy strained hyirrocark~ns vs oxidation ha&wave @en- 
tiak for these same hydrocsrbons. The soYid line represents the 
least squares line represented by the. equation log kq = 

-2.92&) t 11.95. The correlation coefficient was O.%O. 

ks i&k&~ above, Zw ease of oxjbatjon QE sivaid 
saturated hydrocarbons is a good measure of the relative 
energies of the HOMOs of these compounds. In prin- 
ciple, many reactions reflect the energies of the HOMO 
of one of the reactants. Thus, the measurements des- 
cribed above should correlate with a variety of reactions. 
In a preliminary study,28 we have demonstrated that the 
ability of strained hydrocarbons to quench naphthalene 
fluorescence correlates reasonably well with the oxida- 
tive half-wave potentials of these hydrocarbons, and, as 
shown in Fig. 3, that this relationship covers a broad 
range of structural varients. 

In summary, it appears that oxidative half-wave 
potentials of highly strained polycyclic hydrocarbons will 
be of use both in predicting new chemistry and in 
rationalizing old observations. The extreme ease with 
which certain of these hydrocarbons are oxidized, sug- 
gests that they may readily become involved in a variety 
of reactions which require electron transfer from 
~~~~~~wil~~~zrp,~~lff’mI1FJL~~~ ‘jligI,%lP~~~. 

EXPERIMENTAL 

Anodic oxidation of 1,2,229trimefhyIbicyclo [l.l.O] butane (27). 
In a IOO-mL, flat-bottomed flask fitted with Pt electrodes and 
W&i@&G WnrGn&W&!i ~,;n~~.?~~~,,u~~,~~~ 
aml; of (r.1 Me tetraethylammonitim perchlorate in MeOH, 
I.2 mI_. pyridim, ati the mixture was magnetically 5tisred?0 TB 
this soln, 498 mg of 27 and 406 mg of n-heptane (as an internal 
standard) was added. The mixture was oxidized at constant 
current (50mA) and the current use was monitored with a 
GrrX& ‘CT 557&Z 0J&ft?1?!~. MkKftf~3 5% T&5 ‘WEIt l%lTrVVtfi 

aiter the passage of 0.1, 0.2,0.4, KJ, gnd 1.0 Far&ayhno\ 0I 27. 
After I Faraday/m01 had been passed, the oxidation was stopped 
and the miXWe was paused into t&c and W&X$& wi& pen- 
tane. The pentane soln was washed with brine and dried over 
MgSOd. After filtration, the soln was analyzed by VPC against 
the aforementioned internal standard, n-heptane. Analysis 
showed that 4% of 27 had been consumed.” Five major 
products were detected. In order of elution these were 41,45.42, 
43, and #, which were present in fhe ratio of 13:44:8:Zf: 13, 
Iespecljve1y, Jn ad&on, ai least 6ve very minor components 
were present. Since these minor components were not present 
after 10% reaction, they were considered to be secondary oxida- 
tion products and were neither isolated nor characterized. 
Analyses were carried out on a Carbowax 20M column. For 
identification purposes, the major components were isolated by 
preparative vapor phase chromatography on Carbowax 20M and 
FFAP columns. Spectral data or other structural evidence for 
each of the components is given below. 

2,2-Dimethyl - 3 - methoxy - 1 - methylenecyclobutane (41). 
The electrochemically generated component, 41, was con- 
taminated by a trace amount of 46. The spectral components 
assigned to 46 (very weak signals) are given in brackets: ‘H- 
NMR (CDCII) 6 4.78 (q), 3.32 (t), 3.28 (s), 2.85-2.60 (dr m), 
1.63-1.52 (m), 1.51 (s), 1.12 (s), [5.70 (m), 3.13 (s), 1.09 ($1; 
13C-NMR (CD&) 6 152.56 (s), 103.44 (t), 80.00 (d), 57.09 (q), 
49.30 (s), 36.34 (t), 26.16 (q), 20.82 (q), [125.00 (d), 85.07 (d), 23.36 
(q), 20.22 WI. 

Acid-catalyzed reaction product, 45. The acid-catalyzed reac- 
tion product was identified through comparison with an authentic 
sample ot 45.3 

cis-1,3-Dimethoxy-1,2,2-ttimethylcyclobutane (42). The 
diether, 42, was identified through comparison with an authentic 
sample (vide post); ‘H-NMR (CD(&) S 3.45 (IH, m), 3.25 (3H, s), 
3.15 (3H, s), 2.50-2.15 (lH, m), 1.65 (lH, m), 1.19 (3H, s), 1.10 
(3H. s), I.00 (3H, s): “C-NMR (CDCI,) S 79.81 (d), 77.75 (s), 56.95 
(q,, ki.jl (q); 35.38 (t), 20.53 (qj, 18.58 (q), 18.20 (q). 

2.2.3-T~rn~~~ten-i-al dimerhvloce~a~ IK)). The aceral. 
43, ‘Was ide*&d through analysis of ils spectra1 data and 
through comparison with an independently synthesized authentic 
sample: ‘H-NMR (CDCIJ 6 4.82 (2H, s), 4.05 (lH, s), 3.47 
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(6H, s), 1.79 (3H, s), 1.05 (6H, s); “C-NMR (CD&) & 110.76 (t), 
58.50 (q), 44.69 (s), 22.36 (9). 22.04 (4). 

3,4-Dimethylpent-3-c-i-a/ dimethylacetal (44). The acetal, 44, 
was identified through analysis of its spectral data and through 
comparison with an authentic sample (uidepost); ‘H-NMR (CD&) 
8 4.40 (lH, t), 3.22 (6H, s), 2.37 (2H, d), 1.69 (9H, br s); “C-NMR 
(CDCI,) 6 126.87 (s), 123.16 (s), 104.62 (d), 53.28 (q), 38.10(t), 20.73 
(q), 20.52 (q), 19.16 (s). 

2,2-Dimethyl-3-methoxycyclobutanone (47). This ketone was 
prepared from dimethyl ketene and methyl vinly ether according 
to the literature procedureLJ 

cis- and trani- 1,2,2-Trimethyl-3-methoxycyclobutan-l-01 (48 
and 49). To a soln of 25 mmol MeMeI in 10 mL ether was added 
dropwise l.OOg (7.8 mmol) of 47 ov& a 3-hr period at 25”. After 
stirring for 2 hr, the excess Grignard reagent was destroyed by 
dropwise addition of 4% HCI aq. The layers were separated and 
the ethereal soln was washed with satd NaHCOs aq, satd NaCl 
aq, and dried over MgSO,. After filtration, the solvent was 
evaporated to give 0.97g of a yellow oil which on vacuum 
transfer (bath tempe 60-65”, 15 mm) gave 0.42 g of a mixture of 
48 and 49. VPC analysis on Carbowax 20M indicated a 48:49 
ratio of 1:2.2. Preoarative VPC gave pure samples of each 
alcohol. Minor isomer, 48: ‘H-NMR (CDCls) S-3.65 (IH, t, 
J=7Hz), 3.24 (3H, s), 2.22 (lH, d of d, J=7Hz, 12Hz), 1.86 
(lH,d of d, J =7Hz, 12Hz), 1.62 (lH,s), 1.22 (3H,s), 1.10 
(3H, s), 0.99 (3H, s); IR 3320, 2900. 1470, 1370, 1210, 1100, 1015, 
940 cm-‘. (Found: C. 66.80: H. 11.16. Calc. for C,H,.O,: C. 66.63; 
H, 11.18). Major isomer, 49: ‘H-NMR (CD&) 83.3 (jH, s), 3.20 
(IH, t, J = 7 Hz), 2.21 (2H,m), 1.81 (lH,s), 1.20 (3H, s), 1.17 
(6H, br s); IR 3300,2850, 1570, 1470, 1225, 1200, 1110,96Ocm-‘. 
(Found: C, 66.40; H, 11.08. Calc. for CsH’&: C, 66.63: H, 11.18) 

cis- and trans- 1,3-Dimethoxy-l,2,2-trimethylcyclobutane (42 
and 50). To a soln of 240 ma of a 1:2.2 mixture of 48 and 49 and 
420 mg’Me1 in 7 ml THF, was carefully added 85 mg NaH which 
had been washed five times with pentane and thoroughly dried. 
The mixture was stirred for 24 hr under N2 and then concen- 
trated under vacuum. Water was added carefully to the residue 
and the mixture was extracted with ether. The ethereal soln was 
washed with water and with satd NaCl aq, and dried over MgSO+ 
After filtration, the solvent was evaporated under vacuum to give 
a yellow oil, which was vacuum transferred (bath temp 70- 
75”, 80 mm) to give 197 mg (73%) of a 1:2.4 mixture of 42 and 50. 
The isomers were separated by preparative VPC on Carbowax 
20M. Minor isomer. 42 ‘H-NMR (CCL) 8 3.34 (IH, d of d, J=5 
Hz, 7Hz), 3.13 (3H, s), 3.05 (3H, s), 2;22 (lH, d of d, J=7Hz), 
12Hz),1.49(1H,dofd,J=5Hz,12Hz),1.11(3H,s),1.00(3H,s),0.92 
(3H, s); IR 2900,1460,1370,1210,1090 cm-‘. (Found: C, 68.56; H, 
11.45. Calc._for C$I’sOr: C, 68.31; H, 11.47). Major isomer, 50: 
‘H-NMR (CCL) S 3.16(3H. s). 3.06(4H. SuoerimDosed sand 1). 1.92 
(2H,brm~,1.1~3H,s),i.0~(~~,s),~.98(3~,s);~R2900,1480~i370, 
1240,1100,1010cm~‘.(Found:C,68.63;H,11.47.Calc.forC9HIs~:C, 
68.31; H, 11.47). 

3,4-Dimethylpent-3-en-l-01 (52). To a suspension of 7.OOg 
LAH in 200mL dry ether, was added dropwise 200mL ether 
containing 10.31 g 51.25 The mixture was refluxed for 6 hr and the 
excess LAH was destroyed by the dropwise addition of EtOAc 
followed by satd NarSO, aq. The ethereal soln was separated, 
washed with brine, and dried over MgSO,. After filtration, the 
solvent was evaporated and the residue was distilled to yield 
8.11 g (98%, 95% purity) of 52, b.p. 82-83” (20 mm). An analytical 
sample was prepared by preparative VPC: ‘H-NMR (CDC&) S 
3.63 (2H, t, J = 7 Hz), 2.32 (2H, t, J = 7 Hz), 1.66 (lOH, br s);IR 
3300, 2850, 1450, 1380, lOSOcm_‘. (Found: C, 73.46; H, 
12.30. Calc for C7H110: C, 73.63; H, 12.36). 

3,4-Dimethylpent-3-en-1-al(53). To a soln of 9.41 g pyridine in 
I50 mL CHrCIr was added 6.00 gCrDr and the soln was stirred 
for 15 min.% To this stirred soln was added 1.14g of 52 in 10mL 
CHrClr in one portion. A tarry black gum appeared. The mixture 
was stirred for 15 min and the soln was decanted from the solid 
residue. The residue was washed thoroughly with 200 mL ether 
and the combined organic phase was washed with three IOO-mL 
portions of 5% NaOH aq, 100 mL 4% HCI aq, 1OOmL 5% 
NaHCOs aq and 100 mL satd NaCl aq. The organic soln was dried 
over MgSO,, filtered, and the solvent was evaporated to give a 

slightly yellow oil. This oil was distilled in a Kugel-rohr apparatus to 
aive 0.74n (66%. 98% ourity) of 53. An anaiytid sample was 
prepared by preparative VP? followed by molecular di.&Uation 
(bath temp. 78-83”, 15mm): ‘H-NMR (CC&) 8 9.48 (lH, t, 
J = 2.4 Hz), 3.03 (ZH, d, J = 2.4 Hz), 1.68 (9H, br s); IR 2900,1750, 
1460,1400,1270cm-‘.(Found: C,74.8l;H, 10.74.Calc.forCrHlrO: 
C, 74.95; H, 10.78). 

3,4-Dimethypent-3-en-l-al dimethylacetal(44). A soln of 0.46 g 
of 53,0.52g trimethyl orthoformate, and 2 drops cone HzSOl in 
20 mL MeOH was allowed to stand for 1 hr at 25”. The mixture 
was poured into 70 mL 5% NaHCOs aq and extracted with ether. 
The ethereal extracts were washed with satd NaCl aq and dried 
over Mg SO,. After filtration, the solvent was evaporated to yield 
an oil which on molecular distillation (bath temp. 60”, 50mm) 
gave 044g (68%, 93% pure) of 44. An analytical sample was 
oreoared bv oreoarative VPC: ‘H-NMR (CCL) S 4.28 (1H. t, J = 
b Iiz), ,3.20-(6H,s), 2.25 (ZH, d, J=6 Hz), i.64 (9H, br sj; IR 2900. 
1440, 1380, 1200, 1110, 1050, 975cm-‘. (Found: C, 68.41; H, 
11.45. Calc. for CrH,sOr: C, 68.31; H, 11.47). 

2,2,3-Ttimethylbut-3-en-l-al (s4). This compound was pre- 
pared from 2,2,3-trimethylbut-3en-lol” by the same procedure 
as described above for the preparation of 53. The yield was 53% 
and the spectral data were identical to those reported in the 
literature for 54.n 

2,2,3-Trimethylbut-3-en-l-al Dimethylacetal (43). A soln of 
0.49 g of 54,0.55 g trimethyl orthoformate, and 1 drop H2S4 in 
20mL MeOH was allowed to stand for 2 weeks at 25”. The 
mixture was poured into 70mL 5% NaHCOs aq and extracted 
thoroughly with ether. The ethereal extracts were washed with 
satd NaCl aq and dried over MgSO,. After filtration, the solvent 
was evaporated to give a residue which was molecularly distilled 
(bath temp. 55a, 80 mm) to give 0.31 g (48%. 90% pure) of 43. 
An analytical sample was prepared by preparative VPC: ‘H- 
NMR (CCI,) 6 4.71 (2H,s), 3.92 (IH, s), 3.36 (6H, s), 1.73 
(3H, br s), 0.98 (6H, s); IR 2900, 1640, 1450, 1380, 1100, 970, 
900 cm-‘. (Found: C, 68.30; H, 11.37. Calc. for CsH’sOr: C, 68.31; 
H, 11.47). 
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