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The dimethoxy-1 alcohols 1 (n = 2-4) were synthesized and the corresponding tosylates 2 (n = 2 4 )  were 
solvolyzed in both methanol and trifluoroethanol to examine the possibility of methoxyl participation by the 
dimethyl acetal functional group. The solvolysij rates were measured and compared with that of n-octyl tosylate 
as a model compound and with that of 5-methoxy-1-pentyl tosylate, which is known to solvolyze with methoxyl 
participation. The 4,4- and 5,5-dimethoxy compounds 2 (n = 2 and 3) showed rate enhancement of ca. 3900 and 
245, respectively, relative to n-octyl tosylate in trifluoroethanol, indicating that acetal methoxyl participation 
dominates the solvolysis in both cases. Comparison of 5,5-dimethoxy-l-pentyl tosylate and 5-methoxy-1-pentyl 
tosylate showed that the acetal methoxyl group is a much poorer intramolecular nucleophile than the simple 
methyl ether group in both solvents. Product studies of the trifluoroethanolysis of 4,4-dimethoxy-l-butyl and 
5,5-dimethoxy-l-pentyl tosylate confirmed the neighboring-group phenomenon in both cases in that the major 
products were the mixed acetals 8 and 9 resulting from 1,4 and 1,s migration, respectively, of an acetal methoxyl 
group. The kinetic features of the trifluoroethanolysis reactions of 5-methoxy-1-pentyl tosylate and 5,5-dime- 
thoxy-1-pentyl tosylate are discussed in terms of the ion-pair chemistry of the solvolysis intermediates. 

Although a large number of functional groups have 
been examined for their ability to serve as intramolec- 
ular nucleophiles in solvolytic displacement reactions, 
conspicuous by its absence is a systematic study of the 
neighboring acetal or ketal group. Since participation 
by the methyl ether oxygen has been exhaustively 
studied13s4 an examination of the dimethyl acetal or 
ketal group participation would allow an instructive 
comparison of the relative nucleophilicities of the me- 
thoxy group in the two functionalgroups. To date only 
one example of neighboring ketal participation has 
been reported. Thus backside Me0-45 participation 
has been invoked in the acetolysis of endo-7,’l-dime- 
thoxy-Znorbornyl tosylate to account for the migration 
of the methoxyl group to the 2-ex0 position and con- 
comitant ketone formation. The corresponding exo 

tosylate, in which methoxyl participation cannot occur, 
gives only unrearranged substitution products (the 
corresponding exo and endo acetates), the ketal function 
remaining inta,cL6 Several examples of acetal partici- 
pation have previously been noted in the carbohydrate 
fieid.7 
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It was therefore of interest to examine a series of 
homologous dimethoxy tosylates for evidence for the 
generality of acetal participation, for elucidation of 
mechanism, and for a direct comparison with the struc- 
turally related methoxyalkyl tosylates studied previ- 
ously. 

Results 

Syntheses.-The required dimethoxy-1 alcohols 1 
(n = 2-4) were prepared from the appropriate cyclic 
acyloins essentially by the method of Saunders and 
Hurd,s as outlined in Scheme I. The acyloins were 

SCHEME I 

0 
0 
II 

1, n = 2-4 

treated first with lead tetraacetate in methanol and 
then with methanolic sulfuric acid. The resulting acetal 
esters 4 were then reduced with lithium aluminum 
hydride to yield the dimethoxy alcohols 1. 

The precursor acyloins were synthesized by known 
methods. Adipoin (3, n = 4) was readily prepared by 
the hydrolysis of 2-chlorocyclohexanone, which in turn 
was synthesized by the chlorination of ~yclohexanone.~ 
The remaining acyloins (3, n = 2, 3) were prepared by 
the acyloin condensation with diethyl succinate and 
diethyl glutarate, respectively, employing the recent 
modification with chlorotrimethylsilane.10-12 With 
this modification the acyloins were isolated as the 1,2- 
bistrimethylsiloxy-1-cyclo alkenes 6, (see Scheme 11). 
The acyloins 3 (n = 2,3) were then generated simply by 

(8) C. L. Hurd and W. H. Saunders, Jr., J. Anzer. Chem. Soc., 74, 5324 
(1952). 
(9) M. 8. Newman, M. D. Farbman, and H. Hipsher, “Organic Synthe- 

ses,” Coll. Vol. 111, John Wiley & Sons, Ino., New York, N. Y., 1955, p 188. 
(10) U. Sohrapler and K. Ruhlmann, Chem. Ber., 97, 1383 (1964). 
(11) J. J. Bloomfield, Telrahedron Lett., 587 (1968). 
(12) G. E. Gream and 8. Worthley, ibid., 3319 (1968). 
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SCHEME I1 

MeOH - 3 , n = 2 , 3  NP 

b‘OSi(CH,), 
6 

stirring in absolute methanol under a nitrogen atmo- 
sphere. 

The tosylates 2 were prepared from the alcohols by 
the sodium hydride method.13 None of the tosylates 
was crystalline; since they proved to be moderately 
unstable even in the cold, they were prepared as needed. 

Kinetic and Product Studies.-The tosylates were 
solvolyzed in absolute methanol and in buffered tri- 
fluoroethanol, and their rate constants were deter- 
mined titrimetrically. Methanol was a suitable choice, 
since its use obviated t,he problem of acetal exchange 
and the need to neutralize the acid liberated in the 
solvolysis. Trifluoroethanol, being considerably more 
ionizing and less nucleophilic than methan01,’~ is an 
ideal nonacidic solvent, since it allows neighboring- 
group participation to predominate over direct solvent 
displacement. The first-order rate data are summa- 
rized in Tables I and 11. 

TABLE I 
SUMMARY OF KINETIC DATA IN 
METHANOL AT 59.86 0.05” 

Compd IO%, sec-1 Re1 rate F ~ A , O  % 
CH~(CHZ)~CHZOTS 0.763 1 .0  . . .  
(CHPO)ZCH(CHZ)ZCHZOTS 5.73 A 0.05 7.49 87 
(CHsO)zCH(CHz)aCHnOTs 1.49 =t 0.02 1.95 49 
(CH~O)ZCH(CH~)&HZOTS ~ 1 . 1  -1.4 -30 
CH~OCHI(CHZ)~CHZOTS 2.08 & 0.02 2.72 63 

5 Calculated from the kinetic data. 

The appIication of the kinetic rate-enhancement 
criterion for neighboring-group participation requires a 
means of estimating the expected value of the rate con- 
stant in the absence of participation, the observed rate 
constant (kobsd) being the sum of the assisted ( k ~ )  and 
unassisted (IC,) rate constants. 

kobad = FkA + k 8  
A measure of the unassisted portion of the solvolysis 

rates of the dimethoxy-1-alkyl tosylates was taken to be 
the rate of solvolysis of n-octyl t0sy1ate.I~ No attempt 
was made to assess the extent of internal return (1 - 
F )  to covalent starting material. 

The solvolysis of 5-methoxy-1-pentyl tosylate, which 
is dominated by methoxyl p a r t i ~ i p a t i o n , ~ ~  was also 
examined to provide a comparison with the correspond- 
ing 5,5-dimethoxy-l-pentyl system (Tables I and 11). 

(13) J. K. Kochi and G. S. Hammond, J. Amer. Chem. Soc., ‘IS, 3443 
(1953). 
(14) F. L. Scott, Chem. Ind. (London), 224 (1959); V. J. Shiner, Jr., W. 

Dowd, R. D. Fisher, S. R. Hartshorn, M. A. Kessick, L. Milakofsky, and 
M. W. Rapp, J. Amer. Chem. Soc., 91, 4838 (1969). 
(15) The aotual choice of which primary alkyl tosylate (n-butyl, n-pentyl, 

or n-hexyl) to use aa a model compound is relatively unimportant, since they 
all solvolyze a t  very nearly the same rate (in ethanol and in water); see 
P. M. Laughton and R. E. Robertson, Can. J .  Chem., 88, 1207 (1955). 

The 5-methoxy-1-pentyl derivative solvolyses with 
first-order behavior in methanol, but in trifluoroethanol 
exhibits behavior typical of the internal return rear- 
rangement to methyl tosylate (and tetrahydropyran) 
via the cyclic methoxonium ion observed previously for 
this system in acetic The rearrangement is 
kinetically detectable as a downward-drifting rate 
constant and a low acid infinity titer in unbuffered 
solvent, and as an upward-drifting rate constant (and a 
theoretical infinity titer) in sodium trifluoroethoxide 
buffered trifluoroethanol. l6 However, similar rear- 
rangement to methyl tosylate does not accompany the 
trifluoroethanolysis of 5,5-dimethoxy-l-pentyl tosylate, 
since there was observed no drift in the first-order rate 
constant through at  least 80% reaction. 

The products from the trifluoroethanolysis of 4,4- 
dimethoxy-1-butyl (2, n = 2) and 5,5-dimethoxy-l- 
pentyl (2, n = 3) tosylates wereexamined tosubstantiate 
the kinetic evidence for the neighboring-group phe- 
nomenon. From the trifluoroethanolysis of 2 (n = 2) 
was detected a single major product, formed in 70% 
yield, as estimated by gas chromatography using inter- 
nal standards. This material was isolated by distilla- 
tion, purified by preparative gas chromatography, and 
identified as the mixed acetal l14-dimethoxy-l-tri- 
fluoroethoxybutane (8) on the basis of elemental analy- 

CH 0 NaOCHICFs 
>CHCH,CH~CH~OT~ - 

CH3O 
2, n = 2  

CHBO, 
/CHCH*CH&H2OCH, 

CF3CH20 
8 

sis and infrared, nmr, and mass spectra. In  particular, 
the nmr spectrum showed two singlets corresponding to 
the nonequivalent methoxyl groups. Also the base- 
peak ion in the mass spectrum occurred at rn/e 143 and 
was assigned structure a, a typical fragment ion in the 
mass spectra of acetals. l7 [ cH30\c1’ 

CF,CH,O””* 

a, m/e 143 

Similarly, the trifluoroethanolysis of 5,5-dimethoxy- 
1-pentyl tosylate (2, n = 3) gave 1,5-dimethoxy-1- 
trifluoroethoxypentane (9) in ca. 25% yield. The 
structure assignment was again based on the fact that 
the material showed two distinctly nonequivalent meth- 
oxy1 singlets in the nmr, and had a base-peak ion at  
m/e 143 owing to ion a in its mass spectrum. The 

9 10 

(16) The interesting kinetic features of this system in trifluoroethanol 
have been reported elsewhere; see J. R. Hazen, Tetrahedron Lett., 1897 
(1969). 
(17) H. Budzikiewicz, C. Djerassi, and D. H. Williams, “Interpretation 

of Mass Spectra of Organic Compounds,” Holden-Day, Inc., San Francisco, 
Calif., 1964, pp 52-54. 
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TABLE II 
SUMMARY OF KINETIC DATA IN TRIFLUOROETHANOL AT 69,QO i: 0,05' 

Compd CFaCHaONa, M k, 8ec-1 Re1 rate 

C€Ia(CHz)&HzOTs ... 3 x 10-7 1 . 0  
(CHaO)zCH(CHz)2CHzOTs 0.0505 1.18 & 0.02 x lo-* 3 . 9  x 108 
(CH~O)~CH(CHZ)~CHZOTB 0.0560 7 .35  f 0.10 x 10-6 2.45 X loa 
CHaOCHz(CHz)sCHpOTs 0.0560 2 .04  0 .02  x 10-4 6.80 X lo2 

. * I  1.59 =k 0.03 X lo-' 5.30 X lo2 
(I Calculated from the kinetic data. 

100 
>99 
>99 

major product in the trifluoroethanolysis of 2 (n = 3) 
is 2-methoxytetrahydropyran (lo), identified by com- 
parison of its gas chromatography retention time with 
that of an authentic sample. 

Discussion 
There are several a priori considerations with regard 

to a comparison of MeO-n participation in the dimeth- 
oxy and simple methoxy compounds. First, a statisti- 
cal factor of two must be recognized, since either of the 
two methoxyl groups of the acetal function can serve as 
the neighboring group. Second, it is well known that 
alkyl substituents on the aliphatic chain serve to en- 
hance cyclization reactions. For example, 5-methoxy-l- 
hexyl brosyla te solvolyzes about six times more rapidly 
than 5-methoxy-1-pentyl brosylate in acetic acid.4a 
It is reasonable to assume that the methoxyl group has a 
steric bulk which is intermediate between that of methyl 
and an ethyl group. The presence of the second meth- 
oxy1 group may therefore be estimated to increase the 
rate of a ring-closure reaction by a factor of roughly 
10-15.2~4a~18 On the basis of this factor and the sta- 
tistical factor, it might be estimated that the dimethoxy 
compounds would solvolyze some 20-30 times faster 
than the methoxyl compounds. A third factor, how- 
ever, should counterbalance these first two. The elec- 
tron-withdrawing inductive effect of each methoxyl 
group on the other in the dimethoxy compounds should 
significantly reduce the ability of the methoxyl oxygen 
atoms to donate their nonbonded electrons to a neigh- 
boring electron-deficient carbon atom in the solvolysis 
transition state. That is, the methoxyl groups of the 
acetal are expected to be much less nucleophilic in intra- 
molecular displacements than the methyl ether group. 
The relative importance of these factors will become 
apparent from the discussion below. 

It is clear from the data in Table I that the rate en- 
hancement owing to acetal participation is quite modest 
in methanol, being only a factor of 7.5 in the case of 
4,4-dimethoxy-l-buty1 tosylate. lD However, the mag- 

(18) See, for example, T. C. Bruice and W. C. Bradbury, J .  A n e r .  Chen .  
Soc., 87, 4846 (1865): D. 8. Bailey, "The Gem-Dialkyl Effect," Organic 
Chemistry Seminar, University of Rochester, Rochester, N. Y., 1967, pp 
60-68. 

(19) Corrections for the inductive effect of the (CHaO)&H group have 
not been applied to  any of the data. The inductive effect, though small, 
is not negligible. The u* value for (CHsO)zCH has recently been determined 
to be +1.14,*0 about twice that of the CHsOCHa substituent. Using the 
reaction constant p* = 1.03 (the value for ethanol') and c* [CHr(CHa),- 
CHzl = -0.10,' the inductive rate retardation for the 4,4:-dimetboxy com- 
pound (2, n = 2) ielative to the unsubstituted compound may be calculated 
to be a factor of ca. 1.80. Thus the actual rate enhancement due t o  M e 0 4  
participation would be 7.5 X 1.80 or 13.5. Similarly, the inductive effect 
in the 5,5-dimethoxy analog will produce a rate retardation factor of ca. 1.4, 
indicating that the true neighboring-group rate acceleration for 2 (n  = 3) 
amounts to a factor of 1.95 X 1.4 or 2.8. 

The inductive effects in trifluoroethanol are probably even somewhat 
larger, since the reaction constant p* is probably larger in thia more ionizing 
solvent. 

nitude of the neighboring-group effect in. the series of 
tosylates is in the expected order in that 2 (n = 2) is 
more reactive than 2 (n = 3), which in turn is more reac- 
tive than 2 (n = 4). This observation is in accordance 
with the expectation that formation of the five-mem- 
bered-ring transition state is the most favorable and 
formation of the seven-membered-ring transition state 
is the least f a v ~ r a b l e . ~ * ~  It is significant to note that 
5-methoxy-1-pentyl tosylate solvolyzes 40% faster than 
5,5-dimethoxy-l-pentyl tosylate, indicating that acetal 
methoxyl participation is less favorable than simple 
methoxyl participation. This observation reflects the 
overriding importance of the inductive or ele6tronic 
factor on the nucleophilicity of the acetal methoxyl 
groups. 

The fact that the IC, route represents a large portion of 
the solvolysis pathway in methanol is undoubtedly due 
to its relatively high nucleophilicity. An ionizing but 
weakly nucleophilic solvent would make any participa- 
tion effects more apparent, since IC ,  for primary tosylates 
is reduced in a less nucleophilic solvent. Since the 
usual acidic solvents are unsuitable, the tosylates were 
solvolyzed in trifluoroethanol in the presence of sodium 
trifluoroethoxide as a buffer to prevent acetal exchange. 

The large rate accelerations for the tosylates 2 in the 
cases where n = 2 and 3 relative to  n-octyl tosylate 
(Table 11) clearly indicate that methoxyl-assisted ioni- 
zation completely dominates the solvolysis in both cases. 
Furthermore, both compounds solvolyze with good 
first-order behavior, indicating the absence of any S N ~  
displacement by sodium trifluoroethoxide. On the 
other hand, both n-octyl tosylate and 6,g-dimethoxy-l- 
hexyl tosylate (2, n = 4) undergo predominant bimolec- 
ular displacement by the alkoxide and do not follow 
first-order kinetics. The solvolysis rate of n-octyl 
tosylate was therefore determined in unbuffered solvent. 
The observation of a substantial contribution from the 
second-order displacement by alkoxide with 6,6-di- 
methoxy-1-hexyl tosylate in competition with the 
methoxyl-assisted displacement is consistent with the 
long-recognized fact that participation via seven-mem- 
bered ring intermediates is a relatively minor path- 
~ a y . ~ J  It is also pertinent to note that the solvolysis 
rate of 4,4-dimethoxy-l-buty1 tosylate is 16 times faster 
than that of 5,5-dimethoxy-l-pentyl tosylate (Table 
11). This result compares favorably with the observa- 
tion that the corresponding 4-methoxy-1-butyl system 
solvolyzes 14 times more rapidly than the 5-methoxy-l- 
pentyl system a t  75" in formic acid, in which solvent 
both compounds solvolyze exclusively via methoxyl 
participation. 

It should again be noted that the apparent neigh- 
boring-group rate accelerations of 3900 for 2 (n = 2) 

(20) T. Minamida, Y. Ikeda, K. Uneyama, and S .  Oae, Tetrahedron, 24, 
5293 (1968). 
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and 245 for 2 (n = 3) (Table 11) are approximations, 
since no corrections have been applied to allow for the 
differences in the inductive effect in n-octyl tosylate 
and the substrates of interest.lg Also no allowance has 
been made for the fact that the solvolyses of n-octyl 
tosylate and the dimethoxy tosylates were not con- 
ducted under conditions of identical ionic strength, 
since the latter compounds were solvolyaed in the pres- 
ence of sodium trifluoroethoxide buffer. However, 
these effects are relatively small (and tend to counter- 
balance one another), compared with the magnitude 
of the rate accelerations, and may be neglected without 
affecting the validity of the kinetic conclusions. 

The domination of the trifluoroethanolyses by meth- 
oxy1 participation indicates that the initially formed 
intermediates from 2 (n = 2) and 2 (n = 3) are the 
methoxonium ions 11 and 12, respectively. 

I 
CH3 I 

CH, 
11 12 13 

A comparison of the kinetic behavior of 5-methoxy- 
1-pentyl and 5,5-dirnethoxy-l-pentyl systems allows 
further niechanistic insight. Jt is again clear that the 
acetal methoxyl groups are considerably less nucleo- 
philic than the simple methyl ether group, since the 
dimethoxy tosylate reacts nearly three times more slowly 
than 5-niethoxy-1-pentyl tosylate. Especially inter- 
esting is the observation that, while the solvolysis of 
5-methoxy-1-pentyl tosylate in buffered trifluoroethanol 
is accompanied by internal return rearrangement to 
methyl tosylate (via the methoxonium ion 13),16 no 
such rearrangement occurs from methoxonium ion 12. 
The absence of 0-methyl cleavage by the tosylate anion 
in the solvolysis of the 5,5-dimethoxy system may rea- 
sonably be interpreted as being indicative of a rapid 
equilibrium between the cylic oxonium ion 12 and the 
highly resonance-stabilized a-methoxycarbonium ion 
14. Since such an equilibrium would involve a rapid 

I 
CH,O 

CH3 
12 

CH3O nOCH3 - CH30 +nocH3 
14 

change in the geometries of the intermediates as well 
as a rapid shifting of the site of the electron deficiency, 
it seems unlikely that the tosylate anion would often 

CH, 
11 

A - 
/+ CH,O - +d CH30 

15 
\OCH3 

be in a proper position to collapse with either of the 0- 
methyl groups. Hence, solvent capture of the inter- 
mediates 12 and 14 is the favored process, with little or 
no methyl tosylate formation. The cyclic ion 11 is 
similarly postulated to give rise to the a-methoxycar- 
bonium ion 15 prior to solvent capture. 

The kinetic evidence for the neighboring-group ef- 
fect was substantiated by the product study. The for- 
mation of the rearranged, mixed acetals 8 and 9, respec- 
tively, from 2 (n = 2) and 2 (n = 3) requires the migra- 
tion of a methoxyl group to the carbon initially bearing 
the leaving group in both cases. No unrearranged di- 
methyl acetal product was detected in the solvolysis of 
either substrate.21 The formation of the mixed acetals 
is also consistent with (but does not prove) the inter- 
mediacy of the a-methoxycarbonium ions 14 and 15. 

While it is obvious that methoxyl participation in 
the acetals is important, it is less so than in the simple 
methyl ethcr analogs. The lesser reactivity of the 
dimethoxy compounds relative to the methoxy com- 
pounds clearly indicates that the most important fac- 
tor in determining their relative reactivities is the elec- 
tronic factor. Thus although the statistical and steric 
factors should make the dimethoxy compounds roughly 
20-30 times more reactive than the corresponding 
methoxy compounds (vide supra), the electron-with- 
drawing inductive effect exerted by each methoxyl 
group on the other in the acetals more than counter- 
balances these factors. The fact that 5-methoxy-l- 
pentyl tosylate is nearly t!hree times more reactive than 
5,5-dirnethoxy-l-pentyl tosylate indicates that the 
intrinsic nucleophilicity of the acetal methoxyl group 
is roughly 3 X 20-30 or ea. 102 less than that of the 
simple methoxyl group. It is interesting that this fac- 
tor is also about the same as the magnitude of the induc- 
tive effect found for the generation of positive charge on 
a carbon atom with a P-methoxyl group (as in the sol- 
volysis of 2-methoxycyclohexyl brosylate). 22  

Experimental Section 
1,2-Bistrimethylsiloxy-l-cyclobutane (6, n = 2).-In a 500- 

ml, three-necked flask equipped with mechanical stirrer, con- 
denser and drying tube, and a dropping funnel with a nitrogen 
inlet tube was placed 180 ml of dry toluene and 14.0 g (0.61 mol) 
of freshly cut cubes of sodium. The mixture was heated to reflux 
under nitrogen with vigorous stirring to disperse the globules of 
melted sodium. Then a solution of 26.2 g (0.15 mol) of diethyl 
succinate and 70 g (0.644 mol) of chlorotrimethylsilane plus 25 
ml of dry toluene was added dropwise to the refluxing, vigorously 
stirred mixture under nitrogen a t  such a rate as to maintain re- 
fluxing. After the addition of the diester solution (ca. 1.5 hr), 
refluxing the stirring were continued Cor an additional 19 hr. 
The mixture was cooled and filtered, and the filtered salts were 
washed with ether. The solvent was removed from the filtrate 
under reduced pressure and the residue was distilled to give 23 g 
(67% yield) of product, bp 103-107° (25-30 mm), na8D 1.4292. 
The nmr spectrum (neat) showed a singlet at T 7.90 (4 H, meth- 
ylene protons) and a singlet a t  T 9.82 (18 H, trimethylsiloxy pro- 
tons). 
4,4-Dimethoxy-l-butanol (1, n = 2).-To 90 ml of absolute 

methanol was added dropwise 22.0 g (0.096 mol) of 1,Z-bistri- 
methylsiloxy-1-cyclobutene under a nitrogen atmosphere.'l 
After the addition was complete, the solution way stirred for an 

(21) The possibility of acetal participation suggested by J.  P. Ward 
[Tetrahedron Lett., 3905 (1965)] for 4,4-diethoxy-l-butyl chloride in  potas- 
sium hydroxide-ethylene glycol was not confirmed by the reported praduot 
study, since only the unrearranged product 4,4-diethoxy-l-butanol warn 
formed. 

(22) S. Winstein, E. Grunwald, and L. L. Ingraham, J .  Amer. Chem. Soe. ,  
70, 821 (1948). 
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additional 0.5 hr, followed by the portionwise addition of ca. 
50 g of lead tetraacetate with occasional external cooling (ice 
bath).* About 0.5 hr after the lead tetraacetate addition was 
complete, a solution of 18 g of concentrated sulfuric acid in 45 
ml of absolute methanol was added dropwise with vigorous stir- 
ring and, when the mixture became thick, with manual agitation. 
The reaction mass was allowed to stand for 3 days, after which it 
was filtered. The filtrate wm poured into 150 ml of 30% potas- 
sium carbonate solution, and the resulting mixture was immedi- 
ately extracted with a total of 400 ml of ether. The combined 
extracts were washed with 75 ml of water, dried over sodium sul- 
fate and then 3A molecular sieves, and distilled. The product,, 
methyl 4,4-dimethoxybutyrate (4, n = 2), was collected at  84' 
(12 mm), n z s J ~  1.4140-1.4144 [lit.28 bp 85.5-86' (13 mm), nZ0D 
1.41711. The infrared spectrum (liquid film) showed a strong 
carbonyl absorption at  1735 cm-1. The yield was 6.6 g (42%). 
The acetal ester was then reduced with lihhium aluminum hydride 
in ether to yield, after base hydrolysis, a 61% yield of 4,4-di- 
methoxy-1-butanol (1, n = 2), bp 97.5-99.5' (12 mm), nZ5D 
1.4246. The infrared spectrum (liquid film) showed a hydroxyl 
a t  3450 cm+, but no carbonyl absorption. 

Anal. Calcd for CaHllOa: C, 53.71; H, 10.52. Found: C, 
53.70; HI 10.67. 

4,4-Dimethoxy-l-butyl Tosylate (2, n = 2).1a-4,4-Dimethoxy- 
1-butanol (4.75 g, 0.0355 mol) was stirred and refluxed under 
nitrogen with an equivalent amount of oil-free sodium hydride 
in ether for 18 hr. Then, after cooling, 6.6 g (0.0346 mol) of 
freshly recrystallized tosyl chloride in ether was added over 0.5 
hr. After 9.5 hr in the cold the mixture was centrifuged (3000 
rpm, 20 min) and the supernatant solution was filtered through a 
sintered glass disk. The solvent was removed under reduced 
pressure (the final traces with a vacuum pump) to give 6.8 g 

All attempts to 
induce crystallization failed. However, the infrared spectrum 
showed no hydroxyl absorption, and the material contained no 
tosyl chloride (as determined by treatment with 0.0516 M sodium 
trifluoroethoxide in trifluoroethanol and back titration with per- 
chloric acid in 957, ethanol). The tosylate showed good first- 
order kinetics arid had a 967, infinity titer in both methanol and 
trifluoroethanol. 

Anal. Calcd for C1aH2006S: C, 54.14; H,  6.99. Found: 

of a clear, pale yellow oil, n Z s ~  1.4911. 

C, 54.14; H, 7.11. 
1.2-Bistrimethvlsiloxv-1-cvclooentene (6. n = 3) .-This com- 

I - *  

pound was prepired as described above for bistrimethylsiloxy- 
cyclobutene, bp 65' (2 mm) and 88' (9-10 mm), n Z 5 ~  1.4390 
[lit.lO bp 93-94' (10-12 mm), nZ0D 1.44261. 

Methyl 5,5-Dimetlioxyvalerate (4, n = 3).-The above-pre- 
pared bistrimethylsiloxycyclopentene (34.6 g) was added drop- 
wise over 0.5 hr to 160 ml of stirred absolute methanol. After 4 
hr the ieaction solution was treated with ca. 80 g of lead tetra- 
acetate, portionwise over a 0.5-hr period. After an additional 
1.5 hr, 29.5 g of concentrated sulfuric acid in 75 ml of methanol 
was added dropwise with cooling and vigorous agitation. After 2 
days the reaction mixture was filtered, poured into 30% potas- 
sium carbonate solution (from 150 g in 350 ml of water), extracted 
with 800 ml of ether, washed with a total of 150 ml of water, and 
dried over sodium sulfate and molecular sieves. The solvent 
was then removed and the product was distilled to give 14.5 g 
(580/0) of pure material, bp 70-72' (2.3 mm), nZ% 1.4206. 

Anal. Calcd for CaHleOl: C, 54.53; H, 9.15. Found: C, 
54.36; H, 9.06. 
.5,5-Dimethoxy-l-pentanol. (1, n = 3).-A solution of 14.5 g 

of the acetal ester (4, n = 3) in 20 ml of ether was added cau- 
tiously, dropwise, to a stirred suspension of 2.2 g of lithium alum- 
inum hydride in 100 ml of ether over the course of 45 min. After 
several hours the mixture was hydrolyzed with 2 ml of water, 
2 ml of 15Y0 aqueous sodium hydroxide, and 6 ml of water. 
After filtration and drying over 3A molecular sieves, the solvent 
was removed and the product was distilled to give 7.9 g (66%) of 
t,he dimethoxy alcohol, bp 67-69' (0.2 mm), nZss5~ 1.4315 [11t.24 
bp 51-63' (0.07 mm), nzDD 1.43441. 

Anal. Calcd for CaHlrOa: C, 56.73; H, 10.88. Found: C, 
57.07; H, 10.88. 

5,5-Dimethoxy-l-pentyl Tosylate (2, n = 3).-The tosylate was 
prepared from the alcohol (1, n = 3) by the sodium hydride 
method as described above. Several preparations of varying re- 
action time, temperature, etc., all gave the tosylate as a pale 
_ _ _ _ _ ~  
(23) S. Ducher, Bull. SOC. Chim. BY., 1259 (1959). 
(24) F. Weygand and I€. Leube, Chsm. Ber., 89, 1914 (1956). 

yellow oil containing 8.5-10.47, by weight of tosyl chloride as 
estimated by quantitatively diluting the impure ester in stan- 
dardized sodium trifluoroethoxide in trifluoroethanol and back- 
titrating the excess trifluoroethoxide with standardized perchloric 
acid in ethanol to the bromphenol blue end point. Control 
experiments showed that this assay method is accurate. The 
refractive indices of the various preparations varied from nZ6D 
1.4979 to n Z s ~  1.5008. After correction for the tosyl chloride 
impurity, the tosylate exhibited good first-order kinetic behavior 
and a 997, infinity titer. 

6,6-Dimethoxy-l-hexanol (1, n = 4).-This alcohol was pre- 
pared as described by Saunders and Hurd, bp 65-67' (0.2 mm), 
n z 6 ~  1.4336 [lit.8 bp 84" (1.0 mm), n20D 1.43581. The tosylate 
(2, n = 4) was prepared as described above and was isolated as an 
impure, pale yellow oil containing tosyl chloride. Repeated 
sodium bicarbonate washings of an ethereal solution of the ester 
failed to remove the tosyl chloride completely. A sample of 
material, n a 5 ~  1.5002, contained 8.0% tosyl chloride. The 
presence of tosyl chloride precluded an accurate determination 
in Table I. 

5-Methoxy-1-pentyl Tosylate (7) .-The tosylate was prepared 
from 5-methoxy-1-pentanol by the usual low-temperature method 
and way isolated as a clear, colorless oil, nZi% 1.4990. This 
material solvolyzed with well-defined kinetics and liberated the 
theoretical amount of p-toluenesulfonic acid in both methanol and 
trifluoroethanol. The nmr and infrared spectra were consistent 
with the expected structure. 

1-Octyl Tosy1ate.-The ester, prepared in 67% yield from n- 
octanol (Eastman) by the usual low-temperature method in pyr- 
idine, had n a b  1.4878 (lit.26 12% 1.4946) and solvolyzed with 
steady, first-order kinetics. 

Kinetics.-The kinetic runs were followed titrimetrically by 
standard techniques, and the rate constants were calcula.ted 
from the first-order rate law. Commercial absolute methanol 
containing ca. 0.047, water was used without further purification. 
The titrations for the methanolyses were performed with stan- 
dard aqueous ethanolic sodium carbonate using bromphenol blue 
as the indicator. Trifluoroethanol was used as received from 
Matheson Coleman and Bell. Sodium trifluoroethoxide- tri- 
fluoroethanol solutions were standardized by titration with per- 
chloric acid in 95% ethanol, which in turn was standardized 
against aqueous ethanolic primary standard sodium carbonate. 
The trifluoroethanolysis kinetics were followed by titration with 
standardized perchloric acid in ethanol to the bromphenol blue 
end point. A typical rate run is given in Table 111. 

TABLE 111 
SOLVOLYSIS O F  0.0374 M 5,6-DIMETHOXY-l-PENTYL TOBYLATE 

IN 0.0507 M SODIUM TRXFLUOROETHOXIDE I N  
TRIFLUOROETHANOL AT 69.88 zk 0.02' 

Time, 0,0254 M 
seo HC10r-EtO13,a ml [ROTS], M 10sk,b sec-I 

0 3.76 

3,255 3.195 
5,170 2.90 
7 , 450 2.60 
9,280 2.40 

1 , 472 3.495 

12 , 550 2.12 
15,400 1.915 

m 1.035 
a Per 1.98 ml of aliquot. 

0.0352 
0.0318 
0.0279 
0,0241 
0.0202 
0.0176 
0.01040 
0.01135 

. . .  
6.95 
7.42 
7.22 
7.46 
7.47 
7.35 
7.36 

0 Average k = 7.32 0.13. 

Trifluoroethanolysis Products from 4,4-Dimethoxy-l-butyl 
Tosylate (2, n = a).-The tosylate (3.0 g) was diluted with 50 
ml of 0.25 M sodium trifluoroethoxide-trifluoroethanol and 
heated at  70' for 115 min. The mixture was cooled, fi!tered, 
concentrated, and distilled. A single fraction was collected 
(1.15 g, 51Y0), bp 84-87' (20 mm), n2% 1.3715. This material 
consisted of a single component with trace amounts of several 
other products as determined by gas chromatography (10 ft X 
0.25 in. 207, FFAP on Chromosorb P column a t  125'). An 
analytical sample was obtained by preparative gas chroma- 
tography and identified as 1,4-dimethoxy-l-trifluoroethoxybutane 
( 8 ) :  n2% 1.3703; nmr (CDC13) T 5.40 [t,, 1, (CHaO)&H], 6.32 

(25) F. Drahowral and D. Klamann, Monatsh. Chem., 82, 452 (1951). 
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(q, 2, J = 9 Hz, CFaCHz), 6.65 (s, 3, CHaOCH), 6.68 (s, 3, 
CHsOCHs), and ca. 8.3 (m, 4, methylene); mass spectrum (70 
eV) m/e 143 (base peak); ir (neat) 1280 cm-l (CF3). 

AnaL. Calcd for C~HISF~OS: C, 44.44; H, 6.99; F, 26.36. 
Found: 

A better estimate of the yield of 8 way obtained by gas chro- 
matographic analysis using internal standards. In a typical 
experiment the accurately weighed ester (ca. 0.4 g) was solvolyzed 
as above, the reaction mixture was cooled, and cyclohexyl acetate 
and n-octyl alcohol were accurately weighed into the reaction 
mixture. The mixture was vigorously shaken and analyzed 
directly on a 20% FFAP on Chromosorb P column. The yield 
of 8, determined from the relative peak areas suitably corrected 
for minor differences in detector response, was 70y0. 

Trifluoroethanolysis Products from 5,5-Dimethoxy-l-pentyl 
T8sylate (2, n = 3).-The tosylate (2.82 g) was diluted with 95 
ml of 0.130 M sodium trifluoroethoxide-trifluoroethanol and 
heated at  70” for 14 hr. The mixture was cooled, filtered, and 
concentrated. Ether (ca. 35 ml) was added to precipitate the 
remaining salts. The mixture was filtered, concentrated, and 
dislilled. A single high-boiling component was isolated (0.5 g), 
bp 95’ (17 mm), n Z 7 ~  1.3816. This material was further purified 
by preparative gas chromatography and identified m 1,5-di- 
methoxy-1-trifluoroethoxypentane (9): nmr (CClr) 5.50 [t,  1, 

6.70 (s, 3, CHIOCH), 6.75 (s, 3, CHsOCH2-), and ca. 8.5 (m, 6, 

C,44.14; H, 7.04; F ,  26.48. 

J = CU. 5 Ha, (CHsO)&H], 6.23 (q, 2, J = 9 Hz, CFaCH2); 

methylene); mass spectrum (70 eV) m/e 143 (base peak); ir 
(neat) 1280 om-’ (CF3). 

Anal. Calcd for C9HnF80a: C, 46.95; H, 7.44; F, 24.76. 
Found: 

The yield of 9, determined by gas chromatography using an 
internal standard, was ca. 25%. Although no attempt was 
made to recover the major solvolysis product, it was identified as 
2-methoxytetrahydropyran on the basis of its identical gas chro- 
matography retention time with that of an authentic sample. 

(3,46235; J, 7.51; F, 24.79. 

Registry No.-1 (n = 2), 23068-87-3; 2 (n = 2), 
23068-88-4; 2 (n = 3), 23068-S9-5; 2 (72 = 4), 23068- 
90-8; 4 (n  = 3), 23068-91-9; 6 (n  = 2)) 17082-61-0; 
7, 23074-20-6; 8, 23074-21-7; 9, 23074-22-8; 1-octyl 
tosylate, 3386-35-4. 
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The solvolysis rates of cholesteryl and cyclopropylcarbinyl (3-H) tosylate have been determined in a series of 
solvents of varying ionizing strength. The correlation of the cholesteryl tosylate solvolysis rates with those of 
3-H reflects a mechanistic similarity between the two substrates. The solvolysis rates of l-p-nitrophenylcyclo- 
propylcarbinyl tosylate (3-NPh) have been determined in acetic acid and ethyl alcohol. The solvolysis of 
3-NPh relative to 3-H is retarded by a factor of 10-1. Comparison of the substituent effect upon the solvolytic 
reactivity of 3-H with related compounds supports a transition state with little charge localized at the methinyl 
carbon. 

The rates of ionization of p-methoxyneophyl tosyl- 
ate, log kion, in several solvents provide a useful scale 
of solvent polarity for measuring the response of an 
anchimerically assisted reaction to solvent variation.2 
Earlier work3 revealed that solvolysis rates of cyclo- 
propylcarbinyl arenesulfonates, although obeying a 
limiting SN1 mechanism, are poorly correlated by 
such a scale. 

This finding, coupled with more recent observa- 
t i o n ~ , ~ , ~  suggests that a substrate subject to homoallylic 
rather than phenyl anchimeric assistance would be a 
more suitable model reaction for correlating cyclo- 
propylcarbinyl arenesulfonate solvolysis rates. 

That cholesteryl tosylate solvolyses are assisted by 
homoallylic interactions has been well 
Accordingly, reaction rates of cholesteryl tosylate have 
been measured in a solvent series of varying ionizing 
and nucleophilic strength.8 

(1) Undergraduate Research Assistant. 
(2) S. G .  Smith, A. H. Fainberg, and S. Winstein, J .  Amer. Chem. Soc., 

(3) D. D. Roberts, J .  Org.  Chem., 29, 294 (1964). 
(4) D. D .  Roberts, ibid., 33,2712 (1968). 
(5) D. D. Roberts, ibid., 34, 285 (1969). 
(6) 8. Winstein and E.  M. Kosower, J. Arner. Chem. Soc., ‘78, 4347 4354 

(1956). 
(7) R. A. Sneen, ibid., 80, 3977 (1958). 
(8) A. Streitwieser, Jr., “Solvolytic Displacement Reactions,” McGraw- 

88, 618 (1961). 

Hill Book Co., Inc., Kew York, N. Y.,  1962, pp 63-65. 

The kinetic data are given in Table I. The course 
of each reaction mas followed by titrating the liberated 
p-toluenesulfonic acid. The solvolysis reactions of 
cyclopropylcarbinyl tosylate (3-H) in the aqueous 
binary solvents demonstrated the previously re- 
ported “internal return” rearrangement, 9,10 which 
accounted for 5-15% of the starting material. The 
purities of the starting materials were, therefore, 
checked by methanolysis, where a rearrangement to 
less reactive tosylates does not occur.1o The solvolysis 
rates of cholesteryl tosylate in aqueous dioxane sol- 
vents obeyed first-order kinetics up to  85% conversion, 
with the exception that the first 5% of reaction n7as 
accelerated. 

All other reactions were strictly first order in p- 
toluenesulfonate and furnished, within experimental 
error, 100% of the theoretical amount of acid present. 

Discussion 

The correlation of the cholesteryl t,osylate solvolysis 
rates with those of cyclopropylcarbinyl tosylate results 
in a dispersion of points into two accurately straight 
lines (cf. Figure 1) in contrast to scatter diagrams 

(9) M. C. Caserio, W. H. Graham, and J. D.  Roberts, Tetrahedron, 11, 

(10) D. D .  Roberts, J .  Org. Chem., SO, 23 (1965). 
171 (1960). 


