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the leaving group is the same as with diethylphenyl
orthoformate but where the intermediate carbonium
lon should be less stable and where basicity will be con-
siderably less because of the electron-withdrawing
ability of the phenoxy group relative to ethoxy.® This
ortho ester is also subject to general acid catalysis, but
it will be noted in Table I that the magnitude of the rate
constants is much less at 45° than in the case of diethyl-
phenyl orthoformate at 25°. The rate constant for
hydronium ion catalysis is 55-fold less. Of critical
importance is the fact that the slope of the Brgnsted
plot of log kma vs. pK, is much greater (—0.68). Thus,
proton transfer is very likely occurring to a considerably
greater extent in the transition state. General acid
catalysis is therefore much less favorable with weak
acid catalysts even though basicity is less.

Greatly increasing the stability of the oxocarbonium
ion intermediate in the diphenylethyl system by em-
ploying diphenylethyl orthoacetate as the substrate

(20) R. W. Taft, Jr., in “Steric Effects in Organic Chemistry,” M. 8,
Newman, Ed., Wiley, New York, N. Y., 1956, p 556.
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led to a large reduction in the magnitude of the Brgnsted
coefficient (0.49). This again illustrates the impor-
tance of oxocarbonium ion stability and the ease of
bond breaking in facilitating general acid catalysis in
these reactions. From knowledge of the structural
features leading to general acid catalysis in acetal and
ketal hydrolysis,®—'? it has therefore been possible to
predict what types of ortho esters would show pro-
nounced general acid catalysis and also the relative
magnitudes of the Brgnsted coefficients. Thus, the
conclusion that ease of bond breaking is the critical
feature in these reactions in regard to general acid catal-
ysis would appear to be well established and general in
application.
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33712-25-3.
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Acetolysis of 1-tosyloxy-2,2-dideuteriobicyclopropyl at 25° for 120 hr in the presence of sodium acetate pro-
duced a mixture of acetates 13 and 16 in which the position of the deuterium atoms eliminated the possibility of

any of the degenerate rearrangements shown in Scheme 1.

Examples of eyclopropyl derivatives that form stabil-
ized eyclopropyl cations in solvolytie reactions and do
not entirely undergo ring cleavage to allylic products
are few. Unrearranged products have been obtaned
in the solvolysis of exo-substituted bicyelo[n.1.0]-
derivatives 1, 2,' cyclopropyl-N-nitrosoureas 3,2 cy-
clopropyl thioethers 4,® the nitrous acid deamination
of apotricyclyamine (5),% l-aminonortricyclene (6),%
and 3-amino-1,2-cyclopropanoacenaphthene (7),% and
solvolysis of bieyclopropyl derivatives 8.

Steric prohibition of the favored electrocyelic trans-
formation® to an allylic system is justificationte:d.sb
for the nonrearranged products of the solvolysis of
compounds 1, 2, 5, 6, and 7; however, a free-radical
mechanism has been suggested’ for compounds 5, 6, and
7, and, although it might be extended to 3, a carbonium
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ion mechanism has also been invoked for the latter.®
Of all of the aforementioned systems, bicyclopropyl
derivatives remain among the most interesting because
substantial amounts of both ring-opened and ring-
closed products are found.

Although acetolysis of 8a in the presence of silver
ion produced a mixture of 9, 10, and 11,52 the use of
8b with acetic acid and sodium acetate resulted in a
mixture of 9 and 12 in addition to several minor prod-
ucts.5°

(8) An error in our original report® resulted in enol acetate structures in
which methyl and acetoxy groups were interchanged. However, the nmr
spectra clearly establish the structures shown for 10 and 11.
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In the present study attention is focused on estab-
lishing whether or not there are degenerate rearrange-
ments oceurring during the solvolysis of 8b.

Results and Discussion

2,2-Dideuteriobicyelopropyl tosylate (14) was syn-
thesized by a variation of the method previously de-
scribed for the preparation of the undeuterated com-
pound,5&.»
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The reducing agent, tri-n-butyltin deuteride (15},
was prepared by the deuterolysis of tri-n-butyltin-
magnesium chloride,® which resulted in a produet of
ca. 99.89, deuterium content.
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Acetolysis of deuterated tosylate 14 at 25° for 120
hr in the presence of sodium acetate produced a 1:2.5
mixture of bicyclopropyl acetate (13) and deuterated
2-cyclopropylallyl acetate (16) in comparable yield to

n-Bu;SnH

(DH
HOAc, NaOAc H(D)
4 ——— 13 +
25°,120 hr
CHy(D,)OAc
16
that reported by Howell and Jewett.>* Whether 16

forms directly from 14 or from the solvolysis of 2-cyclo-
propylallyl tosylate was not ascertained.

The location of the deuterium atoms in allyl acetate
16 was determined from an nmr spectrum of a sample
isolated by preparative vapor phase chromatography.
Chemieal shift values agreed with those for undeuter-
ated 2-cyclopropylallyl acetate.’® Comparison of the
integrated area for each type of proton with the acetate
methyl as a three-proton internal standard revealed
that the vinyl- and acetoxy-substituted carbon atoms
contained all the deuterium atoms of the molecule
about equally distributed between the two possible
locations.

Analysis of the deuterium location in a collected
sample of bicyclopropyl acetate (13) was accomplished

(9) (a) J.-C. Lahournere and J. Valade, J. Organometal. Chem., 23, C3
(1970).

(10) The spectrum was kindly supplied by Professor J. Jewett, Ohio Uni~
versity.
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by the use of 1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-
octan-4,6-dionatoeuropium.!* The cis and trans pro-
tons (relative to acetoxy) at C-2 and C-3 appeared
as two distinet AX doublets sufficiently removed from
the multiplet assigned to the protons of the other ey-
clopropyl ring to allow a quantitative integration of the
nmr spectrum and comparison with the acetate methyl.
Proton assignments were confirmed by comparison
with the nmr spectra of authentic 13 and undeuterated
acetate 9 in the presence of the shift reagent. In
the latter example, the cis and trans protons of C-2 and
C-3 appeared as a pair of symmetrical multiplets con-
taining four protons. Solvolysis product 13 had 95—
1009 of the deuterium atoms in the acetoxy-substituted
ring, the small uncertainty being the result of an im-
purity and some line broadening caused by the nmr
shift reagent.

The acetolysis of 14 in the presence of sodium acetate
at 120° for 24 hr produced a mixture of 13, 16, irans-
2-cyclopropylpropenyl acetate (17), and cis-2-cyelo-
propylpropenyl acetate (18) as well as three unidentified
products which comprised no more than 3-5%, of the
total yield. Although the enol acetates 17 and 18

HOAc,NaOAc

14 120°, 24hr 13 (263%) + 16(118%) +
CH(D)  OAc <k_/0 Ac
+
<(_\ H(D) CH(D) H(D)
17 (31.4%) 18 (305%)

were not individually isolated, an nmr spectrum of
the product mixture indicated the presence of two
deuterium atoms distributed between the allylic methyl
group and the vinyl position. 2-Cyclopropylallyl
acetate has been suggested as a precursor to the ob-
served enol acetates®™ but was never detected in their
presence until shorter reaction times were used. In
our work it has been observed that 16 readily formed
a mixture of 17 and 18 on vapor phase chromatographie
columns unless precautions were taken.

Although the observed lack of deuterium scram-
bling does not clearly distinguish between possible
cationic intermediates such as 19,'2 20,13 or 21,4 it

19

20 21

does eliminate symmetrical species such as 22 and fur-
ther indicates the lack of degenerate rearrangements
represented by path a and path bede of Scheme I.
Evidence against path b (and e) is consistent with the
observations of Wiberg® for the solvolysis of 4-tosyl-
oxyspirohexane (23), which gives a variety of produets,
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none of which correspond structurally to those ob-
served for the solvolysis of tosylate 14 under mild con-
ditions.* It remains to be shown why the intercon-
version represented by path b is so energetically un-
favorable.

In view of the ease of hydride migrations in various
carbonium ions,'™—¢ the lack of an observable 1,2-
hydride shift (path a) in the cation presumed to form
during the solvolysis of 14 is significant. One possible
explanation is that the preferred conformations for
ions such as 20 and 21 (depected in structures 24 and
25, respectively) result in dihedral angles between the
methine C-H bond and the adjacent vacant orbital
substantially different from the angle of 0° which is
favored for hydride migration.,

<-4

25

Experimental Section!s

Tri-n-butyltin Deuteride (15).—This reagent was prepared by
the method of Lahournere and Valade.®* To a stirred solution of
isopropylmagnesium chloride (0.15 mol) in ether was added
dropwise tri-n-butyltin hydride (10.0 g, 0.034 mol). The mix-
ture was stirred at room temperature for 2.5 hr and then brought
to reflux for 20 min. The contents were hydrolyzed with deu-
terium oxide and the resultant gel was slowly filtered and washed
with ether. The ethereal solution was dried (Na.SQ;), concen-
trated, and distilled to give 6.8 g (0.023 mol, 689%,) of tri-n-butyl-
tin deuteride, bp 78-70° (0.6 mm). The infrared spectrum (film)
contained a Sn-D absorption at 1805 cm 1,

2,2-Dideuteriobicyclopropyl Acetate (13).—The compound
was obtained by a modification of the method described for the
synthesis of bicyclopropyl acetate.’ Crude 2,2-dibromobicyclo-
propyl acetate was reduced by stirring it with tri-n-butyltin

(16) Solvolysis of 14 at 120° did produce three very minor unidentified
products which represented 3~59, of the total product mixture.

(17) (a) J. Mareh, “Advanced Organic Chemistry: Reactions, Mech-
anisms, and Structure,” McGraw-Hill, New York, N. Y., 1968, pp 786-789,
795-797; (b) Y. Pocker in ‘‘Molecular Rearrangements,”” P. de Mayo,
Ed., Interscience, New York, N. Y., 1963, p 13; (¢} J. A. Berson, ¢bid.,
pp 140~145.

(18) Melting points were determined with a Thomas-Hoover capillary
melting point apparatus and are uncorrected. Infrared spectra were ob-
tained with a Beckman IR-8 double grating spectrophotometer and nmr
spectra were obtained with a Varian A-60 spectrometer, Chemical analyses
were performed with an F & M Model 180 Carbon, Hydrogen, Nitrogen
Analyzer, Department of Medicinal Chemistry, University of Kansas,
Lawrence, Kans.
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deuteride for 72-90 hr at 25° or overnight at 85° to give acetate 13
in 50% yield. The nmr spectrum (CCl:) displays a complex
multiplet-at 7 9.2-9.85 (6 H) consistent with the introduction of
two deuterium atoms and the nmr spectrum previously reported
for bicyclopropyl acetate. More detailed nmr assignments are
given in the description of the acetolysis.

2,2-Dideuteriobicyclopropyl Tosylate (14).—Acetate 13 (1.42
g, 0.010 mol) in ether (15 ml) was reduced with lithium alu-
minum hydride (0.95 g, 0.025 mol) in ether (50 ml) in a manner
reported®™ for the preparation of 1-hydroxybicyclopropyl to give
0.92 g (91.5%) of 1-hydroxy-2,2-dideuteriobicyclopropyl. The
aleohol (0.92 g, 0.009 mol) and dry pyridine (18 ml) were chilled
and tosyl chloride (3.43 g, 0.018 mol) was added; after dissolu-
tion, the mixture was stored at —20° for 5 days. Crystalline,
long, white needles of tosylate 14 (1.28 g, 55.9%), mp 40.8-
41.8°, were obtained from a work-up suggested by Fieser and
Fieser.* The nmr spectrum (CCL) had absorptions at r 2.23—
2.7 (4 H, A;B,, para-substituted phenyl), 7.57 (3 H, singlet,
tolyl methyl), and 8.13-9.95 (7 H, multiplet, cyclopropyl).
An undeuterated sample of the tosylate was analyzed.

Anal.  Caled for CsHy80;: 61.88; H, 6.39. Found: C,
61.93; H, 6.38.

Acetolysis of 2,2-Dideuteriobicyclopropy! Tosylate (14) at 25°.
—A mixture of tosylate 14 (1.017 g, 0.004 mol), anhydrous so-
dium acetate (0.492 g, 0.006 mol), and glacial acetic acid (180
ml) was stirred at 25° for 5 days. The solution was diluted with
water (180 ml) and extracted with pentane (5 X 40 ml). The
combined pentane solutions were washed with saturated aqueous
sodium bicarbinate solution and concentrated to give 0.810 g of
an oil which contained two components in a ratio of 1:2.5 by vpe
analysis with a 5 ft, 109, OV-101 on 60/80 Gas-Chrom Q column
at 100°. The two products were collected individually with a
6 ft, 109, OV-210 on 100/120 Gas-Chrom € glass column at 75°.
The product of shorter retention time and lower yield proved
indistinguishable from authentic acetate 13 with both of the above
columns. The nmr spectrum of the other compound agreed
(neglecting proton integration) with the nmr spectrum of 2-
cyclopropylallyl acetate.® The nmr spectrum (CCly) contained
absorptions at = 5.09 and 5.20 (broad singlets with some fine
structure, C=CIl,), 5.48 (singlet, CH;OCOCH,;), 7.97 (singlet,
OCOCH;), 8.4-9.0 (multiplet, methine proton), and 9.2-9.7
(multiplet; other cyclopropyl protons). The integration of the
combined areas of the peaks represented by vinyl plus allylic
protons compared to the acetate methyl as 2: 3.

Addition of tris-1,1,1,2,2,3,3-heptafluoro-7,7-dimethyloctan-
4,6-dionatoeuropium (Pierce Chemical Co., 15 mg) to the other
product produced a simplified spectrum which was essentially
identical with that of authentic 13 measured under similar condi-
tions. The cis and trans C-4 protons appeared as two separated
AX doublets which corresponded to 95-100%, deuterium reten-
tion in the acetoxy-substituted ring. These assignments were
confined by the addition of the shift reagent (50 mg) to bicyclo-
propyl acetate (9) (40.6 mg) in carbon tetrachloride (0.5 ml)
which gave a spectrum that contains two almost identical five-
peak multiplets (4 H) and an upfield multiplet (4 H) in addition
to the acetoxy methyl.

Acetolysis of 2,2-Dideuteriobicyclopropyl Tosylate (14) at
120°.—A mixture of tosylate 14 (383 mg, 1.50 mmol), anhydrous
sodium acetate (175 mg, 2.13 mmol), and glacial acetic acid (70
ml) was stirred at 120° for 24 hr. The mixture was cooled,
diluted with water (70 ml), and extracted with pentane (5 X
60 ml). The combined pentane solution was washed with
saturated sodium bicarbonate solution, dried (Na,S0,), and con-
centrated to give 205 mg (969 ) of crude products. Four prod-
ucts representing 909, of the product mixture were identified by
vpe and nmr data as 2,2-dideuteriobicyclopropyl acetate (13)
(26.39%), 2-cyclopropylallyl acetate (16) (11.89,), trans-2-cyclo-
propylpropenyl acetate (17) (31.49,), and ¢is-2-cyclopropyl-
propenyl acetate (18) (30.5%). Allylic acetate 16 readily isom-
erized to a mixture of 17 and 18 on vpe columns unless buildup
of decomposition products on the column was minimized by use
of very small samples. Columns were treated frequently with
Silyl-8 conditioner (Pierce Chemical Co.).

Registry No.—13, 34839-53-7; 14, 34839-54-8; 15,
6180-99-0.

(19) L. F. Fieser and M. Fieser, ““Reagents for Organic Synthesis,” Vol. I,
Wiley, New York, N. Y., 1967, p 1180,



