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Ortho esters react with an excess of sulfur dioxide to produce the corresponding esters and dialkyl sulfites.
Thus, triethyl orthoacetate gave ethyl acetate and diethyl sulfite, triethyl orthopropionate, and triethy! orthoben-
zoate produced ethyl propionate, ethy! benzoate, and diethyl sulfite. On the other hand, triethyl orthoformate
was less reactive and in addition to ethyl formate and diethyl sulfite also afforded diethyl carbonate. The reaction
evidently involves formation of the corresponding dialkoxy carbonium ions and the alkyl sulfite anions, followed
by a nucleophilic attack of the latter at the alkyl group of the dialkoxy carbomum ion to give the ester and the di-

alkyl sulfite.

Recently we described the nitrosolysis reaction, a novel
single step carbon-carbon bond cleavage of various ke-
tones! and ketone acetals? effected through nitrosation. In
the discussion of the mechanism of the nitrosolysis of cy-
clohexanone diethyl acetal, it was suggested that the initial
cleavage affords the triethyl 6-oximinoorthohexanoate
which in the presence of acid underwent dehydration to the
ethyl 5-cyanopentanoate. The experimental evidence that
this kind of dehydration of aldoximes with ortho esters to
the corresponding nitrile is indeed a facile and general re-
action was presented earlier.?

We wish now to describe a different transformation of an
ortho ester intermediate in a particular nitrosolysis reac-
tion, which led to a recognition of a novel and general reac-
tion of ortho esters with sulfur dioxide.

Cyclohexanone enol ethers undergo facile reaction with
sulfur dioxide,* and there is evidence that sulfur dioxide
readily cleaves an alcohol from various ketone acetals.® It
was recently reported that a reaction of photoexcited sulfur
dioxide with trialkyl formates led to the formation of the
corresponding “carbenium” ions, but to our knowledge no

reaction of ortho esters with unexcited sulfur dioxide was-

previously described.

Results and Discussion

A reaction of camphor diethyl acetal with ethyl nitrite in
sulfur dioxide solution containing excess ethanol and a cat-
alytic amount of an acid gave about a 50% yield of the ex-
pected 1-carbethoxy-1,2,2-trimethyl-3-cyanocyclopentane.
A preliminary experiment indicated that the reaction was
unusually slow. Consequently, a Fisher pressure bottle,
equipped with a pressure gauge and magnetic stirring bar,
was charged with sulfur dioxide, camphor diethyl acetal, a
solution of ethyl nitrite in ethanol, and ethanol containing
a catalytic amount of dry hydrogen chloride. After the dry
ice—acetone bath was removed, the reaction mixture was

stirred at room temperature overnight. Unexpectedly, a
GLC analysis of an aliquot revealed that in addition to ap-
proximately 50% of the expected 1-carbethoxy-1,2,2-tri-
methyl-3-cyanocyclopentane about 50% of camphor and di-
ethyl sulfite were also present (eq 1).

OEt
) H*
2 OEt | BmONO + EiOH (excess) —
0
COOEt
CO0EE + (B0)S0 (1)

While camphor diethyl acetal is extremely easily hydro-
lyzed by water,” it was demonstrated that the presence of
camphor in the reaction mixture was not a consequence of
the hydrolysis of unreacted camphor acetal during the
analysis, Neither camphor diethyl acetal-ethanol in sulfur
dioxide nor ethyl nitrite-ethanol solution in sulfur dioxide
produced any diethyl sulfite. Consequently, it follows that
both camphor and diethyl sulfite must be by-products in
the nitrosolysis reaction of the camphor acetal itself.
Hence, it was postulated that in the nitrosolysis of the ace-
tal, the initially produced ortho ester oxime underwent a
fast dehydration reaction with still unreacted camphor di-
ethyl acetal to give the corresponding ortho ester nitrile (eq
2), -which in turn reacted with sulfur dioxide to give the

OFt
C(OEt), OEt
CH=NOH

COEt);,

CN + 2EtOH (2)
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C(OEt), - COOEt
oy P+ 80, — ém + (BO)S0 (3)

ester nitrile and diethyl sulfite (eq 3). Indeed, camphor di-
ethyl acetal is a very efficient dehydrating reagent for con-
version of aldoximes to nitriles3 as indicated by almost in-
stantaneous transformations of n-heptaldehyde oxime and
n-butyraldehyde oxime to the corresponding nitriles in sul-
fur dioxide-ethanol solutions.

We have now established that trialkyl ortho esters do
react with sulfur dioxide to give the esters and dialkyl sul-
fites (eq 4).

RC(OR’), + 80, —- RCOOR’ + (R'0),80 (4

Thus, NMR analysis of a solution of triethyl orthoace-
tate in liquid sulfur dioxide (sealed in an NMR tube at
—70°), after 24 hr at room temperature, indicated practi-
cally complete conversion of the ortho ester to a mixture of
ethyl acetate and diethyl sulfite. The GLC analysis con-
firmed this finding and showed that these were the only
products in the reaction mixture.

The reaction appeared to be of a general nature as indi-
cated by the similar transformation of triethyl orthopro-
pionate, tri-n-propyl orthoacetate, triethyl orthobenzoate,
and triethyl orthoformate. However, while the alkyl and
aryl ortho esters reacted at room temperature, the triethyl
orthoformate, under the same reaction conditions, ap-
peared essentially unchanged. The relative reactivities of
these ortho esters after 24 hr at 0° follow: triethyl orthoace-
tate, 1; triethyl orthopropionate, 1.16; triethyl orthoben-
zoate, 0.35; and triethyl orthoformate, ~0 (Table I).

The reaction of triethyl orthoformate with sulfur dioxide
required more drastic conditions. After heating at 85-90°
for 2 weeks, a 60-MHz NMR analysis of a solution of
triethyl orthoformate in an excess of sulfur dioxide indicat-
ed that only 45-50% of the orthoformate reacted. However,
besides ethyl formate and diethyl sulfite, diethyl carbonate
was also formed.?

When an equimolar mixture of tri-n-propyl orthoacetate
and triethyl orthopropionate was treated with a catalytic
amount of sulfur dioxide, a 60-MHz spectrum taken imme-
diately after mixing suggested that a very fast alkoxy ex-
change had taken place. The GLC analysis indicated that
in addition to the two starting ortho esters, tri-n-propyl or-
thopropionate, triethyl orthoacetate, n-propyldiethyl or-
thopropionate, di-n-propylethyl orthopropionate, n-pro-
pyldiethyl orthoacetate, and di-n-propylethyl orthoacetate
were also present in the reaction mixture.® A reaction of the
trans-4-tert-butyleyclohexyldiethyl orthoacetate with ex-
cess sulfur dioxide afforded a mixture of the trans-4-tert-
butylcyclohexylethyl sulfite and trans-4-tert-butyleyelo-
hexyl acetate with the configuration at the C; of the cyclo-
hexane ring unchanged.

The following known facts are pertinent to the mecha-
nism of reaction of sulfur dioxide with ortho esters. It is
well established that sulfur dioxide readily enters in an
equilibrium with alcohols!® (eq 5), and causes racemization

ROH + 80, == ROSOH (5)

of optically active a-phenylethyl alcohol!! and 1-phenyl-
ethyl chloride.!? The latter reaction apparently does not in-
volve intermediate formation of styrene.l® On the other
hand, sulfur dioxide readily eliminates an alcohol from cer-
tain ketone acetals.® From the racemization studies with
a-phenylethyl alcohol, Tokura and Akigama concluded
that the reaction with sulfur dioxide probably involved
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Table I
Reaction of Various Ortho Esters with Sulfur Dioxide?
Relative
reac-
Ortho ester Products? tivity ¢

CH, C(OEt), CH,COOE, (Et0),SO 1.0d

CH,CH,C(OEt),  CH,CH,COOEt, (EtO),~ 1.3
SO

C,H,C(OEt), C,H,COOEt, (Et0),S0  0.36

HC(OEt), HCOOEt, OC(OEt),, ~0e
(Et0), SO

2 Reaction carried out in an NMR tube at an appropriate
temperature using approximately 20% (by volume) solu-
tions in sulfur dioxide; see Experimental Section for de-
tails. » The extent of the reaction was followed by NMR
and when starting ortho ester disappeared, the NMR tube
was cooled, opened, and analyzed by GLC. ¢ From incom-
plete conversions at 0° for 24 hr. ¢ Approximately 35% con-
conversion. € The reaction was very slow and no attempt
was made to determine time required to achieve complete
conversion; see Experimental Section.

slow, rate-determining formation of an intermediate (prob-
ably as an ion pair) which then underwent fast dissociative
racemization.!!

The mechanism of the reaction of ortho esters with sul-
fur dioxide very likely involves the following transforma-
tion (Scheme I). Initially, sulfur dioxide forms an interme-

Scheme I
Et : OEt  _
+/SOQ :
R—C—OR’ + 80, == R—C—0__ (6)
RI
OEt OEt
OEt OEt
! +/SO-’
R—C-—0__ == R—C* + TOSO.R' (7
R |
" OEt OEt
(|)Et
R—C* 0

4
l — R—COOEt + CH,CH,080R’
o‘l—cm “F0S0,R’ T

8
CH,
Et 0
[ a a 4
5 RCOOR’ + EtOSOE:
+_ - A
R—C{_ + JOSO.Et .0 )
0 ~ i
| /> . RCOOEt + R*OSOEt
R/
. _OEt
R—C + T0S0.Et —>
OR
olefin + RCOOEt + EtOSOH (10)
OEt OEt

80,
R—C—OR’ + EtOH == R—C—OFEt + ROH (11

Et OEt
R’=Et0rXO ;R*=)<O/

0
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diate via a fast and reversible coordination with a free elec-
tron pair at the oxygen (eq 6), which undergoes the oxygen-
acyl bond cleavage (eq 7) followed either by the recombina-
tion to provide the exchanged ortho ester, or by a nucleo-
philic substitution by the just generated sulfite anion on
the primary center of the dialkoxy carbonium ion,'“ to pro-
duce the ester and the dialkyl sulfite (eq 8). Since a nucleo-
philic substitution with sulfinate ions RSOy~ at the posi-
tive oxygen provides sulfinic esters rather than sulfones,!®
it is perhaps not surprising that the sulfite anions generat-
ed in eq 7 also act as an oxygen rather than a sulfur nucleo-
phileineq 8. -

In the above discussed experiment with the trans-4-tert-
butyleyclohexyldiethyl orthoacetate, in addition to the
trans-4-tert-butyleyclohexyl acetate and the trans-4-tert-
butyleyclohexylethyl sulfite, a substantial quantity of 4-
tert-butylcyclohexene (about 20-30% of maximum possi-
ble) and trans-4-tert-butylcyclohexanol were also
formed.'® The formation of the trans-4-tert-butylcyclohex-
ylethyl sulfite can be viewed as a consequence of nucleo-
philic substitution with trans-4-tert-butylcyclohexyl sul-
fite anion (R’ = trans-4-tert-butyleyclohexyl) at the pri-
mary center (eq 8), while the formation of the trans-4-tert-
butyleyclohexyl acetate is probably a result of the nucleo-
philic substitution with the ethyl sulfite anion at the pri-
mary (eq 9a) rather than at the secondary center (eq 9b) of
the dialkoxy carbonium ion (R’ = trans-4-tert-butyleyclo-
hexyl, R* = cis-4-tert-butyleyclohexyl). The absence of the
cis-4-tert-butyleyclohexylethyl sulfite, which might be ex-
pected from the nucleophilic attack by the ethyl sulfite
anion at the C; carbon of the trans-4-tert-butyleyclohexyl
group in the corresponding dialkoxy carbonium ion (eq 9b,
R* = cis-4-tert-butyleyclohexyl), is not surprising in view
of the propensity of secondary systems to undergo the
elimination rather than substitution reactions.!”!8 Indeed,
a substantial quantity of the olefin (4-tert-butylcyclohex-
ene) formed in this reaction (eq 10) further supports this
view. Since the half ester of sulfurous acid formed in eq 10
exists in an equilibrium with the alcohol'0 (eq 5), it also fol-
lows that the ethanol should replace trans-4-tert-butyley-
clohexanol from the “mixed” ortho ester to provide the
thermodynamically more stable triethyl orthoacetate (eq
11), as indeed has been ohserved.1®

In the reaction of an all-secondary trialkyl orthoformate
with sulfur dioxide, nucleophilic substitution by the secon-
dary alkyl sulfite anion on the secondary carbon atom of
the corresponding dialkoxy carbonium ion should be very
ineffective. Instead, formation of the corresponding olefin,
secondary alkyl formate, and the alcohol in equimolar
quantities should be expected (eq 12). A reaction of the tri-

C+/OR’
R.._..
Sor'

+ _OSOQRI —_—
olefin + HCOOR’ + R/OSO,H (12)

trans-4-tert-butylcyclohexyl orthoformate (eq 12, R’ =
trans-4-tert-butylcyclohexyl) with excess of sulfur dioxide
at room temperature was complete in less than 1 hr. The
fact that 4-tert-butylcyclohexene, trans-4-tert-butyleyclo-
hexanol, and trans-4-tert-butyleyclohexyl formate were
formed in equimolar amounts, and that di-4-tert-butylcyc-
lohexyl sulfite was not found among the reaction products,
further supports the above mechanism.

It is of interest to recall that the accepted mechanism for
acid-catalyzed hydrolysis of ortho esters calls for a fast and
reversible protonation of the ortho ester, followed by a
slow, rate-determining formation of the corresponding dial-
koxy carbonium ion, and the fast and irreversible reaction
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of the latter with water to produce the ester and the alco-
hol.20 If, however, an ortho ester is subjected to a reaction
with an alcohol in the presence of an acid catalyst, it may
be expected that the alkoxy exchange would also proceed
through a slow, rate-determining formation of the dialkoxy
carbonium ion (eq 13), followed by reaction of the latter
with the alcohol to regenerate the original or the exchanged
ortho ester (eq 14). Contrary to the hydrolysis mechanism,

Et
H+
R—C(OEt), + ROH == R—C® + EtOH (13)
OEt
OEt OEt
R—Ct + ROH == R—C—OR’ + H* etc. (14)
OEt OEt
- OEt
R—C* H

—> R—COOEt + EtOR’ + HY

o\—CH;{\ OR’ )

CH;

in which the dialkoxy carbonium ion reacts irreversibly
with water as the nucleophile,? the reaction of the dial-
koxy carbonium ion with the available alcohol nucleophile
is a reversible one. Hence, it is conceivable that under these
reaction conditions a competing, higher energy but irre-
versible reaction path, a nucleophilic attack of the alcohol
at the alkoxy carbon atom of the dialkoxy carbonium ion to
produce the corresponding ester and ether (eq 15), may be-
come operational. Alternatively, in the case of an ortho
ester containing a secondary alkoxy group, by analogy with
the reaction with sulfur dioxide, elimination rather than
substitution may be expected. Indeed, both of these reac-
tions were observed. Thus, when triethyl orthopropionate
was heated under reflux with an excess of ethanol, the
ortho ester gradually disappeared and the reaction solution
contained the ethyl propionate and diethyl ether. On the
other hand, heating the tri-trans-4-tert-butyleyclohexyl
orthoformate with a catalytic amount of methanesulfonic
acid led to the formation of the trans-4-tert-butylcyclohex-
yl formate, 4-tert-butylcyclohexene, and trans-4-tert-
butyleyclohexanol, as expected.

Experimental Section

Most of the ortho esters used in this work were commercial
products purified when necessary by distillation. The sulfur diox-
ide was MCB anhydrous grade and was passed through Linde AW-
300 molecular sieves prior to use. trans-4-tert-Butylcyclohexanol
was prepared by a reduction of the ketone with “mixed hydride”,
according to Eliel’s procedure.?! Boiling and melting points re-
ported are uncorrected. GLC analyses were. carried out generally
on Hewlett-Packard 5700A instrument 3- or 6-ft columns of either
10% SE-30 on Chromosorb W or the corresponding 10% Carbowax
20M columns. Proton NMR spectra were recorded on either Var-
ian A-60 MHz or HA-100 MHz instruments.

Camphor Diethyl Acetal. Camphor diethyl acetal was pre-
pared from camphor, triethyl orthoformate, and ethanol, according
to the published procedure.?!

Reaction of Camphor Diethyl Acetal with Ethyl Nitrite—
Ethanol in Sulfur Dioxide. A 100-ml Fisher pressure bottle,
equipped with a magnetic stirring bar and a pressure gauge, pro-
tected with a nitrogen bubbler, was placed in a dry ice-acetone
bath and charged with sulfur dioxide (25 ml), camphor diethyl ace-
tal (3.61 g, 18 mmol) in 5 ml of ethanol, a solution of ethyl nitrite
in ethanol (8.5 ml, 20 mmol), and 0.5 ml of 1N solution of dry hy-
drogen chloride in absolute ethanol. The dry ice-acetone bath was
removed and the reaction solution stirred overnight at room tem-
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perature. The reaction vessel was cooled in a dry ice—acetone bath,
opened, and the contents poured into an excess of precooled chlo-
roform containing an internal standard. The excess of sulfur diox-
ide was allowed to evaporate and GLC analysis of the residue indi-
cated about 40-50% yield of diethyl sulfite, 40-50% yield of cam-
phor, and 40-50% yield of 1-carbethoxy-1,2,2-trimethyl-3-cyanocy-
clopentane. A distillation afforded 1.16 g of the cyano ester, bp
80-84° (0.4 mm). Anal. Caled for C15H19NOg: C, 68.87; H, 9.15; N,
8.69. Found: C, 68.78; H, 9.02; N, 7.0. Ir 2252, 1738 cm~!; NMR
(CDClg) 6 4.15 (q, 2 H), 3.0-1.5 (m, 5 H), 1.3-1.05 (1 t + 3 S, 12 H).

Dehydration of n-Heptaldehyde Oxime and n-Butylal-
dehyde Oxime with Camphor Diethyl Acetal. To a solution of
the oxime (10 mmol) in sulfur dioxide—ethanol (7 + 8 ml), a few
drops of a 1 N solution of dry hydrogen chloride in ethanol were
added. An exothermic reaction occurred and GLC analysis indicat-
ed that the oxime was essentially quantitatively converted to the
corresponding nitrile, while the camphor diethyl acetal was con-
verted into camphor.

trans-4-tert-Butyleyclohexyldiethyl Orthoacetate. A mix-
ture of trans-4-tert-butyleyclohexanol (15.6 g, 100 mmol) and
triethyl orthoacetate (32.5 g, 200 mmol) was placed in a distilling
flask attached to a short distilling column and a few drops of
methanesulfonic acid were added. The flask was slowly heated
until approximately 100 mmol of ethanol distilled off. The acid
was neutralized with a slight excess of sodium methoxide and the
residue distilled in vacuo. There was obtained 20.3 g of trans-4-
tert-butyleyclohexyldiethyl orthoacetate, bp 100-104° (0.5-0.6
mm). Anal. Caled for C1gHz20s: C, 71.28; H, 11.54. Found: C, 71.35;
H, 11.42. NMR (CDCls) 6 3.6 {(q + broad s, 5 H), 1.48 (s, 3 H), 1.19
(t, 6 H), 0.88 (s, 9 H), and remaining cyclohexyl hydrogens ap-
pearing as several broad signals between 4 2.2 and 0.8,

Tri-trans-4-tert-butyleyclohexyl Orthoformate. A mixture
of trans-4-tert-butylcyclohexanol (15.6 g, 100 mmol), triethyl or-
thoformate (3.3 ml, 20 mmol), and a drop of methanesulfonic acid
was placed in a distilling flask and heated at 50° under slight vacu-
um until approximately 60 mmol of alcohol distilled off. The reac-
tion mixture was made alkaline with sodium methoxide and the
residue distilled in vacuo to give tri-trans-4-butylcyclohexyl ortho-
formate, bp 132-136° (0.1 mm), 5.3 g. Anal. Caled for C3;H3503: C,
77.77; H, 12, 21. Found: C, 78.01; H, 12.18. NMR (CDCl3) 6 5.4 (s, 1
H), 3.6 (broad s, 3 H), 2.2-0.8 (broad multiplet, 27 H), 0.8 (s, 27 H).

Typical Procedure for a Reaction of Ortho Esters with Sul-
fur Dioxide. A heavy-wall glass NMR tube containing triethyl or-
thoacetate and a drop of tetramethylsilane was attached via conve-
nient adapter to a small dry ice condenser and flushed with dry ni-
trogen. The condenser was filled with dry ice-acetone and the
NMR tube placed in a small dry ice-acetone bath. Sulfur dioxide
was passed through a Linde AW-300 molecular sieve column and
condensed directly into the NMR tube to obtain a solution ap-
proximately 20% by volume. The sulfur dioxide line was closed, the
NMR tube sealed under slight vacuum at ~70°, and brought to the
desired temperature,?* and the reaction progress followed up by
NMR analysis. After 24 hr at room temperature a 60-MHz NMR
spectrum revealed that about 80% of the ortho ester was converted
to a mixture of equal amounts of ethyl acetate and diethyl sulfite: 6
4.1 (2 q, 6 H), 2.0 (s, 3 H), 1.2 (t, 9 H). The gas chromatographic
analysis after complete reaction confirmed the above finding and,
in addition, showed that these were the only reaction products.
The results are summarized in Table 1.

Reaction of Triethyl Orthoformate with Sulfur Dioxide. A
mixture of triethyl orthoformate with excess sulfur dioxide was
sealed in a NMR tube as above.?* After 24 hr at 0°, NMR analysis
indicated that no appreciable reaction took place. The NMR tube
was placed in a bath and heated at 85-90° and periodically ana-
lyzed by NMR. After heating for 2 weeks, only 456-50% of the or-
thoformate was consumed. In addition to ethyl formate and di-
ethyl sulfite, diethyl carbonate was also formed: 6 8.1 (s, HCOO-),
4.1-4.2 (3 q, CH3z CH»0). GLC analysis confirmed the above find-
ing and also showed that several other unidentified compounds
were present in small quantities. While the ratio of the ethyl for-
mate to diethyl sulfite was approximately the same, the ratio of
the ester to the diethyl carbonate was approximately 4:1.

Reaction of a Mixture of Tri-n-propyl Orthoacetate and
Triethyl Orthopropionate with Excess Sulfur Dioxide. A mix-
ture of equal parts of tri-n-propyl orthoacetate and triethyl ortho-
propionate with 4-5 parts of sulfur dioxide was sealed in a NMR
tube as above.?* After 3 days at room temperature the NMR tube
was cooled and opened, and the contents were poured into a pre-
cooled chloroform. A GLC analysis indicated the presence of ethyl
acetate, ethyl propionate, n-propyl acetate, n-propyl propionate,
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diethyl sulfite, di-n-propyl sulfite, and n-propylethyl sulfite, A
control experiment showed that neither dialkyl and di-n-propyl
sulfite nor the corresponding acetates and propionates exchanged
under the reaction conditions.

Reaction of a Mixture of Tri-n-propyl Orthoacetate and
Triethyl Orthopropionate with an Insufficient Amount of
Sulfur Dioxide. A mixture of equal parts of tri-n-propyl ortho-
acetate and triethyl orthopropionate was mixed with sulfur diox-
ide (about 5% by volume) in a NMR thbe and sealed at —70° as
above.24 The NMR tube was warmed up to room temperature and
immediately analyzed by NMR. A complex NMR spectrum sug-
gested that a fast alkoxy exchange had taken place. GLC analysis
(as above) showed eight peaks. No appreciable quantity of the
products observed in the preceding experiment were present in the
reaction mixture. Tri-n-propyl orthoacetate, tri-n-propyl ortho-
propionate, triethyl orthopropionate, and triethyl orthoacetate
were identified by peak enhancement with the authentic samples,
and the remaining four peaks were assumed to be n-propyldiethyl
orthopropionate, di-n-propylethyl orthopropionate, n-propyldi-
ethyl orthoacetate, and di-n-propylethyl orthoacetate.25

Reaction of trans-4-tert-Butyleyclohexyldiethyl Orthoace-
tate with Sulfur Dioxide. A solution of trans-4-tert-butyleyclo-
hexyldiethyl orthoacetate containing a drop of tetramethylsilane
in liquid sulfur dioxide (about 20% by volume) was sealed in a
NMR tube.?* After standing at room temperature for 3 days, NMR
analysis suggested the presence of 4-tert-butylcyclohexene, ethyl
acetate, diethyl sulfite, ethanol, etc. After removal of excess sulfur
dioxide, GLC analysis showed the presence of ethyl acetate (65—
70%), 4-tert-butylcyclohexene (~25-30%), diethyl sulfite (~50-
55%), trans-4-tert-butylcyclohexanol (~20%), trans-4-tert-butyl-
cyclohexy! acetate (30-35%), and trans-4-tert-butylcyclohexyleth-
yl sulfite (~20%). All compounds, except the mixed sulfite, were
identified by peak enhancement with the authentic samples. Upon
hydrolysis the mixed sulfite afforded trans-4-tert-butylcyclohexa-
nol, thus showing that the stereochemistry of the C; cyclohexane
carbon was not changed in the course of the reaction.

Reaction of Tri-trans-4-tert-butylcyeclohexyl Orthofor-
mate with Sulfur Dioxide. A solution of tri-trans-4-tert-butylcy-
clohexyl orthoformate containing a drop of tetramethylsilane in
liquid sulfur dioxide (about 20% by volume) was sealed in a NMR
tube.2¢ After standing at room temperature for 1 hr, NMR analysis
suggested complete reaction. GLC analysis of the solution showed
that 4-tert-butylcyclohexene, trans-4-tert-butyleyclohexanol, and
trans-4-tert-butylcyclohexyl formate were formed in approxi-
mately the same quantities.

Acid-Catalyzed Reaction of Triethyl Orthopropionate and
Ethanol. A solution of triethyl orthopropionate (8.8 g, 50 mmol)
and ethanol (46 g, 1 mol) containing a few drops of methanesulfon-
ic acid was heated under reflux and periodically analyzed by GLC.
The ortho ester gradually disappeared and diethyl ether and ethyl
propionate were formed.

Acid-Catalyzed Reaction of Tri-trans-4-tert-Butylcyclo-
hexyl Orthoformate. The tri-trans-4-tert-butyleyclohexyl ortho-
formate (5 g), in the presence of a few drops of methanesulfonic
acid, was heated at 100° under vacuum and the decomposition
products collected in a trap cooled with liquid nitrogen. A GLC
analysis indicated the presence of tert-butyleyclohexene, trans-4-
tert-butylcyclohexyl formate, and trans-4-tert-butyleyclohexanol
in equal amounts.

Registry No.—Camphor diethyl acetal, 52162-25-1; ethyl ni-
trite, 109-95-5; ethanol, 64-17-5; l-carbethoxy-1,2,2-trimethyl-3-
cyanocyclopentane, 57346-54-0; n-heptaldehyde oxime, 5314-31-8;
n-butyraldehyde oxime, 110-69-0; trans-4-tert-butylcyclohexyldi-
ethyl orthoacetate, 57346-55-1; trans-4-tert-butyleyclohexanol,
21862-63-5; triethyl orthoacetate, 78-39-7; tri-trans-4-tert-butyl-
cyclohexyl orthoformate, 57346-56-2; triethyl orthoformiate, 122-
51-0; tri-n-propyl orthoacetate, 55844-54-7; triethyl orthopropion-
ate, 115-80-0; triethyl orthobenzoate, 1663-61-2; sulfur dioxide,
7446-09-5,
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The acetolysis products of 1-phenylcyclobutylcarbinyl (4-Ph), 1-p-nitrophenylcyclobutylearbinyl (4-NPh), and
1-p-methoxyphenylcyclobutylcarbinyl (4-MPh) brosylates have been determined in the presence of urea. All of
the substrates give 1,2-phenyl rearranged products. The products of the reactions along with previously deter-
mined kinetic data! suggest that ionization occurs prior to rearrangement. In turn, the phenonium ion intermedi-
ate (IT) partitions itself among the various product pathways. The mechanistic details are discussed in terms of

the Winsteiu solvolysis scheme.

In a previous! solvolytic investigation, it was reported
that the transition state for the acetolysis of 4-Ar has little
phenonium ion character. Support for this postulate was
afforded by the Hammett behavior of 4-Ar (p = —1), which
reveals little direct conjugation between the para substitu-
ent and the developing cationic center. For example, the
Hammett behavior of a series? of para-substituted neophyl
tosylates and related systems, solvolyzing with aryl partici-
pation, is characterized by p values of about —3; while other
related systems, solvolyzing without aryl participation, are
characterized? by p values of about —1.

CH,0Bs @ZSCHQBS

4-Ar 4-Ph

On the other hand, the fact that only 1,2-phenyl rear-
ranged products were isolated! from the acetolysis of 4-Ph
provides strong evidence for phenyl bridging in the transi-
tion state leading to the intermediate which reacts with sol-
vent.

These findings were rationalized'? in terms of Scheme I,

Scheme I
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