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predominant) may correspond to the result that 4 converts
to the products faster than the intermediate from 1 does.

Applying Kurz’s theory of transition-state acidities,'’
one can consider the dissociation of TS~ to TS?" as shown
in eq 3, from which eq 4 is derived (Scheme II). K|, is the

K
TS — TS* + H* (3)
K.* = (k3/k)K, (4)

ionic product of water. The pK,* values (30 °C) calculated
for 2 and 1 are 13.0 and 11.8,12 respectively, which are close
to those of 2-chloro (pK, 14.31)!® and 2,2-dichloroethanols
(pK, 12.89)% and larger than those of phenols® and car-
boxylic acids.?2 The ratio of [TS] to [TS*] for 2 can be
obtained by use of the pK,* value. Those values at 30 °C
are calculated as 3.98, 0.63, and 0.32 at [[OH] = 0.030,
0.220, and 0.400 M, respectively. That is to say, at low
["OH] 4 mainly decomposes to the products via the k&, step,
and at high ["OH] it decomposes mainly via the k4 step.

Transition States. The k3/k., and ky/k_; values (Table
II) show that both pathways are important for the
breakdown of 4, and a large and negative AS*3; strongly
suggests that some water molecules are involved in TS~
and TS %

On the other hand, it has been proved that the k, step
is generally assisted by the general-acid catalysis, and the
kg step involves proton transfer (for a “poor” leaving group)
or solvation to a cleaving bond (for a “good” leaving
group).?

Solvent Isotope Effects. The inverse isotope effect
seems to be caused mainly by %&,%20/&,D© (ca. 0.74 was
reported by Kershner and Schowen!"™), because the ad-
dition step (k,) is rate-determining.>*¢ Reactions of this
type have been suggested to involve inverse isotope ef-
fects.?® An example is the reacton of 2-chloroethanol with
base, giving ethylene oxide.??" Furthermore, it has been
discussed in detail that this effect is expected in the al-
kaline hydrolyses of amides.?30

Negative Salt Effect. The observed salt effects are
consistent with the existence of a partial positive charge
on either the carbonyl carbon or the amide nitrogen. That
is, the former charge would disappear from the reactant
to the transition state. Furthermore, 2 exists in two iso-
mers ([Z] and [E]) in polar solvents (see the NMR spectra
of 2 in Experimental).?® The two isomers have the
>C==N*< resonance form. Therefore, a positive charge
on the amide nitrogen would decrease from the reactant
to the transition state. Such a decrease in positive charge

(17) (a) Kurz, J. L. J. Am. Chem. Soc. 1963, 85, 987. As for application
to anilide hydrolyses, see: (b) Kershner, L. D.; Schowen, R. L. Ibid. 1971,
93, 2014.

(18) The value for 1 was obtained with k;/k_; and ky/k_, as reported
by l]))eWolfe and Newcomb* and the one for 2 with the a and b values in
Table II.

(19) Ballinger, P.; Long, F. A. J. Am. Chem. Soc. 1959, 81, 2347.

(20) Ballinger, P.; Long, F. A. J. Am. Chem. Soc. 1960, 82, 795.

(21) Rappoport, Z., Ed. “Handbook of Tables for Organic Compound
Identification”; Chemical Rubber Co.: Cleveland, OH, 1967, p 428.

(22) Rochester, C. H. “The Chemistry of the Hydroxyl Group”; Patai,
S., Ed.; Interscience: New York, 1971, Part 1, p 373,

(23) Henderson, J. W.; Haake, P. J. Org. Chem. 1977, 42, 3989.

(24) Drake, D; Schowen, R. L.; Jayaraman, H. J. Am. Chem. Soc. 1973,
95, 454. See also preceding work by R. L. Schowen et al.

(25) Long, F. A.; Bigeleisen, J. Trans. Faraday Soc. 1959, 55, 2077.

(26) Swain, C. G.; Ketley, A. D.; Bader, R. F. W. J. Am. Chem. Soc.
1959, 81, 2353.

(27) Ballinger, P.; Long, F. A. J. Am. Chem. Soc. 1959, 81, 2347.

(28) Schowen, R. L. Prog. Phys. Org. Chem. 1972, 9, 275.

(29) Johnson, 8. L. Adv. Phys. Org. Chem. 1967, 5, 237.

(30) Jencks, W. P. “Catalysis in Chemistry and Enzymology”;
MecGraw-Hill: New York, 1969, p 243.

(31) Robin, M. B.; Bovey, F. B.; Basch, H. “The Chemistry of Amides”;
Zabicky, J., Ed.; Interscience: New York, 1970; p 1.
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would correspond to the negative salt effect.

Experimental Section

Materials. N-Ethyl-2,4-dinitroacetanilide (2) was prepared
from N-ethyl-2,4-dinitroaniline in acetic anhydride containing
a very small amount of H,S0,.3> Three subsequent recrystal-
lizations from ethanol gave a pure product: mp 111.5-112 °C
(uncor); IR (CHClg) vomp 1675 cm™; NMR (MeySO-dg, 40 °C) &
1.10 {3 H, br, m, CH,CH,), 1.75, 2.16 (3 H, 2 br s, COCH,)
[corresponding to the forms E and Z, respectively ([Z]/[E] =
1.35)], 3.8 (2 H, br m, CH,CH,), 7.89, 8.58, 8.68 (3 X 1 H, d, q,
d, AMX aromatic system, Jy = 8.5 Hz, Jyx = 2 Hz, Jx = 0);
NMR (Me,S0-dg, 72 °C) 6 1.10 (3 H, t, CH,CHj, J = 7 Hz), 1.97
(3 H, s, COCH,), 3.76 (2 H, q, CH,CHj,, J = 7 Hz), 7.84, 8.52, 8.72
3% 1H,d, q,d, Jam = 8 Hz, Jyx = 2 Hz, J4x = 0). Anal. Caled
for C;oH;1N3O5: C, 47.44; H, 4.38; N, 16.60. Found: C, 47.56;
H, 4.37; N, 16.48.

Acetonitrile was dried with calcium hydride, distilled, and stored
over molecular sieves. Sodium hydroxide used was 0.1 N standard
solution (Wako). Sodium chloride used was a Wako guaranteed
reagent. Deuterium oxide (99.175% D) and sodium deuterium
oxide (40% solution) from Merck were used. These materials
were handled with syringes and serum-capped volumetric flagks.

Kinetics. The reaction rates were measured spectrophoto-
metrically at 360 nm with a Hitachi 139 spectrophotometer
equipped with a thermostated cell compartment with temperature
control to within £0.05 °C. Prepared sodium hydroxide solutions
were standardized with 0.01 N HC] and the 3-mL portions were
thermostated in a stoppered cell. After 1.5 uL of 0.1 M stock
solution of 2 in acetonitrile had been added, the reaction was
calculated with the Guggenheim method. All rate constants listed
are averages of two or more runs, their agreement usually being
within +£1.5%. The activation energies and entropies were cal-
culated as described by Bunnett.?

Registry No. 2, 80800-12-0.

(32) Roeder, C. H.; Day, A. R. J. Org. Chem. 1941, 6, 25.

(33) Bunnett, J. F. “Investigation of Rates and Mechanisms of Reac-
tions (Part I, Techniques of Chemistry)”; Weissberger, A., Ed.; Wiley:
New York, 1974; Vol. VI, p 367.
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Hydride shifts from positions beyond C8 to a carbonium
ion center are usually considered to be a unique feature
of medium-ring solvolysis reactions, where transannular
proximity can lead to such rearrangements.? Acyclic as
well as cyclohexyl derivatives show a very small hydride
shift contribution besides 1,2-migration.> No tertiary

(1) Part 5 of “Alicyclic Reaction Mechanisms”. Preceding parts: H.-J.
Schneider and D. Heiske, J. Am. Chem. Soc., 103, 3501 (1981); ref 13c;
H.-J. Schneider and F. Thomas, ibid., 102, 1424 (1980); H.-J. Schneider
and E. F. Weigand, Chem. Ber. 112, 3031 (1979).

(2) V. Prelog and J. G. Traynham in “Molecular Rearrangements”,
Vol. 1, P. de Mayo, Ed., Interscience, New York, 1963, p 593 ff.

(3) (a) J. L. Fry and G. J. Karabatsos in “Carbonium Ions”, Vol. II, G.
A. Olah and P. v. R. Schleyer, Eds., Wiley, New York, 1970, p 521 ff, and
references cited therein. (b) See also M. Saunders, J. Chandrasekkar, and
P. v. R. Schleyer in “Rearrangements in Ground and Excited States”, Vol.
1, P. de Mayo, Ed., Academic Press, New York, 1980, p 1. (c) O. A.
Reutov, Pure Appl. Chem., 7, 203 (1963). Y. G. Bundel, V. A. Savin, A.
A. Lubovich, and O. A. Reutov, Dokl. Akad. Nauk SSSR, 165, 1078
(1965); Dokl. Chem. (Engl. Transl.), 165, 1180 (1965). The excessive
rearrangements reported by Reutov et al., described also in ref 3a, p 554,
are at variance with our and others® results and are perhaps related to
the instability of solvolysis products® in acidic solvents.

© 1982 American Chemical Society
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Table I. Yields? of Solvolysis Products from Tosylates of cis-3-Methylcyclohexanol (1), Cyclohexanol-1-d (2),
and (5a)-33-Cholestanol (3)
substitution
elimination at C,
compd solvent total Al A? Al total at C1 at C2b cis trans
1 CH,OH* 36 38 62 69 8 92
HCOOH 79.5 2 69 29 20.5¢ 3 1 7 89
CF,CH,OH 90 3 61 36 10 13.5 0.5 9 78
(CF,),CHOH 96.5 3 67.5 29.5 3.5 44 0.5 20.5 35.6
2 CF(H{OH 96 93 7 <0.5 4 92 8 <0.5°
(CF,),CHOH? 98 95 5 <0.5 2 73.2 26.5 <0.5%
3 CF CH OH 76.5 90:10 AY/A? 1€ 24.5 >90 (3a)
(CF,)SCHOH 87 920 10 1€ 13 f

¢ In percent; solvolysis reactions in 2 M ROTs solutions with 2.5 M pyridine at 90 °C in sealed ampules for 0.5 h

(HCOOH), 9 h (CF,CH,OH),0r1h ((CF ) CHOH).
3- methylcyclohexene and from 2 are 1-,
after LiAlH, reduction to the alcohol.

, and 3- deutenocyclohexene
Deutenum NMR shifts in parts per million from internal 1% cyclosilan (Merck)

For CH,OH see ref 4. Olefins A', A% and A°® from 1 are 1-, 2-, and

b Stereochemlstry unidentified. ¢ Identlfled

in CFCl, /CCl solutions: A, 5.60; A?, 1.95 (1.5 from natural-abundance spectra); substitution at C1, 3.35; substitution at
C2, 1. 82 (axlal), 1.32 (equ.itonal), substltutlon at C3, 1.55 (from natural-abundance spectra); stereochemlstry undefined.

€ A“ or A, 7 See text.
substitution products were observed in the methanolysis
of cis-3-methylcyclohexyl tosylate (1, X = T's),* although
a 1,3-shift would generate a stable tertiary cationic in-
termediate and the migrating hydrogen would seem to be
in a geometric position similar to the corresponding
transannular pseudoaxial hydrogen at Ce in cyclooctanes,
where complete rearrangements are found.?®

Until now it has not been clear to which degree the
absence of distant hydrogen migrations is due to the lack
of sufficient proximity of the cationic center Cx to the
remote hydrogen or due to different solvolysis mechanisms
in normal ring compounds. In fact, Schleyer et al. have
shown that cyclohexyl tosylate reacts even in formic acid
largely by the solvent-assisted pathway (k,/k. = 5.0),°
whereas, e.g., cyclooctyl tosylate shows little solvent as-
sistance even in ethanol.” In agreement, Lambert et al.®
have reported a strong increase of 1,2 hydride shifts for
the reaction of deuterated cyclohexyl tosylate in formic
acid. In contrast, complete 1,5 hydride shift is observed,
_e.g., with cyclooctyl tosylates even in aqueous solvents? and
in the presence of hydroxyl anions.!

We therefore have investigated the solvolysis products
of the cyclohexane derivatives 1-8 (X = T's) in the weakly

oL o7
1 b)

X0
3, R=C.H,

nucleophilic solvents formic acid, trifluoroethanol® (TFE),

(4) W. Hiickel, D. Maucher, O. Fechtig, J. Kurz, M. Heinzel, and A.
Hubele, Justus Liebigs Ann. Chem., 645, 115 (1961).

(5) (a) W. Parker and C. I. F. Watt, J. Chem. Soc., Perkin Trans. 2,
1647 (1975). (b) Cf. N. L. Allinger, C. L. Neumann, and H. J. Sugiyama,
J. Org. Chem., 86, 1360 (1971), and references cited therein.

(6) F. Schadt, T. W. Bentley, and P. v. R, Schleyer, J. Am. Chem. Soc.,
98, 7667 (1976). See also D. D. Roberts and C.-H. Wu, J. Org. Chem., 39,
3937 (1974).

(7) J. M. Harris, D. L. Mount, M. R. Smith, W. C. Neal, M. D, Dukes,
and D. J. Raber, J. Am. Chem. Soc., 100, 8147 (1978).

(8) (a) Cf. J. B. Lambert and G. J. Putz, J. Am. Chem. Soc., 95, 6313
(1973), and references cited therein. See also (b) M. Gillard, F. Metras,
S. Tellier, and J. J. Dannenberg, J. Org. Chem., 41, 3920 (1976); J. E.
Nordlander and T. J. McCrary, Jr., J. Am. Chem. Soc., 94, 5133 (1972).

and hexafluoroisopropyl alcohol® (HFIP). Although very
little substitution is observed in TFE and HFIP, due to
their low nucleophilicity, these products could be separated
and identified by GLC, *C NMR (for 1 and 3), and 2H
NMR (for 2) (Table I). For structural assignments at-
tempts were undertaken to independently prepare ethers
of the fluoro alcohols and to achieve ether cleavage by
several methods (see Experimental Section).

The solvolysis of 1 (X = T's) shows a dramatic increase
of 1,3 hydrogen migration with decreasing solvent nu-
cleophilicity; as observed with medium rings,? elimination
is accompanied to a much smaller degree by rearrange-
ments. The absence of detectable 1,3-shift products in
cyclohexane 2, where no tertiary carbonium ion can provide
a driving force, clearly corrects earlier literature® reports.
That a direct 1,3-shift and not consecutive 1,2 hydride
shifts are responsible for the large amount of rearrange-
ment from 1 is in accordance with earlier findings with
acyclic compounds® and is indicated by the much smaller
amount of 1,2-shift product obtained from 2. Even, if the
1,2-shift intermediate were formed in 1 and 2 to the same
degree (although no 2-methylcyclohexyl derivative was
found), there should at least not be formed more 1,3-shift
product from 1 than 1,2-shift product from 2. The absence
of 1,2-shift product from 1 and the comparison to products
from 2 suggest that hydride shifts start from different
carbonium ion intermediates than those for substitution.
Shiner!® has provided strong evidence for the formation
of solvent-separated ion pairs in fluorinated alcohols, which
would be responsible for the subsequent rearrangements.
The increasing rearrangement in going from HCOOH to
TFE to HFIP indicates that, even in these solvents, pre-
ceding species such as intimate ion pairs are present and
give rise to substitution products without rearrange-
ment.®!! The observed increase of equatorial attack at
Ca in 1 in the sequence HCOOH, TFE, HFIP can be as-
cribed to the increasing bulkiness of these nucleophiles.

Force field calculated structures obtained by using Al-
lingers MM2 program!!!2 and cycloalkanones as models

(9) See B. Allard, A. Casadevall, E. Casadevall, and C. Largean, Nouv.
J. Chim., 8, 335 (1979), and references cited therein.

(10) V. J. Shiner, Jr., in “Isotope Effects in Chemical Reactions”, C.
J. Collins and N. S. Bowman, Eds., Van Nostrand-Reinhold, New York,
1970, p 90 ff.

(11) Nucleophilic solvent attack of secondary sulfonates has been
demonstrated even in trifluoroacetic acid: T. W. Bentley, C. T. Bowen,
W. Parker, and C. 1. F. Watt, J. Am. Chem. Soc., 101, 2486 (1979).

(12) N. L. Allinger, J. Am. Chem. Soc., 99, 8127 (1977).
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Table II. **C NMR Shifts of Cyclohexyl TFE and HFIP Ethers
shift®
ether C-1 C-2 C-3 C5 C-6 C-7 C-8 C-9(Me)
cyclohexyl TFE 80.1 32.4 24,2 26.1 24.2 32.4 67.8 (q, 125.1 (q,
%] = 33.8) 'J = 280)
1-methyleyclohexyl TFE 756  36.5 22.3 26.0 22.3 36.5 60.5(q, 125.1 (q, 24.6
%J = 33.8) J = 280)
cis-3-methyleyclohexyl 80.6 32.0 24.2 32.9 31.7 41.1 22.4
TFE
trans-3-methylcyclohexyl 76.6 29.8 20.3 34.6 26.8 38.7 22.2
TFE
cyclohexyl HFIP 83.0 323 23.9 25.7 23.9 32.3 74.6 (s, 121.3(q,
%] = 29.4) 1J = 288)
1-methylcyclohexyl 81.4 38.0 23.2 26.0 23.2 38.0 70.2 (s, 23.9
HFIP 3J = 32.4)

¢ In parts per million from internal Me,Si; **C-'°F coupling constants are given in hertz.

for the cationic intermediates support the observation that
remote hydride shifts in cyclohexane with a Ca--H3 dis-
tance of r = 2.82 A are indeed less favorable than those
in the medium rings such as cyclooctane (rg,y; = 2.6 A).
A twist-boat cyclohexane form with a calculated r of 3.06
A in the relative minimum conformation will not enhance
the 1,3-shift but is reported to be the relevant intermediate
for E1-type eliminations from equatorial tosyloxy cyclo-
hexanes.!®* Thus the <3% olefin formation from 1,3-shift
(Table I) confirms an independent pathway for elimina-
tion, as only the chairlike substitution intermediate pos-
sesses a sufficient proximity of Ca to H3.

Different results could be expected for the solvolysis of
the steroid 3 (X = Ts). Twist-boat elimination interme-
diates require more strain energy;'* the MM2-calculated
distance (rgss = 2.67 A) in the chair form (3.07 A in the
twist form) is shorter than that in cyclohexane. Indeed,
there is less elimination observed with the steroid; the
usual predominance of A? olefins is supported by strain
energy calculations.'® However, although no quantitative
analysis was possible due to insufficient GLC, TLC, or
HPLC separations, the available '!H NMR data indicate
that substitution again proceeds only partially with a 1,3
hydride shift.

It is concluded that Syl-like substitution and rear-
rangement reactions in cyclohexanes can be completely
masked in solvents of normal nucleophilicity and/or by
eliminations proceeding via nonchair intermediates which
are geometrically less apt to undergo hydride shifts. The
calculated longer distances between the eventually mi-
grating hydrogen and the carbon atom bearing the leaving
group in cyclohexanes in comparison to medium rings can
be compensated only by formation of a tertiary carbonium
ion during the rearrangement.

Experimental Section

NMR spectra were recorded by the PFT technique on Bruker
HX90 and WH90 instruments under the following conditions:
H, 90 MHz, in CDCl; with internal Me,Si as a reference; '°C,
22.64 MHz, in CDCl,; or CFCl; with Me,Si; °H, 13.8 MHz, in
CFCl;/CCl, with cyclosilan (Merck, Darmstadt) as a reference.
'H noise decoupling was used for *C and 2H observations.

Alcohols 1 (X = H) were obtained by spinning-band distil-
lation from a commercially available epimeric mixture in 98-99%
purity (GLC). Compound 2 (X = H) was prepared by LiAlD,
reduction of cyclohexanone by using standard procedures. 3 (X
= H) was obtained by hydrogenation of 30 g of cholesterol'* in

(13) (a) V. J. Shiner, Jr., and J. G. Jewett, J. Am. Chem. Soc., 87, 1383
(1965); (b) W. H. Saunders, Jr., and K. T. Finley, ibid., 87, 1384 (1965);
(c) W. Gschwendtner, V. Hoppen, and H.-J. Schneider, J. Chem. Res.,
Synop., 96 (1981); J. Chem. Res., Miniprint, 1201, (1981).

(14) H. Nace, J. Am. Chem. Soc., 73, 2379 (1951).

300 mL of cyclohexane/100 mL acetic acid over 0.8 g of platinum
dioxide; recrystallization from 95% ethanol yielded 82.5% alcohol
(purity >98% by NMR).

Tosylates were prepared by reaction of 1 mol of alcohol with
1.1 mol of tosyl chloride in pyridine and recrystallized from
pentane. 1 (X = Ts): 80.5% yield; mp 34.3 °C.%* 2 (X = Ts):
95% yield; mp 41 °C. 3 (X = Ts): 83% yield; mp 132 °C.'¢

Solvolysis reactions were carried out under conditions as
described in Table I for ~20 half-lifes [by the use of 0.02 mol
of 1-3 (X = Ts)]. The solutions were worked up with chloroform
(trichlorofluoromethane and ice with 1 and 2), water, dilute hy-
drochloric acid, and sodium hydrogen carbonate solution. After
being dried over sodium sulfate, the samples were analyzed by
GLC and NMR before and after removal of the solvent. Elim-
ination and substitution products were separated for 1 and 2 by
fractional distillation with a 10-cm Vigreux column and for 3 by
preparative GLC with a 1 m X 0.25 in.,, UCCW 982, Chromosorb
60/80 AW column at 290 °C. Attempts to separate products from
3 in TFE and HFIP by HPLC on reversed-phase columns or on
silver nitrate impregnated silica gel columns were unsuccessful.

Spectral Identification of Solvolysis Products. For 1 this
was done by 3C NMR shift comparison to authentically prepared
material (Table II). For 2 identification was made by °H NMR
(data see Table I); 'H NMR shifts agreed within +0.02 ppm with
the 2H shifts.

For the mixtures from 3, NMR data indicated the presence
of 3« and 36 ethers. 8 (X = «-CH,CF;): 'H NMR 3.67 (C3 H),
3.76 ppm (CH,); *C NMR 76.4 ppm (C3; caled 76.7). 3 (X = 8-CH
CF,);: 'H NMR 4.14 ppm (CF;), CH); 1°C NMR 83.2 ppm (caled
84.5). The C3 signals and also a weak C5 signal at 81.8 ppm (caled
83.3) are tentatively assigned by comparison to shifts calculated
from suitable increments taken from Table II; other steroid 3C
NMR shifts are from ref 17.

Fluoro alcohol ethers are generally obtained in poor yields
by the Williamson method,!® as follows.

1-Methylcyclohexyl Trifluoroethyl Ether!® (da, CgH -
(CH3)OCH,CF;). 1-Methylcyclohexyl bromide (5 g, 28.2 mmol)
was added to a mixture of 0.9 g (39.1 mmol) of sodium in 15 mL
of TFE. After the mixture was stirred 2 h under reflux, workup
with water and ether, drying, and distillation gave the product:
1.45 g (26.2%); 1*C NMR, Table II; 'H NMR (CDCly) 6 3.70 (g,
J = 8.5 Hz, 2), 1.14 (s, 3).

Hexafluoroisopropyl ether 4b (CgH,o(CH3)OCH(CF3),) was
prepared by the same procedure: 10.6% yield; *C NMR, Table
II; 'H NMR (CDCl,) 4 4.32 (septet, J = 5.9 Hz, 1), 1.25 (s, 3).
Better ether yields are obtained by electrophilic addition of TFE
or HFIP to olefins.

Cyclohexyl Trifluoroethyl Ether® (5, C¢H,,0CH,CF;).
Chlorosulfonic acid (200 mg, 1.7 mmol) is added slowly to a

(15) W, Hickel and J. Kurz, Chem. Ber., 91, 1290 (1958).

(16) W. Stoll, Z. Physiol. Chem., 207, 147 (1932); mp 134-135 °C.

(17) J. W. Blunt, J. B. Stothers, Org. Magn. Reson., 9, 439 (1977).

(18) Cf. E. T. McBee and W. E. Wessner, U.S. Patent 2452944 (1948);
Chem., Abstr., 48, 2219f (1949); A. L. Henne and M. A. Smook, J. Am.
Chem. Soc., 72, 4378 (1950).

(19) Cf. D. D. Roberts and C.-H. Wu, J. Org. Chem., 39, 3937 (1974).
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mixture of 15 g (0.18 mol) of cyclohexene and 40 g (0.4 mol) of
TFE with stirring. After 15 min the solution is poured into water,
neutralized with sodium hydrogen carbonate, and extracted with
trichlorofluoromethane (3 X 10 mL). After drying of the mixture
over sodium sulfate and distillation of the solvent and residue,
22 g (64%) of ether was obtained; bp 41-42 °C (13 mmHg). The
volatile product, which still contained 6% olefin, was purified by
distillation over a 1-m spinning-band column. Anal. Calcd for
CgH30Fg: C, 52.74; H, 7.19. Found: C, 52.80; H, 7.31.

Whereas reaction of TFE and acid with cholest-5-ene only led
to rearranged olefins (**3C NMR), the same method was successful
in the preparation of the following.

1-Methylcyclohexyl Trifluoroethyl Ether (4a), bp 44 °C
(14 mmHg; after spinning-band distillation). Anal. Caled for
CoH,;OF;: C, 55.09; H, 7.71. Found: C, 55.10; H, 7.64.

Hezxafluoroisopropyl ethers of cyclohexanol (53%) and 1-
methylcyclohexanol (35%) were prepared only in small quantities
for spectroscopic comparison.

Ether Cleavage Experiments. Treatment of cycloalkyl
methyl and steroid methyl ethers with boron trifluoride and
lithium iodide in acetic anhydride is known to yield acetates with
retention of configuration.?® This method was successfully tested
with several primary ethers as well as with secondary and tertiary
fluoroalkyl ethers: 5 gave 91% conversion, 89% acetate, and 6%
olefin; 4a gave 94% conversion, 30% acetate, and 10% olefin; 4b
gave 85% conversion, 95% acetate, and 5% olefin (GLC). No
acetate, however, could be obtained from the steroid (3) solvolysis
products.

Alternatively, a recently published reductive cleavage method?
was modified as follows: 1 mmol of the ether was stirred under
reflux with 1 mmol of lithium aluminium hydride and 10 mmol
of boron trifluoride in diethyl ether. After cautious addition of
water, GLC analysis of the ether solution showed only 10%
conversion with 4a, yielding 37% 1-methylcyclohexanol and 62%
1-methylcyclohexene.

Registry No. 1 (X = H), 5454-79-5; 1 (X = Ts), 37690-41-8; 2 (X
= H), 21273-02-9; 2 (X = Ts), 957-27-7; 3 (X = H), 80-97-7;3 (X =
Ts), 3381-52-0; 3 (X = a-CH,CF,), 80764-76-7; 3 (X = 8-CH(CF5)y),
80764-77-8; 4a, 80764-78-9; 4b, 80764-79-0; 5, 80764-80-3; cis-3-
methylcyclohexyl trifluoroethyl ether, 80764-81-4; trans-3-methyl-
cyclohexyl trifluoroethyl ether, 80764-82-5; cyclohexyl hexafluoro-
isopropyl ether, 15233-00-8.

(20) H. Youssefyeh and Y. Mazur, Tetrahedron Lett. 1287 (1972).
(21) H. C. Brown and S. Krishnamurthy, J. Org. Chem., 44, 3678
(1979).
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The conventional preparation of nucleosides involves a
rather lengthy synthetic procedure. In the case of one of
the most preferred general methods the base to be used
must generally be converted into a moisture-sensitive
trimethylsilyl derivative. In some cases the catalyst used
to effect formation of the nucleoside bond also requires
trimethylsilylation. Condensation of the base with the
sugar to be used normally takes place in yet another syn-
thetic step. The need to distill, transfer, and otherwise

handle these delicate materials introduces an element of
difficulty into conventional nucleoside synthesis.

Generally, syntheses of this type utilize a blocked halo
sugar. Because of the lack of long-term stability which
characterizes them, sugars of this type are best freshly
prepared shortly before the synthesis is undertaken.

A further area of difficulty which characterizes con-
ventional nucleoside syntheses is the need to separate
mixtures of the a and 8 anomers of the nucleoside which
are normally formed in these reactions. Generally, sepa-
ration of these isomers is effected by either fractional
crystallization or chromatography. In either case, the
separation procedure frequently proves costly in terms of
both time and materials.

Recently, a simplified method for the preparation of
pyrimidine and purine ribosides which either eliminates
or greatly attenuates the difficulties which characterize the
conventional synthetic procedures utilized in nucleoside
syntheses has been reported.! This procedure involves
the in situ formation of the silylated base and catalyst and
their reaction with a stable, commercially available blocked
ribose sugar to afford the product nucleoside in a single
synthetic step. Furthermore, this method also results in
formation of the desired 8 form of the synthetic riboside
in a high state of purity, thereby eliminating the need for
separation of the a isomer of the nucleoside.

Results and Discussion

The present study was undertaken to investigate the
application of this method to the synthesis of a variety of
ribosides which incorporate derivatives of 5-mercaptouracil
as the base. This procedure has been found to be effective
with a wide variety of substituents attached to the 5-sulfur
atom.

Generally, the 5-S-alkylated derivatives of 5-mercapto-
uracil used in this study were prepared by treatment of
the pyrimidine base with the desired alkylating agent
under conditions which enhance sulfur alkylation while
minimizing reaction at any of the several alternate sites
at which alkylation could occur. The substantial difference
in acidity between the sulfhydryl and hydroxyl groups of
5-mercaptouracil?® allows for highly selective alkylation of
the 5-sulfur atom.

The tendency for 5-mercaptouracil to undergo facile
autoxidation to form the corresponding disulfide in basic
solution has been reported.? Occurrence of this dimeri-
zation would prevent effective alkylation of the 5-sulfur
atom of 1 and therefore must be prevented or minimized.
The use of anhydrous methanol as the solvent for the
alkylation reactions proved to be effective in both reducing
the tendency of 1 to undergo dimerization and in allowing
effective alkylation of the sulfur atom to occur. The only
substituent which could not be introduced successfully via
this general procedure was the vinyl group.

Pyrimidines having vinyl or vinylic groups in the 5-
position often display substantial biological activity.* For
this reason synthesis of an 5-S-vinyl derivative of 1 was
deemed desirable. However, attempts to prepare this
product via direct alkylation, dehydration of 5-[(2-
hydroxyethyl)thio]uracil (2), and dehydrohalogenation of
5-(2-chloroethyl)thio]uracil (3) proved unsuccessful. A
vinylic derivative of 1, however, was prepared from the
5-S-allyl derivative 4 by isomerization of the allylic double
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