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bath was removed, and the stirring was continued for 2 h. During
that time the color changed from orange to red. After part.of
the solvent was evaporated, the precipitated salts were filtered
off and the residue was purified by flash chromatography (silica
gel, CH,Cl,/CCl, (1:1)) to yield 70 mg (64%) of 26 as a red solid.
Recrystallization from CH,Cl,~pentane afforded red to violet
crystals: mp 128 °C; 'H NMR (200 MHz, CDCl,) & 1.18 (s, 12
H), 1.30-1.53 (m, 4 H), 1.62~1.78 (m, 4 H), 2.44-2.62 (m, 4 H),
6.95-7.05 (s, 4 H); 1*C NMR (50 MHz, CDCl;) § 27.4 (CHa,), 28.4
(CH,), 35.0 (CHy,), 35.4 (CH,), 47.8 (C), 129.8 (CH), 140.0 (C), 185.3
(CO), 205.4 (CO); IR (CDCly) 2962, 2928, 2854, 1724, 1699, 1507,
1470, 1456 cm™; UV (CH,ClLy) (A, (nm), (log ¢)) 259 (2.83), 264
(2.84), 272 (2.77), 300 sh, 402 (1.77), 507 (1.62); HRMS (EI, 70
eV) caled for Cy;HpyO3 (M* - CO, 1) 328.2094, found 328.2039,
caled for CoHys0, (MY - 2CO, 2) 300.2089, found 300.2093, caled
for C;gHy0 (M* - 3CO, 5) 272.2140, found 272.2137, caled for
CigHys (M* - 4CO, 9) 244.2191, found 244.2223, caled for C;Hos
(M* - 4CO - CH,, 100) 229.1956, found 229.1949. Anal. Calcd
for CyHys0, (356.5): C, 74.13; H, 7.92. Found: C, 73.81; H, 7.92.
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Reactions of 1-adamantyl fluoroformate in hydroxylic solvents have been studied. In solvents of high ionizing
power and relatively low nucleophilicity, such as 2,2,2-trifluoroethanol-water mixtures, the reactions parallel
those of 1-adamantyl chloroformate, and only solvolysis—decomposition reaction is observed. However, differing
from the reactions of the corresponding chloroformate, in other solvents appreciable amounts of attack at acyl
carbon occur, more than 90% in 280% aqueous ethanol. Entropies of activation for attack at acyl carbon are
considerably more negative than for solvolysis~decomposition. For the solvolysis—decomposition, a Grunwald-
Winstein m value of 0.70 is observed. The kc;/kr ratios for solvolysis—decomposition are in the range of 10*-105,
suggesting appreciable C-X bond breaking in the transition state of the rate-determining step and arguing against
rate-determining formation of a 1-Ad*(OCOX)™ ion pair. Attack at acyl carbon is analyzed in terms of the two-term
Grunwald-Winstein equation, and sensitivities toward changes in nucleophilicity and ionizing power are identical
to those for solvolyses of n-octyl fluoroformate, which are believed to proceed via a tetrahedral intermediate.
For each of the major pathways, selectivities toward the components of binary hydroxylic solvents are reported

and discussed.

Introduction

A recently published study? of the solvolysis—decompo-
sition of 1-adamantyl chloroformate (1-AdOCOC]) is ex-
tended to 1-adamantyl fluoroformate. Fluoroformates
have been studied less extensively than chloroformates,3+
and the 1-adamantyl ester is unusual in being commercially
available; it is a recommended reagent in peptide syn-
thesis.’

Chloroformates have usually been found to undergo
attack at acyl carbon, but 1-adamantyl chloroformate gave
evidence for this only in ethanol, and even there the
percentage of the mixed carbonate formed was less than
1%. In a variety of other solvents commonly used in
studies of solvolysis reactions, the only products detected
were l-adamantyl chloride from decomposition and 1-
adamantanol and/or 1-adamantyl alkyl ether from a sol-
volysis process accompanied by a loss of carbon dioxide.
This pathway was termed the solvolysis—decomposition
pathway.? The reaction was formulated as proceeding
through a 1-Ad*Cl" ion pair, formed either by a concerted
process involving expulsion of carbon dioxide or via a very

tDedicated to Professor Michael Hanack on the occasion of his
60th birthday.

unstable (1-AdOCO)*Cl- ion pair.

For either a concerted or a stepwise pathway, the car-
bon-halogen bond is broken in the rate-determining step,
and considerably reduced rates are to be expected in the
solvolysis—decomposition pathway when the chlorine is
replaced by fluorine. For an extreme case, the hydrolysis
of triphenylmethyl halides in aqueous acetone,’ the re-
activity ratio favors the chloride over the fluoride by as
much as 10°. For bimolecular attack at acyl carbon, it has
been found that fluoroformates usually solvolyze slightly
faster than chloroformates.” Accordingly, the net result
of replacing chlorine by fluorine should be a pronounced
shift away from solvolysis—~decomposition and toward bi-

(1) On leave from Department of Chemistry, Hanyang University,
Sa-dong, Ansan, Kyunggi-do 425-791, Korea, Jan 1988-Feb 1989.

(2) Kevill, D. N,; Kyong, J. B.; Weitl, F. L. J. Org. Chem. 1990, 55,
4304.

(3) For a review, see: Kevill, D. N. In The Chemistry of Acyl Halides;
Patai, S., Ed.; Interscience: New York, 1972; pp 436-438.

(4) Olofson, R. A, Pure Appl. Chem. 1988, 60, 1715.

(5) Moroder, L.; Wackerle, L.; Winsch, E. Hoppe Seyler’s Z. Physiol.
Chem. 1976, 357, 1641.

(6) Swain, C. G.; Scott, C. B. J. Am. Chem. Soc. 1953, 75, 246.

(7) Green, M.; Hudson, R. F. J. Chem. Soc. 1962, 1055,

(8) Queen, A.; Nour, T. A. J. Chem. Soc., Perkin Trans. 2 1976, 935.

(9) Orlov, 8. L.; Chimishkyan, A. L.; Grabarnik, M. S, J. Org. Chem.
(USSR) Engl. Ed. 1983, 19, 1981.

0022-3263/92/1957-0258$03.00/0 © 1992 American Chemical Society



Solvolysis of 1-Adamantyl Fluoroformate

Table I. Percentages of Products in the Solvolysis of
1-Adamanty! Fluoroformate® in Aqueous Ethanol and Aqueous
Acetone at 50.0 °C*

time 1-AdF 1-AdOEt 1-AdOH 1-AdOCO,Et
solvent® (h)  (11.97)¢ (14.35)¢ (19.75)% (33.04)¢
I — .—m.vlT. - [l—r\uvnvl j
o} o}
J(—Coz) 1(-002) (1
H,0

1-AdF e 1-Ad'F~ ——Zs 1-AdOH + HF

JROH

1-AdOR + HF

Results

Product Studies. Response-calibrated GLPC has been
used to determine the products from reaction of 1-AdO-
COF at 50.0 °C in aqueous ethanol and aqueous acetone
(Table I), aqueous-2,2,2-trifluoroethanol (TFE) (Table II),
and TFE-ethanol mixtures (Table III). The small
amounts of 1-adamantanol found after reaction in 100%
ethanol or in TFE-ethanol mixtures probably result from
reaction of the substrate with moisture during manipula-
tion. In the reaction producing 1-adamantyl ethyl carbo-
nate, the reported values are after correction for a 3%
conversion of this product to 1-adamantanol during the
GLPC analysis.

For reactions in TFE-containing solvents (Tables II and
III), the 1-adamantyl fluoride formed by decomposition
subsequently undergoes solvolysis. In most instances, the
product data obtained after about 10 half-lives for the
reaction of l-adamantyl fluoroformate can be used in
conjunction with specific rates of the acid-catalyzed sol-
volysis of 1-adamantyl fluoride (determined by repeating

(10) Kevill, D. N.; Anderson, S. W. J. Org. Chem. 1991, 56, 1845,

(11) Grunwald, E.; Winstein, S. J. Am. Chem. Soc. 1948, 70, 846.

(12) Winstein, S.; Grunwald, E.; Jones, H. W. J. Am. Chem. Soc. 1951,
73, 2700.

dJ. Org. Chem., Vol. 57, No. 1, 1992 259

Table II. Product Partitioning in the Solvolysis of
1-AdOCOF in Aqueous 2,2,2-Trifluoroethanol (T)

at 50.0 °C*®
solvent 1-AdF° 1-AdOCH,CF, 1-AdOH S
(0L w/an (11 QR\d (14 Rand (1anavd  MTEE /T N\

VOULLDS 1Lu.V /0 1l CAlLlapuUIatcu LW LLLE ZCIU. I UI reacuioins
in 100% and 50% ethanol (Table I), the product ratios
were unchanged even when the reaction mixtures stood
at 50 °C for well in excess of 10 half-lives. For studies in
80% TFE-20% ethanol and 60% TFE-40% ethanol, the
solvolysis rate of 1-adamantyl fluoride was comparable to
that of 1-adamantyl fluoroformate and extrapolation, as
described above, was not possible.

For reaction in TFE-water mixtures the solvolysis
products (as opposed to the decomposition product) are
essentially stable. However, for solvolysis in 97% TFE,
a small correction is made for a slow conversion of 1-
adamantyl ethyl ether to 1-adamantanol. Selectivity values
(S) for reaction with TFE relative to water were calculated
using eq 2; these values are reported in Table II. For

_ [1-AdOCH,CF;][H;0]
~  [1-AJOH][TFE]

reaction in TFE-ethanol mixtures, only solvolysis—decom-
position is observed in 80% TFE-20% ethanol. With
larger percentages of ethanol, attack at the acyl carbon
becomes of increasing importance. All four solvolysis
products (two with and two without concurrent loss of
carbon dioxide) are stable under the reaction conditions,
and one can calculate selectivities both for solvolysis with
loss of carbon dioxide, Sg p (eq 3), and for solvolysis with
retention of carbon dioxide, S, (eq 4). The two series
of selectivity values are reported in Table III.

S = [1-AdOCH,CF,][EtOH]

$D ™ [1-AdOCH,CH;)[TFE]
[1-AdOCO,CH,CF;}[EtOH]
231 = [1-AdOCO,CH,CH,][TFE]
For reaction in aqueous ethanol or aqueous acetone, the
situation is more complex because the percentage of 1-

adamantanol reported (Table I) arises partially from the
solvolysis—decomposition pathway and partially by loss of

(@)

(3)

4
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Table IIl. Product Partitioning in the Solvolysis of 1-AdOCOF in 2,2,2-Trifluoroethanol (T)-Ethanol (E) Mixtures at 50.0 °C°
X in 1-AdX product

sensitivity”
0CO,CH,C- (TFE/EtOH)
solvent (%v/v) F (11.92)° OEt (14.33)° OCH,CF; (14.55)° F4 (22.04)° OCO,Et (32.69)° Ss.p Soent
80T-20E%* (0.03) (15.5) (79.4) 0.00 0.00 1.59
60T-40E= (1.36) (32.1) (58.1) 0.15 3.19 1.50  0.039
40T-60E 8.62 21.8 14.0 1.04 50.0 1.20  0.039
20T-80E 2.6" 12.4¢ 1.5 0.72 79.1 0.045

e Difference for sum of each entry from 100% represents 1-AdOH present; values are corrected for 3.0% conversion of 1-AdOCO,Et to
1-AdOH during GLPC analysis. °Ratio of specific rates for the reaction with 2,2,2-triflucroethanol or ethanol, respectively. The first entry
refers to the solvolysis component of the solvolysis—decomposition (S-D) pathway and the second to the pathway involving attack at the acyl
carbon. ‘Retention time (min) under the GLPC conditions. ¢Essentially identical values after 24 and 48 h. °Not possible to extrapolate the
solvolysis-decomposition values to those in early stages of reaction. After 12 h. ¢Values of 4.8% after 29 days and 3.6% after 42 days; the
initial value quoted corresponds to 19% 1-AdF formation within the solvolysis—-decomposition products. * Values of 2.33% after 37 days and
2.28% after 43 days; the initial value quoted corresponds to 16% 1-AdF formation within the solvolysis-decomposition products. ‘ Peaks not
separated in integration. Peak area for the minor component estimated from the data for the other solvent compositions by extrapolation

of a plot of area for this peak against solvent composition.

Table IV. Specific Rates of Acid-Catalyzed Solvolysis of
1-Adamantyl Fluoride® in Aqueous 2,2,2-Trifluorocethanol
(T) at 50.0 °C

solvent (%w/w) [HF)® 10%, 571
100T 0.0070 350
100T 0.0000 ~0.3¢
97T 0.0069 89
90T 0.0067 7.4 (£0.1)
90T 0.0074 7.5 (£0.3)¢
90T 0.0136° 28
80T 0.0068 1.7
70T 0.0068 ~0.6
40T-60E/ 0.0138¢ 0.25 (£0.01)

¢ Disappearance of the 1-AdF formed was followed (GLPC) after
allowing 10 half-lives for reaction of 0.0074 M 1-AdOCOF.
®Generated by the solvolysis of 1-AdOCOF. ¢Experiment with
0.0079 M 1-AdF (1-AdOH as internal standard) directly dissolved
in the solvent. ¢The 1-AdOCOF was allowed to react for 1 day
(total solvolysis), and then 0.0042 M 1-AdF was added. *From in-
itial [1-AdOCOF] of 0.0144 M. /40% TFE-60% ethanol by vol-
ume.

carbon dioxide from the unstable!® hydrogen carbonate
ester formed by attack of water at the acyl carbon.
Analysis of this data is deferred until the Discussion.
Kinetics of Reaction of 1-Adamantyl Fluoro-
formate. The values for the specific rates of reaction of
1-adamantyl fluoroformate, as measured in terms of hy-
drofluoric acid production, are listed in Table V, and the
activation parameters for the seven solvolyses studied at
more than one temperature are presented in Table VI,
The calculations of specific rates based on acid devel-
opment assume that throughout the reaction a constant
fraction of the reaction is accompanied by formation of
acid. This requirement, previously observed with 1-
adamantyl chloroformate,? is observed with 1-adamantyl
fluoroformate in solvents other than those containing ap-
preciable quantities of fluorinated alcohol. Complications
arise in solvents rich in fluorinated alcohol because a
moderate rate is observed for the acid-catalyzed solvolysis
of the 1-adamantyl fluoride decomposition product (Table
1V). However, based on infinity acid titers at about 10
half-lives, constant integrated first-order rate coefficients
are observed over appreciable extents of reaction; average
values with acceptable standard deviations are reported
in Table V. It is fortunate that for most systems studied
complications are minimized by only fairly small (<20%)
amounts of 1-adamantyl fluoride being produced (eq 1).
If the solvolysis of 1-adamantyl fluoride in later stages of

(13) Faurholt, C.; Gjaldbaek, J. C. Dansk. Tids. Farm. 1945, 19, 225;
Chem. Abstr. 1946, 40, 513.

reaction was leading to perturbation, one would expect the
infinity values to be too high and the integrated values for
the specific rate of disappearance of 1-adamantyl fluoro-
formate to fall as reaction progresses. The only system
with appreciable drift in values was the solvolysis in 100%
TFE, and here the values rose (approximately linearly;
correlation coefficient of 0.970) with extent of reaction,
presumably due to autocatalysis by developing hydro-
fluoric acid,’* and an initial value was obtained by ex-
trapolation.

Discussion

Comparison with Specific Rates of 1-Adamantyl
Chloroformate Solvolysis. For a meaningful comparison
of the specific rates of reaction of 1-adamantyl fluoro-
formate and 1-adamantyl chloroformate, it is important
that the comparison is for the same reaction pathway. For
nucleophilic attack at acyl carbon, frequently an important
component of the overall pathway for 1-adamantyl fluo-
roformate, we are limited to one observation, 0.67% pro-
duction of the mixed carbonate in 100% ethanol at 25.0
°C, for 1-adamanty! chloroformate;? this corresponds to
a specific rate of 0.0067 X 5.47 X 10~ (3.7 X 107%) gL,
Arrhenius extrapolation of the specific rates for reaction
of the fluoroformate from higher temperatures (Table V)
leads to an overall value at 25.0 °C of 0.229 X 10 5~! and,
assuming 93% attack at acyl carbon (actually the value
at 50 °C), a specific rate for attack at acyl carbon at 25 °C
of 0.21 X 106 s is obtained. The k(,/ky ratio is, therefore,
17.6. This value is somewhat higher than values of
somewhat below unity previously observed from studies
of alkyl haloformates in aqueous acetone’® or ethanol® and
of p-methoxyphenyl haloformates in aqueous dioxane.?

The inversion of the ratio could result from the incor-
poration of a tertiary alkyl group or, contrary to tentative
conclusions reached earlier,? it could reflect a situation
where a major component of the 0.67% 1-adamantyl ethyl
carbonate observed in ethanolysis—decomposition of 1-
adamantyl chloroformate results not from direct attack on
the substrate but from a minor pathway for further re-
action of an unstable (1-AdOCO)* cation involving capture
by the solvent. Favoring the explanation in terms of alkyl
group variation is the observation® that the k¢/ky ratio
for solvolyses of haloformate esters in 70% aqueous ace-
tone at 30.1 °C increases from methyl (0.14) to ethyl (0.18)
or n-propyl (0.20) to isopropyl (0.92), suggesting that a

(14) It has been shown that a given acid has a much greater proton-
donating ability toward an added base in pure HFIP than in 97% HFIP:
Allard, B.; Casadevall, A.; Casadevall, E.; Largeau, C. Nouv. J. Chim.
1980, 4, 539.



Solvolysis of 1-Adamantyl Fluoroformate

Table V. Specific Rates of Overall Reaction of
1-Adamantyl Fluoroformate (k) and, for Reaction at 50.0
°C, Division (when Possible) into Components Due to
Solvolysis Decomposition (k0) and Solvent Attack at
Acyl Carbon (kA°)

10°%k 10%SD  10%Ac

solvent® T (°C) ) %S-D?  (s7Y) (s™)
MeOH 700 5.96 £ 0.16
60.0 2.96 £+ 0.05
50.0 1.60 £+ 0.02 ca. 1.5
40.0 0.800 = 0.010
EtOH 80.0 2.11 % 0.05

70.0 1.12 £0.03
60.0  0.529 £ 0.002
50.0 0.211 =% 0.003 7.0 0015 0.196

i-PrOH 70.0 0.117 £ 0.001
50.0 0.028 + 0.001° ca. 0.028
90% MeOH 500 114 0.1 ca. 11
80% MeOH 50.0 26.2+0.5
90% EtOH 50.0 3.63 % 0.05 44 016 347
80% EtOH 600 159 0.4
50.0 17.75 £ 0.12 99 077 6.98
40,0 3.92 %0.03
25.0 1.50 #+ 0.02
70% EtOH 500 14.1£0.3 179 25 11.6
60% EtOH 50.0 25.5 £ 0.7 281 7.2 18.3
50% EtOH 50.0 43709 448 196 241
70% Me,CO 50.0 2.21 +£0.05 d
60% Me,CO 500 7.62=%0.11 d
70% Dx* 50.0 1.96 £0.03
60% Dx 50.0 17.22+0.12
50% Dx 50.0 24.6 0.9
TFE 50.0 61.1+6.7 100 61.1
97% TFE 50.0 72911 100 72.9
97% TFE 400 24908
97% TFE 30.0 7.85+0.08
97% TFE 20.0 2.30 £ 0.06
90% TFE 50.0 68.1+0.6 100 68.1
80% TFE 500 808+ 1.7 100 80.8
70% TFE 50.0 92311 100 92.3
80T-20E# 50.0 13804 100 13.8
60T—-40F¢ 50.0 232008 96 2.23 0.09

40T-60E# 50.0 0.626 £ 0.016 465 029 034

20T-80EF 50.0 0.456 £ 0.015 171 0.078 0.38
97% HFIP 25.0 569 + 27

90% HFIP 250 1008

80% HFIP 50.0 479£19 479"

80% HFIP 25,0 34811

70% HFIP 50.0 303 + 28 303"

70% HFIP 250 26.6 %06

20On volume-volume basis except for TFE-H,0 and HFIP-H,0
mixtures, which are on a weight-weight basis; [1-AdOCOF] of from
0.003 to 0.015 M (see Experimental Section). ®From Tables II, I1I,
and VIL. <Using value for infinity titer from parallel reaction in
EtOH. ¢Not possible to partition the overall [1-AdOH] but the ca.
9% 1-AdF (Table I) indicates appreciable amounts of solvolysis-
decomposition. ¢Dioxane. /Extrapolated initial value; integrated
values rise during run, reaching a value of 260 X 105 s’! at 70%
reaction. # TFE-EtOH mixtures. " Assuming 100% solvolysis~de-
composition.

Table VI. Entropies and Enthalpies of Activation for
Overall Reaction of 1-Adamantyl Fluoroformate®

solvent AH* 355 (kcal/mole) AS¥ 305 (eu)
MeOH* 138+ 04 -38.0£1.3
EtOH* 16.8 £ 0.7 -32.7 £ 2.3
80% EtOH° 12.6 = 0.6 -385+ 19
i-PrOH* 15.1 -41.8
97% TFE¢ 21.7 £ 0.1 -8.0x0.1
80% HFIP¢ 194 -9.3
70% HFIP¢ 17.9 ~14.7

@ Using kinetic data from Table V. ®With associated standard
errors. ‘From data at four temperatures. ¢Data at only two tem-
peratures.

value of greater than unity would indeed be observed upon
incorporation of a tertiary alkyl group. This trend could
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possibly be governed by increasing steric effects.

The 1-adamantyl chloroformate reacts almost exclusively
by solvolysis—decomposition, and this is also an important
pathway in the solvolyses of 1-adamantyl fluoroformate,
varying in percentage from essentially 100% in highly
ionizing solvents, such as aqueous TFE or aqueous HFIP,
to 3% in 95% ethanol. In ethanol at 50 °C, the specific
rate of solvolysis—decomposition of 1-adamantyl fluoro-
formate is 0.015 X 1075 g7! (Table V) and Arrhenius ex-
trapolation of the data for 1-adamantyl chloroformate from
lower temperatures? leads to a value (after correction for
about 0.7% attack at acyl carbon) of 1260 X 1075 g71,
Accordingly, the k¢ /ky ratio is 8.4 X 104, a value 4.8 X 103
times greater than that observed for formation of the
mixed carbonate by attack at acyl carbon.

For the solvolysis—decomposition pathway in 20%-80%
and 40%—-60% TFE-ethanol mixtures, the values for 1-
adamantyl chloroformate at 25 °C and 1-adamantyl fluo-
roformate at 50 °C (Table V) give rate ratios of 2.6 X 10°
and 2.4 X 10°, respectively. An approximate correction to
a common temperature can be made by assuming that the
10-fold decrease in rate of reaction of 1-adamantyl fluo-
roformate in both 80% and 70% aqueous HFIP as one
goes from 50 to 25 °C also applies to solvolysis~decom-
position in the TFE-ethanol mixtures. This suggests a
key/ ky ratio at 25 °C of roughly 2.5 X 10%. The lower ratio
in TFE~-ethanol relative to 100% ethanol probably results
from the solvolysis of fluorides being more favored by the
electrophilic influence of the relatively acidic TFE than
chlorides, fluorides are known to be more susceptible to
hydrogen-bonding influences.!®

The k¢ /ky ratios of in excess of 104, approaching 10° in
ethanol, are indicative of extensive carbon-halogen bond
breaking at the transition state of the rate-determining
step. They can be compared with values, for solvolysis in
85% acetone at 25 °C, of 105 for tert-butyl halides and 10¢
for triphenylmethyl halides.®! The hydrolysis of p-(di-
methylamino)benzoyl halides in water at 25 °C leads!® to
a value of 8 X 107,

In particular, the ratios of 10*-10° are clearly inconsistent
with a rate-determining ionization to a 1-adamantyi-ha-
loformate ion pair; a pathway previously rendered unlikely
by comparison? of the rates of solvolysis of the chloro-
formate and the trifluoroacetate.)” Unfortunately, a value
slightly less than maximum values previously observed is
not very helpful in distinguishing between a concerted
pathway with direct loss of carbon dioxide and a pathway
involving loss of carbon dioxide after formation of a (1-
AdOCO)*F- ion pair.

In the study of 1-adamantyl chloroformate,? the extent
of decomposition could be estimated from the 20~70%
difference between theoretical and measured infinity titers.
In the present study, the percentages of l-adamantyl
fluoroformate converted to 1-adamantyl fluoride are con-
siderably lower (0.4-9% in aqueous ethanol and aqueous
acetone), and the relatively small differences between
theoretical and experimental values will not be highly
accurate. For the solvent systems containing TFE, in-
creased amounts of solvolysis—decomposition lead to ini-
tially larger amounts of l-adamantyl fluoride but the
values decrease with time due to subsequent acid-catalyzed
solvolysis (Table IV). The reported product percentages

(15) For brief reviews, see: (a) Bunton, C. A. Nucleophilic Substitu-
tion at a Saturated Carbon; Elsevier: New York, 1963; pp 160-162. (b)
Kevill, D. N. In The Chemistry of the Functional Groups, Supplement
D; Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1983; pp 934-935.

(16) Song, B. D.; Jencks, W. P. J. Am. Chem. Soc. 1989, 111, 8470.

(17) Bentley, T. W.; Roberts, K. J. Chem. Soc., Perkin Trans. 2 1989,
1055.
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have all been obtained by GLPC. .

Acid-Catalyzed Solvolysis. Since fluorine is a better
hydrogen-bond acceptor than chlorine, there is the pos-
sibility of autocatalysis to the reaction of the fluoroformate
by the developing hydrogen fluoride.!%% Autocatalysis
was observed in 100% TFE, the integrated specific rate
value having risen about 4-fold at 70% reaction. However,
even the 3% water in 97% TFE was sufficient to render
the autocatalysis insignificant. This is consistent with the
finding that, although acidities are considerably enhanced
in fluorinated alcohols, addition of as little as 3% water
to HFIP considerably reduces acidities measured within
the solvent.!4

The 1-adamantyl fluoride formed by decomposition of
the fluoroformate is subject to solvolysis catalyzed by the
acid produced in all the other pathways (Table IV). A
control experiment showed that 1-adamantyl fluoride
solvolyzed very slowly in 100% TFE at 50 °C but the
presence of 7 X 10 M hydrogen fluoride led to a rate
increase of 3 orders of magnitude. Again, addition of water
sharply reduces the acid-catalyzed solvolysis rates; addi-
tions of 3% and 10% water led to rate reductions by
factors of 4 and 50. In 90% TFE, a doubling of the acid
concentration led to an increase in the specific solvolysis
rate of 1-adamantyl fluoride of about 4-fold; this more than
linear increase in rate with acid concentration is consistent
with the finding that acid-catalyzed solvolyses of benzyl
fluorides follow the Hammett b, function'® and with the
finding that 1-adamantyl fluoride is essentially inert to-
ward 40% hydrofluoric acid but solvolyzes to 1-
adan;zlantanol under mild conditions in 656% hydrofluoric
acid.

Activation Parameters. For the solvolyses studied
kinetically as a function of temperative (Table V), the
activation parameters (Table VI) are consistent with a
duality of mechanism. . In ethanol and 80% ethanol at 50
°C, over 90% of reaction involves attack at acyl carbon
(Table V) and the relatively low activation energies and
appreciably negative entropies of activation (-33 and -39
eu) are consistent with a bimolecular pathway. It is to be
expected that solvolyses in methanol and 2-propanol will
also be dominated by bimolecular attack at acyl carbon
and entropies of activation of —38 eu and —42 eu are con-
sistent with this prediction. These entropy of activation
values are strikingly different to the slightly positive values
(3—7 eu) observed? for the solvelysis—decomposition reac-
tions of 1-adamantyl chloroformate in the four solvents.
The associated standard errors are a little larger than usual
for this kind of study; this is probably in large part due
to the minor contribution from the solvolysis—decompo-
sition pathway, which is to be expected to have quite
different activation parameters.

The reaction in 97% TFE showed no products resulting
from attack at acyl carbon (Table II) and, both for this
solvent and for 80% and 70% HFIP solvents, essentially
pure solvolysis—decomposition reaction is to be expected.
For these three solvents, slightly higher activation energies
with compensating less negative entropies of activation (-8
to —15 eu) are observed,? these values are in the region
of the -9 eu observed for solvolysis—decomposition of 1-

(18) Autocatalysis has been observed in the solvolyses of acyl fluorides:
Bevan, C. W. L.; Hudson, R. F. J. Chem. Soc. 1953, 2187.

(19) Swain, C. G.; Spalding, R. E. T. J. Am. Chem. Soc. 1960, 82, 6104.

(20) Bunton, C. A.; Fendler, J. H. J. Org. Chem. 1966, 31, 2307.

(21) Stepanov, F. N.; Srebrodol’skii, Yu. 1. J. Org. Chem. (USSR)
Engl. Ed. 1966, 2, 1609.

(22) For a discussion of entropies of activation in unimolecular and
bimolecular solvolyses, see: Ingold, C. K. Structure and Mechanism in
Organic Chemistry, 2nd ed.; Cornell University Press: Ithaca, 1969; pp
471-473.
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adamzantyl chloroformate in the mixed 90% dioxane sol-
vent.

Selectivity Values from Product Studies. Since no
products resulting from attack at acyl carbon were detected
in 100-70% TFE-water or in 80% TFE-20% ethanol, it
is assumed that these reactions proceed only by solvoly-
sis—decomposition. Small amounts of the two possible
mixed carbonates are detected in 60% TFE-40% ethanol,
and these become the dominant products with 60% or
more ethanol content. The selectivity values, defined
according to eq 2 for solvolysis—decomposition in TFE-
water, vary from 0.55 to 0.70 as the water content increases
t0 30% (Table II). The value of 0.63 for 80% TFE is not
far removed from the value of 1.03 for 1-adamantyl chlo-
roformate at a 25 °C lower temperature.? A value® of 1.00
and a value® of 0.78 have been reported for the corre-
sponding 1-adamantyl bromide solvolysis'at 35 °C.

The stability of all of the solvolysis products in TFE-
ethanol mixtures allows direct estimation of selectivity
values for the competition between TFE and ethanol both
for solvolysis—decomposition and for attack at acyl carbon
(Table III). For solvolysis—decomposition, the selectivity
values, defined according to eq 3, of 1.6-1.2 are virtually
identical to the values for 1-adamantyl chloroformate (at
25 °C) of 1.6-1.1 for the same range of solvent composition.
For 1-adamantyl bromide?2% and arenesulfonate® solvo-
lyses in TFE—-ethanol, values in the range of 1.7-1.2 have
been reported. For attack at acyl carbon, the selectivity
values (eq 4) of 0.039 to 0.045 indicate a preference for
reaction with the more nucleophilic!® ethanol by a factor
of about 25. In a study of benzoyl fluoride, believed to
react with water by an associative mechanism, determi-
nation of the ratio of the two ethers within the product
formed from reaction, at 25 °C, in a solvent consisting of
90% water and 10% of a (variable) mixture of ethanol and
TFE led!® to selectivity values for attack by TFE relative
to ethanol in the range of 0.16-0.27, favoring ethanol by
a factor of 3.7-6.3. Considering the very different reaction
conditions, the agreement with the selectivity ratio ob-
served for attack at the acyl carbon of 1-adamantyl fluo-
roformate is reasonable. »

As mentioned briefly in the results section, the 1-
adamantyl hydrogen carbonate, produced by attack of
water at acyl carbon, rapidly loses carbon dioxide to give
l-adamantanol.’® For the product studies reported in
Table I, the fluoride and ethyl ether result from solvoly-
sis—decomposition, the ethyl carbonate from attack at acyl
carbon, and the alcohol from both pathways. For the
aqueous acetone systems, there is no simple way of par-
titioning the 1-adamantanol between the two pathways;?’
the appreciable 9.0 £ 0.3% of 1-adamantyl fluoride does
indicate an important contribution from solvolysis—de-
composition in the 80-60% acetone range of composition.

In aqueous ethanol, the amount of 1-adamantanol di-
rectly accompanying a given amount of 1-adamantyl ethyl
ether can be estimated by making use of the observation
that the selectivities between ethanol and water for a va-
riety of 1-adamantyl derivatives vary only little with
leaving group or temperature.>?>% Further, as discussed
earlier in this section, the partitioning between TFE and
ethanol is essentially identical for 1-adamantyl fluoro-

(23) Allard, B.; Casadevall, E. Nouv. J. Chim. 1985, 9, 725.

(24) Kaspi, J.; Rappoport, Z. J. Am. Chem. Soc. 1980, 102, 3829.

(25) McManus, S. P.; Zutaut, S. E. Tetrahedron Lett. 1984, 27, 2859.

(26) Ando, T.; Tsukamoto, S. Tetrahedron Lett. 1977, 2775.

(27) The assignment could be made by oxygen labeling, since the
oxygen attached to the adamantyl group is lost in solvolysis—-decompo-
sition but retained in the decomposition following an initial water attack
at the acyl carbon.
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Table VII. Partitioning of 1-Adamantanol Product into
Components from Solvolysis—Decomposition (S~D) and Attack
at Acyl Carbon and Consideration of Other Product
Partitioning Factors

1-AdOH 4F
solvent . viaS8-D % of % 1-A
(%  [-AOHF (09 of  product  in S-D
EtOH) [1-AdOEt] product)® via S-D¢ products® S,
100/ 0.000 0.00 7.0 12
95 0.285 0.57 3.0 12 0.57
90 0.575 1.32 4.4 12 0.50
80 1.15 4.4 9.9 15 0.48
70 1.80 9.5 17.9 15 0.47
60 2.54 17.0 28.1 13 0.46
50/ 3.69 305 4.8 11 0.48

9These are values obtained previously (ref 2) after solvolysis of 1-
AdOCOCI at 25 °C. °Percentage of 1-AdOH in overall products pre-
dicted to arise from the solvolysis—decomposition pathway; obtained by
multiplying the % 1-AdOEt (Table I) by the ratio in column 2. °Sum of
column 3 entry, % 1-AdF (Table I), and % 1-AdOEt (Table 1), divided
by 0.967 (to correct for the 3.3% 1-AdOH observed after solvolysis in
100% EtOH). ¢The % 1-AdF (Table 1) divided first by 0.967 and then
divided by the entry in column 4. ‘The % 1-AdOCO,H (which then
decomposes to 1-AdOH) is taken as the difference between the mea-
sured (Table I) % 1-AdOH (corrected for 3.3% found after reaction in
100% EtOH) and the estimated %1-AdOH from the solvolysis~de-
composition pathway (column 3); the selectivity is defined as S = [1-
AdOCO,H][EtOH]/[1-AdOCO,Et][H;0]. /Mean of the values for the
two entries in Table I.

formate at 50 °C and 1-adamantyl chloroformate at 25 °C.
It can be assumed, therefore, that the solvolysis product
ratios from 1-adamantyl chloroformate in aqueous ethanol
at 25 °C can be taken as a good approximation for the
corresponding ratios-for 1-adamantyl fluoroformate at 50
°C. In this way (Table VII), the total 1-adamantanol
product can be partitioned between that formed by sol-
volysis—decomposition and that formed by attack of water
at acyl carbon. In conjunction with the percentage of
1-adamantyl ethyl carbonate formed, this allows calcula-
tion of the selectivity for attack at acyl carbon (Table VII).
The values obtained for up to 50% water content show
remarkably little variation and demonstrate a slight
preference, by a factor of about 2, for reaction with ethanol
rather than water. For attack at the acyl carbon of p-
nitrobenzoyl chloride, selectivity values of 0.9-3.6 have
been observed at 25 °C for reaction with ethanol relative
to water in 95-50% ethanol.®3° In the region of 70-50%
ethanol, where we obtain an essentially constant selectivity
value of 0.47 £ 0.01, the corresponding identically defined
selectivities (kw/kg) for p-nitrobenzoyl chloride fall from
0.40 to 0.28.

For benzoyl halides with powerful electron-donating
para substituents, the reactions are believed to be Sy1 in
character, with capture of the acylium ion at a solvent-
separated ion-pair stage; accordingly, the selectivities are
similar to those observed?-% for adamantyl derivatives.
For p-methoxybenzoyl chloride, a value of 1.7-1.3 is ob-
served in aqueous ethanol at 25 °C.%®

Within the solvolysis—decomposition, the percentage of
this pathway involving decomposition to 1-adamantyl
fluoride (8-19%) is considerably less than the 20~70%
observed? for 1-adamantyl chloroformate. This suggests
that, at the time of product formation, the halide ions are

(28) Bentley, T. W.; Harris, H. C. J. Org. Chem. 1988, 53, 724.

(29) Bentley, T. W.; Koo, 1. 8. J. Chem. Soc., Perkin Trans. 2 1989,
1385.

(30) Bentley has proposed that selectivities in mixed aqueous organic
solvents are best expressed relative to water: Bentley, T. W.; Harris, H.
C.; Koo, L. 8. J. Chem. Soc., Perkin Trans. 2 1988, 783. Unfortunately,
most of the reports of selectivities in aqueous ethanol which are referred
to in the present investigation have used the inverse definition. To
minimize confusion, we have retained the convention of defining as water
relative to ethanol.
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Figure 1. For the component of the specific rate corresponding
to the solvolysis-decomposition pathway, a plot of log (k/
ko)1.adocor (at 50.0 °C) against Y, values. The number placed
before the code for the solvent refers to the percentage of that
solvent, by weight for TFE-H,0 and HFIP-H,0 mixtures and
by volume for all others; any percentage not indicated is water.
E represents ethanol, H represents HFIP, and T represents TFE.

strongly solvated, such that the chloride ion is more nu-
cleophilic than the fluoride ion. For free or weakly solvated
ions, the order of intrinsic nucleophilicities (favoring
fluoride ion) is followed.’! It has been suggested that
fluoride ion can especially favor solvolysis because of its
efficiency in serving as a general base for attack by sol-
vent.16

Application of the Simple and Extended Grun-
wald-Winstein Equations. Solvolyses proceeding by
ionization, without nucleophilic assistance, follow the
simple Grunwald-Winstein equation as the solvent is
varied (eq 5). In eq 5, k and k, are the specific rates of

log (k/kg) = mY 5)

solvolysis in the solvent under consideration and in 80%
ethanol and m is the sensitivity of the solvolysis to changes
in solvent ionizing power (Y). The original standard
substrate!! (m value defined as unity) was tert-butyl
chloride; however, this has been shown to have a small
nucleophilic component,’>® and scales based on solvolyses
of adamantyl derivatives are recommended.?% A scale
does not exist for a fluoride ion leaving group (as illustrated
in Table IV, the solvolyses of 1-adamantyl fluoride are both
slow and subject to strong autocatalysis in weakly basic
solvents), and we have used Y, values®>*3 within the
correlations.

The solvolysis—decomposition specific rates are available
for 16 solvents for which Y, values have been determined;
the solvents are indicated within a plot of the correlation
(Figure 1). An excellent correlation (correlation coefficient
of 0.9994) of log (k/k,) against Y, is obtained with slope
of 0.699 + 0.006 and intercept of —0.022 = 0.045. With
1-adamantyl chloroformate at a 25 °C lower temperature

(31) March, J. Advanced Organic Chemistry: Rections, Mechanisms,
and Structure, 3rd ed.; Wiley-Interscience: New York, 1985; pp 307-308.

(32) Bentley, T. W.; Carter, G. E. J. Am. Chem. Soc. 1982, 104, 5741.

(33) Kevill, D. N.; Kamil, W. A.; Anderson, S. W. Tetrahedron Lett.
1982, 23, 4635.

(34) Schadt, F. L.; Bentley, T. W.; Schleyer, P. v. R. J. Am. Chem. Soc.
1976, 98, 7667.

(35) Bentley, T. W.; Llewellyn, G. Prog. Phys. Org. Chem. 1990, 17,
121.

(36) Additional Y, values have been determined: 90% HFIP (w/w),
4.31; 70% HFIP (w/w), 3.83; 50% HFIP (w/w), 3.80; 60% TFE-40%
ethanol (v/v), 0.64; 80% TFE-20% ethanol (v/v), 1.89. D’Souza, M. J.;
Kevill, D. N. Unpublished results.



264 J. Org. Chem., Vol. 57, No. 1, 1992

and using the tert-butyl chloride Y values (19 solvents),
a slope of 0.68 £ 0.03 was obtained.? To a rough ap-
proximation,®® for the mainly nonfluorinated alcohols
studied, Y ~ 0.75 Y and a plot of the 1-adamantyl
chloroformate data against Y, would have a slope of about
0.51. The mg/mg, ratio of 1.3 would be slightly higher if
the fluoroformate had also been studied at the 25 °C lower
temperature used to study the chloroformate. A m value
of 1.4 (comparison with 1-adamantyl chloride) for the
solvolysis of p-(dimethylamino)benzoyl fluoride in aqueous
ethanol was considered to arise from a stronger solvation
of the incipient fluoride ion in the transition states.!® The
observation of an my/mg, ratio for the haloformate sol-
volysis—decomposition reactions which is exactly as ex-
pected based on this result strongly indicates that this
component of the overall 1-adamantyl fluoroformate re-
action has been correctly assigned and that an incipient
fluoride ion is present in the transition state of the rate-
determining step.

Since reactions in TFE-water mixtures are exclusively
by solvolysis—decomposition, this is also to be expected for
reactions in HFIP-water mixtures: solvents of even higher
ionizing power and lower nucleophilicity. A study (Table
V) in four solvent compositions at 25.0 °C (97-50% HFIP)
gives an excellent Grunwald-Winstein type correlation
against Y, values®?3® with a slope of 0.98 + 0.05 (corre-
lation coefficient of 0.997), consistent with expectation.

For an attack at acyl carbon, solvent nucleophilicity will
also be an important consideration and the extended
Grunwald-Winstein equation'? (eq 6) can be used to an-

log (k/ky) =IN+mY 6)

alyze this type of situation. In eq 6, the &, ky, m, and Y
are defined as for eq 5 and [/ represents the sensitivity
toward changes in solvent nucleophilicity (N). We have
used the recently reported!” scale of N values, based upon
solvolysis of the S-methyldibenzothiophenium ion. Of the
12 specific rate values available for attack at acyl carbon
(Table V), it is unfortunate that, because of the then-ob-
served dominance of solvolysis—decomposition, none are
for TFE-water mixtures. Indeed, the range of solvent type,
and hence the confidence in the sensitivity values derived,
is severely limited by 1-adamantyl fluoroformate reacting
essentially completely by solvolysis—decomposition in
solvents of low nucleophilicity and fairly high ionizing
power. In two of the instances for which specific rates are
available, the Y values are unknown; the 10 solvent
systems used in the analysis are indicated in Figure 2: a
plot of log (k/k;) against 2.78 Nt + 1.01Y. The best fit
l and m values are obtained by multiple regression analysis:
[ value of 2.78 % 0.21, m value of 1.01 £ 0.06, and intercept
of 0.09 % 0.16 (correlation coefficient of 0.987).

A study®?7 of the solvolysis of n-octyl fluoroformate at
24.2 °C (in a much wider selection of 21 solvents) led to
corresponding values of 1.88 % 0.15 for /, 0.86 = 0.08 for
m, and intercept of —0.20 % 0.34 (correlation coefficient
of 0.950). However, when the analysis of the n-octyl
fluoroformate solvolyses is restricted to the same 10 sol-
vents as are available for analysis of the attack at the acyl
carbon of the 1-adamantyl ester, the values of 2.71 + 0.21
for [, 1.03 %+ 0.06 for m, and 0.01 % 0.16 for the intercept
(correlation coefficient of 0.987) are virtually identical to
those calculated and presented above for solvolytic attack
on the l-adamantyl fluoroformate. This suggests very

(37) (a) D’Souza, M. J.; Kevill, D. N. Abstracts of Papers, 201st Na-
tional American Chemica! Society Meeting, Atlanta, GA, April 1991;
ORGN?91. (b) D’Souza, M. J. M.S. Thesis, Northern Illinois University,
Aug 1989.
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Figure 2. For the attack at acyl carbon, a plot of log (¢/kg)1.ad0coF
(at 50.0 °C) against (INy + mYy) values, where the best fit values
for [ (2.78) and m (1.01) are incorporated. M represents methanol;
for other information, see the caption for Figure 1.

strongly that attack at the acyl carbon of 1-adamantyl
fluoroformate closely parallels the attack on the n-octyl
ester, which is proposed®” to proceed by an addition—
elimination (tetrahedral intermediate) mechanism.

Summary and Conclusions

Unlike the reactions in hydroxylic solvents of 1-
adamantyl chloroformate, where (except for a trace of
1-adamantyl ethyl carbonate in 100% ethanol) only sol-
volysis—decomposition was observed, the solvolyses of 1-
adamantyl fluoroformate have two major reaction path-
ways: a parallel solvolysis—decomposition pathway and a
pathway involving bimolecular attack by solvent at acyl
carbon, by what is suggested to be an addition—elimination
mechanism.

The solvolysis—decomposition pathway is totally dom-
inant in solvents of high ionizing power and relatively low
nucleophilicity, but the contribution from this pathway
falls to only 4-10% in 80-100% ethanol. Using dissected
rates (at 50 °C), the Grunwald—Winstein m value, for
correlations of solvolysis—decomposition specific rates
against Y values, of 0.70 is consistent with an ionization
mechanism. Probably resulting from a stronger solvation
of an incipient fluoride ion, the value is about 30% higher
than for 1-adamantyl chloroformate in similar solvents.?
Additional support for carbon-halogen bond breaking in
the transition state, rather than rate-determining ionization
to a 1-adamantyl-haloformate ion pair, is given by the
observation that under identical conditions the solvoly-
sis—decomposition pathway for fluoroformates proceeds
about 10*-10° times slower than that for chloroformates.

Both the m value and the k¢, /kp ratios are appreciably
lower than the corresponding values of 1.4 (in aqueous
ethanol) and 3 X 107 (in water) for the Sy1 reactions of
D-(dimethylamino)benzoyl fluoride,® giving some support
to the view?®® that a concerted process leading directly to
an ion pair and a small stable molecule (in this case carbon
dioxide) is involved, rather than loss of halide ion in a Sy1
reaction followed by rapid expulsion of the small stable
molecule from the cation.

The selectivities between water and TFE or between
TFE and ethanol in the solvolysis component of this

(38) (a) Conner, J. K.; Maskill, H. Bull. Chem. Soc. Fr. 1988, 342, (b)
Maskill, H.; Jencks, W. P. J. Am. Chem. Soc. 1987, 109, 2062.
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pathway are similar to selectivities that have been observed
for 1-adamantyl chloroformate solvolyses? and, also, for
1-adamantyl bromide® % and arenesulfonate?® solvolyses,
where the attack by solvent is believed to occur at a sol-
vent-separated ion-pair stage.

A second pathway involves nucleophilic attack at acyl
carbon. In ethanol, the only solvent where this pathway
was observed for 1-adamantyl chloroformate, a k¢,/ky ratio
of 18 is observed, consistent with a trend of increasing
values for solvolyses of alkyl haloformates in 70% acetone®
as one goes from methyl (0.14), to ethyl (0.18), to isopropyl
(0.92). Selectivities favor the more nucleophilic ethanol,
by a factor of about 2 in competition with water and of
about 25 in competition with TFE. An analysis in terms
of the extended Grunwald-Winstein equation gives values
for the sensitivities toward nucleophilicity and ionizing
power essentially identical to the values recently observed
in a study® of n-octyl fluoroformate in the same solvents:
a solvolysis which is believed to proceed by an addition—
elimination (tetrahedral intermediate) pathway.

The entropies of activation for reactions believed to
involve primarily (>90%) attack at acyl carbon (-33 to —42
eu) are considerably more negative than the values (-8 to
-15 eu) for reactions believed to proceed by solvolysis—
decomposition. In those solvents (methanol, ethanol, 80%
ethanol, and 2-propanol) where attack is predominantly
at the acyl carbon, the pathway involved was solvolysis—
decomposition for 1-adamantyl chloroformate, leading to
entropies of activation which are higher for the chloro-
formate by an enormous 38-47 eu. This large difference
results partially from a change in mechanism and partially
from the stronger solvation of the incipient fluoride ion,
leading to the ordering of more solvent molecules and a
lowering of the entropy of activation.®®

Experimental Section

Materials. The purifications of 2,2,2-trifluoroethanol,*
1,1,1,3,3,3-hexafluoro-2-propanol,*! and other solvents used were
as previously described. The 1-adamantyl fluoroformate (Aldrich)
was recrystallized from petroleum ether and stored at 0 °C, mp
32-34 °C (lit." mp 31-32 °C). Small quantities of 1-adamantyl
ethyl ether,*? 1-adamantyl 2,2,2-trifluoroethyl ether,? and 1-
adamantyl ethyl carbonate,*® required for calibration purposes,
were prepared as previously described. A method for the prep-

(39) Song, B. D.; Jencks, W. P. J. Am. Chem. Soc. 1987, 109, 3160.

(40) Rappoport, Z.; Kaspi, J. J. Am. Chem. Soc. 1974, 96, 4518.

(41) Bentley, T. W.; Bowen, C. T.; Parker, W.; Watt, C. L. F. J. Chem.
Soc., Perkin Trans. 2 1980, 1244,

(42) Kevill, D. N,; Kolwyck, K. C.; Weitl, F. L. J. Am. Chem. Soc. 1970,

, 7300.
(43) Kevill, D. N.; Weitl, F. L. JJ. Chem. Soc., Perkin Trans. 1 1972,
2162.
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aration of 1-adamantyl fluoride* was modified slightly by sub-
stituting mercuric fluoride for silver fluoride, mp 212-214 °C (lit.#
mp 210-212 °C dec,* 1it.2! mp 260 °C). A small amount of 1-
adamantyl 2,2,2-trifluoroethyl carbonate was prepared by sub-
stituting 2,2,2-trifluoroethanol for ethanol in the methods used
to prepare 1-adamantyl ethyl carbonate. A solution in ethanol
of 1-adamantanol (Aldrich, 99%) showed only one solute peak
in GLPC, and it was used as received.

Product Studies by GLPC. Solutions, usually containing
0.007-0.008 M 1-adamantyl fluoroformate, in ethanol, aqueous
ethanol, aqueous TFE, and TFE-ethanol mixtures were allowed
to react at 50 °C for at least 10 half-lives. The products were
directly analyzed by response-calibrated GLPC, as previously
described.®> All determinations were carried out at least in
duplicate, and an error of £3% of their value is estimated for the
product percentages. For runs in TFE-containing solvents, the
experiments were extended so a8 to obtain product percentages
at longer time intervals, and these data were used to calculate
specific rates for the acid-catalyzed solvolysis of 1-adamantyl
fluoride. Knowledge of these specific rates allowed estimation
of the fraction of 1-adamantyl fluoride initially formed from the
fluoroformate.

Kinetic Procedures. The rates of production of hydrofluoric
acid were followed for solvolyses in several dry alcohols, aque-
ous-organic mixtures, and TFE-ethanol mixtures. For the
aqueous—organic mixtures the solvent composition range was
limited by low solubility of the substrate in the more aqueous
solvents. The titration technique involved minor modification
of one described earlier.® Portions were removed at appropriate
time intervals and partitioned between 20 mL of pentane and 10
mL of degassed distilled water. The acid previously developed
was then titrated against a standardized solution of NaOH in water
(ca. 0.005 M) to a methyl red-methylene blue endpoint.*

Runs in TFE-ethanol solvents and in aqueous—-TFE solvents
with high TFE content involved removal of 2-mL portions from
25 mL, runs in aqueous—-HFIP solvents involved removal of 1-mL
aliquots from 10 mL, and runs in other solvents involved removing
5mL aliquots from 50 mL. The substrate concentration was 0.015
M in solvents rich in TFE or HFIP with reduction to 0.005 M
for the more aqueous of the water-TFE and water—-HFIP solvents.
In other systems, the substrate concentration was usually about
0.007 M, with reduction to 0.003 M for the more aqueous (40-50%
water) mixtures. Experimental infinity titers were obtained after
at least 10 half-lives and integrated first-order rate coefficients
(specific rates) calculated.
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