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with the 2-chloroethoxy derivative where ion b was small.
In fact, the mechanism to ion b shown in Scheme I would,
in the 2-chloroethoxy case, necessitate the improbable loss
of a methylene group. Therefore, ion b in the latter case
must arise by a different mechanism, perhaps by exchange
of the tert-butyl and chlorine groups followed by the loss
of a neopentyl radical.’ On the other hand, since ion ¢
is the base peak in this same compound it must be formed
by a mechanism different than that shown in Scheme I.
It seems probable, at least in the 2-chloroethoxy derivative
(and possibly in the other examples), that ion ¢ arises from
ion a’, by a mechanism similar to that shown by Diekman,
et al.1 for 1,2-bis(trimethylsiloxy)ethane (see Scheme II).
Indeed, this was substantiated by the observation of a
metastable peak at m/z 63.1 for the transformation a’ —
c. It appears that the importance of ion ¢ diminishes with
an increase in the distance between chlorine and silicon
(see Table I).

Not surprisingly, when the mass spectra of the tert-
butyldimethylsilyl ethers of both 3-bromopropanol and
4-bromobutanol were examined, an analogous bromine to
silicon migration was observed. From this work and that
of others,® we suggest that organic chemists examining the
mass spectra of halogenated tert-butyldimethylsilyl ethers
might observe ions such as b and ¢, in which halogen has
migrated to silicon.

Experimental Section

H NMR (89.55 MHz) and *C NMR (22.5 MHz) spectra were
recorded on a JEOL FX-90Q spectrometer using CDCl; as solvent
and Me,Si as an internal standard. Low-resolution mass spectra
were obtained on a Finnigan 3200 GC spectrometer (column
conditions, OV-17, injector at 200 °C, oven at 90 °C, programmed
at 10° /min), the metastable data were obtained on an LKB Model
9000 spectrometer at both 15 and 70 eV, and high-resolution data
were obtained from the Massachussetts Institute of Technology
Mass Spectrometry Facility on a Varian MAT 731 spectrometer
in the electron-impact mode. Microanalyses were performed by
Galbraith Laboratories, Inc., Knoxville, TN. The petroleum ether
used had bp 38-56 °C.

(3-Chloropropoxy)dimethyl-tert-butylsilane (1) (General
Procedure). A solution of 3-chloropropanol (5 mL) in di-
chloromethane (5 mL) was washed with deionized water (1 mL),
5% NaHCOj solution (1 mL, until the washes were basic), and
a saturated NaCl solution (1 mL). The organic layer was dried
(MgSl(1)4), concentrated and purified by Kugelrohr distillation (7
mm).

tert-Butyldimethylsilyl chloride (1.99 g, 13.2 mmol) and im-
idazole (0.90 g, 13.2 mmol) were dissolved in anhydrous DMF (5
mL) under N,. After 5 min, freshly distilled 3-chloropropanol
(1.04 g, 11.0 mmol) was added. The reaction was allowed to stir
overnight at room temperature under N,. Workup involved
addition of diethyl ether (30 mL) and washing the organic layer
with deionized water (3 X 2.5 mL). The combined aqueous washes
were reextracted with an equal volume of diethyl ether. The
combined ethereal layers were dried (MgSO,), and concentrated
in vacuo, and the resulting oil was purified by coluran chroma-
tography’ on silica gel 60 (Merck 0.06-0.20 mm, column dimen-
sions 1.5 X 45 ¢m) using 100 mL of petroleum ether initially, and
the product was then eluted with petroleum ether/diethyl ether
(70:30). The purest fraction afforded the following data: 'H NMR
8 3.75 (t, J = 6 Hz, CH,0),!2 3.65 (t, J = 6 Hz, CH,C}),'2 1.95
(apparent pentant, J = 6 Hz, CH,CH,CH,), 0.90 (s, C(CHy)3), 0.07

(9) We thank Dr. Lan Wong, University of Pittsburgh, School of
Pharmacy, for this suggestion.

(10) Diekman, J.; Thomson, J. B.; Djerassi, C. J. Org. Chem. 1968, 33,
2271,

(11) Eaton, P. E.; Cooper, G. F.; Johnson, R. C.; Mueller, R. H. J. Org.
Chem. 1972, 37, 1947.

(12) The proton shifts of the methylenes « to the chlorine and oxygen
atoms were assigned by comparing the spectra of 5-chloropentyl acetate
Eé ‘It_io(Sjl()?HgO), 3.565 (CH,Cl)] and 5-chloropentanol [§ 3.65 (CH,0), 3.55

.Ch].
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(s, Si(CHj)y); 13C NMR 4 59.4 (CH,0), 41.6 (CH,Cl), 35.6 (C-
H,CH,CH,), 25.9 (C(CHy)3), 18.3 (C(CHy)s, —5.4 (Si(CH,),).1°
Anal. Caled for CH,, Cl0Si: C, 51.79; H, 10.07. Found: C, 51.87;
H, 10.02.

(2-Chloroethoxy)dimethyl-tert-butylsilane. Following the
general procedure above afforded the corresponding 2-chloro-
ethoxy derivative, which gave the following physical data: 'H
NMR 6 3.44 (t, J = 5 Hz, CH,0),'% 3.17 (t, J = 5 Hz, CH,Cl),!?
0.80 (s, C(CH,)3), 0.08 (s, Si (CHy),); 1*C NMR 4 63.8 (CH,0), 45.1
(CH,CI), 25.9 (C(CHjy)3), 18.4 (C(CH,)y), —5.3 (Si(CH3),).1® Anal.
Caled for CgH, C10Si: C, 49.35; H, 9.77. Found: C, 49.32; H,
9.91.

[(4-Chlorobutyl)oxy]dimethyl-tert-butylsilane. Following
the general procedure above afforded the corresponding (4-
chlorobutyl)oxy derivative, which gave the following physical data:
'H NMR 6 3.58 (apparent quartet, J = 6 Hz, 4 H, CH,0, CH,Cl),
1.75 (m, 4 H, CH,CH,), 0.88 (s, C(CHj,)s), 0.04 (s, Si(CHj,),); *°C
NMR 4 62.4 (CH,0), 45.1 (CH,Cl), 30.3 (CH,CH,Cl), 29.6 (C-
H,CH,0), 26.6 (C(CH,),), 18.4 (C(CHjy),), -5.2 (Si(CHj)0).2* Anal.
Caled for C, H,;ClOSi: C, 53.93; H, 10.34. Found: C, 54.17; H,
10.53.

[(5-Chloropentyl)oxy]dimethyl-tert-butylsilane. Following
the general procedure above afforded the corresponding (5-
chloropentyl)oxy derivative, which gave the following physical
data: 'H NMR 4 3.57 (apparent quartet, J = 6 Hz, 4 H, CH,0,
CH,CIl), 1.78 (apparent pentant, J = 6 Hz, 4 H,
cHchchchchz), 1.53 (m, 2 H, CHzCchHchQCHz), 0.88
(s, C(CHy)3), 0.05 (s, Si(CH,),); *C NMR 4 62.8 (CH,0), 44.9
(CH,CY), 32.5, 32.1 (CH,CH,CH,CH,CH,), 26.0 (C(CH;)), 23.3
(CH,CH,CH,CH,CH,, 18.3 (C(CHg)3), -5.3 (Si(CHy),).}* Anal.
Caled for C;H,;ClOSi: C, 55.81; H, 10.57. Found: C, 55.59; H,
10.68.
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The aerosol direct fluorination method provides a con-
tinuous process for the production of perfluorocarbons
from hydrocarbons with efficient fluorine utilization and
minimal fragmentation. The application of this process
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to alkanes, ethers, cycloalkanes, and ketals has been dem-
onstrated.! Extension of this noval process to ketones has
provided direct access to analogue perfluoro ketones in
modest yields and has led to the successful perfluorination
of methyl ketones? as well as both symmetric and unsym-
metric long-chain ketones.? Aerosol direct fluorination
of the cycloalkyl methyl ethers or cycloalkyl ethylene glycol
ketals have produced the corresponding perfluorinated
analogues, which can be converted in good yields to the
corresponding perfluoro cyclic ketones via treatment with
100% sulfuric acid.* We report here the aerosol direct
fluorination of the highly branched ketones 3,3-di-
methyl-2-butanone (pinacolone) and 2,2,4,4-tetramethyl-
3-pentanone (pivalone); aerosol direct fluorination of
2,2,4,4-tetramethyl-3-pentanone results in the first example
of a skeletal rearrangement occuring during the aerosol
fluorination of ketones.

In general, routes to perfluoro ketones, other than the
aerosol direct fluorination process, require either the prior
preparation of highly chlorinated species or (in most cases)
highly fluorinated species. The Swarts reaction and other
reactions involving halogen exchange require preparation
of the corresponding chloro carbons prior to fluorination,
and the higher perchloro carbons are often difficult to
prepare. Typical preparations of perfluoro ketones include
the decomposition over Lewis acid catalysts of perfluoro-
alkyene epoxides® ! and the reaction of perfluoroalkyl
carboxylates or perfluoroacyl chlorides with organometallic
reagents such as perfluoropropyllithium, perfluoro-
propylmagnesium iodide, or perfluoropropylzinc iodide.!418
In contrast to the above, the aerosol direct fluorination
method has provided direct access to perfluoro ketones
from the relatively inexpensive hydrocarbon analogues.?

Whereas a number of straight-chain perfluoro ketones
are known, relatively few branched perfluoro ketones are
known. The fluoride-ion catalyzed addition of perfluoro-
acyl fluorides to F-propene affords a route to perfluoro
ketones containing the branched perfluoroisopropyl
group,'®? and these represent the majority of the known

(1) (a) Adcock, J. L.; Horita, K.; Renk, E. B. J. Am. Chem. Soc. 1981,
108, 6937. (b) Adcock, J. L.; Renk, E. B. U.S. Patent 4330475, 1982.

(2) Robin, M. L., unpublished results

(3) Adcock, J. L.; Robin, M. L. J. Org. Chem. 1983, 48, 24317.

(4) Adcock, J. L.; Robin, M. L. J. Org. Chem. 1984, 49, 191-193.

(5) Chambers, R. D. “Fluorine in Organic Chemistry”; Wiley: New
York; 1973; p 16.

(6) Moore, E. P.; Milian, A, S. (to E. L. du Pont de Nemours and Co.)
U.S. Patent 3321515, 1967.

(7) E. I. du Pont de Nemours and Co. Fr. Patent 1416013, 1965.

(8) Moore, E. P.; Milian, A. S. (to E. I. du Pont de Nemours and Co.)
British Patent 1019788, 1966.

(9) Coe, P. L,; Sleigh, J. H.; Tatlow, J. C. J. Fluorine Chem., 1980, 15,
339.

(10) Zapevalov, A. Y.; Filyakova, T. A.; Kolenko, L. P. Izv. Akad. Nauk
SSSR, Ser. Khim. 1979, 12, 2812, :

(11) Morin, D. E. (to Minnesota Mining and Manufacturing Co.) U.S.
Patent 3213134, 1965.

(12) Zapevalov, A. Y.; Kolenko, 1. P.; Plashkin, V. S.; Neifeld, P. G.
Zh. Org. Khim. 1978, 14, 259.

(13) Postovoi, S. A; Mysov, E. I; Zeifman, Yu. V; Knunyants, I. L. Izv.
Akad. Nauk SSSR, Ser. Khim., 1982, 7, 1586.

(14) Henne, A. L.; Francis, W. C. J. Am. Chem. Soc. 1953, 75, 992.

(15) Pierce, O. R.; McBee, E. T., Judd, G. F. J. Am. Chem. Soc. 1954,
76, 474.

(16) Miller, W. T, Jr.; Bergman, E.; Fainberg, A. H. J. Am. Chem. Soc.
1957, 79, 4159,

(17) Haszeldine, R. N. J. Chem. Soc. 19583, 1748,

(18) Haszeldine, R. N. J. Chem. Soc. 1953, 1273.

(19) Smith, R. D.; Fawcett, F. S.; Coffmann, D. D. J. Am. Chem. Soc.
1962, 84, 4285.
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branched perfluoro ketones. Only two other branched
perfluoro ketones have been reported in the literature:
F-4-methyl-2-pentanone, formed via the Lewis acid cata-
lyzed opening of F-3-methyl-2-butenyl epoxide,! and F-
4-methyl-2-heptanone, formed via the treatment of F-2-
(chlorosulfato)-4-methylheptane with potassium fluoride.?

Results and Discussion

The aerosol direct fluorination of 3,3-dimethyl-2-buta-
none produced F-3,3-dimethyl-2-butanone, 3-(difluoro-
methyl)-F-3-methyl-2-butanone, and 3,3-bis(difluoro-
methyl)-F-2-butanone as the major products, constituting
23%, 25%, and 12% of the total products collected by
weight, respectively. The aerosol system is dependent on
the generation of a particulate aerosol that is ideally
crystalline, monodisperse, and with little tendency to ag-
gregate. If the conditions considered ideal are met, percent
yields based on throughput (amounts injected) and product
(collected) percent distributions will differ by only a few
percent. As deviations from this ideality occur, the percent
yields based on throughput begin to fall due to physical
losses within the aerosol generator and initial reaction stage
(see ref 1). These losses can be significant and result in
sometimes significant amounts of unfluorinated or complex
mixtures of generally less than trifluorinated products
collected at the close of the reactions when the system
warms to ambient temperature or is opened for cleaning
between reaction runs. Although significant advances in
optimization have been made, this is as much art as sci-
ence. If no corrections were made due to recovered un-
reacted or partially reacted materials, the yield of F-3,3-
dimethyl-2-butanone was 12%.

The isolation of significant quantities of the mono- and
dihydryl products reflects the sterically crowded nature
of the fluorinated tert-butyl group, wherein replacement
of the final hydrogens becomes increasingly difficult due
to increased fluorine shielding of the residual hydrogens
of the fluorinated tert-butyl group. It should be noted that
in the aerosol direct fluorination of straight-chain ketones
the major product in all cases is the perfluorinated product;
mono- and dihydryl products typically amount to no more
than a few percent of the total products collected.??

Aerosol direct fluorination of 2,2,4,4-tetramethyl-3-
pentanone (pivalone) produced F-2,2,5-trimethyl-3-hexa-
none (“F-provalone”) as the major product. This result
represents the first example of a skeletal rearrangement
occuring during the aerosol fluorination of ketones. Since
the first step in the direct fluorination process involves the
abstraction of hydrogen, it was originally proposed that
this novel rearrangement involved a rearrangement of the

(23) Chambers, R. D.; Heaton, C. A.; Musgrave, W. K. R. J. Chem.
Soc. C. 1968, 1933.
(24) Pennsalt Chemicals Corp. British Patent 926411, 1963.
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injtially formed primary radical to the more stable tertiary
radical, followed by fluorination in the usual fashion
(Scheme I). Subsequent experiments with a low con-
centration of fluorine (1:2 molar ratio of hydrocarbon to
fluorine) showed however that the rearrangement must
occur sometime after the first fluorine is added; the major
product in these low fluorine runs (besides unreacted
2,2,4,4-tetramethyl-3-pentanone) is 1-fluoro-2,2,4,4-tetra-
methyl-3-pentanone, resulting from the simple replace-
ment of hydrogen by fluorine and involving no rear-
rangement. The possibility of photolytic rearrangement
of the starting material in the ultraviolet stage of the
aerosol fluorination apparatus was also eliminated; reac-
tions at low fluorine concentration both in the dark and
with the operating ultraviolet stage produce 1-fluoro-
2,2,4,4-tetramethyl-3-pentanone as the major product. The
possibility of thermal rearrangement of the starting ma-
terial in the flash evaporator/sublimator unit of the aerosol
fluorination apparatus was also eliminated by subsequent
experiments. For all the reactions at low fluorine con-
centrations, only very small amounts of other fluorinated
materials were present, but difficulty in separation and
minimal quantities prevented their characterization. It
would appear then that this rearrangement occurs some-
time after the introduction of the first fluorine. The elu-
cidation of the mechanism of this noval rearrangement
should prove to be interesting.

For a typical run at high fluorine concentrations, F-
2,2,5-trimethyl-3-hexanone constituted 71% of the total
products collected by weight; without correcting for un-
reacted or partially reacted materials the percent yield
based on the amount of 2,2,4,4,-tetramethyl-3-pentanone
injected was 9%. The majority of losses are due to physical
losses within the reactor as evidenced by the finding of
unreacted 2,2,4,4-tetramethyl-3-pentanone inside the re-
actor upon opening of the system for cleaning.

The *F NMR spectrum of F-2,2,5-trimethyl-3-hexanone
(see Experimental Section) consists of four multiplets of
relative intensity 9:6:2:1 at ¢ —61.61, -71.82, -109.32, and
-184.26 ppm (1% CFCl;/CDCl; internal standard), cor-
responding to the tert-butyl CF; groups, the remaining CF,
groups, the CF, group, and the methine fluorine, respec-
tively. The CF, group appears as a hexadectet of doublets
at ¢ —109.32 ppm due to coupling with all CF; groups and
the methine fluorine. The hexadectet arises from the fact
that the coupling constants of the CF, group with the two
different type CF; groups are identical. Further confir-
mation of the structure is supplied by the mass spectrum.
The chemical ionization mass spectrum includes intense
peaks at m /e 483, 467, and 447 corresponding to the mo-
lecular ion plus CH;, the molecular ion plus hydrogen, and
the molecular ion minus fluorine, respectively, in addition
to a base peak at m/e 219 due to the C,Fy* fragment. The
electron impact mass spectrum exhibits a peak at m/e 447
due to the molecular ion minus fluorine and a consistent
fragmentation pattern.

Experimental Section

The basic aerosol fluorinator design and a basic description
of the process is presented elsewhere.! A modified aerosol gen-
erator adapted to a flash evaporator fed by a syringe pump driving
a 5-mL Precision Sampling Corp. “Pressure Lok” syringe was
employed for the reactions.? Workup of products following
removal of hydrogen fluoride consisted of vacuum line fraction-
ation, infrared assay of fractions, and gas chromatographic sep-
aration of components using either a 7 m X 3/gin. 13% Fluoro-
silicone QF-1 (Analabs) stationary phase on 60-80 mesh, acid-

(25) Adcock, J. L.; Robin, M. L. J. Org. Chem. 1983, 48, 3128.
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washed Chromosorb P conditioned at 225 °C (12h) or a4 m X
3/4in. 10% SE-52 phenylmethyl silicone rubber on acid-washed
60-80 mesh Chromosorb P, conditioned at 250 °C (12 h). Fol-
lowing gas chromatographic separation (Bendix Model 2300,
subambient multicontroller), all products of significance were
collected, transferred to the vacuum line, assayed, and charac-
terized by vapor-phase infrared spectrophotometry (PE 1330),
electron impact (70 eV) and chemical ionization (CH, plasma)
mass spectrometry (Hewlett-Packard GC/MS, 5710A GC, 5380A
MS, 5934A computer), and 'H and °F nuclear magnetic resonance
(JEOL FX90Q, Omniprobe) spectrometry in CDCl; with 1%
CFCl; internal standard. Elemental analyses were performed by
Schwarzkopf Microanalytical Laboratory, Woodside, NY.

Aerosol Fluorination of 3,3-Dimethyl-2-butanone. 3,3-
Dimethyl-2-butanone (Aldrich) was used as received. A pump
speed corresponding to 2.8 mmol/h was established and 0.8 mL
3,3-dimethyl-2-butanone was delivered over a 2.25-h period.
Details of the aerosol fluorination parameters are given in Table
I. From the crude product was isolated 0.238 g (23%) of F-
3,3-dimethyl-2-butanone, 0.258 g (25%) of 3-(difluoromethyl)-
F-3-methyl-2-butanone, and 0.134 g (13%) of 3,3-bis{difluoro-
methyl)-F-2-butanone (GLC temperature program on the QF-1
column; 0 °C, 2m; 1 °C/m to 10 °C; 10 °C, 1 m; 20 °C/m to 180
°C). The yield of F-3,3-dimethyl-2-butanone based on the amount
of 3,3-dimethyl-2-butanone injected was 12%. The characteri-
zation of these new compounds is given below.

F-3,3-Dimethyl-2-butanone, CF,AC(0)C(CF;®);: IR (cm™)
1770 (m), 1275 (vs), 1230 (s), 1200 (s), 1055 (w), 985 (m), 870 (m),
730 (m), 720 (m), 690 (w). Major mass cations were [m /e (relative
intensity) formula]: [CI] 317 (59) C¢F,OH, M + H; 297 (84)
CeF1.0, M - F; 97 (100) C,F;0; 69 (58) CFy; {EI] 181 (18) C,F;
97 (21) C,F;0; 69 (100) CF;. °F NMR [1% CFCl;/CDCly] ¢4
-73.88 ppm (d), ¢g = —61.12 (q), Jag = 6.1 Hz. Anal. Calcd for
CeF 0. C, 22.80; F, 72.13. Found: C, 21.37; F, 72.43.

3-(Difluoromethyl)-F-3-methyl-2-butanone, CF;AC(0)C-
(CF.BHC)(CF3P)y: IR (em™) 3015 (w), 1760 (m), 1390 (m), 1370
(m), 1275 (vs), 1235 (vs), 1190 (s), 1135 (m), 1120 (m), 1065 (m),
1020 (w), 980 (s), 910 (w), 870 (s), 765 (m), 750 (m), 730 (s), 705
(m), 655 (m). Major mass cations were [m/e (relative intensity)
formula]: [CI] 300 (8) C4F;;OH;, M + 2H; 164 (100) C,FHy; 97
97 (50) C,F40; 69 (100) CFy; 51 (38) CF,H. *F NMR [1%
CFCl;/CDCly] ¢4 ~73.85 ppm (m), ¢ —126.69 (m), ¢p —62.05 (m).
H NMR 5C +6.63 (t), JCFgH = 51.5 Hz.

3,3-Bis(difluoromethyl)-F-2-butanone, CF,AC(0)C-
(CF3B)(CF,CHD),: IR (cm™) 3010 (w), 1755 (m), 1365 (w), 1275
(w), 1250 (vs), 1225 (vs), 1190 (s), 1160 (m), 1130 (m), 1060 (m),
1020 (m), 900 (w), 870 (w), 730 (s). Major mass cations were [m /e
(relative intensity) formula]: [CI] 282 (100) CgF,,OH,, M + 2H;
212 (36) CzF,0OHg; 97 (65) C,F30; 69 (43) CFy; [EI] 212 (64)
C;F,0OH;; 146 (41) CzF30H; 142 (100) C,F,0H,; 97 (35) C,F50;
69 (85) C¥Fy; 51 (43) CF,H. ¥F NMR [1% CFCl;/CDCl;] ¢, —74.61
ppm (m), ¢g —62.99 (m), ¢c -125.18 (m). 'H NMR 4y +6.59 ppm
(t); Jcsz = 52.7 Hz.

Aerosol Fluorination of 2,2,4,4-Tetramethyl-3-pentanone.
2,2,4,4-Tetramethyl-3-pentanone (99%, Fluka Chemicals) was
used as received. A pump speed corresponding to 2.9 mmol/h
was established and 1.0 mL of 2,2,4,4-tetramethyl-3-pentanone
delivered over a 2 h-period. Details of the aerosol fluorination
parameters are given in Table I. From the crude product (0.346
g) was isolated 0.246 g (71%) of F-2,2,5-trimethyl-3-hexanone
(GLC temperature program on the SE-52 gas chromatographic
column: 30 °C, 5 m; 5 °C/m to 100 °C; 100 °C, 1 m; 20 °C/m
to 180 °C). The yield of F-2,2,5-trimethyl-3-hexanone based on
the amount of 2,2,4,4-tetramethyl-3-pentanone injected was 9%.
Upon opening up the reactor for cleaning, significant amounts
of unreacted 2,2,4,4-tetramethyl-3-pentanone were found. Runs
with low fluorine concentrations (ultraviolet stage on or off)
produced 1-fluoro-2,2,4,4-tetramethyl-3-pentanone as the major
product. Characterizations of these compounds are given below.

F-2,2,5-Trimethyl-3-hexanone, (CF;*);CC(Q)CF,BCFC.
(CFgP)y: IR (cm™) 1770 (m), 1270 (vs), 1205 (m), 1150 (m), 1140
(m), 1045 (m), 980 (s), 730 (s), 710 (m), 680 (m). Major mass
cations were [m/e (relative intensity) formula]: [CI] 483 (2)
CIOFISOH& M+ CHE; 467 (12) CgFlsoH, M+ H; 447 (54) CgF170,
M - F; 247 (55) C4F,0; 219 (100) C,Fy; 201 (84) C,Fg; 181 (98)



Typical Aerosol Fluorination Reaction Parameters?

Table 1.

product product

percent
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theo-

distrib-
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he:F,
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fluorine flow, mL/min
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12
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reactor mod 1 mod 2

starting compound

23

3.6

1:52

2.8°¢

150 —40 -30 10 600

150

20 30

10

3,3-dimethyl-

2-butanone

2,2 4 .4-

49 71 9d

4.8

1:67

2.9¢

20 40 150 150 150 -30 -20 10 600

20

tetramethyl-

3-pentanone
¢ See ref 1 and 25 for the si
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¢ Reactor volume/total flows; reactor volume = 1355

b One milliliter/minute of F, delivers 2.44 mmol/h of F,.
€ Total carrier flow through evaporator 550 mL/min (500 mL/min primary, 50 mL/min secondary).

gnificance of these parameters.

,2,5-trimethyl-3-hexanone.

4 Product is F-2

mL.

219 (43) C,Fy; 69 (100) CF3. F NMR (1% CFCl;/CDCly) ¢
—61.61 ppm (t of m), ¢g —109.32 (hexadec of doublets), ¢c —184.26
(m), ¢D -71.82 (t of d); JAB = JBD = 10.26 HZ, JAD = (.88 HZ, JAC
=0, Jpc = 4.40 Hz, Jop = 6.10 Hz. Anal. Caled for CoF30: C,
23.19; F, 73.37. Found: C, 22.33; F, 71.16.

1-Fluoro-2,2,4,4-tetramethyl-3-pentanone, (CH;*);CC(O)C-
(CH,BFC€)(CH,P),: IR (cm™) 2980 (m), 2950 (s), 2900 (m), 2870
(m), 1680 (s), 1475 (s), 1360 (s), 1290 (s), 970 (s). Major mass
cations were [m/e (relative intensity) formula]: [CI] 161 (4)
CoH,,OF, M + H; 103 (28) CsHOF; 101 (46) CsH4OF; 59 (100)
C,FO: [EI] 69 (30) CsHy; 57 (23) C,Hy; 44 (71) C,H,0; 32 (100)
CH,F. F NMR (1% CFCl3/CDCl;/0.2% CHCly) ¢¢ ~221.76 ppm
(t); 'H NMR 4, +1.24 ppm (s), g = +4.40 (d), ép +1.29 ppm (s);
JCHgF = 47.4 Hz.
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Isotriquinacene

Leo A. Paquette* and James D. Kramer!

Evans Chemical Laboratories, The Ohio State University,
Columbus, Ohio 43210

Received November 8, 1983

Recent activity at the theoretical level by McKervey?
as well as Schleyer® and at the experimental level by de-
Meijere* has called attention to the strain relationships
between the three all-cis tricyclo[5.2.1.0%1%decenes. The
energetic costs associated with positioning the double bond
at a bridgehead location as in 2 or a double bridgehead site
as in 3 are 4.1 and 16.3 kcal/mol, respectively, relative to

o &>

This ordering of stabilities holds particular fascination
in the area of triquinacene chemistry where the only tri-
cyclo[5.2.1.0%%]decatriene reported to date, viz. tri-
quinacene (4),5? is unique in having no bridgehead double
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