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attack on the tetramethyl compound 4 is favored both by or-
bital energy (i.e., the energy of the HOMO) and electrostatic
interactions. In contrast, electrophilic attack on the phenyl-
substituted derivatives involves attack on the lower energy
second OMO!2 resulting in a slower reaction, the position of
attack being governed by electrostatic interactions. In these
cases the electrostatic interaction energy term dominates the
attractive bonding interaction energy terms, whose magnitude
is inversely proportional to the orbital energy.

Experimental Section

General Conditions for Reactions of Alkenylidenecyclopro-
panes with Trichloroacetic Acid. To a solution of 0.25 mequiv of
the alkenylidenecyclopropane in 0.50 mL of carbon tetrachloride in
an NMR tube was added 0.25 mequiv of trichloroacetic acid (TCA)
in 0.10 mL of carbon tetrachloride. The solution was rapidly mixed
and immediately placed in the NMR probe. The NMR spectrum was
periodically integrated over a region containing only characteristic
peaks of the starting alkenylidenecyclopropane (~5 s elapsed time
from mixing to recording of first integral scan). The percent unreacted
alkenylidenecyclopropane was plotted vs. time and ¢/, taken as the
time corresponding to 50% reaction. In all cases, the reactions pro-
ceeded to >95%.

Reaction of 1 with TCA. The final NMR spectrum at >95% re-
action showed the presence of adducts 8 and 9, which were separated
by high-pressure liquid chromatographic techniques on a 2 ft X 3 in.
Corasil column using hexane as eluent.

8: NMR (CDCls, 'H FT spectrum on pure fraction isolated by
HPLC, integral from CW spectrum of mixture of 8 and 9) 6 1.77
(overlapping d’s, J’s = 2.2 and 1.6 Hz, 6 H), 4.95 (s, 2 H), 5.79 (br s,
1 H), 6.62 (bl‘ 8, 1 H), 7.30 (m, 5 H); MS caled for 015H1535C1302
332.0137, obsd 332.0137.

9: NMR (CDCly) 6 1.38 (dd, J’s = 10.6, 6.1 Hz, 1 H), 1.44 (s, 6 H),
1.75 (dd, J’s = 8.1, 6.1 Hz), 2.56 (dd, J’s = 10.6, 8.1 Hz, 1 H), 5.32 (br
s, 1 H), 7.25 (br s, 5 H); MS calced for Cy5H;5%5Cl30, 332.0137, obsd
332.0144.

NMR spectra recorded early during the reaction indicated the
presence of 7 (br s; at 6 5.11 and 5.46) which on longer reaction times
is converted to 8.2 Integration of NMR spectra taken after low con-
versions indicate that 7, 8, and 9 are initially formed in a 2:4:1
ratio.

Reaction of 10 with TCA, NMR spectra recorded after short re-
action times clearly showed the presence of 11 and 12 (>9:1 ratio), and
possibly very small quantities of the isomer of 11 (corresponding to
7 formed from 1). NMR spectra recorded later in the reaction showed
the presence of other components (unidentified) and decreasing
quantities of 11 and 12. Attempts to isolate pure samples of 11 and
12 were not successful. 11: NMR (CDClj, from a mixture of 11 and 12)
51.70 (brs, 3 H), 1.83 (overlapping d’s,JJ ~ 1.2 and 2.1 Hz, 6 H), 4.74
(s, 2 H), 5.75 (br s, 1 H), 7.30 (m, 5 H). 12: NMR ¢ 1.52 (s, 3 H), 1.63
(s,6 H), 5.11 (br s, 1 H), 7.3 (m, 5 H). The ring methylene hydrogens
of 11 and 12 appear as poorly resolved multiplets partially obscured
by the methyl resonances of 11 and 12.

Reaction of 13a and 13b with TCA. The NMR spectrum of the
product derived from both 13a and 13b showed the presence of a
single adduct, 14: NMR (CDCl3) 6 1.34 (d, J = 1.8 Hz, 3 H), 1.53 (d,
J =6.7Hz,3H), 1.77(d, J = 1.3 Hz, 3 H), 557 (q, J = 6.7 Hz, 1 H),
5.83 (m, 1 H), 6.65 (m, 1 H), 7.3 (br s, 5 H); MS calcd for C16H;735Cl1302
346.0294, obsd 346.0288.

Reaction of 15a and 15b with TCA. The reaction of 15a and 15b
with TCA produced a mixture whose NMR spectrum was very com-
plex and could not be interpreted. No resonance in the 6 5.8 region
(-CH==C(CH3)g) could be detected. Although the initial reaction was
complete in ~1 min, the NMR spectrum of the product mixture
continued to change. After 5 min a substantial portion of the initially
formed product had disappeared.

Reaction of 4 with TCA. The reaction of 4 with TCA immediately
produced a mixture of 18 and 19 in an approximate 1:1 ratio. Product
18 was identified by comparison of 'H chemical shifts previously
observed.? Product 19 was identified by comparison of the H
chemical shifts with the corresponding acetate previously charac-
terized,? all chemical shifts corresponding to £0.01 ppm. In addition
to 18 and 19 a minor product appears to have been formed, as evi-
denced by the appearance of two methyl singlets in the NMR. This
adduct could not be isolated and it is not known whether this adduct
is a primary or secondary product.
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Registry No.—7, 62861-82-9; 8, 62861-83-0; 9, 62861-84-1; 11,
62861-85-2; 12, 62861-86-3; 14, 62861-87-4; trichloroacetic acid, 76-
03-9.
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While searching for a practical synthesis of 2,2,2-tri-
fluoro-1-phenylethylamine! (1h), we contemplated the report?
that 2,2,2-trifluoro-1-phenylethyl tosylate (2h) reacts with
hydrazine to afford the alkylated hydrazine 3h. Trifluoro-
methyl groups severely impede Sy1 or Sy2 reactions when «
to the reaction site.3a-b However, the hydrazinolysis reaction
might conceivably proceed via attack upon hydrazine by the
electrophilic carbene 5, formed from « elimination of tosylate
ion from carbanion 4.
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Comparative reactions show that tosylate 2h is essentially
inert to ammonia under conditions which cause complete
hydrazinolysis.# However, at 6 kbar pressure the tosylate
reacts smoothly with ammonia in dry THF (saturated at 0 °C,
1 atm) within 4 h at 130 °C to afford amine 1h as the major
product (>95%) with <2% of alcohol 6h also formed. Alcohol
6h may arise either from traces of water present or from attack
by ammonia at sulfur. High pressure facilitates reactions
developing charge separation in the transition state by en-
hancing solvent of the charged species (i.e., “electrostric-
tion™).5

To determine whether chiral amine results from chiral
tosylate and to provide additional mechanistic information,
chiral deuterated tosylate 2d was similarly treated and found
to afford racemic nondeuterated amine 1h. Shorter reaction
times allowed recovery of residual tosylate, which was found
to have lost essentially all of its deuterium, as judged from 19F
NMR.? Addition of water to the reaction reduces the rate of
the exchange reaction relative to that of the ammonolysis
reaction.” For example, heating (R)-(—)-deuteriotosylate 2d,
[a}25 —54.5° (¢ 8.9, CHCl3), prepared from enantiomerically
pure deuterated (R)-(—)-carbinol, with ammonia dissolved
in 90:10 THF-H50 at 130 °C and 6 kbar pressure for 4 h
converts 54% of the tosylate into a 61:39 mixture of nondeu-
terated-deuterated amine 1 and 5.8% into a 62:38 mixture of
nondeuterated—deuterated alcohol 6. The residual tosylate
(40.2%) contains but 4% of the original deuterium. The iso-
lated amine has [a]?°p +9.2° (¢ 12.0, ethanol), 38% of the value
reported for enantiomerically pure S amine 1h.! Examination
of the 90-MHz NMR spectrum of the isotopic mixture of
amines 1h—d using (R)-(—)-2,2,2-trifluoro-1-(9-anthryl)eth-
anol® as a chiral solvating agent shows the protonated amine
1h to be racemic. Therefore, deuterated amine 1d must be
essentially enantiomerically pure and configurationally in-
verted with respect to its tosylate precursor. Isolated alcohol
6 has [«]?°p +12.9° (neat), 31% of the magnitude of the value
reported? for the S-(+) enantiomer, [«]25p 41.2° (neat). Ex-
amination of the 'H and 1°F NMR spectra of this alcohol in
the presence of (R)-(+)-1-(1-naphthyl)ethylamine shows!®
the protonated alcohol to be racemic and the deuterated al-
cohol to be of high enantiomeric purity.1! The recovered tos-
ylate exhibits [«]?°p — 1.61° (¢ 3.9, CHCls), which corresponds
to 2.9% of its original value. It should be noted that the prep-
aration of tosylate 2d from alcohol 6d proceeds without loss
of deuterium. Thus, 2d is of the same enantiomeric purity as
its alcohol precursor. This alcohol, resolved via the large scale
chromatographic separation of its diastereomeric (R)-(+)-
1-(1-naphthyl)ethylamine carbamates,!213 showed no reso-
nances attributable to the second enantiomer when its spec-
trum was determined in (R)-(+)-1-(1-naphthyl)ethylamine.10
Thus, alcohol 6d was enantiomerically pure within experi-
mental limits. Control experiments show amine 1d and alcohol
6d to be configurationally stable under the ammonolysis
conditions.

On the basis of the preceding results, it can be stated that,
within the accuracy of the NMR measurements and the as-
sumption that the deuterated and nondeuterated amines have
essentially the same specific rotation, the major portion of
amine 1 has arisen by ammonia displacement of tosylate ion
with inversion of configuration. Owing to the accompaniment
of the relatively fast tosylate exchange-racemization reaction,
the question as to whether any of amine 1 has resulted from
a carbene process is still moot. However, we have detected (1°F
NMR) no product which might arise from reaction of carbene
with solvent. Moreover, while the first step in the formation
of carbene 5 is likely to be enhanced by increased pressure,
since charge is formed, the overall process for carbene for-
mation should be disfavored at high pressure. Presumably,
the transition state for the fragmentation of anion 4 would
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involve an increase in volume and a loss of electrostriction
owing to the greater electron delocalization in tosylate ion than
in anion 4. Finally, it is also evident that the presence of water
gives rise to alcohol 6 by a process similar to that involved in
ammonolysis, but possibly mitigated to a small extent by
displacement at sulfur.

Experimental Section

Melting points were taken on a Buchi apparatus and are uncor-
rected. Infrared spectra were obtained with a Beckman IR-12 or a
Perkin-Elmer 237B spectrophotometer. Proton and fluorine NMR
spectra were obtained with Varian Associates A-60A, EM-390, HA-
100, or HR-220 instruments. Mass spectra were determined using a
Varian MAT CH-5 spectrometer. Microanalyses were performed by
Nemeth and his colleagues.

All compounds in this study have been previously reported in the
nondeuterated forms. The deuterated compounds were prepared as
follows.

2,2,2,-Trifluoro-1-deuterio-1-phenylethanol (6d). Sodium
borodeuteride!? was added portionwise to a solution of 2,2,2-trifluo-
roacetophenone (5.9 mmol, 1.03 g) in dry methanol (25 mL) until such
addition no longer produced an exothermic reaction. After the reac-
tion mixture cooled to room temperature, it was diluted with 25 mL
of water, washed with 30 mL of 3 M HCI, and extracted with two
50-mL portions of methylene chloride. The combined extracts were
dried over anhydrous magnesium sulfate and concentrated, and the
crude alcohol distilled [bp 92 °C (15 mm)] to afford 6d in 96% yield:
NMR (CDCly) § 3.68 (brs, OH), 7.42 (br s, C¢Hs); IR (neat) 3450 (OH),
1250, 1150, 1050, 1000 (CF3) cm™~!; mass spectrum (70 eV) m/e (rel
intensity) 177 (40, M+),

Anal. Caled for CsHgDF30: C, 54.24; H, 3.41. Found: C, 54.19; H,
3.29.

Resolution of (R)-(—)-2,2,2-Trifluoro-1-deuterio-1-phen-
ylethanol (6d). Deuterated carbinol 6d was converted to the dia-
stereomeric (R)-{(+)-1-(1-naphthyl)ethylamine carbamates, which
were chromatographically separated as previously described.1213 The
appropriate diastereomerically pure carbamate was converted with
refluxing sodium ethoxide-ethanol into enantiomerically pure (R)-
(—)-deuteriocarbinol 6d, [«]?p —41.09° (neat) with no apparent
deuterium loss (NMR).

(R)-(—)-2,2,2-Trifluoro-1-deuterio-1-phenylethyl tosylate
(2d) was prepared from deuteriocarbinol 6d in 90% yield by a pre-
viously described procedure.? Again, no loss of deuterium was evi-
denced by NMR: mp 113-114 °C; NMR (CDCl3) 6 2.36 (br s, CgH,-
p-CHs), 7.18-7.80 (m, C¢H;, C¢Hy); mass spectrum (70 eV) m/e (rel
intensity) 331 (27, M*); [«)?%p —54.5° (¢ 3.9, CHCl;).

Anal. Caled for C;5H;2DF3038: C, 54.38; H, 3.65. Found: C, 54.26;
H, 3.59.

2,2,2-Trifluoro-1-deuterio-1-phenylethylamine (1d). High-
pressure ammonolysis of 500-mg portions of tosylate 2d was con-
ducted for 4 h at 103 °C and 6 kbar in 1-0z screw-cap polyethylene
bottles in a conventional high-pressure apparatus previously de-
scribed.!* Ammonical THF solutions were prepared by addition of
10% (volume) water to dry THF saturated at 0 °C with ammonia.
Amine 1d was isolated using an extractive workup and is a colorless
liquid: bp 88 °C (22 mm); NMR (CDCls) 6 1.84 (br s, NH), 7.23-7.41
(m, CgHs); IR (neat) 3400 (NH), 3000, 1595, 1500, 1460, 1255, 1170,
1120 cm™!; mass spectrum (70 eV) m/e (rel intensity) 176 (14, M),
137 (5), 108 (65), 107 (100).

Anal. Caled for CgH,DF3N: C, 54.55; H, 4.01; N, 7.95. Found: C,
54.41; H, 3.96; N, 7.91.
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Synthesis and Properties of a Bunte Salt S-Oxide!

Summary: Reaction of sulfite ion with dibenzo]c,e]-1,2-dithiin
1,1,2-trioxide leads to the formation of a compound having
a Bunte salt S-oxide functional group, -S(0)SO;™, the first
example of a compound with such a functionality; in acid so-
lution the Bunte salt S-oxide undergoes a striking and ex-
tremely rapid decomposition to the cyclic thiolsulfonate, di-
benzo[c,e}-1,2-dithiin 1,1-dioxide.

Sir: As part of a general study of the reactions of nucleophiles
with oxidized derivatives of dibenzo[c,e]-1,2-dithiin we have
examined the reaction of sulfite ion with dibenzo|c,e]-1,2-
dithiin 1,1,2-trioxide? (1) and have been able to isolate as the
exclusive reaction product the salt having structure 2 (eq 1).

SO,Na
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J SSO,Na
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Salt 2 contains a Bunte salt S-oxide functional group,
—-S(0)S0;™, and is the first reported example of a compound
containing this functionality. It exhibits some striking and
interesting chemical behavior in acid solution.

Bunte salt S-oxide 2 was prepared by rapidly adding a 0.05
M solution of 1 in anhydrous dioxane to an equal volume of
0.05 M aqueous sodium sulfite at room temperature. Kinetic
studies had shown that the reaction of 1 with sulfite is ex-
tremely rapid, ko = 3 X 10> M~! s~L and is characterized
in the ultraviolet by the disappearance of the absorption
maximum at 310 nm characteristic of 1 and the appearance
of a new maximum at 280 nm (e 6400) due to 2. As soon as the
addition of 1 to the sulfite solution was complete, the solution
was frozen and the solvent was removed by lyophilization to
give 2 as a white, powdery solid.3 The infrared spectrum of 2
{KBr) showed a strong band at 1220 cm™1 (-SO3™) and a series
of strong absorptions in the 350-1050-cm™~! region (>S=0,
-S02~, —-S037) consistent with structure 2, but not with any
possible isomeric structure.

The stability of 2 in solution and the nature of its decom-
position products vary dramatically with the pH of the solu-
tion. At 25 °C in 60% dioxane containing 0.01 M HCIO, 2 (104
M) disappears extremely rapidly (k; = 1.2 s71) and yields the

cyclic thiolsulfonate 34 as the exclusive organic product. In
contrast, in a 1:1 acetate/acetic acid buffer 2 disappears much
more slowly (k, = 2.2 X 10~4 71, rate independent of total
buffer concentration) and yields none of the cyclic thiolsul-
fonate [the major organic product under these conditions is
diphenyl 2,2'-disulfinate? (4)3]. Study of the rate and products
of the disappearance of 2 in trifluoroacetate, dichloroacetate,
and chloroacetate buffers in 60% dioxane indicates that the
facile decomposition of 2 to give thiolsulfonate 3 is acid cat-
alyzed and takes place by the mechanism shown in eq 2. The
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key steps in this mechanism are the reversible protonation of
the sulfinyl group of the Bunte salt S-oxide (K,,) and the loss
of sulfur trioxide from the sulfinyl-protonated form (kg4).
Ordinary Bunte salts undergo acid-catalyzed decomposition
by an analogous mechamsm6 {eq 3), but at a rate which is

@——sso + HY — @—sso

kg’
—_— SH + SO, (3)



