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fonyl chloride in 10 ml of dichloromethane was added to a solu- 
tion of 620 mg (2.70 mmol) of the dienamine 1 and 1.0 ml of 
triethylamine in 20 ml of dichloromethane a t  -15', under 
nitrogen. After 2 hr a t  -15' and 12 hr a t  room temperature, 
the mixture was extracted with 57, hydrochloric acid, dried over 
magnesium sulfate, filtered, and concentrated under vacuum. 
Addition of 1 : 1 ether-ethyl acetate caused crystallization of 
products 15 and 16. The white solid 15, 100 mg (13% yield), 
mp 242-244", was recrystallized from ethyl acetate and methanol 
to mp 244-246': YE:; 1700 cm-1; 225 mp; nmr (CDC13) 6 
1.10 (9, 3 H) ,  4.00 (m, 1 H), 5.50 (s, 1 H) ,  and 7.30-7.70 (m, 
5 H). 

~ Anal. Calcd for C ~ ~ H Z Z O ~ S :  C, 67.92; H, 6.96; S, 10.06. 
Found: C, 67.82: H ,  7.05: S. 10.33. 

The yellow crystals of 16 were recrystallized from ethanol 
to give 200 mg (22% yield): mp 169-170'; ~2:: 1570 cm-1; 

226 and 393 mp; nmr (CDCls) 6 1.04 (s, 3 H), 3.10 (t,  4 
H), 3.65 (t, 4 H), 4.20 (m, 2 H) ,  6.22 (s, 1 H), and 7.30 (s, 
5 H). 

Anal. Calcd for CZZHZBNO~S: C, 68.18; H, 7.54; N, 3.62; 
8 ,  8.28. Found: C, 68.18; H ,  7.55; N, 3.65; S, 8.35. 

An intermediate tricyclic enamine could be seen in the initial 
reaction product by v::: 1660 cm-1. This absorption band was 
lost on hydrolysis or on heating. When the total reaction 
product mixture was heated for 2 hr a t  SOo, the ir spectrum 
changed to  that of the ring expanded dienamine 16. A solution 
of 50 mg of 16 in 30% aqueous acetic acid was heated a t  reflux for 
1 hr. Extraction with dichloromethane and washing with 
aqueous sodium carbonate gave a crude product with $2 1660 
and 1700 cm-l. Trituration with ethyl acetate gave 25 mg 
(607, yield) of the ketone 15. 

(b) Dienamine 2 .-This reaction was carried out without tri- 
ethylamine. A solution of 880 mg (4.63 mmol) of benzylsul- 
fonyl chloride in 10 ml of dichloromethane was added to 2.00 g 

XEtOW 

(9.16 mmol) of dienamine 2 in 50 ml of dichloromethane a t  -20°, 
under nitrogen, during 1 hr. After 2 hr a t  this temperature and 
10 hr a t  room temperature, the mixture was extracted with 
water; the organic phase was dried over magnesium sulfate and 
concentrated. Trituration with ethyl acetate gave three 
products: The bridged sulfone 17, 350 mg (207, yield), mp 
142-143', was recrystallized from ethyl acetate and cyclo- 
hexane to mp 149-150': YE:: 1450 cm-1; 215 mp; nmr 
(CDCl3) 6 1.5-2.9 (m, 16 H) ,  3.33 (m, 4 H), 4.52 (s, 1 H), 4.85 
(s, 1 H),  and 7.20-7.60 (m, 5 H).  

Anal. Calcd for C Z ~ H ~ ~ N O ~ S :  C, 67.27; H ,  7.29; N,  3.75; 
S, 8.58. Found: C, 67.27; H, 7.48; N, 3.84; S, 8.98. 

The keto sulfone 18, 100 mg (7% yield), was recr stallized 
from ethanol to mp 232-233': YE:: 1705 cm-1; Xz2'225 mp; 
nmr (CDCla) 6 4.15 (m, 1 H), 5.10 (s, 1 H), and 7.40 (9, 5 H).  

Anal. Calcd for C17HzoOaS: C, 67.07; H,  6.62; S, 10.53. 
Found: C, 66.88; H,  6.51; S, 10.36. 

The dienamine sulfone 19, 80 mg (4% yield), was recrystal- 
lized from ethyl acetate and showed Y::: 1875 cm-1: nmr 

H ) ,  and 7.40-7.48 (d, 5 H).  
Reaction of Phenylsulfene with Dienol Ether 9.-The reac- 

tion was carried out as described for method a used with the 
dienamines. Only trans-stilbene, mp 123' (467, yield), and re- 
covered dienol ether 9 were isolated. 

Registry No.-1, 23088-12-2; 2a, 23088-05-3; 2b, 

(CDC13) 6 3.15 (t, 4 H) ,  3.80 (t,  4 H),  4.30 (t, 2 H),  6.40 (s, 1 

23088-06-4; 3, 33527-50-3; 4, 33527-51-4; 5 ,  33527- 
52-5; 6, 33527-53-6; 7, 33527-54-7; 8,  33527-55-8; 9, 
33527-56-9; 10, 33527-57-0; 11 ,  33527-58-1; 12, 
33527-59-2; 13, 33527-60-5; 14, 33527-61-6; 15, 
33527-62-7; 16, 33527-63-8; 17, 33527-64-9; 18, 
33527-65-0; 19,33527-66-1 ; trans-stilbene, 103-30-0. 
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A series of fluoro olefins (J-X) were studied in the superacid systems, SbFj-HF-SOZClF, SbFj-HSOaF-SOgClF, 
or in HS03F at  low temperature. Eight of the fluoro olefins (I-VIII) reacted with the acid systems to  give the 
corresponding fluoride or fluorosulfonate addition products. A preparative method for preparation of a-fluoroethyl 
and ala-difluoroethyl fluorosulfate in 90-957, yield was developed. No long-lived fluorocarbenium ion2 
intermediates were observed, even in these very low nucleophilicity acid systems, as they react rapidly with gegen- 
ions to give the observed covalent fluorides or fluorosulfates. Two of the fluoro olefins (IX and X) were found 
to be inert even in superacids. l,l,l-Trihaloethanes, CHaCX3 (X = F and Cl), reacted with SbFs-SOZClF at 
-80' to give the first stable methyldihalocarbenium ion, CH&+Xz (X = F and Cl). 

Due to  the high electronegativity of fluorine the re- 
placement of hydrogen by fluorine in ethylene results in 
the withdrawal of electron density from the a-electron 
system. Consequently, most of the ionic reactions of 
fluoro olefins are due to nucleophilic attack. The 
ionic reactions of fluoro olefins have been reviewed by 
Chambers and H o b b ~ . ~  They concluded that electro- 
philic attack on fluoro olefins may only be achieved in 
the presence of strong Lewis acid catalyst. However, 
no direct evidence was provided for this assumption. 
With techniques developed in our laboratories for study 
of stable carbenium ions in superacids and for their low- 
temperature nuclear magnetic resonance spectroscopic 

(1) Par t  XXXII: G. A. Olah and Gh. Mateesou, J .  dmer. Chem. Soc., 
93, 781 (1971). 

(2) For a discussion of the general concept of carbocations and differentia- 
tion of trivalent carbeniurn ion from penta- (or tetra-) coordinated carbonium 
ions, see G. A. Olah, ibid. ,  94, 808 (1972). 

(3) R. D. Chambers and R. H. Mobbs in "Advances in Fluorine Chemis- 
try," Vol. 4, M. Stacey, J. C. Tatlow, and A. G. Sharpe," Ed.,  Butterworths, 
London, 1965. 

study, we attempted the protonation of a series of 
fluoro olefins hoping to study their protolytic behaviors 
and thus directly observe, if possible, the related 
fluorocarbenium ion and to evaluate the possibility of 
ionic polymerization of fluoro olefins in superacids. 

Results 

Ten fluoro olefins (RIR2C=CRaRd) were selected for 
our studies (I-X) . Two diff went superacid media 
with variable ratio of SbF5-HF and S~FF-HSO~F in 
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Figure la.-Temperature-dependent pmr spectra of fluorine 
exchange reaction in CH3CHF2-SbF5-SO2C1F system. 

SOzClF or SO2 were used. The results are summarized 
in Table I. 

Vinyl Fluoride (I)*-A solution of I in SOzCIF re- 
acted smoothly with fluorosulfuric acid at  - 78" to 
give a-fluoroethyl fluorosulfate, CHaCHFOS02F. Al- 
ternatively, when I was bubbled into neat fluorosulfuric 
acid (until saturated) at - 78") CHaCHFOSOzF was 
formed quantitatively as revealed by nmr spectra. A 
preparative yield of 95% was achieved by isolating the 
product by vacuum distillation, bp 33" (35 mm). 
Distillation at  atmospheric pressure (bp 92-93') gave a 
low yield due to decomposition to 1,l-difluoroethane 
(see subsequent discussion). In  the pmr spectrum of 
CH3CHFOS02F, the methyl group appears as a pair of 
doublets a t  6 1.84 (3 H, J H F  = 21, J" = 4 He). The 
I9F nmr spectrum of CHaCHFOSOzF in HSO3F-S0&1F 
showed a doublet a t  Cp -42.0 (JFF = 10 Hz) and a 
multiplet a t  Cp 118.7. The lowfield doublet is assigned 
to -SOzF and the multiplet to CH3CHF. The latter 
is a AaB,lIIX system and should give a total of 16 lines 
(first-order spectrum). However, three lines coincide 
and only 13 lines are observed. 

When I was dissolved in SbFj-HSOaF (1/4 M / M )  
-SO2C1F at 78", two products were obtained. The 
more predominant one is CHaCHFOSOZF, with 1,l- 
difluoroethane formed as the minor product. The 
chemical shifts and coupling constants in both the 'H 
and '9F nmr spectra of the solution corresponding to 
1 ,l-difluoroethane were consistent with the spectral 
parameters of an authentic sample. When the tem- 
perature of the solution was raised t o  -20", the 
intensity of both lH and 19F signals of 1,l-difluoroethano 
increased substantially and the gaseous product ob- 
tained by distilling the reaction mixture a t  atmospheric 

i II k - 7 8 . 5 O  

l , , , , l , , , , l ~ , , , l , , ~ ~ l ~ ~ ~ ~  
I . . . . I , . . , I . . . . I # : . .  

B=+lll . l p p m  
Figure 1b.-Temperature-dependent 19F nmr spectra of fluorine 

exchange reaction in CH3CHF2-SbF5-S0&1F system. 

pressure was exclusively 1,1-difluoroethane, This indi- 
cates that CH&HFOSOzF undergoes cleavage of so3 
to give 1,l-difluoroethane. Further, when I was 
treated with SbF6-HSOaF (1/1 M/M)-S02C1F at  
-78" it gave 1,l-difluoroethane as a major product, 
and the concentration of the fluorosulfate was sub- 
s tantially decreased. 

The reaction of I with SbFj-HF-SO&lF is more 
complicated and the reaction conditions are very criti- 
cal. The observed 1H and 19F nmr spectra are entirely 
dependent on the ratio of I, SbFs, and HF. I reacted 
with a catalytic amount of SbFs in HF-S02C1F gave 
exclusively the HF  addition product, i.e., CHICHFZ. 
However, when the concentration of SbFj was increased 

catalytic HE' 
CHZ=CHF + HF-S02CIF - CH&HF e CHaCHFz 

SbFs SbF6 

to about 5 mol % of I and H F  kept at a concentration 
four times that of I, both the 'H and 19F nmr spectra 
became temperature dependent (Figure 1). When the 
mole ratio of SbFj to I was 10 mol %, the pmr spectrum 
of the solution showed a high-field doublet a t  6 1.78 
(3 H, J" = 4 Hz) and a low-field quartet at 6 6.20 (1 
HI J" = 4 Hz). The 19F nmr resonance of either I or 
CH&HFz is absent. Both the temperature dependent 
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Figure 2a.-Pmr spectra of methyldifluorocarbenium ion and 
l,l,l-trifluoroethane. 

nmr spectra and the absence of proton-fluorine coupling 
indicate that CHaCHFz exchanges its fluorines with 

CH,CCHF or SbFs. 
Furthermore, when 1 , l-difluoroethane was ionized in 

SbF5-S02C1F, with an excess of SbFs present, the pmr 
spectrum of the solution displayed a doublet a t  6 4.32 
(3 H, J H E  = 1.8 Hz) and a quartet a t  6 10.47 (1 H, JHH 
= 1.8 Hz). These two resonances disappeared when 
the temperature was raised above -40". Polymer was 
found in the nmr tube. On the other hand, when 
CHaCHFz was added gradually a t  -78" to  the above 
solution mixture, the two resonances became shielded 
and the coupling constants were increased. The 
shielding and the increasing coupling constant were 
proportional to the amount of CHaCHF2 added. The 
same results (shielding of the two resonances and in- 
creasing of coupling constant) were obtained when H F  
was added to the solution mixture instead of CHBCHF2. 
The nature of the exchange reaction will be discussed 
subsequently. 

Vinylidene Fluoride (11). -Reaction of I1 in HS03F- 
SOzCIF at  -60" led to the formation of a,a-difluoro- 
ethyl fluorosulfonate, CH3CF20SO2F. Isolated prod- 
uct in a preparative run was obtained in 90% yield, 
bp 25" (30 mm) . Distillation at  atmospheric pressure 
(bp 67-68') gave only a low yield due to decomposition 
to l,l,l-trifluoroethane. When I1 was treated with 
SbF6-HS03F (1/10 ZM/M)-SO2C1F, both the lH and 
lgF nmr spectra indicated that CHaCFzOSOzF was 
formed as a major product, with CH3CFa as the minor 
product. When SbF6HSOaF (1/4 M / M )  -S02C1F 
acid system was used, CH&FZOSOzF was not found 
and CH&E was formed as the only product. 

+ 

CH3CFS 
SbF,- 

I1 reacted with H F  at -50" in the presence of a 
catalytic amount of XbFs to give CHsCF3 quantita- 
tively. The solution showed only a pmr quartet a t  
6 2.0 ( 3  H, JHF = 14 Hz) and a l9F nrnr quartet a t  @ 
62.0 (3 F, JHF = 14 Hz). Pure CHaCFa could be ob- 
tained by careful distillation of the solution. Proton- 
ation of I1 with SbFs-HF (1/4 M / M )  -SO2C1F did not 

i c L 
-ILy-LG 62 .O 

- 9 6 . 6  

PPM, F'' 
Figure 2b.--'gF nmr spectra of methyldifluorocarbenium ion and 

l,l,l-trifluoroethane. 

produce the difluoromethylcarbenium ion, CHaCFz, 
and again gave CH,CF, as the major product. How- 

ever, CH3CF2 was obtained by the treatment of 
CH8CF3 with SbF6-SO2C1F at -80". The ion shows a 
pmr triplet at 6 4.50 ( 3  H, J H F  = 17 Hz) and a I9F nrnr 
quartet at @ - 96.4 (2 F, JHF = 17 Ha) (Figure 2 ) .  

Similarly, when l,l,l-trichloroethane was treated 
with SbF6-S02C1F solution at  - 78",  the methyldi- 

chlorocarbenium ion, CHaCC12, was formed. It was 
evidenced by the substantial deshielding of the ob- 
served pinr resonance, singlet at 6 4.60 (1.70 ppm de- 

shielded from the precursor, CH3CC13). CHaCXz (X = 
F and C1) are the first directly observed alkyldihalo- 
carbenium ions. 

1,2-Difluoroethylene (111). -Protonation of I11 with 
neat HF or HSO3F-SOZ did not occur a t  -20". 
When I11 was bubbled through a solution of SbF5-HF 
(1/4 M / M )  -SOaCIF, both lH and I9F nmr spectra of 
the resulting solution indicated that CHFzCHzF was 
the only product formed. 

When I11 was treated with SbF6-HS03F (1/4 fW/fW)- 
SOzClF it gave 1,Zdifluoroethyl fluorosulfate, 
CHZFCHFOSO$, which was stable a t  - 20". When 
the reaction mixture was distilled at  atmospheric 
pressure, cleavage occurred and CH2FCHF2 was ob- 
tained. When I11 reacted with SbF5-HS03F (1/1 
M / M )  -SOzClF at -78", instead of giving CHZFCH- 
FOSOZF, CHZFCHF2 was formed almost exclusively. 
When CH~FCHFZ was treated %ith SbFs-S02ClF it 
showed no sign of reacting. This is expected since both 

CHZFCHF and CHFZCHz would be extremely unstable. 

+ 

t 

+ 

+ 

+ + 
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Trifluoroethylene (IY) did not react with fluorosul- 
furic acid or hydrogen fluoride in SOzClF solution at  
-20". However, when IV  was treated with SbF5- 
HF  (1/4 M / M )  in SOlClF at -78", the resulting solu- 
tion showed that CF3CHzF was formed as the only 
product. IV also reacted smoothly with SbF5-HS03F 
(1/4 M/iU) -SOZClF or SO2 at -78". The pmr spec- 
trum of the solution at  - 80" showed a doublet of trip- 
lets at 6 4.96 ( J H F  = 45.0 and 8.5 Hz), The I9F nmr 
spectrum showed a high-field triplet of triplets a t  4 
239.6 (1 F, J H F  = 45.0, J F F  = 16.5 Hz), a sextet a t  4 
83.6 (2 F, J H F  = 8.5, J F F  = 16.5 and 9.0 Hz), and a de- 
shielded triplet at 4 -47.1 (1 F, J F F  = 9.0 He). These 
data are only consistent with CH2FCF20S02F. 1,1,2- 
Trifluoroethyl fluorosulfate is not stable at higher 
temperature and cleaves at -50" to give CHzFCF3, 
which can be recovered from the distillate in high yield 
as the condensed gas. When IV was treated with 
SbF6-HS03F (1/1 M / M )  in SOzClF, only CHzFCF3 was 
found even at -78". 

CH,FCF, is not ionized in SbF5-SOzCIF solution. 

This indicates that ions CF3CHz and CHzFCF2 are un- 
stable. 

1-Chloro-2-fluoroethylene (V). -The behavior of V 
is similar to that of I11 in the super acid systems studied. 
CH&lCHF2 was obtained when V was treated with 
SbF5-HF (1/4 M / M )  -SOZClF or SO2. l-Fluoro-2- 
chloroethyl fluorosulfonate, CHzC1CHFOS02F, was 
obtained when V was treated with SbFS-HS03F (1/4 
M / M )  -S02C1F or SO2. The structure was confirmed 
by both pmr and l9F nmr, respectively. As with 111, 
V gave only CHzClCHFz when it was treated with 
SbF4-HS03F (1/1 M / M )  -SO2C1F at -78". V does 
not react with fluorosulfuric acid or hydrogen fluoride 
in SOzClF solution at - 20". 

Highly pure CHzClCHF2 could be obtained from the 
distillation of the V-SbF5-HF (1/4 M / M )  -S02C1F or 
V-SbF5-HS03F (1/4 M / M )  -S02C1F systems. A yet 
unidentified by-product was found in *small amount 
when CH2ClCHF2 was allowed to stay in contact with 
SbF5-S02C1F at  - 80' for prolonged periods of time. 

Trifluorochloroethylene (VI) reacted either with 
SbFj-HF (1/1 M / M )  -SO2C1F or SbF5-HS03F (1/4 
M / M )  -SO2C1F at  -20" to give CF3CHFC1 exclusively. 
VI did not react either with HS03F-SOzClF or SbF5-HF 
(1/4 M/M) -S02C1F. Similarly, trifluorobromoethyl- 
ene (VII) reacted either with SbF5-HF (1/1 M/M) 
-SO2C1F or SbF5-HS03F (1/1 iM/M) SOzClF at  - 10" 
to give CF3CHFBr exclusively. Again the pmr spec- 
trum showed a doublet of quartets at 6 6.9 (1 H, JHF = 
47.0 and 5.0 Hz). The 19F nmr spectrum of the same 
solution showed a one-fluorine doublet of quartets a t  4 
162.2 (JHF = 47.0 Hz, J F F  = 13.5 He) and a three- 
fluorine doublet of doublets at 4 81.8 (JHF = 5.0 He, 
J F B  = 13.5 Hz). VI1 did not react either with HS03F- 
SOzClF or SbFj-HF (1/4 M / M )  -SOZClF at  -15". 
However, it reacted very slowly with SbF6-HS03F (1/4 
M / M )  -SOzClF at - 10" to yield CF3CHFBr. 

When trifluoroiodoethylene (VIII) mas treated either 
with SbF5-HS03F (1/4 M / M )  -SOzCIF or SbF5-HF 
(1/4 M / M )  -S02C1F at  -30" for 1 hr, the solution 
showed in its pmr spectrum a doublet of quartets at 6 
7.31 ( J H F  = 46.0 and 5.5 He), The I9F nmr spectrum 
of the same solution revealed a doublet of quartets at 4 
166.9 (1 F, JHF = 46.0, J F F  = 16.5 Hz) and a doublet 

+ + 

of doublets at 4 78.8 (3 F, JHF = 5.5 Hz, JFF = 16.5 
Hz). Thus the product formed is CF3CHFI. 

Tetrafluoroethylene (IX) and hexafluoropropene (X) 
did not react either with SbFj-HF (1/1 M / M )  -SO2C1F 
or SbF5-HS03F (1/1 M / M )  -SO2C1F at  -5" .  The 
solution did not show any proton resonance except the 
acid proton peak. The I9F nmr spectra showed fluorine 
signals corresponding only to the unreacted starting 
materials. 

Discussion 

In  all the investigated cases protonation of Auoro ole- 
fins in superacids did not give stable long-lived fluoro- 
carbenium ions. However, results obtained indicate 
primary protonation according to the extended Mar- 
kovnikov rule. Back-donation from the unshared 
fluorine electron pairs stabilizes the intermediate ions 
but they are still not sufficiently stable and are rapidly 
quenched by fluoride or fluorosulfate ions from the 
solvent systems. The ease of protolytic attack on the 
fluoro olefins was found to decrease with increasing 
fluorine substitution. 

I and I1 showed similar chemical behavior toward the 
super acid systems at low temperature. Both I and I1 
reacted with H F  or HS08F in the presence of SbFS in 
SOzClF to give the H F  or HSOaF addition products. 
This indicates that electrophilic attack does occur and 
intermediate fluorocarbenium ions are formed. How- 

ever, CH3CHF and CHaCFz are not stable even in the 
low nucleophilic system and react rapidly with the 
counterions to form the addition products. In  fact, 

CH3CHF was never directly obscrved (by nmr spec- 
troscopy) even when ionization of CH3CHFz was at- 
tempted with SbF5-S02C1F. The reason for the in- 

stability of CH3CHF is that the monofluorocarbenium 
ion would be stabilized by only one fluorine atom (via 
back-donation of the lone-pair electrons to the eIectron- 
deficient ~ a r b o n ) . ~  The pmr spectrum of CH3CHF2- 
SbF5-S0zC1F solution (-80") displays a doublet a t  6 
4.32 (3 H, JHH = 1.8 Hz) and a quartet a t  6 10.47 (1 H, 
JHFI = 1.8 Ha), indicating that the carbenium ion 

CH3CHF exchanges fluorine with the solvent system 
(SbF5SOZClF). The possible mechanisms by which 
fluorine can be exchanged intramolecularly should be 
similar to  those of methyl fluoride-antimony penta- 
fluoride complex5 and are shown by eq 1 and 2. Equa- 
tion l represents a Sivi process in which the transition 
state XI of the intramolecular nucleophilic displace- 
ment is shown by the substitution of F' by F". The 
second process for fluorine exchange is formation of an 
intermediate intimate ion-pair complex XI1 (eq 2) 
in very low concentration, in rapid equilibrium with 
CH&HF2 --t SbF5 and its subsequent collapse allowing 
front-side exchange (analogous to SN1 substitution). 
The two mechanisms represent limiting cases and any 

+ + 

+ 

+ 

+ 

(4) One of the referees questioned that i t  is difficult to understand that ion 

CHaCHF is less stable than ion CHsCF2. W e  have separately studied the 
carbon-13 nmr of halocarbenium ion and found that halogen back-donation 
is related to the stability of halocarbenium ions. See G. A. Olah, Y. K. &fop 
and Y. Halpern, J .  Amer. Chem. SOC., in press. Thus, direct experimental 
evidence was obtained to substantiate observed differing stabilities. 

( 5 )  G. A. Olah, J. R. DeMember, R.  €1. Schlosberg, and Y. Halpern, J .  
Amer. Chem. Soc., 91, 2113 (1969); 94, 156 (1972). 

+ + 
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XI 

F CH, 
XI1 

degree of intermediate character between X I  and XI1 
should be possible. 

The increase in shielding of the resonance and of 
coupling constants when either H F  or CHsCHF2 was 
added to the solution indicates that a change of the na- 
ture of the transition state is possible. It is also possi- 
ble that intermolecular fluorine exchange may occur. 
The roles of H F  and CH3CHF2 in this exchange re- 
action will be fully discussed elsewhere.6 

In  the l,l,l-trifluoroethane-SbFb-SOzClF system, 
the first direct observation of an alkyldifluorocarbenium 
ion, i.e., that of the methyldifluorocarbenium ion, was 
accomplished by nmr spectroscopy. The fluorine 

chemical shift of CHICFz (4 -96.4) is 87.9 ppm more 

shielded than that of (CH3)zCF, indicating that back- 
donation of fluorine lone-pair electrons is twice as 

much in (CH&CF.' Pmr spectra of the ion also agree 
with this observation, since the methyl resonance of 

CH3CFz is only 0.31 ppm deshielded from the methyl 

resonance of (CH&2F. 
Fluoro olefins 111, IV, and V reacted with superacids 

in a similar fashion. Protonation occurred only when 
the reactions were carried out in the presence of high 
concentration of SbF5 in HF-SOzClF or HSO3F-SO2C1F 
(i.e., in the stronger super acids). The T bonds in 111, 
IV, and V are inductively deactivated by the increasing 
number of fluorine atoms; therefore protonation takes 
place only in the strongest acid systems. Furthermore, 
the carbenium ions (XIII) formed by protonation in 
super acids are destabilized by the fluorine or chlorine 
atom (R,) adj aceiit to electron-deficient carbon. In  
fact, XI11 was never observed as a stable long-lived 

+ 
+ 

+ 

+ 
+ 

f 
CH2Ra-CRbRcR 

XI11 

HF-SbFj 

cation either upon protonation of fluoro olefins 111, IV, 
and V or upon ionization of CHZFCHF~,  CH2FCF3, and 
CHzClCHFz by SbF5-S0ZC1Fl even a t  -20". The 

(6)  G. A. Olah, Y .  K. Mo, and Y .  Halpern, J .  Amer. Chem. Soc., in press. 
(7) G. A. Olah, R. D. Chambers, and M. B. Comisarow, ibid., 89, 1268 

(1967). 

intermediate formed ions were rapidly quenched by the 
fluoride (fluorosulfonate) ion from the solution, leading 
to  the Markovnikov addition products. However, the 
fluorosulf ates (XIII-OSO2F) were not stable at 
higher temperature, since -0SOzF is a good leaving 
group and exchanges readily to give the corresponding 
thermodynamically more stable fluorides (XIII-F) . 

The trifluorohaloethylenes (VI, VII, and VIII) when 
treated either with SbF5-HF-SO2C1F or SbF5-HSOaF- 
SOzCIF gave similar H F  addition products, CHFXCF, 
(X = C1, Br, and I). As the reactions occurred only at  
higher temperature (from - 30 to  - 15"), no fluorosul- 
fate addition products (CHFXCFz0SO2F) were ob- 
served when the reaction was carried out in SbFr 
HS03F-S0&1F. This behavior is again caused by the 
substantial deactivation of the T bond by the four halo- 
gen atoms and the extreme instability of the correspond- 

ing carbenium ions, CHFXCFz. In  systems containing 
FSOaH, fluorosulfates, CHFXCF20S02F may be 
formed in the first step, but readily cleave to the cor- 
responding fluorides. 

The three trifluorohaloethylenes studied showed sim- 
ilar reactivity toward the superacid systems. Pro- 
tolytic attack takes place again according to the ex- 
tended Markovnikov's rule forming the more stable 

carbenium ion (CHFXCF,), as the halogen atoms (Cl, 
Br, and I) can also stabilize the carbenium ion by neigh- 
boring group participation.8 The alternative car- 

+ 

+ 

/%\ 
CHF- CF, 

+ 
benium ion (CHF2CFX) could not be stabilized in a 
similar way, as neighboring fluorine is unable to  par- 
ticipate. 

Neighboring halogen atom participation is important, 
as can be seen from the observed inertness of IX and X 
toward superacids. Although fluorine inductively has 
greater electron-withdrawing power than other halo- 
gens atoms, the a-electron donor system (i.e., the 
basicity of the double bond) in CF2=CFX and CFZ= 
CF2 or CFz=CFCF3 would be expected to be more or 
less the same. The difference in reactivity of CF2= 
CFX and IX or X indicates that neighboring halogens 
indeed play a significant role in influencing the pro- 
tonation of fluoro olefins, through their ability to 
stabilize the carbenium ion intermediates. 

Experimental Section 
Materials.-All fluoro olefins used were commercially available 

in high purity from Peninsular Chemical Research Inc. Anti- 
mony pentafluoride (Allied Chemical Co.) was purified first by 
removing H F  by refluxing while passing a stream of dry nitrogen 
through it and then distilling twice (bp 161-164"). Fluorosul- 
furic acid (Allied Chemical Co.) was also twice distilled after 
removing HF. 

Nmr Spectra.-A Varian Associates Model A56/60A nmr 
spectrometer equipped with a variable-temperature probe was 
used for all spectra. Both 1gF and 'H coupling constant are be- 
lieved accurate to i .O.1  Ha. Unless otherwise indicated, all 
proton chemical shifts (6) are in S02ClF solvent from external 
(capillary) TRIS. lgF chemical shifts ( 4 )  in S02ClF solvent 
are from external CClBF. 

(8) B. Capon, Quart. Rev. (London), 18, 45 (1964). 
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General Procedure of Reaction of Fluoro Olefins with Super- 
acids.-Superacid solutions were prepared by dissolving SbFj- 
IISOaF (1/1 mol/mol) in an equal volume of sulfuryl chl'oro- 
fluoride (Allied Chemical Co.) and cooling to -78". Fluoro 
olefins were then introduced into the above solution also at  
-78'. The acid was always in slight excess over the fluoro 
olefins. Covalent fluorides were ionized in a solution prepared 
of antimony pentafluoride in sulfuryl chlorofluoride (1/1.5 v/v) 

CHsF20SO2F, bp 25" (30 mrn). Spectral properties (*H and 
'OF nmr) and analytical data are in accordance with structures. 

Registry N~,-I ,  75-02-5; 11, 75-38-7; 111, 1691-13-0; 

359-37-5; IX, 116-14-3; x, 116-15-4; a-flUorO- 
ethyl fluorosulfate, 33515-40-1 ; a,a-difluoroethvl fluoro- 

IV, 359-11-5; V, 460-16-2; VI, 79-38-9; VII, 598-73-2; 

I ,  

sulfonate, 460-95-7. &t -78". 
a-Fluoroethyl and a,a-difluoroethvl fluorosulfates were are- 

pared by introducing 1 and 11 into -neat fluorosulfuric acidl a t  
-78", respectively, until the solutions were saturated. The 
pure fluorosulfates were obtained by vacuum distillation. 
Yields are generally high (90-95%) and the fluorosulfates have 
the following boiling points: CH1CHFOS02F, bp 33" (35 mm); 
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The reduction of 0.5 equiv of benzophenone with a Grignard reagent from 2-ezo-chloro-3-ezo-deuterionor- 
Carbonation of the unreacted Grignard reagent produces endo- 

These results show that the benzophenone reduction occurs preferentially by a 
bornane is characterized by deuterium transfer. 
norbornane-2-carboxylic acid. 
cis-exo eliminative transfer of D and MgC1. 

In  connection with our work on chiral Grignard 
it was desirable to know more about the 

detailed mechanism of ketone reductions with some 
bicyclic Grignard reagents. A suitable system for 
ft study of the type required appeared to be the re- 
duction of benzophenone with a Grignard reagent 
from deuterium labeled 2-chloronorbornanc. 

Recent studies have revealed that the norbornyl 
Grignard reagent is a relatively slowly equilibrating 
mixture of epimers.;-* On the basis of nmr evidence, 
Iirieghoff and Cowad concluded that either exo- or 
endo-chloronorbornane gave an ethereal solution con- 
sisting, a t  equilibrium, of about a 54:46 mixture of 
endo-exo epimers of the Grignard reagent. Hill5 
similarly concluded that in T H F  norbornylmagnesium 
chloride was a 50350 mixture of epimers. Jensen and 
Nalramaye' prepared norbornylmagnesium bromide 
in ether and using nmr found it to be a 59:41 mixture 
pf endo-exo isomers. Carbonation of the equilibrium 
mixture gave a mixture of the epimeric acids, 56-60% 
the endo isomer. When the equilibrated Grignard 
reagent was allowed to react with 0.5 equiv of ben- 
zophenone at  O o ,  the nmr signal due to the exo isomer 
disappeared and the benzophenone was converted to 
the bromomagnesium salt of benzhydrol. Rapid car- 
bonation of the unreacted Grignard reagent gave almost 
exclusively endo-2-norbornanecarboxylic acid. It was 
observed that the endo-norbornylmagnesium bromide 

(1) J. D. Morrison and R. W. Ridgway, J .  Amer. Chem. Soc., 91, 4601 
(1969) I 
(2) J. D. Morrison, D. L. Black, end R. W. Ridgway, Tetrahedron Lett., 

986 (1968). 
(3) (a) J. D. Morrison, A. Tomash, and R. W. Ridgway, ibid., 565 (1969); 

ib) J. D. Morrison and R. W. Ridgway, zbzd . ,  569 (1969). 
(4) For a review of asymmetric reduction using chiral Grignard reagents, 

see J. D. Morrison and H .  8. Mosher, "Asymmetric Organic Reactions," 
Prentice-Hall, Englewood Cliffs, N. J., 1971, Chapter 5. 
(5) E. A. Hill, J .  O w .  Chem., 81,20 (1966). 
(6) N. G. Krieghoff and D. 0. Cowan, J .  Amer. Chem. SOC., 88, 1322 

(1966). 
(7) (a )  F. R. Jensen and K. L. h'akamaye, ibid., 88, 3437 (1966); (b) 

I<. L. Nakemaye, Ph.D. Thesis, University of California, Berkeley, 1967. 
(8) A. G. Davies and B. P. Roberts, J .  Chem. SOC. B,  317 (1969). 

remaining after reaction with benzophenone reequi- 
librated to the original equilibrium composition if 
allowed to stand for 1 day at  room temperature. These 
workers also examined the Grignard reagent from nor- 
bornyl chloride and found i t  to be a 57:43 mixture 
of endo-exo isomers; the behavior toward benzophenone 
paralleled that of the Grignard reagent from norbornyl 
bromide. 

Davies and RobertsE confirmed the results of Jensen 
and Nakamaye and found that endo-norbornylmag- 
nesium bromide did not reequilibrate a t  0" over a 
3-hr period; a t  -78" the reagent was still about 95% 
the endo isomer after 5 days. They also observed 
that the reduction of benzophenone with equilibrated 
reagent did not take place at  -15", although an in- 
tense red-brown color (presumably due to a Grignard 
reagent-ketone complex) was produced at this tem- 
perature. 

The experiments of Jensen and Nakamaye make it 
clear that the ezo-norbornyl Grignard reagent reduces 
benzophenone much more rapidly than the endo isomer. 
These experiments do not, however, allow one to com- 
pletely define the stereochemistry of the reduction pro- 
cess. We wanted to know the stereoselectivity associ- 
ated with the transfer of hydrogen from C-3 of the 
Grignard reagent. In  other words, does the reduction 
of benzophenone involve transfer of the ex0 magnesium 
and the exo hydrogen, the ex0 magnesium and the 
endo hydrogen, or a combination of these alternatives? 
The following experiments led to an answer to this 
question. 

Addition of gaseous DC1 to a pentane solution of 
norbornerd at  - 78" gave 2-exo-chloronorbornane in 
81% yield. The amount, location, and orientation 
of deuterium in the chloride had to be rigorously deter- 
mined (see below). Stille and coworkers treated 2,3- 
dideuterionorbornene with HC1 in pentane at - 78" 
and obtained approximately a 50:50 mixture of endo- 

(9) L Schmerling, J .  Arne?'. Chem. Soc., 68, 195 (1946). 


