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tography of the crude material (silica gel; 6:l hexane-ether) gave 
the pure hydroxy ester in 67% yield: 'H NMR 6 7.40-7.25 (m, 
5 H), 5.16 ( s ,  2 H), 3.62 (t, 2 H), 2.38 (t, 2 H), 1.75-1.50 (m, 4 H), 
1.30 (m, 10 H). 

Diethyl Fumarate. Reduction of diethyl fumarate ozonide 
with 3.5 equiv of BH3-DMS afforded ethyl glycolate (298 mol 
%) in 75% yield. No attempt was made to  further purify this 
compound: 'H NMR 6 4.25 (4, J = 7 Hz, 2 H), 4.17 ( s ,  2 H), 3.00 
(br s, 1 H), 1.33 (t, J = 7 Hz, 3 H). 

Methyl Oleate. Ozonolysis of methyl oleate and reduction 
of the ozonide with 4.0 equiv of BH3-DMS gave a 1:l mixture 
of 1-nonanol and methyl 10-hydroxydecanoate ( 5 2  mol % con- 
taminants) in 96% yield. 

Anethole. Ozonolysis of this compound and reduction of the 
ozonide with 4.0 equiv of BH3-DMS gave a quantitative yield of 
crude p-methoxybenzyl alcohol. Column chromatography (silica 
gel; 19:l hexane-ether) afforded 78% of the pure alcohol:'2 'H 
NMR 6 7.31 ( d , J  = 9 Hz, 2 H), 6.89 ( d , J  = 9 Hz, 2 H), 4.63 ( s ,  
2 H), 3.83 ( s ,  3 H), 1.68 ( s ,  1 H). 

trans-Stilbene. Reduction of trans-stilbene ozonide with 4.0 
equiv of BH3-DMS gave pure (100 mol 70) benzyl alcohol12 in 
90% yield: 'H NMR 6 7.38-7.28 (m, 5 H), 4.70 (s, 2 H), 1.73 (s ,  
1 H). 

Cyclohexene. Reduction of cyclohexene ozonide with 4.0 equiv 
of BH,-DMS afforded 1,6-hexanediol(97 mol %; mp 39-41 "C) 
in 95% yield. Recrystallization of the crude material from ether 
afforded 1,6-hexanedi01?~ mp 42.0-43.0 "C, in 81% yield: 'H 
NMR 6 3.66 (t, J = 6.3 Hz, 4 H), 1.65 (s, 2 H), 1.63-1.51 (m, 4 
H), 1.48-1.33 (m, 4 H). 
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We report here about a facile synthesis of trifluoro- and 
hexafluoroisopropyl halides Id-f and 2d-f by a simple 
nucleophilic substitution at the secondary carbon atom of 
the corresponding nonafluorobutanesulfonates (nonaflates) 
lb  and 2b. 

The methods reported hitherto for the synthesis of tri- 
and hexafluoroisopropyl chlorides, bromides, and iodides 
Id-f and 2d-f are summarized briefly. The  general ap- 
plication of these methods in common laboratories is lim- 
ited owing to the  expenditure of the  reaction conditions, 
the  toxicity of the  chemicals used, or the  difficult acces- 
sibility of the starting materials. 

A method for preparing Id-f and 2d-f is, e.g., the direct 
halogenation of l,l,l-trifluoropropane to give the halides 
ld,e, formed as a mixture of mono- and dihalotrifluoro- 
propanes, which is difficult t o  separate.'+ Id is also 
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synthesized by treating 1,1,1,2-tetrachloropropane with HF 
and Hg0.2,7 Id and le are preparedssg from a-chloro(or 
a-bromo)propionic acid and SF4. l,l,l-Trifluoroisopropyl 
iodide (If) has not been described yet. Chlorination, 
bromination, or iodation of the  potassium salt of the 
hexafluoroisobutyric acidlo yields the  1,1,1,3,3,3-hexa- 
fluoroisopropyl halides 2d-f in good yields. The  acid, 
however, is not commercially available and requires the 
application of the  toxic octafluoroisobutene.'l (Basic 
cleavage of an a-halohexafluoroisopropyl pentafluoroethyl 
ketone12J3 and treatment of the a-bromohexafluoroiso- 
butyramide with KCN14 is a tedious synthetic route due 
to  the  difficult preparation of the  educts). A direct syn- 
thesis of 2d,e from 1,1,1,3,3,3-hexafluoro-2-propanol (2a) 
a n d  phosphorus p e n t a ~ h l o r i d e , ' ~  phosphorus tr i-  
b r~mide lb romine , '~  or dibromotriphenylphosphorane16 
respectively yields the products impure and  in small 
quantities. 2d is produced as one of four differently sub- 
stituted chlorofluoropropanes,1'J8 from 3,3,3-trifluoro- 
1,1,2-trichloropropene and  HF in the  presence of SbC1,; 
2d is formed by reacting 1,1,3,3,3-pentafluoro-2-chloro- 
propene with KF in formamide.lg (After HC1 elimination, 
heptachloropropane reacts with KF to give the  same 
productm ). 2e is obtained by the reaction of bromomalonic 
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absolute dichloromethane is cooled to -40 "C under an N2 at- 
mosphere, and triethylamine (12.1 g, 120 mmol) is added through 
a syringe. After the addition of nonafluorobutanesulfonyl fluoride 
(49.8 g, 165 mmol) through a dropping funnel, the reaction mixture 
is allowed to warm to room temperature and is stirred overnight. 
The layers are separated, the dichloromethane phase is washed 
with a small amount of nonafluorobutanesulfonyl fluoride, and 
the nonafluorobutanesulfonyl fluoride of the combined phases 
is removed at r c "  temperature under aspirator pressure by using 
a rotary evaporator. Distillation of the residue under reduced 
pressure yields 41.8 g (88%) of pure l b  (Table I). 

l,l,l-Trifluoroisopropyl Tosylate (IC). l,l,l-Trifluoro-2- 
propanol (la) (5.7 g, 50 mmol) and benzyltriethylammonium 
chloride (0.5 g, 2.2 mmol) are added to a 1:l emulsion of toluene 
and 30% aqueous sodium hyroxide. Toluenesulfonyl chloride (9.6 
g, 50 mmol), dissolved in toluene, is introduced dropwise with 
vigorous stirring. After 3 days, the organic layer is separated and 
neutralized, and toluene is removed by rotary evaporation. 
Distillation of the crude product under reduced pressure affords 
the pure tosylate (11.6 g, 86%). Formation of IC is accelerated 
by the phase-transfer catalyst.26 

A mixture of 
l,l,l-trifluoroisopropyl nonaflate (lb) (11.9 g, 30 mmol) and excess 
lithium chloride (5.1 g, 120 mmol) in acetylacetone (100 mL) is 
placed in a round-bottomed flask equipped with a reflux condenser 
cooled to -20 "C. After heating under reflux for 16 h, the formed 
halide is distilled off directly from the reaction mixture through 
a Spaltrohr column into a flask cooled in a dry ice-acetone bath 
complete conversion; yield of pure isolated Id, 3.3 g, 83%. 

l,l,l-Trifluoroisopropyl Bromide (le). A mixture of 
l,l,l-trifluoroisopropyl nonaflate (lb) (11.9 g, 30 mmol) and 
lithium bromide (10.4 g, 120 mmol) in acetylacetone (100 mL) 
is stirred at room temperature for 21/2 days (complete conversion), 
followed by the usual Spaltrohr distillation (yield 4.8 g, 90%). 

l,l,l-Trifluoroisopropyl Iodide (If). To l,l,l-trifluoroiso- 
propyl nonaflate (lb) (11.9 g, 30 mmol) in acetylacetone (100 mL) 
is added sodium iodide (18.0 g, 120 mmol), and the reaction 
mixture is stirred at  room temperature for 21/2 days (complete 
conversion). Spaltrohr distillation gives pure If (6.2 g, 92%). 

1,1,1,3,3,3-Hexafluoroisopropyl nonaflate (2b) is prepared 
from 1,1,1,3,3,3-hexafluoro-2-propanol (2a) as described for lb ,  
to give 2b in 83% yield. 

1,1,1,3,3,3-Hexafluoroisopropyl tosylate (2c) is prepared 
from 2a similarly to IC: yield 66%. 

1,1,1,3,3,3-Hexafluoroisopropyl Chloride (2d). Hexa- 
fluoroisopropyl nonaflate (2b), 12-crown-4, and lithium chloride 
(molar ratio 5:1:20) are reacted in acetylacetone at 130 "C for 16 
h, using equipment similar to that employed to prepare Id: 
complete conversion; yield of pure 2d after distillation 78%. 

1,1,1,3,3,3-Hexafluoroisopropyl bromide (2e) is obtained by 
reacting 1,1,1,3,3,3-hexafluoroisopropyl nonaflate (2b), 12-crown-4, 
and lithium bromide (molar ratio 5:1:20) in acetylacetone at 130 
"C for 20 h, using equipment as described for the preparation 
of Id (complete conversion). Spaltrohr distillation affords pure 
2e (yield 81%). 

1,1,1,3,3,3-Hexafluoroisopropyl iodide (2f) is obtained in 
88% yield from 1,1,1,3,3,3-hexafluoroisopropyl nonaflate (2b) and 
sodium iodide (molar ratio 1:4) in acetylacetone by heating the 
mixture at 110 O C  for 16 h (complete conversion), followed by 
Spaltrohr distillation. 

3,3,3-Trifluoropropene (3). A flask containing acetylacetone 
is charged with l,l,l-trifluoroisopropyl nonaflate (lb), 18-crown-6, 
and potassium fluoride (molar ratio 5:1:20). The product formed 
by heating the mixture at 1OC-140 "C for 2-4 h is distilled directly 
during the reaction through a condenser cooled to -10 O C  into 
a dry ice-acetone trap (yield 80%). 

1-Hydryl-F-butane (4) is formed in 60-70% yield from 
1,1,1,3,3,3-hexafluoroisopropyl nonaflate (2b) by the same pro- 
cedure as described for 3. 

l,l,l-Trifluoroisopropyl Chloride (ld). 

acid with SF?I or by direct bromination of 1,1,1,3,3,3- 
hexafluoropropane6 or bis(hexafluoroisopropyl)mercury.zyz 

The reaction of the nonflates l b  and 2b with either LiC1, 
LiBr, or LiI respectively under the reaction conditions 
given in the Experimental Section yields the corresponding 
halides Id-f and 2d-f almost quantitatively. After com- 
pletion of the reaction, the formed halides are distilled off 
directly from the reaction mixture through a Spaltrohr 
column. Thereby they are isolated virtually without im- 
purities. 

The best polar solvent we found is acetylacetone. When 
DMSO is used, the formation of Id-f and 2d-f is accom- 
panied by the evolution of major amounts of dimethyl 
sulfide. 

Attempts to prepare the corresponding halides Id-f and 
2d-f by reacting the tosylates IC  and 2c with LiC1, LiBr, 
and LiI respectively in a polar medium afforded the halides 
either in very low yields or not a t  all. For example, 
l,l,l-trifluoroisopropyl tosylate (lc) reacted with sodium 
iodide in acetylacetone under reflux for 20 h to give only 
traces of l,l,l-trifluoroisopropyl iodide (If) .  The corre- 
sponding nonaflate l b ,  however, was completely converted 
already a t  room temperature. 1,1,1,3,3,3-Hexafluoroiso- 
propyl tosylate (2c), upon heating to 140 "C in acetyl- 
acetone, did not react with sodium iodide and was reiso- 
lated without decomposition. 

The  nonaflates l b  and 2b are easily prepared in high 
yields by reaction of trifluoro-2-propanol la and hexa- 
fluoro-2-propanol2a respectively with nonafluorobutane- 
sulfonyl fluoride and triethylamine in dichloromethane. 
Both nonaflates are remarkably stable; they are purified 
by distillation. 

H3C' F3c'CH-O-S02-CF..-CF-CF-CF 2 2 3  F,C-CH-CH, 
Ib a 

5C, 
c,C H-O-SO,-C 5- C 5-CG-C 5 - H-C 6-C 5-C 5-C 5 

2b 
3 

4 

The corresponding fluoroisopropyl fluorides could not 
be prepared by treatment of the trifluoro- and hexa- 
fluoroisopropyl nonaflates l b  and 2b with, e.g., KF under 
the same conditions. When l b  is treated with KF, mainly 
3,3,3-trifluoropropene (3) is obtained by an elimination 
reaction. Under the same conditions, hexafluoroisopropyl 
nonaflate 2b is cleaved a t  the carbon-sulfur bond to give 
1-hydryl-F-butane (4). 

Exper imenta l  Sect ion 
l,l,l-Trifluoro-2-propanol (la) is commercially available from 

Ventron GmbH (Alpha) or is easily prepared according to the 
published procedure of Nad et al.,25 followed by spinning-band 
distillation. 1,1,1,3,3,3-Hexafluoro-2-propanol(2a) was purchased 
from Fluka AG. We thank Bayer AG for the generous gift of 
nonafluorobutanesulfonyl fluoride. Nonafluorobutanesulfonyl 
fluoride [also purchasable from Ventron GmbH (PCR Inc.)] and 
acetylacetone were purified by simple distillation. The inorganic 
salts were dried at  180 "C/O.l mbar for 12 h. 

l,l,l-Trifluoroisopropyl Nonaflate (lb). A stirred solution 
of l,l,l-trifluoro-2-propanol (la) (13.7 g, 120 mmol) in 40 mL of 
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Ltd.) Br. 955.478, April 15, 1964; Chem. Abstr. 1964, 60, 15730d. 
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Introduction 
Benzocyclobutenediones 1 are proving to  be useful in- 

termediates for the controlled synthesis of complex or- 
ganim2 Although a number of methods describing syn- 
thetic approaches to  substituted and unsubstituted ben- 
zocyclobutenediones have been p ~ b l i s h e d , ~ ~ ~  none to  date 
allow the general synthesis of substituted benzocyclo- 
butenediones in a simple, straightforward fashion. Our 
interest in the organic and organometallic chemistry of 
cyclobutenediones and benzocyclobutenediones2h-n~v~w~4 
mandated tha t  we find a practical method for the con- 
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struction of these strained-ring compounds. We recently 
disclosed, in detail, our procedures used for the synthesis 
of substituted cyclob~tenediones,~ and we now describe 
a simple preparation of subst i tuted benzocyclo- 
butenediones. 

“I* 

R’ 0 
Rd 

1 

Results and Discussion 
We have previously described a very practical route to 

the parent benzocyclobutenedione 1, R’-R4 = H, that  
proceeded by the double benzylic bromination of benzo- 
cyclobutenone with N-bromosuccinimide (NBS) followed 
by acid-catalyzed hydrolysis of the geminal dibromo 
g r ~ u p . ~ j , ~  Benzocyclobutenone (2) was readily available 
from anthranilic acid by routine conversion to benzyne and 
trapping with vinylidene chloride followed by hydrolysis 
of the geminal dichloride (eq 1).6 Utilization of this 

synthetic sequence for the preparation of substituted 
benzocyclobutenediones was not considered practical be- 
cause it required the synthesis of substituted anthranilic 
acids, a task that  would diminish the convenience of the 
chemistry.’ However, Stevens and Bisacchi had shown 
that  1,l-dimethoxyethylene participated in a [ 2  + 21 re- 
action with benzynes generated by the NaNH2-induced 
dehydrobromination of bromobenzenes 3, and after hy- 
drolysis of the intermediate benzocyclobutenone ketals 4, 
moderate to  very good yields of substituted benzocyclo- 
butenones 5 were obtained.E We simply repeated and 
extended the Stevens and Bisacchi chemistry and then 
introduced the a-diketone moiety of the benzocyclo- 
butenone through the NBS route mentioned above. This 
chemistry provided a simple and straightforward method 
for the synthesis of substituted benzocyclobutenediones 
1 (eq 2 ) .  

i 4  

3 4 5 L 

During the 1,l-dimethoxyethylene trapping of benzyne 
generated by dehydrohalogenation of bromobenzenes with 
NaNH,, Stevens and Bisacchi observed an unexplained 
induction period to the reaction that could vary from 0.5 
to several hours, even within multiple runs of the same 
system. In our early attempts to repeat some of the results 
of Stevens and Bisacchi, we noticed a similar variability 
in the benzyne reaction. After some study, we were able 
to correlate the occurrence of the induction period with 
the purity of the NaNH,. A freshly opened jar of com- 
mercially available NaNH, always reacted without an in- 

(5) Liebeskind, L. s.; Fengl, R. W.; Wirtz, K. R.; Shawe, T. T. J .  Org. 
Chem. 1988,53, 2482. A similar synthetic approach to substituted cy- 
clobutenediones was simultaneously disclosed by Moore and co-workers: 
Ree, M. W.; Pollart, D. J.; Perri, S. T.; Foland, L. D.; Moore, H. W. J .  
Ore. Chem. 1988. 53. 2477-2482. 
76) Durr, H.; Nickels, H.; Pacala, L. A.; Jones, M., Jr. J .  Org. Chem. 

1980. 45. 973. 
~ (7) 3,6-Dimethoxybenzocyclobutenedione has been prepared by this 
method (ref 3h). 

(8) Stevens, R. V.; Bisacchi, G. S. J.  Org. Chem. 1982,47,2393-2396. 
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