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mixture was heated to reflux with stirring under nitrogen for a 
period of 8 hr, allowed i o  cool to room temperature, diluted with 
water, and the hydrolysate was extracted with ethyl ether. The 
ether extracts were wm:hed successively with water, ,57! hydro- 
chloric acid, 5% sodium hydroxide solution, water, and were 
dried over magnesium sulfate. The ether was removed and the 
residue was sublimed at 140" (12 mm) to give 0.77 g (74y0) of 
phenylethynylpentafluorobenzene (l) ,  mp 96.5-98°.20 

Anal. Calcd for ClaHjFs: C, 62.69; €1, 1.89; F,  35.42. 
Found: C, 62.89; H, 2.04; F ,  35.43. 

The infrared spectrnni (KBr) of 1 exhibited major absorptions 
a t  2230, 1500 (broad), 1440, 1110, 1020, 975 (broad), 740 and 
680 cm-I. 

Perfluorodiphenylbutadiyne (4).-Ethynylpentafluorobenzene 
(0.20 g, 1.04 mmol j and ciiprous chloride (50 mg) were added to 
10 ml of pyridine. Dry air was slowly bubbled through the 
mixtiire for 3 hr. The misture was diluted with wat'er and 
extracted with ethyl ether. The ether extracts were washed with 
water, 557, hydrochloric acid, water, and were dried. The ether 
was evaporated and the resulting residue was sublimed a t  140" 
(16 mm) to afford 181 nng (91%) of perfluorodiphenylbutadiyne, 
mp 104-105'. 

Anal. Calcd for C,FI,: C, 50.28; F, 49.72. Found: C, 
50.14; F,  49.92. 

Reaction of Iodopentafluorobenzene and Phenylethynylcop- 
per(I).-Iodopentafluorobenzene (8.0 g, 2 i  mmol) and phenyl- 
et~hynylcopper(1) (4.9 g,  30 mniolj were reflused in 150 nil of 
pyridine for a period of 10 hr under nitrogen. After hydrolysis, 
washing, and drying in 1-he usus1 manner, the ether was removed 
and the residue was fractionally sublimed. At 75' (12 mm), di- 
phenylbutadiyne (3) (1.1 g) sublimed; the mp was 85-86' (lit.21 
mp 8Xo), and a mixtiire melting point with an authentic sample 
was nndepressed. The remaining product was sublimed a t  140" 
(12 mm) to produce 4.10 g (55%) of phenylethynylpentafluoro- 
benzene (1 ), nip 93-91".20 Thin layer chromatography indicated 
contamination by trac'? amount.; of diphenylbutadiyne. An 
infrared spectrum of the prodrict was identical with a spectrum 
of the product from the reaction of iodobenzeiie and pentafluoro- 
phenylethyny1copperi:I). 

Reaction of Bromopentafluorobenzene and Phenylethynylcop- 
per(I).-Bromopentafluorohenzene (5.0 g, 20 mmol j and phenyl- 
ethynylcopper(1) (3.25 g, 2c! mmolj were refluxed in 100 ml of 
pyridine for a period of 12 hr under nitrogen. After hy- 
drolysis, washing, and drying in the usual manner, evaporation 
of the solvent left 5.0 g of a tan residue. Thin layer chromatog- 
raphy indicated two components. Accordingly, a 100-mg portion 
of the residue was subjected to preparative thin layer chromat,og- 
raphy on silica gel using pentane as eluent. The bands which 
separated were extracted with ethyl ether. Evaporation of the 
solvent containing the component of lower Rr deposited 35 mg 
of diphenylbntadiyne, mp 85-86". The solvent containing the 
band of higher Xr was evaporated to give 35 mg of phenylethynyl- 
pentafluorobenzene (1 ), mp 92-93 O ;  this amount corresponds to 
a 33y0 yield of the product in the original reaction. 

Reaction of Iodopentachlorobenzene and Phenylethynylcop- 
per(I).-Iodopentachlorobenzene (7.52 g, 20 rnmol j, phenyl- 
ethynylcopper(1) (6.58 g, 40 mniolj and 225 ml of dry, degassed 
(three freeze-thaw cycles) pyridine were refluxed for 21 hr under 
nitrogen. The reaction mixture was cooled, poured into 500 ml 
of ice-water, and estrncted with 900 ml of dichloromethane. 
The extracts were washed as described above and were subse- 
quently dried over sodium sulfate. Evaporation gave a brown 
residue which was washed with 75 ml of cold (-60") pentane and 
filtered, leaving 3.93 g of a tan solid. This material was sublimed 
a t  80" (0.1 mm) to  remove trace amounts of diphenylbutadiyne. 
Continued sublimation [at li5O (0.1 mm) afforded 3.41 g (497,) 
of white crystals of phenylethynylpentachlorobenzene (2), mp 
218-220 O .  

Anal. Calcd for C14HjClj: C, 47.98; H, 1.44; C1, 50.58. 
Found: C, 48.00; €I,  1.47; C1, 50.53. 

The infrared spectriim (KBr) exhibited niajor absorplioiis a t  
2220, 1490, 1460, 140(!, 1345, 1300, 1276, 745, 710 and 680 

(20) Wiles and Masseys report a melting point, for 1 of 93O; Filler and 
Heffernl report mp 108.5-109.5°. The melting point of 1 prepared in our 
studies raried slightly from .run to run, due possibly t o  the presence of very 
small amounts of either diacetylene 3 or 4 resulting from an oxidative cou- 
pling process. 

(21) A .  P. Hay, (:erman Patent 1,158,272 (1963); Clreni. 4 b s l r . ,  60, 7 9 5 3 ~  
(1964). 

em-'. A small amount of diphenylbutadiyne was observed in the 
pentane extract after evaporation. 

Registry No.-1, 13509-88-1 ; 2, 18320-78-0; 4, 
18320-79-1. 
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With the reports1x2 that the optical purities and ab- 
solute configurations of a number of amines and sulf- 
oxides may be determined by nmr spectroscopy in op- 
tically active 2,2,2-trifluorophenyletlianol (1) as sol- 
vent, the convenient and efficient resolution herein re- 
ported for this carbinol should be of general interest. 
This carbinol has previously been resolved by Feigl and 
lIosher3 through a lengthy series of fractional crystal- 
lizations of the diastereomeric 3p-acetoxy-A5-etienates, 
an approach which ultimately affords the pure enantio- 
mers, @D +41.14" and -41.18" (neat, 1 = 1) in 
low yields. 

Typically, alcohols having no other "handles" are 
converted into acid phthalates or acid succinates, re- 
solved as such, and recovered from the esters after hy- 
drolysis. However, the esters of acidic alcohols gen- 
erally hydrolyze readilyJ4 and this is the result of at- 
tempts to resolve the acid phthalate of 1 with optically 
active bases.6 This problem has been avoided by con- 
verting 1 into a more stable resolvable derivative, 2,2,- 
2-trifluorophenylethoxyacetic acid (z), prepared from 
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1 and ethyl bromoacetate via tlic Williamson synthesis. 
Oiie of the diastereomeric saltJs of 2 and amphetamine 
(3), both enmtiomers of which are readily available, 

( I )  W. 11. Pirkle, T .  0. Burlingdine, and S. I ) .  Heni,cB, 'I'elruhedror~ Lett . ,  
in press. 

(2) W. €I. Pirkle and S. D. Beare, J .  A?ner. Chern. S'oc., 90, 0250 (1968). 
(3)  (n) D. AI. Feigl and H. R. llosher, J .  0 ~ y .  Chem., 33, 4242 (19C8). 
(4) .4. I,. Henne and R.  L. Pelley, J. Amer. Chcm. Soc.,  74, 1426 (1952). 
(5) H. S. Rlosher, J.  E. Stevenot, and D. 0. Kimble, ib id . ,  78, 4371 (1956). 
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was found to be highly insoluble. Fractional crys- 
tallization is easily accomplished from ethyl acetate, 
after which the resolved alkoxy acid 2 can be efficiently 
converted into optically pure 1 by treatment with N- 
bromosuccinimide and subsequent hydrolysis of the re- 
sulting a-bromo ethers 4a-c6 This scheme has also 
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been successfully applied to the resolution of 2,2,2-tri- 
fluoro-( I-napthy1)ethanol (5 )  and appears attractive 
for the resolution of other similar alcohols where con- 
vent(iona1 methods might be expected to fail. 

Experimental Section' 

dl-2,2,2-Trifluorophenylethanol (1 ) was prepared in 84% 
crude yield by the action of methanolic sodium boiohydride on 
trifluoroacetophenoiie.8 
2,2,2-Trifluorophenylethoxyacetic Acid (2).-To a solution of 

92 g of crude 1 (contaiiiiiig ca. 2376. bromobenzene) in 100 ml of 
ether was added excess cut %odium at a rate suficient to maintain 
gentle reflux. After co. 1.5 hr, alkoxide formation appeared to 
be complete, whereupon unreacted iodium was removed, 82 g 
of ethyl bromoacetate was cautiously added, and the mixture 
was heated to reflux for 2.3 hr. Hydrolysis to the alkoxy acid 
was accomplished by the addition of 450 ml of loyo sodium 
hydroxide and heating (steam bath) for 1 hr. The pH was 
adjusted to 9 by the addition of Dry Ice and the solution was 
extracted with ether to remove unreacted 1 (ca. loyo) and bromo- 
benzene. The aqueous solution was acidified to pH 1 and ex- 
tracted with ether, yielding the crnde acid which was crystallized 
from 1 1. of petroleum ether (bp 90-120°) to give 68.7 g, mp 105.5- 
106'. The yield of 2 is 85Yo based on the amount of unrecovered 
1: lH nmr (acetone-&) 6 4.17 (2 H, AB quartet, AYAB = 7.2 
Hz, JAB = 16.5 Hz), 5.15 (1 H,  quartet, J = 6.8 Hz), 7.45 
(5  H, aromatic), and 3.80 ppm (1 H ,  COOH); 19F nrnr (CC1,I 
6 78.2 (doublet, J = 6.8 Hz). 

A n a l .  Calcd for CI0H9FJO3: C, 51.24; H,  3.87. Found: C, 
51.49; H, 4.02. 

Resolution of 2 with Amphetamine (3).-TO a mixture of 56.5 
g (0.24 mol) of unrecrystallized 2 (mp 102-104') and 32.6 g 
(0.24 mol) of (-)-amphetamine (Aldrich Chemical Co.) was 
added 200 ml of hot ethyl acetate. The mixture was briefly 
heated on the steam bath to dissolve all solid, then allowed to 
stand a t  room temperature. After 4 hr, the resultant fluffy 
needles were collected by filtration and washed with cold ethyl 
acetate to give 22.7 g of salt, mp 149-153'. Two recrystallizn- 
tions of this material using 12-14 ml of hot ethyl acetate pel 
gram of salt gave 19.4 g (44% of theory) of material which did 
not change its properties upon further recrystallization: nip 
155-156'; [a]% -70.2 i 1" ( c  3.22, absolute ethanol). 

(6) Cramford has reported tlie resolution of I-tIiRuoromethylet11anol via 
t h e  adduct arising from candensation of t h e  alcohol with acrylic acid. Hp- 
drolysis is effected with Ibase I IY  means of t h e  reverse hlichael addition 
I.J. W. C .  Cravford ,  J .  Chem. Soc., 4280 (1965); ibid., C, 2332 (196711. 
(7) Melting points were determined on a Ruchi apparatus and are uncor- 

rected. T h e  nmr spectra were determined with a Varian A-56/60 spec- 
trometer and chemical shifts are reported in 6 units (parts per million down- 
field from internal tetramethylsilane or upfield from internal fluorotrichloro- 
methane). hlicroanalpes were performed by J .  Nemeth and his associates. 

( 8 )  'I'he trifluoroacctophenone used in this work (Columbia Organic 
Chemicalp, Columbia, S. C . )  \vas shown I)y ~ l p c  to  contain 23% hromohen- 
zenc. Reported crude yieida are corrected for the  Lromobenzene present. 

A n a l .  Calcd for ClgH22F3N03: C, 61.78; H, 6.00; X, 3.80. 
Found: C, 61.65; H, 5.89; K, 3.66. 

Concentration of the first crop mother liquors to 150 ml af- 
forded a second crop of crystals, mp 128-130° (16.0 g), which did 
not significantly change its melting point or rotation upon 
successive recrystallization from et,hyl acetate. This salt is not 
the other diastereomer but is n. mixture of the two diastereo- 
mers and is richest in the salt of (+)-2.9 The remaining mot,her 
liquors were coilcentrated at, reduced pressure t,o remove ethyl 
acetate and then treated wit,h 1.50 ml of 6 IV hydrochloric acid t.o 
afford, after work-up, 32.7 g (0.14 mol) of partially resolved 2. 
Treatment of this mat,erial with 18.9 g (0.14 mol) of (+)-3 in 
275 ml of ethyl acetate gave 16.0 g of material, mp 151-154', 
which, after one recrystallization, afforded 13.4 g of salt melting 
a t  155-156'; [ a ] " D  +69.7 3t 1' ( c  3.30, absolute ethanol). 
Purified (+)-amphetamine salt was converted into (-t )-2 a-ith 
hydrochloric acid, yielding, after work-up, material melting a t  
87.5-88.5', [aIz4n +120 =IC 1" (c 3.4 absolute ethanol). 

A n a l .  Calcd for C10H9F303: C, 51.24; H, 3.57. Found: C, 
51.31; H ,  3.81. 

Conversion of 2,2,2-Trifluorophenylethoxyacetic Acid (2) into 
2,2,2-Trifluorophenylethanol (l).-To a solution of 11.5 g (0.05 
mol) of (-)-2 in 100 ml of carbon tet,rachloride  as added 13.3 
g (0.07 mol) of N-bromosuccinimide and the mixture a-as heated 
to reflux on the steam bath while being irradiated with a GE 
snnlamp. AFter 4 hr, the I9F nmr spectriim of an aliquot showed 
a trace of starting material and three major doublets 77.22, 77.56, 
and 77.60 ppm iipfield of internal CFC18, tentatively assigned to 
the two diastereonieric monobromides 4a and b and the a,a- 
dibromo derivative, 4c. The solvent was evaporated, the residiie 
Tyas treated with 100 nil of 1Oyo potassium hydroxide, and active 
alcohol 1 was collected by steam distillation. The distillate 
(250 ml) was extract,ed with ether, dried (?,IgS04), and concen- 
trated. Molecular distillation of the reeidue 12 torr, 4U", cold 
finger at 0") gave 6.88 g (goyo) of (-)-I, identified by its ir and 
nrnr spectra: a25n -40.8" (neat, I = 1'1 (lit.2 a% -41.18' 
(neat, 1 = 1). An iimr deterrninatioii10 of the optical pririty of 
this carbinol failed to detect the preseiice of the (+)-enantiomer 
of 1. 

Registry No.-( +)-I ,  340-05-6; (-)-amphetamine 
salt of 2, 18521-88-5; (+)-2, 18521-89-6; (+)-amphet- 
amine salt of 2, 18521-90-9. 
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(9) A. n con5eqilencc of thc form:ition of thi, niistiirc, It i:, :!drirahlc tu 
liberate the pnrtinlly resolved acid 2 from tlie niotlier liquor.; of the initin1 
crystallization and to  proceed nitli t h e  resolution of this material usinp t i le  
other enantiomer of amphetamine. 

(10) (a) 15'. H. Pirkle, J .  Amer. Chem. Soc., 88, 1837 (1966); (13) W. H. 
Pirkle and S. D. Beare, ib id . ,  89, 5485 ( 1 9 6 i ) .  
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In an earlier paper we reported the photocpcloaddi- 
tion of diphenylacetylene to 2,3-dihydropyran to form 


