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quinoline iV-oxidela cautiously. The mixture was then heated 
under reflux for 15 min and poured slowly over crushed ice, The 
mixture was made strongly basic with a KOH solution. The 
aqueous layer was extracted with ether, and the ether extracts 
were dried (KzCO3) and concentrated to give a brown solid. This 
solid was dissolved in low-boiling petroleum ether and basic 
alumina was added. Stirring for 10 min followed by filtration 
gave a yellow filtrate which upon concentration gave 17.3 g 
(78%) of crude 2-chloro-3-methylquinoline (3 ,  X = Cl). Re- 
crystallization from hexane gave white needles, mp 82-84' (lit.9 
mp 89-90'). 

2-Bromo-3-methylquinoline (3 ,  X = Br).-A mixture of 5.00 g 
(0.031 mol) of 3 (X = 0) and 12.70 g (0.045 mol) of phosphorus 
oxybromide was stirred at  140" for 3 hr.  After this time the 
mixture was poured onto 200 g of crushed ice and subsequently ex- 
tracted with both 600 ml of methylene chloride and water. 
When solution was complete, the layers were separated and the 
aqueous layer was extracted with 150 ml of methylene chloride. 
The combined organic layers were washed with 150 ml of water, 
dried (MgS04),  filtered, and concentrated to yield 3 (X = Br)  
as a tan solid that weighed, after drying, 8.78 g (83%). The 
solid was recrystallized once from hexane to afford an analytical 
sample that melted a t  96-97': pmr (CF3COOH) 8 8.42 (8, 1 H, 
4-quin), 7.87-8.33 (m, 4 H ,  ArH), and 2.52ppm (s, 3 H ,  CH8). 

And .  Calcd for CloHsBrN: C, 64.07; H,  3.64; N, 6.31. 
Found: 

2-Chloro-3-methylquinoline Hydrochloride (3, X = Cl-HCl).- 
2-Chloro-3-methylquinoline (3 ,  X = C1) was taken up in ether 
and anhydrous HC1 waq bubbled into the solution until precipita- 
tion was complete. The solid was removed by filtration and 
dried to give 3 (X = C1) hydrochloride: mp  215-218"; pmr 
(CDCl3) 6 8.99 (s, 113, 4-quin), 9.63-7.61 (m, 4 H,  ArH), and 
2.74 ppm ( s , 3  H ,  CH3).  

Anal. Calcd for CiaH9ClzN: C,  .56.11; H, 4.24; K, 6.54. 
Found: C, -56.34; H, 4.05; N ,  6.61. 

2-Iodo-3-methylquinoline (3 ,  X = I).-To a stirred mixture 
of 24.0 g (0.112 mol) of 3 (X = C1, HC1) in 600 ml of methyl 
ethyl ketone (MEK)  was added 60 mi of a saturated aqueous 
solution of sodium iodide. The solution wa5 heated under 
reflux for 24 hr. The solvent was removed by distillation, and 
excesb water was added. The brown solid which precipitated 
was treated with iaturated aqueous sodium bicarbonate and 
ether. The aqueous layer was extracted with chloroform and 
the combined organic phases were washed with aqueous sodium 
bisulfite, dried (MgSO4), filtered, and concentrated to  yield a 
light red oil that  solidified upoii the addition of hexane. Re- 
crystallization of the d i d  from hexane gave 19.4 g (607,) of 3 
(X = I )  a i  long needles, mp  87-89', pmr (CH&12) 6 7.88-7.23 
(m, 3 H ,  ArH) and 2.52 ppm ( ~ , 3  H ,  CH,). 

Anal. Calcd for CloH81X: C, 44.64; H, 3.00; N ,  5.21. 
Found: C,44.36; H,2.82; N ,  3.13. 
2-Chloro-3-bromomethylquinoline (1, X = C1).-To a solution 

of 14.7 g (0.082 mol) of 3 (X = C1) in 300 ml  of dry CC1, was 
added 14.5 g (0.082 mol) of K-bromosuccinimide (NBS) along 
with 0.1 g of dibenzoyl peroxide. The mixture was heated with a 
100-W lamp and reflux was continued for 11 hr. After this time 
the mixture wa5 filtered, and the solvent was evaporated to 
afford 20.0 g (95%) of a white solid, which on recrystallization 
from hexane gave 1 (X = C1) ab white needles, mp  121-12;i0, 
pmr (CDCl,) 6 8.21-7.34 (m, 5 H ,  quin) and 4.69 ppm (s, 2 H ,  
CH,). 

Anal. Calcd for CloH7BrC1N: C, 46.83; II, 2.75;  N ,  5.46. 
Found: 
2-Bromo-3-bromomethylquinoline (1, X = Br).-L'sing the 

procedure above, 14.22 g (0.064 mol) of 3 (X = B I )  and 11.39 g 
(0.064 mol) of XBS,gave 18.63 g (937,) of 1 (X = Br),  mp 136- 
138', pmr (CDC1,) 6 8.60-7.48 (m, ,5 H, ArH) and 4.91 ppm 

Anal. Calcd for CloH,BrzN: C,  39.90; H, 2.35; N ,  4.65. 
Found: C,40.20; H,2 .27;  N,  4.83. 

2-Iodo-3-bromomethylquinoline (1, X = I).-The method 
above was used to convert 19.4 g (0.072 mol) of 3 (X = I)  and 
13.3 g (0.072 mol) of KBS t o  11.0 g (4570) of 1 (X = I) ,  mp 
12.5-128", pmr (CTIC1,) 6 8.32-7.56 (m, 5 H, quin) and 4.72 ppm 

C,  54.41; H ,  3.58; N,6.36. 

C, 46.82; H, 2.90; N,  5.42. 

(s, 2 H,  CH2). 

(5, 2 H ,  CHZ), 
Anal. Calcd for C,oH;BrIK: C. 34.52: H, 2.03; K, 4.02. 

Found: C,  34.82; H,-2.03; Pi, 3.89. 

(13) 0. Auchardt, J. Decker, and C. Lohse, Bcta Chem. Scand., 19, 1120 
(1965). 

3-Bromomethyl-2-quinolone (1, X = 0) .-The method above 
converted B.0 g (0.031 mol) of 3 (X = 0) and 5.6 g (0.031 mol) 
of NBS to 3.4 g (72%) of 1 (X = O ) ,  mp 218-219", pmr (CF3- 
COOH) 6 8.72-7.68 (m, 4 H ,  quin) and 4.74 ppm (s, 2 H ,  CH2).  

Anal. Calcd for CloHBBrNO: C ,  50.45; H ,  3.38; N, 5.88. 
Found: 

RegistryN0.--1 (X = Cl), 35740-82-0; 1 (X = Br), 

36740-85-3; 3 (X = Br), 35740-36-4; 3 (X = C1) HC1, 
35740-87-5; 3 (X = I), 35820-73-6; 1-propionylisatin, 
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The renewed interest in synthetic organic electro- 
chemistry is derived in part from the increased use of 
nonaqueous and, in particular, aprotic solvents. The 
usc of such solvents is limited, however, by the avail- 
ability of supporting electrolytes which ionize to give 
solutions of sufficiently low resistance. This becomes 
particularly important in bulk electrolyses in n-hich a 
high solution resistance results in the generation of con- 
siderable heat. 

Among the most widely used supporting electrolytes 
in solvents such as acetonitrile, dimethylformamide, 
methylene dichloride, and tetrahydrofuran are the 
tetraalkylammonium salts. Their ready availability, 
ease of purification, and the potential range over which 
they can be used makes them ideally suited for a vari- 
ety of electrochemical uses. While the cation deter- 
mines the solubility, the choice of a specific tetraalliyl- 
ammonium salt is governed principally by the chemistry 
of the anion. Unfortunately, the choice of anions is 
limited. The ease of oxidation of halides to the corre- 
sponding halogens, coupled with the high nucleophilicity 
of the halide ion, severely limits their use as supporting 
electrolytes. Acetates have been suggested as useful 
supporting electrolytes, since upon oxidation only 
ethane and carbon dioxide are generated (via the Kolbe 
reaction). However, it was not found possible to pre- 
pare tetraalkylammonium acetates free of acetic acid. 
House3 has come to the conclusion that the tetraalkyl- 
ammonium fluoroborntes are the supporting electrolytes 
of choice, since they are readily prepared and purified, 
and exhibit the necessary eIectrochemical properties. 
Thus, the tetra-n-butylammonium salt shows a lim- 
iting reduction potential (at mercury) more cathodic 
than 2.7 V (all potentials are quoted against the sat- 

(1) This work was supported by the Sat ional  Institutes of Health (Grant 

(2) K I H  Predoctoral Fellon. 
(3) H. 0. House, E Feng, and N. P .  Peet,  J O r g ,  Chem.,  56, 2371 (1071). 

AM 14343). 
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Et4N + 

n-Pr4N + 

TL-Bu~K + 

a Reference 3. 

urated calomel 

TABLE I 
SOLUBILITIES OF TETRAALKYLAMMONIUM  SALTS^ 

r------DMF---- --CHsCN--- --CHzCI~--- --------T HF----- 

CF,SO,- 7 . 2  (2.58) 
c104 -a 2 . 3  (1.00) 
BFa-a 2 . 7  (1.24) 
CF3S03- 4 . 9  (1.49)  
c104-5 2 . 1  (0.74)  
BF4-Q 3 . 2  (1.17) 

C104-‘ 7 . 9  (2.29) 
BFa-a 7 . 5  (2.34) 
* In  g/10 ml (concentration, M). 

CFaS03- 8 . 8  (2.25) 

8 . 6  
2 .6  
3 . 7  
5 . 0  
2 . 1  
3 . 6  
9 . 8  
7 . 0  
7 . 1  

electrode unless otherwise stated) in a 
variety of aprotic solvents and gives solutions with 
sufficiently low specific resistances to be suitable for 
bulk electrolyses. 

The principal consideration in choosing a supporting 
electrolyte, once the electrochemical requirements have 
been met, is one of inertness toward electrochemically 
produced intermediates and products. I n  cathodic 
reductions where anions and anion radicals are likely 
intermediates it is to be expected that the tetrafluoro- 
borate anion will be inert. However, in anodic oxida- 
tions reactions between tetrafluoroborate and electro- 
chemically generated cations and cation radicals are ex- 
pected. h chemical analogy is that  of the Balz- 
Schiemann reaction* in which the thermal decomposi- 
tion of an aryl diazonium fluoroborate yields the cor- 
responding aryl fluoride via the aryl cation. Similarly, 
we have found that porphyrin T dications, mhich are 
stable in the presence of tetraalkylammonium per- 
chlorates, react with tetrafluoroborates. Clearly then, 
the tetrafluoroborates do not meet the criteria of chem- 
ical inertness during anodic oxidations. This is also 
true of most of the other supporting electrolytes cur- 
rently in use, except for those in which the anion is 
perchlorate. From an electrochemical vienpoint the 
tetraalkylammonium perchlorates are ideal. They are 
readily purified, highly soluble in a wide variety of sol- 
vents, and the specific resistances and limiting poten- 
tials of the resulting solutions are as favorable as those 
obtained with any other systems. Perchlorate salts 
suffer from only one disadvantage: since the per- 
chlorate anion is a powerful oxidizing agent, organic 
perchlorates are frequently, and unpredictably, ex- 
plosive! We have prepared a number of organic cat- 
ions by electrochemical methods and have isolated 
them as their perchlorate salts. The ever-present 
dangers of such practices were highlighted when it was 
reported6 that a recrystallized sample of tetra-n- 
propylammonium perchlorate exploded upon drying at  
room temperature ! 

Such considerations have prompted us to look for a 
cation which possesses the nonnucleophilic and low 
coordinating power of perchlorates but lacks its oxi- 
dizing properties. Since nucleophilicity is associated 
with conjugate bases of strong acids, our attention was 

(4) H SuschitAky, Aduan. Fluorzne Chem., 4, 1 (1965). 
( 5 )  R. H Felton, personal communication This sample of tetra-n- 

P r o P y h m m ” n  perchlorate was prepared from the corresponding hy- 
droxide and perchloric acid. The  product n a s  thorolughly nashed with 
mater and recrystallized from ethanol The  recrystallized sample (100 g) 
\vas placed in a plastic desiccator, at tached directly t o  a vacuum pump, 
evacuated to  10-4 Torr,  and  left a t  room temperature After some time, 
while still attached to  the pump, the sample exploded and blew the top off 
the deslccator. 

(3 .1)  8 . 5  (3 .0)  
(1.13) 
(1.69) 
(1 .49)  4 . 9  (1 .46)  A 

(0.74) 
(1 .32)  
(2 .5)  9 . 6  (2.45) 
(2 .05)  
(2.21) 

0 .2  (0 .08)  
(<0.01)  
(<0.01)  

10.1 (0.03)  
(<0.01)  
(<0 .01)  

9 . 2  (2 .35)  
5 . 0  (1 .46)  
6 . 5  (2 .02)  

drawn to trifluoromethanesulfonic acid, the strongest 
Brprnsted acid known.6 The stability of the trifluoro- 
methanesulfonate anion is illustrated by the observa- 
tion that methyl trifluoromethanesulfonate is lo4 times 
more reactive toward acetolysis than methyl p-toluene- 
sulfonate.’ Moreover, studies on the trifluorometh- 
anesulfonate anion show it to be a very poor ligand.8 

Treatment of aqueous solutions of tetraalkylam- 
monium bromides or hydroxides with trifluoromethane- 
sulfonic acid gives a precipitate of the corresponding 
trifluoromethanesulfonate salt. Recrystallization from 
a variety of aprotic solvents, followed by drying a t  
elevated temperatures, yields the pure, anhydrous, 
solvent-free product. The salts have solubilities (Table 
I) which in every case are comparable to those of the 
corresponding tetrafluoroborates or perchlorates. Fur- 
thermore, the specific resistances of solutions of these 
salts are very similar (Table 11) to those of the per- 
chlorates and tetrafluoroborates. Finally, the limiting 
anodic and cathodic potentials for the solutions (Table 
111) are, where they can be compared directly, essen- 
tially the same as for the perchlorates and tetrafluoro- 
borates. These potentials are limited in the cathodic 
direction by the reduction of the tetraalkylammonium 
cation (forming an amalgam a t  mercurys) in all the 
solvents examined except methylene dichloride, which is 
itself reduced at  a potential of -1.8 V. The limiting 
anodic potential is determined by oxidation of the sol- 
vent, which occurs a t  3.0 V for acetonitrile and 1.8 V for 
both DNF and CH2C12. We have used these tetra- 
alkylammonium trifluoromethanesulfonates as sup- 
porting electrolytes for a variety of anodic and cathodic 
cyclic voltametric studies as tvell as for controlled po- 
tential bulk electrolyses, and find that they are com- 
parable in every respect to  their perchlorate or tetra- 
fluoroborate counterparts, with the exceptions that the 
trifluoromethanesulfonate anion is nonoxidizing and 
does not react with highly oxidized substrates. 

The obvious advantages of using the trifluorometh- 
anesulfonates over the perchlorates necessitates their 
economical preparation, and, while the neutralization of 
the appropriate tetraalkylammonium hydroxide, or 
methathesis of the bromides, by trifluoromethane- 
sulfonic acids presents a simple and efficient prepara- 
tion, the use of a preformed tetraalkylammonium 
cation adds considerably to the expense of the final 
product. Esters of trifluoromethanesulfonic acid are 

(6) T. Gramstad, Tidsskr. Kjemi, Bergu. M e t . ,  19, 62 (1959). 
(7) A. Streitwieser, Jr., C. L. Wilkins, and E. Kiehlmann, J .  Amer. Chem. 

(8) 8. Scott, and H. Taube, Inorg. Chem., 10, 62 (1971). 
(9) J .  D. Littlehailes and  B. J. Woodhall, Chem. Commun., 665 (1967). 

Sac., 90, 1598 (1968). 
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TABLE I1 .-SPECIFIC RESISTANCES FOR TETRAALKYLAYMONIUM  SALTS^ 

NOTES 

-CHaCN--- 

23.6 (1 .0)  
32.7 (0.5) 
57.5 (0.2)  
96.6 (0.1) 
26 (0.6)  
18 (1.0)  
27 (0 .5)  
32 (1 .0)  
38 (0 .5 )  
64.3  ( 0  * 2) 

108 (0 .1)  

23 (1 .0)  
43.4 (1 .0)  
44.4 (0 .5 )  
77.2 (0.2)  

121 (0 .1)  
37 (0 .6)  

31 (1 .0)  
33 ( 0 . 5 )  

31 (0.60) 

39 ( 0 . 5 )  

--CHL!l------ c-----THF----- 

75.0 (1 .0)  
145 (0.5) 
414 (0 .2)  

9 . 6  (0 .1)  

139 (1 .0)  322 

409 (0.2)  1285 
84 1 (0 .1)  3080 

369 
583 
373 
587 

185 ( 0 . 5 )  478 

TABLE 111 .-LIMITING ANODIC A N J  C.4THODIC POTENTIALS FOR TETRBALKYLAMMONIUM SALTSa ----- D M F----- r- C Hac N------ _____ CI-I~CI~------ -----THF----- 
1g- P t +  Pt-  P t t  Pt- HE- P t t  Pt- Hg-  P t +  Pt-  Hg - 

EtaNfCF3SO3- 1.8 -2 .2  -2.65 3 . 0  - 2 . 5  - 2 . 8  1 . 8  -1 .6  -1 .7  
Et4N 'CIOa-b 1 . 6  - 2 . 1  - 3 . 0  - 2 . 8  
Et4N +BF4c -2.72 -2.70 
Pr4N+CF,S03- 1.85 -2 .3  - 2 . 7  3 . 0  - 2 . 4  -2 .6 1 . 8  -1 .7  - 1 . 8  
BuJS'CF3S03- 1.8 -2 .3  - 2 . 8  3 . 0  - 2 . 1  -2 .7  1 . 8  - 1 . 8  -1 .9  1 . 6  -2 2 - 3 . 2  
BuaN 'clod- 1 . 9  -2.5b -3.0b -2.77c 1.8' -1 .7b - l . S b  -2 .9$  
BLI~N 'BF4-c -2.80 -2.74 -2.75 
a The potentials are measured against Ag/AgCl+ except in b and c (where the reference electrode is SCE) SCE is +242 mV and Ag/AgC1 

b C. K. Mann, "Electro-analytical Chemistry," -4. J. Bard, Ed., Arnold, London, 1969, p 57. 
Reference 3. 

+- 197 mV os. the hydrogen electrode. 

powerful alkylating agents,'" which suggested that the 
treatment of such an cster with a tertiary amine should 
give directly the tetraalliylammonium salt. This 
proved to  be the case, and our standard method for the 
preparation of these salts now follows this route. 

Experimental Sectionll 

Tetraethylammonium Trifluoromethanesu1fonate.-To 50 g 
(34 mmol) of a 10% solution of tetraethylammonium hydroxide in 
water wa5 added 3 g (33 mmol) of trifluoromethylsulfonic acid. 
The solution wab stirred for 30 min and then takcn down to dry- 
nebs on a rotary evaporator to give a quantitntive yield of the 
crude d t ,  mp 140". Three recrystallizations from THF gave 
6.0 g (63%) of Et4NCF3S03: mp (after drying under vacuum) 
160-161"; ir (CHZCL) no OH absorption, bands at 1250, 1228 
(sh), 1162. and 1035 cm-l; nmr (CHC1,) S 1.39 (12 11, t ,  J = 7 
HA), 3.44 (8 H, q, J = 7 Hz). 

S, 11.48. Found: C, 38.97; H ,  7.40, N,  5.17; S, 12.01. 
Anal. Cdcd for Cq€I2oF3NO#: C, 38.70; H ,  7.23; S, 3.01; 

Tetra-n-propylammonium Trifluoromethanesulfonate . Method 
A.-A holurion of 100 g (0.37,; mol) of tetra-n-propylamnionium 
bromide in 200 ml of water was rapidly stirred while 57.4 g (0.376 
mol) of trifluoromethanesulfonic acid was slowly added. The 
nolution was cooled to room temperature and filtered, and the 
product was washed with water. This gave 115 g (917,) of the 
crude salt, mp 149-163'. Recrystallization from methylene di- 
chloride-benzene gave 101.2 g (80%) of (n-Pr)4NCF3S03 as 
clear plates: mp (after drying under vacuum) 164.5-165.5"; 
ir (CIJ2CL) no 011 absorption, bands at 1238, 1223, 1155, and 

(10) R. L. Hansen, J .  Org. Chem., SO, 4322 (1965). 
(11) hfelting points are uncorrected. Nmr spectra were recorded at 60 

MHz with tetramethylsilane as interne1 reference. 

1031 cm-'; nmr (CHZClU) F 1.1 (12 H, t ,  J = 7 IIz), 1.5-2.1 
(8 1-1, m), and 3.1-3.35 (8 H, m). 

Anal. Calcd for C~JI?SF&OJS: C,  4G.55; I T ,  8.41; N, 
4.18; S,9.50. Found: C,4G.75; H, 8.44; ?;, 4.22; S, 9.39. 

Method B. Trifluoromethanesulfonic Anhydride.--A well- 
mixed suspension of 60 g (0.40 mol) of trifluoromethanealllforlic 
acid and 60 g (0.42 mol) of phosphorus pentoxide was allowed to 
stand a t  room temperature for I hr. The volatile product was 
then distilled, a t  12 mm, into a Dry Ice-acetone ti'ap, giving 46 g 
(87%) of the anhydride which was used without further purifica- 
tion. 

A solution of 10 g (33.3 mmol) of trifluo~omethanesulfonic 
anhydride and 4.5 mol of dry methylene dichloride was stirred 
and cooled in an ice bath. Dry pyridine (2.80 g,  :33.> ininol) was 
slowly added while the temperature waJ maintained below lo", 
dry n-propanol (2.13 g, 33.5 mmol) wa> then slowly added, and 
the mixture was filtered. The filtrate, containing the propyl 
trifluoromethanesulfonate, was cooled in an ice bath and 5.1 g 
(35.6 mmol) of tri-n-propylamine (purified by distillation from 
naphthyl isocyanate) was ,slowly added. The solution was t nken 
down to dryness. The residue was dissolved in  the ininimuni of 
hot water and allowed to stand at 0" until crystallization was 
complete. The product, 8.9 g (755;,), wa.~ collected by filtration; 
recrystallization gave a product identical with that described 
above. 

Tetra-n-butylammonium Trifluoromethanesulfonate. Method 
A.-A solution of 9.7 g (30 mmol) of (n-BLi)4N& in :SO in1 of water 
was rapidly stirred while 4.5 g (30 mmol) of trifliioroniethane- 
sulfonic acid was slowly added. After cooling to room tenipera- 
ture the mixture wa:: filtered and the product was washed with 
water to  give 8.82 g (75%) of the crude salt, mp 109-111°. 
The filtrate was extracted with methylene dichloride to give a 
further 2.68 g (237;,) of the salt, mp 100-104°. The combined 
solids were twice recrystallized from methylene dichloride-ether 
to give 10.72 g (91yo) of (n-Bu)4SCF3S0,: mp (niter drying 
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under vacuum) 111-112.3°; ir (CH2C12) no OH absorption, bands 
at; 123.5, 1220, 11,54, and 1031 cm-l; nmr (CHC1,) 6 1.0-1.25 
(12 I i ,  ni), 1.4-2.1 (16 TI, in), and 8.15-3.65 (8 H ,  in). 

Anal, Calcd for CliHsnFaXOsS: C ,  52.15; H, 9.27; N ,  3 3 8 ;  
8,  8.19. Found: C, ~ 1 7 ;  IS, 9.23; N, 3.65; S, 8.38. 

Method B.--A solution of 10 g (3.5.5 mmol) of trifluorometh- 
anesulfonic anhydride and 45 nil of methylene dichloride was 
stirred and cooled in an ice bath. Dry pyridine (2.80 g,  35.5 
inmol) was slowly added while the temperature was maintained 
below 10". Dry n-butyl alcohol (2.63 g, 3.5.5 inmol) was then 
slowly added and the mixture was filtered. The filtrate, con- 
taining the butyl trifluoromethanesulfonate, was cooled in an 
ice bath and 6.58 g (35.5 mmol) of tri-n-butylamine (purified by 
distillation from naphthyl isocyanate) was slowly added. The 
solution was taken down to dryness and the solid was triturated 
with ether. The ethereal solution was filtered and taken down to 
dryness, and the product was recrystallized as above to give 6.9 g 
(50%). 

Purification of Solvents.-3lethylene dichloride was refluxed 
for 24 hr over, and distilled from, cdciiim hydride under argon, 
and stored over :!A :ind 5A molecular sieves. The specific re- 
sistancewas 1.44 X 10Gohm cin. 

Acetonitrile was refluxed for 2 days over, and then distilled 
from, calcium hydride (10 g/l.) under argon. This distillate 
was then twice distilled from PaOj (.j gjl .)  under argon and stored 
over 3A molecular sieves. 
ohm cni. 

Diinet.hylformamide (spectra grade, Eastman) was stored over 
4A molecular sieves. The specific resistance was ,557 X IO6 ohm 
cni . 

Tetrahydrofuran was refluxed over and distilled from sodium- 
potassium alloy under argon. 

Solubility Measurements.-1Iistures of the piirified solvents 
and an  excess of the sal1 (pulverized and dried under vacuum at  
50") were heated until most of the salt had dissolved and then 
held at  28" until eqiiilibriuni was reached. Three separate 
aliquots of the siiperri:it:rnt- liquid were then taken down to dry- 
ness and dried to constant weight under vacuum. 

Specific Resistance Measurements.-3Ie:trurements were 
made using :in Ind\i*tvi:il Insti~iimenis rondiictivity cell with 
platinized platinum elect rocks. The cell constant (0.098) was 
determined wing 0.100 and 0.010 ilf aqueous solutions of KC1. 
Solutions were 1)rotec.t ctl froni i hc ai  inosphere and immersed 
in an oil bath niainiained t i t  25.0". The mqistances were me:r- 
sured on a Serfass conductivity bridge, Model TICAL 15, a t  a 
frequency of 1 KHz. 

Measwements of Limiting Anodic and Cathodic Potentials.- 
A mercury drop ( X . 1  mm2), hanging froin the end of a capillary, 
was used for the (xihodic menmrements against, merrwy, and a 
platinum disc (7.1 mm2) w r s  nhed for the anodic and cathodic 
measuremenis n,gainst platinum. The reference electrode con- 
sisted of n long, thin (0.4 X 13 cm) lube with a cracked tip at the 
bottom. This tube was filled with the solvent, and supporting 
electrolyte under investigation, and the aqueous reference elec- 
trode was isolated via a KC1-agar bridge placed in i t .  The 
counter electrode was in every case :t small platinum sphere. 
Readings were taken using an 11. I. Associates polarographic 
instrument with n Tetronic.5 osc*illoscope for the display. The 
limiting potential was t:ikcn to be that voltage at which d l j d V  
equalled 3 X 10-6~4 V-1. 

Registry No. --Et.ln'CFaSOsJ 35595-69-3 ; (n-Pr)4N- 

The specific resistance wa 

CF3S03, 35925-48-5; ( ~ - B u ) & C F ~ S O ~ ,  35595-70-6; 
Et.iSBF.1, 429-06-1. 

(Musca domestica L.) were recently rrported. Wc 
described here a very efficient synthesis of 1 from readily 
available starting materials. 

Erucic acid (2)2 was converted into lietone 3 by the 
action of 2 equiv of methyl l i thi~m.~ Hunng-lIinlon 
reduction4 of 3 gave 1 iri x i  owrnll yield of S.i%. This 
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process is easily adaptable to large-scale preparations 
and requires no expcnsiw rragcnts. 

Experimental Section5 

(Z)-Tricos-14-en-Z-one (3).-To a 10.7-g (31.3 mmol) quantity 
of erwic: acid (2) (Co1iimhi:i Organic Chemicals) in dry ether 
(200 ml) containing o-pherinrithroline (5 nig) 
(63.0 mmol) of 2.00 M methpllithiutn in hex 
rate such that gas evolution was moderate. The reddish-brown 
reaction mixture was stirred for 30 xnin and quenched by C:LU- 
tiouely adding 10% NaOII (100 ml),  saturated NaHCOi (10 ml), 
and saturated (?JH&S04 110 ml). The phases were separated 
and the aqueous phase wax cxtrwt(v1 x i th  ether (:I x: 100 ml). 
The combined organic ph:ises were dried (AIgSOd), concentrated, 
and distilled to give 9.77 g (!E.:.I(;< ) of ketone 3:  bp 140' (0.10 
mm); n %  1.4.572; ir , 1 4 )  :IO15 (olefinic. CH) ,  1725 cm-l 
(C=O); nmr (CC14) 6 ( -2.50 (in, 42 11, a11 proioiis except 
olefinic; CI13 s at  6 2.0 5.27 [ t ,  J (apparent) E 4.5 Hz, 2 
H, olefinic]; ma.ss spectriim (70 eV) showed AI.+ a t  vi/e 33ti; 
vpc (357, SE-30, 8 ft x 0.125 in., 250", 50 mljmin) showed one 
peak. 

Anal. Calcd for C,:J-T&: C!, s2.07; IT, i:J.is, F o ~ ~ l d :  
C, 82.04; 1-1, 13.30. 

(Z)-g-Tricosene (l).-To n soluiion of 8.1 g (47 mniol) of %:/ 
KOH in diethylene glycol (30 ml) wns added 4.77 g (14.1 mmol) 
of ketone 3 and 2.0 g (40 mniol) of 85(';  hydr:uinc hydi,:ite. The 
reaction mixture was heiited at 140" until the water had been 
removed and then a t  193" for 4 hr.  The c*ooled reaction mixt,iire 
was poured into ice-water (150 ml), neutrnlixed with (i A- IICl, 
and extracted with pentane ( 5  X 100 ml). The vombined ex- 
tract- were dried (AlgSO,), concwitrnled, and distilled to give 

hp 170-172" (0.5 nim); n 2 3 1 )  1 .4,5:32 
[lit.' bp 157-158" (0.1 mm); n% 1.45171 ; ir (CC1,) :3015 em-' 
(olefinic CH); nmr (CCla) 6 0.(;7-2.25 (ni, 44 13, all protons cx- 
cept olefinic; CH&II=CIICHp m, at 6 l.!M), 5.25 [ t ,  .I (:ti)- 
parent) % 4.5 Ha, 2 H ,  viiiyl] ; mass speclrum (70 eV) showed 
M , +  at, m/e  322; vpc ( 3 7 ,  SE-30, 8 ft x 0.125 in., 250",  50 ml/ 
min) showed one Desk. 

(;; ) of oldin 1: 

Anal. Calcd for CEJI~G: C, 85.03;  €1, 14.37. Found: C,  
85.73; 11, 14.30. 
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