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The above considerations could account for the differ- 
ence in reaction of the two peroxyhypochlorites with 
CzF&!l and CFzCC12. If SF500C1 is less electrophilic, the 
selectivity and ease of addition with these olefins may de- 
crease. If the oxygen-chlorine bond is weaker in SF500C1, 
a side reaction of the type 

OOSF, 
SF,OOCl + >C=C, / - C1, + 

c1 
may be thermodynamically and/or kinetically more favor- 
able. Some evidence for latter was obtained by the reaction 
of SF5OOC1 with CHsC(0)Cl. The formation of Clz and 
CH&(0)OOSF521 occurred in high yield. There is a t  least 
some similarity between the carbon-chlorine bond in 
-C(O)Cl and >C=C-C and welbelieve the above side reac- 
tion takes place to give unstable peroxides as indicated, 
with a concomitant decrease in yield of the addition prod- 
uct. 
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T h e  synthesis o f  3-methyl-2-chlorobutane in 90% yie ld  and 3,3-dimethyl-2-chlorobutane (pinacolyl chloride) in 
49% y ie ld  in which Wagner-Meerwein rearrangement products are completely absent i s  described. The method 
involves the displacement of the corresponding p-toluenesulfonyl esters w i t h  lithium chloride in dimethy l  sulfox- 
ide and hexamethylphosphoramide under moderate vacuum and temperature w i t h  concomitant evaporation of 
the chlorides produced. T h e  application o f  several methods of halogenation t o  pinacolyl alcohol is discussed. 

In connection with gas-phase kinetic studies pinacolyl 
chloride (8) was required in high purity. The tendency of 
this compound to rearrange under the conditions required 
for its synthesis is well known1-* and contaminants are usu- 
ally difficult to separate. In fact, compound 8 and 2,3-di- 
methyl-2-chlorobutane (lo), the Wagner-Meerwein rear- 
rangement product of 8, differ in boiling point. by only 1 
0C.4 The inherent steric hindrance of the secondary neo- 
pentylic carbon implies the use of rather harsh reaction 
conditions for bimolecular displacements to take place. 
Consequently significant quantities of olefins are generally 
produced. 

These difficulties thwarted all efforts directed toward 
the synthesis of pinacolyl chloride until Whitmore5 was 
able to obtain it by means of the chlorination of 2,2-di- 
methylbutane, albeit in poor yield. 

Although 3,3-dimethyl-2-chlorobutane has been the 
subject of a limited number of studies,3,6r28 the literature is 
exceedingly scant of reports about its synthesis. Addition 
of hydrogen chloride to 3,3-dimethylb~t-l-ene~~~ makes the 
task of isolation of 8 nearly impossible for practical pur- 

poses, for considerable amounts of 10 are produced. Similar 
results would arise from the chlorination of the correspond- 
ing hydr~ca rbon .~  The halogenation of pinacolyl alcohol 
(7a) or some derivative thereof, though not devoid of obsta- 
cles, represented a more viable approach. In the present re- 
port an efficient synthesis of pinacolyl chloride free of com- 
pound 10 is described. 

Treatment of carbinol 7a with thionyl chloride in pyri- 
dine,7,s acetyl chloride, or phosphorus halidesg furnished 
small quantities of 8 in admixture with several carbenium 
ion derived products. The use of phosphorus reagents of 
the triphenyl phosphite type appeared more promising. 
The reaction of triphenyl phosphite-benzyl chloride ad- 
ductlo with 3-methylbutan-2-01 ( la ) ,  a model compound 
less prone to rearrange than 7a, in dimethylformamide at  
room temperature gave a mixture of 2-chloro-3-methylbu- 
tane (2) and 2-chloro-2-methylbutane ( 5 )  in a 2:3 ratio. 
Analogously, pinacolyl alcohol yielded both chlorides 8 and 
10. This result is in consonance with the observed rear- 
rangement during the halogenation of neopentyl alco- 
ho1.11J2 Wiley et  al.,13 inter alia,12 introduced the use of a 
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triphenyl phosphite-chlorine complex for the halogenation 
of alcohols and were able to obtain a 92% yield of neopentyl 
chloride from the carbinol without detectable rearrange- 
ment. Unfortunately, in our hands this procedure met with 
failure when applied to  8 under strictly anhydrous condi- 
tions. The adduct of triphenylphosphine and carbon tetra- 
chloride has allowed for the conversion of several rear- 
rangement-prone carbinols to chlorides under very mild 
~0ndi t ions . l~  Snyder showed recently that treatment of an 
allylic alcohol with this particular reagent provided the de- 
sired allylic chloride along with ll% of rearranged halide.15 
This encouraging result, however, found no success when 
applied to 8 under a variety of reaction conditions.16J7 Ad- 
dition of 1 equiv of pyridine or N,N-dimethylaniline in an 
attempt to control the pH of the reaction medium inhibit- 
ed halogenation. 

The direct displacement of p-toluenesulfonic acid esters 
by halide ions is well documented.18J9 This transformation 
is strongly dependent on the steric environment around the 
reaction center as illustrated by the poor yield of 2-methyl- 
1-bromocyclopentane obtained from the reaction of the 
corresponding tosylate with sodium bromide in DMF.19 
Nevertheless, moderately hindered halides like see-amyl 
bromide have been synthesized by this method and more 
importantly without appreciable rearrangement? Accord- 
ingly, the reaction of the model compound l b  with chloride 
ion was examinled. The tosylate (20 mmol) was stirred with 
lithium chloride (28 mmol) in dimethyl sulfoxide or DMF 
a t  room temperature under anhydrous conditions for 72 h. 
Moderate vacuum was applied and volatile material 
trapped a t  -78 "C furnishing a 93% yield of a colorless liq- 
uid. VPC analysis showed it to  contain 96% 2-chloro-3- 
methylbutane (2), less than 1% 2-chloro-2-methylbutane 
( 5 ) ,  and 3% of minor impurities. Distillation of this materi- 
al yielded pure compound 2.20 The tosylate of pinacolyl al- 
cohol ( 7 b P  remained unaffected under these conditions 
after 100 h of contact. In DMF at  temperatures above 60 
"C elimination became predominant.22 In Me2S0, in turn, 
substitution became significant only a t  115 "C but the pi- 
nacolyl chloridle produced was accompanied by copious 

amounts of olefinic material. The addition of hexamethyl- 
p h o ~ p h o r a m i d e ~ ~  allowed the reaction to proceed smoothly 
a t  50 "C only furnishing compound 8 in satisfactory yield 
containing no detectable amounts of compound 10 and a 
reduced percentage of olefins. The intermediacy of the six- 
membered transition state 13 in which HMPA appears as- 
sociated with the inorganic salt has been proposed.24 This 

13 

participation would account for the lower activation energy 
of the substitution reaction when HMPA is added, al- 
though other still unknown factors may be involved. 

Further studies on the gas-phase behavior of pinacolyl 
chloride are being conducted in our laboratory. 

Experimental Sectionz5 
Preparation of 3,3-Dimethyl-2-chlorobutane (8). A dry 500- 

ml round-bottomed flask, flushed with nitrogen, and equipped 
with a magnetic stirrer and a 5-in. Vigreux column connected to a 
dry ice-acetone trap, was charged with 40 g (0.15 mol) of 3,3-di- 
methyl-2-butyl p-toluenesulfonate (7b),2l 34 g (0.8 mol) of anhy- 
drous lithium chloride, 200 ml of dry MezSO, and 70 ml of HMPA. 
The mixture was stirred a t  ca. 54 "C (oil bath) under 10-mm vacu- 
um for 90 h while volatile materials were allowed to distill into the 
trap. Colorless liquid (14.9 g) was recovered, washed with 5% aque- 
ous potassium bicarbonate and water, and dried briefly over mag- 
nesium sulfate. VPC analysis indicated the presence of 54% 3,3- 
dimethyl-2-chlorobutane (8, 50% yield), 19% 3,3-dimethylbut-1- 
ene (S), 14% 2,3-dimethylbut-l-ene (ll), and 13% 2,3-dimethylbut- 
2-ene (12). The absence of compound 10 in the crude mixture was 
attested by the lack of a 6 1.59 ppm signal in the NMR spectrum 
corresponding to the gem- dimethyl g r o ~ p i n g . ~ , ~ @  

Purification of 8. Purification of the chloride 8 was achieved by 
passing the crude material through a column of neutral alumina 
activity I11 in pentane followed by vacuum gradient distillation at  
a temperature not above 38 0C.27 Pentane and the olefins were dis- 
tilled at room temperature (100-50 Torr) and condensed in a cold 
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trap. Pure pinacolyl chloride (8, 9.2 g, 49% yield) distilled next at 
30-35 O C  (oil bath) (20 Torr): ir (neat)2s 2975 (s), 2860 (m), 1455 
(m), 1375 (m), 1360 (s), 1270.(m), 1190 (m), 1070 (s), 860 (m), 725 
(m), and 664 cm-l (s); NMR (CDC13, 4 M) 6 1.08 (s,9, 3 CH3), 1.51 
(d, 3, CHsCH, J = 7.0 Hz), 3.83 (q, 1, methyne, J = 7.0 Hz); mass 
spectrum m / e  (re1 intensity) 107, 105 (M+ - 15) (2,  6), 69 (22), 57 
(100). 
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Semiconducting charge-transfer polyurethanes were prepared by condensation of 2,5-bis(2-hydroxyethoxy)- 
7,7,8,8-tetracyanoquinodimethan with 1,l'-diisocyanatoferrocene or 4,4'-diisocyanatotetrathiafulvalene. Powder 
compactions of the black polymers have electrical conductivities of 3 X ohm-' cm-', respec- 
tively. Condensation of 4,4'-bis(hydroxymethyl)tetrathiafulvalene with 4,4'-diisocyanatotetrathiafulvalene gave a 
polyurethane which was converted to its iodide. The iodide has an electrical conductivity of 2 X ohm-' cm-'. 
The syntheses of monomers are described. 

and 1.66 X 

Although many semiconducting organic polymers have 
been synthesized, the goal of an organic polymer having 
metallic conductivity has remained elusive. The recent 
demonstration of metallic conductivity in the charge-trans- 
fer complex of 7,7,8,8-tetracyanoquinodimethan (TCNQ) 
and tetrathiafulvalene (TTF)1,2 suggested that polymers 
containing these materials might display metallic conduc- 
tivity if properly oriented. The literature contains many 
examples of electrically conductive polymers in which 
TCNQs- is present as a counterion in a polymeric quater- 
nary ammonium ion.3 T o  prepare a polymer containing co- 
valently bound TCNQ, it was necessary to synthesize a 
TCNQ derivative containing suitable reactive functional 
groups on the ring. The sequence of reactions used to syn- 
thesize 2,5-bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquino- 
dimethan (1) is shown in eq 1. 

2,5-Bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodi- 
methan (1) is a stable red compound with mp 228-232 "C. 
A charge-transfer polymer was prepared by reaction of 1 
with 1,l'-diisocyanat~ferrocene~ to give a black polyure- 
thane, 2, containing electron-acceptor TCNQ units alter- 
nating with electron-donating ferrocene units. Inasmuch as 
the polymer is insoluble in organic solvents, electrical con- 
ductivity measurements were performed on a compacted 
powder. The value obtained was 3 X ohm-l cm-l, 
which is similar to  that reported for a TCNQ complex of 
poly( 3-vinylbisfulvalenediiron) .5 

A nonpolymeric model charge-transfer complex of 2,5- 
bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethan 
and 1,l'-bis(methoxycarbonylamino)ferrocene4 (3), was 
prepared to compare its properties with those of the 
charge-transfer polymer 2. The donor and acceptor compo- 


