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at -70', m.p. 48-50'. This melting point waa not d e p r e d  
when mixed with dibromo ketone XIb. 

Recrystalliiation of fraction b from petroleum ether a t  
-70" gave monobromo ketone Xa, m.p. 67-69', 

Fraction c, after recrystallization from petroleum ether 
and sublimation in vacuo yielded yellow crystals, m.p. 50- 
53'. Reported for carbocamphenilone (VI), m.p. 58-59',** 
56-59 ' .4 

The reaction of I with potassium l-buutozide. Potassium 
&butoxide, 8.2 g., waa added to 350 ml. of toluene and 100 
ml. of toluene waa removed by distillation. Compound I, 
7.4 g., was added slowly to the resulting clear solution, a 
precipitate formed immeditely. After heating for 4 hr., the 
mixture waa allowed to cool and was filtered. The toluene 
solution was washed with water and then the toluene was 
removed. Distillation afforded 7.0 g. of XIX and XX, b.p. 
46.5-47' (0.3 mm.), ny 1.4730, A,, 6.05 I ( .  

Anal. Calcd. for C14H240: C, 80.71; H, 11.61. Found: 
C ,  80.39; H, 11.34. 

One gram of the enol ether mixture was treated with 
Brady's reagent9 affording 1.58 g. of an orange solid, m.p. 
125-127". A portion of this solid, 229 mg., waa chromato- 
graphed on silica gel an$ sfforded the following fractions: 
(a )  57.2 mg. of the 2,4-diinitrophenylhydrazone of ketone 
IIb, m.p. 117-119' from ethanol; ( b )  5.0 mg. of the 2,4- 
dinitrophenylhydrazone of aldehyde V; and (c) 125.5 mg. of 
the 2,4-dinitrophenylhydrrarone of ketone IIa, m.p. 136- 
138' from ethanol. 

(32) S. V. Hintikka, Ber., 47, 512 (1914). 

BButyne. To a solution of 19.5 g. of potassium &butoxide, 
dried a t  170' in v w ,  in 150 ml. of pcymene heated to 
160" waa added 18.5 g. of 1,2-dibromo-2-methylpropsne at 
such a rate that the exothermic reaction which ensued did 
not cause t-butyl alcohol to distill from the system. A 
volatile product, 3 g., crystalliziig as long white needles, 
was collected in a Dry Ice-trichloroethylene cooled trap. 
There followed the distillation of a colorleas liquid, b.p. 80- 
82", whose infrared spectrum waa identical with that of t- 
butyl alcohol. The infrared spectrum of the volatile product, 
in a gaa cell, displayed all the maxima characteristic of 2- 
butyne. In  addition, a weak band a t  5.10 p and a strong band 
a t  11.20 I( suggested the presence of a small amount of 1 , s  
butadiene. 

Addition of bromine to the volatile product afforded a 
white solid, m.p. 228-230" from petroleum ether. Reported 
for 2,2,3,3-tetrabromobubne, m.p. 23Oo,aa 237O.84 
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(33) A. Faworsky, J .  praki. Chem., [2] 42, 145 (1890). 
(34) W. Dilthey, Ber., 34, 2119 (1901). 
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6,8-Diphenoxyoctanoic acid has been synthesized from the 7-butyrolactone by two dserent routes. 

In our studies of homologation of the fatty acids 
chainla*lb we were looking for substituting groups 
would emerge unaltered from the intermediate 
reactions. Dibenzylthio groups proved to be un- 
suitable for this purpose, since it was observed that 3, 
5-dibenzylthiopentanoic acid failed to undergo the 
Kolbe reaction and that the use of 2,4-dibenzyl- 
thiobutyric acid afforded secondary products in 
several steps of the chain homologation reactions.a 
Phenoxy groups which are less reactive deserved 
our attention. This paper describes a synthesis of 
6,8-diphenoxyoctanoic acid. 

y-Butyrolactone was converted into 2,4-dibro- 
mobutyric acid by the modified Plieninger proce- 
dure.s.4 

In order to avoid the elimination of hydrogen 

( I )  (a) B. Wladislaw, J. Chem. Hoc. 4227 (1955). 
( 1) (b) B. Wladislaw, Chem. & Znd. 263 (1957). 
(2) This aspect of the problem is under study. 
(3) H. Plieninger, Ber. 83,265 (1950). 
(4) A. F. Wagner, E. Walton, C. H. Hoffman, L. H. Peter- 

son, F. W. Holly, and K. Folkers, J. Am. Chcm. Soc. 77, 
5140(1955). 

bromide which would lead to the formation of a- 
bromo-y-butyrolactone, the crude reaction product 
was converted immediately into the corresponding 
methyl ester by treatment with methanol saturated 
with hydrogen chloride. The reaction of methyl 2,P 
dibromobutyrate with sodium phenolate yielded 
methyl 2,4diphenoxybutyrate. This compound was 
reduced to 2,4diphenoxybutanol with lithium alu- 
minium hydride in cold tetrahydrofuran, which 
by treatment with phosphorus tribromide grave 
l-bromo-2,4diphenoxybutane. The condensation of 
t,he latter compound with methyl sodiomalonate, 
followed by alkaline hydrolysis and decarboxyIa- 
tion, produced 4,6-diphenoxyhexanoic acid, which 
was characterized by conversion into the S-benayl- 
isothiouronium salt. When the ethyl sodiomalonate 
was used, difficulties were found during the purifi- 
cation of the intermediate diethyl ester. 

4,6-Diphenoxyhexanoic acid was submitted to 
electrolysis in the presence of an excess of benzyl 
hydrogen succinate. The benzyl ester, then formed 
by crossed coupling, could be either separated from 
the methyl ester of the starting acid by fractional 
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distillation or, without isolation, be converted into 
the required acid by hydrogenolysis.6 

Using the first procedure we obtained the 6,&di- 
phenoxyoctanoic acid in 32.4% yield. It was char- 
acterized by conversion into the S-benzylisothiou- 
ronium salt. Of the two expected products of sym- 
metrical coupling, only the benzyl adipate was 
identified. This is the first case of homologation of a 
fatty acid chain containing a phenoxy group. To 
our knowledge, only the symmetrical Kolbe reac- 
tion with phenoxyacetic acid has been described.' 

6,8-Diphenoxyoctanoic acid was also obtained 
by the following reactions: The 4,Miphenoxy- 
hexanoic acid was first converted into the cor- 
responding methyl ester by the use of methanol 
saturated with hydrogen chloride. The methyl 4,6- 
diphenoxyhexanoate was reduced to the correspond- 
ing alcohol with lithium aluminium hydride in 
tetrahydrofuran and the 4,6diphenoxyhexanol 
treated with phosphorus tribromide. 1-Bromo-4,6- 
diphenoxyhexane, obtained in this way, was not 
fully characterized, but when condensed with 
methyl sodiomalonate, afforded, after alkaline 
hydrolysis and decarboxylation, the 6,gdiphen- 
oxyoctanoic acid. Its S-benzylisothiouronium salt 
was identical with that obtained from the electroly- 
sis product. The over-all yield of the 6,gdiphen- 
oxyoctanoic acid obtained from the 4,Miphen- 
oxyhexanoic acid, by the sequence of reactions de- 
scribed above, was 29.3% which was only slightly 
lower than that obtained by direct anodic synthesis. 

Transformation of 6,8diphenoxyoctanoic acid 
into 6,8dibromooctanoic acid which may be 
easily converted into a-lipoic acid716 is being 
studied. 

EXPERIMENTAL 

Methyl d,4dibromobuty&. One ml. of phosphorus tri- 
bromide was added to 49.5 g. of 7-butyrolactone and the 
reaction mixture was heated to 100'. The mixture was 
stirred while 28 ml. of bromine was added dropwise beneath 
the surface of the liquid. The temperature was maintained 
at 110-115' by the rate of bromine addition. When the rate 
of bromine uptake decreased, 0.25 ml. of phosphorus tri- 
bromide was added and heat was applied to maintain reac- 
tion temperature. The addition of bromine was continued 
until hydrogen bromide evolution was evident. Then the 
product was stirred and cooled to room temperature and 
finally cpoled in an ice bath. To this crude product 240 ml. 
of absolute methanol was added and the resulting solution 
was saturated with dry hydrochloric acid. The reaction mix- 
ture was allowed to stand at room temperature for 22 hr. 
and the methanol was removed in vacuo. The residue was 
extracted with ether. The ether extract w a ~  washed with 
3q;b sodium bicarbonate solution to remove unchanged acid 
and then dried over anhydrous sodium sulfate. The solvent 
was removed and the residue distilled under reduced pres- 

(5) R. P. Linstead, B. Weedon, and B. Wladislaw, J. 

(6) F. Fichter and H. Stenzl, Helu. Chim. Actu 2 2 ,  970 

(7) L. Y. Reed and C. J. Niu, J. Am. Chem. SOC. 77 ,  

(8) D. 5. Acker and W. J. Wayne, J .  Am. Chem. SOC. 

C h .  SOC. 1097 (1955). 

( 1939). 

416 (1955). 

79,6483 (1957). 

sure. A fraction was collected b o i i g  a t  68-70'/2 mm., 
weight 130.2 g. (86.8%). 

A d .  Calcd. for C W S B r :  C, 23.1; H, 3.1. Found: C, 
23:5; H, 3.1. 

Methyl d,4diphenozybutyale. Sodium, 63.36 g., was dis- 
solved in 1.870 ml. of absolute ethanol. To thia solution was 
added with stirring 288 g. of phenol and slowly, 360 g. of the 
methyl 2,4dibromobutyrate. Sodium bromide immediately 
began to separate. The mixture was refluxed for about 5 hr. 
and the alcohol distilled. After addition of water the reaction 
product was extracted with ether and washed with dilute 
sodium hydroxide to remove an excess of phenol. Afterwards 
i t  was washed with water. The ethereal solution was evapo- 
rated in vac2(0 and the solid residue recrystalliaed from 
ethanol. The yield of product was 134 g. (40.0%), m.p. 91- 
92'. 

Anal. Calcd. for CI?Hl,O,: C, 71.3; H, 6.3. Found: C, 
71.2; H, 6.6. 

d74-Diphaoxybukam1. To a stirred suspension of 7.0 g. 
of lithium aluminium hydride in 90 ml. of anhydrous tetra- 
hydrofuran, cooled in an ice-ealt bath, was added, dropwise, 
a solution of 30 g. of methyl 2,4-diphenoxybutyrate in 160 
ml. of anhydrous tetrahydrofuran. The reaction mixture 
was stirred for 2 hr. at room temperature and then water 
was added dropwise to decompose an excess of lithium alu- 
minium hydride. The mixture was stirred with 200 ml. of 10% 
sulfuric acid and extracted with ether. The ether extract 
was washed with water, dried over anhydrous sodium sulfate 
and the solvent removed in uamo. The reaidue was distilled 
to yield 28 g. (96.4%) of a liquid, b.p. 190°/1 mm. 

A d .  Calcd. for CNH~CO~: C, 74.4; H, 7.0. Found: C, 
73.8; H, 7.2. 
l-Bromo-d14diphenozybukane. 2,4Diphenoxybutanol, 13.3 

g., waa maintained below 0' while 5.4 g. (15% exceas) of 
phosphorus tribromide was added dropwise with stirring. 
Stirring waa continued for 5 hr. a t  0' and the reaction mix- 
ture was allowed to stand at room temperature overnight. 
The reaction mixture was poured into cold water and ex- 
tracted with ether. The ether extract was washed with water 
and dried over anhydrous sodium sulfate. The solvent waa 
removed and the reaidue distilled under reduced preesure. 
The main fraction was collected, 10.8 g. (65.4%), b.p. 1% 
186'/1 rnm. 

Anal. Calcd. for Cl&OgBr: C, 59.8; H, 5.3. Found: C 
60.4; H, 5.4. 

,$,6-Diphenoxyhexanoic acid. Sodium, 9.4 g., was dissolved 
in 340 ml. of absolute ethanol. To this solution 81 g. of 
methyl malonate and 131 g. of l-bromo-2,4-diphenoxy- 
butane were added with stirring. The mixture was refluxed 
for about 28 hr. until the reaction was complete. Most of the 
alcohol waa removed by distillation from a steam bath and 
water was added to dissolve the sodium bromide. The ester 
layer was extracted with ether and dried over anhydrous 
sodium sulfate. The ether was removed and the residue dk- 
tilled under reduced pressure to give, as the main fraction, 
a liquid, 127.8 g., b.p. 200-230'/1 mm. This impure product 
waa refluxed with 176 mi. of 30% sodium hydroxide for 32 
hr. The solution was then cooled and separated from the 
unchanged ester by several extractions with ether. The 
aqueous solution was acidified with concentrated hydro- 
chloric acid and the separated acid was extracted with ether 
which waa dried over anhydrous sodium sulfate and re- 
moved under reduced pressure. The residue which weighed 
73.3 g., was heated in a metal bath at 190' until the evolu- 
tion of carbon dioxide had ceased. The remaining material 
waa distilled under reduced pressure. The acid waa collected 
at 224'/0.7 mm.; yield 54.6 g. (4.670). 

Anal. Calcd. for ClsHlo04: equiv. 300. Found: equiv. 303.7. 
S-Bazylisolhwurmium salt of 6 , 8 d i p h e m z y h e x a m ~  acid. 

A concentrated solution of the neutral salt of the 6,8-di- 
phenoxyoctanoic acid waa added rapidly with stirring to a 
slight excess of a 15% solution of S-benzylthiouronium chlo- 
ride in hot ethanol solution. Upon cooling the solid product 
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separated. This waa crystallized from dilute ethanol, m.p. 
107-109'. . 

A d .  Calcd. for CZ&LOO~NZS: C, 67.0; H, 6.4; N, 6.0; S, 
6.8. Found: C, 67.6; H, 7.0; N, 5.6; S, 6.3. 

Methyl 4,6diphenoxyhexanwte. A solution of 40.8 g. of 
4,6diphenoxyhexanoic acid in 60 ml. of absolute methanol 
waa saturated with dry hydrochloric acid. The reaction 
mixture was allowed to stand a t  room temperature for 24 
hr. and methanol was removed in u w .  The residue was 
extracted with ether which was washed with 3% sodium 
bicarbonate solution to remove unchanged acid and then 
dried over anhydrous sodium sulfate. After the remotion of 
the solvent, the residue was distilled under reduced pressure 
giving 39 g. (91.3%) of the ester collected a t  203-205"/1 mm. 

And. Calcd. for CloH2204: C, 72.1; H, 7.0. Found: C, 
72.1; H, 6.8. 

4,6-LXphmmyhexano1. To a stirred suspension of 9.0 g. of 
lithium aluminium hydride in 115 ml. of anhydrous tetra- 
hydrofuran, cooled in an ice-salt bath, was added dropwise a 
solution of 39.0 g. of methyl 4,64iphenoxyhexanoate in 150 
ml. of anhydrous tetrahydrofuran. The reaction mixture 
waa worked up as described for preparation of 2,4-diphenoxy- 
butanol. The yield of product, b.p. 215'/1 mm., was 32.9 

A d .  Calcd. for Cl8H2~O~: C, 75.6; HI 7.7. Found: C, 76.0; 
H, 8.2. 

l-Bromo-4,6diphaozykm~w. Phosphorus tribromide, 11.6 
g., was treated with 30.5 g. of 4,6-diphenoxyhexanol by the 
procedure described for the preparation of l-brom0-2~4-di- 
phenoxybutane. Distillation of the residue gave 30.6 g. 
(82%) of a liquid boiling a t  197-200'/1 mm. 

No further attempt was made a t  purification but this 
product was used a t  once for the next preparation. 

6 , 8 - D i p ~ x ~ o c ~ n o i c  acid. (a). From l-brm4,6-di-  
phenoxyhezane. The general procedure used was that de- 
scribed for the preparation of 4,6diphenoxyhexanoic acid. 
The quantities used were: 20 g. of sodium, 73 ml. of absolute 
ethanol, 17.25 g. of methyl malonate and 30.4 g. of l-bromo- 
4,6-diphenoxyhexane. The distillation under reduced pres- 
sure gave the main fraction boiling a t  205-240'/1 mm., 
weight 25 g. Hydrolysis of this impure product with 43 ml. 
of 30% sodium hydroxide, followed by decarboxylation gave 
a residue which boiled a t  243-245"/1 mm.; yield 12.8 g. 
(44.7%). 

g. (88%). 

Anal. Calcd. for CZOHUO~: C, 73.2; H, 7.3; neut. equiv. 
328. Found: C, 73.0; H, 7.8; neut. equiv. 325. 

S-Benzylisothiuuronium salt of 6 , 8 d i p h o x y ~ n &  acid. 
The procedure used was that described for the preparation 
of the 8-benzyliithiouronium salt of 6,8-diphenoxyhexanoic 
acid. The m.p. of the solid product was 130-131'. 

Anal. Calcd. for C&1404NnS: C, 67.9; H, 6.8; N, 7.6; S, 
6.4. Found: C, 67.6; H, 6.7; N, 7.8; S,5.9. 

(b) From 4,6diphozyhezanoie acid. A mixture of 4,6- 
diphenoxyhexanoic acid (9.8 g.) and benzyl hydrogen succi- 
nate (17.2 g.) in methanol (90 ml.), which contained 0.08 g. 
of sodium, was electrolyzed (0.8 amp., faradays passed ca. 
1.5 times theoretical). A considerable amount of a colorless 
polymer began to separate from the electrolyte a t  an eerly 
stage in the electrolysis. After the electrolysis the alkaline 
cell contents were acidified and then evaporated. The residue 
waa separated in the usual way into acidic and neutral frac- 
tions. Distillation of the latter gave three fractions: (i) A 
liquid (2.6 g.) b.p. 70-90'/0.3 mm. (ii) A fraction (2.65 g.) 
b.p. 150-180'/0.3 mm. which partly solidified. (iii) A liquid 
(7.4 9.) b.p. 210-250'/0.3 mm. Fraction (iii) and sodium 
hydroxide (4.0 g.) in water (8 ml.) and methanol (26 ml.) 
were boiied under reflux for 10 hr. An excess of alkali was 
then neutralized by 2N hydrochloric acid, the methanol was 
distilled off and the aqueous solution waa extracted with 
ether. Evaporation of ether extract yielded a resinous 
product (1 g.). The ether insoluble material was treated 
with an excesa of 30% hydrochloric acid and the resulting 
acid waa extracted with ether. The residue left on evaporation 
of ether was distilled, giving 2.5 g. (32.4%) of 6,gdiphenoxy- 
octanoic acid, b.p. 234'10.4 mm. Ita S-benzylisothiouronium 
salt prepared as in (a) melted a t  130-131' undepreased on 
admixture with a sample of the S-benzylisothiouronium salt 
prepared in (a). Fraction (u), crystallized from petroleum 
ether (b.p. 50-70°), had m.p. 39', undepressed on admix- 
ture with a specimen of benzyl adipate. 
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1,3-Butadiene-d~, l13-butadiene-2,3-d~, 1,3-butadiene-W1 and 1,3-butadiene-ldl ha;re been prepared. The method of syn- 
thesis involves the reduction of mono-, di- and hexachloro-1,3-butadienes, and l14-dichloro-2butyne with zinr and deu- 
teriqim oxide. The red iction is catalyzed by cupric chbride as well aa by sodium iodide. It waa aLo applied to three dichlxo- 
butenes. Dioxane, aa previodsly reported, is a comenient solvent for the reaction but act ially no solvent other than water 
is required. The use of maleic anhydride and gas phase chromatography (propylene carbonate column) for the analysia 
of Il3-butadiene is described. 

As part of an extensive program in these labora- 
tories for the preparation of a variety of deuterated 
polymers, interest was recently focused on the 
preparation and stereospecific polymerization of 
several deuterio l13-butadiene monomers, viz., 
butadiene-2dl, butadiene-2,3dzl and butadiene- 
&. This paper is concerned with the preparation of 

these monomers. The stereoregular polymeriza- 
tionla of the monomers and the infrared spectralb 
of the polymers will be presented elsewhere. 

(l)(a) H. Tucker, Belgian Patent 575,671, February 13, 
1959, and paper to be submitted. (b) M. A. Golub and J J. 
Shipman, Spectrochim. Acb, in presa. 


