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ABSTRACT 

--in attempt to synthesize long-chain w-bro~l~ocarboxylic esters from the mixed electrolyses 
of w-bromocarboxylic acicls ancl half-esters is described. Methyl 15-bro11lopentacIeca1ioate 
was successfully prepared in this \vay in 37'% yield, but other reactions pl-oduci~lg meth1.l 
16-bro~~~ohcsadecnnoate (bJ+ two different routes) and ~llethyl 14-brornotetracleca~~oate gave 
lorn yields (6-18%) ancl difficulties in ~ur ihcat ion of products. The procluct analysis of these 
clectrolyses (symmetrical and ~unsym~lletrical coupling products, methyl esters of starting 
~llatcrials) is given. I t  is concluded that  this 111ethod is more lilcely to be of specific rather 
than general use. 

The  use of halogenated carboxylic acids for Icolbe electrolysis reactions has received 
little study (I). hIost of tlie successful reactions have illvolved w-chloro- ancl w-bromo- 
carboxylic acids (2-4). Under appropriate conditions the w-cliloro- and w-bromo-acids 
~y i th  chains of six or more carbon atolns couple normally to produce w,wl-dilialides in 
good (us~rally 60-70y0) yield. The  preparation of 1,28-dibromooctacosane bl- electrolysis 
of 15-bromopentaclecanoic acid is a11 example (see Experimental section). This dibroinide 
has not been made previously by the Icolbe reaction. 

The  number of reported ~ilixed electrolyses involving halogenated acids to produce 
long-chain esters and halides is small. Pattison et nl. (3) produced 13-fluorotridecyl 
chloride in 24y0 yield froill tlie electrol~~sis of 10-l~~~orodecaiioic acicl and 3-clilorovaleric 
acid. A series of esters have been produced by mixed coupling reactions of w-fluoroacids 
(3, 5, 6). I-Iowever, fluorine is not a typical halogen. T h e  only mixed electro1~-sis of an 
w-bromoacid is the preparation of l-bro1i~o-2,4-dii~ieth~1docosane fro111 3,s-cliinethpl-6- 
bromoliexanoic acid and stearic acid but  110 experimental details are given (7) .  

w-Bromo-acids and esters are useful as intermediates in multi-step syntheses (e.g. the 
broi~~odocosane just mentioned), bu t  their preparation often iilvolves long, tedious routes 
and low overall yields. Thus a stucly of the mixed electrolysis of some w-bromoacids and 
half-esters see~ned appropriate as a possible   net hod offering a one-step route to the 
longer chain w-bromoesters. A promising initial reaction see~ned to  be a ~ilixed electrolysis 
of 11-bromoundecanoic acicl ( I ;  7% = 10) and methj.1 hydrogen aclipate (11; nz = A), both 
of ~vllich are commercially available as fairly inexpensive c o m p o ~ ~ i ~ d s .  

I I I d-c. current 

+ ~ r ( C f ~ ? ) , , C O 0 C I - I ~  $. CI~I,OOC(CI-I,),,,COOCM~ 
V I VII 

This reaction produced ihc primary reaciioil products I11 ( jz + nz = 14), IT7 (7% = lo),  
and 1- ( n ~  = 4) ancl, in addition, the prodircts \'I (7% = 10) and 1111 ( n z  = 4), meth) l 

'For Part I ,  see referelrce 4.  
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esters of the starting materials, resulted fro111 attacl; of the carboxylate radicals on the 
solvent. Control reactions showed a negligible tendency to form esters under the reaction 
conditions if no current were passed. The clesired long-chain w-bromoester, methyl 15- 
bromopentaclecai~oate (111; 7t + rn = 14) was easily separated from tlie other products 
by distillation. The yield of 37y0 (Table I) is good, considering the number of products 
possible ancl bearing in mind that  there are few recorded examples in \\:hich mixed coupling 
products are produced in signilicantl~r better yields. :\loreover, the reaction represents a 
sinipler mid more effective means of ob t a in i~~g  this bromoester than hitherto reported (8). 

I t  was previously sliown (I) that  experimental conditions have to be carefull>- con- 
trolled in reactions of long-chain w-bromoacids to avoid the alillost complete esterihcation 
of starting material. I;urther work indicates that  the most critical factor is the temperature 
of reaction. =\t temperatures above ca. 54' tlie yield of coupled product is lowered con- 
siderably. Other factors normally considered critical, such as current density, concentra- 
tion, ancl solvent, do not aflect this yield nearly so m ~ ~ c h .  Therefore, in the present experi- 
ments, the tenlperature was kept between 45 and 54', while maintaining as high a current 
density as possible. 

The success of this ~llised coupling reaction led to  its extension to other w-bromoacids 
and half-esters. -A n ~ ~ m b c r  of possible combinations were ruled O L I ~  because of anticipated 
difficulties in separating products, especially the long-chain bromoester, by distillation. 
Three reactions \\?ere tried : 8-bromooctanoic acid (I ; 72 = 7) and meth\,l hydrogen sebacate 
(11; nz = 8) to give methyl 16-bromoliexadecanoate (111; 7z + ?n = 15) ; 6-bromoliexanoic 
acid ( I ;  7z = 5) ancl methyl hydrogen sebacate (11; rn = 8) to give metliyl 14-bromo- 
tetraclecanoate (111 ; n + 772 = 13) ; and 12-bromododecanoic acid (I ; n. = 11) and 
meth)-1 hydrogen adipate (11; nz = 4) to give also methyl I(?-brom01~exadeca11o;~te. In 
thcse cases the products IV and IT \\:ere usually obtained in greater yield, and separation 
of the products was much more diffic~~lt than in tlie previous reaction producing ~ n c t h ~ - l  
15-bromopentaclecanoate. A summary of product yields is give11 in Table I. 

TABLE I 

Mixed coupling reactions of w-brornocarbosylic acids 

lieagen ts Product yield (7,) 
- 

I 1 I 111 IV \I VI VII 

I t  must be concluded that,  while specific reactions ol w-bromoacids and half-esters may 
produce a s~~ccessful mixed coupling, e.g. the preparation of methyl 15-bromopenta- 
decanoate (and thus 13-bromopentadecanoic acid), tlie method is not likely to be a good 
general one for the preparation of pure long-chain w-bromoesters in reasonable yield. 

E S P E R I h I E S T A L  
Geneir~l 

i\,Ielting points, ivhich were corrected, were recorded on a Leitz hot-stage microscope. Boiling points \irere 
~ir~corrccted. ;\~lalyses were performed by Sch\varzl;opf Ti~Iicroanalytical Laboratory, \\'oodsicle, Kc\v Yorl:. 

A previous article (-1) describes the commercial sources or the preparations of w-bromoacids, meihyl 
hydrogci~ nclipate, ancl authentic reference samples uscd in the present worl;. The electrolytic cell \$,as also 
fully described, as  well as  the general method of wor1;ing up the reaction products into i~euiral  and acidic 
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fractions. Methyl hydrogen sebacate was prepared by half-esterification of sebacic acid. Follo\ving standard 
procedure in mixed electrolyses, the half-ester was usually in 1-2 ~uolar  excess, so as  to improve chances for 
optimum yield of mixed coupling product. Percentage yields for the mixed electrolyses are recorded in Table I 
and are based on moles of bromoacid or half-ester reacting (in each case, on whichever \\as the limiting 
reagent). 

Gas chromatographs used were a Beckman GC-2A and an F and M model 720 with TC3  fraction collector; 
columns were 6-8 ft  Carbowax 20, diethylene glycol succinate, and silicone rubber on Chromosorb-W or 
its equivalent. Infrared spectra were obtained with a Beckman model IR-5. 

i l l i red  Electrolysis of 11 -Bromoz~ t~deca~zo ic  A c i d  a n d  Methyl  Hydrogen Ad ipa te  
11-Bromoundecanoic acid (50 g, 0.19 mole), methyl hydrogen adipate (100 g, 0.63 mole), ancl sodium 

(0.9 g, 0.04 g-atom) were dissolved in 95% ~nethanol (130 ml). A current of 1.5-1.7 A was passed for 42 
hours (3 X theoretical) a t  a tenlperature of 45-50". A negligible amount of unreacted acid was isolated. 

Distillation of the neutral fraction through a short Vigreux column yielded the following fractions: 
(i) b.p. 80-100" (0.6 mm), 13.8 g; (ii) b.p. 108-111' (0.6 mm), I Z D ? ~  1.4346, 28.0 g ;  (iii) 125-130" (0.6 mm), 
n ~ ~ q . 4 6 3 0 ,  6.0 g ;  (iv) 130-168" (0.6 mm), 29.5 g; and an undistilled residue of 15.8 g. 

Fraction (i) was shown, by gas chron~atography, to contain dirnethyl adipate, 5.7 g. Fractions (ii) and 
(iii) were shou~n by gas chromatography and infrared spectrum analysis to be tlimethyl sebacate ancl methyl 
11-bromoundecanoate respectively; Trent el a l .  (9) give b.p. 175" (20 mm), n ~ ~ q . 4 3 4 2  for dimethyl sebacate, 
and methyl 11-bro~noundecanoate has b.p. 112-116" (0.3 mm), 1 z ~ ~ q . 4 6 3 0  (4). Fraction (iv) was methyl 
15-bromopentadeca~loate and was redistilled to yield a white solid, 23.4 g,  of b.p. 142-147" (0.25 mm), 
111.p. 36.5-38.5'. Recrystallization from methanol yielded a solid with 111.p. 38.5-39.5". Anal. Calc. for 
ClBH31Br02: C,  57.32; H ,  9.32; Br, 23.84. Found: C, 57.41; H,  9.32; Br, 23.60. The infrared spectrum was 
consistent with the structure assumed. The original residue from distillation plus n 3.1 g residue fro111 re- 
distillation of fraction (iv) was recrystallized from methanol to yield 1,20-dibromoeicosane (16.3 g) of m.p. 
66.5-68"; Icorsching (2) reports 111.p. 67.4-68". A mixed melting point with a n  authentic salnple showed no 
depression. 

ilcixed Electrolysis of 12-Brotnododecanoic Ac id  a n d  iWetl~y1 Hydrogen Ad ipa le  
12-Bromododecanoic acid (23.6 g, 0.085 mole), methyl hydrogen adipate (40.6 g,  0.25 mole), and sodium 

(0.040 g., 0.017 g-atom) were dissolved in nlethanol (100 ml) and electrolyzed a t  2.0 A for 21 hours (4 X 
theoretical) a t  50-54'. The neutral extract was 46.9 g, and unreacted acids were 5.7 g (1.8 g bronloacid and 
6.3 g half-ester, by gas chromatography). 

Distillation of the neutral extract and redistillatiorr of each fraction gave the follo\ving: (i) b.p. 110-113" 
(13 mm), nD2' 1.4264, 1.1 g ;  (ii) b.p. 108-110" (0.6 mm), nD2j 1.4346, 14.1 g ;  (iii) b.p. 130-135" (0.6 mm),  
nD2j 1.46'35, 7.5 g ;  (iv) b.p. 152-155" (0.6 mm), m.p. 24-26", 1.5 g ;  (v) undistilled residue, 5.4 g. 

Gas chromatography and infrared spectrum analysis showed fraction (i) to be dimethyl adipatc, fraction 
(ii) to be dirnethyl sebacate, and fraction (iii) to be mcthyl 12-bromododecanoate; H~i~lsdiecl~er  and 
Hunsdiecl;er (8) give b.p. 130" (0.5 mm). Fraction (iv) was methyl 16-bro~~~ohexadecanoate. Sc\.en rccrystal- 
lizations fro111 nlethanol gave a white solid of m.p. 28-28' which could not be raised further; Hunsdiecl<er 
and Hunsdiec1;er (8) give m.p. 31". For fractiorl (iv) Anal. Calc. for C17H33BrO?: C, 58.46; H, 9.52; Br, 22.88. 
Found: C, 58.31; H ,  9.43; Br, 22.90. Fraction (v) was recrystallized from petroleun~ ether (30-60") and 
methanol to give a white solid (3.6 g) of n1.p. 69-70", undepressed on adnlixture with authentic I,%-clibromo- 
docosane. 

ikI~ixed Electrolysis of 8 -Bro~~zooc tn~zo i c  Ac id  and  il lethyl Hydrogen Sebacate 
8-Bromooctanoic acid (40.0 g, 0.18 mole), methyl hydrogen sebacate (78.0 g,  0.36 mole), and sodium 

(0.21 g ,  0.009 g-atom) \irere dissolved in methanol (150 ml) and electrolyzed a t  1.0-1.5 .A for 40 hours 
(3 X thcoretical) a t  40-50'. At thc end of this time the reaction mixture was thick with a solid white pre- 
cipitate and the temperature could no longer be held below 50". Gas chromatography showed the rcco\.cred 
acids to be 13.0 g 8-bromooctanoic acid and 25.0 g methyl hydrogen sebacate. 

The neutral extract of 44.2 g was distilled and the main fractions redistilled. The follo\ving fractions were 
collected: (i) b.p. 88-90" (0.7 nlm), nn2j 1.4605, 8.7 g ;  (ii) 105-110' (0.6 mm), 1.4348, 16.7 g ;  (iii) b.p. 
155-160" (0.4 ~ n m ) ,  n1.p. 24-26", 2.8 g ;  (iv) b.p. 165-172" (0.2 m u ) ,  m.p. 45-47", 5.2 g;  (\.) residue in 
distilling flask, 2.3 g. 

Fraction (i) was shown by gas chromatography and infrared spectrum analysis to be methyl S-bromo- 
octanoate; Cavanna and Stiillberg-Stenhagen (10) give b.p. 91" (0.8 mm) .  Fraction (ii), identiliecl i l l  the 
same way, was dimeth>,l sebacate. Recrystallization of fraction (iii) fro111 methanol gave a white solid of 
m.p. 28-29", ~~ndepressed on admixture with authentic methyl 16-bromohexadecanoate. Recrystallization 
of fraction (iv) from petroleum ether (30-60") gave a solid of 111.p. 47.5-48.O0, undepressed on mixing with 
authentic 1,14-dibromotetradecane. The residue, fraction (v), on recrystallization from low-boiling petroleun~ 
ether gave a white solid of m.p. 59-60", undepressed on admixture with authentic dimethyl 1,16-hesa- 
decanedicarboxylate. 
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Mixed Electrolysis of 6-Bro?nohesa?roic Acid a d  iMelhyl Hydrogen Sebacale 
6-Broinohexanoic acid (25.0 g, 0.13 ~nole),  methyl hydrogen sebacate (83.0 g, 0.39 mole), and sodium 

(0.6 g, 0.0'5 g-atom) were dissolved in 150 rnl of 1: 1 meihanol-water. Electrolysis was carried ouL a t  1.5-3.5 A 
for 28 hours (3 X theoretical) a t  45-54', Products were a neutral extract of 65.5 g and unreacted acids 
6-bromohexanoic acid, 1.8 g, and methyl hydrogen sebacate, 6.3 g. 

The neutral extract was fractionated and the fractions redistilled to yield: (i) b.p. 66-69" (0.3 ~ n i n ) ,  11g25 

1.4625, 12.9 g;  (ii) 95-102" (0.3 m m ) ,  43.4 g;  (iii) 145-150" (0.6 mm), 6.9 g ;  (iv) undistilled residue, 0.7 g. 
Fraction (i) was shown by gas chromatography and infrared spectrum analysis to be methyl 6-brorno- 

hexanoate; Skinner, Johnston, and Fisher (11) give b.p. 72' (1 m m ) ,  nD2? 1.4635. Fraction (ii) was shon~n 
by gas chronlatography to be a mixture of 1,lO-dibromodecane (4.1 g) and dimethyl sebacate (39.3 g). 
Fraction (ii) could not be separated further by distillation, but fractionation by gas chromatography yielded 
small samples of the two compounds; these had the e~pec ted  infrared spectrum and the correct physical 
constants: n ~ ~ V . 4 ' 2 6 5  for dimethyl sebacate, and ?2D2' 1.4014, m .p  25-26" for 1,lO-dibromodecane (melting 
point undepressed on admixture with an  authentic sample). Fraction (iii) was identified by gas chronlatog- 
raphy and infrared spectrum analysis to be methyl 14-bromotetradecanoate; I-Iunsdieclzer and Hunsdiecker 
(8) give b.p. 164" (0.8 m n ~ ) ,  m.p. 22'. Careful recrystallization from methanol gave m.p. 23-23.5'. Fraction 
(iv), on recrystallization frorn petroleum ether ('30-6O0), gave 0.6 g of a white solid of m.p. 59-60", undepressed 
on admixture with authentic dimeth) I 1,16-hexadecanedicarbosylate. 

15-Bro~1iope?ztadecanoic Acid 
Methyl 15-bromopentadecanoate (6.0 g, 0.016 mole) was dissolved in 150 ml of 4 N hydrogen bromide 

in glacial acetic acid and heated under reflux for 24 hours. 5.3 g (957;) of 15-broinopentadecanoic acid of 
m.p. 65-66" (from lo\\?-boiling petroleum ether) was isolated; Hunsdieclcer and Hunsclieclcer (8) reporL m.p. 
66". Because of the low solubility of this ester in aqueous systems, attempts to use 4870 hydrobromic acid 
in glacial acetic acid gave less than 0.5% hydrolysis in the same time period. 

1,28-Dibronzooclacosa~2e 
15-Broi~lopentadecanoic acid ('2.00 g, 0.0006 mole) in nlethanol (50 ml) was electrolyzed a t  0.8 .A for 10 

hours a t  45-50'. There nras 0.24 g of ~~nreac ted  acid. The  neutral fraction was recrystallized froin inethanol 
to yield 0.70 g (5lyO) of 1,28-dibro~nooctacosane of 1n.p. 78-79'. Anal. Calc. for C?eHsLBr?: C, 60.84; H, 
10.23; Br, 28.93. Found: C, 60.54; H ,  10.21; Br, 28.62. Gas chromatography of the recrystallization residue 
indicated 0.38 g, 2170, of the ester methyl 15-bromopentadeca~~oate. 
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