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THE CHEMISTRY OF DIOLEFINES 

GENERAL PART 

Diolefines 

Most of the work on the preparation of diolefines has 

been done since 1910, to which point the literature is 

covered in Beilstein's Handbook. Ditmar's booklet, "Synthese 

des Kautschuks", (Leipsic), gives an exact, if abbreviated, 

summary of the literature to 1912. Harries's book, "Unter­

suchungen ftber Kautschukarten", (Berlin, 1919), deals mainly 

with his own work, while Dubosc and Luttringer {WRubber", 

London, 1918), although profuse, review only a part of the 

literature to that date1• For that reason, the following 

more or less complete reference tables on the preparation of 

isoprene and dimethylbutadiene have been included below 

(tables I to III). 

I -
Synthetic Preparation ~ Isoprene 

Intermediates Formulae 

Methyl-butenine CH2 :CMeCiCH 

References 

DRP 268102 ( alumina at 
400°) 

290558 (see 288271, 
platinum and hydrogen) 

1A recent work on the subject by Fonrobert, Harries and others 
("Kautschuk und Flechtenstoffe", Abderhalden's Hand. d~ 
Biol. Arb. XX, Berlin and Vienna, 1921) has not been 
obtainable. 



_!ntermediates 

Dimethyl-a.llene 

Propylene and 
acetylene 

Acetone and 
acetylene 

Acetone and 
alcohol (or 
ethylene) 

Isopentenols 

Isopentane glycols 

Vinyl bromide and 
brom-propene 

Vinyl bromide and 
acetone 

-2-

Formulae 

MeC~:CH2 + 
CH: CH 

Me
2
co + MeCH

2
0H 

(or CH
2

:cH
2

) 

Me2COHCH:CH2 

MeCHOHCMe:CH2 

Me
2

CHOHCH
2

CH20H 

Me2CHOHCHOHMe 

CH CHBr + 
2MecBr:CH2 

CH2_~HBr + 
~Me2co 

References 

DRP 251216 ( aJ.umina at 
300°) 

338030 (compression 
at 350-450°) 

Fr.P 427,286 (catalytic) 

u.s.P. 1218332 (c. Abs. 
1917, 1574.- fuming 
sulphuric acid). 

E~t9~6~6~s'9~~~7~g8217, 
289497, 291185. 

233519, 246241, 
223207 (heating with acids, 
acid salts, alums, etc.) 

246572, 262642, 
(see 250086, heating with 
acids, alwns, etc. ) 

245180 (magnesium 
at 35°) 

346700 (zinc, alumin­
ium or magnesium at 
lOO - 1500) 

Isopentane and Isopentene halides 243075, 243076, 246241, 
and their ester and ether derivatives 251100, 255519, 257500, 

258555, 261577, 263017, 
264007, 264008, 267553, 268100, 
268101, 275199, 279955, 280596 
(heating with alcoholic potash, 
organic bases, soda lime, red 
phosphorus, barium chloride or 
alumina. See also Ipatiew, 
J. pr. (2) ~' 1 (1897). 



Intermediates 

Bro~dimethyl-butyro­
lactone 

Dibro~trimethyl­
acrylate 
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Formulae References 

CH2CHBrCMe2 Blaise & Courtot (Bull. ~' 
I I 993 (1906), (heating with 
0 eo quinoline). 

Me CBrCMeBrCO Et E.P.5931 (alcoholic potash) 
2 2 

Quaternary basic derivatives of 
methyl-butenol, methyl-tetra­
methylene, methyl-pyrrolidine, 
etc. 

DRP 231806, 245713, 247144, 
247145, 247271, 254713, 254714, 
261876 (distillation of the 
free bases, or with alkalies 
or earth alkalies or from the 
salts in vacuum at 230-40°). 
See also Gustavson, B.25, Ref. 
912 (1892); Euler, B.28, 2952, 
(1895); J.pr.Q2, 131 (1898); 
B.30, 1989 (1897). 

Of the less practicable pyrogenic methods for preparing iso­

prene, mention need only be made of the distillation of rubber, 

(Williams, Wallach, Buchardat, Weber, Fischer and Harries), of 

m~neral oils (Norton and.Andrews), petrol residues (Aschan), and 

vegetable oils like linseed, colza and castor (Tilden), resins 

(colophony, borneo or acaroid), resin oil (Matthews and Strange) 

or kauri gum (Anquetil). The more significant methods comprise 

the following (table II) :-
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II 

Pyrogenic Preparation of Isoprene 

Intermediates Formulae 

Me 
Pinene 

Me~Me 

No pinene 

Dipentene 

References 

DRP 240074 (450-750° or red glow 
under reduced pressure 

( Silberrad) ) 
249947 (red hot filament in 

liquid or vapour phases 
under reduced pressure, 
also by silent discharge 
or ultra-violet light 
(Gottlob)) 

269240 (impro.vement of yield 
to 30-40~ by autoclaving 
4 hours at 250° before 
depolymerising (Gottlob)) 

270485 (with steam at 750°, 
20~ yield (Heinemann)} 

278104 (silver at 450° or 
copper at 480°, 40-50~ 
yield {Heinemann)U 

260934 (iron at 500-520°, 
10~ yield (Schering)) 

257640 (glowing metal spiral 
in nitrogen at 20 mm. 
60% yield (Staudinger)) 

266402 (with benzol, etc., 
at 500-600° in presence of 
iron (Ostromisslensky)) 

266403 (copper oxide at 305°, 
34.5% Jield (Gross)) 

274348 (isoprene lamp, 60~ 
yield(Gottlob)), also 

254665 (dip;ntene from 
terpineol) 

# EP 156122 ((C. Abs. 1921, 1728) ferromanganese, copper­
silicon, silicates, etc.(Plauson)) 
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Intermediates Formulae 

Pinene and limonene hydrohalides 

Petrol 

OH Me 
Methyl-cyclohexenol 

0 
Tetrahydro­

toluene or 
hexahydro-o­

cresol 
0 OOH 

Dimolecular a-methyl­
butadiene 

Camphor Oil 

References 

DRP 268?22 (soda-lime or 
calcium oxide with iron 
in carbon dioxide at 
500-6000 or dull red 
~low,yield 40-50% 
{Gerlach & Koetschau)) 

265172 (alumina and iron 
at 700° (Engler)) 

241895 (alumina at 500-
6000 (Bayer)), also 

254473. 

252499 (alumina and car­
bon dioxide at 500°-or 
with nitrogen at red glow 
(Badische)). 

282817 (isoprene lamp 
(Bay er)) 

Nishizawa (C. Abs. 1921, 
1277) asbestos-lampblack, 
copper-silver, silver­
pumice, silver-asbestos, 
pumice; last two gave 
8-10% yields. 

Other references to the isoprene lamp include :­

Harries & Gottlob, A. 383, 228 (1911) 
Staudinger & Klever, B. ~~ 2212 (1911) 
Andrejew (C. Zent. 1914, II, 325) 
Ostromisslensky (J. Russ. 12, 1947 (1915)) 
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III 

Synthesis of Dimethyl-butadiene 

CH2 :CMeCMe:CH2 

(CH2 :CMeCMe:CH2)~ 

4 

Me2COHCMe:CH2 
Me

2
COHCC1Me

2 
CH:CMe, 
I s 
CH:CMe/ 16 

j1o 
MeCOCH

2
cH

2
COMe 

(COOEt )2 



lnter.mediates 

1 Di-diisopropenyl 

2 Trimethyl-dibrom­
butyric acid 

3 Dimethyl­
Thiophene 

4 Pinacoline 

5 Dimethyl-isopro­
penylcarbinol 
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References 

DRP 282817 (isoprene lamp, or 500-600°) 

Courtot (Bull. (3) ~~ 972 (1906); 
C.r. 140, 371 {1905) using quinoline) 

Heinemann (Dubosc) 

DRP 235311 (alumina at 400° under re­
duced pressure, 70~ yield) 

Marinza (J. Russ. ~,435(1889), zinc 
chloride or hydrochloric acid at 
50-100°) 

6 Tetramethyl-ethylene U.S.P.l033228 (aluminium silicate at 
oxide 500-600° under pressure) 

7 Tetramethyl-ethylene Kondakow (J. pr.(2) §g, 169 (1900), 
chloride or alcoholic potash at 130-1400) 
pinacone hydro- Harries (A. 383, 183 (1911) soda-lime 
chloride and carbon dioxide at 600°) 

8 Pinacone DRP 235311 (alumina at 400°, 70% yield) 
246660 (organic or inorganic acid 

sulphates at 140-50°, 70~ yield) 
249030 (di- or polynaphthalene 

sulphonic acids at 120-600) 
250086 (ferrous or aluminium sulph­

ates or alums at 140°, 70% yield) 
253081 {small quantities of dilute 

sulphuric acid, aliphati~ or 
aromatic sulphonic acids, at 
130-40°, 70% yield) 

253082 (aniline or naphthalene sul­
phonic acids at 130-40°} 

256717 (alumina at 45oo, 20 mm., 
80~ yield) 

Couturier (B.~, 454 (1880); Ann. Ch.Ph. 
(6) ~' 485 (1892), sulphuric acid 
or acetic anhydride) 

Kondakow (J.pr.§g, 170 (1900), same) 
Delacre (Bull.(4) ~' 229 (1918) same) 
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Intermediates 

9 ~etramethyl­
ethylenedibromide 

10 Acetonyl-acetone 

11 Pinacone 

12 Acetone 

13 Ethyl oxalate 

14 Magnesium pinacone 

References 

Thiele (B.~, 455 (1894), zinc dust 
and acetic acid at 15-20°) 

Heinemann (Dubosc) 

Friedel & Silva (B.§, 35 (1873) 
phosphorus oxychloride) 

Couturier (Ann.Ch.Ph.(6),g§,443 (1892), 
phosphorus trichloride) 

Kondakow (J. pr.(2) ~,1660 (1900) hydrogen chloride at 10 ) 
Harries (A.383, 183 (1911), hydrogen 

chloride and chloroform at 0°) 

Hollemann (C. Zent. 1906, II,748, mag­
nesium and mercuric chloride) 

Couturier & Meunier (B.33,454 (1905), 
magnesium amalgam) 

Richard & Langlais (Bull. {4) 7, 455 
(1910), magnesium amalgam, 60% yield) 

Thiele (B.~, 455 (1894), sodium and 
ether, 12~ yield) 

DRP 233894 (magnesium with mercuric 
chloride & iodine with diluents) 

241896 (aluminium and mercuric 
chloride, etc., 60~ yield) 

248252 (sodium & sodium hydroxide 
solution with ether, more than 
12~ yield) 

306304 (electrolytic reduction in 
presence of Bi, Hg., Mn, Ni, Sb, 
Ag and Fe salts) 

306523 (same, with Pb-Cu electrodes, 
pinacone 30 : isopropyl alcohol 1) 

324919 (same, with Pb-Sn (or -brass, 
-bronze, 70% yield) 

Valeur (C. r. 132,833 (1901), magnesium 
methyl iodide) 

Couturier & Meunier (above, 21~ yield 
at 300°) 



Intermediates 

15 Pinacone-chlor­
hydrine 

16 Tetramethyl­
ethylene 

17 Pinacone 

18 Pinacone­
chlorhydrine 
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References 

Eltekow (B.1§,339 (1883) solid potash) 

Eltekow (hypochlorous acid) 

DRP 317635 (hydrogen chloride at 35-45° 
and subsequent distillation under 
reduced pressure; yield quanti­
tative) 

319505 (distillation with 
dimethylaniline) 

The purest dienes are said to be obtained by distilling 

the quaternary ammonium bases (Harries, A.383,157 (1911)), 

since the halides, halo-hydrines and terpenes lead to app­

reciable amounts of related compounds like amylene and dimethyl­

allene along with isoprene, tetramethyl-ethylene and butene 

with dimethyl-butadiene and erythrene respectively, although 

where the contact procedure is conducted under diminished 

pressure the products are claimed to be very pure (DBP 255519; 

Staudinger & Klever, B.~,2212 (1911)). These byproducts may 

be readily removed by selective oxidising agents like manganates, 

peroxides, perborates, persulphates and percarbonates, espec­

ially in the presence of alkali or earth-alkali metals (Ostro­

misslensky, DRP 276185, 314364). The symmetrical glycols also 

give pure dienes. 
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As the dienes readily isomerise or form condensation 

products, even when prepared by low temperature methods such 

as by the action of metals on unsaturated halides as described 

in DRP 245180 {Austerweil), their structure has to be deter­

mined by destructive methods, either by direct oxidation 

(Couturier, Ann. Chim. Ph. (6) ~' 485 (1892}), or through the 

halides or hydrohalides either by oxidation (Staudinger, H.C.Act. 

5, 756 (1922)) or ozonation (Bergmann, J. Russ. ~~ 24 (1920)) 

or by catalytic reduction of substitution products of the latter 

(such as ethers, formanilides, etc.) to the saturated hydro­

carbons (Claisen, J. pr. 105, 65 (1922)). 

The aliphatic diolefines, with the exception of butadiene 

itself which is a gas at ordinary temperature, are easily vola­

tile, perfumed oils having a low specific gravity (about 0.7) 

and a medium refractive index (1.4-1.45). They solidify at 

very low temperatures only, isoprene at -120°, dimethyl­

butadiene at -65° (Enklaar, Recueil, ~~ 247 (1916)}. Owing 

to the inclusion of conjugated double linkages in their structure, 

the dienes show the phenomenon of optical exaltation to a great-

er or less extent (Anwers & Asinlohr, J. pr. {2) §g, 65 (1910)). 

They generally form two sets of halogen addition products, 

dihalides and tetrahalides. ~he dihalides are usually 1,4-com­

pounds, known in two geometric forms (Griner, C. r. 117, 553(1893)). 
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The tetrabromides are known in either one or two forms (for 

review see Kondakow, J. pr. (2) 62, 117 (1900)). The halogen 

hydrides give two types of compound, the dihydrohalides being 

unsymmetrical; thus isoprene hydrobromide has been shown to 

have the formula Me2CBrCH:CH2 (Claisen, J. pr.(2) 105,65 (1922)) 

and the dihydrobromide Me2CBrCH2CH28r (Ipatiew, J. pr. (2) ~~ 

1 (1897)). Dimethyl-butadiene has been shown to form a nitrosate 

of the formula c6H10N2o4 (Couturier, Ann.Ph.Chim.(6) g§,485 (1892)); 

isoprene and dimethyl-butadiene also form indefinite addition 

compounds with sulphur dioxide (DRP 236386), butadiene, however,~ 

does not (DRP 286640)#. By autoxidation, Greville Williams ob-

tained from isoprene a solid peroxide of the empirical formula 

c10H16o (Phil. Trans. 150, 241 (1861)). Herschmann got an oil, 

c8H14o2 from the hydrocarbon c8a14 (C.Zent.1893,II,196). But 

the dimethyl-hexadiene described in the experimental part has 

given a guminaceous oxidation polymer of the formula c40H70o10• 

# The dienes also condense or couple with various organic 
substances including quinones (Euler, B. ~ (3), 822 (1920)) 
and diazo compounds (Meyer, B. ~ (3), 1468 (1919)). 
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Polymerisation of Diolefines 

The most characteristic property of conjugated diolefines 

is their tendency to polymerise at ordinary or higher temper­

atures to form terpenes and rubbers. The latter are formed 

from 20 - 200° along with amounts of the terpenes which are the 

exclusive products at higher temperatures (DRP 250690). 

A number of isomeric terpenes are formed simultaneously 

and there is some doubt about their nature. Harries (B. 35, 

3265 (1902)) thought some of these were aliphatic compounds 

related to myrcene because of their lower boiling-points, 

refractive indices and characteristic odour. Their molecular 

refractions, however, indicated two rather than the three 

double bonds required by the open-chain structure; and as a 

matter of fact one cyclic terpene, depentene, has been recog­

nised among the byproducts of isoprene polymerisation as well 

as in the pyrogenic decomposition products of rubber (Williams, 

Quart.J.C.S. ~,495 (1860}). Lebedew has more recently exam­

ined a number of these products by the ozonation method and 

found them to be cyclic terpenes (J.Rllss. !§,1249 (1913)). 

The diolefines differ considerably in their tendency to 

polymerise. A number of examples of this are cited in 

Houben-Weyl III, 1017 (1923), but no rule has been devised yet 

for predicting about new dienes, except that the~-substituted 
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compounds generally polymerise more easily than their 

~-isomers. 

As may be seen from the following table (IV), polymerisa­

tion of diolefines may be effected by light, compression and 

a considerable number of catalysts, as well as by heat. 

IV 

Polymerisation of Dienes 

Catalyst References 

Heat DRP 235423, 235686, 250335, 250690, 255679. 

Light 254371, Harries (Gummi Z. ~' 898 {1921)). 

Pressure 329593. 

Metals 248178, 249868 (sodium in liquid), 
280959 (in vapour), 287787 (with carbon 
dioxide), 281966 (with alkalies), 264959 
(colloidal metals), 255786 (metal alkyls), 
U.S.P. 1248888 (C.Abs.1918,440; sodium 
methylate, hydroxide or carbonate), Harries, 
(A. 383,157 (1911); ~,211 {1913)). 

Bases 256413 (aniline, dimethyl-aniline); Heide, 
(B. ~,2103 (1904), pyridine). 

Organic matter 254548 {solids), 254672, 255129 (viscous 
liquids or solutions}. 

Rubbers 248399, 254371, 254868, 329676. 

Sulphur 2513?0; Ostromisslensky (J.Russ.,~,1910{1915)) 

Sulphur dioxide E.P. 17253 (C. Abs. 1916, 296). 

Bisulphates U.S.P. 1161904 {C. Abs. 1916, 295). 
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IV (continued) 

Catalyst References 

Acetic DRP 257813; U.S.P. 1161904 (C.Abs.1916,295). 
anhydride 

Amyl nitrate 301088. 

Metal chlorides Ann.K 64118 (zinc or aluminium chlorides with 
drying oils), Aschan (C.Abs.1919,309; 
1920, 3823- aluminium chloride) 

Hydrogen U.S.P. 1185654 (C.Abs.l916,2162). 
fluoride 

Boron fluoride DRP 264925 

Ozonides and Holt (Z. ang. 27, 156 (1914)). 
peroxides 

The rubbers obtained by the above methods may be e·ither 

simple or mixed, for instance from mixed dienes (DRP 255679) 

or from dienes and simple olefines (Ostromisslensky, J.Russ. 

48, 1071 (1916)) or by mixture with heterogeneous dienes, like 

methyl-amine-acroline (CH2 :CHCH:NMe, E.P.l56118 (J.S.C.I. 

1922, 383 A)). 

Ozonation of Rubber 

The ozonation method worked out by Harries (see 

"Unt.ersuchungen t!ber das Ozon", Berlin, 1916), which has been 

instrumental in determining the molecular configuration of 

rubber hydrocarbons end other unsaturated compounds, consists 

in treating a substance, generally in an indifferent solvent 
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(methyl o~ ethyl chlorides, chloroform, ~arbon tetrachloride, 

acetone, acetic acid or ethyl acetate), with ozonised oxygen 

under cooling. The addition products so obtained are not 

homogeneous (Harries, A.390, 235 (1912)) but consist of mono-

molecular and polymeric ozonides and oxozonides of the general 

formulae 

and R-C-C-R 
'cf 4 

Similarly aldehydes and ketones (excepting acetone) give per-

oxides, the ketones also givi~g ozonide-peroxides, and unsat­

urated acids, ozonide- and oxozonide-peroxides. The method is 

not of much use with conjugated diolefines as complete saturation 

can only be obtained with very strong ozone (Harries, A.374, 

288 (1910)). 

The usefulness of the ozonides depends on the fact that 

on decomposition they do not usually regenerate the original 

substance but lead to fission at the point of entry of the ozone 

group, exceptions being mesityl-oxide- and fumaric-ozonides, 

which partly re-form the parent substance on heating or stand­

ing (Harries, ibid). The decomposition of the ozonides is 

catalysed by water at ordinary or higher temperatures, boiling 

acetic acid and alcohols. The al.cohols lead to acetaJ.s, 

acetic acid to peroxides (avoided by addition of formic acid), 
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and water to aldehydes, ketones, acids, peroxides and hydrogen 

peroxide. Dilute alkalies give the acids. The decomposition 

has been effected by oxidation also (chrom-acetic acid), and 

reduction has been used with ozonides tending to form resins 

(formic acid, zinc and acetic acid, aluminium amalgam and 

Grignard reagents). 

No definite conclusions about the molecular size of a 

hydrocarbon can be drawn from the nature of the ozonide, since 

this may be either a mixture (above) or a polymer or depolymer­

isation product. Koetschau has recently found that petrol is 

polymerised by ozone (Z. ang. ~~ 509 (1922)). Ozonides and 

peroxides have been used as polymerisation catalysts (above); 

and, as mentioned later, the rubber ozonides appear to be de­

polymerisation products, derivatives of cyclo-octadiene 

homologues. 

However, the decomposition of rubber ozonides and oxozonides 

has enabled Harries to determine the position of the double bond 

in the polymerisation unit. For instance, butadiene rubber 

(the heat polymer) led to succin-dialdehyde (CHO CH2cH2CHO) 

(Harries, B. ~,671 (1908)). Natural Hevea and normal isoprene 

rubber (obtained by heat) were found to give levulic aldehyde 

and acid {MeCOCH2CH2CHO and MeCOCH2CH2COOH)(Harries, A. ~, 

157 (1911)) as the chief products. The unit must, therefore, 
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have been -

or 

that is to say, either a condensation- or a true polymer 

(Staudinger, B. ~, 1073 (1920)), the skeleton being unchanged 

in the latter case as only the double bond would move as in 

1,4- addition. The latter structure was shown to hold, for 

normal dimethyl-butadiene rubber gave only acetenyl acetone 

(Harries, A. 395, 264 (1913)) and normal piperylene rubber, 

methyl-succin-dialdehyde (CHOCHMeCH2CHO}(Harries, A.395,211, 

(1913)). The units of the normal rubbers are consequently :-

-CH2CH=CHCH2- butadiene rubber 

-CH2CMe=CHCH2- isoprene a 

-CH2CMe=CMeCH2- dimethyl-butadiene rubber 

-CH2CH=CHCHMe- piperylene " 
It appears from the ozonation of a rubber regenerated from 

the dihydrochloride by the use of pyridine (Harries, B.46,2590 

(1913)), that the hydrochloride is analogous to the isoprene 

hydrobromide mentioned above in that the halogen reacts with 

the substituted member, the hydrochloride having the unit formula­

-CH2CMeClCH2CH2-

But the variety of products obtained from the ozonide (formic 

and acetic acids, levulic aldehyde and acid, diacetyl-propane 
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MeCO(CH2 )3COMe, hydrochelidonic acid CO(CH2CH2COOH) 2, methyl­

cyclohexenone-acetic ester 

Me 0 c:2COOMe 

and a number of higher ketones mentioned later) indicate that 

the acid is not removed in a uniform way, the new rubber com-

prising a number of different unit types. 

As yet no definite results have been got by the ozonation 

of sodiu~rubbers (Harries, A.383,157 (1911); 395,211 (1913)), 

and the constitution of rubbers made in most other w~s remains 

to be determined. Sodium-Carbon dioxide rubber, however, is 

similar to the normal product, except in more readily yielding 

acetonyl acetone on ozonation (Harries, Gummi z. ~,222 (1919)). 

The constitution ~i Rubber 

Attempts so far made to give a definite structure to rubber 

have not been very successful. At first Harries (B. 38,1195(1905)) 

and later Steimig (B. i2,350 (1914); ~,852 (1914)) favoured a 

cyclo-octadiene structure, as shown in the following figure -

rH2CMe=CH~H2 
CH2CH=CMeCH2 

mainly because of the apparent identity (in molecular weight, 

chemical properties, rates of decomposition and oxidation pro­

ducts) of the ozonides of butadiene rubber and cyclo-octadiene 
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itself (Harries, B.41,671 (1908)). It was apparent, however, 

that the structural unit could contain more than ten carbon 

atoms, since a tetra-ketone, pentadekatetrone (c15H24o4 , or 

MeCO(CH2 )3CO(CH2 )3CO(CH2 )3COMe) was obtained from the regenerated 

rubber mentioned before. The ozonide also, although correspond­

to a dimethyl-cyclo-octadiene ozonide in acetic acid was found 

to give molecular weights of 526-36 in benzol, c25H40o15 being 

580 (Harries, A.395,232 (1913)); so that Harries later gave 

the normal rubber an unsaturate ring structure of 24 members 

Latterly, however, Harries has abandoned his earlier 

views ("Kautschukarten", p.232; C. Zent.,l92l,III,l358) and 

reverted to an indefinite structure of the type -

n 

since the data on the molecular size appeared insufficient. It 

is not clear from his articles whether this structure is supposed 

to be a "labile polymer" or a qualified acceptance of the Pickles 

formula (-CH2CMe=CHCH2-)n (J.C.S-21,1085 (1910)). 

It may be mentioned that Weber (Gum.Zeit.l§,561 (1902)) 

arrived at the formula c100H160 or (C5H8 }20 from the limit of 

sulphur required for complete vulcanisation. Hinrichsen and 

Kindscher (B.42,4329 (1909)) have obtained 3173 by the 
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cryoscopic method as the molecular weight of rubber freshly 

extracted from latex. This corresponds to c275H440 or (C5H8 >55• 

The vapour pressure of the benzene solutions at normal temper-

atures has indicated a minimum molecular weight of 10,966 

(Pohle, Koll. Bei. ~, 53 (1920)). By finding the extent to 

which the hydrochloride could be dissociated at 100°, Harries 

gave the mini-.a~l~-;i size as c20H32 ( Lichtenberg, A. 406,227 ( 1914)). 

Finally Plummerer (B.~,3458 (1922)) has concluded from the 

figures obtained in hydrogenatin~ that the molecule includes 

more than 20 c
5
a

8 
units or is larger than c

100
H160• 

Boswell and others (Ind.Rub.J. ~, 981 (1922)) have put 

forward a still more complex structure for rubber, namely c2aH44 

or -

IH2-rH 
IH2 'H2 

MeC CH-CH2----.. 

I ~H 
CH CMe-- CH2-I 
CH2.------------------

2 

based on the elementary analysis of a number of apparent deriv-

atives of c25H40 , C20H30' etc., which they obtained from rubber 

by the action of mild oxidising agents (oxygen, hydrogen peroxide, 
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and permanganate). They make the assumption that rubber is 

completely saturated (in spite of its forming definite addition 

products with halogens, hydrohalides, nitrous anhydride, ozone 

and chromyl chloride,all pointing to its unsaturated nature), 

and this has been more recently disproved by hydrogenation of 

the hydrocarbon effected catalytically by ·staudinger (H.Ch.Act. 

~,755 (1922)), Plummerer (B.~,3458(1922)) and Harries (B.Q§ (3), 

1048 (1923)). The hydrocautchouc was found to be high molecular 

also, forming colloidal sol~tions and not distilling without 

decomposition. Besides this, the presence of the double bond 

has been demonstrated by optical examination of the solid gum 

(below). 

Staudinger (B.~,l073(1920)) believes that high molecular 

polymers generally are best represented by chains of indefin­

ite length, and is against the use of "latent va:Lencies" in 

formulating even the more easily dissociated "labile polymers". 

He therefore favours Pickles's formula for rubber (above). 

Ditmar ("Synth. des Kautschuks", p.l2) has adapted an idea 

of Wechsler (C. News, 100,279 (1909)) in arriving at a spiral 

modification of the Pickles formula. A somewhat similar one 

is that of Kirschof (Koll Z.~,l76 (1922)) and Barrows (Koll.Z. 

15,43 (1914)). In the latter, the alternate double bonds come 

into approximation, forming successive spiral 8-membered rings. 
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These structures possess a good feature in inferring the poss-

ible existence of partial valences between the periodically 

recurring double bonds which m~ partly mask the unsaturated 

nature of the compound without necessarily altering its ultimate 

chemical behaviour. 
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SPECIAL PART 

By the reduction of methyl-ethyl-ketone with magnesium to 

dimethyl-hexanediole following DRP 251330, 251331 and heating 

this with sulphuric acid after a procedure cited in DRP 253081 

for the preparation of dimethyl-butadiene, a diolefine giving 

an analysis and molecular weight corresponding to C8H14 was 

prepared which boiled at 67-79°/100 mm. or 123-34°/ordinary 

pressure. It therefore did not appear to be identical with 

that mentioned by Herschmann (C.Zent.l893,II,196) boiling at 

117-121° which he obtained as a byproduct of the formation of 

a pinacoline c8H16o. Herschmann does not appear to have deter­

mined the nature of his hydrocarbon, but the above was found to 

be a more or less inseparable mixture comprising principally 

a new dimethyl-hexadiene (MeCH=CMeCMe=CHMe) as shown by perman­

ganate oxidation to acetic acid. The preferential formation 

here of a dimethyl derivative rather than the two other possible 

structural isomers, the diethyl (CH2=CEtCEt=CH2 ) and the unsym­

metrical methyl-ethyl {CH2=CEtCMe=CHMe) compounds would indicate 

that the first was the most stable form. Two similar cases 

have been found in the literature, thus dimethyl-diethyl­

butindiole (MeEtCOHc:ccoHEtMe) has given dimethyl-octidiene 

(MeCH:CMeC!CCMe:CHMe) (DRP 241424) and ethyl-butinol 

(MeC(Et)OHc:cH), methyl-Pentinene {MeCH:CMeCiCH) (DRP 290558}. 
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When brominated under dilution at 0°, the hydrocarbon 

gave an oily dibromide gradually decomposing at 20° with the 

formation of coloured products like the bromides obtained from 

dimethyl-hexane-diole itself (Norris and Green, Am.C.J.26, 

315 (1901)). It absorbed 4 atoms of bromine on standing at 20°, 

but hydrogen bromide was evolved at the same time, so that the 

product could not have been a true addition product. 
I 

Although this substance formed a dibromide only, the pre-

sence of two conjugated double bonds could be demonstrated 

optically, as the various fractions exhibited the usual exal-

tation found for other diolefines substituted by methyl groups 

between the conjugated linkages. 

As the different fractions were observed to show differences 

in refractive index without corresponding differences in chem-

ical composition, it seemed a question whether the mixture did 

not contain geometrical isomers of the same hydrocarbon. Harries 

has discussed the question in his "Kautschukarten", pp. 62-3, 

in connection with differences of refraction and rotation be-

tween two samples of isoprene from different sources. He was 

able to come to no conclusion, however. Otherwise, no mention 

of the occurrence of stereo-isomerism among dienes has been 

found in the literature. 

No attempt has yet been made to isomerise the diene by 

the use of dilute acids, but it has so far resisted any tendency 
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to undergo refractometric change at 100°, or to polymerise under 

this condition as judged by its unaltered molecular weight. 

Concentrated sulphuric acid gave a hydrocarbon boiling at 170 

- 190°. 

On standing in the air, the diene was transformed into a 

guminace·ous oxidation polymer corresponding to the formula 

C H 0 whereas Herschmann•s hydrocarbon gave a sticky oil 
40 70 10' 

boiling at 200-2300 to which he gave the formula C8H14o2 • 

In an attempt to get the hydrocarbon another way, brom­

butene (MeCH:CBrMe) was.made eventually from butyl alcohol through 

butylene-dibromide by the potash method of Wislicenus (A.250, 

231 (1889)). On treating this with magnesium as described by 

Austerweil (DRP 245180) for the preparation of erythrene or iso­

prene, a dimolecular product c16H340, boiling at about 160°, was 

obtained as the chief product. A somewhat similar anomaly was 

found later in the action of methyl-magnesium-iodide on the 

dibromide of dimethyl-butadiene, the initial addition product 

hydrolysing with water to form two dimolecular compounds of the 

formula c12H20 , one of which, boiling at 50°/20 mm., may have 

been the same as that mentioned in DRP 250335, but was evidently 

different from the dimethyl-menthadiene, boiling at 85°/13 mm. 

obtained by Lebedew (J.Russ.~, 1249 (1913)) as a byproduct of 

the polymerisation of dimethyl-butadiene. This is rather 
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interesting as Lebedew claims that symmetrical dienes will 

give only one terpene as against the two to be obtained from 

unsymmetrical compounds. 

In order to get a synthetic rubber for comparison with 

the natural product, dimethyl-butadiene was prepared from 

pinacone by a number of methods, particularly following DRP 

250086 using potash alum as catalyst. The dibromides of this, 

first prepared by Kondakow (J. pr.(2) 62,166 (1900)) were found 

to be interesting substances, the halogen atoms being particu­

larly reactive. The constitution of these as 1,4-compounds 

had been formulated by Kondakow on basis of analogy with the 

butadiene bromides previously made by Griner (C. r.ll7,353(1893)), 

and from the detection of traces of bromacetone and acetylcarbinol 

among the permanganate decomposition products. The writer has 

confirmed this personally in the case of the solid dibromide 

in obtaining an 84~ yield of the bromacetone by the use of ozone 

as recently applied by Bergmann (J.Russ.52,24 (1920)) to isoprene 

bromide. 

Griner had shown that the liquid and solid dibromides of 

butadiene were apparently the cis- and trans- forms respectively, 

since the former was convertible by permanganate into the brom­

hydrine of erythritol, and eventually by potash and water into 

erythritol itself. This method is not applicable to the above 
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dibromide, however, as the corresponding tetrol is still un-

known. But the liquid bromide was found to give a lower refract­

ive index than the solid like the cis-form of butadiene-dibromide 

(v.Braun, B.55 (B) 3536 (1922)) although the molecular refraction 

turned out to be rather higher than that of the solid, possibly 

owing to the error at the temperature necessary for the observ­

ation (50°). The higher melting-Point of the solid, and its 

lower solubility (in organic solvents) would, of course, be 

some indication of its being the trans- form were it not for the 

fact that the liquid compound had the greater molecular volume 

(at 50°). Again the liquid showed little tendency to isomerise 

into the solid form when heated to 100° although it is true that 

on distilling under reduced pressure the distillate was observed 

to crystallise more readily than the original sample (N# 84, 85). 

On the other hand, when the solid was heated for a time with 

some of the diene, partial isomerisation to the liquid compound 

occurred. A similar reaction took place on treating the solid 

with magnesium and ether. 

It occurred to the writer that it might be possible to 

distinguish between the two by the fact that the cis- form should 

show the greater tendency to form ring compounds with ammonia, 

potassium sulphide and so on. As it turned out, v. Braun (ibid) 

had previously made one such compound by heating dimethylamine 
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with the solid erythrene-dibromide and his technique left 

little to be desired since the cyclic quaternary salts so formed 

were readily separable from the ditertiary derivatives obtained 

as byproducts. The solid and liquid bromides of the dimethyl 

compound were therefore allowed to stand for equal intervals of 

time with ethereal solutions containing the calculated amounts 

of diethylamine, when the bases were separated as their gold 

bromide salts as described below; and it was found that the 

liquid bromide did give more quaternary and less ditertiary 

salt than the solid isomer. The two ditertiary salts, melting 

at 177 - 9° were found to be identical as shown by mixed melting­

points. The quaternary salts, however, though similar in com­

position, had widely different melting-points, that from the 

solid melting at 52- 8°, from the liquid bromide 101- 3°. 

Perhaps the difficulty here was that in the liquid bromide one 

has to deal with a mixture rather than a chemical individual. 

This is probably the reason why Kondakow was able to get the 

same tetrabromide from both liquid and solid dibromides; he 

has made no mention of the yields in either case. 

A number of other basic derivatives of the solid dibromide 

were prepared, such as the dipyridonium compound, separated as 

the bromide, m.p. 124° and the platinichloride, m.p. 229°; a 

ditertiary-dimethylamine derivative separated as a di-aurichloride, 
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m.p. 188-9° and the corresponding quaternary compound separ­

ated as a platinichloride, m.p. 199°. Methylaniline gave only 

a di-tertiary base, m.p. 76-7°. As the latter derivatives 

were made at 100°, it appears that the failure here to form a 

cyclic structure was due to steric difficulties (see Fischer, 

B.~,345,1967 (1900)). 

In addition to the above, the solid dibromide gave with 

sodium ethylate a diethyl-ether boiling at 90-95°/20 mm. 

(N#?O), and the diene itself gave an addition compound with 

sulphur chloride separated by chlorination as a sulphoxide 

boiling at 139-141°/29 mm. (N#74 etc.}. No compounds of the 

diene were got, however, with antimony chloride at 20° and with 

sulphur at 100°. This is in agreement with the failure of 

Steinkopf to get a thiophene derivative from isoprene and sul­

phur at the same temperature (A.403,11 {1914)}. 

The dimethyl-butadiene was converted into the normal rubber 

by prolonged heating at 100° following DRP 250335. For the 

purpose of observing its optical behaviour, it was deposited 

from solution in the form of a transparent sheet suitable for 

use in the Abbe refractometer by a special procedure described 

below. By the use of these sheets, reasonably exact refraction 

figures were got for both this and purified natural rubber. 

The molecular refractions so obtained indicated precisely one 
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double bond for each polymerisation unit, although Gladstone 

and Hibbert (J.c.s. ~, 679 (1888)) had been unable to get 

uniform results using rubber solutions. The figures showed 

the disappearance of one double bond in the polymerisation of 

the diene and the absence of conjugation between the units of 

the polymer. A slight degree of optical depression observed 

in both rubbers might or might not have been attributable to a 

certain amount of nmatual saturation'' between the double 

bonds of the polymer as would be expected with a structure like 

that of Ditmar's (above). 

A number of preliminary runs of isoprene have been carried 

out with amylene bromide following DRP 255519 using a barium 

chloride catalyst and from dipentene with a modification of the 

isoprene lamp, but this is as far as the preparation of the 

normal isoprene rubber has been taken at present. 

Besides the above, an amount of additional experimental 

work has been done on antimony compounds in order to get the 

master's thesis in a form suitable for publication. 
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EXperimental 

Dimethyl-hexane-diole. The glycol, first made by Lawrmowitsch 

(A.185,124 (187?)), was obtained by Norris and Greene (Am.C.J. 

~,315 (1901)) in 11-14~ yield by the reduction of methyl-ethyl­

ketone with sodium and moist ether. These writers did not ob­

serve its formation with aluminium amalgam, but the use of mag­

nesium and aluminium with mercuric chloride has been outlined 

in DRP 251330, 251331, which note also the use of inert diluents 

like benzene or halogen-hydrocarbons, with or without antimony 

chloride, cuprous chloride and iodine. Practically, the magnesium 

reduction takes at most 2-3 hours, aluminium, however, up to 

10 hours at 80°. 

This compound is not as readily made as pinacone itself; 

at any rate the technique is more exacting. Thus, reducing in 

presence of excess ketone after the style of Richard and Langlais 

(see table III) (K#61), the yield was nil; so that the use of a 

diluting agent other than this was necessary. On the other hand, 

when too much benzene was used (K#81) the yield was reduced 

because the mercuric salt was precipitated unchanged and amal­

gamation was consequently slower. A good mean between the above 

has been found in K#96, the crude yield being as high as 41%. 

Sodium (K##75,77) was observed to give low yields, zinc and iron 

none at all (K##43,103). Aluminium appeared capable of giving 
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good yields under the best conditions, but magnesium has been 

preferred because of its convenience, though it has a drawback 

in forming a gelatinous addition compound with the pinacone. 

The metal was used preferably in the form of clippings or 

shavings since the powdered metal, even under vigorous agitation, 

tended to form a lump (K#98). Where previously made amalgams 

were used (K#64) or where iodine was used as amalgamation cata­

lyst (L#l4) no external heat was needed and any amount of diluent 

could be used, without, however, improving the yield. 

After the reduction was complete, the procedure was to 

decompose the magnesium compound with water, salt the pinacone 

out with caustic alkali following Norris and Greene (above), dry 

the benzene solution and distil in a vacuum. 

The pinacone was purified by refractionation, when it came 

over between 124-7° at 55 mm., this being 55~ or even more of 

the crude sample. One such sample analysed as follows (K#55b). 

Calc. for CaH18°2 c 65.8 H 12.33 

Found 66.4 11.94 
66.2 12.52 

It boiled at 200-202° and had n25 •25° 1.4505 
D 

(K#65). It was not 

completely water-Soluble owing to the presence of a small amount 

of oily impurity. It therefore melted at 22.5° only. According 

to N. and G. small amounts of impuri~ are sufficient to prevent 

crystallisation. The constants in the literature are 
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b.p.200-2050(L.)205-205.?0 /?52mm.(N.&G. );m.p.280(L.)490(N.&G.) 

sp.g.0.9529 at 25o/4°;nn25.25° 1.4521(N.&G. ) • 

...L. 
I 

Preparation of the Glycol 

Control M red.agent M ketone M amalg.ag. M dil. B.p. Yield 

K 41 
42 
43 
47 
47b 
48 
49 
53 
58 

61 
64 
65 
75 
77 

79 
81 
96 
98 

103 

L 14 

21 

• 75 Mg 
• 5 Al 

1. 224 Zn 
1Al 
2 
1 
1 
1 
1 

.5 Mg 

.5 
1.5 
1. 35 Na 
1 

2Al. 
1 Mg 
1 
1 
1 Fe 

1 Mg 

1 

1.67 
1.25 
1.25 
2.5 
5 
2.5 
3.35 
3 
3 

3.35 
1.11 
4.86 
1.69 
1.33 

5 
2.333 
2.22 
2.22 
2.22 

2.22 

2.22 

.037 HgCl2 

.033 

.037 

.066 

2 C6H6 
1 
1 
2 

105-350 25.35fo 
100-40 37.85 
lOO up 0 
120-35 21.88 

.122 4 
l.1C7H8 

" 8.58 
.066 " 12.56 
.066 0 

0 
n 9.88 

.074 

.074 
n 12.88 

200ccEt2o 
120ccC7H8 lOO up 

150g.Hg 0 125-35 
n 1.27 C H 120-35 

.074 HgC12 6.6& 
6 

120-35 
• 037 · 4 n 

.037 100ccC
6

H
6 75ccC8H1a " 

.1293 3.5 C6H6 " 
usual 5.11 " 
.0747 2.13 h 

.112 2.13 n 

.0747 2.13 lOO up 

same, 

0 
0 
33.8 
28.4 
9.46 

12.17 
6.89 

14.88 
41.2 
30.73 
0 

lg.I2 2.13 120-35 38.6 
same, 

1g.cu2c12 2.13 " 36.2 

The .. ~ydrocarbons c 8H14• By following procedure such as in DRP 

253081 and heating say 10-30 g. of the above glycol with a 

single drop of dilute sulphuric acid (20~ by weight), at bath 
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140-50° in this case rather than 130-40° since the hydrocarbons 

here are of rather high boiling point, considerable oil and 

water collects in the receiver. For examination this has been 

mechanically separated, shaken in a small funnel successively 

with small quantities of CaC12 till no further partition occurred 

and the oil became transparent. As, however, it was observed to 

oxidise to a gum after exposure for a day or two, the drying 

has been completed most satisfactorily by sealing up with the 

CaC12 for a number of days in a largely evacuated ampule (28 mm.). 

The oil was then dry enough for fractionation, which was effected 

preferably under partly reduced pressure as a certain amount of 

charring etc. was to be observed under the ordinary conditions. 

Completely drying the oil by repeated distillation over small 

amounts of Na as mentioned by Couturier for dimethyl-butadiene 

was not applicable here since it appeared to cause a polymer­

isation with the loss of the oil. The crude yield in one case 

(K#67) amounted to about 84~ of the theoretical, but this was 

unusual. The dried crude product naturally varied somewhat in 

composition, but one sample gave the following analysis (K#63) 

Calculated for c8H14 c 87.26 H 12.73 

Found 86 13.13 
86.3 13.17 

It also gave the following molecular weights in benzol 
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VI 

g. CsH14 in lOOg. soln. M. Wt. found Supercooling °C. 

1.125 
• 568 
.568 
.3833 
.23825 
.159 

108.2 (Calc.110} 
99.8 

110.4 
108 
113.6 
109.7 

.233 

.0975 
• 555 
.295 
.2325 
.16 

A larger sample was fractionated (K#69) with the result that 

here impurities containing oxygen were detected as well as the 
0 

hydrocarbon c8H14 , boiling at 64-76 /100 mm. The complete exam-

ination of these has been tabulated below (VII). The hydro­

carbons did not freeze at -30°. 

VII 

Fract. b.p. b.p. 25 Atoms 
_N-..::;..o :...• ---=1~0~0;.::mm==.:.. --=n:.:.:•:::..-...:M;.::.•...&o:wt:.:.:;... __ n-=D:;...__.-,B._r ______ ...;.,_... .. ____________________ _ 

Analysis Found Wt 

64-71° 123-80 108.8 1.4529 2.21 C8H14:C87.25 86.75 1.4 g. 
108.6 H12.73 12.62 

1 

2 
# 0 0 • 63 

71-3 abt.131 104.2 1.4598 1.377 C8H14 C 86.5 3.5 
108.8 H 12.77 

0 .075 
73-5 132-4 95.2 1.4629 2.085 C8H14 C 86.8 2.3 

99.2 H 12.95 
3 

111.8 0 .25 
75-6 133-4 108.85 1.4637 2.025 C8H14 C 87.7 4.3 

H 12.49 
4 

# 0 .19 
5 up to_ 141-3 115.2 1.4570 1.665 (C8H14 )20 ## 4.8 

100° 113.3 C81.3 
at 44.5mm. H12.33 

6 (residue) indef 126.3 
-inite 137.4 

# ; ## - See next page 

0 6.78 

- CaH1802C65.8 68.7 1 
H12.33 10.28 
021.87 21.02 
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# Error due to small quantity used when tit. with Br direct 
in cs2 at oo. 2 

## Found C 82.6 81.25 82 
H 11.94 12.25 11.48 
0 5.46 5.5 6.52 

avge. 81.95) 
11.89) probably a mixture of 
5.83) diene & pinacoline. 

----------~ 

Identification ~ Dimethyl-hexa4iene. - Ozonation of the fraction 

boiling above 70° at lOO mm. with moist ozone in carbon tetra-

chloride solution gave formaldehyde as the only recognised product. 

(K#82). In ethyl chloride solution the dry gas led to an oily 

ozonide, gradually dissolving on warming to boiling with water; 

the solution contained some formaldehyde and a higner aldehyde as 

well as some unrecognised acids (K#108). Diketones have not been 

recognised among the products, probably owing to the formation 

here of a monozonide giving rise rather to other products than 

to the diketones. 

A more definite result was got with permanganate. The oxid-

ation of a water suspension of the oil has been at such a con­

centration (3%) as to split the compound at the double bonds and 

completely oxidise the various residues to simple acids. Some 

difficulty was experienced at first in attempting to separate 

the acids by means of their basic lead salts after the method of 

Linnemann (A.1SQ,233 (1871); also Haberland, Z.An.~,217(1899)) 

owing to the fact that the propionate, for instance, readily 

forms greatly supersaturated solutions. By the use of sufficient 
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permanganate, however, the formate was completely destroyed 

and the acid was recognised by separation in the form of its 

readily crystallised and definite silver salt. The salts of 

acetic and propionic acids have about the same solubilities, 

so that if a mixture were obtained, the various crops should 

consist of mixed crystals. When the oxidation filtrate was 

neutralized with nitric acid and evaporated at 100° with excess 

silver nitrate (L/12), the first crop after drying anal.ysed 

64.6% Ag. The second crop turned out somewhat higher (65.3~), 
. 

owing to contamination with metallic silver. The silver content 

of successive crops is given in the following table: (K#115) -

VIII 

Silver Salt from permangrwate oxidation 

Crop Weight Ag found 

1 1. 5005 g. 63.4% 64.7 
2 .0548 63.83 
3 . 3003 63.85 
4 .1225 64.15 
5 .2080 64.2 

total 2.1861 or 25.55% of the theoreticaJ. maximum. 

Of the three possible formulae for this compound, the 

first below, the hexadiene, is the only one that would give pure 

silver acetate free from at least an equivalent of propionate -



CH3CH:,CH3 
CH3CH:CCH3 

3,4-dimethyl-hexa 
2,4-diene 
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CH3CH:,CH3 
CH2 :CCH2CH3 

3-methyl-4-ethyl 
penta-2, 4-diene 

C~:yca2cH3 
CH2 :CCH2CH3 

2,3-diethyl­
buta-1,3-diene 

It did not appear to make any difference in the result whether 

the permanganate solution was added portionwise or at once; 

generally not more than about 80~ of the calculated amount was 

added owing to the fact that the oxidation became very slow 

beyond this. Of course, the filtrate was further. oxidised till 

permanently pink at room temperature. A considerable excess of 

silver nitrate was preferred as this helped in the crystallis-

ation. The more recent oxidations have been concentrated under 

reduced pressure in order to prevent the auto-reduction of the 

silver salts which occurs at 100°. In this way it was found 

that the 2nd fraction of diene from K#90, boiling at 71-3°/100 

mm., gave practically pure silver acetate. 

IX 

Calc. for CH 3COOAg Found Remark 

Ag 64.7 64.6 Normal pressure (1#3) 
65.3 
64.2 
64.3 In vacuo (L#30) 
64.3 
64.25 

A subseq~ent run, however, did not give a product of the same 

purity, as may be seen from an examination of the following table. 
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_L 

Fractionation and ana1vsis ~ crude ~R14{L#l1 et seg.) 

No. b.p./100 Wt. Ag in Ag salt Analysis 

1 62-7 1.9 1.4505 63.2 c H 
2 67-8 3.8 1.4556 63.3 63.25 87.25 12.75 {calc. for 

3 68-9 3.6 1.4565 62.9 62.75 
C8Hl4 

4 69-70 4.6 1.4584 63.4 
5 70-72 2 
6 72-3 4.3 1.4637 64.6 64.8 

62.7 86.7 13.06 (found) 
7 73-4 4.5 1.4660 63.7 
8 74-5 1.7 1.4669 63.15 
9 75-6 2.7 1.4680 63.65 63.7 

62.95# 
10 76-83 4.8 1.4660 64.25 64.0 

64.4 86.7 12.31 
11 above 83 5.7 ## 

38.6(67.2~) # Ba(Mn04 )2 gave salts of 
64.2% Ag. 

63-25 -

## Probably contaminated with the 
pinacoline compound, b.p. 145-50° 
(Lawrinowitsch) as in the 5th 
fraction, table VII. 

The refractive indices here rose steadily to a point at the 

9th fraction. As the differences between the first and last 

were rather wide, these were taken to indicate the presence of 

isomers, either structural or geometric. The oxidation would 

indicate something of the former. With regard to the possib­

ility of the latter, no mention has been yet noticed in the 

literature of the occurrence of ~eometric isomers among di-

olefines excepting Harries's speculations mentioned above. 
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Several preliminar,t experiments seemed to indicate that the 

various fractions could be isomerised to a pure hexadiene by 

heating, the analysis of the silver salt being materiaJ.ly 

improved. 

XI 

Behaviour of C8H14 samples 2n heating (L##l07,113,117,122) 

Time n~5 M Ag in salt 
Controls at 100° Before After Before After Before After 

L#l1(3) 

1#11(4) 

1#11(7) 

L#11(8) 

1-2 hrs. 1.4565 1.4568 

n 

n 

2 deys 

1.4584 

1.4660 1.4661 

1.4669 

111.3 

109.3 

62.75 63.7 
62.9 63.4 

63.4 
63.4 63.7 

63.7 
63.7 6.4.4 

64.05 
63.15 64.4 

In the above no change in index or molecular weight took place. 

On repeating the above on a mixed sample, the same was noted, 

but in addition no appreciable change in the composition of the 

silver salt occurred; so that in the above the differences 

must have been accidental. The error in the oxidation analysis 

then appears appreciable. 

XII 

Effect 2i heating amixed sample ~ C8H14 ~ 100° (M#10) 
25 

Time nn Ag in Salt M D 

0 1.4625 
3 hrs 
4 days 1. 4631 
intermittent 

63.85,64.15 
63.9 ,63.4 
63.45,63.82 109.3 

(M#40) 
.7782627 at 21 

(M#39) 
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The samples were heated in sealed tubes at about 28 mm. Under 

these conditions it is apparent that there is no tendency to 

polymerise~ 

Molecular Refractivity of c8H14 l!ixture. The specific gravity 

compared to water at 27° (balance temp. ) was found by the pro­

cedure of Ostwald (H.Meyer, "Konstitutionst3rm!ttlung", p.l51) 

using a 0.5 cc. pipette, and this changed into the comparison 

figure for water at 4° after the formula (ibid, p.l50). In 

order to avoid error the index was read on the Abbe instrument 

with the same thermometer at 27°. From these figures the MD 

was calculated by the Lorentz and Lorenz formula. To get the 

exaltation, from this was subtracted the Mn calculated by the 

constants obtained by Conrady, which are those that Eisenlohr 

appears to use in his calculations (Auwers & Eisenlohr, J. pr. 

§g,65 (1910). The assembled data were: d27/4, 0.7782627; 

n~7, 1.4622; MD found 38.68 (calc., 38.1; Eisenlohr gives 38.14 

for c8H14~). The EMn was therefore 0.5a# • Now for isoprene, 

di-isopropenyl, etc., the ·EMn runs plus 0.51-0.82, while for 

pentadiene, hexadiene, etc., this varies from plus 1.02-1.71; 

so that the above product resembles the other diolefines sub-

stituted by methyl groups between the conjugated linkages. 

# The corresponding monosubstituted compound MeCH:CMeCH:CHMe 
prepared from methyl-hexenol (MeCH;CMeCHOHEt) by the action 
of potassium bisulphate gave according to Abelmann (B.43, 
1574(1910)) no exaltation, but Eisenlohr (above) found the 
EMn 1.08 
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The different fractions of dimethyl-hexadiene were found 

to have the same molar refraction: (M##82,93) 

XIII 
t 

MD MD calc./2 EMn Fract. b.p./lOOmm. ' 
nD d4 

1 below 67° 1.454420.1 0.7667 38.88 38.1 0.78 
2 67-70° 
3 70-73° 1.464719.2 0.7832 38.?8 n 0.68 
4 73-760 
5 76-79° 1.468820 0.7895 38.75 " 0.65 

On allowing a sample of the diene to stand for several months 

over metallic sodium, the latter was found to dissolve without 

evolution of hydrogen, a gelatinous substance being formed 

which was changed by alcohol into a resin (W#1). The diene on 

washing and drying, however, was found to be unchanged; found 

n~5= 1.4636, originally = 1.4631. 

Change Effected ~ Sulphuric Acid. - When the diene was dissolved 

in 4 volumes of concentrated sulphuric acid and precipitated 

out again by water, it was found to have changed from a thin oil 

to a viscous liquid (1#13), the boiling-point rising from about 

130° to 170-200°. The substance was found to contain some oxygen 

as indicated by the analysis (C=85.4, H=12.69). The index also 

had risen from 1.4650/25° to 1.4915/25°. By neutralising with 

barium carbonate and evaporating the filtrate a slight quantity 

of salt was obtained but this was found to be largely inorganic 
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(from the carbonate) as it gave very little insoluble residue 

on combustion and conversion into barium sulphate. Couturier 

{Ann.Chim.Ph.(6) ~,485{1892)) had mentioned a disulpho-deriv-

ative of di-isopropenyl obtained the same w~ by the action of 

sulphuric acid, without, however, mentioning his method of sep­

aration. The oil described above, of course, was probably an 

impure dimeric compound. 

Autoxidation A sample of diene allowed to stand in limited 

access of air for a week or more gave a colourless gum, which 

was extracted with methyl alcohol to remove byproducts. The 

residue, after drying in the oven, was brought into a boat by 

dissolving in ether and evaporating this off again. Analysis: 

{M#9) Calc. for c40H70o10 Found 

67.1 
10.01 

c 67.65 
H 9.85 

The substance was evidently a peroxide, since, although negative 

to potassium iodide, it gave a stronger brown peroxide reaction 

with titanic oxide than did ordinary hydrogen peroxide. The 

molecular weight found for the benzol solution was 640 (calcul-

ated 710). 

Butyl Bromide By treating butyl alcohol with hydrobromic acid 

after the method described by Adams (Organic Synthesis,I,p.5) 

the highest yield obtained was 73.1% (K#llO). 



- 44 -

~.3-Dibrombutane Attempts to get the 1,2-dibrombutane from 

butyl bromide by the catalytic method of Reboul '(Bull.(3) 7,125, 

(1892)) were without success (K#59), the dibromide formed after 

several weeks being negligible. The method of Linneman (A.161, 

199(1872)) gave 15.5~ of a dibromide boiling at 170-80 (K#97), 

probably the 1,3- compound. As Herzfelder had used iron as a 

catalyst (B.g.§,l260 (1893)), this was tried in conjunction ~i+,~_l 

the method of Rebou1, 32.8~ of dibromide being obtained (K#99), 

boiling, however, at 158-161°; that is, the 2,3- compound. 

Meyer and Mttller (J.pr. (2) ~,181 (1892)) had previously noticed 

this isomerisation of the 1,2- compound to the 2,3- compound on 

heating with iron. A recent example of a similar reaction (v. 

Braun, B. 55(B),3526 (1922)) is the conversion of 1,4-dibrombutane 

to the 1,2,3-tribromide with iron and bromine. Sulphur, iodine 

and aluminium were found to have no effect as catalysts (1#56). 

Yields of 22.6% were later obtained quickly by brominating at 

100° in the presence of iron powder (L#53). A 53.4~ yield was 

obtained also from butene obtained from butyl alcohol and thorium 

oxide at 450° (1#77). Analysis : 

Calculated for c4H8Br2 Found 

Br (lime) 74.1 73.8, 76.5 (1#26,32). 

3-Brombutene(2) It was found best to use an excess of 

potassium hydroxide in vhe hydrolysis of the dibromide by the 



- 45-

method of Wislicenus (A.253,231 (1889)}, since where this was 

not done some of the latter remained unchanged, owing to the 

formation of an amount of butine as a byproduct (L#33,etc.}. 

263 g. of dibromide (lM), 82 g. of KOH (1.2 M) and 400 cc. of 

methyl alcohol gave 124.7 g. of brombutene, b.p. 89-93°, or 

75.8~ (1#71). An analysis of two earlier samples • • 

Calculated for c4H7Br Found 

Br (lime) 59.3 55.7,55.7 (1#31) 
57.3 (L#35) 

M (benzol) 135 133.7 (M#44) 

This bromide is known in two forms (Wislicenus), the above being 

described as the "high-boiling" modification. 

Condensation .Qi 3-Brombutene(2) with Magnesium There appears 

to be an error in the Austerweil patent previously referred to 

(DRP 245180) in making reference to a magnesium compound of 

vinyl bromide, although Grignard reagents of acetylene compounds 

are known. For instance, Grignard himself was able to get allyl 

iodide to react with only one-half atom of magnesium, the result­

ing mixture not showing the usual reactivity of the reagents 

(C.r.l32,561 (1901)). The matter has been cleared up by 

Meisen heimer & Casper (B.,~,1655 (1921)), who found that the 

compounds got were nothing other than two-phase ether solutions 

of diallyl and the compounds Mgi2 (or MgBr2 ) plus 2Et2o. The 

reagent of the olefine is so unstable that it immediately reacts 
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with any unchanged halide. 

The high-boiling brombutene above was able to dissolve 

only one-half atom of magnesium, iodine being added as catalyst. 

On carrying out the reaction in air and decomposing with ice and 

dilute acetic acid (1#39), the following fractions were separated.: 

Fract. b.p. 

1 38-41° 
2 70-90 
3 100-150 
4 abt. 185 

The third fraction 

CaJ.c. for C4H802 

c 54.6 
H 9.085 

XIV 

Composition 

ether, n60 1.3538 (found, nfiO 1.3540 
brombutene 
oil with irritating, onion-like odour 
dark oily residue 

included an oxidation product: 

C4H902 Found (average of 3) 

53.85 53.275 
10.125 9.3725 

A second experiment (M#7) gave the following fractions, 

showing no trace of the desired diene, but giving an impure di-

molecular compound as the main product : 

Fract. 

1 
2 
3 

b.p. 

abt. 34° 
" 86 
" 160 

XV 

Composition 

ether 
brombutene, nt5 1.4562 (found 1.4510) 
oil with char~gter like above, 

nD 1.4?35. 
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The last fraction analysed: 

Calculated for c16H34o Found 

c 79.3 
H 14.05 

M (benzol) 242 

Einacone HYdrate 

80.2 
13.82 

208.2 

The method of Richard and Langlais 

(Bull.(4),455 (1910)) gave a yield of only 31~ (1#90), possibly 

owing to poor amalgamation. By the procedure described in DRP 

233894, however, the product was obtained in 42.3~ yield (1#111), 

iodine being added as a catalyst. 

Dimethyl Butadiene The hydrate on treatment with sulphuric 

acid or potassium bisulphate led mainly to pinacoline (N#94), 

the same being true of the action of the bisulphate on the 

water-free glycol (L#110) following DRP 246600. In an attempt 

to follow DRP 235311 by leading pinacoline and carbon dioxide 

over alumina at 420-40°, the yield was only 20~, high-boiling 

oils being formed (L#ll4). However, the product got from the 

water-free pinacone by sulphuric acid (DRP 235081) was found to 

be mainly diene (1#131). 

The pinacone was not easily dehydrated by distillation 

methods, but the water was to be separated by melting the 

hydrate over various dehydrating agents like caustic alkalies 

or potassium carbonate, the yield in the last case being best 

(1#109). With potassium hydroxide a 62.5% yield of glycol, 



- 48 -

boiling at 79.5°/21 mm., was obtained, (M#121). The glycol 

usually came over entirely at 172-4° at ordinary pressure. 

Following DRP 235081 as mentioned the pure diene gave a sharp 

fraction at 69-70° using a bead column; n~0 1.4376 (1.4377/20°, 

Kondakow}. The molecular weights in benzol were 85.2, 85.9 

(L#131), calculated, 82. 

Calculated for c6H10 

c 87.8 
H 12.2 

AnaJ.ysis : 

Found 

88.1, 88.2 
11.72, 12.84 

This method gave yields of from 35.5 to 42.75% of diene 

(M#85, N#4) and 20.4~ of pinacoline (M#85). By using 2% of 

sulphanilic acid a 55~ yield of diene was obtained (N#49). 

Using 10~ of potash alum (following DRP 250086) and separating 

from the pinacone hydrate with an Anschutz attachment, the 

diene fraction amounted to 59.7~ (N#58). Its formation was 

accompanied by 22.05fo of pinacoline and 4.93fo of hydrate. To 

avoid mechanical losses in the above it was necessary to fract-

ionate once only, using, however, an effective column. 

Dimethyl-buta4iene Dibromides Kondakow's solid and liquid 

dibromide (above) were prepared by brominating at 0° in carbon 

tetrachloride, ether (L#131) or ethyl chloride solution (N#81). 

The solid was obtained free from the liquid isomer by washing 

with methyl alcohol, when it melted at 45-6° (Kondakow gives 

the figure 47°). Analysis: 
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Found Calculated for C6H1QBr2 

Br (Boubigny & Chavanne) 66.1 
M (benzol) 242 

65.2 (M##45,49) 
239 (M#45) 

This solid was found to boil at 105-110°/18.5 mm. (N#84), 

the liquid modification obtained as a residue of successive 

crystallisations boiling also at 105-110°/18.5 mm. 

The optical data on the solid: nBO 1.5470, D~0 1.6912, 

MD 45.3 (45.04 calculated for c6~Br2j=(N#10)), v;o 143.1. 

Data on the liquid: ngo 1.5390, d~o 1.6502, MD 45.85 (N#10), 

v50 146.6. m 
In the bromination of an old sample of diene a certain 

amount of a polymeric bromide of indefinite melting-point was 

obtained. This was insoluble in the usual cryoscopic solvents 

excepting phenol, in which it dissolved with a purple colour 

(phenoxy- compound, Weber, B. ~,779(1900)). Found 46.7~ Br 

(c
12

H20Br
2 

requires 49.35~ Br (M#87)). The substance dissolved 

in carbon disulphide but came out again as a gum. 

Ozonation of Solid Dibrom-dimethyl-butadiene On oxidation 

of the bromide with 3% permanganate in ether solution an un-

recognised oil was obtained giving the following figures 

n~4.8 1.4740, d!4•8 1.4232, Br 48.85~ (N#8). Oxidation with 

various amounts of chrom-acetic acid at temperatures from 50-90° 

gave traces of brom-acetone (N##66,69). 

The ozonation of the bromide was effected in acetic acid 

as well as in ethyl chloride, but the acid complicated the sub-
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sequent separation of the decomposition products (N##79,80,81). 

The procedure finally adopted (N#83) was as follows : 

3 g. of solid bromide dissolved in about 20 cc. of 
ethyl chloride was treated in a freezing-mixture with a stream 
of ozonised oxygen and carbon dioxide until the ozone was no 
longer absorbed (which was indicated by the smell of the emit­
ted gas, the liberation of iodine from potassium iodide solution 
and the formation of a cloud above the latter). The solution 
was poured into a distilling flask and distilled with 30 cc. 
of water. The ethyl chloride came over first and escaped, later 
the brom-acetone came over with the first 10 cc. 'of water. 
This measured 1.75 cc. or 84.15% of the calculated amount. The 
distillate was positive to Congo Bed (mineral acid) but negative 
to Fehling's solution (no aldehydes). For analysis the oil was 
taken up in ether, dried and distilled. All came over at 
44-6°/20 mm. Colourless, intensely lachrymatory oil. Analysis: 

Calculated for c3H50Br 

Br (Bacon) 58.4 
M (benzol) 137 

Found 

58.1 
132.2 

Isomerisation It might be supposed that a simple method of 

arriving at a normal rubber would be through the 1,4-halides by 

the action of metals, but such has not been the experience so far. 

Thus when the solid bromide of di-methyl-butadiene was re­

fluxed with the calculated amount of zinc dust and 90~ alcohol 

until the smell of the bromide had disappeared, the ether extract 

on brominating was found to give crystals melting at 42-3°, in­

dicating that the product of the reaction was dimethyl-butadiene 

itself (N#62). 

Similarly when the bromide was treated with less than the 
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calculated amount of magnesium in dry ether, no trace of a 

rubber or the compound c12H20Br2 was obtained. The sole product 

separated here was an oil boiling at about 100°/20 mm., which 

was recognised by its molecular weight (229.4) as the liquid 

modification of dimethyl-butadiene-dibromide {N#19). 

The same isomerisation was effected by heating the solid 

bromide to 100° for 12 hours with a molecular part of diene 

(N#18); here the products were unchanged diene (b. p. 70° )', 

solid bromide (m.p. 43-4°) and liquid bromide (M 220.2, 219.8). 

Formation of Terpenes rn an attempt to arrive at dimethyl-

hexene, the bromide was added gradually to an ethereal solution 

containing an excess of magnesium methyl-iodide. Self-warming 

indicated the occurrence of a reaction. The solution was then 

treated with ice and any unchanged halides eliminated from the 

ether extract by the use of an excess of diethylamin~ After ex­

tracting finally with dilute mineral acid and drying, the extract 

was fractionated, when the diene (recognised as its bromide, m.p. 

45-6°) came over at 70°; at 50°/20 mm. an oil smelling like a 

terpene was obtained. The still residue contained an oil with 

a powerful smell. Both these oils were dimolecular products, as 

shown by their molecular weights (benzol(~ 163.2,166.4; (b) 168.8 

168.2; as against 164 calculated for c12H20 ) (N#l6). 

Dimethylamine Deriyatiyes The procedure for making a cyclic 
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quaternary pyrrollnium comp·.)U:1t1 by the action of dimethylamine on 

erythrene dibromide has been described by v. Braun (B.55 (B), 

3536 (1922)). The corresponding derivative of dimethyl-butadiene 

was prepared by heating the solid dibromide with 2 molecules of 

dimethylamine (prepared by Menschutkin's method (C. Zent. 1898, 

II,478) in about 15 parts of benzol. After about 4 hours at 

100°, the salts were extracted with dilute hydrochloric acid 

and the acid extract, after shaking with ether, was made alkaline 

and extracted again several times with ether to remove the ter­

tiary base. On making acid again to Congo Bed the solution gave 

a copious precipitate of a red gold bromide salt with gold chlor­

ide solution. For analysis the quaternary compound was separated 

less quantitatively as a sparingly soluble yellow platinichloride, 

melting at 199° with decomposition. Analysis: (N#68) 

Calculated for c16H32N2Cl6Pt Found 

Pt (combustion) 29.55 29.9 

The combined ether extracts, after washing with water, were 

extracted with dilute hydrochloric acid, made just acid to Congo 

Red, and the ditertiary salt separated as an insoluble yellow 

gold chloride salt melting at 188-9°. Analysis : 

Calculated for C1QH20N2Cl8Au Found 

Au 4 6. 3 5 4 7 • 2. 
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As the yield of this salt amounted to 23.45~ of the cal-

culated maximum, it seems that the tendency towards ring formation 

at 100° is not as great here as with v. Braun's compound. 

Action of Diethylamine Qn the Solid ~ Liquid Bromides 

Equal weights of the solid and liquid bromides dissolved 

in about 50 parts of ether were treated dropwise with 2 molecular 

proportions of diethylamine in an equivalent part of solvent. 

After a d~ and a half the two mixtures were evaporated and the 

products separated as insoluble gold bromide salts (N##38,39). 

The solid bromide gave an 11.55% yield of a quaternary salt, 

melting at 52-8° (from ethyl acetate), Au found 28.78%; 27.2% 

yield of a tertiary salt melting at 177-9°. 

The liquid bromide yielded 26.75% of a quaternary salt 

melting at 101-3° (ethyl acetate), Au 29.75%, and a 21.22% yield 

of a tertiary salt melting at 179-81°, Au 31.1%. 

The mixed melting-Point of the ditertiary salts was 177-9°, 

indicating identity. That the liquid bromide is capable of yield­

ing two salts similar to or different from those of the solid 

individual is taken as an indication of its comprising a mixture. 

(See introduction). 

These gold bromide salts, however, were not pure, as shown 

by the following analyses. The quaternary salt melting at 101-30 

was recrystallised from ethyl acetate: dark red needles, 



- 54 -

m.p. 106.7°. Analysis : (M#87} 

Calculated for c10H20NBr
4

Au 

C (Lead chromate) 19.35 
H 3.2 
Au 31.6 

Found 

18.35, 18.33 
3.19, 3.18 

28.34, 29.15 

The tertiary salt was purified by dissolving in methyl 

alcohol and precipitating with ether: orange powder, m.p. 

177-8°. Analysis : (M#87) 

Calculated for C14H32N2Br8Au2 Found 

c 13.32 14.825, 14.55 
H 2.536 3.006, 3.288 
N (Kjeldahl) 2.22 2.268 
Au 31.3 32.68, 32.6 

Diguaternary Pyridonium Salt - When the solid bromide was 

dissolved in about 20 parts of pyridine, the solution crystal­

lized shortly in white needles, melting at 124° (from ether. 

Analysis : (N#6) 

Calculated for c16H20N2Br2 
C (Lead chromate) 48 
H 5 
Br (Baubigny & 40 

Chavanne) 

Found 

48.4 
4.4 

37.?8, 38.36 

A better analysis was obtained of the insoluble yellow platini­

chloride, melting with decomposition at 229° -

Calculated for c16H20N2PtC16 Found 

Pt 30.08 29.93 

Ditertiary uethylaniline Base - Methylaniline (1.25 cc.), 
0 

dibromide (1.377 g.) and 10 cc. of benzol were heated to 100 
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for 3 hours. After separating the secondary and tertiary bases, 

the water solution was colourless and gave no precipitates with 

picric acid, gold or platinum chlorides (no quaternary salt 

formed; see introduction). The di-tertiary base was separated 

from unchanged methyl-aniline by recrystallisation from 90~ al­

cohol: colourless leaves, m.p. 76-7°. The analysis, however, 

has not been very satisfactory (N#61). 

Calculated for 

c 
H 

C20H26N2 

81.7 

N (Kjeldahl) 
(titration) 

8.84 
9.52 

Found 

80.7 
7.325 
7.69 
7.37 

Sulphur ~ Antimony Chloride ~ ~ Diene - When heated 

several hours at 100° with a benzene solution of dimethyl­

butadiene, sulphur gave no thiophene derivative. The solid 

residue from the fractionation melted at 110-15° and analysed 

101.3~ S (Kratz) (N#52). Similarly when antimony trichloride 

was allowed to stand several days with a methyl alcohol solution 

of the diene, the colourless product isolated by precipitation 
I 

with cold water and ·centrifuging was found to be antimony tri-

oxide. Total Sb found, 81.25~ (Sb2o3 requires 83.3~) (N#50). 

~olymerisation of Dimethvl-butadiene In the heat polymeria-

ation following DRP 250335, the addition of various supposed 

catalysts (such as sulphur, natural rubber, acetic acid, piper­

idene, solid caustic soda, and zinc phenyl-methyl-dithiocarbamate) 
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was found to have no advantage (1#130, M#30), piperidine even 

keeping the substance liquid. One sample heated alone in a 

sealed tube for about two weeks at 100° was observed to have 

changed in molecular weight from 85.5-85.9 to 125.9 (M#35). 

For analysis, the rubber was separated by evaporation and pre­

cipitation from ether solution by alcohol. The alcohol was 

driven off in vacuo at 100°, and the rubber dried several days 

in a vacuum over sulphuric acid (M#70). 

Calculated for (C6Hlo>n 

c 87.8 
H 12.2 

Optica1 Examination ~ Rubbers 

Found 

88.8 
12.38 

By the use of benzene and 

toluene solutions of natural rubber, Gladstone and Hibbert (J.C.S. 

53,679(1888)) had been unable to get uniform molecular refractions 

for natural rubber. The same procedure gave widely varying fig­

ures in the experience of the writer also (N#34). Constant 

results, however, have been got with rubber sheets (M#91) pre­

pared by dropping ether solutions of rubber on to metal foil coat­

ed with a layer of sugar. When a film of sufficient thickness has 

been obtained, the whole is folded over a heavy wire frame and the 

sugar dissolved away. The rubber sheet, supported on the wire 

stretcher is dried a few hours in the air and finally in vacuo 

over sulphuric acid. When dry, the sheet is clipped into a strip 

suitable for the Abbe refractometer. The specific gravity has 
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been determined by the sinker method, the figQres given 

representing the average of several deter.minations on pieces 

selected for their smoothness and freedom from bubbles. 

M 
D 

D. 20 20 
~methyl-butadiene rubber: nD 1.525, d4 0.9292, 

27.03 (C6H10t=requires 2?.2) (M#95), V~O 88.23. 

Smoked sheet (Hevea): n~0 1.5208, d~o 0.9217, 

MD 22.44 (C5H8t=requires 22.6) (M##91,94), V~O 73.8. 
rubber 

As a check on the last, a/thoroughly extracted with acetone 

was purified through precipitation by alcohol from benzene sol­

ution. It gave the following analysis: (N#35) 

c 
H 

88.23 
11.77 

Found 

88.7, 87.8 
11.54,12.2 

This rubber furnished the following data: (N#37} n~0 1.5219, 

d~O 0.9232, MD 22.46. Twiss (Ind. Rub. J. 1923, 609) gives . 
nfi5 1.525 for a freshly rolled sheet and Gladstone (above) the 

d as "about • 92". There can be little doubt, therefore, that 

only one double bond was lost in the polymerisation of the diene; 

and the absence of any exaltation indicates the disappearance of 

conjugation between the remaining double bonds of the polymer. 

In fact, a slight optical depression is to be observed, which 

might be considered as due to internal compensation. This de­

pression, however, is just outside the margin of error (see 

introduction). 
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An interesting point in connection with the last rubber 

above was that the maximum index (n~0 1.5236) obtained by com­

pression was not greatly higher than the normal figure quoted. 

Amylene Bromide Brominating in acetic acid following Harries 

(Mon.Scient.~,295(1912)), trimethyl-ethylene gave a 65.3% yield, 

b.p. 56-9°/19 mm.; ordinary amylene 60.9~, b.p. 57-9°/20 mm. 

(N##59,75). 

Isoprene - By heating the amylene bromide with dimethyl aniline, 

as described in DRP 264007, only a negligible distillate was ob­

tained (N#60). With a barium chloride-porous plate catalyst at 

305-10°/22 mm., the procedure mentioned in DRP 255519, the yield 

of low-boiling distillate amounted to 59.5~ (N#72). Two runs 

with a modified isoprene lamp at red glow (N#77) have indicated 

that the evolution of isoprene from dipentene by this method is 

very slow, not more than one cc. per hour. 



ADDITION TO THESIS 

1-~~ 

{~ 

Sulphur Chloride Compound of Dimethyl-butadiene.-

An excess of freshly distilled diene diluted with carbon bi­

sul~lhide was treated drop-wise with a solution of sulphur mono-

chloride in the same solvent. After several days i~ the dark 

the s:.tell of sulphur chloride had disappeared and the solution 

was evaporated in vacuo at a maximum temperature of 50°. The 

residue v;as s. brown oil \~Ii th a slight odour. It formed solid 

r-~, Jducts on distillation. 

a.) 

-... i' ...... 

d 

for 

(uatz) 

(benzol) 

26 
4 = 1.1172, 

012 
TT - Cl2 
H 

~2 -'-20 

21.4 

299 

n 26 = 
D 

F2 • 

1.,5400, 

Found 

21.2' 21.·9 5 

262 

i~ = 83.8 as against 82.32 

Old samples of diene gave at the same time a solid 

polymer which could be separated by precipitation with acetone. 

Chlol~ina tion and subsequent hydrolysis of the oil 

above fB-Ve a distilla"ble sul-phox:iie which was purified by pre-

cipitation from acetic acid by ~ater. It boiled at 139-41°/29 mm. 
The 8ingle enalysis of this compound by the Kratz method gave a 

low figure o· . .--ing to its stability to oxidation. Found: S 10.02; 

Double Ethers of Dimethyl-butadiene.- s;he solid di-

bromide v:a.s heated under pressure r:i th the calculated amount of 

~lcoholate, diluted with water after cooling and the ethers 



salted out rii th potc.ssium hydroxi~e, dried and distilled. The 

dimethyl-ether was an oil r~ith a slight smell resembling pepper-

Llil.!. t. It boiled at 81-4° /33.5 mm. Analysis: (N # .87) 

Calculated for 

c 
~J 

.. L. 

~ 1" (benzol) 

Cg rrl6 

66.7 

11.12 

144 

02 Found 

66.6 

10.98 

133-3 

The correslJOnding ethyl ether v;as an oil with a faint 

rose-like odour and. boiled at 90-95°/25 :.:h1. (N#?O) 

---//---
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EXAMINATION OF NEOARSPHENAMINE. 
BY A. DouG:t.AS MAC.ALLUM. 

Received December 28, 1920. 

During the last few years many articles have appeared on the 
chemistry of arsphenamine, but practically nothing on that of 
neoarsphenamine. This is doubtless owing to the generally admitted 
obscure nature of the product, which in point of instability and diffi­
culty of preparation stands midway between arsphenamine and sodium 
arsphenamine. The only references to the preparation of neoarsphena­
mine are confined to patent literature, 1 and these claim the manufacture 
of sulfoxylic acid derivatives of arsphenamine by the action of formalde­
hyde sulfoxylate salts on arsphenamine compounds or their intermediates. 
J\liomic. con1pounds may so be formed, the reaction, in distinction from 
that of formaldehyde bisulfite, taking place in the presence of either acids 
or alkalies, the degree of substitution depending on which condition oc­
curs and such factors as temperature, time, concentration and propor­
tion of the reactillg substances. The primary products2 are N -mono­
and KN '-dimethylene-sulfoxylate derivatives of dihydroxy-diamino­
arsenobenzene, and where technique is not good, mixtures are produced 
of one or the other, or both, and decomposition products. 

Arsphenamine cotnpounds, of course, owing to their amorphous char­
acter, cannot be made absolutely pure, this difficulty being increased in 
the neutral and alkaline deriYatives by their lesser stability, so that neo­
and sodium arsphenamines, for instance, as usually prepared, are diluted 
by greater or less amounts of by-products. Account should be taken of 
this, consequently, in the recognition of neoarsphenamine; e. g., it is not 
sufficient that a powder should have a definite sulfur : arsenic ratio and 
be soluble in neutral solution, since it may be shown that preparations 
nearly always contain mechanically mixed free sulfur salts, and in some 
cases consist to a great extent of reaction by-products. , 

Considering the degradation products of neoarsphenamine, one course of 
decomposition may be represented thus, 

1 D. R. P., 245,756. 
2 Neoarsphenamine is defined as a compound prepared from arsphenamine by 

means of formaldehyde sulfoxylate. A monomethylenesulfoxylate formula is claimed 
for foreign preparations, including Ehrlich's, thus (Fig. 1). 

OH 

("rH.CH20SONa 

~I NH2 

As:AsC)oH 

Dihydroxy-diamino-arsenobenzene­
N-monomethylene-sodium sulfoxylate. 

Fig. 1_. 
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hl·sidt·s mon· iu\·11ln~d -.id~,.· group and possibll' nuckar substitution de­

ri\ati··'"·' 
llisintc.~r.tti••n of the ar~(:llo Ltdit·.d \\•1\tld k.tcl to oxid:tti•'ll and hydro­

l~·til· ir.tdur•·" such as appt·:tr to '"·,·tir in Ute catalX>Ii"m of .tr ~phtn.tmine.' 
In IH·~t;tr:-.J•hc·n.tminl' such llt-a\·;q .. :l''> are to be detl'dnl by lJj,,J"~ical 

rather than chl·mit·;d k..,h -in. • the intrc•ducticJ!l llf a ~idc · l!.L:n into the 
Illl•kcuk l'!l':th'S cc•lc•rimdrie ;tlld llclu··in~ prtlpl·rtil's which would ••tiJt·r­
wisc obscure their on·unt·un·. This i:-; 11c •t the c;ht.', h"Wl'\'L·r, with the 
ahn\·e-mcntionl'<l sulfur by prodttds, which it would be a mistake t() 

asq1r11t· differ ~really in l••Xil·it~· from tht· ori.~in;tl .,uJi,,xyl.tll' derivatin...;. 
But therapl·utic intt-It ... t n·nll'rs ''ll the lattl:r a'> ha\·ino.: the structure at­
tributed to Ellllidt"s compouJHI. Clln...,idl·r.thle inq• .. It..nce atLtclus, 
therd.,rl', lcl the ickntit\· of the side ;..:roup in ,·,,nlnHrt i.t! preparation. 

Attempts tc • distinguish the muuc ,stllioxyl.ttc derivative \,y the physical 
Jll•'l'tllit.., of the free acid kd to l1t1thin;...: Jdinitc: the mdtin;...: point, 
th•t;~:!J distinct, was not very ct•IhLmt (If much ruJll''-ld irom those of 
11lhl'r .tr~l'll'• cumpc•III!ds. I-: ... tinuti"Il .,i its sulfur: arsenic ratio gave 
bettl:r but n• ,t unif()rm n·::-ult~ :\ nwthod was tin.dly de\;sed by the 
writer which served t" distinguish the sulic•xylatc dcrivati\·e from the 
more immediate sulfur and non-sulfur by-products and depended on 
portion wise '•xidati< 'n (li nl·narsphl'lumint· solutions by iodine. This 
method, though li.tYin:.,: certain limiLtti"ll'. has '._:i\·,·n consistent arulytical 
figures and possesses an ~uh·;tnta~l· also in that it is effective with rela­
tin·ly smalJ samples of the drug. The error is about~~~- and this brgely in 
the ar::-,cnic determination. The method is applicable in the toxicological 

1 Binz, Ber., so, 1~74 (1~117). 
s Sieburg, Z. physrol. Chem., 97, 53 (1916). 
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study of the progressive decomposition of neoarsphenamine solutions. 1 

Under the conditions described below, oxidation of neoarsphenamine by 
iodine proceeds quantitatively according to the equation, 2 

OH(NH2)C&HsAs : AsC&Hs(OH)NH.CH20SOH + 9H20 + 121 __... 
20H(NH2)C&HaAsO(OH)2 + HCHO + H~O. + 12HI. 

Procedure. 
Two g. of neoarsphenamine is dissolved in 100 cc. distilled water. 
Total Reducing Power.-Ten cc. of this solution is pipetted into a 500-cc. wide­

necked glass-stoppered bottle, acidified with 25 cc. of 1-20 hydrochloric acid, immedi­
ately treated with 50 cc. of 0.1 N iodine from a buret and titrated back with thiosulfate 
after 3 minutes' shaking. The cc. of iodine required multiplied by 5 is the total reduc­
ing power per g. of powder. 

Free Reducing Substances.-simultaaeously with the above, 20 cc. of solution 
is removed to a 100-cc. volumetric :flask with well-ground glass stopper, the :flask filled 
with carbon dioxide or nitrogen, 50 cc. of 1-20 hydrochloric acid added, diluted 
with water to the mark, stoppered and inverted about 120 times in 3 minutes to dis­
solve the soluble constituents from the precipitate. The suspension is brought onto 
a dry folded filter, the first few cc. of filtrate discarded, then 25 cc. collected in a dried 50-
cc. volumetric :flask containing 25 cc. of 0.1 N iodine solution. The contents of this 
:flask are poured into a 500-cc. bottle and the residue rinsed twice with water. Ti­
trating back after 3 minutes, the cc. of iodine required multiplied by 10 is that required 
by the free reducing substances per g. of powder. 

Arsenic.-Ten or 20 cc. of solution is oxidized and the arsenic determined by 
Lebmann'sl or Rogers'• method. The per cent. of As times 5.333 is equivalent to the 
cc. of iodine required to oxidize the arsenic in 1 g. of powder. 

Combined Sulfoxylate.-The iodine· required to oxidize the combined sulfoxylate 
in 1 g. of powder is found by subtracting that required by the arsenic and free reducing 
substances from the total reducing power. This divided by 3.9553 gives the per cent. 
of sulfoxylate (as CH,OSON a). 

Calculation.-The ratio of sulfoxylate to arsenic, e. g., M.S.: 2M.As is given by 
the equation M.S. = 150/% As. X % S./101.13, the theory for neoarsphenamine 
being unity. 

Comment. 
Analysis of best preparations has indicated that it is not possible to 

form products of sulfoxylate : arsenic ratio exactly 1: 2, but that products 
closely approximating to this are quite practicable. 

TORONTO, CANADA. 

1 Kolle, Deut. Med. Wochschr., 1918, p. 1180. 
1 Reinking, Ber., 38, 1069 (1905). 
a Fargher, J. Chem. Soc., us, 992 (1919). 
• Rogers, Can. Chem. J., 31 398 (1919). 
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EXAMINATION OF NEOARSPHENAMINE. II. THE CONSTI­
TUTION OF THE FRENCH DRUGS 

In a pn·\'iono.; p:qH'r 1 the nature of .\nll'ri,·an nt·oarspht·ILllllitw". hut 

n'd of the Europt'all pr('parations, wao.; indicall'd. The cr•mpo"itirm of 

~nme of the latter compounds io.; rkalt with hrit·fh· lX'low. 

:-;,,IIH' of liH·'>t' pnHlttd". it i" tnw. :m· similar to the .\nH·ri,·an •lilt''>, 

hut "tlH·r--. ll"Ld,]}· thr,..;t· oi Frendt origin, ,.,llhi"t t·ntirdy of clouhly 

"tJl,,tilt!ll'd ar"Jd!t'!Lttllint·"· tht" formation of whid1 maY lw illustrated 

:I" f,,] 1 ( 1\\'": 

( lll ( l)J 

I I,> c~~~, 

\, ==-= :\!' 

:\r,phenarnint' ha-..c.· Ill! ( lll 

.\atl;--CI)I 7C 11:'\('"\...,_ ("'.!\11 ClftlJ:-;<J:'\a 
I I I I 
• ) • I 

·./ 'v/ 
:\s -- .\s 

French product t \'pe 

The moo.;t noticeable ph:•>:--i, ·a! '·haradt·ri ... tic of the French compounds 

is that, unlike the nt·oarsphenaminco.;, which arc ""luhk in neutral and 

alkaline '" •lnti"n alone. tilt·\· di..;o.;oln~ unchangt·d in Wt'akl_\· acid media 

as well. 2 Tl11: former darken and d,.,.,,mJ"ht' at rclatin·l~· hi~hl'r tempera­

tlln~s. ;trek~ .... affected by ;ttm":--pht·ri 11x~·~en. and an· of J, '\n·r toxicity, 

hut also of lower trypanocidal adi\ it}·, than the Ill'' •ar-...pl!,·namim·.... t >lhl'r 

\\'i"L' the t"" kinds of dntg much rc~L·mhk t·a,·h otlwr, for t··-:.tmpk. in their 

ion n:adiun~. ""lu!.ilit i~· .... and hl'ha,·if)r on any :->flrt of drastic treatment. 

Thl' separation of thl' individual CC•IllJHllltlll" in a Jlltr•· ... tall' i-; rendered 

somewhat difficult by a tendency t"wardo.; dt·,·pmP"'itit~ll, :->o that up tr1 

tilt· present, the identiti,·atinn t•i thl'-;l' has ckpcnded 1ot1 anah·sis ,,f :->amph--; 

as they "t, " "I. 
In connection with tht· n···,•:.:.nitJ••n of such t'••mpnunds, the it~dometric 

1 \Llcallum, Tm-. l••l'!~!';o\1., 43, ti!:) (1\I~Jl 
2 Including sulfuric acirl,-sparing ~olul.ility in this reagent being the usual test 

for arseno compounds IEhrlich, Ber, 44, 12ti:1 (1\lll) J. Consequently, it seemed a 

question whether such products were not substituted at the .1r~•·n" as wen as the amino 
groups. However, as soluble derivatives like these could n••t be rnadt from arseno­

benzene, or its intermediates, the writer concluded that the preparations were, after all. 
merely :\'. :'\ '-di-suhstituted derivatives of arsphenamine. 

The series includes also less definite rwutral complexes which are more readily 

decomposed than the above by mineral acids with the almost complete regeneration of 
arsphenamine salts. The latter are taken to be molecular compounds, hut the ctis­

tinction between t ht· .... t· and the others is not vn1,· well marked. 
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method described in the first communication has been extended for analy­
sis of the methylene-bisulfite group, which appears to rank in importance 
with the sulfoxylate in these preparations. The development consists 
essentially in making use of the oxidation figures obtained when a prep­
aration is treated with iodine successively in acid and alkaline solution, 
and from these deriving the group configuration by the aid of the elemen­
tary analysis. 

In the following table are shown the iodine requirements found to hold 
for the principal reducing groups in such compounds. 

TABLE I 
IODINE REQUIREMENTS FOR PRINCIPAL GROUPS 

Group 
formula 

Molecular iodine Requirements in 

-CH20SO~a 

OH 

ONH, 
AS 
~ 

2 

Group name 

-methyletJ.e­
sulfoxylate 
-methylene­
bisulfite 

arsphenamine 
base 

a Reinking, Ber., 39, 1069 {190.5). 

acid solution alkaline solution 
M M 
44 6 

4 

7. 755b 15.02b 
(e. g. K X BM) (k' X 16 M) 

b The oxidation and substitution of "606" by iodine under the conditions described 
in this paper are not quite quantitative. Thus a sample of the pure drug gave the follow­
ing titration figures. 

Cc. of 0.1 N iodine required by 1 g. of powder in 
Acid solution Alkaline solution 

Found 165 310 
160.5 315 
160.5 316.5 

Av. 162 313.8 
Calc. for As:31.3% 167.1 (8 M) 334.2 (16 lJf) 

Sulfoxylate and formaldehyde bisulfite are more completely oxidized, however. 

Formaldehyde sulfoxylate (m. p. 64-5°, uncorr.) 

Cc. of 0.1 N iodine required by 1 g. of substance in 
Acid solution Alkaline solution 

Found: 257. 5 390 
Calc. for HOCH20SONa.2H20: 259.5 (4 M) 394.5 (6 M) 

Formaldehyde bisulfite (m. p. 78-9°, uncorr.) 
Found: 2.5 259 
Calc. for HOCH20S02Na.H20: 0 263 {4 M) 

Analytical Procedure 
The complete oxidation analysis may be carried out in the following 

steps in order to conform to the technique indicated in the original paper. 
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Partial Reducing Power.-'J'wo-tenths ~· of powder is rli·· . ..;nlwrl in 10 cc. of dis­
tilled wall'r in a ;,llllcc. 11a ,k, acidified with ~.-, cc. of ll.f'i N sulfuric acid, irnmerliately 
treated with [>fl cc. of 0.1 :\'iodin(', and titrated back with thio-;utfate and starch after 
;{minutes' shaking. The cc. of iodine rl'quin·rl multiplied by;-, gin·s the partial reducing 
power of I g. of powder. 

Total Reducing Power. -One-tenth g. of powder is dissolved in 50 cc. of watr-r 
:tnd imtnt·di:th'lv treated with 100 cc. of 0.1 .Y iodine solution. After a minutes' shaking, 
10 cc. of:..! .V sodium hvdr,,·.;;,~e '-'olttlion is added and the mixture shaken again for 3 
minutes, when it is diluted with 50 cc. of water, acidified with lfJ.;i cc. of 2 N sulfuric 
acid and titrated l•ack with thi•"'ulf:ttc solution, using, finally, starch. The cc. of iodine 
required multiplied by 10 is the total reducing powC'r per gram of powder. 

Arsenic. --Tiw percentage of arsenic determined by Lehmann's method is multi­
plied by G. I/:.! (or 77il}i/J.l~l.!l) t•J r.:iVL· the cc. of iodine reduced by the arseno or arsenide 
radical in 1 ~· of powder. \Vhcn this amount would exceed the partial reducing power 
found, the presence of 11\\'l~··nall'd arsenic groups is indicated. 

Arsphenamine.-Thc percentage of arsenic times 10.02 (nr lfi02,'H~l.fll equals 
the total cc. required by the group. 

Sulfo.xylate.-The iodine used by any sulfoxylate present is found by subtracting 
that required by the ar .... ,·nic from the partial reducing power. This divided by :L!HiiJ 

!or ·100/lllli gives the percentage of .... ulf.,\ybte (a<> -cHl>SO:'\a). The total iodine 
requirement of the ..;ulfox~·hte is l.G times the preceding number. 

Bisulfite.-Thc iodine absorbed in the oxidation of any mcthylene-bisulfite in 
the preparation is r~~und by subtracting from th<.: total reducing power the added total 
iodine requirements fr11111 the arsphenamine and sutfoxylate groups, according to the 
following exampk, which shows the tit<.:r of a well-known drug. 1 

Calculation of Sulfoxylate.-
Cc. of 0.1 JY iodine per g. of powder 
Partial reducing power, (1) 1:.!.1..! (2) lJ!j, 
Iodine required by arsenide radical, calc. (20.22 X 5.1 i~J 

av. 120.7 
104 .. ~ 

Partial iodine requirement of sulfoxylate 16. 2 
whence sulfoxylate (lti.:2, :l.~Hi ~-4.09% and the total requirement of the 
sulfoxylate 24.3 

Calculation of Bisulfite.-
Total reducing power (1) 331; (~) 341.5; (3) :n7; av. 329.8 
Total iodine required by arsphenamine group (20.22 X 10.2) or 206.2 
Total iodine requirement of sulfoxylate 24.3 

Difference 

230.5 

99.3 

This iodine requirement divided by 3.41 (or 400/117) gives the percentage of 
methylene-bisulfite (as -CH20S02Na). Thus in the above, this group was found to 
be present to the extent of 2\1.12%. 

Determination of tlu: Sulfur Groups.-The computation of results obtained by 
oxidation and elementary analysis is illustrated by tabulating the figures obtained 
"';th the same preparation. 

a It should be mentioned that the error5 here are greater than have been noticed in 
subsequent titrations. The most nearly uniform results are obtained when solution is 
effected in an indifferent atmosphere. '-



TABLE II 

ANALYSIS 

Element or Group Av. %found 
As......................... 20.22 
N......................... 4.3 
Cl............ . . . . . . . . . . . 0 
s.......................... 11.43 
Na........................ 7.52 

Sulfone (presumably) ....... . 
Sulfoxylate (-CH20SONa) .. . 
Bisulfite (-CH20SOzNa) .... . 

Total. .................. . 

Sulfonate (-80sNa) ........ . 

4.09" 
30.17 

2<1 

2.274 
0 

Molecular proportions 

2.64 
2.422 

0.218 
0.30 
1.9108 

2581 

2.422 

2.210 

0.212 

.. The cryoscopic depression of 0.26° found for the 2.95% water solution corresponds 
to a molecular weight of 209.9 g. Calc. for pure C14HuOsN2As2Na~: 598.2 g. Ioniza­
tion is naturally a factor here. Arsphenamine itself under similar conditions gives low 
molecular weights. 

"Free sodium sul:fite (Na~03 or NaHS03) if present in small amounts would not 
readily be distinguishable from sulfoxylate. 

The Commercial Products 

Rather more variation has been observed in European than in American 
products, no two makes of the former being alike; variation has been found, 
too, in different lots of the same make of drug. The makers' claims as 
to the constitution of a number of these preparations have not been sub­
stantiated by analysis. Graphic structures that are ascribed by the 
writer to several French compounds are shown below: 

OH OH OH 

u.CH,OSO,Na NaO.Su.CH,OSO,Na UH.CH,OSO,Na 

As As As 

' ' ~ 2 2 0 
Nos. 1 and 2 No. 3 

Dihydroxy-diamino-arsenobenzene- Sulfo-bisulfite 
N ,N '-dimethylene-bisulfite bisul:fi te 

compound 
a This was found to differ entirely from lot to lot. 

No. 4a 

Formaldehyde bisul:fite de­
rivative of hydroxy-amino­
phenylarsenoxide 

In confirming the composition of products like the above by synthetic 
methods, it has been found that not more than 2 sulfur groups could be 
introduced into their structures except where one was non-reducing, such 
as the sulfonic group, and this was assumed to have migrated to the nu­
cleus after a manner already known. 4 Of the sulfur groups, the sub­
stituting activity of the sulfoxylate was seen to be the most marked, the 

4 King, J. Chem. Soc., 119, 1415 (1921). 



formation of bisulfite derivati\'(·s often being of a secondary nature. 
The following arc examples of true neoarsphenamines. 

OH OH 

O

NH.ClhOSONa ONif.CH20SO.Na 

NH2 ~ ll1 

As : AsQ011 As : AsQoH 

No.;; No. f) 

Dihydroxy-diamino-arsenoucnzcnc- Corresponding bisulfite 
N -monomethylenc-sulfoxylate deri vativc 

The toxicological and therapcu tic actions of the French drugs are 
compared with those of other arsphenamine preparations in the appended 
table. The figures show the results obtained in this laboratory with repre­
sentative commercial samples, using- mice infected with trypanosoma 
equiperdum. 

Preparations 

Arsphenamines ....... . 
Sodium arsphenamines ... . 
N eoarsphenamines ....... . 
French neo mixtures ..... . 

TORONTO, CANADA 

'fAB1.8 Ill 

RSLATIVE Dosgs 
As 
% 

30 
:!0 

20 
:!0 

Curative ~ose 
G. perk. 

0.0075-0.0125 
0.015 -o.025 
0.0225-0.04 
0.04 -{).06 

Tolerated dose 
G. pert. 

0.15-0.19 
0.25-0.3 
0.3 -o.·l 
0.4 -{). 5 

Examination of Neoarsphenamine. II. The Constitution of the French Drugs, 
by A. Douglas 1\Iacallum. 

P 2581. Table II, the last three lines should read: 
Element or group .-h. r~ found ::\Iolecular proportions 
Bisulfite (-CH20S02Na) 2~l 12 1.844 

Total 2.144 

Sulfonate (-50sNa) 0 278 
P 2582. ~ote added by author (December 18, 1922). 
The general sparing solubility of these compounds in alcohols is in agreement with 

an arseno structure, this property having been used at one time by Bart (Ger. pat. 270,-
568) to distinguish certain arseno compounds from the arsenoxides and arsines. 
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o-AMINOAND o-ACET AMINOPHENYL­
STIBINIC ACIDS. 

BY A. DOUGLAS MACALLUM, M.SC. 

As p-acetaminophenylstibinic acid has been 
used in the treatment of trypanosomiasis (:lVIan­
son-Bahr, Lancet, 1920, 11, 178; Uhlenhuth 
and Hi.igel, Dents. Med. Woch., 1913, 2455 ; 
Hi.igel, Arch. Derm. Syph., 1913-4, 118, 1) 
some interest will be attached to the prepara­
tion of the corresponding ortho-compound des­
cribed in this paper. 

Aromatic antimony compounds have been 
made by the Fittig reaction (Michaelis and 
Reese, Annalen, 1886, 233, 39), the Grignard 
reaction (Pfeiffer, Ber., 1904, 37. 4620), and 
the diazo reaction (Schmidt, Annalen, 1920, 
421, 174). A number of methods for making 
arsenic compounds, such as the Bechamp re­
action (Ehrlich and Benda, Ber., 1907, 40, 
3292), the substitution of tertiary amines 
(Michaelis, Ber., 1908, 41, 1514) or mercury 
derivatives (Michaelis, Ber., 1875, 8, 1316 ; 
Roeder and Blasi, Ber., 1914, 47, 2748) have 
not yet been successfully applied to the pre­
paration of antimony compounds. 

As the diazo reaction is generally preferred 
for the synthesis of the primary acids, this 
method was naturally attempted for the direct 
preparation of the acetamino acid from mono­
acetyl-a-phenylenediamine, but without success. 
However, the synthesis of the acid has been 
effected through the amino compound, which 
was made from the nitro acid by reduction with 
ferrous hydroxide or titanous chloride. 
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Curiously enough, while primary aromatic 
antimonic acids behave towards alkalis as if 
existing in a p()lynwrie form, molecular weight 
determinations I 'Y the cryoscopic method have 
indicated a unimulecular structure in the acid~ 
so far examined by t}w author. 

grpr ri 111 en tal. 

O.rrw ilidf'.-Thc following procedure has been 
found prdera hlf~ to that of Perkins (J. Chem. 
S()c., 1>-i!l~, 61, 4-.>B) in the matter of yield. Olle 
part of crystalline oxalic acid and a bout three 
()f aniline were heatl·d on an oil bath until the 
still-head temperature reached 180° C. and the 
contents of the flask became molten. By de­
canting and extracting with cold alcohol, the 
oxanilide was obtained in the form of plates, 
m.p. ~4 7°--~..fio.(', yield 7:2-7~ 0.~r 

o-Xitroaniline.-The oxanilide was nitrated 
by a slight modification of "\Vtilfing's process 
(G.P. G.J.:21:?, 66,060). The nitroaniline, tho­
roughly washed and dried, was cautiously dis­
tilled in 'l.'acuo (b.p. 16.)0 -HiG:o at 28 mm.) to 
remove coloured by-products. The yield did 
not exceed 60% and the product usually melted 
at 69°-711° It was purified by saponifying the 
acetyl compound according tu "\Vitt and Uter­
mann (Ber., 1906, 39, 3901) . 

. o-Phcnylcnediaminr:.-The pure diamine, m.p. 
111~=-lU:.>", was made in 87~~) yield following 
Hinsberg (Ber., 1895, 28, 2B41). It was sepa­
rated by distilling in a vacuum (b.p. 142°-143° 
at :2~ mm.), and freed from unstable by-products 
by treatment with ether. 

JI on acetyl o plu 11 !Jlr: itrcl ia mine .-:.Ianuelli 
and Valloni (Gazz., HJ01, 31, I., 22) obtained 
this compound, m.p. 145°, among the products 
of the decomposition of the diacetyl deriYative 
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by oxalic acid. A less pure form has been pre­
pared by treating a well-diluted solution of the 
diamine in ethyl acetate with an equivalent of 
acetic anhydride. The cooled solution was 
neutralised with potassium carbonate and the 
dried solution allowed to evaporate. The 
crystals formed, after extracting with ether, 
and drying at 100° C., melted at about 
131°. The hydrochloride was also separated by 
passing dry hydrogen chloride through the 
cooled solution. It was dried in vacuo over 
sulphuric acid and caustic soda. Found : Cl 
(modified Volhard) 18·44<y0 (C 8H110N2Cl re­
quires Cl 19·05%). 

o-Nitrophenylstibinic acid (N02C6H 4Sb03H 2). 

-The crude acid was obtained in a yield of 45 <y0 

by a slight modification of the diazo method 
described by Schmidt (loc. cit.). After purifying 
(through the chloride) the yield had dropped to 
about 30%. For analysis, the acid was dried to 
constant weight over boiling toluene in the 
Viktor Meyer apparatus : N (Dumas) 5·19<y0 , 

Sb (total) 40·8<y0 ; (2) N (modified Kjeldahl) 
4·45<y0 , Sb 40·5<y0 (calc. for C6H 60 5NSb : 
N 4·79<y0 , Sb 41·09<y0 ). 

According to Schmidt, the alkaline solutions 
of the acid are too dark to titrate using phenol­
phthalein. No difficulty is experienced in 
getting end-points, however, providing the solu­
tions are sufficiently dilute. Thus 0·1 g. dis­
solved in 100 c.c. of water and 20 c.c. of N jlO 
alkali, on titrating with sulphuric acid was 
fom1d to require 3·63 and 3·71 c.c. of sodium 
hydroxide or 3·79 c.c. of lithium hydroxide 
(average 3·71 c.c.). The amount of chlorine 
still present in the product was 1·04% (Baubigny 
and Chavanne) or the equivalent here of 
0·28 c.c. of alkali. The actual requirement was 
therefore 3·43 c.c. as against the calculated 
3·37 c.c. for the unimolecular acid. 
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~Iolccular weight determinations on the acid in 
phenol solution, taking the usual precautions 
against access of moisture, gave the following 
figures : for a 3·15o/0 solution 300·4, 280·6, 
282·5. Another preparation used as a check 
gave 275·4, 273·8, 273·8 for a 3·75%,, and 
267·2, 266·8 for a 2·94% solution (calc. for 
C6H 60sNSb, 292). 

Similarly, p-aminophenylstibinic acid gave 
depressions corresponding to a unimolecular 
structure. The acid was made from the 
chloride of the acetyl derivative by saponifying 
with dilute sodium hydroxide. Analysis : 
found~ 4·36%, Sb 42% (calc. for C6H 80 3NSb, 
H 20: N 5%, Sb 42·85%). This gave depres­
sions of 0·225°, 0·25° for a 1·1225% formic 
acid solution (calc. for C6H80 3NSb + ~0, 
0·2245°). 

It is difficult to reconcile these figures with 
such type formulre as 3(C6H5Sb02)~0 or 
3 (N~C6H4Sb02) 3~0, worked out by Schmidt 
(loc. cit., see also Ber., 1922, 55, 697) on the 
basis of the chemical analysis and behaviour of 
such acids on progressive titration with alkalis. 

Tartrate of o-nitmphenylstibinic acid (N02 
C8H 4Sb0( OH)C 4H 40 6N a) .-Although the nitro 
acid dissolves in excess of tartaric acid, the re­
sulting product was found to be no definite com­
pound, since it could be separated by the use of 
organic solvents into various soluble and in­
soluble fractions. By boiling an excess of the 
acid with sodium bitartrate, however, the solu­
tion on evaporating and drying over toluene was 
found to contain a fairly definite complex. 
Analysis : Sbv 24·3%, Sb (total) 24%1, Na 
(N"a2S04} 5·9, 5·82%, 1\;lJONaOH r~~ired per g. 
46·45 c.c. (calc. for ~0H901~.NaSb: Sb 
26·93%, Na 5·17%, NaOH 44·8 c.c.). Mole­
cular weights in 3·49o/0 aqueous solution: 
312·9, 286·3, 297·5 (calc. 446). 
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o- A minophenylstibinic acid (~06H4Sb03~). 
_rfhe reduction of nitro derivatives of aro­
matic arsenic acids by ferrous hydroxide has 
been described by Benda (Ber., 1914, 47, 1316); 
in dealing with antimonic acids a modification 
of procedure is necessary in order to prevent 
losR by precipitation. No such difficulty is expe­
rienced where the reduction mixture is very 
dilute, however, and Benda's technique has been 
followed for the reduction of the o-nitro acid 
under such conditions, only substituting ferrous 
sulphate for the chloride. In this case the 
alkaline filtrate from the reduction by-products 
was neutralised with acetic acid, the sulphate 
removed with barium acetate, and the amino 
compound precipitated as a neutral lead salt 
by addition of lead nitrate. Found: Sb (total) 
21·5~-~ (C12H140 6N2Sb2Pb,8~0 requires 27·5o/0 ). 

:More concentrated solutions were obtained by 
reducing alkaline solutions of the nitro acid 
with ferrous hvdroxide made from ferrous sul­
phate and hot "barium hydroxide solution. By 
this means the alkali salt could be separated by 
the use of mixtures of acetone and ether, or by 
converting into an alkaline barium salt. One 
such salt gave the analysis : N (Kjeldahl) 
3·25o/0 , Sb (total) 25·05%> (06H803NBaSb,4~0 
requires N 2·97o/0 , Sb 25·49o/0 ). 

Au alternative procedure was to separate by 
centrifuging an excess of ferrous hydroxide, 
thi.-s being stirred for 10-15 minutes with a solu­
tion of 5 g. of nitro acid in 150 c.c. of water and 
15 c.c. of 5N sodium hydroxide. The suspen­
sion \Vas centrifuged again, and the liquid 
treated with charcoal, salted, and acidified with 
;l cetic acid. The acid was dried on a porous plate 
in 1Yu:uo before extracting the salt with ice 
water in the centrifuge tube. As the acid 
usually contained enough iron to impart a 
brown colour to the sulphide, the proof of it 
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illCli,·iduality depended on the constancy of the 
antinwny-11itrog(·Jl figures. Found: N (Kjel­
dahl) ;)·~.>%, (Van Slyke) ;J·;J7%, ~h (total) 
42·:~ (~ ;), losH (DO(') 3·82o/0 (calc. for C6H 80 3NSb, 
H 20 : N 5·0%, Sb 42·85o/0 , loss 6·42%). The 
low loss was partly accounted for by the pre­
sence of 1·53% of salt. 

By the acti(JJ 1 of potassium iodide and dilute 
sulphuric acid on solutions of the amino acid, 
o-iodoaniline was obtained, m.p. 56°-56·5°. 
Found: 57·4% I (Baubigny and Chavanne) ; 
C6H 4NI requires 57·95%. 

The acid darkened at indefinite temperatures 
above 150°. It formed a brownish powder 
soluble in alJOut 200 parts of water. The more 
concentrated solutions in alkali gave precipi­
tates with excess of <'!Jl1Cf'Ji1ratcd alkali, potas-
8ium carbonate, and alcohols. Its solution in 
sodium hydr(Jxide gaYc precipitates with most 
alkaline-earth and h(·a Y,Y metal salts excepting 
those of magnesium and zinc. The acid is 
soluble in methyl alcohol, warm glycerin, and 
dilute acetic acid. The aqueous solutions of 
the acid and its salts decompose on standing. 

A product substantially the same as the above 
was obtained by the artion of titanous chloride 
()Jl suspensions~ of the acid in methyl alcohol 
In this case, the amino acid was precipitated by. 
the addition of hydrochloric acid, washed with 
salt solution, and the mineral acid eliminated 
with sodium acetate. 

rJ-Acetaminoplu:nylsti&inic acid (CH3CONH 
C5H 4SbO:lH2).-This acid was prepared from 
moderately concentrated neutral solutions of 
the amino acid by the action of an excess of 
acetic anhydride <lt 0° C. It was separated by 
centrifuging and dried in the same way as the 
amino acid. Found: X 4·74%, Sb (total) 
39·.5°~ (C 6H 100-1XSb,H20 requires ~ 4·7~~ 1 
Sh 40·2;)~ 0 ). 
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Saponification of the acetyl compound indi­
cated that it usually contained slightly less than 
the single molecule of acetic acid shown in the 
formula. 

The acid did not melt below 250° C. It was 
sparingly soluble in water, but readily soluble 
in formic acid, warm glycerin, and dilute acetic 
acid. It formed the usual soluble alkali and 
ammonium salts. 

Di- o- chlorophenylstibinic- acid, (ClC6H 4) 2 
SbOOH.-This acid was the main product fo 
the action of antimony oxide on o-chlorodiazo­
benzene chloride. It was purified by converting 
into the chloride, m.p. 105°-110°, and pre­
cipitating this from alcoholic solution by water. 
With potassium iodide and dilute sulphuric acid 
it gave an oil, b.p. (capillary) 230°-235°, pro­
bably o-iodochlorobenzene. Found: Sb (Kjel­
dahl) 27·9%, C (lead chromate) 32·28%, H 
2·31% (calc. for C12H902C~Sb,3~0: Sb 
27·93%, C 33·5%, H 3·49%). The acid was 
sparingly soluble in alkalis. 

Determination of antimony.-The author pre­
fers the following modification' of the Lehmann 
arsenic determination to the Kjeldahl method 
(Schmidt, ibid.) mainly because it requires only 
a short time to complete : 0·2 g. of substance, 
dissolved if possible in 10 c.c. of water by the 
addition of alkali, is treated with 1 g. of potas­
.sium permanganate and 10 c.c. of concentrated 
sulphuric acid. After heating for a time, the 
mixture is decolorised by boiling with 10-15 c.c. 
of hydrochloric acid, and diluted with 50 c.c. 
of water and 75 c.c. of hydrochloric acid. The 
antimony is reduced in the cooled solution by 
shaking for 3 minutes with 5 g. of potassium 
iodide. After diluting with a further 125 c.c. 
of water, the solution is titrated with NjlO 
thiosulphate, using starch as indicator. I a 
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blank be subtracted, f•ach e.c. of thiosulphate 
then equals 0·006 g. of Sb or 3%. 

The quinquevalent antimony in a preparation 
may usually be titrated directly under the 
above conditions, omitting, ()f eolJr:.;f~, the per­
manganate and sulphuric acid. 

D(·partment of Chemi~try, 
}fcGill l!Hiver~itv, 

-:\Iontreal. V 

ll' Speaight <t Sor~s. Ltd l'rinttrr. Fetter Lane, London, t..'.C. ~. 
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