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HT SYNTI—HLSIQ 07 DIHYDROH IYDNOCARPIC ACID, DIEYDRO-

GHAULMOOCRIC ACID AND HOFOLOGUTS OF THESE ACIDS

by Roger Adams

”For the past 300 years 1t has been known among the na-
ad a beneficial

sof Tndla and China that chaulmoogra oil h

oot 1n the treatment of 1eDlOSY The vietims used the oil

ik

+he 1881OHS ‘and in addition tooV a.e much as possible orally.
ﬂﬂfunately, the oil is very irritant to the intestinal tract
pushed to the

.ﬂwj'in general the oral dosage could not be

T4t was not until 1899 that medical men made
P

of ‘chaulmoogra 0il.)

ubmﬂaneous injection and, later,

wrative point

fSMEHiifiC*StUdY Tourtoulis attempted

spntramuscular injection of

and

*mﬂmoogra oil in 1899%. This was & oawniul Procegure,

hBOll wa.s on’y very slowly absorbed.

Tn order to overcome this difficulty, a variety of

1thes of chaulmoogra 01l with other olls ot chemicals were

ade Wluh the object of producing & 1ess vigcous preparation

ol was more readily absorbed. Pernaps the mixture most

remwntly used during the years, 19OO 1915, was that suggegted
0\ Qﬁ
30

?

YI%iSer which consisted of 50‘%&rts of chaulmoogra ol

/ R PSS
rw\_-,;\;j--'u...‘.....‘._w.-

wts OI camphorated oil, and 4 g 0f~re or fin.

\ ________ w_/_,.,.._- .
During this same period of dev

elopment Dr. Rogers in

ndie made a thorough study of the use of sodium salts of the

red ratty acids of chaulmoogra oil first administered orally

nd?ﬁier injected subcutaneously and. finally intravenously.

give excellent regults and

* last procedure proved %o

employed in the far eastern

|_Dean used for the first time thé

T e

countries
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'héféynthesis.of Dihydrohydnocarpic acid, etc. {(con.)

:esﬁéfs of the mixed acids occurring in chaulmoogra oil,

Ctinéﬁthem subcutaneously and later iﬁtramusouiarly. This

s ——
“\ Dt

k?In 1930 Walker and Sweaney studied the bactericidal ef-

in v1tro toward leorae bscilli of the SQQAEE~EEWts of the ®

A s ©

socourrlng in chaulmoog:g oll, singly and mixed. He was

..... T, M,
o __,.......—.,...,‘r\ ,.ﬂ..-\

how that bot@fﬁ%au]moogrlc nd(?ydnocarpio acids\in the.
revmmareeee - ,,...x- __./

e, =
s P i TR

ety reégﬁtly Dean hae used,efﬂ§1 dthdroohaulmoograte t}
‘\—— S \‘M M.

1y with apparent successg, the use of these estersg having
I L 5.

From a chemical standpoinf a carsful study of chaulmoo-
vas made by Power and collaborators in 1904-1907, and the
gric and hydnocarpic acids were igolated and studied.

tonstitution for each was proposed. Recently Shriner and Adamg

¢ . :
dqocarplc and chaplmoogric acidds are not tautomeric.
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| >»CH-(0Hz ) 5 ~COOH [ET 0 - (CHz ) 12~CO0H
th CH2 ! g ng CHg
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*Tﬁé?3ynthesis of Dihydrohydnocarnic acid, atc. (con.)

The second phase of the work has been the synthesis of

roc haulmoogric and dihydrohydnocarpic acids obtained by re-

1qyd

Ctionﬂol the natural products The prooedure followed for the
i : ¥

dﬂwéis of the dihydrochaulmoogric acid may be shown beet by

following series of reactions:

: . - O T T TI {TT
B, )n—~CH=CH-(CE ,—~CO0CH =3 CH, (CEz ) o CEO + HOO-(CHz),v-
s(&?)7 H-(CHz ), 3 3 bbb,
SEp i} - ,
. .-«‘“HM@BI‘ -+ HCO"(C‘EQ)-"I—COOOHS —_— . .
. QHa QFp
J . _‘,—’CH"OHOH"‘<CH2)1 1“'COOGH3
CI-'E C.\.-g |
IPBr e
HZ0H-(CEz ) CO0H CHs CH NG Eg
~0H~-(Ckg ) 5, -000s g $Ha-xiz
Sy Pt e | T T SsoH-0uBr- (0, )1, -000CHs 5
Cd; CHz re
L
Hz &
~(0dy,),,~-C00K gfg
C
oo
thesig of the dihydrofiydnocarpic acid may be shown by the Eg
. EE
o
[

(CHp )»-CHO + CHO-(CH;

IVE

+(CHy ), ~CHSGH- (CHp ) ,~C000H; Lo OHg-

C
o
ON
Q
oy
[V}
i

-

—

QH CHa QH =
R L2 A3 N2m2 A _

»CHCHLOH — [ _>CH-CHgBr =

T TH, Hy CHg =

&

i

O

By J7-COOCH; —

>(H--UH,-CHOH- (CH; ) » ~COOCH;

CH ‘3"’1’5' 3
© ® iPBTr, then KOH
and reeuld
CHz (s A4
[ _~>CH-(CHgz),,~COOE

A

on.

o
&
Y

.
i)
5
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§
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}The Synthesis of Dihydrohydnocarpio‘acid, etc.'(cdnc).

Other synthetic compounds homologous to dihydrohydno-
cafpio and dihydrochaulmoogric acids have been made and also
;aoias of high molecular weight with other types of ring dn the

omega position. Some of these are bactericidal to leprae ;

pacilli.

ORIGINAL IN UNIVERSHTY OF R@EHES‘EE_BPBRARY
T Ngtto be reproduced withoul p@m@g@n.
NOTICE: This matsrial is also protected by
" gopyright law (Titie 17 US Gode)..




THE CAUSATION OF CERTAIN ORGANIC REACTIONS
AT THE SURFACE OF SOLIDS
by

Homer Adkins

’ In explaonation-of the title of wmy paper perhaps
ivéught to say that I like to use the phrase, "Causation of
reéﬁtion," for two reasons. One of them is that I feel 1%
ekﬁiesses the true function of the catalyst, and the other 1s
thdt'thereby I can usually arougse some pRysical chemist of the'
QstWald persuasion, who believes thet 211 reactions are going
aii the time, and that the function of the cetalyst 1s toin--
Crease the rate of one or another of these going reactions.

Since most of us like to convince at least ourselves
we are working on a really fundementel problem, I should
e to point out that there are only one or two reactions that
't present aocepted'as being unimolecular, and that, pre-~

1gbly, all the rest are contact reactlons in which catelysis

b , -
THay well play e part. I heve never been able to see any fun-

lzamental difference between those resctions thet involve two
s quid" molecules or two M"gas' molecules or two "solid" mole-~

es or some combination of these phases. I was, of course,

véf? much plecsed to hear Dr. G. N. Lewis say at the Washington
meéting that neither could he.  Hence, I feel that, although
th?ﬁsort of reactions which we are 2% present congidering, i.e.,
ofiﬂ gas over & solid, are not common among organic reactions;
Ye?:a knowledge of the fundamental fectors involved in these re-

dC¢tlons will be of value in esacping from our present abysma2/
R ' I

~ar
=
S,
et e ndem s

S
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Causation of Reactions &t Surface of Solids (eon.)

'fignorance of organic reactions.

| We were led into this line of investigation because
,ﬁe wanted to study the factors which determine the ratio of
fbroduots resulting from simultaneous reactions. I should like

flve of the

 £o-reoa11 to your minds, by the use of & fimure

) 0 + H,0

1
3
TCHO + Hy0 4 00h3,
4
I Hg\ 5

FE

The questlon isi- Why doeq ethanol _over . copner give

regCtion 2, over alumina 1 or 4, or both, over titania 1, 8,

‘and 3, over iron oxide 1, 2, 3, and 5, over nickel 2 and-By—and
“l . M W M

‘fbﬁ $r zinc oxide l-.and &7 For the sake of brevity and clarity

\_____,,___......_-—a--—""““"‘~-

shall confine ny disoussion this morning to a consideration

ARY

ffbf the reactions of the alcohols over zinc oxide, although whaty
&0

I have to say is borne out by studies of the reactions of alde-ag
'ihydeq, esters, aclds, and ethers, as well as of clcohols over Eﬁ
Ll
 fnot only zinc oxide, ou@ over iron ox1de, titania, and alumina.ég
‘ There are cértain points upon which most workers EE
s )
fljn thig field are agreed: -
: 1. There is a2 chemical compound formed between the %%
ﬁfqloohol and the catalyst. Some prefer to call 1t an absorp- %%
féfion compound, but, since chemists have been'willing to refer %i
“to, as chemical compounds, substances bound togehher in so di- g%
i - B

" verse ways as are sodium chloride, sucrose, and hydrated copper

- sulfate, I see no reason why one should hesitate to refer to a

p@{ man
rotecied by

D

i
3
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copyright law (Title 17 US Code).
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Causation of Reactions at Surface of Solids (con.)

“gompound of alcohol and zinc oxide as belng chemical. For i

in sodium chloride we have & substance that certainly does

mot exist in molecular form while in the solid state and per-
haps does not. even in solution. In the case of sucrose we

heve a molecule of the defirite architecture and linkage so

characteristic of organic compounds, while no one has yet pre-
it
iR

gsented a conclugive pilcture of the relationship between salts
/ - i

S

and thelir water of hyd?E%Tbﬁﬁmrf””/’
L *Ww e i
SR 3. We are agreed that only a spmall portion of the R

the catalyet ere concerned or are active |

" akoms or molecules of the Lys:
Many otherwise intelligent and

in this compound formation.

““logical chemists have spoken of these as being !indefinite
: e N
compounds, " because no one has ever yet gotten out a compound !
T st /
T S
“of,say, zinc oxide.and alcohol and analyzed it to a definite WAz
. .:‘:‘, i ) ‘:‘\ N — \._../"‘m'—“"“‘_““"‘“‘“““—- ______________ \\/”li { )
sformula. 5o
vvv—””—-’/ e
—d % =Rt
v Since the greet majority of the =inc oxide mole-~ EE_@§§§?§¢
) ‘ = =25
wcules are located beneath the surface of the golid, and gince o« giE?gjw
{ . . D—g;i' il
ReAES . i et i
only a few even of those on the surface are free to combine with %g Jéﬁﬁzny
o : & £ ®=))
“alcohol, it is not surprising that ¢ grom of zinc oxide will & -2 gl
g T g =
\:‘f N . . . . . E @ = t,:
. combine with, perhape, only a milligram of ethenol, and so an-~ EE 2 5 =
. - . : . : 0 & =8
alysis of the whole mass would yield anleytical figures of Wt %.,_, ;
) T O =R g; )
small significance. We can only meecsure the extent of forme- — &=
= L =
. - : : . — D D [
. tion of these 'reactant-catalyet! compounds by measuring the — =
g e S— . i ' T ey
‘ i o ' g
adgorption of gases, noting the decrease in volume during ad- ¢ EZ_
=
o

wnopeapdlon,
5. We are agreed that only a portion of the centers

That

© active far compound formstion are active in catalysis.

¢ 1s to say that total adsorption measurements do not tell the
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Causation of Reactiong at Surface of Solids (con.)

'wnole story of catalytic activity.
Four hypotheses have been advanced to account for
thejfact that different catalyste produce different rezctions

br dlxierent proportions of reactions. In brief, these hypo-

tbeses are as follows:

S8

1. The oldesgt hypothesgis is that copper produces

dehYdrogenation and alumina dehvdration because copper forms

o

one kind of a compound and alumina another.

 gitate that there be two zinc oxide-alcohol compounds, threg

mitania—alcohol oompounds, and four ferric oxide-alcohol com—

+
[

pounds. It would lead one to expect that the provortion of re-

actions would be unvearying for & given oxide, which we know to

be untrue. This hypothesis is so impossible that it is not
worth serious consideration.
2.

The hypothesis was advanced some eight or nine

years ago that copper absorbs hydrogen; hence, it would split

“hydrogen out of a molecule of alcohol; and that alunina adsorbs
= »

W@ter; gso it would produce dehydration. Thig hypothegis fails

’to coincide with most of the fects ascertained since its promul-

gation end is disowned by its parent, Dr. Bencroft.

3. Dr. Langmuir in 1916 suggested that, when & mole-

4

gule"was atscrbed on a catalytic surface, tlle arrangement of the

electrons or of their orbite was modified so that the adsorbed

molecule was wore susceptible to recction. I have suggested a

Jdevelopment of this hypothesis to cover the cases where & single

“molecule

ieg breokin up in different ways on the same or on dif-
ferent catclysts. Sluply erxpressed, the idea is as follows:

Fhen a molecule is being adsorbed on a surface, it will be under

This would neceg—
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Causation of Reactions at Surface of Solids (con.)

gﬁrain exerted by those active points on the catalyét which are
m&thin molecular digtances. The precise distence between these
aétive poinfs will determine the direction and extent of the dis-
fﬁrtion of the electronic orbits of the adsorbed molecule. Dif-
‘férent spacings of the active points might then result in differ-
| n

ent reaction products, just as the shape of the fraguents of a

" piece of pener would be determined by the reletionship in space

of the two hands which tore the originel sheet. -
Basged on thig ides a considerable amount of work has

“peen done in the Wisconsin Laboratory upon the sclective activa-
when gzinc oxide

tion of catalysts. It has been considered that,

‘was made from zinc hydroxide, the size of the pore (i.e. dis-

~ tence

between cctive pointsg) left in the cotalyst would be deter-

in part by the size and shape of the hydroxyl gsgoup. which

. ‘minesd
that o dif-

was eliminated in the preparation of the catalyst;
ﬁfereﬁt spading would be obtained if an isbpropoxy'éfouQNWéé elim—
‘finat@d'as Trom zinc isoprOpoxide;'ahd thet still another spacing
‘fﬁould resultlis zinc carbonate weas converted into zinc oxide by
ffhe elimination of carbon dioxide.

| 4. Dr. H. S. Taylor during the present year has pre-

: sented evidence for believing that the atomg on the surface of

& nickel or copwer catalyst differ in their degree of unsatura-

- tion. He has suggested that our results in ob%aining selec-
tive activation may have resulted from the production of mole-

“Cules differing in their degree of unsaturction and from selec-

“%ive poisoning of the catalysts.
Before considering these theories further I should

fected by
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. affect the activity of the catalyst.

Cam#ntion of Reactions at Surfece of Solids (con.)

7iike to briefly present o few outstanding fects that have emerg-
'ed from our experimentcl work.
1. The relative amounts of different a1U0ﬂo]s enter—-

‘ing into reaction at a given temperature are lﬂdePnd“ﬂLCf the
. TN .

' ) .
.catalyst whether it be alumina, o*(éifiﬁifiggz In the cese of

the primary &alcohcls there is a definite temperature interval

 for equal activity.

3. The amount of material entering into rezction is

i

:a veriable factor for different preparations of the catalyst.

-~ 'The temperature, concentration, and reagents used in precipita-

:}fion, the length of weshing, the temperature of drying, all

)-
- o
4. The proportion of competing reactions &s not E§
_,charaoterlstlo:of any oxide.or metal. (Fig. 1), i.e:. with zinc -
- o
& o
ox1de prebared Lron dTIferent solid oomoounds, ( hydro 1de, 25
; T e, ‘ ' ' ki
icarbonatef 1OOUQQDOX1de,Wﬁ¢C ), the proportions of alkene from ig
) = ‘_...,'—»*""""" //_‘___ »--———~—~—..\ ‘ ...~
lsonropanol ;1es from 5 to 88p froﬁ/lsobutaﬂol from 1 to 1. J%, o
~‘ ‘\w.w.ww-«""—?\’“’ , q o L.
\~—-........,,.—.._- ________ ——— CD

and fromfetnanol from 1O e BOp.
! \“h‘w - . j . . : . . ) v-':
.f 4. The pro)ortlon o| comDetlng reaotlons is relative— 32
SR Co : L
ly 1ndependent of the siruoture of tne alcohols a8 comﬂared %o =5
T 4 - D
ts dependenoe upon uhe nature of the oetalyst urfooe. The or- =
o =]
; der of tne nrlmary ﬂloohole 1s tne reverse in "BY 21no oz¢de that <5
glt is in "A" zinc oxide. Etﬂanol and 1sonrooanol are. 1nt rcnang~ o
B (" ' ’ l::

,ged 1n “A" 21no ox1de as oompared to "C" zinc ox1de

5. The oroportion of oomnetlnv reactions is & con-

7qtant for dLiforent oreoarctlono of &n. oxlde cate 1yst provided

Tt e e

”;t is obtained from the same SOlld compound.

$810N.

,;l_@
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Causation of Resctions at Surface of Solids (con.)

It is obvious from these results that there are two

indépendent sets of factors with respect to catalysis. The one
has to do with the amount of material entering into recctlon

and  the other hus to do with the paths followed by the reaction.
This important fact has escaped the attention of oheml ts be~
_capge they were mostly concerned with inorganic reactions which
Fmgfe often follow & single path of reaction.. We, of course,

are far more interested in the factors which determine the ratios
Qfgthe products than we are in the amount of material reac%ing,
fbr the former is the important thing in organic processes.

: With reference to Dr. Taylor's hypothesis, it méy_be
 ééid thet there is no reason for predicting thaet themmthods used
;}é‘this laboratory for the selective activation of oxide cata-
‘iysts.would result in'atqms or groups of atoms differing in
ifheir degree of unsaturation, while there is a very obvious con-

.nection between our method of selective activation and our hypo-

'_ihesisj in fact, the method was the direct result of the hypo-

:ﬁhesis. Even if variously unsaturated atoms were produced, the

temoPrature used with the oxide CauanSUS woull certainly result

An resrrangement to less unsaturated states, which would result

©.in chenges in the ratio of the competing resction. On the con-
trery, experience has shown that the retative rétes.df the reac— =

re guite ccnsgtant for different gsamples of catelyst, and

Long periods cf use, wkile the aclivifty which is dependent

“supon the number of achiive centers varies greatly under the szme
e nasaturated cenbtarg would certainly be

Condlitiong. The moz

snd wnkis would regult in cheages in whe raitio of
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Causation of Reactions at Surface of Solids (con.)

s thet have not been observed to anything like the extent

L1 B 5 o ) ul -
the acghtivity., Dr. Taylor

(AT N

hag been obegerved with resgpecy 1o
her suggests that the selective activation observed iﬁ this
1zporatory was really due to "selective -g301301’11ng{."'= If this
were true, it is herd to explein why the ratio of reactions ig

so constant alvalue as long as the catalyst is mode from a cer—~
‘téin solid compound, whil the activity of the catalyst ig so0 var-
iable for different preperations of the catalyst. Thig is, why
igs 1t that the retio of alkene to hydrogen ie so0 constantf%ver
kdifferent preparafiohs of catélyst from zinc hydroxide, while the
'éétivity of the catalyst may vary 100%, depending upohﬁthe-manner
 6£ precipitatiqn of the hydroxide, the thoroughness of washing,
‘snd the bempersture at which the catelyst ig dried. These lat-

~.ter fectors unquestionably determine the number::of "active cen~

 £frs" and the emount of "catalyst poisons! but they do not affec@%
féxoept in a very minor way, the characteristics of the catalyst %%
fﬁhich determine the ratio of the recction products. ?S
b A rether conclusive answer to Dr. Taylor's suggestiofﬁ
g@s the fact that alumina obtéined through the action of water é%
;ﬁpon aluminum ethoxide in Xylene solutions is ideniical in its Eﬁ
+ >

i

i

rﬁat&lytio properties with the alumine obtained by the action of
é@mmonium hydroxide upon an aqueous solution of aluminum nitrate.
 %iumina obtained by the slow hydrolyéis of solid alﬁminum ethox-
fide ig & very different sort of catalyst.

I reelize thet & real organic chemist is likely to

URIGINAL IN UNIVERST

_;Jcok with disdain upon reactions which involve fthe formation

es thet may be measured by the methode of gas analy-
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Causction of Rezctione at Surfoce of Solids (con.)

«

“gis, and that the selective activetion of catalysts here des-

cribed mcy seem of little moment because more typical organic

reactions of synthesie &nd condensotions have not been described. A
. ] v
!

‘T hasten to point out that we have achieved equally marked
cages of selective sctivation for condensations involving the :

production of liquids with zinc oxide, with titenia, and with

iron oxide, but that we are not in a position to treat these ol

more important reactions from & quantitative standpoint. I

£

. fear that this phase of the subject will not be discussed in

'“i”“fithe Journal but will be concealed under patents, es I am unable

to personally follow up the work.

Before closing I ghould like to point out a conclu~

(o'

wigion from this work that seems of generesl interest. Numerous Eé i
BeF |
-ettempts are now being made to measure the relative tendencyy of ---"%'D e
groups of compounds to enter into a2 given reaction. For exam- k= EgTi

R . = o] O[

W oa s fz

o P . o . ey
vle, the ease of ring formation for each of three compounds is %"5 o“:’gf‘;'
o : 0 2L i
‘dead . ; 5= 0w
~desired. Ip has been assumed that, if A gave a yield of 75% g S
% 2= 20
~of the cylic compound, B of 50%, end C of 85%, these figures re- ?gg =l
e N i m H
- . . . G282
wpresented the relative ease of ring formation for A, B, and C. ?;{L;’ ) g_@‘)g
p : LES o e ]
. . : vs s . = 28 e
LIf the relation between the conditiong of recctions end the pro- = QEEQ':'
' ' DR >4l
b 3 A o : _ — o (1 SR
“portion of products held in that case as they have been shown to = 55 =3
: £ 20y
: 4 . ) . ":‘5 O : i)
f»».-j;hOla in the case of reactions of the alcohols over zinc oxide, é%% i
N . o 5 i
~-and the esters over alumina, then the conclusion as to relative & I]!
- i)
. . . _ e i
“tendency for ring formation would be false. For, if the ease . il
i o v . . E : I‘
.01 dehydration of ispropanol as compared with ethanol had been

certain zinc oxide, then the conclusion would

~mezgured over ¢

_' have been that ethanol is more reedily dehydrated than isopropan-—
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Causation of Reactions at Surface of Solids (con.)

. which we know to be untrue. It is notv gefe then to detver -
ol, _

miﬁe sugceptibility for « given reaction under conditions such

tﬂét the product or reaction we are interested in is onlv one of
th or more gimulteneous reactlons.

| If I may be permitted to recepitulate the more impor-
fgnt pointeg mede in this paper I would say:- that'organio mole-
.cﬁies react to form chemical compounds with the reletively few

lyst whicih have sufficient residu-

G

‘afoms or molecules of the catea
éi affinity. The activity of & oat&lyst; as measured by %he
jfia.frﬁoun’c of materigzl induced to rezct, is largely determined by the
gﬁumber Qf these centers active for compound formation. | Tﬁe~re~
iigtive reactivities of the members of an homologousg scries 1a
;%he same on different cetalysts, but the proportion of the recc-
' éioﬁ products is largely & function of the o&talyst. There are
hus two separate and distinct phases to the problem of catalytic
;feaotions,1he one having‘to do with the gmount of meteriel rerc-
:Eéing, and the other with the rotio of thé reaction products,
[EThe paths followed by the reaction are, to a large extent, deter-

mined by the sprcial configuration of the active points, and this

is determined by the solid compound and the methods by which it
1s converted into the active cetalyst. We heve long known that
"g#he spacicl configuration woe an importent considerstion in de-
»;iermining the reaction of en orgenic compound, andvI believe that
~fit is ©¢lso of primary importence inrdetermining the effect of a

- cutalyst. ORIGINAL IN UNIVERSITY OF ROGHESTER LIBRARY
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sation of Recctions at Suriace of Solide (conc.)
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STEROLS OCCURRING IN PLANT FATS

‘ ] A ".“1\‘/,,/
oy , L/

R. J. Anderson

In view of the ‘physio].ogical importance recently
é;f;ibuted te certain constituents cf the unsaponifiablie matter J
of piant fats, é&an i'nvesti‘gat:i.on has besn made of the sterols |
Qccﬁrring in the fats extracted from some of the common grains, ’
I;art’icularly corn, wheatg and rice. The results so far ob- f |
. N ) i
|

tained indicate that the crystalline poriion of the unsaponi-

flable matter consists of a very complex mixisure. Higher ali- [ ,,
‘phatlc alcohols and hydrocarbons may ke associated with the ' f

crystalllne sterols, but,even when such compounds are absent,

the ste:cols tpemselvee present grest complexity.

The sterols have in general similar properties,

and apparently they form mlxed crygtals in all proportions. It

——

>
i)
ol § o
A i, |
- therefore, very difficult to separate such a mixture into - ‘753% 1
=as O |
@ 2 ‘
Fomi) | .
=Sw ]
= DD |
S @]
" "%é 0 - i i
. : . gy =2 @
ated dlhydros1tosterol stigmasterol, and sitosterol, together o Ry — 3
s I b A (e sren -~ S i SR
e — TR Ao T L
Wlth myrigyl-alcohol: S & % 2=
. i = E%
Different parts of the corn plant spparently con-~ Lt GaE || |
. G ®oam
. . . o il [
. %ain several different sterols. From corn pollen we isolated = & .. =
: . = e B
5 ~ =225,
a:" hydrooarbon phytosteryl pe.lm t ate, togeskkr with a high per— .. %E ;
p— . e i ;
RS 3 ' zZ2
centage of a mixture of optlcal'ly 1n'wct1ve ste 0l s. Corn bran 5 J‘
T et omemsF ST AT e '

‘GOnualns a lo.rge progorulon of dlhydrooltosterol together with =

R

eltosterol ,and a similar mixture oceurs in corn endosperm.

cJOI'n 0il derived from corn germ conbains a complex mimture of

" ,Sa;’!i_erols of which we have been able to identify only two, wiz.,




-

Sterols Occurring in Plant Fats (conc.)

: :':‘dihfdrositosterol and stigmasterol. Sitosterol i1s probably
also present, but it is contaminated with the two compounds

named above, as well as with other gigiois not yet 1dent1fled.mm.

';‘Tﬁé isolation of pure sitosterol from corn oil is, therefore,
vefy diffioult. .
o Wheat bran and wheat endosperm oontain a mixture
ofisterols very similar to that occurring in corn and consists
prlnolpally of dihydrositosterol and sitcsterol. Wheat germ
is stated to contain principally sitosterol. We have found

' however, that a conslderable prop01tlon of dihydrositosterol
alSO is present. Judging by the results that we have obtain-
,oed two or more sterols must be associated with sitosterol in
oAmerloangyown wheat germ, but those compounds have not yet

been identified. o T —e

[T RO
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RESEARCHES IN THT THIAZOLE GROUP

oy

Marston Teylor Bogert &énd Co-worikers

To date the thiszoleg have attracted commercial atten ~

tion in #two directions only, neumely, as dyestuffs and as accel-

Hy

erators for the vulcanizetion of rubber. . A few possess agree-
oble odors, but as perfumes they are too weak to be of any in-

“dustrial importance. Yet, 1f we consider their structure and

‘directions elso will ap-ear.

It haes been observed frequently that sulfur in cyclicr

thiophene meries is exhibited also by thé thiazoles and pyridines
Thus, the reactivity
the methyl group in the ¢, or 3-posgition, of pyridine or

‘QUinoline ig dupliceted by the wethyl group in thei-, or S-posi-

ti@n, of thiazole or benzothiazole; wnd cycnines, guinophthal-

Oﬁés; etc. have been prenared frowm the latter. Other 1llustra-
lﬁ}pﬁs will apoear in the discussion of some of our own resuits,

,‘ _The purpose of.ourAresearches is to learn more about
t@? cpémistry of this interesting group, not alone for the de-
.VéiOpment Sf the science itself, but with the intention of zpply-
iﬁé?this knowledge to the syntheesis of new products of service
'ttOihumanity.

One importent field of possible sponlication is thet of

g=

‘properties, meny interestiag possibilities of usefulness in bther)h

union seems to be the equivelent of the —-CH:CH- group in its ef- EB
: .f{i e i . ] Coiad
“fect upon many of the properties of the molecule. The similar-gS
1“5' o - e
ity in the physicel and chemical pronrerties of the benzene and ﬁE

-

|
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The Thiazoie Gmoup (con.)

Syﬁfhetic drugs. We are all familier with the fect that sulfur,

"infvarious forms end combinations, has proven of therapeutic va-
 ,1ué; and Frzenkel, in ¢ recent edition of hisg "irzneimittel syn—
.fnése,” gtates that sulfur in cyclic wumlon, es in thiophene,
}icﬁthyol, etc., in addition to its antigeptic and antip&rasitié
.prbperties; causes & marked increase in resorption,fresembiing
iQ&ine in this respect, although in no way similar to it pharma-
',coiogioallyﬁ Jyclic sulfur éompounds &lso show striking a_al-
,gegiq properties which can be ascribed only to the entry of ;ul-
Lfﬁfiinto these molecules. Quinoline,_itself e strong proto-
plé%mic poigon, when fused with sulfur gives the innocuous thio-

8,
ST . Plad Y o
quineathrene, NG Es.C.HsN.

Further, with the exception bf hot concentrated caug-
,f1§3.2—phenyl—benzothiazdlé ie remerkably steble to reagents,

iﬁét7being attacked readlly by oxidizing or reducing agents. By
ob@Céntrated or fuming zcids, it can be nitrated or sulfonated,

and with nhosphorus pentachloride a monochloro derivative is ob-

tained. Aluminum chloride, in cerbon bisulfide solution is

Wiﬁhout'aotion upon 1it. We believe that 1t 1s worth while,

therefore, to attach to this stable nucleus some of the most po-

_t of our pharmecophores and to compare the therapeutic pro-

by

"pegkies of thesevnew products with -those of their benzene or
qu?hqline_analogs. The thiszoles, by the way, are much less
Stéple than the benzothiazoles.

.W In addition to the synthetic drug line, our researcheg
thaié had to do also ﬁith synthetic dyes and, to a limited extent,

e . . ' . .
_ ™%h the connection between odor znd chemical constitution.
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The Thieczole Group (con.)

classified undnr the Lollow1na general headings:

I. Simple Thiezoleg:

1.
3.

S—Aminothiazoles

Thiazole dvees of Doebner Violet tyne

II. Benzothiazoles:

13.
14.
15.

General methods of vnrepsration
ore; ;

S-Paenyl-berzothlzzole and derivatives
A~p~Tolyl venzothimzole znd derivatives

5-Methyl-2~(p~eminophenyl)-benzothinzole

i vatives

6-Methyl-2-phenyl-benzothiezole and derivatives
6-Methy

1yl-2-p—zminoohenyl-thbazole (Dehydrothio-p-

toluidine). and derivetives

Tthfl&VlneS
Az0 Adves

Chloramine Yellows ( Colour Index No

Cyanines

Cinchophens (ntoahans)
Arconic acids

Odor eand constitution

1

IIT. Polycyveclic Thiazoles:

16.
17.
13.
19.
30.
Sl
33.

Benzobisthlasoles
Diubenzol,.hi.._...zolyl
Phenylene bigbenzothiazoles
Primulines
Furyl benzotiniazolesg
Thienyl benzoihiagoles
Selenazolo~Dp PMZOLichOleS
;
1. BNAminothiezoles

3 @

me&hod employed first by Trsaumann snd by Popy ..

den

luohrvmatory war

'deIlV tives used by us

de), chloro-acetone, &nd chloro—&oetophenone,

. 814)

s—-Aminothiazoles were prepared convenlently from the

et hloro derivatives of aldehydes or ketones, snd thio-ures; a

The chloro

ere dichloro ether (for chloro—acetal-~

foriliar

lﬁS 4-methyl and 4-nhenyl derivetives, 21l of which were known

Ceviously.

end deri-
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The Thiazole Group (con.)

We can corroborate the experience ox other invesiigators

easi-

ct

{b the effect that the amino groun in these compounds is no
1y replaced througi diszo reaction, the products being mainly
tdrs with little or none of the commound sought. We found, how-

ever, that they could be used as couplers for diazotized eromatic

is wey.

amines, and prepzred several new red azo dyes in t

e

2. Thiezole Dyveg of Doebner Violet Tvpe
3
In 1838 Treumann made the following statement: "In

hggneral, trithiezylmethane dyes asppear not to exist, probabiy be-
Vogﬁse the para positiog ig lecking in the azoles. Thug, the
j&ﬁht oxidation of thiazylamines with wmethyl thiazylamine by.fhe
aéﬁion of mercuric chlbride, etc., likewige yields no tracedaf
dye. |

: If the views expreﬁéed in the introductory portion of

this peper relating to the equivalence of the sulfur end -CH:CH-

ITY-OF ROCHESTER LIBRARY

gr;dps in cylcic union are correct, the Z-aminothiazoles just

SR ﬁe"’%
mentioned carry tielr amino grous in & position which ieg from S&
e ’ e

. . s S e . =%

this standgpoint para to position 5.(Wig. 1) =

In support of this hypothesis we have succeeded in con—

these g-aminothlazoles witlh aromatic aldehydes in the

ORIGINAL

ence of hydrochloric acid (in its abeence only the simple
Schiff bases are formed) to monoaryl dithiazylmethanes, from
’Wéid@ the corresponding cerbinols and dyes heve been obteined.
ipondensations WEre acéomplished'also with 2-eminothiszoles
?affying alkyls ingtecd of aryis in pogition 4, thus proving that
ﬂugipondensation is not dependent uvpon &n aryl group in thet

poslﬁion, thet o .radical in such & position does not participate

iy

5

5101,

&d Dy

5

¢

D

%59

4

\
i
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The Thiazole Group (con.)

5€£f£he reaction, and that, therefore, the attachment of the al-
_deh§de residue ig in posgition 5, asg predicted.
. The:aminothiszoles used in the experiments were those
_méneioned under 1.; the aldehydes were benzaldehyde, its p-chloros-
0-, M-, and p-nitro-, p-dimethylemino-~, o~ and p-hydroxy deriva-
tives and»piperonal,

w That thege leuco bases carried primary aromatic amine
groups was evidenced by the production of ezo dyes from them by
diezotizing and combining with suitable couplers. g \
&; The leuco bases were generally colorless or yellowish,
.the:earbinols (by oxidation with lead oxide in acid solution) red-
bl;ok'and the dyes (oxalates) green-black.
: Compared with their triphenylmethane analogs, the leuco

bases in both “cases form crystalline addition products with ben-

P

Both groups of dyes form dark green crystals, the thi- g%

azoles being smaller, darker, and of less marked coppery luster. §§

Ifée Malachite Green dyes are easily.soluble in water, the thia- E%

“Zoie dyes less readily; . &ddition of exoess of ammonium hydroxide ég
ipre01p1tates the carbinol in both instances as a oark solid. Eg
.Botq dye silk, wool or tannined cotton a green, the thiazoles _Eg
'glvlng a bluer and duiller shade and beingtinctoriallv weaker. g?

/E

g
%
3

Both are fugitive in direct sunllght and both give red solutions
'1n an excess of concentrated hydrochloric acid.

: Although of Doebner Violet types., in the sense that the
thlazole amino groups are unalkylated, the green shades produced
Probebly repr eeent the bathochromio influence of the sulfur pre-

,Sent. Just as there is no very striking difference in shade be-
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‘The Thiszole Group (con.)

‘tvxreéﬁ the dyeings otiained with Doebner ¥iolet and that produced

py its derivative carrying & dimetikylamino group in the para po-

'siﬁion on the free phenyl nucleus, so here the shade 1s not great—,
1y sltered by usingAp—dimethylamino benzaldehyde in place of ben-
zaldenyde in the initial conden ation. ' : i

ooe

3. Preparatvion of Benzothiazoles

(a) Hofmann method. -~ For the preparation of our ben-
4

zbthiazoles we have used most frequently the msthod of Hofmann i

6 :
w1tﬂ 1mprovemenus suggested by Blanksma, Wohlfahrt, and Bogert ’
|
|
!

- 7
.and Snell for the Droductlon of the necegsary o-aminophenyl

eroapuan or the corresponding disulfide. - From these initial

ma“terials eand suiteble acid halides, anhydrides, esters, or al-

|
dehydes, benzothiazoles are obtained conveniently and in good =
RN b
~yields. (Fig. 3 o o>
' Cleagz nas claimed that the action of aldehydes upon E ge;g;/-\ f
. e O @
(s . . - - . ) . - gy I
‘the hydrochlorlc acid salt of o-aminophenyl merceptan gave fchl—- E}g %»"5 Q ‘
. ' o 9 . Q—‘ﬁ.?g ’
‘agolines and not thiazoleg as reported by Hofmann. %g = 2= |
: . 10,11 e~ |
We heve repeated Classz' work and checked the pro- % "5{_;’;,: :
. K .- N - " Ppeeived i
‘ducts against those obtained by other methods, and our results g & ==
. ' W E
-agree entirely with Hofmann's findings end are at variance with &5 © E_%’ ;
of Claasz. If the thiazoline is formed at all in the £ L&
S &0 =
i . . o i . , = o
v‘r_feactlon, its existence must be brief indeed, for the character- = 223
| 85
»lS‘th odor of s-phenyl-benzothiazole is detected as soon as the =Z==ZZ=
&) :
T
<

‘_mercc ptun and benzaldehyde are brourrht into contact.

Instead of the cldohydes their chlorides (R.OHClg) may

‘_'be used, but the yleldo &re poor. On the other hand, neither

A‘;.J@,he ketones nor their chlorides (R;CCls) could be condensed with
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The Thiazole Group (con).

the cminomerceptan. 1
T . : 2]

(b) Method of Green and Perkin. - Green end Perkin ,
13

and mbre recently Heller, Quast and Blanc ; have shown how

"bepzotnlezolo can be obtained from sromatic amines by condensing

their thiosulfuric derivaetives with aldehydes, and we heve taken

: gdvantage of this for the preparation of various amino benzothi-

“azoles. It should be noted that here @lso the products are

thiazoles and not thiazolines.

= .

4. 2-Phenyl-benzothiazole and Derivatives .
‘ ' 14

Thig interesting compound has been known for many years

.aad is the product of many reactions It is generally prepared
15 16

.elther from benzunlllde , or benzal aniline , by fusion with

;sulfu:. We prefer the latter or, gtill better, the action of
*beﬁébyl chloride or benzaldehyde upon the d—aminophenyl mercaptan

cor disulfide, as described already.

Derivatives.- We have prepared and studied many deri-

v_tlves of this compounu One sgtriking peculiarity is the re-

TY OF ROCHESTER LIBRARY
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:letlve unrea ct1v1ty of the Z-phenyl group. Substituting ele-~ 52 g

mentS\or groups cppear not to attack it but enter pre¢er?b1w in E%-%

2

o . . 7 = o

p081t10n 6 on the benzothiazole nugleus itsgelf. Neither the S i

] Lre

. . =

Brledel Craft nor the Gattermann-Koch reaction could be carried §§§E¢:

17 = &

. . . . £ g

it, as it was unattacked by the aluminum chloride. =S

g 15 : ;él;gt

Ontr@ry to Hofmenn's statement, it is easily nitreted by fuming z:fé%%
14 : 18 5
aCid., the nitro group eantering in p081tloa 6, whereas Naegeli e
O/

belleved that he bad shown it to -be in the para pogition on the
17,19 - 19

3~Dheqyl nvcleus. Not only & mononitro but also a dinitro

Qe?iVative was obtained by direct nitration, while 2-nitrophenvl

y
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The Thiazole Group (con.)

aerivatives weie secured thrcugh conaensation nghlghe correspondf
1pg nitrobenzaldehydes or nitrobenzoyl CthCLdeS . By reduc-
tion these nit:o compouncs yielded amines, from which acyl deri-
'vativesj Scliiff bases, and azo dyes were prepered.
The position of the amino group in the 6-amino deriva-
tive was proven by its‘nongidentity withh the amino derivatives
carrylng the amino on the B—Dheqyl nucleus, or witlh the b5-~amino

2 _
derivative O, by ite giving benzoic acid when fused with caustic
alkali, by its coupling only once with diazotiged p-nitro-aniline,
;éﬁd by the conversion of its benzal derivative (by fusion.withlo
;éﬁlfur) into the benzobisthiszole obtained by CGreen and Perkin )
‘-grom D~ pheny*ened};mlne. , ‘
Hofmann olyserved that phosgphorus pentachloride reacted
tﬁiéorously with d-rhenyl-benzothiazole with formation of a cry—
*SLalllne CQLOIlﬂ&ted product, which he did not 1nveSu1gate.

19 ’
; Examin&tion o this product shows 1t to be the 6--chlorc deriva-

ifive, and we have cbiuained the same compound from the 6-amino
”@érivative and by fusing benzal-p-chloroaniline with sulfur.

. In acetic acid solution, 8~ph¢nyl-benzothiazole takes
¥up 4 bromine atoms with fo”matlon of an unstable addition product
¥Wﬂlcﬂ loses bromine on standlng, and when heated in dilute acetic
3acid veldls 6-bromo-3 ~phenyl benzothiazole, as proven by its syn~
'tthe31s from the 6-amino compound17

Th;s igsimilar to the reagiangement of’benzalaniliné
féibromide into benzal p-bromaniline. ,

o The unstakhle ilodine addition productl containg but two
“atoms of ioﬂiné per mole of thiazole.

Like quinoline, it adds acetyl chlcride readily in tolu-

\
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The Thiazole Group (con.)
17

neisolution, but the product is decomposed by water or by heat.
6 ! : v ‘ 1o ‘
The 2-o0-~ and p-hydroxyphenyl derivatives were prepered

fom-the_o—aminophenyl mercapten and the appropriate aldehyde,
ne broducts sgain being thiazoles snd not thiazolines. The
henyl were obtained also

1L

_p-hydroxyphenyl and the 6-hydroxy-s-p
( 19 | N
and from the latter a nitro deri- EE

' o

=2

rorm the corresponding amines,

ve, which was reduced to the amine. =2

' : 23 el =
‘ By sulfonation of the Z-p-aminophenyl derivative a e a2 o
’ i 3 43 . s s (V] ""'E'S i
ulfo acid has been obtained, but the pyosition of the gulfo L1 & =0
7{ ES:-\'“»’ m‘w

. 5 b= =
roup was not determined. : & & B

i 23 Al SR

m ' LEPN i . ‘e ; L. = 42

5. 3-p-Tolyl-benzothiagole and Derivetives & ==

= 5

o
S Matsri

Copyright law (Title 17

Thisg wae prepared by fusing p-tolanilide with sulfur

?.
i

be repy
CE: Thi

o

80 by the action of potassium ferricyanide upon thio-p-
24

2

olanilide the latter Dbeing a far better method.
C

Not |
NOTI

A nitro derivative was prepared, which wag reduced to

produced from the latter.

7]

ORIGINAL IN UNIVERS

, &nd azo dye
By treatment with XMnO, the p-methyl group was oxidized

to COOH, but the yi2ld of acid was low.

6. 5-Mcthyl-8-(p-aminohhenyl)-benzothiazole
. LA N
20

and Derivatives

3 The product

e

This syntheslis is represented in Fig.

Oof interest because it ig an isomer of the well known dehydro-

is

thfo toluidine and possesses similar properties and possibili-

B-Methvl-2-nhenvl-benzothiazole and Derivatives

The 2-p-nitro derivative was prepared from the zinc.salt
' 23 ,

7.

aminothiocresol and p-nitrobenzoyl chloride  and sulfo
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aégdé by elimination of the amino group (by diazotization) from
26 )

denyaro nlo—n~tolu1d1ne gulfo acids. By the action of nitrous
acid upon the latter there was obtalned alsc a 2—p~hydroxypheny1
, 22

gulfo acid of the p-toluthiazole

8. B--Methyl-2—(p-amincphenyl)-benzothiszole i
1

N s Lo . - - e
(Dehydrothio~p-toluidine) and Ite Derivatives e
: - =
s : . - g o .

The conditions for 1ts production from p-toluidine &and BB
33,26 . R |
sulfur heve been studled gnd unsuccessful attempts mede to EE,gg%%;E
8%,368 26 i — = [T
: : £ b 21 —amino-b 7]~ N H oM
prepare 1t from p-nitro or p-amino-benza or p-amino-benzy EE @ 2C
26 ' . S

' - 2
- tolu1d1ne and sulfur. Although the latter method hes been _ég égﬁgzﬁ
37 _ ‘ o SR
p tente , we have shown that the thiagzole formed in this patent-~ ég E:fgég
: A ™ W
d ' 5 o s oas D = b
ed‘process probably originates from unremoved p-toluidine. g% gggg;;
L 2 5 & =
. P . [ A
The best method of purifiyihg the crude product still Wi 5 o =
. & T
. . : . o P
renalns the troublegome distillation uncder, reduced pressure at o | Eﬁ
I3

-
V]

We heve plotted its vapor

NOTICE:

,the hlgn temperature necessary.

pressure-temperature curve between 395 and 370° at 11-115 mm.

ORIGINAL IN U#\;’%‘J
Not 1

ed 1t also by reduction of 2-(p-nitro-
2 . 33,28 26

‘We have prepar
2 ]
and benzoyl : i

pﬂényl)—p—toluthiazole and made its benzal
“derivatives.

Since the dehydrothio—ﬂ~toluidiﬁe and primulines in

fve p-toluidine-sulfur melt are usually separated through their

ammonlum sulfonates, we have studied the sulfonation of dehydro
ather cerefully, obtained mono-, di-, and tri-~ sulfo aoids, have
VLSQQWH that the first sulfo group probably enters the benzene por-
tién Qf the benzothiazole nucleus, and the second one the 3-phenyl
Sfbup, and plotted the sgolubllities of the ammonium monosulfonate

OVEIna conglderable temperature range in dilute ammonium hydroxide
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o 36
- golution.

With cerbon bisgulfide the base reacts to form & symme-

~$rical thio-ures, which when hected with eniline (or toluidines)

~in toluene solution undergoes an interesting rearroangement with

~formetion of thiocarbanilide ( or the toluidide) and regeneration
' 36
-of dehydrothio-p-toluidine ; but no igo-thioccvanate could be ob-

tained from thisg thiourea by the action of phosphomic acid or

-gulfuric ecid.

By the Skraup-Kdnig reaction the base yielded the cor-
: ' 23
liesponding quinoline, which zdded methyl iodide readily.

9. Thioflgvines

L IN UNIVERSITY OF ROCHESTER LIBRARY

” 8ince dehydrothio-p-toluidine i1s commonly manufactured

¥

fin the form of & sulfo s8alt, the sodium sulfonete was heated un~

ORIGIN

~der pressure with methyl alcohol and hydrochloric acid, and a dye ¢
. 26 ' T

obtained resgembling Thioflevine. It ig doubtful whether the

28

-Cassella patent covered thie process, as the specificetions fail

“to mention the use of any acid, and without it we qobtained no dye.

The methylation of 6~amino—8~phenyl—benzothiazole yield-
&d a dimethyl derivetive but no thioflczvine:w
Further work is under way in this field to learn more
) abéut the transition from a non-dyeing base like dehydrothio~p-

ﬁgluidine to e valuable dye like Thioflavine merely by methyiation.

10. Azo Dyes

Azo dyes have been prepared from mony of the new amino

B

thiezoles by the usual resctions, end it has been shown that

tb;azoles themselves mey be used &s couplers for dilazotized bases.

Their preparation has been incidentel end not & major

0.

RS
(R

gused without permis

S makarial

Mot o be repro

is also protacted by

3
I

copyright law (Title 17 US Code).

:

Thi
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punpose of our reseerches.
Perhaps the most noteworthy peculiarities obgerved in
thig connection are the resistance of certain of the diszonium

g dis~-

galts to heat end the mensitiveness of others to light, ¢
_ 29

covered by Green 1in his pioneer investigetions in this field.
We found it neceggary in the case of the diliazonium chloride from
‘dehydrothio-p-~toluidine sulfo acid to boil 7 hourg with 20% gul-

furic acid to get the degired phenol.

11. Chloremine 'Yellows . £
(Colour Ipdex No. 814)

A. Chloramine Yellow NN.- Uncertalnty hasg existed as

£
: ;fb-Whether thie important dye was an 820 color, & etllbene deri-
Jy#tive, or & quinone type, since 1t ig menufactured by the action
| 5? sodium hypochlorite upon dehydrothio-p-toluidine sodium sul-
'wf§nate. | A |

Ite great'resist&noe to reducing agents sesmed unusual

for an azo compound; ite dyeings were not unlike those of certain

stilbene dyes prepcred from p-nitrotoluene sulfo ecid; and its
method of menufecture and deéep color suggested the possibility of

quinoid structure.

blem by the following experimentel results:

() The synthesis of the dye by reducfion of 6-methyl-

3f(penitrophenyl)—benzothiazole (with zinc dust snd godium hydrox-

13

ide) to the corresponding azo derivistive ond sulfonation of the

(b) A similar synthesis of the lower homolog, lacking

ORIGINAL IN UNIVERSITY OF ROCHESTER LIBRARY

We. belleve that we have thrown gome light upon the pro-

FEEION.

acted by

1

duced without pern

Not to be repro
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t

rial is also pro
ight law (Title 17 US Code).
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the methyl groups but showing similar tinctoriel properties and

in which stilbene formation is excluded

-

3

(c) The synthesis of the analogoug B-methyl-s5- (p-hy-

STER LIBRARY

oduced without permigsion,

,_
is material is also protected by

ORIGINAL IN UNIVERSITY OF ROCHE
U

droxyphenyl) ~benzothiazole sodium sulfonate, clkaline oxidation
of whichr gave no dye whatever, thus proving thaet thie amino group
Was essential and that quinone formation was not involved,

The indications, therefore, are that the formula of the
\ .

ight law (Title 17 US Cods)

‘dye is as shown in Fig. 4.

I
Th

25

7

B. Isomer of Chloremine Yi#llow NN.- This was prepared B E
: S
06 8

from B-methyl-2-(p-aminthhenyl)-bénzothiazole sodium sulfonate and

 §bdium hypochlorife in exactly the same way as Chloramine Yellow.
éﬁYSi¢&11Y: chemically, and tinctorially,‘the two are very much
.;iike, 80 thaf it makes little dijferehce whether the methyl
}fé%oup i1s in position 5 or 8.

13. Thiocvanines ' ‘i

S Some preliminary work Was donelbn the formation of cy—~ |
anlnes from the methyl iiodides of dehydrothio—p-toluidine-quino- '
;iﬁﬁe and of quine ldlne (+ potassium hydroxide), but this was dis-
bbhtinued upon the apnearance of the work of Mills and his &sso-
upon the thilocyenines. |

13. Cinghophens (Atonhens)

, 31
(Fig. 5). According to Ciusa and Luzzatto most of the

DGCUllu payeiological effect of Cinchophen (Atophan) ig due to
the B—phenyl group, modifications of which are more apt to reduce.
1ts tneraoeutlc velue than similar changes in tne benzene portion

17

Of the quinoline nucleus.
We have, therefore, prepared various 8-phenyl-benzothi-
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The Thicrzole Group (con.)

- ggole carboxylic ecids to compare their physiological properties
with those of Cinchophen.
‘These have been prepared generclly from the emino deri-

the cyenide, but not enough meateriel hes been accu-

.

C.

vetives, vi

a

mulated ‘yet for pharmecological examination, except in prelim-

[

‘inary way.

By condensation with benzaldehyde and pyruvic acid no
1

d from 4-phenyl-23-eminothiazole or

23 :

‘éinohophen could be obtaine

atstrial is also protecied by

L

from dehydrothio-p-toluidine

14. Arsgonic Acids

28-Phenyl~benzothiazole arsonic acids have been prepared

Not to be reproduced without permission.

follows (Fig. 68):

ORIGINAL IN UNIVERSITY OF ROCHESTER LIBRARY
NOTICE: This m

(a) From B-amino-B-zrsonic acid.

(b) From p-smino-arsonic acid.

(c) From pmarsanid acidsnitro derivative.

(d) From nitro-p-arsonic acid — amino p-arsonic acid.
(e) From amino~p—hydroxy-—>pihydroxy arsonic acid.
Through the courtesy of Dr. A. . Sherndal, of the H.

%ﬁ,Metz Leboratories, Iac., preliminary pharmacological'tests have

been carried out with some of these, and the results, especially

in the cage of (e), have been so promising as to justify the con-

'f;nuance and expansion of the regearch.
| 15. QOdor anleonstitution55
(Fig. 7). (a) 4~Phenyl—8—aminothiazole = feint but agree-
éﬁle odor.
o (b) Beﬁzothiazéle - unpleasant quinoline-like odor.

5 copyright law (Title 17 US Coda),
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The Thiazole Groun (con.)
(¢c) 8- Pbeayl benzothiazole =
(d) 8-p-~-Tolyl-bengothiazole = similer to (c),

(e) B8-t-Furyl-benzothiazole = gimi

= 9

(f) 8-y-Thienyl-benzothiszole = similar to (c), but

stronger then (e).

(g) 8~Vanillylrbenzothiazoie = .weak odor

of venillin.

(h) B—PiperonV1—benzothiazolé = weekx odor recalling

‘that of piperonel.

(i) p-Phenylene bisbehzothiazole = no odor (m. 263°).

yl-benzoselenazole = similer to (c).
17

the 6-tenzalamino—-d-phenyl-
Identicel with compound ob-

~-phenylene dizmine.

Mononitre and muneimino derivatives also were prepared,

(Fig. 8) ('Gxalawmidothionhenoll). Thie wes obteined

asily and in excellent yield (80%+) by the interaction of oxalyl

chleride end o- 11ﬂ0p .enyl mercaptan. It has been obtained be-

“fore by other worzere, but in sm

gmall amounte only and with conei-

dereble difficulty.

il
18. Phe; ylcne—b1 shanzothiazoles

(Fig. 8). The p-coznound wag prepared from p-nuthalyl

| IBRARY

recalling theg $3 &
’ L

T

i
S
Hi

ES
D

L IN UN%\JERSETY OF ROCH
'
o

= geranium or tea-rose odor.

but feint-

lar to (¢), but foint-

= A
&2 s

S

G

[a ]

whuend

arial is also Do

+
3
b

NOTICE: This 1

§
Not 1o

ORIGIN

(Title 17 US Code).

copyright law
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“ghloride and o-eminonhenyl merceptan.

19. Primulines

(Fig. 8). This groupn of condensed p-~toluildine-sguliur
: 29
compoundgs wasg discovered by Green, but synthetic corroboration

of the correctness of the formuls assigned is still lacking.
: 36 '

@ur preliminary experiments to produce such structures
by fusion. of benzal~ or benzoyl-dehydrothio-p-toluidine with sul-

fur were unsuccessiul, but the investigsction will be continued.

10,11
20. Furvl-benzothiszoles ' !

(Fig. 9).

These were produced from o~aminophenyl mer- 3
‘Ilcaptan and fural, or pyromucyl chloride, or by the action of the
“latter upon o-sminophenyl digulfide followed by reductior.

11
21. Thienvl-benzothiazoles

is algo protecied Y

(Fig. 9). These were prepared by the action of

-

3ric

by
il

ey e e ]
4

&-~thenoyl chloride upon o-aminophenyl mercaptan, or upon the di-

ism

£
L

gulfide and recduction of the product.

H
i

b
e T

Al

o

8. Eelsnazolo-henzothiazoles

(Fig. 9). These are obtalned more satisfactorily from

' 7 the benzal-amino selenazoles and sulfur than from the benzal-

' ORIGINAL IN UNIVET
NGT

f;amino thiazoles and selenium.

Binliognaphy
The regearches summarized above are recorded in the
following eleven papers, threse of which are still in press:

i, Derivatives of B-phenyl-benzothiazole.

Synthesis
- of an analog of Cinchovhen (Atophan).

(With Abrahamson).

2-Fara~tolyl-benzothiazole, dehydrothio-para-tolui-
dine, and some related compounds. (With Meyer).

copvriaht law (Title 17 US nge},
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- The nrepersation of dehydrothio-nara-~toluidine and
come of itg derivotives. (With Qnell). '

. The svnthesls of benzothiazoleg from ortho-nitro- .
nloro benzene. (With Snell).

N : itution of Columbie Ypllow (Chloramine -
Yellow) and ti ie of =ome related compounds. (With
Bergeim).

o A new group of dyes from polgon guses tprougﬂ the
2~aninothiazoleg as intermediates. The prenaration of thiszole
~dyeg of Doebner Violet type. (With Chertcoff).

, . Odor and chemicel congtitution in the
benzothiazols group. (With Stull).

“

The behsvior of o-aminophenyl mercepten with alde-~
oneg, and gem-dihalides; the synthegis of benzothia~
With Stull).

: The condensation of o-aminonhenyl mercaptan and
Ciyo-aminophe nyl disuliide with ccid chlorideg, anhydrideg,. ond
esters. (With Svull). ‘

]

Turtiner sivulies on derivetives of Zd-phenyl-benzo-~
thiazole. (Wisth Coroltt).
The synthesis of gome 2-phenyl-benzothiazole arson-£d
(With Corbitt).

=~(p-ﬁminonhenyl)~5—methylubenzo—
né.g; isomerg of dehydrothio-p-
iow. (W2th R. W. Allen)

thiszole Vi £
toluidine and of uhxoramine Yel

Bogert and Ghertcoff Truo Net. Acad, Sci., 10, 418 (1934):
J._Am. Cham. Ecc., 46, 3384 (1934)

Treumann, Ann., 249, 25 (1888)
Porp, Ann., 250, 873
Hofmann, 3er., 13, 33062, 3365 (1879)

Rlankeme, Rec. trev. chim., 50, 181 (1801)

Wohlfahrt, J. orakt. Chem., (3) 68, 553 (1902)

Bogert and Snell, J. Am. Chem. S0c., 48, 1308 (L934)
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'GERTAIN NEW DEVELOPMENTS IN THE CHEMISTRY OF FREE RADICALS

:

T

James B. Conant _ th/jﬁ,

The preparation of pentcphenyl ethyl by Schlenk in
1928 marked the opening of a new vhase in the study of compounds

of trivalent carbon. The existence of thig substence in the

monomoleoular state in solutlon together with the hlgh dissocia-
tion of certain tetra-aryl-alkyl-ethanes prepared by Ziegler de-

.finitely shows that it is not necessary to have three aromatlc

. groups attached to a triveslent carbon aton. Ag an outcome of
gTou;

‘certain studies on oxidation and reduction we have been fortunate
‘in finding a new way of prepering hitherto inaccessible derivatives

of dixanthyl containing saturated alkyl groups. A4 study of the

‘“dissociation of these compounds has enabled us to throw some light

“on the general problem of the relation between structure and dis—

~ sociation of hydrocarbons., . This paper presents the results of

bithese studies and a brief aooount of the general appllcablllfy of

'QHESTERQJBRARY

0

ﬁ?the new method of preparing free radicals

Venadous and chromous salts are very powerful reducing

. agents; their aqueous solutions are metastable and tend to evolve

¢gfhydrogen. We have found that these powerful reducing agents
- reduce instantaneously the salts of a great variety of organic
- basés, pseudo bases, and anhydro bases forming free radicals or

their association products. Since the starting point is the

carbinol or halochromic .salt,even carbinols which readily lose

ORIGINAL IN UNIVERSITY OF R

water may be employed. The following disgram (Fig. 1) indi-

cetes the great variety of organic salts which can thus be very

ﬁapidly reduced.. A recent study in our laboraftory has shown

=SS
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REDUCTION PRODUCT

_BASE _SALT _
- - ~ ©
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Ce Hs 03 ( GeHscﬂgH)X Go Hy OHOHCHOH g He S
0 . A N O
Cg Hg Nz OH CgHg Nz X Probebly free radical
(CeHg)2IOH ~ (CeHg)pIX ) followed by decomp.
Fig. 1 |

“that the reduction of the salts of such substances as phenylxan-—

- thenol and twiphenyl carbinol is reversible and 1s governed by the

~usual electrochemical laws; indeed, a definite potential may Dbe

‘measured. It is thus possible to formulate quantitatiwely the-

}1$nferaotion of these salts and reducing agents, In & few in-
V‘stances titanous chloride is sufficiently powerful_to bring about !
.. the change; but in general the oxldation-reduction potential of %
the orgdnio system is so low that wvanadous or chromcus salts must E

Y

It ie of interest that the process ig @vric

ct
.

be employed.
20

o g .
" reversible only 1f the resulting product is apprecisbly di:

o )
cioited into free radicals at the temperature employed. Otunerwisges, ;)
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Free Radicale (con.)

the reduction ig irreversible and no potential cen be measured.

Thus, mixtures of hexaphenylethane'and triphenylcarbinol in very

strong acid solution (halochromic solution) develop & definite .

{ ‘botential on a platinum electrode; mixtures of diphenylcarbinol gg

;i énd tetraphenylethane do not. g%

i{ - It should be noted in paseing that the advantage of gg

o these reducing agents over a metal-acid combination or electroly- ég

ﬁf iﬁic reduction lies in.the fact that it is possible very rapidly ég

i ) £ .

‘lfo supply & given number of -equivalents of reducing power throughi?

. %but a homogeneous solutiomn. As-a regult, a reduction can be: g?

faocomplished probebly a hundred or a thougand_ﬁimes faster by é%

using chromous or vanadous salts than by tising the more usual gg

?methods of heterogeneous reduction. When one is dealing with gg

. i-such sensitive substances as free radicals, the time fector ‘is gg

“éll—important; the life of an "odd molecule" is short. Slow <
PIOCESEes in acidic media yield only pfoduots of subsequent re~
‘Qgrrangements and decompositions; by using homogeneous reducing

S '_: B N

{agents, we genergily succeédiin isolating the free radical or its

simple association product. In the case of the reduction of

diazonium selts and iodénium salts we have not yet succeeded in
1solating the first step in the process; this work is still in

Progress and I hope at some later time to report more definitely

in this regard.
The reduction of the so-called oxonium or carbonium

fi(halochromic)salts of the substituted xanthenols by means of van-

“'adous or chromous salts yields the corresponding derivatives of

[ R

~dixanthyl in excellent wields. The process undoubtedly procee

g5,
d by
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Free Radicals (con.)

thfough the formation of an imiarmediate free radical, Mr. A. W.
gloen and Mr. L. F. Small have thus prepared the well-known disi
phenyldixanthyl and the naphthyl derivative, which are largely

dissociated in golution,and a number of hitherto unknown satur-

I

~ated alkyl dEIlVPtIVeS of dixanthyl. _ This has_enabled them to

s e e
Aransmmnm

‘lnvestl gate the dissociating influence of such saturated groups.

=
<C
1t may be taken as slready esteblished by Ziegler's work that cer=i-H T |
| | | - Eme8E
tain unsa turated groups are quite as ontent in their influence asE% EE%%E%
: b & i
] |'l3a'l o Bamdest |
‘an aromatic group.. An exemination of the following 'table. gFlo. 5.‘5 }% ;};‘;_’3 ]
. ‘ , T @ 2~
2) will show that in the dixanthyl series & gaturated secondary gﬁ%ggz:;;
i , _ , , . R
alkyl group ig also very powerful though perhaps lesg powsrful N
. . L2 D ;
i ) . . . e T L=
than the phenyl group. Unfortunately, we have not yet been able g@'gggiﬁ-ﬁ
5 : ' : Ll = o B
40 prepare & tertiary alkyl derivative, = e 82
: ‘ =5 an =
SR = 208
0 0-0 =89
< . ===
DIEES 5
. o
i RATE OF O, |ESTIMATED COLOR OF SOLUTION OXIDATION |  ©
R { ABSORPTION|IN ETHYL BENZOATE (0O.05M) at| BY FeCl, i
AT 35° ' o (4g.) 85° X
109 35°| 100°|180° [310° . ,4
(_"?dﬁs)ecﬂﬂ Instenton—| 10 [1000]|10090 Very. rapid |
1Y - P L uSOUE - i
Og Hg Oz~ ; Very rapid| 0]8(?) 20]1000 [8000 Very rapid b
it GvnH"iCHD"‘ ‘:‘5
Cilig=;CsHy 3 : » 1
GgH, ,—3 CgHg+ BO% in 5 ol © 2 40| 500 1 10-20 min. 3
CHg qu"’:‘; CSHE— hI‘S. . ’ . ‘:E
-s.!_CH') )ﬁ-— . 'l
CHy~ 50%. in 34 o © 0 2 6 10-20 min. ’
hrs. ,
H- at 190° 504! 0| O 0 0 0 none :
: in 2 hrs. : A ¥
i (10000 = complete dissociation) :

: i
Fig. 2 - !

The cyclohexyl, isopropyl and secondary butyl deriva- A ﬂ
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" Free Radicals (con.) .

rc :
: , EE n

tives like the phenyl and naphthyl compounds of Gomberg are so %;E? |
R Dl
C . . . . . . [ BT C . S B
much dissociated in solution that they give highly colored solur-ai ?:E;ég |4
‘ ' ’ - =25 ||
. . . . s P
tiong at 80° and practically instantaneous absorption of omygen LH 20 )
' el I
et Coh
. N ~ . N . . o R o -gl
with the formation of peroxides. Due to the failure to obtaln%a gg&@ o
= ,

crystelline material in thege three cases we heve no molecular

weight determinations. The diggocistion may be perh aps esti-

=RSITY OF §
oULce
This maﬁariai isa

copyright law (Title 17 U

=]

mated from the color at room temperature as of the order of 3- 1O7L &=
_ . Lm0
. . ,J Srme
- in 0.1M solution. All the other derivatives were obtained in = 2 .
~pure crystalline condition, and their molecular weights show a mé¢ﬂ25 i
. ' ) ) ,
. . . ; . . = = E
degree of dissociation too small to be measured. Thelr behavior,H ‘
o | ‘ | =
however, divides them 1nto certein class In the first of" <o
-these we have the benxyl, thloro-benxyl, a&nd elpha-napnth yl»methyl ¥ 1
o i
1“

|
ﬂderivatives. Their dissociation at room temperature in 0.1M so- ' f*
B

.;1utlon is probably legs than Olp. The butyl, igoamyl, hexyl, |

‘phanyl“propvl, and phenvl-ethyl derivatives must be olasseQQfo- il
; //__W - ~ I ‘!ﬁ;

}gethef and we have no certain way of distinguishing between them. i

e L PRSI

iThel; rate of oxyren ub sorption 1s slow but definite, and a %
........................ | !

P

. . ‘ F
‘ » o
colored .and on coollnw lose the olor. Tne metbyl derivative o

Aot st i

515 dlgtlnctly dlf gre nt fromwtqe uthev gimole prlmary alkyl com—

R TS il

;pounds; the oxygen abvbsorotion ig much slower, and the temperature _ Rl
#;equired to produce an "appreciable disgociation" as judged by

olor i muoh higher then in the case of the other compounds. o

ebhyl grouo 1ﬁ,lthcrbiore the least effective of alk¥ groups

.. t l’l\l:l~s~«d_-

sy e

uUdled in promoting dissociation. A1l the dialkyl~

dT =Y

.;@ixanthyls in solution undergo the intramolecular oxidation and

. Teduction sgo characteristic of free radicals of all types. For-
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Free Redicals (con.)

tunately, this "disproportionation® ig not so rapid as 1n the

V]

tetvaphenylethane series where it prevents a studyﬁof the disso~

ot
ted by

B RA
~t
CL¥]

o
A

v
5

ciation of the alkyl derivatives.

LS Cndal,

The parent substance itself, -~ dixanthyl,- shows none

7

of the properties of a substance which dissociates into free radi

fifle 1

-y
N

cals. It is , however, distinctly more inclined to undeifgo

cleavage between the two carbon atoms than is tetrephenylethane, -

Hgie L §

for example. When trested with bromine in dilute solution at

¢

room temperature it forms xanthyl bromide with cleavage. =~ A%

o
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ff temperature of 330° 1t absorbs oxygen af about the rate that its

simple alkyl derivatives do at 20° (this may involve the hydrogen

atoms and not the carbon linkage, however). Thus, there seems
to be no sharp line between the highly dissociated di-naphthyl- ?
Fi dizmanthyl and the parent substance. It is entirely a question ?
ii of degree. At Toom temperature certain derivatives axe suffi- i
clently dissocilated to give deep color and the M"ugual propefties“

j} of free radicals; with others these usual properties have faded j

almost beyond recognition, but at & slightly higher temperature f

reappsar; with still others one must go to a considerably higher

f} temperature to find any of these properties. I

If we make the probasble assumption that the tempSrature i

coefficient of the free energy of dissocilation is independent of
the temperatufe and essentially the same for all these compounds,
f it should be possible to sum up our results in a first approxima-
f'tion, involving an estimate of the free energy of dissociation of

:f1the'various substances at 35°. We must judge the dissociation

at several temperatures colorimetrically and extrapolate the free i

~ eénergy (log X) to room temperature. We hope a more careful stu-
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Free Radicals Jconc. )

dy of the subject from this point of view will enable us to make

gome rough approximations and to relate the structure of hydro-

" carbons and their tendency to dissociate (the free engrgy of dis—

sociation).

The extention of our results to other series is tempt~

- ing but uncertain. We have found the cyclohexyl'group of in~dm

(rs-'—'"‘" R

fluence in this series and should be inélined, therefore, to pre-
:diot that diphenyl-tetra-cyclohexyl-ethane would show some/ihdi-~
‘;oations of dissociation at least above 150°. In an intérest—
iing recent paper Professor Marvel haé prepared this suhstance
f?and hag ghown that it can be heated to 330° in exygen for 30 min-
utes without change L% This remarkcble stability would certain-
“fly not be predicted from our results. .Perhaps it indicates
ffthat two unsaiurated or aryl gfoups are vital to the dissociation
éiof a carbon-carbon linkage as Professor Mgrvel suggests. It
‘F?#still remains to be seen, however, whether it is pot bossible to
tiprepare dissoclable ethanes having only one aryl or unsaturated
d=group in the alpha position (or perhaps none). Our results
?;plainly indicate that there is no mysterious potency in an unsa-—
:Eturated group as far as concerns the third group attached to a
i;trivalent carbon atom. Personally, I can not help but feel that
' this must be true in general.and that we shall some day succeed
i}in preparing a sﬁbstance which has no unsaturated br aryl group
E‘attaohed to the critical carbon atom; but. nevertheless, has at

f:least as much tendency to dissociate as dibutyldixanthyl.
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-Stein that an equilibrium .is formed when alkalies are added to

‘jdﬂgluoose, d-fructose, and d-galactose
tions of d-galactose gives rise to the equilibrium represented
by equation 1,

‘Nef made an exhaustive study of the behavior of certain. carbohy-

ﬁof hexoge enediols are formed from the components of the

equilibrium as well as from the equilibrium which arises

‘THE AQTION OF ALKALIES ON d..-.G.‘AI AUTOSE
by

Wi, Lloyd Evans and George Preston Hoff
It has been pointed out by Lobry de Bruyn and van Ekén_
aqueous solutions of certain carbohydrates, amongst which are

It was shown by thesse

inVestigators that the addition of alkalice to the aquéous solu-~

RSITY OF ROCHESTER LIBRARY

renrodu

E
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’

(1) d-galactose &gpd-tagatose &z d-talose 4= 1-sorbose s

grd-galtose <=Bd-galtose,

ORIGINAL IN U

~drates towards alkalies and came to the conclugion that a series

above

from the

saction of alkalies on d-glucose, These enediols may be thought
’fbf as the chamically active 'portion of these dlkaline solutions,
".;énd, furthermore, they may be regarded as existing in a atate of
fkquilibrium with those systems described by Bruyn and van Eken-

stein, Eaéh of these hexose:.enediols may split at the double

- bon¢ and thus give rise to a series of methylenendks which may in
 §turn react towards the alkali present in the same manner as the
~original hexose, This splitting in the case of the d-galactose

‘enediols gives rise to the following séries of reactlons:

(a) d-CGalactose 1,3 enedlol—J’Lyxose and formaldehyde
hvdea

{b) d-Galactose 3,3 enediol —» Threose and Glycolic Alde-

\

(c) d-Galactose 3,4 enediol — Glyceric Aldehyde.

2501,
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The Action of_Alkalies on d-Galactose (con,)
‘The products arising from the decompogition of the hexose enediol

at their respective double bonds may then become a part of a much

’ f}BOth variableswere used throughout this work

As an index of the change taking place in an agueous soO- .

Tution of d-galactose when one varies the concentration of the al-

. kali, the aqueous solutions of this carbohydrate were examined

“for their formic acid content at the different alkalinities, The
.ggmount of this acid was regarded as a measure of the 1,3 enediol

present in the solution, It is clear that the 1,2 enediols form-

>d from other carbohydrates of legser content might also be re-

'

“garded as a source of this acid, As an index of the 3,4 enediol

”;_;:i'\re measured the amount of lactic acid formed by a change in the

“¥eriable factors referred to above, The source of the lactic

c’md is the glyceric aldehyde, which is Tformed by the splitting

. 0f the 3,4 enediol, The glyceric aldehyde thus formed passed

(3]

daotic acid through a benzilic acid rearrangement of the pyru-

S

" larger equilibrium system, Should these geveral decomposition &
reactions take plame in the presence of oxicdizing agents, 1t is % = B
: . ' —
: . I S
at once clear that the general reaction. will give rise to a ser— g %’J’%’éﬁ?
: . L TP L e
; s : : . . — = 2=
ies of oxidation products whose carbon atom content will in 1arge$ ‘5{5 SN
€ 1B
, ) . . A 2
neasure depend on the oxidation potential of the reagent used, (= g%i
pr R =
In the work described in this paper no oxidizing reagent was used,i:.;s =24 o
: : : =
It occurred to us that,should the above views with ref-— ﬁ & @Z’
‘erence to the condition of the alkaline solutions of these carbo- 5 %E-E‘
. P N
e oW e B
hydra®es be correct, then it ought to be poseible to shift the = g
: 3 . & & - E' .
o ’ : s *’UJQ
e e . . o . <
point of equilibrium by choosing an aporopriate set of experimen- == 828
tal conditions, such as a _Change in the temperature employed, -é%zz
=
L
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The Actibn of Alkalies on d-Galactose (con.)

vic aldehyde formed from glyceric aldechyde by the loss of water
It was proven by a separate series of experiments that

pyruvic aldehyde is actually formed fram glyceric aldehyde, o

Our results may be briefly suamarized as follows:
(1) Half molecular.d~ga1actose golutions when treated with con- i
centrations of potassium hydroxide ranging from 0,1 N.to 9,0 N :

at 85° and 50° yielded formic, lactic, and acetic acids,

J(Z) Formic acid production is an increasing logarithmic function

o

'bf the alkali concentration until the maximum effect is rea .ched

Tat 0.6 N KOH, Beyond that point the formic acid production is

o
3

IS

&)
3

:a decrea31ng logarithmic function of the XKOH concentration, The

(X9

optimum alkali concentration for 1,3-ene-diolization is consider—

ed 0,6 N, Formic acid production is an increasing function of

iTY OF RGCHESTER LIBRARY
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the temperature at. alkalinities up to 4,0 N, Beyvond that alkas-eb

11 concentration less formic acid is obtained at the high temper

AL IN UNIVER

3) Lactlc acid first apoears in measurablb amounts at 5.0 N alkae

Not 10 be reproduced witholt p
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11 concentration at 85° O, and at 1,5 N at 50° G, The effect of

5GiN

OR

an increace in temperature is to produce greater amounts of lac-

tic acid at any given alkali concentration end to induce its for-

mation at lower alkalil concentrations, ]

. (4) The course of pyruvic aldehyde formation has been studied at i

1 85° and 50° O, It is an increasing function of the alkali con- ol

~centration up to the point where tar formation is noticeable,

srature until the

@

+It is also an inorcﬁ51nm function of the tem

_gtar formation interferes, Pyruvic aldehvde osazone is produced

at lowsr alkalinities at 50° ¢, than it is at 85° C.




The Action of Alkalies on d-Galactose (cong.)

| No Osazone was formed at an alkali concentration greater
:than 3,63 N. This is interpreted as the hydréxyl ijon concentra_
tion at which the rate of rearrangemeht of pyruvic aldehyde into

~ lactic acid equals the rate of pyruvic aldehyde formation,

,.(5) Acetic acid production is an increasing function of the alkali

concentration up to 0,6 N KOH, it s a decreasing function of

-alkalinities greater than that value, It is an increasing func-
i’_tion of the temperature over the entire range of alkalinities

- ﬁ?ied; 4

’(6) The effect of alkali concentration and temperature upon sac-
‘éharinic acid formation has been studied, The presencé of
 %§metawgalactosaccharinic acid has been established;' Saccharinic
T%qid formation from d-galaotose‘is an increasing function of the
&élkali cOncentrafion; An increase in temperature causes its

formation in larger amounts and at lower alkali concentrations,
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'THE CHEMICAL UNSATURATION OF RUBBER UNDER' THE ACTION

OF HEAT, TRI GHLOROAGETIC ACID, ULTRAVIOLET

al :

LIGHT, AND MASTICATION
H. L. Fisher and A, E. Gray
. 1)
From the work of Harries and Wagel con shellae and of
| 2) 3 4)
pemmerer and Burkard , Staudinger end Friftschi , and Harries
on the hydrogenation of rubber, 1% woild zppesr ‘that there is
some connection between the phyasicel sisie of thesge substances
: B ‘ 1)
and their chemical reactivisy. Ferrica and Nags! found that

»whéfeas the ordinary alccholgsolubie sinellac yieldeld the maxiﬁﬁm
bffzo% of aleuritic acid by ccld hycdrclysis with potassiuvm hydrox
i@é, treatment with an ethereal soluticn cof hydrogen chloride
‘o;ﬁsed thé shellac to be insolubie in alcohol, and, although it
,wgé still soluble in potassium hyd@#oxide, cold hydrolysig witp
_ﬁﬁis reagént then gave no more than 3% of aleurivic acid., By boil-
fiﬁg with giacial aoetic or formic acid the insol@ble.variety could
»bé.reconve;ted into the solublé variety, and now it would once
ééain yiild the maximum amountvof aleuritic acid upon hydrolysis.

Harries , with this work as a background, thought that the reason

Wﬁy he had never been able to hydrogenate rubber was on account

vQ% it.physigal condition, that is, "its degree of dispersion or
.ﬁggregationn” He, therefore, had rubber strongly plasﬁioizéd on
>. §‘mi11, and wag then gble to hydrogenate it in the presence of

'5§$atinum black?) Pummerer and BufkardB%ried "to bring into re—

a) Part of this paper was given by the senior author under the

- title, "The Physical State of Colloidal Organic Substances and
Their Chemical Reactivity," at the First National Symposium on

Organic Chemistry, Rochester, N. Y., December 29-31,1935,

It should be noted, however, that he has never published any
analytical data.
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The Chemical Unquura+1on of nuuU r (con.)

‘5 acﬁion.the most highly possible depolymerized and, therefore,

reactive rubber!" by using very dilute solutions of highly puri-

They were very successful. ‘Staudinger
3) ,
who used high temperatures (2370° C)

_QQA fiéd rubber. SO were

and Fritschi andhihigh

'preseures (93 atmospheres). It is of special interest that all

WERSITY OF ROCHESTER
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5

‘theée experimenters did their work independently vet with the =

‘ : =
same fundamental idea of changing the rubber into a more reactive ;g
stete° The hydro—rubbef in all cases 1s apparently the"same° %%
.Itiis like a paraffin hydrocarbon in chemica1~properties, hag a g%

very high indeterminate molecular weight, and gives typical col-

loidal solutions.

The success of these investigations was dependent accord-—

‘1ng to the different authors, upon "disaggregating" or "depolymer—

1?1n0” the large rubber molecule into smaller dispersed particles

erticles of lower molecular size which, in each .case, are

Heat and pressure

‘coneidered to be more reactive chemically.

_are of course,

familier agents for promoting ch emical reactions,

,but dllutlon is seldom, if ever, used for the same purpose; in

fact, dilution generally retards a reaction. I1f we take into ac-—

Goﬁnt the fact that colloidal systems are being.dealt with, the
“méfbods used all bring about a lowering of the viscoglty of the

rubber or of 1ts solutlons. These changes in viscosity have a1~

I

SO been con31dered as due to disaggregation or to depdlymerization.

A

Iltlon of the size of the particle. ThlS diminution increasges the

total amount of surface exposed, aqd therefore chemical reactions
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The Chemical Unsaturatibn of Rubbor (con.)

will occur morec rapidly, since in a heterogeneous system, accord-

ing to Wenzel's law, "the amount of chemical change in the unit
. - 5 ) .

of time is proportional to the absolute surface.” Harries
g - : 7)

followed this line of reasoning., Whitby , ten years tefore,

‘had made a plea for the use of the same egblanation in cqnnecfion
with the formation of tackiness in rubber. |

| Polymerization is, of‘course, a chemical term with a very
_ﬁgfinite meaning. When an unsaturated hydrocarbon undergoeg poly-
;@érization, it increases its molecular weight, and at the sémé time
"fifs unsatﬁration is decieased,a) On the other hand, when a padly-
.ﬂﬁerized hydrocarbon undergoes depolymerization, the séparate units
‘fgecome proportionately more highly unsaturated than ‘the original
fpolymerized hydrocarbon. In rubber chemistry, and also in connec-—
Efion with other organic substances that exist'in the colloidal

tates, the termz depolymerizatipn,'has been used very loosely, ap-

[dparently without any definite experimeptal data other than fhe

change in viscosity to substantiate it. ~Heat, dilution, light,
and mastication have all been stated to cause depolymerization.

.Many chemical agents also are sald to depolymerize the rubber in

solution.  Thisiie true, for example, of bromine, iodine, oxygen,
o
- - 77) - 8)
sulfur, and s@lfur monochioride. Trichioroacetic acid also
' ) 9)
..causes thig change to take place. Very recently Staudinger  Has

. sald "that acids decrease the viscosity of rubber solution by
~-a) Sometimes the ungsaturation veries with different types of
polymerization used, the chemical reactivity varying accord="
ingly, as shown in the case of cyclopentadiene by Bruson in
his dissertation from Staudinger's laboratory, Zurich, 1335.
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-‘"_juw Ghem;cal”vnsa rat;on_oﬁ.Rubber {con.)

‘bggﬂking.down the molecule,” "thet these Teagents react with the
end valences of the rubber so that small molecules are formed
‘which cannot again unite,” and that "the end valences undergo
éyolization so that the trivalent carbon atoma)disappears.” How-
ever, even if the ohange ig due to depolymerization and, as men-
tioned above, there ig, therefore, a corresponding change in the
chemical unsaturation, it would probably not be pogsible to mea-
sure thls ohange in the unsaturutlon by aﬂy chemical means at
 :pur disposal. ' K

o A 1l&xvle over a year ago the senior author isolated from
ﬂiubber that had been heated for several hours at 340-5° C a

;ﬁhitish powdery substance:rhaving the same elemental composition

’;as the rubber hydrocarbon, (GSHB)X, and giving colloidal solutions

fq{_muoh lower viscosity. This substance has an unsaturation of
56.48% as compared Wifh the rubber hydrocafbon, and, since the
féomposition'is the same, it is evident that some of the double
’2Poﬁds must have disappeared on gooount of the formation Qf rings
;éfhfough intra,moleoular changes., Recently Staudingeig)has pub-—
'i}ishedigimilar results andihas called these substances "cylco-
uﬁfubbers,” Staudinger has also shown that the unsaturation of
fg?ubber in solution varies with the temperature and the tine.

: Since hmat causes a chemloal change at the same tlme that
i@lt causes a lowering of the VlSCOSlty, it was thought: that a some-
iwhat similar chemical change mlght algo be taking place when the
'fOuher agents cause a 1owe;1ng o; ghe V1sooulty° Accordingly, the
:ieffeot of heat was studied further, and, in addition,'the effegt,

"'a) That is the unsaturated carbon at the end of the long chain.
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The Chemical Unsaturation of Rubber
of trichloroacetic acid, ultraviolet 1light, and mastication. THi- }

buﬂhloroacetic acid causes a noticeatle drop in the unsaturation.

. yltraviolet light caused no change in unsaturation, but the solu-

tion showed a great drop in viscosity. fastication in air causes

= a drop, but it was not determined whether the)change Was due to
' a
cyclization or to addition of oxygen or voth ; in an atmosphere
' of carbon dioxide, there was no cham e whatever, although the
'samples becamsr. very soft and sticky.

Experimehtal

The method used for determlnlng the chemical unsaturatlon

:5was a slightly modified Wijs method (iodine-chloride) . It is
accurate to about Oou%q A1l the results given are the average
c) i

,of at least three sgeparate titrations on gliquot portions of the
~Same solution and many are from separate solutions, all agreeing

fto within O, 5%, often within 0. 2% Approximately 1%, chloroform

*solutlons were alwav used. Dilutionto:0.1% showed no change in
‘the unsaturatlon, With highly viscous solutions it was difficult
to cbtain concordant resuTts on account of the difficulty of mea-—

“5sur1ng the ligquid, but by rinsing the pipette once with the sol-
vent very good 1"esults were obtained. A second rinsing was found.

Hto be unnecessary, The unsaturation was calculated on the basis
.a) Van Rossem ('"Rubber Industry," 1914, p. 149) showed that oxygen
o caused g rapid lowering of the viscogity of a solution of rub-

ber during heating, although no oxygen was absorbed, the oxy-

gen apparently acting as a catalyst, since inert gases did not
do this. By analogy the change here may not be due to addi-
tion of oxygen but possibly to cyclization.

~b) Kindly furnished by Mr. A. R. Kemp of New York Oity, who will
' publish the details shortly.

‘ O)_In the ultraviolet series only two separate titrations were
: made.
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The Chemical Unsaturation of Rubber (con.)

R ‘ a)
- of one double bond for each CgHg group.

Effect of Heat. Samples of Pale Crepe were heated between

sheets of tin in a vulcanizing press for 30 minutes and for 8
hours at 14}°Os ‘ The products were almost transparent and were
-very SEEDDY . They formed V1sooue solutions which caused some

: dlfflcultles in the analysess . fhe practice of_r1n81ng the pi-
pettes had not been started when they were made, but the results
given below are approximately the same and show that very little,
if any, change in the unsaturation has taken place. . Threé 30
_Qgiam samples from batches that had been masticated for o%gffﬁ the
?faotory were heated in sealed tubesfat‘the_temperatures given and
gehow decided decreases in the unsaturation. The products were
éoft and somewhat oily. — l
. Table 1

Effect of Heat

. 9, Unsaturation
1. Pale Crepe, unheated . 93.80

3. Pale Crepe, between tin in press,

30 min. at 141° ¢ 92,18(see above

ORIGINAL IN UNIVERSITY OF ROCHESTER L%BRAR\«

5. Pale (Crepe, betwedn tin in press,
8 hrs. at 141° ¢ _ - 93.21

4. Pale (Orepe, heated in” sealed tube, '
: 5-1/2 hrs. at 345-3GG° ¢ 90.84

5. Pale Crepe, heated in sealed tube,
7 hrs. at 385-300° ¢ 81 .40

a) Except in the acetone-extracted sample, there are present other
+ unsaturated substances such as the resins (unsaturated cyclic
.alcohols) and "resin acids" (oleic and linoleic), which are in-
ciided in this calculation. There is no doubt that in the heat
treatment the change is due to an intramolecular change in the
rubber hydrocarbona In the case of the trichloroacetic acid
the change is small, but it is believed that this also is in

the rubber hydrooarbon, as will be shown by a later publication.
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The Chemiocal Unsaturation of Rubber (con.)

Table 1 (con.)

N . % Unsaturation
8. Pale Crepe, heated in sealed tube, ]
2 hrs. at 2385° and )
. 5 hrs. at 345-6%° C 43.60
7. Isolated product from #86 (sbe P. 4) 36.48

Effect_of Triohloroacetic Acid. Sampleg of Pale Crepe

. -

Effect of Ultravioleth Light In the first two runs a 1%

solutlon of Pale Grepe in a 1OO cc. quartz flask, with carbon di-
,OX1de above the 11qu1d and the flask tightly stoppered, was ex-
_posed 4t a distance of about 18 in. to the light from a quart2~

fmercury vapor lamp (Hancv1a Chem. and Mfg. Co.:) for different

Fade

\peilods of time., Two 850 cc. quartz ,flasks were used'in the 5;’
third run and a correspendingly larvaf volume of solution used.

The solutions becams very iimpid dur¢ng the first periods of ex-
:pOSure. In each run the same solution was used throughout, sam—

lples belng removed for analysis at the petiods given, and carbon

Sy

P
. a
were made up as outlined and the trichloroacetic acid added in Eg
: ' co
the proportions given. Goncordantrresults could not. be obtalned"“-
x

dguring the first few days after mixing. The results in thg tabI%E
. L]
were obtained after the mixture had been standlpg sever days. A gg
o)

deflnlte lowering in the unsaturation is noted. oo
Table 2 §§

Effect of Trichloroacetic %cid: &

pUnsaturation ks

’ ‘ , - First“séries Second Series g

1. Pale Crepe, untreated 95.95 96.25 =

: | =

2. Pale (repe + 10% of its T T B 1

) *"ht as acid 94.85 + 10.9% 95.83 E%

3. Pale Orepe + 549 of its . -~ - =
welght as acid = 94.34 + B53%  95.38 s

Prens - -
iRy {ﬁ@s
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The Chemical Unsaturation of Rubber (con,)

dlomde used each time to displace any air,

Unfortunately the unexposed solution in the flrst Tun was

ORIG!

yf?he lower figures, The yellow color was, possibly, due to
edf since the fad was not used to keep the cabinet cool in this
W, A similer insoluble film had been noticed in one of the
Te%ioqs runs, but it was very, very thin, ;
i The conclusion is reached that ultrav1olet light causes no
h&nge in the unsaturation, . o
Table §
Effect of Ultraviolet Light

% Unsaturation

First Run Second Run
UneXposed S 1. Unexposed 94,76
8 hrs, Exposurs 91.21 2., 1 hr, Exposure 9389
16 hrg, Exposure 91,46 3. 2 hrs, Exposurs  94.61
45 hrs, Exposure 91,58 4. 8 hrs. Exposure  95.03

iwt'aﬁalyzed, Since the figures were low, it was thought that a-
@wmge had téken placé, but other work showedlthat the original éé é.E?
-'i;aif? crepe varies congilderably, In order to get r1d of any dlsg %%
k‘:‘solved air the solvent in one of the last runs was Yoiled, carbo%z %%
, o
d;ox1de passed "%he Tubber added, and carton dioxide used to dlsi?éggg-
1ac>e any air above the 1liquid before the ground-in stopper, was é“‘z ,g
put in place The high figures for the 1 hour exposure wherev;é‘%;g
thé.‘éolvent was boiled, are apparently freaks, During the lat%%% §
?e; part of the third run the llqulds in each ease turned Y8110W§§.§§%§
a’ndvf"a rather heavy insoluble film was evidently great enough to % gg
‘ause a change in -the amount of rubber in the solution as 1nd10a1%d§%

it faw (Title 17 US Cods).

copyrig
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The .Chemical Unsaturation of Rubber (con,)
Table 3 (con,)
Third Run

guld onivy in solvent and above 1lig .

CO0; above 1i- Solvent boiled and COz

1. Unexposed _ 92,03 92,086
(pipette washed) A

2, 1 hr, Exposure 92.08 ' 92.93 (7)

(pipette unwashed)

3. 1 hr, Exposure . 92.20 93.20 (7)
- (pipette washed) ‘
8, 4 hrs, Exposure 92.15 93 .59

4, 38 hrs, Exposure 89,13 89.55 (see
o abowe)

Effiect of Mastication, 800 grams each of Pale Crepe and

iéf acetone-extracted Pale Crepe were masticated on a water—cooled
*iB_inCh mill and samples. taken at varying times, . In the first
%wo series the pipettes were not rinsed, hence the lower figures,
Jbut their relationships are just as striking, For mastication
fin @he abseénce of air, the rolls were enclosed in tin and a con-
7fétant stream” of carbon dioxide.was delivered upon the rubber,
f?or the series on the 4-inch mill, only 135 grams of rubber was
iused, This mill works much faster and the rubber becams. too
 §Soft to give a "bank! after 3-1/4 hours, Physically all the 1ong
imasticated samples weré apparently the same,-- very soft and
jistioky and giving very limpid solutions, The definite conclusion

_.can be stated, that mastication in the hbsence of air causes no

;;deterhinable change in the chemical unsaturation,

Not to be reproduced without permission.
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The Chemical Unsaturation of Rubber (con,)

Table 4

Effect of Magtication

Series 4, on 1l2-inch mill, in air,

Time % Unsaturation
Pale Crepe Extracted Pale Crepe
30 min;:, 93,34 96,03
2 Hrs, | | 92,91 95,11
4 hrs, 92,39 . 94,523
8 hrs, ' 90,84 Ll () ,
T_otal.difference - 8,40 - 1,61

_(+) After 4 hours the extracted rubber becamss so soft that it
: 'Zcrept under the mill guides and was lost,

— e ymw eme e

Time

In Air In GOz
10 min, . 93,60 94,15
= 45 min, . 93,45 93,83
& . o= 3 hrs, 92,80 94,29
mﬁ:ﬁ(.:.,m
=5 -
EESE Total airs 80 0,14
el &:51%'8 ota ifference -~ 0, + 0O,
NHERS e e ==
1:-%%:::_ Sy i ‘
SHg= Series €, on 1l2-inch mill, in COz, Pale Crepe
e, o —
. =2 o Time In CO,
(s R R =
T 2 T -
E: g;gr;t—’ Unmasticated 95,723
BB W = :
reEs 15 min, 96,33
g; @'ﬁ 2 . ‘
é%cgiftg; 1l hr, 96,02
o . S
% 2 fé 8 3 hrs, 96,08
=8B ' ) .
=222 4 hrs| . 96.53
E ) -‘ -
5 8 nrs, 96,05
Total difference + 0,33
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The Chemical Unsaturation of Rubber (con.)

1, The changing of %he chemical reactivity of rubber by various
physical agents in recent work on hydrogenation is discussed,
-‘2, The effect of various agents on the chemical unsaturafion was
studtad, and it @s shown |
That héat, in the absence of air, at vulcanization temperatures
around 141° C, even for 8 hrs,, causes no appreciable drop in
the chemical unsaturafion, whercas at high temperatures, 345°C
to 360°C, there is a lowering of the unsaturaiyion, the éﬂount
.depending on the time and temperature (verification of the
work of Staudinger). A
:T'A, That trichloroacetic acid causes a definite lowering of the
unsaturation,
i o5, That ultraviolet light causes 1o lowering of the unsaturation,
That mastication in air causes a lowering in the_unsaturation
possibly due to‘absorption of oxzygen, but in an atmosphem of
carbon dioxide it causes no change in ungaturation, although
there ie, of course, a decided change in the physical proper—

ties,

o
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The Chemical.Unsaturation of RubbermLcongq)
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CARBOXYLLIC ACID, CARBAZYLLIC ACGIDS,

AND CARBJXA:YL;JG ACIDS

Ordinary acetic acid belongs to the oxygen orx w@+e

system of compounde. It is an aque acetic acid. Acetariline,
fhe nitrogen or ammonia analog of aguo acetic acid, is an aceii
acid of the nitrogen or ammonia sysvem, +~ 1t ig an ammdno &Ganl
‘acid, ~ while acetamide, which is a Qerlvallle simul+ tansous iv of

- oxygen and nitrogen, is a mixed aquo ammono &ce t ic acid. Methyl

cyanide 1s acetic anammonide; that is to sa¥, it is & compound re-

“lated to ammono acetlc acid as acetic anhydride is related to

e e N . : .

L) The relations between these compounds will be clear
B = ‘ '

W From an 1nspec tion of the scheme.

2w

é

.;.._ i-:: Conany - IINHQ
> @ CHE3COH CHg COH
& = 0H ~  oH
22 4
=D (-H20) (-NH3) (~Hz0)
}'_' =, Ny “0 N O 4
oW e CHa Coy GL"GNH
e
2.8
Now what of it? Well, at any rate this much.
First. Acetamidine and acetamide are acids - too weak,

to be sure,to behave asg acids in Waﬁer solution - which show con-
~ spicuously their acid properties when in solution in liguid am-
monia. Both compounds in such solutions réact with ammono bages
and with the more elsctropositive metals to form salts which in

general separste from solution beautifully crystallized and of
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Carboxyllic Acids etc. (con.)

.éharply definite composition. For example, acetamidine in 1li-
éuid ammonia solution reacts with potassium amide - the caustic
'?otash of the ammonia system - to form a potassium ammono ace—
tate,and acetcmide in liquid ammonis solutlon dissolves metallic
‘magnesium with the evolution of hydrogen and the formation of
magnesium aquo ammono acetate, the respective readtions teking

place as represented by the equations:

s (I + KNH, = OHBQNHR + NHg
30H,G0  + Mg = (CHa(O )plig + H
C schg g = ( Q%NH)E o) 2

Second.  Mebthyl oyanide in liquid ammonia solution

;,ﬁnites with notassiun amlde to form potaessium ammono acetate as
:Z_'fc‘wllows: OHzON + KNHp, = oﬂsc'i]lggl{. This action is in accord-
Taﬁce with the view thet methyl cyanide is acetic anammonide.
Third.  If the potassium derivatives of acetamidine
;tand acetemide are, recpectively, a potassiﬁm ammono acetate and a
iﬁpotassium aguo ammono acetate, then, just os methane and potas-
 fsium agquo carbonate are formed when potassium aquoacetate is heat-
ﬂ;ed wilth potassium-hydrokide, g0, potassium ammono acetate when

.~ heated Withvpdtassium amide should yield methane and potassium
ﬁ;amvono carbonate, while potassium aquo a:ono carbonate when heat-
ed should gilve methane end a mixed aguo ammono carbonate of potas-

sium. The reactions represented by the equations,

on
,//-\T- T7A\TLT T ) T T
C--gG ;\I:_T_ -+ .L(J.\TI‘ZB = Gh4 -+ l\.gNCl\T
K .
20 R A
OH;0Z0 - = OH, + KNGO

. nave been experimentally realized together with similar reactions

- represented by the equations.
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" acid, see J.

supnort of

bonic acid

Carboxyllic Acids, etc. (con.

TS
I
+
SNHy HOL

LT
C.H G-.f_‘-lrl
A

CSH]]Cfng
|;¢O

G155, 05y

O Hg 079

NHK

+

1

il

K~

-

KNHg

L3

]
~—r

BKWH, = Hp + K NCN + KOL -

KNHy, = CpHg + Ko NON + i,

CgEi + K NON + NHg

i

KWHy = Oy H o+ K NCON + NHj

HE
pRIPA

INHg = CgHg + ENCOF 4+ NXg

+ KNGO
OoHg + KNGO
CaHE + KNGO
CuHyo+ ENGO
OgHyp+ KNGO
CisHap + KNGO
CoHs + KNGO

That cyenomide may be looked upon ag an ammono carbonlc

A. C. 8., 44, 486 (1932) end for congiderations in

the view thet cyenic acid is & mixed aguo ammono car-—

gsee J. Fhys.

Chem., 27, 175 (1923).
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THE DIREQTIVE EFFECT OF TEE PHENOL GROUP IN THE
PREPARATION OF KETOWE DERIVATIVES OF
BETA-NAPHTHOL | |
by ' . i
Azthur J. Hill and Raymond N. Evang

Although naphthélene ig an exceedingly important inter-

mediate for the synthesis of many dyes, it has played a rather

minor role in the medicinal product and esgential oil fields.
Indeed, the extraordinary impertance of certailn naphthalene dyes

has directed the channels of academic and industrial research

along comparatively restricted lines.  Thus, a vast amount of

data has been rightly accunmulated on the preparation and pro-

perties of sulfonic acids (hydroxy aand amino in particular),

and these investigations have brought about the solution of man e
intricate problems dealing with the orilentsting influence of gg = =
s bl £
. ~1-E 5
groups. [l Y
4 | 53
On the other hand, there are many orientation problems égﬁgég
L . : L&) 3y, e
. V N . . ) o ok -4;-‘,-: mw
incompletely solved, that deal with the directive effect of SUbég EgS%:D :
. . ' g e
. . . . O s
stituent groups in such common reactions. as that of the Frledelum'gggg:;.
. | . e L SusE
Craft and bromination -~ reactions at present finding little, E:;g =
: S BB E =
If any, commercial application in this series, but of great 1m~E§ &EEE::
: = 8.9 =
L . 3 £ :‘,‘ﬁ“ F s st .@
portance in benzene chemisiry. = o B
B =58
During the course of an investigation, primarily under-= 2 &
ki | 85
.('. ";, z 2

taken for the purpose of synthesizing compounds having possible=

ORIG

application in the medicinal product and essential oil indus-~

tries, 1t became necessary to prepare the lsomeric ketones I

and II.
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The Effect of the Phenol Group (con.)

000H, :
A #00CHS N
/ \,_r H \ /\.\ .
(] (Y s
Vi \ALOCH,
I 1T
1)

Fries ' states that I can be prevared by the intermolecu-—
prer y

lar rearrangement of beta naphthyl acetate in the presence of alu-

minum chloride, while the wethyvl ether of the same substance has

been obtained by treating beta naphthol methyl ether with acetic

| 2) .
.

gnhydride and concd. sulfuric acid.
. (»f'JOG:‘Tg '

a - . j;\ e -
(\ 00008 e, Y R (D)
"\/ ’ ' - \\/ \“\,

p } =-3 HB S0 N ! l \ g
'(\ ) [PUUUSy t.- Storpuits.. AP > \ A ;
N v NS
3
On the other hand, Witt claims that II may be prepared

by the action of acetyl chloride on beta naphthol methyl ether in
~the gense of the Friedel Craft reaction, the dimethylated product

:being present with the corresponding ether in the final product of

‘reaction.

NNoon, CH,000L '\ oum AR
( A T SN COOH * \ A/ C0CH
N\ it \\.- L " : \ - 5

The writers duplicated these syntheses with +the utmost

;@aze, but the results were somewhat unexpected, for the geme
| Indeed,

‘ketone

was obtained irrespective of the method employed.

“in the fear that our conditions for the duplication of Witt's di-

‘rections were faulty, & very large number of experiments were

o
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henzene, petroleum ether, and

were ilnvestigated. None of
of reaction.

Proof of

The identity of tae

~three methods and of the fact that the

B

The Effect of the Phenol Group (con.)
carried out, in which eolvent (carbon disulfide, thiophene-free

n-hexane), temperature, and time

thege changes affected the course

ketones prepared by the

writers were not dealing

“with mixtures is shown graphically by the following reactione:

-melted unchanged.

- ~identical, and the same was true of IIIand VII.

-
' OH OCH .
010 H 00008, —22&ay 0, 5 e opps O o
COCH, TOCH, —
ImT IV o
| | 7
‘ OCzHg L
S O, T s ok
1o —6\ y C:;
_ COCH, Eg
’ v Ll
- - _Q_‘T COCL . /:OWHS’ G2
Cs HyOCEHg ~ee—dee3 M s () 10 Hg VI ﬁ
A0, R00CH, &
and ‘ %§
*"'QH GT-—S %
Cie He e S C,oH E;O =
COCH; COCH, =
VII VI -
. . CH,COCL PSR 5
C10 Hy 002 Hs ZATOT; | Cro 8 =
-,_CQGLJ.B D
Villi
Mixtureg of III and VII, IV and VI, and V 'and VIII

The oximee and picrates of IV and VI were

The crystls

~of IV and VI were meagured on & goniometer, and the crystal

1,

43,
Yo ed s

‘%«‘:;" 5

i1

withoud per

 measurements thoroughly confirmed the chemical proof and, there-

- fore, the identity of the two substances.
Intramolecular rearrengement of the beta nephthol eg-

- ter and the Friedel Craft reaction had, therefore, produced the

n.

soad

Not o be tebroduy

ad by

copyright law (Title 17 US Code).




—l

The Effect of the Phenol Group (cou.)

game substance.

Q

The position occupied by the entering acetyl group was

(]

demongtrated by coupling with diazotized p-nitraniline. It 1s

a well established fact that beta naphthol couples in position 1,
¢nd, 1f thig ie occupied , not at &ll, unleses a displa@ﬁable

group sucn as OOCﬁ or S0;H be preeent. When methyl . beta-hydroxy
naphthyl keione was coupled witn p-nitrobenzene diaéonium chloride,
the 0"300 grous was displaced, and the familiar p-nit rcnlllne red

. produced.

Had the CH;CCO group been present in poegition 3, the car-

-ua ea withou

responding ketone derivative (X) of thig dye would have been qung
_ i e
[T

duced, analogous to the coupling of 3-hydroxy-3-napithoic acid
with diazonium calts. Therefore, the xetone group entersposi
tion 1 in the Friedel Craft reaction and &lso in the rearrange-

= ment of beta naphthvl acetate.
Ko J

ORIGINAL IN UNtv

N=N.CgH, 0z

OH
\ ) COCH,

It ghould be possible to syntheeize methyl Z-hydroxy-
?‘B—naphthyl ketone (II) by condensation of the methyl ether of
» methyl 28-hyiroxy-3-naphthoate with ethyl acetate, followed by

'hydrolyeis of the beta ketone ester thus formed. Experimental

/,\ (“OCH3 .
o8 =<
\ 2 \\\-\f‘( T "’Noz % ot

’ wet 4\':‘.? o1 A N:NCE HA_.NOa - 5;‘2
T () o i 4
« A /\/ IX I&S é:
N\cH | oo, 5
i/\ i //,56 Hé_ ) é P
~N5 C1 E%
; “%
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;ﬂbe transformed into methyl B—hy&rjoxyelfnaphthyl ketone by re-~

. therefore, one ig conducting & Freidel Cruft reaction onthe fre

- phenol.
~ thol ether (methyl or ethyl), dealkylation always occurs in wmwar

. of the alkyl group. The use of benzene nd Water bath tempera

fa_tures favor deelkylation, and this seems more pronounced with the-

-5

The Effect of the Phenol CGroup (con.)

work on this problem is elready in progress.

AT A
(NNoH, /\-ocm s Yook
| | icO0CH, _CH.00QC;Hs 1ok P j luocﬁla

AL J\/ )uCUCHecoo H T\ UA

In connection with the preperation of the ketones, some
~interesting observationg have been made with regard to the con-
duct of the Friedel Creft reaction and 2lso the dealkylation of

the ketome ethers. Acetyl chloride apoears to have little or

‘vﬂno effect on & carbon disulfide solution of beta naphthol in the

;}cold Immediately, however, on the addition of anhydrous alumi~

'num chloride, & brigk evolution of aydrogen chloride tekes place,

*?and beta naphthyl acetate is formed. Without igolation, it may

RARY

perméEsion.

movel of the solvent and heating to 130° for 4 hours.
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The bets naphthol ketones yzzmpond very slowly to the
action of the usuel reagents employed for the identification of

thig class of compounds. Thug the »reparation of oximesg,
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The Effect of the Phenol Greup (conc)

- phenylhydrazones, or semlcarbazones, using the customary proce-

i

~dures, was not successiul. However, the free phenol, as well

. as the phenol ethers united quite smoothly with hydroxyl amine,

‘provided the reaction was carried out in oyridine sclution.

”

3

2

8ince the completion of ihis firgt phase of the inveg-
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v tigation, the writers have had occaglon to prepare gcveran of
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_the higher ketone derivatives of beta rachthol, and 1n no case
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We propose to continue this study of orientation pro-

'bT\ma, and to use these new ketones for synthetic purposes, such
'3 es the preparation of sulfonal analogues and alkyl beta nanhthols.

indeed, it is the ultimete purpose of the 1nvest1g tion to contri-
bute new deta with regard to the relation betwsen chemical congti-

tution end physiological action in the nephthalene series. . ;

f; 1) ¥ries, Ber., b4, 709 (1931)
4]t 8) schumeider, Ber., 54, 2398 (1931)

3) Witt and Braun, “%er., 47, 3316 (1914); Cf. Rou
833 (1898); Gatterman, Be:

lowing groups are being studled: C,H5;00, C5H-CO, (0,H-.CO,
1CO This work will constitute the second p: f‘




SYNTHESLS OF AﬁT@AiGEZABﬂE”QOMPOUNDé oF
BIOCHEMIGAL INTEREST CUNTAINING
SULTUR IN THIOPOLYPEPTIDE
COMBINATION
by

Treat B. Johnson

One element that deserves more attentionvthan it has
“hitherto received from biochemists is sulfur. Due to the var-
igbility of its valency it can exist in verious stages of oxida-
ﬁion, and, thereby, undoubtedly pleys a very important part in
the dynamics of the living cell.

It has been known for a long time that different sulfur
kiinkages function in fhe.moleoular structure of the sulfur pro-
teins, but up to the present time-only one definite sulfur amino

lgﬁoid ofbknow constitution has been isolated in a pure condition
“ﬁémong the products of hydrolysis, namelvy, bvstin. Whether this
;Eubstance actually exists as such in the original protein molecule

._iOI results by oxidetion of a precursor - cysgtein -~ has not yet
'ibeen proved.

| In 1911 the writer suggested that thioamide sulfur pro-

" bably exists in many sulfur proteins and proposed the name, thio-
Y Y £ - a b R foctwsiindy

;pplvbentide, to designate that type of sulfur combinations which

gwere related struoturally to normal polypeptides. Several deri-
5vativeé of thig type were synthésizedqand their properties descri-
:bed. Following this research in 1911-1913 no new data has been
ioontributed which hag added further to our knowledge of thiopoly-
‘fpeptide sulfur until 1924 when Harris, working in Hopxkins lebora-

»1tory in Englend, suggested that denaturation of sulfur proteins
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Synthesis of Autoxidizable Compounds (con.)

was pfobably dependent on the presence of the thiopolypeptide
grouping in such combinations. While his hypothesis deserves
great merit, it is true, however, that he broughtforward no po-
sitive proof of the actual existence of such linkages.

The last word in biochemical research which has renew-

ed interest in this type of sulfur groupings is the recent an=c..

nouncement by Professor Abel of Johns Hopkins University that

sulfur is a normal constituent of the pencreatic hormone, ingulin,

and that the gpecific activity of this remarkable substance is

~actually dependent on the proportion of its sulfur constituent.
'fAiter an extensive research in.this field and}working with a very
;large émounf of material, he hasg finally obtainedAan insulin
}fraction very rich in sulfur, and which shows very characteristic
 ireactions. He concludes from observetions thus far made that
i#it behaves chemically in many respects like Johnson's thiopoly-
  peptide combinations which were firest reported in 1913. | With

f{the exception of the discovery of glutathione by Hopkins in Eng-

. land, this is actually the most important contribution on sulfur

" chemisgtry of Tiechemical interest that has been made in recent

In order to obtain further light on this important sub-
ject ana, if poseible, to obtain synthetic pulfur compounds which
are susoeptible to autoxidation changes, an elaborate program of
orgenic syntheesis has been inaugurated in the Sterling Chemigtry
Leboratory at Yale by Profesgsor T. Bl Johngon in conjunction with
Dr. Elirabeth Gatewood, which has for its gosl the synthesis of

of new thiopclypeptids combinetiong of biochemical interest.
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Synthegisg of Aufoxidizable Compounds (cone)

Whether any of these products will undergo autoxidizable
éhanééérih %hé %é&y éﬁd thereby exercise an influence on the
oxidation of suger remains to be determined. Thus fer the
problem has merely entered the preliminary stages of develop~
ment, and no product synthesized haé vet been submitted for
pharmacological tests. Jugt as soon as materiagl 1s availa-
ble of required purity and syntheses have been perfected
which afé reliable and productive of new material, it.is plan—
ned to insugurate a cooperative resesarch program which will
promise quick resulte and & posgible zpproach to the eolution
of a difficult but very important problem. Any ohemicai re—

gearch which will lead to an understanding of the structure

of such substances as insgulin or tuberculin will be of lasting

. benefit to mankird.
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Synthesis of Autoxidizable Compounds (con.)

Fig. 1

Mechanism of Denaturation and Coagulation without Hydrolysis of

Thiopolypeptide Linkage in the Proteiln

NHp . CH, . CS. NH. OE, . COOH

NH . GHp . 0=N. CH, . COOH
SH
v

WH:GH, . 0=N. 0B . 00 + HaO

sttt s i s et Moo e ¥ sy S et gt et

Fig. 2

Dithiopiperazines from Aminoacid Nitriles

NH, CH; ON + Hp S —» NHp CH, . CSNH,

NH, . OHZ . CSNHCH, . GSNH,

Action of CS; on Aminoacid Nitriles

oN
MOS(NHC}BI\H(GHS)z )z

NHy
(CHg )2 CH + 08z
ON "> (CHg),0KE.NHCSSH —
CN
NH--G8 NE--CS

(CH,),CH-—C: NH (CHg )5 CH-~CS

Fig. 4
NE ~NH
/ ™~ (It ~
GH, ?O P2 Ss (e 708
f ~
GO /GHg Gb . /OI’IB
\\ i J.VH
NH
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Synthesis of Autoxidizable Comvsunds (con. )

0o Hs CONHCE, COOC, Hy ~E2585 (g H, CSNEOH, C00C, By - 2280, He OSNHCH, COOH

Fig. 6

NH o U Tg EONE C:._TE .C00H + Pg 85 -— l"l1-‘m:';;3 . CSilH G COCH

G..GFQ CSOCEJ‘:\.S + ]\T g G::g COuCgﬁs —> C.]-CIEB CQI ECOOCB g -+ Cg "15 GLJ. —>

2 CFg

ClCH, OSNECH; CO0H — NHp Chip CSNHCH; COOH

Fig.

(e8]

T
A

GGHS iIGS + I\/ig- Cs Hs BI‘ —_—> 052{5 CSIIHC(D: 5
(\Iel".s -'/l{-_ Br + SCN. szg quOg "15 - CGHSCS Hs \JODCQH

Fig., 9

N
* i H S - =
Cg He CH —» CGL-SC\ N GSOGE}Is NEs (¢ 5, CSNH,
CG-"S Gq —F\,«Z:g COD‘JG I'..
TthﬂLpou*lc acid
Fig., 1Q
) P ;
0N — HCL.NH,CF,C . HCL *'iz—s,s 101, NH, CE, 08005 Hy
05 E, -
. D' "g u’.LgGODC I'_

\
h Ty ; IS Takk] b AOTISUURE -
II"g sz JEJ.\' ';'.C.'."_g COOJ’I = HI‘BC = JE l.LT“J.:'p COOu
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THE MELTING CURVE AS A ORITERION OF PURITY
OF ORGANIC COMPOUNLS

by

John Johnston

For some years’we have been working towards a moxre

gsystematic investigation of certain properties of closely rela-

  'ted organic compounds - partly as an aid in the solution of

) certain problems of organic echemisgtry, partly because they form
f what ig in effect a continuous series of substances. The main
i diffioulty has been to secure the gubstances in a really pure
i”state, for ﬁany of them as purchased carry up to seversl per

f'oent of some closely related oompound- Consequently, we were

# led to look into questions as to purification and as to criteria

STER LIBRARY

8

of purity; the conclusions and methods-to which we were led -

'Nfare not strictly new or original, but they are not so widely

-+ known as they deserve-to be.

ERSITY OF RGG

We limited ourselves primarily to substances ordinari-

ﬁ{ly crystalline because:

1) One achieves a sharper separation by crystalliza-

tion than by distillation, for the melwing temperature of iso-

mers may differ by 100° as compared with a difference of 10° in

ORIGINAL IN Ui

i boiling temperatures, the difference in melting temperature be-~

| ilng a measure of the difference in solubility.

‘ & ‘f' 3) It is easier and more odgvenient to measure accurate-
. i

1v a melting then a boiling temperature, which constitutes the

most widely applioabie type of test, for properties such as den-

sity or refractive index may be but little'affeoﬁed by the pre-

fon.
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The Melting Curve (con.)

gence of isomeric substances.

The best criterion is not the melting (or freezing)
point but the shape of the cooling (or heating) curve, which is
the curve obtained when the temnerature of the cooling crystal-
lizing material, read at regular time intervals, is plotted. |
If the substance is pure, the residual ligquid is of constant
composition during the process of crystsllization, and, there-
fore, the temperature remaine oonstant;‘if it is not pure, thé
concentration of the impurity in the residual liquid increases
ag crystallization progresses, &nd, theréfore, the temperature
falls. In other worde, in the former case the cooling curve
during crystallization is a horizontal straight line; in the
latter case it is a curve falling away from the horizontal, the
departure being & direct measure of the molecular proportion of
impurity present. We heve continued processes of purification

until the temperature did not change by more than 0.03° while

~half of the liquid froze, a criterion which corresponds to about

0.05 molar percent of impurity.

The,fOrm of apparatus used (Fig. 1) is a somewhat more
generally convenient modification of that described by Washbufnl)
It consists essentially‘of a small unsilvered Dewar tube Blof
pyrex (12 mm. internal diameter, 20 cm. long) into which fits
feirly snugly a pyrex tube H wound externeslly with fine nichrome

wire;, by connecting this coil to a sduroe of current through an

adjustable rhcostat, any desired rate of cooling or of heating

may be maintained.

test tube containing the material (0.5 - 1 cc.), in which is em~

Within this tube gits the emall thin-walled
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The Melting Curve (con.)

n‘bédded centrally the temperature messuring device - a small ther~

meter or referably, a thermoelement,-which has been calibrated
mo ; P L P

~in the appeoratus at & series of known melting temperatures. This

arrangement enableg one to make with a single gample of material

a . series of curves with controlled rated of heating or cooling,

- which should yield the identical result unless there be decomposi-

“tion on melting.

The values of melting temperature of organic compounds

are much legs certein than is desirable. As an exemple,take the

nitroanilines, the most recent values of which, brought together

in the following table; show differences up to 3°.

thl material than to the method of determination,‘which, however,

x4

e,

ITY OF R@{}HEST’:_R LIBRARY

ucad with

Melting Points ~ Nitroanilinesg
Qrtho Meta Pera Ohgerver
68 111 147.5 Kremann and Rodinis
71.1 113 146.8 Bogojavliensky
— 113.5 146.2  Sudborough Z
' L
68.9 111.8 148 . Valeton =
\ ) :::"‘ﬁ.;
71 . 114 147 Kremann i
69.5 '113.4 148.3  Hollemen =
71.5 114 147.5 Swarts =
-
(69.3 111.8 147.5 Kohman
( :
(73 . (by Cap. tube) Gollett
The divergences are least for the para,.which, being
the highest wmelting, is least soluble and more resdily purified.
Thig shows' thet the divergences are due more to lack of purity of
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The Melting Curve (con.)

o
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e inetances wag eseentlially thet advocated here.

in _,El_le C‘ o U
thet by

ic stgtement there ig one marked exception, namely,
sl cenillary tube method, made on the ideniical SHmnle

n really melted at 69 3°. Indeed, it ie well known to the
.1 industry that the dapillary tube zmethod yields high and
sults; ag is to be expected from the Tfact thet The

'ésulﬁ depends upon (1) the rate of heating, (8) the lag of the
Lérmometer, (3) the obse:ver, gnd what he takes ag fisual egi«

It ig obvious, thersefore, that the capillary

enoe of melting.
ube metnod is & very poor criterion of purity, and should be re-—

laced by & metpod of the type here &advoceted.

1y reiated compounds which may form mix-crystals with the sgub-

Gtance a number of re-crystallizations may be necessary; this is

most convenlenuly done by systematic fr wetional crvstallization,

the’brogresscf the purification being followed by observation of

the melt1n° curve. A process of sublimation in & really good
vacuum mey aleo be ueeful, particularly os a wmeans of'removing
1duL1 golvent or eny volatile products of deacomposition (e.g.
uﬂlllne from aminobenzoic acideg). Incidentally, it may be ob-

ﬁserved thet molsture cannot safely be removed in a vacuum over

‘Sulfuric acid because some oi the latter will in time Aistil over

“emaerked thet even small amounts of impurity may act os ceétalysts

‘H;qertqin.reactions, and g0 affect the course and yield of the

feln reaction.

Since the impurities most likely to be present are close-

1ntthhe substance, especially if it is besic. It may further be

R LIBRARY

E
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The Melting Curve (con.)

In recapitulation, the melting curve method 1s advo-
cdted as a relileble cri%erion of purity which is simpler to car-
jy out end very generally apnlicable, for 1t can be used just as
well for subetances ordinarily liquid by the use of appropriate
.cryogenic mixtures. |

Some of the pointeg touched upon above are discusged
and other refergnces are given in papers by Johﬁston, Andrews,
_Kohmén, Collett 2 and in forthcoming papers by Lazzkll,.Lynn,

- Saxton and Skau, to all of whom acknowledgement ig here made.

1) J. Ind. Eng. Chem., 16, 375 (1834).

* 3) J. Phyeic. Chem., §g;f?82, 914, 1041, 1048, 1317 (1935);
Z 1928).
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SOME CONFIGURATIONAL RELATTONSHIPS
| o |

P, A Levene

A.oomprehehsive summary of the configurational relation-
“ships existing between the otsubstituted acids was presented in |
Chemical Reviews, The comprehensive conclusion was then empha—
sized that the configuration of an‘yﬁsubstituted4acid can be re-

vealed by a comparison of the values of the optical rotation of
the free acid and of its metal salt, A substance belongs to the
d~series when the salt possesses s higher dextrordtation (orﬁlower
evorotation) than the free acid, This conclusion was reached
f;pn the basis of the data presenfed by Clough on the . influence of
 Wexterna1 conditions on the optical behavior of a series of ¢g—sub-
: stituted acids and on the basis of the obéervations made by Hudsom

Iton the optical rotation of free acids and of their amides and on

-f;the basis of the data on the rotatory dispersion of ctamino and

ESTER LIBRARY

- of AK-hydroxy acids made by Karrer and his coworkers and by Freudess
: z

IS0 pf@t@céed by

tlaw (Title 17 US Cade).

‘berg and his coworkers,  Evidence of more direct character was §§§3
) . Ak
- presented by Levene and Mikeska, who compared the optical rotatiofs

of the of~thio acids and of the <Gsulfonic acids derived from them &5 < &
Ums Sun
and by Levene through his work on the configurational relationships & &

of hexosamines and of hexosaminic'acids;
Thus, the configuration of c&substituted acids can be

easily correlated by several methods, The simplest of them is

ORIGINAL IN UN
i

the oompérison of the rotatory.poWer of the free acid and of its
metal salb,

Little attention was devoted to the comsideration of fhe
configuration of B-hydroxy acids; The point of reference in the

series ofgjgsubstituted acids is the allocation of carbon atom (5)

£
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Some Configurational Relationships (con,)

;. ; . . \
in glucose, The simplest member of the series is lactic acid, j
‘.If p’ﬂoxybutyric acid were correlated configurationally to lactic

kacid, then a point of reference would be established for other ' ;

A-substituted acids,

B

Prior to our work on this subject, an attempt to correlate

These

o
og
_ . , <
the two substances was made by Abderhalden and Eichwald, gg = 2
anthors have synthesized g-hydroxybutyric acid from propylene oo o {3:; -
) - = 8T
oxide. by the following set of reactions, D& S ¢
~ ‘ T o Su
CH, OH, OHg S88~
H s OH.g ~—> éHOH oc fs ©
Hz OH CHZ LUHSEH =2 e
/ SRBEE
. Dextro - Dextro Dextro : A =28
I 1T 11 EeaE
5 GHOH gHOH , QHOH & &g
JHp Br HgGN . Hz ‘ﬁ y
JO0H = :
Levo Levo —
v v Levo =L |
S VI = |
£ !
o i
(e j

It must be mentioned, - however, that from the same oxide at times

a levorotatory, at times a dexﬁrorotatdry,glycol was Obtained,
Hence, inasmuch as the oohfigurational relationships of the glycol
and oxide were not established, there existed ﬁo basis for corre-
lating Configurationall& propY1ene glycol with the bromhydrin de-
rifed from it, Neverfheless, Abderhalden and Eichwald concluded
fhat dextro propylene glycol and levo-pg-hydroxybutyric acid were

configurationally related.

The original plan of our work was to convert AB-hydrory-

butyric acid into lactic acid and thus correlate the two substances,
Tt was plhnhed tb carry out the work in two phases,  In the first

/A-hydrozybutyric acid was to be converted into propylenc glycol,
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Some Configurational Rglationships (con.)
" This problem was actually accomplished by thc following sct of re—
actions:
Hy Hy 'Hg Ha ”QHB
HOH — JHOH . HOH —» (HCH —>» (CHOH
(Ha . CHpNH-CO-NH-CH, CH NH, CH,O0H
Goal |
Dextro Levo Dextro Dextro A
VII VIII ' IX X <t
v / ES =
Simultaneously and independently the same result was obtained byZ3 &
: : s =y
P. Karrer and W. KElarer by means of the usual Hofmanm reaction,
il
T
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The sccond stecp of the problem, namely, the correlation

i

"~ of propylene glydol with lactic acid, could be accomplished eithe

withou

by oxidation of propylene glycol into lactic acid, or by reducti > .
3 &

- . . o " o W v
of lactic acid to the glycol, e chose  the second method and Eggg
. ' ) o o = on
reduced dextro-lactic acid to dextro-propylene glycol, From W

IN UMIVERSITYEOF HOC
iced
2l

these observations we concluded that lactic acid and B-hydroxy-

L
§
i

butyric acid aﬁe configurati@naily related when they rotate in thg% & O
same direcfion° This conelubion, then,was in direct contradic- %g
tion to that of Abderhalden and Eichwald, _ =
We, therefore, accomplished the synthesis of/S—hydroxybutyr_
ic acid starting from active propylene glycol, The latter was
converted into the bromhydrin (1l-bromo-2-hydroxypropane), which
through the nitrile was converted into ﬁ~hydr0xybﬁtyric;acid;
" - A1l these reactions were accomplished without change of the direc-
tion of rotation in any of the intermediate substances,
A change 0f direction of rotation did take place, however,
When the bromhydriﬁ was converted intﬁ'the oxide and again When
the oxide was converted into the amine (1~aminoﬂ2_hydroxypropane);'

The entirc set of reactions performed by us was the follow—
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&4-%J§g-. Some Configuratimal Relationships (con_)

&es e ' |

e . <
A ?L%? S OHs B CHB OH | CH

= L Nrarr  HBT e XX Frs 2

Swo®  pEE S pEC -~ XC¥ o GEOH ——v OHOH

);,8 g -x%é P~ LJHB OH 1—_ZBI' ) C}HQGN CHZ

e, s ' . COOH

O Dy Levo / Levo . Levo Levo

et X1 [ XII X111 - XI1v

ey & .\xf?}n 'l

B8 2 - .

h e s &J((:“_,S NH, . $Hs

> L8 2 Hvqg ~———=—7 Q@HOH

% ol i =4 HZ CHoNH,

=Sy = \

g £ 3 Dextro Levo

zB5 XV . XVI

=Z = -

I
1

In our set of reactions the bromhydrin was obtained direct-

ORIG

ly from the glycol and not from the oxide; hence the probability
of a Walden Inversion was smaller than in the reactions of‘Abder_
halden and Eichwald, Also the probability s good that the SUD-

T

.~ stances represented by figures XI to XIV are configurationally

related; | _

The question of the correlation of propylene glycol tg the
oxide is as yet difficult to answer definitely; ) There is r=ason
to beliefe that the oxide'and the glycol are configurationally re-
lated when they rotate in opposite diréotions; " We base this as-

sumption on' two grounds; First, when the oxide is formed from

1l-bromo—3-hydroxypropane, the weight of the reaction is centered
on carbon atom (1); But we realize that a Walden Inversion is not
entirely excluded; The second ground may be found in the fact that

substitutions on the hydroxyl of eafbon aton (2) lead to a change

0fi direction of rotation. Thus,'diaoetyl propylene glycol, the

 %‘ fi “bromoacetyl derivative, the diurethane (phenyl), all rotate in a
direction opposite-to that of the glybol;

But, regardless of any conclusion that will be reached ‘
v : I

concerning the configurational relationships beitween pronylene gly--

2ol and the oxide, the synthesis of B-hydroxybutyric acid does nct




B

Some Configurational Rglationships (con.)

‘ contradiot the view formulated on the basié of - the consideration
- of the combined results from the experiments on the degradation
‘offﬁ—oxybutyrio acid on one hand, and from those on the reduction
| of lactic acid on thé other, Thus, we are justified in assuming
that those forms of lactic acid and of oxybutyric acids are con-
figurationally related Which totate in the same direction,
| It is well established that levo-lactic acid belongs to
the d—series; hence,-also levo-p-hydroxybutyric acid belongs to
the d_series_ In the d-series of the cesubstituted acids, the
metal salts have a higher dextrorotation than the free acids,
The same is noted also in 1evojg-hydroxybutyrio acid, Thus, 1t
seems probable that the rule which3permits the classification of
the ¢¢-substituted applies also to the /fA-substituted acids,
The eXpérimental yjork was done in cooperation with Dr,

H, L. Haller and Dr, A, Walti,
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DISSOCIATION IN THE MEITHYLATED SUGARS
by A

Lewis and ®. L. Gustus L

=
L—l

Recently Mr, E, L, Gustus has studied in the laboratory

at Northwestern University the pro&ucto which result when 2,3,4,6-

tetra-methyl glucose. is oxidized With 13, moles of-hydrogen-pel,
4 L~~—~*~MWMMW‘_
Ajde 1n the presence of 7,7 moles of Dotasulum hyarox1uef {(Alka--

R

{

1i 0 45 N; Temp, 45°C; Time, 3 weeks), From 180,5 g, of

tetramethyl _1quse he obtained 31, g, of 3,5- dlg:i&j}hfsz??%ng%

[ Sy

lactose, 6,5 g, of a mixture of partially demethylatedsacids coal

T——

i
taining four_carbons, 24,23 g. o carbon dioxide, and 60,98 g, o5 .
: \—M-w"' : -~

formic acid,
* '--”\_““\.q'/"‘ww .
: g““ £,5 g, C4-05- acids par-
=0 CH;0-~ tially demethylated,
H-(-0CHg H-C- OH "0 | _ -
CH,0-C_H H-G 13, g. C, acids partiadlyes
H-C-0H Ha0-00H, demethylated, 5
—OGHB (r. O . ‘ &':
H2@~OGH3 60,98 g. H-CLOH =
‘ 31, g, 3,5~ -
dimethyl d— 24,23 g, 020
arablﬂo lac-
tose,
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Fig 1/
Main Products on‘OXi‘ ing TetrameunV1 Glucos

-

[
; Ja—
N
\\

| o

%

!
<\
N

It is not my purpose here to discuss the experimental
aspects of this study, although they presented difficulties, but
rather to point out what I believe to be an opportunity to test
by this method the validity. of certéin reactions ascribed to the
non-methylated sugars,

The reZatively 1afge amount of an acid oontaj11ng five

ohain carbons, particularly d-arabonic, isolated in Yery pure
/i
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Dissociation in the Methylated Sugars(con,)

form, together with the large amount of Fformic acid and carbon
dioxide, indicates that when this substance was oxidized it broke
very largely between the first and second carbon atoms, This at
once raises the question of why a breaking at this point is fa
vored over a breaking of the molecule between some other pair. or-
pairs of carbons, The observation becomes of special interest
when we recall that it was only in the later stages of thg studieg
by Nef and his students on the products df cxidation of hexoses

in the presence of alkali that he was able to demonstrate a’break—‘
ing of the molecule between the first and second carbon atoms,

In order to explain what 1 believe to be the gsignifi-

cance of this result and to indicate further how the reactions of

STER LIBRARY
100

ey
)
g
]
o]
(]
B
the methylated sugars should clarify certain reactions of the nongy u.g
’ " :I: preved
. . . . . e T QR
[ methylated sugars, it will be xecessary to review in part Nef's Eﬁ ¢ 0
| : ‘ L s
¥ . s o . . . . N LT L. o @3
: theories af dissociation in the sugar moleculé, R
Do "SE o
| i
! When the normal hexoses are oxidized in alkaline solu- g% &35%
A . 4 5
o . : . . o &
{ tions by such agents as copper salts, air, and hydrogen perox1de,§§ 5 e
<] . = Gn o
Loy . . ?,; e T
Nef and his students have shown that there are formed such acids :}égff
_ —r 2 L1
. . : . = 00
as gluconic, mannonic, arabonic, erythryonic, threonlc g}ycerlc —d =
’ - ————... GO o
. . . = .
glycolllc oxallc formic, and\garbon dioxide, In other words, Eﬁ =
Pt e e
there are found oresent in the reaction mixture acids containing
from six carbon atoms to one, indicating that the sugar molecule
5 during the course of the oxidation has in effect successively
e . .

£

broken apart between each pair of adjacent carbon atoms,

8o far as the same studies have been extended tc the

i

)
)‘\-.
By

disaccharides, they show the same acids except that these acids

are mainly formed from the component hexose carrying the free

P

copyright law (Title 17 US Code).
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Dissociation in the Methylsted Sugars (won,)

, pH pEH OH
0=0 G=0 ¢=0 (=0
~(-0H H-(-
0-H

+

H OH HO-(¢-H HO-G—H.

HO-G-H  alk, oxid, HO-(-H HO-G-H H-G_0H

H-C-OH ~———7>——  HB-0_OH ; B-CG-OH ¥  H-GuOH |

(- OH agents H-G-CH  H-G-:0H H,0_OH
_OH

H,0.-0H HyC--OH

0 |
0=0 Q Q
H-G-OH BO-C-E ¢-cH ¢-0H o=
He w0l H-C-OH ; HO-(-H H-C-0H G=0
E,G-OH H,0-0H HoC-0H H.C-0H H,0—0H

Fig. 2

Glucose ‘and Tyoical Acids Obtained on Alkaline Oxidation

aldehyde, and thus appear in the reaction mixture with glucose
attached as glucosido acids, Hydrolysis of these results in
free glucose and the above acids,

Nef explained the presence of these acids by.assuming
>E A an intermediate formation of ene_diolsothrough the selective
| addition and splitting off of water,

g I H H
Q=0 HO-G-H {_OH “H.-G-OH
¢-G

7

#-C-0OH  H-Q-OH (-ou HI-G
HO-C-H -  HO-(-H HO-G-H" BO-{

L PEITTHESION.

NOTICE: This material is also protected by

O_H b

H-G-OH +H,0 H-0-0H -H,0 H-{_OH + Hz0 . H-G-OH -Hy0 2

H-(-OH H-G-0H H-(_OH H-(-OH 2

f HEG-—-OH I‘IEG-—OH HQ,C—-OH HQG—-OH i

bril
w

. Notio he reprods

The Pormation of Ine-diols

h

by the Selective pddition gund Loss of Water
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H-¢—OH
H,G-0H

Hp G-OH
HO-C-H
3 |: r)v- -
H-(—OH
H-C-0H
H, O—OH

+H-0

Disscciation in

The Formation of Ene_diols

=y

ha

+H,0

3 (con,)

Sugers (con,)

H, C-0H

HO-C-H

HO-O-0H

by the Selectvive Addition and Loss of Waterx

There would seem to be no theoretical reason

process should not continue to the formation of a 4,5,

a 5,6-ene-diol, but I know of no experimental evidence to support

the assumption,

and

H-C-0H -HpO
H-C-0H
H, G- 0H

why this

In simplest outline, Nef further postulated that those

several ene-dioleg then dissociated in the point of the double

bond, the resulting fragments being oxidized directly to the corid

responding acids,

ot
0-OH
d_oH
HO-(-K
H-(-0H
H-C-OH
H,C-OH

o

]
tr:
i
by

I

Formic acid

Dissociation of Ene_diols

+ 0
active form of d-arabinose

JEUPE A oo T SN

>

d-Arabondc

active form'of formaldehyde
+ 0

acid

even
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pentoses,

5.

Dissociation in the Methylated Sugnrs (con,)

ther optical form,

Thus,

sugars:

Hz G- 0K Hp Q-On
1-G-0OE H-Q-0H
(—-OH ;~OH active form of + O .
~OH d,l-glucose Yo
H-C-OH ‘BLQH » +—8UCOS
HoC-0OK H—Q—OH
H;0-0H H,C0-0H
H-C-0H
-0H _ _
d,l-glyceric acid;
¢
S—OH
H-O-0H
H25~OH
Fig, 4 (con,)
Dissociation of Ene-dicls ;
The actual total possibililities are, however, much great-

er from the faot that when an ene- dloJ goes to a ketose the’ ad_

jacent double-bond carbon becomes asymmetric and can assume ei-

the 3,4-ene-diol would in reality result in f@gr

Eg
)
H-0-0H o b 22
e EE s
CH v G o
H-0_OH Too
ch OH 4 E:f; § _%
. ~— o
7/ N CE o
Ha0-OH  HpQ-OH Ha0-O SwudE
H-G-OH  H-¢-OH H-(-OH SR
=0 H-Q-OH HOL(-H &
HO-Q-H 5=0 =0 =
H-8’~OH H-¢-OH H-G-OH = @
HoC-OH  HyC-OH H, 6 CH @

Fig. 5

Noi to be
NOTICE: This ma:

‘Other Possgible Reafrangements

Moreover,

tetroses,

ORIGINAL IN LR

the various active aldehydic forms of the

and trioses resulting from dissociation at
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Dissociation in the Methyvlated Sugars {con,)

the double bond could rearrange to the ordinary aldehyde form

glving corresponding isomeric ene-diole,

and ketoses,

The pursuance of all of these reactions,

through their logical sequences ig not essential to our present EE £z

purposes,

The above eguations are intended,
lustrative rather than comprehensive,
quate background for the present argument,
If this series of events, namely,

and dehydration, enolization, dissociation

gsentiszactly the manner in which the final acid arises,

there seems to be no reason why a methylate

They,

and oxidation,

give the corresponding series of acids containing 1,

and 6 carbons,

their split products,

however,

therefore,

however,

¢

selective hydration

then

d sugar should not

to be 1il1-=5

Tepre-—

8; 3: 4": '5;

ESTER LIBRARY

L
..l_

J

CJ &2

ROC

1. = Y

0
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offer ade_J

%
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ORIG

H . H % B
. (=0 HO-( -OH ¢~OH H-G-OH
H-C-0CH, m_do OCH3 (-0OCHg HO-C-OCHg
CHa0-C-H _ OH50-0-H OHz0-C-H CH50-0-H ~CH0
H-C-OH  +Hs0 H-(-OH H-G~0H +H,0 B-G-OH
H-0-0CH,4 H-(-OCH, H-(-CCH, H-(-OCH,
H,C-0CH, HoC-0CH, HoC-OCH, H, C—0GCH,
Hz G-OH H-C-0H H,G-0F I
. T6=0 HO-G=0H 02" H%fg:gL
a4l CHg0-C-1 GHBO—g CH50-C-OH
ﬁ:é:OaH+HzO H-G-OH =H,0 H-C-OH +H,0 H-G-OH —CHLOH
H-0-00H, H-C-0CH, H-(-OCH, H-(0-0CH,
- Ha0-0CHs HaC-0CH, H,0-0CH, H,C0-0CH,
_Hp¢-OH Hz - OH E,0-0H
© HO-(-H HO-(-H HO-y-H
_ $=0 HO-G-0H Q~OH
H-C-0H +H;0 E-C-OH -H,0 G-0H
H-(-CCH, H-G-0CH, H-¢-0CHj
HpC-OCH Hp {-0GH, HaU—0CH,

Fig, 8

Extension of the Theory of Methvlated Sugars

o protected by

copyrioht law (Title 17 US Code).
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&4 Dissociation im the Methylatsd Sugars (ccn,)

These various ene-diols would undergo dissociation and
oxidation, the active aldehyde forms would rearrange and enolize-
independently, all exactly in the same manner as the non—ﬁethylﬁ_
ted homologues, for we must accept that the hemi -acetal group,

| .
HO-G-0CH3, is just as unstable as the dihydroxy carbon group,

o
HO-¢—OH; It would lose methyl alcohol with the same readi%%ss
. 0 =
as the latter loses water, =3
' [ rfé;%
H,C—OH H, (- OH H.0-0H . (2 E
HO-G-H HO-C-H HO-¢-H &
-CH §-0H 0 X
G/ R——— e 0 & 3
H-(-00H, Yo 0 & &=
HzC-0CH, H-(-0CH; &_om &=
j o -~ R
HgC-—-OOIiB H__("!_O(JHS & %
HezC-0CHs &35
Fig. 7 2
S L
Oxidation of the 5.6-Dimethvi-3.3-ene.-dicl of Mannose %gf%
= 21
Note also that the methylated sugars enable one to prp-as
= =

i dict with exactness the character of the reacting acids, whosett

RIGINAL |

% ; separation should be facilitated by the differencés in Optica1C3
[ and structurzl isomers accentuated by‘the'mathyl'groups, Since,
however, the oxidation products are experimentally different, we
would be led to suspect that the mechaniém of the reaction of the
rethylated sugars may not be exactly 1ike that postulated by Nef
' for the non;methylated under the conditions, or possibly a slight
é :; .modification of the latter theory would bring both sets of reac-

tions again into harmeony without delimiting any of the beautirful

4

adequacy of Nef'e theor

o

We believe that such modification is found by simply

assuming that ene-diols in the sugar-molecule under the influence

- This material is also profected by

copyright law (Title 17 US Code).
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Dissociation in the Methylated Sugars (con,)

of alkalis do not form through the selective addition and split-
ting off of water but through a simple enol-ketol tautomerism,
vSuoh a modification adequately explains the formation
of all ene-diols from a non-methylated sugar, accounts for the
increased breaking between the first and second carbon atoms in
the tetra-methylated glucose, and brings experimental results

to date in harmony under cne common explanation,

) Iﬁ i

-+

_Q ~OH H-G-0H H-Q-0H Hz §-0H HpC-OH
FEEZ0 c, Roizy G=Q- . -7(j-OH H-¢-OH H- q* O
HOL O H __ HO-G-H™ __, HO-G-H). \,m*g s Le0=0 s Q_0H
H-G-OHY  H-¢-0HS H_c;.'_'OH"‘“‘"H_g—OH‘ CHAG-0H YT <§> OH
H-(-OH H-(-OH H-(-OH H-G-OH H-G-OH H-G-0
Hp C—OH HzC-OH HpG-OH H,C-OH Hp G- OH HpCo oa

¥etoldenol Tsutomerism in d..Glucose

If, then, the preliminary ene-diols are formed by a sim -
ple ketdLenol tautomerism rather than the selective addition and -

o L

&jélbtlﬂg off of 'wauer; we should be able to predict‘wherein the

oxidized products from the methylated sugars should differ from gz
) <y

thoge derived from the methylated sugars in consequence of the rd&r

placement  of active hydrogen by the comparatively non—lébile, n
Bolar methyl group,
H H H
G=0 C—OH C¢=0
\H U—OUFS C-00H4 CH30-C-H
CHga 0.6-1 ey CHZ0-C-H s CH3O-C-H
H-C-0H A KH-C.-0H \ : H-C--CH
H-C-CJHg H-C-0UH, H-C-0CH
Hg G—OOHQ ’ N HZJC——-OCI.{S . HEG—OGHB
Fig. 9

Formation cf Tne-diols in Methvlated Sugars

by _the Simple Enol-ketol Change

Aoy

wihowt

v
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version of

~version of

Dissociation in the

For

nethyl attached to oxygen an

carbon

atom no,

the homologous ketone to form would involve

1 This

not absolutely without precedent,

evidenced by the large amount of formic and carbon dioxide, as

Methylated Sug:

rrs (con ., )

By

the second carbon atom jumping to

is theoretically improbable though

That it does not occur is

well as 3,5, -dimethyl-d-arabino-lactose, resulting from the oxida-

tion with alkaline hydrogen peroxide of 3,3,5,6-tetramethyl-d-glu-

cose,
form,

é%io

acide,

Moreover, if this did heppen and the 3,3,-ene-diol did

there would result on oxidation the very characferistic d 1-

These condidérations may profitably be extended to the

Lobry

de Bruyn-

Van Ekenstein

reaction,

For simplicity, we will

confine our illustrations to that part of the Lobry de Bruyn-Van

,Ekenstein

el sion .
eonvern, ol the simple

kg;uoose, mennose, and lgevulose,

‘Ekenstein equilibrium can be so regulated by temperature and

h

strength 0

d-glucosge rate
P H © n:‘

=0 HO-{_BH
H-G-OH H-¢-OH

HO-C-H ———— HO-(¢-H
H-C-0H H-G-0H
H-(—OH H-C-CH
HoC-0H HyC-0H -
Fig, 10

The Simple

alkali as

to limit the

these three members,
-however, be profitably extended to
the same reaction,

aldehyd, of d-glucose

Lobry de Bruyn-Van

hexoses, méthylated and non-methylated, 1.
This is warranted by the fa

'hﬁﬁat ve have proved experimentally that the Lobry de Bruyn-Van

system $0.. the simple interchd-=
The same considerations may,

the more deep seated 1interco

A~ O

C-CH

ey HO- C-H
H-(_OH
H-(-OH
H,C-GH

Ekengtein Fquilibrium

d-glucose-1,3-
H ene-cdiol

reaction which has to do with the reciprocal inter-

@
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éfp T
I{G_g ) i
e I E-G-CH v E-G_OH
—I—'%*'OL— ‘ H_g_(:'}g Fw¢-—-UH
H2C-VE Hp C-0H Hp0-CH
Hydrated C

Hydrated B

Eydrated A

) ) |
H 5 T
O=0 =0 Hy Q0B

H-0-0H | HC-C-H © 0=0

HO-C-H HO-¢-H HO-G-H

H-(¢-OH H-C-0OH H-(-OH

E-Q-CH H-(-OH E-(-OH

HeU-OH EpC-CH 75 0—OH

g, 10 (con,)

Fig
Bruyn-Van Ekxenstsein Tguilibrium

The Simvle Lobrv de

simple explanation by eliminating the

h

Thies finds .a
sclective addition and splitting off o

cumbersome idea of_the
water and substituting the conception of enol-ketol icomerism,
H H
/’ "x Q:'}(\j ’ ¢:O
v3£¢lOH HO-G-H
HO-C-H N S HC-¢-H
B-0-CH < T H-Q-OF
H-C_CH H_C-CE
i Hp0-CH

Lobry de Bruvn-Van Ekenstein Interconversion

Per Enol-ketol

When, however, we apcly the two methods to the ¢

ponding methylated sugars, we get very different results,

= \
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| A
0
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Dissociation

in the Methylated Sugers (con.)

. H H
HO-0-OH O-0H
H-5-0CH, ¢-0CF4
0Hg0-0-H . CHgU-Q-H
B-Q-0B —— H—§~DH
H-C-0CH 5 H-0-CCE 5
H,0-08H, : Hg O—GCOHg
tra-methyl-2,3,5,65 aldenydrate 1,8-ene-diol
d-glucose '
H AR |
H-¢JoH "H-C30H) HgQ-OH _
H~g_ UH, 0H;3 O ¥ (Ho-¢-(CH|
CHg O-C—H CH50-(-H CHRO=G-H
H-C_OH H-¢_OH R-C_0OE
H—S~OOH3 4 H-C-OfH, H-(-0CH,
H,C-0CH5 E,C0-0CH, E-,C-0CE,

Hydrated A Hydratea C

&—
<

H H i
C=O G:O Hg G-—OH
H-C-0CH CH;0-C-H C=0
CH;0-C-H CH;0-C-H CH;0-C-H
H-C-0H H-C-0H H-C-0H
H-C-0CH, H-C-0OCHg3 H-C-0CH4
HpO—CCH 5 H,C-0CH; H; C—-0CHj;
,3,5,6-tetramethyl. 8,3,5,8-tetramethyl 3,5,6-trimethyl-
glucose mannose fructose
Fig, 12
Lobrv de Bruyn-Van Ekenstein Interconversion
Per Hvdration dnd Dehydration
H % B
s ‘*,G.,:‘—,O - -0H ¢:O
‘§T¢—96ﬂ3 ~-0CH,4 CH,0-C-H
OHBQ— - ——— CH;0-C-H e CTso_g_H
H- —OI—% i e H-0_0H < H_C_0H
H-C-0OCH; H-G-0CHa - H-G-OCH
H5C—0CH : 3
120-0CH; HoC-0CH; H,C~0CH,

Fig, 13

Lobryv de Bruvn-Van Ekenstein Interconversien

Per Encl-ketol Tautomerism
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Dissociation in the Methylated Sugars (com,)

3,5,6-trimethyl fructose cannot possibly form, Assum-

ing that the methyl in the second carbon oxygen should jump to

the first carbon, we would get two methylated methyl keto hexoses,

" 8imilarly, the same physical conditions as to alkalil
and temperature which induce the reciﬁrooal interconversion of
3,3,5,6~tetramethyl glucose and mannose cannot possibly convert
1,3,4,6_t¢tramethyl laevulose into a homologous aldose,

The following system only can ocour:

H
Hgg~80H3 'mggﬁs Hgg;ggHs
OHZ0-0-H OHz0-C2H | OHg0-0
H-(—-O00H, H-0-0CH, H-(—00H,
H-G_OH H-(-0H H~£—OH
H,0-0CH, HyC-0CH, Hy 0 00H
Fig, 14

Lobrv de Bruvn_-Van Ekenstein Svystem

With Methylated Fructose

Mcreover, if these considerations be correct, the exact
four acids which would result from oxidizing 1,3,4,6-tetramethyl

fructose in alkaline solution can be predicted with absolute cer-

Summary

1, Pending further confirmatory experimental evidence,
1t is suggested that ene-diols form in methylated and non-methy-
lated sugars, not through the selective addition and splitting
off of water as postulated by Nef, buf through a simple enol and
ketol tautsmerism, |

3, This modification is suggested as a result of find-

ing a predominating splitting between the first and second carbon

H LIBRARY
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Dissociation in the Methylated Sugars (codg.) .=~

o

atoms on oxidizing 2,3,5,6-tetramethyl-d-glucose. with alkaline
peroxide, |

3, Ketol-enol tautomerism explains all of Nei's theori
of ene-diol formation, dissociation, and oxidation quite as ade-

dquately as the more cumbersome and less plaugible selective hy-

dration and dehydration;

4. Ketoiﬁ%nol tautomerism quite as adeguately explains

all the phenomenon of the Lobry de Bruyn-Van Ekenstein effeect of

alkalis on non-methylated sugars,

er would producé the same series of cne-diols in the methylated

sugars as in the non;methylated,and should yield the homogogesus

acids with ong, two, three, four, five, and six carbon atoms,
6, This, however, is inconsigtent with our preliminazry
experimental results and does not explain the greater stability

of the methylated sugars, For example, 3,3,5,6-tetramethyl glu-

compgred to
o '~ cose has a reducing power of ,188 to 1,00 ﬁﬁf d-glucose and

2,3,5,6-tetramethyl d-galactosehas a reducing power of ,88 com-

pared to non-methylated galactos as unity,

6, The application of alkalis and alkaline oxidizing
agentsto methylated sugars should give direct evidence in many of
the reactions of non-methylated sugars for the replacement of

B active, mobile hydrogen by the n6h—iébile, non-polar methyl rad-
ical, enables one to predsct with great exactness the result when

methylated sugars are treated with alkalis or alkaline oxidizing

agents,

7. Further confirmatory experiments based on these sug-

gestions are projected and under way,

5, However, selective addition and splitting off of Waqﬁ

es
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ACETYLENE REACTIONS, MOSTLY CATALYTIO
| o
J. A. Nieuwland

Very few useful or commercial products had been

prenared from acetylene before the application of catalytic
reagents was-resorted to. In fact, very few catalysts can.
be used with this gas. The sgtudy of thesge, however, is an
interesting problem inasmuch ag it 1s possible to isolate sgome
of the intermediate compounds, thus giving us an insight into
the mechanism of catalysis itself. .

It is the purposé of this discussion to outline
as briefly as possible the nature of the reesctions of acety-
lene syrthesls with other organic compounds, and note the con-
ditiors under which reaotioné usually faké place. Inasmuch
as the intermedigte addition products of the catalyst i1tself
are very. unetable, as they wouldbe expected to be, a discus-
sion‘of these is a%t present very unsatisfactory. The final
pfoducts formed and the compounds with which acetylene reacts
will be principally treated. ' |

A catalyst 1s not always toc be looked &t as a sub-
stence which accelerates a reaction. The cegse of the prepara-
$ion of tetrachlorethans with antimony pentachioride is an ex-
awple where a retarding effect 1s deslirable owing to the great
reectivity of acetylene and chlorine as exemplified by-the fol-
1owing scheme of reactions.
Codz + ShClg — GQHQGIB.Sbclsb
0, Hz 01, . SbCL, L B0l — CoHaCl, + Sb0ls

The formation of the intermediate compound takes care of the
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excessive energy thet causes the explosions

dehyde.

Acetylene Reactions, Mostly Catalyiic

(“@;;
{1 o
N B
\ .
N

when the two gaeses

are directly combined, so that in step the proceou can be per-

formed without deanger.
The catalysts that have been most serviceable from

a commercial point of view in gyntheges from acetylene of or-

te of

ganic compounds of great variety are the gal mercury.

Halogens or cyanogen groups, however, are anticatalysts. In

the presence of an oxy-acid mercuric oxide effects the addition

of acetylene to any compound, aliphatic or aromatic, having

labile hydrogen,with the exceptions as enumerated herewith.

In all these cases the acetylene reacts usually with greeat ra-

plalty and behaves as if it were anhydrous &ldehyde, taking up

two labiie_hy&rogens and substituting an et1v11dene group.

Hydroxyl nydrogeno,are usually rether eagily re-

R

placed by the cuhylldeﬂe group in both uCldn, and

lconol

RIS

" e A O
neutr l sunggnoe ~like weter as shomm by the "olloW1ﬂg reac—
tione.

AT OH
~ HOH . o S
1. HOZCH + pon — CH,GE — OH,OHO
) OH
OR
4
2. HozoH + BB, om, 3 (acetals)
HOR \
OR
R
P
S o dn 0-0-R
HOZCH + 29-9-R . ou.H i (cyclic acetals)
I{O"‘G‘R "'v-o C R
\R M=
’ R
g q
: , S SL~C-R
2. HO=0H 4 VO-R _, om CH
HOy--R 0 0-R
O L
0

The first of these reactlons hags been used on a

1argé scale both here and ebroad for the preparation of acetal-

The latter 1s oxydized by &ir with mangancese acetate

ORIGINAL IN UNIVERSITY OF ROCHESTER LIBRARY
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Acetylene Reactions, Mostly Cetslytic (eon.)

as a catalyst for the prepasration of glacial acetic acid. As

i v

i1s evident by reaction (3) this may be further combined wiih
acetylene to form ethylidene -dilacetate which may be converted
into acetic anhydride. ‘

The lebile hydrogen in the group, ~ngHb~ﬁ

gy MEY
‘be readily substituted by the ethylidene group,

dompound itself will not be destroyed by i
reaction. So, for example, malonic ester may be converted
to ethylidene malonic ester, difficult

to effect geaction in formation of acetals and acid ethylidsne

etc. It becomes more

In the aromatic series similer introduction of t

ethylidene group results with greater or less ease in para or

\BRARY

ortho position depending upon the presence of pweviouns substi-

5 &

rule no substitution results when an element

ready substituted ig doubly or trebly bonded to another.

= ©
OCHESTER L

tro aryl compounds, aromatic aidehydes, nitriles, acids, neph- u.

. ]
. . e
thalene, etc., cannot be made to react in the nucleus. Ani-
line reacts with the more active amino group forming a mixture &
=
of quinaldine, o, v, and ¥, —ethyl anilings, hvdroquinaldine, %%
: : -
and indocle in small guantity. Bengaldehyde forms cilnnsmic -
<L
aldehyde in smail quantity. Tertiary aromatic amines do not E%
react. %%
o NHg e ¥ - HOmOH
4n.Kj + HCz=CH — o —>
T
el
H

{4 OgHgNH

%E‘
e T
BEF
D B
B e O3
5 20
% &2

L2 o,
2.
=5 5323
=2
o @
cb'%b
2E =
u—,::-’ Y
& -
[ L
e O Lo
Q= e
L—-l___"__
@, 2
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Acetylene Reactions, Mostly Catalytic ..con.)

CHa
N :
7 Paaue /"\/ X, -
A i =[] 5t # -
—'CH I{ ,# ) \.\/)~\ ,JJ'H. + Hg ' - Ge Hs Nﬂ:z
+ ( Hz ) ¢
' H

1
(T The hydrogen. is used to change quinaldine to hydroquinal-
dins and etbhylidene aniline to N-sthiyl aniline which forms
o and p ethyl aniline).

Of the aromatic compounds the phenols form com—

pounds with the greateet eage in aqueous, alcoholic, glecial

acetic acid solutions, or alone with sulphuric acld and cata-
lyst. The firet produéts are o, or p-ethylidene diphenylols,

which further polymerize in excesg of acetylene to fusible in-
soluble'reéinsa

 In general the hesvier and higher substituted hy-
‘drocarbons of the srometic series react more read&ly thaen ben-
zene itgelf. Diphenyl ethane is obtained in small yield and

e

zature

with difficulty. The reaction tekes place at low tewy
in presence of ordinary strong sulphuric acid and.mercurhs
oxide or sulfate or, better, both. At higher temperatures

very ingoluble triarylbutanss result. "~ There is nearly al-

ways formed a small amount of dimetvhylanthracene hydrides.

In fact, with sulfuric acid and catalyst the diarylethanes

can he further converted into the anthracenehydrides mentioned

by separated brocess.

5. HCzIH +

4t

6. HO=CH

ORIGINAL IN UNIVERSITY OF ROCHESTER LIBRARY
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Acetylene Reactlons, Mostly Cﬁ%éI?%isftoénéjwm;,

The diaryl ethanes are high boiling viscous liquids

.L
J

ides the

tw

je]

wiich when oure are not notably flucresceant. c
compounds already published in the Journal of the American

Chemical Society from our leboratory, dicymyl ethane and bis-

teirahydronaphthalene ethane have been prepared.

boils at 396° ¢. and forms a dimethyldecchydronaphthanthracene

by further reaction with acetylene. These hydroanfthracenes

STER LIBRARY

are readily separated from the substitited aryl ethanes with

petroleum ether in which the former are less soluble. 1t-1ie

a notable sidelight on the relation of substitution of the

ethylidene group by acetylene that, although naphthelene does

not combine with acetylene,tetrahydronaohthalene (tetraline)

does so gquite readily. Moreover, elthough «~naphthol sub-

stitutes in the ring, A-naphthol forms an ether in almost

quantitative yield, indicating that.the former has the‘hydro—

the aryl, +the latter in the alicyclic ring. It is

ORIGINAL IN UMVERSITY OF ROGHE

xyl in

interesting elso that no hydroanthrzcene derivatives can be
made fromnesitylene, as 1g evident from its structure.
The phenol ethers combine WlEh acetylene with the

same reactivity ag the aryl hydrocerbong, but the more complex

ethers like ethylene bis-phenyl oxide recct slowly. New

compounds of phenetol, ethyl and methyl ethers of the crecols,

esorcinol, and hydroguinol have been made. Thege are most-

~ly difficultly crystallizable lew-melting solids. The length

A

-0of the allonatlc gide chaln doeg not seem to interfere with

the ease of formestion of the compour dguu
\J4__A.L
oo 0(CH, CE, CH; CH
'+ HO=OH +\-"C(22 ) R
< >00({ CH, CH, O CH, )
U-’L_Ig

o7

840N,
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-

ial is also protected by

&d without p

7

copyright law (Title 17 US Code).

Not to be reproduc
NOTICE: This mate




Sy

}

~6-

Acetylene Reactions, Moctly Catolytic (con:)
o |

,xo(" *C,H
OH,CH — 79

—_—

T __BaHy

Diphnenyl oxide formgs beside the para substitution

product a small amount of methylzanthene. The latter boils

about 430°C. ) , . /{,

l -}-8 /f\,/\ : /\ /O\'{ \s l J
8. He&=CH P — (! Py
s N \/ /\/
. ( ’\/ .:‘.N y ! (:
k! CHs
CH;

A new catalyst, cuﬁroﬁs chaloride, in presence of
a concentrated aqueous solution of primary amineg, such as am-
monium chloride, alkyl ammonium chlorlaeu, urea, even pyridine
chl@fide polymerizes acetylene in form of neulral copper salts
from whiéh the hydrocarbons can be distilled. An excesgs of
cupric cllovldp with a trace of cuprous chloride forms the mix-
ture of cis and cis-trans dichlorethylenes qguite free from other
halogenated acetylenss.
Divinyl‘aﬁﬁuy ene forms & host of aew addition pro-

ducts too numerous to mention. The two brom addition products

k

with four and six bromine atoms addsd are very characterigtic
and gtable compounde. A compound with hydrobromic acild is

strongly irritant to the eves.

It will be eeen from the foregoing that the poasi
bilities of reactions cf acetylene cataélytically affords con—

o

ield for still further rescarch and only thosge reac-

=N

piderable

tions have been referred to which in arny way

are effected by
catalysts, which, though not a new weapon in the field of

acetylene chemistry, will erentually result in opening still

wider possibilities of investigation.
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- THE opmmmrrl S-FOR RESEARCH IN ALIPHATIO CHEKISTRY

el

by s

James. F. Norzele

One of the most interesting and profitsble diver-
gions for the student and worker in any brenci of science is
vto put aside his worx now ¢nd then and review the recent pro-
gress and the trend of inguiry in hie own fileld. I have oc-
cupied myself of late with such a study and am glad to have
the op7ortunity to bring to the attention of the 1e ading organ—
.'ic chemists of America one bhaée of our science mhlch appe;rs
to me tq be worthy df more intengive d@velosmént, - I hope to
be sble to make clear to you some of tlb dreat oovortuﬂltﬂes
for regesgrch in aliphatic chemistry and to sﬁow that the re-~
sults of guch researcih will materially advance organic ohemis—
ttry in both theory and nractice. |

In recent years there has been much activity in
this field, and maeny noteble advances have been made, e special-
ly on thé induetrial cide. ‘This development has been largely
the result of two causes: -the war, which made demands for large
gquantitieg of certain orgenic raw materials, and the desire to
utilize more economlcally veluable by-products of the petroleum
industry. Theddemands for acetic acid énd acetone and for

-

solvents to replace'fusei oil and its eétéfs were 8o éuccess~
fully met, and.in suéh a trl ing way, thut.cnenlstﬁ immediate-
ly vigioned other tiiumphs in this fteld. | The utlllzatlon of
the gases obteained as a by~@r5duct iﬁ crécking petroleum ieg an
ﬂpre801ve 0xumol' of 1naustr1Q1 OIOgIbQS- | - |

Th“ IdOldlY increasing use of motor fuel has led to

a. gearch.for g substitute for gasollne with the res ult thmt a

ORIGINAL IN UNIVERSITY OF ROCHESTER LIBRARY
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The Opportunities. for. Resssrca in Aliphatic Chewletry (con.)

“peautiful eyntheeis for methvl slcohol has bheen devised. The

‘success in the utilizetion of the olefines obtalned by cracking

petroleum hag materially led to work looking towerd the more ex-

OCHESTER LIBRARY

tengive use of petroleuw as a raw materisl in chemlcal industry.
These noteworthy advances in the industriel applica~
tiong of zlinhatic chemistry have all bean bullt on the pioneer-

ing work of investigatore in the pure science. Before the

world can benefit from additionsel spplicetions, much fundemental

4 research mst be accomplisghed. I snall point out, presently,

ORIGINAL IN UNIVERSITY OF R

subjects for research the results of which will find immediate

apnlicetion in building up chemical industries based on aliphs-—.

be
tic chemistry, and other resmearches which will lead, in my opin-
f

ion, to'improvemenﬁs‘in the petroleum industry frowm the stand-
poiﬂt of the chemigtry of the pro¢esses used. The scienﬁific
development of thie industry hes been marked in recent years,

but most of the attention has been devoted to engineering pro-

blewng; the opportunity for the chemigt i1e still & great one.

This condition was clearly seen some time zgo by

Mr. Van H. Manning, who was then the director of resgearch of

the Americsn Petroleum Institute. Ile gsought the advice of some

of the leading chemists of the country and drew up with the ac-

E tive cooneration of Dr. Béﬁjamih T. Brooks a comprenensive plan
1 .
,{ for fundemental research underlying the use of petroleum.  Latex,
Lo
:? | a cbmmittee on petroleum was set us by the Divigion of Chemistry
!

and Chemical Techmology of the National Research Council, with

ﬁ 5?@ Dr. Brooks as chairman. This committee worked in cooperation

© o+ with Mr. Manning, and a revised scheme was developed, which won

the active endorsement of the officials of & large petroleum com—
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Aliphatic Chexzistry (com.)

- The Ovvortunities for Research 1in P
o

| | =

pany. The resultsof these efforts have recently been ennounced.n
—

Mr. John D. Rockefeller has provided a fund of $350,000, which e
o

ie to be gpent in encoureging end financing research in the chemg
' i

istry of petroleun. Final plans for the administration of theé§
oo

gift have not yet been made, but it ie gafe to assume that the E;

chief asttention will be paid to regearch of = =
. . .. . ac

ter - the kind that will appesrl to the scademic investigator. ég
. . ’ s . : =

It ie my opinion that the success of thle experiment will be go
' ==

great thet additional sums of wmoney will be forthcoming. The _
. =L

P . o . . . R P =
glift of Mr. Rockeifaller ig evidence of hig apwreciatlon of the ¢F
o

o

field and
I have gtressed un to

alinhatic chemigtry in industry,

wore intensive .

the fact that the

hydrocarbone and their derivatives will lead to

standing of the very fundamentals of orgenic chemistry.

tiw

rother than to what 1s forwmed by

chemists and is & great incentive to enter this long ne-

e fundamental charace:

ghow what our science can do.

thie point the development of

and 1t is now time to ewmphasize

gtudy of the parefin and olefin

a deeper under -

The

we has come to devote more attention to how moleculeg interact

their interaction.

The nature of the bonding between atoms should be

more intensively studied. The

investigation of how the forces

between atoms vary with changes within the molecule will lead

ultimately to &

.
Lil

the

odern viewsg of the nsture of matter.

conception of the organic molecule in accord with

The nroblem of va-

lency can be sgtudied best with the czrbon atoms because it ca

unite with elements of

the bonding with other wtoms is

in the meake-un of the molecule.

such diversified properties;

, end because

S0

L

markedly modified by changes

Aliphetic chemistry is the
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moet promicing field in whic.: to study

de
The Opportunities for Research in Alinhatic Jhemistry (con.)

the chesical properties

of the carbon atomy the compounds are simpler in composition
and any graded changes in the property under invegstigotion can
he readily brougnt about by veriations in the substituents with-

in the molecules.
What is the presgent status of our knowledge in this

1

field, and why is it advisable to stress the needs and opportu~
nities for research? To one who is working in certain divigions

of alipheatic chemistry it is evident that very little is known

about compounds of -great intere=zt. In recent yesrs aromatic

chemistry has attracted the attention of muck the larger proportion
Compare, if fyou will,

of the investigations in orgaenic chemistry. L5
the number of pages &u Beilstein devoted to alinhatic chemistry % o
with the number devoted to aromatic chemistry. Look up bénzene,?%-ﬁ%
T D AR
hexane, hexylene, hexadiene, and see what you can find w=iout g—f’ géﬁ
about these hydrocarbons. What do we know about the action of %“ﬁ?%
¥ o D
such common reagents as chlorine, sulphuric acid, and nitric acid&%ﬁ
on all these important commounds? See if anyone hag studied g’%%
= 85
the chemical behavior of the olefinesg of high molecular weight. %gg’
. S
How can you detect their presence in a mixture, and how do they f}é Lcﬁ‘%’
. [«
behave with eulphuric acid? You will find practically nothinggég
and vet we are preparing for the merket and using quantities of ;iflwg
- i = = =
=
o

these compounds that can be expressed only in numbers almost be-:
-

yond comprehengion. Compare, 1f you will, our knowledge and
use of petroleum. Knowledge leads to use, The reason for the

differences we find in the two cases is evident.

Why have the aliphatic hydrocarbons and their simpler

derivatives been neglected? In large part, I think, because the

e 17 US Cade).

copyright law (Tit
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)

Solids are

nt greeter difficul-

%)

readily hendled and purified; liguide prese

ties. Beautiful crystale have a fasgcination that the cbell IR
cennot resiset. Conslder our kﬁowledge of the chlorination of
benzene and of hexane. The reason I h&éve given ie a good and
sufficient one. But the conditions heve changed since the early
work wae done, We can now handle liquids conveniently. Frac-
tionating coluuwng of grest efficlency heve been designed. I

have been observing recently the results of fract 1unatlon with

Widmer column which performe wonders in working on the laboratory

scale. We. can now digtll at hundredthe of a millimeter pressure

and handle oonoounde thet were outgide the possibilities of study

only & few years ago. : P
oo

It has been supnosed for yeare that the paraffin hydﬁ%L
co

carbons were very inert and not, therefore, a fruitful field fo%j
5

_ L]

study. This is not the truth in general, but in the case of 5
Ll

b
e yen
'{‘*

inactive compounds we have the means to hasten reactions. Thé%
importance of rapild stirring as a lsboratory sid and the marked,”

<
influence of increased pressure on the rete of sluggish reactlogg

m

have been emphasized by Reid. The knowledge of the behaviorgf

of catalytic agents has grown since the pareffin hydrocarbons &

N
3,

b

were gtudied. We heve thege new laboratory tools thet can be

ueged in future work. . =

The recent indﬁ etrial develonment in aliphetic ohew1§;
try has furrnished for future synthetlic and other work meny sub-
stances which were formerly obtalned only at the expense of m b
labor. We can now obtaln acetaldehyde, certaein glycols, chloro-

hydrins, secondary end teéertiary alcohols, and from these by sim-

-iv:an.
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The Opportunities for Research in Alizhet.c Chexlstry (con.)

nle methods prepare a great veriety of many types of compounds

Other gubsgtances will no doubt be aveileble. Cheep raw mater-
izls in @ recsonable degres of purity for research morkedly af-
fect the growth of our sclence. Induetries besed on aliphetic
chemigtry and, narticulerly, on petroleun will furnish such com—
pounds; and I foregee a development similar to thet 1n aromatic

chemigtry where the reletionship betweern the industry cnd the

pure sclence is strikingly evident

The Commititee on the Chewilgtry of Fetroleum of the
National Rescerci Couricil is now at work s%ﬁd&in@ the problém of
research in thig field relutive to the propoged fundamental in-

vegtigation of thne chemietry underlying the petroleum industiy.

This study and the report of Mr. Menning's committee will be of

grest service in outlining workx of value. It is important to

differentiate clearly research which has to do with a complex

mixture lite petroleusm and thet which starte with individual com

A -

& pounds of a known state of purity. It is one thing to gtudy t

Pt

INAL IN UNIVERSITY OF RC“CHESTER ﬂBRAR\(

cracking of petroleum and wnother to investigate the behavior of

.!_' . a 01ncle compound whan decomposed by heat under definite coud1~
tions. An underegtanding of cracking and the intelligent use of

the procegs cen only come ¢fter ths work with pure substances

hag been done. Regsecarch with pure substances can e classed
Y :b as fundamentel. Under thege conditions the results obtained
can be interpreted; and they can be lmmedlately epplicd in the
industries.
Qﬂ I shall now point out a few opnortunities for researokl%g
” the regults of which will be fruitful. The pareffin hydrocar- “
bonsg are worthy of study. Worestell showed years cgo that they

N,
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The Opportunities for Research in Aliphsatic Chemlstry (con.) ”
: |
[
|
|
!

ééﬁld be nitrated and sluphonated, but lit'tle else has been done.

The early work on halogenation left the field ha®dlyitouched.

We aré to hear tomorrow of some -dlmportant work on the oxidation

of these compounds. I firmly bélieve that research will result .
in making paraffin hydrocarbons the raw materials for the produc-z

We rust get away

LIBRARY

tion of compounds of industrial gignificance.
from our prejudice againgt the paraffins, which were so unfor-
tunately named. New methods of synthesis wmhould be sought -and

attention paid to methods of identification. The application

of the minciple of critical solubility to these compdunds has

srrv OF ROCHESTER
30
Us

_glven us &inew tool. It 1s probable that other Dhy51co~cnem1cal

~ L

Véry liﬁtle.istknde:o

'methods’could be uged with advantage.
A - - S

" hydrocarbons with branched chains; and thoge that comtain & ter-

tiary cerbon stom have not been studied all except in a very

.« few cases We cannot understand the behavior of peftroleux

ORIGINAL IN UE\EVER

classes react. The ‘syn-

£

3unu11 we know how compourds o; these

'ftthesis and study of hydrocarbone made up of condenged systems of

four membered rings would nor doubt be o

I value. , /
Lk Much additional work must be done od the decomposgition ‘

structure.  The behavior of com-

j?by heat -of hydrocarbons of known

pounds containing straight chains, branched chains, and points of

saturation will lead to an understending of the influence of

‘:structure on tne linkages in the hydrocarbon molecule. The. d e~

A 'QCompositions should be studied in the presence of a variety of

gince 1t has been shown in the case of cdrtain.

1;:catalytlc agente,

) - compounds that these agents are s#lective in their effect.

The olefines offer a fasclinating opwortunity for work.

- They are exccedingly reactive and alterations in structure pro-
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guce-marked: changes in chemical reactivity. The determination
of the free energy content of the ilsomeric amylenes would no
doubt lead to conclusions of profound importance in fthe inter—

pretation of atomic linkings and of the nature of what we eall
a double Dbond. Michael and his pupils have done pioneerfwo;k
in olefine chemistry, the gignificance of which has hardly been
recognized; but much lies zhead.

The mechanism of polymerization can be advantageougly
studied in thise field; This involves the study of the structure
Fof the polymers, which in all probabllity are higher olefines.
New methods of synthesis are needed and here, &s in the case of
- the paraffins, the compounds of high molecular weight should be
iin#estiggﬁed. We know nothing of the chemigal behavier of suct
‘sahstances or how to identify them, although fhey in all proba-

'“ﬁbility play an ilwmportant, &f not the egsential, part in Iubrica-

“tion.

OCHESTER LIBRARY

The olefines can be made the starting point. in the

 syntheésis of many compounds. A number of them can be prepared

ITY OF R

“ before long.

A still more prgfitable'field er<researbﬁ can. be

. found in the diolefines.  With these compounds interatomic

' forces can be ghudied. They and their derivatives readily

ORIGINAL IN UNIVER

i‘undergo rearrangementsuaﬁdzxe'exqee@inglylﬁeadfiye; .They‘fuf&
nish the best opportunity to study the )be.ha;vsip;%; of atoms so. boun-
tifully supplied with @hamiealfené?gy that . they enter into Teag-
tions with the slightest provocation. The tendency for com-

pounds of this class to polymerize to substances of.thé same gen—
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S

.. eral charaster as rubber makes their gtu
O .

@% tive. New methods of eynthesis chould be devised fr

from cheap
raw materials and the relation between structure and chemical
behavior fully investigated. Little is known. The behavior
of the gimpler

o

members of the serles witih such a common reagent
as sulphuric acidi 1g not recorded in the literature.

It has
“been reported thet ths cracking

cf petroleum ylelds diolefines.

The poseglbilities of developing t

.

ig fagt lead to alwost fanci-
ful conclusions.

Shall we make rubber from petroleum some day?
I believe it will be done.

Great advances have been made recently in the utili-
“zation of acetylene in synthesis. We

5

je

are all familiar with ths.
S
contributions of Dr. Nieuwland and the applications of acetylengs
' e
in the preparztion of products -of industrial significance.
N L
seems to be no end to what can be done. Improved methods fortg
e _ : ' L
) « 1 3, - "‘f’“’
w7 the synthesis of the homologues of acetylene would prove of valug%
- Variloug catalytic reagents appear tosact quite differently in con=-

—

. denseations with acetylene.

(25
<

Further studies would lead to a
~ . . . 7
o fuller understanding of catalytic action. e
; : v . %
The extensive use of lacquers in the automobile indus—%g
;‘ . N i . ) 1l a o . b
o try ig an incentive for the study of the higher slcoholg and =
S " —t
heir esters. A nuwmber of thesge alcohols, both secondary and £
) : , &
tertiary, will soon be aveilable and wmuch interesting work can gg

" then be done.

The terfiary alconolg are of particular

scienti-
~fic interest on account of the foct that thev coantaln & very reac-—
tive hydrozyl group and a very inert hydrozyl-hydrogen. For
thig reason they

~ Fheseg could te effected from

should Te clessed by No doubt syn-

them which are not poseible in the

73
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The.-Opywortunitics for Research in Aliphutic Chemistry (con.)

case of other alcohols. The »nreparation of alcoholsg directly
G from paraffin hydrocarbong would be an advance of prime impor—
tanoé. ‘
The higher fatty ecids on account of thHeir extensive
use in the free condition or ss esters are worthy of detailed
; study. New, cheap syntnetic wmethods for thesge compounds from

hydrocerbong would regult in a revolution in many of our indus—

tries. The history of industrial organic chemistry leads us
to believe thet this problém will e sclved. How long will éé
it be before the chemisgt makeg fate and sodp from petroleum? %é
I have etressed the importence of finding new synthe~§§
tic methods. The sucéess obtained in the case of aoetaldehyde,§%
acetic acid,.and methyl alcohol makes us confident of the futurem%é
I Wouid place formaldehyde end acetic anhydride in the firet 35
renk among the compounds which should be studied from this point %%
(R
of view. 'gg
: . =
It 1g possible to teke up one class of compounds afteréﬁ
ég another and point out, in eacn case, opportunities for reseafch. ;%
But the time availlable makes thet impossible, and, further, I E%
. e
have accomplished nmy purpose 1f your attention has been centered <

on the desirability of golng back to a branch of organic chemig-

try .that hasrecelved but scant attention in recent years.

Emphasis hae been put upon the kind of research which

BB will be of value in developing potential industries. To ona who

hag studied the relationship between pure and applied science in
ﬂff_ the industries based on orgenic chemist@i:dt is clear that the
i =L

advances in both brenches of th

¥
i

e sclence have resulted from the

cooperation between the workers in the two fields. Some of us

&7
H

2{on.
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The.Opoortunitieg for Research in iLliphatic Chemietry (con.)

are apt to think that all the credit should be given to the in-
vestigetor who eshute himgelf off from the world and its probiems.

Where would ke be without the results of industrial development

and without the problems that naturally spring up in the study

¥,

of large mcale operations and the technical use of the results
of pure gcilence? It is only necessarj to study the dyestuff
industry to see what an incentive it has bheen 1in the development
of pure organic chemistry. Lét us recognize this fact and busy
‘ourselves with the pure sclence which has grect possibilities
ahead from the standpoint of its applications. There will be
many by~pafhs discovered which will lead to new fields fer re—
search. The formulation of the'fundamenfal problems springing
from industrial processes furnished us with . such subjects for

regearch as eafalysie 1n all its phases, the effect of structure

on chemical reabtivity, the energy relations involved in the in-~

SITY OF ROCHESTER LIBRARY

teraction between molecules, molecular gearrangements, the naturep-
Lid

o

of the bonding between atoms; infact, the fundaments of organic %é
>

chemigtry. Why not invesgtigate these problems with the very comz=
- o)

pounds which have been or csn be used for the good of the world? 5
. e e s &5
Advance will be wmore rapid if this 1s done. o
o

America is taking a commanding position in chemical re-
search. Should we not turﬁ ouf atteﬁtion to the study of one of
our great natural regources - petroleum‘~ end build up the chemig-
t$y of the producfs obtainable from it?  We have lagged behind.
Dr. H. 8. Davis has beeﬁ studying receﬁtly the literature of the
diolefines. Up to 1910 but three percent of the published papers
were produced by American chemigts; only nine percent appeared in

the English language, whereas Russia furnieghed forty-gix percent

DeIMERsoN.
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of the whole. A gtudy of the work subgequent to 1910 would
prcbobly yield similar results. We heve & fruitful Iield be-
fore us. Let ue grasp thae opportunity.
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THE PREPARATION OF ARSONIC ACIDS |
by
C. .8. Palmer
An arsonic acid is defingd ag a substituted arsenic acid i

in which one hydroxyl group has been replaced by an organic radi- o

_ JOH | |
cal and has the general formula, RAsio or RAsOzHz. (Table I).

: o OH
The first aliphatic arsonic acid was methylarsonic acid, CHzAsOzH;,

: NE .
which was prepared by Baeyer )in 1858 gtarting with cacodyl cihlo-.
b

ride. Béchamp obtained the first aromatic arsonic acid, arsa-
_ ALs05H

nilic acid, { |} , 1in 1863 by heaiing an excees of anilin€ with
B MNH,
arsenic acid at temperatures somewhat lower than used in the pre-

‘paration of magenta, but the product was supposed to bes an ani-
P g ) J¢ A

A

out permiseon.
is0 protecied by

ith
Ay
a

~lide of arsenic acid until Ehrlich and Bertheim proved 1its struc-

)

Ho 17 LIS Dade),

‘L-,.‘{!'ss.

ial is

ture in 1907. In the meantime the first member of the aromatic
series, phenylarsonic acid, and some of-its homologues had been

- ‘synthesized by Michaelis. Argonic acidés have found application

THCE. This mate

in the treatment of certain diseases such as African sleeping

}

§
2
®

Hot to be reproduced

N0

sickness and paresis, but their chief importence lies in use as

ORIGINAL IN UNIVERSITY OF ROCHESTER LIBRARY

intermediates in the preparation of therapeuticzlly important
‘ergeno~ compounds such as the srsphenomines. The verious methods

for preparing the arsonic acids may be classified under three gen-

Most of the arsonic acids in the literature have been
,??epared by substituting in other srsonic acids (Table Ia). Thus,
éumberous derivetives of ersanilic acid have been made by replace-
.ﬁent of one or both hydrogens in the amino group oT one or more
'%Y@rogens of the benzene ring. On the other hand, there seems

. %0 have been practically no successful substitutions of an ali-
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The Breparation of Arsonic Acids (con.)

phatic arsonic &acid, such attempts resulting in the splitting off

" of the arsono group. - All of these syntheses belong more proper—
vfy to the realm of general organic chemistry than that of arsenic
compounds.

The second general class of preparations are those in

which some other type of orgenic arsenic comvound is converted
into an arsonic acid. (Table II). These are mainly of histori-
cal and theoretical interest. In a few-special casges they still
: o .
:‘find application. Thus Lewis< ) pepared arsonated benzophenones
by treating p-dichloroarsino-benzoyl chloride with A1Cl, and an
?;_?aromatic hydrocarbon and oxidizing the resulting arsine dichloride
‘fo an arsonic acid. In th?d§reparation of d~-hydroxy-4~carboxy-

“phenylarsonic acid Maschmann found the product too soluble to

isolate from the reaction mixture. Therefore, it was treated

ORIGINAL IM UNIVERSITY OF ROCHESTER LIBRARY

‘ﬁiwith HyPOy, throwing down the insoluble arseno compound, which
ffwas-filtered off and oxidizeé back to the arsoﬁio acid, Whioh W& s
‘_‘;;iltnen obteined in crystalline form.

The most interesting synthetic method is that in which
:f the arsono group 1ls introduced directly into the molecule. (Table
"{:EIII). In the aliphatioc series this is done by G. Meyer's<e)renc;
tion - ac?%?n of sodium arsenite on an alkyl halide. Recently,
f

fiRoéenmund_< has attempted to extend Meyer's reaction to the aro-

‘matic series, but heating in a sealed tube is required and poor

f?yields are obtained even When<the halogen is activated by a nitro
- ' b) '

; I .
©group. Béchemp's reaction,

-{fgives poor yvields and is very inconvenient in the laboratory.

which has already been mentioned,

ZIn the plant, where the materiasls which fail to react can be re-

i5
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The Preparation of Arsonic Atcids (con.)

covered with small losses, the method hag been applied very suc—

cesefully both to the preparation of arsanilic acid and of p-

phenolarsonic acid. In 1910 Bart

"

introduced & method of pre-

paring arsonic acids by the action of iegodiazo oxildes on potassium
arsenite. Later developments showed that,by use of sodium carbon-
ate solutiong of arsenic trioxide with a little copper salt as a

catalyst, good yields could be obtained from normsl diazonium chlo-

rides. The method is successful, both on the laboratory scale and

in the plant. It was employed in Germany during the war 0 make

Tt law

phenylarsonic ecid. as an intermediate for diphenylchloroarsgine.

I

Cove

. “"beginning and at intervals thereafter.

The chief interest of the suthor has been with the arsonation in

9,

copYNg

the aliphetic series, rather than in the aromatic, which has been

mich more extensively investigated than the former.

In the arsenic work at Northwestern, which is supported

::,ffby the Public Health Institute of Chicago, it became necessary to

 prepare some aliphatic arsonic acids from rather expengive inter-
. mediates. It was, therefore, desireble to develop a method for
-small scale determination of the reactivity of our difficultly

obtainable halides towards sodium arsenite. Two or three inves-—-
g (h) ’
. tigators hove followed the course of Meyer's reaetion by titra-

bfting aliquots of the sodium arsenite solution .with ilodine at the

In this way the percentage

© of arsenic which changed from the trivalent state in sodium arsen-

~ ite to the pentavalent in the sodium salt of the arsonic acid

could be determined. The results were rough approximations,

- since the effect of dilution on adding the halide was usually ig-

ncred and eolso the reaction which took place with extremely active



(LN T

FEUr.

iiced WU part

ial is also protec

fi

ftﬁéfé&@@

OTICE: This

tadby

e 17 US Code).

mats

1
i

copyright law (Tit

The Preparotion of Arsonic Acids (con.)

halides before a titration could be made.

We hove found it posgsible to determine quickly and ac—
curately in a small run the course of the reection betWeen sodium
arsenite and the ecodium salts of aliphatic halogenated aéids (Ta-

ble IV). The results are readily reproducible on the same or a

much larger scale, and the ylelds of arsonic acids indicated by

our titrations are closely pgralleled by the ylelds of berium

salts of the arsonic acids subsequently isolated. Most of the

v

o

runs have been made with 0.1 equivalent of'halogen acid, but a
considerably smaller scale could doubtless be employed. The mé~
thod consists in preparing separate golutions of sodium arsenite
end of the sodium salt of the halogen acid and mixing them quick-
1y at 30°, the total weight of wgter used being sufficient to give
a mix ture which has a readily cdlculated normaiity weight factor
of sodium arsenite, theﬁ removing samples at infervals with a pi-
pette calibrated to hold 1 cc. and immediately ringing the pipette
into a beaker containing an excess of dilute hydrochloric acid.
This stops the reaction at once, and each sémplevc&n be titrated
at leisure according to the common volumetric method for the de-
termination of arsenic. When the reaction ceases in a bath at
30°%, it is continued in another beth at 100° until completion.
Weighingé were mede to one milligram, and all materiale were re-
crystallized or redistilled before using in thig work. - The ti-
fr&tion of & 1 cc. portion of the solution when the resction
starts is calculated from the specific gravity end the arsenic

gquivalent of the iodine. Trials on golutions of sodium arsenite

slone showed the calculations to be correct toletter than 0.1 per




~with chloroacetic acid.

» hydroxide, in contradiction to the results of Dehn

-+ arsgenite and halide.:

-

—5e

The Preparation of Arsonic Acids (con.)

cent. The per cent of sodiwz arsenite which disappeared (equi-~

3

valent to the yield of sresonic acid ) is then calculated readily

fror the titrotions.

It was not possible to meke rung at constant temperature

on account of the exothermic nature of the reaction, but it is

hoped to use these conditions with some of the more unreactive

halides. Before trying out other halogen ecids it seened desgir-
ahle to study the effect of various conditions on the reaction

The. regults using different concentra-

tiong alkali aydroxideg and helogens 1g pregented in Tebles VU,

VI, and VII. Potassium hydroxide gave poorer resulte than sgodium

(e)

However,

'fDehn employed dilute alcoholic solutions to obtain miscibility of

With potassium arsenite legs alcohol 1s

‘required and there is smaller loss of halide by ether formation

so that, naturally, a larger yield results. With ammoniwm hy-

droxide the ammonia reacts rather than the arsenite and only a

trace of barium arsonoacetate can be isolated. The effect of

halogens is not well presented on account of the too great reac-

tivity of the bromide and iodide. Thig experiment 1s being re-

peated in more dilute solutions.

In Table VIII we present the effect of homology in the

series, bromoacetic acid to «-bromo-n-caproic acid. The results

afford hope thet fairly heavy aliphatic molecules can be arsonated

by Meyer's reaction.
- [3- Bromopropionic acid (Table IX) shows a surprising

reactivity. We propose studying a Y and & halogeﬁ'acid to form

ORIGINAL IN UNIVERSITY OF ROCHESTER LIBRARY
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The Prepsration of Argonic Acids (con.)

| a more complete comperison with the reactivity éf the g deriva-
tives.
A Dbeginning has been made in studying dicarboxylated
arsonic acids (Téble X). Bﬁomo~malon§c acld shows a good reac-
"tivity, while only one halogen of dibromomsucciﬁic acld may be
- replaced and that'partially.
| The most interesting results are obtained with dichlor
acetic acid (Table XI) and trichloroacetic acid (Table XII).
! U81ng two moles of sodiumearsenite to one of sodium dlcnloroaceta

~one ha 1ogen is replaced by arsonic a01d and the other hydrolyzed

. l-i _
. giving arsono-glycollic acid, # We are attempt—
- : HO-C=COO0H
}
AsO5H;
» ing to resol¥e this compound. No optically active substance -

iﬁ containing arsenic attached to the asymmetric carbon atom 1s
?; known. It may be that one enantiomorph is more active physio~
logically than the other, which result would present interesting
,f_possibilities. An attempt to prepare diarsonoascetate acid,
(HyOAs)5CH. OOOH, is in progress.

With three moles of sodium arsenite and one of soddum
trichloroacetate; the iodine titrationsg indicate the formation
of diarsono-glycollic aéid, | -?H s - The barium salt

Ho OA8-0-C000H

AsOzHS
of this product is readily isolated, but we cannot assign the

above formule more than tentatively as yet.: We are alsoc trying
to meke triarsono-acetic acid, (H,05As)C.COOH.
The chief object in making the aliphatic arsono-car-

boxylic acids is for use as intermediates . in the preparation of

ORIGINAL IN UNIVERSITY OF ROGHESTERTLIBRARY
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aliphatic arseno compounds. Extensgive investigstion of aromatic
érséno compounds led to the discovery of the valucble crgphen~ .-
amines. A gimilar study of the practically untouched field of

sliphatic arseno compounds now in progress at Northwestern wmight,

therefore, conceivably result in a conftribution to medicine.

‘Sunmmary

-

1. A number of aliphatic halogen acids have been arso-
nated smoothly by Meyer's reaction.
3. A method for following the course of Meyer's reaction

on a small scale has been developed and the conditions affedting

the rate of reaction and the yield studied. In many cases the

reaction has been found to be much more repid than generally sup-

posed.
3. The argonation of dichloroacetic acid has led to
the formetion of arsonoglycollic acid. The regolution of this

product is now belng attempted.

4, A gtudy of the creonation of trichloroacetic acid is

in progress.

5. The derivetives of the arsono-carboxylic acids, es~

peclally arseno compounds, are being investigated.
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The Preparction of Arsonic Acids (con.)

Tablés
Table I
- - OH
Argonic Acide, RAsOzH; or RAs=0
' “OH
Aﬁ  First aliphetic arsonic acid (Baeyer, 1858)
' (OHg)24801 " » 2% (CHg)pAsCly AESPLL oy yom1. 4 om0l
/HgO
V
OH:;ASOaHg
. First erometic arsonic acid (Béchemp, 1863)
| N VH, . Hyds0, NH,
) =Bt = Ay AN
4 y 4\ L
v N RN O
S ~.5\.:'). -,.:.( 3112

.....

- \f e
- Structure proved by Ehrlich end Bertheim, 19¢

Sgx
B S Table .1
‘iLi_J %_i 4%_52 g Co L&
m . !,,_::_ CD . . -
,, 53?%— 20 Ag0sHs A\SOBHE " AsOgHs
B R / ' 7 / | -7 O
T wEeqy NH, NH. C0. COOH M 2
P LCmmE .
| EBSYT 1xe14
= alkaline
% BES hydrolyeis
4 = EFED hs As05H
I Eo0 8 . ( JNH, 55%-.60° . JNOs
i 3 -B ; HQN . ©
==z :
¥ = :
L a
e E ¢ .
\J) ~»  HClL + {
Vg~ C)OH, CONH, \
S NH. CH, CONH,

tryparsanide
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Table II
Prepeorction of ecrsonic acids

from other types of orgenic crsenic compounds.

RAgHy + 3 0 — RAs0,Hp ‘
RagCly 4 (1 — RiAgll, 3 H0 — RAsO5H; + 4 HCL

+
Ag05H, + 8 EC1
0

1
RAsCl, + Hy05 + H O-—xR

p
RAg=AzR + 05 — 8 Ri

U

.:"R*'f“\)(;ln -}- 8 I‘Tzo — ﬂl‘\.:ﬂOS 72 + 8 HC].

EXA]

. ‘ . P
CiLas ¢S cogl <:> — Olgdss” N00¢T el
- Ag0l, TN
./fl'
AL
HsOsdee™ Myooe™
N \\_)

HOL >+ Haas0y — HOL > As05Hp + HpO

/\]OH HePOs . HOj oH
\/ * Z‘@L,I/C "izng . %/ ~~
Table III
Direct Arsonaticn
 Alivhstic
. Meyer ~ -
. Dfd i -
: Na54805 __71 O Aeha + RX — RigOgzNep + NaX
‘jf. . hromatic
Lo Rosenmund
T RBr + K 4805 — RAsO;K, + KBr
- i r . . '
“L B Bechamp
»:%;_,v X i
'llf? )

TN
> NZN + NagdsOp — 7N o ,
) > = a5 4805 {>hsOgNe, + Ny + Nall
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Teble IV
action of 5 N godium ersenite
on sodium chldroacetate
Time after wmix~ Percent Aes05
ing in minutes 2one

1.5 - = = = = = = = = - -~ - 3.45

Dim e e e e e e e e = = 17,37 e

15 = — = = m m Lom m—e -~ 4478 -

30 = — = = = = = = = = = - - — B80.81 0L o=
150 = = = = = = = = — = — - = - 73.58 BS2
8550y~ = = = = = = = = = — = - 8E.87 @B
hea.tz__;-_—_.-___-__gz,gg T A )

_ o 82D

PED3
1) Four hours at 100° E{;” g—:c:)n-g
= 25
e e ééég &
. e 2 o
Table V s m =
E: & Eé =
Effect of concantration %«% & &
: | wl m o=
N.F. of NezAsO; Time for 50% Maximum yvield g:@g%
and-of .°  °  of Agz05; to obtazined B aEE
C1lCH, COONa react SR g3 C
**&%&2&3
10 - = = - - <2 win. - - - - - 83.0% %EE '
5w = = — — %8 -~ - - - - 83.8 2
3 - - - = =1750 - - -~ - 78.8 e
1 - - - - = @ - — - = 53.01) %g
1) By heating at 100° I
Table VI
Effect of alkali (1ON)
Alkali Min. to complete Yield
reection :
NaQH - - - - - -~ - = - 1300 = -~ = -~ - - 823.1
KOH —- — = = = = = = =~ 300 = = = - - - 69.9
NH OH- = = = = = = = = 85 = = = = - — )

1) 4s;05 precipitated and prectically

no arscnoacetic acid formed: Titra~—
tion.showed 84% of the 4s;05; disep-

peared.
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The Preparation of Arsonic &cids (con.)

Table VII

Effect of halogen (8N Ne,i4s0,)

Acid Min. to reach Yield
50% reaction —

Chloroacetic - - - = = < 80 - 4 = « = - - 82.0

Bromoacetic- - - = -~ - =~ 1.5 = = = = -~ ~ 87.8

4 86.7

Todoacetic = = = = = = = {1.5 = = ~ - ~ =~

B T e

Table VIII
Effect of homology -~ series bromo-
acetic to l~-bromo-n-caprolc acid

(8N NazAs0jz)

Acid | Time to 50% Yield
reaction :
Bromoacetic ~ - - ~« « -~ £1.5 = = = = = =~ 87.3
o-Bromoproplonic~ - - = 9 - - ~ - - - 1 89.8
d~Bromo-n-~-butyric - - -130 - - = - - ~ 39.4
H-Bromo-n-valeric - - 13800 - —« -« ~ — - 8.7
w—Bromo-n~caproic - - 3400 -~ - - ~ -~ -~ 69.5
Table IX

Effect of position - of-bromoproplonie

acid and p-bromopropionic acid

Acid Time to 50% Yield
reaction

ok-Bromopropionic - - - 9 - = - = - - 89.8

fp—-Bromopropionic - - -10000+4~ - - - - - 628.5

e I T
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The Preparation of Arsonic Acids (con.)

Table X

Dicarboxylic acids

Dibromoguccinic

'__\
WY,

Bromomalonic -
Qe 1:2
Time 9% reacted Time 9 reacted Time % _reacted
6.5 -y ~ - 63.8 3950 gy~ - 3.6 ' 40353y - - 37,5
" heat 1__ 76.2 heat - - 59,7 heat - =~ 46.6
1) 50 minutes at 100°
2)1875 minutes at 100° .
3) 140 minutes at 100° e
=
e Ecx
Table XI o ke -%
b 2 42
Arsonation of dichloroacetic acid B e o
_ = =a
by 10 N NazhsO, = a®
2 &2
‘ 2
=

7 US Gode).

1

w (Title

“
d

it

}

copyrigt

' 1.3 - &
Time %, _reaction Time = % reaction e =
. ‘ Ny Eg
1 o mm =~ = = 20 1w m e - 29 £ @B
85 = o m e = 33 10 = = = - - 51 AaS
40 = = = = = - - 43.5 B5 -~ — - - = 59 s o
70 = = = = = = = 53.7 40 = = = - - 59 2 O
90 = = = = = = = B3.7 H 5 og
H. (-CO0H = S
s05H; :3§3§§
r\r&: 1
_________ 2,
o
Teble XII T
Arsonation of trichlorocacetic acid
by 10 N NegyAs0,
1:1 1:2 1:3
Time 4 reaction Time 4 reaction Time % reactim
E = - - - - B8 Ll e e e~ 65 9 - = - - 40
290 - - - — - 88 11 - = = = = 73 B4 — - — — - B0
85 - -~ - - ~ 76 146 - = - - -~ 65
197 - - - - — 76 “
HQ

H; OzAs-(. COOH
AsOgH,

- - am e o e ame e
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THE EﬂFEC OF OXIDANTS ON CELLULOSE
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oxidizing sgents on cellulos guch as purified cotvtton fibers,

htiaw T

ig manifested in a very noticesble weakening of its strength.

reprod

Depending on the amount of oxidant consumed and other exuerimenq

*
X
&

tal conditions, thﬁjfiber nay even loge 1ite structure entirely

Lo

Not

"fand'become recolved to a powder. In & recent investigat&on

ORIGINAL IN UMIVERSITY OF ROCHESTER LIBRARY
i

ﬁby Xnecht l> he observation was made thet, for a given amount

-

bf,oxygen actually consumed by cotton -¥arn, there was & greater !
decrease in tensile strength when calcium hypochlorite solution |
usged than when potassium permangenate in o) 7.5% sulfuric acid

solution was employed. The effbot of kypochlorous acld came

oétween thege two oxidants. Over-bleasching, or the prolonged

4dcslon of oxidizing sgents in general, leads to a degradation of

— e ——

\

fiber structure.

L

The chemical effect of oxidants on cellulose ig to

3.

gre“tly decrease i1te resistance to the action of chemicals, such

an hydrolytic‘agents'and the solvent sction of alkxelies; the pre~

sence of reducing groups can be ghown; end the acldic character

the material ie indicated in several ways. - The proverties
reasidual product were firet inveetigeted by Witz in 1883,

designation of the material as Yoxycsllulose® wue apvarent-

at & later dste by Cross and Bevan.

Since the work of Witz, there has been & large nuwber

.0f contributions which have been concerned (1) with practically

1d of oxidizing agent on cotton cellulose and wood pulp
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he Eff ect of Oxidantes on Cellulose (con.)

indefinite putidy, (8) with various teete for oxidized cellu-

ose, (2) with a comparison of the properties and reactions of

e

“the oxidized cellulose with the original cellulose, and (4) with

the relationsg of tueﬁe factors to industrial operations. . Most

A
wed out 1n & systemstic

H

ot the ezrlier ressarches were not ca

d‘

c}-

ha

[€2]

ﬁéLLGI, nor on a quantitative basgis, 80 not ruch reliance

an be placed on the conclusions drown, which are often.contra-

)

S . . - -
dlctory No satiefactory explanation either of the courge of

Within the last five years, however, duiinf

h time the cellulose unit, GH 705, has been more undsrsitood,
“he rgsedrohes related to cellulosic de "radauloq products have
;ttracted graaté:‘attention. Only 1ately hos 1t been recog-

£ the oxidi izing action 1is influenced by the ohaféoter
sﬁrface, Dy the concentration, 1 impurities, and dura-
>tion of the oxidant, and‘by‘the temperature, .as well as

2)

mental conditions. Thus , acidic oxidants, such

as chloric, nitric, chrowic, &nd hypochlorous acidsg, may act in

ne or all of four ways to nroduce (1) hydrolysis, with tendency

%o hydrocellulose formalion, (2) oxidation, (3) swelling, result-

in an increase of reactivity, cnd (4) esterification. Con~

8equently, the resction may become a decidedly cvlﬂlex one.

digcussing the theories cr cexplanstions which

ily advanced for the éxidation of cellulose, the

i

i
=N e s o . .
Cpeilte ve Tious tests should be priefily congidered: -
(1) The presence of a reducing group, nrobably aldehy-

vfh nature, is skown by (a) tae reaction with Schiff's reagent;

develomment of e yellow color with alkalies, thus behaving

the oxidation, or of the residusl substance, termed M"oxycellulose



s

—F

The Effect of Oxidente on Cellulose (con.)

' 1ike the simple reducing

ng sugars; and (c) reduction of Feh-

1ling's solution. The "copper number® determination of

ééhwalbe, 3)or gome modification 4T it,4) refers to the'amount
Qf quper in grems reduced by 105 g. ol degraded cellulosge iﬁ
feﬂling‘s éolution. Recently Hessd) haé suggested that not
‘bnly is the alkali-soluble portion removed by the hot solution

‘but the latter also attacks the insoluble cellulose with the

formation of reducing substancdes:

It muet be admitted that
o _ﬁhe copper number test 1s an empirical

one and the results 0b-
. tained are only comparative and not absolute.
The formation of o

Cu

crystaliine phenylhiyérazone or

rosagone from the action of phenylhydrazine on oxlidized cellu-~

oge has not been accomplished although the residual fibrous

material assumes an orange color. Some investigators have

held that a :chemical combination has occurred, while others

have evidence th

at an adsorpivion hag taken place since the
amount of reagent which is retained by the fibers varies with
the experimental_cq&@itionSQG) Recently Knecht?) had develop-

ed a technic, tery

s < i A
,2/0y him the "ogazone" method, for follow-
ing the systematic oxidation of celluloge fibers.

The oxidized
cellulosge is transformed into the Wosazone wt

hich is determined
in a volumetric manner by using titanium trichkloride.

iy TR TR

».dyes, such as meth

(8) Oxidized cellulose has a marked affinity for basic
methylene blue, etc.

On this basie, distinction
hag been recently

mad

e by 8irtwell, Clibbens, and Ridge between

two kinds of oxidized celluloge:; The first ig distinguished by

-8 high copper number and 1s formed in acid solution, winlle the

“other class is characterized by a noticeavle affinity for methyl-
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The Effect of Oxidants on Cellulose (con.)

“ene blue snd ghows a slight reducing property.d) ! !

R ) .
~There ig an increase both in the ease of hydroly-

LA 2
(5
acetylation as Complete hy-—

‘ ,
»els and compared with celluloge.
and the acetete containg

drolysis does not vield 100% glucose,?)
10)

fewer acetylated hydroxyl groups than celluloge acetate.

(4) On treatment with boiling calcium hydroxide .0

- tion, oxidized cellulose, in common with hydrocellulose, maltog ﬁg
L = -
lactose, and cellobiose, yields among other gubegtances igosac— g%.%Féi
. 8D .
- charinic a01d 1) The view of Hess, %) tnat saccharinic a;cj.ctsi%-%? ‘ggﬁ?
= 55 é§§§§5
are not present in the degraded cellulose but are formed by the 5? mLEQL”
o . o =883
~acticon of the alkall, apwnears logical & ;?SE:
: L. =
(5) The evidence for the carboxyl group ig found ‘in fC)éQ%gig
5 o Z8EE
the, fact that Schwalbe and Beckerlo) were aktle to titrate oxi- agééég =
' oo & =
‘dized cellulose with standard alkali, and also to determine thegg é;gg%g
: @ =T
~amount of barium removed from a barium hydroxide solution. ;gngh Eé
’ = @20 Q.
‘Neither test seems sufficiently accurate for the purpose, how- ;géggg ©
=& 2
ever, but indicates acidity in a general way. Heuserl4) had., &
> the deter’ ™ &- @

modified the Lefdvre distillation methodl®) for 4
tion of glucuronic acid in the examination of oxidized oéiiﬁ“
lose. The evolution of carbon dioxide in small quantiulés,
not exceediﬁg 1.5%, appears t5 be this mater—
a property not exhivbited by cellulose,

Teldtmann

characteristic of
hexosesg, OT

ial, and 1is

- 18) .
nydrocellulose. Recently Schwelbe and igolated a
glucuronic acid salt from bleached straw and obtained a yield of

carbon dioxide from this gubstance when treated with hydro-

resent ag an inso-

1.07%
chloric acid. Glucuronic acid is ?robably pres
1uble_polymerized complex or derivative, which is firmly attached
the celluloge fiber. Dérivatives of gluconic, arabonic, Or

ot
O
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The Effect of Oxidents on Cellulose (con.)

Lo

ok

he Lefévre method ig, therefore, not suitsble for determining
Th 2 ’

\

ne totel acidity of oxidized celluloge.
th

(8) Small amounte of furfural, but no hydroxyrethyl-
R 14 . . . e el .
furfural, ) are eplit off when oxidized celluloge i1g distilled

with acid. Products have been vprencred, however, which yielded
1esg furfural than the nateriel fros which they ware %ads.l7)

“The formation of furfurel implieg the prior existence of a pen-

¥

‘toge or wentogan, existing as such, or in the foru of a fFlucuro—

‘nic acid derivative, which on hydrolysis yields & nentose. This

s a point whiclk lag been freguently overlooked. Experiments

corpletely. In
13)

- ;ocellulose,/ and
it seesme doubtiul
if solubility determinations in sodium hydroxide solution can be
regarded as a means bf e gtablishing th@ nature of oxidized cellu-
lose. The rescarches of Nef and oth@ﬁ% on the zction of alka-
lies on oarbohydrates show fhat in such reactions'aicomplex mig—
-ture of degradation products results, the neture of which depends
 in large measure on the concentration and temmerature of the so-

ilution.lg)

o

(8) Ultimete anaolysis points to the foot that oxidized
cellulose contoing more oxygen thoan cellulose or hydrocellulose,

but there ig no indicetion of a substance of definite comdosition.

(9) Oxidized celluloge is more reactive than cellulose,

D
'
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The Effect of Oxidants on Cellulose (con.)

that 1s, 1t ig more exslly acetylated, nitrated, ete.

According to Murumow, Sack and Tollens,zo) von Faber

2 - - , .
and Tollens"‘,l> Hauser dnd Herzfeld,ga) Netth@ifel,gs) Schwalbe

and Becker,l3> and others, oxidized celluloge is & mixture of

celluloge with its decomposition products, the latter perhans

! , : 34
: adsorbed on the fiber. - Croses and Bevan )

12)

hold & similax

-~

view also. Hess ig of the opinion thet oxidized bellulose
éonsists for the most part of unchoanged cellulose and cellu-~
lose-A (this designation referring to a substence similar to
regenerated cellulose, that is, alkall-soluble, but ppsseséing

the characteristic properties of cellulose), together with a

small quantity of omidation products.

o
Heuserso) differentiates between so—cnlled "true®
oxidized eellulose which 1s the portion soluble in dilute alka-

1li, and a residue which is »robably unattacked cellulose, the

entire product belng termed "crude xoycellulose.™ He then
defines oxycellulose ag a polyose containing a definite number
of free aldehyde-~carboxyl groups, which certainly lmplies homo-

genelty.

/ % i

Recently Pringsheim,ao) supported by Heuser,
N

snonsored the view that oxidized cellulose 1s a mixt .

changed celluloge and an oxidetion product of uniform/oomposi~
tion, although the evidence offered ig quite inadéquate. As-
suming cellulose to be a highly pdlymerized anhydrocellobiose,
oxidized cellulose ig regarded as a polymerized form of cello-

bionic acid and anhydrocellobiose units linked togetther by par-~

sls, there is possikbly present a dibasic aldehyde-carboxylic

A . . . . .
acid complex. These compounds or their immediate products of

B
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The Effect. of Oxidéﬁté on d@lluIOSG(con.)

-

Wm.m‘_.
2R
=

ig to be assumed thaet & dibasic aldehyde-carboxylic -eclid deriva-

q;ﬁive of cellobioge would be hydrolyzed to yield two molecules of

glucuronic acid, while cellobionic acid would hydrelyze to glu-

o . - 4 .. 14 . .
“ coge and gluconic acid: Eeuger and Stockigt L) obtained maxi-

‘mua yields of 1.5% carbon dioxide and sbout 4% furfurasl from sam—

- ples of oxidized cellulose, which point to the presence of guch
“an aldehyde-carboxylic acid in very small amounts.
| . 13 ' - :
Schwalbe and Becker ) conclude from furfural yields

© that a low value indicates that cellulose has been oxidized in

- large measure to a derivative or condensation =~ product of

i:gluconiq acid. A high furfural value, on.the other hand, in-
dieates the,formatioﬁ of & glucuronio_acidfderivatives Thesge
:investigators recognize that oxidized cellulose 1g a mixtureof
unchanged cellulose ond its decomposition products, bﬁt the
fact has apparently been overlboked-th&t'furfural may &lsoc re-

sult from a pentosge or a pentosan in oxidized cellulose. Glu-

curonic acid was not determined in the more correct wgy, nawmely,

by the Lefévre method.’ |

Hibbert§7> on tiie bagis of hie proposed cellulosge nu-

cleus, has postuléted thatvthe oxidation of the ﬁrimary alcoholic
group to aldehyde and then to carboxyl wmight occur under certain

conditions, whilst under other conditions the secondary alcoholic

oxidation mey occur at the ssme time.

In a recent

)

rticle comprising ¢ study of the nltrates
2

o

of cellulose and itg degradstion products, Atsuki ) congiders

that the oxidation of cellulose proceeds in two stages: (1) the

STER LIBRARY
5
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The Effect of Oxidants on Cellulose (con.) '

;Qalooholic'groups are oxidized to aldehydic ond ketonic groups
with partial disintegration of the cellulose molecule, and (8)

the aldehydic groups are oxidized to carboxyl, which takes place
dlete digintegration of the cellulose to compounds

sAne

with & more comy
containing less than six atoms.
: The objects of the investigation, undertaken by the
writer at Yale University under Professor Hibbert, 9) Were (1) o &3
| i
1 ¢!

to study the course of the oxidation of celluloge by submititing
determined by g-:ﬁ‘ =

a8

e mildly bleached cotton, the purity of which
and barium per-—

analysis, to the action of potassium, magnesium,

manganates in neutrel solution, and chromic acid in a 90% acetic

ecid golution, and (2) to determine the character -of the residu-

al oxidized material by submitting it to analysis by chewmical

.- ' L2

The relationtetween the amount of oxidising m;ﬁa
=

é%z:

and other means.
oxygen and the weight of cellulose was given by expressing the
o
-

oxygen as atomic pezrtions of O per CgH0s unit, adopting the
Furthermore, their method

~ 74
plan of Knecht and Tnompson.uo)
of procedure wag generally follumed; the oxidations were carried

out at room temperature, 33-36°, with 100 g. cotton, and the ra-

tio of the weight of cotton to the volume of solution was 1:40.
Parium permanganate

The mixtures were stirred intermittently.
was found to be more satisfactory for maintaining a neutral so-

lution than the other permanganates, which over the higher oxi-
re the oxi-

: dizing range yielded slightly alkaline golutions b
, ¢ dation was complete. Lt
! For the purpose of this discusgion, cellulose will De

ar polymerized anhydroglucose complex:.

-

[a

considered as
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OH, OH T

. GHOH — CHOH “CH - O x

(R

- B

)

The three alcoholic groups in cellulose represent the most adtivb
parts of the structure, but their adtivity is very'much suppre?;
sed as compared‘with similar groups in glucose and-rglated COLl—
péunds. Under certaih oonc:li,xi;j.ons_9 as in the pfesence of ad;ds,
a free aldehyde group is ?ormed, and the resulting aubstanée be~
haves more like glucose and its derivatives.

As the result of nearly 50 oxidetion experiments on
cotton fibers, over the oxidizing range 0.01*23.00 atomic portions
of active oxygen pef Oeﬂgéos unit with the previously mentioned
oxidantsg, tﬁe,evidenoe goints %o the fact that the reaot?on ié
one typical of a heterogenous system.. The degree of disinte~

gration of the fibers is more pronounced in neutral or slightly

alkaline solutions than in the acetis™"7*4 solution, a fine pow-

der being obtained in the former c&éé Whén the maximum amount of
oxidant wes oénsumed. The logses are greater ih neutral and
slightly dlkaline oxldizing media, but the reaction ié more rapid
in an acid solution. Furthermore, the losses élways increase

with increasing amounts of oxidant employed. 4 marked weakening

A . . !
of the fiber strength, from p ualitative standpoint, was not ob-

y

served until over 0.10 atomic portions of oxygen were consumed.
7). s o . .

Knecht, >1n a very recent article, has stated thet fiber weaken~

ing appears when 0.0283 atomic portionsg of O are used in the form

of potassium permenganate in acid solution.
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The Effect of Oxidants on Cellulpse ~(cgn.)

The abgorption of methylene blue by oxidizeddoellulose
prenared with the permanganates increased from a weak blue,-ih
the cnse of 0.10 atomic portion oxygen oohsumed, to an intense
blue, when 3.00 atomic portions oxygen were used, Methylene .
blue absgorption b? the chromic acid oxldized cellulosge also in-
creased from a weak blue to an intense color over the oxidizing
renge 0.10-1.00 atomic ?ortions oXygen per GéHé Og, but wheun 2
agtomic portions were consumsed the color wasg weak. No quantita-
tive color absoprtion measurements were made.

Garbon dioxide is one of the chief products of oxida—

.

tion; the othd ivroducts were not investigated. In one experi-
3 " h I

r

ment where a ; Jss of about 35 g. cellulose occurred as the result
of the action of megnesium permanganate, the resulting filtere@%
6:

* sd 2B
was obtained in the regidue, which wag tracezble to an impurityaﬁ-

. ; . . . . ec
solution wags evaporated. Legs than 5 g. of an inorgaenic salt &2

k0N
cted by

] i'.-‘-ﬂ
da).

A

Y

out D8I

W
lig also prote

; . as . . s p]
Cotton celluloge oxidized in an acld solution contal

a wuch larger amount of oxidized material than when the oxidatia® 2

. , - s . o, : . T

occurs in newwral solution, and sgtill less in a slightly alkallmg>§;
e

. . X i )
solunlon..//The ash, copper number, alkali sgolubility, pentosan E%_i

g

&

This maigria

i

o
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and glucurone constituents (calculated from the furfural and

HVER
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Lefevre carbon dioxide determ1natlons)15) have higher values in

LINU
copyrig

the case of cellulose oxidized in acid solution, and the percent

age ylelds are greater over the higher oxidizing range. The

ORIGINA

dete given in the £ [lowing teble are representative of the re-
sults obteined over the oxidizing range 0.01-3.00 atomic portions

of oxygen per CgH. O0s units.
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oG | ATOMIG

- PORTIONS
B - 0 FIR
. OXIDANT  CgHy Og

%Soly. L
COPPER in 10% PENTOSAN AND GLUCORCNE

NUMBER NaQ¥ _ CONSTITUENTS

(%
LOBS

(Cotton) - - 0.30-0.40 1.0 0.76 0.40

KMnO,

K¥nO 4

0.33 ., 4

1.00 - .~ 13

4.8
7.1

34 - -

17 -

tected by

.

oo

g

=X,

o

22

meund
KMnO, 3,00 28 7.8 33 - iﬁi.."F_,_; BEE
3 5 z 3 25 B¢
.33 O 5.2 2L - = % QG-(_,;
. - r
e Y
1.00 11 7.7 35 - - B’88=
o £ g —
2.00 35 3.9 43 - -  EFo
E: .zf:?; S!g [
n N
3.0 0.4 G.9 1.7 - - 88 2
J.01 3 G.9 gg}% g =
0.10 0.7 3.0 11 - - s oo
S = o=
Sy s - L
LR 2 5.7 29 ~ - S5 et
/ = Sul &
. = 2 o

1.00 12 3.6 35 - -~ §§§§ES
By . S =

2.00 30 9.9 - 1.41 1.96 &

[

0.01 2.8 4, 7.1 - - O

L.C0o ( 18, 4 &4 1.e5 4,93
3.C0 14 19.3 55 8,04 4,64 ‘

SAcetylation tests indicote that the nuwber of hydro~

21coholic

xyl or zr yhve decrecees frow three 0 nearly two ner

CgHyy Oy unit denending wron the smount of oxidizing sgent used.

The wesguresents of the viscozity of cumras-onium

hydroxide golutions of the various oxidigze.) celluloses jive much

lower values, even when smell amounts of the oxldent were cone-

de

suned, comared with those of the orlginal cotion. This

+
]

tae]

0]
[

suggests that a portion of the unattacked cellulose, probably
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the layer adjacent to the oxidized part, 1s changed in some pro-

found manner - possibly as a result of a depélymerization or, at

=

tizing or solvent action of a portion of the unattacked cellu-

NOTICS

lose. It has been recently shovvn'5> that a depolymerized cel-~

leest, an azlteration in vdlence forces. This is algo indicated
by the incresse in alkali golubility. In & recent article by
- 21). . Lo . .o - e .
Neale, 1>Ehe statement i1s made that the great fall in viscogity
T observed after cellulose has been treated with oxidizing agents éE
£ | . L - <C »
may conceivably be due to reduction in size of the anionic gg < B
micelles congequent upon fission of the cellulose complex Dby o & 8 L
, : LU'gAg-@
oxidation. - - by =B &
. mE e
The alkali solubility of oxidized cellulose depends % = Qs
. : g . . & & e
in large measure on the concentration of the alkaline solution % @
I . . PoEE
emploved. The evidence shows that alkall solubility cannot be g= % B
| ‘ DB E g
explained as due entirely to salt formation, or destruction of Sﬁ;g o
e 2.8
. N - . . . il @ :E
reducing constituents, but is the result, in vart, of the pep- g%:;ﬁn
25
= =
)
(o
o

‘lulos e, -such as regenerated cellulose, may be partly or almogt

enkirely soluble in alkali. Thegse facts lead to the belilef

that alkall solubility determinations of a degraded cellulose,
as criterla for purity or homogeneity, are fudanentally unsound.
The mechanism by means of which the oxidation of cel-

luloge occurs in the initial stages would appear to involve a

trangformation of the primary alcoholic group to aldehyde, sand

this in turn to a carboxyl group. At the same time the reac- ‘ |

tivity of the attacked cellulose complex 1s increased. Acids J
5 Qg ; tend to bring ebout an hydrolysis of the hal f-acetal linkage,
4T ' '
. g ) _ :
! . =0=-—--x. In general, however, the oxidation is accelerated to

oo 5 greater extent by the presence of dilute alkalies than by the
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uge of dilute acids. . The alkall probably acts on the initial-
1y oxidized cellulose so as to give a much larger concentration
of oxidizable components, this profound change being due in large

measure to enolization. Rapid oxidation of the partly oxidized

substances takes place to gimple soluble or gaseous compounds,

but the nature of the mechanism remains for the p:esent an un-—
S?lYEd problemn. This reaction occurs progressiﬁely while the
oxidant iS'present;gﬁhe partly oxidized cellulose beingkresolved
at a more rapid raf}fthan'cellulose. When the oxidant is con-

sume@, there are left on the resgidual fibers small amounts of .

gubstances, not unlike' cellulose itself in complexity, which

have undergone partial oxidation. These producis give to
oxidized celluloge its characteristic properties. The course

of the reaction, however, ig markedly dependent on the experi-
mental.conditions-involved and on the speoific'propérties of
the oxidant used.

As a result of this investigetion, toge%her with
others of recent yea.s, oxidized cellulose is viewed as & mixture
of a harge amount of unattacked cellulose (which may exist in

different degrees of pplymerization or agsociation) with rela-

tively small quantities of degreded celluloge in the form of com-

plex oxidetion products, aldeaydic and acidic in nature. The
amounts of these substanceg depend on the conditions of the oxida-

tion.

The term, oxidized cellulosge, is suggested as a more
sultable designation than oxycelluloge for the residual product
resulting from the action of oxidants on cellulose, as the latter

ig clearly a wmignomer.
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 THE OXIDATION OF HYDROCARBONS BY AIR
AT HIGH TEMPERATURE AND PRESSURE

by
E. Emmet Reld
b Aé a member of the Cormittee on Betroleum of the
1§‘_ National Reseerch Council- I have felt under obligation to dé
] something to justify the appointment. | An investigation of
the products of‘the air oxidation of petroleum had alresdy been
é . begun at Johns Hopkins before this Comliittee Wés proposed. The
_::g %fﬁ' appoini:ment of this Committee is timely, as petroleum hag long
| 5 _ ,
L% (fé %g been one of our great American resources. _I“t has besen s_xploit—
gg%z? ed on an enormous scale.  America has led in the manufa,cjture
R =
;g_%f of petroleum products and should be the foremost in thies in-
s W I
U _?;@;{é E}j- vestigation. . The Tecent snnouncement that Mr. Rockefeller
. L A . .
ggé%%%y has given $550,000 for the scientific study Qf petroleum is an
%%% additional impulse for the cenegideration of this problem. A
%%i;.éé number of chemists hoave been thinking for.some years about what
~ﬁ§§§§cg can be made from petioleum, and already considerable of scienti-
: 2

fic interest has heen learned, and some commercial possibilities
have been uncovered. It ie my present purpose to take stock,

in a broad way, of what has been accompilished with the hope of

starting discussion and stimulating further investigation. 1In
-the pyast there have been two questions that have been consider—
ed: the petroleum chemists have wented to know how many gal-
~lons of gasoline could be obtained from a barrel of oil, and

the conswrer how many mileg he could get to a gallon. From

the most wonderful gource of organic compounds we have been

manufacturing only B.T.U.'s.

i
P
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Within the lost few years this state of mind has

chenged radicelly, and regearches of Y"”ny kinds huvc, been

20—
ing on all over the world with & view to the trensformation
of hydrocarbong into useful substances. At lasgt the orgcJu%
= &
chemiet is weking up and doing his bit. The nroblems belorwg RS
' c88a
] . A 5 Gl
to orgenic chemistry, and we, as orgenic caemists, are fr:llll"q__ EN = |
> in our duty and neglecting an opportunity if we do not con- = g’:"»‘-’i ‘
g o O — i
| - UD . |
cern ourselves with them & 2 >
se s with tnem. e 5= - |
‘ Todee % 2w 1
R o y : o) — T |
The useful products, Lenzene, toluene, phendl, E-‘%@ e j
: _ = @ ® = |
etc., which are obtained from coal tar, constitute only a S % |
- - | | o ES
et s - 50 =
small frzction of one percent of the coal; yet, on them has 2 %EE"
: Sa 5
been founded & chemical industry which has been a marvel to — ?;%’S =
| ‘ a3
. the world and which has been an importent factor in direct- ;éj&ﬁt;:) !
ing the coursze of history. Petroleum isuprectically 100% %‘:2
. . (o) |
hydrocarbong, all of Wthl’l may poseglibly be traneformed into
ugeful compounds.
The oniy aliphatic hydrocarbonsg that zre at =zll
B well known are the pazraffins, and we know glwmoet nothing of
P their recctions. The name, pareffin, hag prevented chemisgts
from Investigating them. There could be no prospect of re— 1
ultg from the study of com*vounds that have no affinity and
hence no . rerctiong. . Until recently there hes been 1little
gsclentific 1nvesu'1gation of aliphotic hydrocarbons. 0il
% o chemlegts have crowded the Patent Office with processes of
Tcracking) but have spent little time considering the nature
of the bydrocerbons that ere cracked or in investigating the PN
products of the cracking. Each new cracking process is
herelded as superior to all others in the yield and gquality
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' The Oxidation of Hydrocarbons {(con.)

of gasoline and in not leaving carbon in the gpparatus.

The emgzing thing ebout carbon compounds is the

stability of the carbon to carbon bond. When one carbon atom

N

joing iteelf to another, there

is & fixedness which we seldom

meet enywhere else in chemisgtry. Sodium and chlorine unite

with evolution of an enormous amount of energy, and we think

of sodium chloride

as a wmost stable compound. It is true
that we can heat it to an extremely high temperature without
decomposing it. It

melts at 801° and boils at 1490°. We

write the formula, NaCl, with great confidence, but modern re-

(e}

search showe us that this molecule, Nall,

oes not exist es

a definite, permanent entity. It was firet discovered that

in solution 1t ig broken up almost completely into Nat and C1~

iong. Some Nall moelcules do remain, but even these sre in

mobile eqguilibrium with the lons, decomposing and reforming
all ne.

the 't1 The sodium and chlorine atoms are changing

partners continuvally. If we evaporate the solvent, the ions

reunite, but promiscuously. We dissolve

a

quintillion mole-

cules of sodium chloride and recover a quintillion, but the
chances'are a billion to one that any given chlorine atom
will come out in company with its original sodium pdrtner.
Recent X-ray pictures have shown us that in solid sodium
chloride each sodium atom is linked impa: /JAally td?S chlorine

atoms, and conversely thet each chlorine atom is joined to

7

8 sodiums. In the sclid state the molecule Na

aCl does%_f
exigt. In the vapor phase above 1500° guch molecules ﬁrb—
baily are found, but even these are in mobile eguilibrium.
he

case of an organic compound is entirely dif-
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ferent. If we disgolve a2 guintillion molecules of suger in
water, with the exception of possibly one or two which ¢ re
digsoclated, they all retain their individuality, and, when
the water ie evaporeted off, we recover the quintillion mole-—
cules of suger unchanged, eacn with identlcally the same 12

v

carbon &toms, the same eleven oxygens, and the same 82 hydro-
gens. Furthermore,_X~ray analysis seews to show that carbon
molecules meintain themselves as entities in the solid form.'
In the lump of sugsar which you put in your coffee, each esugar
molecule contains the same atomg which cametogether in the
stalk of cane down in Cuba.

The wmogt convincing evidence of the sgtability of
the structure of orgenic compounds is‘found in optical acti-
vity. Not only do the same atoms and groups remain in com-—
binatidnvwith the same carbon atom, but maintaln their same
relative positions around it.  Not only does the ‘¥5£~ mole-—

cule that has gone through all the vicissitudes of refining,

gsolution, and crystallization, and of long storage contain

'identically the same 13 carbon, 11 oxygen, and 83 hydrogen

atoms, but each carbon atom holds its attendant groups in the
same relative positions as it did in the sap of the cane.

The stability of the union of one cerbon to another
is but the beginning of the‘story; 2 nurmber of carbons can
unite similarly to form a chein, & ring, or & more complicated
structure, and this is likewisgse pefmanent. We do not know
how many carbons cen be bullt into & single molecule, but a

hydrocarbon (ggij gy has been found in a coal mine, and one,

CgoHygn, has been put together by chemicel methods.
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Those who are best informed as to atomic structure

seen to agree that the cerbon to carbon bond is non-polar and

that the carbon to hydrogen bond is likewise non-polar. Hence

in a molecule such as n-decane there is no one place in the
‘ oc
molecule much more liable to attack than any other, and there EE -
is no one place in the chain &t which a break is partioularly‘a;-ﬁégg )
dad
] 2 1 . LL} "5 &2 a2
likely to.occur. The end carbons and their hydrocarbons ar%z 2T
. gy O /5
. . “ LLI = i 2
somewhat differently circumstanced from those in the middle o%% = oY
. . T P
the chain. In the cases of branched chalns, there are fur—-E;‘E 2337—-:
. m Q
. ] . o O D
ther differences. In toluene there is so wuch difference t Py
Ee2gy
between the reactions of ‘the aliphatic methyl and the aromatigP = g_f:?
’ LA e arad
. . . . . . = LB o
phenyl that we have 1little difficulty in directing an attsck = gaﬁi_g;
’ ' ‘ - g . a a.;i.
go as to affect either part of the molecule that we wish; we _%E% &
. - &)
. o
can chlorinate to benzyl chloride or to chlortoluene. We égé;gg
. i . E
can oxidize the methyl group completely without touching the F
o

With unsaturated hydrocarbons the ethylene bond

is, of course, a point of attack.

Congiderable progress has been made in the helo-
genation of methane and of higher hydrocarbons to give useful
productg, but in the halogenation of hydrocarbons there are
two Pdifficulties: 1) getting the halogen in, and 3) getting

it out. Of course, I do not mean that there is usually any

lack of reactivity of the halogens, but there 1s trouble in
directing and controlling the process so as to obtain the de-

gsired product. While chlorine ig comperatively cheap, its

atomic weight is high as compared witih that of carbon,and usu-
ally two atomg must be used for one that is introduced. For

16 g. of methene 71 g. of chlorine is required. Halogenated
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L

hydrocarbons, e.g..methyl chloride, ethyl chloride, etc., are
seldom used as such, but are intermediates. = The halogen&ded
hydrocarbons must be transformed into a halogen-free product,
which involves further reactions and the use of additional
chemicals, commonly lime, soda, or sodium acetate. - Probably
the most troublesome part 1s the removal of the last tréoe of
halogen. Perfumers aré eépecially fastidious about their
materials and will not use materials which opntaiﬁ infinites~
simal amounts of halogens. Solvents, for certain uses, must

be absolufes. halogen-free.

ORIGINAL IN UNIVERSITY OF ROCHESTER LIBRARY

If we oan:obtain compounds from hydrocarbons by
air okidation, we have used the cheapest possible reagent, and
we obtain directly products that aze desirable. A.number of
chemists hawe been investigating this problem. In most cases
the éim bas been to obiain ‘commercially valuable products with
little regard to the scientific side. Clagses of compounds
rather than individuals have been produced. |

Emphasis has been put on the'permanénoe of the union
of carbon with other atoms and, partiéularly,vwith a fellow
carbon atom. A1l that has been said is true, and yet the
half has not bean told, but this.sugar molecule which maintains
ite identity so wondarfully at low temperatures goes to pieces
at higher.  Aliphatic hydrocarbons are amazingly permanent
at moderate temperatures,but begin to undergo changes and re—
arrangements at moderatgly élefated temperatures. These re-
aotions are slow at 300°C., but.become more and more rapid
till cracking temperatures are reached around 370° to 40000.

where they become extremely rapid. Then molecules are bro-

.
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The Oxidation of Hydrocarbons (con.)

ken up into smaller fragments) which may unite to form other

moleculeg larger or smaller than the original and with the
. . . T
liberation ¢ ", some carbori end hydrogen.

/

in this mele, we may expect the formation of oxygenated com-

If oxygen is present

pounds.

The great difficulty in any scientific invéstiga~
tion of aliphatic hydrocarbons is that we are practiCally‘
limited to petroleum fractions, since pure individual alipha-
tic hydrooarboné are out of the question for any except very
small scale experiments. As petroleum consgists ﬁot only of
dozens and, possibly, hundreds or, even, thousands of hydrocar-
bons, but these belong to at least three distinct classes the
reactioné of whichare very different, the situation ig extreme-
ly complicatédf Emphasis must be put on the fabt thet,
thbugh the differences between the individual hydrocarbdns
present are comparstively small, yet there are differences
which mean that, if sufficient care is taken in the control of
reactions, there ig a possibility of differential treatment.

The study of the air.oxidation of peﬁroleum goes

back many years. ~In a (erman patent of 1889, it was pro-

posed to pass a current of air or oxygen, with or without pre: =

sure, at a more or less elevated temperature through hydrocar-
bonsg. Acids, aldehydes, ketones, unsaturated hydrocarbons,

and pelymers are sald to have been obtained. In swark

that has gone on since then a wide range of conditiong has

been uged, wwo important variables béing temperature and the
partial pressure of oxygen. With most hydrocarbons oxida-

tion by air is slight below 100°G.;'so the temperatures have
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The Oxidation of Hydrocarbons (con.)

been usually from 100° on up to, according to one patent,

500°. Brown coal paraffin has been o3 dlzed at 13°.
/
As low as 1% of oxygen in nltrogen hes been used that is, a

partisl pressure of 7.6 mm.,wnlch is to Dbe contraeted‘x}th

pure oxvgen at 14 atuospheres, a pressure range of 1&0&'to-1.

It is curious that the best results have so far
been obtained with pe reffin wax, which has been commonly
thought of es extremely inert. By prolonged contact with

air at moaerately elevated temperatures this inert substance

is almost quaniiiatively oxidized, the product being chiefly
a mixture of‘high molecular weight ecids and hydroxy acids.

The higher the temperature and the more drastic
the okidation, the less is the relation of thelproducts to
the starting material; the more severe the treatment, the
smaller are the fragments into which iarge molecules are
broken and the less resemblance of these Lragments to the
structures from which they ceme. It is well known that
the products of & cracking operation depend more on the pro-
cess of cracking then on the nature of the stock that is
cracked, and it is %he'same way with high temperature oxida-
tions. i

One way of estimeting the progress in this field
is to review the products that heve been obtained by verious
methods of oxidation of petroleum, the starting meterial usu-
ally being either peraffin wax er hegvy digtillates. Ne |
find acids, saturated and unsaturated, mono and diabasic,
aidehyies, alcohols, esters, acid anhydrides, hydroxy-acids,

hydroxy aldehydes, and ketones. This list covers much of .
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The Oxidatior. yf Hydrocarbonsg {(con.) -

aliphatic chemiatry. » Wé éannot expect to get sugsre and
polypeptides. Mozre ié-known sbout scids then ebout eny
‘other class. Acids are believed by some 1o be the primary
products. Tney are formed under all conditions but in very-

ing d%OUHBS f;om one wr two percent up $0 oraﬂtlcally ]OO%.

The v1eld of acideg decreases with elevation of the resction
temperature. A number have been identified: formic, acetic,
propionic, butyric, wentoic, caproic, heptoic, caprylic, pcl-
argonic, capric, lauric, tridecylic, myristic, pentadecylic : |
pabmitio, mergeric, stearic, nondecylic, and arachidic. While |
the even numbered scids, lauric $o arachidic, are found in ani-

mel and vegetable subs “:;oes, oxidetion of hydrocarbonsg fur- |

nighesg chiefly the odd nuwmbered acids from 0, %o Cig- In

addition to acidg, we find what appear to be acid anhydrides.

M

ydroxy-acids sre formed, but just what they are is not known. o

Lactones ore also present. Unsaturated acids heve been found, |
but they have not besn identified. There &re also aldehyde

acidg and some dibasic acids.
On »naper the gimplegt oxidation product of & hydro-

cerpon is an alcohol. It is ezsy to rub out & hydrogen and ]

put & hydroxyl in its place. Alcoholg heave been reported by

o number of cxobrlmcnterb, but ore never found in large guan-
tities. It is hard to imagine & process that does not go

through the elcohols, but, if they are formed first, they

wegt be rapidly oxidized to uldedJQeS and acids. Esters

are found,'but it haeg besen cleimed that they are primory pro—,'
ducts from which the alcoholg are derived by saponificeticn.

We write the Lalogenation of a hydrocorbon, CH;.CH; + Cl; —
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The Oxidetion of Hyemvgarbons-(oon.)
CHs.CHE,CL 4+ HEL. The analygous resction with oxygen would

be CH;.CHd; + O — CH;.CHO + H;0, the product being an aldehyde

or, possibly, & ketone.

Aldehydes and ketones are formed in considerable

guantities, but much less is known about what they are.

Formsldehyde appears to be present under some conditions.
Acetaldehyde and its higheripmologs are formed. Acetone hag

been identified, and its homologs appear to be obtained. One

American company -is putting on the market a solvent which is

sald to be obtained by the vapor phase oxidation of kerosene.

It is essentially a complex mixture -of higher ketones with

some aldehyies.
A few experiments have been carried out with known

substances, particularly with stearic acid and with hexadecane.

from petro-

leum. There ere two mechanisms that may be imagined: Oxi-
dation may take place and decomposition follow, or we may
4
In

nave cracking followed by oxidation of the fragments.
a 1ong paraffin nmolecule the point of attack seems to be the
end methyl group. The acid so formed might lose carbon
monoxide to go to an éldehyde, or, more probably, carbon di-
oxide to form a hydrocarbon. We know-thet the hydrogen on
the cerbon atom next to the hydroxyl is the most resdily oxi-
dized. This su.gests an alpha keto acid as the next step.
This would lose c:rbon dioxide readily to form an aldehyde
which, either during its formation or subsequently, would oxi-
dizé to an acid. - We may lmagine cracking as taking place

first. In that case a fragment of free radical, RCHy, will
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The Oxidation of Hydrocearbons (con.)

exist for an instant. It wmay cowmbine with snother fregment

t

O

form & hydrocarbon or it may meet_oxygen,.in which case
some oxidation product will result. In order to form an
alcohol this free radical would have to meet z free hydroxyl -
group. It is not likely that such are pfesent in fhe TeAC~
tion mixture. Hence, the formation of alcohols would not
seem to,gégbrobable. If a hydrocarbon breaks in two, the
common;;eéﬁlt i§ two acids. We are familiar‘with the oxi-
dation!rﬁbture of ring compounds. We know that cyclohexa-
none .readily yields adipic acid. Aﬁ important achlievement
has been thendirect oxidation of benzene to.fumario and maleic
acids. From the chemistry of triphenyl methyl we know that
a free radical combines instantly with moleculér oxygen to
give a peroxide. The free radicale resulting from the rup-
ture of a hydrocarbon would doubtless cowbine with oxygen
with greet eacge. The unstable peroxides would readily pass
info_more steble forms.

mIn a mixture of hydrocarbong cracking begins not
much above 300°(C. In the oxidations that are carried out
at low temperatures, the acids that are fofmed are comparable
in molecular weight to ﬁhe hydrocarbons which ére oxidize&,
but at high temperatures the products are of much smaller mol -
ecular weights, showing that cracking haé taken place before,
during, or subsequent to the oxidation. . Even when the re-
action vessgel 1s at a comparatively low tempera?ure, the in-
stentaneous local temperature at the part of the hydrocarbon

molecule that is being oxidized may be high enough to cause

cracking.
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The Oxidation of Hyirocerbons(con.)

Z

The objsct of this paper is to stimulate investi-

gation by ceclling attention tc¢ what hasg been asccomplighed

and suggesting linee of future work. ’ It has been shown
that &ll the common classes of orgenic compounds can be proa‘ég
: . s . : <t
duced by direct oxidetion of hydrocerbons.  Tasre are two: gg
. o . . " . =
problems in driving an suto, to get 1t started end to steer p
' L
it. IT it will go, there is & chance of maeking 1t o wher&ﬁ
we want to go. It is the same way with chemical reactimne%g

if they go at &ll, there 1is a chence of influenciﬁg them to
go as we went them. These reactiong goy now let us find ou
how %0 regulate them so ¢s to produce what we want. A
blunderbue loaded with bird shot will hit everytiiing in the
region in front of it, but it does not del;ver enough lead
in any one gpot to accomplisgh anything. In this problem

we are now in the blunderbusg stage: we get a little &f

ORIGINAL IN UNIVERSITY OF R

every%hing; but not enouéh of any one thing to be worth while.
The eolution of the problemn appears to involve two things:
determining the exact conditions for the formation of each
prossible product and devising means for maintaining eny set
of conditions with the necesgszry accurccy.

So far, atalysts have not been found to have much

effect, but the search for & "guitable catalyst" ghould not
be abondoned. We have at our diepossl a wide renge of tem-
peratures and pressures. Other conditions can be varied.

When the titlé for thie paper wae sent in, it was
hoped that the results of a study that has been going on for
more than a year at Johns Hopkins would be far enough along

by thig time for the announcement of the results, but such is
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The Oxidation of Hydrocarbong (conc.)

not the casge. The resgulte will be publiched as soon as they

are complete. A nurber of products that heve been reported
by others have been identified,

It hes seemed to me better to use the time at uy,
dispoal at thig meeting in & general stotement of the present

situation and in an effort to stimulete digcussion end inves—

tigation.
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The .dissociation of a number of physiological active cc.f‘ég
et ’ T 2
s \\\ _ N . . . : . LL. i R
{—onium compounds has been determined in water and in borate buffer éS%i;:
K - d 3
e ™ . ' @
golution at pH = 7.8 by determining the decrease 1n 1or11 able g-j £ gé’
Tem——— n Gl o
.......... [ ‘8 sz
e halogen and also the absence of odor of dissociation oroduots. gﬁ &5 e
o : = &8
£ e . . N = ==
f A nuwber of these substances give no appreclable dissoclation Zngﬁf
: : = pe
: .under these conditions, and yet they show an extreme range in zé%%ﬁ:
\ ) P . O
: . e . . = ==
. physiological activity. These results along with previous work 5
. make certain that the physiological activity of these substances ©
“is not connected with any property that is ordinarily considered
. .+ .chemical. R S
' : - - v *—.‘1
v Both old and new experiments show thﬁt many gul fonium /
- . \»-«..,_,M‘_\ ............................. L
\ - e
) compounds updergo —-onium dissociation very res mJTY Thig 18 1{n
e T et e i, Mm,,..d”"""’ '*»..._\N
marked oon+rast to the Stmblllty of t1e oorreepondlng guarternary
_ammonlum compounds. Adootln@ the KOGSel—hbW1 atom, thls ingta-
b111uy mav e attributed %o the unbalanced structure of the sul-
”\,,M_n~~~~-~_m,,”h~
fonium radloal S ' B \
¢ T — .
e , T
The spaolal oonrlguratlon of the tertiary amines bg
. ,/ e ——————— -~
strikin01y similar to the sulfonlum ions. Sinoe the Tafter have
'b“eﬂ obtained in enantlomoronlo forms “fhe form should also exhi—
cit this phenomenon. The failure to isolate optical isomers
-of'tertiary'nitrogen in compounds where the valences are not fixed
may be explained by a rapid intramolecular shift producing racer-
~mer15ation, S e .
/... . q-.o.: ) \
-Since the Qullonlum oomoounds are more mtablovtuan uhe
s T i e e e s
“;gOYOmlum 1t is p0581ble that enantlomorohlo form of teﬁjlary~oloﬁfw,'

"ﬂp oTus "’ oould be more readily isolated than those of” tcrulary nitro--
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physioéllv from cellulose obtained from the seed

. the same point of view.

.:nished by the laboratories at Darmetadt and Berlin,

one type of cellulose exists, and that th

| _ | | | BB

THE CHEMISTRY OF WOOD CELLULOSE :35%1§
& @ .
) [y .@ ﬂ —
by o HE2S
¢ L Ll o)
Louis E. Wise il = PP
o ég W o

i
ol =
' . L5222
Ever gince Payen found that woody tissue contalne dé?-gg;gég

. : o

S =i =
a resistant, insoluble polysaooharldp (G H,00g), “celluloggijcnggfﬁ %
g S SRS ——TESES
this qubstanoe has been reoognlzed as the characterisifc com- é% g%gggg
L. F: .t'
. D P

ponent of the cell wall. Yet the term substance wmight be 2%5 §
: =Yk

challenged. Cross and Bevan, the great Engligh monograpber"JE5E5

= 2

from different sources as

OR!GéNQ

on celluloge, thought of celluloges

chemically related but by no wmeans identical substances. A

cellulose isolated from spruce wood,admittedly different

nair of the

cotton plant,was also considered chemically different from

cotton celliulose,

Schwalbe in his "Chemie der Cellulosge'! svidences

He speaks of celluloses fcellulo-

searten) and evidently thinks of a number of different com—

Thig generael viewpoint has persisted du’ ag the

-pounds.

paét decade. However, in a recent work of Heuser, largely

as the result of isolated pleces of experimental data fur~

‘ing hypothesis has been formuiated. Heuser points out that

"certain cellulose fractions isolated from straw, wood, and

cotton are chemically very similar, provided sufficient means

of purification are used. Hls hypothesis then is tnat only

this is the seme chemi-
cal individual in all plants. Heuser'e hypothesis, scanty

as are experimental &ata to support it, has, nevertheless, ap—

a new work-
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The .Chemistry of Wood Cellulose (con.)

[a: o
% (2]

pealed to & large body orf investigators. Others, notebly
= . . . .
& gsome of the Americaon chemists, have rejected it.
S
zg The definition of wood cellulose has not been
a:%gT%r\ standardized and depends on the viewpoint of the individual
el AP
w =L e . \ ' . ) . e L
O wmE= ilnvestigoator. There are a number of polysaccharides, in-
> & e
}mé"‘& % timately associated with each other in the cell wall, which
e S =
== g.ﬂ% show similar resistance to chemical &ttack and which have very
o © = : )
bl W
D%m & similar physical pronerties. If we term these collective- !
= 0 8 - ;
\ wuad oo N . ) i
:251525 ly cellulose, then, undoubtedly, the celluloses obtained from
= E =
=
| O
-

different species of wood must be congldered chemlcally dif-
T ferent. If, however, we recognize that a certain portion
of these polysgaccharides in all types of woody tissue is very

similar to, if not identical with, cotton cellulose, Heuser's

hypothegis of the chemical identity of all celluloses of the *
higher plants becomes understandable. o |
Tt ig all a question of a point of view then,.

whether a given specimen of wood contains 45% cellulose or,

16t us say, 60% cellulose.  The adherents of Heuser might

accept the lower figure, while the disciples of Cross and

Bévan aight easily be inclined towards- the highe: figure.
Any progress that is made on the constitution of
- wood cellulose will probably be antedated by progress on the
*constitution of goﬁtbn cellulose. . Von Weimarn,'in a recent
article, claims thet our efforts in-attempting to deterwmine
‘the chemicel s%ructure of cotton cellulose are premature, and
 th8t we should direct our efforts to obtaining microcrystals

“of cellulose. Possibly, he ig right. On the other hand,

i1t would appear important to obtein and correlate data on the-
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¢

Slfullul‘l'ty or dis sa.rulerlty of cellvloses from different

Such date should be vaiusble in indicating whetn—

: sources.
2 er different types of cellulose couvld be used 1ndastr1ally in
i% - the place of cotton or spruce cellulose {where fiber lengih.
2 =0
&“’é%TD or fiber gtructure are not primary considerations). Ior
%5 ?’Eﬁfg example, WE might determine whether purified peplar or long
o1 B82S
m" Cl ) oo N 3
ég.%cvgg leaf pine cellulose could be used equally as well in the
S @ B
g e l\ : L) 1 ) 1
Eg Sjv- rayon industries as codton or spruce cellulosgs, and whether
i - o o .
ép -;;; E E 1 - 0 9 -+ 3
- & o= = other wood celluloses could he used as fubure raw materlials.
GEe8:z ’ | |
éz: = gg for those industries utilizing cellulose nitrates, acetates,
ég §§ggié o '
i o= B E
-ﬁ%’ffm‘ﬂ e ethers.
L Y, | .
= 2o 5] Before discussing the nature of wood cellulose
gg furs her it may be well to outline the;properties of cobton
,g; I cellulose which serves as a standard with which other forms
: of cellulose have been compared Cotton ce“lulose has the
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de 1vatlve and trlacetate) and on compl ete hyzdrolyms vields

Bt

s,

~

it T

-m.‘_“ Nt e

iNLds ce'loblo BB as ceuate

Acetolyms Vi
Methylation foilowed Dy hyiroly-

TS

7 and 'glu"o oggfgcntaacetate .
sis gives a very high yield of a definite compound, 3,3,6~

,t-:f:irﬁcthyl glucose. On the basis of these reactions it

hags -been sssumed that the cotton.cellulose molecule or unit

B
-7 ‘\OII . 4 \O I:I
: \

hosltions (1) and (5), and that the anhydrocelloblose group-
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o
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ine miat oncur in cellulose.
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OH OH § OHzOH E OH 0H H. 0
~ é—— G = 0 = G == 0 —ommeems Oemm G = O - 8 - G - ¢ - CH,0H
( H H H | ® H ‘ g
ﬂﬂﬂﬂﬂﬂﬂ [0 PR | ' LSS o WS |
Various hypotheses regarding the size of the cellu~
lose molecule have appeared in the cellulose literature ' é;
- <
Views on this subject can be briefly summarized as follows ég o
. 52
2 (a) A relatively enormous molecule made up of a number of anhy- - §§¢
¢ ’ . Li] B2 o QY
i : . e
} drodextrose regidues,many of which go to make up the ankhidro- Eg = "‘é’&
: o . : T 24,
‘ ‘ : celloblose linkages referred to above. (v) A large aggre- 3_53 % 2=
mmde uS o i
\ gate made up of comparatively small units, each one of which w8 o
, oS S22 w
. ontalns ‘the anhydroglucose lln rage or the anhydrocellobiose mjggégt:
| BoE 2
11Dka,ge a relatlvely small number of times. "The units are %ggf
= L
o= o
held together in the larger aggregate by means of secoadary %g E;£E§§
®..
Z oM E
valence. - From the work of Herzog and his associates it :ﬁ&g 3
appears that the cellulose units are crystalline and orienta- EEEEZZ
o
o

ted in the cellulose fiber.
The first viewpoint outlined under (a), although

b t#:1 held by individual investigetors, hag been largely re-

%f : plaoed by that referred to under (b). Just what the con-

| st1 uutlon of the 1nd1v1dual cellulosge unit really ig or what

““the forces are that hold these units together sti1l form the

: subgect of extended debates, whichare not included in the

i present paper.
If we accept the idea of a relatively small crvstal~

11;1e wnt in a relativeliy _Large aggregate, & rather drude but

useful picture may be obtained by likening these units to

bricks in the wall - this wall being the cellulose aggregate.

TR,

E e L

The individual cellulose units or bricks are believed to he in

Lhrn Favewn AF rhamhohedra.

o
P

The mortar between these bricks

[
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The Chemistry of Wood Cellulose (con.)

.would represent the secondary velence. If the unite or
bricks remein undisturbed, but the secondary velence ( or
motar) is tampered with, changes in state which are o char-

acterigtic of cellulosge are noted. he individuel unite

or blocks of these units become more or less geparated from

-REITY OF ROCHESTER LIBRARY

bs reproduced withoud psrmizsion.
(s als

each.other, and a greater surface area 1s exposed with the _%ﬁ
- =
various properties thet go with such increzged surface. -
C i
Hydration of cellulose would involve the geparation of unite ;%
without, -however, chemlcally changing the individual units: 5
z m

o]

For example, in the swelling caused by the beating of cellu~

lose in the pregence of water a material is formed which shows

on air_drying an increared hygroscopicity,and an enhanced
hbower'of adsorbing dye stuffs, and a lowered resistance to
certain chemicals. These properties bre éccounted for

in our hypothesis by the inoreasedISuiiace area when the uﬂits
'beqome partially eeparated from each other. Comnlete pep-

tization of cotton in cunrammonium eolutions and in other

“cellulose solvents involves a complete disintegration of the

- cellulose aggregate, with more or less complete sevaration of

the cellulose unites from one another. When cellulose isg

'fpreoipitated in hydrated form from its golg, the bricks or

units are presumzbly in large measgure intact. However, they

" 'no longer precent the same orderly arrangement and orientation

- which was manifested in the original cell wall.

A different picture obteins when the little units
themselves are broken down.  Such degrzdation often follows
the partial or complete disintegretion of the cellulose aggre-

gate (the wall). It is then that the primary valences within

3
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“of the oe71 wall.

~and termed gamma cellulose,

B

The Chemistry. of Wood Celluloge (con.)

the cellulose unit are dl“i&"%ed‘ Hydrolygis, acetolysis
and oxidation of oelluloee are examples of such changes.
Partiel hydrolysis, usually referred to under the obscure
term, ”hydrooelluloee,” would wmean the hydrolysgis of a fraoe
tion of the cellulose units originally present in the aggre-
gate. A simdlar picture would obtain in the case of par-
tialiy oxidized'oellulose (oxyotlluloee). In either case
the pertially<hydroiyzed or oxidized material may be held in
the aggregate CON“lbulnP in ozrt of unchanged cellulosge unlte
In general wood cellulose is defined as & residue
remalnln after some more or léss drastic treatment of wood
to reﬁoVe'ligqin and some of the legs resistant carbohydrates
Suon treatment might involve the pre-~
par atlon of’ onemloal pulp by any of the well-known pulping
prooessee(iollowed}by mild bleaching; by treatment with
ehlorroe}droxide followed by sodium sulphite; by treatment
Withipﬁeﬁolsinfthe presence of catalysts; by bromination
foliowed by treatment with ammonia;or by a chlorination meth-
od followed by suitable alkallne treaument In the United
States at 1east tho term, wood oelluloge has generally re-
ferred to_the residue 1solated by & chlorination method.
This residue, when gsubjected to further purificaikion, such
a8 olgeqtlon with cold alksli and careful washing, has been
The soluble portionlremoved from

termed alpha cellulose.

cellulose may be separated further into two fractvions, the

I

one Dreolplt ated by acids and arb: trerlly termed beta cellu

lose and the other remaining dissolved after such treatment

To the best of our knowledge
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The Chemistry of Wood Cellulose (con.)

neither tm, beta nor the gomma fractions from different woods

P
A . =
have been critically investigated. It ig the alpha cellu- ;5 |
, _ ) ] ) =N
lose From wood which most closely resemblesg the celiulose of L

| | R R
cotton.- el 2T |
- NSESS
We have spent some time in preparing samples of e =N

alphe cellulose from diffsrent species of wood by the chlo~ Dgég'FEt:

. e 2= 02 :
_ =2 g
: , rination method end im-investigaling these products by the 'x.E§-$§§5

. ’ ) R . 5 prgten -+ = |
acetolyms reaction. This work was done by Mr. Russell, ggé g? = |
| o EsEs
formerly of Syracuse University, now in the New Jersey Exper- = & &
o T « | SgFS
iment Station. He found that,on treating alpha cellulose 23?3&% 5
oL e O
. : . . . - ~d o b
(obtained from various commercial species of wood by repeat- %TECD
ed chlorination followed by sulphite treatment, and finally %g
)

oy treatment with 17 5% sodlum hydroxide) with ecetic anhy-

dride in . tne ‘presence of sulphurlc acid, appreciable amounts
of-oellobﬁ@se octaacetate were obtained in every case. A ,
series of quantitative studies carried out under identical

conditiong, using thermostat control, gave yields of cello-

Tl

bioge octaacetate which vary from 84 to 33% of the theorebi-

cal vield. Highly purified cotton cellulose under similar

conditions yielded'apprbximately 35% of the octaacetate.

The results of Mr. Russell's experiments are given in the
appended table. Besides this, Mr. Russell found that care-

fully purified cellulose obtﬁnéd;from long leaf pine by the

sulphate process and from spruce by the sbiphite process also
yielded appreciable amounts of celloblose ochaacetate; 55% in

the fizst case and over 30% in the second. It is evident,

then, thet,as far as the cellobiose reaction is conceraed,

wood celluloge from different sources and that isolated by

o
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different methods from the -same source behave very similarly E%t@_g .
- g8 5w
to cotton cellulose, and that the cellobiose grouping is char- = d%f.,%}?}
Lig 38 2 ey
. s , : el = Yl
acteristic of all the celluloses studied. Sy ow
Q o~
' . . O < I~
Alpha cellulcse from wood has other properties in uﬁé%égr—
S =R
L) 1 ! J=are ."":"“
comxnon with those or cotton cellulose. For excmple, Heuser i ggt
s " :
]
gnd hig co-workerg have shown that both may -be hydrolyzed al- &:; i{g’ g;%
= ' : = O @9 =
’ s PR . mopm g L
% most quantitatively to d-glucose. The rate of hydrolysgis % eﬁ‘m
s - P .23:.1;&1‘
after peptization of the cellulose by means of acid 1s nearly = o5 S
: : R
- E=g
<
2
O

identical with thet of cotton cellulose.
Hertzog and hieg collaboretors at Berlin, using the-

XZray method, have obtained interference figures from cotton

celluloge which are R;actically identical with those of wood

cellulose. - :
" " Hess and his co-workers at Berlin have shown that,

when equal “@&mounts of purified cotton cellulose and cellu—

lose obtained from spruce wood. are dissolved, eachain a de-
zed cuprammonium solu-

finite volume of a carefully stendardi

tion with exclusion of air, the specific rotations of thesge
Thus, @ cupram-

two solutions are vpractically identical
monium golution of cotton representing four molecules of cel~

lulosge to ten molecules of copper per hundred literg of solu-
Under similar conditions & solu-

o= -3.36°. &
The completed

tion showed of=
| ~3.29°,

tion of wood cellulose showed &lz
rotation curves of the cotton celinlose cuprammonium complex

the spruce wood cellulose cunrammonium complszx were., to
£ Iy ?

o

an
all intents and purpossg, identical.
t has algo been shown thas

on of wood cellulose yield whet scemed to be

acetylation of cotton

A

H

t
-

and acetyle
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idenitcal celluloese triacetates in very nearly the same amount

Nitration of wood cellulose yields nitrates very similar to

thoge obtained from cotton.

Q

These facte taken by themselves would argue for the

identity of cotton and alpha wood cellulose were it not for'a

few disconcerting pieces of experimental data which may be in-

terpreted in several different ways. Sherrard and Blanco

have shown that alpha cellulose from some coniferous woods

yields gmall but appreciable quantities of mannose on hydroly-

gis. Furthermore, Mr. Russell and I have shown that wood

cellulosé isolated from the hardwoods, even when carefully
purified,still contains small amounts of furfural-yielding

gubgtances or substances related to furfural.‘ This same

finding hes beenﬁmade:by*ﬁhe;chemists of the Forest Products

Laborgtory.

The question now arises, do these data vitiate

Heuser's hypothesis that wood oelluloée and cotton cellulose
are identicel, or cen they be brought into harmony with it?

It must be assumed at the outset that the wood cellulose ag-

gregate is a very variableée one. It is doubtful whether the

same investigator can succeed in isolating the identical ag-

gregate from the same smmple of wood in two successive experi-
menvs. This does not mean that the great majority of the

uriite. in such an aggregate (in the cese of alpha wood cellu-

¥ose) may not be identical with the unit in cotton cellulose.

If this is true, those units which are chomically

not iden%ical with the cotton cellulose unit and which may

make mp a part of the wood cellulose aggregate, might reason-

v oree
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ably be considered units of those carbohydrates which become

intimately associated with the cellulose units during the

growth of the cell, The fact that some of these adsorbed

carbohydrates remain closely assoclated with the cellulose
even after drastic trestment which would normuzlly dissolve

pentosans, mannans, etc., is not out of harmony with our

general knowledge regarding changes in.the properties

stances following adsorption. Furification of wood cellu—~

loge always involved the attempted rémoval of extraneous ma-

terial with a minimum change in the cellulose. On the
other hand, it does not permit the solution and reprecipita-
tion of cellulose under conditions which might favor the

removal of extraneous makerial, and it is common knowledge

that solids held by gelatinoue.preoipitates may be exceedingly

difficult to remove, End that in the past

been mistaken for chemical compounds. Taking these facts in-

to consideration, and realizing that cotton and wood cellulose

may have many chemical properties in common, 1t appears to

formulate an hypothesis for the structure of wood cellulo
hich is very similar to that advanoed for cotton cellulose.

In the case of the WOOd cellulosge aggregate (the wall), most

of the units (brloks) appear to be identical with those in

the- cotton cellulose aggregate. Varying amounts and vary-

ing types of other units, however, may also be present in the

wood celluloge aggregate, such units being associated with

the celluloge units during growth. The number and type of

these foreign units depend on the conditions of cell growth

‘and also on the purification to which the wood celluloge has

of sub-

g0lid solutions have
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been subjected.

The hypothegis naturally accounts for any mannose
that may be found in hydrolysis mixtures obta&ﬁed from the
cellulose oflooniferous woodeg. It also explaing the pre;
sence of furfural-yielding substences which contaminate the
alpha cellulose isolated from hardwood.

While this hypothesis is no more than a working
hypothesig, wnd while the brick wall analysis must hot be
taken too literally, 1t appears more reédily acceptable than
an hypothesgis which admits the pogsibility of a'different
cellulose unit or molecule for each species of;wdod. Fur—

thermore, 1t agrees with the more modern viewpoint on cotton

cellulose, its flgxibility is apparent, .and it accounts satis-

factorily for any percentage of pentosans or foreign hexosans

thet may be found in the cellulose aggregate. Up to the
present no experimental data appears to contradict the hypo-
thesis, but it muet be remembsered that the wood cellulose
aggregate has<not‘been ekplored with the gome degree of tho-
roughness that has marked the study of cotton cellulose.
Until this has been done, the preceding hypothegisg memains

little more then a stimwlus to further research.
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PENTOSAN: JONTENT OF VARIOUS CELLULOSES

AND YIELDS OF CELLOBIOSE OBTAILWED

Celluloge from

Percentage yield of
Pentogsan Content Cellobiose octaace~
Calculated from tate (in round num-
Furfural Yield bers) based on theo-
retical yield of
2.C9 grams of the
acctate from 1 gram
of geiluloge

P ine 1.5 _ 2

f;Balsam 1.7 387
Spruce 2 1.5 a7
Cedar 2.0 27
Hemlock % 1.8 25
COTTON ; 1.15 33 t0 25.5

\ Birch 3.3 28
éMaple 2.3 39
éAspen 4 5.6 34
ggeech 3.8 B3
e 5.0 26
5\ % |

OHEGM\;EA’L I s;mfé‘vm:_;»s‘f’ff‘ OF HUCHESTER LIBRARY
Not tg ba FepTosuced withou! permission,
NOTIGE: This material is also protected by

Copyright law (Title 17 US Gode).




ASP0D SN /1 opiL) me) 1ybufdos : _,/..
AQ pajos10ud osje ) jepeieL SUL IDLON :
Pl UosesiLLed oYUM poanpoids) & 61 10N
R . AHYHEIT 431S3H00Y 30 ALISHIAINNG NI TeiioiMn

[
Q
© g
O 4]
g ~
(] (4v]
= =
._.,, > Mr.w W
B Q o
0 5 5 h
4 o £ 2 Iy g
5 it ey o g < P ~ o
-~ a5 C:l. S ﬁWﬁ e8] + A M .—.ﬂHHV -t / M ww
1 N o el I H < 7 z
[} Sl 1 /.i/. i 1 ol A ) o w/ﬁ\ﬂﬁu}.l,.., = WH;/.,L ﬂ.ﬂ..w ﬂﬂ“ul»x./ / a0
@ I A2\ B = I , | MM/\ =
| ! N ’ o R4 N {1 [}
M 1 - O 4 T\, ) O Nb _mx N1 2 WV\ 0
=i 1 o i N ﬂ\.ry* W - = Nedae b g 2 oA
o ST 5 ey ,,L .m V</J(\J WA.\.V/ % ﬂ < V.m/ < _/ﬁ _w. o
y A I Y { — o S - 1
S ] “ c m%wu,xh_ S5 09 e R S PN PR e
. : 1 N — & o AN ® O
\ y . 1 g I S © et NIRRT ™ o=
R C A o h (T o g ° R -
- s, . ! 1 o | ) < NS | < N
1 W o R 1 e - X. N ’ i = %) it W/\u = —
! © e A =
- w M;\v~ Th < 8 ¢ /%W N
o ] &
b 5 e Ryt
£ | | o )
w 1 O o ¥ \
-~ i < Vu...l(\
g ! s — £
{ as 1 - | 3 3]
>} _.MM i O m-0-0 o ]
%52 o e ] b
24 . Mu..\. " - B o
8 £ S T o-0 o S
B 8 1 0
2 i = E
M- _ i )
i O
o o
N %)




