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Fredrik Woldemar Klingstedt +

Den 23 februari detta ar avled professor Fredrik Klingstedt
vid den hoga aldern av 82 ar. Med honom gick en méngsidig
finlindsk kemist och tekniker ur tiden. Hans franféille kom som
en stor 6verraskning, ty in i det sista var han verksam som fore-
dragshallare, d& han vanligen redogjorde for sina problem och
erfarenheter i industrins tjanst och huru det lyckats honom att
bemaistra dessa.

Klingstedt foddes den 19 oktober 1881 i Tavastehus lands-
kommun. Efter avlagd studentexamen vid Nya Svenska liro-
verket i Helsingfors ar 1900 begynte han sina studier vid Hel-
singfors Universitet (Kejserliga Alexandersuniversitetet i Hel-
singfors) med botanik som huvudémne. Lingre fram kommo
studierna med tanke pa framtiden dven att omfatta laudaturs-
kursen i kemi och till f6ljd av Ossian Aschans inspirerande
experimentalundervisning inriktades dessa studier framst pa
den organiska kemien. Genom Xlingstedts deltagande i den
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politiska kampen under detta sekels forsta artionde — i vérn-
pliktsstrejkerna och det Aktiva motstandspartiets verksamhet —
ledo studierna givetvis ett ritt stérande avbrick. De resulterade
ar 1911 i en filosifiekandidatexamen med hogsta vitsord i bade
botanik och kemi. Klingstedt hade redan 1910 anstéillts som
privatassistent hos Aschan och blev 1912 agsistent vid Universi-
tetets kvalitativa avdelning i kemi. Han foreliste samtidigt
grundkurgsen i organisk experimental kemi och dessutom ar
1913 en liknande kurs vid de akademiska sommarkurserna i Abo.
Efter att aren 1913—16 ha forestatt den organiska avdelningen
vid Statsuniversitetets kemiska inrdttning drogs han over till
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industrien och anstélldes som laboratoriechef vid A.B. Astroms
Fabriker i Abo ar 1917. Han blev redan under samma ar teknisk
ledare for fabriken och slutligen ar 1920 bolagets verkstillande
direktor. For ndmnda fabrikers rikning foretog han detta ar en
studie- och affiirsresa till Frankrike och England, varvid han
genom kemisk-tekniskt arbete deltog i utredningen av rantabili-
teten hos en fransk tvalfabrik for ett fransk-ryskt konsortiums
rakning.

Emellertid tillfredsstéllde den industriella verksamheten icke
Klingstedt i langden. Vid sitt intrdde i industrien hade han ej
helt frangatt tanken pa att vidga sina kunskaper inom kemiens
olika omraden och som slutmél hidgrade vinnandet av filosofie-
doktorsgrad. Han limnade Astréms Fabriker och begav sig i
borjan av ar 1921 till Zirich for att vid dess universitet &ter-
upptaga sina studier i kemi. Vid denna tid hade vissa grenar
av den fysikaliska kemien dven p& den organiska kemiens om-
rade utvecklats ritt kraftigt och under professor Victor Henrys
ledning utférde han bland annat omfattande undersckningar
6ver organiska foreningars absorptionsspektra i ultraviolett,
vilka till en del kommo att bilda grunden fér hans licentiatav-
handling. Han var samtidigt forskningsassistent hos Henry och
undervisningsassistent vid avdelningen for fysikalisk kemi.
Under ferierna foretog Klingstedt korta studieresor till Wien
och Paris. I april ar 1923 avslutades studierna i Schweiz.

Klingstedt hade redan under forra delen av varterminen &r
1919 som vikarie for professor Wahl foreldst grundkursen vid
Abo Akademis kemiska institut. Han hade tidigare tillsammans
med dr.ing. Lennart Forsén och dipling. Berndt Grénblom
deltagit i den férberedande planldggningen av Akademiens
kemisk-tekniska fakultet och det var dven darfor ratt naturligt
att han ville dgna sina krafter 4t denna hoégskolas undervisning
och utveckling. Klingstedt var till en borjan tillfillig assistent
i fysikalisk kemi (vt. 1924) vid Abo Akademi. Hésten 1924
forordnades han att handha den till e.o. professuren i organisk
kemi horande undervisningen. Efter att den 22 maj 1924 ha
disputerat pa en avhandling. ”Uber die ultravioletten Absorp-
tionsspektren einiger Mono- und Biderivate des Benzols” ut-
niamndes han ar 1925 till docent i kemi vid Akademiens Matema-
tisk-naturvetenskapliga fakultet. Han forordnades att fran ar
1925 bestrida e.o. professuren i organisk kemi och under var-
terminen 1928 handhade han kemiprofessuren vid Akademien.
Den 24 maj 1928 utndmndes han till ordinarie professor i kemi
vid Abo Akademi, och innehade denna tjinst till 1931, da han
overtog den efter professor Erik Hégglunds avgang ledigblivna
professuren i skogsprodukternas kemi och kemiska teknologi
vid Akademien. Jamsides med sin ordinarie verksamhet som
professor hade Klingstedt ofta dven andra uppdrag vid Aka-
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demien. Bl.a. var han férordnad att uppriitthalla den till lekto-
ratet i fysikalisk och elektrokemi hérande forelisningsverksam-
heten fran den 18 oktober 1929 till den 1 juli 1930. Frian den 1 juli
1930 forordnades han att bestrida professuren i skogsprodulk-
ternas kemi och kemiska teknologi jimsides med handhavandet
av sin ordinarie professur i kemi. Fér sin nya undervisnings-
uppgift var han vil dgnad, d& han i samband med sin licentiat-
examen hade avlagt hogsta vitsord i skogsprodukternas kemi
och kemiska teknologi och dérefter sidrskilt dgnat sig at tri-
och cellulosakemisk forskning, ett omrade som dittills i mindre
grad beaktats av vetenskapsminnen. Hans gedigna kunskaper
bade i organisk och fysikalisk kemi samt i vixtanatomi och
-fysiologi underléttade ndmnda forskning och svarade for exakt-
heten i det experimentella arbetet. Tack vare sitt klara intellekt
och sin kritiska formaga att skilja mellan vésentligt och mindre
viktigt har Klingstedt icke kommit bort sig bland sma detaljer,
utan stddse haft att giva sina medarbetare nya aktuella uppslag
till deras studie- och forskningsuppgifter, vilka sedan blevo
foreméal for hans insiktsfulla handledning. Genom utmérkta
foreldasningar sokte han vicka sina ahorares intresse for kemisk
vetenskap och teknik samt giva lingre komna elever impulser
till egen forskning. Klingstedt fungerade som kemistklubbens
ordférande fran 1925 till 1945, Genom sin verksamhet i denna
studentklubb blev han i tillfalle att knyta bestdende band med
sina elever, och bistd dem med rad och dad dven i andra han-
seenden dn i dem som direkte gillde studierna. Klingstedt hade
under sin verksamhet som professor vid Akademien méanga olika
slags uppdrag fran industrien och efter krigsaren beslét han sig
slutligen for att pa en delvis mera praktisk bas fortsitta sina
forgkningar inom industriens ram. Han erholl fran och med
hostterminen ar 1944 partiell tjinstledighet fran sin professur
med skyldighet att endast verkstilla de till tjénsten hérande
slutforhoren fér diplomingenjérsexamen.

I slutet av ndmnda ar utférde han vid Ab. Wilh. Schaumans
Fanerfabrik i Jyvéskyld understkningar i syfte att ur sulfit-
avlut soka erhalla for fanerlimning eventuellt anvindbara pre-
parat. Ar 1945 anstiilldes han som laboratoriechef vid Kauttua
bruk, varvid verksamheten i huvudsak forlades till pappers-
foradlingsfabriken Euran Paperi Oy, dér losandet av manga-
handa och ofta bradskande forskningsuppgifter och tillverknings-
problem tog hans tid och krafter stringt i ansprik. Ar 1947
overflyttade han till Wirtsili Cellulosa Ab, Adinekoski, dér han
blev avdelningschef for bolagets kemiska fabriker och samtidigt
overvakade laboratoriets verksamhet samt ledde dess forsknings-
arbete. Aven den med instruktioner for anvidndningen férenade
forsdljningen av de losnings- och mjukningsmedel fér lack-
industrien, vilka utexperimenterats vid den kemiska fabriken,
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anfortroddes honom. Till {6ljd av sin stora arbetsborda sag sig
Klingstedt emellertid nu tvungen att anhalla om avsked fran
sin professur, vilket beviljades honom den 1 juli 1947. T slutet
av ar 1948 anstéilldes han som konsultativ kemist vid Kymmene
A.B:s Centrallaboratorium. Vid dess forskningsavdelning togs
hans grundliga kunskaper och tekniska forfarenhet i ansprak
vid bearbetningen av de manga aktuella problem, som férelago
inom denna stora koncern. Forskningsavdelningens bade om-
vaxlande och intressanta arbete, som fortlopte mycket friktions-
fritt i samarbete med de olika fabrikernas chefer och laboratorie-
chefer, omfattade mangahanda problem inom savil pappers-
som massatillverkningen samt den kemiska industrien.

Den 1 oktober 1952 avslutade Klingstedt sin verksamhet vid
Kymmene bruk och hidrmed dndades hans bana som kemist.
Han blev nu i tillfille att dterupptaga sina aldrig helt gravlagda
botaniska studier, vilka han i man av sina krafter &nnu var
sysselsatt med dnda till sin dod.

Bade Kemistsamfundet och Kemiska sillskapet i Abo ha velat
betyga sin uppskattning av Klingstedts insatser pad kemins om-
rade genom att kalla honom till hedersmedlem inom for-
eningarna.

Om Klingstedts verksamhet utom Akademien och storindu-
strien ma hir ndmnas att han aren 1908—13 var forestandare
for Helsingfors stads svenska arbetarundervisningskurser. Under
aren 190716 var han redaktor for mellersta Nylands lokala
tidning Veckobladet och ar 1916 redigerade han dessutom Finska
Kemistsamfundets meddelanden. Aren 191118 fungerade han
som ordférande i Nylands svenska ungdomsforbunds styrelse
och under samma tid skotte han tidtals vikariat vid Mellersta
och Ostra Nylands folkhdgskolor samt holl dirutéver flere fore-
lasningskurser frimst pd den nylindska landsbygden. Under sin
Abo-tid var Klingstedt lirare i kemi, fysik, mineralogi och
geologi vid Hogre svenska lantbruksldroverket 1923—31 och
193244 lirare vid samma skola i agrikulfurkemi- och fysik.

Det ma dnnu ndmnas att Klingstedt, delvis med understod
av Societas pro Fauna et Flora fennica och samfundet Ostro-
bottnia australis, bedrivit floristiska studier pa Aland &ren
1901—03 och senare i flera olika delar av stdra och mellersta
Finland é@nda upp till Jakobstad och Sotkamo i norr, varvid
ett stort material av foretrddesvis s.k. kritiska véxtgrupper
insamlats och 6verlimnats framst till Helsingfors universitets
botaniska museum och bl.a. &ven till Abo Akademis samlingar.
Med understéd av sillskapet for Finlands geografi deltog han
ar 1909 i en geologiskbotanisk forskningsfiard till Fiskarhalvin
vid Murmankusten. Under prof. W. Ramsays ledning medver-
kade han ar 1915 vid en undersékning av den varviga leran och
landisens avsméltning i dstra Nyland mellan Lahtis och Lovisa.
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Klingstedt var en siregen personlighet. Han var begavad,
rik pa initiativ och hade méangskiftande intressen.

Han var stédse beredd att hjdlpa sina elever och vinner med
goda rad och handledning. Han visade aldrig otalighet utan gav
sig tid att diskutera dven personliga problem trots att han hade
manga jirn i elden. Mahinda atog han sig ibland for manga
uppdrag pa en gang, men genom sitt klara omdéme kunde han
dven i tid avgora vad som det lonade sig att fortsitta med och
vad som miste frikastas. Han sig de stora linjerna och bet sig
icke fast i tidsodande smé detaljer. Klingstedts méanga tillgivna
vinner sorja nu med saknad en aktad och avhallen medmén-
niska.

Helge Aspelund
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Chromatographic Studies of Thiolignin
Degradations with Raney Nickel and
Various Other Reagents

By Terje Enkvist, Kaj Héstbacka and Sakari Kantele.

Chemical Department of the University of Helsinki— Helsingfors.

Thiolignin preparates were prepared by heating spruce wood at 100°C with
a buffered solution of sodium hydrogen sulfide at pH 8.5, and extracting the
filtered and washed wood with 70 9, ethanol or first a mixture of ethanol and
acetone 1:1 and finally with ether. The sulfur contents of such preparates
were usually 8.5 9%, corresponding to one sulfur for every two phenyl propane
units. Treatment with sodium metal in dioxane solution and partial desulfida-
tion gave a total yield of about 25 9%, of ether soluble degradation products
(prep. K 27 -+ K 28, table 2, scheme VIII). Most of the sulfur could be removed
by refluxing the thiolignin with Raney-nickel in ethanol. With this treatment
the ether insoluble thiolignin (4.9 9, of the protolignin of the wood) gave ether
soluble products in a total yield of about 40 9. With column and paper chro-
matography at least 13 different substances could be discerned, of which 4
could be chromatographically shown very probably to be 1-p-guaiacyl propan-
1- and -3-ol (I resp. 1I) as well as p-propyl guaiacol, and p-ethyl guaiacol re-
spectively (formulas ITI and IV). The presence of p-propylguaiacol and p-ethyl-
guaiacol was confirmed by gas chromatography. Upon treatment of Bjérkman
lignin with Reney nickel & small amount of 1I seems to be formed, whereas
the thiolignin model 2,2’-divanilloyldiethylsulfide (VII) at similar treatment
gave spots corresponding to I and IIT, These results seem to indicate that sulfur
in the thiolignin in question is bound in g as well as in p-position in the propyl
side chains.

Pugrpose of the investigation

The present work comprises attempts to degrade thiolignin
with high contents of sulfur (cf 1, 2) by treatment of the lignin
dissolved in dioxane with sodium metal and especially of lignin
dissolved in 96 9, ethanol with Raney nickel. The lignin used
was obtained by digestion of spruce wood with a buffered sodium
hydrogen sulfide solution at pH 8.5 and 100°C and filtration and
extraction of the digested wood with 70 9%, ethanol or a mixture
of ethanol and acetone. The starting material differs from that
used by J. J. Lindberg and one of us (E) (2) as well as that of Th,
Ashorn (3) in so far, that those authors studied the low mole-
cular substances found in the filtrate and isolated from it by
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extraction with ether. The experiments of sodium metal treat-
ment go back to earlier observations by Kauko Niiranen (4)
who found that kraft lignin of various kinds gave yields of up
to 34 9, of ether solubles upon dissolution in dioxane and treat-
ment with sodium metal and dimethyl sulfate, and also to the
still earlier observations of (5) that about half of the sulfur of
thiolignin with high content of sulfur is split off by heating with
sodium hydroxide solution at about 160°C. They are also related
to the observation of Enkvist and Halmekoski (6), that most of
the sulfur of kraft lignin can be removed by heating with zine
and sodium hydroxide solution. The experiments with Raney
nickel in themselves are an application of the observations made
at C. Juslén’s and author’s model experiments (7). According
to them, sulfidic sulfur in several thiolignin models is removed
by Raney nickel with, splitting of the molecule to degradation
products of a lower molecular weight than that of the starting
material.

For comparison, the thiolignin was treated also with active
carbon, periodic acid in acetic acid solution and with acetic acid
alone.

Treatments with active carbon, with acetic acid, and with
periodic acid

These treatments are described in the experimental part,
p. 50

Analytical data for the original thiolignin preparates and for
the same preparates after treatment with active carbon, acetic
acid, or periodate are given in table 1 and its notation. These
reagents do not seem to exhibit any real desulfurization.

Heating with »Doctor’s solution» (sodium plumbite) instead
of the shaking at room temperature used at the »Doctor test»
(8), seems to be a simple test for the presence of elemental sulfur.
Crude thiolignins contain such sulfur, but it seems to be present
only in small amounts (about 0.1 %), p. 49 The question of
elemental sulfur in thioligning has been discussed in a sepa-
rate paper (27).

Treatment of thiolignin dissolved in dioxane with sodium metal.

The treatment was made in boiling dioxane as described in
the experimental part, in Scheme VIII and in table 2. Upon
separation, the reaction product could be divided in several frac-
tions, one of which (K 28) obtained in a yield of 17.5 %, was
a liquid at room temperature and soluble in chloroform and in
ether. Analytical data for the fractions are given in table 1 and
2. The liquid fraction K 28 could be sublimed in vacuo, but the
obtained distillates showed only flat ultraviolet spectra.

387 —

Table 1. Attempts to desulfidate the thiolignin preparates K 5 and K 6.

Treatment Product of treatment
Starting material: thiolignin K 5,
containing 11.05 % S Prep. No %8
Active carbon K 8 8.6
Periodate K 9 8.6
Acetic acid K10 8.6
Periodic acid K11 6.9
» » K12 7.5
Raney nickel K 13 4.7
» » K 14 2.8
» » K 15 8.1
Start.mat.: thiolignin K 6, 13,6 9% S, 14.8 9, OCH,
Raney nickel K 16 5.6
0 » K 17 3.5
] » K 18 4.8
] » K 19 3.2
Sodium metal in dioxane K 22 6.3
» » » » K 23 7.1
" » » » K 24 1.8

Table 2. Products from treatment of the thiolignin preparate K 7 with sodium
metal in boiling diozane.
Equivalent weight by

Proparate  Yield, 9 % S %OCH, Acetylation Sﬁ%‘g’:n
K 7 1001) 11.5 12.1 204 140
K 25 about 9 5.9 11.4 420 241
K 26 16.1 7.5 12.3 745 411
K 27 7.8 8.3 10.1 594 380
K 28 17.5 5.0 12.4 465 316
K 29 0.6 9.8 12.3 — =
K 30 32.1 5.5 8.0 575 294

1) Starting material.

Desulfurization of thiolignin in alcoholic solution with Raney
nickel.

The treatment was made in boiling 96 9, ethanol with an
excess of Raney nickel. Theresults (exp. part, p. 52-53) (contents of
sulfur, see table 1) showed that the main part of the sulfur formed
nickel sulfide, and that about two thirds of the organic matter
was soluble in chloroform after the reaction and about one third
also in ethyl ether. The fraction soluble in chloroform was sub-
limed in vacuo and the various fractions gave rather sharp ultra-
violet spectra with »red shifts» on addition of alkali clearly indi-
cating the phenolic nature of the substances (figg. 1—6).Some
comparatively small amounts of phenols with conjugated double
bonds of the acetovanillone or vanilline type are also indicated.

The ether soluble matter was chromatographicly investigated
mostly on formamide impregnated paper using the following
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Figg. 1—6. UV spectra, whole line in 96 9, ethanolic solution, concentration
about 10 mg/l. Dotted line: in 0.6 N alcoholic KOH.
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Fig. 1. UV-gpectrum for preparate K 24 (table 1), vacuum sublimate
at 100—150°.

2,500

2.000

1.500 L ' L
250 300 350 %-mp

Iig. 2. UV-gpectrum for preparate K 14 (table 1).

developing solvents: A) methylethyl ketone-xylene 1:1 (Freuden-
berg—Lehmann 1T (9)), B) chloroform C) ligroin of B.P. 100—
140°:xylene 98:2, D) the same 1:1. Further chromatograms were
made on unimpregnated papers and E) ethanol: conc. NH,:
water 80:4:16 as developing solvent. The chromatograms were
sprayed with, diazotized p-nitroaniline (10), p. 55., diazotized
sulfanilic acid (11) or, in one case, silver nitrate-ammonia (p.
55). The ether soluble matter was also investigated by column
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Fig. 3. UV-gpectrum for preparate K 17 (table 1) vacuum sublimate < 100°

2.000 | I 1
250 300 350 A =my

Fig. 4. UV-gpectrum for preparate K 17 (table 1), vacuum sublimate
at 100—240°,

chromatography, using polycaprolactam (perlon) powder im-
pregnated with formamide, and as eluent first the solvent A,
and for reinvestigation of the fractions 42—59, the solvent B.
65 paper chromatograms were run, of which some are presented
in the figg. 7—10, chromatograms 1—13, and tables 4—11.
For comparison, the following substances were prepared: 1-p-
propylguaiacol (III) I1-p-ethylguaiacol (IV), 1-p-guaiacylpro-
pane-1,3-diole (V) and the isomeric 2,3-diole (VI). In addition,
38 known substances were chromatographed for comparison.
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| |
250 300 350 A =mp

Fig. 5. UV-spectrum for preparate K 19 (table 1), vacuum sublimate
at 100—150°.

| |
250 300 350 L=mu

Fig. 6. UV-spectrum for preparate K 19 (table 1), vacuum sublimate
at 160 —200°.

In the present work, as in other studies at this Institute,
observations were made of the colorations of spots of different
phenolic substances upon spraying with diazotized p-nitro-ani-
line (compare (9)). In additions to the colorations given in table
11, some examples of these colors are given below, together with
approximate R; values (in parenthesis) in the solvent systems
A--F. The R; values can vary considerably at different experi-
ments.
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Figg. 7—10. Numbers above starting line (descending technique) corresponds
to the preparates H 2 — H 9. Crosses mark the starting spots. Big numbers on

chromatogram give the chromatogram No.
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a) violet:

Fig. 7. Chromatograms 1—3.

guaiacol (A 0.62, B 0.76, C 0.28, E 0.85)

vanillyl alcohol (A 0.13, B 0.21),

apocynol (A 0.23, B 0.44, E 0.85),
p-gusiacylglycerol (B 0.0, E 0.71),
4,6-dimethylolguaiacol (B 0.02),
1-p-guaiacylpropane-1,2-diol (B 0.07),
1-p-guaiacylpropane-1,3-diol (B 0.31),
1-p-guaiacyl-3-hydroxyacetone (A 0.06, B 0.27),
dehydrodi-isoeugenocl (B 0.94, C 0.59, E 0.87),
dihydrodehydrodi-isoeugenol (A 0.75, B 0.41, C 0.04),
vanillic acid (A 0.12, E 0.85),

pinoresinol (B 0.30, C 0.0),

diguaiacylmethane (A 0.64, B 0.85, C 0.85, E 0.90),
coniferylalcohol (A 0.17, E 0.84).

The characteristic for this group seems to be a phenolic hydroxyl group in
ortho-position to a methoxyl group, and para to the phenolic hydroxyl, benzyl-
alcohol group, hydrogen, methylene, or carboxyl group.

b) red: phenol (A 0.73, B 0.41, C 0.004),
o-cresol (A 0.78, C 0.07),
m-cresol (A 0.72, C 0.04),

p-
P-

ethylphenol (A 0.82, C 0.18),
propylphenol (A 0.88, C 0.39).
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Fig. 8. Chromatograms 4—17.

These are monophenols without oxygen-containing substituents other than
the phenolic hydroxyl groups.
¢) weak carmin: vanillin (A 0.44, B 0.75, E 0.68),
acetovanillone (A 0.50, B 0.83, C 0.02, E 0.71),
propiovanillone (A 0.67, B 0.90, E 0.71),
w-hydroxypropiovanillone (B 0.25, K 0.71).

All these have a carbonyl group in a-position to the benzene nucleus and para
to the phenolic hydroxyl group.
d) blae: 2-p-guaiacylethanol (A 0.20, B 0.29),
p-guaiacylpropane-2,3-diol (B 0.04),
1-p-guaiacylpropanol-2 (B 0.58).

These have a —CH,.C— side chain containing OH para to a phenolic hydroxyl
groups in a guaiacol nucleus, with CH, in a-position to this nucleus.

e) yellow; often later chainging to blue: p-cresol (A 0.78, C 0.07),
creosol (A 0.71, C 0.43),
isoeugenol (A 0.82, C 0.58, E 0.88).

Thege have an alkyl side chain para to a phenolic hydroxyl group.

f) yellow: resorcinol (A 0.18, B 0.011, C 0.044, D 0.81, E 0.81),
pinosylvin (A 0.73, B 0.21, E 0.86).
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Fig. 9. Chromatograms 8—10,

These are resorcinol derivatives.
g) violet or green, changing to ochre or brown:
pyrocatechol (A 0.24, B 0.05, E 0.80),
methylcatechol (A 0.42, B 0.10),
ethylcatechol (A 0.54, B 0.31),
propyleatechol (A 0.72),
protocatechuic acid (E 0.42).
These are pyrocatechol derivatives.
h) green or yellow green: 1-methylcyclopenten-1-0l-2-one-3 (A 0.35, C 0.022),

Some of the easily volatile fractions can be satisfactorily
separated only in the ligroin-xylene mixtures of all the paper
chromatographic systems used in the present investigation. In
order to study these fractions further, some gas cromatograms
were carried out for the total ether extract from thiolignin
obtained after treatment with Raney nickel. A Perkin—Elmer
Model 154 Vapor Fractometer gas chromatography was used.
The results are given in figg. 11--12.

The results of the chromatographic studies was the following:
The ether soluble degradation products of thiolignin upon treat-
ment with, Raney nickel are giving at least 13 different spots on
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Fig. 10. Chromatograms 11—13.

the chromatograms. Of these 3 could be already identified with
a high degree of probability on the paper chromatograms as p-
propylguaiacol (I1I), 1-p-guaiacylpropanol (I} and 3-p-guaiacyl-
propanol (II). Further, spots corresponding to p-ethylguaiacol
(IV) can also be seen on the chromatograms 4 and 5 (fig. 8)
in the ligroin: xylene system C. The presence of III and IV was
clearly verified by the gas chromatograms (figg. 11—13). The
other spots were unidentified.

Treatment of Bjorkman lignin with Raney nickel

In other to find out whether some of the substances among
the ether soluble degradation products upon Raney nickel
treatment of thiolignin could be obtained by said treatment of
sulfurfree lignin, a sample of Bjorkman-lignin was treated with

eg eg

c b a

Fig. 11. Gas chromatogram. Silicon grease column, 150°C. a. Injection of metha-
nol (M) only, b. Injection of methanol containing sample of p-ethylguaiacol
(eg) — c. Injection of methanol conteining semples of eg and p-propyl-

guaiacol (pg).

Raney nickel and the ether soluble products were chromato-
graphed (table 9, chromatogram 12, fig. 10). The results showed
that most of the low molecular degradation products of thio-
lignin cannot be obtained from unsulfurized lignin. The degrada-
tion products of Bjorkman lignin and thiolignin respectively
seem to have only the substances C (unknown) and G (3-p-
guaiacylpropanol) in common.

Treatment of 2,2-divanilloyl diethyl sulfide with Raney nickel

For comparison, the thiolignin model of Ashorn (3), 2,2'-
divanilloyl diethyl sulfide (VII), was treated with Raney nickel
and the ether soluble products were chromatographed (solvents
formamide-chloroform). Small amounts of p-propylguaiacol and
1-p-guaiacyl-propanol were indicated (Chromatogr. 13, fig. 10),
in addition to a weak unidentified spot (e) with Rf 0.86 with
chloroform as solvent. This spot might be identical with the
spot corresponding to substance N from thiolignin (table 10).
The spot which. corresponded to the unchanged starting material
(Rf 0.84) had completely disappeared.
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Irig. 12. Gas chromatogram. Silicon grease, 150°. d. Injection of 3 ml preparate

H 2 containing methanol. e. Injection of a mixture of prep. H 2 and of p-

ethylguaiacol, both containing methanol. — f. corresponding injection of prep.

H 2 + p-propylguaiacol. Peaks 1 and 2 represent unidentified substances, peak
3 p-ethylguaiacol and 4 p-propylguaiacol.

Discussion of the results

The formations of ether soluble substances in high yield by
the treatment of the investigated thiolignins with Raney nickel
seems to indicate, that the phenyl propane units of the thiolig-
nins are held together to a great extent by sulfide bonds which
are split off in this reducing treatment leading to the formation
of nickel sulfide.

One of the problems of the present work is the question of the
position where sulfur is introduced in the lignin molecule upon
sulfidation. Earlier known evidence as well as the results of the
present work make it seem highly probable, that the sulfidation
of lignin involves a substitution of the oxygen of benzyl alcohol
or benzyl ether groups with sulfur, thus in e-position to the ben-
zene nucleus. A reaction also in y-position seems, however, to be
possible in certain cases (12).

Earlier known facts about the reaction of Raney nickel with
organic sulfides (7) as well as the results obtained in the present
work with 2.2'-divanilloyl diethyl sulfide make it seem highly
probable that Raney nickel removes sulfur by replacement with
hydrogen. In contrast, a hydroxyl group in the side chain can
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Table 3. List of column chromatographic fractions from ether soluble phenolic
products of treatment of thiolignin H 1 with Raney nickel.

Prep. No, Fraction
H?2 Total ether soluble reaction product
H4 Polycaprolactam column chromatographic fractions 1—13
HS5 Same, fractions 14—25
H6 » » 26 —41
H7 » » 60-—-85
HS Re-chromatographed fractions 16 —36 II from fractions 42— 59
H9 Same, fractions 67 —103 11

be left partly unreduced. With this in view the occurrence of
1-p-guaiacyl-propanol (I) as well as the corresponding-3-ol
(IT) among the degradation products of thiolignin obtained by
treatment with Raney nickel seems to indicate that sulfidation
takes place in the side chain of the phenyl propane units of thio-
lignin as well in the y-as in the ¢-position to the benzene nucleus.
A formula scheme has been given by Enkvist in (15).

Among the unidentified substances C (table 10) occurs in
substantial amounts. Its Rf-value with chloroform as solvent
is near that of the 1-p-guaiacylpropane-1.2, -1,34 and 2,3-diols,
but it is not identical with any of them. It may be observed that
the 1,2-diol could oceur in two diastereomeric forms.

Experimental Part.

Preparation of thiolignins. Preparate K 6: Spruce wood saw-
dust was extracted with acetone for 30 hours in an apparatus
according to (16). The sawdust was then air dried. A control
extraction of a sample of the extracted wood in a Soxhlet appa-
ratus with acetone showed remaining contents of acetone solub-
les to be only 0.025 9,. Drying of another sample 5 h at 130°
showed a moisture content of 6.2 9.

795 g, calculated as bone dry, of the acetone extracted and
air dried sawdust was digested at pH 8.5 with 5300 ml of a
buffered sodium hydrogen sulfide solution 30 h at about 100°C,
in a rotating 15 1 autoclave of stainless steel, the maximum
temperature being 104°C. After cooling over night the contents
of the autoclave were filtered and washed with 5.5 1 of water.
The volume of the first filtrate was 3,5 L

The digested wood was boiled for 10 min. with about 8 I
of 70 9, sulfite alcohol (crude ethanol). The aleoholic solution
was evaporated in vacuo in an apparatus according to Bartholo-
mew (17) until its volume was about 1 1. 300 ml of about 2 N
hydrochloric acid were added, and the obtained suspension of
thiolignin was heated gently, allowed to cool and filtered using
gentle suction. The precipitate was washed with 2 N hydro-
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Table 4. Chromatogram No 1, (fig. 7) preparate H 2. Impregnation HOONH,.
Solvent CHCI,.

Spot Rf Colorations:

uv UV—-NH, pNA?) DSAY)
A 0.011 Violet — Violet, Brown
B 0.064 - Light violet Boige violet
C 0.096 - - —»— Brownish red
D 0.15 — — —)— Carmin
E 0.22 — Light violet Dirty yellow Red orange
F 0.30 Radiant violet Radiant violet —»— Pale salmon
G?) 0.47 - — Greyish blue Purple
H?) 0.55 - — Violet Orange
K 0.81 — B Violet Rosa
L 0.85 — - Violet Rosa
M 0.89 — — Violet Rosa
N 0.94 Light violet Light violet Dirty yellow Brownish red

Strongest spots: G, H and N.

3—g = 3-guaiacylpropanol, 1—g = l-guaiacylpropanol

1) 3-guaiacylpropanol %) 1-guaiacylpropanol

3) Diazotized p-nitroaniline in Na,CO,-solution.

%) Diazotized sulfanilic acid in natrium carbonate solution.

Chromatogram 2. (Fig. 7.) Preparate H 2. Impregnation: HCONH,. Solvent:
xylene-methylethylketone 1:1. Strongest spots: G and H. Colors for A, G, H and
N as in chromat. 1. Rf: A 0.052, G 0.27, H 0.38, N 0.92.

chloric acid and with water and dried in vacuo over sulfuric
acid = preparate K 6.

The preparates K 5 and K 7 were prepared in a corresponding
way from spruce wood sulfidized at pH 8.5 by Mr Stig Rheims.

A new thiolignin preparate »H 1» was prepared in a slightly
different way. In this case 1476 g of original spruce sawdust,
calculated as bone dry (its moisture content was 11.1 %) was
digested 72 h at 100°C in the 15 1 autoclave with hydrogen sul-
fide solution of pH 8.5 and the following composition: 255 g
Na,HPO, . 12 H,0, 150 g KH,PO,, 1266 g Na,S.9 H,0, 140 ml
H,4PO, of spec. weight 1.8, H,0 up to 9 1. After the digestion the
wood was filtered off, washed with water until the total volume
of filtrate and washings had amounted to 14 1, and air dried.
It was then extracted twice with 10 1 of a solution of acetone
and ethanol 1:1 in the rotating autoclave at 50°C. The organic
solvents were distilled off from the filtered acetone solution,
and the residue was dried in vacuo at room temperature, yield
of crude extract 38.8 g. In order to remove resin and other
extractive substances the extract was suspended in ethyl ether
and centrifuged off. Yield 21.2 g of thiolignin »H 1», containing
9.18 9, sulfur, corresponding to 1.43 9, of the wood or 4.9 9%,
of its lignin.

The preparates K 5—K 7 gave in crude state a positive re-
action (dark coloration by formation of lead sulfide) upon heat-

49 —

Table 5. Paper chromatograms (No 3) (fig. 7) of polycaprolactam column frac-
tions and of p-propylguaiacol (pg). Impregnation: HOONH,. Solvent: CHQL,.
Spraying with diazotized p-nitroaniline (pNA) in Na,COy-solution.

Substance Occurrrence in column fractions Rf Colorations
Fraction 10 14—25, 26—41, 42—59, 60—85, pNA
Prep. No 4 5 6 7

Spot:

a + + + 4 4+ 0.09 Blueviolet

b + + + 0.14 Yellow

GY + + + + 0.41 Dark blue

H?) + 0.48 Lilac-purple

d (+) 0.56 Brown-red

e + 0.67 Blue

f + + 0.82 Brown-red?

g%) + + + 0.86 Violet

h + + + 0.88 Grey-bluet)®)

i + 0.90 Dark chrome (yellow)

j + 0.98 QGrey-blue

1) 3-guaiacylpropanol. %) 1-guaiacylpropanol. #) Contains p-propylguaiacol.
4) In UV without NH,: light blue. ?) In UV in ammonia vapor: radiant blue.

ing with »Doctor tests solution. Testing with samples of erystal-
line sulfur, had shown this test to be characteristic for such
elementary sulfur. After washing with dilute hydrochloric acid
and 3 times thoroughly with carbon disulfide, the test for S
was negative. The content of sulfur was, however, within 0.1 9,
the same as before the washing with carbon disulfide.

The sulfur contents of these preparates as well as that of their
later described reaction products were determined according
to Grote—Krekeler and the methoxyl contents according to
Gran (18). In several cases the samples were acetylated; in two
cases according to Verley and Bolsing (19), but in the other
cases according to Freudenberg (20), however heating the
reaction mixture in a sealed tube. The contents of the tubes
were extracted with ether, the ether solutions were washed with,
dilute hydrochloric acid and 8 9, sodium hydrogen carbonate
solution and dried with sodium sulfate. The residues were weighed
after evaporation and their contents of acetyl groups were deter-
mined according to (21) and the equivalent weight of the ether
soluble part of the acetylated product calculated. In several
cages the active hydrogen was also determined according to
the method of Zerewitinoff (22). Since the presence of moisture
has a considerable influence on these determinations, the mois-
ture content was controlled for the vacuum dried preparates.
It was found that the solid preparates generally lost about 1.5 %,
and the liquid ones about 0.2 9, of their weight by drying in
vacuo at about 100° for 12 hours over phosphorus pentoxide.
After this treatment the preparate No 30 on determination
of active hydrogen showed an equivalent weight of 299, whereas
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Table 6. Chromatogram 4 and § (fig. 8). Preparates 4 and 2. Impregnation:

HCONH,. Solvent: ligroin— wmylene (98: 2 in chromatogram 4, 1:1 in chromatogr.

§.) Additions of p-propylguaiacol (pg), p-ethylguaiacol (eg), 1-guaiacyl (1-g) and
3-guatacylpropanol (3-g).

Chromatogram 4 Chromatogram 5
Preparate 4 4 2
Spot Rf pNAY) Rf Spot Rf pNAY)
a 0.0 brownish lilac a 0 brownish lilac
b 0.31 violet b 0.024 lilac-purple
c 0.50 blue c 0.13 -4
d 0.60 violet d 0.26 —4)
N 0.22 yellow 0.63 N 0.63 yellow
ef) 0.65 blue 0.79 o 0.79 blue?’)
3) 0.79 yellow, later 0.88 f 0.87  yellow, later,)
brownish blue brownish blue
g 0.90 blue (weak) g 0.93 yellowish

1) Diazotized p-nitroaniline in sodium carbonate solution. %) p-ethylguaiacol.
%) p-propylguaiacol. *) UV —NH,: light violet. 5) UV —NH,: violet. %) UV —NH,:
radiant violet.

Chromatogram 6. Preparate 5. Impregnation HCONH,. Solvent: CHCL,
Strongest spots: G: Rf 0.43, color with diazotized p-nitroaniline in Na,COyg:
greyish blue. Reinforced on addition of 3-guaiacylpropanol. H: correspondingly
0.46, violet, reinforced by l-guaiacylpropanol. — Spot a: 0.18 yellowish. —
Spot b: 0.68, blue in UV with NH,. — Spot d: 0.88, light blue in UV, radiant
blue in UV with NH,.

the same preparate dried in vacuo at room temperature had
given the value 221. However, it is not impossible that some
organic hydroxyl is split off upon prolonged drying at 100°C.

Treatment of thiolignin with active carbon. 0.2 g thiolignin was dissolved in 200
ml 70 9%, sulfite alcohol, refluxed 1h with 0.2 g of active carbon, allowed to
stand overnight, and filtered. On addition of dilute hydrochloride acid 10.8
mg of preparate K 8 was precipitated. Bigger amounts of carbon absorbed the
thiolignin completely.

Treatment with periodic acid and with acetic acid. These treatments were
qualitative and preliminary only.

100 mg of thiolignin was dissolved in 25 ml of glacial acetic acid, 256 ml of
0.14 molar solution of Na,H,JO, in 60 9, acetic acid (23) woere added and the
solution cooled for 40 h at —4°. A precipitate was formed upon cooking which
was filtered off, washed thoroughly with water and dried in vacuo = prep.
K 9. Yield 9 mg.

1 g of thiolignin was shaken 30 min with 100 ml of glacial acetic acid, the
insoluble part (K 10) was filtered off and dried in vacuo. To the filtrate a solu-
tion of 2 g periodic acid (24) dissolved in some ml of water was added. The solu-
tion was left standing for about 80 h at -}- 4° and then neutralized with ammo-
nia. The precipitate formed was filtered off. It was soluble in water but insoluble
in ether. It was acidified with hydrochloric acid and extracted with ether into
which the main part now dissolved (prep. K 11). — The neutral filtrate was
acidified with HCI, and extracted with ether. The ether solution was washed
with a sodium hydrogen carbonate solution and then extracted with a sodium
hydroxide solution which dissolved practically all colored matter. The sodium
hydroxide solution was acidified with hydrochloric acid and extracted with
ether. Ether extract = prep. K 12.
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Table 7. Chromatogram 7 (fig. 8). Preparate 6. Impregnation HCONH,. Solvent:
xylene — methylethylketone 1:1.

Spot Rf Colorations
uv UV —-NH, pNA DSA
a 0.19 — — Blue violet Orange
G 0.19 — — Blue Purple
H 0.27 - Light blue Violet Orange
e 0.35 — Bluish Minimum
f 0.44 — Light blue Bluish Pale salmon
g 0.60 Violet Radiant blue — » »
h 0.66 — — Yellow Red-orange
i 0.73 Violet Radiant blue Violet, weak  Pale salmon
j 0.79 — - Beige yellow » »
k 0.90 - Pale blue Violet, weak » »

Another sample of the thiolignin preparate K 5, compriging 100 mg was
dissolved in 25 ml of glacial acetic acid, and 25 ml of periodate solution accord-
ing to Adler and Hernestam (23) were added. After standing for 40 h + 4°C a
small precipitate had formed in the solution (K 9, 6 mg).

Treatment of thiolignin in a diozan solution with sodium melal. (See Scheme
VIIT and table 2). About 7 g of the thiolignin preparate K 7 was dissolved in
200 ml of dioxan dried with calcium chloride. Undissolved matter, about 1.4 g,
was removed by filtration. About 15 g of sodium metal wire was added and the
reaction mixture was refluxed 4 h, excluding moisture by a calcium chloride
tube. The sodium melted forming droplets and an organic precipitate was
formed. The mixture was cooled and filtered and the precipitate and sodium
were treated with sulfite ethanol. The undissolved precipitate was filtered off,
washed with crude ethanol and dissolved in water, from which it was precipit-
ated by addition of dilute hydrochloric acid. Precipitate = preparate K 25.
The ethanolic solution, in which the sodium had been dissolved, was preeipi-
tated by addition of dilute hydrochloric acid. The precipitate = preparate K 30.
The filtrate from K 30 was diluted with water until its aleohol content was
abount 15 %, and then extracted with chloroform. The chloroform extract was
separated by repeated treatment with boiling ether until there remained a
smaller undissolved, solid portion (K 29), and a larger, ether soluble liquid
portion (K 28). A corresponding liquid portion from another treatment (K 24)
was sublimed at 15 mm pressure in an oil bath. Sublimates were taken at the
following temperatures measured in an oil bath: < 100°, 100—150°, 150—200°,
200— 250°. The ultraviolet speetra of these fractions were measured in a solu-
tion of aldehyde free ethanol in neutral and in alkaline solution (0.5 N alcoholic
NaOH). The spectra were rather flat, similarly for the various fractions. Fig. 1
shows the spectrum of the fraction 100—150°. The first filtered dioxan solution
was precipitated by introduction with stirring in a tenfold volume of ethyl
ether. The precipitate = prep. K 26, the ether soluble part K 27. For yield and
analytical data see table 2.

Treatment of thiolignin with Raney nickel (analytical data in
table 1) 500 mg of the thiolignin preparate K b was dissolved
in 500 ml of 95 9, ethanol and 5 g of Raney nickel, prepared
according to (25), was added. The mixture was refluxed 5 h
and then filtered. The filtrate was acidified with about 50 ml
of 2 N hydrochloric acid. The obtained precipitate = prep.
K 138, was filtered off, and washed with water. The filtrate was
colorless.
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Table 8. Chromatogram 8 (fig. 9). Preparate 6. Impregnation HCONH,. Solvent

CHCl,,
Spot Rf Colorations
uv UV—NH, pNA DSA
a 0.09 — — Violet Orange
c 0.13 — — Yellow Beige rosa
d 0.28 - — Yellow Orange
G 0.60 — Blue Blue Purple
H 0.68 — - Violet Orange
i 0.74 — Light blue » Pale salmon
j 0.86 Blue violet Radiant blue  Blue violet Red-brown
k 0.93 Greyish white » » » » Pale salmon

Chromatogram 9 (fig. 9). Preparates 6 and 7 as well as 1- and 3-guaiacylpro-
panol respectively. Impregnation HCONH,. Solvent xylene — ligroin 1:1.

Spots G and 3—gp, Rf 0—0.01, pNA brown orange. — H and 1—gp: 0.04,
purple violet, UV —NH, light violet. — a 0.12, UV—NH, light violet. — b 0.17,
UV—-NH, violet. — ¢ 0.23, pNA blue, UV—-NH,. — d 0.31, pNA carmin. e:
0.35, UV yellowish gray, UV—NH, dark violet. — f 0.57, pNA violet. —
g 0.78, pNA violet.

2) A corresponding experiment was made with 1 g of the
thiolignin K 5 in 1 1 of sulfite ethanol, 20 g of Raney nickel,
boiling time 15 h. Organic precipitate = K 14. The filtrate was
clouded, and consequently after 2 days a new precipitate could
be filtered off (K 15). The ultraviolet spectrum of the precipitate
K 14 is shown in fig. 2.

3) 1 g of the thiolignin K 6 was dissolved in 1170 9, ethanol,
20 g of Raney nickel was added in 5—6 portions and the mix-
ture was refluxed 40 h. The precipitate (K 16) obtained on acidi-
fication of the filtrate from the reaction mixture weighed 124
mg. The acidic filtrate after removing K 16 was extracted several
times with chloroform. The solvent was evaporated from the
extract in vacuo. The residue (K 17) was liquid, and weighed
699 mg. The substance was sublimed at 15 mm pressure, first
1 h at 100°C, measured in the bath, and then up to 240°C. The
ultraviolet spectra of the sublimates are seen in fig. 3 and 4.

In this case the nickel containing solid was also investigated.
It had been filtered off immediately from the reaction mixture
24 h after the end of the refluxing. It was washed with 70 9,
ethanol and then dissolved in a mixture of aqua regia and bro-
mine water, thus oxidising the nickel sulfide to sulfate. The
solution was precipitated by addition of barium chloride solu-
tion. Yield of BaSO, 525 mg, corresponding to 70 mg of sulfur.
The amount of sulfur in the starting material, 1 g of the prepa-
rate K 6, was 136 mg. The reaction products K 16 contained 7
mg and K 17 24.5 mg of sulfur, whereas 34.5 mg of sulfur had
escaped.

4) 1.5 g of thiolignin K 6 and 30 g of Raney nickel were
treated in nearly the same way ag in exp. 3. The yield of precipi-

— 53 —

Table 9. Chromatogram 10 (fig. 9). Preparate 8. Impregnation HCONH ;. Solvent
xylene — methylethylketone 1:1.

Spot Rf Colorations
UV-NH, pNA DSA
a 0.06 Blue Violet Orange
G 0.19 Blue Blue Purple
H 0.30 — Violet Pale orange red
b 0.39 Blue Violet Rosa
c 0.55 Pale blue — Pale brown
d 0.66 Violet — Pale brown

Chromatogram 11 (fig. 10). Preparate 9. Impregnation HCONH,. Solvent:
xylene — methylethylletone 1:1,

Spots: I Rf 0.29, DSA carmin red, % h later dirty rosa, pNA violet — b.
Rf 0.72, UV —-NH, light violet — 3 guaiacylpropanol 0.26, DSA carmin lila,
1 h later lilarosa — 1-guaiacylpropanol 0.32, DSA orange.

tate obtained with hydrochloric acid K 18 was 386 mg containing
4.8 % S and 14.1 %, OCH,. The amount of chloroform extract
K 19 was 660 mg containing 3.2 % S. K 19 was sublimed in
vacuo. The spectra of the fractions of the bath temperatures
100—150° and 150—200° are presented in figg. 5 and 6.

The following treatments were made with the thiolignin
preparate H 1:.

5) 3.7 g of H 1 dissolved in 400 ml aldehyde free ethanol
were refluxed 7 h with 30 g of Raney nickel. The excess of nickel
and nickel sulfide formed was filtered off and the filtrate eva-
porated in vacuo. Water was added and the solution was
extracted with ether. The ether extract weighed 1.298 g, cor-
responding to a yield of 35.1 9, of the thiolignin.

6) Another experiment was made similarly with 150 g of
thiolignin H 1 and 800 ml aldehyde free ethanol which were
refluxed for 7 h with 120 g of Raney nickel. The yield of ether
soluble products (H 2) was 4.286 g or 28.6 9%, of the thiolignin.
After acidification of the solution, which had been extracted
with ether, with hydrochloric acid an additional yield (H 3) of
ether soluble products consisted of 0.322 g or 2.1 9, of the
thiolignin.

The nickel and nickel sulfide containing solid was dissolved
in concentrated hydrochloric acid, and the solution was agitated
with ether. The ether extract H 10 weighed 1.41 g, corresponding
to 9.4 9, of the thiolignin. In contrast to the other, ether soluble
fractions, the extract H 10 could not be separated by paper
chromatography with the methods described in the present paper.

Treatment of Bjorkman lignin with Raney mickel. 100 mg of
Bjorkman lignin was refluxed 8 h in ethanolic solution with
about 5 g of Raney nickel. The ether soluble portion of the re-
action product was chromatographed (chromatogram 8, solvent
chloroform, fig. 9, table 7).
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Table 10. Chromatogram 12 (fig. 10). Ether soluble weakly acidic substances from
Bjorkman lignin after treatment with Raney nickel (Bj) as well as preparates 2
and 9. Impregnation HCONH ,. Solvent: CHCOI,.

Proparate 2 9 Bj
Spot Rf Coloration
pNA UV-NH,
A 0.013 brown-ochre, — + = -
pale violet border
B 0.05 pale violet — + — —
C  0.10—0.11 grey violet - +  + 4y o+
E 0.19 pale violet - + — —
F 0.25 pale violet - + — —
d 0.28 - light blue — — +
G 0.46—0.48 blue violet — + + - S
H 0.53 rose-lilac — + + — —
K 0.80 dark reddish lilac, — + — _
dirty
e 0.82 — blue — _ +
L 0.85 dark chrome, — + — —
later pale violet
M 0.89 blue violet — + — —
f 0.91 first yellow blue — — -+
N 0.95 first yellow, - + — _

then dark chrome,
later violet blue

1) Coloration with pNA: first dark chrome with bright violet border, then
entirely bright violet.

Treatment of divanilloyldiethylsulfide with Raney nickel. 105 mg
of 2.2'-divanilloyldiethylsulfide was dissolved in 20 ml aldehyde
free ethanol and refluxed on a water bath with 5 g of Raney
nickel. Samples were taken after 30, 60, 120 and 300 min. Al-
ready after 30 min the reaction was almost complete, the start-
ing material having disappeared completely or almost completely
(chromatogram 13, fig. 10).

Paper chromatographic methods. Whatman No 1 paper was
uged. About 2 ecm broad strips of this paper were rolled to
scrolls and immersed in a measuring cylinder containing a solu-
tion of 1 volume of formamide and 4 volumes of ethyl acetate.
After 15 minutes the paper was taken out, pinned up on a glass
rod by small wooden clamps (clothes pins) and air dried until
the smell of ethyl acetate had vanished. For development the
following solvents were used, after saturation with formamide
by shaking with this solvent and separation.

xylene — methylethylketone 1:1

Chloroform

Ligroin (a petroleum fraction with B.P. 100—140°) —
xylene 98:2

Ligroin-xylene 1:1
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E. In addition, a series of chromatograms were made without
formamide, using a mixture of ethanol: conc. ammonia:
water 80 :4:16 as developing solvent.

The spraying dyes are already mentioned on p. 38.

The diazotized p-nitroaniline was prepared in the following
way: 5 ml of 0.5 %, p-nitroaniline dissolved in 2 N hydrochlorie
acid was cooled in ice water, and 0.5 ml of 5 9, sodium nitrite
solution was added. This mixture was added to 156 ml of ice
cooled 2 N sodium carbonate solution. The mixture must be
held in ice water and used as soon as possible.

The colors of the sprayed spots often became pale rather soon,
and in some cases changed, for instance from yellow to blue.
The colors are reported as fresh in the tables using as far as
possible the denominations according to Krieger (13).

The silver nitrate reagent was made as follows: 2 N ammonia
was added to 1 9, silver nitrate solution until the precipitate
formed at first had dissolved, silver nitrate solution being then
added again until clouding begins. About 30 min. after spraying
the paper was washed thoroughly with water.

Column chromatography: After a preliminary experiment on
a small scale, the main experiment was made as follows: Finely
ground polycaprolactam powder (cf. 26) was left in a glass beaker
with formamide over night at room temperature. The powder
was packed into a column of 256 mm diameter to a height of 53
em and covered with glass wool. The column was eluted with a
mixture of xylene and methylethylketone 1:1, saturated with
formamide, until no formamide layer could be observed in the
effluent. 2.5 g of the ether soluble substance was dissolved in a
small amount of acetone. Some polycaprolactam powder was
impregnated with this solution in a suction tube and evaporated
in vacuo at room temperature. The impregnated powder was
packed into the column and covered with glass wool. The ehro-
matogram was developed with a formamide saturated mixture
of methylethylketone and xylene 1:1, using an automatic frac-
tion collector and numbered common test tubes for collecting
the fractions. On the basis of spot tests and paper chroma-
tograms similar fractions were united, the solvent was evaporated
in vacuo and the residue was chromatographed anew on paper
or, in the cagse of fractions 42—59 on polycaprolactam powder
impregnated with formamide in a small column (diameter 1 em,
height 19 em). The fractions of this second column chromato-
graphy are designed with II before the fraction number.

A list of the various fractions obtained and the numbers used
for them in the paper chromatograms is given in table 3.

Rf values on formamide impregnated papers were found to
vary considerably (compare 9). For identification purposes,
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DSA3)
Lilae purple

then carmin
Lilac purple
then carmin
Orange
Carmin, then

rosa-lilac
Carmine-rose
Yellow

Colorations

pNA?)
First yellow, then
pale violet blue
orange brown

blue violet
First dark chrome, then

Blue violet
Bright violet
Ochre, later

Bright violet
y-nickel. For comparison: prep. 5 + 7. Impregna-

1:1

0.

58
0.53
0.024
0.007
0.63

Ligroin-xylene

98:2
0.82
0.70
0.05
0.03
0.02
0.19

NH,
0.89
0.89
0.82
0.83
0.84
0.91

Ethanol-
— b: 0.47, dark blue. — ¢: 0.55, coloration lilac purple. — d: 0.84, carmin. — e: 0.86,

CHOL,
0.93
0.94

0.50—0.66

0.43—0.47
0.12
0.90

A yellowish.

Xylene-
MEKY)
0.91
0.87
0.30
0.25
0.33
0.95
3. Spraying with diazotized p-nitroaniline.
, color with pN
, first yellow, then blue,

) MEK = methylethylketone. ?) Diazotized nitroaniline in Na,CO;-solution. ?) Diazotized sulfanilic acid.
weak yellow. — f: 0.94,

(main spot)
Chromatogram 13 (fig. 10). 2,2"-divanilloyldiethylsulfide, original and treated with Rane

tion: HCONH,. Solvent: CHCI
Spot a: Rf 0.12

1

Table 11. Rf-values and colorations for the main spots in various systems. Impregnation: HOONH,, except when ethanol-ammonia was used.

System

Substances
p-propylguaiacol
p-ethylguaiacol
1-gusiacylpropanol
3-guaiacylpropanol
Subst.C, Prep. 9
Subst. N

_ K7 —
Formulas
o ¢ SR
b4
CH,O
I R = —-CHOH.C,H,, 1-p-guaiacylpropanol
II R = —CH,.CH,. CH,0H, 3-p-guaincylpropanol
IIT R = —CH,.CH,.CH;, p-propylguaiacol
IV R = —C,H,, p-ethylguaiacol
V R = —CHOH.CH,.CH,0H, l-p-guaiacylpropane-1,3-diole
VI R = —CH,.CHOH.CH,OH, 1-p-guaiacylpropane-2,3-diole

P
3t > — CO.CH,.CH,),8

40
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o

VII 2,2’-divanilloyldiethyl sulfide.

the substance known was run beside the reaction mixture or
spot, and often also admixed to the reaction mixture. The R,
values given in the present paper are in general related to
the values given for pyrocatechol or vanillin in the different

gystems,

Syntheses of some preparates for chromatographic comparison, p-propylguaiacol:
1 g of propiovanillone was reduced acecording to the method of Clemmensen
by heating with 3.3 g of zine amalgam and 7 ml of hydrochlorie acid, diluted 1:1
8 h on the water bath, A light brown oil separated from the reaction mixture
and was used for the chromatographic comparison,

p-ethylguaiacol: synthetized correspondingly from acetovanillone.

p-guaiacylpropane-1,3-dicl: @-hydroxypropioguaiacone was recduced with a
small excess of NaBH, in o weakly alkaline solution. After standing over night
the reaction mixture was acidified with hydrochlorie acid and used for chromato-
graphy. .

p-guaiacylpropane-2,3-diol was prepared correspondingly from 3-hydroxy-

1-p-guaiacylacetone,
All these substances gave one spot only on the chromatograms quite distinct

from those of the starting materials.
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VIII Scheme of treatment of the thiolignin preparate K 7 with sodium metal
in boiling dioxane.

Thiolignin K 7, 56 g

Reflux 4 h with
Na in dioxane
¥ ™

Precipitate Dioxane Addition .
Troatment solution — 5 Precipitate K 26

with alcohol of Gther 0.906 g
7 'Alcohol 4
Aleohol insoluble Filtrate K 27
solution K25055¢g 0.438 g
HC1 .
added Filtrate Ether
evaporated CHCL, soluble
— extracted solubles K 28
with CHCI, 0.980 g
Precipitate
K 30
1.8¢ Insoluble
in ether
K 29
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Viitoskirjan autoreferaatti — Avhandlingsreferat

Johannes Turunen'): Demelhylation and Degradation of Simple Lignin Model
Compounds by Pressuve Digestion with Aqueous Sodium Hydrogen Sulfide, Sodium
Methyl Mevcaptide and Sodium Hydvoxide Solutions. Soc. Scient. Fenn. Comment.
Phys. Mathem. XXVIII (1963) N:o 9 64 pp.

As the degradation reactions of lignin are very difficult to study owing to its
complex structure, the demethylation and cleavage of aliphatic carbon bridges
between benzene rings were studied with model compounds. The model subs-
tances were digested under pressure in aqueous sodium sulfide, sodium methyl
mercaptide and sodium hydroxide solutions at 250°. The majority of the deme-
thylation experiments were carried out with guaijacol and the experiments on
carbon-carbon bond cleavage with dimeric model compounds such as dihydro-
dehydrodiisoeugenol and its derivatives and a humber of monomeric substituted
guaiacols.

Sodium methyl mercaptide was found to be the most effective demethylating
agent and sodium hydroxide the least effective. A new concurrent reaction, the
formation of I-hydroxycyclopentanecarboxylic acid was found. This compound
was produced by the action of all three reagents.

The coumarane ether bond of dihydrodehydrodiisoeugenol is cleaved already
at 170° with the formation of substituted stilbenes as the main products. How-
ever, when the temperature is rapidly raised to 250°, the aliphatic carbon chains
uniting the benzene rings are cleaved at several places; guaiacol, catechol and
fifteen of their derivatives were identified among the reaction products!

The yields of the four main monomeric compounds, guaiacol, catechol,
propylguaiacol and propylcatechol, formed when dihydrodehydrodiisoeugenol
was digested with the three reagents were determined by a paper chromat-
ographic method. The total weights of these four compounds amounted to one
third or one fourth of the initial weight of the organic substrate.

The sites of cleavage in the dimeric model compounds were mainly the bonds
between the benzene rings and the carbon bridge; the bond between the first
and second carbon atoms of the aliphatic bridge was cleaved to a lesser extent.
Saturated bridges that contained no oxygen atoms were much more resistant
to attack than bridges containing oxygen as a substituent or a double bond. The
chain cleavage probably takes place chiefly in the same way as the reverse
aldol reaction. Four different reaction paths are presented for the cleavage of
dihydrodehydrodiisoeugenol.

When the results of the experiments with the model compounds were com-
pared with the results obtained when lignin has been digested with sodium
sulfide and sodium hydroxide, it was found that the reactions follow similar
courses although difference in details were observed. Thus, for example, lignin
yields considerably larger amounts of aromatic acids than the studied model
compounds. These differences are evidently due to the fact that the chosen
model compounds contain less oxygen in their bridges than is present in the ali-
phatic carbon bridges of lignin.

1) Present address: Rautna-Repola Oy Research Laboratory, Ranma, Finland.
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P. F. G. Praill: Acylation Reactions. Their Application and Mechanism.
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Boken ingér i serien The Commonwealth and International Library of Science,
Technology, Engineering and Liberal Studies, Chemistry Division, Volume 3.

Forfattaren avser med denna bok att fylla luckan mellan de ratt korta diskus-
sionetna av acyleringsreaktioner i allménna lirohécker och den behandling
specialister p4 omradet ger i monografier, versikter och vetenskapliga publi-
kationer.
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Boken ir indelad i sju huvudkapitel och varje kapitel atféljes av en forteck-
ning &ver ldttillgingliga &versiktsartiklar och originalarbeten, vilka nidrmare
behandlar respektive omrdden och som avser att spegla utvecklingen fram till
1962.

I det forsta kapitlet behandlas inledningsvis ett antal faktorer, vilka enligt for-
fattaren dr av betydelse vid utvecklingen av lidsarens allminna kinnedom om
acyleringsreaktioner. Silunda beskrives i korthet begrepp sdsom spaltning av
bindningar, substitutionsreaktioner, klassificering av elektronforskjutningar
etc.

Sedan foljer ett kapitel, som askddligt redogdr for olika acyleringsagenser.
Direfter kommer foérfattaren till kapitlen, vilka behandlar O-acylering, N-acy-
lering, C-acylering (1), C-acylering (2) och biologisk acylering i ndimnd ordning.
Boken avslutas med ett sakregister, som gor det relativt 14tt att hitta i materialet

Trots bokens karaktir av ett samlingsverk har forfattaren lyckats med sin
uppgift att ge en klar éversikt av olika acyleringsreaktioner och den kan folj-
jaktligen rekommenderas till dem som beh6ver en handledning inom detta spe-
ciella omride av kemin.

K. H. Ekman.
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