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I. Introduction 

The faot that the sap of the maple tree oould 

be used for the production of maple syrup was disoover­

ed by the Indians, prior to the arrival of the white 

raoe. Towards the end of the seventeenth oentury the 

Frenoh settlers devised better methods for concentrat­

ing the sap, and thus created an indnstry whioh at pres­

ent has a value of approximately $4,000,000.00 an~uallY. 

The maple sugar industry is confined to East­

ern Canada, and to a few states in North Eastern United 

States. The sap is obtained mainly from four species 

of maple: 

( a). Aoer saooharum, Marsh - hard, rook or sugar 

maple. 

(b) .Aoer sacoharinum, L. - soft or silver maple. 

( 0) Aoer rubrum, L. - red maple. 

( d) Acer nigrum, Miubx. - black maple. 
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Aaer saooharum is the speoies utilized predom­

inantly in Canada for the production of maple syrup. 

The sap contains from 3 to 6 per oent sugar and is con­

oentrated in large open evaporators to approximately 

60 per cent total solids. The quality or grade of maple 

syrup is largely dependent on its flavour, and it is 

this property which is responsible for the high premium 

that is paid for maple products. The flavour is very 

characteristio., and though it varies to some extent, 

it is essentially a distinot odour and taste. 

The definition of the word flavour given in 

the Oxford Dictionary is as follows: "The element in 

the taste of a SUbstance which depends on the ooopera­

tion of the sense of smell." It is a fundamental faot 

that a substance that is odourous must be soluble in 

both 1ipoids and water in order to affect the sensory 

organs. Bearing the above pOints in mind, we note that 

a flavour and a perfume have at least two pOints in 

oommon, 

(1) Volatility. 

(2) Partial solubility in water. 

Whereas our knowledge of essential oils and 

perfumes has made tremendous! strides in the last deo­

ade, our knowledge of flavours is still rudimentary. 

The literature on the subjeot of natural flavours is 

very limited. The ohemical nature of the constituents 
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responsible for flavours in frui t, grain, veget-ables, 

and meats Is largely unknown. The oommercial flavour­

ing extracts on the market today are in practically 

all oases a "ooncentraten of the material, rather than 

the pure oonstituent or oonstituents responsible for 

the flavour, for example, strawberry and celery ex­

tracts. 

One of the ohief difficulties underlying the 

isolation of natural flavours is the fact that there 

is no method for the exact estimation of the concentra­

tion of odour. Furthermore, it has been found that, 

generally speaking, flavours are extremely elusive, and 

are converted to odourless products. 

A knowledge of the chemistry of maple flavour 

would be of distinct value to the maple industry. The 

mechanism of its formation, and the conditions govern­

ing the optimum production of maple flavour in syrup, 

would plaoe the industry on a more scientific basis. 

Previous investigators have found that chloroform ex­

traots the flavouring principle from maple syrup. The 

present investigation is primarily an attempt to frao­

tionate the various oonstituents of the chloroform 

extraot, without impairing the product or products 

responsible for maple flavour, and to determine the 

ohemical nature of the various products with special 

referenoe to the flavouring principle. 
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11. Historical 

Prior to Robison1s (24) research, the ref­

erenoes regarding the nature of maple flavour can be 

oonsidered as merely conjectural. Due to the strongly 

aromatic odours pervading the air in the vicinity of 

a sugar camp, Wlley (29) considered that maple flavour 

was probably an ether or aldehyde of high boiling 

point. Sy (28) distilled maple syrup and found that 

the distillate was practically odourless. He concluded 

that the flavouring substance is only slightly volatile. 

Robison (24) attempted to isolate maple flav­

our by extraction of maple s't.lgar vJith organiC solvents. 

The follO"Poring solvents iNere tried; benzene, chloroform, 

oarbon tetrachloride, ether, ethyl alcohol, acetone, 

ethyl acetate, and the last three VTere discarded be­

oause they dissolved too much sugar. He considered 

that benzene was the best solvent, the residue having 

an excellent maple odour. The material was largely 

a resino'us solid, containing a small percentage of a 

yellow oil. He found that bases tend to preCipitate 

the material and that acids gave colour reactions. 

He also attempted to obtain a concentrated 

maple extract by: (1) preCipitation of the sugar 

in maple syrup with calcium oxide, and (2) adsorption 
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of the flavour on charcoal. The first method proved 

unsuccessful and in the second he found that although 

cha~Qoal adsorbed the flavouring principle, he could 

not recover it unchanged. 

Nelson's Investigation 

Nelson (19) first attempted to isolate the 

flavouring principle by using the Sale and YJilson (26) 

patent for obtaining a pure maple concentrate. This 

metho.d involves precipitation of the sucrose of maple 

syrup by the use of barium hydroxide. He ooncluded 

that the barium p~ocess must have caused some change 

in the flavouring principle. 

He then attempted to adsorb the flavouring 

ma terial ,vi th nori tee One li tre of syrup 'was dilut-

ed with one litre of water, was stirred for 20 minutes 

with 50 grams of norite, and was then filtered. The 

norite was washed with water, dried, and exhausted with 

ether in a Soxhlet extractor~ After evaporation of the 

ether, a red oil remained, in which the maple flavour 

was indistinct. The syrup filtered from the norite, 

however, had lost its maple flavour. He concluded that 

the flavour, although adsorbed by the norite, had either 

not been reoovered from it, or had become changed and 

lost its identity. 
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Direct extraction of syrup with ether yielded 

a residue which had an intense maple odour. He found 

that this odour was very sensitive to caustic alkali. 

Ether extraots of ~vo 38 litre lots of maple 

syrup were· fraationated .as follo'Ms: 

(1) Aoids were separated by treatment with dil-

ute sodium bicarbonate solution. 

(2) Sodium bisulflte fraction: The bisulfite 

fraotion was aoidified vvith dilute sulphurio aOid, and 

extraoted with ether. 127 milligrams of material were 

obtained from 9 gallons of syrup. Of this amount ap­

proximately half was soluble in petro~eum ether, yield­

ing in one case a crystalline product. This product 

gave positive tests for vanillin, but crystallized in 

plates (vanillin - needles) and melted at 74 to 76°C. 

The odour was similar to vanillin, but crystallograph-

ic examination showed that the substance was not vanillin. 

(3) Ammonium hydroxide fraction: After extrac-

tion with sodium bisulphite the ether solution was ex-

traoted with dilute ammonia, pouring the resultant 

ammonia solutions into dilute sulphuric acid and ex-

tractlng with ether. A reddish yellow residue weigh­

ing 0.65 gram, which had an intense maple odour, was 

obtained. The substance changed easily to a dark 

QQloured resin, at the same time losing its aharaater-
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ist-1c maple odour. 

(4) The ether solution remaining after the above 

extractions was taken to dryness, and yielded a very 

small odourless residue which partially crystallized 

on standing~ 

Nelson concludes: 1t]JIaple flavour appears to 

depend to a great extent on an unstable phenolic sub~ 

stance or substances, the exact nature of INhich remains 

undetermined. It seems a reasonable hypothesis that 

it may be related to the vanillin-like substance associ­

a ted \"li th 1 t. Tt 

Skazin IS V/ork 

Skazin (27) made the important observation 

that maple flavour is not present in the sap, but dev­

elops during the concentration at atmospheric pressure. 

By conoentrating sap under reduced pressnre, or by the 

freezing method, he obtained syrups which had an odour 

resembling vITa termelons. IIJlaple flavour could be dev­

eloped in these syrups by boiling at atmosphe~io pres­

sure. 

Extraction 'Of maple syrup 'wi th various sol­

vents yielded the follo1Ning results. 



Solvent 

Carbon 
tetrachloride 

Petroleum 
ether 

.Carbon 
disulphide 

Benzene 

Ethyl. ether 

Chloroform 

Parts per 
million 

14 

17' 

18 

33 

38 

57 
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Colour 

pale yellow 

n It 

reddish yellow 

Tt n 

yellow 

reddish brown 

lVlaple 
Odour 

No 

No 

Approximate 

n 

Yes 

Yes 

Skazin attempted to isolate maple flavour by 

direc·t extraction of maple syrup wl th chloroform. He 

fractionated the chloroform extract by Nelson's method, 

and obtained essentially the same three fractions. 

(1) Sodium bisulphite fraction. Three gallons 

of syrup yielded an oily residue 1Neighing 48 milli-

grams, which had a strong odour of vanillin. Extrac-

tion of this material with petroleum ether yielded a 

whi te crystalline product (needles) mixed ~Ti th a small 

quantity of yellow oil, weight 13 milligrams. This 

fraotion gave various colour reactions for vanillin, 

and melted at 770C to 79°C. One microcombustion an-

alysis gave results approximating the composition of 
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vanillin (H 4.16%, C 64.00%; Vanillin H 5.2%, 

C 63.2%). 

(2) Ammonium hydroxide fraction. The residue 

was reddish yellow, resinous, and had an agreeable 

odour. Ivlicrocombustions yielded the folloVJing values. 

H 7.4%, C 66.6%. 

(3) Final residue. This fraotion was a dark 

brown resin insoluble in '!Vater, slightly soluble in 

ether, and easily soluble in 10 percent aqueous potass­

ium hydroxide, alcohol, and ohloroform. 

Skazin summarizes his results as follows: 

(3 gallons of syrup) 

1. Sodium bisulphite extraot 

(a) soluble in petroleum 
ether 

(b) insoluble in petroleum 
ether 

2. Ammonium extraot 

3. Resin 

4. UnknoV'm parts 
(by differenoe) 

grams per cent 
of total 
weight 

0.013 1.4 

0.035 3.6 

0.062 6.4 

0.660 67.7 

0.204 20.9 

0.975 grams 

He ooncludes;: "Maple flavour appears to de-

pend to a great extent on vanillin, or vanillin-like 

substanoes. Some other oompound which oonstitutes the 

flavour is also present. n 
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Labrie's Investigation(15) 

(1) Extraotion of Maple Sap and Syrup 

Eighteen litres of maple syrup of 30 per oent 
WL't-C 

solids ~ treated with emulsin, and then extraoted 

Wi th ether. An amorphous brow'n residue whioh had an 

intense maple odour was obtained. Extraotion of this 

residue with petroleum ether yielded a very small; 

amount of a orystalline pO'wder whioh i,vas very unstable. 

The orystals melted at about 600 0. and gave the oolour 

reaotions of vanillin. Treatment of fresh sap in the 

same 'way yielded a resinous residue. By rapidly v{ash-

ing this with oetroleum ether he obtained a orys1ml.­

line produot whioh he states was vanillio aoid. A 

s·trong odour of guaiaool was noted in this residue. 

Labrie concluded that the aromatic material of maple 

syrup is an unstable complex product. The solid )art 

1s composed of vanillin and vanillic aoid, and the 

oily part is guaiaool. 

(2) The ooourrence of enzymes and glucosides in the 

maple._ 

Labrie reports the presenoe of an enzyme in 

maple bark, whioh showed slight hydrolytio aotion on 

oon1ferin and amygdalin, and also a partially orystal­

line produot whioh gave the oolour reaotions of oonif­

arin_ A searoh for these products, and also ooniferyl 
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alo-ohol and coniferylaldehyde in maple syrup proved 

unsucBessful. 

(3) " Hadromal" 

The last section of his thesis is devoted to 

an attempt to show that maple flavour is due to the 

formation of a substance called TlHadromal. n This mat­

erial was first obtained by Czapek (5) in 1899, by 

treating '~ood v!i th stannous chloride and extracting 

with benzene. It is said to be a yellowish microcryst­

alline sUbstance(melting at about 800 C., and giving 

most of the reactions of lignin. According to Hoff­

meister (10) this compound is closely related to con-

1ferylaldehyde, but this is disputed by Pauly and 

Feuerstein (21), and by Grafe (9), who maintain that 

it oonsists of a mixture of wood gum, tannin, pyro­

cateahol, and a small quantity of phenolic substances 

- principally vanillin. 

Labrie prepared hadromal from maple wood, 

and obtained a yellovv resinous product v"hich had a 

maple odour. It gave som.ewhat the same absorption 

spectrum and the same products of destructive sublima-

tion as did the ether extract of maple syrup, the 

products being vanillin, van11lic aCid, and guaiacol. 

He- synthesized a product,which he states had the pro­

perties of hadromal, by reXluxing a 5 per cent solu-
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tion of sucrose, vanillin, and guaiacol for one hour, 

in a slightly aoid medium. The solution was then made 

alkaline with sodium carbonate, and refluxed for from 

4 to 5 hours. Extraotion with ether yielded a yellow 

amorphous powder with an odour resembling maple produots. 

He oonoluded that maple flavour is due to 

the formation of hadromal during the oonoentration of 

the sap. 

Findlay IS ,,'lork 

Searoh for Preoursors 

1. Findlay ( 8) oonfirmed Skazin's observa­

tion, that the oharaoteristio flavour of maple syrup 

and sugar is not present in the sap, but is developed 

during the boiling. An exhaustive searoh for the pre­

cursor of maple flavour in sap, maple wood and vaouum 

sugar (sugar obtained by oonoentration of the sap at 

reduoed pressur.e) was undertaken. The possibili ty that 

the hydr9lysis of a gluooside might give rise to the 

flavouring prinoiple suggested itself, but no evidenoe 

for the presenoe of gluoosides was obtained. 

Extraction of vaouum sugar and sap with 

ethyl acetate removed the preoursor of maple flavour. 

Fraotionation of the ethyl aoetate extraot yielded 

(1) suoolnic aOid, (2) an amorphous produot (C 62.7, 
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H 6-.9, OCH3 10.1 per cent), and (3) a dark, sharp smell­

ing visoous oil. Findlay conclude,s: nAb amorphous 

material obtained from the ethyl acetate extract was 

probably an altered form of the precursor. It had 

the properties and oomposition of lignin and was not 

direotly oonvertible into the flavouring principle." 

2. Study: of the Flavour of ]JIall-le Syrup 

Extraction of 20 gallons of syrup yielded 

a dark red residue which weighed 10.0 grams, and had 

an intense odour of maple. A comparison of a number 

of colour reactions of this material with those of 

ferulaldehyde showed a fair similarity. The residue 

was dissolved in a small volume of alcohol, and was 

poured into water. The "vater-insoluble material ~s 

referred to as the tlmaple polymer. n It Vlas an amorphous 

product melting over a lvide range of temperature, had 

a faint maple odour, and was slightly soluble in dilute 

ammonium hydroxide. 

Analysis of the maple polymer gave the fol­

lowing values: C 63.10, H 6.85, OCH3 14.58. 

Two amorphous derivatives of the maple poly­

mer were prepared: 

(1) 2,4-dinitrophenylhydrazone, m.p. 119-120°. 

Analysis: C 48.6, H 4.9, N 11.5 per cent 

(2) Diph1orogluoide, m.p. above 2500 • 

Analysis: C 61.46, H 5.64, OCH3 7.01 per cent 
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Findlay's Summary of the properties of flavour extraots 

nIt has been shown that ·the chief consti tuent 

of the flavouring matter as extracted by chloroform 

or ether is a phenolio polymer giving color reactions 

similar to coniferyl aldehyde. The formation of the 

hydrazone and diphloroglucide showed that there 1s 

present a small amount of an available carbonyl group, 

which from the analyses must be closely related to 

ferulaldehyde. The failure to obtain other character-

istic condensation produots in sufficient Cluantity for 

identification indicated that the carbonyl group is 

not very reaotive or is masked in some way.n 
1 

He further states: "The exact nature and 

method of formation of maple flavour cannot be determin­

ed from data available at present, but the results of 

this investigation indicate that it is related to com-

pounds involved in the formation of lig~in.n 

He postu~ates: nIt is possible that the pre­

cursor of the flavour is an unstable form of lignin 

which is oonverted by heat into an aromatic aldehyde 

related to ferulaldehyde, which polymerizes either 

in maple syrup itself or on isolation. n 
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Review of the Previous Investigations 

into the Nature of Maple Flavour 

In reviewing the work of previous investigators 

one point in particular must be borne in mind, namely, 

that Nelson was the only worker who has claimed to have 

retained an intense odour of maple while proceeding 

through tvlO steps of fraot1onation. He states that 

maple flavour is not extracted by sodium bisulphite, 

but is by ammonium hydroxide, and oan be reoovered by 

acidifying. Skazin found it impossible to fractionate 

the chloroform extract by Nelson's method, without 

ohanging the oonstituent responsible for maple flavour. 

He neither oonfirms nor denies Nelson's statement re­

garding the extraotion of maple flavour by ammonium 

hydroxide. 

Findlay devoted a great deal of time to an 

attempt to isolate the preoursor of maple flavour. 

Extraction of the precursor from maple sap and vacuum 

sugar by the use of ethyl aoetate yielded a yellow 

oily produot. Attempts to develop maple flavour in 

this material by heat proved unsuooessful. Fraction­

ation yielded an amorphous lignin-like oompound and a 

reddish oil. Sinoe we do not know the oonstitution of 

the- consti tuent responsible for maple flavour, and 

since the precursor is odourless, it 1s quite obvious 
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that any attempt to deoide which product is the res­

ponsible one is at best speculative. Findlay believ­

ed that the amorphous lignin-like oompound was the 

precursor. 

On a direot attempt to isolate maple flavour 

from syrup, Findlay obtained 10 grams of crude extraot 

which were dissolved in aloohol, and poured into a 

large volume 'of water. The water-insoluble produot 

is referred to as the maple po·lymer, and without es­

tablishing the purity of this material he determined 

the percentage carbon and hydrogen, and oompared the 

values obtained with coniferylaldehyde. We oan assume 

from this that he considers the ohloroform extraot to 

oonsist o~ only one substanoe. This assumption is hard­

ly tenable in view of Nelson's and Skazin's work. 

Similarly, Labrle states that he isolated 

various products but gives no indioation as to a system­

atic procedure that may be followed in fraotionating 

the various constituents. No quantitative data are 

presented in proof of the oonolusions that the various 

produots are present. Although he states that hadromal 

is responsible for maple flavour, no method is given 

whereby one oould isolate this product. 

It Is unfortunate that the latter two workers 

have not followed Nelson's method in attempting to iso­

late maple flavour. For instanoe, the qU8Btion as to 
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whether maple flavour oan be extracted by ammonium hy­

droxide, has not been satisfactorily confirmed. 

In oonolusion, it appears that although a 

great deal of valuable work has been done reoently 

~thregard to the development of maple flavour from 

maple sap (Skazin and Findlay), no results have been 

reported sinoe Nelson I s work vlThioh have furthered our 

knowledge as to a systematio prooedure to be used for 

the i solat.lon of maple flavour. 
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III. Experimental 

Fraotionation of The Chloroform Extract . 
The object of this investigation was (1) to 

develop a method for the isolation of maple flavour, 

(2) to determine its ~hemical nature, and (3) to determ­

ine the chemioal nature of the other products present 

in the chloroform extrac t of maple syrup. The valu.e 

of any method depended on (1) w'hether it fraotionated 

the products, and (2) whether it left maple flavour un-

impaired. Many methods could be found vvhich satisfied 

the requirements of the first stipulation, but very 

few were satisfaotory in regard to the second. The 

great instability of maple flavour has com.Jlicated this 

problem to a marked degree. Various methods have been 

utilised and the results leading up to the method final­

ly adopted will be reviewed. 

The maple syrup used in this investigation 

was of high quality, medium color, and good flavour. 
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Method 

Two gallons of maple syrup, one and a half 

gallons of 'water and 1500 co. of chloroform VTere trans-

farred to a five gallon glass bottle plaoed in a motor­

driven butter churn. The churn was rotated for four 

hours ,and the ohloroform layer 'was drawn off by the 

use of a suction pump. An additional 1500 cc. of 

ohloroform 'were added, and the contents again rotated for 

four hours. The t'\V'o chloroform extracts 'were combined, 

and concentrated at atmospherio pressure to a volume 

of approximately 200 ac. The chloroform oonoentrate 

was stored in the ioe-box until required. On complet-

ing the extraction of the required humber of gallons' 

of syrup, the total chloroform conoentrate was taken 

to dryness at reduced pressure in an all-glass Claissen 

distilling flask. The residue vvas a resinous red prod-

uot, whioh had an intense odour of maple. 

Fraction A. - The Aloohol Insoluble Fraotion 

After many preliminary experiInents on the 

solubility of this residue, it was found that a large 

peroentage of the material was only slightly soluble 

in ioe-aold alcohol. Therefore the chloroform residue 

was dissolved in aloohol, using 3 cc. of alcohol for 
. - - ... ~ 

eaoh gallon of syrup, and placed in the ice-box over­

night when a yellow oily solid was deposited. The 
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alooholic layer was decanted, and the solid material 

washed with 5 oc. portions of ice-cold alcohol. The 

insoluble product (Fraotion A) was e-qui valent to 50% 

of the~total weight of the chloroform extract for the 

year 1935 and was absent in the chloroform extract 

for the year 1936. Examination of Fraction A has shovm 

it to be largely a glycerol ester (fat). Nelson (19) 

states: nThe residue from the Vermont sirup contained 

a small quantity of a saponifiable oil. This was not 
-

found in the oorresponding residue from the Michigan 

sirup, and it was probably an oil used in the kettles 

to stop foaming. It 

The results obtained in this $tudy cannot 

bear out Nelson's conclusions. It hardly appears 

likely that the maple syrup producers would use a fat 

in 1935 and discontinue using it for the sugar season 

1936. It must be remembered that trials were run on 

1, 2, 4, etc. gallons of the 1935 syrup, and in every 

case the fat was present. Furthermore the syrup came 

from individual farmers in the Province of ~uebec. 

In any event, by the use of cold alcohol the 

ohloroform extract of 1935 was fractionated into (1) an 

oily substanoe which was odourless, and (2) the maple 

fraotion. The particular advantage of this step was 

the elimination of the oil, thus rendering the maple 
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fraction more suitable for further work, viz. as a 

substanoe which could be dried and powdered. 

Fraotion B. - The Sodium Bisulphite Fraction 

After removal of Fraction A, the red alcohol­

io solution was taken to dryness in vacuo, in an a1l­

glass Claissen distilling flask, care being -taken to 

prevent oxidation by passing in a slow stream of nitro­

gen (passed through alkaline pyrogallol). The residue 

vias a soarlet red oily amorphous produot which had an 

intense odour of maple. Previous workers state that 

sodium bisulphite forms an additive product with a 

fraotion of this material. This point was investigat­

ed and their oonclusion confirmed. 

The method used in obtaining the bisulphite 

fraction will be briefly outlined. 

The soarlet powder was dissolved in chloro­

form, freshly prepared saturated sodium bisulphite was 

added, the flask was partially immersed in an ice-bath, 

and the oontents were stirred for six hours with a motor 

driven stirrer. The bisulphite layer was transferred 

to a glass-stoppered flask, -an additional 25 co. 

of sodium bisulphite were added to the chloroform, and 

the contents again stirred for 3 hours. The oombined 

bisulphite fractions were washed with chloroform, 

transferred to a glass-stoppered bottle and stored in 

the loe-box (Fraotion B.) 
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Fraotion C·. - The Chloroform Extraot minus Fraotions A+B 

The red chloroform solution was dried over 

anh~drous sodium sulphate, and taken to dryness in 

vaouo. A visoous red oil was deposited which on 

further evaouation inoreased in volume to co~letely ~ 

fill the flask. This material was readily pulver-

ized into a scarlet-red amorphous powder, whioh had 

an intense maple odour. This powder represented ap­

proximately 40 per cent of the total weight of the 

chloroform extraot for the sugar season 1935 and 80 

per cent for the year 1936. 

A preliminary examination of this material 

indioated the presence of phenols, acids, carbonyl 

compounds, and neutral products. steps were taken to 

fraotionate these 'products Without impairing maple 

flavour. Various methods have been tried. 

Method r. - Distillation of Fraotion C. 

25 milligrams of the material were transfer­

red to a-micro sublimation apparatus. A red visoous 

oil distilled at a temperature of approximately 100°C, 

vaouum 0.025 mm. The volatile oil had a pleasant 

sweet odour; the non-volatile material was odourless. 

Apparently maple flavour is sensitive to heat and 

this method is not satisfa~tory for its isolation. 

It was also found that steam distillation destroyed 
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the flavour. The distillation of the constituents of 

the chloroform extract will be dealt with at greater 

length elsewhere. 

Method 2. - Use of Or~anic Solvents. 

Skazin extracted maple syrup Quantitatively 

wi th various solvents and found that maple flavour is 

defini tely soluble in bo·th ethyl ether and chloroform. 

However, he states that chloroform extracted 57 parts 

per million whereas ethyl ether extracted only 38 parts 

per million. Furthermore petroleum ether extracted 15 

parts per million \vithout dissolving the constituent 

responsible for maple flavour. 

Beari ng in mind Skazin I s results, it follo1.11TS 

that since chloroform extracts almost twice as much 

material as does ethyl ether, and since both solvents 

extract maple flavour, it should be possible to obtain 

a strong maple concentrate by extracting the chloroform 

residue \"Ti th ethyl ether. 

The amorphous maple fraction vIas mixed "\vi th 

an equal volume of sand, then transferred to an extrac­

tion thimble, placed in a Soxhlet extractor, and ex­

haustively extracted successively with (1) petroleum 

ether, (B.P. 30-400 ), (2) ethyl ether, and finally 

chloroform. 
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Petroleum- ether extract 

The residue consisted largely of a yellow 

oil .containing a small perce.ntage of l\rhi te crystals. 

This fraction contains only 5 per cent of the weight 

of the maple fraction, and has merely a trace of maple 

odour. For the year 1935 it was found that the yel­

low oil was largely saponifiable and belonged to Frac­

tion A. The crystals vI/ere acidic in nature, but the 

quantities obtained were so small that no attempted 

isolation has been made. 

EtBll ether extract 

After the extraction with petroleum ether 

the material in the thimble still had an excellent 

maple odour. On extracting this iNi th ethyl ether and" 

taking the ether to dryness, the residue had merely a 

trace of odour; the ether insoluble fraction was odour­

less. Only by the most rigid purification of the ether 

could maple flavour be transferred from the amorphous 

powder to the ether fraction. Purification was obtain­

ed by shaking one li tre of ether v'li th 200 cc. of 40 per 

oent sulphliric aOid, and then refluxing the ether over 

sodium, and distilling just before use. It appears 

very likely that the peroxides in ether must have des­

troyed the flavour. Nelson reported that ether dimin­

ished the strength of maple flavour but did not determine 
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whether this was due to oxidation. Confirmation that 

the peroxides were responsible was obtained by adding 

a few drops of hydrogen ~eroxide to a strong maple 

flavour extract. In a few minutes the odour was des-

troyed. 

Using purified ethyl ether, a solution with 

a deep yellow colour was obtained, and a reddish oil 

was deposited on the sides of the flask. :Fresh ether 

was used daily and extraction was continued for six 

days without exhausting the ether soluble constituents. 

The ether extracts v/ere immedia tely taken to dryness 

in vacuo, and the residue dissolved in chloroform, in 

whiah solvent maple flavour shovvs a .grea ter stabili ty. 

The ahloroform extract was taken to dryness 

in vaauo, and the residue wa~ a reddish oily product 

which had an intense odour of maple. On looking at 

the residue under a microscope a small percentage of 

whi te crystals viTera noted. This ma terial gave the 

follo·wing tests: 

-Fehling's solution 

Ammoniacal silver nitrate -

Folin-Denis (phenols) 

Millon reagent (phenols) -

reduced 

reduced 

positive 

positive 

Liebermann reagent (phenols) positive 

2,4-dinitrophenylhydrazine (0=0) red precipitate 
( amorphous) 
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Xanthate and Aoetio 
anhydride tests(alcohols) -

Basic lead aoetate -
Calcium hydroxide -
Ferrio chloride -

negative 

grey precipitate 

grey precipitate 

bro'wn coloration 
follovfed by dark 
brown precipitate 

Phloroglucinol hydroohloride - red colour 

Conoentrated sulphuric acid - dark red colour 

Bromine water - precipitate 

Table I 

Summary of the Ac tion 0 f Org.anJ.c Sol ven ts on Fraction C 

Solvent 

Petroleum ether 

Ethyl ether 

Chloroform 

(30 ~allons of slruE) 

Physical form Odour ',Veight 

grams 

Yellow oil, nil 0.5 
v/hi te crystals 

Mixture 'of red oil excellent 4.4 
and amorphous maple 
solid 

Dark red amorphous 
solid (m. p. 60-90°) 

nil 4.8 

Percent 
of total 
'vei~ht 

5 

45 

50 

By removal of Fraotions A and B, and extrac­

tion of the residue 1Ni th ethyl ether., the consti tuent 

responsible for maple flavour was concentrated into 20 

per cent of the total weight of the chloroform extract 

for the sugar season 1965 and into 40 per oent for the 

year 1936. Attempts to fractionate this material 
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(Fraotion D) into its various constituents, without 

destroying maple flavour, were undertaken. 

Method 3. Fractionation of Fraotion D by the Use of 

Solvents. 

Further fractionation of this material was 

attem~ted by the use of various solvents, but in every 

case it was found impossible to get a clear cut separa­

tion of the substanoes. A partial separation could be 

effeoted by the use of either methyl alcohol, or car­

bon tetraohloride vvhich vvere immisci ble w'i th the red oil. 

Ho'wever, on taking the extracts to dryness the residues 

were all oily and had faint maple odours. The constitu­

ent responsible for maple was present in all the frac­

tions. Fractional solubility in ether yielded an 

amorphous odourless product, and an oily product 'which 

had a fair maple odour. Other solvents tried were 

carbon disul~hide, benzene, amyl alcohol, dioxane, 

ethylene glyool, pyridine, ethyl aoetate, and aoetone. 

In all oases a definite overlapping of the SUbstances 

ooeurred, whioh could readily be shown by testing 

qualitatively with any of the reagents which had been 

found to give positive reactions for the ether extract, 

for example, Millon's reagent. Furthermore, in spite 

of rigidly purifying all the solvents used, it was 

found that the substance responsible for maple flavour 
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tended to ohange and become odourless. It has been 

found impossible by this method to ascertain definitely 

which product in the ether extl'aot (Fraction D) is 

responsible for maple flavour. 

Method 4. Fraotionation of Fraction D bl the Use of 

Alkalies. 

Nelson states that maple flavour is' extract­

ed by ammonium hydroxide and can be recovered by aoid­

ification of the alkaline solution. Since solvents 

were ineffective in fractionating the ether extract, 

an attempt was made to do so by the use of alkalies. 

Three grams of fresh ether extract 1,"1hich had 

an ex.aellent maple odour vvere dissolved in 100 cc. of 

ahloroform, and extracted successi vely 'w'i th (1) 5 per 

oent solution of sodium bicarbonate, (2) 1:10 ammonium 

hydroxide solution, and finally, 'vi th 2 per cent sodium 

hydroxide solution. 

Sodium Bicarbonate Fraction 

The chloroform solution (red colour) v/as ex­

tracted 25 times with 20 cc. portions of 5 per cent 

sodium bicarbonate solution. The oolour of the chloro­

form layer ohanged from a red to a blood-red colour. 

The alkaline solution tvas ,.vashed 1l1i th ohloroform, acid­

ified wi th dilute hydroohloric acid, and extracted vri th 
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ohl"oroform, vfhioh 'was dried over anhydrous sodium sul­

phate and taken to dryness. The residue was a red 

resinous product having a slightly rancid odour; weight 

0.20 gram. 

The Ammonium Hydroxide Fraction 

The ohloroform solution (blood-red colour) 

was then extracted 20 times 'I;'Ti th 40 cc. portions of 

1:10 sodium hydroxide solution. Difficulty was experi­

enoed in breaking the emulsion that formed. The chlor­

oform layer changed from a blood red to an orange colour, 

resembling a suspension of antimony sulphide. The oom­

bined alkaline solutions vvere 1.vashed '~Ti th chloroform, 

acidified and extracted \'·ri th chloroform. The chloro­

form extract was dried over sodium sulphate, and taken 

to dryness. The residue v"eighed 0.31 gram, and was a 

light red amorphous solid. 

The Sodium gydroxide Fraotion 

The material extracted by sodium hydroxide 

was an amorphous brovV'n odourless solid, which i,veighed 

1.6 grams. 

The Neutral Fraction 

This frac tion v/eighed 0.70 gram. It Vias a 

reddish oily product having a faint pleasant odour. 
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Table I1 

Suwmary of the Effect of Alkalies on the Ether Extract 

(Fraction D) 

3.0 grams (equivalent to 20 gallons of maple syrup) 

':Jeightof Physical Per cent 
Treatment material state Colour Odour of total 

obtained vvei~ht 
grams 

5% Sodium resinous red slightly 7 
bicarbona te 0.20 rancid 

1:10 ammon-
ium 0.30 amorphous brownish nil 10 

hydroxide solid red 

2% sodium amorphous bro,.vn nil 57 
hydroxide 1.60 solid 

Neutral mixture of light faint 
fraotion 0.70 a sulid red pleasant 25 

and an oil odour 

A simpler ex-periment vvas planned to ascertain 

defini tely (I) ,,,,hether maple flavour could be extract­

ed by ammonium hydroxi~e, and (2) vvhether maple flavour 

if not extracted was left unchanged in the chloroform 

layer. 

10 cc. of the original chloroform extract of 

maple syrup were transferred to each of four separatory 

funnels. Separatory funnels Nos. 1 and 2 were kept as 

blanks, No. 3 was extracted once with 1:10 ammonium 

hydroxide solution, and No. 4 once '.vi th 5 per cent 

potassium carbonate solution. 
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The results are summarized below: 

Treatment 

Blank 

Blank 

Ammonium 
hydroxide 
( neutral 
fraction) 

Ammonium 
hya.roxide 
extract 

Potassium 
carbonate 
( neutral 
fraction) 

Po·tassium 
carbonate 
extract 

Colour of the 
residue 

Light red 

Light red 

Deep red 

Light yellow 

Deep red 

Light yellow 

Odour 

Strong maple 

Strong maple 

SV1[e e t od our 

Vanillin 

SVveet odour 

Vanillin 

Both aqueous ammonium hydroxide and potass-

ium carbonate convert maple flavour to a compound 

which has a sweet odour, and also change the oolor 

of the chloroform extract from a light red to a scar-

let red colour. In oontrast to Nelson's re~ults, in 

which he found that ammonium hydroxide extraoted near-

ly all the substanoes present in the ether extraot, 

we find that only 17 per oent is extraoted. This is 

in agreement VITi th Skazin' s \flTork. J?urthermore, i t was 
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found impossible to confirm Nelson's conclusions regard­

ing the extract.ion of maple flavour by ammonium hyd_rox­

idee A possible reason for the marked discrepancy in 

the results may be found in the nature of the syrups. 

Nelson 'worked on 1vlichigan and Vermont syrups, lNhereas 

this work was done on ~uebec syrup. It has been found 

in this study, that marked differences occur not only 

in the relative quantities of the products present in 

the chloroform extract from year to year but also in 

their chemical nature, for example, Fraction A (total­

ly absent in 1936), and Fraction B (dealt 'wi th else­

where. 

From the above results it becomes apparent that 

in the isolation of maple flavour the use of alkalies 

must be avoided. The question as to 'which fraction of 

the ether extract is responsible for maple f1avour is 

still undecided. However, by a study o~ the ether in­

soluble fraction, 'which vias odourless, and relating 

these products to substances present in the ether ex­

tract, some indirect evidence was obtained. 

The Ether-insoluble fraction' (See Table It page 26) 

This fraction is a dark brown amorphous pow­

der (5.2 grams from 30 gallons of syrup). It is odour­

less, melts between 600 and 900 , and is oompletely 

acidio in nature. This material 'I\fas fractionated by 
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the use of barium hydroxide into (1) material preoip-

i tated by barium hydroxide, and (2) material extra.oted 

from the ohloroform solution by barium hydroxide but 

not precipitated. These tvvo fractions 1Here then separ­

ated into their acidic and phenolio constituents. The 

nature of these products 'will be deal t 1:"i th at length 

in the second part of this thesis, under the section 

dealing with the lignin-like substances. It is suf­

fioient at this stage to indicate that the ether-in­

soluble fraction is a mixture uf four or more high 

molecular 'weight oompounds. A. comparison of these 

produots \v1 th the aoidic products obtained from the 

ether-soluble fraction defini tely shovved a close rela­

tionship, and this suggests that some product in the 

ether extract, other than the acidic substances, is 

responsible for maple flavour. This point 'will be dis­

oussed at greater length elsewhere. 

The Neutral Fraction (Table 11, page 30) 

This fraction oonsists of a red oily viscous 

produot whioh has a sweet pleasant odour. As yet no 

method has been found to isolate this fraction without 

changing maple flavour. Indireot evidenoe as stated 

previously vlould indicate that maple flavour is due 

to a neutral oompound, and therefore some product in 

this fraotion, although in an altered form, is res-
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ponsible for maple flavour. A preliminary examination 

showed the presence of at least three products, namely, 

(1) A small peroentage of "\vhite crystals, (2) an amor­

phous solid, and (3) a reddish viscous oil. Fraction-

ation of these products by the use of solvents render-

ed the material odourless. Any attempt, from this point 

on, to decide which constituent was responsible for 

maple flavour 'vas quite speculative. 

At the conclusion of this phase of the work, 

it ,vas felt that some new method must be obtained for 

the isolation of maple flavour. Organic solvents were 

ineffective, and alkalies changed the flavour. The 

problem is greatly complicated by the fact that although 

a large percentage of acidic material is present (See 

Table II, page 30), this must be fractlonated 'vi thout 

reaourse to alkalies. Furthermore, maple flavour is 

qtiite unstable, and repeated fraationation reduces the 

strength of the odour, for example, the use of ether. 

A further difficulty is the fact that maple flavour must 

( 
, I 

'< 

always be kept in sulution, preferably ahloroform, since 'I 

in the" dry state it becomes odourless within a aouple 

of days. 

A summary of the separation of Fractions A 

and B, and of Methods 2 and 4 is given in the flow sheet 

on the following page. 



TABLE III 

Flow Sheet . 

Fractionation of the Chloroform Soluble Constituents of lfuple Syrup by the Use 
of Organic Solvents (Sugar Season 1935) . (30 gallons of maple syrup) . 

Residue of the Original 
Chloroform extract 
Dissolved in alcohol 
(3 cc . per gallon of maple syrup) 
Placed in ice-box 

Insoluble Soluble 
Fraction A. 

Yello-{ oil, "eight 1 . 0 gI.1S . 
Glycerol ester . Two princi.9al 
fatty acids are palmitic and 
oleic . 

lcohol taken to dryness 
(Vacuo) . ~esidue dissolv­
ed in chluroform. 
Extrac ted "\ fi th sa tura ted 

ISOdium bisulphite 

Bisulphite Fraction (B) 
-~ight 0 . 65 gram. 
Vanillin odour 

Fraction C. 42fo of total 

, ' 

weight 

(
Chloroform taken to 

. dryness (Vacuo) . 
'Lxcellent maple OQour . 
S~ctrac ted successively 
lvi th l)etroleum ether , 
ethyl ether , and 
chloroform. 

r.o ..... en .... ..at ..... ". extr-¥-t­
[eight 0 . 5 gram 

~th.r l et eJ; €X~C ~ 
(D) :leight 4 . 4 grams 

~ce:lent ap:e OQour 
Extracted successively 
with sodium bicarbonat~, 
ammonium hytlr. o ..... io.e and 
sodium hydroxide 

", .'~ r"t."'. ........ - """"1~~ .,' 
........... ~w .... .;J ;E"Q ... .or -v""~,,,,-u.;v v - , &iTr 
\{eight 4 . 8 grams 
9d.our nil 
Amorphous solid 
'ompletely acidic 

0do'L'T nil .. 
Residue oilJT 

Sodium 
bicarbonate 
; -eight 
0 • .5 gram 
Amorphous , 
odourless 

Ammonium 
hyd.roxide 
fra,c ti on , 
"leight 
0 . 45 gram 
Amorphous . 
Odourless 

These three fractions 
identical vd th 

Sodium 
hydroxide 
fraction 
, Teight 
2 . 4 grams 
Amorpha s . 
Odou ~ess 

Neutra 
fracto n 
"le' t 

. 1 gram 
Oily , 
pleasant 
sweet 
odour 

Barium 
Precipitate , 

I Barium 
1 fractiona tion 
! 

I 

Barium 
Extract 

Phenol Acid Phenol Acfd 

Analysis of these four products 
gave much the same values . 
C 60 . 0 ; H 6 . 4 ~ OCH3 20 . 0 % 

(Lignin-like material) 

Conclusion: - Although maple flavour is changed by this method , indirect 
evidence suggests that the neutral fraction is responsible for maple flavour . 

I 
01 

- 01 1 
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Method 5. The Use of Vlater as a Solvent for liaple Flavour. 

During this investigajiion i t 1Nas often no ted 

that the chloroform soluble constitu~nts of maple syrup 

were slightly soluble in ·water. It is a knovrn fact 

that sUbstances which are odourous must be partially 

soluble in 'water; and wi th these points in mind, an 

attempt 1J'TaS made to extract maple flavour by the use 

of water. It "\;vas found that the aQueous extract had 

both an excellent maille odour and taste. The method 

used for the extraction of maple flavour 'I'ITas as follows. 

The procedure outlined for the separation 

of Fractions A and B Vlas carried out as usual. The 

pulverized amorphous maple fraction vvas then transfer­

red to a 500 cc. Erlenmeyer, 250 cc. of freshly boiled 

and cooled distilled "vater 'were added, and the contents 

stirred vigorously for two hours in an atmosp~ere of 

nitrogen, using a motor driven stirrer. The a~ueous 

solution ( light yellov,r colour) I.vas transferred to a 

glass st~ppered bottle, the contents sa turated \-1i th 

nitrogen, and then stored in the ice-box. Fresh water 

was'used every three hours and extraction continued, 

using -in all approximately 60 cc. of ,!vater for each 

gallon of maple syrup. To facilitate complete extrac­

tion, the water-insoluble material vIas dried in vacuo, 
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over concentrated sulphuric acid and solid sodium 

hydroxide in an atmosphere of ni trogen, repov"dered, 

and again extracted, using an additional 50 cc. of 

water for each gallon of syrup. 

The combined aqueous extract ~vas concentrat-

ed in vacuo to a small volume in an atmosphere of 

nitrogen. Although the temperature of the bath never 

exceeded 45°C. the intensity of both the maple odour 

and taste was diminished. The aqueous concentrate 

was transferred to an all glass continuous extractor, 

and exhaustively extracted with chloroform, the sol-

vent dried over sodium sulphate, and taken to dryness 

in vacuo. The residue consisted of an oily yellow 

resinous product T'vhich had both an excellent maple 

odour and taste. 

The \va ter soluble ma terial gave the fol-

lo'ving tests. 

Folin Denis (phenols) 

MIllon's Reagent (phenols) 

Ammoniacal silver nitrate 

Fehling's solution 

Schiffs' Test (aldehydes) 

Sodium nitroprusside test 
(methyl ketones) 

Phloroglucinol hydrochloride -

positive 

positive 

reduced 

reduced 

nil 

nil 

red colour 
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Bromine vvater 

Basic lead acetate 

Ferric chloride 

2.4-dinitrophenyl hydrazine 
-( C=O group) 

Xanthate test (alcohols) -

yelloiN prec ipi ta te 

grey ,orecipi t.ate 

red preci11i ta te 

red Dreciuitate '" ... 

nil 

These tests give results identical to those 

obtained for the ether extract (See page 25), and this 

suggests that the a<;lueous extract is composed of the 

same constituents. H01.yever, it V'Tas thought that prob­

~bly the relative ~roportions of these products might 

sho1rV a great difference. steps ~'7ere taken to determ-

ine th,is point. 

Determination of the Percentage Phenolic IVlaterial in the 

Aqueous Extract 

100 -milligrams of the aQueous residue 1~Tere 

dissolved in 5 cc. of alcohol, fresh bromine T,,'Jater Vias 

added, and a light coloured voluminous prouuct 1:'Jas 

precipi ta ted. The precipi ta te 'Neighed 9 milligrams, 

and this ind_icates tha t only a small fraction of the 

water-soluble material is phenolic in nature. This 

confirms previous work, in so far that it suggests 

that maple flavour is not due to a phenolic substance. 
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Use of Alkalies in the Fractionation of the Aqueous 

Extract. 

Attempts to fractionate the ether extraot oy 

the use of solvents or alkalies l.vi thout destroying 

maple flavour had proved unsatisfactory (I:Iethods 3 

and 4). Nevertheless some method must be devised for 

the separation of the acidic and the neutral products. 

Experiments 'were conducted to find. a method for fixing 

the .acidic sUbstances in the aqueous solution in the 

form of their sal ts, by the use of mild alkalies ~:'Ti th-

out impairing maple flavour. Then by extraction vIith 

chloroform the neutral fraction mightoe isolated. 

Experiment I - Use of Potassium Bicarbonate 

0.5 gram of potassium bic8rbona te rJas added 

to 75 cc. of the aqueous concentrate. The solution 

was transferred to an all glass continuous extraction 

apparatus, and exhaustively extracted with chloroform. 

It VITas then acidified wi th dilute hyclrochloric acid 

and again extracted. The two chloroform extracts were 

dried over sodium sulphate and taken to dryness in 

vaouo, thus yielding 

(1) Fraction not fixed by potassium 
bicarbonate 

(2) Aoid fraction 

-.{eight 
grams 

0.20 

0.015 

Odour 

maple 

slight 
rancid 
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The acid fraction consisted of a resinous 

red substance vvhich had a faint rancid odour. The frac-

tion not fixed by potassium bicarbonate consisted of 

an oily light grey solid. It gave a positive test for 

a carbonyl g~oup, reduced- Fehling's solution, and gave 

positive tests for ~henols. 

Experiment 11 - Use of Anwonium Hydroxide 

An attempt \~ras made to fix the phenolic as 

well as the carboxyllic sUbstances by carefully neut-

ralizing 75 cc. of the aqueous concentrate with dilute 

ammonium hydroxide, 'using phenolphthalein as an indic-

ator. The folloT.'.'ing t~NO fractions tJere obtained. 

( 1) Fraction not fixed by 
ammonium hydroxide 

(2) Fraction fixed by 
ammonium hydroxide 

". . ht ~~elg 

0.24 gram 

0.021 n 

Odour 
pleasant, s\veet. 

slight rancid. 

The acidic fraction appeared identical with 

the one obtained by the use of potassium bicarbonate. 

However, the other fraction, althuugh having the same 

appearanc"e, had a sVleat ra ther than a maple odour. 

This experiment confirms 2reviuus results, in that 

it indicates that ammonium hydroxide dues not combine 

with maple flavour. The non-carboxyllic fraction had 

a sweet pleasant odour, and throughout this investiga-

tion it has been found that this odour is closely re­

lated to maple odour, and is ~robably the result of 

-40a-



-40a-

some slight change in its constitution. Examination 

of this fraction indicated the- presence of phenolic 

material. 

Experiment III - Use of Barium Hydroxide 

The Sale and ~rrlson Patent (26) is based 

on the assumption that barium hydroxide ;:''1ill precip-

ita te the sucrose in maple syrup iNi thou t impairing 

maple flavour. "_-fi th this J:?oint in mind, 75 cc. of the 

aqueous concentrate 'tvere made alkaline "\-vi th NIIO barium 

hydroxide. It "I:vas hoped tha t barium ·hydroxide v{ouId 

combine Vvi th both the acidic and the phenolic material, 

thus- making it possible to obtain the true neutral 

fraction. The folloy"ing tvvo fractions vvere obtained. 

(1) Fraction not fixed by 
barium hydroxide 

(2) Fraction fixed by 
barium hy<iroxide 

-:Jeigh t 
grams 

0.24 

0.03 

Odour 

sYveet 

slight rancid 

The fraction not fixed by barium hydroxide 

gave a positive Millon and Folin-Denis test for phenols. 

The t'vo fractions appeared' identical wi th those obtain-

ad by the use of potassium bicarbonate and ammonium 

hyd;roxide. In all three cases the alkalies combine 

with a red resinuus acid, which comprises approxim-

ately 10 per cent of the weight of the aqueous extract. 
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Furthermore all three alkalies are ineffective in 

fractionating the phenolic from the neutral substances. 

Experiment IV - Use of NIIO Sodium Hydroxide 
; 

Although past experience has shown that maple 

flavour is extremely sensitive to alkGlies, a final 

attempt 1;vas ·made in that direction. The a1ueous con-

centrate obtained from 20 gallons of syrup was carefully 

ti trated potentiometrically ~vi th H/IO sod.ium hydroxid.e 

to a pH of 8.1. The pH of the original concentrate 

was 6.4 and it required 8.0 cc. of N/IO alkali to 

neutralize the extract. The alkaline concentrate was 

then transferred to an all glass continuous extractor, 

and the extraction of the substances not fixed by 

sodium hydroxide ·was carried to completion. Carbon 

dioxide Vl~S then passed through the aqueous solution 

and the phenolic fraction vvas obtained. Finally the 

aqueous concentrate was acidified with dilute hydro-

chloric acid and the true acid fra.otion \vas extracted. 

Table IV -
Fractionation of the A-queous Extract 

the Use of NIIO Sodium Hyuroxide 
(20 gallons of maple syrup) 

Fraction ~leight 

grams 

by 

Odour 

Ne:utral 0.60 S,lIleet :burnt odour 

Phenolio 

Carboxyllio 

0.01 

0.05 

nil 

Slight rancid 
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The Neutral Fraction 

This is the fraction not fixed in aqueous 

solution by sodium hydroxide at a pH of 8.1. All at­

tempts to obtain this fraction free from acidic sub­

stanoes vvi thout impairing or destroying maple flavour 

failed, but it has the SVleet odour that has been found 

to be clo~ely associated \Ni th the true maple odour, 

and there can be li ttle doubt that the :;'leutral fraction 

contains the substance responsible for maple flavour. 

It corresponds very clusely in appearance an~ properties 

to the neutral fraction obtained from the ether extract. eSee 

p~ge 33). It reduces Fehlin6's solution, contains a 

carbo~yl group, anQ gives a negative test for phenols. 

lractionation of the Neutral Constituents by means of 

Vacuum Distillation 

A preliminary experiment indicated that ap­

preCiable quantities of the neutral material were vol­

atile at a vacuum of 0.03 millimetres. The total neut­

r£!l fraction (0.4 gra.m) was transferred to a micro 

sublimation apparatus. 

The follo'wing fractions ,,,vere obtained. 

Fraction (1) - «140oC. Oily yellow product ·which had 

a sweet burnt odour. On looking at this material 

under the microscope a small percentage of white 



crystals iiTere noted. The oily mateI'ial failed 

to crystallise after storing it in the ice-box 

for one month, bu t during this time the slveet 

odour changed to a distinctly maple oQour. 

Frao tion, (2) - < 215°C • Light orange, odourless, 

amorphous solid. 

Fraotion (3) - Non-volatile fraotion. This product 

'tllTas decomposed by the heat, because i t is no,,"! a 

dark red amorphous solid J vlhereas before di stilla-

tion the material \vas all light colored. It is 

readily soluble in chloroform and alcohol. This 

material is equivalent to 50 per cent of the 

vl/eigh t of the l'~en tral }frac tion. 

It becomes evident from the above experirli.ents 

tha t if it Ivere poss ible to separa te the neu tral from 

the acidic produc ts ''1i th01.1t impairing maple flavour, 

the problem of fractionating the neutral constituents 

'wi thout destroying the flavour I.',rould still require 

solution, Various tests were ma~e on the three neutral 

fractions and the most promising lLlethods found for the 

fraationation of the rieutral constituents without re-

oourse to distillation are tabulated below. 



Reagent 

Ferric chloride 

Lead acetate 

Solubility in 
oold concen­
trated 
ethyl aloohol 
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Fraction (1) 
( <1400 0. ) 

nii 

nil 

1Vhi te crystals 
only slightly 
soluble 

Fraction (2) 
( <2150 0) 

dark colour 
& precipi tate 
forms 

Heavy Yvhi te 
precipitate 

Very soluble 

Frac tion (3) 
( non-volatile) 

nil 

Heavy dark 
bro'\iiffi 
precipitate 

Very soluble 

In the development of a future method for the 

separation of the neutral consti tuents steps should be 

taken (1) to eliminate the crystalline product by the 

use of alcohol, and (2} to precipitate Fraction (2) and 

( 3) \\Tl. th 1 ead ao e ta te. :B'i ndlay found that le ad ac e ta te 

precipitates a fraction of the chloroform extract but 

did not state \vhether the flavour vIas precipitated or 

remained in solution. This point ~vas investigated and 

i t was 'found that lead acetate nei ther 'prec ipi ta ted nor 

impaired maple flavour. 

Summary 

Although it was found impossible to isolate 

»ure maple flavour from the aqueous extract, several 

important faats were estab:}.ished, namely: 
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(1) T~e substance responsible for maple 

flavour is not fixed by sodium hydroxide in aqueous 

solution at a pH of 8.1. 

(2) The aqueous extract consists of approx-

imately lOj'~ carboxyl/iC material, 13,0 phenolic material, -/ 

and the remaining 77% of neutral substances. 

(3) The neutral fraction has the s\-,reet odour 

which 1ms been found to be closely related to maple 

flavour. It consists of at least four substances: 

(i) white crystals, (ii) yellow oil, (iii) light orange 

solid, and (iv) non-volatile material. One of these 

substances is undoubtedly related to maple flavour. 

(4) The most promising methoMfound for the 

fractionation of the neutral products were (i) use of 

cold alcohol, and (ii) the use of lead acetate. 

(5) The necessity for the absolute avoidance 

of all alkalies is stressed. Maple flavour is unstable 

at a pH of 8.1. 

(6) In spite of concentrating the dilute 

aqueous extract, in vacuo, and in an atmosphere of 

nitrogen, the intensity of both the maple odour and 

taste diminished. 

(7) The weight of the three main fractions, 

obtained by this method, for the sugar season 1936 

was as follows: 
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Bisulphite fraction 

Aqueous fraction (maple) 

Aqueous insoluble fraction 

iNeight 
(30 gallons of maple syrup) 

4 grams 

1 gram 

6 grams 

A study of the aqueous insoluble fraction in-

dicated the presence- of the same high molecular "tveight 

acids and phenols as had been isolated by the previous 

method ('see page 32). These products vull be dealt 'Nith 

under the section dealing 'v'Ti th lignin-like compounds. 

A schematic outline of Uethod 5 is given on 

the following page. 



Table V. 

Flow Sheet 01 ethod 5) 

Fractionation of the Chloroform Soluble Constituents of Uaple Syrup by the Use 
of .'va ter (Sugar Season 1936). (20 gallons of maple syrup) 

. Original Chloroform lJxtract 

Bisulphite fraction (B) 
:eight 3 . 0 grams 

'~ter-soluble fraction . 
Excellent maple odour 
'kight 1.0 grams . 

lconcentrated to a volume of 200 cc . 
tExtracted with saturated 
Isodium bisulphite , 

IChloroform taken to dryness 
in vacuo . Excellent maple 

i ociour . PO"ll'Jder extrac ted 
!wi th 1Ha ter 
t 

'-fa ter-insoluble frac tion 
'[eight 4 . 5 grams 
Odour nil , 

Concentrated to small volume , 
made alkaline vith NIIO sodium 
hydroxide to pH 8 . 1 . 

I.la terial lignin-like 

ExtracteQ with chloroform 

Chloroform soluble neut~al 
fraction . leic;ht 0 . 60 gms . 
OQour sweet , pleasant . , 

!",:,isti1_led 
1n vacuo 

fO.v Hi,m . 

t 
I 
I 

f 
I 

Phenolic Fraction 
'leight 0 . 07 grams . 
Odour nil . 

{C02 passed through 
solution . 
Ext_'acted 'Ji th 

f chloroform 

I , 
\~ .. cidifie 
,dilute HC1 . 
I Extr ac ted vi th 
I chloroform. 

Carboxyl~ic fraction . 
leight 0 . 05 gms . 

OCLour nil 
These two fractions consist 

material 
of lignin- like 

Frac tion (1) < 140°C 
Mixture of a red oil 
and white crystals . 
Develops a maple odour 
on storing it in the 
ice- box . 

Fraction (2) 200- 215 0 C 
Orange amorphous 
odourless solid . 

Fraction (3) non-volatile . 
Lignin- like material . 

, 
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Method 6. The Final Method Used in This Investigation 

for the Fractionation of the Chloroform-soluble 

Constituents: of maple syrup 1935~ (50 gallons 

of maple syrup) 

Only approximately 3 per cent of the acidic 

constituents of the chloroform extract are dissolved 

by extraction ·'Hi th -vva ter (lvlethod 5), vlhereas the con-

stituent responsible for maple flavour is completely 

soluble. All the constituents are very soluble in 

alcohol. Experiments "lvere outlined to determine 

whether the acidic prociucts could be preCipitated, 

by dilution of the alcoholic extract wi th "V'Jater, 

vlhile leaving maple flavour in sol1.1 tion. This method 

would have the advantages of Method 5, iHithout the 

neoessity of prolonged extraction, concentration, 

etc. It was found that at a concentration of 35 per 

oent aloohol, approximately 85 per cent of the acidic 

products were precipi tated. IJfaple flavour remained 

unimpaired in the solution. This observation and also 

the use of lead acetate was incorporated in the final 

method used in attempting to isolate maple flavour. 

The extraction of maple syrup vvi th chloro­

form, and the ooncentration of the chloroform extract 

was -carried out as previously outlined. Since Frao-

tion A was absent in the maple syrup for the year 1936, 
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the first step in the fractionation vvas the use of sodium 

bisulphite. This ~'V8.s carried 0 ut as previously outlined. 

The Use of Lead Acetate 

After the removal of the bisulphite fraction, 

the ohloroform extract vvas diluted \vi th chloroform to 

a volume of 500 cc. and vigorously shaken vii th 2 per 

cent lead acetate solution (1000 cc.). This step must 

be performed in a dark coloured bottle as the moist 

lead precipi tate darkens 1vhen exposed to light. The 

weight o:f the lead precipi tate 1vas 2.4 grams. The 

chloroform (700 cc.) was then dried over anhydrous 

sodium sulphate, transferred to a dark colored bottle, 

and stored in the ice-box. On taking a few cc. of the 

ohloroform extract to dryness, an excellent maple odour 

was noted. 

The Use of Other Precipitating Agents 

In an attempt to precipitate additional con­

stituents from the chloroform extract, experiments 

"TNere conduc t6d using copper chloride, oarium chloride, 

ferrio ohloride, oopper sulphate, mercuric sulphate, 

pota$sium platinic chloride, cinohonine sulphate, 

tannic acid, phosphotungstic aoid, and picrio acid. 

In every case no precipitate developed. On using 

basic lead acetate, calcium hydroxide, and barium 
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hydroxide heavy precipitates formed. The basic com-

pounds destroyed maple flavour so their use 'was dis-

carded. 

The Use 6~ Absolute Alcohol 

The chloroform solution 1vas taken to dryness 

;.--J: 6-v$.""" in vaouo, and the residue di ssol 'fed in 85 OC. of ab-
¥ ~rP'.~ 
1~V solute alcohol ('liTine-red colour). On placing the alco-

holic solution in the ice-box overnight a greyish pro-

duct 1,"Tas precipi ta ted. The solution 'was fil tered and 

the ma terial insoluble in cold alcohol 1Nas recrystall-

iz~d - weight 0.090 gram. Approximately 50 per cent 

of this ma~erial sublimed at a temperature of 1200 0, 

vacuum 0.03 ram. It is un odourless neutral product, 

and. is undoubtedly the '.'1hi te crystalline substance 

which iNas present in the yellov~T oil (see 'page 42). 

Since this prod.uct is odourless, and l.vas present in 

such small quantities, no attempted identification 

has hee n made. 

Precipitation o~ the Lignin-Like Material by the 

Use of 35 Per Cent Alcohol 

Reoently boiled and cooled distilled water 

was slo'w'ly added wi·th constant agi tation to the alco­

holic extract, until a concentration of 35 per cent 

alcohol was attained. A fast flow of nitrogen (passed 
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th~ough alkaline pyrogallol) was passed into the 

solution throughout this operation. The 35 per cent 

alcoholic solution 1~ras vvell stoppered and placed in 

the ice-box for 24 hours. .A heavy red resinous pre-

clpitate se·ttled, iNhich 'was redissolved in 30 cc. of 

alcohol, and again precipi tated 1.'1i th \;'Jater. The tw'o 

filtrates '.'rere combined, diluted vv1 th 1/vater, extract-

ed wtth chluroform, the solvent dried over sodium 

sulphate and taken to dryness in vacuo. An oily yel-

low residue, v"h1ch had an excellent maple odour "vas 

obtained~ These steps are illustrated as follows: 

Concentrated alcoholic axtract (85 cc.) 

Diluted to 35% alcohol. 
{Placed in the ice-box. 

, 
Pr~cipitate 

, 

uissolved in 30 cc. 
alcohol. Diluted 
with water to 35~ 

lalcohol. Placed 
in the ice-box. 

I 

l , 
t 

I 

Precipitate 
Amorphous, light 

Filtrate + Filtrate 

red powder. Very 
faint maple odour. 
Weight 6.3 grams 
Lignin-like material 

f , 
JDilu ted \vi th wa ter. 

I
Extracted with 
chloroform. 
Chloroform dried 

lover sodium sulphate. 
,Taken to dryness in 
{vacuo. , 

:desidue 
Light yello'~r oily ma terial. 
Excellent maple odour. 
Weight 2.6 grams. 
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Further precipitation of the acidic constitu-

ents was attained as follows. The maple oily residue 

(Z.6 gr.ams) was dissolved in 20 cc. of alcohol. This 

material was quite soluble in 50 per cent alcohol, but 

deposited a resinous product at a concentration of 

~5 per cent alcohol. These steps are best illustrated 

as follo~qs: 
Absolute alcohol extract (20 cc.) 

.1 
'Diluted 1vi th i.~later to 35~ alcohol. 
iPlaced in the ice-box •. 

, 
Insoluble Fraction , 

Washed 3x \vi th 
50% alcohol. 

I 

Insoluble 
Fraction 

I 
Dried in 
and yielded 
a skim-milk 
coloured, 
amorphous, 
odourless 
solid. 

I 

Vlashings 

I 

Insoluble 
Fraction 

iN e igh to. 4 gm. 
Lignin-like material. 

, 
Fil trate 

T 

',Additional 5 cc. of 
\va ter added. 

I 

I 

Insoluble 
Fraction , 

, 
Fil tra te 

~1ashed 'wi th 
50}'b alcohol. 

I 

~1ashings 

Dilu ted 1·7i th 
lva ter. 
Extrac ted 1Ni th 
chloroform. 
Chloroform taken 

Ito dryness in 
jvacuo. 

I 
Residue. 

Oily yellow product. 
Vfeight 2.2 grams. 

Maple odour. 
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Attempts to concentrate the maple fraction 

further, by taking the residue up in a smaller volume 

of alcohol and again precipitating acidic substances 

by the addition of water proved ineffective. The 

residue is an oily yellow solid, identical in appear­

ance with the extract obtained by the aqueous method 

(See page 37). It has an exoellent maple odour. A 

quantitative determination of the percentage aoidio 

substances in this material gave a value of approx-

imately 60 per cent. 

Use ot Benzene or Ether 

Previous work has shown that the aoidic sub-

stances are only slightly soluble in benzene and ether, 

whereas maple flavour is soluble in both these solvents. 

The maple residue was dissolved in 20 oc. of chloro-

form to which 80 cc. of benzene were added with con-

stant shaking. A heavy grey suspension formed and 

slowly settled on the sides of the flask. 

The benzene-ohloroform solution (light yel-

low colour) was decanted, and ooncentrated in vacuo 

to a volume of 40 00. and again plaoed in the ice-box. 

The method is illustrated as follows: 
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Chloroform solution (2.0 gms. of oily maple 
I fraction dissolved in 20 cc.) 

80 cc. of benzene added. 
Placed in the iae-box. 

1 

Pre-cipl tate 
Light grey amorphous 
material. Odourless. 
\Veight 1.1 gm. 
This material is 
9016 phenolic and 

I 

1 

Filtrate 

Iconaentrated to 40 
d Vacuo). 
fPlaced in ~ce-box. 

I 

cc. 

10% acidic in 
nature. Precipitate Fil tra te 

Clear light 
yello\'\T olour 

I 

Precipitate 
0.2 gm. 
Odourless, 
amorphous 
product. 

\ 
;Dissolved in 
i 1 cc. c hlor 0-
'form. 10 cc. 
of benzene 
added 

I 

Filtrate 

Taken to 
dryness 
in vacuo 

Residue 
Viscous yellow oil. 
Odour - S-vveet, 
pleasant, (fair 
maple) • 1.1eight 
0.56 gm. 
This fraction con­
tains only a trace 
of acidic material. 

The problem of eliminating the last traces of 

acidic material from the neutral fraction without recourse 

to alkalies has yet to be solved. In the work here 

outlined this separation was effected by the use of 

N/lO sodium hydroxide (2 cc.). The neutral material 

will be dealt with under the section dealing with 

liThe l~Iaple Frac tion. It 
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Disoussion 

The method is qui te simple, and starti-ng v"i th 

a new batch of syrup there can be no doubt that an ex­

cellent maple oily fraction which contains only a small 

percentage of aoidic material can be obtained. Care 

must be taken to oarry out the various operations in 

an inert atmosphere, rigidly purify all the solvents, 

and to distil the solvents under reduced pressure. 

In the work here outlined more than two months elapsed 

from the beginning to the last step of the method,and 

consequently the substance responsible for maple 

flavour was subjected to a much greater chance of 

change than if all the operations had been carried out 

wi thin a \veek. Als 0, it is believed tha t in futu.re work 

ether would probably be more suitable than benzene for 

the final precipitation of acidic substances. 

A sohematio outline of Method 6 is given on 

the following page. 
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Table VI. 

Final :Method Used for the Frautionation of the Chloroform 
Soluble Constituents (1936) 

(50 gallons of maple syrup) 
:Method 6. 

Original Chloroform Extract 

!Extracted with saturated NaHS03 

, IChloroform layer diluted to 
Bisulphi te Fraction (B) 500 cc. Sr~aken wi th lead 
Weight 6 •. 5 gms. facetate (5% solution). 

I 

Lead acetate precipitate 
Weight 2.4 gms. 
Amorphous, odourless 
material. 

I 

Precipitate 
1~Veight 0.09 gm. 
:Mixture of iNhi te 
crystalline product 
and a yellow oil. 
Odour - nil. 

, 
Precipitate. 
Weight 6.7 grams. 

f 

IChloroform layer taken to 
dryness (vacuo). Excellent 

ImaPle odour. Dissolved in 
80 cc. alcohol. Placed in 

t • b !lce- ox. 
t 

1Alcoholic solution 

I 
dilu t~d Vl'i th V'la ter 
to 35/0 alcohol. 

. 
I 

I , 

,AlCOholiC solution taken 
Ito dryness. Excellent 
lmaple odour. Height 

Odour - very faint maple 
Mixture of high molecular 
weight acids and phenols. 

f2.2 gms. Residue taken 
:. up in 10 cc. chloroform 
iand 90 cc. benzene added. 

( Lignin-like) 

I 

Precipitate. 
~~'{eight 1.1 gm. Odourless. 
Mixture of 90% phenolic 
Bnd 10% carboxylJiO 
material. (Lignin-like) 

I 

Fraction (1) 100°C. 
VleightO.3 gram. 
Reddish oil. 
SWeet odour. 
Develops maple odour 
on standin~ i.n the 
ioe-box. 

t 

I
Solution taken to 
dryness. Viscous yellow 

. oil. Weight 0.6 gms. 

f
flVIaPle odour. Distilled 
in vacuo 0.02 mm. 

I 
I 

~raction (2) 
Non-volatile. 
Lignin-like material. 
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IV. The Chemical Nature. of the Various Products 

Isolated from the Chloroform Extract of 

Maple Syrup 

Fraction A. The Alcohol-Insoluble Fraction 
; 

This ~raotlon consti tuted alJIJroximately 50 

per oent of the total vveight of the chlorufurm extract 

of maple syrup for the sugar season 1935, and 'vas found 

to be totally absent for the year 1936. It is a light 

yellow 011 whioh sulidifies when left in the ice-box. 

The elimination of this oil from the chlorofurm extract 

was essential, as it made it possible to obtain the re-

mai~ing material in the dry amorphous form. 

Although Fraction A was odo·urless, steps 

were taken to determine its chemical na ture. It \firas 

thought that perhaps the oil might be related to 

maple flavour. This work was done previous to the 

arrival of the 1936 syrup, and in view of its total 

absence for that year, it is obvious that the oil can 

bear no relation to the flavouring substanoe., How-

ever, the results obtained are briefly outlined. 

On standing at room temperature, the oil 

deposited a large orop of crystals (m.p. 54-57°C.) 

whioh on examination proved to be crystallised fat. 

The oil had the fol10lving constants: 
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Refrac ti ve 'index (20°C.) 

Acid number 

Saponification No. (oil) 

Iodine No. (HUbl) oil 

-

-

1.457 

nil 

270 

41-43 

separation of Saponifiable from Non-Sap,onifiab1e Fraction 

15 grams of oil were saponified by the A.O.A.C. 

method (20). 

(a) The Unsaponifiable Fraction 

This fraction weighed 0.28 gram. It consist­

ed of a viscous yellow oil which had a strong shellac­

like penetrating odour. Both the Liebermann-Birchard 

and Vlhitby tests for sterols gave negative results. 

(b) The Saponifiable Fraction 

The alkaline solution was acidified with 

dilute sulphuric acid and heated to boiling. The 

fatty acids formed a white solid cake when placed in 

the ioe-box. This cake was washed twioe \vi th 100 cc. 

portions of boiling water, the solution being oooled 

eaoh time in the electric refrigerator, and the fatty 

acids allowed to solidify. The saturated and unsatur­

ated acids were separated by the Lead Salt-Ether Method, 

with the following results: 



l!1!aoUoD ~e!&h~ Iodine Value 1101 Weight 
J 

(Htlbl) ( t1 tra t1onl. grams 
• 

(I) Saturated tat'ty aoids 6.4 6 - 7 

( 11) 
. 

Unsaturated ~atty aeids 5.6 88 - 90 

The U~aaturated Fattz; Acids 

Both the Iodine Value and MOlecular Weight 

obta1ned fo·r this traotion oorrespond 0108·e11'1 to the 

values required tor oleic aoid: 

Oleio Aoid - ClsH3402 - Caloula~ed Iodine Value 90 

Molecular 
\feight 282 

Found Iodine Value 89 

Molecular 
V/eight 275 

The un~aturated acid was a light ·yellow 011. 

Bram1nat1on ot this 011 1n glaoial aceti0 acid yielded 

no crystalline bromo derivatives,. thus 1ndIcating the 

absenoe of more hIghly unsaturated tatty aoids. 

~he Sa~urate4 Fatty Aoids 
( . 

The saturated fatty a01ds were fraot1onat. 

eel b7 a me'Shod recommended b7 R088nthaler (25) ,which 

involves fractional orysta1l1za'1on fiaom alGohol. 

!he mel tlD8 point and molecular weight 0 f the various 

trao'loDa 18 given in the tol1owtng table. 

261 

275 
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Molecular 
YJeight 1.:1e1 ting -:deig11 t 

Fraction Point (titration 
grams method) 

Fraotion 1 1.05 62-640 C. 261 

2 1.40 60-61 256 

3 1.20 57-61 254 

4 lost 

The oorresponding values for palmitic acid 

are: 1I1el ting Point 62.6 0 ; lIolecular vveigh t 256. 

Al though Fraction 1 \vas recrystallized from alcohol, 

no higher melting product l"1as iso1a ted. 

Unfortunately Fraction 4, v..rhich contained 

the fatty acids soluble in 50 cc. of ethyl alcohol at 

OOC.,was. lost. Possibly a small fraction of myristic 

acid may be present. 'I'}1e principal sa t11.ra ted fatty 

acid present in the uil is )8.lmitic acid. A very 

small :percentuge of ste3.ric and myristic aoids may 

be present. 

The ~.la tar-Soluble Vola tile Acids 

The combined vvashings from the insoluble 

fatty acids were made alkaline, concentrated on the 

·water- ba th to a volume of 50 cc., reacidifi ed \Ni th 

dilute sulphuric acid, and subjected to steam clistil­

lation. The distillate required 59.5 cc. of N/lO 

alkali for neutralization. Calculated as butyric 
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acid -( 1 cc. N/10 alkali is eCJ.ui valent to 0.0088 mgm.) 

this corresponds to 0.52 gram. The yercentage soluble 

volatile fatty acids in the oil is 3.4\ 

(c) Detection of Glycerol 

After steam distillation, the aCJ.ue0us solu­

tion vIas taken to dryness on the steam bath, and test­

ed for glycerol. A posi ti ve acrolein test Tvas obtain­

ed on heating the residue "li tL potassium bisulph@te. 

Three colour tests reCOfi1ll1encled by =~(jl'rO\'I (18) for 

glycerol gave positive tests. 

(i) Putassiilm bromide + salicylic acid - red colour 

(ii) Resorcinol + clycorol 

(iii) Thymol + glycerol 

deel) reel colour 

~.'line-red cl18ngi ns to 

blue. 

(d) The [hite Crystalline Product (m.p. 55-57°C.) 

The oil i!\Tas stureu fur t~·:o hlonths at ruom 

temperature and during this time depusited a large 

crop of ~.1hi tc: crystals. Seven to ten recrystalliza­

tions from ethyl-ether Ylere sufficient to free the 

crystals completely from the yellovr oil. The orystiil-

line product ( needles) melted at 54-57°, and felt 

waxy to the touch. 

Ana lysis C 76.2 H 12.4 per cent 

Calculated for C53HlO206 C 76.2 H 12.2 per cent. 
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This product was saponified, and the liber­

ated acids wer~ recrystallized from ethyl alcohol. 

A crystalline white acid was isolated which melted at 

GaOe, and had a molecular weight of 260 (titration). 

An unsaturated oil was also present. The presence of 

glyoero1 was deteoted" by the tests previously mention­

tld. ' This produc t is undoubtedly crystallized fat, and 

b7 assuming the presence ut two molecules of palmitio 

aoid.and one molecule of oleic acid combined in the 

~orm of a glycerol ester, we get a product which has 

an empirical formula ot C53Hl0206. The theoretioal 

saponifioation value for the above product is 202, 

and the value experimentally ob"~a1ned was 215. 
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F~&ct1on B. The Sodium Bisulphite Fraction 

Both Nelson and Skaz1n extraoted the ether 

or chloroform. extract of maple syrup with saturated 

sodium bisulphite. decomposed the bisulphite fraotion 

with sulphur1c acid (~:4)t extracted this with ether, 

and obtained an 011y residue which had a strong odour 

of vanillin. ay extraotion of this residue with boil­

ing petroleum ether, a small traotion of crystalline 

material was isolated. which gave the various colour 

reaotions at vanillin. It melted at 74-760 C (Skazin) 

and 7'1-790 C (Nelson). Nelson made a orystallographic 

examination of' these crystals and conoluded that his 

product was neither van1l1in nor its ethyl homologue. 

Although Skazin states that his orystalllne produot 

was contaminated by a yellow 011, he performed one 

micro analysis with the following results: C 64.0, 

H 4.2 (Vanil11n C 63.2, H 5.2). He concluded that 

in all probability the product was vanillin. Labrie 

reported the presen~e of vanillin in the ether extract 

of maple syrup but gave neither the analysis nor melt­

ing point of the isolated product. He appears to have 

based his oonolusions largely on oolour reaotions. 

F1ndlay attempt·ad to duplioate the work of Nelson and 

Skaz1n but was unable to isolate the crystalline produot. 
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It has been found in this investigation that 

a large variation occurs both in the chemical nature 

and in the relati ve quanti ties of the substances l)resent 

in the bisulphite fraction, from one year to the next. 

This observation is in agreement with the results ob­

tained by previous investigaturs. Using identically 

the same metho~t Nelson isolated a crystalline product 

from the 1.Iiahigan syrup but WHS unable to do so from 

the Vermont syrup. His product 'was qui te stable. 

Labrie and Skazin state that the isolated crystalline 

product was very unstable, readily changing to a yel­

low oil. In view of this irregularity, the bisulphite 

fraotions obtaineo_ for each year will be deal t 'wi th 

indepe ndently. 

The Sodium Bisulphite Fraction (19j5) 

The sodium bisulphite additive product was 

deoomposed as follo\\Ts: 

The bisulphite s01ution and 200 cc. of 

ohluroform were transferred to a 500 cc. separatory 

funnel and with constant agitation 10 cc. portions of 

10 per aent sod ium carbonate solution l'vere slow'ly 

added. Caution must be exeroised not to raise the 

pH above 7, since some of the liberated product, or 

products, are acidic in nature and are converted ID 

their salts, which are then insoluble in chloroform. 



The bisulphIte layer was exhaustively extracted with 

chloroiorm, the solvent dried over sodium sulphate, 

and 'taken to dryness in vacuo. The residue was a yel­

low visoous 011. weight 0.6-5 gram (30 gallons of 

8yrup)~ It had a strong odour resembli~ that of vanillin. 

!rJ~Q t1 o~a tion oaf the hi sulphi te Rroduc ts 

(1) Use of Solvents 

50 00. of petroleum ether (38-400 ) were add­

ed to this residue. and the contents were re~luxed on 

a water-bath for one hour. This operation was repeat­

ed six times. On oooling the extract to oOe, a small 

quantity of material was precipitated. which on exam­

ination-under the microscope proved to be a mixture 

ot white needles contaminated with a yellow oil. The 

weight of the total residue trom the petroleum ether 

extraot was 40 mgms. (30 gallons o~ syrup). Attempts 

to puritY this orystalline product by fractional cryst­

al11zat1on from petroleum ether proved ineffeotive. 

Unfortunately the material obtained from the first 

10t of syrup was decomposed by exposure to air (1 day). 

Great care was required since this substance was very 

sensitive to both heat and ox1dation. changing readily 

to a oherry red 011. 



Start1ng with a fresh lot o~ syrup identical 

results were obtained. The petroleum ether extraot 

was impure. Purification was attempted by the use ot 

various solvents; water, aloohol. ether, benzene, etc., 

and also mixed solvents; ether-petroleum ether, ben­

zene-petroleum ether. and chloroform-petroleum ether. 

However. in every case this method proved ineffective. 

s1nce the orystalline produot retained a small frac­

tion ot the yellow 011. Its isolation was complic­

ated by its instability. A semi-pure produot melted 

at 83-890 0. 

(2) Use or Ammonium Hydroxide 

0.2 gram of the original residue was taken 

up in 20 cc. of chloroform and extracted with ammonium 

aydroxide (1:10). The alka.line layer was washed ex­

ha~stively with chloroform, aOidified, and extraoted 

with chloroform, the solvent dried over sodium sulph-

ate and taken to ur,yness in vaouo. The residue con­

s1ste4 of a crystalline d.eposl t of sil:-very vlhi te needles. 

oontaminated with only a trace of yellow oil. It had 

a strong vanillin odour; weight 14 mgms. This crystal­

line substanoe reduoed Fehling'w solution. gave a brown 

colour with ferrio ehloride, and deoolourized bromine 

water. It melted a' 90-92°0.* A 2.4-dinitrophenyl-

----------* All melting points reported in this investigation 
are unoorreoted. 



)qdraz1ne prepared by Allen' s ( 1) method was a briok 

red product. m.p. 215-2170. The percentage methoxyl 

determined by Clark' s ( 3) modific a tion of the Zei sel 

method was 12.7 per oent. 

Having found. an effective method for the 

isolation ot this product, it was believed that in the 
.. 

ensuing year (1936), a sufficient amount would be iso-

lated for the determina tion of its empirical formula 

and for the preparation of various derivatives. Un­

fortunately this product was totally absent .in the 

bisulphite fraotion for the year 1936. Its instabl1-

i~ exoludes the possibility of it being vanillin. 

BlsulRh1te Products for ,the Year 1936 

A marked differenoe was immediately noted 

1n the aation of sodium blsulphi te on the chloroform 

extraot tor the two years, namely, in 1935 no additive 

1nsoluble product was formed, whereas in 1936 a large 

(Weight 4.0 gms. 

trom 30 gallons of syrup.) The 1nsoluble product was 

washed wi th water and dried. The washings ""ere. added 

to ~he bisulphite soluble layer, which was then washed 

with chloroform, and decomposed by the method desorib­

ed for the previous year. Thirty gallons ot syrup 

71eldad a yellow oily residue, weight 0.5 gram. This 

residue had a strong vanillin odour. 
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Fraotionation of the Bisulphite Products 

(1) Use of PetrolEUm Ether 

Prolonged extraction of this material with 

boiling petroleum ether yielded a small, partially 

crystalline product (25 mgms. from 30 gallons of maple 

syrup). This method is unsuitable and was discarded. 

However, one important fact was noted, i.e. the stopper 

in the flask was accidentally luosened, and the petrol­

eum ether evaporated spontaneously. The crystals were 

exposed to the air for over a 'week and they showed no 

tendency to decompose. The produc t \AlaS qui te stable. 

(2) Use of Ammonium Hydroxide 

The bisulphi te residue in 1935 \'/as c ompo sed 

of (I) an acidic crystalline product,. and (2) a neutral 

oil. By dissolving the residue in chloroform and ex­

traoting it with arrmonium hydroxide, the two products 

were separated. Fractionation of the bisulphite res­

idue (1936) was attempted by this method, but it vias 

found ineffective because the total residue consist-

ed only of phenolic substances. Both the crystalline 

product and the yellovv oil, present in ·the bisulphi te 

fraction in 1936, differed chemically from the products 

present in this fraction for the previous year. 



(3) Use et Vacuum Dist1l1atien 
. \ 

After determining by preliminary experl~ 

meBts that at a vacuum of 0.03 mm. the white crystal­

line product sublimed unchanged, the tOlal residue 

(0.4 «m.) was transferred to a mioro-sublimation ap-

paratus. Three tractions were obtained. 

( 1) 

( 2) 

Temperature of 
oil ba~ 80° 

Tem.pe:rature of 
011 bath 1200 

( 3-) NOD-vola '1le 
fraotion 

Physical Form 

White orystals 
combined With 
traoe of yelloW' 
011 

Yellow oil 

Peroent. 
of total 
weisht 

10 

30 

60 

The best yield of the or.ystalline product 

was obtained b7 first distilling or subliming all the 

pl'ec1uc1is volatile at 1500 (bath temperature). This 

eliminated the non-volatlle product which constituted 

approximately 60 per cent of the total weight of the 

b18ul»h1te traction. The volatile mater!al was then 

subJeoted to vaouum distillation (0.03 mm.) at a 

temperature ot 80° (bath temperature). The sublimate 

was a light yellow crystalline substance, and in spite 

ot resub11ming this product three times the crystals 

_'111 retained a ~1nge of the yellow colour. This 



substanoe was quite stable and had a vanillin odour. 

Attempts '0 deco1orize the orystals by the use of 

aetlvated charcoal and other adsorbents proved inef­

fective. 

Finally,the crystals were almost completely 

freed of the yellow 011 by fraotional orystallization 

from a mixture of petroleum ether (38-50°) and ohloro­

torm. The sublimate was dissolved in chloroform (i oc.), 

suff10ient petroleum ether was added to Just 1nitiate 

the formatiQn of orystals (turbidity). and the oontents 

were then plaoed in the ice-box. This operation was 

repeated 10 to 15 times. The orystalline produot 

(needles), whioh still had a very taint yellow oolour, 

melted at llO~ll20. weight 45 mgms. 

Mloro analys1s C 57.3 H 5.5 CH30 or C2H50 30.3 per cent 

Caloulated tor 
CtB60,(CB30)(C2H50) C 56.7 H 5.5 CH30 + C2H50 29.8 per cent 

Preparation ot a 2.4-d1n1trophenylhydrazone 

71elded a soarlet red produot, whioh orystallized from 

8100801 1n the form ot long fine needles; m.p. 232-233°. 

The peroentage methoxyl was 12.4~. (Caloulated tor 

one carbonyl group l7.5~; oalculated tor two oarbonyl 

groups l2.3~.) The white crystalline product oon-

tains two oarbonyl groups. 
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~he follo~ng tests were made: 

Fehll:ng's solution 

Llebermann test (phenols) 

Millon's test (phenols) 

Xanthate test (primary and 
seoondary alcohols) 

Sodium nitroprusside test 
(methyl ketones) 

Iodoform test (methyl ketones) 

Test tor etbylenic linkage 
(tew mgms. ot the produot 
were dissolved in chloroform. 
One drop of alcoholic bromine 
was added.) 

Test for esters (Felgl C- 7) ) 

Sohiff's test (aldehydes) 

nil 

nil 

nil 

positive 

positive 

positive 

not deoolorlzed. 
and therefore 
negative 

negative 

negative 

Although both the L1ebermann and Mlllon 

tests gave negative results tor phenols, this product 

1s known to be phenolic in nature, as ind.icated by 

the seoond method used in attempting to isolate this 

produot. This apparent discrepancy is readily explain-

ed by the tact that the M1110n reagent does not react 

with phenols that are eIther di-meta- or di-ortho­

substituted, and that the Liebermann reagent does not 

reaot with phenols that are para- substituted. 
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A oareful searoh of the ourrent l1terature. 

and also Bel1stein,and Riohter. tor a compound ot this 

t,ype was unsucoessful, thus indicating that this produQ~ 

has not been previously described. Its eapirical 

formula is C12H1406. Two of the oxygen atoms· are com­

blne~ 1n the form of carbonyl groups, one of which is 

a me~h71 ketone. Two more oxygens are aocounted for, 

namely. one in the methoxyl group, and the seoond in 

the etho~l group. A fifth oxygen lspresent as an 

alcoholic hydroxyl. and the last is present in the 

phenolic hydroxyl group. 

Obviously. in view of the limited amount ot 

~he pr~uct isolated (45 mgm.). it is impossible to 

establish definitely its chemioal constitution. The 

presenoe of so maD¥ functional groups oomplioates the 

problem to a marked degree. An attempt to prepare 

a or,ystal11ne acetate failed. A possible structural 

formula tor this produot might be as follows: 

C 
n 

o 
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This formula ~oes not agree very closely with 

the combustion values obtained. (0 57.3. H 0.5), and Is 

presented only with the greatest of reservation. 

A great deal of time and effort was expended 

1n the attempt to isolate the crystalline product pr~s­

ant in the bisulphite traction. The methods that could 

be ut1lised tor one year were inadequate the next. 

Thia fraotion, again. illustrat~s the complexity that 

1s attendant upon problems ooncerned with the isolation 

of natural products. One point has been defInitely 

established, namely, vanillin was not present in the 

bisulphIte fraotion for either or the two years. The 

orystalline produot t ho\vever, has a vanillin odour. A 

seoond point that can be definitely established 1s the 

tact that this fraction, although possibly oontribut­

lng. to the tinal maple odour, does not oontain the con­

stituent ma1nly responsible tor~oth the maple odour 

and taste •. 
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The Lignin-Like Fraction 

Fractionation of the chloroform extract by 

the methods previously outlined has in all cases given 

rise to a large amorphous odourless fraction. (See 

pages 35, 47, 56). Further fractionation of this 

material has indioated that it is composed of at least 

four closely rela ted high molecular vveight oompounds. 

These products oOl"lrespond clusely to the oomlJonents o.f 

'wood, colleo ti vely knovTn as Lignin. They bear no rela­

tfon to the snbstapce responsible for maple flavour, 

but ra ther their presence complica tes the pro blem to a 

marked degree. 

They are acidic red amorphous products, m.p. 

60-900 , and are partially soluble in sodium bicarbon­

ate or ammonium hydroxide, and completely soluble in 

dilute sodium hydroxide. They are very soluble in 

chloroform, aloohol, dioxane, acetone, fairly soluble 

in benzene, amyl aloohol, and pyridine, slightly sol­

uble in ether, and almost insoluble in petroleum ether, 

carbon disulphide, carbon tetrachloride and vvater. 

In view of the fact that both Findlay and 

Labrie concluded that an amorphous lignin-like compound 

was related to maple flavour, i t 1\TaS decided to make 

an exhaustive examination of this fraction. TIIT88 main 

methods of fractionation were tried. 
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(1) Use of alkalies. 

(2) Use of various solvents. 

(3) Use of barium hydroxide. 

Fractionation of the Lignin-Like 'Products 

I (a) Use of Alkalies 

Three grams of the ether-insoluble fraction 
! Gl-0 

(See page 26) ~ dissolved in 100 cc. of chloroform, 

and successively extracted v"i th 5)~ sodiuIIl bicarbona te, 

5,'b potassium carbonate, 5,h ammonium hydroxide, and 2;b 

sodium hydroxide. The four alkaline solutions T,vere 

acidified, extracted with chloroform, the solvents 

dried over anhydrous sodium sulphate, and taken to 

dryness. A comparison of the four residues showed lit-

tIe difference other than shade of colour, and a very 

slight difference in melting, or rather, softening-

point. All the products were amorphous. The results 

are given in the folloYling table. 

Table VII. Fractionation of the Lignin-Like 
Products by the Use of Alkalies 

Fraction Colour 

Sodium bicarbonate Light brown 
povvder 

Potassium carbonate Dark red 
resinous 

Percent. 
of the 
total 

weight 

12 

15 

Ammonium hydroxide Light red; turns 
granular when 
washed 'with 

ether 30 

Sodium hydroxide Dark brown 
powder 38 

Melting 
Point 

°c 

50-60 

not definite 

not definite 

76-82 
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Fractionation of the acidic constituents by 

the us-e of alkalies vIas not very satisfactory. In spi te 

of extracting the chloroform layer 25 to 30 times i:vi th 

ammonium hydroxide, the alkaline solution still con­

tinued to extraot small quantities of the material. 

Furthermore, emulsions formed which broke only on long 

standing. Some other method vvas sought vvhich would 

sharply fractionate these products. 

I (b) Separation of Phenols from the Acids 

One gram of the ether-insvluble fraction was 

dissolved in 100 cc. of N/IO sodium hydroxide. The 

phenolic substances 1:vere precipi tated b,Y passing carbon 

dioxide through the solution for 1 hour. The precip-

i tate \vas a gummy red product \vhich was found to be 

largely insoluble in both the alkaline solution and 

in chloro form. It v\Tas very soluble in ethyl alcohol. 

This method caused some chemical change in the mole­

cule and was not satisfactory for the fraotionation 

of the phenols from the acids. 

2. Use of Solvents 

Three grams of aqueous insoluble fraction 

(See page 47) were transferred to a Soxhlet thimble and 

exhaustively extracted, sucoessively 'with (I) carbon 

disulphide, (2) benzene, and finally chloroform. Car­

bon disulphide extracted only 5% of the material, the 
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residue consisting of an amorphous red odourless 

product. 

Benzene Extract 

Extraotion was continued for three days 

w1thout completely exhausting the benzene-soluble 

constituents. The benzene extract was taken to dry~ 

ness, and 7ielded an amorphous red produot, weight 

1.4 gram. It was dissolved in 2% sodium hydroxide 

solution and the phenols were liberated by passi~ 

oarben dioxide through the solution. The results are 

best shown diagrammatioally. 

Benzene residue 
dissolved in 
2% sodium ~droxide. 

I 

Phenols 
A skim-milk ooloured 
produot was first liber­
ated, followed by a dark 
red product. Both 
p~.nols are very soluble 
in ohloroform. This was 
the first indioation that 
two phenols were present 

Phenols liberated by passing 
oarbpn dioxide through the 
alkaline solution. 

, 
Aoids 

Amorphous light brown 
substance. m.p. 50-52°. 
This fraction 1s soluble 
in 5% sodium bioarbonate 

in the lignin-like fraotion. 
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Chloroform Extract 

The chloruform extract had a dark brown colour. 

It \"las found tha t the chloroform residue vllas composed 

of approximately 75% dark bruwn phenolic material and 

25% red acid material. The phenol softened at a tem­

perature of 80-82°' but had no definite melting point. 

The melting point of the acid was indefinite, ranging 

be~Neen 700 and 800. 

Discussion 

It '!\Tas found, by the use of solvents, tha t 

at least two phenols and two acids were ~resent in 

the lignin-like fraction. Further attempts vvere made 

to obtain eaoh of these )roducts in the pure form. A 

method was finally developed which proved very suitable 

for the fractionation of these constituents. This 

method is given in detail. 

3. Fraationation of the Lignin-Like Material b~ the 

Use of Barium Hydroxide. 

4.6 grams of the aqueuus ins01uble material 

(See page 47) were dissolved in 300 cc. of chloroform, 

and with constant stirring, 300 cc. of N/2 barium 

hydroxide 'were added. The solution was stirred vigor­

ously for 1 hour and allowed to stand for 24 hours. 

The oontents had settled into: 



-79-

(1) Aqueous layer - light red colour 

(2) Precipitate - light yellow oolour 

(3) Chloroform layer - faint yellow colour. 

The chloroform was distilled off on the water 

Dath and the-contents were filtered; weight of preoip­

itate 1.9 gram. The filtrate was exhaustively washed 

with ohloroform, then aCidified with hydrochlorIc acid 

(-1:4), and extraoted with chloroform. The ohloroform 

extract was conoentrated to a volume of 100 oc. and 

again shaken with 100 cc. of N/20 barium hydroxide. 

The weight ot the seoond precipitate was 0.18 gram. 

The filtrate was acidified and extraoted with ohloro­

form (No preoipitate developed on shaking a faw co. 

of this extraot with N/20 barium hydroxide). The 

ohloroform extraot was then dried over sodium sulph­

ate, and taken to dryness. The residue was a hard 

resinous product, whioh when washed with ether pulver­

ized into a light skim-milk ooloured powder. It had 

Lan odour ~alntly reminisoent of oocoa, weight 1.8 gms. 

(Barium aqueous fraction.) It was dissolved in 100 co. 

of N/lO sodium hydroxide and the phenolio sUbstanoes 

were liberated by the use of carbon dioxide. 
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Barium Aqueous Phenol 

The phenolic su bstance \vas light grey in 

colvur, 'we ighed 0.90 grams, and so ft e.ned. at a temp er­

ature of 66-68°. It decomposed, giving off a gas at 

a tem,LJerature of 85°. A small portion of the material 

wad dissolved in chloroform and a fe1.:\! cc. of barium 

hydroxide were added. No precipitate formed, indicat­

ing that this fraction is free of sUbstances precipit­

ated by barium hydroxide. Another portion was dissolv­

ed in dilute alkali and oarbon dioxide was passed 

through the solution. The aqueous layer retained 

part of the material but the greatest peroentage was 

preo1p1 ta ted. The above proced 11re "'las repea teu three 

times, with the result that a fraction was obtained free 

of carboxyllic acid material. Semi-micro combustions 

yielded the following values: C 60.6%, H 6.4%. The 

peroentage methoxyl "';i'as 21.4 per cent. 

Barium Aqueous Acid 

The acidic fraction was a yello~~Tish light 

red amorphous product which w'eighed 0.80 grams. It 

softened at 50-520, but never really melted. To test 

whether this fraction i.vas completely carboxyllic in 

nature it was dissolved in dilute sodium hydroxid.e and 

carbon dioxide was passed through the solution. 
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This operation was repeated three times before the 

aoidic material 'was completely freed of phenolic sub­

stanoes. This fraction had a faint pleasant aromatic 

odour. 

Analysis: C 62.6, H 6.5, CH30 21.4 per cent. 

Barium Precipitated Fraction 

The barium precipitate, obtained by the 

method previously described, was washed exhaustively 

with chloroform, and then s~spended in dilute hydro­

chloric aoid (1:4). The liberated acidic material 

was extracted 'wt th chloroform. The chloruform residue 

had a red, glossy appearance, resembling a varnish; 

m.p. 78-820. This is the fraction largely responsible 

for the red colouring of the chloroform extract. It 

should be mentioned that this method is not very satis­

factory since a considerable peroentage of the material 

is insoluble in chloroform, indicating that either a 

change has taken place in the organic material, or 

that dilute hydroohloric acid does not readily hydro-

lyze the salt or oomplex. 

The material readily hydrolyzed by hydrochloric 

aoid was dissolved in dilute sodium hydroxide, and the 
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phenoliosubstances were liberated by the use of car­

bOB dioxide. This fraotion contains at least three 

8uDstances, as shown in the following table. 

Table VIII 

Pr~duots Rresent in the Barium PreQ1Ritat~ 

Fraot1on Weight Colour Analysis 
C H OCH3 

srams ~ % % ; 

( 1) Aoid. 0.4 light red 59.0 6.5 19.6 

( 2) Phenol 0.8 light red 61.8 6.'1 
(readily de-
oomyoS8d by 
HCl 

( 3) Phenol 0.6 very dark 46.9 6.1 19.2 
(not readily red 
decomposed 
by HCl) 

As yet no clear out method has been developed 

for the separation of the two phenols present in this 

traction. The oombustion and methoxyl values for sub­

atanoes(l) and (2) are very similar to those obtained 
J 

tor 'he products in the Barium Aqueous Soluble fraotion. 

Substanoe (3) differs markedly in its analysis 

froll the other four produots. It .is the substance 

largely responsible tor the .red oolourat1on of the 

chloroform extraot. This produot is quite insoluble 

in ether, benzene, water, and 50% ethyl aloohol. It 

elvss the typical tests for phenols, and oontains a 
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carbo~l group. It also gives a positive ~est tor 

glueosides (reduction of Fehling's solution after, but 

Bot before. hydrolysis with dilute hydroohlorio aoid). 

Its empirical formula, which must be aooepted with 

~e8ervatlon, is (C4H603 )n. A study of the ohemical 

na~ure of this produot would be of interest, but it 

was found impossible to obtain it in the crystalline 

or pure form, and sinoe it oannot bear any relation 

to maple flavour, further work on· this produot was dis­

continued. and it 1s inoluded under the lignin-like 

traction. 

A schematic outline of the fract1onation of 

the lignin-like produots by the use of barium hydroxide 

1s given in the following table. 
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Table IX 

Fractlonat1on of the Lisnln-Like Produots by the Use 

of Barium ~droxide 

4.6 grams o~ lignin-like material I (Method V) 

iDissolved in 300 00. of chloroform. 
·300 00. of N/2 barium hydroxide 
ladded. Contents well shaken. 

f , 
Barium Preoip- Barium Aqueous 

itate Soluble 

I 

Neutral Products 
0.1 gm. of oily 
material 
Heavy odour. IWaShed W1 th 

,ohloroform. 
ISuspended in 
:HCl (1:4). 
~Extr8cted with 

" 

Aa idi fi ad 
HCl (·1:4). 

',Extraoted chlorofor:m 
Chloroform layer ex­
traotedwith N/lO alkali. 
CO2 passed through 
alKaline solution 

ohloro.torm. 
Chloroform solu­
tion extracted 
with NIlO alkali. 
C02 passed 
through the 
alkaline solution. 

i 

Barium a.queous 
phenol 

WeigiUJ 0.9 gm. 

i 

Barium 
preoipitate. 
Phenol 

I , 
Phenol 
(not readily 
cleooJllposed 
by HC1.) 
Weisht 0.6 gm. 

, 
Barium preoipit~te. 

Acid. 
Weight 0.4 gm. 

, 
Phenol 
(rea.dily de­
composed by 
HCI. ) 
Weight 0.8 gm. 

i 

Barium aqueous 
acid 

Weight 0.8 gm. 
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Fractlonation of the Ether-Soluble Acidic Products 

by the Barium Hydroxide 1~1ethod 

2.0 grams of the ether soluble acidic material 

(See page 30) vvere trea ted it"i th bar iurn hydroxide by the 

procedure previously described. It was found that the 

ratio of barium aqneous soluble products to barium 

precipi tated products was much higher for this fraction 

than for the ether-insoluble material. The three main 

products isolated were: 

IvI. P. Weight 
grams 

(1) Barium aqueous acid 50-52° 0.6 

(2) Barium aqueous phenol 64-68 0 0.8 

(3) Barium preCipitate phenol indefinite 0.3 
900 

These products are identical in appearance, 

properties, and melting point to the analagous sub-

stanoes obtained from the ether insoluble or aqueous 

insuluble fraction. There can be no doubt that the 

lignin-like compounds are slightly soluble in eth~yl 

ether. 

Relation of the Lignin-Like Compounds to Lignin 

A comuarison of the analyses of four of the 
.I.: 

products isolated in this fraction vvi th the composi­

tion of various proposed formulae for lignin shovvs a 

close relationship. 
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Barium ~reoipitate phenol 

Barium Jrecipitate aoid 

C47H60016 (2) 

C40H48015 (ll) 

C40H44015 (22) 

C9ZHIOS038 (13) 

c 
% 

60.6 

62.6 

59.0 

61.S 

64.7 

62.5 

62.8 

60.7 

Findlay's Lignin-~ike Products 

(1) Lignin from maple wood 

(2) Lignin from vaouum sugar 

( 3) "Maple Polymer" 

59.7 

60.6 

63.2 

H 
% 

6.4 

6.5 

6.5 

6.7 

6.0 

6.3 

7.8 

5.9 

6.4 

6.1 

6.8 

OC~ 
0;0 

21.4 

21.4 

1'9.6 

17.7 

11.6 

16.2 

16.3 

14.6 

Furthermore, al though lignin used in structl"!ra1 

studies is usually prepared by ohemical treatments which 

liberate it from combination in ligna-cellulose, there 

is a form of soluble or free lignin ~resent in wuod, 

and this may be obtained by extraction with organic 

solvents (Von Eu1er - 6). Recently, Klason (12) has 

demonstr~ted that lignin is present in pine sap, and 

that it forms up to l4;~ of the dry 1veight of the sap. 

Marion (16) extracted wheat straw with 1:1 methanol-

benzene. The residue was extraoted snccessi vely 1Ni th 

petroleum ether, ethyl ether and chloroform, and 

he found that 94% of the Chloroform extraot consisted 
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of lignin, and also reported a considerable percentage 

of lignin in the other fractions. Vlislicenus (30) 

re'ported the presence of free lignin in the ~ap of the 

maple tree. 

In view of the above investigations, it is 

not at all surprising to report the presence of lignin 

in the chloroform extract of maple syrup. 

The Nature and Properties of the Lignin-Like Compounds 

The four lignin-like compounds isolated under 

the conditions described fur their fractionation, are 

amorvhous p01.vders varying in shade from a cream to a 

dark red colour. The acid fractions are soluble in 

dilute sodima bicarbonate and other alkalies. The 

phenolic fractions are insoluble in sodium bicarbon­

ate, only slightly soluble in sodium carbonate or 

ammonia, and quite soluble in dilute sodium hydroxide. 

All the compounds reduce an ammoniacal solution of 

silver nitrate, but unly the phenols reduoe Fehling's 

solution. The barium aqueous soluble acid has a pleas­

ant aromatic odot~ distinctly recalling vanillin in 

some cases. The phenols give positive tests with the 

Folin-Denis, Liebermann, and Uillon's reagents. All 

the products give characteristio red colours with 

phlorogluoinol hydroohloride. 
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The determination of the acid value of the 

carboxyllic acid lignin fraotion was performed as 

follows. 0.131 gram of material was suspended in 

about 10 co. of distilled water. 5 cc. of N/20 sodium 

hydroxide were added and ·the oontents allowed to stand 

tor a few hours. The alkaline solution \vas oarefully 

titrated back to neutrality with N/20 aCid, using 

phenolphthalein as an indicator. The determination 

Is subject to considerable error as the end point was 

indistinot. 0.131 gram required 2.8 co.- of N/20 alkali. 

Hence the aoid value is 930. 

All the lignin-like oompounds are unsaturated. 

They are readily oxidized 'vi th potassi um permanganate t 

and are brominated with bromine water to yield amorphous 

yellow produots of high melting points. The phenols 

are easily methylated with dimethyl sulphate, and are 

converted to neutral amorphous produots. 

The phenols gave positive tests for the pres­

enoe of- enol!c hydrogen (17). A quantitative determin­

ation indioated a~prox1mate1y 43% enolizable hydrogen. 

The determination was performed as folluws. 0.1 gram 

of material was dissolved in 10 oc. of aloohol. An 

exoess of alcoholic bromine solution was added and 

a~ter two minutes the excess bromine was destroyed 

by the addition ot a-naphthol. Potassium iodide was 
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then added and the liberated iodine titrated with 

N/20 sodium thiosulphate. 0.1 gram required 1.1 co. 

of H/lO sodium thiosulphate. 100 mgm. of the phenolic 

material 1s equivalent to 14 mgm. of iodine. 1 molecule 

o~ the phenolic material reacts with one moleoule of 

iodine. Assuming t~at the phenolic compound has a 

moleoular weight of 800, the percentage enollc hydrogen 

ls !i x 800 • 43.4%. 
268 100 

Relation af the Li~nin-L1ke CamRounds to Maple Flavour 

Jud81ng from the various ohemical properties, 

physioal appearance, oombustion values, and methoxyl 

oontent, there can be little doubt that these amorphous 

aoidio p:roducts whioh constl tute approximately 60-70% 

of the total weight ot the ohloroform extract (year 1936) 

are olosely related to lignin. Bearing this in mind. 

the important question is whether these lignin-like 

aompounds are in any way related t-o the substance res­

ponsible for maple ~lavour. Flndlay ooncluded that 

the results of his investigation indicate that the 

formation of maple flavour Is related to compounds 

involved in the formntion of lignin. He further 

states: "The flavouring substance was a reddish brown 

phenolic mate~ial.whlch gavesiml1ar oolour reaotions 

to ferulaldehyde." 
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From the results presented in this investiga­

tion 1t is 6Jparent that Findlay's oonclusion 1s spec­

ulatl ye. As stated previously (See page 16) t acoord­

ing to .'&'tlndlay's conclusion, we .might assume that the 

chloroform extraot oonsisted of only one substanoe. 

However, fn this 1nvestiga tion it was found that the 

chloroform extraot consists of at least ten different 

products.. Furthermore, it wa s disoovered that 60-70% 

ot the ohloroform extraot oonsisted of at least 4 high 

molecular weight lignin-like compounds. Since F1ndlay 

found it imposs1bleto fractlonate the ohloroform ex­

tract. he assumed that the total extraot consisted of 

lignin-like material. This assumption Is now defin­

itely disproved. 

Labrle (15) concluded by statIng that the 

aroma ot maple produots is prino1pally due to the forma­

tion of hadromal dur1ng the boiling prooess, from 

materials olaimed to be in the sap. namely vanillin, 

gua1acol. and furfural (formed from suorose during the 

boil1ng process). As sta ted previously (see page lll. 

the ohemical nature ot hadromal ls very doubtful, but 

we May oonsider it as a phenolio 11g.nln-11ke o ompound t 

and the arguments used to discuss Findlayts work are 

also applioable in this oase. An attempt to synthesize 

hadr·omal by Labrie 1 s method (See page 11) proved 
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trul tless. Furthermore, a oareful examination of the 

bisulphite traotion for both the years 19J5 and 1936 

has indicated the absence of vanillin, and Flndlay 

states that vanillin 1s not present in the sap of the 

maple tree. 

·There is one po1nt regarding maple flavour 

upon which the previous investigators. Nelson, Labrie, 

and Findlay are agreed. namely, that maple flavour 1s 

phenolio .in nature. The evidenoe supporting this fact 

is of dubious value. Nelson's oonolusion was based on 

the faot that he found that maple flavour could be ex­

traoted from its ether solution by ammonium .hydroxide 

and oould· be reoovered by acidification. None of the 

other ,vorkers attempted to verify this po1nt. Findlay's 

evidenoe is based on the fact that the "maple polymer" 

18 partially soluble in dilute ammonium hydroxide~or 

sodium oarbonate. but he does not rep~rt whether maple 

flavour oould be reoovered by aoidifying the alkaline 

solution. Since hadromal is a phenolic compound, it 

oan be-assumed that Labrie also believed that a phenol 

was responsible tor maple flavour. 

The evidenoe presented in this investigation 

definitely shows that maple, flavour 1s not phenolic 

or lignin-like in nature. The point is disaussed 

fully in Part III of this thesis. The four main 
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method.s used in attempting to isolate maple flavour 

indicate that the lignin-like compounds are incidental. 

and that a neutral produot is responsible for maple 

flavour. 

In Method II, the ether-soluble fraction had 

an excellent maple odour, whereas the ether-insoluble 

fraotion was odourless. The ether-soluble fraction 

consisted of 8 l Jproxima tely '10% lignin-like material, 

whereas the ether-insoluble fraction was 100% l1gnin­

like. It is obvious that there 1s some product in the 

ether-extraot, other t;J.an the lignin-like products, 

whioh -8 responsible for maple flavour. In Method IV 

the aqueous extraot, whioh had both an excellent 

maple odour and taste, contained only approximately 

20% l1gnin-like material" 10% ot which was phenolic. 

In Method V, successive fraotions of lignin-11ke sub­

stances were preoipitated from the alcoholic extract 

by the addition of water, while the substanoe respons­

ible for maple flavour remained unimpaired 1n stilutlon. 

In conolusion, approximately 65~ ot the material 

in the ohloroform extraot of maple syrup (year 1936) 

oonsists of lignin-like oompounds. These products 

bear no relat10n to the substance responsible for maple 

flavour. 
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The Maple Fraotion 

It has been shovm in this investigation 

that the ohloroform extrac"t of maple syrup oontains 

a mixture of at least ten substances, and it is a dis-

tinot advanoe to be able to state definitely which of 

these is the one responsible for maple flavour. This 

poiht is established, and the various steps leading up 

to this faot are dealt with in Part II! of this thesis. 

The substanoe responsible for maple flavour 

is a viscous yellowish red oil t refraotive index (200 C) 

1.555. In the method used for its isolation, the oil 

initially had a sweet pleasant odour, but when stored 

in the ice-box slo\vly developed one distinctly similar 

to maple odour. This oil (0.5 gm.) Vias used up in ob­

taining the fQllovring information regarding its chemical 

nature. 

Analysis: C 70.2, H 9.3, CH30 10.2 per oent 

Caloulated for 
C17H2503(OCH3) C 70.1, H 9.1, CH30 10.1 per oent 

Various qualitative tests were made with the 

following results. 

Alcoholic Ferric Chloride - slight darkening in 
oolour 

IHllons test (phenols) - nil 

Liebermann test (phenols) - nil 

Bromine water - deoolorized 



-94-

Neutral potassium permanganate 

Fehling's solution - reduced 

Phloroglucinol hydrochloTide -
Xanthate test (alcohols) nil 

Acetic anhydride test (alcohols) 

- reduced 

red colour. 

- nil 

Kurt Meyer Test (enollc H) - positive 

Test for carbonyl group 
(2.4-dinitrophenylhydrazine) - red precipitate 

Iodoform test (methyl ketones) -
Action of conc. sulphuric acid -

nil 

ma t er i al Slovlly 
changes to green­
ish colour and 
tgen goes black. 

A qualitative test was made for the ester 

group by a method recommended by Feigl ( 7 ), vlhich in-

volves the combination of hydroxylamine with the esters 

of carboxyllic acids to give hydroxammic aCids. This 

product combines with ferric chloride to give colored 

complex salts. The test yielded negative results. 

From the above mentioned tests, and also its 

analysis, several facts regarding the chemical nature 

of this viscous oil can be enumerated. 

1. Empirical formula 

2. It contains one methoxyl group. 

3. It is readily oxidized. 

4. It contains a carbonyl group. 

5. It contains anolic hydrogen. 



-95-

6. The other ~vo oxygen atoms are not present in the 

form of phenolic, carboxyllic, ester, or alcoholic groups. 

This fact must be accepted with reservation, since steric 

hindranoe may prevent a functional group from reacting. 

Action of dilute- N/IO Sodium Hydroxide on the VisCOtlS oil. 

The final trace of acidic material was elimin­

ated from the maple fraction by extraction vri th NIIO alk­

ali (See page 54). The material in the chloroform ex­

tract appeared to exhibit the Jrope~ty of retarded neut­

ralization. 1 cc. of N/IO alkali was neutralized instant­

ly, and then for a period of ~vo days, 1 drop was neutral­

ized approximately every 4 to 5 hours. The neutral frao­

tion was then distilled (vacuo 0.02 mm.), and it was found 

that the volatile fraction no\,\T exhibi ted defini te acidic 

properties, and could be readily extracted by NilO sodium 

hydroxide. Also the non-vola tile fraction vvas converted 

by the heat to an acidic product, which could readily be 

preCipitated from an alkaline solution by the use of car­

bon dioxide. The properties and analysds of this non­

volatile substance show that it is lignin-like in char­

acter (0 63.1, H 6.6, CH30, 23.1 per cent). 

The chemical nature of both the above-mentioned 

ohanges is unknoi.vn. In the case of the vi scous oil this 

change may in some l,Nay be rela ted to the enolizable hydre-

gen that is present in the molecule. 
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Determination of the Peroentage Enolic Hydrogen in the 

Visoous Volatile Oil. 

10 mgm. of the oil were dissolved in 2 cc. 

of alcohol, to which an excess of alcoholic bromine solu-

tion was ad.ded. After one minute, the excess bromine 

was destroyed by the addition of a-naphthol. Potassium 

iodide was added, and the liberated iodine was titrat­

ed against N/IOO sodium thiosulphate. 

10.2 mgm. of oil reQuired 1 cc. of N/IOO sodium thiosulphate. 

1 oc. N/IOO thiosulphate is eQuivalent to 1_27 mgm. of iodine. 

One molecule of the oil reacts with one molecule of iodine. 

(C1SH2804) 308 gros. reacts with 258 gm. of iodine. 

1.27 gms. of iodine reacts 1"1i th 1.27. x 308 = 1.52 gm. of oil. 
258 

% enolic hydrogen is 1.52 x 100 = 15.0%. 
10.2 

Preparation of Derivatives 

2,4-dinitrophenylh~drazone 

0.04 gm. of the visoous oil was dissolv-

ed in a few cc. of alcohol, and a 2,4-dinitrophenyl-

hydrazone was prepared aocording to AlIen's direotions 

(1) • A brick red amorphous produc t "'las isolated, "which 

weighed. 8 mgm. By heating the alcoholic solution 

longer than the time specified in AlIen's directions, 
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a slightly better yield vvas obtained. All attempts to 

f obtain this product in the crystalline form failed. 
r\ 
\ Its mel ting point vva's indefini te (110-150 0 ). Apparent-

ly this derivative is not a pure compound and the low 

yield that was obtained suggests that either the viscous 

oil is a mixture, or that the carbonyl group in the 

molecule is not very reactive. 

The methoxyl content of this derivative was 

5.0 per cent. This value does not agree vtith the value 

theoretically required for the compound ClSH2S04 (one 

oarbonyl group requires 6.45~; tvvo carbonyl groups re-

quire 4.6%). 

Semicarbazone 

0.04 gm. of semicarbazide hydrochloride 

was dissolved in a minimum quantity of ·water. 0.03 gm. 

of fused sodium acetate "lTas dissolved in 95% alcohol 

along vd th 0.04 gm. of the oil, and the t\.vo solutions 

were mixed, well shaken, and allowed to stand for 24 

hours. No precipitate developed on standing. The solu-

tion was diluted with water, and extracted with ether. 

The ethereal solution was taken to dryness, and the 

residue consisted of an oily yellOW product which ap-

peared to be identical with .the-original material. 
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Acetylation 

0.020 gm. of the material was dissolved 

in a mixture of 2 cc. of acetic anhydride and 1 cc. of 

pyridine.· The solution was alloVoled to stand at room 

temperature for three days, and \''Tas then poured on a 

small oake of ice. No insoluble product Was present. 

Oxidation of the Visoous Oil 'vl}'ith Nitric Acid (Sp.Gr.l.14) 

Meyer (17) states that the side chains of benzol 

homolbgues are often split off by the use of dilute 

nitrio acid, and also that this method is useful in the 

oxidation of fatty substances. To isolate the oxida­

tion product he reco1.lInends dilution vvi th vvater, neut­

ralization, and precipitation of the oxidised product 

in the form of its salt. 

0.025 gm. of the viscous oil was dissolved 

in 15 co. of nitric acid and the solution was slow"Iy 

taken to dryness on the water-bath. The residue was 

dissol~ed in acetone (light yellow colour), and trans­

ferred to a micro-sublimation apparatus. A volatile 

product distilled at a temperature of 1000C (bath tem­

perature), vacuum 0.05 mm. :5 mgms. of the volatile oil 

were dissolved in water, the solution made alkaline 

with ammonium hydroxide, and the excess ammonia was 

boiled off. A few drops of silver nitrate were added 
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to the solution but no precipitate developed, although 

the solution slowly blackened. Since a silver salt 
J 

~ could not be obtained, a single micro combustion was 

performed on the remaining material. 

Analysis - C 84.0 H 14.5 per cent 

Calculated for (C 7H14 )n - C 85.5 H 14.4 per cent. 

Presumably the carboxyl group in the molecule vvas sQlli t· 

off during the distilla tion. The prod_uet ,/ITas obtained 

in very small quanti ties (6 mgm) , and since the purity 

of this product is questionable, the results must be 

aocepted with reservation. 

Oxida tion \vi th Potassi urn Perrnangana te (neu tl:'al) • 

Excess 2;'0 potassium permangana te 'was ad.ded to 

20 mgm. of the vi scous oil. The oontents 1tJere hea ted 

on a wa ter-ba th for one hour, and then extraoted vvi th 

chloroform. The chloruform residue was an odourless 

oily product, which sho'wed no tendency to crystallise. 

The ma terial obtained v-vas insufficient for a~alysis. 

Reduction with Powdered Zinc 

Meyer (17) recommends the use uf zinc in the 

formation of oxygen free compounds. 0.04 gm ... of the 

ma terial was mixed wi th povvdered zinc, and hea t.ed on 
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a Yloods metal bath a t a tempera ture of 300-400oC for 

four hours. The mixture was then subjected to distil­

lation at a vaouum of 0.04 mm. The volatile constituent 

was an odourless yellow viscous oil, which weighed less 

than 1 mgm. No analysis was performed on this product. 

Extraction of the non-volatile fraotion with chloroform 

yielded a very small oily residue (1-2 mgm.). Appar­

ently this method was too drastio and decomposed the 

compound. 

Optioal Activity of the Viscous Oil 

10 mgm. of the oil 'were dissolved in 10 cc. 

of chloroform, and transferred to a 10 cm. polariscope 

tube. The chloroform solution did not rotate the plane 

of polarized light, and therefore the oil does not con­

tain any asyn~etric carbon atoms. 
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The Possible Chemical Nature of Maple Flavour 

The determination of the chemical natnre of 

any na tural proQuc t resolves itself into tV.IO main parts, 

namely, (I) the isolation of the pure product, and 

(2) its identification, or if the product has not been 

previously reported, the determination of its chemical 

constitution. In this investigation it is still ques-

tionable whether the first part has been definitely 
------ --

acoomplished. Although the author has used relatively 

large quantities of maple syrup (200 gallons~ it is 

believed that in the future ~his problem will require 

still larger quantities of syrup. Fifty gallons of 

maple syrup yielded only 0.3 gm. of the maple fraction. 

The complexity that was attendant in the isolation of 

this material can be readily observed by reviewing 

Part III of this thesis. In fact)the major contribution 

of this effort is oonnected primarily with the methods 

of fractionation,rather than with any distinct contribu­

tion to the elucidation of the chemical nature of maple 

flavour. 

The major difficulties encountered in the 

determination of the ohemical constitution of the viscous 

011 VTere (1) t~le limi ted quanti ty of material, (2) the 

laok of functional groups in the molecule, and (3) the 
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failure to obtain ei ther- crystalline deri va ti ves, or 

crystalline degradation products. At 9resent the avail­

able data are wholly inadequate for the furmulation o~ 

any definite chemical constitution for maple flavour. 

However, with one assumption, namely, that the viscous 

oil is a pure compound, vie shall try and speculate as 

to the possible cnemical nature of maple flavour. 

This compound has the em~irical formula of 

C1SH2S04. It contains one oxygen atom in the form of 

a methoxyl group. A second oxygen atom is present in 

~he form of a slightly reactive carbonyl group. The 

compound can therefore be written as C16H25(CH30) (C=O)02· 

The parent member of the series is C17H2S( 02), 'which 

corresponds to CnH2n-602. 

In recent times a large number of substances 

have been isolated from both vegetable and animal products, 

vvhich have empirical formulae corresponding closely to 

the values given above. Many of these products contain 

the phenanthrene nucleus. By assuming an octahydro­

phenanthrene nucleus for the viscous oil, the formula 

could be written as Cl4HlS.C3Hl002. The isopropyl group 

is very common to many naturally occurring phenanthrene 

compounds, e.g. abietic :8.0110.. This group vvould account 

for the remaining three carbon atoms, thus yielding 

C14H1S·C3H7·H302· 
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The chemical form in which t"\;"lO of the oxygen 

atoms in the molecule are combined is unkno·wn. Both 

are non-reactive. Knorr and Pschorr (14) found that 

the morphine alkaloids which contain a phenanthrene 

nualeus have one of their oxygen atoms combined in the 

form of an ether linkage. This type of linkage might 

easily account for one of the oxygen atoms in the vis­

cous oil. The last one might be linked to the iso-

propyl radicle in the form of a tertiary alcohol 'Nhich 

is prevented from reacting because of steric hindrance. 

The structural formula for maple flavour 

could then be reconstructed as follows. 

The isopropyl group may be a~here in the 

molecule. The methoxyl group may be anywhere in the 

molecule. 

The ohemical properties of maple flavour will 

be discussed in relation to the above structural formula. 
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1. Enolization and Retarded Neutralization 

Ring I contains the oyo1ohexanone group. 

Sohmldt (26a) states that oyalohexanone Is a tautomeric 

compound which exists either as a ketone or a hydrogen­

ated phenol. It should, therefore, oontain active hydro­

gen, and when purified oyclohexanone was tested for anol­

ic hydrogen it gave a positive test. It also exhibited 

the property of retarded neutralization. Taking the 

foregoing into consideration, the assigned structural 

formula oould explain both enolization and retarded 

neutralization in maple flavour. 

2. Stability to Alkalies 

Maple flavour is extremely sensitive to alk­

a11es, and is converted, dependIng on the conditions, 

either to a sweet odour, or to an odourless compound. 

Ring IV (see structural formula) contains the furane 

group.. This group is also present in morphine in exact­

ly the same position. Pictet and Biddle (23) state that 

the ether linkage in the flirane ring of morphine 1s 

readily broken by dilute aoids such as sulphuric. hydro­

chloric. phosphorio, and oxalic; by dilute alkalies. 

and also by zino ohloride. The converted pruduct 

(apomorphine) differs physiologically from morphine. 
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Quite conceivably analogolIs changes might take place 

in maple flavour '\yhen subj ected to alkalies. 

3. Reduction of Fehling's Solution 

As mentioned above, the 8ther li-nkage in Ring 

IV is easily h~.rc1rolysed by alkalies. Als 0 it is knOiNn 

that the hyurogen atom adjacent to the carbonyl group 

in Ring I is active and forms a hydroge~ated phenol. If 

these two reactions were to take place simultaneously, 

Ring I \?ould_ contain th_e hYl1ro'luinone group. This product 

is an acti ve reducing age nt and i,\Jould readily reduce 

Fehling's solution. 

4. Action of Co:qcentrated Sulphuric Acid 

On udd1ng one co. of concentrated sulphuric 

acid to 5 mgm. of the viscous oil, the solution sloivly 

changed to 8. greenish colour, and finally b9came dark 

brown. These colour changes are qu.i te similar to those 

obtained for concentrated sull)huric acid aDLl morphine. 

5. Refractive Index 

The refractive index of the viscous oil is 

1.555 (20 0 C.), and the value reported by Cook (4) for 

octahydrophenanthrene is 19.2 1.5527. 
D 



-106-

6. The Instability of Maple Flavour 

The assigned str1ict;-ral formula for mSDle fla-
"" 

vour could readily eA~lain its great instability. The 

phenanthrene compounds readily isomerise, and it is this 

pro:perty itvhich has -greatly coml)licated the stud.y of this 

gruup of compounds. A typical example is abietic acid, 

v/hich appears to have a number of isomers, 3.nd \\Those 

properties vary according to the source and method of 

isolation. Isolation of this proQuct by distillation in 

high vaouum yields 8. product m.p. 1580 • By extraction 

with acetic acid, m.p. 161-5°; by extraction and crystall-

ization direct from colophony, m.,p. varying from 137 to 

166 0 • 

Discussion 

In conclusion, 8.1 though the st-ructural 

formula ,postulated fur maple flavour can explain most 

of the ltnovm chemical properties regarding maple flavour, 

it must be borne in mind that the chemical evidence for 

this struoture is v~rholly inadequate. Until pure deriv-

ati ves are prepared and various knO~Nn degradation products 

are isolated, no definite structure can be assigned to 

the flavouring princi:ple of maple syrup. 
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v. Summary al!dJonc1usions 

1. A systematic fractionation of the chloroform extract 

of maple syrup has shovvn the presence of at least ten 

substances. These products were separated into five 

main fractions: (1) alcohol-insoluble fraction, 

(2) sodium bisulphite extract, (3) lead acetate pre­

ai~itate, (4) lignin-like fraction, and (5) the ma~le 

fraction. The first three and approxima tely 951;; of 

the lignin-like fraction were eliminated from the 

chloroform extract 'Hi thout destroying the maple flavour. 

2. The alcohol-insoluble fraction, vThieh was equivalent 

to 50% of the total weight of the chloroform extract 

in 1935 and '."ras totally absent in 1936, consisted of 

a saponifiable oil. A chemi cal examina tio-n sho'wed the 

presence of glycerol, palmitic and oleic acids, and 

3.4~ water-soluble volatile acids. 

3. The sodium bisulphi te fraction \iv-as a mixtl1re of at 

least three substances. It had an odour strongly 

resembling that of vanillin. The products that 'T:'rere 

-present in this fraction in 1935 were totally different 

from those present in 1936. In 19d5 an unstable 

crystalline product 'was isolated m.p. 90-92°. A 

2 ,4-dini tro}.Jhenylhydr3..zone ,vas 'prepared, m. p. 215-217° J 
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with a methoxy1 content of 12.7 per cent. In 1936 

a stable crystalline product 'I:"'as isola ted rn.p. 110-112°. 

It has an em:viriaal formula of C12H1406 J 1Ni th a methoxyl 

aontent of 30.3%, v/hieh corresponds to on8 n1pthoxyl 

ancl one ethoxyl group in the molecule. J.l scarlet red 

crystalline 2, 4-dini trophenylhyctrazone was pr 8pared 

m. p • 232 - 233 0 ; the met h 0 xy 1 c () n ten t ·p,ra s 12 • 4 7~ (c a 1 c u 1 a t­

ed for tViO carbonyl groups in the molecule 12. 3;b). 

Neither of these Jroducts have been identified. 

4. It VJ8.S found irnpossi ble to c<:Jnfirm Nelson' s results 

regsrding the extraction of maple fJavonr b~l 8.lHtnonium 

hyd_roxide. l:Iaple flavour is extremely sensi ti ve to 

alkalies, and its characteristic odour is readily des-

troyed by ammonium hydroxide. 

5. All the results obtained in this investigation in-

dicate thRt a neutral COffi:90unci is respon.sible for maple 

flavour, ~nd that it is not, as previously c0nsidered, 

phenolic in natnre. 

6. The lignin-like fraction, ,~rhich vIas eQuivalent to 

35% of the total 'I;,feight of the chlorcJform extract in 

1935 and to bO-701~ in 1906, consisted of an amorpho l ls 

odo~rless Jroduct. This T)roduct VlJHS a mixture of 
~ 

at least four closely related high molecular ·weight 
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compounds, 'which on analysis yielded a~proxima tely the 

same values; C 61.0, H 6.5, CH30 20.S per cent. 

These -oroducts bear no relation to maule fl~vour. 
• • 

". The maple fraction consisted of a yellovl viscous 

volatile oil, R.I~ (20°C.) 1.555. In the method used 

for its isolation, it initially had a sweet pleasant 

odour, but ~"Then stored in the refriger~tor slovlly 

developed one similar to maple odour. Its empirical 

formula is C1SH2S04, and it contains one methoxyl, 

and one carbonyl group in the molecule. Although the 

available data are inadequate for the formulation of 

a defini te structure, a postula tea. strllct'lral formula 

oontaining a phenanthrene nv.cleus accounts for many 

of the observed chemical properties, such as, (1) re­

duction of Fehling's solution, (2) enolization, (3) 

instabili ty to alkalies, and (4) ready COD~tersiol1 to 

an odourless compound. 



-110-

VI. Aoknovfledgments 

The maple syrup for this investigation ,"'as 

supplied through a grant from the ~uebec Department 

of Agriculture. This grant is gratefully aoknovlledged. 

The author vli shes to express his sincere thanks to Dr. 

J. F. Snell, under \lv-hose super,ri sion this ,-\lork Vfas 

oarried out, for hi.s continued interest and helpful 

suggestions during the course of this investigation; 

also tu Dr. C. F. H. AJ.len of McGill University and 

Dr. "~'l. D. IvlcFarlane for their cri ticism and advice. 



-111-

BIBLIOGRAPHY 

1. ~llen, r..~.H. m ~- ..., .J.: lhe Identification of Carbonyl Com-

1930 pounds by Use of 2,4-dinitrophenylhydrazone. 

J. Am. Chem. 52: 2955. 

2. Braun, F. and H. Hibbert. studies on Lignin. y 
.il. • 

1933 The Identity and strncture of Spruce 

Lignins Prep2~ed by Different Ivlethod_s. 

J. Am. Chem. Soc. 55: 4720. 

3. Clark, ~-:l P 12:. • Determination of I'lethoxyl and Ethoxyl 

1932 Group. Journal of A.O.A.C. 15: 136. 

4. Cook, J. - and C. L. Hev"i tt. The Synthesis of Com-'1 • 

1933 pounds Related to the Sterols, Bile Acids, 

and Oestrus-Producing Hormones. Part I. 

1:2-ayclo Pentenophenanthrene. J. Chem. 

Soc. Pt. 11. 1098. 

5. Cz.~pek Hadroma1. Zeit. Physiol. Chem. 27: 

1899 141. 

6. Euler, .A.C. von. ~uantitative Composition of Con-

1923 iferous Woods. Cel1ulosechemie 4: 1. 

C.A. 17: 2049. 

7. Feig1, F. Microchemical Laboratory Manual; with a 

1926 Section on spot Analysis. Translated by 

Frank Schneider. lJe'\\T York. ;.1iley Cc 

Sons Inc. 



-112-

8. Find1ay, G.H. 1.1ap1e Flavour, Its Nature and Origin. 

1934 McGil1 University. Ph.D. Thesis. 

9. Grate, V. Monatsh. 25: 987 

lS04. 

10. Hoffmeister, C. Hadromal. Ber. 60 B: 2062. C.A. 

1927 22: 399. 

11. Klason, P. The Chemical strnctpre of Pine 1.iood 

1917 Lignin. Svensk. Kom. Tidskritt, 29: 

5 and 47. C.A. 11: 2482. 

12. K1 a son, P. Con s t i tu t ion 0 f Pin e ''':0 od Li gni n. VI I I • 

1929 The nutritive sap of the pine. Ber. 62 B: 

635. C.A. 23: 3671. 

13. Klason, P. The Chemical Formula for Lignin from 

1931 Spruc e '.'lo od. Svensk. Papp ens. -Tidn. 

34: 543. C.A. 26: 1773. 

14. Knorr, L. and R. Pshorr. Ber. 38, 3176. 

1905 
./ 

15. Labrie, A. Contribution a l'Etude de la Matiere 
./ 

1932 Aromatique des Proclui ts de 1 fErable. 

Universite Laval, Quebeo. 

16. 1'Iarion, L. The Resi DS of ~,~11ea t Stra1JlT. Can. J. 

1935 Res. 12: 554. 

17. Meyer, H. Analyse Und Kontitutionsermittlung Organischer 

1931 Virbindungen. 5th edition - Julius 

Springer, Berlin. 



-113-

18. Morrow, C.A. Biochemical I.,aboratory 1.1ethucls for 

1927 Students of The Biological Sciences. 

John --iiley and Sons, Ine. Ne\"l York. 

19. Nelson, E.K. The ~'lavor of l..Iaple Syrup. J. Am. 

1928 Chem. Soc. 50: 2009. 

20. Official and Tentative Methods of Analysis 

1930 of the A.O.A.C. 4th edi tion. i}ashington. 

21. Pauly, H. and Feurestein, K. Hadromal, Lignin and 

1929 Coniferaldehyde. ~er. 62 B: 297. C.A. 

23: 2982. 

22. Pavo1ini, Tito. Genesis and Struct1.lre of Lignin, 

1921 Indnstria Chimica 6: 1367. C.A. 26: 

2173. 

23. P o tt' d ,.°dd1 ~r ("l lC e , A., an nl _e, n.~. Vegetable Alkaloids, 

1904 1st edition. John :aley and Sons, New 

York. 

24. Robison, S.C. The Isolation and Identification of 

19~4 the Flavouring Principle in Maple Syrnp. 

}JlcGill University. 1.=.3c. Thesis. 

25. Rosenthaler, L. The Chemical Investigation of Plants. 

1930 TransJ8t9d by S. Ghosh.G. Bell and Sons, 

Ltd. London. 

26. J F d 1'{" 1 J B Sa 1 e , ", an, 1 -- son, •• Process for nanufact'lr-

1927 ing a True Maple Flavoring Product. U.S. 

Patent 1,642,789. 



-114-

27. Skazi n, .L. V. Studi e s on Laple S~lrUlJ and l,~a'ple Sugar. 

1930 IVlcGil1 Uni v2I'si ty. "'- c l,t ... ) C • ~hesis. 

28. Sy, .A .• P. History, 1.Ianufactl1.re anct Analysis uf ~~aple 

1908 

29. -;-..... ",:,".~ 

1-1 • . J. 

1905 

PrOdlJctS. J. 1?r8 nkli 11 I~1st. 166: 24g, 

321, 433. e.A. 2: 3376. 

The AdlJJ tera tion of I.Iaple 2roduc ts. 

T'r S u. • Dept. Agric. Bull. 59. 

30. ;'vis1icenus, H. The COlloidal Chemistry of '[uod. 

1920 Its Constituents ~nd Its Formation. 

Kolloid. Z. 27: 209. e.A. 15: 380. 






	_0001
	_0002
	_0003
	_0004
	_0005
	_0006
	_0007
	_0008
	_0009
	_0010
	_0011
	_0012
	_0013
	_0014
	_0015
	_0016
	_0017
	_0018
	_0019
	_0020
	_0021
	_0022
	_0023
	_0024
	_0025
	_0026
	_0027
	_0028
	_0029
	_0030
	_0031
	_0032
	_0033
	_0034
	_0035
	_0036
	_0037
	_0038
	_0039
	_0040
	_0041
	_0042
	_0043
	_0045
	_0046
	_0047
	_0048
	_0049
	_0050
	_0051
	_0052
	_0053
	_0054
	_0055
	_0056
	_0058
	_0059
	_0060
	_0061
	_0062
	_0063
	_0064
	_0065
	_0066
	_0067
	_0068
	_0069
	_0070
	_0071
	_0072
	_0073
	_0074
	_0075
	_0076
	_0077
	_0078
	_0079
	_0080
	_0081
	_0082
	_0083
	_0084
	_0085
	_0086
	_0087
	_0088
	_0089
	_0090
	_0091
	_0092
	_0093
	_0094
	_0095
	_0096
	_0097
	_0098
	_0099
	_0100
	_0101
	_0102
	_0103
	_0104
	_0105
	_0106
	_0107
	_0108
	_0109
	_0110
	_0111
	_0112
	_0113
	_0114
	_0115
	_0116
	_0117
	_0118
	_0119
	_0120
	_0121
	_0122
	_0123
	_0124
	_0125
	_0126



