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INTRODUCTION

There is no adequate summary of the rapidly increasing literature of
alkylated carbohydrates in American journals. Such summaries are oftentimes helpful to the busy worker who cannot find time to go through the
large amount of literature for the information he is seeking. It is hoped
that a series of papers will be of assistance to the worker in this special field.
Alkyl substitutions in the glycosidic position are omitted except for
the glycosides of methylated sugars. Decomposition and oxidation products
are described along with their parent substances, and the compounds are
given their author's description, no attempt being made to conform them
to any particular system of nomenclature. The figures in parentheses refer
to the bibliography. In listing optical rotations, concentrations are omitted
for the sake of space.
TRIOSES
GLYCEROSE

Various methyl ethers of glycerin have been described by Fairbourne
( 61) in an effort to secure standards of reference in work on the configuration of glycerol derivatives. Glycerol has been methylated to give monomethyl glycerol (6, 62), dimethyl glycerol (21) and trimethyl glycerol (61).
Benzylidene and ethylidene methyl glycerol are described in the literature
(57, 58) together with hexamethyl glycerol glucoside (21). Dl-glyceraldehyde has been methylated. Various combinations of chlorine and the methyl
group in glycerol are described (62).
'rETROSES
E HYTHROSE

Monomethyl d-erythronic acid ( dihydroxy-methoxy-butyric acid) is obtained by oxidation of monomethyl alpha-fructose ( 4).
2, 4-Dimethyl d-erythronic acid (hydroxy-dimethoxy butyric acid)
is prepared (37) from an unsaturated compound obtained from the lactol
acid of tetramethyl y-fructose. It forms a crystalline amide, m.p. 104-5°,
and when methylated forms 2, 3, 4-trimethox y-d-erythronic acid methyl
ester (methyl trimethoxy-butyrate) which produces a crystalline amide
m.p. 58-9° (37). A lactone of the dimethyl acid has been reported (11, 14).
2, 3-Dimethyl-d-erythronolactone is said to be obtained on allowing
potassium permanganate to act on tetramethyl fructose.
(61]
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THREOSE

Dimethoxy-d-succinic acid has been variously reported as being prepared from 1-trimethyl y-arabonolactone ( 43), from tetramethyl 8-gluconolactone and nitric acid ( 44), and from 2, 3, 5-trimethyl y-xylonolactone
(56). It forms a crystalline amide (43) and methyl amide, m.p. 204-5° ( 43,
56).
Dimethoxy-l-succinic acid is obtained from d-2, 3, 5-trimethyl y-arabonolactone ( 43, 55). It forms a crystalline amide and methyl amide (43).
Dimethoxy-l-succinic acid results from the breaking down of the lactol
acid of 1, 3, 4, 5-tetramethyl fructose (2). Its amide has a melting point
of 246° with decomposition.
ERYTHRULOSE

Tetramethyl y-fructose, when oxidized with nitric acid, gave not a
trimethoxyvalerolactone (25), but an ester believed to be the methyl ester
of a dimethyl-erythrulonic acid. The compound was not characterized.
PENTOSES
RHAMNOSE

By cautious methylation of acetone Thamnose, dimethyl acetone rhamnose can be secured ( 18). Hydrolysis of this gives dimethyl rhamnose ( 9,
10). The methyl rhamnoside (3, 9) of this compound has [a] o-95°
(C 2 H 5 0H) (3). This value, however, is approximate. Dimethyl acetone
rhamnoside has [a]o=-31.io (CH8 0H) and-35.32° (acetone) (3).
Acetone methyl rharnnoside, when methylated, produces trimethyl
a-methyl l-rhamnoside, [a]o= - 54.13° ('ale.) and -15.54° (H 2 0) (3);
-16° (H 2 0) (30). When oxidized, this latter compound forms 1-arabotrimethoxyglutaric acid (25). Again, when hydrolyzed, trimethyl l-rhamnose
is obtained (1, 9, 13).
'l'rimethyl rhamnose is a colorless syrup, reducing Fehlings (3) and
forming trimethyl rhamnonic acid on oxidation (29). 'l'he trimethyl rhamnose, [a]o= + 25° (H 2 0-final) (30), and, according to (3) has the values: [a]n + 24.15°-'> 25.44° (H 2 0); + 3.25°-'> +5.82° (benzene); and
- 4.86°-'> - 9.52° (ale). An anilide, is reported (5) as needles, m.p.
111-3°, and also a crystalline phenylhydrazone (3) decomposing at 126-8°.
This hydra.zone is slightly soluble in water, very soluble in alcohol, and
moderately so in ether. When trimethyl rhamnose is treated with
CH3 0H. HCl a mixture of methyl Thamnosides is produced (3), largely
the beta-form, showing+ 29.30° (C 2 H 5 0H) and+ 52.36° (H 2 0).
The 1-2, 3, 4-trimethyl rhamnose, when cautiously oxidized, produces a
l-2, 3, 4-trimethyl y-rhamnonolactone, b.p. 120° /0.3 mm. and of m.p. 40°
(70), which may be decomposed to 1-trimethoxyglutaric acid. The rotation
of the lactone is [a] 0 18 = - 130° (initial) -'> -78° (equil.). A phenylhydrazide may be obtained from this lactone, needles m. p. 177° ( 69). The trimethyl rhamnose already mentioned, which ·may also be obtained from
l-2, 3, 4-trimethyl {3-m ethyl rhamnopyranoside [m.p. 43-4°; [a]o 21 =
+ 106° (H 2 0)], can also form (70) a 3, 4-dimethyl 8-rhamnonolactone, long
needles, m.p. 66-8°, [a]o 26 = -153° (init.-H 2 0), from which a 3, 4-dimethyl rhcirnnonamide, colorless needles, m.p. 152-5°, can be secured. The
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amide is soluble in water, methyl or ethyl alcohols, but insoluble in light
petroleum.
Gamma-monoacetyl ,B-methyl rhamnopyranoside, on methylation (70),
forms a 2-monoacetyl-3, 4-di-methyl ,B-methyl rhamnoside with the following characteristics: long, colorless needles, m.p. 67°. Very soluble in all
solvents. B.p. about 90° /0.1 mm., N0 17= 1.4510 (supercooled liquid) ;
[a]o 20=
36° (H 2 0), and did not reduce Fehlings solution. On hydrolysis, a 3, 4-dimethyl rhamnose, colorless needles, m.p. 91-2°, [a] 0 20= -18.6
(equil. H 2 0) and [a] 0 20=-10° (initially). On oxidation this forms the
3, 4-dimethyl 8-rhamnonolactone mentioned above.

+

RIBOSE

d-Ribose, probably in the form of an alkyl compound, has been isolated
from animal tissues ( 50) .
LYXOSE

When a-methyl lyxoside (m.p. 109°) is methylated, trimethyl methyl
lyxoside is obtained ( 54, 59), a colorless mobile oil, boiling point about
70°/0.02 mm., and giving d-trimethoxy glutaric acid on treatment with
HNOa. It is a mixtUTe, consisting largely of the a-isomeride, has N0 14 =
1.4460, and [a]o 205461 + 10° (H 2 0) and+ 37.3° (C 2 H 5 0H). On removing
the glycoside group, 2, 3, 4-trimethyl lyxose is obtained (72).
2, 3, 4-trimethyl lyxose consists of needles, m.p. 79°, [a] 205461 -19°
(constant). Before crystallization, it is a colorless, mobile liquid, b. p.
90°/0.05 mm., N0 1 5 = 1.4629, [a]o 2 2 = - 22° (H 2 0). It exhibits rapid
mutarotation in aqueous solution.
On oxidation, trimethyl 8-lyxonolactone is formed, b.p. 105°/0.02mm.,
N 0 18 = 1.4620, [a]o19 = + 35.5° (initial) ~ -9.3 (equil. in water). It
forms a phenylhydrazide of m.p. 180-1° ( 59, 65). This lactone, as well
as the 2, 3, 5-trimethyl y-lyxonolactone, is secured by the inversion of 2, 3,
4-trimethyl 8-xylonolactone and 2, 3, 5-trimethyl y-xylonolactone respectively in pyridine solution ( 65).
The 8-lyxonolactone forms d-trimethoxyglutaric acid on oxidation ( 59,
73). This acid forms a methyl ester of b.p. about 100°/0.1 mm., n 0 21 =
1.4353, [a]o 20 =-39° (CH 3 0H) and -31° (H 2 0). This methyl trimethoxy glutarate forms an amide, m.p. 230° (decomp'n); [a]o 20 -49°.
The acid itself forms a methyl amide, m.p. 171-2°.
Bott, Hirst and Smith (73) described the methylation of methyl-lyxofuranoside as follows: The product of the reaction, when distilled, came
over as a colorless, hydroscopic liquid, b.p. about 90°/0.06 mm., N0 11 =
1.4457, [a]o 22 = + 52° (H20); [a] 0 22 =
41° (CHaOH); [a]o 22 == + 52°
(equilibrium value after heating with one per cent CHaOH - HCl). The
presence of a small amount of trimethyl methyl lyxopyranoside was indicated. Since trimethyl lyxopyranose has [a]o 20 = 22° (equil. - H 2 0) and
trimethyl lyxofuranose has [a]o 22 =
39° (equil. -H2 0), it follows
that the quantities of trimethyl methyl lyxofuranoside and trimethyl
methyl lyxopyranoside in the distillate were about 90 per cent and 10 per
cent, respectively. Hydrolysis of the distillate resulted in 2, 3, 4-trimeth11l
lyxofuranose, b.p. about 95°/0.04 mm., No18 =-= 1.4580, and [a] 0 20 39°
(H20).

+

+

+
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On oxidation, this methylated sugar gave trimethyl y-lyxonolactone,
b.p. 170° /12 mm., long needles, m.p. 44°, Nn 18 = 1.4569, and [a]n 20 =
+ 82.5° (initia:l-H2 0). From this lactone, a hydrazide, needles, m.p. 140°,
may be obtained.
When distilled slowly, the 2, 3, 4-trimethyl lyxofuranose forms a hexamethyl di-pentose, a colorless liquid, b.p. about 160°/0.05 mm., which solidified to give needles, m.p. 77°. It has no action on Fehling's, but is strongly
reducing after hydrolysis with hydrochloric acid. [a]n 20 = + 114° (initial)
~ + 43° (after 15 minutes hydrolysis).
ARABINOSE

Dimethyl Arabinoses
2, 4-Dimethyl arabinose is reported by Zemplen and Braun (36) as
a syrup of b.p. 128-9°/0.32 mm., [a]n 24 - 95.46° (C 2H 5 0H) changing to
-105.1° after 24 hours. 2, 5-Dimethyl d-arabonolactone is secured (23)
when 2, 3, 5, 6-tetramethyl glucose is treated with hydrogen peroxide. A
dimethyl d-arabonolactone, not characterized, is reported (40) from the
oxidation of 2, 3, 4, 6-tetramethyl glucose. An unidentified dimethyl arabinose, a glass, is secured from hexamethyl methyl maltoside (8) by hydrolysis. This dimethyl arabinose farms a methyl arabinoside of b.p. 120° /0.1
mm., and this in turn produces on methylation, a trimethyl methyl arabinoside. A dimethoxy hydroxyvaleric acid (19) will be described under trimethyl arabinoses.
Trimethyl Arabinoses
2, 3, 4-Trimethyl l-arabinose [l, 5] (the normal form) is a colorless
syrup (2) showing mutarotation, with a b.p. of 148-152°/19 mm., very
soluble in water, all organic solvents and light petroleum. When· oxidized,
2, 3, 4-trimethyl arabonolactone [l, 5] is formed (25, 33, 46). This occurs
in the form of long, colorless needles, m.p. 45° (38, 60), Nn15· 5 = 1.4630
(superfused) (60), and having an initial value in water at 20°of+179.5°
(38, 60); + 176.5° (49); + 178.3° (49). Far other wave lengths [ah 461
=+206.3° (H 2 0) and [a] 21,178 o=+l83.5°. Mutarotation is recorded
as follows: [a]n + 206° ~
17° (3 hours-H 2 0) (38); + 145° ~ 22.4°
(24 hours) (24). This lactone may also be prepared by methylation of
arabonolactone (25). The ,t rimethyl lactone, when oxidized with HN03
form l-arabotrimethoxyglutaric acid (25, 41, 46) which may also be prepared directly from the trimethyl 1-arabinose [1, 5] (22, 31, 33, 41). This
glutaric acid forms a crystalline amide ( 41, 46), decomposing at 230° with
[a]+ 50° (H 2 0) (41); a methyl amide, m.p. 173° (41), 172° (46) and
with [aJn19 + 59.9° ( 41, 46) ; a diamide (22, 33) ; a methyl ester (22, 46)
and a dimethyl ester (32, 33).
2, 3, 4-trimethyl arabinose [l, 5] has been condensed with methyl
chloroformate and KCN to give trimethyl arabomethoxymannononitrile
and gluconitrile ( 66). An attempt ( 5) to prepare an anilide of the trim ethyl arabinose resulted in a syrup. It was prepared (2, 9, 22, 32) from
2, 3, 4-tTimethyl a-methyl 1-arabinoside [1, 5], m.p. 43-5° (2, 32) ; 44.6°
(49), having [a]n = + 250.8° (H 2 0) (2, 49); + 223.1° (CH 3 0H) (49).
This arabinoside is rapidly destroyed by fuming HCl. A l-2, 3, 4-trimethyl
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/3-methyl arabinoside [1, 5] has been prepared ( 49). 2, 3, 4-d-Trimethyl
a.-methyl arabinoside [1, 5] (32) forms a 2, 3, 4-trimethyl d-arabinose
[1, 5] (72).
When 3, 4, 6-trimethyl y-fructose (55) and 1, 3, 4, 6-tetramethyl fructose are degraded (37, 43, 53, 55, 64), d-2, 3, 5-trimethyl y-arabonolactone
[1, 4] is formed.
This is a pale yellow mobile syrup of b.p. 100-15°/0.12 mm., (55) and
showing a melting point of 31-2° (55); 33° (43). In water, [a.]n = +44.5°
~ + 25.5° (20 days) (43). On oxidation with HN0 8 l-dimethoxy succinic
acid is formed ( 37, 43, 53, 55, 65) . This produces a crystalline amide and
methyl amide.
On methylation, y-methyl arabinoside, [a.]n- 71.30° ( CH8 0H), forms
a mixture of a.- and {3-trimethyl y-methyl arabinosides (19), which exhibits
[a.]n=-55.8° (H 2 0) (31); -56° (equil.) (49). On hydrolysis (19),
l-2, 3, 5-trimethyl y-arabi1wse [1, 4] is formed. This is a colorless liquid,
Nn = 1.4503, b.p. 97-9°/0.18 mm., reducing neutral permanganate and
showing [a.]o = 39.5° (H 2 0) (19). When oxidized with HN08 (19), a
lactone of a trimethoxyhydroxyvaleric acid is first formed, which in turn
forms a dimethyl trimethoxy-glutarate. 1-2, 3, 5-Trimethyl y-arabinose [1, 4],
also forms on milder oxidation (27, 43) the l-2, 3, 5-trimethoxy-y-arabonolactone [1, 4], long, colorless needles, of melting point 29° ( 49), 30° ( 49),
30-32° (43), 32° (27) and 33° (37). It has an initial rotation in water of
-42.5° (49), -43° (49), -44° (43), -44.2° (37) and--44.4° (27, 38),
whlch, after 20 days, is found to be - 25° ( 43), - 25.1° (24), - 25.2° (37,
38). Tills important lactone may also be secured by methylating y-arabonolactone (25, 27, 49). On oxidation, the methylated lactone forms d-dimethoxysuccinic acid (43) , which has likewise been reported as being obtained
from trimethyl y-xylonolactone (which see) and, among other degradation
products from tetramethyl o-gluconolactone ( 44, 47). The succinic acid
forms a crystalline amide ( 43) and a crystalline methyl aniide ( 43) of melting point 204.5° (56).
Inactive dimethoxy succinic acid is reported ( 42) as one of the degradation products of oxidized 1, 3, 4, 5-tetramethyl fructose. 2, 3, 5-Trimethyl arabonic acid (37, 40) was expected to be the oxidative product of
the 1, 2-ene diol form of 2, 3, 4, 6-tetramethyl glucose, but was not obtained
d-Arabotrimethoxy glutaric acid (67) may be prepared from the following:
(a) 1, 3, 4, 5-tetramethyl fructose (25, 26, 4-2).
(b) Trimethyl o-'lyxonolactone ( 54, 59).
( c) Trimethyl d-arabinose ( 32, 72).
(d) Tetramethyl o-mannonolactone (39, 72).
The acid can be identified by (1) its amide (25, 26, 42, 59), of m.p. 227-8°
(42), 230° (59) with decomposition, and [a.]n 20 =-48° (42), -49° (59)
both in water; (2) by its methyl ester, b.p. about 100°/0.1 mm., nn 21 =
1.4353, [a.]n 20 -39° (CH3 0H) and 3!0 (H 2 0) (59),and (3) by its dimethyl ester which is enantiomorphous with the dimethyl ester of the acid
from trimethyl-l-arabinose.
A d-2, 3, 4-trimethyl o-arabonolactone [1, 5] is described (53, 60, 64)
as being obtained from 1, 3, 4, 5-tetramethyl £ructose, and recorded as long,
colorless needles, m.p. 44°, Nn18 = 1.4626 (superfused) and [a.]n18 (initial)
=-177.3° (H20).
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Aceto-iodo-maltose was methylated (51, 80) and, instead of obtaining
the desired heptamethyl methyl maltoside, a hexamethyl methyl gluco-arabinoside was obtained. Methylated arabinoses are mentioned, but not described ( 12, 13, 22, 29 and 52).
XYLOSE

Monomethyl and Dimethyl Xyloses
When monoacetone xylose is refluxed in acetone with CHsl and Ag20,
a mixture of mono- and di-methyl acetone xyloses is obtained (18, 54). The
monomethyl diacetone xylose melted at 78°, boiled at 105-7° and [a]Hi 0 21.4° (H 2 0). It gave very strong pentose reactions. When hydrolyzed with
dilute sulfuric acid, the resulting equilibrium solution of mono-methyl
xylose shows [a]o- 43.3° (H 2 0). The dimethyl acetone xylose of b.p.
78-80° (18) is soluble-in 6 parts water and[a]Hg=-43.3° (18), -46.6°
(56). According to Haworth and Porter (56), it is a syrup of b.p.
75-8° /0.07 mm., and N0 15 = 1.4455.
\\Then hydrolyzed, the dimethyl acetone xylose produces a dimethyl
methyl xylose (7, 18, 54, 56) believed to be 3, 5-dimethyl xylose (56). On
oxidation, this forms a 3, 5-dimethyl y-xylonolactone (54, 56) of
[a]2u 5780 = + 39° ( 49 days) (56) and showing N0 15 = 1.4643. The lactone can also be recognized from its crystalline phenylhydrazide ( 56), m.p.
94-5°, needles, soluble in CHCls, less so in ether or water, and insoluble
in light petroleum.
When xylan is methylated, a dimethyl xylan is obtained (17, 63). On
hydrolysis, 2, 3-dimethyl methyl xyloside in a yield of 90 per cent is obtained, with charactffi'istics of b.p. 80° /0.04 mm., N0 17 = 1.4581, [a]o 2 u =
+ 61.8° (CH 3 0H); [a]o 22 = + 43° (equil. value). The xyloside produced
2, 3-dimethyl xylose-viscid syrup, reducing Fehlings, N0 20 = 1.4783, [a]o 20
=+22.6° (H 2 0-initial) ~ [a]o 22 =+24° (const.). Could not be crystallized. An anilide can be prepared of m.p. 146°; [a]o = + 65.5° (ethyl
acetate-constant) ; [a]o 19 = + 185° (initial). The 2, 3-dimethyl xylose
can be oxidized to 2, 3-dimethyl y-xylonolactone-a colorless liquid-b.p.
115°/0.02 mm.; N0 16· 5 = 1.4640; [a] 0 22 = + 97° (initial) (H 2 0). 2, 3-Dimethyl xylonic acid, [a] 0 22 = + 30.4° (H 2 0) forms a phenylhydrazide of
m.p. 107-8°, insol. in ether or light petroleum, but readily soluble in H 2 0,
ale., or ethyl acetate; and a p-bromophenylhydrazide, silky needles, m.p.
150-1° in a yield of 80 per cent (63).
When ,8-xylo-chloralose is methylated, dimethyl ,8-xylochloralose, b.p.
135° /2 mm., forming oily crystals, m.p. 53°, is produced. When acetylated
(74), a product is formed which is probably mostly monoacetyl dimethyl
,8-.,,;ylochloralose.

Trimethyl Xyloses
Trimethyl xyloses are mentioned but not described in the references
(13, 20, 22 and 46). 2, 3, 4-Trimethyl methyl xyloside, prepared from
,8-methyl xyloside (68) is a wax-like solid, m.p. 46.8° (9, 38) or 51° (68).
In watffi', [a]o 20 =-67° (9), -81.7° (68) and in CHC13 -69.5° (68).
Before crystallization, it is a syrup boiling at 69-72°/0.5 mm., (9) or
65°/0.02 mm., (63) with N0 18 =1.4403 (63). When the glycosidic methyl
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group is removed, 1-2, 3, 4-trimethyl 8-xylose [l, 5] is the result (9, 38, 68).
This sugar has a melting point o:f 87-90° (28), 91-2° (68) and 90-3° (63).
Mutarotation is quite rapid in aqueous solution: [a]n20 = + 64.5° (initial)
~ + 17.7° (final) (68) or + 74° ~ + 21° (28).
On oxidation (28, 69), 1-2, 3, 4-trimethyl 8-xylonolactone [l, 5] is
formed. This lactone melts at 55° (28), 56° (38), being colorless needles of
[a]n + 0° (H 2 0) ~ + 21.4° (70, 75 hrs.) (38) or - 3.8° ~ + 20.8°
(final) (24, 28). In pyridine solution, a molecular change takes place, and
the corresponding 8-xylonolactone is produced. The xylonolactone, in common with the mother trimethyl xylose (16, 72), forms i-xylotrimethoxyglutaric acid (28, 46), which is described later.
2, 3, 4-Trimethyl 8-xylose [1, 5], on oxidation, also gives 2, 3, 4trimethyl 8-xylonic acid ( 16). For the acid, calculated as the lactone,
[a]165461 = + 32.7° (H 2 0) ~ + 21.5° (8 hrs.). The acid can be recognized
(65) from its phenylhydrazide, needles melting at 137-8.5°.
2, 3, 4-Trimethyl a-methyl xyloside (9, 15, 69) results :from the
methylation o:f a-methyl xyloside, and when containing 34 per cent of the
beta-isomeride is a mobile syrup, b.p. 115-8°/12 mm., N0 25 = 1.4410 and
[a]n=86° (CH3 0H) (9). When pure, it shows N0 25 =l.4397 and the
following rotations: [a]n 20 =+121.5° (CHC13 ) ; + 112.7° (H 2 0) and
+ 122.2° (CH 3 0H) (68).
Inactive xylotrimethoxyglutaric acid, a syrup, is the product resulting
from the oxidative degradation o:f various methylated hexoses. Thus, it results when HN0 3 is allowed to act on 2, 3, 4, 6-tetramethyl 8-gluconolactone
(25, 29, 34, 35, 44, 53, 64, 66), on 2, 3, 4, 6~tetramethyl glucose (25, 35,
52, 66) or on tetramethyl y-:fructose (45). The acid forms a methyl amide
(44, 46, 53, 64) , m.p. 167-8° (46); an amide (45, 46), m.p. 101°, [a]n=
- 76° (H20) ( 45); a syrupy dimethyl ester (16) and a crystalline diamide
(16). It also results :from the oxidation o:f 2, 3, 4-trimethyl xylose [1, 5]
( 16) trimethyl 8-xylonolactone ( 46), and 2, 3, 4-trimethyl P-methyl xyloside (16).
Gamma-methyl xyloside :forms 2, 3, 5-trimethyl methyl xyloside [l, 4]
(31), a colorless liquid boiling at 82.5-84.5°/0.03 mm., or 110-4°/14 mm.,
(28), with N0 =1.4387 and showing [a]o = + 32.0° (CH3 0H). On hydrolysis, 2, 3, 5-trimethyl y-xylose is formed (28, 38). This is a liquid containing both a- and P-:forms, b.p. 110°/0.04 mm., (28), reducing alkaline permanganate and Fehlings solution. It combines rapidly with acid CH3 0H.
[a]n=+24.7° ~ +31.2° (H 2 0).
This trimethyl xylose, in turn, oxidizes to 2, 3, 5-trimethyl y-xylonolactone (28, 38, 56), which also results by methylation (56). The trimethyl
xylonolactone is a mobile, colorless liquid boiling at 82°/0.06 mm., ( 56),
N0 11 =1.4464 (56): N 0 20 = 1.4426 (63) . It shows [a]n = + 74.io (H 2 0)
~ + 61.4° (504 hrs.) (24, 28, 38) and [a]1 95461 = +100° (initial) (H 2 0)
(63). The lactone forms a crystalline phenylhydrazide (38, 56), m.p. 89-90°
( 56, 63), changes 2, 3, 5-trimethyl y-xylonolactone in pyridine ( 65) and
oxidizes to d-dimethoxy-succinic acid ( 56) already described (see under
arabinose) .
GENERAL

Saccharin ( y-lactone o:f 2-methyl-2, 3, 4, 5-tetrahydroxypentanoic acid)
is reported (75) to give a 2-methyl pentose, an aldose, I-rotatory, producing

68

HAROLD W. COLES

a violet color with alpha-naphthol and sulfuric acid, and not yielding
methyl furfural nor an osazone.
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INTRODUCTION

The literature on alkylated galactose is extensive, hence the limitations
imposed in the first paper of this series also hold in this paper. Methylated galactose is mentioned but not specifically described in many papers
(5, 11, 13, 14, 16, 18, 25, 27, 39, 40, 41and47).
MONOMETHYL GALACTOSE

Little is mentioned about monomethyl galactose derivatives. Freudenberg (34) reports that diacetone-6-methyl galactose, having a boiling point
of 109°-15° at 0.2-0.5 mm., and said to be a thick uncrystallizable liquid
(15) with [a]1 9 Hs (Yellow) = - 63.2° (acetylene tetrachloride), forms 6methyl galactose on hydrolysis and this, in turn, produces a monomethyl
galactonic acid and an osazone. The 6-methyl galactose is also mentioned
by Freudenberg (56). Dimethyl galactose is said to give a monomethyl
galactosazone ( 29).
DIMETHYL GALACTOSE

The only mention of a dimethyl galactose is that of Irvine and Oldham
(29), who state that dimethyl galactose forms a monomethyl galactosazone.
TRIMETHYL GALACTOSE

Alpha methyl galactoside, when methylated, forms a trimethyl alphamethyl galactoside (7, 8).
d-Galactose, when methylated and oxidized, forms 2, 3, 4-trimethoxy
1-glutaric acid.
TETRAMETHYL GALACTOSE

It is reported that methylated dihydrosphingosine (coming from the
partial cleavage of cerebrosides) gave (53) tetramethyl galactose, which
was not isolated.

2, 3, 4, 6-Tetramethyl 8-galactose
This well known sugar is mentioned in (28) and (36) and is said to
result (38) when the methylated sugar residue of the cerebrosides of oxbrain are hydrolyzed, a tetramethyl methyl galactoside first being produced.
(71]
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The tetramethyl sugar may be obtained from the :following sources:
(1) Octamethyl lactose (10, 32, 44, 51, 57).
(2) Octamethyl melibiose ( 45).
( 3) Hendecamethyl raffinose ( 17, 18, 42, 49) .
( 4) Methyl octamethyl lactobionate ( 46).
(5) Tetramethyl methyl galactoside (38).
The characteristics of this amylene oxide tetramethyl galactose have
been -reported in the literature as follows:
[a]o
+n1°
+109°
+109.7°
+ 149.4°
+ 115°
+ 109.5°
+ 62.5°
+ 90.0°

M.P.
(equil)
(CHCla)

B.P.

71-2°
136°-40°/1 mm.
71.3°

(water)
(A.le.)
(benzene)

172°/13 mm.

Ref.
(44,45)
(50)
(37)
(42)
(38)
(2)
(2)
(2)

It is said (2) to be soluble in water, alcohol, ether, benzene, and with difficulty soluble in light petroleum. It reduces Fehlings on warming.
2, 3, 4, 6-Tetramethyl galactose forms a characteristic tetramethyl galactose anilide (10, 17, 18, 22, 42, 44, 45) which has a melting point of
192°-3° (6, 42, 45), shows a rotation of [a]n = + 38.0° (equil.) (10), and
is with difficulty soluble in water (6, 10, 12). This insolubility is of practicable use in the separation of the tetramethyl galactose (12) from 2, 3, 6trimethyl glucose, since the anilide of the glucose de'rivative is rather soluble
in water. The tetramethyl galactose, however, forms an oil with phenylhydrazine (2).
The oxidation products of 2, 3, 4, 6-tetramethyl galactose are also
well-known. Tetramethyl 8-galactonic acid may be obtained (30), which has
a rotation, calculated as the lactone, o:f [a]n 21 = + 24° ~ + 26.3° (H 2 048 hrs.) (43). 2, 3, 4, 6-Tetramethyl 8-galactonolactone (24) may also be
prepared by oxidation o:f the parent sugar (21, 35, 43, 44, 55) or from the
2, 3, 4, 6-tetramethyl galactonic acid phenylhydrazide, m.p. 135-7° ( 44).
When the rotation of the lactone has been measured, the following figures
have been obtained: [a]o = + 106.7° ~ + 16.7° (21) ; [a]5461 =+191°
(43) ; [a] n = + 161.5° ~ + 27.2° (24 hrs.) ( 44). It is said ( 44) to have
a boiling point o:f 163-6°/0.18 mm., and a refractive index at 14° of 1.4606.
When the methylated lactone is oxidized with nitric acid (1.42), the
:following results ( 44) :
(1) No tetramethoxy mucic acid.
(2) Trace of d-dimethoxysuccinic acid ( diamide).
(3) Methyl 1-arabotrimethoxy glutarate.
(a) Methyl amide---m.p. 173°; [a]o19 = + 59.9°.
(b) Amide---m.p. 230° (decomp'n); [a]o = + 50° (H 20).
Conductivity measurements have been made on this lactone ( 58).
2, 3, 5, 6-Tetramethyl y-galactose
When heptamethyl ,8-methyl lactoside is hydrolyzed, 2, 3, 5, 6-tetramethyl ,8-methyl galactoside (39) is formed. This can be separated from
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the 2, 3, 6-trimethyl methyl glucoside by changing it into the benzoyl compound (22). The following physical constants have been reported for this
galactoside:
M.P.

(a]n

+ 19.59°
+ 30.7°
+ 30.7°
- 20.9°
+ 20.7°

- 24.42°
-20.9°
30.7°
-45.2°

+

(H20)
(H20)

B.P.

·Ref.
(22)

48-48.5°
44-5°

(2)

87°/0.035 mm.
(H20)
(ale.)
(H20)
(ale.)
(ale.)
(H20)
(H20)

(22)
(4)

(4)
(54)
(54)
(1)
(1)

(24)

This galactoside, which has a refractive index of 1.4420 (22), may also be
obtained if ,B-methyl galactoside is methylated (3, 9). When hydrolyzed,
2, 3, 5, 6-tetramethyl y-galactose (20) is produced (9, 22). This sugar
underrgoes a spontaneous auto-condensation to a non-reducing disaccharide
(9, 19, 26). It is a colorless liquid reducing neutral permanganate (24),
boiling at 136°/0.05 mm., having [a] n = - 21.2° (H 2 0-equil.), and Nn =
1.454.
When the tetramethyl y-galactose is oxidized, the well-characterized
2, 3, 5, 6-tetramethyl y-galactono-lactone [1, 4] is produced (35, 43). It
may also be prepared by methylating ·galactono-lactone (21, 52, 55), or
from the tetramethyl y-galactonic acid, [a] 5461 = - 8.3° (24). The rotation
of this methylated lactone is variously stated to be - 29.5° ~ -27.0° (21);
- 27.1° ~ - 25.2° (H 2 0-20 days) (31) ; -27° (H2 0) ~ - 25° (12
days) ( 43) ; - 27.1° ~ - 25.2° (H 2 0) (24) ; [ah 461 = - 31° ( 43). Conductivity measurements for this lactone have been published (58).
Alpha-methyl galactoside, when methylated, farms tetramethyl a-methyl
galactoside (1, 2, 7, 8). This galactoside (39) is described as follows:

[a]o

+ 143.4°
+ 109.9°
+ 143.4°
+ 188.5°
+ 148.0°
+ 105.7°
+ 143.4°

B. P.

(H20)
(ale.)
(H20)
(H20)
(ale.)
(ale.)
(H20)

Ref.

(4)
(4)
88-90°/1 mm.
80-4° /0.05 mm.
136-7° /11 mm.

(37)
(54)
(54)
(1,2)

(1,2)

It is readily soluble in organic solvents.

PENTAMETHYL GALACTOSE

A liquid aldehydo pentamethyl galactose has been described ( 48, 59).
This pentamethyl galactose, of [a]o 20 = - 4.8° (48) readily condenses with
alcohol in the absence of catalyst to form a dimethyl acetal, showing
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[a] 4 20 = 0. The acetal is readily hydrolyzed, reducing alkaline permanganate and ammonical silver solution. It has a b.p. of 118-20° at 0.6 mm.,
and also shows no appreciable rotation in acetylene tetrachloride. The pentamethyl galactose shows in methyl alcohol: [a]o = 0° (initial) ~ - 6°
(1 hr.)~ -10° (con.st.). When HCl is added to the alcohol solution, the
rotation immediately becomes -10°.
Levene and Meyer ( 48) also describe a pentamethyl diethylmercapto
galactose-b.p. 155-160° /0.2 mm. In a concentration of 11 per cent, it
does not show any rotation in methyl alcohol.
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INTRODUCTION

Methylated derivatives have been widely employed in a study of the
structural configurations possible in the case of the important sugar, mannose. Consequently, the references to alkylated derivatives are many. The
same limitations apply in this paper as given in the first of the series.
MONOMETHYL MANNOSE

When diacetone mannose is methylated, diacetone methyl mannose is
formed (16, 23, 25, 36, 45). This has a boiling point of 111-5° (45);
118-24°/0.2-0.5 mm. (16), is a colorless liquid of glycerin consistency and,
when crystallized, has a melting point of 37° (16). It shows with the yellow band of Hg, [a]1 9 = - 41.0° (16, 36) ; - 42.2°. On hydrolysis, it
does not yield a methylated mannose as expected, but pure mannose (16,
23). A methyl diacetone mannose, an isomer of the above, is reported (23),
[a]n = + 23° in acetylene tetrachloride, b.p. 115°/1.2 mm., also giving
alpha-mannose on hydrolysis, but it is declared to be a glycoside (36).
Methyl mannoside produces a methyl diacetone mannose (23) of b.p.
105°/0.5 mm., with [a)n 20 = + 34.9°.
DIMETHYL MANNOSE

A dimethyl mannose is reported as being obtained, along with other
methylated mannoses, from vegetable ivory (19). When gamma-mannolactone is methylated and treated with acetone ( 42), a dimethyl y-mannonolactone monoacetone is formed. This has a melting point of 109-110°;
[a)n 20 =+64.2° (H 2 0) ~ +55.8° (9 days). When a partial hydrolysis
is carried out, dimethyl y-mannonolactone is produced. This is said to have
a melting point of 109°-110°; [a]n 20 = + 61.1° (H 2 0) ~ 60.5° (19 days).
Diacetone mannitol, on methylation, forms a 5, 6-dimethyl mannitol
diacetone (5, 8), a colorless, mobile liquid of b.p. 140-10/13 mm. Its optical
rotation is [a ]n 20 ~ + 21.9° (ale.). Removal of the acetone residue leaves
5, 6-dimethyl mannitol (5, 8), [a] 0 20 =-8.8° (ale.) (5, 9), and this in
turn, on oxidation, leads to 5, 6-dimethyl mannonic acid, characterized by a
Ca salt. A 5, 6-dimethyl mannonolactone may be prepared from this acid
(8).
[77]
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TRIMETHYL MANNOSE

A number of unusual trimethyl derivatives are mentioned. Thus, normal aTabo-pyranose has been condensed with methyl chloroformate and
KON to obtain (54) a crystalline trimethyl carbomethoxy mannononitrile,
from which a 1-2-carbomethoxy-3, 4, 6-trimethyl mannonic acid of melting
point 155° may be obtained. The same authors (54) mentioned a l-3, 4, 6trimethyl mannonolactone, m.p. 96-7°, prisms, showing a constant rotation
after 74 hours of + 112.8°. When a-methyl mannoside is methylated, a
trimethyl methyl mannoside, b.p. 150°/0.12 mm., is formed along with tetramethyl mannoside (7, 10). The same tetramethyl mannoside is obtained
from trimethyl y-mannoside ( 48). Vegetable ivory is said ( 19) to yield a
trimethyl mannose along with other methylated mannoses.
The following steps have been carried out (57) : Gamma-monoacetyl
methyl mannoside ~ monoacetyl trimethyl methyl mannoside, a colorless
liquid, b.p. 120° / 0.1 mm.; N 0 1 5 = 1.4594; [a)o 28 + - 20° (H 2 0); -11°
( CHCls) ~ d-3, 4, 6-trimethyl a-mannopyranose. This sugar shows a melting point of 101-2°; [a)o 22 = + 36° (CH 8 0H); + 210 (H 20); + 19° (3
mins.). Mutarotation takes place in water at 22°. When oxidized, the trimethyl sugar yields a d-3, 4, 6-trimethyl B-mannonolactone of m.p. 96-7°;
[a]o19 = + 167.5° (H 2 0), and this, in turn, a d-3, 4, 6-trimethyl mannonic
acid phenylhydrazide of melting point 137-9°.
TETRAMETI-IYL MANNOSE

The tetramethyl derivatives of mannose a;re well-known, and make up
most of the alkylated derivatives. A tetramethyl mannose is said (19) to
be obtained from the methylated vegetable ivory. Tetramethyl mannose
is mentioned in the references 1, 12, 27, 30, 37, 55, 60, 61, 63, 64, 62.

Gamma or Mannofuranose Types
The gamma tetramethyl mannose is mentioned, but not specifically
described, ju 17, 18, 20, 21, 26, 32, 39, 40 and 43. 'fhe d-2, 3, 4, 6-tetramethyl y-mannose is said to be obtained from gamma-methyl mannoside
(8, 22, 33, 65); from a-tetramethyl y-methylrnannoside (22) ; and is present, but as an impurity, in 2, 3, 5, 6-tetramethyl mannitol (5), although
the mannitol derivative can be made (8) from the tetramethyl mannose.
The a-tetramethyl y-methyl mannoside is described as follows:
B.P.

mm.

108-10°
90°
105°
120°

0.1
0.05
0.3
0.23

[a]n

+24.7
+ 98.6
+65

Solvent

Ref.

water

(7, 10)
(59)
(48)
(59)
(59)

"

"

It is also a colorless oil, of N 0 16 = 1.4441 (59) .
The physical constants of the d-2., 3, 5, 6-tetramethyl y-mannose are
also described variously :
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B.P.

50-1°
50-1°
50-1°
190°
124°
In liquid form, it is colorless, N 0 15 = 1.4532 ( 59), and is able to reduce
KMn0 4 vigorously at 15° (22). It crystallizes in the form of prism clusters (22). On oxidation (24, 33, 41, 46, 48, 65), is formed the highly important d-2, 3, 5, 6-tetramethyl y-rriannonolactone (37, 58), which may also
oo obtained from gamma-mannonolactone ( 42, 48, 49) or by the conversion
of the corresponding gluconolactone (53). Physical constants of this lactone are found in the following table :
M.P.

B.P.

107°
174°
106-7°
108°
108°
109°
107-8°

Pressure

[a]o

+ 66.6°
+ 64.0°
+ 63.0°
11 mm.
+ 78.8°
-22.5°
+ 63°
+ 61°
+ 65°
+ 65° ~ 56.3°
+ 65.2° ~ 61.2°
+ 64.8°

Solvent
water

"

(6 hrs.)
" (24 hrs.)
dil. ale.

" "

water

"
"
"

"

(9 days)
(Initial)
(20 days)
(9 days)

Ref.
(49)
(49)
(49)
(5,15)
(5,15)
(41)
(41)
(59)
(31)
(42)
(53)
(48)

Crystalline form may be .either needles (53) or colorless plates ( 49).
Catalysis with HCl gave an equil. rotation of+ 53° (41), and [a]185461 =
+ 77° ~ + 71.8° ( 9 days) ( 42). The rates of hydrolysis of this lactone
have been calculated ( 47, 52). On destructive treatment, the lactone breaks
down to inactive-dim.ethoxy-succinic acid ( 42), which is identified by a
methyl ester and an amide. This lactone also forms a crystalline phenylhydrazide (53), of melting point 167° (53).
Other derivatives pTepared from the tetramethyl y-mannose are a
tetramethyl di-mannose (22), indicating auto-condensation; an anilide ( 4,
5, 46, 50), with a variable melting point, and rotation of -8° (CH 3 0H)
(50) and -8.5° (C 2H 5 0H-final) (46); and a d-2, 3, 5, 6-tetramethyl
mannonic acid (5, 8, 15, 28, 29, 44), of [a]o 21 = - 23° (H 2 0) ~ -17°
(15 days) ( 41), which forms a 5-ring lactone only (38, 41).
A 1-isom.eride of the y-lactone is also described ( 49). This 1-2, 3, 5, 6tetramethyl y-mannonolactone is described as long, narrow, colOTless plates,
m.p. 109°. They are readily soluble in ether and alcohol, less soluble in
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water. Optical activity is shown by - 65.51° (6 mins.); - 64.11° (34
hrs.); - 60.6° (5 days); -47.4° (18 days).

Normal or Mannopyranose Types
2, 3, 4, 6-Tetramethyl a-methyl mannoside (7, 10, 39) has been variously described. It is said to have a meltin:g point of 37-8° (2), 38-40°
(41) and 39-40° ( 46). It is, before crystallization, a limpid, colorless liquid,
unaffected by emulsin (2) and with a boiling point of 105°/0.03 mm. ( 41)
and 116°/2 mm. (46). Its rotation in water is + 43° (35); + 42.9° (2)
and+ 43.5° (46). Other rotations (see also 3) are+ 70.5° (CH30H) and
+ 75.5° (ale.) (2). Its refraction has been calculated as Nn16 = 1.4494.
Its beta-isomeride, 2, 3, 4, 6-tetramethyl {3-methyl mannoside, when
mixed with 12 per cent of the alpha, shows b.p. 90°/0.04 mm., Nn19 = 1.4521
and [a]n=-65° (water) (57). When crystallized, needles of melting
point 36-7° are formed, having [a ]o24 = - 78° (H 2 0). Partial hydrolysis,
with removal of the glycoside group, forms d-2, 3, 4, 6-tetramethyl 8-mannose (2, 35, 41 and 46), which may also be obtained from a-methyl mannoside (22, 33, 42, 65) without first separating the methylated mannoside. The
tetramethyl mannose has been given the following constants:
Nature
Syrup
Liquid

B.P.
114.5°

Viscid syrup
Syrup

187-9°
187°

Pressure
0.35 mm. +
+
+
mm.
19
19
mm. +
+

Rotation
26°--') + 31° (CH3 0H)
17.2° (CHaOH-equil.)
1° (H20)
17.2° (CHaOH)
45.6° ( C2H5I)

Ref.
(41)
(34)
(35)
(2)
(22)
(3)

It shows Nn19 = 1.4597, causes no reduction of potassium permanganate
and reacts but slowly with acid methyl alcohol at 100° (22). It is said (46)
to give some methylated glucose on vacuum distillation.
On oxidation the tetramethyl mannose forms 2, 3, 4, 6-tetramethyl mannonic acid (28, 29) and d-2, 3, 4, 6-tetramethyl 8-mannonolactone, the nOTmal lactone (24, 37, 41, 42, 51, 46, 33, 58, 65). This lactone has also been
obtained by the conversion (53) of the corresponding normal gluconolactone. Rates of hydrolysis of the lactone have been calculated ( 47, 52). It
is broken up, on oxidation, with formation of d-arabo-trimethoxy glutaric
acid (56).
The physical characteristics of this lactone, which is a colorless syrup,
before purification and crystallization, are stated to be the following:
M.P.

B.P.

117°/0.04 mm.
104°/0.02 mm.

Rotation
[a)1 54a1=+156° (H20)
[a]18:;1so = + 153° (H20)
+ 172°--') + 73.4° (146 hrs. )
[a]18 5461 = + 172.3°
+ 150° (H 20) (18°)
+ 105--') + 45.6° (24 hrs.)
+ 136.4° --') + 62.4° (final)
+ 132.3°--') + 63.6° (9 days)
9

Ref.
(41)
(41,42)
(41,42)
(41,42)
(41,42)
(31)
(49)
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Index of refraction is said to be Nn17 = 1.4643 ( 41) and Nn16 = 1.4650 ( 42).
The 1-2, 3, 4, 6-tetramethyl 8-mannonolactone ( 54) has a b.p. of 145-50°/0.06
mm., [a]n18 = -150° (15 mins.); - 95.6° (28 hrs.); - 69.4° (98 hrs.),
and -58.2° (15 hrs.-const.).
The normal form, the d-lactone, may be identified by the d-2, 3, 4, 6tetramethyl 8-mannonolactone phenylhydrazide ( 41, 42), whit.e, nacreous
flakes melting at 184-5° (41, 53); 183.4° (54). Rotation is [a]n16 =-22°
( 54). I ts structure has been discussed by Levene and Simms ( 38) . The
corresponding l-phenylhydrazide is claimed to have a melting point of
183-4° and [a]n = + 22° (54).

Tetramethyl mannitols
When mannitol monoacetone is methylated (5, 8, 14, 15), 3, 4, 5, 6tetramethyl mannitol monoacetone is formed. This shows a b.p. of 137°1400/ll mm., and a rotation at 20° of + 32.2° (5). When the acetone
residue is removed from this compound, 3, 4, 5, 6-tetramethyl mannitol is
formed (5, 8, 14, 15). This methylated mannitol (6, 11) boils at 167-9°/13
mm. (5), and exhibits an optical rotation of -12.5° (5, 9). On oxidation
(8), 3, 4, 5, 6-tetramethyl mannonic acid is formed, b.p. 180-2°/12 mm.,
[a]n 20 = + 10.13 (5), which is said to give no lactone (5, 8). 3, 4, 5, 6tetramethyl {3-ethyl mannitol is also described (90). The effect of boric acid
on the conductivity and specific rotation of methylated mannitol has been
published. 1, 2, 3, 4-tetramethyl-5-ethyl mannitol is said (14, 15) to be
stable toward permanganate in the presence of NaOH in spite of the free
terminal hydroxyl group.
PENTAMETHYL MANNOSE

2, 3, 4, 5, 6-Pentamethyl mannitol is ,s tated to have a rotation, using
sodium light, of+ 9.8° (9).
When diethyl mercaptomannose is methylated ( 44), pentamethyl diethyl mercaptomannose is produced. This boils at 155-160°/0.2 mm., rotates
at 20° of + 39.4° (methyl alcohol) and when the diethyl mercapto group
is removed, gives rise to pentamethyl mannose. This compound boils at 981000/0.1 mm., reduces Fehling's on warming and alkaline silver nitrate in
the cold. Optical rotation is given at + 9.1° (acetylene tetrachloride). In
cold methyl alcohol (5°), initially the rotation is + 8° ~ + 12.30° (10
mins.) ~ + 17.8° (equil.). Pentamethyl mannose readily condenses with
alcohol in the absence of catalyst to form pentamethyl mannose dimethyl
acetal of boiling point 112-4°/0.1 mm., [a]n20 = + 21.2° (C'HsOH) and
+ 19.3° (acetylene tetrachloride).
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ORIENTA!l'ION IN THE FURAN NUCLEUS 1
HENRY GILMAN AND GEORGE F. WRIGHT
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INTRODUCTION

Furan compounds, of which fuTfural is the most important type, have
properties which warrant their formal classification with aromatic types
like benzene, thiophene and pyrrole. The most interesting and most valuable derivatives of an aromatic type like benzene are the parent compounds
derived by direct nuclear substitution reactions such as halogenation, nitration, sulfonation and IJlercuration. Until recently such important types derivable by direct nuclear substitution of the very important furfural have
not been prepared. They are now becoming available 2 and are being studied
primarily with a view to their technical application.
The intelligent utilization of these new compounds rests fundamentally
on an exact knowledge of their constitution. There are two general methods
for determining the structure or the position of substituents in the.nucleus.
The first of these is a relative method which refers the unknown compound
to known compounds. The second is a so-called absolute method and depends on the mathematical number of isomeric derivatives which might be
obtained by successive substitution reactions.
The Telative method with furan compounds is drastically limited for
two reasons: first, there are but few reference compounds; and, second, even
some of these few standard compounds have constitutions which have not
been determined unequivocally. The absolute method has been extremely
difficult to use-actually it has found little conclusive application as yetbecause of the uncommon difficulty of getting all possible isomers in order
to validate the mathematical and structural predictions.
With the growth of studies on furfural and its d&ivatives, new tools
in the form of new derivatives and reactions are rapidly making it possible
to find an answer to orientation in the furan nucleus or to rules underlying the positions taken up by entering substituents. Two of these new synthetic approaches will be discussed in this preliminary report.
It has long been known that furfural,

'This is one of a series of studies in organic chemistry concerned with the utilization of agricultural wastes. The authors gratefully acknowledge assistance from the
Industrial Science Research Fund for the defrayal of expenses incurred in this investi·
gation.
'Gilman and Wright, Iowa State College Jour. Science, 4, 35 (1929); J. Am. Chem.
Soc., 52, 1170, 2550, 4165 (1930).
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and other readily accessible mono-substitution products like furoic acid
(where the substituent is in the (2) or (5) position) undergo relatively
ready substitution in such a manner that the new entering group takes up
position ( 5) (or (2) ) . An explanation for this type of substitution based
on a 1, 4-addition, was offered recently8 • At that time, attention was directed to the fact that it is astonishingly difficult to get the second substituent in the (3) or the ( 4) position. This can now be effected by the following series of transformations :
H-C-C-H

II

CHsCO-N-C

I

H

II

'-./

C-COOC2H 5

+ Br

2

-~

0

Br-C-C-H

II

11

CHsCO-N-C

I

H

C-COOC2H 5

'-./

+ HBr

(I)

0

That is, the acetamino group in position ( 5) makes it possible, as one
might have predicted, to replace a nuclear hydrogen by halogen. This Teaction takes place with an ease that is refreshing and with yields that are
highly satisfMtory when one recalls the drastic conditions and depressing
yields in related substitution reactions when the two substituents already
present are of a so-called negative nature. The introduction of a nitro
group into ethyl 5-acetamino-2-furoote is also readily effected. We do not
know rut this time the position taken up by the new substituent: it may be
( 3) or ( 4) and we are tentatively suggesting that iit is ( 4) . An answer to
this question will be forthcoming directly, because it should prove possible
to reduce the ethyl 3-( or 4)-nitro-5-acetamino-2-furoate to the corresponding
amino compound, which after aoetylation should undergo ready substitution to the 4 (or 3) position4 • In this manner, the entire necessary series
of substituents would become available and then the absolute method for
determining orientation would enfold. The value of such transformations
is not restricted to information on orientation, but would extend to the
synthesis of a miscellany of nuclear substitution products and so place
furan chemistry on a basis (and, it is hoped, importance) with benzene
and related a:romatic chemistry.
The second synthetic approach lies along a path leading from the now
accessible dehydromucic acid, through the following reactions :

'Gilman and Wright, J. Am. Chem. Soc., 52, 3349 (1930).
•obviously an intermediate transformation might be used. For example, the ethyl
3- (or 4-) nitro-5-aeetamino-2-furoate eould be hydrolyzed to the eorresponding amine;
then, this nitro amine eould be diazotized, and the diazo group replaeed by another (or
eoupled or redueed) to give a miseellany of nuelear tri-substituted furan eompounds.
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H-C-C-H

II

HOOC-C

II

"-/
0

~
C-COOH

H-C~C-H

I-It

g_I

H-C~C-H

~ I-~

"-/
0

l6_MgI .. (II)

"-/
0

It has now been shown that the 2, 5-di-iodofuran reacts with the magnesiumcopper alloy to give 5-iodo-2-furylmagnesium iodide. By means of this
Grignard reagent it will prove possible to introduce the widest possible
variety of groups, inasmuch as it has been observed by some that the organomagnesium halides aTe veritable touch-stones in organic chemistry because of their extraordinary facility of reaction which is reflected in a
capacity to undergo reaction with practically all functional groups.
Fortunately, these two reactions will admirably supplement each other.
For example, it should prove possible to synthesize a variety of halogen
compounds by reaction (I), and these halogen compounds (after prot~c
tion or removal of other reactive substituents) would be convertible to
RMgX compounds. On the other hand, it will be possible by means of
reaction (II) to prepare a series of 5-iodofurans wherein the second substituent is one introduced by means of the -Mgl group. When the -Mgl
group in 5-iodo-2-furylmagnesium iodide is replaced by a ·g roup insensitive to RMgX compounds (like a hydrocarbon radical, dimethylamino, and
other groups) then the iodine in position (5) will undergo reactions,
through .the -Mgl compound formed from it, to give 2, 5-disubstituted
fur ans.
EXPERIMENTAL PART
BROMIN.A.TION AND NITRATION OF ETHYL 5·.A.OET.A.MINOFURO.A.TE

The ester was prepared by catalytic reduction of ethyl 5-nitro-2-fuToate.
This method is more convenient than that described by Marquis 5 , and the
yields are greater. Bromine in carbon disulfide was added to the ester suspended in a solution of equal parts of carbon disulfide and chloroform.
The bromo compound was obtained by ·removal -0f the solvent under reduced pressure. When crystallized from hot benzene it melted at 112°.
The yield was 80%.
Analysis: Cale. for C9H 100 4NBr; Br. 28.95%; Found 28.49%.
The nitration of ethyl 5-acetamino 2-furoate was effected by adding a
sru;pension of the ester in acetic anhydride to the chilled nitrating mixture in the customary manner6 • The product partially precipitated in the
reaction mixture and was filtered off. The filtrate was washed with water
and dilute S-Odium hydroxide solution to remove excess acid and was then
coagulated with pyridine. The yield of crude product melting at 136° was
52.5 % of theoretic. This was recrystallized from hot alcohol and was found
to melt, when pure, at 138°.
Analysis: Cale. for CoH1o06N2: C, 44.63%; H, 4.14%. Found: C,
44.66%; H, 4.25%.
'Marquis, Ann. chim. phys., (8) 4, 196 (1904).
'Gilman and Wright, J. Am. Chem. Soc., 52, 2550 (1930).
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HENRY GILMAN AND GEORGE F. WRIGHT
PREPARATION OF THE MONO-GRIGNARD REAGENT FROM 2, 5-DI-IODOFURAN

The di-iodofuran7 was prepared from dehydromucic acid8 • Its reaction
with re-activated magnesium-copper alloy 9 gave a Grignard reagent10 which
showed a positive color test11 • Carbonation12 yielded 5-iodo-2-furoic acid,
melting at 192°.
Analysis. Calcd. for C5 H 3 0 8I: I, 53.36%. Found: I, 52.89%.
Neutralization equivalent. Calcd: 238. Found: 235.
SUMMARY

Two types of reaction have been described which will make it possible to extend markedly the preparation of nuclear substituted furan compounds, particularly those having substituents in the hitherto relatively
inaccessible (3) and (4) positions. By means of these and related reactions
it will be possible to determine orientation in the furan nucleus both by
the absolute method and by extensions of the relative or reference method.

'Phelps and Hale, Am. Chem. J., 25, 445 (1901).
"Yoder and Tollens, Ber., 34, 3447 (1901).
'Gilman, Peterson and Schulze, Bee. trav. chim. 47, 19 (1928).
10Grignard reagents from furan types have been prepared only recently. See Gilman
and Dickey, J. Am. Chem. Soc., 52, 2144 (1930) and Shepard, Winslow and Johnson
ibid., 52, 2083 ( 1930).
11Gilman and Schulze, J. Am. Chem. Soc., 47, 2002 (1925).
"Gilman and Parker, ibid., 46, 2816 (1924).
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INTRODUCTION

Recognition of the fact that yeast are the principal cause of spoilage
in carbonated beverages (1) led to a study of methods whereby a sterile
product could be obtained. The work of Buchanan, Levine, McKelvey and
Peterson (2), (3), ( 4), laid the foundatnon for a hot process which was
entirely successful in producing sterile syrups in regular commercial practice. The chief objections to this process came from those manufacturers
who did not have available the means to properly carry out the procedure.
There was also the fact that a hot process syrup could be recontaminated
if not carefully handled, and could, therefore, be subject to the same kind
of spoilage as before. The present paper is a T·e port of a method which
overcomes part of these difficulties.
As a result of the study of the hot process, it was recommended that
the syrup be boiled for ten minutes to insure sterility. If citric or tartaric
acid was added in quantities equivalent to that desired in the final beverage,
sterilization could be effected by merely bringing the syrup to a boil.
A method of sterilizing syrups by other agencies than heat presented
itself through data collected in a study of carbonated beverages. It was noticed that when a bottler submitted samples of syrup for the purpose of
locating the cause of a particular spoilage, the simple syrup (sugar and
water alone) often contained a much larger number of living yeast than
the :flavored syrup (simple syrup with the addition of flavor, colar and acid
solution). The number of yeast in the latter often approached zero. Table
1 shows some of the data obtained.
The data tabulated in table 1 included only syrups in which the acid
concentration was high. None showed a pH greater than 2.18. In addition
to the above samples a large number of other syrups upon which data were
also recorded included information upon the beverages made from them.
In one series of these syrups, in which the simple syrups wer.e all highly
contaminated, the flavored syrups were all either sterile or the yeast were
greatly reduced in numbers. It was found that beverages made from these
syrups were all more acid than the acidity indicated by pH 3.2. Another
group in which the simple syrups were of the same degree of contamination,
but in which the flavored syrups made from them showed an equal or
1 A thesis submitted to the Graduate Faculty of Iowa State College in pa.rtial fulfillment of the requirements for the degree of Doctor of Philosophy.

2 These studies were made possible through a Fellowship maintained by the American
Bottlers of Carbonated Beverages at Iowa State College.
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TABLE 1. Y east content of si1nple and flavored syrups. The flavored syrup in each

case is from the simiple syrup shown on the same line.
Simple syrup

Flavored syrup

Sp. gr.

pH

Living yeast
per cc.

15,000

1.276

5.6

18

Living yeast
per ce.

I

Sp gr.
1.262

12,000

1.252

6.1

0

1.248

12,000

1.252

6.1

6

1.2414

10,000

1.287

----

0

1.1737

40,000

1.226

5.9

4

1.2081

-------1.280

I
I

100,000

--------

·---

0

25,000

1.283

---·

44

pH

I
I
I
I
I
I
I

2.0
2.11
2.15
1.93
2.18
l.79
2.12

greater number of yeast than their respective simple syrups, were found
to contain so little acid that the beverages made from them were of pH 3.6
or greater. The beverages in the latter group were without exception in a
more advanced stage of spoilage at the time tested than those of the first
group.
The above points to the possibility of a ''cold process'' based upon
definite conditions of time and of acid concentration. Since citric acid is
used to acidify almost all beverages its use under carefully determined procedures can be a definite part of the process of manufacture.
These observations led to the thought that a careful study of the factors influencing the rate of death of yeasts in heavy sugar solutions with
various concentrations of acid and acid salts might throw considerable light
on the mechanism of sterilization of syrups. With this in view the following experiments were carried out.
The plan of investigation was:
1. To observe effect of time, concentration of sugar and strength of
citric acid on the killing of yeast (both vegetative and spore forms) in
heavy sugar syrups.
2. To observe the effect of various salts of citric acid upon the killing time.
3. To observe, in particular, the effect of small amounts of sodium dihydrogen citrate on the death time of yeasts in sugar-citric acid-water
media. This combination of citric acid and salts might readily be encountered in syrups made from highly alkaline waters.
4. To observe changes in pH, conductivity, and inversion of sugar
when citrates are added to sugar solutions acidified with citric acid.
HISTORICAL AND THEORETICAL

In summing up such work as has been reported having a bearing on
this subject, two things should be kept in mind. The first has to do with
known effects of acids, or acid salt systems upon micro-organisms in general, and upon yeast in particular. The other includes the properties of
acid and acid salt systems in water alone and in sugar solutions. From
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either source some light might be expected which would have a bearing
upon the subject.
A. The effect of acid and of acids and their salts on the growth or death
of yeast
Many authors could be cited with reference to a difference in the acid
tolerance between yeast and bacteria. In order to establish the growth
ranges of each, some reference to the limiting reaction for certain bacteria
should be made.
The only case of an acid salt ,system compared with a growth phase of
a micro-organism, was found in the work of Van Dom ( 5) . He studied the
influence of lactic acid and sodium lactate on lactic acid fermentation. Two
limits were found: (a) the acidity of the medium, (b) the amount of undissociated lactic acid. His method was to add amounts of lactic acid,
sodium lactate, or combinations of 'both, to a lactose medium, which was
then inoculated wtih lactic acid bacteria and allowed to remain until growth
had ceased. He then measured the pH and total lactate of the end products.
Two factors causing death of the organism were found, each independent
of the other. If enough lactic acid was present to give a pH of 4.0 growth
ceased. If enough sodium lactate was present to cause the -amount of undissociated lactic acid to reach 0.01 N, growth also ceased.
Grove (6) also established limits, in terms of the percentage of acid,
for the growth of the ''cider sickness bacillus.'' No acid used required
more than 0.5 per cent concentration to prevent growth. Re-calculating
from his figures, the pH of those concentrations of acid preventing growth
we obtain the following:
Limiting eoneentra·
tion of acid

Percentage

Sulfuric ................... 0.05
Salicylic ................... 0.07
Tartaric ....... . .... . ...... 0.3

pH

2.07
2.72
3.00

These different values for the pH would indicate that some factor other
than concentration of the hydrogen ion must be involved.
Kolthoff also points out that the undissociated molecule has a bearing
on the growth of bacteria. He states that '' gi'Owth in cultures is brought to
a standstill, not by the hydrogen ion concentration, but by the undissociated
acid formed by the growing bacteria.''
Turner (7) reported upon a series of 14 groups of yeasts isolated from
carbonated beverages. These groups varied in their growth characteristics,
but growth was reported in some groups in a medium with a reaction as acid
as pH 2.3, and as alkaline as 12.0. There were some organisms that could
not stand an acidity of more than 3.3, and others that could not grow in a
medium more alkaline than 7.2. Others showed some degree of growth over
the whole range upon which experiments were carried out. The optimum
pH range in most cases was between 4.3 and 5.9. Peterson (8, 9) also reports some work with acid and high heat, but no values for the r.eaction of
the medium are given. The time required to sterilize syrup of 36° Be.
density with the addition of one cubic centimeter of 7.074 N citric acid to
100 cubic centimeters of this syrup was less than two minutes. The same
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syrup without acid required 28 minutes to become sterile. The temperature of both experiments was 100° C.
In work of a nature similar to that of Turner (7), Svanberg (10) finds
the optimum range for bottom yeast to fall between a pH of 4 and 6, the
optimum range for top yeast between a pH of 3 and 6, and for torulae between 2.5 and 6.
Somogye (11) also noted the effect of acids on yeast fermentation in
10 per cent syrup. He decided that the hydrogen ion concentration was
not the only factor, but that other characteristics should be considered. He
lists swelling, surface tension and flocculating powers as factors having
influence.
Clark {12) points out that inhibition of yeast growth is not a function
of the H+ ion concentration alone.
That yeast can tolerate a high degree of acidity is shown by the work
of Kataguri (13). Fermentation was found to take place in acetic acid
solutions with a concentration as high as 0.5 N. The pH of this strength of
acetic acid is 2.55 according to tables quoted in Van Nostrand's Chemical
Annual (14). He found that at constant concentration of acid, the rate
of fermentation is almost independent of total acetate concentration.
No work seems to have been reported by any author relative to the
effect of salts on acids in strengths capable of killing yeast or inhibiting
their growth. Except for the work on lactose fermentation already referred
to, no experimental work of this nature was found in the field of bacteriology.
Wagner (15) found that the richer the medium was in nutrient the
higher acidity the yeast could withstand.
In summarizing the foregoing it should be especially noted that most
of the authors cited brought out in one way or another the fact that pH
was not the sole limiting factor in the growth of yeast or bacteria. The
anion and the undissociated acid have very important parts. That the
anion is not always a factor of definite germicidal value, can be established
from the fact that the salts of an acid in question, even in high concentra,
tions, are not germicidal until some slight acidity is formed by the organism. In Van Dom's work on the part of the undissociated acid, it was
brought out that at different salt concentrations, giving different amounts
of the (lactic) anion, the product of the H+ ion concentration and the
lactate-ion was the same in all solutions after fermentation had ceased. This
would indicate that both reaction and concentration of undissociated acid
had a part to play and were mutually inter-dependent. This interpretation
should modify his statement that the limit first to be reached, whether pH
or concentration of undissociated acid, was the controlling factor.
An anology to the action of acid in killing yeast is found in the work
of Buchanan, Levine and associates (16, 17, 18, 19) on the killing power
of solutions of sodium hydroxide and its salts. It was reported that although sodium hydroxide was found to have very high germicidal powers,
these properties were greatly increased when sodium carbonate, sodium
phosphate or sodium chloride were added. These salts were in themselves
almost inert in so far as their killing power for bacteria was concerned. In
a series of experiments in which sodium hydroxide was the first member,
and in which sodium hydroxide with the addition of increasing amounts
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of different salts made up the remaining members, the phenomenon of increasing germicidal value with no determinable change in hydrogen ion
concentration was observed. When the increase in the undissociated sodium
hydroxide was calculated from the mass law, there seemed to be a constant
relation between the undissociated portion so calculated and the time necessary to kill 99.9 per cent of the bacteria in the initial inoculum. In a
series in which the same pH was established, there was a wide range in the
killing times.
B. The effect of added saUs on the properties of acids with and without the
addition of sugar
The effect of added salts on the properties of an acid has been studied
for some time. There has been a great deal of discussion as to the value of
potential and conductimetric measurements as indices of activity, of hydrogen ion concentration and of dissociation. The term activity has been applied to the values obtained by potential measurements, instead of considering these as a measure of hydrogen ion concentration. The evidence presented here is given to advance possible reasons for change in yeast-killing
powers of acids with the addition of salts.
In 1899 Arrhenius added to his dissociation theory the concept that
salts increase the dissociation constants of weak acids. McBain and Cole-man (20) recalculated his results and found this effect to be lacking and the
original concept to be in error.
Later McBain and Kam (21) offered further evidence toward the solution of this question. In the case of acetic acid the presence of NaCl gave
higher potential readings than for acetic acid alone. This had been interpreted to mean that a greater dissociation had taken place. In the light of
vapor pressure determinations, based upon the amount of acetic acid with
and without the addition of salt, these authors find that there is an increase in the amount of undissociated acetic acid, rather than a decrease.
They find an increase in the undissociated acetic acid activity almost equal
in value to the increase in H+ ion concentration as measured by the hydrogen electrode potential measurements.
Bronsted (22) states that the addition of salts to a solution of weak
acid decreases the activity coefficient, but increases the activity of the undissociated molecules. The net result, if the acid is weak enough, is that
the total activity will be increased. In the case of stronger acids (hydrochloric and sulfuric in chrom tanning liquors), Thomas and Baldwin (23)
find chlorides increase the H+ ion concentration, while sulfates cause a decrease. In a system composed of acetic acid, sodium acetate, and water,
Schreiner (24) found good agreement between potential and conductivity
measurements.
When sucrose is added to a system of acid, salt and water, there is
often shown an increase in the activity of the solution. This is shown in
some of the references cited below. Some of these authorities prefer to
call the phenomenon an increase in the activity of sucrose. Others explain
it on the basis of the decreased solvent material present when sucrose has
been substituted for solvent. Calculations are cited below to show "hydration" of sucrose with six to eight molecules of water.
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Some very definite values for the hydration of the added salts are
·g iven by Whymper (25). He finds that the presence of salts increases the
velocity constant of inversion of sucrose by nitric acid, but that the effect
is balanced by the addition of a certain amount of water. If one mol of
HNOs and 0.5 mol cane sugar are dissolved in 1000 grams of water, the
velocity constant is 465. If one mol of AgN0 3 is added to this system the
velocity constant becomes 531. But if one mol AgN0 8 and five mols of water are added to the system the constant of velocity remains at the original value. From other determinations of this kind he finds the following
"hydration values" which are simply the mols of water which when added
along with the salt, produced no change in the velocity coefficient:
Average hydration values per mol of added salt
Sugar plus

Ag

NH4
10

5

7

HCl
HNOs

K
10
8

Na
13
1

Ba
19

Ca
22

Sr
18

This offers an explanation of the added effect solely on a basis of concentration change. It will be noted that the above experimental work is
with strong acids.
Kolthoff (26) found that sucrose increased the pH of an HCl solution, and that the hydration of the sucrose per mol could be expressed by
8 + 2 mols of water. Scatchard (27, 28) also concludes that sucrose becomes hydrated with six or seven mols of water. Other authors (29, 30, 31,
32) point to the apparent increased activity of the solution upon the addition of neutral salts as a case of displacement of solvent. Jones and Lewis
(33) offered a complete explanation based upon the stoichiometric loss of
water for the increased fl+ ion activity in solutions containing added sucrose, as though the sucrose were a chemically inert diluting material. They
question the presence of hydrated sucrose.
A distinction should be made with respect to strong and weak acids.
While a definite increase in the rate of hydrolysis of sucrose has been demonstrated in the case of strong acids in the presence of their salts, the r&
verse is true in the case of weak acids. Salts of weak acids decrease the rate
of inversion even in the presence of strong acids, because of the double decomposition taking place, ending with the formation of the weak acid and
salt of the strong acid (34). Statements are made that the addition of
salts with a common ion ( 35) increases the rate of hydrolysis, but this is
found to be true only in the case of strong acids.
The references cited have been those dealing with the effect of acids
with and without the addition of their salts, on sugar solutions and on
micro-organisms found in these solutions. It has been shown that the germicidal value of acids are affected by salts of these acids in a very definite
way. Sugar also affects the activity of an acid or an acid-salt system.
There is a change in reaction, in inversion, in activity and in germicidal
value when salts are added. Some analogy from oth~ systems must be
brought to bear on the effect of acids and their salts upon yeast. Bacteria,
being less acid tolerant, furnish one field for compai:ison. The effect of alkalis and their salts furnish another, wliile the effect of acids and salts fur-
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nish a third. Back beyond all of this, the fact that H+ ·ion concentration
alone does not satisfactorily explain either the inversion of sugar or the
killing of yeast, might indicate that the anion or the undissociated part
may be equally responsible for such varying results as have been recorded.
· With this in view, the experimental work which follows was begun,
with the plan of recording those changes in the rate of death of the yeast,
sugar inversion, reaction and conductivity, as might give some light upon
the subject.
C. Studies on yeast obtained from carbonated beverages
It has been pointed out briefly in the introduction that yeasts have
been considered responsible for much of the spoilage in bottled carbonated
beverages. A more detailed explanation should be given at this point.
Upson (36) pointed out that many of the yeasts present in bottled
carbonated beverages are present in the sugars from which they were made.
Owen and Kopeloff (loq. cit.) also found yeasts in sugar, and the former
developed a method of treating raw sugar based upon inoculation with
torulae in order to supply a small amount of carbon dioxide. De Grotte
(37) stated that fruit juices used in the manufacture of carbonated beverages "contain yeasts which are common to all fruit juices" and were
in a dormant or spore form.
Levine, Buchanan and McKelvey (3) reported that over 90 per cent
of the spoilage encountered in examination of beverages examined by them
was due to yeast. In earlier work Levine ( 4, 38) discusses the manufacturing procedure in beverage production with emphasis on the sanitary control of various pieces of equipment.
McKelvey (2) isolated over one hundred strains of yeast from beverages examined at the Fellowship established by the American Bottlers
of Carbonated Beverages. He studied their spore production on malt extract agar, carrots and carrot agar.
Turner (7) studied fifty-one of the yeast isolated by McKelvey, and
divided them into fourteen groups on the basis of their cultural characteristics. Twenty-eight of these were found to produce spores, and eighteen
of the spore formers were separated into one group on the basis of cultural
characteristics. Since this group represented many different sources and
contained over one-third of all the yeasts studied by Turner, it might be
termed the most characteristic group of yeast in carbonated beverages.
EXPERIMENTAL

The experimental part is shown in four sections: (A) the purpose of
the work proposed, (B) the source of the materials, especially the organism, ( C) the technique used, and ( D) the results obtained.
A.

PURPOSE

The results of observations on the sterility of simple and :flavored
syrups showed that badly contaminated syrups would become sterile after
a short storage time if the proper amount of acid (usually in the form of
citric acid) were added. It is a common procedure in bottling practice to
make syrups by mixing 10 pounds of sugar with each gallon of water. The
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resulting syrup has a Baume strength of about 29.5°, or nearly 55 per cent
sugar. Most of the beverages based upon this syrup are made by adding
one fluid ounce of 50 per cent citric acid to one gallon of simple syrup,
together with the proper amount of flavor and color. Such flavored syrups
may eventually become sterile as is shown by table 1.
The plan of the present work was to study the rates of death or. the
death time in syrup having the above composition, as well as syrups of
other strengths, under the influence of varying amounts of citric acid and
sodium citrate. With this information, and that concerned with the relations of density, reaction, conductivity and rate of inversion, some mechanism explaining the death of yeast might be arrived at. The experimentai
work will be arranged in this manner :
1.

Rates of death of yeast, and death time
a.
b.
c.
d.
e.

24°
27°
30°
33°
36°

Be.
Be.
Be.
Be.
Be.

syrup
syrup
syrup
syrup
syrup

2. pH in syrups as above
3. Conductivity in syrups as above
4. Rate of inversion of sucrose in syrups as above.
B.

SOURCE OF MATERIALS

a. The test organism
The yeast chosen was selected from those organisms studied by Turner
( 7). It was a strain that readily formed spores, and a pp eared to be characteristic of the ·g roup. It was chosen because of its ready spore formation
and because of the well defined colonies it formed on Wort agar ( Bacto) .
Turner has designated it as No. 11 in his discussion of yeasts from carbonated beverages. For characteristics of this and similar yeasts, Turner's
thesis should be consulted.
Yeast No. 11 was isolated from a spoiled cherry soda. It easily demonstrated the spore stage, since it formed spores readily on gypsum blocks,
malt and carrot agar at 22°0. It formed sports on carrots only at 28°0.
The optimum temperature for its growth appeared to be 25°0., growing better in the presence of air than in the absence, but having fair growth
in either condition. Turner classified it in his group N, which comprised
18 out of 51 yeasts studied.

b. lnoculum
The yeast used was passed through several platings, each time selecting
one colony for suspension and replating. This procedure, together with the
fact that no observable change in the organism took place during the course
of the work, is presented in proof that a pure culture was used in the experiments.
For inoculation a two day malt extract broth culture was employed.
At the end of this time the yeasts were well developed and there were al-
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ways between six and ten million yeast per cubic centimeter. A heavy,
dark brown deposit of yeast would form, and a great many yeasts in spore
form could be demonstrated, even in three day broth cultures. The same
is true of malt agar and carrot agar slant cultures. For this reason the
inoculating solution always contained a large amount of spores, as well as
vegetative forms.

c. The sugar, acid and salts
The sugar used was a high grade commercial cane sugar, whose normal solution gave a reading of 99.9 when polarized in a 200 mm. tube in
a saccharimeter at 20°C. The moisture content was 0.034 per cent. The
syrups were made up to densities of 24, 27, 30, 33 and 36° Baume with
distilled water. These are equiV'alent to specific gravities at 20°/20° of
1.1983, 1.2288, 1.2609, 1.2946 and 1.3303, respectively.
The citric acid and sodium citrate were both of the C. P. grade and
were used from a fresh previously unopened bottle. 'Stock solutions were
made and sterilized because of the ease of mold growth on even fairly
concentrated solutions, then made up to volume after sterilization with
sterile distilled water. In all solutions of acid, salt or syrup in which conductivity was to be taken, conductivity water was used.

d. Plating medium
Wort agar (Bacto) was used for all plating work. The formula (stated
on the label) was:
Maltose
Malt extract
Dextrin
Glycerine

12.75 parts
15.00 "
2.75
2.35

''
''

K2HP04
NH014
Peptone
Agar

1.00 parts
1.00 "
.78

"

15.00

''

Of this a:gar preparation 50.63 grams were added to 1000 c.c. of distilled
water. Since the mixture did not ''set up'' well, 5 grams of agar were
added in addition to the above material in every 1000 cc. of medium.
0.

METHODS AND TEOHNIQUE

In preparing syrups, the proper amount of sugar and water were
mixed, with allowance for the salt and acid solution to be added after sterilizing. Sterilizing losses were found to be almost nil, because of heavy
plugging, the short time of sterilizing, and the lowering of vapor pressure
in heavy syrups. After sterilizing the sugar solutions, the acid and salt
solutions were added and well mixed with the syrup. Then one cc. of a
wort culture of yeast was added to each sugar solution, which now totaled
125 cc. in volume.
Syrups after inoculation were stored at 25°C. Initial counts were
taken and the count by plating methods was repeated at definite intervals.
At these times, the flask was well shaken and one cc. portions removed for
dilution purposes. The time intervals ranged from two hours to three or
four days on various solutions used.
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Plates were counted at the end of 72 hours. Colonies were removed
from plates representing platings at the beginning of certain runs, and
again at the end. Examination of these colonies verified the maintenance
of a pure culture.
Determinations of hydrogen ion concentrations were made by both a
hydrogen train and the quinhydrone electrode. Both methods were used
with the same normal calomel cell. The instruments used were a Leeds and
Northrup student potentiometer and a pointer type galvanometer. A
standard Weston cell whose potential had been checked against a certified
standard was used frequently as a reference. A determination against a
standard solution of potassium acid phthalate showed an errm.· of less than
0.02 pH.
Conductivity was measured by means of a Leeds and Northrup type K
bridge and a mocrophone hummer.
D.

RESULTS

The first series of runs were made using 24°, 30° and 36° Baume
syrup. The concentrations of acid were 0.02, 0.04 and 0.08 M. This gave
a range of three acid concentrations for each of three syrup densities.
In bottling practice the amount of added acid is expressed in ounces of
citric acid per gallon of syrup. One ounce of a 50 per cent solution of citric
acid is practically 0.02 molar when diluted with one gallon of syrup. Hence,
0.02 M, 0.04 M and 0.08 M can be translated directly to the commercial
terms, one, two and four ounces of 50 per cent acid per gallon of syrup, respectively.
The data in table 2 give the effect of different concentrations of citric
acid on the rate of death of yeast in syrups of various densities. Each solution number represents the average of two to four check determinations.
TABLE 2.

24° Be. syrup with 0.02, 0.04 and 0.08 Molar citric acid

Solution number

1

2

3

Molarity of acid

0.02M

0.04M

0.08M

Period of storage at 25°C

Surviving yeast per cubic centimeter

0
12
21
32
45

hours
hours
hours
hours
hours

188,000
53,000
24,800
11,800
4,860

188,000
36,200
12,100
3,380
1,200

188,000
17,600
5,260
1,700
420

Percentage survivors
12
21
32
45

hours
hours
hours
hours

Time in hours to reach 99% reduction

28.2
13.2
6.26
2.58

19.25
6.43
1.80
.64

9.35
2.80
.90
.22

58

41

30

··--·

99

ACTION OF CITRIC ACID IN SUGAR SOLUTIONS

TABLE 3. 30° Be. syrup with 0.02, 0.04 and 0.08 Molar citric acid

Solution number

13

Molarity of citric aeid

0.02

P eriod of storage at 25°C.

14

I

0.04

15

I

Surviving yeast per cubie centimeter

-----

'
0
3
6
9
12
15

0.08

hours
hours
hours
hours
hours
hours

62,000
34,000
14,960
9,120
4,640
2,100

62,000
21,550
9,200
3,600
1,260
486

62,000
18,300
7,400
3,160
466
10

Percentage survivors
3
6
9
12
15

hours
hours
hours
hours
hours

Time in hours to reach 99% reduction

51.6
24.1
14.7
7.48
3.39

34.8
14.96
5.81
2.0
.784

20

14.5

29.5
11.92
5.10
.752
.161
11

TABLE 4. 36° B e. symp with 0.02, 0.04 and 0.08 Molar citric acid

Solution number

Period of storage at 25°

\

0
4
8
12
16
24
34

~
2

Molarity of acid

c.

hours
hours
hours
hours
hours
hours
hours

26
0.04

27

I

0.08

Surviving yeast per cc.

68,000
OH •• • ••

4,000

-------300
30
5

68,000
24,000
5,100
1,200
100
20

--------

68,000
16,240
2,100
300
20
·--·-···

--------

Percantage survivors
4
8
12
16
24
34

hours
hours
hours
hours
hours
hours

Time in hours to reach 99% reduction

-------7.06

--------

.44
.04
.007
14

35.3
7.5
1.76
.15
.029

23.8
3.1
.44
.029
.........

11.5

10.0

........

---~ ----

In examining the results shown in tables 2, 3 and 4, it will be seen
that the number of yeast dropped to 1 per cent of their original value in
various lengths of time, but in direct relation to the amount of acid present. The 24° Be. syrup containing 0.02 M acid reached this value in about
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58 hours, the 0.04 M solution in 41 hours, and the 0.08 M concentration in
30 hours. For the 30° Be. syrup the killing times are 20 hours, 14.5 hours
and 11 hours, for the 0.02 M, 0.04 M and the 0.08 M, respectively. In 36°
Be. syrup, the death times were 14, 11.5 and 10.0 in the same order.
TABLE 4a.

Relation of killing time for 99 per cent of initial yeast to density of
syrup, citric acid content and pH

Syrup
degrees
Bau me

Acid
concentration
molar

Killing
time
hours

24°

0.02
0.04
0.08

58
41
30

2.37
2.20
2.02

30°

0.02
0.04
0.08

20.0
14.5
11.0

2.25
2.05
1.88

36°

0.02
0.04
0.08

14.0
11.5
10.0

2.05
1.86
1.67

pH

It would appear from examination of death times that doubling the
concentration of acid decreased the killing time by about one-fourth. If
the t~me to kill 99 per cent of the yeast in the 0.02 M acid solution is taken
as one, the following relations appear:
1· •,rmm ~,.1

Syrup concentration

0.02 M acid

0.04 M acid

0.08 M acid

24° Be.
30° Be.
36° Be.

1.00
1.00
1.00

.707
.725
.822

.517
.550
.715

The values for 36° Be. syrups appear to be out of line. When it is
considered that the viscosity and other characteristics, some of which are
shown later, of the syrups change rapidly above 30° Be., this change is
partly explained.
When the data are rearranged according to increasing syrup concentration rather than increasing acid strength, the same order of change in
killing time is demonstrated. For an acid concentration of 0.02 M the
death times are 58 hours, 20 hours and 14 hours in syrups of 24°, 30°
and 36° Be., respectively. For 0.04 M acid the time limits are 41, 14.5 and
11.5 hours, and for 0.08 M they are 30, 11 and 10 hours in the same syrup
order.
The relation between syrup concentrations and rate of death of yeast
is shown graphically in figure 1. It will be noted that there was a marked
difference between the curves for the light syrup and the two other syrup
concentrations. There was a definite decrease in killing time with increased
syrup density. This change in killing time was many times greater in the
range from 24° to 30° Be. than in the range from 30° to 36° Be. Since
more acid must be added to a heavy syrup in order to have the same acid-
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sugar ratio in the beverage, the above work indicates that heavy syrups
will be better to use if a cold process of sterilization is to be attempted.
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FIG. 1. E ffect of syrup concentration on rate of death of yeast.

In order to compare the death time of the yeast with the acidity of
the solution, determinations of the pH of different sugar solutions were
made. For this purpose a highly purified sugar was used in order that the
salt effect could be eliminated as far as possible. Table 5 shows the results
obtained.
TABLE 5. pH of citric acid solutions at 25°0
Sugar
degrees

pH at citric acid concentrations of

Ba ume
0.0
12

24
30
36

0.08M

0.04M

0.02M

O.OlM

2.10
2.07
2.02
1.88
1.67

2.27
2.25
2.20
2.05
1.86

2.44
2.41
2.37
2.25
2.05

2.62
2.59
2.54
2.42
2.23

If pH were the only factor in the death of the organisms, the time to
kill 99 per cent of the organisms should be the same for the following concentrations:

1.
2.
3.
4.

30°
30°
24°
24°

Be.
Be.
Be.
Be.

syrup
syrup
syrup
syrup

(0.08M acid)
(0.04M acid)
(O.OSM acid)
(0.04M acid)

and
and
and
and

36°
36°
30°
30°

Be.
Be.
Be.
Be.

syrup
syrup
syrup
syrup

(0.04M
(0.02M
(0.04M
(0.02M

acid)
acid)
acid)
acid)

The actual killing times found for the syrups listed above in the same
order are:
1.
2.
3.
4.

11 hours and 11.5 hours, respectively
14.5 hours and 14.0 hours, respectively
30 hours and 14.5 hours, respectively
41 hours and 20 hours, respectively.
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At first those marked 1 and 2 seem to bear out the statements made that
killing power is directly related to pH. However, there appears to be a
definite limiting time, lower than which it is not possible to go at the temperature and acid range used. This time is about 10 hours. Therefore, an
apparent agreement might be secured simply because the values for killing time closely approached the limiting death time.
This is not true in the case of 3 and 4. In these the time in hours ranges
from 2 to 4 times the limiting time seemingly established. At the same
time the hours to kill 99 per cent of the organisms in 24° Baume syrup
TABLE 6. 24° Be. syrup with citric acid and sodium citrate equiva"lent to NaH1 citrate
Solution number

4

5

Molarity of aeid

0.02

0.04

0.08

Molarity of Na, Citrate

0.01

0.02

0.04

Storage period at 25°C.
0
3
12
18

days
days
days
days

6

Surviving yeast per ee.
188,000
642,000
2,040,000
5,260,000

188,000
492,000
1,600,000
2,420,000

188,000
481,000
632,000
2,462,000

TABLE 7. 24° Be. B'Jfr'UP with citri.c acid and sodium citrate in equivalent molar

quantities
Solut ion number

7

8

9

Molarity of aeid

0.02

0.04

0.08

Molarity of salt

0.02

0.01

0.08

Surviving yeast per ee.

Storage period at 25 °0.
0
3
12
18

days
days
days
days

188,000
378,000

188,000
492,000
714,000
1,242,000

.............

89~,000

188,000
326,000
432,000
704,000

TABLE 8. 24° Be. syftu,p with citric acid and sodium citrate forming disodwm hydro-

gen citrate
11

12

0.02

0.04

0.08

0.04

0.08

0.16

Solution number

10

Molarity of aeid
Molarity of Na, Citrate

Surviving yeast per ee.

Storage period at 25°C.
0
3
12
18

days
days
days
days

188,000
222,000
148,000
123,000

188,000
123,000
32,000
12,000

188,000
78,500
4,750
520
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are double those to kill a like percentage of the organisms in 30° Baume
syrup. The pH values, though approximately equal, are slightly different.
In the cases of 3 and 4 the lower pH required the longer time to kill the
organisms.
In order to find the effect of adding salts of citric acid to these tests, a
number of runs were made on each of the sugar and acid concentrations
already treated with acid only. The tabular results are found in tables 6
to 14.
TABLE 9. 30° Be. syrup with citric acid and sodium citrate formitng sodium dihydro-

gen citrate
Solution number

16

17

18

Molarity of acid

0.02

0.04

0.08

Molarity of N aa Citrate

0.01

0.02

0.04

Storage period at 25°C.
0
3
12
18

62,000
320,000
401,000
796,000

62,000
512,000
816,000
942,000

days
days
days
days

TABLE 10.

Surviving yeast per c.c.
62,000
383,000
656,000
582,000

30° Be. S1J'l"'UP with citric acid and sodium citrate in equwalent molar

quantities
.

Solution number

19

20

21

Molarity of acid

0.02

0.04

0.08

Molarity of Naa Citrate

0.02

0.04

0.08

Surviving yeast per cc.

Storage period at 25°C.
0
3
12
18

days
days
days
days

62,000
274,000
188,000
147,000

62,000
263,000
179,000
164,000

62,000
288,000
156,000
119,000

TABLE 11. 30° Be. syrup with oitrio acid and sodium citrate forming disodium acid

citrate
Solution number

22

23

Molarity of acid

0.02

0.04

0.08

Molarity of Naa Citrate

0.04

0.08

0.16

Surviving yeast per cc.

Storage period at 25°C.
0
3
9
12

days
days
days
days

24

62,000
202,000
70,001)
31,000

62,000
123,000
16,240
7,200

62,000
78,500
6,100
1,200
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TABLE 12. 36° Be. syrup with citric acid and sodium citrate formi.tng di.9odium acid

citrate
Solution number

28

29

30

Molarity of acid

0.02

0.04

0.08

Molarity of Na. Citrate

0.01

0.02

0.08

Storage period at 25°C.
0
4
8
12
16
24
34

hours
hours
hours
hours
hours
hours
hours

TABLE 13.

Surviving yeast per cc.
68,000
-···--···-··
12,300

68,000
-----···· ···
8,200
---·········
200
20

............
550
80
25

-----------·

68,000
19,600
2,500
640

-------·····

22

------------

36° Be. syrup with citric acid and sodium citrate i.tn equivalent molar

quantities
Solution number

31

32

33

Molarity of acid

0.02

0.04

0.08

Molarity of salt

0.02

0.04

0.08

Surviving yeast per cc.

Storage period at 25°C.
0
8
16
24
34

hours
hours
hours
hours
hours

68,000
12,400

68,000
8,000

····------··

···········120

70
25

68,000
2,800
200
60

oao•••• • ••• o

TABLE 14. 36° Be. syrup with citric acid and sodium citrate equivalent to di.9odium

acid citrate
Solution number

34

35

36

Molarity of acid

0.0 2

0.04

0.08

Molarity of Na. Citrate

0.0 4

0.08

0.16

Surviving yeast p er cc.

St orage p eriod at 25°C.
0
8
16
24
34

hours
hours
hours
hours
hours

68,000
5,500

···--------52
12

68,000
7,600
542
60
10

68,000
2,600
168
12
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TABLE 14a. Control studies
(A) 24° Be. syrup

Period of storage at 25°0.
0
3
8
12
18

Surviving yeast per cubic centimeter
188,000
540,000
·1 ,620,000
3,500,000
4,880,000

days
days
days
days
days

188,000
624,000
2,020,000
3,800,000
4,550,000

188,000
640,000
2,400,000
4,300,000
4,110,000

(B) 30° Be. syrup

Period of storage at 25°0.

Surviving yeast per eubic centimeter
210,000
1,625,000
3,560,000
3,545,000
5,930,000

0 days
2 days
4 days
6 days
10 days
16 days
21 days

232,000
2,162,000
3,235,000
3,640,000
4,876,000
4,924,000

4,080,000

(C) 36° Be. syrup

Surviving yeast per cubic centimeter

Period of storage at 25°0.
0
8
16
24
32

68,000
14,000
2,100
140
62

hours
hours
hours
hours
hours

68,000
22,000
400
110

TABLE 15. 30° Be. syrup with citric acid of various strengths

Solution number

37

38

39

40

Molarity of acid

0.01

0.02

0.04

0.08

Surviving yeast per cc.

Storage period at 25°0
0
8
16
24
34
45

hOUl'S
hours
hours
hours
hours
hours

63,000
22,300

--------

8,640
1,680
317

63,000
10,1\00
3,600
1,490
684
30

63,000
8,000
1,600
520
137
0

63,000
3,200

s~g
0

:.;

'"
I
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TABLE 16. 30° Be. syrup with citric acid and sodium citrate in the molecular ratio 4:1.
On this basis there are 2 mols of citric acid to 3 mols of NaH, citrate
Solution number

41

42

43

44

Molarity of acid

0.01

0.02

0.04

0.08

Molarity of Na. Citrate

0.00250

0.0050

0.01

Storage period at 25°C.
0
2
4
10
16
21

days
days
days
days
days
days

I

0.02

Surviving yeast per cc.
63,000
OOO O OO O OOOH

1,760,000
2,lG0,000
2,820,000

·-----------

210,000
389,000
694,000
757,000
850,000
800,000

210,000
366,000
492,000
619,000
520,000
480,000

210,000
148,000
93,000
49,400
33,800
24,200

TABLE 17. 30° Be syrup with citric acid and sodiium cit1ate equivalent to sodiium dihydrogen citrate
Solution number

45

46

47

Molarity of acid

0.01

0.02

0.04

Molarity of Na1 Citrate

0.005

0.01

0.02

Surviving yeast per cc.

Storage period at 25°C
0
4
10
16
21

days
days
days
days
days

186,000
2,540,000
3,507,000
2,600,000
3,660,000

186,000
1,125,000
2,440,000
3,195,000
2,680,000

186,000
1,690,000
4,740,000
2,140,000
1,480,000

H
186,000
1,176,000
3,980,000
1,720,000
480,000

TABLE 18. 30° Be. syrup with citric acid and sodium citrate in equal molar quantities
51

52

49

50

Molarity of acid

0.01

0.02

0.04

0.08

Molarity of Naa Citrate

0.01

0.02

0.04

0.08

Solution number

Surviving yeast per cc.

Storage period at 25°C
0
4
10
16
21

days
days
days
days
days

210,000
1,342,000
3,045,000
1,940,000
1,690,000

210,000
1,190,000
3,695,000
1,720,000
1,040,000

186,000
406,000
580,000
726,000
682,000

186,000
250,000
192,000
48,000
23,480
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TABLE 19. 30° Be. syrup with citric acid and sodium citrate equivalent to disodium

acid citrate
Solution number

53

53

54

Molarity of acid

0.01

0.02

0.04

Molarity of Na, Citrate

0.02

0.04

0.08

Storage period at 25°C.
0
1
2
6
10
16
21

56

I
I

0.08
0.16

Surviving yeast per cc.

days
day
days
days
days
days
days

186,000
396,000
2,760,000
5,115,000
6,060,000
4,070,000
1,180,000

186,000
251,000
1,742,000
5,310,000
5,370,000
2,960,000
2,900,000

186,000
...............
191,000
246,000
272,000
38,200
26,000

186,000
96,600
55,000
28,200
6,900
2,246
492

TABLE 20. 30° Be. syrup with citric acid and sodium citrate in the molM ration 1:3.
On this basis there are 3 mo ls of N a,H. citra·te to one mol of Na, citrate
Solution number

57

58

Molarity of acid

0.01

0.02

Molarity of salt

0.03

0.06

Storage period at 25°C.
1
2
4
6
10
16
21

I

59

60

0.0~+
0.08
--_____,

I

0.12

0.24

Surviving yeast per cc
417,000
620,000
839,000
1,600,000

day
days
days
days
days
days
days

.................

2,560,000
3,200,000

............
.............
45,000
32,600
17,200
4,964
453

···--------·

·····-······

.............
51,300
14,500
3,120
400
22

39,600
...............
7,750
1,700
129
0

TABLE 21. 30° Be. syrup with sodium citrate only

Solution number
Molarity of
Na, Citrate

61
0.0025

Period of storage
at 25°C.
0
4
10
16
21

days
days
days
days
days

62
0.010

Mt
~
2

65

66

0.08

0.16

226,000
58,000
14,400
3,641
260

226,000
34,500
5,860
533
12

0.04

Surviving yeast per cubic centimeter
226,000
2,230,000
4,160,000
4,300,000
4,660,000

226,000
1,510,000
3,400,000
4,446,000
4,082,000

226,000
1,216,000
3,980,000
2,860,000
2,800,000

226,000
410,000
746,000
1,500,000
1,220,000
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TABLE 22. 30° Be. syrup with no added aci.d or salt
67

Solution number

68

Storage period at 25°C.
0
2
4
6
10
16
21

232,000
2,162,000
3,235,000
3,640,000

210,000
1,625,000
3,560,000
3,545,000
5,930,000

days
days
days
days
days
days
days

4,876,000
4,924,000

4,080,000

In every case one factor stands out. The addition of a small amount
of sodium citrate decreases the killing time. In the whole series shown
Na 2H citrate was more toxic than NaH 2 citrate. The effects of these salts
are shown in figures 2, 3 and 4, for 24°, 30° and 36° Be. salts, respectively.
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The first table in each series of sugar densities used (tables 6, 9 and
12) show the effect of adding two parts of citric acid and one part sodium
citrate. This combination will produce three parts of NaH2 citrate.
NaH2 citrate proved to be almost without effect. There was no death
time found and the rate of increase was almost the same as that in a culture at optimum acidity. This is not strange because the pH of the solutions ranged from 4.13 to 4.51, which is the optimum range. We can, therefore, conclude that NaH 2 citrate (or the H2 citrate ion) is non-toxic.
The same observations hold in the case of the 30° Be. syrup. In the
case of 36° Be_ solutions there is a definite killing effect noted and this is
not far from that of acid alone. This effect, however, has been found to
take place in syrups of this density without the addition of any acid or
acid salts.
In another series (tables 8, 11 and 14) the acid-salt ratio gave the salt
Na2 H citrate. This salt showed actual toxic effect much greater than NaH2
citrate. In every case in the 24° and 30° Be. syrups, there was a definite
reduction of the number of micro-organisms, and the solution should be
expected to become sterile eventually. In the case of the 30° Be. syrup the
killing effect was about the same as the NaH2 citrate and the citric acid
alone. The Na2H citrate (or the H citrate-ion) was more toxic than NaH2
citrate, but much less toxic than citric acid.
The third series of tables (tables 7, 10 and 13) show the effect of equal
amounts of the NaH2 citrate and Na2H citrate salts. The killing effect of
the combined salts lies between the values of the two salts used separately.
The work given above was further checked ~Y the use of 30° Be.
syrup with citric acid and combinations of citric acid and its salts. It was
desired to cover a more extended range and, at the same time, determine
whether citric acid in the presence of its salt would have an increased
germicidal effect. These results are shown in tables 15 to 22, inclusive.
Table 15 shows the acid range. Here again there was an increase in
killing power of the solution with increase in acid content. The time to
kill 99 per cent of the yeast ranged as follows:
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13 hours for 0.08 M citric acid
23 hours for 0.04 M citric acid
34.5 hours for 0.02 M citric acid
48 hours for 0.01 M citric acid
When one part of the Naa citrate is added to four parts of citric acid,
the resulting mixture has two parts citric acid and three parts NaH2 citrate.
This solution, with a reserve of citric acid, should show a killing effect if
there is any analogy between the killing power of citric acid with its salts
anq that of sodium hydroxide with its salts as found by Buchanan and
Levine (loq. cit.). The reverse is true. The only one to show a decrease
in the number of organisms was the one containing the highest amount of
citric acid. The decrease was only 90 per cent at the end of 18 days, and
it was at no time rapid. All other solutions showed increases. The pH
range, however, was from 3.04 to 3.44, which was not very far from that of
the citric acid alone.
Table 17, which is a repetition of earlier work over a longer time, shows
the rate of death with NaH2 citrate as the acidifying medium. Here it is
shown that all concentrations used allowed growth. The growth eventually
began to decrease as shown in solutions 47 and 48, but this decrease came
late in the period. There was no pronounced toxicity.
Table 18 shows similar action except that there is the slow killing
effect of .t he mixtures of equal parts of the two acid salts formed by equal
parts of the acid and the tri-sodium salt.
Table 19, which tabulates the results of Na2H citrate, shows that high
concentrations, as shown in solution 56, will have a definite killing power.
This power is weak as evidenced by its requiring 16 days to reach a reduction of 99 per cent of the organisms.
Mixtures of Na2H citrate and Nas citrate are much more toxic, as
shown by table 20. This series exhibits only a slow growth in the weaker
solution (57) and deaths reaching the 99 per cent reduction in the stronger
solutions about the tenth day. This combination of salts seems to be the
strongest yet encountered.
The effect of Na3 citrate alone is shown in table 21. This salt appears
to have a toxic effect in the two highest concentrations only. In this respect it is not as effective as its mixture with Na2H citrate just mentioned.
Table 22, which shows the results of two control tests, compares quite favorably with solutions 62 and 63 of table 21. There does not seem to be any
deviation from control runs in these two solutions with tri-sodium citrate
alone. The same is true with many of the solutions in tables 17 and 18.
In summarizing this group, it appears that:
a.
b.
d.
c.
e.
f.

Citric acid is toxic to yeast growth
NaH 2 citrate is not toxic to yeast
Na2H citrate with Nas citrate is antagonistic to yeast
Na2H is slightly antagonistic
Na8 citrate is not harmful except in large concentrations
NaH 2 citrate, when added to citric acid, decreases its yeast-killing
powers
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The next series was with 30° Be. syrup, but with NaH 2 citrate added
in very small quantities. Previous combinations had been made by adding
~
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Time--hours
Time--hours
Time--hours
24° Be. syrup
30° Be. syrup
36° Be. syrup
FIG. 5. Effect of acid concentration on rate of death of yeast.
TABLE 23. 30° Be. syrup with citric acid
Solution number

72

Molarity of acid

0.02

Storage period at 25°C.
0
3
6
9
12
15
18

hours
hours
hours
hours
hours
hours
hours

+-,~-

74
0.08

Surviving yeasts per cubic centimeter
322,000
309,000
153,000
17,640
1,950
241
60

322,000
318,000
221,000
86,700
14,280
2,420
630

322,000
295,000
78,000
4,300
832
160
0

TABLE 24. 30° Be. syrup with citric acid and soditwm dihydrogen citrate iRi ratio 5:1
Solution number
Molarity of acid

0.02

Molarity of Na2H Citrate

0.004

hours
hours
hours
hours
hours
hours
hours
hours

I

-

80

0.04

0.08

0.008

0.016

Surviving yeast per cc.

Storage per1od at 25°C.
0
3
6
9
12
15
18
21

79

78

-- - --- -

306,000
299,700
196,800
68,800
21,200
4,880
1,424
142

306,000
271,800
116,000
20,800
2,508
295
82

306,000
253,000
72,400
3,890
853
173

---------
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TABLE 25. 30° Be. syrup with citric aci.d and sodium dihydrogen citrate in ratio 5:2
Solution number

81

82

Molarity of acid

0.02

0.04

Molarity of Na2H Citrate

0.008

0.016

Storage period at 25oc.
0
3
6
9
12
15
18
21

hours
hours
hours
hours
hours
hours
hours
hours

t

83
0.08
0.032

Surviving yeast per cc.
224,000
219,100
163,300
66,600
28,600
14,810
1,680
196

224,000
209,400
67,600
9,840
693
160

171,000
160,000
91,800
20,900
5,640
561
22

Na 8 citrate to H 8 citrate solutions. In the series following the NaH 2 citrate
was made first and the acid added. In this way the amount of acid was
kept at a maximum since the test was to cover the range of small additions
of the di-acid salt to acid.
For refer.ence purposes the study with citric acid alone was repeated
for 30° Be. syrup. It was found to be necessary to run all the tests upon
which direct comparison was wanted from the same culture and under
identical conditions.
This series with acid alone was quite ·s imilar to the preceding series.
The data are .shown in table 23. In table 24 is shown the result when one
part of NaH 2 citrate was added to five parts of the acid. The death rates
are noticeably slowed down. The time to kill 99 per cent of the organisms
on solutions of 0.02 M, 0.04 M and 0.08 M acid is reduced from 15 hours to
to 16.5 hours, from 11 to 12 hours and from 10 to 11 hours, respectively.
A similar reduction takes place when the NaH 2 citrate quantity is
doubled. The time to kill 99 per cent of the yeast becomes 18, 13.5 and 12
hours in the same order as given in the preceding paragraph. These results are shown in table 26 and in figure 6.
~·1---.+----!----l---1»

.~ 2.~;::-t--t---t-------1

.
I>

•s;!

~ ! '1----t---''<""<l'"<---f--_,

I._

18

IL

1.f

I L

II!

Time--hours
Time--hours
Time--hours
Acid---0.02M
Acid-0.04M
Acid---0.0SM
Curve numbers refer to solution numbers.
FIG. 6. Effect of NaH, citrate on rate of death in acidified 30° Be. syrups.
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TABLE 26. Inversio1t and electrometric data on syrups made with citric aci4 and
sodilum di-hydrogen citrate. Inversion after 10 minutes at 100°

Syrup
Baume
24

27

30

33

Molarity
of acid

Molarity
of salt

Percentage
inversion

Syrup pH
after inversion

0.02
0.02

0.0
0.04

94.43
73.5

2.32
3.22

0.04
0.04

0.0
0.08

97.42
88.48

2.28
3.10

0.02
0.02

0.0
0.02

96.09
74.12

2.42
3.27

0.04
0.04

0.0
0.04

97.42
82.84

2.34
3.14

0.08
0.08

0.0
0.08

98.41
92.45

2.20
3.04

0.02
0.02

0.0
0.04

97.08
61.0

2.53
3.28

0.04
0.04

0.0
0.08

97.75
73.5

2.46
3.17

0.08
0.08

0.0
0.16

98.74
83.5

2.28
3.08

0.0
0.08

97.42
68.9

2.56
3.23

0.0
0.16

97.75
79.5

2.35
3.10

0.04
0.04
0.08
0.08

·· -

.

·-

·-

--

-- -

·-

--

Table 26 _is given to show the results of inversion studies. In each case
the first of each pair of lines represents inversion by acid alone. The second line denotes inversion by NaH2 citrate.
It is generally accepted that the rate of inversion of sugar is directly
a measure of the activity of the hydrogen ion. If this were true of sugar,
the results might be applied to the study of the rate of death of yeast.
Although there is a difference between the first and second members of
each pair, the second member shows good inversion always. This inversion
is in good accord with the measured hydrogen ion concentration made by
the quinhydrone and hydrogen electrodes. On the other hand, there was
a wide difference between the killing powers of these two solutions. It
would appear that hydrogen ion concentration is not the sole agent in the
killing of these organisms.
Table 27 shows some relations between killing time and pH for acids
in various syrups. These are compiled from previous tables and are given
here to serve as a basis for figure 7, which follows. This is in support of
the statement advanced earlier, that there is a limiting death time (about
10 hours) toward which all values approach. Figure 8 shows similar data
for the effect of added NaH2 citrate on the rate of death of yeast in acidsugar media.
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TABLE 27. Relation of killing time for 99 per cent of initial yeast to density of syrup,
citric acid content and pH
Syrup
degrees
Baume

Acid
Concentration
molar

Killing
time
hours

pH

24°

0.02
0.04
0.08

58
41
30

2.37
2.20
2.02

30°

0.02
0.04
0.08

20.0
14.5
ll.O

2.25
2.05
1.88

36°

0.02
0.04
0.08

14.0
11.5
10.0

2.05
1.86
1.67

-

-

------

.2.'f

2.2.

p/l.:l.o

I

,/ I
--f, - -- --I
II I

I

I

3.o

r - - - - - + - - - - - l - - - - - 1 --l

I/,,,. '"·

l.B

.t.••ac

1.e t-----+-----+-----1--1
;

...

341•0e.
1. 0

' ·'-

1.4/

1. 6

·O

1. 9

Log. killing time in hours
FIG. 7. The relation between pH and
kilfu1g time for yeast in syrups of different densities.

1.s

Log. killing time in hours
FIG. 8. Effect of salts on killing time of
yeast in citric acid solutions in 30 ° Be
syrup

DISCUSSION

It will be seen :from the foregoing figures and tables that there is a
distinct change in the dewth rate of yeast in sucrose syrups when certain
factors are varied. These factors may be sucrose concentration, acid concentration, or the amount and kind of added salt.
Figures 1 to 5, inclusive, cover a series in which thre.e quantities of
added citric acid were used with 24°, 30° and 36° Baume syrup. These
acid concentrations were 0.02, 0.04 and 0.08 molar citric acid and corresponded to the manufacturers' designations of one, two and four "ounces
of citric acid per gallon" of syrup. To these acid concentrations, various
amounts of tri-sodium citrate were added. The result was that in addition
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to solutions containing acid alone, there was for each acid strength of each
syrup density, one solution of NaH 2 citrate, one of Na2 H citrate and one
containing equal quantities of both these acid salts.
For each syrup concentration involving acid and acid-salt concentrations the same general facts were noted which can be observed from an inspection of the curves :
1. Acid alone is found to be toxic to yeast in all of the concentrations
employed.
2. NaH2 citrate was not toxic to yeast in any of the concentrations
employed. Curves for 36° Baume syrups show deaths which can be explained as due to the high concentration of the syrup rather than to the
salt alone.
3. Na2H citrate was found to inhibit yeast growth in the lower concentrations and to cause a slow death rate at higher concentrations. That
its effect is not due to pH can be shown by the fact that its range of acidity
was that of the usual optimum for the yeast studied (pH 4.5 to 5.9).
Figure 1 shows the results arranged in the order of increasing syrup
concentration at the same acid concentrations. It will be noted that the
increase in death rate is regular with increased syrup concentrations. In
passing from 24° to 30° Baume the time is more than halved without change
of acid strength. In passing from 30° to 36° Baume the decreased death
time is very slight.
Reference to figure 5 as well as to table 26 will show the relation between killing powers of different acid concentrations at the same sugar concentration. In the weaker syrup concentrations the killing time is halved
by increasing the citric acid concentration from 0.02 M to 0.08 M. It is decreased one-third by doubling the acid content. With the heavier syrup
strength the relationship between acid and death time does not hold. The
time by which sterilization is shortened in this syrup through the addition
of acid is only a small fraction of the total time. In the case of 36° Baume
syrup various factors appear to modify the process of sterilization by acid
as observed in the weaker syrup. These factors are the greater osmotic
pressure, -greater viscosity, changes in the hydration of the sucrose present,
or other changes in the system, sucrose-water, which become important in
syrup densities above 30° Baume. There seems to be a protective action on
yeast as a result of the increased syrup density. Earlier work was reported
in which the heavy syrups seemed to protect yeast from the effects of heat.
This protective action results in the approach of a minimum death
time beyond which increase in acid or sucrose concentration becomes increasingly less effective. This will be seen in the curves in figure 7. It is
there evident that a killing time of 10 hours (log. 1) will not be far from
this minimum.
.
Hydrogen ion concentration showed a regular ·and almost proportionate increase in value when the same amount -0f acid was added to sugar
solutions of increasing density. Although this is in line with the change in
death rates, there is not a simple proportionate relation. Reference t-0
figure 7 will show three different killing times for pH values between pH
1.7 and 2.4. At pH 2.05, for example, the killing times are 13.6 hours for
36° Baume syrup, 16.4 hours for 30° Baume syrup, and 33 hours (interpolated) for 24° Baume syrup. Thus, it is evident that pH alone is not an
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index of the killing power, for at the same pH the killing times were
markedly different with different amounts of sugar.
At pH values foss than 1.7 a change takes place since the line for 36°
Baume syrup approaches the curve for 30° Baume syrup. That this result
is perhaps justified and not due to experimental error may be gathered
from certain physical data obtainable for this system:
1. Sucrose is believed to become hydrated with 6 to 8 mols of water,
and in 36° Baume syrup this is enough to account for practically all the
water in the system.
2. The further addition of acids or salts with their demand for hydration or solution will remove more water from the system.
3. When the demands of both the sucrose-water and acid-salt-water
su'b-systems cannot be fully supplied by the water present, they enter into
competition for the water.
4. Unless some active solvent is present, no means will be available
for the acid or salt to enter through the membrane of the micro-organism.
Since it is capable of maintaining the spore state under adverse conditions,
the result will be 1Jhat the organism may not be killed, but will remain
dormant.
5. This results in a ''protective action'' on the part of the heavier
syrups. Evidence of thi·s is found in the very small differences in killing
time for many combinations of acid and salt in 36° Baume syrup.
The rate of inversion of sucrose had little bearing on the rate of
death of yeast at the same acid or salt concentration. Inspection of table
26 will show positive inversion taking place but little less rapidly at salt
concentrations which served as actual stimuli to yeast ·growth, than at concentrations of acid which killed yeast rapidly.
Attempts to apply such physical constants as rate of inversion of
sucrose, change in pH as measured by the quinhydrone electrode, or conductivity directly to the explanation of the change in death time failed. It
was not possible to obtain definite data on the un-ionized citric acid in
heavy sugar systems.
The conductivity data obtained was directly opposed to that found in
the absence of sugar. On the basis of replacement of water by sucrose, a
concentrating effect, tending to increase the conductance would be expected. Owing probably to a high viscosity, this factor was reversed in so
far •as measurable conductance was concerned. In the light of uncertain
corrections for viscosity or for space factors because of replacement of
water by sucrose, or for change of ionization, the conductivity data taken
was not found entirely suitable for application to the citric acid-sucrose
water systems as an explanation for the killing of yeast. These data arc
shown in table 28.
Sodium citrate alone was found to be toxic to yeast. Others have r eported it as antagonistic to other cell structures and harmful in the blood
stream. In addition to the growth data presented, it was found that concentrated sodium citrate and Na2H citrate solutions used as stock soJutions
for this work were not easily contaminated with mold, whereas citric acid
solutions as high as 1.5 molar readily supported mold growth.
The addition of NaH2 citrate to citric acid, as will be seen from the
nbon1 tabl es. resulted in a marked r eduction in death rates. That NaH 2
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citrate, either ionized or undissociated, has no toxic effect in itself is readly
evident from those curves for solutions containing this salt alone. (Tables
23 to 25.)
Tables 23, 24 and 25 give some results of adding NaH 2 citrate to
citric acid. There was found to be a distinct increase in killing time over
that for acid alone. Whatever effect that undissociated citric acid might
haV1e had may be balanced by other factors. There was no apparent relation to the sodium hydroxide---,sodium carbonate system mentioned in the
historical part. Several points of difference between these two systems may
be mentioned. Chief of these might be that the pH of the acid solutions
was quite close (pH 2) to the optimum reaction for the yeast (pH 4.5-5.1).
In the case of the alkaline solution the reaction was about a pH of 13.
Thus a small change in pH might have but little effect in the latter case
and more in the former.
TABLE 28. Conductivity data for the system sucrose-citric·aciil·water

Sugar
degrees
Baume

Citric acid
mols
per lit er

0

0.08
0.04
0.02
0.01

li4.10
73.49
114.16
166.70

36.0
52.5
68.25
93.7

1

12

0.08
0.04
0.02
0.01

92.6
141.0
207.0
302.0

21.1
27.7
37.7
51.7

1.38

24

0.08
0.04
0.02
0.01

229.0
380.0
589.0
830.0

8.22
10.25
13.34
lS.8

2.23

30

0.08
0.04
0.02
0.01

613.0
1000.0
1581.0
2066.0

3.324
3.90
4.93
7.55

36

0.08
0.04
0.02
0.01

2136.0
4114.0
6732.0
8405.0

.912
.947
1.158
1.855

Cell r esistance
(cell constant
.156)

Molar
equivalent
conductance

Viscosity
coefficient

3.62

22.4

SUMMARY

F or a given concentration of sugar (from 24° to 36° Be.) the rate of
death of yeast increases with increasing concentration of citric acid.
2. For a given concentration of citric acid (between 0.01 and 0.08 molar)
the rate of death of yeast increases with increasing concentration of
sugar.
3. There is evidence of a protective action of sucrose solutions, for the
increase in death rate for a given change in concentration of acid was
less in the more concentrated syrups.
1.
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4. The rates of death of yeast in sucrose solutions at the same hydrogen
ion concentration (in the range from pH 1.6 to pH 2.4) varied directly
with the density of the syrups. The hydrogen ion concentration found
when a given amount of citric acid was added to equal quantities of
24° to 30° Be. syrups decreased with increasing syrup density.
5. The addition of sodium di-hydrogen citrate to citric acid-syrup solutions decreases the death rate for yeast in sugar solutions.
6. Sodium citrate showed some toxic effects.
.
7. The germicidal effect of the addition of citrates to citric acid-syrup
solutions or citric acid to simple syrups is less marked at the higher
syrup concentrations, indicating that the sugar exerts a protective
action on the yeasts.
CONCLUSION

By means of the addition of citric acid it is possible to sterilize sugar
syrup in the cold. The time varies for different syrup concentrations, being
shorter with the heavier syrups. This makes possible a process of preparing
syrups for bottling, canning and other industries by simply mixing and
staring a solution of sugar, citric acid and water. The acid can be maintained at a concentration sufficient to meet the needs of the product to
which the syrup is added.
Storage time will vary, but on the basis of the work which is here reported, and with allowance for a factor of safety, the following periods of
storage are suggested for production of syrups.
TABLE 29. Storage time in days to produce sterile syrups from solutions of sugar and
citric acid at 25 ° C

Concentration
of syrup

Concentration of citric acid (50% solution)
in ounees per gallon
1

0!11.

I

4 oz.

2 oz.

-·------- ---- - - - - - - - St orage time in days
5-7

24° Be.
30° Be.
36° B e.

4-5
2

3-4

2-3
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DETERMINATION OF ORGANIC ACIDS
IV.
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TATIVE DETERMINATION OF TWO FATTY ACIDS IN A MIXTURE
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A partition method (1, 2, 3) based upon the differential distribution
of the fatty acids between two immiscible solvents has been developed for
the quantitative determination of each of two known acids in a mixture.
The method is intended to serve with greater accuracy and less time constumption the same purposes as the Duclaux distillation method or any of
its modifications. The partition method, like the Duclaux, finds its greatest
application in the determination of fatty acids in fermentation mixtures.
Fermentations frequently result in the production of one or two volatile along with one or two non-volatile fatty acids. Butyric and acetic
acids, propionic, acetic and lactic acids, or lactic and acetic acids illustrate
combinations of acids produced by typical fermentations. Succinic acid is
commonly produced in small quantities, but cannot be determined separately from lactic acid by the partition method. Formic acid may be produced, but generally in relatively small quantities. The present paper
describes a method which should prove of value to the investigator who
is called upon to make quantitative determinations of the volatile fatty
acids present in fermentations, and who wishes at the same time to make
a provisional identification of these acids.
The partition method as previously developed employs the differential
distribution of the fatty acids between an ether and water. Eitherr ethyl,
isopropyl, or isoamyl ether serves satisfactorily. The ether employed will
be determined by conditions of the experiment. In the method as developed, the quantitative determination can be made only if the identity of
the two acids is known.
Thus, if one is working with the fermentation brought about by organisms of the genus Propionibacterium, two and only two volatile fatty acids
are pToduced, propionic and acetic. In a similar manner with other fermentations, the quantitative determination of the volatile fatty acids can be
quickly and accurately carried out by means of the partition method.
If the identities of the acids are not known the method will indicate
the quantitative composition of the possible combinations. Reference to
figure lb1 will clarify this statement. A partition constant of 18 indicates
combinations of the following volatile fatty acids in the proportions given :
(a) propionic 70 per cent 0.1 N; acetic 30 per cent 0.1 N
(b) butyric 31 per cent 0.1 N; acetic 69 per cent 0.1 N
Formic behaves very much like acetic acid in the partition method and
if present in low concentration may be disregarded. Otherwise it may easily
1W ork carried out under the general program for the utilization of agricultural
wastes by fermentation.
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be determined by an independent method. Formic acid generally is present
only in low concentration in fermenting mixtures.
The method thus far developed does not determine which of the above
combinations is the correct one. This difficulty is made apparent by the
overlapping of the graphs in figure 1.
This difficulty would be obviated were it possible to find a system of
immiscible solvents which would give partition constants no two of which
are alike. The existence of such a ·s ystem is improbable. However, if two
systems whose readings of partition constants 2 when plotted against percentages of acids present, do not result in parallel graphs, are simultaneously employed, it will be possible to determine which of the two combinations of acids in the case just cited is present and also the quantitative relationships.
Such a determination may be termed a provisional identification of the
acids providing only two acids are present in the mixture. At the same time
the percentage of each acid present is calculated as 0.1 N acid. It is proposed to make these determinations by the use of the three systems, ethyl
ether-water, isopropyl ether-water, and isoamyl ether-water. Only two of
the three systems need be used ; the third is treated here to provide confirmation of the results obtained ·b y the use of the other two.
~
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METHOD

To provisionally identify and quantitatively determine two fatty acids
in a mixture, the unlmown solution is adjusted to a convenient normality.
This adjustment will be governed by the type of investigation and the
strength of the solution. Generally 0.1 or 0.05 N solutions are used. .Assuming adjustment to 0.1 N. 30 cc. are placed in a 100 cc. separatory funnel
and 20 cc. of ethyl ether are added. The whole is shaken vigorously for one
minute; three minutes are allowed for the phases to separate and then 25
cc. of the aqueous layer are withdrawn and titrated against 0.1 N alkali with
phenolphthalein as an indicator. The number of cubic centimeters required
to neutralize 25 cc. of the aqueous layer may be termed the ethyl ether par-

tition constant.
In a similar manner the isopropyl ether partition constant is determined. Let it be assumed that the isopropyl partition constant is 16.8.
Reference to figure lb shows that 16.8 may be the partition constant of a
mixture of 89 per cent O.lN propionic and 11 per cent O.lN acetic acid or
40 per cent O.lN butyric and 60 per cent O.lN acetic. The ethyl ether partition constant is found to ibe 13.7. Reference to figure la indicates the
mixture to be 40 per cent 0.1 N butyric and 60 per cent 0.1 N acetic or 80 per
cent O.lN propionic and 20 per cent O.lN acetic. The agreement between
the readings indicates that the mixture is 40 per cent O.lN butyric and 60
per cent O.lN acetic. Use of the third system of isoamyl ether-water gives
a partition constant of 20.7, corresponding to 40 per cent O.lN butyric and
60 per cent O.lN acetic or 13 per cent O.lN butyric and 87 per cent O.lN
propionic. The reading confirms the correctness of the first conclusion.
In a similar manner other determinations are made. At times the use
of two systems may fail to differentiate ·s harply between the two sets of
possible percentages; in this case the third system must be used for the
differentiation. It is suggested that the partition constants of the isopropyl
and ethyl ether systems be determined first. If the results are not satisfactory and confirmation is desirable, the isoamyl partition constant is determined.
It is not necessary to confine the method to the volatile acids; mixtures
of the volatile and non-volatile acids may be identified and determined
quantitatively.
It is possible by means of general equations alTeady developed (1, 2)
to determine algebraically the correct combination of acids. Since the
mathematical treatment would be largely a repetition, it will not be deV!eloped here.
The provisional identification and quantitative determination of organic acids by means of the partition method should prove of value in
fermentation studies. It will find its greatest use in the same kinds of analytical work as that in which the Duclaux method or its modifications have
been used. This applies especially to the determination of volatile acids in
fermentation mixtures. The method has been used successfully to determine the acetic and propionic acids produced by microorganisms of the
genus Propionibacterium. When used with understanding and judgment
the partition method offers distinct advantages over distillation methods for
the determination of fatty acids in mixtures.
'A small correction in the values of partition constants of butyric acid has been
made in this paper and therefore they differ from those previously published.

DETERMINATION OJi' ORGANIC ACIDS

125

CONCLUSIONS

The partition method for the determination of fatty acids has been
extended to provide a provisional identification and quantitative determination of two fatty acids in a mixture. The method should prove of value
to the investigator in zymology who is required to make determinations of
fatty acids in fermentation mixtures. The method will be extended to
quantitatively determine three acids in a mixture.
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Galli-Valerio (1923) described from the Alpine marmot ( Arctomys
marmotae) a species of Eimeria with egg-shaped oocysts which measured
51 by 42µ. and had a very distinct micropyle. To this coccidium he gave
the name Eimeria marmotae.
During the summer and fall of 1930 we examined the feces and cecal
contents of six woodchucks killed or captured in the vicinity of Ames, Iowa.
Oocysts of coccidia much smaller than those measured by Galli-Valerio
were found in all six of the animals. A study of non~sporulated, sporulating and sporulated stages has shown that three distinct species were involved. After we had prepared a manscript on these new species, there appeared a paper by Fish (1930) in which he described Eimeria monacis
with spherical to subspherical oocysts 16.8 to 23.2µ. in length and 15.2 to
21.lµ. in breadth; average size, 19.9µ. by 18.3µ.. No definite micropyle was
observable. In our manuscript we had already designated this species
Eimeria dura and had given the name Eimeria monacis to another form
with ellipsoidal oocysts. Fish's paper has compelled us to revise our nomenclature and reduce the number of our new species to two.
EIMERI.A. MONAOIS FISH, 1930

The spherical and subspherical oocysts of this species, as determined
by us; measure 14 to 20µ. in diameter. The protoplasmic mass has .an irregular contour and almost fills the occyst when it is freshly passed (Fig. 1).
The oocyst as a whole appears quite clear and colorless. The wall is comparatively thick. When cultured in 2.0 ·per cent potassium dichromate
solution at room temperature the following stages in the sporulation process
are to be noted: After 16 hours, the protoplasmic mass contracts slightly
and becomes smoother in outline (Fig. 2) ; after 26 hours, the mass appears
quadrilobate with a spherical residual mass becoming differentiated in the
center; after 40 hours, the occyst holds four sporoblasts, each with a refractile mass near the surface, and a residual body about equal in size to
a sporoblast; after 50 hours, the sporoblasts become elongated ovoids (Fig.
3); the process is completed within 60 or 64 hours by the formation of two
sporozoites and a residual body within each sporocy,s t (Fig. 4). The Stieda
body is prominent at the more pointed end of the sporocyst. From the fortieth hour the residual body becomes progressively smaller until finally it
appears as one or several clear -glary granules.
we had two animals with pure infections of this type.
[127]
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EIMERIA PERFOROIDES n. sp.

The oocysts of this species resemble somewhat those of E. perforans
of the rabbit in shape, size and general appearance. The shape is ellipsoidal,
and the size 17 to 24µ. by 15 to 20µ.. No micropyle is observable. The granular mass is considerably contracted from the cyst wall, even in fresh material (Fig. 5). The jelly surrounding the mass is distinctly tinted. After
20 hours development the granular mass appears somewhat square in outline. A few hours later the typical pyramidal stage appears. Separation
of the pyramids may be completed within 32 hours (Fig. 6). On about the
forty-eighth hour the sporoblasts become spheres with clear substance at
the poles. A small residual body lying among the sporoblasts is to be noted
(Fig. 7). By about the sixtieth hour the sporoblasts have become elongated ovoids. Sporulation is completed within 70 hours (Fig. 8).
This form was seen only in mixed infections along with E. os.
EIMERIA OS n. sp.

This is the most distinctive of the three types of oocysts found in the
woodchuck. The shape is typically ovoidal. There is an easily observable
micropyle at the more tapering pole. Measurements indicate a length of
20 to 26µ. and a width of 18 to 22µ.. In some specimens, the endomembrane
of the oocyst wall protrudes through the micropyle to the outside, forming a bulb-like swelling. The granular mass within freshly passed oocysts,
or in those taken from the animal immediately after its sacrifice, is somewhat retracted from the wall, but corresponds in general to the outline of
the latter (Fig. 9). The remaining area is filled with a clear pinkish jellylike fluid. At this stage the nucleus appears among the granules as a clear
sphere near the center of the protoplasmic mass.
Oocysts which have been placed in 2.0 per cent potassium dichromate
solution show evidence of initiating development within 20 hours. The
protoplasmic mass contracts into a compact sphere. Within 45 hours the
latter becomes quadrilobate ("pyramidal stage") with clear refractile
bodies at the apices of the lobes. This stage represents early sporoblastic
formation. Usually only three of these lobes are to be seen in one optical
plan because of their orientation within the oocyst. Between the sixtieth
and seventieth hour the constrictions separating the lobes become complete,
thus forming four sub-conical sporoblasts each with a refractile body at
both the greater and lesser poles (Fig. 10). As in Eimeria stiedae, there
is no oocyst residual body. During the next 10 hours each sporoblast assumes the shape of an ellipsoid (Fig. 11), measuring 9 to 13µ. in length by
5 to 8µ. in breadth. Some time between 90 and 105 hours two sporozoites
and a residual body appear inside each sporocyst. The residual body iR
usually either a somewhat rounded or an irregularly biconvex mass which
lies either to one side or between the sporozoites (Fig. 12). The process
of sporulation is completed within 105 hours.
This species was observed both in pure and mixed infections.
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TABLE 1. Characters for separating the oocysts of the three species of Eimeri.a in the
woodchuck, Marmota monax
Size in
microns

Shape

Residual
body

Sporulation
time

monaci,~

14 to 20
(diameter)

Spherical to
sub-spherical

In sporocyst
and oocyst

60 to 64
hours

E . perforoides

17 to 24
by
15 to 20

Ellipsoidal

In sporocyst
and oocyst

70
hours

E.

20 t o 26
by
18 to 22

Ovoidal

In sporocyst
only

90 to 105
hours

Name

E.

OS

It will be noted that we have shown in our figures the detailed structure of the sporozoites within the sporocysts which is ordinarily difficult,
in many species impossible, to observe. Certain recent authors have not
shown either the nucleus or the refractile spheres of the sporozoites in their
figures. This is probably because they have faithfully represented what
they actually saw. We have developed a technique for staining the oocysts
which is particularly effective in bringing out the details of the mature
sporocyst. The method will be published within a short time.
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DESCRIPTION OF FIGURES
x1940
Fig. 1. E. monacis, freshly passed oocyst.
Fig. 2. E. monacis, oocyst with contracted protoplasmic mass.
Fig. 3. E. monacis, developing oocyst with four advanced sporoblasts and a residual
body.
Fig. 4. E. monacis, completely sporulated oocyst.
Fig. 5. E. purforowes, freshly passed oocyst.
Fig. 6. E. perforoides, oocyst with "pyramids" and re.sidual body separating.
Fig. 7. E. perforoides, oocyst with four sporoblasts and a residual body.
Fig. 8 E. perforowes, completely sporulated oocyst.
Fig. 9. E. os., freshly passed oocyst.
Fig. 10. E. os., oocyst with "pyramids" separating.
Fig. 11. E. os., oocyst with ellipsoidal sporoblasts.
Fig. 12. E. os., completely sporulated oocyst.
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Molds in soil, 161.
Monilia, 163.
Monocercomonas in fauna of grub, 223.
diagnosis of germs, 225.
Mono-grignard reagent, preparation of, 88.

362

IXDEX

Monomethyl fructose, 243.
galactose, 71.
mannose, 77.
l\fonomethyl and dimethyl xyloses, 66.
Mucor, 161, 162, 163, 165.
llfycelium, downy mildews in seeds, 185.
Negative ions visible in flame, 276.
Nicotine studies, 327.
Nitrate-assimilating bacteria, 160.
Nitrate-assimilating power of soils, 155.
Nitrogen changes in residues, 157.
Nitrogen heterocyclics, 328.
Non-volatile acids, 139.
Nuclear oxygen, 21.
Nutritive value of cereals and its relation
to processing, 349.
Oat hulls, utilization of, 133.
Order
Coleoptera, 195, 208, 209.
Diptera, 198, 208, 209.
Homoptera, 195.
Hymenoptera, 202, 208, 209.
Organic acids, determination of, 1, 121.
Organic matter, soil, decomposition of, 155.
Organomagnesium compounds, 190.
Orientation in the furan nucleus, 85.
Oospores of downy mildews, 185.
Parasites, protozoan, 223.
Parent-progeny correlations in barley, 311.
Partition constant, 1, 123.
Partition method, 1, 2, 121.
Penicillium, 161, 162, 163, 164, 165.
Pentamethyl galactose, 73.
mannose, 81.
Pentosans, 156.
in waste p1·oducts, 133.
Pentoses.
Peronospora alsineanmi Cast., 185.
P. effusa (Grev.) Rabh., 185.
P. schachtii Fckl., 185.
P. schleideni Ung., 185.
P. viciae Berk., 185, 186.
Peronosporales, 185.
Phenol-disulfonic acid, 156.
2-Phenyl-3-furoic acid, 189.
Physiologic specialization, 25.
Phytophthora phaseoli Thaxt., 185.
Pisum sativum, 187.
Polygonum amphibiwm Socies, 209.
Polyhalogen compounds, 319.
Polymastix in fauna of grub, 223.
diagnosis of genus, 224.
Polymeric 2-furfuryl mercaptan, 19.
Polymerization phenomena, 20.

Preliminary report on intestinal protozoa
of white grubs (Phyllophaga spp.Coleoptera), 223.
Presence of mycelium and oospores of certain downy mildews in the seeds of their
hosts, 185.
Problems related to commercial production
of levulose, 331, 343.
Propane flame, 269.
action at electrodes, 276.
with boric aciJ, 277.
Propionibacterium, 121.
Propionic-butyric, 2.
Protozoa, effects of feeds on, 41.
effect of pH on, 54.
effects in ruminant stomach, 39.
volume of, 40, 56.
Protozoa of white grubs, 223.
Pulps, cellulose from cornstalks, 237.
disintegration of cells, 238.
measurements of cells, 237.
Pyrethrins, 351.
Pyrethrum, 351.
insicticidal use of, 351, 352.
kerosene extract of,
source of, 351.
Pyrolysis, 189.
Pyromucic acid, 15.
Pyrrole ester, 189.
Pyrrolidine derivatives, 327.
Quinhydrone electrode and the soil reac·
tion, 321.
Ratios of rough to smooth awned barleys,
293, 294.
Reduction of hydrofuramide to tri-..-furfurylamine, 193.
Reproduction and lactation on simplified
Jiets, 355.
Rhamnose, 62.
Rhizopoda, 223.
Rhizopus, 162, 163, 164, 165.
Ribose, 63.
Rolled oats, as source of protein, 350.
Silicon, 336, 338.
Socies, Polygonum amphibimn, 209.
Sodium citrate with syrup, 102.
Sodium halides with sodium hydroxide,
germicidal efficiency of, 254.
Sodium hydroxide, alcoholic solution of,
15, 16.
as condensing agent, 189.
disinfection tests, 258, 263.
germicidal efficiency, 251, 254, 340, 341.
Sodium ioJide-hydroxide, 266.
Sodium pyromucate, 16.
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Spartina consocies, 208.
Sporotrichum, 164.
Stereoisomerism, 192.
Streptococcus lacti.s, 167.
Stipa spartea-Andropogon scoparfos association, 208.
Study of anti-knock compounds, 320.
Study of crosses between Trebi and three
smooth-awned varieties of barley, 285.
Sulfuric acid, 5, 6, 17.
Sucrose, products formed from, 116, 136,
148, 149, 150.
Sweet corn, 5.
Syrups, sterility of, 95.
Temperature, apparatus for control of, 211,
218.
Tetramethyl fructose, 245.
galactose, 71.
mannose, 78.
oxidation of, 247.
Tetraphenyl, 320.
Tetroses, 61.
Three species of Coccidia from the woodchuck, Marmota monax, 127.
Threose, 62.
Transverse electrostatic field, action of,
269.
Tri-a-furfurylamine, 193.
picrate of, 194.
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Tomatoes, acidity of, 171, 174.
color changes in, 171, 174.
storage of, 171, 174.
TrichoJ.erma, 161, 162, 163, 164, 165.
Trimethyl arabinoses, 64.
Trimethyl galactose, 71.
mannose, 78.
xyloses, 66.
Triose, tetrose and pentose derirnti>es, 61.
Trioses, 61.
Unidirectional voltage, 269.
Varietal response and inheritance in barll'y
to Erisiphe graminis hordei P. F. 4, 25.
Vahlkampfia, 228.
Vitamin A, 355, 356.
B complex, 349, 356.
E, source of, 355.
G, 355, 356.
·wastes, agricultural, utilization of, 133.
Wheat, as source of vitamin B complex,
349.
Yeast content of syrups, 90.
Yeast, in carbonated beverages, 95.
Xylose, dissimilation product of, 134.
products formed from, 136, 141, 148, 149,
150, 66.
Xylose, 66.
Zinc salts, 167.
production of, 168.

