
PHYSICAL CONSTANTS AND ESTIMATION 
OF STEREOISOMERIC 2,3-BUTANEDIOLS1 

Abstract 
The refractive index - temperature relation for optically active and racenric 

diols is linear, with tc$ = 1.4310 - 0.00036 ( 1  - 25) from 25" to 40°C.: for 
the meso-isomer nf, = 1.4372 - 0.00031(1 - 25) from 25" to 50°C. The 

specific rotation la] i5G f 13.2". Measurements of 7 4  and a; in suitably 
purified nlixtures of stereoisonlers allow calculation of the percentage of each 
Isomer present. Tests of the method 011 known nlixtures of all three stereo- 
isomers show an experimental error of & 37,. Analyses of five diol samples 
fro111 pilot plant fermentations of beet molasses by Aerobacler aerogenes reveal 
6587% meso-, from 2 to 16% dexlro-, and from 0 to 33% racemic 2,s-butanediol. 

Refractive indices from 1.4306 to 1.4322 a t  25OC. have been reported for 
optically active and racemic 2,3-butanediols. Wide variations also occur in 
the recorded values of specific rotations and densities as shown in Table I. 
Specific rotations for the leva-isomer reportedly range from - 12.85" to 
- 13.34". The present investigation aims to establish more accurate values 
for these constants and to  develop a simple physical method, based on their 
use, for rapid estimation of isomeric ratios. 

Two methods for the estimation of isomers in mixtures of isomeric 2,3- 
butanediols have been described in the literature. Tipson (16) successfully 
used the procedure of conversion to isopropylidene derivatives followed by 
fractional distillation. The mesa-derivative was readily separated in this way. 
Robertson and Neish (13) described a method in which the isomers in a 1 gm. 
sai~lple were converted to their di-p-nitrobenzoates by a modified Schotten- 
Baunlann reaction, dissolved in chloroform, nleasi~red polarinletrically to 
determine the concentration of optically active isomers, and fractionally 
crystallized for estimation of relative amounts of dl- and meso-esters. Four 
to six crops of crystals provided 90 to  95% recovery, from which the different 
cornpo~lents were separated by hand and weighed. This method has the unique 
advantage of si~~~ultaneously identifying the isonlers, although several days 
are required for a determination. A simple procedure is described in the 
present co~nmunication which requires only 0 . 5  gm. of suitably purificd diol, 
is accurate to f 3 % ,  and may be completed within half an hour. 

The variations noted in the reported values of physical co~lsta~lts  have 
probably arisen from nleasi~re~nents on impure or mixed isomers. Removal 
of acids, esters, ketones, ancl ketals as well as prevention of isornerization and 
absorptiorl of water cornprise the main difficulties in obtaining the pure COIN- 

Matcuscripl received Jzcne 14,  1951. 
Cotclribulion fronr llce Divisiotc of .4Qplzed Biology, Naliotral Research Laboralories, 

Ollawa, Canzda. Issued as Paper Nu. Id3  orr Ilce Uses of Pla t~ l  Prod~tcls and as N.R.C. Nu. 2533. 
* t =  C. 
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TABLE I 

PRET~IOUSLY REPORTED PHYSICAL CONSTANTS OF STEREOISOMERIC 2,3-UUTANEDIOLS 

pounds. The preparation of stereoisolneric diols of high p~lrity is described 
in the experimental section. All p~~rified samples gave negative tests for 
acetyl groups (2), esters (4). ketones, and ketals (6). Water contents, esti- 
mated by the Karl Fischer method (15) did not exceed 0.046y0. Accurately 
determined physical constants of the isomers are reported in Table 11. 

Close agreement between the refractive indices of optically active and 
racemic diols prepared by different methods (Table 11) is evidence for their 
accuracy to the fourth place. The value of nA5 for the dextro-, levo-, and 
racemic forms is therefore 1.4310. The refractive index of meso-diol a t  25OC. 
was obtained by direct reading on the supercooled liquid. The same value 
(f0.0001) is obtained (a) by extrapolation of readings on a series of wzeso-dl- 
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W:I TSON ET AL. : Z,3-BUTANEDIOLS 

TABLE I1 

PHYSICAL COXSTANTS OF STEREOISOMERIC 2,3-BUTANEDIOLS 
I'OUND IN THE PRESENT 1NVESTIC;ATION 

leuo- racenzic 
Isomer ?)zeso- ISamp~eA sample B I ~ a l l ~ p ~ e  c sample A 1 sample 

-- -- 

y . O . O + 6  1 0 . 0 2 8  I 1 0 . 0 4 0  I 1 0 . 0 4 2  
Constant 

Optical rotation , 1 1 1 1 O.oo 
ai5 (1 dm.) -12.75 -12.73 -12.99 -0.005 0.00 

and meso-levo- mixtures (Fig. 1) as well as (6) by extrapolation of a series of 
readings on the pure diastereoisolller a t  temperatures above the melting point 
(Fig. 2). The value of nh5 for meso-diol is therefore 1.4372 f 0.0001. 

Changes in refractive index with temperature have not previously been de- 
termined. Values of n', for the racemic, levo-, and meso-forms over the range, 
from 25' to 50°C. are given in Table 111. These readings are plotted versus 

1.4300 I I I I I I I I r 
0 2 0 4 0 6 0 8 0 1 0 0  

M E S O - 2 , 3  BUTANEDIOL Oh 

FIG. 1. Refractive index as. per cent meso-2,s-btrtanediol i n  meso-lmo-nzi.Ttures (ope76 circles) 
and meso-dl-mixtures (solid circles). 
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L r - I  I I I I I I 1 
2 0 3 0 4 0 5 0 

TEMPERATURE,  OC. 

FIG. 2. The le?r~$erature- refrocllve iz~de.2: relation for rocernic, levo-, and nzeso-2,s-butnnediols. 

temperature in Fig. 2 and show strictly linear relations. Conversion co- 
efficients for the refractive indices of (a)  levo- and racemic forms from 25' to 
40°C. and (b) the meso-isomer from 25" to  50°C. are therefore - 0.0003G and 
-0.00034 respectively per degree Centigrade rise in temperature. 

The specific rotation [=]A5 = - 12.92O, obtained for the first supposedly 
pure sample (A, Table 11) of levo-diol was viewed with suspicion. The experi- 
ence of other investigators indicated that  this value was probably too low 
(see Table I).  Accordingly thc entire procedure of preparation and purifi- 
cation was repeated, with care being taken to prevent metal contamination 
and isoinerization (21). Polarimctric measurement of the second sample 
(B, Table 11) merely served to confirm the value obtained for the specific 
rotation of Sample A. A third sample, prepared with special care front an- 

TABLE I11 

REFRACTIVE INDICES OF ISOhfERS AT VARIOUS TEMPERATURES 

Temp., OC. 1 buo- I rocentic 
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FVATSON ET  AL. : 2,3-BUTANEDIOLS 889 

other fermentation of wheat by B. polymyxa (23) had 72h5 = 1.4310, [a]? = 

- 13. l G O .  In view of the fact that the refractive inclices of these three sanlples 
are almost identical it  seems probable that B. fiolymyxa produces a small 
variable amount of the dextro-isomer and that  the true specific rotation is 
nearer - 13.16" (9). The recent worl; of Garner and.Lucas (5) gives [a]? = 

- 13.17" for the levo-isomer. Although this constant cannot yet be accepted 
as establishecl, any error which may remain in its measurement is too small to 
effect a variation of more than f2Y0 in the results of a physical method for the 
estimation of isonieric ratios. 

0 2 0 4 0 6 0 8 0 100 

LEV0 - 2,3-BUTANEDIOL ,% 
FIG. 3. Rclatiort betzt'eelt oplical rotalion e l ~ d  per cent lcvo-2,s-butanediol in ~neso-lalo-71lixtzires. 

The density of the pure levo-isomer was stated by Clendenning (3) to  be 
r Z j 5  = 0.9873. Repetition of this measurement using Sample A of levo-diol 
exactly confirmed the previous determination as shown in Table 11. More- 
over, the value reported for the clensity of den-tro-diol is almost identical (see 
 able I) ,  so that da5 = 0.9873 was used in calculations of the specific rotation. 

The refractive indices of a series of meso-levo- and meso-dl- mixtures are 
given in Tables IV and V respectively. These values are plotted in Fig. 1 
and show a linear relation between concentration and refractive index a t  25'C. 
The weight per cent of meso-2,3-butanediol in a mixture of stereoisomers 
whose D-line refractive index a t  25.0°C. = x may therefore be calculated 
from the expression, 

The comparatively narrow gap of 0.0062 divisions between the refractive 
indices a t  25°C. of the internally compensated and other isomers makes 
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I<EI:RACI.IVE INDICES OF ~ i z e ~ o - l e ~ ~ o - ~ ~ x ~ r u ~ ~ s  
-. -- --- 

I 
-- 

2 5 No. 1 Lmo, gm. nleso-, gm. IEUO-, 70 ?~zeso-, % I -- I D  

TABLE V 

REFRACTIVE INDICES OF ? J ~ C S O - ~ ~ - X I I X T U R E S  

No. 1 dl-,  gm. meso-, gm. dl-,  % ~ncso- ,  % I - 

accurate determination of the fourth place necessary. Without special pre- 
cautions this may be obtained under ordinary conditions from a series of 
readings with an AbbC refractometer. 

Specific rotation is independent of dilution (Fig. 3). Since errors in polari- 
metry need not exceed =t 0.02', and a range of approximately 13 . O O  occurs 
between the rotations (1 dm.) of optically active and inactive diols, direct 
estimates of the percentage of an  optically active isomer present in a mixture 
in excess of its enantiorner may be made with an error < f 2%. The  optical 
rotations (1 dm.) of a series of levo-dl-mixtures a t  25'C. are shown ~ I I  Table VI. 

TABLE V I  

OPTICAL ROTATIONS (1 DM.) OF Ieuo-dl-MIXTURES 
-- 

No. lmo-, gm. 
2 5  dl-, gm. leoo-, % !-- 1 dl-.% I "0 
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IlJATSON ET AL. : 2,3-BUTANEDIOLS 89 1 

These values are plotted in Fig. 3, ancl show a linear relation bet-ween concen- 
tration ancl optical activity. The weight per cent of either optically active 
isomer in a m i x t ~ ~ r e  whose optical rotation (1 dm.) a t  25OC. = f y may 
therefore be obtained from tlie equation: 

. . = t y  X 100 yo optically actlve Isomer = ------- 
f 13.0  

The percentage of the racewzic mixture is obtainable by difference. 

Tests of the method on mixtures containing all three stereoisoniers, with 
refractive indices nieasurecl in room air, are reported in Table VII.  The  
isomeric co~nposition, calculated from measurements of the refractive inclex 
ancl optical rotation, are within f 3Yo of the known values. 

TABLE VII 

No. 4 5  I I 

ICnown weight 70 of 
iso~llers in mixture 

Weight Ojo of isomcrs calcu 
lated fro111 nE5 and aB5 

The methot1 was applied to  the ~riixecl 2,3-butanediols produced by Aero- 
bacter aerogenes. Walpole (18) originally rcported that this organism formed 
a meso-racenzic nlixture with a snlall positive rotation. Boeselten and Cohen (1) 
also showed tha t  certain samples may contain an unstatecl percentage of the  
rucernic mixture; and Tipson (16) recently reported the presence of D-(1eno)- 
2,3-butanecliol in the mixed 2,3-butanediols from the normal fernie~itatio~i of 
glucose by A .  uerogel~es. Pilot plant samples of 2,3-butanediol, all obtained 
from the fermentation of beet n~olasses by A. aerogerles Strain X/I 148, were 
purified (see experimental section). Karl Fischer determinations on two of 
the purihed salnples showed 0.02% and 0.065% of water respectively. Isonleric 
ratios obtained by tlie physical method were clieclted for one sample by frac- 
tional crystallization of the di-p-nitrobenzoyl esters. Results are shown in 
Table VIII.  The  percentage of racemic diol reportecl by the ester method for 
Sample 2 is known to be too high because of the difficulty of removing fine 
meso-crystals from dl-buttons. The proportion of meso-cliol reported by the 
pllysical methotl varies from 65-87%, of the clextro- isomer from 2 to  IGY,, 
and of the racemic mixture from 0 to  33%. 'CVliether this variation exists in 
the diol produced by tlie organism, or whether it arises during the recovery 
process in the pilot plant has not been cleterniined. 

levo- 

4 1 . 4  
29.8  
30.6 
40.0 
20.7 
50.9 

dl- 

56.8 
49.0 
40.9 
28.0 
37.1 
2.4 
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TABLE VIII 

* 171 excess of the enantio?ner. 

No. 

1 

Experimental 
Preparation of Isomers 

1. D- (levo-)-2,S-Butanediol 

Levo-cliol, produced in the pilot plant from the fermentation of wheat by 
Bacillus polymyxa (23) was refluxed overnight a t  pH 8 with an equal volunle 

a;' 

of reagent benzene, the water removed in a Barrett distilling receiver, and the 
benzene distilled off through a Vigreux column a t  atmospheric pressure. The 
residual diol was distilled i n  vacuo (0.2 to 0 . 5  mm. Hg) a t  pH 8-9, treated 
with activated charcoal (Anachamia H-73), and redistilled without fraction- 
ation under a pressure of 0.2 to 0 . 5  n1111. Hg into a dry receiver that  was sealed 
off under vacuum. The receiver was so designed that the distillate could be 
evaporated without ebullition into a dry test tube, which was sealed off in 
turn. The supposedly pure isomer had nA5 = 1.43095; [a]h5 = - 12.92"; 
and contained 0.04Gyo water. Other samples of levo-diol prepared in the 
salne way had the physical co~lstants and water contents shown in 'Table 11. 

Weight 71 of isomers calcu- 
lated from ni5  and 

-- 
meso- ( dentro-* 1 rncen~ic 

Diol obtained from a pilot plant fermentation of beet rnolasses by Aero- 
bacter aerogenes N.R.C. strain M148, was adjusted to the phenolphthalein end 
point with sodium hydroxide, and distilled through a Vigreux column a t  
about 1 111m. pressure. I'Iixed propionals, prepared from this diol by Neish 
and RiIacDonald's procedure (12), were fractionated through a 100-plate 
Podbelnial; Hyper-Cal column. From 1230 ml. of mixed propionals, 230 nll. 
of pure nzeso-propional (b.p. 134.5"C. ; aD < + 0.005") was obtained. Aleso- 
propional (2-ethyl, 4,s-dimethyl, 1,3-dioxacyclopentane) refluxed with 530 ml. 
of 1 .  65y0 hydrochloric acid for about t\vo hours, was distilled to remove 
propionaldehyde, and the mixture neutralized with sodium hydroxide. Glycerol 

weight yo of isomers from 
di-p-nitrobenzoyl esters (13) 

n~eso- IdZFI-F 

was added as  a still-pot base, propionaldehycle and water were removed by 

distillation, and the diol finally distilled through a semimicro-Todd (17) 
colulnn into a dry receiver. The product had a: = - 0.005: ng = 1.4371. 
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WATSOA' ET AL. :  2 ,3-BUTANEDIOLS 893 

1% second sample of pure meso-diol, prepared from dimethyl ketals (12) by 
a similar procedure, had n g  = 1.4373. 

The two samples of crystalline meso-diol were conlbined and recrystallized 
a t  10°F. from three ancl one-half volumes of isopropyl ether. The crystals 
were finally distilled in vacuo through a scmimicro-Todd colunln (17) int-o a dry 
receiver. The final product had aL5 = 0.00 0.003; ?zL5 = 1.43719; water 
content = 0.042% (Karl Fischer) ; m.p. = 34.5"C. (24). 

3. Racemic 2,s-Bz~tanediol 

Pure racemic diol was prepared by hydrolysis of the dl-propional. Samples 
of the propional, obtained during fractionation of the mixed propionals from 
Aerobacter diol, were mixed and refractionated through the Podbelnialr colu~lln 
to a;6.5 = + 4.05; nh5 = 1.4010. Levo-propional (aD = - 14.0) was added 
until the optical rotation of the mixture was 0.00 in a 2 dm. tube. Pro- 
pionaldehyde was removed continually by fractioilal distillation during the 
hydrolysis. The final clistillate had a~ = + 0.23  (2 dm.). Pure levo-diol 
was added until the mixture became optically inactive (a? = 0.00). The 
diol was finally redistilled and stored as previous1 y described (aD = - 0.005" 
& 0.003" (1 dm.) ; ng5 = 1.43109; water content = 0.040 f 0.006%. 

Measurement of Physical Constants 

The pure isomers were stored in glass tubes sealed from distillation receivers 
in vnczlo. The tubes were opened, and transfers to polarimeter tubes and 
precision pycnonleters (25) were made in a specially constructed air-tight box- 
desiccator co~ltai~ling Anhydrone and fitted with a Plexiglass window and 
neoprene gloves. A current of dry air was passed over the prisms of the 
Phoenix precision relracton~eter while refractive indices were being measured. 

Purijication of Aerobacter Diols and Estimation of Isomers 

Five samples of diol from the pilot plant ferinentation of beet  nol lasses by 
A. aerogenes were prepared as follows: 2,3-butanediol (50 ml.), reagent benzene 
(50 ml.), and several glass beads were placed in a 250 ml. 1-ound-bottom flaslr 
fitted with a Barrett distilling receiver and reflux condenser. The mixtures 
were refluxed overnight to remove water. Benzene was largely removed by 
distillation a t  atmospheric pressure through an 18 in. Vigreux column. The 
pH of the diol was maintained a t  8.5-9.0 during subsequent distillation 
(without fractiollation) a t  1-5 mm. pressure, and the distillate collected in a 
dry receiver. Karl Fischer determinations on two sa~nples prepared in this 
way showed 0.065% and 0.020% of water respectively. Refractive indices 
a t  25°C. were measured in room air with an AbbC refractometer, and optical 
rotations were determined with a Hilger polarimeter. 
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