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ABSTRACT 

Enantiomcr sop;irutions oFsccondnry alkanols with little asymmetry, CH,(CH,),CHOH(CH,), ,CH,. as their 3SjSinitrophcnyl- 
urcthuno (35DNPU) dcrivutivcs wcrc carried out by high-pcrformancc liquid chromatography (H%LC) using a chiral column Sumi- 
chiral OA-4100 containing N-( R)-i-(r-nuphthyl)cthylrtmin~ur~nyl-(S?-valinc chemically bonded to silanizcd silica. Enantiomcr scp 
arcttions(r = 1.06-1.07, R, = I .31-l .43) of 2-butanol. 3-hexunol and 4-octanoi were obtained by HPLC at low tcmpcraturc ( - 10 to 
- 40°C). Enantiomcr scpatation of S-dccanol (r = I XC, R,, = 0.88) was ootaincd by HPLC at - 20°C after four rccycfings. Enantiomcr 
separations (x = 1.07-1.10, R, = 1.05-1.18) of 2.butanol and 3-hcxanol wcrc obtain&d as 3.5DNPU dcrivativcs by HPLC using a 
YMC A-K03 chital column containing (RI-l-( 1 -nnphthyl~~!hylumine polymer chemically bonded to spherical silica al ambient temper- 

aturc. 

INTRODUCTlON 

Enantiomer separations of secondary atcohols 
are important in analyses of physioiogically active 
materials such as aromas, insect pheromones and 
products from some enzyme reactions, as described 
in a review [l]. 

Diastereomeric (S)-( -t- )-Zphenylpropionate de- 
rivatives of secondary alcohols have been separated 
by gas-liquid chromatography with 5% QF-1 on 
Gas-Chrom Q. There was no separation of 2-buta- 
no1 and 4-octanol. and onIy a very slight separation 
for the 3-hexanol derivative [2]. As these alcohols of 
even carbon number have carbinol substituents that 
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dither by only one carbon, they are referred to as 
secondary alkanols with Iittle asymmetry (i) in this 
paper. The general structure of I is 

I 
This paper presents an HPLC method on a chiral 

stationary phase for complete separations of 1 with 
carbon numbers 4.6 and 8, and a fair separation of 
I of carbon number 10. 

EXPERIMENTAL 

Samples and reagents 
Racemic 2-butanol, 3-hexanol, 4-octanol, S-deca- 

nol and (S)-( +)-2-butanol (purities > 99%). 2- 
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and 4-dccanol (purities > 98%) and 3-decanol (PU- 
rity > 95%) were obtained from Tokyo Kasei (TO- 
kyo, Japan). 3,5-Dinitrophcnyl isocyanate reagent 
and a Sumichiral OA-4100 chiral column were ob- 
tained from Sumika Chemical Analysis (Osaka. Ja- 
pan). Dehydration of pyridine was carried out with 
calcium hydride (Tokyo Kasei), Pyridine (500 ml) 
was p~lirni~~ly dehydrated over molecular sieve 
4A (50 g) overnight. Pyridine separated by dccanta- 
tion was refluxed with calcium hydride (2 g) for 5 h 
and then distilled. Tolucne was dehydrated on sodi- 
um wire. 

HPLC 
The 3,5_dinitrophenylurethanc (3,5-DNPU) dc- 

rivatives of the secondary alkanols were prepared 
on the basis of the procedures described for the dc- 
rivatization of several aromatic and aliphatic chiral 
aicohols [3]. About 2 mg of 3,5-dinitrophcnyl iso- 
cyanatc was reacted with about 1 mg of the alkanol 
in dry toluenc (4 ml) in the presence of dry pyridine 
(40 pl) for 1 h. 

HPLC separations-were carried out with a Shi- 
madzu (Kyoto, Japan) LCXA instrument equipped 
with a chiral column. Two columns, Sumichiral 
OA-4100 (stainless steel, 50 cm x 4 mm I.D.) 
packed with 5-pm particles of N-(R)-I-[rx-naphthyl) 
ethylaminocarbonyl-(S)-valine chemically bonded 
to ;,-aminopropylsilanizcd silica, and YMC A-K03 
(stainless steel, 25 cm x 4.6 mm I.D.) packed with 
S-pm particles of (R)- I-( l-naphthyl)ethylamine 
polymer phase covalently bonded to 300 A wide- 
pore spherical silica, wcrc used as chirdl stationary 
phase columns. n-Hexane-1,2-dichloroethane-cth- 
anol(80:20: 1, v/v/v) was used as the mobile phase at 
a constant flow-rate (0.5 ml/min). Peaks were mon- 
itored with a Shimadzu SPD-1 UV detector at 254 
nm. A Hitachi (Tokyo, Japan) 638-0805 recycle 
valve was used for recycling. The column was 
dipped into an ethanol bath, which was kept at a 
specified low tcmpcrature to within about ! .O”C by 
an immersion cooler with an cxclusivc controller. 

RESULTS AND DISCUSSION 

Enantiomcr separations of racemates of I-buta- 
nol, 3-hcxanot, 4-octanol and 5-dccanol wcrc car- 

ries out as their 3,5-DNPUs by HPLC on Staqichi- 
raf OA-4100. At room temtwature. each raccmatc _ _ __._-. - _.__.. _-_-- nol. - 30°C; (C) 4-octanol, - 20°C: (D) 5-d~anol. - 20°C’. 
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of 3-hexanol and 4-octanol was partially resolved 
into enantiomers, but 2-butanol and Z-decanol did 
not show any separation. In previous studies [4,5], 
we observed that mono- and diacylglycerols were 
better resolved into enantiomers at low tempcr- 
aturc. The chiral phase HPLC of the alkanols was 
also carried out at low temperature, The results are 
shown in Fig. 1 and Table I (A}. 

At - 20 to - 40°C. clear enantiomer separations 
were obtained for 2-butanol, 3-hcxanol and L-l-o&t- 
nol, but the separation of 5-decdnol enantiomers 
was poor, The separation of 5-dccanol enantiomers 
was much improved by recycling, as shown in Fig. 2 
and Table I (B). Enantiomer separations of second- 
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Fig. 1. Enantiomcr separation of raccmic secondary :.tlkanols as 
35DNPU derivatives on an OA-4100 ehiral column ;II low tcm- 
pcraturc. Mobile phi$sC, w-hcxanc-l.Zdichiorocthonc ethanol 
(XO:tO: 1. v/v/v); flow-rate, 0.5 mlimin: detection at 254 nnt. Sam- 
plcsand column tcmporaturo: (A) 2-butanol. -40°C; (B) 3 hcxa- 



TABLE 1 

ENANTIOMER SEPARATIONS OF CWIRAL SECONDARY ALKANOLS BY HPLC ON CHiRAL COLUMNS 
e.-.-__ --- l_-lll_-_-_ _- __~_ ______--~-- 

C&mnr Ahltd Ciinfigurutim C&uwt tcmperiItur62 (‘C) I<’ h 

&I, 
xi’ R:’ 

--- 

(A) OA-4100 l-Bulunol S - 41) 63.47 1.06 1.43 
R 67.53 

J-i-kXitlX31 s - 30 37.X? I ‘07 I.39 
R 39.85 

J-O~taIKll S -20 32.82 I .M 1.31 
R 34.66 

S-DtXXnOl s - 20 38.40 1 SE 0.34 
R 30.3s 

(B) on-4100 S-DW;uWl” S - 10 2 1 X.X8 I .It,’ 0.X8 
R ‘3171 . . . . 

(C) A-K03 I!-Butunoi S 26 41.52 I .a7 1 .os 
R 44.37 

3.iiCX~IIlOl S 16 25.43 1.10 I .2x 
R 27.86 

%octaI~ol .G 16 IX.25 1 AM 0.4% 
R i9.02 

5-Ik.ilIlOl RS 16 14.74 Not supmted 
---- ___ __..______-.._.__.___ .-- -.-... 

’ At t’ourth rwyclc. 
h Retention valumc. 
’ Scparatiun I’ilCtc3r. 

’ Peak resolution. 

itry dccanol isomers as 3.5DNPUs on CIA-4100 at 
room tcmpcraturc arc shown in Table II (A). The 
separation of S-dccanol was very difficult in com- 
parison with those of 2-, 3- and 4-decanols. In gen- 
cral, enantiomcr separations of the secondary deca- 
nols decreased in the order of 2-, 3-, 4- and S-iso- 
mers, i.e., with decreasing asymmetry of the mole- 
cule. Enantiomcr scpararution of S-dccanol was 

s R 

lirst achiovcd using an OPI-4100 ccllumn aticr scwr- 

al rccyclcs at low tcmpcrature, This difhculty is at- 
tributablc to the low asymmetry of 5-decanol. 
The configurations of peak components were as- 
signed on the basis of the results obtained with co- 
injection of (S)-2-butanol and raccmic 2-butanol. 
The (S)-Zbutanot peak emerged earlier than the 
(R)-2-butanol peak, This indicates that the reten- 
tion time of the .S enantiomer is shorter than that of 
the R isomer in the HPLC ofthe secondary alkanols 
with little asymmetry on the chiral phase under the 
conditions used in this study. 

The secondary alkanols were also separated as 
3.5DNPUs by HPLC on a YMC A-K03 chiral col- 
timn at ambient temperature [Tables 1 (C) and II 
(B)]. In this instance, the cnantiomers of Sbutanol. 
3-hexanol and 2-, 3- and 4-dccanol wcrc resolved 
even at room temperature. whcrcas 4-octanol 
cnantiomers wet-c partially rcsolvcd. and 5-dccanol 
was not rcsolvcd at all. As individual peaks ob- 
tained on the YMC A-K03 column were broad with 
peak tailing, recycling and low-temperature tech- 
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TABLE 11 

ENANTfDMER SEPARATION OF SECONDARY DECANOLS BY HPLC ON CHIRAL COLUMNS AT ROOM TEMPER- 
ATUREO -_ 

Column Alcohol Configuration 

(A) OA-4100 2-Dccanol S 19.73 I+ 2.23 
R 21.40 

3-Dccanol S 17.73 .!: 3 2.32 
R 19.39 

4-Dccanol is 17.64 I .Oh 1.31 
R 18.58 

S-Dccanol RS 21.82 Not separated 

(B) A-K03 ZDcca no1 S 17.40 1.24 3.37 
R 21.61 

3-Dccanol s 16.46 1.15 2.17 
R 18.96 

4-Dccanol s 15.48 1 .os 0.72 
R 16.31 

S-Dccanol RS 14.74 Not separated 
-_-___-.-_ _*._--_^-- -. --_----lr__. I.---.--.--^.-..-, .--.. -_..-.- . . . . --_-~ _ _-- 

* Rwn temperature * 26°C. 
’ Rctcntion volume. 
c Separation factor. 
’ Peak resolution. 

niqucs could not be applied for separation on the 
A-K03 column. The YMC A-K03 column is useful 
for cnantiomer separations of 2-butanol and 3-hex- 
an01 at room temperature. 

In Fig. IA-C, the peak-area ratios of the S to the 
R enantiomer are 0.98-0.99. This shows that the 
methods in this paper can be applied to the deterrni- 
nation of enantiomer ratios and examination of the 
optical purity of secundary alkanols. The peak-area 
ratios of the S to the R enantiomcrs in Fig. 2 are 
0.86-0.90. The smaller peak area for the S 
enantiomer seems to be caused by counting the tail- 
ing part of the S enantiomer peak as part of the R 
cnantiomer peak. In this case, the enantiomer ratios 
are approximately determined by tlla HPLC meth- 
od. 

To achieve the separation of 5-decanol enantio- 

mers on OA-4100. as shown in this study, an ex- 
tremely long elution time was required in compari- 
son with the enantiomcr separations of the othor 
secondary alkanols. The method presented here 
must be improved for complete separation of s-de- 
canal in a shorter time, and for separations of high- 
er homotogues of the secondary atkanols with little 
asymmetry. 
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