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A B S T R A C T  

hlixtures o f  cis- and trans-p-menthan-8-01 were prepared b y  hydrogenation o f  a-terpineol 
over platinum or palladium catalysts and the  isomer ratios obtained were determined b y  
gas-liquid chromatography. T h e  dehydration o f  a 1:1 mixture, as well as o f  the  pure stereo- 
isomers, was studied with a number o f  reagents. Aqueous oxalic and acetic acids, fused 
potassium hydrogen sulphate, anhydrous oxalic, silicic, and boric acids, and "Florisil" 
promoted the  typical acid-catalyzed dehydration, wi th  p-menth-4(8)-ene and smaller amounts 
o f  isomeric p-menth-8-enes as t he  primary products, and p-tnenth-3-ene t he  final product 
owing t o  isomerization. IVith anhydrous silicic acid t he  latter was obtained in better than 
807, yield. it i th non-acidic alumina, or thionyl chloride in excess pyridine, the  main product 
was p-menth-8-ene (up t o  907,) ; no isomerization t o  p-menth-3-ene was obtained. T h e  possible 

- reaction mechanisms are discussed. 

INTRODUCTION 

Dehydration of suitable terpene alcohols provides a simple means for sj-nthesizing 
unsaturated terpenes required as reference compounds in gas-liquid chromatography 
(GLC). I11 Part I1 of this series (I) the analysis of the mixture of p-menthadienes and 
oxides obtained in the acid-catalyzed dehydration- of a-terpineol (p-menth-1-ene-8-01) 
was described. More recently ( 2 ) ,  the author h a s  reported results obtained in the de- 
hydration of a number of terpene alcohols, including a-terpineol and 9-menthan-8-01 
(dihydro-a-terpineol), with a simple non-acidic reagent, viz., base-modified alumina. The 
dehydration of 9-menthan-8-01 by acidic and lion-acidic dehydrating agents has now 
been studied in detail and optimum conditions for the preparation of p-menth-3-, -4(8)-, 
and -8-ene by this means have been determined. Since cis or trans elimination of the 
ele~nents of water can proceed equally well with p-tnenthan-8-01, it was hoped that  such a 
study would also provide data on the relative ease of the formation of exocyclic double 
bonds in cyclohexane derivatives. 

In 1910, Bkhal (3) hydrogenated a-terpineol over nickel catalyst by the Sabatier- 
Senderson method and obtained what was then thought to be cis-p-menthan-8-01. 
Shortly afterwards Wallach (4) obtained the solid trans isomer (n1.p. 35' C) using colloidal 
palladium catalyst. Both authors reported that  dehydration with acetic acid containing 
sulphuric acid gave p-menth-4(8)-ene. Perkin and Pickles ( 5 )  dehydrated p-menthan-8-01 

'For Part VI ,  see Phytochenzistry, 1968 ( i n  press). 
2Presented at the 46th Annual Conference ofthe Chelnical Institute of Canada, Edwzonton, &fay 27-31, 1962. 
31ssued as N.R.C. No. 7068. 

Canadian Journal of Chemistry. TTolume 41 (1963) 
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(m.p. 35' C) with fused potassium hydrogen sulphate and reported the isolation of p- 
menth-8-ene. However, Kotz and Busch (6) obtained 87% of theory of p-menth-3-ene 
when this reaction was carried out in a copper autoclave a t  200' C for 24 hours. Zeitschel 
and Schmidt (7) isolated trans-p-menthan-8-01 from American pine oil and claim to have 
obtained the pure cis and trans isomers by fractional distillation. However, their cis 
isomer was a liquid and gave a phenylurethane, m.p. 90-92' C. Keats (8), on the other 
hand, obtained solid cis-p-menthan-8-01, m.p. 25' C (phenylurethane n1.p. 114' C), and 
attempted to correlate the stereochemistry of both isomers b17 conversion, via the chloride, 
to  cis- and trans-p-menth-8-ene. The above discrepancies were resolved w11e11 in 1960 
Eastman and Quinn (9) succeeded in obtaining both isomeric alcohols pure (n1.p. 35' and 
47' C) by fractional distillation through a highly efficient distillation column, and showed 
that  both the pure isomers gave phenylurethanes of m.p. 115-117' C, whereas mixture of 
these gave phenj-lurethanes of m.p. 91-97' C. In this study small aliquots of a-terpineol were 
hydrogenated over either platinum oxide or palladium-on-charcoal and the total product 
was analyzed by GLC to determine the yield of hydrogellation products and the isomer 
ratio. The most favorable conditions were then used for preparing a 1:l mixture of cis- 
and trans-p-menthan-8-01 and smaller amounts of the pure isomers. These were then 
used in the dehydration studies. 

EXPERIMENTAL 

The gas chromatographic equipment and techniques have been described previously (1, 2, 10). All columns 
were made up with the stationary phase on Chroinosorb W (60-80 mesh) in the weight ratio of 1:6. Retention 
times were measured from the time of injection to the initial emergence of the peaks (1, 10). The percentage 
compositions of terpene mixtures were determined by measuring the area under the curves (triangulation 
method), the error being i l  to i 5 %  depending on peak size (see also ref. 11) and degree of separation. 
Terpene hydrocarbons were analyzed a t  65' C (2 mX0.6 mm O.D. columns) or 80' C (4-in columns), 
and the p-menthan-8-01 isomers and unreacted a-terpineol a t  100-110' C. The retention tiines of p-menthenes, 
p-cymene, a-terpineol, and the p-menthan-8-01s have been described previously (1, 2, 10, 12). The relative 
rentention times (RRT) of trans- and cis-p-menthane with respect to limonene (= 1.00) mere 0.29 and 0.355 
on the adipate polyester colun~n (at  65' C) and 0.30 and 0.35 on the polyethylene glycol 1540 coluinn (at 
65' C) respectively. Good separation of the hydrocarbons Tvas also obtained on an ethylene glycol bis- 
(propionitrile) e ther  column. With this column p-menth-3-ene and cainphene were completely separated 
( R R T  0.33 and 0.42 respectively). Recently, Wilcox et al. (13) have shown that  in the dehydration of 
a-terpineol with ethanolic sulphuric acid peak 1 was in fact p-menth-3-ene, and not campheile as previously 
reported (1). This was confirtned by means of this column. 

Individual components were isolated by injecting 10- to 50-p1 amounts onto the analytical columns and 
collecting individual peaks, or center cuts thereof, in glass traps which were cooled in an  acetone - solid 
carbon dioxide bath. In  preparative runs the detector current was reduced from 250 ma to 100 ma to prevent 
thermal decomposition (14). The identity of individual components was determined by comparison of 
infrared spectra and retention data with those of authentic samples. No isomerization of the p-menthenes 
during GLC analysis was encountered. The infrared spectra obtained for p-menth-8-, -4(8)-, and -3-ene 
agreed with those reported by Frank and Berry (15) in all respects. Infrared spectra were recorded as liquid 
films between sodium chloride plates on a Perkin-Elmer Model 21 double-beam spectrophotometer. 

Hydrogenation of a-Terpineol 
Commercial a-terpineol (Fisher Scientific Co.), having noZ0 1.4829, [ a ] ~ ~ ~  +15.1°, was used in all experi- 

ments. Small-scale hydrogenation was carried out in a micro hydrogenation apparatus, a-terpineol (10 mg) 
in solvent (0.5 ml) being reduced in the presence of reduced catalyst (1-5 mg) a t  room temperature. With 
platinum oxide (Adam's) catalyst and either methanol or methanol - acetic acid (4:1, v/v) as solvent, the 
product was found to contain 50-52% trans-, 46-48% cis-p-menthan-8-01, and 2% unreacted a-terpineol. 
Using palladium-on-charcoal catalyst and methanol, the uptake of hydrogen was slower and the product 
after 48 hours contained 50% unreacted a-terpineol, 35% trans-, and 15% cis-p-menthan-8-01. The rate of 
hydrogenation could be increased by carrying out the reaction a t  50-60' C or by adding acetic acid to the 
solvent, but  the product after 48 hours still contained 25% and 10% unreacted a-terpineol respectively. 
Repeated preparative runs (10-mg scale) on the polyester or polyethylene glycol GLC column gave pure 
cis- and trans-p-metlthan-8-01 in small amounts. Both crystallized on keeping a t  0-2OC, m.p. 33-34' and 
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YON RUDLOFF: GLC OF TERPENES 3 

42-44" C respective15 (lit. m.p. 34.5-35" and 46.7-47" C respectively (9)). No significant optical rotation 
was recorded. 

a-Terpi~leol (50 g) was added to  reduced platinum oxide catalyst (1 g, commercial) in methanol (80 ml) 
and acetic acid (20 ml). Hydrogenation was continued for 4 days, when the uptake of hydrogen ceased. 
The mixture n a s  filtered, ether (200 ml) and water (200 ml) were added, and the ether layer was washed 
repeatedly with a saturated aqueous sodium bicarbonate solution to remove the acetic acid. The neutral 
ethereal solution was washed with water and the ether was evaporated. The residue (50 g) was shaken 
with pol~dered potassium permanganate to remove unreacted a-terpineol. The product was taken up in 
ether (100 ml), washed with water, and dried over anhydrous sodium sulphate. After evaporation of the 
ether, the residue (49 g) was distilled a t  90 mm pressure to give pure p-menthan-8-01 with a ratio of trans 
to cis isomer of 51:49 (GLC analysis); nnZs 1.4640. The derived phenylurethane had m.p. 90-96' C (lit. - - 
91-91" C (9)). 

In another experiment, a-terpineol (100 g) \vas similarly hydrogenated over reduced palladium-on-charcoal 
(5 g, 5y0 commercial). The product (98 g) after neutralization, washing, drying, and removal of solvents 
was fractionally distilled through a spinning band column (Podbielniak, 8 m m X l  m) a t  50 mm pressure 
and a high reflux ratio. The fraction b.p. 116-118' C (32 g) was redistilled under the same conditions to  give 
practically pure (98%, GLC) trans-p-menthan-8-01 (15 g), m.p. 34-35' C, 1.4622. The derived phenyl- 
urethane had m.p. 115-117' C after recrystallization from petrol (b.p. 60-70" C) (lit. m.p. 117" C (9)). 
Found: C, 73.93; H, 9.06; Y, 5.16%. Calculated for CI,HBLO?N: C, 74.14; H, 9.15; N, 5.09%. By repeated 
fractional distillation of fractions which contained a high percentage of the cis isomer, the latter was obtained 
97% pure (GLC), m.p. 24-28" C, n~~~ 1.4658, phenylurethane m.p. 114-116' C (lit. 116" C (9)). 

(1) Aqueous Reagents 
p-hlenthan-8-01 (1.00 g), oxalic acid dihydrate (3 g), and water (6 ml) were heated under reflux for the 

desired length of time. The mixture was then steam-distilled for 0.5 hours and the product mas extracted 
with ether ( 2 x 5  ml). The ethereal solution was washed with aqueous bicarbonate solution (1 ml), water 
( 2 x 1  ml), and was dried over anhydrous sodium sulphate. The filtered solution was evaporated to  dryness 
on a steam bath in a flask having a long neck (1). The residue mas weighed and analyzed by GLC for the 
content of hydrocarbons and unreacted starting material. The results obtained are shown in Table I. In 
the "0" hour experiment the mixture was steam-distilled a t  once. 

TABLE I 
Dehydration of p-menthan-8-01 with aqueous oxalic acid 

Reaction Yield 
tlme 
(hr) g %* trans cis trans-8 cis-8 4(8) 3 

(a) trans- + cis-p-LIenthan-8-c 

:? 
0 .96  18 
0 .89  74 

( b )  trans-p-lIentha11-8-01 (98y0) 
o t  0.98 6 93 3 2 - 2 - 
1 0.86 70 25 - 18 25 31 - 

*Percentage yield of hydrocarbons based on theory. 
tDirect steam distillation. 

In experiments with aqueous acetic acid (50%, v/v) the alcohol (1.0 g) was mixed with the reagent (5.0 ml) 
and treated as abox-e. The results obtained are shown in Fig. 1. 
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TIME, hours  

FIG. 1. Dehydration of p-menthan-8-01 (Sly0 t ~ a n s ,  497, cis) with 50% aqueous acetic acid. 

(2)  Solid Reagents 
p-Menthan-8-01 (1.0 g) and the solid reagent (2.0 g) were heated under reflux (210-215" C) for 1 hour. 

The mixture was steam-distilled and the product isolated and analyzed as above. The results obtained 
with anhydrous oxalic acid, fused potassium hydrogen sulphate, boric acid, silicic acid, "Florisil" (Floridin 
Co., LVarren, Pa., U.S.A.), sodium sulphate, pyridine-modified alumina (2), and almost neutral alumina 
(M. \Toelm, Eschwege, Germany, activity grade I) are shown in Table 11. Because of the low yield of 

TABLE I1 
Dehydration of p-menthan-8-01 with solid reagents 

Reaction Yield Unreacted (7c) p-Menthenes (7,) 
time -- 
(hr) g yo* trans cis trans-8 cis-8 4(8) 3 

(a) Acidic reagents 
\ ,  

Anhvdrous uoxalic- acid 1 0 .76  89 1 0- 19 0 24 56 . . - -J  - - - 
Anhydrous oxalic acidt 1 0 75 88 0 - 12 0 16 72 
Fused KHSO4 1 0 65 75 0 0 20 4 34 42 
Boric acid 1 0 64 71 1 5  0 5  28 15 34 21 
Anhydrous SiO2 1 0 73 85 0 0 5 1 1 1  83 
Anhvd~  ous SiOq 3 0 57 65 0 0 6 1 12 81 
Florkil 
Florisil 
Florisil 

(b) Non-acidic reagents 
A12O3 + 27, pyridine 1 0 .87  98 1 0 47 44 8 0 
A1.0. (Woelmi 1 0 . 8 1  93 1 0 47 40 12 0 

, . . -.----, , 
Anhydrous Na2S04 1 0 .99  5 49 46 2 2 1 0  
Anhydrous Na2S04 (X5)  3 0 .96  26 42 32 12 9 4 1  
ISOCla-~vridine 7 10 min 0 .81  92 0 0 42 33 25 01 

*Percentage yield of hydrocarbons based on theory. 
?Reaction with trans-p-menthan-8-01 (9870). 
iIncludina 5% trans-. 1% cis-p-menthane, and 2% cymene. 
S~ncluding 19% trans-, 9% cis-$-menthane. and 3% p-cymene. 

ncluding 24% ttrans-, 15% cis-p-menthane, and 5% 9-cymene. 
solution a t  room temperature. 

dehydration products in the reaction with anhydrous sodium sulphate the reaction was also carried out 
with five times the amount of reagent. \X'ith "Florisil" and alumina the reaction was also carried out for 
3 and 5 hours, with heating under reflux, to determine the degree of isomerization and hydrogen transfer. 

(3) Dehydration with Thionyl Chloride - Pyridine Reagent (16) 
The alcohol (1.00 g) was dissolved in dry pyridine (40 ml) and the solution was cooled to about 5" C. 

Thionyl chloride (5.0 g) was added dropwise with shaking during 10 minutes. After standing 5 minutes, 
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v0.v RUDLOFF: GLC O F  TERPENES 5 

sodium carbonate (3 g) in water (15 ml) was added slowly. The mixture was extracted thrice with ether 
and the ether layer was washed with saturated tartaric acid solution until all pyridine had been removed. 
After washing with water the ethereal solution was worked up and analyzed as above (see Table 11). 

RESULTS AND DISCUSSION 

The results obtained in the hydrogenation experiments show that  with platinum 
catalyst a t  atmospheric pressure a-terpineol is reduced to  an approximately 1 : l  mixture 
of cis- and trans-menthan-8-01. With palladium catalyst this ratio changes to about 7:2 
in favor of the more stable trans isomer. These findings are in accord with those reported 
for substituted cyclohexenes by Siegel and Smith (17) and also by Sauvage et al. (18). 
Eastman and Quinn (9) report a higher yield of the trans isomer using platinum catalyst, 
but these authors employed high pressures. Siegel and Smith have shown that  the ratio 
of isomers formed is a function of pressure, as well as of catalyst. The quantitative 
separation of the two isonlers was readily achieved on a milligram scale by GLC on 2-m 
polyester or polyethylene glycol columns. For larger quantities the less efficient separation 
by fractional distillation (see ref. 9) was used. However, once preparative GLC in gram 
amounts has been achieved with the same degree of efficiency as analytical GLC, the 
preparation and characterization of pure stereoisomeric terpene alcohols of this type 
should present no more difficulty. Preliminary results in this laboratory indicate that  
repeated small-scale runs on analytical columns offer a more promising means of achieving 
this than the use of larger diameter colurnlls (I- to 5-cm diameter) and larger samples 
(0.1-2 g). 

The  results of the dehydration of p-menthan-8-01 with either aqueous oxalic or acetic 
acid were similar to  those obtained previously with a-terpineol ( I ) ,  except that with this 
fully saturated alcohol no side reactions, such as oxide formation, occurred. With aqueous 
oxalic acid the dehydration was complete in about 3 hours' reaction time, 9-menth-4(8)- 
and -3-ene being the major reaction products and the isomeric 9-menth-8-enes the minor 
ones (see Table Ia). As expected, more trans-p-menth-8-ene than the cis isomer was 
formed throughout the reaction. When the reaction was carried out with pure trans-p- 
menthan-8-01 (Table Ib), no cis-p-menth-8-ene was detected, showing that  no ison~eriza- 
tion from trans to cis isomers occurred during dehydration. Similarly, no isomerization 
from cis to trans isomer was detected (Table Ic). With increased reaction time the overall 
yield of terpenes remained almost constant, but  the yield of p-menth-3-ene increased a t  
the expense of the other isomers. This is in accord with the findings of Frank and Berry 
(l5),  who studied the isomerization of p-menth-8-ene. When a mixture of trans- and 
cis-9-menth-8-ene (88%) and p-menth-4(8)-ene was heated with excess aqueous oxalic 
acid isomerization to 9-menth-3-ene proceeded somewhat faster than in the dehydration 
reaction. 

With 50y0 aqueous acetic acid as  dehydrating agent, the reaction not only proceeded 
very much slower (see Fig. 1) but  isomerization was very much reduced. This resulted 
in an increased yield of 9-menth-4(8)-ene, e.g. almost 60% in the reaction with cis-p- 
menthan-8-01. Also, the greater stability of the trans isomers is clearly evident from the 
slower rate of dehydration of trans-9-menthan-8-01 and the higher yield of trans-p-menth- 
8-ene. Both Bkhal (3) and Wallach (4) reported that  dehydration of p-menthan-8-01 with 
acetic acid containing sulphuric acid gives 9-menth-4(8)-ene. In the present study, when 
the alcohol was heated under reflux with glacial acetic acid containing 5% sulphuric acid 
for 1 hour, the yield of steam-volatile products was low (60%) and polymerization 
extensive. Since 9-menth-3-ene was the major hydrocarbon formed (59%) and the 4(8)- 
isomer was obtained in minor amounts only (6%), this reaction was not investigated 
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further. With glacial acetic acid alone the reaction proceeded very slowly (about SOY0 
dehydration in 12 hours) and the product obtained was similar to that  formed in the 
reaction with aqueous acetic acid. 

The  results obtained with the aqueous acidic reagents can be readily explained by 
assuming that  the dehydration proceeds via carbonium-ion intermediates (El elimination). 
Protonation of p-menthan-8-01 (I) and subsequent loss of the elements of water would 
lead to carbonium ion 11. Loss of a proton can then result in the formation of either 
p-menth-8-ene (111) or the 4(8)-isomer (IV). Rearrangement of the carbonium ion I1 
to  one with the charge a t  carbon 4 (V) followed by loss of a proton could then result in 
the formation of either 9-menth-3-ene (VI) or -4(8)-ene (IV). Since these steps are rever- 
sible, reprotonation of 111, IV, and VI may be assumed to  take place. This would account 
for the isomerization of 9-menth-8- and -4(8)-ene to 9-menth-3-ene. Thus, in the initial 
steps formation of an exocyclic double bond is the preferred reaction route, and only in 
the subsequent isomerization is the more stable p-menth-3-ene formed. This is clearly 
borne out in the experilllents with 50% aqueous acetic acid, where the acid strength has 
been reduced to such an extent that  isomerization proceeds only very slon-ly (see Fig. I). 

With solid anhydrous acids the reaction proceeds similarly (see Table IIa) but much 
faster (especially isomerization), presumably due to  the higher temperature of reaction. 
Fused potassium hydrogen sulphate gave a mixture of hydrocarboils very similar to that  
obtained with aqueous oxalic acid, confirming in part the findings of Kotz and Busch (6). 
Semmler and Ri~npel (19) have pointed out that  this reagent does not give a single product. 
With boric acid the relative yield of 9-menth-3-ene was much lower and that  of the 
9-menth-8-enes considerably higher, as would be expected for a weak acid. Anhydrous 
oxalic acid, "Florisil" (a commercial silica containing about 15% MgO, see also ref. 20), 
and especially anhydrous silica gave high yields of p-menth-3-ene. Increased reaction 
times did not increase the relative yields of this isomer, but caused overall losses due to 
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v o ~  RUDLOFF: GLC OF TERPENES 7 

resinification. With "Florisil" a new side reaction occurred, trans- and cis-p-menthane 
and p-cymene being formed in increasing amounts with increasing reaction times. Thus, 
this reagent not only catalyzes dehydration but causes hydrogel1 transfer between the 
n~onoolefins to  give the saturated and aromatic analoges. p-XIenthadienes were not 
found in the reaction product. Recently, Wilcox et al. (13) have shown that  dehydration 
of a-terpineol with ethanolic sulphuric acid gave, amongst others, p-menth-3-ene, and 
not carnphene as previously reported (1) (see also Experimental). The formation of 
p-menth-3-ene in conjunction with p-cymene shows that  hydrogen transfer can take 
place readily with acidic reagents. 

With the non-acidic reagents the ratio of p-menthene isoillers obtained is significantly 
different (see Table IIb). These reagents give 9-menth-8-ene as the main reaction product, 
s~llaller amounts of the 4(8)-isomer, but no p-menth-3-ene. Thus this dehydration pro- 
ceeds in an anti-Saytzeff (Hofmann) orientation and without isomerization of the resulting 
olefins. The reaction is similar to  the homogeneous eliinination with thionl-1 chloride in 
excess pyridine (see Table IIb) and forms an excellent compleme~lt to the acid-catalyzed 
dehydration. 

Since pyridine-modified alumina dehydrates 1-menthol mainly to  p-menth-2-ene (trans) 
and less p-menth-3-ene (2), the reaction does not involve pyrolytic cis eliinination of the 
elements of water (21). Pines and co-workers (22, 23) have proposed for the gas-phase 
dehydration of alcohols with ammonia-modified alumina a concerted inechailism involving 
both acidic and basic sites. These authors suggest that  isornerization is suppressed by 
neutralization of the strong acid sites by the weak base. Beranek et al. (24) have shown 
that in gas-phase dehydrations over pyridine-modified alumina the active centers respon- 
sible for dehydration differ from those causing isornerization of olefiilic double bonds. 
Since in the present study the dehydration with base-modified alumina was carried out 
a t  the boiling point of the alcohol, it is possible that the reaction proceeds by the same 
mechanism as in gas-phase dehydration. However, even though it seems probable that  
a concerted Ea eliinination takes place, this in itself does not account for an anti-Saytzeff 
oriented loss of the eleinents of water. Anti-Saytzeff orientation in E2 eliminations is 
thought by Hughes and Ingold (25, 26) to  be due to inductive control. Brown et al. 
(27, 28), on the other hand, propose that  steric influences are the deciding factors in 
determining the direction of elimination. However, these authors have based their 
proposals on elimination reactions of substituted alcohols (ammonium, sulphonium, and 
sulphoxonium compounds) and the results obtained in this study with alumina catalyst 
on the free alcohol could not be correlated with these proposals. 

Brown's view (29, 30) that  introduction of a trigonal atom is resisted in cj~clohexa~les 
would favor the formation of p-menth-8-ene. Whereas this view is supported by the results 
obtained in the dehydration with alumina or thionyl chloride in excess pyridine, it does 
not hold for the acid-catalyzed reaction. In the latter type of reaction both 9-menthan-8-01 
and a-terpineol (I) give the exocyclic derivative as the primary dehydration product. 
Thus, there appears to be an inherent contradiction in Brown's proposal. The dehydr a t' lon 
of other terpene alcohols is being studied in the hope of obtaining further insight into the 
reaction mechanism. 

The present study has shown that  dehydration of p-menthan-8-01 with solid reagents 
is useful for the preparation of either p-menth-8-ene or -3-ene. I t  should be pointed out 
that  the use of solid reagents simplifies experimental procedure since, after reflux, the 
resulting hydrocarbons may be simply distilled off and used as reference compounds as 
such. Although p-menth-4(8)-ene was formed in every instance, its yield was usually 
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low and rose above soy0 yield only when aqueous acetic acid was used. For reference 
purposes in GLC studies it is often quite advantageous to have more than one isomer 
present in the test mixture, and the product obtained with, for example, boric acid can 
serve to establish the relative retention times of the four p-menthelie isomers under 
discussion. 
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