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DERIVATIVES 017 MENTHOLS ANI1 MENTI-IOGLYCOLS FOR USE IN 

GAS CHRORlATOGRAPH’IT AND MASS SPECTI<OMETRU 

SUbIRIARY 

Tl~e use of TMSi derivatives has permitted us to obtain a better separation of 
the four mentl~ol stereoisomers tllan the one ol~tainecl generally with tile alcol-101s on a 
polar column. This separation is carried out wit11 an SE-30 non-polar colunx~ wit11 5 ~4 
of liquid phase. 

For nxntl~oglycol and nco~iicntl~oglycol, two levels of silylation liave been 
defined. With the use of his-(trimethylsilyl)-acetamide or his-(trilnethylsilyl)-tri- 
fluoroacetamide, each isomer gives two mono-TMSi derivatives, the 3 and S-nlono- 
TMSi ether. On the other hand, under catalysis conditions the result is only one cleriv- 
ative of each isomer, the 3,S-di-TMSi ether. 

The formation of tnenthoglycol and neomcntl~ogl~~col cyclic boronates is fast 
and gives stable derivatives wit11 escellent clirornntograpl~ic properties. 

Heptafluorolmtyrate derivatives of menthol stereoisomers, nm~thoglycol znd 
neomenthoglycol can be detectecl at tile subnanogram level by an electron capture 
GLC detector. 

Structural cletermination of these derivatives has been carried out by mass 
spectromctry. All these derivatives are suitable for the analysis by combined gas 
cliror~iatograplly-m~tss spectionletry. This method lias been appliecl to the cliaractcr- 
ization of the four nientliol isomers in mint oil. 

INTROI>UCTION 

During the last five years, important progress has been made in the analysis of 
natural substances, especially in tlie steroid field, by Ineans of tile appropriate volntile 
clerivatives in gas-liquicl clwon~atogrnpl~y (GLC). 

Until now the esperixneiits on tile analysis of terpene alcohols by gas clironinto- 
graphy was usually accornl>lisl~ed 11~7 the use of very polar stationary pleases wit11 a 
Ii igli clegrec of impregnation lf 2; tliese conclitions are necessary for the goocl separation 
of terpene alcohols and especially of their stereoisonlers.Tliis proceclurc is inconvenient 
for analysis by gas cliromatograplly couplecl with mass spectronietry : consicleral~lc 
background noise on the mass spectra occurs clue to bleeding of tile liquid phase. On 
the otller hand, tile ~,ol3fhyclros~~lated monoterpenes are aclsorbecl, often irreversibly, 
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on the chromatographic columns and the tertiary hydrosyl groups can be thermally 
dehydrated in the injector block of the chromatograph. 

We should like to describe in this article the use of some derivatives of alcol~ols 
in the terpene,series which avoid these disadvantages during gas please analysis. 

TMSi derivatives of some monoterpene alcohols including menthol have been 
prepared by LIU et nL3, and by ADCOCK AND BETTS~ for the purpose of making their 
separation easier by thin-layer chromatography. But the study of menthol stereoiso- 
mer TMSi derivatives and their separation by GLC were not considered. 

The aim of this study is to show that it is possible to obtain excellent separations 
of terpene alcohols and their stereoisomers by gas chromatography with very therm- 
ally stable columns with a small loading of liquid phase, when these alcol~ols are 
used as appropriate derivatives. The TMSi derivatives were obtained from bis-(tri- 
methylsilyl)-acetamides (BSA) and bis-(trimethylsilyl)-trifluoroacetamide” (BSIYA) 
reagents. 

In order to protect tile tert.-S-hydrosyl groups in the terpene series, two methods 
were explored : trimethylsilylation under catalysis conditions and the formation of 
cyclic boronate diols. 

Finally, the heptafluorobutyrate esters (I-IFB derivatives) allow an ultrasensi- 
tive assay of the terpene alcohols. 

The structures of the different derivatives prepared in this study were cleter- 
mined by mass spectrometry. 

As model compounds for this stucly, the four stereoisomers of $-menthanol-3 
(menthol, neomenthol, isomenthol and neoisomenthol) whose difficult separation is 
very important from a practical point of view and. the stereoisomers of $-menthanecliol- 
3,s (menthoglycol and neomenthoglycol) whose tertiary hydrosyl group is sensitive 
to dehydration were chosen. 

ESPERIMBNTAL 

A Packard model 7400 gas cliromatograpli, with a hydrogen-flame ionisation 
detection system or with an electron capture cletection system (“H), was employed. 
The glass columns (CJ ft. x z mm I.D.) were packed with 5 y0 SE-30 (or I "/o OV-I) 

(metliylsiloxane polymers) or 5 y0 OVA17 (phenylniethylsilosan~ polymer) on x20- 
140 mesh size-graded, acid-wtished and silanised Gas-Chrom I?;. The Gas-Chrom 1’ and 
the liquid phases were obtainecl from Supelco, Inc. 

Separations, ancl determinations of methylene unit (MU) values were carried 
out by temperature programming at a rate of I ‘/nilin, from 70 O. The rnethylene unit 
values were obtained with even-numbered straight-chain hydrocarbons, Cl”, Cl,, C1, 
ancl C,, (I 1 1 ) 7 u ca according to HORNING et al. 5: they are similar to the retention indices, 
according to I<oVriTse, a coefficient IOO being applied to the first values to obtain the 
second values. The ICOVATS inclices were initially determined under isothermal condi- 
tions. 

The nitrogen pressures at IOOO were 32 p.s.i. (SE-30) ancl 30 psi, (OV-17). The 
rates of flow of the carrier, gas, hydrogen and air were respectively 25 rnl/min : 30 ml/ 
min and 300 ml/min. The injector block temperature was 240~ ancl the cletector 
chamber temperature was 260~. 

J. Chvouzalogr., 57 (1971) 55-GC 



:I>ISRIV.-\TIVT:S OF MENTHOLS AND hIENTHOGLYCOLS FOR USE IN GC AND &IS 57 

Structural studies of derivatives were carried out by gas cl~rornatograpl~y-mass 
spectrometry with a Perkin Elmer, Model 270 instrument. The column was a r) ft. >= 
z mxn glass coil with I o/o SE-30 liquid phase on IOO-IZO mesh Gas-Chrom 1’: colunln 
packing was prepared in the usual way’. The accelerating voltage was 70 eV. The ion 
source temperature was 2oo”. 

Silylation reactions were carried out by dissolving 1 mg of nionoterpene alcol~ol 
in the silylating reagent (BSA or ETFA), A solvent, pyridine (PYR), was employed 
in a few instances. The final concentration was I pg/pl. 

TMSi derivatives were prepared in the following way: 
(A) I3SR. Reaction mixtures were allowecl to stancl at room temperature. 
(Z.3) BSTFA-PYX (10 : 2). The nxmtlioglycol and neonientl~oglycol were not 

easily soluble in the silylating reagents at room temperature: in tllis instance, it was 
necessary to use pyridine as solvent. 

The mixture ETI;A-PYR was used at room temperature or at Go”, Under 
tllese conclitions, the same reaction proclucts as those under the conditions A were 
generally obtained. 

However, the reagents peaks were clutecl more rapidly, wllich is an advantage 
in the course of analysis of compounds of low niolecular mass. 

(C) I3S?‘FA.-PYZZ-7’MCS. Pyricline was used as a solvent. The ratios of BSTFA, 
PYR, TMCS reagents were Io:2:2 or 10: 2: I. Reaction mistures were heated in an 
oven at So”. 

The catnlysecl reaction conclitions are l<l~o\v~~ to achieve silylation of hindered 
hvclrosyl groups, ” like the I@- or l~!r~t.-17~-hydros3I1 groups in steroid series”. So, 
silylation of the twt.-S-hyclrosyl group in tile nionoterpene series is espectcd uncler 
these conditions. 

A 1.7 nig sample of nientlicglycol or ~ieoiiieiitl~oglycol ancl 1 ing of butyll>oronic 
acicl (niolnr proportion, I : I) were clissolvccl in pyricline. Tlic progress of tlie reaction 
was checked by GLC, ; complete reaction \vas olxervcd in about 3 Inin, nt room tern--Ï 
perature. 

l?or the preparation of (sul:,)niicrograni amounts, the vapor please metllocltl~ lz 
was usecl. 

A I pg s;anlple of monoterpenc alco11o1, dissolved in hesane, was applied to a 
small roll or gauze. The gaum is then suspended in a IO 1111 closed vessel above 0.75 ml 
of a benzene-l~eptafluorolmtyric anllydricle (HFBA) mixture (2: I). 

Tlie esterification reaction was conducted at room temperature. For nientliol 
stereoisomers, the reaction period was 30 min. The reaction was not complete for 
rnenthoglycol and neotuentlloglycol, even after 5 11: a mono-ester am1 cli-ester mixture 
was obtninecl. 

The derivative was elutecl from the gauze wit11 benzene (100 i.41). 
Tile solution methocl, with FTI?Bh or heptafluorobutyrylimidazole (HFI31) as 

reagents, was used for the preparation of milligratn amounts. 
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(n) Willz HI;BA1”. An 0.5 mg sarny1.e of alcoliol was esterifiecl with .W.TBA in 

benzene (I :I, 0.25 ml) at: 7o”. The residue, after evaporation under nitrogen, was 
dissolved in hesane; final concentrations were I mg/ml for flame ionisation detection 
(FID) or for GLC-MS analysis and I ,ug/ml for electron capture detection (ECD). 

(h) Wi,?lz HFZ31. ICJ.’ A I mg sample of alcohol was allowed to react with H.Fl31 in 
acetonitrile (I : I; 0.2 ml) at Go”. The derivative was estracted with hesane (final con- 
centration: I mg/ml). Samples were diluted before use with GLC with ECD to a con- 
centration of between 0.05-1 pg/ml; I ,A was introduced into the gas cl~romatograph, 

Soacrces of m.?latlzol SteYeOiSO11aCYS, 11lcTltllOgl_?~COl cl1ad laeontc?zt~l~o~lycol. 
These have l>een described in a preceding publication”. BSA and 13STFA 

reagents were obtained from Pierce Chemical Co. and the “$YO n~~~ysi” grade solvents 
were provided by Merck. 

hIETI-IYLENE UNIT (&I:u) VALULS DE’lWR&fINISD \VITl-I 5% SE-30 ANI) 5 o/o o\‘-I 7 COLUblXS 1’012 

DERIVATIVES OF MENTHOL STEREOISOI\lISRS, ivll~NTMOGI~YCOL AND N~OLIIZNTIIOI,GI~YCOI_ 

Menthol 
fi-Menthan-3-01 
3-Trimethylsilylosy 

Neomenthol 
fi-Mcnthnn-3-01 
3-Trimcthylsilyloxy 

Isomenthol 
p-Menthan-3-01 
3-‘IYimcthylsilylosy 

Ncoisomcnthol 
fi-Menthan-3-01 
3-%‘rimcthylsilylosy 

Menthoglycol 
P-Menthan-g,S-cliol (Wws) 
3-Trimethylsilyloxy 
S-Trimcthylsilyloxy 
3,S-Di-(trimcthylsilylosy) 
~wCyclobutylboronate 
3-Mono-(hcptafluorobutyratc) 
3,S-Di-(hcptafluoroi,utyrntc) 

Ncomcnthoglycol 
P-Mcntharl-3,S-tliol (cis) 
g-Trimethylsilylosy 
S-Trimethylsilylosy 
3,S-Di-(trimcthylsilylosy) 
,a-Cyclobutylboronatc 
3-Mono-(heptafluorobutyratc) 
3,S-Di-(hcptafluorobutyrstc) 

1 3 . ~1 T 

T2.52 

13.32 
12.25 

c 
12.41 

J 3.5.1 
1 ‘2 . 05 

13.14” 
14.10 
14.5.5 
rs.35 
14.95 
.r I .g3 

r3.Y8 

12.92’1 

13.79 
14.34 
x5.12 
J4.65 
r I .SG 
13.45 

I2.GI 

12.6ob 

124s 

12.19 

0 
12.4G 

12.72 
I ‘I . 67 

- 
14.58 
0 

rs.09 
15.93 
12.02 

r 3.29 

-_ 

14.49 
f 
Id#.SI 

15.65 
I I .cJ2 
X2.79 

1’ Dctcrminecl with 5 o/o SE-30 ancl 5% OV-17 columns by tcmpcraturc progr;winiing at a 
rntc of xO/miii, from 70”. 

1’ TMSi clerivntivcs of menthol and ncoisomcnthol arc not scparatccl on this liquid phase. 
C Isomcnthol is clutccl with menthol. 
(1 The free alcohol peaks show a mnrltccl tailing with SE-30 and with OV- 17. 
e The peak is clutccl as a shoulder posterior to the di-TMSi clcrivnti\*c pcnk. 
IThc peak is clutccl with the mono-*INSi derivative of the Cvnws isomer. 



The rnetllylene unit vklues of the derivatives are given in Table I. 

Different conditions of silylation, witllout 
were applied to eacll conlpound according to tile 
he silylated. 

catalyst (A, B) or with catalyst (C) 
liindrance of the alcoliol function to 

The TMSi ethers of the nientllol stereoisomers were obtained 1157 silylation 
methods (A) or (13). Their forniation was complete after a reaction period of 15 min. 
The TJISi clerivatives of mcntl~ol were eluted from the clu-omatographic colunlns, at 
about IOOO. 

The stationary phase SE-30 is particularly suitable for the separation 0fTMSi 
derivatives of the four nientl~ol stereoisomers as is shown. by Fig. I. 

The isomer couples which differ in tlleir hydrosyl configuration (peaks A, C and 
peaks B, D) are the ones which are the best separated.Tl~e difficult separations between 
mentl~ol and isomentllol on one hand and menthol and neoisomenthol on the other 
hand, are satisfyingly achieved with a Purnell coefficiexlt higher tllan I. - _ 

This resolution allows us 

MENTHOL STEREOISOMERS 

TMSI ETHERS 
5X SE.30 TP 19’MIN 

CQftJ C _D c709 

A 

to scparatc sninll amounts of neomenthol, isonxmthol 

. . . . . 
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Fig. I, (;LC scparntion of TMSi cthcrs rcsultitlg from the reaction of nwnthol stcrcoisomers with 
I3SA, at room tempcraturc. ‘L’lic ctliers arc thouc of momctitliol, (A) : isonienthol, (1.3) ; menthol, (C) ; 
mid t~coisonicntliol, (13). 

Fig. 2. Part of a chrornatogrnm of a silylatccl mint oil, showing peaks corrcspot~cliiig to A = nco- 
tncnthol TRlSi; B = isonicntliol TM.!%; C = rnmtllot ‘l.WSi ; 13 = ncoisomcntl~ol ThISi; E L= mcn- 
thonc; 7: = isomctithonc. 
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and neoisornentl~ol from the main peak of nxmthol in mint oil, as is shown in Fig. 2. 
Neon~entlioglycol (I) ancl inentl~oglycol (II) silylation leads to two levels of 

silylation according to the experimental conditions. 

MENTHOGLYCOLS TMSi 
5% SE.30 TP 1YMlN 

(9 ft) 
MONO-TMSI 100” 

I# I 

20 25 30 35 40 45 50 55 

TIME MIN 

Fig. 3. GLC scpnrntion of derivatives obtainccl in tlm co~1rxc of the reaction of mcnthoglycol (Ll) 
mxl neoinci~thoglycol (I) with I3SA-PUR-TMCS, 10 : a : I, at So O. These derivatives arc the g-ino110- 
ethers (Ia, IIn), the S-mono-ethers (Ib, IIb) :~ncl the 3,Y-cli-cthcrs (Ic, IIc). Only the mono-‘.J’A’JSi 
ethers a awl b x-c obtniuccl ullclcr nonca.talysccl reaction conditions (A) or (13). ‘I’hc cli-T&lSi cthcrs 
c arc obtnitlccl qunntitativcly uiiclcr catnlysccl rcnction conditions (C), after a reaction pcriocl of 
I h 30 tnin for (I) ELIICI S 11 for (I'I). 

. . ’ 

MENTHOGLYCOL MONO-TMSI M : 244 

6 1 

143 i 

M-90-15 

‘3 

M-15.'lI-90 111.19 
121 169 

ii 
156 

*s 
M-154 i 

,111 II 

211 i 

III, 

. a-15 

_I,1 I ,I1 III! 1 , I/I , ! TIl,I, !,1; V229 , t! 
100 159 200 280 

Fig. ~1. Mass spectrum for the mono-ThISi cthcr of mci~thoglycol (3 mono-cthcr). ‘I%2;~lcs pro\*itling 
structural informntion include those at tlw following a.m.u. valtlcs: zzg (M-15), 226 (M-.rS), ‘zx .I 
(XI-rg’r8), 139 (M-go-IS), r3d (M-go-IS), 12.1 (VI-15-l&90), 96, Sr, =jg. Pcalrs at 73 ancl 75 iL.ll1.U. 
nrc usually iour~d in spectra for TMSi cthcrs. 
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With the noncatalysed reactions (A) or (13), every stereosionler gives two dcriva- 
tives a and b. The reaction is cornpletc after 30 min at room temperature. 

With the catalysed reaction (C) at SoO, only one derivative c for every stcreo- 
isomer is obtained quantitatively. 

Fig. 3 shows tlie separation of these different derivatives. The clironlatograni 
was obtained during the course of the catalysed reaction: derivatives a and 1.1 are 
converted to c as the reaction progresses. 

Mass spectra of the compounds Ia and IIa (Fig. 4) are cllaracteristic of mono- 
TMSi derivatives. The ion fragments at the following a.m.u. values, ZZCJ (BI-IS), 

226 (M-IS), r3g (R’I-1g-go), 136 (BI-IS-go) and 121 (RI-15-IS-go) indicate tile presence 
of trimethylsilyloxy and hydro.uyl groups. The peak at 59 a.m.u. which has also been 
described in the ar-terpineol spectrumlG* Ifi results from fragmentation of a-type 
and is characteristic of compounds with a hyclrosyisopropyl group. These results in- 
dicate that the structure of derivatives Ia and IIa is tllat of a 3-mono-TMSi ether. 

The structure of the derivatives Ib and IIb was found by mass spectrometry to 
be that of an S-mono-TMSi ether. Fig. 5 shows the mass spectrum of 111): the fragment 
at M-IS-IS (211 a.m,u.) arises from the expulsion of a methyl group and water, the 
loss of water proving that a free hyclroxyl group is present. The peaks at RI-Is-go 
(139 a.m.u.) and M-15-IS-go (121 a.m.u.) show that the derivatives Ib and IIb have 
one TMSi group. The base peal; at 131 a.m.u. characterizes the cleavage of a trimethyl- 
silylosyisopropyl group ancl locates the OTMSi group in the molecule at position S. 

The structure of derivatives obtained under silylation conditions (C) has also 
been studied by mass spectrometry. Mass spectra of these derivatives indicate that 
twoTMSi groups are present (fragments at M-15 (301 a.ni.u.), 1M.15-90 (211 a.ni.u.) ancl 
at M-15-2 x s)o (121 a.m.u.)). The base peak at 131 a.m.u. characterizes the loss of 
the trinietliylsilylosyisopropyl group. Derivatives Ic and IIc are 3,S-cli-TMSi ethers. 

MENTHOGLYCOL MONO-TMSi M:244 

. 

31 tat 

52 -‘-OH 
a4 ..I. . . . . . “OTMS, 

M*15*90 
139 M.15.18 M.15 

211 229 
II I I I I I I I 1 I 

150 700 250 

15.5 

12.4 

9.3 

6.2 

3.1 

s 

k! 

Fig. 5. illnss spectrum for the mo11o-Th4Si cthcr of mcnthoglycol (S-mono-cthcr). Peaks providing 
structural information incluclc those at tlic following: n.m.u. vducs: 229 (M-JS), 21 I (&I-rg-x8), 

139 (M-Is-go), 131 (a), 121 (M-Y5-IY-go), 96, 81. The lmsc pcnk (m/C 131) corrcspontls to ClCLlVilgC 

atljacctlt to tlic trimcthylsilylosy group. 
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Mass spectra of these derivatives, as well as those of HI% derivatives and n-h- 

tylboronates, contain fragments at SI a.m.u. and 96 a.m.u. corresponding respectively, 
according to THOMAS AND WILLHALM I’, to cyclollesene and n~etl~ylcyclol~e_sene ions. 

The conversion of mono-TMSi etllers of mentlloglycol and neomenthoglycol 
into di-TlMSi ethers occurs even witllout catalyst, when the reaction misture is lieated 
at So’, but the conversion yield is low. Tllis conversion is very fast (30 min for the neo- 
menthoglycol) at So” with a catalyst (RSTFA, TMCS and I?YIi in tile ratio IO :z :z). 

Tile formation rate of di-TMSi derivative of the cis isomer was compared to tllat 
of the tm~s isomer, when BSTFA, PYIi and TMCS were used in tile ratio IO : z : I and 

is shown in Fig. 6. 
Tile conversion rate is mucll greater for tile ck isomer than for tile tm~ isomer. 

In comparison with tlie interpretation given by %IMMERltIAN AND ENGLISH~~ in their 
free menthoglycols studies, we may suppose that the formation of an intramolecular 
llydrogen bonding between the tertiary hydroxyl and 3-@I%ISi groups leads to a 
pseudobicyclic system. This system is of a cis-clecalin type for neomentlloglycol and of 
a tragzs-decalin type for mentlloglycol. The system of tile cis-decalin type being less 
stable than that of tile tmszs-decalin type, the pseudocyclic ring opening would be easier 
for neomentlioglycol and the silylation of the alcohol function tllerefore is faster. 

The di-TMSi derivatives which llave the advantage of giving only one peak per 
isomer, also possess a response bigher than that of the mono-TlMSi clerivatives: ki = 

NEOMENTHOGLYCOL Dl-TM.9 

MENTHOGLYCOL DI-TM!3 

ESTFA. PYR.TMCS 

10:2: 1 

lb IQ 30 to 50 io ‘ws 
TIME MIN 

Fig. 6. Kinetics of conversion of the 3-mono-TMSi cthcr to the s,S-cli-‘1’iVLSi cthcr for nicnthoglycol 
and neomcnthoglycol, with BS’L’l:h-Pyle--‘I.‘~l~S, I o : z : I, at SO”. ?r.-1-~csaclccanc was usctl as intcr- 
nsl stanclnrd. 

J. Cilron,alogr., 57 (1971) 55-W 
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0.7 for the cli-TMSi derivatives and 121 = 0.0 for the mono-TNSi derivatives; tile 

u-hesnclecane was taken as x reference (hi = I). 

The cyclic 7hlmtyl boronates of I~lentlloglycol and neomentho~lycol (Fig. S) have 
very good gas cl~roliiatograpllic properties: tlleir Eorniatiun is alniost instantaneously 

50 

7 

4, 

I 

IL 

6 

101 
G 0 

blCW2l3 CH3 

1 
0’ 

!I,4 

-5 

3 

!.A 
Ki:;ig. 7. XInss spcctruiii for tlw ncotncntlmglycol 77-t~Lityl~oroii;LtC, A,/ -= 23s. 1%2;~128 providing struc- 
turn1 informntioi~ iiicluclc those at tlic following a.m.n. val~ics: 23X (al), 223 (Al’-C.Id:,), 209 (N-CH,- 
CH:,), 195 (n’l-a-r:,-2 CH,), rS1 (Al-Cl-I:,-3 C,T-I,), ro1, c)fj, $1, 59. 

MENTHOGLYCOLS” 
TM!& ETHERS 
n.BUTYLBORONATES 
HEPTAFLUOROBUTYRATES 

II 

Ii 

_s 1 
5% SE-30 
TP l?MlN 

70” 

II. 
d 

30 40 40 80 70 EC- 

TIME MIN 

I’ig=. 8. Scpnt’ation with 5 “/:, SIX-30 pliasc of i~iunthoglycol (1:r) ant1 i~co:nciitl~oglycol (1) clcrivativcs: 
g-tliono-:l.‘~ISi-ncomciitliojiiycol (la) ;lml 3-inono-‘J’hlSi-iii~i~tl~o~lycol (11X) ; Y-inono-:I.‘nlSi-nco- 
mcntl~oglycol (lb) ; 3,S-cli-‘I’I\I.Si-~~~~~~~~~ltlloglycul (Ic) micl 3,S-cli-‘I’RISi-mclltllo~lycol (11.~) ; 3-1110110- 

‘I-11713-~~comcntl~o~lycol (Ii) ancl ~-mono-J-il~l3-tncntl~o~l~col (1 li) ; 3,S-cli-T-1 l~J3-ncc~~ncntl~o~l~~col 
(rj) Ztlld 3,8-<Ii-T-I ~‘~~-lllCllthO~~~CO~ (1 I j) : lllJOlllCllthO~l~COl ~,~-,~-~Jllt~~bO~Oll~l~~ (Id) :lIlCl IllC!llthO- 

glvcol 3.S-~t-blltyll,oroI~ntc. . 
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complete (after 3 min) as shown by GLC and each isomer gives only one derivative. 
The structure of these derivatives was verified by mass spectrometry. The 

spectra of the two isomers, one of which is illustrated in Fig. 7 (molecular ion at 
23s a.m.u. and base peak at 96 a.m.u.) are qualitatively similar: only the ion frag- 
ments at 55 a.m.u. and 121 a.m.u. are very different quantitatively. 

Ne~taJEuoroBzctyrate esters 
The acylation of menthol stereoisomers with HFBI, at 6o”, leads to HP13 

derivatives which were separated on I oA OV-I liquid phase under isothermal condi- 
tions. Their separation is illustrated in Fig. g and should be compared with the separa- 
tion of the TMSi derivatives shown in Fig. I. 

The HFB derivatives of menthol stereoisomers may be detected at the nano- 
gram level by electron capture techniques. 

The acylation of menthoglycol and neomenthoglycol with HFBA gives mono- 
esters Ii, Iii and di-esters Ij, IIj. The chromatogram shown in Fig. S shows the separa- 
tion of all the menthoglycol and neomenthoglycol derivatives prepared in this study: 
the HFB esters are the most volatile of all these derivatives. The rate of conversion to 
di-HFB derivatives for the cis isomer is greater than that for the tram isomer: in 
Fig. S, after the same reaction period, we observe a proportion of the ck di-HFB 
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Fig, g. Detection at nanogra.m lcvcl of neomcnthol HI?B (I), isotnenthol I-WI3 (z), tncnthol I-IFD (3) 
and ncoisomcnthol I-IN3 (4). The scparstion of thcsc I-IFB clcrivatives should bc compnrccl with 
the separation shown in Fig. I. Reaction conditions: I-IFD clcrivativcs were prepared with Hl?l3’1, 
at Go”, The reaction period was 30 min. 

Fig. IO. Detection of 50 picogrnms of di-HFB clerivative of ncomcnthoglycol. This clcrivative was 
prepared with HFBA, at Go”, by the solution method; the vnpor phase mcthocl was ills0 used for 
preparing subnanogram amounts of this clerivativc. 
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derivative (I) greater than that of the tram di-HFB derivative (II). This result is 
similar to the one which was obtained with the menthoglycol or neomenthoglycol di- 
silylation, 

The structure of menthoglycol HFB derivatives was verified by mass spectrom- 
etry. The ion fragments providing structural information include those which are 
given in Table II. The di-HFB esters of menthoglycols may be detected at the sub- 
nanogram level. As it is shown in Fig. IO, the ratio signal/noise for 50 pg of compound 
is equal to 4. 

PEi\ICS PROVIDING STRUCTURAL INFORhIATION IN MASS SPECTRA OP MEN’lTItOGLYCOL OR Nl3OMENTI~O- 

GLYCOL HI’13 DERIVATIVES 

Petrks 

Iii 
(3-1110110-HFU) 

absent 

.lIj 504 81 35x 
(3,s~ch-I-IFB) wcalc cyclol~exenc ion 350 

255 
136 

(CP2 CF, Cl?,), 
(M-214-15= 
M - HOOC cl;, CF, Cl?, - I-1,0), 

(CT, CT,), 81, 
(Cl7.J 

(IM - 213 = 
(M. - 214), 

N - ooc CF, CFL;, CF,), 

- 2 X 214), 119, SI, 69. 

CONCLUSIONS 

The use of the TMSi derivatives allows us to obtain a better separation of the 
four menthol stereoisomers than the one obtained generally with the alcohols on a 
polar column. This separation is carried out with an SE-30 non-polar column with 5 y0 
loading of liquid phase, the temperature column being about 100~ ; and it permits the 
characterisation of the menthol isomers in mint oil. 

For menthoglycols, two levels of silylation have been defined. With the use of 
BSA or BSTFA, mono-TMSi derivatives are obtained; practically, these conditions 
are unsatisfactory, each isomer giving two derivatives, 3 and S mono-TMSi ethers. On 
the other hand, the use of catalysed conditions, at So”, gives only one peak for each 
isomer : the 3,S-di-TMSi ether. 

Menthoglycol and neomenthoglycol cyclic boronate formation is easy and gives 
stable derivatives with escellent chromatographic properties. 

HI713 derivatives of menthol stereoisomers, mentboglycol and neomentho- 
glycol may be detected at the subnanogram level with an electron capture GLC 
detector. 

All these derivatives are suitable for the analysis by combined gas chromato- 
graphy-mass spectrometry. 

These methods may be applied to qualitative, quantitative and structural 

J. Cllrwoto&v., 57 (1971) 55-m 
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analysis of tcrpem alcoliols in perfumes and essential oils. Tlley allow pliarnm.co- 
clynnmic ancl biosynthesis studies of small amounts of terpene alcohols. 
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