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SUMMARY 

The transestetification of 0-!lTA, NQ-TF’A, n-b&y1 ester derivatives.tif some hydroxyl- 
lzted amino acids was studied by gas-liquid chromatogmphy md combined g&quid 
~~tograPW-f== spectrometry. Changes in elution pa&ems and fragmentation of the 
two different O-derivatives are dkw8ed. 

In 1974, Moodie ]I] succes#ully resolved the problem of the gas-liquid 
-chromatography (GLC) of histidme by derivatizing the W [2] of the imida- 
zole ring of hi&dine with ethoxyformic a&y&de (EFA) and according 
to the same paper the GLC peak of tyrosyl-O,NdC-bis(tuoroac~~i) n-butyl 
ester (0-TFA,TAB) showed a remarkable diminution. 

In our laboratory, the same phenomenon was observed not only for tyro- 
sine but aIso for some other hydroxylated ammo acids during' the derivatiza- 
tion of hi&dine with EFA. In -this paper we report investigations on these 
reactions .undergone by four bydroxylated amino acids (thraonine, serine, 
hydros;yprolin~ and --sine) using GLC and combined gas-Squid chroma- 
tography-mass spectrometry (GLC-MS). 
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EXPERIMENTAL 

Prepmztin of 0-tr$luoroacetyl, TAB ~erizmtives (O-TFAi&lB) .I .-’ 
The derivatization was carried out ac&ordi.ug to the pmaxhres developed 

by Gehrke and co-workers 13-51 and adapted in our laboratory 161. Into 
a lo-ml PTFE-lined screw-capped tube was delivered 50 ~1 of a 10 m&f solution 
in 0.1 IV HCi of threonine, serine, hydroxyproline and tyrosine with Ne-mono- 
methyllysine (MML) as internal standard. After evaporation to dryness under 
nitrogen at 70”, 1 ml of anhydrous n-butanol (Merck, Darmstadti G.F.R.) 
was added, through which a stream of dry hydrogen chloride was bubbled 
according to the procedure already described [S] . 

The esterification was performed for 20 min in a sand-bath maintained at 
110”. After the mixture w&s brought to dryness under a nitrogen stream 
at 70”, 490 ~1 of a mixture of trifiuoroacetic anhydride (Merck) and dichloro- 
methane (Merck) (1:9, v/v) were added and acylation was carried out at 110” 
for 60 min after tightening the screw-cap securely. 

Prepamtion of O-mrbethoxy, TAB derivatives (0-CEO,TAB) 
EFA derivatization was then performed immediately. The G-TFA,TAB 

derivatives obtained were dried under a nitrogen stream at room temperature, 
showing a drop of temperature due to the volatility of the solution. Then 
400 ~1 of a mixture of EFA (Bayer, Leverkusen, G.F.R.) and dichloromethane 
(1: 500, v/v) was added to the tube, which, after tightening the screw-cap, was 
heated at 125” for 60 min. 

GLC and GLC-MS analysis 
Gas-phase analysis of all derivatives was performed immediately. GLC 

analyses were .carried out with a Packard model 419 gas chromatograph 
equipped with flame ionization detectors on a 3 m X 3 mm I.D. glass column 
packed with 1% OV-17 impregnated on 8upelcoport. Flow-rates of hydrogen, 
air and nitrogen were 25, 250 and 30 ml/min, respectively. Temperatures 
were 205” at the injection port and 225” at the detector. The column tem- 
perature was initially held at 85O for 5 min and programmed at a rate of 2”/min. 
GLC-MS analysis was carried out with an LKB model 9000 gas chromato- 
graph-mass spectrometer. Helium was used as the carrier gas and all the mass 
spectra were obtained at 28 eV. Other operating parameters w&e: injection 
port at 210”, molecular separator at 280”, ion source at 290”, accelerating 
voltage 3.5 kV, and trap current 60 PA_ Mass spectra were recorded by an 
oscilIograph recorder.. L -amin 0 acids or DL-amino acids were purchased from 

Caibiochem and used as received_ 

RESULTS AND DISCUSSION 

In the case- of TAB, histidine the underivatized form .of iipidazob- NH 
is preponderant El], therefore the reaction with EFA may-written as _. 
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Therefore, the t~~~~~sterlficsation of O-TFA,TAB 
correspond to the reaction scheme 

to O-CEO,TAB should 

NEi+Xl-CF~ 0 
I // 

NHICG-CF, 
I 

x-cK-co-o--c,Kg + 

I 
C*H5-o-c --f X-CH-CC-O-CeH, 

O-CO-CF~ \ LW-&HS 0 

// 
c*J&- 

\ 
-0 

O-TFA,TAB EFA G-CEG,TAB 

where X- is CH* - 

& & 

for seriue, CH, -$ZH-- for threonine and 

0 

0 :I_;; 
-u 

CH2- for tymsine 

For hydroxyproline, the transesterification occurs in the same way. 

co-cFf.3 

cF3_co~NjO+c4Hg 

CO-CF3 

+ EFA, 
c,H5-O-cO~~-o-c~Hg 

Fig. ‘!La shows the elution pattern of all ammo acids as TAB derivatives 
when hi&dine was not eluted. Fig. lb shows the elution of the same TA?3 
derivatives after reaction with the EFA reagent. Four new peaks appeared 
(A;B, C, D) together with histidhe. These peaks have been identified by 
mass spectrometry as O-CEO,TAB derivatives of, respectiveiy, threonine, 
serine,. hydroxyproline and _tyro.siue. When EFA derivatization of amino-acid 
TAB derivtitives Was performed with old reagent, the hktidine peak was al- 
ways half that tihen ~derivatization was carried opt w%b fresh reagent. 

These four amino acids were then studied together as shown in Fig_ 2. Fig 
2a &es the elution pattern of 0-TFA,TAB derivatives. The peaks iu the 
chromatogram in Big. 2b were again identified by .GLC-_MS, as given in 
I&_ 3-6,. and also by comparing the retention. tixi~es- of ipcliviauahy deriva- 
tized and chromatogmphed amino .acids. After trausesterification to -O-CEO, 
TAB, the retention times were systematically increased by about 12 min, which 
isequ%akn~ ti au umrease of ahout 24” in ektion temperature with respect 
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Fig. 1. GLC of 20 reference amino acids on en WI-17 kolunn (cLeu, cycloleucine; MB&L, 
Ne, monomethyl&sine). (a) chromatogram of the G-TFA,TAB amiuo-acid derivatives. 
(b) Chron+ogram of ti_e same derivativeq treated by a exveek-old EFA mix-. 

. . . . 

to that of 0-TFA derivatives (Fig. 2a and b and Table I). _ 

-. ., -. 

: 
As Can be seen in Table II, the transesterification yield was in the ordei 

tprosine.> serine > hydroxyproline > threonine. ‘;’ 
Darbre and Blau [‘I]-. ink&gated -the .stabSiQr of 0-TFA amin&& deriart 

atives -by following theii pmgzessk e hydrolysis in. methylethyl ketone con- 
taining 5% water.~ Our results coincide t with their hydrolysis .order.:. C-can 
therefore. be said .&at tie transesterification relatesi to ..ease of hydrolysis. 

The fragmentations of 0-TF&~TAS.and. O-CEO,T~ derkatives are shown 
inTablemandcanbeintehpEetedasfo~ows_ :. -:_ .: -. ::-.-:I -.-- .-- ‘- 

.{I.) FOr the- fragknet ~&Z~lOl .thepe is -a 4ifferenee -of&4 a.n~.u;_w&&~&;d& 
to the-d%ference~of mass betw& O-TFA and.O-CEO-d&vativesi~ :: -- iI- ::T1--_z : 

(2) In the case ofserine-and tkeonine;<we have abserved~some ~.coqnon 
fragments and some other: qiecific -fragm%ts~fot: the.:O-CXO .zompouds. 
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Fig. 2. Transesterification of four hydrolated ~-amino acids: serine, threonine, hydroxy- 

proline and &rosine dezivatives. (a) Cbromatogram of the four amino acids in the form 
of 0-TFA,TAI$ (b) Chroxnatogram of the same derivatized amino acids after reaction with 
EFA. The new four peaks were identified gs threonine 0-CEO,TAB, seriue O-CEO.TAB, 
hydroxypmline OGEO,TAJ3 and tyxosine O-CEO,TAB. 

Both hydkoxyproliue 0-TFA,TAB +d 0420,TAB give the same fragments 
by el@inating COOC, Hg or O-CO-CFJ aud O-COOCz H5, respectively_ 
The fact &at Qwosine derivatives -do not have fragments in commok at rel- 
atively high mass (ti/& > 200). can be. explained -by preferential fragmenta- 
tion in the hydrocarbon side chain of the benzene ring. 

(3) Fragment 113, lost during electron-impact ikizatiqn of’O-TFA,TAB 
derivativesi has two pcissib~e &xx&we& ‘~~NH,--CO-CF3 -02 :O-CO-CFJ . 
But with O-CEO,TAB derivatives the deleted fragment has m/e = 89, corre- 
sponding to o-COa_C, N, _ Thus we niay assign the -F3 stnrcture 

to the fragmept 113 of the o--TFA,TAB derivatives. Consequetitiy we dem- 
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Fig. 4, Mass 
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50 29,s 

m/e : 
‘Fig. 5, Mass &&rum of h&ox&kolinti OCEO,TAB derivatives, as in Fig. 3. 

o&&z&e a fr&ue&tion which co&obora&zs well the- .fPagmentation me&-. 
‘s&m proposed by Gelpi et al. [8] and recently by Padieu &t al. [9]. During 
,@+mq&pqct. ,kjnizaticq .+e- Jmnd, ‘b&men ‘alcqholk oxygen -LBI~ tbe sli- 
:p&&<-_hy&oqarbon :c&i~~:is ._rnqr$ &bge &@I that between. tbe~ NI+CO-CF3 
.$o~p_ -_az~-I~.?&$ q&rio z&cid_:cQ, .whereas the bond: between. the benzene ring 
qfi,Qmjs@e _:ed::the .phenolic- okygen : is ., more. stableT than that between the 
MR--CO-f=F3 group and C=. 
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RELATrvE &ON TIMES OF 0-TFA,TAl3 AND O-CEO,TAB DEI&VATIVES OF 
TiB FOUR HYDROXYLATED AMINO ACIDS 

Values with respect to N%nonomethyIlysine as zero-time reference. . .% 

Retentiontirne(min) hkinretentiontime 
WQ) 

0-TFA,TAB O-CEO,TAB 

ThreOYllW -21 -8 13 
Serine -20 -8 12 
Hydroxyproline -11 +1 12 
%==ine -. 3 +9 12 

TABLE II 

TRANSliS’FERIFICATION FOR THE REbTIVE LEVJZI&OF TEik FOtJEt tiROXYI,- 
ATEZD AMINO ACIDS 

Values calculated as follows: in columns 1, 2 and 3, response coefficient Rc = amino acid 
peak height/MI& peak height; in column 4, percentage transest&ficatio~ =(value column 
1 - value column2)ivaltie cOlumn 1. 

Before reaction After reaction with EFA Perwz’aee 
with EFA i;ransesterifiCation 

0-TFA,TAB 0-TFA,TAE O-$EO,TAE 
remaining 

(1) (2) (3) (4) 

Threonine 0.59 0.19 0.35 68 
Serine 0.51 0.04 0.47 92 
Hyclroxypro~me 1.05 0.31 0.58 70 
Tymsme 1.31 0.97 100 

CONCLUSION 

The transestetication of 0-TFA,TA.B -into OCEO,TAB; a side-reaction 
during the N~-carb&hoxy derivatization of histidine a&i other-k.Wazole 
compounds such as histamine, has aiready rendered Very much ea&er the 
interpretation of mass spectra of some hydroxylated amino acids. Further- 
more, t@s reaction may shave a possible uke for the- determination of ‘free-liy- 
droxyl groups in compounds other than amino acids. 
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