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ABSTRACT 

Seven derivatives of l+bis(p-fluorobenzene sulphonyl)-2-alkoxytetrahydropyrazines with 
different alkoxy groups: amyl, n-butyl, 2-butyl, i-butyl, i-propyl, cyclopentyl and cyclohexyl 
are synthesized by reaction of 1,4-bis(p-fluorobenzenesulphonyl)-2,5-dihydroxypiperazine 
with the desired alcohol. The title compounds have the general structural formula: 

The composition and structure were confirmed by elemental analysis, IR spectroscopy, NMR 
spectroscopy and mass spectral analysis. The thermal decomposition of these compounds 
occurs in three steps: removal of an alcohol, formation of p-fluorobenzenesulphonic acid or 
its anhydride and evolution of a tetrahydropyrazine ring. Finally, the sulphonic acid or 
anhydride deteriorates into carbon. Good correlation could be derived between the nature of 
the alkyl group and the decomposition temperature, with the branched and cycloalkyl 
derivatives requiring less energy to evolve the alcohol molecule, i.e. branching aids the 
decomposition. 

INTRODUCTION 

The thermal analysis of heterocyclic organic compounds helps in estab- 
lishing a correlation between thermal stability and composition [l], detection 
of reversible phase transformations [2] and derivation of new routes of 
decomposition, which may result in the preparation of special products [2,3]. 
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The 1,3 dipolar cycloaddition of vinyl ether with sulphonylazide gives 
dialkoxy piperazines and dihydroxypiperazine A [4,5] which undergoes 
interconversion into Ci [6]. Such compounds have biological activity [7] and 
can be used as monomers in polycondensation with bisphenol [S]. 

In the present paper, the synthesis of 1,4-bis( p-fluorobenzene sulphonyl)- 
2,5-dihydroxypiperazine, A, and its 2-alkoxy tetrahydropyrazines deriva- 
tives, Ci, and their characterization by chemical analysis and spectral 
techniques are reported. 

/ 
HO 

(A) (Ci) 

The thermal decomposition of the Ci compounds is reported to establish 
relationships between structure and the decomposition process. 

EXPERIMENTAL 

Apparatus 

The IR spectra were recorded for the KBr discs on a Pye-Unicam 
SP-1000 infrared spectrophotometer. The proton NMR spectral analyses 
were performed on a Varian EM-390 (90 MHz) NMR spectrometer using 
tetramethylsilane (TMS) as a standard. The thermogravimetric (TG) and 
derivative thermogravimetric (DTG) analyses were carried out on a Stan- 
ton-Redcroft TG 760 thermobalance equipped with a three-pen strip chart 
recorder under nitrogen gas flowing at a rate of 40 mL mm-‘. Samples 
weighing 3-5 mg were heated in platinum pans at rates of 10, 20 and 30 o C 
min-l. The elemental analyses and mass spectra were carried out at Alfred 
Bernhardt Laboratorien (F.R.G.). 

Preparation of A 

The p-fluorobenzene sulphonyl azide, I, which is prepared from the 
reaction of p-fluorobenzene sulphonyl chloride [9] with sodium azide [5], 
was added in very small portions to a large excess (50 ml) of n-butyl vinyl 
ether (Fluka), II, at room temperature. The white solid that formed was 
removed. The process was repeated five to seven times and the residual oil 
was separated. The characterization of this oil is dealt with in a separate 
work. 
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TABLE 1 

Some physical data of compounds A, Ci 

No. Compound &crystakation solvent Yield Chemical analysis a 

(Melting point ( ’ C)) 
(‘) C H N S F 

Cl 

c2 

c3 

c4 

c5 

C6 

c7 

A 

W-WVWSI;~ CC14 

(102-103) 

C&,,NGV&Pz Ca4 

(127-128) 

CZJH,,N,%WP. CC14 

(91-92) 

C,H,,N,WW:! CHCl,/CCl, 

&Ll39) 

C,,H,N,WsF, CHC~w’CC14 

$-88) 

C,,%,NzWsFz P.WCC~, 

till:, 

W-b,WW& P.E/CCI, 

1:l 

w-w 
G,H,,N,S20,F2 DMSO 

(147-148) 

85 

90 

85 

85 

85 

88 

86 

35 

49.77 4.4 6.11 14.00 8.29 
f49.52 4.15 6.18 13.92 8.03) 
50.84 4.69 5.93 13.57 8.04 

(50.52 4.57 4.98 13.06 7.96) 
50.84 4.69 5.93 13.57 8.04 

(50.36 4.38 5.10 12.81 7.75) 
50.84 4.69 5.93 13.57 8.04 

(50.31 4.40 5.20 13.02 8.10) 

51.84 5.18 5.78 13.18 7.81 
(51.62 5.40 5.37 13.74 8.40) 

52.06 4.78 5.78 13.23 7.84 
(52.42 4.39 5.61 12.98 7.46) 

53.00 5.05 5.62 12.86 7.62 
(52.94 4.87 5.84 12.39 7.37) 

44.24 3.70 6.45 14.76 8.75 
(44.63 3.62 6.19 14.57 8.17) 

a Calculated values; experimental values in parentheses. 

,-(&SOiN3 + CH,=CH-0-n-BU - 

I 

OH 

+=&_d N-SO,+F + Oil ... (1) 

HO 

(A) 

Preparation of the alkoxy tetruhydropyrazines 

A mixture of about 2 mmoles of compound A and 20 ml of the desired 
alcohol was treated with two drops of hydrochloric acid and refluxed for 
6-9 h. The reaction mixture was cooled, filtered and the precipitate recrys- 
tallized using specific solvent. The yield, chemical composition and melting 
points of the products are given in Table 1. 
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TABLE 2 

The characteristic IR spectral data 

Compounds Wave number 
(cm-‘) 

A 3480 

Intensity a Assignment 

sh, w OH stretching 

A, C 3110-3080 
2960-2880 
1350-1340 
1180-11’70 
1290-1270 
1070-1030 
970-960 
900-890 
840,818 
710,675 
760 

c 1660-1650 

b w 
b, w 
sh, s 
sh, s 
sh, s 
sh, s 

sh, s 
sh, s 
sh, s 

sh, m 

Aromatic C-II stretching 
Aliphatic C-H stretching 

SO2 
SD2 
C-N 
c-o-c 
C-O-C 
Ar-F 
Two adjacent II 
Two adjacent H 
Four adjacent H 
C=C (THP ring) 

a sh: sharp, w: weak, m: medium, b: broad, s: strong. 

R = i-W% (Cl); n-C4H, (C2); i-C4H9 (C3); 2-C,H, (C4); n-C,H,, (C5); 
cyclopentyl (C6); and cyclohexyl (C7). 

RESULTS AND DISCUSSION 

The structural features of compounds A and Cl-C7 were determined by 
combining elemental analysis data (Table l), IR spectral data (Table 2) and 
proton NMR data (Table 3). The IR spectra show a significant absorption 
peak at 3480 cm-’ which indicates the presence of an OH group in 
compound A and a peak at 1660 cm-i which corresponds to the tetrahydro- 

pyrazine unit ‘k-c/“. 

The NMR data showed that the geminal methyl protons of the iso-pro- 
poxy group (compound Cl) are characterized by well resolved signals at 0.93 
and 0.68 ppm. Those of the iso-butoxy group (compound C3) were less 
well-resolved and occurred at 0.58 and 0.69 ppm. This suggests that the 
geminal methyl protons of ~rnpo~ds Cl and C3 are ma~eti~lly inequiv- 
alent, representing a case of diastereotropy as a result of the chirality of the 
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Fig. 1. Typical NMR spectrum of l,Cbis( p-fluorobenzene sulphonyl)-2-alkoxy tetrahydro- 
pyrazines. 

molecules [lo]. Also, the occurrence of closely placed peaks (7.2 and 7.8 
ppm) with an Ax Ax’ pattern in the aromatic region of the spectra for 
compounds A and Ci suggests the inequivalence of the aryl group (Fig. 1). 

Thermal decomposition studies 

The TG and DTG curves of compounds Cl-C7 are shown in Figs. 2-4. 
Three main decomposition steps characterized the thermal behaviour of 
these compounds. Resolution improved with lower heating rates. Only slight 
differences could be observed in the characteristic temperatures correspond- 
ing to the second and third steps, which can be accounted for by the 
formation of a common decomposition product at the end of the first step. 
The quantitative evaluation of the TG curves confirmed the removal of a 

/-\ 
tetrahydropiperazine ring N N in the second step for all compounds. For 

\-/ 
the first step, the cyclic and branched alcohol Cl, C3, C4, C6, and C7 
derivatives gave strong evidence for the release of one alcohol molecule per 
molecule of the compound Ci. The straight chain alcohol derivatives (C2 
and C5) gave higher values of weight loss during the first decomposition step 
than if a simple alcohol was removed. 

The DTA and DSC curves show that the three-step decomposition takes 
place immediately after the melting of the compounds. The first and second 
steps are exothermic, with overall features similar to the corresponding DTG 
peaks, while the third is endothermic, with a peak minimum at slightly 
higher temperature than the minimum of the corresponding DTG peak. The 
exothermic nature of steps 1 and 2 may indicate the formation of a 
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Am 

\ \ \ \ -_ -___-- 

SO 100 IW PO0 OS0 300 
trmpmrmtur~,-C 

Fig. 2. TG and DTA curves of l,Cbis( p-fluorobenzene sulphonyl)-2-isopropoxy tetrahydro- 
pyrazines ( -) and l+bis( p-fluorobenzene sulphonyl)-2-isobutoxy tetrahydropyrazines 
(______). 

thermodynamically stable species, such as an alcohol, and the tetrahydro- 
pyrazine heterocycle, i.e. the bond formation energy exceeds the bond 
dissociation energy involved. 

To account for the decomposition nature of the compounds, and the 
variation of weight losses for some compounds from the estimated values, a 
mass spectrum was recorded for the Cl (iso-propyl derivative). The spec- 
trum indicates that fission of this compound leads to the formation of an 
alcohol (i-propyl alcohol), a tetrahydropyrazine and a p-fluorobenzene- 
sulphonic acid and anhydride (Scheme 1). The spectrum also indicates the 
existence of other fragments with lower abundance, which gives the possibil- 
ity of another route for thermal decomposition. Thus, the removal of alcohol 
followed by the rupture of the N-S bond to set free the tetrahydropyrazine 
ring, leaving the p-fluorobenzenesulphonic acid or anhydride, is a favoured 
route for the decomposition of Ci compounds (Scheme 2). 

The initial decomposition temperature and the peak maximum tempera- 
tures of alcohol removal were very much dependent on the type of alkyl 
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0-iPr 
/ 

-F+so, 

+ F+so2Ns J-m2-=F 

0-iPr 

F+SO~N~ - Nz (100%) 

Scheme 1. 

From group attached to the oxygen in the alkoxy substituent (Table 4). 1 

Table 4, the initial decomposition temperature of the compounds follows the 
order n-butyl > amyl > i-butyl > cyclopentyl > cyclohexyl > 2-butyl > 
i-propyl. The effect of branching is generally predominant in lowering the 

I=+SO~N~~!X$.+F -) 

F--(J+o~N~-SO~+F + ROH 

k--@S02] + HNZH -J 

(9.6%) 

( 2 %I 

Final Decomposition 

Scheme 2. 
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d’l 
d+ 

Fig. 3. TG and DTA curves of 1,4-bis( p-fluorobenzene sulphonyl)-2-(l-butoxy)tetr~ydro- 
pyrazines ( -) and l&bis( p-fluorobenzene sulphonyl)-2-(l-pentoxy)tetrahydropyrazines 
(______). 

decomposition temperature, aided by the steric hindrance of the bulky 
groups and long chain of the alkyl groups. The d~mposition temperatures 
of the cycle-derivatives within the branched alkyl derivatives support this 
explanation. The cyclohexyl derivatives appear to be less stable than the 
cyclopentyls, a behaviour which can be related to the difference in the 
relative stability of the corresponding alkoxy radicals. The cyclohexyl radical 
exists in chair and boat forms while the cyclopentyl radical exists only in 
chair form, i.e. the cyciohexyl radical is more stable than the cyclopentyl 
radical, making the formation of the latter energetic~ly more difficult than 
that of the cyclohexyl radical. Furthermore, the existence of the cyclohexyl 
group in these two forms exerts more steric hindrance than does the 
cyclopentyl group, which occurs only as the boat form. The partial overlap 
of the first decomposition step for the amyl and n-butyl derivatives with the 
second steps accounts for the slight differences between the experimental 
weight loss values and the calculated values. 
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Fig. 4. TG and DTA curves of 1,4-bis(~-fluorobe~ene s~phonyl)-2-cyclop~tyloxy tetrahy- 
dropyrazines ( -) and 1,4-bis(p-fluorobenzene sulphonyl)-2-cycfohexyloxy tetrahydro- 
pyrazines (------). 

TABLE 4 

The characteristic tem~ratmes of the first d~omposition reaction of 1,4-bis(~-~uoroben- 
zenesulphonyl)-2-alkoxy tetrahydropyrazines 

Heatingrate(“Cminl) 

Compound 

Amy1 
n-Butyl 
2-Butyl 
i-Butyl 
i-Propyl 
Cyclopentyl 
Cyclohexyl 

10 20 30 

Ti T lllpx 7-i T&X Ti T !nsx 

14s 174 153 186 154 185 
152 177 155 181 156 183 
127 161 133 174 133 175 
140 162 144 171 145 170 
120 164 122 165 125 166 
136 160 145 169 145 170 
134 156 135 157 135 159 
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