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Abstract —The thermal stability of mono- and disubstituted peroxyakynes was compared. The reaction
order and the apparent activation energy for the first step of decomposition of the peroxides were determined.
The strength of the O-O bond in 3-tert-alkyl(cycloalkyl, aralkyl)peroxy-3-methyl-1-butynes and 2-tert-alkyl-

peroxy-2-methyl-2-alkynes was estimated.

In [1] we estimated derivatographically the thermal
stability of functionally substituted peroxyalkynes:
tertiary mono- and polycyclic peroxy acohols and
their derivatives.

In this work we studied derivatographically [2] the
thermal stability of mono- and disubstituted peroxy-
akynes, 3-tert-alkyl(cycloakyl, arakyl)peroxy-3-
methyl-1-butynes la-Id [3] and 1-deutero-3-methyl-3-
(2-cyclohexyl-2-propylperoxy)-1-butyne le [4], of
oprganosilicon peroxyalkynes, 3-tert-alkyl(cycloakyl,
aralkyl)peroxy-3-methyl-1-trimethyl (phenyl)silyl-1-
butynes Ila-Ilc and Illa-ll1g [5], and of long-chain
peroxyalkynes, 2-tert-alkylperoxy-2-methyl-3-akynes
IVa-IVu [6]. Among diperoxides, we studied 2,5-di-
tert-alkyl(alkynyl)peroxy-2,5-dimethyl-3-hexynes
(-hexanes) Va-Vc and Vla [3, 7], organosilicon di-
peroxides, 2-tert-butylperoxy(1-trimethylsilylakynyl-
peroxy)-2,5-dimethyl-5-[ 1-triphenyl (methyl)silylal -
kynylperoxy]-3-hexynes Vd and Ve and dimethyldi-
[3-methyl-3-tert-alkyl(cycloalkyl)peroxy]silanes
Villa-VIlld [5], a diiodo-substitted diperoxide,
2,5-dimethyl-2,5-di(1-iodoa kynylperoxy)hexane VIb
[8], and diacetylenic diperoxides, 2-tert-alkylperoxy-
7-tert-alkyl (aralkyl)peroxy-2,7-dimethyl-3,5-octadi-
ynes Vlla-Vlic [9, 10]. For comparison, we studied
dicumyl peroxide |1X.

RC=CCMe,0,R
la-le, lla-llc, 1lla-lllg, IVa-IVu, Va-Ve, Vla, Vib,
Vila-Vilc, Villa-Vilid, Xa-Xc

I, R=H, R = CMe,(CH,),Me (a), Me,C-cyclo-CgH44 (b);
CMe,Ph (c), CPhy (d); R =D, R' = Me,C-cyclo-CgH4 (e);
I, R = SiMe;, R = CMe,(CH,),Me (a), Me,C-cyclo-
CgHyq (b), CMeyPh (c); 111, R = SiPh;, R' = CMey (a),
CMesEt (b), CMe,Pr (c), CMe,(CH,),Me (d), Me,C-

cyclo-CgHy; (€), CMe,Ph (f), CPh; (9); 1V, R = (CH,),Me,
R =CMe; (a, d, g,j, m, p, s), CMe,Et (b, & h, k, n, g, 1),
CMe,Pr (c, f, i, I, o, 1, u), x = 3 (a=c), 5 (d-f), 9 (g-i), 11
(I-1), 14 (m-0), 15 (p-r), 17 (s-u); V, R = CMe,0,X, X
R = CMe,C=CH (a), CMe; (b); X = CMe,C=CH, R =
CMe; (€); X = CMe,C=CSiPh;, R' = CMe5 (d); X =R
CMe,C=CSiMe; (e); VI, R =N, R' = CMe,(CH,),CMe,-
O,CMe,C=CX, X = H (@, X = R =1 (b); VII, R =
C=CCMe,0,X, X = R = CMez (a); X = CMey(CH,),Me,
R = CMe; (b); X = CMe,Ph, R' = CMe; (c); VIII, R =
SiMe,C=CCMe,0,X, X = R = CMe; (a), CMesEt (b),
CMe,Pr (c), Me,C-cyclo-CgHy4 (d); X, R=H, R = CMeg
(a), CMesEt (b), CMePr (c).

The thermal stability of mono- and disubstituted
peroxyalkynes [-VI111 and peroxide | X was character-
ized by the temperature of decomposition onset (T,),
decomposition pattern, and weight loss (Table 1).
Depending on the volatility and stability of the de-
composition products, the DTG and TG curves show
different numbers of steps of the weight loss: one step
in the case of Illa, IVa-IVc, and VIb; two steps in
the case of la, Ic, lla-llc, IVd-1Vi, Va-Ve, Vla,
Vila-Vllc, VIlIb, VIIId, and I X; three in the case of
Ib, 1d, le, II1b-I11d, IVo-IVu, VIIb, Vllla, and
Vllic; four in the case of I11d-I11g and IVK-1Vn;
and five in the case of 1Vj.

In the first step (165-220°C), peroxides |-1X de-
compose with a pronounced exothermic effect (DTA
curves), and the other steps are not accompanied by
significant thermal effects and largely correspond to
removal of volatile decomposition products. The DTA
curves show pronounced exothermic peaks character-
istic of definite types of peroxyalkynes (see figure;
Table 1). The exothermic peaks in the DTA curves of
solid compounds Ic, 1d, Illa, Ille, 111g, Vlla-Vllic,
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Table 1. Thermal stability (T,, To Tp, °C; Am, %) of peroxides 1-1X (first decomposition step)

o DTA, o DTA,

Z DTG TG, | exo pesk n E, Z DTG TG, | exo peak n E,

5 Am kJ mol—1 g Am kJmol—t

o TO Te Tmax TO Tmax o TO Te Tmax TO Tmax
la 130( 197| 158| 76 132( 164 | 1.67 148 IVk 135( 197| 176| 34 136( 179 1.20 133
Ib 108( 165| 145 50 107( 148 | 1.48 116 VI 135( 195| 175 33 137| 178| 1.13 134
IcP 127( 175| 154 47 128( 155 | 1.45 160 IVm | 140( 195| 178| 30 142 | 180| 1.13 144
Ict 124 205| 157 76 124( 158 | 1.41 159 IVn 139( 215| 188 30 140( 190| 1.26 136
Icd 125( 220| 159 71 125( 160 | 1.87 — IVo 140( 195( 180 25 141 182| 1.22 137
Ic® 125( 180| 158| 56 123( 158 | 1.42 151 IVp 146( 201| 185 21 147| 187| 1.26 142
Id 110( 166| 149| 51 108( 151 | 1.40 118 IVQq 140( 205 186| 15.5| 141| 187] 1.15 133
le 135( 167| 156| 10.5| 128| 159 | 1.60 156 IVr 140( 198| 178| 19 140( 180( 1.14 135
Ila 138( 210| 177| 76 138( 177 | 1.36 138 Vs 148( 205| 185 20 148( 190| 1.24 144
b 122( 205| 168| 75 122 170 | 1.30 122 IVt 142( 200| 177 17 142 182| 1.18 135
Ilc 130( 203| 169| 69 129( 168 | 1.38 150 IVu 140( 197 180| 22.5| 141| 184] 1.13 138
Ia 146( 205| 172 17 143( 177 | 1.20 142 Va 103( 198| 162| 61 102 | 162| 1.16 90
b 142( 200| 178| 15.5| 140| 180 | 1.24 132 Vb 116( 187| 162| 87 116( 164| 1.14 109
Ic 147( 208 | 182| 15.5| 141| 188 | 1.26 129 Vc 110( 195 159 72 112( 160| 1.36 110
Iid 151 215 182| 15 139( 184 | 1.26 131 Vvd 132( 216| 182| 63 132( 182 1.20 113
e 132( 205| 175 23 127 177 | 1.22 123 Ve 145( 205| 185 25 145 186 1.36 161
IIf 145( 208| 186| 18 141( 188 | 1.26 154 ([Vla 105( 185| 153 60 105( 155| 1.35 101
1 g]c 150( 206| 172 3 — — — — Vib 123( 184| 162| 65 123 162| 1.52 160
IVa 137( 195| 165| 83 138 179 | 1.10 137 Vila | 102| 170( 146| 48 102 | 148| 1.53 150
Vb 135( 200| 170 85 134( 180 | 1.16 132 Vilb | 112| 182 155 43 110( 157| 1.52 152
IVc 134( 200| 168| 83 135( 178 | 1.17 131 Vllc | 110( 185( 146| 52 110 146| 1.66 178
IvVd 138( 205| 167| 74 138( 175 | 1.24 138 Vlilla| 137| 207| 179 55 137( 179| 1.44 156
Ve 136( 205| 166 68 137( 176 | 1.18 133 VIllb| 134| 200| 172| 50 134 175| 1.49 152
IVf 138( 210| 169| 71 139( 179 | 1.26 131 Villc| 131| 198( 170 45 131 172| 1.54 158
Vg 140( 197| 179| 41 140( 182 | 1.26 140 |VIIId]| 124| 205 165| 49 124 168| 1.43 144
IVh 138( 200( 177| 45 139( 182 | 1.26 134 Ixb 130( 175| 164| 42 131 164 1.10 152
Vi 136( 200| 178| 45 137( 181 | 1.19 132 IX¢ 127( 177| 162| 43 127| 163| 1.16 154
IVj 138( 195| 179 32 140( 181 | 1.16 139 Ixd 128 212| 165| 62 128 166| 1.26 157

a (T Trax: Te) Temperatures of the onset, maximum, and end of decomposition, respectively; (Am) weight loss. bg deg min—L, Ar.
¢ 7 degmin-i, Ar. 9 15 degmin-L, Ar. © 7 degmin?, air. T T (150°C) = T,. 9 10 degmin~L, Ar.
m (o)

and | X are preceded by endothermic peaks correspond-
ing to melting of these compounds.

The T, values were determined from the DTG and
DTA curves as the interception points of the peaks
with the baseline (for DTA curves, see figure). For
relatively volatile compounds Ia, I1a, IVa-1Vd, Vb,
and Vc, the T (DTG) values were estimated according
to [11]. For peroxyakyne Id with triphenylmethylper-
oxy group and in the series of disubstituted peroxy-
alkynes with the triphenylsilyl group at the C=C bond
(I 11f), T,(DTG) is 5-10°C higher than T,(DTA),
which is due to formation of low-volatile and diffi-
cultly removable decomposition products. For com-
parative evaluation of the thermal stability of perox-
ides I-1X, we used the parameter T,(DTA), which is

virtually independent of the heating rate and atmos-
phere (peroxides Ic, I X, Table1). From the parameters
of the exothermic peak in the DTA curves, we calcu-
lated the order n and activation energy E, of thermal
decomposition [12]. To obtain comparable results,
thermolysis of 1-1X was performed under similar con-
ditions at a heating rate of 7 degmin™.

As seen from Table 1, mono- and disubstituted
peroxyalkynes |-VII11 are relatively stable and start to
decompose at a noticeable rate at 102-148°C depend-
ing on the structure. Monosubstituted peroxyakynes
la-le are stable up to 107-132°C (Table 1), with the
compounds  containing  tert-alkyl(aralkyl)peroxy
groups (la, Ic, Id) being comparable in the thermal
stability (T, 124-132°C) with peroxide 1X (T,
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127°C). Peroxyalkynes containing cycloalkylperoxy
groups (Ib, le) are less stable (T, 107, 108°C) than
compound |l a containing tert-alkylperoxy groups. This
may be de to lower mobility of the atoms of the cy-
cloalkyl radical as compared to atoms of the akyl
radicals, which hinders redistribution of excess hesat
within the molecule because of higher energy barriers
and steric hindrance in the case of the cyclohexane
ring [13]. The pattern of decomposition of monosub-
dtituted peroxyakynes la—le differs from that of IX.
The calculated order of thermal decomposmon of IX
is close to unity (n 1.16 at 7 degmin” b, with E,
154 kimol™ (Table 1), which is consistent with
published data on E, of thermolysis of I X in solutions

(138-167.4 kJ mol—l) [14]. For monosubstituted per-
oxyalkynes la-le, n noticeably differs from unity
(1.40-1.67), which is due to different contribution of
the induced decomposutlon For peroxides la, Ic, and
Id, E, is 148-159 kJ mol~%, and for cycloalkylperox-
ides Ib and le, 116 and 118 kJ mol™, respectively.
Replacement of the ethynyl hydrogen atom in peroxy-
alkynes la-le with the trimethyl(phenyl)silyl group
not only increases T (DTA) to 122-143°C, but aso
aters the pattern of decomposition of disubstituted
peroxyalkynes Ila-llc and [11d-111f (Table 1). Com-
pounds |la-llc with the trimethylsilyl group have n
within 1.30-1.38, and for the related compounds
[11d-111f with the triphenylsilyl group n is 1.22-1.26.
As in the case of monosubstituted peroxyalkynes Ib
and le, disubstituted peroxyalkynes with cycloakyl-
peroxy groups(l b, I'11e) decompose at lower tempera-
tures (122, 127°C) and with lower E,; (122,
123 kd mol™) than the related compounds with tert-
akylperoxy groups (lla, Illa-llld) (E, 129-
142 kImol™).

Disubstituted long-chain peroxyakynes IVa-IVu
(Table 1) also show higher thermal stability than
monosubstituted peroxyalkynes la-le. They start to
decompose at a noticeable rate at 134-148°C. For
peroxides |Va-IVu, E, is 131-144 kI mol™, and n is
1.10-1.26. In this series, the thermal stablllty some-
what grows with increasing length of the alkyl substit-
uent at the triple bond. Peroxyalkynes with hexadecyl
(1Vp-1Vr) and octadecy! (1Vs-1Vu) substituents have
T, 140-148°C, which is 5-10°C higher than T, of
related compounds with a shorter length of the alkyl
substituent. Compounds with tert-butylperoxy groups
decompose with higher E, (by up to ~9 kJ mol~1) than
the related compounds with tert-pentylperoxy (1VDb,
IVe, IVh, IVK, IVn, IVq, IVt) and 2-methyl-2-pentyl-
peroxy groups (IVc, IVf, 1Vi, IVI, IVo, IVr, IVu),
which is consistent with the results of quantum-chem-
ical calculations of functionally substituted peroxy-
alkynes [15] and with the results of [16].
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50 100 150 200 250 300T, °C

DTA curves of peroxides (1) Ic, (2) Vla, (3) Va, (4) Ib,
B) IX, (6) Illa, and (7) 1Vs. Interception points:
(1-7) for Tg and (1'-7") for T,. Dashed lines: baselines
for determining n and E,.

Changes in the decomposition pattern that occur in
going from disubstituted peroxyakynes with one per-
oxy group (I1-1V) to compounds with two peroxy
groups (V-VIII) are aso due to mutual influence of
the peroxy groups in the molecule. DlperOX|des V-
V111 decompose with E, from 90 to 178 kJ mol™ and
n 1.14-1.66 dependlng on the structure (Table 1).
tert-Alkyl(alkynyl) diperoxides Va-Vc and Vla are
less stable thermally than monoperoxides la and | Va-
IVu (Table 1) and start to decompose at a noticeable
rate at 102-116°C, which is ~30°C lower than T, of
the monoperoxides. In the series of diperoxides Va—
Vc and Vla, the thermolysis parameters especialy
strongly depend on the structure. In particular, in go-
ing from diperoxide Va with two akylperoxy groups
to its analog Vla containing no triple bond in the
middle part of the molecule, n mcreases from 1.16 to
1.35, and E,, from 90 to 101 kJ mol~*; the exothermic
effect (DTA) in decomposition of the wturated analog
Vla is more significant. Changes in the thermal de-
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composition pattern are also observed in going from
acetylenic diperoxide Vb containing two tert-butyl-
peroxy groups to its diacetylenic analog VIla. Diper-
oxide Vb starts to decompose a 116°C, with n 1.14
and E, 109 kJmol™; diacetylenic diperoxide Vlla
starts to decompose even at 102°C, with n 1.53 and

E, 150 kJmol™, which is due to increased contribu-
tion of induced decomposition. In the series of diace-
tylenic diperoxidesVIla-VIIc, compoundswith differ-
ent aklperoxy (VIIb) or akyl- and arakylperoxy
(VIlc) groups start to decompose at higher tempera-
tures (110, 112°C) compared to compound VIla with
two equal alkylperoxy groups. Diacetylenic peroxides
Vlla-Vlic, in contrast to acetylenic diperoxide Vb,
spontaneously decompose in air even at 130°C. Simi-
lar to monosubstituted peroxyalkynes la-Ic, replace-
ment of the ethynyl hydrogen atom in diperoxide Va
with trimethylsilyl groups and in diperoxide Vla with
the iodine atom noticeably increases the thermal sta
bility of Vd and VIb (by 42 and 18°C, respectively)
and affects the kinetic parameters of the decomposi-
tion (Table 1).

Organosilicon diperoxides VIlIla-VIlld exhibit
enhanced therma stability and start to decompose
only at 124-137°C. In their series, as in the case of
organosilicon monoperoxides I1a, 11b, and Il1a-11le,
compounds VIlla-VIllc containing akylperoxy
groups have somewhat higher T, (131-137°C) and E,
(152-158 kImol™, n 1.44- 154) than compound
VIlId with cycIoaIkyIperoxy groups (T, 124°C, E,
144 kImol™) (Table 1).

We attempted to determine E, of therma decom-
position of certain nonvolatile disubstituted peroxy-
alkynes with the reaction order close to unity by proc-
essing of the TG curves according to Broido [12].
This method is used in derivatography for substances
decomposing in a narrow temperature range by afirst-
order reaction. In the series of long-chain peroxy-
alkynes 1Vs-1Vu, E, of thermal decomposition cal-
culated by the Br0|do method (TG) [17] is 143-
151 kImol™, which is comparable with the values
determined by DTA, E, 135-144 kJ mol™ (Table 1).

Presumably, decomposition of peroxides |-VIII in
the first step (up to 165-220°C) occurs mainly as
cleavage of the O-O bond. In decomposition of long-
chain peroxyalkynes 1Vs-IVu with the octadecyl
radical at the triple bond, the nonvolatile residue from
the first step of decomposition (up to 200-205°C)
contains no peroxy products (TLC data on Silufol
UV-254 plates; *H NMR and IR spectra). The weight
loss, ~20% for 1Vs, ~17% for IVt, and 22% for IVu,
corresponds to removal of volatile products formed in
the decomposition and in secondary reactions of ter-

YUVCHENKO et al.

tiary alkoxy radicals generated by homontlc cleavage
of peroxyalkynes 1Vs-1IVu. The 'H NMR and IR
spectra of the decomposition products of 1Vs-1Vu
suggest the absence of alkylperoxy groups with pre-
servation of the other molecular fragments. In partic-
ular, the IR spectrum of the decomposition products
of 1Vs does not contain the characteristic skeleton
vibration band of the tert-butoxy group at 875 cmt

and in the group of bands at 1400-1300 cm™ bel ong-
ing to symmetric bending modes of the Me,C and
Me,C groups the band at 1365 cm™ characteristic of
the tert-butyl group [18] decreases in intensity. It
should be noted that the IR spectra of decomposition
products of peroxyalkynes IVs-1Vu are virtualy iden-
tical, suggesting similar mechanism of decomposition
of these peroxides with formation of a similar set of
nonvolatile decomposition products. In particular, in
the IR spectra of the decomposmon products, the
bands at 725+5 and 1480+5 cm™ characterizing
vibrations of the (CH,), chain and bending vibrations
of the methyl and methylene groups [18] are pre-
served; two bands of apprOX| mately equal intensity at
1385 and 1370 cm! suggest the presence of gem-
dimethyl groups. There are also a number of charac-
teristic bands absent in the IR spectra of the starting
compounds IVs-1Vu; strong bands at 1720 and 1680+
5 cm™ belong to carbonyl groups; a strong band at
about 3400 cm™ suggests the presence of a hydroxy
group; bands of approximately equal intensity at 2240

and 2215+1 cm* are due to the presence of the C=C
bonds (in the spectra of the starting compounds | Vs-
IVu, there is a single C=C stretching band at 2248+
1 cm™) [18]. These data show that the products of
thermal decompostion of 1Vs-1Vu are complex mix-
tures of products of different structures, mainly hy-
droxy- and carbonyl-containing substances. These
mixtures were separated into four major fractions by
column chromatography (silica gel L 100/250 pm,
Czechla, eluent hexane or hexane-diethyl ether). The
'H NMR and IR spectra of these fractions revealed
the presence of the following acetylenic compounds
[18, 19]: 2-heneicosyne, 3-docosyn-2-one, 4-tricosyn-
2-one, and 2-methoxy-3-docosyn-2-ol.

With the aim to assess the reliability of the charac-
teristics of thermal stability of 1-VIII, obtained by
DTA, we calculated quantum-chemically the strength
of the O-O bond in monosubstituted peroxyalkynes
la-1d, long-chain peroxyalkynes IVs-IVu, and aso
3-tert-alkyl-3-methylperoxy-1-butynes Xa-Xc, which
are the starting compounds in the synthesis of disub-
dtituted long-chain peroxyalkynes 1Va-IVu and or-
ganosilicon diperoxides VIlla-VIIld. For comparison,
we also performed quantum-chemical calculations for
peroxide IX and a disubstituted peroxyalkyne with
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Table 2. Results of quantum-chemical calculations for peroxides la-1d, IVs-IVu, and I X-XI, acohols ROH and R'OH,
and radicas RO and RO

Comp. H, AHgpy, AHip, ROH. ROH H rons Hirom: |Hiron Hiron
no. kJmol™t | kImol=t | kImol~t ’ kJ mol~t kJ mol~t
la 25.255 | -389.798 20.242 MeCH,Me,COH -276.588 -38.685
Ib 93.052 | -397.003 - Me(CH,),MeCOH -294.734 -46.175
Ic 260.446 | -383.305 - Me(CH,),Me,COH -351.623 -116.257
Id 604.998 | -404.773 - cyclo-CgH,;Me,COH 291,031 -
IVs -334.875 | -377.911 - PhMe,COH -109.939 -
IVt -339.749 | -380.953 - Ph;COH 213.146 -
IVu -357.586 | -381.263 - HC=CMe,COH -9.899 161.753
IX 168.745 | -391.643 - Me;COH -268.671 -30.547
Xa 97.914 | —379.506 | 33.292 Me(CH,),,C=CMe,COH —441.004 -
Xb 92.086 | -381.593 30.983 H, [22] 3.021
Xc 71.927 | -379.581 43.652
Xl -348.243 | -386.903 -

cycloalkylperoxy group, 2-methyl-2-(2-cyclohexyl-2-
propylperoxy)-3-docosyne XI, which has not been
described in the literature. Calculations were per-
formed by the SCF MO LCAO semiempirical method
in the MNDO valence approximation [1, 20, 21] with
full optimization of the geometry. The calculated
heats of formation (H;) [20], hydrogenation, and
cleavage of the O-O bond in the peroxides are listed
in Table 2.

The MNDO calculations fairly adequately repro-
duce the structural characteristics of the compounds
under consideration, except certain systematic under-
estimation of the O-O bond length by ~0.15 A [1].

The heats of hydrogenation and cleavage of the
O-O bond (AH; and AH:g) were calculated from
the thermochemical equations

ROOR' + HZ ——> ROH + R'OH,
AHiy = (Hipow + Higon — [Hi + Hi(H)I
ROOR' —— RO + RO,

AHig = (Hiro + Hiro) - Hr.

The hest of formation of hydrogen, H:(H.),
3.021 kdmol™ [22].

The calculated heats of formation (H;ron, Hfgroms
H;ro» Hiro) Of acohols (ROH, ROH) and radicals

(RO, RO) are liged in Table 2.

In optimization of the geometry of systems with
open shells (radicals), it is necessary to use another
approximation taking into account multielectron con-
figuration interaction. This significantly alters the
calculated energy characteristics of the systems and

dramatically increases the time required for the calcu-
lation; therefore, we could not adequately calculate
AH; of decomposition of the peroxides into radicals

and evauated the strength of the O-O bonds in per-
oxyakynes only by the calculated heats of hydrogena-
tion AH;, (Table 2).

Table 2 shows that the results of quantum-chemical
calculations are mainly consistent with the DTA data.
As judged from the heats of hydrogenation, the O-O
bond strength in mono- (Ia, Xa-Xc) and disubstituted
(IVs-1Vu) peroxyalkynes containing tert-alkylperoxy
groups is somewhat higher compared to peroxyal-
kynes containing cycloakyl- (Ib, XI) and aralkyl-
peroxy (Ic, 1d) groups (the heats of hydrogenation of
la, 1Vs-IVu, and Xa-Xc are lower than those of
Ib—Id and XI by ~13 kJmol~* on the average). In the
series of akyl peroxides la, 1Vs-1Vu, and Xa-Xc,
in conformity with the conclusions made from the
thermal decomposition data, the strength of the O-O
bond (heat of hydrogenation) decreases in going from
compounds with the tert-butylperoxy group (IVs, Xa)
to those with tert-pentylperoxy (1Vt, Xb), 2-methyl-
2-pentylperoxy (IVu, Xc), and 2-methyl-2-heptylper-
oxy (la) groups. Certain inconsistency between the
data on thermal stability of peroxide IX and aralkyl
peroxide I ¢, on the one hand, and on the heats of their
hydrogenation (quantum-chemical calculations), on
the other hand, may be due to the fact that, in going
from peroxide 1X to aralkyl peroxide Ic, the thermal
decomposition pattern appreciably changes, which
may be associated with increased contribution of
induced decomposition in the case of Ic. Somewhat
higher O-O bond strength in X relative to the starting
peroxyakyne Ib (Table 2) is aso consistent with the
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enhanced therma stability of disubstituted peroxy-
alkynes compared to monosubstituted peroxyalkynes
(Table 1).

EXPERIMENTAL

The IR spectra were taken on a Specord IR-75
spectrophotometer (thin films). The 'H NMR spectra
were recorded on a Teda BS-567A spectrometer
(CDCl;, internal reference tetramethylsilane).

Peroxides 1-VI11 were prepared and purified for
derivatographic experiments according to [3-10].

Thermolysis of peroxides was performed on a
Paulik—Paullik—Erdey derivatograph at a linear heating
rate of 7 deg min™* (for Id, 5.7; for 1X, 10 deg min™2).
The sample weight was 100 mg. As inert material we
used Al,O5; (100 mg) calcined to 1200°C. For com-
plete remova of air from the crucible, the reaction
volume was purged with argon. The argon supply was
started 1 h before the beginning of heating and was
continued throughout the experiment. The sensitivity
parameters were as follows: balance 100 mg, DTA
1/10, and DTG 1/10. The reaction order (n) of thermal
decomposition of peroxides 1-VIIl was caculated
from the DTA curves by the Kissinger method [2].
The activation energy was calculated from the DTA
curves [12] with the equation InAT = const — E/RT,
where AT is the temperature difference between the
inert reference and sample being analyzed, corre-
sponding to the height of the exo peak from the base-
line at a given temperature within the range of the
substance thermolysis). Since AT is proportiona to
the peak height, the height of the exo peak was ex-
pressed in millimeters. AT was measured in 2.5°C
steps along the temperature line. E, was determined
from the slope of the straight line INAT-10%/T in the
portion in which this dependence is linear.

For monoperoxyalkynes la, Ic, and Id, diperoxides
Va-Vc¢, Vla, and Villa-Vlllc, and peroxide I X, the
dependence InAT-10%T remains linear up to ~150°C;
for monoperoxyalkynes with cyclohexylperoxy group
(Ib, Ie) and diacetylenic diperoxides Vlla-Vlic, up to
~140°C; for disubstituted peroxyakynes with tri-
methylsilyl groups (I1b, Ilc, Ve) and peroxyakynes
IVa-IVu, up to ~160-170°C; and for peroxyakynes
with triphenylsilylperoxy groups (I11a-I11f), up to
~175-180°C.

The quantum-chemical calculations were performed
by the GAMESS program [23].

To study nonvolatile decomposition products of
peroxyakynes 1Vs-I1Vu, 200-mg samples of the sub-
stances were heated to 200°C (end of the first decom-
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position step) under the conditions of derivatographic
measurements, after which the crucible with the non-
volatile residue was removed from the chamber and
cooled. The reaction products were dissolved in di-
ethyl ether and analyzed after removing the solvent
and drying in a vacuum (TLC on Silufol UV-254
plates; 'H NMR and IR spectroscopy).

Separation of mixtures of reaction products was
performed by column chromatography on silica gel L
100/250 pm (Czechid). Initialy we used hexane as
eluent and isolated a fraction consisting predominantly
of 2-heneicosyne. IR spectrum, v, cm L 2970, 2340,
2870 [v(CH3), v(CH,)], 1470 [5,{(CH,), 8,(CH>)],
1380 [8(CHa)], 725 {S[(CH,),]}. *H NMR spectrum,
3, ppm: 0.78 t (CH5CH,), 1.20-1.40 m [(CH,),],
1.70-2.00 m (CH;C=C, C=CCH,). With hexane-
diethyl ether, 100 : 1, as eluent, we isolated a fraction
containing an appreciable amount of an a-acetylenic
ketone, 3-docosyn-2-one. IR spectrum, v, cm
1685 (C=0), 2215 (C=C). 'H NMR spectrum, &, ppm:
0.88 t (CH5CH,), 1.10-1.38 m [(CH,),], 217 t
(CH,C=C), 2.33 s [CH;C(O)]. With hexane-diethyl
ether, 100 : 5, as eluent, we obtained a fraction con-
sisting mainly of an acetylenic alcohol, 2-methyl-
3-docosyn-2-ol. IR spectrum, v, cm - 3610-3125,
1340, 1150 (OH), 1385, 1365, 1170, 860 [(CH,),C],
2245 (C=C). 'H NMR spectrum, 8, ppm: 0.88 t
(CH4CH,), 1.10-1.43 m [(CH,),], 1.48 s [(CH,),C],
1.83 br.s (OH), 2.17 t (CH,C=C). With hexane-di-
ethyl ether, 100: 10 and 100 : 25, as eluent, we ob-
tained two identical fractions containing a mixture of
an alcohol, 2-methyl-3-docosyn-2-ol, and an acetylen-
ic ketone with the carbonyl group remote from the
triple bond, 4-tricosyn-2-one. IR spectrum, v, cm™:
1735 (C=0). 'H NMR spectrum, 8, ppm: 0.87 t
(CHsCH,), 1.12-145 m [(CH,)], 2.08-2.30 m
[CH,C=C, H5C(O)].
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