was solved by direct methods and was refined by anisotropic full matrix least squares for all
nonhydrogen atoms. All hydrogen atoms, found in difference maps, were refined isotropically.
Refinement in the final stages used 1909 reflections with I > 5¢. The final R factors were
= 0.035 and Rw = 0.049. All calculations were done on an IBM PDP-11/23PLUS using SDP-PLUS
programs [7]. The coordinates of nonhydrogen and hydrogen atoms are given in Table 3.
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NITRILE OXIDES OF THE THIOPHENE SERIES: INFLUENCE OF STERIC FACTORS
ON STABILITY AND REACTIVITY IN REACTIONS OF 1,3-DIPOLAR CYCLOADDITION

M. M. Krayushkin, A. A. Loktionov, UDC 547.732.04:541.124
and L. I. Belen'kii

The synthesis of a series of di- and trialkyl-substituted thiophenecarbonitrile
oxides is described. Their addition to styrene is studied together with the quan-
titative evaluation of the influence of different alkyl groups on the rate of the
1,3-dipolar cycloaddition reaction by the method of competing reactions.

The first examples of nitrile oxides of the the thiophene series, the stability of which
was determined by the presence of an electron-accepting substituent together with the C=N-—O0
group, were previously studied in our laboratory [1]. Moreover, there are well known examples
of the aromatic series where the stability is determined by the steric effects of the two
alkyl groups in the ortho positions relative to the nitrile oxide function. Thiophene ana-
logs of such compounds are described below; the extent of the shielding influence of differ-
ent alkyl groups. on the stability of the substances and the rates of their reaction with sty-
rene were evaluated quantitatively. The synthesis of the products was performed by the fol-

lowing scheme:
€1,CHOBu Nuzorx o= No“mom U =N
SnCl CH cl,
I—iVa R—H, b R=CHg ¢ R—CH2CH3. d R=CH(CH;),

We also undertook attempts to synthesize.analogs of the compounds (IV) in which both the
alkyl groups adjoining the nitrile oxide group differ from methyl. It was to be expected that
the most sterically hindered compound would have two tertbutyl groups. Taking into account
the known ease of cleavage of the tert-butyl groups during electrophilic substitution in the
presence of Lewis acids, it is impossible to synthesize such a compound by the formylation
of 2-methyl-3,5-di-tertbutylthiophene (V) under the conditions utilized for the isolation of
the aldehydes (II). Therefore, it was planned to carry out the bromination of compound (V)
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TABLE 1.

'H NMR Spectra of the Aldehydes (II), the Oximes

(III), and the Nitrile Oxides (IV) of the Thiophene Series

Com-~ Chemical shifts, ppm
pound Solvent PP E_{SZCCS'
' 2-CH, I 5-CH, 3-R l 4R
il CCly 2,58 2,20 9.86 1,00t ; 2,70 g 7.5
11d CCl, 2,53 2,25 10,03 | 1,22 d; 3,38 m 7.5
IITa (CDy),CO 2,32 2,25 8,03; 9.98 6,82 —_
1IIb CDCl; 2,43 2,23 8,16; 9.05 2.12 —
lIle CDCl; 2,35 2,15 8,13; 9,01 097 t; 253 q 75
IId CDCl; 232 2,12 8,09; 9.46 L,14d; 310m 70
IVb CDCl; 2,38 2,20 — 2,02 —
we | ccy 2.48 228 — 1,14 1; 253 q 75
Ivd CCl, 2,46 2,28 — 1,28 ¢ 304m 75
TABLE 2. !3C NMR Spectra of the Compounds (IVb-d) in CDCl,
Com-~ Chemical shifts, ppm
pound Cia | Ci3 Con Cis) 2-CH, | 5-CH; 4-R | CNO
Ivb [143,71] 110,76 |133.14] 130.7! 14221 12,71 12,53 32,02
IVe 143,94 109,71 ]139,50f 130,35 14,13 § 14.03 120,71 (CH,); 12,31 (CHa)| 33,60
1vd }{14491] 108,15 ]143,23] 129,69 | 14.25] 13,01 |28,05 (CH); 21,69 (CH,){ 34,20

with the subsequent exchange of halogen by lithium, and the treatment of the organolithium
compound with dimethylformamide. However, this objective was not successfully attained: the
halogen atom enters the 2-CH; group. The hydrolysis of the reaction mixture led to the isola-
tion of 3,5-di-tertbutylthiophene-2-aldehyde (VI), which is identical to the product of the
formylation of 2,4-di-tertbutylthiophene in the conditions of the Vilsmeier reaction. By
analogy to the method described above, the aldehyde (VI) was converted, via the oxime (VII),
to the nitrile oxide (VIII), the propertiesof which were compared with those of the nitrile
oxides (IVa-d).

_Bu-¢ Bu-~¢ Bu-{ Bu-t
= Br, H,0 DMF
ol - P Zm [ == ]
)\ CH,CI, N POCL
t-Bu” 57 cH, t-Bu” ~s7 “CHBr, t-Bu” “s” “cHO t-Bd S
Y o® Vi
&
Bu~t Bu-¢
CH,Cl
t-pu” 57 “cr=NoH 272 tpu” 57 “cE=N-wo

The IR spectra of the nitrile oxides (IVa-d) and (VIII) contain absorption bands of the
C=N-»O group at 2300 and 1370 cm™! as well as the absorption bands of the thiophene ring
in the region of 1560...1575 cm™!. In the UV spectra of the compounds (IVb-d), there are ab-
sorption maxima at 226 and 263 nm (¢ 11,000...12,000). The nitrile oxide (VIII) has the
Amax 210 nm (e 9200) and 286 nm (e 11,100). The data of 'H NMR and mass spectrometry conform
with the proposed structures of (IVb-d) and (VIII) (Table 1). The close values of the chemi-
cal shifts of the carbon atoms of the nitrile oxide groups in the !3C NMR spectra of the com-
pounds (IVb-d) evidently indicate the very insignificant electronic influence of different
alkyl substituents at the position 4 on the indicated groups (Table 2). This permits the
limitation of only considering the steric effects in the discussion of the stability and reac-
tivity of the nitrile oxides (IV).

The substances obtained possess varying stability® which is evidently determined by the
degree of shielding of the nitrile oxide function by the alkyl groups. Thus, compound (IVa),
which only has one methyl substituent adjoining the C=N--0O group, is only stable in the
course of several hours, and the product (VIII), which is shielded by the tertbutyl group,

*The stability signifies the capacity of the compound to retain the physicochemical properties
at 25°C [2].
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is stable for not more than 10 days. The nitrile oxide (IVb), in which the nitrile oxide
function is disposed between two methyl groups, is stable for 3 weeks. The substitution of
the methylgroup by ethyl at the position 4 of the thiophene ring increasesthe stability of
(IVc) insignificanty. The most stable of the compounds obtained is 2,5-dimethyl-4-isopropyl-
thiophene-3-nitrile oxide (IVd), which is kept for morethan 2 months without observable chang-
es.

The synthesized compounds (IVa-d) and (VIII) readily enter into the 1,3-dipolar cyclo-
addition (1,3-DCA) reaction with styrene to form high yields of the thienyl-substituted isox-
azolines (IXa-d) and (X).

Hy

_-S._CH, Hy
! |r/ H, HE :Ph
. -~Bu N
y ) l-lB t-B S N 0
1 H, | |

Bu-—
x 0 Ph X u-t

A single regioisomer was formed in each case; its structure was unambiguously shown us-
ing 'H NMR spectroscopy. The shift of the signals of the Hy protons by almost 2 ppm to weaker
field by comparison with the signals of the Hy and Hp protons of the cycloadducts indicates
the formation of the regioisomers (IXa-d) and (X) (Table 3). Analogous 'H NMR spectra are
given by cycloadducts of mesitonitrile oxide [2] and the previously described nitrile oxides
of the thiophene series [1] with styrene.

A series of kinetic measurements by the method of competing reactions was performed
with the object of quantitatively evaluating the influence of steric factors on the reactiv-
ity of nitrile oxides of the thiophene series in the 1,3-DCA reactions-with styrene (Table
4). Mesitonitrile oxide was utilized as a reference substance; its rate constant equals
2.92:107* liter+mole”l+sec™! for the reaction with styrene in CCl, at 20°C [2].

The compounds (IV) and (VIII) proved to be more active than mesitonitrile oxide. This
isevidently a consequence of the differing geometry of the rings, with the higher outer bond
angles in thiophene by comparison with benzene; this leads, in the first case, to the lower
shielding of the reaction center and correspondingly to an increase in the reactivity. An
increase in the volume of the alkyl substituent at the position 4 of the thiophene ring lowers
the rate of the cycloaddition: in the transition (IVb) » (IVd), the k,.o] decreases threefold.
The influence of steric factors is also clearly shown by the comparison of the compounds (IVa)
and (VIII): the rate of the 1,3-DCA reaction for the nitrile oxide (VIII), which is shielded
by the tertbutyl group, is lower than that for the compound (IVa). At the same time, it
should be noted that both these substances, which have only one substituent adjoining the
C=N-0O group, react more rapidly with styrene than the remaining nitrile oxides which are
shielded by two alkyl groups. Therefore, the change in the extent of shielding appreciably
influences both the stability and the reactivity of the nitrile oxides of the thiophene ser-
ies.

EXPERIMENTAL

The IR spectra were recorded on a UR-20 spectrometer using KBr tablets and the solutions
in CCl,. The UV spectra were recorded on a Specord UV-vis spectrometer. The 'H NMR spectra
were taken on the Tesla BS-467 (60 MHz) and Bruker WM-250 (250 MHz) spectrometers. The !3C
NMR spectra were taken on a Bruker WM-250 (62.89 MHz) spectrometer for the solutions in CDCl,.
The mass spectra were taken on a Varian MAT CH-6 instrument with the direct input of the sample
at the ion source, the ionizing voltage of 70 eV, and the emission current of 100 pA. The
chromatographic analyses were carried out on the LKhM-80 chromatograph with a flame-ionization
detector, stainless steel columns 2 mm by 2 m, and 57 SE-30 on Chromaton N-AW-DMCS, at the
temperature of 160°C with the gas carrier of nitrogen at the rate of 20 ml/min.

The Initial 2,3,5-Trimethyl- and 2,5-Dimethyl-3-ethylthiophenes (Ib, c). These were ob-
tained by the Kishner reduction of 2,5-dimethylthiopene-3-aldehyde and 2,5-dimethyl-3-aceto-
thienone [3, 4].

2,5-Dimethyl-3-isopropylthiophene (Id). This was obtained from 2,5-dimethylthiophene
and isopropyl chloride in the presence of the equivalent amount of aluminum chloride; the sol-
vent was CH,Cl, (by analogy with the method of [5]). The stable c-complex — 2,5-dimethyl-3-
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isopropyl-2H-thiophenium tetrachloraluminate — 1is formed directly in the course of the reac-
tion. The 'H NMR spectrum (CH,Cl,) is as follows: 1.40 ppm [dd, 6H, (CH3),CH, Jg-2Me = 3
Hz], 1.90 ppm (d, 3H, 2-Me, Jyy-2Me = 7.5 Hz), 3.18 ppm (d, 3H, 5-Me, Jog-sMe = 3 Hz), 3.66
ppm (m, 1H, Me,CH), and 7.48 ppm (s, 1H, 4-H). The signal of 2-H is superimposed with the
solvent signal. The treatment of the o-complex with water gives the compound (Id) with the
yield of 75%. The 'H NMR spectrum of (Id) (CCl,) is as follows: 2.15 ppm [d, 6H, (CH,),CH,

J =7 Hz], 2.22 ppm (s, 3H, 2-Me), 2.31 ppm (s, 3H, 5-Me), 2.84 ppm (m, 1H, Me,CH, J = 7 Hz),
and 6.33 ppm (s, 1H, 4-H). The properties of compound (Id) are in accord with those described
in {5].

2,4-Di-tertbutylthiophene (cf. [6]). Into the suspension of 8.2 g (61 mmole) of AlCl,
in the solution of CH,Cl, at =78°C is passed a stream of dry HCl until saturation is effec-
ted; 12 g (61 mmole) of the mixture of 2,5- and 2,4~-di-tertbutylthiophenes, obtained accord-
ing to the method of [7], are then added dropwise. The reaction mixture is thawed out and
left for 2 days at 20°C. The mixture is poured into water, and the organic layer is separated.
It is washed with a 17 solution of KOH and water and dried. The solvent is distilled, and
the residue is distilled in vacuo. The yield of 8.58 g (72%) of 2,4-di-tertbutylthiophene
is obtained; it has the bp 89°C (10 mm Hg) and the np2%1.4924, which corresponds to the
data of [7]. The 'H NMR spectrum (CCl,) is as follows: 1.17 ppm [s, 9H, (CH,;),Cl, 1.27 ppm
[s, 9H, (CH3)5Cl, 6.52 pppm (d, 1H, 5-H), and 6.59 ppm (d, 1H, 3-H, J,5 = 1.5 Hz).

3,5-Di-tertbutyl-2-methyithiophene (V). To the solution of 38.2 g (0.39 mole) of Z-methyl-

thiophene and 86 ml (72,2 g, 0.78 mole) of tertbutyl chloride in 350 ml of CH,Cl, are added,
dropwise with stirring for 1 h, 90 ml (198 g, 0.78 mole) of SnCl, so that the temperature of
the reaction mixture should not exceed 0°C. The mixture is then stirred at room temperature
for 5 h; it is poured into 500 ml of 107 HCl. ‘The organic layer is separated and washed with
water and 57 aqueous KOH. The solvent is distilled off, and the residue is steam distilled.
The distillate is extracted with ether, and the extract is dried with MgSO,. The ether is
distilled off; the distillation of the residue leads to the isolation of 63.6 g (77%) of com-
pound (V) with the bp 80...85°C (4 mm of Hg stem) and the np?° 1.5020. Found: C 73.5, H 10.4,
and'§ 15.1%7. C,3;H,,5. Calculated: C 74.2, H 10.4, and S 15.1%. The 'H NMR spectrum (CCL,)
is as follows: 1.25 ppm [s, 18H, (CH3);C], 2.33 ppm (s, 3H, CH3;), and 6.40 ppm (s, 1H, 3-H).

2,5-Dimethyl-4-alkylthiophene-3-aldehvdes (IIb-d). To the solution of 0.1 mole of the
2,5-dimethyl-3-alkylthiophene (Ib-d) and 0.27 mole of SnCl, in 100 ml of methylene chloride
is added, dropwise with stirring, 0.25 mole of a,a-dichloromethyl butyl ether so that the
temperature of the reaction mixture should not exceed 5°C. At the completion of the addition
of the ether, the cooling is removed, and the temperature of the reaction mixture is brought
to room temperature for 40 min. The mixture is then boiled on a water bath with a reflux
condenser with the periodic withdrawal of samples for GLC. After 3 h of boiling, the content
of the initial trialkylthiophene (Ib-d) comprises less than 17 according to the GLC data. The
reaction mass is poured onto a mixture of 500 cm® of ice and 50 ml of concentrated HC1l. It is shaken
in a separatory funnel until the disappearance of the violet color of the organic layer is
evident; the organic layer is then separated. The aqueous layer is extracted with CH,Cl,,
and the combined organic layers are carefully washed with a solution of Na,CO, and water.
After the distillation of the solvent, the product is steam distilled, and 5 liters of the dis-
tillate are collected. It is extracted with ether; the ether solution is dried with MgSO,.
The ether is distilled off, and the residue is distilled in vacuo. The characteristics of
the aldehydes (IIb-d) are shown in the Tables 1 and 5.

3,5-Di-tertbutylthiophene-2-aldehyde (VI). A. To 10 ml of DMF are added 5 ml (55 mmole)
of POCl; while cooling the mixture in ice. The mixture is heated for 15 min on a water bath
at 80°C prior to cooling it again and adding 8.58 g (44 mmole) of 2,4-di-tertbutylthiophene
dropwise. The mixture is heated on a water bath at 100°C for 5 h and is then poured into
a solution of sodium acetate. The aqueous solution is extracted with chloroform, and the
organic layer is washed with water until a neutral reaction is obtained. The solvent is dis-
tilled off, and the residue is distilled in vacuo. The yield of 7.24 g (74%) of a viscous
light yellow liquid is obtained. The 'H NMR spectrum (CCl,) is as follows: 1.33 and 1.43 ppm
[s, 9H, 3- and 5-C(CH;)s], 6.73 ppm (s, 1H, 4-H), and 10.13 ppm (s, 1H, CHO). The remaining
characteristics can be seen in Table 5.

B. To the solution of 28.8 g (0.13 mole) of 3,5-di-tertbutyl-2-methylthiophene (V) in
600 ml of CH,Cl, are added, dropwise with stirring and cooling in ice, 14 ml (41.6 g, 0.26
mole) of bromine such that the temperature of the solution should not rise above 0°C. The
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TABLE 3. PMR Spectra of the Cycloadducts (IXa-d) and (X) in
CDCl; (250 MHz)

Com- Chemical shifts, ppm SSCC, Hz

pound protons of the thiophene residue| Ha. 4 |Hg. G{Hx. Q CHsmn | an | Jax Pex

IXa | 2,41 (s, 3H, 2-CHy); 2,65 (s} 3,27 | 3,71 | 562 {7.30...7.45| 159 9,1 185
3H, 5-CH;); 6,68 (s, 1H, 4-H)

IXb | 1,17 (s, 3H, 4-CHy): 232 (s 325 | 3,75 | 5,72 [7,30...7,50| 16,3 | 10,0 6.9
3H, 5-CHs); 2,47 (s, 3H, 2-CH,)

IXc | 092 t, 3H, 4-CH;,CH,, J=7Hz);| 291 | 353 | 4,42 |695...7.42( 160 | 105 {80
243 (q, 2H, 4-CH:CH,, J=
=7 Hz); 2,15 (s, 3H, 5-CHy);
2,20 s, 3H, 2-CHy)

IXd| 1,28 [d, 6H, 4-(CHs),CH, J=| 3,17 | 3,64 | 577 [r.30...7.50] 180 | 110 [85
=7Hz]: 233 (s, 3H, 5-CH,):

242 (s, 3H, 2-CH;); 3,02 [ml
IH, (CHy),CH, J=7 Hz]

X {141 m,9H, 3-(CH;),C]. 147| 3,33 | 3,77 | 5,71 {7,30...7,50| 15,0 | 11,3 |88
[si_;.))H, 5-(CHj):C]; 6,88 (s, IH,
4.

TABLE 4. Relative Rates of the Reactions of Nitrile
Oxides of the Thiophene Series (IVa-d) and (VIII)
with Styrene in CCl, at 20°C

No, of | 1,3-Dipdles A B Styrene, | k

experi= c . ole rel ~
- epn't N B mmole {mmole |mm kg /kg
I IVb |MesCNO* 0.5 0.5 0,5 3.5
2 IVb {MesCNO 0,25 0,75 0.25 3.7
3 IVc {MesCNO 0,6 0,5 0.5 3.0
4 [Ve {MesCNO 0,25 0,75 0,25 3,3
5 Ivd {MesCNO 0.5 0,5 05 1.3
6 IVd |MesCNO 0,25 0,75 0,25 1.0
7 [VII [MesCNO 0.5 0,5 0.5 4,8
8 VI jIvd 0.25 0,75 0.25 4.1 (4.7)**
9 iva | vd 50 5,0 5,0 6,1 (8,2)**

*MesCNO indicates mesitonitrile oxide.
**The values presented in the brackets were obtained
by comparison with mesitonitrile oxide: kpgj = kp/

KMesCNO-

reaction mixture is stirred for 5 h at 20°C, and is left during the night. The mixture is
then poured into 500 ml of a 27 solution of Na,$,0;. The organic layer is separated and washed
with a 107 solution of NaOH and water, and is dried with MgSO,. The solvent is distilled off,
and the residue is distilled in vacuo prior to the isolation of 14.22 g (38%) of 3,5-di-tert-
butylthiophene-2-aldehyde (VI).

2,5-Dimethyl-4-alkylthiophene-3~aldoximes (IIla-d), The solution of 70 mmole of the alde-
hyde (IIa-d) in 50 ml of ethanol is stirred with the solution of 10.5 g (140 mmole) of hydroxyl-
amine hydrochloride and 19 g (140 mmole) of sodium acetate in 50 ml of water; the mixture is
heated to boiling and alcohol is added up to homogenization. The reaction mixture is boiled
for 4 h prior to the double dilution with water. The precipitated residue is filtered off,
washed with water, dried, and dissolved in the 1:3 mixture of ether-hexaneprior to the filtra-
tion through a glass filter with silica gel (160/100 mesh, diameter 5cm, depth of layer 5 cm).
The filtrate is evaporated, and the residue is recrystallized. The characteristics of the
oximes can be seen in the Tables 1 and 5.

3,5-Di-tertbutylthiophene-2-aldoxime (IITe). This is obtained analogously. The *H NMR
spectrum (CCl,) is as follows: 1.47 ppm [s, 18H, 3- and 5-C(CH;);], 6.70 ppm (s, 1H, 4-H),
8.60 ppm (s, 1H, —CH=), and 9.6 ppm (s, 1H, OH). The remaining characteristics can be seen
in Table 5.

2,5-Dimethyl-4-alkylthiophene-3~nitrile Oxides (IVa-d). To the solution of 10 mmole of

the aldoxime (IIIa-d) in 15 ml of CH,Cl, are added, dropwise with intense stirring, 10 ml of
a 127 solution of sodium hypochlorite (1.2 g, 16 mmole) so that the temperature of the mixture
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"should not exceed 0°C. After the addition of the oxidant, the reaction mixture is stirred for
20 min more. The organic layer is separated, and the aqueous layer is extracted with CH,Cl,.
The combined organic layers are washed with water and dried with Na,SO,; the solvent is dis-
tilled off. The residue is recrystallized. The characteristics of the nitrile oxides (IVa-d)
are presented in Tables 1 and 5.

3,5-Di-tertbutylthiophene-2-nitrile Oxide (VIII). This is obtained by the method described.
The 'H NMR spectrum (CDCl,) is as follows: 1.38 ppm [s, 9H, C(CH3)3], 1.40 ppm (s, 9H, C-
(CH3) 5], and 6.73 ppm (s, 1H, 4-H). The remaining characteristics can be seen in Table 5.

5-Pheny1-3-(2,5-dimethyl-4-alkyl-3-thienyl)-2-isoxazolines (IXa-d) and 5-Phenyl-3-(3,5-
di-tertbutyl-2-thienyl)-2-isoxazoline (X). One of the compounds (IVb-d) or (VIII) (3 mmole)
and 3.2 mmole of styrene are dissolved in 10 ml of CCl,, and the mixture is left at 20°C.
After 2 days, the solution is evaporated, and the residue in 3 ml of hexane is applied to a
column with silica gel 100/160 mesh (diameter 14 mm, height of layer 30 cm). The solution
is performed with hexane, collecting 80 ml of the solution, and then with ether, collecting
100 ml of the solution. The ether fraction is evaporated; the residue is distilled in vacuo
or recrystallized. The cycloadduct (IXa) of the unstable nitrile oxide (IVa) is obtained in
situ by the method of [8]; the method of purification is analogous to that indicated above.
The yields and characteristics of the compounds (IXa-e) and (X) can be seen in the Tables 3
and 5.

Determination of the Reactivity of the Nitrile Oxides by the Method of Competing Reac-
tions. A. The case for the stable nitrile oxides (IVb-d) and (VIII). The solution of 0.25...
0.5 mmole of styrene, 0.25...0.5 mmole of the nitrile oxide (IVb-d) or (VIII), and 0.75...0.5
mmole of mesitonitrile oxide is dissolved in 1.2 ml of CCl, and left at 20°C. After 2 days,
0.2 ml of the solution is removed prior to the addition of 0.2 ml of CDCl, (the standard for
'H NMR) and the taking of the 'H NMR spectrum.

B. The case for the unstable nitrile oxide (IVa). To the ice-cooled solution of 0.776 g
(5 mmole) of the aldoxime (IIIa), 0.986 g (5 mmole) of the aldoxime (IIId), and 0.521 g (5 m-
mole) of styrene in 24 ml of CCl, are added, dropwise with energetic stirring, 10 ml of a 127%
solution of NaOCl (1.1 g, 17 mmole) at a temperature of <7°C. The mixture is stirred at this
temperature for 30 min; the temperature is then raised to room temperature for 30 min.  After
this, the stirring is discontinued. After 2 days, the organic layer is separated, washed
with water, and dried with MgSO,; the *H NMR spectrum of the solution obtained is taken.

The calculation of the kpe] was carried out according to [9]. The ratios of the final
and initial concentrations of the nitrile oxides were determined from the integral curves of
the 'H NMR spectra. The signals of the protons of the 4-R group of the thiophene ring were
utilized for the calculation along with the ABX-protons fo the cycloadducts and the aromatic
protons of the mesityl residue.
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