STABLE ISOMERIC BENZONITRILE OXIDES DERIVED

FROM 6-CHLORO-2,4-DIMETHOXYANILINE

F. M. Stoyanovich, V. N. Bulgakova, UDC 547.551.424547.574.2
and M. M. Krayushkin

The Rieche formylation of N-acyl-6-chloro-2,4-dimethoxyanilines proceeds at C°, while
metallation occurs at C3, As a result, isomeric aldehydes were obtained, which were
converted into stable nitrile oxides.

In the present work, we developed rather simple approaches to the synthesis of func-
tionally substituted benzonitrile oxides, which may hold interest as polymer modifiers and
intermediates in the synthesis of physiologically active compounds.

6-Chloro-2,4-dimethoxyaniline(I), which is readily obtained in a one-step synthesis
from p-benzoquinone monooxime by treatment with methanol and HCl [1], served as the start-
ing compound. Vilsmeier formylation led only to the formation of dimethylformamidine (II).
Further formylation was not observed, apparently due to the strong basicity of (II) and
deactivation as the result of salt formation.

N-Acetyl derivative (I11a) does not undergo the Vilsmeier reaction with DMF and POCI1,
even at 120°C. However, the Rieche formylation of (IIIa) using MeOCHCl, or n-BuOCHCl, and
TiCl, gave an aldehyde identified as 6-chloro-5-acetylamino-2,4-dimethoxybenzaldehyde (IVa)
since the electrophilic substitution of the dimethyl ether of 5-chlororesorcin occurs at
G*, i.e., between the chlorine atom and methoxy group [1]. The presence of an acylamino
group in the meta position to the leaving group should not apparently alter the direction
of the substitution.

N-Pivaloyl-6-chloro-2,4-dimethoxyaniline (IIIb) analogously forms aldehyde (IVb) in
the Rieche reaction in good yield.

The metallation of (IIIb) by butyllithium, in contrast to the formylation, proceeds
at the position between the two methoxy groups. The action of DMF on the lithium deriva-
tive gave aldehyde (V) in 43% yield. Carboxylation gave the corresponding acid (VI) in 63%
yield. Polymetallation products in the case of excess metallating agent were not observed.

The structures of aldehydes (IVb) and (V) and acid (VI) (Table 1) were also supported
by spectral data. The PMR spectral data are given in Table 2, which also contains litera-
ture data for compounds with established structure for comparison. The chemical shifts
(CS) of the protons between the methoxy group and chlorine atom are located 20.1 ppm down-
field relative to the protons between the two methoxy groups, independently of the nature
of the meta-substituent. Such chemical shift differences were also observed in the 13C NMR
spectra (Table 3, see underlined values) for carbon atoms bearing hydrogen atoms. The
downfield chemical shifts (by about 10 ppm) are assigned to the carbon atom between the
chlorine atom and methoxy group. When both possible isomers are present, assignment to one
or the other series is readily accomplished.

Both isomeric aldehydes are converted to oximes (VII) and (VIII), which were oxidized
by the action of NaOCl to the corresponding benzonitrile oxides (IX) and (X). These ox-
ides give the ordinary 1,3-dipolar cycloaddition adducts with styrene (XI) and (XII). The
period of 50% conversion of (IX) is 0.5 year. The major reason for the relative instabili-
ty of (IX) apparently lies in its isomerization to the isocyanate, as indicated by the
disappearance of the IR band at 2300 cm! and appearance of a band at 2280 cm™. The period
for 50% conversion of (X) is greater than one year.
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EXPERIMENTAL

The melting points were determined on a Boetius block. The mass spectra were taken
on a Varian MAT CH-6 mass spectrometer at 70 eV. The temperature of the ionization chamber
was 50-150°C. The PMR spectra were taken on a Bruker WM-250 spectrometer at 250 MHz. The
3¢ and N NMR spectra were taken on a Bruker AM-300 spectrometer at 75.47 MHz for the 13C
NMR spectra and 21.688 MHz for the “N NMR spectra. The IR spectra were taken on a
Perkin—Elmer 577 spectrometer at 400-4000 cml,

The physical constants, yields, and elemental analysis data for the compounds synthe-
sized are given in Table 1. The PMR spectral data are given in Table 2. The 3C NMR spec-
tral data are given in Table 3.

N,N’ -Dimethyl-N-(6-chloro-2.4-dimethoxyphenyl)formamidine (IT). A sample of 9.15 ml
(100 mmoles) POCl, was added with rapid stirring over 2 h to a solution of 9.38 g (50
mmoles) (I) in 30 ml DMF at 0°C, stirred for an additional 30 min at 0°C, and left for 12 h
at ~20°C. The mixture was then neutralized with cooling by the addition of 20% aq. NaOH.
The precipitate formed was extracted with ether. The extract was dried over MgS0,. The
solvent was evaporated and the residue was recrystallized from CCl,.

N-Acetyl-6-chloro-2.4-dimethoxyaniline (IIIa) was obtained by the action of acetic
anhydride on (I) at 120°C for 3 h.

N-Pivaloyl-6-chloro-2,4-dimethoxyaniline (I1Tb) was obtained from (I) and pivaloyl

chloride according to Suffert [2].

6-Chloro-5-acetylamino-2,4-dimethoxybenzaldehyde (IVa). A solution of 1 ml (11
mmoles) MeOCHCl, at 0°C was added with stirring to a solution of 1.34 g (5.8 mmoles) (IIlIa)
in 13 ml CH,Cl, and, after 10 min, a solution of 2.5 ml (23 mmoles) TiCl, in 2 ml CH,Cl, was
added. Stirring was continued for 2.5 h at 0-5°C. The reaction mixture was poured onto a
mixture of equal parts of ice and concentrated hydrochloric acid. The precipitate was
filtered off, washed with water, and dried. Product (IVa) was purified through its bisul-
fite derivative., IR spectrum (v, cm™l): 1690 (C=0).

6-Chloro-5-pivaloylamino-2,4-dimethoxybenzaldehyde (IVb) was obtained analogously to
(1IIIb) with n-BuOCHCl, as the formylating agent. Product (IVb) was purified by crystalli-
zation from acetone. IR spectrum (v, cm™!): 1690 (C=0). Oxime (VII) (Table 1). PMR spec-
trum in CsDN (6, ppm): 1.50 s (Me,C), 3.62 s (MeO), 3.75 s (MeO), 6.54 s (H®), 8.78 s (CH),
9.48 s (NH), 13.38 s (OH).
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TABLE 1. Parameters of Products Synthesized

Found 5
i Calculated °
Com- Y]‘gld’ Mp, °C Chemical
pound ? ’ formula® t
C H [8%4 \ N
(ID 95 78,5-79 C11HisCIN O 6,50 14,49 11,55
6,23 14,61 11,54
(111a) 91 157-158 | CyroH12CINO; 5,56 15.26 6,02
5,27 15,44 6,10
(111b) 83 98,5-99,5] CisHysCINO, 6.54 13.08 5,28
6,67 13,04 5,15
4,89 13,76 5,45
(IVh) 80 178-181| Gy H;sCINO, 5.95 11.98 5,26
6,05 11.82 4,67
(V) 43 130—-132 | O :,CINO, 6.23 1460 4,55
6.05 8 | 4,067
an 63 225-227 | €, 10:CIND, 5.89 1199 439
575 | 1123 | 444
Methyl 175177 Gy HaaCING, 8.18 1410 4,27
e WA | T | A%
(VI 87 272.-273 Cra T OENG, 598 11.07 L9008
608 1 1126 8.90
VI 33 236-238 | € HnCINaD, 1] 63 1150 8.5
2 BU0 | 1126 1 860
. | $
(NG 83,6 175~175 C, J17CINO, :5‘3.(%5 506 ; {119 | 884
5376 | TR48 1 1154 | 848G
(X3 57 140~ 142 G HCINGO 33,57 555 11,10 0,43
53,76 545} 1134 7 896
D 70232234 ) CoBCINA0. | 6356 | 628 | 881 | 666
63,38 G.04 TeRT | 672
{(NID 75 193195 Caglls;CINLO, 63,05 6.11 8.68 5,51
63,38 6,04 251 6,72

*(M") for all the compounds corresponds to the calculated
molecular masses.

4-Chloro-3-pivaloylamino-2,6-dimethoxybenzaldehyde (V). A sample of 29 ml (47.5
mmoles) ethereal BulLi was added over 10 min with rapid stirring to a solution of 1.5 g (5.5
mmoles) (IIIb) in 35 ml abs. ether in a dry argon atmosphere at from -62 to -72°C, stirred
for 1.5 h at -72°C and for 2 h at 20°C, heated at reflux for 2 h, cooled to -50°C,and 4.26
ml (5.5 mmoles) DMF was added rapidly. The mixture was brought to 20°C and then heated at
reflux for 1 h, cooled, and poured onto a mixture of 26 ml ice and 16 ml concentrated hy-
drochloric acid. The mixture was extracted with ethyl acetate, dried over MgSO,, and evap-
orated. Aldehyde (V) was purified through its bisulfite derivative. IR spectrum (v, cm™3):
1700 (C=0). Oxime (VIII) (Table 1). PMR spectrum in (CD;),CO (6, ppm): 1.38 s (Me,C), 3.70
s (Me0), 3.88 s (MeO), 6.91 s (H®), 8.16 br.s (NH), 8.20 s (CH), 10.38 s (OH).

4-Chloro-3-pivaloylamino-2.4-dimethoxybenzoic Acid (VI). A sample of 30 ml (60
mmoles) ethereal Buli was added over 10 min in portions to a solution of 2.03 g (7.5
mmoles) (IIIb) in 50 ml abs. ether in a dry argon atmosphere at -69°C, stirred for 1.5 h at
-72°C, heated at reflux for 1 h, cooled, and poured into a mixture of CO, and ether. The
precipitate of the lithium salt was filtered off, washed with dry ether, and converted to
the acid by the action of dilute sulfuric acid. The acid was purified by crystallization
from acetonitrile. The methyl ester was obtained by the action of CH,N,.
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6-Chloro-5-pivaloylamino-2.,4-dimethoxybenzonitrile Oxide (IX).

TABLE 2. PMR Spectra of Products Synthesized in CDCl; (&, ppm)

Compound

CS of aromatic

protons (J, Hz}

MeO

CS of other protons

0 ! H5 (Ja HZ)
1
6-Chloro-2,4-di- | 6,38 d 6504 (2.1) | 3.86 5,388 s 40,36 s (CHO)
methoxybenzal-
dehyde*
Methyl 6-chloro- | 6,35 d [6,49d (2,1) | 378 s 3,90 s (MeOCO)
2,h-dimethoxy-
benzoate™
(1) * 636 4 [645a (2,4) | 3,70s, 3,80 s 3,76 s (NHy)
(I1) 6,38 4 16534(3,03)] 3,76 s 3,&}1 S)(Me), 7,43 s
. (CH=
(I1fa) 6,40 d |6.584 (3,03)| 3.80s %N28{)S (Me), 6,81 br.s
(11I) 6,40 d |6,584d (3,03)] 378 s %1\3;?1)5 (MesC), 6,81 or.s
(IVa) 6,38 s - 391 s 7,20 s (NH), 10,33 s
(CHO)
(IVD) 6,29 s - 378s,3825s 1,27 s (MesC), 7,06 br.s
(NH), 10,24 s (CHO)
(V) — 6,61 s 3,598,375 s 1,27 s {Me;C), 7.49 br.s
(NH), 10,43 s (CHO)
Methyl ester
(VD - 6,79 s 3,785, 3.88's 1.37 s (Me;C), 3,92 s
(MeOCO), 6,92 s (NH)
(IX) 6,39 s - 3,87s, 3,92 s i,\-@_ﬁél)S(MesC), 6,89br.s
(X) - 6,85 8 3,88s, 3,92 s 1,34 s (Me;C), 691br.s
(NH)
(XI) 6.44 s - 383s,386s 1,36 s (Me;C), 3.21d.d
(J=8,0: 17,0), 3,67 d.d
(ClL,, 7=118; 17.,0),
5.73 d.d (isoxazoline
ring CH, J = 8.0; 11.0)
7,90 s (NH),
7.30-750 m (CoHs)
(XID) - 6,79 s 370 s, 382 s £.36 s (Mez(), 3.27 d.4
(/=88: 17,5), 3.69 d.d
(CH,, J=11.4: 17.5).
3,73 d.d (CH isoxazo-~
line ring » /=8§88;
f1.4), 7.03 8 (NHD.
7.52-7.42 m {(CyH,)

*Data taken from Sargent [1].

mmeles) oxime (VII) was added with rapid stirring to a mixture of 12.5 ml ag. NaOCl (24

A sample of 2.58 g (8

mmoles, 0.15 g/ml active chlorine), and 39.5 ml CH,Cl, at 0°C and stirred for 8 h at 0°C.
The com-
bined organic layer was washed with cold water and dried over MgSO,. The solvent was evapo-

The organic layer was separated and the aqueous layer was extracted with CH,Cl,.

rated without heating.
by the addition of hexane.

in CDC1l, (§, ppm): 172.65 ppm (CNO).
4-Chloro-3-pivaloylamino-2,6-dimethoxybenzonitrile oxide (X) was obtained analogously

2307 c=N),

1350 N=0).

to (IX).

IR spectrum (v, cm™!):

ppm): 170.67 ppm (CNO).
3-{(6-Chloro-5-pivalovlamino-2,4-dimethoxyphenvl)-5-phenyl-2-igsoxazoline (XI). A

2307 (C=N), 1350 (N=0).

14N NMR spectrum in CDCl, (&,

Product (IX) was purified by precipitation from a solution in CH,CI1,

IR spectrum (v, cm™l): 4N NMR spectrum

sample of 0.5 ml styrene was added to a solution of 0.65 g (2 mmoles) nitrile oxide (IX) in

20 ml CH,Cl, and stirred for 1.5 h.

addition of hexane or crystallization from acetone.

Product (XI) was isolated from CH,Cl, solution by the
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3-(4-Chloro-3-pivaloylamino-2,6-dimethoxyphenyl)-5-phenyl-2-isoxazoline (XII) was
obtained analogously to (XI).
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ELECTROPHILIC ISOMERIZATION OF FLUOROALIPHATIC

OXYGEN-CONTAINING COMPOUNDS

S. D. Chepik, V. F. Cherstkov, E. I. Mysov, UDC 547.411:542.952
A. F. Aérov, M. V. Galakhov, S. R. Sterlin,
and L. S. German

An unusual electrophilic cyclization of fluorine-containing carbonyl compounds and
a-oxides was discovered. Upon the action of SbF;, perfluorinated ketones, diketones,
and w-oxides isomerize to oxolanes. This reaction proceeds with the obligatory par-
ticipation of the terminal CF; group.

In previous work [1], we have shown that heating 2,3-bis(fluorosulfato)perfluoro-
(2-methylpentane) (I) in the presence of S5bF, gives 2-fluorosulfatoperfluoro-(2-methyl-3-
pentanone) (II) as well as an unusual cyclization product, namely, perfluoro-2,2- di-
methoxy-3-oxolanone (III), which is formally the cyclocondensation product of (II).*

CFy O0SQ,F CF; O CF, 0
| i ShF; | i N Va
CFyrC—CF —CyF5 —> CF3— C—C—G,F; -+ (r—c
| | S AN
0S0.F 0SO0,F CFsy O CF,
/
CF,

hH (1) (I11y, 1895

An analogy for this reaction is found in the isomerization of perfluoro(2-methyl-2-
pentene) oxide (IV) upon its heating with a mixture of perfluorotoluene and SbF;, leading
to perfluoro(2,2-dimethyloxolane) (V) [2].%

CF, CF3
AN . y
G CP—CyF, CFCE/SOE: Ny o
SN S 100° 6 h e \
CF; (8] CF, CF,
vd
O0———CF,
(IV) (V), 83%

Such reactions accompanied by the cleavage of a C—F bond in an unactivated CF,; group
far removed from any functional group, double bond, or aromatic system, do not find analogy
in the chemistry of organofluorine compounds.

*In the present work, we found that heating (I) in the presence of SbF; in an autoclave at
150°C for 12 h leads to the formation of (III) in 87% yield.

Toxide (IV) does not react with SbFs in the absence of perfluorotoluene upon heating to
300°C [3]. ‘
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