ELECTROPHILIC SUBSTITUTION OF 5- AND 6-SUBSTITUTED BENZO-1,4-
DIOXANES
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The compositions of the products of bromination, nitration, and acetylation of 5-
and 6-fluoro(chloro, nitro, methoxy, methyl, formyl, and carboxy)benzo-1,4-di-
oxanes were established. The reactivity indexes and the characteristics of the
UV spectra of the starting compounds were calculated by the self-consistent-field
(SCF) MO LCAO method within the Pariser—Parr—Pople (PPP) and CNDO/2 CI (complete
neglect of differential overlap with configuration interaction) approximations,
and the results were compared with the experimental data.

In a continuation of our research on electrophilic substitution in the benzo-1l,4-dioxane
series [1] we studied the compositions of the products of bromination, nitration, and acetyla-
tion of 5~ and 6-substituted benzo-1,4-dioxanes (I and V) [2-4]:
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The reaction conditions for I and the ratios of products II-IV are presented in Table 1.
The reactions of isomers V carried out under the same conditions gave only VI (in 80-957%
yields).

The structure of III is confirmed by the presence in their PMR spectra of signals of
aromatic protons in the form of two doublets (J = 2-3 Hz); the spectra of isomers VI contain
two singlets. Two doublets (J = 8-10 Hz) are observed in the case of isomers II and IV,
whereas characteristic doublets of doublets and, respectively, doublets are observed in the
spectra of fluoro derivatives II, III, and VI (R = F) (Table 2).

Compounds V (R = Br or NO;) were obtained by oxidation of II (R = CHs, R! = Br) and II
(R = CHO, R' = NO,) with subsequent decarboxylation of resulting acids II (R = COOH, R' = Br
or NO;) [2]. We were unable to isolate II (R = F, R' = NO,) and III (R = COOH, R' = NO;) in
individual form; however, the PMR spectrum of the mixture of isomers II and III (R = F, R* =
NOz) in deuteroacetone contains a doublet of doublets (J = 2 and 11 Hz) of the proton in the
8 position of the ring of isomer II (§ 6.86 ppm) and a multiplet (7.55 ppm) of the remaining
aromatic protons. Compound V (R = NO2) free of isomer I is formed in the decarboxylation of
a mixture of acids II and III (R = COOH, R! = NOz). The structures of II (R = CHs, R! = NOa,
COCH;) were established from the similarity between their UV spectra and the spectra of V
(R = NOa2, COCHs) and the difference from the spectra of isomer I [3]; the structures of II
(R = C1, R! = Br, NOa, COCH;) were established from the presence in their PMR spectra of the
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TABLE 1. Data from the Electrophilic Substitution Reactions

of I
. .. Product
Reaction conditions Over-{ ratio
R R! all
reagent amounts (moles per temp, ltime, |yield, i 1 v
mole of I) °C h %

) Br Bra, Fe, CH;COOH (1,1; 0,02; 15) 55 3 | 71 |1 ]o|o

F NO, |HNO; (36%), CH;COOH (1; 9) 60| 3 | 66 |1 {11]0

Br Bry, Fe, CH,COOH (1,1; 0,02; 30) 55| 8 {8 |1 ]o{o0

al NO, |HNOs H.SO. CH,COOH (1; 6; 30) 150 2 |95 [181 [0

COCH. | CHsCOCL, AICk, CS, (1; 1 17) 45120 | 88 [46/1 |0

3 | CH,COCL, AICL, CeHsNO; (15 1; 7) 60 [ 12 | 96 |1 |1,7]0

) Br Bry, Fe (1,2; 0,03) -85 3 {90 |oft]o

NO: | o, |HNOy, H,SO, CH,COOH (1L1;1;9) | 35| 2 | o1 [s5]1 |0

Brs, CCl, (1; 20) -5 01 94 {1 ]0}s

Br Br,, Fe, CH:COOH, H,0 (1;0,02,70,;200 0| o1 90 |1 o |5

CH;COONO,, (CH;CO):0 (2; 5) —10] 05| 8 |1 {6 |4
OCH; | NO, HNO; (56%), CH;COOH (1,2; 10) 51 2 84 |1 18 |27
HNO, (56%) (8) ol 1 {8 |1 |4325

CH,COCI, AICl;, CS, (15 1; 15) 1520 | 8 [0 0 |1

COCHs | c1{.COCT, AICl, CoHsNO, (13 1;12) | 20 {48 | 90 [0 |0 |1

B Brs, CCL, (1; 15) 551 3 |90 |1 ]0 o

r Br,, Fe, CH;COOH (1,05; 0,02; 25) 55| 5 |95 |1 ]0]o0

NO CH3;COONO;, (CH;C0),0 (1,5; 25) 20 3 |94 |1 |14]0

CH, 2 HNO; (56%), CH,COOH (1; 20) 5|10 |8 [t ]|t1]o

CH;COCI, AICl,, CS; (1; 1; 12) -5| 2 |8 |1 {1700

COCHs | CHiCOCH AICH, CeHsNO; (15 1; 7) ol 3 |9 |1 170

B Brs, CCl, (1; 25) 20 |12 |80 o1 [o

cro | 2 Bry, Fe, CH,COOH (1,05; 0,02; 120) s5| 6 | 82 |01 |o

NO, |HNO; (72%), CHsCOOH (3; 12) 50| 05 95 |25/t |o

coonl Br Br, Fe, CH;COOH (1,05; 0,02; 70) 55120 [ 70 {o |t o

NO, | HNOs, HySO, CH;COOH (1,2, 1;70) | 20| 5 | 81 |6 |1 |o

signal of the proton in the 8 position of the ring at stronger field than the signals (Ar—H)
of isomers III and VI. Isomers II and III (R = OCHs, R' = NO;) are known compounds [5], and
structure IV was therefore assigned to the third of them. The remaining synthesized II-IV
and VI have been previously described [4-7].

The directions of substitution of I and V do not correlate with the charges on the car-
bon atoms of their aromatic rings (Tables 1 and 3). The directions of nitration and acetyla-
tion (attack by more active electrophiles) correlate with the electron populations of the
atomic orbitals of the carbon atoms of the aromatic ring that are due to the boundary oc-
cupied molecular orbitals [8] and also with the stabilization energies (e¥) [9] of the same
atoms, i.e., with the reactivity indexes for electrophilic substitution reactions with a

transition state that is structurally intermediate ("early') between the starting molecule
and the o complex.

Compound I (R = OCHi3) is nitrated exceptionally readily, and the ratio of its nitro
derivatives II-IV (R = OCHs, R* = NO,) is probably determined by steric effects. The de-
pendence of the ratio of the products of acetylation of I (R = Cl) on the solvent is also
evidently due to steric effects [10], since II and III (R = Cl, R' = COCH.) do not undergo
isomerization under the conditions of their formation.

The direction of bromination (attack by a less active electrophile) is possibly due to
the stability of the intermediate o complex [11l], stabilized primarily by the ethylenedioxy
group, which orients the substituent to the 6 and 7 positions of the ring [1, 2]. Compounds
V therefore form 7-substituted derivatives (VI), whereas I gives 6-substituted derivatives
(II, R = an electron donor) or 7-substituted derivatives (IIL, R = an electron acceptor),
since the 5-substituent (R) plays an auxiliary role in orientation. The preponderance of

product IV (R = OCHs, R* = Br) over isomer II in the bromination of I (R = OCH,) is ptobably
due to steric effects [1].
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TABLE 3. Data from the Calculation of the Electron Structures
of T and V within the PPP and CNDO/2 CI Approximations

Electron population| Stabilization

Com- ?tt;e ttll)% ﬁn%ar‘)lre 023 energy ( 5: ), eV Charge on the atom
pound R |cupied MO °
: - aromatic ring carbon atoms
sar | 7 s |%F | 7 8 [50r s 7 8
1 F 0,281 0,318 0,013 10,08} 9,79 | 1145] —0,033 | —~0,015 | —0,043
I Cl 0,322 0,303{0,0201 9891 9,84 1142]| —0,032 | —0,010 | —0,04t
1 NO, 0,368 | 0,253 0,050 | 9,87 | 10,52 11,57 | +0,013 | —~0,001 | —0,001
1 OCH; 0,304 | 0,022 0,555 | 9,66 11,15] 886§ —0,048 | —0,001 | —0,045
I b CH;, 0,288 | 0,425 0,001 — — — —0,061 { ~0,032 | —0,054
I CHO® {0,325]0,307]0,023| 944 10,09} 11,46} +0,035 | —0,014 | —0,007
1P | cHoe |[o0408]|0359]0020] — | — | — | —0,005 | ~0041 | —0,020
I COOHC¢|{ 0,338 { 0,304 ] 0,026 9,34' 10,06 11,44 | +0,033 | —0,012 | —0,012
I coond 0,277 10,309 | 0,018 10,13 10,15 | 11,49] —0,001 | —0,019 | —0,013
\Y F 0,004 | 0,303 0,036 | 11,57 10,00} 11,29{ —0,052 | ~0,033 | —0,034
v Cl 0,001 | 0,298 | 0,043 | 11,56 10,00 | 11,24 | —0,052 | ~0,033 | —0,034
A% NO, 0,066 | 0,271 | 0,013 ] 11,45] 10,21 ] 12,021 —0,005 | +0,027 | —0,027
\' OCH;, 0,027 { 0,290 0,067 ] 11,56 | 10,18 11,06 —0,078 | —0,059 | —0,030
vb CH, 0,014 | 0,329 | 0,047 — - — -0,060 | ~0,060 | —0,032
A CHOC 10,017]0274]0,0221 11,43] 969| 11,687 —0,007 [ +0,037 | —0,034
\' cHod |0,025}0,283}10,019]11,08] 997]11,77] 40016 | +0,014 | —0,036
vb CHOS [0,022]0,354 | 0,004 — — — +0,114 | —0,001 | —0,045
vb | cHod [o0023|0355|0006] — | — | — | —0004 | —0025 | —0,043
\ COOQH€ | 0,012} 0,274} 0,024 11,59} 9,64 11,60] —0,020 | +0,035 | —0,033
A% COOHd 0,001 0,2831{0,023]11,06( 10,10| 11,71 | +0,0i4 | +0,001 | —0,037

a) In the 6 position for isomers I and in the 5 position for
isomers V. b) Within the CNDO/2 CI approximation fcr these
compounds and within the PPP approximation for the remaining
compounds. c¢) For the conformation with the CO group directed
away from the heteroring. d) For the conformation with the
CO group directed toward the heteroring.

The calculations within the m-electron approximation (PPP) were made as in [1l], whereas
the calculations with allowance for all of the valence electrons (CNDO/2 CI) [12] were per-
formed with the program of A. P, Volosov and V. A. Zubkov (Institute of Cytology of the
Academy of Sciences of the USSR). A half-chair conformation was adopted for the heteroring
of V; the torsion angles of rotation of the oxygen atoms in the 1 and 4 positions of the ring
about the Cgy—0 bond (@, = ¢a = 23° for the half-chair conformation) and the angle of rota-
tion (¢¥s) of the 5-substituent (R) of I were determined from the conformity between the cal-
culated and experimental characteristics of the UV spectra [l1]. It was found that the hetero-
ring of I (R = F, CH;, CHO, and COQOH) most likely exists in a half-chair conformation with
@3 = 0°, whereas I (R = Cl, NOa, and OCH;) exist in distorted boat conformations with ¢,, ¢a,
and ¢, angles equal to, respectively, 30, 40, and 0; 30, 40, and 45; and 40, 60, and 30°., Be-
cause of the low degree of informative character of the UV spectra of acids I and V (R = COOH),
the spectra of their methyl esters were studied [3].

The higher values of the ¢4 angles in I (R = NOj, OCHs) are probably due to an increase
in the plane of the ring of the van der Waals radii of the 5-substituents (R) because of the
large (~—0.35) negative o charges (calculated within the CNDO/2 CI approximation from the
difference between the total charges and 7 charges) on the primary atom, which for R = CHs,
CHO, and COOH range from —0.05 to +0.15. In the case of I (R = OCHs) the large values of the
¢i angles are confirmed by the 3-nm shift of the long-wave band in its UV spectrum to the-
short-wave region as the temperature is lowered from +25°C to —40°C because of an increase in
the percentage of the conformer in which the oxygen atoms are turned to an even greater degree
and are removed from conjugation with the aromatic ring. This sort of shift is not observed
for I (R=2Cl), V (R = C1, OCH3), and benzo-1l,4-dioxane (I, R = H).
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EXPERIMENTAL

The UV spectra of the compounds in ethanol (Table 2) or in hexane (temperature measure-
ments) were recorded with, respectively, Spectromom-202 and SF-16 spectrophotometers. The
PMR spectra were recorded with a BS-487C spectrometer (80 MHz) with hexamethyldisiloxane as
the internal standard. The ratios of the isomers were determined with an LKhM-8MD chromato-
graph [1], and preparative separation was accomplished by crystallization. The mixture of
acids II and III (R = COOH, R' = NO,) was chromatographed by means of their methyl esters,
which were obtained by treatment of the acids with diazomethane in ether.

Oxidation. A mixture of 1 mmole of II (R = CHs, R' = Br), 4 mmole of KMnO,, and 10 ml
of water was refluxed with stirring for 8 h, after which it was cooled and filtered. The
filtrate was acidified with sulfuric acid. In the case of II (R = CHO, R' = NOz) 1.5 mmole
of KMnO, was used, and the mixture was refluxed for 4 h. The yields of acids II (R = COOH;
R' = Br or NO;) were 29 and 70%, respectively.

Decarboxylation. A mixture of 1 mmole of the corresponding acid and 5 mmole of dimethyl-
aniline was refluxed for 4 h, after which it was chromatographed.

The characteristics of the compounds synthesized for the first time in this research are
presented in Table 2.
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