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The Claisen rearrangement in the aminophenol series
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Nove! compounds, dihydropyranylaminophenols, were synthesized by condensation of
3,4-dibromo-4-methyitetrahydropyran with aminophenols followed by the Claisen rear-

rangement of O- and N-substituted products.
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The Claisen reaction is one of the convenient meth-
ods for the synthesis of derivatives of amines and phenols.
The classic variant of this reaction is a thermal rear-
rangement of allyl aryl ethers into allylic phenols.! The
number of works that study the Claisen isomerization of
aromatic compounds with a migrating heterocyclic radi-
cal is limited. These works deal with either the phenol?
or amine series?4 and do not describe this reaction for
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aminophenols. However, the condensation of amino-
phenols with 3,4-dibromo-4-methyltetrahydropyran (1)
followed by isomerization of the reaction products is of
interest because the presence of two reaction centers
(the OH and NH, groups) allows the reaction to foliow
two pathways, thus predetermining the mechanism of
the consequent Claisen rearrangement and the chemical
structure of resulting compounds (Scheme 1).

The reaction of dihydropyrans involving the hydroxy
group of aminophenols (provided that the amino group
is protected) with subsequent migration of the radical to
the aromatic ring has been carned out for both low- and
high-motecular phenols,3:8 and the Claisen amino-rear-
rangement has been studied for low-molecular amino-
pyrans.” [n the present work, we attempted to carry out
condensation of aminophenols with 3,4-dibromo-
4-methyltetrahydropyran (1) on both the NH; and OH
group (pathways a or b) with subsequent Claisen rear-
rangement of the reaction products.

The reaction of aminophenols with dibromide 1 on
the amino group (pathway a) was carried out in triethyl-
amine as the solvent.
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a: 2-OH, R = H; b: 4-OH, R = H; ¢: 4-OH, R = Ph
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The reaction follows Scheme 2 and proceeds through
an intermediate product, probably, 5-bromo-4-methyl-
5,6-dihydro-2 H-pyran formed upon elimination of HBr.
Subsequent nucleophilic substitution of the mobile allylic
bromine atom yields compounds 2a—e, products of the
reaction of aminophenols on the amino group (Table 1).

The structures of compounds 2a—c obtained were
proved by combination of spectroscopic methods and
elemental analysis. The IR spectra of 2ab exhibit an
absorption band at 3396—3364 cm™! characteristic of
the N—H stretching vibrations; while tertiary amine 2¢
does not absorb in this range.

Unlike dihydropyran ethers, which characteristically
rearrange with heating (170 °C) in a strong base into
dihydropyranylphenols,3 compounds 2a—c are isomer-
ized only in the presence of catalytic amounts of Lewis
acids, in particular ZnCl,, at {20 °C to give isomeriza-
tion products in 81—85% yield (Scheme 3).

The pyranyl radical migrates exclusively to the va-
cant ortho-position with respect to the amino group to
give o-pyranylaminophenols 3a—c. The IR spectra of
compounds 3a,b exhibit two absorption bands of a pri-
mary amino group (v, (N—H) 3480--3470 cm™! and
vi{N—H) 3400—3390 cm™), and the IR spectrum of

Table 1. The physicochemical characteristics and data from elemental analysis of the compounds synthesized

Com- Yield B.p./°C Found o Molecular np?® 'H NMR (5)
pound (%) (p/Torr) Calculated formula
(MpsC] € H N
2a 86 141(3)  70.58 754 7I3 C,H;sNO, 14565 186 (s, 3 H, CHy),
70.24 7.32 6.82 3.60—4.44 (m, 7 H, CH,0CH,, CH, OH, NH),
5.62 (m, I H, CH=C), 6.51—7.00 (m, 4 H, Ph)
2b 83 139(5) 7069 749 699 C,;H;sNO, 14403 1.57 (s, 3 H, CHjy),
70.24 7.32 682 3.51—4.40 (m, 7 H, CH,OCH,, CH, OH, NH),
5.60 (m, ! H, CH=C), 6.50—7.01 (m, 4 H, Ph)
2c 31 149(6) 77.01 6,95 513 C;gH;gNO, 14678 .58 (s, 3 H. CHy),
76.86 6.81 498 3.50—4.40 (m, 6 H, CH,0OCH,, CH, OH),
545 (m, 1 H, CH=C), 7.33 (1, 3 H, Ph)
3a 85 145(4) 7003 746 7.04 C;,HsNO; 14681 163 (s, 3 H, CHy),
70.24 732 6.82 3.62—4.34 (m, 7 H, CH,0CH,, CH, OH, NH).
' 5.74 (m, 1 H, CH=C), 7.33 (m, 3 H, Ph)
3b 81 1403) 7062 121 703 C,,H,sNO, 14520 151 (s, 3 H, CHy),
7024 7.32 682 3.51—4.40 (m, 8 H, CH,0CH,, CH, OH, NH,),
5.12 (s. | H, CH=C), 6.50—7.01 (m, 3 H, Ph)
3c 84 15%5) 7715 6.89 520 C,gH,gNO, 14754 157 (s, 3 H, CHj),
76.86 6.81 498 3.61—4.30 (m, 7 H, CH,OCH,, CH, OH, NH),
5.53 (m, | H, CH=C), 6.51—7.11 (m, 8 H, Ph)
4a 43 [91—93] 7039 748 716 C,HiNO,  — 189, 3 H, CHy),
70.24 7.32 6.82 3.65—-4.52 (m, 5 H, CH,0CH,, O—CH~C),
5.77 (s, C, H, CH=C), 6.54—7.06 (m, 4 H, Ph)
4b 48 [120—122] 7040 745 666 CyH sNO, — 1873 H, CHy), 3.34 s, 2 H, NHy),
70.24 7.32 6.82 3.90 (m, 5 H, CH,0CH,, O—CH—C),
5.72 (s, H, CH=C), 6.71—6.83 (m, 4 H, Ph)
4c 59 [100—102) 77.05 670 517  CisH;sNO, — 191, 3 H, CHy),
76.86 6.81 498 3.75—4.48 (m, 6 H, CH,0CH,, 0—CH—-C, NH),
5.79 (s, H, CH=C), 6.88—7.30 (m, Ph)
5a 89 142(6) 7043 715 703 CHiNO, 14699 151 (s, 3 H, CHy), 2.25 (s, H, 0~CH—C),
70.24 7.32 6.82 3.51—4.41 (m, 5 H, CH,O0CH,, NH),
5.22 (s, H, CH=(), 6.51—6.54 (m, 3 H, Ph),
8.81 (s, H, OH)
5b 87 138(5) 7050 749 661 CHiNO; 14505 180 (s, 3 H, CHy), 2.83 (s. H, 0—CR—C),
70.24 7.32 6.82 318 (s, 2 H, NHy),
3.72—4.35 (m, 4 H, CH,0CHy,), 5.60 (s, H, CH=C),
6.50—6.66 (m, 3 H, Ph), 7.29 (s, H, OH)
5¢ 84 155(7) 77.02 688 511 CgH(gNG, 1.4800 1.63 (s, 3 H, CH;), 4.25—4.42 (m, 4 H, CH,0CH>),
76.86 6.8t 498 5.16 (s, H, OH), 5.64 (s, H, CH=C),

6.33~7.40 (m, 8 H, Ph)
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compound 3c¢ exhibits a band characteristic of secondary
amine.

Pathway & (Scheme 1), ie., condensation of di-
bromide 1 with aminophenol on the OH group, occurs
in the presence of strong bases (KOH in MeOH)

Me
OH OH
- Me
1, KOH, 0@ A s
————— 1 —
MeOH . 0 4
NHR g °
3

5 4 NHR
RHN 4

4a-—c S5a—c¢

a: 2-NHR, R = H; b: 4-NHR, R = H; ¢: 4-NHR, R = Ph

Note that if aminophenols are condensed with
dibromide 1 in the presence of Et;N as a base to give
mostly an V-substituted product (Scheme 2), the reac-
tion in the presence of KOH yields both O-ethers and
N-substituted compounds in the ratio 2 : 1. The isomeric
products were separated by column chromatography.

Thus, we studied the condensation of 3,4-dibromo-
4-methyltetrahydropyran (1) with aminophenols followed
by Claisen rearrangement of O- and N-substituted prod-
ucts and determined the conditions under which either
the hydroxy or amino group is mainly involved in the pro-
cess. The condensation of dibromide 1 with aminophenols
on the NH, group yields [ ¥N-(4-methyl-5,6-dihydro-2 -
pyran-5-yl)amino]phenols (2a—c), while that involving
the OH group gives, along with (4-methyl-5,6-dihydro-
3 H-pyran-5-yfoxy)anilines 4a—c, AN-substituted com-
pounds 2a—c. Taking into account that the allylic frag-
ment of the O- and N-substituted compounds of the
dihydropyran series, involved in the Claisen rearrange-
nment, is allyl-symmetrical, the structure of this fragment
is retained in rearrangement products 3a—c and Sa—c.

Experimental

IR spectra were recorded on a Specord MK-80 spectrom-
eter. 'H NMR spectra were recorded on a Bruker AM-350
(100 MHz) spectrometer with HMDS as the intemal standard
(in all cases, solutions in CCly were used).

The yields and physical and spectral properties of all com-
pounds obtained are given in Table |.

Synthesis of [ N-(4-methyl-5,6-dihydro-2 H-pyran-5-yl)-
amino)phenols 2a—c (general procedure). Dibromide 1

(0.025 mol), aminophenol (0.025 mol), and Et3N (10.5 mL)
were placed in a flask equipped with a reflux condenser capped
with a calcium chioride tube, a thermometer, and a stirrer. The
reaction mixture was vigarously stirred at 90 °C for 18 h and then
cooled. The precipitate of EtyN < HBr that formed was filtered off,
the filtrate was difuted with 50 mL of water, and the product was
extracted with ether. The extract was dried with MgSQOy, and the
solvent was removed. The product was purified by column chro-
matography (silica gel L 60/100 um, benzene—propan-2-ol
(4 : 1) as the eluent), Ry 0.54 (2a); 0.38 (2b); 0.50 (2c).

Syuthesis of (4-methyl-5,6-dihydro-2H-pyran-5-yl)amine-
phenols (3a~c). Anhydrous zinc chloride (5-107* mol) in
16.5 ml. of nitrobenzene was added to |N-(4-methyl-5,6-di-
hydro-2 H-pyran-5-yl)amino}phenol (2a—c) (5- 1073 mol) in
I mL of dioxane, The reaction mixture was stirred at 120 °C for
28 h and then cooled. ZnCly was filtered off, and the solvents
were removed. The products were purified by column chroma-
tography (toluenc—propan-2-ol (4 : ) as the eluent), Ry 0.48
(3a); 0.30 (3b); 0.28 (3¢).

Synthesis of (4-methyl-5,6-dihydro-2 H-pyran-5-yloxy)ani-
lines (4a-—c). Dibromide 1 (0.03 mol!} and aminophenol
(0.03 mol) dissolved in 13.4 mL (0.15 mol) of ethyl methyl
ketone were placed in a flask equipped with a stirrer, a reflux
condenser, and a dropping funnel. A solution of KOH
(0.09 mol) in 10 mL of MeOH was added dropwise with
vigorous stirming. The reaction mixture was refluxed for 1.0—
1.5 h. The precipitate that formed was filtered off, the solvent
was removed, and the products were purified by column chro-
matography (hexane—acetone (4 : 1) as the eluent), Ry 0.33
(4a); 0.57 (4b); 0.59 (4¢).

Synthesis of 2-(4-methyl-5,6-dihydro-2 H-pyran-5-yl)-
aminophenols (5a-—). Compounds 4a--¢ (0.012 mol) and
N, N-diethylaniline (0.06 mol) were placed in a flask equipped
with a reflux condenser. The reaction mixture was thermostati-
cally controiled at 170 °C for 5 h (10 complete conversion of
the initial O-ether). The solvent was removed, and the products
were isolated from the residue by column chromatography
(hexane—acetone (4 : 1) as the eluent), Ry 0.32 (5a); 0.28 (5b);
0.14 (5¢c).
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