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The borohydride catalyzed borane reduction of 3-nitrochromenes provided a facile route to a variety of
3-hydroxylamino- 5 and 3-amino-2H-1-benzopyranes 6. Reduction with methoxyborohydride species, on the

other hand, provided 3-nitrochromans 2,4.
J. Heterocyclic Chem., 24, 767 (1987).

Nitro-2H-1-benzopyrans have attracted attention in re-
cent years because of their potential use as precursors to a
variety of medicinally important 2H-1-benzopyran
derivatives [1] such as flavonols [2], amines [3], oximes [4}
etc. Surprisingly, little is known about 3-nitrochromans
[5,6], in spite of extensive reports on the synthesis [7,8] and
biological activity of 3-nitrochromenes [9-12]. The simplest
approach to nitrochromans involves the reduction of the
corresponding chromenes [13,14] by catalytic hydrogena-
tion or hydride reduction. However, the reduction of
3-nitrochromenes results in the formation of chromana-

Table I

mines [6,15,16]. Consequently, the nitrochromans
prepared to date have a nitro group attached to the
aromatic ring [5]; the only exception being intermediates
in the synthesis of 3-aminoflavans [6] and a 2-methyl-3-
nitrochroman [17).

3-Chromanamines exhibit a variety of pharmacological
properties whereas the 2- and 4-isomers appear to be
physiologically inactive [18]. The principal route to
3-chromanamines involves the reduction of 3-nitro-2H-1-
benzopyrans [15], 3-amino-4-chromanone hydrochlorides
[19), and 3-amino-4-chromanols [19,20]. Interestingly, only

Synthesis of 2-Aryl-3-nitrochroman Derivatives from 1

Analyses (%)

Compound R, R, R Yield [a]
No. [%]
2a H H Phenyl 65
2b H OCH, Pheny! 82
2c cl H Phenyl 80
2d NO, H Phenyl 51
2e H H 3,4-Diethoxyphenyl 67
2f H OCH,  3,4Diethoxyphenyl 81 [b]
2g H H 1-Naphthyl 87
2h H OCH, 1-Naphthyl 55
2i H H 2-Naphthyl 79
2 cli H 1-Naphthy] 77
2k NO, H 1-Naphthyl 72
4a = = = 85
4b = - - 74

mp [°C] Molecular Calcd./Found
(solvent) Formula C H N
170-171 C,;H,,NO, 70.59 5.10 5.49
(CH,0H) 7023 5.15 5.41
205-206 C,H,NO, 67.37 526 491
(CH,0H) 67.37 544 4.76
126 C,;H,,CINO, 62.19 414 4.84
(Ether) 6192 424 4.60
174-175 C,sH N, O; 60.00 4.00 9.33
(Ether) 59.73 3.719 8.75
143-144 C,,H;NOg 66.47 6.12 4.08
(CH,0H) 66.28 6.03 3.96
147-148 C,H,;NO, 64.34 6.17 3.75
(CH,0H) 63.96 591 3.48
190-191 C,,H,;NO, 7495 492 459
(CH,OH/THF) 7495 479 436
173-174 C,H,;NO, 71.64 507 4.18
(CH,0H) 71.58 S5.17  3.90
195-196 C,,H,;NO, 7475 492 459
(CH,OH/THF) 7477 5.11  4.26
176-177 C,,H,,CINO, 67.17 412 4.12
(CH,OH/THF) 67.12 4.12 3.98
187-189 C,,H,,N,O; 65.14 4.00 8.00
(CH,0H) 65.31 4.07 797
183-184 C,,H,;NO, 7475 492 459
(Ether) 7435 5.13 4.40
224-225 C, H,,;NO, 77115 479 394
(Ether/THF) 71.50 5.06 3.84

[a) Isolated and unoptimized yields. [b] Due to the moderate solubility of the chromene, 50 ml of solvent was used and the reaction time was 55

minutes.
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one report has appeared which describes the preparation
of 3-amino-2-arylphenylchroman derivatives by the sodium
borohydride reduction of the corresponding 3-nitrochro-
man [6]. Our continued interest in benzopyran derivatives
[4,7,8,21] prompted us to develop methods to synthesize
3-nitro-, 3-amino- and the previously unknown 3-hydroxyl-
amino-2H-1-benzopyran derivatives.

In a preliminary communication, we reported that
3-nitrochromenes could be reduced to the corresponding
3-nitrochromans [21] using sodium borohydride in a mixed
solvent system of methanol-tetrahydrofuran. We find that
the reaction is a general one and can be utilized to syn-
thesize a wide variety of 2-aryl-3-nitro-3,4-dihydro-2H-1-
benzopyrans 2 and 4. In-situ generated methoxyborohy-
dride species are implicated as the reducing agent in this
facile reaction which provide good yields of single isomers.
The high stereoselectivity of the reduction was ascertained
by the fact that the '"H nmr spectra displayed only the
characteristic Jp 3 = ~7 Hz) coupling typical of the ther-
modynamically more stable trans-chromans [16,23]. Fur-
thermore, only one set of carbon resonances were observed
for the chroman ring. Our results are summarized in

Tables 1 and 2.
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The reduction of 3-nitrochromenes by a borane borohy-
dride system yields the corresponding hydroxylamine 3
derivative which can be converted into the desired amine
6 upon further reaction with borane. We have used the
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reaction sequence to synthesize a variety of 3-hydroxyl-
amino- and 3-amino-2H-1-benzopyrans. Our results are
summarized in Tables 3, 4, 5, and 6.

Table I1

Spectral Data of 2-Aryl-3-nitrochroman Derivatives [a]

Compound ‘H-NMR &

No. 2-H 3-H 4-H Other Signals 2-C

2a 5.42 513 347  7.74-69 78.05
@, Jp3 = 79 Hz, 1H)  (m, 1H) (m, 1H) (m, 9H, Ar-H)

2b 5.56 505 342 385 7.7-6.7 7797
(d, Jp3 = 7.0 Hz, I1H)  (m, 1H) (m, 2H) (s, 3H, OCH,) (m, 8H, Ar-H)

2¢ 5.48 502 337 1568 78.02
(d, Jg3 = 7.5 Hz, 1H)  (m, 1H) (m, 2H) (m, 8H, Ar-H)

2d 5.47 502 340  7.76.8 78.32
(d, Jg3 = 7.2 Hz, IH)  (m, 1H) (m, 2H) (m, 8H, Ar-H)

2e 5.27 502 347 407 1.43 78.10
(d, Jo3 = 8.3 Hz, 1H)  (m, 1H) (m, 2H) (q, 4H, 2 x OCH,) (t, 6H, 2 x CH,)

7.46.7 (m, TH, Ar-H)

2f 5.50 535 342  4.05 4.03 78.97

(d,Jz3 = 60 Hz, 1H)  (m, 1H) (m, 2H) (g, 2H, OCH,) (q, 2H, OCH,)
3.78 1.30
(s, 3H, OCH,) {t, 6H, CH,)
7.1-6.75 (m, 6H, Ar-H)

2g 6.41 538 341 8.2:6.9 75.56
(d, Jg3 = 59 Hz, IH)  (m, 1H) (m, 2H) (m, 11H, Ar-H)

2h 6.63 532 334 8267 3.87 75.50
(d, Jg3 = 4.6 Hz, 1H)  (m, 1H) (m, 2H) (m, 10H, Ar-H) (s, 3H, OCH,)

2i 5.58 515 351 8.0-6.9 78.26
(d,Jo3 = 79 Hz, 1H)  (m, 1H) (m, 2H) (m, 11H, Ar-H)

2j 6.49 533 331 8.2:6.8 75.58
(d,J23 = 5.1 Hz, 1H)  (m, 1H) (m, 2H) (m, 10H, Ar-H)

2k 6.76 537 335 8370 76.15
(d, Jo3 = 4.5 Hz, 1H)  (m, 1H) (m, 2H) (m, 10H, Ar-H)

3-C

84.03

83.74

83.33

82.35

84.22

84.69

82.06

81.76

83.98

81.30

80.38

C-NMR 6
4-C  Other Signals

29.83
28.86 56.08 (OCH,;)
28.94
27.96
28.32

14.8 (CH)  64.69 (OCH,)

64.56 (OCH,)

15.73 (CH,)  65.89 (OCH,)
56.85 (OCH,) 65.81 (OCH,)

28.24
27.02 56.16 (OCH;)
29.91

27.15

26.01

[a] The nmr spectra were recorded in deuteriochloroform except for 2f which was obtained at 45° in deuterioacetone.
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Table 111
Synthesis of 2-Aryl-3-hydroxylaminochroman Derivatives from 1
Analyses (%)
Compound R, R, R Yield [a] mp [b] [°C}] Molecular Calcd./Found

No. [%] Formula C H N

Sa H H Phenyl 83 94-96 [c] C,;H;;NO, 7467 627 5.81
7484  6.45 5.85

5b H OCH, Phenyl 74 132-133 c,H,;NO, 7083  6.32 5.16
7093  6.23 5.27

Sc Cl H Phenyl 78 136-138 C,H,,CINO, 65.34  5.12 5.08
65.46  5.26 497

5d H H p-Isopropylphenyl 74 110-112 C,,H,;,NO, 76.29 7.47 4.94
76.06  7.64 5.04

Se H H 3,4-Diethoxyphenyl 77 118-120 C,,H,;NO, 69.28  7.04 4.25
69.65  7.09 4.19

S NO, H Phenyl 84 154-156 C,;H,,N,0, 6293 493 9.79
62.54  5.05 9.38

Sg H H 1-Naphthyl 70 152-154 C,H,,NO, 7833  5.88 4.81
7814 595 4.79

[a] Isolated and unoptimized yield. [b] Uncorrected mp, recrystallization solvent ethanol. [c] Recrystallized from ether-petroleum ether (1:1).

Table IV

Spectral Data of 2-Aryl-3-hydroxylaminochroman Derivatives

!H.NMR 8 13C.NMR 8
Compound
No. 2-H 3-H 4-H Other Signals 2-C 3-C 4-C Other Signals
S5a 5.24 3.47 2.98 7.37-6.84 76.86 57.81 21.69
d,Jg3 = 22 Hz, 1H)  (m, 1H) (d,J34 = 2.7 Hz, 2H) (m, 9H, Ar-H)
5b 5.35 3.56 2.93 7.36-6.71 77.1 5760 2731 56.14 (OCHg)
(d,Jg3 = 22 Hz, IH)  (m, 1H) (d,J34 = 417 Hz, 2H)  (m, 8H, Ar-H)
3.85
(s, 3H, OCH3)
Sc 5.19 3.48 2.92 7.36-6.78 771 5744 2753
d,Jg3 = 22 Hz, 1H)  (m, 1H) (d,J34 = 3.52 Hz, 2H) (m, 8H, Ar-H)
5d 5.20 3.49 2.94 7.26-6.74 77.05 5776 2164 33.98 (CH) 24.12 CH(CH3)y
d,Jg3 = 22 Hz, IH)  (m, 1H) (d,J34 = 418 Hz, 2H)  (m, 8H, Ar-H)
1.25
[d, 6H, CH(CHj3)]
Se 5.17 347 293 7.2-6.39 77.1 5781 2748 65.0 (—0CHy) 14.89 (CHg)
d,Ja3 = 23 Hz, IH)  (m, 1H) (d,J34 = 4.00 Hz, 2H)  (m, 7H, Ar-H)
4.07 (m, 4H, 2 x OCHy)
1.43
(t, 6H, 2 x CHy)
St 5.37 3.60 3.05 8.0-6.93 78.05 56.98 2761
d,Ja3 = 22Hz, 1H)  (m, 1H) (d,J34 = 374 Hz, IH)  (m, 8H, Ar-H)
S5g 5.81 3.48 2.93 7.95-6.75 74.64 5622 2796
(s, 1H) (m, 1H)  (d, J34 = 2.63 Hz, 1H)  (m, 11H, Ar-H)

The stereoselectivity of the borohydride mediated,
borane reductions is rather remarkable. In contrast to the
reductions utilizing borane in methanolic-THF, only cis-2-
aryl-3-amino derivatives are obtained as evidenced by the
H,-H, coupling constants (Jo3 <2.3 and, often, 0). Ex-
amination of Dreiding models of the intermediate acinitro
compounds leads to the conclusion that the reduction oc-
curs with the molecule in the boat conformation and with
the 2-aryl substituent forced into the pseudo axial position
by repulsive interactions with the rigid NO, function of

the acinitro group. Subsequent hydride reduction via a
pseudo equatorial approach of hydride would then lead to
the observed cis product.

EXPERIMENTAL

Melting points are uncorrected. The nmr spectra were recorded on a
JEOL-FX90Q and Nicolet NT-200 spectrometer and referenced to TMS.
Elemental analyses were carried out by Galbraith Laboratories, Knox-
ville, Tenn.
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Compound R, R,
No.
ba H H
6b H OCH,
6c Cl H
6d H H
be H H
6f H H
6g H OCH,

R.S. Varma, Y.-Z. Gai and G. W, Kabalka

Table V

Synthesis of 2-Aryl-3-aminochroman Derivatives from 1

Phenyl

Phenyl

Phenyl

p-Isopropylphenyl

3,4-Diethoxyphenyl

1-Naphthyl

1-Naphthyl

Yield[a]  mp [°C] [b]
(%]
89 261-263
94 260-262
68 88-89 [c]
83 237-239
87 224-226
74 263-265
92 262-264

Molecular
Formula

C,,H,,NO-HCI
C,.H,,NO,-HCI
C,,H,,CINO
C,,H,,NO-HCI
C,,H,,NO,HCI
C,,H,,NO-HCI

C,oH,,NO,-HCI

Analyses (%)

Calcd./Found
C H
68.83 5.73
68.75 6.01
65.86 6.22
65.61 6.41
69.36 5.43
69.58 5.58
71.16 7.30
71.25 7.16
65.23 6.91
65.12 7.07
73.18 5.82
73.25 6.05
70.27 5.90
70.12 6.00

Vol. 24

N

5.40
5.30
4.80
4.81
5.39
5.317
4.61
4.63
4.00
4.08
4.49
4.48
4.01
4.35

[a] Isolated and unoptimized yield of free base. [b] Uncorrected mp of hydrochloride salts recrystallized from ethanol-ether. [c] Free base, recrystal-
lized from 90% ethanol.

Compound
No.
6a

6b

6c [b]

6f

6g

2-H

5.43
(d, Jo3 = 1.54 Hz, 1H)

5.38
(s, 1H)

5.45
(d,Jo3 = 0.88 Hz, 1H)

5.41
(s, 1H)

5.35
d, Jp3 = 1.97 Hz, 1H)

6.15
(s, 1H)
6.10

(s, 1H)

'H-NMR
3-H

4.00
(m, 1H)

3.97
(m, 1H)

4.00
(m, 1H)

3.96
(m, 1H)

C[c]

3.97
(m, 1H)
3.96
(m, 1H)

&
4-H

3.42
(m, 2H)

3.34
(m, 2H)

3.36
(m, 2H)

3.29
(m, 2H)

3.36
(m, 2H)

3.38
(m, 2H)
3.41
(m, 2H)

Table VI

Other Signals

8.33 (br s, 3H, NH,)
7.61-6.92

(m, 9H, Ar-H)

8.27 (br s, 3H, NH,)
7.576.70 (m, 8H, Ar-H)
3.79 (s, 34, OCH,)
3.88 (brs, 3H, NH,)
7.60-6.90

(m, 8H, Ar-H)

8.36 (br s, 3H, NH,)
7.50-6.80

(m, 8H, Ar-H)

2.91 (m, 1H, CH(CH,),
1.22 (d, 6H, CH(CH,),
8.35 (br s, 3H, NH,)
7.30-6.80

(m, 7H, Ar-H)

4.02 (g, 4H, 2 x OCH,CH,)
1.34 (1, 6H, 2 x OCH,CH,)

8.27 (br s, 3H, NH,)
8.10-6.90 (m, 11H, Ar-H)
8.21 (br s, 2H, NH,)
8.00-6.86 (m, 10H, Ar-H)
3.82 (s, 3H, OCH,)

2-C

75.23

75.22

75.38

75.23

75.07

72.5

72.71

Spectral Data of 2-Aryl-3-aminochroman Derivatives {a]

C-NMR

3-C

47.33

47.08

46.78

47.33

47.49

46.52

46.38

4-C

27.04

27.02

28.41

28.42

29.78

2891

28.82

s

Other Signals

55.58 (OCH,)

33.22 (CH)

63.80 ( OCH,)

55.73 (OCH,)

23.87 (CH,)

14.80 (CH,)

[a] Hydrochloride salts. [b} In the free base, C-2H, appears as a sharp singlet at 6 5.10 (deuteriochloroform), even on 200 MHz instrument. [c] Could
not be seen due to overlapping of other signals.
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All glassware was thoroughly dried in an oven and cooled under dry
nitrogen prior to use. THF was dried and distilled over lithium aluminum
hydride and kept under dry nitrogen. Commercially available borane-
THF complex (Aldrich) was used and transferred using oven-dried hypo-
dermic syringes. Amine and hydroxylamine hydrochloride salts were
prepared in a usual manner according to standard procedure [24] by bub-
bling anhydrous hydrogen chloride through a solution of the base in ab-
solute ether. 3-Nitrochromenes were prepared via published procedures
[7,8].

Synthesis of 3-Nitrochromans. General Procedure.

The synthesis of 2{1-Naphthyl}-3-nitrodihydronaphtho[2,1-b]pyran, 4b,
is representative of the procedure employed. 2{1-Naphthyl)-3-nitro-2H-
naphtho[2,1-b]pyran, (3b, 2 mmoles, 0.706 g) was placed in an Erlen-
meyer flask containing a magnetic stirring bar and dissolved in 110 ml of
a mixed solvent system of tetrahydrofuran-methanol (10:1, v/v). Sodium
borohydride (2.5 mmoles, 0.095 g) was then added, in four portiens, to
the well stirred solution by means of a spatula. A mildly exothermic reac-
tion ensued with the gradual disappearance of the yellow coloration
(nitrochromene). The mixture was stirred for 20 minutes at room
temperature and then quenched with water (2 ml). The volatile solvents
were removed under reduced pressure and water added (40 ml) and the
aqueous suspension extracted with dichloromethane (4 x 30 ml). The
combined organic layers were washed with brine, dried over anhydrous
magnesium sulfate and the solvent removed under reduced pressure.
Recrystallization of the crude product from ether/tetrahydrofuran af-
forded 4b, as colorless needles, 0.524 g (74%), mp 224-225°; 'H nmr
(deuteriochloroform): & 3.84 (d, 2H, J;» = 4 Hz, C-1H), 5.67 (m, 1H,
C-2H), 6.13 (br s, 1H, C-3H), 8.1-7.2 (m, 13H, ArH); °C nmr (deuterio-
chloroform): & 26.75 (C-1), 73.50 (C-3), 82.14 (C-2).

Anal. Caled. for C,,N,,NO,: C, 77.75; H, 4.79; N, 3.94. Found: C, 77.50;
H, 5.06; N, 3.84.

2-Phenyl-3-nitrodihydronaphtho[2,1-bjpyran (4a).

2-Phenyl-3-nitro-2H-naphtho[2,1-blpyran, 3a (2 mmoles, 0.606 g} was
reacted with sodium borohydride (2.5 mmoles, 0.095 g) as described in
the general procedure. Recrystallization from ether afforded 4a,0.518 g
(85%), mp 183-184°; 'H nmr (deuteriochloroform): & 3.67 (m, 2H, C-1H),
5.32 (m, 1H, C-2H), 5.47 (d, 1H, Jo3 = 7.2 Hz, C-3H), 7.9-7.1 (m, 11H,
Ar-H).

Anal. Caled. for C,,H,;NO,: C, 74.75; H, 4.92; N, 4.59. Found: C, 74.35;
H, 5.13; N, 4.40.

Synthesis of 2-Arylsubstituted-3-Hydroxylaminochromans. General Pro-
cedure.

The synthesis of 2-phenyl-3-hydroxylamino-2H-1-benzopyran, 3a, is
representative of the procedure employed. A flame-dried, nitrogen-
flushed, 250 ml flask, equipped with a septum inlet, magnetic stirring
bar, and reflux condenser was cooled to 0°. Borane-THF complex (4
mmoles, 4.0 ml of a 1.0M solution) was injected into the reaction flask via
a syringe, followed by the slow addition of a solution of 3-nitrochromene,
1a, (2 mmoles, 0.506 g in 5 ml of THF). After the addition, the ice bath
was removed and sodium borohydride (2 mmoles, 0.076 g) was added to
the stirred reaction mixture by means of a spatula. A mildly exothermic
reaction ensued. The reaction was allowed to proceed until the yellow
color of the starting material disappeared (1 hour). The mixture was
poured onto ice-water (40 ml) and acidified to pH 2 with 10% hydro-
chloric acid. The mixture was stirred, heated at 60-65° for 2 hours, and
then cooled to room temperature. The acidic layer was extracted with
ether (3 x 20 ml) and dried (magnesium sulfate). The solvent was removed
under reduced pressure to afford a residue which upon recrystallization
from ether/petroleum ether gave white needles 0.400 g (83%) of
2-phenyl-3-hydroxylamino-2H-1-benzopyran, mp 94-96°; 'H nmr (deu-
teriochloroform): 8 2.98 (d, 2H, J 34 = 2.7 Hz, C-4H), 3.47 (m, 1H, C-3H),
5.24 (d, 1H, Jg3 = 2.2 Hz, C-2H), 7.37-6.84 (m, 9H, Ar-H); *°C nmr (deu-
teriochloroform): & 27.69 (C-4), 57.81 (C-3), 76.86 (C-2).

Anal. Caled. for C,;H ;NO,: C, 74.67; H, 6.27; N, 5.81. Found: C, 74.86;
H, 6.45; N, 5.85.
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Synthesis of 2-Arylsubstituted-3-aminochromans. General Procedure.

The synthesis of 2-phenyl-3-amino-2H-1-benzopyran, 6a, is representa-
tive. A flame-dried, nitrogen-flushed, 250 ml flask equipped with a sep-
tum inlet, magnetic stirring bar, and reflux condenser was cooled to 0°.
Borane-THF complex (8 mmoles, 8.0 ml of a .OM solution) was injected
into the reaction flask via a syringe. This was followed by the slow addi-
tion of a solution of 3-nitrochromene (2 mmoles, 0.506 g in 5 ml of THF).
After the addition, the ice bath was removed and sodium borohydride (1
mmole, 0.038 g) was added to the stirred reaction mixture by means of a
spatula. A moderately exothermic reaction ensued. The reaction mixture
was then heated at 65-70° overnight. After cooling to room temperature,
the mixture was poured onto ice-water (40 ml), acidified to pH 2 and then
stirred at 60-65° for 2 hours. After cooling to room temperature, the
acidic layer was washed with ether (3 x 30 ml). The aqueous layer was
basified with aqueous sodium hydroxide to ~ pH 10, and extracted with
ether (3 x 30 ml). The combined ethereal extracts were dried over
anhydrous magnesium sulfate and the solvent-removed under reduced
pressure to yield 0.400 g (89%) of 2-phenyl-3-amino-2H-1-benzopyran.

The hydrochloride salt was prepared by bubbling anhydrous hydrogen
chloride into the ethereal solution (30 ml) and the product recrystallized
from ethanol-ether, mp 261-263°; 'H nmr (deuteriodimethylsulfoxide): &
3.42 (m, 2H, C-4H), 4.0 (m, 1H, C-3H), 5.43 (d, 1H, J33 = 1.54 Hz, C-2H),
7.61-6.92 (m, 9H, Ar-H), 8.33 (br s, 3H, NH,); **C nmr (deuteriodimethyl-
sulfoxide): & 27.04 (C-4), 47.33 (C-3), 75.23 (C-2).

Anal. Calcd. for C,;H,,CINO: C, 68.83; H, 5.73; N, 5.40. Found: C,
68.75, H, 6.01; N, 5.30.
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