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ABSTRACT: This study covers phosphorylation
of heterocyclic analogues of N-methyldiphenylamine
with phosphorus tribromide in pyridine solution. The
reaction is found to proceed regioselectively in accor-
dance with the orienting effect of the amino group.
Mono and bis-phosphorylated derivatives of the het-
erocycles have been isolated and characterized. It is
pointed out that the heterocyclic systems under study
exhibit reduced reactivity in electrophilic phosphoryla-
tion as compared to N-methyldiphenylamine. The re-
sults of calculations by the PM3 method are reported
for the starting molecules and their σ-complexes.
C© 2001 John Wiley & Sons, Inc. Heteroatom Chem 12:652–
657, 2001

INTRODUCTION

We have recently shown that N-methyldiphenyla-
mine and N-methylphenylnaphthylamine, like other
electron-rich benzene and naphthalene derivatives,
are regioselectively phosphorylated with phosphorus
tribromide in the presence of bases, the phosphory-
lation involving one or both aryl residues, as dictated
by the reagent ratio [1,2].
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As might be expected, heterocyclic systems bear-
ing a diphenylamino group, such as 5-methyl-10,
11-dihydro-5H-dibenzo[b,f]azepine (1), 5,10-dime-
thyl-5,10-dihydrophenazine (2), 10-methylphenoxa-
zine (3), and 10-methylphenothiazine (4), should
also undergo regioselective phosphorylation with
phosphorus tribromide in the presence of bases, ac-
cording to the orienting effect of the amino group.
Phosphorylation of the mentioned heterocycles is in-
teresting, both theoretically and practically, as they
represent structural constituents of many medicinal
agents [3]. It should also be noted that phosphory-
lation of these heterocyclic systems with phospho-
rus halides has not been investigated previously, and
comparative analysis of their reactivity toward other
electrophiles is still lacking in the literature [4–7].
PBr3 has been found to be efficient in the phospho-
rylation of N-and P-heterocycles [8–10].

RESULTS AND DISCUSSION

We have found that 5,10-dimethyl-5,10-dihydro-
phenazine (2) and also its carbo- and heteroanalogs
1, 3, and 4 enter into a phosphorylation reaction
with phosphorus tribromide in pyridine at the 1:1
reagent ratio to provide the corresponding dibro-
mophosphines 5–8 which were further converted
to thioamido-phosphonates 9–12 in high yields
(Scheme 1).
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SCHEME 1

Dibromophosphines 5–8 appear as yellow
crystalline substances readily hydrolyzable by atmo-
spheric moisture, with their compositions and struc-
tures respectively, supported by elemental analyses
(see Table 1), and 31P and 1H NMR spectra. The most
characteristic 1H resonances are the doublet H4 in
the region 6.96–7.18 ppm and the doublet of dou-
blets H2 in the region 7.29–7.72 ppm (see Tables 2
and 3).

It is noteworthy that heterocycles 1–4, when
phosphorylated, manifest different reactivities. As
seen from Table 4, they are less reactive than
N-methyldiphenylamine in the reaction of elec-
trophilic phosphorylation. The most reactive mem-
ber of these heterocyclic systems is 5,10-dimethyl-
5,10-dihydrophenazine (2) that is comparable in this
respect to N-methyldiphenylamine.

An increase in the reaction temperature causes
the reaction time to shorten substantially for slow-
reacting heterocycles such as phenoxazine (3) and
diazepine (1) (see Table 4). At the same time, an
increased temperature of the reaction mixture for
the reaction with N-methylphenothiazine (4) results
in the change of the reaction course leading to a

TABLE 1 31P NMR Spectral Data (δ, ppm; J, Hz.), Yields, Melting Temperatures, and Data of Elemental Analysis

Found Calculated

Compound δP (ppm) (solvent) Yield (%) m.p. ( ◦C) (solvent) N (%) P (%) Empirical formula N (%) P (%)

5 154.7 (pyridine) 77 134–135 (octane) 3.53 7.75 C15H14Br2NP 3.51 7.76
6 155 (benzene) 78 128 (octane) 7.01 7.78 C14H13Br2N2P 7.00 7.74
7 158.6 (pyridine) 76 78 (benzene/hexane) 3.67 7.98 C13H10Br2NOP 3.62 8.00
9 77.2 (benzene) 84 70–71 (octane) 9.49 6.97 C23H30N3O2PS 9.47 6.98

10 77 (chloroform) 83 193–195 (octane) 12.61 6.94 C22H29N4O2PS 12.60 6.97
11 76.4 (benzene) 71 86–88 (octane) 9.73 7.16 C21H26N3O3PS 9.74 7.18
12 68.3 (benzene) 81 85 (ethanol) 9.38 6.91 C21H26N3O2PS2 9.39 6.92
13 200 (chloroform) 90 78 (hexane) 3.95 4.34 C13H13Br3NPS 3.92 4.33
14 152 (benzene) 75 157 (hexane/benzene) 2.39 10.51 C15H13Br4NP2 2.38 10.52
15 153.7 (pyridine) 75 174 (hexane/benzene) 4.78 10.48 C14H12Br4N2P2 4.75 10.50
16 150.6 (benzene) 70 132 (hexane) 2.47 10.74 C13H9Br4NOP2 2.43 10.74
17 152 (benzene) 83 250–251 (ethanol) 10.33 9.12 C31H45N5O4P2S2 10.33 9.14
18 77.1 (chloroform) 87 205–206 (octane) 12.39 9.13 C30H44N6O4P2S2 12.38 9.13
19 76.3 (benzene) 79 147–148 (methanol) 10.51 9.29 C29H41N5O5P2S2 10.52 9.30

thiophosphorylbromide and polymeric products of
undetermined structure.

We deem the low reactivity of N-methylpheno-
thiazine in electrophilic phosphorylation to be due
to the fact that the initial attack of phosphorus
tribromide occurs at the sulfur atom, character-
ized by an increased nucleophilicity. In support of
this conjecture, N-methylphenothiazine was reacted
with phosphorus tribromide in benzene to form the
corresponding complex 13 (Scheme 2).

Complex 13 is a light-green powder with a char-
acteristic melting temperature; its composition is
corroborated by elemental analysis. The 31P NMR
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spectrum of the compound contains a signal at
δ = 200.1, and its 1H spectrum is identical with that
of N-methylphenothiazine, which suggests complex-
ation at the sulfur atom.

Thereafter, we investigated phosphorylation of
compounds 1–3 with excess phosphorus tribromide.
It was found, that they reacted with excess phos-
phorus tribromide in boiling pyridine to give bis-
dibromphosphines 14–16, characterized further by
conversion to bisthioamidophosphonates 17–19 in
high yields (Scheme 3).

Compounds 14–16 were obtained as solid crys-
talline substances, with their compositions con-
firmed by elemental analysis and their structures
attested by 31P and 1H NMR spectra. The most char-
acteristic signals in the 1H NMR spectrum are the
doublet H4,6 at δ= 7.75 (14) and at δ= 6.76 (16).
Bisdibromophosphine (15) exhibits the doublet H4,9

at δ= 6.37, a doublet of doublets (H2,7) at δ= 7.29,
and a singlet at δ= 3.14 originating from the pro-
tons of the N CH3 groups and indicating their
equivalence. Thus, the second dibromophosphino
group is introduced at the position 8 of the het-
erocyclic system. Among the heterocycles in ques-
tion, the most reactive in bis-phosphorylation is 5,10-
dimethyl-5,10-dihydrophenazine (2) (see Table 5),
the two nitrogen atoms independently affecting the
phosphorylation.

The above-presented experimental findings sug-
gest that the ring closure in the molecule of N-
methyldiphenylamine results in reduced reactivity
of the concerned heterocycles toward the reaction
of phosphorylation, which may be attributed to
inhibition of conjugation between the lone elec-
tron pair of the nitrogen atom and the aromatic
moiety.

To verify this assumption, we have calculated,
by the PM3 method, structural parameters of the
starting molecules as well as heats of formation
for σ-complexes generated on protonation (see
Table 6).

TA
B

LE
2

H
N

M
R

S
pe

ct
ra

lD
at

a
fo

r
C

om
po

un
ds

7,
11

,1
2,

16
,a

nd
19

H
4

J
H

P
H

2
J

H
H

J
H

P
H

8
J

H
H

J
H

P
H

6
J

H
P

C
om

po
un

d
(p

pm
)

(H
z)

(p
pm

)
(H

z)
(H

z)
(p

pm
)

(H
z)

(H
z)

(p
pm

)
(H

z)
O

th
er

si
gn

al
s

(δ
,p

pm
;

J,
H

z)

7
7.

18
d

8.
74

7.
34

t
8.

4
8.

4
3.

04
s

(3
H

,N
C

H
3
);

6.
40

–
6.

80
m

(5
H

,H
1,

6,
7,

8,
9
)

11
7.

08
d

14
.1

7.
38

dd
8.

2
14

.1
2.

83
–

2.
95

m
(8

H
,C

H
2
N

);
3.

08
s

(3
H

,N
M

e)
;3

.5
6s
∗

(8
H

,C
H

2
O

);
6.

65
–

6.
95

m
(5

H
,H

1,
6,

7,
8,

9
)

12
6.

65
8.

2
6.

90
t

8.
2

8.
2

3.
13

s
(3

H
,C

H
3
);

3.
14

m
(8

H
,N

C
H

2
);

3.
68

m
(8

H
,O

C
H

2
)

7.
11

–7
.1

8m
(2

H
,H

6,
8
);

6.
21

–
6.

35
m

(3
H

,H
1,

7,
9
)

16
7.

33
d

8.
4

6.
76

dd
8.

2
9.

6
6.

76
dd

8.
02

9.
6

7.
33

d
8.

4
3.

11
s

(3
H

,C
H

3
);

6.
57

d
(2

H
,H

1,
9
)

J
H

H
=

9.
6

19
7.

11
d

12
.6

7.
39

dd
8.

1
12

.3
7.

39
dd

8.
1

12
.3

7.
11

d
12

.6
2.

92
sa

(1
6H

,C
H

2
N

);
3.

12
s

(3
H

,N
M

e)
;

3.
56

sa
(1

6H
,C

H
2
O

);
6.

88
dd

(2
H

,H
1,

9
)

J
H

H
=

8.
1,

J
H

P
=

3.
0

a
lin

es
ar

e
br

oa
de

ni
ng

.



C-Phosphorylation of 5,10-Dimethyl-5,10-dihydrophenazine and Its Carbo- and Heteroanalogs 655

TABLE 3 1H NMR Spectra Data for Compounds 5, 6, 9, 10, 14, 15, 17, and 18

Compound
No Solvent δ, (ppm), J (Hz)

5 CDCl3 3.21s (4H,CH2); 3.49s (3H,CH3); 7.00–7.25m (5H,H4,9,8,7,6);
7.63d (1H,H1) J HP = 8.4; 7.72t (1H,H3) J HH = 8.4, J HP = 8.4

6 CDCl3 3.05m (6H;CH3); 6.45–6.62m (3H,H4,6,9); 6.70–6.80m (3H; H1,7,8);
7.25 dd (1H,H3) J HP = 2.5, J HH = 8.8

9 CDCl3 2.84–3.08m (8H,CH2N); 3.10s (4H,CH2); 3.34s (3H,N Me); 3.50–3.60m (8H,CH2O);
6.99t (1H,H8) J HH = 8.7;7.14–7.22m (4H,H4,6,7,9); 7.55d (1H,H1) J HP = 12.9;
7.62t (1H,H3) J HH = 8.7, J HP = 8.7

10 DMSO-d6 3.01m (6H,CH3); 6.48–6.59m (3H, H4,6,9); 6.70–6.80m (3H, H1,7,8);
7.22 dd (1H,H3) J HP = 12.6, J HH = 9.3

14 CDCl3 3.22s (4H,CH2); 3.48s (3H,CH3); 7.16d (2H,H4,6) J HH = 8.2; 7.66d (2H,H1,9) J HP = 8.7;
7.75dd (2H,H3,7) J HP = 8.7, J HH = 8.4

15 CDCl3 3,14s (6H,CH3); 6.37d (2H,H4,9) J HH = 8.6; 6.96d (2H,H1,6) J HH = 3.5;
7.29 dd (2H,H3,8) J HP = 3.5, J HH = 8.6

17 DMSO-d6 3.15s (4H,CH2); 3.39s (3H,CH3); 3.35m (16H,CH2N); 3.55sa (16H,CH2O);
7.26d (2H,H4,6) J HH = 8.2; 7.59–7.70m (4H,H1,3,7,9)

18 DMSO-d6 2.97m (8H,CH2N); 3,08sa (6H,CH3); 3.56sa (8H,OCH2); 6.34d (2H,H4,9) J HH = 8.2;
6.98d (2H,H1,6) J HP = 12.1; 7.36dd (H,H3,8) J HH = 8.2, J HP = 12.1

aLines are broadening.

As seen from the computed data, the heats of for-
mation for s-complexes produced by the compounds
of interest increase as their reactivity in phospho-
rylation decreases. On analyzing the spatial struc-
ture of starting molecules, one can conclude that
the reactivity decreases more, the larger is the de-
viation (1w) of the lone electron pair of the nitrogen
atom from the orthogonality to the plane of phenyl
rings.

Thus, the experimentally obtained reactivity se-
ries for the heterocycles under study in the phos-
phorylation reaction correlates well with the PM3
computed structural data for starting molecules and
the heats of formation of the corresponding protonic
s-complexes.

SCHEME 3

EXPERIMENTAL

The 31P and 1H NMR spectra were recorded on
a Varian VXR-300 spectrometer, TMS being used
as an internal standard for 1H signals and 85%
H3PO4 as an external standard for 31P signals. All
reactions were carried out in anhydrous solvents.
The reaction completion time was monitored by
31P NMR spectroscopy. Monophosphorylation was
considered to be ended as soon as the signal of
phosphorus tribromide disappeared from the spec-
trum of the reaction mixture. The time needed for
bis-phosphorylation to come to completion was de-
termined by the vanishing signal of monodibromo-
phosphine.
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TABLE 4 The Time Taken for the Phosphorylation of Com-
pounds 1–4 at the 1:1 Reagent Ratio

Time

x 20 ◦C 115 ◦C

N-Methyldiphenylaminea 8 h –
N CH3 12 h –
H2C CH2 6 days 6 h
O 14 days 12 h
S 1 yearb Different outcome

aFrom Ref. [1].
bThe reaction proceeds to the extent of 25% at the reagent ratio 1:3.

The general procedure for the preparation
of dibromophosphines 5–8. To a solution of
the corresponding compound from the series 1–4
(0.01 mol) in pyridine (20 ml), phosphorus tribro-
mide (0.01 mol) was added. The reaction mixture
was held at 20◦C for an appropriate time (see Table 4)
and then evaporated under vacuum. The residue
was dissolved in benzene (50 ml) and the resulting
precipitate was filtered off. On evaporation of the
filtrate under vacuum, the residue crystallized (See
Table 1).

The general procedure for the preparation of
dithiophosphonates 9–11. To a stirred solution of
the corresponding dibromophosphine from the se-
ries 5–8 (0.01 mol) in benzene, a solution of mor-
pholine (0.02 mol) and triethylamine (0.03 mol) in
benzene (30 ml) was added. After having been al-
lowed to stand at room temperature for 5 h, the re-
action mixture was filtered and sulfur (0.01 mol) was
added to the filtrate. Then the mixture was boiled for
2 h and evaporated under vacuum. The residue was
crystallized from the solvent listed in Table 1.

Dimorpholinothiophosphonate (12). To a so-
lution of N-methylphenothiazine (0.01 mol) in pyri-
dine (30 ml), phosphorus tribromide (0.03 mol) was
added. The reaction mixture was allowed to stand at
room temperature for 1 year. The resulting precip-
itate was filtered off, and a solution of morpholine
(0.02 mol) and triethylamine (0.03 mol) in benzene
(30 ml) was added to the filtrate. After the mixture

TABLE 5 The Time Taken for the Phosphorylation of
Compounds 1–3 at the 1:3 Reagent Ratio

x Time at 115 ◦C

N-Methyldiphenylaminea 12 h
N CH3 36 h
H2C–CH2 48 h
O 6 days

aFrom Ref. [1].

TABLE 6 Deviation of the Lone Electron Pair of the
Nitrogen Atom From the Orthogonality to the Aromatic Moiety
and Heats of Formation for Protonic σ -Complexes

X 1ϕ◦ 1H (Kcal/mol)

– 0 156.9
NMe 22 159.1
O 38 176.1
S 39 176.4

had been held at 20◦C for 5 h, it was filtered and
sulfur (0.01 mol) was added to the filtrate. Then the
mixture was boiled for 2 h and evaporated under vac-
cum. The residue was boiled twice with water (70 ml)
and crystallized from the solvent indicated in
Table 1.

The complex of N-methylphenothiazine with
phosphorus tribromide (13). To a solution of N-
methylphenothiazine (0.01 mol) in benzene (5 ml),
phosphorus tribromide (0.05 mol) was added. The
reaction mixture became deep-green. Hexane (20 ml)
was added to the reaction mixture and it was left to
stand at 20◦C for 4h. The precipitated oil solidified
on treatment twice with hexane. Its m.p. is listed in
Table 1.

The general procedure for the preparation
of bis-dibromophosphines 14–16. To a solution of
the corresponding compound from the series 1–3
(0.01 mol) in pyridine (20 ml), phosphorus tribro-
mide (0.03 mol) was added. The reaction mixture
was boiled for an appropriate time (see Table 5) and
then evaporated under vacuum. The residue was dis-
solved in benzene (50 ml) and the resulting precip-
itate was filtered off. On evaporation of the filtrate
under vacuum, the residue was purified by repre-
cipitation from benzene by addition of hexane. (See
Table 1).

The general procedure for the preparation
of bis-dithiophosphonates 17–19. To a stirred so-
lution of the corresponding bis-dibromophosphine
from the series 14–16 (0.01 mol) in benzene (20 ml),
a solution of morpholine (0.04 mol) and triethy-
lamine (0.06 mol) in benzene (50 ml) was added.
After having been allowed to stand at room temper-
ature for 5 h, the reaction mixture was filtered and
sulfur (0.02 mol) was added to the filtrate. Then the
mixture was boiled for 2h and evaporated under vac-
uum. The residue was crystallized from the solvent
listed in Table 1.
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