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PROTON MAGNETIC RESCNANCE SPECTRA OF PHENOTHIAZINE DERIVATIVES

Sayeed Saraf*, Muhammad Akram Khan, and Saleh Al-Mousawl
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Abstract: Proton magnetic resonance spectra of nuclear substituted, N-alkylated- and aza-

phenothiazines with particular reference to structural elucidation has been discussed.

Although the literature 1s fully provided with studies of phenothiaZLnel, there are few
data dealing with the nmr spectra of nuclear substituted phenothiazznesz. The use of nnr spec-
troscopy has been recommended for the identification of phencthiazine drugs and 10 the detection
of impurities in samples of drugss_s, 1n as much as the substituents and particularly the side

chain gave rise to characteristic signals.

The widespread use of phenothiazine trangquilisers has given rise to extensive investiga-
tions into the structure of their metabolltess, variously thought to be hydroxylated in the 3-,
7—7, or 8- p051t10nsa. Since the infra- red spectrum will not readily distinguish a 2, 7- disub-
stituted phenothiazine from i1ts 2, 8- lsomexg {both being 1,2,4-trisubstituted benzenes), the
use of nmr spectroscopy coffered an attractive solution to the problem of unambiguous structure
assignment of the metabolites of the phencthiazine drugs, 1f individual substitution sites in the

molecule could be distinguished.

Comparison of the nmr spectra of phenothiazine and 2~chlorcophenothiazine on one hand,

and those of the corresponding 10-{3-dimethylamincpropyl)-substituted phenothiazines on the other,
showed clearly that the only difference between the spectra of each N-unsubstituted and N-substi-
tuted pair was the bulk c¢hemical shifts of each aromatic hydrogen atom, and the coupling constants,

were the same.

Analysis of the chemical shift data for phenothiazine and chloro-substituted phenothia-
z_nes8 (in which the hydrogen freguencles are not altered by shlelding)lo gave the values sum~
merised in Tapble I. The strong interaction between neighbeouring hydrogéns (spin-spin coupling}
which exists between neighbouring hydrogens {(J = 5 to i0 c.p.s.), and the weaker couplings by meta
hydregens (J = 1 to 5 ¢.p.s.}, are very sensitive to substitution. When substitution takes place

in the 3-positien, the 3,4~ortho coupling disappears and only the large 1,2-, 6,7-, and 8,9-
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ortho couplings remain. Disubstitutien at the 2, 8-positions leaves only the 3,4-and &,7-
ortho couplings and weak meta coupling of H-1 and H-9. Disubstitution at 3, 7-leaves only
1,2- and B'Q'QEEEE couplings and weak meta coupling of H-4 and H-6. A combination of chemi-
cal shift, spin-spin couplings and inhtegration data permits the 1dentification of individual

hydrogens at each site in the aromatlc rlﬂgsll-

Table I
Chemical Shifts of Aromatic Hydrogens

in Chloro~substituted Phenothiazines.

H
9 F\lJ 1
ice I 10 J ~NE
AN
G- A
b 5 4
Hydrogen Chemical Shifts? C.P.S. Coupling Constants, C.p.S.
i 395 (m} «401 =
) (0} Jl’ s 9
2 42310)
3 404 (0)
4 414{m}-418{0)
aim) -~ =
6 419 {m) ~420{0) JG, 8 2
7 405(0)
8 42210}
9 my-401 (0 J =
39¢€ (m) (o) s, 9 8
a. Shifts are listed for hydrogens substituted either ortho {0) or meta (m) to a chlo-
rine atom.

Nmr spectrum of 2,7-dichlerophenothiazine (i, Fig. I} shows two peaks centered
about 396 c.p.s. which are due to part of the AB coupling between hydrogens at C-8 and C-9 and

are assigned to the C-9 hydrogen | = 8 c.p.s.). The adjacent line at 202 c.p.s. 1s caused

5, g
by the hydrogen on C-1. The low field doublet at 421 c.p.s. is the other half of the AB system,

arising from the C-8 hydrogen ( =2 c.p.5.}. The line at 419 c.p.s. is assigned to the

J

6, 8
hydrogen pn C-6, while the multiplet centered about 412 c.p.s. 15 part of an AB system involving
the -3 and C-4 hydrogens, the remaining half of which lies under the peaks assigned to hydrogens

at C-6 and C=1.
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1 3 2
2, R=R, =H R =R, =cl
3, R =R, =H; R=R, =Cl

4, R, =0CH_,; R=EF, =R, = K

In 3,7-dichlorophenothiazine (2, Fig. 2) the doublet centered at 395 c.p.s. 1s one-

half of an AB system belonging toc the C-1 hydrogen with J1 =9 ¢.p.s. The other half of the
.

2
AB due to the C-2 hydrogen at 423 c.p.s, is further gplit by the meta hydrogen on C-4 wath

J2 4 = 2.5 e,p.s. The tall sharp line at 418 ¢.p.s. 1s a superpesition of the -4 hydrogen
.

<18

*v.zf'hf- J‘;:m
Jg gulrpr
S con 403
ety
[Ty LT Wi
fig. 1. HN.m.r. spectrum (60 Mc.) ig, 2. N,m.r. spectrum (60 uc.)
of 3,7-dichlorophenothiazine in of 2,7-dichlorophencthiazine in
perdeuteriodimethyl sulfoxide. serdeuteriodimethyl sulfoxide.
Field increases from left to Field incxeases from left to
right. Chemical shifts are in right. <Chemical shifts are in
c.p.5. downfield from an inter- ¢.p.s. downfield from an inter-
nal tetramethylsilane reference. nal tetramethylsilane reference.

anc. part of the AB coupling from the C-3 hydrogen.
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In 2,8-dichlorophenothiazine {3, Fig. 3) both aromatic rings are identical. The
doublet. centered about 418 c.p.s. is part of an AB system due to the C-3 and C-4 hydrogens and
15 assigned to the hydrogen at C-4, since no meta splitting is observed. The multiplet at 400
c.p.5. 18 assigned to the C-1 hydrogen with a small meta coupling due to the C-3 hydrogen.

This group alsc includes part of the AB system of the hydrogen at €-3. The signal at 408 c.p.s.

contains part of the AB coupling of hydrogens at €-3 and C-4.

Fig. 3. MN.m.r. spectrum (6C Mc.) of
2,8=dichlorophencthiazine in perdeu-
teriodimethyl sulfoxide. Field
increases from left te right. Chemical
shifts are in c.p.s. downfield from an
internal tetramethylsilane reference.

L"“V"*Vﬂvﬁ“nh*%qhﬁy

The spectrum of 3-methoxyphenothiazine (4, Fig. 4) demenstrates the strong shieldaing
caused by the methoxy group. There, the C-1, C-2, and C~-4 hydrogens are clustered together at
386 c.p.s. There appears to be an ABX pattern for the hydrogens at C-6 and C-7 and C-8 and C-9,
in which the two sets are equavalent, one portion of the AB (at 415 c.p.s.) being due %o the

hydrogens at C-7 and C-8 and the other (407 c.p.s.) attributed to those at C-6 and C-9.

10ep

NH

o

Fig. 4. N.m.r. spectrum (60 Mc.) of 3-methoxy-
phencthiazine in perdeutericdimethyl sulfoxide.
Field increases from left to right. Chemical
shifts are in c.p.s. downfield from an internal
tetramethylsilane reference,

—1152 —



HETEROCYCLES, Vol 19, No 6, 1982

Both 3,7-dimethoxy—(5) and 2-chlorg-7-methoxyphenothiazine (6) showed the same
affect (Fig. 5 and &) raducing the chemical shift between hydrogens at position &, 8 and 9,

and resulting in an lncompletely resolved mult:iplet at 396 c.p.s.

Ell

WM*ﬁ‘A“mr e Lﬂ V4 e

Fig. 5. N.m.r. spectrum (80 Mc.} of 3,
T=dimethoxyphenothiazine in perdeuterio-
daimethyl sulfoxide. Field increases from
laft to right. Chemical shifts are in
c.p.5. downfield f{rom an internal tetra-
methylsilane reference.

In 2-chloro-7-methoxyphenothiazine{6), the doublet centered at 415 c.p.s. 18 part

of the AB system of the €-3 and C-4 hydrogens, and i1s assigned to that at C-4. A small doublet

JyasBeps
“w d3amBeps |
r
952083
A
WOcpL
405 —

Fig. 6. MN.m.r. spectrum (60 Mc.) of 2-chloro-
7~methoxyphenothiazine in perdeuteriodimethyl
sulfoxide. Pileld increases from left to right.
Chemical shifts are in c.p.s. downfield from
an 1nternal tetramethylsilane reference.

at 405 ¢.p.s. represents the remaining half of the AB coupling due to hydrogen at C-3 and alsc
shaws meta coupling by the C-1 hydrogen, which is present in the multiplet at 396 c.p.s. Inte-

grated intensitles were 1n agreement with the predicted ratio of lzl:B,ll
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In B-ethoxy-l-nitrophenothiazine (7, there 13 a traplet for CH3, ac 5' = 1.36
(T = 6 c.p.s.), whereas for -CH,-, 2 quartet at 5 = 3.95 (J = b ¢.p.5.). The most downfield
aromatic proton (Hd) appeared at S = 7,81 (Jo = 8; Jm = 2) owing to the electron sink caused

by a nitro group in the para posaition, and secondly, to the peri-effect of the adjacent sul-

phide linkage. The protecn Hf appears as a doublet (J0 = §; Jm = 2) at } 7.10, and He at.
S = 6.70 (JO = B} as a tr:.p.'r.et.12
T R
a
R N f Rl
b e
s R
R3 s P 2
= = = = = = = = : = = =H
7, R = NOZ' Rq = OC2H_ = R2 = 33 Ri H i1, R3 NOE' R1 OCZHS R R2 R4
= = n = = = = f = . = = =
8, R = NOZ’ R4 = DCH3, R2 = R3 Rl =H 12, R1 CHB, P3 NOZ, R Rz R4
= : = 3 = = = = o] = Pl = =R, = H
o9, R3 = NOZ' R1 = OCH3. R R2 R4 H 13, Rl Ci-a, 1'-!3 OCH3 R R2 4
10, R, =R _=CH.; R=R_ =R, = H 14, R =R, = NO_; R, = OC_H.; R, = R, = H

The comparative downfield shift of H

P to He may be ascribed to the large (-I effect)

of the nitro group at its ortho position. The proton He appeared as a doublet at éﬂ = 6.91 and

protons Ha and H_appeared as a singlet and a doublet (JO =8) at 5 =6.33 and I = 6.41,

5]

respectively. The comparative shielding of Ha to H may be attriated to the electronic

b
effects of the ring substituents. The proton at nitrogen appeared as a broad hump at ﬁ = 9,73,

which was confirmed by DZO exchange.

In 8~methoxy-l-nitrcovhenothiazine (8} the three protons of the methoxyl group {-0-
CH3) appeared as a singlet at f = 3.73. fThe proten at nitrogen (-N-f) appeared a. p = 9.75,

confirmed by ch exchange, Ti'e aromatic proton Ha appeared at 8 = 6.33, and Hb' Hc, » , H

a e
and Hf at 5 = 6,43, E = 6.95, E = 7.80, £ = 3.71 and 5 = 7.06 respectively with JO =9

and J_ = 2 ¢.p.S.
m ¢.g

In 3-nitro-8-methoxyphenothiazine (9}, a singlet at % = 3.70 for three protens of the
methoxXyl group 1s conslstent with the one reported above, The most downfield proton He
appearsd as a doublet (J_ = 8 J, =2) at ¢ = 7.90, which has been a:ccibuted to the electron

sink caused by the O-nitro group. The procen Hd showed a singlet ac f = 7.71. The compara-

tive downfield shift of He to Hd' however, could not be explained. The proton Hf appeared as a
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sharp doublet (Jo = 8) até = 6.73. The protons Hb and HC appeared as tweo douslets (JO = 8)

at é = b.50 and(‘; = 6.86 respectively. The proton Ba showed a singlet at + = 6.36 (Jm = 2).

In 3,8-dimcthylphenothiazine(10), the protons of the two methyl groups appeared as

a sharp singlet at (_- = 2.30. The most downfield aromatic proton E-Id appearer. as a broad sing-
let at b = 7,91 (7, =2). The protons H, and E_ appeared as doublets at & = 7.18 ezl & = T.41

(JO = 7). The protons Hy and H_ showed two doublets (I = 8; &, =12c.p.s.) at {) = €.B8 and

5 = 6,76, and nrotan Ha appeared as a singlet (Jm = 2) at 5 = 6.76. The protons at nitro-

gen appeared a2t 8 = 9,33, confirmed by D_ o exchange.12

2

In 3-nltro=g=sthoxyriznothiazine(11), a traplet appeared a: ; = 1,3, (J = & c.p.8.)
for —CH3 and a quartet at ¢ = 4-05 {7 = J c.p.s.) for - CH2- protons. The aromatic protons
appeared 1n the range 5 = 6.16 to l‘, = 8.0 and could not be distinguished due to the low

solubility of the sample in the deuterated solvent used.

In 3-nitro-B-methylphenothiazine(12), a sharp singlet 2 .pearel at d = 2.0 for -CH3

protons and aromatic protons appeared 1n betweer C = 6.33 to (_H = 8.0 region.

3-Methexy-8-methylphenothiazine (13) gave a sharp singlet at f, = 2.11 for the three
protons of the methoxyl group. The -N-RH= proton was founda at f = &.21, and the aromatic pro-

tons appeared between é = 65.38 =c § = 6.90 and <ould not be resclved.

-
1,3-Dinitro-8-ethoxyphenothiazine {14} gave a triplet at ¢ = 1,38 (J = 7) and a
quartwc ats = 4,05 (J = 2) for three and two protons of -CH. and —CH2 —rroups respect-.vely.

The aromatic protens Ha' H., and H, appeared as singlets at & = 6.41, (= 8.80 and é- = 9.13,

d
KR
6) and ( = 7.30

respectively. The protons Hb and L showed two doublets at & = 6.70 (JD

(Jo = 9; T = 3}, respectively. The proton at 10-N appeared as a broad singlet czc {= 10.45.

A combination of the chemical shifts, spin-spin couplings, and integration data for
these phenothiazines(7-14) permits the identification of an indivadual proton in the aromatic

r:l.ng.]'2 The results are summerised in Table II and Table III.
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TABLE II

Ry Pl‘ Ry
Ry N
Rg S

R5 R4

Cnemical shift (),
(Multiplicityd

(¢ for aromatic protons);

Compound Solw. (Coupling Constant) (multiplicaty); {(Coupling Ref,
{J) Agsignment ' Constant) (1)
8-Ethoxy~1-nitro- CDC],3 9.73(s), -NH- R2’ 7.10 (&), (Jm = 2, Jo = 8) 12
phencthiazane (7) 3.95{q}, (J-6),—O—CH2- RJ, 6.70 (t), (JIn -2, Jo = a)
i.36(t), J=6, -CH
i.36¢ » ~CH, 4y 781 @), @ =2, 3 - 8)
B, 6.91 (d), (I =2, d = 8)
RG, 5.41 (&), (Jm =2, Jo = g}
Rg. 6.33 (s}, (I =2)
§-Methoxy-1-Nitro- cncl3 9.75(s), -NH~ Ry, 7.06 {4}, (Jm =2,3 =8) 12
phenothiazine (8) 3.73(s), ~0-CH, Ry 6.71 (t), (Jm =2, J_ =8)
R, 7.80 (&), (g =2,J =8
4 nm o
RS' 6.85 (4), (Jm =2, JO = B)
g 8:43 &), I, = 2, Iy = 3
qr 6.33 (s}, (J_= 2)
m
8-Metheoxy-3-nitro- DMSO—d6 3.70(2), —O—CH3 1 6.73 (d), (Jo = 8) 12
phenothiazine (9) 27 7.90 (@), {J = 2’ Jo =8
R4, T3 (s, 3 =2
Rgy 6.86 (d), = 8)
RG' 6.50 (4}, (Jm =2, JO = 8}
R,r 6.36 (2], (T =2)
8 m
3, B-Dimethyl- eoel, 9,33{g), -NH- Ry« 7.41 (d), a, =8 12
phenothiazine (10) 2.30(s), _CHEI 0 6.76 (d), Jm =2, Jo 8
4 7.91 (s}, Jm =2
o 7.18 (), JO =g
g 688 (), g =12, =8
RB' 6.76 (s}, Jm =2
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Chemical Shift (4 },

{ ¢ for aromatic preotons) ;
{Multrplicity)

Compound Solv. (Coupling Constant), (Multaiplicaty), (Coupling Ref.
(1) Assionpent Constant) (J)
8-Ethoxy-3-nitro- DMSO—dG 4.05(q), {J=6), —O—CHZ- Rl - Rs, 6.16 - 6,80, m. 12
phenothilazine(11) 1,30(t), (J=6), —CH3
g-tethyl-3-Nitro- Acetone—ds 2.0 (s), —CH3 R1 - RS' 6.33 - 8.00, m 12
phenothiazine (12)
3-Methoxy-B-methyl- Dl“lSO—d6 8.214{s), -NH- Rl - RB' 6.38 - 5.90, m. 12
phenothiazine (13) 2.11 (s}, -CH3
3.63(s), —O—CH3
1,3-Dinitro-8- c1;>a::13 10.45(s), -NH- Rz, 9.13 (s} 12
ethoxy- 4.05 (q), (I=2), L 8.80 (s)
phenothiazine (14} —O—-CHZ— RS’ 7.30 (4}, Jm=3, JD=9
1.38(t), (I=7), -CH3 R6' 6.70 (d), Jo =&
Rg. 6.41 (s}

*

Jm' meta coupling, Jo' mueltiplicity OWlng to orthe coupling

s, singlet; d, doublet; t, triplet; q, quartet.

TABLE III
Rg Ra
Ry s 0
Rg N Ry
R R,

Chemical Snift {(§ 1, (Multiplicity),

Compound Solv. Coupling Constant (J), assignument. Ref.
L - Ry~ H coct 7.62 (d), Iy o = 10, R 35 _
6.87 (q@), 32'3 =2, R2
6.74 (@), J; o = 2, Ry
7.5 - 8.1 (m), R4 - R',‘
RS =Cl CDC13 7.56 (Q), J1,2 = 10, Rl is
1 =B =8 6.92 (q), J3.1 7 2, By
6.73 (d), J3'2 = 2, R3
7.45 (s), B,
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Chemical shift (), (Multiplicity),

Compound Solv. Coupling Constant (J), Assignment Ref.
7.42 {d), J6,7 = a, RG
7.80 (d), J?,6 =9, Ry
R5 = BO, CDcl3 7.62 {d), J1,2 = 10, R1 k)
R -R, =H 6.87 (q), .:rz'3 = 2.5, R2
6.78 (d), .:[3,2 = 2.5, R3
7.8 - 8.4 ), 34, Rs, R7
RB =1 CDCI3 7.62 (d), J1r2 = 10, .R1 35
R5 =Cl 7,11 (@), erl = 10, R,
7.56 {d}, R4
.47 (g), JB,? =9, B
7.88 (4}, J7.6 =9, Ry
R2 = RS = ¢l CDCl3 7.85 (s}, Rl ELY
6.86 (3), %3
7.50 (s}, R,
7.62 (d), JG,T =9, R6
7.85 (d), J7,6 =2, B,
R5 = R6 = Cl (:Dcl3 7.56 (4}, JI,E = 10, Rl .35
6.92 (q), J2,3 =2, R,
.73 (al, J3'2 R3
7.50 (8), R4
7.96 (s}, R,
R3 = RS = Cl CDC13 7.64 (4}, JI,Z = 10, Rl 35
7.09 (4}, JZ,l = 10, Ry
7.58 (s), R4
7.50 (d), J6,7 =9, B
7.99 (d), J7,6 =9, By
R, = B = E onel, 7.60 (), J!’2 =10, Ry 35
6.93 (q), J2'3 =2, R2
£.85 (d), .:(3,2 =2, Ry
7.56 (d4), Jﬁ’j =9, RG
F.75 (4, J7,6 =9, R,
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Oxidation of 2-acetylphencthiazine(15) with potassium dichromate in acetic acid could
result in the formation of 16 or 17, HNmr analysis leadsto the conclusion that the oxidation
product is Z-acetylphencthiazone-7(17 j. Indeed, the coupling of the proton AB;BC (JAB = ' Cc.p.S.}

Jpe™8 ¢.p.s.) emphasizes the presemreof proton B, and the coupling of the protons A'B'; B'(!

' A
o] A
:] COCH, N COCH, /N COCH4
= )
@
5 S 0 Y § B
c' ¢
5 16 17
{3 aB " 2 cps; Tavgr = 9.5 cps) points out that in the ring A, there are only three protons.

As expected, the resenance signals preoduced by the protons ABC are at lower fields than those

of the protons A‘B'C'.13

In N-acetylated phenothiazines or analogues of phenothiazine, the carbonyl grous repre-
sentsstrong anlsotropic centres and the relative effect of the carbonyl (C=0j on th. .){ ~ protons
(i and 9) of the phencthlazine or analogue molaecule would be expected to show a shielding or
deschielding effect on the chemical shift of )C -protons depending on the orlentation of the car-
bonyl group either in H-intra or H-extra positions. Nmr spectrum of N-acetylphenothiazZine gave a
multiplet signal at 7.35 PPm for the aromatic protons (Fig. 7) and the signals of the K -protomns
remained in the general peak group. This type ©f spectrum is possible only with an H-extra
configuration. It 1s only with an H-extra configuration, that the steric position of the carbonyl
group makesit impossible for the .)\/—protons to land under 1ts anisotropic influence. The oppo-

site effect 15 observed, when N-acetylphenothiazine is oxidised to the respective dioxide. 1In

that case regardless of the configuration transitions, cne 5 = O bond will always be directed

S1g. 8
Fig. 7
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between the benzene nuclel and its position will correspond te the carbonyl group in the H-intra

1
configuration, 4

Since the sulphoxide group produces strong anisctropic effect, the 4B and 6H protons
appear magnetically unshielded with a weaker field shift of their signals. This is shown by a
well separated two proton deublet (J=8 c,p.s., additicnal cleavage 2 c.p.s.}, displaced by the

general signal of the arcomatic protons of ¢.75 p.p.m. (Flg.B).14

+
Acylation of 1C-methylphenothlazine with /’—carbomethoxyprcplonyl chloride resulted 1in

the formation of 3 products {16, 19, 20}, the structures of which were established by their Nmr

spectra. Product 18 showed a chemical shaft of the aromatic protons ( é 7.82, 7.73, 6.86 for

3, A, and b) which agrse well with those calculated for a 3-alkyl, 5-alkylthio, 6=~alkyldiamino-
15

substituted benzene (6 7.81, 7.78, 6.66), using a table of aromatic chemical shifts.

15~
Comparing these results with other related 513 cases, the preoduct was assigned to be the 3-

substituted derlvative.19

o
N

N
4 CH300CCH, CH,COCI —>
5 s

d e f
COCHaCHCOCHy

?H3 CH5
N N
s d e { 4_ {::::]::
COCH; CHyCOOCH, . S C=CH CHaCOOCH,
2
19 20

Nmr results are given in Table IV.
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TABLE IV

HETEROCYCLES, Vol 19, Neo

Chemical Shift (41,

Chemical shift (5 } for aromatic

Compound {Multiplicaity), (Coupling protons, (Multiplicity),
Constant. {J) assignment. {Coupling constant (J).
Methyl-4- (10-methyl-3- 3.71 (s), -—DCH3 H-3, 7.81 (d), (J = B.5),
phencthiazinyl)-4-oxobuta~ 3.40 (s), —CH3 H-4, 7.72 (8}
noata (18) 2.75 (£)Y, (T = GL H-1, (H-6)-(H-9) &.70-7.40, m
Q
1]
_CHZ-CHZ_C_O_
3.22 (&), (T =08,
Q
il
‘CHZ—CH2—C-O-
Dimethyl-4, 4-{10-methyl-37- 3.72 (s}, -OCH,j H-2, B-8, 7.82, (4}, (3 =9)
phenothiazainylene)-di- (4- 3.44, (s}, —CP13 H-4, H-5, 7.73 (s)
oxcbutanoate (19) 3.24, (£}, {3 = 6) H-1, #8-9, 6.806 (4), (J = 8.5)
c-0-
]
“CH2—CH2—O
2.75, ()Y, (T =686),
o
i
‘CHQ-CHZ—C—O—
Methyl-4, 4-Bis(10-methyl- 3,70 (s), -OCH3 6.58 - 7.34, m
3-phenothiazinyl) butene- 3.33 (=), -C‘H3
3-cate (20) 3.12 (d), (J = 7.5},
> = CH—CHZ-
6.10 (t), (J = /.2),
= CH-Cid
> C 2

Beihl et al?o

phenothiazine

cant reducticn to 10-methylphenothiazine.

(21) into the corresponding dialkylaminophencthiazine

The assignment of location of the

have demonstrated that lithaum dzalkylamide/dialkylamino converted halo-

{22) without any signifi-

N,N-dialkylamine

group was based on the nmr spectrum, which gave a multiplet at 3.2 T (5H), a doublet (1H, J= 1

(Hz) at 3.821" and a partially resolved guartet (1¥) at 3.92 T' indicating that the nuclecphi-

lic addition of the amine to

20
iG-methyl-1,2~phencthiazine cccurs at the 2-position.
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Sest e o

CH
3 CHs
21
LINRg
SD\
: :N NRy
|
CH
3 22
data of the compounds are given in Table V.
TABLE V
CHy
N R
S
. C)
Chemical Shift (6)r Chemical shaft (O
R ) of aromatic protons,
(Multiplicity) {(Multiplicity).
a b
N (CH2 CHE)Z 3.28 (s}, —CH3 65.15 - 6.85, m
3.25 (g}, R~ a
1.1 (£}, R-b
a b c
N (CH2 CH2 CH3)2 3.24 (s}, —CH3 5.15 - 6.80, m
3.15 (t), R - a
1.55 (m}), R-b
0.85 {t), R -~ ¢
CH3
-CH= . - .12 - 6.82
N (CH2 CH CH3)2 3.38 (s}, CH3 6 6.82, m
a b ¢

3.06 (@), R - a
1.95 m), R = Db

0.88 {(d), R - ¢
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Chemical Shift (6 Y,
(Multiplicity)

Chemical shift (£)
of arcmatic protons,
{Multiplicaity).

NH-CH2 CH2 CH3

a b c 4a

3.5 (8), R-a 5.95 - 6.8, m

3.12 (s}, ~Cd,
3.0 (g}, R - b
1.55 {m), R - ¢
0.95 {t), R - 4

CH

3
|
NH —CH-CH3 3.57 im), R-b 6.05 - 6.9, ©
a b oe 3.35 (8), R - a
3.23 (s}, —CH3
1.23 (), R~ ¢
N’H—CHZ—CHZ—CHZ CH3 3.3% (s), R - a 5.95 - 6.75, m
a b ¢ a4 e 3.12 (s), -CH,
2.98 (t), R - b
1.45 m), R - ¢, d
0.5 (m), R - e
CH,

[

NH—CH—Cﬁz—CH 3.3 m), R-a, b 5.95 - 6.77, nm

3
a b ¢ d

3.11 (s}, —CH3

1.1 (m), R - ¢, d, e.

synthesis of Pyrrole{3,2,1-kllphenotheiazine (23) was achieved by cyclising a chlo-

roform solution of l0-formylphencthiazine (24) with polyphosphoric acid at room temperature.

Its structure was established by MMR spectrum, which gave a complex multiplet from 5 6.40

to 7.15 and a pair of doublets (Ax pattern) at é 7.3 (0 = 3HZ) and 56.35 7=

3Hz) corres-~

21
ponding to the two protons of the pyrrole ring, positions 1 and 2 respectively.

CH,CHO
|

Yy = OO0
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Formylation of 23 with phosphorous oxychloride and dimethylfeormamide resulted in the

formation of the 2-carboxaldehyde {(25), the nmr of which gave a singlet (l-Proton) at

é. 8.28 due to proton confirming that the substitution occurred in the 2—position.21
_CH3
CHO CHa— N
CHy
[::::::[::N N
5 [::::]::S

25 26

The Mannich condensation of 23 with formaldehyde and dimethylamine afforded 26 in 78%
yield. Substitution at position 2 was again confirmed by nmr, whach gave a singlet at 5 7.14

21

due to proton at C-1. The results are summarised in Tables VI and VII.

TABLE VI

R
R
N~ N
— K
s S

Chemical Shaft (&)

Chemical Shift (J‘)' of aromatic protons
.

Compound Solv. éMulE;ptLT;?y), Coupélsg (Maltiplicicy) , Ref.
enstan v Assignment. Coupling Constant (J).
R =-CH_-CONH, DHSO-d, 4.39 (s}, -CH,- 6.60 - 7.30 (m). 21
a b 6.60-7.30 (m), NH
R = CH,~CEO epcl, $.75 (), J=1, -CHO 6,50 - 7,26 (m} 21
a b 4,45 (@), -CH, -
2
R ==CH,-CN cnety 4.48 (s}, -CH,- 5.72 - 7.30 (m) 21
R =-CH,-CH=NGH cocl, 11.3 (s), = N-OH 6.62 - 7.30 (m) 21
a b o< -DMS0-d, 6.62-7.30 (m), -Cil=
4.69 (4), J=4, -CH, -
DL, 7.30 (@), J=3.0, H 6.40 ~ 7.15 (m) 21
6.35 (d), J=3.0, H
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chemical shift (A )

f
Chemical shafe .d Y, of aromatic protons

Compound Solv. (Multiplicity), C?upllnq (Multiplicity), Ref.
Constant (J}, assignment. Coupling Constant ().
H| — CHO DMS0-d 10.05 (s}, CHO 6.75 - 7.82 (m) 21
N 8.28 (s}, B
1
H-T—= CHEN(CH§2
! cpel, 7.14 (s9, H, 6.3 - 7.1 {m) 21
N
@[ 3.35 (s), -CH,~
3 2,16 (s), N-CH,
H eoci 4.58 (s}, CHy=3 6.57 - 7.28 {m} 30
N
r 3.80 (s), CE,-2
N
@E 8.0 (), B-H
§
el 3.80 (&), CH -1 6.29 - 7.35 (m} 39
NH
(\ 3.55 (e}, €H,-2
N
@ 3.47 (5), N-H
NH cocl, 3.92 (s), N-H 6.30 - 7.52 (m) kle]
i

\

—
@"b 5.12 (s), ~CHy=
X

r:N

N

g CDCl3 8.32 (s}, -CH-N- 6.60 ~ 7.37 (m) 30
I N
8 o

TABLE VII
S

FyC N
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(é ), (Multiplicity),

((5) aromatic protens,

Compound Solv. Coupling Constant (J), {Multiplicity), Ref.
assignment Coupling Constant (J)
R2 =5= Dl“l.‘.;O--d6 13.00 (s}, -NH SH, 7.20 - 8.1% (m) 31
Rl = H CDCZLB H-11 8.49 (s)
R2 = —S—CH3 CDCl3 2.75 (s), —S-CH3 4H, 7.44 {m} 31
2H, 8.00 (m)
R2 = o0 CDC13 11.80¢ {s), -NH 5H, 7.60 - 8.00 (m) 31
Rl = H DMSO—d6 11-H, 8,10 {s)
Rl = —CH2 CH3 CDC13 4.21 (q), —CH2— 6H, 7.10 - 7.70 (m) 31
R, = OXO 1.40 (t}, -CI-I3 2H, 7.85 - 8.2 (m)
R1 = _CHZ_CHZ_OH CD(:l3 2.75 (8), -CH S5H, 7.0C - 7.80 (m) 31
Rl = OXO CDc.l.3 3.92 & 4.40 (2%}, H-11, 7.80 (s)
~CH,~CHy~
Rl = -—CHz—CH(OH)CHZ—OH CDC].3 3.60 & 3.66 (2s), 2-OH 4H, 7.00 - 7.60 (m} 31
R2 = 0X0 DPMSO=~d 3.8 - 4.68 (m),
—CH2—CH—CH2— 2H, 7.70 - 8.10 (m) 31
Rl = -CONCS CDCl3 10.6 (s}, -NH 5H, 6.55 - 7,39 (m) 31
R, = —CF 7.60 (d), R2
R, =Ry = By =R =
R, =Ry = H
R1 = -CO-OCOZCH2CH3 CDC13 9.81 {s), -NH 5H, 6.60 - 7.29 {m} 31
R7 = CF‘3 4.40 (q), R]-CH2
R = = = = . -
2 R3 R4 R 1.40 {t), Rl CH3
R, = = . - 7.
6 RB H 7.50 7.60 (d}, R2
R7 = CF3 CDCl3 9.80 (s}, =NH 5H, 6.60 - 7.20 (m) a1

Dimer of Type

R - COC - R
! nn !

00

7.55 - 7.69 (d), R,
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For nmr study and correlations the commercially available phenothiazines have been
separated into 5 groups: 4 groups according to the type of side chain on the nitrogen in the

5
L0-pogaition, a fifth group consisting of the oxidation produch {sulphone and sulphoxides).

The first group comprises compounds having an aliphatic side chain with no heterocyclic
ring. All contain an N,N-dimethyl group, all have a CH2 group attached to the 10-position
of the phenothiazine ring. Their nmr spectra are similar in many respects and have character-
1stic absorbance bands unique to their general group. The N,N-damethyl group 1s found at 131
c.p.5. for the compounds with straight chain amines and at 133 c.p.s. in the case of branched
chain amines, The position of the branched chain amine is influenced by its proximity to the
ring M. The CHZ group on the nitrogen atom in the 10-position 1s found to be a triplet at
232 = 3 p.c.s. for straight chain amines and in the same area but with more splitting in the
case of branched chain amines due to the increased number of adjacenc protons. All of the

11
phenothiazine spectra show a complex pattern for the arcmat:ic pretons in the area 400-440 c¢.p.s.

It is known that the chemical shifts ¢f the protons of a radical linked with a nitrcgen
atom depend on the basicity of the latter.22 If there are two nitrogen atoms of different
basicity in the molecule as in 27, the signal from the protons of the methylens group linked
to the more acidic cyclic nitrogen atom is located at 235 Hz, while that of the CHz— Ggroup

CHjy

b
‘,3“2 CH—CHyN(CHy),
N

27
; . ; : 2
linked to a dimethylamine group is found at 128 Bz, 3 This has been attributed to the deve-~
lepment of positive charge on the ring nitrogen atom due to the participation of its unshared
electron palr 1n the aromatlic system; this leads to a shift of the proton zsignals of a sub-
stituent to the weak field side. One should therefore expect that the nitrogen substituent in

phencthiazines should absorb at stronger field than the substituent in the correspending

aliphatic amines. (Table VIII).24
TABLE VIII
Amines Chemical shift (PPm)
Allylamine 3.30
N-Allylphenothiazine 4.15
N-Butylamine 2.70
N-Butylphencthiazine 3.60
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The proton signal from the methylene group attached to the nitrogen atom is shifted by
0.85 and 0.90 PPm, respectively, to the strong field side on passing from N-butylphenothiazine
to butylamine and from N—allylphenoth}azxne to allylamine. Thus the participation of the

unshared electron pair of the nitrogen atom leads to a change in the chemical shift of the

directly attached substituent.

Oxadation of sulphur to sulphoxide alsc leads te a shift in the signals of all the pro—
tons of the substituent con the nitrogen atom to the weak field side, during which the shift
of the proton signals of the methylene group attached to the nitrogen atom 1s the greatest

(0.3 - 0.7 p.p.m.).24

Further oxidation of the sulphur to sulphone does not result i1n such a sharp change 1n
the chemical shift as observed in the first oxidation. Thigs effect of the degree of oxidation
of sulphiur 1s due to the formation of an electron accepting group (S=o or 502) which decreases

the electyon density on the nitrogen atom through the aromatic || system, and the proton sig-
nals of the substituent are shifted to weaker field. The inductive effect of the nitrocgen atom

apparently makes a major contribution to the chemical shaft of the protons of the methylene

group directly attached to 1t.

In examining the arcmatic protons of the spectra of N-alkylated phenothiazines, a doublet
(7 = 6-9 Hz) with an additional aplatting (“» 2 Hz) and an intensity of two proton units can bhe
seen on passing from the general aromatic group to compounds with oxidised sulphur. This is
explained by the fact that H4 and H6 protons fall inte the deshielding region cof the aniso-
tropic S=0 bend, which causes a shift of the proton signals to weaker field (0.6 - 1.0 PPm).
The additlen of a second oxygen atom to the sulphur atom causes an additional shift of H4 and
H6 by 0.15 - C.2 PPm. A bromine atcm has an appreciable effect on the chemical shift of the
protons conly in the vicinal position. Its effect i1s slight when it 1s located farther away.24

In case of chlorpromazine sulphoxide and sulphone, an increase in chemical shift has
also been observed. The N(CH3)2 1s shaifted 4-6 c.p.s. to 135-137 ¢.p.s. The CH2 in position

10 1s shifted to 254-256 c.p.s. and the aromatic protons show additional splitting and shift

to 490 c.p,.s.

The phenothiazines containing a piperidine group in the side c¢hain have chemical shifts
due to the piperidine ring in the range 90-130 c.p.s., depending on the position and nature of
the substituent. The CH2 attached to the N at the 10-position is again found at 235 c.p.s.
with ane exception, where Lhe C‘H2 1s the only link between the N and the piperidine ring. In
this case the CH, 1s a deublet located at 220 and 227 c.p.s. The aromatic pattern is found

2
at 400-459 c.p.s.
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The group contailning a pyrrolidine ring shows a chemical shift in the range of 100-180
c.p.s, dee to the substitution eon the ring. The Cﬂ2 which lanks the N at 10-position and the

pyrrolidine ring is a doublet at 224 and 231 C.p.s.

Phenothiazines having a piperazine ring 1n thelr side chain have common features attri-
butable to theair specific group which distinguish them from other phenothiazines. The 8 protons
in the piperazine ring being equivalent are found as a single peak at 146 % 2 c.p.s. This as
the strongest peak and the dominant feature of a phenothiazine in this group. The CH2 attached
to the N in the 10-position is found at 234 % 4 c.p.s. In those piperazine derivatives where

the piperazine ring is attached directly to a CI-I2 in the chain, the CH, adjacent to the piper-

2

5
azine 1s located at 215 c.p.s, The complex aromatic pattern is located at 400-450 c.p.s. The

results are summerised in Table IX.

TABLE 1IX
Re ?9 R
R| N Rz
RS S R5
Ry Ra

Chemical Shift (5 Y.

s <
(Multiplicity}, Coupling Chemical Shifi (..}

. £ tic Ref.
Compound Selv Constant (1} of aromatic =)
protaons
assignment
R2= CF3 CDCl3 1.90 (t}), Rg - b 6.8 - 7.2 (m) 25
R, = —CHZCH2CH21|\] 2.83 (t), Ry - ¢, 4
a a c
TH a 2.71 (s}, R9 - £
v 2
(I,‘Hz e 3.50 (t}, Rg - e
e P 3.95 (£), Ry - a
R2= cl CDCl3 2.35 (broad), Rg—b 6.80 - 7.2 (m) 25
Rg = CHZ_CHZ_CHZ 3.33 (t), R9 -c, e
a b e 3.85 (t), R_ - £
L 9
€1 [ReH] 4
il l 4.06 (t), R, - a
len, i e 9
1.2
)
LCl X
R, -R.=
| "Ry =H
- = - 26
Rl RB H Dmso—d6 3.71 (ddy, Rg - @
Ry = CHZ—CH(CH3)—N(CH3)2 2.95 (ne), Ry - b
a h ¢ d

0.97 {4), Rg -c

2,12 (s}, Rg -4d
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Chemical Shift (5‘)

(Multiplicaty), Coupling Chemical shift (L()

Compound Solv. of aromatic Ref,
Bo Constant (J) £
assignment protoens
Ry - RS =H cDcl, 4.89, Rg - a Ry Reo 7.4 (q), 24
Rg = _CHZ_CH = C‘I-I2 5.80 - 6.30, Rg - b Jo=7'2' Jm=1.5-1-8
a b c
5.18 - 5,40, Ry - ¢ (B,-Ry, Rg-Ry)
(sulphoxide)
7.38  (m}
R1 - RS =H CDCl3 4.53, R9 -a R4, RG' 7.97 (q), 24
Ry = ~CH,~C-CH, 4.94, Ry - ¢ J,=8-4, I =2-2.5
a <
L 1.87, Ry - b (R ~R,, Ro-Rj)
3
b 7.14  (m)
(sulphoxide)
R, - R, = H orcl, 4.73; Ry - a Ry, Rg, 7.98 (q), 24
R9 = ~Cl12—CH=CH2 5.60 - 6.00, Rg -b J°=6.6, Jm=1.2-1.8
a h ¢
5.20 - 5.40, Ry - ¢ (R Ry, Rg~Rpl,
(svlphone) 7.14 {m)
R, - Ry =H eeL, 4.50, Ry - a Rys R B.16 {q), 24
RB = —CHZ—C=CH2 5.00, R9 - c Jo=7.12, Jm=l.5—IB
a <
. R, - = -
. 1.88, 2, - b (R ~Ry, R.-Ryl,
b3 7.11 (m)
(sulphone)
R1 - R8 =H CDCl3 4.74 (d), Ja,b= 2.9, Rq' RG' 8.23 (q), 24
RB = CH2—C3CH P‘q - a JB=7.B, Jm=1—1.2
a2 b 2.53 {d), Jb,a= 2.4 (R -R_, R.-R.)
: TR e 17730 BTl
R9 - b 7.48 (m)
Rl - RB =B CDCl3 4.82, Rg - a R4, R6' 8.19 {q), 24
R9 = CH2—C=CH2 J°=6.0, Jm=1.5—1.8
a { n
Br
R - Ry =H cocl, 1.90, Ry - b R,. R, 7.94 (q), 24
Rg = —CH_-C=CHEr J°=7.2, Jm=1-l.2
a <
CH3b (Rl-R3, RS—RB),7.20 (m)
R1 - RB = H CDCl3 1.66, Rg - b RG' R4, 8.08 {(q), 24
R9 = —CHZ—(I',‘BI—CHZEI' Jo=7.8, Jm=1.2—1.5
a CH.b c¢

3

(R1~R3, RB_RB) ,7.49, (m)
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Chemical Shift &)
(Multiplicity)}, Coupling

Chemical Shift (((:l

Compound Selv. of aromatic Ref.
Ccmst‘:ant {3 protons
assignment
Rg= CH,-CHIN(CH,),]- DMsO-d,  3.78 (dd), Ry - a 26
2 b ¢ 2.96 (me}, Ry - b
cn
MICH,) 2.31 (@), B, - d
a
d e
2.23 (s), Ry - o
-R, = . -
Rl g B 2,14 (s), F.9 e
Ry = C1 DMSO-d,  3.91 (g}, Ry - a 26
RQ = CH2 CH2 C]i2 CHZ‘ 1.78 (q), R9 - b
a b ¢ d 2.31 (&), Ry - @
TH
ey, 2.09 (3), Ry - e
[=)
Ry =Ry =R = H
R, = - OCH, DMSO-d 3.63 (6, Ry - 2 26
Ry = -Cll, CH(CH,)-CH,- 2.30 me), Ry - b
b a
2 ¢ 0.91 (), Ry - ¢
N(CH), 2.10, By - 4
5]
R]:RJ—R8=H 2.12 (s),Rg—a
R - Ry =H DMSO-d,  4.18 (dd), Ry - a 26
Ry = CH,-CH(CH,)-N- 2.21 ime), Ry - b
a boe 0.78 @), Ry - ¢
cR
(CR), 2.05, B, - d
9
a
2.10 ts), Ry - e
R -Ry =K epct 4.15, Ky - 2 24
= -CH.-CH = .40 - 6. -
Ry ,~CE = CH, 5.40 - 6.05, R, - B
a2 b < 4.88 - 5.10. Ry - ©
R, - Ry = H epely 4.15, Ry - a 24
Rg = 'CHz-? = CH2 4.48, Rg - C
a CHy o 1.70, Ry = b
b
R -Ry=H coel, 4.40 (d), Jab=2.2, R -a
Ry = ~Ci, - C=CH 2.36 {d}, Jba=2.5, Ry-b
2 b
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Chemical Shift {g )

(Multiplicity), Coupling

4

Chemical Shift (&)

—1172—

Compound Solv. Constant {J) of aromatic Ref.
. protons
Agsignment -
= Cl C’DC].3 0.8 {m}, R9 -~ b, c, d Rl - Ra, 7.0 (m) 27
= —CHz-CH—cH 2.5 (&), R9 - e
= A/ e 2.25 (8), By - £
CHZ- CH2
1 - -
a N 3.75 (d), 3=5, R9 a
1
(CH,)
£
- = H
RB
= N02 CD('_‘}.3 3.43 (&)Y, J = 7HZ, Rg-a Rl_RS' 7.23-8,20 28
= CF (m}
H
/5‘ B a
T Ty E
H b
=R, =B - R~
= H
RS
- Rg = H CDCL3 1.76 (m), Ry = b Ry ~Rg, 7.10-7.55 28
S-—a = -
) .-.-f \];, 3,08 (£}, J =6, R9 ¢ {m)
\N-_/ 3.96 (t}), J =6, Rg—a
c
= —CHZ—CHO ‘CDCI:1 4.45 {4}, R9 -a R1 - RE‘ 6.9~7.3 29
a b 9.9 {t), By = b (m)
= RS = H
= Cl cucl3 4,55 (d), Ry - a Ryr Ry = Ry 29
= -CH,-CEO 9.95 (£}, Ry = B 6.7-7.3 (m)
a b
- Ry =R =H
= -CHZ—CH=N-N(CH3)2 CDC13 2.3 (s), Rg -d Rl - RB, &.9-7.3 29
a b ¢ 4 4.6-4.7 td), Ry - a ™)
“Rg =W 6.6-6.5 (£), By = b
=Ry, =1 oL, 1.4-1.7 (m), Ry-e,f,g R,, Ry = Ry, 29
H 2.45 (s), RB -c 6.9-7.3 {m)
1
= vCHy~CHy M= 2.50-2.60 (m), Ry-d,h
a h c '
a 3.05-3.25 (t), Ry - b
|
g gy 3.95-4.15 (£), By - a
£
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Chemical Shift {j ),
(Multiplicity}, Coupling

Chemical Shift (&)
of aromatic

—1173—

Compound Solv. censtant (J}, protons Ref,
Assignment (Multiplicity)
- CH. —CH=N— - - _ R, 6.75-
CH,~CH=N-N ol 1.5-1.8 (m}, R~G,e,f By gr 6475 29
a b [l - 2.9-3.1 (m), R ¢ 7.30 (m
rcc-,_]gl . . ’ q : 9 .
i_,d - £} 4.6-4.7 (&), Ry - a
2
- Ry = H 6.75-7.30 (m), Ry - b
= -CHCH=N-N(X), opel 2.3 {s), CH, R, - Ry, 6.75- 29
& b 2.4-2.6 (m), H-3,H-5, ¢ 7.30 (m)
= 4-ttechylpipera- 2.95-3.15 {m), H-2,H-6 ¢
zine 4.6-4.7 (@), Ry - a
Ry = H 6.75-7.30 (m}), Ry - b
=c1 cnel, 2.81 {=), Ry - © Ry Ry - Ry, 29
= -CH,~CH=N-N(CH,), 4.55 - 4,65 (@), Ry - a 6.95-7.30 (m)
a b e 6.45 - 6.65 (t}, Ry - b
=R, - Ry =H
, = Cl apeL, 1,5-1.8 (m), Ry~d, e, £ Ry Ry = Ry 29
= —CHZ—CH=N—1;I 2.9-3.1 (m}, R9 -c, g £.8-7.3 (m)
a b -
rcru. g% 4.65-4.75 {d), n9 -a
La gl 6.8-7.3 (m), K, - b
=R_-R_=H 2 °
3 R
= cpel B - _
cl 3 2.3 (8), CHy - € Ryr Ry = Ry, 29
o = ~CH,-CH=N-N(x1, 2.4-2.6 (m), H-3, H-5 6.8-7.3 (m)
a ® ¢ 4.55-4.65 (@), Ry - a
= d-Methyipiper- 6.8-7.3 (m), Rg b
azine
=R, - Ry =H
i
= —cn,-ca,-h-nicE), oMso- - - .9-7.
ci,—CH,-K-N{CE,), DMSO-q,  2.85 (s), Ry - d R, - Ry, 6.9-7.3 29
a boc 3.2-3.4 (£), By - b ()
= Ry - RS = H 3,9-4.3 (), R9 - a



Chemical Shift (} J,
(Multiplicity), Coupling

Chemical shift (&),
of aromatic protons

Compound Solv, Ref.
" oLV Constant (J), (Multiplicity), =f
assignment Coupling Constant (J)
=Cl CDC13 2.4 (s), Rg -c Rl' R3 - RB' 6.9- 29
H 2.45 (s), R, - d
= ~Ci,CH=N-N(CH,) 2 7.3 (m}
a b a 3.0-3.2 (8), Ry = b
_ _ 3.95-4.15 (t), R, - a
= R3 RB H 9
K
= —CHZCHZ—N-? CDCl3 1.4 - 1.7(m),R9-e,f,g R1 - RBJ 5.9-7.3 29
a b ¢
dl’ LA 2.30 (m), By - ¢ fm}
e g 2.40-2.65 (m), Ry~d,h
£
2 3.05-3.25 (t), By - b
- RB = H 3.95-4.20 {t}, Rg - a
H
= —CHZCHE*N“N(X)Z CDCl3 2.3 (s), R9 -4 R1 - RB, 6.9-7.3 29
b
a ¢ 4 2.50 (m}, By - ¢ (m)
= 4-Methylpiperazine 2.4-2.9 (m), R9'd
- = H
RS (ring protons)
3.05-3.25 (&}, R9 -b
3.90-4.15 (&), Rg - a
= D . - -
cl cpel, 2.3 (3), R, - d R, Ry - Ry, 6.9 29
H 2,65 (m), L 7.3 (m)
= CH2CH2 N—N(x)z
A-Z, -
a b c a 2 9 imi, Rg 3
= 4-Methylpiperazine {rang protons)
- = 3,0-3.25 (t), R, - b
= R3 - RB =H 9
3.9-4.15 (&}, Rg - a
= —CHZ—CH(O—CHZCH3)2 CDCl3 1,0-1.25 (&), Rg -d R1 - Ra, 6.9~7.3 29
b a
@ ¢ 3.3-3.7 (), Ry - © {m)
-R_=H
8 4.0-4.1 (4), Rg - a
4,80-4.95 (t), R9 -b
= Cl 205=1. - - -9-7,
Cl DCl3 1.05=1.30 (&), Rg d Rl RE' 6.9-7.3 29
= -CH_-CE{0~CH,-CH.], 3.4-3.8 (q), Ry - ¢ {m)
b a
a © 3.95-4,05 (d), Ry - a
R =8 ==H 4.75-4.90 (&), Rg—b
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Chemical shift (X 7}, Chemical shift (£ ),
conpouns sone.  MOHElietn), Cawling of sromtic o g
assignment Coupling Constant {(J}
8 coel 1.75 (broad)-CH,-CH 6,7, 9-H, 7.24 (m) 34
7 S 3 2 2
8 2.07 (sharp), - CH3
cl 5 T 2.35 (broad}, CH,~,-CH,
D=C--—CH3 1 4
CDCl3 1.82 (broad), - CH2—CH2 6, 7, 9-H, 7.30 {m) 34
7 s 34
8 \\\ 2.16 (sharp) . —CH3
ci 9 T 2.44 (broad), -CHZ—Z
0=C—Chy 4.20 (m), -CH -6
5.98 (sharp), -CH-1

MNmr spectra were nelpful in elucidating the structure of 1- and 6-hydroxychloropromazines

(28, 29), the two metabelites of chlcropromazine.’

(CHylNICHyly R,

N <l

Ry

2 = . =
8, Ry = OH; R, = K
29, R, = OH; R,

an AB quartet with J=8-.4 ®.p,s.arising from spin coupling of the protons at C-3 and C-4

was present at 6.62 and 7.04p.pP.WM. respectwely.No other hydroxy isomer would have such a quartet.
On the other hand nmr spectrum of 29 showed the remaining protons at C-7 and C-9 as one half of

AB guartets due to coupling with the proton at C-8. Chemical shifts of H-7 and H-9 resonances

J and J

J?,S' 7,8 2,9 were measured to be

were further split due to spin coupling with each other.

33

7.25, 1.4 and 7.03 c.p-s. respectively.

Cyclisation of 4'-chloro-2,%-dimethoxy-2‘-nitrophenyl sulfice (30) resulted in the
formatior 2-chloro-6,9-dimethoxyphencthiazine (31) as the major product alongwith 2-chloro-
. 32
ag the minor product.

7,9-dimethoxyphenothiazine (30}

—1175—
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DCH3 OCHS

s y 5 s OC Hy
— +
c NG, o ';‘ o ’I‘
OCH,4 R OCH, H  0Chy
30, 31y R = H 32; R=H
33; R = (CH2)3 I\ICCHE‘l:2 34; R = (CHZ)3 N(CH3)2

Nmr analysis of 31 displayed a complex pattern at 5 6.3-6,8 containing a guartet having

ortho-coupling, J7, g = 10 Hz, According tc the author, the nmr of the mixture (31, 327 1:19)

gave a distinguishable guartet showing that 32 had a meta coupling, J6 a = 3 Hz. Correspond=-
.

ing samplez of 33 and 34 had saimilar coupling constants.

The 6,9-dioxochlorpromazine (33} gave a lowest field signal, 5 7.24, and appeared as

a singlet and was assigned to Hq, which 15 expected to be most affected by substantial partial
Mo orthe- or meta-coupling 1s cbhserved, Protons,

appear as 2-proton singlets, and have thus beccme essentially equlvalent.32

Positive charge on the ring nitrogen atom.

H B, and H,?, H

37 4 5]

The assignment of methoxy group was based primarily on the effect of the N-substituted

side chain. 1In 30, two resolved 3-proton singlets were observed at 5 3.78 and 3.79. 1In 33,

the two signals coincide and appear at (.C 3.7% as a G6-proton singlet. Thus the higher field sig-

nal was assigned to the Cg—methoxy group. Similarly, the high field methoxy signals in 21 and

24 were assigned to the Cg—methoxy group, which exhibits a small but perceptible downfield shift

3z
with the addition of the side chain. The resultsare summarised in Tables X and XI.

TABLE X
Re 'Rg R'
R
t N RZ
R
(] s
R3
Rg Re
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Chemical Shift (&),
(Multiplicity), Coupling

Chemical Shift (¢ )
of aromatic protons

£
Compound Solv. Constant {JI) {Multaplicity), Ref.
asglgnment Coupling Constant (J).
RI = R4 = —OCH3 CD3—OD 3.78 (s}, R4 q R2, 6.35 (d), Jo=10 32
R7 = Cl 3.72 (s), Rl R3, £.59 (d}, ngl.o
R,=R =R =R =R =H R., R, Rg,6.64-6.79,m
= = =QCH -
R‘,l R3 QC! 3
R7 =Cl
R22R4=R5=R6=RB=H CHB—OD 3.84 (81, —R3 R2, 6.10 (4}, Jm:3 32
3.68 (s), -Rl F'q' .32 (4}, Jm=3
RS, 7.07 {4, J0=10
RG' 6.89 {dd}, Jm=3
J =10
(e}
o R, 7.02 (d}, 3 2.5
S 3 m
DMSO—d6 Hl' 7.24 {s) 32
N H3, 7.12 (s}
| o
B 7.12
{CH,),N (CH,), 2’ =)
H?’ HB, §.79 {3
Rl = R3 = -‘OCH3 CD3—0D 3.84 (s), R4 R2, 6,39 (d), Jm:3 32
Rg = -(CH2)3_N(CH3)2 3.72 (s}, Rl R4, 6.46 (d), Jm=3
HC1 RS' 7.25 (a), JO=B
Ry, 6.91 (ad) ,Jm=3,J°=8
RB' 7.05 (), Jm=3
Ry = -(CH,) ,-N(CH,), DMSO-4, Ry, 6.40 (&), J =10 32
Rl = R4 = -0H RE' 6.52 (d), Jo=10
R7 = Cl RS' 7.08 (&), J0=s
R2=R3=R5=R6=R8=H R6, £.92 {dd), Jm=
J =2.5, J =8
m =]
RS' 7.01 (&), Jm=2.5
Rg = -(CH2)3—N<(CH3)2 CDB—OD 3.72 (s), R1 R2’ £.65 (4}, J°=IG 32
Rl = ZR4 = -OCH3 3.79 (s), Rt] R3, 6.76 (4}, Jo=10
R7 = ClL Rs, 7.08 (4), JO:B
R2=R =R5=R6=R8=H R6, £.92(4d) , Jm=2.5r
Iy B
Rf,, 7.01 {(d), Jm—2.5
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‘
Chemical Shift {4},
(Multiplicatyl, Coupling

-
Chemical Shift (&)
of aromatic protons

Compound Solv. Constant (J) {Multiplicity), Ref.
assignment Coupling Constant (J)
R9=— (CHZJZ-N(CH3)2 DMSO—d6 Rz, 5.04 {4}, Jm=3 32
R, = Ry = =OH Ry, 6.22 (d), J =3
R, = c1 By, 7.07 (&), J_=10
R,=R =R =R =R <k Rg/6.89d4) ,3_-2.5,7 =10
Ry, 7.02 (@), 3 2.5
R, =CH,CH,CHN (CH,) cp,-00 2.08 (s}, Ry - d 33
a b e 4 3.60 (€], {7=6.2) ,Ry-a
Ry = -QCH{CH,), 1.78 @), R, - b
Fym 2 2.36 (@}, Ry - ©
Rl=R3=R4:R6=R7:RB=H
R =CH, CH,CH_~CN DMS0-a, 2.80 (t), J = 6.4, 3
a b ¢
B,=a ¢ CH,
R O C/ \CH
= -0-CH
3 “g-cy? 2
2
R, = -om cpcl, 3.50 (t), J=6.0,R;~a R/, 9.54 (s) 33
R, = €L 2.71 (), J=6.5,R ¢ Ry, 7.04(d), J=8.4
Ry ==CH, CH, CHl ~N(CH ) , 2.36 (s), Ry - d Ry, 6.62(dq), J-8.4
ad
@ b oo 1,69 (@), J=6.25,R b Rg-Rg, 7.15, m
R, =€l DMSO-d 3.81(t), J=6.6, R-a Rio Ry Ry 6.97 (m) 33
R = OH 2.28(t), 3=6.6, Ry-c Ry, 6.3-7.2 (bs)
R9=CH2CH2CH2N(CH3)2 2,09 (s), Rg -d RE, 6.53 {1}, JD=7.25,
b a
& ¢ 1.75(q), J= 6.4,Ry=b 3 =14
Ry 6.97 )
Ry, 6.59 (1}, =7.03,
J =1.4
m
R, = Cl DMSO-d, 3.76 (t), J=6.6,R,-a R,, 6.96 (s) 33
K, = OH 2.62 (£}, 3=6.5,Ry-c,d Ryr 4.22 (s)
R =-CH,,CH, CH,, WK, 1.72 (q}, 976.6,Ry=b R,r 6.74 (s)
abc d Rg=Rg, 7.00 ()

R1=R4=R5=R6=R7=R8=H
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HETEROCYCLES, Yo!

Chemical Shift (¢3) (FPm)
(Multiplicity), Coupling

Chemical Shift (¢ ) (PPm)
of aromatlc protons,

Compound salv. Constant (J}. {Multiplicity), Coupling Ref.
agsignment Constant (J}
Ry = CH Cr,CN 4.15 {s), Ry, - a (Ry-Ry, R o~b) 35
Ry, = CHy 3.85 (s), Ry 6.91-8.18 (m)
Rio = —CH,-C.H 2.25 (s), Rll
a b
X =
o,
R - R, =1H
R, = Cl
R, = oH
R, =R, =R =R =R_=R =H €D ;-0 4.7 {bs), R,, -NH Ryr 6.66 {(s) 33
R s 6.54 (s)
R, = Cl mMso-a, 8.50 (s), -NE 33
_ 5.41 (m), 2'
/CHZ c&l2
R, = -0-CH cn 3,60 (m), &*
3 S o-cuy 2
b 1.75 (m}, 3', 4', 5'
R4
@5 = 0 oBCly Ry, 6.85 (s) 21
“R,, 7.88 (&)
e 4
N N
R,=Ra4 =H |

In the synthesis of triazaphenothiazine derivatives, reacticn of S5-bromo-4-chlorc-2,6+~

dimethoxypyrimidine (35) with 36 could lead to the formation of either 37 or 38.

3 N
|
H

36

OCHg

35
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TABLE XI

R FI R
R N R
S R
]
Re Nt Rs
Ry Rio
Chemical Shift (A 1 (PPm) Chemical Shift (é ) (PPm)
{Multiplicity), Coupling of aromatic protons,
Compound Solv. Constant {J} {Multiplicaty), Coupling Ret.
assignment Constant {J).
Rg = CG HS Cl:}'Cl3 3.45 (s}, R10 - a P‘g’ Rlc—h, RI_RS' 36
R11=H, RID:_CHZ_CGHS 6.3-8.5 {m)
a b
x=1
R, - =
1 " Fg=H
Rg = C6 H5 CZDC]_3 2.45 (s), R11 (2H), 6.6-6.83 (m} 36
11 = CH3 4.4 (s}, R10 - a (14K) , 7.0-7,9 (m)
RIO = CHZ_CGHS {2H}), 8.16-8.4 (m)
a b
X=1
R, = =
1 "B ="H
R9 = CH3 C[}Cl3 4.27 (s}, RIO - a (RIC_b' Rl—RB), 36
R“ = CH3 X=1 3.94 (s}, Rg 7.16-8.32 (m)
RlO = _CHZ_CBHS 2.31 (s}, R11
a o
Rl - R8 =H
R9 = CH3 CDC].3 3.95 (s), Rg R1 - RB' 7-8.4 (m) 36
Rlo—(CHZ)s - R“ 2.8 (s}, -(CHE)Z-
P 1.43 (s), —(CH2)3-
R1 - R8 =H
R9 = CH3 CD3CN 4.08 (s), RlU - a (Rl—RE, Rm_b" 36
1 = CH3 3.78 {s), Rg 7.12-8.12 (m)
RlO = —-CHZHCGHS 2.22 (s), Rll
a =3
X = C1D4
Rl - RB = H
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showed absorption at ¢ 2.33 (B-CH3} 3.63 (4-0 CHH)' angd 3.68 (2-0 CH3). Absense of a more dif-
fuse nmr signal and a stronger intrameolecular hydrogen bonding ruled out the possibility for the

alternative structure 38.37

Methylation of 2,3-diazaphenothiazine (339) resulted 1n the formation of two isomers 40
41)., MNmr spectroscopy showed that the two isomers are present in roughly equal percentage; 5B%

of 41 and 42% of 40. This demonstrated, that there is no substantial difference in nucleophilic

H
N N e X g
~ N ~
N N—CH N -
N _CHax, ] 3 I X
39 40 41

reactivity between nitrogens in position 2 and 3. The structure 40 was confirmed by nmr spectra,
which showed an inversion in shiel@ing for the proton on C-1 and C-4 on passing from 40 ( 5 8.43

and 8.13) to 41 {5 8.05 and 8.82).°0

addition of dimethyl sulphate te 42 gave 43, the nmr spectrum of which gave the signals of

g
N =
N
L QL)
—CH
o ~N—CHy S
X

3

the C-1 and C-4 protons at é. 9.03 anf.é 8.'1'0.3B

Chlorcacetylation of l-azaphenothiazine (44} followed by reaction with piperidine afforded

45 ; the structure of which was based on nmr spectrum.3g Analysis of the nmnr spectrum showed that

44

45
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the piperidine derivative (45) contained 4 adjacent protons 1n an aromatlc system in which one

(Hg' quartet at 9.23 PPm) is experiencing a strong deshielding effect.
0

The remaining three low-

field protons are accounted for by an ABXK sys“:em}4 with three adjacent protons (HA, H_ ., HC) n

B
an aromatl< ring, with one of the three again experiencing a strong deshielding effect (HA,

quartet at 9.36 PPm).39 The results are summarised in Table XI.

TABLE XI
R
8 RB R;
R ' !
7 N Xa
Y~ Re
Re s 2Ry
Rs Ra
Chemical Shaft (& ) (PPm)  Chemical Shift {&) of
(Multiplicity), Coupling aromatic protons [(PPm)
Compound Solv. Constant (J) (Multiplicity), Coupling Ref.
assignment. Constant {J}
X=2=a& =N DMSO—GG 2.%3 (s}, R? RS, T7.40 {d)y, J = 8.2 37
B=sY =C 3.63 (s}, R4 RG, 6.37 (4), J = 82
RZ = R4 = =0 CH3 3.68 (s}, R2
R7 = CH3 6.30 (o), Rg
RS = R6 = R9 =H
X=2=A =N DMSO—d6 8.20 (b), Rq R2, 7.58 (s} 37
B=Y =2¢C 7.63 (s}, R7 RS' 7.60 (dy 7 = 9.0
R4 = NHZ' R.', = CH3 RG’ £.69 (d), 7 = 9.0
RS:R :Rg:Rg=
X=z=a =N CF3COZD 2.36 (5), R_! RS' 7.43 (@), J = 8.t 41
B=Y =C 5.07 (s), R9 RG" 6.20 {m)
R2 = R4 = NHI! 6.20 (m), RZ, R4
R? = CH
RS = R& = Rg =H
X=%=A =N DMSO—dG 2.33 (s), R_,, RS' 7.87 (@), 7= 8.7 41
B=Y =C 2.52 (=), R4 RG' 6.87 (4, J = 9.2
R2 = NH2 ‘ €6.80 (b), R2
R, = R, = CH, 7.48 (b), Rq
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Chemical shift {3 } (PPm)
{Multaiplicity}, Coupling

Chemical shift (&) of
aromatic protons (Ppm)

Ref.
Compound Solv. Constant (J) (Multiplicity) Coupling ©
Assignment Cangtant (J)
X=2=-a=N DuSo-d, 2.46 {s), R, R, 7.88(d), J = 9.2 41
B=Y-=cC
5.9C by, R, Ry R, 6.87(Q), J = 9.2
R2 = NHZ' R4 =Cl
R_ =
7 CH3
R, =R =Ry =8
XK=z=a=N oMso-4, 2.18 (s), Ry Ry, 7.43(d), T = 8.5 a1
B=Y=cC 2.74 (8), R
2 R, 6.47(4), 1 = 8.5
R, = -scH 7.20 (2), R,
R, = NH,, R,, = CH
R = = =
5 R6 Rg H
X=2=B=N DMsc~d, 3.33 {s), R Ry, 6.92(d), T = 8.6 a1
A=Y =cC 8.07 (b}, R, Ry, 7.60(d), J = 8.6
R, = NH,, R = OCH 10,50 (b}, Ry Ry, 7.80(s)
By =R =Rg =R
K=2Z=B=N DHSG-d, 6.54 (b}, R, Ry, Ry, 6.88 (s) 41
A=Y=¢ 8.83 (b), Ry
R, = NH,, R, = OH
R. =
o = ©1
R, = Rg =Ry =H
X=2Z=B=N CF,C0,D 3.73 (), Ry Ry, 7.3208), T = 6.6 a1
A=sY=¢C 7.98 (bs), Ry Ry, B.14(d), J = 8.6
R7 = RB = Rg = H
R = =
, =R, =cl
R, = oCH
X=2=B=N CF,C0,D 3.83 (s), Ry Rg, 5.90(d), I = 9.2 4t
A=Y =2¢C R_',, 7.91(@}), J = 9.2
R, = FH,, R, = OH
R =
5 = OCHy
R_ = = =
7 "8y =Ry - H
X=2=8B=N CF,€0,D 6.80 (s), R, Ry, 7.60{d), 7 = 8.2 41
A=Y =C¢C R,, 8.07(d}, T = 8.2
R_ = = =
5 R4 Rﬁ Cl
R. = = =
7 RB RQ H
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Chemical Shift (&) of
arcmatic protons {(PPm)

Chemical Shift (& ) (PPm)
(Multiplicity), Couplang

Compound Solv. Constant (1), {Multiplicaty) Coupling Ref.
Assigniment Constant {J)
X=2Z=B=N DMSO—dé 3.37 (s), Rg Rgy Roy 7.58 (m) 41
A=Y =C¢C 7.58 (:n),R9
R, = NH,, R, = cl
R = OCHy
R'_r = RB = R9 = H
X=2=R8B=N I)MSO—d6 4.00 (s}, -R RS’ 6.88(4), J = 8.4 42
A=Y=2C £.22 (b), 4—NH2 R7, F.60{d), T = 8.4
R2 = R4 = —NH2 §.50 (b}, 2—NH2
= - ; 10-]
R6 OCHEI 9.28 (&), 10-NH
A=2=8B=N DMSO--d6 6.37 (b}, R4 7.52 (s) 42
A=Y =2C 6.68 (b}, Rz
R2 = R, = -NH, 9.60 (o), Rg
R, =€l
Y=2=0N DMSO—d6 4.15 (s}, RZ Rl' Rq' B.13 (s}, 38
X =aA=8B=2C 10.35 (s}, R9 8.43 (s}
R, = CH {salt) R Ry, 6.40-7.11 (m}
R, = - =
1 "By "Ry =R
Y=2Z=N DMSO-d6 3.47 (s}, Rg Hl, 34, 8.63 (s}, 38
X=A=B=C 4.15 (s). R3 8.93 (s)
R3 = CH3 (salt} RS—RB, 7.0-7.3 {m})
R, = CHy
':\1 = RS = RB =H
Y =Z=N DMSO—d6 2.31 (s), Rg Rl, R4, 8.80 (s}, 38
X=A=B=C 4,30 (8}, R3 3.05 (s)
R2 = (:H3 (salt) RS-RB, 7.0-7.3 (m)
R9 = CH3
RS - RS = R1 =H
R9 = CH3 DMSO—d6 1.34 (=), Rg Rl, R4, 8.66 (s), 38
¥ =2 =N 8.73
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Chem:cal shift (4 ) (PPm)
(Multiplicity) Coupling

Chemical Shift () of
aromatic protons (PPm)

Compaund Solw. Constant (J)} {Multiplicity) Couplang Ref.
Assignment Constant (J)
Y =2 =N DMSD—d6 4.02 (s), R3 R4, §.73 (s) 38
X=A=B=¢C RS_RB' 6.75=-7.30 (m)
R1=C1, R3=CH3 (salt)
R, - R =H
47 Tg
Y=%2=N DMSO-d6 3.42 (s}, R9 Rd' 7.10 (s), R4 38
X=A=B=C RS—RE, 6.38-7,00 (m)
R =Cl, R, = CH,
R4 - Rg = H
Y=2=N DMS0O-@& 4.12 (s], R2 Rl' 8.16 (s} 38
X=A=B=2C RS—RS, 6.40-7.20 {m}
R2 = CH3 (salt)
+
{>N CHE)
R4 = CL
R1 = Rs - R9 = H
Y=2=0y DMSG—d6 3.72 {s), Rg Rd' 9,25 (s) a8
X=A=B=C 4.25 (s}, R3 RS_RS’ 6.90-7.50 (m)
Rl = Cl
%
R3 = M-CH, (salt)
R =
q = Oy
_dG 1.41 (m), H—3. H2' H3, 5.85 (ABX)JAB:S.O 39
HB 1.70 (m), H~,,, H-y Tpy=7-0
2.84 (t), H- H- =
24 (t), (r 51 JBKO.B
4.02 (s}, H-14
H =
o~ 6.4 (q), J6,7 7.7
JS,B = 7.7
Hg
Hq, 9.36 (ABX}, JAB = 8.0
JAX = 7.0
J . = 0.8

BX

RG_RQ' 6.40, 6.51, 6.71

and 9.23

* The Coupling <Onstant (J) throughout in the tables is given in Hertz (HZ), unless ctherwise

stated.
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