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iibstract: Proton magnetic resonance spectra of nuclear suhst~tuted, N-aikylated- and aaa- 

phenorhlazines wrth particular reference to structural elucidatlan has been discussed 

lilrhough the literature 1s fully provlded wrrh erudies of phenathiarmel, there are feu 

2 
data deallng wrrh the nmr Spectra of nuclear substituted phenorhiarlnes . The use of nmr spec- 

troscnpy has been recommended for the Adentrfrcatlon of phenathiarme drugs and ~n the detectlan 

of impurir~es in samples of dr~gs~.~, An as much as  the subsrituenrs and partrcularly the srde 

char" gave rise to characrerrstlc signals. 

me vlde~pread use of phenoth~azlne rranquirsers has glue" rise to extensive mvestrga- 

tmne into the structure of their metabolltes6, varlovsly thought to be hydroxylated m the 3.. 

7F7, or 8-  psltlans8. S~nce the mfra- red spectrum wrll not readily distingvrsh a 2, 7- dlsub- 

strtuted phenothlarine from rfs 2 .  8- isomer9 (both berng 1 .2.4-trrsub~tltuted benrenesl, the 

use of nmr spectroscopy offered an arrractlve solution to the problem of unambrguous structure 

assignment of the metabolites of the phenothrazrne drugs. ri mdxvldual substlrutron sites m the 

molecule could be dreringulshed. 

ComparrSon of the nmr spectra of phenothrazine and 2-chiorophenofhiarme on one hand, 

and those of the correepondAng 10-(3-drmethylarnlnopropyl>-sub~trmted phenorhrszlneS on the other, 

showed clearly that the only difference between the spectra of each N-unsubstlfuted and N-substi- 

cured p l r  w a s  the bulk chemical shlits of each a r o m a i x  hydrogen a t o m ,  and the coupling constants, 

were she same. 

-?nalysib of the chemical Shlit data far phenothrazlne and chloro-eubstlruted phenothia- 

=.me= (In which the hydrogen frequencies are not altered by shrelding~l~ gave the values sum- 

merreed i n  mble I.   he strong mteractron between nerghbourlnq hydrogens (spin-spm coupl~ngl 

whrch exists between nerghbourlng hydrogens (J = 5 to lo c.p.s.1. and the weaker couplings by meta 

hydrogens (J = 1 to 5 c.p.s.1, are very sensir~ve to subsfrrurmn. when aubstltution takes place 

I n  the 3-position, the 3,4-ortha coupling dleappears and only the large 1.2-. 6.7-, and 8.9- 



ortho cauplrnqs remam. Oisubstiiutron at the 2 . 8 - p o s r f m ~ s  leaves only t h e  3.4-and 6.7- - 

couplings and weak met* coupling or E-1 and E3-9. Die"b+tltutron at 3,7-1eaves only - 

1 . 2 -  and 8 , 9 - o r r h o  couplings and weak coupling of "-4 and H-6. R combination of cheml- 

cal shift, spin-spln couplings and integration data permrre the rdentification of indrvidual 

11 
hydrogens at each site in the a r o m a c ~  r m g s  . 

Table I 

Chemrcal Shlffs of Aromatic Hydiogens 

m Chlo<a-substltuted Phenothraarnee. 

Hydrogen chemrcal shifts: c.p.5. Coupling cons rant^, c.p.6. 

a. Shrfts are listed for hydrogens substltured e ~ t h e r  101 or Iml t o  a chla- 

rine atom. 

Nmr spectrum of 2.1-dichlarophenofh1az1ne 11, Fig. I1 shows two peaks centered 

about 396 c.p.5. wh~ch are due to part of the AB cauplrng between hydrogens at C-8 and C-9 and 

are assigned to the C-9 hydrogen lJ8, = 8 c.p.e.1. The adlacent line at 402 c.p.s. 1s caused 

by the hydiogen on C-1. The low fleld doublet at 4 2 1  c.p.8. is t h e  other half of the RB system, 

arising from the C-8 hydrogen lJ6, = 2  c.ps.1. The llne at 4 1 9  c.p.s. is assrgned to the 

hydrogen pn C-6, whrle the mulriplet centered about 412  c.p.s. i s  part  of an aB system involving 

the C-3 and C-4 hydrogens, the remarnrng half of which lies under the peaks assigned to hydrogens 

at C-6 and C-1. 
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In 3.7-drchlorophenoihlaziii ( 2 .  Fig. 2) the doublet centered at 395 c.p.5.  1 s  one- 

Dalf of an i i~  system belonging to the C-1 hydrogen wlth J,, = 9 c.p.s. m e  other half the 

AB due to the C-2 hydrogen at 423 c .p .5 .  is further spllt by the meta hydrogen an C-4 wrih 

J ~ ,  = 2 . 5  c.p.s. m e  r a n  sharp ~ r n e  4 1 8  c.p.s. Is a superposltlon of the C-4 hydrogen 

irg. 1. ~ . m . l - .  wectrum (60 MC.) 

of 3.7-dichl01ophenoth1nzlne in 

perdeuterrodrrnethyl sulfoxide. 
Fleld increases from left to 
rlght. Chem~cal ~ h r f t s  are m 
c.p.s. downfreld from an inrer- 
nal terramethylerlane reference. 

:"g. 2 .  N . r n . X .  spectrum (60 ~tC.1  

oi 2.7-dichlorophenoth~aziii in 
-lerdeuterrodlrnethyl sulfoxlde. 
Field mcreases from left to 
right. Chernlcal shrfts are m 
c.p.s. downfleld from an inter- 
nal retramrhylellane reference. 

ane..>art oi the aB coupling from the C-3 hydrogen 



In 2.8-drchlorophenathlaz~ne 13, Fig. 3) bath aromafrc rrngs are rdenfrcal. me 

doublet centered about 4 1 8  c.p.s. is part of an FIB system due to the C-3 and C-4 hydrogens and 

IS assigned to the hydrogen at C-4, srnce no - meta splitting is observed. me mulrrplet at 400 

c.p.6. rs assrgned to the C-1 hydrogen wrth a small couplmg due to the C-3 hydrogen. 

mls group also includes part of the AB system of the hydrogen at C-3. The srgnal at 4 0 8  c.p.s. 

contains part of the as co~pllng of hydrogens at C-3 and C-4. 

F q .  3. B.m.r. spectrum 160 ilc.1 of 
2.8-dlchlorophenoth~az~ne in perdeu- 
termdimethyl sulfaxrde. Fleld 
increases from left to rrght. chemrcal 
shifts are m c.p.s. downireld from an 
internal rerramethylsrlane reference. 

The spectrum of 3-methoxyphenothlar~ne 14. Fig. 41 demonstrates the strong shreldrng 

caused by the methoxy group. mere, the C-1, C-2, and C-4 hydrogens are clustered together at 

396 c.p.s. mere  appears to be an RBX pattern for the hydrogens at "-6 and C-7 and c - 8  and "-9, 

m whrch the twa sets are equivalent, one portLon of the AB (at 415 c.p.s.1 belng due to the 

hydrogens at C-7 and C-8 and the other 1401 c.p.s.i attrrbured to those at C-6 and C-9. 

Fig. 4 .  N.m.r. spectrum 160 Mc.1 of 3-methoxy- 
phenathiarine in perdeuferiodrmethyl lulfoxide. 
Field increases from left to right. Chemical 
shlfts are in c.p.s. dawnfield from an internal 
tetramethyleilane reference. 
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Both 3.7-drmethaxy-15) and 2-chloro-7-nethaxyphhhhthiiiin~ (61 showed the sane 

effect IFq. 5 and 61 redvcrng the chemical shift between hydrogens at posrrion 6, 8 and 9, 

Flg. 5. N.m.r. spectrum (60 Nc.1 of 3 .  
7-dimerhoxyphenothlaziie m perdeuterlo- 
dlmethyl sulfoxide. neld increases fro" 
left to rrght. chemical shifts are in 
c.p.5. downfield from an rnrernal tetra- 
methyleilane reference. 

In 2-chloro-7-methoxyphenothhhhhhh161, the doubler centered at 415 c.p.S. 1s part 

of the RB system of the C-3 and C-4 hydrogens, and i s  assigned to that at C-4. R small doublet 

Flg. 6. N.m.r. spectrum 160 Mc.) of 2-chloro- 
7-methoxyphenothlazine in perdeuterlodimethyl 
Sulfoxide. Field mcreases from left to right. 
chemical shlfrs are in c.p.s. dawnfreld from 
an rnrerna1 retramethylellane reference. 

at 405 c . p . s .  represents the rema~nlng half of the AB coupl~ng due to hydrogen at C-3 and also 

shows neta coupl~ng by the C-1 hydrogen, whrch is present m the mvltiplet at 396 c.p.s. mte- 

grated mtenslrres were m agreement wrth the predicted ratro of I:1:8.I1 



In 8-ethoxy-1-nitrophenothiiiiii ( I :  there 1s a trlplet For CH ai & = 1.36 
3' 

IJ = 6 c.p.s.1, whereas for -CH,-, 1 quarter at j = 3.95 (J = 6 c.p.s.1. me most dawnfield 

aromatic proton lBal  appeared a t i  = 7.81 I J ~  = 8; J = 21 owrng to the electron sink caused 

by a nrtro group in the para position, and secondly, to the peri-effect of the ad7acer.t sul- 

phlde Ilnkage. The proton Hf appears as a daublet I Jo  = 8; J = 21 at 2 7.10, and H at 

5 = 6.70 lJ0 = 81 as a tirplet. 12 

The comparative downfield shlfr of H to H may be ascrlbed to the larve 1-1  effect1 
f e 

OF the nitro group at its ortho p o s l t m n .  m e  proton H appeared as a doublet at : = 6.91 and 

protons H and H appeared as a singlet and a doubler IJ = 81 at / = 6.33 and :. = 6.41. b 

respectively. m e  comparai~ve shielding OF a to H~ may be aftrr::ired to the electronic 

effects OF the ring substltuenrs. m e  proton at nitrogen appeared aa a broad hump at X = 9.73, 

whrch was confirmed by D 0 exchange. 2 

In 8-methoxy-1-nrtrc.henothiiiiii (81 the three protons of the rnethoxyl group 1-0- 

CB 1 appeared as a singlet a t  ,( = 3.73. The proton at nrtrogen (-.-El appeared a~ 6 = 9.75, 
3 

confirmed by D 0 erchanqe. T1.e aromatlc proton Ya appeared at 6 = 6.33, and Hb, Hc, .a, Ha 
2 

and Hf at 5 = 6.43, ! = 6.95, ,! = 7.80, = 5.71 and 5 = 7.06 respectively wlth Jo = 8 

and J = 2 c.p.s. 

In 3-nrtro-8-merhoxyphenOthhhhhhhI91, a singlet at % = 3.70 for three protons of the 

mefhoxyl group IS ~ ~ ~ ~ l s t e n r  wrrh the one reported above. The most downfreld proton He 

appeared as a doubler IJo = 8 ;  J, -21 at i' = 7.90, which has been a L r r l b u t e d  to the electron 

sink caused by the +1tro group. me p'oion Hd showed a srng1et a; E = 1.71. me cornpara- 

five dawnfield shlfr of H to Hd, however, could not be explained. The proton Hf appeared as a 



HETEROCYCLES, Vol 19. No 6, 1982 

sharp doublet iJo . 8) at (l = 6.73. me protons % and X appeared as t w o  riou3lets lJo 81 

at > = 6.50 an6 = 6.86 respectively. me proton E showed a singlet at .; = 6.36 IJ = 2). 

in 3.8-d~mcth~lphenoth~az~neIl0). the profans of the two methyl groups appeared as 

a shallp singlet at = 2.30. me nost domfreld aromatic proton B appeareri as a broad sing- d 

1 a = 7.9 i 2 me prorons H and H appeared as doublets at 6 = 7.18 a.:,' (. = 7.41 

J = . me protons H and H showed two doublets I J ~  = 8; :, = 2 c.p.s.1 at $ = 6.88 and 

& = 6.76, and ?raran 8 appeared as a singlet (J = 2) a: 1; = 6.76. me protons at nitro- 

gen appeared at 5 = 9.33, confirmed by D a exchange. 
12 

2 

in 3-nltro-8-echoxy~~'I'1:nothiiiiiii:l). a trlplet appeared i t  i = 1.3, 15 - 6 c.p.s.1 
for -CH and a quartet at 2 = 4.05 ( r  .; 6 c.p.s.1 for - CH - protons. m e  aromatic protons 3 2 

appeared m the range ! = 6.16 tr 2 = 8.0 and could not be drstmgurehcd due to the low 

Ealubillty of the sample in the deuterated solvent used. 

In 3-nitro-B-merhylphenoLhhhhhhh112), a sharp singlet C e a r e i  n t  1 = 2.0 far -CB 3 

protans and aromatic protons appeared in betweer 2 = 6.33 to > = 8.0 regron. 

3-Methoxy-8-methylphenothiiiiii113) gave a sharp srnglei at : = 2.11 for the three 

protons of the nerhoxyl group. me -+H- proton was founi, at : = E.21, and the aromatlc pro- 

tons appeared between 5 = 6.38 ::r f = 6.90 and could nor be resolved. 

1,3-Dinitro-8-ethoxyphhhhthhhhhhhi14> gave a trlplet at 2 = 1.38 I J  = 7 )  and a 

quarbr  at6 = 4.05 (J = 2) for three and two protons of -CH and -CH -~'raupe respectrely. 
2 

me aiomatlc protons Ha, H and H appeared as singlets ar ; = 6.41. 6 = 8.80 anC i' = 9.13, 
d 

respectively. m e  protons H and H" showed t w o  doublets at L\ = 6.70 iJo = 6) and (r = 7.30 
b 

[Jo = 9; jm = 3). respecf~vely. me proton at 10-n appeared as a broad slngler i c  & = 10.45. 

A conbination or the chemical shrfts, s ~ m - s p i n  couplmgs, and inregratron data for 

these phenothlarlnes17-14) p e n t s  the ldentlflcatlon of an indivrdual proton in the aromatic 

rmg.12 me results are summerised in ~ a b ~ e  IT and  able 111. 



8-Elhoxy-1-nrrro- 9.1315ir -NH- R>' 7.10 (dl, lJ," = 2, J = 81 12 

phenothiazrne/7) 3.95191. (2-61.-0-CH- P3, 6.70 (ti, (J - 2, J = 8 )  
2 

1.361t1, 5-6. -CH 3 Pa, 7.81 (dl, lJm = 2, J = 81 

R5, 6.91 id), (J = 2, J = 8) 

R 6 .  h.41 (dl, (J = 2, J = 81 

B - M ~ h o ~ ~ - l - N l t r ~ -  COCI 
3 9.75ISl. -NH- R2, 7.06 (di, IJ = 2, J = 81 12 

phenothiazine I81 3.73(51, -0-CH 
3 R ~ ,  6.71 lrl, (J = 2 .  J = 8i 

Rq, 7.80 (dl, (J = 2, J = 81 

R5, 6.95 id). IJ = 2 .  Jo = 81 

R6. 6.43 (dl, (J = 2 J = 8) 

RE, 6.33 1s). IJ = 2) 

R 6 ,  6.50 ldi, IJ = 2, Jo = 81 

RR, 6.36 Ill, lJm*21 

3, @-Dimethyl- CDCl 9.33iS). -NX- R,, 7.41 Id), J = 8 12 
3 
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chemlcal Shift ( b  I .  1 0 for aromatic profonsl; 
Compound Solv. 

IMultlplicLfyl l~ultrplicltg) , 1~ouplmg Ref. 
i~oup~ing cansrantl, Constant1 IJl 

IJI A5slonment 

1.381t1, IJ-11, -CH3 R6, 6.70 (dl, Jo = 6  

Jm, * coupling, Jo, multiplicity owing to ortho covplrng 

s, srnglet; a, daublet; t, rrrplet; q, quartet. 

- 

Compound Solv. 
chemical Shift 16 i , IMulfiplicitY), 
coupl~ng constant I J ~ ,  assignment. 

Ref. 

R - R  - 8  
1 7  

C K l  
3 7.62 id). J I Z Z  = 10. R1 35 

6.87 1 d ,  JZZ3 = 2, R2 

6 . 1 4  Id), J = 2, R3 
3 . 2  

7.5 - 8.1 lml, n4 - n7 



7.42 Id], J6,7 = 9, R6 

7.80 id). J7,6 = 9, R7 

R = NO CDC13 7.62 !dl. = 10, R1 35 5 2 

R1 - R7 = H 6.97 lq l ,  JZr3 = 2.5, R2 

6.78 (dl, J3,2 = 2.5, R3 

7.8 - 8.4 (ml, R4, R6, K7 

7.62 !d). J l r 2  = 10, RI 

7.11 id), J2,, = 10, R2 

7.56 id), R4 

7.47 iq), J6,, = 9. R6 

7.88 !dl, J = 9, R7 
7.6 

7 .85  Is), R1 

6.86 (el, R3 

7.50 (61, R4 

7.62 ! d l ,  JGS7 = 9, R6 

7.85 id), J7,6 = 9 ,  R7 

CDC13 7.56 id), J l Z 2  = 10, Rl 35 

6.92 lq), J 2 , 3  = 2 .  R2 

6.73 Id], J R 
3.2 3 

7.50 isl, Rq 

7.96 !sir Ri 

CDCll 7.64 !dl. J1,2 = 10, R1 35 

7.09 (dl. J2,1 = 10, R2 

7.58 is). R4 

7.50 id). J6,, = 9 ,  R6 

7.93 !dl. J7,6 = 9, R, 

R = R  = H  CDCll 7.60 id). J I Z Z  = 10. R l  35 
4 5 

6.93 lql, J = 2. R2 
2 . 3  

6.85 (dl, J = 2, R3 
3 . 2  

7.56 ! d l .  Jgt7 = 9, R6 

7.75 id), J/,6 = 9 ,  R7 
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axldarran of 2-acerylphenorhrarinei15) with pocassmm d~chromate in acetic acld could 

result in the formatron of 16 or 17. ?:m analysle leaairo the conclusion that the oxrdarmn 

product i s  2-acefylphenothiaione-7(17 ). mdred. the cauplrng of the proton XBiBC (J = ' C . P . E . ;  
RB 

J =8 c.p.s.!emphasizes the presemeof proto., 8 ,  and the coupling of the protons W B ' :  B ' i '  
BC 

(J A , B ,  = 2 CPS: JBSC. = 9.5 Cpsl paints out that in the rrng A, there are only three protons 

A5 expected, the resonance srgnala produced by the protons ABC are at lower fields than those 

Of the arotons A'B'C'. 1 3  

m N-acerylated phenorhiarlnes or analogues of phenothrazine, the carbony1 grui2 repre- 

~enfsstrung anrsotroplc centres and the relative effect of the carbonyl (c=oI on tk.: ,A - protons 
(1  and 91 of the phenorhiarlne or analogue molecule would be expected to show a shielding or 

desch~e~ding effect an the chemical shift oi / -protons depending on m e  orlentation oi the car- 

bony1 group erther in "-2ntra or %extra posrtlons. Nmr spectrum of L1-acetylphenothlzlzine gave a 

mulfiplet s~gnal at 7.35 Pm for the aromatic protons Irq. 71 and the signals a: the d-protons 

remalned in the general peak group. m ~ s  type of spectrum is poss~ble only wrth an H-extra 

conflgurarmn. 1t ra only wlth an "-extra confrguratlon, that the sterrc positron of the carbonyl 

group makesir impossrble for the A-protons to land under rts anieotroprc influence. me oppo- 

srre effect is observed, when N-acetylphenothraaine 1s oxrdrsed to the respective dioxide. I" 

that case regardless of the C O D ~ ~ ~ U ~ T L O D  rransrrrons, one s - o bond a ~ w a y j  be llreireil 



between the benzene nucler  and i t s  posrt1on W i l l  correspond t o  the carbony1 group m t h e  + i n t i &  

conilqurarron. l4 

Slnce t h e  sulphoxrde group produces s t rong  an r so t rop i c  effect, t h e  4 H  and 6H protons  

appear rnagnerrcally unshrelded w i t h  a weaker field s h i f t  of  t h e i r  sxgnals .   his i a  shown by a 

well  separa ted  t w o  proton double t  U L ~  c.y.s., add i t i ona l  cleavage 2 c .p .e .1 ,  d i sp l aced  by the 

genera l  srqnal of the aramatlc protons of 0.75 p.p.m. ( ~ q . 8 1 .  14 

Acylation of 10-methylphenofhmzine wi th  /7-carbomeUloxyproplonyl ch lo r rde  r e s u l t e d  m 

the fo rna t ion  of 3 products  i l 8 ,  19, 201, t h e  structures oi whlch were es rab l l shed  by t h e i r  Nmr 

spec t r a .  Product 18 showed a chemrcal shlft of t h e  aromatic protons  I L 7.82, 7.73, 6.86 f o r  

a l  
a2 and bl whrch agrae well  wrrh those  ca l cu l a t ed  for a 3-a lkyl ,  5-a lkylfhlo ,  6-alkyldiamino- 

substituted benzene ((. 7.81. 7.78. 6.661, using a table OF aromat ic  chem~cal s h i f t s .  
15 

comparing t he se  r e e u l f s  With a t h e r  r e l a t e d  
16-18 

cases, t h e  product was ass igned to he t h e  3- 

s u b s t i t u t e d  derrvat ive ."  

Nol- r e5u1 t s  are qiven i n  Table I". 
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Dunethyl-% 4-110-methyl-37- 3.72 151, - X H j  H-2, "-8. 7.82, (dl. 13 = 91 

phenofhiarmylenel-di- (4- 3.44, 1 s ) .  -CE3 "-4, " - 5 ,  7.73 is1 

oxabutanoate I191 3.24, It), iJ  = 61 H-I. 8-9, 6.86 (dl. (J = 8.51 

C-0- 
11 

-CH -CH -0 
2 2 

2.75, (rl, i J  = 61. 

0 

-CH2-CH -C-0- 
2 

Belhl eT .I? have denonstrated that lrihlum dralkylamide/dialky1am1n1 converted halo- 

phenothiazme I211 in- the correepondrng d~a lky lammuphenoth~az i i i  I221 withovi any s i g n l f i -  

cant reductran to 10-methylphenathlaeine. The asslqnment of location of the N,N-dlalkylamino 

group was based on the nmr spectrum, whlch gave a mulrrplet at 3.2 r ISHI, a doublet I1H. J= 3. 

(HZ) at 3.82 V and a partially resolved quarter 11x1 at 3.92 1' indicating that the nucleophi- 

lic addition of  the m i n e  to LO-methyl-1.2-phenothrazine occurs at the 2-pos~tron.~~ Nmr 



data of the compovnas are given in Table Y. 

Chemical Shift ( A  i , Chemical Shlft 16 1 
R of aromatic protons, 

IMultlplicltyJ IIlulCiplicityi. 

3.15 (ti, R - a 

1.55 (mi, R - b 
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chemical Shlir ( 6  ! , Chemical Shrft in I 
of aromatic protons, 

o*ulriplicityl iWultipllclty1. 

3.5 is), R - a 5.95 - 6.8, m 

3.12 is!. -CH3 

3.0 iql, R - b 

1.55 iml. R - c 

0.95 (tl. R - d 

3.57 (mi, n - b 

3.35 (el, n - a 
3.23 is!, -CH3 

1.23 (dl, R - c 

3.39 is!, R - a 

3.12 is!, -CH3 

2.98 (tl. R - b 

1.45 in). R - c ,  d 

0.95 (ml. R - e 



Formylatron of 23 wlth phosphorous oxychloride and dimethylfarmamide resulted in the 

formatran of the 2-carboxaldehyde (251, the nmr of which gave a slnglet (1-Proton1 at 

6. 8.28 due to proton conflmlng that the substitution occurred in the Z-po~ition.~~ 

me Mannrch condensation of 23 with formaldehyde and dlrnerhylamlne afforded 26 m 78% 

yleld. Substlrutron at posltlon 2 was again confirmed by nmr, vhlch gave a singlet at 8 7.14 
due to proton at C-1." The results are summarised in Tables YT and "TI. 

Chemical Shift iL( I .  chemical shlft i& 1 

Compound Sol". IM~ltz~l~~ltYl, Coupling Of aromatic protons' I M u ~ ~ ~ ~ ~ I c I c Y I ,  R e f .  
Constant IJI, assrgnnent. Cauplrng constant (Jl. 

R =-CH -CH=NOH 
2 

CDC13 11.3 (51, = N-OH 6.62 - 7.30 Iml 21 

4.69 (dl, .I-4, -CH - 
2 

7.30 (dl, J=3.0, H I  6.40 - 7.15 (mi 2 1 

6.35 (dl, Ji3.0, H 
2 
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- 

10.05 I s ) ,  CHO 6.75 - 7.82 lmj 

8 . 2 8  I s ) ,  H I  

4.58 I e l .  CH -3 6.57 - 7.28 (mi 2 

3.90 l e i .  CH2-2 

8 . 0  111. R-H 

3.92 IS], N-H 6.30 - 7.52 lml 

5.12 151. -CH2- 



I& I ,  wulrrpllcityi. 101 i aromatic protans, 
Compound 501". Coupllng Conskant IJI , IMultipllcltyl, R e f .  

assignment Coupllng Constant (J) 

R = -CONCS 

R = -CF 
3 

R = R  = R  = R  i 
2 3 4 5  

R = R 8 = H  
6 

R = -CO-OCO CH CH 
1 2 2 3  

R = CF 
7 3 

R ; R  = R  = R  = 
2 3 4 5  

R = R  
6 B i H  

R = CF 
7 3 

Diner of Type 

R - COC - R1 
,I I, 
0 0 

5H. 7.20 - 8.15 lml 

H-11 8.49 1s) 

4". 7.44 (mi 

2H. 8.00 lmi 

5H. 7.60 - 8.00 lml 

11-H, 8.10 Is1 

6H. 7.10 - 7.70 (mi 

2H. 7.85 - 8.2 (ml 

C K l 3  9.81 Is), -NH 

4.40 (qi, R -CH 
1 2  

1.40 (ti, R -CH 
1 3  

7.50 - 7.60 (d). R 
2 

CDC13 9.80 (Sl, -NH 5H. 6.60 

7.55 - 7.69 Id), R 
2 
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 or mr study and correlatrons the commercially available phenothianines have been 

separated into 5 groups: 4 groups accordrng to the type of side cham on the nitrogen in the 

LO-pasltron, a frith group conersring of the oxidation products lsulphone and sulphoxldesl. 5 

me frrst group camprrees compounds having an ~ll~phat~c srae cham w ~ t h  no heterocyclrc 

rmg. all contain an N,N-dimethyl group, all have a CB group attached to the lo-position 
2 

of the phenothrazrne rmg. merr ~ n r  spectra are similar in many respects and have character- 

~ s t l c  absorbance bands unlque to rhelr general group. me N,N-dlmethyl group rs found at 131 

c.p.s. for the compounds with straight cham amrnes and at 138 c . p . s .  in the case of branched 

cham ammes. m e  positron of the branched chain amxne is influenced by rts proxrmity to the 

r u g  N. 'rhe Cx2 group on the nitrogen arom in the lo-position i s  found to be a trlplet at 

232 i 3 p.c.5. for straight chain mines and m the same area but w ~ r h  more splitting m the 

case O f  branched char,, amrnes due to the increased number of ad,acenr protons. A11 of the 

phenoth~arme spectra show a complex pattern for the aramacrc protons in the area 400-440 c . p . s .  
11 

It is known that the chemical ShlftS of the protons or a radical linked "nth a nrrrogen 

atom depend on the basicity of the ~ a t r e r . ~ ~  there are t w o  nitrogen atoms of arfierenr 

baslclry m the molecule as in 27. the srgnal from the protons of the methylene group linked 

to the mre acldrc cyclic nitrogen atom IS located at 235 HZ, while that of the cii2- group 

linked to a dinethylamine group is found at 128 ~2.'~ m l s  has been attrlbufed to the deve- 

lopment of posrtrve charge an the rrng nrrrogen a r o m  due to the participation of its unshared 

electron p a r  m m e  aramarlc ayetern; this leads to a shlit of the proton srgnals of a sub- 

stiruent to the weak field side. one should therefore expest that the nrtrogen subsriruenr in 

phenorhiazrnes should absorb at stronger field than the substituent in the corresponding 

aliphatic ammes. (Table YTIll .24 

TABLE "111 

mines Chemical ahlit (Pml 

rlllylamine 3.30 

N-Allylphenorhrarme 4.15 

N-Burylamme 2.70 

N-Butylphenothxarlne 3.60 



me proton signal fram the mefhylene group attached to the nitrogen aton is shifted by 

0 . 8 5  and 0.90 PPm. respectively, to the strong freld srde on passlng from N-burylphenathlarine 

to butylamine and fram N-allylphenathlazme to allylamine. n u s  the participation of the 

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

dlrecrly attached substituent. 

Oxldarron of sulphur to sulphoxide a150 leads to a Shift in the Elgnals of all the pro- 

tons of the substrtuenr on the nlrrogen atom to the weak field side, during which the shift 

of the proton srgnals OF the rnethylene group attached to the nitrogen atom rs the greatest 

10.3 - 0.7 p.P.m.1. 24 

Further oxidation of the sulphur to sulphane does not result m such a sharp change m 

the chemlcal shift as observed in the first oxidatron. ~ h r s  effect of the degree of oxidation 

adsulphui rs due to the formation of an electron accepfrng group lS=o or So I whlch decreases 
2 

the electron denslty on the nitrogen atom through the aromatlc system. and the proton e ~ g -  

nalI of the Iubstlrvenr are shlired to weaker field. The lnducrlve effect of the nxrroqen atom 

apparenrly makes . malor contribution to the chenlcal Shlft of the protons of the methylene 
group directly attached to if. 

In examrnrng the aramatrc protons Of the spectra of N-alkylated phenokhiarines, a doubler 

IJ = 6-9 m w r t h  an additlonal aplrtrmg 1-2 HZ) and an mrenrlry of t w o  proton unrrs can be 

seen an passing fron the general aromatic group to compounds with oridiaed sulphur. This 1s 

explained by the fact that H and H protons fall into the deshlelding region of the anisa- 
4 6 

troprc S=Oband, whrch causes a shrff of the proton slqnals to weaker fleld 10.6 - 1.0 PPml. 

The addlrlon of a second oxygen atom to the sulphur atom causes an additional shift of H and 

H by 0.15 - 0.2 P P ~ .  bromme atom has an appreciable effect on the chemrcal shrff of the 6 

protons only in the vicinal position. ~ t s  effect rs s~lght when it 1s located farther away.24 

~n case or chlorpromarine sulphoxlde and sulphone, an increase m chernrcal Bhrir has 

also been observed. The NlCHJ12 1s shlfted 4-6 c.p.s. to 135-137 c.p.s. The CH in poslflon 2 

10 i s  shrfted to 254-256 c.p.s. and the aromatic protons show addrflonal spllrrlng and shift 

to 490 c.o.s. 

  he phenothiarines containrnq a plperidine group in the s ~ d e  chain have chemical shrfrs 

due to the piperrdrne rrng m the range 90-130 c.p.s., depending on the posltron and nature of 

the substituent. The CH attached to the N at the 10-posltlon is agaln found a t  235 c.p.5. 2 

w i t h o l e  aception,where the CH2 1s the only lrnk between the N and the prperrdme ring. 1n 

this case the CH2 1s a doublet located at 220 and 227 c.p.8. The aromatic pattern i s  found 

at 400-450 c.p.s. 
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m e  group con ta rnmg  a pyrrolldlne r m g  shows a chemrcal s h r f r  in the ranqe oi 100-180 

C.P.S. due to t h e  s u b s t i t u t i o n  on t h e  r m g .  me m2 which h n k s  the N at LO-posit~on and t h e  

py r ro l i d lne  r i n g  is  a doubler at 224 and 231 c .p .s .  

~ h e n o t h l a e i n e s  having a p x p r a r l n e  r l n g  m t h e r r  srde chain  have comnan features attrr- 

butable t o  thelr s p e c r f l c  group vhlch d re r ingu i sh  t h e m  f r o m  other  phenothlazmes.  me 8 protons 

i n  the prperazrne  rrng belng equlvalenf are found as a s i n g l e  peak a t  146 t 2 c.p.5. This 1s 

the s t r o n g e s t  p e e  and the domrnant feature of a phenothlazme m t h r s  group. me CH a t t ached  
2 

to the N i n  the lo -pos i t i on  i e  found a t  234 i 4 c . p . s .  1n those  p q e r a z r n e  d e i i v a t i v e s  where 

the p lpe raz rne  r rnq  La attached d r r e c t l y  to a CH in the chaln, the CH adlacent to t h e  p lper-  
2 2 

5 
azlne IS located at 215 c . p . s .  m e  complex aromatic pattern is  located a t  400-450 c.p.5. m e  

results are summerlsed i n  Table TX. 

1.90 i t ] ,  R - b 9 6.8 - 7.2  im) 25 

2.53 i t ) .  Rg - c, d 

2.71 i s ) .  R9 - f 

3.50 i t ) ,  R - a 
9 

3.41 (t). Rg - a 



Compound Constant 1.71 of aromatic R e f .  

assignment 
protons 
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Compound 

% = - OCH 
3 

Rg = -CB2 CHlCH I-CH 
3 2 

a b c  d 

NICH31 

5 = - = 

OMSO-d6 3.78 lddl , R - a 
9 

2.96 lmcl, R - b 
9 

2.31 Id), R - d 
9 

2.23 Is), R - c 
9 

2.14 1s). R - e 
9 

D-0-d6 3.63 lddl, Rg - d 

2:30 lmcl. R9 - D 

0.91 (dl, Rg - c 

2.10, Kg - d 

2.12 Is), R - e 
9 

01150-d6 4.18 lddl, R9 - a 

2.21 lmc). R - b 
9 

0.78 Id). R - c 
9 

2.05, R9 - d 

2.10 1s). R - e 

CDC13 4.15, R - a 
9 

5.40 - 6.05, R - b 
9 

4.88 - 5.10. R 
9 - 

C X l 3  4.16.R - a  
9 

4.48. R - c 9 

1.70, R - b 
9 

=El3 4.40 Id), Jbb=2.2. R -a 
9 

2.36 (dl, Jba-2.5, R9-b 



Chemlcal Shift i J  1 
(Multiplrcity), Couplln4 

Chemical Shift I! 1 
compaund sol". of aromarrc ~ e f .  Constant iJ1 

assignment 
p'orons 

R - R  - "  
1 8  

CDCl 
3 

S -- a 
I \, 

R?= \ / 
N- 

R = -CH -CH=N-NiCH 1 CDCl 
3 2  3 

a b c d  

R - R  = H  
1 8  

R1 = Rg = H CDCl 
3 

P 

0.8 i d ,  R - b, c, d  
9 

2.5 i d ) ,  R - e 
9 

2.25 ( $ 1 .  R9 - f 

3.75 (d) , J=5, R9 - a 

4.55 i d ) .  R - a 
9 

9.95 i t ) ,  Rg - b 
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1.5-1.8 (mi, Rg-d.e.•’ R - R ~ ,  6.75- 1 
29 

2.9-3.1 1101, R9-c, 9 7.35 iml 

4.6-4.7 [dl, Rg - a 

6.75-7.30 lml, R - b 
9 

2.3 Is). CX3 R - Re, 6.75- 1 
29 

2.4-2.6 In). H-3.H-5, c 7.30 iml 

2.95-3.15 iml, H-2.H-6 c 

4.6-4.7 id), R - a 
9 

6.75-7.30 (mi, ng - b 

2.81 (51, R9 - c R1, R3 - RE, 29 

4.55 - 4.65 (ill, Rg - a  6.95-7.30 iml 

6.45 - 6.65 It>, Rq - b 

1.5-1.8 ( m i ,  R -d, e l  •’ 
9 

R1, R - R  
3 8 

29 

2.9-3.1 iml, R - c, g 
9 

6.8-7.3 lml 

4.65-4.75 (dl. R - a 9 

6.8-7.3 (ml, R - b 
9 

2.3 is). =a3 - c R ~ ,  R - R  3 8' 
23  

2.4-2.6 (ml. H-3, H-5 6.8-7.3 Iml 

4.55-4.61 ( d l .  Rg - a 

6.8-7.3 lml, n, - b 



cnernrcal shift 16 ) ,  Chemical Shrfr id 1, 
Compound 501". 

IMultipliclt~I, Coupllng of aromatic protons 
Constant IJI, (Mulrlplicityl, Ref. 

assignment Coupling Constant IJI 

R = C1 
2 CDC13 2.4 Is], Rg - c R1, R - R 8 ,  6.9-  

3 
2 9  

Q 2 .45  (el, R - d 
R = -CH CH -N-NICH 1 9 7 .3  (mi 

9 2 2 3 2 
a b c  d 3.0-3.2 It]. R - b 

9 

H 
Rg - -CH CH -N-N(X1 

2 2 2 CDC13 
2.3 Is), Rg - d R1 - R8,  6.9-7.1 24 

a b c  d 
2.50 lml, R - c 

9 Iml 

X = 4-biethylpiperazme 
2.4-2.9 (mi, R -d 

9 

- Rs = iring proions1 
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1.75 (broad)-CH2-CH2 6. 7 ,  9-8, 7.24 iml 

cx13 
2.07 (sharp1 , - CH3 

9 I 2.35 ibroadl, CH2-,-CB 2 

0 = C - C H 3  1 4  

COC13 1.82 ibroadl, - CH2-CH2 6. 7, 9-53. 7.30 ("1 

a:lJ 3 4 
2.16 (sharp1 , -CH3 

C 1  0 I 2.44 (broad1 , -CH2-2 
0 ' C - C H 3  4.20 iml. -g -6 

m r  were helpful in elucidatrng the structure of 1- and 6-hydroxychloropmmzlnes 

(28, 291,the t w o  metabelites of chloropronazine. 
33 

28, R = OH; R = H 
1 2 

29, R = OH; R = H 
2 1 

A n  a8 quartet wrth 5 - 8 - 4  .s.D.s.arismg from sprn coupling of the protons at C-3 and C-4 

was present at 6.62 and 7.04p.p.m. reepectlvely.No other hydroxy lsomer would have such a quartet 

hl the other hand nmr spectrum of 25 showed the remaining protons at C-7 and C-9 as one half of 

AS quartets due to coupl~ng with the proton at c-8. Chemrcal shifts of H-7 and H-9 resonances 

were further split due to spln coupllng with each other. J7,8, J7,9 and JaZg Were measured to be 

7.25, 1.4 and 7.03 c.p.s. reWectlVely.33 

Cyclisat~on of 4'-chloro-2.%-dlmethaxy-2'-nrtrophenyl sulfioe (301 resulted in the 

formarro~ 2-chloro-6,9-~rmethoxyphex~oth~ah~he (311 i s  the major product alongwith 2-chloro- 

7.9-dimethoxyphenorhiazlne 130) a3 the minor product. 
32 



30. 31; R = H 32; R = H 

33; R = ICH213 N(CH312 34; R = (CH213 NlCH312 

Nmr analysis of 31 displayed a complex pattern at f 6.3-6.8 conralnlng a quartet having 

Ortho-coupling. J ?, = 10 Hz. accardmg to the author, the nmr of the mixture (31. 32; 1:191 

gave a distinguishable quarter showing that 32 had a meta coupling, J 6, = 3 H Z .  co~respone- 

m g  samples of 33 and 34 had slmllar coupling constants. 

me 6.9-dioxocuorpramaeme 1331 gave a lowest  ire^ signal, 5 7.24, and appaared as 

a slngler and was assigned to xq, which i s  expected fa be most affected by substantral partial 

positrve charge on the ring nltroaen atom. NO -- or mera-coup~lng  to tons, 

H j ,  H and H , ,  H appear as 2-proton ernglets, and have thus become eseentrally equiva1enr. 
32 

4 8 

me assrgnmenr of methoxy group was based primariiy on the effect oi the N-subssrtuted 

srde chain. ~n 30, t w o  resolved ]-proton singlets were observed at s 3.78 and 3.79. m 33, 

the two szgnals coincide and appear at$ 3 . 7 9  as  a 6-proton smglef.  Thus the hrgher fleld Srg- 

nal was assrgned to the c -methoxy group. Simrlarly, the high field methoxy srqnals m 21 and 
9 

24 were asslgned to the C -methoxJ group, which exhlblrs a small but perceptible downfleld shift 
9 

wrth the itddltlon oi the side chaln!2 me resu~tsare s u m r ~ s e d  m ~ables x and XI. 
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compound 601". 

R = R = -0CH 
3 

"0 -OD 
1 4  3 

R = C1 7 

R =R R -R -R -" 
2 3- 5- 6- 8- 

3.84 151, -R3 R2, 6.10 (dl, Jm=3 32 

3.69 Is). -R1 R4, 6.32 Id), Jm=3 

R5, 7.07 (dl, JO=10 

R6, 6.89 (ddl, Jmi3 

J =10 

Ra, 7.02 (dl, sm=2.5 

H1, 7.24 (6) 32 

H3, 7.12 is1 

H4, 7.12 1s) 

H,, mu, 6.19 is1 

3.84 is!, R4 R2, 6.39 Id). Jm=3 32 

3.72 lal, R1 Rq, 6.46 ldl, Jmi3 

R5, 7.25 (dl. J =8 

R6, 6.91 1ddl.J =3,5 =8 
rn 0 

R,, 7.05 (dl, Jmi3 

R2, 6.40 Id), To-10 32 

R 3 ,  6.52 (dl. Jo=10 

R5, 7.08 (dl, J0=8 

R6, 6.92 (ddl, Jm= 

Jm=2.5, J -8 

%' 
7.01 (dl, J"z2.5 

n2, 6.65 (dl, Jo=10 32 

5,  6.76 (dl. JdlO 

x5, 7.08 Id), Jo=B 

Re, 6.92 (ddl , J,=2.5, 

,To - " 
R". 7.01 (dl, Jm=2.5 



Chemical Shift I<\ 1. Chemrcal S h ~ f t  Id I 
Compound 

, lnultiplxrtyl, couplrng of aromatic protons 
constant IJ) IMultipllcity), 

Ref. 

assignment coupling constant (IT) 

R9=-ICH I -NICH 1 
2 2  3 2  DMSO-d6 R2, 6.04 Id). 5 =3 32 
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Chemical Shlft Id 1 IPhol Chemical Shift I I IPWI 

Campound 
Sol", IM~ltlplrcityI. Coupling of aromtlc protons, 

Constant IJI. IHultrplicikyI, Coupllng Ref. 
asslgnmenr constant IJ) 

1n the synthesis of friaza~lienothiaaine derivatives, reaction of 5-brom-4-chlara-2.6. 

dimethoxypyrimidme 1351 with 36 could lead to the formation of errher 37 or 38. Nmr spectra 



Chemical shlft 6 1 IPPml Chemical Shift tP I IPPmI 
Compound 

IMYltrp1~~lt~I. Coupling of aromatic protons, 
Cansfant 1.7) IMultipllcltyI, Caupllng Ref .  
assignment constant IJI . 
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showed absorpflon at (j 2.33 (8-CH 1 3.63 (4-0 CHJl ,  and 3.68 12-0 CH3). Rbsense of a more drf- 3 

fuse nmr signal and a stronger intramolecular hydrogen banding ruled out the possibillry for the 

alfernatrve structure 38.37 

Methylatron of 2.3dialaphenothiazme 1391 resulted m the formtion of two rsomers 40 

411. ~ m r  spectroscopy showed that the two isomers are present in roughly equal percentage; 58% 

of 41 and 4 2 %  of 40. Thls demonstrated. that there is no substantial difference in nvcleophrlic 

reactivity herween nlfrogens in pos i t lon  2  and 3.  me structure 40 was confirmed by nmr spectra, 

WhlCh showed an inversion in shielding for the proton on C-1 and C-4 on passing from 40 ( <( 8.43 

and 8.131 fo 41 15 8.05 and 8.~2).~' 

~dztion of amethyl sulphare LO 42 gave 41, the nmr spectrum of which gave the slgnale 0 5  

Chloroacetylarion of 1-araphenothiaz~ne I441 followed by reaction wlrh piperidine afforded 

45 ,the structure of which was based on nmr m a l y s l s  oi the nar spectrum showed that 



the p p e r i d i n e  derrvarive  I451 cantarned 4 a d p c e n t  protons m an aromatrc system in which one 

Ing, guaztet a t  9 .23  P P ~ )  is  exper lencmg a strong deshie ldrng e f f e c t .    he remaining three l o w -  

f r e l d  protons are accounted for by an mX system40 with  three adjacent  protons I H ~ .  nB. H ~ )  m 

an aromatrc r i n g ,  wrth one o f  the three again  enperlencing a s trong deehre ld ing  e f f e c t  I H  
A '  

quarter at 9.36  PPrnl!9 Tne r e s u l t s  are s m a r l s e d  i n  Tahle X I .  

Chemical S h l f t  Id I IPPmI Chemical S h i f t  ( A  l o f  

Compound Sol". 
m u l t r p l ~ c r t y ) ,  couplrng eromarx protons whn) 

Constant (Jl  (Multrplicity), CoUP1L"4 R e f .  
ass lgment Constant 1.7) 

x = z = &  = N DMSO-d6 2.33 ( 5 1 ,  R, R5, 7.40 ( a ) ,  5 = 8.2 37 

B = Y  I C 3.63 1 % ) .  Rq R6, 6.37 I d ) .  J = 82 

R = R  = - O C H  
2 4 3 

3.68 I a l ,  R 
2 

R = CH 
7 3 

6.30 (21, R 
9 

R = R  = R  = "  
5 6 9  
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Chemrcal S h ~ f r  (I\ I i P F m )  chemical shift (d 1 of 

Compound 

3.83 i s ) ,  R6 



Re, 6.8816). J = 8.4 42 

R,. 7.60(d). J = 8.4 

R1, R 4 .  8.63 is), 38 

8.93 is1 

R5-R8, 7.0-7.3 lm) 
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and 9 . 2 3  

m e  covplmg constant (JI throughout in the tables is given m mrtz (HZ), unless atherwzse 

stared. 
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