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AbJtract - The l i thiat im af pyrralo h2.1-ldl phenothiazine and subsequent reactions of 

the  lithiointermediates giving 1- and 10-mono. and i,lO-disubrtituted derivatives are 

reported. The reaction sites were determined from decoupled IH  and l 3 c  NMR s p c t r a .  

In our e f for t s  towards the  synthesis of certain phenothiazines with restricted conformational rotation in the 

N,N-dialkylaminopopyl side chain, one approach is to utilize apprap-iately substituted pyrrolophenothiazines 

as important precursers. Recently, we have developed a more convenient mute1  to  the parent pyrrolo U,2,1- 

kll phenothiazine (A1 utilizing a modified BisNer indole synthesis. The present work desuibes  the hthiation of 

1 and also represents an extension of the  investigation of t h e  lithiation of phenothiazine2 and 5H-dibenz [b, f l -  - 
azepines3 that  we have undertaken. 

1 - 

e r r010  L3.2.1-kll phenothiazine was first  synthesized in I978 by Hoilins and pinto" These a u t b r s  also 

investigated same electmphilic substitution reactions of I, such as the  Mannich condensation and the  Vilrmeier 

formylatian, from which 2-substituted derivatives of !couldbe isolated in good yieldr. Nofwthe r  reactions 

have so far  been reported. Since i-substituted indoles seiectively metallate a t  the ~ - ~ o s i t i o n 4 6 ,  we hoped 

that - 1 wouldlikewise form the  i-lithio de r iva t i x  and thereby provide convenient access for 1-substituted 

derivatives. In the  presence of excess mbutyl lithium, however, I-phenyl indole also lithiates a t  the 2'-positlon 

of the phenyl Lithiatiw, of N-substituted phenothiazines with N-htyllithium occurs mainly i n  the I- 

and 4-positions7. Thm, the 5, 7 andlor i0-positions of might also be metallated. 

When was treated wi than  eq iva i en t  amotnt  of n-tutyi l i t h i m  or s -h ty l  l i t h i m  in hexane a t  room 

t empra tu re ,  followed by thP addition of either deuterated water o r  N,N-dimethylformamide, t h e  product 

composition was found (from nmr-analysis incombination with TLC) t o  consist of more than 7% unreacted 1. - 

Scme deuterium incorporation was observed and, in the  cases where N,N-dimethylformamide was -4, a m a l l  



amount of aldehyde (LO-M%) was detected. Adding tetramethyiethylenediamine or pralonging t h e  reaction 

time f r m  5 to 24 hours d d  not a f fec t  t h e  lithiation in any positive direction. Increasmg the  amount of n- 

h t y l  l i t h i m ,  which we found superior t o  s h t y l  l i t h i m  in the  reac t im with I, decreased the  amornt of 

unreacted starting material. However, when two equivalents of wbutyl lithium was used, the  product 

composition then consisted of approximately 10% disubstituted i, along with approximately 50% man* 

substituted 1 and unkacted  I. From t h e  reaction of with three  equivalents d wbutyl lithium and N,N- 

dimethylformamide, the  following products identified as: I-formylpyrrolo[3,2,1-kll phenothiazine (1) (5%). 10- 

formylpyrrolo[3,2,1-ldl phenothiazine (3) (10%) and 1,lO-diformylpyrrolo D,2,i-kllphenothiazine (4) (51%), were 

isolated pure alcng with recovered !(IS%). Fmm the  reaction of I and four equivalents of n -h ty l  l i t h i m ,  

fallowed by trapping t h e  lithio intermediate with deuterated water, almost exclusively a aideutero derivative, 

identified by IH NMR analysis as 1,iO-dideutempyrrolo U,Z,I-MI phenothiazine ( I ) ,  was obtained. 

, * 
From these results, i t  seemsevident t h a t  selective lithiation of the l-position of i i s  not poss;ble by direct 

metallat im because o f t h e  equal, o r  perhaps greater, reactimty a t  the  10-position. Both si tes appear to  

metallate independently and, in f ac t ,  m c e  one si te has been metallated, reactivity a t  the second si te may 

actually incease.  The chemistry of 1 so f a r  investigated thus very much resembles that of simple N- 

substitutedindoles and phenothiazines with respect to  electrophilicsubst~tution andmetallat ion reactions. 

The total a s s ipmen t  of the  IH NMR spectra of 1 has previously been Wrformed by us8. The signals for  the  

I-, 2-, 3- and 5-protons are well separated from the  other signals and a r e  readily recognized as lowfieid and 

highfielddoublets a t  7.31 and 6.49ppm (J = 3.5 H3 for the  I- and 2-protons, re rpc t ive ly ;  and two se ts  of 

doublets of a doublet a t  7.04 ppm ( J  = 8.0 and 0.9 Hz) and a t  6.56 ppm ( J  = 7.4 and 0.9 Hz)  for  the  3- and 5- 

protons r e s p e c t i ~ l y .  Jn comparison w i t h s p c t r m  of I, t h e  s p e c t r m  o f f ,  is shkfted 0.3-0.4 ppm downfield 

and the pyrrolo doublets are gone, while the signals fo r  the 3- and 5-protons, now a t  7.34 and 6 9 7  ppn ,  remain 

unchanged. lmtead a lowfieldset  of doublets of a doublet a t  7.56 ppm (J = 7.7 and 1.8 HZ) and a very sharp 

singlet a t  7.43 ppm are observed, both assigned t o  the  protons next t o  the  carbonyis. The singlet is thus 

a s s i p e d  to  the  2-proton and accordingly, one of the carbanyi groups is to  be found in the  I-position. 2- 

substitution is ruled out by canparison of the  chemical shifts for  the  protons affected. Concerning the  

position of the second cartonyl group, 8- or 9-substitution i s  not  in accordance with the  observed s p c t r m  of 

4 b e c u s e  of lack of another lowfield doublet. The distinction between 7- and 10-substitution can not simply - 

be made j lst  by t h e  comparison of the  chemical shifts for the observed signals. The s i g a l s  for either the  7- or 
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or the 10-p-oton in 4 have disappeared m m p r e d  t o  the  s p c t r m  of 1. Decoupling experiments where the 

lowfield and the highfield doublets a t  7.56 and 6.97 ppm were irradiated confirmed the  above assignments and 

also made i t  possible to  determine accurate chemical shifts, coupling constants and tentative a s s ipmen t s  (see 

Tables I and 2). However, since analogom 3 spin systems are ant idpated  with either 7- or 10-substitution, IH 

NMR a l m e  couldnot distinguish between them. In the  r p c t r m  of 2, t h e  two pyrrola doublets are still 

present now at 7.18 and 6.55 ppm respct ive ly  ( J  = 3.5 Hz), also two se t s  of doublets of a doublet are well 

separated and f o m d  a t  6.66 ppm ( J  = 7.4 and 0.9 Hz) a s s i g e d  to  the 5-proton, and a t  7.42 ppm (3 = 7.7 and 1.7 

Hz)  assrgned to  a proton next t o  the  carbonyl group. Again, i t  is obvious tha t  the  observed pattern can only be 

in accordance with 7- or 10-substitution. However, i m p c t i a n  of the  chemical shifts as well as decoupling 

exp r imen t s  again fai led to  distinguish between 7- and 10-substitution. The spectrum of Z reveals that  both 

TABLE l 

PMR Chemical Shifts (6 Valuer) inCDCI3 a t  270C 

C a n ~ o m d  & 3H 4H 5H 7H 8 H  9H IOH CHO - - - - - - - - 
1 - 7.31 6.39 7.04 6.83 6.56 6.92 6.78 6.88 6.97 

2 - 7.45 7.32 7.08 6.97 7.06 - 7.17 -* 7.42 9.98 

3 - 7.18 6.55 7.13 6.95 6.66 7.14 6.97 7.42 10.20 

4 - 7.43 7.34 7.11 6.97 7.30 7.17 7.56 9.68, 9.75 

5 - 6.39 7.04 6.81 6.54 6.94 6.77 6.89 

Protom 8 and 9 a r e  nearly coincident and muld not be resolved on the basis of demupling 
expr iments .  

TABLE 2 

IH  NMR Coupling Constants (Hz) in CDCI) at 27OC 



the  pyrralo doublets are missing and are replaced by a lowfield singlet a t  7.45 ppm, which is in agreement with 

I-substitution. Assignment of the second metallation (and therefore, form ylation) s i t e  in as the 10-pod tian 

was meplivocally made on the basis of comparison of the IH  and 1 3 ~  NMR spectra of I and i t s  

dideuteroderivative ( 5 )  (the la t te r  was prepared by treatment of with excess wbutyl lithium fallowed by 

quenching with deuterium oxide). In the 1~ nmr s p c t r u m  of >(Tables 1 and 2) the  doublet a t  7.31 ppm 

corresponding t o  the I-proton, and the multiplet a t  6.97 ppm corresponding to  the  10-protan, of I are absent. 

The 9-proton simplifies to  a quartet with o r t b  (JgT9= 8.0 Hz) and meta  ( J 7 , y  1.7 Hz) couplings; the &proton 

simplifier to  a quartet with 2 ortho couplings 6.9 Hz and Jg,q= 8.0 Hz), and the  7-proton remains 

essentially unchanged. 

The chemical shift a s s ipmen t s  of the  4 proton spin system of i (pro tons  7, 8, 9and 10) a re  based8, in 

large part, an the chemical shift  assignments of the  corresponding protons in N-substituted phen* 

thiaziner9-14. It rs conceivable, however, tha t  t h e  asr ipments  far  the  7- and 10-protons (which arewi th in  

0.05 ppm) and the  8- and 9-protons (which are within 0.05 ppm) could be reversed, since the  4 protons could be 

uniformly affected by the  fmed-pyrrole ring system. This question was mequimcally resolved, and the  second 

s i te  of metallation confirmed as the 10-position, by examination of the  13c  NMR spectra of - 1 and 5. 
1 3 ~  chemical shift da ta  for and 5 are compared in Table 3. The chemical shift  values and assignments 

f o r  I a r e  in essential agreement with those reported by C a m p ,  e t g I 6 ,  with the  exception t ha t  the assign- 

ments for C-5 and C-I0  are reversed. The use of spcificproton-carbon decoupling confinned the  a s s ipmen t s  

of all proton bearing carbons, including C-5 and C-10. Thus, selective irradiation of H-5 (6.56 ppm) caused the  

carbon doublet a t  116.0 ppm to  collapse to  a singlet and simdarly, selectire irradiation of H-I0 (6.97 ppm) and 

simultaneously H-7 (6.92 ppm) caused the  carbon doublets a t  114.2 and 127.1 ppm t o  collapse to  singlets. The 

a s s ipmen t so f  the  1 3 ~  s i p a l s o f  114.2 ppm as C-7 and 127.1 as C-10, based (in p r t ) o n  comparison with the  

1 3 ~  spectral assignments in phenothiadne13,16, a p p a r  to  be unequivocal. The C1 andC10 protons of 5, 

therefore,  a r e  observed as weak tr iplets  in the  proton coupled s p c t r u m  with J13C2H coupling constants of 

28.2and 24.1 Hz, respectively. The ex&ctedisotopjcshieldngsareobrervedfw the  adjacent carbon 

atoms17, i.e., 0.12 ppm fo r  C-9 and 0.17 for  C-2, adding f u t h e r  confirmation t o  t h e  structrral  ass ipment .  

EXPERIMENTAL 

Infrared s p c t r a  were obtained on a B e c h a n  IR-33 spectrophotometer. NMR s p c t r a  were recorded on a 

Brucker WM (250 mHz) rpec t rme te r  using tetramethylrilane as an  internal standard. The high resolution mass 

spectra were recorded on aVarian MAT 31IA daublefocuringmass spc t rome te r .  

Formylpyrrolo [3,2,1-ld] phenothiazines. To a solution of 1.12g (5  m mol) pyrrolo[3,2,1-kllphenothiazine ( i ) i n  

100 ml & y  ether,  15  m mol rr-hrtyl  l i t h i m  was added a t  room t empera tu re  and under an  argon atmosphere. 

After  5 hours, the  reaction mixture was cooled t o  - 7 0 ' ~  and I.lg (15 m mol) of freshly distilled N,N-dimethyl- 

farmamide was added dropwise. The mixtwe was stirred for  an additional 4 hows a t  r o m  t e m p r a t w e  before 
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Table 3 

Carbon-13 Chemical Shift  Da t a  

Pmi t im  Type Chemical Shift  b p m P  
C m p u n d  1 C a n p l l n d  5 

10, q 134.22 134.20 

2b q 131.83 131.85 

2a 4 127.83 127.85 

9 CH 127.14 127.02 

7 CH 127.10 127.02 

8 CH 124.61 124.58 

4 CH 123.14 123.13 

7a 4 121.37 121.37 

I CH 120.68 (120.mb 

3 CH 117.58 117.57 

5, 9 116.97 116.99 

5 CH 116.00 115.98 

10 CH 114.22 (113.SO)C 

2 CH 105.16 104.99 

a Broad band proton decoupled spectrum in deuterochloroform with 
TMS as t h e  internal standard. 

b Triplet with 3 1 3 ~ 2 ~  = 28.2 Hz 
c Triplet with J l j C Z H  = 24.1 Hz 

It was hydrolyzed with cold water and dilute hydrochloricacid was carefully added until neutral reaction. The 

organic phare was separated, weshed with water  and dried (magnesium sulfate). Evaporation of the  solvent 

l e f t  a crystalline r e r i d e  which was chromatographed (silica/toluene). The products which were eluted and 

isolated in t he  order I ,  3, and 3 a r e  given below along with their physical data. 

Pyrrolo [3,2,-!dl phenothiazine (I), unreacted, 180 rng (16%) was recovered. 

7-Formylpyrrolo [3,2,1-!dl phenothiazine (3), 130mg (1Wb) with mp I10-112•‹~;  IR (KBr): 1635 cm- 1 

(C = 0, s), IH  NMR (CDCl3h see t a b l s  I and 2. Anal. molecular weight c a l cd fo r  Cl5HqNOS: 251.0406. 

Faund (high resolution mass spectrum): 251.0396. 



I-Formylpyrrola h2 , l -k l l  phenothiazine (2), 63 m g  (5%) with m p  1 0 7 - 1 0 9 ~ ~ .  I H  NMR (CDCI3), see tables. 

Anal molecular weight calcd for C15HqNOS: 251.0406. Found (high resolution mass spectrum): 251.0409. 

1,lO-Diformylpyrrola P,2,I-kl] phenothiazine (4), 712 m g  (51%), w i t h m p  M3-205•‹~;  IR (KBr): 1625 cm-I 

(C = 0, m); IH NMR (CDC13): s ee  tables 1 and 2. Anal molecular weight c a l cd fo r  C ~ ~ H ~ N O Z S :  279.0355. 

Found (high resolutton mass rpc t rum) :  279.0345. 

1,lO-Dideuteropyrrolo [3,2,1-kl] phenothiazine (5). According t o  the  procedure described above, 1.12 g (5 m 

mol) pyrrolo U,2,1-kll phenothiazine was reacted with 20 m mol c-butyl lithium. Excess deuterated water was 

added and t he  mixture was w o r k d  up as above giving 1,IO-dideuterapyrroloU,2,1-kllphenothiazine, m.p. 116- 

117OC (Lit. 116-117•‹C for  t he  nondeuterated derivative 1). IH NMR (CDC13): s e e  Tables I and 2. 13c NMR: 

see Table 3. Anal. molecular weight calcd. for  C 1 4 1 ~ 7 2 ~ 2 ~ ~ :  225.0581. Fomd (high resolution mass 

spectrum): 225.0575. 
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