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Abstract - A new pentacyclic heterocycle, 3-benzyl-1,2,3,4-tetrahydr+4H- 

p y r i d o [ 3 ' , 4 ' : 4 , 5 ~ p y r r ~ 1 0 [ 3 , 2 , 1 - k l ] p h ~ - o n e  (3, the frrrt known example af the 

pyrido[3',4':4,5]pyrr010[3,2,1-kl]phenothine ring system (I) has been prepared in seven 

steps beginning with pyrrola[3,2,1-kl]phenafhiarine J?). Key to the success of the synthesis 

i s  the selective metallatron, and subsequent alkylation with ethylene oxide, of 2-[2-pyrrolo- 

[3,2,1-kl)phenothiazmyl]-4,4-dimethyl-2-oxazol~ne ( 2 ) .  

As part of our ongoing program directed toward the synthesis of analogues of the phenathiazine antiprychot~c 

drugs containing conformational restrictmn in the s ~ d e  ~ h a i n l , ~ ,  we have sought to  prepare hexahydro 

derivatives of the pyrido[3',4':4,5]pyrro10[3,2,1-kl]phenotine ring system (Q. This report describes the 

synthesis of the first representative of this pentacyclic system, namely, 1-benzyl-1,2,3,4-tetrahydro-4H- 

pyrido[3',4':4,5]pyrrolo[3,2,1-kl]phenothai-4- (2). 

The general strategy selected for the synthesis of i involved fusion of the 2-pyrido ring system onto the 1,2- 

positions of the readily available%4 pyrral0[3,2,1-kl]phenofhiazine (3). The choice of a protected 2-carboxyl 

derivative, of 3 (the axazoline derivative 2 )  served a dual purpose; i.e., (I)  t o  direct selective metallation and 

subsequent alkylation (with ethylene oxide) a t  the I-posltion to form c a n d  (2) to  provide a functional group 

for cyclilation t o  the lactone 13, the immediate precurser t o t ;  This synthesis is patterned af te r  the one 

recently employed by Ellefron and prodan5 for the preparation of 1,2,3,4-tetrahydro-1-benzothienok,3- 

h]isoqurnoline. 

W e  have recently shown that  pyrrola[3,2,1-kl]phenothiaz~ne (2 metallates with approximately equal facility a t  

the I- and 10-posltions6. Thus, a mixture containing the I- and LO-farmyl- and the 1,IO-diformyl-derivatives 

(6;1 and 8 was obtained on treatment of Jwith a three-fold excess of n-butyl lithium in ether, followed by 

reaction with N,N-d~methylformamide. Treatment o f f  with four equvalents of n-butyl hthium in ether, 

followed by quenching with deuterium o u d e  gave 1,lO-dideutero~yrrolo~3,2,1-kl]phenothiazne 9. The 

structure of 9, and hence the rites of metallation of 5 was confirmed by comparison of the IH and I 3 c  nmr 

spectra of 3 and 2.6-8 
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The 4,4-dimethyl-~2-oxazoline functionality has been effectively utilized for the regioselective artho 

lithiation and subsequent substitution of b e n ~ e n e r ~ 9 1 ~  and pyridinerI 1. It war reasoned that the powerful ortho 

directing influence of this heterocycle could also be employed to ef fec t  selective lithiation of the 

pyrralo~,2,1-kllphenofhia~ine system. Indeed, treatment of the aryloxazoline E w i t h  an excess of n-butyl 

lithium m ether a t  250C followed by quenching with deuterium oxide gave exclusively the I-deutero-derivatwe 

11, as war confirmed by comparison of the 250 mHz IH nmr spectra of 2 and ;. The spectra were identical 
!'- 

wrth the exception that, the signal for the  i-proton (a broadened singlet a t  8.05 ppm) of &and the broadening 

of the signal observed for the 10-proton (a doublet of doublets a t  7.19 ppm) in 3 disappeared in z. 
Presumably the  broadening of these signals is due, a t  least in part, to  long range coupling between the 1- and 

10-protons m LO, which disappears in the I-deutero-derivative. As expected, irradiation of the resonance for + 
the I-proton of 10 caused the broadening of the signal a t  10 -p i t i on  to  disappear. Assignment of the entire 

N 

IH nmr spectrum of 2, determined with the aid of selective dewupling experiments and comparison to  the 

known spectra of ?and26', appears in the Experimental. 

Reaction of t h e  I-lithio-derivative of 10 with ethylene oxide gave the 2-hydroxyethyl compound g. The lat ter  

compound was cychred t o  the lactane A3 in routine fashion. When heated with benzylamine, IJ war converted 



HETEROCYCLES, Vol 20, No 4, 1983 

directly t o  the  t i t le  compound? The oxazoline 10 was obtained from the corresponding acidLacc0rdin.g t o  

established procedures. CompoundLwar prepared by alkaline hydrolysis of the  2-tr~fluoroacetyl derivative (4) 

which, in turn, was obtained by a Fnedel-Crafts type of acylation of 2. Hollins and pinto3 had previously 

shown that  electraphilrc reagents k g . ,  Vilsmeier and Mannich) preferentially at tack the  2-parrtion of? as 

expected. 

EXPERIMENTAL 

Infrared spectra were obtained on a Beckman IR-33 spectrophatometei. Nuclear magnetic resonance spectra 

were recorded on an EM-360 Varran 60 mHz or, in the case of compounds 5 and !!,on a Bruker WM 250 mHz 

spectrometer using tetramethylrilane as an internal standard. 

2-Trifluoroacetylpyrro1o~,2,i-Ulphenothiazine (4). To a solution of 2.23 g ( I0  mmol) of pyrralo[3,2,1- 

k~]~henothiazine (A) in 40 ml of dry dimethylformamide war added 4.20 g (20 mmol) of trifluoroacetic 

anhydrkde a t  OOC. The solution darkened, and af te r  approximately 2 hours a yellow solid began to precipitate. 

The reaction mixture war allowed t o  warm, and after  i t  stood 2 additional hourr a t  25W,  water (100 ml) was 

added. The rolid was collected on a fi l ter ,  washed several times with cold water and then dried 5 vacua a t  

100•‹C for 10 hourr. Recrystallization of the  drled yellow rolid from toluene gave 2.3g (72%) of i a s  thin 

yellow needler; m.p. 198-199%; lr (KBr): V 1660 cm-1 (C*); nmr (CDCI3): 6 8.25 (s, IH, C-1 aromatic 

proton), 6.84-7.88 (m, 7H, remaining aromatic protons). Anal. calcd. for C16HgFjNOS: C,  60.19; H, 2.53; N ,  

4.39. Found: C,  60.45; H, 2.47; N ,  4.41. 

~yrrolo[3,2,1-U]phenothiazine-2-carboxyli Acid (5). Compound 4- (2.3 g, 7.2 mole) was suspended in a solution 

containing 20 ml of methanol and 20 ml of 20% aqueous sodrum hydroxide solution and the mixture was 

refluxed for 6 hours. The clear solutron was then coaled t o  0.5% and acidified with conc. hydrochloric a a d .  

The rolid which formed was collected on a filter, washed several times with cold water and dried for  12 hours 

in a t  100•‹C t o  give 1.8 g (94% crude yield) of ?as a pale green amorphous powder; m.p. 300-301•‹ C; ir 

(KBr): T2400-3315 cm-I (broad series, C02H), 1657 cm-1 G O ) .  It was not possible t o  obtain an nmr 

spectrum of L i n  deuterochloroform, or a satisfactory elemental analysis of i t ,  due t o  poor solubility in organic 

solvents. 

~yrrolo[3,2,1-kllphenothiazine Carbonylchloride. The a c r d l ( l . 7  g, 6.4 mmol) was suspended in 25 ml of 

carbon tetrachloride and 1.27 g (10 mmol) of oxalyl cNoride was added. The mixture was refluxed for 5 hours 

and then the  excess oxalyl chloride and solvent were removed 5 3 (water aspirator), leaving 1.43 g (78%) 

crude yield) of the acid cNoride as a pale green rolid; m.p. 213-40C: i r  (KBr): ?T 1714 cm-I (C.0). Thrs 

compound was used, wrthout further purification, in the  next step. 

2- ~2-~yrrolo[3,2,1-kl]phenothiazin~l]-4,4-dimethyl-2-oxazoline (10). To a suspension of 1.4 g (4.9 mmol) of 

pyrrolo[3,2,I-kl]phenothia~1necarbonyl cNorrde in 40 ml of methylene chloride was added 0.67 g (7.5 mmol) of 

2-amino-2-methyl-I-propanol and the mixture war refluxed for 5 hourr. During this t ime the acid chloride 

slowly dissolved and a white rolid later began to precipitate. After the reaction mixture was cooled t o  25OC, 



i t  war filtered and the  solid collected, washed with cold methylene chloride and dried & =-at IOOC t o  give 

1.6 g (70% crude yield) of t h e  intermediate hydroxy amide as  an amorphous cream-colored powder; m.p. 192- 

1940C; rr (KB~) :  T3317 cm-I (OH); 1607 cm-1 ( G O ) ;  nmr (CDCIj): d 8.03 (5 ,  IH, C-1 aromatic proton), 7.25- 

6.65 (rn, 7H, aromatic aromatic protons), 3.68 6, 2H, CH2), 1.42 (s, 6H, CH3). The hydroxyamide 

derivative without further  purification war refluxed with 4 ml of phosphorus oxycNoride for  2 hours. The 

solution was cooled and 25 ml of ether  was added causing precipltation of the  hydrochloride of 2. The sal t  was 

collected (crude m.p. 250oC), suspended in water and the mixture basified with conc. ammonium hydroxide. 

The solid was then collected on a filter, dried in air a t  25OC overnkght and chromatographed on rilica ( 3 1  

toluene/ethyl x e t a t e )  t o  give 0.61g (58%) of the oxazoline IJ as rhombic yellow crystals; m.p. 151-1530C; ir  

(KBr): Y 1625 cm-1 (C=N), 1272 cm-1 (C-0); nmr (CDCI~) :  d 8.05 (5 ,  aryl I-H), 7.62 (dd, J3,~=8.1 Hz, J3,5=0.8 

Hz, aryl 3-H), 7.19 (dd, J9,10=7.9 Hz, 38,10=1.2 Hz, aryl 10-H), 7.05 (dd, J7,8=7.0 Hz, J7,9=2.0 Hz, aryl 7-H), 

6.98 (dd, J 3 p 3 . 1  Hz, J 4 p 7 . 0  Hz, aryl 4-H), 6.95 (dt, J 9 ~ 0 ~ 7 . 9  Hz, Jg,g= 7.9 Hz, J7,9 = 2.0 Hz, aryl9-H), 

6.89 (dq, 38,9 = 7.9 Hz, 37,s = 7.0 Hz, Jg, l0 = 1.2 Hz, aryl 8-H), 6.67 (dd, J4,5 = 7.0 Hz, J3,5 = 0.8 Hz, aryl 5- 

H), 4.07 (s, 2H, OCHZ), 1.40 (s, 6H, C H 3 )  Anal. calcd. f o r  C19H16N20S: C ,  71.22; H, 5.03; N, 8.74. Found: C ,  

71.22; H, 5.13; N, 8.62. 

2~-~eutero-2-pyrrolo[3,2,1-~]phenothia~n~~-4,4-dimethyl-2-oxazoline ( I  I). To a solution of 0.16 g (0.5 

mmol) of 10 in dry ether  was added 4.5 ml of 1.65 N n-butyllithium (0.75 mmol) a t  room temperature under an 

argon atmosphere. After  5 hourr excesr deuterium oxide was added and the  mixture was stirred an additional 

4 hourr. Dilute hydrochloric acid was then carefully added until the  reaction was neutral and the  ether  phase 

was separated, washed with water  and dried (anhydrous magnesium sulfate). Evaporation of the  solvent l e f t  a 

crystalline residue which was chromatographed on rilica (3.1 toluenelethylacetate) t o  give 0.15 g of a 2:I 

mixture of 10 and IJ according t o  nmr (ratio of C-1 t o  C-3 aryl protons). Repetition of the  procedure using a 

2 fold molar excess of n-butyllithium gave 2 uncontaminated with 2, m.p. 152-153•‹C. The IH nmr spectrum 

of 2 was virtually identical to tha t  of 2 with the exception that  the  singlet f a r  the  C-l  aryl proton a t  8.05 

ppm in I_O was absent in g. 
2-~-(2-~ydroxyeth~l)-~~rr010b,2,l-kllphenothiazi~2-yl~4,4-dimethyl-2-oxzone (12). To a r o l u t i ~ l  of 0.64 g 

(2 mmol) of k i n  40 ml of dry ether  was added 2.2 ml of 1.65 N ~ b u t y l l i t h i u m  (3.5 mmol) a t  250C. After  two 

hours, an excess (approximately 1 ml) of ethylene oxide (condensed in a vial c w l e d  t o  -70% in an acetoneldry 

Ice bath) dissolved in 5 rnl of ice  cold dry ether  was transferred t o  the  reaction flask which had previously been 

cooled to O•‹C in an  icelsalt bath. The reaction mixture was allowed t o  warm t o  250C and stirred a t  that  

temperature f o r  8 hours. It was then quenched with 50 ml of water and t h e  e ther  layer was separated, dried 

(anhydrous magnesium sulfate) and condensed in ((rotary evaporator) t o  give a pale yellow oil. The oil 

was chromatographed on silica (4:l toluenelethyl ace ta te )  t o  give 0.46 g (65%) of z a s  a pale yellow 

crystalline solid, m.p. 126-127•‹C; ir (KBr): Y3250 cm-I (broad, OH), 1625 cm-I (C=N); nmr (CDCI,): 66.60- 

7.50 (m, 7H, aromatic), 4.16 (t, ZH, 1=4.8Hz, CHzOH), 4.07 (s, 2H, rlng CHz), 3.53 (t, 2H, 3.4.8 Hz, ArCHz), 
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1.33 (s, 6H, CH3). Anal calcd f a r  C ~ ~ H Z O N Z O Z S :  C ,  69.21; H, 5.53; N, 7.69. Found: C ,  68.67; H, 5.64; N, 7.51. 

1 ,2-~ ih~dro-4~-pyranob,4 ' :  4,5]pyrrolo[3,2,1-k1]phenoth~azin-4-one (13). The alcohol (0.2 g, 0.57 mmol was 

heated t o  reflux temperature in 25 ml of 6 N hydrochlor~c acid solutmn and then allowed t o  cool t o  250C and 

stand for 2 hours. The reaction mixture became a deeply yellow colored solution on the  addltion of acid and 

then a white precipitate slowly formed. The precipitate was collected an a fi l ter ,  washed with water and dried 

in vacuo a t  IOOOC, t o  yield 0.14 g (84%) of 9 as a white crystalline solid, which war essentially insoluble in 

organic solvents; m.p. 255-2570C; ir  (KBr): V 1705 cm-I (GO) .  Anal. calcd. for  C ~ ~ H I I N O ~ S :  C. 69.61; H, 

3.78; N, 4.77. Found: C,  69.10; H, 3.74; N, 4.70. 

3-~enz~l-1,2,3,4-tetrahydro-4~-pyrido[3: 4,5]pyrrolo[3,2,1-~]phenothiazin-4-one (2). The lactone 9 (0.3 g, 

1 mmol) was heated together with an excess of benzylamine (5 ml) a t  IOOOC f o r  8 hours. The reaction mixture 

war then cooled and rapidly chromatographed on silica using 4:l toluene/ethyl a c e t a t e  as an eluent t o  remove 

the excess benzylamine. The somewhat crude material tha t  remained after the  solvents were removed (rotary 

evaporator) was rechromatographed on srlica (10:l toluenelethyl acetate) t o  give 0.241 g (62%) of 2as a white 

crystalline solid; m.p. 167-16S•‹C; ir (KBr): T I 6 2 5  cm-1 (GO);  nmr (CDC13): 66.67-7.78 (m, 12H, aromatic, 

rncluding 5H for benzyl a t  7.38, 4.70 (s, 2H, CH2); 3.42 (m, 4H, CHzCH2). Anal. Calcd. for  C24H18N20S: C, 

75.37; H, 4.74; N, 7.32. Found: C ,  75.69; H, 4.78; N, 7.27. 
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