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CHAPTER I 

INTRODUCTION 

Cancer chemotherapy haa been a f ield of much intere st and act ivity 

f or the past 15 years . The impetus to the search for an effeet ive chemi""' 

cal agent is the worldwide mortal ity rate f rom cancer , place d by esti

mates at more than two mil l ion people annually . 

Surgery and radiat ion are the be st methods for t he treatment of 

local ize d cancers . However , these techniques cannot be used ef fe ctive ly 

again st scattered cancers or cancers of the bl ood-mak ing or gans . There 

is at pre sent a great e f f ort underway t o  f ind chemical agent s whi ch can. 

be used against the latter type s of cancer. 

Random s creen ing of mater ial s for ant icancer act ivity is the 

re spons ibi l ity of the Cancer Chemothe rapy National Service Center (CCNSG). 

Each compound submitted t o  the CCNSC is teste d  for act ivity aga inst 3 

t ransplanted anUnal tumor s in mice: sol id subcutaneous f orms of sarcoma 

180 and adenocarc inoma 7 5 5 , and t he  as c it ic f orm of leukemia Ll210 . tn 

addition the alkylating agent s , compounds able to replace hydrogen wi�h 

alkyl groups in biol ogically import ant mater ial s , are s ubjecte d to teet s  

o n  the Walker 256 carc inoma wh ich i s  sens it ive to these agents . 

In 195 9  it was esthnated1 that chemical substances were moving 

t hrough the cance r s creen ing program at the rate of 50 , 000 per ye ar . 

Exact f igures are not available on the total number of substances which 

have been tested but the number f or the 1'-year per iod be fore 1960 

1 
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probably was greater than 300 , 000. Crude beers provided by the ant i-

biot ic fermentat ion programs of industry comprise the larger port ion 

of these chemicals.  The number of spec if ic chemical compounds sub-

mitted for test ing had reached 61 , 000 in July , 1961 .  Only 1 67 compounds 

were placed in cl inical trial between 1940 and 1960 and of these , 20 

have proved to be cl inically useful . 

It must be emphas ized that at present most of the cancer chemo-

therapeutic drugs considered t o  be cl inically useful produce only 

temporary remission of one or more of the f orms of cancer , prol onging 

the l ife of the pat ient . However,  there have been a few reports of 

excel lent results brought about by chemotherapy . In 1958 Hertz,  

Bergenstal , Lipsett , Price , and Hilbish2 observed complete remiss ion 

of choriocarc inoma in 5 pat ients for per iods from 8 to 29 months 

through the administrat ion of methotrexate , N-[.�- f[ ( 2, 4-d iamino-6-

pter idinyl )methyl]methylaminoJ benzoyl} glutamic ac id ( I-1 ) . Recently 

I-1 

Hertz , Lewis , and L ipsett3 reported that of 63  women treated for chorio-

carcinoma with methotrexate , 30 had been free of d isease for periods 

from 3 months to 5 years . 

The group of compounds known as alkylat ing agents const itutes 

the major ity of the effect ive cancer chemotherapeut ic drugs. These 

compounds are separated into three classes, nitrogen mustards ( I-2) , 
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ethylenUnines ( I-3) , and methanesulfonate esters ( I-4) , accord ing to 

the funct ional groups which they possess . 

1-2 I-3 I-4 

It is paradoxical that the se med icinals should have the ir origin 

in a war gas . Shortly after World War I Pappenhe imer4 and Pappenhetmer 

and Vance5 publ ished observations on the injection of bis-( 2-chloroethyl)-

sulfide ("mustard gas") into rabbit s . It was found that the inject ions 

markedly diminished the number of leucocytes <!·.1·, white blood cor

puscles ) . Hektoen and Corper6 reported in 1920 that "mustard gas" pro-

foundly modified the leucocyte count of the blood in humans ,  dogs and 

rabbits . Adair and Bragg7 found that the surface appl ication of bi s-

( 2-chloroethyl ) sulfide in absolute alcohol controlled tar cancers in 

mice. Berenblum8 brought about the inhibit ion of the carc inogen ic act ion 

of tars by add ition of "mustard gas" to  the tar. 

The explos ion of a Liberty ship l oaded with 100 tons of mustard 

gas in the harbor of Bar i ,  Italy during World War II played a signifi-

cant part in the treatment of cancer with chemical compounds . S ince 

leukemia , cancer of the bl ood system, is  character ized by the excessive 

formation of white corpuscles ,  the observat ion of profound depression 

of the leucocyte �ount in the men rescued from the harbor prompted the 

test ing of bis-(2-chloroethyl)sulfide in leukemic pat ients . The effee-

t iveness  of the compound was offset by its high toxicity and ves icant 

action .  Compounds structurally related to "mustard gas� with nitrogen 
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in place of sulfur ("nitrogen mustards") were then synthesized and 

tested. 

The compound known specifically as nitrogen mustard, N-methyl-

bis-(2-chloroethyl)amine hydrochloride, was prepared by Prelog and 

Stepan9 in 1935. Satisfactory results in the treatment of Hodgkin's 

disease with this compound were reported by Goodman and Lewis10 in 1946. 

It is now a standard drug for the treatment of leukemia and has been 

used to treat lymphosarcomas and carcinomas of the lung and ovary; h�-

ever, the lethal dose of the drug is quite close to the effective dose. 

Several hundred nitrogen mustards11 have been synthesized and 

tested with the hope that a proper combination of the nitrogen mustard 

group with a second component would yield a drug having a high thera-

peutic index (!_ ·� ·, ratio of lethal dose to effective dose). Nitrogen 

mustards based structurally on physiologically haportant compounds have 

shown promise in this respect. Good results have been claimed by the 

Russians for the phenylalanine mustard, 3-f f- [bis-(2-chloroethyl)amin�

phenylJ alanine (I-5), which was synthesized independently by Bergel and 

Stock
12 in England and by Lar inov

13 in Russ ia . Chronic lymphat ic 

leukemia and lymphocytic lymphoma have been treated successfully with 

chlorambucil, 4-tf-�is-(2-chloroethyl)amin�phenylJbutyric acid (I-6), 

synthesized by Everett, ROberts, and Ross14 at the Chester Beatty Re-

search Institute. 

ClCH2CH
� 
��2-JH-COOH 

ClCH2CH2 H2 

1-5 

ClCH2CH2 )-o-CH2CR,2CH2COOH 

ClCH2CH2 
1-6 
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Tbe physiological act ion of phenoth iaz ine and it s der ivat ives 

has been of cons id�rabl e  hnportance t o  the f ie l d of medic inal chemistry. 

Of part icular intere•t �as been the central nervous system ef fect s of 

N-(dielkyl-.inoalkyl)phenot hiaz ines . 

Recently lt has been demon st rated t�at two of the phenothiaz ine 

tranqu ilizers possess ant icancer activ ity.  Peters , Kra is , and Gartnerl 5  

reported that the treatment o f  mice bear ing as c it ic t umors wit h  a com-

b ination of radium therapr and chloropr omaz ine (I-7} brought about a 

I -7 

st ronger effect in reducing the r ate of ce ll-re product ion and inducing 

destruction of the tumor ce ll s than treatment wit h  e ither agent given 

alone . Fujit a ,  Iwase, Ito , and Matsuyama16 observed an inhibiting 

eff ect ot chl oropranaz ine on the experiment al product
.
ion of carcinoma 

of the live� in rat s fed 4-dbnethyl aminoazobe nzene. In experiments 

17 
performed by Andrejew and Rosenburg inje ct ions of chloropromazine 

s ignif icantly retarded development of tumor of the l ive r in rats but 

did not prevent eventual death . LeB lanc18 re ported a drop in the 

nUmber of le�eocytes in the blood of rats after injection of chloro-

promaz ine . 
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Compaz ine (1-8) has been shown by O'Malley , .Wilhetm , and Flussl9 

1-8 

to increase the "built-in" ability of blood serum to destroy animal 

cancer cel ls. In one study tumor cells treated f or 1 hour with Compaz ine 

and then transplanted into test mice d id not produce new tumors in the 

animals. Tumor regression as well  as the absence of cancer cells at 

·autopsy was observed in another test with Compaz ine by the same workers . 

In 1942 Badger , Elson , Haddow,  Hewett , and Robinson20 reported 

the inhibition of tumor growth by known carcinogens and closely re lated 

��pounds .  In the exper iments the Walker carcinoma 256 was transplanted 

into two groups of 12  to 15  alb ino rats.  Each animal in the tr ial group 

received an injection of a solution or suspension of the test compound. 

The control group was injected with the solvent . Two of the compounds 

which produced a significant inhibit ion of tumor growth were 7R-d ibenzo

�. � phenothi•z ine and 14H-d ibenz o [a , � phenothizine , re lated structurally 

to the dibenzanthracenes .  The 10-me�hyl derivat ive of 7R-benzo [c} 
phenQthiaz ine and 12-methylbenzG[a] phenothiaz ine also exhibited act ivity• 

The evidence cited above f or  the physiological activity of the 

nitrogen mustards and the phenothiaz ine derivat ives indicates that a 
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combinat ion of these two types of molecule s would be of interest . It 

has been the main purpose of this  research to synthes ize a n�ber of 

N-( 2-ehloroethyl) and N-f2- [bia-( 2-chloroethyl )amin�]ethyl} derivative s 

of phenothiaz ine ( 1-9) , 7H-benzo [c]pbenothiazine ( 1-10) , 7H-dibenzo

[e ,  � phenothiaz ine ( 1-11 ) and 14R-d ibenzo [a , b.]phenothiaz ine ( 1-12) for 

H 

I-ll 

_f) 

oc;u 
H 

1-10 

1-12 

evaluat ion a s  potential cancer chemotherapeutic agent s . The synthes is 

of 14H-dibenzo [a , c] phenothiazine ( I-13) and certain of its derivatives 

f 

OCN I 

I-13 

W$S also  undertaken since there has previous ly been essential ly no in-

formation in the l iterature on this heterocyc le . The metalation of 



8 

the three d ibenzophenothiaz ines mentioned above wa s stud ied to determine 

the pos it ion of the entering metal atom. This reaction al lows  the in

troduct ion of subst ituent s into polynuclear , heterocycl i� systems in 

a highly select ive manner .  



CHAPTER II  

HISTORICAL 

A .  Nomenclature 

The compound known as phenothiaz ine was originally cal led 

"thiodiphenylamine" by Bernthsel;l ,  21 the father of phenothiaz ine chemistry .  

Two other names , phenthiazine and 2 ,  3 : 5 ,  6-dibenzo-1 ,  4-thiaz ine , have 

appeared in the literature . The benzo- and d ibenzophenothiaz ine s.were 

also named or iginally as sulfur der ivat ives of d iarylamines . The Ring 

Index22 has rel ieved some of the confus ion in the nomenclature of these 

compounds by l isting not only the presently accepted name but als o  the 

obscure des ignat ions found in the literature . 

The numbering of the phenothiaz ine nucleus (II-1 )  used in this 

II- 1 

d issertat ion is that employed by Chemical Abstracts and the Ring Index . 22 
. 

Another numbering (II-2) s imilar to that of anthracene is used in 

Be ilste in. 23 

9 

I 
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5 
1 

4 

6()(1 :o�3 

� h-2 s 
8 9 

II-2 

10 

Or iginally the pos it ions of fus ion of benzene rings in benzo-

and d ibenzophenothiaz ine s were ind icated by the numbers re pre sent ing 

adjacent posit ions on the phenothiaz ine nucleus . Be s ides be ing c�be r

some , this method ne ce ss itated a renumber ing of the ent ire polycyc l ic 

system t o  de s ignate the pos it ions of s ubst itutue nt s . This d iff iculty 

is c ircumvented by letter ing the per ipheral s ides of the phenothiaz ine 

nucleus be ginning with "a" for the s ide "1, 2 , "  "b" for "2 , 3 , !' etc. 

The name 3 , 4 : 6 , 7-dibenz ophenothiaz ine then be comes 7H-dibenz o � , � -

phenothi�zine. 

Another problem in nomenc lature invol ve s atoms c�l led "ind icated 

hydrogen . "  All of the known phenothiaz ine & exce pt two have de r ivat ive s24 

( 11-3) in which hydrogen is not on the n itrogen atom of the parent 

compound but appears t o  be elsewhere in the molecule ( 11-4). Two or 

11-3 

more isomers d iffering only in the pos it ion of a hydrogen atom must be 

d ist inguished in some manner . The pr act ice followed by Chem ical Abstract s 
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and t he Ring Index is t he use of a prefix indicat ing the pos it ion of 

t he hydrogen at om. The only exce pt ion to t he  rule among the canpounds 

of intere st in this the sis is phe nothiaz ine itself in which case the 

hydrogen is indicate d  only when in a pos ition other than "1 0." 

B .  Chemistry of Phenot hiazine 

1 .  Pre paJ""at ion 

The earl iest recorde d  synthe sis of a phenothiaz ine compound can 

be trace d  back to 1 876 when Lauth2S heated �phenylenediamine and sul

fur. The action of ferric chloride on the hydrochl or ic ac id solut ion 

of the react ion product produced a purp le dye , Lauth's vi olet (Il-5). 

In a sbnilar manne r Caro2 6  synthe s ize d methylene b lue (11-6) from � 

aminodimethylan il ine in t he same year . 

�� 
N H��H2 

+ 

cl-
+ 
Cl-

rr-s II-6 

The st ructure s of the two dyes were unknown until the work of 

Bernt hsen showed that they were de rivatives of phenot hiaz ine. In 1883 

Bernthsen21 
heate d diphenylamine and sulfur at 250-300° unt il the evolu-

t i on of hydrogen sulfide had ceased . He obtained a product which he 

cal le d.thiodiphenylamine. N itration of the compound with fuming nitric 

ac id produced two din it rophenot hiaz ine sul foxide isaners. One of the 

isomers was reduced t o  3, 7-diaminophanothiazine , the oxidat ion of which 

yie lded Laut h's violet . 27 
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The react ion of d iphenylamine and sulfur was greatly improved 

by Ackermann ' s  introduct ion of a number of catalysts in a series  of 

German patents . He accompl ished the thionation of diphenylamine and 

its der ivatives in 93  per cent yield and in a short time by the add i-
28 tion of aluminum chloride to the reactants . The catalyst used most 

commonly today, iodine,29 was mentioned in a second patent which also 

included aluminum bromide, aluminum iodide, ferr ic chloride, ant imony 

trichloride, cuprous iod ide and sulfur d iiodide . 

There have been a number of modificat ions employed in the synthes is 

of phenoth iaz ine . Bernthsen30 in 1 885 obtained the compound from a mix

ture of diphenylamine, sulfur dichlor ide and sulfur . Holzman31 produced 

phenothiaz ine in 41-45 per cent yie ld by the react ion of d iphenylamine 

and sulfur dichlor ide in benzene . The react ion by Hofmann32 of a mix-

ture of an iline, anil ine hydrochloride and sulfur at 1 95• yielded pheno

thiaz ine in small amounts .  Ge ige r and Beck33 in 1947 obtained a product 

of at least 95 per cent pur ity by sweeping out the hydrogen sulf ide as 

it was formed in the thionat ion . N itrogen, carbon d ioxide, air and 

superheated steam were employed in this process . 

The react ions and der ivat ives of phenothiaz ine are discussed ex

tens ively in a review by Mas s ie34 and in the doctoral dissertat ion 

(Univers ity of Virginia) of Schmalz . 35 

2. N itrogen Mustard Der ivat ives 

The s imple st nitrogen mustard der ivat ive of phenothiaz ine , 10-
36 ( 2-chloroethyl)phenothiaz ine, was prepared by Spatz and Kolbezen and 

subsequent ly by Gilman and Shirley36 who used the compound as an inter-



13 

mediate in the synthesis of dialkylaminoalkyl der ivatives of pheno-

thiazine. The preparation of the compound involved the reaction of 

phenothiazine with �-butyllithium to produce 10-lithiophenothiazine 

followed by the addition of 2-chloroethyl R-toluenesulfonate. 

A recent abstract of a French patent37 reports the preparation 

of a series of eleven phenothiazine nitrogen mustards. Ten of these 

compounds are of the type 10-�-(2-chloroethyl)aminoalky�phenothiazine 

(II-7) in which only one 2-chloroethyl group is attached to a nitrogen 

II-7 

atom. The remaining compound is 2-chloro-10-[3-[bis-(2-chloroethyl)

amin� propyl}phenothiazine, the nitrogen mustard analog of chloro-
1 

promazine (1-7). A typical synthesis involved the preparation of 10-

[2-(2-hydroxyethylethylamino)ethy�phenothiazine in 85 per cent yield 

by heating 70 g. of l0-(2-chloroethyl)phenothiazine with 180 g. of 

ethylaminoethanol and 7.5 g. of powdered copper for 20 hours at 100°. 

Conversion of the hydroxy compound to the mustard hydrochlor ide was 

accomplished with thionyl chlor ide in benzene in a yield of 54 per 

cent. No published reports of tests of these materials for anticancer 

activity have been found. 



C. Chemistry of the Benzophenothiazines 

1. 12R-Benzo [a] phenothiazine 

14 

In 1890 Kym38 reported the pre par at ion of 12H-benzo [a] pheno

thiazine by the thionation of N-phenyl-1-naphthylamine at 210-240° for 

6 hours. Knoevenagel39 and Kehrman and Dardel40 �proved the synthesis 

by the use of iodine as the catalyst for the reaction. A German 

patent41 described a procedure for the preparation of 12H-benzo[�pheno

thiazine from a mixture of aniline, 1-naphthylamine, sulfur and iodine. 

The chemistry of 12R-benzo[ a] phenothiazine has been investigated 

in this laboratory by Talukdar and Shirley42 and by Waters.43 Talukdar 

and Shirley 42 obtained a yield of 80 per cent of 12R-benzo [a] pheno

thiazine melting at 135-137° by heating a mixture of N-phenyl-1-

naphthylamine, sulfur and a small amount of iodine at 180-185° for 25 

minutes. Nuclearly substituted 12H-benzo[a] phenothiazines were prepared 

in a similar manner by the same workers from substituted N-phenyl-1-

naphthylamines. Several 12-(d ialkylaminoalkyl) benzo [a] phenothiazine 

analogs of the phenothiazine tranquilizers were prepared by Talukdar 

and Shirley42 for pharmacological evaluation. 

Using procedures essentially the same as those described in a 

recent publication by Shirley , Sen , and Gilmer , 44 Waters43 prepared 12-

( 2-chloroethyl)- and 12--�2-[bis-( 2-chloroethyl)aminci} ethyl) benzo [a]

phenothiazine for testing by the Cancer Chemotherapy National Service 

Center. A literature survey of the derivatives and reactions of 12H

benzo[a]phenothiazine can be found in the thesis of Waters.43 



15  

2 .  7H-Benzo[c] phenothiazine 

The synthes is of 7H-benzo �]phenoth iaz ine was descr ibed in 1890 

b 38 . y Kym who obtained the compound from the reaction of N-phenyl-2-

naphthylamine and sulfur . The react ion was fac ilitated by the use of 

iodine as catalyst, employed f irst by Knoevenage139 and later by 

Kehrman and Darde l . 40 The latter investigators carried out the react ion 

at reduced pressure ( 12-15  mm.) at a temperature of 200• for 2 hours 

and obtained a yie ld of 80 per cent . 

Tatum45 and Scbmalz35 reported d iff iculty in repet ition of pre

vious procedures  for the preparat ion of 7R-benzo[c]phenothiazine . TattD45 

in this laboratory stud ied var ious thionat ion methods and found that re-

act ion of an intimate mixture of N-phenyl-2-naphthylamine , sulfur , and 

iod ine at 17,-180• for 20 minutes gave the best re sults . He reported 

yie lds of 46-61 per cent and a melt ing point of 180-181°  for material 

recrystall ized from benzene . 
45 , 46 Shirley and Tatum prepared a series  of 7-(dialkylaminoalkyl )-

benzo [c] phenoth iaz ines s imilar to  the act ive phenothiaz ine tranquil izers . 

The synthe s is of these compounds involved t he re action of 7H-benzo [c] 

phenothiazine or one of "its derivat ives with sodamide fol lowed by the 

addit ion of a d ialkylaminoalkyl chloride . The products were purified 

by d istillat ion in vacuo. 

Little i s  known about substitution react ions on the nucleus of 

7H-benzo [c] phenothiaz ine . Schmalz35 carried out the nitrat ion and 

formylat ion of the nucleus , but d id not determine the pos itions taken 

by the enter ing groups • . 
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47 
Recently Shirley and Gopalreddy inve st igated the Fr iede l-

Craft s acylat ion of 7-acetylbe nzo[c] phenoth iaz ine . Earl ier work by 

. Baltzly,  Harfen ist , and Webb
48 

had shown t hat react ion of 10-acetyl-

phenothiaz ine with acetyl chlor ide and aluminum chlor ide at the boil ing 

po int of carbon d isulf ide yielded 2 , 10-d iacetylphenoth iaz ine .  With an 

exce s s  of acetyl chl or ide Miche ls and Am�tutz 49 obta ined 2 , 8 , 10-tr i-

acetylphenoth iaz ine . 50 Burger and Clement s in 1954 reported the acyla-

t ion of 7-acetylbenz o[c] phenothiaz ine but d id not establish the struct ure 

of the product . Shirley and Gopalreddy47 repeated this work and obtained 

7 , X-d iacetylbenz o[c] phenoth iaz ine , m.p . 203-204° . The compound was 

ox id ized by a modif ied iodoform re act ion t o  X-carboxy-7R-benzo[c] pheno-

thiaz ine , m . p .  156-157• with decompos ition .  Wolff-Kishner reduct ion of 

X-aeetyl-7R-benzo[c] phenothiaz ine gave X-ethyl-7H-benz o(c] phe nothiaz ine , 

m . p .  208-209•  with decompos it ion .  
* 

The 8 ,  1 0 ,  and 9 ( 11) -ethyl der iva-

t ives of 7H-benzo [c]phenothiaz ine were prepared but the X-ethyl canpound 

d if fered f rom each of·these . The X-carboxy der ivat ive was shown to be 

d ifferent from 6-carboxy-7H-benz o[c] phenoth iaz ine prepared pre viously 

by Tat um .45 
• 

At this point the informat ion is of a ne gat ive nature , exclud ing 

the 6, 8 ,  9 (11 )  and 10 pos it ions as sites of acylat ion . It seems like ly 

that the react ion occurred at the 5-posit ion of 7H-benz o �l phe not hiaz ine 

(11-8) s ince this correspond s t o  the 2-pos it ion of phenoth iazine . 

*Thionat i on of N-( �-ethylphenyl)-2-naphthylamine could give e it her 
the 9- or 11- isome r. 
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A canplete 1 iterature survey of the chemistry of 7H-benzo[ c] 

phenothiaz ine from its or iginal synthe sis to 1958 is contained in the 

doctoral d issertat ion of Tatum . 45 

3 .  12H-Benzo[b] phenothiazine 

The information in the l iterature on the third isomer , 12H

benzo [b] phenothiaz ine ( II-9) is  rather l imited . Frie s and Kirkow51  

I I-9 

prepared the compound in 1922 as one of a ser ies  of stud ies by Fries 

on the chemistry of 2,3-d ich1ord-1 , 4-naphthoquinone . A der ivat ive of 

the latter compound , 2-ani1 ino-3-mercapto-l ,  4-naphtho,quinone , was 

oxid ized with a ir in boil ing alcohol . The product of the react ion was 

12H-benzo[b] pbenothiazine-6,11-d ione ( II-10) which , when reduced by 

warming for 1 hour with a large excess  of stannous chloride in glac ial 

acet ic acid , yielded 12H-b�nzo [_b] phenothiaz ine ,'m . p .  277° . Les s  vigorous 

reduct ion with stannous chlor ide yie lded 6 ,  ll-d ihydroxy-12H-benzo[b] -
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phenothiazine. Fries and Kohler52 have reported the synthesis of addi

tional derivatives of 12H-benzolb] phenothiazine-6, 11-dione. 

D. Chemistry of the Dibenzophenothiazines 

1. 7R-Dibenzo[c, tJ phenothiazine 

Ria 53 in 1886 reported the original synthesis of 7H-d ibenzo [c, �

phenothiazine. The compound, which he called thio-�-dinaphthylamine, 

was p�oduced by the reaction of a mixture of di-2-naphthylamine and 

sulfur at 250• for 10 hours. The yellow product melted at 236° after 

recrystallization fran benzene. Ris53 heated 7H-dibenzo[c,h.J pheno-

thiazine with copper powder in a carbon dioxide atmosphere and 78-

dibenzo[c, �carbazole (II-11), m.p. 170°, distilled fran the mixture. 

II-11 

The melting point observed by Ris for 7H-dibenzo [c,g]carbazole was 
54 ca. 10 degrees higher than that reported earlier by Walder. However, 

Ris53 prepared a picrate derivative of the compound, the melting point 
54 of which agreed with the value of the picrate prepared by Walder. 
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Ris53 also reported the conversion of 7R-dibenzo [c,� phenothiazine to 

7H-dibenzo � ,h] phenoxazine (II-12) by means of a sealed tube reaction 

at 250-280• for 2-3 hours using a copper-copper oxide catalyst. A 

structure proof for the dibenzophenoxazine was not given. 

In 1888 Kym55 synthesized 78-dibenzo [c,� phenothiazine by the 

treatment of di-2-naphthylamine with sulfur dichloride in benzene. The 

first mention of the use of iodine as a catalyst for the preparation 

of 7H-dibenzo [c,h] phenothiaaine was contained in a German patent41 in

volving the reaction of 2-naphthylamine, sulfur and iodine. Shortly 

after the appearance of the patent Knoevenage139 gave a detailed de

scription of the reaction. He heated a mixture of 2-naphthylamine, 

�ulfur and a small amount of iodine at a bath temperature of 200• for 

2.5 hours and obtained an 80 per cent yield of material melting at 228•. 

Repeated recrystallization from benzene raised the melting point to 236•. 

Knoevenage139 also reported yields of 80-90 per cent !or the preparation 

of 7R-dibenzo[c,�phenothiazine from sulfur and di-2-naphthylamine with 

or without iodine. Later Kehrman and Christopoulos56 also obtained a 

yield of 80 per cent by heating di-2-naphthylamine and sulfur for 10 

minutes at 200-210•. 

In 1937 Fang, Liu and Sah57 reported the reaction of di-2-naphthyl-

amine, sulfur and a few iodine crystals. The mixture was heated in a 
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bath at 190° until the reactants solidified (5 minutes). Yellow 

need�es, m.p. 222-223°, were obtained from toluene in almost quanti-

tative yield. The structure for the product of the reaction listed 

in the index of Chemical Abstracts and given in the abstract in 

Chemisches Zentralblatt corresponds to 13H-dibenzo[b,� phenothiazine 

(11-13). The designations "p-naphththiazine" and "thiodi-p-naphthyl-

11-13 

amine" are used in both abstractsD 22 The Ring Index lists "�-

napthiazine'11 as another name for 13H�dibenzo[b, �phenothiazine and 

"thio-:-�-dinaphthylamine" as a name for 7H-dibenzo[c,h] phenothiazine. 

The contradictions in nomenclature in both abstracts are apparently 
57 due to the naming of the canpound by Fang, Liu and Sah. The product 

of the reaction must have been 7H--dibenzo[c,� phenothiazine, since the 

reactants and conditions employed were essentially the same as those 

used earlier by Knoevenage1.39 The Chine se worker s
57 formed a picrate 

derivative, m.p. 250-251°, which checks well with the picrate of 7H

dibenzo[c, h] phenothiazine obtained by Ria. 53 

A literature search for derivatives of 7H-dibenzo [c, � pheno-

thiazine revealed only one nuclear substitution at a position other 

than 7 (N ) or 14 (S). Scholl and Seer58 in 1911 reported the reaction 

of 7H-dibenzo[c,�phenothiazine, phthalic anhydride, and aluminum 

chloride at 145°0 The crude material obtained from the reaction was 
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cyclized by heating at 140• with concentrated sulfuric acid. No physical 

constants or structure were given for the black product which the in-

vestigators called "thiodinaphthanthraquinonylamine." The same workers 

performed a sUnilar transformation on phenothiazine and obtained a 

product which they called thiodianthraquinonylamine (11-14). S�ilar 

11-14 

structures can be drawn for the reaction of 7H-dibenzo.(c, � phenothiazine 

(11-15, 11-16) but they do not seem to correspond to the nomenclature 

used by Scholl and Seer.58 
0 

II-16 

A number of N-alkyl and N-acyl derivatives of 7R-dibenzo [c, h] -

phenothiazine have been prepared. Few instances of the formation of N-

substituted pbenothiazines by thionation of tertiary amines are recorded. 

However, Kym38 employed this unusual method for the synthesis of 7-

methyl- and 7-ethyld ibenzo �, h] phenothiazine o Reaction of N-methyl-dl-

2-naphthylamine and sulfur at 230-240° for 5 hours yielded the 7-methyl 

derivative, m.po 284-285°. A satisfactory yield also was obtained by 



the reaction of the same amine with sulfur d ichlor ide . His third 

pre par at ion of the methyl canpound involved a sealed tube reaction 

of 7H-dibenzo [c ,  � phenothiaz ine and methyl iod ide in methyl alcohol 

22 

at 1so• for .5 hours . Kym38 prepared 7-ethyld ibenzo [c , h] phenothiaz ine , 

m . p. 212-213• , from N-ethyl-di-2-naphthylamine and sulfur dichlor ide 

and from 7H-d ibenzo [c ,� phenothiazine and ethyl iod ide in a sealed tube 

react ion s imilar t o  the one described above. 
l 

A series  of interest ing carbonyl derivat ives was prepared by 

Paschkowetzky.�9� The react io� of 7H-d ibenzo � ,� phenothiaz ine with 

phosgene in toluene at 160-170° yielded the M-chlorocarbonyl derivat ive , 

which when allowed to react with  sod ium phenoxide, ammonia , an iline or 

7H-dibenzo[c , � phenothiaz ine formed .the products 11-17 , 11-18 , 11-19, 

and 11-20 . In the f igure below Z-NH represents 7H�d ibenzo �, � pheno

thiaz ine . z-aJ.o.o 
11-17 

NH3-Al cohol 
... 

140.-14.5° , Z-Jij_11H2 

Z-N-Ll 
' 11-18 

0--H 2 
" 

xylene , z-•-ln{) 

11-19 

Z-NR-xylene " Z-N-lN-Z _, 280° ( sealed tube)  
· 11-20 
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A few react ions involving the sulfur atom ot 7R-dibenzo[c , h] 

phenothiaz ine are descr ibed in the l iterature . Kehrman and Darde l40 

found that react ion of the d ibenzo compound with d imethyl sulfate 

fol lowed by treatment with perchlor ic acid gave 7 , 14-dihydro-14-methyl

dibenzo [c , hJ phenazathionium perchlorate ( II-21 ) in 55 per cent yield . 

I I-21 

Sodium hydroxide converted an aqueous solut ion of the methyl sulfate 

salt to 14H-14�ethyld ibenzo [c ,� phenothiaz ine ( II-22 ) , m.p. 1 60-165°. 
CH30S03

-

CH3 7 
d+ NaOH ) 

I I-22 

The 7 , 14-dihydro-7 , 14-dimethyld ibenzo � ,� phenazathionium salt was pre

pared by the same workers in a similar manner fran 7-methyld ibenzo [c , � -

phenoth iaz ine and dimethyl sulfate. 
Kehrman and Christopoulos56 reported the format ion of 7H-dibenzo

� .� phenothiaz ine-9-oxide by oxidat ion of the pa�ent compound �ith 

sod ium nitrite . The col or less  needles decomposed at 212• without melt ing . 

2 .  14H-DibenzoCa ,  j] phenothiazine 

The or iginal preparat ion of 14R-dibenzo [a, j] phenothiazine was 

reported by Kehrman , Mis s l in and Gressly60 in 1 902 . A mixture of 
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d i-1-naphthylamine and sulfur was heated f or 6 hours at a temperature 

of 230-240 • and orange-yellow plates ,  m.p. 176-177•, were obtained. 

Knoevenagel's39 introduct ion in 1914 of iod ine as a catalyst for the 

react ion resulted in yields of 50-60 per cent of pure mate rial , m.p. 

176• , from the react ion of amine , sulfur and iod ine for only 9 minute s  

at 1 63• . Later Kehrman and Dardel40 reported yields of 60-7 0 pe r  cent 

us ing iod ine as catalyst and a react ion t ime of 2 hours . Kehrman , 

Gressly , Chiffere and Ramm61 f ound �hat 14H-d ibenz o[a, j]phenothiaz ine 

melted at 1 64-1 66 •  in a s'aled tube unde r an atmosphere of carbon d i-

ox ide . 

Recently Waters43 attempted the synthesis of the compound . He 

expe rienced d if f i culty with purif ication of the easily oxid ized reaction 

product. Previous de scr ipt ions of 14H-d ibenzo [a, .1] phenothiazine 40' 61 

had indicated that oxidat ion occurred read ily , espec ially in solution. 

Only a few de rivatives of 14H-d ibenzo [a, j] phenothiaz ine are known. 

Kehrman and M isslin24 formed 5H-d ibenz o [a , j) phenothiaz in-5-one ( 11-23) 

by oxidati on of the parent compound with ferr ic chloride in the pre sence 

of aniline hydrochloride followed by hydrolys is of the anilino compound 

with water. 

+ 0+ NH3 Cl-

11-23 
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Kehrman and Darde l prepared 7 , l�dihydro-7-methyld ibenzo [a , jJ -

phenazathionium perchlorate by the react ion of 14H-dibenzo [a , j] pheno

thiazine with dU9ethyl sulfate followed by treatment with perchlor ic 

acid .  Sod ium hydroxide converted the colorless salt to 7H-7-methyl

dibenzo [a , j] phenothiaz ine (II-24) , which was obtained as golden yellow 

needles , m.p . 141• . 

II-24 

The only N-substituted der ivat ive found in the l iterature is the 
61 14-acetyl derivat ive prepared by Kehrman , Gressly ,  Chiffere and Ramm 

from a mixture of 14H-d ibenzo [a , � phenothiazine , acet ic anhydride and 

z inc chlor ide . The same workers prepared the nitrate , perchlorate and 

chloroferrate salts of 14H-dibenzo � , � phenothiazine but reported n� 
physical constant s .  

3 .  14H-Dibenzo�,� phenothiaz ine 

The f irst mention of 14H-dibenzo � .� pbenothiazine is in a 1923 

paper by Kehrman , Gressly , - Chiffere and Ramm. 61 However , the authors 

ind icated that the preparat ion had been described 20 years earl ier in 

a dis sertation by Gressly .  A mixture of 1 , 2 ' -dinaphthylamine and sul-

fur was heated for 1 . 5-2 hours at 240• . Orange-yellow pr isms , m . p .  

185-186• , were obtained from benzene . The same workers prepared the 

nitrate , p icrate , and perchlorate salts but d id not report the ir melt ing 
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points . They al so f ormed 5H-d ibenz o � , h] phenothiaz in-.5-one , m.p . 2.56-

2.570, by the ox idat ion of 14H-d ibenz o �. h] phenothiaz ine with ferr ic 

chlor ide in a mixture of water and acet ic acid. 

Several B-subst ituted derivatives of the compound were prepared 

by Waters . 43 He obtained the 1 4-methyl, 14-( 2-chloroethyl ) ,  and 14-

[2-( d iethylamino)ethy� der ivat ives by the react ion of 14H-d ibenzo

[a , � phenothiaz ine with �-butyll ithium , followed by the add it ion of the 

appropr iate sulf onate ester or alkyl chlor ide. The 14-acetyl der ivat ive , 

m. p .  191-193• , was obta ined by the act ion of acetyl chlor ide and zinc 

chloride on 14H-d ibenzo � ,� phenothiaz ine . The acetyl sulf one de riva

tive , m . p .  240-241 • ,  was prepared by oxidat ion of 14-acetyld ibenzo-

� . hj phenothiaz ine with hydrogen perox ide in glac ial acet ic ac id. The 

acetyl group was removed in bo il ing alcohol ic sod ium hydroxide to yield 

14H-d ibenz o[a , � phenothiaz ine- 7-d ioxide wh ich melted above 405 ° . 

4. 1 3H-Dibenzo[!>,iJ - ,  5H-D ibenz o[a ,  !J- and 7H-Dibenzo [i>,h) phenothiaz ine 

Es sent ial ly all of the inf ormat ion in the l iterature concerning 

these three isomers is conta ined in the work of Fries on the react ions 

of 2 , 3-d ichloro-1 , 4-naphthoquinone . In 1923 Fries and Ochwat 62 reported 

the react ion ( Il-25) of 2-an ilino- 3-mercapt o-1.4-naphthoqu inone with 

+ I I� 
c1xp0 
Cl � 

11-25 
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2, 3-d ichloro-1 , 4-naphthoquinone . The product , 1 3-phenyld ibenzo [b ,  i] -

phenothiaz ine-5 , 7 , 12 , 14-tetrone , in boil ing nitrobenzene or in acet ic 

acid containing a small amount of nitric acid was converted to the cor-

respond ing carbazole ( 11-26) . 

) 

II-26 

The reaction of 2-amino-3-mercapt o-1 , 4-naphtboquinone with 2-

amino-3-chloro-1 , 4-naphthoqu inone by Fries and Ochwat62 resulted in the 

format ion of a compound , the elemental analys is of which corres�onded 
I A structure ( 11-27) corresponding to  SH-6-amino-

dibenzo �' q phenothiaz ine-5 , 8 ,  1 3-tr ione was proposed for the brownish 

yel low material which me lted above 360°. 

0 
2 

+ 

Ethanol > 
Boil 1 hr . 

11-27 

A synthes is s imilar to that of 12H-benzo [b]phenothiaz ine-6 ,  11-

d ione yie lded the quinone of 7H-d ibenzo[b ,h] phenothiaz ine . 52  The inter .. 

mediate , 2-(2 ' -naphthylamino)-3-mercapto-1 , 4-naphthoquinone , was pre-

pared by react ion of 2 , 3-d ichl oro-1 , 4-naphthoquinone with 2-naphthyl-

amine followed by convers ion with s od ium sulf ide to the mercapto de-

r ivative. Air oxidation of the intermed iate in boil ing alcohol re sulted 



28 

in the formation of 7H-d ibenzo[b ,� phenothiaz ine-8 , 1 3-dione ( II-28) . 

of;x9 , «r;B 
II-28 

The product was obtained in the f orm of deep green-blue crystals ,  m . p .  

Another reference t o  7H-dibenzo [b ,h]- and 1 3H-d ibenzo [b ,  i) 

phenothiazine is taken from the work of Kym.55 His treatment of 2-

d inaphthylamine with sulfur dichlor ide in benzene produced 7R-dibenzo

[c ,  h] phenothiaz ine as the main product . However , he al so isolated from 

the react ion mixture a small amount of a compound the e lemental analys is 

of which showed it to be a new d ibenzophenothiaz ine . The almost white , 

microscopic needles were sparingly soluble in benzene and melted at 

ca . 289• . A sample placed in a bath at 2ao• did not melt until the 

temperature had reached 307• . Kym did not propose a structure but the 
63  ed itors of Beilstein logieally indieated that the compound was e ither 

7H-dibenzo[b , h] phenothiaz ine or 1 3H-dibenzo [b , !} phenothiaz ine • 

.5. 14R-Dibenzo[a, �]phenothiaz ine 

Only one refer�nce to  14R-d ibenzo [a , c] phenothiaz ine ( 11-29) was 

found in the l iterature . Pacault64 in 1946 reported the results of a 

H 

0: 
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study of magnet ic suscept ibil it ies  of a large number of compounds . 

Included in the list were phenothiaz ine and "dibenzo-1 , 2 , 3 , 4-pheno-

thiaz ine ."  However ,  no record of the synthes is or phys ical constants 

of the compound could be uncovered . The latest ed it ion of the Ring 
�22 l ists 14H-dibenzo [a , � phenothiaz ine , but cites the work of 

Pacault , described above , as the only reference . 

E .  Metalat ion of the Phenothiaz ine a 

The or iginal investigat ions of the metalation of phenothiaz ine 
65 66 were conducted by Gilman , Shirley and Van Ess . ' They found that 

the reaction of phenothiazine and �-butyllithium followed by the add i

t ion of sol id carbon d ioxide to the mixture gave a 52 per cent yie ld of 

1-carboxyphenothiaz ine 65 (II-30) . 

11- 30 

A d ifferent or ientation was shown to prevail in N-substituted 

phenothiaz ines . 66 The s�e workers obtained poor yie lds  of monocar-

boxylic acids  ( 11-31 , I I-32 )  from the metalation and carbonation of 

II-31 II-32 
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10-ethyl- and 1 0-phenylphenothiaz ine . Degradat ion of the carboxyl ic 

ac id der ivative of 10-ethylphenothiaz ine with hydroiodic acid yie lded 

3-carboxyd ipbenylamine ( II-33) which would be produced from e ither the 

II-33 

' . 

2- or the 4-carboxy isomer �  In a s bnilar manner the 1 0-phenyl ac id was 

degraded to  3-carboxytripbenylamine . S ince previous work67 • 68 had 

shown the tendency for metalation to occur � to a hetero atom , the 

structure correspond ing to 4-carboxy-10-ethylphenothiaz ine was as s igned 

to the acid . Later wark48 • 49 on the Friedel-Crafts acylation of 10-

acetylphenoth iaz ine has shown that the proposed structure was correct . 

The inve st igation of the metalat ion of 1 0-methylphenothiaz ine 

with !-butyll ithium by Goan69 also demonstrated orientat ion in the 4-

pos ition .  4-carboxy-10-methylphenothiaz ine was obtained in a yie ld of 

43 per cent . 

The metalat ion of 10-ethylphenothiaz ine-�-oxide with �-butyl

lithium by Nelson7° resulted in the format ion of 4-carboxy-10-ethyl-

phenothiaz ine . 
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Recent studie s  in this laboratory have shown that 7H-benzo [c]

phenothiaz ine is metalated in a manner s imilar to  phenothiaz ine . 

Tatum45 found that metalation of 7H-benzo[c]phenothiaz ine with �-butyl

l ithium followed by carbonat ion yie lded 6-carboxy-7H-benzo[c]phenothia

z ine ( I I-34) , m . p .  300-301 • .  The naphthalene r ing rather than the 

� 
- �N 

� 
11-34 

benzene r ing was the s ite of react ion .  The structure of the ac id was 

proved by desulfurizat ion with Raney n ickel t o  N-phenyl-3-arnino-2-

naphthoic acid fol lowed by cycl izat ion with  polyphosphor ic acid to 

benz [b] acridone . A small amount of an orange sol id melt ing at 264-

266• with decompos it ion was also isolated from the metalation react ion . 

The elemental analys is of the latter  compound ind icated that it was a 

monocarboxylic acid der ivat ive of 7H-benzo [c] phenothiaz ine . The in-

frared spectrum of the compound was quite s imilar t o  that of 6-carboxy-

7R-benzo[c] phenothiaz ine . 

In  1 954 Schmalz35 attempted the metalat ion of 7R-benzo �J -

�henothiaz ine with �-butyll ithium. He obtained bright orange crystals , 

m . p .  275-276° , the elemental analys is of which corresponded to the 

formula C17B1tN02S •  The pos ition of metalat ion was not determined and 

attempts to  reproduce the f ormat ion of the ac id with �-butyl l ithium and 

with phenylsod,ium were unsuccessful . 
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Shirley and Liu71 observed an unusual orientat ion in the metala-

t ion ( I I-35) of 12H-benzo [a]phenothiaz ine � The !�pos it ion was found 

�� :�:H9Li ' P'llr� _;;Q� � �� 
�» · ��u 

Il-35 

to be the react ion s ite . The acid was converted by heat ing at 165°  

for several minutes to the lactam,  12-oxo-12H-isoindolo � , l , 7-m , n ,a] 

phenothiaz ine . Desulfur izat ion of the lactam with Raney nicke l re-

sulted in the format ion of N-phenylnaphthastyril which was shown to 

be ident ical with a sample of N-phenylnaphthastyril from an independent 

synthes is .  



CHAPTER III 

DISCUSSION 

A .  Introduct ion 

The pr hnary purpose of this �esearch has been the synthesis  of 

some nitrogen mustard type derivatives of the phenothiaz ines . The 

pursuit of this ma in objective necess itated a study of the synthe s is 

of some 9f the phenothiaz ine& , as well  as the N-subst ituted intermediates 

le•d ing to the nitrogen mustards .  The r•action ser ies given be low us ing 

7H.d�benzo[c :� phenothiaz ine illqstrates the path f ollowed . 

ln the ·f irst step a secondary amine unQergoes thionat ion to f orm the 
I 

nitrogen and sulfur containing heterocyclic r ing system . The condensa-

t ion of d iethanolamine with the N-( 2-chloroethyl ) de rivat ive . formed in 
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th� second step by the react iqn of an N-lithiopnenothiaz ine w ith 2-

chloroethyl £-toluenesulfonate , y ields the N-{ 2-[b is-( 2-hydroxyethyl )

amin� ethylJder ivat ive . The f inal step involves  the convers ion of the 

hydroxy compound to the nitrogen mustard with phosphorus oxychlor ide . 

B .  Synthes is of PhenQthiaz ines 

1 ,  Diaryl Amines 

The d iarylamines used in the synthes is of 7H-benzo[c]phenothiaz ine 

and 7H-dibenzo [c .� phenothiaz ine were obtained commercially . N-Phenyl-2-

aap�thylamine was purchased ffom Eastman Organic Chemicals and di-2-

naphthylamine from the Aldrich Chemical Company . 

The intermediate in the f ormation of 1 4H-dibenzo [a , � phenothiaz ine , 

1 , 2 ' -d inaphthylamine , was kind ly provided by w .  D .  Waters . 43 A small 

amount of 12H-benzo[a]phenothiaz ine was al so  suppl ied by Waters . 

Litt le information was ava ilable in the literature on N-phenyl-

9-phenanthrylamine needed for the preparat ion of 14H-d ibenzo[� . � 

phenothiaz ine . The abst ract s of a German patent72 issued in 1937 ind i-

cat•d that Wolfram and Schnurr had prepa�ed the amine , m. p .  1 38° , by 

t�e react ion of s od ium anil ide and 9-chlorophenanthrene . 

An invest igat ion of the synthes is and pur if icat ion of N-phenyl-9-

phenanthrylamine was ne ce�sary .  A procedure s imilar to one used by 

Scard igl ia and Roberts73  for the preparat ion of diphenylamine from potas-

s lum anil ide and bromobenzene gave good results  when appl ied t o  potass ium 

anil ide and 9-bramophenanthrene . Potass ium metal was added slowly to  re-

fluxing anil ine and the resul� ing black solut ion was st irred under ref lux 
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for several hours . 9-Bromophenanthrene then was added and the mixture 

was st irred under reflux f� several hours longer.  The yields for 4 

such react ions were in the range 37-42 per cent . Variat ions in the 

t bne of react ion of potass ium and anil ine and of potass ium anilide and 

9-bromophenanthrene d id not affect the yield . 

2 .  Thionation � Diarylamines  

The syntheses of 7H-ben�o [c] phenotbiaz ine ,45 7H-dibenzo � , h] 

phenothiaz ine , 39 and 14H-dibenzo[a , h] phenothiaz ine43 have been stud ied 

and reported previously . However , it was observed in this research , 

and al so  has been the experience of other invest igators in this Labora

tory�2 · 43 • 45 that the dupl ication of the conditions and yields  de scribed 

for these react ions is quite d ifficult . The prUDary variables in such 

syntheses  are the temperature at which the react ion is initiated and 

the rate of heating fran the init ial to the f inal temperature . The 

pur ity of the amine used is also an bnportant factor .  It has generally 

been necessary in the thionat ion react ion for the invest igator to mod ify 

an exist ing procedure in order to obtain the best results from his own 

particular technique s . 

Tatum45 prepared 7R-benzo[c]pbenotbiaz ine in yie lds of 46-61 

per cent by the react ion of N-phenyl-2-naphthylamine , sulfur and iod ine 

at 175-lao• for 20 minutes .  It was found that yie lds s imilar to  those 

cbtained by Tatum could be produced by plac ing the mixture of reactants 

in a Wood ' s  metal bath previous ly heated to a temperature of 175• and 

maintaining the temperature at 175-lSO• for 35 minutes .  
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The reaction of di-2-naphthylamine , sulfur and iod ine for 10 

minutes at 190• was reported by Knoevenage1 39 to yield 80-90 per cent 

of 7H-dibenzo[c ,� phenothiaz ine . However , the same yields  were obtained 

in this research with a lower temperature and a shorter react ion t ime . 

The reactants me lted about 140 • and immed iate ly resol id if ied forming a 

cake , the surface of which was covered with a thin layer of a black hn

purity . The bright yel low powder obtained when the cake was crushed was 

�ecrystall ized once from benzene to  yie ld yellow needles , m . p .  222-225 • .  

A product from the react ion of 2-naphthylamine , sulfur and iodine requ ired 

more purif icat ion than that pr oduced from di-2-naphthylamine , s ince the 

much longer thionat ion t hne ( 3  hours )  of 2-naphthylamine allowed the 

format ion of hnpurities . 

A melt ing point of 228-230• for 7H-dibenzo[c , � phenothiaz ine wa·s 

the highest obtained in this work . Ris , 53 Kym5' and Knoevenage139 had 

reported a melting point of 236• for the compound . The black me lt ob

tained at 228-230• obviously contained decompos ition products which 

probably were f ormed by oxidat ion . Inabil ity to dupl icate the cond itions 

under which the me lt ing point of 236° was obtained probably accounted for 

the difference in the point of decompos it ion .  Evidence in support of 

this statement is the fact that a sample of 7H-d ibenzo[c , � phenothiaz ine 

in an evacuated capillary me lted at 245-246• , yield ing a clear , amber 

1 iquid . 

Waters ' synthes is43 of l4H-d ibenzo[a ,� phenothiaz ine was utilized 

with essent ially no alterat ion . 
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The thionation of N-phenyl-9-phenanthrylamine , wh ich had not 

previous ly been reported , produced small  yields of 14H-d ibenzo [a , � -

phenoth iaz ine ( 111-l ) . The effects of variat ions in the t ime and 

+ 2S 

111-1 

temperature of the react ion were stud ied , but the best yield obta ined 

was only 1 6  per cent . Attempts to  isolate 14H-dibenzo [a, CJ phenothiaz ine 

by crystal l izat ion of the react ion mixture were unsuccessful . Chroma-

tographic separat ion of benzene-l igroin s olutions of the react ion mixture 

on Floris il was the method employed . 

The me lting point of 14H-dibenzo[a , � phenothiaz ine was found to 

vary due t o  d ifferences in the method and rate of heat ing of a sample 

of the compound . The highest me lting point was obtained when the me lt-

ing point block was preheated to a temperature of ca . 1 50- 155 °  before 

introduct ion of the sample . 

Unl ike the thionat ion of other amine s , in which mild cond it ions 

would yield a large amount of unchanged amine while more vigorous con-

d itions produced tars as the main products , the thionation of N-phenyl-

9-phenanthrylamine did not respond markedly to changes in the time and 

temperature of reaction . In general the react ion produced unchanged 

N-phenyl-9-phenanthrylamine , tars and a small amount of 14H-dibenzo [a , � 

phenothiaz ine . The tars were probably polymeric aryl sulf ides formed by 
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intermolecular thionation .  Poss ibi l itie s  al so  ex ist for occurrence of 

int ramole cular thionation to produce compounds ( III-2 , III-3) other 

than the de s ired material . 

� 
y 

. ' I 
� 

I II-2 III-3 

The de s ignat ion of the structure of the thionat ion product as 

that correspond ing to 14H-d ibenzo � , � phenothiaz ine is based on two 

l ines of evidence . First , the thionation of N-phenyl-9-phenanthryl-

amine would be expected to  occur preferentially at the react ive 10-

pos it ion of the phenanthrene nucleus , just as the 1-posit ion of the 

naphthalene ring is the s ite of react ion in N-phenyl-2-naphthylamine 

and d i-2-naphthylamine . 

The second point involves the metalat ion of the compound , which 

is de s cr ibed in more detail in the latter part of this chapter .  The 

product of the metalation and carbonat ion was the lactam of a mono-

carboxyl ic ac id derivat ive of a d ibenzophenothiaz ine . The f ormat ion 

of such a compound i s  best explained by the metalat ion of a compound , 

the structure of which corresponds to 14H�dibenzo � , � phenothiaz ine . 

C .  N itrogen Mustard Derivat ives 

1 .  2-Chloroethyl Derivat ives 

A mod ification of the procedure of Gilman and Shirley36 was found 

, to  be the most satisfactory method for the synthes is of the 2-chloroethyl 
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der ivat ives of the phenothiaz ines . 10-Lithiophenothiaz ine was formed 

by the react ion of �-butyll ithium and phenothiaz ine in ether . The 

solution was then cooled in an ice bath and allowed to  react with 2-

chloroethyl �-toluenesulfonate for a few hours . The product was ob-

tained by chromatographic separat ion of the react ion mixture on Alcoa 

grade F-20 alumina . Sat isfactory yie lds  ( 40-60 per cent ) were obta ined 

in the cases of phenothiaz ine , ?H .. benzo[c] - ,  14H-dibenzo[a ,  � - and 14H

dibenzo [a , � phenothiaz ine . However ,  7-( 2-chloroethyl)d ibenzo � ,� 

phenothiaz ine was produced in yields of only 8-25 per cent . The best 

yie lds  were obtained us ing ether as the solvent and the poorest came 

from experiments  which employed tetrahydrofuran and an ether-benzene 

mixture . Addit ion of 7-l ithiod ibenzo � .� phenothiazine to the sulf onate 

ester instead of the normal add it ion of the sulfonate to the l ithio 

compound d id not bnprove the yield . 

In 1958 Gilman and Gray74 reported the results of the metalat ion 

and carbonat ion of d ibenzofuran , d ibenzothiophene and N-ethylcarbazole 

in ether , tetrahydrofuran and a mixture of ether and tetrahydrofuran . 

The be st y ie ld s  we re obta ined when the l it h ium re age nt was prepared in 

ether and added t o  a tetrahydrofuran solut ion of the compound undergoing 

metalat ion . Although the metalat ions of Gilman and Gray involved the 

replacement of hydrogen attached to the carbon instead of nitrogen, it 

was thought that tetrahydrofuran offered poss ibil ities  for the prepara-

t ion of N- ( 2-chloroethyl) derivat ives of the phenothiaz ines . However , 

the use of tetrahydrofuran and an ether-tetrahydrofuran mixture resulted 

in yields of only 6-11 per cent of 10-( 2-chloroethyl ) phenothiaz ine and 

7-( 2-chloroethyl)d ibenzo � ,� phenothiaz ine . 
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Chromatographic separation of the react ion mixture s from the 

preparation of the N-( 2-chloroethyl ) der ivat ives of phenothiaz ine and 

7H-d ibenzo G: ,  h] phenothiaz ine yielded bes ide s the de s ired product small 

amounts of compounds ,  the e lemental analyses of which corresponded to 

1 , 2-d i- (10-phenothiaz inyl )ethane (111-4) and 1 , 2-d i-( 7-d ibenzo[c ,� pheno

thiaz inyl )ethane ( 111�5 ) re spect ively. 

111-4 

Spectral evidence supports the postulat ion of the structure 111-4 . 

A strong band in the region of 6 . 83-6 . 86  microns , the posit ion at which 

methylene groups75 absorb , appears in the infrared spectra of 10-methyl-

and 10-( 2-chl oroethyl)phenothiaz ine and in the spectnnn of ·the unknown 

compound . The ultraviolet absorpt ion spectra of 10-methylphenothiaz ine 

and the unknown compound contain three band s , the pos it ions of wh ich are 

ident ical . 

The pr oducts ( 1 11-6) were probably formed from the N-( 2-chloro-

ethyl) derivat ive and unreacted N-l ithio compound as shown be low. 
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The invest igat ions of Shirley and Liu71 had shown that the l

and 12-pos itions of 12H-benzo[a)pbenothiaz ine could be br idged by a 

carbonyl group. They heated l-carboxy-12H-benzo[a)phenothiaz ine and 

formed the lactam , 12-oxo-12H � isoindol oC2 , 1 , 7 - m , n ,� phenothiaz ine 

(111-7) . 

111-7 

LiCl 

In the c ourse of the metalation of 12H-benzo[a]pbenothiaz ine with 

two equivalents of �-butyll ithium , the hydrogens at pos it ions 1 and 12 

are d isplaced by l it hium . 71 Therefore , it was thought that react ion of 

12H-benzo[a]phenothiaz ine with two equivalents of �-butyll ithium fol

lowed by the react ion of the metalation complex with 2-chloroethyl R

toluenesulfonate would re sult in the bridging of the 1- and 12-pos itions 

by an ethylene group ( III-8 ) . One react ion in which the molar rat io. of 

12H-benzo(a)phenothiaz ine :�-butyll ithium: 2-chloroethyl f-toluenesulfonate 

was 1 : 2 : 1 and two react ions in which the ratio was 1 : 3: 2  yielded 12-( 2-

chloroethyl)benzo[a]pbenothiaz ine as the only product which could be 
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I i 
+ LlCl + Li0��3 

isolated and ident ified . The two reactions , the rat ios of which were 

1 : 3 : 2 ,  resulted in the formation of the 12-( 2-chloroethyl ) der ivat ive , 

m. p .  100-101 . 5° ,  in yields of 24 and 44 per cent . 

Although the attempt to bridge the 1- and 12-pos itions was not 

successful , it is s ignif icant to note the format ion of the 2-chloroethyl 

der lvat ive in 44 per cent yield in the presence of an exce ss  of �-butyl

l ithium . Normally , N-subst ituted der ivat ives of the phenothiaz ines are 

f ormed by the react ion of 1 mole of the phenothiaz ine with 1 mole of �

butyll ithium followed by the add it ion of 1 mole of alkyl hal ide or sul-

fonate ester . The fact that the 2-chlaroethyl �-toluenesu lfonate reacted 

at the 12-pos it ion in preference to the 1-pos it ion was not expected on 

the bas is of the relative react ivit ies with �-butyll ithium of the hydrogen 

atoms attached to the two positions . Cons ider ing the metalation as an 

ac1d�base react ion , the 12-H is more acid ic than the 1-H ,  s ince react ion 

is observed to  occur f irst at the nitrogen atom.  Therefore , the conjugate 

base formed by displacement of the hydrogen attached to carbon should be 
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the stronger than that fo�ed by removal of hydrogen from nitrogen .  

2. React ions with  Diethanolamine 

The N-f2-[bis-( 2-hydroxyethyl) amino]ethy�derivat ives of the 

phenothiaz ine s were obtained in yields  of approximately 80 per cent by 

the reaction of the N-( 2-chloroethyl) derivat ive with a large excess  

of  d iethanolamine at 130-140° for 40 hours . The product of the reacti on 

fl 
fH2 
CH2 

d:o 

HOCH2CH�-CH2CH2DH 
fH2 
CH2 
I �� HCl 

� s� + HN(CH2CH;t:JH)2 

was isolated by extract ion with benzene of an aqueous suspens ion of the 

react ion mixture; fol lowed by chromatographic separation of the benzene 
I 

solution on Flor is il ·. In each case t he  hydroxy canpound was strongly 

adsorbed by the Floris il . The unchanged N-( 2-chloroethyl ) compound was 

removed by elut ion of the column with benzene , after which the de sired 

product was brought down with a 1 : 9  mixture of acet one and benzene . In 

t he  .c ase s of phenoth iaz ine and 7H-benz o[c)phe nothiaz ine , t he product was 

an oil , but 7H-dibenzo [c , h] - and 14H-d ibenzo[a , h] phenothiaz ine yielded 

sol id derivat ives . 

3 .  N-£2- [B is-( 2 .. chloroethyl)amino] ethyl] Derivat ives 

Convers ion of the hydroxy compounds to the nitrogen mustard der iva-

tives ( 111-9) was accomplished in yields of 50-65 per cent by the act ion 

of phos phorus oxychlor ide , which also served as the solvent for the reac-

t ion . The procedure previously had been described by Fletcher and 
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Wetze 1 76 for the synthesis of nitrogen mustar d der ivat ive s of f luorene .  

It was noted in the case of phenothiaz ine that if the tempe�atur• 

of the reaction during the mixin g of the hydro xy compound and phosphorus 

oxychloride was al lowed to reach the boil ing point of phosphorus oxy-

chloride , the yield of the nitro gen mustard was low ( 1 1 per cent) . The 

investigations of Gerrard77 had shown that !-butyl chlo ride ,  produced by 

the act ion of phosphorus oxychlor.lde or pllo sphorus trichlor ide on n-

butyl alcohol , arose from the interaction of hydrogen chlor ide with the 

interme diate alkyl phosphate or phosphite e sters . 

The re fore , if a s Unilar me chan ism were involved in the formation of the 

n itrogen mustard with the init ial format ion of a phosphate est•� _And . 

hyd rogen chlor ide , it seems l ike ly that part of the hyd rogen chlor ide 

wou ld be expe lled by the b.oil ing phosphorus oxychlor ide . I nsuff icient 

hyd rogen chl oride would then be ava ilable f or react ion with the e ster 

re sul t ing in a de cre ased fie ld of the mustard der ivat ive . 

Gerrard77 found that the y te ld of �-butyl chloride f rom the reac

tion of !-butyl alcohol and phosphorus tr ichlor ide was hnproved by agi

tating the reaction mixture with a st ream of hydrogen chloride . The lJSe 

of excess hyd ro gen chloride on the re action of pho sphorus oxychloride 
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with al cohol s was not reported , but a s im i l ar improvement in the yie ld 

of ha l ide would pr obab ly be ob served . 

An attempt to re place the hyd roxyl group with a chl or ine at om by 

the act ion of thionyl ch lor ide in pyr id ine was unsucces sful . The re act ion 

yie lded a brown tar wh ich was ins ol uble in acet one , et hanol , ether , 

benzene , tetr ahydrofuran , chl orof orm , pyr id ine and d ime thy lf ormamide • . 

S ince the f ormat ion of alkyl chl or ides by the re act ion of th ionyl chlor ide 

wit h a hyd roxy c ompound has been shown to proceed thr ou gh a d ia lkyl sul

f ite , 78 it is pos s ible that the tar re sulted f rom the f ormat ion of a 

polyme r ic su lf ite este r ( 1 1 1 - 1 0) . 

1 1 1 -10 

The nit rogen mu st ard was al s o  f ormed b y  the re act i on of phos phorus 

pe ntach l or ide with the N- {2- [b is- ( 2-hydr oxyethyl )amin� e thylJ derivat ive 

in ch lorof orm . Yie l d s  of the n it ro gen mu st ard were not s at isf act ory w ith 

thi s reagent . 

4 .  Hyd rochlor ide De r ivat ive s 

The hydrochlor ide der ivat ive s of t he  n itrogen mustard s and t he 

hydr oxy inte rmed iate s we re f ormed by pas s ing dry hyd rogen chlor ide 

through an alcohol ic solut ion of the amine . The pr oduct was pre c ip ita�ed 

with ethe r .  
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Most of the hydrochlor ides presented problems in pur if icat ion , 

s ince recrystall izat ion from an ethanol-ether mixture s ometimes lowered 

rather than improved the melt ing point . The solvent appeared to be de-

protonat ing the salt , a phenomenon which could be accounted for by the 

low bas icity of the negat ively subst ituted nitrogen atom. This problem 

was overcome by d issolving the hydrochlor ide in ethanol and then pas s ing 

hydrogen chlor ide through the solut ion to insure the presence of exces s 

hydrogen chloride . 

The me lt ing points of the salts varied with the temperature of 

introduct ion of the sample into the melt ing apparatus and with the rate 

of heating . In most cases a sample in an evacuated cap il lary gave a 

sharper melt ing point than one at atmospheric pressure . 

D .  Metalat ion of the Dibenzophenothiaz ines 

with �-Butyll i thium 

1 .  7H-Dibenzo [c ,  h] phenothiaz ine 

The metalat ion of 7H-dibenzo [c , h] phenothiaz ine ( III -11 )  was expected 

to occur in the 6-pos it ion. 6 5  Gilman , Shirley and Van Ess had shown that 

�;9 
h t 

. :a� · �
I " 

� � 
J t 

I II - 11 III-12 III�l 3 

the 1-pos it ion was the react ion site in the metalat ion of phenothiaz ine 

( I I I-12) . The metalat ion of 7H-benzo[c]phenothiaz ine ( III-13) was 
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observed by Tatum45 
to take place in the naphtha lene r ing ad jacent to 

nit roge n .  S ince 7H-d ibe nz o [c , h] phenoth iaz ine cont a ins two napht halene 

ring pos it ions s im ilar t o  the react ion s ite in 7H-benz o [clphenothiaz ine , 

the pos it ion of metalat i on of the dibenzo type could be pred icted with 

c onf idence . 

A monocarboxyl ic ac id , m. p .  3 1 1 -312° in vacuo , was obta ined in 7 7  

per cent yie ld by the react ion of 0 . 048 mole of �-butyl l ithium (hexane 

solut ion) and 0 . 020 mole of 7H-d ibe nzo [c , h] phenothiaz ine in anhydrous 

ether f ol l owed by carb onat ion of t he  metalat ion product with exce s s  s ol id 

carb on d ioxide . The methyl ester of t he  ac id ' was prepared by the act ion 

of d iaz anethane . 

Three attempt s t o  de sul furize the ac id with Raney nicke l  were un-

succe s sful . In each attempt the major ity of the material is olated from 

the react i on was unchanged ac id .  Al so is ol ated was a small amount of a 

mate r ial , the inf rared s pe ctrum of which exhibited a less intense car-

bonyl band than that of the or igi nal ac id .  

· De su lfur izat ion of the ester , 6-carbanethoxy-7H-d ibenz o [c ,  h]-

phenothiaz ine ( I I I - 1 4 )  with Raney nicke l 

66 pe r cent yie ld .  The de sulfur izat ion pr oduct ,. 3-carbomethoxy-2 , 2 ' 

d inapht hyl amine , was cycl ized t o  d ibenz (a ,  ij acr id one ( 1 1 1- 1 5 )
. 

with poly

phosphor ic ac id . The same compound had been reported previous ly by 
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Strohbaek79 and by Cymerman-Craig and Loder . 80 Thus the format ion of 

d ibenz [a ,  fJ acridone proved that the structure of the acid formed by 

metalat ion and carbonat ion corresponded to 6-earboxy-7R-dibenzo [c ,� 

phenothiaz ine . 

2 .  14R-Dibenz o[a ,  h] pbenoth iaz lne 

The metalat ion of 14H-d ibenzo [a ,� phenothiazine (III-16) provided 

an opportunity to compare the relat ive react ivities of the pos itions 

shown to be metalated preferent ially in 12R-benzo[a]- and .. 7R-benzo[c:] 

phenothiaz ine . The 1-pos ition of 14H-dibenzo [a , � phenothiaz ine corre

sponds to the 1-pos it ion of 12R-benzo[a] phenothiaz ine ( III-17) , shown 

by Shirley and Liu71 to be the metalat ion site of the benzo coapound . 

Tatum45 found that metalat ion of 7R-benzo[c]phenothiaz ine ( III-18 ) 

11 
10  

2 
1 ? 1 3  

III-16 III-17 

0: I 
H 

III-18 

occurred at the 6-pos it ion, which in 14H-d ibenzo [a ,� phenothiaz ine cor

responds to the 13-position.  

The reaction of 0 . 015 mole of �-butyll ithium with 0 . 005 mole of 

14H-d ibenzo [a ,� phenothiaz ine followed by carbonation with excess carbon 
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d ioxide resulted in the f ormat ion of a monocarboxyl ic acid derivat ive 

in 80 per cent yie ld . The lactam ( III-19) of the ac id was f ormed by 

heat ing a sample of the ac id · f �r 8 minutes at 1 90-210° . The elemental 
�ooc � 

. 
'7 I 

h III-19 

analys is of the product corresponded to the formula C21H1 2NOS , ind icat ing 

that t he  canponents of water had been e l iminated fran the carboxy l ic 

ac id . The carbonyl stret ch ing band in the infrared s pe ctrum of the lactam 

appeared at 5 . 8 6 micr ons , shift ing from the. wavelength of 6 .01 microns 

observed in the spectrum of the acid . 

The format ion of the l actam is cons idered t o  be proof that the 

metal at i on occurred in the 1-pos iti on .  Had t he metalat ion occurred in 

the 1 3-pos iti on ,  the format ion of a �-lactam would be ne cessary t o  expl ain 

the e l iminati on of wate r and the correspond ing change in compos it ion . 

Such a lactam was not observed to f orm in the cases of 6- carboxy-7H

d ibenzo [c , h] phenothiaz ine or 6-carb oxy-7H-benzo [c ]phe nothiaz ine . 4 5  

Shir ley and Liu71 proved the structure of the lactam of 1-

carboxy-1 28-benzo[a]phenothiaz ine by desulfur izat ion ( see react ion 11-

35 ,  page 32) of the compound with Raney nicke l to N-phenylnaphthastyril , 

which was ident ical with a sample synthes ized by an independent route • 

. 

A shift in t he carbonyl stret ching band f rom 6 . 01 microns f or t he  acid 

t o  5 . 90 microns f or the l actam was observed by the se workers . 



An unusual reaction was f ound to take place in an attempted 

preparat ion of the methyl e ster of l-carboxy-14H-d ibenzo [a , h]pheno-
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thiaz ine us ing d iazamethane . The lactam of the ac id rather than the 

ester was is olated from the reaction mixture . The same transformat ion 

could not be effe cted in the ether-tetrahydrofuran react ion solvent in 

the absence of d iazomethane . The mechanism of the reaction of d iazo-

methane with carboxylic acids has apparently not been e luc idated but has 

been postulated81 to proceed by a 1 , 3 add it ion ( 111-20) in analogy to 

the known formation of 5-membered rings ( 111-21)  by the add ition of 

-+ Q  
H 

111-21 

al iphatic d iazo compounds to carbon-carbon multiple bonds . 

A pos s ible route for the lactam format ion involves a cycl ic trans i-

t ion state leading to  the product ion of the intermediate ( 111-22) shown 

· H  

) 
+ CH30H 

II1-22 
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The intermediate would be expected to  l ose methyl alcohol in a facile 

manner to form the lactam.  

The study was extended to  determine the effect of  d iazomethane 

on l-carboxy-12H-benzo[a]pbenothiaz ine , 71 which is structurally s bnilar 

to l-carboxy-14H-d ibenzo [a,  h] phenothiaz ine . It was f ound that the normal 

formation of the methyl ester ( 1 11-23) occurred in the case of the benzo 

compound . 

3 .  14H-Dibenzo [a ,  c] pbenothiaz ine 

III-23 

The metalation of 14H-d ibenzo [a , c] phenot�iaz ine was performed in 

a manner s bnilar to that used f or the preparat ion of the monocarboxyl ic 

acid der ivat ives of 7H-d ibenzo [c , h]- and 14H-dibenzo[a , h] phenothiaz ine . 

However , the product , which was isolated in a yield of 84 per cent , was 

not the ac id but the lactam ( 111-24)  of the ac id .  The infrared spectrum 

11 1-24 

of the product revealed no hydr-ogen-bonded hydroxyl bands in the region 
. .  

3-4 microns . The se bands , characterist ic of carboxyl ic acids , were 
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observed in the spectra of l-carboxy-12H-benzo [a]phenothiazine and l

carboxy-14H-dibenzo[a , h] pbenothiazine but not in the lactams of these 

ac ids . The init ial assumption of the presence of the lactam on the 

bas is of spectral evidence was conf irmed by the elemental analys is . 

S ince the product from metal�t ion and carbonat ion was dissolved 

in water in order to separate it from unchanged 14H-d ibenzo[a , c]

pbenothiaz ine ,  the mater ial must have been in the form of the lithium 

salt of the carboxyl ic acid .  Therefore , the conve rs ion to the lactam 

occurred e ither during or after the ac id if ication of the aqueous solu

t ion . 

4 .  Results of Metalat ion Stud ies 

New ind ications of the specificity of the metalation react ion 

were obtained in the caurse of this research . The fact that yields of 

77-84 per cent were produced in the metalat ions of s ingle pos it ions in 

the three d ibenzopbenothiaz ines is s ignif icant when the complexity of 

the se polynuclear systems is cons idered . In each case metalat ion 

occurred at a pos ition adjacent to  nitrogen . 

E .  Misce llaneous Der ivat ives 

The N-methyl and N-acetyl derivatives of 7H-dibenzo[c , h] pheno

thiaz ine were prepared in order t o  further character ize the dibenzo 

compound . The me lt ing points of the two der ivat ives agreed with the 

value s reported by Kym . 38 , S5 
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The 14�ethyl , 14-( 2-chloroethyl ) ,  and 14-acetyl der ivat ive s 

of 14H-d ibenzo [a , c] phenothiazine prepared in this research have not 

been reported previously . It was found that the oxidat ion of the 

methyl compound with 30 per cent hydrogen peroxide in acet ic acid could 

be control led to  yie ld e ither the sulfoxide or sulfone . The sulfoxide 

was produced by he at ing the mixture on the steam bath for a few minutes .  

Bands at 9 . 63 and 9 . 81 microns , characterist ic of the sulfox ide group , 75 

appeared in the infrared spectrum of 14-methyld ibenzo[a ,  cJ phenothiaz ine-

9-ox ide . A more vigorous oxidat ion us ing hydrogen peroxide in boil ing 

acetic acid resulted in the format ion of a very small amount of the 

sulfone . Ident if ication was made on the bas is of band s at 8.67 and 8 . 83 

microns in the inf rared spectrum of the product which are ind icat ive of 

the sulf one group . 75 

F .  Evaluat ion of Compounds as Ant icancer Agents 

All of the phenothiaz ines , the nitrogen mustard der ivat ive s ,  and 

two of the hydroxy intermediates prepared in the course of this research 

were submitted to the Cancer Chemotherapy National Service Center for 

test ing as described in Chapter I .  At present the resu lt s are incomplete . 

The 10- f 2-(bis-( 2-chloroethyl)aminoJethyl} derivat ive of phenothiaz ine 

has shown act ivity in the Dunning leukemia te st (mouse ) ,  but the only 

other mustard der ivat ive for which a report was available , 10-( 2-chloro-

ethyl) phenothiaz ine , was not act ive against the same cancer . Four 

compounds , 10- f 2-[ b is-( 2-hyd roxyet hy 1 )  amino] et hy 1} phenothiaz ine , 7-
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f2- �is-( 2-hydroxy�thy1 )amin� ethyl} benzo[c] phenot hiaz ine , 7H-d ibenzo

[c , h]phenothiaz ine and 7-methyld ibenzo [c , h] phenothiaz ine were reported 

to be inact ive in the tests on sarcoma 180 , carc inoma 755 , and leukemia 

121 0 .  

G .  The U ltraviolet Absorpt ion Spectra of the Phenothiaz ine s 

and Diarylamine s 

A comparison of the ultraviolet spectra of phenothiaz ine , 7H

benzo[c]phenoth iaz ine and 7R-d ibenzo[c , h] phenothiaz ine with the spectra 

of the diarylamines from which they were synthes ized indicate s l itt le 

or no enhancement in conjugation due to cycl izat ion to  a polynuclear 

aromat ic system . Bathochromic sh ifts  represent ing extended conjugat ion 

are observed when one goes from the spectrum of d i-2-naphthylamine to 

that of 7H-d ibenzo� , h]phenothiaz ine , but the increments are only a few 

mil l imicrons . The absorpt ion band s in the spectrum of 7H-benzo(c]-

phenothiaz ine appear at s l ightly shorter wave lengths than the corre-

spend ing bands in the spectrum of N-phenyl-2-naphthylamine . 

The spe ctra of 7H-benzo (cJ- and 7H-d ibenzo � , h] phenothiaz ine show 

fewer and les s  intense band s than the spectra83 of benz [aJ ·  and d ibenz

[a , jJ anthracene ( 111-25 , 111-26) . Thus the conjugation present in the 

111�25 111-26 
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phenothiaz ine system is evidently not as strong as that of the anthra

cenes . The spectrum83 of dibenz [a , j]acr idine ( 111-27)  i s  also quite 

1 11-27 

intense , represent ins · strong conjugat ion in the polynuclear system. 

The s Unilar ity of the spectra of the d iarylamine s  and the pheno� 

thiaz ines indicate s that no apprec iable conjugation is maintained 

through the nit rogen and sulfur . The anthracene r ing system is planar 

allowing interact ion between the � electrons through adjacent rings 

with the resultant strong conjugation in the molecule . The spectral 

evidence obta ined in this research bnpl ies that the phenothiaz ine r ing 

system is probably "cupped , "  thus reduc ing the poss ibil ity for inter

act ion of the � e lectrons between the two aromatic r ings separated by 

nitrogen and sulfur . 

Table I contains a l ist of the maxima and l og C value s of the 

ultraviolet spectra of some of the phenothiaz ines and d iarylamine s .  



TABLE I 

THE MAXIMA OF TilE ULTRAVIOLET SPECTRA OF SOME PHENOTHIAZINES AND DIARYLAMINES 

Diphenylamine A 200 285 

log E 4_. 52  4 . 32 

Phenothiazine ).... 204 253 318 

log e 4 . 47 4 . 64 3 . 66 

N-Phenyl-2-naphthylamine A 221 273 310 

log € 4 . 69 4 . 41 4 . 34 

7H-Benzo[c]phenothiaz ine >.. 220 272 . 5  

log C. 4 . 65 4 . 55 

Di-2-naphthylamine A 217 . 5  264 277 . 5  316 

log � 4 . 87 4 . 60 4. 34 4 . 42 

7H-Dibenzo )]:,  h]phenothiaz ine A 223 257 267 281 

log e 4 . 78 4 . 50 4 . 61 4 . 55 

348 

3 . 60 

335 

3 . 40 

348 

3 . 98 

357 

3 . 38 

V1 
0\ 



CHAPTER IV 

EXPERIMENTAL* 

A .  Derivatives of Phenothiaz ine 

1 .  1 0-( 2-Chloroethyl)phenothiazine 

A mod if ication of the procedure of Gilman and Shirley36 was used · 

in the preparat ion of tnis compound . The react ion vessel cons isted of 

a 500-ml . ,  3-necked , round-bott�ed flask equipped with a water-cooled 

condenser , a magnet ic st irrer , and a dropping funnel . An atmosphere of 

4ry nitrogen was maintained throughout the react ion .** To a s lurry of 
0 *** 1 3 . 7  g. ( 0 . 069 mole) of phenothiaz ine in 250 mi . of sod ium-dried 

ether · was added 50 . 0  mi . of a 1 . 39 molar pentane-heptane solut ion of 

!-butyll ithium� in a period of 45 mt�utes . The bright ye llow solut ion 

of 10-l ithiopbenothiazine was cooled in . an ice bath ,  and a solut ion 

of 19 . 0  g.  ( 0 . 081 mole) of 2-ehloroethyl R-toluenesu lfo·nate11 in 50 ml • . 

of anhydrous ether was added in 15  minutes . The mixture was st irred 

*Melt ing points were determined on a Mel-Temp me lt ing point 
block : ·· The e lemental analyses were determined by the We iler and 
�rauss Microanalyt ical Laboratery , Oxford , England , unl� s s  ind icated 
ot�rwise . 

**All react ions involving organometal l ic reagents were performed 
under a dry nitrogen atmosphere .  

*** Dow Chemical Company product . 

�Foote Mineral : Company product . 

,t,tEaetman Organic Chemicals product . 

57 
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for 1 hour at o• and for 4 ho�rs at room temperature. The lithium 

E;toluenesulfonate was removed by extraction with water. Benzene was 

added to the ethereal solution, and the ether was removed by evapora

tion. Sufficient ligroin (b.p. 100-115•) was added to produce a 7: 3 

mixture by volume of ligroin and benzene. The solution was divided 

into two equal parts, each of which was chromatographed on a 3 . 0  x 

4'� cm .  column of Alcoa grade F-20 alumina. A 7 : 3 mixture of ligroin 

(b. p. 100-11,• ) and benzene eluted the product in the first fraction. 

A total of 11. 9 g. (65. 8 per cent) of colorless crystals, m � p. 94-96� , 

was obtained from the ligroin solution after removal of the benzene. 

Gilman and Shirley 36 reported a yield of 47 per cent and a melting 

point of 9 6-97• . 

In a repetition of the procedure described above on a 0.10-mole 

seal• , a small amount of a colorless, crystalline material, m.p. 205-

�07• , was isolated from the chromatographic separation of the reaction 

product mixture. The high melting compound followed the 10-(2-chloro

ethyl)phenothiazine from the column of alumina and was crystallized from 

a mixture of benzene and ligroin (b.p. 100-115• ).  The mater ial appears 

to nave the composition of 1,2-di-(10-phenothiazinyl)ethane. 

Anal. Calcd. for C26H20N2S2: C, 73. 55 ;  R ,  4.75 ; N ,  6.70 , 

Found l C, 73 .63, 73. 84 ; H ,  4 , 71 , 4. 81 ; N ,  6. 56, 6.71. 

The effect of varied reaction conditions on the yield of 10-(2-

chloroethyl)phenothiazine are summarized in Table I I . 



Solvent• 

Tet.rahydrofuran 

Tetrahydrofuran 

TABLE II 

EFFECT OF VARIED CONDITIONS ON THE YIELD 
OF 1 0-( 2-CHLOROBTHYL)PHENOTHIAZINE 

Temp . of Add ition React ion 
of 2-Chloroethyl Reaction Time 

�Toluenesulfonate Temperature (Hrs . )  

Ice Bath Room Temp . 1 5  

Ice Bath Ref lux ( 6.5° ) 1 9  

Tetrahydrofuran� I ce Bath Ice Bath 0 . 5  
Ether ( 6 : 4) Roan Temp . 20 

Ether Ice Bath Ice Bath 0 . 5  

Ether Ice Bath  Ice Bath 1 
Roan Temp . 4 

Ether Ice Bath Ice Bath 1 
Room Temp . 4 

59 

Yield 
(Per Cent) 

6 . 1 1  

9 . 17 

7 . 64 

37 . 2  

65 . 8  

59 . 5  

&The tetrahydrofuran was dried by heat ing under reflux over sodi� . 
wire for several hours and then d ist ill ing from l ithium aluminum hydride . 
Anhydrous ether was prepared by al lowing the ether to  stand over sodium 
wire . 
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2 .  1 0-[2.(Bis�( 2-hydroxyethyl ) amino]ethyl} phenothiaz ine44 

Twelve grams of 10-( 2-chloroethyl )phenothiaz ine was dis solved in 

100 ml . of d iethanolamine* in a 200-ml . ,  round-bottomed flask . The mix-

ture was st ir�d magnet ically and heated to a temperature of 1 3 0- 1 40° 

f or  a period of 40 hours . The solut ion was allowed t o  cool td  roan 

temperature . Water was added and the result ing suspens ion was extracted 

several times  with 50-ml . portions of benzene . The combined benzene 

extracts were evaporated to  a small volume and chromatographed on a 

3 . 0  x 5 5- cm .  column of Floris il . ** Benzene eluted a small amount of 1� 

( 2-chloroethyl)pbenothiaz ine in the first fract ion . The product then 

was e luted with a 1 : 9  mixture of acetone and benzene . After removal of 

the solvent by evaporation ,  1 4 . 54 g .  (96 . 2  per cent) of viscous , amber 

oil was obtained . 

A 1 *** na • 

Found : C ,  65 . 52 ; H ,  6 . 84 ; N , 8 . 42 .  

C ,  65 . 42 ; H ,  6 . 72 ;  N ,  8 . 47 .  

The amine was produced in 79 per cent yie ld in a repet it ion of 

the procedure described above . In a third preparat ion , reduction of the 

react ion t ime to 24 hours lowered the yie ld t o  62 per cent . 

3 .  1 0-f@� [a is-( 2-hydroxyethyl ) aminO] ethyl} phenothiaz ine Hydrochlor ide44 
I 

D� hydrogen chloride was passed into a s olut ion of 0 . 5 0 g .  

( 0 . 00151 mole ) of 1 0  .. (2- [bis-( 2-hydroxyethyl) alllinQ] ethyl} phenothiaz in� 

*Eastman Organic Chemical s product . 
** Fl orid in Company product . 

*** Galbraith Laborator ies , Knoxville , Tennessee . 
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in about lS ml . of abs olute ethanol . Evaporat ion of the ethanol yie lded 

an oil which cryst all ized when tr iturated with ethe r .  The crude mater ial 

me lted at 1 38- 143• . After recryst all izat ion from chloroform , pale pink 

crystal s ,  m . p .  143-144 • , were obtained . 

Anal . Calcd . for Cl 8R23ClN20 2S :  C ,  58 . 9 3 ;  R ,  6 . 05 ;  N ,  7 . 6 3 .  

Found : C ,  59 . 0 1 , 58 . 85 ;  R ,  6 . 02 ,  5 . 87 ;  N ,  7 . 9 4 ,  7 . 72 . 

4 .  1 o-(2�[B is-( 2-chloroetllyl ) amino] ethyl] phenot hiaz ine44 
I 

The procedure de s cribed be l ow is s bnilar to that used by Flet cbe� 

and Wetzel76 f or  t he preparat ion of nitrogen mu stard der ivat ives of 

f luorene.. The react ion vessel c ons isted of a 100-ml . ,  round -bottomed 

flask equ ipped with an air-cooled condenser to which was attached a dry-

ing tube . Twenty-one mill iliters of phosphorus oxychloride was added to 

7 . so g. ( 0 . 0227 mole ) of 10- { 2- [bia-( 2-hyd roxyethyl)amino] ethyl} pheno

. thiaz ine which previou s ly had been c ooled in an ice bat h .  The mixture 

was swir led and a l l owed to warm s l owly so that the temperature of the 

exothermic react ion , which occurred as the hydroxy compound was d i s solved , 

d id not re ach the boil ing point of phosphorus oxychlor ide . After the 

hydroxy compound had c omple�ely d iseolved , the s olut i on was heated on 

the steam bath for 1 hour . · Then the exce s s  phosphorus oxychlor ide was 

removed under d im inished pre s sure on the steam bat h ,  and the res idue 

was d iss olved in ace tone . The solution was poured over crushed ice , 

an aqueous s olut ion of s od ium carbonate was added to neutral ize the 

hyd roch lor ide , and the resu lt ing · �ixture was extracted several t fmes 

with SO-ml . portions of  benzene . The combined benzene extract s were 

washed with water , conce ntrated to a small volume , and chramatographed 
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on a 3 . 0  x 40-em. column of Florisil . Benzene eluted the product in 

the f irst fraction , which when evaporated to dryne ss  yielded a pale 

yellow-green oil . The oil crystall ized from l igroin (b . p .  66-75• ) to  

yield 5 . 30 g .  ( 63 . 5  per cent) �f the c olorless  n itrogen mustard , m . p .  

54 . 5-5s . s• .  

Anal . Calcd . for Ct8R20C12N2S= C ,  58 . 85 ;  H ,  5 . 50 ;  N ,  7 . 62 .  

Found : C ,  58 . 99 ,  58 . 74 ;  H ,  5 . 44 ,  5 . 38 ;  N ,  7 . 53 ,  7 . 58 . 

A yield of 11 . 6  per cent was obtained when the init ial react ion , 

�uring the mixing of the hydroxy compound and the phosphorus oxychloride , 

was allowed to become so vigorous that the boil ing point of phosphorus 

oxychlor ide was reached . Repet ition of the procedure described pre

viously , in which control was exerc ised over the temperature of the 

reactants during mixing , resulted in a yield of .54 per cent . 

5 .  lO-f2-[Bis-( 2-chloroethyl)amino]ethyl} phenothiazine Hydrochloride 44 

Four grams ( 0 . 0109 mole) of the amine described above was d is

solved in the min�um quant ity of absolute ethanol . Dry hydrogen 

chlor ide was passed through the solut ion , which then was evaporated to  

a small volume . Ether was added unt il a sl ight , permanent cloudiness  

could be detected ; after which the mixture was placed in the cold room 

for several hours . A yield of 3 . 34 g. ( 76 . 0  per cent ) of colorle$s  

�rystals ,  m .p .  1 28-132• � � ·  was obtained . A preparat ion on a 

smaller scale gave a yie ld of 79 • .5 per cent of the hydrochloride , m . p .  

126-131 •  at atmospheric pressure and 1 32-133• in �· 

Anal . Calcd . for C18H21Cl3N2S z C ,  53 . 54 ;  H ,  5 . 24 ;  N ,  6 . 93 . 

Found : C ,  53 . 30 ,  53 . 30 ;  H ,  4 . 81 ,  4 . 99 ;  N , 6 . 54 ,  6 . 59 .  

J.; 
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B .  Derivat ives of 7R-Benzo �] phenothiazine 

1 .  7R-Benzo [c] phenothiaz ine 

The procedure employed in the preparat ion of this compound was 

based on that of Tatum,45 which was a modificat ion of the procedure of 
40 Kehrman and Dardel .  The reactants , 21 . 9  g .  ( 0 . 10 mole ) of N-phenyl-

2-n•phthylamine , 6 . 42 g. ( 0 . 20 g. atom) of sulfur and 0 . 25 g. of iod ine , 

were thoroughly mixed Mod placed in a Wood ' s  metal bath at a tempera-

ture of 175-1 80• for 35 minutes .  The warm me lt was d issolved in ace-

tone , and the result ing s olut ion was f iltered . About 150 ml . of benzene 

was added t o  the f iltrate , and then the acetone and one-half of the 

added benzene were removed by evaporation .  The benzene solut ion was 

al l �ed to remain in the cold room f or several hours . The yellow-green 

product which crystall ized from the s olution was col lected and dr ied 

on a Buchner funne l .  The yield of crude 7R-benz o[c] phenothiaz ine was 

17 . 73 g. ( 70·. 6 per cent ) , m . p . 174-176• . Tatum45 reported a yie ld of 

61 per cent of pure 7H-benzo[ c] phenothiazine , m. p .  180-181 • .  Chrana

t ographic purif ication of 3 . 0  g. of crude material on a 3 . 0  x 25-cm. 

column of Flor is il ( 30-60 me sh) using benzene as the eluant yie lded 
-

2 . 8 g .  of pure 7H-benzo[c] phenothiaz ine , m . p �  180. 5-182° . 

2 .  7 -( 2-Chl oroethyl ) benz o [e] phenothiazine 

Twenty-e ight mil l il iters of a 1 . 48 molar solution of �-butyl-

l ithium in a pentane-heptane solvent was added in 20 minutes to a sus-

pens ion of 10 . 00 g .  ( 0 . 0398 mole) of 7H-benzo [c] phenothiaz ine in 700 

ml . of anhydrous ether . The wine-red solut ion of 7-l ithiobenzo [c] -

phenothiaz ine was st irred (magnetic st irrer) under reflux for 45 
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�inutea , after which it was cooled in an ice bath. A s olut ion of 11 . 00 

g .  ( 0 . 0468 mole ) of 2-chloroethyl f-toluenesulfonate in 50 ml . of an

hydrous ether was added to  the cold solut ion in a period of 10 minutes .  

The •ixture was st irred f �  45 minute s at o•  and for 20 hour s at room 

temperature . Benzene and water were added to the react ion mixture and 

the benzene-ether layer was separated and concentrated to a small volume 

by evaporat ion . Suffic ient l igroin ( b . p .  1 00-115° ) was added to produce 

a 7 : 3  mixture by volume of l igroin and benzene . Chromatographic separa. 

t ion of the solution on a 3 . 0  x 40-em . column of Alcoa grade F-20 

alumina , us ing a 7 : 3  mixture of l igroin ( b . p . 100-115•)  and benzene as 

the eluant , yie lded 6 . 12 g .  ( 49 . 1  per cent) of bright yellow crystals ,  

m . p .  1.51-152• . 

Ana l .  Calcd . for C1aH14C1NS : C ,  69 . 33 ;  H ,  4 . 53 ;  N , 4 .49 .  

Found: C ,  69 . 49 ,  69 . 85 ;  H ,  4 . 35 ,  4 . 81 ;  N , 4 . 51 ,  4 . 22 .  

A yie ld of 23 . 9  per cent was obtained when the react ion above was 

repeated us ing anhydrous benzene as the solvent . 

3 ,. 7-{2-[B is-( 2-hydr!»7ethyl)amino]ethyl }ben�o [c] phenothiaz ine 

A mixture of 7 . 26 g .  ( 0 . 0233 mole ) of 7-( 2-chloroethyl)benzo [c] -. 

phenothiaz ine and 100 ml . of d iethanolamine was st irred (magnet ic st irrer) 

for 60 hours at a temperature of 135-140° . A cloudy , yell ow suspens ion 

was pre sent throughout the course of the reaction o  The addit ion of water 

to the cooled mixture produced an aqueous suspens ion which was extracted 

several t Unes with benzene . The combined benzene extracts were evapo

rated to a small volume and chromatographed on a 3 . 0  x 45-cm.  column 

of Flor is il . Benzene eluted a small quant ity of unchanged 7-( 2-chloro� 
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ethyl)benzo [c] phenothiaz ine . A 1 : 9  mixture of acetone and benzene was 

employed in the elut ion of the product , a viscous , yellow oil , which 

amounted to 9 . 20 g. after removal of the acet one and benzene . 

Anal . Calcd . for C22H24N2D2B :  C ,  69 . 45 ;  H ,  6 . 36 ;  N ,  7 . 36 .  

Found : C ,  69 . 18 ,  69 . 34 ;  H ,  6 . 27 ,  6 . 41 ;  N ,  6 . 83 ,  6 . 92 .  

The . isolated oil represents a yie ld greater than 100 pe r  cent in

dicat ing that some solvent may have remained in the product . It is 

evident , however , that the yie ld was high s ince convers ion of a 2-g . 

sample of the oil to the hydrochlor ide resulted ' in a yield of 85 per 

cent of the pure salt . 

When the condensat ion between the chloride and d iethanolamine 

was al lowed to proceed for only 22 hours at 1 35-140• , a yie ld of 64 per 

cent was obtained . 

4 .  7-{2-[Bis-( 2-hydroxyethyl)amino]ethylJ benzo [c]p�nothiaz ine Hydro

chloride 

Dry hydrogen chloride was passed into a solut ion of 0 . 46 g .  

( 0 . 00121 mole) of 7-}2- [b is-( 2-hydroxyethyl )amino]ethylJ benzo[c] pheno

thiaz ine in about 15 ml . of absolute ethanol . The solut ion was evaporated 

t o  a volume of about 5 ml . ,  benzene was added , and the remainder of the 

ethanol was removed . When cooled , the benzene solution yielded 0 . 39 g .  

( 77 per cent) of  colorless  crystal s ,  m . p . 213-215° . After recrystall i

zation from a mixture of ethanol and ether the hydrochloride melted at 

21 3 . 5-214 . 5· . 

Anal . Caled . f or C22H25ClN202S :  C ,  63 . 37 ;  H ,  6 . 05 ;  N ,  6 . 72 .  

Found : C ,  63 . 45 ,  63 . 1 8 ;  H ,  5 . 71 , 5 . 98 ; N ,  6 . 68 ,  6 . 59 .  
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5 .  7-{2-[!is-( 2-chl oroethyl ) aaino]ethyl}benz o[c] phenothia11 ine 

· Twenty-one mill il iters of phosphorus oxychlor ide was added to 

7 . 05 g .  ( 0 . 00185 mole ) of 7- {2-[b ia-( 2-hydroxyethyl)am ino] ethyl.J benz o

[c] phenoth iaz ine which had been cooled in an ice bath . The temperature 

of the mixture was all owed to increase gradual ly . After all of the 

hydroxy compound had d is solved in the phosphorus oxychlor ide , the dark 

solut ion was heated on the ste am bath for 75 minutes . Exce s s  phos

phorus oxychlor ide was removed under reduced pre ssure (water asp irat or) . 

Tbe re s idue was d issolved in acet one and the result ing s olut ion was 

poured ove r ice . After neutral izat i on with an aqueous s ol ut ion of 

s od ium c arbonate , the mixture was extracted severa l t ime s  with benzene . 

The benzene extracts were combined , washed with water ,  and concent rated 

to a smal l volume . Chromatographic se parat ion of the s olut i on on a 

3 . 0  x 45-cm .  column of Pl or i s i l  yielded 4 . 43 g .  ( 57 . 3  per cent ) of 

viscous , ye llow o il wh ich was eluted with benzene in the f irst f ract ion .  

Anal . Calcd . for C22H2�l2N2S :  C ,  63 . 31 ; H ,  5 . 32 ;  N ,  6 . 71 .  

Found : C ,  64 . 36 ,  64 . 5 3 ;  H ,  5 . 1 1 , 5 . 27 ; N ,  6 . 46 ,  6 . 6 5 .  

Although the d if ference in t he cal culated and determined values 

f or tbe percent age of carbon is rather l arge , the hydrochlor ide de riva� 

t ive was sh own to have the proper compos it ion .  

O n  a smal ler s eale the c onvers ion was accomplished in a yie ld 

of 65 per cent . 
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6 .  7-{2-[B is-( 2-chl oroethyl )aino] ethylj benzo[c] phenot hiazine Hydro

chloride 

A solution of 4.43 g. (0. 0106 mole) of the amine in the minimum 

quantity of absolute ethanol was treated with dry hydrogen chloride. 

The volume of the solution was reduced by evaporation , after which 

ether was added until a permanent cloudiness was detected. The hydro

chloride was allowed to crystallize slowly froa the �ther-ethanol mix

ture in the cold room. A yield of 3.50 g. (72.6 per cent) of pale 

yellow crystals , m.p. 174.5-176.5• in vacuo , was obtained. 

Anal . Calcd. for C22H23Cl3N2S :  C, 58. 22 ; H, 5.11 ;  N ,  6.17. 

Found : C ,  58. 20, 58.16 ; R,  5. 29 , 5. 05 ; N , 6. 09, 6. 21. 

C. Derivatives and Metalation of 7R-Dl.benzo [c, h] phenoth iazine 

1. 7H-Dibenz o [c , h] phenothiazine 

a. Thionation of 2-naphthylamine. A modification of the procedur• 

of Knoevenage 139 was employed in the preparation of this compound. A 

aixture of 14.30 g. (0.10 mole) of 2-naphthylamine , 3. 20 g . (0.10 g. 

atom) of sulfur and 0. 07 g .  of iodine was heated for 3 hours at 195-

200• in a Glascol heater. The warm melt was dissolved in acetone and 

the solution was filtered. About 100 ml. of benzene was added to the 

filtrate and the acetone was removed by evaporation. The benzene solu-

tion was extracted three times with 50-ml. portions of 5 per cent hydro. 

ehloric acid and then was washed with water. The benzene layer was 

concentrated to a small volume and placed in the cold roan. The yield 

of crude , yellow-green 7H-dibenzo [c ,h] phenothiazine was 7.73 g. (51. 7 
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per cent ) , m . p .  222-226 •  with dec anpos it ion . Four success ive recrystal� 

l izat ions from benzene of the crude mater ial produced yel l ow  need les , 

m . p .  225-226• with decompos ition .  Recrystall izat ion of this material 

from ethanol and f rom acetone d id n ot  impr ove the me lting point . Chraua-

tographic pur ifi cat ion of 0 . 86 g. of crude mater ial on a 1 . 5  x 38-cm . 

column of Plorisil ( 30- 60 mesh) us ing benze ne as the eluant yie lded 

0 . 6S g .  of ye llow needle s , m . p .  224-225 . 5• with decompos it i on .  It was 

found that a sample of pure 7H-d ibenzo [c , h] pbenothiaz ine me lted at 

24'-247• in vacuo with no decompos it ion . 

The yie ld reported by Knoevenage 139 was 80  per cent based on 

crude mater ial me lt ing at 228• . After repe ated recrystal l izat ion from 

benzene he obta ined pure 7H-d ibenz o [c , h] phenoth iaz ine , m . p .  236° . 

b .  Th ionat i on of d i-2-naphthylamine . The procedure used in the 

39 
preparat i on of th is compound is e ssent ially t hat of Knoevenage l , 

mod if ied only in the temperature and t ime of react ion . A mixture of 

13 . 5  g .  ( 0 . 05 mole ) of d i-2-naphthylamine , * 3 . 2  g .  ( 0 . 1 0 g .  atom) of 

•ulfur , and 0 . 1 3  g .  of iod ine was p laced in a 250�1 . ,  round -bott omed 

f lask and was heated by a Glas col he ater . At a temperature of about 

140• the reactant s momentar ily f ormed a me lt and then immed iate ly re-

sol id if ied . The temperature was increased to 1 65• but no observab le 

further change occurred . The cooled product was d is s olved in the mini-

mum quant ity of acetone and the s olut ion was f iltered . Benzene was 

added and the acet one was removed by evaporat ion . The product cryst al-

*Aldrich Chem ic al Company , Inc . 
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l ized from benzene to yield 1 3 . 33 g. ( 89 . 1  per cent) of yellow needles , 

m .p .  222-22s• .  After two recrystal l izations from benzene , a sample of 

the compound me lted at 228-230° with decaapos ition and at 245-246° � 
vacuo with no decompos ition .  A yield of 79 per cent was obtained when 

the procedure above was repeated . 39 Knoevenagel  reported a · yie ld of 

80-90 per  cent and a melting point of 230° after one recrystal l izat ion 

from benzene . A value of 222-223° was recorded by Fang , L iu and Sah57 

in 1937 for the product of the thionation of di-2-naphthylamine . 

2 .  7-Acetyld ibenzo[c ,h] phenothiazine 

A procedure s bnilar to the one described below was used by Kehrman, 

Gressley , Chiffere and Ramm61 for the preparat ion of 14-acetyld ibenzo-

[a ,  j] phenothiaz ine . A mixture of 0 . 25 g .  of 7H-d ibenzo [c ,  h] phenothiaz ine , 

1 . 25 ml . of acet ic anhydride and 0 . 25 g .  of z inc chloride was allowed 

to react at room temperature f or  1 hour . I ce  water was added and the 

mixture was st irred for about 2 hours in order to  decompose the excess  

acet ic anhydride . The gray sol id which was precipitated by the add it ion 

of water was removed by f iltrat ion , washed with water ,  and dried . The 

crude product melted at 1 90-195° . After f ive recrystall izat ions from 

ethanol , colorles s  crystals ,  m.p . 210 . 5-212° , were obtained . Kehrman 

�nd. Christopouloe?6 reported a melting point of 208° and K..,v?5 found 

the melting point to be 211 • . 

3 .  7-Methyldibenzo[c ,  til pbenothiaz ine 

To a s lurry of 6 . 48 g .  ( 0 . 0216 mole ) of 7H-d ibenzo [c , h] pheno

thiaz ine in 150 ml . of anhydrous benzene was added 15 . 0  ml . ( 0 . 0216 
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mole ) of a pentane -hept ane solut ion of !-butyl l ith ium in a per iod of 

1 0  minutes .  The orange suspens ion wh ich f omed was st irred under re-

flux f or 1 hour ,  after wh ic h a solution of 4 . 05 g .  ( 0 . 0432 mole ) of 

methyl !-tolueneaulf onate in 10 ml . of anhydrous benzene was added in 

a 1 .5-minute period . The mixture was s tirred under reflux for 4 hour s  

and then was all owed to c ool t o  rocm temperature . The yell a-� s ol id 

which had pre cipitated during tbe re act ion was removed by f iltrat ion . 

4fter thorough wash ing with water ,  a bri ght ye llow s ol id remained , 

�hich when dried amounted to 4 . 2 0 g .  ( 62 . 0  per cent ) , m . p .  280-28 1 • . 

After recryst al l izat ion ! rom · benzene , the ye llow need les me lted 

at 280 . S-28 l . s• .  The material me lted sharply at 303° in vacuo. Kym38 

reported a me lt ing point of 284-285 • .  

4 .  7- ( 2-Chloroethyl)d ibenzo[c , ll)  phenot hiaz ine 

Fifteen grams ( 0 . 050 mole) of 7R-d ibenzo [c , h] phe nothiaz ine was 

suspended in 700 ml . of anhydrous ethe r .  The add it ion of 37 . 0  ml . of 

a 1 . 40 molar hexane s olution of !-butyll ithium produced a br ight red 

suspens ion of 7-l ithiod ibenz o[c . � pbenot hiaz ine wh ich then was st irred 

f or 1 hour at room temperature . The red suspens ion was cooled in an 

ice bat h  and a s ol ut ion of 14. 0 g .  ( 0 . 0596 mole ) of 2-chloroethyl � 

toluene sulfonate in 50 ml . of anhydrous ether was added in 5 minute s .  

The mixture was st irred for 1 hour at room temperature and f or 20 hours 

under gent le ref lux . Then benzene and water were added to the react ion 

mixture . The benzene-ether layer was se parated , f iltered , and concen-

trated t o  a small volume by evaporat ion . Suf fic ient l igroin ( b . p .  1 00-
. -

l ls • )  was added t o  pr oduce a 7 : 3  mixture by volume of l igroin and 
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benzene . The s olut ion was chromat ographed on Alcoa grade F- 20 alumina . 

A 7 : 3  mixture of l igro in ( b . p .  100- 11 5 ° ) and benzene eluted the pr oduct 

in the f irst fract ion , which whe n evaporated to a small vol ume yie lded 

4 .4S g. ( 2S . 2  per cent ) of pale ye l l ow  needle s ,  m . p .  1 84- 1 8 5 ° . 

Anal . Cal cd . f or C22R1 6C lNS :  C ,  7 3 . 02 ;  H ,  4 . 46 ;  N ,  3 . 87 .  

Found : C ,  73 . 02 ,  73 . 24 ;  H ,  4 . 53 ,  4 .76 ; N ,  4 . 00 ,  4 . 08 .  

From the las� f ract ion of the chromatograph ic se parat ion of the 

react ion mixture was isolated a red crystal l ine mate r ial , m . p . 240-

240 . 5• . A large volume of benzane was requ ired t o  e lute the compound . 

The e lemental analys is ind ic ate s that the st ructure of the c ompound 

corre sponds t 0 1 ' 2-d i-( 7-d ibenzo [c ,  bJ phenothiaz inyl)ethane . 

�· Calcd . f or C42H28N2S2 : C ,  80 . 7 5 ;  H , 4 . 52 ;  N ,  4 . 48 .  

Found : C ,  80 . 3 3 ,  80 . 4S ;  H ,  4 . 53,  4 . 41 ;  N ,  4 . 1 8 ,  4 . 45 .  

i A summary of a number of pre parat ions of 7- ( 2-ch loroethyl)d ibenzo-

[c , � phenothiaz ine is cont a ined in Table I I I . 

5 .  ?.:.f 2-�is-( 2-hydroxyethyl)amino]ethylJ dibenz o  [c ,  sJ phenothiaz ine 

A mixture of 5 . 45 g .  ( 0  • .0151 mole ) of 7-( 2-chl oroethyl)d ibenz o-

� , � phenothiaz ine and 1 20 ml . of d iethanol amine was st irred at a 

temperature of 130-1 35• f or 40 hours . the ye llow solut ion was allowed 

t o  cool to room temperature , afte r wh ich wate r was added . The pr oduct 

was removed from the aque ous suspens ion by several extract ions with 

50-ml . port ions of benzene . The c ombined benzene extracts were concen-

trated to a small volume and chromatographed on a 1 . 8  x 63-cm . column 

of Florisil . Benzene removed a small amount of unchanged 7- ( 2-chloro

etbyl)d ibenz o [c , h] phenothiaz ine . A 1 : 9  mixture of acet one and benzene 



TABLE I l l  

EFFECT OF VARI ED CONDITIONS ON THE YIELD OF 7-( 2-CHLOROETRYL)DIBENZO [c ,�PHENOTHIAZINE 

Order of Temperature of Re act ion 
Solvent Add it ion Add it ion Temperature 

Benzene 7-Lithio DBP a Room Temperature Re f lux 
to Sulfonate 

Ether-Benzene 7-Lithio DBP Ref lux ( ao• ) Re f lux ( so• ) 
to Sulf 9nate 

Tetrahydrofuran Sulfonate t o  Ice Bath Room Temp . 
7-Lithio DBP Re f lux 

Ether Sulf onate to I ce Bath Room Temp .  
7-Lithio DBP 

Ether Su lf onate to Ice Bath Ref lux 
7-Lithio DBP 

Arhe abbreviation "DBP" refers t o  d ibenzo[c , � phenothiaz ine . 

React ion 
Time 

(Rra . )  

15 

20 

17 
4 

91 

20 

Yie ld 
(Per Cent ) 

2 0 . 5 

8 . 3  

11 . 2  

25 . 4 

25 . 2  

..... 
"' 
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eluted the pr oduct , wh ich crystal l ized from benzene after removal of 

the acetone . A yie ld of 5 . 44 g .  ( 84 . 0  per cent ) of yel l ow  crystals , 

m . p .  1 59-1 60• , was obta ined . 

Found : C ,  72 .70 , 72 . 46 ;  H ,  5 . 92 ,  6 . 1 3 ;  N ,  6 . 49 ,  6 . 37 .  

6 .  7-{2-(Jis-( 2-hydroxyethyl)•ino]ethyl) d ibenzo [c , b.l phenothiaz ine 

Hydro chlor ide 

Dry hydrogen chlor ide was passed thr ough a solut ion of o . so g .  

( 0 . 001 1 6  mole ) of the amine in the minimum quant ity of absolute ethanol , 

A pale ye l l ow  crystal l ine material immed iate ly pre cip it ated from the 

s olut ion to yie ld 0 . 5 1 g .  ( 94 . 5  per cent) of the hyd rochlor ide , m . p .  

256-261 • at atmospher ic pre s sure and 256-257• � � ·  

Anal . Calcd . for C26R27ClN202S :  C ,  66 . 87 ;  H ,  5 . 82 ;  N ,  6 . 00 .  

Found : C ,  66 . 1 7 ,  66 . 77 ;  H ,  5 . 85 ,  5 . 82 ;  N ,  6 . 01 ,  6 . 1 6 .  

7 .  7- 2� [8 ia-( 2-chloroeth l)amin;l eth 1 d ibenzo c , h henothiaz ine 

A solut ion of 5 . 44 g .  ( 0 . 0127 mol e )  of 7- {2- [bis-( 2-hyd roxy

ethyl)amin� ethyiJ d ibenzo [c ,  t!] phenothiaz ine in 1 5 . 0  m1 . of phosphorus 

oxychlor ide was heated
_ 

on the steam bath for 1 . 5  hours . After removal 

of the exce ss  phosphorus oxychlor ide under reduced pressure , the dark 

mas s  which remained was d iss olved in acet one and tbe s olut ion was 

poured oVer crushed ice . The acetone-water mixture was neut ral ized 

with aqueous s od ium carbonate and then was extracted three t Une s  with 

benzene . The combined benzene extract s were washed with water , evap-

orated to a small volume , and chr omatographed on a Fl or is il column . 
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Benzene eluted the product in the f irst fract ion . Ligroin ( b . p .  100-

1 15 • )  was added to  this fraction and the benzene was removed by ev•pora� 

tion. Crystal l izat ion fran ligroin yie lded 3 . 94 g .  ( 66 . 7 per cent) of 

br ight yellow needles , m . p .  117-lla• . • 

Anal . Calcd . for1 C26R24Cl2N2S 1  C ,  66 . 80 ;  H ,  5 . 18 ; N , 5 . 99 .  

Found : C ,  66 . 69 ,  67 . 01 ;  H ,  5 . 21 ,  5 . 03 ;  N , 5 . 95 ,  5 . 81 .  

8 .  7-{2- & is-( 2-ehl oroethyl)amino]ethyl} d ibenzo (c ,h]phenothiaz ine Hydro... 

chloride 

Dry hydrogen chlor ide was pasaed through a solution of 4 . 10 g .  

( 0 . 00878 mole ) of the amine in the minimum quant ity of abs olute ethanol . 

Ether was added unt il a permanent cloud ines s. was produced and the mix

ture was placed in the cold roam . for several hours . A yield of 3 . 89 g. 

( 88 . 2  per cent)  of colorless  crystals , m . p .  190-199° in �, '  was col ... 

l_e cted . Recrystall izat ion of the material from a mixture of ethanol 

and ether , into which was passed dry hydrogen chlor ide , gave 3 . 30 g .  of 

the hydrochloride , m . p .  1 96-197 . 5• in �· 

Anal . Calcd . f or C26B2sCl,tt2S :  C ,  61 . 98 ;  R ,  s • .-01 ; N ,  5 . 5 6 .  

Found : C ,  62 . 06 ,  62 . 05 ;  H ,  5 . 15 ,  4 . 91 ; N ,  5 . 66 ,  5 . 48 .  

9 .  Metal at ion of 7R-D ibenzo [c , tJ phenothiaz ine 

a .  6-Carboxy-7B-di'&enzo [c , ti} phenoth iaz ine � Thirty-two mil l il i,era 

( 0 . 048 mole) of a hexane solut ion of �-butyll ithi�m was added in a per iod 

of 10 minutes to a s lurry of 6 . 00 g .  ( 0 . 020 mole ) of 7H-dibenzo [c , ti} 

phenothiaz ine in 200 ml . of anhydrous ether .  The resulting red suspens ion 

was st irred under reflux f or 4 . 5  hours .  The mixture was cooled in a 
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sol id carbon dioxide-acetone bath , than carbonated with excess crushed 

sol id  carbon dioxide , and allowed to wa� gradually to room temperature . 

The l ithium salt of the carboxyl ic ac id was removed by extract ion with 

water . The combined aqueous extracts were washed with ether and then 

ac idified with 50 per cent hydrochlor ic acid . The maroon-col ored pre-

c ipitate was collected on a s intered glass suet ion funne 1 ,  washed with 

water , and dried overnight in a vacuum desiccator . A yie ld of 5 . 27 g. 

( 76 . 6  per cent) of the crude ac id , m . p .  311-312° in vacuo and 297-303° 

at atmospheric pressure , was obtained . The infrared spectrum* of the 

· mater ial revealed a carbonyl stretching band at 5 . 95 microns . 

Anal . Calcd . for C21H1 3N02S :  C ,  73 . 50 ;  H ,  3 . 81 ;  N ,  4 . 07 .  

,ound : C ,  73 . 40 ,  73 . 39 ;  H ,  4 . 26 ,  4 . 01 ;  N ,  4 . 11 , 4 . 00 .  

Attempts to pur ify the acid by re crystall izat ion and by chroma-

tography were unsuccessful . The structure of the ac id was shown to cor

respond to 6-carboxy-7R-d ibenzo[c ,� phenothiaz ine by desulfurizat ion of 

its methyl ester and subsequent f�mat ion of d ibenz[a , iJacridone . 

b .  6-Carbc.ethoxy-7H-dibenzo[c ,h]phenothiazine . A s olution of 

diazomethane ( ca .  0 . 05 mole) in ether was prepared , accord ing t o  the 
84 procedure of DeBoer and Backer , from N-methyl-N-nitroso-f-toluene-

sulfonamiae . To the solution of diazcmethane in 1 60 ml . of ether was 

added 2 . 30 g .  ( 0 . 00670 mole) of 6-carboxy-7R-d ibenzo [c , � phenothiaz ine 

*Infrared spectra were determined on a Perkin-Elmer Model 137B 
Infracord using the potass ium bromide d isc technique ( 1  mg . of sample 
in 300 mg. of potas s ium bromide ) .  The spectra are on f ile in the De
partment of Chemistry , The University of Tenne ssee . 
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which was d issolved in 90 ml . of freshly d ist illed tetrahydrofuran. 

After the addition of the acid , the evolution of a gas was observed . 

The dark red s olut ion was placed under a hood overnight to al low the 

solvent and the excess d iazomethane to  evaporate . During this inter-

val the color of the solution lightened to bright red . Ligroin ( b . p .  

66-75• )  was added and the remainder of the ether and tetrahydrofuran 

was removed on the steam - bath. A yie ld of 2 . 14 g .  ( 89 . 4  per cent ) 

of the bright orange ester ,- m . p .  178-181 • ,  crystall ized from the 

ligroin solution .  

Anal . Calcd . f or C22H1sN02S :  C ,  73 . 92 ;  H ,  4 . 23 ; N ,  3 o 92 o  

Found : C ,  73 . 70 ,  73 . 93 ;  H ,  4 . 29 ,  4 . 19 ; N ,  3 . 66 , 3 . 64 .  

c .  De sulfurizat ion of 6- carbc:aethoxy-7R-dlbenzo[c ,h] pheno

thiaz ine with Raney nicke l .  Activated Raney nicke l was prepared 

according to  the procedure of Covert and Adkins •85 Although a number 

of attempts to desulfurize the ac id were unsucces sful , it was found 

that the methyl ester reacted smoothly . 

To a suspension of 1 . 73 g .  ( 0 . 00484 mole) of 6-carbomethoxy-7R-

4 ibenzo [c , h] phenothiaz ine in 200 ml . of absolute ethanol was added 

14 g. of fresh ly prepared Raney nickel catalyst . The mixture was 

st irred (magnetic st irrer) unde� reflux for 2 hours , after which time 

there was no visible evidence that a react ion had occurred . When an 

addit ional 6 g .  of the catalyst was added t o  the hot mixture , the colo� 

was immediately changed from orange to  yellow. The mixture was refluxed 
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for another 2 hours , after which the ethanol solut ion was decanted from 

the catalyst and carefully f iltered on a s intered glass suct ion funne l .  

From t he  solut ion was Obtained 1 . 04 g .  ( 65 . 6  per cent) of yellow needles , 

m . p .  1 22-123° . 

Anal . Calcd . for C22H17R02: C ,  80 . 70 ;  H ,  5 . 24 ;  N ,  4 . 27 . 

'ound : C ,  80 . 66 ,  80 . 32 ;  H ,  5 . 1 6 ,  5 . 1 6 ;  N ,  4 . 10 ,  4 . 44 .  

The structure of the de sulfurization product was shown to  corre

spond to 3-carbomethoxy-2 , 2 ' -d inaphthylamine by cycl ization with poly

phosphoric ac id to d ibenz[a , il acridone . 

d .  Dibenz[a , �] acridone . One-fourth of a gram ( 0 . 000764 mole ) 

of 3-carbamethoxy-2 , 2 ' -d inaphthylamine from the de sulfurizat ion of 6-

earbomethoxy-7H-d ibenzo[c , h] phenothiaz ine was d issolved in 40 ml . of 

polyphosphor ic ac id* with heat ing and st irr ing . The deep-red solut ion 

was heated at a temperature of 120-125° for 1 . 5  hours . Addition of the 

solution to water prec ipitated a brown sol id which was removed by f il

trat ion and washed with water . A solution of the material in acetone 

was f iltered , benzene was added to  the f iltrate , and the acetone was 

removed by evaporat ion .  Then the benzene s olut ion was chranatographed 

on a 1 . 5  x 25-cm_. colmnn of Floris il . The major ity of the product was 

eluted with benzene in the first fract ion . A 1 : 9  mixture of acetone 

and benzene eluted an add itional small amount of the acridone . A yield 

of 0 . 1 32 g .  ( 58 . 4 per cent)  of bright ye llow-gold dibenz [a , i]acridone , 

m . p .  372-374° , crystall ized from a mixture of l igroin ( b . p . 1 00-1 1 5 ° )  

*victor Chemical Works . 



78 

and benzene . Strohbach79 reports a melting point greater than 300° 

and Cyme�an-Cra ig and Loder 80 obtained golden-red plates , m . p .  372° . 

e .  3-Carboxy-2 , 2 ' -d inaphthylamine . A small sample of the methyl 

ester fran the desulfurizat ion of 6-carbom.ethoxy-7H-dibenzo [c ,  h] pheno

thiaz ine was d issolved in approximately 30 ml . of methanol . Three grams 

of sod ium hydroxide was d issolved in the yellow solution and the re sult. 

ing mixture was ref luxed on the steam bath for 1 . 5  hours . The s olut ion 

was poured into 1 00 ml . of water and the aqueous mixture was ac id if ied 

with 50 per cent hydrochloric acid . The ye llcw material which prec ipi. 

tated was removed by f iltrat ion , washed with water and dr ied . After 

one recrystal l izat ion of the sol id from l igroin ( b .p .  66-75° )  and two 

recrystall ization& from ether ,  bright yellow needles ,  m . p .  229-230° , 

were obtained . 

Anal . Calcd . for C21R1sN02: C ,  80 . 47 ;  H ,  4 . 82 ;  N ,  4 . 47 .  

Found :  C ,  80 . 28 ,  80 . 07 ;  H ,  4 . 79 ,  4 . 79 ; N ,  4 . 46 .  

D .  Derivat ive s  and Metalation of 14H-Dibenzo [a , � phenothiaz ine 

1 .  14H-Dibenzo [a , tJ pbenothiaz ine · 

Following the procedure of Waters43 which was a mod ificat ion of 
61  an earl ier method of Kehrman , Gress ly ,  Chiffere and Ramm, 50 . 00 g. 

( 0 . 1967 mole ) of 1 , 2 ' -d inaphthylamine ,43 12 . 60 g .  ( 0 . 393 g .  at om) of 

sulfur and 0 . 50 g .  of iod ine were mixed thoroughly and heated . by means 

of a Glascol heater . The mixture me lted at a temperature of about 100-

110• . The temperature was raised t o  1 30-135° and maintained f or 12  
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minutes ,  at which point the me lt resol id if ied . The warm mass was · 

crushed and washed with acetone . The remaining sol id was placed in a 

Soxhlet extractor and extracted with benzene . The init ial acetone 

washings yie lded 7 . 70 g.  of unchanged amine . The benzene extracts 

yie lded 16 . 75 g .  of pure product , m . p .  200-203° in �· and 12 . 10 g .  

of bnpure material , m .p .  170-1 80° in  vacuo . The total yie ld was 

28 . 85 g. ( 48 . 9  per cent ) . Waters43 reported yie lds  in the range 45-

56 per cent and a melting point of 194-197 °  in vacuo on unchromato-

graphed 14R-d ibenzo [a ,� phenothiazine . 

2 .  14- ( 2-Chl oroet hy 1) d i benzo [a ,  1\] phenothiazine 

To a slurry of 8 . 00 g .  ( 0 . 0267 mole ) of 14H-d ibenzo � v� pheno-

thiaz ine in 450 ml . of anhydrous ether was added 22 . 0  ml . of a 1 . 50 

molar hexane solut ion of ��butyll ithium in a period of 10 minutes . 

The resulting red solution was st irred (magnet ic stirrer) for 2 hours , 

after which it was cooled in an ice bath . A solut ion of 2-chloroethyl 

�-toluenesulfonate in 50 ml . of anhydrous ether was added in 5 minutes 

to  the cool s olution of 14-lithiodibenzo [a ,h] phenothiaz ine . The mix-

ture was st irred f or 1 hour at o• and for 18 hours under reflux . The 

react ion mixture was f iltered and extracted with water to  remove the 

l ithium f-toluenesulfonate . A 2 : 3 mixture of benzene and l igroin 

(b . p .  1 00-115 ° )  was added and the ether was removed by evaporation. 

The result ing solut ion was chr omatographed on two 1 . 7  x 70-cm . columns 

of Floris il ( 60-100 mesh) us ing l igroin ( b . p .  1 00-115 ° )  as the eluant . 

A yie ld of 3 . 80 g. ( 39 o 2  per cent ) of yellow product , m . p .  146- 148° , 

crystal l ized from the f irst fract ion . Two addit ional preparat ions , one 
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of whiCh was st irred at room temperature for 42 hours and under reflux 

for 3 hours and the other at roam temperature for 35 hours and under 

reflux f or  1 hour , resulted in yie lds of about 40 per cent . The purest 

material which was obtained me lted at 148-149• . Waters43 reported a 

yie ld of 25 . 6  per cent and a melt ing point of 147-148• . 

3 . 14-{2-[Bis-(2-hydroxyethyl )amino]ethylidibenzo�,�phenothiaz ine 

A mixture of 7 . 50 g .  ( 0 . 0207 mole ) of 14-( 2-chloroethyl)dibenzo

[a , h] phenothiaz ine and 1 50 ml o of d iethanolamine was st irred (magnet ic 

stirrer) and heated at a temperature of 130-135° for 40 hours .  Water 

was added t o  the reaction mixture and the resulting aqueous suspens ion 

was extracted several t �es  with benzene . The combined benzene extracts 

were washed with water ,  concentrated to a small volume , and chromate

graphed on Flor is il . Benzene brought down a small amount of unchanged 

14-(2-chloroethyl)dibenzo [a , h] phenothiaz ine in the initial fract ion . 

A 1 : 9  mixture of acetone and benzene e luted the product . The solvent 

was removed by evaporation and the res idue was d is s olved in a mixture 

of l igroin ( b . p .  66-75• ) and ethe r , from which 7 . 46 g .  ( 8 3 . 7  per cent) 

of yellow crystals , m . p .  1 36-137 • , was Obtained . 

Anal . Calcd . f or C26H26N2D2S :  C , 72 . 54 ;  H ,  6 . 08 ;  N ,  6 . 51 .  

Found : C ,  72 . 60 ,  72 . 42 ;  H ,  5 . 97 1  6 . 05 ;  N ,  6 . 31 , 6 . 45 .  

Repet it ion of the procedure above resulted in a yield of 8 1  per 

cent . 

The compound exhibits the phenomenon of d imorphism , having a 

second crystall ine form which me lts at 107-108° . One recrystal l ization 
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from a mixture of l igroin and ether raised the melting point of the 

lower melting form to 1 36-137• . The infrared spectra of the two forms 

are ident teal • 

4 .  14-{2-[Bta-( 2-hydroxyethyl )aatn<J ethyl) dibenzo[a ,� phenothiaz ine 

Hydrochlor ide 

Dry hydrogen chloride was passed through a s olution of 0 . 30 g.  

( 0 . 000698 mole ) of the amine in anhydrous ether . The hydrochloride 

prec ipitated �ed iately . A yield of 0 . 16  g. (49 . 1  per cent ) of the 

pale yellow material , m . p .  208-210• at atmospheric pressure and 211 . 5-

213• in vacuo was obtained . 

�· Calcd .  for C26R27ClN202S : C ,  66 . 81 ;  H ,  5 . 82 ;  N ,  6 . 00 .  

Found z c ,  66 . 73 ,  66 . 73 ;  H ,  6 . os ,  5 .78 ; N ,  6 . 03 ,  s . aa .  

5 .  14-{2-[Bla-( 2-chloroethyl)•in;lethrl}d ibenzo (f,t\1 phenothiaz ine 

Eleven and f ive-tenths mill iliters of phosphorus oxychloride was 

added to 3. 80 g .  ( 0 . 00884 mole) of 14- [2- [i,is-( 2-hydroxyethyl )amincil 

ethyl} dibenzo [a , h] pbenothiaz ine in a 50-ml . ,  round-bottomed flask which 

was suspended in an ice bath . The hydroxy compound was d issolved 

slowly in the phosphorus oxychloride by gradually increasing the temper-

ature of the mixture . The result ing dark green solution was heated on 

the steam bath for 1 . 5 hours , after which the excess phosphorus oxy-

chlor ide was removed under reduced pressure . The res idue was d issolved 

in acetone and the solution was poured over crushed ice . The acetone-

water mixture was neutral ized with a solut ion of sodium carbonate and 

then was extracted with benzene . The combined benzene extracts were 
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concentrated to a small volume and chromatographed on a 1. 8 x 5�-cm. 

column of Florisil. The nitrogen mustard was eluted by benzene in the 

first fraction. After the benzene was removed by evaporation, the 

product was crystallized from a mixture of ligroin (b.p. 66-75°) and 

ether to yield 2. 05 g .  (-49.6 per cent) of yellow crystals, m.p o  107-

loa•. A preparation on a smaller scale gave a yield of 53. 7  per cent, 

m.p. 108-109°. 

Anal. Calcd. for C26H24Ci2NS: C, 66. 80; H, 5.18 ; N, 5 . 99. 

Found : C, 66. 74, 66 . 75 ;  H, 5. 40, 5. 07 ; N, 5. 63 , 5. 78 . 

6. 14-{2-fBis-(2-chloroethyl)amino]ethyl}dibenzo[a,l\]phenothiazine 

Hydrochloride 

Dry hydrogen chloride was passed through a solution of 3 . 89 �. 

(0. 00832 mole) ·of the amine in the minimum quantity of absolute ethanol. 

The solution was evaporated to a smaller volume and ether was added until 

a permanent cloudiness could be detected. The mixture was placed in the 

cold roam overnight to allow crystallization of the hydrochloride. The 

yield was 3. 69 g .  (88.2 per cent) of colorless crystals, m.p. 167-175° 

at atmospheric pressure and 175-185° in vacuo. 

Anal. Calcd. for C26H25Cl3N2S:  C, 61.98 ;  H, 5. 01 ;  N, 5.56. 

Found : C, 62. 00, 61. 88 ; H ,  5. 02, 4. 89; N, 5.41, 5. 70 0  

7 0 Met alation of 14H-Dibenzo [a, li) phenothiazine 

a. l-Carboxy-14H-dibenzo [� , h] phenothiazine o Ten milliliters 

(0. 015 mole) of' a hexane solution of �-butyllithium was added with 

stirring to a suspension of 1. 50 g o � of 14H-dibenzo[a, h]phenothiazine 
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Initi ally , a dark red s olut ion was formed from which pre c ipitated a 
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red crystall ine mater ial . The m ixture was gent ly ref luxed f or 5 hours , 

after which it was cooled in a sol id carbon d ioxide-acetone bat h .  An 

exces s of crushed sol id carbon d ioxide was added and the mixture was 

al l �ed to wa� gradual ly to roan temperature . The result ing ye l l ow  

$Uspens ion was ext racted several t ime s  with water . The comb ined 

aqueous extract s were washed with ether and t hen ac id if ied with 50 per 

cent hydrochlor ic ac id . The maroon s ol id which pre c ipitated was removed 

by f iltrat ion on a f ine , s intered' glass suct ion funne l , washed with 

water , and dr ied overnight in a vacuum des iccator .  The yield of crude 

ac id was 1 . 38 g .  ( 80 . 2  per cent) . 

Anal . Cal cd .  for C21H1 3N02S :  C ,  73 . 50 ;  H ,  3 . 81 ;  N ,  4 . 07 .  

Found : C ,  73 . 23 ,  73 . 55 ;  H ,  4 . 06 ,  3 . 95 ;  N ,  4 . 26 ,  4 . 1 5 .  

Several determinat ions were neces sary � o  est �ate the me lt ing 

character ist ics of the compound . A sample was p laced in a cap il �ary 

tube in the Me l-Temp apparatus which had been heated to a temperature 

of 1oo• . The s ample became l ighter in c ol or at 150- 1 60° , then turned 

black at 255• and me lted with de compos it ion at 265�267• . Samples placed 

in the me lt ing-point b l ock at temperatures ab ove 110• me lted after a 

short induct ion per iod and immed iate ly re sol id if ied t o  a bright red 

mater ial . This unusual behavior is expl a ined by the fact that whe n 

the a c id is heated , wate r is e l fminated and a new compound , the lact am 

of the acid , is formed . Thus , the melt ing po int of 265-267° is not 

that of the ac id but that of the Uapure lactam , the format ion and 
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purif icat ion of wh ich is de scr ibed in the fol l ow ing procedure . The 

ac id was f ound t o  be mode rately s oluble in hot , 1 0  per cent , aque ous 

s od ium carbonate . 

b .  Lactam � l-c:arboxy-1 4R-d ibenzo [a ,h]phenothiaz ine . A pro

cedure s imilar to the one used in the preparat ion of th is compound was 

employed by Shirley and L iu7 1  in the synthe s is of the l actam of l

carb oxy- 12H-benz o[a] phenothiaz ine . In a te st tube was placed 0 . 37 g .  

( 0 . 001 08 mole ) o f  the ac id obt ained from t he  met alation of 14H-d ibenzo

[a , � phenothiaz ine . The test tube conta in ing the ac id was heated in 

a wax bath at a temperature of 1 90-2 1 0 °  f or 8 minute s .  Water vapor was 

observed to conden se on the s ides of the test tube . The s ol id re sult-

ing from t he  conve rs ion was re crystall ized from be nzene to yie ld 0 . 24 g.  

( 66 . 4  per cent ) of red-orange need les , m . p . 270-272 ° . 

Anal . Cal cd . f or C21H1 2NOS :  C ,  77 . 55 ;  H ,  3 . 38 ;  N ,  4 . 30 .  

Found : C ,  77 . 32 ,  77 . 35 ;  H ,  3 . 46 ,  3 . 31 ; N ,  4 . 22 ,  4 . 35 . 

The lactam was ins oluble in both hot and cold 10  per cent aque ous 

s od ium carbonate . Compar ison of the intrared spectra of the a c id and 

lactam revealed a shift in the carbonyl stret ching band fr om 6 . 01 p for 

the a c id to 5 . 86 p f or the lactam .  Be llamy75 ind icate s that such a 

sh ift is to be expected . 

c .  React ion � l-carboxy-14H-d ibenzo � , Jphenothiaz ine with 

d iaz omethane . An attempted synthes is of the methyl e ster of l-carboxy-

14H-d ibenz o[a , � phenothiaz ine with d iaz omethane re sulted in the f orma

t i on of the lactam of the acid . In  a mixture of 1 0  ml . of fre shly 

d ist illed tetrahyd rofuran and 10 ml . of anhydrou s  ether was diss olved 
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0 . 1 0 g .  ( 0 . 00029 mole ) of l-carboxy-14H-dibenz o � , h�henothiaz ine . An 

ethereal solut ion of d iazomet hane prepared ac cord ing to the pr ocedure 

of DeB oer and Backe r84 
was added and the mixture was p l aced in an 

evaporat ing d ish under a hood . In about 2 hours orange-red needles 

be gan to cryst al l ize from the s olut ion . A few mill igrams of the mate-

r ial was removed on the t ip of a spatula . The inf rared spectrum of 

the need le s pr oved to be ident ical with that of the lactam pre pared 

previous ly by heat ing the ac id at 200• . The evaporat ing d i sh was 

al l owed to st and in the hood overnight . The remainder of the red 

crystal l ine prod�ct , from which most of the s olvent had evaporated ,  

was s lurr ied in a few mil l il ite rs of ether , removed by f iltrat ion ,  and 

dr ied to yie ld 0 . 04 g. ( 42 per cent ) of the lact am , m. p .  269- 27 1 ° . Re-

crystal l izat ion from benzene ra ised the me lt ing po int to 27 1-273° . A 

mixture of this c ompound and the lact am formed by heat treatme nt , as 

previous lr de s cribed , me lted at 27 0-272 ° .  

Anal � Calcd . f or C21R1 2NOS : C ,  77 . 55 ;  R ,  3 . 38 ;  N ,  4 . 30 . 

Found : C ,  76 . 7 9 , 76 . 67 ;  H ,  3 . 26 ,  3 . 1 3 ;  N ,  4 . 05 ,  3 . 89 .  

The lact am was obta ined in 4 6  per cent yie ld in a repet it i on  of 

the pr ocedure above . 

d .  Metalat ion of 12H-benz o [� phe nothiaz ine . Fol l owing the pr o

cedure of Shirley and Liu , 71 4 . 00 ml . ( 0 . 006 mole ) of
-

a he xane solut ion 

of �-butyl l ithium was added in 5 minute s  to a solut ion of 0 . 5 0  g. ( 0 . 002 

mole )  of 1 2H-benzo [a]phe nothiaz ine43 in 15 ml . of anhydrous ether . 

The bright red s olut ion was st irred ( magnet ic st irrer)  for 1 00 minutes 

at  room temperature after which it  was cooled in a sol id carbon d ioxide-
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acetone bath . The cold s olut ion was carbonated with excess crushed 

sol id carbon dioxide . The result ing yellow suspens ion was extracted 

several t U.es  with water and the combined aqueous extracts were 

acidif ied with 50 per cent hydrochlor ic acid .  The red-brown prec ipi

tate was removed by f iltration ,  washed with water and dried to yield 

0 . 35 g .  ( 60 per cent) of the crude acid ,  m . p .  1 25-127• . After recrys

tall ization from a mixture of acetone and l igroin (b . p .  100-115° ) , 

the ac id melted at 1 32-1 33• . Shirley and Liu71 report a melting point 

of 136-137 •  and a yie ld of 94 per cent . 

e .  Reaction of 1-carboxy-12H-benzo[a]pbenothiaz ine with �

methane . A solution of 0 . 10 g .  of the carboxylic ac id prepared in the 

pre ceding exper bDent in a mixture of 10 ml . of tetrahyd�ofuran and 10  

ml . of  ether was added to  an ethereal solut ion of d iazomethane � 84 The 

mixture was placed in an evaporat ing d ish under a hood for several · 

hours . Ligroin (b . p .  66-75° ) was then added and the remaining tetra

hydrofuran and ether were evaporated on the steam bath . Orange-red 

needles ,  m . p .  1 14-116• , crystall ized from the ligroin s olut ion . 

Anal . Calcd . for Cl8a1 3No2s :  C , 70 . 33 ;  H ,  4 . 26 ;  N , 4 . 55 .  

Found : C ,  70 . 08 ,  69 . 78 ;  H ,  4 . 04 ,  4 . 06 ;  N ,  4 . 20 ,  4 . 66 .  

It was evident , from a comparison of ,the melting point and infrared 

spectrum of the product above with the melt ing point and spectrum of a 

sample of the lactam of l-carboxy-12R-benzo[� phenothiaz ine synthe s ized 

by Shirley and L iu , 71  that the react ion proeeeded in the normal manner 

to produce the methyl ester . 



E .  Formation and React ions of 14H-Dibenz o (a ,  CJ phenothiaz ine 

1 .  9-Bromophenanthrene 
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The "Organ ic Synthe ses" prep arati on of Dornfe ld , Cal len and Cole

man86 was employed in t he preparat ion of 9-bromophenant hrene . 

A t otal of 62 . 8  g .  ( 57 . 6  per cent ) of pale ye l l ow oil , b . p .  1 65-

179 °/1 mm .  was col lected . A smal l amount of the oil  was cryst all ized 

from ethanol yie ld ing c ol orle s s  crystals ,  m . p .  50- 54° . Dornfe ld , 

Cal len and Coleman reported a yie ld of 90-94 per cent based on mate r ial 

wh ich d ist i lled at 177-190°/2 mm .  The che ckers , R .  E .  Carnahan and H .  

8 6  
Adk ins , obtained yie ld s  of 80-84 per cent , m . p .  54- 56• , which when 

recrystal l ized had a me lt ing point of 65-66° and amounted to a y ie ld 

of 60 per cent . 

The compound al s o  was obtained commerc ial ly f rom the Aldr ich 

Chemical Company � This  product me �ted at 55-57• . 

2 .  N-phenyl-9-phenanthrylamine 

A procedure s bnilar t o  the one given be low was used by S card igl ia 

and Robert s 73 f or the preparat ion of d iphenylamine . To 2 00 ml . of 

freshly d ist illed , ref lux ing an il ine in a 500-ml . ,  three-ne cked f lask 

equipped with an air- cooled condenser and a magnet ic st irrer was added 

7 . 1 5  g .  ( 0 . 1 83 mole)  of potas s ium met al . Dur ing the add it ion of the 

pot as s ium ,  the evoluti on of ammonia was detected . The pot as s ium was 

added in 50 minute s and the re su lt ing black s olution wa s ref luxed f or 

4 hour s . A solut i on of 45 . 0  g .  ( 0 . 175 mole ) of 9-bramophenanthrene in 

50 m1 . of ani l ine was added in about 1 hour t o  the reflux ing s olut ion 
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of potas s ium an il ide , after which the mixture was refluxed f or 15 . 5  

hours . The mixture was allowed to  cool and ethanol was added caut ious-

ly . Ether was added and the mixture was extracted sever_a]. t imes 

with water to remove the pot as s ium bromide . The ether was removed by 

evaporat ion on the steam bath and most of the anil ine was removed under 

d iminished pres sure . The black res idue was d ist illed in vacuo and 

22 . 80 g .  of pale yellow oil , b . p .  224-228°/0 . 5 mm . , was col lected . Two 

recrystall izati ons from l igroin (b . p .  66-75 ° )  yielded 1 8 . 97 g .  (40 . 3 

per cent)  of colorles s  needles , m . p .  1 33-134 . 5° . Wolfram and Schnurr72 

prepared N-phenyl-9-phenanthrylamine from s od ium anil ide and 9-chloro-

phenanthrene and reported a me lting point of 138• . The melt ing point 

of the compound was not changed from the value of 133-134 . 5 °  by chroma-

tographic purif icat ion on Flor is il or by recrystal l ization . 

Three add itional pre par at ions of N-phenyl-9-phenanthrylamine re-

sulted in yield s - of 37-42 per cent . 

3 .  14R-Dibenzo [a ,  c] phenothiaz ine 

A mixture of 10 . 00 g .  ( 0 . 0372 mole )  of N-phenyl-9-phenanthryl-

amine , 2 . 40 g .  ( 0 . 075 g. atom) of sulfur , and 0 . 10 g. of iod ine con-

tained in a 100-ml . , round-bottomed flask was placed in a Wood ' s  metal 

bath,  the temperature of which was 1 55 • . The f irst evolut ion of hydro-

gen sulf ide was noted after the melt had reached a temperature of 142° . 

The reaction mixture was maintained at a temperature of 180-190° for 

20 minutes and at 195-205°  for 40 minutes .  The warm me lt was d is solved 

in benzene and tbe result ing solution was f iltered . Ligroin (b . p .  1 00-

1 15° ) was added unt il a smal l amount of dark tar came out of solution .  
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The resulting amber solution was chromatographed on a 3 . 0  x 55-cm . 

column of Florisil . A large volume of l igroin (b . p .  66-75 •)  was used 

in the e lution of the product . A yield of 1 . 80 g. ( 1 6 . 2  per cent ) of 

yellow needles , m . p .  160-164• , crystal l ized from the combined l igroin 

eluates .  The purest material obtained by several runs of the procedure 

above had a melt ing point of 1 63-165• with decomposit ion after two re

crystall izat ions from ligroin ( b . p .  100-115 • ) . 

Anal . Calcd . for C20R1 3NS : C ,  80 . 23 ;  H ,  4 . 38 ;  N ,  4 . 68 .  

Found :  C ,  79 . 83 ,  79 . 99 ;  H ,  4 . 33 ,  4 . 33 ;  N ,  4 . 69 ,  4 . 53 .  

Dif ficulty was experienced in t he  synthes is of 14H-dibenzo [a ,  €] 

phenothiaz ine . A number of thionat ions d iffering in the time and 

temperature of react ion resulted in yie lds ranging from 4 to 16  per 

cent . The cond itions and results of the se react ions are summarized in 

Table IV . . The best yield was obtained from the procedure descrlbed 

above .  

4 .  14-Acetyld ibenzo(a ,_cij phenothiaz ine 

To  a mixture of 2 . 0  ml . of acet ic anhydride and 0 . 20 g .  of z inc 

chlor ide was added 0 . 20 g.  ( 0 . 00067 mole ) of 14H-d ibenzo [a , � pheno

thiaz ine . The mixture was allowed t o  react at room temperature f or 2 

hours , after which it was poured into ice water and al lowed to stand 

tor about 2 hours . The brown sol id wh ich pre cipitated was removed by 

f iltrat ion , washed with water , and dr ied on a Buchner funnel .  The 

mater ial was d issolved in ethanol and the solution was treated with 

"Norit-A" decoloriz ing carbon. A yie ld o'f 0 . 1 5  g. ( 65 per cent) of 
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TABLE IV 

EFFECT OF VARIED CONDITIONS ON THE YIELD OF 
14R-DIBENZO (a , �  PHENOTHIAZINE 

React ion 
React i·on Time Melt ing Point Yie ld 

Temperature (Min . ) of Product (Per Cent ) 

1 20-130. 40 144-147.  9 . 0  1 60-170. 40 

1 60-165. 40 1 63 . 5-164 . 5° 3 . 9 1 ao• 10 

1 80-190. 15 135- 140° 1 0 . 2  195-210• 20 

180-190. 1 0  1 55-160° 1 0 . 5  
195-205. 40 

180-190. 20 160-164° 16 . 2  
1 95-205· 40 

210-214° 12 152- 161 . 4 . 2 

180-190. 20 163-165. 1 1 . 1  200-205. 40 
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colorless  product , m .p .  239-241 ° crystall ized from the ethanol . A 

second recrystal l ization from ethanol raised the melting point to 242-

243 . 50 . 

Anal . Calcd . for C22H15NOS : C ,  77 . 39 ;  H ,  4 . 43 ;  N ,  4 . 10 .  

Found : C ,  76 . 99 ,  77 . 42 ; R ,  4 . 1 8 ,  4 . 20 ;  N ,  4 . 5 3 ,  4 . 22 .  

5 .  14-Methyldibenzo[a ,�phenothiaz ine 

To a suspens ion of 0 . 50 g .  ( O . OOI 67 mole ) of 14R-dibenzo [a , � 

phenothiaz ine in 25 ml . of anhydrous ether was added 1 . 40 ml . { 0 . 0021 

mole ) of a hexane solut ion of �-butyll ithium. The dark red suspens ion 

which formed was st irred at roam temperature f or 1 hour . A solut ion of 

0 . 35 g .  { 0 . 00188 mole ) of methyl £-toluenesulfonate in 10 ml . of an

hydrous ether was added in about 3 minutes .  The react ion mixture was 

st irred at roam temperature for 14 . 5  hours , after which the ethereal 

solution was washed with water to remove the l ithium �toluenesulf onate . 

Ligroin ( b . p .  66-75° ) was added and the ether was removed by evapora

t ion . The l igroin s olution was chromatographed on a 1 . 5  x 45-cm . 

column of Flor is il . Ligroin ( b . p .  66-75° )  eluted the product at a slow 

rate . A 3 : 7  mixture of benzene and l igroin (b . p .  100-115° ) proved to 

be a better eluant . A yield of 0 . 327 g .  ( 62 . 5  per cent ) of yellow 14-

methyld ibenzo [a , � phenothiaz ine , m . p .  1 1 8-119° , crystal l ized from 

l igroin (b . p .  100-11 5 ° )  after removal of the benzene . 

Anal . Calcd . for C21H15NS : C ,  80 . 47 ;  H ,  4 . 83 ;  N ,  4 . 47 .  

Found : C , 8 0 • 6 3 ·, 8 0 • 68 ; R ,  4 .  9 5 , 5 • 10 ; N , 4 .  7 4 ,  4 • 60 . 
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6 .  14-Methyld ibenzo [a ,  c] phenoth iaz ine-9- ox ide 

92 

To a bright ye l l ow  s olut i on of 0 . 1 1 0  g. ( 0. 00035 1 mole ) of 14-

methyld ibenzo[a , � phenothiaz ine in 15 ml . of glacial acet ic ac id was 

added 1 . 50 ml . of 30 per cent hydrogen per oxide ! A green c ol or de

vel oped bmDed iate l y .  Heat ing on the steam bath caused the col or of 

the s olut i on to change to blue . It then be came colorle s s  and f inal ly 

after 1 0  minute s of heat ing , a pale ye l l ow  col or could be de te cted . 

The s oluti on was poured int o 1 00 ml . of wate r ,  which caused the pre

cipitat i on of a tan mater ial . The crude product was col le cted by f i l

trat ion and was re cryst al l ized from a mixture of l igroin ( b . p .  100-

115 • )  and acet one . A y ie ld of 0 . 082 g .  ( 70 . 9  per cent) of colorle s s  

crystal s ,  m . p .  204-2 05• , was obta ined . A sec ond recryst all izat ion in

creased the melting point to 2 06-207 • . 

Anal . Calcd . f or C21R1 5NOS : C ,  16 . 56 ;  H ,  4 . 60 ; N ,  4 . 25 . 

Found : C ,  76 . 7 5 , 76 . 6 3 ;  R ,  4 . 57 ,  4 . 61 ; N ,  4 . 09 ,  4 . 31 . 

The inf rared spectrum of the compound reveals bands at 9 .  63 and 

9 . 81 microns wh ich are character ist i c  of the sul foxide group . 

The oxidat i on  of 77 mg. of 14-methyld ibenzo [a , c_] phenoth iaz ine 

with 1 . 5  ml . of hydr ogen per ox ide ( 30 per cent) for 1 . 5  hour s under 

re f lux in acet ic acid yie lded only a few mill igrams of a l ight brown 

material . Band s in the inf rared spectrum at 8 . 67 and 8 . 8 3 microns in

d icate that the pr oduct of the ox idat ion was the sulf one , 14-met hyl

d ibenzo [a ,  c]phenothiaz ine-9-d ioxide . 
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7 .  14-( 2-Chloroethyl)dibenzo [a ,c;]phenothiazine 

In a dry nitrogen atmosphere 1 . 30 ml . ( 0 . 00195 mole ) of a hexane 

solut ion of �-butyll ithium was added to a slurry of 0 . 421 g. ( 0 . 00141 

.mole) of 14B-d ibenzo [a , � phenothiaz ine in 25 ml . of anhydrous ether . 

The add it ion was accompl ished in 5 minutes , after which the result ing 

dark red suspens ion was st irred for 1 hour at room temperature . The 

mixture was cooled in an ice bath and then a solution of 0 . 46 g .  ( 0 . 00196 

mole) of 2-ehloroethyl R-toluenesulfonate in 10 ml . of anhydrous ether 

was added rapidly .  The mixture was st irred f or 0 . 5 hour at o• and for 

l6 . 5  hours at room temperature . The ethereal mixture was washed with 

water , benzene was added , and the ether was removed by evaporat ion . 

Sufficient l igroin (b . p .  100-115• ) was added to produce a 2: 3 mixture 

of benzene and . l igroin . The result ing solution was chromatographed 

on a 1 . 5  x 45-cm. column of Fl oris il . Ligroin (b . p .  100-115 • )  eluted 

the •ajority of the product and a 3 : 7  mixture of benzene and l igroin 

( b . p . 1 00-115•) e luted the remainder . A yield of 0 . 264 g .  ( 51 . 8 per 

cent) of yellow crystal s ,  m.p .  120-121• was obtained . Three recrystal-

l izat ions from l igroin raised the melting point t o  122 . 5-123• . 

Anal . Calcd . for C22H16ClNS: · C ,  73 . 02 ;  H ,  4 . 46 ; N ,  3 . 87 .  

Found : C ,  72 . 7 5 ,  72 . 63 ;  H ,  4 . 23 ,  4 . 42 ;  N ,  3 . 80 ,  3 . 64 .  

8 .  Metalation of 14H-Dibenzo[a ,C,lpM:nftbiazine 

To a suspension of 1 .  03 g .  ( 0 .  00344 mole) of 14:R-dibenzo [a ,  c] -

phenothiaz ine , m. p .  163-165° , in 70 ml . of anhydrous ether was added 

7 . 40 ml . of a 1 . 60 molar hexane solution of �-butyll ithium in a period 

of 5 minutes .  A dark red suspens ion formed init ially which , after the 
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addit ion of the f irst 4 . 5  ml . ( 0 . 0072 mole ) of the solution of n� 

butyll ithium, became bright orange-red . It was noted that after the 

mixture had st irred (magnet ic stirrer) f or 21 . 5  hours at room tempera

ture the col or again became dark red . The add ition of 3 . 0  ml . ( 0 . 0048 

mole ) of �-butyllithium solut ion produced the orange-red col or once 

more . The solution then was stirred f or  0 . 5  hour after which it was 

cooled in a sol id carbon d ioxide-acetone bath and carbonated with 

excess  crushed sol id carbon dioxide . The yel low suspens ion was ex

tracted several t ime s with water .  The aqueous extracts were combined , 

washed with ether and benzene , and acid if ied with 50 per cent hydro

chloric ac id . The redd ish-brown precipitate was col lected and washed 

with water on a f ine s intered glass suct ion funnel .  After drying 

overnight in a vacuum des iccator , the crude ye llow-brown product , m . p .  

286-289° ,  amounted t o  0 . 946 g .  ( 84 . 5  per cent ) .  Two recrystall izat ions 

from benzene yielded gold needles , m . p .  289-290° .' 

Anal . Calcd . f or C21H11NOS :  C ,  77 . 55 ;  H ,  3 . 38 ;  N �  4 . 30 .  

Found : C ,  77 . 66 ,  77 . 73 ;  H ,  3 . 32 ,  3 . 60 ;  N ,  4 . 06 ,  4 . 24 .  

I n  two prior runs in which the molar rat io of �-butyll ithium 

to 14H-d ibenzo [a ,  cJ phenothiaz ine was 3 : 1  a very small y ie ld of product 

was obtained . Therefore the rat io was increased to  5 : 1 in the react ion 

de scribed above . It was later found that the nitrogen tra in used in 

the earl ier metalat ion was not functioning properly and moisture probably 

decomposed part of the organometall ic .  

Comparis on of the infrared spectra of the ac ids and lactams of 

12H-benzo [a]- and 14H-d ibenzo[a ,  h] phenothiaz ine �ith the spectrum of 
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the product from the metalation of  14H-d ibenz o [a , c] phenothiaz ine ind i

cated that the lactam rat her than the carboxyl ic ac id was is olated . 

The elemental analys is conf i�ed the inf rared evidence . 

F . Ultravi olet Spe ctra 

The ultraviolet s pectra of a number of phenoth iaz ine s and re lated 

amine s were determined us ing a Cary Mode l  1 4  re cord ing spectr ophotometer . 

In each case a 50 mg . sample of the compound was d i s s olved in 100 ml . 

of 95 pe r  cent ethan ol . Thi s solut ion was d iluted to a c oncent rat ion of 

from 4 t o  5 mg . /1 .  of ethanol , depend ing upon the abs orpt ion of the par-

t icular c ompound . The spectrum in the range 200-400 mp then was deter 

mined and the value s  of the mol ar ext incti on coef f ic ient were calculated 

f or each max ima . The spe ctra are on f ile in the Department of Chemi st ry ,  

The Univers ity of Te nne s see .  



CHAPTER V 

SUMMARY 

The cons ideration of the med ic inal Unportance of phenoth iaz ine 

der ivat ive s and the known cance r chemotherapeut ic value of the nit rogen 

mustards made the synthe s is of s ome nitrogen mu stard der ivat ive s of the 

phenothiaz ine s of part icular intere st . In the course of this re sear ch 

the N -{ 2-( b.is -( 2-chl or oethy l )amino] ethyl} dar ivat i ve s of phe nothiaz ina , 

7H-benzo [c]pbanothiaz ine , 7H-d ibenzo [c , ti]  phenoth iaz ine , and 14H-d ibenz o

[a , h] phe nothiaz ine were synt he s ized f or  ant icancer evaluat ion . Al s o  

submitted t o  t he  Cancer Chemotherapy Nat ional Service Center f or test-

ing were the N-( 2- chloroethyl) monofunct ional 'nitroaen mustard der ivat ives 

of the f irst three phenothi�z ine s ment ioned above . The react ions be low 

il lustrate the route f ol lowed in the preparat ion of the se compounds .  

The a,mbol Z-N-H repre sents a phenoth iaz ine type nuc leus . At pre sent 
/H2CH�H 

�20\l20lt .. 
Z-N-H 

1 )  C4H9Li 
� 

2) ClCRP rO-I-o-ca3 

Z-N-CH2CH2Cl T 

the re sult s of ant icancer evaluat ion of the compound s submitted are in-

c anplete . 

The ayntheaes of 14H-d ibenzo ta, ,  rJ phenothiaz ine and s ome  of it s N

aubat ituted de r ivat ive s we re stud ied . 
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Add it ional evidence for the spe c if ic ity of the metalat ion of 

heterocycl ic compounds was obt ained in a study of the metalat ion with 

�butyll ithium of three of the d ibenz ophenothiaz ines . In each case 

the s ite of metal at i on  was a pos it ion ad jacent to the nitrogen at om .  

The t hree product s , 6-carboxy-7H-d ibenzo [c , h] phenothiaz ine , l-carboxy-

14H-d ibenzo [a , h] phenothiaz ine and the lact am of l-carboxy- 14H-d ibenzo

[a , c] phenoth iaz ine , were is olated in yie ld s of 77- 84 per cent . 
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