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The amino alcohol, isolated as described above, was dissolved in 
EtsO and treated \vith HCl gas to precipitate the amorphous 
hydrochloride. This crude salt was dissolved in 100 ml of CHCL 
and 3 g of benzoyl chloride was added. The reaction was allowed 
to stand for 10 min, and then the solvents were removed in UQCUO. 
The resulting oil, after standing for another 3 days, was warmed 
on the steam bath for 0.5 hr. The mixture was suspended in 
EtnO and washed (IGCOa, H,O). The Et20 solution, dried over 
KsCOs, m-a,? removed in 2;acuo. The resulting yellow syrup 
(11.3 g) showed 110 OH ab3orption in the ir but a strong ester 
carbonyl. 

The oil way reronverted to the hydrochloride in EtsO as before. 
I<emoval of the solvents left a dry foam. Part  of this foam ( 2  g) 
was converted to a maleate salt, but though crystalline, it a-a.j 
highly hygroscopic. 

The remainder of the foam was chromatographed on 200 g of 
silicic acid (RIallinckrodt chromatography grade 200 mesh, 
l I e 2 C 0  washed and dried). The column was eluted with CHC13. 
The first 2.25 1. removed noncrystalline materials. The nest 1.25 
1. eluted 3.6 g of a solid which when cryst,allized twice from MeOH- 
Et,O produced 4.0 g of ester hydrochloride XV (lost solvent a t  
10'-103°, remelted 207-209'). Liberated as t,he free base and 
recrystallized from EtOH-HZO, it melted at 77-78". 

The remainder of the material eluted from the column weighed 
1.8 g, which on recrystallization from MeOH-EtnO produced 0.9 
g of isomer XVII, mp 230-232" (free base mp 91-93'). The ir 
and nmr spectra were consistent with the proposed structures 
XV and XVII. 

Pharmacology.--Adult male mice weighing 18-24 g TTere used 
in all the pharmacological testing. EDbO values were calculated 
by the method of Litchfield and Wilcoxon.lo See Table I for a 
summary of the pharmacological results. 

HCI Writhing Test (HWT).-Groups of four mice aere  in- 
jected subcutaneously with the test compound and 45 min later. 
0.01 ml/g of a 0 .15  aqueous solution of HC1 was administered 
intraperitoneally. The mice aere  then observed for 10 min for 
prevention of writhing. The results are expressed as the ratio 
of the number of mice protected to the number of mice tested. 

Acknowledgments.-We wish to sincerely thank Dr. 
A. D. Rudzik and -1Ir. Phil Shea for obtaining the 
pharmacological test data. 

(10) J. T. Litohfield and F. X l c o x o n ,  J .  Pl~armacol. E x p t l .  Therap. ,  96, 99 
(1949). 
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The title compounds (sa-x) were prepared in four st,eps from 1-halo-2-nitrobenzenes (1) and 2-chloro-3- 
hl-droxyhenzoic acid 12). Antiinflammatory activity was determined using the guinea pig uv erythema assay 
and the carrageenin filter paper granuloma assay in adrenalectomized rats. I n  these a s a p  the most active 
compound, 6d, was less active than the isosteric 8-t,rifluoromethylphenothiaziiie-l-carboxylic acid. 

The recent finding in our laboratories that  S-trifluoro- 
methylphenothiazirie-1-carboxylic acid' has interesting 
antiinflammatory activity in experimental animals 
prompted us to investigate the isosteric phenoxazine 
compound. When this too had interesting biological 
activity further chemical studies were planned in which 
two goals were established: (1) to prepare a wide 
variety of 8-substituted phenoxazine-1-carboxylic acids, 
and ( 2 )  to investigate the effect on biological activity 
of moving the trifluoromethyl group from positions 
6-9 in phenoxazine-1-carboxylic acid. 

Early attempts to prepare 6d using the Smiles 
rearrangement in an effort to utilize the procedure 
developed for the preparation of the phenothiazine-l- 
carboxylic acids' were unsuccessful. Under these 
reaction conditions the intermediate, 2-amino-4-tri- 
fluoromethylphenol, lost fluoride ion and apparently 
polymerized.* Therefore, a route used previously with 
bucces in our laboratories3 was employed for the prepa- 
ration of the compounds reported (Scheme I). 

If, in addition to the nitro group, 1 contained a 
iecorid electron-withdrawing group ortho or para to the 
halogen being displaced, diphenyl ether formation 
I'roceeded rendilj . With an electron-releasing group 
in the same positions the reaction proceeded poorly or 
failed. Only with DMF as a solvent were yields usually 
satisfactory (even with DMF 4-chloro-3-nitroanisole 
failed to react). If the fluoro compound (1, X = F) 

(1) 13 \ I  i i i t t o n  an(l J 11 Rirnir  I l l e r l  Ciierri 9, 835 (19%) 
( 2 )  \ I  11 Pettit and J C Tatlon I Chem S o c  3852 (1954) 
( 3 )  hf P Olinsted, P S Craig, J. J Lafferts,  1 11 Pa\lotT, and C' L 

Lirkle J Ory C h e m ,  26, 1901 (1961). 

SCHEME I 
OH 

RQ" + bC1 4 '> NO2 C0,H 
1 2 

3, Y = NO, 6 
4, Y = NH2 
5 ,  Y = NHCHO 

was available yields were improved and bis(2-methoxy- 
ethyl) ether (diglyme) could be substituted for DME' 
(e.g., 3k, Table I). The nitrodipheriyl ethers (3) are 
listed in Table I. 

Reduction of 3 gave the amines 4 (Table 11) which 
were formylated to give 5 (Table 111). For the most 
part, these reactions were straightforward. However, 
in a few instances (4b and v and 5a, e, U, V, and w) we 
were unable to obtain analytically pure samples, 
although impure 4b could be converted to analytically 
pure 5b. Attempts to hydrolyze purified 5b to 4b 
resulted in the concomitant hydrolysis of the trifluoro- 
methyl group and the isolation of an amino diacid 
(4, R = 3-C02H). Ring closure and hydrolysis of 
the K-formyl group of 5 to yield 6 (Table IV) were 
usually effected simultaneously in refluxing DJIF in 
the presence of copper bronze. Under these conditions 



SO8 \ . ( ) I .  I 1  

I 

C02H 

Alp, C L ' I  

177-lib 
208-209 
209-210 
176-177 
1 70-1 72 
204-20*5 
21 3-214 
201-20'2 
I95-1!}6 
173-174 
1;:<-175 
180-18:! 
196-197 
205-206 
232-233 
162-164 
lS8-190 
"0-222 
244-245 
183-16.1 
179-1 80 
1 !IT- 199 
I h0-I 8 I 
262-26:3 
"2-2j4 
228-229 

(I Sielt irig points were takeii iii a Thomas-Hoover capillary riieltiiig point itppitriitiih iii 
The intermediate 2-b1.omo-3-niirohenzotriAuoride required in thi 

1.e ~ ~ ) i ~ i w t r d .  See specific. t l i v  
iithesis was piepaved by Alr. A. Ikiperimeriial Section. 

of the Temple University Itesearch IIiatit,ute from 2-hromo-3-riitrot,e!lzoic acid arid SF+ 
ployed; 

d If 1 (S = ( ' I )  WB:, used, method I3 wan c'ni- 
i f  1 (S = F)  was used, method I1 was employed. e Yield nheii 1 iS  = F) \V;LY used. 

5y wit:, riot converted cleanly to S-carboxamidol,henox~t- to t x  thc desired coml)ound. I t  \i homogeiicous 011 

ziiie-1-carboxylic acid but wab always coritamiiiated thin layer chromatograms in two solvent sy5tems but 
with 6x. Also, under thebe conditions 5n arid t did riot gave poor elemental analyses. Consequeutl> , i t  \\ a5 
lead to  6n and t. However, 6n arid t were prepared riot included in Table IV arid was not tested. 
using diglyme in place of DJIF. From the preparation ~Ietalatiori  of phenoxaxiiieh with wbutyllithium :uid 
of S-sulfam~lpheriox:zirie-l-carbox~lic acid ii ilroduct carbonation of the  resulting lithio compouiidi W:L\ 
W:LS isolated which appeared chcmically :ind ipectrally corisidered ;ib : I I I  altrrriative route to 6. G i l m u i  : L I ~  

R 
I 1  
:z '-c 1;:) 
4'-CP, 
3 '-CF3 
6'-CF3 
4'-CI 
5'-C1 
B'-Cl 
4'-F 
SI-]? 

4"311, 
4 ' - ~ 1 r ~  

Alp, O C "  

199-201 
b 
138-1 39 
147-148 
212-213 
182-183 
154-155 
158-159 
130-131 
li8-li!l 
134-136 
120-122 

R ecryst n 
colrent 

i-PrOH-H& 
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Compd 4 

m 
n 

P 
9 
r 

t 

0 

S 

U 

V 
W 

X 

9 
z 

hlp, 

142-143 
117-1 18 
227-228 
203-205 
177-1 79 
187-189 
191-193 
176-177 

6 
205-206 

202-204 
261-263 
259-260 
208-210 

TABLE I1 (Continued) 
Recrystn 
solvent 

C6H6 
C6He-cyclohexane 

EtOAc-petr ether 
EtOAc-petr ether 
31eOH-Hz0 
Hz0 

C6He 

EtOAc-CsHs 

EtOAC-CsHe 

EtOH-H20 
NeOH 
n-BuOH 
H,O 

% 
yield 

80 
60 
94 
66 
88 
67 
76 
79 
64 

87 
78 
61 
5 5 

a Melting points were taken in a Thomas-Hoover capillary meltiirg poiitt apparatus aiid are corrected. * See text. 

TABLE I11 
2-CHLORO-3-(2-FORM:lMIDOPHENOXY)nENZOIC ACIDS 

C02H NH 
I 

Compd 6 

a 
b 

d 
e 
f 
R 
h 

J 
k 
1 
m 
n 

P 
q 
r 

t 

C 

1 

0 

3 

I1 
V 

W 

X 

Y 
z 

R 
H 
3’-CF3 
4’-CF3 
*5’-CF3 
6‘-CF3 
4’-C1 
5’-C1 
6’-C1 
4’-F 
5’-F 
4’-CH3 
4’-SCH3 
4’-SCF3 
4’-OCFa 
4’-CsHs 
4’-COCH, 
4’-COCeHj 
4’-CN 
4’-80&H3 
4’-SOzCFa 
4’,5‘-Clz 
4’-SOzNHCH3 
4’-SOzN(CHa)Z 
4‘-COzH 
4’-CONHz 
4’-SOzNHz 

Alp. o c a  

180-182 
186- 187 
200-201 
178-1 79 
165-167 
229-230 
198-200 
154-155 
214-216 
197-198 
198-199 
184-186 
163-164 
124-125 
2 0 5 - 2 0 6 
193-194 
178-180 
246-248 
2 19-82 1 
170-171 
233-234 

141-143 
243-245 
263-265 

kHO 
Recrystn 

solvent 

;Ile&O-hexane 
HCOzH-HzO 

% 
yield 

98 
52 
87 
86 
68 
98 

96 
88 
91 
67 
82 
79 

100 
88 
71 
81 
76 
89 
9 6 
94 

81 
76 
86 

”- 
10 

Formula 

Ci4HioClNO4 
CijHgClFaN04 

CiaHgClFNOa 

so9 

.inalyses 

C, H, C1, S 
C, H, C1, S 
C, H, C1, ?; 
C, H, C1, S 
C, H, C1, N 
C, H, GI, ?; 
C, H, C1, X 
C, Fr, ci, N 
c, IT, Cl, Ti 

C, H, C1, ?; 
C, H, C1, S 
C, H, C1, N 
C, H, C1, iX 

Analyses 

6 
C, H, C1, S 
C, H, N 
C, H, N 
b 
C, H, C1, S 
C, H, C1, N 
C, H, C1, N 
C, H, C1, N 
C, H, C1, N 
C, H, C1, N 
C, H, C1, N 
C, H, C1, N 
C, H, C1, 3’ 
c, €1, C1, N 
C, H, C1, N 
C, H, C1, N 
C, H, C1, N 
C, H, C1, X 
C, H, C1, N 
C, H, C1, N 
b, c 
b 
C, H, C1, N 
C, H, C1, N 
C 

Melting points were taken in a Thomas-Hoover capillary melting point apparatus and are corrected. * Material was contaminated 
c Material was a gum which could not be induced to with small amounts of the amine and was used without further purifications. 

solidify. 

1 Ioore4 reported that metalation and carbonation of 
i)henoxazine led to a monocarboxylic acid to which 
they assigned the structure phenoxazine-4-carboxylic 
acid. The melting point of their product corresponded 
to that of 6a. However, the melting point of the 
methyl ester of 6a (127-128”) was 15” higher than that  
of the methyl ester reported by Gilman and Moore 
(1 12.5-114°).4 Repeating the metalation and carbona- 
tion using the reported procedures4 gave a monocarbox- 

(4)  H. Gilman and L. 0. Moore, J. A m .  Chem. SOC., 80, 2195 (1958). 

ylic acid in poor yield. This acid and its methyl ester 
were identical with 6a and its methyl ester according to 
the following criteria: melting point, mixture melting 
point, ir and nmr spectra, and tlc. Therefore, we 
concluded that the product from the metalation and 
carbonation of phenoxazine was phenoxazine-l-carbox- 
ylic acid. I n  addition to fixing the structure of the 
metalation product this study indicated that metalation 
and carbonation of the lithio salts of phenoxazines was 
a less attractive route to phenoxazine-1-carboxylic 
acids than the four-step cyclization sequence for the 
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Eollo\vitig reato~iy: (1) tlic. biibhtitutcd pheiioxuitie- 
i*equired in thew ,i~mtheses TI ere rc.latir.eI\- jn:icce\\ible, 
( 2 )  the yield\ \\ere ~ 'oor ,  and (3) thc3 lm-itioii of the 
carboxyl group \vai uncertain. 

Of the compouridh listed in Table l\*, 6b a d  v ii ere 
riot tested becauie iriqufficierit mater 
Three  compound^, 6d, h,  mid p nerc 

I11 the grunuloina : 
-e :dter subcutaneou. adniini.trutioii. 

Of these five ~ o i i i p o ~ ~ i d s ,  6d alone had iiotenorth; actlv- 
itg: it WLY Ltctive a t  40 mg/kg 111 the LIT erythemt 
:md at 10, 20, and XO m g  'lig in the gr:iiiuloma :ii\:~>- :Lftw 
~ubcut i~~ieoi i i  admitiistrntioti. Hov ever, 6d n : ~ z  inac- 
tive i n  the grutiuloma R W L ~  after 01a1 dwck of' 20 :itid 
SO rng/l\g. Pheti> Ibutazone ierved iii :L iio4tive coil- 
t i u l  in all a\~:ij.\ arid T K L ~  consiztctitl? :Lctive :it 20 
tiig Iig i i i  the e r j  therm assay and :it 40 mg kg iti the 
graiiuloma a i w j  

l i t t l e  can he haid about .tructure ac t iv i t~  relation- 
4i i l iz  excelit th:it in the serieb of chloro- and trifluoro- 
rnclt hgl~~herioz;azine-1-carbox~lic acid. (6b-h) the pre- 
ferred position for ubstitutiori nab C-5, and that h- 
tifluoroniethglphetiothiazine-1-carboxylic 
II:Iljo of 4.8 mg l q  in thc uv ei*gthema 
.5 10 nig/ I,g iti the gr:tiiuloina : 
than 6d. 
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C.-Same as method A except a solution of equal volumes of 
EtOH and diglyme was used as solvent. 

D.-To a solution of 0.4 mole of NaOH in 7.5 ml of H,O was 
added 0.2 mole of 2 and 500 ml of diglyme. To this mixture was 
added 0.2 mole of 1 and the mixture was stirred under reflux for 
60 hr. The mixture was cooled, diluted with HqO, and acidified. 
The precipitate was filtered, washed (T120)> dried, and recry?- 
tallized. 

Substituted 3-(2-Aminophenoxy)-2-chlorobenzoic Acids (4a- 
z )  (Table II).--.A soliition of 3 in aqueolis EtOH was prepared 
hy dissolving 3 in EtOH and adding HyO until the soliltion be- 
came cloudy (risiially 1:l). A 4 g-atom excess of Fe powder was 
added and the mixture was stirred and heated to reflux. A 9 Jf 
excess of AcOH was added dropwioe and the mixtiire was heated 
an additioilal I h r  after the addition had been compleled. The 
mixture wai cwoled to room temperature atid made hasic with 
aqueou.: XI%. Air  was drawn through the stirred mixture for 
?-.i hr to ensure romplete conversion of the dissolved Fez+ to the 
more eaiily filtered Fe(OH)3. The mixture of unreacted Fe and 
Fe(OH)a was filtered through a mat of Supercel, and t,he filter 
cake was washed thoroughly with dilute aqueous SH,. The 
comhiiied filtrates were concentrated to remove EtOH and excess 
NH,. The concentrate way acidified carefully wit,h dilute HCl 
until a drop of acid produced no further precipitation. The 
solid amino acid was filtered, washed with T-T,O, and dried. This 
material was usually pure enough for the preparation of the 
N-formyl derivative 5.  

Substituted 2-Chloro-3-(2-formamidophenoxy)benzoic Acids 
(sa-2) (Table III).-A mixtiire of 4 and 97-100s formic acid 
(10 ml/g of 4 )  was stirred and refluxed for 2-18 hr (the reaction 
was followed by tlr using the same system that was used in the 
preparation of 3). The solution n-as cooled and poured into several 
volnmes of IIZO with vigoroiis stirring. The solid was filtered 
and washed well with H2O. The crude product was usually con- 
taminated with trace amounts of unreacted 4 but was sufficiently 
pure for the next reaction. 

Substituted Phenoxazine-I-carboxylic Acids (sa-x) (Table 
IV). A.-A mixture of 0.01 mole of 5 ,  0.02 mole of K2C03, 

0.1 g of Cu bronze, and 100 ml of dry D l I F  was stirred and 
refluxed under N, for 30-60 min. The hot, mixture was filtered 
int,o several volumes of warm H20. The filter cake was washed 
with a small volume of H,O and the combined filtrates were 
acidified with dilute HCI. The result,ing yellowish green pre- 
cipitate was cooled, filtered, and redissolved in dilute XHaOH. 
The solution was filtered and acidified again. The precipitate 
was filtered, washed, dried, and recrystallized. 

B.-The reaction was carried out as described in A except, dry 
diglyme waq wed in place of D J I F  and refluxing was continued 
for 3 hr. 

Methyl Phenoxazine-1-carboxylate.-A mixture of 330 mg 
of 6aJ in 90 ml of NeOH wax cooled and saturated with dry HCI. 
The mixtiire was stirred iinder reflux for 4 hr and the resulting 
soliition was cooled and diliited with H20. The JIeOII was dis- 
tilled and the aqiieoiis residue was extracted (EtnO). The ether 
was washed ( 5 5 ,  KaHCOs, HPO), dried (JIgSOa), and distilled. 
The residue was sublimed and recrystallized from EtOH-H?O 
to give 200 mg of ester, mp 128-129'. Anal .  (ClaHIlN03) C, H,  
3- . 

The methyl ester prepared from 6a obtained from the cycliza- 
tion route melted a t  127-128' (Et,OH). Anal .  (Cl.tHllXOs) 
C ,  H, N. 

3 4  2-Amino-3-carboxyphenoxy)-2-chlorobenzoic Acid.-A 
mixture of 5b and 5 S KOH was heated 2 hr on a steam$ath. 
The solution was filtered, cooled, and neturalized. The solid was 
filtered, washed with HnO, dried, and recrystallized from EtOAc, 
mp 273" dec. -Anal. (ClaH1oCIN0,) C, H,  C1, N. 
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A 5erie\ of 5iihstitiited c\ anogiianidines was synthesized and screened for hypotensive activity. One of 
theie, 1-t-amyl-3-cyanogiianidine (2), was selected for further animal Qtudies. 

Several years ago 1-t-butyl-3-cyanoguanidine' (1) 
was found to have appreciable hypotensive activity in a 
random screening test carried out in normotensive 
rats.* Since the simple unbranched homologs were 
devoid of activity, and we were not aware of any 
reported hypotensive activity for cyanoguanidines. we 
*et out to prepare a number of analogous compounds. 
There are, of course, many examples in the literature of 
guanidine derivatives possessing hypotensive activ- 
i t i e ~ . ~  This report deals with the synthesis and 

(1) R. SI. .\cheson, G .  ,\. Taylor, and 31. L. Tomlinson. J. Chem. Soc., 
: ( i s0  (1958). 

(2)  .I. R. Cumminos, .I. I,. Grace, and C .  N. Latimer, J .  l'hrirm<icol. I ~ X P .  
Tlier.. 141, 34Y (1963). The test coinpoiinds (100 mg 4 4  \\.ere suspended 
in 2% starch and administered to conscioris rats hy gavage. Mean arterial 
blood pressure \vas measured 2 lir later. 

(3) (a )  E. Schlittler, J .  Druey, and .i. Slarxer, P r o y r .  Drug Res. ,  4 ,  3-11 
(1962): (11) 13. Najer, R .  Giodicelli. and J. Serte, Bull. Soc. Chim. FruncP. 
I5Y3 (1962):  ( e )  J .  11 .  Stiurt, U. Biermaclier. I>. .a, Donnigan, and T. D. Letli, 
.I. M e d .  Chem.. 6, 275 (1Y68); ((1) J .  .\rigstein. S .  SI. Green, A. hi .  Llonro, 
G. IV. H. Potter,  C. R .  \I-orthinp, and T. I. \I-ripley, iDid. ,  8 ,  446 (1'365): (e) 
R .  P. M u l l ,  R .  €1. Miazoni, SI.  R. Dapero, and SI. E. Egbert, i t i d . ,  5,  Y44 
(1962). 

hypotensive activity of the series of substituted 
cyanoguanidines listed in Table I. 

Chemistry.-The synthesis of monosubstituted 
cyanoguanidines was accomplished by a well-estab- 
lished procedure4 consisting of the condensation of the 
hydrochloride of the appropriate amine with sodium 
(or lithium) dicyanamide. The reactions were carricd 
out  in either 1-butanol or in HzO. In a few cases the 
choice of solvent was critical. 

YCN 
RNH2.HC1 + NaN(CN1, - RNHCNH2 + NaCl 

To prepare compounds with substituents on both 
nitrogens, two ndditiot1:il methods were employed. 111 

the first case, heating a mixture of l-cyano-2,3-di- 
methyl-%thiopseudourea, t-butylamine, arid ethanol in 
an autoclave yielded l-tbutyl-2-cyano-3-methylgua- 
nidirie (17). This procedure has heen used by Curcl 
to prepare substituted di~yandiamides.~ 

( 4 )  F H. S. Curd, J. A .  Hendry, T. S .  Kenny, 1. G .  AIurry, and F. L 
Rose, J .  Chem. Soc., 1630 (1948). 


